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WARNING-Life Support Applications Policy 
Elantec, Inc. products are not authorized for and should not be used within Life Support Systems 
without the specific written consent of Elantec, Inc. Life Support systems are equipment intended to 
support or sustain life and whose failure to perform when properly used in accordance with instructions 
provided can be reasonably expected to result in significant personal injury or death. Users contemplat
ing application of Elantec, Inc. products in Life Support Systems are requested to contact Elantec, Inc. 
factory headquarters to establish suitable terms and conditions for these applications. Elantec, Inc.'s 
warranty is limited to replacement of defective components and does not cover injury to persons or 
property or other consequential damages. 

General Disclaimer 
Specifications contained in this databook are current as of the publication date shown. Each datasheet 
is a controlled document. Current revisions, if any, to these specifications are maintained at the factory 
and are available upon request. Elantec, Inc. reserves the right to make changes in the circuitry or 
specifications contained herein at any time without notice. Elantec, Inc. assumes no responsibility for 
the use of any circuits described herein and makes no representations that they are free from patent 
infringement. Products contained in this databook may be covered by one or more of the following 
patents. Additional patents are pending. For specific information, refer to the individual datasheets: 

US Patent Numbers: 4,746,877 • 4,827,223 • 4,837,523 • 4,833,424 • 4,935,704 • 4,910,477 • 5,128,564 • 
4,878,034.4,963,802. 5,179,355 • 5,321,371 .5,334,883 • 5,341,047 • 5,352,987 • 5,352,389 • 5,351,012 • 
5,374,898 • 5,389,840 • 5,418,495 • 5,426,396 • 5,420,542 • 5,430,670 • 5,469,104 • 5,469,106 • 5,479,133 • 
5,475,343 • 5,528,303 

UK Patent Numbers: 2217135 • 2217134 • 2261786 
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Introduction 

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 





Mission 

"To be a leading supplier of high performance 
analog solutions for the video/multimedia, 
data processing, communications and 
instrumentation markets. " 

Elantec, Inc., founded in 1983 and located in 
Milpitas, California, is a fully integrated semi
conductor company focused on providing high 
performance analog intensive functions for grow
ing markets. These markets are driven by the 

Market Typical Applications 

Video/Multimedia Displays 
Personal Computer Add-on Boards 
Set Top Converters 

Instrumentation 

Data Processing 

Communications 

Special Effects Generators 
Studio Equipment 
Switchers/Routers 
Video Distribution Networks 
Workstations 
Video Cameras 

Analyzers 
Automatic Testers 
Measuring Instruments 
Medical Instrumentation 
Recorders 
Portable Instrumentation 

Copiers 
Document Scanners 
Magnetic Disk Drives 
Optical Disk Drives 
Personal Computers 
Power Supplies 

Fax Machines 
Modems 
Transmission Line Drivers 
Transmission Line Receivers 
Networks 
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rapid advances in digital technology which in 
tum creates a demand for high speed and low 
power analog functions to complete the overall 
system. Elantec serves these markets with stan
dard and application specific standard products 
(ASSP) using advanced bipolar and CMOS tech
nologies. 

Our strategy is to provide effective and timely 
solutions through market knowledge, advanced 
technologies, design expertise and close customer 
interface. 
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Representative EIantec Products 

Cathode Ray Tube Drivers 
Video ASSPs, Faders, DC Restoration 
Video ASSPs, Faders, Amplifiers 
Video ASSPs, Multipliers, PLL, Faders 
Video Amplifiers, Faders, Multiplexers 
Multiplexers, Power Amplifiers 
High Power Amplifiers 
Video Timing Circuits 
CCD Drivers, Amplifiers 

High Speed Amplifiers, Comparators 
Pin Drivers/Receivers 
High Speed Amplifiers, Comparators 
Mosfet Drivers 
High Speed Amplifiers 
Low Power Amplifiers 

Video Amplifiers 
Video Amplifiers 
Servo Motor Drivers 
High Speed Amplifiers, Laser Drivers 
Video ASSPs, DC to DC Converters, System Managers 
Mosfet Drivers 

High Speed Amplifiers 
High Speed Amplifiers 
Power Amplifiers 
High Speed Amplifiers, Transceivers 
Twisted Pair Drivers 



Markets and Products 
Elantec has over 125 + products in its catalog to 
serve the target markets. Many of the standard 
products, such as amplifiers, are used in multiple 
markets while the application specific products 
are targeted for specific applications and group of 
customers. 

The preceding table outlines the ranges of mar
kets, applications and products which the compa
ny serves. 

Technology 
The company uses a variety of technologies for 
its products. In particular, Elantec has focused 
on developing an advanced complementary bipo
lar technology using dielectric isolation and sili
con on insulator techniques for its high speed cir
cuits. Complementary bipolar technology allows 
high speed analog signals to be processed effi
ciently in either signal polarity which greatly 
simplifies design methodology and substantially 
improves power dissipation. Because of the di
electric isolation technique, Elantec's comple
mentary process has the additional inherent ad
vantages of low capacitance, low crosstalk, no 
latch-up, high voltage, high temperature opera
tion and improved speed. 

For low power, analog switching and mixed sig
nal applications, Elantec uses a variety of ad
vanced CMOS technologies featuring dual poly 
and dual metal. 

Advances in technology together with outstand
ing design expertise will continue to provide su
perior solutions for Elantec's target markets. 
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Design Capabilities 
Elantec's engineering team has many years of ex
perience defining, designing, manufacturing and 
testing analog and mixed signal devices, utilizing 
both Bipolar and CMOS technologies. 

Functions we currently supply are: current and 
voltage feedback amplifiers, multipliers, video 
specific standard products, pin drivers and re
ceivers, C.R.T. drivers, buffers, servo electronics, 
MOSFET and IGBT drivers, DC converters, in
strumentation amplifiers, and precision amplifi
ers. Elantec also designs customer specific prod
ucts where the unique technical and volume re
quirements of the system make this more desir
able. Customers can discuss their challenging 
system requirements with out talented technical 
team of field and factory applications engineers. 

Elantec provides each circuit designer and layout 
artist with the most up to date workstations at 
their desk. All stations are networked together to 
a server. Extra "computing engines" are also 
available on the network. Elantec uses Cadence 
and MicroSim design software and Cadence IC 
layout software and design verification tools. The 
design tool suite can use the computing capabili
ty of the entire network to allow extensive simu
lations covering the variations of the wafer fabri
cation process, based on data derived from capa
bility studies. 



Test Automation/Equipment 
Capability 
Elantec utilizes automatic test stations for pri
marily DC testing operational amplifiers, buffers, 
comparators, and other linear devices. In general, 
custom socket adaptors have been developed for 
unique devices such as current feedback amplifi
ers, DC restored video amplifiers, sync separators 
and disk drive servo motors. A wide range of au
tomatic handlers allow high speed, room temper
ature and extended range temperature testing of 
Dual in Line (DIP), Small Outline (SO) pack
ages, and special packages. 

The DC test capability is augmented with AC 
test systems which are integrated into the main 
test system. The time domain systems, which are 
used to measure very fast rise times, slew rates 
and propagation delays, are comprised of 
programmable pulse generators and 1 GHz digi
tizing oscilloscopes and are capable of measure
ments under 10 pS. The frequency domain 
systems which are used to measure band-width, 
differential phase, differential gain, phase lineari
ty, gain flatness, distortion, etc. are composed of 
programmable signal sources and network ana
lyzers and are capable of measurements to 500 
MHz. 
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Packaging Capability 
Elantec supports most industry standard pack
age types. Currently we are manufacturing stan
dard products in the packages shown below: 
P-DIP: 8, 14, 16, 18 Pins 
SOIC: 8, 14, 16, 20, 28 Pins 
SOT -23: 5 Pins 

Additionally, we can supply special packages 
upon request for volume and special applications. 
Contact Elantec's marketing department for 
availability. 

Quality and Service 
Elantec's commitment to quality begins with the 
product definition, design and characterization 
and continues through the complete process. 
Elantec continually improves its manufacturing 
and quality methods using SPC, Total Quality 
Management and ISO 9000 compatible tech
niques. The company is ISO 9001 certified. 

Superior product performance and quality are 
augmented by a commitment to customer service 
and technical support in order to make our cus
tomers successful. Technical customer support is 
provided through corporate applications, field 
applications engineers and technical seminars. 
Sales support is provided through the Elantec 
field sales force which directs a worldwide net
work of technical representatives and distribu
tors. 





Amplifiers and 
Buffers/Broadband/Video 

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 



CMF /VMF AMPLIFIER COMPARISON GUIDE 

Comparison of Elantec Voltage Mode Feedback to Current Mode Feedback Amplifiers 
Current Mode Feedback op amps have inputs similar to voltage mode op amps, but allow control of the bandwidth and offer higher 
slew rates and video linearity. 

Characteristics Voltage Mode Feedback Current Mode Feedback 

Bandwidth (BW) Bandwidth generally follows the Gain Bandwidth Product Rule. Bandwidth not defined by gain bandwidth product rule. Bandwidth is 
Bandwidth is defined by internal compensation capacitor. Bandwidth defined by the feedback resistor value and internal compensation 
at a Gain often is about %0 or 10% of the Gain Bandwidth Product. capacitor. Bandwidth at gain of ten is 50% to 85 % of the unity gain 
Amplifiers have a minimum Gain for stable operation. bandwidth for a given feedback resistor, which may be reduced to give 

about the same bandwidth up to a gain of 10. 

Slew Rate Slew Rate is defined by compensation capacitor and internal bias Slew rate is not limited by internal bias currents and compensation 
Small Signal BW currents. Amplifiers with high min. gain have small comp cap's, capacitor. Large Signal BW is 25% to 65% of Small Signal BW. Best 

Large Signal BW higher Slew Rate and higher LSBW. Large Signal BW is about 10% with input near LSBW and output up to full output volts. Distortion 
to 15 % of Small Signal BW. Distortion usually increases for signals usually increases rapidly for signals ~ 35% slew rate limit. 
~ 20% of slew rate limit. 

Bias Current IB Bias Current Max range is 1 /LA to 20 /LA on both inputs, which + Input current max range is 3 /LA to 20 /LA. - Input current max 
+ Input Current match and cancel. range is 7 /LA to 40 /LA quiescent with transient peaks to 20 mA from 

- Input Current feedback resistor. Input currents do not match nor cancel. 

Input Resistance RIN differential range is 10 ko. to 20 MO.. + RIN range is 100 ko. to 36 MO.. - RIN range is 100. to 500. and is 
normally the summing node for feedback currents. 

I\) 

'" Feedback Resistor Feedback resistor does not define BW and may be 00. for unity gain Feedback resistor defines BW and must be selected for BW even on 
connected amp. unity gain connected amp. 

Feedback Capacitor May have feedback capacitors from output to - Input for an Must not have feedback capacitor from output to - Input. Integrator 
integrator, if amplifier is unity-gain stable. requires added resistor. 

Offset Voltage VOS VOS Max range is 1.5 mV to 20 mV at 25'C VOS Max range is 3 mV to 20 mV at 25'C 

Settling Time Settling time to 0.1 % is medium speed with similar speed for the Settling to about 0.1 % is fast with slow settling for the remainder from 
remainder. Settling time increases with higher gain. a long thermal tail for ( + ) gain. - Gain connections have no thermal 

tails. 

Input Noise Good for low noise low level input signals. Noisy at low gains, but quiet for gains ~ 5. 

RFAmp Good within 35 % of slew rate limit. Provides lowest distortions. 

Video Amp Flexible, low distortion. Best for medium to high signals and for low differential gain and 
phase errors. Best choice for line drivers. 

Output Current Output Current from 50 mA to 75 mAo Use limited by Large Signal Output Current from 30 mA to 80 mAo May be used over wide BW 
BW. range. Output current of 600 mA on power amp. 

More Help Tutorial # 2 in 1994 Data Book Application Note #3 in 1995 I Application Note #23 in 1997 
New Product Supplement Data Book. 

~ <l!!k -
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Wide Bandwidth/Video Amplifiers 
Current Mode Feedback Amplifiers at ± 5V and ± 15V Supplies. 
Listed by decreasing bandwidth. 

Band-
Icc at Slew AVOL Input Input 

width 
-3dB 

±5V. Rate (llgain Offset Bias 

# of Av +1 
all Amps AV +2 error "') Volts Current 

Part # Features 
Amps 

Max 
Typ Max Typ Min Max 

+In -In 

Up to ±5V 

EL2070C Disable 1 3S0MHz 20mA 700V/p.s 120V/V SmV 20p.A 20p.A 

EL400C 1 3S0MHz 23mA 700V/p.s 120V/V S.SmV 2Sp.A 2Sp.A 

EL2180C WideBW 1 2S0MHz 6mA 1200V/p.s 200V/V ISmV 15 p.A 30p.A 
EL2280C Low 2 12mA 
EL2480C Power 4 24 rnA 

EL2186C Disable 1 2S0MHz 6mA 1200V/p.. 200V/V 15mV 15 p.A 30p.A 
EL2286C 2 12mA 
EL2386C 4 18mA 

EL2071C Disable 

Av+ 3 
1 150MHz.i 21mA 1200 V/p. • .i 167V/V 6mV 20,..A 30p.A 

EL2171C MinAv 
+3 

1 150MHz.i 21mA 1200V/p. • .i 167V/V 6mV 20,..A 30p.A 

EL2130C 1 85 MHz 21mA 600V/p.s 97V/V 10mV 15 p.A 40p.A 

EL2170C Low 1 70 MHz 2mA 800V/p.. 200V/V lSmV S,..A 10p.A 
EL2270C Power 2 4mA 
EL2470C 4 8mA 

EL2176C Disable 1 70 MHz 2mA 800V/p.s 200V/V ISmV Sp.A 10p.A 
EL2276C Low Power 2 4mA 

Up to ±15 ±15V 

EL2160C WideBW 1 180 MHz llmA lS00V/p.s 890V/V 10mV 3p.A 15 p.A 
EL2260C 2 20mA 
EL2360C Disable 3 30mA 
EL2460C 4 40mA 

EL2175C Precision I 142MHz lOrnA 1000V/p.. 6000V/V 3mV 6p.A 7 p.A 

EL2030C Low 

Distortion 
I 120MHz 2lmA 2000V/p.. lOOOV/V 20mV ISp.A 4Op.A 

I!. AV = +20 

"Derived from: AVOL :::: RoL/(RF + (-RIN' Av». for RF given in AC specs. -RIN is IOn to son. 

Output Supply 
Package 
P = Pins 

Current Voltage 
N= PDIP Ion Load Range 
S=SOIC 
M=SOL 

Min Min Max T = T0220 
W = SOT23 

SOmA ±4.SV ±7V 8P.N-S 

SOmA ±4.SV ±7V 8P.N-S 

80mA ±1.SV ±6.3V 8P-N-S-W 

50mA 8P-N-S 

50mA 14P-N-S 

80mA ±1.5V ±6.3V 8P-N-S 

50 rnA 14P-N-S 
50mA 16P-N-S 

50mA ±4.5V ±7V 8P-N-S 

SOmA ±4.5V ±7V 8P-N-S 

30mA ±4.SV ±6V 8P-N-S 

80mA ±1.SV ±6.3V 8P-N-S-W 

SOmA 8P-N-S 

SOmA 14P-N-S 

80mA ±l.SV ±6.3V 8P-N-S 

SOmA 14P-N-S 

60mA ±2V ±16.SV 8P-N-S 
8P-N-S 
16P-N-S 
14P-N-S 

SOmA ±4.SV ±16.SV 8P-N-S 

60mA ±4.SV ±18V 
8P-N 

20P-M 

Sl:I~.ff.ffflH/Sl:I~I.ffI'IdWV 

, ... '"'----"-'~ 
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AMPLIFIERS/BUFFERS 

Wide Bandwidth/Video Amplifiers 
Current Mode Feedback Amplifiers at ± 5V and ± 15V Supplies. - Contd. 
Listed by decreasing bandwidth. 

Band· Package 
'd h ICC at Slew AVOL Input Input Output Supply P ~ Pi 

:;~B ±5Vs Rate (llgain Offset Bias Current Voltage N ~ PD; 
# of A 1 all Amps AV + 2 error ') Volts Current Ion Load Range S - SOIC 

Part # Features Am V + -
ps M ~ SOL 

Max 
Typ Max TYP Min Max Min Min Max T ~ T0220 

+In -In W ~ SOT23 

EL2166C Disable 1 115 MHz lOrnA 1500V//ls 890V/V 10rnV 5/lA 20/lA SOmA ±4.5V ±16.5V 8P-N-S 

EL2120C Disable 1 9SMHz 20 rnA 7S0V//ls 260V/V 2SrnV lS/lA 40/lA SOmA ±2.SV ±16.SV 8P-N-S 

EL4393C Disable 3 90 MHz 27rnA 960V//ls 67V/V 12mV S/lA 6S/lA 40 rnA ±4.SV ±16.SV 16P-N-M 

EL2099C Power 1 SO MHz 45 rnA 1000V//ls 167V/V 20rnV IS "A 35/lA 600 rnA ±4.SV ±16.SV SP-T 

EL2020C Disable 1 SO MHz 12 rnA SOOV//ls 366V/V 10rnV lS/lA 40 "A 30mA ±4.SV ±16.SV 8P-N20P-M 

EL21~C_ Precisioll '--~ _30~H~_SrnA __ SOOV//ls 14000V/V 3mV 6/lA 7/lA SSrnA ±4.SV ±16.SV 8P-N-S 

/!" AV = +20 

'Derived from: AVOL '" ROL/(RF + (-RIN • AV», for RF given in AC specs. -RIN is IOn to son. 
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Wide Bandwidth/Video Amplifiers 
Voltage Mode Feedback Amplifiers at ± 5V and ± 15V Supplies. 
Listed by decreasing bandwidth. 

Band· 
ICC at 

Slew 
width MIn Rate Input Input 

±5Vs 
# of -3dB Stable at AYOL Offset Bias 

Part # Features all 
Amps at Min Gain MIn VOS IU 

Gain 
Amps 

Gain 

Typ Max MIn Typ Min Max Max 

Up to ±5V 

EL207SG WideBW 1 400 MHz 23mA +lOAy SOOV/lJ.s SOOV/V 1mV 6IJ.A 

EL2074C 1 400 MHz 23mA +2Ay 400V/IJ.s SOOV/V l.SmV 6IJ.A 

EL2073C 1 400 MHz 23mA +lAy 2S0V/IJ.s SOOV/V l.SmV 6IJ.A 

EL21SOC Single Supply 1 12SMHz 6.SmA +lAy 27SV/IJ.s 1778V/V l.SmV 10IJ.A 
EL22S0C 2 13mA 

EL24SOC 4 26mA 
EL21S7C + Disable, Clamp 1 6.SmA 
EL22S7C + Disable, Clamp 2 13mA 
EL23S7C + Disable, Clamp 3 19.5mA 

EL2211C Low Cost 2 100 MHz 17mA +2Ay 140V/IJ.s 160V/V 20mV lSIJ.A 
EL2311C Single Supply 3 2S.SmA 
EL2411C 4 34mA 

EL2210C Low Cost 2 110 MHz 17mA + lAV 130V/IJ.s 160V/V 20mV lSIJ.A 
EL2310C Single Supply 3 2S.SmA 
EL2410C 4 34mA 

Up to ±15V at ±15V 

EL204SC Low Cost 1 100 MHz 6.3mA +2Ay 27SV/IJ.s lS00V/V 7mV 8.21J.A 
EL224SC VINto O.lV 2 12.6 mA 4mV 

EL244SC at +SV. 4 2S.2 4mV 

EL2044C Low Cost 1 120 MHz 6.3mA +lAy 32SV/IJ.s 7S0V/V 7mV S.2IJ.A 
EL2244C VINtoO.1V 2 12.6mA 7mV 

~4C __ at +SV. 4 
'----- ._-

2S.2 
-- - -

7mV 
- .- -- - -- - - -

Output Supply Package 
P ~ Pins 

Current Voltage 
N ~PDIP 

100 Load Range 
S ~ SOIC 

W ~ SOT23 
MIn MIn Max 

SOmA ±3V ±16.SV SP-N-S 

SOmA ±3V ±6Y SP-N-S 

SOmA ±3V ±7V SP-N-S 

7SmA ±3V ±12.6V, 8P-N-S-SW 

±6.3Y SP-N-S 

14P-N-S 

SP-N-S 

14P-N-S 

16P-N-S 

7SmA +10V ±9V SP-N-S 

14P-N-S 

14P-N-S 

7SmA +lOV ±9V SP-N-S 

14P-N-S 

14P-N-S 

SOmA +2.SV ±lSV SP-N-S 

SP-N-S 

14P-N-S 

SOmA +2.SV ±lSV SP-N-S 

SP-N-S 

- - L.. -- -
L..14P-N~ 

Sll~.iI.iln9/Sll~I.ilI1:dWV 
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AMPLIFIERS/BUFFERS 

Output Disable Wide Bandwidth/Video Amplifiers 
Current Mode Feedback and Voltage Mode Feedback with Clamp at ± 5V and ± 15V 
Supplies. 
Listed by decreasing bandwidth. 

Band-
Turn Turn ICC at ICC at Slew 

width 
# of ~3dB 

On Off ±5VaIl ±5Vs Rate VOS 
Part # Features Time Time Amps Disable Av +2 Amps AV +1 

Typ Typ Typ Max Max Typ Max 

Up to ±5V 
Current Mode 

Feedback 

EL2186C WideBW 1 250 MHz 40ns 500ns 6mA 20 ",A 1200V/",s 15mV 

EL2286C Low Power 2 12 rnA 40 ",A 

EL2286C 3 18mA 60 ",A 

EL2070C 1 200 MHz 200ns 1000 ns 20mA 7mA 700V/",s 5mV 

EL2071C Av;" +3 1 150MHzi:>. 40ns 70ns 21mA 3mA 1200V/",s i:>. 6mV 

EL2176C Low Power 1 70 MHz 40ns 500ns 2mA 20 ",A 800V/",s 15mV 
EL2276C 2 4mA 40 ",A 

Up to ±15V ±15V ±15V 

EL2166C 1 115 MHz 70ns 70ns lOrnA lOrnA 1500V/",s lOmV 

EL2120C 1 95 MHz SOns SOns 20mA 750V/",. 25mV 

EL4393C Triple 3 90 MHz 30ns 30ns 27mA 16mA 960V/",s 12mV 

EL2020C 1 50 MHz 12 rnA 7.5 rnA 500V/",s lOmV 

Single Supply Voltage Mode 

Up to ±5V Feedback 

EL2157C +VOuTClamp 1 125 MHz 40ns 40ns 6.5mA 20 ",A 275V/",s 1.5mV 

EL2257C 2 25 ns SOns 13mA 100 ",A 

EL2357C 3 2S ns SOns 19.5 rnA 150 ",A 

*Feedthrough capacitance is the equivalent capacitance from the signal input to the output of a disabled amplifier. 

t. Av = +10 

Feed- lOUT Supply 

through into on Voltage 

Cap.' Load Range 

Typ Min Min Max 

0.48pF 80mA ±1.5V ±6.3V 

50 rnA 

50 rnA 

0.18pF 50mA ±4.5V ±7V 

0.14pF 50 rnA ±4.5V ±7V 

0.48 pF 80 rnA ±1.5V ±6.3V 

50mA 

1.5 pF 50mA ±4.5V ±16.5V 

0.2pF 50mA ±2.5V ±16.5V 

2.0pF 40mA ±4.5V ±16.5V 

30 rnA ±4.5V ±18V 

±5V 

75mA +3V ±16.5V 

Package 
P = Pins 

N=PDIP 

S = SOIC 

8P-N-S 

14P-N-S 

16P-N-S 

8P-N-S 

8P-N-S 

8P-N-S 

14P-N-S 

8P-N-S 

8P-N-S 

16P-N-M 

8P-N 

20P-M 

8P-N-S 

14P-N-S 

16P-N-S 
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Video Buffers 
Wide Bandwidth/Video/Distribution 
Listed by decreasing bandwidth. 

Band· Output # of 
Width Current Loads'" 
-3dB (Peak) 2Vpp 

Part # Features 
150.0 

Typ Min 
Loads 

EL2072C Closed Loop 730 MHz SOmA 4 

EL2002AC Low Power 180 MHz 100mA 6 
Low Cost 

EL2003C Video 100 MHz 105mA 6 
EL2033C 

EL2009C Power 90 MHz 1.4A 15 

EL2001AC Low Power 70 MHz 100mA 
Low Cost 

EL2008C Low Power 55 MHz 1.4A 15 
Low Cost 

'1 Vpp out on 750 Double Matched Loaded Line. 

Power Distribution Amplifiers 
Wide Bandwidth/Video/Distribution 
Listed by decreasing bandwidth. 

Band- Output # of 

Width Current Loads' 

Part # Features -3dB (Peak) 2Vpp 

150.0 
Typ MIn 

Loads 

EL2009C Buffer 90 MHz 1.4A 15 

EL2008C Buffer 55 MHz 1.4A 15 

EL2099C Gain Amp 50 MHz 600mA 6 

"EL1501C Dual Driver I 63 MHz 2mAx75mA 8 

.-
L __ ~eceiver_ 

- - - - ._- -

'I Vpp out on 750 Double Matched Loaded Line • 

• 'For datasheet see Communications Section of Databook. 

Icc 
at 

Vs 

Max 

20mA 

7.5mA 

15mA 

65mA 

2mA 

22mA 

ICC at 
±15 

Vs 

Max 

65mA 

22mA 

45mA 

45mA 

- -

Slew 
Input Input Supply Package 

Rate 
Offset Bias Voltage P = Pins 
Volts Current Range N = PDIP 

S = SOIC 
Typ Max Max MIn Max M=SOL 

800V/I-'s 8mV 5Ol-'A ±4.5V ±7V 8P-N-S 

2000V/I-'s 15mV l0l-'A ±4.5V ±18V 8P-N 
20P-M 

1200V/I-'s 40mV 251-'A ±4.5V ±18V 8P-N 
20P-M 

8P-N 

3000V/I-'s 60mV 1251-'A ±4.5V ±18V 5P-T0220 

2000V/I-'s 10mV 31-'A ±4.5V ±18V 8P-N 
20P-M 

2500V/I-'s 40mV 3SI-'A ±4.5V ±18V 5P-T0220 

Slew 
Input Input Supply 

Rate 
Offset Bias Voltage Package 

Volts Current Range P = Pins 
S = SOIC 

Max T = T0220 Typ Max MIn Max 
+In -In 

3000V/I-'s 60mV 1251-'A 1251-'A ±4.5V ±18V 5P-T 

2S00V/I-'s 40mV 351-'A 3SI-'A ±4.5V ±18V 5P-T 

1000V/I-'s 20mV 151-'A 3SI-'A ±4.5V ±16.5V 5P-T 

1000V/I-'s 30mV IOI-'A l0l-'A ±4.5V ±16.5V 20P-S 

- L_ 

Sll~~~na:/Sll~I~I~dWV 

-~,= ......................... '"'""'= ........ ~ 
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Instrumentation Wide Bandwidth/Video Amplifiers 
Listed by increasing bandwidth. 

Com· 
Band· 

Slew 
Input Input Diff. width Min 

Rate 
Part # Offset Bias Input 

mon 
Stable 

Mode 
-3dB 

at Min 
Volts IB Volts at Min Gain 

Range Gain 
Gain 

Up to mV /LA V ±V MHz Av VII's 
±15V Max Max Min Min Typ Min Typ 

EL4431C 8 20 2 12 80 +2 380 

EL4430C 8 20 2 12 80 +1 380 

Up to ±5V 

EL2142C -25 +40 20 2 2 150 +1 400 

*RL = 5000 for EL4431C, 1500 for EL4430C, and 1000 for EL2142C. 

MUltiplexing Video/Wide Bandwidth Amplifiers 
Voltage Feedback Amplifiers listed by decreasing bandwidth. 

MuxRatio Input 
Input lBand-

Slew 
Part # Features Bias AYOL width 

and Gain VOS 
IB -3dB 

Rate 

Up to Ay mV /LS V/V MHz V//Ls 
±5V Min Max Max Typ Typ Typ 

EL4332C Triple 2:1 2' 20 30 - 300 650 

EL4331C Triple 2:1 I' 25 30 - 300 425 

Up to ±15V 

EL4421C Com -IN 2:1 +1 9 12 500 80 200 

EL4441C Com -IN 4:1 +1 9 12 500 80 200 

EL4443C DiffInput 4:1 +1 9 12 500 80 200 

EL4422C Com -IN 2:1 +2 7 12 750 65 400 

EL4442C Com -IN 4:1 +2 7 12 750 65 400 

EL4444C DiffInput 4:1 +2 ___ 7 __ 12 750 65 400 
- -- --_.- - -- -

'Internally Fixed Gain •• 750 Load 

Diff. 
Gain* 

% 
Typ 

0.02 

0.04 

0.2 

Diff 
Gain 

% 
Typ 

0.04 

0.04 

0.01 

0.Q1 

0.Q1 

0.02 

0.02 

0.02 

AMPLIFIERS/BUFFERS 

Diff. lOUT 
ICC at 

Supply 
Ion Voltage Package 

Phase'" ±15Vs 
Load Range P = Pins 

N=PDIP 

rnA rnA V 
S = SOIC 

Typ Min Max 
Min Max 

0.02 40 16 ±4.5 ±16 8P-N-S 

0.08 40 16 ±4.5 ±16 8P-N-S 

±5Vs 

0.2 50 14 ±3_ ±6 8P-N-N 
-

Diff 
Mux lOUT ICC Supply 

Delay IOn at Volts Package 
Phase 

Time Load Vs Range P = Pins . rnA 
N=PDIP 

ns rnA V 
S = SOIC 

Typ Typ Max Max Min Max 

0.08 3 30"'* 60 ±5 16P-S 

0.08 3 30** 60 ±5 16P-S 

0.Q1 8 40 14 ±3 ±15 8P-N-S 

0.Q1 12 40 16 ±3 ±15 14P-N-S 

0.Q1 12 40 16 ±3 ±15 14P-N-S 

0.02 8 40 14 ±3 ±15 8P-N-S 

0.02 12 40 16 ±3 ±15 14P-N-S 

0.02 12 40 16 ±3 ±15 14P-N-S 
---



Features 
• 1.3 mA supply current 
• 70 MHz bandwidth 
• 2000 V /!-,-s slew rate 
• Low bias current, 1 !-,-A typical 
• 100 mA output current 
• Short circuit protected 

• Low cost 
• Stable with capacitive loads 

• Wide supply range ± 5V to ± 15V 
• No thermal runaway 

Applications 
• Op amp output current booster 

• Cable/line driver 
• A/D input buffer 
• Low standby current systems 

Ordering Information 
Pari No. Temp. Range Pkg. OutUne# 

EL2001ACN O"Cto +75°C P-DIP MDPOO31 

EL2001CM O"C to + wc 211-Lead SOL MDPOO27 

EL2001CN O"Cto +7S"C P-DIP MDP0031 

General Description 
The EL2001 is a low cost monolithic, high slew rate, buffer 
amplifier. Built using the Elantec monolithic Complementary 
Bipolar process, this patented buffer has a - 3 dB bandwidth of 
70 MHz, and delivers 100 mA, yet draws only 1.3 mA of supply 
current. It typically operates from ± 15V power supplies but 
will work with as little as ± 5V. 

This high speed buffer may be used in a wide variety of applica
tions in military, video and medical systems. A typical example 
is a general purpose op amp output current booster where the 
buffer must have sufficiently high bandwidth and low phase 
shift at the maximum frequency of the op amp. 

Elantec's products and facilities comply with MIL-I-45208A, 
and other applicable quality specifications. For information on 
Elantec's processing, see the Elantec document, QRA-1: Elan
tec's Processing, Monolithic Integrated Circuits. 

Connection Diagrams 
EL2001 DIP Pinout 

2001-1 

Top View 

EL2001 SOL Pinout 

2001-2 

Top View 

Note: N on-designated pins are no connects and are not electrically connected 
internally. 

Manufactured under U.S. Patent No. 4,833,424, 4,827,223 U.K. Patent No. 
2217134 

o 
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Absolute Maximum Ratings 
Vs SupplyVoltage(V+ - V-) ±18Vor36V TA Operating Temperature Range 

VIN Input Voltage (Note 1) ±15VorVS EL2001AC/EL2001C O'Cto + 75'C 

lIN Input Current (Note 1) ±50mA TJ Operating Junction Temperature 150'C 

PD Power Dissipation (Note 2) See Curves TST Storage Temperature -65'C to + 150'C 
Output Short Circuit 
Duration (Note 3) Continuous 

Electrical Characteristics Vs = ± 15V, Rs = son, unless otherwise specified 

Test Conditions Limits 
Parameter Description 

VIN Load 

VOS Offset Voltage 
0 00 

EL2001A/EL2001AC 

EL200l/EL2001C 
0 00 

lIN Input Current 
0 00 

EL2001A/EL2001AC 

EL2001/EL2001C 
0 00 

RIN Input Resistance 
±12V lOOn 

2-10 



Electrical Characteristics Vs = ± 15V, Rs = son, unless otherwise specified - Contd. 

Test Conditions Limits 
Parameter Description 

Yin Load 

AVl Voltage Gain 
±12V 00 

AV2 Voltage Gain 
±10V lOOn 

AV3 Voltage Gain 
±3V lOOn 

with Vs = ±5V 

Vo Output Voltage 
±12V lOOn 

Swing 

RoUT Output Resistance 
±2V lOOn 

lOUT Output Current 
±12V (Note 4) 

IS Supply Current 
0 00 

PSRR 
0 00 

Note 1: If the input exceeds the ratings shown (or the supplies) or if the input to output voltage exceeds ± 7.5V then the input 
current must be limited to ± 50 mAo See the applications section for more information. 

Note 2: The maximum power dissipation depends on package type, ambient temperature and heat sinking. See the characteristic 
curves for more details. 

Note 3: A heat sink is required to keep the junction temperature below the absolute maximum when the output is short circuited. 
Note 4: Force the input to + 12V and the output to + 10V and measure the output current. Repeat with -12 VIN and -IOV on the 

output. 
Note5:VOSismeasuredatVs+ = +4.5V,VS- = -4.5Vand atVS+ = +18V,Vs- = -18V.Bothsuppliesarechanged 

simultaneously. 
Note 6: Slew rate is measured between VOUT = +5Vand -5V. 

2-11 
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Typical Performance Curves 
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Output Voltage Swing 
VB Temperature 
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±Slew Rate 
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2500 
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1500 
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500 

o 
1 

. . 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Burn-In Circuit 

+V = +10V 

5HZ~VVY-_--1 
:!. SV 10kU 

51Qu 

-v =-10V 

2001-9 

Simplified Schematic 
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Application Information 
The EL2001 is a monolithic buffer amplifier built 
on Elantec's proprietary dielectric isolation pro
cess that produces NPN and PNP transistors 
with essentially identical DC and AC characteris
tics. The EL2001 takes full advantage of the com
plementary process with a unique circuit topolo
gy. 

Elantec has applied for two patents based on the 
EL2001's topology. The patents relate to the base 
drive and feedback mechanism in the buffer. This 
feedback makes 2000 V / fLs slew rates with lOOn 
loads possible with very low supply current. 

2·15 

Power Supplies 
The EL2001 may be operated with single or split 
supplies with total voltage difference between 
10V (± 5V) and 36V (± 18V). It is not necessary 
to use equal split value supplies. For example 
- 5V and + 12V would be excellent for signals 
from - 2V to + 9V. 

Bypass capacitors from each supply pin to 
ground are highly recommended to reduce supply 
ringing and the interference it can cause. At a 
minimum, 1 fLF tantalum capacitor with short 
leads should be used for both supplies. 

Input Characteristics 
The input to the EL2001looks like a resistance in 
parallel with about 3.5 picofarads in addition to a 
DC bias current. The DC bias current is due to 
the miss-match in beta and collector current be
tween the NPN and PNP transistors connected 
to the input pin. The bias current can be either 
positive or negative. The change in input current 
with input voltage (RIN) is affected by the out
put load, beta and the internal boost. RIN can 
actually appear negative over portions of the in
put range; typical input current curves are shown 
in the characteristic curves. Internal clamp di
odes from the input to the output are provided. 
These diodes protect the transistor base emitter 
junctions and limit the boost current during slew 
to avoid saturation of internal transistors. The 
diodes begin conduction at about ± 2.5V input to 
output differential. When that happens the input 
resistance drops dramatically. The diodes are rat
ed at 50 mAo When conducting they have a series 
resistance of about 20n. There is also lOOn in 
series with the input that limits input current. 
Above ± 7.5V differential input to output, addi
tional series resistance should be added. 

Source Impedance 
The EL2001 has good input to output isolation. 
When the buffer is not used in a feedback loop, 
capactive and resistive sources up to 1 Meg pres
ent no oscillation problems. Care must be used in 
board layout to minimize output to input cou
pling. CAUTION: When using high source im
pedances (RS > 100 kn), significant gain errors 
can be observed due to output offset, load resis
tor, and the action of the boost circuit. See typi
cal performance curves. 



EL2001C Macrornodel 

'Connections: + input 

.subckt M2001 

• Input Stage 
ellO 0 2 0 1.0 
r11001K 
rh 10 11150 
ch 11 09pF 
rc 1112 100 
cc 1204pF 
e2 13 0 12 0 1.0 

• Output stage 
q1413 14 qp 
q2 113 15 qn 
q311416 qn 
q4415l9 qp 
r2 1671 
r3 1971 
ill140.9mA 
i21540.9mA 
• Bias Current 
iin+ 20 InA 

• Models 

I +Vsupply 

I I -Vsupply 

I I I output 

I I I I 
4 7 

.model qn npn(is=5e-15 bf= 150 rb=200 ptf=45 tf=O.lnS) 

.model qp pnp(is = 5e-15 bf= 150 rb = 200 ptf= 45 tf= O.lnS) 

.ends 
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EL2001 C Macrornodel- Contd. 
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Features 
• 180 MHz bandwidth 
• 2000 V / /.Ls slew rate 
• Low bias current, 3 /.LA typical 
• 100 mA output current 
• 5 rnA supply current 
• Short circuit protected 

• Low cost 
• Stable with capacitive loads 
• Wide supply range ± 5V to ± 15V 
• No thermal runaway 

Applications 
• Op amp output current booster 
• Cable/line driver 
• A/D input buffer 
• Isolation buffer 

Ordering Information 
Pari No. Temp. Range Package OutUne# 

EL2002ACN we to + 'Soc P-DIP MDPOO31 

EL2002CM O"C to + ,SOC 20-Lead SOL MDP0027 

EL2002CN O"C to + 7SoC P-DIP MDPOO31 

General Description 
The EL2002 is a low cost monolithic, high slew rate, buffer 
amplifier. Built using the Elantec monolithic Complementary 
Bipolar process, this patented buffer has a - 3 dB bandwidth of 
180 MHz, and delivers 100 rnA, yet draws only 5 rnA of supply 
current. It typically operates from ± 15V power supplies but 
will work with as little as ± 5V . 

This high speed buffer may be used in a wide variety of applica
tions in military, video and medical systems. Typical examples 
include fast op-amp output current boosters, coaxial cable driv
ers and A/D converter input buffers. 

Elantec's products and facilities comply with MIL-I-45208A, 
and other applicable quality specifications. For information on 
Elantec's processing, see the Elantec document, QRA-1: Elan
tee's Processing, Monolithic Integrated Circuits. 

Connection Diagrams 
EL2002 DIP Pinout 

2002-1 

Top View 

EL2002 SOL Pinout 

2002-2 

Top View 

~ Manufactured Under U.S. Patent No. 4,833,424 and U.K. Patent No. 2217134. 

~~------------------------------------------------------------~ 
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Absolute Maximum Ratings 
Vs Supply Voltage (V+ -V-) ±18Vor 36V TA Operating Temperature Range: 

VIN Input Voltage (Note 1) ±1SVorVs 
EL2002AC/EL2002C O'Cta +7S'C 

lIN Input Current (Note 1) ±SOmA TJ Operating Junction Temperature 1S0'C 

PD Power Dissipation (Note 2) See Curves TST Storage Temperature - 6s'C to + 1S0'C 

Output Short Circuit 
Duration (Note 3) Continuous 

Electrical Characteristics Vs = ± 1SV, Rs = son, unless otherwise specified 

Test Conditions Limits 

Parameter Description 
VIN Load 

Vos Offset Voltage 0 00 

EL2002A/EL2002AC 

EL2002lEL2002C 0 00 

lIN Input Current 0 00 

EL2002A/EL2002AC 

EL2002lEL2002C 0 00 

RIN Input Resistance +12V lOOn 

AVI Voltage Gain ±12V 00 

AV2 Voltage Gain ±lOV lOOn 

2-19 
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Electrical Characteristics Vs = ± 15V, Rs = son, unless otherwise specified - Contd. 

Test Conditions Limits 

Parameter Description 

VIN Load 

AV3 Voltage Gain ±3V lOOn 
withVs = ±5V 

Vo Output Voltage Swing ±12V lOOn 

ROUT Output Resistance ±2V lOOn 

lOUT Output Current ±12V 

IS Supply Current 0 00 

PSRR 0 00 

Note 1: If the input exceeds the ratings shown (or the supplies) or if the input to output voltage exceeds ± 7.5V then the input 
current must be limited to ± 50 mAo See the applications section for more information. 

Note 2: The maximum power dissipation depends on package type, ambient temperature and heat sinking. See the characteristic 
curves for more details. 

Note 3: A heat sink is required to keep the junction temperature below the absolute maximum when the output is short circuited. 
Note 4: Force the input to + l2V and the output to + lOV and measure the output current. Repeat with -12 VIN and -10V on the 

output. 
Note 5: Vos is measured at VS+ = +4.5V, Vs- = -4.SV and Vs+ = +l8V, Vs- = l8V. Both supplies are changed 

simultaneously. 
Note 6: Slew rate is measured between VOUT = +5Vand -5V. 
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Typical Performance Curves - Contd. 
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Application Information 
The EL2002 is a monolithic buffer amplifier built 
on Elantec's proprietary Complementary Bipolar 
process that produces NPN and PNP transistors 
with essentially identical DC and AC character
istics. The EL2002 takes full advantage of the 
complementary process with a unique circuit 
topology. 

Elantec has applied for two patents based on the 
EL2002's topology. The patents relate to the base 
drive and feedback mechanism in the buffer. This 
feedback makes 2000 V / ILs slew rates with lOOn 
loads possible with very low supply current. 

2-24 

Power Supplies 
The EL2002 may be operated with single or split 
supplies with total voltage difference between 
10V (± SV) and 36V (± 18V). It is not necessary 
to use equal split value supplies. For example 
- SV and + 12V would be excellent for signals 
from - 2V to + 9V. 

Bypass capacitors from each supply pin to 
ground are highly recommended to reduce supply 
ringing and the interference it can cause. At a 
minimum, 1 ILF tantalum capacitor with short 
leads should be used for both supplies. 

Input Characteristics 
The input to the EL2002 looks like a resistance in 
parallel with about 3.S pF in addition to a DC 
bias current. The DC bias current is due to the 
miss-match in beta and collector current between 
the NPN and PNP transistors connected to the 
input pin. The bias current can be either positive 
or negative. The change in input current with in
put voltage (RIN) is affected by the output load, 
beta and the internal boost. RIN can actually ap
pear negative over portions of the input range; 
typical input current curves are shown in the 
characteristic curves. Internal clamp diodes from 
the input to the output are provided. These di
odes protect the transistor base emitter junctions 
and limit the boost current during slew to avoid 
saturation of internal transistors. The diodes be
gin conduction at about ± 2.SV input to output 
differential. When that happens the input resist
ance drops dramatically. The diodes are rated at 
SO mAo When conducting they have a series re
sistance of about 20n. There is also lOOn in series 
with the input that limits input current. Above 
± 7.SV differential input to output, additional se
ries resistance should be added. 

Source Impedance 
The EL2002 has good input to output isolation. 
When the buffer is not used in a feedback loop, 
capacitive and resisitive sources up to 1 MHz 
present no oscillation problems. Care must be 
used in board layout to minimize output to input 
coupling. CAUTION: When using high source 
impedances (RS > 100 kn), significant gain er
rors can be observed due to output offset, load 
resistor, and the action of the boost circuit. See 
typical performance curves. 



EL2002 Macromodel 

* Connections: 

.subckt M2002 

• Input Stage 
e110 0 2 0 1.0 
r11001K 
rh 10 11150 
ch 11 0 2pF 
rc 1112100 
cc 12 03pF 
e2 13 0 12 0 1.0 

• Output Stage 
q1413 14 qp 
q2 113 15 qn 
q3 11416 qn 
q4 41519 qp 
r2 1671 
r3 19 7 1 
i1114 2mA 
i21542mA 

• Bias Current 
iin+ 203uA 

• Models 

+ input 

I +Vsupply 

I I -Vsupply 

I I 
I I 
2 

I 
I 
4 

output 

I 
7 

.model qn npn(is = 5e-15 bf= 150 rb = 200 ptf= 45 tf= O.lnS) 

.model qp pnp(is=5e-15 bf= 150 rb=200 ptf=45 tf=O.lnS) 

.ends 
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Features 
• Differential gain 0.1 % 
• Differential phase 0.10 
• 100 rnA continuous output 

current guaranteed 

• Short circuit protected 
• Wide bandwidth-100 MHz 
• High slew rate-1200 V / I-'-s 
• High input impedance-2 Mil 
• Low quiescent current drain 
• EL2003-Pin compatible with 

LH0002CN, LH0002H, HA2-5002 
• EL2033-Pin compatible with 

HA3-5002, HA7-5002, HA3-5033, 
HA7-5033 

Applications 
• Co-ax cable driver 
• Flash converter driver 
• Video DAC buffer 
• Op amp booster 

Ordering Information 
Part No. Temp. Range Package Outlineii' 

EL2003CN O"C to + 75'C P-DIP MDPOO31 

EL2003CM O"C to + 75'C 2a-Lead SOL MDPOO27 

EL2033CN O"C to + 75'C P-DIP MDPO031 

General Description 
The EL2003/EL2033 are general purpose monolithic unity gain 
buffers featuring 100 MHz, - 3 dB bandwidth and 4 ns small 
signal rise time. These buffers are capable of delivering a 
± 100 rnA current to a resistive load and are oscillation free into 
capacitive loads. In addition, the EL2003/EL2033 have internal 
output short circuit current limiting which will protect the de
vices under both a DC fault condition and AC operation with 
reactive loads. The extremely fast slew rate of 1200 V / I-'-s, wide 
bandwidth, and high output drive make the EL2003/EL2033 
ideal choices for closed loop buffer applications with wide band 
op amps. These same characteristics and excellent DC perform
ance make the EL2003/EL2033 excellent choices for open loop 
applications such as driving coaxial and twisted pair cables. 

The EL2003/EL2033 are constructed using Elantec's proprie
tary dielectric isolation process that produces PNP and NPN 
transistors with essentially identical AC and DC characteristics. 

Elantec facilities comply with MIL-I-45208A and other applica
ble quality specifications. For information on Elantec's process
ing, request our brochure: QRA-1: Elantec's Processing
Monolithic Products. 

Connection Diagrams 
EL2003CN 

2003-1 

EL2003CM 

INPUT 

Ne 

Ne 

Ne 
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Absolute Maximum Ratings 
Vs SupplyVoltage(V+ - V-) ±18Vor 36V TA Operating Temperature Range 

VIN Input Voltage (Note 1) ±ISVorVS EL2003C/2033C O·Cto +7S·C 

lIN Input Current (Note 1) ±SOmA TJ Operating Junction Temperature 

PD Power Dissipation (Note 2) See Curves Metal Can 17S·C 
Output Short Circuit Plastic lS0·C 

Duration (Note 3) Continuous TST Storage Temperature - 6S·C to + ISO"C 

Electrical Characteristics Vs = ±ISV,Rs = son 

Parameter Description 
VIN Load 

Vos Output Offset Voltage 0 00 

lIN Input Current 0 00 

RIN Input Resistance ±12V lOOn 

AVI Voltage Gain ±12V lkn 

AV2 Voltage Gain ±6V son 

AV3 Voltage Gain ±3V son 
with Vs = ±SV 

VOl Output Voltage Swing ±14V lkn 

V02 Output Voltage Swing ±12V lOOn 
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Electrical Characteristics Vs = ± l5V, Rs = 500 - Contd. 

Parameter Description 
VIN Load Min 

RoUT Output Resistance ±2V 500 

lOUT Output Current ±12V (Note 4) 

Is Supply Current 0 00 

PSRR 0 00 

Note 1: If the input exceeds the ratings shown (or the supplies) or if the input to output voltage exceeds ±7.5V then the input 
current must be limited to ± 50 mAo See the application hints for more information. 

Note 2: The maximum power dissipation depends on package type, ambient temperature and heat sinking. See the characteristic 
curves for more details. 

Note 3: A heat sink is required to keep the junction temperature below the absolute maximum when the output is short circuited. 
Note 4: Force the input to + l2V and the output to + lOY and measure the output current. Repeat with -12V in and -lOY on the 

output. 
Note 5: Vs = ±4.5V to ± l8V. 
Note 6: Slew rate is measured between VOUT = +5Vand -5V. 
Note 7: Slew rate is measured between VOUT = +2.5Vand -2.5V. 
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Typical Performance Curves - Contd. 
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Applications Hints 
The EL2003/EL2033 are monolithic buffer am
plifiers built with Elantec's proprietary dielectric 
isolation process that produces NPN and PNP 
complimentary transistors. The circuits are con
nection of symmetrical common collector transis
tors that provide both sink and source current 
capability independent of output voltage while 
maintaining constant output and input imped
ances. The high slew rate and wide bandwidth of 
the EL2003 and EL2033 make them useful 
beyond video frequencies. 

Power Supplies 
The EL2003/EL2033 may be operated with sin
gle or split supplies as low as ± 2.SV (SV total) to 
as high as ± 18V (36V total). However, the band
width, slew rate and output impedance degrade 
significantly for supply voltages less than ± SV 
(10V total) as shown in the characteristic curves. 
It is not necessary to use equal value split sup
plies, for example - SV and + 12V would be ex
cellent for OV to 1 V video signals. 

Bypass capacitors from each supply pin to a 
ground plane are recommended. The EL2003/ 
EL2?33 will not oscillate even with minimal by
passmg, however, the supply will ring excessively 
with inadequate capacitance. To eliminate a sup
ply ringing and the interference it can cause, a 
10 ILF tantalum capacitor with short leads is rec
ommended for both supplies. Inadequate supply 
bypassing can also result in lower slew rates and 
longer settling times. 

The EL2003 metal can package has the collectors 
of the output transistors brought out separately 
from the input supplies for pin compatibility 
with the ELH0002H. If the collectors operate on 
lower supplies than the input stage, the internal 
power dissipation can be reduced. However, the 
output transistors can be driven into hard satura
tion when the input voltage exceeds the collector 
supply voltage. The recovery time to come out of 
saturation will be 2 ILs or 3 ILs and the' output 
may oscillate during this recovery period. 

Input Range 
The input to the EL2003/EL2033 looks like a 
high resistance in parallel with a few picofarads 
in addition to a DC bias current. The input char-

2·33 

acteristics change very little with output loading, 
even when the amplifier is in current limit. How
ever, there are clamp diodes from the input to the 
output that protect the transistor base emitter 
junctions. These diodes start to conduct at about 
± 9.SV input to output differential voltage. Of 
course the input resistance drops dramatically 
when the diodes start conducting; the diodes are 
rated at ± 50 mAo 

The input characteristics also change when the 
input voltage exceeds either supply by O.SV. This 
happens because the input transistor's base-col
lector junctions forward bias. If the input exceeds 
the supply by LESS than O.SV and then returns 
to the normal input range, the output will recov
er in less than 10 ns. However, if the input ex
ceeds the supply by MORE than O.SV, the recov
ery time can be 100's of nanoseconds. For this 
reason it is recommended that schottky diode 
clamps from input to supply be used if a fast re
covery from large input overloads is required. 

Source Impedance 
The EL2003/EL2033 have excellent input-output 
isolation and are very tolerant of variations in 
source impedances. Capacitive sources cause no 
problems at all, resistive sources up to 100 k!l 
present no problems as long as care is used in 
board layout to minimize output to input cou
pling. Inductive sources can cause oscillations; a 
1 k!l resistor in series with the buffer input lead 
will usually eliminate problems without sacrific
ing too much speed. An unterminated cable or 
other resonant source can also cause oscillations. 
Again, an isolating resistor will eliminate the 
problem. . 

Current Limit 
The EL2003/EL2033 have internal current limits 
that protect the output transistors. The current 
limit goes down with junction temperature rise as 
shown in the characteristic curves. At a junction 
temperature of + 175°C the current limits are at 
about 100 mAo If the EL2003 or EL2033 output is 
sh.orted to ground when operating on ± lSV sup
phes, the power dissipation will be greater than 
l.SW. A heat sink is required in order for the 
EL2003 or EL2033 to survive an indefinite short. 
Recovery time to come out of current limit is 
about 250 ns. 
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~ Heat Sinking 
r;r;1 When operating the EL2003/EL2033 in elevated 

ambient temperatures and/or high supply volt
ages and low impedance loads, the internal power 
dissipation can force the junction temperature 
above the maximum rating (17S·C for the metal 
can package and 1S0·C for the plastic DIP). Also, 
an indefinite short of the output to ground will 
cause excessive power dissipation. 

The thermal resistance junction to case is SS·C 
per Watt for the metal can package and SO·C/W 
for the plastic DIP. A suitable heat sink will in
crease the power dissipation capability signifi
cantly beyond that of the package alone. Several 
companies make standard heat sinks for both 
packages. Aavid and Thermalloyheat sinks have 
been used successfully. 

Parallel Operation 
If more than 100 mA output is required or if heat 
management is a problem, several EL2003s or 
EL2033s may be paralleled together. The result is 
as though each device was driving only part of 
the load. For example, if two units are paralleled 
then a son load looks like lOOn to each EL2003. 
Parallel operation results in lower input and out
put impedances, increased bias current but no in
crease in offset voltage. An example showing 
three EL2003s in parallel and also the addition of 
a FET input buffer stage is shown below. By us
ing a dual FET the circuit complexity is minimal 
and the performance is excellent. Take care to 
minimize the stray capacitance at the input of 
the EL2003s for maximum slew rate and band
width. 

FET Input Buffer with mgh Output Currents 
...----t_t:,.-+lIV 

I 1O•F Parallel Operation 
.,.. lOUT ~ ±300 mA 

RoUT'" 2n 
BW'" 100 MHz 
SR = 1000 V/p.s 

J1, J2 2NS911 Dual FET 
R1, R2 Offset Adjust 

2003-9 
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Resistive Loads 
The DC gain of the EL2003/EL2033 is the prod
uct of the unloaded gain (0.995) and the voltage 
divider formed by the device output resistance 
and the load resistance. 

The high frequency response of the EL2003/ 
EL2033 varies with the value of the load resist
ance as shown in the characteristic curves. If the 
100 MHz peaking is undesirable when driving 
load resistors greater than son, an RC snubber 
circuit can be used from the output to ground. 
The snubber circuit works by presenting a high 
frequency load resistance of less than son while 
ltaving no loading effect at low frequencies. 

Small Signal Response 

RL = son, CL = 10 pF, Vs= ± 1SV 
Top is VIN, Bottom is VOUT 

Large Signal Response 

RL = lOon, CL = 10 pF, Vs = ± 1SV 
Top is VIN, Bottom is VOUT 

2003-10 
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Capacitive Loads 
The EL2003/EL2033 are stable driving any type 
of capacitive load. However, when driving a pure 
capacitance of less than a thousand picofarads 
the frequency response has excessive peaking as 
shown in the characteristic curves. The square
wave response will have large overshoots and will 
ring for several hundred ns. 

If the peaking and ringing cause system prob
lems they can be eliminated with an RC snubber 
circuit from the output to ground. The values can 
be found empirically by observing a squarewave 
or the frequency response. First just put the re
sistor alone from output to ground until the de
sired response is obtained. Of course the gain will 
be reduced due to ROUT. Then put capacitance in 
series with the resistor to restore the gain at low 
frequencies. Start with a small capacitor and in
crease until the response is optimum. Too large a 
capacitor will roll the gain off prematurely and 
result in a longer settling time. The figure below 
shows an example of an EL2003 driving a 330 pF 
load, which is similar to the input of a flash con
verter. 

':>---..... ---.... - Your 

1=2MHz 
SOUAREWAVE 

:l:500mV 

Driving a Pure Capacitance 
2003-12 

Top Trace is without Snubber. 2003-13 

Bottom Trace is with Snubber Circuit. 
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Inductive Loads 
The EL2003/EL2033 can drive small motors, so
lenoids, LDT's and other inductive loads. Fold
back current limiting is NOT used in the EL2003 
or EL2033 and current limiting into an inductive 
load does NOT in and of itself cause spikes or 
kickbacks. However, if the EL2003 or EL2033 is 
in current limit and the input voltage is changing 
quickly (i.e., a squarewave) the inductive load 
can kick the output beyond the supply voltage. 
Motors are also able to generate kickbacks when 
the EL2003 or EL2033 is in current limit. 

To prevent damage to the EL2003/EL2033 when 
the output kicks beyond the supplies it is recom
mended that catch diodes be placed from each 
supply to the output. 

Reverse Isolation 
The EL2003/EL2033 have excellent output to in
put isolation over a wide frequency range. This 
characteristic is very important when the buffer 
is used to drive signals between different equip
ment over cables. Often the cable is not perfect or 
the termination is improper and reflections occur 
that act like a signal source at the output of the 
buffer. Worst case the cable is connected to a 
source instead of where it is supposed to go. In 
both situations the buffer must keep these sig
nals from its input. The following curve shows 
the reverse isolation of the EL2003/EL2033 vers
es frequency for various source resistors. 

Reverse Isolation 
va. Frequency 

1K 10K 100K 1M 10M 100M 

FREQUENCY (Hz) 
2003-14 



Driving Cables 
There are at least three ways to use the EL2003 
and EL2033 to drive cables, as shown in the adja
cent figure. The most obvious is to directly con
nect the cable to the output of the buffer. This 
results in a gain determined by the output resist
ance of the EL2003 or EL2033 and the character
istic impedance of the cable, assuming it is prop
erly terminated. For RG-S8 into SOn. the gain is 
about -1 dB, exclusive of cable losses. For opti
mum response and minimum reflections it is im
portant for the cable to be properly terminated. 

Double termination of a cable is the cleanest way 
to drive it since reflections are absorbed on both 
ends of the cable. The cable source resistor is 
equal to the characteristic impedance of the cable 
less the output resistance of the EL2003/EL2033. 
The gain is - 6 dB exclusive of the cable attenua
tion. 

Back matching is the last and most interesting 
way to drive a cable. The cable source resistor is 
again the characteristic impedance less the out
put resistance of the EL2003/EL2033; the termi
nation resistance is now much greater than the 
cable impedance. The gain is 0 dB and DC levels 
waste no power. 

An additional EL2033 or EL2033 make a good 
receiver at the terminating end. Because an un
terminated cable looks like a resonant circuit, the 
receiving EL2003 or EL2033 should have an iso
lating resistor in series with its input to prevent 
oscillations when the cable is not connected to 
the driver. Of course if the cable is always con
nected to the back match, no resistor is neces
sary. 

WARNING: ONE END OF A CABLE MUST 
BE PROPERLY TERMINATED. If neither 
end is terminated in the cable characteristic im
pedance, the cable will have standing waves that 
appear as resonances in the frequency response. 
The resonant frequencies are a function of the 
cable length and even relatively short cables can 
cause problems at frequencies as low as 1 MHz. 
Longer cables should be terminated on both ends. 
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Double Matched 

2003-16 

Back Matched 
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Op Amp Booster 
The EL2003 or EL2033 can boost the output 
drive of almost any monolithic op amp. Because 
the phase shift in the EL2003/EL2033 is low at 
the op amp's unity gain frequency, no additional 
compensation is required. By following an op 
amp with an EL2003 or EL2033, the buffered op 
amp can drive cables and other low impedance 
loads directly. Even decompensated high speed 
op amps can take advantage of the EL2003's or 
EL2033's 100 rnA drive. 

Op Amp Booster 

200:3-18 
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Driving capacitive loads with any closed loop 
amplifier creates special problems. The open loop 
output impedance works into the load capaci
tance to generate phase lag which can make the 
loop unstable. The output impedance of the 
EL2003 or EL2033 is less than 10n from DC to 
about 10 MHz, but a capacitive load of 1000 pF 
will generate about 45 degrees phase shift at 
10 MHz and make high speed op amps unstable. 
Obviously more capacitance will cause the same 
problem but at lower frequencies, and slower op 
amps as well would become unstable. 

The easiest way to drive capacitive loads is to 
isolate them from the feedback with a series re
sistor. Ten to twenty ohms is usually enough but 
the final value depends on the op amp used and 
the range of load capacitance. 

Op Amp Booster with Capacitive Load 

100. is enough isolation 
and speed is determined by the 
isolation resistor and 
capacitive load time constant. 

., ..... '""'fIr" ..... - VOUT 

2003-19 

OS 

10 pF 17 ns 10% 
470 pF 20 ns 50% 
0.001 jJ-F 30 ns 35% 
0.005 jJ-F 80 ns 0 
0.01 jJ-F 220 ns 0 
0.05 jJ-F 1.1 jJ-s 0 
0.1 jJ-F 2.2 I-'s 0 

If the system requirements will not tolerate the 
isolation resistor, then additional high frequency 
feedback from the op amp output (the buffer in
put) and an isolating resistor from the buffer out
put is required. This requires that the op amp be 
unity gain stable. 

Complex Feedback with the 
Buffer to Drive Capacitive Loads 

This works with any unity gain stable OA. 
Snubber Circuit (510. 470 pF) is optional. 

2003-20 
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Typical Applications 

1000pF 

200pF 

1k 

Vo 

Low Pass Filter 
-3 dB @ 1 MHz 

2003-21 

Vo 
Butterworth 
High Pass Filter 
-3 dB @ 1 MHz 

2003-22 

High Q Notch Filter 
100pF 100pF 

Vo 
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1 
£ = :::: 4.4 MHz o 2 11' (100 pF)(360) 

Simulated Inductor 

RO 

c 
Rp 

2K Rp 
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...:l 
~ Turbo Amplifier, BW = 30 MHz for Gains from 1 to 5 

+15V-r.::---<t-..... ---_---.., PNPs ARE 2N3806 
NPNa ARE 2N3804 

Your 

MEI'AL CAN PACKAGE REQUIRED FOR THE INPUT 

-15V~_~--4I-__ ~---.J 

Video Distribution Amplifier 
In this broadcast quality circuit, the EL2006 
FET input amplifier provides a very high input 
impedance so that it may be used with a wide 
variety of signal sources including video DACs, 
CCD cameras, video switches or 750 cables. The 
EL2006 provides a voltage gain of 2.5 while the 
potentiometer allows the overall gain to be 

2003-25 

adjusted to drive the standard signal levels into 
the back matched 750 cables. Back matching 
prevents multiple reflections in the event that 
the remote end of the cable is not properly termi
nated. The lk pull up resistors reduce the differ
ential gain error from 0.15% to less than 0.1 %. 

Video Distribution Amplifier 

BNC 
+12V 

1K 

2003-26 
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Burn-In Circuits 

EL2003 Metal Can 

Simplified Schematic 

5H, 

2003-27 

EL2033DIP 

+ v '" + 10 V o--,r-~-! 

D, 

eLK = 
! 5 V 5Hz O--,\M--! 

SQ.WV 
1--r--,....o-V=-10V 

EL2003DIP 

2003-29 

R4 
VIN R1 Your 
~Nr~--~--~-+e-~-+--~-o 

RS 

V2-
2003-30 
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EL2003 Macromodel 

• Connections: 

.subckt M2003 

• Input Stage 

e110 0 2 0 1.0 
r11001K 
rh 10 11150 
eh 11 0 lOpF 
rc 1112100 
cc 12 03pF 
e2 13 0 12 0 1.0 

• Output Stage 
q141314 qp 

q2 11315 qn 
q3 11416 qn 
q4 41519 qp 
r2 1675 
r31975 
e11403pF 
e215 03pF 
i11143mA 
i21543mA 

• Bias Current 
iin+ 205uA 

• Models 

+ input 

I +Vsupply 

I I -Vsupply 

I I 
I I 
2 

I 
I 
4 

output 

I 
7 

.model qn npn(is = 5e -15 bf= 150 rb = 350 ptf= 45 eje = 2pF tf= 0.3nS) 

.model qp pnp(is = 5e-15 bf= 150 rb = 350 ptf= 45 eje = 2pF tf= O.3nS) 

.ends 
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EL2003 Macrornodel- Contd. 

1 v+ 
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output 
7 
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Features 
• High slew rate-2500 V /}J-s 
• Wide bandwidth-

100 MHz @ RL = son 
55 MHz @ RL = Ion 

• Output current-1A continuous 
• Output impedance-In 
• Quiescent current-13 mA 
• Short circuit protected 
• Power package with isolated 

metal tab 

Applications 
• Video distribution amplifier 
• Fast op amp booster 
• Flash converter driver 
• Motor driver 
• Pulse transformer driver 
• A.T.E. pin driver 

Ordering Information 
Part No. Temp.Range Pkg. Outline # 

EL200BCT O"C to + 7S'C TO-220 MDPOO28 

Connection Diagram 

5-Pin TO-220 

v- v. 

vo VI. 

TAB 

Top View 
2008-1 

General Description 
The EL200S is a patented high speed bipolar monolithic buffer 
amplifier designed to provide currents over 1 amp at high fre
quencies, while drawing only 13 mA of quiescent supply cur
rent. The EL200S's 1500 V /}J-s slew rate and 55 MHz bandwidth 
driving a IOn load is second only to the EL2009 and insures 
stability in fast op amp feedback loops. Elantec has applied for 
patents on unique circuitry within the EL200S. 

Used as an open loop buffer, the EL2POS's low output imped
ance (In) gives a gain of 0.99 when driving a lOOn load and 0.9 
driving a IOn load. The EL200S has output short circuit current 
limiting which will protect the device under both a DC fault 
condition and AC operation with reactive loads. 

The EL200S is constructed using Elantec's proprietary Comple
mentary Bipolar process that produces PNP and NPN transis
tors with essentially identical AC and DC characteristics. In the 
EL200S, the Complementary Bipolar process also insulates the 
package's metal heat sink tab from all supply voltages. There
fore the tab may be mounted to an external heat sink or the 
chassis without an insulator. 

The EL200SCT is specified for operation over the O°C to + 75°C 
temperature range and is provided in as-lead TO-220 plastic 
power package. 

Simplified Schematic 

VI. 

r-~--~----~1---------~v. 

11.4 
t--H----t-+t-----4>OvO 

l~~~~ 11.4 

~~ __ ~ ____ ~ __________ ~v. 
2008-2 

Manufactured under U.S. Patent No. 4,833,424 and 4,827,223 and U.K. Patent No. 
2217134. 

QL-________________________________________________________ ~ 
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Absolute Maximum Ratings (25·C) 

Vs Supply Voltage (V + - V - ) ±18Vor 36V TA Operating Temperature Range 

VIN Input Voltage (Note 1) ±150rVs TJ Operating Junction Temp 

lIN Input Current (Note 1) ±50mA TST Storage Temp Range 

PD Power Dissipation (Note 2) See Curves TLD Lead Solder Temp < 10 seconds 

Electrical Characteristics Vs = ± 15V, Rs = son, unless otherwise specified 

Parameter Description 

Vas Output Offset Voltage 

I IN Input Current 

Vs+,Vs- Supply Sensitivity 
(Note 5) 

co 

co 25·C 2 

2-43 

O·Cto + 75·C 
175·C 

- 65·C to + 150·C 
300·C 



Electrical Characteristics Vs = ± 15V, Rs = son, unless otherwise specified 

Parameter Description 

SRi Slew Rate 
(Note 6) ±10V 10n 25°C 

SR2 Slew Rate 
±5V lOn 25°C 

(Note 7) 

Units 

V/IJ-s 
V/IJ-s 

Note 1: If the input exceeds the ratings shown (or the supplies) or if the input voltage exceeds ± 7.5V then the input current must be 
limited to ± 50 mAo See the application hints for information. 

Note 2: The maximum power dissipation depends on package type, ambient temperature and heat sinking. See the characteristic 
curves for more details. 

Note 3: Force the input to + 12V and the output to + lOY and measure the output current. Repeat with -12V and -10V on the 
output. 

Note 4: Vs = ±4.5V then Vs is changed to ± 18V. 
Note 5: Vs+ = + 15V, Vs- = -4.5V then Vs - is changed to -18V and Vs- -15V, VS+ +4.5V then Vs+ is changed to 

+ 18V. 
Note 6: Slew Rate is measured between VOUT = + 5V and -5V. 
Note 7: Slew Rate is measured between VOUT = +2.5Vand -2.5V. 
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Typical Performance Curves 

Slew Rate 
vs Capacitance Load 

III Vs-±'5V 
Vln.:t8V 

1111111 
III!I 
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I 
11 

_I I I I. 
T.I" 125'C 
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'\i: 

~=~'ci 
/out CDC). OmA - 1 1 1 lout CAC)_ 2mA 

I I 
00 :t5 t1D in :!20 

20 
lB 
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Quiescent Supply Current 
vs Supply Voltage 

I I I 
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Rise Time 
vs Temperature 
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Small Signal Output 
Resistance 
vs DC Output Current 

\ 
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Input Current 
vs Input Voltage 
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Voltage Gain 
vs Frequency at 
Various Capacitive Loads 
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Frequencv(MHz) 

Power Supply 
Rejection Ratio 
vs Frequency 
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Burn-In Circuit 

O.1uF 

1uF 

1N4002 ~""""'-----'I' 

-15 V ± 5 v, + 15 V 
5 Hz Sq. 

Applications Information 
The EL2008 is a monolithic buffer amplifier built 
on Elantec's proprietary dielectric isolation pro
cess that produces NPN and PNP transistors 
with essentially identical DC and AC characteris
tics. The EL2008 takes full advantage of the com
plementary process with a unique circuit topolo
gy. 

Elantec has applied for two patents based on the 
EL2008's topology. The patents relate to the base 
drive and feedback mechanism in the buffer. This 
feedback makes 3000 V / ""S slew rates with IOn 
load possible with modest supply current. 

Power Supplies 
The EL2008 may be operated with single or split 
supplies with total voltage difference between 
10V (± SV) and 36V (± 18V). However, band
width, slew rate and output impedance are affect
ed by total supply voltages below 20V (± 10V) as 
shown by the characteristic curves. It is not nec
essary to use equal split value supplies. For ex
ample - SV and + 12V would be excellent for sig
nals from - 2V to + 9V. 

Bypass capacitors from each supply pin to 
ground are highly recommended to reduce supply 
ringing and the interference it can cause. At a 
minimum a 10 ""F tantalum capacitor in parallel 
with a 0.1 ""F capacitor with short leads should 
be used for both supplies. 

Wave 
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Input Characteristics 
The input to the EL2008 looks like a resistance in 
parallel with about 2S pF in addition to a DC 
bias current. The DC bias current is due to the 
mismatch in beta and collector current between 
the NPN and PNP transistors connected to the 
input pin. The bias current can be either positive 
or negative. The change in input current with in
put voltage (RIN) is affected by the output load, 
beta and the internal boost. RIN can actually ap
pear negative over portions of the input range in 
some units. A few typical input current (lIN) 
curves are shown in the characteristic curves. 

Internal clamp diodes from the input to the out
put are provided. These diodes protect the tran
sistor base emitter junctions and limit the boost 
current during slew to avoid saturation of inter
nal transistors. The diodes begin conduction at 
about ± 2.SV input to output differential. When 
that happens the input resist~ce drops dramati
cally. The diodes are rated at SO mAo When con
ducting they have a series resistance of about 
20n. If the output of the EL2008 is accidentally 
shorted it is possible that some devices driving 
the EL2008's input could be damaged or de
stroyed driving the EL2008's load through the 
diodes while the EL2008 is unaffected. In such 
cases a resistor in series with the input of the 
EL2008 can limit the current. 
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Source Impedance 
The EL200S has good input to output isolation. 
Open loop, capacitive and resistive sources up to 
100 kO present no oscillation problem driving re
sistive loads as long as care is used in board lay
out to minimize output to input coupling and the 
supplies are properly bypassed. Whendriving ca
pacitive loads in the 100 pF to 1000 pF region 
source resistances above 250 can cause peaking 
and oscillation. Such problems can be eliminated 
by placing a capacitor from the EL200S's input 
to ground. The value should be about % the load 
capacitance. In a feedback loop there is a speed 
penalty and a possibility of oscillation when the 
EL200S is driven with a source impedance of 
2000 or more. Significant phase shift can occur 
due to the EL200S's 25 pF input capacitance. In
ductive sources can cause oscillations. A series re
sistor of a few hundred ohms to 1 kO will usually 
solve the problem. 

Current Limit 
The EL200S has internal current limiting to pro
tect the output transistors. The current limit is 
about 1.5A at room temperature and decreases 
with junction temperature. At 150°C junction 
temperature it is above 1A. 

Heat Sinking 
A suitable heat sink will be required for most ap
plications. The thermal resistance junction to 
case for the TO-220 package is 4°C per watt. No 
voltage appears at the heat sink tab so no precau
tions need to be taken to avoid shorting the tab 
to a supply voltage or ground. As there is a small 
parasitic capacitance between the tab and the 
buffer circuitry, it is recommended that the tab 
be connected to AC ground (either supply volt
age or DC groumD. The center lead is internally 
connected to the tab so the connection can be 
made at the tab or the center lead. 
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Parallel Operation 
If more than 1A is required or if heat manage
ment is a problem, several EL200Ss may be par
alleled together. The result is as through each de
vice was driving only part of the load. For exam
ple, if two units are paralleled then a 50 load 
looks like 100 to each EL200S. Of course, parallel 
operation reduces both the input and output im
pedance and increases bias current. But there is 
no increase in offset voltage. Three units in paral
lel can drive a 30 load ± 10V at 2500 V / I-'-s. The 
output impedance will be about 0.330. 

Resistive Loads 
The DC gain of the EL200S is the product of the 
unloaded gain (0.999) and the voltage divider 
formed by the device output resistance and the 
load resistance. 

The high frequency response varies with the load 
resistance as shown by the characteristic curves. 
Both gain and phase are shown. If the SO MHz 
peaking is undesireable when driving load resis
tors greater than 500, an RC snubber circuit can 
be used from output to ground. The capacitive 
load section discusses snubber usage in more de
tail. 

Capacitive Loads 
The EL200S is not stable driving purely capaci
tive loads between 100 pF and 500 pF. Purely 
capacitive loads from 500 pF to 1000 pF will also 
have excessive peaking as shown in the charac
teristic curves. The squarewave response will 
have large overshoots and ring for hundreds of 
nanoseconds. 

When driving capacitive loads, stability can be 
achieved and peaking and ringing can be mini-
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mized either by adding a son (or less) load in 
parallel with the capacitive load or by an RC 
snubber circuit from output to ground. The snub
ber values can be found empirically by observing 
a squarewave or the frequency response. First 
just put a resistor alone from the output to 
ground until the desired response is achieved. 
The gain will be reduced due to the output resist
ance of the EL2008 and power consumption will 
be high. Then put a capacitor in series with the 
resistor to restore gain at low frequencies and 
eliminate the DC current. Start with a small ca
pacitor and increase until the response is opti
mum. The figure below shows an example of an 
EL2008 driving a 100 pF load. 

>-------vo 
Cs 

2000pF f 
Rs 

15 Q 

SNUBBER 
2008-6 

2008-7 

Driving a pure capacitive load. Top trace is without a snubber. 
Bottom trace is with a snubber circuit. 

Inductive Loads 
The EL2008 with its 1A output current can drive 
small motors and other inductive loads. The 
EL2008's current limiting into inductive loads 
does NOT in and of itself cause spikes and kick
backs. However, if the EL2008 is in current limit 
and the input voltage is changing very quickly 
(i.e., a squarewave) the inductive load can kick 
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the output beyond the supply voltages. Motors 
are also able to generate kickback voltages when 
the EL2008 is in current limit. 

To prevent damage to the EL2008 when the out
put kicks beyond the supplies it is recommended 
that catch diodes be placed from each supply to 
the output. 

Op Amp Booster 
The EL2008 can boost the output drive of almost 
any monolithic op amp. If the phase shift in the 
EL2008 is low at the op amp's unity gain fre
quency, no additional frequency compensation is 
required. An op amp followed with the EL2008 
can drive loads as low as 10n to ± 10V. 

Driving capacitive loads with any closed loop 
system creates special problems. The open loop 
output impedance works into the load capaci
tance to generate phase lag which can make the 
loop unstable. The EL2008 output impedance is 
less than 10n from DC to 30 MHz. But a capaci
tive load of 1000 pF will generate about 45 de
grees of phase shift at 30 MHz. More capacitance 
will cause the problem at lower frequency. 

With enough capacitance even slow op amps will 
become unstable. The simplest way to drive ca
pacitive loads is to isolate them from the feed
back with a series resistor. 1.0 to 5n is usually 
enough but the final value will depend on the op 
amp used and the range of load capacitance. 

CL 

13 pF 

470 pF 

1000 pF 
3300 pF 

0.1 p.F 
1 p.F 
5 p.F 

tr 
45 

50 
55 
60 

350 

4 
20 

ns 

ns 

ns 
ns 
ns 

p.s 

p.s 

2006-8 

0.8. 

20% 

20% 
30% 
30% 

0% 
0% 

0% 
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Unfortunately the isolation resistor is not inside 
the op amp feedback loop and cannot be neglect
ed when computing the DC voltage gain into a 
resistive load. If load dependent DC gain is not 
tolerable theri additional high frequency feedback 
from the op amp output (the EL2008 input) and 
an isolation resistor from the buffer output can 
be used to stabilize the loop. This configuration 
requires the op amp to be unity gain stable. This 
feedback method will allow the EL2008 to boost 
the output of the EHA2505 amplifier below and 
serve as a variable, bipolar 1A voltage supply 
with short circuit protection. 

00 > RL> 10Q 
>..,--t--......,- Vo 

3000 2K 
pF 

2008-9 

Slew Rate = lA/CL 

Video Distribution Amplifier 
The EL2008 can drive 15 double matched 75n 
cables. If the EL2008 is used within an op amp 
feedback loop the output levels are independent 
of loading. The circuit below accepts 1 of 2 inputs 
and drives 15 cables. Pin 8 of the EL2020 (Dis-
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Input (top trace) and output (bottom trace) 
of EHA2505 op amp boosted by EL2008. 

2008-10 

able) is used to multiplex between the inputs and 
can be easily expanded to accept more inputs. 
The circuit as shown when fully loaded has dif
ferential phase <0.1° and differential gain 
<0.1 %. The lOOn resistor at the EL2008 input 
(R1) is necessary to stabilize the loop. The lOOn 
resistor at the EL2008 output (R2) to the -12V 
supply, insures that the EL2008 sources current 
even when the output voltage is at OV. This is 
necessary to achieve the excellent differential 
gain and phase values. More information about 
driving cables can be found in the EL2003 data 
sheet. See the EL2020 data sheet to learn more 
about using it as a multiplexer. 



Video Mux and Distribution Amplifier 

+12V +12V 

Sel 
1 R2 75(2 75(2 

-12V 
75(2 75(2 

fJI 
1.2K 

Sel 
2 

2008-11 
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EL2008 Macromodel 

* Connections: + input 

I +Vsupply 

I I -Vsupply 

.subckt M2008 

• Input Stage 

ell00 4 0 1.0 

rll001K 
rh 10 111K 
ch 11 0 2.65pF 

rc 1112 10K 
cc 12 00.159pF 
e2 13 0 12 0 1.0 

* Output Stage 

qll13 14 qp 

q25 13 15 qn 
q35 14 16 qn 15 
q4 115 19 qp 15 

r2 1620.4 
r3 1920.4 
c11400.6pF 

c2 150 0.6pF 

i1 5 14 1.2mA 
i21511.2mA 

$: Bias Current 

iin+ 405fLA 

• Models 

I I 
I I 
4 5 

I 
I 

.model qn npn (is=5e-15 bf= 1500) 

.model qp pnp (is=5e-15 bf= 1500) 

.ends 

output 

I 
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Features 
• High slew rate-3000 V I!-,-s 
• Wide bandwidth-

125 MHz @ RL = son 
90 MHz @RL = 100. 

• Output current-1A continuous 
• Output impedance-In 
• Short circuit protected 
• Power package with isolated 

metal tab 

Applications 
• Video distribution amplifier 
• Fast op amp booster 
• Flash converter driver 
• Motor driver 
• Pulse transformer driver 
• A.T.E. pin driver 

Ordering Information 
Part No. Temp. Range Package Outline# 

EL2009CT O'C to + 7S'C TO·220 MDPO028 

Connection Diagram 
5·Pin TO·220 

Yo Vln 

TAB 

Top View 
2009-1 

General Description 
The EL2009 is a patented high speed bipolar monolithic buffer 
amplifier designed to provide currents over 1 amp at high fre· 
quencies, while drawing 40 mA of quiescent supply current. The 
EL2009's 3000 V I!-,-s slew rate and 90 MHz bandwidth driving a 
100. load insures stability in fast op amp feedback loops. Elan· 
tec has applied for patents on unique circuitry within the 
EL2009. 

Used as an open loop buffer, the EL2009's low output imped· 
ance (10.) gives a gain of 0.99 when driving a 1000. load and 0.9 
driving a 100. load. 

The EL2009 has an output short circuit current limit which will 
protect the device under both a DC fault condition and AC op· 
eration with reactive loads. 

The EL2009 is constructed using Elantec's proprietary Comple· 
mentary Bipolar process that produces PNP and NPN transis· • 
tors with essentially identical AC and DC characteristics. In the 
EL2009, the Complementary Bipolar process also insulates the 
package's metal heat sink tab from all supply voltages. There· 
fore, the tab may be mounted to an external heat sink or the 
chassis without an insulator. 

The EL2009CT is specified for operation over the O·C to + 75·C 
temperature range and is provided in a 5·lead TO·220 plastic 
power package. 

Simplified Schematic 

Yin 

.-~--~----~~--------~Y+ 

0.0 
+--+-I---+++---+OY. 

I~~~~ u 

L-~ __ +-____ ~ __________ ~y. 
2009-2 

Manufactured under U.S. Patent No. 4,833,424 and 4,827,223 and U.K. Patent No. 
2217134. 

t::::I 
(D 
(:> 
(D g. 
(D 
"1 .... 
co co 
Qt 

~ 
-< 

~------------------------------------------------------------------~~ 
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Absolute Maximum Ratings (TA = 25°C) 

SupplyVoltage(V+ - V-) 
Input Voltage (Note 1) 
Input Current (Note 1) 
Power Dissipation (Note 2) 

±18Vor36V 
±lSVorVS 

±SOmA 
See Curves 

Operating Temperature Range 
Operating Junction Temp. 
Storage Temp. Range 
Lead Solder Temp. < 10 seconds 

Electrical Characteristics Vs = ± 15V, Rs = son, unless otherwise specified 

Parameter Description 

Vos Output Offset Voltage 

lIN Input Current 

00 
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O'C to +7SoC 
175°C 

- 65°C to + lSO'C 
300'C 



Electrical Characteristics Vs = ±15V,Rs = 500,unlessotherwisespecified-Contd. 

Parameter Description 

Vs+,Vs- Supply Sensitivity 
00 2 (Note 5) 

SRI Slew Rate ±lOV 500 25'C 3000 
(Note 6) 100 2500 

SR2 

Note 1: If the input exceeds the ratings shown (or the supplies) or if the input voltage exceeds ± 7.5V then the input current must be 
limited to ± 50 mAo 

Note 2: The maximum power dissipation depends on package type, ambient temperature and heat sinking. See the characteristic 
curves for more details. 

Note 3: Force the input to + l2V and the output to + 10V and measure the output current. Repeat with -12V input and -lOV on 
the output. 

Note 4: Vs = ±4.5V then Vs is changed to ± l8V. 
Note 5: VS+ = + l5V, VS- = 4.5V then VS- is changed to -18V and VS- -15V, VS+ +4.5V then VS+ is changed to 

+18V. 
Note 6: Slew Rate is measured between VOUT = +5Vand -5V. 
Note 7: Slew Rate is measured between VOUT = +2.5Vand -2.5V. 

Voltage Gain and 
Phase vs Frequency Active operating area Active operating area 

10 

5 

0.75 
No~~nk 
TJA=65°CIW 

AV Vs = :t15 V 

I 
I 

1.25 

1.00 

0.75 

I 
Tc=25DC -"'-0 

-5 

ai' 

0.60 

0.45 

~O.30 
i 0.15 

.3 0 

1--0.15 

<5-0.30 

II TSS'C;x: 
TA=25°C 

~-1I 
gO.50 

i 0.25 

.3 0 

l-
r-c:S5'c f-t-

I I 

Intlnltetteal-
Sink -10 

~ -15 
.E 
8 -20 

-25 

-30 

-35 

.; 
r-

Vs -:t15.0V 

f- Rs=51.!l III 
f- RL=10.!l 
f-CL =10pF III 

TJC=4°CfW 

VS=:t15V 

J I 

I- T c:S5'C 'i: .... ~.c r-~ ~:S5'C I 
T =25°C 

I 
I I 

I:~: 
-0.45 

-0.60 

·0.15 

-1.00 

-40 
1M 

i I 1111111 
I I 

-o.7~15 12 .g -6 -3 0 3 6 9 12 15 
Ll 

-1.2~15.12 .g -6 -3 0 3 6 9 1215 

10M 100M Output Voltage (V) Output Voltage (V) 

2009-4 

Applications Information 
The EL2009 is a higher bandwidth of the 
EL2008. It is recommended that you read the 
EL2008 application section. 

Video Distribution Amplifier 
The EL2009 can drive 15 double matched 750. 
cables. If the EL2009 is used within an op amp 
feedback loop the output levels are independent 
of loading. The circuit below accepts 1 of 2 inputs 
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2009-5 2009-6 

and drives 15 cables. Pin 8 of the EL2020 (Dis
able) is used to multiplex between the inputs and 
can be easily expanded to accept more inputs. 
The circuit as shown when fully loaded has dif
ferential phase <0.10 and differential gain 
<0.1 %. The 1000. resistor at the EL2009 input 
(R1) is necessary to stabilize the loop. The 
EL2009 operates with a CLASS AB output which 
exhibits a slight rise in output impedance when-

• 



o 
~ 
<= 
Oil 

r;g 
~~~~~~~~ 
Applications Information - Contd. 
ever the current it sources into the load ap
proaches zero. In those cases, where differential 
gain and phase are measurably affected, resistor 
R2 may be added to ensure that the EL2009 out-

put current never reaches zero. This will result in 
a CLASS A output stage with active pulldown 
but with the penalty of power dissipation in R2. 
More information about driving cables can be 
found in the EL2003 data sheet. 

Video Mux and Distribution Amp. 
+12V 

75n 75n 

75n 75n 

75n 

2009-3 
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EL2009 Macromodel 

* Connections: + input 

I +Vsupply 

.subckt M2009 

• Input Stage 

e110 0 4 01.0 

r11001K 

rh 10 111K 

ch 11 0 1pF 

rc 1112 6.3K 

cc 12 00.159pF 

e2 13 0 12 0 1.0 

• Output Stage 

qll13 14 qp 

q25 13 15 qn 

q3 5 14 16 qn 10 

q4 1 15 19 qp 10 

r2 1620.2 

r3 1920.2 

el1401.7pF 

ellS 0 1.7pF 

i15145mA 

i21515mA 

* Bias Current 

iin+4051-'A 

• Models 

I I 
I I 
I I 
4 

.model qn npn (is = 5e -15 bf= 500) 

.model qp pnp (is = 5e-15 bf=500) 

.ends 

-Vsupply 

I output 

I 
2 

• 
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Features 
• Slew rate 500 V / I-I-S 
• ± 33 rnA output current 
• Drives ± 2.4V into 750 
• Differential phase <0.1° 

• Differential gain <0.1 % 
• V supply ± 5V to ± 18V 
• Output short circuit protected 

• Uses current mode feedback 
• 1 % settling time of 50 ns for 10V 

step 

• Low cost 
• 9 mA supply current 
• 8-pin mini-dip 

Applications 
• Video gain block 
• Residue amplifier 
• Radar systems 
• Current to voltage converter 
• Coax cable driver with 

gain of 2 

Ordering Information 
Part No. Temp. Range Pkg. Outline# 

EL2020CN -40'Cto +8S'C P-DIP MDPOO31 

EL2020CM -40'C to + 8S'C 20-Lead MDPOO27 

SOL 

General Description 
The EL2020 is a fast settling, wide bandwidth amplifier opti
mized for gains between -10 and + 10. Built using the Elantec 
monolithic Complementary Bipolar process, this amplifier uses 
current mode feedback to achieve more bandwidth at a given 
gain then a conventional voltage feedback operational amplifi
er. 

The EL2020 will drive two double terminated 750 coax cables 
to video levels with low distortion. Since it is a closed loop de
vice, the EL2020 provides better gain accuracy and lower distor
tion than an open loop buffer. The device includes output short 
circuit protection, and input offset adjust capability. 

The bandwidth and slew rate of the EL2020 are relatively inde
pendent of the closed loop gain taken. The 50 MHz bandwidth 
at unity gain only reduces to 30 MHz at a gain of 10. The 
EL2020 may be used in most applications where a conventional 
op amp is used, with a big improvement in speed power prod
uct. 

Elantec products and facilities comply with Elantec document, 
QRA-1: Processing-Monolithic Products. 

Connection Diagrams 

SOL 

NC NC 
BAl DISABLE 

NC NC 
-IN v+ 
NC NC 

+IN OUT 

NC NC 
v- BAl 
NC NC 
NC NC 

2020-2 

DIP 

2020-1 

Manufactured under U.S. Patent No. 4,893,091. 

~~------------------------------------------------------------~ 
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Absolute Maximum Ratings (25'C) 

Vs Supply Voltage ±18Vor36V TA Operating Temperature Range -40'C to + 85'C 

VIN Input Voltage ±15VorVs TJ Operating Junction Temperature 

b.VIN Differential Input Voltage ±lOV Plastic Package, SOL 150'C 

lIN Input Current (Pins 2 or 3) ±10mA TST Storage Temperature - 65'C to + 150'C 

IINS Input Current (Pins 1, 5, or 8) ±5mA 

PD Maximum Power Dissipation 
(See Curves) 1.25W 

lOp Peak Output Current Short Circuit 
Protected 

Output Short Circuit Duration 
(Note 2) Continuous 

• 
Open Loop Characteristics Vs = ±15V 

Parameter Description 

VOS (Note 1) Input Offset Voltage 

+IIN 

+ IPSR (Note 4) 

- lIN (Note 1) - Input Current 

2-59 



o o 
~ o 
~ 

~ .................................. 
Open Loop Characteristics Vs = ± 15V - Contd. 

Parameter Description 

-ICMR (Note 3) -Input Current 
Common Mode Rejection 

-IPSR (Note 4) 

AVOLl 

AVOL2 

Vo 

lOUT 

- Input Current 
Power Supply Rejection 

Transimpedence (b. VOUTI b.( - lIN» 
RL = 4000, VOUT = ± lOV 

Open Loop DC Voltage Gain 
RL = 4000, VOUT = ± lOV 

Open Loop DC Voltage Gain 

RL = 1000, VOUT = ±2.5V 

Output Voltage Swing 
RL = 4000 

Output Current 
RL = 4000 

Quiescent Supply Current 
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AC Closed Loop Characteristics EL2020C VS = 

Parameter 

SRI 
FPBW1 
t r l 

tf1 

BW 

t. 
t. 

SR10 
FPBWI0 

trl0 

tr10 

BW 

t. 
t. 

Description 

Closed Loop Gain of 1 V IV (0 dB), RF = 1 kO 
Slew Rate, Rj = 4000, Vo = ±10V, test atVO = ±5V 
Full Power Bandwidth (Note 5) 
Rise Time, Rj = 1000, VOUT = IV, 10% to 90% 
Fall Time, Rj = 1000, VOUT = lV, 10% to 90% 
Propagation Delay, Rj = 1000, VOUT = IV, 50% Points 

Closed Loop Gain of 1 V IV (0 dB), RF = 8200 
- 3 dB Small Signal Bandwidth, Rj = 1000, Vo = 100 m V 
1% SettlingTime,Rj = 4000, Vo = 10V 
0.1 % Settling Time, Rj = 4000, = 10V 

Closed Loop Gain of 10 V IV (20 dB), RF = 1 kO, Ra = 1110 
Slew Rate, Rj = 4000, Vo = ± lOV, Test at Vo = ± 5V 
Full Power Bandwidth (Note 5) 

Rise Time, Rj = 1000, VOUT = 1V,10% to 90% 
Fall Time, Rj = 1000, VOUT = 1V,10% to 90% 
Propagation Delay, Rj = 1000, VOUT = IV, 50% points 

Closed Loop Gain of 10 V IV (20 dB), RF = 6800, Ra = 760 
- 3 dB Small Sigual Bandwidth, Rj = 1000, Vo = 100 m V 
1 % Settling Time, Rj = 400 0, Vo = 10V 
0.1% Settling Time,Rj = 4000, Vo = 10V 

± 15V, TA = 25'C 

Min Typ Max Units 

300 500 V//,-s 
4.77 7.95 MHz 

6 ns 
6 ns 
8 ns 

50 MHz 
50 ns 
90 ns 

300 500 V//,-s 
4.77 7.95 MHz 

25 ns 
25 ns 
12 ns 

30 MHz 
55 ns 

280 ns 

Note 1: The offset voltage and inverting input current can be adjusted with an extemal10 kO pot between pins 1 and 5 with the 
wiper connected to V cc (Pin 7) to make the output offset voltage zero. 

Note 2: A heat sink is required to keep the junction temperature below the absolute maximum when the output is short circuited. 
Note 3: VCM = ± 10V. 
Note 4: ±4.5V ,;;; Vs ,;;; ± 18V. 
Note 5: Full Power Bandwidth is guaranteed based on Slew Rate measurement. FPBW = SR/21TVpeak. 
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Typical Performance Curves Non-Inverting Gain of One 

AVCL = +1 Gain vs Frequency 
Phase Shift vs 
Frequency 

820" 

VIN 

~ +4 

~ 
.. 0 

i 
S -4 
o 

-8 

Your 

RL 

V-

Settling Time vs 
Output Swing 

- 1% 1If--Jr°tl-
I I I , 

Vs = ± 15Y, 
RL=4001l. 

"'" AVCL= 1 
\ '" -I 1 

~0.1~ 
-f- '~ , ~I 

10 30 50 70 90 

SETTUNG TIME (ns) 

1000 

Slew Rate vs 
Supply Voltage 
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80 

3D 

AVCL= 1 
II 

RF = 820 RL= lk -

"'5 
r- RTI~ 50U 

llLU 1 L 
11111 I 11~ 

10 

FREQUENCY (MHz) 

-3 dB Bandwidth vs 
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AYCL = +1, RL = 10011 
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~~ 

-f- 25~ 
i..oII~ 

1IIII"""125°C 
,1...11 ...... 
~ 
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Typical Performance Curves - Contd. Inverting Gain of One 
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Typical Performance Curves - Contd. Non-Inverting Gain of Two 
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Typical Performance Curves - Contd. Non-Inverting Gain of Ten 
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Application Information 

Theory of Operation 
The EL2020 has a unity gain buffer similar to the 
EL2003 from the non-inverting input to the in
verting input. The error signal of the EL2020 is a 
current flowing into (or out of) the inverting in
put. A very small change in current flowing 
through the inverting input will cause a large 
change in the output voltage. This current ampli
fication is the transresistance (ROL) of the 
EL2020 [VOUT = ROL • IINV1. Since ROL is 
very large (;:::: 106), the current flowing into the 
inverting input in the steady state (non-slewing) 
condition is very small. 

Therefore we can still use op-amp assumptions as 
a first order approximation for circuit analysis, 
namely that ... 
1. The voltage across the inputs ;:::: 0 and 
2. The current into the inputs is ;:::: 0 

Simplified Block Diagram of EL2020 

v+o----..-----.....-.., 
I, 

VOUT <= 

(1 + Rt/Rg) VIN 

IN+ +-----./1 , 
R4" 1/.-= 

EXTERNAL GAIN 
SETTING RESISTORS 

Resistor Value Selection and 
Optimization 

2020-10 

The value of the feedback resistor (and an inter
nal capacitor) sets the AC dynamics of the 
EL2020. A nominal value for the feedback resis
tor is 1 kil, which is the value used for produc
tion testing. This value guarantees stability. For 
a given gain, the bandwidth may be increased by 
decreasing the feedback resistor and, conversely, 
the bandwidth will be decreased by increasing 
the feedback resistor. 

Reducing the feedback resistor too much will re
sult in overshoot and ringing, and eventually os
cillations. Increasing the feedback resistor results 

2·67 

in a lower -3 dB frequency. Attenuation at high 
frequency is limited by a zero in the closed loop 
transfer function which results from stray capaci
tance between the inverting input and ground. 

Power Supplies 
The EL2020 may be operated with single or split 
power supplies as low as ± 3V (6V total) to as 
high as ± l8V (36V total). The slew rate degrades 
significantly for supply voltages less than ± 5V 
(lOV total), but the bandwidth only changes 25% 
for supplies from ± 3V to ± 18V. It is not neces
sary to use equal value split power supplies, i.e., 
- 5V and + l2V would be excellent for OV to 1 V 
video signals. Bypass capacitors from each sup
ply pin to a ground plane are recommended. The 
EL2020 will not oscillate even with minimal by-
passing, however, the supply will ring excessively -=
with inadequate capacitance. To eliminate supply ~ 
ringing and the errors it might cause, a 4.7 JJ-F 
tantalum capacitor with short leads is recom-
mended for both supplies. Inadequate supply by-
passing can also result in lower slew rate and 
longer settling times. 

Av 

+1 
+2 

+S 
+10 

Non-Inverting Amplifier 

V+ 

RI -------, 
OPTIONAL I 

'OkO I _______ J 

>''----..... ..--oVOUT 
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EL2020 Typical Non-Inverting 
Amplifier Characteristics 

10V 
RF RG Bandwidth Settling Time 

1% 0.1% 

8200. None SO MHz SO ns 90 ns 
7S0o. 7S0o. SO MHz SOns lOOns 

6800. 1700. SO MHz SOns 200ns 
6800. 760. 30 MHz SS ns 280ns 
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Application Information - Contd. 

Summing Amplifier 

V,o-"'NI'--+ 
V2o-""",-...-_-=t 

3300 

EL2020 Typical Inverting 
Amplifier Characteristics 

2020-1.2 

10V 
Av RF RJ,R2 Bandwidth Settling Time 

1% 0.1% 

-1 7500 7500 40 MHz SOns 130ns 
-2 7500 3750 40 MHz 55 ns 160ns 
-5 6800 1300 40 MHz 55 ns 160ns 
-10 6800 680 30 MHz 70ns 170ns 

Input Range 
The non-inverting input to the EL2020 looks like 
a high resistance in parallel with a few picofarads 
in addition to a DC bias current. The input char
acteristics change very little with output loading, 
even when the amplifier is in current limit. 

The input charactersitics also change when the 
input voltage exceeds either supply by O.SV. This 
happens because the input transistor's base-col
lector junctions forward bias. If the input exceeds 
the supply by LESS than O.SV and then returns 
to the normal input range, the output will recov
er in less than 10 ns. However if the input ex
ceeds the supply by MORE than O.SV, the recov
ery time can be 100's of nanoseconds. For this 
reason it is recommended that Schottky diode 
clamps from input to supply be used if a fast re
covery from large input overloads is required. 

Source Impedance 
The EL2020 is fairly tolerant of variations in 
source impedances. Capacitive sources cause no 
problems at all, resistive sources up to 100 kfl 
present no problems as long as care is used in 
board layout to minimize output to input cou-
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pling. Inductive sources may cause oscillations; a 
1 kfl resistor in series with the input lead will 
usually eliminate problems without sacrificing 
too much speed. 

Current Limit 
The EL2020 has internal current limits that pro
tect the output transistors. The current limit 
goes down with junction temperature rise. At a 
junction temperature of + 17SoC the current lim~ 
its are at about SO mAo If the EL2020 output is 
shorted to ground when operating on ± lSV sup
plies, the power dissipation could be as great as 
1.1W. A heat sink is required in order for the 
EL2020 to survive an indefinite short. Recovery 
time to come out of current limit is about SO ns. 

Using the 2020 with Output Buffers 
When more output current is required, a wide
band buffer amplifier can be included in the feed
back loop of the EL2020. With the EL2003 the 
subsystem overshoots about 10% due to the 
phase lag of the EL2003. With the EL2004 in the 
loop, the overshoot is less than 2%. For even 
more output current, several buffers can be paral
leled. 

EL2020 Buffered with an EL2004 

INPUT+-t1-.1 
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Capacitive Loads 
The EL2020 is like most high speed feedback am
plifiers in that it does not like capacitive loads 
between SO pF and 1000 pF. The output resist
ance works with the capacitive load to form a 
second non-dominate pole in the loop. This re
sults in excessive peaking and overshoot and can 
lead to oscillations. Standard resistive isolation 
techniques used with other op amps work well to 
isolate capacitive loads from the EL2020. 
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Offset Adjust 
To calculate the amplifier system offset voltage 
from input to output we use the equation: 

Output Offset Voltage = Vas (RF/RG + 1) ± 
IBIAS (RF) 

The EL2020 output offset can be nulled by using 
a 10 kO potentiometer from pins 1 to 5 with the 
slider tied to pin 7 ( + V cd. This adjusts both the 
offset voltage and the inverting input bias cur
rent. The typical adjustment range is ± 80 m V at 
the output. 

Compensation 
The EL2020 is internally compensated to work 
with external feedback resistors for optimum 
bandwidth over a wide range of closed loop gain. 
The part is designed for a nominal 1 kO of feed
back resistance, although it is possible to get 
more bandwidth by decreasing the feedback re
sistance. 

The EL2020 becomes less stable by adding ca
pacitance in parallel with the feedback resistor, 
so feedback capacitance is not recommended. 

The EL2020 is also sensitive to stray capacitance 
from the inverting input to ground, so the board 
should be laid out to keep the physical size of this 
node small, with ground plane kept away from 
this node. 

Active Filters 
The EL2020's low phase lag at high frequencies 
makes it an excellent choice for high performance 
active filters. The filter response more closely ap
proaches the theoritical response than with con
ventional op amps due to the EL2020's smaller 
propagation delay. Because the internal compen
sation of the EL2020 depends on resistive feed
back, the EL2020 should be set up as a gain 
block. 
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Driving Cables 
The EL2020 was designed with driving coaxial 
cables in mind. With 30 rnA of output drive and 
low output impedance, driving one to three 750 
double terminated coax cables with one EL2020 
is practical. Since it is easy to set up a gain of 
+ 2, the double matched method is the best way 
to drive coax cables, because the impedance 
match on both ends of the cable will suppress 
reflections. For a discussion on some of the other 
ways to drive cables, see the section on driving 
cables in the EL2003 data sheet. 

Video Performance Characteristics 
The EL2020 makes an excellent gain block for 
video systems, both RS-170 (NTSC) and faster. 
It is capable of driving 3 double terminated 750 
cables with distortion levels acceptable to broad
casters. A common video application is to drive a 
750 double terminated coax with a gain of 2. 

To measure the video performance of the EL2020 
in the non-inverting gain of 2 configuration, 5 
identical gain-of-two circuits were cascaded (with 
a divide by two 750 attenuator between each 
stage) to increase the errors. 

The results, shown in the photos, indicate the en
tire system of 5 gain-of-two stages has a differen
tial gain of 0.5% and a differential phase of OS. 
This implies each device has a differential 
gain/phase of 0.1 % and 0.1°, but these are too 
small to measure on single devices. 

Differential Phase 
of 5 Cascaded 
Gain-Of-Two Stages 

Differential Gain 
of 5 Cascaded 
Gain-Of-Two Stages 
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Video Distribution Amplifier 
The distribution amplifier shown below features 
a difference input to reject common mode signals 
on the 75!1 coax cable input. Common mode re
jection is often necessary to help to eliminate 
60 Hz noise found in production environments. 

Video Distribution Amplifier 
with Difference Input 

75 QCABlE 
LOOPTHROUGH INPUT 
FOR IMPEDANCE MATCH 
(TERMINATE LAST INPUT) 

TO MATCH 
OUTPUT CABLES 
500R75fl 

\ 
R,-

EL2020 Disable/Enable Operation 
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The EL2020 has an enable/disable control input 
at pin 8. The device is enabled and operates nor
mally when pin 8 is left open or returned to pin 7, 
Vee. When more than 250 ]LA is pulled from pin 
8, the EL2020 is disabled. The output becomes a 
high impedance, the inverting input is no longer 
driven to the positive input voltage, and the sup
ply current is halved. To make it easy to use this 
feature, there is an internal resistor to limit the 
current to a safe level (~1.1 rnA) if pin 8 is 
grounded. 

To draw current out of pin 8 an "open collector 
output" logic gate or a discrete NPN transistor 
can be used. This logic interface method has the 
advantage of level shifting the logic signal from 
5V supplies to whatever supply the EL2020 is op
erating on without any additional components. 
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Using the EL2020 as a Multiplexer 
An interesting use of the enable feature is to com
bine several amplifiers in parallel with their out
puts common. This combination then acts simi
lar to a MUX in front of an amplifier. A typical 
circuit is shown. 

When the EL2020 is disabled, the DC output im
pedance is very high, over 10 k!1. However there 
is also an output capacitance that is non-linear. 
For signals of less than 5V peak to peak, the out
put capacitance looks like a simple 15 pF capaci
tor. However, for larger signals the output capac
itance becomes much larger and non-linear. 

The example multiplexer will switch between 
amplifiers in 5 ]Ls for signals of less than ± 2V on 
the outputs. For full output signals of 20V peak 
to peak, the selection time becomes 25 ]Ls. The 
disabled outputs also present a capacitive load 
and therefore only three amplifiers can have their 
outputs shorted together. However an unlimited 
number can sum together if a small resistor 
(25!1) is inserted in series with each output to 
isolate it from the "bus". There will be a small 
gain loss due to the resistors of course. 

Using the EL2020 as a Multiplexer 

VINlo--_---...l 

VINOo--_---..,.! 

(SCOPE SYNC HERE) 
T.P.lo-""",.,..-, 

VOUT 

VOUT 

en 
:::J 
ID 

'" 9 .. z .. 
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Burn-In Circuit 

Equivalent Circuit 

Pin numbers are for DIP Packages. 
All Packages Use the Same Schematic. 

BAL BAL 
5 1 

015 016 017 

RS RS RIO 

v-O---------~_4--~--~~~_4--~~ 
4 
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Q 
C'1 
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~ ............................... 
EL2020 Macromodel 

• Revision A. March 1992 
• Enhancements include PSRR, CMRR, and Slew Rate Limiting 

• Connections: + input 

I 
I 
I 

-input 

.subckt M2020 

• Input Stage 

e1100301.0 

vis 109 OV 
h2 9 12 vxx 1.0 

r121150 
11111229nH 
iinp 3 0 10p.A 
iinm 2 0 5p.A 

I 
I 
3 

• Slew Rate Limiting 

hl13 0 vis 600 
r213141K 
dl140dc1amp 

d2 0 14 dc1amp 

• High Frequency Pole 

2 

*e2 30 0 1400.00166666666 

153017 1.5p.H 
c51701pF 

r5170500 

• Transimpedance Stage 

gl 0 18 17 0 1.0 

rol180 1Meg 
cdp 180 5pF 

• Output Stage 

q141819 qp 
q2 718 20 qn 

q37 1921 qn 

q442022qp 
r72164 

r8 22 6 4 

+Vsupply 

I 
I 
I 

-Vsupply 

I 
I 
4 

output 

I 
6 
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EL2020 Macromodel- Contd. 

iosl 7 19 2.5mA 

ios2 204 2.5mA 

• Supply 

ips 743mA 

• Error Terms 

ivos0235mA 

vxx2300V 
e4240601.0 
e5 25 0 7 0 1.0 

e6260401.0 
r9 24 23lK 

rIO 25 23 lK 
r11 2623 lK 

• Models 

.model qn npn (is = 5e-15 bf= 100 tf= 0.2nS) 

.model qp pnp (is=5e-15 bf= 100tf=0.2nS) 

.model dc1amp d(is = Ie - 30 ibv= 0.266 bv = 1.67 n = 4) 

.ends 

• 
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Features 
• - 3 dB bandwidth = 120 MHz, 

AV = 1 

• - 3 dB bandwidth = 110 MHz, 
AV = 2 

• 0.01 % differential gain and 
0.01° differential phase (NTSC, 
PAL) 

• 0.05% differential gain and 
0.02° differential phase (HDTV) 

• Slew rate 2000 V / ,..,S 
• 65 mA output current 

• Drives ± 10V into 2000. load 
• Characterized at ± 5V and ± 15V 

• Low voltage noise 
• Current mode feedback 
• Settling time of 40 ns to 0.25 % 

for a 10V step 

• Output short circuit protected 

• Low cost 

Applications 
• Video gain block 
• Video distribution amplifier 

• HDTV amplifier 
• Residue amplifiers in ADC 
• Current to voltage converter 

• Coax cable driver 

Ordering Information 
Part No. Temp. Range Package Outline# 

EL2030CN -4O"Cto +8SOC 8-PinP-DIP MDPOO31 

EL2030CM -4O"Cto +8SOC 20-LeadSOL MDPOO27 

General Description 
The EL2030 is a very fast, wide bandwidth amplifier optimized 
for gains between -10 and + 10. Built using the Elantec mono
lithic Complementary Bipolar process, this amplifier uses cur
rent mode feedback to achieve more bandwidth at a given gain 
than a conventional voltage feedback operational amplifier. 

Due to its wide operating supply range (± 15V) and extremely 
high slew rate of 2000 V / ,..,s, the EL2030 drives ± 10V into 2000. 
at a frequency of 30 MHz, while achieving 110 MHz of small 
signal bandwidth at Av = + 2. This bandwidth is still 95 MHz 
for a gain of + 10. On ± 5V supplies the amplifier maintains a 
90 MHz bandwidth for Av = + 2. When used as a unity gain 
buffer, the EL2030 has a 120 MHz bandwidth with the gain 
precision and low distortion of closed loop buffers. 

The EL2030 features extremely low differential gain and phase, 
a low noise topology that reduces noise by a factor of 2 over 
competing amplifiers, and settling time of 40 ns to 0.25% for a 
10V step. The output is short circuit protected. In addition, da
tasheet limits are guaranteed for ± 5V and ± 15V supplies. 

Elantec's products and facilities comply with applicable quality 
specifications. See Elantec document, QRA-1: Processing, 
Monolithic Integrated Circuits. 

Connection Diagrams 

Mini DIP 8 ' 
IN- 2 7 v. 

IN+ 3 8 OUT 

y_ .4 , 

2030-1 

Top View 

Note: Non-designated pins are no connects 
and are not electrically connected internally. 

Manufactured under U.S. Patent No. 4,893,091. 
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Absolute Maximum Ratings (TA = 25°C) 

Vs Supply Voltage ±18Vor36V 

VIN Input Voltage ±15VorVs 

aVIN Differential Input Voltage ±6V 

Pn Maximum Power Dissipation See Curves 

lIN Input Current ±10mA 

lOp Peak Output Current Short Circuit Protected 
Output Short Circuit Duration Continuous 

(Note 1) 

Operating Temperature Range 
Operating Junction Temperature 

Plastic Packages 
Storage Temperature 

150°C 
- 65°C to + 150°C 

Open Loop DC Electrical Characteristics Vs = ± 15V, RL = 2000, unless otherwise specified 

Parameter Description Condition Temp Min Typ Max Units 

Vos Input Offset Voltage Vs = ±15V 25°C 10 20 mV 

TMIN,TMAX 30 mV 

Vs = ±5V 25°C 5 10 mV 

TMIN,TMAX 15 mV 

aVos/aT Offset Voltage Drift 25 ",vrc 
+ lIN + Input Current VS= ±5V,±15V 25°C 15 ",A 

TMIN,TMAX 25 ",A 

-lIN - Input Current Vs = ±5V, ± 15V 25°C 10 40 ",A 

TMIN,TMAX 50 ",A 

+RIN + Input Resistance Full 1.1 2.0 MO 

CIN Input Capacitance 25°C pF 

CMRR Common Mode Vs = ±5V, ±15V 
Full 50 60 dB 

Rejection Ratio (Note 2) 

-ICMR Input Current Common 25°C 10 ",A/V 

Mode Rejection (Note 2) TMIN,TMAX 20 ",AN 

PSRR Power Supply Rejection 
Full 60 70 dB 

Ratio (Note 3) 

+IPSR + Input Current Power 25°C 0.1 0.5 ",A/V 

Supply Rejection (Note 3) TMIN,TMAX 1.0 ",A/V 

-IPSR - Input Current Power 25°C 0.5 5.0 ",A/V 

Supply Rejection (Note 3) TMIN,TMAX B.O ",A/V 

2-76 



Open Loop DC Electrical Characteristics 
Vs = ± 1SV, RL = 2000, unless otherwise specified - Contd. 

Parameter Description Condition 

RoL Vs = ±1SV 

Vs = ±sv 

AVOL 

Vo 

lOUT 

Closed Loop AC Electrical Characteristics 
Vs = ± 1SV, Av = + 2, RF = 8200, Ro = 8200 and RL = 2000 

Parameter Condition 

eN 2S'C 4 

Note 1: A heat sink is required to keep the junction temperature below absolute maximum when the output is shorted. 
Note 2: VCM = ±10V for Vs = ±15V. For Vs = ±5V, VCM = ±2.5V. 
Note 3: VOS is measured at Vs = ±4.5V and at Vs = ±18V. Both supplies are changed simultaneously. 
Note 4: Full Power Bandwidth is specified based on Slew Rate measurement FPBW = SR/21TVp. 

Units 

Note 5: Settling Time measurement techniques are shown in: "Take The Guesswork Out of Settling Time Measurements", EDN, 
September 19, 1985. Available from the factory upon request. 

Note 6: RL = 1000. 
Note 7: Vo = ± 10V, tested at Vo = ±5. See test circuit. 
Note 8: NTSC (3.58 MHz) and PAL (4.43 MHz). 
Note 9: For Vs = ±15V, VOUT = ±10V. For Vs ±5V, VOUT = ±2.5V. 
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Typical Performance Curves 
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Figure 1. NTSC Video Differential Gain and Phase Test Set-Up 
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Differential Gain and Phase 
VB Supply Voltage, Gain = +1 
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Typical Performance Curves - Contd. 
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Figure 2. HDTV and Wideband Video Differential Gain and Phase Test Set-Up 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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ALL PACKAGES USE THE SAME SCHEMATIC. 
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An industry standard way of measuring the dil!
tortion of a video component (or system) is to 
measure the amount of differential gain and 
phase error it introduces. A 100 mV peak: to peak 
sine wave at 3.58 MHz for NTSC (4.3 MHz for 
PAL), with OV DC component serves as the refer
ence. The reference signal is added to a DC offset, 
shifting the sine wave from OV to 0.7V which is 
then applied to the device under test (DUT). The 
output signal from the DUT is compared to the 
reference signal. The Differential Gain is a mea
sure of the change in amplitude of the sine wave 
and is measured in percent; The Differential 
Phase is a measure of the change in the phase of 
the sine wave and is measured in degrees. Typi
cally, the maximum positive and negative devia
tions are summed to give peak differential gain 
and differential phase errors. The test setup in 
Figure 1 was used to characterize the EL2030. 
For higher than NTSC and PAL frequencies, an 
alternate Differential Gain and Phase measure
ment can be made using an HP3577A Network 
Analyser and the setup shown in Figure 2. The 
frequency response is normalized to gain or phase 
with OV DC at the input. From the normalized 
value a DC offset voltage is introduced and the 
Differential Gain or Phase is the deviation from 
the normalized value. 

Application Information 

Product Description 
The EL2030 is a current mode feedback amplifier 
similar to the industry standard EL2020, but 
with greatly improved AC characteristics. M?st 
significant among these are the extremely WIde 
bandwidth and very low differential gain and 
phase. In addition, the EL2030 is fully character
ized and tested at ± 5V and ± 15V supplies. 

Power Supply Bypassing/Lead Dressing 
It is important to bypass the power supplies of 
the EL2030 with 0.1 ,..,F ceramic disc capacitors. 
Although the lead length is not critical, it should 
not be more the ~ inch from the IC pins. Failure 
to do this will result in oscillation, and possible 
destruction of the part. Another important detail 
is the lead length of the inputs. The inputs 
should be designed with minimum stray capaci
tance and short lead lengths to avoid ringing and 
distortion. 

Latch Mode 
The EL2030 can be damaged in certain circum
stances resulting in catastrophic failure in which 
destructive supply currents flow in the device. 
Specifically, an input signal greater than ± 5 
volts at currents greater than 5 rnA is applied to 
the device when the power supply voltages are 
zero will result in failure of the device. 

In addition, the EL2030 will be destroyed or 
damaged in the same way for momentary power 
supply voltage reversals. This could happen, for 
example, during a power turn on transient, or if 
the power supply voltages were oscillating and 
the positive rail were instantaneously negative 
with respect to the negative rail or vice versa. 

Differential Gain and Differential Phase 
Composite video signals contain intensity, color, 
hue, timing and audio information in AM, FM, 
and Phase Modulation. These video signals pass 
through many stages during their production, 
processing, archiving and transmission. It is im
portant that each stage not corrupt these signals 
to provide a "high fidelity" image to the end 
viewer. 
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Video Applications 
The video signals that must be transmitted for 
modest distances are usually amplified by a de
vice such as the EL2030 and carried via coax ca
ble. There are at least two ways to drive cables, 
single terminated and double terminated. 

When driving a cable, it is important to termi
nate it properly to avoid unwanted signal reflec
tions. Single termination (750 to ground at re
ceive end) may be sufficient for less demanding 
applications. In general, a double terminated ca
ble (750 in series at drive end and 750 to ground 
at receive end) is preferred since the impedance 
match at both ends of the line will absorb signal 
reflections. However, when double termination is 
used (a total impedance of 1500), the received 
signal is reduced by half; therefore, the amplifier 
is usually set at a gain of 2 or higher to compen
sate for attenuation. 



Video Applications - Contd. 
Video signals are 1 V peak-peak in amplitude, 
from sync tip to peak white. There are 100 IRE 
(0.714V) of picture (from black to peak white of 
the transmitted signal) and 40 IRE (0.286V) of 
sync in a composite video signal (140 IRE = 1V). 

For video applications where a gain of two is 
used (double termination), the output of the vid
eo amplifier will be a maximum of 2V peak-peak. 
With ± SV power supply, the EL2030 output 
swing of 3.SV is sufficient to satisfy the video 
output swing requirements. The EL2030 can 
drive two double terminated coax cables under 
these conditions. With ± lSV supplies, driving 
four double terminated cables is feasible. 

Although the EL2030's video characteristics (dif
ferential gain and phase) are impressive with 
± SV supplies at NTSC and PAL frequencies, it 

Equivalent Circuit 
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can be optimized when the supplies are increased 
to ± lSV, especially at 30 MHz HDTV applica
tions. This is primarily due to a reduction in in
ternal parasitic junction capacitance with in
creased power supply voltage. 

The following table summarizes the behavior of 
the EL2030 at ± SV and ± lSV for NTSC. In ad
dition, 30 MHz HDTV data is included. Refer to 
the differential gain and phase typical perform
ance curves for more data. 

±Vs Rload Av aGain aPhase Comments 

15V 750 0.02% 0.03· Single terminated 
15V 1500 0.02% 0.02· Double terminated 
5V 1500 0.05% 0.02· Double terminated 

15V 750 2 0.02% 0.08· Single terminated 
15V 1500 2 0.01% 0.02· Double terminated 
5V 1500 2 0.03% 0.09· Double terminated 

15V 1500 2 0.05% 0.02· HDTV, Double terminated 
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EL2030 Macromodel 

• Revision A. March 1992 
• Enhancements include PSRR, CMRR, and Slew Rate Limiting 

• Connections: + input 

-input I 
I 
I 
I 
I 

I +Vsupply 

.subckt M2030 

• Input Stage 

e110 0 3 0 1.0 
vis 109 OV 
h2 9 12 vxx 1.0 
r121150 
11111248nH 
iinp 3 0 5p.A 

iinm 2 0 lOp.A 
r12 3 02Meg 

3 

• Slew Rate Limiting 

hl13 0 vis 600 
r2 13 141K 
dl14 0 dclamp 
d20 14 dclamp 

* High Frequency Pole 

I I 
I I 
I I 
2 7 

*e2 30 0 1400.00166666666 

1330 170.5p.H 
c51701pF 
r5170500 

* Transimpedance Stage 

gl 0 18 17 0 1.0 
rol 180 150K 
cdp 18 0 2.8pF 

• Output Stage 

q141819 qp 

q2 718 20qn 
q3 719 21 qn 
q4 4 20 22 qp 

r7 2164 
r8 22 6 4 

-Vsupply 

I 
I 
4 

output 

I 
6 
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EL2030 Macrornodel- Contd. 

ios1 7 19 2.5mA 
ios2 20 4 2.5mA 

• Supply Current 

ips 7 4 9mA 

• Error Terms 

ivos023 SmA 
vxx2300V 
e4 24 31.0 
e5 25 0 7 0 1.0 
e6 26 0401.0 
r9 24 23 3K 
rlO 25 23 1K 
r1l26231K 

• Models 

.model qn npn (is = 5e-15 bf= 100 tf= O.lnS) 

.model qp pnp (is=5e-15 bf= 100 tf=O.lnS) 

.model dclampd(is= 1e-30 ibv=0.266 bv= 3.7 n=4) 

.ends 

• 
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Features 
• 120 MHz - 3 dB bandwidth 
• Unity-gain stable 
• Low supply current 

= 5.2mAatVs = ±15V 
• Wide supply range 

= ± 2V to ± 1BV dual-supply 
= 2.5V to 36V single-supply 

• High slew rate = 325 V / ILs 
• Fast settling = BO ns to 0.1 % for 

a 10V step 
• Low differential gain = 0.04% at 

Av = +2,RL = 150n 
• Low differential phase = 0.15° at 

Av = +2,RL = 150n 
• Stable with unlimited capacitive 

load 
• Wide output voltage swing 

= ±13.6Vwith Vs = ±15V, 
RL = 1000n 

= 3.BV /0.3V with Vs = + 5V, 
RL = soon 

• Low cost, enhanced replacement 
for the ADB47 and LM6361 

Applications 
• Video amplifier 
• Single-supply amplifier 
• Active filters/integrators 
• High-speed sample-and-hold 
• High-speed signal processing 
• ADC/DAC buffer 
• Pulse/RF amplifier 

• Pin diode receiver 
• Log amplifier 
• Photo multiplier amplifier 
• Difference amplifier 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2044CN -<WC to + 8S"C 8-Pin poDIP MDPOO31 

EL2044CS -40"C to + 8S"C 8-Lead SO MDPOO27 

General Description 
The EL2044C is a high speed, low power, low cost monolithic 
operational amplifier built on Elantec's proprietary comple
mentary bipolar process. The EL2044C is unity-gain stable and 
features a 325 V / ILs slew rate and 120 MHz gain-bandwidth 
product while requiring only 5.2 rnA of supply current. 

The power supply operating range of the EL2044C is from 
± 1BV down to as little as ± 2V. For single-supply operation, 
the EL2044C operates from 36V down to as little as 2.5V. The 
excellent power supply operating range of the EL2044C makes 
it an obvious choice for applications on a single + 5V supply. 

The EL2044C also features an extremely wide output voltage 
swing of ± 13.6V with Vs = ± 15V and RL = 1000n. At ± 5V, 
output voltage swing is a wide ± 3.BV with RL = soon and 
± 3.2V with RL = 150n. Furthermore, for single-supply opera
tion at + 5V, output voltage swing is an excellent 0.3V to 3.BV 
with RL = soon. 

At a gain of + 1, the EL2044C has a - 3 dB bandwidth of 
120 MHz with a phase margin of 50°. It can drive unlimited 
load capacitance, and because of its conventional voltage-feed
back topology, the EL2044C allows the use of reactive or non
linear elements in its feedback network. This versatility com
bined with low cost and 75 mA of output-current drive makes 
the EL2044C an ideal choice for price-sensitive applications re
quiring low power and high speed. 

Elantec products and facilities comply with MIL-I-4520BA, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-1: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagram 

DIP and SO Package 

2044-3 
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Absolute Maximum Ratings (TA = 2S·C) 

Supply Voltage (Vs) 
Peak Output Current (lop) 
Output Short-Circuit Duration 

(Note 1) 
Input Voltage (VIN) 

±18Vor36V 
Short-Circuit Protected 

Infinite 

Differential Input Voltage (dVIN) 
±Vs 

±10V 

Vos 

TCVOS 

IB 

lOS 

TCloS 

AVOL 

PSRR 

Input Offset 
Voltage 

Average Offset 
Voltage Drift 

Input Bias 
Current 

Input Offset 
Current 

Average Offset 
Current Drift 

Power Supply 
Rejection Ratio 

Vs = ±ISV 

(Note 2) 

Vs = ±ISV 

2-90 

Power Dissipation (Pn) 
Operating Temperature 

Range(T,A) 
Operating Junction 

Temperature (TJ) 
Storage Temperature (TST) 

See Curves 

-40"Cto +8S·C 

ISO"C 
- 6S·C to + lSO"C 



DC Electrical Characteristics Vs = ± 15V, RL = 10000, unless otherwise specified --- Contd. 

CMRR 

CMIR 

VOUT 

Common-Mode 
Rejection Ratio 

Common-Mode 
Input Range 

Output Voltage 
Swing 

ISC Output Short 
Circuit Current 

IS Supply Current 

RIN Input Resistance 

Operating Range 

VCM = ± 12V, VOUT = ov 
~------1---~----~----

Vs = ± 15V, No Load 

Closed-Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 1, RL = 10000 unless otherwise specified 

BW 

GBWP 

- 3 dB Bandwidth 

(VOUT = 0.4 Vpp) 

Gain-Bandwidth Product 

2-91 
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Closed-Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 1, RL = 10000 unless otherwise specified - Contd. 

SR Slew Rate (Note 3) 

FPBW 

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 2: Measured from TMIN to TMAX. 
Note 3: Slew rate is measured on rising edge. 
Note 4: For Vs = ± 15V, VOUT = 20 Vpp. For Vs = ±5V, VOUT = 5 Vpp. Full-power bandwidth is based on slew rate 

measurement using: FPBW = SR/(21T • Vpeak). 
Note 5: Video Performance measured at Vs = ± 15V, Av = + 2 with 2 times normal video level across RL = 1500. This 

corresponds to standard video levels across a back-terminated 750 load. For other values of Ru see curves. 
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Typical Performance Curves (TA = 25°C, RL = 10000., Av = + 1 unless otherwise specified) 
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Typical Performance Curves (TA = 25°C, RL = 10000, Av = + 1 unless otherwise specified) - Contd. 
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Typical Performance Curves (TA = 25°C, RL = 10000, Av = + 1 unless otherwise specified) - Contd. 
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Burn-In Circuit 

+V = +15V 

R, 
lkO 

2044-2 

All Packages Use the Same Schematic 

Applications Information 

Product Description 
The EL2044C is a low-power wideband monolith
ic operational amplifier built on Elantec's propri
etary high-speed complementary bipolar process. 
The EL2044C uses a classical voltage-feedback 
topology which allows it to be used in a variety of 
applications where current-feedback amplifiers 
are not appropriate because of restrictions placed 
upon the feedback element used with the amplifi
er. The conventional topology of the EL2044C al
lows, for example, a capacitor to be placed in the 
feedback path, making it an excellent choice for 
applications such as active filters, sample-and
holds, or integrators. Similarly, because of the 
ability to use diodes in the feedback network, the 
EL2044C is an excellent choice for applications 
such as fast log amplifiers. 

Single-Supply Operation 
The EL2044C has been designed to have a wide 
input and output voltage range. This design also 
makes the EL2044C an excellent choice for sin
gle-supply operation. Using a single positive sup
ply, the lower input voltage range is within 
100 mV of ground (RL = SOOO), and the lower 
output voltage range is within 300 m V of ground. 
Upper input voltage range reaches 4.2V, and out
put voltage range reaches 3.8V with a SV supply 
and RL = SOOO. This results in a 3.SV output 
swing on a single SV supply. This wide output 
voltage range also allows single-supply operation 
with a supply voltage as high as 36V or as low as 
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2.SV. On a single 2.SV supply, the EL2044C still 
has IV of output swing. 

Gain-Bandwidth Product and the - 3 dB 
Bandwidth 
The EL2044C has a gain-bandwidth product of 
60 MHz while using only S.2 mA of supply cur
rent. For gains greater than 4, its closed-loop 
- 3 dB bandwidth is approximately equal to the 
gain-bandwidth product divided by the noise 
gain of the circuit. For gains less than 4, higher
order poles in the amplifier's transfer function 
contribute to even higher closed loop band
widths. For example, the EL2044C has a - 3 dB 
bandwidth of 120 MHz at a gain of + 1, dropping 
to 60 MHz at a gain of + 2. It is important to 
note that the EL2044C has been designed so that 
this "extra" bandwidth in low-gain applications 
does not come at the expense of stability. As seen 
in the typical performance curves, the EL2044C 
in a gain of + 1 only exhibits 1.0 dB of peaking 
with a 10000 load. 

Video Performance 
An industry-standard method of measuring the 
video distortion of a component such as the 
EL2044C is to measure the amount of differential 
gain (dG) and differential phase (dP) that it in
troduces. To make these measurements, a 
0.286 Vpp (40 IRE) signal is applied to the device 
with OV DC offset (0 IRE) at either 3.S8 MHz for 
NTSC or 4.43 MHz for PAL. A second measure
ment is then made at 0.714V DC offset (100 
IRE). Differential gain is a measure of the 
change in amplitude of the sine wave, and is mea
sured in percent. Differential phase is a measure 
of the change in phase, and is measured in d~
grees. 

For signal transmission and distribution, a back
terminated cable (7SO in series at the drive end, 
and 7 SO to ground at the receiving end) is pre
ferred since the impedance match at both ends 
will absorb any reflections. However, when dou
ble termination is used, the received signal is 
halved; therefore a gain of 2 configuration is typi
cally used to compensate for the attenuation. 

The EL2044C has been designed as an economi
cal solution for applications requiring low video 
distortion. It has been thoroughly characterized 
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Applications Information - Contd. 
for video performance in the topology described 
above, and the results have been included as typi
cal dG and dP specifications and as typical per
fo~ance curves. In a gain of + 2, driving 150n, 
with standard video test levels at the input, the 
EL2044C exhibits dG and dP of only 0.04% and 
0.15° at NTSC and PAL. Because dG and dP can 
vary with different DC offsets, the video per
formance of the EL2044C has been characterized 
over the entire DC offset range from -0.714V to 
+0.714V. For more information, refer to the 
curves of dG and dP vs DC Input Offset. 

though stable with all capacitive loads some 
peaking still occurs as load capacitance in~reases. 
A series resistor at the output of the EL2044C 
can be used to reduce this peaking and further 
improve stability. 

The output drive capability of the EL2044C al
lows it to drive up to 2 back-terminated loads 
with good video performance. For more demand
ing applications such as greater output drive or 
better video distortion, a number of alternatives 
such as the EL2120, EL400, or EL2073 should be 
considered. 

Output Drive Capability 
The EL2044C has been designed to drive low im
pedance loads. It can easily drive 6 Vpp into a 
150n load. This high output drive capability 
makes the EL2044C an ideal choice for RF, IF 
and video applications. Furthermore, the current 
drive of the EL2044C remains a minimum of 
35 mA at low temperatures. The EL2044C is cur
rent-limited at the output, allowing it to with
stand shorts to ground. However, power dissipa
tion with the output shorted can be in excess of 
the power-dissipation capabilities of the package. 

Capacitive Loads 
For ease of use, the EL2044C has been designed 
to drive any capacitive load. However, the 
EL2044C remains stable by automatically reduc
ing its gain-bandwidth product as capacitive load 
increases. Therefore, for maximum bandwidth 
capacitive loads should be reduced as much a~ 
possible or isolated via a series output resistor 
(Rs). Similarly, coax lines can be driven, but best 
AC performance is obtained when they are termi
nated with their characteristic impedance so that 
the capacitance of the coaxial cable will not add 
to the capacitive load seen by the amplifier. AI-
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Printed-Circuit Layout 
The EL2044C is well behaved, and easy to apply 
in most applications. However, a few simple tech
niques will help assure rapid, high quality results. 
As with any high-frequency device, good PCB 
layout is necessary for optimum performance. 
Ground-plane construction is highly recommend
ed, as .is good .pow~r supply bypassing. A 0.1 p,F 
ceramic capacitor IS recommended for bypassing 
both supplies. Lead lengths should be as short as 
possible, and bypass capacitors should be as close 
to the device pins as possible. For good AC per
formance, parasitic capacitances should be kept 
to a minimum at both inputs and at the output. 
Resistor values should be kept under 5 kn be
cause of the RC time constants associated with 
the parasitic capacitance. Metal-film and carbon 
resistors are both acceptable, use of wire-wound 
resistors is not recommended because of their 
parasitic inductance. Similarly, capacitors should 
be low-inductance for best performance. 

The EL2044C Macromodel 
This macromodel has been developed to assist 
the user in simulating the EL2044C with sur
rounding circuitry. It has been developed for the 
PSPICE simulator (copywritten by the Microsim 
Corporation), and may need to be rearranged for 
other. simulators. It approximates DC, AC, and 
transient response for resistive loads, but does 
not accurately model capacitive loading. This 
model is slightly more complicated than the 
models used for low-frequency op-amps, but it is 
much more accurate for AC analysis. 

The model does not simulate these characteristics 
accurately: 

noise 
settling-time 
CMRR 
PSRR 

non-linearities 
temperature effects 
manufacturing variations 



EL2044C Macromodel- Contd. 

'" Connections: + input 

.subckt M2044 

• Input stage 

ie 7 371mA 
r6 36 37 800 

r7 3837800 
rc14 30 850 
rc2 4 39 850 
q1303 36 qp 

q2 39 2 38 qpa 
ediff 33 0 39 30 1.0 
rdiff 33 0 IMeg · 

I 
I 
I 
I 
I 
3 

• Compensation Section · gaO 34 33 0 1m 
rh3402Meg 
ch 34 0 1.3pF 

rc34401K 
cc4001pF · 
• Poles 

ep4104001 
rpa4142200 

cpa 42 0 IpF 
rpb 42 43 200 

cpb4301pF · • Output Stage · iosl 7 50 1.0rnA 

ios2 51 4 1.0rnA 
q3 4 43 50 qp 
q47 43 51 qn 
q575052qn 
q64 5153 qp 

ros1S2 6 25 

ros2 6 53 25 

• Power Supply Current · ips 74 2.7mA · 

-input 

I +Vsupply 

I I -Vsupply 

I I I output 

I I I I 
2 4 6 

• Models 

.model qn npn(is= 800E-18 bf= 200 tf= 0.2nS) 

.model qpa pnp(is = 864E-18 bf= 100 tf= 0.2nS) 

.model qp pnp(is= 800E-18 bf= 125 tf= 0.2nS) 

.ends 
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Features 
• 60 MHz gain-bandwidth product 
• Unity-gain stable 
• Low supply current 

(per Amplifier) 
= 5.2rnAatVs = ±15V 

• Wide supply range 
= ± 2V to ± IBV dual-supply 
= 2.5V to 36V single-supply 

• High slew rate = 325 V / /-Ls 
• Fast settling = BO ns to 0.1 % for 

a 10V step 
• Low differential gain = 0.04% at 

Av = + 2, RL = 1500. 
• Low differential phase = 0.15° at 

AV = + 2, RL = 1500. 
• Stable with unlimited capacitive 

load 
• Wide output voltage swing 

= ± 13.6V with Vs = ± 15V, 
RL = 10000. 

= 3.BV/0.3Vwith Vs = +5V, 
RL = soon 

• Low cost, enhanced replacement 
for the ADB27 and 
L T1229 /LT1230 

Applications 
• Video amplifier 
• Single-supply amplifier 
• Active filters/integrators 
• High-speed sample-and-hold 
• High-speed signal processing 
• ADC/DAC buffer 
• Pulse/RF amplifier 
• Pin diode receiver 
• Log amplifier 
• Photo multiplier amplifier 
• Difference amplifier 

Ordering Information 
Part No. Temp. Range Package Outline # 

Duals 

EL2244CN -40"Cto +8S'C 8-PinP-DiP MDPO031 

EL2244CS - WC to + 8S'C 8-Lead SO MDPO027 

Quads 
EL2444CN -wc to +8S'C 14-Pin P_DlP MDPO031 

EL2444CS -40'C to +8S'C 14-Lead SO MDPOO27 

General Description 
The EL2244C/EL2444C are dual and quad versions of the pop
ular EL2044C. They are high speed, low power, low cost mono
lithic operational amplifiers built on Elantec's proprietary com
plementary bipolar process. The EL2244C/EL2444C are unity
gain stable and feature a 325 V / I-'-s slew rate and 60 MHz gain
bandwidth product while requiring only 5.2 rnA of supply cur
rent per amplifier. 

The power supply operating range of the EL2244C/EL2444C is 
from ± 1BV down to as little as ± 2V. For single-supply opera
tion, the EL2244C/EL2444C operate from 36V down to as little 
as 2.5V. The excellent power supply operating range of the 
EL2244C/EL2444C makes them an obvious choice for applica
tions on a single + 5V or + 3V supply. 

The EL2244C/EL2444C also feature an extremely wide output 
voltage swing of ± 13.6V with Vs = ± 15V and RL = 10000.. 
At ± 5V, output voltage swing is a wide ± 3.BV with RL = 
soon and ± 3.2V with RL = 1500.. Furthermore, for single-sup
ply operation at + 5V, output voltage swing is an excellent 0.3V 
to 3.BV with RL = soon. 
At a gain of + 1, the EL2244C/EL2444C have a -3 dB band
width of 120 MHz with a phase margin of 50°. They can drive 
unlimited load capacitance, and because of their conventional 
voltage-feedback topology, the EL2244C/EL2444C allow the 
use of reactive or non-linear elements in their feedback network. 
This versatility combined with low cost and 75 rnA of output
current drive make the EL2244C/EL2444C an ideal choice for 
price-sensitive applications requiring low power and high speed. 

Connection Diagrams 
EL2244CN/CS 

Dual 

2244-1 

EL2444CN/CS 
Quad 

2244-2 
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Absolute Maximum Ratings (TA == 2S0C) 

Supply Voltage (VS) 
Peak Output Current (lop) 
Output Short-Circuit Duration 

(Note 1) 
Input Voltage (VIN) 

±18Vor36V 
Short-Circuit Protected 

Inf"mite 

Differential Input Voltage (dVIN) 
±VS 

±10V 

VOS 

TCVOS 

IB 

lOS 

TCIOS 

AVOL 

PSRR 

Input Offset 
Voltage 

Average Offset 
Voltage Drift 

Input Bias 
Current 

Input Offset 
Current 

Average Offset 
Current Drift 

Power Supply 
Rejection Ratio 

Vs = ±lSV 

(Note 2) 

Vs = ±lSV 

Power Dissipation (Pn) 
Operating Temperature 

Range (TA) 
Operating Junction 

Temperature (TJ) 
Storage Temperature (TST) 
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-40"C to + 8SoC 

lSO"C 
-6SoC to + lSO"C 



DC Electrical Characteristics Vs = ± 15V, RL = 1000n, unless otherwise specified - Contd. 

Parameter Description 

CMRR Common-Mode 

CMIR 

VOUT 

ISC 

IS 

Rejection Ratio 

Common-Mode 
Input Range 

Output Voltage 

Swing 

Output Short 

Circuit Current 

Supply Current 
(Per Amplifier) 

Input Resistance 

Condition 

VCM = ± 12V, VOUT = OV 

Vs = ±15V 

Vs = ±5V 

Vs = +5V 

Vs = ± 15V, RL = 1000n 

Vs = ± 15V, RL = soon 

Vs = ± 5V, RL = soon 

Vs = ± 5V, RL = 150n 

Vs = + 5V, RL = soon 

Vs = ±15V,NoLoad 

Vs = ±5V,NoLoad 

Differential 

Common-Mode 

CIN Input Capacitance Av = + 1@ 10 MHz 

ROUT Output Resistance Av = + 1 

Temp 

25°C 

TMIN,TMAX 

25°C 

25°C 

25°C 

25°C 

TMIN,TMAX 

25°C 

25°C 

25°C 

25°C 

TMIN,TMAX 

25°C 

TMIN,TMAX 

25°C 

TMIN 

TMAX 

25°C 

25°C 

25°C 

25°C 

25°C 

Min Typ Max 

70 90 

70 

±14.0 

±4.2 

4.2/0.1 

± 13.4 ± 13.6 

±13.1 

± 12.0 ±13.4 

±3.4 ±3.S 

±3.2 

3.6/0.4 3.S/0.3 

3.5/0.5 

40 75 

35 

5.2 

7.6 

7.6 

5.0 

150 

15 

1.0 

SO 

25°C ±2.0 ±lS.0 PSOR Power-Supply f-D_u_a_I-_S_u-'-p-'-p_ly ______ f--____ --+ ___ +-__ + __ _ 
Operating Range 

Single-Supply 25°C 

Closed-Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 1, RL = 1000n unless otherwise specified 

Parameter Description 

BW - 3 dB Bandwidth 

(VOUT = 0.4 Vpp) 

GBWP Gain-Bandwidth Product 

Vs = 

Vs = 

Vs = 

Vs = 

Vs = 

Vs = 

Vs = 

Vs = 

Condition 

±15V,Av = +1 

±15V,Av = -1 

±15V,Av = +2 

±15V,Av = +5 

±15V,Av = + 10 

±5V,Av = +1 

±15V 

±5V 

2-103 

Temp 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

25°C 

2.5 36.0 

Min Typ Max 

120 

60 

60 

12 

6 

SO 

60 

45 

;~~~~~~: Units 

V 

V 

V 



Closed-Loop AC Electrical Characteristics 
Vs = ±ISV,Av = + I, RL = 1000.0 unless otherwise specified - Contd. 

Parameter Description Condition Temp Typ Max 

PM Phase Margin RL = 1 kn, CL = 10 pF 2S'C so 

CS Channel Separation f=SMHz 2S'C 8S 

SR Slew Rate (Note 3) Vs = ± ISV, RL = 1000.0 2S'C 2S0 325 

Vs = ±SV,RL = soon 25'C 200 

FPBW Full-Power Bandwidth Vs = ±ISV 2S'C 4.0 S.2 
(Note 4) 

Vs = ±5V 2S'C 12.7 

t r,1:f Rise Time, Fall Time O.IV Step 2S'C 3.0 

OS Overshoot O.IV Step 2S'C 20 

tpD Propagation Delay 2S'C 2.S 

ts Settling to + 0.1 % Vs = ± ISV, 10V Step 2S'C 80 
(Av = +1) 

Vs = ±SV, SV Step 2S'C 60 

dG Differential Gain (Note 5) NTSC/PAL 2S'C 0.04 

dP Differential Phase (Note S) NTSC/PAL 2S'C O.IS 

eN Input Noise Voltage 10kHz 2S'C IS.0 

iN Input Noise Current 10kHz 2S'C 1.S0 

CISTAB Load Capacitance Stability AV = +1 2S'C Infinite 

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 2: Measured from TMIN to TMAX' 
Note 3: Slew rate is measured on rising edge. 

Units 

dB 

V//Ls 

V//Ls 

MHz 

MHz 

ns 

% 

ns 

ns 

ns 

% 

nV/~ 

pA/~ 

pF 

Note 4: For Vs = ±15V, VOUT = 20 Vpp. For Vs = ±5V, VOUT = 5 Vpp. Full-power bandwidth is based on slew rate 
measurement using: FPBW = SR/(21T * Vpeak). 

Note 5: Video Performance measured at Vs = ± 15V, Av = + 2 with 2 times normal video level across RL = 150.0. This 
corresponds to standard video levels across a back-terminated 7 sn load. For other values of RL, see curves. 
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Typical Performance Curves (TA = 2S'C, RL = 10000, Av = + 1 unless otherwise specified) 

'iD' 
;!l 

! ,. 
l!i 
3 
~ 
E 
~ 
" 

'iD' 
;!l 
z 
~ 

§ 
~ 

'iD' 
;!l .. 
!Ii 
" ( 

';( 
.5 

I 
il 

i 
::> ., 

-2 

-4 

-6 

-8 

80 

60 

40 

20 

-20 

Non-Inverting 
Frequency Response 

1111 1At:+.=+' 

GAIN 1111 ..P1'1 
PHASE +t-+1 ~Ay,-+2 

.... =+n- ~ 
Av=+ • \! = .. ~ 

-.. 
Vs=:t:1SV 
Vo= O.4Vpp 
1\ =, kll 1\ 

-90 

-180 

-270 

1 10 

FREQUENCY (MHz) 

100 200 

Open-Loop Gain and 
Phase vs Frequency 

~ 
PHASE 

VS=:tlSV 
Yo = O.4Vpp 
1\ = 1 kll 

-90 

-180 

-270 

10k tOOk 1M 10M 200M 

FREQUENCY (Hz) 

£ 
w 
~ 
i!: 

£ 
ill 
'" i!: 

CMRR, PSRR and Closed-Loop 
Output Resistance V8 Frequency 

100 
I 

80 

60 

40 

fS~ ,dMJR 

- PSR-::- '\ 
II ~ 

20 " CLOSED-LOOP "0 

" (~YI1) 
o 
10k lOOk 1M 10M 

5.8 

5.4 

5.0 

4.6 

4.2 

FREQUENCY (Hz) 

Supply Current vs 
Supply Voltage 

(Per Amplifier) 

.... 

1 00 

1 

1 .0 

0.1 

0.01 

200M 

12 16 20 

SUPPLY VOLTAGE ('V) 

S 
,p 

~ 
B 
!3 
" 

'iD' 
;!l 

'8 
" :;I 

! 
g 
!:: 
i; 
'" " 

~ 

~ 
~ 
iii 
w 

~ 
~ 
5 

;H 
;!l 

I 

Inverting Frequency Response 

Av=-' ~--, III 
GAIN ~.-2 

PHASE ""'< l!.!;~_, 180 

-2 
Av=-2 ./ 90 

-4 
Av=-' ~ ....... 
III \ 

-6 VS=:t:1SV 
Yo = O.4Vpp -90 

-8 , 1\ = 1kll 

10 

FREQUENCY (WHz) 

.\ 
100 200 

30 

24 

18 

12 

o 

-40 

-50 

-60 

-70 

-80 

Output Voltage Swing 
V8 Frequency 

.JC. ~= lkll 

T Nl 
1\1 

1\ = 500ll 

Vs=:l:1SV 
Av=+l 

1 10 

FREQUENCY (MHz) 

100 200 

2nd and 3rd Harmonic 
Distortion V8 Frequency 

Av-+l 
1\ =, kll 
Vo =12Vpp 

~ 
II 'I 
I L 
I 
H02 

.If 
~ YHD3 

Y 
10 

FREQUENCY (MHz) 

100 

Common-Mode Input Range 
vs Supply Voltage 

~~~~~-r~T-r-~ 

OL-~~~~~-L-L-L~ 

o 12 16 20 

SUPPLY VOLTAGE (.V) 

2-105 

£ 
w 

~ 

'iD' 
;!l 

~ ; 
\l 
" 

~ 
.5 

~ 
ill 
iii 

> .. 
e 
~ ,. 
~ .. 
~ 
~ 
0 

s-
.!!. 

~ g 

~ 
0 

-2 

-4 

-6 

-8 

100 

80 

60 

40 

20 

10 

Frequency Response for 
Varions Load Resistances 

!\='knt-

GAIN ... 100nt-

PHASE ... = son+-

- ~'~ ,on 

1 

1\ =1004 

Ii -SOll 

Vs=:t:1SV 

Av= " Rr =Oll 
Yo = O.4Vpp 

10 

FREQUENCY (MHz) 

-90 m"'l 
1\\\ 

\\ 
-180 

-270 

100 200 

Eqnivalent Input Noise 

NOISE VOLTAGE 

L\I.. 
NOISE r III III CUIR~EINT 

1 o 
8 

1 
10 100 lk 10k tOOk 1M 

4 

-4 

-8 

20 

16 

12 

FREQUENCY (Hz) 

Settling Time V8 

Output Voltage Change 

/ ....t"" 
'" 0.1" 

I 

'"'' 0.'" 
Av= " ~ "I. 
1\ = 1kn '\ 

20 40 60 

SETTLING TIME (ns) 

Output Voltage Range 
V8 Supply Voltage 

1\ = 1kll , , 

80 

, -~ = 50M 

~ I I I , I I I 
o 
o 

I I I 
12 16 20 

SUPPLY VOLTAGE ('V) 

.!.. 
w 
~ 
i!: 

• 

2244-3 



Q 
'-.:!' 
'-.:!' 
'-.:!' 
~ 
~ 

~ ................................................ ... 
Qr-~~~~~~~~~~~~~--~--~----~~~----~~~~--------~ 
'-.:!' 
'-.:!' 
~ 

!3 
~ 

Typical Performance Curves (TA = 25°C, RL = 10000., Av = + 1 unless otherwise specified) - Contd. 
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Typical Performance Curves (TA = 25°C, RL = 10000, Av = + 1 unless otherwise specified) - Contd. 
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Typical Performance Curves (TA = 2S·C, RL = 10000, Av = + 1 unless otherwise specified) - Contd. 
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All Packages Use the Same Schematic 
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Applications Information 

Product Description 
The EL2244C/EL2444C are low-power wideband 
monolithic operational amplifiers built on Elan
tec's proprietary high-speed complementary bi
polar process. The EL2244C/EL2444C use a clas
sical voltage-feedback topology which allows 
them to be used in a variety of applications 
where current-feedback amplifiers are not appro
priate because of restrictions placed upon the 
feedback element used with the amplifier. The 
conventional topology of the EL2244C/EL2444C 
allows, for example, a capacitor to be placed in 
the feedback path, making it an excellent choice 
for applications such as active filters, sample
and-holds, or integrators. Similarly, because of 
the ability to use diodes in the feedback network, 
the EL2244C/EL2444C are an excellent choice 
for applications such as fast log amplifiers. 

Power Dissipation 
With the wide power supply range and large out
put drive capability of the EL2244C/EL2444C, it 
is possible to exceed the 150°C maximum junc
tion temperatures under certain load and power
supply conditions. It is therefore important to 
calculate the maximum junction temperature 
(TJmax) for all applications to determine if power 
supply voltages, load conditions, or package type 
need to be modified for the EL2244C/EL2444C 
to remain in the safe operating area. These pa
rameters are related as follows: 

TJmax = Tmax + (8JA* (PDmaxtotal)) 

where PDmaxtotal is the sum of the maximum 
power dissipation of each amplifier in the pack
age (PDmax). PDmax for each amplifier can be 
calculated as follows: 

PDmax= 
(2*VS*ISmax + (VS - Voutmax)*(Voutmax/RL)) 

where: 
T max = Maximum Ambient Temperature 
8JA = Thermal Resistance of the Package 
PDmax = Maximum Power Dissipation of 

1 Amplifier 

V S = Supply Voltage 
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ISmax = Maximum Supply Current of 1 
Amplifier 

Voutmax = Maximum Output Voltage Swing of 
the Application 

RL = Load Resistance 

To serve as a guide for the user, we can calculate 
maximum allowable supply voltages for the ex
ample of the video cable-driver below since we 
know that TJmax = 150°C, Tmax = 75°C, ISmax 
= 7.6 mA, and the package 8JAS are shown in 
Table 1. If we assume (for this example) that we 
are driving a back-terminated video cable, then 
the maximum average value (over duty-cycle) of 
Voutmax is 1.4V, and RL = 150n, giving the re
sults seen in Table 1. 

Table 1 

Duals Package IIJA 
MaxPDiss 

MaxVS @Tmax 

EL2244CN PDIP8 9S'C/W O.789W @ 7S'C ±16.6V 
EL2244CS S08 lSO'C/W O.SOOW @ 7S'C ± lO.7V 

QUADS 

EL2444CN PDIP14 70'C/W 1.071W @ 7S'C ±ll.SV 
EL2444CS SOH llO'C/W O.682W @ 7S'C ±7.SV 

Single-Supply Operation 
The EL2244C/EL2444C have been designed to 
have a wide input and output voltage range. This 
design also makes the EL2244C/EL2444C an ex
cellent choice for single-supply operation. Using 
a single positive supply, the lower input voltage 
range is within 100 mV of ground (RL = 500n), 
and the lower output voltage range is within 300 
mV of ground. Upper input voltage range reaches 
4.2V, and output voltage range reaches 3.8V with 
a 5V supply and RL = 500n. This results in a 
3.5V output swing on a single 5V supply. This 
wide output voltage range also allows single-sup
ply operation with a supply voltage as high as 
36V or as low as 2.5V. On a single 2.5V supply, 
the EL2244C/EL2444C still have IV of output 
swing. 

Gain-Bandwidth Product and the 
- 3 dB Bandwidth 
The EL2244C/EL2444C have a gain-bandwidth 
product of 60 MHz while using only 5.2 mA of 
supply current per amplifier. For gains greater 

• 



Applications Information - Contd. 
than 4, their closed-loop - 3 dB bandwidth is ap
proximately equal to the gain-bandwidth product 
divided by the noise gain of the circuit. For gains 
less than 4, higher-order poles in the amplifiers' 
transfer function contribute to even higher closed 
loop bandwidths. For example, the EL2244C/ 
EL2444C have a - 3 dB bandwidth of 120 MHz 
at a gain of + 1, dropping to 60 MHz at a gain of 
+ 2. It is important to note that the EL2244C/ 
EL2444C have been designed so that this "extra" 
bandwidth in low-gain applications does not 
come at the expense of stability. As seen in the 
typical performance curves, the EL2244C/ 
EL2444C in a gain of + 1 only exhibit 1.0 dB of 
peaking with a 10000, load. 

Video Performance 
An industry-standard method of measuring the 
video distortion of components such as the 
EL2244C/EL2444C is to measure the amount of 
differential gain (dG) and differential phase (dP) 
that they introduce. To make these measure
ments, a 0.286 Vpp (40 IRE) signal is applied to 
the device with OV DC offset (0 IRE) at either 
3.58 MHz for NTSC or 4.43 MHz for PAL. A 
second measurement is then made at 0.714V DC 
offset (100 IRE). Differential gain is a measure of 
the change in amplitude of the sine wave, and is 
measured in percent. Differential phase is a mea
sure of the change in phase, and is measured in 
degrees. 

For signal transmission and distribution, a back
terminated cable (750, in series at the drive end, 
and 750, to ground at the receiving end) is pre
ferred since the impedance match at both ends 
will absorb any reflections. However, when dou
ble termination is used, the received signal is 
halved; therefore a gain of 2 configuration is typi
cally used to compensate for the attenuation. 

The EL2244C/EL2444C have been designed as 
an economical solution for applications requiring 
low video distortion. They have been thoroughly 
characterized for video performance in the topol
ogy described above, and the results have been 
included as typical dG and dP specifications and 
as typical performance curves. In a gain of + 2, 

driving 1500" with standard video test levels at 
the input, the EL2244C/EL2444C exhibit dG and 
dP of only 0.04% and 0.15° at NTSC and PAL. 
Because dG and dP can vary with different DC 
offsets, the video performance of the EL2244C/ 
EL2444C has been characterized over the entire 
DC offset range from -0.714V to +0.714V. For 
more information, refer to the curves of dG and 
dP vs DC Input Offset. 

Output Drive Capability 
The EL2244C/EL2444C have been designed to 
drive low impedance loads. They can easily drive 
6 Vpp into a 1500, load. This high output drive 
capability makes the EL2244C/EL2444C an ideal 
choice for RF, IF and video applications. Fur
thermore, the current drive of the EL2244C/ 
EL2444C remains a minimum of 35 mA at low 
temperatures. The EL2244C/EL2444C are cur
rent-limited at the output, allowing it to with
stand shorts to ground. However, power dissipa
tion with the output shorted can be in excess of 
the power-dissipation capabilities of the package. 

Capacitive Loads 
For ease of use, the EL2244C/EL2444C have 
been designed to drive any capacitive load. How
ever, the EL2244C/EL2444C remain stable by 
automatically reducing their gain-bandwidth 
product as capacitive load increases. Therefore, 
for maximum bandwidth, capacitive loads should 
be reduced as much as possible or isolated via a 
series output resistor (Rs). Similarly, coax lines 
can be driven, but best AC performance is ob
tained when they are terminated with their char
acteristic impedance so that the capacitance of 
the coaxial cable will not add to the capacitive 
load seen by the amplifier. Although stable with 
all capacitive loads, some peaking still occurs as 
load capacitance increases. A series resistor at the 
output of the EL2244C/EL2444C can be used to 
reduce this peaking and further improve stability. 

Printed-Circuit Layout 
The EL2244C/EL2444C are well behaved, and 
easy to apply in most applications. However, a 
few simple techniques will help assure rapid, high 
quality results. As with any high-frequency de
vice, good PCB layout is necessary for optimum 
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Applications Information - Contd. The EL2244C/EL2444C Macromodel ~ 
performance. Ground-plane construction is high- This macromodel has been developed to assist ~ 
ly recommended, as is good power supply bypass- the user in simulating the EL2244C/EL2444C ~ 
ing. A 0.1 IJ-F ceramic capacitor is recommended with surrounding circuitry. It has been developed {"::l 
for bypassing both supplies. Lead lengths should for the PSPICE simulator (copywritten by the 
be as short as possible, and bypass capacitors Microsim Corporation), and may need to be rear-
should be as close to the device pins as possible. ranged for other simulators. It approximates DC, 
For good AC performance, parasitic capacitances AC, and transient response for resistive loads, 
should be kept to a minimum at both inputs and but does not accurately model capacitive loading. 
at the output. Resistor values should be kept un- This model is slightly more complicated than the 
der 5 ko, because of the RC time constants associ- models used for low-frequency op-amps, but it is 
ated with the parasitic capacitance. Metal-film much more accurate for AC analysis. 
and carbon resistors are both acceptable, use of 
wire-wound resistors is not recommended be
cause of their parasitic inductance. Similarly, ca
pacitors should be low-inductance for best per
formance. 

• Connections: + input 

.subckt M2244 

• Input stage 

ie7371mA 
r6 36 37 800 

r7 38 37 800 
rc14 30 850 
rc2 4 39 850 
q1303 36 qp 
q2 39 2 38 qpa 

ediff 33 0 39 30 1.0 
rdiff 33 0 1Meg · 

I 
I 
I 
I 
I 
3 

• Compensation Section · ga0343301m 
rh3402Meg 

ch3401.3pF 

rc34401K 
cc4001pF · 

-input 

I +Vsupply 

I I -Vsupply 

I I I output 

I I I I 
2 4 6 

The model does not simulate these characteristics 
accurately: 

noise 
settling-time 
CMRR 
PSRR 

• Poles 

ep41 0400 1 
rpa4142200 
cpa 42 0 1pF 

rpb42 43200 
epb4301pF · 
• Output Stage 

ios1 7 50 1.0mA 
ios2 51 4 1.0mA 
q344350qp 

q4 7 43 51 qn 
q5 7 5052 qn 
q64 5153 qp 

ros152 6 25 
ros26 53 25 

• Power Supply Current · ips 742.7mA · 
• Models 

non-linearities 
temperature effects 
manufacturing variations 

.model qn npn(is = 800E -18 bf= 200 tf= 0.2nS) 

.model qpa pnp(is = 864E -18 bf= 100 tf= 0.2nS) 

.model qp pnp(is = 800E -18 bf= 125 tf= 0.2nS) 

.ends 
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Features 
• 100 MHz gain-bandwidth 

product 

• Gain-of-2 stable 
• Low supply current 

= S.2mAatVs = ±1SV 

• Wide supply range 
= ± 2V to ± 1SV dual-supply 
= 2.SV to 36V single-supply 

• High slew rate = 27 S V / J.ts 
• Fast settling = SO ns to 0.1 % for 

a lOV step 

• Low differential gain = 0.02% at 
AV = + 2, RL = lS0n 

• Low differential phase = 0.07° at 
Av = + 2, RL = lS0n 

• Stable with unlimited capacitive 
load 

• Wide output voltage swing 
= ± 13.6V with Vs = ± lSV, 

RL = 10000. 
= 3.SV /0.3V with Vs = + SV, 

RL = soon 

Applications 
• Video amplifier 
• Single-supply amplifier 
• Active filters/integrators 
• High-speed sample-and-hold 
• High-speed signal processing 

• ADC/DAC buffer 
• Pulse/RF amplifier 
• Pin diode receiver 

• Log amplifier 
• Photo multiplier amplifier 

• Difference amplifier 

Ordering Information 
Part No. Temp. Range Package Outline" 

EL204SCN O'C to + 7S'C 8-Pin P_DIP MDP0031 

EL204SCS O'C to + 7S'C 8-Lead so MDP0027 

General Description 
The EL204SC is a high speed, low power, low cost monolithic 
operational amplifier built on Elantec's proprietary comple
mentary bipolar process. The EL204SC is gain-of-2 stable and 
features a 27S V/J.ts slew rate and 100 MHz gain-bandwidth 
product while requiring only S.2 rnA of supply current. 

The power supply operating range of the EL204SC is from 
± lSV down to as little as ± 2V. For single-supply operation, 
the EL204SC operates from 36V down to as little as 2.SV. The 
excellent power supply operating range of the EL204SC makes 
it an obvious choice for applications on a single + SV or + 3V 
supply. 

The EL204SC also features an extremely wide output voltage 
swing of ± 13.6V with Vs = ± lSV and RL = 10000.. At ± SV, 
output voltage swing is a wide ± 3.SV with RL = soon and 
± 3.2V with RL = lS0n. Furthermore, for single-supply opera
tion at + SV, output voltage swing is an excellent 0.3V to 3.SV 
with RL = soon. 

At a gain of + 2, the EL204SC has a - 3 dB bandwidth of 
100 MHz with a phase margin of SOo. It can drive unlimited 
load capacitance, and because of its conventional voltage-feed
back topology, the EL204SC allows the use of reactive or non
linear elements in its feedback network. This versatility com
bined with low cost and 7S rnA of output-current drive makes 
the EL204SC an ideal choice for price-sensitive applications re
quiring low power and high speed. 

Connection Diagram 
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DIP and SO Package 

NCO: \...../ ~NC 

IN-III-~ 2Jv+ 
IN+ II r- y-t :II OUT 

v-II ~NC 
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Absolute Maximum Ratings (TA = 25°C) 

Supply Voltage (VS) 
Peak Output Current (lOp) 
Output Short-Circuit Duration 

(Note 1) 
Input Voltage (VIN) 
Differential Input Voltage (dVIN) 

± 18Vor 36V 
Short-Circuit Protected 

Infinite 

±VS 
±lOV 

Power Dissipation (PD) 
Operating Temperature 

Range (TA) 
Operating Junction 

Temperature (TJ) 
Storage Temperature (TST) 

DC Electrical Characteristics Vs = ± 15V, RL = 1000n, unless otherwise specified 

Parameter Description Condition Temp Min Typ Max 

VOS Input Offset Vs = ±15V 25°C 0.5 7.0 
Voltage 

TMIN,TMAX 9.0 

TCVOS Average Offset (Note 2) 
All 10.0 

Voltage Drift 

IB Input Bias Vs= ±15V 25°C 2.8 8.2 
Current 

TMIN,TMAX 9.2 

Vs = ±5V 25°C 2.8 

lOS Input Offset Vs = ±15V 25°C 50 300 
Current 

TMIN,TMAX 400 

Vs = ±5V 25°C 50 

TClos Average Offset 

Current Drift 

(Note 2) 
All 0.3 

AVOL Open-Loop Gain Vs = ± 15V,VOUT = ± lOV, RL = 1000n 25°C 1500 3000 

TMIN,TMAX 1500 

Vs = ±5V, VOUT = ± 2.5V, RL = soon 25°C 2500 

Vs = ±5V, VOUT = ± 2.5V, RL = 150n 25°C 1750 

PSRR Power Supply Vs = ±5Vto ±15V 25°C 65 85 
Rejection Ratio 

TMIN,TMAX 60 
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See Curves 

O°Cto + 75°C 

150°C 
- 65°C to + 150°C 



DC Electrical Characteristics Vs = ± 15V, RL = 10000, unless otherwise specified - Contd. 

Parameter Description Condition Temp Min Typ 

CMRR Common-Mode VCM = ±12V, VOUT = OV 25'C 70 95 
Rejection Ratio 

TMIN,TMAX 70 

CMIR Common-Mode Vs = ±15V 25'C ±14.0 
Input Range 

Vs = ±5V 25'C ±4.2 

Vs = +5V 25'C 4.2/0.1 

VOUT Output Voltage Vs = ± 15V, RL = 10000 25'C ±13.4 ±13.6 
Swing 

TMIN,TMAX ±13.1 

Vs = ± 15V, RL = 5000 25'C ±12.0 ±13.4 

Vs = ± 5V, RL = 5000 25'C ±3.4 ±3.8 

Vs = ±5V, RL = 1500 25'C ±3.2 

Vs = + 5V, RL = 5000 25'C 3.6/0.4 3.8/0.3 

TMIN,TMAX 3.5/0.5 

ISC Output Short 25'C 40 75 
Circuit Current 

TMIN,TMAX 35 

IS Supply Current Vs = ± 15V, No Load 25'C 5.2 

TMIN,TMAX 

Vs = ±5V,NoLoad 25'C 5.0 

RIN Input Resistance Differential 25'C 150 

Common-Mode 25'C 15 

CIN Input Capacitance Av = +2@10MHz 25'C 1.0 

ROUT Output Resistance Av = +2 25'C 50 

PSOR Power-Supply Dual-Supply 25'C ±2.0 
Operating Range Single-Supply 25'C 2.5 

Closed-Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 2, Rf = Rg = 1 kO, Cf = 3 pF, RL = 10000 unless otherwise specified 

Parameter Description 

BW - 3 dB Bandwidth 

(VOUT = 0.4 Vpp) 

GBWP Gain-Bandwidth Product 

PM Phase Margin 

Condition 

Vs = ±15V,Av = +2 

Vs = ±15V,Av = -1 

Vs = ±15V,Av = +5 

Vs = ±15V,Av = +10 

Vs = ±15V,Av = +20 

Vs = ±5V,Av = +2 

Vs = ±15V 

Vs = ±5V 

RL = 1 kO, CL = 10 pF 
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Temp Min Typ 

25'C 100 

25'C 75 

25'C 20 

25'C 10 

25'C 5 

25'C 75 

25'C 100 

25'C 75 

25'C 50 

Max 

7.6 

± 18.0 

36.0 

Max 

tr.:l 
tot 
~ 
0 
~ 
Ql 

Ci 
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~ .......................................... . 
Closed-Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 2, Rf = Rg = 1 kn, Cf = 3 pF, RL = 1000n, unless otherwise specified - Contd. 

Parameter Description Condition Temp Min Typ Max 

SR Slew Rate (Note 3) Vs = ± 15V, RL = 1000n 25°C 200 275 

Vs = ± 5V, RL = 500n 25°C 200 

FPBW Full-Power Bandwidth Vs = ±15V 25°C 3.2 4.4 
(Note 4) 

Vs = ±5V 25°C 12.7 

t" tf Rise Time, Fall Time O.lV Output Step 25°C 3.0 

OS Overshoot O.lV Output Step 25°C 20 

tpD Propagation Delay 25°C 2.5 

ts Settling to + 0.1 % Vs = ± 15V, 10V Step 25°C 80 

(Av = +2) 
Vs = ±5V, 5V Step 25°C 60 

dG Differential Gain (Note 5) NTSC/PAL 25°C 0.02 

dP Differential Phase (Note 5) NTSC/PAL 25°C 0.07 

eN Input Noise Voltage 10kHz 25°C 15.0 

iN Input Noise Current 10kHz 25°C 1.50 

CISTAB Load Capacitance Stability Av = +2 25°C Infinite 

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 2: Measured from TMIN to TMAX. 
Note 3: Slew rate is measured on rising edge. 

Units 

V/!'-s 

V/!'-s 

MHz 

MHz 

ns 

% 

ns 

ns 

ns 

% 

nV/fflz 

pA/fflz 

pF 

Note 4: For Vs = ± 15V, VOUT = 20 Vpp . For Vs = ±5V, VOUT = 5 Vpp. Full-power bandwidth is based on slew rate 
measurement using: FPBW = SR/(2". * Vpeak). 

Note 5: Video Performance measured at Vs = ± 15V, Av = + 2 with 2 times normal video level across RL = 150n. This 
corresponds to standard video levels across a back-terminated 75n load. For other values of RL, see curves. 

EL2045C Test Circuit 

2045-2 
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Typical Performance Curves 
(TA = 2S"C, Rf = 1 kn, Cf = 3 pF, RL = looon, Av = +2 unless otherwise specified) 
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Typical Performance Curves 
(TA = 25°C, Rf = 1 kO, Cr = 3 pF, RL = 10000, A-v = + 2 unless otherwise specified) - Contd. 
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Typical Performance Curves 
(TA = 25'C. Rr = 1 kn. Cr = 3 pF. RL = 1000n. Av = + 2 unless otherwise specified) - Contd. 
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Burn-In Circuit 
V+ .1SV 
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All Packages Use the Same Schematic 

Applications Information 

Product Description 
The EL2045C is a low-power wideband, gain-of-2 
stable monolithic operational amplifier built on 
Elantec's proprietary high-speed complementary 
bipolar process. The EL2045C uses a classical 
voltage-feedback topology which allows it to be 
used in a variety of applications where current
feedback amplifiers are not appropriate because 
of restrictions placed upon the feedback element 
used with the amplifier. The conventional topolo
gy of the EL2045C allows, for example, a capaci
tor to be placed in the feedback path, making it 
an excellent choice for applications such as active 
filters, sample-and-holds, or integrators. Similar
ly, because of the ability to use diodes in the feed
back network, the EL2045C is an excellent choice 
for applications such as fast log amplifiers. 

Single-Supply Operation 
The EL2045C has been designed to have a wide 
input and output voltage range. This design also 
makes the EL2045C an excellent choice for sin
gle-supply operation. Using a single positive sup
ply, the lower input voltage range is within 
100 mV of ground (RL = 500.0.), and the lower 
output voltage range is within 300 m V of ground. 
Upper input voltage range reaches 4.2V, and out
put voltage range reaches 3.8V with a 5V supply 
and RL = 500.0.. This results in a 3.5V output 
swing on a single 5V supply. This wide output 
voltage range also allows single-supply operation 
with a supply voltage as high as 36V or as low as 
2.5V. On a single 2.5V supply, the EL2045C still 
has 1 V of output swing. 
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Gain-Bandwidth Product and the - 3 dB 
Bandwidth 
The EL2045C has a gain-bandwidth product of 
100 MHz while using only 5.2 mA of supply cur
rent. For gains greater than 4, its closed-loop 
- 3 dB bandwidth is approximately equal to the 
gain-bandwidth product divided by the noise 
gain of the circuit. For gains less than 4, higher
order poles in the amplifier's transfer function 
contribute to even higher closed loop band
widths. For example, the EL2045C has a - 3 dB 
bandwidth of 100 MHz at a gain of + 2, dropping 
to 20 MHz at a gain of + 5. It is important to 
note that the EL2045C has been designed so that 
this "extra" bandwidth in low-gain applications 
does not come at the expense of stability. As seen 
in the typical performance curves, the EL2045C 
in a gain of + 2 only exhibits 1.0 dB of peaking 
with a 1000.0. load. 

Video Performance 
An industry-standard method of measuring the 
video distortion of a component such as the 
EL2045C is to measure the amount of differential 
gain (dG) and differential phase (dP) that it in
troduces. To make these measurements, a 
0.286 Vpp (40 IRE) signal is applied to the device 
with OV DC offset (0 IRE) at either 3.58 MHz for 
NTSC or 4.43 MHz for PAL. A second measure
ment is then made at 0.714V DC offset (100 
IRE). Differential gain is a measure of the 
change in amplitude of the sine wave, and is mea
sured in percent. Differential phase is a measure 
of the change in phase, and is measured in de
grees. 

For signal transmission and distribution, a back
terminated cable (75.0. in series at the drive end, 
and 75.0. to ground at the receiving end) is pre
ferred since the impedance match at both ends 
will absorb any reflections. However, when dou
ble termination is used, the received signal is 
halved; therefore a gain of 2 configuration is typi
cally used to compensate for the attenuation. 

The EL2045C has been designed as an economi
cal solution for applications requiring low video 
distortion. It has been thoroughly characterized 



Applications Information - Contd. 
for video performance in the topology described 
above, and the results have been included as typi
cal dG and dP specifications and as typical per
formance curves. In a gain of + 2, driving 1500. 
with standard video test levels at the input, th; 
EL2045C exhibits dG and dP of only 0.02% and 
0.07° at NTSC and PAL. Because dG and dP can 
vary with different DC offsets, the video per
formance of the EL2045C has been characterized 
over the entire DC offset range from -0.714V to 
+ 0.714V. For more information, refer to the 
curves of dG and dP vs DC Input Offset. 

The output drive capability of the EL2045C al
lows it to drive up to 2 back-terminated loads 
with good video performance. For more demand
ing applications such as greater output drive or 
better video distortion, a number of alternatives 
such as the EL2120, EL400, or EL2074 should be 
considered. 

Output Drive Capability 
The EL2045C has been designed to drive low im
pedance loads. It can easily drive 6 Vpp into a 
1500. load. This high output drive capability 
makes the EL2045C an ideal choice for RF IF 
and video applications. Furthermore, the cur~ent 
drive of the EL2045C remains a minimum of 
35 mA at low temperatures. The EL2045C is cur
rent-limited at the output, allowing it to with
stand shorts to ground. However, power dissipa
tion with the output shorted can be in excess of 
the power-dissipation capabilities of the package. 

Capacitive Loads 
For ease of use, the EL2045C has been designed 
to drive any capacitive load. However, the 
EL2045C remains stable by automatically reduc
ing its gain-bandwidth product as capacitive load 
increases. Therefore, for maximum bandwidth 
capacitive loads should be reduced as much a~ 
possible or isolated via a series output resistor 
(Rs). Similarly, coax lines can be driven, but best 
AC performance is obtained when they are termi
nated with their characteristic impedance so that 
the capacitance of the coaxial cable will not add 
to the capacitive load seen by the amplifier. AI-

though stable with all capacitive loads, some 
peaking still occurs as load capacitance increases. 
A series resistor at the output of the EL2045C 
can be used to reduce this peaking and further 
improve stability. 

Printed-Circuit Layout 
The EL2045C is well behaved, and easy to apply 
in most applications. However, a few simple tech
niques will help assure rapid, high quality results. 
As with any high-frequency device, good PCB 
layout is necessary for optimum performance. 
Ground-plane construction is highly recommend
ed, as is good power supply bypassing. A 0.1 /LF 
ceramic capacitor is recommended for bypassing 
both supplies. Lead lengths should be as short as 
possible, and bypass capacitors should be as close 
to the device pins as possible. For good AC per
formance, parasitic capacitances should be kept 
to a minimum at both inputs and at the output. 
Resistor values should be kept under 5 ko. be
cause of the RC time constants associated with 
the parasitic capacitance. Metal-film and carbon 
resistors are both acceptable, use of wire-wound 
resistors is not recommended because of their 
parasitic inductance. Similarly, capacitors should 
be low-inductance for best performance. 

The EL2045C Macromodel 
This macromodel has been developed to assist 
the user in simulating the EL2045C with sur
rounding circuitry. It has been developed for the 
PSPICE simulator (copywritten by the Microsim 
Corporation), and may need to be rearranged for 
other simulators. It approximates DC, AC, and 
transient response for resistive loads, but does 
not accurately model capacitive loading. This 
model is slightly more complicated than the 
models used for low-frequency op-amps, but it is 
much more accurate for AC analysis. 

The model does not simulate these characteristics 
accurately: 
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noise 
settling-time 
CMRR 
PSRR 

non-linearities 
temperature effects 
manufacturing variations 



EL2045C Macromodel- Contd. 

• Connections: + input 

.8ubckt M2045 

• Input stage 

ie7370.9mA 
r6 36 37 400 

r7 38 37 400 
rc14 30 850 

rc24 39 850 
q130 3 36 qp 
q2 39 2 38 qpa 

ediff 33 0 39 30 1.0 
rdiff 33 0 1Meg · 

I 
I 
I 
I 
I 
3 

• Compensation Section · ga0343301m 

rh3402Meg 
ch3401.5pF 

rc 34 40 1K 
cc4001pF · 
• Poles 

ep4104001 
rpa4142200 

cpa 42 0 2pF 
rpb 42 43 200 

cpb43 0 2pF · 
• Output Stage · 
i081 7 50 1.0mA 

i082 51 4 1.0mA 
q3 443 50 qp 
q4 7 43 51 qn 

q5 7 50 52 qn 
q64 5153 qp 

ro8152 6 25 

ros2 6 53 25 

• Power Supply Current 
• 
ip8742.7mA · 

-input 

I +Vsupply 

I I -Vsupply 

I I I output 

I I I I 
2 4 6 

• Models 

.model qn npn(is = 800E -18 bf= 200 tf= 0.2nS) 

.model qpa pnp(is=864E-18 bf= 100 tf=0.2nS) 

.model qp pnp(is= 800E -18 bf= 125 tf= 0.2nS) 

.ends 
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Features General Description ... '" 

~ 
• 100 MHz gain-bandwidth The EL2245C/EL2445C are dual and quad versions of the pop- ~ 

product ular EL2045C. They are high speed, low power, low cost mono- ~ 
• Gain-of-2 stable lithic operational amplifiers built on Elantec's proprietary com-
• Low supply current plementary bipolar process. The EL2245C/EL2445C are unity-

(per Amplifier) gain stable and feature a 275 V /p.s slew rate and 100 MHz gain-
= 5.2 rnA at Vs = ± 15V bandwidth product while requiring only 5.2 rnA of supply cur-

• Wide supply range rent per amplifier. 
= ± 2V to ± lSV dual-supply The power supply operating range of the EL2245C/EL2445C is 
= 2.5V to 36V single-supply from ± lSV down to as little as ± 2V. For single-supply opera-

• High slew rate = 275 V/p.s tion, the EL2245C/EL2445C operate from 36V down to as little 
• Fast settling = SO ns to 0.1 % for as 2.5V. The excellent power supply operating range of the 

a 10V step EL2245C/EL2445C makes them an obvious choice for applica-
• Low differential gain = 0.02% at tions on a single + 5V or + 3V supply. 

AV = + 2, RL = 1500. The EL2245C/EL2445C also feature an extremely wide output 
• Low differential phase = 0.07° at voltage swing of ± 13.6V with Vs = ± 15V and RL = 10000.. 

AV = + 2, RL = 1500. At ± 5V, output voltage swing is a wide ± 3.SV with RL = 
• Stable with unlimited capacitive soon and ± 3.2V with RL = 1500.. Furthermore, for single-sup-

load ply operation at + 5V, output voltage swing is an excellent 0.3V 
• Wide output voltage swing to 3.SV with RL = soon. 

= ± 13.6V with Vs = ± 15V, At a gain of + 2, the EL2245C/EL2445C have a -3 dB band-
RL = 10000. width of 100 MHz with a phase margin of 50°. They can drive 

= 3.SV /0.3V with Vs = + 5V, unlimited load capacitance, and because of their conventional 
RL = soon voltage-feedback topology, the EL2245C/EL2445C allow the 

Applications use of reactive or non-linear elements in their feedback network. 
This versatility combined with low cost and 75 rnA of output-

• Video amplifier current drive make the EL2245C/EL2445C an ideal choice for 
• Single-supply amplifier price-sensitive applications requiring low power and high speed. 
• Active filters/integrators 
• High-speed sample-and-hold Elantec products and facilities comply with MIL-I-4520SA, and 

other applicable quality specifications. For information on 
• High-speed signal processing Elantec's processing, see Elantec document, QRA-1: Elantec's 
• ADC/DAC buffer Processing, Monolithic Integrated Circuits. 
• Pulse/RF amplifier 
• Pin diode receiver 
• Log amplifier 
• Photo multiplier amplifier 
• Difference amplifier 

Ordering Information 
Part No. Teml!.Range Package Outline # 

Duals 

EL224SCN O"Cto +7S'C 8-PinP-DIP MDPOO31 

EL224SCS OOCto + 75°C 8-LeadSO MDPOO27 

Queds 

EL244SCN O"Cto +7S'C 14-Pin P_DIP MDPOO31 

EL244SCS O"Cto +7S'C 14-LeadSO MDPOO27 

Connection Diagrams 
EL2245CN/CS 

Dual 

OUT 

IN -I OUT 2 

IN +1 CO-"""",,'./ IN -2 

IN +2 

2245-1 

EL2445CN/CS 
Quad 

2245-2 

o 
(D 
~ 
(D g. 
(D 
"1 

"'"" co co en 

~ 
<I 

L-____________________ ~ ______________________________________ ~~ 

2-125 



Absolute Maximum Ratings (TA = 2S'C) 

Supply Voltage (Vs) 
Peak Output Current (lop) 
Output Short-Circuit Duration 

(Note 1) 
Input Voltage (VIN} 

±18Vor36V 
Short-Circuit Protected 

Infinite 

Differential Input Voltage (dVIN) 
±VS 

±lOV 

Vos 

TCVOS 

IB 

lOS 

TClos 

AVOL 

PSRR 

Input Offset 
Voltage 

Average Offset 
Voltage Drift 

Input Bias 
Current 

Input Offset 
Current 

Average Offset 
Current Drift 

Power Supply 
Rejection Ratio 

Vs = ±lSV 

(Note 2) 

Vs = ±lSV 

Power Dissipation (PD) 
Operating Temperature 

Range(TA,) 
Operating Junction 

Temperature (TJ) 
Storage Temperature (TST) 
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See Curves 

O'Cto +7S'C 

lS0'C 
- 6S'C to + lS0'C 
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.-----------------------------------------------------------,~ 
DC Electrical Characteristics Vs = ± 15V, RL = 10000, unless otherwise specified - Contd. to:) 

CMRR 

CMIR 

Common-Mode 
Rejection Ratio 

Common-Mode 
Input Range 

VOUT Output Voltage 
Swing 

ISC Output Short 
Circuit Current 

IS Supply Current 
(Per Amplifier) 

RIN Input Resistance 

Operating Range 

VCM = ±12V, VOUT = OV 
~------~--~~--~---

Vs = ±15V,NoLoad 

Closed-Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + I, RL = 10000 unless otherwise specified 

BW 

GBWP 

- 3 dB Bandwidth 

(VOUT = 0.4 Vpp) 

Gain-Bandwidth Product 
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Closed-Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 2, RL = 10000 unless otherwise specified - Contd . 

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 2: Measured from TMIN to TMAX. 
Note 3: Slew rate is measured on rising edge. 
Note 4: For Vs = ± 15V, VOUT = 20 Vpp. For Vs = ± 5V, VOUT = 5 Vpp. Full-power bandwidth is based on slew rate 

measurement using: FPBW = SR/(2'lT • Vpeak). 
Note 5: Video Performance measured at Vs = ± 15V, Av = + 2 with 2 times normal video level across RL = 1500. This 

corresponds to standard video levels across a back-terminated 750 load. For other values of RL, see curves. 

EL2245C/EL2445CTest Circuit 

(per amplifier) 
2245-3 
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Typical Performance Curves 
(TA = 2S'C, RF = 1 kO, CF = 3 pF, RL = 10000, Av = + 2 unless otherwise specified) 
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Applications Information 

Product Description 
The EL2245C/EL2445C are dual and quad low
power wideband monolithic operational amplifi
ers built on Elantec's proprietary high-speed 
complementary bipolar process. The EL2245C/ 
EL2445C use a classical voltage-feedback topolo
gy which allows them to be used in a variety of 
applications where current-feedback amplifiers 
are not appropriate because of restrictions placed 
upon the feedback element used with the amplifi
er. The conventional topology of the EL2245C/ 
EL2445C allows, for example, a capacitor to be 
placed in the feedback path, making it an excel
lent choice for applications such as active filters, 
sample-and-holds, or integrators. Similarly, be
cause of the ability to use diodes in the feedback 
network, the EL2245C/EL2445C are an excellent 
choice for applications such as fast log amplifiers. 

Power Dissipation 
With the wide power supply range and large out
put drive capability of the EL2245C/EL2445C, it 
is possible to exceed the 150°C maximum junc
tion temperatures under certain load and power
supply conditions. It is therefore important to 
calculate the maximum junction temperature 
(TJmax) for all applications to determine if power 
supply voltages, load conditions, or package type 
need to be modified for the EL2245C/EL2445C 
to remain in the safe operating area. These pa
rameters are related as follows: 

TJmax = Tmax + (8JA* (PDmaxtotal» 

where PDmaxtotal is the sum of the maximum 
power dissipation of each amplifier in the pack
age (PDmax). PDmax for each amplifier can be 
calculated as follows: 

PDmax= 
(2*VS*ISmax+ (Vs -Voutmax)*(Voutmax/RL» 

where: 
T max = Maximum Ambient Temperature 
8JA = Thermal Resistance of the Package 
PDmax = Maximum Power Dissipation of 

1 Amplifier 
Vs = Supply Voltage 
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ISmax = Maximum Supply Current of 1 
Amplifier 

V outmax = Maximum Output Voltage Swing of 
the Application 

RL = Load Resistance 

To serve as a guide for the user, we can calculate 
maximum allowable supply voltages for the ex
ample of the video cable-driver below since we 
know that TJmax = 150°C, Tmax = 75°C, ISmax 
= 7.6 rnA, and the package 8JAS are shown in 
Table 1. If we assume (for this example) that we 
are driving a back-terminated video cable, then 
the maximum average value (over duty-cycle) of 
Voutmax is 1.4V, and RL = 1500., giving the re
sults seen in Table 1. 

Table 1 

Duals Package 8JA 
MaxPDiss 

MaxVS @Tmax 

EL2245CN PDIPS 95'C/W O.7S9W @ 75'C ±16.6V 
EL2245C8 80S 150'C/W O.500W @ 75'C ± 10.7V 

QUADS 

EL2445CN PDIP14 70'C/W 1.071W @ 75'C ±1l.5V 
EL2445C8 8014 llO'C/W O.682W @ 75'C ±7.5V 

Single-Supply Operation 
The EL2245C/EL2445C have been designed to 
have a wide input and output voltage range. This 
design also makes the EL2245C/EL2445C an ex
cellent choice for single-supply operation. Using 
a single positive supply, the lower input voltage 
range is within 100 mV of ground (RL = SOOn), 
and the lower output voltage range is within 300 
mV of ground. Upper input voltage range reaches 
4.2V, and output voltage range reaches 3.8V with 
a 5V supply and RL = soon. This results in a 
3.5V output swing on a single 5V supply. This 
wide output voltage range also allows single-sup
ply operation with a supply voltage as high as 
36V or as low as 2.5V. On a single 2.5V supply, 
the EL2245C/EL2445C still have IV of output 
swing. 

Gain-Bandwidth Product and the 
- 3 dB Bandwidth 
The EL2245C/EL2445C have a gain-bandwidth 
product of 100 MHz while using only 5.2 rnA of 
supply current per amplifier. For gains greater 
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~ than 4, their closed-loop - 3 dB bandwidth is ap
~ proximately equal to the gain-bandwidth product 

driving 150.0., with standard video test levels at 
the input, the EL2245C/EL2445C exhibit dG and 
dP of only 0.02 % and 0.07° at NTSC and PAL. 
Because dG and dP can vary with different DC 
offsets, the video performance of the EL2245C/ 
EL2445C has been characterized over the entire 
DC .offset range from -0.714V to +0.714V. For 
more information, refer to the curves of dG and 
dP vs DC Input Offset. 

divided by the noise gain of the circuit. For gains 
less than 4, higher-order poles in the amplifiers' 
transfer function contribute to even higher closed 
loop bandwidths. For example, the EL2245C/ 
EL2445C have a - 3 dB bandwidth of 100 MHz 
at a gain of + 2, dropping to 20 MHz at a gain of 
+ 5. It is important to note that the EL2245C/ 
EL2445C have been designed so that this "extra" 
bandwidth in low-gain applications does not 
come at the expense of stability. As seen in the 
typical performance curves, the EL2245C/ 
EL2445C in a gain of + 2 only exhibit 1.0 dB of 
peaking with a 1000.0. load. 

Video Performance 
An industry-standard method of measuring the 
video distortion of components such as the 
EL2245C/EL2445C is to measure the amount of 
differential gain (dG) and differential phase (dP) 
that they introduce. To make these measure
ments, a 0.286 Vpp (40 IRE) signal is applied to 
the device with OV DC offset (0 IRE) at either 
3.58 MHz for NTSC or 4.43 MHz for PAL. A 
second measurement is then made at 0.714V DC 
offset (100 IRE). Differential gain is a measure of 
the change in amplitude of the sine wave, and is 
measured in percent. Differential phase is a mea
sure of the change in phase, and is measured in 
degrees. 

For signal transmission and distribution, a back
terminated cable (75.0. in series at the drive end, 
and 75.0. to ground at the receiving end) is pre
ferred since the impedance match at both ends 
will absorb any reflections. However, when dou
ble termination is used, the received signal is 
halved; therefore a gain of 2 configuration is typi
cally used to compensate for the attenuation. 

The EL2245C/EL2445C have been designed as 
an economical solution for applications requiring 
low video distortion. They have been thoroughly 
characterized for video performance in the topol
ogy described above, and the results have been 
included as typical dG and dP specifications and 
as typical performance curves. In a gain of + 2, 

Output Drive Capability 
The EL2245C/EL2445C have been designed to 
drive low impedance loads. They can easily drive 
6 Vpp into a 150.0. load. This high output drive 
capability makes the EL2245C/EL2445C an ideal 
choice for RF, IF and video applications. Fur
thermore, the current drive of the EL2245C/ 
EL2445C remains a minimum of 35 mA at low 
temperatures. The EL2245C/EL2445C are cur
rent-limited at the output, allowing it to with
stand shorts to ground. However, power dissipa
tion with the output shorted can be in excess of 
the power-dissipation capabilities of the package. 

Capacitive Loads 
For ease of use, the EL2245C/EL2445C have 
been designed to drive any capacitive load. How
ever, the EL2245C/EL2445C remain stable by 
automatically reducing their gain-bandwidth 
product as capacitive load increases. Therefore, 
for maximum bandwidth, capacitive loads should 
be reduced as much as possible or isolated via a 
series output resistor (Rs). Similarly, coax lines 
can be driven, but best AC performance is ob
tained when they are terminated with their char
acteristic impedance so that the capacitance of 
the coaxial cable will not add to the capacitive 
load seen by the amplifier. Although stable with 
all capacitive loads, some peaking still occurs as 
load capacitance increases. A series resistor at the 
output of the EL2245C/EL2445C can be used to 
reduce this peaking and further improve stability. 
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Printed-Circuit Layout 
The EL2245C/EL2445C are well behaved, and 
easy to apply in most applications. However, a 
few simple techniques will help assure rapid, high 
quality results. As with any high-frequency de
vice, good PCB layout is necessary for optimum 
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performance. Ground-plane construction is high
ly recommended, as is good power supply bypass
ing. A 0.1 /-LF ceramic capacitor is recommended 
for bypassing both supplies. Lead lengths should 
be as short as possible, and bypass capacitors 
should be as close to the device pins as possible. 
For good AC performance, parasitic capacitances 
should be kept to a minimum at both inputs and 
at the output. Resistor values should be kept un
der 5 k!l because of the RC time constants associ
ated with the parasitic capacitance. Metal-film 
and carbon resistors are both acceptable, use of 
wire-wound resistors is not recommended be
cause of their parasitic inductance. Similarly, ca
pacitors should be low-inductance for best per
formance. 

• Connections: + input 

.subckt M2245 

• Input stage 

ie7371mA 
r6 36 37 400 

r7 38 37 400 

rc14 30 850 
rc2 4 39 850 
q130 3 36 qp 

q2 39 2 38 qpa 

ediff 33 0 39 30 1.0 
rdiff 33 0 1Meg 

I 
I 
I 
I 
I 
3 

• Compensation Section 

ga0343301m 
rh3402Meg 

ch3401.3pF 

rc3440 1K 
cc4001pF · 

-input 

I +Vsupply 

I I -Vsupply 

I I I output 

I I I I 
2 4 6 

The EL2245C/EL2445C Macromodel 
This macromodel has been developed to assist 
the user in simulating the EL2245C/EL2445C 
with surrounding circuitry. It has been developed 
for the PSPICE simulator (copywritten by the 
Microsim Corporation), and may need to be rear
ranged for other simulators. It approximates DC, 
AC, and transient response for resistive loads, 
but does not accurately model capacitive loading. 
This model is slightly more complicated than the 
models used for low-frequency op-amps, but it is 
much more accurate for AC analysis. 

The model does not simulate these characteristics 
accurately: 

noise 
settling-time 
CMRR 
PSRR 

• Poles 

ep41 04001 
rpa4142200 

cpa 42 0 1pF 
rpb 42 43 200 
cpb43 0 1pF · 
• Output Stage 

ios1 7 50 1.0mA 
ios2 51 4 1.0mA 
q3 4 43 50 qp 

q4 7 43 51 qn 
q5 7 50 52 qn 
q64 5153 qp 

ros152 6 25 
ros2 6 5325 

• Power Supply Current · ips 742.7mA · 
• Models 

non-linearities 
temperature effects 
manufacturing variations 

.model qn npn(is = 800E -18 bf= 200 tf= 0.2nS) 

.model qpa pnp(is= 864E-18 bf= 100 tf=0.2nS) 

.model qp pnp(is = 800E -18 bf= 125 tf= 0.2nS) 

.ends 
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Features 
• 200 MHz - 3 dB bandwidth, 

Av = 2 
• Disable/enable 
• 12 ns settling to 0.05% 
• Vs = ±5V@ 15 rnA 
• Low distortion: HD2, HD3 @ 

- 60 dBc at 20 MHz 
• Differential gain 0.02 % at NTSC, 

PAL 
• Differential phase 0.01° at NTSC, 

PAL 

• Overload/ short-circuit protected 
• ± 1 to ± 8 closed-loop gain range 

• Low cost 

Applications 
• Video gain block 
• Video distribution 
• HDTV amplifier 
• Analog multiplexing (using 

disable) 
• Power-down mode (using 

disable) 

• High-speed A/D conversion 
• D/A I-V conversion 
• Photodiode, CCD preamps 
• IF processors 
• High-speed communications 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2070CN -4O"C to + 8S"C 8-Pin poDiP MDPOO31 

EL2070CS -4O"C to + 8S"C 8-Lead SO MDPO027 

General Description 
The EL2070 is a wide bandwidth, fast settling monolithic am
plifier incorporating a disable/enable feature. Built using an ad
vanced complementary bipolar process, this amplifier uses cur
rent-mode feedback to achieve more bandwidth at a given gain 
than conventional operational amplifiers. Designed for closed
loop gains of ± 1 to ± 8, the EL2070 has a 200 MHz - 3 dB 
bandwidth (Av = + 2), and 12 ns settling to 0.05% while con
suming only 15 mA of supply current. Furthermore, the fast 
disable/enable times of 200 ns/100 ns allow rapid analog multi
plexing. 

The EL2070 is an obvious high-performance solution for video 
distribution and line-driving applications, especially when its 
disable feature can be used for fast analog multiplexing. Fur
thermore, the low 15 rnA supply current, and the very low 5 rnA 
of supply current when disabled suggest use in systems where 
power is critical. With differential gain/phase of 0.02%/0.01°, 
guaranteed video specifications, and a minimum 50 rnA output 
drive, performance in these areas is assured. 

The EL2070's settling to 0.05% in 12 ns, low distortion, and 
ability to drive capacitive loads make it an ideal flash A/D driv
er. The wide 200 MHz bandwidth and extremely linear phase 
allow unmatched signal fidelity. D/A systems can also benefit 
from the EL2070, especially if linearity and drive levels are im
portant. 

Elantec products and facilities comply with MIL-I-45208A, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-1: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagram 
DIP and SO Package 

OFFSET ADJUST 08 DISABLE 

IN-2 7V+ 

IN+ 3 6 OUT 

V- 4 5 Ne 

2070-1 

Top View 

Manufactured under u.s. Patent No. 4,893,091 
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Absolute Maximum Ratings (TA = 2S'C) 

Supply Voltage (Vs) 
Output Current 

±7V 
Output is short-circuit protect
ed to ground, however, maxi
mum reliability is obtained if 
lOUT does not exceed 70 mAo 

Common-Mode Input Voltage ± Vs 
Differential Input Voltage SV 
Disable Input Voltage + VS, -1 V 
Thermal Resistance 

OJA = 9S'C/W P_DIP 
OJA = 17S'C/W SO-S 

Applied Output Voltage 
(Disabled) 

Power Dissipation 
Operating Temperature 

EL2070C 
Lead Temperature 

(Soldering,S Seconds) 
Junction Temperature 
Storage Temperature 

±Vs 
See Curves 

-40Cto +SSC 

300'C 
17S'C 

- 60'C to + lS0'C 

Open Loop DC Electrical Characteristics Vs = ±sv, RL = loon unless otherwise specified 
r--

Description 
Conditions 

Test 
Parameter 

Vos Input Offset Voltage 

d(VOS)/dT Average Offset (Note 1) 
Voltage Drift 

+ lIN + Input Current 

d(+IIN)/dT Average + Input (Note 1) 
Current Drift 

-lIN - Input Current 

d(-IIN)/dT Average -Input (Note 1) 
Current Drift 
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Open Loop DC Electrical Characteristics - Contd. 
Vs = ±SV. RL = 100.11 unless otherwise specified 

Parameter Description 
Test 

Temp Min Typ 
Conditions 

PSRR Power Supply 
All 45.0 50.0 

Rejection Ratio 

CMRR Common-Mode 

• 

+ IPSR + Input Current Power 
25°C 3.6 

Supply Rejection 
1.0 

-IPSR -Input Current Power 
Supply Rejection 

ROL Transimpedance 

VDIS Maximum Pin 8 
VtoDisable 

VEN Minimum Pin 8 
VtoEnable 

All 3.5 V 

lOIS Minimum Pin 8 
All 350.0 p.A 

ItoDisable 

lEN Maximum Pin 8 
All p.A 

ltoEnable 
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Closed-Loop AC Electrical Characteristics 
Vs = ± 5V, RF = 2500, Av = + 2, RL = 1000 unless otherwise specified 

SSBW 

LSBW 

GFPL 

GFPH 

GFR 

LPD 

Description 

- 3 dB Bandwidth 

(VOUT < 0.5 Vpp) 

- 3 dB Bandwidth 

(VOUT < 5.0 Vpp) 

Peaking 

VOUT < 0.5Vpp 

Peaking 

VOUT < 0.5Vpp 

Rolloff 

VOUT < 0.5Vpp 

Linear Phase Deviation 
VOUT < 0.5Vpp 

AV= +5 

<40 MHz 

>40 MHz 

<75 MHz 

<75 MHz 

HD2 2nd Harmonic Distortion 2 Vpp 
at 20 MHz 

HD3 3rd Harmonic Distortion 2 Vpp 
at 20 MHz 
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Closed-Loop AC Electrical Characteristics - Contd. 
Vs = ± 5V, RF = 250n, Av = + 2, RL = won unless otherwise specified 

NF 

INV 

Noise Floor 
>100 kHz 

Integrated Noise 
100 kHz to 200 MHz 

Note 1: Measured from TMIN to TMAX' 

(Note 4) 

(Note 4) 

Note 2: Supply current when disabled is measured at the negative supply. 
Note 3: Common-mode input range for rated performance. 
Note 4: Noise Tests are performed from 5 MHz to 200 MHz. 
Note 5: Differential gain/phase tests are with RL = lOOn. For other values of RL, see curves. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Equivalent Circuit 

7 
V+o--1~----------'---~-'----~--~~--~---'---' 

IN+ 0-------+-+ 
3 

OFFSET ADJUST 0--+ 
1 

v-o-------------~~~~~--~~--~--~--~--~ 
4 

Burn-In Circuit 

+V = +5V 

~D.1JJ.F 

-v = -5V 
2070-11 

ALL PACKAGES USE THE SAME SCHEMATIC. 
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Applications Information 

Theory of Operation 
The EL2070 has a unity gain buffer from the 
non-inverting input to the inverting input. The 
error signal of the EL2070 is a current flowing 
into (or out of) the inverting input. A very small 
change in current flowing through the inverting 
input will cause a large change in the output volt
age. This current amplification is called the trans
impedance (Rod of the EL2070 [V OUT = 
(Rod * (-lIN)]' Since ROL is very large, the 
current flowing into the inverting input in the 
steady-state (non-slewing) condition is very 
small. 

Therefore we can still use op-amp assumptions as 
a first-order approximation for circuit analysis, 
namely that: 
1. The voltage across the inputs is approximately 

OV. 
2. The current into the inputs is approximately 

OmA. 

Resistor Value Selection and 
Optimization 
The value of the feedback resistor (and an inter
nal capacitor) sets the AC dynamics of the 
EL2070. The nominal value for the feedback re
sistor is 2500, which is the value used for produc
tion testing. This value guarantees stability. For 
a given closed-loop gain the bandwidth may be 
increased by decreasing the feedback resistor and, 
conversely, the bandwidth may be decreased by 
increasing the feedback resistor. 

Reducing the feedback resistor too much will re
sult in overshoot and ringing and eventually os
cillations. Increasing the feedback resistor results 
in a lower -3 dB frequency. Attenuation at high 
frequency is limited by a zero in the closed-loop 
transfer function which results from stray capaci
tance between the inverting input and ground. 
Consequently, it is very important to keep stray 
capacitance to a minimum at the inverting input. 

Differential Gain/Phase 
An industry-standard method of measuring the 
distortion of a video component is to measure the 
amount of differential gain and phase error it in
troduces. To measure these, a 40 IREpp reference 
signal is applied to the device with OV DC offset 
(0 IRE) at 3.58 MHz for NTSC, 4.43 MHz for 
PAL, and 30 MHz for HDTV. A second measure
ment is then made with a 0.714V DC offset (100 
IRE). Differential Gain is a measure of the 
change in amplitude of the sine wave, and is mea
sured in percent. Differential Phase is a measure 
of the change in phase, and is measured in de
grees. Typically, the maximum positive and neg
ative deviations are summed to give peak values. 

In general, a back terminated cable (750 in series 
at the drive end and 750 to ground at the receiv
ing end) is preferred since the impedance match 
at both ends will absorb any reflections. Howev
er, when double-termination is used, the received 
signal is reduced by half; therefore a gain of 2 
configuration is typically used to compensate for 
the attenuation. In a gain of 2 configuration, with 
output swing of 2 Vpp, with each back-terminat
ed load at 1500. The EL2070 is capable of driv
ing up to 4 back-terminated loads with excellent 
video performance. Please refer to the typical 
curves for more information on video perform
ance with respect to frequency, gain, and loading. 

Capacitive Feedback 
The EL2070 relies on its feedback resistor for 
proper compensation. A reduction of the imped
ance of the feedback element results in less stabil
ity, eventually resulting in oscillation. Therefore, 
circuit implementations which have capacitive 
feedback should not be used because of the capac
itor's impedance reduction with frequency. Simi
larly, oscillations can occur when using the tech
nique of placing a capacitor in parallel with the 
feedback resistor to compensate for shunt capaci
tances from the inverting input to ground. 
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Applications Information - Contd. 

Offset Adjustment Pin 
Output offset voltage of the EL2070 can be 
nulled by tying a 10k potentiometer between 
+ V sand - V s with the slider attached to pin 1. 
A full-range variation of the voltage at pin 1 to 
± 5V results in an offset voltage adjustment of at 
least ± 10 mV. For best settling performance pin 
1 should be bypassed to ground with a ceramic 
capacitor located near to the package, even if the 
offset voltage adjustment feature is not being 
used. 

Printed Circuit Layout 
As with any high frequency device, good PCB 
layout is necessary for optimum performance. 
Ground plane construction is a requirement, as is 
good power-supply and Offset Adjust bypassing 
close to the package. The inverting input is sensi
tive to stray capacitance, therefore connections at 
the inverting input should be minimal, close to 
the package, and constructed with as little cou
pling to the ground plane as possible. 
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Capacitance at the output node will reduce stabil
ity, eventually resulting in peaking, and finally 
oscillation if the capacitance is large enough. The 
design of the EL2070 allows a larger capacitive 
load than comparable products, yet there are oc
casions when a series resistor before the capaci
tance may be needed. Please refer to the graphs 
to determine the proper resistor value needed. 

Disable/Enable Operation 
The EL2070 has a disable/enable control input at 
pin 8. The device is enabled and operates normal
ly when pin 8 is left open or tied to pin 7. When 
more than 350 p.A is pulled from pin 8, the 
~L2070 is disabled. The output becomes a high 
Impedance, the inverting input is no longer driv
en to the positive input voltage, and the supply 
current is reduced by %. To make it easy to use 
this feature, there is an internal resistor to limit 
the current to a safe level (0.8 roA) if pin 8 is 
grounded. 

To draw current out of pin 8 an open-collector 
TTL output, a 5V CMOS output, or an NPN 
transistor can be used. 
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EL2070 Macrornodel 

• Revision A. March 1992 
• Enhancements include PSRR, CMRR, and Slew Rate Limiting 
'II Connections: + input 

I -input 

.subckt M2070 

• Input Stage 

e1100 3 0 1.0 
vis 109 OV 
h2 9 12 vxx 1.0 
rl21150 
1111124SnH 
iinp3 0 S,..A 
iinm20S,..A 

I 
I 
I 
I 
3 

• Slew Rate Limiting 

hI 13 0 vis 600 
r213141K 
dl14 0 dc1amp 
d2 0 14 dc1amp 

• High Frequency Pole 

I 
I 
I 
I 
2 

e2 30 01400.00166666666 
13 30 17 O.l,..H 
c517 0 O.lpF 
r5170500 

• Transimpedance Stage 

gl 0 IS 17 0 1.0 
rol 180 150K 
cdp 18 0 2.8pF 

• Output Stage 

q141819 qp 
q27 1820 qn 
q37 1921 qn 
q442022qp 
r7 216 2 
r8 22 6 2 

+Vsnpply 

I -Vsupply 

I I output 

I I I 
7 4 6 



EL2070 Macromodel- Contd. 

ios1 7 19 2.5mA 
ios2 20 4 2.5mA 

• Supply Current 

ips 7 49mA 

• Error Tenns 

ivos0235mA 
vxx23 0 OV 
e4240301.0 
e5 25 0 7 0 1.0 
e6 26 0 4 0 1.0 
r9 24 23 3K 
rlO 25 23 1K 
r1126231K 

• Models 

.model qn npn (is = 5e -15 bf= 200 tf= 0.05nS) 

.model qp pnp (is = 5e -15 bf= 200 tf= 0.05nS) 

.model dclampd(is= 1e-30 ibv=0.266 bv= 1.3 n=4) 

.ends 

• 
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EL2070 Macromodel- Contd. 

v+ 

vout 

rIO 

rll 

2070-12 
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Features 
• 200 MHz - 3 dB bandwidth, 

AV = 2 
• 12 ns settling to 0.05% 
• Vs = ±5V @ 15 mA 
• Low distortion: HD2, HD3 @ 

- 60 dBc at 20 MHz 

• Differential gain 0.02 % at NTSC, 
PAL 

• Differential phase 0.01° at NTSC, 
PAL 

• Overload/short-circuit protected 
• ± 1 to ± 8 closed-loop gain range 

• Low cost 
• Direct replacement for CLC400 

Applications 
• Video gain block 
• Video distribution 
• HDTV amplifier 
• High-speed A/D conversion 
• D/A I-V conversion 
• Photodiode, CCD preamps 

• IF processors 
• High-speed communications 

Ordering Information 
Pari No. Temp. Range Package Outline II 
EIAOOCN -4O'C to +8S"C 8-Pin P-D1P MDPO031 

ElAOOCS -40"C to +8S"C 8-Lead SO MDPO027 

General Description 
The EL400 is a wide bandwidth, fast settling monolithic ampli
fier built using an advanced complementary bipolar process. 
This amplifier uses current-mode feedback to achieve more 
bandwidth at a given gain than conventional operational ampli
fiers. Designed for closed-loop gains of ± 1 to ± 8, the EL400 
has a 200 MHz - 3 dB bandwidth (AV = + 2), and 12 ns set
tling to 0.05% while consuming only 15 mA of supply current. 

The EL400 is an obvious high-performance solution for video 
distribution and line-driving applications. With low 15 mA sup: 
ply current, differential gain/phase of 0.02%/0.01°, and a mini
mum 50 mA output drive, performance in these areas is assured. 

The EL400's settling to 0.05% in 12 ns, low distortion, and abil
ity to drive capacitive loads make it an ideal flash A/D driver. 
The wide 200 MHz bandwidth and extremely linear phase allow 
unmatched signal fidelity. D/A systems can also benefit from 
the EL400, especially if linearity and drive levels are important. 

Elantec products and facilities comply with MIL-I-45208A, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-l: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagram 

DIP and SO Package 

OFFSET ADJUSTOa NC 
IN- 2 7 V+ 

IN+ 3 6 OUT 

V- 4 5 NC 

0400-1 

Top View 

Manufactured under U.S. Patent No. 4,893,091 

• 

t::I 
(D 

~ g. 
(D 
~ 
..... 
CD 
CD 
Q1 

~ 
~ 

L-____________________ ~ ______________________________________ ~~ 

2-151 



Absolute Maximum Ratings (TA = 25'C) 

Supply Voltage (VS) 
Output Current 

±7V 
Output is short-circuit protect
ed to ground, however, maxi
mum reliability is obtained if 
lOUT does not exceed 70 mAo 

Common-Mode Input Voltage ±VS 
Differential Input Voltage 5V 
Power Dissipation 
Operating Temperature 

See Curves 
- 40'C to + 85'C 

Lead Temperature 
(Soldering,S Seconds) 

Junction Temperature 
Storage Temperature 
Thermal Resistance 

300'C 
175'C 

- 60'C to + 150'C 
8JA = 95'C/W P-DIP 
8JA = 175'C/W SO-8 

Open Loop DC Electrical Characteristics Vs = ±5V,RL = 100.0. unless otherwise specified 

Parameter Description 
Test 

Temp Min Typ Max Units 
Conditions 

Vos Input Offset Voltage 25'C 2.0 5.5 mV 

TMIN 8.7 mV 

TMAX 9.5 mV 

d(Vos)/dT Average Offset (Note 1) 
All 10.0 40.0 ,..V/'C 

Voltage Drift 

+ lIN + Input Current 25'C,TMAX 10.0 25.0 ,..A 

TMIN 41.0 ,..A 

d(+IIN)/dT Average + Input (Note 1) 
All 50.0 200.0 nA/'C 

Current Drift 

-lIN - Input Current 25'C 10.0 25.0 ,..A 

TMIN 41.0 ,..A 

TMAX 35.0 ,..A 

d(-IIN)/dT Average - Input (Note 1) 
All 100.0 200.0 nA/'C 

Current Drift 

PSRR Power Supply 
Rejection Ratio 

All 40.0 50.0 dB 

CMRR Common-Mode 
Rejection Ratio 

All 40.0 50.0 dB 

IS Supply Current-Quiescent No Load All 15.0 23.0 rnA 
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Open Loop DC Electrical Characteristics 
Vs = ± 5V, RL = 1000 unless otherwise specified - Contd. 

Parameter Description 

+ Input Resistance 

Test 
Conditions 

Closed-Loop AC Electrical Characteristics 
Vs = ±5V,RF = 2500,Av = +2,RL = 1000 unless otherwise specified 

SSBW 

LSBW 

GFPL 

GFPH 

GFR 

LPD 

Description 

- 3 dB Bandwidth 

(VOUT < 0.5 Vpp) 

- 3 dB Bandwidth 
< 5.0Vpp) 

Peaking 

VOUT < 0.5 Vpp 

Peaking 

VOUT < 0.5Vpp 

Rolloff 

VOUT < 0.5 Vpp 

Linear Phase Deviation 

VOUT < 0.5 Vpp 

AV= +5 

<40 MHz 

>40 MHz 

<75 MHz 

<75 MHz 
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Closed-Loop AC Electrical Characteristics - Contd. 
Vs = ± 5V, RF = 2500, Av = + 2, RL = 1000 unless otherwise specified 

Description 

HD2 2nd Harmonic Distortion 2Vpp 
at 20 MHz 

HD3 3rd Harmonic Distortion 2Vpp 
at 20 MHz 

NF Noise Floor (Note 3) 
>100kHz 

INV Integrated Noise (Note 3) 
100 kHz to 200 MHz 

Note 1: Measured from TMIN to TMAX. 
Note 2: Common-Mode Input Range for Rated Performance. 
Note 3: Noise Tests are Performed from 5 MHz to 200 MHz. 
Note 4: Differential Gain/Phase Tests are RL = 1000. For other values of RIA see curves. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Equivalent Circuit Burn-In Circuit 
7 

v+o--------.--~~~--~--~--~--~--~ 

OFFSET ADJUST 0---+ 
1 Rg 

+v; +SV 

0400-9 

ALL PACKAGES USE THE SAME 
SCHEMATIC. 

v-o--------4--~~~ __ ~--~--~--~--J 
4 0400-8 

Applications Information 

Theory of Operation 
The EL400 has a unity gain buffer from the non
inverting input to the inverting input. The error 
signal of the EL400 is a current flowing into (or 
out of) the inverting input. A very small change 
in current flowing through the inverting input 
will cause a large change in the output voltage. 
This current amplification is called the transim
pedance (ROL) of the EL400 [VOUT = (ROL) * 
(- lIN)]. Since ROL is very large, the current 
flowing into the inverting input in the steady
state (non-slewing) condition is very small. 

Therefore we can still use op-amp assumptions as 
a first-order approximation for circuit analysis, 
namely that: 

1. The voltage across the inputs is approximately 
OV. 

2. The current into the inputs is approximately 
OmA. 

Resistor Value Selection and 
Optimization 
The value of the feedback resistor (and an inter
nal capacitor) sets the AC dynamics of the 
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EL400. The nominal value for the feedback resis
tor is 250fi, which is the value used for produc
tion testing. This value guarantees stability. For 
a given closed-loop gain the bandwidth may be 
increased by decreasing the feedback resistor and, 
conversely, the bandwidth may be decreased by 
increasing the feedback resistor. 

Reducing the feedback resistor too much will re
sult in overshoot and ringing, and eventually os
cillations. Increasing the feedback resistor results 
in a lower - 3 dB frequency. Attenuation at high 
frequency is limited by a zero in the closed-loop 
transfer function which results from stray capaci
tance between the inverting input and ground. 
Consequently, it is very important to keep stray 
capacitance to a minimum at the inverting input. 

Differential Gain/Phase 
An industry-standard method of measuring the 
distortion of a video component is to measure the 
amount of differential gain and phase error it in
troduces. To measure these, a 40 IREpp reference 
signal is applied to the device with OV DC offset 
(OIRE) at 3.58 MHz for NTSC, 4.43 MHz for 

• 



Applications Information - Contd. 
PAL, and 30 MHz for HDTV. A second measure
ment is then made with a 0.714V DC offset 
(100IRE). Differential Gain is a measure of the 
change in amplitude of the sine wave, and is mea
sured in percent. Differential Phase is a measure 
of the change in phase, and is measured in de
grees. Typically, the maximum positive and neg
ative deviations are summed to give peak values. 

In general, a back terminated cable (7Sn in series 
at the drive end and 7Sn to ground at the receiv
ing end) is preferred since the impedance match 
at both ends will absorb any reflections. Howev
er, when double-termination is used, the received 
signal is reduced by half; therefore a gain of 2 
configuration is typically used to compensate for 
the attenuation. In a gain of 2 configuration, with 
output swing of 2 Vpp, with each back-terminat
ed load at IS0n. The EL400 is capable of driving 
up to 4 back-terminated loads with excellent vid
eo performance. Please refer to the typical curves 
for more information on video performance with 
respect to frequency, gain, and loading. 

Capacitive Feedback 
The EL400 relies on its feedback resistor for 
proper compensation. A reduction of the imped
ance of the feedback element results in less stabil
ity, eventually resulting in oscillation. Therefore, 
circuit implementations which have capacitive 
feedback should not be used because of the capac
itor's impedance reduction with frequency. Simi
larly, oscillations can occur when using the tech-

nique of placing a capacitor in parallel with the 
feedback resistor to compensate for shunt capaci
tances from the inverting input to ground. 

Offset Adjustment Pin 
Output offset voltage of the EL400 can be nulled 
by tying a 10k potentiometer between + Vs and 
- V s with the slider attached to pin 1. A full
range variation of the voltage at pin 1 to ± SV 
results in an offset voltage adjustment of at least 
± 10 mV. For best settling performance pin 1 
should be bypassed to ground with a ceramic ca
pacitor located near to the package, even if the 
offset voltage adjustment feature is not being 
used. 

Printed Circuit Layout 
As with any high frequency device, good PCB 
layout is necessary for optimum performance. 
Ground plane construction is a requirement, as is 
good power-supply and Offset Adjust bypassing 
close to the package. The inverting input is sensi
tive to stray capacitance, therefore connections at 
the inverting input should be minimal, close to 
the package, and constructed with as little cou
pling the ground plane as possible. 

Capacitance at the output node will reduce stabil
ity, eventually resulting in peaking, and finally 
oscillation if the capacitance is large enough. The 
design of the EL400 allows a larger capacitive 
load than comparable products, yet there are oc
casions when a series resistor before the capaci
tance may be needed. Please refer to the graphs 
to determine the proper resistor value needed. 
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EL400 Macromodel 

* Revision A. March 1992 

• Enhancements include PSRR, CMRR, and Slew Rate Limiting 
* Connections: + input 

I 
I 
I 

-input 

.subckt M400 

• Input Stage 

e110 0 3 0 1.0 

vis 10 90V 
h2 9 12 vxx 1.0 

r121150 
11111248nH 

iinp 3 081£A 
iinm2 0 81£A 

I 
I 
3 

* Slew Rate Limiting 

h113 0 vis 600 

r213141K 
dl140 dclamp 
d20 14 dclamp 

• High Frequency Pole 

2 

*e2 30 0 14 0 0.00166666666 

13 30 17 O.lI£H 
c5 170 O.lpF 

r5170500 

• Transimpedance Stage 

g10181701.0 
rol 180 150K 
cdp 18 0 2.8pF 

• Output Stage 

q141819 qp 

q27 1820 qn 

q37 1921 qn 
q4 4 20 22 qp 

r7 21 6 2 

r8 22 6 2 

+Vsupply 

I 
I 
I 

-Vsupply 

I 
I 
4 

output 

I 
6 
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EL400 Macromodel- Contd. 

ios17 19 2.SmA 
ios2 20 4 2.SmA 

• Supply Current 

ips 749mA 

• Error Terms 

ivos023 SmA 
vxx2300V 
e4 24 0 301.0 
eS 250701.0 
e6 26 0 4 01.0 
r9 2423 3K 
rIO 25 23 1K 
r1126231K 

• Models 

.model qn npn (is = Se -15 bf= 200 tf= O.SnS) 

.model qppnp (is=Se-1S bf=200tf=0.SnS) 

.model dc1ampd(is= 1e-30 ibv=0.266 bv=1.3 n=4) 

.ends 

2·160 



EL400 Macromodel- Contd. 

v+ 

vout 

11 

r10 • 
r11 

0400-10 
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• 10 ns settling to 0.1 % 
• Vs = ± 5V @ 15 mA 
• 2.5 ns rise/fall times (2V step) 
• Overload/short-circuit protected 
• ± 7 to ± 50 closed-loop gain 

range 

• Low cost 
• EL2171 is direct replacement for 

CLC401 
• Disable capability on EL2071 

Applications 
• Line drivers 
• DC-coupled log amplifiers 
• High-speed modems, radios 
• High-speed A/D conversion 
• D/A I-V conversion 
• Photodiode, CCD preamps 
• IF processors 
• High-speed communications 
• Analog multiplexing 

(using disable-EL2071) 
• Power down mode 

(using disable-EL2071) 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2171CN -40'Cto +85"C 8·PinP·DIP MDPOO31 

EL2171CS -4O'Cto +85"C 8-LeodSO MDPOO27 

EL2071CN -4O'C to + 8S'C 8-Pin P·DIP MDPO031 

EL2071CS -4O'C to + 8S'C 8-Leod SO MDPO027 

General Description 
The EL2071 and EL2171 are wide bandwidth, fast settling 
monolithic amplifiers built using an advanced complementary 
bipolar process. The EL2071 has a disable/enable feature which 
allows power down and analog multiplexing. These amplifiers 
use current-mode feedback to achieve more bandwidth at a giv
en gain than conventional operational amplifiers. Designed for 
closed-loop gains of ± 7 to ± 50, the EL2071 and EL2171 have a 
150 MHz - 3 dB bandwidth (Av = + 20), and 2.5 ns rise/fall 
time, while consuming only 15 mA of supply current. The 
EL2071 consumes only 1.5 mA when disabled. 

The wide 150 MHz bandwidth and extremely linear phase 
(0.2 dB deviation from linear at 50 MHz) allow superior signal 
fidelity. These features make the EL2071 and EL2171 especially 
suited for many digital communication system applications. 

The EL2071's and EL2171's settling to 0.1 % in 10 ns and ability 
to drive capacitive loads make them ideal in flash A/D applica
tions. D/ A systems can also benefit from the EL2071 and 
EL2171, especially if linearity and drive levels are important. 

Elantec products and facilities comply with MIL-I-45208A, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-l: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagrams 

EL2171 EL2071 
DIP and SO Package DIP and SO Package 

2071-1 2071-2 

Top View Top View 

Manufactured under U.S. Patent No. 4,893,091 

~L-__________________ ~ ____________________________________ ~ 
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Absolute Maximum Ratings (TA = 2S'C) 

Supply Voltage (Vs) 
Output Current 

Co, tmon Mode Input Voltage 
Differential Input Voltage 

±7V 
Output is short-circuit protect
ed to ground, however, maxi
mum reliability is obtained if 
lOUT does not exceed 70 rnA. 

±VS 
SV 

Power Dissipation 
Operating Temperature 
Operating Junction Temperature 

Ceramic Packages 
Plastic Packages 

Storage Temperature 

Open Loop DC Electrical Characteristics 
V s = ± SV, RL = lOon, unless otherwise specified 

Parameter 

Vos 

TCVos 

+ lIN 

TC(+IIN) 

-lIN 

TC(-IIN) 

Description 

Input Offset Voltage 

Average Offset 
Voltage Drift 

+ Input Current 

Average + Input 
Current Drift 

- Input Current 

Average - Input 
Current Drift 

Test 
Conditions 

(Note 1) 

(Note 1) 

(Note 1) 
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See Curves 
-40'C to +8S'C 

17S'C 
lS0'C 
-60'C to + lSO'C 



Open Loop DC Electrical Characteristics 
Vs = ± 5V, RL = lOon, unless otherwise specified - Contd. 

Parameter Description 
Test 

Temp Min Typ 
Conditions 

PSRR Power Supply (Note 2) 
All 50 55 dB 

Rejection Ratio 

CMRR Common-Mode 
All 40 50 dB 

Rejection Ratio 

Is Supply Current- No Load 
All 15 21 rnA 

Quiescent 

ISOFF Supply Current- EL2071C 
Disabled (Note 3) 

+RIN + Input Resistance 

RoUTD Output Resistance (DC) EL2071C 
100 

Disabled 

COUTo Output Capacitance (DC) EL2071C 

Disabled 

CMIR Common-Mode Input (Note 4) 
Range 

lOUT Output Current 

VOUT Output Voltage Swing No Load 

Output Voltage Swing RL = lOOn 

V 

VEN Maximum Pin 8 EL2071C 
0.7 V 

VtoEnable 

IDIS Minimum Pin 8 EL2071C 
All 750 /LA 

ItoDisable 

lEN Maximum Pin 8 EL2071C 
All 35 /LA ItoEnable 



Closed Loop AC Electrical Characteristics 
Vs = ± 5V, RF = 1.5 kn, Av = + 20, RL = lOon unless otherwise specified 

Description Temp Units 

SSBW - 3 dB Bandwidth 

(VOUT <2.0 Vpp) 

LSBW - 3 dB Bandwidth 

(VOUT < 5.0 Vpp) 

GFPL Peaking <25 MHz 

VOUT < 2.0Vpp 

GFPH Peaking >25 MHz 
VOUT < 2.0Vpp • GFR Rolloff <50 MHz 

VOUT < 2.0Vpp 

LPD Linear Phase Deviation <50 MHz 

VOUT < 2.0Vpp 

Rise Time, Fall Time 2.0VStep 

Rise Time, Fall Time 5.0VStep 

HD2 2nd Harmonic 2Vpp 
Distortion @20MHz 

HD3 3rd Harmonic 2Vpp 
Distortion @20 MHz 

2-165 



o 
'1""1 
1"
'1""1 

~ ' ................................................ ... 
Or-------------------------------------------------------------~ '1""1 
1"
Q 

!3 
~ 

Closed Loop AC Electrical Characteristics 
v s = ± 5V, RF = 1.5 kO, Av = + 20, RL = 1000 unless otherwise specified - Contd. 

NF 

INV 

Noise Floor> 100 kHz 

Integrated Noise 
100 kHz to 200 MHz 

Note 1: Measured from TMIN to TMAX' 

Note 2: PSRR is measured at Vs = ±4.5V and Vs = ±5.5V. Both supplies are changed simultaneously. 
Note 3: Supply current when disabled is !lleasured at the negative supply. 
Note 4: Common-Mode Input Range for Rated Performance. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 

Forward and Reverse Gain 
during Dlsable-EL2071C 

FREQUENCY (Hz) 

lD' 
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S 
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-.a 

-so 

-eo 

Disabled Attenuation VB 

Time for Various 
Output LeveJs.-EL2071C 

10 100 1000 

TINE (no) 

10000 

Disable Response-EL2071C 

+1 

1&1 

~ 0 

~ 
!; 
Q. -1 
!; 
o 

10 ns/div 
Time (ns) 

Enable Response-EL2071 C 

10ns/div 
Time (ns) 
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Typical Performance Curves -- Contd. 
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Burn-In Circuit 
R2 

1.Sk.n 

+V = +SV 

~O.1J.1r 

ALL PACKAGES USE THE SAME SCHEMATIC. 

Applications Information 

Theory of Operation 

2071-14 

The EL2071/EL2171 have a unity gain buffer 
from the non-inverting input to the inverting in
put. The error signal of the EL2071/EL2171 is a 
current flowing into (or out of) the inverting in
put. A very small change in current flowing 
through the inverting input will cause a large 
change in the output voltage. This current ampli
fication is called the transimpedance (ROL) of the 
EL2071/EL2171 [VOUT = (ROL) * (-lIN)]. 
Since ROL is very large, the current flowing into 
the inverting input in the steady-state (non-slew
ing) condition is very small. 

Therefore we can still use op-amp assumptions as 
a first-order approximation for circuit analysis, 
namely that: 
1. The voltage across the inputs is approximately 

OV. 

2. The current into the inputs is approximately 
OmA. 
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Resistor Value Selection and 
Optimization 
The value of the feedback resistor (and an inter
nal capacitor) sets the AC dynamics of the 
EL2071/EL2171. The nominal value for the feed
back resistor is 1.5 kn, which is the value used 
for production testing. This value guarantees 
stability. For a given closed-loop gain the band
width may be increased by decreasing the feed
back resistor and, conversely, the bandwidth may 
be decreased by increasing the feedback resistor. 

Reducing the feedback resistor too much will re
sult in overshoot and ringing, and eventually os
cillations. Increasing the feedback resistor results 
in a lower -3 dB frequency. Attenuation at high 
frequency is limited by a zero in the closed-loop 
transfer function which results from stray capaci
tance between the inverting input and ground. 
Consequently, it is very important to keep stray 
capacitance to a minimum at the inverting input. 

Capacitive Feedback 
The EL2071/EL2171 rely on their feedback resis
tor for proper compensation. A reduction of the 
impedance of the feedback element results in less 
stability, eventually. resulting in oscillation. 
Therefore, circuit implementations which have 
capacitive feedback should not be used because of 
the capacitor's impedance reduction with fre
quency. Similarly, oscillations can occur when us
ing the technique of placing a capacitor in paral
lel with the feedback resistor to compensate for 
shunt capacitances from the inverting input to 
ground. 
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1""1 slight differences between the power supply volt-
~ Applications Information - Contd. ages. The EL2071C's disable feature is dependent 
c-. on the voltage at pins 8 and 7. Therefore, to oper-~ Printed Circuit Layout . ate the disable feature of the EL2071C depend-

As with any high frequency device, good PCB ably over temperature, it is recommended that 
layout is necessary for optimum performance. the logic circuitry which drives pin 8 of the 
Ground plane construction is a requirement, as is EL2071C operate from the same + SV supply as 
good power-supply bypassing close to the pack- the EL2071C to avoid voltage differences be-
age. The inverting input is sensitive to stray ca- tween the digital and analog power supplies. 
pacitance, therefore connections at the inverting Since VDIS is temperature dependent, it is recom-
input should be minimal, close to the package, mended that SV CMOS logic (with a VOH > 4.6V 
and constructed with as little coupling to the sourcing> 7S0 ,..,A over temperature) be used to 
ground plane as possible. drive the disable pin of the EL2071C. 

Capacitance at the output node will reduce stabil
ity, eventually resulting in peaking, and finally 
oscillation if the capacitance is large enough. The 
design of the EL2071/EL2171 allow a larger ca
pacitive load than comparable products, yet there 
are occasions when a series resistor before the ca
pacitance may be needed. Please refer to the 
graphs to determine the proper resistor value 
needed. 

Disable/Enable Operation for EL2071C 
The EL2071C has a disable/enable control input 
at pin 8. The device is enabled and operates nor
mally when pin 8 is left open or returned to 
ground. When the voltage at pin 8 is brou~ht ~o 
within 0.4V of pin 7 (VS +), the EL2071C IS dIS
abled. The output becomes a high impedance, the 
inverting input is no longer driven to the positive 
input voltage, and the supply current is reduced 
to less than 2.2. rnA. There are internal resistors 
which limit the current at pin 8 to a safe level 
(- ± soo ,..,A) if pin 8 is shorted to either supply. 

Typically, analog and digital circuits should have 
separate power supplies. This usually leads to 

When disabled, (as well as in enabled mode), care 
must be taken to prevent a differential voltage 
between the + and - inputs greater than S.OV. 
For example, in the figure below, the EL2071C is 
connected in a gain of + 7 configuration and is 
disabled while the analog bus is driven externally 
to + SV. Pin 2 is consequently at + 0.71 V, and if 
VIN is driven to -SV, then S.71V appears be
tween pins 3 and 2. Internally, this voltage ap
pears across a forward biased VBE in series with 
a reverse biased VBE and is past the threshold for 
zenering the reverse biased VBE. In a typical ap
plication, a SOO or 7SO terminating resistor from 
pin 3 to ground will prevent pin 3 from approach
ing -SV. 

+5V 
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Applications Information - Contd. 

Using the EL2071C as a Multiplexer 
An interesting use of the enable feature is to com
bine several amplifiers in parallel with their out
puts in common. This combination then acts sim
ilar to a MUX in front of an amplifier. A typical 
circuit is shown. The series resistance at each out
put helps to further increase isolation between 
amplifiers. 

When the EL2071C is disabled, the DC output 
impedance is > 100 k!l in parallel with 2 pF ca
pacitance. 

To operate properly, the decoder that is used 
must have a VOH > (VS +) - O.4V with IOH = 
750 /-LA, and should be connected to the same 
power supply as the EL2071C. 
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EL2071 Macromodel 

o Revision A. March 1992 

* Enhancements include PSRR, CMRR, and Slew Rate Limiting 
o Connections: + input 

I -input 

·subckt M2071 

o Input Stage 

ell00301.0 

vis 109 OV 
h2 9 12 vxx 1.0 

r12112 
1111121nH 
iinp 3 0 10,..A 
iinm2010,..A 

I 
I 
I 
I 
3 

• Slew Rate Limiting 

°hl 13 0 vis IK 

h113 0 vis 600 

r21314100 
d114 0 dclamp 

d20 14 dclamp 

o High Frequency Pole 

I 
I 
I 
I 
2 

*e2 30 0 1400.00166666666 

e2 300 1400.001 

1330171.0,..H 
c5 170 O.lpF 
r5170500 

o Transimpedance Stage 

gl 0 18 17 0 1.0 

rol180 IMeg 
cdp 18 0 0.88pF 

o Output Stage 

q141819 qp 

q27 1820 qn 
q37 1921 qn 

q44 20 22 qp 

r7 216 2 
r8 22 6 2 

+Vsupply 

I -Vsupply 

I I output 

I I I 
4 6 
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EL2071 Macromodel- Contd. 

ios1 7 19 2.5mA 

ios2 204 2.5mA 

• Supply Current 

ips 7 4 9mA 

• Error Terms 

ivos0233mA 

vxx2300V 
e4 24 0 3 01.0 

e5250701.0 
e6 26 0401.0 

r9 24 23 316 
r10 25 23 562 

r1l26 23 562 

• Models 

.model qn npn (is = 5e -15 bf= 500 tf= 0.05nS) 

.model qp pnp (is = 5e -15 bf= 500 tf= 0.05nS) 

.model dclampd(is= 1e-30 ibv= 1pA bv=3.5 n=4) 

.ends 

.... 
I-' 

~ 

• 
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Features 
• 730 MHz - 3 dB bandwidth 

(0.5 Vpp) 

• 5 ns settling to 0.2% 

• Vs = ±5V@ 15mA 
• Low distortion: HD2, HD3 of 

- 65 dBc at 20 MHz 

• Overload/short-circuit protected 

• Closed-loop, unity gain 

• Low cost 
• Direct replacement for CLCllO 

Applications 
• Video buffer 

• Video distribution 
• HDTV buffer 

• High-speed A/D buffer 

• Photodiode, CCD preamps 

• IF processors 
• High-speed communications 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2072CN ~40°Cto + 85°C 8-PinP-DIP MDP0031 

EL2072CS ~ 40"C to + 85°C 8-Pin SO MDP0027 

General Description 
The EL2072 is a wide bandwidth, fast settling monolithic buffer 
built using an advanced complementary bipolar process. This 
buffer is closed loop to achieve lower output impedance and 
higher gain accuracy. Designed for closed-loop unity gain, the 
EL2072 has a 730 MHz - 3 dB bandwidth and 5 ns settling to 
0.2% while consuming only 15 rnA of supply current. 

The EL2072 is an obvious high-performance solution for video 
distribution and line-driving applications. With low 15 rnA sup
ply current and a 70 rnA output drive, performance in these 
areas is assured. 

The EL2072's settling to 0.2% in 5 ns, low distortion, and abili
ty to drive capacitive loads make it an ideal flash A/D driver. 
The wide 730 MHz bandwidth and extremely linear phase allow 
unmatched signal fidelity. 

The EL2072 can be used inside an amplifier loop or PLL as its 
wide bandwidth and fast rise time have minimal effect on loop 
dynamics. 

Elantec products and facilities comply with MIL-I-45028A, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document QRA-l: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagram 

DIP and SO Package 

2072-1 

Top View 

Manufactured under U.S. Patent No. 4,893,091 

2-177 



Absolute Maximum Ratings (TA = 25'C) 

Supply Voltage (Vs) 
Output Current 

±7V 
Output is short-circuit protect

ed to ground, however, maxi
mum reliability is obtained if 
lOUT does not exceed 70 mAo 

Input Voltage ±VS 

DC Electrical Characteristics 
V s = ± 5V, RL = lOon, Rs = son unless otherwise specified 

Parameter Description 
Test 

Conditions 

Vos Output Offset Voltage 

TCVos Average Offset 
Voltage Drift 

IB Input Bias Current 

TCIB Average Input Bias 
Current Drift 

Av Small Signal Gain RL = lOOn 

ILIN Integral End ±2VF.S. 
Point linearity 

PSRR Power Supply 
Rejection Ratio 

Is Supply Current-Quiescent No Load 

Operating Temperature 
Junction Temperature 
Storage Temperature 

-40'Cto +85'C 
175'C 

- 60'C to + 150'C 
Thermal Resistance IJJA = 95'C/W P-DIP 

IJJA = 175'C/W SO 
Note: See EL2071/EL2171 for Thermal Impedance curves. 

Temp Min Typ Max Units 

25'C 2.0 8.0 mV 

TMIN 16.0 mV 

TMAX 13.0 mV 

25'C - TMAX 20.0 50.0 
).tVI'C 

25'C - TMIN 20.0 100.0 

25'C,TMAX 10.0 50.0 ).tA 

TMIN 100.0 ).tA 

25'C - TMAX 200.0 300.0 
nAI'C 

25'C - TMIN 200.0 700.0 

25'C 0.96 0.98 V/V 

TMIN,TMAX 0.95 V/V 

25'C 0.2 0.4 %F.S. 

TMIN 0.8 %F.S. 

TMAX 0.3 %F.S. 

All 45.0 65.0 dB 

All 15.0 20.0 mA 
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DC Electrical Characteristics 
v s = ± 5V, RL = 1000, RS = 500 unless otherwise specified - Contd. 

Parameter 

ROUT 

lOUT 

VOUT 

Description 

Input Resistance 

Input Capacitance 

Output Impedance (DC) 

Output Current 

Output Voltage Swing 

Test 
Conditions 

A C Electrical Characteristics Vs = ± 5V, RL = 1000, Rs = 500 unless otherwise specified 

SSBW 

LSBW 

GFPL 

GFR 

GDL 

LPD 

Description 

- 3 dB Bandwidth 

(VOUT < 0.5 Vpp) 

- 3 dB Bandwidth 

(VOUT = 5.0 Vpp) 

Peaking 

VOUT < 0.5 Vpp 

Rolloff 

VOUT < 0.5 Vpp 

Group Delay 

Linear Phase Deviation 

VOUT < 0.5Vpp 

<200 MHz 

<200 MHz 

<200 MHz 

<200 MHz 
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AC Electrical Characteristics - Contd. 
v 5 = ± SV, RL = lOon, Rs = son unless otherwise specified 

Description 

TR1,TF1 Rise Time, Fall Time O.SV Step 
Input Signal Rise/Fall = 300 ps 

TR2,TF2 Rise Time, Fall Time S.OVStep 

Input Signal Rise/Fall';; 1 ns 

TSl Settling Time to 0.2 % 2.0VStep 
Input Signal Rise/Fall,;; 1 ns 

OS Overshoot O.SVStep 
Input Signal Rise/Fall = 300 ps 

SR Slew Rate 

HD2 2nd Harmonic Distortion 2Vpp 
at 20 MHz 

HD2A 2nd Harmonic Distortion 2Vpp 
at SO MHz 

HD3 3rd Harmonic Distortion 2Vpp 
at 20 MHz 

HD3A 3rd Harmonic Distortion 2Vpp 
at SO MHz 

NF Noise Floor 
> 100 kHz 

INV Integrated Noise 
100 kHz to 200 MHz 
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Typical Performance Curves (Vs = ±5V,RL = 1000,Rs = 500) 

Forward Gain and Phase 
+1 r-r-r-r-r-r-r-r-r-ro 
o HH-+-I;~ Vo = 0.5 Vpp 

-1 i" 

'iD' =: 1-I-I-I-I-I-H~ls~,1 ~ 
::: -4 

i -5 1-\-.... -+'~ ..... ..I:-+++-+'\t+---1-.50 r-.. , 
-6 -I- LS21 -'1" .......... d-r-..++--1-900 
-7 f-1-1-":r-HHRNn-~ -1350 

-8 1-I-I-II-I-HHHHf-\i -1800 
-9~~_~1~-L~~~ 

1 MHz 100NHz/div lGHz 

Input Impedance 

l00k~~H#m-~~~-+~~ ~ 
I-t-ffi'HI!I--+I .... 1+t+It IH-t-l+ltltll " 

10k Hf-H-tttlII'~""IZ;1 Hltirt+ttttttl+200 
~ ~ 00 
~ 1 k 1-H-H+fIlf-+-!+H-IIII-~"":I+ItIt!I -200 

~ -400 

100 \ .lZ; . ++HttI--++tItllt1-600 
P'1od::H#1If-1"'1+H-IIII--I-+tI1+I!lI -800 

10 I-H-HlfIF"""'+H1HI--I-~1!Im -1000 

10" 107 10" 10" 
Frequency (Hz) 

Integral Linearity Error 

0.50 I , Endpoints = UV 

H++-t-.~ ~ 1 ~n ~-
g 0.25 / I\. = 200n -

1\.\ ~ / 1\.= 10~_ 
O~~~~~~~~ 

~j LA 1""'1 
~ 
~ 

~ -0.25 HHHHP'i=iHH-IH 
:::; 

-0.50 H-++-+-+-HI-+--Il~l-l 
-4 -3 -2 -1 0 1 2 3 4 

V,N (V) 

Gain Flatness & Deviation 
from Linear Phase 

o r-r-r-r-r--,-,-,-,-, In';, 

-0.1 ~....j...., .... -r"'f-+~"'to..,IS.ll - ~ 
-0.2 1/ 1\ 1,\ +0.60 
-0.3 1\ +0 .• 0 

-m- -0.4 ~HHf+lr:::-'HH-1rl +0.20 

~ -0.5~HH-tl"LS., -I-\- 0 
i -0.6 \ -0.20 

-0.7 HHHHHHHHH-\l-o .• o 

-0.8 -0.60 

-0.9 -0.80 

HtHz 50MHz/div O.5GH:z: 

Output Impedance 
~ 

351-
30 - L Zo 1mmr--n'"T 

25'- I-
~ 20"-

-a 15 '- II IZoI 
~ 10r--r~~YHH#~~+ 

..!' 

" +80 0 

+700 

+600 

+500 

+400 

+300 

5 +200 

o ~"'!lFHIII-+lmlHttI--+++fM + 1 00 
-5 ,. 00 

10" 108 ,0" 
Frequency (Hz) 

Frequency Response VB Rload 

+1 I-HH-tlo--+ VIN = 0.5 Vpp 

o ~~E;:EB""k+-+---l 
-'H-++'~~~~~~~H 

'iD' _2t-+~~I~~~~~r~~ 
~ -3~~~~~~~~Hr~~ 
- I\. = 200n '" , , 

IE -. ... = 'DOn '" 
-5 - I\. = son 7"f---!\\+-+,\t-,-1 
-6 I I 
-7 I I 1\ 

1 MHz 100MHz/div lGH. 
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Reverse Gain and phase 

I-bi--II--I-;.lLV,N = 0.5 Vpp .if 
o 1-7'F-~....L.....L.+--1i""'HF"1I-o.1::--l---1 + ~ 350 

-20 I- L S, 2 +-+-+-+-\-~,:£;. +900 
'iD' 1 .... f- +.50 

~ -.0 t,....... 0 
.. .....1 

!!2 1 IS'2 1 -45 0 

-60 I 

-80 I I 
I 

0.3 MHz 100 MHz/ div 1 GHz 

Recommended Rs VB 
Load Capacitance 

60.-,-~~~--~~~ 

::~ 
45~ 

500 El Its 750Jl 
1072 Vo 

50 .... 10DO+G.oAo .5310 

........ -5V? .... -e-
40 1-~t+-t+HHit---t--i-+i1+lttl 

35r--r~~~--r-l-H+tttt 
30r--r~~~--r-l-H+tttt 
~\---\-~rH~\--~~-1+~ 

Wr--r~~~~r-l-H+tttt 
15~+-~K#~~~~~~ 
10~~~~~~'~~~ 

'0 100 

G.OAO (pr) 

1000 

18211 VB Cload 
with Recommended R" 

+1 I\.OAO = 200n . I I .11 
Your = 0.5 Vpp 

o r.... --=t::-
'iD' =; 1\ .... 
~ -3 '\ V 
i -. / 

-5 C, = 100 pF y?\V 
-6 c, = 50 pF AI\'+f"--I'H--+-+-l 

c, = 20pF /\ I \ 
-7 C, = 'OpF 

1 MH. ~wH./dlv 250 MHz 
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Typical Performance Curves (Vs = ±5V, RL = lOon, Rs = son) - Contd. 

+0.3 

+0.2 

~ +0.1 

~ 
> -0.1 

-0.2 

-0.3 

Small Signal 
Pulse Response 

II 

f-

lno/div 

2nd Harmonic Distortion 

'0' .. 
3 
c 

~ 
~ 

-30 

-35 

-40 
Rco~o 1= 11 ~~1711 I I 

Slew Limited 
-45 

-50 I 1111111 
-55 

-60 

-65 

-70 

I- VouJ'l H~, 
...... ~ 

VOUT = 2 Vpp 

-75 
I 1111111 -80 

111Hz 1011Hz 100llHz 

+3 

+2 

+1 

I 0 
-1 

-2 

-3 

-30 

-35 

-40 

;g -45 

3 -50 

~ -55 

-2 -60 

Ci -65 

-70 

-75 

-80 

Large Signal 
Pulse Response 

1 

Input 

Output 

~~ 

5no/d;v 

~r-

3rd Harmonic Distortion 

Rc6ADI ~ II r~i I 
111111 I 

Slew Limited 

II 
II 

~T i 1't~p I 
./ 

"" 1"++H ./ 
I TTrT YOUT - 2 Vpp 

111Hz 1011Hz 100llHz 
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] .. 

Long.Term 
Settling Time 

0.2 

0.15 

O. 1 

0.05 

2V output slop 

,/ 

1\ V 
.:§ -0.05 

~ -0. 1 

-0.15 

E 
CD ... 
.!. .. ;e 
0. e 
~ 

-0.2 
lcrtlcr81o",,7,~,cr5,cr'ur.!l,cr21G'"' ,rjI 

Tlmo (.) 

2.Tone, 3rd Order 
Intermodulation Intercept 

50 
l I j I 

40 _~. Intercept > 32dBm~.~ 
for Frequencies < 75 MHz 

30 , 
20 ~ 

1"'--
10 

250_ 
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Burn-In Circuit 

+V=+5Vo-1-------~--~ 

01 

Printed Circuit Layout 
As with any high-frequency device, good PCB 
layout is necessary for optimum performance. 
This is especially important for the EL2072 
which has a typical bandwidth of 730 MHz: 
Ground plane construction is a requirement, as is 
good power-supply bypassing close to the pack
age. A closely-placed 0.01 p.F ceramic capacitor 
between each supply pin and the ground plane is 
usually sufficient decoupling. 

Pins 2, 3, 6, and 7 should be connected to the 
ground-plane to mlOlmlze capacitive feed
through, and all input and output traces should 
be laid out as transmission lines and terminated 
as close to the EL2072 package as possible. 
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~~-,-------,-o-V=-5V 

02 

2072-4 

Increasing capacitance on the output of the 
EL2072 will add phase shift, decreasing phase 
margin and increasing frequency-response peak
ing. A small series resistor before the capacitance 
decouples this effect, and should be used for large 
capacitance values. Please refer to the graphs for 
the appropriate resistor value to be used. 
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Features 
• 200 MHz gain-bandwidth 

product 

• Unity-gain stable 
• Ultra low video distortion = 

0,01 %/0,015° @ NTSC/PAL 
• Conventional voltage-feedback 

topology 

• Low offset voltage = 200 1.1. V 
• Low bias current = 2 I.I.A 

• Low offset current = 0.1 I.I.A 

• Output current = 50 mA over 
temperature 

• Fast settling = 13 ns to 0.1 % 
• Low distortion = - 60 dB HD2, 

-70 dB HD3 @ 20 MHz, 2 Vpp, 
Av = +1 

Applications 
• High resolution video 
• Active filters/integrators 
• High-speed signal processing 
• ADC/DAC buffers 
• Pulse/RF amplifiers 
• Pin diode receivers 
• Log amplifiers 
• Photo multiplier amplifiers 
• High speed sample-and-holds 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2073CN -40'C to + 8S'C 8-Pin P_DIP MDPOO31 

EL2073CS -40'C to + SS'C 8-Lead SO MDPOO27 

General Description 
The EL2073 is a precision voltage-feedback amplifier featuring 
a 200 MHz gain-bandwidth product, fast settling time, excellent 
differential gain and differential phase performance, and a mini
mum of 50 mA output current drive over temperature. 

The EL2073 is unity-gain stable with a -3 dB bandwidth of 
400 MHz. It has a very low 200 I.I.V of input offset voltage, only 
2 I.I.A of input bias current, and a fully symmetrical differential 
input. Like all voltage-feedback operational amplifiers, the 
EL2073 allows the use of reactive or non-linear components in 
the feedback loop. This combination of speed and versatility 
makes the EL2073 the ideal choice for all op-amp applications 
requiring high speed and precision, including active filters, inte
grators, sample-and-holds, and log amps. The low distortion, 
high output current, and fast settling makes the EL2073 an 
ideal amplifier for signal-processing and digitizing systems. 

Elantee products and facilities comply with MIL-I-45208A, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-1: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagram 

DIP and SO Package 

NC II: '-..../ ]] NC 

IN-III-~ :::i]v+ 

IN+ [I I-y-t :II OUT 

v-[! ]]NC 

2073-1 

Jr~ ______________________ ~ ______________________________________ ~ 
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Absolute Maximum Ratings (TA = 2S·C) 

Supply Voltage (V s) 
Output Current 

Common-Mode Input 
Differential Input Voltage 

±7V 
Output is short-circuit protect

ed to ground, however, maxi
mum reliability is obtained if 
lOUT does not exceed 70 mAo 

±VS 
5V 

Thermal Resistance 

Operating Temperature 
Junction Temperature 

OJA = 9S·C/W P-DIP 
OJA = 17S·C/W SO-8 

-40·Cto +8S·C 
17S·C 

Storage Temperature - 60·C to + lS0·C 
Note: See EL2071/EL2171 for Thermal Impedance curves. 

Open Loop DC Electrical Characteristics 
Vs = ± SV, RL = loon, unless otherwise specified 

Parameter 

Vos 

TCVOS 

IB 

lOS 

PSRR 

CMRR 

IS 

Description 

Input Offset Voltage 

Average Offset 
Voltage Drift 

Input Bias Current 

Input Offset Current 

Power Supply 
Rejection Ratio 

Common Mode 
Rejection Ratio 

Supply Current-Quiescent 

Test 
Conditions 

VCM = OV 

(Note 1) 

VCM = OV 

(Note 2) 

(Note 3) 

No Load 
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Open Loop DC Electrical Characteristics 
Vs = ± 5V, RL = lOon, unless otherwise specified - Contd. 

Parameter 

CMIR 

lOUT 

VOUT 

VOUT 100 

VOUT50 

AVOL100 

AVOL50 

Description 

Common·Mode Input 
Range 

Output Current 

Output Voltage Swing 

Output Voltage Swing 

Output Voltage Swing 

Open-Loop Gain 

Open-Loop Gain 

Test 
Conditions 

No Load 

lOon 

son 

lOon 

son 

Closed Loop AC Electrical Characteristics 
Vs = ±5V, Av = + 1, Rf = on, RL = lOon unless otherwise specified 

Parameter 

SSBW 

LSBWa 

LSBWb 

GFPL 

GFPH 

GFR 

Description 

- 3 dB Bandwidth 

(VOUT = 0.4Vpp) 

- 3 dB Bandwidth 

- 3 dB Bandwidth 

Peaking ( < 50 MHz) 

Peaking (>50 MHz) 

Rolloff « 100 MHz) 

VOUT = 5Vpp 
(Note 4) 

VOUT = 0.4Vpp 

VOUT = 0.4 Vpp 

VOUT = 0.4 Vpp 
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Closed Loop AC Electrical Characteristics 
Vs = ±5V,Av = +1, Rf = on,RL = loon unless otherwisespecified-Contd. 

Parameter Description 

LPD Linear Phase Deviation 

Note 1: Measured from TMIN, TMAX. 
Note 2: ±Vcc = ±4.SV to S.SV. 
Note 3: ±VIN = ±2.5V, VOUT = OV 

Test 
Conditions 

VOUT = 0.4 Vpp 

Slew Rate 
Note 4: Large-signal bandwidth calculated using LSBW = . 

2"lTVPEAK 

Temp 

Note S: All distortion measurements are made with VOUT = 2 Vpp, RL = 1000.. 

Min Typ 

Note 6: Video performance measured at Av = + 1 with 2 times normal video level across RL = 1000.. This corresponds to standard 
video levels across a back-terminated son load, i.e., 0-100 IRE, 40IREpp giving a 1 Vpp video signal across the son load. 
For other values of RL, see curves. 
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Typical Performance Curves (TA = 25°C) 

'iii' 
3 
z 

~ .. 
0 
g 
C'i 
is 

! 
'" " " u 

'" " ~ 

1 

1 

-3 

-5 

-7 

-9 

70 

50 

30 

10 

-10 

Non-Inverting 
Frequency Response 

GAIN "'''',-blI\ 

PHASE ~", .. ,~ , 
Ay=+2. ~ 

"'v" +10 

0- ~ - f-'" ".10 

~':''''5 IX 
Ay=+2 IA - c-

, 
Av"'+l 

II 
Vo co O.4Ypp I 1\ 
.... loon 1\ 

1 10 100 

FREQUENCY (MHz) 

Open Loop Gain 
and Phase 

GAIN II 

II 

LI 
PHASE 

\ 
\ 

....... 

-90 

-180 

-270 

-360 
500 

90 

-90 

-180 

-270 

-30 -360 
10k lOOk 1W 10M 100M 500M 

100 

80 

60 

40 

20 

o 

FREQUENCY (Hz) 

PSRR, CMRR, and Closed-Loop 
Ro vs Frequency 

100 r- C MRR I II 

III 

10 
r": -PSRRI 

~+ PSRR 

I"" 

0.1 

0.01 
~ h?-

I 

10k lOOk 1M 10M 100M 500M 

FREQUENCY (Hz) 

+1 

'iii' 
3 

ij 
-1 

0 
:::; 

-3 « 

" ... '" V> 0 « 3 -5 it 
i!l 
C! 
% -7 

" « 

" -9 

10 

!: 
11 

€: i 
V> 

... ... 
" V> 

~ 
« 
it 

... ., 
!5 
0 

o 

-40 

g 
:il -50 

~ 3 

§ z 
9 -60 

~ ~ -70 g Q 
u 

-80 

Inverting Frequency Response 

GAIN "v"+ 1 "",,-+2 

PHASE ~ 
Av·+l0 

IX ~ Ay=+S 

","+10 l~ '1 
I ",." 

II 
"'v-+2 , 

II "'1" 
va = O.4Vpp 1\ 
I\. = 100n 1\ 

1 10 100 

FREQUENCY (MHz) 

Output Voltage Swing 
vs Frequency 

I 
'\ - 001 
I\. - 1000 

1\." 50.n 

\ 

\. 

Av = +1 i' 
1 10 100 

FREQUENCY (MHz) 

2nd and 3rd Harmonic 
Distortion vs Frequency 

Ay = +1 
.... 10011 

Vo = 2Vpp 

/I 
I 

1/ 
HD2 V 

HD3 

10 

FREQUENCY (MHz) 

2-188 

-90 

-180 

-270 

-360 
500 

500 

100 

'iii' 
3 

fi 
0 

!::j 
« ... ~ 

V> 3 « 
" .. ... 

~ 
% 

" « 

" 

~ 
"-
l ... 
~ 
~ 
~ ... 
V> 
<5 
% 

'i 
3 
'Z 
~ 

~ 
" 

+2 

-2 

-4 

-6 

-8 

10 

8 

Frequency Response 
for Various RJfi 

II 1kn 

GAIN ~ 
100n.~ 

PHASE II son .,.,... 
~ II 

100it ., 
Av '" +1 

son 

".0 II 
VO = O.4Vpp 

-90 

-180 

1 10 

II 

100 
-270 

500 

FREQUENCY (MHz) 

Equivalent Input Noise 

10 

0 

... 
V> « 
it 

~ 

1 
100 lk 

FREQUENCY (Hz) 

2-Tone, 3rd Order 
Intermodulation Intercept 

50 

40 

30 

20 

10 

o 
o 

I I I I I 

~ r-.... 'oo 
t--, 

i'oo.. 
...... ,... 

20 40 60 80 100 

FREQUENCY (MHz) 

"-
~ 
~ 
~ 
u 
i;l 
~ 

2073-2 



Typical Performance Curves (TA = 25'C unless otherwise specified) - Contd. 
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Typical Performance Curves (TA = 25°C) - Contd. 
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Equivalent Circuit 
vs+ 

vs-
2073-7 

Burn-In Circuit 

+V = +5V 

R, T 0.1 JLF 

lkll V 
-v = -5V 

2073-8 

All Packages Use The Same Schematic 
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Applications Information 
Product Description 
The EL2073 is a wideband monolithic operation
al amplifier built on a high-speed complementary 
bipolar process. The EL2073 uses a classical volt
age-feedback topology which allows it to be used 
in a variety of applications where current-feed
back amplifiers are not appropriate because of re
strictions placed upon the feedback element used 
with the amplifier. The conventional topology of 
the EL2073 allows, for example, a capacitor to be 
placed in the feedback path, making it an excel
lent choice for applications such as active filters, 
sample-and-holds, or integrators. Similarly, be
cause of the ability to use diodes in the feedback 
network, the EL2073 is an excellent choice for 
applications such as log amplifiers. 

The EL2073 also has excellent DC specifications: 
200 p.V, Vos, 2 p.A IB, 0.1 p.A lOS, and 90 dB of 
CMRR. These specifications allow the EL2073 to 
be used in DCsensitive applications such as dif
ference amplifiers. Furthermore, the current 
noise of the EL2073 is only 3.2 pA/Mz, making 
it an excellent choice for high-sensitivity trans
impedance amplifier configurations. 

Gain-Bandwidth Product 
The EL2073 has a gain-bandwidth product of 
200 MHz. For gains greater than 4, its closed
loop - 3 dB bandwidth is approximately equal to 
the gain-bandwidth product divided by the noise 
gain of the circuit. For gains less than 4, higher
order poles in the amplifier's transfer function 
contribute to even higher closed loop band
widths. For example, the EL2073 has a - 3 dB 
bandwidth of 400 MHz at a gain of + 1, dropping 
to 200 MHz at a gain of + 2. It is important to 
note that the EL2073 has been designed so that 
this "extra" bandwidth in low-gain applications 
does not come at the expense of stability. As seen 
in the typical performance curves, the EL2073 in 
a gain of + 1 only exhibits 1 dB of peaking with a 
lOOn load. 

Video Performance 
An industry-standard method of measuring the 
video distortion of a component such as the 
EL2073 is to measure the amount of differential 
gain (dG) and differential phase (dP) that it in
troduces. To make these measurements, a 

0.286 Vpp (40 IRE) signal is applied to the device 
with OV DC offset (0 IRE) at either 3.58 MHz for 
NTSC, 4.43 MHz for PAL, or 30 MHz for 
HDTV. A second measurement is then made at 
0.714V DC offset (100 IRE). Differential gain is a 
measure of the change in amplitude of the sine 
wave, and is measured in percent. Differential 
phase is a measure of the change in phase, and is 
measured in degrees. 

For signal transmission and distribution, a back
terminated cable (7Sn in series at the drive end, 
and 7Sn to ground at the receiving end) is pre
ferred since the impedance match at both ends 
will absorb any reflections. However, when dou
ble termination is used, the received signal is 
halved; therefore a gain of 2 configuration is typi
cally used to compensate for the attenuation. 

The EL2073 has been designed to be among the 
best video amplifiers in the marketplace today. It 
has been thoroughly characterized for video per
formance in the topology described above, and 
the results have been included as minimum dG 
and dP specifications and as typical performance 
curves. In a gain of + 2, driving lS0n, with stan
dard video test levels at the input, the EL2073 
exhibits dG and dP of only 0.01 % and 0.015° at 
NTSC and PAL. Because dG and dP vary with 
different DC offsets, the superior video perform
ance of the EL2073 has been characterized over 
the entire DC offset range from -0.714V to 
+ 0.714V. For more information, refer to the 
curves of dG and dP vs DC Input Offset. 

The excellent output drive capability of the 
EL2073 allows it to drive up to 4 back-terminated 
loads with excellent video performance. With 4 
lS0n loads, dG and dP are only 0.15% and 0.08° 
at NTSC and PAL. For more information, refer 
to the curves for Video Performance vs Number 
of lS0n Loads. 

Output Drive Capability 
The EL2073 has been optimized to drive son and 
7Sn loads. It can easily drive 6 Vpp into a son 
load. This high output drive capability makes the 
EL2073 an ideal choice for RF, IF and video ap
plications. Furthermore, the current drive of the 
EL2073 remains a minimum of 50 rnA at low 
temperatures. The EL2073 is current-limited at 

2·192 



Applications Information 
the output, allowing it to withstand momentary 
shorts to ground. However, power dissipation 
with the output shorted can be in excess of the 
power-dissipation capabilities of the package. 

Capacitive Loads 
Although the EL2073 has been optimized to 
drive resistive loads as low as son, capacitive 
loads will decrease the amplifier's phase margin 
which may result in peaking, overshoot, and pos
sible oscillation. For optimum AC performance, 
capacitive loads should be reduced as much as 
possible or isolated via a series output resistor. 
Coax lines can be driven, as long as they are ter
minated with their characteristic impedance. 
When properly terminated, the capacitance of co
axial cable will not add to the capacitive load 
seen by the amplifier. Capacitive loads greater 
than 10 pF should be buffered with a series resis
tor (Rs) to isolate the load capacitance from the 
amplifier output. A curve of recommended Rs vs 
Cload has been included for reference. Values of 
Rs were chosen to maximize resulting bandwidth 
without peaking. 
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Printed-Circuit Layout 
As with any high-frequency device, good PCB 
layout is necessary for optimum performance. 
Ground-plane construction is highly recommend
ed, as is good power supply bypassing. A 1 p.F-
10 p.F tantalum capacitor is recommended in par
allel with a 0.01 p.F ceramic capacitor. All lead 
lengths should be as short as possible, and all by
pass capacitors should be as close to the device 
pins as possible. Parasitic capacitances should be 
kept to an absolute minimum at both inputs and 
at the output. Resistor values should be kept UD

der 1000n to 2000n because of the RC time con
stants associated with the parasitic capacitance. 
Metal-film and carbon resistors are both accept
able, use of wire-wound resistors is not recom
mended because of parasitic inductance. Similar
ly, capacitors should be low-inductance for best 
performance. If possible, solder the EL2073 di
rectly to the PC board without a socket. Even 
high quality sockets add parasitic capacitance 
and inductance which can potentially degrade 
performance. Because of the degradation of AC 
performance due to parasitics, the use of surface
mount components (resistors, capacitors, etc.) is 
also recommended. 
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EL2073 Macromodel 
* * Connections: 

* 
* 
* 
* 
* 
.subckt M2073 

* 
*Input Stage 
* 
ie 37 4 lmA 
r6 36 37 125 
r7 38 37 125 
rcl 7 30 200 
rc2 7 39 200 
ql 30 3 36 qn 
q2 39 2 38 qna 
ediff 33 0 39 30 1 
rdiff 33 0 lMeg 

* 
* Compensation Section 

* 
ga 0 34 33 0 2m 
rh 34 0 500K 
ch 34 0 1.2pF 
rc 34 40 400 
cc 40 0 0.3pF 

* * Poles 
* 
ep 41 0 40 0 1 
rpa 41 42 75 
cpa 42 0 0.5pF 
rpb 42 43 50 
cpb 43 0 0.5pF 

* 
* Output Stage 

* 
10s1 7 50 3.0mA 
10s2 51 4 3.0mA 
q3 4 43 50 qp 
q4 7 43 51 qn 
q5 7 50 52 qn 
q6 4 51 53 qp 
rosl 52 6 2 
ros2 6 53 2 

* 
Power Supply Current 

* 1ps 7 4 1l.4mA 

* 
Models 

* 

+input 
-input 

+Vsupply 

I 
-Vsupply 
I iutput 

3 2 7 4 6 

.model qna npn(1s=800e-18 bf=170 tf=0.2ns) 

.model qn npn(1s=810e-18 bf=200 tf=0.2ns) 

.model qp pnp(1s=800e-18 bf=200 tf=0.2ns) 

.ends 
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EL2073 Macromodel- Contd. 
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Features 
• 400 MHz gain-bandwidth 

product 

• Gain-of-2 stable 
• Ultra low video distortion = 

0,01%/0,015° @ NTSC/PAL 

• Conventional voltage-feedback 
topology 

• Low offset voltage = 200,... V 
• Low bias current = 2 ,...A 
• Low offset current = 0.1 ,...A 
• Output current = 50 mA over 

temperature 
• Fast settling = 13 ns to 0.1 % 
• Low distortion = - 55 dB HD2, 

-70 dB HD3 @ 20 MHz, 2 Vpp, 
Av = +2 

Applications 
• High resolution video 
• Active filters/integrators 
• High-speed signal processing 
• ADC/DAC buffers 
• Pulse/RF amplifiers 
• Pin diode receivers 
• Log amplifiers 
• Photo multiplier amplifiers 
• High speed sample-and-holds 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2074CN O"C to + 75"C 8·Pin P·DIP MDPOO31 

EL2074C5 O"C to + 75"C 8·Lead 50 MDPOO27 

General Description 
The EL2074 is a precision voltage-feedback amplifier featuring 
a 400 MHz gain-bandwidth product, fast settling time, excellent 
differential gain and differential phase performance, and a mini
mum of 50 mA output current drive over temperature. 

The EL2074 is gain-of-2 stable with a - 3 dB bandwidth of 
400 MHz at Av = + 2. It has a very low 200 ,...V of input offset 
voltage, only 2 ,...A of input bias current, and a fully symmetri
cal differential input. Like all voltage-feedback operational am
plifiers, the EL2074 allows the use of reactive or non-linear 
components in the feedback loop. This combination of speed 
and versatility makes the EL2074 the ideal choice for all op
amp applications at a noise gain of 2 or greater requiring high 
speed and precision, including active filters, integrators, sam
ple-and-holds, and log amps. The low distortion, high output 
current, and fast settling makes the EL2074 an ideal amplifier 
for signal-processing and digitizing systems. 

Elantec products and facilities comply with MIL-I-45208A, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-l: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagram 

DIP and SO Package 

2074-1 
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Absolute Maximum Ratings (TA = 2S·C) 

Supply Voltage (Vs) 
Output Current 

Common-Mode Input 
Differential Input Voltage 

±7V 
Output is short-circuit protect

ed to ground, however, maxi
mum reliability is obtained if 
lOUT does not exceed 70 rnA. 

±Vs 
5V 

Thermal Resistance 

Operating Temperature 
Junction Temperature 

8JA = 9S·C/W P-DIP 
8JA = 17S·C/W SO-8 

O·Cto +7S·C 
17S·C 

Storage Temperature - 60"C to + lS0·C 
Note: See EL2071/EL2171 for Thermal Impedance curves. 

Open Loop DC Electrical Characteristics 
Vs = ± SV, RL = lOon, unless otherwise specified 

Parameter Description 

Vos Input Offset Voltage 

TCVos 

PSRR Power Supply 
Rejection Ratio 

CMRR Common Mode 
Rejection Ratio 

IS Supply Current-Quiescent 

Test 
Conditions 

VCM = ov 

(Note 1) 

(Note 2) 

(Note 3) 

No Load 
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Open Loop DC Electrical Characteristics 
Vs = ±5V, RL = lOon, unless otherwise specified- Contd. 

Test 
Conditions 

500. 

Closed Loop AC Electrical Characteristics 
Vs = ±5V, Av = + 2, Rf = Rg = 2500., Cf = 3pF, RL = 1000. unless otherwise specified 

Parameter 

SSBW 

LSBWa 

LSBWb 

GFPL 

GFPH 

GFR 

Description 

- 3 dB Bandwidth 

(VOUT = O.4Vpp) 

- 3 dB Bandwidth 

- 3 dB Bandwidth 

Peaking «50 MHz) 

Peaking (> 50 MHz) 

Rolloff « 100 MHz) 

Test 

VOUT = 5Vpp 
(Note 4) 

VOUT = 0.4Vpp 

VOUT = 0.4 Vpp 

VOUT = 0.4 Vpp 
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Closed Loop AC Electrical Characteristics 
Vs = ± 5V, Av = + 2, Rf = Rg = 2500., Cf = 3pF, RL = 1000. unless otherwise specified - Contd. 

Parameter Description 

LPD Linear Phase Deviation 

Note 1: Measured from TMIN, TMAX' 
Note 2: ±VCC = ±4.5V to 5.5V. 
Note 3: ±VIN = ±2.5V, VOUT = OV 

Test 
Conditions 

VOUT = 0.4 Vpp 

Slew Rate 
Note 4: Large-signal bandwidth calculated using LSBW = . 

21TVPEAK 

Temp 

Note 5: All distortion measurements are made with VOUT = 2 Vpp, RL = 1000.. 

Min Typ 

Note 6: Video performance measured at AV = + 2 with 2 times normal video level across RL = 1000.. This corresponds to standard 
video levels across a back-terminated 500. load, i.e., 0-100 IRE, 40IREpp giving a 1 Vpp video signal across the 500. load. 
For other values of RL, see curves. 
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Typical Performance Curves (TA = 25'C) 
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Typical Performance Curves (TA = 25°C unless otherwise specified) - Contd. 
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Typical Performance Curves (TA = 25°C) - Contd. 
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Equivalent Circuit 
YS+ 

• 

vS-
2074-7 

Burn-In Circuit 

+Y = +5Y 

-Y = -5Y 

2074-6 

All Packages Use The Same Schematic 
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Applications Information 

Product Description 
The EL2074 is a wideband monolithic operation
al amplifier built on a high-speed complementary 
bipolar process. The EL2074 uses a classical volt
age-feedback topology which allows it to be used 
in a variety of applications requiring a noise gain 
:2 2 where current-feedback amplifiers are not ap
propriate because of restrictions placed upon the 
feedback element used with the amplifier. The 
conventional topology of the EL2074 allows, for 
example, a capacitor to be placed in the feedback 
path, making it an excellent choice for applica
tions such as active filters, sample-and-holds, or 
integrators. Similarly, because of the ability to 
use diodes in the feedback network, the EL2074 
is an excellent choice for applications such as log 
amplifiers. 

The EL2074 also has excellent DC specifications: 
200 /LV, VOS, 2 /LA IB, 0.1 fJ-A lOS, and 90 dB of 
CMRR. These specifications allow the EL2074 to 
be used in DC-sensitive applications such as dif
ference amplifiers. Furthermore, the current 
noise of the EL2074 is only 3.2 pA/,jHZ, making 
it an excellent choice for high-sensitivity trans
impedance amplifier configurations. 

Gain-Bandwidth Product 
The EL2074 has a gain-bandwidth product of 
400 MHz. For gains greater than 8, its closed
loop - 3 dB bandwidth is approximately equal to 
the gain-bandwidth product divided by the noise 
gain of the circuit. For gains less than 8, higher
order poles in the amplifier's transfer function 
contribute to even higher closed loop band
widths. For example, the EL2074 has a -3 dB 
bandwidth of 400 MHz at a gain of + 2, dropping 
to 200 MHz at a gain of + 4. It is important to 
note that the EL2074 has been designed so that 
this "extra" bandwidth in low-gain applications 
does not come at the expense of stability. As seen 
in the typical performance curves, the EL2074 in 
a gain of + 2 only exhibits 1 dB of peaking with a 
1000. load. 

Parasitic Capacitances and Stability 
When used in positive-gain configurations, the 
EL2074 can be quite sensitive to parasitic capaci
tances at the inverting input, especially with val
ues :2 2500. for the gain resistor. The problem 
stems from the feedback and gain resistance in 
conjunction with the approximately 3pF of 
board-related parasitic capacitance from the in
verting input to ground. Assuming a gain-of-2 
configuration with Rf= Rg= 250n, a feedback 
pole occurs at 424 MHz, which is equivalent to a 
zero in the forward path at the same frequency. 
This zero reduces stability by reducing the effec
tive phase-margin from about 50° to about 30°. 

A common solution to this problem is to add an 
additional capacitor from the inverting input to 
the output. This capacitor, in conjunction with 
the parasitic capacitance, maintains a constant 
voltage-divider between the output and the in
verting input. This technique is used for AC test
ing of the EL2074. A 3pF capacitor is placed in 
parallel with the feedback resistor for all AC 
tests. When this capacitor is used, it is also possi
ble to increase the resistance values of the feed
back and gain resistors without loss of stability, 
resulting in less loading of the EL2074 from the 
feedback network. 

Video Performance 
An industry-standard method of measuring the 
video distortion of a component such as the 
EL2074 is to measure the amount of differential 
gain (dG) and differential phase (dP) that it in
troduces. To make these measurements, a 
0.286 Vpp (40 IRE) signal is applied to the device 
with OV DC offset (0 IRE) at either 3.58 MHz for 
NTSC, 4.43 MHz for PAL, or 30 MHz for 
HDTV. A second measurement is then made at 
0.714V DC offset (100 IRE). Differential gain is a 
measure of the change in amplitude of the sine 
wave, and is measured in percent. Differential 
phase is a measure of the change in phase, and is 
measured in degrees. 
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Applications Information - Contd. 

For signal transmission and distribution, a back
terminated cable (750. in series at the drive end, 
and 750. to ground at the receiving end) is pre
ferred since the impedance match at both ends 
will absorb any reflections. However, when dou
ble termination is used, the received signal is 
halved; therefore a gain of 2 configuration is typi
cally used to compensate for the attenuation. 

The EL2074 has been designed to be among the 
best video amplifiers in the marketplace today. It 
has been thoroughly characterized for video per
formance in the topology described above, and 
the results have been included as minimum dG 
and dP specifications and as typical performance 
curves. In a gain of + 2, driving 1500., with stan
dard video test levels at the input, the EL2074 
exhibits dG and dP of only 0.01 % and 0.015° at 
NTSC and PAL. Because dG and dP vary with 
different DC offsets, the superior video perform
ance of the EL2074 has been characterized over 
the entire DC offset range from -0.714V to 
+0.714V. For more information, refer to the 
curves of dG and dP vs DC Input Offset. 

The excellent output drive capability of the 
EL2074 allows it to drive up to 4 back-terminated 
loads with excellent video performance. With 4 
1500. loads, dG and dP are only 0.15% and 0.08° 
at NTSC and PAL. For more information, refer 
to the curves for Video Performance vs Number 
of lS0n Loads. 

Output Drive Capability 
The EL2074 has been optimized to drive son and 
750. loads. It can easily drive 6 Vpp into a son 
load. This high output drive capability makes the 
EL2074 an ideal choice for RF, IF and video ap
plications. Furthermore, the current drive of the 
EL2074 remains a minimum of 50 mA at low 
temperatures. The EL2074 is current-limited at 
the output, allowing it to withstand momentary 
shorts to ground. However, power dissipation 
with the output shorted can be in excess of the 
power-dissipation capabilities of the package. 
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Capacitive Loads 
Although the EL2074 has been optimized to 
drive resistive loads as low as son, capacitive 
loads will decrease the amplifier's phase margin 
which may result in peaking, overshoot, and pos-
sible oscillation. For optimum AC performance, 
capacitive loads should be reduced as much as 
possible or isolated via a series output resistor. 
Coax lines can be driven, as long as they are ter-
minated with their characteristic impedance. 
When properly terminated, the capacitance of co-
axial cable will not add to the capacitive load 
seen by the amplifier. Capacitive loads greater 
than 10 pF should be buffered with a series resis-
tor (Rs) to isolate the load capacitance from the 
amplifier output. A curve of recommended Rs vs -=
Cload has been included for reference. Values of r. 
Rs were chosen to maximize resulting bandwidth 
without peaking. 

Printed-Circuit Layout 
As with any high-frequency device, good PCB 
layout is necessary for optimum performance. 
Ground-plane construction is highly recommend
ed, as is good power supply bypassing. A 1 ,..,F-
10 ,..,F tantalum capacitor is recommended in par
allel with a 0.01 ,..,F ceramic capacitor. All lead 
lengths should be as short as possible, and all by
pass capacitors should be as close to the device 
pins as possible. Parasitic capacitances should be 
kept to an absolute minimum at both inputs and 
at the output. Resistor values should be kept un
der 10000. to 20000. because of the RC time con
stants associated with the parasitic capacitance. 
Metal-film and carbon resistors are both accept
able, use of wire-wound resistors is not recom
mended because of parasitic inductance. Similar
ly, capacitors should be low-inductance for best 
performance. If possible, solder the EL2074 di
rectly to the PC board without a socket. Even 
high quality sockets add parasitic capacitance 
and inductance which can potentially degrade 
performance. Because of the degradation of AC 
performance due to parasitics, the use of surface
mount components (resistors, capacitors, etc.) is 
also recommended. 
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EL2074 Macromodel 
* 
* Connections: 

* 
* 
* 
* 
* 
.subckt M2074 

* 
*Input Stage 

* 
ie 37 4 1 IDA 
r6 36 37 125 
r7 38 37 125 
rcl 7 30 200 
rc2 7 39 200 
ql 30 3 36 qn 
q2 39 2 38 qna 
ediff 33 0 39 30 1 
rdiff 33 0 1 Meg 

* * Compensation Section 
* 
ga 0 34 33 0 2m 
rh 34 0 500K 
ch 34 0 0.8 pF 
rc 34 40 50 
cc 40 0 0.05 pF 

* * Poles 

* 
ep 41 0 40 0 1 
rpa 41 42 150 
cpa 42 0 0.5 pF 
rpb 42 43 50 
cpb 43 0 0.5 pF 

* * Output Stage 
* 
iosl 7 50 3.0 IDA 
ios2 51 4 3.0 IDA 
q3 4 43 50 qp 
q4 7 43 51 qn 
q5 7 50 52 qn 
q6 4 51 53 qp 
rosl 52 6 2 
ros2 6 53 2 

* 
Power Supply Current 

* 
ips 7 4 11.4 IDA 

* 
Models 

* 

+input 
-input 

+Vsupply 

I 
-Vsupply 
I iutput 

3 274 6 

.model qna npn(is=800e-18 bf=170 tf=0.2 ns) 

.model qn npn(is=810e-18 bf=200 tf=0.2 ns) 

.model qp pnp(is=800e-18 bf=200 tf=0.2 ns) 

.ends 
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EL2074 Macromodel- Contd. 

V+ 

rc 40 
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rdlll 
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Features 
• 2 GHz gain-bandwidth product 
• Gain-of-10 stable 
• Conventional voltage-feedback 

topology 
• Low offset voltage = 200 J.I. V 
• Low bias current = 2 J.l.A 
• Low offset current = 0.1 J.l.A 
• Output current = 50 mA over 

temperature 
• Fast settling = 13 ns to 0.1 % 

Applications 
• Active filters/integrators 
• High-speed signal processing 
• ADC/DAC buffers 
• Pulse/RF amplifiers 
• Pin diode receivers 
• Log amplifiers 
• Photo multiplier amplifiers 
• High speed sample-and-holds 

Ordering Information 
Part No. Temp. Range Package Outline '* 

EL207SCN wc to + 7S'C 8-Pin P-DIP MDPOO31 

EL207SCS WC to + 7S'C 8-Lead SO MDPOO27 

General Description 
The EL2075 is a precision voltage-feedback amplifier featuring 
a 2 GHz gain-bandwidth product, fast settling time, excellent 
differential gain and differential phase performance, and a mini
mum of 50 mA output current drive over temperature. 

The EL2075 is gain-of-10 stable with a -3 dB bandwidth of 400 
MHz at Av = + 10. It has a very low 200 J.l.V of input offset 
voltage, only 2 J.l.A of input bias current, and a fully symmetri
cal differential input. Like all voltage-feedback operational am
plifiers, the EL2075 allows the use of reactive or non-linear 
components in the feedback loop. This combination of speed 
and versatility makes the EL2075 the ideal choice for all op
amp applications at a gain of 10 or greater requiring high speed 
and precision, including active filters, integrators, sample-and
holds, and log amps. The low distortion, high output current, 
and fast settling makes the EL2075 an ideal amplifier for sig
nal-processing and digitizing systems. 

Elantec products and facilities comply with MIL-I-45208A, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-1: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagram 

DIP and SO Package 

2075-1 

~L-________________________________________________________________ ~ 

2-208 



Absolute Maximum Ratings (TA = 25'C) 

Supply Voltage (VS) 
Output Current 

Common-Mode Input 
Differential Input Voltage 

±7V 
Output is short-circuit protect

ed to ground, however, maxi
mum reliability is obtained if 
lOUT does not exceed 70 rnA. 

±VS 
5V 

Thermal Resistance 

Operating Temperature 
Junction Temperature 

8JA = 95'C/W P-DIP 
8JA = 175'C/W SO-8 

o'c to + 75'C 
175'C 

Storage Temperature - 60'C to + 150'C 
Note: See EL2071/EL2171 for Thermal Impedance curves. 

Open Loop DC Electrical Characteristics 
Vs = ±5V, RL = lOon, unless otherwise specified 

Parameter Description 
Test 

Temp Min Typ Max Units 
Conditions 

VOS Input Offset Voltage VCM = OV 25'C 0.2 mV 

TMIN,TMAX 2.5 mV 

TCVos Average Offset (Note 1) 
All 8 p,vrc 

Voltage Drift 

IB Input Bias Current VCM = OV All 6 p,A 

lOS Input Offset Current VCM = OV 25'C 0.1 p,A 

TMIN,TMAX p,A 

PSRR Power Supply (Note 2) 
Rejection Ratio 

All 70 90 dB 

CMRR Common Mode (Note 3) 
All 

Rejection Ratio 
70 90 dB 

IS Supply Current-Quiescent No Load 25'C 21 25 rnA 

TMIN,TMAX 25 rnA 

RIN (diff) RIN (Differential) Open-Loop 25'C 15 kn 

CIN (diff) CIN (Differential) Open-Loop 25'C pF 

RIN(cm) RIN (Common-Mode) 25'C Mn 

CIN(cm) CIN (Common-Mode) 25'C pF 
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Open Loop DC Electrical Characteristics 
Vs = ± 5V, RL = 1000., unless otherwise specified - Contd. 

Parameter Description 
Test 

Conditions 

Closed Loop AC Electrical Characteristics 
v s = ± 5V, Av = + 20, Rf = 15000., RL = 1000. unless otherwise specified 

Parameter 

SSBW 

LSBWa 

LSBWb 

GFPL 

GFPH 

GFR 

Description 

- 3 dB Bandwidth 

(VOUT = 0.4Vpp) 

- 3 dB Bandwidth 

Peaking « 50 MHz) 

Peaking (> 50 MHz) 

Rolloff « 100 MHz) 

Test 

VOUT = 5Vpp 
(Note 4) 

VOUT = 0.4 Vpp 

VOUT = 0.4 Vpp 

VOUT = 0.4 Vpp 
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Closed Loop AC Electrical Characteristics 
Vs = ± 5V, Av = + 20, Rf = 1500n, RL = lOon unless otherwise specified - Contd. 

Parameter Description 

LPD Linear Phase Deviation 

Test 
Conditions 

VOUT = 0.4 Vpp 

Temp Min Typ 

HD2 2nd Harmonic Distortion @ 20 MHz, AV = + 20 1------+--+----+--

HD3 3rd Harmonic Distortion @ 20 MHz, AV = + 20 1-____ -+ __ +--_-+ __ 

Note 1: Measured from TMIN, TMAX. 
Note 2: ±Vcc = ±4.5V to 5.5V. 
Note 3: ±VIN = ±2.5V, VOUT = OV 

Slew Rate 
Note 4: Large-signal bandwidth calculated using LSBW = . 

21TVpEAK 
Note 5: All distortion measurements are made with VOUT = 2 Vpp, RL = lOOn. 
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~-----------------------------Typical Performance Curves (TA = 2SDC) 
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Typical Performance Curves (TA = 2SoCunlessotherwisespecified)-Contd. 
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Typical Performance Curves (TA = 25°C)-Contd. 

Small Signal Transient Response Large Signal Transient Response 

TIME (1.l/di.) TIME (ID.s/di.) 

2075-4 2075-5 
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Equivalent Circuit 
Y5+ 

ys-

Burn-In Circuit 
R2 

1.5 k.n 

+Y = +5Y 

T O.I;.F 
Rl 75 V 

-Y = -5Y 

2075-7 

All Packages Use The Same Schematic 
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Applications Information 
Product Description 
The EL2075 is a wideband monolithic operation
al amplifier built on a high-speed complementary 
bipolar process. The EL2075 uses a classical volt
age-feedback topology which allows it to be used 
in a variety of applications requiring a noise gain 
;;::: 10 where current-feedback amplifiers are not 
appropriate because of restrictions placed upon 
the feedback element used with the amplifier. 
The conventional topology of the EL2075 allows, 
for example, a capacitor to be placed in the feed
back path, making it an excellent choice for ap
plications such as active filters, sample-and
holds, or integrators. Similarly, because of the 
ability to use diodes in the feedback network, the 
EL2075 is an excellent choice for applications 
such as log amplifiers. 

The EL2075 also has excellent DC specifications: 
200 ,..,V, VOS, 2 ,..,A IB, 0.1 ,..,A lOS, and 90 dB of 
CMRR. These specifications allow the EL2075 to 
be used in DC-sensitive applications such as dif
ference amplifiers. Furthermore, the current 
noise of the EL2075 is only 3.2 pAI.JHi, making 
it an excellent choice for high-sensitivity trans
impedance amplifier configurations. 

Gain-Bandwidth Product 
The EL2075 has a gain-bandwidth product of 
2 GHz. For gains greater than 40, its closed-loop 
- 3 dB bandwidth is approximately equal to the 
gain-bandwidth product divided by the noise 
gain of the circuit. For gains less than 40, higher
order poles in the amplifier's transfer function 
contribute to even higher closed loop band
widths. For example, the EL2075 has a -3 dB 
bandwidth of 400 MHz at a gain of + 10, drop
ping to 200 MHz at a gain of + 20. It is impor
tant to note that the EL2075 has been designed 
so that this "extra" bandwidth in low-gain appli
cations does not come at the expense of stability. 
As seen in the typical performance curves, the 
EL2075 in a gain of + 10 only exhibits 1.5 dB of 
peaking with a lOOn load. 

Output Drive Capability 
The EL2075 has been optimized to drive son and 
75n loads. It can easily drive 6 Vpp into a son 
load. This high output drive capability makes the 
EL2075 an ideal choice for RF and IF applica
tions. Furthermore, the current drive of the 
EL2075 remains a minimum of 50 mA at low 

temperatures. The EL2075 is current-limited at 
the output, allowing it to withstand momentary 
shorts to ground. However, power dissipation 
with the output shorted can be in excess of the 
power-dissipation capabilities of the package. 

Capacitive Loads 
Although the EL2075 has been optimized to 
drive resistive loads as low as son, capacitive 
loads will decrease the amplifier's phase margin 
which may result in peaking, overshoot, and pos
sible oscillation. For optimum AC performance, 
capacitive loads should be reduced as much as 
possible or isolated via a series output resistor. 
Coax lines can be driven, as long as they are ter
minated with their characteristic impedance. 
When properly terminated, the capacitance of co
axial cable will not add to the capacitive load 
seen by the amplifier. Capacitive loads greater 
than 10 pF should be buffered with a series resis
tor (Rs) to isolate the load capacitance from the 
amplifier output. A curve of recommended Rs vs 
Cload has been included for reference. Values of 
Rs were chosen to maximize resulting bandwidth 
without additionl peaking. 

Printed-Circuit Layout 
As with any high-frequency device, good PCB 
layout is necessary for optimum performance. 
Ground-plane construction is highly recommend
ed, as is good power supply bypassing. A 1 ,..,F-
10 ,..,F tantalum capacitor is recommended in par
allel with a 0.01 ,..,F ceramic capacitor. All lead 
lengths should be as short as possible, and all by
pass capacitors should be as close to the device 
pins as possible. Parasitic capacitances should be 
kept to an absolute minimum at both inputs and 
at the output. Resistor values should be kept un
der 1000n to 2000n because of the RC time con
stants associated with the parasitic capacitance. 
Metal-film and carbon resistors are both accept
able, use of wire-wound resistors is not recom
mended because of parasitic inductance. Similar
ly, capacitors should be low-inductance for best 
performance. If possible, solder the EL2075 di
rectly to the PC board without a socket. Even 
high quality sockets add parasitic capacitance 
and inductance which can potentially degrade 
performance. Because of the degradation of AC 
performance due to parasitics, the use of surface
mount components (resistors, capacitors, etc.) is 
also recommended. 
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EL2075 Macromodel 
* * Connections: 
* 
* 
* 
* 
* 
.subckt M2075 

* 
*Input Stage 

* 
16 37 4 1 mA 
r6 36 37 15 
r7 38 37 15 
rcl 7 30 200 
rc2 7 39 200 
ql 30 3 36 qn 
q2 39 2 38 qna 
ediff 33 0 39 30 1 
rdiff 33 0 1 Meg 

* 
* Compensation Section 

* 
ga 0 34 33 0 2m 
rh 34 0 500K 
ch 34 0 0.4 pF 
rc 34 40 50 
cc 40 0 0.05 pF 
* * Poles 
* 
ep 41 0 40 0 1 
rpa 41 42 250 
cpa 42 0 0.8 pF 
rpb 42 43 50 
cpb 43 0 0.5 pF 

* * Output Stage 
* 
iosl 7 50 3.0 mA 
ios2 51 4 3.0 mA 
q3 4 43 50 qp 
q4 7 43 51 qn 
q5 7 50 52 qn 
q6 4 51 53 qp 
rosl 52 6 2 
ros2 6 53 2 

* * Power Supply Current 

* 
ips 7 4 11.4 mA 

* * Models 

* 

+input 
-input 

+Vsupply 

I 
-Vsupply 
I iutput 

3 2 7 4 6 

.model qna npn(is=800e-18 bf=170 tf=0.2 ns) 

.model qn npn(is=810e-18 bf=200 tf=0.2 ns) 

.model qp pnp(is=800e-18 bf=200 tf=0.2 ns) 
• ends 
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EL2075 Macromodel- Contd. 

Y+ 

40 
,01 ,c2 ga 

30 edff 
33 

,dill 

'h co 

Y+ 

40 41 'pa 'pb 43 ep 
Vout 

opb 
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Features 
• so MHz - 3 dB bandwidth, 

Av = +2 
• Differential gain 0.03% 
• Differential phase O.OSo 

• Output short circuit current 
800mA 

• Can drive six 7So, double 
terminated cables ± 11 V 

• Slew rate = 1000V / fJ-s 
• Wide supply voltage range 

±SVto ±lSV 

Applications 
• Video line driver 

• ATE pin driver 
• High speed data acquisition 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL2099CT O°C to + 75°C 5-Pin TO-220 MDP0028 

General Description 
The EL2099C is a high speed, monolithic operational amplifier* 
featuring excellent video performance and high output current 
capability. Built using Elantec's Complementary Bipolar pro
cess, the EL2099C uses current mode feedback to achieve wide 
bandwidth, and is stable in unity gain configuration. 

Operation from power supplies ranging from ± SV to ± lSV 
makes the EL2099C extremely versatile. With supplies at 
± lSV, the EL2099C can deliver ± 11 V into 250, at slew rates of 
1000V / fJ-s. At ± 5V supplies, output voltage range is ± 3V into 
2SO,. Its speed and output current capability make this device 
ideal for video line driver and automatic test equipment appli
cations. 

Differential Gain and Phase of the EL2099C are 0.03% and 
0.05° respectively, and -3 dB bandwidth is SO MHz. These fea
tures make the EL2099C especially well suited for video distri
bution applications. 

Elantec products and facilities comply with MIL-I-45208A, and 
other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-l: Elantec's 
Processing, Monolithic Integrated Circuits. 

Connection Diagram 
5-Pin TO-220 

VS+ VIN-
VOUT VIN+ 

vs- 2099-1 

Manufactured under U.S. Patent Nos. 5,179,355, 4,893,091, U.K. Patent No. 
2261786. 
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Absolute Maximum Ratings (TA = 25'C) 

VoltagebetweenVs+ andVS
Voltage at Vs+ 
Voltage at VS-
Voltage between VIN+ and V1N
Current into VIN+ or VIN-

+33V 
+ 16.5V 
-16.5V 

±6V 
±10mA 

Internal Power Dissipation 
Operating Ambient Temperature Range 
Operating Junction Temperature 
Storage Temperature Range 

Open Loop DC Electrical Characteristics 
Vs = ± 15V, RL = 250, TA = 25'C unless otherwise specified 

Parameter Description Temp Min Typ Max 

Vos Input Offset Voltage 25'C 5 20 

TMIN,TMAX 25 

TCVos Average Offset Voltage Drift Full 20 

+ lIN + Input Current 25'C 20 

TMIN,TMAX 30 

-lIN - Input Current 25'C 8 35 

TMIN,TMAX 50 

CMRR Common Mode Rejection 

Ratio (Note 1) 
25'C 50 60 

PSRR Power Supply Rejection 

Ratio (Note 2) 
25'C 60 70 

ROL Transimpedance 25'C 85 140 

+RIN + Input Resistance 25'C 700 1000 

(Note 3) 
TMIN,TMAX 600 

+CIN + Input Capacitance 25'C 3 

CMIR Common Mode Input Range 25'C ±12.5 
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See Curves 
O'Cto + 75'C 

150'C 
-65'C to + 150'C 

Units 

mV 

mV 

/Lvrc 

/LA 

/LA 

/LA 

/LA 

dB 

dB 

kO 

kO 

kO 

pF 

V 



Open Loop DC Electrical Characteristics - Contd. 

Vs = ± 15V, RL = 250, TA = 25'C unless otherwise specified 

Parameter Description Temp Min Typ 

Vo Output Voltage Swing 

Vs= ±15V 
25'C ±9 ±11 

Output Voltage Swing 

Vs = ±5V 
25'C ±2.4 ±3.0 

lOUT Output Current 25'C 360 440 

ISC Output Short-Circuit 25'C 600 800 
Current 

TMIN,TMAX 800 

IS Supply Current 25'C 32 

Closed Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 2, RF = 5100, RL = 250, TA = 25'C unless otherwise specified 

Paremeter 

SR 

BW 

Peaking 

dG 

dP 

Description 

Slew Rate (Notes 4, 7) 

-3 dB Bandwidth (Note 7) 

(Note 7) 

Rise Time, Fall Time 
(Notes 5, 7) 

Differential Gain; DC Input Offset 

from OV through + 0.714V, AC 
Amplitude 286 mVp_p, f = 3.58 MHz 

(Notes 6, 7) 

Differential Phase; DC Input Offset 

from OV through + 0.714V, AC 
Amplitude 286 mVp_p, f = 3.58 MHz 
(Notes 6, 7) 

Note 1: The input is moved from -10V to + 10V. 
Note 2: The supplies are moved from ± 5V to ± 15V. 

Min 

500 

Note 3: VIN = ±5V. See typical performance curve for larger values of VIN' 

Typ 

1000 

so 

0.3 

0.03 

0.05 

Note 4: Slew Rate is with VOUT from +5V to -5V and measured at 20% and 80%. 

Max 

45 

Max 

Note 5: Rise and Fall Times are with VOUT between -0.5V and +0.5V and measured at 10% and 90%. 
Note 6: See typical performance curves for other conditions. 
Note 7: All AC tests are performed on a "warmed up" part, except for Slew Rate, which is pulse tested. 
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Typical Performance Curves (TA = 25°C,RL = 25!l,Av = +2,RF = 510 unless otherwise specified) 

CD' 
.3 

8 
N 
:::; 
<C 

'" '" 0 
.3 
LU 

'" => 
t-
Z 
(!) 
<C 

'" 

CD' 
.3 

[;] 
N 
:::; 
<C 

'" '" 0 
.3 
LU 

'" => 
t-
Z 
(!) 
<C 

'" 

CD' 
.3 

8 
N 
:::; 
<C 

'" '" 0 

.3 
LU 

'" => 
t-
Z 
(!) 
<C 

'" 

Non-Inverting 
Frequency Response (GAIN) 

+2 
AV = +1 

0 
k Ay = 

l~ 
-2 

Av = +5 

Rr 

-4 

-6 

- ~YOUT - -
YIN + I\. 

- Rs 
_ Vs = :i:15V 

RF = 510 
- Rc = 25 

-8 
1M 

Rs = 50 I 
10M 

FREQUENCY (Hz) 

+2 

0 

-2 

-4 

-6 

-8 

Inverting Frequency 
Response (GAIN) 

1M 

Ay - -1 

..1.1 AV = 

i'i.' 
Ay - -5 

Rr 

~y ¥IN ~ OUT 

Rg Rc 
Vs = ±15V 

Rr = 510 
"'- = 25 
Rs = 50 

10M 

FREQUENCY (Hz) 

+2 

100M 

1~2 

100M 

Frequency Response for Various RL 
+2 

1It.-

0 
i-

1\ 

-2 
R,-

-4 

~VOUT 
YIN ... R 

Rg L 

-6 

-8 
1M 

Vs = ±15Y 

Rr = 510 lit. = 50 
Ra = 510 L Rs = 50 

RL = 25 

10M 

FREQUENCY (Hz) 

150 

100M 

~ 
LU 
Vl 
<C 
:J: 
"-

~ 
LU 
Vl 
<C 
:J: 
"-

CD' 
.3 
0-
LU 
N 
:::; 
<C 

'" '" 0 
.3 
LU 

'" => 
t-
Z 
(!) 
<C 

'" 

2-222 

Non-Inverting 
Frequency Response (PHASE) 

+90 
II II 

0 
Ay - +1 I I II 

""'" 
Ay - +2 

-90 
"'IiII:l 

Rr 

-180 

-270 

~YOUT 
¥IN + f\ 

Rs 
Ay = +5 

Vs = ±15V 

-I nn Rr = 510 
Rc = 25 

-360 
1M 

Rs = 50 

10M 

FREQUENCY (Hz) 

II I 
100M 

270 

180 

90 

0 

-90 

Inverting Frequency 
Response (PHASE) 

Ay 1= ~ ,iftttt 
I Ay = 
~ 

-2 

R, ~1I 

YIN~YOUT 
R Rc s 

A~ 1= -5 Ys = ±15Y 

R, = 510 
J IIII lit. = 25 

-180 
1M 

Rs = 50 

10M 

FREQUENCY (Hz) 

1111 
100M 

+20 

+10 

0 

-10 

-20 

Frequency Response for Various CL 

111111 I 
G. - 100p_ 

G. = 70p 
G. = SOp 
G. = 20p ~ 

111111 I 
Rr 

C$lYOUT 

YIN + G.. 
Rg ~ 

Ys = ±15Y Ra = 510 
R, = 510 Rs = 50 

1M 10M 

FREQUENCY (Hz) 

[\ 
1\\ 
\\ \ 
1\\ 

100M 

2099-2 



Typical Performance Curves 
(TA = 2SoC, RL = 25!l, Av = + 2, RF = 510 unless otherwise specified) - Contd. 
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Typical Performance Curves 
(TA = 25°C, RL = 250, Av = + 2, RF 510 unless otherwise specified) - Contd. 
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Typical Performance Curves 
(TA = 25°C, RL = 250, Av = + 2, RF = 510 unless otherwise specified) - Contd. 
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Typical Performance Curves 
(TA = 2S·C, RL = 250, Av = + 2, RF = 510 unless otherwise specified) - Contd. 
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Simplified Schematic 
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o 
CS) 
CS) = C"I 
~ 

~~~~~~~~~~ 
± 18V and decrease slightly. as supplies are re
duced'to ± SV, as shown in the characteristic 
curves. It is not necessary to use equal value split 
supplies. For example, - SV and -12V would be 
fine for OV to 1 V video signals. 

Applications Information 

Product Description 
The EL2099C is a current mode feedback amplifi
er that has high output current drive capability. 
It is built using Elantec's proprietary dielectric 
isolation process that produces NPN and PNP 
complimentary transistors. The high output cur
rent can be useful to drive many standard video 
loads in parallel, as well as digital sync pulses 
that are 8V or greater. 

+ Input Resistor Value 
A small value resistor located in the + Input lead 
is necessary to keep the EL2099C from oscillat
ing under certain conditions. A 500 resistor is 
recommended for all applications, although 
smaller values will work under some circum
stances. All tests listed in this datasheet are per
formed with son in the + Input lead, as well as 
all typical performance curves. The son resistor 
along with the + Input bias current creates an 
additional typical Offset Voltage of only 250 p.V 
at T = 25°C, and a maximum of 1.25 m V over 
temperature variations. 

Feedback Resistor Values 
The EL2099C has been designed and specified 
with RF = S10n and Av = + 2. This value of 
feedback resistor yields extremely flat frequency 
response with little to no peaking. However, 3 dB 
bandwidth is reduced somewhat because of this. 
Wider bandwidth, at the expense of slight peak
ing, can be accomplished by reducing the val~e of 
the feedback resistor. For example, at a gam of 
+ 2 reducing the feedback resistor to 330n in
cre~ses the - 3 dB bandwidth to 70 MHz with 
3 dB of peaking. Inversely, larger values of feed-· 
back resistor will cause roll off to occur at a lower 
frequency. There is essentially no peaking with 
RF> S10n. 

Power Supplies 
The EL2099C may be operated with single or 
split supplies as low as ± SV (10V total) to as 
high as ± 18V (36V total). Bandwidth and slew 
rate are almost constant from Vs = ± 10V to 

Good power supply bypassing should be used to 
reduce the risk of oscillation. A 1 p.F to 10 p.F 
tantalum capacitor in parallel with a 0.1 p.F ce
ramic capacitor is recommended for bypassing 
each supply pin. They should be kept as close as 
possible to the device pins. 

Due to the internal construction of the TO-220 
package, the tab of the EL2099C is connected to 
the V s - pin. Therefore, care must be taken to 
avoid connecting the tab to the ground plane of 
the system. 

Printed Circuit Board Layout 
As with any high frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as sh~~ 
as possible. For good AC performance, parasitic 
capacitances should be kept to a minimum, espe
cially at the inverting input, which is sensitive to 
stray capacitance. This implies keeping the 
ground plane away from this pin. Metal film and 
carbon resistors are both acceptable, while use of 
wire-wound resistors is not recommended be
cause of their parasitic inductance. Similarly, ca
pacitors should be low inductance for best per
formance. 

Driving Cables and Capacitive Loads 
The EL2099C was designed with driving multi
ple coaxial cables in mind. With 440 rnA of out
put drive and low output impedance, driving six 
7Sn double terminated coaxial cables to ± 11 V 
with one EL2099C is practical. 

When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back termi
nation series resistor will decouple the EL2099C 
from the capacitive cable and allow extensive ca
pacitive drive. For a discussion on some .of ~e 
other ways to drive cables, see the applIcation 
section on driving cables in the EL2003 data 
sheet. 

2·228 



Applications Information - Contd. 
Other applications may have high capacitive 
loads without termination resistors. In these ap
plications, an additional small value (S,n-SO,n) 
resistor in series with the output will eliminate 
most peaking. 

15V 

75 

-15V 

The schematic below shows the EL2099C driving 
6 double terminated cables, each of average 
length of 50 feet. 

This represents driving an effective load of 2S,n 
to over ± 10V. The resulting performance is 
shown in the scope photo. Notice that double ter
mination results in reflection free performance. 

lOY 
- VOUT 

50 FOOT 
COAXIAL 

75 CABLES 

75 

75 

75 
510 

510 75 

75 

75 

75 

75 

75 

75 

2099-10 

20ns/dlv 
2099-11 
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EL2099 Macromodel 

° Connections: + input 

I -input 

I I +Vsupply 

I I I -Vsupply 

I I I I output 

I I I I I 
.subckt M2099 4 5 3 2 

° Input Stage 

e110 04 01.0 
vis 109 OV 
h2 9 12 vxx 1.0 
r151150 
11111248nH 
iinp405p.A 
iinm 5 0 -8p.A 
° 
° Slew Rate Limiting 

h1 13 0 vis 600 
r213141K 
dl14 0 dc1amp 
d20 14 dc1amp 

• High Frequency Pole 

°e2 30 0 14 0 0.001667 
13 30 17 1.5p.H 
c51701pF 
r5170500 

° Transimpedance Stage 

g10181701.0 
rol180 150K 
cdp 18 0 8pF 

° Output Stage 

q131819 qp 
q2118 20 qn 
q3119 21 qn 
q4 3 20 22 qp 
r7 212 1 
r8 22 21 
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EL2099 Macromodel- Contd. 

iosll195mA 
ios22035mA 

• Supply Current 

ips 1319mA 

• Error Terms 

ivos0235mA 
vxx2300V 
e4240201.0 
e5250101.0 
e6260301.0 
r924233K 
dO 25 23 lK 
r1126231K 

• Models 

.modelqnnpn(is=5e-15 bf=200 tf=O.lnS) 

.modelqppnp(is=5e-15 bf=200 tf=O.lnS) 

.modeldclampd(is=le-30 ibv=O.266 bv=5 n=4) 

.ends 

• 
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Features 
• Excellent differential gain and 

phase on ± 5V to ± 15V supplies 
• 100 MHz - 3 dB bandwidth from 

gains of ± 1 to ± 10 

• 700 V / Il-s slew rate 
• 0.1 dB flatness to 20 MHz 
• Output disable in 50 ns - remains 

high impedance even when 
driven with large slew rates 

• Single + 5V supply operation 
• AC characteristics are lot and 

temperature stable 
• Available in small SO-8 package 

Applications 
• Video gain block 
• Residue amplifier 
• Multiplexer 
• Current to voltage converter 
• Coax cable driver with gain of 2 
• ADCdriver 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2120CN O"Cto +7SOC 8.PinP.DIP MDPOO31 

EL2120CS O"C to + 7SOC 8.Lead SO MDPOO27 

Connection Diagrams 
P-DIP 

2120-1 

SO 

NC DISABLE 

IN- v+ 

IN+ OUT 

v- NC 

2120-2 

Top View 

General Description 
The EL2120C is a wideband current feedback amplifier opti
mized for video performance. Its 0.01 % differential gain and 
0.03 degree differential phase performance when at ± 5V sup
plies exceeds the performance of other amplifiers running on 
± 15V supplies. Operating on ± 8 to ± 15V supplies reduces dis
tortions to 0.01 % and 0.01 degrees and below. The EL2120C can 
operate with supplies as low as ± 2.5V or a single + 5V supply. 

Being a current feedback design, bandwidth is a relatively con
stant 100 MHz over the ± 1 to ± 10 gain range. The EL2120C 
has been optimized for flat gain over frequency and all charac
teristics are maintained at positive unity gain. Because the in
put slew rate is similar to the 700 V / Il-s output slew rate the 
part makes an excellent high-speed buffer. 

The EL2120C has a superior output disable function. Time to 
enable or disable is 50 ns and does not change markedly with 
temperature. Furthermore, in disable mode the output does not 
draw excessive currents when driven with 1000 V / Il-s slew rates. 
The output appears as a 3 pF load when disabled. 

Simplified Schematic 

v+o-----._----~----~~--._---1~~--.--, 

500p.A 

IN- o---------01----+-----+--_h 
OUT 

IN+ o---------t---t------l 

v-
2120-21 
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Absolute Maximum Ratings (TA = 25°C) 

Voltage between V + and V - 33V 
Voltage at + IN, 

-IN, VOUT (V-) - O.SVto (V+) + O.SV 
Voltage between 

+IN and - IN ±SV 
Voltage at IDisable (V +) - 10V to (V +) + O.SV 
Current into +IN, 

- IN, and IDisable ± 5 mA 

Output Current 
Internal Power Dissipation 
Operating Ambient 

Temperature Range 
Operating Junction Temperature 

P-DIP or SO 
Storage Temperature Range 

Open Loop DC Electrical Characteristics 
Vs = ±sV; RL = Ison, TA = 25°C unless otberwise specified 

Parameter 

Vos 

CMRR 

-ICMR 

PSRR 

+ IPSR 

-IPSR 

Description 

Input Offset Voltage 
Vs = ±ISV 

Common-Mode Rejection 
(Note 1) 

--:Input Current Common-Mode 
Rejection (Note I) 

Power Supply Rejection 
(Note 2) 

+ Input Current Power Supply 
Rejection (Note 2) 

- Input Current Power Supply 
Rejection (Note 2) 

Full 

Full 

Full 

25°C 
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50 

8 20 

65 80 

0.03 

±SOmA 
See Curves 

0" to 75°C 

ISO"C 
-65°C to + ISO"C 

p.A/V 

dB 

p.A/V 



Open Loop DC Electrical Characteristics - Contd. 
Vs = ± 5V; RL = 1500, TA = 25'C unless otherwise specified 

VDIS,OFF Disable Pin Voltage for 
Output Disabled 

IDIS,ON Disable Pin Current for 
Output Enabled 

IDIS,OFF Disable Pin Current for 
Output Disabled 

Note 1: The input is moved from -3V to +3V. 
Note 2: The supplies are moved from ±5V to ±15V. 

Full 

Full 

Full 

(V+) - 1 

1.0 

Closed Loop AC Electrical Characteristics 

(V+) - 4 

5 

Vs = ±15V;Av = +2(RF = RG = 2700);RL = 1500;CL = 7pF;CIN- = 2 pF; TA = 25'C 

Parameter Description Min Typ Max 

SR Slew Rate; VOUT from -3Vto +3V 
Measured at - 2V and + 2V 

Vs = ±15V 750 
Vs = ±5V 550 

ts Settling Time to 0.25% of a 
o to + 10V Swing; Av = + 1 with 
RF = 2700, Ra = 00, and RL = 4000 50 

BW Bandwidth -3dB 95 
±ldB 50 
±O.ldB 16 

BW@2.5V Bandwidth at -3dB 75 
Vs = ±2.5V ±ldB 35 

±0.1 dB 
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Closed Loop AC Electrical Characteristics - Contd. 
Vs = ± lSV; Av = + 2 (RF = RG = 2700); RL = 1500; CL = 7 pF; CIN- = 2 pF; TA = 2S·C 

Parameter 

dG 

dO 

Description 

Differential Gain; DC Offset 
from -0.7Vthrough +0.7V,AC 
Amplitude 286 mVp-p 

VS= ±lSV,f=3.58MHz 
VS= ±lSV,f=30MHz 
Vs = ±5V,f = 3.58 MHz 

Differential Phase; DC Offset 
from -0.7Vthrough +0.7V,AC 
Amplitude 286 mVp-p 

Vs = ± lSV, f = 3.58 MHz 
Vs = ±lSV,f = 30MHz 
Vs = ±SV,f= 3.58 MHz 

Typical Performance Curves 

Min 

AC Test Circuit 

Typ 

<0.01 
0.1 
0.01 

0.01 

0.1 
0.06 

Max 

~Clnubb.r } 
(approx. 33 pF) Optional 
Ranubber snubber 
(approx. 68n) network 

~nput 
Input~.....,jW~"" 

(optional, 
approx.47n) >--.... --.... - .. -~,....~OUTPUT 

v-

Frequency Response VB RF 

4 
3 

~ 
2 ~ 

GnI (stray) 

Frequency Response VB Gain 

Rt:- = 270n 1111 IIIII 
I\. = 150n IIII IIIII Vs=z15V 

~=+I or +2 

10 

9 

8 

2120-3 

Units 

% 
% 
% 

z I 
~ a 
'" 

... 7 t--+-t+Ittttt--+::oIiII 
6~~~~~~~~~ 

1101 lOW 

FREQUENCY (Hz) 

~ ... 
'" ....I 

'" 0:: 

100101 

2120-4 

-I 

-2 -f-
-3 

-4 

1101 

Ay = +5-1-' 

~rIlr,'O-t-

II 11111 

I 11111 
lOW 

FREQUENCY (Hz) 

2-236 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Applications Information 
The EL2120C represents the third generation of 
current-feedback amplifier design. It is designed 
to provide good high-frequency performance over 
wide supply voltage, load impedance, gain, tem
perature, and manufacturing lot variations. It is 
a well-behaved amplifier in spite of its 100 MHz 
bandwidth, but a few precautions should be tak
en to obtain maximum performance. 

The power supply pins must be well bypassed. 
0.01 JLF ceramic capacitors are adequate, but lead 
length should be kept below %" and a ground 
plane is recommended. Bypassing with 4.7 JLF 
tantalum capacitors can improve settling charac
teristics, and smaller capacitors in parallel will 
not be needed. The lead length of sockets general
ly deteriorates the amplifier's frequency response 
by exaggerating peaking and increasing ringing 
in response to transients. Short sockets cause lit
tle degradation. 

Load capacitance also increases ringing and 
peaking. Capacitance greater than 35 pF should 
be isolated with a series resistor. Capacitance at 
the VIN- terminal has a similar effect, and 
should be kept below 5 pF. Often, the inductance 
of the leads of a load capacitance will be self-reso
nant at frequencies from 40 MHz to 200 MHz 
and can cause oscillations. A resonant load can be 
de-Q'ed with a small series or parallel resistor. A 
"snubber" can sometimes be used to reduce reso
nances. This is a resistor and capacitor in series 
connected from output to ground. Values of 6Sn 
and 33 pF are typical. Increasing the feedback 
resistor can also improve frequency flatness. 

The VIN+ pin can oscillate in the 200 MHz to 
500 MHz realm if presented with a resonant or 
inductive source impedance. A series 27n to 6Sn 
resistor right on the VIN+ pin will suppress such 
oscillations without affecting frequency response. 

- 3 dB bandwidth is inversely proportional to 
the value of feedback resistor RF' The EL2120C 
will tolerate values as low as lS0n for a maxi
m:u~ bandwidth of about 140 MHz, but peaking 
wIll lDcrease and tolerance to stray capacitance 
will reduce. At gains greater than 5, -3 dB band
width begins to reduce, and a smaller RF can be 
used to maximize frequency response. 

2·241 

The greatest frequency response flatness (to 
0.1 dB, for instance) occurs with RF = 300n to 
330n. Even the moderate peaking caused by low
er values of RF will cause the gain to peak out of 
the 0.1 dB window, and higher values of RF will 
cause an overcompensated response where the 
gain falls below the 0.1 dB level. Parasitic capaci
tances will generally degrade the frequency flat
ness. 

The EL2120C should not output a continuous 
current above 50 mA, as stated in the ABSO
LUTE MAXIMUM RATINGS table. The out
put current limit is set to 120 mA at a die temper
ature of 25·C and reduces to S5 mA at a die tem
perature of 150·C. This large current is needed to 
slew load capacitance and drive low impedance 
loads with low distortion but cannot be support-
ed continuously. Furthermore, package dissipa- -=
tion capabilities cannot be met under short-cir- r. 
cuit conditions. Current limit should not occur 
longer than a few seconds. 

The output disable function of the EL2120C is 
optimized for video performance. While in dis
able mode, the feedthrough of the circuit can be 
modeled as a 0.2 pF capacitor from VIN+ to the 
output. No more than ± 5V can be placed be
tween VIN+ and VIN- in disable mode, but this 
is compatible with common video signal levels. 
In disabled state the output can withstand about 
1000 V I JLS slew rate signals impressed on it with
out the output transistors turning on. 

The IDisable pin logic level is referred to V + . 
With ± 5V supplies, a CMOS or TTL driver with 
pull-up resistor will suffice. ± 15V supplies re
quire a + 141 + 11 V drive span, or + 151 + 10V 
nominally. Open-collector TTL with a tapped 
pull-up resistor can provide these spans. The im
pedance of the divider should be 1k or less for 
optimum enable I disable speed. 

The EL2120C enables in 50 ns or less. When VIN 
= 0, only a small switching glitch occurs at the 
output. When VIN is some other value, the out
put overshoots by about 0.7V when settling 
toward its new enabled value. 



Applications Information - Contd. 
When the EL2120C disables, it turns off very rapidly for inputs of ± 1V or less, and the output sags 
more slowly for inputs larger than this. For inputs as large as ± 2.5V the. output current can be 
absorbed by another EL2120C simultaneously enabled. Under these conditions, switching will be prop
erly completed in 50 ns or less. 

The greater thermal resistance of the 80-8 package requires that the EL2120C be operated from ± 10V 
supplies or less to maintain the 150·C maximum die temperature over the commercial temperature 
range. The P-DIP package allows the full ± 16.5V supply operation. 

Typical Applications Circuit-A High Quality Two-Input MUltiplexer 

Dual EL2120C Multiplexer 

INPUT A .---11----1 

CMOS 

INPUT 
SELECT .---40------::-:--, 
(Chtos) 

INPUTS .--___ ---1 

27011 

27011 

OUTPUT 

2120-16 

Dual EL2120C Multiplexer Switching 
Channels: Uncorrelated Sinewave 
Switched to a Family of DC Levels 

Input
Select 
5v/eM 

Multiple.e. _ 
Output 
1V/CM 

2120-18 
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Channel·to-Channel Isolation 
of Dual EL2120C Multiplexer 

o 
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40 
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100 
lW 
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~ 
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Dual EL2120C Multiplexer Switching 
Channels: a Family of DC Levels 

Switched to an Uncorrelated Sinewave 

Multiple.ld 
O.n,ut 

·1V/CM 
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The EL2120C Macromodel 
This macromodel has been developed to assist the user in simulating the EL2120C with surrounding 
circuitry. It was developed for the PSPICE simulator (copywritten by the Microsim corporation), and 
may need to be rearranged for other simulators, particularly the H operator. It approximates frequency 
response and small-signal transients as well, although the effects of load capacitance does not show. 
This model is slightly more complicated than the models used for low-frequency op-amps, but is much 
more accurate for AC. 

The model does not simulate these characteristics accurately: 
noise non-linearities 
slew rate limitations temperature effects 
settling time manufacturing variations 
input or output resonances CMRR and PSRR 

• Revision A. March 1992 
• Enhancements include PSRR, CMRR, and Slew Rate Limiting 
• Connections: + input 

-input I 
I 
I 
I 
I 

I +Vsupply 

I I 
I I 
I I 

.subckt M2120 3 2 7 

• Input Stage 

e110 0 3 0 1.0 
vis 10 9 OV 
h2 9 12 vxx 1.0 
r1 2 11 25 
11111220nH 
iinp 3 0 10j.tA 
iinm 2 0 5j.tA 
r12 3 02Meg 

• Slew Rate Limiting 

h1 13 0 vis 600 
r2 13 141K 
d114 0 dclamp 
s2 0 14 dc\amp 

• High Frequency Pole 

e2 30 0 14 0 0.00166666666 
1530 171j.tH 
c5 17 00.5pF 
r5170600 

• Transimpedance Stage 

g10 18 17 0 1.0 
rol180 140K 
cdp 180 7.9pF 

• Output Stage 

-Vsupply 

I 
I 
4 

output 

I 
6 

q14 1819 qp 
q27 1820 qn 
q37 19 21 qn 
q442022qp 
r7 21 64 
r8 22 6 4 
ios1 7 19 2.5mA 
ios2 20 4 2.5mA 

• Supply 

ips7410mA 

• Error Terms 

ivos023 SmA 
vxx 23 OOV 
e4 24 0 6 0 1.0 
e5 25 0 7 0 1.0 
e6 26 0401.0 
r9 24 23 562 
rlO 25 23 10K 
r1126 23 10K 

• Models 

.model qn npn (is= 5e-15 bf= 500 tf= 0.1nS) 

.model qp pnp (is = 5e-15 bf= 500 tf= 0.1nS) 

.model dc\amp d(is= 1e-30 ibv=0.02 bv=4 n =4) 

.ends 
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The EL2120C Macl'omodel- Contd. 

7 
v+ 

2120-20 

EL2120 Macromodel 
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Features 
• - 3 dB bandwidth = 85 MHz, 

Av = 1 
• -3 dB bandwidth = 75 MHz, 

AV = 2 
• NTSC/PAL dG :s; 0.03%, dP :s; 

0.1° 

• 50 mA output current 
• Drives ± 2.5V into lOon load 
• Low voltage noise = 4 n V I.}HZ 
• Current mode feedback 

• Low cost 

Applications 
• Video amplifier 
• Video distribution amplifier 
• Residue amplifiers in ADC 
• Current to voltage converter 
• Coaxial cable driver 

Ordering Information 
Part No. Temp. Range PIt,. Outline' 

EL2130CN O"C to + 7S'C B-Pin P-DIP MDPO031 

EL2130CS O"C to + 7S'C 8-Lead so MDPO027 

General Description 
The EL2130 is a wideband current mode feedback amplifier op
timized for gains between -10 and + 10 while operating on 
± 5V power supplies. Built using Elantec's Complementary Bi
polar process, this device exhibits - 3 dB bandwidths in excess 
of 85 MHz at unity gain and 75 MHz at a gain of two. The 
EL2130 is capable of output currents in excess of 50 mA giving 
it the ability to drive either double or single terminated 50n 
coaxial cables. 

Exhibiting a Differential Gain of 0.03% and a Differential 
Phase of 0.1° at NTSC and PAL frequencies. The EL2130 is an 
excellent low cost solution to most video applications. 

In addition, the EL2130 exhibits very low gain peaking, typical
ly below 0.1 dB to frequencies in excess of 40 MHz as well as 50 
ns settling time to 0.2 % making it an excellent choice for driv
ing flash AID converters. 

The device is available in the plastic 8-lead narrow-body small 
outline (SO) and the 8-pin mini DIP packages, and operates 
over the temperature range of O°C to + 75°C. 

Connection Diagram 
Mini DIP and SO 

NCCi ~ ~NC 
IN-(] ;tf 1:Jv+ 
IN+[] + ;U0UT 

v-[] DNC 

Manufactured under U.S. Patent No. 4,893,091. 

2130-1 
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c 
(D 

g 
~ 
~ .... 
cc cc 
en 
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~--------------------~--------------------------------------~n 
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Absolute Maximum Ratings (TA = 2SDC) 

Vs Supply Voltage ±6V lop Output Short Circuit Duration S:S sec 

VIN Input Voltage ±VS TA Operating Temperature Range: ODCto +7SDC 

AVIN Differential Input Voltage ±6V TJ Operating Junction Temperature lSO"C 

Pi> Maximum Power Dissipation See Curves TST Storage Temperature - 6SDC to + lSO"C 

lIN Input Current ±10mA 

Open Loop DC Electrical Characteristics Vs = ±SV;RL = oo,unlessotherwisespecified 
,..----

Vos Input Offset Voltage 

VCM = ±2.SV 

-ICMR Input Current Common V CM = ± 2.SV 
Mode Rejection 

PSRR Power Supply Rejection ±4.SV s: Vs s: ±6V 
Ratio 

+ IPSR + Input Current Power ±4.SV s: Vs s: ±6V 
Supply Rejection 

-IPSR -Input Current Power ±4.SV s: Vs s: ±6V 
Supply Rejection 
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Open Loop DC Electrical Characteristics 
Vs = ±SV;RL = OO,unlessotherwisespecified-Contd. 

RoL Transimpedance 

AVOL 

Closed Loop AC Electrical Characteristics 
Vs = ±SV,Av = +2,RF = RG = 8200, RL = 1000, TA = 2S'C 

Note 1: Slew rate is measured with Vo = SV pop between -1.2SV and + 1.2SV and + 1.2SV and -1.2SV. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 

Large Signal Response 

AV = +1, RF = 8200 
RL = 1000, CL = 12 pF 

2130-4 

Small Signal Response 

AV = +1, RF = 8200 
RL = 1000, CL = 12 pF 

2130-7 

Large Signal Response 

AV = +2, RF = 8200 
RL = 1000, CL = 12 pF 

2130-5 

Small Signal Response 

AV = +2, RF = 8200 
RL = 1000, CL = 12 pF 
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Typical Performance Curves - Contd. 

Bandwldtb and Peaking 
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Applications Information 

Power Supply Bypassing 
The EL2130 will exhibit ringing or oscillation if 
the power supply leads are not adequately by
passed. 0.1 p.F ceramic disc capacitors are sug
gested for both supply pins at a distance no 
greater than ~ inch from the device. Surface 
mounting chip capacitors are strongly recom
mended. 

Lead Dress 
A ground plane to which decoupling capacitors 
and gain setting resistors are terminated will 
eliminate overshoot and ringing. However, the 
ground plane should not extend to the vicinity of 
both the non-inverting and inverting inputs (pins 
3 and 2) which would add capacitance to these 
nodes, and lead lengths from these pins should be 
made as short as possible. 
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Use of sockets, particularly for the SO package, 
should be avoided if possible. Sockets add para
sitic inductance and capacitance which will result 
in peaking and overshoot. 

Video Characteristics and Applications 
Frequency domain testing is performed at Elan
tec using a computer controlled HP model 8656B 
Signal Generator and an HP Model 4195A Net
work/Spectrum Analyzer. The DUT test board is 
built using microwave/strip line techniques, and 
solid coaxial cables route the stimulus to the 
DUT socket. Signals are routed to and from the 
DUT test fixture using subminiature coaxial ca
ble. 

Differential Gain and Phase are tested at a noise 
gain of 2 with lOOn load. Gain and Phase mea
surements are made with a DC input reference 



Applications Information - Contd. 
voltage at OV and compared to those made at Vref 
equal to 0.7V at frequencies extending to 
30 MHz. 

The EL2130 is capable of driving lOOn to a mini
mum of 2.SV peak which means that it can natu
rally drive double terminated (SOn) coaxial ca
bles. 

Equivalent Circuit 

IN. 

Capacitive Loads 
As can be seen from the Bode plot, the EL2130 
will peak into capacitive loads greater than 20 pf. 
In many applications such as flash A/D's, capaci
tive loading is unavoidable. In these cases, the 
use of a snubber network consisting of a lOOn 
resistor in series with 47 pF capacitor from the 
output to ground is recommended. 

AC Test Circuit 

+V 

3 

>..:.6_ ...... -0 v OUT 
2 

OUT 

'---l--+--+-+--<lIN-
Rg 
8200 

2130-12 

2130-11 
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Features General Description t.:I 

I-l 
• Specified for + 3V, + 5V, or The EL2150C/EL2157C are the electronics industry's fastest I:n 

± 5V Applications single supply op amps available. Prior single supply op amps b 
• Power Down to 0 p.A (EL2157C) have generally been limited to bandwidths and slew rates % 
• Output Voltage Clamp that of the EL2150C/EL2157C. The 125 MHz bandwidth, 

(EL2157C) 275 V/p.s slew rate, and 0.05%/0.05° differential gain/differen
tial phase makes this part ideal for single or dual supply video 

• Large Input Comon Mode Range speed applications. With its voltage feedback architecture, this 
OV < VCM < Vs - 1.2V amplifier can accept reactive feedback networks, allowing them 

• Output Swings to Ground to be used in analog filtering applications. The inputs can sense 
Without Saturating signals below the bottom supply rail and as high as 1.2V below 

• - 3 dB Bandwidth = 125 MHz the top rail. Connecting the load resistor to ground and operat-
• ± 0.1 dB Bandwidth = 30 MHz ing from a single supply, the outputs swing completely to 

ground without saturating. The outputs can also drive to within 
• Low Supply Current = 5 rnA 1.2V of the top rail. The EL2150C/EL2157C will output ± 100 
• Slew Rate = 275V/p.s rnA and will operate with single supply voltages as low as 2.7V, 
• Low Offset Voltage = 2 mV max making it ideal for portable, low power applications . 

(PDIP and SO Packages) 
• Output Current = ± 100 rnA 
• High Open Loop Gain = 80 dB 
• Differential Gain = 0.05% 
• Differential Phase = 0.05° 

Applications 
• Video Amplifier 
• PCMCIA Applications 

• A/DDriver 
• Line Driver 
• Portable Computers 
• High Speed Communications 
• RGB Applications 
• Broadcast Equipment 
• Active Filtering 

Ordering Information 
Part No. Temp. Range Package Outline ", 

EL2150CN -40"C to + 8S'C 8 Pin PDIP MDPO031 

EL2150CS -40"C to + 8S'C 8 Pin SOIC MDPO027 

EL2150CW -40"C to + 8S'C 5 Pin SOT23' MDPO038 

EL21S7CN -4O"C to + 8S'C 8 Pin PDIP MDPO031 

EL21S7CS -4O"C to + 85'C 8 Pin SOIC MDPO027 

oSee Ordering Information section of 
databook. 

The EL2157C has a high speed disable feature. Applying a low 
logic level to this pin reduces the supply current to 0 p.A within 
50 ns. This is useful for both multiplexing and reducing power 
consumption. 

The EL2157C also has an output voltage clamp feature. This 
clamp is a fast recovery « 7 ns) output clamp that prevents the 
output voltage from going above the preset clamp voltage. This 
feature is desirable for A/D applications, as A/D converters can 
require long times to recover if overdriven. 

For applications where board space is critical the EL2150C is 
available in the tiny 5 lead SOT23 package, which has a foot
print 28% the size of an 8 lead SOIC. The EL2150C/EL2157C 
are also both available in 8 pin plastic DIP and SOIC packages. 
All parts operate over the industrial temperature range of 
-40°C to + 85°C. For dual, triple, or quad applications, contact 
the factory. 

Connection Diagrams 
EL2150C 

SO,P-DIP 

NClB'NC tN· I: - 7 VS+ 

IN+ a II OUT 

GND4 INC 

2150-1 

Top View 

EL2157C 
SO,P-DIP 

EL2150C 
SOT23-5 

ClAMP~' ENABlE OUT~ 5 VS+ 

IN- a 7 VS+ 
GNO 2 +_ 

IN+ S II OUT 
'" IN-

GND" iNC IN+3 

2150-2 2150-3 

Top View Top View 

• 

§ 
(D 

I-l 
CO 
CO 
~ 

~ 
(D 

< 
~--------------------~--------------------------------------~~ 
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Absolute Maximum Ratings (TA = 25°C) 

Supply Voltage between Vs + and GND 
Input Voltage (IN + , IN -, 

ENABLE, CLAMP) 
Differential Input Voltage 
Maximum Output Current 
Output Short Circuit Duration 

+ 12.6V 

GND-O.3V, Vs+O.3V 
±6V 

90mA 
(note 1) 

Description 

Vos 

Power Dissipation 
Storage Temperature Range 
Ambient Operating Temperature Range 
Operating Junction Temperature 

2-254 

See Curves 
- 65°C to + 150°C 
-40"C to + 85°C 

150"C 



DC Electrical Characteristics - Contd. 
(Note 2) Vs=+SV, GND=OV, TA=2S·C, VCM=+1.SV, VOUT=+1.SV, VCLAMP=+SV, VENABLE=+SV, unless otherwise 
specified 

Conditions 

VOP Positive Output Voltage Swing 

VON Negative Output Voltage Swing 

lOUT Output Current (Note 1) 
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Closed Loop AC Electrical Characteristics 
(Notes 2 & 6) Vs=+5V, GND=OV, TA=25'C, VCM=+1.5V, VOUT=+1.5V, VCLAMP=+5V, VENABLE=+5V, Av=+I, 
RF=O!!, RL = 150!! to GND pin, unless otherwise specified 

Description 

BW - 3 dB Bandwidth (V OUT = 400 m Vp-p) 

BW ± 0.1 dB Bandwidth (VOUT= 400 ~'T~_~";~J~=__ ___ _'_ ___ =__ ______ _l-_+-_t_--

Note 1: Internal short circuit protection circuitry has been built into the EL2150C/EL2157C. See the Applications section. 
Note 2: CLAMP pin and ENABLE pin specifications apply only to the EL2157C. 
Note 3: If the disable feature is not desired, tie the ENABLE pin to the Vs pin, or apply a logic high level to the ENABLE pin. 
Note 4: The maximum output voltage that can be clamped is limited to the maximum positive output Voltage, or VOP' Applying a 

Voltage higher than VOP inactivates the clamp. If the clamp feature is not desired, either tie the CLAMP pin to the Vs pin, 
or simply let the CLAMP pin float. 

Note 5: The clamp accuracy is affected by VIN and RL. See the Typical Curves Section and the Clamp Accuracy vs. VIN & RL curve. 
Note 6: All AC tests are performed on a "warmed up" part, except slew rate, which is pulse tested. 
Note 7: Standard NTSC signal = 286 mVp-p, f= 3.58MHz, as VIN is swept from 0.6V to 1.314V. RL is DC coupled. 
Note 8: Disable/Enable time is defined as the time from when the logic signal is applied to the ENABLE pin to when the supply 

current has reached half its final value. 
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Typical Performance Curves 
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~ Product Description 
~ The EL2150C/EL2157C are the industry's fastest 

single supply operational amplifiers. Connected 
in voltage follower mode, their - 3dB bandwidth 
is 125 MHz while maintaining a 275 V/IJ-s slew 
rate. With an input and output common mode 
range that includes ground, these amplifiers were 
optimized for single supply operation, but will 
also accept dual supplies. They operate on a total 
supply voltage range as low as + 2.7V or up to 
+ 12V. This makes them ideal for + 3V applica
tions, especially portable computers. 

While many amplifiers claim to operate on a sin
gle supply, and some can sense ground at their 
inputs, most fail to truly drive their outputs to 
ground. If they do succeed in driving to ground, 
the amplifier often saturates, causing distortion 
and recovery delays. However, special circuitry 
built into the EL2150C/EL2157C allows the out
put to follow the input signal to ground without 
recovery delays. 

Power Supply Bypassing And Printed 
Circuit Board Layout 
As with any high-frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible. The power supply pins must be well 
bypassed to reduce the risk of oscillation. The 
combination of a 4.7 IJ-F tantalum capacitor in 
parallel with a 0.1 IJ-F ceramic capacitor has been 
shown to work well when placed at each supply 
pin. For single supply operation, where pin 4 
(V s -) is connected to the ground plane, a single 
4.7 IJ-F tantalum capacitor in parallel with a 0.1 
IJ-F ceramic capacitor across pins 7 and 4 will suf
fice. 

For good AC performance, parasitic capacitance 
should be kept to a minimum. Ground plane con
struction should be used. Carbon or Metal-Film 
resistors are acceptable with the Metal-Film re
sistors giving slightly less peaking and band
width because of their additional series induc
tance. Use of sockets, particularly for the SO 
package should be avoided if possible. Sockets 
add parasitic inductance and capacitance which 
will result in some additional peaking and over-
shoot. 

Supply Voltage Range and 
Single-Supply Operation 
The EL2150C/EL2157C have been designed to 
operate with supply voltages having a span of 
greater than 2.7V, and less than 12V. In practical 
terms, this means that the EL2150C/EL2157C 
will operate on dual supplies ranging from 
± 1.35V to ± 6V. With a single-supply, the 
EL2150C/EL2157C will operate from +2.7V to 
+ 12V. Performance has been optimized for a sin
gle + 5V supply. 

Pins 7 and 4 are the power supply pins. The posi
tive power supply is connected to pin 7. When 
used in single supply mode, pin 4 is connected to 
ground. When used in dual supply mode, the neg
ative power supply is connected to pin 4. 

As supply voltages continue to decrease, it be
comes necessary to provide input and output 
voltage ranges that can get as close as possible to 
the supply voltages. The EL2150C/EL2157C 
have an input voltage range that includes the 
negative supply and extends to within 1.2V of the 
positive supply. So, for example, on a single + 5V 
supply, the EL2150C/EL2157C have an input 
range which spans from OV to 3.8V. 

The output range of the EL2150C/EL2157C is 
also quite large. It includes the negative rail, and 
extends to within IV of the top supply rail. On a 
+ 5V supply, the output is therefore capable of 
swinging from OV to + 4V. On split supplies, the 
output will swing ± 4V. If the load resistor is tied 
to the negative rail and split supplies are used, 
the output range is extended to the negative rail. 

Choice Of Feedback Resistor, RF 
The feedback resistor forms a pole with the input 
capacitance. As this pole becomes larger, phase 
margin is reduced. This increases ringing in the 
time domain and peaking in the frequency do
main. Therefore, RF has some maximum value 
which should not be exceeded for optimum per
formance. If a large value of RF must be used, a 
small capacitor in the few picofarad range in par
allel with RF can help to reduce this ringing and 
peaking at the expense of reducing the band
width. 
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As far as the output stage of the amplifier is con
cerned, RF + RG appear in parallel with RL for 
gains other than + 1. As this combination gets 
smaller, the bandwidth falls off. Consequently, 
RF has a minimum value that should not be ex
ceeded for optimum performance. 

For AV = + 1, RF = on is optimum. For Av = 
-1 or + 2 (noise gain of 2), optimum response is 
obtained with RF between soon and 1 kn. For 
Av = -4 or + 5 (noise gain of 5), keep RF be
tween 2 kn and 10 kn. 

Video Performance 
For good video performance, an amplifier is re
quired to maintain the same output impedance 
and the same frequency response as DC levels are 
changed at the output. This can be difficult when 
driving a standard video load of 150n, because of 
the change in output current with DC level. Dif
ferential Gain and Differential Phase for the 
EL2150C/EL2157C are specified with the black 
level of the output video signal set to + 1.2V. 
This allows ample room for the sync pulse even 
in a gain of + 2 configuration. This results in dG 
and dP specifications of 0.05% and 0.05° while 
driving 150n at a gain of + 2. Setting the black 
level to other values, although acceptable, will 
compromise peak performance. For example, 
looking at the single supply dG and dP curves for 
RL = 150 n, if the output black level clamp is re
duced from 1.2V to 0.6V dG/dP will increase 
from 0.05%/0.05° to 0.08%/0.25° Note that in a 
gain of + 2 configuration, this is the lowest black 
level allowed such that the sync tip doesn't go 
below OV. 

If your application requires that the output goes 
to ground, then the output stage of the 
EL2150C/EL2157C, like all other single supply 
op amps, requires an external pull down resistor 
tied to ground. As mentioned above, the current 
flowing through this resistor becomes the DC 
bias current for the output stage NPN transistor. 
As this current approaches zero, the NPN turns 
off, and dG and dP will increase. This becomes 
more critical as the load resistor is increased in 
value. While driving a light load, such as 1 kn, if 
the input black level is kept above 1.25V, dG and 
dP are a respectable 0.03% and 0.03°. 

For other biasing conditions see the Differential 
Gain and Differential Phase vs. Input Voltage 
curves. 

Output Drive Capability 
In spite of their moderately low 5 rnA of supply 
current, the EL2150C/EL2157C are capable of 
providing ± 100 rnA of output current into a 10n 
load, or ± 60 rnA into son. With this large output 
current capability, a son load can be driven to 
±3V with Vs = ±5V, making it an excellent 
choice for driving isolation transformers in tele
communications applications. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will de-couple the 
EL2150C/EL2157C from the cable and allow ex
tensive capacitive drive. However, other applica
tions may have high capacitive loads without a 
back-termination resistor. In these applications, a 
small series resistor (usually between 5n and 
SOn) can be placed in series with the output to 
eliminate most peaking. The gain resistor (RG) 
can then be chosen to make up for any gain loss 
which may be created by this additional resistor 
at the output. 

Disable/Power-Down 
The EL2157C amplifier can be disabled, placing 
its output in a high-impedance state. The disable 
or enable action takes only about 40 nsec. When 
disabled, the amplifier's supply current is re
duced to 0 mA, thereby eliminating all power 
consumption by the EL2157C. The EL2157C am
plifier's power down can be controlled by stan
dard CMOS signal levels at the ENABLE pin. 
The applied CMOS signal is relative to the GND 
pin. For example, if a single + 5V supply is used, 
the logic voltage levels will be + 0.5V and + 2.0V. 
If using dual ± 5V supplies, the logic levels will 
be -4.5V and -3.0V. Letting the ENABLE pin 
float will disable the EL2157C. If the power
down feature is not desired, connect the EN
ABLE pin to the V S + pin. The guaranteed logic 
levels of + 0.5V and + 2.0V are not standard TTL 
levels of + 0.8V and + 2.0V, so care must be tak
en if standard TTL will be used to drive the EN
ABLE pin. 
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~ Output Voltage Clamp 
The EL2157C amplifier has an output voltage 
clamp. This clamping action is fast, being acti
vated almost instantaneously, and being deacti
vated in < 7 ns, and prevents the output voltage 
from going above the preset clamp voltage. This 
can be very helpful when the EL2157C is used to 
drive an AID converter, as some converters can 
require long times to recover if overdriven. The 
output voltage remains at the clamp voltage level 
as long as the product of the input voltage and 
the gain setting exceeds the clamp voltage. If the 
EL2157C is connected in a gain of 2, for example, 
and + 3V DC is applied to the CLAMP pin, any 
voltage higher than + 1.5V at the inputs will be 
clamped and + 3V will be seen at the output. 

Figure 1 below is a unity gain connected 
EL2157C being driven by a 3Vp-p sinewave, with 
2.25V applied to the CLAMP pin. The resulting 
output waveform, with its output being clamped 
to 2.25V, is shown in Figure 2. 

+5V 

2150-59 

Figure 1 
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Figure 2 

Figure 3 shows the output of the same circuit 
being driven by a O.5V to 2.7 5V square wave, as 
the clamp voltage is varied from 1.0V to 2.5V, as 
well as the unclamped output signal. The rising 
edge of the signal is clamped to the voltage ap
plied to the CLAMP pin almost instantaneously. 
The output recovers from the clamped mode 
within 5 - 7 ns, depending on the clamp voltage. 
Even when the CLAMP pin is taken O.2V below 
the minimum 1.2V specified, the output is still 
clamped and recovers in about 11 ns. 

4 r Unclamped Output 

~ 3 I 
i\ .. L!. ... 

C> 
-< I ~ 
0 2 
> =2.5V .... 
:::> 
11. = 2.0V .... 
:::> 1 
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Tlt.tE 10 ns/diY 
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Figure 3 

The clamp accuracy is affected by 1) the CLAMP 
pin voltage, 2) the input voltage, and 3) the load 
resistor. Depending upon the application, the ac
curacy may be as little as a few tens of millivolts 
to a few hundred millivolts. Be sure to allow for 
these inaccuracies when choosing the clamp volt
age. Curves of Clamp Accuracy vs. V CLAMP, and 
VIN for 3 values of RL are included in the Typi
cal Performance Curves Section 

Unlike amplifiers that clamp at the input and are 
therefore limited to non-inverting applications 
only, the EL2157C output clamp architecture 
works for both inverting and non-inverting gain 
applications. There is also no maximum voltage 
difference limitation between VIN and VCLAMP 
which is common on input clamped architec
tures. 

The voltage clamp operates for any voltage be
tween + 1.2V above the GND pin, and the mini
mum output voltage swing, VoP. Forcing the 
CLAMP pin much below + 1.2V can saturate 
transistors and should therefore be avoided. 
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Forcing the CLAMP pin above VOP simply de
activates the CLAMP feature. In other words, 
one cannot expect to clamp any voltage higher 
than what the EL2157C can drive to in the first 
place. If the clamp feature is not desired, either 
let the CLAMP pin float or connect it to the V S + 
pin. 

EL2157C Comparator Application 
The EL2157C can be used as a very fast, single 
supply comparator by utilizing the clamp fea
ture. Most op amps used as comparators allow 
only slow speed operation because of output satu
ration issues. However, by applying a DC voltage 
to the CLAMP pin of the EL2157C, the maxi
mum output voltage can be clamped, thus pre
venting saturation. Figure 4 below is the 
EL2157C implemented as a comparator. 2.5V DC 
is applied to the CLAMP pin, as well as the IN
pin. A differential signal is then applied between 
the inputs. Figure 5 shows the output square 
wave that results when a ± lV, 10 MHz triangu
lar wave is applied, while Figure 6 is a graph of 
propagation delay vs. overdrive as a square wave 
is presented at the input. 
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Figure 4 

Figure 5 
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Video Sync Pulse Remover Application 
All CMOS Analog to Digital Converters (AIDs) 
have a parasitic latch-up problem when subjected 
to negative input voltage levels. Since the sync 
tip contains no useful video information and it is 
a negative going pulse, we can chop it off. Figure 
7 shows a unity gain connected EL2150CI 
EL2157C. Figure 8 shows the complete input vid
eo signal applied at the input, as well as the out
put signal with the negative going sync pulse re
moved . 

VIN 0-_---1 311t+: 

750 
1500 
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FigureS 

Multiplexing with the EL2157C 
The ENABLE pin on the EL2157C allows for 
multiplexing applications. Figure 9 shows two 
EL2157Cs with their outputs tied together, driv
ing a back terminated 75.!l video load. A 2 Vp-p 
10 MHz sinewave is applied at one input, and a 
1 Vp-p 5 MHz sinewave to the other. Figure 10 
shows the CLOCK signal which is applied, and 
the resulting output waveform at VOUT. Switch
ing is complete in about 50 ns. Notice the outputs 
are tied directly together. Decoupling resistors at 
each output are not necessary. In fact, adding 
them approximately doubles the switching time 
to 100 nsec. 

Figure 9 

+5V 

CMOS 
INVERTER 

1-1----4k> CLOCK 

+5V 
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CLOCK 

Figure 10 

Short Circuit Current Limit 
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The EL2150C/EL2157C have internal short cir
cuit protection circuitry that protect it in the 
event of its output being shorted to either supply 
rail. This limit is set to around 100 mA nominally 
and reduces with increasing junction tempera
ture. It is intended to handle temporary shorts. If 
an output is shorted indefinitely, the power dissi
pation could easily increase such that the part 
will be destroyed. Maximum reliability is main
tained if the output current never exceeds 
± 90 mAo A heat sink may be required to keep 
the junction temperature below absolute maxi
mum when an output is shorted indefinitely. 

Power Dissipation 
With the high output drive capability of the 
EL2150C/EL2157C, it is possible to exceed the 
150·C Absolute Maximum junction temperature 
under certain load current conditions. Therefore 
it is important to calculate the maximum junc~ 
tion temperature for the application to determine 
if power-supply voltages, load conditions, or 
package type need to be modified for the 
EL2150C/EL2157C to remain in the safe operat
ing area. 
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The maximum power dissipation allowed in a 
package is determined according to [1]: 

TJMAX-TAMAX 
PDMAX = 8 

JA 
[1] 

where: 

TJMAX = Maximum Junction Temperature 
TAMAX = Maximum Ambient Temperature 
8JA = Thermal Resistance of the Package 
PDMAX = Maximum Power Dissipation in the 

Package. 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage, plus 
the power in the IC due to the load, or [2] 

where: 

Vs = Total Supply Voltage 
ISMAX = Maximum Supply Current 
VOUT = Maximum Output Voltage of the Appli
cation 
RL = Load Resistance tied to Ground 

If we set the two PDMAX equations, [1] & [2], 
equal to each other, and solve for Vs, we can get a 
family of curves for various loads and output 
voltages according to [3]: 

R*(T -T ) L JMAX AMAX + (V )2 
8 OUT 

V - JA s-
(IS * RL) + VOUT 

[3] 

Figures 11 through 13 show total single supply 
voltage V s vs. RL for various output voltage 
swings for the PDIP and SOIC packages. The 
curves assume WORST CASE conditions of TA 
= + 85°C and IS = 6.5 mAo 
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r;a EL2157C Macromodel 

• Revision A, July 1995 
• When not being used, the clamp pin, pin 1, 
• should be connected to + Vsupply, pin 7 

• Connections: + input 

I -input 

I +Vsupply 

I I -Vsupply 

I 
I 
I 

.subckt EL21571el 3 

• Input Stage 

il 7 10 250uA 

i2711250uA 
r110114k 
ql122 10 qp 

q2 13311 qpa 

r2 124100 
r3 134100 

2 

• Second Stage & Compensation 

gm 15 4 13 12 4.6m 

r415415Meg 
c1 15 4 0.36pF 

• Poles 

e1 17 4 15 4 1.0 
r617 25 400 
c3 25 4 1pF 

r7 25 18500 
c41841pF 

I I output 

I I I clamp 

I I I I 
7 4 6 

• Output Stage & Clamp 

i32041.0mA 
q3 7 23 20qn 

q47 1819 qn 
q5 718 21 qn 

q64 20 22 qp 
q7 7 2318 qn 

dl19 20 da 
d2181da 
r8 21 6 2 

r9 22 6 2 
rlO 18 21 10k 

r11 723 lOOk 
d3 23 24 da 
d424 4da 
d5 23 18 da 

• Power Supply Current 

ips 743.2mA 

• Models 

.model qn npn(is = 800e-18 bf= 150 tf= 0.02nS) 

.model qpa pnp(is = 810e-18 bf= 50 tf= 0.02nS) 

.model qp pnp(is = 800e-18 bf= 54 tf= 0.02nS) 

.model da d(tt = OnS) 

.ends 
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~ Features 
~ • Specified for + 3V, + 5V, or ± 5V 
""" Applications 

< 
~ 
= 0) 
0) 
.-I 

:= 

• Large Input Common Mode 
Range 
OV < VCM < Vs -1.2V 

• Output Swings to Ground 
Without Saturating 

• - 3 dB Bandwidth = 125 MHz 
• ± 0.1 dB Bandwidth = 30 MHz 
• Low Supply Current = 5 mA 

(per amplifier) 

• Slew Rate = 275 V/p.sec 
• Low Offset Voltage = 2 mV max 
• Output Current = ± 100 mA 
• High Open Loop Gain = SO dB 
• Differential Gain = 0.05 % 
• Differential Phase = 0.05° 

Applications 
• Video Amplifier 
• PCMCIA Applications 

• A/DDriver 
• Line Driver 
• Portable Computers 
• High Speed Communications 

• RGB Printer, FAX, Scanner 
• Broadcast Equipment 
• Active Filtering 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL22SOCN -40"C to + 8S"C 8 Pin PDIP MDPOO31 

EL22SOCS -WC to + 8S"C 8 Pin SOIC MDPO027 

EL24S0CN -40"C to + 8S"C 14 Pin PDIP MDP0031 

EL24S0CS -WCto +8S"C14 Pin SOIC MDP0027 

General Description 
The EL2250C/EL2450C are part of a family of the electronics 
industries fastest single supply op amps available. Prior single 
supply op amps have generally been limited to bandwidths and 
slew rates % that of the EL2250C/EL2450C. The 125 MHz 
bandwidth, 275 V/p.sec slew rate, and 0.05%/0.05° differential 
gain/differential phase makes this part ideal for single or dual 
supply video speed applications. With its voltage feedback ar
chitecture, this amplifier can accept reactive feedback networks, 
allowing them to be used in analog filtering applications. The 
inputs can sense signals below the bottom supply rail and as 
high as 1.2V below the top rail. Connecting the load resistor to 
ground and operating from a single supply, the outputs swing 
completely to ground without saturating. The outputs can also 
drive to within 1.2V of the top rail. The EL2250C/EL2450C will 
output ± 100 rnA and will operate with single supply voltages 
as low as 2.7V, making them ideal for portab1e,low power appli
cations. 

The EL2250C/EL2450C are available in plastic DIP and SOIC 
packages in industry standard pin outs. Both parts operate over 
the industrial temperature range of -40°C to +S5°C, and are 
part of a family of single supply op amps. For single amplifier 
applications, see the EL2150C/EL2157C. For dual and triple 
amplifiers with power down and output voltage clamps, see the 
EL2257C/EL2357C. 

Connection Diagrams 
EL2250C so, P-DIP 

2251).' 

Top View 

EL2450C SO, P-DIP 

OUT 0 

IN 0-

IND+ 

INC. 

Top View 

~~--------------------~--------------------------------------~ 
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Absolute Maximum Ratings (TA = 25'C) 

Supply Voltage between V S and GND 
Input Voltage (IN + , IN - ) 
Differential Input Voltage 
Maximum Output Current 
Output Short Circuit Duration 

+ 12.6V 
GND-O.3V,VS+O.3V 

±6V 
90mA 

(Note 1) 

DC Electrical Characteristics 

Power Dissipation 
Storage Temperature Range 
Ambient Operating Temperature Range 
Operating Junction Temperature 

vs= +5V, GND=OV, TA = 25°C, VCM= 1.5V, VOUT= 1.5V, unless otherwise specified. 

Parameter Description Test Conditions Min Typ Max 

Measured from Tmin to Tmax 

PSRR 

CMRR 

Temperature Coefficient 

Power Supply 
Rejection Ratio 

Common Mode 
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~ Parameter 

AVOL 

VOP 

Description 

Open Loop Gain 

Positive Output 

Voltage Swing 

VON Negative Output 
Voltage Swing 

lOUT Output Current 
(Note 1) 

Test Conditions 

Vs= + 12V, VOUT= +2Vto 
+9V,RL=lkOtoGND 

VOUT= +1.5Vto +3.5V, 
RL=lkOtoGND 
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= + l.SV, unless otherwise 

Min Typ 

65 80 dB 
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~ Closed Loop AC Electrical Characteristics 

(Note 2) Vs= +SV, GND=OV, TA=2SoC, VCM= +1.SV, VOUT= +1.SV, Av= +1, RF=on, 
RL = 1S0n to GND pin, unless otherwise specified 

Parameter Description 

BW - 3dB Bandwidth 

(VOUT=400mVp-p) 

BW ±O.1 dB Bandwidth 
(VOUT=400 mVp-p) 

Test Conditions Min Typ Units 

Note 1: Internal short circuit protection circuitry has been built into the EL2250C/EL2450C. See the Applications section. 
Note 2: All AC tests are performed on a "warmed up" part, except slew rate, which is pulse tested. 
Note 3: Standard NTSC signal = 286 mVp-p, f=3.58 MHz, as VIN is swept from O.6V to 1.314V. RL is DC coupled. 
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Typical Performance Curves 
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Typical Performance Curves -- Contd. 

3 dB Bandwidth vs 
Supply Voltage for 
Non-Inverting Gains 
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SO package should be avoided if possible. Sock
ets add parasitic inductance and capacitance 
which will result in some additional peaking and 
overshoot. 

~ Applications Information 

~ Product Description 
The EL2250C/EL2450C are part of a family of 
the industries fastest single supply operational 
amplifiers. Connected in voltage follower mode, 
their -3dB bandwidth is 125 MHz while main
taining a 275 V / p.s slew rate. With an input and 
output common mode range that includes 
ground, these amplifiers were optimized for sin
gle supply operation, but will also accept dual 
supplies. They operate on a total supply voltage 
range as low as + 2.7V or up to + 12V. This 
makes them ideal for + 3V applications, especial
ly portable computers. 

While many amplifiers claim to operate on a sin
gle supply, and some can sense ground at their 
inputs, most fail to truly drive their outputs to 
ground. If they do succeed in driving to ground, 
the amplifier often saturates, causing distortion 
and recovery delays. However, special circuitry 
built into the EL2250C/EL2450C allows the out
put to follow the input signal to ground without 
recovery delays. 

Power Supply Bypassing And Printed 
Circuit Board Layout 
As with any high-frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible. The power supply pins must be well 
bypassed to reduce the risk of oscillation. The 
combination of a 4.7 p.F tantalum capacitor in 
parallel with a 0.1 p.F ceramic capacitor has been 
shown to work well when placed at each supply 
pin. For single supply operation, where the GND 
pin is connected to the ground plane, a single 4.7 
p.F tantalum capacitor in parallel with a 0.1 p.F 
ceramic capacitor across the VS+ and GND pins 
will suffice. 

For good AC performance, parasitic capacitance 
should be kept to a minimum. Ground plane con
struction should be used. Carbon or Metal-Film 
resistors are acceptable with the Metal-Film re
sistors giving slightly less peaking and band
width because of their additional series induc
tance. Use of sockets, particularly for the 

Supply Voltage Range and Single
Supply Operation 
The EL2250C/EL2450C have been designed to 
operate with supply voltages having a span of 
greater than 2.7V, and less than 12V. In practical 
terms, this means that the EL2250C/EL2450C 
will operate on dual supplies ranging from 
± 1.35V to ± 6V. With a single-supply, the 
EL2250C/EL2450C will operate from + 2.7V to 
+ 12V. Performance has been optimized for a sin
gle + 5V supply. 

Pins 8 and 4 are the power supply pins on the 
EL2250C. The positive power supply is connect
ed to pin 8. When used in single supply mode, pin 
4 is connected to ground. When used in dual sup
ply mode, the negative power supply is connected 
to pin 4. 

Pins 4 and 11 are the power supply pins on the 
EL2450C. The positive power supply is connect
ed to pin 4. When used in single supply mode, pin 
11 is connected to ground. When used in dual 
supply mode, the negative power supply is con
nected to pin 11. 

As supply voltages continue to decrease, it be
comes necessary to provide input and output 
voltage ranges that can get as close as possible to 
the· supply voltages. The EL2250C/EL2450C 
have an input voltage range that includes the 
negative supply and extends to within 1.2V of the 
positive supply. So, for example, on a single + 5V 
supply, the EL2250C/EL2450Chave an input 
range which spans from OV to 3.8V. 

The output range of the EL2250C/EL2450C is 
also quite large. It includes the negative rail, and 
extends to within 1 V of the top supply rail with a 
1 kO load. On a + 5V supply, the output is there
fore capable of swinging from OV to +4V. On 
split supplies, the output will swing ±4V. If the 
load resistor is tied to the negative rail and split 
supplies are used, the output range is extended to 
the negative rail. 
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to ground, then the output stage of the tIloo. 

Choice Of Feedback Resistor, RF EL22S0C/EL24S0C, like all other single supply g 
The feedback resistor forms a pole with the input op amps, requires an external pull down resistor r:l 
capacitance. As this pole becomes larger, phase tied to ground. As mentioned above, the current 
margin is reduced. This increases ringing in the flowing through this resistor becomes the DC 
time domain and peaking in the frequency do- bias current for the output stage NPN transistor. 
main. Therefore, RF has some maximum value As this current approaches zero, the NPN turns 
which should not be exceeded for optimum per- off, and dG and dP will increase. This becomes 
formance. If a large value of RF must be used, a more critical as the load resistor is increased in 
small capacitor in the few picofarad range in par- value. While driving a light load, such as 1 k!l., if 
allel with RF can help to reduce this ringing and the input black level is kept above 1.2SV, dG and 
peaking at the expense of reducing the band- dP are a respectable 0.03 % and 0.03°. 

width. 

As far as the output stage of the amplifier is con
cerned, RF + Rei appear in parallel with RL for 
gains other than + 1. As this combination gets 
smaller, the bandwidth falls off. Consequently, 
RF has a minimum value that should not be ex
ceeded for optimum performance. 

For AV = + 1, RF = O!l. is optimum. For Av = 
-lor + 2 (noise gain of 2), optimum response is 
obtained with RF between SOO !l. and 1 k!l.. For 
Av = -4 or + S (noise gain of S), keep RF be
tween 2 k!l. and 10 k!l.. 

Video Performance 
For good video performance, an amplifier is re
quired to maintain the same output impedance 
and the same frequency response as DC levels are 
changed at the output. This can be difficult when 
driving a standard video load of lS0 !l., because of 
the change in output current with DC level. Dif
ferential Gain and Differential Phase for the 
EL22S0C/EL24S0C are specified with the black 
level of the output video signal set to + 1.2V. 
This allows ample room for the sync pulse even 
in a gain of + 2 configuration. This results in dG 
and dP specifications of 0.05% and O.OSo while 
driving lS0 !l. at a gain of + 2. Setting the black 
level to other values, although acceptable, will 
com?romise peak performance. For example, 
lookmg at the single supply dG and dP curves for 
RL = lS0 !l., if the output black level clamp is re
duced from 1.2V to 0.6V dG/dP will increase 
from O.OS%/O.OSo to 0.08%/0.2So Note that in a 
gain of + 2 configuration, this is the lowest black 
level allowed such that the sync tip doesn't go 
below OV. 

For other biasing conditions see the Differential 
Gain and Differential Phase vs. Input Voltage 
curves. 

Output Drive Capability 
In spite of their moderately low S mA of supply 
current, the EL22S0C/EL24S0C are capable of 
providing ± 100 mA of output current into a 10 !l. 
load, or ± 60 mA into SO !l.. With this large out
put current capability, a SO !l. load can be driven 
to ±3V with Vs = ±SV, making it an excellent 
choice for driving isolation transformers in tele
communications applications. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will de-couple the 
EL22S0C/EL24S0C from the cable and allow ex
tensive capacitive drive. However, other applica
tions may have high capacitive loads without a 
back-termination resistor. In these applications, a 
small series resistor (usually between S !l. and 
SO !l.) can be placed in series with the output to 
eliminate most peaking. The gain resistor (Rei) 
can then be chosen to make up for any gain loss 
which may be created by this additional resistor 
at the output. 

Video Sync Pulse Remover Application 
All CMOS Analog to Digital Converters (A/Ds) 
have a parasitic latch-up problem when subjected 
to negative input voltage levels. Since the sync 
tip contains no useful video information and it is 
a negative going pulse, we can chop it off. 
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it is important to calculate the maximum junc
tion temperature for the application to determine 
if power-supply voltages, load conditions, or 
package type need to be modified for the 
EL2250C/EL2450C to remain in the safe operat
ing area. 

~ Application Information - Contd. 
~ Figure 1 shows a unity gain connected amplifier 
_ A of an EL2250C. Figure 2 shows the complete 

input video signal applied at the input, as well as 
the output signal with the negative going sync 
pulse removed. 

Figure 1 2250-13 

2250-14 

Figure 2 

Short Circuit Current Limit 
The EL2250C/EL2450C have internal short cir
cuit protection circuitry that protect it in the 
event of its output being shorted to either supply 
rail. This limit is set to around 100 mA nominally 
and reduces with increasing junction tempera
ture. It is intended to handle temporary shorts. If 
an output is shorted indefinitely, the power dissi
pation could easily increase such that the part 
will be destroyed. Maximum reliability is main
tained if the output current never exceeds ± 90 
mAo A heat sink may be required to keep the 
junction temperature below absolute maximum 
when an output is shorted indefinitely. 

Power Dissipation 
With the high output drive capability of the 
EL2250C/EL2450C, it is possible to exceed the 
150°C Absolute Maximum junction temperature 
under certain load current conditions. Therefore, 

The maximum power dissipation allowed in a 
package is determined according to [1]: 

where: 

TJMAX = Maximum Junction Temperature 
TAMAX = Maximum Ambient Temperature 
8JA = Thermal Resistance of the Package 
PDMAX = Maximum Power Dissipation 

in the Package. 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage, plus 
the power in the IC due to the load, or [2] 

PDMAX = N'(Vs' ISMAX + (Vs -VOUT)' VOUT) 
RL 

where: 

N = Number of amplifiers 
Vs = Total Supply Voltage 
ISMAX = Maximum Supply Current per ampli
fier 
VOUT = Maximum Output Voltage of the Appli
cation 
RL = Load Resistance tied to Ground 

If we set the two PDMAX equations, [11 & [2], 
equal to each other, and solve for VS, we can get a 
family of curves for various loads and output 
voltages according to [3]: 

RL' (TIMAX - TAMAX) 
N'B + (VOUT)2 

JA 
Vs [3] 

(IS'RLl + VOUT 

Figures 3 through 6 below show total single sup
ply voltage Vs vS. RL for various output voltage 
swings for the PDIP and SOIC packages. The 
curves assume WORST CASE conditions of TA 
= + 85°C and IS = 6.5 mA per amplifier. 

2-284 



Application Information - Contd. 

12 

~ 
10 .., 

" < 
I-
-' 8 0 
> 
>-
-' 
"- 6 "-:::> 
VI 

4 

12 

~ 10 .., 
" < 
I-
-' 8 0 
> 
>-
-' 
"- 6 "-
:::> 
VI 

4 

EL2250C Single Supply Voltage 
V8 RLOAD for Various VOUT 
(PDIP Package) 

VOUT - lV 1 
vouT

I= dv /J 
VJ. 
11 r-VOUT - 3V 

17' 
10 

Ii 

~ 

1111 
T~ =li5'~6 

's=6.5mA 
(WORST CASE) 
RLOAD TO GND 

100 

RLOAD (.Il) 

Figure 3 

lk 

EL2250C Single Supply Voltage 
vs RLOAD for Various VOUT 
(SO Package) 

I 
Y 

10 

11 

1 
II 

V 
V 

IIIII -- VOUT - lV - VOUT - 2V -- VOUT = 3V 

IIIII 
T~ =18'5'~C 

's=6.5mA 
(WORST CASE) 
RLOAD TO GND 

100 

~OAD (.Il) 

Figure 4 

lk 

2250-15 

2250-16 

2-285 

12 

~ 
10 .., 

" < 
I-
-' 8 0 
> 
>-
-' 
"- 6 "-:::> 
VI 

4 

12 

~ 10 .., 
" < 
I-
-' 8 0 
> 
>-
-' 
"- 6 "-
:::> 
VI 

4 

EL2450C Single Supply Voltage 
vs RLOAD for Various VOUT 
(PDIP Package) 

VOUT - lV 

VOUT = 2V 

V 
) 

~ 
~ 

10 

1 
11 I 
A 
V I'-VOUT - 3V 

JJW 
T~ =li5'~6 

Is = 6.5 mA 
(WORST CASE) 
~OAD TO GND 

100 

~OAD (.Il) 

Figure 5 

lk 

EL2450C Single Supply Voltage 
V8 RLOAD for Various VOUT 
(SO Packege) 

I 
VOUT = lV-

VOUT - 2V-

~ ~ 
10 

I 
'r-I II. 
If [I 

h 
1// ('-VOUT - 3V 

T~ =18'51~6 
Is =6.5mA 

(WORST CASE) 
RLOAD TO GND 

100 

RLOAD (.Il) 

lk 

Figure 6 

2250-17 til 

2250-18 



o 
<:) 
lC 
'<:14 
C'I 
~ 
~ 0 ................................................ ... 
<:) 
lC 
C'I 
C'I 

~ 

EL2250C/EL2450C Macromodel (one amplifier) 

• Revision A, Apri11996 
• Pin numbers reflect a standard single op amp. 

• Connections: + input 

-input I 
I 
I 
I 

I +Vsupply 

.subckt EL2250/e1 3 

• Input Stage 

il 7 10 250p.A 

i2 7 11 250p.A 
rI10114k 
ql12 210 qp 
q2133 11 qpa 

r2124100 
r3134100 

I I 
I I 
2 7 

• Second Stage & Compensation 

gm 15 4 13 12 4.6m 

r415415Meg 
cl15 4 0.36pF 

• Poles 

ell74 1541.0 
r617 25 400 
c32541pF 

r7 2518 500 
c41841pF 

-Vsupply 

I 
4 

output 

6 

• Output Stage 

i32041.0mA 
q372320qn 
q47 1819 qn 
q57 1821 qn 
q64 20 22 qp 

q77 2318 qn 

dl19 20 da 
r8 216 2 

r9 22 6 2 
riO 18 2110k 

r11 723100k 
d2 23 24 da 

d3244da 
d423 18 da 

• Power Supply Current 

ips 743.2mA 

• Models 

.model qn npn(is = 800e-18 bf= 150 tf= 0.02nS) 

.model qpa pnp(is= 810e-18 bf= 50 tf= 0.02nS) 

.model qp pnp(is = 800e-18 bf= 54 tf= 0.02nS) 

.model da d(tt = OnS) 

.ends 
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EL2250C/EL2450C Macromodel (one amplifier) - Contd. 

IN-
2 

3O----+-----+--~ 
IN+ 

VS+ 

15 17 .6 25 .7 
12t----r~-9-m-l--.~~~--r+.-.-~I· ·~~~_.~~ .. 18 

13 + .4 

.2 .3 

cl 

vs-
4 

2-287 

• 2250-19 



o 
f:'oo 
to 
~ 

~ ' .............................................. .. o.-________________________________________________________________ ~ 
f:'oo 
~ Features 

~ 

-< 
:> 

~ 
= = = 1""'1 

• Specified for + 3V, + SV, or 
± SV Applications 

• Power Down to 0 ,..,A 
• Output Voltage Clamp 
• Large Input Common Mode 

Range 
OV < VeM < V S - 1.2V 

• Output Swings to Ground· 
Without Saturating 

• - 3 dB Bandwidth = 125 MHz 
• ± 0.1 dB Bandwidth = 30 MHz 
• Low Supply Current = 5 mA 
• Slew Rate = 275 V/,..,s 
• Low Offset Voltage = 3 mV max 
• Output Current = ± 100 mA 
• High Open Loop Gain = SO dB 
• Differential Gain = 0.05% 
• Differential Phase = 0.05" 

Applications 
• Video Amplifier 
• PCMCIA Applications 

• AID Driver 
• Line Driver 
• Portable Computers 
• High Speed Communications 
• RGB Printer, FAX, Scanner 

Applications 

• Broadcast Equipment 
• Active Filtering 
• Multiplexing 

Ordering Information 
Pari No. Temp. Range Package Outline # 

EL2257CN -4O'Cto +SS"C 14PinPDIP MDPO031 

EL2257CS -4O'Cto +SS"C 14PinSOIC MDPO027 

EL2357CN -4O'Cto +SS"C 16PinPDIP MDPO031 

EL2357CS -4O'Cto +SS"C 16PinSOIC MDPO027 

General Description 
The EL22S7C/EL23S7C are the electronics industry's fastest 
single supply op amps available. Prior single supply op amps 
have generally been limited to bandmdths and slew rates ~ 
that of the EL22S7C/EL23S7C. The 125 MHz bandmdth, 
275 V I,..,s slew rate, and 0.05 % 10.05" differential gain I differen
tial phase makes this part ideal for single or dual supply video 
speed applications. With its voltage feedback architecture, this 
amplifier can accept reactive feedback networks, allowing them 
to be used in analog filtering applications. The inputs can sense 
signals below the bottom supply rail and as high as 1.2V below 
the top rail. Connecting the load resistor to ground and operat
ing from a single supply, the outputs swing completely to 
ground mthout saturating. The outputs can also drive to within 
1.2V of the top rail. The EL22S7C/EL23S7C will output 
± 100 mA and will operate with single supply voltages as low as 
2.7V, making them ideal for portable, low power applications. 

The EL22S7C/EL23S7C have a high speed disable feature. Ap
plying a low logic level to all ENABLE pins reduces the supply 
current to 0 ,..,A within 50 ns. Each amplifier has its own 
ENABLE pin. This is useful for both multiplexing and reduc
ing power consumption. 

The EL22S7C/EL23S7C also have an output voltage clamp fea
ture. This clamp is a fast recovery « 7 ns) output clamp that 
prevents the output voltage from going above the preset clamp 
voltage. This feature is desirable for AID applications, as AID 
converters can require long times to recover if overdriven. 

The EL22S7C/EL23S7C are available in plastic DIP and SOIC 
packages. Both parts operate over the industrial temperature 
range of -40"C to +SS"C. For single amplifier applications, see 
the EL21S0C/EL21S7C. For space saving, industry standard 
pin out dual and quad applications, see the EL22S0C/EL24S0C. 

Connection Diagrams 
EL2257C so, P-DIP El2357C so, P.OIP 

jfL-____________________________ ~ ______________ T __ o_p_V_i_e_~ __________ T_o_p_V __ ie_~ ___________ =_7_"'--J 

2-288 



Absolute Maximum Ratings (TA = 25'C) 

Supply Voltage between Vs and GND 12.6V 
Input Voltage (IN+,IN-, GND-O.3V, Vs+O.3V 

ENABLE, CLAMP) 
Differential Input Voltage ± 6V 
Maximum Output Current 
Output Short Circuit Duration 

DC Electrical Characteristics 

90mA 
(Note 1) 

Power Dissipation 
Storage Temperature Range 
Ambient Operating Temperature Range 
Operating Junction Temperature 

See Curves 
- 65'C to + 150'C 
-40'Cto +85'C 

150'C 

vs= +5V, GND=OV, TA=25°C, VCM=1.5V, VOUT=1.5V, VCLAMP= +5V, VENABLE = +5V, un
less otherwise specified. 

Parameter Description Test Conditions 

Vos Offset Voltage 

TCVos 
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.~ DC Electrical Characteristics - Contd. 
COil vs= +5V, GND=OV, TA=25°C, VCM= +1.5V, VOUT= +1.5V, VCLAMP= +5V, VENABLE= +5V, 
rj unl~ss otherwise specified 

Parameter Description 

AVOL Open Loop Gain 

VOP Positive Output 
Voltage Swing 

VON Negative Output 
Voltage Swing 

lOUT 

for Power Up 

Vn .. EN ENABLE pin Voltage 
for Shut Down 

IIH_EN ENABLE pin Input 
Current-High (Note 2) 

IlL-EN ENABLE pin Input 
Current-Low (Note 2) 

VOR-CL Voltage Clamp Operating 
Range (Note 3) 

VACC-CL CLAMP Accuracy (Note 4) 

IIH-CL CLAMP pin Input 
Current - High 

III..CL CLAMP pin Input 
Current - Low 

Test Conditions Min Typ 

vs=VCLAMP= + 12V, VOUT= +2Vto 65 80 
+9V, RL = 1 kO to GND 

VOUT= + 1.5V to +3.5V, 70 
RL=lkOtoGND 

60 

2.0 

Relative to GND Pin 

VS=VCLAMP= + 12V, VENABLE = +12V 340 

VS=VCLAMP= + 12V, VENABLE = +0.5V 0 

Relative to GND Pin 1.2 

VIN= +4V, RL = 1 kO to GND -250 100 

V CLAMP = + 1.5V and + 3.5V 

VS=VCLAMP= +12V 12 

VS= + 12V, VCLAMP= +1.2V -20 -IS 

Note 1: Internal short circuit protection circuitry has been built into the EL2257C/EL2357C. See the Applications section. 
Note 2: If the disable feature is not desired, tie the ENABLE pins to the Vs pin, or apply a logic high level to the ENABLE pins. 
Note 3: The maximum output voltage that can be clamped is limited to the maximum positive output Voltage, or VOP' Applying a 

Voltage higher than Vop inactivates the clamp. If the clamp feature is not desired, either tie the CLAMP pin to the V spin, 
or simply let the CLAMP pin float. 

Note 4: The clamp accuracy is affected by VIN and RV See the Typical Curves Section and the Clamp Accuracy vs. VIN and RL 
curve. 
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Closed Loop AC Electrical Characteristics 
(Note 5) Vs=+5V, GND=OV, TA=25°C, VCM=+1.5V, VOUT=+1.5V, VCLAMP=+5V, 
VENABLE = + 5V, Av = + 1, RF = on, RL = 1500, to GND pin, unless otherwise specified 

Parameter Description 

BW - 3 dB Bandwidth 
(Vout= 400 mVp-p) 

BW ± 0.1 dB Bandwidth 
(Vout=400 mVp-p) 

GBWP Gain Bandwidth Product 

PM Phase Margin 

SR Slew Rate 

tR,tF Rise Time, Fall Time 

OS Overshoot 

tpD Propagation Delay 

ts 0.1 % Settling Time 

0.01 % Settling Time 

dG Differential Gain (Note 6) 

dP Differential Phase (Note 6) 

eN Input Noise Voltage 

iN Input Noise Current 

tDIS Disable Time (Note 7) 

tEN Enable Time (Note 7) 

teL Clamp Overload Recovery 

Test Conditions Min 

Vs= +5V, Av= +1, RF=On 

Vs= +5V,Av=-1,RF=500n 

Vs= +5V,Av= +2,RF=500n 

Vs= +5V,Av= +10,RF=500n 

Vs= +12V, Av= + 1, RF=On 

Vs= +3V,Av = + 1, RF=On 

Vs= + 12V, Av= +1, RF=on 

Vs= +5V, Av= + 1, RF=On 

Vs= +3V,Av= +l,RF=On 

Vs= + 12V, @ Av= + 10 

RL= 1 kn, CL=6 pF 

Vs= +10V,RL=150n, Vout=OVto +6V 200 

Vs= +5V, RL=150n, Vout=OVto +3V 

±O.lV Step 

±O.lVStep 

±O.lV step 

VS= ±5V,RL=500n,Av= +1, VOUT= ±3V 

VS= ±5V,RL=500n,Av= +1, VOUT= ±3V 

Av=+2,RF=lkn 

Av=+2,RF=lkn 

f=10 kHz 

f= 10 kHz 

Note 5: All AC tests are performed on a "warmed up" part, except slew rate, which is pulse tested. 

Typ Max 

125 

60 

60 

6 

150 

100 

25 

30 

20 

60 

55 

275 

300 

2.8 

10 

3.2 

40 

75 

0.05 

0.05 

48 

1.25 

50 

25 

7 

Note 6: Standard NTSC signal = 286 mVp-p, f=3.58 MHz, as VIN is swept from 0.6V to 1.314V. RL is DC coupled. 

Units 

MHz 

MHz 

MHz 

MHz 

MHz 

MHz 

MHz 

MHz 

MHz 

MHz 

V/!'-s 

V/!'-s 

ns 

% 

ns 

ns 

ns 

% 

nV/v'Hz 

pA/v'Hz 

ns 

ns 

ns 

Note 7: Disable/Enable time is defined as the time from when the logic signal is applied to the ENABLE pin to when the supply 
current has reached half its final value. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Product Description 
The EL2257C/EL2357C are the industries fastest 
single supply operational amplifiers. Connected 
in voltage follower mode, their - 3 dB bandwidth 
is 125 MHz while maintaining a 275 V/p.s slew 
rate. With an input and output common mode 
range that includes ground, these amplifiers were 
optimized for single supply operation, but will 
also accept dual supplies. They operate on a total 
supply voltage range as low as + 2.7V or up to 
+ 12V. This makes them ideal for + 3V applica
tions, especially portable computers. 

While many amplifiers claim to operate on a sin
gle supply, and some can sense ground at their 
inputs, most fail to truly drive their outputs to 
ground. If they do succeed in driving to ground, 
the amplifier often saturates, causing distortion 
and recovery delays. However, special circuitry 
built into the EL2257C/EL2357C allows the out
put to follow the input signal to ground without 
recovery delays. 

Power Supply Bypassing And Printed 
Circuit Board Layout 
As with any high-frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible. The power supply pins must be well 
bypassed to reduce the risk of oscillation. The 
combination of a 4.7 p.F tantalum capacitor in 
parallel with a 0.1 p.F ceramic capacitor has been 
shown to work well when placed at each supply 
pin. For single supply operation, where the GND 
pin is connected to the ground plane, a single 
4.7 p.F tantalum capacitor in parallel with a 
0.1 p.F ceramic capacitor from the VS+ pin to the 
GND pin will suffice. 

For good AC performance, parasitic capacitance 
should be kept to a minimum. Ground plane con
struction should be used. Carbon or Metal-Film 
resistors are acceptable with the Metal-Film re
sistors giving slightly less peaking and band
width because of their additional series induc
tance. Use of sockets, particularly for the SO 
package should be avoided if possible. Sockets 

add parasitic inductance and capacitance which 
will result in some additional peaking and over
shoot. 

Supply Voltage Range and Single
Supply Operation 
The EL2257C/EL2357C have been designed to 
operate with supply voltages having a span of 
greater than 2.7V, and less than 12V. In practical 
terms, this means that the EL2257C/EL2357C 
will operate on dual supplies ranging from 
± 1.35V to ± 6V. With a single-supply, the 
EL2257C/EL2357C will operate from + 2.7V to 
+ 12V. Performance has been optimized for a sin
gle + 5V supply. 

Pins 11 and 4 (14 and 3) are the power supply 
pins on the EL2257C (EL2357C). The positive 
power supply is connected to pin 11 (14). When 
used in single supply mode, pin 4 (3) is connected 
to ground. When used in dual supply mode, the 
negative power supply is connected to pin 4 (3). 

As supply voltages continue to decrease, it be
comes necessary to provide input and output 
voltage ranges that can get as close as possible to 
the supply voltages. The EL2257C/EL2357C 
have an input voltage range that includes the 
negative supply and extends to within 1.2V of the 
positive supply. So, for example, on a single + 5V 
supply, the EL2257C/EL2357C have an input 
range which spans from OV to 3.8V. 

The output range of the EL2257C/EL2357C is 
also quite large. It includes the negative rail, and 
extends to within IV of the top supply rail with a 
1 kll load. On a + 5V supply, the output is there
fore capable of swinging from OV to +4V. On 
split supplies, the output will swing ±4V. If the 
load resistor is tied to the negative rail and split 
supplies are used, the output range is extended to 
the negative rail. 

Choice Of Feedback Resistor, RF 
The feedback resistor forms a pole with the input 
capacitance. As this pole becomes larger, phase 
margin is reduced. This increases ringing in the 

2-300 



1:1;1 
t"" 
~ 
~ 
at 

" ~ 
......... 

r-------------------------------------------------------~1:I;I t: Applications Information - Contd. 

time domain and peaking in the frequency do
main. Therefore, RF has some maximum value 
which should not be exceeded for optimum per
formance. If a large value of RF must be used, a 
small capacitor in the few picofarad range in par
allel with RF can help to reduce this ringing and 
peaking at the expense of reducing the band
width. 

As far as the output stage of the amplifier is con
cerned, RF + R G appear in parallel with RL for 
gains other than + 1. As this combination gets 
smaller, the bandwidth falls off. Consequently, 
RF has a minimum value that should not be ex
ceeded for optimum performance. 

For Av = + 1, RF = on is optimum. For Av = 
-1 or + 2 (noise gain of 2), optimum response is 
obtained with RF between soon and 1 kn. For 
Av = -4 or + 5 (noise gain of 5), keep RF be
tween 2 kn and 10 kn. 

Video Performance 
For good video performance, an amplifier is re
quired to maintain the same output impedance 
and the same frequency response as DC levels are 
changed at the output. This can be difficult when 
driving a standard video load of 150n, because of 
the change in output current with DC level. Dif
ferential Gain and Differential Phase for the 
EL2257C/EL2357C are specified with the black 
level of the output video signal set to + 1.2V. 
This allows ample room for the sync pulse even 
in a gain of + 2 configuration. This results in dG 
and dP specifications of 0.05% and 0.05° while 
driving 150n at a gain of + 2. Setting the black 
level to other values, although acceptable, will 
compromise peak performance. For example, 
looking at the single supply dG and dP curves for 
RL = 150n, if the output black level clamp is re
duced from 1.2V to 0.6V dG/dP will increase 
from 0.05%/0.05° to 0.08%/0.25°. Note that in a 
gain of + 2 configuration, this is the lowest black 
level allowed such that the sync tip doesn't go 
below OV. 

2-301 

If your application requires that the output goes 
to ground, then the output stage of the 
EL2257C/EL2357C, like all other single supply 
op amps, requires an external pull down resistor 
tied to ground. As mentioned above, the current 
flowing through this resistor becomes the DC 
bias current for the output stage NPN transistor. 
As this current approaches zero, the NPN turns 
off, and dG and dP will increase. This becomes 
more critical as the load resistor is increased in 
value. While driving a light load, such as 1 kn, if 
the input black level is kept above 1.25V, dG and 
dP are a respectable 0.03% and 0.03°. 

For other biasing conditions see the Differential 
Gain and Differential Phase vs. Input Voltage 
curves. 

Output Drive Capability 
In spite of their moderately low 5 rnA of supply 
current, the EL2257C/EL2357C are capable of 
providing ± 100 mA of output current into a IOn 
load, or ± 60 mA into son. With this large output 
current capability, a son load can be driven to 
±3V with Vs = ±5V, making it an excellent 
choice for driving isolation transformers in tele
communications applications. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will de-couple the 
EL2257C/EL2357C from the cable and allow ex
tensive capacitive drive. However, other applica
tions may have high capacitive loads without a 
back-termination resistor. In these applications, a 
small series resistor (usually between 5n and 
SOn) can be placed in series with the output to 
eliminate most peaking. The gain resistor (RG) 
can then be chosen to make up for any gain loss 
which may be created by this additional resistor 
at the output. 
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~ Disable/Power-Down 
Each amplifier in the EL2257C/EL2357C clm be 
individually disabled, placing each output in a 
high-impedance state. The disable or enable ac
tion takes only about 40 ns. When all amplifiers 
are disabled, the total supply current is reduced 
to 0 mA, thereby eliminating all power consump
tion by the EL2257C/EL2357C. The EL2257C/ 
EL2357C amplifier's power down can be con
trolled by standard CMOS signal levels at each 
ENABLE pin. The applied CMOS signal is rela
tive to the GND pin. For example, if a single 
+ 5V supply is used, the logic voltage levels will 
be + 0.5V and + 2.0V. If using dual ± 5V sup
plies, the logic levels will be -4.5V and -3.0V. 
Letting all ENABLE pins float will disable the 
EL2257C/EL2357C. If the power-down feature is 
not desired, connect all ENABLE pins to the 
V s + pin. The guaranteed logic levels of + 0.5V 
and + 2.0V are not standard TTL levels of + 0.8V 
and + 2.0V, so care must be taken if standard 
TTL will be used to drive the ENABLE pins. 

Output Voltage Clamp 
The EL2257C/EL2357C amplifiers have an out
put voltage clamp. This clamping action is fast, 
being activated almost instantaneously, and be
ing deactivated in < 7 ns, and prevents the out
put voltage from going above the preset clamp 
voltage. This can be very helpful when the 
EL2257C/EL2357C are used to drive an A/D 
converter, as some converters can require long 
times to recover if overdriven. The output volt
age remains at the clamp voltage level as long as 
the product of the input voltage and the gain set
ting exceeds the clamp voltage. For example, if 
the EL2257C/EL2357C is connected in a gain of 
2, and + 3V DC is applied to the CLAMP pin, 
any voltage higher than + 1.5V at the inputs will 
be clamped and + 3V will be seen at the output. 
Each amplifier of the EL2257C have their own 
CLAMP pin, so individual clamp levels may be 
set, whereas a single CLAMP pin controls the 
clamp level of the EL2357C. 

Figure 1 below is the EL2257C with each amplifi
er unity gain connected. Amplifier A is being 
driven by a 3 Vp-p sinewave and has 2.25V ap
plied to CLAMPA, while amplifier B is driven by 
a 3 Vp-p triangle wave and 1.5V is applied to 
CLAMPB. The resulting output waveforms, with 
their outputs being clamped is shown in Figure 2. 
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Figure 3 shows the output of amplifier A of the CLAMP pin much below + 1.2V can saturate ~ 
same circuit being driven by a 0.5V to 2.7 5V transistors and should therefore be avoided. ~ 
square wave as the clamp voltage is varied from Forcing the CLAMP pin above Vop simply de-
1.0V to 2.5V, as well as the unclamped output activates the CLAMP feature. In other words, 
signal. The rising edge of the signal is clamped to one cannot expect to clamp any voltage higher 
the voltage applied to the CLAMP pin almost than what the EL2257C/EL2357C can drive to in 
instantaneously. The output recovers from the the first place. If the clamp feature is not desired, 
clamped mode within 5-7 ns, depending on the either let the CLAMP pin float or connect it to 
clamp voltage. Even when the CLAMP pin is the V s + pin. 
taken 0.2V below the minimum 1.2V specified, 
the output is still clamped and recovers in about 
11 ns. 

4 r Unclamped Output 

~ 3 
.... 
(!) 

I 
I'll' 

<C 
I-..... 

2 0 
> 

r 
I = 2.SV 

I-
::::> 
Q. 
I- = 2.0V 
::::> 
0 = 1.SV .\, 

0 
VCLAMP = 1.0V V 

TIME 10 "s/div 
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Figure 3 

The clamp accuracy is affected by 1) the CLAMP 
pin voltage, 2) the input voltage, and 3) the load 
resistor. Depending upon the application, the ac
curacy may be as little as a few tens of millivolts 
up to a few hundred millivolts. Be sure to allow 
for these inaccuracies when choosing the clamp 
voltage. Curves of Clamp Accuracy vs. V CLAMP 
and VIN for 3 values of RL are included in the 
Typical Performance Curves Section 

Unlike amplifiers that clamp at the input and are 
therefore limited to non-inverting applications 
only, the EL2257C/EL2357C output clamp archi
tecture works for both inverting and non-invert
ing gain applications. There is also no maximum 
voltage difference limitation between VIN and 
VCLAMP which is common on input clamped ar
chitectures. 

The voltage clamp operates for any voltage be
tween + 1.2V above the GND pin, and the mini
mum output voltage swing, VOP' Forcing the 

EL2257C/EL2357C Comparator 
Application 
The EL2257C/EL2357C can be used as a very 
fast, single supply comparator by utilizing the 
clamp feature. Most op amps used as compara
tors allow only slow speed operation because of 
output saturation issues. However, by applying a 
DC voltage to the CLAMP pin of the EL2257CI 
EL2357C, the maximum output voltage can be 
clamped, thus preventing saturation. Figure 4 be
low is amplifier A of an EL2257C implemented as 
a comparator. 2.25V DC is applied to the 
CLAMP pin, as well as the IN- pin. A differential 
signal is then applied between the inputs. Figure 
5 shows the output square wave that results 
when a ± lV, 10 MHz triangular wave is applied, 
while Figure 6 is a graph of propagation delay vs. 
overdrive as a square wave is presented at the 
input. 

+2.2SV 0-----1.1'..1 

2257-.24 

Figure 4 
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INPUT +.5 
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Figure 5 

Propagation Delay vs Overdrive 
EL2257/EL2357 as a Comparator 
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Video Sync Pulse Remover Application 
All CMOS Analog to Digital Converters (A/Os) 
have a parasitic latch-up problem when subjected 
to negative input voltage levels. Since the sync 
tip contains no useful video information and it is 
a negative going pulse, we can chop it off. 
Figure 7 shows a unity gain connected amplifier 
A of an EL2257C. Figure 8 shows the complete 
input video signal applied at the input, as well as 
the output signal with the negative going sync 
pulse removed. 

2257-27 

Figure 7 
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FigureS 

Multiplexing with the EL2257C/EL2357C 
The ENABLE pins on the EL2257C/EL2357C 
allow for multiplexing applications. Figure 9 
shows an EL2357C with all 3 outputs tied togeth
er, driving a back terminated 7511 video load. 
Three sinewaves of varying amplitudes and fre
quencies are applied to the three inputs. Logic 
signals are applied to each of the ENABLE pins 
to cycle through turning each of the amplifiers 
on, one at a time. Figure 10 shows the resulting 
output waveform at VOUT. Switching is complete 
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in about 50 ns. Notice the outputs are tied direct
ly together. Decoupling resistors at each output 
are not necessary. In fact, adding them approxi
mately doubles the switching time to 100 ns. 

1.!!I--+_.--..... -o.5V 
CLK 

Figure 9 

Figure 10 

Short Circuit Current Limit 

2257-29 

2257-30 

The EL2257C/EL2357C have internal short cir
cuit protection circuitry that protect it in the 
event of its output being shorted to either supply 
rail. This limit is set to around 100 rnA nominally 
and reduces with increasing junction tempera
ture. It is intended to handle temporary shorts. If 
an output is shorted indefinitely, the power dissi
pation could easily increase such that the part 
will be destroyed. Maximum reliability is main
tained if the output current never exceeds 
± 90 rnA. A heat sink may be required to keep 
the junction temperature below absolute maxi
mum when an output is shorted indefinitely. 
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Power Dissipation 
With the high output drive capability of the 
EL2257C/EL2357C, it is possible to exceed the 
150·C Absolute Maximum junction temperature 
under certain load current conditions. Therefore, 
it is important to calculate the maximum junc
tion temperature for the application to determine 
if power-supply voltages, load conditions, or 
package type need to be modified for the 
EL2257C/EL2357C to remain in the safe operat
ing area. 

The maximum power dissipation allowed in a 
package is determined according to [1]: 

where: 
TJMAX = Maximum Junction Temperature 
TAMAX = Maximum Ambient Temperature 
(JJA = Thermal Resistance of the Package 
PDMAX = Maximum Power Dissipation 

in the Package. 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage, plus 
the power in the IC due to the load, or [2] 

where: 
N = Number of amplifiers 
Vs = Total Supply Voltage 
ISMAX = Maximum Supply Current per 

amplifier 
VOUT· = Maximum Output Voltage of the 

Application 
RL = Load Resistance tied to Ground 

If we set the two PDMAX equations, [1] and [2], 
equal to each other, and solve for VS, we can get a 
family of curves for various loads and output 
voltages according to [3]: 
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Figures 11 and 12 below show total single supply 
voltage V S vs. RL for various output voltage 
swings for the PDIP and SOIC packages. The 
curves assume WORST CASE conditions of 
TA = + 85°C and IS = 6.5 mA per amplifier. 
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EL2257C/EL2357C Macromodel
(one channel) 

• Revision A, October 1995 
• Pin numbers reflect a standard single opamp. 
• When not being used, the clamp pin, pin I, 

• should be connected to +Vsupply, pin 7 

• Connections: + input 

I -input 

I +Vsupply 

I I -Vsupply 

I I I output 

I 
I 

.subckt EL2257/el 3 

• Input Stage 

i1 7 10 250p.A 
i2711250,...A 

r110 114K 
ql12210qp 
q2 13311 qpa 

r2124100 
r3 134100 

I 
I 

2 7 

• Second Stage & Compensation 

gm 15 4 13 12 4.6m 

r415415Meg 
c1 15 4 0.36pF 

• Poles 

e1l74 1541.0 
r617 25 400 
c32541pF 

r7 2518 500 
c41841pF 

I I clamp 

I I I 
4 6 

2-307 

• Output Stage & Clamp 

i32041.0mA 
q3 7 23 20qn 

q47 1819 qn 
q57 1821 qn 
q64 20 22 qp 
q7 7 2318 qn 

dl19 20 da 
d2181da 

r8 216 2 
r9 22 6 2 
rIO 18 2110k 
r11 7 23 lOOk 

d3 23 24 da 
d4244da 

d52318da 

• Power Supply Current 

ips 743.2mA 

• Models 

.model qn npn(is=8ooe-18 bf=150 tf=O.02nS) 

.model qpa pnp(is=810e-18 bf=50 tf=O.02nS) 

.model qp pnp(is=800e-18 bf=54 tf=O.02nS) 

.model da d(tt=OnS) 

.ends 
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Features 
• 130 MHz 3 dB bandwidth 

(Av = +2) 
• 180 MHz 3 dB bandwidth 

(AV = +1) 

• 0.01 % differential gain, 
RL = soon 

• 0.01° differential phase, 
RL = soon 

• Low supply current, 8.5 rnA 
• Wide supply range, ± 2V to ± 15V 
• 80 rnA output current (peak) 

• Low cost 
• 1500 V/ll-s slew rate 
• Input common mode range to 

within 1.5V of supplies 
• 35 ns settling time to 0.1 % 

Applications 
• Video amplifiers 
• Cable drivers 
• RGB amplifiers 
• Test equipment amplifiers 
• Current to voltage converter 

Ordering Information 
ParlNo. Temp. Range Package Outline" 

EL2160CN -40"Cto +8S'C B-PinP-DIP MDPOO31 

EL2160CS - 40"C to + 8S'C 8-Pin SOIC MDPOO27 

General Description 
The EL2160C is a current feedback operational amplifier with 
- 3 dB bandwidth of 130 MHz at a gain of + 2. Built using the 
Elantec proprietary monolithic complementary bipolar process, 
this amplifer uses current mode feedback to achieve more band
width at a given gain than a conventional voltage feedback op
erational amplifier. 

The EL2160C is designed to drive a double terminated 75n coax 
cable to video levels. Differential gain and phase are excellent 
when driving both loads of soon « 0.01 % 1 < 0.01°) and double 
terminated 75n cables (0.025%/0.1°). 

The amplifier can operate on any supply voltage from 4V 
( ± 2V) to 33V (± 16.5V), yet consume only 8.5 rnA at any sup
ply voltage. Using industry standard pinouts, the EL2160C is 
available in 8-pin P-DIP and 8-pin SO packages. For dual and 
quad applications, please see the EL2260C/EL2460C datasheet. 

Elantec's facilities comply with MIL-I-45208A and offer appli
cable quality specifications. See the Elantec document, QRA-2: 
Elantec's Military Processing-Monolithic Products. 

Connection Diagram 

EL2160C SO, P-DIP 
Packages 

NC II ]] NC 

-IN[1-~ I1vs+ 

+INI]- y L!JOUT 

vs-13 ]] NC 

Top View 
2060-1 
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Absolute Maximum Ratings (TA = 2S0C) 

VoltagebetweenVs+ andVs
Voltage between + IN and - IN 
Current into + IN or - IN 
Internal Power Dissipation 
Operating Ambient Temperature Range 

+33V 
±6V 

10mA 
See Curves 

-40"C to + 8SoC 

Operating Junction Temperature 
Plastic Packages 

Output Current 
Storage Temperature Range 

Open Loop DC Electrical Characteristics 
Vs = ± lSV, RL = IS00, TA = 2SoC unless otherwise specified 

Parameter Conditions 

-ICMR - Input Current Common Vs = ±SV, ±lSV 2SoC 0.2 S 
Mode Rejection (Note 2) 

PSRR Power Supply Rejection 2SoC 7S 9S 
Ratio (Note 3) 

-IPSR - Input Current Power 2SoC S 
Supply Rejection (Note 3) 

0.2 

2·310 

lSO"C 
±SOmA 

- 6SoC to + IS0°C 

dB 



Open Loop DC Electrical Characteristics - Contd. 
Vs = ± 15V, RL = 1S00, TA = 2SoC unless otherwise specified 

Parameter 

RoL 

CMIR 

Vo 

IsC 

Is 

Description 

Transimpedance 
(Note 4) 

Common Mode Input Range 

Output Voltage Swing 

Output Short Circuit 
Current (Note S) 

Supply Current 

Conditions 

Vs = ±1SV 
RL = 4000 

Vs = ±SV 
RL = 1S00 

RL = 1500, 
Vs = ±15V 

RL = 1S00, 

Vs = ±SV 

2-311 

2SoC 

2SoC ±3.0 

kO 

±12 V • ±3.7 V 
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Closed Loop AC Electrical Characteristics 
Vs = ± lSV, Av = + 2, RF = S60n, RL = lS0n, TA = 2S·C unless otherwise noted 

Parameter 

BW 

SR 

Description 

- 3 dB Bandwidth 
(Note 8) 

Slew Rate 
(Notes 6, 8) 

Conditions 

tr,tr Rise Time, VOUT = ±SOOmV 

dG 

dP 

Fall Time, (Note 8) 

Propagation Delay 
(Note 8) 

Differential Gain 
(Notes 7, 8) 

Differential Phase 

(Notes 7, 8) 

Note 1: Measured from TMIN to TMAX' 
Note 2: VCM = ±10V for Vs = ±1SV and TA = 2S·C 

VCM = ±3V for Vs = ±SV and TA = 2S·C 
Note 3: The supplies are moved from ± 2.SV to ± 1SV. 
Note 4: VOUT = ±7V for Vs = ±1SV, and VOUT = ±2V for Vs = ±SV. 
Note 5: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 6: Slew Rate is with VOUT from + 10V to -10V and measured at the 25% and 75% points. 
Note 7: DC offset from -O.714V through +O.714V, AC amplitude 286 mVp-p, f = 3.58 MHz. 
Note 8: All AC tests are performed on a "warmed up" part, except for Slew Rate, which is pulse tested. 

2-312 

ns 



Typical Performance Curves 
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Applications Information 

Product Description 
The EL2160C is a current mode feedback amplifi
er that offers wide bandwidth and good video 
specifications at a moderately low supply cur
rent. It is built using Elantec's proprietary com
plimentary bipolar process and is offered in in
dustry standard pin-outs. Due to the current 
feedback architecture, the EL2160C closed-loop 
3 dB bandwidth is dependent on the value of the 
feedback resistor. First the desired bandwidth is 
selected by choosing the feedback resistor, RF, 
and then the gain is set by picking the gain resis
tor, RG. The curves at the beginning of the Typi
cal Performance Curves section show the effect of 
varying both RF and RG' The 3 dB bandwidth is 
somewhat dependent on the power supply volt
age. As the supply voltage is decreased, internal 
junction· capacitances increase, causing a reduc
tion in closed loop bandwidth. To compensate for 
this, smaller values of feedback resistor can be 
used at lower supply voltages. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible, below 1,4". The power supply pins 
must be well bypassed to reduce the risk of oscil
lation. A 1.0 ,..,F tantalum capacitor in parallel 
with a 0.01 ,..,F ceramic capacitor is adequate for 
each supply pin. 

For good AC performance, parasitic capacitances 
should be kept to a minimum, especially at the 
inverting input (see Capacitance at the Inverting 
Input section). This implies keeping the ground 
plane away from this pin. Carbon resistors are 
acceptable, while use of wire-wound resistors 
should not be used because of their parasitic in
ductance. Similarly, capacitors should be low in
ductance for best performance. Use of sockets, 
particularly for the SO package, should be avoid
ed. Sockets add parasitic inductance and capaci
tance which will result in peaking and overshoot. 

Capacitance at the Inverting Input 
Due to the topology of the current feedback am
plifier, stray capacitance at the inverting input 
will affect the AC and transient performance of 
the EL2160C when operating in the non
inverting configuration. The characteristic curve 
of gain vs. frequency with variations of CIN
emphasizes this effect. The curve illustrates how 
the bandwidth can be extended to beyond 
200 MHz with some additional peaking with an 
additional 2 pF of capacitance at the VIN- pin 
for the case of Av = + 2. Higher values of capac
itance will be required to obtain similar effects at 
higher gains. 

In the inverting gain mode, added capacitance at 
the inverting input has little effect since this 
point is at a virtual ground and stray capacitance 
is therefore not "seen" by the amplifier. 

Feedback Resistor Values 
The EL2160C has been designed and specified 
with RF = 5600 for AV = + 2. This value of 
feedback resistor yields extremely flat frequency 
response with little to no peaking out to 
130 MHz. As is the case with all current feedback 
amplifiers, wider bandwidth, at the expense of 
slight peaking, can be obtained by reducing the 
value of the feedback resistor. Inversely, larger 
values of feedback resistor will cause rolloff to 
occur at a lower frequency. By reducing RF to 
4300, bandwidth can be extended to 170 MHz 
with under 1 dB of peaking. Further reduction of 
RF to 3600 increases the bandwidth to 195 MHz 
with about 2.5 dB of peaking. See the curves in 
the Typical Performance Curves section which 
show 3 dB bandwidth and peaking vs. frequency 
for various feedback resistors and various supply 
voltages. 

Bandwidth vs Temperature 
Whereas many amplifier's supply current and 
consequently 3 dB bandwidth drop off at high 
temperature, the EL2160C was designed to have 
little supply current variations with temperature. 
An immediate benefit from this is that the 3 dB 
bandwidth does not drop off drastically with 
temperature. With Vs = ± 15V and AV = + 2, 
the bandwidth only varies from 150 MHz to 
110 MHz over the entire die junction tempera
ture range of O°C < T < 150°C. 
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Supply Voltage Range 
The EL2160C has been designed to operate with 
supply voltages from ± 2V to ± 15V. Optimum 
bandwidth, slew rate, and video characteristics 
are obtained at higher supply voltages. However, 
at ± 2V supplies, the 3 dB bandwidth at Av = 
+ 2 is a respectable 70 MHz. The following figure 
is an oscilloscope plot of the EL2160C at ± 2V 
supplies, Av = + 2, RF = RG = 560n, driving a 
load of 150n, showing a clean ± 600 m V signal at 
the output. 
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If a single supply is desired, values from + 4V to 
+ 30V can be used as long as the input common 
mode range is not exceeded. When using a single 
supply, be sure to either 1) DC bias the inputs at 
an appropriate common mode voltage and AC 
couple the signal, or 2) ensure the driving signal 
is within the common mode range of the 
EL2160C. 

Settling Characteristics 
The EL2160C offers superb settling characteris
tics to 0.1 %, typically in the 35 ns to 40 ns range. 
There are no aberrations created from the input 
stage which often cause longer settling times in 
other current feedback amplifiers. The EL2160C 
is not slew rate limited, therefore any size step up 
to ± 10V gives approximately the same settling 
time. 

As can be seen from the Long Term Settling Er
ror curve, for AV = + 1, there is approximately a 
0.035% residual which tails away to 0.01% in 

2-321 

about 40 ,..,s. This is a thermal settling error 
caused by a power dissipation differential (before 
and after the voltage step). For AV = -1, due to 
the inverting mode configuration, this tail does 
not appear since the input stage does not experi
ence the large voltage change as in the non
inverting mode. With Av = -1, 0.01 % settling 
time is slightly greater than 100 ns. 

Power Dissipation 
The EL2160C amplifier combines both high 
speed and large output current drive capability at 
a moderate supply current in very small pack
ages. It is possible to exceed the maximum junc
tion temperature allowed under certain supply 
voltage, temperature, and loading conditions. To 
ensure that the EL2160C remains within its abso-
lute maximum ratings, the following discussion • 
will help to avoid exceeding the maximum junc-
tion temperature. 

The maximum power dissipation allowed in a 
package is determined by its thermal resistance 
and the amount of temperature rise according to 

_ TJMAX - TAMAX 
PDMAX - 8 

JA 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage plus 
the power in the IC due to the load, or 

POMAX = 2 * Vs * Is + (Vs - VOUT)* VOUT 
RL 

where IS is the supply current. (To be more accu
rate, the quiescent supply current flowing in the 
output driver transistor should be subtracted 
from the first term because, under loading and 
due to the class AB nature of the output stage, 
the output driver current is now included in the 
second term.) 

In general, an amplifier's AC performance de
grades at higher operating temperature and lower 
supply current. Unlike some amplifiers, the 
EL2160C maintains almost constant supply 
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Applications Information - Contd. 
current over temperatUre so that AC perform
ance is not degraded as much over the entire op
erating temperature range. Of course, this in
crease in performance doesn't come for free. 
Since the current has increased, supply voltages 
must be limited so that maximum power ratings 
are not exceeded. 

The EL2160C consumes typically 8.5 mA and 
maximum 11.0 mAo The worst case power in an 
IC occurs when the output voltage is at half sup
ply, if it can go that far, or its maximum values if 
it cannot reach half supply. If we set the two 
PDMAX equations equal to each other, and solve 
for V s' we can get a family of curves for various 
loads and output voltages according to: 

R·"(T -T ) 
L JMAX AMAX + (V )2 

(J OUT 
V - JA s-

(2 .. IS .. RL) + VOUT 

The following curves show supply voltage ( ± V S) 
vs RLOAD for various output voltage swings for 
the 2 different packages. The curves assume 
worst case conditions of TA = + 85·C and Is = 
11 mAo 
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The curves do not include heat removal or forc
ing air, or the simple fact that the package will 
probably be attached to a circuit board, which 
can also provide some form of heat removal. 
Larger temperature and voltage ranges are possi
ble with heat removal and forcing air past the 
part. 

Current Limit 
The EL2160C has an internal current limit that 
protects the circuit in the event of the output be
ing shorted to ground. This limit is set at 100 mA 
nominally and reduces with junction tempera
ture. At a junction temperature of 150·C, the cur
rent limits at about 65 mAo If the output is short
ed to ground, the power dissipation could be well 
over 1W. Heat removal is required in order for 
the EL2160C to survive an indefinite short. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back termi
nation series resistor will decouple the EL2160C 
from the capacitive cable and allow extensive ca
pacitive drive. However, other applications may 
have high capacitive loads without termination 
resistors. In these applications, an additional 
small value (50-500) resistor in series with the 
output will eliminate most peaking. The gain re
sistor, RG, can be chosen to make up for the gain 
loss created by this additional series resistor at 
the output. 
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EL2160C Macromodel 

• Revision A, November 1993 
• AC Characteristics used CIN - (pin 2) = 1 pF; RF = 5600 
• Connections: + input 

I 
I 
I 
I 
I 

.subckt EL2160C/EL 3 

• Input Stage 

e1100 3 0 1.0 
vis 109 OV 
h2 9 12 vxx 1.0 
r1211130 
11111225nH 
iinp 3 0 0.51lA 
iinm205~ 

r12 3 0 2Meg 

• Slew Rate Limiting 

hl13 0 vis 600 
r2 13 141K 
dl140 dclamp 
d20 14 dclamp 

• High Frequency Pole 

*e2 30 0 14 0 0.00166666666 
1330 170.431lH 
c5 17 0 0.27pF 
r517 0 500 

* Transimpedance Stage 

g1 0 1817 0 1.0 
rol180 2Meg 
cdp 18 0 2.285pF 

• Output Stage 

q141819 qp 
q2 7 1820 qn 
q3 719 21 qn 
q4 4 20 22 qp 
r72164 
r8 22 64 
ios17 19 2mA 
ios22042mA 

-input 

I +Vsupply 

I I -Vsupply 

I I I output 

I I I I 
2 7 4 6 

2-323 

• Supply Current 

ips 743mA 

• Error Terms 

ivos0232mA 
vxx 23 OOV 
e4240301.0 
e525070 1.0 
e6260401.0 
r9 24 23 562 
rlO 25 23 1K 
r1126 23 1K 

• Models 

.model qn npn (is = 5e-15 bf= 100 tf= O.lns) 

.model qp pnp (is = 5e-15 bf= 100 tf=O.lns) 

.model dclamp d (is = 1e - 30 ibv = 0.266 bv = 2.24 n = 4) 

.ends • 
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vout 
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Features 
• 130 MHz 3 dB bandwidth 

(Av = +2) 

• 180 MHz 3 dB bandwidth 
(Av = +1) 

• 0.01 % differential gain, 
RL = soon 

• 0.01° differential phase, 
RL = soon 

• Low supply current, 7.5 mA per 
amplifier 

• Wide supply range, ± 2V to ± 15V 
• 80 rnA output current (peak) 

• Low cost 
• 1500 VI /Ls slew rate 
• Input common mode range to 

within 1.5V of supplies 
• 35 ns settling time to 0.1 % 

Applications 
• Video amplifiers 
• Cable drivers 
• RGB amplifiers 
• Test equipment amplifiers 
• Current to voltage converter 

Ordering Information 
Part No. Temp. Range Package Outllne# 

EL2260CN -4O"C to + 8S"C 8-Pin P_DIP MDPOO31 

EL2260CS -4O"C to + 8S"C 8-Pin SOIC MDPO027 

EL2_CN -40"C to + 8S"C 14-Pin P-DIP MDPO031 

EL2460CS -4O"C to + 8S"C 14-Pin SOIC MDPOO27 

General Description 
The EL2260C/EL2460C are dual/quad current feedback opera
tional amplifiers with - 3 dB bandwidth of 130 MHz at a gain 
of + 2. Built using the Elantec proprietary monolithic comple
mentary bipolar process, these amplifers use current mode feed
back to achieve more bandwidth at a given gain than a conven
tional voltage feedback operational amplifier. 

The EL2260C/EL2460C are designed to drive a double termi
nated 75n coax cable to video levels. Differential gain and 
phase are excellent when driving both loads of soon « 0.01 % 1 
<0.01°) and double terminated 75n cables (0.025%/0.1°). 

The amplifiers can operate on any supply voltage from 4V 
( ± 2V) to 33V ( ± 16.5V), yet consume only 7.5 rnA per amplifier 
at any supply voltage. Using industry standard pinouts, the 
EL2260C is available in 8-pin P-DIP and 8-pin SO packages, 
while the EL2460C is available in 14-pin P-DIP and 14-pin SO 
packages. 

Elantec's facilities comply with MIL-I-45208A and offer appli
cable quality specifications. For information on Elantec's pro
cessing, see the Elantec document, QRA-1: Elantec's Process
ing-Monolithic Products. 

Connection Diagrams 

EL2260C SO, P-DIP 
Packages 

OUTA v.+ 

-INA OUTB 

+INA -INB 

Vs- +INB 

2260-1 

Top View 

EL2460C SO, P-DIP 
Packages 

OUTA OUTO 

-INA -INO 

+INA +INO 

Vs+ Vs-

+INB +INC 

-INB -INC 

OUTB OUTC 

mo-2 

Top View I .... 
~ 
.? 

~ 
-< 

~--------------------~--------------------------------------~~ 
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Absolute Maximum Ratings (TA = 2S0C) 

Voltage between V s + and V s
Voltage between + IN and - IN 
Current into + IN or - IN 
Internal Power Dissipation 

+33V 
±6V 

lOrnA 
See Curves 

Operating Ambient Temperature Range 
,Operating Junction Temperature 

Plastic Packages 
Storage Temperature Range 

Output Current 

Open Loop DC Electrical Characteristics 
Vs = ± lSV, RL = lS0.o., TA = 25°C unless otherwise specified 

Parameter Description Conditions 

Vos Input Offset Voltage Vs = ±sv, ±lSV 
~------~---+---1----

TCVos Average Offset Voltage 
Drift (Note 1) 

+ lIN + Input Current Vs = ±SV, ±lSV 

-lIN - Input Current Vs = ±SV, ±lSV 

CMRR Common Mode Rejection Vs = ±SV, ±lSV 
Ratio (Note 2) 

-ICMR - Input Current Common Vs = ±SV, ±lSV 
Mode Rejection (Note 2) 

PSRR Power Supply Rejection 
Ratio (Note 3) 

-IPSR - Input Current Power 
Supply Rejection (Note 3) 
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Open Loop DC Electrical Characteristics - Contd. 
Vs = ± lSV, RL = 1500, TA = 2S'C unless otherwise specified 

Parameter Description Conditions Temp 
Min 

RoL Transimpedance Vs = ±lSV 2S'C 500 2000 
(Note 4) RL = 4000 TMIN,TMAX 250 

Vs = ±SV 2S'C 500 1800 
RL = 1500 

CMIR Common Mode Input Range 

Vo Output Voltage Swing 

fJI TMIN,TMAX ±11 

2S'C ±12 

2S'C ±3.0 ±3.7 

TMIN,TMAX ±2.S 

Isc Output Short Circuit Vs = ±SV, 
25'C 60 100 

Current (Note 5) Vs = ±lSV 

IS Supply Current Vs = ±lSV 2S'C 7.5 
(Per Amplifier) TMIN,TMAX 

Vs = ±SV 2S'C S.4 8.5 

TMIN,TMAX 8.5 
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Closed Loop AC Electrical Characteristics 
Vs = ±15V,Av = +2,RF = 560n,RL = 150n,TA = 25°C unless otherwise noted 

Parameter Description Test Conditions 

BW 

SR 

- 3 dB Bandwidth 
(Note 8) 

Slew Rate 
(Notes 6, 8) 

t,., tf Rise Time, VOUT = ±500mV 

tpd 

dG 

dP 

Fall Time, (Note 8) 

Propagation Delay 
(Note 8) 

Differential Gain 
(Notes 7, 8) 

Differential Phase 

(Notes 7, 8) 

Note 1: Measured from TMIN to TMAX' 
Note2:VCM = ±10VforVs = ±15VandTA= Full 

VCM = ±3V for Vs = ±5V and TA = 25°C 
VCM = ±2V for Vs = ±5V and TA = TMIN, TMAX 

Note 3: The supplies are moved from ± 2.5V to ± 15V. 
Note4:VOUT = ±7V for Vs = ±15V,andVOUT = ±2VforVs = ±5V. 
Note 5: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 6: Slew Rate i. with VOUT from +10V to -10V and measured at the 25% and 75% points. 
Note 7: DC offset from -O.714V through +O.714V, AC amplitude 286 mVp.p, f = 3.58 MHz. 
Note 8: All AC tests are performed on a "warmed up" part, except for Slew Rate, which is pulse tested. 
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Typical Performance Curves - Contd. 
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Capacitance at the Inverting Input ~ Applications Information 

~ Product Description 
The EL2260C/EL2460C are dual and quad cur
rent mode feedback amplifiers that offer wide 
bandwidths and good video specifications at 
moderately low supply currents. They are built 
using Elantec's proprietary complimentary bipo
lar process and are offered in industry standard 
pin-outs. Due to the current feedback architec
ture, the EL2260C/EL2460C closed-loop 3 dB 
bandwidth is dependent on the value of the feed
back resistor. First the desired bandwidth is se
lected by choosing the feedback resistor, RF, and 
then the gain is set by picking the gain resistor, 
RG' The curves at the beginning of the Typical 
Performance Curves section show the effect of 
varying both RF and Ra. The 3 dB bandwidth is 
somewhat dependent on the power supply volt
age. As the supply voltage is decreased, internal 
junction capacitances increase, causing a reduc
tion in closed loop bandwidth. To compensate for 
this, smaller values of feedback resistor can be 
used at lower supply voltages. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible, below %". The power supply pins 
must be well bypassed to reduce the risk of oscil
lation. A 1.0 p.F tantalum capacitor in parallel 
with a 0.01 p.F ceramic capacitor is adequate for 
each supply pin. 

For good AC performance, parasitic capacitances 
should be kept to a minimum, especially at the 
inverting input (see Capacitance at the Inverting 
Input section). This implies keeping the ground 
plane away from this pin. Carbon resistors are 
acceptable, while use of wire-wound resistors 
should not be used because of their parasitic in
ductance. Similarly, capacitors should be low in
ductance for best performance. Use of sockets, 
particularly for the SO packages, should be 
avoided. Sockets add parasitic inductance and ca
pacitance which will result in peaking and over-
shoot. . 

Due to the topology of the current feedback am
plifier, stray capacitance at the inverting input 
will affect the AC and transient performance of 
the EL2260C/EL2460C when operating in the 
non-inverting configuration. The characteristic 
curve of gain vs. frequency with variations of 
CIN - emphasizes this effect. The curve illus
trates how the bandwidth can be extended to be
yond 200 MHz with some additional peaking 
with an additional 2 pF of capacitance at the 
VIN- pin for the case of Av = +2. Higher val
ues of capacitance will be required to obtain simi
lar effects at higher gains. 

In the inverting gain mode, added capacitance at 
the inverting· input has little effect since this 
point is at a virtual ground and stray capacitance 
is therefore not "seen" by the amplifier. 

Feedback Resistor Values 
The EL2260C and EL2460C have been designed 
and specified with RF = 560.0. for AV = + 2. 
This value of feedback resistor yields extremely 
flat frequency response with little to no peaking 
out to 130 MHz. As is the case with all current 
feedback amplifiers, wider bandwidth, at the ex
pense of slight peaking, can be obtained by re
ducing the value of the feedback resistor. Inverse
ly, larger values of feedback resistor will cause 
rolloff to occur at a lower frequency. By reducing 
RF to 430.0., bandwidth can be extended to 
170 MHz with under 1 dB of peaking. Further 
reduction of RF to 360.0. increases the bandwidth 
to 195 MHz with about 2.5 dB of peaking. See 
the curves in the Typical Performance Curves 
section which show 3 dB bandwidth and peaking 
vs. frequency for various feedback resistors and 
various supply voltages. 

Bandwidth vs Temperature 
Whereas many amplifier's supply current and 
consequently 3 dB bandwidth drop off at high 
temperature, the EL2260C/EL2460C were de
signed to have little supply current variations 
with temperature. An immediate benefit from 
this is that the 3 dB bandwidth does not drop off 
drastically with temperature. With Vs = ± 15V 
and Av = + 2, the bandwidth only varies from 
150 MHz to 110 MHz over the entire die junction 
temperature range of O°C < T < 150°C. 
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J.I caused by a power dissipation differential (before ~~ 

and after the voltage step) . For AV = -1, due to ~ 

Supply Voltage Range the inverting mode configuration, this tail does ~ 
The EL2260C/EL2460C has been designed to op- not appear since the input stage does not experi- C 
erate with supply voltages from ± 2V to ± 15V. ence the large voltage change as in the non-
Optimum bandwidth, slew rate, and video char- inverting mode. With Av = -1, 0.01 % settling 
acteristics are obtained at higher supply voltages. time is slightly greater than 100 ns. 
However, at ± 2V supplies, the 3 dB bandwidth 
at Av = + 2 is a respectable 70 MHz. The fol
lowing figure is an oscilloscope plot of the 
EL2260C at ± 2V supplies, Av = + 2, RF = Ra 
= 5600, driving a load of 1500, showing a clean 
± 600 m V signal at the output. 
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V V r-
-0.8 

50 "s/div 
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If a single supply is desired, values from + 4V to 
+ 30V can be used as long as the input common 
mode range is not exceeded. When using a single 
supply, be sure to either 1) DC bias the inputs at 
an appropriate common mode voltage and AC 
couple the signal, or 2) ensure the driving signal 
is within the common mode range of the 
EL2260C/EL2460C. 

Settling Characteristics 
The EL2260C/EL2460C offer superb settling 
characteristics to 0.1 %, typically in the 35 ns to 
40 ns range. There are no aberrations created 
from the input stage which often cause longer 
settling times in other current feedback amplifi
ers. The EL2260/EL2460 are not slew rate limit
ed, therefore any size step up to ± 10V gives ap
proximately the same settling time. 

As can be seen from the Long Term Settling Er
ror curve, for AV = + 1, there is approximately a 
0.035% residual which tails away to 0.01 % in 
about 40 J.Ls. This is a thermal settling error 

Power Dissipation 
The EL2260C/EL2460C amplifiers combine both 
high speed and large output current drive capa
bility at a moderate supply current in very small 
packages. It is possible to exceed the maximum 
junction temperature allowed under certain sup
ply voltage, temperature, and loading conditions. 
To ensure that the EL2260C/EL2460C remain 
within their absolute maximum ratings, the fol
lowing discussion will help to avoid exceeding 
the maximum junction temperature . 

The maximum power dissipation allowed in a 
package is determined by its thermal resistance 
and the amount of temperature rise according to 

P _ TJMAX - TAMAX 
DMAX -

(JJA 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage plus 
the power in the IC due to the load, or 

PDMAX = 

N' ( 2' Vs * Is + (Vs - VOUT)* V~~T) 

where N is the number of amplifiers per package, 
and IS is the current per amplifier. (To be more 
accurate, the quiescent supply current flowing in 
the output driver transistor should be subtracted 
from the first term because, under loading and 
due to the class AB nature of the output stage, 
the output driver current is now included in the 
second term.) 

In general, an amplifier's AC performance de
grades at higher operating temperature and lower 
supply current. Unlike some amplifiers, such as 
the LT1229 and LT1230, the EL2260C/EL2460C 
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The curves do not include heat removal or forc
ing air, or the simple fact that the package will 
probably be attached to a circuit board, which 
can also provide some fomi of heat removal. 
Larger temperature and voltage ranges are possi
ble with heat removal and forcing air past the 
part. 

~ Applications Information - Contd. 

~ 
maintain almost constant supply current over 
temperature so that AC performance is not de
graded as much over the entire operating temper
ature range. Of course, this increase in perform
ance doesn't come for free. Since the current has 
increased, supply voltages must be limited so 
that maximum power ratings are not exceeded. 

Each amplifier in the EL2260C/EL2460C con
sume typically 7.5 mA and maximum 10.0 mAo 
The worst case power in an IC occurs when the 
output voltage is at half supply, if it can go that 
far, or its maximum value if it cannot reach 
half supply. If we assume that the 
EL2260C/EL2460C is used for double terminated 
video cable driving applications (RL = 150n), 
and the gain = + 2, then the maximum output 
voltage is 2V, and the average output voltage is 
1.4V. If we set the two PDrnax equations equal to 
each other, and solve for VS, we can get a family 
of curves for various packages and conditions ac
cording to: 

The following curve shows supply voltage ( ± V S) 
vs. temperature for the various packages assum
ing Av = + 2, RL = 150, and VOUT peak = 2V. 
The curves include worst case conditions (IS = 
10 mA and all amplifiers operating at VOUT peak 
= 2V). 

Supply Voltage vs Ambient Temperature 
for All Packages of EL2260C/EL2460C 
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Current Limit 
The EL2260C/EL2460C have internal current 
limits that protect the circuit in the event of the 
output being shorted to ground. rhis limit is set 
at 100 mA nominally and reduces with junction 
temperature. At a junction temperature of 150°C, 
the current limits at about 65 mAo If anyone 
output is shorted to ground, the power dissipa
tion could be well over 1W, and much greater if 
all outputs are shorted. Heat removal is required 
in order for the EL2260C/EL2460C to survive an 
indefinite short. 

Channel to Channel Isolation 
Due to careful biasing connections within the in
ternal circuitry of the EL2260C/EL2460C, excep
tionally good channel to channel isolation is ob
tained. Isolation is over 70 dB at video frequen
cies of 4 MHz, and over 65 dB up to 10 MHz. The 
EL2460C isolation is improved an additional 
10 dB, up to about 5 MHz, for amplifiers A to B 
and amplifiers C to D. Isolation is improved an
other 8 dB for amplifiers A to C and amplifiers B 
to D. See the curve in the Typical Performance 
Curves section for more detail. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back termi
nation series resistor will decouple the EL2260C 
and EL2460C from the capacitive cable and allow 
extensive capacitive drive. However, other appli
cations may have high capacitive loads without 
termination resistors. In these applications, an 
additional small value (5n-50n) resistor in se
ries with the output will eliminate most peaking. 
The gain resistor, RG, can be chosen to make up 
for the gain loss created by this additional series 
resistor at the output. 
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EL2260C/EL2460C Macromodel 

• Revision A, March 1993 
* AC Characteristics used CIN- (pin 2) = 1 pF; RF = 5600 
• Connections: + input 

I 
I 
I 
I 
I 

.subckt EL2260C/EL 3 

* Input Stage 

e110 0 3 0 1.0 
vis 10 9 OV 
h2 9 12 vxx 1.0 
rl211130 
11111225nH 
iinp 3 00.5,...A 
iinm 2 0 S,...A 
r12 3 02Meg 

* Slew Rate Limiting 

hI 13 0 vis 600 
r213141K 
dl14 0 dclamp 
d20 14 dclamp 

* High Frequency Pole 

*e2 30 0 14 0 0.00166666666 
1330 17 0.43,...H 
c5 17 00.27pF 
r5170500 

• Transimpedance Stage 

g1 0 1817 0 1.0 
ro11802Meg 
cdp 18 0 2.28SpF 

* Output Stage 

q141819 qp 
q271820qn 
q3 719 21 qn 
q44 20 22 qp 
r7 216 4 
r8 2264 
'ios1 7 19 2mA 
ios22042mA 

-input 

I +Vsupply 

I I 
I I 
I I 
2 7 

-Vsupply 

I 
I 
4 

output 

I 
6 

fJI 
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EL2260C/EL2460C Macromodel- Contd. 

• Supply Current 

ips 742mA 

• Error Terms 

ivos0232mA 
vxx2300V 
e4240301.0 
e5 25 0 7 0 1.0 
e6260401.0 
r9 24 23562 
rlO 25 23 1K 
r1126231K 

• Models 

.model qn npn (is=5e-15 bf= 100 tf=O.lns) 

.model qp pnp (is=5e-15 bf= 100 tf=O.lns) 

.model dclamp d (is = 1e-30 ibv=0.266 bv= 2.24 n=4) 

.ends 

2·340 

Vee 

vout 

2260-15 



Features 
• Triple amplifier topology 
• 130 MHz - 3 dB bandwidth 

(AV= +2) 

• 180 MHz - 3 dB bandwidth 
(Av= +1) 

• Wide supply range, ± 2V to 
±15V 

• 80 mA output current (peak) 

• Low cost 
• 1500 V /,..,s slew rate 
• Input common mode range to 

within 1.5V of supplies 

• 35 ns settling time to 0.1 % 
• Available in single (EL2160C), 

dual (EL2260C), and quad 
(EL2460C) form 

Applications 
• RGB amplifiers 
• Video amplifiers 
• Cable driver 
• Test equipment amplifiers 
• Current to voltage converters 
• Video broadcast equipment 

Ordering Information 
Pari No. Temp. Range Package Outline # 

EL2360CN -4O"Cto +85"C 16-PinPDIP MDPOO31 

EL2360CS -40"Cto +8S"C 16-PinSOIC MDPOO27 

General Description 
The EL2360C is a triple current-feedback operational amplifier 
which achieves a - 3 dB bandwidth of 130 MHz at a gain of 
+ 2. Built using the Elantec proprietary monolithic comple
mentary bipolar process, these amplifiers use current mode 
feedback to achieve more bandwidth at a given gain than a 
conventional voltage feedback amplifier. 

The EL2360C is designed to drive a double terminated 75U coax 
cable to video levels. It's fast slew rate of 1500 V / ,..,s, combined 
with the triple amplifier topology, makes its ideal for RGB vid
eo applications. 

This amplifier can operate on any supply voltage from 4V 
( ± 2V) to 33V (± 16.5V), yet consume only 8 rnA per amplifier 
at any supply voltage. The EL2360C is available in 16-pin 
PDIP and SOIC packages. 

For Single, Dual, or Quad applications, consider the EL2160C, 
EL2260C, or EL2460C all in industry standard pin outs. For 
Single applications with a power down feature, consider the 
EL2166C. 

Connection Diagram 

EL2360C SOIC, P·DIP 
Packages 

Top View 

2360-1 

I 

I 
I 

I ,. 

§ 
(D 

I-l 
cc cc 
~ 

~ 
< L-__________________ ~ __________________________________ ~> 
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Absolute Maximum Ratings (TA = 25'C) 

Voltage between Vs+ and VS
Common-Mode Input Voltage 
Differential Input Voltage 
Current into + IN or - IN 
Internal Power Dissipation 

+33V 
VS- toVS+ 

±6V 
±lOmA 

See Curves 

Output Current (continuous) 
Operating Ambient Temperature Range 
Operating Junction Temperature 
Storage Temperature Range 

±SOmA 
-40'C to +8S'C 

1SO'C 
- 6S'C to + 150'C 

DC Electrical Characteristics Vs = ± 15V, RL = 1500, TA = 2S'C unless otherwise specified 

CMIR Common Mode Input Range 

Note 1: Measured from TMIN to TMAX. 
Note2:VCM= ±10VforVs= ±15V,VCM= ±3Vfor Vs= ±SV. 
Note 3: The supplies are moved from ± 2.SV to ± 1SV. 
Note4:VOUT= ±7VforVS= ±1SV,VOUT= ±2VforVS= ±SV. 
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DC Electrical Characteristics Vs = ± ISV, RL = 1500, TA = 25°C unless otherwise specified - Contd. 

Parameter Description 

Vo Output Voltage Swing 

Note 5: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted. 

AC Electrical Characteristics (Note 8), Vs = ±ISV,Av = +2,RF=RQ=S600, RL= IS00, TA=2SoC 

unless otherwise specified. 

Parameter Description 

BW - 3 dB Bandwidth 

SR Slew Rate (Note 6) 

dP Differential Phase (Note 7) 

Note 6: Slew Rate is with VOUT from + 10V to -10V and measured at +SV and -SV. 
Note 7: DC offset from -0.714V to +0.714V, AC amplitude 286 mVp_p, f = 3.S8 MHz. 
Note 8: All AC tests are performed on a "warmed up" part, except Slew Rate, which is pulse tested. 
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Typical Performance Curves 
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Applications Information 

Product Description 
The EL2360C is a triple current feedback ampli
fier that offers wide bandwidth and good video 
specifications at moderately low supply currents. 
It is built using Elantec's proprietary compli
mentary bipolar process and is offered in both a 
16 pin PDIP and SOIC packages. Due to the cur
rent feedback architecture, the EL2360C clo
sed -loop - 3 dB bandwidth is dependent on the 
value of the feedback resistor. First the desired 
bandwidth is selected by choosing the feedback 
resistor, RF, and then the gain is set by picking a 
gain resistor, RG. The curves at the beginning of 
the Typical Performance Curves section show the 
effect of varying both RF and RG. The - 3 dB 
bandwidth is somewhat dependent on the power 
supply voltage. As the supply voltage is de
creased, internal junction capacitances increase, 
causing a reduction in the closed loop bandwidth. 
To compensate for this, smaller values of feed
back resistor can be used at lower supply volt
ages. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high-frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible, preferably below %". The power sup
ply pins must be well bypassed to reduce the risk 
of oscillation. The combination of a 1.0 p.F tanta
lum capacitor in parallel with a 0.01 p.F ceramic 
capacitor has been shown to work well when 
placed at each supply pin. 

For good AC performance, parasitic capacitance 
should be kept to a minimum especially at the 
inverting input (see the Capacitance at the In
verting Input section). This implies keeping the 
ground plane away from this pin. Carbon or Met
al-Film resistors are acceptable with the Metal
Film resistors giving slightly less peaking and 
bandwidth because of their additional series in
ductance. Use of sockets, particularly for the SO 
package should be avoided if possible. Sockets 
add parasitic inductance and capacitance which 
will result in some additional peaking and over
shoot. 

2·351 

Capacitance at the Inverting Input 
Any manufacturer's high-speed voltage- or cur
rent-feedback amplifier can be affected by stray 
capacitance at the inverting input. The character
istic curve of gain vs. frequency with variations 
in CIN - emphasizes this effect. The curve illus
trates how the bandwidth can be extended to be
yond 200 MHz with some additional peaking 
with an additional 2pF of capacitance at the 
VIN- pin. For inverting gains, this parasitic ca
pacitance has little effect because the inverting 
input is a virtual ground, but for non-inverting 
gains, this capacitance (in conjunction with the 
feedback and gain resistors) creates a pole in the 
feedback path of the amplifier. This pole, if low 
enough in frequency, has the same destabilizing 
effect as a zero in the forward open-loop re
sponse. The use of large value feedback and gain 
resistors further exacerbates the problem by fur
ther lowering the pole frequency. 

Feedback Resistor Values 
The EL2360C has been designed and specified at 
a gain of + 2 with RF = 5600. This value of 
feedback resistor yields relatively flat frequency 
response with little to no peaking out to 130 
MHz. Since the EL2360C is a current-feedback 
amplifier, it is also possible to change the value 
of RF to get more bandwidth. As seen in the 
curve of Frequency Response For Various RF 
and RG, bandwidth and peaking can be easily 
modified by varying the value of the feedback 
resistor. For example, by reducing RF to 4300, 
bandwidth can be extended to 170 MHz with un
der 1 dB of peaking. Further reduction of RF to 
3600 increases the bandwidth to 195 MHz with 
about 2.5 dB of peaking. 

Bandwidth vs Temperature 
Whereas many amplifier's supply current and 
consequently - 3 dB bandwidth drop off at high 
temperature, the EL2360C was designed to have 
little supply current variation with temperature. 
An immediate benefit from this is that the - 3 
dB bandwidth does not drop off drastically with 
temperature. With Vs = ± 15V and Av = + 2, 
the bandwidth varies only from 150 MHz to 110 
MHz over the entire die junction temperature 
range of - 50·C < T < 150·C. 

• 
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Applications Information - Contd. 

Supply Voltage Range and Single Supply 
Operation 
The EL2360C has been designed to operate with 
supply voltages from ± 2V to ± 15V. Optimum 
bandwidth, slew rate, and video characteristics 
are obtained at higher supply voltages. However, 
at ± 2V supplies, the - 3. dB bandwidth at AV = 
+ 2 is a respectable 70 MHz. The following figure 
is an oscilloscope plot of the EL2360C at ± 2V 
supplies, Av = + 2, RF = RG = 5600., driving a 
load of 1500., showing a clean ± 600 mV signal at 
the output. 

0.8 

0.4 

z 
"> 

-0.4 

-0.8 

~ 

foo-~ 

YIN 

Your 

~r-. f0o-t-

V V 
50 ns/div 

2360-11 

If a single supply is desired, values from + 4V to 
+ 30V can be used as long as the input common 
mode range is not exceeded. When using a single 
supply, be sure to either 1) DC bias the inputs at 
an appropriate common mode voltage and AC 
couple the signal, or 2) ensure the driving signal 
is within the common mode range of the 
EL2360C, which is typically 1.5V from each sup
ply rail. 

Settling Characteristics 
The EL2360C offers superb settling characteris
tics to 0.1 %, typically in the 35 ns to 40 ns range. 
There are no aberrations created from the input 
stage which often cause longer settling times in 
other current feedback amplifiers. The EL2360C 
is not slew rate limited, therefore any size step up 
to ± 10V gives approximately the same settling 
time. 

As can be seen from the Long Term Settling Er
ror curve, for AV = + 1, there is approximately a 
0.035% residual which tails away to 0.01 % in 
about 40 ,..,S. This is a thermal settling error 

caused by a power dissipation differential (before 
and after the voltage step). For AV = -1, due to 
the inverting mode configuration, this tail does 
not appear since the input stage does not experi
ence the large voltage change as in the non-in
verting mode. With Av = -1, 0.01 % settling 
time is slightly greater than 100 ns. 

Power Dissipation 
The EL2360C amplifier combines both high 
speed and large output current capability at a 
moderate supply current in very small packages. 
It is possible to exceed the maximum junction 
temperature allowed under certain supply volt
age, temperature, and loading conditions. To en
sure that the EL2360C remains within it's abso
lute maximum ratings, the following discussion 
will help to avoid exceeding the maximum junc
tion temperature. 

The maximum power dissipation allowed in a 
package is determined according to [1]: 

TJMAX - TAMAX 
PDMAX = --=----:----

8JA 

where: 

TJMAX = Maximum Junction Temperature 
T AMAX = Maximum Ambient Temperature 
8JA = Thermal Resistance of the Package 
PDMAX = Maximum Power Dissipation 

in the Package. 

[11 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage, plus 
the power in the IC due to the load, or [2] 

VOUT 
PDMAX = N·(Vs· ISMAX + (Vs -VOUT)· RL) [21 

where: 
N= 

Vs = 

ISMAX = 

VOUT= 
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Number of amplifiers 
Total Supply Voltage 
Maximum Supply Current per ampli
fier 
Maximum Output Voltage of the Ap
plication 
Load Resistance tied to Ground 
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If we set the two PDMAX equations, [1] and [2], 
equal to each other, and solve for VS, we can get a 
family of curves for various loads and output 
voltages according to [3]: 

RL '(TJMAX - TAMAX) 
---"------ + (VOUT)2 

N"6JA 
Vs = ------'---------

(Is"RL) + VOUT 
[31 

The figures below show total supply voltage V S 
vs RL for various output voltage swings for the 
PDIP and SOIC packages. The curves assume 
WORST CASE conditions of TA = + 85°C and 
IS = 11.3 mA per amplifier. The curves do not 
include heat removal or forcing air, or the simple 
fact that the package will be attached to a circuit 
board, which can also provide some form of heat 
removal. Larger temperature and voltage ranges 
are possible with heat removal and forcing air 
past the part. 

Supply Voltage va RL 
for Various VOUT (PDIP Package) 

14 F==F=r=="F~iiiiiI 

:;- 12 

~ 

"' 
10 

'" '" :; 
0 
> 
~ 
a. 
a. 
::> 
VI 

2L-__ ~ __ -L __ ~ 

10 100 1000 10000 

"- (11) 
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Supply Voltage va RL 
for Various VOUT (SOIC Package) 

10r---~---r--~ 

2L-__ ~ __ ~ __ ~ 

10 100 1000 10000 
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Current Limit 
The EL2360C has internal current limits that 
protect the circuit in the event of an output being 
shorted to ground. This limit is set at 100 mA 
nominally and reduces with the junction temper
ature. At TJ = 150°C, the current limits at about 
65 mAo If anyone output is shorted to ground, 
the power dissipation could be well over 1W, and 
much greater if all outputs are shorted. Heat re
moval is required in order for the EL2360C to 
survive an indefinite short. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will de-couple the EL2360C 
from the cable and allow extensive capacitive 
drive. However, other applications may have 
high capacitive loads without a back-termination 
resistor. In these applications, a small series resis
tor (usually between 5n and SOn) can be placed 
in series with the output to eliminate most peak
ing. The gain resistor (RG) can then be chosen to 
make up for any gain loss which may be created 
by this additional resistor at the output. In many 
cases it is also possible to simply increase the val
ue of the feedback resistor (RF) to reduce the 
peaking. 
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EL2360C Macromodel 

EL2360C Macromodel 
Revision A. June 1996 
AC characteristics used: Rf = Rg = 560 ohms 
Pin numbers reflect a standard single opamp 
Connections: + input 

I 
I 
I 
I 
I 

.subckt EL2360/EL 3 

Input Stage 

e1100301.0 
vis 109 OV 
h2 9 12 vxx 1.0 
r1211130 
11111225nH 
iinp 3 0 0.5 jJoA 
iinm 2 0 5 jJoA 
r12302Meg 

Slew Rate Limiting 

h1 13 0 vis 600 
r213141K 
dl14 0 dclamp 
d2 0 14 dc1amp 

High Frequency Pole 

e2 30 0 1400.00166666666 
1330 17 0.43jJoH 
c5 17 0 0.27pF 
r5170500 

-input 

I +Vsupply 

I I 
I I 
I I 
2 7 4 

-V.upply 
output 

I 
6 

Transimpedance Stage 

g10 18 17 0 1.0 
rol1802Meg 
cdp 18 0 2.285pF 

Output Stage 

q141819qp 
q2 718 20 qn 
q3 719 21 qn 
q442022qp 
r7 2164 
r8 22 64 
ios17192mA 
ios2 204 2mA 

Supply Current 

ips 742.5mA 

Error Terms 

ivos0232mA 
vxx2300V 
e4240301.0 
e5 25 0 7 0 1.0 
e626040 -1.0 

r9 24 23 562 
r10 2523 1K 
r1126231K 

Models 

.modelqn npn(is=5e-15 bf= 100 tf=O.l ns) 

.modelqp pnp(is=5e-15 bf=100 tf=O.l ns) 

.model dc1amp d(is = 1e-30 ibv = 0.266 
+ bv=2.24vn=4) 
.ends 
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EL2360C Macromodel- Contd. 

vout 

2360-14 
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Features 
• 35 Mfl transimpedance 
• 30 MHz - 3dB bandwidth 

(Av = +1) 

• 30 MHz - 3dB bandwidth 
(AV = +2) 

• 1 m V input offset voltage 
• 2 p.A negative input bias current 
• 86 dB common mode rejection 

ratio 
• 92 dB power supply rejection 

ratio 
• Low supply current, 4 mA 
• Wide supply range, ± 4.5V to 

±16.5V 
• 55 mA output peak current 
• High capacitive load toleration 

• Low cost 
• Input/output compliance to ± 2V 

of supplies 

• 500 V / ILs slew rate 
• 65 ns settling to 0.1 % 
• 110 ns settling to 0.01 % 
• - 68 dBc distortion @ 1 MHz 

Applications 
• Instrumentation circuitry 
• Current to voltage convertors 
• DAC/ ADC output amplifier / 

buffer 
• Cable drivers 
• Low distortion communications 
• Medical imaging 
• CCD imaging 
• Infrared image enhancement 

~ Ordering Information 
~ Part No. Temp. Range Package Outline # 

ao = = 
""" t 

1 
to) 
Q) 

EL2165CN -40"Cto +85"C 8-PinP·DIP MDPOO31 

EL2165CS - 40"C to + 85"C 8-Lead SOIC MDPOO27 

General Description 
The EL2165C is a low offset, high transimpedance current 
mode feedback amplifier with a - 3 dB bandwidth of 30 MHz at 
a gain of + 2. Built on Elantec's proprietary monolithic comple
mentary bipolar process, this amplifier uses current feedback to 
achieve more bandwidth at a given gain than conventional volt
age feedback amplifiers. 

The high 35 Mfl transimpedance gain and low input referred 
offset of the EL2165 will also bring the final settled output 
much closer to its ideal value than is possible with earlier CMF 
designs. 

In addition, the common-mode and power supply rejection have 
been greatly improved over earlier current mode feedback am
plifiers and the input offset voltage and current have been 
trimmed to rival that of good conventional voltage feedback 
amplifiers. The part has a typical slew rate of 500 V / ILs and a 
0.01 % settling time of less than HOns in inverting mode. At a 
gain of + 2 and an output signal level of 2 Vp-p, the total har
monic distortion is only - 68 dB at 1 MHz. 

The amplifier can operate on any supply from 9V (± 4.5V) to 
33V (± 16.5V), yet consumes only 4 mA at any supply voltage. 
Using the industry standard 8-pin pinout, the EL2165C is avail
able in both P-DIP and SO packages. 

Connection Diagram 

2185-1 

Manufactured under u.s. Patent No. 5,418,495, 5,420,542, 5,479,133 

Q~------------------~------------------------------------~ 
2-356 



Absolute Maximum Ratings (TA = 2S0C) 

Voltage between Vs + and Vs
Voltage between IN+ and IN
Current into IN+ and IN-
Operating Ambient Temperature Range 

+33V 
±6V 

4mA 
See Curves 

Operating Junction Temperature 
Plastic Package 

Storage Temperature Range 

Open Loop DC Electrical Characteristics 
(Vs = ±1SV, RL = SOOO, TA = 2SOC unless otherwise specified) 

Parameter 

CMRR 

ICMR-

PSRR 

IPSR-

RoL 

CMIR 

Description 

Common Mode Rejection 
Ratio (Note 2) 

-Input Current Common 
Mode Rejection (Note 2) 

Power Supply Rejection 
Ratio (Note 3) 

- Input Current Power 
Supply Rejection (Note 3) 

Transimpedance (Note 4) 

Common Mode Input Range 
(Note 2) 

Conditions Temp Min 

Full 

2SoC 79 

2SoC 23 

2SoC 84 93 

2SoC 7S 

Vs = ±1SV 2SoC 3S 
RL = SOOO 

Vs = ±SV 2SoC 
RL = 1S0O 

2-357 

100 

22S 

150" 
-6SoC to + 1SO"C 

nA/V 

dB 

nA/V 

MO 



Open Loop DC Electrical Characteristics 
(Vs = ± 1SV, RL = soon, TA = 2SOC unless otherwise specified) - Contd. 

Parameter Description Conditions Temp Min Typ 

Vo Output Voltage Swing RL = soon 2SOC ±12.3 ±13 V 
Vs = ±1SV 

RL = 1son 2SOC ±11.6 V 
= ±1SV 

RL = 1son 2SOC ±2.7 ±3.0 V 
Vs = ±SV 

Ise Output Short Circuit Current 
(Note 4 and S) 
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Closed Loop AC Electrical Characteristics 
(Vs = ± ISV, Av = + 2, RF = lKO, = 5000, TA = 25°C unless otherwise specified) 

Parameter Description 

BW -3dB (Note 8) 

SR Slew Rate (Notes 6 and 8) 

VOUT = ±10V 

t. 0.01 % Settling Time 
(Note 8) VOUT = ±10V 

Note 1: Measured from TMIN to TMAX 
Note 2: VCM = ±12V for Vs = ±ISV and TA = 25°C 

VCM = ±2V for Vs = ±SV and TA = 25°C 

Av = 1 
Av= -1 
AV= 2 

Av= 1 
Av= -1 

=2 

CMIR is guaranteed by the part passing CMRR at the rated common-mode swing. 
Note 3: The supplies are moved from ±4.SV to ± ISV. 
Note4:VOUT = ±10V for Vs = ±lSV,andVOUT = ±2VforVs = ±SV. 

65 
100 

750 
110 
500 

Note 5: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 6: Slew Rate is with VOUT from + lOV to -lOY and measured at the 25% and 75% points. 
Note 7: DC offset from -0.714V through +0.714V, AC amplitude 286 mVp.", f = 3.58 MHz. 
Note 8: All AC tests are performed on a "warmed up" part, except for Slew Rate, which is pulse tested. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Applications Information 

Product Description 
The EL2165C is a single current mode feedack 
amplifier that offers wide bandwidth, high gain, 
low distortion and exceptional DC specifications 
for a CMF type amplifier at moderate supply 
current. It is built using Elantec's proprietary 
complimentary bipolar process and is offered in 
the industry standard pin-out. Due to the current 
feedback architecture, the EL2165 closed loop 
3 dB bandwidth is dependent on the feedback re
sistor. First the desired bandwidth is selected by 
choosing the feedback resistor, RF, and then the 
gain is set by picking the gain set resistor, RO. 
The curves at the beginning of the Typical Per
formance Curves section show the effect of vary
ing both RF and Ro. The 3 dB bandwidth is sig
nificantly less dependent on supply voltage than 
earlier CMF amplifiers where increasing junction 
capacitances with decreasing supply voltage 
caused a much larger reduction in bandwidth. To 
compensate for the remaining effect, smaller val
ues of feedback resistor can be used at lower sup
ply voltages. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible, below %". The power supply pins 
must be well bypassed to ensure stability. A 
1.0 p,F tantalum capacitor in parallel with a 
0.01 p,F ceramic capacitor is adequate for each 
supply pin. 

For good AC performance, parasitic capacitances 
should be kept to a minimum, especially at the 
inverting input (see Capacitance at the Inverting 
Input section). This implies keeping the ground 
plane away from this pin. Carbon resistors are 
acceptable, while wire-wound resistors should not 
be used because of their parasitic inductance. 
Similarly, capacitors should have low inductance 
for best performance. Use of sockets, particularly 
for SO packages, should be avoided. Sockets have 
parasitic inductance and capacitance which will 
cause peaking and overshoot. 

Capacitance at the Inverting Input 
Due to the topology of the conventional current 
feedback amplifiers, stray capacitance at the in
verting input will affect their AC and transient 
performance when operating in the non-inverting 
configuration. This may cause design, develop
ment and production difficulties. The EL2165 
has been designed in such a way as to largely 
ignore such strays. The characteristic curves of 
gain vs. frequency with varying values of CIN
illustrate this effect which produces only a slight 
increase in peaking with CIN _ values up to 5 pF 
with almost no change in 3 dB bandwidth. 

In the inverting gain mode, added capacitance at 
the inverting input has almost no effect at all. 
This is because the inverting input is now a vir
tual ground and the stray capacitance is not 
therefore "seen" by the amplifier. 

Feedback Resistors Values 
The EL2165 has been designed and specified with 
RF = 1 Kn for Av = + 2. This value of feed
back resistor yields an extremely flat frequency 
response with little or no peaking out to 30 MHz. 
As is the case with all CMF amplifiers, wider 
bandwidth, at the expense of peaking, can be ob
tained by reducing the value of the feedback re
sistor. Inversely, larger values of feedback resis
tor will cause rolloff to occur at lower frequency. 
For example, the 3 dB bandwidth of the EL2165 
connected for Av = -1 and RF = 1 Kn is about 
34 MHz. If RF is reduced to 750n the bandwidth 
increases to 48 MHz. See the curves in the Typi
cal Performance Curves section which show 3 dB 
bandwidth and peaking vs. frequency for various 
feedback resistors, supply voltages and tempera
ture. 

Bandwidth vs. Temperature 
The supply current of many amplifiers, and con
sequently their 3 dB bandwidths, drop off signifi
cantly with increasing temperature. The EL2165 
was designed to have nearly constant supply cur
rent over temperature resulting in a part with 
much less bandwidth vs. temperature sensitivity. 
With Vs = ± 15V and Av = + 2, the bandwidth 
only varies from 38 MHz to 29 MHz over the 
entire die temperature range of O°C < T < 150°C. 
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Supply Voltage Range 
The EL2165 has been designed to operate com
fortably with supply voltages from ± 5V to 
± 15V. AC characterization has been conducted 
down to supply voltages of ± 3.5V. However, this 
low value will not allow the part to power up and 
function properly at the lowest portion of the 
part's operating temperature range (-40°C to 
+ 85°C). In general, bandwidth, slew rate and 
video characteristics will tend to improve with 
increasing supply voltages. 

If a single supply is desired, values from + 9V to 
+ 30V can be used as long as the input common 
mode range is not exceeded. When using a single 
supply, be sure to either 1) DC bias the inputs at 
an appropriate common mode voltage and DC 
couple the signal, or 2) ensure the driving a sig
nal is within the input common mode range of 
the EL2165. 

Settling Characteristics 
The EL2165 offers superb settling characteristics 
to 0.1%, typically 65 ns operating in inverting 
mode. The inverting 0.01 % settling time is about 
110 ns. The EL2165 is not slew rate limited 
therefore a step size up to ± 10V gives the sam; 
settling time. The high 35 MU transimpedance 
gain and low input referred offsets of the EL2165 
will also bring the final settled output much clos
er to its ideal value than is possible with earlier 
CMF designs. 

The noninverting (AV = + 1) 0.1 % settling time 
is about 120 ns. As can be seen from the Long 
Term Settling Error graph, for AV = + 1, there 
is approximately a 0.04% residual which tails 
away to 0.01 % in about 750 ns. This is a thermal 
settling error caused by a power dissipation 
change in the input stage devices (before and af
ter the voltage step). All others CMF amplifier 
exhibit 0.01 % thermal settling tails of several 
tens of microseconds under the same conditions. 
The input stage of the EL2165 has been designed 
to greatly reduce this effect. For Av = -1, the 
inverting input is a virtual ground, therefore this 
tail does not appear even in conventionaI CMF 

amplifiers since the input stage does not experi
ence the large voltage change that it does in non
inverting mode. 

Distortion Performance 
The distortion performance of all high frequency 
amplifiers degrade with increasing frequency. 
The EL2165 is no exception. However, due to the 
part's high transimpedance, its distortion per
formance at a given frequency can be 4 dB-8 dB 
better than other high speed amplifiers available, 
with the same power dissipation. 

Power Dissipation 
The EL2165 amplifier combines both high speed 
and large output drive capability at a moderate 
supply current in very small packages. It is possi
ble to exceed the maximum junction temperature 
allowed under certain supply voltage, tempera
ture and loading conditions. To ensure that the 
EL2165 remains within it's absolute maximum 
ratings, the following discussion will help to 
avoid exceeding the maximum junction tempera
ture. 

The maximum power dissipation allowed in a 
package is determined by it's thermal resistance 
and the amount of temperature rise according to: 

Pnmax = (TJMAJ{-TAMAX)/8]A 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage plus 
the power dissipated in the IC due to the load, or: 

PDmax = N X (2 X Vs X Is+ (Vs - VOUT)XVOUT/RL) 

where N is the number of amplifiers per package, 
and IS is the current per amplifier. (To be more 
accurate, the quiescent supply current flowing in 
the output driver transistor should be subtracted 
from the first term when the output is driving a 
load. That is to say, due to the class AB nature of 
the output stage, the output driver current is now 
included in the second term.) 

In general, an amplifier's AC performance de
grades at higher temperatures and lower supply 
current. Unlike some amplifiers, the EL2165 and 
many other Elantec amplifiers maintain almost 
constant supply current over temperature so that 
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the AC performance is not degraded as much at 
the upper end of the operating temperature 
range. 

The EL2165 consumes typically 4 mA and a max
imum of 5 mAo The worst case power dissipated 
in a IC amplifier operating from split supplies 
with a grounded load occurs when the output is 
?~een ground and half of one of its supplies or, 
If It can't go that far due to drive limitations at . ' Its maximum value. If we assume that the 
EL2165 is used for double terminated cable driv
ing application (RL = 1500.), and Av = + 2, 
then the maximum output voltage is 2V, and the 
average output voltage is 1.4V. If we set the two 
PDmax equations equal to each other, and solve 
for V s' we get a family of curves for various 
packages options according to : 

Vs = RL X (TJMAX - TAMA,X) IN X 8JA + (VOUT) x (VOUT) 

(2 x Is X Rx.) + (VOUT) 

The following curve shows supply voltage ( ± V s) 
vs. temperature for the EL2165's two packages 
assuming Av = + 2, RL = 150, and VOUT 
(peak) = 2V. The curves include the worst case 
supply specification (IS = 5 mA). 

18 
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The curves do not include heat removal or forc
ing air, or the simple fact that the package will 
probably be attached to circuit board, which can 
also provide some form of heat removal. Larger 
temperature and voltage ranges are possible with 
heat removal and forcing air past the device. 

Output Current Drive 
The EL2165 does not have output short circuit 
protection. If the output is shorted to ground, the 
power dissipation could be well over lW. Heat 
removal is required in order for the EL2165 to 
survive an indefinite short. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For these applications, the back termi
nation series resistor will decouple the EL2165 
from the capacitive cable and allow extensive ca
pacitive drive. However, other applications may 
have high capacitive loads without termination 
resistors. The EL2165 has particularly high ca
pacitive load toleration and can drive a 50 pF 
load with only 0.3 dB of peaking and a 100 pF 
load with only 0.5 dB of peaking and without any 
instability. If higher capacitive loads must be 
driven or if little or no peaking is required, an 
additional small value (50.-500.) resistor can be 
placed in series with the output. The gain resis
tor, Rex, can be chosen to make up for the gain 
loss created by this additional series resistance at 
the output. 
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Features 
• 1.10 MHz 3 dB bandwidth 

(AV = +2) 

• lIS MHz 3 dB bandwidth 
(AV = +1) 

• 0.01 % differential gain, 
RL = soon 

• 0;01° differential phase, 
RL = soon 

• Low supply current, 7.S mA 
• Fast disable < 7 S ns 
• Low cost 
• lS00 VI ,""S slew rate 

Applications 
• Video amplifiers 
• Cable drivers 
• RGB amplifiers 
• Test equipment amplifiers 
• Current to voltage converters 
• Broadcast equipment 
• High speed communications 
• Video multiplexing 

Ordering Information 
Part No. Temp. Range Packaee Outllne# 

EL2166CN -4O"Cto +as·c S-PinP-DIPMDPO031 

EL2166CS -40"C to +as·c a-Pin SOIC MDPOO27 

General Description 
The EL2166C is a current feedback operational amplifier with 
- 3 dB bandwidth of 110 MHz at a gain of + 2. Built using the 
Elantec proprietary monolithic complementary bipolar process, 
this amplifer uses current mode feedback to achieve more band
width at a given gain than a conventional voltage feedback op
erational amplifier. 

The EL2166C is designed to drive a double terminated 7Sn coax 
cable to video levels. Differential gain and phase are excellent 
when driving both loads of soon «0.01%1<0.01°) and double 
terminated 7Sn cables (0.02S%/0.OSo @ Vs = ± lSV, 0.04%1 
0.02° @ Vs = ± SV). 

The EL2166C has a superior output disable function. Time to 
enable or disable is < 7S ns. The DISABLE pin is TTLICMOS 
compatible. In disable mode, the amplifier can withstand over 
lS00 VI ,""S signals at their outputs. The amplifier can operate on 
any supply voltage from 10V (± SV) to 33V (± 16.SV), yet con
sume only 7.S mA at any supply voltage. The EL2166C is avail
able in 8-pin P-DIP and 8-pin SO packages. 

Connection Diagram 

GND 

IN-

IN+ 

Vs-

EL2166C so, P-DIP 
Packages 

....----l8J DISABLE 

Vs+ 

OUT 

Ne 

Top View 

Manufactured under U.S. Patent No. 5,420,542, 4,893,091 

2166-1 

~----------------------------------------------------------------------------~ 
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Absolute Maximum Ratings (TA = 25'C) 

Voltage between Vs + and Vs
Voltage between + IN and - IN 
Current into + IN or - IN 
Output Current 
Current into =D'=IS=-A"'""'B=L""'E= Pin 
Voltage between DISABLE Pin and 

GNDPin 

+33V 
±6V 

lOrnA 
±50mA 
±5mA 

±7V 

Voltage at IN+, IN-, VOUT, 
DISABLE, GND Pins 

Internal Power Dissipation 
(Vs-) - O.5Vto(VS+) +O.5V 

See Curves 
Operating Ambient Temperature Range 
Operating Junction Temperature 

-40'C to + 85'C 

Plastic Packages 
Storage Temperature Range 

150'C 
-65'C to + 150'C 

Open Loop DC Electrical Characteristics 
Vs = ± 15V, RL = 1500, TA = 25'C unless otherwise specified 

Parameter Description Conditions 

-ICMR - Input Current Common Vs = ±5V, ±15V 
25'C 0.1 

Mode Rejection (Note 2) 
2 

PSRR Power Supply Rejection 
Ratio (Note 3) 

25'C 6S 72 dB 

-IPSR - Input Current Power 
25'C 0.1 2 

Supply Rejection (Note 3) 
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Open Loop DC Electrical Characteristics - Contd. 
Vs = ± 15V, RL = 1500, TA = 25'C unless otherwise specified 

Parameter Description 

RoL Transimpedance 
(Note 4) 

CMIR Common Mode Input Range 

Vo Output Voltage Swing 

Isc Output Short Circuit 
Current (Note 5) 

IS Supply Current 

Conditions 

Vs = ±15V 
RL = 4000 

Vs = ±5V 
RL = 1500 

RL = 1500, 
Vs = ±15V 

RL = 1500, 
Vs = ±5V 

Vs = ±5V, 
Vs = ±15V 

Vs = ±15V 
Vs = ±5V 

2·370 

25'C 

25'C 

25'C 

±11.4 

±3.0 ±3.7 

50 80 



Closed Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 2, RF = 5600, RL = 1500, TA = 25·C unless otherwise noted 

Parameter 

BW 

SR 

tr, tf 

1:pd 

ts 

dG 

dP 

tms 

Description 

- 3 dB Bandwidth 
(Note 8) 

Slew Rate 
(Notes 6, 8) 

Rise Time, 
Fall Time, (Note 8) 

Propagation Delay 
(Note 8) 

Differential Gain 
(Notes 7,8) 

Differential Phase 
(Notes 7, 8) 

Disable/Enable Time 
(Note 10) 

Note 1: Measured from TMIN to TMAX. 

Conditions 

VOUT = ±500mV 

Note2:VCM = ±12.6VforVS = ±15V and TA = 2S·C 
VCM = ±2.6V for Vs = ±5V and TA = 25·C 

Note 3: The supplies are moved from ± 5V to ± 15V. 
Note 4: VOUT = ±7V for Vs = ±15V, and VOUT = ±2V for Vs = ±5V. 

3.2 

Note 5: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 6: Slew Rate is with VOUT from + 10V to -10V and measured at the 25% and 75% points. 
Note 7: DC offset from -0.714V through +0.714V, AC amplitude 286 mVp-p, f = 3.58 MHz. 
Note 8: All AC tests are performed on a "warmed up" part, except for Slew Rate, which is pulse tested. 
Note 9: The EL2166C will remain ENABLED if pin 8 is either left unconnected or VIH is applied to pin 8. 

ns 

ns 

Note 10: Disable/Enable time is defined as the time from when the logic signal is applied to the DISABLE pin to when the output 
voltage has gone 50% of the way from its initial to its final value. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Applications Information 

Product Description 
The EL2166C is a current mode feedback amplifi
er that offers wide bandwidth and good video 
specifications at a moderately low supply cur
rent. It is built using Elantec's proprietary com
plimentary bipolar process and is offered in in
dustry standard pin-outs. Due to the current 
feedback architecture, the EL2166C closed-loop 
3 dB bandwidth is dependent on the value of the 
feedback resistor. First the desired bandwidth is 
selected by choosing the feedback resistor, RF, 
and then the gain is set by picking the gain resis
tor, RG. The curves at the beginning of the Typi
cal Performance Curves section show the effect of 
varying both RF and Ra. The 3 dB bandwidth is 
only slightly dependent on the power supply 
voltage. The bandwidth reduces from 110 MHz 
to 95 MHz as supplies are varied from ± 15V to 
± 5V. To compensate for this, smaller values of 
feedback resistor can be used at lower supply 
voltages. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible, below l;4 n • The power supply pins 
must be well bypassed to reduce the risk of oscil
lation. A 1.0 JLF tantalum capacitor in parallel 
with a 0.01 p,F ceramic capacitor is adequate for 
each supply pin. 

For good AC performance, parasitic capacitances 
should be kept to a minimum, especially at the 
inverting input (see Capacitance at the Inverting 
Input section). This implies keeping the ground 
plane away from this pin. Carbon resistors are 
acceptable, while use of wire-wound resistors 
should not be used because of their parasitic in
ductance. Similarly, capacitors should be low in
ductance for best performance. Use of sockets, 
particularly for the SO package, should be avoid
ed. Sockets add parasitic inductance and capaci
tance which will result in peaking and overshoot. 

Capacitance at the Inverting Input 
Due to the topology of the current feedback am
plifier, stray capacitance at the inverting input 
will affect the AC and transient performance of 
the EL2166C when operating in the non
inverting configuration. The characteristic curve 
of gain vs. frequency with variations of CIN
emphasizes this effect. The curve illustrates how 
the bandwidth can be extended over 30 MHz 
with some additional peaking with an additional 
5 pF of capacitance at the VIN- pin for the case 
of AV = + 2. Higher values of capacitance will 
be required to obtain similar effects at higher 
gains. 

In the inverting gain mode, added capacitance at 
the inverting input has little effect since this 
point is at a virtual ground and stray capacitance 
is therefore not "seen" by the amplifier. 

Feedback Resistor Values 
The EL2166C has been designed and specified 
with RF = 5600 for Av = + 2. This value of 
feedback resistor yields relatively flat frequency 
response with < 1.5 dB peaking out to 110 MHz. 
As is the case with all current feedback amplifi
ers, wider bandwidth, at the expense of slight 
peaking, can be obtained by reducing the value of 
the feedback resistor. Inversely, larger values of 
feedback resistor will cause rolloff to occur at a 
lower frequency. By reducing RF to 4300, band
width can be extended to 120 MHz with 4.5 dB of 
peaking. See the curves in the Typical Perform
ance Curves section which show 3 dB bandwidth 
and peaking vs. frequency for various feedback 
resistors and various supply voltages. 

Bandwidth vs Temperature 
Whereas many amplifier's supply current and 
consequently 3 dB bandwidth drop off at high 
temperature, the EL2166C was designed to have 
little supply current variations with temperature. 
An immediate benefit from this is that the 3. dB 
bandwidth does not drop off drastically with 
temperature. With Vs = ± 15V and AV = + 2, 
the bandwidth only varies from 115 MHz to 
95 MHz over the entire die junction temperature 
range of O·C < T < 150·C. 
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Supply Voltage Range 
The EL2166C has been designed to operate with 
supply voltages from ± 5V to ± 15V. AC per
formance, including - 3 dB bandwidth and dif
ferential gain and phase, shows little degradation 
as the supplies are lowered to ± 5V. For example, 
as supplies are lowered from ± 15V to ± 5V, 
--'-3 dB bandwidth reduces only 15 MHz, and dif
ferential gain and phase remain less than 0.05%/ 
0.02° respectively. 

If a single supply is desired, values from + 10V to 
+ 30V can be used as long as the input common 
mode range is not exceeded. When using a single 
supply, be sure to either 1) DC bias the inputs at 
an appropriate common mode voltage and AC 
couple the signal, or 2) ensure the driving signal 
is within the common mode range of the 
EL2166C. 

Disable Function 
The EL2166C has a superior disable function 
that has been optimized for video performance. 
Time to disable/enable is around 75 ns. 

During disable, the output of the EL2166C can 
withstand over 1500 V / J.ts slew rate signals at its 
output and the output· does not draw excessive 
currents. The feed-through can be modeled as a 
1.5 pF capacitor from VIN+ to the output, and 
the output impedance can be modeled as 4.4 pF 
in parallel with 180 kfi to ground when disabled. 
Consequently, multiplexing with the EL2166C is 
very easy. Simply tie the outputs of multiple 
EL2166Cs together and drive the /DISABLE 
pins with standard TTL or CMOS signals. The 
disable signal applied to the /DISABLE pin is 
referenced to the GND pin. The GND pin can be 
tied as low as the V s - pin. This allows the 
EL2166C to be operated on a single supply. For 
example, one could tie the VS- and GND pins to 
OV and VS+ to + 10V, and then use standard 
TTL or CMOS to drive the /DISABLE pin. Re
member to keep the inputs of the EL2166C with
in their common mode range. 

Multiplexing with the EL2166C 
An example of multiplexing with the EL2166C 
and its response curve is shown below. Always be 

sure that no more than ± 5V is applied between 
VIN+ and VIN-, which is compatible with stan
dard video signals. This usually becomes an issue 
only when using the disable feature and amplify
ing large voltages. 

Dual EL2l66C Multiplexer 

560 

+15V 

560 

V,N 1 0---+--=---"1 

VENABLE 

+15V 

+t1 
O.Olp. -= 560 

V1N 2 0----..;;:,..-,-1 +4 + ~ 

h 150 

O.Ol}, -= -= 
-15V 

2166-15 

In the multiplexer above, suppose one amp is dis
abled and the other has amplified a signal to 
+ lOV at VOUT. The voltage at pin 2 of the dis-

2-380 

VENABLE 
5V1cm 

V OUT 
2V1cm 

Dual EL2l66C Multiplexer Switching 
4 Vpp Uncorrelated Sinewaves to 

2 Vpp Uncorrelated Sinewaves 
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Applications Information - Contd. 
abled amplifier will now be + SV due to the resis
tor divider action. Therefore, any applied voltage 
at pin 3 of the disabled amplifier must remain 
above OV if the voltage between pins 2 and 3 of 
the disabled amplifier is to remain less than SV. 
Also keep in mind that each disabled amplifier 
adds more capacitance to the bus, as discussed 
above. See Disable Function, and Driving Cables 
and Capacitive Loads in this section, and the Fre
quency Response for Various CL curves in the 
Typical Performance Curve section. 

Settling Characteristics 
The EL2166C offers superb settling characteris
tics to 0.1 %, typically in the 3S ns to 40 ns range. 
There are no aberrations created from the input 
stage which often cause longer settling times in 
other current feedback amplifiers. The EL2166C 
is not slew rate limited, therefore any size step up 
to ± 10V gives approximately the same settling 
time. 

As can be seen from the Long Term Settling Er
ror curve, for Av = + 1, there is approximately a 
0.02% residual which tails away to 0.01% in 
about 20 p,s. This is a thermal settling error 
caused by a power dissipation differential (before 
and after the voltage step). For AV = -1, due to 
the inverting mode configuration, this tail does 
not appear since the input stage does not experi
ence the large voltage change as in the non-in
verting mode. With AV = -1, 0.01 % settling 
time is slightly greater than 100 ns. 

Power Dissipation 
The EL2166C amplifier combines both high 
speed and large output current drive capability at 
a moderate supply current in very small pack
ages. It is possible to exceed the maximum junc
tion temperature allowed under certain supply 
voltage, temperature, and loading conditions. To 
ensure that the EL2166C remains within its abso
lute maximum ratings, the following discussion 
will help to avoid exceeding the maximum junc
tion temperature. 
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The maximum power dissipation allowed in a 
package is determined by its thermal resistance 
and the amount of temperature rise according to 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage plus 
the power in the IC due to the load, or 

_ • • VOUT 
PDMAX - 2 Vs Is + (VS - VOUT)'-

RL 

where IS is the supply current. (To be more accu
rate, the quiescent supply current flowing in the 
output driver transistor should be subtracted 
from the first term because, under loading and 
due to the class AB nature of the output stage, 
the output driver current is now included in the 
second term.) 

In general, an amplifier's AC performance de
grades at higher operating temperature and lower 
supply current. Unlike some amplifiers, the 
EL2166C maintains almost constant supply cur
rent over temperature so that AC performance is 
not degraded as much over the entire operating 
temperature range. Of course, this increase in 
performance doesn't come for free. Since the cur
rent has increased, supply voltages must be limit
ed so that maximum power ratings are not ex
ceeded. 

The EL2166C consumes typically 7.S mA and 
maximum 10.0 mAo The worst case power in an 
IC occurs when the output voltage is at half sup
ply, if it can go that far, or its maximum values if 
it cannot reach half supply. If we set the two 
PDMAX equations equal to each other, and solve 
for V s' we can get a family of curves for various 
loads and output voltages according to: 
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The following curves show supply voltage (± V s) 
vs RLOAD for various output voltage swings for 
the 2 different packages. The curves assume 
worst case conditions of T A = + 8SoC and Is = 
lOrnA. 

Supply Voltage VB RLOAD for 
Various VOUT (SO Package) 
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The curves do not include heat removal or forc
ing air, or the simple fact that the package will 
probably be attached to a circuit board, which 
can also provide some form of heat removal. 
Larger temperature and voltage ranges are possi
ble with heat removal and forcing air past the 
part. 

Current Limit 
The EL2l66C has an internal current limit that 
protects the circuit in the event of the output be
ing shorted to ground. This limit is set at 80 rnA 
nominally and reduces with junction tempera
ture. At a junction temperature of lSO°C, the cur
rent limits at about 50 mAo If the output is short
ed to ground, the power dissipation could be well 
over 1 W. Heat removal is required in order for 
the EL2l66C to survive an indefinite short. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back termi
nation series resistor will decouple the EL2l66C 
from the capacitive cable and allow extensive ca
pacitive drive. However, other applications may 
have high capacitive loads without termination 
resistors. In these applications, an additional 
small value (SU-SOU) resistor in series with the 
output will eliminate most peaking. The gain re
sistor, Ro, can be chosen to make up for the gain 
loss created by this additional series resistor at 
the output. 
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EL2166C Macromodel 

* Revision A, May 1994 
* AC Characteristics used CIN- (pin 2) = 1 pF; RF = 5600 
* Connections: + input 

I 
I 
I 
I 
I 

.subclrt EL2166C/EL 3 

• Input Stage 

e1100 3 0 1.0 
vis 10 9 OV 
h2 9 12 vxx 1.0 
rl211130 
11111225nH 
iinp 3 0 0.5,..A 
iinm205~ 

rl2 3 02Meg 

* Slew Rate Limiting 

hI 13 0 vis 600 
r2l314lK 
dl 140 dclamp 
d20 14 dclamp 

* High Frequency Pole 

*e2 300 1400.00166666666 
1330 170.8,..H 
c5 17 0 1.25pF 
r5170500 

• Transimpedance Stage 

gl 0 18 17 0 1.0 
rol1802Meg 
cdp 18 0 2.9pF 

• Output Stage 

q141819 qp 
q271820qn 
q3 719 21 qn 
q44 20 22 qp 
r7 2164 
r8 22 64 
i0817192mA 
i0822042mA 

-input 

I +Vsupply 

I I 
I I 
I I 
2 7 

-Vsupply 

I 
I 
4 

output 

I 
6 
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* Supply Current 

ips 742mA 

• Error Terms 

ivos0232mA 
vxx2300V 
e4 24 0 3 0 1.35K 
e5 25 0 7 0 1.0 
e6 26 0 4 0 1.0 
r9 24 23 562 
rIO 25 23 1K 
r1l26231K 

* Models 

.modelqn npn (is=5e-15 bf= 200 tf=O.lns) 

.model qp pnp (i8= 5e-15 bf= 200 tf= O.lns) 

.model dclamp d (is = 1e-30 ibv=0.266 bv= 2.8 n=4) 

.ends 
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Features General Description ~ 

~ 
• Single (EL2170C), dual The EL2170C/EL2270C/EL2470C are single/dual/quad cur- .... 

(EL2270C) and quad (EL2470C) rent-feedback operational amplifiers which achieve a -3 dB g 
topologies bandwidth of 70 MHz at a gain of + 1 while consuming only "-

• 1 mA supply current (per 1 mA of supply current per amplifier. They will operate with ~ 
amplifier) dual supplies ranging from ± 1.5V to ± 6V, or from single sup- ~ 

• 70 MHz - 3 dB bandwidth plies ranging from + 3V to + 12V. In spite of their low supply ::::! 
current, the EL2270C and the EL2470C can output 55 mA while _ 

• Tiny SOT23-5 Package swinging to ±4Von ±5V supplies. The EL2170C can output C 
(EL2170C) 100 mA with similar output swings. These attributes make the 

• Low cost EL2170C/EL2270C/EL2470C excellent choices for low power 
• Single- and dual-supply and/or low voltage cable-driver, HDSL, or RGB applications. 

operation down to ± 1.5V 
For applications where board space is extremely critical, the 

• 0.15%/0.15° diff. gain/diff. phase EL2170C is available in the tiny 5-Lead SOT23 package, which 
into 150.0. has a footprint 28% the size of an 8-Lead SOIC. The EL2170C/ 

• 800 V /,..,s slew rate EL2270C/EL2470C are each also available in industry standard 
• Large output drive current: pinouts in PDIP and SOIC packages. 

100 mA (EL2170C) 
55 mA (EL2270C) For Single and Dual applications with disable, consider the 
55 mA (EL2470C) EL2176C (8-Pin Single) or EL2276C (14-Pin Dual). For higher 

• Also available with disable in speed applications where power is still a concern, consider the 
single (EL2176C) and dual EL2180C/E12186C family which also comes in similar Single, 
(EL2276C) Dual, Triple and Quad configurations. The EL2180C/EL2186C 

family provides a - 3 dB bandwidth of 250 MHz while consum-
• Higher speed EL2180C/EL2186C ing 3 mA of supply current per amplifier. 

family also available (3 mAl 
250 MHz) in single, dual and 
quad 

Applications 
• Low power/battery applications 
• HDSL amplifiers 
• Video amplifiers 
• Cable drivers 
• RGB amplifiers 
• Test equipment amplifiers 
• Current to voltage converters 

Ordering Information 
Part No. Temp. Range Package Outline ", 

EL2170CN -WCto +8S'C 8-PinPDlP MDPOO31 

EL2170CS - WC to + 8S'C 8-Pin SOlC MDPOO27 

EL2170CW -WCto +8S'C S-PinSOT23' MDPOO38 

EL2270CN -wc to + 8S'C 8-Pin PDlP MDPOO31 

EL2270CS -wc to + 8S'C 8-Pin SOlC MDPO027 

EL2470CN -40"C to + 8S'C 14-Pin PDIP MDPO031 

EL2470CS -40"C to + 8S'C 14-Pin SOlC MDPO027 

·See Ordering Information section of 
databook. 

Connection Diagrams 

EL2170C so, P-DIP 

EL2170C SOT23·5 

2170-48 

Top View 
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EL2270C SO, P-DIP 

217Q-1 

EL2470C SO, P·DIP 
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Absolute Maximum Ratings (TA = 25°C) 

Voltage between Vs + and Vs
Common-Mode Input Voltage 
Differential Input Voltage 
Current into + IN or - IN 
Internal Power Dissipation 
Operating Ambient Temperature Range 

+ 12.6V 

VS- toVS+ 
±6V 

±7.5mA 
See Curves 

- 40°C to + 85°C 

Operating Junction Temperature 
Plastic Packages 

Output Current (EL2170C) 
Output Current (EL2270C) 
Output Current (EL2470C) 
Storage Temperature Range 

150"C 
±120mA 
±60mA 
±60mA 

- 65°C to + 150"C 

DC Electrical Characteristics Vs = ±5V,RL = 150n,TA = 25°C unless otherwise specified 

Conditions 

Measured from TMIN to TMAX 

CMRR Common Mode Rejection VCM= ±3.5V 
Ratio 

-ICMR - Input Current Common VCM= ±3.5V 
Mode Rejection 

PSRR Power Supply Rejection Vs is moved from ±4Vto ±6V 
Ratio 

-IPSR. - Input Current Power VSismovedfrom ±4Vto ±6V 
Supply Rejection 
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~ DC Electrical Characteristics - Contd. 

Vs = ±SV, RL = 1500, TA = 25°C unless otherwise specified 

Parameter Description 

Vo Output Voltage Swing 

10 Output Current 

AC Electrical Characteristics 
Vs = ±sv, RF = Ra = 1 kO, RL = 1500, TA = 25°C unless otherwise specified 

Conditions 

Note 1: DC offset from OV to 0.714V, AC amplitude 286 mVp.p, f = 3.58 MHz. 
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Test Circuit (per Amplifier) 

1 kG 1 kG 

Simplified Schematic (per Amplifer) 

~--...... -+-- VOUT 

"-
15M 

v+O---_1 ...... -~-_f---_1 ...... --~--~~--~--, 

R2 V1 

IN+ 

2170-3 

OUT 

~--~---+---;----t-~IN-

v-o-----~--~--~------~--~--_.--_+--~ 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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-3 dB Bandwith and Peaking 
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Various Non-Inverting Gains 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 

0.04 

0 

::l 0.02 

~ 
~ 

E 
~-0.02 
2i 

-0.04 

Differential Gain and 
Phase VB DC Input Voltage 
at 3.58 MHz/Av = +2 
Ay =+2 
1\ = 1500 0.2 

~t-
dP 1/ 

" " 1/ I'.. 
j,;' dG r\ 

0.008 

~ 0.004 

if 
;i 0 

E 
~-o.o04 
2i 

Differential Gain and 
Phase VB DC Input Offset 
at 3.58 MHz/Av = +1 

:::;~o~ 

... dG 

..... r-. 
dP ..-::; 

dG \ dP 

II 
-0.00 8/1 

r/ , 

50 

0.04 

E 40 

0.02 z ! ;;: w 30 '" " ;i ~ 

~ '" ~ 
z 20 ::; 

-o.02~ 5 
2i '" 10 

-0.04 

Settling Time VB 

Settling Accuracy 

I III 

I III 

V5VIS~.lp 
.'\ 
A 

- i'HliW ~ 
I IIIII lllUI 

-1.0 -0.6 -0.2 0.2 0.8 1.0 

DC INPUT VOLTAGE (v) 

-1.0 -0.6 -0.2 0.2 0.6 1.0 

DC INPUT VOLTAGE (V) 

0.01 0.1 

SETTLING ACCURACY (%) 
2170-32 

Small-Signal Step Response 

"s-*5V ,¥,1\j=1kO R..-15On 1yo+2 
TIME (10 neldlv) 

2.0 

~ 1.6 

z 

~ 1.2 

Vi 
'" 2i 0.8 

i 0.4 

8-Pin Plastic DIP 
MaxImum Power Dissipation 
V8 Ambient Temperature 

TJ MAX = 1500 

8JA = 9SoC/W 

r-

'\ 

-25 25 75 125 175 

TE~PERATURE (Oc) 

2170-35 

2170-37 

2-392 

2170-33 

Large-Signal Step Response 

'!r*5V Rr=1\r1kO ~ .. 15OCl AoF+2 

2.0 

~ 1.6 

z 
0 : 1.2 

Vi 

'" 2i 0.8 

'" w ,. 
~ 0.4 

TIME (20 nsldlv) 

8-LeadSO 
Maximum Power Dissipation 
VB Ambient Temperature 

TJ MAX = 150°C 

9JA = 1500 c/w 

"'r. 
I 

-25 25 75 125 175 

TEMPERATURE (Oc) 

1.0 

2170-34 

2170-36 

2170-38 



Typical Performance Curves - Contd. 
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Product Description 
The EL2170C/EL2270C/EL2470C are current
feedback operational amplifiers that offer a wide 
- 3 dB bandwidth of 70 MHz and a low supply 
current of 1 rnA per amplifier. All of these prod
ucts also feature high output current drive. The 
EL2170C can output 100 rnA, while the EL2270C 
and the EL2470C can output 55 rnA per amplifi
er. The EL2170C/EL2270C/EL2470C work with 
supply voltages ranging from a single 3V to 
± 6V, and they are also capable of swinging to 
within 1 V of either supply on the input and the 
output. Because of their current-feedback topolo
gy, the EL2170C/EL2270C/EL2470C do not 
have the normal gain-bandwidth product associ
ated with voltage-feedback operational amplifi
ers. This allows their - 3 dB bandwidth to re
main relatively constant as closed-loop gain is in
creased. This combination of high bandwidth and 
low power, together with aggressive pricing make 
the EL2170C/EL2270C/EL2470C the ideal 
choice for many low-power thigh-bandwidth ap
plications such as portable computing, HDSL, 
and video processing. 

For applications where board space is extremely 
critical, the EL2170C is available in the tiny 5-
Lead SOT23 package, which has a footprint 28% 
the size of an 8-Lead SOIC. The EL2170C/ 
EL2270C/EL2470C are each also available in in
dustry standard pinouts in PDIP and SOIC pack
ages. 

For Single and Dual applications with disable, 
consider the EL2176C (8-Pin Single) and 
EL2276C (14-Pin Dual). If higher speed is re
quired, refer to the EL2180C/EL2186C family 
which provides Singles, Duals, Triples, and 
Quads with 250 MHz of bandwidth while con
suming 3 rnA of supply current per amplifier. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high-frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible. The power supply pins must be well 
bypassed to reduce the risk of oscillation. The 
combination of a 4.7 ""F tantalum capacitor in 
parallel with a 0.1 ""F capacitor has been shown 
to work well when placed at each supply pin. 

For good AC performance, parasitic capacitance 
should be kept to a minimum especially at the 
inverting input (see the Capacitance at the In
verting Input section). Ground plane construc
tion should be used, but it should be removed 
from the area near the inverting input to mini
mize any stray capacitance at that node. Carbon 
or Metal-Film resistors are acceptable with the 
Metal-Film resistors giving slightly less peaking 
and bandwidth because of their additional series 
inductance. Use of sockets, particularly for the 
SO package should be avoided if possible. Sock
ets add parasitic inductance and capacitance 
which will result in some additional peaking and 
overshoot. 

Capacitance at the Inverting Input 
Any manufacturer's high-speed voltage- or cur
rent-feedback amplifier can be affected by stray 
capacitance at the inverting input. For inverting 
gains this parasitic capacitance has little effect 
because the inverting input is a virtual ground, 
but for non-inverting gains this capacitance (in 
conjunction with the feedback and gain resistors) 
creates a pole in the feedback path of the amplifi
er. This pole, if low enough in frequency, has the 
same destabilizing effect as a zero in the forward 
open-loop response. The use of large value feed
back and gain resistors further exacerbates the 
problem by further lowering the pole frequency. 
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The experienced user with a large amount of PC 
board layout experience may find in rare cases 
that the EL2170C/EL2270C/EL2470C have less 
bandwidth than expected. The reduction of feed
back resistor values (or the addition of a very 
small amount of external capacitance at the in
verting input, e. g. 0.5 pF) will increase band
width as desired. Please see the curves for Fre
quency Response for Various RF and RG, and 
Frequency Response for Various CIN-' 

Feedback Resistor Values 

The EL2170C/EL2270C/EL2470C have been de
signed and specified at gains of + 1 and + 2 with 
RF = 1 kn. This value of feedback resistor gives 
70 MHz of - 3 dB bandwidth at Av = + 1 with 
about 1.5 dB of peaking, and 60 MHz of - 3 dB 
bandwidth at AV = + 2 with about 0.5 dB of 
peaking. Since the EL2170C/EL2270C/EL2470C 
are current-feedback amplifiers, it is also possible 
to change the value of RF to get more bandwidth. 
As seen in the curve of Frequency Response For 
Various RF and RG, bandwidth and peaking can 
be easily modified by varying the value of the 
feedback resistor. 

Because the EL2170C/EL2270C/EL2470C are 
current-feedback amplifiers, their gain-band
width product is not a constant for different 
closed-loop gains. This feature actually allows 
the EL2170C/EL2270C/EL2470C to maintain 
about the same - 3 dB bandwidth, regardless of 
closed-loop gain. However, as closed-loop gain is 
increased, bandwidth decreases slightly while sta
bility increases. Since the loop stability is im
proving with higher closed-loop gains, it becomes 
possible to reduce the value of RF below the spec
ified 1 kn and still retain stability, resulting in 
only a slight loss of bandwidth with increased 
closed-loop gain. 
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Supply Voltage Range and Single
Supply Operation 
The EL2170C/EL2270C/EL2470C have been de
signed to operate with supply voltages having a 
span of greater than 3V, and less than 12V. In 
practical terms, this means that the EL2170C/ 
EL2270C/EL2470C will operate on dual supplies 
ranging from ± l.SV to ± 6V. With a single-sup
ply, the EL2170C/EL2270C/EL2470C will oper
ate from + 3V to + 12V. 

As supply voltages continue to decrease, it be
comes necessary to provide input and output 
voltage ranges that can get as close as possible to 
the supply voltages. The EL2170C/EL2270C/ 
EL2470C have an input voltage range that ex
tends to within 1V of either supply. So, for exam
ple, on a single + SV supply, the EL2170C/ 
EL2270C/EL2470C have an input range which 
spans from 1V to 4V. The output range of the 
EL2170C/EL2270C/EL2470C is also quite large, 
extending to within 1 V of the supply rail. On a 
± sVsupply, the output is therefore capable of 
swinging from -4V to + 4V. Single-supply out
put range is even larger because of the increased 
negative swing due to the external pull-down re
sistor to ground. On a single + SV supply, output 
voltage range is about 0.3V to 4V. 

Video Performance 
For good video performance, an amplifier is re
quired to maintain the same output impedance 
and the same frequency response as DC levels are 
changed at the output. This is especially difficult 
when driving a standard video load of 1s0n, be
cause of the change in output current with DC 
level. Until the EL2170C/EL2270C/EL2470C, 
good Differential Gain could only be achieved by 
running high idle currents through the output 
transistors (to reduce variations in output imped
ance). These currents were typically more than 
the entire 1 rnA supply current of each EL2170C/ 
EL2270C/EL2470C amplifier! Special circuitry 
has been incorporated in the EL2170C/ 
EL2270C/EL2470C to reduce the variation of 
output impedance with current output. This re
sults in dG and dP specifications of 0.15% and 
0.15° while driving 1s0n at a gain of + 2. 
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Video Performance has also been measured with 
a soon load at a gain of + 1. Under these condi
tions, the EL2170C/EL2270C/EL2470C have dG 
and dP specifications of 0.01 % and 0.02° respec
tively while driving 500 n at AV = + 1. 

Output Drive Capability 
In spite of its low 1 mA of supply current, the 
EL2170C is capable of providing a minimum of 
± 80 mA of output current. Similarly, each am
plifier of the EL2270C and the EL2470C is capa
ble of providing a minimum of ± 50 mAo These 
output drive levels are unprecedented in amplifi
ers running at these supply currents. With a min
imum ±80 mA of output drive, the EL2170C is 
capable of driving son loads to ± 4V, making it 
an excellent choice for driving isolation trans
formers in telecommunications applications. 
Similarly, the ± 50 mA minimum output drive of 
each EL2270C and EL2470C amplifier allows 
swings of ± 2.SV into son loads. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will decouple the EL2170CI 
EL2270C/EL2470C from the cable and allowex
tensive capacitive drive. However, other applica
tions may have high capacitive loads without a 
back-termination resistor. In these applications, a 
small series resistor (usually between sn and 
SOn) can be placed in series with the output to 
eliminate most peaking. The gain resistor (RQ) 
can then be chosen to make up for any gain loss 
which may be created by this additional resistor 
at the output. In many cases it is also possible to 
simply increase the value of the feedback resistor 
(RF) to reduce the peaking. 

Current Limiting 
The EL2170C/EL2270C/EL2470C have no inter
nal current-limiting circuitry. If any output is 
shorted, it is possible to exceed the Absolute 
Maximum Ratings for output current or power 
dissipation, potentially resulting in the destruc
tion of the device. 

Power Dissipation 
With the high output drive capability of the 
EL2170C/EL2270C/EL2470C, it is possible to 
exceed the 150°C Absolute Maximum junction 
temperature under certain very high load current 
conditions. Generally speaking, when RL falls be
low about 2Sn, it is important to calculate the 
maximum junction temperature (TJMAX) for the 
application to determine if power-supply volt
ages, load conditions, or package type need to be 
modified for the EL2170C/EL2270C/EL2470C to 
remain in the safe operating area. These parame
ters are calculated as follows: 

TJMAX = TMAX + (8JA * n * PDMAX) [1] 

where: 

TMAX 
8JA 
n 

= Maximum Ambient Temperature 
= Thermal Resistance of the Package 
= Number of Amplifiers in the Pack-

age 
PDMAX = Maximum Power Dissipation of 

Each Amplifier in the Package. 

PDMAX for each amplifier can be calculated as 
follows: 

PDMAX = (2 * Vs * ISMAX) + 
(VS - VOUTMAX) * (VOUTMAX/RL)) [2] 

where: 

Vs 
ISMAX 

VOUTMAX 

= Supply Voltage 
= Maximum Supply Current of 1 

Amplifier 
= Max. Output Voltage of the Ap

plication 
RL = Load Resistance 
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EL2170C/EL2270C/EL2470C Macromodel 
• Revision A, March 1995 • Transimpedance Stage 
• AC characteristics used Rf= Rg= 1KO, RL = 1500 

• Connections: + input g10 181701.0 

.subckt EL2170/el 

• Input Stage 

e11003 0 1.0 
vis 109 OV 

h2 9 12 vxx 1.0 
rl211165 

11111225nH 
iinp 3 0 0.5uA 

iinm204uA 
r12 3 04Meg 

• Slew Rate Limiting 

h113 0 vis 600 

r213141K 
d114 0 dc1amp 
d20 14 dc1amp 

• High Frequency Pole 

I -input rol18 0 400K 

I + Vsupply cdp 18 0 1.9pF 

I I -Vsupply 

I I I output • Output Stage 

I I I I 
3 2 4 6 q141819 qp 

q27 1820qn 
q37 1921 qn 
q442022qp 

r7 216 4 
r8 22 64 
ios1 7 19 0.4mA 

ios2 20 4 O.4mA 

• Supply Current 

ips 7 41nA 

ole Error Terms 

ivos0232mA 

vxx2300V 

e2 30 0 1400.00166666666 

13 30 17 0.5uH 

e4 24 0 3 0 1.0 
e5 25 0 7 0 1.0 
e6 26 0 4 0 -1.0 

r9 24 23 0.316K 
rlO 25 23 3.2K 

r11 26 23 3.2K 

c5 17 00.69pF 
r5170300 

• Models 

.model qn npn(is= 5e-15 bf= 200 tf=0.01nS) 

.model qp pnp(is = 5e-15 bf= 200 tf= 0.01nS) 

.model dclamp d(is = 1e-30 ibv = 0.266 

+ bv=1.3vn=4) 

.ends 
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Features 
• 30 Mil transimpedance 
• 142 MHz - 3 dB bandwidth 

(Av = +1) 

• 120 MHz - 3 dB bandwidth 
(AV = +2) 

• 1 mV input offset voltage 
• 2 p.A negative input bias current 
• 86 dB common-mode rejection 

ratio 

• 92 dB power supply rejection 
ratio 

• Low supply current, 8.5 rnA 
• Wide supply range, ± 4.5V to 

± 16.5V 

• 80 rnA peak output current 
• High capacitive load toleration 
• Input/output compliance to ± 2V 

of supplies 

• 1,000 V / p.s slew rate 
• 50 ns settling to 0.1 % 
• 90 ns settling to 0.01 % 
• -70 dB distortion @ 4 MHz 

• Low cost 

Applications 
• Instrumentation circuitry 
• Current to voltage convertors 

• RGB amplifiers 
• DAC/ ADC output amplifier / 

buffer 

• Cable drivers 
• Low distortion communications 

• Medical imaging 

• CCD imaging 
• Infrared image enhancement 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2175CN -40°C to +S5°CS-PinP-DIP MDP0031 

EL2175CS -40°C to +S5°C 8-LeadSO MDP0027 

General Description 
The EL2175C is a low offset, high transimpedance current 
mode feedback amplifier with a - 3 dB bandwidth of 120 MHz 
at a gain of + 2. Built on Elantec's proprietary monolithic com
plementary bipolar process, this amplifier uses current mode 
feedback to achieve more bandwidth at a give gain than conven
tional voltage feedback amplifiers. 

The high 30 Mil transimpedance gain and low input referred 
offset of the EL2175 will also bring the final settled output 
much closer to its ideal value than is possible with earlier CMF 
designs. 

In addition, the common-mode and power supply rejection have 
been greatly improved over earlier current mode feedback am
plifiers and the input offset voltage and current have been 
trimmed to rival that of good conventional voltage feedback 
amplifiers. The part has a typical slew rate of 1,000 V / p.s and a 
0.01 % settling time of less than 90 ns in inverting mode. At a 
gain of + 2 and an output signal level of 2 Vp_p the total har
monic distortion is only -70 dB at 4 MHz. 

The amplifier can operate on any supply from 9V (± 4.5V) to 
33V ( ± 16.5V), yet consumes only 8.5 rnA at any supply voltage. 
Using the industry standard pinout, the EL2175C is available in 
both P-DIP and SO packages. 

Connection Diagram 

2175-1 

Manufactured under U_S. Patent No. 5,418,495 
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Absolute Maximum Ratings (TA = 25°C) 
VoltagebetweenVs+ andVs
VoltagebetweenIN+ and IN
CurrentintoIN+ andIN-
Operating Ambient Temperature Range 

+33V 
±6V 

4mA 
See Curves 

Operating Junction Temperature 
Plastic Package 

Storage Temperature Range 

Open Loop DC Electrical Characteristics 
= ±lSV, RL = 5000, TA = 25°C unless otherwise specified 

Parameter Description 

IPSR - - Input Current Power Supply Rejection 
(Note 3) 

RoL Transimpedance 
(Note 4) 

CMIR Common Mode Input Range (Note 2) 

2-402 

lSO"C 
-65°C to +lSO"C 



Open Loop DC Electrical Characteristics 
Vs = ±15V, RL = 5000, TA = 25'C unless otherwise specified -Contd. 

Parameter Description Conditions Temp Min 

Vo Output Voltage Swing RL = 5000 
25'C ±12,3 

Vs = ±15V 

RL = 1500 
25'C 

VS= ±15V 

RL = 1500 
25'C ±2.7 

Vs = ±5V 

ISC Output Short Circuit Current Vs = ±5V 
25'C 

55 
(Note 4) 80 

til 

2-403 



Closed Loop AC Electrical Characteristics 
Vs = ±1SV, Av = +2, RF = 7son, RL = soon, TA = 2S'C unless otherwise specified 

Parameter Description 

BW -3 dB (Note 8) BDWH 

SR Slew Rate (Notes 6, 8) 

aVOUT = ±10V 

0.01 % Settling Time 

aVOUT = ±10V 

dG Differential Gain (Notes 7, 8) 

dP Differential Phase (Notes 7, 8) 

Note 1: Measured from TMIN to TMAX 
Note2:VCM = ±12VforVS = ±1SVand TA = 2S'C 

VCM = ±2V for Vs = ±SV and TA = 2S'C 

AV= 1 

Av= -1 

Av= 2 

AV = 1 

Av= -1 

Av= 2 

CMIR is guaranteed by the part passing CMRR at the rated common-mode swing. 
Note 3: The supplies are moved from ±4.SV to ± 1SV. 
Note4:VOUT = ±10V for Vs = ±1SV, and VOUT = ±2V for Vs = ±SV. 
Note S: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 6: Slew Rate is with VOUT from + 10V to -10V and measured at the 2S% and 75% points. 
Note 7: DC offset from -0.714V through +0.714V, AC amplitude 286 mVp-p> f = 3.58 MHz. 
Note 8: All AC tests are performed on a "warmed up" part, except for Slew Rate, which is pulse tested. 
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Typical Performance Curves 

m 
~ 

8 
'" N 
::::; .. 
::E 

'" o 
3 
'" a 
:::> 
>-
Z 
(!) ... 
::E 

m 
~ 

8 
'" N 
::::; .. 
::E 

'" o 
3 
'" a 
:::> 
>-
Z 
~ 
::E 

'N 
:I: 

3 
:I: 
>-a 
~ a 
z 
« 
m 
m 
'C 

'" 

Frequency Response 
forAy = -1 
and for Various RF Values 

lOOk 1M 10M 

FREQUENCY (Hz) 

100M 

2175-2 

Frequency Response 
for AV = +10 
and for Various RF Values 

2 H-+tttHtHr' 

-2 Hf-H+HItt-++++ 

-6 

100 

80 

60 

40 

20 

o 
o 

lOOk 1M 10M 100M 

FREQUENCY (Hz) 

2175-5 

3 dB Bandwidth VB 
Supply Voltage for Av = -1 

Rr=560n..., 

'/ ..... irRr - 750n 

..... I-.o! 

I," lrRr - lk 

...c, 

I .... 
Rf - 1.3k 

Rt. - soon 

3 6 12 15 

SUPPLY VOLTAGE (:l:V) 

2175-8 

m 
~ 

8 
'" N 
::::; .. 
::E 

'" 0 
3 
'" a 
:::> 
>-
Z 
(!) ... 
::E 

m 
~ 

8 
'" N 
::::; ... 
::E 

'" 0 
3 
'" a 
:::> 
>-
Z 
(!) ... 
::E 

m 

Frequency Response 
forAy = +1 
and for Various RF Values 

2 
Rr - 750n 

I (lr, ,;,,1.k -

a Rr - 1.3k7 

'" 
-2 

-4 

-6 

Rr I I - .1.1 f- ~~UT r- VIN 

f- RL ~~~~~ II I v. 
I 111111 III 

lOOk 1M 10M 100M 

FREQUENCY (Hz) 

2175-3 

Frequency Response 
for Various Values of RL 

2 

a 

-2 

-4 

-6 

1M 10M 100M 

FREQUENCY (Hz) 

2175-6 

Peaking vs 
Supply Voltage for AV = -1 

5 
RL = soon 

rRF = 1.3k 

f-R - 560n 
4 

/ 
\' Rr -750n 

~ 3 
(!) 
z 
>< ... 2 
'" a.. 

a 
o 

\ 
\ 

r,Rr= lk 

X 
II "-'/ 
.t., 

3 6 9 12 15 

SUPPLY VOLTAGE (:!:V) 

2175-9 

2-405 

m 
~ 

8 
'" N 
::::; ... 
::E 

'" o 
3 
'" a 
:::> 
>-
Z 
(!) ... 
::E 

m 
~ 

8 
'" N 
::::; ... 
::E 

'" 0 
3 
'" a 
:::> 
>-
Z 
(!) 
« 
'" 

~ 
N 
:I: 

3 
:I: 
>-a 
!i a z ... 
m 
III 
'C 

'" 

Frequency Response 
forAy = +2 
and for Various RF Values 

2 H-+tttttll 

- 2 1-I-+!+HIl 

-4 

-6 

lOOk 1M 10M 100M 

4 

2 

0 

-2 

-4 

100 

80 

60 

FREQUENCY (Hz) 

Frequency Response 
for Various Values of CL 

r-
CL - 10 pF 

CL - 20 pF 

r-- -CL = 50 pF-

r- S. = 100pF- 1i 
III /. 
III 

Ie;, = 0 pF 

~II - VOUT 

~VIN + ~j 50011 G. 
f-v·=t'n I~ 

1M 10M 

FREQUENCY (Hz) 

3 dB Bandwidth VB 
Temperature for Av = -1 

2175-4 

II 
I 
I 

-

L 
100M 

2175-7 

rVS=:!:10V lrVs = :!:5V 

J. VS=:l:15V / 

I'... ........ 

40 r- - ~~s =:l:3.5V 

20 
~ = 750n 
III = 150~n 

o 
-55 -15 25 65 105 145 

DIE TEMPERATURE (DC) 

2175-10 

til 



o 
lQ 
t-
~ 
C"I 
~ 

~ .......................................... . 
Typical Performance Curves - Contd. 

'" ::r:: 
3 
::r:: 
I-
0 

~ 
0 
z 
« 
<II 

<II 
"C 
M 

N 
::r:: 
3 
::r:: 
I-
0 
~ 
0 
z 
« 
<II 

<II 
"C 
M 

'" ::r:: 
3 
::r:: 
I-
0 

~ 
0 
z 
« 
<II 

<II 
"C 
M 

200 

160 

120 

80 

40 

0 

200 

160 

120 

80 

40 

o 
o 

50 

40 

30 

20 

10 

o 
o 

3 dB Bandwidth vs 
Supply Voltage for Ay ~ +1 

~ - 500n 

~ Rr - 560n 

1\ 
I~ ~ 
1",\ Ii 

\ RF - 750n 

RF = 1 k 

NOTE: Rr = 1.3k CAIUSEb T RESTRICTED BANDWIDTH 

3 9 12 15 

SUPPL Y VOLTAGE (±V) 

2175-11 

3 dB Bandwidth vs 
Temperature for Ay ~ +2 

RL - 500n 

'\ RF - 560n 

1\ ~ 

\ 
I?- ~ 

RF - 750n 

NOTE: RF = 1k ANO RF J 1.J~±-r CAUSED RESTRICTED BANDWIDTH 

3 9 12 15 

SUPPL Y VOLT AGE (±V) 

2175-14 

3 dB Bandwidth vs 
Supply Voltage for Ay ~ +10 

Ir Rr 560n 

\ / Rr -750n 

<... / RF - 1k 

'\ .I 
..... .I 
..... 

RF - 1.3k 

RL - 500n 

3 9 12 15 

SUPPL Y VOLTAGE (±V) 

2175-17 

m 
3 
<.!l 
Z 
;;:: 
« 
L.J 
"-

N 
::r:: 
3 
::r:: 
I-
0 

~ 
0 
z 
« 
<II 

<II 
"C 
M 

m 
3 
<.!l 
Z 
;;:: 
« 
L.J 
"-

10 

8 

6 

4 

2 

o 
o 

10 

8 

6 

4 

2 

o 
o 

5 

4 

3 

2 

o 
o 

Peaking vs 
Supply Voltage for Ay ~ + 1 

\ I ~ -500n , Rr = 560n 

"-.t It 
~I 

1\ ;-~F -750n-r--
~ ARF - Uk 

"'- Y I I 
~RF-lk 

\ / A~ 
"-

3 6 9 12 15 

SUPPL Y VOLTAGE (±V) 

2175-12 

Peaking vs 
Supply Voltage for Ay ~ +2 

I I ~ -500n 

I I 
;-RF - 56 on 

V I I , lrRF - 750n 

X I I 
Iv' """1-h 
\ lrRF 1.3k 

)' ,.dRF - lk 

JI 1 I 

3 12 15 

SUPPL Y VOLTAGE (±v) 

2175-15 

Peaking vs 
Supply Voltage for Ay ~ +10 

RL - 500n 

\ .RF = 560n, 750n, 1 k, 1.3k 

1\ 
\ 

~ 
12 

SUPPLY VOLTAGE (±V) 

15 

2175-18 

2-406 

200 

'" 160 ::r:: 
3 
::r:: 120 
b 
~ 
o 
::'i 80 
<II 

<II 
"C 
M 40 

o 

200 

'N' 160 
:r: 
3 
;: 120 
o 
~ 
o 
::'i 80 
<II 

<II 
"C 
M 40 

o 

100 

'" 80 
::r:: 
3 
::r:: 60 I-
0 

~ 
0 
z 40 « 
<II 

<II 
"C 
M 20 

o 

3 dB Bandwidth vs 
Temperature for Ay ~ +1 

E VS -±15V Rr = lk 

i-Vs = ±10V RL = 500n 

r Vs = ±5V 

I--t -trr ::::--i-"'" 
i-"'" -i-"'" 

II 
L Vs - ±3.5V 

-55 -15 25 65 105 145 

DIE TEMPERATURE (Oe) 
2175-13 

3 dB Bandwidth vs 
Temperature for Ay ~ +2 

r Vs =±15V RF =750n 

I v--- Vs=±10V RL = 500n 

r Vs = ±5V 

f Lli i-Vs - ±3.5V -, ::--- -
-55 -15 25 65 105 145 

DIE TEMPERATURE (Oe) 

2175-16 

3 dB Bandwidth vs 
Temperature for Ay ~ + 10 

Rr = 750n 
III = 500n 

- tt Vs = ±3.5V 

r Vs=±5V 
r Vs=±10V 

:-.. fZ: 'f. 
II 
Vs -±15V 

-55 -15 25 65 105 145 

DIE TEMPERATURE (Oe) 

2175-19 



Typical Performance Curves - Contd. 
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performance when operating in the non-inverting 
configuration. This may cause design, develop
ment and production difficulties. The EL217S 
has been designed in such a way as to largely 
ignore such strays .. The .characteristic curves of 
gain vs. frequency with varying values of CIN
illustrate this effect which produces only a slight 
increase in peaking with CIN - values up to 5 pF 
with almost no change in 3 dB bandwidth. 

Applications Information 

Product Description 
The EL2175 is a single current mode feedback 
amplifier that offers wide bandwidth, high gain, 
low distortion and exceptional DC specifications 
for a CMF type amplifier at moderate supply 
current. Due to the current feedback architecture, 
the closed loop 3 dB bandwidth is dependent on 
the feedback resistor, RF, and then the gain is set 
by picking the gain set resistor, %. The curves 
at the beginning of the "Typical Performance 
Curves" section show the effect of varying both 
RF and RG. The 3 dB bandwidth is significantly 
less dependent on supply voltage than earlier 
CMF amplifiers where increasing junction capac
itance's with decreasing supply voltage caused a 
much larger reduction in bandwidth. To compen
sate for the remaining effect, smaller values of 
feedback resistor can be used at lower supply 
voltages. 

Power Supply Bypassing And Printed 
Circuit Board Layout 
As with any high frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible, below 74". The power supply pins 
must be well bypassed to ensure stability. A 
1.0 ,..,F tantalum capacitor in parallel with a 
0.01 ,..,F ceramic capacitor is adequate for each 
supply pin. 

For good AC performance, parasitic capacitances 
should be kept to a minimum, especially at the 
inverting input (see Capacitance at the Inverting 
Input section). This implies keeping the ground 
plane away from this pin. Carbon resistors are 
acceptable, while wire-wound resistors should not 
be used because of their parasitic inductance. 
Similarly, capacitors should have low inductance 
for best performance. Use of sockets, particularly 
for SO packages, should be avoided. Sockets have 
parasitic inductance and capacitance which will 
cause peaking and overshoot. 

Capacitance at the Inverting Input 
Due to the topology of the conventional current 
feedback amplifiers, stray capacitance at the in
verting input will affect their AC and transient 

In the inverting gain mode, added capacitance at 
the inverting input has almost no effect at all. 
This is because the inverting input is now a vir
tual ground and the stray capacitance is not 
therefore "seen" by the amplifier. 

Feedback Resistor Values 
The EL2175 has been designed and specified with 
RF = 7 son for Av = + 2. This value of feedback 
resistor yields an extremely flat frequency re
sponse with little or no peaking out to 120 MHz. 
As is the case with all CMF amplifiers, wider 
bandwidth, at the expense of peaking, can be ob
tained by reducing the value of the feedback re
sistor. Inversely, larger values of feedback resis
tor will cause roll-off to occur at lower frequency. 
This dependence of bandwidth on feedback re
sistance value is not as pronounced with the 
EL2175 at low non-inverting gains as with other 
CMF amplifiers. However, it is at all other gain 
conditions. For example, the 3 dB bandwidth of 
the EL2175 connected for AV = -1 and RF = 
7 son is about 65 MHz. If RF is reduced to 560n, 
the bandwidth increases to about 88 MHz. See 
"Typical Performance Curves" section which 
show 3 dB bandwidth and peaking vs. frequency 
for various feedback resistor, supply voltages and 
temperatures. 

Bandwidth vs Temperature 
The supply currents of many amplifiers and con
sequently their 3 dB bandwidths drop off signifi
cantly with increasing temperature. The EL2175 
was designed to have nearly constant supply cur
rent over temperature resulting in a device with 
much less bandwidth vs. temperature sensitivity. 
With Vs = + 15V and Av = + 2, the bandwidth 
only varies from 123 MHz to 96 MHz over the 
entire die temperature range of O·C < T < 150·C. 
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Supply Voltage Range 
The EL2175 has been designed to operate com~ 
fortably with supply voltages from ± 5V to 
± 15V. AC characterization has been conducted 
down to supply voltages of ± 3.5V. However, this 
low value will not allow the part to power up and 
function properly at the lowest portion of the 
part's operating temperature range (-40·C to 
+ 85·C). In general, bandwidth, slew rate and 
video characteristics will tend to improve with 
increasing supply voltages. 

If a single supply is desired, values from + 9V to 
+ 30V can be used as long as the input common 
mode range is not exceeded. When using a single 
supply, be sure to either 1) DC bias the inputs at 
an appropriate common mode voltage and AC 
couple the signal, or 2) ensure the driving signal 
is within the input common mode range of the 
EL2175. 

Settling Characteristics 
The EL2175 offers superb settling characteristics 
to 0.1%, typically 50 ns operating in inverting 
mode. The inverting 0.01 % settling time is about 
90 ns. The EL2175 is not slew rate limited, there
fore step size up to ± 10V gives approximately 
the same settling time. The high 30 Mfi transim
pedance gain and low input referred offsets of the 
EL2175 will also bring the final settled output 
much closer to its ideal value than is possible 
with earlier CMF designs. 

The non-inverting (Av = + 1) 0.1% settling 
time is about 70 ns. As can be seen from the Long 
Term Settling Error graph, for Av = + 1, there 
is approximately a 0.04% residual which tails 
away to 0.01 % in about 900 ns. This is a thermal 
settling error caused by a power dissipation 
change in the input stage devices (before and af
ter the voltage step). All other CMF amplifiers 
exhibit 0.01% thermal settling tails of several 
tens of microseconds under the same conditions. 
The input stage of the EL2175 has been designed 
to greatly reduce this effect. For AV = -1, be
cause the inverting input is then a virtual 
ground, this tail does not appear even in conven
tional CMF amplifiers since the input stage does 
not experience the large voltage change that it 
does in non-inverting mode. 
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Distortion Performance 
The distortion performance of all high frequency 
amplifiers degrade with increasing frequency. 
The EL2175 is no exception. However, due to it's 
high transimpedance, it's distortion performance 
at a given frequency can be 10-14 dB better than 
other high speed amplifiers available. 

Power Dissipation 
The EL2175 combines both high speed and large 
output drive capability at a moderate supply cur
rent in very small packages. It is possible to ex
ceed the maximum junction temperature allowed 
under certain supply voltage, temperature and 
loading conditions. To ensure that the EL2175 
remains within it's absolute maximum ratings, 
the following discussion will help to avoid ex
ceeding the maximum junction temperature. 

The maximum power dissipation allowed in a 
package is determined by it's thermal resistance 
and the amount of temperature rise according to: 

PDMAX = (TJMAX - TAMAX) IIJJA 

The maximum power dissipation actually pro
duced by an IC is the total quiescent supply cur
rent times the total power supply voltage plus 
the power dissipated in the IC due to the load, or: 

PDMAX = NX (2XVsXls+(Vs-VOUT) XVOUT I RL) 

where N is the number of amplifiers per package, 
and IS is the current per amplifier. (To be more 
accurate, the quiescent supply current flowing in 
the output driver transistor should be subtracted 
from the first term when the output is driving a 
load. That is to say, due to the class AB nature of 
the output stage, the output driver current is now 
included in the second term.) In general, an am
plifier's AC performance degrades at higher tem
peratures and lower supply current. Unlike some 
amplifiers, the EL2175 and many other Elantec 
amplifiers maintain almost constant supply cur
rent over temperature so that the AC perform
ance is not degraded as much at the upper end of 
the operating temperature range. 

The EL2175 consumes typically 8.5 rnA and a 
maximum of 10 mAo The worst case power in an 
amplifier operating from split supplies with a 
grounded load occurs when the output is between 
ground and half of one of it's supplies or, if it 
can't go that far due to drive limitations, at it's 
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Applications Information·- Contd. 
maximum value. If we assume that the EL2175 is 
used for double terminate video cable driving ap
plications (RL = 1500), and AV = + 2, then the 
maximum output voltage is 2V, and the average 
output voltage is 1.4V. If we set the two PDMAX 
equations equal to each other, and solve for VS, 
we get a family of curves for various package op

The curves do not include heat removal or forc
ing air, or the simple fact that the package will 
probably be attached to a circuit board, which 
can also provide some form of heat removal. 
Larger temperature and voltage ranges are possi
ble with heat removal and forcing air past the 
device. 

tions according to: 

Vs = RL x (TIMAX-TAMAX) IN x 8JA + (VOUT) x (VOUT) 

(2 x Is x Rr,) + (VOUT) 

The following curve shows supply voltage ( ± V S) 
vs. te~perature for the EL2175's two packages, 
assummg AV = +2, RL = 1500, and VOUT 
(peak) = 2V. the curves include the worst case 
supply specification (IS = 10 rnA) 
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Output Current Drive 
The EL2175 does not have output short circuit 
protection. If the output is shorted to ground, the 
power dissipation could be well over 1W. Heat 
removal is required in order for the EL2175 to 
survive a continuous short. 

Driving Cables And Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For these applications, the back termi
nation series resistor will decouple the EL2175 
from the capacitive cable and allow extensive ca
pacitive drive. However, other applications may 
have high capacitive loads without termination 
resistors. The EL2175 has particularly high ca
pacitive load toleration and can drive a 50 pF 
load with only 3 dB of peaking and a 100 pF load 
with only 4 dB of peaking and without any insta
bility. If higher capacitive loads must be driven 
or if little or no peaking is required, an additional 
small value (50-500) resistor can be placed in 
series with the output. The gain resistor, Ra, can 
be. chose?tc:> make up for the gain loss created by 
thIS addItIonal series resistance at the output. 
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Features 
• Single (EL2176C) and dual 

(EL2276C) topologies 
• 1 mA supply current (per 

amplifier) 
• 70 MHz - 3 dB bandwidth 

• Low cost 
• Fast disable 
• Powers down to 0 mA 
• Single- and dual-supply 

operation down to ± 1.5V 
• 0.15%/0.15° diff. gain/diff. phase 

into 150n 

• 800V /,..,s slew rate 
• Large output drive current: 

100 mA (EL2176C) 
55 mA (EL2276C) 

• Also available without disable in 
single (EL2170C), dual 
(EL2270C) and quad (EL2470C) 

• Higher speed EL2180C/EL2186C 
family also available (3 mAl 
250 MHz) in single, dual and 
quad 

Applications 
• Low power/battery applications 
• HDSL amplifiers 
• Video amplifiers 
• Cable drivers 
• RGB amplifiers 
• Test equipment amplifiers 
• Current to voltage converters 

Ordering Information 
Pari No. Temp. Range Package Outline # 

EL2176CN -40"Cto +8S'C 8-PinPDIP MDP0031 

EL2176CS -4O"Cto +8S'C 8-PinSOIC MDPOO27 

EL2276CN -4O"C to +8S'C 14-Pin PDIP MDP0031 

EL2276CS -4O"C to +8S'C 14-Pin SOIC MDPOO27 

General Description 
The EL2176C/EL2276C are single/dual current-feedback oper
ational amplifiers which achieve a - 3 dB bandwidth of 70 MHz 
at a gain of + 1 while consuming only 1 mA of supply current 
per amplifier. They will operate with dual supplies ranging 
from ± 1.5V to ± 6V, or from single supplies ranging from + 3V 
to + 12V. The EL2176C/EL2276C also include a disable/power
down feature which reduces current consumption to 0 mA while 
placing the amplifier output in a high impedance state. In spite 
of its low supply current, the EL2276C can output 55 mA while 
swinging to ±4Von ±5V supplies. The EL2176C can output 
100 mA with similar output swings. These attributes make the 
EL2176C/EL2276C excellent choices for low power and/or low 
voltage cable-driver, HDSL, or RGB applications. 

For Single, Dual and Quad applications without disable, consid
er the EL2170C (8-Pin Single), EL2270C (8-Pin Dual) or 
EL2470C (14-Pin Quad). For higher bandwidth applications 
where low power is still a concern, consider the EL2180CI 
El2186C family which also comes in similar Single, Dual and 
Quad configurations. The EL2180C/EL2186C family provides a 
- 3 dB bandwidth of 250 MHz while consuming 3 mA of supply 
current per amplifier . 

Connection Diagrams 

EL2176C SO, P-DIP EL2276C SO, P-DIP 

INA+ 1 IN A-

OUT A 

ENABLE A 3 1----1 NC 

2176-1 ENABLE B 5 r---, 

IN B+ 7 

2176-2 

Manufactured under U.S. Patent No. 5,352,989, 5,351,012, 5,418,495 
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Absolute Maximum Ratings (TA = 2S0C) 

Voltage between VS+ andVS
Common-Mode Input Voltage 
Differential Input Voltage 
Current into + IN or - IN 
Internal Power Dissipation 
Operating Ambient Temperature Range 

+ 12.6V 

VS- toVS+ 
±6V 

±7.SmA 
See Curves 

- 4O"C to + 8SoC 

DC Electrical Characteristics 

Operating Junction Temperature 
Plastic Packages 

Output Current (EL2176C) 
Output Current (EL2276C) 
Storage Temperature Range 

Vs = ±sv, RL = IS00, ENABLE = OV, TA = 2SoC unless otherwise specified 

Conditions 
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ISO"C 
±120mA 
±60mA 

- 6SoC to + ISO"C 



DC Electrical Characteristics - Contd. 
Vs = ±5V, RL = 1500, ENABLE = OV, TA = 25'C unless otherwise specified 

Description Conditions 

Vo 

10 

AC Electrical Characteristics 
Vs = ± 5V, RF = Ra = 1.0 kO, RL = 1500, ENABLE = OV, TA = 25'C unless otherwise specified 

Note 1: DC offset from OV to 0.714V, AC amplitude 286 mVp.p, f = 3.58 MHz. 
Note 2: Measured from the application of the logic signal until the output voltage is at the 50% point between initial and final 

values. 
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ENABLE ---11---1 

lk 1 k 

RG RF 

Simplified Schematic (per Amplifer) 

>--4I~-.... -VOUT 

RL 
150 

2176-3 

v+o-------~-~._----.----.... --.--~._-~-_, 

IN+ 0-----\---.... OUT 

L...-i----+--+---f--o IN-

v-o-----------------~-------4~----~----~--~--~~~ 
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Typical Performance Curves 
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Typical Performance Curves - Contd . 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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~ Applications Information tion should be used, but it should be removed 

from the area near the inverting input to mini
mize any stray capacitance at that node. Carbon 
or Metal-Film resistors are acceptable with the 
Metal-Film resistors giving slightly less peaking 
and bandwidth because of their additional series 
inductance. Use of sockets, particularly for the 
SO package should be avoided if possible. Sock
ets add parasitic inductance and capacitance 
which will result in some additional peaking and 
overshoot. 

C'l 

~ Product Description 
The EL2176C/EL2276C are current-feedback op
erational amplifiers that offer a wide-3 dB 
bandwidth of 70 MHz, a low supply current of 
1 rnA per amplifier and the ability to disable to 
o rnA. Both products also feature high output 
current drive. The EL2176C can output 100 rnA 
while the EL2276C can output 55 mA per ampli: 
fier. The EL2176C/EL2276C work with supply 
voltages ranging from a single 3V to ± 6V, and 
they are also capable of swinging to with in 1 V of 
either supply on the input and the output. Be
cause of their current-feedback topology, the 
EL2176C/EL2276C do not have the normal gain
bandwidth product associated with voltage-feed
back operational amplifiers. This allows their 
- 3 dB bandwidth to remain relatively constant 
as closed-loop gain is increased. This combina
tion of high bandwidth and low power, together 
with aggressive pricing make the EL2176C/ 
EL2276C the ideal choice for many low-power/ 
high-bandwidth applications such as portable 
computing, HDSL, and video processing. 

For Single, Dual and Quad applications without 
disable, consider the EL2170C (8-Pin Single), 
EL2270C (8-Pin Dual) and EL2470C (14-Pin 
Quad). If more AC performance is required, refer 
to the EL2180C/EL2186C family which provides 
Singles, Duals, and Quads with 250 MHz of 
bandwidth while consuming 3 rnA of supply cur
rent per amplifier. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high-frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be ~s short 
as possible. The power supply pins must be well 
bypassed to reduce the risk of oscillation. The 
combination of a 4.7 ,..,F tantalum capacitor in 
parallel with a 0.1 ,..,F capacitor has been shown 
to work well when placed at each supply pin. 

For good AC performance, parasitic capacitance 
should be kept to a minimum especially at the 
inverting input (see the Capacitance at the In
verting Input section). Ground plane construc-

Disable/Power-Down 
The EL2176C/EL2276C amplifiers can be dis
abled, placing their output in a high-impedance 
state. When disabled, each amplifier's supply cur
rent is reduced to 0 rnA. Each EL2176C/ 
EL2276C amplifier is disabled when its 
ENABLE pin is floating or pulled up to within 
0.5V of the positive supply. Similarly, each am
plifier is enabled by pulling its ENABLE pin at 
least 3V below the positive supply. For ± 5V sup
plies, this means that an EL2176C/EL2276C am
plifier will be enabled when ENABLE is at 2V or 
less, and disabled when ENABLE is above 4.5V. 
Although the logic levels are not standard TTL 
this choice of logic voltages allows the EL2176Ci 
EL2276C to be enabled by tying ENABLE to 
ground, even in + 3V single-supply applications. 
The ENABLE pin can be driven from CMOS 
outputs or open-collector TTL. 

When enabled, supply current does vary some
what with the voltage applied at ENABLE. For 
example, with the supply voltages of the 
EL2176C at ±5V, if ENABLE is tied to -5V 
(rather than ground) the supply current will in
crease about 15% to 1.15 mAo 

Capacitance at the Inverting Input 
Any manufacturer's high-speed voltage- or cur
rent-feedback amplifier can be affected by stray 
capacitance at the inverting input. For inverting 
gains this parasitic capacitance has little effect 
because the inverting input is a virtual ground, 
but for non-inverting gains this capacitance (in 
conjunction with the feedback and gain resistors) 
creates a pole in the feedback path of the amplifi
er. This pole, iflow enough in frequency, has the 
same destabilizing effect as a zero in the forward 
open-loop response. The use of large value feed-
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Applications Information - Contd. 
back and gain resistors further exacerbates the 
problem by further lowering the pole frequency. 

The EL2176C/EL2276C have been specially de
signed to reduce power dissipation in the feed
back network by using large 1.0 kO feedback and 
gain resistors. With the high bandwidths of these 
amplifiers, these large resistor values would nor
mally cause stability problems when combined 
with parasitic capacitance, but by internally can
celing the effects of a nominal amount of parasit
ic capacitance, the EL2176C/EL2276C remain 
very stable. For less experienced users, this fea
ture makes the EL2176C/EL2276C much more 
forgiving, and therefore easier to use than other 
products not incorporating this proprietary cir
cuitry. 

The experienced user with a large amount of PC 
board layout experience may find in rare cases 
that the EL2176C/EL2276 C have less band
width than expected. In this case, the inverting 
input may have less parasitic capacitance than 
expected by the internal compensation circuitry 
of the EL2176C/EL2276C. The reduction of feed
back resistor values (or the addition of a very 
small amount of external capacitance at the in
verting input, e.g., O.S pF) will increase band
width as desired. Please see the curves for Fre
quency Response for Various RF and RG, and 
Frequency Response for Various CIN-' 

Feedback Resistor Values 
The EL2176C/EL2276C have been designed and 
specified at gains of + 1 and + 2 with RF = 
1.0 kO. This value of feedback resistor gives 
70 MHz of - 3 dB bandwidth at Av = + 1 with 
about 1.S dB of peaking, and 60 MHz of - 3 dB 
bandwidth at Av = + 2 with about O.S dB of 
peaking. Since the EL2176C/EL2276C are cur
rent-feedback amplifiers, it is also possible to 
change the value of RF to get more bandwidth. 
As seen in the curve of Frequency Response For 
Various RF and Ra, bandwidth and peaking can 
be easily modified by varying the value of the 
feedback resistor. 

Because the EL2176C is a current-feedback am
plifier, the gain-bandwidth product is not a con
stant for different closed-loop gains. This feature 

2-423 

actually allows the EL2176C/EL2276C to main
tain about the same - 3 dB bandwidth, regard
less of closed-loop gain. However, as closed-loop 
gain is increased, bandwidth decreases slightly 
while stability increases. 

Since the loop stability is improving with higher 
closed-loop gains, it becomes possible to reduce 
the value of RF below the specified 1.0 kO and 
still retain stability, resulting in only a slight loss 
of bandwidth with increased closed-loop gain. 

Supply Voltage Range and Single
Supply Operation 
The EL2176C/EL2276C have been designed to 
operate with supply voltages having a span of 
greater than 3V, and less than 12V. In practical 
terms, this means that the EL2176C/EL2276C 
will operate on dual supplies ranging from ± 1.SV 
to ±6V. With a single-supply, the EL2176C will 
operate from + 3V to + 12V. 

As supply voltages continue to decrease, it be
comes necessary to provide input and output 
voltage ranges that can get as close as possible to 
the supply voltages. The EL2176C/EL2276C 
have an input voltage range that extends to with
in IV of either supply. So, for example, on a sin
gle +SV supply, the EL2176C/EL2276C have an 
input range which spans from IV to 4V. The out
put range of the EL2176C /EL2276C is also quite 
large, extending to within IV of the supply rail. 
On a ± SV supply, the output is therefore capable 
of swinging from -4V to +4V. Single-supply 
output range is even larger because of the in
creased negative swing due to the external pull
down resistor to ground. On a single + SV sup
ply, output voltage range is about 0.3V to 4V. 

Video Performance 
For good video performance, an amplifier is re
quired to maintain the same output impedance 
and the same frequency response as DC levels are 
changed at the output. This is especially difficult 
when driving a standard video load of IS00, be
cause of the change in output current with DC 
level. Until the EL2176C/EL2276C, good Differ
ential Gain could only be achieved by running 
high idle currents through the output transistors 
(to reduce variations in output impedance). 
These currents were typically in excess of the 
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:;:; Applications Information - Contd. 
!! entire 1 rnA supply current of each EL2176C/ 
~ EL2276C amplifier! Special circuitry has been in-

corporated in the EL2176C/EL2276C to reduce 
the variation of output impedance with current 
output. This results in dG and dP specifications 
of 0.15% and 0.15° while driving 150.0 at a gain 
of +2. 

Video Performance has also been measured with 
a soon load at a gain of + 1. Under these condi
tions, the EL2176C/EL2276C have dG and dP 
specifications of 0.01 % and 0.02° respectively 
while driving soon at Av = + 1. 

Output Drive Capability 
In spite of its low 1 mA of supply current, the 
EL2176C is capable of providing a minimum of 
± 80 rnA of output current. Similarly, each am
plifier of the EL2276C is capable of providing a 
minimum of ± 50 rnA. These output drive levels 
are unprecedented in amplifiers running at these 
supply currents. With a minimum ± 80 rnA of 
output drive, the EL2176C is capable of driving 
son loads to ±4V, making it an excellent choice 
for driving isolation transformers in telecommu
nications applications. Similarly, the ± 50 rnA 
minimum output drive of each EL2276C amplifi
er allows swings of ± 2.SV into son loads. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will decouple the EL2176C/ 
EL2276C from the cable and allow extensive ca
pacitive drive. However, other applications may 
have high capacitive loads without a back-termi
nation resistor. In these applications, a small se
ries resistor (usually between 5.0 and SOn) can be 
placed in series with the output to eliminate most 
peaking. The gain resistor (RG) can then be cho
sen to make up for any gain loss which may be 
created by this additional resistor at the output. 
In many cases it is also possible to simply in
crease the value of the feedback resistor (RF) to 
reduce the peaking. 

Current Limiting 
The EL2176C/EL2276C have no internal cur
rent-limiting circuitry. If any output is shorted, 
it is possible to exceed the Absolute Maximum 
Ratings for output current or power dissipation, 
potentially resulting in the destruction of the de
vice. 

Power Dissipation 
With the high output drive capability of the 
EL2176C/EL2276C, it is possible to exceed the 
150°C Absolute Maximum junction temperature 
under certain very high load current conditions. 
Generally speaking, when RL falls below about 
250., it is important to calculate the maximum 
junction temperature (TJmax) for the application 
to determine if power-supply voltages, load con
ditions, or package type need to be modified for 
the EL2176C/EL2276C to remain in the safe op
erating area. These parameters are calculated as 
follows: 

TJMAX = TMAX + (8JA * n * PDMAX) [1] 

where: 

TMAX 
8JA 
n 

= Maximum Ambient Temperature 
= Thermal Resistance of the Package 
= Number of Amplifiers in the Pack-

age 
PDMAX = Maximum Power Dissipation of 

Each Amplifier in the Package. 

PDMAX for each amplifier can be calculated as 
follows: 

PDMAX = (2 * Vs * ISMAX) + 
(VS - VOUTMAX) * (VOUTMAX/RL» [2] 

where: 

Vs 

ISMAX 

VOUTMAX 
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= Supply Voltage 
= Maximum Supply Current of 1 

Amplifier 
= Max. Output Voltage of the Ap

plication 
= Load Resistance 



Typical Application Circuits 

Low Power Multiplexer with Single-Ended TTL Input 

10k 10k 

lk 1 k 

RGA RrA 
VOUT • 

lk lk 

RGB RrB 

+5V 
ABSELECT 
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lN4001 
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rj Inverting 200 mA Output Current Distribution Amplifier 

lk 

Your 

ENABLE - .... -+-1 

lk 1 k 
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Typical Application Circuits - Contd. 

Differential Line-Driver/Receiver 

1k 120 
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VOUy + 
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VOUy- • Your 
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Typical Application Circuits - Contd. 

Fast-Settling Precision Amplifier 
lk 1 k 

1 k 

lk 

VIN --+--+--1 
>---.1 ...... - Your 
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EL2176C/EL2276C Macromodel 
• Revision A, March 1995 • Transimpedance Stage 
• ACcharacteristics used Rf=Rg= 1KO, RL= 1500 

• Connections: + input 

.subckt EL2176/el 

• Input Stage 

e1100301.0 
vis 10 9 OV 
h2 9 12 vxx 1.0 
r1211165 
11111225nH 
iinp 3 0 0.5uA 
iinm204uA 
rl2 3 04Meg 

• Slew Rate Limiting 

h1 13 0 vis 600 
r213141K 
dl14 0 dclamp 
d20 14 dciamp 

• High Frequency Pole 

I 
I 
I 
I 
I 
3 

e2 30 0 14 0 0.00166666666 
13 30 17 0.5uH 
c5 170 0.69pF 
r5170300 

-input 

I +Vsupply 

I I -Vsupply 

I I I output 

I I I I 
2 4 6 

g10 18 17 0 1.0 

rol180400K 

cdp 180 1.9pF 

• Output Stage 

q141819 qp 
q271820qn 
q37 1921 qn 
q44 20 22 qp 
r7 2164 
r8 22 6 4 
ios1 7 19 0.4mA 
ios2 20 4 O.4mA 

• Supply Current 

ips 7 41nA 

• Error Terms 

ivos0232mA 
vxx2300V 
e424030 1.0 
e5250701.0 
e626040 -1.0 

r9 24 23 0.316K 
r10 25 23 3.2K 
r11 26 23 3.2K 

• Models 

.model qn npn(is= 5e-15 bf= 200 tf= O.OlnS) 

.model qp pnp(is = 5e-15 bf= 200 tf= O.OlnS) 

.model dclamp d(is= 1e-30 ibv=O.266 
+ bv=1.3vn=4) 
.ends 
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Features 
• Single (EL2180C), dual 

(EL2280C) and quad (EL2480C) 
topologies 

• 3 rnA supply current (per 
amplifier) 

• 250 MHz - 3 dB bandwidth 
• Tiny SOT23-5 Package 

(EL2180C) 

• Low cost 
• Single- and dual-supply 

operation down to ± 1.5V 
• 0.05%/0.05° diff. gain/diff. phase 

into 1500 

• 1200 V / p.s slew rate 
• Large output drive current: 

100 rnA (EL2180C) 
55 rnA (EL2280C) 
55 rnA (EL2480C) 

• Also available with disable in 
single (EL2186C), dual 
(EL2286C), and triple (EL2386C) 

• Lower power EL2170C/EL2176C 
family also available (1 mAl 
70 MHz) in single, dual and quad 

Applications 
• Low power /battery applications 
• HDSL amplifiers 
• Video amplifiers 
• Cable drivers 
• RGB amplifiers 
• Test equipment amplifiers 
• Current to voltage converters 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2180CN -40"C to +8S'C 8-Pin PDlP MDPO031 

EL2180CS -4O"C to +85"C 8·Pin SOIC MDP0027 

EL2180CW -4O"C to + 8S'C S·Pin SOT23' MDPOO38 

EL2280CN -4O"Cto +8S'C 8-PinPDlP MDPOO31 

EL2280CS -4O"Cto +8S'C 8-Pin SOlC MDPO027 

EL2480CN -40"Cto +8S'C 14-PinPDlP MDPOO31 

EL2480CS -40"C to + 8S'C 14-Pin SOIC MDPOO27 

• See Ordering Information section of 
databook. 

General Description 
The EL2180C/EL2280C/EL2480C are single/dual/quad cur
rent-feedback operational amplifiers which achieve a - 3 dB 
bandwidth of 250 MHz at a gain of + 1 while consuming only 
3 rnA of supply current per amplifier. They will operate with 
dual supplies ranging from ± 1.5V to ± 6V, or from single sup
plies ranging from + 3V to + 12V. In spite of their low supply 
current, the EL2480C and the EL2280C can output 55 mA while 
swinging to ±4V on ±5V supplies. The EL2180C can output 
100 mA with similar output swings. These attributes make the 
EL2180C/EL2280C/EL2480C excellent choices for low power 
and/or low voltage cable-driver, HDSL, or RGB applications. 

For applications where board space is extremely critical, the 
EL2180C is available in the tiny 5-lead SOT23 package, which 
has a footprint 28% the size of an 8-lead SOIC. 

For Single, Dual, and Triple applications with disable, consider 
the EL2186C (8-Pin Single), EL2286C (14-Pin Dual) or 
EL2386C (16-Pin Triple). For lower power applications where 
speed is still a concern, consider the EL2170C/E12176C family 
which also comes in similar Single, Dual and Quad configura
tions. The EL2170C/EL2176C family provides a - 3 dB band
width of 70 MHz while consuming 1 rnA of supply current per 
amplifier. 

Connection Diagrams 
EL2180C so, P-DIP 

EL2180C SOT23-5 

2180-46 

EL2280C SO, P-DIP 

2180-1 

EL2480C SO, P-DIP 

2160-2 
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Absolute Maximum. Ratings (TA = 2S·C) 

VoltagebetweenVs+ andVs
Common-Mode Input Voltage 
Differential Input Voltage 
Current into +INor·-IN 
Internal Power Dissipation 
Operating Ambient Temperature Range 

+ 12.6V 

VS- toVS+ 
±6V 

±7.SmA 
See Curves 

-40·Cto +8S·C 

Operating Junction Temperature 
Plastic Packages 

Output Current (EL2180C) 
Output Current (EL2280C) 
Output Current (EL2480C) 
Storage Temperature Range 

1S0·C 

± 120 mA 
±60mA 
±60mA 

-6S·Cto +1SO"C 

DC Electrical Characteristics Vs = ±SV,RL = 1S00, TA = 2S·C unless otherwise specified 

Conditions 

Measured from TMIN to TMAX 

CMRR Common Mode Rejection VCM = ±3.SV 
Ratio 

-ICMR - Input Current Common VCM = ±3.SV 
Mode Rejection 

PSRR Power Supply Rejection Vs is moved from ±4Vto ±6V 
Ratio 

-IPSR - Input Current Power VSismovedfrom ±4Vto ±6V 
Supply Rejection 
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~ DC Electrical Characteristics - Contd. 

Vs = ±5V, RL = 1500, TA = 25°C unless otherwise specified 

Parameter Description 

Vo Output Voltage Swing 

10 Output Current 

AC Electrical Characteristics 
Vs = ±5V, RF = RG = 7500 for PDIP and SOIC packages, RF = Ra = 5600 for SOT23-5 package, RL = 1500, TA = 25°C 
unless otherwise specified 

Note 1: DC offset from OV to 0.714V, AC amplitude 286 mVp_p, f = 3.58 MHz. 
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~ Test Circuit (per Amplifier) 
~ 

s3 
......... 
{.;) o VIN 
ex> 
t""4 
~ 
~ 
r;.;l 

750n 75M 

Simplified Schematic (per Amplifer) 

>-.... - ..... _VOUT 

"-
150n 

v+o----.--.--~---._-_.--._-~-~ 

IN+ 

2180-3 

OUT 

'---1---1---+---+-0 IN-

V-o-----4---.. --.. ------~--~--_+--_+--~ 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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~ Applications Information Power Supply Bypassing and Printed 
~ Circuit Board Layout 
~ Product Description As with any high-frequency device, good printed 
, The EL2180C/EL2280C/EL2480C are current- circuit board layout is necessary for optimum 
.~ feedback operational amplifiers that offer a wide performance. Ground plane construction is high-
~ - 3 dB bandwidth of 250 MHz and a low supply ly recommended. Lead lengths should be as short 
~ current of 3 mA per amplifier. All of these prod- as possible. The power supply pins must be well 
~ ucts also feature high output current drive. The bypassed to reduce the risk of oscillation. The 

EL2180C c~ output 100 mA, while the EL2280C combination of a 4.7 p.F tantalum capacitor in 
and the EL2480C can output 55 mA per amplifi- parallel with a 0.1 p.F capacitor has been shown 
er. The EL2180C/EL2280C/EL2480C work with to work well when placed at each supply pin. 
supply voltages ranging from a single 3V to 
± 6V, and they are also capable of swinging to 
within 1 V of either supply on the input and the 
output. Because of their current-feedback topolo
gy, the EL2180C/EL2280C/EL248OC do not 
have the normal gain-bandwidth product associ
ated with voltage-feedback operational amplifi
ers. This allows their -,. 3 dB bandwidth to re
main relatively constant as closed-loop gain is in
creased. This combination of high bandwidth and 
low power, together with aggressive pricing make 
the EL2180C/EL2280C/EL2480C the ideal 
choice for many low-power/high-bandwidth ap
plications such as portable computing, HDSL, 
and video processing. 

For applications where board space is extremely 
critical, the EL2180C is available in the tiny 
5-lead SOT23 package, which has a footprint 
28% the size of an 8-lead SOIC. The EL2180CI 
EL2280C/EL2480C are each also available in in
dustry standard pinouts in PDIP and SOIC pack
ages. 

For Single, Dual and Triple applications with 
disable, consider the EL2186C (8-Pin Single), 
EL2286C (14-Pin Dual) and EL2386C (16-Pin 
Triple). If lower power is required, refer to the 
EL2170C/EL2176C family which provides Sin
gles, Duals, and Quads with 70 MHz of band
width while consuming 1 mA of supply current 
per amplifier. 

For good AC performance, parasitic capacitance 
should be kept to a minimum especially at the 
inverting input (see the Capacitance at the In
verting Input section). Ground plane construc
tion should be used, but it should be removed 
from the area near the inverting input to mini
mize any stray capacitance at that node. Carbon 
or Metal-Film resistors are acceptable with the 
Metal-Film resistors giving slightly less peaking 
and bandwidth because of their additional series 
inductance. Use of sockets, particularly for the 
SO package, should be avoided if possible. Sock
ets add parasitic inductance and capacitance 
which will result in some additional peaking and 
overshoot. 

Capacitance at the Inverting Input 
Any manufacturer's high-speed voltage- or cur
rent-feedback amplifier can be affected by stray 
capacitance at the inverting input. For inverting 
gains this parasitic capacitance has little effect 
because the inverting input is a virtual ground, 
but for non-inverting gains this capacitance (in 
conjunction with the feedback and gain resistors) 
creates a pole in the feedback path of the amplifi
er. This pole, if low enough in frequency, has the 
same destabilizing effect as a zero in the forward 
open-loop response. The use of large value feed
back and gain resistors further exacerbates the 
problem by further lowering the pole frequency. 
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Applications Information - Contd. 
The experienced user with a large amount of PC 
board layout experience may find in rare cases 
that the EL2180C/EL2280C/EL2480C have less 
bandwidth than expected. 

The reduction of feedback resistor values (or the 
addition of a very small amount of external ca
pacitance at the inverting input, e.g. 0.5 pF) will 
increase bandwidth as desired. Please see the 
curves for Frequency Response for Various RF 
and RG, and Frequency Response for Various 
CIN-' 

Feedback Resistor Values 
The EL2180C/EL2280C/EL2480C have been de
signed and specified at gains of + 1 and + 2 with 
RF = 7500. in PDIP and SOIC packages and RF 
= 5600. in SOT23-5 package. These values of 
feedback resistors give 250 MHz of - 3 dB band
width at Av = + 1 with about 2.5 dB of peaking, 
and 180 MHz of - 3 dB bandwidth at Av = + 2 
with about 0.1 dB of peaking. The SOT23-5 pack
age is characterized with a smaller value of feed
back resistor, for a given bandwidth, to compen
sate for lower parasitics within both the package 
itself and the printed circuit board where it will 
be placed. Since the EL2180C/EL2280CI 
EL2480C are current-feedback amplifiers, it is 
also possible to change the value of RF to get 
more bandwidth. As seen in the curve of Fre
quency Response For Various RF and RG, band
width and peaking can be easily modified by 
varying the value of the feedback resistor. 

Because the EL2180C/EL2280C/EL2480C are 
current-feedback amplifiers, their gain-band
width product is not a constant for different 
closed-loop gains. This feature actually allows 
the EL2180C/EL2280C/EL2480C to maintain 
about the same - 3 dB bandwidth, regardless of 
closed-loop gain. However, as closed-loop gain is 
increased, bandwidth decreases slightly while sta
bility increases. Since the loop stability is im
proving with higher closed-loop gains, it becomes 
possible to reduce the value of RF below the spec
ified 5600. and 7500. and still retain stability, re
sulting in only a slight loss of bandwidth with 
increased closed-loop gain. 
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Supply Voltage Range and Single
Supply Operation 
The EL2180C/EL2280C/EL2480C have been de
signed to operate with supply voltages having a 
span of greater than 3V, and less than 12V. In 
practical terms, this means that the EL2180CI 
EL2280C/EL2480C will operate on dual supplies 
ranging from ± 1.5V to ± 6V. With a single-sup
ply, the EL2180C/EL2280C/EL2480C will oper
ate from + 3V to + 12V. 

As supply voltages continue to decrease, it be
comes necessary to provide input and output 
voltage ranges that can get as close as possible to 
the supply voltages. The EL2180C/EL2280CI 
EL2480C have an input voltage range that ex
tends to within IV of either supply. So, for exam
ple, on a single + 5V supply, the EL2180CI 
EL2280C/EL2480C have an input range which 
spans from IV to 4V. The output range of the 
EL2180C/EL2280C/EL2480C is also quite large, 
extending to within IV of the supply rail. On a 
± 5V supply, the output is therefore capable of 
swinging from -4V to +4V. Single-supply out
put range is even larger because of the increased 
negative swing due to the external pull-down re
sistor to ground. On a single + 5V supply, output 
voltage range is about 0.3V to 4V. 

Video Performance 
For good video performance, an amplifier is re
quired to maintain the same output impedance 
and the same frequency response as DC levels are 
changed at the output. This is especially difficult 
when driving a standard video load of 1500., be
cause of the change in output current with DC 
level. Until the EL2180C/EL2280C/EL2480C, 
good Differential Gain could only be achieved by 
running high idle currents through the output 
transistors (to reduce variations in output imped
ance). These currents were typically comparable 
to the entire 3 rnA supply current of each 
EL2180C/EL2280C/EL2480C amplifier! Special 
circuitry has been incorporated in the EL2180CI 
EL2280C/EL2480C to reduce the variation of 
output impedance with current output. This re
sults in dG and dP specifications of 0.05% and 
0.05° while driving 1500. at a gain of + 2. 
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Applications Information - Contd. 
Video Performance has also been measured with 
a soon load at a gain of + 1. Under these condi
tions, the EL2180C/EL2280C/EL2480C have dG 
and dP specifications of 0.01 % and 0.01° respec
tively while driving soon at Av = + 1. 

Output Drive Capability 
In spite of its low 3 mA of supply current, the 
EL2180C is capable of providing a minimum of 
± 80 mA of output current. Similarly, each am
plifier of the EL2280C and the EL2480C is capa
ble of providing a minimum of ± 50 mAo These 
output drive levels are unprecedented in amplifi
ers running at these supply currents. With a min
imum ± 80 mA of output drive, the EL2180C is 
capable of driving son loads to ± 4V, making it 
an excellent choice for driving isolation trans
formers in telecommunications applications. 
Similarly, the ± 50 mA minimum output drive of 
each EL2280C and EL2480C amplifier allows 
swings of ± 2.SV into son loads. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will decouple the EL2180C/ 
EL2280C/EL2480C from the cable and allow ex
tensive capacitive drive. However, other applica
tions may have high capacitive loads without a 
back-termination resistor. In these applications, a 
small series resistor (usually between sn and 
SOn) can be placed in series with the output to 
eliminate most peaking. The gain resistor (RG) 
can then be chosen to make up for any gain loss 
which may be created by this additional resistor 
at the output. In many cases it is also possible to 
simply increase the value of the feedback resistor 
(RF) to reduce the peaking. 

Current Limiting 
The EL2180C/EL2280C/EL2480C have no inter
nal current-limiting circuitry. If any output is 
shorted, it is possible to exceed the Absolute 
Maximum Ratings for output current or power 
dissipation, potentially resulting in the destruc
tion of the device. 

Power Dissipation 
With the high output drive capability of the 
EL2180C/EL2280C/EL2480C, it is possible to 
exceed the 150°C Absolute Maximum junction 
temperature under certain very high load current 
conditions. Generally speaking, when RL falls be
low about 2Sn, it is important to calculate the 
maximum junction temperature (TJmax) for the 
application to determine if power-supply volt
ages, load conditions, or package type need to be 
modified for the EL2180C/EL2280C/EL2480C to 
remain in the safe operating area. These parame
ters are calculated as follows: 

TJMAX = TMAX + (OJA * n * PDMAX) [1] 

where: 

TMAX 

OJA 
n 

= Maximum Ambient Temperature 
= Thermal Resistance of the Package 
= Number of Amplifiers in the Pack-

age 
Maximum Power Dissipation of 
Each Amplifier in the Package. 

PDMAX for each amplifier can be calculated as 
follows: 

PDMAX = (2 * Vs * ISMAX) + 
(VS - VOUTMAX) * (VOUTMAX/RL» [2] 

where: 
Vs = Supply Voltage 

ISMAX = Maximum Supply Current of 1 
Amplifier 

VOUTMAX = Max. Output Voltage of the 
Application 

RL = Load Resistance 
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Typical Application Circuits 

Inverting 200 mA Output Current Distribution Amplifier 

0.1 )IF 

>--+--;~ 
750 

VOUT 

• 
750 750 

V,N-.l\lli ............ ...1\1<.,.,..-------....J 
2180-42 

Fast-Settling Precision Amplifier 
750 750 

0.1 )IF 

750 ~ 

750 

V1N 

OUT VOUT 

0.1 )IF 

~ 
2180-43 
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Typical Application Circuits - Contd. 

Differential Line-Driver/Receiver 

750 120 L-....Jw..-______ ~,....., V
OUT

+ 

750 750 
vlN ..... """,.... .... -'V'VIr-------..J 

TRANSMITTER 
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EL2180C/EL2280C/EL2480C Macromodel 
• EL2180 Macromodel 
• Revision A, March 1995 
• AC characteristics used: Rf = Rg = 750 ohms 

• Connections: + input 

-input 

I +Vsupply 
I 
I 
I 
I 
I 

I I -Vsupply 

.subckt EL2180/el 

• Input Stage 

e110 0 3 01.0 
vis 10 9 OV 

h2 9 12 vxx 1.0 
r1211400 
11111225nH 
Hnp 3 0 1.5uA 

iinm203uA 
r12 3 02Meg 

• Slew Rate Limiting 

hl13 0 vis 600 
r2 13 141K 
dl140dclamp 

d20 14 dclamp 

• High Frequency Pole 

3 

e2 30 0 14 0 0.00166666666 
13 30 17 150nH 

c517 00.8pF 

r5 170165 

I I I output 

I I I I 
2 4 6 

• Transimpedance Stage 

gl 0 18 17 0 1.0 

rol18 o 450K 

cdp 18 0 0.675pF 

• Output Stage 

q141819 qp 

q27 1820 qn 
q37 1921 qn 
q44 20 22 qp 

r7 216 4 

r8 2264 
ios17191mA 

ios22041mA 

• Supply Current 

ips 74 0.2mA 

III Error Terms 

ivos 0 23 0.2mA 

vxx2300V 
e4240301.0 

e5 25 0 7 0 1.0 
e6 26 0 4 0 -1.0 

r9 24 23 316 
rlO 25 23 3.2K 
r11 26 23 3.2K 

• Models 

.model qn npn(is=5e-15 bf=200 tf=O.OlnS) 

.model qp pnp(is= 5e-15 bf= 200 tf= O.OlnS) 

.model dclamp d(is = 1e-30 ibv = 0.266 
+ bv=0.71vn=4) 

.ends 
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Features 
• Single (EL2186C) and dual 

(EL2286C) topologies 

• 3 mA supply current (per 
amplifier) 

• 250 MHz - 3 dB bandwidth 

• Low cost 
• Fast disable 
• Powers down to 0 mA 
• Single- and dual-supply 

operation down to ± 1.5V 
• 0.05%/0.05° diff. gain/diff. phase 

into 150n 

• 1200V / p.s slew rate 
• Large output drive current: 

100 mA (EL2186C) 
55 mA (EL2286C) 

• Also available without disable in 
single (EL2180C), dual 
(EL2280C) and quad (EL2480C) 

• LowerpowerEL2170C/EL2176C 
family also available (1 mAl 
70 MHz) in single, dual and quad 

Applications 
• Low power/battery applications 
• HDSL amplifiers 
• Video amplifiers 
• Cable drivers 
• RGB amplifiers 
• Test equipment amplifiers 
• Current to voltage converters 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2186CN -40"Cto +8S"C 8-PinPDIP MDPO031 

EL2186CS -40"Cto +8S"C 8-PinSOIC MDPO027 

EL2286CN -40"Cto +8S"C 14-PinPDIP MDPO031 

EL2286CS -4O"Cto +8S"C 14-PinSOIC MDPO027 

General Description 
The EL2186C/EL2286C are single/dual current-feedback oper
ational amplifiers which achieve a - 3 dB bandwidth of 
250 MHz at a gain of + 1 while consuming only 3 mA of supply 
current per amplifier. They will operate with dual supplies 
ranging from ± 1.5V to ± 6V, or from single supplies ranging 
from + 3V to + 12V. The EL2186C/EL2286C also include a dis
able/power-down feature which reduces current consumption to 
o mA while placing the amplifier output in a high impedance 
state. In spite of its low supply current, the EL2286C can out
put 55 mA while swinging to ± 4V on ± 5V supplies. The 
EL2186C can output 100 mA with similar output swings. These 
attributes make the EL2186C/EL2286C excellent choices for 
low power and/or low voltage cable-driver, HDSL, or RGB ap
plications. 

For Single, Dual and Quad applications without disable, consid
er the EL2180C (8-Pin Single), EL2280C (8-Pin Dual) or 
EL2480C (14-Pin Quad). For lower power applications where 
speed is still a concern, consider the EL2170C/E12176C family 
which also comes in similar Single, Dual and Quad configura
tions. The EL2170C/EL2176C family provides a -3 dB band
width of 70 MHz while consuming 1 mA of supply current per 
amplifier. 

Connection Diagrams 

EL2186C SO, P-DIP EL2286C SO, P-DIP 

INA+ 1 IN A-

QUIA 

ENABLE A L.;3u--_.J 

2186-1 
ENABLE B 5 t----, 

IN B+ 7 

2186-2 

Manufactured under U.S. Patent No. 5,418,495 

~ 
t.-:l 
00 = C":l 

• 

f 
..... 
CO 
CO = 
~ 

~ 
~--------------------------------------------------------------------~ C":l 
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Absolute Maxbnum Ratings (TA = 25°C) 

Voltage between Vs+ and Vs- + 12.6V Operating Junction Temperature 
Common-Mode Input Voltage Vs- toVS+ Plastic Packages 150°C 
Differential Input Voltage ±6V Output Current (EL2186C) ±120mA 
Current into + IN or - IN ±7.5mA Output Current (EL2286C) ±60mA 
Internal Power Dissipation See Curves Storage Temperature Range -65°C to + 1500C 
Operating Ambient 

Temperature Range -400C to + 85°C 

DC Electrical Characteristics 
Vs = ±5V, RL = 1500, ENABLE = OV, TA = 25°C unless otherwise specified 
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DC Electrical Characteristics - Contd. 
Vs = ±SV, RL = lS00., ENABLE = OV, TA = 2SoC unless otherwise specified 

Description Conditions 

Vo 

10 

AC Electrical Characteristics 
Vs = ±sv, RF = RG = 7S00., RL = lS00., ENABLE = OV, TA = 2SoC unless otherwise specified 

Note 1: DC offset from OV to 0.714V, AC amplitude 286 mVp_p, f = 3.S8 MHz. 
Note 2: Measured from the application of the logic signal until the output voltage ill at the SO% point between initial and final 

values. 
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ENABLE --t--I 

7S0n 7S0n 

RG RF 

Simplified Schematic (per Amplifer) 

>---4I---..... -VOUT 

RL 
1S0n 

2186-3 

V+o----------._----.----~--~--._-..... -_, 

IN+ 0----+---+ OUT 

~~~--+-~--~~IN-

v-o-----------------~------~~----~----~--~--~~~ 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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-3 dB Bandwidth and Peaking 
VB Supply Voltage for 
Various Non-Inverting Gains 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 

Differential Gain and 
Phase vs DC Input 
Voltage at 3.58 MHz 
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Typical Performance Curves - Contd. 
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~ Applications Information verting Input section). Ground plane construc

tion should be used, but it should be removed 
from the area near the inverting input to mini
mize any stray capacitance at that node. Carbon 
or Metal-Film resistors are acceptable with the 
Metal-Film resistors giving slightly less peaking 
and bandwidth because of their additional series 
inductance. Use of sockets, particularly for the 
SO package should be avoided if possible. Sock
ets add parasitic inductance and capacitance 
which will result in some additional peaking and 
overshoot. 

~ 

rj Product Description 
The EL2186C/EL2286C are current-feedback op
erational amplifiers that offer a wide - 3 dB 
bandwidth of 250 MHz, a low supply current of 
3 mA per amplifier and the ability to disable to 
o mAo Both products also feature high output 
current drive. The EL2186C can output 100 mA 
while the EL2286C can output 55 mA per ampli~ 
fier. The EL2186C/EL2286C work with supply 
voltages ranging from a single 3V to ± 6V, and 
they are also capable of swinging to within IV of 
either supply on the input and the output. Be
cause of their current-feedback topology, the 
EL2186C/EL2286C do not have the normal gain
bandwidth product associated with voltage-feed
back operational amplifiers. This allows their 
- 3 dB bandwidth to remain relatively constant 
as closed-loop gain is increased. This combina
tion of high bandwidth and low power, together 
with aggressive pricing make the EL2186C/ 
E.L2286C the ideal choice for many low-power/ 
hIgh-bandwidth applications such as portable 
computing, HDSL, and video processing. 

For Single, Dual and Quad applications without 
disable, consider the EL2180C (8-Pin Single), 
EL2280C (8-Pin Dual) and EL2480C (14-Pin 
Quad). If lower power is required, refer to the 
EL2170C/EL2176C family which provides Sin
gles, Duals, and Quads with 70 MHz of band
width while consuming 1 mA of supply current 
per amplifier. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high-frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible. The power supply pins must be well 
bypassed to reduce the risk of oscillation. The 
combination of a 4.7 p,F tantalum capacitor in 
parallel with a 0.1 p,F capacitor has been shown 
to work well when placed at each supply pin. 

For good AC performance, parasitic capacitance 
should be kept to a minimum especially at the 
inverting input (see the Capacitance at the In-

Disable/Power-Down 
The EL2186C/EL2286C amplifiers can be dis
abled, placing their output in a high-impedance 
state. When disabled, each amplifier's supply cur
rent is reduced to 0 mAo Each EL2186C/ 
EL2286C amplifier is disabled when its 
ENABLE pin is floating or pulled up to within 
O.~V of the positive supply. Similarly, each am
phfier is enabled by pulling its ENABLE pin at 
least 3V below the positive supply. For ± 5V sup
plies, this means that an EL2186C/EL2286C am
plifier will be enabled when ENABLE is at 2V or 
less, and disabled when ENABLE is above 4.5V. 
Although the logic levels are not standard TTL 
this choice of logic voltages allows the EL2186Ci 
EL2286C to be enabled by tying ENABLE to 
ground, even in + 3V single-supply applications. 
The ENABLE pin can be driven from CMOS 
outputs or open-collector TTL. 

When enabled, supply current does vary some
what with the voltage applied at ENABLE. For 
example, with the supply voltages of the 
EL2186C at ± 5V, if ENABLE is tied to - 5V 
(rather than ground) the supply current will in
crease about 15% to 3.45 mAo 

Capacitance at the Inverting Input 
Any manufacturer's high-speed voltage- or cur
rent-f~edback amplifier can be affected by stray 
capacItance at the inverting input. For inverting 
gains this parasitic capacitance has little effect 
because the inverting input is a virtual ground, 
but for non-inverting gains this capacitance (in 
conjunction with the feedback and gain resistors) 
creates a pole in the feedback path of the amplifi
er. This pole, if low enough in frequency, has the 
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Applications Information - Contd. 
same destabilizing effect as a zero in the forward 
open-loop response. The use of large value feed
back and gain resistors further exacerbates the 
problem by further lowering the pole frequency. 

The EL2186C/EL2286C have been specially de
signed to reduce power dissipation in the feed
back network by using large 7S00. feedback and 
gain resistors. With the high bandwidths of these 
amplifiers, these large resistor values would nor
mally cause stability problems when combined 
with parasitic capacitance, but by internally can
celing the effects of a nominal amount of parasit
ic capacitance, the EL2186C/EL2286C remain 
very stable. For less experienced users, this fea
ture makes the EL2186C/EL2286C much more 
forgiving, and therefore easier to use than other 
products not incorporating this proprietary cir
cuitry. 

The experienced user with a large amount of PC 
board layout experience may find in rare cases 
that the EL2186C/EL2286C have less bandwidth 
than expected. In this case, the inverting input 
may have less parasitic capacitance than expected 
by the internal compensation circuitry of the 
EL2186C/EL2286C. The reduction of feedback 
resistor values (or the addition of a very small 
amount of external capacitance at the inverting 
input, e.g. O.S pF) will increase bandwidth as de
sired. Please see the curves for Frequency Re
sponse for Various RF and RQ, and Frequency 
Response for Various CIN-. 

Feedback Resistor Values 
The EL2186C/EL2286C have been designed and 
specified at gains of + 1 and + 2 with RF = 

7S00.. This value of feedback resistor gives 
2S0 MHz of -3 dB bandwidth at Av = + 1 with 
about 2.S dB of peaking, and 180 MHz of - 3 dB 
bandwidth at Av = + 2 with about 0.1 dB of 
peaking. Since the EL2186C/EL2286C are cur
rent-feedback amplifiers, it is also possible to 
change the value of RF to get more bandwidth. 
As seen in the curve of Frequency Response For 
Various RF and RQ, bandwidth and peaking can 
be easily modified by varying the value of the 
feedback resistor. 

Because the EL2186C/EL2286C are current-feed
back amplifiers, their gain-bandwidth product is 
not a constant for different closed-loop gains. 
This feature actually allows the EL2186C/ 
EL2286C to maintain about the same - 3 dB 
bandwidth, regardless of closed-loop gain. How
ever, as closed-loop gain is increased, bandwidth 
decreases slightly while stability increases. 

Since the loop stability is improving with higher 
closed-loop gains, it becomes possible to reduce 
the value of RF below the specified 7S00. and still 
retain stability, resulting in only a slight loss of 
bandwidth with increased closed-loop gain. 

Supply Voltage Range and Single
Supply Operation 
The EL2186C/EL2286C have been designed to til 
operate with supply voltages having a span of 
greater than 3V, and less than 12V. In practical 
terms, this means that the EL2186C/EL2286C 
will operate on dual supplies ranging from ± l.SV 
to ±6V. With a single-supply, the EL2176C will 
operate from + 3V to + 12V. 

As supply voltages continue to decrease, it be
comes necessary to provide input and output 
voltage ranges that can get as close as possible to 
the supply voltages. The EL2186C/EL2286C 
have an input voltage range that extends to with
in 1V of either supply. So, for example, on a sin
gle + SV supply, the EL2186C/EL2286C have an 
input range which spans from 1V to 4V. The out
put range of the EL2186C/EL2286C is also quite 
large, extending to within 1 V of the supply rail. 
On a ± SV supply, the output is therefore capable 
of swinging from -4V to +4V. Single-supply 
output range is even larger because of the in
creased negative swing due to the external pull
down resistor to ground. On a single + SV sup
ply, output voltage range is about 0.3V to 4V. 

Video Performance 
For good video performance, an amplifier is re
quired to maintain the same output impedance 
and the same frequency response as DC levels are 
changed at the output. This is especially difficult 
when driving a standard video load of 1S00., be
cause of the change in output current with DC 
level. Until the EL2186C/EL2286C, good Differ-
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~ Applications Information - Contd. 
:3 ential Gain could only be achieved by running 
~ high idle currents through the output transistors 

(to reduce variations in output impedance). 
These currents were typically comparable to the 
entire 3 mA supply current of each EL2186CI 
EL2286C amplifier! Special circuitry has been in
corporated in the EL2186C/EL2286C to reduce 
the variation of output impedance with current 
output. This results in dG and dP specifications 
of 0.05% and 0.05" while driving lS0n at a gain 
of +2. 

Video Performance has also been measured with 
a soon load at a gain of + 1. Under these condi
tions, the EL2186C/EL2286C have dG and dP 
specifications of 0.01% and 0.01" respectively 
while driving soon at Av = + 1. 

Output Drive Capability 
In spite of its low 3 rnA of supply current, the 
EL2186C is capable of providing a minimum of 
± 80 mA of output current. Similarly, each am
plifier of the EL2286C is capable of providing a 
minimum of ± 50 rnA. These output drive levels 
are unprecedented in amplifiers running at these 
supply currents. With a minimum ± 80 rnA of 
output drive, the EL2186C is capable of driving 
son loads to ± 4V, making it an excellent choice 
for driving isolation transformers in telecommu
nications applications. Similarly, the ± 50 rnA 
minimum output drive of each EL2286C amplifi
er allows swings of ± 2.SV into son loads. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will decouple the EL2186CI 
EL2286C from the cable and allow extensive ca
pacitive drive. However, other applications may 
have high capacitive loads without a back-termi
nation resistor. In these applications, a small 
series resistor (usually between sn and SOn) can 
be placed in series with the output to eliminate 
most peaking. The gain resistor (RG) can then be 
chosen to make up for any gain loss which may 
be created by this additional resistor at the out
put. In many cases it is also possible to simply 
increase the value of the feedback resistor (RF) to 
reduce the peaking. 

Current Limiting 
The EL2186C/EL2286C have no internal cur
rent-limiting circuitry. If any output is shorted, 
it is possible to exceed the Absolute Maximum 
Ratings for output current or power dissipation, 
potentially resulting in the destruction of the de
vice. 

Power Dissipation 
With the high output drive capability of the 
EL2186C/EL2286C, it is possible to exceed the 
lS0"C Absolute Maximum junction temperature 
under certain very high load current conditions. 
Generally speaking, when RL falls below about 
2Sn, it is important to calculate the maximum 
junction temperature (TJmax) for the application 
to determine if power-supply voltages, load con
ditions, or package type need to be modified for 
the EL2186C/EL2286C to remain in the safe op
erating area. These parameters are calculated as 
follows: 

TJMAX = TMAX + (8JA * n * PDMAX) [1] 

where: 

TMAX 

8JA 
n 

= Maximum Ambient Temperature 
= Thermal Resistance of the Package 
= Number of Amplifiers in the Pack-

age 
PDMAX = Maximum Power Dissipation of 

Each Amplifier in the Package. 

PDMAX for each amplifier can be calculated as 
follows: 

PDMAX = (2 * Vs * ISMAX) + 
(V S - VOUTMAX) * (VOUTMAX/RL> [2] 

where: 

Vs 
ISMAX 

VOUTMAX 
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Typical Application Circuits 

Low Power Multiplexer with Single-Ended TTL Input 

+5Y)---.---------~------~ 

YIN A ----t---------+---------+-------------1 

10k 10k 

750 750 

RGA RFA 

• YIN B ----t---------+---------+-------------1 

750 750 

RGB RFB 

+5Y 
ABSELECT 

10k 

1 N4001 

1 k 

2186-42 
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Typical Application Circuits - Contd. 

Inverting 200 rnA Output Current Distribution Amplifier 

750 

Your 

ENABLE - .... -+-1 

750 750 
VIN-J\I'.fv-.... ~W\r---------..... 

2186-43 
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Typical Application Circuits - Contd. 

Differential Line-Driver/Receiver 

750 120 
0.1 JJ.F 

VOUy + 
750 750 

-= 

VOUy -

Your • ENABLE 

-= 
750 750 

V,. 750 750 

TRANSMITTER 
RECEIVER 
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Fast-Settling Precision Amplifer 
750 750 

75 

75 

>---..... -VOUT 

2186-45 
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EL2186C/EL2286C Macromodel 
• EL2186 Macromodel • Transimpedance Stage 

• Revision A, March 1995 
• AC characteristics used: Rf = Rg = 750 ohms gl 0 18 17 0 1.0 
* Connections: + input 

.subckt EL2186/el 

• Input Stage 

e110 0301.0 

vis 109 OV 
h2 9 12 vxx 1.0 
rl211400 
11111225nH 
iinp 3 0 1.5uA 

iinm2 0 3uA 
rl2 3 0 2Meg 

• Slew Rate Limiting 

hl13 0 vis 600 
r213141K 

dl14 0 dclamp 
d20 14 dclamp 

• High Frequency Pole 

I 
I 
I 
I 
I 
3 

e2 30 0 1400.00166666666 
13 30 17 150nH 
c517 00.8pF 

r517 0 165 

-input 

I +Vsupply 

I I -Vsupply 

I I I output 

I I I I 
2 4 6 

rol18 o 450K 

cdp 18 00.675pF 

• Output Stage 

q1418 19 qp 

q27 1820 qn 

q37 1921 qn 
q44 20 22 qp 

r7 2164 
r8 22 6 4 
ios17191mA 

i0822041mA 

• Supply Current 

ips 740.2mA 

• Error Terms 

ivos 0 23 0.2mA 
vxx2300V 

e4240301.0 
e5 25 0 7 0 1.0 
e6 26 0 4 0 -1.0 

r9 24 23 316 

rlO 25 23 3.2K 
r11 26 23 3.2K 

• Models 

.model qn npn(is= 5e-15 bf= 200 tf= O.OlnS) 

.model qp pnp(is = 5e-15 bf= 200 tf= O.OlnS) 

.model dclamp d(is = 1e-30 ibv = 0.266 
+ bv=0.71vn=4) 

.ends 
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Features 
• Triple amplifier topology 
• 3 rnA supply current (per 

amplifier) 

• 250 MHz - 3 dB bandwidth 

• Low cost 
• Fast disable 
• Powers down to 0 mA 
• Single- and dual-supply 

operation down to ± 1.5V 
• 0.05%/0.05° Diff. gain/Diff. 

phase into 150'{} 

• 1200V / p,s slew rate 
• Large output drive current: 

55 rnA 
• Available in single (EL2186C) 

and dual (EL2286C) form 

• Non-power down versions 
available in single, dual, and quad 
(EL2180C, EL2280C, EL2480C) 

• Lower power EL2170C/EL2176C 
family also available 
(1 rnA/70 MHz) in single, dual 
and quad. 

Applications 
• Low power/battery applications 
• HDSL amplifiers 
• Video amplifiers 
• Cable drivers 
• RGB amplifiers 
• Test equipment amplifiers 
• Current to voltage converters 
• Multiplexing 
• Video broadcast equipment 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL2386CN -40"C to +SS"C 16-Pin PDIP MDPOO31 

EL2386CS -wc to + 8S"C 16-Pin SOIC MDPOO27 

General Description 
The EL2386C is a triple current-feedback operational amplifier 
which achieves a - 3 dB bandwidth of 250 MHz at a gain of + 1 
while consuming only 3 mA of supply current per amplifier. It 
will operate with dual supplies ranging from ± 1.5V to ± 6V, or 
from single supplies ranging from + 3V to + 12V. The EL2386C 
also includes a disable/power-down feature which reduces cur
rent consumption to 0 mA while placing the amplifier output in 
a high impedance state. In spite of its low supply current, the 
EL2386C can output 55 rnA while swinging to ± 4V on ± 5V 
supplies. These attributes make the EL2386C an excellent 
choice for low power and/or low voltage cable-driver, HDSL, or 
RGB applications. 

For Single and Dual applications, consider the EL2186C/ 
EL2286C. For Single, Dual and Quad applications without dis
able, consider the EL2180C, EL2280C, or EL2480C, all in indus
try standard pin outs. The EL2180C also is available in the tiny 
SOT-23 package, which is 28% the size of an S08 package. For 
lower power applications where speed is still a concern, consider 
the EL2170C/EL2176C family which also comes in similar Sin
gle, Dual and Quad configurations. The EL2170C/EL2176C 
family provides a - 3 dB bandwidth of 70 MHz while consum
ing 1 mA of supply current per amplifier. 

Connection Diagram 
EL2386C so, P-DIP 

INA+ 1 INA· 

ENABLEA 2 OUT A 

Vs+ 

ENABLE B 1<411---.., OUTB 

INB· 

ENABLEC 7 OUTC 

,,06-, 
Top View 

Manufactured under U.S. Patent No. 5,418,495. 

§ 
(I) 

1-1 
co 
co 
~ 

::c 
(I) 

< 
~--------------------------------------------------------~> 
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Absolute Maximum Ratings (TA = 2S·C) 

Voltage between Vs+ and Vs
Common-Mode Input Voltage 
Differential Input Voltage 
Current into + IN or - IN 
Internal Power Dissipation 

+ 12.6V 
VS- toVs+ 

±6V 
±7.SmA 

See Curves 

DC Electrical Characteristics 

Operating Ambient Temperature Range 
Operating Junction Temperature. 
Output Current 
Storage Temperature Range 

Vs = ±SV,RL= lS0n,ENABLE = OV,TA= 2S·C unless otherwise specified 

2-466 

- 40"C to + 8S·C 
lSO"C 

±60mA 
- 6S·C to + lS0·C 



DC Electrical Characteristics 
Vs = ±5V, RL= 1500, ENABLE = OV, TA= 25°C unless otherwise specified -Contd. 

Description 

AC Electrical Characteristics 
Vs = ±5V,RF = = 7500, RL= 1500, ENABLE = OV, TA = 25°C unless otherwise specified. 

Parameter Description Conditions 

BW - 3 dB Bandwidth 

Note 1: DC offset from OV to 0.714V, AC amplitude 286 mVp-p, f = 3.58 MHz. 
Note 2: Measured from the application of the logic signal until the output voltage is at the 50% point between initial and final 

values. 

2-467 



Q 
cc co 
~ 
eN 
~ 

~ .......................................... . 
Test Circuit (per Amplifier) 

ENABLE --+--1 

7S0n 7S0n 

RG RF 

Simplified Schematic (per Amplifier) 

"">--.... --...... - Your 

RL 
1S0n 

Y+o-----------------.--------.-------.----.----.---1~_, 

IN+ o-------t----. 

Y-o-------------~------4-----4---~---4-~~~ 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Applications Information 

Product Description 
The EL2386C is a current-feedback operational 
amplifier that offers a wide - 3 dB bandwidth of 
250 MHz, a low supply current of 3 mA per am
plifier and the ability to power down to 0 mAo It 
also features high output current drive. The 
EL2386C can output 55 mA per amplifier. The 
EL2386C works with supply voltages ranging 
from a single 3V to ± 6V, and it is also capable of 
swinging to within 1 V of either supply on the 
input and the output. Because of its current-feed
back topology, the EL2386C does not have the 
normal gain-bandwidth product associated with 
voltage-feedback operational amplifiers. This al
lows its - 3 dB bandwidth to remain relatively 
constant as closed-loop gain is increased. This 
combination of high bandwidth and low power, 
together with aggressive pricing make the 
EL2386C the ideal choice for many low-powerl 
high-bandwidth applications such as portable 
computing, HDSL, and video processing. 

For Single and Dual applications, consider the 
EL2186C/EL2286C. For Single, Dual and Quad 
applications without disable, consider the 
EL2180C, EL2280C, or EL2480C, all in industry 
standard pin outs. The EL2180C also is available 
in the tiny SOT-23 package, which is 28% the 
size of an S08 package. For lower power applica
tions where speed is still a concern, consider the 
EL2170C/EL2176C family which also comes in 
similar Single, Dual and Quad configurations 
with 70 MHz of bandwidth while consuming 
1 mA of supply current per amplifier. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high-frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible. The power supply pins must be well 
bypassed to reduce the risk of oscillation. The 
combination of a 4.7 p,F tantalum capacitor in 
parallel with a 0.1 p,F capacitor has been shown 
to work well when placed at each supply pin. For 
single supply operation, where pin 3 (V s-) is con-
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nected to the ground plane, a single 4.7 p,F tanta
lum capacitor in parallel with a 0.1 p,F ceramic 
capacitor across pins 14 and 3 will suffice. 

For good AC performance, parasitic capacitance 
should be kept to a minimum especially at the 
inverting input (see the Capacitance at the In
verting Input section). Ground plane construc
tion should be used, but it should be removed 
from the area near the inverting input to mini
mize any stray capacitance at that node. Carbon 
or Metal-Film resistors are acceptable with the 
Metal-Film resistors giving slightly less peaking 
and bandwidth because of their additional series 
inductance. Use of sockets, particularly for the 
SO package should be avoided if possible. Sock-
ets add parasitic inductance and capacitance • 
which will result in some additional peaking and 
overshoot. 

Disable/Power-Down 
The EL2386C amplifier can be disabled,· placing 
its output in a high-impedance state. When dis
abled, the supply current is reduced to 0 mAo The 
EL2386C is disabled when its ENABLE pin is 
floating or pulled up to within 0.5V of the posi
tive supply. Similarly, the amplifier is enabled by 
pulling its ENABLE pin at least 3V below the 
positive supply. For ± 5V supplies, this means 
that an EL2386C amplifier will be enabled when 
ENABLE is at 2V or less, and disabled when 
ENABLE is above 4.5V. Although the logic lev
els are not standard TTL, this choice of logic 
voltages allows the EL2386C to be enabled by ty
ing ENABLE to ground, even in + 3V single
supply applications. The ENABLE pin can be 
driven from CMOS outputs or open-collector 
TTL. 

When enabled, supply current does vary some
what with the voltage applied at ENABLE. For 
example, with the supply voltages of the 
EL2186C at ± 5V, if ENABLE is tied to - 5V 
(rather than ground) the supply current will in
crease about 15% to 3.45 mAo 
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Capacitance at the Inverting Input 
Any manufacturer's high-speed voltage- or cur
rent-feedback amplifier can be affected by stray 
capacitance at the inverting input. For inverting 
gains this parasitic capacitance has little effect 
because the inverting input is a virtual ground, 
but for non-inverting gains this capacitance (in 
conjunction with the feedback and gain resistors) 
creates a pole in the feedback path of the amplifi
er. This pole, iflow enough in frequency, has the 
same destabilizing effect as a zero in the forward 
open-loop response. The use of large value feed
back and gain resistors further exacerbates the 
problem by further lowering the pole frequency. 

The experienced user with a large amount of PC 
board layout experience may find in rare cases 
that the EL2386C has less bandwidth than ex
pected. In this case, the inverting input may have 
less parasitic capacitance than expected. The re
duction of feedback resistor values (or the addi
tion of a very small amount of external capaci
tance at the inverting input, e. g. 0.5 pF) will 
increase bandwidth as desired. Please see the 
curves for Frequency Response for Various RF 
and RG, and Frequency Response for Various 
CIN-' 

Feedback Resistor Values 
The EL2386C has been designed and specified at 
gains of + 1 and + 2 with RF = 7500.. This value 
of feedback resistor gives 250 MHz of - 3 dB 
bandwidth at Av = + 1 with about 2.5 dB of 
peaking, and 180 MHz of - 3 dB bandwidth at 
Av = + 2 with about 0.1 dB of peaking. Since 
the EL2386C is a current-feedback amplifier, it is 
also possible to change the value of RF to get 
more bandwidth. As seen in the curve of Fre
quency Response For Various RF and Ro, band
width and peaking can be easily· modified by 
varying the value of the feedback resistor. 

Because the EL2386C is a current-feedback am
plifier, its gain-bandwidth product is not a con
stant for different closed-loop gains. This feature 
actually allows the EL2386C to maintain about 
the same - 3 dB bandwidth, regardless of closed
loop gain. However, as closed-loop gain is in-

creased, bandwidth decreases slightly while sta
bility increases. Since the loop stability is im
proving with higher closed-loop gains, it becomes 
possible to reduce the value of RF below the spec
ified 7500. and still retain stability, resulting in 
only a slight loss of bandwidth with increased 
closed-loop gain. 

Supply Voltage Range and Single
Supply Opel"ation 
The EL2386C has been designed to operate with 
supply voltages having a span of greater than 3V, 
and less than 12V. In practical terms, this means 
that the EL2386C will operate on dual supplies 
ranging from ± 1.5V to ± 6V. With a single-sup
ply, the EL2386C will operate from + 3V to 
+ 12V. 

As supply voltages continue to decrease, it be
comes necessary to provide input and output 
voltage ranges that can get as close as possible to 
the supply voltages. The EL2386C has an input 
voltage range that extends to within IV of either 
supply. So, for example, on a single + 5V supply, 
the EL2386C has an input range which spans 
from IV to 4V. The output range of the EL2386C 
is also quite large, extending to within IV of the 
supply rail. On a ± 5V supply, the output is 
therefore capable of swinging from -4V to + 4V. 
Single-supply output range is even larger because 
of the increased negative swing due to the exter
nal pull-down resistor to ground. On a single 
+ 5V supply, output voltage range is about 0.3V 
to 4V. 

Video Performance 
For good video performance, an amplifier is re
quired to maintain the same output impedance 
and the same frequency response as DC levels are 
changed at the output. This is especially difficult 
when driving a standard video load of 1500., be
cause of the change in output current with DC 
level. Until the EL2386C, good DifferentialOain 
could only be achieved by running high idle cur
rents through the output transistors (to reduce 
variations in output impedance). These currents 
were typically comparable to the entire 3 mA 
supply current of each EL2386C amplifier! Spe-
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cial circuitry has been incorporated in the 
EL2386C to reduce the variation of output im
pedance with current output. This results in dG 
and dP specifications of 0.05% and 0.05° while 
driving 1500. at a gain of + 2. 

Video Performance has also been measured with 
a 5000. load at a gain of + 1. Under these condi
tions, the EL2386C has dG and dP specifications 
of 0.01% and 0.01° respectively while driving 
5000. at Av = + 1. 

For complete curves, see the Differential Gain 
and Differential Phase vs Input Voltage curves. 

Output Drive Capability 
In spite of its low 3 rnA of supply current per 
amplifier, the EL2386C is capable of providing a 
minimum of ± 50 rnA of output current. This 
output drive level is unprecedented in amplifiers 
running at these supply currents. With a mini
mum ± 50 rnA of output drive, the EL2386C is 
capable of driving 500. loads to ± 2.SV, making it 
an excellent choice for driving multiple video 
loads in RGB applications. 

Driving Cables and Capacitive Loads 
When used as a cable driver, double termination 
is always recommended for reflection-free per
formance. For those applications, the back-termi
nation series resistor will decouple the EL2386C 
from the cable and allow extensive capacitive 

drive. However, other applications may have 
high capacitive loads without a back-termination 
resistor. In these applications, a small series resis
tor (usually between 50. and 500.) can be placed 
in series with the output to eliminate most peak
ing. The gain resistor (Ra) can then be chosen to 
make up for any gain loss which may be created 
by this additional resistor at the output. In many 
cases it is also possible to simply increase the val
ue of the feedback resistor (RF) to reduce the 
peaking. 

Current Limiting 
The EL2386C has no internal current-limiting 
circuitry. If an output is shorted indefinitely, the 
power dissipation could easily increase such that 
the part will be destroyed. Maximum reliability 
is maintained if the output current never exceeds 
± 60 mAo A heat sink may be required to keep 
the junction temperature below absolute maxi
mum when an output is shorted indefinitely. 

Multiplexing with the EL2386C 
The ENABLE pins on the EL2386C allow for 
multiplexing applications. Figure 1 shows an 
EL2386C with all 3 outputs tied together, driving 
a back terminated 750. video load. Three sine 
waves of varying amplitudes and frequencies are 
applied to the three inputs, while a 1 of 3 decoder 
selects one amplifier to be on at any given time. 
Figure 2 shows the resulting output wave form at 

238"" 
Figure 1 
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These parameters are calculated as follows: 

TJMAX = TMAX + (OJA * n * PDMAX) [1] 

where: 

TMAX = Maximum Ambient Temperature 
8JA = Thermal Resistance of the Package 
n = Number of Amplifiers in the Package 
PDMAX = Maximum Power Dissipation of 

Each Amplifier in the Package. 

PDMAX for each amplifier can be calculated as 
2386-40 follows: 

Figure 2 

VOUT' Switching is complete in about 100 ns. 
Notice the outputs are tied directly together. De
coupling resistors at each output are not required 
or advised when multiplexing. 

Power Dissipation 
With the high output drive capability of the 
EL2386C, it is possible to exceed the lS0·C Abso
lute Maximum junction temperature under cer
tain very high load current conditions. Generally 
speaking, when RL falls below about 2S0, it is 
important to calculate the maximum junction 
temperature (TJmax) for the application to deter
mine if power-supply voltages, load conditions, 
or package type need to be modified for the 
EL2386C to remain in the safe operating area. 

PDMAX = (2 * Vs * ISMAX) + 
(VS-VOUTMAX) * (VOUTMAX/RL) 

where: 

Vs = Supply Voltage 
ISMAX = Maximum Supply Current of 1 

Amplifier 
VOUTMAX = Max. Output Voltage of the 

Application 
RL = Load Resistance 
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EL2386C Macromodel 
• EL2386C Macromodel 
• Revision A, July 1996 
• AC characteristics used: Rf = Rg = 750 ohms 
• Pin numbers reflect a standard single opamp 

• Connections: + input 
-input 

I +Vsupply 

I 
I 
I 
I 
I 

I I -VsuppJy 

.subckt EL2386/EL 3 

• Input Stage 

ellO 0 3 0 1.0 
vis 10 9 OV 
h2 9 12 vxx 1.0 
r1211400 
11111225nH 
iinp 30 1.5}A-A 
iinm 2 0 3}A-A 

r12 3 02Meg 

• Slew Rate Limiting 

hi 13 0 vis 600 
r213141K 
dl140dc1amp 
d20 14 dc1amp 

• High Frequency Pole 

e2 300 14 00.00166666666 
13 30 17 150nH 
c5 170 0.8pF 
r5 170165 

I I I output 

I I I I 
2 7 4 6 
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• Transimpedance Stage 

gl 0 18 17 0 1.0 
rol18 o 450k 
cdp 18 0 0.675pF 

• Output Stage 

q141819 qp 
q271820qn 
q3 719 21 qn 
q44 20 22 qp 
r7 216 4 
r8 22 6 4 

ios17191mA 
ios22041mA 

• Supply Current 

ips 740.2mA 

• Error Terms 

ivos 0 23 0.2mA 
vxx2300V 
e4240301.0 
e5250701.0 
e626040 -1.0 
r9 24 23 316 
riO 25 23 3.2K 
r11 26 23 3.2K 

• Models 

.model qn npn(is=5e-15 bf=200tf=0.lnS) 

.model qp pnp(is= 5e-15 bf=200 tf=O.lnS) 

.model dclamp d(is = Ie - 30 ibv= 0.266 
+ bv=O.71v n=4) 
.ends 

• 
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Features 
• Stable at gain of 2 and 100 MHz 

gain--bandwidth product 
(EL2211, EL2311, EL2411) 

• Stable at gain of 1 and 50 MHz 
gain--bandwidth product 
(EL2210, EL2310, EL2410) 

• 130V / IJ-s slew rate 
• Drives 150n load to video levels 
• Inputs and outputs operate at 

negative supply rail 
• ± 5V or + 10V supplies 
• - 60 dB isolation at 4.2 MHz 

Applications 
• Consumer video amplifier 
• Active filters/integrators 
• Cost sensitive applications 
• Single supply amplifiers 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL2210CN -40'C to + 8S'C 8-pin P-DIP MDPOO31 

EL2211CN -4O'Cto + 8S'C8-pin P-DIP MDPOO31 

EL2210CS -40'Cto + 8S'C8-leadso MDPO027 

EL2211CS -40'C to + 8S'C 8-lead so MDPOO27 

EL2310CN -4O'Cto +8S'Cl4-pinP-DIP MDPOO31 

EL2311CN -40'C to + 8S'C 14-pin P-DIP MDPO031 

EL2310CS -40'Cto +8S'Cl4-leadSO MDP0027 

EL2311CS -40'Cto +8S'Cl4-leadSO MDPOO27 

EL2410CN -40'C to + 8S'C 14-pin P-DIP MDPO031 

EL2411CN -40'Cto +8S'Cl4-pinP-DIP MDP0031 

EL2410CS -4O'Cto +8S'C14-leadSO MDPO027 

EL2411CS -40'Cto +8S'C14-leadSO MDPO027 

General Description 
This family of dual, triple and quad operational amplifiers built 
using Elantec's Complementary Bipolar process offers unprece
dented high frequency performance at a very low cost. They are 
suitable for any application such as consumer video, where tra
ditional DC performance specifications are of secondary impor
tance to the high frequency specifications. On ± 5V supplies at 
a gain of + 1 the EL2210C, EL2310C and the EL2410C will 
drive a 150n load to + 2V, -IV with a bandwidth of 50 MHz 
and a channel to channel isolation of 60 dB or more. At a gain 
of + 2 the EL2211C, EL2311C and EL2411C will drive a 150n 
load to + 2V, -IV with a bandwidth of 100 MHz with the same 
channel to channel isolation. All four achieve 0.1 dB BW at 
5 MHz. 

The power supply operating range is fixed at ± 5V or + 10/0V. 
In single supply operation the inputs and outputs will operate 
to ground. Each amplifier draws only 7 mA of supply current. 

Connection Diagrams 

EL2210C/EL2211 C EL2410C/EL2411C 

OUT 0"'--"";:, Y+ 

IN -1 OUT 2 

IN +1 IN -2 

y- IN +2 

2210-1 

2210-2 

EL2310C/EL2311C 

2210-5 
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Total Voltage Supply 
Input Voltage 
Differential Input Voltage 
Peak Output Current 

18V 
±Vs 

6V 
75 mA per amplifier 

EL2210, EL2310, EL2410 

Power Dissapation 
Storage Temperature Range 
Operating Temperature Range, 

See Curves 
- 65°C to + 150"C 

- 40"C to + 85°C 

DC Electrical Characteristics Vs = ± 5V, RL = 1 KO, Temp. = 25°C unless otherwise noted 

Parameter Description Conditions Min Typ 

Vas Input Offset Voltage 
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EL2211, EL2311, EL2411 

DC Electrical Characteristics Vs = ±SV,RL = 1 Kfi,Av = +2, Temp. = 2S0C unless otherwise noted 

Conditions Min 

• 
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EL2210, EL2310, EL2410 

Closed-Loop AC Characteristics Vs = ±5V,ACTestFigure1,Temp. = 25°C unless otherwise noted 

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 2: Measured from TMIN to TMAX 
Note 3: For Vs = ±5V, VOUT = 4 Vpp. Full power bandwidth is based on slew rate measurement using: 

FPBW = SR/(2pi' Vpea0 
Note 4: Video performance measured at Vs = ± 5V, Av = + 2 with 2 times normal video level across RL = 1500. 

2-482 



EL22ll, EL2311, EL2411 

Closed-Loop AC Characteristics Vs = ± SV, AC Test Figure I, Temp. = 25°C unless otherwise noted 

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted. 
Note 2: Measured from TMIN to TMAX 
Note 3: For Vs = ±SV, VOUT = 4 Vpp. Full power bandwidth is based on slew rate measurement using: 

FPBW = SR/(2pi • Vpeak) 
Note 4: Video perfonnance measured at Vs = ± 5V, Av = + 2 with 2 times nonnal video level across RL = 1500. 
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Simplified Block Diagram 
V+ 

1 

1250:
0UT 

] S20n 
OPTIONAL 

'------4~ ...... ----... - - - - -

! 
Typical Performance Curves 
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0 
Q. 

14·PIn Plastic DIP 
Maximum Power DIssipation 
VB Ambient Temperature 

2.0 ,....--r--..,.--.,----,---, 
TJ MAX = 150°C 

1.6 \. 6JA = 700 C/W 

\ 
1.2 

0.8 

0.4 

-50 -25 25 75 125 175 

TEMPERATURE (OC) 

8·Pin Plastic DIP 
Maximum Power DIssipation 
VB Ambient Temperature 

5.0,....-,--,..-------, 
TJ MAX = 150 0 C 

4.0 
6JC = 50 0 C/W 
6JA = 95OC/W 

3.0 I 
INFINITE 

k" HEAT SINK 
2.0 

r-... F~EE AIR -:.-1.0 NO HEAT r-
SINK 

a I 
-50 -25 25 75 125 175 

TEMPERATURE (OC) 
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14·LeadSO 
Maximum Power DIssipation 
VB Ambient Temperature 

2.0 r--.,.--""T"'-""'--"--' 
TJ MAX = 150°C 

~ 1.6 t-_-+_---1t---6JA = 1100 C/W 
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8·Lead SO 
Maximum Power Dissipation 
VB Ambient Temperature 

5.0,....-,--,------.., 
TJ MAX = 150°C 

4.0 
6JC = 45 0 C/W 

6JA = 175° C/W 

3.0 I 
INFINITE 

'< HEAT SINK 
2.0 

..... I 
FREE AIR 

1.0 NO HEAT 

"""-< SINK ..... I 0 
-50 -25 25 75 125 175 
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Application Information 

Product Description 
The EL2210, EL2310 and EL2410 are dual, triple 
and quad operational amplifiers stable at a gain 
of 1. The EL2211, EL2311 and the EL2411 are 
dual, triple and quad operational amplifiers sta
ble at a gain of 2. All six are built on Elantec's 
proprietary complimentary process and share the 
same voltage mode feedback topology. This to
pology allows them to be used in a variety of ap
plications where current mode feedback amplifi
ers are not appropriate because of restrictions 
placed on the feedback elements. These products 
are especially designed for applications where 
high bandwidth and good video performance 
characteristics are desired but the higher cost of 
more flexible and sophisticated products are pro
hibitive. 

Power Supplies 
These amplifiers are designed to work at a supply 
voltage difference of 10V to 12V. These amplifers 
will work on any combination of ± supplies. All 
Electrical characteristics are measured with ± SV 
supplies. Below 9V total supply voltage the am
plifiers' performance will degrade dramatically. 
The quiescent current is a direct function of total 
supply voltage. With a total supply voltage of 
12V the quiescent supply current will increase 
from a typical 6.8 mA per amplifier to 8.S mA per 
amplifer. 

Output Swing vs Load 
Please refer to the simplified block diagram. 
These amplifiers provide an NPN pull-up tran
sistor output and a passive 12S0n pull-down re
sistor to the most negative supply. In an applica
tion where the load is connected to Vs - the out
put voltage can swing to within 200 m V of V s -. 
In split supply applications where the DC load is 
connected to ground the negative swing is limit
ed by the voltage divider formed by the load, the 
internal 12S0n resistor and any external pull
down resistor. If RL were lS0n then it and the 
12S0n internal resistor limit the maximum nega
tive swing to (VEE(lS0/12S0 + ISO» or -0.S3V. 
The negative swing can be increased by adding 
an external resistor of appropriate value from the 
output to the negative supply. The simplified 
block diagram shows an 820n external pull-down 

resistor. This resistor is in parallel with the inter
nal 12S0n resistor. This will increase the negative 
swing to VEE (lS0/«1250 * 820/(1250 + 820) + 
150) or -1.16V. 

Power Dissipation and Loading 
Without any load and a 10V supply difference 
the power dissipation is 70 mW per amplifier. At 
12V supply difference this increases to 105 mW 
per amplifier. At 12V this translates to a junction 
temperature rise above ambient of 33· for the 
dual and 40· for the quad amplifier. When the 
amplifiers provide load current the power dissi
pation can rapidly rise. 

In ± SV operation each output can drive a 
grounded 150n load to more than 2V. This oper
ating condition will not exceed the maximum 
junction temperature limit as long as the ambient 
temperature is below 85·C, the device is soldered 
in place, and the extra pull-down resistor is 820n 
or more. 

If the load is connected to the most negative volt
age (ground in single supply operation) you can 
easily exceed the absolute maximum die tempera
ture. For example the maximum die temperature 
should be lS0·C. At a maximum expected ambi
ent temperature of 85·C, the total allowable pow
er dissipation for the 80-8 package would be: 

PD = (ISO - 7S)/180·C/W = 416 mW 

At 12V total supply voltage each amplifier draws 
a maximum of 8.S mA and dissipates 12V * 
8.S mA = 100 mW or 200 mW for the dual ampli
fier. Which leaves 216 m W of increased power 
due to the load. If the load were lS0n connected 
to the most negative voltage and the maximum 
voltage out were V S - + 2V the load current 
would be 13 mAo Then an extra 266 mW «12V -
2V) * 13.3 mA * 2) would be dissipated in the 
EL2210 or EL2211. The total dual amplifier pow
er dissipation would be 266 m W + 200 m W = 
466 mW, more than the maximum 416 mW al
lowed. If the total supply difference were reduced 
to lOV, the same calculations would yield 
170 mW quiescent power dissipation and 213 mW 
due to loading. This results in a die temperature 
of 143·C (7S·C + 69·C). 
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In the above example, if the supplies were split 
± 6V and the 150.0. loads were connected to 
ground, the load induced power dissipation 
would drop to 106 mW (13.3 mA .. (6 - 2) .. 2) 
and the die temperature would be below the rated 
maximum. 

Video Performance 
Following industry standard practices (see 
EL2044 applications section) these six devices ex
hibit good differential gain (dG) and good differ
ential phase (dP) with ± 5V supplies and an ex
ternal 820.0. resistor to the negative supply, in a 
gain of 2 configuration. Driving 75.0. back termi
nated cables to standard video levels (1.428V at 
the amplifier) the EL2210, EL2310 and EL2410 
have dG of 0.1% and dP of 0.2°. The EL2211, 
EL2311 and the EL2411 have dG of 0.04% and 
dP of 0.15°. 

Due to the negative swing limitations described 
above, inverted video at a gain of 2 is just not 
practical. If swings below ground are required 
then changing the extra 820.0. resistor to 500.0. 
will allow reasonable dG and dP to approximate
ly -0.75 mV. The EL2211, EL2311 and EL2411 
will achieve approximately 0.1 %/0.4° between OV 
and -0.75V. Beyond -0.75V dG and dP get 
worse by orders of magnitude. 

Differential gain and differential phase are fairly 
constant for all loads above 150.0.. Differential 

phase performance will improve by a factor of 3 
if the supply voltage is increased to ± 6V. 

Output Drive Capability 
None of these devices have short circuit protec
tion. Each output is capable of more than 
100 mA into a shorted output. Care must be used 
in the design to limit the output current with a 
series resistor. 

Printed·Circuit Layout 
The EL2210C/EL2211C/EL2310C/EL2311CI 
EL2410C/EL2411C are well behaved, and easy to 
apply in most applications. However, a few sim
ple techniques will help assure rapid, high quality 
results. As with any high-frequency device, good 
PCB layout is necessary for optimum perform
ance. Ground-plane construction is highly recom
mended, as is good power supply bypassing. A 
0.1 p,F ceramic capacitor is recommended for by
passing both supplies. Lead lengths should be as 
short as possible, and bypass capacitors should be 
as close to the device pins as possible. For good 
AC performance, parasitic capacitances should be 
kept to a minimum at both inputs and at the 
output. Resistor values should be kept under 
5 K.o. because of the RC time constants associat
ed with the parasitic capacitance. Metal-film and 
carbon resistors are both acceptable, use of wire
wound resistors is not recommended because of 
their parasitic inductance. Similarly, capacitors 
should be low-inductance for best performance. 

JfL-______________________________________________________________ ~ 
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EL2210/EL2310/EL2410 Macromodel 

• Revision A, June 1994 
• Application Hints: 

• A puIl down resistor between the output and V - is recommended 
• to aIlow output voltages to swing close to V -. See datasheet 
• for recommended values. 

• Connections: + In 

.subckt EL2210/EL 
q1203 24 qp 
q2 212 25 qp 
q3101026qp 
q412 10 U qp 
qS1410 13 qp 
q6191920qn 
q7 141921 qn 
qSS141Sqn 
q9 S1617 qn lO 
r12412350 
r212 2S 350 
r3 S 26 250 
r4SU1S0 
r5 S13 240 
r6 20 4150 
r72141S0 
rS15 17 700 
r91412S0 
rlO 151640 
rU1711S 
r12 10 1910K 
r1314 22 20 
c1 22 4 0.4SpF 
c222191pF 
dll14 dcap 

3 

-In 

2 

.model qn npn(bf= 150 tf= 0.05nS) 

.model qp pnp(bf= 90 tf= O.OSnS) 

V+ 

I V-
I I Vout 

I I 
S 4 

.model dcap d(rs=200 cjo=le-12 vj=O.S tt= lOOe-9) 

.ends 
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EL2211/EL2311/EL2411 Macromodel 

• Revision A, June 1994 

• Application Hints: 

• A pull down resistor between the output and V - is recommended 
• to allow output voltages to swing close to V - • See datasheet 

• for recommended values • 

• Connections: + In 

-In 

V+ 
I v-
I I Vout 

.subckt EL2211/EL 
q1203 24 qp 

q2 212 25 qp 
q3 10 1026 qp 
q412 10 11 qp 

q5 1410 13 qp 
q61919 20 qn 

q71419 21 qn 
q881415 qn 
q9 81617 qn 10 

r124 12 175 
r2 1225175 
r3 8 26 250 

r4 811150 
r5 813 240 

r6 20 4150 
r7 214 150 
r8 15 17 700 

r9 141250 
rIO 1516 40 

r1117115 
r12 1019 10K 
r1314 2220 
c1 22 4 0.42pF 

c222191pF 
dll14 dcap 

I I I 
3 284 1 

.model qn npn(bf= 150 tf= 0.05nS) 

.model qp pnp(bf= 90 tf= 0.05nS) 

.model dcap d(rs=200cjo=le-12 vj = 0.8 tt= 100 ... 9) 

.ends 
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Features 
• 80 MHz - 3 dB bandwidth for 

gains of 1 to 10 

• 900 V / ILs slew rate 
• 10 MHz bandwidth flat to 0_1 dB 
• Excellent differential gain and 

phase 

• TTL/CMOS compatible 
• Available in SOL-16 

Applications 
• RGB drivers 
• RGB multiplexers 
• RGB gain blocks 
• Video gain blocks 
• Coax cable driver 
• ADC drivers/input multiplexer 

Ordering Information 
Part No. Temp. Range Package Outllne# 

EL4393CN -40"C to + 8S"C 16-Lead P_DIP MDPOO31 

EL4393CM -40"C to + 8S"C 16-Lead SOL MDPO027 

General Description 
The EL4393C is three wideband current-feedback amplifiers op
timized for video performance. Each amplifier can drive a load 
of 1S0n at video levels. Each amplifier has a disable capability, 
which is controlled by a TTL/CMOS compatible logic signal. 
The EL4393C operates on supplies as low as ± 4V up to ± 1SV. 

Being a current-feedback design, the bandwidth stays relatively 
constant at approximately 80 MHz over the ± 1 to ± 10 gain 
range. The EL4393C has been optimized for use with 1300n 
feedback resistors at a gain of 2. 

When the outputs are disabled, the supply current consumption 
drops, by about 4 mA per channel that is disabled. This feature 
can be used to reduce power dissipation. 

Connection Diagram 

~N- Vee 

~N+ Ro 
DIG GND 5fR 

~N- % 

~N+ EN G 

GND EifB 

I\N+ So 

I\N- VEE 

4393-1 
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Absolute Maximum Ratings (TA = 25°C) 

Voltage between Vs + and V s
Voltage at Vs+ 
Voltage at Vs-
Voltage between VIN+ and VIN
Current into VIN+ or VIN-

+33V 
+18V 
-18V 
±6V 

SmA 

Internal Power Dissipation 
Operating Ambient Temperature Range 
Operating Junction Temperature 
Storage Temperature Range 

Open Loop DC Electrical Characteristics Supplies at ± 15V. Load = 1 KO 

-ICMR 

PSRR 

-IPSR 

Vo 

IIN- Input Common-Mode Current 
(Note 1) 

Power Supply Rejection Ratio 
(Note 2) 

IIN- Current Supply Rejection 
(Note 2) 

Output Voltage Swing; 

RL=1kO 

50 

+ 25°C 3 8 

+ 25°C 50 58 
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- 40"C to + 85°C 

150"C 
- 65°C to + 150"C 
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a .................................. 
Open Loop DC Electrical Characteristics Supplies at ± lSV, Load = 1Kn - Contd. 

ICC (dis) Positive Supply Current all 
+2SoC 6 11 16 

Channels Disabled 

lEE (en) Negative Supply Current all 
+2SoC 13 18 ±28 

Channels Enabled 

lEE (dis) Negative Supply Current all 
+2SoC 4 9 14 

Channels Disabled 

Note 1: VCM = ± 10V for Vs = ± lSV. 
Note 2: Vos is measured at Vs = ±4.SV and Vs = ± 16V, both supplies are changed simultaneously. 
Note 3: Only one output short circuited. Pulse test or use heatsink. 

mA 

rnA 

rnA 

Closed Loop AC Electrical Characteristics Supplies at ± 15V, Load = lS0n and IS pF, except 

where noted. Rf1 and Rf2 = lS00n; Av = 2, TA = 2SoC. (See note 8 re: test fixture) 

Parameter 

BW 

BW 

dG 

d6 

Description 

Bandwidth, - 3 dB 
± SV Supplies, - 3 dB 

Bandwidth, - 0.1 dB 
± SV Supplies, -0.1 dB 

Differential Gain at 3.S8 MHz 
at ± SV Supplies (Note 7) 

Differential Phase at 3.S8 MHz 
at ± SV Supplies (Note 7) 

Note 4: RL = 300n, - SV to + SV swing, SR measured at 20% to 80%. 
Note S: - 2V to + 2V swing, SR measured at 20% to 80%. 
Note 6: RL = 300n. 

Min 

Note 7: DC offset from -0.7V through +0.7V AC amplitude is 286 mVp_p, equivalent to 40 ire. 
Note 8: Test fixture was designed to minimize capacitance at the IN+ input. A "good" IlXture should have less than 2 pF of stray 

capacitance to ground at this very sensitive pin. See application notes for further details. 
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Typical Performance Curves 
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Gain Flatness vs Rf at ± 15V 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Application for EL4393, 
and General Rules for PCB 
Layout 
The figure shows two EL4393's configured as a 
2:1 RGB multiplexer, and cable driver, driving 
750, back terminated cables. Each channel of the 
EL4393 is configured to give a gain of two, to 
make up for the losses of the back terminating 
resistor. 

In this example, the Disable pins of each RGB 
section are driven by a complementary TTL "se
lect" signal. Larger multiplexers can be assem
bled, with a l-of-n TTL decoder selecting each 
RGB triplet. 

The circuit gives channel isolations of typically 
better than - 50 dB at 10 MHz, and with a 20 
dB/decade slope, extending down to better than 
-90 dB at frequencies below 100 kHz. 

The schematic does not show things'like power 
supply decoupling, or pcb layout, grounding and 
signal returns, but these will all affect the overall 
performance of the circuit, and care should be 
taken with these aspects. 

It is recommended that the Vee and VEE pins 
each be decoupled by a 0.1 p.F NPO or X7R di
electric ceramic capacitors to ground within 0.1 
inch of the part, and in parallel with the 0.1 p.F, 
A 47 p.F tantalum capacitor, also to ground. The 
47 p.F capacitors should be within 0.25 inch of 
their power pins. The ground plane should be un
derneath the package, but cut away from the 
In - inputs. Care should be taken with the center 
channel feedback-it must be kept away from 
any of the in + or in - pins, if it has to go under 
the package. Route the G-out line between the 
pin 3 ground and the pin 4 In - if going under 
the package is essential. Otherwise, loop the G
out trace around all the other circuitry, to its Rf 
resistor. The Rf and if used, Rg resistors should 
be on the input side of the package, to minimize 
trace length on the In - pins. 

The digital input disables are on the output side 
of the package, so that a good ground plane down 
the center of the board underneath the package 
will isolate any fast edges from the sensitive in
puts. 
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EL4393C Macromodel 
• Revision A, July 1993 • Output Stage 

• Enhancements include PSRR, CMRR, and Slew Rate Limiting 

• Connections: + input 

I 
I 
I 
I 
I 

• subckt EIA393/EL 3 

• Input Stage 

e1100 3 01.0 
vis 109 OV 
h2 9 12 vxx 1.0 
rl21150 
11111229nH 
iinp 3 0 0.2 p.A 
iinm 2 0 10 p.A 

• Slew Rate Limiting 

h1 13 0 vis 600 
r213141K 
dl14 0 dclsmp 
d20 14 dc1amp 

• High Frequency Pole 

e2 300 1400.00166666666 
IS 30171.2 p.H 
c51701pF 
r5170500 

• Transimpedance Stage 

gl 0 18170 1.0 
rol180 250k 
cdp 180 2.2 pF 

-Input 

I +Vsupply 

I I -Vsupply 

I I I Putput 

I I I I 
2 7 4 6 

q141819 qp 
q271820qn 
q3 719 21 qn 
q44 20 22qp 
r7 216 4 
r8 22 64 
ios1 7 19 2.5 mA 
ios2 204 2.5 mA 

• Error Terms 

ivos0232mA 
vxx2300V 
e4240301.0 
e5 25 0 7 0 1.0 
e6260401.0 
r9 24 231K 
r10 25 23 1K 
r1126331K 

• Models 

.model qn npn (is = 5e-15 bf= 100 tf= 0.2nS) 

.model qp pnp (is=5e-15 bf= 100 tf=0.2nS) 

.model dclsmp d (is = 1e - 30 ibv= 0.266 bv = 1.5 n = 4) 

.ends 
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EL4393C Macromodel- Contd. 

vout 

• 
4393·9 

IN+ 

IN-

• • 

4393-10 

Simplified Schematic of One Channel of EL4393 
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- Differential input range of 
±2V 

- Common-mode range of ± 12V 
- High CMRR at 4 MHz of 

70 dB 
- Stable at gains of 1, 2 

• Calibrated and clean input 
clipping 

• 4430-80 MHz @ G = 1 
• 4431-160 MHz GBWP 
• 380V / p.s slew rate 
• 0.02 % or ° differential gain or 

phase 
• Operates on ± 5 to ± 15V 

supplies with no AC degradation 

Applications 
• Line receivers 
• "Loop-through" interface 
• Level translation 
• Magnetic head pre-amplification 
• Differential-to-single-ended 

conversion 

Ordering Information 
Part No. Temp. Range Package Out1lne# 

EIA430CN - 40"C to + 85"C 8-pin P_DIP MDPO031 

EIA430CS - 40"C to + 85"C 8-1ead SO MDPOO27 

EIA431CN -40"C to + 85"C 8-pin P-DIP MDPOO31 

EIA431CS -40"C to + a5"C a-lead so MDPOO27 

General Description 
The EL4430 and 4431 are video instrumentation amplifiers 
which are ideal for line receivers, differential-to-single-ended 
converters, transducer interfacing, and any situation where a 
differential signal must be extracted from a background of com
mon-mode noise or DC offset. 

These devices have two differential signal inputs and two differ
ential feedback terminals. The FB terminal connects to the am
plifier output, or a divided version of it to increase circuit gain, 
and the REF terminal is connected to the output ground or 
offset reference. 

The EL4430 is compensated to be stable at a gain of 1 or more, 
and the EL4431 for a gain of 2 or more . 

The amplifiers have an operational temperature of -40°C to 
+ 85°C and are packaged in plastic 8-pin DIP and SO-8. 

The EL4430 and EL4431 are fabricated with Elantec's proprie
tary complementary bipolar process which gives excellent sig
nal symmetry and is free from latchup. 

Connection Diagram 

GNOm8VOUT 

V- 2 7 V+ 

V'N 3 6 FR 

VI~G}--J LjjREF 
4430-1 
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Absolute Maximum Ratings (TA = 25·C) 

Positive Supply Voltage 
V+ toV- Supply Voltage 
Voltage at any Input or Feedback 
Difference between Pairs 

of Inputs or Feedback 
Current into any Input, or Feedback Pin 

16.5V 
33V 

V+ toV-

6V 
4mA 

Continuous Output Current 
Maximum Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 

30mA 
See Curves 

-40·Cto + 85·C 

- 60"C to + 150·C 

Open-Loop DC Electrical Characteristics Power supplies at ±5V, TA = 25·. For the E1A431, 
RF = RG = 5000. 

Parameter Description 

VDIFF Differential input voltage - Clipping 

(VCM = 0) 
0.1 % nonlinearity 

VCM Common-mode range (VDIFF = 0) 

E1A430/31 

E1A430/31 

Vs = ±5V 
Vs = ±15V 

EL4430, Vs = ±5V 
Vs = ±15V 

EL4431, Vs = ±5V 
Vs = ±15V 

2-501 

Min Typ 

2.0 2.3 V 

1.8 V 

±2 ±3.0 V 
±12 
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Closed-Loop AC Electrical Characteristics Power supplies at ±12V,TA = 25°C,RL = 5000 for 
the EL4430, RL = 1500 for the EL4431, CL = 15 pF. For the EL4431, RF = Ro = 5000. 

Parameter Description 

BW, - 3 dB - 3 dB small-signal bandwidth 

BW, ± 0.1 dB 0.1 dB flatness bandwidth 

Peaking Frequency response peaking 

SR Slew rate, VOUT between - 2V and + 2V 

VN Input-referred noise voltage density 

dG Differential gain error, Voffset between 
-0.7Vand +0.7V 

dO Differential gain error, Voffset between 
-0.7Vand +0.7V 

TS Settling time, to 0.1 % from a 4V step 

Test Circuit 

YIN' differential 

VIN' common-mode 

+ 
Output offset 
reference 

EL4430 
EL4431 

EL4430 

EL4431 

EL4430 
EL4431 

All 

EL4430/31 

EL4430 
EL4431, RL = 1500 

EL4430 

EL4431, RL = 1500 

EL4430 

4430-3 

2-502 

Min Typ Max 

82 

80 

20 

14 

0.6 
1.0 

380 

26 

0.02 

0.04 

0.Q2 

0.08 

48 

Typical 
Performance 
Curves 

Units 

MHz 
MHz 

MHz 
MHz 

dB 

dB 

V/J.ts 

nV/rt-Hz 

% 

% 

ns 

EU430 and EL4431 
Common-Mode Rejection 
Ratio vs Frequency 

'" '" 

100 

80 

60 

3 40 

20 

o 

IIIIII 11111111 
~ Vs - ±15V 

/ 
Vs - ±5V " 

10k lOOk 1M 10M 100M 

FREQUENCY (Hz) 

4430-4 



Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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stray capacitance should be at least 200 MHz; ~ 
typical strays of 3 pF thus require a feedback im- t 
pedance of 270n or less. Two 510n resistors are I-l 

acceptable for a gain of 2; 300n and 2700n make . C'::l 
a good gain-of-l0 divider. Alternatively, a small 
capacitor across RF can be used to create more of 

Applications Information 
The EL4430 and EL4431 are designed to convert 
a fully differential input to a single-ended output. 
It has two sets of inputs; one which is connected 
to the signal and does not respond to its com
mon-mode level, and another which is used to 
complete a feedback loop with the output. Here is 
a typical connection: 

Differential + 

Inputs -
~""-"-cl Output 

~RF}H 
Output Offset CG ~ RG 
(or ground) ••• 

4430-2 

The gain of the feedback divider is H. The trans
fer function of the part is 

VOUT = Ao X «VIN+) - (VIN-) 
+ (VREF - VFB))· 

VFB is connected to VOUT through a feedback 
network, so VFB = H X VOUT. AO is the open
loop gain of the amplifier, and is about 600 for 
the EL4430 and EL4431. The large value of Ao 
drives 

Rearranging and substituting for VFB 

Thus, the output is equal to the difference of the 
VIN'S and offset by VREF, all gained up by the 
feedback divider ratio. The input impedance of 
the FB terminal (equal to RIN of the input termi
nals) is in parallel with an RG, and raises circuit 
gain slightly. 

The EL4430 is stable for a gain of 1 (a direct 
connection between VOUT and FB) or more and 
the EL4431 for gains of 2 or more. It is important 
to keep the feedback divider's impedance at the 
FB terminal low so that stray capacitance does 
not diminish the loop's phase margin. The pole 
caused by the parallel of resistors RF and RQ and 
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a frequency-compensated divider. The value of 
the capacitor should scale with the parasitic ca
pacitance at the FB terminal input. It is also 
practical to place small capacitors across both the 
feedback resistors (whose values maintain the de
sired gain) to swamp out parasitics. For instance, 
two 10 pF capacitors (for a gain of 2) across equal 
divider resistors will dominate parasitic effects 
and allow a higher divider resistance. 

Input Connections 
The input transistors can be driven from resistive 
and capacitive sources, but are capable of oscilla
tion when presented with an inductive input. It 
takes about 80nH of series inductance to make 
the inputs actually oscillate, equivalent to 4" of 
unshielded wiring or about 6" of unterminated 
input transmission line. The oscillation has a 
characteristic frequency of 500 MHz. Often, plac
ing one's finger (via a metal probe) or an oscillo
scope probe on the input will kill the oscillation. 
Normal high-frequency construction obviates 
any such problems, where the input source is rea
sonably close to the input. If this is not possible, 
one can insert series resistors of approximately 
sin to de-Q the inputs. 

Signal Amplitudes 
Signal input common-mode voltage must be be
tween (V - ) + 3V and (V + ) - 3V to ensure linear
ity. Additionally, the differential voltage on any 
input stage must be limited to ± 6V to prevent 
damage. The differential signal range is ± 2V in 
the EL4430 and EL4431. The input range is sub
stantially constant with temperature. 

The Ground Pin 
The ground pin draws only 6,..,A maximum DC 
current, and may be biased anywhere between 
(V-)+2.5V and (V+)-3.5V. The ground pin is 
connected to the IC's substrate and frequency 
compensation components. It serves as a shield 
within the IC and enhances CMRR over frequen
cy, and if connected to a potential other than 
ground, it must be bypassed. 

• 
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r;r;l Power Supplies 

The instrumentation amplifiers work well on any 
supplies from ± 3V to ± 15. The supplies may be 
of different voltages as long as the requirements 
of the Gnd pin are observed ( see the Ground Pin 
section for a discussion). The supplies should be 
bypassed close to the device with short leads. 
4.7""F tantalum capacitors are very good, and no 
smaller bypasses need be placed in parallel. Ca
pacitors as low as O.Ol""F can be used if small 
load currents flow. 

Single-polarity supplies, such as + 12V with 
+ 5V can be used, where the ground pin is con
nected to + 5V and V-to ground. The inputs and 
outputs will have to have their levels shifted 
above ground to accommodate the lack of nega
tive supply. 

The dissipation of the amplifiers increases with 
power supply voltage, and this must be compati
ble with the package chosen. This is a close esti
mate for the dissipation of a circuit: 

Po= 2 X Vs X IS, max + (VS-VO) 
X VO/RpAR 

where IS, max is the maximum supply current 
V S is the ± supply voltage 
(assumed equal) 
V 0 is the output voltage 
RpAR is the parallel of all resistors 
loading the output 

For instance, the EL4431 draws a maximum of 
16 mA and we might require a 2V peak output 
into 1500 and a 2700 + 2700 feedback divider. 
The RpAR is 1170. The dissipation with ±5V 
supplies is 201 mW. The maximum supply volt
age that the device can run on for a given Po and 
the other parameter is 

Vs, max = (PO + Vo2/Rpm/ 
(21S + VO/RpAR) 

The maximum dissipation a package can offer is 

Po, max = (TJ' max - TAmax)/6JA 
where TJ' max is the maximum die junction 

temperature, 150·C for reliability, less to 
retain optimum electrical performance. 
TA, max is the ambient temperature, 70·C 
for commercial and 85·C for industrial 
range. 
6JA is the thermal resistance of the 
mounted package, obtained from data
sheet dissipation curves. 

The more difficult case is the SO-8 package. With 
a maximum die temperature of 150·C and a maxi
mum ambient temperature of 85·C, the 65·C tem
perature rise and package thermal resistance of 
170·C/W gives a dissipation of 382 mW at 85·C. 
This allows a maximum supply voltage of ± 8.5V 
for the EL4431 operated in our example. If an 
EL4430 were driving a light load (RpAR -+ 00), 
it could operate on ± 15V supplies at a 70·C max
imum ambient. 

Output Loading 
The output stage of the instrumentation amplifi
ers is very powerful. It typically can source 
80 mA and sink 120 mAo Of course, this is too 
much current to sustain and the part will eventu
ally be destroyed by excessive dissipation or by 
metal traces on the die opening. The metal traces 
are completely reliable while delivering the 
30 mA continuous output given in the Absolute 
Maximum Ratings table in this datasheet, or 
higher purely transient currents. 

Gain or gain accuracy degrades only 10% from 
no load to 1000 load. Heavy resistive loading will 
degrade frequency response and video distortion 
for loads < 1000 

Capacitive loads will cause peaking in the fre
quency response. If capacitive loads must be driv
en, a small-valued series resistor can be used to 
isolate it (120 to 510 should suffice). A 220 se
ries resistor will limit peaking to 2.5· dB with 
even a 220 pF load. 
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• Macromodel 
• This is a Pspice-compatible macromodel of the EL4430 video instrumentation 
• amplifier assembled as a subcircuit. The pins are numbered sequentially 
• as the subcircuit interface nodes. Tl is a transmission line which provides 
• a good emulation of the more complicated real device. This model correctly 
• displays the characteristics of input clipping, frequency response, CMRR 
• both AC and DC, output clipping, output sensitivity to capacitive loads, 
... gain accuracy, slewrate limiting, input bias current and impedance. The 
• macromodel does not exhibit proper results with respect to supply current, 
* supply sensitivities, offsets. output current limi~ differential gain or 
... phase, nor temperature. 
• Connections: IN + 

.SUBCKT EL4430/EL 

••• EL4430 macromodel 

i1 7 10 .00103 
i2 7 11 .00103 
i3 7 12 .00105 
i4 7 13 .00105 
vi 7 14 3 
v2 7 15 3 
v3 19 2 3 

c1 11 1 .03p 
c2 12 1 .03p 
c3 18 1 2.1p 
e4 16 17 0.6p 

r1 10 11 2000 
r2 12 13 2000 
r3 10 1 30e6 
r4 16 2 1000 
r5 17 2 1000 
r6 18 1 1.27e6 
r7 23 21 20 
r8 21 8 100 

11 21 8 sOn 

d1 11 14 diode 
d2 12 14 diode 
d3 18 15 diode 
d4 19 18 diode 
.model diode d(tt= 120n) 

q1 16 3 10 1 pnp 
q2 17 4 11 1 pnp 
q3 16 5 12 1 pnp 
q4 17 6 13 1 pnp 

3 

VIN-

4 

.model pnp pnp (bf=90 va=44 tr=5On) ...... 
gl 18 1 17 16 .0005 
e12011181.0 
tl 22 1 20 1 zO= 50 td= 1.5n 
r1tl 22 1 50 
e2 23 1 22 1 1.0 

.ENDS 

V-
V+ 

VFB 

I 

VREF 

I 
2 6 
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VOUT 

I 
GND 

I 
8 
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Features 
• Complete variable-gain amplifier 

with output amplifier, requires 
no extra components 

• Excellent linearity of 0.2% 
• 70 MHz signal bandwidth 
• Operates on ± 5V to ± 15V 

supplies 
• All inputs are differential 
• 400V /,..,s slew rate 
• > 70dB attenuation @ 4 MHz 

Applications 
• Leveling of varying inputs 
• Variable filters 

• Fading 
• Text insertion into video 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL44S1CN -4O"C to + 8S'C 14-Pin poDiP MDPO031 

EIA4S1CS -4O"Cto +8S'C 14-LeadSO MDPOO27 

General Description 
The EL4451C is a complete variable gain circuit. It offers wide 
bandwidth and excellent linearity while including a powerful 
output voltage amplifier, drawing modest supply current. 

The EL4451C operates on ± 5V to ± 15V supplies and has an 
analog input range of ± 2V, making it ideal for video signal 
processing. AC characteristics do not change appreciably over 
the ± 5V to ± 15V supply range. 

The circuit has an operational temperature range of - 40°C to 
+ 85°C and is packaged in plastic 14-pin DIP and 14-lead SO. 

The EL4451C is fabricated with Elant~'s proprietary comple
mentary bipolar process which provides excellent signal sym
metry and is free from latch up. 

Connection Diagram 

4451·1 
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Absolute Maximum Ratings (TA = 2S'C) 

V+ Positive Supply Voltage 16.SV 

Vs V+ toV- Supply Voltage 33V 

VIN Voltage at any Input or Feedback V+ toV-

~VIN Difference between Pairs 
of Inputs or Feedback 6V 

lIN Current into any Input, or Feedback Pin 4mA 

lOUT 
PD 
TA 
Ts 

Continuous Output Current 
Maximum Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 

30mA 
See Curves 

-40'Cto +8S'C 
- 60'C to + lSO'C 

DC Electrical Characteristics Power Supplies at ±SV,TA = 2S'C,RL = 5000. 
---

Parameter Description Min Typ Max Units 

VDIFF Signal input differential input voltage - Clipping 1.8 2.0 V 
0.2% nonlinearity 1.3 V 

VCM Common-moderangeofVzN;VDIFF = 0, V. = ±SV ±2.0 ±2.8 V 
V. = ±lSV 

2-512 



Open-Loop DC Electrical Characteristics - Contd. 
Power Supplies at ±5V, TA = 25'C, RL = 5000. 

Closed-Loop AC Electrical Characteristics 
Power supplies at ±12V, TA = 25'C. RL = 5000, CL = 15pF, VG = 1V 

Test Circuit 

r------i~---..... - .......... OOutput 

Rr Rt. xc,. 
'=' -= 

v- v+ 

Co;~~ o----fn---...1 L.---m--. 
4451-3 

Note: For typical performance curves, RF = 0, Ro = 00, VGAIN = lV, RL = 5000, and CL = 15 pF unless otherwise noted. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Applications Information 360n or less. Alternatively, a small capacitor 
The EL4451 is a complete two-quadrant multipli- across RF can be used to create more of a fre-
er / gain control with 70 MHz bandwidth. It has quency-compensated divider. The value of the ca-
three sets of inputs; a differential signal input pacitor should scale with the parasitic capaci-
VIN, a differential gain-controlling input VGAIN, tance at the FB input. It is also practical to place 
and another differential input which is used to small capacitors across both the feedback and the 
complete a feedback loop with the output. Here is gain resistors (whose values maintain the desired 
a typical connection: gain) to swamp out parasitics. For instance, two 

10pF capacitors across equal divider resistors for 
a maximum gain of 4 will dominate parasitic ef
fects and allow a higher divider resistance. 

VGAIN-o--------------1 

The gain of the feedback divider is 

H=~ 
Ro + RF· 

The transfer function of the part is 

4451-2 

VOUT = Ao x «(VIN+) - (VIN-» x «VOAIN+) - (VOAIN-» + 

(VREF - VFB»· 

VFB is connected to VOUT through a feedback 
network, so VFB = H X VOUT. AO is the open
loop gain of the amplifier, and is approximately 
600. The large value of Ao drives 
«VIN+) - (VIN-» x «VOAIN+) - (VOAIN-» + (VREF - VFB) 

-+ o. 

Rearranging and substituting for VFB 
VOUT = «(VIN+) - (VIN-» x «VOAIN+) - (VOA1N» + VREF)IH, 

or 
VOUT = (VIN X VOAIN + VREF)/H 

Thus the output is equal to the difference of the 
VIN'S times the difference of VGAIN'S and offset 
by VREF, all gained up by the feedback divider 
ratio. The EL4451 is stable for a direct connec
tion between VOUT and FB, and the divider may 
be used for higher output gain, although with the 
traditional loss of bandwidth. 

It is irpportant to keep the feedback divider's im
pedance at the FB terminal low so that stray ca
pacitance does not diminish the loop's phase 
margin. The pole caused by the parallel imped
ance of the feedback resistors and stray capaci
tance should be at least 150 MHz; typical strays 
of 3 pF thus require a feedback impedance of 
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The REF pin can be used as the output's ground 
reference, for DC offsetting of the output, or it 
can be used to sum in another signal. 

Gain-Control Characteristics 
The quantity V GAIN in the above equations is 
bounded as OsVGAINs2, even though the exter- -=
nally applied voltages exceed this range. Actual- ~ 
ly, the gain transfer function around 0 and 2V is 
"soft"; that is, the gain does not clip abruptly 
below the O%-VGAIN voltage nor above the 
100%-VGAIN level. An overdrive of 0.3V must be 
applied to VGAIN to obtain truly 0% or 100%. 
Because the 0%- or 100%- VGAIN levels cannot 
be precisely determined, they are extrapolated 
from two points measured inside the slope of the 
gain transfer curve. Generally, an applied VGAIN 
range of - 0.5V to + 2.5V will assure the full nu-
merical span of 0 s V GAIN ~ 2. 

The gain control has a small-signal bandwidth 
equal to the VIN channel bandwidth, and over
load recovery resolves in about 20 nsec. 

Input Connections 
The input transistors can be driven from resistive 
and capacitive sources, but are capable of oscilla
tion when presented with an inductive input. It 
takes about 80nH of series inductance to make 
the inputs actually oscillate, equivalent to four 
inches of unshielded wiring or 6" of unterminat
ed input transmission line. The oscillation has a 
characteristic frequency of 500 MHz. Often plac
ing one's finger (via a metal probe) or an oscillo
scope probe on the input will kill the oscillation. 
Normal high-frequency construction obviates 
any such problems, where the input source is rea
sonably close to the input. If this is not possible, 
one can insert series resistors of around 51n to 
de-Q the inputs. 
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Signal Amplitudes 
Signal input common-mode voltage must be be
tween (V - ) + 3V and (V + ) - 3V to ensure linear
ity. Additionally, the differential voltage on any 
input stage must be limited to ± 6V to prevent 
damage. The differential signal range is ± 2V in 
the EL4451. The input range is substantially con
stant with temperature. 

The Ground Pin 
The ground pin draws only 6,..,A maximum DC 
current, and may be biased anywhere between 
(V-)+2.5V and (V+)-3.5V. The ground pin is 
connected to the IC's substrate and frequency 
compensation components. It serves as a shield 
within the IC and enhances input stage CMRR 
and feedthrough over frequency, and if connected 
to a potential other than ground, it must be by
passed. 

Power Supplies 
The EL4451 works with any supplies from ±3V 
to ± 15V. The supplies may be of different volt
ages as long as the requirements of the ground 
pin are observed (see the Ground Pin section). 
The supplies should be bypassed close to the de
vice with short leads. 4.7,..,F tantalum capacitors 
are very good, and no smaller bypasses need be 
placed in parallel. Capacitors as small as O.Ol,..,F 
can be used if small load currents flow. 

Single-polarity supplies, such as + 12V with 
+ 5V can be used, where the ground pin is con
nected to + 5V and V - to ground. The inputs 
and outputs will have to have their levels shifted 
above ground to accommodate the lack of nega
tive supply. 

The power dissipation of the EL4451 increases 
with power supply voltage, and this must be 
compatible with the package chosen. This is a 
close estimate for the dissipation of a circuit: 
PD = 2 X Vs X Is. max + (Vs - Yo) X Vo/RpAR 

where IS, max is the maximum supply current 
Vs is the ± supply voltage (assumed 
equal) 
Va is the output voltage 
RpAR is the parallel of all resistors loading 
the output 

For instance, the EL4451 drjiws a maximum of 
18mA. With light loading, RpAR ..... 00 and the 
dissipation with ± 5V supplies is 180 mW. The 
maximum supply voltage that the device can run 
on for a given PD and other parameters is 
Vs. max = (Po + Vo2/RpAW I (2Is + Vo/RpAIV 

The maximum dissipation a package can offer is 
PD. max = (TJ. max-TAo max) 18JA 

Where T], max is the maximum die tempera
ture, 150°C for reliability, less to re
tain optimum electrical performance 

T A, max is the ambient temperature, 
70°C for commercial and 85°C for in
dustrial range 

lIJA is the thermal resistance of the 
mounted package, obtained from 
data sheet dissipation curves 

The more difficult case is the SO-14 package. 
With a maximum die temperature of 150°C and a 
maximum ambient temperature of 85°C, the 65°C 
temperature rise and package thermal resistance 
of 120°C/W gives a dissipation of 542 mW at 
85°C. This allows the full maximum operating 
supply voltage unloaded, but reduced if loaded. 

Output Loading 
The output stage of the EL4451 is very powerful. 
It typically can source 80mA and sink 120mA. Of 
course, this is too much current to sustain and 
the part will eventually be destroyed by excessive 
dissipation or by metal traces on the die opening. 
The metal traces are completely reliable while de
livering the 30mA continuous output given in the 
Absolute Maximum Ratings table in this data 
sheet, or higher purely transient currents. 

Gain changes only 0.2 % from no load to 100n 
load. Heavy resistive loading will degrade fre
quency response and video distortion for . loads 
<100n. 

Capacitive loads will cause peaking in the fre
quency response. If capacitive loads must be driv
en, a small-valued series resistor can be used to 
isolate it. 12n to sin should suffice. A 22fl. series 
resistor will limit peaking to 2.5 dB with even a 
220pF load. 
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Leveling Circuits 
Often a variable-gain control is used to normalize 
an input signal to a standard amplitude from a 
modest range of possible input amplitude. A good 
example is in video systems, where an untermi
nated cable will yield a twice-sized standard vid
eo amplitude, and an erroneously twice-terminat
ed cable gives a 2/3-sized input. 

Here is a ± 6 dB range preamplifier: 

Linearized Leveling Amplifier 

.-----lID--_-+ Output 

Rl 
Input .... Wr_--Qh 

co~~~+--+--al---.J L----f81-~ 

R2 

R3 

4451-30 

In this arrangement, the EL4451 outputs a mix
ture of the signal routed through the multiplier 
and the REF terminal. The multiplier port pro
duces the most distortion and needs to handle a 
fraction of an oversized video input, whereas the 
REF port is just like an op-amp input summing 
into the output. Thus, for oversized inputs the 
gain will be decreased and the majority of the 
signal is routed through the linear REF terminal. 
For undersized inputs, the gain is increased and 
the multiplier's contribution added to the output. 

Here are some component values for two designs: 

Attenuation 
Ratio RF RG RI 

-3dB 
Ra Bandwidth 

1.5 2000 4000 3000 1000 2000 47 MHz 

2 4000 4000 5000 1000 2000 28 MHz 
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With the higher attenuation ratio, the multiplier 
sees a smaller input amplitude and distorts less, 
however the higher output gain reduces circuit 
bandwidth. As seen in the next curves, the peak 
differential gain error is 0.47% for the attenua
tion ratio of 1.5, but only 0.27% with the gain of 
2 constants. To maintain bandwidth, an external 
op amp can be used instead of the RF - RG divid
er to boost the EL4451's output by the attenua
tion ratio. 

Sinewave Oscillators 
Generating a stable, low distortion sinewave has 
long been a difficult task. Because a linear oscil
lator's output tends to grow or diminish continu
ously, either a clipping circuit or automatic gain 
control (AGC) is needed. Clipping circuits gener
ate severe distortion which needs subsequent fil
tering, and AGC's can be complicated. 

• 
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Here is the EL4451 used as an oscillator with simple AGC: 

Low-Distortion Sinewave Oscillator 

series 
tuned 
circuit 

-see text 

S10n 

+12V 

11k 

02 
lN914 2.4k 

6.2k 

-12V 

The oscillation frequency is set by the resonance 
of a series-tuned circuit, which may be an L-C 
combination or a crystal. At resonance, the series 
impedance of the tuned circuit drops and its 
phase lag is 0·, so the EL4451 needs a gain just 
over unity to sustain oscillation. The V GAIN -
terminal is initially at - 0.7V and the V GAIN + 
terminal at about + 2.1V, setting the maximum 
gain in the EL4451. At such high gain, the loop 
oscillates and output amplitude grows until Dl 
rectifies more positive voltage at V GAIN -, ulti
mately reducing gain until a stable 0.5Vrms out
put is produced. 

Using a 2 MHz crystal, output distortion was 
-53 dBc, or 0.22%. Sideband modulation was 
only 14 Hz wide at -90 dBc, limited by the filter 
of the spectrum analyzer used. 

The circuit works up to 30 MHz. A parallel-tuned 
circuit can replace the 510.0. resistor and the 510.0. 
resistor moved in place of the series-tuned ele
ment to allow grounding of the tuned compo
nents. 

r----Il"4I~-~---_.Output 

I12lHIr-..,......."...- + 1 2V 

220n 

Dl 
IN914 

~O.I~F 

-12V 

Filters 

4451-33 

The EL4451 can be connected to act as a voltage
variable integrator as shown: 

EL4451 Connected As Variable Integrator 

Input +--_-CD-. 
c 

Output 
i----Illl--__ + V,N 

=SRC 

c 

R 

VGAIN +---n1---..J L--__ m ...... 

4451-34 

The input RC cancels a zero produced by the out
put op-amp feedback connection at CI) = l/RC. 
With the input RC connected VOUT/VIN = 
l/sRC; without it VOUT/VIN = (1 + sRC)/sRC. 
This variable integrator may be used in networks 
such as the Bi-quad. In some applications the in
put RC may be omitted. If a negative gain is re
quired, the VIN + and VIN - terminals can be 
exchanged. 
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A voltage-controlled equalizer and cable driver 
can be constructed so: 

Equalization and Line Driver Amplifier 

C R, 
Input_-IHM-~rn., 

VGA'N +--m----' L----i[ID--, 

4451-35 
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The main signal path is via the REF pin. This 
ensures maximum signal linearity, while the mul
tiplier input is used to allow a variable amount of 
frequency-shaped input from Rh R2, and C. For 
optimum linearity, the multiplier input is attenu
ated by Rl and R2. This may not be necessary, 
depending on input signal amplitude, and Rl 
might be set to o. Rland R2 should be set to pro
vide sufficient peaking, depending on cable high
frequency losses, at maximum gain. RF and RG 
are chosen to provide the desired circuit gain, in
cluding backmatch resistor loss. 

• 
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Features 
• Complete variable-gain amplifier 

complete with output amplifier 
• Compensated for Gain ~ 10 
• 50 MHz signal bandwidth 
• 50 MHz gain-control bandwidth 
• Low 29 nV /VHz input noise 
• Operates on ± 5V to ± 15V 

supplies 
• All inputs are differential 
• > 70 dB attenuation @ 5 MHz 

Applications 
• AGC variable-gain amplifier 
• IF amplifier 
• Transducer amplifier 

Ordering Information 
Part No. Temp. Range Package Outline # 

EIA4S2CN -4O'Cto +8S'C 14-pinP·DIP MDPOO31 
ElA4S2CS -40'C to + 8S'C 14·1ead SO MDPO027 

General Description 
The EL4452 is a complete variable-gain circuit. It offers wide 
bandwidth and excellent linearity, while including a powerful 
output voltage amplifier, drawing modest current. The higher 
gain and lower input noise makes the EL4452 ideal for use in 
AGC systems. 

The EL4452 operates on ± 5V to ± 15V and has an analog input 
range of ± 0.5V. AC characteristics do not change appreciably 
over the supply range. 

The circuit has an operational temperature of -40°C to + 85°C 
and is packaged in 14-pin P-DIP and SO-H. 

The EL4452 is fabricated with Elantec's proprietary comple
mentary bipolar process which gives excellent signal symmetry 
and is very rugged. 

Connection Diagram 

4452-1 

Q~--------------------------------------------------------------~ 
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Absolute Maximum Ratings (TA = 2S·C) 

V+ Positive Supply Voltage 16.SV lIN 

Vs V+ toV- Supply Voltage 33V 

VIN Voltage at any Input or Feedback V+ toV- lOUT 

b.VIN Difference between Pairs of PD 
Inputs or Feedback 6V TA 

Ts 

Open-Loop DC Electrical Characteristics 
Power supplies at ±SV, TA = 2S·C, RF = 9100., Ro = lOOn, RL = soon 

Parameter Description 

VDIFF Signal Input Differential Input Voltage - Clipping 
0.6% Nonlinearity 

Current into any Input or 
Feedback Pin 

Output Current 
Maximum Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 

Min 

0.4 

Typ 

0.5 
0.4 

Common-Mode Range (All Inputs; VDIFF = 0) Vs = ± SV 
Vs = ±lSV 

±2.0 
±12.0 

±2.8 
±12.8 

2-523 

4mA 
30 rnA 

See Curves 
-40·Cto +8S·C 

- 60·C to + lS0·C 

V 
V 

V 

• 
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Open-Loop DC Electrical Characteristics - Contd. 
Power supplies at ±SV, TA = 2S·C, RF = 910n, = lOon, RL = soon 

Vs = ±5V 
Vs= ±lSV 

Closed-Loop AC Electrical Characteristics 
Power supplies at ± 12V, TA = 2S·C, RL = soon, CL = lSpF 

Description 

Test Circuit 

r---.....,Irn---..... - ......... OOutput 

Rr I\. ::cs. 
'; '=' 

v- v+ 

co;~~ o----I"Zl----.J '----m--. 
4452-2 

Note: For typical performance curves, RF = 910n, RG = lOOn, VGAlN = lV, RL = soon, and CL = 15 pF unless otherwise noted. 
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Typical Performance Curves 
Frequency Response for 
Various Feedback Divider Ratios 
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Gain vs V GAIN 

100 

75 1/ 
~ 

E 
z 50 
:;;: 

'" 
25 

/ 
V 

/ 
o 
-0.5 0 0.5 1.0 1.5 2.0 2.5 

~ 0.2 
~ 
~ 
o 
o 0.1 

><5 

'" o 
~ 
o 

><5 
z 

o 

- -0.1 
"" (!) 
z « 
:I: 

u -0.2 

20 

<-.5 15 

0-z 
"" '" '" 10 ::> 
u 

~ 
0.. 

~ 5 
Vl 

VGA1N (V) 

VG,O% and VG,100% 
vs Supply Voltage 

tu% c--c- , 1-"" ..... 

~ ..... ~ 
I I...:: 

~ 
~ ..... 

VG,O% 

3 4 5 6 7 8 9 101112131415 

SUPPLY VOLTAGE (:tV) 

Supply Current 
vs Supply Voltage 

Tt = 25iC\ 

1E TEMJERATURE= 1500 ) 

~ o 
o 3 6 9 12 

SUPPL Y VOLTAGE (:tV) 

15 

4452-16 

4452-18 

4452-20 



o 
CII 
10 
-.:II 
-.:II 

~ .......................................... .. 
Typical Performance Curves
Contd. 

Supply Current 
VB Die Temperature 

16.5 .----.,--,---,----,---, 

~ ..§. 16 1---l--+--t--""'~--1 

.... 
z .., 
~ 15.5 F""'-ok::::--+--~ 
<.> 
>
...J 
0.. 

~ 15 1---l--+--t-"""""""""'-J--1 
Vl 

~ 
z 
0 
;::: 
« 
0.. 

Vi 
Vl 
i5 

'" .... 
~ 
0 
0.. 

14.5 L-_L-_..L-_-'-_-'--_-' 
25 50 75 100 125 150 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

o 

DIE TEMPERATURE (Oe) 

14-Pin Package 
Power Dissipation VB 

Ambient Temperature 

1--14rlN IDIP
-~I "0 J-

14-PIN SO 0. 1 ~ 
1/4~ 

"<00 ) 

~f-

-40 -20 0 20 40 60 80 100 

AMBIENT TEMPERATURE (Oe) 

4452-21 

4452-22 

Applications Information 
The EL4452 is a complete two-quadrant multipli
er/gain control with 50 MHz bandwidth. It has 
three sets of inputs; a differential signal input 
VIN, a differential gain-controlling input VGAIN, 
and another differential input which is used to 
complete a feedback loop with the output. Here is 
a typical connection: 

,----1!!/"--_+-"f--o VOUT 

~RF}H 
R. 

Output 

1L/-----' L. ___ -f!.r""l'------O~D) 

4451-.23 

The gain of the feedback divider is H. The trans
fer function of the part is 
VOUT = Ao x «(VIN+) - (VIN-» x «VGAIN+) - (VGAlN-» + 

(VREF - VFB»' 

VFB is connected to VOUT through a feedback 
network, so VFB = H X VOUT' AO is the open
loop gain of the amplifier, and is approximately 
3300. The large value of AO drives 
«VIN+) - (VIN-» x '12 «VGAIN+) - (VGAIN-» + (VREF - VFB) 

-+ o. 

Rearranging and substituting for VFB 
VOUT = «(VIN+) - (VIN-» x '!.«VGAlN+) - (VGAIN» + VREF)/H, 

or 
VOUT = (VIN X '!. VGAIN + VREF)/H 
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Applications Information - Contd. 
Thus the output is equal to the difference of the 
VIN'S times the difference of VGAIN'S and offset 
by VREF, all gained up by the feedback divider 
ratio. The EL4452 is stable for a divider ratio of 
YlO' and the divider may be set for higher output 
gain, although with the traditional loss of band
width. 

It is important to keep the feedback divider's im
pedance at the FB terminal low so that stray ca
pacitance does not diminish the loop's phase 
margin. The pole caused by the parallel imped
ance of the feedback resistors and stray capaci
tance should be at least 130 MHz; typical strays 
of 3 pF thus require a feedback impedance of 
4000. or less. Alternatively, a small capacitor 
across RF can be used to create more of a fre
quency-compensated divider. The value of the ca
pacitor should scale with the parasitic capaci
tance at the FB input. It is also practical to place 
small capacitors across both the feedback and the 
gain resistors (whose values maintain the desired 
gain) to swamp out parasitics. For instance, a 
3 pF capacitor across RF and 27 pF to ground 
will dominate parasitic effects in a %0 divider 
and allow a higher divider resistance. 

The REF pin can be used as the output's ground 
reference, for DC offsetting of the output, or it 
can be used to sum in another signal. 

Gain-Control Characteristics 
The quantity V GAIN in the above equations is 
bounded as 0~VGAIN~2, even though the exter
nally applied voltages exceed this range. Actual
ly, the gain transfer function around 0 and 2V is 
"soft"; that is, the gain does not clip abruptly 
below the O%-VGAIN voltage nor above the 
100%-VGAIN level. An overdrive of 0.3V must be 
applied to VGAIN to obtain truly 0% or 100%. 
Because the 0%- or 100%- VGAIN levels cannot 
be precisely determined, they are extrapolated 
from two points measured inside the slope of the 
gain transfer curve. Generally, an applied VGAIN 
range of - 0.5V to + 2.5V will assure the full nu
merical span of 0 ~ V GAIN ~ 2. 

The gain control has a small-signal bandwidth 
equal to the VIN channel bandwidth, and over
load recovery resolves in about 20 nsec. 

Input Connections 
The input transistors can be driven from resistive 
and capacitive sources, but are capable of oscilla
tion when presented with an inductive input. It 
takes about 80nH of series inductance to make 
the inputs actually oscillate, equivalent to four 
inches of unshielded wiring or 6" of unterminat
ed input transmission line. The oscillation has a 
characteristic frequency of 500 MHz. Often plac
ing one's finger (via a metal probe) or an oscillo
scope probe on the input will kill the oscillation. 
Normal high-frequency construction obviates 
any such problems, where the input source is rea
sonably close to the input. If this is not possible, 
one can insert series resistors of around 510. to 
de-Q the inputs. 

Signal Amplitudes • 
Signal input common-mode voltage must be be-
tween (V -) + 2.5V and (V +) - 2.5V to ensure 
linearity. Additionally, the differential voltage on 
any input stage must be limited to ± 6V to pre-
vent damage. The differential signal range is 
± 0.5V in the EL4452. The input range is sub
stantially constant with temperature. 

The Ground Pin 
The ground pin draws only 6 ,...A maximum DC 
current, and may be biased anywhere between 
(V-)+2.5V and (V+)-3.5V. The ground pin is 
connected to the IC's substrate and frequency 
compensation components. It serves as a shield 
within the IC and enhances input stage CMRR 
and feedthrough over frequency, and if connected 
to a potential other than ground, it must be by
passed. 

Power Supplies 
The EL4452 operates with power supplies from 
± 3V to ± 15V. The supplies may be of different 
voltages as long as the requirements of the 
ground pin are observed (see the Ground Pin sec
tion). The supplies should be bypassed close to 
the device with short leads. 4.7 p,F tantalum ca
pacitors are very good, and no smaller bypasses 
need be placed in parallel. Capacitors as small as 
0.01 p,F can be used if small load currents flow. 

Single-polarity supplies, such as + 12V with 
+ 5V can be used, where the ground pin is con
nected to + 5V and V - to ground. The inputs 
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Applications Information - Contd. 
and outputs will have to have their levels shifted 
above ground to accommodate the lack of nega
tive supply. 

The power dissipation of the EL44S2 increases 
with power supply voltage, and this must be 
compatible with the package chosen. This is a 
close estimate for the dissipation of a circuit: 

PO=2XVSXIS' max + (VS-Vo)XVo/RpAR 

where Is, max is the maximum supply current 
Vs is the ± supply voltage (assumed 
equal) 
Vo is the output voltage 
RpAR is the parallel of all resistors loading 
the output 

For instance, .the EL44S2 draws a maximum of 
18mA. With light loading, RpAR -+ 00 and the 
dissipation with ± SV supplies is 180 mW. The 
maximum supply voltage that the device can run 
on for a given Po and other parameters is 

The maximum dissipation a package can offer is 

Po, max = (TJ, max-TA, max) I 8JA 

Where TJ, max is the maximum die tempera
ture, lS0·C for reliability, less to re
tain optimum electrical performance 

T A, max is the ambient temperature, 
70·C for commercial and 8S·C for in
dustrial range 

8JA is the thermal resistance of the 
mounted package, obtained from 
data sheet dissipation curves 

The more difficult case is the 80-14 package. 
With a maximum die temperature of lS0·C and a 
maximum ambient temperature of 8S·C, the 6S·C 
temperature rise and package thermal resistauce 
of 120·C/W gives a dissipation of 542 mW at 
8S·C. This allows the full maximum operating 
supply voltage unloaded, but reduced if loaded. 

Output Loading 
The output stage of the EL44S2 is very powerful. 
It can typically source 80 mA and sink 120 mAo 
Of course, this is too much current to sustain and 
the part will eventually be destroyed by excessive 
dissipation or by metal traces on the die opening. 
The metal traces are completely reliable while de
livering the 30 mA continuous output given in 
the Absolute Maximum Ratings table in this 
data sheet, or higher purely transient currents. 

Gain changes only 0.2% from no load to a lOon 
load. Heavy resistive loading will degrade fre
quency response and distortion for loads < lOOn. 

Capacitive loads will cause peaking in the fre
quency response. If capacitive loads must be driv
en, a small-valued series resistor can be used to 
isolate it. 12n to Sln should suffice. A 22n series 
resistor will limit peaking to 1 dB with even a 
220 pF load. 

AGC Circuits 
The basic AGC (automatic gain control) loop is 
this: 

INPUT H-------..... --+ OUTPUT 

REFERENCE 

Basic AGe Loop 

LEVEL 
DETECTOR 

4452-24 

A multiplier scales the input signal and provides 
necessary gain and buffers the signal presented 
to the output load, a level detector (shown sche
matically here as a diode) converts some measure 
of the output signal amplitude to a DC level, a 
low-pass filter attenuates any signal ripple pres
ent on that DC level, and an amplifier compares 
that level to a reference and amplifies the error to 
create a gain-control voltage for the multiplier. 
The circuitry is a servo that attempts to keep the 
output amplitude constant by continuously ad
justing the multiplier's gain control input. 

2-530 



Applications Information - Contd. 
Most AGC's deal with repetitive input signals 
t?at are capacitively coupled. It is generally de
strable to keep DC offsets from mixing with AC 
signals and fooling the level detector into main
taining the DC output offset level constant, rath
er than a smaller AC component. To that end, 
either the level detector is AC-coupled, or the ref
erence voltage must be made greater than the 
maximum multiplier gain times the input offset. 
For instance, if the level detector output equaled 

___ E ... L445,.,;;;.2_--. 

the refere~ce voltage at IV of EL4452 output, the 
8 m V of mput offset would require a maximum 
gain of 125 through the EL4452. Bias current-in
duced offsets could increase this further. 

Depending on the nature of the signal, different 
level detector strategies will be employed. If the 
system goal is to prevent overload of subsequent 
stages, peak detectors are preferred. Other strate
gies use an RMS detector to maintain constant 
output power. Here is a simple AGC using peak 
detection: 

r----(::>--------.. YOUT 

YIN ~I-""--~;;....c), 
C1N 

220n 

2.7k 

2k 

4452-25 
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Applications Information - Contd. 
The output of the EL4452 drives a diode detector 
which is compared to VREF by an offset integra
tor. Its output feeds the gain-control input of the 
EL4452. The integrator's output is attenuated by 
the 2 kn and 2.7 kn resistors to prevent the op
~mp from overloading the gain-control pin dur
mg zero input conditions. The 510 kn resistor 
provides a pull-down current to the peak level 
storage capacitor C1 to allow it to drift negative 
when output amplitude reduces. Thus the detec
tor is of fast attack and slow decay design, able to 
reduce AGC gain rapidly when signal amplitude 
suddenly increases, and increases gain slowly 
when the input drops out momentarily. The val
ue of C1 determines drop-out reaction rates, and 
the value of CF affects overall loop time constant 
as well as the amount of ripple on the gain-con
trolline. C2 can be used to reduce this ripple fur-

ther, although it contributes to loop overshoot 
when input amplitude changes suddenly. The op
amp can be any inexpensive low-frequency type. 

EL4452 ----. ---

The major problem with diode detectors is their 
large and variable forward voltage. They require 
at least a 2 Vp_p peak output signal to function 
reliably, and the forward voltage should be com
pensated by including a negative VD added to 
VREF. Even this is only moderately successful. 
At the expense of bandwidth, op-amp circuits can 
greatly improve diode rectifiers (see "An Im
proved Peak Detector", an Elantec application 
note). Fortunately, the detector will see a con
stant amplitude of signal if the AGC is operating 
correctly. 

A better-calibrated method is to use a four-quad
rant multiplier as a square-law detector. Here is a 
circuit employing the EL4450: 

r----o------.... - Your 

YIN ~ 1-....-04';':":';:....::ii:..n., 
GN 

2k 

2k -REFERENCE 

4452-26 
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Applications Information - Contd. 
In this circuit, the EL4450 not only calculates the 
square of the input, but also provides the offset 
integrator function. The product of the two mul
tiplier inputs adds to the - Reference input and 
are passed to the output amplifier, which 
through CF behaves as a pseudo-integrator. The 
"integrator" gain does not pass through zero at 
high frequencies but has a zero at 1I(27TCF X 1 
k!l.). This zero is cancelled by the pole caused by 
the second capacitor of value CF connected at the 
EL4452 - V GAIN input. The - Reference can be 
exchanged for a positive reference by connecting 
it to the ground return of the 1 k!l. resistor at the 
FB terminal and grounding REF. 

2-533 

As a general consideration, the input signal ap
plied to an EL4452 should be kept below about 
250 mV peak for good linearity. If the AGC were 
designed to produce a 1 V peak output, the input 
range would be 100 mV-250 mV peak when the 
EL4452 has a feedback network that establishes a 
maximum gain of 10. This is an input range of 
only 2.5:1 for precise output regulation. Raising 
the maximum gain to 25 allows a 40 mV-250 mV 
input range with the output still regulated, better 
than 6:1. Unfortunately, the bandwidth will be 
reduced. Bandwidth can be maintained by adding 
a high frequency op-amp cascaded with the out
put to make up gain beyond the 10 of the 
EL4452 current feedback devices being the most 
flexible: The op-amp's input should be capacitor 
coupled to prevent gained-up offsets from confus-
ing the level detector during AGC control line til 
variations. 
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APPLICATION SPECIFIC-VIDEO 

Input 
Input Supply Package Bandwidth Diff Diff Is at Volts Slew 

-3dB Gain Phase 15V Full Rate 
Bias VOS Volts P = Pins 

Part # Features IB Range 
Scale N=PDlP 

S = SOIC 
Typ Typ Typ Max Typ Typ Max Max Min Max 

EL4453C DiffInputs 80 MHz 0.05% 0.05· 21mA ±2V 380V/!£s 20 !£A 25mV ±4.5V ±16V 14P·N·S 

EL4094C Only ±In's 60 MHz 0.02% 0.Q4· 19mA ±2V 500V/!£s 10 !£A 20mV ±4.5V ±16V 8P·N·S 

EL4095C Logic/Diff In 60 MHz 0.02% 0.02· 21mA ±2V 330V/!£s 10 !£A/30 !£A 5mV ±4.5V ±16V 14P·N·S 

C.:> 
~ 

~W1$i c~· - ~~~ 



'" c., 

Video Horizontal Genlock 
Pal Frequency Divisors NTSC Frequency Logic Vco 

Inn 
Package 

Clocks per Horizontal Line Clocks per Horizontal Line Levels Control P = Pins 
Part # 

N = PDIP 
3Fsc 

CCIR Square 
4Fsc 3Fsc 

CCIR Square 
4Fsc Range Leak Max 

601 Pixels 601 Pixels S = SOIC 

EL4584C 851 864 944 1135 682 858 780 910 TTL/CMOS OV-5V 100nA 4mA 16P-N-S 

6Fsc 8Fsc 6Fsc 8Fsc 

EL4585C 1702 1728 1888 2270 1364 1716 1560 1820 TTL/CMOS OV-5V 100nA 4mA 16P-N-S 

Video Sync Separators 
• NTSC, PAL, SECAM and Non Standard Video Sync Separation. • Composite Sync Output. • EL4583-Horizontal Sync Out. 
• External Resistor Sets Internal Timing for Scan Rate • • Vertical Sync Output . 
• Composite Video Input with Video Sync Tip Reference Clamp. • Odd/Even Field Output. 
• Input Levels from 0.5 Vp_p to 2 Vp_p. • Burst/Back Porch Output. 
• Single 5V Supply Low Power. • Default Vertical Sync. • Outputs TTL/CMOS Levels. 

Prop Delay Inn at Package 

Part # Features 
Sync Slicing Point Color Burst In to CSync 5Vs P = Pins 
from Sync Ref Tip Filter N=PDIP 

Typ Max S = SOIC 

EL1881C Low Cost 70mV External 45 ns 3mA 8P-N-S 

EL1882C 50% Slicing 50%w/AGC External 25 ns 3mA 8P-N-S 

EL4581C 50% + Video Filter 50% w/SandH 3 Pole Internal 260ns 3mA 8P-N-S 

EL4583C Multi Featured· 50% w/S and H 3 Pole Internal 250 ns 4mA 16P-N-S 

*Filter input, filter output, resistor set color burst filter frequency, horizontal sync output, no sync pulse detected output, sync pulse level output, resistor sets no sync 
pulse detect level. 

II O:t[OIA -CH .. H:J:t[dS NOlL V:JI~ddV 
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Multipliers/Variable Gain Amps, Voltage Mode Input 

Wide Bandwidth/Video with Voltage Mode Feedback 
Listed by decreasing bandwidth. Up to ± 15V supplies. 

Input 
Linearity 

Bandwidth Volts Linearity, Diff Diff 
Signal 

Part # Features -3dB Full Gain Port Gain Phase 
Scale 

Port 

Typ Typ Typ Typ Typ Typ 

EL44S0C 4 Quadrant 90 MHz ±2V 0.3% 0.2% - -

EL44S1C 2 Quad Leveler 70 MHz ±2V 0.2% 2% 0.9% 0.2° 

EL44S2C 2 Quad High Gain SO MHz ±O.SV 0.3% 2% - -

Multipliers/Variable Gain Amps, Current Mode Input 
Wide Bandwidth/Video 
Listed by decreasing bandwidth. Up to ± 15V supplies. 

Bandwidth 
Linearity, 

Linearity, Diff. 
-3dB 

Signal 
Gain Port Gain Part # Features Port 

Typ Typ Typ Typ 

EL4083C 4 Quadrant 22SMHz 0.1% 0.1% 0.1% 

EL2082C 2 Quadrant lS0MHz 0.1% 2% 0.2S% 
~--

APPLICATION SPECIFIC-VIDEO 

Input Supply Package Slew Input 
Bias Is Volts P ~ Pins Rate VOS 
IB Range N~PDIP 

S ~ SOIC 
Typ Max Max Max Min Max 

400V//Ls 3SrnV 20/LA 18 rnA ±4.SV ±16V 14P-N-S 

400V//Ls 2SrnV 20/LA 18rnA ±4.SV ±16V 14P-N-S 

400V//Ls 10rnV 20/LA 18rnA ±4.SV ±16V 14P-N-S 

Diff. 
Supply Package 

Phase Is Volts P ~ Pins 
Range N ~ PDIP 

Typ Max Min Max S ~ SOIC 

O.Oso 48rnA ±4.SV ±16V 8P-N-S 

O.Oso 16 rnA ±4.SV ±16V 8P-N-S 



Features 
• NTSC, PAL, SECAM, non

standard video sync separation 
• Fixed 70 m V slicing of video 

input levels from 0.5 Vp_p to 
2 Vp_p 

• Low supply current - 1.5 rnA typo 

• Single + 5V supply 
• Composite, vertical sync output 

• Odd/Even field output 
• Burst/Back porch output 
• Plug-in compatible with industry 

standard LM1881 in 5V 
applications 

• Available in 8-pin DIP and SO 
package 

Applications 
• Video special effects 
• Video test equipment 
• Video distribution 

• Displays 
• Imaging 
• Video data capture 

• Video triggers 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL1881CN -40°C to + 85°C 8-pin DIP MDP0031 

EL1881CS -40°C to + 85°C 8-lead SO MDP0027 

Demo Board 
A dedicated demo board is not 
available. However, this device can 
be placed on the EL4584/5 demo 
board. 

General Description 
The EL1881C video sync separator is manufactured using Elan
tec's high performance analog CMOS process. This device ex
tracts sync timing information from both standard and non
standard video input. It provides composite sync, vertical sync, 
burst/back porch timing and odd/even field detection. Fixed 
70 m V sync tip slicing provides sync edge detection when the 
video input level is between 0.5 Vp-p and 2 Vp-p (sync tip am
plitude 143 mV to 572 mV). A single external resistor sets all 
internal timing to adjust for various video standards. The com
posite sync output follows video in sync pulses, and a verti
cal sync pulse is output on the rising edge of the first vertical 
serration following the vertical pre-equalizing string. For non
standard vertical inputs, a default vertical pulse is output when 
the vertical signal stays low for longer than the vertical sync 
default delay time. The odd/even output indicates field polari
ty detected during the vertical blanking interval. The EL1881C 
is plug-in compatible with the industry standard LM1881 and 
can be substituted for that part in 5V applications with lower 
required supply current. 

Connection Diagram 

EL1881C SO, P-DIP Packages 

3-5 

COMPOSITE 
SYNC OUT 

COMPOSITE 
VIDEO IN 

VERTICAL 
SYNC OUT 

8 VDD 5V 

7 ODD/EVEN 
OUTPUT 

BURST/BACK 
5 PORCH OUTPUT 

1881-1 



Absolute Maximum Ratings (TA = 25'C) 

Vee Supply 
Storage Temperature 

Lead Temperature (5 sec) 
Pin Voltages 

7V 
-65'C to + 150'C 

260'C 

-O.5Vto Vee+O.5V 

Operating Ambient Temperature Range 
Operating Junction Temperature 
Power Dissipation 

-40'Cto +85'C 

125'C 

400mW 

DC Electrical Characteristics Unless otherwise stated, Voo=5V, TA = 25'C, RSET = 681 kD. 

Dynamic Characteristics 

Description 
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Pin Descriptions 
PinNa. Pin Name Function 

1 Composite Sync Out Composite sync pulse output. Sync pulses start on a falling edge and end on a rising 
edge. 

2 Composite Video In AC coupled composite video input. Sync tip must be at the lowest potential (Positive 
picture phase). 

3 Vertical Sync Out Vertical sync pulse output. The falling edge of Vert Sync is the start of the vertical 
period. 

4 Gnd Supply ground. 

S Burst/Back Porch Output Burst/Back porch output. Low during burst portion of composite video. 

6 RSET An external resistor to ground sets all internal timing. A 681k 1 % resistor will provide 
correct timing for NTSC signals. 

7 Odd/Even Output Odd/Even field output. High during odd fields, low during even fields. Transitions 
occur at start of Vert Sync pulse. 

8 Vnn SV Positive supply. (SV) 

Note: RSET must be a 1 % resistor. 

• 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Timing Diagrams 

SIGNAL la. COMPOSITE VIDEO INPUT, FIELD ONE 

1-1.5 !" t 0.1 !" FIELD ONE I TlM[...--. I I = 
r.--------- ~ER~CA~ BLANKING INTERVAL = 20H ~~ 6 271 !,s~8~; ,ts) ---------;--+i 

3H -+p I 3H --+- 3H ------l 
lT2T3;:4M-5Ts=i=7T8T9--hl0-+j 

I 

~~~~T O~E I--Ht! H~ -+- -.j.5H 
PRE -EQUALIZING I VERTICAL SYNC POST -EQUALIZING 
PULSE INTERVAL I PULSE INTERVAL PULSE INTERVAL 

I I 9 lI'~~E~~~T~CAL 
I 

, I 
SIGNAL lb. COMPOSITE SYNC. OUTPUT, PIN 1 I 

, I 

SIGNAL le. VERTICAL SYNC. OUTPUT, PI'N 3 

SIGNAL ld. ODD - EVEN OUTPUT, PIN 7 

SIGNAL 1 •. BACK PORCH OUTPUT, PIN ~ 

'---v---I 
See Fig 2. 3 

Figure 1. Standard (NTSC Input) Timing 
Notes: 
b. The composite sync output reproduces all the video input sync pulses, with a propagation delay. 

'---v---I 
See Fig 

c. Vertical sync leading edge is coincident with the first vertical serration pulse leading edge, with a propagation delay. 
d. Odd-even output is low for even field, and high for odd field. 

1881-14 

e. Back porch goes low for a fixed pulse width on the trailing edge of video input sync pulses. Note that for serration pulses during 
vertical, the back porch starts on the rising edge of the serration pulse (with propagation delay) . 
• Signal la drawing reproduced with permission from EIA. 
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Expanded Timing Diagrams 

SIGNAL 2a. COMPOSITE VIDEO INPUT 

I\---- -- ----- -- I~'~_~'_ --F\ 
-,---,., . '-. ---

-: :- tcs Comp Sync 
, , Prop Delay 

SIGNAL 2b. COMPOSITE SYNC. OUTPUT 

"--___ -'-!n ...... __ 
: ; Comp Sync-

SIGNAL 2c. VERTICAL SYNC. OUTPUT ...., ,.... tcs-vs Vert Sync 

-------------------~!.;I ~,., 

, .... _--------
SIGNAL 2d. ODD - EVEN OUTPUT -: :- t 

------------------~'~~--
Comp Sync
ODD/EVEN 
Delay 

Burst tao ~ ,---
Delay I I Burst 

;- ta -+J Width SIGNAL 2e. BURST/BACK PORCH OUTPUT , , 

------------------~LJ~-

Figure 2. Standard Vertical Timing 

SIGNAL 3a. COMPOSITE VIDEO INPUT 

• Lines I , , 
~2~3 "I'll 4----....-- 5----. , , , , 

u (No Vertical Sync Pulses) 

I I Vert Sync 
:-tVSD~ Default Delay 

SIGNAL 3b. VERTICAL SYNC. OUTPUT 

Figure 3. Non-Standard Vertical Timing 
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T 
INPUT 

DYNAMIC 
RANGE 

O.SV- 2V 

1 
tcs 

White Level 

Black Level 

Blanking Level 

I-! Sync tip 10 mV -:-- VCLAMP 

f----!-O+_ Depends on width of Input Sync. at 50% points 

COMPOSITE SYNC. OUTPUT, PIN 1 
I 

BACK PORCH OUTPUT, PIN 5 

FigUre 4. Standard (NTSC Input) H. Sync Detail 
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VIDEO 
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Applications Information 

Video In 
A simplified block diagram is shown following 
page. 

An AC coupled video signal is input to Video In 
pin 2 via C1, nominally 0.1 ,..,F. Clamp charge 
current will prevent the signal on pin 2 from go
ing any more negative than Sync Tip Ref, about 
1.5V. This charge current is nominally about 
1 rnA. A clamp discharge current of about 10 ,..,A 
is always attempting to discharge C1 to Sync Tip 
Ref, thus charge is lost between sync pulses that 
must be replaced during sync pulses. The droop 
voltage that will occur can be calculated from 
IT = CV, where V is the droop voltage, I is the 
discharge current, T is the time between sync 
pulses (sync period - sync tip width), and C is 
C1. 

An NTSC video signal has a horizontal frequency 
of 15.73 kHz, and a sync tip width of 4.7 ,..,s. This 
gives a period of 63.6 ,..,S and a time T = 58.9 ,..,s. 
The droop voltage will then be V = 5.9 mY. This 
is less than 2 % of a nominal sync tip amplitude 
of 286 mY. The charge represented by this droop 
is replaced in a time given by T = CV /1, where I 
= clamp charge current = 1 mAo Here T = 
590 ns, about 12 % of the sync pulse width of 
4.7 /-Ls. It is important to choose C1large enough 
so that the droop voltage does not approach the 
switching threshold of the internal comparator. 

Fixed Gain Buffer 
The clamped video signal then passes to the fixed 
gain buffer which places the sync slice level at 
the equivalent level of 70 m V above sync tip. The 
output of this buffer is presented to the compara
tor, along with the slice reference. The compara
tor output is level shifted and buffered to TTL 
levels, and sent out as Composite Sync to pin 1. 

Burst 
A low-going Burst pulse follows each rising edge 
of sync, and lasts approximately 3.5 ,..,S for an 
RSET of 681 ko,. 
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Vertical Sync 
A low-going Vertical Sync pulse is output dur
ing the start of the vertical cycle of the incoming 
video signal. The vertical cycle starts with a pre
equalizing phase of pulses with a duty cycle of 
about 93%, followed by a vertical serration phase 
that has a duty cycle of about 15%. Vertical Sync 
is clocked out of the EL1881C on the first rising 
edge during the vertical serration phase. In the 
absence of vertical serration pulses, a vertical 
sync pulse will be forced out after the vertical 
sync default delay time, approximately 60 /-Ls af
ter the last falling edge of the vertical equalizing 
phase for RSET = 681 ko,. 

Odd/Even 
Because a typical television picture is composed 
of two interlaced fields, there is an odd field that 
includes all the odd lines, and an even field that 
consists of the even lines. This odd/even field in
formation is decoded by the EL1881C during the 
end of picture information and the beginning of 
vertical information. The odd/even circuit in
cludes a T-flip-flop that is reset during full hori
zontal lines, but not during half lines or vertical 
equalization pulses. The T-flip-flop is clocked 
during each falling edge of these half h-period 
pulses. Even fields will toggle until a low state is 
clocked to the odd/ even pin 7 at the beginning of 
vertical sync, and odd fields will cause a high 
state to be clocked to the odd/even pin at the 
start of the next vertical sync pulse. Odd/even 
can be ignored if using non-interlaced video, as 
there is no change in timing from one field to the 
next. 

RSET 
An external RSET resistor, connected from RSET 
pin 6 to ground, produces a reference current that 
is used internally as the timing reference for ver
tical sync width, vertical sync default delay, 
burst gate delay and burst width. Decreasing the 
value of RSET increases the reference current, 
which in turn decreases reference times and pulse 
widths. A higher frequency video input necessi
tates a lower RSET value. 



Applications Information - Contd. 

Chroma Filter 
A chroma filter is suggested to increase the SIN 
r~tio of the incoming video signal. Use of the op
bonal chroma filter is shown in Figure 5. It can 
be implemented very simply and inexpensively 
with a series resistor of 620n and a parallel ca-

pacitor of 500 pF, which gives a single pole roll
off frequency of about 500 kHz. This sufficiently 
attenuates the 3.58 MHz (NTSC) or 4.43 MHz 
(PAL) color burst signal, yet passes the approxi
mately 15 kHz sync signals without appreciable 
attenuation. A chroma filter will increase the 
propagation delay from the composite input to 
the outputs. 

620n 0.1 }LF EL 1881 

Video~ ~ 2 
Rr 
CF~510PF 

'---v---J 
Chroma 
Filter 

Figure 5 

Simplified Block Diagram 

COMPOSITE 

620n O.l}LF VIDEO IN 

~1 2 

C
FI

510 PF 

C3 • 
0.1 J.LFI RSET 

• Note: RSET must be a 1 % resistor. 

SYNC 
TIP 

70mV 
SLICE 

Figure 6 
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Features 
• NTSC, PAL, SECAM, non

standard video sync separation 

• Precision 50% slicing of video 
input levels from 0.5 Vp_p to 
2Vp_p 

• Low supply current - 1.5 mA typo 
• Single + 5V supply 
• Composite, vertical sync output 
• Odd/Even field output 
• Burst/Back porch output 
• Plug-in compatible with industry 

standard LM1881 in 5V 
applications 

• Available in 8-pin DIP and SO 
package 

Applications 
• Video special effects 
• Video test equipment 
• Video distribution 
• Displays 
• Imaging 
• Video data capture 
• Video triggers 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL1882CN -40"Cto +8S·C 8-pinDIP MDPOO31 

EL1882CS -40"Cto +8S·C 8-leadSO MDPOO27 

Demo Board 
A dedicated demo board is not 
available. However, this device can 
be placed on the EL4584/5 demo 
board. 

General Description 
The EL1882C video sync separator is manufactured using Elan
tec's high performance analog CMOS process. This device ex
tracts sync timing information from both standard and non
standard video input. It provides composite sync, vertical sync, 
burst/back porch timing and odd/even field detection. 50% 
sync tip slicing provides precise sync edge detection when the 
video input level is between 0.5 Vp-p and 2 Vp-p (sync tip am
plitude.143 mV to 572 mY). A single external resistor sets all 
internal timing to adjust for various video standards. The com
posite sync output follows video in sync pulses, and a verti
cal sync pulse is output on the rising edge of the first vertical 
serration following the vertical pre-equalizing string. For non
standard vertical inputs, a default vertical pulse is output when 
the vertical signal stays low for longer than the vertical sync 
default delay time. The odd/even output indicates field polari
ty detected during the vertical blanking interval. The EL1882C 
is plug-in compatible with the industry standard LM1881 and 
can be substituted for that part in 5V applications with im
proved 50% slicing and lower required supply current. 

Connection Diagram 

EL1882C SO, P-DIP Packages 

COMPOSITE 
SYNC OUT 

COMPOSITE 
VIDEO IN 

VERTICAL 
SYNC OUT 

8 voo SV 

7 ODD/EVEN 
OUTPUT 

BURST/BACK 
5 PORCH OUTPUT 

1882-1 
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Absolute Maximum Ratings (TA = 2S·C) 

Vee Supply 
Storage Temperature 
Lead Temperature (S sec) 
Pin Voltages 

7V 
- 6S·C to + lS0·C 

260·C 

-O.SVtoVee+ O.SV 

Operating Ambient Temperature Range 
Operating Junction Temperature 
Power Dissipation 

- 4O"C to+ 8S·C 
12S·C 

400mW 

DC Electrical Characteristics Unless otherwise stated, VDD= SV, TA = 2S·C, RSET = 680 kO 

Dynamic Characteristics 

Description 

3-17 
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Pin Descriptions 

Pin No. Pin Name Function 

1 Composite Sync Out Composite sync pulse output. Sync pulses start on a falling edge and end on a rising 
edge. 

2 Composite Video In AC coupled composite video input. Sync tip must be at the lowest potential (Positive 
picture phase). 

3 Vertical Sync Out Vertical sync pulse output. The falling edge of Vert Sync is the start of the vertical 
period. 

4 Gnd Supply ground. 

5 Burst/Back Porch Output Burst/Back porch output. Low during burst portion of composite video. 

6 RsET An external resistor to ground sets all internal timing. A 681k 1 % resistor will provide 
correct timing for NTSC signals. 

7 Odd/Even Output Odd/Even field output. High during odd fields, low during even fields. Transitions 
occur at start of Vert Sync pulse. 

8 VDD5V Positive supply. (5V) 

Note: RsET must be a 1 % resistor. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Timing Diagrams 

SIGNAL la. COMPOSITE VIDEO INPUT, FIELD ONE 

SIGNAL lb. COMPOSITE SYNC. OUTPUT; PIN 1 

SIGNAL le. VERTICAL SYNC. OUTPUT, PiN 3 

SIGNAL ld. ODD-EVEN OUTPUT, PIN 7 

SIGNAL le. BACK PORCH OUTPUT, PIN ~ 

~ 
See Fig 2, 3 

Figure 1. Standard (NTSC Input) Timing 
Notes: 
b. The composite sync output reproduces all the video input sync pulses, with a propagation delay. 

............... 
See Fig 

c. Vertical sync leading edge is coincident with the fl1'St vertical serration pulse leading edge, with a propagation delay. 
d. Odd-even output is low for even field, and high for odd field. 

1882-14 

e. Back porch goes low for a fixed pulse width on the trailing edge of video input sync pulses. Note that for serration pulses during 
vertical, the back porch starts on the rising edge of the serration pulse (with propagation delay) . 
• Signalla drawing reproduced with permission from EIA. 
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Expanded Timing Diagrams 

SIGNAL 2a. COMPOSITE VIDEO INPUT 

1\ ------ -------- r'~_'"::'_ --F\ 
_, ___ '_, • L.... __ _ 

...: :-Ics Comp Sync 
, , Prop Delay 

SIGNAL 2b. COMPOSITE SYNC. OUTPUT 

~---------~I.l~--Comp Sync-
SIGNAL 2c. VERTICAL SYNC. OUTPUT 

SIGNAL 2e. BURST/BACK PORCH OUTPUT 

Bursl leo ~ 
Delay 

Figure 2. Standard Vertical Timing 

SIGNAL 3a. COMPOSITE VIDEO INPUT 
, Lines I , , 
.........-2~3 II,,, 4_5~ 

u (No Verlical Sync Pulses) 

I I Vert Sync :-Ivso---: Oefaull Delay 

SIGNAL 3b. VERTICAL SYNC. OUTPUT 

Figure 3. Non-Standard Vertical Timing 
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T 
INPUT 

DYNAMIC 
RANGE 

0.5V- 2V 

1 
Ics 

COLOR BURST 
40 IRE 

I---l Sync tip 

White Level 

Black Level 

Blanking Level 

10% '---.L..----.J_: - VCLAMP 

j.---7-0-t--- Depends on width of Input Sync. at 50% points 

COMPOSITE SYNC. OUTPUT, PIN 1 
I 

BACK PORCH OUTPUT, PIN 5 

Figure 4. Standard (NTSC Input) H. Sync Detail 
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Applications Information 

Video In 
A simplified block diagram is shown following 
page. 

An AC coupled video signal is input to Video In 
pin 2 via C1, nominally 0.1 p.F. Clamp charge 
current will prevent the signal on pin 2 from go
ing any more negative than Sync Tip Ref, about 
1.5V. This charge current is nominally about 
1 mAo A clamp discharge current of about 10 p.A 
is always attempting to discharge Cl to Sync Tip 
Ref, thus charge is lost between sync pulses that 
must be replaced during sync pulses. The droop 
voltage that will occur can be calculated from 
IT = CV, where V is the droop voltage, I is the 
discharge current, T is the time between sync 
pulses (sync period - sync tip width), and C is 
C1. 

An NTSC video signal has a horizontal frequency 
of 15.73 kHz, and a sync tip width of 4.7 p.s. This 
gives a period of 63.6 p.s and a time T = 58.9 p.s. 
The droop voltage will then be V = 5.9 mY. This 
is less than 2 % of a nominal sync tip amplitude 
of 286 mY. The charge represented by this droop 
is replaced in a time given by T = CV II, where I 
= clamp charge current = 1 mAo Here T = 
590 ns, about 12% of the sync pulse width of 
4.7 p.s. It is important to choose C1large enough 
so that the droop voltage does not approach the 
50% switching threshold of the internal compar
ator. 

AGC and Composite Sync 
The clamped video signal then passes to the 
AGC, which will maintain the blanking level of 
its output (sensed during burst) at the blanking 
reference level. The AGC should therefore pres
ent a constant amplitude signal to the compara
tor, if the input is within the AGC's dynamic 
range. A 50% slicing reference is compared with 
the AGC's output at the comp circuit. Comp's 
output is level shifted and buffered to TTL lev
els, and sent out as Comp Sync on pin 1. 

Burst 
A low-going Burst pulse follows each rising edge 
of sync, and lasts approximately 3.5 p.s for an 
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RSET of 681 kn. This signal is us.ed internally to 
gate the AGC feedback for determining blanking 
level. 

Vertical Sync 
A low-going Vertical Sync pulse is output dur
ing the start of the vertical cycle of the incoming 
video signal. The vertical cycle starts with a pre
equalizing phase of pulses with a duty cycle of 
about 93%, followed by a vertical serration phase 
that has a duty cycle of about 15%. Vertical Sync 
is clocked out of the EL1882C on the first rising 
edge during the vertical serration phase. In the 
absence of vertical s.erration pulses, a vertical 
sync pulse will be forced out after the vertical 
sync default delay time, approximately 60 p.s af
ter the last falling edge of the vertical equalizing 
phase for RSET = 681 kn. 

OddlEven 
Because a typical television picture is composed 
of two interlaced fields, there is an odd field that 
includes all the odd lines, and an even field that 
consists of the even lines. This oddl even field in
formation is decoded by the EL1882C during the 
end of picture information and the beginning of 
vertical information. The odd! even circuit in
cludes a T-flip-flop that is reset during full hori
zontal lines, but not during half lines or vertical 
equalization pulses. The T -flip-flop is clocked 
during each falling edge of these half h-period 
pulses. Even fields will toggle until a low state is 
clocked to the odd! even pin 7 at the beginning of 
vertical sync, and odd fields will cause a high 
state to be clocked to the odd! even pin at the 
start of the next vertical sync pulse. Odd! even 
can be ignored if using non-interlaced video, as 
there is no change in timing from one field to the 
next. 

RSET 
An external RSET resistor, connected from RSET 
pin 6 to ground, produces a reference current that 
is used internally as the timing reference for ver
tical sync width, vertical sync default delay, 
burst gate delay and burst width. Decreasing the 
value of RSET increases the reference current, 
which in turn decreases reference times and pulse 
widths. A higher frequency video input necessi
tates a lower RSET value. 



o 
~ 
00 
00 
l""'4 

~ 

~~~~~~~~~~ 
Applications Information - Contd. during color burst. An example chroma filter is 

s?own in Figure 5. It can be implemented very 
simply and inexpensively with a series resistor of 
620n and a parallel capacitor of 500 pF which 
gives a single pole roll-off frequency of about 
500 kHz. This sufficiently attenuates the 
3.58 MHz (NTSC) or 4.43 MHz (PAL) color 
burst signal, yet passes the approximately 15 
kHz sync signals without appreciable attenua
tion. A chroma filter will increase the propaga
tion delay from composite sync to outputs. 

Chroma Filter 
When the EL1882 is used in composite color sys
tems, a chroma filter is required at the video in
put. This is so because the color burst signal ex
tends to the 50% point of the sync pulse (- 20 
IRE). Since the EL1882 slices at the 50% level, a 
chroma filter is required to attenuate the color 
burst signal to a point above the 50% level. With
out this filter false sync triggering may occur 

620.n 0.1 ",F EL1882 
Video~ 

In Rr ~ ..L •. n' 2 
Rr Cv~510PF 

'---v----J 
Chroma 

Filter 

Figure 5 

Simplified Block Diagram 

• Note: RSET must be a 1 % resistor. 

SYNC 
TIP 

BLANK 

50% 
SLICE 

Figure 6 
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Features 
• Flexible inputs and outputs, all 

ground referred 
• 150 MHz large and small-signal 

bandwidth 
• 46 dB of calibrated gain control 

range 

• 70 dB isolation in disable mode 
@ 10 MHz 

• 0.15% diff gain and 0.05° diff 
phase performance at NTSC 
using application circuit 

• Operates on ± 5V to ± 15V power 
supplies 

• Outputs may be paralleled to 
function as a multiplexer 

Applications 
• Level adjust for video signals 
• Video faders and mixers 
• Signal routing multiplexers 
• Variable active filters 
• Video monitor contrast control 

• AGC 
• Receiver IF gain control 
• Modulation/demodulation 
• General "cold" front-panel 

control of AC signals 

Ordering Information 
Part No. Temp. Range Package Outline;; 

EL2082CN O'C to + 7S"C 8-Pin P-D1P MDPOO31 

EL2082C5 O'C to + 7S"C 8-Pin SO MDPOO27 

General Description 
The EL2082 is a general purpose variable gain control building 
block, built using an advanced proprietary complementary bi
polar process. It is a two-quandrant multiplier, so that zero or 
negative control voltages do not allow signal feedthrough and 
very high attenuation is possible. The EL2082 works in current 
mode rather than voltage mode, so that the input impedance is 
low and the output impedance is high. This allows very wide 
bandwidth for both large and small signals. 

The lIN pin replicates the voltage present on the VIN pin; there
fore, the VIN pin can be used to reject common-mode noise and 
establish an input ground reference. The gain control input is 
calibrated to 1 mA/rnA signal gain for 1V of control voltage. 
The disable pin (E) is TTL-compatible, and the output current 
can comply with a wide range of output voltages. 

Because current signals rather than voltages are employed, mul
tiple inputs can be summed and many outputs wire-or'ed or 
mixed. 

The EL2082 operates from a wide range of supplies and is avail
able in standard 8-pin plastic DIP or 8-lead SO. 

Connection Diagram 

8-Pin DIP/SO 

2082-1 

Top View 
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Absolute Maximum Ratings (TA = 25·C) 

Vs VoltagebetweenVs+ andVs- +33V 

VIN,IOUT Voltage ±VS 
VE, VGAIN Input Voltage -1 to +7V 

lIN Input Current ±5mA 

DC Electrical Characteristics 
(Vs = ± l5V, VG = IV, VE = o.sv, VOUT = 0, VIN = 0, lIN = 0) 

Parameter Description 

Voltage Common-Mode Rejection Ratio 
VIN = -lOV, + 10V 

ICMRR Offset Current Common-Mode Rejection 
Ratio, VIN = -lOV, + 10V 

VPSRR Offset Voltage Power Supply Rejection 

Ratio, Vs = ± 5V to ± l5V 

IPSRR Offset Current Power Supply Rejection 
Ratio, Vs = ± 5V to ± l5V 

3-28 

PD Maximum Power Dissipation 
TA Operating Temperature Range 
TJ Operating Junction Temperature 
TST Storage Temperature 

Temp Min Typ 

Full 0.5 5 

Full 60 SO 

See Curves 
O·Cto + 75·C 

l50·C 
-65·C to + l50"C 

Units 

p.A/V 

dB 



DC Electrical Characteristics - Contd. 
(Vs = ± 15V, Va = IV, VE = 0.8V, VOUT = 0, VIN = 0, lIN = 0) 

Parameter 

VOUT 

Description 

Output Swing; VaAIN = 2V,IIN ±2mA, 
RL = 4.0K 

Temp 

Full 

AC Electrical Characteristics 
(RL = 250, CL = 4 pF, CIIN = 2 pF, TA = 25°C, Va = IV, Vs = ± 15V) 

Parameter 

BWI 
BW2 

Dp 

Description 

Current Mode Bandwidth -3dB 

±O.ldB 
Power, lIN = 1 rnA p-p 

Differential Gain, 
NTSC with lIN = - 0.35 rnA to + 0.35 rnA 

Differential Phase, 
NTSC with lIN = -0.35mAto +0.35mA 
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Min 

-11 

Min 

Typ 

Typ 
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The EL2082 is best thought of as a current-conveyor with variable current gain. A current input to the 
lIN pin will be replicated as a current driven out the lOUT pin, with a gain controlled by VGAIN. Thus, 
an input of 1 rnA will produce an output current of 1 rnA for V GAIN = IV. An input of 1 rnA will 
produce an output of 2 rnA for VGAIN = 2V. The useable VGAIN range is zero to + 2V. A negative level 
on VGAIN, even only -20 mV, will yield very high signal attenuation. 

The EL2082 in Conjunction with Op-Amps 
This resistor-load circuit shows a simple method of converting voltage signals to currents and vice 
versa: 

Gain Control 

. _ VGAlN ( RL ) (RF + RG) Gam--- ---
lV RIN +950 Ra 

Rt. >-...... -.Vout 

loon 

EL2082 + Op-Amp 
2082-13 

RIN would typically be 1 kn for video level inputs, or 10 kn for ± 10V instrumentation signals. The 
higher the value of RIN (the lower the input current), the lower the distortion levels of the EL2082 will 
be. An approximate expression of the nonlinearity of the EL2082 is: 

Nonlinearity (%) = 0.3*IIN (rnA)2 

Optimum input current level is a tradeoff between distortion and signal-to-noise-ratio. The distortion 
and input range do not change appreciably with V GAIN levels; distortion is set by input currents alone. 
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The output current could be terminated with a 1 kn load resistor to achieve a nominal voltage gain of 1 
at the EL2082, but the lOUT, load, and stray capacitances would limit bandwidth greatly. The lowest 
practical total capacitance at lOUT is about 12 pF, and this gives a 13 MHz bandwidth with a 1 kn 
load. In the above example a lOOn load is used for an upper limit of 130 MHz. The operational 
amplifier gives a gain of + 10 to bring the overall gain to unity. Wider bandwidth yet can be had by 
installing CIN' This is a very small capacitor, typically 1 pf-2 pF, and it bolsters the gain above 
100 MHz. Here is a table of results for this circuit used with various amplifiers: 

Operational Power 
Amplifier Supplies 

EL2020 ±SV 
EL2020 ±lSV 
EL2130 ±SV 
EL2030 ±lSV 
EL2090 ±lSV 
EL2120 ±SV 
EL2120 ±lSV 
EL2070 ±SV 
EL2071 ±SV 
EL207S ±SV 

Rf 

620 
620 
620 
620 
240 
220 
220 
200 
loSK 
620 

Rg 

68 
68 
68 
68 
27 
24 
24 
22 

240 
68 

2pF 
2pF 
2pF 

-3dB 0.1 dB 
Bandwidth Bandwidth Peaking 

34 MHz S.6MHz 0 
40 MHz 7.4 MHz 0 
73 MHz 11 MHz loOdB 
93 MHz 12 MHz lo3dB 
60 MHz 10 MHz O.SdB 
S7MHz 10 MHz 0.4 dB 
6SMHz 11 MHz 0.3 dB 

lS0MHz 30 MHz 0.4 dB 
200 MHz 30 MHz 0 
270 MHz 30 MHz 1.SdB 

Maximum bandwidth is maintained over a gain range of + 6 to -16 dB; bandwidth drops at lower 
gains. If wider gain range with full bandwidth is required, two or more EL20B2's can be cascaded with 
the lOUT of one directly driving the lIN of the next. 

The EL2082 can also be used with an I -+ V operational circuit: 

Gain Control 

• VOAIN ( RF ) 
t---"JIJ\r--'" Gam = -~ RIN +950 

>-...... -.Vout 

2082-14 

Inverting 
EL2082 + Op-Amp 

The circuit above gives a negative gain. The main concern of this connection involves the total lOUT 
and stray capacitances at the amplifier's input. When using traditional op-amps, the pole caused by 
these capacitances can make the amplifier less stable and even cause oscillations in amplifiers whose 
gain-bandwidth is greater than 5 MHz. A typical cure is to add a capacitor Cf in the 2 pF -10 pF range. 
This will reduce overall bandwidth, so a capacitor CIN can be added to regain frequency response. The 
ratio Cf/CIN is made equal to RIN/Rf. 
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Current-feedback amplifiers eliminate this difficulty. Because their -input is a very low impedance, 
capacitance at the summing point of an inverting operational circuit is far less troublesome. Here is a 
table of results of various current-feedback circuits used in the inverting circuit: 

Operational Power -3dB 0.1 dB 
Amplifier Supplies Rf RIN Rg Bandwidth Bandwidth Peaking 

EL2020 ±5V 1k 910 29 MHz 4.3 MHz 0 
EL2020 ±15V 1k 910 34 MHz 5.3 MHz 0 
EL2130 ±5V 1k 910 61 MHz 9.7 MHz 0 
EL2030 ±15V 1k 910 82 MHz 12.3 MHz 0 

EL2171 ±5V 2k 1.8k 1k 114 MHz 11 MHz 1.2 dB 
with the EL2171 the EL2082 had ± 15V supplies and the EL2171 required a 1500 output load. 

The EL2120 and EL2090 are suitable in this circuit but they are compensated for 300n feedback 
resistors. RIN would have to be reduced greatly to obtain unity gain and the increased signal currents 
would cause the EL2082 to display much increased distortion. They could be used if the input resistor 
were maintained at 910n and Rf reduced for a - % gain, or if Rf = 1k and an overall bandwidth of 
25 MHz were acceptable. 

The EL2082 can also be used within an op-amp's feedback loop: 

EL2082 in feedback 
inverting gain 

Gain Control 

Gain = _~ (RF + 950) 
VGAIN RJN 

2082-15 

With voltage-mode op-amps, the same concern about capacitance at the summing node exists, so Cf and 
CIN should be used. As before, current-feedback amplifiers tend to solve the problem. However, in this 
circuit the inherent phase lag of the EL2082 detracts from the phase margin of the op-amp, and some 
overall bandwidth reduction may result. The EL2082 appears as a 3.0 ns delay, well past 100 MHz. 
Thus, for a 20 MHz loop bandwidth, the EL2082 will subtract 20 MHz X 3.0 ns X 360 degrees = 21.6 
degrees. The loop path should have at least 55 degrees of phase margin for low ringing in this connec
tion. Loop bandwidth is always reduced by the ratio RIN/(RIN + Rf) with voltage mode op-amps. 
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Current-feedback op-amps again solve the summing-junction capacitance problem in this connection. 
The loop bandwidth here becomes a matter of transimpedance over frequency and its phase characteris
tics. Unfortunately, this is generally poorly documented in amplifier data sheets. A rule of thumb is 
that the transimpedance falls to the value of the recommended feedback resistor at a frequency of 
F -3 dB/4 to F -3 dB/2, where F -3 dB is the unity-gain closed-loop bandwidth of the amplifier. The 
phase margin of the op-amp is usually close to 90 degrees at this frequency. 

In general, Rf is initially the recommended value for the particular amplifier and is then empirically 
adjusted for amplifier stability at maximum VGAIN, then RIN is set for the overall circuit gain re
quired. Sometimes a very small Cf can be used to improve loop stability, but it often must be in series 
with another resistor of value around Rf/2. 

A virtue of placing the EL2082 in feedback is that the input-referred noise will drop as gain increases. 
This is ideal for level controls that are used to set the output to a constant level for a variety of inputs 
as well as AGC loops. Furthermore, the EL2082 has a relatively constant input signal amplitude for a 
variety of input levels, and its distortion will be relatively constant and controllable by setting Rf. Note 
that placing the EL2082 in the feedback path causes the circuit bandwidth to vary inversely with gain. 

The next circuit shows use of the EL2082 in the feedback path of a non-inverting op-amp: 

EL2082 in feedback 
non-inverting gain 

>-----+ .... -+Voul 

Cf~ 12PF.(~) 
EL2082 

. lV (RF + 9S!1) Gain =-
Vg Rg 

Gain Control 
2082-16 

This example has the same virtues with regards to noise and distortion as the preceding circuit; and its 
bandwidth shrinks with increasing gain as well. The typical 12 pF sum of EL2082 output capacitance in 
parallel with stray capacitance necessitates the inclusion of Cf to prevent a feedback pole. Because of 
this 12 pF capacitance at the op-amp -input, current-feedback op-amps will generally not be useable. As 
before, the loop bandwidth and phase margin must accommodate the extra phase lag of the EL2082. 
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Using the V IN Pin 
The VIN pin can be used instead of the lIN pin so: 

The VIN pin used 
as signal input 

r-----
I 
I 

estray:"1=': 
. .1.. 

Gain Control 

I-----~Vout 

lOUT -Vg( 1 ) 
Gm = VIN = Iv Rg + 9511 

2082-17 

This connection is useful when a high input impedance is required. There are a few caveats when using 
the VIN pin. The first is that VIN has a 250 V//Ls slew rate limitation. The second is that the inevitable 
CSTRAY across Rg causes a gain zero and gain INCREASES above the 1/(27T CSTRAY Rg) frequency 
and can peak as much as 20 dB with large CSTRAY. A graph of gain vs. frequency for several CSTRAYS 
is included in the typical performance curves. In general, if wide bandwidth and frequency flatness is • 
desired, the lIN pin should be used. 

The VIN pin does make an excellent ground reference pin, for instance when low-frequency noise is to 
be rejected. The next schematic shows the EL2082 VIN pin rejecting possible 60 Hz hum induced on an 
RF input cable: 

Jack 

Using the V IN pin 
as a ground reference 
to reject hum and noise 

EL2082 

2082-16 

This example shows VIN rejecting low-frequency field-induced noise but not adding peaking since the 
0.01 /LF bypass capacitor shunts high-frequency signals to local ground. 

Reactive Couplings with the EL2082 
The following sketch is an excerpt of a receiver IF amplifier showing methods of connecting the 
EL2082 to reactive networks: 

from 
mixer 

Example Reactive 
Couplings with EL2082's 

from 
.-----------_ _+_ noise 

blanker 

To 
Detectors 

'-----------+-_+_ AGC Control 
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The lIN pin of the EL2082 looks like 95n well past 100 MHz, and the output looks like a simple 
current-source in parallel with about 5 pF. There is no particular problem with any resistance or 
reactance connected to lIN or lOUT. The mixer output is generally sent to a crystal filter, which 
required a few hundred ohm terminating impedance. The impedance of the lIN pin of the first EL2082 
is transformed to about 400n by the 2:1 transformer T1. The two EL2082's are used as variable-gain IF 
amplifiers, with small gains offered by each. The output of the first EL2082 is coupled to the second by 
the resonant matching network LI-C1. For a Q of 5, XcI = xll = 5 X 95n, approximately. The 
impedance seen at the first EL2082's lOUT will be about Q2 X 95n, or 2.5k, and by impedance transfor
mation alone the first gain cell delivers 28 dB of gain at Vg = IV. More gain cells can be used for a 
wider range of (calibrated) AGC compliance. 

The E input can be used as a high-speed noise blanker gate. 

Linearized Fader/Gain Control 
The following circuit is an example of placing two EL2082's in the feedback network of an op-amp to 
significantly reduce their distortions: 

g 
~ 

.~ 

'" 
~ 
~ 
£ 
C 

Linearized Gain Control/Fader 

+15V 
3.6 kll 

~-15V 

'----'\o/lllr-.. LII A ron 15 kll 
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B;n -+.JV'..Jv-+---/i 

lkll 

Dual EL2082 Fader with EL2030 
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The circuit sums two inputs A and B, such that the sum of their respective path gains is unity, as 
controlled by the potentiometer. When the potentiometer's wiper is fully down, the slightly negative 
voltage at the Vg of the B-side EL2082 cuts off the B signal to better than 70 dB attenuation at 
3.58 MHz. The A-side EL2082 is at unity gain, so the only (error) signal presented to the op-amp's -in
put is the same (error) signal at the lIN of the A-side EL2082. The circuit thus outputs -AIN. Since the 
error signal required by the op-amp is very small, even at video frequencies, the current through the A
side EL2082 is small and distortion is minimized. 

At 50% potentiometer setting, equal error output signals flow from the EL2082's, since the op-amp still 
requires little net -input current. The EL2082's essentially buck each other to establish an output, and 
50% gain occurs for both the A and B inputs. The EL2082's now contribute distortion, but less than in 
previous connections. The op-amp sees a constant lk feedback resistor regardless of potentiometer 
setting, so frequency response is stable for all gain settings. 

A single-input gain control is implemented by simply grounding BIN. 

Distortion can be improved by increasing the input resistors to lower signal currents. This will lower 
the overall gain accordingly, but will not affect bandwidth, which is dependent upon the feedback 
resistors. Reducing the signal input amplitude is an analagous tactic, but the noise floor will effectively 
rise. 

Another strategy to reduce distortion in video systems is to use DC restoration circuitry, such as the 
EL2090 ahead of the fader inputs to reduce the range of signals to be dealt with; the - o. 7V to + 0.7V 
possible range of inputs (due to capacitor coupling) would be changed to a stabilized - 0.35V to + 0.35V 
span. 

The EL2020, EL2030, and EL2120 (at reduced bandwidth since it is compensated for 300n feedback 
resistors) all give the same video performance at NTSC operation. 

Variable Filters 

This circuit is the familiar state-variable configuration, similar to the bi-quad: 

Vg ( I ) 
Fo = IV 21T (R + 9S0)C 

Low-pass 
output 

Voltage Tuneable Bi-Quad Filter 

Frequency 

Control 

Band-pass 
output 

3·39 

High-pass 
output 
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Frequency-setting resistors R are each effectively adjusted in value by an EL2082 to effect voltage-vari
able tuning. Two gain controls yields a linear frequency adjustment; using one gives a square-root-of
control voltage tuning. The EL2082's could be placed in series with the integrator capacitors instead to 
yield a tuning proportional to 1/Vg. 

The next circuit is one of a new class of "CCIl" filters that use the current-conveyor element. Basic 
information is available in the April 1991, volume 38, number 4 edition of the IEEE Transactions on 
Circuits and Systems journal, pages 456 through 461 of the article "The Single CCIl Biquads with 
High-Input Impedance", by Shen-Iuan Liu and Hen-Wai Tsao. 

a Control 

fO = 160 kHz 

I--...... -.Sand-Pass Out 

t------+Low-Pass Out 

"CCII" Class Filter I O•001 p.F 

2082-24 

This interesting filter uses the current output of the EL2082 to generate a bandpass voltage output and 
the intermediate node provides a second-order low-pass filter output. Both outputs should be buffered 
so as not to warp characteristics, although the VIN of the next EL2082 can be driven directly in the case 
of cascaded filters. The V GAIN input acts as a Q and peaking adjust point around the nominal 1 V value. 
The resistor at lOUT could serve as the frequency trim, and Q trimmed subsequently with VGAIN. 

Negative Components 
The following circuit converts a component or two-terminal network to a variable and even negative 
replica of that impedance: 

Variable or Negative Impedance Converter 

z _ (Z + 950) 
IN - (1 - Vg/1V) 

3-40 
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A negative impedance is simply an impedance whose current flows reverse to the normal sense. In the 
above circuit, the current through Z is replicated by the EL2082 and inverted (lOUT flows inverted to 
the sense of lIN in the EL2082) and summed back to the input. When Vg = 0 or Vg < 0, the input 
impedance is simply Z+95!l. When Vg = IV, the negative of the current through Z is summed with 
the input and the input impedance is "infinite". When Vg = 2V, twice the negative of the current 
through Z is summed with the input resulting in an input impedance of - Z-95!l. 

Thus variable capacitors can be simulated by substituting the capacitor as Z. "Negative" capacitors 
result for Vg> IV, and capacitance needs to be present in parallel with the input to prevent oscillations. 
Inductors or complicated networks also work for Z, but a net negative impedance will result in oscilla
tions. 

EL2082 Macromodel 
This macromodel has been designed to work with PSPICE (copywritten by the Microsim Corporation). 
E500 buffers in the VIN voltage and presents it to the RINI resistor to emulate the lIN pin. E50l 
supplies the non-linearity of the current channel and replicates the lIN current to a ground referenced 
voltage. R500 and C500 provide the bandwidth limitation on the current signal. E502 supplies the 
VGAIN non-linearity and drives the L50l/R50l/C50l to shape the gain control frequency response. • 
E503 does the actual gain-control multiplication, and drives delay line T500 to better simulate the 
actual phase characteristics of the part G500 creates the current output, and ROUT with COUT provide 
proper output parasitics. 

\"5-2 -...----........ ---1;-:-;::::~i..Jw...-.'~ 

Schematic of 
EL2082 Macromodel 

':" 

2082-26 

The model is good at frequency and linearity estimates around V g = IV and nominal temperatures, but 
has several limitations: 

The Vg channel does not give zero gain for 
Vg < 0; the output gain reverses-don't use 
Vg < 0 
The Vg channel is not slew limited 
Frequency response does not vary with supply 
voltage 

The VIN channel is not slew limited 
Noise is not modeled 
Temperature effects are not modeled 
CMRR and PSRR are not modeled 
Frequency response does not vary with V g 

Unfortunately, the polynomial expressions and two-input multiplication may not be available on every 
simulator. Results have been confirmed by laboratory results in many situations with this macromodel, 
within its capabilities. 
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EL2082 Macromodel 
*: Vgain 

I lin 

I I 
I I 
I I 

.SUBCKT EL2082macro (1 2 

••• I-to-I gain cell macromodel •• * 

••• *** 
Cini202P 
C500 502 0 0.9845P 
C50l 505 0 1000P 
Cout605P 

L50l 503 504 0.1U 

Rsillyll 0 lE9 
Rsilly2 505 0 lE9 
Rini2 500 95 
Rinv302Meg 
Rout 6 0 lMeg 
R500 501 502 1000 
R50l 504 505 5 
R502 506 507 50 
R503 508 0 50 

E500500030 1 
E50l 501 0 POLY(l) (2,500) 0 2 0 -.8 
E502 503 0 POLY(l) (1,0) 0 1.05 -.05 

Vin 

I 
I 
3 

E503 506 0 POLY(2) (505,0) (502,0) 0 0 0 01 
G500 6 0 508 0 -0.0105 
T500 508 0 507 0 Z0=50 TD=1.95N 

.ENDS 

lout 

I 
4 5 6 7 8) 
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Features 
• Complete video level restoration 

system 
• 0.01 % differential gain and 0.02° 

differential phase accuracy at 
NTSC 

• 100 MHz bandwidth 
• 0.1 dB flatness to 20 MHz 
• Sample-and-hold has 15 nA 

typical leakage and 1.5 pC charge 
injection 

• System can acquire DC 
correction level in 10 !-,-S, or 5 scan 
lines of 2 !-,-S each, to 7j IRE 

• Vs = ±5Vto ±15V 
• TTL/CMOS hold signal 

Applications 
• Input amplifier in video 

equipment 

• Restoration amplifier in video 
mixers 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL2090CN O°C to + 75°C 14-Pin P-DIP MDP0031 

EL2090CM O°C to + 75°C 16-Lead SOL MDP0027 

General Description 
The EL2090C is the first complete DC-restored monolithic vid
eo amplifier sub-system. It contains a very high-quality video 
amplifier and a nulling sample-and-hold amplifier specifically 
designed to stabilize video performance. When the HOLD logic 
input is set to a logic 0 during a horizontal sync, the sample
and-hold amplifier may be used as a general-purpose op-amp to 
null the DC offset of the video amplifier. When the HOLD in
put goes to a logic 1 the sample-and-hold stores the correction 
voltage on the hold capacitor to maintain DC correction during 
the subsequent scan line. 

The video amplifier is optimized for video characteristics, and 
performance at NTSC is nearly perfect. It is a current-feedback 
amplifier, so that -3 dB bandwidth changes little at various 
closed-loop gains. The amplifier easily drives video signal levels 
into 75.0. loads. With 100 MHz bandwidth, the EL2090 is also 
useful in HDTV applications. 

The sample-and-hold is optimized for fast sync pulse response. 3 
The application circuit shown will restore the video DC level in 
five scan lines, even if the HOLD pulse is only 2 !-,-S long. The 
output impedance of the sample-and-hold is low and constant 
over frequency and load current so that the performance of the 
video amplifier is not compromised by connections to the DC 
restore circuitry. 

The EL2090C is fabricated in Elantec's proprietary Comple
mentary Bipolar process which produces NPN and PNP tran
sistors with equivalent AC and DC performance. The EL2090C 
is specified for operation over the O°C to 75°C temperature 
range. 

Connection Diagrams 
14-Pin DIP Package 

2090-1 

16-Pin SOL Package 

2090-2 

~ 

~ 
~ 
'< .... 
~ 
~ 
c:I) 

~ 
('D 

< 
~--------------------------------------------------------------~~ 
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Absolute Maximum Ratings (TA = 25'C) 

Voltage between V + and V
Voltage between VIN+, S/HIN+, 

S/HIN-, CHOLD, and GND pins 

VOUT Current 
Current into VIN _ and HOLD Pins 

36V 

(V+) + 0.5V 
to (V-) -0.5V 

60 rnA 
5mA 

Current S/HoUT 
Internal Power Dissipation 
Operating Ambient Temperature Range 
Operating Junction Temperature 

Plastic DIP or SOL 
Storage Temperature Range 

Open Loop DC Electrical Characteristics 
Vs = ± 15V; RL = 1500, TA = 25'C unless otherwise specified 

Parameter Description 

Is Total Supply Current 

Video Amplifier Section (Not Restored) 

Vos Input Offset Voltage Full 8 70 

IB+ + VIN Input Bias Current Full 2 15 

IB- - VIN Input Bias Current Full 30 150 

ROL Transimpedance 25'C 300 

AVOL Open-Loop Voltage Gain; 
Full 56 65 

VOUT = ±2V 

Vo Output Voltage Swing 
Full ±12 ±13 

Vs = ±15V;RL = 2kO 
Vs = ±5V;RL = 1500 Full ±3.0 ±3.5 

ISC Short-Circuit Current; 
+VINSetto ±2V; -VIN 25'C ±50 ±90 ±160 
to Ground through 1 kO 

Sample-And-Hold Section 

Vos Input Offset Voltage Full 2 10 

IB Input Bias Current Full 0.5 2.5 

lOS Input Offset Current Full 0.05 0.5 

RIN,DIFF Input Differential Resistance 25'C 200 

RIN,COMM Input Common-Mode Resistance 25'C 100 

VCM Common-Mode Input Range Full ±11 ±12.5 
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16mA 
See Curves 
O'C to 75'C 

150'C 
-65'C to + 150'C 

Units 

rnA 

mV 

)J-A 

)J-A 

VIrnA 

dB 

V 

V 

rnA 

mV 

)J-A 

)J-A 

kO 

MO 

V 



Open Loop DC Electrical Characteristics 
Vs = ±15V;RL = 1500,TA = 25°C unless otherwise specified-COntd. 

Parameter Description Units 

Sample-And-Hold Section - Contd. 

AVOL Large Signal Voltage Gain Full 15k 50k V/V 

CMRR Common-Mode Rejection Ratio 
Full 

VCM = ±llV 
75 95 dB 

PSRR Power-Supply Rejection Ratio 

Vs = ±5Vto ±15V 
Full 75 95 dB 

Vthresh HOLD Pin Logic Threshold Full 0.8 1.4 2.0 V 

Idroop Hold Mode Droop Current Full 10 50 nA 

Icharge Charge Current Available to 
Full ±90 ±135 

Chold 
!,-A 

Vo Output Swing; RL = 2k Full ±1O ±13 V 

Isc Short-Circuit Current 25°C ±1O ±17 ±40 rnA 

Closed Loop AC Electrical Characteristics 
Vs = ± 15V; CL = 15 pF; Cstray (-VIN) = 2.5 pF; RF = RG = 3000; RL = 1500; Chold = 100 pF; TA = 25°C 

Parameter Description Units 

Video Amplifier Section 

SR SlewRate; VOUT from -2 to + 2V 600 V/!'-s 

BW Bandwidth; -3dB 75 100 MHz 
±ldB 35 60 MHz 
±0.1 dB 10 20 MHz 

Peaking 

dG Differential Gain; 

VIN from -0.7Vto 0.7V; 0.01 % 
F = 3.58 MHz 

dO Differential Phase; 
VIN from -0.7V to 0.7V; 0.02 
F = 3.58 MHz 

Sample-And-Hold Section 

BW Gain-Bandwidth Product 1.3 MHz 

aQ Sample to Hold Charge 

Injection (Note 1) 
1.5 5 pC 

aT Sample to Hold or Hold to 
Sample Delay Time 

20 ns 

Ts Sample to Hold Settling 
200 

Timet02mV 
ns 

Note 1: The logic input is between OV and 5V, with a 2200 resistor in series with the HOLD pin and 39 pF capacitor from HOLD pin 
to ground. 
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,IE--:L 
RsNUB CsNUB -

Rr (optionol) (optional) -
30011 

Video "- + 
Input ,. RG Video 

- Output 

.J:- 36011 -
RAZ RrAZ 

2 kll 2kll 

RAZ/ 2 

8:J::i1 I kll 

~~: 
IE 50 pf (optional) ).~- + 

RAZ/ 2 
RAZ J I l - .... Black - Lovol -= - 1 kll 

'Reference 
"'--- (or ground) 

~ ~~{-.. - - HOLD input - - G.old -: 22011 -= network 
100PF~ 

-= ~O;\ 
2090-' 

Figure 1. Typical Application (Av = + 2) 

Typical Performance Curves 
Relative Frequency Response Frequency Response with 
for Various Gains DIfferent Loads (Av = + 2) 

I I 11111111 CL = 35pF 
+4 12.0 No Snubbe r r:--
+3 I I 10.5 ell = ~d~F:~I~bber'= 
+2 I I 

9.0 
51A+47pF' ~~ 

'2 
Ay=+1 

Ay'V+2 '2 7.5 
CL = 5pF;Snub~-

+1 
L.J. 514 + 47pF ....1.111 
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Z GIoIN Z 6.0 

~ -1 
, 

~ 4.5 
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-3 
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1.5 

-4 0.0 II 
III LI J JJ 
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fREQUENCY (hz) fREQUENCY (hz) 
2090-4 

Frequency Response Flatness 
for Various Load Frequency Response Flatness VB 
and Supply Conditions CIN-. AV = +2 

6.4 11111111 III 6.4 1111111 1 
6.3 

Ys = :l:5V; cL = 25 pF' ~ 
6.3 

e lN = 6pr 
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r-
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~ 
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III 

IIIIIII~ 
III 

~ ~ 
6.0 

~ 
6.0 z 

- Ys=:I:~V;CL=5P~L 
z 

< 5.9 ~ 5.9 <> C1N -2pF 
5.B _ ~S~~'~~:~~1=5P~~ 5.B 

III I I 5.7 
11111111 I 

5.7 
III I I 5.6 

11111111 I 
5.6 

III I I 
It.! lOlA 1001A 1M lOlA 1001A 
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2090-5 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Applications Information 
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The EL2090C is a general purpose component 
and thus the video amplifier and sample-and
hold pins are uncommitted. Therefore much of 
the ultimate performance as a DC-restored video 
amplifier will be set by external component val
ues and parasitics. Some application considera
tions will be offered here. 

The DC feedback from the sample-and-hold can 
be applied to either positive or negative inputs of 
the video amplifier (with appropriate phasing of 
the sample-and-hold amplifier inputs). We will 
consider feedback to the inverting video input. 
During a sample mode (the HOLD input at a log
ic low), the sample-and-hold acts as a simple null
ing op-amp. 

Ideally, the DC feedback resistor Raz is a high 
value so as not to couple a large amount of the 
AC signal on the video input back to the sample
and-hold amplifier output. The sample-and-hold 
output is a low impedance at high frequencies, 
but variations of the DC operating point will 
change the output impedance somewhat. No 
more than a few ohms output impedance change 
will occur, but this can cause gain variations in 
the 0.01 % realm. This DC-dependent gain 
change is in fact a differential gain effect. Some 
small differential phase error will also be added. 
The best approach is to maximize the DC feed
back resistor value so as to isolate the sample
and-hold from the video path as much as possi
ble. Values of 1 kn or above for Raz will cause 
little to no video degradation. 
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This suggests that the largest applicable power 
supply voltages be used so that the output swing 
of the sample-and-hold can still correct for the 
variations of DC offset in the video input with 
large values of Raz. The typical application cir
cuit shown will allow correction of ± IV inputs 
with good isolation of the sample-and-hold out
put. Good isolation is defined as no video degra
dation due to the insertion of the sample-and
hold loop. Lower supply voltages will require a 
smaller value of DC feedback resistor to retain 
correction of the full input DC variation. The 
EL2090 differential phase performance is opti
mum at ± 9V supplies, and differential gain only 
marginally improves above this voltage. Since all 
video characteristics mildly degrade with increas
ing die temperature, the ± 9V levels are some
what better than ± 15V supplies. However, 
± 15V supplies are quite usable. 

Ultimate video performance, especially in HDTV 
applications, can also be optimized by setting the 
black-level reference such that the signal span at 
the video amplifier's output is set to its optimum 
range. For instance, setting the span to ± IV of 
output is preferable to a span of OV to + 2V. The 
curves of differential gain and phase versus input 
DC offset will serve as guides. 

The DC feedback resistor may be split so that a 
bypass capacitor is added to reduce the initially 
small sample-and-hold transients to even smaller 
levels. The corruption can be reduced to as low as 
1 m V peak seen at the video amplifier output. 
The size of the capacitor should not be so large as 
to de-stabilize the sample-and-hold feedback 
loop, nor so small as to reduce the video amplifi
er's gain flatness. A resistor or some other video 
isolation network should be inserted between the 
video amplifier output and the sample-and-hold 
input to prevent excessive video from bleeding 
through the autozero section, as well as prevent
ing spurious DC correction due to video signals 
confusing the sample-and-hold during autozero 
events. Figure 1 shows convenient component 
values. A full 3.58 MHz trap is not necessary for 
suppressing NTSC chroma burst interaction with 
the sample-and-hold input; the simple R-C net
work suggested in Figure 1 suffices. 

• 



Applications Information - Contd. 
The HOLD input to the sample-and-hold has a 
1.4V threshold and is clamped to a diode below 
ground and 6V above ground. The hold step char
acteristics are not sensitive to logic high nor low 
levels (within TTL or CMOS swings), but logic 
slewrates greater than 1000V /}.ts can couple noise 
and hold step into the sample-to-hold output 
waveforms. The logic slewrate should be greater 
than SOV /}.ts to avoid hold jitter. To avoid artifi
cially high droop in hold mode, the Chold pin 
and Chold itself should be guarded with circuit 
board traces connected to the output of the sam
ple-and-hold. Low-leakage hold capacitors should 
be used, such as mica or mylar, but not ceramic. 
The excellent properties of more expensive poly
styrene, polypropylene, or teflon capacitors are 
not needed. 

The user should be aware of a combination of 
conditions that may make the EL2090 operate in
correctly upon power-up. The fault condition can 
be described by noticing that the sample-and
hold output (pin 11) appears locked at a voltage 
close to Vee. This voltage is maintained regard
less of changes at the inputs to the sample-and
hold (pins 5 and 6) or to the HOLD control input 
(pin 7). Two conditions must occur to bring this 
about: 
1. A large value of Chold-usually values of 

1000 pF or more. This is not an unusual situa
tion. Many users want to reduce the size of the 
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hold step and increasing Chold is the most di
rect way to do this. Increasing Chold also re
duces the slew rate of the sample and hold sec
tion but because of the limited size of the vid
eo signal, this is usually not a limitation. 

2. A sampling interval (dictated by the HOLD 
pin) that is too small. By small, we mean less 
than 2 }.ts. 

For a sampling interval that is wide enough, 
there is enough time for the loop to close and for 
the amplifier to discharge whatever charge was 
dumped onto Chold it during the initial power 
spike and to then ramp up (or down) to the volt
age that is proper for a balanced loop. When the 
sampling interval is too small, there is insuffi
cient time for internal devices to recover from 
their initial saturated state from power-up be
cause the feedback is not closed long enough. 
Therefore, typical recovery times for the loop are 
2 }.ts or greater. Summarizing, the two things 
that could prevent proper saturation recovery are 
(as mentioned above) too large a capacitor which 
slows the charge and discharge rate of the stored 
voltage at Chold and too small a sampling inter
val in which the entire feedback loop is closed. 

The circuit shown below prevents the fault condi
tion from occurring by preventing the node from 
ever saturating. By clamping the value of Chold 
to some value lower than the supply voltage less 
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Applications Information - Contd. 
a saturation voltage, we prevent this node from 
approaching the positive rail. The maximum 
voltage is set by the resistive voltage divider (be
tween V+ and GND) R1 and R2 plus a diode. 
This value can be adjusted if the maximum size 
of the input signal is known. The diode used is an 
off-the-shelf 1N914 or 1N916. 

As is true of all 100 MHz amplifiers, good by
passing of the supplies to ground is mandatory. 
1 p,F tantalums are sufficient, and 0.01 p,F leaded 
chip capacitors in parallel with medium value 
electrolytics are also good. Leads longer than 1/ . d 72 
can m uce a characteristic 150 MHz resonance 
and ringing. 

The VIN- of the video amplifier should have the 
absolute minimum of parasitic capacitance. Stray 
capacitance of more than 3 pF will cause peaking 
and compromise the gain flatness. The band
width of the amplifier is fundamentally set by 
the value of Rf. As demonstrated by the frequen-
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cy response versus gain graph, the peaking and 
bandwidth is a weak function of gain. The 
EL2090 was designed for Rf = 3000. giving opti
mum gain flatness at Av = + 2. Unity-gain re
sponse is flattest for Rf = 3600.; gains of + 5 can 
~se Rf = 2700.. In situations where the peaking 
1S accentuated by load capacitance or - input ca
pacitance the value of Rf will have to be in
creased, and some bandwidth will be sacrificed. 

The VIN+ of the video amplifier should not look 
into an inductive source impedance. If the source 
is physically remote and a terminated input line 
is not provided, it may be necessary to connect 
an input "snubber" to ground. A snubber is a re
sistor in series with a capacitor which de-Q's the 
input resonance. Typical values are 1000. and 
30 pF. 

The output of the video amplifier is sensitive to 
capacitive loads greater than 25 pF, and a snub- -=
ber to ground or a resistor in series with the out- .:. 
put is useful to isolate reactive loads. 



EL2090 Macromodel 

• Revision A. October 1992 

.param vclamp = {-0.002· (TEMP-25)} 

• Connections: Vidin+ 

I Vidin-

I +Vsupply 

I I -Vsupply 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

.subckt EL2090/EL 3 1 14 12 

•••• ** •• Video Amplifier •••••• **** •• *.*.*.* 

e120 0 3 0 1.0 

vis 20 34 OV 

h2 34 38 vxx 1.0 

riO 1 3625 

11363820nH 

iinp 3 0 10pA 

iium 105",A 

hi 21 0 vis 600 

r221221K 
dl 22 0 dc1amp 

d2 0 22 dc1amp 

e2 23 0 22 0 0.00166666666 

1523240.7",H 

c5 24 0 0.5pF 

r5 240 600 

gl 0 25 24 0 1.0 

rol250400K 

cdp 25 0 7.7pF 

q112 25 26 qp 

q214 25 27 qn 

q314 26 28 qn 

q412 27 29 qp 

r728134 

r829134 

ios114 26 2.5mA 

ios2 27 12 2.5mA 

ips 1412 7.2mA 

ivosO 33 SmA 

vxx3300V 

r1133 0 1K 

VidOut 

I 
I 
I 
I 
I 
I 
13 

S/Hln+ 

I S/Hln-

I I S/HOut 

I I I Hold Control 

I I I I Chold 

I I I I I 
5 6 11 7 9 

•••••• **.*** Sample &; Hold ••••••••••••••••••••••••• 

g40 49 0 5 6 1e-3 

vcur49 42 Ov 
r43 6 0 100Meg 

r44 5 0 100Meg 

r404204K 

d41 50 42 diode 

d42 42 51 diode 
v41500 {vclamp} 

v42 0 51 {vc1amp} 

g41 44 0 42 0 200e-6 

r42 44 0 31Meg 

d45 9 14 diode 

d46 12 9 diode 

sl 44 9 48 0 swa 

e40 46 0 9 0 0.95 
i400910nA 

r45 46 4770 

140 47 11 70nH 

c40 7 9 0.32pF 

r47 74810K 

c414803pF 

• Models 

.model qn npn(is = 5e-15 bf= 500 tf= O.lnS) 

.model qp pnp(is = 5e-15 bf= 500 tf= O.lnS) 

.model dclamp d(is = 1e-30 ibv = 0.02 bv= 2.75 n = 4) 

.model diode d 

.model swa vswitch(von = 1.2v voff= 1.6v roff= 1e12 ron = 100) 

.ends 
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Sample and Hold Amplifier 
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vout 

36 
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Video Amplifier 
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Features 
• Novel current mode design 

Virtual ground current summing 
inputs 
Differential ground referenced 
current outputs 

• High speed (both inputs) 
200 MHz bandwidth 
12 ns 1 % settling time 

• Low distortion 
THD< 0.03% @ 1 MHz 
THD< 0.1% @ 10 MHz 

• Low noise (RL = SOn) 
100 dB dynamic range 
10 Hz to 20 kHz 
73 dB dynamic range 
10 Hz to 10 MHz 

• Wide supply conditions 
± 5 to ± 15V operation 
Programmable bias current 

• 0.2 dB gain tolerance to 25 MHz 

Applications 
• Four quadrant multiplication 
• Gain control 
• Controlled signal summing and 

multiplexing 
• HDTV video fading and 

switching 
• Mixing/modulating/ 

demodulating (phase detection) 
• Frequency doubling 
• Division 

• Squaring 
• Square rooting 
• RMS and power measurement 
• Vector addition-RMS summing 
• CRT focus and geometry 

correction 
• Polynomial function generation 

• AGC circuits 

Ordering Information 
Part No. Temp. Range Package Outline# 

EIA083CN -4O"C to +8S'C 8·Pin P_DlP MDPOO31 

EIA083CS -4O"C to +8S'C 8-Pin SO MDP0027 

General Description 
The 4083C makes use of an Elantec fully complimentary oxide 
isolated bipolar process to produce a patent pending current in, 
current out four quadrant multiplier. Input and output signal 
summing and direct interface to other current mode devices can 
be accomplished by simple connection to reduce component 
count and preserve bandwidth. The selection of an appropriate 
series resistor value allows an input to accept a voltage signal of 
any size and optimize dynamic range. The differential outputs 
offer significant performance improvements which greatly ex
tend the usable gain control range at high frequencies. The bias 
current is programmable to accommodate the voltage and pow
er dissipation constraints of the package and available systems 
supplies. 

The devices can implement all the classic four quadrant multi
plier applications and are uniquely well suited to gain control 
and signal summing of broadband signals. 

Connection Diagram 
EL4083 

8-Pin SO/P DIP 

IX IN IT \..../ 
]] IZ (BIAS) 

GND IT I]IXY OUT 

IY IN IT ]] Vee 

VEE IT ]J IXY OUT 

Top View 

Manufactured under U.S. Patent No. 5,389,840 
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Absolute Maximum Ratings (TA = 25'C) 

Vs VoltagebetweenVs + andVs- +33V TJ Operating Junction Temperature 

IZ(BIAS) Z, Bias Current +2.4mA EL4083 

Ix X Input Current ±2.4mA TST Storage Temperature 

IV Y Input Current ±2.4mA 

PD Maximum Power Dissipation See Curves 

TA Operating Temperature Range 
EL4083 -40'Cto +85'C 

Parameter 

Operating Supply Voltage Range ±4.5 ±16.5 

ICC Vs = ±15V,IZ = 0.2mA 7.2 8.5 9.5 

ICC Vs = ±5V,lz = 1.6mA 42.0 44.0 45 

lEE Vs = ±15V,lz = 0.2mA 9.5 10.0 12 

lEE Vs = ±5V,IZ = 1.6mA 45 47 48 

Transfer Function (Note 5) (lxv-lXv) = K(lx X Iv)/IZ 
KValue 0.92 0.965 1.01 
Total Error (Note 1) -2mA<IX,IV<2mA ±0.5 ±2 
vs.Temp TMINto TMAX ±1.5 ±3 
Linearity (Note 2) 0.25 0.5 
Bandwidth (Note 3) -3 dB (See Figure 2) 200 225 
X Feedthrough DC to IXV or IXV (Note 5) IX = ± 2 mA, IV = 0 (unnulled) 0.15 1.6 
Y Feedthrough DC to Ixv or IXv (Note 5) Iv = ±2mA,IX = o (unnulled) 0.15 1.6 
AC Feedthrough, X to Ixv or Ixv (Note 4) Ix = 4 mApp, Iv = nulled 

f = 3.58 MHz -80 
f = 100 MHz -28 

AC Feedthrough, X to (Ixv-Ixv) (Note 4) Ix = 4 mApp, IV = nulled -50 
DC < f< 1GHz 

AC Feedthrough, Y to IXV or IXV (Note 4) IV = 4 mApp, IX = nulled 
f= 3.58 MHz -64 
f= 100 MHz -26 

AC Feedthrough, Y to (Ixv-Ixv) (Note 4) Iv = 4 mApp, Ix = nulled 
DC < f< 1GHz -50 
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150'C 
-65'C to + 150'C 

Units 

V 
mA 
mA 
mA 
mA 

%FS 
%FS 
%FS 
MHz 
%FS 
%FS 

dB 
dB 

dB 

dB 
dB 

dB 



Electrical Characteristics - Contd. 

Full Scale Range FRS = 1.25 X IZ (Nominal) 
Clipping Level CL = 2 X IZ 
ZIN (Ix) 
ZIN (Iy) 
Input Offset Voltages at Input Pins, IZ = 1.6 mA 
(VOSX,VOSy) IZ = 0.2 rnA 
Input Offset Currents (Note 5) Rsx = RSY = lK, Vx = Vy = 0, 
IXOS, IyOS TMINto TMAX 
Nonlinearity 
Ix Iy = 2 rnA, - 2mA < Ix < 2mA 
Iy Ix = 2 rnA, - 2 rnA < Iy < 2 rnA 
Distortion, Ix (to IXY or IXY) Iy = 2mA, - 2mA < IX < 2mA 

f = 3.58 MHz 
f = 100MHz 

Distortion, Iy (to IXY or IXY) Ix = 2 rnA, - 2 rnA < Iy < 2 rnA 
f = 3.58 MHz 
f = 100MHz 

Distortion, IX (to (IXY - Ixv) Iy = 2mA, -2mA < Ix < 2mA 
f = 3.58 MHz 
f = lOOMHz 

Distortion, Iy (to (IXY - Ixv) IX = 2mA, -2mA < Iy < 2mA 
f = 3.58 MHz 
f = 100MHz 

DiffGain @3.58MHz 
IX Iz = 0.2 rnA, Iy = 0.25 rnA 
Iy Iz = 0.2 rnA, Ix = 0.25 rnA 
Ix Iz = 1.6rnA,Iy = 2 rnA 
Iy IZ = 1.6rnA,IX = 2mA 
DiffPhase @3.58MHz 
Ix Iz = 0.2 rnA, Iy = 0.25 rnA 
Iy Iz = 0.2 rnA, Ix = 0.25 rnA 
Ix Iz = 1.6rnA,Iy = 2mA 

= 1.6 rnA, = 2mA 

Output lOS (Note 5) Ix = Iy = 0 
Diff Output lOS (Note 5) Ix = Iy = 0, (Ixv-IXY) 
Voltage Compliance 
Max Output Current Swing 
Noise Spectral Density 
10 Hz < f < 10 MHz RL = 500 

Current Range 
Input Voltage 

±2 
2.85 3.2 
30 40 
30 36 
-4 
-12 

±10 
±20 

0.1 
0.1 

-55 
-25 

-56 
-26 

-66 
-35 

-66 
-34 

0.2 
0.17 
0.1 
0.05 

0.5 
0.5 
0.05 
0.05 

-15 
±0.1 

±1.5 ±2.0 
±2.85 ±3.2 

125 

48 
48 
+4 
+12 
±40 

0.6 
0.4 

±120 
±80 

Units 

rnA 
rnA 
0 
0 

mV 
mV 
)J-A 

nArC 

%FS 
%FS 

dB 
dB 

dB 
dB 

dB 
dB 

dB 
dB 

% 
% 
% 
% 

rnA 
mV 
mV 

Note 1: Error is defined as the maximum deviation from the ideal transfer function expressed as a percentage of the full scale 
output. 

Note 2: Linearity is defined as the error remaining after compensating for scale factor (gain) variation and input and output referred 
offset errors. 

Note 3: Bandwidth is guaranteed using the squaring mode test circuit of Figure 4. 
Note 4: Relative to full scale output with full scale sinewave on signal input and zero port input nulled. Specification represents 

feedthrough of the fundamental. 
Note 5: Specifications are provisional for the EL4083. 
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EL4083 Block Diagram 

Z (BIAS) 

I 
MASTER EP1 EPZ 

BIAS 
GENERATOR 

",(Ld,,, "'?-
.l. Q14 

• ... Q9 "}1 ... 

IXY(OUT) 

VP+ VP-
~ r---' 

,r'Q7 QS)-- 1 
IX (IN) + 1 DUAL DIFF. 1 -

IY(IN) 
DUAL DIFF. LOGIC 

GM AMP -:!- + I TO I - INTERFACE 

I 
.". 

PQ1 QZ).--

- ~ -......- IXY(OUT 
VN+ VN-

!Q1~ l ..... 03 
04,A.- r'105 ,~ . .., ....... 

ENZ 016 

EN1 

4083-3 

Figure 1 

3-58 



AC Test Fixture 

SIGNAL 
IN 

lk 

Il--.----.---+-----r-...("l XY OUT 

lk 

L--.A.Af'v---CI 3 

4 
o 
8 
3 

,-----,.--CI 4 Il----,.---.------.L......("l XY OUT 

-5V 

Figure 2. AC Bandwidth Test Fixture 

Burn-In Circuit 

Rl 1 k 

8 

4 
R3 

2 7 3k 

R2 lk 0 
3 8 +5V 

3 
C2 

o.l;.<FI 
4 5 -5V 

Top View 
4083-5 

Figure 3. Burn-In Circuit P-DIP 
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Figure 6. (Ix. Iy Bandwidth vs IZ) 
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Figure 7. (Ix. Iy 1 % Settling Time vs Iz) 
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Figure 8. Output Noise Density vs Iz Bias 

Input Offset Trim(s) Output Offset Trim 
+vs RIO 

10k 

4083-13 4083-14 

RTI = (Vs X 1.6 mA)/(16 /LA X Iz) RTO = (Vs X 1.6 mA)/(30 /LA X Iz) 

Figure 9. Optional External Trim Networks 

Om 

-20m 
z 

>N 

I--" 
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100M_"_ 
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-40m 

-SOm 

/ 
/ 
~ 
1 

lM __ _ 

10",A 100 ",A 1 mA 10",A 100 ",A 1 mA 

IZ IZ 
4083-15 4083-16 

Figure 10. VZIN vs Iz (Typical) Figure 11. IZIN Bandwidth vs Iz 
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General Operating Information 

Iz Input (Bias, Divisor) and Power 
Supplies 
The Iz pin is a low impedance « 20.0.) virtual 
ground current input. It can accept positive 
current from a resistor connected to a positive 
voltage source or the positive supply. The instan
taneous bias for the multiplier gain core is pro
portional to this current value. Negative applied 
current will put the multiplier portion of the cir
cuit in a zero bias state and the voltage at the pin 
will be clamped at a diode drop below ground. 
The part will respond in a similar manner to cur
rents from a current source such as the output of 
a transconductance amplifier or one of its own 
outputs. The overall transfer equation for the 
EL4083 is: 

K(IX X Iy)/IZ = (IXy-IXY), K ~ 1 

As can be seen from the equation, the Z input can 
serve as a divisor input. However, it is different 
from the other two inputs in that the value of its 
current determines the supply current of the part 
and the bandwidth and compliance range of the 
outputs and other two inputs. Table 1 gives the 
equations describing these and other important 
relationships. These dependencies can complicate 
and/or limit the usefulness of this pin as a com
putational input. The Iz dependence of the im
pedance of the multiplying inputs can be particu
larly troublesome. See the Iz divider and the 
RMS # 2 circuit sections of the application note 
for some ways of dealing with this. 

The primary intended use for the Z input is as a 
programming pin similar in function to those on 
programmable op amps. This enables one to 
trade off power consumption against bandwidth 
and settling time and allow the part to function 
within its power dissipation rating over its full 
operational supply range (± 4.5V - ± 16.5V). 
The E4083 has been designed to function well for 
Iz values in the range of 200 J.tA < Iz < 1.6 rnA 
which corresponds to Ix and Iy signal band
widths of about 50 MHz to over 200 MHz. High
er values of Iz may cause problems at tempera
ture extremes while lower values down to zero 
will progressively degrade the input referred D.C. 
offsets and reduce speed. Below about 50 J.tA of 
bias current the internal servo amplifier loop 
which maintains the Iz pin at ground will lose 
regulation and the voltage at the pin will start to 
move negative (see Figure 10). This is accompa
nied by a significant increase in input imped
dance of the pin. Figure 11 shows the A.C. band
width of the Iz input as a function of the D.C. 
value of Iz. Figures 6 and 7 show the bandwidth 
and 1 % settling time of the multiplying inputs, 
Ix and Iy, as functions of Iz. 

IX and Iy (Multiplier) Inputs and Offset 
Trimming 
The IX and Iy pins are low impedance (Iz depen
dent) virtual ground current inputs that accept 
bipolar signals. The input referred clip value is 
equal to Iz X 2 while the full scale value has been 
chosen to be 1.25 X Iz to maintain excellent dis
tortion and linearity performance. Operating at 
higher full scale values will degrade these two pa-

Table 1. Basic Design Equations and Relationships 

Positive Supply Current 
Negative Supply Current 
Power Dissipation (See Figures 4 and 5) 
Multipling Input(s) Impedance 
Multiplying Input(s) Clip Point 
Multiplying Input(s) Full Scale Value 
Multiplying Input Resistor Values 
(In Terms of Peak Input Sigual) 
Full Scale Output (Single Ended) 
Full Scale Output (Differential) 
Iz (Bias) Input Voltage vs Iz 
Iz Signal Bandwidth vs Iz 
IX. IV Signal Bandwidth vs IZ 
IX. IV 1 % Settling Time vs IZ 
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IS+ = 3.4 rnA + Iz X 26 
Is - = 4.5 rnA + Iz X 27 
PWR = (+Vs - (-Vs» x (4 rnA + Iz X 26.5) 
Rzx = Rzy = (32!l) X 1.6 mA/lz 
Ix (clip) = Iv (clip) = Iz X 2 
Ix (fs) = Iv (fs) = Iz x 1.25 (nominal) 
Rx = Vx (peak)/Ix (fs) 
RV = Vv (peak)/Iv (fs) 
Ixv = IXV = IX (fs) x IV (fs)/(IZX2) 
(Ixv - Ixv) = IX (fs) X IV (fs)/Iz 
(See Figure 10) 

(See Figure 11) 

(See Figure 6) 

(See Figure 7) 
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As mentioned, the output referred offset only af
fects D.C. accuracy which may not be an issue in 
A.C. applications. In gain control applications 
one may only need to null feedthrough with re
spect to the gain control input. 

General Operating Information 
-Contd. 
rameters and, to some extent, bandwidth while 
improving the signal to noise performance, feed
through and control range. 

The EL4083 is fundamentally different from con
ventional voltage mode multipliers in that the 
available input range can be tailored to accom
modate voltage sources of almost any size by se
lecting appropriate input series resistor values. If 
desired, one can interface with voltages that are 
much greater than the supplies from which the 
part is powered. Current source signals can be 
connected directly to the multiplier inputs. The 
parts' dynamic range can also be tailored to a 
large extent for a current signal by the appropri
ate selection of Iz. These inputs act in the same 
manner as a virtual ground input of an opera
tional amplifier and thus can serve as a summing 
node for any number of voltage and/or current 
signals. Outputs of components such as current 
output DACs, transconductance amplifiers and 
current conveyors can be directly connected to 
the inputs. 

Ideally, a multiplier should give zero output if 
either one of its multiplying inputs is zero. A 
nonzero output under these conditions is caused 
by a combination of input and output referred 
offsets. An output referred offset can be thought 
of as a fixed value added to the output and thus 
only affects D.C. accuracy. An input referred off
set at a multiplying input allows signal to feed
through from the other multiplying input to the 
output(s). The EL4083 is trimmed during testing 
at Elantec for X and Y input referred offset for Iz 
= 1.6 mAo The internal trim networks provide a 
current to each input which nulls the feed
through caused by internal device mismatches. 
These current values are ratioed to the value of 
Iz so that the input referred nulls are largely 
maintained at different values of Iz. However, 
there will be some mistracking in the trim net
works so that the input referred null point will 
deviate away from zero at values of Iz lower than 
1.6 mAo Figure 9 shows optional external input 
and output referred offset trim networks which 
can be used as needed to improve performance. 
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In gain control (VCA) applications the X input 
should be used as the control input and the signal 
applied to the Y input since it has slightly higher 
bandwidth and better linearity and distortion 
performance. 

Current Outputs (IXY, IXY), Feedthrough 
and Distortion 
Another unique feature of the EL4083 is the dif
ferential ground referenced current output struc
ture. These outputs can drive son terminated 
lines and reactive loads such as transformers, ba
luns, and LC tank and filter circuits directly.* 
Unlike low impedance follower buffers, these out- • 
puts do not interact with the load to produce 
ringing or instability. If a high level low imped-
ance output is required, the outputs can be recov-
ered differentially and converted to a single end-
ed output with a fast op amp such as the EL2075 
(see Figure 19). The outputs can also drive cur-
rent input devices such as CMF amps, current 
conveyors and its own inputs directly by simple 
connection. 

Figures 12 and 14 show the nulled gain and feed
through characteristics of the IXY and IXY out
puts which are virtually identical and differ only 
in phase. Figure 12 is with the A.C. signal applied 
to the X input with Y used as the gain control 
and in Figure 14 these signals are reversed. Note 
that in both cases the signal feedthrough rolls up 
and peaks near the cutoff frequency. This is quite 
typical of the performance of all previous four 
quadrant multipliers. Figures 13 and 15 show the 
corresponding gain I feedthrough characteristics 
for the differentially recovered output signal 
IXy-IXY. Note that in this case the peak feed
through at high frequencies is lower by more 
than 40 dB. 
• See EL2082 Data Sheet-Receiver IF Amplifier (Figure 19). 

The EL2082 also has a current output. 
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General Operating Information 
-Contd. 
Figures 16 and 17 show the total harmonic dis
tortion for the single-ended and differential re
covered outputs for a full scale A.C. input signal 
on one input and a full scale D.C. control signal 
on the other. Note that above about one mega
hertz to the cutoff frequency the THD of the dif
ferentially recovered signal is as much as 10 dB 
lower than the single-ended signals. 
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General Operating Information - Contd. 
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Figure 12. Nulled Ixy and IXY Frequency 
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Figure 16. (Full Level XIN THD vs Frequency) 

3-65 

Y ±2, IYOS BU 
0 

Y = t630m I" 
'" -20 
" .5 
x -40 ..... 
"X 

y t200m " Y t63m I" 
Y - t20m I" 
Y = t6.3m I" " )-

I -60 
)-

~ 
-BO 

Y t2m I" "-
I II I"\f" ."-

Y - 0 "-r---... r. "-
I II " 10M 100M lG 

(Hz) 

4083-16 

Figure 13. Nulled (lXy-IXY) Frequency Response 
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Applications 

Basic Product Functions 
Figures 18 and 19 are the basic schematics for 
many of the applications of the EL4083. These 
can perform signal mixing, frequency doubling, 
modulation, demodulation, gain controllvoltage
controlled amplification, multiplication and 
squaring. Figure 18 has resistively terminated 
differential outputs and has the widest band
width. The figure also shows the option of using 
the EL2260 dual eMF amplifier to recover the 
outputs differentially at very low impedance. 

This has a maximum 3 dB bandwidth of 
130 MHz and settles to 1% in 25 ns. Figure 19 
uses an EL2075 at the outputs as a differential to 
single ended converter with gain to take advan
tage of the performance enhancements of the dif
ferentially recovered output mentioned above 
and to provide a high level low impedance drive. 
The - 3 dB bandwidth of this circuit is over 
150 MHz using good layout techniques. Howev
er, to achieve this bandwidth one must restrict 
the output swing to little more than 1 Vpp to 
avoid running into the 500V I J-ts minimum slew 
rate of the EL2075. Table 2 shows the input sig
nal assignments for the applications listed above. 

T ble 2 Input Signal Assignments for Figures 18 and 19 Circuits a . 
Application Vx Vy 

Mixer Signall Signal 2 

Frequency Doubler Signal Signal 

Modulator Modulating Signal Carrier 

Demodulator Local Oscillator Modulated Signal 

Gain Control/VCA Gain Control Signal 

Multiplier Signall Signal 2 

Squarer Signal Signal 

·X means not connected if function IS not used. 
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Applications - Contd. 

VX 

VY 

x 
+ 

IZ = Vcc/Rz 
Rx = Vx (MAX) I (1.25 X Iz) 
Ry = Vy (MAX) I (1.25 X Iz) 

RX 

RY 

*1. 5Hl Resistors omitted when using EL2260 

Vee 

N 

'" 

GND 

'2 
750 

VXY 

I 
I 
I 
I 
I 
I 
I 

'1 I 1/2 EL2260 I I ,-----,- --- -------

;;; ;;; 

*2. Optimum value of RF determined by supplies and amount or tolerable peaking 
(-3 dB BW - 90 MHz @ Vs = ±5V, BW - 150 MHz @ ±15V) 

Figure 18. Basic Schematic (Dual Diff Outs) 

Vee 

VX 500 • RX 

VY 500' RY 

VOUT2 

'2 
750 

1/2 EL2260 

470' 

RF 

>-..... - ..... _VOUT 
x 

+ 

Iz = Vcc/Rz 
Rx = Vx (MAX) I (1.25 X Iz) 
Ry = Vy (MAX) I (1.25 X Iz) 
'Optimized for Wide Bandwidth 

. 
-' 0 

'" '" 
EL2075 

VEE 

Figure 19. Basic Schematic (Single Ended Converted) 
(150 MHz VCA) 
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tween Iz and NS is; Iz = 200 p.A X NS. All other 
inputs can accept time varying signals. 

Other Applications 
Elantec has also published an applications note 
covering other applications of the EL4083. These 
include dividers, squaring and square rooting cir
cuits, several RMS and power measurement cir
cuits, anl.i a wideband AGC circuit. Also present
ed are two polynomial computation examples for 
video and some HDTV quality fader and sum
ming circuits. The EL4083 has been found flex
ible enough to easily implement all of the classic 
four quadrant multiplier applications and also of
fer interesting new applications possibilities. 

EL4083 Macromodel 
This macromodel is compatible with PSPICE 
(copywritten by Microsim Corporation) . It has 
been designed to work accurately for fixed values 
of Iz (bias) in the range of 200 ,..,A to 1.6 mAo The 
additional simulation burden imposed by includ
ing provision for a time varying Iz was thought 
not worthwhile. The value of Iz is specified to 
the model by the parameter NS. The relation be-

Macromodel 
*EL4083 Macromodel 
·Revision A, August 22,1994 

·Connection: IZ(BIAS) 
I IX(in) 
I IY(in) 
I I VEE 
I I vcc 
I I I IXY 
I I I I IIXY 

I I I I I 
.subckt EL4083 ZIN XIN YIN VEE VCC IXY IYX 
.MODEL MIMP5DIODE D TT=6Op IS=l£ C]O=30Of 
V] = 600m XTI=3 EG=1.11 RS=8Om 
.MODEL M2MDCAP D TT=I00n IS=2e-17 C]O=lp 
V] = 800m RS=300 
.MODEL M3MNPNI NPN C]C=1.3p TF=12Op IS=1.04f 
BF = 120 CIS = 480f 
.MODEL M4MPNPI PNP C]C = 1. 79p TF = 50.166666666667p 
IS= 1£ BF=90 C]S = 480£ 
Cl N9 N7 9p 
C2 N7 0 350£ 
C3 N19 N16 9p 
C4 N16 0 350£ 
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The model will provide good transient and fre
quency response and settling time estimates as 
well as time domain switching results. Input and 
output impedance and overload responses are 
correctly modeled. The D.C. current drawn from 
supplies for a given value of Iz is also correct. 

Noise, PSRR and the temperature dependence of 
A.C. parameters such as frequency response and 
settling time are not modeled. Linearity and dis
tortion results from the model will be worse than 
the real part by about a factor of three and do not 
show the correct frequency dependence. 

The macromodel is constructed from simple con
trolled sources, passive components and stripped 
transistor and diode models. As such it should be 
usable, perhaps with slight modification, on all 
but student or demonstration simulators where 
the model's size may be a problem. 

Dl 0 N15 M2MDCAP 12 
DI0 0 N26 MIMP5DIODE 1 
D11 N26 N27 MIMP5DIODE 1 
D12 N29 N30 MIMP5DIODE 1 
D13 0 N31 MIMP5DIODE 1 
D14 VBP N34 MIMP5DIODE 2 
DIS N34 VBP MIMP5DIODE 2 
D16 0 N34 M2MDCAP 12.5 
D17 N35 0 M2MDCAP 12.5 
D18 N35 VBN MIMP5DIODE 2 
D19 VBN N35 MIMP5DIODE 2 
D2 N15 0 M2MDCAP 12 
D20 N42 NI0 M2MDCAP 4 
D21 NI0 0 M2MDCAP 4 
D22 0 N20 M2MDCAP 4 
D23 N20 N45 M2MDCAP 4 
D3 0 N12 MIMP5DIODE 8 
D4 N55 N13 MIMP5DIODE 8 
D5 0 N25 M2MDCAP 6 
D6 N25 0 M2MDECAP 6 
D7 0 N22 MIMP5DIODE 8 
D8 N54 N23 MIMP5DIODE 8 
D9 0 N28 MIMP5DIODE 1 
EV94 0 VBN 0 N45 1 



Macromodel- Contd. 
EV95 VBP 0 N42 0 1 
EV96 N54 0 N21 o 650m 
EV97 N55 0 Nll 0 650m 
EV98 N27 0 N28 0 1 
EV99 N29 0 SWIN 0 1 
FIlO VN-VEE VFIlO 1 
FIll VCC VP-VFIl11 
FIl2 VCC N39 VFIl2 1 
FIl3 N37 VEE VFIl3 1 
FIl4 VCC N38 VFIl4 1 
FilS N36 VEE VFIl5 1 
FIl6 N45 VEE VFIl6 1 
FIl7 VCC N42 VFIl7 1 
FIl8 N37 N36 VFIl8 500m 
FIl9 N38 N39 VFIl9 500m 
FI20 VN + VN - VFI20 500m 
FI21 VP+ VP- VFI21 500m 
FI22 0 N21 VFI22 1 
FI23 N21 0 VFI23 1 
FI24 N24 0 VFI24 2 
FI25 N14 0 VFI25 2 
FI26 Nll 0 VFI26 1 
FI27 0 Nll VFI27 1 
FI28 VCC VEE VFI28 21 
FI 29 N28 ZB1 VFI29 1 
FI5 N33 0 VFI5 1 
FI6 0 N33 VFI6 1 
FI7 N35 N34 VFI7 1 
FI8 VN + VEE VFI8 1 
FI9 VCC VP+ VFI91 
IIBGN 0 VEE 2.2m 
IIBGP VCC 0 2.46m 
IIISWB N32 VEE 629u 
IIISWI SWIN VEE 555u 
IIZSU N28 VEE lOu 
L1 N7 lXA 71n 
L2 XINN7 4n 
L3 N16 IYA 71n 
L4 YIN N16 4n 
L5 N46 IYX 4n 
L6 N47 IXY 4n 
Q10 N10 VP+ [VEE) M4MPNP1 2 
Q10 N46 VN+ N36[VEE) M3MNPN1 2 
Qll N47 VN+ N37 [VEE) M3MNPN12 
Q12 N46 VN - N37 [VEE) M3MNPN1 2 
Q13 0 N34 N56 [VEE) M4MPNP1 400m 
Q14 0 N34 N57 [VEE) M4MPNP1 400m 
Q15 0 N35 N58 [VEE) M3MNPN1 400m 
Q16 0 N35 N59 [VEE) M3MNPN1 400m 
Q2 0 N10 VP - [VEE) M4MPNP1 2 
Q3 0 N20 VN + [VEE) M3MNPN1 2 
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Q4 0 N20 VN - [VEE) M3MNPN1 2 
Q5 N46 VP- N39 [VEE) M4MPNP1 2 
Q6 N47 VP+ N39 [VEE) M4MPNP1 2 
Q7 N46 VP+ N38 [VEE) M4MPNP1 2 
Q8 N47 VP- N38 [VEE) M4MPNP1 2 
Q9 N47 VN - N36 [VEE) M3MNPN1 2 
R1 N15 N7 60 TC=824u 7.67u 
R10 N16 N17 450 TC=O 0 
Rll YIN N16 100 TC=O 0 
R12 0 SWIN 500 TC=824u 7.67u 
R13 N56 N38 35 TC=O 0 
R14 N57 N39 35 TC=O 0 
R15 N37 N58 35 TC=O 0 
R16 N36 N59 35 TC=O 0 
R17 N46 IYX 100 TC=O 0 
R18 N47 IXY 100 TC=O 0 
R2 Nll IXC 6.25 TC=O 0 
R3 N9 IXC 4.5 TC=O 0 
R4 N7 lXA 1.5K TC=O 0 
R5 XIN N7 100 TC=O 0 
R6 N25 N16 156 TC=824u 7.67u 
R7 N21 IYC 6.25 TC=O 0 
R8 ITC N19 45 TC=O 0 
R9 N17 IYA 45 TC=O 0 
RSU VEE 0 16K TC=O 0 
VFIlO N43 N44 0.0 
VFI11 N40 N41 0.0 
VFIl2 ZB4 ZB5 0.0 
VFIl3 ZB5 ZB6 0.0 
VFIl4 ZB3 ZB4 0.0 
VFIl5 ZB6 ZB7 0.0 
VFIl6 N44 ZB9 0.0 
VFIl7 N41 ZB8 0.0 
VFIl8 IYB IYC 0.0 
VFIl9 IYA IYB 0.0 
VFI20 IXB IXC 0.0 
VFI21 lXA IXB 0.0 
VFI22 N22 N24 0.0 
VFI23 N23 N24 0.0 
VFI24 ZB2 ZB3 0.0 
VFI25 ZB1 ZB2 0.0 
VFI26 N13 N14 0.0 
VF127 N12 N14 0.0 
VFI28 ZB9 VEE 0.0 
VFI29 ZIN N26 0.0 
VF15 N30 N32 0.0 
VFI6 N31 N32 0.0 
VFI7 N33 0 0.0 
VFI8 ZB8 N43 0.0 
VFI9 ZB7 N40 0.0 
.ENDS 
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Features 
• Complete video level restoration 

system 
• 0.02 % differential gain and 0.05° 

differential phase accuracy at 
NTSC 

• 60 MHz bandwidth 
• 0.1 dB flatness to 10 MHz 

• Vs = ±SVto ±lSV 
• TTL/CMOS hold signal 

Applications 
• Input amplifier in video 

equipment 
• Restoration amplifier in video 

mixers 

Ordering Information 
Part No. Temp. Range Package Outline # 

E1A089CN O"C to + 75°C 8-Pin P_DIP MDPO031 

E1A089CS O"C to + 7S'C 8-Lead SO MDPO027 

General Description 
The EU089C is an 8-pin complete DC-restored monolithic vid
eo amplifier sub-system. It contains a high quality video ampli
fier and a nulling, sample-and-hold amplifier specifically de
signed to stabilize video performance. 

When the HOLD logic input is set to a TTL/CMOS logic 0, the 
sample- and-hold amplifier can be used to null the DC offset of 
the video amplifer. 

When the HOLD input goes to a TTL/CMOS logic 1, the cor
recting voltage is stored on the video amplifier's input coupling 
capacitor. The correction voltage can be further corrected as 
need be, on each video line. 

The video amplifier is optimized for video performance and low 
power. Its current feedback design allows the user to maintain 
essentially the same bandwidth over a gain range of nearly 10:1. 
The amplifier drives back-terminated 75.0. lines. 

The EU089C is fabricated in Elantec's proprietary Comple
mentary Bipolar process which produces NPN and PNP tran
sistors with equivalent AC and DC performance. The EU089C 
is specified for operation over O°C to + 75°C temperature range. 

Connection Diagram 

300n 300n 

8 (+~5V) 

VIDEO 

~I .. :r' Your 

V-
6 (-15V) 

4089-1 

DC restoring amplifier with a gain of 2, restoring to ground. 

I~ __________________ ~ __________________________________ ~ 
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Absolute Maximum Ratings (TA = 25°C) 

Voltage between V + and V
Voltage between VIN+, S/HIN+, 

and GND pins 
VOUT Current 
Current into VIN _ and HOLD Pins 
Internal Power Dissipation 

33V 
(V+) +0.5V 

to (V-) -0.5V 
60mA 
SmA 

See Curves 

Operating Ambient 
Temperature Range 

Operating Junction Temperature 
Plastic DIP or SOL 

Storage Temperature Range 

Open Loop DC Electrical Characteristics 
Provisional Supplies at ± 15V, Load = 1 kO; TA = + 25°C 

Parameter Description 

Amplifier Section (HOLD = 5V) 

VOS Input Offset Voltage + 25°C 12 25 

Ib+ IN + Input Bias Current + 25°C 1 5 

Th- IN - Input Bias Current + 25°C 18 150 

ROL Transimpedance (Note 1) +25°C 180 800 

RIN- IN - Resistance +25°C 20 

CMRR Common Mode Rejection Ratio 
+25°C 44 60 

(Note 2) 

Vo Output Voltage Swing + 25°C ±12 ±13 

ISC Short Circuit Current 

(IN + Only Driven to 0.5V) 
+ 25°C 45 100 

Restore Section 

Vos,Comp Composite Input Offset Voltage 
+ 25°C 

(Note 3) 

Ib+,r Restore In + Input Bias Current + 25°C 3 12 

lOUT Restoring Current Available + 25°C 180 300 

CMRR Common Mode Rejection Ratio 

(Note 2) 
+ 25°C 60 70 
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150°C 
- 65°C to + 150°C 

Units 

" ,-'-' ~ ( 

{i,:,I'Ih i"!': mV 

g ~:i:: iI~ Wi i I'-A 

{ !'ill!' , ,""t' I'-A 

~ 
,', " i kO 

",' ,,' 0 

ii," i ," ,: W ' 
':Iy' , dB 
'iii} )i i , " ,~ 

.,';;~.~"~";' V 

' 10i '0 ~, " > 
,~: ~1G '~: mA 

mV 

I'-A 

I'-A 

dB 
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Open Loop DC Electrical Characteristics - Contd. 

Provisional Supplies at ± 15V. Load = 1 kO; TA = + 25"C 

Parameter Description Units 

Restore Section -Contd. 

PSRR Power Supply Rejection Ratio (Note 4) + 25"C 60 90 dB 

VTHRESHOLD HOLD Logic Threshold + 25"C 0.8 2.0 v 

IlH.Hold HOLD Input Current @ Logic High + 25"C 

IlL. Hold HOLD Input Current @ Logic Low + 25"C 5 15 

Supply Current 

Isy. Hold Supply Current (HOLD = 5V) rnA 

Isy. Sampling Supply Current (HOLD = OV) rnA 

Closed Loop AC Electrical Characteristics 
Provisional Supplies at ± 15V. Load = 1500 and 15 pF. Rr and Rg = 3000; Av = 2. TA = 25"C. (See Note 7 about Test Fixture) 

Parameter Description 

Amplifier Section 

SR Slew Rate (Note 5) 

SR Slew Rate with ± 5V Supplies 
(Note 5) 

BW Bandwidth -3dB 
±5VSupplies -3dB 

BW Bandwidth ±O.ldB 
±5VSupplies ±O.ldB 

dG Differential Gain Vs = ±15V 
at 3.58 MHz (Note 6) Vs = ±5V 

dPh Differential Phase Vs= ±15V 
at 3.58 MHz (Note 6) Vs = ±5V 

Restore Section 

SR Restore Amplifier Slew Rate 
(Test Circuit) 20% -80% 

THE Time to Enable Hold 

THD Time to Disable Hold 

Note 1: For current feedback amplifiers. AVOL = ROL/RlN-. 
Note 2: VCM = ± 10V for Vs = ± 15V. 
Note 3: Measured from SIH Input to amplifier output. while restoring. 

500 

275 

60 
55 

25 
23 

0.02 
0.03 

0.05 
0.06 

25 

25 

40 

Note 4: Vos is measured at Vs = ±4.5V and Vs = ± 16V. both supplies are changed simultaneously. 
Note 5: SR measured at 20% to 80% of a 4V pk-pk square wave. 
Note 6: DC offset from -0.714V through +0.714V. ac amplitude is 286 mVp-p. equivalent to 40 ire. 

Units 

VII's 

MHz 
MHz 

MHz 
MHz 

% 
% 

ns 

ns 

Note 7: Test fixture was designed to minimize capacitance at the IN - input. A "good" fixture should have less than 2 pF of stray 
capacitance to ground at this very sensitive pin. See application notes for further details. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Application The RX1 resistor is in the circuit purely to simu
late some external source impedance, and is not 
needed as a real component. Likewise for RX2. 
The 750 back terminating resistor RXT is rec
ommended when driving 750 cables. 

The EL4089 can be used to DC-restore a video 
waveform (see Fig. 1). The above circuit forces 
the cable driving video amplifier's output to 
ground when the HOLD pin is at a logic low. 

The "correction voltage" is stored on capacitor 
CX1, an external ceramic capacitor. The capaci
tor value is chosen from the system require
ments. The typical input bias current to the vid
eo amplifier is 1 p.A, so for a 62 p.s hold time, and 
a 0.01 p.F capacitor, the output voltage drift is 
6.2 m V in one line. 

The S/H amplifier can provide a typical current 
of 300 p.A to charge capacitor CX1, so with a 
1.2 p.s sampling time, the output can be corrected 
by 36 m V in each line. 

Using a smaller value of CX1 increases both the 
voltage that can be corrected, and the drift while 
being held, likewise, using a larger value of CX1, 
reduces the voltages. 

RF 
300 

The board layout should have a ground plane un
derneath the EL4089, with the ground plane cut 
away from the vicinity of the VIN- pin, (pin 1). 
This helps to minimize the stray capacitance on 
pin 1. 

Power supply bypassing is important, and a 
0.1 p.F ceramic capacitor, from each power pin to 
ground, placed very close to the power pins, to
gether with a 4.7 p.F tantalum bead capacitor, is 
recommended. 

When both digital and Analog grounds are on the 
same board, the EL4089 should be on the Analog 
ground. The digital ground can be connected to 
the Analog ground through a 1000-3000 resis
tor, near the EL4089. This allows the digital sig
nal a return path, while preventing the digital 
noise from corrupting the analog ground. 
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Table of Charge Storage Capacitor vs Droop Charging Rates 

Cap Value Droop in 60 ,.s Charge in 1.2 ,.s Charge in 4 p.s 
nF mV mV mV 

10 6 36 120 

33 1.8 11 36 

100 0.6 3.6 12 

Basic formulae are: 
V (droop) = Ib+ • (Line time - Sample time) / Capacitor 
and V (charge) = lOUT' Sample time / Capacitor 

For best results the source impedance should be 
kept low, using a buffer for example. 

Because the SIH effectively shorts the input sig
nal during Sample, the input should not be sam-
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pled during active video. Typically the sample is 
made during the back porch period of horizontal 
blanking. For this reason color composite signals, 
which have color burst on the back porch, can 
not be passed. See EL2090 or EL4093 for this ap
plication. 
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Features 
• High accuracy DC restoration for 

video 
• Low supply current of 9.5 rnA 

typo 

• 300 MHz bandwidth 

• 1500V /,...s slew rate 
• 0.04% differential gain and 0.02° 

differential phase into 150n for 
NTSC 

• 1.5 m V max. restored DC offset 
• Sample and hold amplifier with 

fast enable and low leakage 

• TTL-compatible HOLD logic 
input 

Applications 
• Input amplifier in video 

equipment 
• Restoration amplifier in video 

mixers 

Ordering Information 
Pari No. Temp. Range Package Outline # 

ElA093CN -40'C to + 85'C 16-pin P_DIP MDPO031 

ElA093CS -4O"'C to + 85'C 16-Lead SOIC MDPOO27 

Demo Board 
A demo PCB is available for this 
product. Request "EL4093 Demo 
Board." 

General Description 
The EL4093C is a complete DC-restored video amplifier subsys
tem, featuring low power consumption and high slew rate. It 
contains a current feedback amplifier and a sample and hold 
amplifier designed to stabilize video performance. When the 
HOLD logic input is low, the sample and hold may be used as a 
general purpose op amp to null the DC offset of the video am
plifier. When the HOLD input goes high the sample and hold 
stores the correction voltage on the hold capacitor to maintain 
DC correction during the subsequent video scan line. 

The sample and hold amplifier contains a current output stage 
that greatly simplifies its connection to the video amplifier. Its 
high output impedance also helps to preserve video linearity at 
low supply voltages. For ease of interfacing, the HOLD input is 
TTL-compatible. This device has an operational temperature of 
-40°C to + 85°C and is packaged in plastic 16-pin DIP and 16-
lead SOIC. 

Connection Diagram 
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Absolute Maximum Ratings 
Vs V+ toV- Supply Voltage 12.6V 
VHOLD Voltage at HOLD input 

(DGND-0.7) to (DGND+ 5.5V) 
VIN Voltage at any other input 
IJ. VIN Difference between Sample and Hold inputs 
lOUT! Video amplifier output current 

V+ toV
±8V 

±30mA 

IOUT2S/H amplifier output current ± 10 mA 
lIN Maximum current into other pins ± 6 rnA 
Pn Maximum Power Dissipation See Curves 
TA Operating Ambient Temperature Range -40'Cto +85'C 
TJ Operating Junction Temperature 150'C 
TST Storage Temperature Range -65'C to + 150'C 

Open-Loop DC Electrical Characteristics Power supplies at ±5V,TA = 25'C 

Parameter Description 

Video Amplifier Section (Not Restored) 

Parameter 

RoL 

Vo 

Description 

Transimpedance 
= ± 2.5V, RL = 150n 

Output Voltage Swing 
RL = 150n 

Min 

Min 

150 

±3 

3-79 

• 



o 
~ 
~ o 
"'It! 

~ ............................... 
Open-Loop DC Electrical Characteristics 
Power supplies at ±SV, TA = 2S'C -Contd. 

Sample and Hold Section 

Description Min 

Closed-Loop AC Electrical Characteristics 
Power supplies at ±sv, TA = 2S'C, RF = RG = 7S00, RL = 1S00, CL = S pF, CIN-(parasitic) = 1.8 pF 

Video Amplifier Section 

Description 
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Closed-Loop AC Electrical Characteristics 
Power supplies at ±5V, TA = 25'C, RF = RG = 7500, RL = 1500, CL = 5 pF, CHOLD = 2.2 nF 

Sample and Hold Section 

Video Amplifier Input from 0 to IV 

Typical Application 

VIN -----Ht-£q----;L-l; • Black 
Level _-----11--1 

Reference 

-SV - ..... --...... -+11--1 

.... __ .... _ ...... _+SV 

44093-2 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Applications Information 

Product Description 
The EL4093C is a high speed DC-restore system 
containing a current feedback amplifier (CFA) 
and a sample & hold (S/H) amplifier. The CFA 
offers a wide 3 dB bandwidth of 300 MHz and a 
slew rate of 1500 V I /Ls, making it ideal for high 
speed video applications such as SVGA. The 
CF A's excellent differential gain and phase at 
3.58 MHz also makes it suitable for NTSC appli
cations. Drawing only 9.5 mA on ± 5V supplies, 
the EL4093C serves as an excellent choice for 
those applications requiring both low power and 
high bandwidth. 

The connection between the CF A and sample & 
hold (the Autozero interface) has been greatly 
simplified. The output of the sample & hold is a 
high impedance current. source, allowing direct 
connection to the CF A inverting input for au
tozero purposes. In addition, special circuitry 
within the sample & hold provides a charge cur
rent of 8.5 rnA in sample mode, resulting in a 
sample hold current ratio (ratio of charging cur
rent to droop current) of approx. 1,000,000. 

Theory of Operation 
In video applications, DC restoration moves the 
backporch or black level to a fixed DC reference. 
The EL4093C uses a CF A in feedback with a 
sample & hold to provide DC restoration. Figure 
1 shows how the two are connected to provide 
this function; the SIH compares the output of 
the CF A to a DC reference, and any difference 
between them causes an output current from the 
S/H. This "autozero" current is fed to the CF A 
inverting input, the effect of which is to move the 
CFA output towards the reference voltage. This 
autozero mechanism settles when the CF A out
put is one VOSaway from the reference (the VOS 
here refers to the SIH offset voltage). 
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VIN 0------1 

44093-3 

Figure I 

The autozero mechanism is typically active for 
only a short period of each video line. Figure 2 
shows a NTSC video signal along with the 
EL4581C back porch output. The back porch sig
nal is used to drive the HOLD input of the 
EL4093C, and we· see that the EL4093C is in 
sample mode for only 3.5 /Ls of each line. It is 
during this time that the autozero mechanism at
tempts to drive the CFA output towards the ref
erence voltage, at the same time putting a correc
tion voltage onto the hold capacitor CHOLD' 
During the rest of the line (60 /Ls) the EL4093C is 
in hold mode, but DC correction is maintained by 
the voltage on CHOLD' 

Input Video 
Signal 

EL4581 
Back Porch 

Output 

44093-37 

Figure 2 



Applications Information - Contd. 

Power Supply Bypassing and Printed 
Circuit Board Layout 
As with any high frequency device, good printed 
circuit board layout is necessary for optimum 
performance. Ground plane construction is high
ly recommended. Lead lengths should be as short 
as possible. The power supply pins must be well 
bypassed to reduce the risk of oscillation. In the 
EL4093C there are two sets of supply pins: 
V + ltV - 1 provide power for the CF A, and 
V + 21V - 2 are for the StH amplifier. Good per
formance can be achieved using only one set of 
bypass capacitors, although they must be close to 
the V+ 1tV-1 pins since that is where the high 
frequency currents flow. The combination of a 
4.7 IJ-F tantalum capacitor in parallel with a 
0.01 IJ-F capacitor has been shown to work well. 
Chip capacitors are recommended for the 0.01 IJ-F 
bypass to minimize lead inductance. 

For good AC performance, parasitic capacitance 
should be kept to a minimum, especially at the 
CF A inverting input. Ground plane construction 
should be used, but it should be removed from 
the area near the inverting input to minimize any 
stray capacitance at that node. Chip resistors are 
recommended for RF and RG, and use of sockets 
should be avoided if possible. Sockets add para
sitic inductance and capacitance which will result 
in some additional peaking and overshoot. 

If the CF A is configured for non-inverting gain, 
then one should also pay attention to the trace 
leading to the + input. The inductance of a long 
trace (> 3") can form a resonant network with 
the amplifier input, resulting in high frequency 
oscillations around 700 MHz. In such cases a 
500.-1000. series resistor placed close to the + in
put would isolate this inductance and damp out 
the resonance. 

Capacitance at the Inverting Input 
Any manufacturer's high-speed voltage or cur
rent feedback amplifier can be affected by stray 
capacitance at the inverting input. For inverting 
gains this parasitic capacitance has little effect 
because the inverting input is a virtual ground, 
but for non-inverting gains this capacitance (in 
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conjunction with the feedback and gain resistors) 
creates a pole in the feedback path of the amplifi
er. This pole, if low enough in frequency, has the 
same destabilizing effect as a zero in the forward 
open-loop response. Hence it is important to min
imize the stray capacitance at this node by re
moving the nearby ground plane. In addition, 
since the 8tH output connects to this node, it is 
important to minimize the trace capacitance. 
Good practice here would be to connect the two 
pins with a short trace directly underneath the 
chip. 

Feedback Resistor Values 
The EL4093C has been optimized for a gain of 
+ 2 with RF = 7 son. This value of feedback re
sistor gives a 3 dB bandwidth of 300 MHz at a 
gain of + 2 driving a 1500. load. Since the ampli-
fier inside the EL4093C uses current mode feed- • 
back, it is possible to change the value of RF to 
adjust the bandwidth. Shown in the table below 
are optimum feedback resistor values for differ-
ent closed loop gains. 

Gain OptimumRF BW(MHz) Peaking (dB) 

+1 910 314 0.2 

+2 750 300 0 

+5 470 294 0.2 

-1 680 300 0 

Autozero Interface 
The autozero interface refers to the connection 
between the StH output and the CF A inverting 
input. This interface has been greatly simplified 
compared to that of the EL2090C, in that the 
StH output is a high impedance current source. 
The StH output can be connected directly to the 
inverting input, and its high impedance greatly 
reduces the interaction between the sample & 
hold and the gain setting resistors. Another vir
tue of this interface is better gain linearity as the 
autozero current changes. For example, at an au
tozero current of 0 rnA the output impedance is 
about 5 Mn, dropping to 1 Mn as the autozero 
current increases to 3 rnA. Using RF = RG = 
7 son, the closed loop gain changes only by 
0.025% in this interval. 
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Autozero Range 
The autozero range is defined as the difference 
between the input DC level and the reference 
voltage to restore to. The size of this range is a 
function of the gain setting resistors used and the 
S/H output current swing. For a gain of + 2 the 
optimum feedback resistor is 750.0., and the avail
able S/H output current is ± 5.5 mA minimum. 
To .determine the autozero range for this case, we 
refer to Figure 3 below. 

IAZ . / 

Q ...... /+f-

j:1C)t-1+--.""""""'O-T--~ Reference 
:::!:::: Hold - f------o Voltage Icap = OV 

4093-39 

Figure 3 

Suppose that the input DC level is + Voc, and 
that the reference voltage is OV. We know that in 
feedback, the following two conditions will exist 
on the CF A: first, its output will be equal to OV 
(due to autozero), and second, its VIN- voltage 
is equal to the VIN+ voltage (i.e. VIN- = 
+ VOc). So we have a potential difference of 
+ VOC across both RF and RG, resulting in a cur
rent IRF = IRG = Voc1750n that must flow 
into each of them. This current IAZ = (IRF + 
IRG) must come from the S/H output. Since the 
maximum that IAZ can be is 5.5 mA, we can solve 
for Voc using the following: 

( Voc) IAZ = ± 5.5 mA = 2 --
750.0. 

and see that Voc = ± 2V. This range can easily 
accommodate most video signals. 
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As another example, consider the case where we 
are restoring to a reference voltage of +0.75V. 
Using the same reasoning as above, a current IRF 
= (Voc - 0.75V)/RF must flow through RF, 
and a current IRG = VOC/Ra must go into RG. 
Again, our boundary condition is that IRF + IRG 
:0;; ± 5.5 mA, and we can solve for the allowable 
Voc values using the following: 

Voc - 0.75V VOC 
±5.5mA = +--

750.0. 750.0. 

Hence VOC must be between + 2.4V to -1.7V. 
This example illustrates that when the reference 
changes, the autozero range also changes. In gen
eral, the user should determine the autozero 
range for his/her application, and ensure that the 
input signal is within this range during the au
tozero period. 

Autozero Loop Bandwidth 
The gain-bandwidth product (GBWP) of the au
tozero loop is determined by the size of the hold 
capacitor, the value of RF, and the transconduct
ances (gm's) of the S/H amplifier. To begin, the 
S/H amplifier is modeled as in Figure 4 below. 
First, the input stage transconductance is repre
sented by gml, with the compensation capacitor 
given by CHOLO' This stage's GBWP is thus 
gml/(2'1T • CHOLO) = 1/(2'1T • (350.0.)(2.2 nF» 
= 207 kHz. Next, since the S/H has a current 
output, its output stage can be modeled as a 
transconductance gm2, in this case having a val
ue of 1/(500.0.). The current from gm2 then flows 
through the I to V converter made up of the CF A 
and RF to produce a voltage gain. Thus the 
GBWP of the overall loop is given by: 

gml 
GBWP = --=--- (gm2 • RF) 

2'1T· CHOLO 
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Rr 
:~: RG (not relevant) -r . 

r----------------------------~ I 
I 
I 

Analog I 
Reference I 

I 
I 
I L ____________________________ ~ 

Sample and Hold 
4093-40 

Figure 4 

With RF = 7500., a GBWP of 310 kHz is ob
tained. Note however that this is the small signal 
GBWP. As mentioned earlier, the sample and 
hold has special boost circuits built in which pro
vides ± 8.5 mA of charge current during full slew. 
These boost circuits turn on when the 8/H input 
differential voltage exceeds ± 50 mY. When the 
boosters are turned on, gm1 greatly increases and 
the circuit becomes nonlinear. Thus some stabili
ty issues are associated with the boosters, and 
they will be addressed in a later section. 

Charge Injection and Hold Step 
Charge injection refers to the charge transferred 
to the hold capacitor when switching to the 
HOLD mode. The charge should ideally be 0, but 
due to stray capacitive coupling and other effects, 
is typically 0.1 pC in the EL4093. This charge 
changes the hold capacitor voltage by 11 V = llQI 
CHOLD, and this 11 V is multiplied by the output 
stage transconductance (gm2) to produce a 
change in 8/H output current. This last quantity 
is listed as the spec llISTEP, and is calculated us
ing the following: 

llISTEP = (~) • gm2 
CHOLD 
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For CHOLD = 2.2 nF and gm2 = 1/(5000.), 
llISTEP has a typical value of 100 nA. This 
change in 8/H output current flows through RF, 
shifting the CFA output voltage. However, as we 
shall soon see, this shift is negligible. Assuming 
RF = 7500., llISTEP is impressed across RF to 
give (7500.)(100 nA) = 0.08 mV of change at the 
CFA output. 

Droop Rate 
When the 8/H amplifier is in HOLD mode, there 
is a small current that leaks from the switch into 
the hold capacitor. This quantity is termed the 
droop current, and is typically 10 nA in the 
EL4093. This droop current produces a ramp in 
the hold capacitor voltage, which in turn produc
es a similar effect at the CF A output. The Droop 
Rate at the CF A output can be found using the 
equation below: 

IDROOP 
Droop = (gm2 • RF) 

CHOLD 

Assuming RF = 7500. and CHOLD = 2.2 nF, the 
drift in the CF A output due to droop current is 
about 7 ,.., V 1 ,..,s. Recall that in NT8C applica
tions, there is about 60 ,..,S between autozero peri
ods. Thus there is 7 ,..,V/,..,s)(60 ,..,s) = 0.4 mY, or 
less than 0.1 IRE, of drift over each NT8C scan 
line. This drift is negligible in most applications. 

• 
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Choice of Hold Capacitor 
The EL4093 has been designed to work with a 
hold capacitor of 2.2 nF. With this value of 
CHOLD, the droop rate and hold step are negligi
bly small for most applications. In addition, with 
the special boost circuits inside the SIH, fast ac
quisition is possible even using a hold capacitor 
of this size. Figure 5 below shows the input and 
output of the DC-restored amplifier while the 
SIH is in sample mode. Applying a + IV step to 
the non-inverting input of the CF A, the output 
of the CFA jumps to +2V. The SIH, however, 
then tries to autozero the system by driving the 
CF A output back to the reference voltage. Since 
the input differential across the SIH is initially 
+ 2V, the boost circuits turn on and supply 
8.5 rnA of charge current to the hold capacitor. 
The boost circuit remains on until the CF A out
put has come to within 50 m V of the reference. 
Note that this event took only 320 nSj settling to 
within 1 % of the final value takes another 2 p.s. 
Thus for a IV input step, acquisition takes only 
one to two NTSC scan lines. 

CFA 
INPUT 

CFA 
OUTPUT 

4000-41 

Figure 5. Autozero Mechanism Restores 
Amplifier Output to Ground 

after + 1 V Step at Input 

A natural question arises as to whether there are 
other CHOLD values that can be used. In one di
rection, increasing CHOLD will further reduce the 
droop and hold step, but lengthen the acquisition 
time. Since the droop and hold step are already 
small to begin with, there is no apparent advan
tage to increasing CHOLD' 
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In the other direction, decreasing CHOLD would 
increase the droop and hold step but shorten the 
acquisition time. There is, however, a caveat to 
reducing CHOLD: too small a CHOLD would 
cause the autozero loop to oscillate. The reason is 
that when the SIH boost circuit turns on, the 
input stage gm increases drastically and the cir
cuit becomes nonlinear. A sufficiently large 
CHOLD must be used to suppress the non-lineari
ty and force the loop to settle. For example, it 
has been found that a CHOLD of 470 pF results in 
1 Vp_p oscillation around 10 MHz at the CFA 
output. 

The minimum recommended value for CHOLD is 
2.2 nF. With this value the loop remains stable 
over the entire operating temperature range 
(-40·C to + 85·C). The greatest instability oc
curs at low temperatures, where we observe from 
the performance curves that the SIH gm's, and 
hence the GBWP, are at their maximum. If the 
operating. range is restricted to room temperature 
or above, then 1.5 nF is sufficient to keep the 
loop stable. At this value of CHOLD the acquisi
tion time reduces to about 1.5 p.s. 

Video Performance and Application 
Although the EL4093 is intended for high speed 
video applications such as SVGA, it also offers 
excellent performance for NTSC, with 0.04% dG 
and 0.02· dP at 3.58 MHz. Some application con
siderations, however, are required for handling 
NTSC signals. 

Referring back to Figure 2, recall that typically, 
the autozero interval lies in the back P9rch por
tion of video containing the colorburst pulse. 
When the SIH compares the video to the refer
ence voltage during this period, the colorburst 
(40 IREp_p) triggers the SIH boost circuit and 
prevents the autozero loop from settling. 
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A remedy for this situation is to attenuate the 
colorburst before applying it to the S/H input. 
Figure 6 below shows a 3.58 MHz chroma trap 
which would notch out the colorburst while pre
serving the video DC level. 

L = 39}"H 

Sample 
and Hold 

R = 500n 

Figure 6. Colorburst Trap for NTSC Applica~~~:S 

One may be tempted to use a RC lowpass filter to 
suppress the colorburst, as shown in Figure 7 be
low. This technique, however, poses several prob
lems. First, to obtain enough attenuation, we 
need to set the pole frequency 10 to 20 times low
er than 3.58 MHz. This pole, being close to the 
auto zero loop pole, would destabilize the system 
and cause the loop to oscillate. 

Sample 
and Hold 

4093-43 

Figure 7. Caution: Lowpass Filter Does Not 
Work in NTSC Applications 

Although we can cancel this pole by introducing 
a zero, the RC network introduces a time delay 
between the CF A output and the S/H input. This 
has undesirable effects in some NTSC applica-
tions, as Figure 8 below illustrates. There is only -=-
0.6 p.s from the rising edge of sync to the color- -=
burst. If we are autozeroing over the back porch, 
the autozero period would begin somewhere in 
this 0.6 p.s interval. Since the edge of sync is now 
delayed by the RC network, autozero begins be-
fore the video back porch reaches its final value. 
Consequently, the autozero loop performs a cor-
rection on every line and never settles. 

;-.-.-- Autozero Period 

CFA 
Output 

S/H 
Int 

Figure 8. Lowpass Filter Delays Input to Sample and Hold 
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If the video does not contain any AC components 
during the autozero level (e.g. RGB video), then 
the above networks are not needed and the CF A 
output can be connected directly to the StH in
put. 

Power Dissipation 
The EL4093 current feedback amplifier has an 
absolute maximum of ± 30 rnA output current 
drive. This is slightly more than the current re
quired to drive ±2V into 750. To see how much 
the junction temperature is raised in this worst 
case, we refer to the equations below: 

where: 

TMAX 
lIJA 
PDMAX 

= Maximum Ambient Temperature 
= Thermal Resistance of the Package 
= Maximum Power Dissipation of the 

. CF A and StH amplifier in the Pack
age 

PDMAX for either the CF A or the StH amplifier 
can be calculated as follows: 

PDMAX = (2· VS· ISMAX) 
+ (Vs - VOUTMAX)· (VOUTMAX/RL) 
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where: 

Vs 

ISMAX 

= Supply Voltage 
= Maximum Supply Current of 

Amplifier 
VOUTMAX = Maximum Output Voltage of 

Application 
= Load Resistance 

For the EL4093, the maximum supply current is 
11.5 rnA on Vs = ± 5V. Assume that in the worst 
case, the CF A output swings ± 2V into 750. 
Since the StH has a current output, we assume 
that it is at maximum current swing (± 5.5 rnA) 
but at a mid-rail output voltage (OV). With the 
above assumptions, PDMAX for the EL4093 is 
223 mW, and using the thermal resistance of a 
narrow SO package (120°CtW), this yields a tem
perature increase of 27°C. Since the maximum 
ambient temperature is 85°C, the resulting junc
tion temperature of 112°C is still below the maxi
mum. 

Please note that there is no short-circuit protec
tion on the EL4093 CF A output, and hence the 
minimum short circuit current (60 rnA) is greater 
than the absolute maximum output current. 
Maintaining the EL4093 in this state for more 
than a few seconds may cause the part to exceed 
TJMAX, in addition to metal migration problems. 



Features 
• Complete video fader 
• 0.02%/0.04° differential gain/ 

phase @100% gain 

• Output amplifier included 
• Calibrated linear gain control 
• ± SV to ± lSV operation 
• 60 MHz bandwidth 
• Low thermal errors 

Applications 
• Video faders/wipers 
• Gain control 
• Video text insertion 
• Level adjust 
• Modulation 

Ordering information 
Pan No. Temp. Range Package Outline" 

EL4094CN -40'C to +8S'C 8-Pin P_DIP MDPOO31 

EL4094CS -40"C to + 8S'C 8-Pin so MDP0027 

General Description 
The EL4094C is a complete two-input fader. It combines two 
inputs according to the equation: 

VOUT = VINA (O.SV + Vg) + VINB (O.SV - Vg), 

where V GAIN is the difference between V GAIN and V GAIN pin 
voltages and ranges from -O.SV to +O.SV. It has a wide 60 
MHz bandwidth at - 3 dB, and is designed for excellent video 
distortion performance. The EL4094C is the same circuit as the 
EL409S, but with feedback resistors included on-chip to imple
ment unity-gain connection. An output buffer is included in 
both circuits. 

The gain-control input is also very fast, with a 20 MHz small
signal bandwidth and 70 ns recovery time from overdrive. 

The EL4094C is compatible with power supplies from ± SV to 
± lSV, and is available in both the B-pin plastic DIP and SO-B. 

Connection Diagram 

GND 2 

v- 3 

VOUT 4 5 V+ 

4094-1 

Manufactured under U.S. Patent No. 5,321,371, 5,374,898 

I 
'"'" ~ 
~ 

~ 

~ 
< L-______________________ ~ ______________________________________ ~~ 
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Absolute Maximum Ratings (TA = 25·C) 

Vs+ 
Vs 
VINA, 

VINB 
VGAIN 
VGAIN 

Voltage between V s + and GND 
Voltage between VS+ and VS
Input Voltage 

Input Voltage 
Input Voltage 

+18V 
+33V 

(Vs-) -O.3V 
to (Vs+) +O.3V 

VGAIN ±5V 
Vs- toVS+ 

lOUT Output Current 
Internal Power Dissipation 
TA Operating Ambient Temp. Range 
TJ Operating Junction Temperature 
TST Storage Temperature Range 

Open Loop DC Electrical Characteristics 

±35mA 
See Curves 

-40·Cto +85·C 
150·C 

- 65·C to + 150"C 

Vs = ±5V, TA = 25·C, VGAIN = +O.6Vto measure channel A, VGAIN = -O.6Vto measure channel B, VGAIN = OV, unless 
otherwise specified 

Parameter Description 

3·94 



Closed Loop AC Electrical Characteristics 
Vs = ± lSV, CL = 15 pF, TA = 25°C, Av = 100% unless otherwise noted 

Parameter 

dG 

dO 

-0.1 dB 

Differential Gain, AC amplitude of 286 m V pop 

at 3.58 MHz on DC offset of - 0.7, 0, and + 0.7V Av = 100% 

AV = 50% 
AV = 25% 

Differential Phase, AC ampitude of 286 m V p-p 

at 3.58 MHz on DC offset of - 0.7, 0, and + 0.7V Av = 100% 

AV = 50% 
AV = 25% 

Typical Performance Curves 

6 

0.02 

0.20 
0.40 

0.04 

Small-Signal Step 
Response for Gain = 100%,50%, 

25%, and 0%. Vs ±5V 

Large-Signal Step 
Response for Gain = 100%,50%, 

25%, and 0%. V s ± 12V 

4094-2 

3-95 

MHz 

% 
% 
% 

4094-3 
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Applications Information 
The EL4094 is a self-contained and calibrated 
fader subsystem. When a given channel has 
100% gain the circuit behaves as a current-feed
back amplifier in unity-gain connection. As such, 
video and transfer distortions are very low. As 
the gain of the input is reduced, a 2-quadrant 
multiplier is gradually introduced into the signal 
path and distortions increase with reducing gain. 

The input impedance also changes with gain set
ting, from about 1 Mn at 100% gain down to 
16 kn at zero gain. To maximize gain accuracy 
and linearity, the inputs should be driven from 
source impedances of soon or less. 

Linearity 
The EL4094 is designed to work linearly with 
± 2V inputs, but lowest distortion occurs at ± 1 V 
levels and below. Errors are closer to those of a 
good current-feedback amplifier above 90% gain. 

Low-frequency linearity is 0.1 % or better for 
gains 25% to 100% and inputs up to 1V. NTSC 
differential gain and phase errors are better than 
0.3% and 0.30 for the 25% to 100% gain range. 
These distortions are not strongly affected by 
supply voltage nor output loading, at least down 
to 150n. For settling to 0.1 %, however, it is best 
to not load the output heavily and to run the 
EL4094 on the lowest practical supply voltages, 
so that thermal effects are minimized. 

Gain Control Inputs 
The gain control inputs are differential and may 
be biased at any voltage as long as IV GAIN is less 
than 2.5V below V + and 3V above V -. The dif
ferential input impedance is 5.5 kn, and the com
mon-mode impedance is more than 500 kn. With 
zero differential voltage on the gain inputs, both 
signal inputs have a 50% gain factor. Nominal 
calibration sets the 100% gain of VINA input at 
+ 0.5V of gain control voltage, and 0% at -0.5V 
of gain control. VINB'S gain is complementary to 
that of VINA; + 0.5V of gain control sets 0% gain 
at VINB and -0.5V gain control sets 100% VINB 
gain. The gain control does not have a complete
ly abrupt transition at the 0% and 100% points. 
There is about 10 mV of "soft" transfer at the 
gain endpoints. To obtain the most accurate 
100% gain factor or best attenuation at 0% gain, 

it is necessary to overdrive the gain control input 
by 30 m V or more. This would set the gain con
trol voltage range as -0.565V to +0.565V, or 
30 mV beyond the maximum guaranteed 0% to 
100% range. In fact, the gain control inputs are 
very complex. Here is a representation of the ter
minals: 

4094-12 

Representation of Gain Control 
Inputs V G and IV G 

For gain control inputs between ± 0.5V 
( ± 90 /LA), the diode bridge is a low impedance 
and all of the current into Vg flows back out 
through IV g. When gain control inputs exceed 
this amount, the bridge becomes a high imped
ance as some of the diodes shut off, and the V g 
impedance rises sharply from the nominal 5.5Kn 
to about 500Kn. This is the condition of gain 
control overdrive. The actual circuit produces a 
much sharper overdrive characteristic than does 
the simple diode bridge of this representation. 

The gain input has a 20 MHz - 3 dB bandwidth 
and 17 ns risetime for inputs to ±0.45V. When 
the gain control voltage exceeds the 0% or 100% 
values, a 70 ns overdrive recovery transient will 
occur when it is brought back to linear range. If 
quicker gain overdrive response is required, the 
Force control inputs of the EL4095 can be used. 

Output Loading 
The EL4094 does not work well with heavy ca
pacitive loads. Like all amplifier outputs, the out
put impedance becomes inductive over frequency 
resonating with a capacitive load. The effective 
output inductance of the EL4094 is about 350 
nH. More than 50 pF will cause excessive fre
quency response peaking and transient ringing. 
The problem can be solved by inserting a low
value resistor in series with the load, 22n or 
more. If a series resistance cannot be used, then 
adding a 300n or less load resistor to ground or a 
"snubber" network may help. A snubber is a re-
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Applications Information - Contd. 
sistor in series with a capacitor, 1500. and 100 pF 
being typical values. The advantage of a snubber 
is that it does not draw DC load current. 

Unterminated coaxial line loads can also cause 
resonances, and they should be terminated either 
at the far end or a series back-match resistor in
stalled between the EL4094 and the cable. 

The output stage can deliver up to 140 mA into a 
short-circuit load, but it is only rated for a con
tinuous 35 mAo More continuous current can 
cause reliability problems with the on-chip metal 
interconnect. Video levels and loads cause no 
problems at all. 

Noise 
The EL4094 has a very simple noise characteris
tic: the output noise is constant (40 nV/'VHz 
wideband) for all gain settings. The input-re
ferred noise is then the output noise divided by 
the gain. For instance, at a gain of 50% the input 
noise is 40 nV/YHz/O.5, or 80 nV/YHz. 

Bypassing 
The EL4094 is fairly tolerant of power-supply 
bypassing, but best multiplier performance is ob
tained with closely connected 0.1 ,..,F ceramic ca
pacitors. The leaded chip capacitors are good, but 
neither additional tantalums nor chip compo
nents are necessary. The signal inputs can oscil
late locally when connected to long lines or un
terminated cables. 

Power Dissipation 
Peak die temperature must not exceed 150°C. At 
this temperature, the epoxy begins to soften and 
becomes unstable, chemically and mechanically. 
This allows 75°C internal temperature rise for a 
75°C ambient. The EL4094 in the 8-pin PDIP 
package has a thermal resistance of 87° IW, and 
can thus dissipate 862 m W at a 75°C ambient 

, temperature. The device draws 17 mA maximum 
supply current, only 510 mW at ± 15V supplies, 
and the circuit has no dissipation problems in 
this package. 

The SO-8 surface-mount package has a 153° IW 
thermal resistance with the EL4094, and only 
490 mW can be dissipated at 75°C ambient tem-
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perature. The EL4094 thus cannot be operated 
with ± 15V supplies at 75°C in the surface-mount 
package; the supplies should be reduced to ± 5V 
to ± 12V levels, especially if extra dissipation oc
curs when driving a load. 

The EL4094 as a Level Adjust 
A common use for gain controls is as an input 
signal leveller-a circuit that scales too-large or 
too-small signals to a standard amplitude. A typi
cal situation would be to scale a variable video 
input by + 6 dB to - 6 dB to obtain a standard 
amplitude. The EL4094 cannot provide more 
than 0 dB gain, but it can span the range of 0 dB 
to -12 dB with another amplifier gaining the 
output up by 6 dB. The simplest way to obtain 
the range is to simply ground the B input and 
vary the gain of the signal applied to the A input. 
The disadvantage of this approach is that lineari
ty degrades at low gains. By connecting the sig-
nal to the A input of the EL4094 and the signal • 
attenuated by 12 dB to the B input, the gain con-
trol offers the highest linearity possible at 0 dB 
and -12 dB extremes, and good performance be-
tween. The circuit is shown on the following 
page. 

The EL4095 can be used to provide the required 
gains without the extra amplifier. In practice, the 
gain control is adjusted to set a standard video 
level regardless of the input level. The EL4583 
sync-separator has a recovered amplitude output 
that can be used to servo the gain control volt
age. Here is the curve of differential gain and 
phase distortion for varying inputs, with the out
put set to standard video level: 

'" o 
'" f!'i 0.4 r---,--.,.--,--r--r--, 

o '--....!._-I---'--'--....!._-' 
0.5X 0,75X 1X 1.25X 1.5X 1.75X 2X 

FRACTION OF STANDARD VIDEO INPUT LEVEL 

Differential Gain and Phase of 
Linearized Level Control 
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For an adjustable preemphasis filter, for instance, 
filter A might be an all-pass filter to compensate 
for the delay of filter B, a peaking filter. Fading 
the gain from A to B provides a variable amount 
of peaking, but constant delay. 

Applications Information - Contd. 
The differential gain error is kept to 0.3 % and 
the differential phase to 0.150 or better over the 
entire input range. 

The EL4094 as an Adjustable Filter 
Equalizers are used to adjust the delay or fre
quency response of systems. A typical use is to 
compensate for the high-frequency loss of a cable 
system ahead of the cable so as to create a flat 
response at the far end. A generalized scheme 
with the EL4094 is shown below. 

l.SK 

sIan 

The EL4094 as a Phase Modulator 
To make a phase modulator, filter A might be a 
leading-phase network, and filter B a lagging net
work. The wide bandwidth of the gain-control in
put allows wideband phase modulation of the 
carrier applied to the main input. Of course, the 
carrier and gain inputs must not be digital but be 
reasonably clean sinewaves for the modulation to 
be accurate. 

/VG 

VOUT 

4094-13 

+ 6 dB to -6 dB Linearized Level Control 

INPUT 

EQUALIZATION 
ADJUST 

General Adjustable Equalizer 
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EL4094C Macromodel 
This macromodel is offered to allow simulation of 
general EL4094 behavior. We have included 
these characteristics: 

Small-signal frequency response 
Output loading effects 
Input impedance 
Off-channel feedthrough 
Output impedance over frequency 

Signal path DC distortions 
V GAIN I-V characteristics 
V GAIN overdrive recovery delay 
100% gain error 

These will give a good range of results for various 
operating conditions, but the macromodel does 
not behave identically as the circuit in these ar
eas: 

Temperature effects 
Signal overload effects 
Signal and IV G operating range 
Current-limit 
Video and high-frequency distortions 
Supply voltage effects 
Slewrate limitations 
Noise 
Power supply interactions 

The macromodel's netlist is based on the Pspice 
simulator (copywritten by the Microsim Compa
ny). Other simulators may not support the 
POLY function, which is used to implement mul
tiplication as well as square-low nonlinearities. 

....... * 

VINB 

I VOUT 

I I /vG 

I I I vG 

I I I I VINA 

I I I I I 
.subckt EL4094subckt (1 4 6 7 8) 
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RoL 810 0 290k 
Ccomp 810 0 3.5p 
G1100 810 0 -10 

RoUT 1000.1 
LoUT 104 350.200n 

RLouT 10480 
r110 91010 
c1 910911 300p 
r2 911 0 90 

···InputchanneIA ... 
RINA 22 910 16k 
ra 11 0 1k 
Cfeedthrougha 23 8 130p 
Rfeedthrougha 8 22 1.0 
Ela 23 22 1 0 1.0 

Rspice3 23 22 1El2 
G1a 11 0 POLY(l) (22,910) 0.0 0.001 -3E-6 
G2a 810 0 POLY(2) (11,0) (13, 0) 0.0 0.0 0.0 0.0 0.001 

•• ·Input channel B 

RINB 25 910 16k 
rb2001k 
Cfeedthroughb 24 1130p 
Rfeedthroughb 1 25 1.0 
E1b 24 25 8 0 1.0 
Rspice4 24 25 1E12 
G1b 20 0 POLY(l) (25,910) 0.0 0.001 -3E-6 

G2b 810 0 POLY(2) (20,0) (19,0) 0.0 0.0 0.0 0.0 0.001 ... 
··"Gain control 

Rspicel13 0 1E12 
Rspice2 18 0 1E12 

RIO 140 1E7 
C10 140 8E-16 
Dl14 15 Dc1amp 
D2 1614 Dclamp 

.model Dclamp D (TT = 200n) 
VIIS 04999.3 

V2 0 16 4999.3 
V313 170.5 
V419180.5 
GIO 14 0 7 6 -0.001 
G11 7 6 140 -2E-8 

E10 17 0 14 0 1E-4 
Ell 18 0 14 0 -lE-4 ... 
• ends 
"'''' .... 

• 
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rj .................................. 
EL4094C Macromodel- Contd. 

RrEEDTHROUGHA 22 
V1NA """8,.... ___ "",,,/I,-_r-'=""++ 

CrEEDTHROUGHA RSPICE3 "NA 

VGo-+----~~-~~r+ 

/~~6r_---i---~~ 

G:-EEDTHROUGHB RSPICE4 2~NB 
V1NB o-l ..... -....".Rr-E-ED ... T"'HR"'O-U-GH .... B~-'---<~..,.+ 

EL4094 Macromodel Schematic 
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Features 
• Full function video fader 
• 0.02%/0.02° differential gain/ 

phase @ 100% gain 

• 25 ns multiplexer included 
• Output amplifier included 
• Calibrated linear gain control 
• ± 5V to ± 15V operation 
• 60 MHz bandwidth 
• Low thermal errors 

Applications 
• Video faders/wipers 
• Gain control 
• Graphics overlay 
• Video text insertion 
• Level adjust 
• Modulation 

Ordering Information 

General Description 
The EL4095C is a versatile variable-gain building block. At its 
core is a fader which can variably blend two inputs together and 
an output amplifier that can drive heavy loads. Each input ap
pears as the input of a current-feedback amplifier and with ex
ternal resistors can separately provide any gain desired. The 
output is defined as: 

VOUT = A*VINA (0. 5V + VGAIN) + B*VINB (0.5V-VGAIN), 

where A and B are the fed-back gains of each channel. 

Additionally, two logic inputs are provided which each override 
the analog VGAIN control and force 100% gain for one input 
and 0% for the other. The logic inputs switch in only 25 ns and 
provide high attenuation to the off channel, while generating 
very small glitches. 

Signal bandwidth is 60 MHz, and gain-control bandwidth 
20 MHz. The gain control recovers from overdrive in only 
70 ns. 

The EL4095C operates from ± 5V to ± 15V power supplies, and 
is available in both 14-pin DIP and narrow surface mount pack-

Part No. Temp. Range Package Outllne# ages. --------------------------------------------ElA09SCN -~O"c to +8S'C 14 Pin P_DlP MDPOO31 

ElA09SC8 -40"C to + 8S'C 80-14 MDPOO27 Connection Diagram 
14-Pin DIP, SO 

+VIN8 1 t----, ..------114 +VINA 

4095-1 

Top View 

Manufactured under U.S. Patent No. 5,321,371, 5,374,898 
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Absolute Maximum Ratings (TA = 2S·C) 

Vs+ 
Vs 
+VINA' 

+VINB 
lIN 
VGAIN 
VGAIN 

Supply Voltage 
Voltage between Vs+ and VS
Input Voltage 

Current Into -VINA' -VINB 
Input Voltage 
Input Voltage 

+18V 
+33V 

(Vs-) -0.3V 
to (VS+) +0.3V 

SmA 

VGAIN ±SV 
VS- toVS+ 

VFORCE Input Voltage 
lOUT Output Current 
TA Operating Temperature Range 
TJ Operating Junction Temperature 
TST Storage Temperature Range 
Internal Power Dissipation 

Open Loop DC Electrical Characteristics 
V s = ± lSV, TA = 2S·C, V GAIN ground unless otherwise specified 

Parameter Description 

Force A or Force B Inputs 

VIL Input Low Threshold at 
0.8 

Force A or Force B Inputs 

lFORCE, High Input Current of Force A 
-50 

or Force B, VFORCE = SV 

lFORCE,Low Input Current of Force A 
-440 -650 

or Force B, VFORCE = OV 

3-106 

-lVto +6V 

±3SmA 
-40·C to + 8S·C 

O"Cto +lS0·C 
- 6S·C to + lSO"C 

See Curves 

V 

p.A 

/LA 



Open Loop DC Electrical Characteristics - Contd. 
Vs = ± 15V, TA = 25°C, unless otherwise specified 

Parameter 

Feedthrough, 
Forced 

VGAIN,100% 

VGAIN,O% 

NL,Gain 

NL,AV = 1 
AV = 0.5 
Av = 0.25 

Description 

Feedthrough of Deselected Input to Output, 
Deselected Input at 100% Gain Control 

Minimum Voltage at 
VGAIN for 100% Gain 

Maximum Voltage at 
V GAIN for 0% Gain 

Gain Control Non-linearity, 
VIN = ±0.5V 

Signal Non-linearity, VIN = ± lV, VGAIN = 0.55V 
Signal Non-linearity, VIN = ± lV, VGAIN = OV 
Signal Non-linearity, VIN = ± lV, VGAIN = -0.25V 

Closed Loop AC Electrical Characteristics 
Vs = ± 15V, Av = + 1, RF = RIN = 1 kO, RL = 5000, CL = 15 pF, CIN- = 2 pF, TA = 25°C, AV = 100% unless otherwise 
noted 

Parameter 

SR 

BW 

dG 

d8 

TS 

BW,Gain 

Description 

Slew Rate; VOUT from -3Vto +3V 
Measured at - 2V and + 2V 

Bandwidth -3dB 
-ldB 

-0.1 dB 

Differential Gain; AC Amplitude of 286 m V p-p 

at 3.58 MHz on DC Offset of -0.7V, OV and + 0.7V 
Av = 100% 
AV = 50% 
Av = 25% 

Differential Phase; AC Amplitude of 286 mV p-p 

at 3.58 MHz on DC Offset of - O. 7V, OVand + 0.7V 
Av = 100% 
Av = 50% 
AV = 25% 

Settling Time to 0.2%; VOUT from - 2V to + 2V 
Av = 100% 
Av = 25% 

Propagation Delay from VFORCE = 1.4V to 50% 
Output Signal Enabled or Disabled Amplitude 

- 3 dB Gain Control Bandwidth, 
V GAIN Amplitude 0.5 Vp_p 

Gain Control Recovery from Overload; 
VGAINfrom -0.7VtoOV 
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Units 

V/p.s 

MHz 
MHz 
MHz 

% 
% 
% 

ns 
ns 

ns 

MHz 

ns 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Test Circuit, AV = + 1 
~NPUT >---()------. 

RrB 
lK.Cl 

..... ----0----< ~NPUT 

RrA 
lK.Cl 

=!=J 
OUTPUT 

= "'N (0.5 + VGA1N ) + ~N (0.5 - VGA1N ) 

FOR -O.SV ~ VGA1N ~ +o.SV 
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VGA1N 

(-O.6V - +O.6V) 
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Applications Information 
The EL4095 is a general-purpose two-channel 
fader whose input channels each act as a current
feedback amplifier (CF A) input. Each input can 
have its own gain factor as established by exter
nal resistors. For instance, the Test Circuit shows 
two channels each arranged as + 1 gain, with the 
traditional single feedback resistor RF connected 
from VOUT to the -VIN of each channel. 

The EL4095 can be connected as an inverting 
amplifier in the same manner as any CF A: 

Frequency Response 
Like other CF A's, there is a recommended feed
back resistor, which for this circuit is 1 KO. The 
value of RF sets the closed-loop - 3 dB band
width, and has only a small range of practical 
variation. The user should consult the typical 
performance curves to find the optional value of 
RF for a given circuit gain. In general, the band
width will decrease slightly as closed-loop gain is 
increased; RF can be reduced to make up for 
bandwidth loss. Too small a value of RF will 
cause frequency response peaking and ringing 
during transients. On the other hand, increasing 
RF will reduce bandwidth but improve stability. 

EL4095C In Inverting Connection 

~NB 
!INPUT ~..JVV\.o __ -o--__ 

RrB 
lKll 

~NA 
,.....---O--..... -JoA"-~ AtNPUT 

~ ........ .., 
RrA 
lKll 

OUTPUT (RrA) = - IItN R;;;; (0.5 + VGA1N ) 

- ~N (~:) (0.5 - VGA1N ) 

FOR -0.5V :s VGA1N :s +0.5V 
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VGA1N 
(-0.6V TO +0.6V) 
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Applications Information - Contd. 
Stray capacitance at each - VIN terminal should 
absolutely be minimized, especially in a positive
gain mode, or peaking will occur. Similarly, the 
load capacitance should be minimized. If more 
than 25 pF of load capacitance must be driven, a 
load resistor from 100fi to 400fi can be added in 
parallel with the output to reduce peaking, but 
some bandwidth degradation may occur. A 
"snubber" load can alternatively be used. This is 
a resistor in series with a capacitor to ground, 
150fi and 100 pF being typical values. The ad
vantage of a snubber is that it does not draw DC 
load current. A small series resistor, low tens of 
ohms, can also be used to isolate reactive loads. 

Distortion 
The signal voltage range of the + VIN terminals 
is within 3.5V of either supply rail. 

One must also consider the range of error cur
rents that will be handled by the - VIN termi
nals. Since the - VIN of a CFA is the output of a 
buffer which replicates the voltage at + VIN, er
ror currents will flow into the - VIN terminal. 
When an input channel has 100% gain assigned 
to it, only a small error current flows into its neg
ative input; when low gain is assigned to the 
channel the output does not respond to the chan
nel's signal and large error currents flow. 

Here are a few idealized examples, based on a 
gain of + 1 for channels A and Band RF = 1 kfi 
for different gain settings: 

Gain VINA VINB I (-VINA> I (-VINB> VOUT 

100% 1V 0 0 1mA 1V 
75% 1V 0 -250 ",A 750 ",A 0.75V 
50% 1V 0 -500 ",A 500 ",A 0.5V 
25% 1V 0 -750 IJ-A 250 ",A 0.25V 
0% 1V 0 -lmA 0 OV 

Thus, either - VIN can receive up to 1 rnA error 
current for IV of input signal and 1 kfi feedback 
resistors. The maximum error current is 3 mA for 
the EL4095, but 2 mA is more realistic. The ma
jor contributor of distortion is the magnitude of 
error currents, even more important than loading 
effects. The performance curves show distortion 
versus input amplitude for different gains. 

I~ maximum bandwidth is not required, distor
tion can be reduced greatly (and signal voltage 
range enlarged) by increasing the value of RF 
and any associated gain-setting resistor. 

100% Accuracies 
When a channel gain is set to 100 %, static and 
gain errors are similar to those of a simple CF A. 
The DC output error is expressed by 

VOUT, Offset = Vos· Av + (IB-)*RF' 

The input offset voltage scales with fed-back 
gain, but the bias current into the negative input, 
IB - , adds an error not dependent on gain. Gener
ally, IB - dominates up to gains of about seven. 

The fractional gain error is given by 

EGAIN = (RF + Av*RIN -) RF 
+ AV RIN)/RoL 

The gain error is about 0.3 % for a gain of one 
and increases only slowly for increasing gain: 
RIN - is the input impedance of the input stage 
buffer, and RoL is the transimpedance of the am
plifier, 80 kfi and 350 kfi respectively. 

Gain Control Inputs 
The gain control inputs are differential and may 
be biased at any voltage as long as V GAIN is less 
than 2.5V below V + and 3V above V -. The dif
ferential input impedance is 5.5 kfi, and a com
mon-mode impedance is more than 500 kfi. With 
zero differential voltage on the gain inputs, both 
signal inputs have a 50% gain factor. Nominal 
calibration sets the 100% gain of VINA input at 
+0.5V of gain control voltage, and 0% at -0.5V 
of gain control. VINB'S gain is complementary to 
that of VINA; + 0.5V of gain control sets 0% gain 
at VINB and -0.5V gain control sets 100% VINB 
gain. The gain control does not have a complete
ly abrupt transition at the 0% and 100% points. 
There is about 10 mV of "soft" transfer at the 
gain endpoints. To obtain the most accurate 
~O?% gain factor or best attenuation of 0% gain, 
It IS necessary to overdrive the gain control input 
by about 30 mV. This would set the gain control 
voltage range as -0.565 mV to +0.565V, or 
30 mV beyond the maximum guaranteed 0% to 
100% range. 
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Applications Information - Contd. 
In fact, the gain control internal circuitry is very 
complex. Here is a representation of the termi
nals: 

Representation of Gain Control 
Inputs V G and V G 

4095-28 

For gain control inputs between ± 0.5V 
(± 90 p,A), the diode bridge is a low impedance 
and all of the current into V G flows back out 
through V G. When gain control inputs exceed 
this amount, the bridge becomes a high imped
ance as some of the diodes shut off, and the V G 
impedance rises sharply from the nominal 5.5 K!l 
to over 500 K!l. This is the condition of gain con
trol overdrive. The actual circuit produces a 
much sharper overdrive characteristics than does 
the simple diode bridge of this representation. 

The gain input has a 20 MHz - 3 dB bandwidth 
and 17 ns risetime for inputs to ± 0.45V. When 
the gain control voltage exceeds the 0% or 100% 
values, a 70 ns overdrive recovery transient will 
occur when it is brought back to linear range. If 
quicker gain overdrive response is required, the 
Force control inputs of the EL4095 can be used. 
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Force Inputs 
The Force inputs completely override the V GAIN 
setting and establish maximum attainable 0% 
and 100% gains for the two input channels. They 
are activated by a TTL logic low on either of the 
FORCE pins, and perform the analog switching 
very quickly and cleanly. FORCEA causes 100% 
gain on the A channel and 0% on the B channel. 
FORCEB does the reverse, but there is no de
fined output state when FORCEA and FORCEB 
are simultaneously asserted. 

The Force inputs do not incur recovery time pen
alties, and make ideal multiplexing controls. A 
typical use would be text overlay, where the A 
channel is a video input and the B channel is 
digitally created text data. The FORCEA input 
is set low normally to pass the video signal, but 
released to display overlay data. The gain control 
can be used to set the intensity of the digital 
overlay. 

Other Applications Circuits 
The EL4095 can also be used as a variable-gain 
single input amplifier. If a 0% lower gain ex
treme is required, one channel's input should 
simply be grounded. Feedback resistors must be 
connected to both -VIN terminals; the EL4095 
will not give the expected gain range when a 
channel is left unconnected. 

!his circuit gives + 0.5 to + 2.0 gain range, and 
IS useful as a signal leveller, where a constant 
output level is regulated from a range of input 
amplitudes: 

• 
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Application Information - Contd. 

Leveling Circuit with 0.5 :s; Av :s; 2 

Rra 
lKD. 

R 

INPUT 

OUTPUT 

lKD. 

RrA 
lKD. 

---« VGAIN 
(-O.6V - +O.6V) 

= VIN (1.25 + 1.5 VGAIN ) 

fOR -O.5V ;5; VGAIN ;5; +O.5V 

Here the A input channel is configured for a gain 
of + 2 and the B channel for a gain of + 1 with 
its input attenuated by 'h. The connection is vir
tuous because the distortions do not increase 
monotonically with reducing gain as would the 
simple single-input connecton. 

4095-29 

For video levels, however, these constants can 
give fairly high differential gain error. The prob
lem occurs for large inputs. Assume that a 
"twice-size" video input occurs. The A-side stage 
sees the full amplitude, but the gain would be set 
to 100% B-input gain to yield an overall gain of 
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Application Information - Contd. 
% to produce a standard video output. The 
- VIN of the A side is a buffer output that repro
duces the input signal, and drives RGA and RFA. 
Into the two resistors 2.1 mA of error current 
flows for a typical 1.4V of input DC offset, creat
ing distortion in a A-side input stage. RGA and 

RF A could be increased together in value to re
duce . the error current and distortions, but in
creasIng RFA would lower bandwidth. A solution 
would be to simply attenuate the input signal 
magnitude and restore the EL4095 output level 
to standard level with another amplifier so: 

Reduced-Gain Leveler for Video Inputs and Differential Gain and Phase Performance (see text) 

~B 

8.2K 

RrB 

VIDEO OUTPUT, 

VIDEO INPUT 

~A 
2K 

RrA 
lK 

--< VGA1N 
(-O.6V --- +O.6V) 

1/4 STANDARD VIDEO LEVEL 4095-30 

'" a 
'" '" 0.5 ... 
~ ... 0.4 
(/) 

« 
::t: 
Q. 

'" a 0.3 

g 
z 0.2 
:;;: 

" ...J 0.1 « 
>= z ... 
'" ... 
"- 1.0X "- 1.SX 2.0X 
15 

NORMALIZED VIDEO INPUT AMPLITUDE 
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Application Information - Contd. 
Although another amplifier is needed to gain the 
output back to standard level, the reduced error 
currents bring the differential phase error to less 

than the unrestored possible span of ±0.7V (for 
standard-sized signals). For the preceding leveler 
circuit, the black level should be set more toward 
- 0.7V to accommodate the largest input, or 
m~de to vary with the gain control itself (large 
gam, small offset; small gain, larger offset). 

than 0.1' over the entire input range. 

A useful technique to reduce video distortion is to 
DC-restore the video level going into the EL4095, 
and offsetting black level to - 0.35V so that the 
entire video span encompasses ± 0.35V rather 

The EL4095 can be wired as a four quadrant mul
tiplier: 

EL4095 Connected as a Four-Quadrant Multiplier 

XINPUT (-2V TO +2V) 

~NB 
lK 

RrB 
lK 

OUTPUT 
= 2XY 
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RrA 
lK 

YINPUT 
(-O.5V TO +O.5V) 
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Application Information - Contd. 
The A channel gains the input by + 1 and the B 
channel by - 1. Feedthrough suppression of the 
Y input can be optimized by introducing an off
set between channel A and B. This is easily done 
by injecting an adjustable current into the sum
ming junction (-VIN terminal) of the B input 
channel. 

The two input channels can be connected to a 
common input through two dissimilar filters to 
create a DC-controlled variable filter. This circuit 
provides a controlled range of peaking through 
rolloff characteristics: 

Variable Peaking Filter 
INPUT 

390n 

50 pF .I. 

IKn 

OUTPUT 

4 

3 

2 

'iii 
3 

0 z 
:;;: -I 
'" -2 

-3 

-4 

0.1 

l-

I 
1111111 

10 

FREQUENCY (MHz) 
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lOa 

1 330pf 

IKn 

--< PEAKING 
ADJUST 
(-O.6V TO +O.6V) 
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~~~~~~~~~~~~~~~~~ 
package has a thermal resistance of 6SoC/W, and 
can thus dissipate l.lSW at a 75°C ambient tem
perature. The device draws 20 mA maximum 
supply current, only 600 mW at ± lSV supplies, 
and the circuit has no dissipation problems in 
this package. 

Applications Information - Contd. 
The EL409S is connected as a unity-gain fader, 
with an LRC peaking network connected to the 
A-input and an RC rolloff network connected to 
the B-input. The plot shows the range of peaking 
controlled by the V GAIN input. This circuit 
would be useful for flattening the frequency re
sponse of a system, or for providing equalization 
ahead of a lossy transmission line. 

Noise 
The electrical noise of the EL409S has two com
ponents: the voltage noise in series with + VIN is 
5 n V ../HZ wideband, and there is a current noise 
injected into -VIN of 35 pA../HZ. The output 
noise will be 

r-~==----~~--~~ 
V n, out = ~ (Av • V n, input)2 + (In, input • RF )2, 

and the input-referred noise is 

V n, input-referred = ~ (Vn, input)2 + (In, input. RF/Av)2 

where AV is the fed-back gain of the EL409S. 
Here is a plot of input-referred noise vs Av: 

Input-Referred Noise vs Closed-Loop Gain 
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Thus, for a gain of three or more the fader has .a 
noise as good as an op-amp. The only trade-off IS 

that the dynamic range of the input is reduced by 
the gain due to the nonlinearity caused by 
gained-up output signals. 

Power Dissipation 
Peak die temperature must not exceed lSO°C. 
This allows 75°C internal temperature rise for a 
75°C ambient. The EL409S in the 14-pin PDIP 

The 80-14 surface-mount package has a 
10SoC/W thermal resistance with the EL409S, 
and only 714 mW can be dissipated at 75°C ambi
ent temperature. The EL409S thus can be operat
ed with ± lSV supplies at 75°C, but additional 
dissipation caused by heavy loads must be con
sidered. If this is a problem, the supplies should 
be reduced to ± SV to ± 12V levels. 

The output will survive momentary short-cir
cuits to ground, but the large available current 
will overheat the die and also potentially destroy 
the circuit's metal traces. The EL409S is reliable 
within its maximum average output currents and 
operating temperatures. 

EL4095C Macromodel 
This macromodel is offered to allow simulation of 
general EL409S behavior. We have included 
these characteristics: 

Small-signal frequency response 
Output loading effects 
Input impedance 
Off-channel feedthrough 
Output impedance over 

frequency 

- V IN characteristics and 
sensitivity to parasitic 
capacitance 

Signal path DC distoritons 

V GAIN I-V characteristics 
V GAIN overdrive recovery 

delay 

100% gain error 
FORCE operation 

These will give a good range of results of various 
operating conditions, but the macromodel does 
not behave identically as the circuit in these ar
eas: 

3-122 

Temperature effects 
Signal overload effects 
Signal and V G operating range 
Current-limit 
Video and high-frequency 

distortions 
Glitch and delay from 
FORCE inputs 

Manufacturing tolerances 
Supply voltage effects 
Slewrate limitations 
Noise 
Power supply interactions 



EL4095C Macromodel- Contd. 

*** EL4095 macromodel *** 

+VinB 
I 

.SUBCKT 4095macromodel 

Rol 810 a 290k 
Ccomp 810 a 4.3p 
G1 110 a 810 a -10 
Rout 110 a 0.1 
Lout 110 7 350n 
RLout 110 7 80 

Rina+ 14 a 5E6 
Rinb+ 1 a 5E6 
Rvg 11 a 2E6 
Rvqq 10 a 2E6 
Rforcea 4 a lE9 
Rforceb 5 a lE9 

••• Input channel A 

Rina 22 313 79 
Ra 111 a lk 
Rfeedthrougha 13 313 1.0 
Cfeedthrougha 23 13 2500p 
Ccompa III a 2p 
Ela 23 313 302 25 -1 
E2a 22 a 14 0 0.9999 
Rspice3 23 313 lE12 

I 
I 
I 
I 
I 
I 
I 
I 
1 

-VinB 
I /ForceA 
I I /ForceB 
I I I Vout 
I I I I /Vgain 
I I I I I Vgain 
I I I I I I -VinA 
I I I I I I I +VinA 
I I I I I I I I 
2 4 5 7 10 11 13 14) 

G1a III 0 POLY(l) (22,313) 0.0 0.0125 -150E-6 
G2a 810 a POLY(2) (111,0) (113,0) 0.0 0.0 0.0 0.0 0.001 

***Input channel B 

Rinb 25 302 79 
Rb 120 a lk 
Rfeedthroughb 2 302 1.0 
Cfeedthroughb 24 2 2500p 
Ccompb 120 a 2p 
Elb 24 302 22 313 -1 
E2b 25 a 1 a 0.9999 
Rspice4 24 302 lE12 
G1b 120 a POLY(l) (25,302) 0.0 0.0125 -150E-6 
G2b 810 0 POLY(2) (120,0) (119,0) 0.0 0.0 0.0 0.0 0.001 

~**Gain control 

Rspicel 113 a lE12 
Rspice2 119 0 lE12 
R10 114 0 1E7 
R11 204 206 2.5E6 
R12 205 206 2.5E6 
C10 201 0 9.5E-16 
01 114 115 Oclamp 
02 116 114 Oc1amp 
03 204 4 Oclamp 
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EL4095C Macromodel- Contd. 

D4 205 5 Dclamp 
.model Dclamp D(TT=200n) 
Vttl 206 0 2.4 
Vl 115 0 4999.3 
V2 0 116 4999.3 
V3 113 117 0.5 
V4 119 118 0.5 
V5 203 115 0.7 
V6 116 202 0.7 
G10 114 0 11 10 -0.001 
Gll 11 10 114 0 -2E-8 
E10 117 0 201 0 1E-4 
Ell 118 0 201 0 -lE-4 
51 114 200 5 0 Nopen 
52 200 201 4 0 Nopen 
53 203 201 4 0 Nclosed 
64 202 201 5 0 Nclosed 
.model Nopen VSIIITCH(Ron-100 Roff=lE12 Von=1.6 Voff=1.2) 
.mode1 Nclosed V5I1ITCH( Ron=lOO Roff=lE12 Von-1.2 Voff=1.6) 

• END 5 
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EL4095C Macrom.odel- Contd. 

The EL4095 Macromodel Schematic 

/FORCEA 
4 

+VINA 
14 + 22 

~NA 

= 
13 

RrEEDTHROUGHA 
-VINA 

• 
25 

G1B 
+VINB 0-'----1-:+ + 

/FORCEB~5--------------------------------~ 
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LOUT 

810 

03 204 Rll 

04 

205 
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Features 
• 3 ns A-B switching 
• 300 MHz bandwidth 
• Fixed gain of 2, for cable driving 
• > 6S0V / p.s slew rate 
• TTL/CMOS compatible switch 

Applications 
• RGB multiplexing 
• Picture-in-picture 
• Cable driving 
• HDTV processing 
• Switched gain amplifiers 
• ADC input multiplexer 

Ordering Information 
Part No. Temp. Range Package Outline '* 

EL4332CS -40"C to 85'C S0l6 MDPO027 

Demo Board 
A demo PCB is available for this 
product. Request "EL4332/1 Demo 
Board." 

General Description 
The EL4332C is a triple very high speed 2:1 Multiplexer-Ampli
fier. It is intended primarily for component video multiplexing 
and is especially suited for pixel switching. The amplifiers have 
their gain set to 2 internally, which reduces the need for many 
external components. The gain-of-2 facilitates driving back ter
minated cables. All three amplifiers are switched simultaneous
ly from their A to B inputs by the TTL/CMOS compatible, 
common A/B control pin. 

A - 3 dB bandwidth of 300 MHz together with 3 ns mUltiplex
ing time enable the full performance of the fastest component 
video systems to be realized. 

The EL4332C runs from standard ± SV supplies, and is avail
able in the narrow 16-pin small outline package. 

Connection Diagram 
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Absolute Maximum Ratings 
Vee to VEE 
Vee to any GND 
VEE to any GND 

14V 

12V 
12V 

4SmA Continuous Output Current 
Any Input VEE - O.3V to Vee + O.3V 

Input Current, Any Input 
Power Dissipation 
Operating Temperature 
Junction Temperature 
Storage Temperature 

DC Electrical Characteristics Vee = +5V, VEE = -5V, Temperature = 2S·C, RL = 00 

Note 1: Each channel's A-input to its B-input. 
Note 2: There is no short circuit protection on any output. 
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SmA 
See Curves 

-40·C to 8S·C 
170·C 

- 60·C to + lSO"C 



AC Electrical Characteristics Vee = +SV, VEE = -SV, Temperature = 2S·C, RL = lS0n, CL = 3 pF. 

10M 
100M 

ISO ch-ch 10M 
100M 

Description 

Input to Input Isolation at 100 MHz 

Channel to Channel Isolation at 10 MHz 

Channel to Channel Isolation at 100 MHz 

Min 

61 

50 

Pin Descriptions 
Pin Name 

A1,A2,A3 
B1,B2,B3 
GND1, GND2, GND3 

Outl, Out2, Out3 

Vee 

VEE 
A/B 

Function 

"A" inputs to amplifiers 1,2 and 3 respectively 

"B" inputs to amplifiers I, 2 and 3 respectively 
These are the individual ground pins for each channel. 

Amplifier outputs. Note: there is no short circuit protection on any output. 
Positive power supply. Typically + SV. 
Negative power supply. Typically -SV. 
Common input select pin, a logic high selects the "A" inputs, logic low selects the "B" inputs. 

CMOS/TTL compatible. 
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Burn In Schematic 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 

,.., 
:s. 

"-
~ 
~ 
0 

'" ~ 
" Vi 

~ 
.5 

w _w 
'0 
C 
0 

Jl 

Output Swing va Supply Voltage 
5.---r---.----r----.----. 

4f---+---I---+--f--:eI 

3f---+---I---+-.o'!i"'t----1 

2f---+----b~-=-'-.,.,,----'----1 

O'----L..L---'-----'-----'_----' 
1 2 3 4 5 6 

Slew Rate va Supply Voltage 

650 

600 

550 

500 

450 

400 

350 

~egaiiV. ~Iew ~ate -~ ~ i'""'" ./ 

V-
I ~ ~ 

V ..,., V 
..... KsitiV. SI.w Rate 

V 
300 

5 6 7 8 9 10 11 12 

Total Supply Voltage 

Supply Current va Supply Voltage 

60 

50 
ICC 

40 
/-F- lEE 

30 

20 
2 4 6 8 10 12 

Total Supply Voltag. 

4332-20 

439.2-22 

4332-24 

3·134 

~ 

0-

~ 
'" c 
'i 
Vl -::> 
.P; 
::> 
a 

~ 
"-
~ 
~ 
0 

'" il .. 
Vi 

E 
~ .. 
il 
° 0.. 

Output Swing va Frequency 

8 

7 

6 

5 

4 

3 

2 

1 
lrP 

\ 
\ 
\ 
\ 

\ 
102 

frequ.ncy (MHz) 

Slew Rate V8 Die Temperatuze 

700 

650 "'-

103 

600 

i .......... 
i"-~gative Slew Rate 

550 -........ ........ 
"'-500 

450 
..... 1'--. r....... 

Positive Slew Rat:;' .......... 
400 

350 
-50 -20 10 40 70 100 130 160 

Die Temp.ratur. (OC) 

Maximum Power Dissipation 

1.5 

1.3 

1.1 

I " NJA= 115°C/W 

0.9 i'-.. 
0.6 

0.4 

0.2 

0.0 
o 20 40 60 80 100 

T.mp.ratur. (OC) 

4332-21 

4332-23 

4332-25 



Typical Applications 
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Figure 1. Typical Connection for a 2:1 Component Video Multiplexer 
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Applications 
Figure 1 shows a typical use for the EL4332C. 
The circuit is a component video (R,G,B or 
Y,U,V) multiplexer. Since the gain of the internal 
amplifiers has been set to 2, the only extra com
ponents needed are the supply decoupling capaci
tors and the back terminating resistors, if trans
mission lines are to be driven. The EL4332 can 
drive backmatched son or 7Sn loads. 

Grounds 
It will be noticed that each mux-amp channel has 
its own separate ground pin. These ground pins 
have been kept separate to keep the channel sep
aration inside the chip as large as possible. The 
feedback resistors use these ground pins as their 
reference. The resistors total 400n, so there is a 
significant signal current flowing from these pins 
to ground. 

The ground pins should all be connected togeth
er, to a ground plane underneath the chip. 1 oz. 
copper for the ground plane is highly recom
mended. 

Further notes and recommended practices for 
high speed printed circuit board layout can be 
found in the tutorials in the Elantec databooks. 

Supplies 
Supply bypassing should be as physically near 
the power pins as possible. Chip capacitors 
should be used to minimize lead inductance. Note 
that larger values of capacitor tend to have larger 
internal inductances. So when designing for 3 
transmission lines or similar moderate loads, a 
0.1 p.F ceramic capacitor right next to the power 
pin in parallel with a 22 p.F tantalum capacitor 
placed as close to the 0.1 p.F is recommended. For 
lighter loadings, or if not all the channels are be
ing used, a single 4.7 p.F capacitor has been found 
quite adequate. 

Note that component video signals do tend to 
have a high level of signal correlation. This is 
especially true if the video signal has been de
rived from 3 synchronously clocked DACs. This 
corresponds to all three channels drawing large 
slew currents simultaneously from the supplies. 
Thus, proper bypassing is critical. 
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Figure 2a. Simplified Logic Input Stage 

+5V 

-2V 

Figure 2b. Adapting the Select 
Pin for EeL Logic Levels 

4332-28 



Logic Inputs 
The AlB select, logic input, is internally refer
enced to ground. It is set at 2 diode drops above 
ground, to give a threshold of about 1.4V (see 
Figure 2a). The PNP input transistor requires 
that the driving gate be able to sink current, typi
cally < 30 I-'-A, for a logic "low". If left to float, it 
will be a logic "high". 

The input PNP transistors have sufficient gain 
that a simple level shift circuit (see Figure 2b) 
can be used to provide a simple interface with 
Emitter Coupled Logic. Typically, 200 mV is 
enough to switch from a solid logic "low" to a 
"high". 

The capacitor Cff is only in the network to pre
vent the AlB pin's capacitance from slowing the 
control signal. The network shown level shifts 
the ECL levels, - 0.7V to -1.5V to + 1.6V and 
+ 1.1V respectively. The terminating resistor, 
Rtt, is required since the open emitter of the ECL 
gate can not sink current. If a - 2V rail is not 
being used, a 220n to 330n resistor to the - 5.2V 
rail would have the same effect. 
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Expanding the Multiplexer 
In Figure 3, a 3:1 multiplexer circuit is shown. 
The expansion to more inputs is very straight 
forward. Since the EL4332C has a fixed gain of 2, 
interstage attenuators may be required as shown 
in Figure 3. The truth table for the 3:1 mUltiplex
er select lines is: 

x y MuxOutput 

0 0 R3,G3,B3 

0 1 R2,G2,B2 

1 X Rl,Gl,Bl 

When interstage attenuators are used, the values 
should be kept down in the region of 50n-300n. 
This is to prevent a combination of circuit board 
stray capacitance and the EL4332C's input ca
pacitance forming a significant pole. For exam-
ple, if instead of lOOn as shown, resistors of 1 kn -=
had been used, and assuming 3 pF of stray and -=-
3 pF of input capacitance, a pole would be formed 
at about 53 MHz. 
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Figure 3. Typical Connection for a 3:1 Component Video Multiplexer 
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A Bandwidth Selectable Circuit 
In Figure 4, a circuit is shown that allows three 
signals to be either low pass filtered or full band
width. 

This could be useful where an input signal is fre
quently noisy_ The component values shown 

150 

150 

G1 

give a Butterworth LPF response, with a - 3 dB 
frequency of 50 MHz. Note again, the resistor 
values are low, so that stray capacitance does not 
affect the desired cut-off frequency. 

75 

RoUT ~ 
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75 
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Figure 4. Switched 50 MHz Low Pass Filter for High/Low Resolution Monitors 
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EL4332 Macromodel . 
• EL4332 Macromodel 

• Revision A, April 1996 
._ * •••• " III * •••• III •••• III ....................................... III ••••••••••• III •• * .... .. 

• Applications Hints. The EL4332 has two Vee pins, one VEE pin, and three ground 

·pins. The Vee pins (pins 14 and 15 are internally shorted together in the model, 

'but the ground pins (GND1, GND2, and GND3 (nodes 2, 7, and 10, repsectively) 

'must be connected to ground (node 0) using a 1e-60 resistor. Alternatively, 

• nodes 2, 7, and 10 may be connected to ground through a 250 resistor in parallel 

• with a 4 nH inductor to simulate package and PCB parasitics • .......................................................................... 
• Connections: 

• OUT1 
GND1 

I A1 

I I B1 

I I I B2 

I I I I A2 

I I I I I GND2 

I I I I I I OUT2 

I I I I I I I 
I I I I I I I · 1 2 3 4 5 6 8 

'OUT3 

GND3 

I B3 

I I A3 

I I I VEE 

I I I I Vee 

I I I I I Vee 

I I I I I I AlB 

I I I I I I I 
I I I I I I I · 9 10 11 12 13 14 15 16 

.subckt EL4332/EL 1 2 3 4 5 6 789 10 1112 13 1415 16 
············A B Switch ............... 
Rshort 14 15 1e-12 

rshort1 15 0 100 Meg 

Isw 14 110 1.5mA 

vref 111 0 1.6V 

q1 101 16 110qp 

q2 102 111 110qp 

R1 101 13 500 

R2 102 13 500 

Rd1 107 0 100 
Esw 107 0 table (v(102, 101)°1001 (0,0) (1,1) 

.............................. Amplifier # 1 ............................ III 

q131 103 3 112qp 

q141 104 114 113qp 
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EL4332 Macromodel- Contd. 

q151 105 4 115 qp 

q161 106 117 116qp 

Ia11 14 112 1mA 

Ia21 14 113 1mA 

Ib11 14 115 1mA 

Ib21 14 116 1mA 

Rga1 112 113 275 

Rgb1 115 116 275 

R31 103 13 275 

R41 104 13 275 

R51 105 13 275 

R61 106 13 275 

R71 114 400 

RS1 114 2 400 

R91 117 400 

R110 117 2 400 

Ediffl10S 0 value (v(104,103)*v(107» + (v(106,105)*(1-v(107»)l 

rdiffl lOS 0 1K 

·Compensation Section 

gal 0 134 lOS 0 1m 

rh1 134 0 5 Meg 

eel 134 0 0.6pF 

Poles 

epl 141 0 134 0 1.0 

rpa1 141 142 200 

cpa1 142 0 0.75pF 

rpb1 142 143 200 

epbl 143 0 0.75pF 

Output Stage 

i011 15 150 1.0mA 

i021 151 13 1.0mA 

q71 13 143 150qp 

qSl 15 143 151 qn 

q91 15 150 152qn 

q101 13 151 153qp 

ros11 152 2 

ros21 153 2 

*"''''" •• "''*.,,. Amplifier #2"*""·····"* 
q231 203 6 212 qp 

q241 204 214 213qp 

q251 205 5 215 qp 

q261 206 217 216qp 
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EL4332 Macromodel- Contd. 

la12 14 212 1mA 

la22 14 213 1mA 

!b12 14 215 1mA 

!b22 14 216 1mA 

Rga2 212 213 275 
Rgb2 215 216 275 

R231 203 13 275 

R241 204 13 275 

R251 205 13 275 

R261 206 13 275 

R271 8 214 400 

R281 214 7 400 

R291 8 217 400 

R210 217 7 400 

Ediff2 208 0 value {(v(204,203)·v(107»+ (v(206,205)·(1-v(107»)J 

rdiff2 208 0 1K 

• Compensation Section 

ga2 0 234 208 0 1m 

rh2 234 0 5 Meg 

ee2 234 0 0.6pF 

• Poles 

ep2 241 0 234 0 1.0 

rpa2 241 242 200 

epa2 242 0 0.75 pF 

rpb2 242 243 200 

epb2 243 0 0.75 pF 

Output Stage 

i012 15 250 1.0mA 

i022 251 13 1.0mA 

q271 13 243 250qp 

q281 15 243 251 qn 

q291 15 250 252qn 

q201 13 251 253 qp 

ros12 252 8 2 

ros22 253 8 2 

··*******··*Amplifier #3 * ••• ****** •• 

q331 303 12 312 qp 

q341 304 314 313 qp 

q351 305 11 315 qp 

q361 306 317 316 qp 

la13 14 312 1mA 

la23 14 313 1mA 
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EL4332 Macromodel- Contd. 

Ib13 14 315 lmA 

lb23 14 316 ImA 

Rga3 312 313 275 

Rgb3 315 316 275 

R331 303 13 275 

R341 304 13 275 

R351 305 13 275 

R361 306 13 275 

R371 9 314 400 

R381 314 10 400 

R391 9 317 400 

R310 317 10 400 

Ediff3 308 0 value ( v(304,303)*(v(107» + (v(306,305)*(I-v(107») l 
rdiff3 308 0 lK 

• Compensation 

o 334 

334 0 

ga3 

rh3 

cc3 334 0 

" Poles 

ep3 341 0 

rpa3 341 342 

cpa3 342 0 

rpb3 342 343 

cpb3 343 0 

• Output Stage 

i013 15 350 

i023 351 13 

q371 13 343 

q381 15 343 

q391 15 350 

q301 13 351 

ros13 352 9 

ros23 353 9 

308 0 

5 Meg 

0.6pF 

334 

200 

0 

0.75pF 

200 

0.75 pF 

1.0mA 

LOrnA 

350qp 

351 qn 

352 qn 

353 qp 

2 

2 

• Power Supply Current 

ips 15 13 22mA 

Models 

1m 

1.0 

.model qp pnp(is= 1.5e-16 bf=300 tf=O.OI ns) 

.model qn npn(is=0.8e-18 bf=300 tf=O.OI ns) 

.ends 
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Features 
• 80 MHz - 3 dB bandwidth for 

gains of 1 to 10 

• 800 V / p.s slew rate 
• 15 MHz bandwidth flat to 0.1 dB 
• Excellent differential gain and 

phase 

• TTL/CMOS compatible DC 
restore function 

• Available in 16 lead P-DIP, 16 
lead SOL 

Applications 
• RGB drivers requiring DC 

restoration 
• RGB multiplexers requiring DC 

restoration 

• RGB building blocks 
• Video gain blocks requiring DC 

restoration 
• Sync and color burst processing 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL4390CN -40"C to +8S'C It;.Pin P-D1P MDPO031 

EL4390CM - 40"C to + 8S'C It;.Lead SOL MDPOO27 

General Description 
The EL4390C is three wideband current-mode feedback amplifi
ers optimized for video performance, each with a DC restore 
amplifier. The DC restore function is activated by a common 
TTL/CMOS compatible control signal while each channel has a 
separate restore reference. 

Each amplifier can drive a load of 150.0. at video signal levels. 
The EL4390C operates on supplies as low as ±4V up to ± 15V. 

Being a current-mode feedback design, the bandwidth stays rel
atively constant at approximately 80MHz over the ± 1 to ± 10 
gain range. The EL4390C has been optimized for use with 
1300.0. feedback resistors. 

Connection Diagram 

RG RF 

OUTPUT 

INPUT 

4390-1 

ZL-__________________ ~ __________________________________ ~ 
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Absolute Maximum Ratings (TA = 25°C) 
VoltagebetweenVS+ andVs- +33V 
VoltageatVS+ +18V 
Voltage at Vs-
Voltage between VIN+ and VIN
Current into VIN+ and VIN-

-18V 

±6V 
SmA 

Internal Power Dissipation 
Operating Ambient Temp. Range 
Operating Junction Temperature 
Storage Temperature Range 

Open Loop DC Electrical Characteristics Supplies at ± 15V, Load = lKO 

See Curves 
-40'Cto +85°C 

150'C 
- 65°C to + lSO'C 

Parameter I Description I Temp I ~n I Typ I Max Ir~t:tl Unl~ 
Amplifier Section (not restored) 
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DC Electrical Characteristics Supplies at ± 15V, Load = 1KO - Contd. 

Description 

Note 1: For current feedback amplifiers, AVOL = RoL/RIN-' 
Note2:VCM = ±10VforVS = ±15V. 
Note 3: Measured from VeL to amplifier output, while restoring. 
Note 4: Vos is measured at Vs = ±4.5V and Vs = ± 16V, both supplies are changed simultaneously. 

Closed Loop AC Electrical Characteristics 
Supplies at ± 15V, Load = 1500 and 15 pF, TA = 25°C (See note 7 re: test fixture) 

Description 

BW Bandwidth, -3dB,Av = 1 95 
± 5V Supplies, - 3dB 72 

BW Bandwidth, -0.1 dB 20 
, ± 5V Supplies, - O.ldB 14 

dG Differential Gain at 3.58 MHz 0.02 
at ± 5V Supplies (Note 6) 0.02 

dB Differential Phase at 3.58 MHz 0.03 
at ± 5V Supplies (Note 6) 0.06 

Note 5: SR is measured at 20% to 80% of 4V pk-pk square wave, with Av = 5, RF = 8200, Ra = 2000. 
Note 6: DC offset from -0.714V to +0.714V, AC amplitude is 286m Vp-p, equivalent to 40 ire. 

----
Units 

Units 

Note 7: Test tlxture was designed to minimize capacitance at the IN- input. A "good" fixture should have less than 2 pF of stray 
capacitance to ground at this very sensitive pin. See application notes for further details. 
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Table 1. Charge Storage Capacitor Value vs. Droop and Charging Rates 

Cap Value Droop in Charge in Charge in 
(nF) 60"S(mV) 2"S(mV) 4p.S(mV) 

10 30 400 800 

22 13.6 182 364 

47 6.4 85 170 

100 3.0 40 80 

220 1.36 18 36 

These numbers represent the worst case bias current, and the worst case charging current. Note that to 
get the full (2mA +) charging current, the clamp input must have> 250mV of error voltage. 

Note that the magnitude of the bias current will decrease as temperature increases. 

The basic droop formula is : 
V (droop) = IB+ X (Line time - Charge time) / capacitor value 

and the basic charging formula is: 
V (charge) = lOUT X Charge time / capacitor value 

Where lOUT is: 
lOUT = (Clamp voltage - IN + voltage) / 120 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Applications Information In normal circuit operation, the picture content 

will also cause a slow change in voltage across the 
capacitor, so at every back porch time period, 
these error terms can be corrected. 

Circuit Operation 
Each channel of the EL4390 contains a current 
feedback amplifier and a TTL/CMOS compatible 
clamp circuit. The current that the clamp can 
source or sink into the non-inverting input is ap
proximately: 

I = (VCLAMP - VIN+) /120 

So, when the non-inverting input is at the same 
voltage as the clamp reference, no current will 
flow, and hence no charge is added to the capaci
tor. When there is a difference in voltage, current 
will flow, in an attempt to cancel the error AT 
THE NON-INVERTING input. The amplifier's 
offset voltage and (IB- X RF) DC errors are not 
cancelled with this loop. It is purely a method of 
adding a controlled DC offset to the signal. 

As well as the offset voltage error, which goes up 
with gain, and the IB- X RF error which drops 
with gain, there is also the IB+ error term. Since 
the amplifier is capacitively coupled, this small 
current is slowly integrated and shows up as a 
very slow ramp voltage. Table below shows the 
output voltage drift in 60poS for various values of 
coupling capacitor, all assuming the very worst 
IB+ current. 

Table 1. Charge Storage Capacitor Value vs. 
Droop and Charging Rates 

Cap Value Droop in Charge in Charge in 
(nF) 60p.S(mV) 2p.S(mV) 4p.S(mV) 

10 30 400 800 

22 13.6 182 364 

47 6.4 85 170 

100 3.0 40 80 

220 1.36 18 36 

When a signal source is being switched, ego from 
two different surveillance cameras, it is recom
mended to synchronize the switching with the 
vertical blanking period, and to drive the HOLD 
pin (pin 6) low, during these lines. This will en
sure that the system has been completely re
stored, regardless of the average intensity of the 
two pictures. 

Application Hints 

Figures 1 & 2 shows a three channel DC-restoring 
system, suitable for R-G-B or Y-U-V component 
video, or three synchronous composite signals. 

Figure 1 shows the amplifiers configured for non
inverting gain, and Figure 2 shows the amplifiers 
configured for inverting gains. Note that since 
the DC-restoring function is accomplished by 
c1a~ping the amplifier's non-inverting input, 
dunng the back porch period, any signal on the 
non-inverting input will be distorted. For this 
reason, it is recommended to use the inverting 
con~iguration for composite video, since this 
aVOIds the color burst being altered during the 
clamp time period. 

Since all three amplifiers are monolithic, they 
run at the same temperature, and will have very 
similar input bias currents. This can be used to 
advantage, in situations where the droop voltage 
needs to be compensated, since a single trim cir
cuit can be used for all three channels. A 560K.o. 
or similar value resistor helps to isolate each sig
nal. See Figure 2. The advantage of compensat
ing for the droop voltage, is that a smaller capaci
tor can be used, which allows a larger level resto
ration within one line. See Table 1 for values of 
capacitor and charge/droop rates. 
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Applications Information - Contd. 
In Figure 3, one of the three channels is used 
together with a low-offset op-amp, to automati~ 
cally trim the bias current of the other two chan
nels. The two remaining channels are shown in 
the non-inverting configuration, but could equal
ly well be set to provide inverting gains. Two 
DC-restored channels are typically needed in fad
er applications. See the EL4094 and EL4095 for 

Since there are three amplifiers all in one pack
age, and each amplifier can sink or source typi
cally more than 70mA, some care is needed to 
avoid excessive die temperatures. Sustained, DC 
currents, of over 30mA, are not recommended 
due to the limited current handling capability of 
the metal traces inside the IC. Also, the short cir
cuit protection can be tripped with currents as 
low as 45mA, which is seen as excessive distor
tion in the output waveform. As a quick rule of 
thumb, both the SOL and DIP 16 pin packages 
can dissipate about 1.4 watts at 25°C, and with 
± 15V supplies and a worst case quiescent current 
of 32mA, yields 0.96 watts, before any load is 
driven. 

suitable, monolithic video faders. 

Layout and Dissipation Considerations 

As with all high frequency circuits, the supplies 
should be bypassed with a O.lJLF ceramic capaci
tor very close to the supply pins, and a 4.7 JLF 
tantalum capacitor fairly close, to handle the 
high current surges. While a ground plane is rec
ommended, the amplifier will work well with a 
"star" grounding scheme. The pin 3 ground is 
only used for the internal bias generator and the 
reference for the TTL compatible "HOLD" in
put. 

As wi~h all current feedback capacitors, all stray 
capacitance to the inverting inputs should be 
~ept as low as possible, to avoid unwanted peak
mg at the output. This is especially true if the 
value of Rf has already been reduced to raise the 
bandwidth of the part, while tolerating some 
peaking. In this situation, additional capacitance 
on the inverting input can lead to an unstable 
amplifier. 

Dissipation of the EL4390 can be reduced by low
ering the supply voltage. Although some per
formance is degraded at lower supplies, as seen in 
the characteristic curves, it is often found to be a 
useful compromise. The bandwidth can be recov
ered, ?y reducing the value of RF, and RG as ap
propriate. 
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Features 
• Unity or + 2-gain bandwidth of 

80 MHz 
• 70 dB off-channel isolation at 

4 MHz 
• Directly drives high-impedance 

or 750 loads 
• .02 % and .02° differential gain 

and phase errors 

• 8 ns switching time 
• <100 mV switching glitch 
• 0.2% loaded gain error 
• Compatible with ± 3V to ± 15V 

supplies 
• 160 mW maximum dissipation at 

± 5V supplies 

Ordering Information 
Part No. Temp. Range Package Outline 

EL4421CN - 40·C to + 8S·C 8-Pin PDIP MDP0031 
EL4421CS -40"Cto +8S·C8-PinSO MDPO027 
EL4422CN -40·C to + 8S·C 8-Pin PDIP MDP0031 
EL4422CS -40"C to + 8S·C 8-Pin SO MDP0027 

EL4441CN -40·C to + 8S·C 14-Pin PDlP MDPOO31 
EL4441CS -40·C to + 8S·C 14-Pin so MDP0027 
EL4442CN -40·(: to + 8S·C 14-Pin PDlP MDP0031 
EL4442CS -40·C to + 8S·C 14-Pin SO MDP0027 

EL4443CN -40"C to + 8S·C 14-Pin PDIP MDP0031 
EL4443CS -40·C to + 8S·C 14-Pin SO MDP0027 
EL4444CN -40·C to +8S·C 14-Pin PDIP MDP0031 
EL4444CS -40"C to + 8S·C 14-Pin SO MDPOO27 

Connection Diagrams 
EL44211EL4422 

AO 

GNO 

v-

INI 

4421-1 

General Description 
The EL44XX family of video multiplexed-amplifiers offers a 
very quick 8 ns switching time and low glitch along with very 
low video distortion. The amplifiers have good gain accuracy 
even when driving low-impedance loads. To save power, the am
plifiers do not require heavy loading to remain stable. 

The EL4421 and EL4422 are two-input multiplexed amplifiers. 
The -inputs of the input stages are wired together and the de
vice can be used as a pin-compatible upgrade from the 
MAX453. 

The EL4441 and EL4442 have four inputs, also with common 
feedback. These may be used as upgrades of the MAX454. 

The EL4443 and EL4444 are also 4-input multiplexed amplifi
ers, but both positive and negative inputs are wired separately. 
A wide variety of gain- and phase-switching circuits can be built 
using independent feedback paths for each channel. 

The EL4421, EL4441, and EL4443 are internally compensated 
for unity-gain operation. The EL4422, EL4442, and EL4444 are 
compensated for gains of + 2 or more, especially useful for driv
ing back-matched cables. 

The amplifiers have an operational temperature of - 40°C to 
+ 85°C and are packaged in plastic 8- and 14-pin DIP and 8- and 
14-pin SO. 

The EL44XX multiplexed-amplifier family is fabricated with 
Elantec's proprietary complementary bipolar process which 
gives excellent signal symmetry and is very rugged. 

EL44411EL4442 EL4443/EL4444 

4421-2 4421-3 

• 

I .... 
cc cc 
= 
~ 
~ 

Manufactured under U.S. Patent No. 5,352,987 <: 
~------------------------------------------------------------------~n 
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Absolute Maximum Ratings 
V+ 

Vs 

VIN 
~VIN 

Positive Supply Voltage 
V+ to V- Supply Voltage 

Voltage at any Input or Feedback 

Difference between Pairs of 
Inputs or Feedback 

16.5V 

33V 
V+ toV-

6V 
lOUT 
Pn 

Open-Loop DC Electrical Characteristics 
Power supplies at ±5V, TA = 25°C, RL = soon, unless otherwise specified 

Parameter Description Min 

Vos Input Offset Voltage '21, '41, and '43 -9 

'22, '42, and '44 -7 

IB Input Bias Current, Positive Inputs Only 

of the '21, '22, '41, '42, and All Inputs of -12 

the '43 and '44 

IFB Input Bias Currents of Common Feedback 
-'21 and '22 -24 

-'41 and '42 -48 

EG Gain Error of the '21 and '41 and' 43 
(Note 1) '22, '42 and '44 

AVOL Open-Loop Gain EL4443 350 
(Note 1) EL4444 500 

VIN Input Signal Range, EL4421 and EL4441 ±2.5 
(Note 2) 

CMRR Common-Mode Rejection Ratio, EL4443 70 

andEL4444 

PSRR Power Supply Rejection Ratio 

V.from ±5Vto ±15V 
60 

3-158 

Voltage at AO or Al 

Current into any Input, 
Feedback, or Logic Pin 
Output Current 

Maximum Power Dissipation 

Typ Max 

±3 9 
±2 7 

-5 0 

-10 0 

0.1 0.6 

500 

750 

±3 

90 

70 

-4Vt06V 

4mA 

30mA 

See Curves 

Units 

mV 

",A 

V/V 
V/V 

V 

dB 

dB 



Open-Loop DC Electrical Characteristics - Contd. 
Power supplies at ±5V, TA = 25'C 

Parameter 

CMIR 

ILOGIC 

IS 

Description 

Common-Mode Input Range 
(Note 3) EL4443 and EL4444 

Unselected Channel Feedthrough '21, '41, '43 
Attenuation, (Note 1) 

Input Current at AO and Al 
with Input = OV and 5V 

'22, '42, '44 

Supply Current EL4421 and EL4422 
EL4441, EL4442, EL4443, and EL4444 

Note 1: The '21, '41, and '43 devices are connected for unity·gain operation with 750. load and an input span of ± IV. The '22, '42, 
and '44 devices are connected for a gain of + 2 with a 1500. load and a ± IV input span with RF = Ro = 2700. . 

Note 2: The '21 and '41 devices are connected for unity gain with a ±3V input span while the output swing is measured. 
Note 3: CMIR is assured by passing the CMRR test at input voltage extremes. 

Closed-Loop AC Electrical Characteristics 
Power supplies at ±5V. TA = 25'C, for EL4421, EL4441, and EL4443 Av = + 1 and RL = soon, for EL4422, EL4442, and EL4444 
Av = + 2 and RL = 1500. with RF = Ro = 2700. and CF = 3 pF; for all CL = 15 pF 

Parameter 

BW-3dB 

SR 

Description 

-3 dB Small-Signal Bandwidth, EL4421, '41, '43 
EL4422, '42, '44 

Slewrate, VOUT between - 2.5V and + 2.5V, Vs = ± 12V 
EL4421, EL4441, EL4443 
EL4422, EL4442, EL4444 

Input-Referred Noise Voltage Density 
EL4421, EL4441, EL4443 
EL4422, EL4442, EL4444 

Differential Gain Error, VOFFSET between - 0.7V and + 0.7V 
EL4421, EL4441, EL4443 (VS = ± 12V) 
EL4421, EL4441, EL4443 (VS = ± 5V) 
EL4422, EL4442, EL4444 (VS = ± 12V) 
EL4422, EL4442, EL4444 (VS = ± 5V) 
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Closed-Loop AC Electrical Characteristics 
Power supplies at ±5V. TA = 25°C, for EL4421, EL4441, and EL4443 Av = + 1 and RL = soon, for EL4422, EL4442, and EL4444 
Av = + 2 and RL = 150n with RF = RG = 270n and CF = 3 pF; for all CL = 15 pF - Contd. 

Parameter 

VGLITCH 

ISO 

Description 

Differential Phase Error, VOFFSET between - O. 7V and + 0.7V 
EL4421, EL4441, EL4443 (VS = ± 12V) 
EL4421, EL4441, EL4443 (Vs = ±5V) 
EL4422, EL4442, EL4444 (VS = ± 12V) 
EL4422, EL4442, EL4444 (Vs = ± 5V) 

Multiplex Delay Time, Logic Threshold to 50% Signal Change 
EL4421, '22 
EL4441, '42, '43, '44 

Peak Multiplex Glitch 
EL4421, '22 
EL4441, '42, '43, '44 

Channel Off Isolation at 3.58 MHz (See Text) 
EL4421, EL4441, EL4443 
EL4422, EL4442, EL4444 

Typical Performance Curves 

Min Typ Max 

0.01 
0.1 
0.02 
0.15 

8 
12 

70 
100 

76 
63 

EL4421, EL4441, and ElA443 
Small-Signal Transient Response 
Vs = ±5V, RL = 500n 

EL4421, EL4441, and ElA443 
Large-Signal Response 
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The EL44XX family of video mux-amps are com
posed of two or four input stages whose inputs 
are selected and control an output stage. One of 
the inputs is active at a time and the circuit be
haves as a traditional voltage-feedback op-amp 
for that input, rejecting signals present at the un
selected inputs. Selection is controlled by one or 
two logic inputs. 

The EL4421, EL4422, EL4441, and EL4442 have 
all - inputs wired in parallel, allowing a single 
feedback network to set the gain of all inputs. 
These devices are wired for positive gains. The 
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EL4443 and EL4444, on the other hand, have all 
+ inputs and - inputs brought out separately so 
that the input stage can be wired for independent 
gains and gain polarities with separate feedback 
networks. 

The EL4421, EL4441, and EL4443 are compen
sated for unity-gain stability, while the EL4422, 
EL4442, and EL4444 are compensated for a fed
back gain of + 2, ideal for driving back-terminat
ed cables or maintaining bandwidth at higher 
fed-back gains. 
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Switching Characteristics 
The logic inputs work with standard TTL levels 
of O.8V or less for a logic 0 and 2.0V or more for a 
logic 1, making them compatible for TTL and 

Logic 
Input 

Pin 

toward V-

CMOS drivers. The ground pin is the logic 
threshold biasing reference. The simplified input 
circuitry is shown below: 

GND 

4421-35 

Figure 1. Simplified Logic Input Circuitry 

The ground pin draws a maximum DC current of 
6 /-tA, and may be biased anywhere between 
(V-) +2.SV and (V+) -3.SV. The logic inputs 
may range from (V - ) + 2.SV to V +, and are ad
ditionally required to be no more negative than 

CMOS 
or 

TTL 
Drive lK 

+5V 

lK 

2.5V- 5.0V 

+5V 

22K 

22K 

.... -

V(Gnd pin)-4V and no more positive than 
V(Gnd pin) + 6V. 

For example, within these constraints, we can 
power the EL44XX's from + SV and + 12V with
out a negative supply by using these connections: 

+12V 

4.7 fJo F 
~ tantal flum 

--
V+ 

EL44XX 
AO 

Mux Amp 

GND v-

2.5V 1 -
~;. 4.7 fJoF .I. tantalum 

4421-36 

Figure 2. Using the EL44XX Mux Amps with + 5V and + 12V Supplies 
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The logic input(s) and ground pin are shifted 
2.SV above system ground to correctly bias the 
mux-amp. Of course, all the signal inputs and 
output will have to be shifted 2.SV above system 
ground to ensure proper signal path biasing. 

A final caution: the ground pin is also connected 
to the IC's substrate and frequency compensation 
components. The ground pin must be returned to 
system ground by a short wire or nearby bypass 
capacitor. In figure 2, the 22 Kfi resistors also 
serve to isolate the bypassed ground pin from the 
+ SV supply noise. 

Signal Amplitudes 
Signal input and output voltages must be be
tween (V - ) + 2.SV and (V + ) - 2.SV to ensure 
linearity. Additionally, the differential voltage on 
any input stage must be limited to ± 6V to pre
vent damage. In unity-gain connections, any in
put could have ± 3V applied and the output 
would be at ± 3V, putting us at our 6V differen
tial limit. Higher-gain circuit applications divide 
the output voltage and allow for larger outputs. 
For instance, at a gain of + 2 the maximum input 

is again ± 3V and the output swing is ± 6V. The 
EL4443 or EL4444 can be wired for inverting 
gain with even more amplitude possible. 

The output and positive inputs respond to over
loading amplitudes correctly; that is, they simply 
clamp and remain monotonic with increasing 
+ input overdrive. A condition exists, however, 
where the - input of an active stage is overdriven 
by large outputs. This occurs mainly in unity
gain connections, and only happens for negative 
inputs. The overloaded input cannot control the 
feedback loop correctly and the output can be
come non-monotonic. A typical scenario has the 
circuit running on ± SV supplies, connected for 
unity gain, and the input is the maximum ± 3V. 
Negative input extremes can cause the output to 
jump from -3V to around -2.3V. This will nev
er happen if the input is restricted to ± 2.SV, 
which is the guaranteed maximum input compli
ance with ± SV supplies, and is not a problem 
with greater supply voltages. Connecting the 
feedback network with a divider will prevent the 
overloaded output voltage from being large 
enough to overload the - input and monotonic 
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behavior is assured. In any event, keeping signals 
within guaranteed compliance limits will assure 
freedom from overload problems. 

The input and output ranges are substantially 
constant with temperature. 

Power Supplies 
The mux-amps work well on any supplies from 
± 3V to ± 15V. The supplies may be of different 
voltages as long as the requirements of the Gnd 
pin are observed (see the Switching Characteris
tics section for a discussion). The supplies should 
be bypassed close to the device with short leads. 
4.7 p,F tantalum capacitors are very good, and no 
smaller bypasses need be placed in parallel. Ca
pacitors as small as 0.01 p,F can be used if small 
load currents flow. 

Single-polarity supplies, such as + 12V with 
+ 5V can be used as described in the Switching 
Characteristics section. The inputs and outputs 
will have to have their levels shifted above 
ground to accommodate the lack of negative sup
ply. 

The dissipation of the mux-amps increases with 
power supply voltage, and this must be compati
ble with the package chosen. This is a close esti
mate for the dissipation of a circuit: 

PD = 2VSXls,max+(VS-Vo)XVo/RpAR 
Where Is, max is the maximum supply cur

rent 
Vs is the ± supply voltage (as
sumed equal) 
Vo if the output voltage 
RpAR is the parallel of all resistors 
loading the output 

For instance, the EL4422 draws a maximum of 
14 mA and we might require a 2V peak output 
into 1500 and a 2700 + 2700 feedback divider. 
The RpAR is 1170. The dissipation with ±5V 
supplies is 191 mW. The maximum Supply volt
age that the device can run on for a given PD and 
the other parameter is 

Vs, max = (PD + Vo 2/RpAR)I2Is+ Vo/RpAR) 

The maximum dissipation a package support is 

PD, max = (TD, max-TA, max)/RTH 
Where TD, max is the maximum die temper

ature, 150·C for reliability, less to re
tain optimum electrical performance 
T A, max is the ambient temperature, 
70· for commercial and 85·C for indus
trial range 
RTH is the thermal resistance of the 
mounted package, obtained from data 
sheet dissipation curves 

The most difficult case is the SO-8 package. With 
a maximum die temperature of 150·C and a maxi
mum ambient temperature of 85·, the 65· temper
ature rise and package thermal resistance of 
170· IW gives a maximum dissipation of 382 m W. 
This allows a maximum supply voltage of ± 9.2V 
for the EL4422 operated in our example. If the 
EL4421 were driving a light load (RpAR ~ 00), 
it could operate on ± 15V supplies at a 70· maxi
mum ambient. 

The EL4441 through EL4444 can operate on 
± 12V supplies in the SO package, and all parts 
can be powered by ± 15V supplies in DIP pack
ages. 

Output Loading 
The output stage of the mux-amp is very power
ful, and can source 80 rnA and sink 120 rnA. Of 
course, this is too much current to sustain and 
the part will eventually be destroyed by excessive 
dissipation or by metal traces on the die opening. 
The metal traces are completely reliable while de
livering the 30 rnA continuous output given in 
the Absolute Maximum Ratings table in this 
data sheet, or higher purely transient currents. 
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Gain or gain accuracy degrades only 10% from 
no load to 1000 load. Heavy resistive loading will 
degrade frequency response and video distortion 
only a bit, becoming noticeably worse for loads 
< 1000. 
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Capacitive loads will cause peaking in the fre
quency response. If capacitive loads must be driv
en, a small-valued series resistor can be used to 
isolate it. 120. to 510. should suffice. A 220. series 
resistor will limit peaking to 2.5 dB with even a 
220 pF load. 

Input Connections 
The input transistors can be driven from resistive 
and capacitive sources but are capable of oscilla
tion when presented with an inductive input. It 
takes about 80 nH of series inductance to make 
the inputs actually oscillate, equivalent to four 
inches of unshielded wiring or about 6" of unter
minated input transmission line. The oscillation 
has a characteristic frequency of 500 MHz. 

Often simply placing one's finger (via a metal 
probe) or an oscilloscope probe on the input will 
kill the oscillation. Normal high-frequency con
struction obviates any such problems, where the 
input source is reasonably close to the mux-amp 
input. If this is not possible, one can insert series 
resistors of around 510. to de-Q the inputs. 

Feedback Connections 
A feedback divider is used to increase circuit 
gain, and some precautions should be observed. 
The first is that parasitic capacitance at the - in
put will add phase lag to the feedback path and 
increase frequency response peaking or even 
cause oscillation. One solution is to choose feed
back resistors whose parallel value is low. The 
pole frequency of the feedback network should be 
maintained above at least 200 MHz. For a 3 pF 
parasitic, this requires that the feedback divider 
have less than 2650. impedance, equivalent to 
two 5100. resistors when a gain of + 2 is desired. 
Alternatively, a small capacitor across RF can be 
used to create more of a frequency-compensated 
divider. The value of the capacitor should match 
the parasitic capacitance at the -input. It is also 
practical to place small capacitors across both the 
feedback resistors (whose values maintain the de
sired gain) to swamp out parasitics. For instance, 
two 10 pF capacitors across equal divider resis
tors will dominate parasitic effects and allow a 
higher divider resistance. 
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The other major concern about the divider con
cerns unselected-channel crosstalk. The differen
tial input impedance of each input stage is 
around 200 Kn. The unselected input's signal 
sources thus drive current through that input im
pedance into the feedback divider, inducing an 
unwanted output. The gain from unselected in
put to output, the crosstalk attenuation, if RF/ 
RIN' In unity-gain connection the feedback resis
tor is on and very little crosstalk is induced. For 
a gain of + 2, the crosstalk is about - 60 dB. 

Feedthrough Attenuation 
The channels have different crosstalk levels with 
different inputs. Here is the typical attenuation 
for all combinations of inputs for the mux-amps 
at 3.58 MHz: 

Feedthrough of EL4441 and EL4443 at 3.58 MHz 

Select 
Inputs, 
AIAO 

00 

01 

10 

11 

Inl 

Selected 

-80dB 

-101 dB 

-96dB 

In2 Ina In4 

-77dB -90dB -92 dB 

Selected -77 dB -90dB 

-76dB Selected -66dB 

-84 dB -66 dB Selected 

Feedthrough of EL4421 at 3.58 MHz 

Channel Select 
Input,AO 

0 

1 

Switching Glitches 

Inl In2 

Selected -88 dB 

-93dB Selected 

The output of the mux-amps produces a small 
"glitch" voltage in response to a logic input 
change. A peak amplitude of only about 90 mV 
occurs, and the transient settles out in 20 ns. The 
glitch does not change amplitude with different 
gain settings. 

With the four-input multiplexers, when two logic 
inputs are simultaneously changed, the glitch 
amplitude doubles. The increase can be a avoided 
by keeping transitions at least 6 ns apart. This 
can be accomplished by inserting one gate delay 
in one of the two logic inputs when they are truly 
synchronous. 
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Features 
• Complete four-quandrant 

multiplier with output amp-
requires no extra components 

• Good linearity of 0.3 % 
• 90 MHz bandwidth for both X 

and Yinputs 
• Operates on ± 5V to ± 15V 

supplies 
• All inputs are differential 
• 400V / I-'-s slew rate 

Applications 
• Modulation/Demodulation 
• RMS computation 
• Real-time power computation 
• Nonlinearity correction/ 

generation 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL4450CN -4O"Cto +85'C 14-PinP-DIP MDPO031 

EL4450CM -40"Cto +85'C 14-LeadSO MDPO027 

General Description 
The EL4450C is a complete four-quadrant multiplier circuit. It 
offers wide bandwidth and good linearity while including a 
powerful output voltage amplifier, drawing modest supply cur
rent. 

The EL4450C operates on ± 5V supplies and has an analog in
put range of ± 2V, making it ideal for video signal processing. 
AC characteristics do not vary over the ± 5V to ± 15V supply 
range. 

The multiplier has an operational temperature range of -40°C 
to + 85°C and are packaged in plastic 14-pin P-DIP and SO. 

Connection Diagram 

,...----L!!I VOUT 

NC 

V+ 

FB 

REF 

445()..1 

~L-______________________ ~ ________________________________________ ~ 
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Absolute Maximum Ratings (TA = 25·C) 

V+ Positive Supply Voltage 16.5V 

Vs V+ toV- Supply Voltage 33V 

VIN Voltage at any Input or Feedback V+ toV-

b.VIN Difference between Pairs 
of Inputs or Feedback 6V 

lIN Current into any Input or Feedback Pin 4mA 

lOUT 
Po 
TA 
TS 

Output Current 
Maximum Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 

30 rnA 
See Curves 

-40·Cto +85·C 
- 60"C to + 150·C 

Open-Loop DC Electrical Characteristics Power Supplies at ±5V,TA = 25·C, VFB = VOUT. 

Parameter 

VOIFF 

VCM 

Vo 

Description 

Differential Input Voltage-Clipping 
0.2 % nonlinearity 

Common-Mode Range ofVDIFF = 0, Vs = ±5V 
= ±15V 

Vs = ±5V 
Vs = ±15V 
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Min Typ Units 

1.8 2.0 V 
1.0 V 

±2.5 ±2.8 V 
±12.5 

1 

II 

Ij 
I. 
I' I: 
I' 

II 

11 
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Closed-Loop AC Electrical Characteristics 
Power Supplies at ± 12V, TA = 2S·C, RL = soon, CL = lSpF 

Description Min 

Test Circuit 

r-----IIrn----.... - ........... -oOutput 

v- o-----1I'-f'31 

XtN o----=-m., 

YIN O------1[ll---.... L.---rn:-, 
4450-. 

Note: For typical performance curves, RF = 0, Ra = 00, Vs = ±SV, RL = soon, and CL = 15 pF unless otherwise noted. 

Typical Performance Curves 

-1 

-2 

Transfer Function of X Input for 
Various Y Inputs 

1"-... y = -2.5V 

Y = -IV '( 
~ ........ "' ./' 
/y=o -~ po ~ 
Y = +1V ...... I?" ~ ~ 
.> - /" l~ 

y = +2.5V -7 
V" 

./ 
./ .,... -
--.. .... 
"""-

"'-
-2.5 -2.0 -1.5 -1.0 -0.5 0.5 1.0 1.5 2.0 2.5 

X INPUT (V) 

4450-3 
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-1 

-2 

Transfer Function of Y Input for 
Various X Inputs 

l"'... X = -2.5V 

X = -IV """( --~ f'..... ./ 
X = 0 -~ ..tt? i--"'"" 

X = +IV ..... ---1:7 ~ r-. --- L "'" X = +2.5V -::Y 
l/ 

../ 
V -,..-

-r-
.......... 

......... 
-2.5 -2.0 -1.5 -1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 

Y INPUT (v) 
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Typical Performance Curves - Contd. 
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Frequency Response 
for Various Feedback 
Divider Ratios 

x·y 
VOUT = 2. RATIO 

I 1111 
I Illl""oI ...... ~ 

RATIO 1/2 ~ 
RATIO = 1/5 ~ 
RATIO = 1/10 .... 

Vs = :l:5V 1\ 
Rt. = 500n \ 
CL = 15pf \ 

III 
RATIO = 1 
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-40 

fREQUENCY (Hz) 
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X Input Frequency Response 
for Various Y DC Inputs 

\ 
\\ 
\' -- :ii.\.' 
'l1li 

i.---" Vs = :t:5V 
I\. =5000. 
'1. = 15pF" 

1M 10M 

FREQUENCY (Hz) 

100M 200M 
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Change in Bandwidth 
and Peaking vs Temperature 
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Frequency Response 
for Various Rr.. CL 
Vs ~ :l:5V 
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Y Input Frequency Response 
for Various X DC Inputs 

0 

-10 \ 
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-20 
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~, 

-30 -; 
-40 

Vs = :l:5V 

V RL = soon 
Cc = 15pF 

1M 10M 
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Total Harmonic Distortion 
of X Input vs Frequency 

-10 r-T"'T'TT1'rTIr-r'T"rrrm,-rTTTTTT11 

X AMPLITUDE = 100 mYRMS 
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lOOk 1M 10M lOON 

FREQUENCY (Hz) 

4450-12 

3-173 

a;-
3 
z 
:;;: 

" 0 ... 
N 
:::; 
« 
::E 
0< 
0 
z 

z 
o 
~ 
8 
'" o 
u 
Z 
o 
:>; 

'" « 
:J: 

-' ;: 
8 

Frequency Response 
for Various RL. CL 
Vs ~ ±15V 
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-1 

-2 
RL = 150n. Cc = 8pF 

-3 
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-3 dB Bandwidth 
and Peaking 
vs Supply Voltage 

1.0 

.-- PEAKING 

0.75 
'iii 
3 

-----')t' I-- -3 dB BANDWIDTH -\- C) 

0.5 z 
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5 11 13 

SUPPLY VOLTAGE (±v) 
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o 
15 

4450-10 

Total Harmonic Distortion 
of Y Input vs Frequency 
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Typical Performance Curves - Contd. 
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DIE TEMPERATURE (OC) FREQUENCY (Hz) 
4450-15 

Nonlinearity of X Input Nonlinearity of Y Input 
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Bias Current Common-Mode Input Range 
VB Die·Temperature VB Supply Voltage 
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Typical Performance Curves - Contd. 

Supply Current 
VB Die Temperature 

'< 16.5 r------,--_---,r--....--T"~-V-S '=-±-1-5V' 
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DIE TEMPERATURE (Oe) 
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Supply Current 
V8 Supply Voltage 

20r--,--,--,----,--, 

3 6 9 12 15 

SUPPLY VOLTAGE (±V) 
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14-Pin Package 
Power Dissipation vs 
Ambient Temperature 

1.6 F~~~:;;I-Il 
1.4 r---14-PIN DIP_~-lo+_+---l 
12 I I l'\..c90~.-,.--!--
. 14-PIN SO 0.1 X' .. 

1.0 ~-lo~ J ........ <00 

0.8 ~I--

0.6 t---r--t---t--j---t-~I---l 

0.4 1-+---1'--+--+--+--t1---1 
0.2 I--r--t---t--j---+---+I---l 

O'---'--........ -'--.L..-'--..L.L.---' 

-40 -20 a 20 40 60 80 100 

AMBIENT TEMPERATURE (Oe) 
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Applications Information 
The EL4450 is a complete four-quadrant multiplier with 90 MHz bandwidth. It has three sets of inputs; 
a differential multiplying X-input, a differential multiplying V-input, and another differential input 
which is used to complete a feedback loop with the output. Here is a typical connection: 

><tN+ o-----£;[h 

rV_FB_=t'~ -~-G-' : r-
? .... VREF 

ym--------o OUTPUT OffSET 
(OR GND) 

YIN+ O-----iIJ-----' '-----[![I-l 

YIN - 0-------------..... 

The gain of the feedback divider is H, and H = 
Ro/(RG + RF)' The transfer function of the 
part is 
VOUT = Ao x (Yo x «VINX+-VINX-» x 

«VINY+ -VINY-» + (VREF-VFB»' 

VFB is connected to VOUT through a feedback 
network, so VFB = H*VOUT' AO is the open
loop gain of the amplifier, and is about 600. The 
large value of Ao drives 
(Yo x «VINX+-VINX-» x «VINY+-VINY-» + 

(VREF-VFB» - o. 

Rearranging and substituting for VREF 
VOUT = (Yo x «VINX+-VINX-» x «VINY+-VINY-» + 

VREF)/H,or 

VOUT = (XY/2 + VREF)/H 

Thus the output is equal to one-half the product 
of X and Y inputs and offset by VREF, all gained 
up by the feedback divider ratio. The EL4450 is 
stable for a direct connection between V OUT and 
FB, and the feedback divider may be used for 
higher output gain, although with the traditional 
loss of bandwidth. 

It is important to keep the feedback divider's im
pedance at the FB terminal low so that stray ca
pacitancedoes not diminish the loop's phase 
margin. The pole caused by the parallel imped
ance of the feedback resistors and stray capaci
tance should be at least 150 MHz; typical strays 

4450-25 

of 3 pF thus require a feedback impedance of 
360.0. or less, Alternatively, a small capacitor 
across RF can be used to create more of a fre
quency-compensated divider. The value of the ca
pacitor should scale with the parasitic capaci
tance at the FB input. It is also practical to place 
small capacitors across both the feedback resis
tors (whose values maintain the desired gain) to 
swamp out parasitics. For instance, two 10 pF 
capacitors across equal divider resistors for a 
maximum gain of 1 will dominate parasitic ef
fects and allow a higher divider resistance. 

The REF pin can be used as the output's ground 
reference, or for DC offsetting of the output, or it 
can be used to sum in another signal. 

Input Connections 
The input transistors can be driven from resistive 
and capacitive sources, but are capable of oscilla
tion when presented with an inductive input. It 
takes about 80 nH of series inductance to make 
the inputs actually oscillate, equivalent to four 
inches of unshielded wiring or about 6" of unter
minated input transmission line. The oscillation 
has a characteristic frequency of 500 MHz. Plac
ing one's finger (via a metal probe) or an oscillo
scope probe on the input will kill the oscillation. 
Normal high-frequency construction obviates 
any such problems, where the input source is rea
sonably close to the input. If this is not possible, 
one can insert series resistors of around to 51.0. to 
de-Q the inputs. 
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Signal Amplitudes 
Signal input common-mode voltage must be be
tween (V -) + 2.SV and (V +) - 2.SV to ensure 
linearity. Additionally, the differential voltage on 
any input stage must be limited to ± 6V to pre
vent damage. The differential signal range is 
± 2V in the EL44S0C. The input range is sub
stantially constant with temperature. 

The Ground Pin 
The ground pin draws only 6 JA-A maximum DC 
current, and may be biased anywhere between 
(V -) + 2.SV and (V +) - 3.SV. The ground pin 
is connected to the IC's substrate and frequency 
compensation components. It serves as a shield 
within the IC and enhances input stage CMRR 
over frequency, and if connected to a potential 
other than ground, it must be bypassed. 

Power Supplies 
The EL44S0C works well on supplies from ± 3V 
to ± lSV. The supplies may be of different volt
ages as long as the requirements of the GND pin 
are observed (see the Ground Pin section for a 
discussion). The supplies should be bypassed 
close to the device with short leads. 4.7 JA-F tanta
lum capacitors are very good, and no smaller by
passes need be placed in parallel. Capacitors as 
low as 0.01 JA-F can be used if small load currents 
flow. 

Single-polarity supplies, such as + 12V with 
+ SV can be used, where the ground pin is con
nected to + SV and V - to ground. The inputs 
and outputs will have to have their levels shifted 
above ground to accommodate the lack of nega
tive supply. 

The power dissipation of the EL44S0C increases 
with power supply voltage, and this must be 
compatible with the package chosen. This is a 
close estimate for the dissipation of a circuit: 

PD =2*Is,max'Vs + (Vs-Vo)'Vo/RpAR 

where 

IS,max is the maximum supply current 
Vs is the ± supply voltage (assumed equal) 
Vo is the output voltage 
RpAR is the parallel of all resistors loading 
the output 
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For instance, the EL44S0C draws a maximum of 
18 mAo With light loading, RpAR --+ 00 and the 
dissipation with ± SV supplies is 180 mW. The 
maximum supply voltage that the device can run 
on for a given PD and the other parameters is 

Vs,max = (PD + Vo2/RpAR)/(2Is + Vo/RpAR) 

The maximum dissipation a package can offer 
is 

Where TJ,max is the maximum junction tem
perature, lS0·C for reliability, less to retain 
optimum electrical performance 

TA,max is the ambient temperature, 70·C for 
commercial and 8S·C for industrial range 

(JJA is the thermal resistance of the mounted 
package, obtained from data sheet dissipation 
curves 

The more difficult case is the SO-14 package. 
With a maximum junction temperature of lS0·C 
and a maximum ambient temperature of 8S·C, 
the 6S·C temperature rise and package thermal 
resistance of 120·/W gives a dissipation of 
542 mW at 8S·C. This allows the full maximum 
operating supply voltage unloaded, but reduced if 
loaded significantly. 

Output Loading 
The output stage is very powerful. It typically 
can source 85 mA and sink 120 mAo Of course, 
this is too much current to sustain and the part 
will eventually be destroyed by excessive dissipa
tion or by metal traces on the die opening. The 
metal traces are completely reliable while deliver
ing the 30 rnA continuous output given in the 
Absolute Maximum Ratings table in this data 
sheet, or higher purely transient currents. 

Gain accuracy degrades only 0.2 % from no load
to 1000 load. Heavy resistive loading will de
grade frequency response and video distortion for 
loads < 1000. 

Capacitive loads will cause peaking in the fre
quency response. If a capacitive load must be 
driven, a small-valued series resistor can be used 
to isolate it. 120 to SHl should suffice. A 220 
series resistor will limit peaking to 2.5 dB with 
even a 220 pF load. 

• 



Mixer Applications 
Because of its lower distortion levels, the Y input 
is the better choice for a mixer's signal port. The 
X input would receive oscillator amplitudes of 
about IV RMS maximum. Carrier suppression is 
initially limited by the offset voltage of the Y 
input, 20 mV maximum, and is about 37 dB 
worst-case. Better suppression can be obtained 
by nulling the offset of the X input. Similarly, 
nulling the offset of the Y input will improve sig
nal-port suppression. Driving an input differen
tially will also maximize feedthrough suppres
sion at frequencies beyond 10 MHz. 

AC 
INPUT O--.---i]Eh 

1 

AC Level Detectors 
Square-law converters are commonly used to con
vert AC signals to DC voltages corresponding to 
the original· amplitude in subsystems like auto
matic gain controls (AGC's) and amplitude-stabi
lized oscillators. Due to the controlled AC ampli
tudes, the inputs of the multiplier will see a rela
tively constant signal level. Best performance 
will be obtained for inputs between 200 m VRMS 
and 1 VRMS. The traditional use of the EL4450C 
as an AGC detector and control loop would be: 

AGe 
CONTROL 
OUT 

4450-26 

Traditional AGC Detector/DC Feedback Circuit 
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AC Level Detectors - Contd. 

~ 
~ 
en 
Q 

~~~~~~~~~~ 
put bias current will cause input voltage offsets 
due to source impedances; putting a compensat
ing resistor in series with the grounded inputs of 
the EL4450C will reduce this offset greatly. 

The EL4450C simply provides an output equal to 
the square of the input signal and an integrator 
filters out the AC component, while comparing 
the DC component to an amplitude reference. 
The integrator output is the DC control voltage 
to the variable-gain sections of the AGC (not 
shown). If a negative polarity of reference is re
quired, one of the multiplier input terminal pairs 
is reversed, inverting the multiplier output. In-

This control system will attempt to force 

The extra op-amp can be eliminated by using this 
circuit: 

R AGC 
;::...---.1In!-..... -"Mr-.,...-O CONTROL 

AC 
INPUT o---1P---W., 

OUT 

'-{I]-..... _.AtlYR ..... -o AMPLITUDE 
-, REFERENCE 

Simplified AGC Detector/DC Feedback Circuit 
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AC Level Detectors - Contd. eliminate it. The reference is connected to pin 10 

and the resistor R connected to pin 11 reconnect
ed to ground, and one of the multiplier input con
nections are reversed. 

Here the internal op-amp of the EL4450C re
places the external amplifier. The feedback ca
pacitor CF does not provide a perfect integration 
action; a zero occurs at a frequency of 1/2'7TRCF. 
This is canceled by including another RCF pair 
at the AGC control output. If the reference volt
age must be negative, the resistor at pin 11 is 
connected to ground rather than the reference 
and pin 10 connected to the reference. 

The amplitude reference will have to support 
some AC currents flowing through R. If this is a 
problem, several changes can be made to 

R 

Square-law detectors have a restricted input 
range, about 10:1, because the output rapidly dis
appears into the DC errors as signal amplitudes 
reduce. This circuit gives a multiplier output that 
is the absolute value of the input, thus increasing 
range to 100:1: 

INPUT R ~c 

Rl Rl 

v-
4450-28 

Absolute-Value Input Circuitry 
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AC Level Detectors - Contd. 
An ECL comparator produces an output corre
sponding to the sign of the input, which when 
multiplied by the input produces an effective 

Nonlinear Function Generation 
The REF pin of the EL4450C can be used to sum 
in various quantities of polynominal function 

absolute-value function. The RC product con
nected to the X inputs simply emulates the time 
delay of the comparator to maintain circuit accu
racy at higher frequencies. 

generators. For instance, this sum of REF allows 
a linear signal path which can have various 
amounts of squared signal added: 

.------[ffi---...... ----o Output 

Input 0-.---, 

= K2 
Tv VIN 2 + VIN 

~ + VREF 

4450-29 

Polynomial Function Generator 

The polarity of the squared signal can be re
versed by swapping one of the X or Y input pairs. 

The REF and FB pins also simplify feedback 
schemes that allow square-rooting: 

OUTPUT 
=,ffij; 

IpULLDOWN I 
(SEE TEXT) • 

V-

The diode and Ipulldown assure that the output 
will always produce the positive square-root of 
the input signal. Ipulldown should be large enough 
to assure that the diode be forward-biased for any 
load current. In this configuration, the band
width of the circuit will reduce for smaller input 
signals. 

"'-i!m---o() + 

4450-30 

Square-Rooter 
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Nonlinear Function Generation - Contd. 

The REF and FB terminals can also be used to 
implement division: 

The output frequency response reduces for small
er values of Vx. but is not affected by VREF' 

Vx 
INPUT o----W, 

r----Irn---.... -OOUTPUT 
= VREf 
-.2V 

Vx 

L-fiOl---+---o VREf 
INPUT 

Divider Connection 
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Features 
• Complete two-input fader with 

output amplifier-uses no extra 
components 

• 80 MHz bandwidth 
• Fast fade control speed 
• Operates on ± SV to ± lSV 

supplies 
• > 60 dB attenuation @ 5 MHz 

Applications 
• Mixing two inputs 
• Picture-in-picture 
• Text overlay onto video 
• General gain control 

Ordering Information 
Pari No. Temp.Range Pkg. Outline # 

ElA4S3CN -40"C to +8S·C 14-Pin P_DlP MDP0031 

ElA4S3CS - 40"C to + 8S·C 14-Lead SOlC MDPOO27 

General Description 
The EL44S3C is a complete fader subsystem. It variably blends 
two inputs together for such applications as video picture-in
picture effects. 

The EL44S3C operates on ± SV to ± lSV supplies and has an 
analog differential input range of ± 2V. AC characteristics do 
not change appreciably over the supply range. 

The circuit has an operational temperature of - 40·C to + 8S·C 
and is packaged in 14-pin P-DIP and SO-14. 

The EL44S3C is fabricated with Elantec's proprietary comple
mentary bipolar process which gives excellent signal symmetry 
and is free from latch up. 

Connection Diagram 

4453-1 
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Absolute Maximum Ratings TA = 2S'C 
V + Positive Supply Voltage 16.SV 
Vs V+ toV- Supply Voltage 33V 
VIN Voltage at any Input or Feedback V + to V-
b. VIN Difference between Pairs 

of Inputs or Feedback 6V 

Current into any Input, or Feedback Pin 
Output Current 

4mA 
30mA 

Maximum Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 

See Curves 
-40'Cto +8S'C 

-60'C to + lSO'C 

Open-Loop DC Electrical Characteristics 
Power Supplies at ±SV, Sum+ = Sum- = 0, TA = 2S'C 

Parameter Description 

VDIFF VINA, VINB, or Sum Differential Input Voltage--

VCM Common-Mode Range (All Inputs; VDIFF = 0) 
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Clipping 
0.2% Nonlinearity 

Vs = ±SV 
Vs = ±lSV 

VINAorVINB 
Sum Input 

VINAorVINB 
Sum Input 

Vs = ±SV 
Vs = ±lSV 



Closed-Loop AC Electrical Characteristics 
Power supplies at ±12V, TA = 25°C, RL = 5000, CL = 15 pF, VFADE = l.SV, Sum+ = Sum- = 0 

Parameter Description 

dG Differential Gain Error, VOFFSET from 0 to ±0.714V, Fade at 100% 

d8 

VINAorVINB 
Sum Input 

Differential Phase Error, VOFFSET from 0 to ± 0.71 V, Fade at 100% 

VINAor VINB 
Sum Input 

Test Circuit 

1----""'-0 Output 

v-

V1NA 

Fade+ 

RrB 
Fade-

~B 

4453-2 

Note: For typical performance curves Sum+ = Sum- = 0, RF = 00, RG = aa, VFADE = +1.SV, and CL = 15 pF, unless 
otherwise noted. 
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Typical Performance Curves 
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Frequency Response VB Gain 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Nonlinearity VB Sum Signal Span 
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Typical Performance Curves -- Contd. 
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Applications Information 
The EL4453C is a complete two-quadrant fader I 
gain control with 80 MHz bandwidth. It has four 
sets of inputs; a differential signal input VINA, a 
differential signal input VINB, a differential 

VrADE+ 0-------1 
VFADE- 0-------1 

fade-controlling input VFADE, and another dif
ferential input Sum which can be used to add in a 
third input at full gain. This is the general con
nection of the EL4453C: 

H-_-OVOUT 

V1NB- 0-------,..------------' 
4453-28 
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The EL4453C is stable for a direct connection be
tween VOUT and VINA- or VINB-, yielding a 
gain of + 1. The feedback divider may be used for 
higher output gain, although with the traditional 
loss of bandwidth. It is important to keep the 
feedback dividers' impedances low so that stray 
capacitance does not diminish the feedback loop's 
phase margin. The pole caused by the parallel im
pedance of the feedback resistors and stray ca
pacitance should be at least 150 MHz; typical 
strays of 3 pF thus require a feedback impedance 
of 360n or less. Alternatively, a small capacitor 
across RF can be used to create more of a fre
quency-compensated divider. The value of the ca
pacitor should scale with the parasitic capaci
tance at the FB input. It is also practical to place 
small capacitors across both the feedback resis
tors (whose values maintain the desired gain) to 
swamp out parasitics. For instance, two 10 pF 
capacitors across equal divider resistors for a gain 

Applications Information - Contd. 
The gain of the feedback dividers are HA and 
HB, and 0 :0:: H :0:: 1. The transfer function of the 
part is 

VOUT = Ao X [«VINA + )-HA X VOUT) 
X(l + (VFADE+)-(VFADE-»/2 

+ «VINB+ )-HB XVOUT)X(l-(VFADE+) 
+ (VFADE-»12+ (Sum + )-(Sum -»], 

with -1 :0:: (VFADE+)-(VFADE-) :0:: + 1 nu
merically. 

AO is the open-loop gain of the amplifier, and is 
about 600. The large value of AO drives 

«VINA+)-HA XVOUT)X(l + (VFADE+) 
-(VFADE-»/2 + «VINB+)-HBXVOUT) 

X(l- (VFADE+) + (VFADE-»/2 
+(Sum+)-(Sum-» -+ o. 

Rearranging and substituting 

F X VINA +F X VINB + Sum 
VOUT = F X HA + F X HB 

Where F = (1 + (VFADE+) - (VFADE-»12, 
F=(l-(VFADE+)+ (VFADE-»/2,and 

Sum = (Sum + )-(Sum - ) 

In the above equations, F represents the fade 
amount, with F = 1 giving 100% gain on VINA 
but 0% for VINB; F = .Q giving 0% gain for 
VINA but 100% to VINB. F is 1 - F, the comple
ment of the fade gain. When F = 1, 

and the amplifier passes VINA and Sum with a 
gain of l/HA. Similarly, for F = 0 

VINB + Sum 
VOUT = HB 

and the gains vary linearly between fade ex
tremes. 
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of two will dominate parasitic effects and allow a -=
higher divider resistance. Either input channel ~ 
can be set up for inverting gain using traditional 
feedback resistor connections. 

At 100% gain, an input stage operates just like 
an op-amp's input, and the gain error is very low, 
around -0.2%. Furthermore, nonlinearities are 
vastly improved since the gain core sees only 
small error signals, not full inputs. Unfortunate
ly, distortions increase at lower fade gains for a 
given input channel. 

The Sum pins can be used to inject an additional 
input signal, but it is not as linear as the VIN 
paths. The gain error is also not as good as the 
main inputs, being about 1 %. Both sum pins 
should be grounded if they are not to be used. 



Fade-Control Characteristics 
The quantity VFADE in the above equations is 
bounded as -1 ~ VFADE ~ 1, even though the 
externally applied voltages often exceed this 
range. Actually, the gain transfer function 
around - 1 V and + 1 V is "soft", that is, the gain 
does not clip abruptly below the O%-VFADE volt
age or above the 100%-VFADE level. An over
drive of 0.3V must be applied to VFADE to obtain 
truly 0% or 100%. Because the 0% = or 100%
VFADE levels cannot be precisely determined, 
they are extrapolated from two points measured 
inside the slope of the gain transfer curve. Gener
ally, an applied VFADE range of -1.SV to + 1.SV 
will assure the full span of numerical - 1 
~VFADE ~ 1 and 0 ~ F ~1. ' 

The fade control has a small-signal bandwidth 
equal to the VIN channel bandwidth, and over
load recovery resolves in about 20 ns. 

Input Connections 
The input transistors can be driven from resistive 
and capacitive sources, but are capable of oscilla
tion when presented with an inductive input. It 
takes about 80 nH of series inductance to make 
the inputs actually oscillate, equivalent to four 
inches of unshielded wiring or about six inches of 
unterminated input transmission line. The oscil
lation has a characteristic frequency of 500 MHz. 
Often placing one's finger (via a metal probe) or 
an oscilloscope probe on the input will kill the 
oscillation. Normal high frequency construction 
obviates any such problems, where the input 
source is reasonably close to the fader input. If 
this is not possible, one can insert series resistors 
of around 510 to de-Q the inputs. 

Signal Amplitudes 
Signal input common-mode voltage must be be
tween (V -) + 2.5V and (V +) - 2.sV to ensure 
linearity. Additionally, the differential voltage on 
any input stage must be limited to ± 6V to pre
vent damage. The differential signal range is 
± 2V in the EL44s3C. The input range is sub
stantially constant with temperature. 

The Ground Pin 
The ground pin draws only 6 p.A maximum DC 
current, and may be biased anywhere between 
(V -) + 2.SV and (V +) - 3.SV. The ground pin 
is connected to the IC's substrate and frequency 
compensation components. It serves as a shield 
within the IC and enhances input stage CMRR 
and channel-to-channel isolation over frequency, 
and if connected to a potential other than 
ground, it must be bypassed. 

Power Supplies 
The EL4453C works well on any supplies from 
± 3V to ± 1SV. The supplies may be of different 
voltages as long as the requirements of the GND 
pin are observed (see the Ground Pin section for 
a discussion). The supplies should be bypassed 
close to the device with short leads. 4.7 p.F tanta
lum capacitors are very good, and no smaller by
passes need be placed in parallel. Capacitors as 
small as 0.01 p.F can be used if small load cur
rents flow. 

Singe-polarity supplies, such as + 12V with + SV 
can be used, where the ground pin is connected to 
+ SV and V - to ground. The inputs and outputs 
will have to have their levels shifted above 
ground to accommodate the lack of negative sup
ply. 

The dissipation of the fader increases with power 
supply voltage, and this must be compatible with 
the package chosen. This is a close estimate for 
the dissipation of a circuit: 

PD=2XVS, maxXVs+(Vs-Vo)XVo/RpAR 

where IS, max is the maximum supply current 
V S is the ± supply voltage 

(assumed equal) 
Vo is the output voltage 
RpAR is the parallel of all resistors 

loading the output 
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Power Supplies - Contd. 
For instance, the EL4453C draws a maximum of 
21 mAo With light loading, RpAR -+ 00 and the 
dissipation with ±5V supplies is 210 mW. The 
maximum supply voltage that the device can run 
on for a given Po and the other parameters is 

The maximum dissipation a package can offer is 

Po, max = (To, max - TA, max)IOJA 
where To, max is the maximum die tempera

ture, 150·C for reliability, less to retain 
optimum electrical performace 
TA, max is the ambient temperature, 70·C 
for commercial and 85·C for industrial 
range 
OJA is the thermal resistance of the 
mounted package, obtained from data
sheet dissipation curves 

The more difficult case is the 80-14 package. 
With a maximum die temperature of 150·C and a 
maximum ambient temperature of 70·C, the 80·C 
temperature rise and package thermal resistance 
of 110· IW gives a dissipation of 636 m W at 85 ·C. 
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This allows ± 15V operation over the commercial 
temperature range, but higher ambient tempera
ture or output loading may require lower supply 
voltages. 

Output Loading 
The output stage of the EL4453C is very power
ful. It typically can source 80 mA and sink 
120 mAo Of course, this is too much current to 
sustain and the part will eventually be destroyed 
by excessive dissipation or by metal traces on the 
die opening. The metal traces are completely reli
able while delivering the 30 mA continuous out
put given in the Absolute Maximum Ratings ta
ble in this data sheet, or higher purely transient 
currents. 

Gain changes only 0.2% from no load to lOOn 
load. Heavy resistive loading will degrade fre-
quency response and video distortion for loads -=
< lOOn. Ell 
Capacitive loads will cause peaking in the fre
quency response. If capacitive loads must be driv
en, a small-valued series resistor can be used to 
isolate it. 12n to sin should suffice. A 22n series 
resistor will limit peaking to 2.5 dB with even a 
220 pF load. 
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Features 
• NTSC, PAL and. SECAM sync 

separation 

• Single supply, + 5V 
• Precision 50% slicing, internal 

caps 
• Built-in color burst filter 
• Decodes non-standard verticals 
• Pin compatible withLM1881 

• Low power 
• Typically 1.5 mA supply current 
• Resistor programmable scan rate 
• Few external components 
• Available in 8-pin DIP and SO-8 

pkg. 

Applications 
• Video special effects 
• Video test equipment 
• Video distribution 
• Displays 
• Imaging 
• Video data capture 
• Video triggers 

Ordering Information 
Part No. Temp. Range Package Outline# 

EIAS81CN -40"Cto +8S"C 8-PinDIP MDPO031 

EIAS81CS -4O"C to + 8S"C 8-Lead so MDPOO27 

Demo Board 
A dedicated demo board is not 
available. However, this device can 
be placed on the EL4584/5 Demo 
Board. 

General Description 
The EL4581C extracts timing information from standard nega
tive going video sync found in NTSC, PAL, and SECAM broad
cast systems. It can also be used in non standard formats and 
with computer graphics systems at higher scan rates, by adjust
ing a single external resistor. When the input does not have 
correct serration pulses in the vertical interval, a default verti
cal output is produced. 

Outputs are composite sync, vertical sync, burst/back porch 
output, and odd/even output. The later operates only in inter
laced scan formats. 

The EL4581C provides a reliable method of determining correct 
sync slide level by setting it to the mid-point between sync tip 
and blanking level at the back porch. This 50% level is deter
mined by two internal self timing sample and hold circuits that 
track sync tip and back porch levels. This also provides a degree 
of hum and noise rejection to the input signal, and compensates 
for varying input levels of 0.5 p-p to 2.0 Vp-p. 

A built in linear phase, third order, low pass filter attenuates 
the chroma signal in color systems to prevent incorrectly set 
color burst from disturbing the 50% sync slide. 

This device may be used to replace the industry standard 
LM1881, offering improved performance and reduced power 
consumption. 

The EL4581C video sync separator is manufactured using 
Elantec's high performance analog CMOS process. 

Connection Diagram 

EL4581C SO, P-DIP Packages 

C~::CO~~~ 8 voo 5V 

COMPOSITE ODD/EVEN 
VIDEO IN OUTPUT 

VERTICAL 
SYNC OUT 

Top View 

BURST/BACK 
PORCH OUTPUT 

4581-1 

Jr~ _______________________________ M_a_n_m_a_cru __ red __ U_n_d_er_u_._s_.p_a_ren __ t_N_O_._5,_52_8_,3_03 ______________________ ~ 
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Absolute Maximum Ratings (TA = 25°C) 

Vee Supply 7V Pin Voltages - O.SV to Vee + O.SV 

Storage Temperature 

Lead Temperature 

- 6S'C to + IS0'C 

260'C 

Operating Temperature Range - 40'C to + 8S'C 

DC Electrical Characteristics Unless otherwise state VDD = SV, TA = 2S0C, Rset = 680 kO . 

Note 1: No video signal, outputs unloaded. 
Note 2: Tested for VDD SV ±S% which guarantees timing of output pulses over this range. 
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Dynamic Characteristics 
VDD = 5V, Iv pk-pk video, TA = 25'C, CL = 15 pF, IOH = -1.6 rnA, IOL = 1.6 mAo Signal voltages are peak to peak. 

Input Dynamic Range 

Slice Level 

pop NTSC Signal 
(Note 5) 

Input Voltage = lVp_p 
(Note 6) 

25'C 

25'C 
Full 

0.5 

40% 
40% 

Note 3: CIS, Vertical and Burst outputs are all active low - VOH = 2.4V, VOL = 0.8V. 
Note 4: Attenuation is a function of Rset (PIN6). 
Note 5: Typical min. is 0.3 Vp_p. 
Note 6: Refers to threshold level of sync. tip to back porch amplitude. 

Pin Descriptions 
Pin No. Pin Name Function 

50% 
50% 

2 

60% 
60% 

v 

1 Composite Sync Out Composite sync pulse output. Sync pulses start on a falling edge and end on a rising edge. 

2 Composite Video in AC coupled composite video input. Sync tip must be at the lowest potential (Positive 
picture phase). 

3 Vertical Sync Out Vertical sync pulse output. The falling edge of Vert Sync is the start of the vertical period. 

4 GND Supply ground. 

5 Burst/Back Porch Output Burst/Back porch output. Low during burst portion of composite video. 

6 RSET An external resistor to ground sets all internal timing. 681k, 1 % resistor will provide correct 
timing for NTSC signals. 

7 Odd/Even Output Odd/Even field output. Low during odd fields, high during even fields. Transitions occur at 
start of Vert Sync pulse. 

8 VDD5V Positive supply. (5V) 

Note: RSET must be a 1 % resistor. 
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Typical Performance Characteristics 
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Timing Diagrams 

Notes: 

SIGNAL 10. COMPOSITE VIDEO INPUT, FIELD ONE 

SIGNAL 1b. COMPOSITE SYNC. OUTPUT; PIN 1 

SIGNAL 1c. VERTICAL SYNC. OUTPUT, p' 

SIGNAL 1d. ODD-EVEN OUTPUT, PIN 7 

SIGNAL 1 •• BACK PORCH OUTPUT, PIN ~ 

'-..--' 
See fig 2, 3 

Figure 1 

'-..--' 
See Fig 

b. The composite sync output reproduces all the video input sync pulses, with a propagation delay. 

4581-3 

c. Vertical sync leading edge is coincident with the IlI'st vertical serration pulse leading edge, with a propagation delay. 
d. Odd-even output is low for even field, and high for odd field. 
e. Back porch goes low for a IlXed pulse width on the trailing edge of video input sync pulses. Note that for serration pulses 
during vertical, the back porch starts on the rising edge of the serration pulse (with propagation delay). 

3·198 



SIGNAL 2a. COMPOSITE VIDEO INPUT 

I\ --- -- -------- I~;~_~~'---F\ 
-f---", . '-----

--: :- les Comp Sync 
, , Prop Dolay 

SIGNAL 2b. COMPOSITE SYNC. OUTPUT 

~ ______ ~Il~ __ _ 
SIGNAL 2c. VERTICAL SYNC. OUTPUT 

I I Comp Sync-
..... ~ les-vs Vorl Sync 

--------------------------------~~I _______ DO_la_y ____ __ 

SIGNAL 2d. ODD - EVEN OUTPUT --: :- Ie 

------------_' --:-Ir" 
Comp Sync
ODD/EVEN 
Delay 

Bursl leo -+-: , __ 
Delay " Bursl 

,--Ie -. Width SIGNAL 2e. BURST/BACK PORCH OUTPUT , , 

------------~LJ~-

Figure 2 

SIGNAL 3s. COMPOSITE VIDEO INPUT 

I Lines , , 
t+--2 11'1- '--~'~'~'~-4~5~ 

lJ u (No Vertical Sync Pulses) 

I I ' Vert Sync 
:- VSD~ Default Delay 

SIGNAL 3b. VERTICAL SYNC. OUTPUT 

Figure 3 
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INPUT 100lRE 

DYNAMIC 

4-
RANGE Black Level 

O.SV- 2V 

1 Blanking Level SYNC. 
40lRE 

~ 

BACK PORCH OUTPUT, PIN 5 

4581-7 

Figure 4. Standard (NTSC Input) H. Sync Detail 
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Description of Operation 
A simplified block schematic is shown in Figure 
2. The following description is intended to pro
vide the user with sufficient information to be 
able to understand the effects that the external 
components and signal conditions have on the 
outputs of the integrated circuit. 

The video signal is AC coupled to pin 2 via the 
capacitor Ch nominally 0.1 p.F. The clamp circuit 
A1 will prevent the input signal on pin 2 going 
any more negative than 1.5V, the value of refer
ence voltage VR1' Thus the sync tip, the most 
negative part of the video waveform, will be 
clamped at 1.5V. The current source 110 nominal
ly 10 p.A, charges the coupling capacitor durin~ 
the remaining portion of the H line, approxI
mately 58 p.s for a 15.75 kHz timebase. From 
I • t = C • V, the video time-constant can be 
calculated. It is important to note that the charge 
taken from the capacitor during video must be 
replaced during the sync tip time, which ~s much 
shorter, (ratio of x 12.5). The correspondmg cur
rent to restore the charge during sync will there
fore be an order of magnitude higher, and any 
resistance in series with CI will cause sync tip 
crushing. For this reason, the internal series re
sistance has been minimized and external high 
resistance values in series with the input cou
pling capacitor should be avoided. The user can 
exercise some control over the value of the input 
time constant by introducing an external pull-up 
resistance from pin 2 to the 5V supply. The maxi
mum voltage across the resistance will be VDD 
less 1.5V, for black level. For a net discharge cur
rent greater than zero, the resistance should be 
greater than 450k. This will have the effect of 
increasing the time constant and reducing the de
gree of picture tilt. The current source 11 directly 
tracks reference current ITR and thus increases 
with scan rate adjustment, as explained later. 

The signal is processed through an active 3 pole 
filter (F1) designed for minimum ripple with con
stant phase delay. The filter attenuates the color 
burst by 24 dB and eliminates fast transient 
spikes without sync crushing. An external filter 
is not necessary. The filter also amplifies the 

3-201 

video signal by 6 dB to improve the detection 
accuracy. Note that the filter cut-off frequency is 
a function of RSET through lOT and is propor
tional to lOT. 

Internal reference voltages (block VREF) with 
high immunity to supply voltage variation are 
derived on the chip. Reference VR4 with op-amp 
A2 forces pin 6 to a reference voltage of 1.7V 
nominal. Consequently, it can be seen that the 
external resistance RSET will determine the val
ue of the reference current ITR' The internal re
sistance R3 is only about 6 kil, much less than 
RSET. All the internal timing functions on the 
chip are referenced to ITR and have excellent 
supply voltage rejection. 

Comparator C2 on the input to the sample and 
hold block (S/H) compares the leading and trail
ing edges of the sync. pulse with a threshold volt-
age VR2 which is referenced at a fixed level above • 
the clamp voltage VR1' The output of C2 initiates 
the timing one-shots for gating the sample and 
hold circuits. The sample of the sync tip is de-
layed by 0.8 p.s to enable the actual sample of 
2 p.s to be taken on the optimum section of the 
sync. pulse tip. The acquisition time of the circuit 
is about three horizontal lines. The double poly 
CMOS technology enables long time constants to 
be achieved with small high quality on-chip ca-
pacitors. The back porch voltage is similarly de-
rived from the trailing edge of sync, which also 
serves to cut off the tip sample if the gate time 
exceeds the tip period. Note that the sample and 
hold gating times will track RSET through lOT' 

The 50% level of the sync tip is derived, through 
the resistor divider R1 and R2, from the sample 
and held voltages VTIP and VBP, and applied to 
the plus input of comparator Cl. This compara-
tor has built in hysteresis to avoid false trigger-
ing. The output of C2 is a digital 5V signal which 
feeds the CIS ouput buffer B1 and the other in-
ternal circuit blocks, the vertical, back porch and 
oddl even functions. 

The vertical circuit senses the CIS edges and ini
tiates an integrator which is reset by the shorter 
horizontal sync pulses but times out the longer 
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Description ofOperation-Contd. The odd/even circuit (O/E) comprises of flip 
vertical sync. pulse widths. The internal timing flops which track the relationship of the horizon-
circuits are referenced to lOT and VR3, the time- tal pulses to the leading edge of the vertical out-
out period being inversely proportional to the put, and will switch on every field at the start of 
timing current. The vertical output pulse is start- vertical. Pin 7 is high during the odd field. 
ed on the first serration pulse in the vertical in-
terval and is then self-timed out. In the absense Loss of video signal can be detected by monitor-
of a serration pulse, an internal timer will default ing the CIS output. The 50% level of the previ-
the start of vertical. ous video signal will remain held on the S/H ca-

pacitors after the input video signal has gone and 

The back porch is triggered from the sync tip 
trailing edge and initiates a one-shot pulse. The 
period of this pulse is again a function of lOT and 
will therefore track the scan rate set by RSET. 

Block Diagram 

GND 

~ 

the input on pin 2 has defaulted to the clamp 
voltage. Consequently the CIS output will re
m~n low longer than the normal vertical pulse 
penod. An external timing circuit could be used 
to detect this condition. 

BACK 
PORCH 
DETECT 

Voo 

voo----E] 

45B1-4 

Figure 5 
'Note: RSET must be a 1 % resistor. 
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Features 
• NTSC, PAL and SECAM sync 

separation 
• Single supply, + 5V operation 
• Precision 50% slicing, internal 

caps 
• Built in programmable color 

burst filter 
• Decodes non-standard verticals 
• Horizontal sync output 
• Sync. pulse amplitude output 
• Same socket can be used for 8-pin 

EL4581 

• Low power CMOS 
• Detects loss of signal 
• Resistor programmable scan rate 
• Few external components 
• Available in 16-Pin DIP and 

SO-16 pkg. 

Applications 
• Video special effects 
• Video test equipment 
• Video distribution 
• Multimedia 
• Displays 
• Imaging 
• Video data capture 
• Video triggers 

Ordering Information 
Part No. Temp. Range Package Outline '" 

EIAS83CN -40"C to + 8S'C 16·Pin DIP MDP0031 

EIAS83CS -40"Cto +8S'C 16-LeadSO MDP0027 

General Description 
The EL4583C extracts timing from video sync in NTSC, PAL, 
and SECAM systems, and non standard formats, or from com
puter graphics operating at higher scan rates. Timing adjust
ment is via an external resistor. Input without valid vertical 
interval (no serration pulses) produces a default vertical output. 

A larger package (16-pin) is used for greater flexibility. The 
"core" pins match the same pin functions of the 8-pin 
(EL4581C etc.) for substitution in applications not requiring 
these features. 

Outputs are: composite sync, vertical sync, filter, burst/ 
back porch,horizontal, no signal detect, level, and odd/ 
even output (in interlaced scan formats only). 

The EL4583C sync slice level is set to a mid-point halfway be
tween sync tip and the blanking level. This 50% point is deter
mined by two internal sample and hold circuits that track sync 
tip and back porch levels. It provides hum and noise rejection 
and compensates for input levels of 0.5V to 2.0V pop' 

A built in filter attenuates the chroma signal to prevent color 
burst from disturbing the 50% sync slice. Cut off frequency is 
set by a resistor to ground from the Filter Cut Off pin. The 
filter can be by-passed, the video signal is fed to the Video 
Input. 

A DC voltage, twice the sync amplitude, from the Level Out
put pin drives AGC circuits. A TTL/CMOS compatible No 
Signal Detect Output signals a loss or reduction in input sig
nal level. A resistor sets the Set Detect Level. 

The EL4583C is manufactured using Elantee's high perform
ance analog CMOS process. 

Connection Diagram 
EL4583C so, PDIP Packages 

FILTER CUT 
orr 

SET DETECT 
LEVEL 

'§~,t~~~Jf 3 

FII~~5~ 4 

VERTICAL 
SYNC. OUT 

DIGITAL GND 6 

dJf~5~ 7 

COMPOSITE VIDEO 
INPUT 

13 ODD/EVEN OUTPUT 

11 ~:l~~t~~~ 

10 ~~~b~~bTPUT 

9 LEVEL OUTPUT 

Top View 
"Note: RSET must be a 1 % resistor. 
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Absolute Maximum Ratings (TA = 2S'C) 

Vee Supply 
Storage Temperature 
Lead Temperature 

7V 
- 6S'C to + lSO'C 

26O'C 

Pin Voltages -O.SVtoVcc +O.SV 
Operating Temperature Range -40'Cto +8S'C 

DC Electrical Characteristics (Voo = SV, TA = 2S'C, RSET = 681k, RF = 22k, RLV = 82k) 

Parameter 

Discharge Current 

2.4 4 

Note 1: No video signal, outputs unloaded. 
Note 2: At loss of signal (pin 10 high) the pull down current source switches to a value of 10 IJ-A. 
Note 3: Tested for VOO SV ±S%. . . 
Note 4: Current sourced from pin 2 is VREF/RSET. 
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Dynamic Characteristics 
RF = 22 kn, RSET = 681 kn, VDD = SV, 1 Vp_p VIDEO, TA = 25°C, CL = 15 pF, IOH = -1.6 mA, IOL = 1.6 mA 

Parameter 

Filter Attenuation 

Level Out, Pin 9 

Description 

Input Voltage = 1 Vp-p 
Pin 4 

---

Note 5: Width is a function of RSET. 
Note 6: cis, Vertical, Back porch and H are all active low, VOH = 0.8V. Vertical is 3H lines wide of NTSC signal. 
Note 7: Attenuation is a function of RF. See mter typical characteristics. 
Note 8: Vertical pulse width in absence of serrations on input signal. 

Pin Description 
Pin Pin 

Function 
No. Name 

1 Filter Cut-Off A resistor RF connected between this input and ground determines the input filter characteristic. 
Increasing RF increases the mter 3.58 MHz color burst attenuation. See the graph showing mter 
characteristics. 

2 Set Detect Level A resistor RLV connected between pin 2 and ground determines the value of the minimum signal 
which will trigger the loss of signal output on pin 10. The relationship is VpMIN = 0.75 RLV I 
RSET, where VpMIN is the minimum detected sync pulse amplitude applied to pin 4. See 
characterization curve. 

3 Composite Sync This output replicates all the sync inputs on the input video. 
Output 

4 Filter Input The filter is a 3 pole active mter with a gain of 2, designed to produce a constant phase delay of 
nominally 260 ns with signal amplitude. Resistor RF on pin 1 controls the mter cut-off. An internal 
clamp sets the minimum voltage on pin 4 at l.SSV when the input becomes low impedance. Above 
the clamp voltage, an input current of 1 /LA charges the input coupling capacitor. With loss of signal, 
the current source switches to a value of 10 /LA, for faster signal recovery. 

5 Vertical Sync The vertical sync output is synchronous with the first serration pulse rising edge in the vertical 
Output interval of the input signal and ends on the trailing edge of the first equalizing Output pulse after 

the vertical interval. It will therefore be slightly more than 3H lines wide. 
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Pin Description - Contd. 

Pin Pin 
Function 

No. Name 

6 Digital Ground This is the ground return for digital buffer outputs. 

7 Filter Output Output of the active 3 pole filter which has its input on pin 4. It is recommended to ac couple the 
output to pin 8. 

8 Video Input This input can be directly driven by the signal if it is desired to bypass the filter, for example, in 
the case of strong clean signals. This input is 6 dB less sensitive than the filter input. 

9 Level Output This pin provides an analog voltage which is nominally equal to twice the sync pulse amplitude of 
the video input signal applied to pin 4. It therefore provides an indication of signal strength. 

10 No Signal Detect This is a digital output which goes high when either a) loss of input signal or b) the input signal 
Output level falls below a predetermined amplitude as set by RLV on pin 2. There will be several 

horizontal lines delay before the output is initiated. 

11 Burst/Back Porch The start of back porch output is triggered on the trailing edge of normal H sync, and on the rising 
Output edge of serration pulses in the vertical interval. The pulse is timed out internally to produce a one-

shot output. The pulse width is a function of RSET. This output can be used for d.c. restore 
functions where the back porch level is a known reference. 

12 RSET The current through the resistor RSET determines the timing of the functions within the I.C. 
These functions include the sampling of the sync pulse 50% point, back porch output and the 2H 
eliminator. For faster scan rates, the resistor needs to be reduced inversely. For NTSC 15.7 kHz 
scan rate RSET is 681k 1 %. RSET must be a 1 % resistor. 

13 Odd/Even Output Odd-even output is low for even field and high for odd field. The operation of this circuit has been 
improved for rejecting spurious noise pulses such as those present in VCR signals. 

14 VDD5V The internal circuits are designed to have a high immunity to supply variations, although as with 
most I.C.s a 0.1 ",F decoupling capacitor is advisable. 

15 Horizontal Sync This output produces only true H pulses of nominal width 5 ",s. The leading edge is triggered from 
Output the leading edge of the input H sync, with the same prop. delay as the composite sync. The half 

line pulses present in the input signal during vertical blanking are eliminated with an internal 2H 
eliminator circuit. 

16 Analog Ground This is the ground return for the signal paths in the chips, RSET, RF and RLV. 

3-206 



Typical Performance Characteristics 
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Minimum Signal Detect 
vsRLV 

300 

200 

100 

a 
a 

/ 
V 

100 200 

SYNC. TIP (mV) 

*Note 1 

'" 

300 
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Note 1: For RLV < 100 kG, no signal detect output (pin 10) will default high at minimum signal sensitivity specification, or at 
complete loss of signal. 
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Timing Diagram 

Notes: 

SIGNAL f •. COMPOSITE VIDEO INPUT, FIELD ONE 

t+-1.5 .us:i: 0.1 JlS I f'IELD ONE 
I TU4E ----. I I ---

t;o------- V~RVCAL: BLANKING INTERVAL = 20H :~ (1271 Jls:gt~ J.'s) ---------,r-+I 

3H ~ I 3H -I- 3H-----l 

, --t-2--t-3-t;+~t-S--t-6;: 7--t-S--t-9--r.' O-j 
I 

I 

~,~~TOc:fE I-Ht' H+J -+ --J.SH 
PRE-EQUALIZING' VERTICAL SYNC POST-EQUALIZING 
PULSE INTERVAL, PVLSE INTERVAL PULSE INTERVAL 

" lI,~iE~WICAL, , 
SIGNAL fb. COMPOSITE SYNC. OUTPUT,:PIN 3 

SIGNAL fe. VERTICAL SYNC. OUTPUT, PI~ 5 

, 
SIGNAL fd. ODD-EVEN OUTPUT, PIN 13: 

SIGNAL f.. BACK POACH OUTPUT, PIN fi 

, 

I I 
H--tvs----l 

SIGNAL ff. HORIZONTAL SYNC. OUTPut, PIN f~ 

'-,,--J 

See fig. 2. 3 
'-,,--J 

See fig. 

b. The composite sync output reproduces all the video input sync pulses, with a propagation delay. 

4583-5 

c. Vertical sync leading edge is coincident with the first vertical serration pulse leading edge, with a propagation delay. 
d. Odd-even output is low for even field, and high for odd field. 
e. Back porch goes low for a fixed pulse width on the trailing edge of video input sync pulses. Note that for serration pulses 
during vertical, the back porch starts on the rising edge of the serration pulse (with propagation delay). 
f. Horizontal sync output produces the true "H" pulses of nominal width of 5""s. It has the same delay as the composite sync. 
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Figure 2 
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Figure 3 
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Description of Operation 
A simplified block schematic is shown in Figure 
1.. The following description is intended to pro
vIde the user with sufficient information to be 
able to understand the effects that the external 
components and signal conditions have on the 
outputs of the integrated circuit. 

The video signal is AC compuled to pin 4 via the 
capacitor C10 nominally 0.1 p.F. The clamp circ
cuit A1 will prevent the input signal on pin 4 
going any more negative than 1.5V, the value of 
reference voltage VR1. Thus the sync tip the 
most negative part of the video waveform, w'ill be 
clamped at 1.5V. The current source 110 nominal
ly 10 p.A, charges the coupling capacitor during 
the remaining portion of the H line, approxi
mately 58 p.s for a 15.75 kHz timebase. From I. t 
= C. V, the video time-constant can be calculat
ed. It is important to note that the charge taken 
from the capacitor during video must be replaced 
during the sync tip time, which is much shorter 
(ratio of x 12.5). The corresponding current t~ 
restore the charge during sync will therefore be 
an order of magnitude higher, and any resistance 
in series with CI will cause sync tip crushing. For 
this reason, the internal series resistance has been 
minimized and external high resistance values in 
series with the input coupling capacitor should 
be avoided. The user can exercise some control 
over the value of the input time constant by in
troducing an external pull-up resistance from pin 
2 to the 5V supply. The maximum voltage across 
the resistance will be Voo less 1.5V, for black 
level. For a net discharge current greater than 
zero, the r.esistance should be greater than 450k. 
This will have the effect of increasing the time 
constant and reducing the degree of picture tilt. 
The current source 11 directly tracks reference 
current ITR and thus increases with scan rate ad
justment, as explained later. 

The signal is processed through an active 3 pole 
filter (F1) designed for minimum ripple with con
stant phase delay. The filter attenuates the color 
burst by 24 dB and eliminates fast transient 
spikes without sync crushing. An external filter 
is not necessary. The filter also amplifies the vid
eo signal by 6 dB to improve the detection accu
racy. The filter cut-off frequency is controlled by 
an external resistor from pin 1 to ground. 
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I~te~al refe.rence voltages (block VREF) with 
hIgh Immumty to supply voltage variation are 
derived on the chip. Reference VR4 with op-amp 
A2 forces pin 12 to a reference voltage of 1. 7V 
nominal. Consequently, it can be seen that the 
external resistance RSET will determine the val
ue of the reference current ITR. The internal re
sistance R3 is only about 6 kn, much less than 
RSET. All the internal timing functions on the 
chip are referenced to ITR and have excellent 
supply voltage rejection. 

To improve noise immunity, the output of the 3 
pole filter is brought out to pin 7. It is recom
mended to AC couple the output to pin 8 the 
video input pin. In case of strong clean vid~ sig
nal, the video input pin, pin 8, can be driven by 
the signal directly. 

Comparator C2 on the input to the sample and 
hold block (S/H) compares the leading and trail- • 
ing edges of the sync. pulse with a threshold volt-
age VR2 which is referenced at a fixed level above 
the clamp voltage VR1. The output of C2 initiates 
the timing one-shots for gating the sample and 
hold circuits. The sample of the sync tip is de-
layed by 0.8 p.s to enable the actual sample of 2 
p.s to be taken on the optimum section of the 
sync. pulse tip. The acquisition time of the circuit 
is about three horizontal lines. The double poly 
CMOS technology enables long time constants to 
be ~chieved with small high quality on-chip ca-
pacItors. The back porch voltage is similarly de-
rived from the trailing edge of sync, which also 
serves to cut off the tip sample if the gate time 
exceeds the tip period. Note that the sample and 
hold gating times will track RSET through lOT. 

The 50% level of the sync tip is derived, through 
the resistor divided R1 and R2, from the sample 
and held voltages VTIP and VBP, and applied to 
the plus input of comparator C1. This compara-
~or has built in hysteresis to avoid false trigger-
mg. The output of C2 is a digital 5V signal which 
feeds the CIS output buffer B1 and the other in-
ternal circuit blocks, the vertical, back porch and 
odd/ even functions. 
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Description of Operation _ Contd. The back porch is triggered from the sync tip 
The vertical circuit senses the CIS edges and ini- trailing edge and initiates a one-shot pulse. The 
tiates an integrator which is reset by the shorter period of this pulse is again a function of lOT and 
horizontal sync pulses but times out the longer will therefore track the scan rate set by RESET. 
vertical sync. pulse widths. The internal timing 
circuits are referenced to lOT and VR3, the tim- The odd/even circuit circuit (O/E) is comprised 
out period being inversely proportional to the of flip flops which track the relationship of the 
timing current. The vertical output pulse is start- horizontal pulses to the leading edge of the verti-
ed on the first serration pulse in the vertical in- cal output, and will switch on every field at the 
terval and is then self-timed out. In the absence start of vertical. Pin 13 is high during the odd 
of a serration pulse, an internal timer will default field. 
the start of vertical. 

The Horizontal circuit senses the CIS edges and 
produces the true horizontal pulses of nominal 
width 5 ,...s. The leading edge is triggered from 
the leading edge of the input H sync, with the 
same prop. delay as the composite sync. The half 
line pulses present in the input signal during ver
tical blanking are eliminated with an internal 2 H 
eliminator circuit. The 2 H eliminator circuit ini
tiates a time out period after a horizontal pulse if 
generated. The time out period is a function of 
lOT which is set by RSET. 

Loss of video signal can be detected by monitor
ing the No Signal Detect Output pin 10. The 
VTIP voltage held by the sample and hold is 
compared with a voltage level set by RLV on pin 
2. Pin 10 output goes high when the VTIP falls 
below RLV set value. 

V!IP v~ltage is also passed through an amplifier 
WIth gam of 2 and buffed to pin 9. This is done to 
provide an indication of signal strength. The 
I:evel Output signal can be used for AGC applica
tions. 
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Block Diagram 

FILTER CUT OFF 

lL-------------~ 

C2 
0.1 JJF 

VR1 

VR2 
L_oI-Il-+-+-t 

VR3 

Figure 5 
• Note: RSET must be a 1 % resistor 
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Features 
• 36 MHz, general purpose PLL 
• 4 FSC based timing (use the 

EL4585 for 8 FSc) 
• Compatible w /EL4583 Sync 

Separator 
• VCXO, Xtal, or LC tank 

oscillator 

• < 2 ns jitter (VCXO) 
• User controlled PLL capture and 

lock 
• Compatible with NTSC and PAL 

TV formats 
• 8 pre-programmed TV scan rate 

clock divisors 
• Selectable external divide for 

custom ratios 
• Single 5V, low current operation 

Applications 
• Pixel Clock regeneration 
• Video compression engine 

(MPEG) clock generator 
• Video capture or digitization 
• PIP (Picture in Picture) timing 

generator 
• Text or graphics overlay timing 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL4S84CN -4O"C to + 8S·C 16-Pin DIP MDPOO31 
EL4S84CS -4O"C to + 8S·C IS-Lead so MDPOO27 

For 6Fsc and 8Fsc clock frequencies, see 
EL4585 datasheet. 

Demo Board 
A demo PCB is available for this 
product. Request "EL4584/5 Demo 
Board". 

General Description 
The EL4584C is a PLL (Phase Lock Loop) sub system, designed 
for video applications but also suitable for general purpose use 
up to 36 MHz. In a video application this device generates a 
TTL/CMOS compatible Pixel Clock (Clk Out) which is a multi
ple of the TV Horizontal scan rate, and phase locked to it. 

The reference signal is a horizontal sync signal, TTL/CMOS 
format, which can be easily derived from an analog composite 
video signal with the EL4583 Sync Separator. An input signal 
to "coast" is provided for applications were periodic distur
bances are present in the reference video timing such as VTR 
head switching. The Lock detector output indicates correct lock. 

The divider ratio is four ratios for NTSC and four similar ratios 
for the PAL video timing standards, by external selection of 
three control pins. These four ratios have been selected for com
mon video applications including 4 FSC, 3 FSC, 13.5 MHz 
(CCIR 601 format) and square picture elements used in some 
workstation graphics. To generate 8 FSC, 6 FSC, 27 MHz (CCIR 
601 format) etc. use the EL4585, which includes an additional 
divide by 2 stage. 

For applications where these frequencies are inappropriate or 
for general purpose PLL applications the internal divider can be 
bypassed and an external divider chain used. 

FREQUENCIES and DIVISORS 

Function 3Fsc CCIR601 Square 

Divisor 851 864 944 

PAL Fosc (MHz) 13.301 13.5 14.75 

Divisor 682 858 780 

NTSC Fosc (MHz) 10.738 13.5 12.273 

CCIR 601 Divisors yield 720 pixels in the portion of each line (or NTSC and PAL. 

Square pixels format gives 640 pixels for NTSC and 768 pixels for PAL in the active portion. 

3Fsc numbers do not yield integer divisors. 

Connection Diagram 
EL4584 so, P-DIP Packages 

PROGBC ~::JPROGA 
PROGCC 2 15 ::JCLKOUT 

OSC OUT C 3 14 ::J Vss (D) 

VDD (A) C 4 13 ::J EXT DIVIDER 

CSC IN I: 5 12 b LOCK DETECT 

Vss (A) C 6 II ;:J VDD (D) 

4Fsc 

1135 

17_734 

910 

14.318 

~ CHARGE PUMP OUT C 7 10 pH SYNC IN 

~ DIV SELECT C 8 9 P COST 

~L-____________________________ ~ __________________________________________ 4~ ___ '7 ______ ~ 
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Absolute Maximum Ratings (TA = 25°C) 
Vee Supply 7V 
Storage Temperature 
Lead Temperature 
Pin Voltages 
Operating Ambient Temperature 
Range 

- 65°C to + 150°C 
260°C 

- O.5V to vee + o.5v 

- 40"C to + 85°C 

Operating Junction Temp 
Power Dissipation 
Oscillator Frequency 

DC Electrical Characteristics (VDD = 5V,TA = 25°C unless otherwise noted) 

Note 1: All inputs to OV, COAST floating. 
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125°C 
400mW 
36 MHz 

• 



o 
~ 
ClIO 
lC 

~ .................................. 
AC Electrical Characteristics (VDD = SV, TA = 25°C unless otherwise noted) 

Note 2: Noisy video signal input to EL4S83C, H-sync input to EL4S84C. Test for positive signal lock. 

Pin Description 
Pin No Pin Name Function 

16,1,2 ProgA,B,C Digital inputs to select + N value for internal counter. See table below for values. 

3 Osc/VCOOut Output of internal inverter/oscillator. Connect to external crystal or LC tank VCO circuit. 

4 VDD(A) Analog positive supply for oscillator, PLL circuits. 

5 Osc/VCOIn Input from external VCO. 

6 VSS (A) Analog ground for oscillator, PLL circuits. 

7 Charge Pump Ou Connect to loop filter. If the H-sync phase is leading or H-sync frequency> CLK + N, current is pumped 
into the filter capacitor to increase VCO frequency. If H-sync phase is lagging or frequency < CLK + N, 
current is pumped out of the filter capacitor to decrease VCO frequency. During coast mode or when 
locked, charge pump goes to a high impedance state. 

8 DivSelect Divide select input. When high, the internal divider is enabled and EXT DIV becomes a test pin, 
outputting CLK + N. When low, the internal divider is disabled and EXT DIV is an input from an 
external + N. 

9 Coast Tri-state logic input. Low«%*Vcd = normal mode, Hi Z(or % to %*Vcd = fast lock mode, 
High( > % ·v cd = coast mode. 

10 H-sync In Horizontal sync pulse (CMOS level) input. 

11 VDD(D) Positive supply for digital, I/O circuits. 

12 LockDet Lock Detect output. Low level when PLL is locked. Pulses high when out of lock. 

13 ExtDiv External Divide input when DIV SEL is low, internal + N output when DIV SEL is high. 

14 VSS(D) Ground for digital, I/O circuits. 

15 CLKOut Buffered output of the VCO. 

veo Divisors Table 1 

ProgA ProgB ProgC DivValue 
Pinl6 Pinl Pin 2 N 

0 0 0 851 

0 0 864 

0 0 944 

0 1135 

0 0 682 

0 858 

0 780 

910 
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Timing Diagrams 
PLL Locked Condition (Phase Error = 0) 

-; ;- -110 ns ± 50 ns 

-""""\\--i---I! 
~xt. Div. Vi 
(input or outputl 

Falling edge of H-sync + 110 ns locks to rising edge of Ext Div signal. 

Ex\. 
Div. 

H-Sync 

, 
, 4 
.... I 

I 

Out of Lock Condition 

4584-2 

Te , 
liE = - X 360 

TH 
TH = H-sync period 
T e = phase error period 

I Ir-______ ~ 

~~;:,rr O;F __ .,,..: ____ ..... /,. - - - - _\,.1 _______ OFF 

" i I 1'- ____ .11 

Test Circuit 1 

4584-5 
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Typical Performance Curves 

Idd V8 Fosc 4584 OSC Gain @ 20 MHz V8 Temp 

20.00~ 
18.00 f--=p......=-f--I--I--I--I--I--f----l 
16.00 f--f----f-I---....:::::,"'+-.,.-+-+-+-+-+--l 
14.00 f--f--f--f-~-+I----="'+----==+-+-+--l 
12.00 f--f--f--I--I--t----t-I------''''I-""'''':::+-::--l 
10.00 ~-~-~-I_-I_-I_-I_-I_-I-r-=--l 
8.00 ~-I_-I_-I_-I_-I_-I_-I_-I_---1 

6.00 ~-I_-I_-I_-I_-I_-I_-I_-I_---1 

4.00 ~-I_-I_-I_-I_-I_-I_-I_-I_---1 

2.00 ~-I_-I_-I_-I_-I_-I_-I_-I_---1 

0.00 '--'--'---'---'---'---'---'---'----' 
0.00 '-_-'-_--'-__ -'--_....L.._---' __ ..L.-_--' -40 -20 20 40 60 80 100 120 140 

o 5 10 15 20 25 30 35 Temp,C 

Oscillator Frequency, MHz 

4584-4 

Typical Varactor OSC Gain V8 Fosc 

100 "'" 

204-11 
l:lu4-1 
1204-13 

70 

'" 
60 

"0 

.: 50 

'c 40 

'" 0 30 
:? 

20 

~~--+~~r---~~-;ig:=;~ 
10 

0 

10k 
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4584-7 

Charge Pump Duty Cycle vs 8E 

:::"/ 
~
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-50% 
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Duty Cycle 
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Block Diagram 

Prog Clk Freq. A 

~~~~7=~---... -------I[i!] Clk Out 
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r....ll .... ,..=.--f13J Ext. 
Div. 

Lock 
Detect 

H-Sync In 

Coast 
"584-1 
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Description Of Operation can source or sink a maximum of about 300 ,..,A, 

so all frequency control must be accomplished 
with variable capacitance from the varactor with
in this range. Crystal oscillators are more stable 
than LC oscillators, which translates into lower 
jitter, but LC oscillators can be pulled from their 
mid-point values further, resulting in a greater 
capture and locking range. If the incoming hori
zontal sync signal is known to be very stable, 
then a crystal oscillator circuit can be used. If the 
h-sync signal experiences frequency variations of 
greater than about 300 ppm, an LC oscillator 
should be considered, as crystal oscillators are 
very difficult to pull this far. When H-SYNC in
put frequency is greater than CLK frequen
cy+ N, charge pump output (pin 7) sources cur
rent into the filter capacitor, increasing the volt
age across the varactor, which lowers its capaci
tance, thus tending to increase VCO frequency. 
Conversely, filter output pulls current from the 
filter capacitor when H-SYNC frequency is less 
than CLK + N, forcing the VCO frequency lower. 

The horizontal sync signal (CMOS level, falling 
leading edge) is input to H-sync input (pin 10). 
This signal is delayed about 110 ns, the falling 
edge of which becomes the reference to which the 
clock output will be locked. (See timing dia
grams.) The clock is generated by the signal on 
pin 5, OSC in. There are 2 general types of VCO 
that can be used with the EL4584C, LC and crys
tal controlled. Additionally, each type can be ei
ther built up using discrete components includ
ing a varactor as the frequency controliing ele
ment, or complete, self contained modules can be 
purchased with everything inside a metal can. 
The modules are very forgiving of PCB layout, 
but cost more than discrete solutions. The VCO 
or VCXO is used to generate the clock. An LC 
tank resonator has greater "pull" than a crystal 
controlled circuit, but will also be more likely to 
drift over time, and thus will generate more jit
ter. The "pullability" of the circuit refers to the 
ability to "pull" the frequency of oscillation away 
from its center frequency by modulating the volt
age on the control pin of a VCO module or varac
tor, and is a function of the slope and range of 
the capacitance-voltage curve of the varactor or 
VCO module used. The VCO signal is sent to a 
divide by N counter, and to the CLK out pin. The 
divisor N is determined by the state of pins 1,2, 
and 16 and is described in table 1 above. The di
vided signal is sent, along with the delayed 
H-sync input, to the phase/frequency detector 
which compares the two signals for phase and 
frequency differences. Any phase difference is 
converted to a current at the charge pump output 
FILTER (pin 7). A VCO with positive frequency 
deviation with control voltage must be used. Va
ractors have negative capacitance slope with 
voltage, resulting in positive frequency deviation 
with control voltage for the oscillators in figures 
10 and 11 below. 

VCO 
The VCO should be tuned so its frequency of os
cillation is very close to the required clock output 
frequency when the voltage on the varactor is 2.5 
volts. VCXO and VCO modules are already tuned 
to the desired frequency, so this step is not neces
sary if using one of these units. The range of the 
charge pump output (pin 7) is 0 to 5 volts and it 

Loop Filter 
The loop filter controls how fast the VCO will 
respond to a change in filter output stimulus. Its 
components should be chosen so that fast lock 
can be achieved, yet with a minimum of VCO 
"hunting", preferably in one to two oscillations 
of charge pump output, assuming the VCO fre
quency starts within capture range. If the filter is 
under-damped, the VCO will over and under
shoot the desired operating point many times be
fore a stable lock takes place. It is possible to 
under-damp the filter so much that the loop itself 
oscillates, and VCO lock is never achieved. If the 
filter is over-damped, the VCO response time will 
be excessive and many cycles will be required for 
a lock condition. Over-damping is also character
ized by an easily unlocked system because the 
filter can't respond fast enough to perturbations 
in VCO frequency. A severely over damped sys
tem will seem to endlessly oscillate, like a very 
large mass at the end of a long pendulum. Due to 
parasitic effects of PCB traces and component 
variables, it will take some trial and error experi
mentation to determine the best values to use for 
any given situation. Use the component tables as 
a starting point, but be aware that deviation from 
these values is not out of the ordinary. 
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Description of Operation - Contd. 

External Divide 
DIV SEL (pin 8) controls the use of the internal 
divider. When high, the internal divider is en
abled and EXT DIV (pin 13) outputs the CLK 
out divided by N. This is the signal to which the 
horizontal sync input will lock. When divide se
lect is low, the internal divider output is disabled, 
and external divide becomes an input from an ex
ternal divider, so that a divisor other than one of 
the 8 pre-programmed internal divisors can be 
used. 

Normal Mode 
Normal mode is enabled by pulling COAST (pin 
9) low (below % *V ce). If H-sync and CLK +- N 
have any phase or frequency difference an error 
signal is generated and sent to the cha:ge pump. 
The charge pump will either force current into or 
out of the filter capacitor in an attempt to modu
late the VCO frequency. Modulation will contin
ue until the phase and frequency of CLK +- N ex
actly match the H-sync input. When the phase 
and frequency match (with some offset in phase 
that is ~ function of the VCO characteristics), the 
error sIgnal goes to zero, lock detect no longer 
~)Ulses high, and the charge pump enters a high 
Impedance state. The clock is now locked to the 
H-sync input. As long as phase and frequency 
differences remain small, the PLL can adjust the 
VCO to remain locked and lock detect remains 
low. 

Fast Lock Mode 
Fast Lock mode is enabled by either allowing 
coast to float, or pulling it to mid supply (be
tween % and % *V Ce). In this mode lock is 
achieved much faster than in normal ~ode, but 
the clock divisor is modified on the fly to achieve 
this. If the phase detector detects an error of 
enough magnitude, the clock is either inhibited 
or reset to attempt a "fast" lock of the signals. 
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Forcing the clock to be synchronized to the H
sync input this way allows a lock in approximate
ly 2 H-cycles, but the clock spacing will not be 
regular during this time. Once the near lock con
dition is attained, charge pump output should be 
very close to its lock-on value and placing the 
device into normal mode should result in a nor
mal lock very quickly. Fast Lock mode is intend
ed to be used where H-sync becomes irregular, 
until a stable signal is again obtained. 

Coast Mode 
Coast mode is enabled by pulling COAST (pin 9) 
high (above % *V Ce). In coast mode the internal 
phase detector is disabled and filter out remains 
in high impedance mode to keep filter out volt
age and VCO frequency as constant a possible. 
VCO frequency will drift as charge leaks from the 
filter capacitor, and the voltage changes the VCO 
operating point. Coast mode is intended to be 
used when noise or signal degradation result in -=
loss of horizontal sync for many cycles. The .:. 
phase detector will not attempt to adjust to the 
resultant loss of signal so that when horizontal 
sync returns, sync lock can be re-established 
quickly. However, if much VCO drift has oc-
curred, it may take as long to re-lock as when 
restarting. 

Lock Detect 
Lock detect (pin 12) will go low when lock is es
tablished. Any DC current path from charge 
pump out will skew EXT DIV relative to 
H-SYNC in, tending to offset or add to the 110 ns 
internal delay, depending on which way the extra 
current is flowing. This offset is called static 
phase error, and is always present in any PLL 
system. If, when the part stabilizes in a locked 
mode, lock detect is not low, adding or subtract
ing from the loop filter series resistor R2 will 
change this static phase error to allow LDET to 
go low while in lock. The goal is to put the rising 
edge of EXT DIV in sync with the falling edge of 
H-SYNC + 110 ns. (See timing diagrams.) In
creasing R2 decreases phase error, while decreas
ing R2 increases phase error. (Phase error is posi
tive when EXT DIV lags H-SYNC.) The resist
ance needed will depend on VCO design or VCXO 
module selection. 



Applications Information 

Choosing External Components 
1. To choose LC VCO components, first pick the 

desired operating frequency. For our example 
we will use 14.31818 MHz, with an H-sync fre
quency of 15.734 kHz. 

2. Choose a reasonable inductor value (10-20p.H 
works well). We choose 15 p.H. 

3. Calculate CT needed to produce FoSC' 

1 
F - --;:::= 

OSC - 211' ~LCT 

1 1 
~= 411'2F2L 411'2(14.318e6)2(15e _ 6) 8.2 pF 

4. From the varactor data sheet find Cv @ 2.5V, 
the desired lock voltage. Cv = 23 pF for our 
SMV1204-12, for example. 

5. C2 should be about 10Cv, so we choose 
C2 = 220 pF for our example. 

6. Calculate Cl' Since 

Typical LC VCO 

L1 R' Loop FUt.r 

2S: (Alpha Industries T SWV1204-12 
or Similar) 

Figure 10 
4584-10 

LC VCO Component Values (Approximate) 

Frequency Ll CI C2 
(MHz) (,...H) (pF) (pF) 

13.301 15' 18 220 

13.5 15 17 220 

14.75 12 18 220 

17.734 12 10 220 

10.738 22 20 220 

12.273 18 17 220 

14.318 15 14 220 

Note: Use shielded inductors for optimum performance. 

then 

For our example, Cl = 14 pF. (A trim cap may be 
used for fine tuning.) Examples for each frequen
cy using the internal divider follow. 

Typical Application 
Horizontal genlock provides clock for an analog 
to digital converter, digitizing analog video. 

COMPOSITE VIDEO ~ DC RESTORE 

INPUT I ANTI-ALIAS FILTER I 1--';;;"'-1 

~-_-O- __ l 
OPTIONAL 

VIDEO SYNC 

SEPARATOR BACK PORCH CLAMP If 

HORIZONTAL SYNC OUT 

EL04583 1J 
EL4584 
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Typical Xtal VCO 

Y 1 Fundamental 
Xtal 

R' Loop nlt.r 

~
V1 

(Alpha Industries 
SMV1204-12 
or Similar) 

Figure 11 

DIGITAL DATA 
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Xtal VCO Component Values (Approximate) 

Frequency Rl Cl C2 
(MHz) (k.!l) (pF) (uF) 

13.301 300 15 .001 

13.5 300 15 .001 

14.75 300 15 .001 

17.734 300 15 .001 

10.738 300 15 .001 

12.273 300 15 .001 

14.318 300 15 .001 

The above oscillators are arranged as Colpitts os
cillators, and the structure is redrawn here to em
phasize the split capacitance used in a Colpitts 
oscillator. It should be noted that this oscillator 
configuration is just one of literally hundreds 
possible, and the configuration shown here does 
not necessarily represent the best solution for all 
applications. Crystal manufacturers are very in
formative sources on the design and use of oscil
lators in a wide variety of applications, and the 
reader is encouraged to become familiar with 
them. 

Colpitts Oscillator 

J-.......r" Y+---.---+----. + ~ Fr~m.~oop 

C
2 I--
Yt~ 

Lt 

Ct=f 
4584-12 

C1 is to adjust the center frequency, C2 DC iso
lates the control from the oscillator, and VI is the 
primary control device. C2 should be much larger 
than Cv so that V 1 has maximum modulation 
capability. The frequency of oscillation is given 
by: 

1 
F=--== 

27TJLCT 
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Choosing Loop Filter 
Components 
The PLL, VCO, and loop filter can be described 
as: 

• in (s) ---';0.:-+0 -~ -I KVsCO 1 T · out (0) 

t 01------1-
4584-13 

Where: 

Kd = phase detector gain in A/rad 

F(s) = loop filter impedance in V I A 

KVCO=VCO gain in rad/s/V 

N = internal or external divisor 

It can be shown that for the loop filter shown • 
below: 

Where wn = loop filter bandwidth, and, = loop 
filter damping factor. 
1. Kd = 300 JLA/27Trad = 4.77e-5A/rad for the 

EL4584C. 

2. The loop bandwidth should be about H-sync 
frequency/20, and the damping ratio should be 
1 for optimum performance. For our example, 
wn = 15.734 kHz/20 = 787 Hz::::: 5000 rad/S. 

3. N = 910 from table 1. 

VCOfrequency 14.31818M 
N = = = 910 

H-SYNCfrequency 15.73426k 

4. KvCO represents how much the VCO frequen
cy changes for each volt applied at the control 
pin. It is assumed (but probably isn't) linear 
about the lock point (2.5V). Its value depends 
on the VCO configuration and the varactor 



o 
""=" QC) 
at) 

~~~~~~~~~~~~~~~~~ 
transfer function Cv = F(V C), where V C is the 
reverse bias control voltage, and Cv is varactor 
capacitance. Since F(VC) is nonlinear, it is 
probably best to build the VCO and measure 
KvCO about 2.SV. The results of one such mea
surement are shown below. The slope of the 
curve is determined by linear regression tech
niques and equals KvCO' For our example, 

Lock Time 

KvcO = 6.05 Mrad/S/V. 

98 

97 
~ 

~ 96 
~ 
~ 95 

~ 94 

Fosc VB Ve. LC VCO 

./ 
,/ 

~ 
/ V 

V 

" " g- 93 ./ V LC Kvco = 6.05 Mrad/./V 

.: V 
92 ...... 
91 

2 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3 
Control Voltage, (V) 

4584-14 

5. Now we can solve for C3, C4, and R3' 

= ~Kvco = (4.77e - s)(6.0se6) = 0,01 F 
C3 Nw2n (910)(5000)2 p. 

C3 
C4 = - = 0.001 p.F 

10 

R3 = 2Ntwn = (2)(910)(1)(5000) = 31.5 kn 
KdKVCO (4.77e - s)(6.0se6) 

We choose R3 = 30 kn for convenience. 
6. Notice R2 has little effect on the loop filter de

sign. R2 should be large, around lOOk, and can 
be adjusted to compensate for any static phase 
error Te at lock, but if made too large, will 
slow loop response. If R2 is made smaller, Te 
(see timing diagrams) increases, and if R2 in
creases, T e decreases. For LDET to be low at 
lock, ITel < 50 ns. C4 is used mainly to attenu
ate high frequency noise from the charge 
pump. 

Let T = R3C3' As T increases, damping increases, 
but so does lock time. Decreasing T decreases 
damping and speeds up loop response, but in
creases overshoot and thus increases the number 
of hunting oscillations before lock. Critical damp
ing a = 1) occurs at minimum lock time. Because. 
decreased damping also decreases loop stability, 
it is sometimes desirable to design slightly over
damped a> 1), trading lock time for increased 
stability. 

Typical Loop Filter 

4584-16 

LC Loop Filter Components (Approximate) 

Frequency R2 R3 C3 C4 
(MHz) (k0l (k0l (p.F) (p.F) 

13.301 100 30 0.01 0.001 

13.5 100 30 0.01 0.001 

14.75 100 33 0.01 0.001 

17.734 100 39 0.01 0.001 

10.738 100 22 0.01 0.001 

12.273 100 27 0.01 0.001 

14.318 100 30 0.01 0.001 

Xtal Loop Filter Components (Approximate) 

Frequency R2 R3 C3 C4 
(MHz) (k0l (MOl (pF) (pF) 

13.301 100 4.3 68 6.8 

13.5 100 4.3 68 6.8 

14.75 100 4.3 68 6.8 

17.734 100 4.3 68 6.8 

10.738 100 4.3 68 6.8 

12.273 100 4.3 68 6.8 

14.318 100 4.3 68 6.8 
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PCB Layout Considerations 
It is highly recommended that power and ground 
planes be used in layout. The oscillator and filter 
sections constitute a feedback loop and thus care 
must be taken to avoid any feedback signal influ
encing the oscillator except at the control input. 
The entire oscillator/filter section should be sur
rounded by copper ground to prevent unwanted 
influences from nearby signals. Use separate 
paths for analog and digital supplies, keeping the 
analog (oscillator section) as short and free from 
spurious signals as possible. Careful attention 
must be paid to correct bypassing. Keep lead 
lengths short and place bypass caps as close to 
the supply pins as possible. If laying out a PCB 
to use discrete components for the VCO section, 

care must be taken to avoid parasitic capacitance 
at the OSC pins 3 and 5, and FILTER out (pin 
7). Remove ground and power plane copper 
above and below these traces to avoid making a 
capacitive connection to them. It is also recom
mended to enclose the oscillator section within a 
shielded cage to reduce external influences on the 
VCO, as they tend to be very sensitive to "hand
waving" influences, the LC variety being more 
sensitive than crystal controlled oscillators. In 
genera~, the higher the operating frequency, the 
more Important these considerations are. Self 
contained VCXO or VCO modules are already 
mounted in a shielding cage and therefore do not 
require as much consideration in layout. Many 
crystal manufacturers publish informative litera
ture regarding use and layout of oscillators which 
should be helpful. 
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The veo and loop filter section of the EL4583/4/5 demo board can be implemented in the following 
configurations: 

(l)VCXO 

Charge 
Pump 

Output 

(2)XTAL 

IN 
PIN 5 

1 

<0 

,"" .. ~u ,::;:, 1: r"] 
(3) LCTank 

IN 
PIN 5 

1 

Charge 
Pump)---~------~~~--" 

Output 
on 
<..l 
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Component Sources 
Inductors 
• Dale Electronics 

E. Highway 50 
PO Box 180 
Yankton, SD 57078-0180 
(605) 665-9301 

Crystals, VCXO, VCO Modules 
• Connor-Winfield 

2111 Comprehensive Drive 
Aurora, IL 60606 
(708) 851-4722 

• Piezo Systems 
100 K Street 
PO Box 619 
Carlisle, PA 17013 
(717) 249-2151 

• Reeves-Hoffman 
400 West North Street 
Carlisle, PA 17013 
(717) 243-5929 

• SaRonix 
151 Laura Lane 
Palo Alto, CA 94043 
(415) 856-6900 

• Standard Crystal 
9940 Baldwin Place 
EI Monte, CA 91731 
(818) 443-2121 

Varactors 
• Alpha Industries 

20 Sylvan Road 
Woburn, MA 01801 
(617) 935-5150 

• Motorola Semiconductor Products 
2100 E. Elliot 
Tempe, AZ 85284 
(602) 244-6900 

Note: These sources are provided for information 
purposes only. No endorsement of these compa
nies is implied by this listing. 
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Features 
• 36 MHz, general purpose PLL 
• 8 FSC timing. (Use the EL4584 

for 4 FSC> 
• Compatible with EL4583C Sync 

Separator 
• VCXO, Xtal, or LC tank 

oscillator 
• < 2nS jitter (VCXO) 
• User-controlled PLL capture and 

lock 
• Compatible with NTSC and PAL 

TV formats 
• 8 pre-programmed popular TV 

scan rate clock divisors 
• Single 5V, low current operation 

Applications 
• Pixel Clock regeneration 
• Video compression engine 

(MPEG) clock generator 
• Video Capture or digitization 
• PIP (Picture In Picture) timing 

generator 
• Text or Graphics overlay timing 

Ordering Information 
Part No. Temp. Range Package Outline 11 

EL4S8SCN -40"C to + 8SOC 16-Pin DIP MDPOO31 
EL4S8SCS -40"C to + 8SOC 16-Lead SO MDPOO27 

For 3Fsc and 4Fsc clock frequency operation, 
see EL4584 datasheet. 

Demo Board 
A demo PCB is available for this 
product. Request "EL4584/5 Demo 
Board". 

General Description 
The EL4585C is a PLL (Phase Lock Loop) sub system, designed 
for video applications, but also suitable for general purpose use 
up to 36 MHz. In a video application this device generates a 
TTL/CMOS compatible Pixel Clock (Clk Out) which is a multi
ple of the TV Horizontal scan rate, and phase locked to it. 

The reference signal is a horizontal sync signal, TTL/CMOS 
format, which can be easily derived from an analog composite 
video signal with the EL4583 Sync Separator. An input signal 
to "coast" is provided for applications where periodic distur
bances are present in the reference video timing such as VTR 
head switching. The Lock detector output indicates correct lock. 

The divider ratio is four ratios for NTSC and four similar ratios 
for the PAL video timing standards, by external selection of 
three control pins. These four ratios have been selected for com
mon video applications including 8 FSC, 6 FSC, 27 MHz (CCIR 
601 format) and square picture elements used in some worksta
tion graphics. To generate 4 FSC, 3 FSC, 13.5 MHz (CCIR 601 
format) etc., use the EL4584, which does not have the addition- • 
al divide by 2 stage of the EL4585. 

For applications where these frequencies are inappropriate or 
for general purpose PLL applications the internal divider can be 
by passed and an external divider chain used. 

FREQUENCIES and DIVISORS 

Function 6Fsc CCIR601 Square 

Divisor* 1702 1728 1888 
PAL Fosc (MHz) 26.602 27.0 29.5 

Divisor· 1364 1716 1560 
NTSC Fosc (MHz) 21.476 27.0 24.546 

CCIR 601 divisors yield 1440 pixels in the active portion of each line for NTSC and PAL. 

Square pixels format gives 640 pixels for NTSC and 768 pixels for PAL 

6Fsc frequencies do not yield integer divisors. 

"Divisor does not include ..;- 2 block. 

Connection Diagram 
EL4585 so, P-DIP Packages 

PROG B C ~ P PROG A 

PROG C C 2 IS P ClK OUT 

OSC OUT C 3 14 P Vss (D) 

Voo (A) C 4 13 ~ EXT DIVIDER 

OSC INC 5 

Vss (A) C 6 

CHARGE PUMP OUT C 7 

DlV SELECT C 8 
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1 2 ~ lOCK DETECT 

11 P Voo (D) 

10 ~H SYNC IN 

9 P COST 

8Fsc 

2270 
35.468 

1820 
28.636 
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Absolute Maximum Ratings (TA = 2S·C) 

Vee Supply 
Storage Temperature 
Lead Temperature 

Pin Voltages 
Operating Ambient Temperature Range 

7V 
- 6S'C to + 1S0·C 

260·C 

- O.SV to Vee + O.SV 
-40'Cto +8S'C 

Operating Junction Temp 
Power Dissipation 

Oscillator Frequency 

DC Electrical Characteristics (VDD = SV,TA = 2S·C unless otberwisenoted) 

Note 1: All inputs to OV, COAST floating. 
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12S'C 

400mW 
36MHz 



A C Electrical Characteristics (VDD = 5V, TA = 25'C unless otherwise noted) 

Parameter Conditions Temp Min Typ Max Units 

VCO Gain @ 20 MHz Test circnit 1 25'C 15.5 dB 

H-sync SIN Ratio VDD = 5V (Note 2) 25'C 35 dB 

Jitter VCXO Oscillator 25'C ns 

Jitter LC Oscillator (Typ) 25'C 10 ns 

Note 2: Noisy video signal input to EL4583C, H-sync input to EL4585C. Test for positive signal lock. 

Pin Description 
Pin No. Pin Name Function 

16,1,2 ProgA,B,C Digital inputs to select .,. N value for internal counter. See table below for values. 

3 Osc/VCOOut Output of internal inverter/oscillator. Connect to external crystal or LC tank VCO circuit. 

4 VDD(A) Analog positive supply for oscillator, PLL circuits. 

5 Osc/VCOIn Input from external VCO. 

6 VSS (A) Analog ground for oscillator, PLL circuits. 

7 Charge Pump Connect to loop filter. If the H-sync phase is leading or H-sync frequency> CLK'" 2N, current is 
Out pumped into the filter capacitor to increase VCO frequency. If H-sync phase is lagging or frequency 

< CLK'" 2N, current is pumped out of the filter capacitor to decrease VCO frequency. During coast 
mode or when locked, charge pump goes to a high impedance state. 

8 Div Select Divide select input. When high, the internal divider is enabled and EXT DIV becomes a test pin, 
outputting CLK'" 2N. When low, the internal divider is disabled and EXT DIV is an input from an 
external'" N. 

9 Coast Tri-state logic input. Low«Y,'VCe) = normal mode, Hi Z(or \/3 to %'VCe) = fast lock mode, 
High( > % ·V ce) = coast mode. 

10 H-sync In Horizontal sync pulse (CMOS level) input. 

11 VDD(D) Positive supply for digital, I/O circuits. 

12 LockDet Lock Detect output. Low level when PLL is locked. Pulses high when out of lock. 

13 ExtDiv External Divide input when DIV SEL is low, internal .,. 2N output when DIV SEL is high. 

14 Vss(D) Ground for digital, I/O circuits. 

15 CLKOut Buffered output of the VCO. 

Table 5. veo Divisors 
ProgA ProgB ProgC Div Value 
Pin 16 Pin 1 Pin 2 N 

0 0 0 1702 

0 0 1 1728 

0 1 0 1888 

0 1 1 2270 

1 0 0 1364 

1 0 1 1716 

1 1 0 1560 

1 1 1 1820 
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Timing Diagrams 
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, 
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H-Sync 
(input) 

-X: ~ 
~ 

I 

Ext. Div. Vi 
(input or output) 

Out of Lock Condition 

-....--- I ------. + I 
, , , 
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TI/ 
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TH 
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Typical Performance Curves - Contd. 
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Description Of Operation 5 volts, and it can source or sink a maximum of 

about 300ftA, so all frequency control must be 
accomplished with variable capacitance from the 
varactor within this range. Crystal oscillators are 
more stable than LC oscillators, which translates 
into lower jitter, but LC oscillators can be pulled 
from their mid-point values further, resulting in 
a greater capture and locking range. If the incom
ing horizontal sync signal is known to be very 
stable, then a crystal oscillator circuit can be 
used. If the H-sync signal experiences frequency 
var~ations of greater than about 300ppm, an LC 
OSCIllator should be considered, as crystal oscilla
tors are very difficult to pull this far. When H
sync input frequency is greater than CLK fre
quency+ 2N, charge pump output (pin 7) sources 
current into the filter capacitor, increasing the 
voltage across the varactor, thus tending to in
crease VCO frequency. Conversely, charge pump 
output pulls current from the filter capacitor 
when H-sync frequency is less than CLK + 2N 
forcing the VCO frequency lower. ' 

The horizontal sync signal (CMOS level, falling 
leading edge) is input to H-SYNC input (pin 10). 
This signal is delayed about 110nS, the falling 
edge of which becomes the reference to which the 
clock output will be locked. (See timing dia
grams.) The clock is generated by the signal on 
pin 5, OSC in. There are 2 general types of VCO 
that can be used with the EL4585C, LC and crys
tal controlled. Additionally, each type can be ei
ther built up using discrete components, includ
ing a varactor as the frequency controlling ele
ment, or complete, self contained modules can be 
purchased with everything inside a metal can. 
These modules are very forgiving of PCB layout, 
but cost more than discrete solutions. The VCO 
or VCXO is used to regulate the clock. An LC 
tank resonator has greater "pull" than a crystal 
controlled circuit, but will also be more likely to 
drift over time, and thus will generate more jit
ter. The "pullability" of the circuit refers to the 
ability to pull the frequency of oscillation away 
from its center frequency by modulating the volt
age on the control pin of the VCO module or va
ractor, and is a function of the slope and range of 
the capacitance-voltage curve of the varactor or 
VCO module used. The VCO signal is sent to the 
CLK out pin, divided by two, then sent to the 
divide by N counter. The divisor N is determined 
by the state of pins 1, 2, and 16 and is described 
in. table 5 above. The divided signal is sent, along 
wIth the delayed H-sync input, to the phase/fre
quency detector, which compares the two signals 
for phase and frequency differences. Any phase 
difference is converted to a current at the charge 
pump output, (pin 7). A VCO with a positive fre
quency deviation with control voltage must be 
u~ed. Varactors have negative capacitance slope 
wIth voltage, resulting in positive frequency de
viation with increasing control voltage for the os
cillators in figures 10 and 11 below. 

veo 
The VCO should be tuned so that its frequency of 
oscillation is very close to the required clock out
put frequency when the voltage on the varactor 
is 2.5 volts. VCXO and VCO modules are already 
tuned to the desired frequency, so this step is not 
necessary if using one of these units. The output 
range of the charge pump output (pin 7) is 0 to 

Loop Filter 
The loop filter controls how fast the VCO will 
respond to a change in phase comparator output 
stimulus. Its components should be chosen so 
that fast lock can be achieved, yet with a mini
mum of VCO "hunting", preferably in one to two 
oscillations of charge pump output, assuming the 
VCO frequency starts within capture range. If 
the filter is under-damped, the VCO will over and 
under-shoot the desired operating point many 
times before a stable lock takes place. It is possi
ble to under-damp the filter so much that the 
loop itself oscillates, and VCO lock is never 
achieved. If the filter is over-damped, the VCO 
response time will be excessive and many cycles 
will be required for a lock condition. Over-damp
ing is also characterized by an easily unlocked 
system because the filter can't respond fast 
enough to perturbations in VCO frequency. A se
verely over damped system will seem to endlessly 
oscillate, like a very large mass at the end of a 
long pendulum. Due to parasitic effects of PCB 
traces and component variables, it will take some 
trial and error experimentation to determine the 
best values to use for any given situation. Use the 
component tables as a starting point, but be 
aware that deviations from these values are not 
out of the ordinary. 
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Description Of Operation - Contd. 

External Divide 
DIV SEL (pin 8) controls the use of the internal 
divider. When high, the internal divider is en
abled and EXT DIV (pin 13) outputs the CLK 
out divided by 2N. This is the signal to which the 
horizontal sync input will lock. When divide se
lect is low, the internal divider output is disabled, 
and external divide becomes an input from an ex
ternal divider, so that a divisor other than one of 
the 8 pre-programmed internal divisors can be 
used. 

Normal Mode 
Normal mode is enabled by pulling COAST (pin 
9) low (below % *vcc). If H-SYNC and CLK -7- 2N 
have any phase or frequency difference an error 
signal is generated and sent to the cha;ge pump. 
The charge pump will either force current into or 
out of the filter capacitor in an attempt to modu
late the VCO frequency. Modulation will contin
ue until the phase and frequency of CLK -7- 2N 
exactly match the H-sync input. When the phase 
and frequency match (with some offset in phase 
that is ~ function of the VCO characteristics), the 
error signal goes to zero, lock detect no longer 
~>ulses high, and the charge pump enters a high 
Impedance state. The clock is now locked to the 
H-sync input. As long as phase and frequency 
differences remain small, the PLL can adjust the 
VCO to remain locked and lock detect remains 
low. 

Fast Lock Mode 
Fast Lock mode is enabled by either allowing 
coast to float, or pulling it to mid supply (be
twe~n % and % *Vcc). In this mode, lock is 
achieved much faster than in normal mode, but 
the clock divisor is modified on the fly to achieve 
this. If the phase detector detects an error of 
enough magnitude, the clock is either inhibited 
or reset to attempt a "fast lock" of the signals. 
Forcing the clock to be synchronized to the 
H-sync input this way allows a lock in approxi
mately 2 H-cycles, but the clock spacing will not 
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be regular during this time. Once the near lock 
condition is attained, charge pump output should 
be very close to its lock-on value, and placing the 
device into normal mode should result in a nor
mal lock very quickly. Fast lock mode is intended 
to be used where H-sync becomes irregular, until 
a stable signal is again obtained. 

Coast Mode 
Coast mode is enabled by pulling COAST (pin 9) 
high (above % *Vcc). In coast mode the internal 
phase detector is disabled and filter out remains 
in high impedance mode to keep filter out volt
age and VCO frequency as constant a possible. 
VCO frequency will drift as charge leaks from the 
filter capacitor, and the voltage changes the VCO 
operating point. Coast mode is intended to be 
used when noise or signal degradation result in 
loss of horizontal sync for many cycles. The 
phase detector will not attempt to adjust to the 
resultant loss of signal so that when horizontal 
sync returns, sync lock can be re-established 
quickly. However, if much VCO drift has oc
curred, it may take as long to re-lock as when 
restarting. 

Lock Detect 
Lock detect (pin 12) will go low when lock is es
tablished. Any DC current path from charge 
pump out will skew EXT DIV relative to H
SYNC in, tending to offset or add to the HOnS 
internal delay, depending on which way the extra 
current is flowing. This offset is called static 
phase error, and is always present in any PLL 
system. If, when the part stabilizes in a locked 
mode, lock detect is not low, adding or subtract
ing from the loop filter series resistor R2 will 
change this static phase error to allow LDET to 
go low while in lock. The goal is to put the rising 
edge of EXT DIV in sync with the falling edge of 
H-SYNC + HOnS. (See timing diagrams.) In
creasing R2 decreases phase error, while decreas
i?-g R2 increases phase error. (Phase error is posi
bve when EXT DIV lags H-SYNC.) The resist
ance needed will depend on VCO design or VCXO 
module selection. 
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Applications Information 

Choosing External Components 
1. To choose LC VCO components, first pick the 

desired operating frequency. For our example 
we will use 28.636MHz, with an H-sync fre
quency of IS.734kHz. 

2. Choose a reasonable inductor value (I-S/-tH 
works well). We choose 3.3/-tH. 

3. Calculate CT needed to produce FOSC' 

1 
Fosc = -27T---CJ=L=C=T 

1 

47T2(28.636e6)2(3.3e - 6) 
9.4pF 

4. From the varactor data sheet find Cv @ 2.SV, 
the desired lock voltage. Cv = 23pF for our 
SMV1204-I2 for example. 

S. C2 should be about 10Cv, so we choose 
C2 = 220pF for our example. 

6. Calculate Ct. Since 

then 

For our example, Ct = I7pF. (A trim cap may be 
used for fine tuning.) Examples for each frequen
cy using the internal divider follow. 

Typical LC VCO 

H Loop Filter 

::zs: (Alpha Industries T SMV1204-12 
or Similar) 

4585-10 

LC VCO Component Values (Approximate) 

Frequency Ll Cl C2 
(MHz) (",H) (pF) (pF) 

26.602 3.3 22 220 

27.0 3.3 21 220 

29.5 2.7 22 220 

35.468 2.2 16 220 

21.476 4.7 26 220 

24.546 3.9 22 220 

28.636 3.3 17 220 

Note: Use shielded inductors for optimum performance. 
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Typical Xtal VCO 

R1 

.---101---.... 
Y1 H Loop Filter 

Y 1 Fundamental 
Xtal 

::zs: ~~IPha Industries T SMV1204-12 
or Similar) 
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Typical Application 
Horizontal genlock provides clock for an analog to digital converter, digitizing analog video. 

COMPOSITE VIDEO ~ DC RESTORE A2D 

INPUT --.... --.--------1 
I ANTI-ALIAS FILTER I DIGIT AL DATA 

t---O--_J 
EL2090 CLOCK 

OPTIONAL 

VIDEO SYNC 
SEPARATOR 

BACK PORCH CLAMP 

HORIZONTAL SYNC OUT 

EL4583 

Xtal VCO Component Values (Approximate) 

Frequency Rl Cl C2 
(MHz) (k!l) (pF) (",F) 

26.602 300 15 .001 

27.0 300 15 .001 

29.5 300 15 .001 

35.468 300 15 .001 

21.476 300 15 .001 

24.546 300 15 .001 

28.636 300 15 .001 

The above oscillators are arranged as Colpitts os
cillators, and the structure is redrawn here to em
phasize the split capacitance used in a Colpitts 
oscillator. It should be noted that this oscillator 
configuration is just one of literally hundreds 
possible, and the configuration shown here does 
not necessarily represent the best solution for all 
applications. Crystal manufacturers are very in
formative sources on the design and use of oscil
lators in a wide variety of applications, and the 
reader is encouraged to become familiar with 
them. 
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HORIZONTAL 
GENLOCK 

EL4585 

PIXEL CLOCK 

.nn.r 

Colpitts Oscillator 
4585-18 

4585-12 

Cl is to adjust the center frequency, C2 DC iso
lates the control from the oscillator, and Vl is the 
primary control device. C2 should be much larger 
than Cv so that VI has maximum modulation 
capability. The frequency of oscillation is given 
by: 

1 
F=-~= 

27T~LCT 
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Choosing Loop Filter 
Components 
The PLL, VCO, and loop filter can be described 
as: 

• ;n (s) ---';0:--G -!!l!lJ --I KV,CO 1 T · out (s) 

t 01------'-
4585-13 

Where: 

Kd = phase detector gain in A/rad 

F(s) = loop filter impedance in V / A 

KVCO= VCO gain in rad/s/V 

N = Total internal or external divisor (see 3 be
low) 

It can be shown that for the loop filter shown 
below: 

Where Clln = loop filter bandwidth, and ,= loop 
filter damping factor. 
1. Kd = 300,uA/2'7Trad = 4.77e-SA/rad for the 

EL4S8SC. 
2. The loop bandwidth should be about H-sync 

frequency/20, and the damping ratio should be 
1 for optimum performance. For our example, 
Clln = 15. 734kHz120 = 787 Hz::::: 5000 rad/S. 

3. N = 910x2 = 1820 from table 1. 

FVCO 28.636M 
N = -- = = 1820 = 910x2 

FHsync 1S.73426k 
4. KvCO represents how much the VCO frequen

cy changes for each volt applied at the control 
pin. It is assumed (but probably isn't) linear 
about the lock point (2.SV). Its value depends 
on the VCO configuration and the varactor 

transfer function Cv = F(V C), where V C is the re
verse bias control voltage, and Cv is varactor ca
pacitance. Since F(Vc) is nonlinear, it is probably 
best to build the VCO and measure Kvco about 
2.SV. The results of one such measurement are 
shown below. The slope of the curve is deter
mined by linear regression techniques and equals 
Kvco. For our example, Kvco=9.06 Mrad/s/V. 
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5. Now we can solve for C3, C4, and R3. 

KdKVCO (4.77e-S)(9.06e6) 
C3 = NClln2 = (1820)(5000)2 = 0.01,uF 

2N,Clln (2)(1820)(1)(5000) 
R3 = = = 42.1k!l 

KdKVCO (4.77e-S)(9.06e6) 
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We choose R3 = 43k!l for convenience. 
6. Notice R2 has little effect on the loop filter de

sign. R2 should be large, around lOOk, and can 
be adjusted to compensate for any static phase 
error T () at lock, but if made too large, will 
slow loop response. If R2 is made smaller, T() 
(see timing diagrams) increases, and if R2 in-



creases, T8 decreases. For LDET to be low at Xtal Loop Filter Components (Approximate) 
10ck,IT81 < SOnS. C4 is used mainly to attenuate Frequency R2 R3 C3 C4 
high frequency noise from the charge pump. The (MHz) (kO) (MO) (pF) (pF) 
effect these components have on time to lock is 

26.602 100 4.3 68 6.8 illustrated below. 
27.0 100 4.3 68 6.8 

Lock Time 29.5 100 4.3 68 6.8 

Let T = R3C3' As T increases, damping increases, 35.468 100 4.3. 68 6.8 
but so does lock time. Decreasing T decreases 
damping and speeds up loop response, but in- 21.476 100 4.3 68 6.8 

creases overshoot and thus increases the number 24.546 100 4.3 68 6.8 
of hunting oscillations before lock. Critical damp-

28.636 100 4.3 68 6.8 
ing a = 1) occurs at minimum lock time. Because 
decreased damping also decreases loop stability, 
it is sometimes desirable to design slightly over- PCB Layout Considerations 
damped a> 1), trading lock time for increased It is highly recommended that power and ground 
stability. planes be used in layout. The oscillator and filter 

Typical Loop Filter sections constitute a feedback loop and thus care 

I 
must be taken to avoid any feedback signal influ-

I encing the oscillator except at the control input. 
Charge R2 The entire oscillator/filter section should be sur-pump~TovcO rounded by copper ground to prevent unwanted 

0.'",: t:J' influences from nearby signals. Use separate 
paths for analog and digital supplies, keeping the 

R3 
analog (oscillator section) as short and free from 
spurious signals as possible. Careful attention 
must be paid to correct bypassing. Keep lead 

4585-16 lengths short and place bypass caps as close to 

• 
LC Loop Filter Components (Approximate) the supply pins as possible. If laying out a PCB 

Frequency R2 R3 C3 C4 
to use discrete components for the VCO section, 
care must be taken to avoid parasitic capacitance 

(MHz) (k0) (kO) (JLF) (JLF) 
at the OSC pins 3 and 5, and FILTER out (pin 

26.602 100 39 0.01 0.001 7). Remove ground and power plane copper 
27.0 100 39 0.01 0.001 above and below these traces to avoid making a 

29.5 100 43 0.01 0.001 
capacitive connection to them. It is also recom-
mended to enclose the oscillator section within a 

35.468 100 51 0.01 0.001 shielded cage to reduce external influences on the 

21.476 100 30 0.01 0.001 VCO, as they tend to be very sensitive to "hand 

24.546 100 36 0.01 0.001 
waving" influences, the LC variety being more 
sensitive than crystal controlled oscillators. In 

28.636 100 43 0.01 0.001 general, the higher the operating frequency, the 
more important these considerations are. Self 
contained VCXO or VCO modules are already 
mounted in a shielding cage and therefore do not 
require as much consideration in layout. Many 
crystal manufacturers publish informative litera-
ture regarding use and layout of oscillators which 
should be helpful. 
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EL4585/4 Demo Board-Contd. 
The VCO and loop filter section of the EL4583/4/5 Demo Board can be implemented in the following 
configurations: 

(l)VCXO 

Charge 
Pump>---"---'~~--~ 

Output 

(2)XTAL 

VSUPPLY 

OSC 
IN OUT 

PIN 5 PIN 3 

.& .& 
R2 

Y1 

," .•. ~" " ,::;:. I: r"] r 
(3) LCTank 

OSC 
IN OUT 

PIN 5 PIN 3 

.& .& 

L 1 
"-
"-

0 

'" '" Charge PIN 7 
Pump 

" Output .... 

'" 
::\. <.> 

<.> 0 
.,; 

U 
;;:: 0< 

0 

'" 
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Component Sources 

Inductors 
• Dale Electronics 

E. Highway 50 
PO Box 180 
Yankton, SD 57078-0180 
(605) 665-9301 

Crystals, VCXO, VCO Modules 
• Connor-Winfield 

2111 Comprehensive Drive 
Aurora, IL 60606 
(708) 851-4722 

• Piezo Systems 
100 K Street 
PO Box 619 
Carlisle, PA 17013 
(717) 249-2151 

• Reeves-Hoffman 
400 West North Street 
Carlisle, PA 17013 
(717) 243-5929 

• SaRonix 
151 Laura Lane 
Palo Alto, CA 94043 
(415) 856-6900 

• Standard Crystal 
9940 Baldwin Place 
EI Monte, CA 91731 
(818) 443-2121 

Varactors 
• Alpha Industries 

20 Sylvan Road 
Woburn, MA 01801 
(617) 935-5150 

• Motorola Semiconductor Products 
2100 E. Elliot 
Tempe, AZ 85284 
(602) 244-6900 

Note: These sources are provided for information 
purposes only. No endorsement of these compa
nies is implied by this listing. 
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DRIVERS/RECEIVERS-COMMUNICATIONS 

Differential Line Driver IReceiver Amplifiers at ± 5V sand ± 15V s 
• EL1501C Differential Line Driver/Receiver SLIDE* - ADSL Twisted Pair Line Interface. 
• EL4430/31C Differential Line Receiver 
• EL2140/41C Differential Line Driver 
• EL2142C Differential Line Receiver 

VOUT 
diff 

Part # Function Comments pk-pk 

Min 

Up to ±15Vs 

EL1501C Driver forADSL 45Vp_p 

Receiver Implements 22.5Vp_p 
Hybrid 

"EL4430C Receiver GoodCMRR 

"EL4431C Receiver GoodCMRR 

Up to ±5Vs 

EL2140C Driver Fixed Gain 12Vp_p 

EL2141C Driver Adjustable 12Vp_p 

Gain 

EL2142C Receiver Match for 
EL2140/41 

_. 

'Subscriber Line Interface DEvice™ 
•• See Amplifier IBuffer Section for datasheet 

~~~< 

Video on Twisted Pair - ADSL/HDSL Twisted Pair Receiver. 
Video or High Speed Data on Twisted Pair - HDSLI ADSL Twisted Pair Driver. 
Video or High Speed Data on Twisted Pair - HDSLI ADSL Twisted Pair Receiver. 

THD Band· 
Supply 

lOUT at width Test Slew Diff Diff Is at Package 
Voltage 

pk VOUT. -3dB Gain Rate Gain Phase ±15V P = Pins 

lOUT at Gain 
Range N = PDIP 

S = SOIC 
pk Typ Typ Typ Typ Typ Typ Min Max 

150mA -60dBc 63 MHz +10Av 1000V/",s 0.17% 0.06' 36mA ±4.5V ±16V 20P-S 

31mA -72dBc 80 MHz - lAV 600V/",s 

82 MHz +lAV 380V/",s 0.02% 0.02' 16mA ±4.SV ±16V 8P-N-S 

80 MHz +2Av 380V/",s 0.04% 0.08' 16mA ±4.SV ±16V 8P-N-S 

SOmA -75dBc ISO MHz + 2AV 800V/",s 0.24% 0.16' llmA ±3V ±6V 8P-N-S 

SOmA -7SdBc ISO MHz +2AV 800V/",s 0.24% 0.16' llmA ±3V ±6V 8P-N-S 

ISO MHz +lAv 400V/",s 0.2% 0.2' llmA ±3V ±6V 8P-N-S 

-------

~-



Features 
• Complete ADSL differential 

driver and receiver 
• 45 V p_p differential output drive 

into 200n 
• - 60 dB typical output distortion 

at full output at 2 MHz 
• -73 dB typical receive distortion 

at 15 V p-p levels at 2 MHz 
• Drives 8 single-ended video loads, 

or 4 S-VHS loads, or 4 
differential video loads 

• Power surface-mount package 

Applications 
• ADSL line interface 
• HDSL line driver 
• Video distribution amplifier 
• Video twisted-pair line driver 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL1SOICM -40'C to +8S'C 20-Lead SO MDPOO27 

General Description 
The EL1501C contains two wideband high-voltage drivers and 
two receive amplifiers. It is designed to drive 45 Vp_p signals at 
2 MHz into a 200n load differentially with very low distortion. 
The receive amplifiers also provide very low distortion and 
noise, and with external resistors can be wired as a hybrid cou
pler. 

All amplifiers are of the current-feedback type, glvmg high 
slewrates while consuming moderate power. They retain fre
quency response over a wide range of externally set gains. 

The EL1501C operates on ± 5V to ± 15V supplies, and retains 
its bandwidths and linearities over the supply range. 

Eight center package pins are used as ground connections and 
heat spreaders, allowing a dissipation of 2W at the maximum 
ambient temperature of 85°C. 

V1N-.Driver+ 1 t----, 
VOUT" Driver+ 2 

EL1501C 

Voup Receiver+ 9 

'-----tIl V1N -. Receiver-

1501·1 

*Subscriber Line Interface Device 
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Absolute Maximum Ratings (TA = 25'C) 

Vs V+ toV- Supply Voltage 33V 
V+ V + Voltage to Ground -0.3Vto +33V 
V- V - Voltage to Ground -33Vto 0.3V 

VIN+ Driver VIN+ Voltage V- toV+ 

lIN Current into any Input 8mA 
lOUT, driver Output Current from 

Driver (Static) 75mA 

lOUT, rec Output Current from 
Receiver (Static) 

PD Maximum Power Dissipation 
TA Operating Temperature Range 
Ts Storage Temperature Range 

15mA 
See Curves 

-40"Cto + 85'C 
-60'Cto + 150"C 

Open-Loop DC Electrical Characteristics Power supplies at ±15V, RF for both drivers and 
receivers is 1 kO, RL for driver is 750, RL for receiver is 2000. TA = 25'C. Amplifiers tested separately. 
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Closed-Loop AC Electrical Characteristics 
Power supplies at ± 1SV, RF for both drivers and receivers is S100, RL for drivers is 7S0, RL for receivers is 2000. CL = 1S pF. 
Driver gain is + 10 and receiver gain is -1. TA = 2SoC. Amplifiers tested separately. 

Parameter 

HD,driver 

dG,driver 

dB, driver 

Description 

Total Harmonic Distortion of Driver 
f = 2 MHz, Supplies at ± 1SV, 22.S Vp-p Output 
f = 2 MHz, Supplies at ± 9V, 10.S V p-p Output 
f = 300 kHz, Supplies at ± SV, 6 Output 

Driver Differential Gain Error, Standard NTSC Test 
Av = +2, Vs = ±12V, RL = 37.S0 

Driver Differential Phase Error, Standard NTSC Test 
= ± 12V, RL = 37.S0 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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The EL1501C consists of two power line drivers 
and two receiver amplifiers that can be connected 
for full duplex differential line transmission and 

reception. The amplifiers are designed to be used 
with signals up to 4 MHz and produce low distor
tion levels. Here is a typical interface circuit: 

Driver .... --.... ----1 
Input 

RtN 

Re~~~! +-____ +_<. 

Receive 
Amplifiers 

Drive 
Amplifiers 

R'F R' 

R'F RtN' 

RoUT 

RoUT 

Typical Line Interface Connections 
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Applications Information -- Contd. 
The drive amplifiers are wired one in positive 
gain and the other in negative gain configura
tions to generate a differential output for a sin
gle-ended input. The drivers will exhibit very 
similar frequency responses for gains of three or 
greater and thus generate very small common
mode outputs over frequency, but for low gains 
the two drivers RF'S need to be adjusted to give 
similar frequency responses. The positive-gain 
driver will generally exhibit more bandwidth and 
peaking than the negative-gain driver. The Typi
cal Performance Curves section of this data sheet 
has a plot of driver responses matched at gains of 
+ 1 and -1 using feedback resistors of 910n and 
7S0n, respectively. 

The receiver amplifiers are wired as a hybrid cou
pler in the circuit. They reject the drivers' output 
signal (to the matching accuracy of the line im
pedance and resistors) while passing the signal 
coming from the line. Their outputs are still dif
ferential signals and can be converted to single
ended form by using a wideband instrumentation 

amplifier such as the EL4430. In a simplistic 
analysis we set RoUT = ZLINE/2 and R' = 
2*RIN" Signals coming in from the line convert 
to currents through the RIN'S and pass through 
the receive amplifiers. Driver outputs pass 
through the R' resistors and produce signal cur
rents, but they are cancelled by opposite-polarity 
currents through the RIN' resistors. 

The actual value of ROUT is increased from 
ZLINE/2 to make its value in parallel RIN' equal 
ZLINE/2 and better match the line. For proper 
hybrid balance, R' is increased to compensate for 
RoUT'S adjustment. For ZLINE = 130n and 
RIN' = S10n, we set ROUT = 74.Sn and R' = 
1.17 kn. 

For operating frequencies below 1 MHz, or in 
cases where the hybrid rejection of the drive sig
nal is not very critical, the receive amplifiers can 
be wired to provide a single-ended hybrid coupler 
output: 

%UT Line+ 

Drive J Amplifiers ZLiNE 

~~~ ______ -.~%~UTr-~~~L~ine-

Rec~~~ +-----4_< 

R' F 

R' 

R' F 

Receive Amplifiers Providing Hybrid and Differential Conversion 
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Applications Information - Contd. 
Common-mode rejection is as good as resistor 
and line impedance match, as before, but there is 
a 4 ns time mismatch due to cascading the re
ceive amplifiers. Thus, rejection of common
mode interference will degrade above 1 MHz. 

If the receiver amplifiers are not used, their - in
puts and outputs may simply be left open. This 
will reduce power consumption by 2 rnA per am
plifier. 

If a differential signal is available to the drive 
amplifiers, they may be wired so: 

-+------I~ 
>-...... ---+ 

~~ I 
2~ 

l--b>----l-----+ 
-+------1+ 
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Drivers Wired for Differential Input 

Each amplifier has identical positive gain con
nections, and optimum common-mode rejection 
occurs. Further, DC input errors are duplicated 
and create common-mode rather than differential 
line errors. 

Input Connections 
The receiver amplifiers are not sensitive to source 
impedances, since they are wired for inverting 
gain. The drivers are somewhat sensitive to 
source impedance, however. In particular, they 
do not like being driven by inductive sources. 
More than 100 nH of source impedance can cause 
ringing or even oscillations. This inductance is 
equivalent to about 4" of unshielded wiring, or 
6" of unterminated transmission line. Normal 
high-frequency construction obviates any such 
problem. 

Resistive sources greater than 2 kfi will cause the 
driver to exhibit increased harmonic distortion. 
Most amplifier output stages are much lower in 
impedance and give no problem. 
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Power Supplies 
The EL1501C works well over the ± 5V to ± 15V 
supply range. Frequency response varies only 
slightly, and output drive capability is constant. 
The major supply voltage issue is power dissipa
tion. The internal dissipation PD for an EL1501C 
running on supply voltages of ± V s and deliver
ing a DC output voltage Vo into a load of RL is 

Po= 2 X Vs X Is + 1: (Vs - Vo) X Vo/RL. 

where the ~ indicates that all four amplifiers can 
produce dissipation by each driving a load. If 
outputs are sinusoidal signals of Vo volts per am
plifier peak-to-peak rather than DC the dissipa
tion is 

Po = 2 X Vs X Is + 

~f~-~+~ 
~ RL 

Formula 1 

As a worst-case example, assume the drivers are 
running on ± 15.75V supplies, each delivering 
19.4 Vp_p outputs into 119fi (the parallel of resis
tors the driver in the first schematic would see), 
and quiescent supply current IS is the maximum 
43 mA, and is substantially constant over tem
perature. The quiescent dissipation (the first 
term of the equation) is 1.42W, and each driver 
adds 0.44W, for a total of 2.24W dissipation. The 
19.4 Vp-p output level was chosen to produce the 
maximum internal dissipation: that is, Vo = 
1.234 X Vs is the most dissipative output level. 

The power supplies should be well bypassed close 
to the EL1501C. 3.3 ,..,F tantalum capacitors work 
well. Since the load currents are differential, they 
need not travel through the board copper and set 
up ground loops that can return to amplifier in
puts. Due to the class AB output stage design, 
these currents have heavy harmonic content. If 
the ground terminal of the positive and negative 
bypass capacitors are connected to each other di
rectly and then returned to circuit ground, no 
ground loops will occur. This scheme is employed 
in the layout of the EL1501C demonstration 
board, and documentation can be obtained from 
the factory. 
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Heat-Sinking 
To disperse this heat, the center four leads on 
either side of the package are internally fused to 
the mounting platform of the die. Heat flows 
through the leads into the circuit board copper, 
then spreading and convecting to air. Thus, the 
ground plane on the component side of the board 
becomes the heatsink for the ELISOIC. This has 
proven to be a very effective technique, but sev
eral aspects of board layout should be noted. 
First, the heat should not be shunted to internal 
copper layers of the board nor backside foil, since 
the feedthroughs and fiberglass of the board are 
not very thermally conductive. To obtain the 
best thermal resistance of the mounted part, 8JM' 
the topside copper ground plane should have as 
much area as possible and be as thick as practi
cal. If possible, the solder mask can be cut away 
from the ELISOIC to improve thermal resistance. 
Finally, metal heatsinks can be placed against 
the board close to the part to draw heat toward 
the chassis. 

The package will exhibit a 8JM of 80·C/W with 
no assistance from circuit board heatsinks. This 
will suffice for the lowest supply voltages and 
output levels. The best 8JM that can be obtained 
is about 30·C/W, and a practical layout would 
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produce 43·C/W. More detail is available from 
the Elantec application note Measuring the 
Thermal Resistance of Power Surface-Mount 
Packages. This plot summarizes the note's re
sults: 
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Thermal Resistance of EL1501C 
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For a given 8 JM' the maximum Po is 

1501-28 

where TMAX = ISO·C, the maximum die temper
ature in a plastic package, and T A is the ambient 
air temperature. 



Output Loading 
While the drive amplifiers can output in excess of 
250 mA, the internal metallization is not de
signed to carry more than 75 rnA of steady DC 
current and there is no current-limit mechanism. 
This allows safely driving peak sinusoidal cur
rents of 11' X 75 rnA, or 236 mAo This current is 
more than that required to drive line impedances 
to large output levels, but output short circuits 
cannot be tolerated. The series output resistor 
will usually limit currents to safe values in the 
event of line shorts. Driving lines with no series 
resistor is a serious hazard. 

The amplifiers are sensitive to capacitive loading. 
More than 25 pF will cause peaking of the fre
quency response. The same is true of badly termi
nated lines connected without a series matching 
resistor. 

Feedback Resistor Value 
The bandwidth and peaking of the amplifiers 
varies with supply voltage somewhat and with 
gain settings. The receive amplifiers are connect
ed in inverting mode and will produce a narrow 
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range of characteristics, but the drives can be 
used for a wide range of gains. The feedback re
sistor values can be adjusted to produce an opti
mal frequency response. Here is a series of resis
tor values that produce an optimal driver fre
quency response (1 dB peaking) for different sup
ply voltages and gains: 

Optimum Driver Feedback Resistor for Various 
Gains and Supply Voltages 

Supply Driver Voltage Gain 
Voltage -1 +1 2.5 5 10 

±5V 750n 910n 750n 680n 620n 
±9V 680n 820n 680n 620n 510n 
±15V 620n 750n 620n 510n 470n 

Driving Video Loads 
Each driver amplifier can drive four doubly-ter
minated video loads while operating on ± 5V 
supplies. Larger supply voltages slightly improve 
differential gain and phase distortions, which are 
around 0.2% and 0.10 for single-ended outputs ... 
with the standard NTSC test. Differential-output ... 
distortion drops to 0.09% and 0.080. 
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EL1501 Macromodel 

•• * •••• *.** ••••••••••• *.* •••• ** •••••••••• * •• _ •••••••••••• * •• _ •••• -

Applications Hint. Pins 4,5,6,7,14, IS, 16 & 17 must be connected to 

ground (node 0) for proper operation. Use resistors whose value is 1e-6 ohms. 
************************************************** •• ** •••••••••••• 
• Connections: 

• VIN-,DR+ 

VOUT,DR+ 

I v-
I I GND 

I I I GND 

I I I I GND 

I I I I I GND 

I I I I I I VIN+,DR+ 

I I I I I I I VOUT,Rcvr+ 

I I I I I I I 
I I I I I I I 

• 1 2 3 4 5 6 7 8 

.subckt EL1501/EL 1 2 34567891011121314151617181920 

.... "'.* .. ** ** "' .. **.* .... "'.* •• * ... 
'Driver + (Amplifier A) 

e1a 30 0 8 0 1.0 

visa 30 43 OV 

h2a 43 44 vIa 1.0 

rIa 145 25 
lla 45 44 2.5nH 

ila801,..A 

i2a 1 0 5,..A 

hia 46 0 visa 600 

r2a463I1K 

d1a 31 0 dc1amp 

d2a 0 31 dc1amp 

e2a 32 0 31 0 0.0016666 
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I VIN-,Rcvr+ 
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EL1501 Macromodel- Contd. 

13a 32 33 0.5,...H 

c1a3301pF 

r5a330200 

gla 0 34 33 0 1.0 

rola 34 0 2Meg 

c2a340 3pF 

q1a 3 34 35 qp 

q2a 18 34 36 qn 

q3a 18 35 37 qn 

q4a 3 36 38 qp 

r7a3722 

r8a3822 

i3a 18 35 3.3mA 

i4a 36 3 3.3mA 

ivosa 0 42 2mA 

via 42 0 OV 

*Driver- (Amplifier B) 

e1b 50 0 13 0 1.0 

visb 50 63 OV 

h2b 63 64 v1b 1.0 

rib 20 65 25 

llb 65 64 2.5nH 

ilb 13 0 l,...A 

i2b 20 0 5,...a 

h1b 66 0 visb 600 

r2b 66 SilK 

d1b 51 0 dclamp 

d2b 0 51 dciamp 

e2b 52 0 51 0 0.0016666 

13b 52 53 0.5,...H 

c1b 53 0 1pF 

r5b 53 0 200 

glbO 54 53 0 1.0 

rolb 54 0 2Meg 

c2b 54 0 3pF 

glb 3 54 55 qp 

q2b 18 54 56 qn 
q3b 18 55 57 qn 

q4b3 5658 qp 

r7b 57192 

r8b 5819 2 

i3b 18 55 3.3mA 

i4b 56 3 3.3mA 

ivosb 0 62 2mA 

v1b6200V 
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EL1501 Macromodel- Contd. 

*Receiver+ (Amplifier C) 

rpin1 4 5 1e-6 

rpin2 5 6 1e-6 

rpin3 6 7 1e-6 

rpin4 7 14 1e-6 

ele700701.0 

vise 7083 OV 

h2e 83 84 v1b 1.0 

ric 1085 25 

lle 85 84 2.5nH 

ile701/lA 

i2e 100 5p.A 

hIe 86 0 vise 600 

r2e 86 711K 

dIe 71 0 dclamp 

d2e 0 71 dclamp 

e2e 72 0 71 0 0.0016666 

13e 72 73 0.5p.H 

e1e 73 0 1pF 

r5e 73 0 200 

gle 0 74730 1.0 

role 74 0 2Meg 

e2e 74 0 4.1pF 

q1e 3 74 75 qp 

q2e 18 74 76 qn 

q3e 18 75 77 qn 
q4e 3 76 78 qp 

r7e 77 9 2 

r8e 7892 

i3e 18 75 3.3mA 

14e 76 3 3.3mA 
ivose 0 82 2mA 

vIe 82 OOV 
... ** •••• *" *.*.* oil. * * * ** oil. oil. * *".* ** ** 'II"'. 
*Receiver- (Amplifier D) 

rpin517161e-6 

rpin6 16 15 1e-6 

rpin7 15 141e-6 

eld 90 0 14 0 1.0 

visd 90 103 Ov 

h2d 103 104 vld 1.0 

rid 11105 25 

lld 105 104 2.5nH 

ild 7 0 1p.A 

i2d 11 05p.A 

hid 106 0 visd 600 

r2d 106911K 
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EL1501 Macromodel- Contd. 

d1d 91 0 dclamp 

d2d 0 91 dclamp 

e2d 92 0 91 0 0.0016666 

l3d 92 93 0.51£H 
cld 93 0 1pF 

r5d 93 0 200 
gld 0 94 93 0 1.0 

rold 94 0 2Meg 

c2d 94 04.1pF 

q1d 3 94 95 qp 

q2d 1S 94 96 qn 

q3d 1S 95 97 qn 

q4d3 96 9Sqp 

r7d 97122 

rSd 9S 12 2 

i3d 1S 95 3.3mA 
i4d 96 3 3.3mA 

ivosd 0 102 2mA 

vld 102 OOV 

• Model 

.model qn npn(is= 5e-15 bf= 350 tf= 0.1nS) 

.model qp pnp(is= 5e-15 bf= 350 tf= 0.1nS) 

.model dclamp d(is=Ie-30 ibv=0.266 bv= 1.9 n=4) 

.ends 

II 

4-17 



o 
'1""'1 
~ 
'1""'1 
~ 
........ 

~ .................................................... .. 
'I""'Ir--------------------------------------------------------------------------------------, 
~ 

~ 

aO 
Q) 
Q) 
'1""'1 

t 

~ 

Features 
• Fully differential inputs, outputs, 

and feedback 
• Differential input range ± 2.3V 
• 150 MHz 3 dB bandwidth 
• 800 V / ,""S slew rate 
• - 55 dB distortion at 3 MHz 
• -75 dB distortion at 100 kHz 
• ± 5V supplies or + 6V single 

supply 
• 50 rnA minimum output current 
• Output swing (200n load) to 

within 1.5V of supplies 
(14V pk-pk differential) 

• Low power-ll mA typical supply 
current 

Applications 
• Twisted pair driver 
• Differential line driver 
• VGA over twisted pair 
• ADSL/HDSL driver 

• Single ended to differential 
amplification 

• Transmission of analog signals in 
a noisy environment 

Ordering Information 
Pari No. Temp. Range Package Outline # 

EL2140CN -4O"Cto +8S'C S-pinPDIP MDPOO31 

EL2140CS -40"C to + 8S'C 8-pinSOIC MDPOO27 

EL2141CN -40"C to + 8S'C 8-pin PDIP MDPOO31 

EL2141CS -40"C to + 8S'C 8-pinSOIC MDPOO27 

General Description 
The EL2140C/2141C is a very high bandwidth amplifier whose 
output is in differential form, and is thus primarily targeted for 
applications such as driving twisted pair lines, or any applica
tion where common mode injection is likely to occur. The input 
signal can be in either single-ended or differential form, but the 
output is always in differential form. 

On the EL2141C, two feedback inputs provide the user with the 
ability to set the device gain, (stable at minimum gain of two), 
whereas the EL2140C comes with a fixed gain of two. 

The output common mode level is set by the reference pin 
(VREF), which has a -3 dB bandwidth of over 100 MHz. Gen
erally, this pin is grounded, but it can be tied to any voltage 
reference. 

The transmission of ADSL/HDSL signals requires very low 
distortion amplification, so this amplifier was designed with 
this as a primary goal. The actual signal distortion levels de
pend upon input and output signal amplitude, as well as the 
output load impedance. (See distortion data inside.) 

Both outputs (V OUT, V OUTB) are short circuit protected to 
withstand temporary overload condition. 

Connection Diagrams 
EL2140C 

2140-1 

EL2141C 

2140-2 

o~ ____________________________________________________________ ~ 
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Absolute Maximum Ratings 
Supply Voltage (V ee-VEE) OV-12.6V 

±60mA Maximum Output Current 
Storage Temperature Range 
Operating Junction Temperaure 

-6S·C to + lS0·C 
+lS0·C 

DC Electrical Characteristics 

~ 
~ ..... 
oIlo. o 
~ 
"
~ ..... 
oIlo. ..... 

Recommended Operating Temperature - 40"C to 8S·C ~ 
VIN, VINB, VREF VEE+0.8V (MIN) to Vee-0.8V (MAX) 

VIN-VINB ±SV 

Vee = +SV, VEE = -SV, TA = 2S·C, VIN = OV, RL = 200, unless otherwise specified 

Description 

III 
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~ AC Electrical Characteristics 
Vee = +sv, VEE = -sv, TA = 2S'C, VIN = OV, RLOAD = 200, unless otherwise specified 

Note 1: Distortion measurement quoted for VOUT-VOUTB = 12V pk-pk, RLOAD = 2000, Vgain = 8. 

Pin Description 
Pin No. 

Pin Name Function 
EL2140C EL2141C 

1 2 VIN Non-inverting Input 

3 VINB Inverting Input (EL2140C only) 

1 FBP Non-inverting Feedback Input. Resistor R1 must be Connected from this Pin to VOUT. 
(EL2141C only) 

4 FBN Inverting Feedback Input. Resistor R3 must be Connected from this pin to VOUTB. 
(EL2141C only) 

4 3 VREF Output Common-mode Control. The Common-mode Voltage of VOUT and VOUTB will 
Follow the Voltage on this Pin. Note that on the EL2141, this pin is also the VINB pin. 

S S VOUTB Inverting Output 

6 6 Vee Positive Supply 

7 7 VEE Negative Supply 

8 8 VOUT Non-inverting Output 
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Typical Performance Curves 
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Applications Information 

EL2141C 

RI 

R3 

GAIN = R1 + R2 + R3 
R2 

Choice of feedback resistor 

2140-13 

There is little to be gained from choosing resistor 
R2 values below 400.0. and, in fact, it would only 
result in increased power dissipation and signal 
distortion. Above 400.0., the bandwidth response 
will develop some peaking (for a gain of two), but 
substantially higher resistor R2 values may be 
used for higher voltage gains, such as up to 2 k.o. 
at a gain of eight before peaking will develop. R1 
and R3 are selected as needed to set the voltage 
gain, and while R1 = R3 is suggested, the gain 
equation above holds for any values (see distor
tion for further suggestions). 

Capacitance considerations 
As with many high bandwidth amplifiers, the 
EL2140C/2141C prefer not to drive highly capac
itive loads. It is best if the capacitance on VOUT 
and VOUTB is kept below 10 pF if the user does 
not want gain peaking to develop. 

In addition, on the EL2141C, the two feedback 
nodes FBP and FBN should be laid out so as to 
minimize stray capacitance, else an additional 
pole will potentially develop in the response with 
possible gain peaking. 

4·23 

EL2140C 

VOUTB 5 .---"'-1 

2140.14 

GAIN = 2 

VOUT + VOUTB 
2 = VREF 

(common mode) 

The amount of capacitance tolerated on any of 
these nodes in an actual application will also be 
dependent on the gain setting and the resistor 
values in the feedback network. 

Distortion considerations 
The harmonics that these amplifiers will poten
tially produce are the 2nd, 3rd, 5th, and 6th. 
Their amplitude is application dependent. All 
other harmonics should be negligible by compari
son. Each should be considered separately: 

H2 The second harmonic arises from the input 
stage, and the lower the applied differential sig
nal amplitude, the lower the magnitude of the 
second harmonic. For practical considerations of 
required output signal and input noise levels, the 
user will end up choosing a circuit gain. Refer
ring to Figure 1, it is best if the voltage at the 
negative feedback node tracks the VREF node, 
and the voltage at the positive feedback node 
tracks the VIN node respectively. This would the
oretically require that R1 + R2 = R3, although 
the lowest distortion is found at about R3 = R1 
+ (0.7*R2). With this arrangement, the second 
harmonic should be suppressed well below the 
value of the third harmonic. 
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r;;a:;l H3 The third harmonic should be the dominant 

harmonic and is primarily affected by output 
load current which, of course, is unavoidable. 
However, this should encourage the user not to 
waste current in the gain setting resistors, and to 
use values that consume only a small proportion 
of the load current, so long as peaking does not 
occur. The more load current, the worse the dis
tortion, but depending on the frequency, it may 
be possible to reduce the amplifier gain so that 
there is more internal gain left to cancel out any 
distortion. 

Typical Applications Circuits 

Rl 

R3 

H5 The fifth harmonic should always be below 
the third, and will not become significant until 
heavy load currents are drawn. Generally, it 
should respond to the same efforts applied to re
ducing the third harmonic. 

H6 The sixth harmonic should not be a problem 
and is the result of poor power supply decou
pling. While 100 nF chip capacitors may be suffi
cient for some applications, it would be insuffi
cient for driving full signal swings into a twisted 
pair line at 100 kHz. Under these conditions, the 
addition of 4.7 ,..,F tantalum capacitors would 
cure the problem. 

TWISTED PAIR 

10 = loon 

2140-15 

Figure 1. Typical Twisted Pair Application 
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Typical Applications Circuits - Contd. 

son COAX 1--..... --0 VOUT+ 
'"'----' son 

son COAX 1--..... --0 VOUT-
......... _--", 

son 

2140-16 

Figure 2. Dual Coaxial Cable Driver 

+l2V 

TWISTED PAIR 

loon Your 
Zo = loon 

Figure 3. Single Supply Twisted Pair Driver 
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Rl 

R4 • 

~ -FBP >- YOUT 

R2 EL2141 -FBN YOUTS 

Y Cl=[ 

R3 
2140-18 

Figure 4. Differential Line Driver with Equalization 

Rl + R2 + R3 
DC Gain = (See Figure 5) 

R2 

Rl + (R2/ /R4) + R3 
HF Gain = (See Figure 5) 

(R2//R4) 

1 
where fo = ----

2 7T C1 R2 

1 
andf = ----

p 2 7T C1 R4 

GAIN 

DC 

Figure 5 
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Typical Applications Circuits - Contd. 

TWISTED PAIR 

Zo = loon 

Figure 6. Dual Signal Transmission Circuit 
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Features 
• Differential input range ± 2.3V 
• 150 MHz 3 dB bandwidth 
• 400 V /}J-s slewrate 
• ± 5V supplies or single supply 
• 50 rnA minimum output current 
• Output swing (lOOn load) to 

within 1.5V of supplies 

• Low power -11 rnA typical 

Applications 
• Twisted pair receiver 
• Differential line receiver 
• VGA over twisted pair 
• ADSL/HDSL receiver 
• Differential to single ended 

amplification. 
• Reception of analog signals in a 

noisy environment. 

Ordering Information 
Part No. Temp. Range Package Outline * 

EL2142CN -40'C to +85"C S-pin DIP MDPO031 

EL2142CS -40'C to +85"C S-pin SOIC MDPO027 

General Description 
The EL2142C is a very high bandwidth amplifier designed to 
extract the difference signal from noisy environments, and is 
thus primarily targeted for applications such as receiving sig
nals from twisted pair lines, or any application where common 
mode noise injection is likely to occur . 

The EL2142C is stable for a gain of one, and requires two exter
nal resistors to set the voltage gain. 

The output common mode level is set by the reference pin 
(VREF), which has a -3 dB bandwidth of over 100 MHz. Gen
erally, this pin is grounded, but it can be tied to any voltage 
reference. 

The output can deliver a minimum of ± 50 rnA and is short 
circuit protected to withstand a temporary overload condition. 

Connection Diagrams 

EL2142C SO, P-DIP 

2142·1 

jJL-______________________ ~ ______________________________________ _J 
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Absolute Maximum Ratings (TA = 2S·C) 

Supply Voltage (V CC-VEE) 
Maximum Output Current 
Storage Temperature Range 

OVto 12.6V 
±60mA 

-6S·C to + lSO"C 

DC Electrical Characteristics 

Operating Junction Temperature 
Lead Temperature ( <S sec) 
Recommended Operating Temperature 

+ lSO"C 
+300·C 

-40"Cto +8S·C 

(Vcc= +5V, VEE -5V, TA = 25C, VIN OV, RL = 100, unless otherwise specified) 
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AC Electrical Characteristics 
(Vcc= +5V, VEE = -5V, TA = 25C, VIN=OV, RLOAD= 100, unless otherwise specified) 

Parameter Description Min 

Pin Description 
Pin Number Pin Name Function 

1 VFB Feedback input 

2 VIN Non-inverting input 

3 VINB Inverting input 

4 VREF Sets output voltage level to VREF when VIN = VINB 

5 NC 

6 Vee Positive supply voltage 

7 VEE Negative supply voltage 

8 VOUT Output voltage 
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Typical Performance Curves 
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Applications Information 
R2 

I-.. -t. Your 

2142-8 

Gain Equation 
VOUT = ((R2+Rl)/Rl) x (VIN-VINB+VREF) when Rl tied to GND 
VOUT = ((R2+Rl)/Rl) X (VIN-VINB) when Rl tied to VREF 

Choice of Feedback Resistor 
For a gain of one, VOUT may be shorted back to 
VFB, but 100n-200n improves the bandwidth. 
For gains greater than one, there is little to be 
gained from choosing resistor Rl value below 
200n, for it would only result in increased power 
dissipation and potential signal distortion. Above 
200n, the bandwidth response will develop some 
peaking (for a gain of one), but substantially 
higher Rl values may be used for higher voltage 
gains, such as up to 1 kn at a gain of four before 
peaking will develop. 

4-32 

Capacitance Considerations 
As with many high bandwidth amplifiers, the 
EL2142C prefers not to drive highly capacitive 
loads. It is best if the capacitance on V OUT is 
kept below 10 pF if the user does not want gain 
peaking to develop. The VFB node forms a poten
tial pole in the feedback loop, so capacitance 
should be minimized on this node for maximum 
bandwidth. 

The amount of capacitance tolerated on any of 
these nodes in an actual application will also be 
dependent on the gain setting and the resistor 
values in the feedback network. 



Typical Applications 
loon 

VOUT 

Zo = loon 

2142·9 

Figure 1. Typical Twisted Pair Application 

R 

50 

50n COAX 1-...... --oVOUT 

II """"'---" 50 

2142-10 

Figure 2. Coaxial Cable Driver 
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Typical Applications - Contd. 

+12V 

10k 10k loon 

>--41-<0 Your 

2142·11 

Figure 3. Single Supply Receiver 

R3 Cl 

Your 

2142-12 

Gain 
R2 + (Rl!1R3) 

(Rl!1R3) 
1 

fA = 2,,'1 R, 

1 
fc = 2,,'1 R3 

(Rl + R2)/Rl 

2142-13 

Figure 4. Compensated Line Receiver 
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loon 
2142-14 

Figure 5. Two Channel Multiplexer 
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HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 



POWER PRODUCTS 

Package 
P = Pins 

Single Dual Features Ipeak RON Tr/Tf VSUPPLY N = PDIP 
S=SOIC 
M=SOL 

EL7104C Non-Inverting 4A 30 20 ns/20 ns l6.5V 8P-N-S 

EL7114C Inverting/Iso-Drains 4A 30 20 ns/20 ns l6.5V 8P-N-S 

*EL7134C 3-State 4A 30 20 ns/20 ns l6.5V 8P-N-S 

EL7144C 2-Input Logic AND 4A 30 20 ns/20 ns l6.5V 8P-N-S 

EL7202C Non-Inverting 2A 60 20 ns/20 ns l6.5V 8P-N-S 

EL72l2C Inverting 2A 60 20 ns/20 ns l6.5V 8P-N-S 

EL7222C Complimentary Output 2A 60 20 ns/20 ns l6.5V 8P-N-S 

*EL7232C 3-State 2A 60 20 ns/20 ns l6.5V 8P-N-S 

EL7242C 2-Input Logic AND 2A 60 20 ns/20 ns l6.5V 8P-N-S 

EL7243C Logic AND/OR Output 2A 60 20 ns/20 ns l6.5V 20P-M 
0'1 
~ EL7252C 2-Input Logic NAND 2A 60 20 ns/20 ns l6.5V 8P-N-S 

EL7262C Inverting/Iso-Drains 2A 60 20 ns/20 ns l6.5V 8P-N-S 

EL7272C Non-Inverting/Iso-Drains 2A 60 20 ns/20 ns l6.5V 8P-N-S 

Programmable Delay Driver 
Package 

Single Dual Features Ipeak RON Tr/Tf VSUPPLY 
P = Pins 
N=PDIP 
S = SOIC 

EL7861C User-Defined Polarity lA 100 40 ns l6.5V 8P-N-S 

EL7961C Non-Inverting w /Enable lA lOa 40ns l6.5V 8P-N-S 

EL7971C Inverting w/Enable lA lOa 40ns l6.5V 8P-N-S 

EL7981C Complimentary w /Enable lA lOa 40ns l6.5V 8P-N-S 

EL7962C Non-Invert w/Independent Delay lA lOa 40 ns l6.5V 8P-N-S 

EL7972C Inverting w /Independent Delay lA lOa 40ns l6.5V 8P-N-S 

EL7982C Comp Outputs w /Independent Delay lA lOa 40ns l6.5V 8P-N-S 

~- --~--
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Power Supply Bridge Drivers 
Package 

Single Dual Features Ipeak RON Tr/Tf VSUPPLY 
P = Pins 

N = PDIP 
S = SOIC 

EL7s01C High-Side Driver 1A 100 lOOns 16.SV SP-N-S 

EL7661C Full Bridge Driver 1A 100 100 ns 16.SV lSP-N 

EL7761C Half Bridge Driver 1A 100 lOOns 16.SV 16P-N-S 

Special Function Drivers 
Package 
P = Pins 

Dual Quad Features Ipeak RON Tr/Tf VSUPPLY N = PDIP 
S = SOIC 
M=SOL 

EL7412C Integrated 4-Channel Driver 2A 60 20 ns/20 ns 16.SV 20P-M 

EL71S2C 2 Phase CCD Driver 2A 60 20 ns/20 ns 16.SV SP-N-S 

EL7240C Non-Inverting/ - V Outputs 2A 30 20 ns/20 ns 16.SV SP-N-S 

EL7241C Inverting/ - Outputs 2A 30 20 ns/20 ns 16.SV SP-N-S 

*EL71s4C ATE/+1sVro -sVOutputs 2A 2.50 20 ns/20 ns 16.SV SP-N-S 

Level Shifter/3-State 

Application Specific - DC:DC Converters - For Datasheets, see Power Product Section 

Single Features 

**EL7s60C Ext Ref Integrated PWM + FETs IC 

**EL7s61C Int Ref Integrated PWM + FETs IC 

*'EL7ss6C Int Ref Integrated PWM + FETs IC 

**EL7s71C Int Ref PWM Controller IC 

"For these datasheets see: Application Specific-A.T.E. 
"For datasheets see: Application Specific-Data Processing 
tSee Ordering Information section in this databook. 

Ipeak 

12.4A 

12.4A 

6A 

Variable 

II 

Package 

VOUT Accuracy VSUPPLY P = Pins 
M=SOL 

2.1V-3.sV 1% 6V 2SP-M t 

2.1V-3.sV 1% 6V 2SP-Mt 

Variable 1% 6V 2SP-Mt 

1.3V-3.sV 1% 4.sV-13.2V 20P-Mt 

S.L3naOlld lI:IA\Od 
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Features 
• Industry standard driver 

replacement 
• Improved response times 
• Matched rise and fall times 
• Reduced clock skew 
• Low output impedance 
• Low input capacitance 
• High noise immunity 
• Improved clocking rate 
• Low supply current 
• Wide operating range 
• Separate drain connections 

Applications 
• Clock/line drivers 
• CCD Drivers 
• Ultra-sound transducer drivers 
• Power MOSFET drivers 
• Switch mode power supplies 
• Resonant charging 
• Cascoded drivers 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL7104CN -40"C to + 8S'C 8-Pio P.DIP MDPO031 

EL7104CS -40'C to + 8S'C 8-Pio SOIC MDPO027 

EL7114CN -4O"C to + 8S'C 8-Pio P·DIP MDPO031 

EL7114CS -4O"C to + 8S'C 8-Pio SOIC MDPO027 

General Description 
The EL7104C/EL71HC ICs are matched driver ICs that im
prove the operation of the industry standard TC-4420/29 clock 
drivers. The Elantec versions are very high speed drivers capa
ble of delivering peak currents of 4A into highly capacitive 
loads. The high speed performance is achieved by means of a 
proprietary "Turbo-Driver" circuit that speeds up input stages 
by tapping the wider voltage swing at the output. Improved 
speed and drive capability are enhanced by matched rise and 
fall delay times. These matched delays maintain the integrity of 
input-to-output pulse-widths to reduce timing errors and clock 
skew problems. This improved performance is accompanied by 
a 10 fold reduction in supply currents over bipolar drivers, yet 
without the delay time problems commonly associated with 
CMOS devices. 

Connection Diagrams 
EL7104C 

Non-Inverting Driver 

EL7114C 
Inverting Driver 

7104-1 

7104-2 

j[L-____________________________ ~_M_an __ U_fu_Cmnd ____ un __ d_~_U_._s._p_a_~_n_t_N_O_S._5_.3_3_4._~_3_._#_5._34_1_.M __ 7 ____________ ~ 
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Absolute Maximum Ratings 'I 

I-" 
Supply (V + to Gnd) 16.SV Operating Junction Temperature 12S'C I-" 

Input Pins -0.3V to + 0.3V above V+ 
4A 

- 6S'C to + lS0'C 

Power Dissipation 01:0-
SOIC S70 mW C':l Peak Output Current 

Storage Temperature Range 
Ambient Operating Temperature 

PDIP 10S0mW 
-4O'Cto +8S'C 

DC Electrical Characteristics TA = 2S'C, v+ = lSVunless otherwise specified 

Description 

Peak Output Current 

IS Power Supply Current 

Test 
Conditions 

Source 
Sink 

Input = V + EL7104 
EL7114 

5-5 

Units 

4.S 
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AC Electrical Characteristics TA = 25°C, V = 15Vunleilsotherwisespecified 

Parameter 

tR 

t]' 

Input 

Inverted 
Output 

El71104 

Non-Inverted 
Output 

El71004 

SV 

2.SV -

0 

90% 

10% 

90% 

10% 

Description 
Test 

Conditions 

Rise Time CL = lOOOpF 
CL = 2000pF 

Fall Time CL = l000pF 
CL = 2000pF 

Timing Table 

I 
I I I I I 

--~-- -,-----~--,-

7104-3 

5-6 

Units 

Standard Test Configuration 

Input 
Signal 

4 

6 

Output 
1-'-4~- Signal 

2000 pF 

7104-4 



V+ 

Input Buffer 

V+ 

Input Buffer 

7104C Simplified Schematic 

Reference and 
Level Shifter 

Inverting 
Buffer wi 
Hysteresis 

2nd Inverting 
Buffer 

7114C Simplified Schematic 

Reference and 
Level Shifter 

Inverting 
Buffer wi 
Hysteresis 

5-7 

2nd 
Non-Inverting 

Buffer 

Super Inverter 

7104-5 

III 

Super Inverter 

7104-6 
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Typical Performance Curve 
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Typical Performance Curve - Contd. 
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Typical Performance Curve - Contd. 
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Features 
• Logic and input 
• 3V and SV Input compatible 
• Clocking speeds up to 10 MHz 
• 20 ns Switching/delay time 
• 4A Peak drive 
• Isolated drains 
• Low output impedance--2.Sn 
• Low quiescent current-S rnA 
• Wide operating voltage--

4.SV-16V 

Applications 
• Short circuit protected switching 
• Under-voltage shut-down circuits 
• Switch-mode power supplies 
• Motor controls 
• Power MOSFET switching 
• Switching capacitive loads 
• Asymmetrical switching 
• Resonant charging 
• Cascoded switching 

Ordering Information 
Part No. Temp. Range Pkg. Outline {I 

EL7144CN -40'C to + 8S'C 8-Pin P_DIP MDPOO31 

EL7144CS -4O'Cto +8S'C8-Pin SOIC MDPOO27 

General Description 
The EL7144C dual input, driver achieves excellent switching 
while providing added flexibility. The 2-input logic and configu
ration coupled with the "isolated drains" makes this part well 
suited for various driver applications requiring an asymmetrical 
drive, resonant charging, and gated control. Providing twice as 
much drive as the EL7242 family, the EL7144C is excellent for 
driving large power MOSFET's and other capacitive loads. 

Connection Diagram 

7144-1 

Top View 

Manufactured under U.S. Patent Nos. 5,334,883, #5,341,047 

I 
~ 
cc cc 
CD 

~ 
L-____________________ ~ ______________________________________ ~~ 
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Absolute Maximum Ratings 
Supply (V + to Gnd) 16.SV 
Input Pins 
Peak Output Current 
Storage Temperature Range 
Ambient Operating Temperature 

-O.3V to + O.3V above V+ 
4A 

- 6S·C to + lSO"C 
-40·C to + 8S·C 

Operating Junction Temperature 
Power Dissipation 

SOIC 
PDIP 

DC Electrical Characteristics TA = 2S·C, v+ = lSVunless otherwise specified 

Test 
Description 

Conditions 

5-12 

12S·C 

S70mW 
10S0mW 

Units 



AC Electrical Characteristics TA = 25°C, V = 15Vunlessotherwisespecified 

Parameter Description 
Test 

Conditions 

tR Rise Time CL = 1000pF 
CL = 2000pF 

tF Fall Time 

Timing Table Standard Test Configuration 

sv v+O--.------~~~---------~ 

B Input 2.SV-

O---~~---------------~~-----------
2 7 

90% - -0- --

Output 3 Output 

10% 
I 

I 101 I I 

:---.-; t.-
- -It! 

Input 
2000 pF 

7144-2 

Simplified Schematic 

v+ 

Input Buffer 

A Input - - - - - - - - -

Reference and 
Level Shifter 

Inverting 
B~ffer wi 
Hysteresis 

5-13 

Logic 
Gate 

Super Inverter 

Units 

7144-3 
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Typical Performance Curve 
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Typical Performance Curve - Contd. 
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Features 
• 3V and SV Input compatible 
• Clocking speeds up to 10 MHz 
• Reduced clock skew 
• 20 ns Switching/delay time 
• 2A Peak drive 
• Low quiescent current 
• Wide operating voltage-

4.SV-16V 

Applications 
• CCD Drivers requiring high

contrast imaging 

• Differential line drivers 
• Push-pull circuits 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL7182CN -40"Cto + 8S'C8-PinP-DIP MDPO031 

EL7182CS -4O"Cto + 8S'C8-Pinso MDPOO27 

General Description 
The EL7182C is extremely well suited for driving CCD's, espe
cially where high contrast imaging is desirable. The 16V supply 
rating is attractive for higher voltage CCD applications, as in 
color fax machines. The input is TTL and 3V compatible. The 
low quiescent current requirement is advantageous in portable/ 
battery powered systems. The EL7182 is available in 8-pin 
P-DIP and 8-lead SO packages. 

Connection Diagram 
EL7182C 

Manufactured under U.S. Patent Nos. 5,334,883, #5,341,047 

7182-1 

I 
~ co co 
~ 

~ 
~ 

~--------------------~--------------------------------------~~ 
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Absolute Maximum Ratings 
Supply (V + to Gnd) 
Input Pins 
Combined Peak Output Current 
Storage Temperature Range 
Ambient Operating Temperature 

16.SV 
- O.3V to + O.3V above V+ 

4A 
- 6S'C to + lS0'C 
-40'C to + 8S'C 

Operating Junction Temperature 
Power Dissipation 

SOlC 
PDIP 

DC Electrical Characteristics TA = 2S'C, V = lSVunless otherwise specified 

Description 
Test 

Conditions 

5-18 

12S'C 

S70mW 
10S0mW 

Units 



AC Electrical Characteristics TA = 25°C, V = lSV unless otherwise specified 

Parameter 

tR 

tF 

Input 

Inverted 
Output 

Non-Inverted 
Output 

SV 

2.SV -

0 

90% 

10% 

90% 

10% 

v+ 

Description 
Test 

Units 
Conditions 

Rise Time CL = SOOpF 
CL = lOOOpF 

Fall Time CL = SOOpF 
CL = 1000pF 

Timing Table Standard Test Configuration 
v+o-------.-----------~ 

2 

I 
I I I I I 

--~-- -~-----~--~-
7182-3 

7182-2 

Simplified Schematic 

Input Buffer Reference Be 
Level Shifter 

Inverting 
Buffer wi 
Hysterisis 
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Typical Performance Curve - Contd. 
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~ Features 
• Industry standard driver 

replacement 
• Improved response times 
• Matched rise and fall times 
• Reduced clock skew 
• Low output impedance 
• Low input capacitance 
• High noise immunity 
• Improved clocking rate 
• Low supply current 
• Wide operating voltage range 

Applications 
• Clock/line drivers 
• CCD Drivers 
• Ultra-sound transducer drivers 
• Power MOSFET drivers 
• Switch mode power supplies 
• Class D switching amplifiers 
• Ultrasonic and RF generators 
• Pulsed circuits 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL7202CN -40'C to + sS'C S-Pin pomp MDPOO31 

EL7202CS -4O'C to + SS'C 8-Pin so MDP0027 

EL7212CN -40'Cto +SS'CS-PinP-mp MDPOO31 

EL7212CS -40'Cto + SS'CS-Pinso MDPOO27 

EL7222CN -40'C to + SS'C8-Pin pomp MDP0031 

EL7222CS -40'Cto + SS'CS-Pinso MDPOO27 

General Description 
The EL7202C/EL7212C/EL7222C ICs are matched dual-driv
ers ICs that improve the operation of the industry standard 
DS0026 clock drivers. The Elantec Versions are very high speed 
drivers capable of delivering peak currents of 2.0 amps into 
highly capacitive loads. The high speed performance is achieved 
by means of a proprietary "Turbo-Driver" circuit that speeds 
up input stages by tapping the wider voltage swing at the out
put. Improved speed and drive capability are enhanced by 
matched rise and fall delay times. These matched delays main
tain the integrity of input-to-output pulse-widths to reduce tim
ing errors and clock skew problems. This improved performance 
is accompanied by a 10 fold reduction in supply currents over 
bipolar drivers, yet without the delay time problems commonly 
associated with CMOS devices. Dynamic switching losses are 
minimized with non-overlapped drive techniques. 

Connection Diagrams 
EL7212C EL7222C 

Inverting Drivers 7202-1 Complementary Driv~~-' 

EL7202C 

7202-3 

Non-Inverting Drivers 

Manufactured under U.S. Patent Nos. 5,334,883, #5,341,047 
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Absolute Maximum Ratings 
Supply (V + to Gnd) 
Input Pins 

16.5V 
-O.3V to + O.3V above V + 

4A 
-65°C to + 150°C 

Operating Junction Temperature 
Power Dissipation 

Combined Peak Output Current 
Storage Temperature Range 
Ambient Operating Temperature - 40°C to + 85°C 

SOIC 
PDIP 

DC Electrical Characteristics TA = 25°C. V = 15V unless otherwise specified 

Description 

IS Power Supply Current 

Test 
Conditions 

Inputs High/7202 
Inputs High17212 
Inputs High17222 

5-24 

4.5 
1 

2.5 

125°C 

570mW 
1050mW 

Units 



AC Electrical Characteristics TA = 2S'C, V = lSV unless otherwise specified 

Parameter 

5V 

Input 

0 

Inverted 
Output 

Non-Inverted 
Output 

90% 

10% 

90% 

10% 

V+ 

Description 

Rise Time 

Fa1ITime 

Timing Table 

I 

Test 
Conditions 

= SOOpF 
= lOOOpF 

CL = SOOpF 

CL = lOOOpF 

I I I I I 

--~-- -~-----~--~-

7202-4 

Units 

Standard Test Configuration 
v+o-----~--~--------, 

4 

3 

7202-19 

Simplified Schematic 

Input Buffer Reference & 
Level Shifter 

Inverting 
Buffer wi 
Hysterisis 
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2nd Inverting 
Buffer 

Super Invertor 
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Typical Performance Curve 
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I Sink 
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Typical Performance Curve - Contd. 
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Typical Performance Curve - Contd. 
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EL7212 Macro Model 

01 

R5 

12+-------------------~ 

•••• EL7212 model···· 

input 

-=- V1 

1 

I gnd 

I I 
I I 

.subckt M7212 2 
V11231.6 
R113151k 

R2 1415 5k 
R51112100 
Cl 15 3 43.3 pF 

D11413dmod 
X113 11 2 3 compl 
X2 16 12 15 3 compl 
sp 6 7 16 3 spmod 

sn 7 3 16 3 snmod 

gl 11 0 13 0 938" 
.model dmod d 

3 

Vsupply 

I Vout 

6 

.model spmod vswitch ron::3 roff=2meg von=1 voff=1.5 

.model snmod vswitch ron:4 roff=2meg von=3 voff=2 

.endsM7212 

.subckt compl out inp inm vss 

el out vss table ( (v(inp) -v(inm»· 5000 I = (0,0) (3.2,3.2) 
Rout out vss 10meg 

Rinp inp vss 10meg 
Rinm inm vss lOmeg 
.endscompl 

16 
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~ Features 
!:3 • 20 ns Propagation delay 
f;I;l • Clock to 10 MHz 
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I> 
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• 2 Amp peak output drive 
• 30 output impedance 
• 3V / SV Logic input compatible 
• Outputs "OK" below ground 
• Operating voltage 4.SV to 16V 

Applications 
• Tape drive-write head driver 
• Current switching 
• Center-Tapped transformer 

driver 

• ATE-pin drivers 
• Analog switching 
• AC switching 

• T - switch 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL7240CN -44YC to + 85°C 8-PinP-DIP MDP0031 

EL724<lCS -40"Cto +85°C 8-Pin P-SOIC MDPOO27 

EL7241CN --woe to + 85°C 8-PinP-DIP MDP0031 

EL7241CS -40"Cto +85°C 8-Pin P-SOIC MDPOO27 

Operating Voltage 
Range 

Pins 

VDD/GND 
VDD/Output 
Source/Output 
Output/GND 

Min/Max (Volts) 

4.5/16 
0/-20 

0/-16 
16/-10 

General Description 
The EL7240C/EL7241C high speed coil drivers accept logic in
puts which independently control a pair of 30 PMOS FET's. 
The output transistors share a common source, making these 
devices well suited for "current steering" and analog switching 
applications. The typical clamping diodes to ground are re
moved, thus allowing pins (6) and (7) to swing negative. This 
feature is desirable when driving "center-tapped" coils refer
enced to ground. The logic "NAND" input configuration can be 
used to "enable" the outputs. The EL7240C and EL7241C differ 
only by their logic polarity. 

Connection Diagrams 
EL7240C 

(A) INPUT 2 

(8) INPUT 4 

EL7241C 

W INPUT 2 

W INPUT 4 

5-30 
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Absolute Maximum Ratings 
Supply (V + to GND) 16.5V 
Input Pins 
Combined Peak Output Current 
Storage Temperature Range 
Ambient Operating 

Temperature 

-O.3V to + O.3V above V+ 
4A 

- 65°C to + 150°C 

- 4O"C to + 85°C 

Operating Junction Temperature 
Power Dissipation 

SOIC 
PDIP 

DC Electrical Characteristics TA = 25°C, V = 15V unless otherwise specified 

Description 
Test 

Conditions 

2.3 2.75 

5·31 

125°C 

570mW 
1050mW 

Units 

• 
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A C Electrical Characteristics TA = 25°C, V = lSV unless otherwise specified 

Conditions 
Parameter Description 

Test 

Rise and Fall times (~and tF) are load dependant. 

Typical Performance Curves 

Supply Current VB VDD and Input 
Connection 

5.000 

0.5000 
~ /div 

~ 

@ All inputs @-i; 

@Pin3, and 2 or o4@-i; 
© Pin3 @-i; 

~Pin2 or o4@-i; ~ [® All inputs @ Voo 1/ 

./ 
V 

~ I'" 

i;liill~~~""~ 
o 
5.000 1.000/div 

Voo (V) 

@~ 

1/ 
rlB\ / 
7 

I 
l"'l 

I~ '" 
® 

15.00 

7240-3 

100.0 

10.00 
Idlv 

Source Voltage VB Current 
(Grounded Drain) 

~ .!..L I _Islj I I 
Pin 8 

-1 ~ 1 L 
---= -= I I I 
- - O~T~~~~ :::; J -

h (1)-
OUTPUT 

o 
o 

I L 
.L 

I. 
~ 

0.2500/div 

V(PIN-8) (V) 
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2.500 

7240-4 

Units 

Output Conduction VB Vas 

-100.0 

10.00 
Idlv 

, 
o 
o 

I 
V 

/ / 
1 , 

@ -f. C-(j A;) 

/ , 
'I , 

/, , 
'/1' @VGS --15 

I' @VGs =-10 

©VGS =-5 

I I I 
50.00/div 

VdS (mV) 

-

-

-500.0 

7240-5 



Typical Performance Curves - Contd. 

Max Power/Derating Curves 
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Typical Applications 

Write Head Driver 

~D=+12V~--~---.~-----------------------------------------------------, 

DATA 
INPUTS 

>--+---(A) INPUT 2 , (.) """ t. T ] 
L..----t (B) OUTPUT 

> (B) INPUT 4 

EL7241 

High Current LED/Laser Diode Driver 

7240-12 

~D=+5V»--------~---------------------------------------------t-, 

_
_____ :... CURRENT ADJ. 

U _ 

INPUT 

(B) INPUT 4 

EL7240 
7240-13 
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Typical Applications -- Contd. 

VOLTAGE 
SELECT 

~(A)INPUT 2 

{

ENABLE 3 

(B) INPUT 

(A) .>--+--

TTL INPUTS 

(B) »-- (B) INPUT 4 

Hi-Level Step Generator 

~--------------~ EL7240 

Level Shifter 

EL7241 

loon 

5V 

+IOV., r
+ 5V .....I l-.J 

10V 

(A) 
LEVEL 
SHIFTED 

t----+--. OUTPUT 
(B) 

loon loon 

-5V~----------------------~-------------------------4~--~ 
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Typical Applications - Contd. 

Push·Pull Transformer Driver 

VOO=+5V~-~------------------------~ 

Q >-+- (A) INPUT 2 
7 (A) OUTPUT =pIlE -_. 

SECONDARY 
CIRCUIT 

(9) OUTPUT - - • 

Q > (9) INPUT 4 

EL7241 

High Speed Bipolar Drive Circuit 

V++-~"","",-

LOAD 

Voo =+12V >---.... ----------------------1 

TTL 
INPUT 
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Typical Applications - Contd. 

"Two-Bit" Current Source with Gating 

~D=+12V»-------'------------------------------------------~~~ 

2R 

2' > (B) INPUT 4 

EL7240C 
7240-18 • 
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~ Features 
!:3 • Logic AND/NAND input 
~ • 3V and 5V Input compatible 
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• Clocking speeds up to 10 MHz 
• 20 ns Switching/delay time 
• 2A Peak drive 
• Isolated drains 
• Low output impedance 
• Low quiescent current 
• Wide operating voltage-

4.5V-16V 

Applications 
• Short circuit protected switching 
• Under-voltage shut-down circuits 
• Switch-mode power supplies 
• Motor controls 
• Power MOSFET switching 
• Switching capacitive loads 
• Shoot-thru protection 
• Latching drivers 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL7242CN -40'Cto +8S"C8-PinP·DIP MDPOO31 

EL7242CS -40'C to + 8S"C 8-Pin SOIC MDPOO27 

EL72S2CN -40'C to + 8S"C 8-Pin P·DIP MDPOO31 

EL72S2CS -40'C to + 8S"C 8-Pin SOIC MDPOO27 

General Description 
The EL7242C/EL7252C dual input, 2-channel drivers achieve 
the same excellent switching performance of the EL7212 family 
while providing added flexibility. The 2-input logic and configu
ration is applicable to numerous power MOSFET drive circuits. 
As with other Elantec drivers, the EL7242C/EL7252C are ex
cellent for driving large capacitive loads with minimal delay 
and switching times. "Shoot-thru" protection and latching cir
cuits . can be implemented by simply "cross-coupling" the 2-
channels. 

Connection Diagrams 
EL7242C 

EL7252C 

7242-1 

7242-.2 

J!L ______________________ ~ ______________________________________ ~ . ~ Manufactured under U.S. Patent Nos. 5,334,883, "" 5,341,047 
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Absolute Maximum Ratings 
Supply (V + to Gnd) 
Input Pins 
Combined Peak Output Current 
Storage Temperature Range 
Ambient Operating Temperature 

16.5V 
-O.3V to + O.3V above V + 

4A 
- 65'C to + 150'C 
-40'C to + 85'C 

Operating Junction Temperature 
Power Dissipation 

SOlC 
PDIP 

DC Electrical Characteristics TA = 25'C, V = 15Vunless otherwise specified 

Test 
Description 

Conditions 

5·39 

125'C 

570mW 
1050mW 

Units 

• 



AC Electrical Characteristics TA = 25°C, V = lSV unless otherwise specified 

Parameter Description 
Test 

Conditions 

tR Rise Time CL = SOOpF 
= lOOOpF 

q. Fall Time CL = SOOpF 
CL = lOOOpF 

Timing Table 

5V 

Input 2.SV

O--~~----------~~--------

Inverted 
Output 

Non-Inverted 
Output 

90% 

10% 

90% 

10% 

I 
I I I I I 

--~-- -~-----~--~-

7242-3 

Standard Test Configuration 
V+O--.----~~~------, 

EL7242 

Output 
2 

Input 1000 pF 

"*Load 

5 

Simplified Schematic 

V+ 

Input Buffer 

-------------, 

Reference lie 
Level Sh ilter 

Inverting 
Buffer wi 
Hysteresis 

Logic 
Gate 

Super Inverter 

Units 

7242-4 

7242-5 
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Typical Performance Curve 

Max Power/Derating Curves 

r--t.. I 
1.05W\' 

lW 

8-Lead '\ 
0JA l ;50 6/w-c--

PDIP 1\ I 
800mW 

570mW '\. 600mW 
~ , Max TJ = 125°C 

8-Lead ...... 
SO II'.. \ 

400mW 

I I .... 
200mW 0JA = 175O C/W 

I " o 25 50 75 100 125 150 

10.00 

"< 2.000 
.5 /diY 

o 

-10.00 

Input Current VB Voltage 

/ 

/ 

-5.0 o V+ 

Y,N 2.500/div (V) 

Quiescent Supply Current 

8 
I A 

/ liB 
IJ 

VC II 
/// 
V/ V D 

./fi ';' ./ 
~ --I-E 

"< 7 

.5 6 
~ 
I: 

5 t 
" 4 <.> ,., 

3 'ii. 
a. 

" 2 '" 
0 

5 10 15 

Supply Voltage (V) 

20.0 

.. 
'" .l! 
'0 
> 
'S 
a. 
,.!; 

7242.-17 

o 

I Sink 

-2.0A 

7242-7 

CASE: 

S A ALL INPUTS GND 

" B 3 INPUTS GND " I: 

C 2 INPUTS GND 1i .;;; .. 
D 1 INPUT GND '" 
E ALL INPUTS V+ Z 

? 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

Switch Threshold VB 

Supply Voltage 

High Limit = 2.4V ,.,..-
/' HY~ 

/ ~ , 

Low Limit = 0.8V 

" 

-

5 10 15 

Supply Voltage 

Peak Drive vs Supply Voltage 
V - Supply 

15 10 5 0 

~ .... , 
/ 

r-- N-CHANNEL // / 
L 

/ / 
/ 

/ / 
/ / 

2.0A 

,..] 

7242-6 

/ / 
P-CHANNEL - I Source 

/ 
~' ...... 

o 5 10 15 

V - Supply 

7242-8 

"ON" Resistance vs Supply Voltage 

Measured at 
8 100mA , 

I \. 

" Pull Dawn , k 
.~ 

6 

4 

2 
Pull Up 

0 
5 10 15 

Supply Voltage 

7242-9 7242-18 
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Typical Performance Curve - Contd. 

~ 

<C 

.5 
C 
~ 
" 0 
>. 
"ii 
Il. 

" en 

'iii' 
.5 .. 
E 
;:: 

0 ... 
"-
:l 
;;;; 

100 

10 

Average Supply Current VB 

Voltage and Frequency 

1= VOO -+15V 

11111 V 
VOO - +10V 

- V 
VOO = +5V 

c;. - 1000 pf 

0.1 
10kHz 100kHz 

IIIIII II II 
1 MHz 10MHz 

frequency 

RIse/Fail Time VB Load 
100 

VOO 1= 11riVI 

80 

60 

40 ~I 
20 

~ ~ .. I 
100 1,000 10,000 

Load Capacitance (pF) 

7242-10 

7242-16 
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~ 
" 0 
>. 
"ii 
Il. 

" en 

.. 
.5 .. 
E 
;:: 

0 ... 
"-.. .. 
;;;; 

100 

10 

0.1 

Average Supply Current 
VB Capacitive Load 

=10,OOOpf 

~ V~ 

== 1,000 pF 
100 pf 

./ ./ 
IINO ~olad tf/$~ 

VOO = 10V 
(Equivalent Internal Capacitance = 470 pi=') 

10kHz 100kHz 1 MHz 10MHz 

frequency 

RIse/FaIl Time VB Supply Voltage 
30 

20 

10 

~ 
~ 

,l.r 

"'-
tR 

c;. = 1000 pf 

0 II 
5 7.5 10 12.5 15 

Supply Voltage 

7242-11 

7242-12 



Typical Performance Curve - Contd. 

Rise/Fall Time vs Temperature Propagation Delay vs Supply Voltage 
40 30 

30 
~ 

,5 
~ 

E 20 i= ,., 
0 

Q) 

" 10 

""" V t02 

~ 
101/ r"'-.. r--

----............ 

~ 

,5 20 
~ 

E 
i= 

0 
"-
"- 10 
~ 

02 

~ 
~ I--I-----l-I--I--

I---- i'1t< 
Voo = 10V 

CL = 1000 pF ~ = 1000 pF 

0 0 
5 7.5 10 12.5 15 -50 -25 0 25 50 75 100 125 

Supply Voltage Temperature - °C 

7242-13 7242-14 

Delay vs Temperature 
40 

30 
~ 

,5 
~ 

E 20 i= ,., 

102 

----
f.- i'"'"" 

> 
-------- -I--I--- --I-- "' 101 

0 
Q) 

" 10 

Voo = 10V 
CL = 1000 pF 

o 
-50 -25 0 25 50 75 100 125 

Temperature - °C 
7242-15 
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Features 
• Logic AND/NAND input 
• 3V and SV Input compatible 
• Clocking speeds up to 20 MHz 
• 20 ns Switching/delay time 
• 2A Peak drive 
• Isolated drains 
• Low output impedance 
• Low quiescent current 
• Wide operating voltage-

4.SV-16V 

Applications 
• CCD Drivers 
• Short circuit protected switching 
• Under-voltage shut-down circuits 
• Switch-mode power supplies 
• Motor controls 
• Power MOSFET switching 
• Switching capacitive loads 
• Shoot-thru protection 
• Latching drivers 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL7243CM -40'C to 20-Lead MDP0027, 
+ 85'C Thermal SOL 

General Description 
The EL7243C dual input, 2-channel driver achieves the same 
excellent switching performance of the EL7212 family while 
providing added flexibility. The power package makes this part 
extremely well suited for high frequency and heavy loads as in 
CCD applications. The 2-input logic and configuration is appli
cable to numerous power MOSFET drive circuits. As with oth
er Elantec drivers, the EL7243C is excellent for driving large 
capacitive loads with minimal delay and switching times. 
"Shoot-thru" protection and latching circuits can be imple
mented by simply "cross-coupling" the 2-channels. 

Connection Diagram 

20-Lead Thermal SOL Package 
EL7243C 

GND IN jj 

IN C IN A 

IN jj VDD 

""" { 
GND GND 

} """ 
GND GND 

GND GND 

GND GND 

{OUT B VDD 
NOTE 2 

OUT B OUT A} 

VDD OUT A 

Note 1: Pins 4-7 and 14-17 are electrically connected. 
Note 2: Output pins must be tied together. 

NOTE 2 

7243-1 

d Manufactured under U.S. Patent Nos. 5,334,883, #5,341,047 
~L-______________________ ~ ________________________________________ ~ 
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Absolute Maximum Ratings 
Supply (V + to Gnd) 
Input Pins 
Combined Peak Output Current 
Storage Temperature Range 
Ambient Operating Temperature 

16.SV 
- O.3V to + O.3V above V+ 

4A 
- 6S'C to + lSO'C 
-40'C to + 8S'C 

Operating Junction Temperature 
Power Dissipation 

20-pin "Batwing" SOIC 

DC Electrical Characteristics TA = 2S'C, VDD = lSV unless otherwise specified 

Description 
Test 

Conditions 

5-45 

12S'C 

lS00mW 

Units 

• 
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A C Electrical Characteristics TA = 25°C, V = 1SV unless otherwise specified 

tR 

tF 

Input 

Inverted 
Output 

Non-Inverted 
Output 

Description 
Test 

Units 
Conditions 

Rise Time CL = SOOpF 
CL = 1000pF 

Fall Time CL = SOOpF 
CL = 1000pF 

Timing Table Standard Test Configuration 

5V 
V+~-'~---t--~-------, 

10 

O--+-~----------~~---------

90% 

10% 

90% 

10% 

V+ 

2 Output 
3 

Input 1000 pF 

~Load 

1,4-7,14-17 

I I __ L __ _ ~ _____ L __ ~_ 

Pins 19,20 connected to V+. 

Input Buffer 

7243-2 

Simplified Schematic 
------------, 

Reference & 
Level Shifter 

Inverting 
Buffer wi 
Hysteresis 

5-46 

Logic 
Gale 

Super Inverter 
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Typical Performance Curves 

2.0 

a> 1.0 

~ 
"-

10.00 

"< 2.000 
-5 /div 

o 

-10.00 

Max Power/Derating Curves 

- 8JA = 60 o C/W 

"' , 
"' '\ 

"' "' "' "'\ 
25 50 75 100 125 

Temperature (OC) 

Input Current vs Voltage 

I 

II 

-5.0 o V+ 20.0 

VIN 2.500/div (V) 

Quiescent Supply Current 

8 
I A 

"< 7 

-5 6 
C 
t 5 
~ 4 () ,., 

3 a. 
a. 
~ 

2 Vl 

/ VB 
II 

V C II 
11/ 
V/ V D 

~ "/ 
~ -!-E 

0 
5 10 15 

Supply Voltage (V) 

<I> 
0> 

.s 
"0 
> 
:; 
a. 
.:; 

7243-5 

o 

I Sink 

-2.0A 

7243-7 

CASE: :s 
A All INPUTS GND <D 

u 
B 3 INPUTS GND c 

~ 
C 2 INPUTS GND ·in 

<I> 

D 1 INPUT GND '" 
z 

All INPUTS V+ ? 

2.0 

1.8 

Switch Threshold vs 
Supply Voltage 

High Limit = 2AV 

~ 1.6 

1.4 
/H~~ 

1.2 
/ /" , 

1.0 
Low Limit::: O.BY 

5 10 

Supply Voltage 

Peak Drive vs Supply Voltage 
V - Supply 

15 10 5 

I ...... 

15 

, 
/ 2.0A 

- N-CHANNEl // / 
/ 

/ / 
V 

/ / 
/ L 

1.0A 

7243-6 

/ / 
P-CHANNEl - I Source 

/ 
.' 

... " 
o 5 10 15 

V - Supply 

7243-8 

nON" Resistance vs Supply Voltage 

Measured at 
8 100 mA , 

I 1\ 

4 "'- Pull Down 

"'\ k 
~ 

Pull Up 
2 

0 
5 10 15 

Supply Voltage 

7243-9 7243-10 
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Typical Performance Curves - Contd. 

<' 
-.S. 
"E 
t 
j 
u 
"-
Q. 
0-
j 

II) 

'U) 
-5. 

" E 
;:: 

'0 
~ 
~ 

C< 

100 

10 

Average Supply Current vs 
Voltage and Frequency 

f= ¥oo +15¥ 

IIIII ,,~ 

¥oo +10¥ 

I-- V 
¥oo = +5¥ 

<1. 1000 pf 

111111 0.1 
10kHz 100kHz 1 MHz 

Frequency 

Rise/Fall Time vs Load 
100 

¥oo 1= 11riv' 

80 

60 

40 \/ 
/. 

II 

20 ;:::;--- ~ 

--- """::::. I 
100 1,000 

Load Capacitance (pF) 

10MHz 

10,000 

7243-11 

7243-13 
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100 

10 

Average Supply Current 
vs Capacitive Load 

= 10,000 pf 

IY V~ 

== 1,000 pF 
100 pf 

======~ 
No Load 

III I III 

¥oo 10¥ 
(Equivalent Internal Capacitance = '" 70 pF) 

0.1 
10kHz 100 kHz 1 MHz 10MHz 

Frequency 

Rise/Fall Time vs Supply Voltage 
30 

20 

10 

~ f'::: 
/F 

-,... -
~ 

CL = 1000 pF 

a I I 
5 7.5 10 12.5 15 

Supply ¥oltage 

7243-12 
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Typical Performance Curves - Contd. 

Rise/Fall Time V8 Temperature Propagation Delay V8 Supply Voltage 
40 30 

30 .. 
-5 .. 
E 20 >= 
>. 

" Gi c 
10 

['... V 102 

~ 
10,... .. ' ~ ---r--

............. 

~ .. 
-5 20 .. 
E 

>= 
0 
"-
"- 10 .. .. 
~ 

~ 
~ -~ ~ ~ ~ ~ -~ 

~ ~ 
!- 'R 

VOO = 10V 

G. = 1000 pF G. = 1000 pF 
0 o 

5 7.5 10 12.5 15 -50 -25 0 25 50 75 100 125 

Supply Voltage Temperature - °C 

7243-15 7243-16 

Delay V8 Temperature 
40 

~ 
30 .. 

-5 .. 
E 20 >= 
>. 

102 ------- ,..;. ------ 101 

" "i c 
10 

VOO = 10V 

G. = 1000pF 
o 
-50 -25 0 25 50 75 100 125 

Temperature - °C 
7243-17 
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Applications Information 

Typical CCD Configuration 

Voo }---------------.-~ 

Clock 
In 

C 
C 
D 

01 
VIDEO 

A 
OUT 

R 
02 R 

A 
Y 

7243-18 

EL7243 Macromodel 
D1 R2 

2 

+ 
SP 

R5 

12 

-=- V1 8 

I 
D2 R7 

+ 
3 Sn 

I 
7243-19 
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EL7243 Macromodel 

* EL 7243 Macromodel 

* Revision A, January 1996 

* Connections Gnd 

.subckt M7243 

V112 11.6 

R113 15 1k 

R2 1415 5k 

R5 1112 100 

C1 15 1 43.3pF 

D11413 dmod 

X113 11 2 1 comp1 

X2 16 12 15 1 comp1 

V2 22 11.6 

R6 23 25 1K 

R7 24 25 5K 

R8 2122100 

C2 25 1 43.3pF 

D2 2423 dmod 
X3 23 21 3 1 comp1 

X4 26 25 22 1 comp1 

X5 1626171 And-gate 

sp 10 8171 spmod 

sn81171 snmod 

g1 11 1 13 1 938u 

g2 21 1 23 1 938u 

.model dmod d 

Inp+ 

I 
I 
I 

Inp-

I 
I 
3 

out 

8 

Vee 
10 

.model spmod vswitch ron = 3 roff= 2meg von = 1 voff= 1.5 

.model snmod vswitch ron = 4 roff= 2meg von = 3 voff= 2 

.ends M7243 

* AND Gate Subcircuit* 

.subckt And-gate inp1 inp2 out-AS Vss-A 

el out-A Vss-A table (v(inp1)*v(inp2») = (0,3.2)(3.2,0) 

Rout-a out-a vss-a 10 meg 

rinpa inp1 vss-a 10 meg 

rinpb inp2 vss-a 10 meg 

.ends and-gate 

'" Comparator Subcircuit '" 
.subckt comp1 out inp inm vss 

el out vss table (v(inp)-v(inm»*5000) = (0,0) (3.2, 3.2) 

Rout out vss 10meg 

Rinp inp vss lOmeg 

Rinm inm vss 10meg 

.ends omp1 
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~ Features 
~ • Separate drain connections 
_ • 3V and 5V Input compatible 

~ 

t 
~ 
(Q = = ~ 

• Clocking speeds up to 10 MHz 
• 20 ns Switching! delay time 
• 2A Peak drive 
• Low output impedance 
• Low quiescent current 
• Wide operating voltage 

Applications 
• Asymetrical switching 
• Cascoded switching 
• Resonant charging 
• Floating load circuits 
• Bridge circuits 

Ordering Information 
Part No. Temp. Range Pkg. Outline '" 

EL7262CN -4O"Cto +8S"C8-PinP-DIP MDPO031 

EL7262CS -4O"Cto + 8S"C8-Pinso MDPO027 

EL7272CN -4O"C to + 8S"C 8-Pin P-DIP MDPOO31 

EL7272CS -4O"C to + 8S"C 8-Pin so MDPOO27 

General Description 
The EL7262C!EL7272C, dual channel, power MOSFET drivers 
achieve the same excellent switching performance of the 
EL7202 family, with the added flexibility derived through the 
isolated drain architecture. The outputs can be configured in 
numerous ways, depending upon the application. The EL7262C 
and EL7272C are available in 8-pin P-DIP and 8-lead SO pack
ages. 

Connection Diagrams 
EL7262C 

EL7272C 

-j PB 

5 -! Nii 

7262-1 

726.2-2 

j[L-____________________________ ~_M_an __ ~_a_c_twre __ d_un __ d_~_U_._s_.p_a_~_n_t_N_O_S._5_,3_3_4,_88_3_,_#_5,_34_1_,O_4_7 ____________ -J 
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Absolute Maximum Ratings 
Supply (V + to Gnd) 16.SV 

Input Pins 

Combined Peak Output Current 

Storage Temperature Range 

Ambient Operating Temperature 

- O.3V to + O.3V above V + 
4A 

- 6S'C to + lS0'C 

-40'Cto +8S'C 

Operating Junction Temperature 

Power Dissipation 
SOIC 

PDIP 

DC Electrical Characteristics TA = 2S'C, V = lSV unless otherwise specified 

Parameter Description 
Test 

Conditions 

IOFF Output Leakage 

Peak Output Current 

IS Power Supply Current 

Source 

Sink 

Inputs 

High 
EL7262 

EL7272 

5-53 

2 

2 

1 

4.S 

12S'C 

S70mW 

10S0mW 

Units 

• 
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AC Electrical Characteristics TA = 25°C, V = 15V unless otherwise specified 

tR 

tF 

SV 

Input 2.SV -

0 

90% 
Inverted 

Output 
10% 

90% 
Non-Inverted 

Output 
10% 

v+ 

Description 
Test 

Conditions 

Rise Time CL = 500pF 
CL = lOOOpF 

Fall Time CL = 500pF 
CL = lOOOpF 

Timing Table 

I I 

--~-- -~-----~--~-
I I I 

I lo 1 I I I lo2 I I 

~,-:tv ~,-:tR 
, ,~ , ,tv 

72£2-3 

Standard Test Configuration 
v+o---~~--~--------, 

Output 

~ 1000pr 

4 

Units 

7262-4 

Simplified Schematic 

Input Buffer Reference 8c 
Level Shifter 

Inverting 
Buffer wi 
Hysteresis 

5-54 

2nd Inverting 
Buffer 

Super Invertor 
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Typical Performance Curve 
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lW f---iI. I 
1.05W' 

8JA ~ 95 0 6/w- -
a-L.ad '\ 
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~ Max TJ = 125°C 

a-L.ad ...... 
SO II'... 

400mW 

I / 
8JA = 175OC/W 

\ 
200mW 

I I ,\ 

o 25 50 75 100 125 150 

Input Current vs Voltage 

10.00 

<" 2.000 
-5 /div 

~ 0 

-10.00 

il 

-5.0 

/ 

o V+ 

VIN 2.500/div (V) 

Quiescent Supply Current 

fA 

/ /B 

IJ 
I C II 

II J 
'// ..... 0 

~ '/ 
~ - E 

5 10 15 

Supply Voltag. (V) 

20.0 

CASE: 

Device 

EL7262 
EL7262 
EL7262 

EL7272 
EL7272 
EL7272 

7262-12 

7262-7 

Input L.v.1 Curve 

GND C 
GND, v+ 0 

v+ E 

GND A 
GND, V+ B 

V+ C 
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I Sink 

2.0 

1.B 

1.6 .. .,. 
.9 1.4 
"0 
> 
:; 1.2 
a. 
.5 

1.0 

Switch Threshold VB 

Supply Voltage 

High Limit = 2.4V 

y....-. 
/HY~ 

/ ~ , 

Low Limit = O.SV 

... 

-

5 10 15 

15 
o 

Supply Voltage 

Peak Drive vs Supply Voltage 
V - Supply 

10 5 

.,..-, 
/ 

r- N-CHANNEL // / 
/ 

/ / 
V 

/ / 

2.0A 

,..] 

7262-6 

/ / P-CHANNEL -
/ / I Source 

-2.0A / 
.' 

... ; 

o 5 10 15 

V - Supply 

7262-8 

"ON" Resistance VB Supply Voltage 

Measured at 
a 100mA 

:9: .. 6 
u 
c 
0 ;; 
'iii 4 .. 
'" 

, 
~ I 

"- Pull Down , <-
~ z 

f' 2 
Pull Up 

0 
5 10 15 

Supply Voltoge 

7262-9 7262-10 
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Typical Performance Curve - Contd. 
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Typical Performance Curve - Contd. 

Propagation Delay vs Supply Voltage Rise/Fall Time vs Temperature 
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Features 
• Excellent response times 
• Matched rise and fall times 
• Reduced clock skew 
• Low output impedance 
• Low input capacitance 
• High noise immunity 
• Improved clocking rate 
• Low supply current 
• Wide operating voltage range 

Applications 
• Full bridge drivers 
• Clock/line drivers 
• CCD Drivers 
• Ultra-sound transducer drivers 
• Power MOSFET drivers 
• Switch mode power supplies 
• Class D switching amplifiers 
• Ultrasonic and RF generators 
• Pulsed circuits 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL7412CM -40'C to + 85'C 20 Lead MDP0027 

Thermal SOL 

General Description 
The EL7412C contains (4) high performance matched drivers. 
These very high speed drivers are capable of delivering peak 
currents of 2.0 amps into highly capacitive loads and are ideally 
suited for "Full bridge" and ultrasound applications. The high 
speed performance is achieved by means of a proprietary "Tur
bo-Driver" circuit that speeds up input stages by tapping the 
wider voltage swing at the output. Improved speed and drive 
capability are enhanced by matched rise and fall delay times. 
The matched delays maintain the integrity of input-to-output 
pulse-widths to reduce timing errors and clock skew problems. 
This improved performance is accompanied by a 10 fold reduc
tion in supply currents over bipolar drivers, yet without the 
delay time problems commonly associated with CMOS devices. 
Dynamic switching losses are minimized with non-overlapped 
drive techniques. 

Connection Diagram 
20 Lead Thermal SOL Package 

GND 

IN B[]---.., 

IN A 

NOTE 1 { ~:~ 
GND 

GND 

OUT A 

OUT B[]-----' 

VDD A/B 

.------1::J INC 

NC 

IN D 

~:~ } NOTE 1 
GND 

GND 

VDD C/D 

OUT D 

L----1::J OUT C 

Note 1: Pins 4-7 and 14-17 are electrically connected. 
7412-1 

JgL-______________________________ ~_M_an __ uf_a_ct_u_re_d_u_n_d_~ __ u_.s_._p_a_te_n_t_N_o_S._5_,3_3_4,_88_3_,_#_S_,3_3_1,_04_7 ______________ --1 
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Absolute Maximum Ratings 
Supply (V + to Gnd) 16.5V 
Input Pins 
Combined Peak Output Current 
Storage Temperature Range 
Ambient Operating Temperature 

- O.3V to + O.3V above V + 
8A 

- 65·C to + 150·C 
-40·Cto +8S·C 

Operating Junction Temperature 
Power Dissipation 

20-Pin "Batwing" SOIC 

DC Electrical Characteristics TA = 2S0C. VDD = 15Vunless otherwise specified 

Description 
Test 

Conditions 

5-59 

125·C 

lS00mW 

Units 

III 



A C Electrical Characteristics TA = 2S'C, V = lSV unless otherwise specified 

tR 

tF 

5V 

Input 

0 

Inverted 
90% 

Output 
10% 

90% 
Non-Inverted 

Output 
10% 

V+ 

Description 
Test 

Conditions 

Rise Time CL = SOOpF 

CL = 1000pF 

Fall Time CL = SOOpF 
CL = 1000pF 

Timing Table Standard Test Configuration 

V+~----~--~--------, 
10 

Output 

'f 1000pF 

1,4-7,14-17 
I 

I I I 

--~-- -;-----~--;-
I I 

I \0 1 I I I \02 I Pins 2, 18, 20 connected to VDD 

~.-:tF ~.-:~ 
. . ~ . . lr 

7412-2 

Simplified Schematic 

Input Buffer Reference &: 
Level Sh ifter 

Inverting 
Buffer wi 
Hysterisis 

2nd Inverting 
Buffer 

Super Invertor 

Units 

7412-3 

7412-4 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 

'< 
.5 
C 
~ 
" 0 
>, 
Ii 
a. 

" VI 

... 

.5 

" E 
;:: 

C ... ...... 
" .. 
ii: 

100 

10 

Average Supply Current vs 
Voltage and Frequency 

r= Voo -+15V 

11111 ..... ~ 
Voo - + 10V 

- V 

~ Voo = +5V 

c;. 1000 pF 

11111 0.1 
10kHz 100kHz 1104Hz 

Frequency 

RIse/Fall Time vs Load 
100 

Voo 1= 11riVI 

80 

60 

40 \1 
:;..::: 

II 

20 
~ 1rl - ... I 

100 1,000 

Load Capacitance (pF) 

10MHz 

10,000 

7412-11 

7412-13 

5-62 

'< 
.5 -c 

~ 
" 0 
>, 
Ii 
a. 

" VI 

... 

.5 
" E 
;: 

C ... ...... 
" .. 
ii: 

100 

10 

0.1 

Average Supply Current 
vs Capacitive Load 

=10,OOOpF 

UY 1'1 

== 1,000 pF 
100 pF 

./ ./ 
No Load 

b:::===:II' 

VOO 10V 
(Equivalent Internal Capacitance =" 70 pF) 

10kHz 100kHz 1104Hz 10MHz 

Frequency 

Rise/Fall Time vs Supply Voltage 
30 

20 

10 " f=:::::: /" 
-,..... 
tri 

CL = 1000 pF 

0 II 
5 7.5 10 12.5 15 

Supply Voltage 

7412-12 

7412-14 



Typical Performance Curves - Contd. 
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Features 
• 100V High Side Voltage 
• Rail to Rail Output 
• 1 MHz Operation 
• 1.0A Peak Current 
• Matched Rise and Fall Times 
• Direct Coupled 
• No Start Up Ambiguity 

Applications 
• Uninterruptible Power Supplies 
• DC-DC Converters 
• Motor Control 
• Power MOSFET Driver 

Ordering Information 
Part No. Temp. Range Package Outline '" 

EL7S01CN -40'C to +8S'C 8-Pin P-Dip MDPO031 

EL7S01CS -40'C to +8S'C 8-Lead so MDPO027 

General Description 
The EL7501 provides a low cost solution to many high side 
drive applications. The EL7501 is DC coupled so there are no 
start up problems associated with AC coupled schemes. The 
EL7501 is driven by user supplied complementary signals. 

Connection Diagram 
<15V =. 

Figure 1 

7501 Waveform Example 

IN 

I 

:1 :1 :1 OUT :1 
(po = No) -II-

TD ON -II-To OFF 
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Absolute Maximum Ratings (TA = 2S·C) 

Supply (VDD or LXtoR- orR+) 100V Ambient Operating Temperature - 40·C to + 8S·C 

Supply (VDD to LX) 16.SV Storage Temperature Range - 6S·C to + lS0·C 
Output Pins - 0.3V below GND. Operating Junction Temperature 12S·C 

+ 0.3V above VDD Power Dissipation SOIC S70mW 
Peak Output Current 2A PDIP 10S0mW 

DC Electrical Characteristics (TA = 2S·C. VDD = lSV. CLOAD = 1000 pF. unless otherwise specified) 

IOD 

Description 

Supply Current 

intoVOO 

Test Conditions Units 

50.0 
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A C Electrical Characteristics (TA = 2S'C, VDD = lSV, CLOAD = 1000 pF, unless otherwise specified) 

Parameter Description Test Conditions Units 

Switching Characteristics 

tR Rise Time CL = 500pF 15.0 
CL = 1000pF 20.0 40.0 

ns 

tF Fall Time CL = 500pF 15.0 
CL = 1000pF 20.0 40.0 

ns 

tDOFF TurnOff 
90.0 140.0 

Delay Time 
ns 

tDON Turn On 
90.0 140.0 

Delay Time 
ns 

..-----11 R· 

-=- VDD 

LX 5 1-------1 

-=- VOFFSET 

7501-2 

Figure 2. EL7501 Test Circuit 

01 

R 

R 

7501-3 

Figure 3. EL7501 Alternate Drive Method 
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Typical Performance Curves 

Quiescent Supply Current 
vs Supply Voltage 
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Typical Performance Curves - Contd. 
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Features 
• 100V High Side Voltage 
• Programmable Delay 
• Direct Coupled 
• No Start Up Ambiguity 
• Rail to Rail Output 
• 1 MHz Operation 
• 1.0 Amp Peak Current 
• Improved Response Times 
• Matched Rise and Fall Times 
• Low Supply Current 
• Low Output Impedance 
• Low Input Capacitance 

Applications 
• Uninterruptible Power Supplies 
• Distributed Power Systems 

• IGBTDrive 
• DC-DC Converters 
• Motor Control 
• Power MOSFET Drive 
• Switch Mode Power Supplies 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL766lCN -4O'C to +S5"C IS.Pin P·DlP MDPO03l 

Timing Diagram 

General Description 
The EL7661 provides a low cost solution to many full bridge 
applications. The EL7661 is DC coupled so that there are no 
start up problems associated with AC coupled schemes. A single 
resistor from the DSET pins to V SS provides "dead time" pro
grammability. Shorting the DSET pins to Vnn gives the mini
mum delay (-100 ns). 

Connection Diagram 

7661-1 

'Pins 1, 9, 13, 15 must be open. 

INA __ ~I 1 

~TO--J ~TO--J 
'Lo __ -+-_____ 1 _ 1 

TO--J TO--J 

~I--------~I----~~----------~I~-----

VOO 

-0.., 

VH1 + VOD 

-0.., 

-voo 
1\.0 

0.., 

- VH1+VOD 

0.., 7661-2 

To--J 

~----------~I~----~---------l\il 

5·69 

~ 
1'1 
~ 
::r' 
~ 
CC 
CC 
Ot 

~ 
(I) 
.....: 

> 



Absolute Maximum Ratings (TA = 25°C) 
Supply (VHIA and VHIB to Vss) 
Supply (VDD to GND) 
Input Pins 

Operating Junction Temperature 
Combined Peak Output Current 

100V 
16.SV 

-0.3V below VSS. 
+ 0.3V above VDD 

12S·C 
4A 

DC Electrical Characteristics 

Storage Temperature Range 
Ambient Operating Temperature 
Power Dissipation 

(TA = 2SC. VDD = lSV. Vss = OV. CLOAD = 1000 pF. unless otherwise specified) 

Description 

Current Source/Sink 

IDD Supply Current into VDD 

Test Conditions 

RsET = S.lk 
Inputs = lSV 

5·70 

SO.O 

- 6S·C to + lS0·C 
-40"Cto +SS·C 

PDIP 1600mW 

Units 



AC Electrical Characteristics 
(TA = 25C, VDD = 15V, Vss = OV, CLOAD = 1000 pF, unless otherwise specified) 

Parameter Description Test Conditions Units 

Switching Characteristics 

tR Rise Time CL = 500pF 15.0 

CL = 1000pF 20.0 40.0 
ns 

tF Fall Time CL = 500pF 15.0 

CL = 1000pF 20.0 40.0 
ns 

tD ON HI High Side Turn On DSET = VDD 50.0 100.0 150.0 ns 
Delay Time RSET = 5.1k 75.0 125.0 200.0 

RSET = 200k 750.0 1150.0 1500.0 

tDONLO Low Side Tum On DSET = VDD 50.0 100.0 150.0 ns 
Delay Time RSETLO = 5.1k 75.0 125.0 200.0 

RSETLO = 200k 750.0 1150.0 1500.0 

tD OFF HI High Side Tum Off DSET = VDD 
100.0 150.0 

Delay Time 
ns 

tD OFF LO Low Side Tum Off DSET = VDD 
Delay Time 

100.0 150.0 ns 

tDMISMATCH AHIto ALO DSET = 200k + /-10.0 % 
Delay Mismatch 

tDMISMATCH BHItoBLO DSET = 200k + /-10.0 % • Delay Mismatch 

tDMISMATCH AHIto BHI DSET = 200k + /-10.0 % 
Delay Mismatch 

tDMISMATCH ALOtoBLO DSET = 200k + /-10.0 % 
Delay Mismatch 
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EL7661 Pin Description 

Pin # Name Description 

1 RAM Internal circuit connection. This pin swings from V SS to Vnn. This pin is out of phase with INA' 
Normally this pin should be unconnected to any external circuitry. 

2 DSETLO Connection for the delay setting resistor. This pin must be connected externally to the DSETHI pin. This 
pin is connected internally to a PMOS diode referenced to Vnn. 

3 INB Digital input for the "B" drivers. Its polarity is non-inverting with respect to the "B" outputs. 

4 BLO "B"lo-side output. Swings from Vss to Vnn. 

5 Vnn Positive supply for the lo-side circuitry. 

6 ALO "A"lo-side output. Swings from Vss to Vnn. 

7 INA Digital input for the "A" drivers. Its polarity is non-inverting with respect to the "A" outputs. 

8 DSETHI Connection for the delay setting resistor. This pin must be connected externally to the DSETLO pin. This 
pin is connected internally to a PMOS diode referenced to Vnn. 

9 RBP Internal circuit connection. This pin swings from VSS to Vnn. It is in phase with INB. Normally this pin 
should be unconnected to any external circuitry. 

10 LXB Negative supply for the "B" hi-side driver. 

11 BHI "B" hi-side output. Swings from LXB to VHIB. 

12 VHIB Positive supply for the "B" hi-side driver. 

13 RBM Internal circuit connection. This pin swings from V ss to Vnn. It is out of phase with IN B. Normally this 
pin should be unconnected to any external circuitry. 

14 VSS Negative supply for Io-side circuitry. 

15 RAP Internal circuit connection. This pin swings from Vss to Vnn. It is in phase with INA' Normally this pin 
should be unconnected to any external circuitry. 

16 LXA Negative supply for the "A" hi-side driver. 

17 AHI "A" hi-side output. Swings from LXA to VHIA. 

18 VHIA Positive supply for the "A" hi-side driver. 
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Typical Performance Curves 
Quiescent Supply Current 
vs Supply Current 
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Typical Performance Curves -- Contd. 
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Theory of Operation 
The EL7661 consists of, among other things, 4 
CMOS super inverter output stages. The super 
inverter configuration minimizes the possibility 
of simultaneous conduction of the two output 
complementary MOS devices. Each output stage 
can source or sink up to 1 amp of peak current. 
The state of the two output stages denoted 
"ALO" and "AHI" is determined by the input 
"INA", In a like manner the state of the two out
put stages denoted "BLO" and "BHI" is deter
mined by the input "INB'" The lo-side output 
stages, "ALO" and "BLO" have Vss as their nega
tive supply and VDD as their positive supply. 
The negative supply of the "AHI" output stage is 
LXA' The positive supply of the "AHI" output 
stage is VHIA' Similarly, the positive and nega
tive supplies of the "BHI" output stage are de
noted VHIB and LXB' The hi-side supplies, LXA, 
LXB, VHIA, and VHIB can float with respect to 
V ss. In fact the hi-side supplies can easily be 
lOOV higher than VSS. However, the differential 
voltage between VHIA and LXA, and between 
VHIB and LXB, should never exceed 15V. 
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The input signals, INA and INB, are level shifted 
from their quasi TTL levels to VSS to VDD volt
ages. After the level shift stage the rising edge of 
the signal is delayed some amount determined by 
the value of the resistor at the DSET pin. (The 
falling edge of the signal has no extra delay add
ed to it at this stage.) The delayed signal then 
drives its respective output drivers. The signals 
which drive the hi-side drivers are level shifted 
up to the appropriate levels while the signals 
which drive the lo-side drivers have an additional 
delay added to mimic the delay inherent in the 
hi-side level shift circuitry. 

The circuitry which produces the resistor con
trolled delay of the rising edge of the output re
duces down to a simple RC time constant. The R 
is provided by the user and the C is built into the 
delay circuitry. Ideally the delay would have no 
dependency on supply voltage or temperature 
since the R and C are well controlled, hQwever, 
due to nonidealities of the exact implementation, 
the delay times are a weak function of supply 
voltage and temperature. 
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Macromodel 
····EL7661 model"" 
* * '" top level circuit starts here '" >I' '" 

a-input 
b-input 

a lo-side output 
b lo-side output I 

I 
I 

a hi-side output 

I 
I 
I 
I 
I 
I 
I 

.subckt M7661 ina inb alo 
••• ·top level subcircuit calls'·'· 
xdela ina outa vss delay 
xdelb inb outb vss delay 
xalo alo outa vdd vss vss outstg 
xblo blo outb vdd vss vss outstg 
xahi ahi outa vhia Ixa vss outstg 
xbhi bhi outb vhib Ixb vss outstg 
.ends M7661 

blo 

····put in value ofrset resistor here···· 
.param rset = 50e3 

* '" '" ·comparator subcircuit* '" * '" 
.subckt comp10 out inp inm vss 
el out vss table (v(inp)-v(inm))' 5000 I (0,0,15,15) 
rout out vss 10meg 
rinp inp vss 10meg 
rinm inm vss 10meg 
.ends complO 

ahi 

b hi-side output 

bhi 
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a hi-side neg supply 
I b hi-side neg supply 

I 
I 
I 
I 
I 
Ixa Ixb 

lo-side neg supply 

I 
I 
I 
I 
vss 

a hi-side pos supply 
I b hi-side pos supply 

I I lo-side pos supply 

I I I 
vhia vhib vdd 



Macromodel- Contd. 

····input, delay, and level shift subcircuit···· 
.subckt delay vin compout vss 
vinref vinref vss 1.8 
xl n1 vin vinref vss comp10 
rslow n1 n5 {rset I 
rnom n5 n2 25k 
cdelay n2 vss 7.5p 
ddelay n4 n1 modd 
rfast n4 n2 llOk 
rdiv1 vddint n3 1k 
rdiv2 n3 vss 1k 
x2 compout n3 n2 vss comp10 
vddint vddint vss 15 
.model modd d is = 1e-7 
.endsde1ay 
····5 ohm output stage subcircuit···· 
.subckt outstg out gate vhi Ix vss 
sp vhi out gate vss spmod 
sn out 1x gate vss snmod 
.model spmod vswitch ron = 5 roff= 2meg von = 2.5 voff= 4.5 
.model snmod vswitch ron = 5 roff= 2meg von = 7.5 voff= 5.5 
.ends outstg 
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~ .......................................... . 
Macromodel- Contd. 

INs 

EL7661 Macromodel Schematic 

RFAST 1 k 
110k 

1k 

RrAST 1 k 
N4 110k 

N3 

N5 1k 

RNOM N2 
25k 

CDELAY 
7.5p 
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Features 
• 100V High Side Voltage 
• Programmable Delay 
• Direct Coupled 
• No Start Up Ambiguity 
• Rail to Rail Output 
• 1 MHz Operation 
• Shutdown Function 
• 1.0 Amp Peak Current 
• Improved Response Times 
• Matched Rise and Fall Times 
• Low Supply Current 
• Low Output Impedance 
• Low Input Capacitance 

Applications 
• Uninterruptible Power Supplies 
• Distributed Power Systems 
• IGBTDrive 
• DC-DC Converters 
• Motor Control 
• Power MOSFET Drive 
• Switch Mode Power Supplies 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL7761CN -4O"C to + 8S'C 16-Pin P-DlP MDPO031 

EL7761CS -40"C to + 8S'C 16-Pin SOIC MDP0027' 

"'Contact factory 

POL Polarity 

Low GND Inverting 
Side VDD Non-Inverting 

Hi 
X Inverting 

Side 

General Description 
The EL7761 provides a low cost solution to many half bridge 
applications. The EL7761 is DC coupled so that there are no 
start up problems associated with AC coupled schemes. A single 
resistor from DSET to GND provides "dead time" programma
bility. Shorting DSET to VDn gives the shortest delay 
(-100 ns). 

The POL pin controls the polarity of the low side driver. The 
polarity of the upper driver is always inverting. The EN pin, 
when low, forces the high and low side outputs into their low 
state. 

Connection Diagram 

IN 

7761-1 

EL7761 Waveform Example 
- 3V 

IN -----OV 
OUTHI , -I To.u 1-, -I TDflI I-
";';"";';"---h: I r-:l :.- 100V + voo , ..... ---.p.-..... , ..... ---,.., -.. - ov 

-l To",o 1-: -l To",o I-
_OU_T_L_O ___ : __ ~r-----l~ __________ .. r-----l~ _____ ~~ 

7761-4 
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1""'4 
cc 

~ .................................. 
Absolute Maximum Ratings (TA = 2S·C) 

Supply (VHI to GND) 100V Storage Temperature Range - 6S·C to + lS0·C 
Supply (Vnn to GND) 16.SV Ambient Operating Temperature -40·Cto +8S·C 
Input Pins - 0.3V below GND, Operating Junction Temperature 12S·C 

+ 0.3V above Vno Power Dissipation SOlC 1l00mW 
Peak Current per Output 2A PDIP 1800mW 

DC Electrical Characteristics (TA = 2S·C, Von = lSV,CLOAD = 100OpF,unlessotherwisespecified) 

Description Test Conditions Units 

SO.O 
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AC Electrical Characteristics (TA = 25°C, Voo = 15V, CLOAO = 1000pF, unless otherwise specified) 

Parameter Description Test Conditions Units 

~ Rise Time = 500pF 15.0 ns 
= 1000pF 20.0 40.0 

tpo Fall Time CL = 500pF 15.0 ns 
CL = 1000pF 20.0 40.0 

to ON HI High Side Tum On DSET = VOO 50.0 100.0 150.0 ns 
Delay Time RsET = 5.1k 75.0 125.0 200.0 

RsET = 400k 750.0 1150.0 1500.0 

to ON LO Low Side Tum On DSET = Voo 50.0 100.0 150.0 ns 
Delay Time RsET = 5.1k 75.0 125.0 200.0 

RSET = 400k 750.0 1150.0 1500.0 

to OFF HI High Side Tum Off DSET = Voo 100.0 150.0 ns 
Delay Time 

to OFF LO Low Side Tum Off DSET = VOO 100.0 150.0 ns 
Delay Time 

to MISMATCH High to Lo Side RSET = 400k ±10.0 % 
Tuman 
Delay Mismatch 

Pin Description • Pin # Name Function 

1 VHI Positive supply for the high side driver. 

2 NC 

3 R- Internal connection between the low side and high side driver. This pin is normally unconnected. 

4 POL Controls the polarity of the low side driver. 

5 INHI Logic input for the high side driver. 

6 INLO Logic input for the low side driver. 

7 DSET Connection for the delay adjust resistor. 

8 EN A high voltage on this pin enables the part. 

9 GND Negative supply of the low side driver and cOD:trol circuitry. 

10 NLO Low side driver output pull down. 

11 PLO Low side driver output pull up. 

12 Voo Positive supply of the low side driver and control circuitry. 

13 R+ Internal connection between the low side and high side driver. This pin is normally unconnected. 

14 LX Negative supply for the high side driver. 

15 NHI High side driver output pull down. 

16 PHI High side driver output pull up. 
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Typical Performance Curves 

Quiescent Supply 
Current VB. 

Supply Voltage 
6.25,...---,--,----r-.., 

TA=25'C 

Avg. Supply Current 
into VDD va. 
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5 "sET=Yco 100~!ti~;J 
Supply 1 ~ 

Curve I Condition c 10 
~ 3.751--+--+-+--,oh"zt ® '00 Y,o-o.,POL-o. ~ 
:I ® 100 VIN",OV,POL-OV (3 
~ 2.5 @ 100 VIN ;; voo. POL ov >

@Ioo VIN-VOO·POl."VOD rJl~ g: ® 'ttl V1N-Voo 
rJl ® 1<1 YIN,o. 

100 

Average Supply Current 
into VHI VB. 
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o·rI...0-E4:-'-..J....I.J..1J1UJ,~OE::5:-'-..J....I.J..1J1-':'.OE6 
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0.1 '--..wu.J.J.Wl~.I...J..ll..IJJ.U 
1.0E4 1.0E5 1.0E6 

.... 

.s. 
CD 
E 
i= 
~ ;; 
c 

Output Rising Edge 
Delay va. RsEr and 
Supply Voltage (Detail) 

350 ,...--r--r---.--r--. 12SO 

!10OO 

~ 750 
i= 
~ SOO 

~ 
250 

o 

Frequency (Hz) 

Output Rising Edge 
Delay va. Temperature 
andRsET 

Lo 

Hi 390K 
Lo 

HI 301lK 

Lo 

HI 20IlK 

Lo 

Hi Lo 100K 

H 51K 

80 100 -60 -20 20 60 100 140 

Output Falling Edge Delay 
vs. Supply Voltage and 
Temperature 

Delay Times" va. 
Supply Voltage 
and Temperature 

230 ,--r-r--r-,--, 

Temperature (e) 
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! 

200 
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13 15 
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Typical Performance Curves - Contd. 
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................................. 
Features 
• Programmable Delay 
• 1 MHz Operation 
• Shutdown Function 
• 1.0 Amp Peak Current 
• Matched Rise and Fall Times 
• Low Supply Current 
• Low Output Impedance 
• Low Input Capacitance 

Applications 
• Uninterruptible Power Supplies 
• Distributed Power Systems 

• IGBTDrive 
• DC-DC Converters 
• Motor Control 
• Power MOSFET Drive 
• Switch Mode Power Supplies 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL7861CN -""'Cto +8S"C S-PinP-DIP MDP0031 

EL7861CS -40'Cto +SS·C S-PinSOIC MDPOO27 

General Description 
The EL7861 provides LOA of peak current for many driver ap
plications. The rising edge of the output can be delayed up to 
1.5 ,..,S from the corresponding input edge. A single resistor from 
DSET to GND sets the delay time. Connecting the DSET pin to 
VDD disables the delay block giving approximately 30 ns delay 
times. The circuit contains an enable feature as well as user 
definable polarity. The programmable delay is useful in applica
tions requiring compensation for long switch tum off times and 
applications using resonant mode technology. 

Connection Diagram 

7861 Waveform Example 
POL = VDD 

7861-1 

IN ...... __ ..... r-:~ 
-lTD\- -lTD\-

r--1 r--1 r VOO 
OUT I I I I • L ___________ ~ ~ ________ ~ OV 

(po shorted to No) 

7861-4 

POL Polarity 

VDD Non-Inverting 

GND Inverting 

~----------------------------------------------------------------~----~ 
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Absolute Maximum Ratings (TA = 25'C) 

Supply (VDD to GND) 
Input Pins 

Operating Junction Temperature 
Peak Output Current 

16.5V 
-0.3VbelowGND, 

+ 0.3V above VDD 
125'C 

2A 

Ambient Operating Temperature 
Storage Temperature Range 
Power Dissipation 

-40'C to + 85'C 
- 65'C to + 150'C 

SOIC 570mW 
PDIP 1050mW 

DC Electrical Characteristics (TA = 25'C, VDD = 15V, CLOAD = 1000 pF, unless otherwise specified) 

Description Test Conditions Units 
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u:> 
ex> 

~ .................................. 
AC Electrical Characteristics (TA = 2SOC, 

Description 

Rise Time 

Fall Time 

tDON Tum On Delay Time 

Test Conditions 

CL = SOOpF 
CL = lOOOpF 

CL = SOOpF 
CL = lOOOpF 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Features 
• Programmable delay 
• 1 MHz operation 
• LOA peak current 
• Matched rise/fall times 

• Low power 
• Rail to rail output 
• Low output impedance 
• Low input capacitance 

Applications 
• Uninterruptible power supplies 

• IGBT driver 
• DC-DC converters 
• Motor control 
• Power MOSFET drivers 
• Switch mode power supplies 

Ordering Information 
Pari No. Temp. Range Package Outline # 

EL7961CN -4O"Cto + 85°C 8~Pin P~DIP MDPOO31 

EL7961CS -4O"Cto +8S'C 8-LeadSO MDPOO27 

EL7971CN -4O"Cto +8S"C 8-PinP-DIP MDP0031 

EL7971CS -4O"Cto +85'C 8-LeadSO MDPOO27 

EL7981CN -4O"Cto +8S"C 8-PinP-DIP MDN031 

EL7981CS -4O"Cto +8S'C 8-LeadSO MDPOO27 

General Description 
The EL79611EL7971/EL7981 provides LOA peak current for 
many driver applications. The rising edge of the output can be 
delayed up to 1.5 }-ts from the input edge. A resistor from DSET 
to GND sets the delay time for both channel A and B. This 
programmable delay is useful in applications requiring compen
sation for long switch turn off times. Pulling DSET high dis
ables the delay block giving approximately 30 ns delay times. 

EL7961 - Non-Inverting 
EL7971 - Inverting 
EL7981 - Channel A - Inverting 

Channel B - Non-Inverting 

Connection Diagram 

7961 Waveform Example 

INA/B I I 
-I To I- -I To I-

OUTA n n 
I I 

OUTB 11 11 
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Absolute Maximum Ratings (TA = 25°C) 

Supply (Vrio toGND) 
Input Pins 

Operating Junction Temperature 
Peak Output Current 

16.5V 
-0.3VbelowGND, 

+ 0.3V above Voo 
125°C 

2A 

Ambient Operating Temperature 
Storage Temperature Range 
Power Dissipation SOlC 

PDIP 

-40"C to + 85°C 
- 65°C to + 150°C 

570mW 
1050mW 

DC Electrical Characteristics (TA = 25°C, Voo = 15V,CLOAD = 1000 pF unless otherwise specified) 
r---

Description Test Conditions Units 

100 

5-90 



t:r.j 
~ 
"'I cc 
0) 
t-" 
(") 
"-

,----------------------------------------------------------------, t:r.j t; AC Electrical Characteristics (TA = 25C, VDD = 15V,CLOAD = 1000pF unless otherwise specified) ---
Parameter Description Test Conditions Units 

Switching Characteristics 

tR Rise Time CL = SOOpF 
CL = 1000pF 

tF Fall Time CL = SOOpF 
CL = 1000pF 

to ON Turn On Delay Time DSET = VOO 10.0 
RSET = S.lk 30.0 
RSET = 200k 7S0.0 

to MISMATCH Channel A to B RSET = 200k 
Turn On Delay Mismatch 
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Typical Performance Curves 
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Delay Times VB Supply 
Voltage and Temperature 
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Typical Performance Curves - Contd. 
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Features 
• Programmable delay 
• 1 MHz operation 
• 1.0A peak current 
• Matched rise and fall times 
• Low supply current 
• Rail-to-Rail output 
• Low output impedance 

• Low input capacitance 

Applications 
• U ninterruptible power supplies 
• Distributed power systems 
• IGBT drive 
• DC-DC converters 
• Motor control 
• Power MOSFET drive 
• Switch mode power supplies 

Ordering Information 
Pari No. Temp. Range Package Outline # 

EL7962CN -40"C to +85°C 8-PinP-DIP MDPOO31 

EL7972CN -40°C to +85"C 8-PinP-DIP MDPOO31 

EL7982CN -40"C to +85°C 8-PinP-DIP MDPOO31 

EL7762CS -40°C to +85"C 8-PinSOIC MDPOO27 

EL7772CS -4O"Cto +85"C 8-PinSOIC MDPOO27 

EL7782CS -4O"Cto +SS"C 8·PinSOIC MDPOO27 

General Description 
The EL7962/72/82 provides LOA of peak current for many 
driver applications. The rising edge of the output can be de
layed up to 1.5 /Ls from the corresponding input edge. A resistor 
from DSET A to GND sets the delay time for channel A. Like
wise a resistor from DSET B to GND sets the delay time for 
channel B. Connecting the DSET A pin to VDD disenables the 
delay blocks, giving approximately 30 ns delay times for both 
channels. This programmable delay is useful in applications re
quiring compensation for long switch turn off times and appli
cations using resonant mode technology 

EL7962 - both channels non-inverting 
EL7972 - both channels inverting 
EL7982 - channel A inverting 

channel B non-inverting 

Connection Diagram 

RSETB 

7962 Waveform Example 
TDA =1= TDB 

RSETA 

7962-1 

- 3V 

.... ----OV 

r--""" r--""" - voo 
:~I-----r-~ :I~---------ov 

I- : -I TOB I-
_O_UT...;B __________ ---1.---:l .. _______ ....In .. _________ ~~o 

7962-4 

RSET B > RSET A ~ TDB > TDA 

jL-______________________ ~ ______________________________________ ~ 
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Absolute Maximum Ratings (TA = 25°C) 
Supply (Voo to GND) 
Input Pins 

Peak Current per Output 
Ambient Operating Temperature 

16.5V 
-0.3V below GND, 

+ 0.3V above VOO 
2A 

- 40°C to + 85°C 

Operating Junction Temperature 
Storage Temperature Range 
Power Dissipation 

SOIC 
PDIP 

125°C 
- 65°C to + 150"C 

570mW 
1050mW 

DC Electrical Characteristics (TA = 25°C, Voo = 15V, CLOAO = 1000 pF, unless otherwise specified) 

Description 

IDD Supply Current into VDD 

Test Conditions 

RSET = S.lk 
Inputs = 15V 

5-95 

Units 

50 



o 
~ co 
= !3 
~~~~~~~~~~~~~~~~~~~ 
~ 

~ AC Electrical Characteristics (TA = 25C, Vee = 15V, CLOAe ='1000 pF, unless otherwise specifi_le--,d) __ 

~ 
........ o 
~ 
C&:> = ~ 
~ 

Parameter 

tR 

tF 

tDON 

tDMISMATCH 

Description 

Rise Time 

Fall Time 

Tuman 
Delay Time 

Channel A to B Tum On 
Delay Mismatch 

Test Conditions Units 

10.0 
30.0 
750.0 

RSET = 400k 
RSET A = RSET B 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Variable Pulse Width Variable 
Frequency Pulse Generator 
This application uses the "B" driver of the 
EL7972 as an oscillator to drive the "A" driver. 
The frequency is set using R1 and C1. The pulse 
width is set by adjusting R2. Capacitors C2, C3 
and C4 are decoupling capacitors. A fixed pulse 
width output is available at pin 5 while the vari
able pulse width signal is available at pin 7. For 
these particular component values a maximum 
pulse width of 2 !-,-S is available at pin 7. 

The frequency is approximated by the relation: 

f(Hz) = (1.5) NDD 
(R1) (C1) 

The pulse width is approximated by the relation: 

T (S) (4.5 X 10-6) ( 1 - ~) 
width = ~VDD -100 ns 

IN4148 
D1 

0942-1 

5-99 

lOOV DC Stable High Switch 
This application uses an EL7761 to drive the gate 
of an NMOS FET above the FET's source and 
drain voltage. This circuit would be useful in ap
plications where the load must be energized con
tinuously as in an automobile headlight circuit or 
a high side switch to a 48V bus in a distributed 
power application. 

The low side driver self oscillates at a frequency 
determined by its input hysteresis in conjunction 
with R2 and C3. The output of the oscillator 
(pins 10 and 11) drive a charge pump which pow
ers the high side drive section of the EL7761. A 
low voltage at the EN pin shuts the drive to the 
external FET off as well as shutting down the 
charge pump oscillator and putting the chip into 
a low supply current mode. Capacitors C1 and C4 
are used to decouple the supplies. VDD must be 
at least a diode drop higher than the desired en
hancement of the external FET. The reverse 
breakdown of the zener diode should be less than 
15V in order to avoid an overvoltage of the high 
side driver. Depending on the exact nature of the 
circuit a zener diode is not always necessary. 

VDD 

C3T·l~F 
V CONTROL 

C1 • 1000pF ceramic 
C2 •. 11JF ceramic 
Cs - .11JF ceramic 
C4 -1-4.7IJFTant. 

10K!l 

C5 - .01lJFceramic 100V 

01.02 -IN4148 
At - SOOKO 1f4w 
R2 - 10Kn 1/4w 
As - loon - 300n 1/4w 

100V, Single chip, DC stable high side switch 

0942-2 
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~r---------------------------------------------------------------------------, 

Synchronous Buck Regulator switch. A transformer is used to obtain the high 

O~ side switching voltage for Ml. Rl sets the dead 
.~ Driver time delay between the on times of Ml and M2. 
1U In this application one driver of the EL7981 is The adjustable delay is perfect for devices with 
(,) used to drive the main switch of a buck regulator long turn off times such as IGBT's. =a while the other driver drives the synchronous 

~ L1 

R2 

20K + 
I\OAD 

0942-3 

Set dead time with Rl. 
Ml and M2 can be IGBT's. 

Synchronous Buck Regulator 
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Buck Regulator High Side Drive 
Using the EL7501 
These circuits show two ways of using the 
EL7501 to drive the high side switch in a buck 
converter application. The first method uses re
sistors Rl and R2 to bias pin 1 in the middle of 
the drive voltage swing at pin 4. This allows 

6-15V 

the use of a single sided PWM drive. The high 
side voltage is pumped up from the VDD supply. 

The second method uses a complementary drive 
signal at pins 1 and 4 of the EL7501. It derives its 
high side supply voltage by charging capacitor 
Cl through resistor Rl and then using the exter
nal FET to pump that voltage above the high 
side supply. 

6-16V < 100V 

0942-4 

EL7501 Buck Regulator with High Side Drive 
First Method 

< 100V 

EL7501 Buck Regulator with High Side Drive 
(Alternate Biasing Scheme) 

Second Method 

5-101 
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l 
~ .................................................. .. 
~r---------------------------------------------------------------------------. 

Self Powered DC Stable lOOV Half pump oscillator drives a capacitor diode network 
~ to provide high side supply voltage to the 
.S Bridge Driver EL7501. The EL7501 drives a high side external 
~ This circuit uses one driver of an EL7972 to pro- N-FET. Due to the addition of the charge pump 
~ vide low side drive and the other driver as a this circuit will work at any driving frequency 
~ charge pump oscillator. The output of the charge from DC to > 1 MHz. 

~ l2V l2Y 

3K 

lK 

200n 

In put __ -'--"----12 
TTL or CMOS 

~ lOOOpF 

An EL7961C can be substituted if an enable feature is desired. 

DC Functional Half Bridge Driver 

5-102 

O-lOOY 
OUT 
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IGBT Half Bridge Driver 
This circuit shows the EL7981 being used to 
drive an IGBT half bridge. The high side IGBT 
is transformer coupled to the driver. The value of 
Rl is chosen so that the two IGBT's never con-

Input 

duct at the same time. If the IGBT's have differ
ent turn off characteristics then the EL7982 
could be used instead of the EL7981. The EL7982 
has independent control of each of its driver's ris
ing edge delay. 

0942-7 

IGBT Half Bridge Driver 
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i 
]~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
fIl Self Oscillating IGBT Driver sure equal on times accurate component values 

may need to be used. The resistor, R3, controls 
the dead time between the on times of both driv
ers. 

§ This circuit self oscillates at approximately 
~ 25 KHz. The on times of each driver depend on 
~ the values of Rl, Cl, R2 and C2. In order to en-

.,.., -~ 
~ 

12V--,-----+-~ .. ~~~--~--r:r 

Diodes - IN4148 
R3 sets dead time 
Approximately 25 KHz oscillation 

lOOK 

RI 

R2 

Self Oscillating IGBT Driver, DC-DC Step Up (or Down) 

5-104 
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40 Watt-12V Step Down Regulator 
Using a Synchronous Switch 
This circuit shows how the EL7761 could be used 
as a half bridge driver for a step down converter. 
The circuit switches at 250 KHz. 

lSV ---r------, 

SV 

'" o 
on 

20K 

'" o 

'" <0 

10K 

1000 pF 

V-3600PFI-_____ .... 

1 K "f 8000 pF ----.... 

Vsupply 
48V 

12V Step Down Synchronous Switches 

5-105 

Vo = 12V 

9.5K 

2.SK 
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~ .................................................. .. 
~r---------------------------------------------------------------------------, 

S · IUd Ita Vton the chip is enabled. As VDD is lowered such 

O
! unp e n ervo ge that the voltage atEN falls below Vtoff, the chip 

Lockout Circuit is disenabled. The threshold tolerances are as fol-
+: By using a zener diode and a pull down resistor lows: 

1.0V < V ton < 1.6V 
~ the user can implement a simple UVLO circuit. 

=-= As Vno increases above the zener voltage the 
~ EN pin rises above ground. When EN reaches 

O.3V < V ton - V toff < 1.0V 

Vturn-on = Vz + v ton 
V turn-off = V Z + V toff 

Vturn-on = Vz + v ton 
V turn-off = V Z + V toff 

01 

VDD -L...,..-----ill 

+ 
Vz 

Simple UVLO Circuit for the EL7761 

Simple UVLO Circuit for the EL79Xl 

5-106 
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Video Sync Pulse Generator 
The EL7501 inputs function outside the power 
supply rails, allowing a ground referenced TTL 
signal to control a ground to - BV output swing. 
The output resistors can be adjusted to tailor the 
rise and fall times of the circuit. 

5Y 

3K 

lK 

TTL in 

-BY 

5-107 
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Synchronous Switch Increases 
Boost Efficiency 
The EL7501 plus a N-FET replaces the catch di
ode in a boost regulator. When the R + pin is 
higher than the R - pin, the FET is turned on, 
effectively shorting out the parasitic diode of the 
FET. A small resistor may be added in series 
with the R - pin in order to "tune" the turn-on 
delay of the FET. 

5-108 

May need small resistor 
-lK 

0942-13 
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.---------------------------------------------------------------------.~ 
Resonant Gate Driver the circuit "Q". This is governed by the expres- ... 

sion: ~ Resonant gate driver can be used to boost the ... 
gate voltage swing while increasing driver effi- wL ~ 
ciency. In Figure 1, an EL7S01 is configured with Q = -R ~ 
(2) external "ring" diodes and resonating induc- [ 
tor LR' For tutorial purposes, the power mosfet ~ 

load was replaced by a 1000 pF capacitor (CL)' where: w = 'f?'1c or Q = -R1 ~c 8 
The "ring" diodes are fast switching diodes capa- 'iLl\..-VC 
ble of withstanding the 1 amp peak current, such 
as the 1N914. Standard de-coupling techniques 
are applied with SV applied to VDD, the circuit 
delivers + lOV to - SV output. In "sv only" sys
tems, sufficient output swing is available so as to 
eliminate the need for costly "logic level" power 
FETs, and provides below ground swing for su
perior turn-off. 

Principle of Operation 
When the input drops below 2.4V, pin 7 pulls 
high, allowing current to flow from VDD thru D1 
and LR, thus charging CL' Initially the full volt
age appears across the inductor, but as the cur
rent starts to flow, CL begins to charge. When CL 
reaches the supply voltage, current continues to 
flow as the inductor LR reverses direction and 
continues to charge the capacitor beyond the sup
ply voltage. When CL reaches it's peak, the 
"ring" diode disconnects, holding that potential 
across CL' The peak voltage can be controlled by 
adjusting the circuit "Q". Typically this is ac
complished by varying the size of inductor LR, 
since the "on" resistance of the driver can limit 

TTL 5V 
Logic or Input 

JULr 

2.4V 

Thus, higher "Q", and higher voltage swing can 
be maintained by making ~L/C large compared 
to R. (R ::::; SO typo for the EL7S01.) 

Similarly, when pin-6 pulls low, the output reso
nates below ground to provide good tum-off. 
Since charge is transferred mostly thru the in
ductor, rather than a resistor efficiency is much 
higher. The circuit performance is summarized 
below. 

Conditions: VDD = 5V Fe = 220kHz 

(L) Inductance VOUT(+) VOUT- TR/TF 

Casel lp.H 7V -2.lV 60ns 

Case 2 47 p.H l8V -l2V 300ns 

The power consumption was measured for Case 
2, at 40 mW. Using "resistive" charging a power 
dissipation/consumption of 200 mW is anticipat
ed, thus reSUlting in a (S) fold improvement in 
efficiency. 

To Scope 

CL = 1000 pF 

0942-14 

Figure 1. Resonant Gate Driver 
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MOS Driver with Under·Voltage Lock·Out 
v+ 

R2 

Input 

R1 

uv :::: (1.5) Rl + R2 
Rl 

V+ 

Input 

R 

c 

0.6 
Ip::::---

RSENSE 
Recovery Time TR - RC 

EL7144 

T 

Over·Current Protected Driver 

EL7144 

----------- 4.7 p.F 

~ 

-----------
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To Load 
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To Load 
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.-------------------------------------------------------------------------~ i 
MOS Driver with Simultaneous Conduction Lock·Out 

EL7242 r----..,..-Ov+ 

Truth Table 

Al Bl Ao Do 
0 0 0 0 

0 1 0 1 

1 0 1 0 

1 0 1/0 0/1 

MOS Driver with Over· Voltage Protection 
EL7144 

r-------------~--v++ 

v+ O-~I-., 

Input ~--+--+_-__1L~ 

5-111 

Power 
MOSFET 
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Mosfet Driver Generates its own 
+ 12Vsupply 
When you want to drive one power Mosfet, from 
a 5V or a 3.3V system, generating the one extra 
+ 12V supply can involve quite a large number of 
both active and passive components. 

Here is a solution that uses the spare second 
Mosfet Driver channel to derive its own + 12V 
supply. By using a driver with the drains 
brought out to separated pins, one can connect an 
inductor between the N-channel drain and the 
logic supply, without having the P-channel de
vice connected. 

In operation, it works as a standard flyback style 
switched mode circuit. When the output N-chan
nel device is on, current starts flowing in the in
ductor, storing energy. When the N-channel de
vice is turned off, the current has to continue 
flowing, so it flows through the diode D2 to 
charge up capacitors Cl and C2. As the cycle re
peats, the voltage on Cl and C2 rises until the 
zener diode prevents further voltage rise. This is 
needed to prevent the drivers' derived supply 
from exceeding the parts' maximum voltage rat
ing. 

3.3V-SV 

Voo 01 

.. ... ... + 

C4 

.. '" _ 0 

lNS817 ETC. 

rL 
+ PULSE INPUT 
- FROM SYSTEM 

02 

lNS817 ETC. 

100)' • 

Since the objective was to minimize the number 
of external components and cost, additional com
ponents which would allow the circuit to self os
cillate and regulate were omitted. The logic sys
tem was able to supply a drive pulse waveform to 
the supply generator. With the 5V system, I was 
using a 1.5 p.s pulse every 9 p.s. This gave a very 
solid + 12.4V, and the system supply current 
went up by about 11 mAo The 3.3V system used a 
300 kHz square wave, for a similar 12V derived 
supply, but with nearly 40 mA extra supply cur
rent. In both systems, when the Mosfet Driver 
was not being used, it could be "powered down" 
by simply stopping the pulses to the switching 
channel. 

Any dual Mosfet Driver can be used, but if the 
drains of the output stage are not separated, 
there may be some protection and other parasitic 
devices that may prevent satisfactory operation. 
In these cases an external fet can be used to drive 
the inductor, provided a low threshold device is 
used. By altering the inductor value and the con
trolling pulses, enough power can be derived for 
further Mosfet Drivers or other peripheral devic
es requiring + 12V. 

Cl 

GENERATED 12V 

12V 
lNS242 
ETC. 

rL 
+ PULSE INPUT 
- FROM SYSTEM 

0942-19 

Self Charge Pumping Mosfet Driver 
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Super Inverters 
CMOS is often equated with low power, however 
dynamic losses can be significant, particularly as 
the frequency of operation increases. Losses can 
be attributed to the parasitic capacitance on all 
internal nodes which toggle (described by P = 
CV2f), and from simultaneous conduction 
through CMOS gates during switching. Parasitic 
capacitance is reduced by shrinking feature sizes 
and using low overlap, self aligned silicon-gate 
process technology. Simultaneous conduction 
(shoot-thru) can be controlled or eliminated com
pletely with "super-inverter" technology. A stan
dard CMOS inverter is shown in Figure 2A. 
Here, with every transition, there is an interval 
during which both the NMOS and PMOS tran
sistors are conducting and dissipating energy. 

Voo )>-------4_--

J~ 
1-+ 15 

Thus the integral of the instantaneous shoot-thru 
current, multiplied by the supply voltage and 
clock frequency describes the power loss. 

P = 2fV J: IS (t)dt 

These losses can be significant, and are illustrat
ed in Figure 2B. The super-inverter shown in 
Figure 3A overcomes the "shoot-thru" problem 
with "break before make" asymmetric drive, 
thereby controlling or eliminating simultaneous 
conduction. The designer can trade-off shoot
thru current for added propagation delay. The re
sults demonstrated in Figure 3B represent about 
a 4 X improvement. An added benefit is the re
duced power supply bounce resulting from di/ dt 
and stray inductance. 

1\::·:::::::: ::: :::::::::::: ::: I] :::: ::: }:.oo, N 10 
J:: 

" 
r--r~--+J7. T~r-~S~ho~ot~-~th~r~u~0~.2~A~/~D·~lv-4I __ /~ ·I'--f--

t.t2 
NMOS 

I+-

J Vss )>----~ ...... --
0942-21 

Figure 2A. Standard CMOS 
Inverter 
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Figure 2B. CMOS Inverter Switching Losses 
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Super Inverters - Contd. 

" voo ,>---_,....----.___4 T~M-3-------4,....--

r--1J~~ PMOS Ml 

I~ PMOS 

" I t--~~OS ---I} VOUT Y,N '>-..... --+-M-5 - ..... -11 ~ 

M2 
HI::;' PMOS 

I NMOS 
~M-6------r---~I~ 

" y:;NMOS 

Vss ,>----... -----... -----.... --
Figure 3A. Super Inverter 

15 __ _ 

5::y ____ :::::: 
o 

10n 20n 30n 40n SOn 60n 70n 

Figure 3B. Super Inverter Switching Losses 

Input Source Follower 

0942-23 

0942-24 

To accommodate moderately high source inpe
dances, a source follower input stage similar to 
the circuit shown in Figure 4 is used. This elimi
nates both the "Miller" gate capacitance, and 
gate to source capacitance seen in typical designs. 
The "boot-strapping" effect eliminates all but the 
gate-drain capacitance. This feature allows direct 
drive from low current logic, without any degra
dation in performance. 

I-- - - - (::>0----0 Output 

Input 0--1::; (P-Channel Source follower) 

J 
094.2-25 

Figure 4. Low Input Capacitance Source 
Follower 
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Precision Level Shifting Overall Performance 
Generating rail to rail drive from a logic level The resulting CMOS Drivers offer both function- =t 
input is accomplished with a Class AB push-pull ality and performance. Figure 5 shows the ~ 
amplifier and an internal 1.2V reference. This switching characteristics into a 1000 pF load. ., 
produces a well controlled threshold with mini- Rise time, fall time, and delay are all matched to [ 
mal propagation delay. The known switch point minimize pulse distortion, and are less than .. 
can be used to generate under-voltage lock-out 20 ns. Figure 6 illustrates the waveform integrity 0 
protection. Hysterisis is also introduced to boost at 5 MHz, into 1000 pF. 1:1 
the noise immunity. 

3-State and Gated Inputs 
Additional logic functions are also provided to in
sure greater flexibility. 3-State control is often 
useful in "Bridge" and "Bus" applications. Gated 
inputs can be used for chip enable/shut-down, 
latching, and various other functions. 

\ 
'-,...... 

---' 

Ch.1 = l.000V/div 
Ch.2 = 5.000V/div 
Timebase = 20.0 ns/div 

--, 

!'-h 

\ I \ 
\ J \ I 
'-- \.--1-" 

Ch.1 = 2.000V/div 
Ch. 2 = 4.000V Idiv 
Timebase = 100 ns/div 

CHl 

('- CH2 

0942-27 

Figure 6. 5 MHz Output into 1000 pF Load 

I - CH2 

/ 
I 

CHl 

0942-26 

Figure 5. Step Response into 1000 pF Load 
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APPLICATION SPECIFIC - DATA PROCESSING 

Laser Diode Driver 
Tr lOUT ROUT Package 

Part # Features Max Typ Supply P = Pins 
Typ 

(Both Channels) (Both Channels) M=SOL 

EL6251C 2-Channel + Sense 2 ns 320 rnA 7.50 5V ±10% 24P-M t 
_. ----

DC:DC Converters 
Part # Features Ipeak VOUT Accuracy VSUPPLY Package 

EL7556C Int Ref Integrated PWM + FETs IC 6A Variable 1% 6V 28P-Mt 

EL7560C Ext Ref Integrated PWM + FETs IC 12.4A 2.1V-3.5V 1% 6V 28P-M t 

EL7561C Int Ref Integrated PWM + FETs IC 12.4A 2.1V-3.5V 1% 6V 28P-M t 

EL7571C Int Ref PWM Controller IC Variable 1.3V-3.5V 1% 4.5V-13.2V 20P-M t 

t See Ordering Information section in this databook. 

'f 
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Features 
• High-performance laser diode 

driver and power monitor 
• Voltage-controlled read and write 

currents up to 320 mA total 
(160 mA read/160 mA write) 

• 1.7 ns rise time 

• 3.2 ns fall time 
• Single + 5V supply 
• Power supply fault sensing for 

laser diode protection 
• Laser diode power sense amplifier 

with two transimpedance levels 
compatible with read and write 
modes 

• Uses external set resistors for 
both read and write 
transconductance 

Applications 
• Writeable optical drives 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL6251CM -4Q'C to +8S'C 24 Pin SOL MDPO027 

General Description 
The EL6251C is a Laser Power Amplifier which provides pulsed 
write/erase current as well as DC or pulsed read current to a 
common-cathode laser diode connected to output pins WROUT 
and RDOUT respectively. Separate pins are provided so that 
the read output may be inductively isolated from the write out
put and the laser diode. The levels of these currents are individ
ually set by analog input voltages applied to the WRPWR and 
RDPWR pins respectively. Write output current pulses are 
achieved by a TTL "L" signal at the WROUTEN pin. Similar
ly, Read output pulses are achieved (if a simple DC level is not 
desired) by a TTL "L" signal at the RDOUTEN pin. Power
down of both the RDOUT and WROUT pins is also accom
plished by applying a TTL "L" signal to the LSRMOD pin. 
Protection at low power supplies is also provided, with the 
RDOUT and WROUT outputs turning off when the supply 
voltage falls below about 4V. Laser Diode Protection is addi
tionally provided since, when open, the LSRMOD floats low, 
and RDOUTEN and WROUTEN float high, thereby disabling 
any output current. 

The EL6251C also contains all the necessary sense circuitry to 
produce an output voltage at the LSV pin proportional to the 
input current at the LSI pin, which is from a laser power-moni
tor photodiode. Two values of sense circuitry are available, se
lected by a TTL input on the WRSENS pin (floats high when 
open). 

Three external resistors at pins RSENSE, RRDOUT, and 
RWROUT are used to accurately set the transimpedance of the 
sense amplifier, and the read and write transconductance. The 
output current at RDOUT and WROUT varies inversely with 
resistor value, while the trans impedance of the sense amplifier 
varies directly with the value of RSENSE. 

Connection Diagram 

6251·1 
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Absolute Maximum Ratings (TA = 25·C) 

Voltages Applied to: 
Vee, VCCRD, VCCWR 

TTL Inputs 
WRPWR and RDPWR 
LSI 
WROUT and RDOUT 
LSV 

- O.5V to 6.0V 
-0.5V to Vee + 0.5V 
-0.5V to Vee + 0.5V 

- 0.5V to 2.5V 
-0.5VtoVee + 0.5V 
-O.5VtoVee + 0.5V 

Electrical Characteristics 

Power Dissipation (maximum) 
Operating Temperature Range 
Operating Junction Temperature 
Storage Temperature Range 

See CurVes 
-40·Cto +85·C 

+ 150·C 
- 65·C to 150·C 

Vee = 5V, RRDOUT = 10 kll, RWROUT = 6.2 kll, RDOUT and WROUT load = 1011 to GND, RSENSE = 10 kll, TA = 25·C 
unless otherwise specified 

General 

Logic Control Signals (LSRMOD, WRSENS, RDOUTEN, WROUTEN) 

Note 1: When Vee < VCCF, WROUT and RDOUT are disabled while the Laser Sense Amplifier circuitry remains active. 

VToIStages 

Parameter 

VOFFSET 

Description Conditions 

V to I Offset Voltage RDPWR - RRDOUT, WRPWR - WROUT, RDPWR 
= WRPWR = 2.88V 
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Electrical Characteristics - Contd. 
Vee = 5V, RRDOUT = 10 kO, RWROUT = 6.2 kO, RDOUT and WROUT load = 100 to GND, RSENSE = 10 kO, TA = 25°C 
unless otherwise specified 

Laser Sense Amplifier Input (LSI Pin) 

Laser Sense Amplifier 

WRSENS L to H or H to L, Output Settling 
to ±20mV,LSI=I00p.A 

Note 2: Output current (IOUTGS1) is measured with RRDOUT = 3.6 kO, RDPWR = 1.200V. This value is compared to the output 
current (IOUTNOM) with RRDOUT = 10 kO, RDPWR = 3.333V. GSI = (IOUTNOM/IOUTGS1) 

Note 3: Output current (IOUTGS2) is measured with RWROUT = 3.6 kO, WRPWR = 1.200V. This value is compared to the 
output current (IOUTNOM) with RWROUT = 6.2 kO, RDPWR = 2.067V. GS2 = (IOUTNOM/IOUTGS2) 

Note 4: VLSI = (2 • Vbe) + (ILSI • 200 0). 
Note 5: The transfer function for the Laser Sense Amplifier is as follows: 

WRSENS = 2.0 V: VLS1 = (ILSI • RM1) + VOO1 
WRSENS = 0.8 V: VLSI = (ILSI • RM2) + V002 

Note 6: RMl "" 0.247 • RSENSE 
RM2 "" 1.952 • RSENSE 
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Electrical Characteristics - Contd. 
Vee = SV, RRDOUT = 10 kO, RWROUT = 6.2 kO, RDOUT and WROUT load = 100 to GND, RSENSE = 10 kO, TA = 25°C 
unless otherwise specified 

Laser Current (RDPWR and WRPWR Pins) 

Note 7: The transfer function for each Laser Current Amplifier is calculated using a best-fit method at 3 points. The input voltages 
applied to WRPWR and RDPWR for the 3 points are 0.S76V, 1.728V, and 2.88V. The transfer functions for IRDOUT and 
IWROUT are defined as follows: 
-IRDOUT = (VRDPWR· GMRD) + IOORD 
- IWROUT = (VWRPWR • GMWR) + IOOwR 

Note 8: GMRD ::::: 224/RRDOUT (Nominally) 
GMWR ::::: 207/RWROUT (Nominally) 

Note 9: Datasheet values are based on tester data which implies part is not warmed up, so Tj is similar to Ta. 

For precise values, see curves or use the temperature coefficient data. 
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Laser Current Amplifier Outputs AC Performance 
(RDOUT and WROUT pins) Vee = +SV, RWROUT=RRDOUT=3.6 kn, RSENSE=10 kn, TA=25°C unless otherwise 
specified. 

tpD3A 

50% ofInitial Value. I(WROUT)= IS0mA 

WROUTEN L-H Prop. Delay B From WROUTEN 50% L-H to WROUT at 
50% ofInitial Value. I(WROUT)= 30mA 

WROUTEN H-L Prop. Delay A From WROUTEN 50% H-L to WROUT at 
50% of Final Value. I(WROUT) = ISOmA 

WROUTEN H-L Prop. Delay B From WROUTEN 50% H-L to WROUT at 
50% of Final Value. I(WROUT) = 30mA 

3.6 

3.2 

3.3 

Pin Descriptions 
Name Pin Number Type Description 

GND 5-8,17-20 Power Supply Ground 

LSRMOD 13 TTL Input RDOUT and WROUT Output Current Enable. Outputs enabled when uH". 

VCCRD 3 Power Supply +SV 

VCCWR 22 Power Supply +SV 

Vee 24 Power Supply +SV 

LSV 2 Analog Output Laser Sense Voltage. See Notes 5,6 for formula. 

LSI 1 Analog Input Laser Sense Current 

WRSENS 12 TTL Input I-to-V Sensitivity Selection. 0.25 • RSENSE when uH", 2 • RSENSE when uL" 

RSENSE 11 R Connection Sense Amplifier Gain Control Resistor. Nominally 10 kO to ground. 

RDPWR 10 Analog Input Voltage Input to Control RDOUT Current 

RDOUT 4 Analog Output Read Output Current. See Notes 7, 8 for formula. 

RDOUTEN 23 TTL Input RDOUT Enable. RDOUT is enabled when uL" and LSRMOD is uH". 

RRDOUT 9 R Connection Read transconductance resistor. Nominally 3.6 kO to ground. 

Laser Driver (Write Channel) 

WRPWR 15 Analog Input Voltage Input to Control WROUT Current 

WROUT 21 Analog Output Write Output Current. See Notes 7, 8 for formula. 

WROUTEN 14 TTL Input WROUT Enable. WROUT is enabled when uL" and LSRMOD is uH". 

RWROUT 16 R Connection Write transconductance resistor. Nominally 3.6 kO to ground. 
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Control Truth Table 
LSRMOD WROUTEN RDOUTEN Function Description 

1 0 0 lr=ON,lw=ON 

1 0 1 Ir=OFF,lw=ON 

1 1 0 lr=ON,lw=OFF 

1 1 1 lw=lr=O 

0 0 0 lw=lr=O 

0 0 1 lw=lr=O 

0 1 0 lw=lr=O 

0 1 1 lw=lr=O 

Typical Performance Curves 
Read Current Gain vs Temperature Write Current Gain vs Temperature 
(VRDPWR ~ 2.88V, (VWRPWR ~ 2.88V, 
RRDOUT ~3.6 k!l) RWROUT ~3.6 k!l) IS2 vs Temperature 
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/ V / 
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/ ~ 210 
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~ 210 

/ '< 48 
...... ", ... ... .5 47 .5 V .5 / '" z 200 z 200 -'" 46 

<1 V <1 / 
(!) 

V 
(!) 

/ 
45 

190 190 
/ 

44 

, 43 

-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150 

TEMPERATURE (Oe) TEMPERATURE (Oe) TEMPERATURE (Oe) 
6251-2 6251-3 6251-4 

VLSI vs Die Temperature 
(ILSI through 20 kll. to 5.0V) Turn-On Delay vs loUT Turn-Off Delay vs lOUT 

1.7 I'\.. lr- Tj=100 Tj =100, 
4.0 

I 
4.2 

~=50 I\, V '\ -
1.6 lr!j - 50 I' I\.. 3.5 3.8 - .Ij =0, 

1.5 " .I ~ 
., 

~ \ V .. .. 
~ '\. c ...... Fo-.. ;::::: .... c ~, -~ I' 1/ 3.0 3.4 
>~ 1.4 

... 
~ t7 ... 

~\. V "\ V ~ :::E .... :::E 
;:: ;:: 

\. - V' 1.3 '\. 2.5 3.0 
l Tj-O i'-I-" 

1.2 "' 2.0 2.6 

1.1 
-50 0 50 100 150 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 

TEMPERATURE (Oe) lOUT (mA) lOUT (mA) 

6251-5 6251-6 6251·7 
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Typical Performance Curves - Contd. 

24·Pin Plastic Fuselead Maximum 
Power Dissipation vs Ambient 
Temperature 

~ 4 

Tjmox - 150 0 C 
8 jA = 40 D /W 
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iii 
en 
2i 2 

f!i " I" 
;0 

~ 
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AMBIENT TEMPERATURE (DC) 

EL6251 Block Diagram 

WRPWR~ 
RWROUT ~ • 

LSRMOD, ____ -t 

WROUTEN ____ 4 LOGIC 
CONTROL 

RDOUTEN ________ L-__ -,.-__ ~ 

I 
RDPWR~ 
RRDOUT~ 

LSI 
SENSE 

RSENSE 
AMP 

WRSENS 
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200:1 
CURREN 
MIRROR 

200:1 
CURREN 
MIRROR 

LSV 

WROUT 

RDOUT 
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Recommended Operating Conditions 
Vee Supply Voltage 

RRDOUT Resistor 

RWROUT Resistor 

RSENSE Resistor 

Write Current 

5.0V ±10% 

1.8 k!1 to 10 k!1 

1.8 k!1 to 10 k!1 

5.0 k!1 to 20.0 k!1 

Oto 160 rnA 

Typical Circuit Configuration 

VREFl 

6-10 

Read Current 

WROUT Applied Voltage 

RDOUT Applied Voltage 

RDPWR and WRPWR Input Range 

Oto 160 rnA 

OV to Vee-0.3-(15*Iwrite) 

OV to Vee-O.3-(15*Iread) 

OV to Vee-1.5V 
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Application Notes: 
NOTES: 

Due to the high values of current being switched 
rapidly on and off, it is important to ensure that 
the power supplies are well decoupled to ground. 
To this end, the EL6251C has three Vee pins, all 
of which should be connected, and users should 
ensure that supply inductance to these pins is 
minimized. Symptoms that could arise include 
poor rise/fall times, current ringing during 
switching, current overshoot, and poor settling 
response. 

Oscillation can also occur due to capacitance on 
pins RRDOUT and RWROUT. It is important to 
minimize any stray capacitance on these pins and 
use the suggested resistors to ground, otherwise 
current ringing when switching (or even sus
tained oscillation) may occur. 

It is also important to minimize the lead induc
tance between the WROUT pin and the laser
diode. If the read current is also to be switched, 
then the same caution applies as well. Too much 
inductance in series with WROUT will produce 
an underdamped ringing response on both the 
rising and falling edges of the current pulse. The 
ringing can sometimes be reduced with a parallel 
RC snubber right at the device output, but lack 
of headroom prevents the use of a series resistor 
on WROUT as an alternative .. 

6·11 

Thermal Considerations: 

The total device power consumption is highly de
pendant on the amount of current flowing 
through the laserdiode, and may further be al
tered by any duty cycle effects. Despite this, the 
equation below is fairly accurate: 

PD = «Is2 + (1.1 x Idiode» x V cd -
(ldiode x V diode) 
where Is2 = Supply current when LSRMOD = 0 

(46 mA typical) 
Idiode = Total current through the laser
diode (Iread + Iwrite) 
Vdiode = The voltage dropped across the 
laserdiode 
Vee = The EL6251C supply voltage 

The die temperature will rise 40·C/W on a typi
cal board where the EL6251C is soldered to a sub
stantial groundplane, due to the 4 ground pins on 
either side of the device being attached to the 
mounting pad. Alternatively, the LSI pin acts as 
a good thermometer, by which the on-chip tem
perature may be monitored directly if so desired. 
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Features 
• Precision internal 1 % reference 
• 3.3V @ 6 amps continuous 
• Internal FETs 
• > 90% Efficiency 
• Synchronous switching 
• User adjustable slope 

compensation 

• Internal soft start 
• Over temperature indicator 
• Low current sleep mode 
• Low parts count 
• Pulse by pulse current limiting 
• High efficiency at light 
• Operates up to 1 M 
• 1 % Output accuracy 
• Sync function 
• Power good signal 
• Power-saver mode 
• Intel P54 and P55 compatible 
• VCC2DET Interface 

Applications 
• PC Motherboards 
• Local high power CPU supplies 
• 5V to 1.0V DC-DC conversion 
• Portable electronics/instruments 
• P54 and P55 regulators 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL7SS6CM -40"C to + 8S"C 2S-Pin SOIC MDPO027 

General Description 
The EL7556C is the simplest, most cost effective method for 
powering modem high power CPU s w . ch require a user adjust-
able output voltage. Although it . cularly designed to 
function with next generation imple design can pro-
vide low cost solutions for V application from a 
5V bus. 

storless current sensing for high 
ode control. An on chip temperature 

. The OT pin can be tied directly to the 
utomatic overtemperature shutdown. The 

e oscillator frequency as well as the slope com-

L7556C also incorporates the VCC2DET function to di
ectly interface with the Intel P54 and P55 microprocessors. 

Depending on the state of VCC2DET pin, the output voltage is 
either set internally or adjustable using two external resistors. A 
power OK signal "PWRGD" pulls high when the regulator out
put is within ± 10% of the desired voltages. 

Connection Diagram 
R4 

5V -=-
J 

R3 

2mf 

C10'J 

Voo 

03 

02 

+ 
1.0V-3.8V 

7556-1 

~L-______________________ ~ ________________________________ ~ ____ ~ 
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Absolute Maximum Ratings (TA = 2S·C) 
Storage Temperature Range - 6S·C to + lS0·C 
Supply (VIN) 6V 
Ambient Operating Temperature 
Output Pins 

O"Cto +7S·C 
-O.3V below GND, 

+ O.3V above Voo 

Operating Junction Temperature 
Combined Peak Output Current 
Power Dissipation 

DC Electrical Characteristics TA = 2S·C, VIN = SV unless otherwise specified. 
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DC Electrical Characteristics - Contd. 

Description Condition 

VOOOD Power Good Threshold with Respect to 
Desired Output Voltage 

EL7556C Pin Description 
Pin No. Pin Name Description 

1 FBI Voltage feedback pin for the buck regulator. Active when VCC2DET is low. Normally connected to a 
resistor divider externally. 

2 CREF Reference bypass pin. Use at least 0.1 ",F bypass to ground. 

3 CSLOPE Slope compensation capacitor. A 10 ",A current flows out of this pin. The voltage at this pin is reset to 
the reference voltage each clock period during the dead time. 

4 Case Oscillator timing capacitor. The oscillator frequency is approximately: Fose (HZ) = O.OOOl/CasdF) 
The duty cycle is approximately 4%. 

5 VDD This pin supplies power to the internal control circuitry. It will draw some tens of milliamps when 
operating. 

6 VIN Positive power supply input to the buck regulator. This is one of two pins connected to the drain of a 
very large NMOS FET called the "Main" FET. 

7 VSSP Ground return to the buck regulator. This pin is connected to the source of a very large NMOS FET 
called the "synchronous" FET. 

8 VIN Same as pin 6. 

9 VSSP Same as pin 7. 

10 VSSP Same as pin 7. 

11 VSSP Same as pin 7. 

12 VSSP Same as pin 7. 

13 VCC2DET VCC2DET interface. When High FB2 is selected. When low, FBI is selected. 

14 OUTEN Enables the switching regulator. High is "on". The reference, oscillator, and voltage doubler operate 
whenever the power supply qualified regardless of the state of this pin. 

15 OT Over temperature indicator. This pin is normally high. It pulls low when the die temperature exceeds 
IS0·C. There is 10-20 degrees of hysteresis in the comparator. 

16 PWRGD This pin pulls high whenever the FB pin is within 7% of its programmed value. 

17 TEST Test pin. Must be connected to ground. 

18 VSSP Same as pin 7. 

19 VSSP Same as pin 7. 

20 LX This is the halfway point between the two large internal FETs. It drives the inductor of the buck 
regulator circuit. These are high current outputs. 

21 LX Same as pin 20. 
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EL7556C Pin Description -Contd. 

Pin No. Pin Name Description 

22 LX Same as pin 20. 

23 LX Same as pin 20 

24 VHI Positive supply for the high side driver. This pin is bootstrapped from LX pin with a 0.1 ".F capacitor. 

25 VSS Ground return for the control circuitry. 

26 C2V Voltage doubler output. This pin requires at least a 1 ".F capacitor to GND. The voltage on this pin will 
be 9V -lOY depending on the load. 

27 CP Input for the charge pump bootstrap capacitor. 

28 FB2 Voltage feedback pin. Active when VCC2DET is high. Normally connected to a resistor divider 
internally. 

Applications Information 

The EL7556 incorporates a VCC2DET function 
to directly interface with the Intel P54 and P55 
microprocessors. When this pin is shorted to 
ground as in the P55 processor, the feedback path 
of EL7556 is internally switched to FBI. The reg
ulator output is determined by the external resis-

6-15 

tor divider ratio, VOUT = 1.0 (1 + R3/R4). When 
this pin is open as in the P54 processor, the feed
back path of the EL7556 is switched to FB2. The 
regulator output is set internally to 3.5V nomi
nal. 
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Features 
• 3.3V @ 12.4 amps continuous 

• Internal FETs 
• > 90 % efficiency 
• Synchronous switching 
• 4-bit digitally adjustable output 

voltage 

• User adjustable slope 
compensation 

• Internal soft start 
• Over temperature indicator 
• Low current sleep mode 
• Low parts count 
• Pulse by pulse current limiting 
• High efficiency at light load 
• Operates up to 1 MHz 
• 1 % output accuracy 
• Sync function 
• Power good signal 

Applications 
• PC motherboards 
• Local high power CPU supplies 

Ordering Information 
Part No. Temp. Range Package Outline # 

EL7S60CM -40"C to + 8S'C 28-Pin SOIC MDP0027 

General Description 
The EL7560C is the simplest, most cost effective method for 
powering modem high power CPU s which require a user adjust
able output voltage. Although it is particularly designed to 
function with next generation CPUs, its simple design can pro
vide low cost solutions for any 5V to 3V application. 

The circuit uses on chip resistorless current sensing for high 
efficiency, stable current mode control. An on chip temperature 
sensor resets the OT pin. The OT pin can be tied directly to the 
OUTEN pin for automatic overtemperature shutdown. The 
user can adjust the oscillator frequency as well as the slope com
pensation. 

The output voltage is adjustable using a 4-bit parallel interface. 
A power OK signal "PWRGD" pulls high when the FB pin is 
within -7% of the programmed value. 

Connection Diagram 

v"'" 

·See VID table on page 3 
Note: AGND and PGND should be connected at CIO 

D3 is 1.235V reference 

7560-1 
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Absolute Maximum Ratings (TA = 2S·C) 

Supply (VIN. VDD) S.SV 
Output Pins -O.3VbelowGND. +O.3V above VDD 
Instantaneous Peak Output Current 16A 

DC Electrical Characteristics 

Storage Temperature Range 
Ambient Operating Temperature 
Operating Junction Temperature 
Power Dissipation 

VDD = VIN = SV. Cose = 1 nF. CSLOPE = 68 pF. TA = 2S·C. unless otherwise specified 

6-17 
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DC Electrical Characteristics 
VDD = VIN = SV, Cose = 1 nF, CSLOPE = 68 pF, TA = 2S"C, unless otherwise specified - Contd. 

Parameter Description 

Power Good Threshold with 
Respect to Desired Output 
Voltage 

Condition Min 

VID=0111 -9 

Note 1: The oscillator and voltage doubler operate normally when VDD exceeds VDD-ON threshold, independent of the OUTEN logic 
level-

Voltage Identification Codes 
PGPins 

VID3 VID2 VIDI VIDO VDC 

1 1 1 I O,NoCPU 
1 1 1 0 2_1 

I I 0 1 2_2 

1 I 0 0 2.3 
I 0 1 1 2-4 
1 0 1 0 2.5 

1 0 0 1 2_6 

1 0 0 0 2_7 

0 1 1 1 2_8 

0 1 1 0 2_9 

0 1 0 1 3.0 
0 1 0 0 3-1 

0 0 1 1 3.2 
0 0 1 0 3.3 
0 0 0 1 3.4 
0 0 0 0 3.5 
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EL7560 Pin Description 
Pin Number Name 

Cp-

2 Cp+ 
3 C2V 
4 Vss 
5 VHI 

6 LX 
7 LX 
8 LX 
9 LX 
10 LX 
11 TEST 
12 PWRGD 
13 OT 
14 OT 
15 VID3 
16 VID2 
17 VID1 
18 VIDO 
19 Vssp 
20 Vssp 
21 VIN 
22 Vssp 
23 VIN 
24 VDD 
25 Cose 

26 CSLOPE 
27 CREF 
28 FB 

Description 

Negative input for the charge pump bootstrap capacitor. (Note 1) 
Positive input for the charge pump bootstrap capacitor. (Note 1) 
Voltage doubler output. Pin requires at least a 1p.F capacitor to GND. (Note 1) 
Ground return for the control circuitry. 
Positive supply for the high side driver. This pin is bootstrapped from the LX pin with a O.lp.F 
capacitor. 
Common connection between the two large internal FETs. External inductor connection. 
Same as pin 6. 
Same as pin 6. 
Same as pin 6. 
Same as pin 6. 
This is test pin and must remain grounded at all times 
Pin pulls high when the FB pin is within - 7 %(typ) of its programmed value. 
Overtemperature indicator. Pulls low when the die temperature exceeds 135'C. Pin has 10 mA pull-up. 
A logic high on OUTEN enables the regulator (Note 1) 
Bit 3(MSB) of the output voltage select DAC. 
Bit 2 of the output voltage select DAC. 
Bit 1 of the output voltage select DAC. 
Bit O(LSB) of the output voltage select DAC. 
Ground return to the buck regulator. 
Same as pin 19. 
Positive power supply input to the buck regulator. 
Same as pin 19. 
Same as pin 21. 
Pin supplies power to the internal control circuitry. 
Oscillator timing capacitor. Oscillator Frequency is approximately: FOSc(Hz)= O.OOOl/COSc(F). The 
duty cycle is approximately 5%. (Note 1) 
Slope compensation capacitor. 
External reference input pin. 
Voltage feedback pin for the buck regulator. 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Pin 15,16,17,18 DAC 

GlEF' Pin 27 0 , 
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To Your 
FB. Pin 28 

I I, II 

OUTEN, Pin 14 __ -+_-+ ____ ....J 

Voo 

Cose' Pin 25-·.t-.&-..J 
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Over Temp 
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Zero Cross Detect 

or, Pin 13 
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I I VHI' Pin 5 

LX, Pin 6,7,8, 9, 10 

VssP' Pin 19,20, 22 

Figure 1. EL7560 Functional Block Diagram 
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Features 
• 3.3V @ 12.4 amps continuous 
• Internal FETs 
• > 90% Efficiency 
• Synchronous switching 
• 4-Bit digitally adjustable output 

voltage 

• User adjustable slope 
compensation 

• Internal soft start 
• Precision 0.5% reference 
• Over temperature indicator 
• Low current sleep mode 

• Low parts count." 
• Pulse by pulse current;"li~~irig~ 
• High efficiency at ligJ:i~!oad ~ 
• Operates up to 1 MHz '§,", 
• 1 % Output accuracy ;i,I' 

• Sync function 
• Power good signal 

Applications 
• PC Motherboards 
• Local high power CPU supplies 

Ordering Information 
Part No. Temp. Range Package Outline ", 

EL7S61CM -40"C to + 8S"C 28-Pin sorc MDP0027 

General Description 
The EL7561C is the simplest, most cost effective method for 
powering modern high power CPUs whjch require a user adjust
able output voltage. Although it ·'j,articularly designed to 
function with next generation C~ "imple design can pro
vide low cost solutions for any'W t'application. 

<-~~,~ ';:" 

'ofless current sensing for high 
e control. An on chip temperature 

. he OT pin can be tied directly to the 
omatic overtemperature shutdown. The 

eoscillator frequency as well as the slope com-USql;;call:' 
.~~~~ticii, 

'\,,,~; ~;" ~ '~~ 
; 'rik:o«put voltage is adjustable using a 4-bit parallel interface. 
;/ A''}i>wer OK signal "PWRGD" pulls high when the FB pin is 

",,""Within 7% of the programmed value. 

Connection Diagram 

+ 
2V-3.SV 

D2 

~ 

§ 
(D 

t-L 
cc 
CC 

7561-1 = 
~ 
(D -1-'0 e 
1-'0 

~------------------------------------------------------------------~~ 
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Absolute Maximum Ratings (TA = 2S·C) 

Supply (VIN) S.SV 
Output Pins -O.3VbelowGND. +O.3V above VDD 
Momentary Peak Output Current 16A 

DC Electrical Characteristics 

6-24 

Storage Temperature Range 
Ambient Operating Temperature 
Operating Junction Temperature 
Power Dissipation 

- 6S·C to + lS0·C 
-40·Cto +8S·C 

13S·C 
3W 



DC Electrical Characteristics - Contd. 

EL7561C Pin Description 
Pin Number Name Description 

1 Cp- Negative input for the charge pump bootstrap capacitor. (Note 1) 

2 Cp+ Positive input for the charge pump bootstrap capacitor. (Note 1) 

3 C2V Voltage doubler output. Pin requires at least a 1 p.F capacitor to GND. (Note 1) 

4 Vss Ground return for the control circuitry. 

5 VHI Positive supply for the high side driver. This pin is bootstrapped from the LX pin with a 0.1 p.F 
capacitor. 

6 LX Common connection between the two large internal FETs. External inductor connection. 

7 LX Same as pin 6. 

8 LX Same as pin 6. 

9 LX Same as pin 6. 

10 NC 

11 TEST This is test pin and must remain grounded at all times 

12 PWRGD Pin pulls high when the FB pin is within ± 10% (typ) ofits programmed value. 

13 OT Overtemperature indicator. Pulls low when the die temperature exceeds 135°C. Pin has 10 mA pull-up. 

14 OUTEN A logic high on OUTEN enables the regulator (Note 1) 

15 VID3 Bit 3(MSB) of the output voltage select DAC. 
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EL7561 Pin Description -Contd. 

Pin Number Name Description 

16 VID2 Bit 2 of the output voltage select DAC. 

17 VID1 Bit 1 of the output voltage select DAC. 

18 VIDO Bit O(LSB) of the output voltage select DAC. 

19 VSSP Substrate connection. 

20 VSSP Ground return to the buck regulator. 

21 VIN Positive power supply input to the buck regulator. 

22 VSSP Same as pin 20. 

23 VIN Same as pin 21. 

24 VDD Pin supplies power to the internal control circuitry. 

25 Case Oscillator timing capacitor. Oscillator Frequency is approximately: Fosc{Hz) = O.OOOl/Cosc{F). The 
duty cycle is approximately 5%. (Note 1) 

26 CSLOPE Slope compensation capacitor. 

27 CREF External reference input pin. 

28 FB Voltage feedback pin for the buck regulator. 
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Features 
• Pentium® Pro Compatible, OAC 

controlled output voltage 
• Greater than 90% efficiency 
• 4.5V-13.2V input range 
• Fixed frequency, current mode 

control 
• Adjustable oscillator with 

external sync. capability 

• Synchronous switching 
• Internal soft start 
• User adjustable slope 

compensation 
• Low current sleep mode,,, 
• Pulse by pulse curreD1Jr~~r:: " 

-J'~~ $ >$.~1 
• 1% Output accuracy ;,;;.,,"' ,~, 

-1f~ , 
• Power good signal ~, 

~ , 
Applications 
• Pentium Pro Voltage regulation 

modules (VRM's) 

• PC Motherboards 
• Synchronous rectification 

Ordering Information 
Part No. Temp. Range Package Outline #< 

EL7571CM -40'C to + 85°C 2()..Pin sorc MDP0027 

General Description 
The EL7571C is a flexible, high efficiency, PWM step down 
controller incorporating five bit OAC adjustable output voltage 
control which conforms to the Pentil,1~jPro Voltage 10 specifi
cation. The controller employs ,s ¥6ir<i.ous rectification to de-
liver efficiencies greater thll:2 oVi!lt::ia wide range of supply 
voltages and load conditjp' ow'~1>'bwer sleep mode mini-
mizes quiescent curr ,. e regulator is disabled. The on-
board oscillatof0fr y externally adjustable, or may be 

lowing optimization of RFI perform
tions. For maximum flexibility, the con-

e powered from either 5V or 12V supplies. 

#~t ~~" ~ , 
~ection Diagram 

.-

ENABLE--~W 

Voltage 
I.D. 

(VID[O:3]) ---+1'91 

Reserve ---t>l11]10 VID4 FB 11 

2mF _ 4.5V to 

~ r 13.2V 

10 m!l VOUT 

2.5 ).!H 

1 4
.
4mF 

7571-1 

Pentium® is a registered trademark of Intel Corporation. 

III 

§ 
(D 

..... 
co co = 
l .... a a· 

L-________________ ~ ________________________________ ~~ 
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Absolute Maximum Ratings (TA = 25°C) 

-O.5Vto l5V Supply Voltage 
Input Pin Voltage 
VHI 

- 0.3V below Ground, + 0.3V above supply 
Operating Temperature Range 
Operating Junction Temperature 
Peak Output Current < 30V 

Storage Temperature Range -65°C to +l5O"C Power Dissipation 

DC Electrical Characteristics TA = 25°C, VIN = 5V unless otherwise specified 

Condition 

Positive Going Input Voltage 

Negative Going Input Voltage 

6-28 

-40"Cto +85oC 
125°C 

2A 
SOIC 500 mW 



DC Electrical Characteristics TA = 2S0C, VIN = SV unless otherwise specified- Contd. 

Parameter Description 

HSD, LSD Switch 

Condition 

lOUT = -lOOmA 

(VHI-LX) > 4.SV 

Min Typ 

AC Electrical Characteristic TA = 2SOC, VIN = 5Vunless otherwise specified 
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Pin Description 
Pin No. Pin Name Pin Type Function 

1 aTEN I Chip enable input, internal pull-up (5 p.A typical). Active high. 

2 CSLOPE I With a capacitor attached from CLSaPE to GND, generates the voltage ramp 
compensation for the PWM current mode controller. Slope rage is determined by an 
internal 10 p.A pull up and the CSLOPE capacitor value. V CSLOPE is reset to ground at the 
termination of the high side cycle. 

3 casc I Multi-function pin: with a timing capacitor attached, sets the internal oscillator rate fCLK; 
when pulsed low for a duration tSYNC synchronizes device to an external clock. 

4 REF a Band gap reference output. Decouple to GND with 0.1 p.F. 

5 PWRGD a Power good, open drain output. Set low whenever the output voltage is not within ± 10% 
of the programmed value. 

6 VIDO I Bit 0 of the output voltage select DAC. Pull up sets input high when not driven. 

1 VID1 I Bit 1 of the output voltage select DAC. Pull up sets input high when not driven. 

8 VID2 I Bit 2 of the output voltage select DAC. Pull up sets input high when not driven. 

9 VID3 I Bit 3 of the output voltage select DAC. Pull up sets input high when not driven. 

10 VID4 I Bit 4 of the output voltage select DAC. Pull up sets input high when not driven. 

11 FB I Voltage regulation feedback input. Tie to VOUT for normal operation. 

12 CS I Current Sense. Current feedback input of PWM controller and over current comparator 
input. Current Limit threshold set at + 150 mV with respect to FB. Connect sense resistor 
between CS and FB for normal operation. 

13 GND S Ground. 

14 GNDP S Power ground for low side FET Driver. Tie to GND for normal operation. 

15 LSD a Low side gate drive output. 

16 VINP S Input supply voltage for low side FET driver. Tie to VIN for normal operation. 

17 VIN S Input supply voltage for control circuit. 

18 LX I Negative supply input of high side drive circuit. 

19 HSD a High side gate drive output. Driver ground referenced to LX. Driver supply may be 
bootstrapped to enhance low controller input voltage operation. 

20 VHI I Positive supply input of high side drive circuit. 
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Block Diagram 

50 PFI 

In 
Regulation 
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Application Specific 
A.T.E./ Comparators 

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 



APPLICATION SPECIFIC - A.T.E. 

Drivers - Bipolar 
Vo 10 Slew Rate Is Standby IS Package 

Part # Features Min Max Min Min Max Max Max 
P = Pins 

J = CerDIP 
M=SOL 

EL202IC 3-State Output -6.IV -S.9V ±SOOmA 40V/I's 360V II's 4SmA 2.SmA I8P-J 
Programmable Slew Rate, to to 
Short Circuit Current Sense +10.9V + ILlV 

ELI0S6C Adjustable Slew Rate, Wide -12V -12V ±SOmADC O.IV/ns 1.2V/ns 60mA 2SmA 24P-M 
ELI0S6AC Voltage Range, Power Down ±IS0mADC Thermal 

Drivers - CMOS 
Package 

Part # Features Ipeak RON Tr/Tf Vsupply 
P = Pins 
N=PDlP 
S = SOIC 

POWER MOSFET DRIVERS 

EL7134C Single, 3-State 4A 30 20 ns/20 ns 16.SV 8P-N-S 
~ 

i\, EL7232C Dual, 3-State 2A 60 20 ns/20 ns I6.SV 8P-N-S 

Special Function Drivers 

EL71S4C 

I 
ATEI ± ISV to - SV Outputs, 

I 
2A 

I 
2.50 

I 
20 ns/20 ns 

I 
16.SV 

I 
8P-N-S 

Level Shifter I 3-State 

Comparators 
TypProp 

TypInput Package 

Part # Features 
Delay TypOpen Input Common Mode Range 

Bias Max Supply Current 
P= Pin 

(5mV Loop Gain 
Current 

N=PDlP 
Overdrive 

(Vee = ±15V) (Vee = ±5V) Output Active Output 3-State M=SOL 

EL2018C Fast, High Voltage 40,000V/V ±12V ±3V 
20ns ±100nA +11 mA/-18 mA +7 mA/-6.5 mA 8P-N 

w ILatch 3-State Output (92 dB) (Min) (Typ) 

EL2252C 50 MHz, Dual, 
6ns 

8,000V/V 
-12V, +13V 171'A 

+19 mA/20 mA 14P-N 
High Voltage (Both Comparators) 20P-M 

-~-
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Features 
• Wide ± 12V output levels 
• 250 ps dispersion 
• 3 ns delay times 
• IV I ns slew rate-adjustable 
• Low overshoot and aberrations in 

son systems 

• 3-state output 
• Power-down mode reduces 

output leakage to nanoamperes 

• Overcurrent sense flag available 
to protect internal output devices 

• Buffered analog inputs 
• Differential logic inputs are 

compatible with ECL, TTL, and 
CMOS 

Applications 
• Memory testers 
• ASIC testers 
• Functional board testers 
• Analogi digital incoming 

component verifiers 

• Logic emulators 

Ordering Information 
Part No. Temp. Range Package Outline" 

ELl056CM O"C to + 75°C 24·Lead MDPO027 

Thermal SOL 

EL1056ACM O"C to + 7 5°C 24-Lead MDP0027 

Thermal SOL 

General Description 
The ELI056 is designed to drive high-quality test signals into 
close or terminated loads. It has a dispersion of 250 ps or less -
whether due to signal size or direction of edge. It can output a 
very wide 24V output span, encompassing all logic families as 
well as analog levels. The ELI056 is fabricated in Elantec's ox
ide isolated process, which eliminates the possibility of latch-up 
and provides a very durable circuit. 

The output can be turned off in two ways; the OE pins allow 
the output to be put in a high-impedance state which makes the 
output look like a large resistance in parallel with 3 pF, even for 
back-driven signals with as much as 2.5V I,..,s slew rate. The E 
pins put the output in an even higher impedance state, guaran
teed to 150 nA leakage in the ELI056A. This allows accurate 
measurements on the bus without disconnecting the ELI056 
with a relay. 

The ELI056 incorporates an output current sense which can 
warn the system controller that excessive output current is 
flowing. The trip point is set by two external resistors. 

Connection Diagram 

24-Lead Thermal SOL Package 

• and Heat-spreader 1056-1 

Top View 
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Absolute Maximum Ratings (TA = 25°C) 

Vs Voltage between V + and V- +33V 
V- Supply Voltage -18V 
B+ Supply Voltage VINHtoV+ 
B- Supply Voltage V- toVINL 
ISR Input Current OmAto3mA 

VSR Input Voltage, 
Power-Down Mode -0.3Vto +6V 

Shunt + Input Voltage (B+) -5VtoB+ 
Shunt- Input Voltage B- to(B-) +5V 
Data, Data Input Voltages V- toV+ or 

± 6V Differential 
OE,OE Input Voltages V- toV+ or 

± 6V Differential 

DC Electrical Characteristics 

E,E 

Sense 

VINH 
VINL 
lOUT 
TJ 
TA 

TST 
PD 

Input Voltages 

Output Voltage 
Input Voltage 
Input Voltage 
Output Current 
Junction Temperature 
Operating Ambient Temperature 

Range 
Storage Temperature 
Power Dissipation (TA = 25°C) 

(See Curves) 

V- toV+ or 
± 6V Differential 

V- toV+ 

VINL -0.3VtoB+ 
B- toVINH +0.3V 
-60mAto +60mA 

l5O"C 

-O°Cto + 75°C 
- 65°C to + l5O"C 

3.1W 

TA = 25°C, V+ = B+ =l5V, V- = B- = -lOV,RsHUNT+ = RSHUNT- = 6.5.!l,no load. Data, E, andOE from -1.6Vto 

-0.8V.ISR = 800 ,..A. VINH = 5V, VINL = -1.6V 

Parameter 

Output Offset, Data High, VINH = OV, VINL = -1.6V 
Data Low, VINL = OV, VINH = 5V 
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DC Electrical Characteristics -- Contd. 
TA = 2SOC, v+ = B+ =lSV, v- = B- = -lOV,RSHUNT+ = RSHUNT- = 6.SO,no load. Data,E, andOE from -1.6Vto 

-0.8V.1SR = 800~. VINH = SV, VINL = -1.6V 

Parameter Description 

Eg Gain Error Data High, VINH from OV to SV, VINL = -1.6V, No Load 
Data Low, VINH = SV, VINLfrom -SVto OV,No Load 

NL Gain Nonlinearity Data High, VINH from OV to 10V, VINL = -1.6V, No Load 

PSRR 

lo,off 

Data Low, VINH = SV, VINL from -lOV to OV, No Load 

Power Supply Rejection Ratio of VOUT with Respect 
to B + , B -, Shunt + , or Shunt - Potential 

Output Leakage, E Low, (Shut-Down), Vo = OV, ELIOS6C 
ELI0S6AC 

AC Electrical Characteristics 
TA = 25°C, V+ = B+ = + lSV, V- = B- = -lOV, RSHUNT+ = RSHUNT- = 6.SO. RL = 5000. SOO + 22 pF snubber 
included at output. Data E, and OE from -1.6V to -0.8V. lSR = 800 /LA. ECL swing is defined by VINH = -0.8V and VINL = 

-1.6V, CMOS swing defined by VINH = 5V and VINL = OV. Propagation delay is measured at 0.4V movement of output. 

Parameter 

Dis 

Tsense 

Description 

Propagation Delay Dispersion 
Due to Output Edge Direction 
From ECL to CMOS Swings 

Output Overshoot 
CMOS Swing 
ECL Swing (lSR = 350~) 

Comparator Delay Time - Switching ON 
Switching Off 

Units 

0.4 /LS 
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Typical Performance Curves 

10V, CMOS, TTL, and ECL 
Outputs into 550n Load 

CMOS Output at ISR = 100 p.A, 
200 p.A, 400 p.A, and 1000 p.A 

1056-6 

GND 

'0' .. .. 
-5 

'" 0 
-;; 
0 
c: 
:3 
c 
Cl 
c 
a. e 
"-

Propagation Delay vs IsR 

4.0 ,--,--,---,----,----, 

3.0 

2.0 
0 200 400 600 800 1000 

ISR (J.l.A) 

1056-8 

1056-10 

7-7 

CMOS and ECL Outputs As Seen 
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Applications Information 

Functional Description 
The ELI056 is a fully integrated pin driver for 
automatic test systems. Pin drivers are essential
ly pulse generators whose high and low levels can 
be externally programmed and accurately switch
ed in time, as well as incorporating an output 
switch to disconnect the driver from a measure
ment bus. Additionally, the ELI056 has pro
grammable slewrate. 

Control Voltage Inputs 
The analog level inputs are named VINH and 
VINL, and the output replicates them as con
trolled by logic inputs. The analog inputs are 
buffered and have bandwidths of 35 MHz and 
slewrates of 25V/p.s. For full slewrate, 4V of 
headroom should be given to the inputs, that is 
VINH should be 4V less than V + or B +, and 
VINL should be 4V more positive than V - or 
B-. At lower slewrates (lSR = 500 p.A or less), 
3V of headroom will suffice. Insufficient head
room causes distorted output waveforms or delay 
errors in output transitions. VINH may be lower 
in voltage than VINL, but the output will not fol
low the control logic correctly. Furthermore, 
VINH should be 200 mV more positive than VINL 
(the minimum output amplitude) for accurate 
switching. 

Logic Inputs 
The logic inputs are all differential types, with 
both NPN and PNP transistors connected to 
each terminal. They are optimized for differential 
ECL drive, which optimizes + to - edge delay 
time matching. Larger logic levels can introduce 
feedthrough glitches into the output waveform. 
For CMOS input logic levels, an ECL output 
waveform will show feedthrough when the 
input risetime is shorter than 8 ns, differential or 
single-ended. CMOS output swings show less ab
erration, and the ELI056 can tolerate a 4 ns 
single-ended risetime or 2 ns risetime for differ
ential inputs. Attenuating CMOS or TTL inputs 
to 1 Vp-p will eliminate all logic feedthrough as 
shown in Figure 1. 
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Slewrate Control 
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The slewrate is controlled by the ISR input. This 
is a current input and scales the output slewrate 
by a nominal 1.25V Ins/mA. The slewrate main
tains calibration and symmetry to at least as slow 
as 0.2V Ins. The practical upper end of ISR is 
1 rnA, and supply current increases with increas- • 
ing ISR. 

The ISR control can be used to adjust individual 
pin drivers to a system standard, by adjusting 
the value of its series resistor. Slewrate can also 
be slowed to reduce output ringing and crosstalk. 

With ECL output swings, there is not enough 
voltage excursion to incur slewrate delays to 50% 
logic threshold. The risetime, delays, and disper
sions do not degrade with reasonably reduced 
ISR, and overshoot will reduce markedly. An ISR 
of 350 p.A produces a very good ECL output, and 
driver dissipation is also reduced. 
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cc Applications Information - Contd. capacitance seen at the output in tristate mode is 
~ The ISR pin is connected to the emitter of a PNP reduced. 
~ transistor whose base is biased a diode below 
~ ground (see Figure 2). Thus, the ISR input looks 

like a low impedance for positive input currents, 
and is biased close to ground. A protection diode 
absorbs negative currents, and the input PNP 
will not conduct. In power-down mode, the PNP 
releases its current sink and the external circuit 
must not present more than 6V to the disabled 
ISR input, or emitter-base damage to the NPN 
will occur within the driver. A signal diode or 
zener can be used to clamp the ISR input for posi
tive input voltages if the voltage on the ISR resis
tor is potentially greater than 6V when the driver 
is in power-down mode. 

Output Stage-Tristate Mode 
In tristate mode (OE low) the output transistors 
have their emitter-base junctions reverse-biased 
by a diode voltage. This turn-off voltage is in fact 
provided by an internal buffer whose input is 
connected to the output pin (see Figure 3). Tran
sistors Q1-Q4 form the output buffer in normal 
mode. The tristate mode buffer Q5-Q8 replicates 
externally impressed voltages from the output 
pin onto the internal schottky switch node. They 
also turn off Q1-Q4 by a reverse diode voltage 
between bases and emitters, effectively boot
strapping the internal voltages, so that no tran
sistor's base-emitter junction is reverse-biased by 

ISR 
Pin 

Because the tristate buffer's input is connected to 
the output terminal, the output is quite "alive" 
during tristate. For instance, the input bias cur
rent of the buffer is seen as the tristate "leakage", 
and its variation with applied voltage becomes 
tristate input impedance. 

The tristate input current is like a current source, 
and it can drag an output to unpredictable volt
ages. It is not a danger to connect a tristated out
put that has drifted to, say, -6V to a logic pin of 
a device to be tested. The tristate output current 
will simply comply with whatever voltage the 
connected part normally establishes. 

The tristate input .impedance is also quite active 
over frequency. The output can oscillate when 
presented with resonant or inductive impedances. 
To prevent this, a snubber should be connected 
from output to ground, consisting of a resistor in 
series with a small capacitor. The snubber can 
also reduce the reflections of the coaxial line 
when driven from the far end, since the line ap
pears to have an open termination during tri
state. Typical values for the resistor are son to 
75n, and 12 pF to 22 pF for the series capacitor. 
The effect of the snubber is to "de-Q" resonances 
at the output. 

internal 
circuitry 

internal 
circuitry 

- - ----+- E 
Interface + 
From 

1056-27 

Figure 2. ISR Pin Circuitry 

7-12 



Applications Information - Contd. 

Internal 

Schottky +-.... -~~--------40 
Switch 
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B-

B+ 

Shunt+ 

t--....;..--ll---I----..... -----l OUTPUT 

Shunt-

1056-28 

Figure 3. Output Stage Circuit in Tristate Mode 

Output Stage-Normal Mode 
Capacitive loads can cause the output stage to 
ring. Little ringing occurs for loads less than 
25 pF, but substantial ringing for more than 
40 pF. Terminated transmission lines cause no 
ringing, and actually suppress it as a snubber 
does. A terminated line draws heavy DC current, 
however, and greatly raises dissipation. 

Driving a back-terminated line also causes little 
ringing and does not cause DC dissipation. The 
series matching resistor between the EL1056 out
put and a back-terminated line also serves to iso
late the driver from capacitive loads and short
circuits. The slewrate of the driver slows by 
about 10% when driving a son back-matched 
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line, as seen at the end of the line. The snubber 
can be on either side of the back-match resistor. 
When placed on the line side it creates a high
frequency termination for the line when the 
driver is tristated, but it slows the output small
signal risetime by about 10% (although not slew
rate). When placed on the driver side of the back
match resistor, no speed reduction occurs in 
normal mode but the cable is more poorly termi
nated in tristate. 

The transient currents that occur when driving 
capacitive or back-matched loads can be very 
high, approaching 100 mAo The driver is capable 
of outputting a peak of 140 mA, but long-term 

• 
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~ Applications Information - Contd. 
Q load currents must be limited to 60 rnA. Short
:3 circuits can rapidly destroy the EL1056, although 
r;a:;l the part will survive for 20 ms periods. If there is 

The collectors of the output transistors are con
nected to the Shunt terminals, and the output 
stage drivers' collectors are connected to the B + 
and B- terminals (see Figure 4). The Shunt 
lines can have transient currents as high as 
120 rnA and are separated from the V + and V
terminals to keep switching noise out of the con
trol and logic circuitry. A bypass capacitor 
should be connected to the B + and B - termi
nals. 

the possibility of output load fault the overcur
rent sense circuitry should be used to signal 
alarm to the controlling system, which should ul
timately activate the tristate mode to relieve the 
output stage. Driving large static currents also 
raises internal dissipation and should be part of 
the thermal budget. 

Internal 

Schottky ----+-~ _ __I 
Switch ~ 

Node 

8+ 

.--.... ---1 SHUNT+ 

"'-----1 OUTPUT 

'------.1----1 SHUNT-

8-

Figure 4. Output Stage in Normal Mode 
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Applications Information - Contd. 

Overcurrent Protection 
The sense comparators are available to alert the 
test system's controller that the driver is output
ting excessive current. Shunt resistors are con
nected from B + to Shunt + and B - to Shunt -. 
When the internal comparators sense more than 
a nominal 200 m V drop on the shunts, they cause 
a 1.5 rnA current to be sunk from the Sense ter
minal. The comparators are of "slow attack, fast 
decay" design, so that transient load currents will 
not trigger a sense output; only a sustained over
current will. 

The sense resistors must not be inductive, and 
the skin resistance of long, narrow connections 
between Shunt and B + or B - can cause tran
sient voltages that produce output overshoot 
(but not ringing). 

The Sense output is simply a switched current 
source connected to V -. It can be used to inter
face to CMOS, TTL, or ECL inputs. For CMOS 
and TTL, it can be connected to a pull-up resistor 
to + 5V of 10K value. This establishes a logic 
high value, and a clamp diode (internal to TTL) 
establishes a low level of -0.6V. For ECL, a gate 
should be available to provide a static logic high 
level. An 8200 pull-up resistor is wired to that 
output. The logic low will be more negative than 
is usual for ECL, but this will cause no problem. 
In all cases, multiple Sense outputs may be con
nected together from many drivers to effect a 
wired-or function. 

A further protection scheme is to provide a series 
resistor from B + to V + and B - to V -. The 
resistor serves to limit the output fault current 
by allowing B + and B - voltages to sag under 
heavy load. This also reduces the dissipation on 
the output transistors for valid loads. Because 
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B + and B - are separately bypassed, these volt
ages will sustain under transient loads and dy
namics will not be affected. 

Output Accuracy 
The accuracy of the output voltage depends on 
several factors. The first is the gain error from 
VINH or VINL to the output, unloaded. The gain 
error is nominally -0.6%, and has a few tenths 
of a percent variation between parts. The second 
is supply rejection. If the B +, B -, Shunt +, or 
Shunt - voltages are different from those used 
by Elantec to test the part, there will be about 
2.2 mV systematic shift in output offset per volt 
of supply variation. The V + and V - supplies 
have much less influence on output error. Final
ly, there is a random Vas error as specified in the 
data table. 

Of course, the finite output impedance of the 
ELI056 will cause additional output error when 
the driver is loaded. 

Power-Down 
The ELI056 incorporates a power-down feature 
that drastically reduces power consumption of an 
unused driver and also drops the output leakage 
current to nanoamperes ("A" grade only). The 
output is not a low capacitance in this mode, 
however, and transients driven from the cable 
can momentarily tum on the output transistorlS. 
Power-down is intended to allow the switching of 
accurate DC meters onto the bus without having 
to relay out the driver's leakage current. It takes 
about 40 ,..,S for the output leakage to sag to na
noamperes, but this is still much faster than re
lays or voltmeters. 

Power-down is controlled by the E and E differ
ential inputs. There is no problem with logic am
plitude or slewrate, and input resistor networks 
are not needed. 

• 



Supply and Input Bypassing 
The V+, B+, V-, and B- leads should be by
passed very closely with 0.1 p.F capacitors, pref
erably chip type. There should be a wide ground 
plane between bypasses, and this can be the heat
sink copper. It is wise to also have a 4.7 p.F tanta
lum bypass capacitor within a couple of inches to 
the driver. 

The logic inputs are active device bases, and can 
oscillate if presented with inductive lines. A local 
resistor of 1000n or less to ground will suffice in 
de-Q'ing any resonance. A 100 pF or larger capac
itor can also serve as a bypass. 
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Thermal Considerations 
The package of the EL1056 includes two fused 
leads on each side which are connected to the in
ternal die mounting metal. Heat generated in the 
die flows through the mounting pad to the fused 
leads, and then to the circuit-board copper, 
achieving a thermal resistance to air around 
40' /W. Characterization curves show the thermal 
resistance versus airflow rate.· Consult the 
EL1056 Demonstration Board literature for a 
suggested board pattern. Note that thicker layers 
of copper than we used improves the thermal re
sistance further, to a limit of 22'C/W for an "infi
nite heatsink" directly soldered to the fused 
leads. 

As a practical limit, the die temperature should 
be kept to 125'C rather than the allowable 150'C 
to retain optimum timing accuracies. 



Features 
• Fast response time-20 ns 
• Wide input differential voltage 

range-24V to ± 15V supplies 
• Precision input stage

Vos = ImV 
• Low input bias current

IB = 100nA 
• Low input offset current

lOS = 30nA 
• ± 4.5V to ± 18V supplies 
• 3-State TTL and CMOS 

compatible output 
• No supply current glitch during 

switching 
• High voltage gain--40 V /mV 
• 50% power reduction in 

shutdown mode 
• Input and latch remain active in 

shutdown mode 
• P /N compatible with industry 

standard comparators 

Applications 
• Analog to digital converters 
• ATE pin receiver 
• Precision crystal oscillators 
• Zero crossing detector 
• Window detector 
• Pulse width modulation 

generator 
• "Go/no-go" detector 

Ordering Information 
Part No. Temp. Range Pkg. Outline# 

EL2018CN -4O"Cto +8S"C P-DIP MDPOO31 

General .L#'''~'_.I..a 
The EL2018 represents a qaElD1:U][Il 

speed, accuracy and Manuft~:yr,ed~iith 

proprietary Complementary Bibolar ~!CC::S~~n1!I"'(lleVlce 
fast PNP and NPN transistors 
circuit design gives the inputs the 
mon mode and differential mode _." .•• _ ...... ye·~.;~~l~fj~~h 
and excellent accuracy. Careful design 
the part maintains speed and accuracy 
mix of small and large signals. The th:reE:-s1:atc~lutPl!li~tl!lll>'ls 
designed to be TTL compatible for any power 
tion, yet it draws a constant current and does 
glitches. When the output is disabled, the supply 
sumption drops by 50%, but the input stage and latch 
active. 

Elantec facilities comply with MIL-I-45208A and other applica
ble quality specifications. For information on Elantec's process
ing, see QRAl: Elantec's Processing-Monolithic Products. 

Connection Diagram 

8-Pin Plastic DIP 

2018-2 

Top View 
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Absolute Maximum Ratings (TA = 2S·C) 

Vs Supply Voltage ±18V lop Peak Output Current SOmA 

VIN Input Voltage +Vsto -Vs 10 Continuous Output Current 2SmA 

b.VIN Differential Input Voltage Limited only by TA Operating Temperature Range -40·Cto +8S·C 
Power Supplies TJ Operating Junction Temperature 

lIN Input Current (Pins 1, 2 or 3) ±10mA Plastic DIP Package 1S0·C 

IINS Input Current (Pins S or 6) ±SmA TST Storage Temperature - 6S·C to + 1S0·C 

PD Maximum Power Dissipation 1.2SW 
(Note 4--See Curves) 

DC Electrical Characteristics Vs = ± 1SV unless otherwise specified 

Vos Input Offset Voltage 
(Note 1) 

VCM = OV, Vo = 1.4V 

IE Input Bias Current 
VCM = OV,Pin20r3 

los Input Offset Current 

VCM = OV 

CMRR Common Mode Rejection 
Ratio (Note 2) 

PSRR Power Supply Rejection 
Ratio (Note 3) 

VCM Common Mode Input 
Range 

Av Voltage Gain 

VOUT = O.8Vt02.0V 

VOL Output Voltage Logic Low 

10L = OmAt08mA 
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DC Electrical Characteristics Vs = ± 15V unless otherwise specified - Contd. 

Vodisl 

Vodis2 

Vinh 

I s+en 

Is+dis 

Is-en 

Is-dis 

Output Voltage Logic High 
Vs = ±15V 

Vs = ±15V 

Vs = ±5V 

Vs = ±5V 

Vs = ±5V 

VOUT Range, Disabled, 
IOL = -lmA 
Vs = ±15V 

Vs = ±15V 

Vs = ±5V 

VOUT Range, Disabled, 
IOL = lmA 
Vs = ±5Vto ±15V 

LE or CS Inputs 
Logic High Input Voltage 

LE or CS Inputs 
Logic Low Input Voltage 

LE or CS Inputs 
Logic Input Current 
VIN = OVt05V 

Positive Supply Current 
Enabled 

Positive Supply Current 
Disabled 

Negative Supply Current 
Enabled 

Negative Supply Current 

Disabled 
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AC Electrical Characteristics Vs = ±ISV,TA = 25°C 

Note 1: VOUT = 1.4V. 
Note 2: VCM = 12V to -12V. 
Note 3: Vs = ± SV to ± ISV. 
Note 4: The maximum power dissipation depends on package type, ambient temperature and heat sinking. See the Typical 

Performance curves for more details. 

Typical AC Performance Curves 
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Typical AC Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Block Diagram 

E~:~~~6----------------~LE 
(LE) 

-.!o .v 

~-v 

+IN 0=-2 ________ -1 

-IN o=---------~ 

Function Table 
Inputs Internal 

(time n-l) Q 

+IN IN CS LE 

+ - L L H 
- + L L L 

+ H L H 
- + H L L 

X X L H Qn-l 

X X H H Qn-l 

Application Hints 

Device Overview 
The EL2018 is the first comparator of its kind. It 
is capable of 24V differential signals, yet has ex
cellent accuracy, linearity and voltage gain. It 
even has a 3-state output feature that reduces the 
power supply currents 50% when the output is 
disabled, yet the input stage and latch remain ac
tive. This extremely fast and accurate device is 
built with the proprietary Elantec Complementa
ry Bipolar Dielectric Isolation Process, which is 
immune to power sequencing and latch up prob
lems. 

Power Supplies 
The EL2018 will work with ± 5V to ± 18V sup
plies or any combination between (Example 
+ 12V and - 5V). The supplies should be well by-

TRANSPARENT 
LATCH 

7·23 

~gW6~A~D 

~---v OUTPUT 

5 CHIP SELECT 
INPUT 
cs 

Notes 

Normal Comparator Operation 

2018-6 

Internal Normal Comparator Operation 
Output Power Down Mode 

Data Retained in Latch 

Data Retained in Latch 
Power Down Mode 

Output 

H 
L 

HighZ 
HighZ 

Qn-l 

HighZ 

passed with good high frequency capacitors 
(0.1 JLF monolithic ceramic recommended) close 
to the power supply leads. Good ground plane 
construction techniques enhance stability, and 
the lead from pin 1 to ground should be short. 

Front End 
The EL2018 uses schottky diodes to make a "bul
let proof' front end with very low input bias cur
rents, even if the two inputs are tied to very large 
differential voltages (± 24V). The transfer func
tion of the EL2018 is linear, and the output is 
stable when in the linear region. 

The large common mode range (± 12V mml
mum) and differental voltage handling ability 
(± 24V min.) of the device make it useful in ATE 
applications without the need for an input atten
uator with its associated delay. 



Application Hints - Contd. 

Recovery from Large Overdrives 
Timing accuracy is excellent for all signals with
in the common mode range of the device (± 12V 
with ± 15V supply). When the common mode 
range is exceeded the input stage will saturate, 
input bias currents increase and it may take as 
much as 200 ns for the device to recover to nor
mal operation after the inputs are returned to the 
common mode range. If signals greater than the 
common mode range of the device are anticipat
ed, the inputs should be diode clamped to remain 
within the common mode range of the device. 

Input Slew Rate 
All comparators have input slew rate limitations. 
The EL2018 operates normally with any input 
slew rate up to 300 V / Il-s. Input signal slew rates 
over 300 V / Il-s induce offset voltages of 5 m V to 
20 mV. This induced offset voltage settles out in 
about 20 ns, 20 times faster than previous high 
voltage comparators. 

Latch 
The EL2018 contains a "transparent" latch. A 
"transparent" latch acts as an amplifier when the 
LE input is low and it "latches" and holds the 
value it had just before the LE transition from 
low to high. 

It is possible to make an oscillation resistant de
sign by putting a short duration "0" on the LE 
input whenever you wish to make a comparison. 
This gates the comparator on only for a brief in
stant, long enough to compare, but not long 
enough to oscillate. The minimum duration of 
this pulse is specified by the minimum clock 
width parameter in the AC electrical tables. 

The CS input may be left floating and still pro
duce a guaranteed logic "0" input (active). Float
ing the LE input will normally produce a logic 
"0" input also, but operation is not guaranteed. 

Proper RF technique suggests that these inputs 
be grounded or pulled to ground if they are not 
used. 
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Output Stage 
The output stage of the EL2018 is a pair of com
plementary emitter followers operating as a lin
ear amplifier. This makes the output stage of the 
EL2018 glitch free, and improves accuracy and 
stability when operating with small signals. 

3-State Output, Power Saving Feature 
The EL2018 has an output stage which can be 
put into a high impedance "3-state" mode. When 
it is in this mode, the input stage and latch re
main active, yet the device dissipates only 50% of 
the power used when the output is active. This 
has advantages in a large ATE system where 
there may be 1000 comparators, but only 10% are 
in use at anyone time. 

Due to the power saving feature and linear out
put stage, the EL2018 does not have a standard 
TTL 3-state output stage. As such one must be 
careful when using the 3-state feature with 
devices other than other EL2018's or EL2019's. 
When operating from ± 15V supplies the 3-state 
feature is compatible with all TTL families, how
ever CMOS families may conflict on high out
puts. Since the output stage of the EL2018 turns 
on faster than it turns off, a son to loon resistor 
in series with the output will limit fault currents 
between devices with minimum impact on logic 
drive capability. 

System Design Considerations 
The most common problem users have with high 
speed comparators is oscillations due to output to 
input feedback. This can be avoided by using a 
ground plane, proper supply bypassing, and rout
ing the inputs and outputs away from each other. 
Since the EL2018 has a gain bandwidth product 
of about 40 GHz, layout and bypassing are im
portant to a successful system design. A unique 
alternative to the EL2018 is the EL2019, with its 
edge triggered master/slave flip flop. 

Device Functions 
The various operating states of the EL2018 are 
described in the function table on page 7. 



Typical Applications 

Using the Power Down/ 
3-State Feature 

V+ 

LEiCLOCK 

LEiCLOCK 

Using the EL2018 in the 
Transparent~ode 
(Latch Not Used) 

2018-9 

2018-7 
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Series Resonant 
Crystal Oscillator 

5O!l CRYSTAL 
,.......WI.-_-l0!100 kHz-20 MHz 

0.1 ~F 

t 

+15V 

350k =R1 - -

l:I 32PFl _ 10pF 

~ 
7 

TTL CRYSTAL 
OSCILLATOR 
OUTPUT 

~W~-------+-o-15V Note - R1 sets 
50 kll aYOfage output 

~Wl.-------------------' level (duty cycle) 

2018-8 

A Wide Input Range Window Comparator 

9.9V 

VIN 

10.1 V 

~=7--~------~T 

VIN Range + 12V to -12V 
with Vs = ± 15V 

INPUT 
IN 
RANGE 
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rj ............................... 
Equivalent Schematic 

+vO---~----~----~----~----~-------.--------~-.-+------1---------, 
(8) 

Dl 

LEo--+-+--+----1I---C 
(6) 

A2 R3 R4 

-Vo---~~+-~--~--~~-+------------------------------~----~ 
(4) 

Burn-In Circuit 

.1 ~--~--.-oV+= 
+10 V 

D1 
Rl.1kQ 2 

R2.1 kQ 3 

':' 4 elK = 
-~ii VO-...,..--------'fL-___ ]'---...... -----O ~ ;!~z 

2018-12 

Pin numbers are for DIP packages. 
All packages use the same schematic. 
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DIGITAL 
GND r(l) 

OUTPUT 
(7) 
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EL2018 Macromodel 

* Connections: + input 

.subckt M2018 

• Input Stage 

i1 8 10 700p.A 

rl1341K 
r21441K 
q183 11 qn 
q282 12 qn 

q313 1110 qp 
q41412 10 qp 

i2 11 4 200p.A 

i3 12 4 200p.A 

I 
I 
I 
I 
I 
I 
I 
2 

• 2nd Stage & Flip Flop 

·i4 8 24 700p.A 

i48241mA 
q9 22 624 qp 
q10 1817 24 qp 

vl17 0 2.5V 
q515 1422 qp 
q61613 22 qp 

r31541K 

r41641K 
q71615 18 qp 
q815 1618 qp 

• Output Stage 

i78352mA 
s135 20 5 0 sw 

d2 35 8 ds 
i6 26 345mA 

s234450sw 

d3 34 26 d. 
q198 20 21 qn 2 
q20 419 7 qp 2 

r8 21760 
r7 20 194K 

q17 19 16 26 qn 5 
q18 0 15 26 qn 5 

q22 20 20 30 qn 5 

-input 

I +V 

I I 
I I 
I I 
I I 
I I 
3 8 

-v 
I LE 

I I cs 
I I I output 

I I I I 
4 6 5 7 

• 
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EL2018 Macromodel- Contd. 

q23 19 19 30 qn 8 
d10 19 ds 
q2101719qp 

• Power Supply Current 

ips 844mA 

• Models 

.model qn npn (is = 2e -15 bf= 400 tf= 0.05nS eje = 0.3pF eje = 0.2pF ees = 0.2pF) 

.model qp pnp (is = 0.6e -15 bf= 60 tf= 0.3nS eje= O.SpF eje = 0.5pF ees = 0.4pF) 

.model ds d(is = 2e -12 tt = 0.05nS eg = 0.62V vj = 0.58) 

.model sw vswiteh (von = 0.4V voff= 2.5V) 

.ends 
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Features 
• Comparator cannot oscillate 
• Fast response-5 ns data to clock 

setup, 20 ns clock to output 
• Wide input differential voltage 

range-24Von ± l5V supplies 

• Wide input common mode 
voltage range- ± l2V 

• Precision input stage-
Vos = 1.5 mV 

• Low input bias current-lOO nA 
• Low input offset current-30 nA 
• ± 4.5V to ± l8V supplies 
• 3 State TTL compatible output 
• No supply current glitch during 

switching 
• 103 dB voltage gain (Low input 

uncertainty ::::: 30,... V) 
• 50% power reduction in shut

down mode 
• Input and flip-flop remain active 

in shutdown mode 

Applications 
• Analog to digital converters 
• ATE pin receiver 
• Zero crossing detector 
• Window detector 
• "Go/no-go" detector 

Ordering Information 
Part No. Temp. Range Pkg. Outline# 

EL2019CN -40'C to + 8S'C P-DIP MDP0006 

comparator before-a IIU'''I:''rt 

comparator output will only 
tive going clock edge is applied. 
to the input and cause oscillation. M~uflict".t~aG!jLth ~~filn'tec's 
proprietary Complementary Bipolar pr.\!CC~ss,~l1is ..... ~,.;~A''''''OAQ 
fast PNP and NPN transistors in the 
circuit design gives the inputs the ability to'oQand~~I:g'@~)m~ 
mon mode and differential mode signals, yet 
and excellent accuracy. Careful design of the 
speed and accuracy when operating with a 
large signals. The three-state output stage is UC'~l~,l1"~ 
TTL compatible for any power supply 
draws a constant current and does not generate current ",11,1",,110 .. ,._ 

When the output is disabled, the supply current COltlSllmp1:llOli. 
drops by 50%, but the input stage and master slave flip-flop 
remain active. 

Elantec facilities comply with MIL-I-45208A and other applica
ble quality specifications. For information on Elantec's process
ing, see QRA1: Elantec's Processing-Monolithic Products. 

Connection Diagrams 

8-Pin Plastic DIP 

2{)19-2 

Top View 
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Absolute Maximum Ratings (TA = 25·C) 

Vs Supply Voltage ±18V lOp Peak Output Current 

VIN Input Voltage +Vsto-VS 10 Continuous Output Current 

aVIN Differential Input Voltage Limited only by TA Operating Temperature Range 
Power Supplies TJ Operating Junction Temperature 

lIN Input Current (Pins 1, 2 or 3) ±10mA TST Storage Temperature 

IINS Input Current (Pins 5 or 6) ±5mA 

Pn Maximum Power Dissipation 1.25W 
(Note 3 - See Curves) 

DC Electrical Characteristics Vs = ± 15V, unless otherwise specified 

Parameter 

Vos 

lOS 

CMRR 

PSRR 

VOH 

Description 

Input Offset Voltage 
VCM = OV, Vo Transition Point 

Input Bias Current 
VCM = OV,Pin2or3 

Output Voltage Logic High 

Vs = ±15V 

Vs = ±15V 

Vs = ±5V 

Vs = ±5V 

= ±5V 

7-30 

50mA 
25mA 

-40·Cto +85·C 
150·C 

- 65·C to + 150·C 



DC Electrical Characteristics Vs = ±15V,unlessotherwisespecified-Contd. 

Parameter 

VODISl 

VODIS2 

IS+EN 

IS + DIS 

IS-EN 

IS-DIS 

Description 

VOUT Range, Disabled, 
IOL = -1mA 

VS= ±15V 

Vs = ±15V 

= ±SV 

VOUT Range, Disabled, 
IOL=+1mA 

= ±SVto +1SV 

Clock or CS Inputs 
Logic Input Current 
VIN = OV and VIN = 5V 

Clock or CS Inputs 
Logic Low Input Voltage 

Positive Supply 
Current Enabled 

Positive Supply 
Current Disabled 

Negative Supply 
Current Enabled 

Negative Supply 
Current Disabled 

Temp 

AC Electrical Characteristics Vs = ±15V,TA = 2S'C 

Parameter Description 

Note 1: VCM = + 12V to -12V. 
Note2:Vs = ±SVto ±1SV. 

Units 

Note 3: The maximum power dissipation depends on package type, ambient temperature and heat sinking. See the Typical 
Performance curves for more details. 
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Typical AC Performance Curves 
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Typical AC Performance Curves - Contd. 
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Typical AC Performance Curves - Contd. 
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Typical AC Performance Curves - Contd. 
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Timing Diagram 

~.Alllllogln 
001= Don'tCa,. 

---------r------------------
1.4Y-- Clock In 

---------+-----------------Clock to 
1+-------iOUtputdelay 

_ z.OYComPllrelor 
_O.8Y out 

Note: Since the hold time is negative 
the input is a don't care at the 
clock time. This ensures that 
clock noise will not affect the 
measurement. 
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Block Diagram 
CLOCKIN o--:<6 ________ PCLK ~+V 

-io-v 

Function Table 
Inputs 

(Timen-l) 

+IN -IN CS 

+ - L 
- + L 

+ - H 
- + H 

X X L 
X X L 
X X L 

X X H 

X X H 

X X H 

MASTE11-6LAVE 
FLlP.FIDP 

~g'~gt~D 
+IN 0""2 -----1+ """.-----/ 

7 OUTPUT 
_INo.::.3 ___ ~ 

Internal 
Q(Timen) 

CLK 

r H 

r L 

r H 

r L 

H Qn-l 
L Qn-l 

""L. Qn-l 

H Qn-l 

L Qn-l 

""L. Qn-l 

5 CHIP SELECT 
INPUT 
eii 

Notes 

Normal Comparator Operation 
With "D" Flip-Flop 

Normal Comparator Operation 
With "D" Flip-Flop; Power Down Mode 

Data Retained in Flip-Flop 
Data Retained in Flip-Flop 
Data Retained in Flip-Flop 

Data Retained in Flip-Flop, 
Output Power Down Mode 
Data Retained in Flip-Flop, 
Output Power Down Mode 
Data Retained in Flip-Flop, 
Output Power Down Mode 
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Output (Time n) 

H 
L 

HighZ 
HighZ 

Qn-l 
Qn-l 
Qn-l 

HighZ 

HighZ 
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Application Hints 

Device Overview 
The EL2019 is the first comparator of its kind. It 
is capable of 24V differential signals, yet has ex
cellent accuracy, linearity and voltage gain. The 
EL2019 has an internal master/slave flip-flop be
tween the input and output. It even has a 3-state 
output feature that reduces the power supply cur
~ents 50% when the output is disabled, yet the 
mput stage and latch remain active. This ex
tremely fast and accurate device is built with the 
proprietary Elantec Complementary Bipolar 
Process, which is immune to power sequencing 
and latch up problems. 

Power Supplies 
The EL2019 will work with ± 5V to ± 18V sup
plies or any combination between (Example 
+ 12V and - 5V). The supplies should be well by
passed with good high frequency capacitors 
(0.01 IJ-F monolithic ceramic recommended) with
in 1;4 inch of the power supply leads. Good 
ground plane construction techniques improve 
stability, and the lead from pin 1 to ground 
should be short. 

Front End 
The EL2019 uses schottky diodes to make a "bul
let proor' front end with very low input bias cur
rents, even if the two inputs are tied to very large 
differential voltages (± 24V). 

The large common mode range (± 12V mini
mum) and differential voltage handling ability 
(± 24V min.) of the device make it useful in ATE 
applications without the need for an input atten
uator with its associated delay. 

Recovery from Large Overdrives 
Timing accuracy is excellent for all signals with
in the common mode range of the device (± 12V 
with ± 15V supply). When the common mode 
range is exceeded the input stage will saturate 
input bias currents increase and it may take a~ 
much as 200 ns for the device to recover to nor
mal operation after the inputs are returned to the 
common mode range. If signals greater than the 
common mode range of the device are anticipat
ed, the inputs should be diode clamped to remain 
within the common mode range of the device, or 
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the supply voltage be raised to encompass the in
put signal in the common mode range. 

Input Slew Rate 
All comparators have input slew rate limitations. 
The EL2019 operates normally with any input 
slew rate up to 300 V / IJ-s. Input signal slew rates 
over 300 V / IJ-s induce offset voltages of 5 m V to 
20 mV. This induced offset voltage settles out in 
about 20 ns, 20 times faster than previous high 
voltage comparators. This shows up as an in
creased set-up time. 

Master Slave Flip-Flop 
The built-in Master/Slave Flip-Flop only allows 
the output to change when a positive edge is re
ceived on the clock input. This feature has some 
major benefits to the user. First, the device can
not oscillate due to feedback from the output to 
the inputs. Second, the device must make a deci
sion when it receives a clock input, and the differ
ence between deciding on a "0" or a "I" is limited 
only by the input circuit noise, both internal and 
external to the EL2019. With low impedance 
sources and a good layout this uncertainty can be 
less than 30 IJ-V /RMS. Since a 30 IJ-V change on 
th~ input can cause a 4V change on the output 
thiS works out to an effective gain of 103 dB, 
more than adequate for a 16-bit analog to digital 
converter. 

The hold time of the EL2019 is worst case 0 ns 
and typically - 3 ns. This means that the analo~ 
signal is sampled typically 3 ns before the clock 
time and, worst case, concurrent with the clock. 

The EL2019 is sensitive to a large clock edge 
rates. More than a 500 V / IJ-s edge rate at the 
clock input will induce VOS shifts, reduce PSRR, 
and cause the device to operate incorrectly at low 
temperatures and low supply voltages. A good 
method to control the clock edge rate is to place a 
resistor in series and a capacitor to ground in par
allel with the clock input. Generally, any time 
constant 10 ns or greater will suffice. 

Elantec tests the EL2019 with a nominal 20 ns 
time constant, using a series 330n resistor and 
61 pF of capacitance to ground (including 
strays). All clocks are generated by Schottky 
TTL and have a 0.25V to 3.5V swing. 
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Application Hints - Contd. 

Output Stage 
The output stage of the EL2019 is a pair of com
plementary emitter followers operating as a lin
ear amplifier. This makes the output stage of the 
~L2019 ·glitch free, and improves accuracy and 
stability when operating with small signals. 

3·State Output, Power Saving Feature 
The EL2019 has an output stage which can be 
put into a high impedance "3-state" mode. When 
it is in this mode, the input stage and latch re
main active, yet the device dissipates only 50% of 
the power used when the output is active. This 
has advantages in large ATE systems where 
there may be 1000 comparators, but only 10% are 
in use at anyone time. 

The EL2019 will work properly with the chip se
lectinput (pin 5) floating, however, good R.F. 
technique would be to ground this input if it is 
not used. 

Due to the power saving feature and linear out
put stage, the EL2019 does not have a standard 
TTL 3-state output stage. As such one must be 
careful when using the 3-state feature with devic
es other than other EL201S's or EL2019's. When 
operating from ± 15V supplies the 3-state feature 
is compatible with all TTL families, however 
CMOS families may conflict on high outputs. 
Since the output stage of the EL2019 turns on 
faster than it turns off, a son to lOon resistor in 
series with the output will limit fault currents 
between devices with minimum impact on logic 
drive capability. 

Typical Applications 
A Wide Input Range Window Comparator 

9.9V 

VIN 

10.1·Y 

, CLOCK 

(VIN Range + 12V to -12V 
withVS = ±15V) 

2019-9 
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The EL2019 makes an excellent comparator in 
most analog to digital converters, due to its high 
gain and fast response. Most 2504 based A to D 
designs can be modified to use the EL2019 sim
ply by using an inverted clock to the EL2019 as 
shown below. This results in improvedperl'orm
ance due to less jitter of the transition voltages. 

ANALOG IN Y. 

CLOCK IN 

Using the Power Down/ 
3·State Feature 

LE/CLOCK 

LEiCLOCK 

2019-11 
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Burn-In Circuit 

R1,1 kU 2 
~----~--~-oV+= 

+ 10V 
01 

R2,1kn 3 

v - = 0-_-.,.-_____ --4"i .,:;,......'-_-----0 g,L:S v 
-10V L-___ .J @1kHz 

2019-12 

Pin numbers are for DIP packages. All packages use the same schematic. 

Equivalent Schematic 

+VO---~----4r----4r----------~------~----------~----------~~-+------~--------' 
(81 

11 

CLO~~ o----+---+--+--+--..... r::: 
(6) 

, 
R2 R3 R4 RS R6 SECOND LATCH: 

_______ '!:!!I:..2!.I!AJ 
~o---~-r~~---+--~~-+----------------~--+---------------------~----~ 
(41 
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DIGITAL 
GND .,["(11 

OUTPUT 
(7) 
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EL2019 Macromodel 

* Connections: 

.subcktM2019 

• Input Stage 

i1810700",A 
r11341K 
r2 1441K 
q183 11 qn 
q2 8 212 qn 
q3 131110 qp 
q41412 10 qp 
i2114200",A 
i3 124 200",A 

+ input 

I -input 

I 
I 
I 
I 
I 
I 

3 

+V 

I 
I 
I 
I 
I 
8 

• 2nd Stage & Flip Flop 

'i4 8 24 700",A 
i48241mA 
q9 22 6 24 qp 
q10 1817 24 qp 
vl17 02.5V 
q515 1422 qp 
q616 1322 qp 
r31541K 
r41641K 
q7 16 15 18 qp 
q815 1618 qp 

is 840500",A 
q1l4117 40 qp 
q12 42 6 40 qp 
q13 43 16 41 qp 
q14 4415 41 qp 
q15 4443 42 qp 
q16 43 44 42 qp 
r54341K 
r64441K 

• Output Stage 

i78352mA 
81352050 sw 
d2358ds 
i626345mA 

-v 
I Cpin 

I I CS 

I I I output 

I I I I 
4 6 5 7 
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EL2019 Macromodel- Contd. 

s234450sw 
d3 34 26 ds 
q198 20 21 qn 2 
q20419 7 qp2 
r8 21760 
r7 20 194K 
q17194426qn5 
q18 0 43 26 qn 5 
q22 20 20 30 qn 5 
q23 19 19 30 qn 8 
dl0 19 ds 
q21 0 17 19 qp 

• Power Supply Current 

ips 844mA 

• Models 

.model qn npn (is = 2e -15 bf= 400 tf= 0.05nS cje = 0.3pF cjc = 0.2pF ccs = 0.2pF) 

.model qp pnp (is = 0.6e -15 bf= 60 tf= 0.3nS cje = 0.5pF cjc = 0.5pF ccs = OApF) 

.model ds d(is = 2e -12 tt = 0.05nS eg = 0.62V vj = 0.58) 

.model sw vswitch (von = 0.4V voff= 2.5V) 

.ends 
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Features 
• Wide range of programmable 

analog output levels 

• 0.5 Ampere output drive with 
external transistors 

• Programmable Slew Rate 
• Low overshoot with large 

capacitive loads-stable with 
500pF 

• 3-state output 
• Power-down capability 
• Wide supply range 
• Overcurrent sense 

Applications 
• Loaded circuit board testers 
• Digital testers 
• Programmable 4-quadrant power 

supplies 

Ordering Information 
Part No. Temp. Range Package Out1lne# 

EL2021CJ O'C to + 7SOC CerDIP MDPOO31 

Connection Diagram 
IS-Pin DIP Package 

Top View 
2021-1 

General Description 
The EL202I is designed to drive programmed voltages into dif
ficult loads. It has the required circuitry to be used as the pin 
driver electronics in board test systems. Capable of overpower
ing logic outputs, the part can accurately drive independently 
set high and low levels with programmed Slew Rates into reac
tive loads. It can also be placed into high impedance to monitor 
the load without having to disconnect. Previous board testers 
had multiplexing schemes to reduce the number of pin drivers 
required. With the small size and power consumption of the 
monolithic EL202I, a driver per node with little or no multi
plexing becomes practical. Since only a few pins of "bed-of
nails" board testers need be active at any given time, the power
down feature saves substantial power in large systems. 

Block Diagram 

3 :;;t .. 
'---+0 ....... 

13 

Y. r--+-O.-" 

Y· 

2021-2 

Truth Table 
E OE Data VOUT Comments 

0 0 0 VCL Active 

0 0 1 VCH Active 

0 1 X High-Z Third State 

1 X X Undefined Power-down 

l~ ____________________ ~ ____________________________________ ~ 
7-42 



Absolute Maximum Ratings (TA = 2S'C) 

V+ Supply Voltage -0.3V to + 16V Sense Out Output Current - 10 mA to + 10 mA 
V- Supply Voltage 0.03V to -16V VOUT, Drive + , 
B+,B- Supply Voltages V- toV+ Drive- Output Currents - 45 mA to + 45 mA 
Sense + Input Voltages (-2V + B+)to(0.3V +B+) TJ Junction Temperature IS0'C 
Sense- Input Voltages (-0.3V + B-)to(2V + B-) TA Operating Ambient 
E,VSR, Temperature Range O'C to + 75°C 

OE,Data Input Voltages -0.3 to +6V TST Storage Temperature - 6S'C to + IS0'C 

VCH,VCL Input Voltages B- to B+ and V- to V+ Po Power Dissipation (TA = 2S'C) 
(See Curves) 1.8W 

DC Electrical Characteristics 
TA = 2S'C, v+ = 15, V- = -IOV,B+ = VCH +3.6V,B- = VCL -3.6V, No Load. Data and OE levels are: L = 2.0Vand 

H = 3.0V (CMOS thresholds). E levels are: L = l.SV and H = 3.SV. All tests done using 2N2222 and 2N2907 output transistors 

with Beta> 40 @Ic = 400 mA and Beta> 27 @ Ic = 500 mA and VCE = 3.1V. OEand Elow. 

Description Conditions 

IS + , -Supply Currents = SV, VCL = 0, VSR = 2.SV, Data = HorL 

7-43 
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DC Electrical Characteristics 
TA = 2S'C, v+ = 15, V- = -lOV, B+ = VCH +3.6V, B- = VCL -3.6V, No Load. Data and OE levels are: L = 2.0Vand 
H = 3.0V (CMOS thresholds). E levels are: L = 1.5Vand H = 3.5V. All tests done using 2N2222 and 2N2907 output transistors 

with Beta> 40 @IC = 400 rnA and Beta> 27 @IC = 500 rnA and VCE = 3.1V. OEandElow.-Contd. 

Parameter Description Conditions Min Typ Max 

Vo Output Voltage V+ = l4.5V, V- = -9.5V 
VCH = 5V, VCL = 0, VSR = lV, Data = L, 

Output Current = -100 rnA, 0 rnA, or + 100 mA -50 50 
Output Current = -400 rnA or +400 rnA -300 300 
Output Current = - 500 rnA or + 500 rnA -600 600 

VCH = 5V, VCL = 0, VSR = lV, Data = H 
Output Current = -100 rnA, 0 rnA, or + 100 mA 4.95 5.05 
Output Current = -400mAor+400rnA 4.7 5.3 
Output Current = -500mAor + 500 rnA 4.4 5.6 

VCH = llV, VCL = -6V, VSR = lV,IOUT = O,Data = L -6.1 -5.9 
= llV, = -6V, VSR = lV, = O,Data = H 10.9 11.1 

= 0, VSR = 2.5V, = lO,Data = H 400 450 600 
= 0, VSR = 2.5V, = lO,Data = L -400 -450 -600 

VO,sense Sense Out Levels VCH = 5V, VCL = 0, VSR = 2.5V,DataLorH, 
Output Current = - 350 rnA or + 350 mA 0 0.6 
Output Current = - 550 rnA or + 550 rnA 3.5 5.0 

IOUT,TRI High-Impedance VCH = 5V, VCL = 0, VSR = 2.5V, Data = L,OE = H, 
Output Leakage Output Voltage = - 2.5V or + 7.5V -100 5 100 

AC Electrical Characteristics 
DC test conditions apply except where noted. For AC tests, RL = lk, CL = 200 pF. Delay times are measured from OE or Data 

crossing 2.5V, VCH = 5V, VCL = O. 

Parameter Description Conditions Min Typ Max 

SR + + Slew Rate Data L to H, Output from 0.5V to 4.5V, VSR = lV 80 100 120 
VSR = 3V 150 240 360 

SR - - Slew Rate DataHto L,Outputfrom4.5VtoO.5V, VSR = lV -80 -100 -120 
VSR = 3V -150 -240 -360 

SRSYM Slew Rate Symmetry [(SR+)-(SR-)] VSR = lV -10 10 
(SR+)+(SR-) VSR= 2V -20 20 

Propagation Delay DataLtoH, to 0.2V, VSR = 2.5V 6.5 9 11.5 
Data HtoL, to 4.8V, VSR = 2.5V 6.5 9 11.5 

Settling Time VSR = 5V, Data L to H, Output 4.5V to 5V±0.2V 30 
VSR = 5V, Data H to L, Output 0.5V to ± 0.2V 30 

OS Overshoot VSR = lV,DataLtoHorHtoL -300 300 
VSR = lV,OEHtoL,Data = L,RLt05V -300 300 
VSR = lV, OE H to L, Data = H, toOV -300 300 

Tpda Propagation Delay, VSR = 2.5V,OEHtoL,CL = 50pF 
High-Z to Active RL to 5V, Data = L, Output to 3.5V 50 

to OV, Data = H, Output to 1.5V 50 

Tpdh Propagation Delay, VSR = 2.5V, OE L to H, CL = 50 pF, 
Active to High-Z Data = L, RL to 5V, Output to 0.5V 50 

Data = H, RL to OV, Output to 4.5V 50 
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Pin Description Table 
Pin # Name Description 

1 GND System ground. 

2 Ii: Enable control input. A logic low allows normal operation; a logic high puts the device into 
power down mode. No output levels are defined in powerdown nor does the output behave 
as a high impedance. 

3 OE Output Enable input. A logic low sets the output to low-impedance driver mode; a logic high 
places the output into a high-impedance state. 

4 VCL Lower analog control input. When Data = OE = E = L, the V CL level is output as VOUT 
(assumingVCL < VCH). 

5 B- System power supply. The EL2021 uses this pin as a negative output current monitor connection. 
Little current is drawn from this pin, transient or static. 

6 lsense- Negative output current monitor input. 

7 V- Negative power supply. Because all negative output drive currents come from this pin 
(as much as 60 rnA transiently), good bypassing is essential. 

8 Drive- Output to external pnp transistor base. 

9 VOUT High-current input and output, depending on OE. 

10 Drive + Output to external npn transistor base. 

11 Sense Out Logic output which signals that a high + or - output current is flowing. 

12 V+ Positive power supply. Like V -, it should be well bypassed. 

13 lsense+ Positive output current monitor input. 

14 B+ System power supply, similar to B -. 

15 VCH Higher analog control input. When Data = Hand OE = Ii: = L, the V CH level is output as 
VouT(assumingVCH> VCL). 

16 VSR Slew rate control input. A IV level on this pin causes the output to slew at 100 VI p.s, 0.5V 
causes a slew rate of 50 V I p.s, etc. II 

17 Data Output level control input. This pin digitally selects V CL or V CH as the output voltage 
whenOE = Ii: = L. 

18 N/C Not Connected. 
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Typical Performance Curves 

2021-3 

Family of output waveshapes. 
ECL, TTL, CMOS, HCMOS 
with CI = 50 pF, VSR = IV. 

2021-6 

Family of output waveshapes. 
ECL, TTL, CMOS, HCMOS 
with CI = 200 pF, VSR = IV, 
and overcompensated with 
22 pF from each drive pin 
to ground. 

2021-4 

Family of output waveshapes. 
ECL, TTL, CMOS, HCMOS 
withCI = 200pF, VSR = IV. 

2021-7 

Family of output waveshapes 
from active H, L to 
high·impedance H, L. 

2021-9 

2021-5 

Output waveshapes with 
5 MHz data rate. CI = 50 pF, 
VSR = 4V. 

2021-8 

Family of output waveshapes 
from high·impedance H, L 
to active H, L. 

2021-10 

Family of + output edges, 
OVto5VforVSR = 0.5V, IV, 
2V,3V,5V. 

Family of -output edges, 
5V to OV or VSR = 0.5V, IV, 
2V,3V,5V. 
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Typical Performance Curves - Contd. 
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Applications Information This circuit allows the external transistors to run 

from B + and B - supplies that are of less volt
age than V + and V - to conserve power. Reduc
ing B ± supplies also reduces dissipations in the 
output devices themselves. B + is typically made 
K volts more than V CH and B - made K volts 
more negative than V CL. Ideally K is made as 
small as possible to minimize output transistor 
dissipation, but two factors limit how small K 
can be. These factors are both related to the fact 
that transistors have two collector resistance 
numbers: "hard" and "soft" saturation resistance. 
As a transistor begins to saturate at high collec
to~ cu?"ents ~d small collector-emitter voltages, 
mlnonty carners begin to be generated from the 
base-collector junction. These carriers act as more 
collector dopant and actually reduce effective se
ries cOl. lector resistance. At conditions of heavy 
saturation, the collector is flooded with minority 
carriers and exhibits minimum collector resist
ance. In this way, small geometry transistors like 
the 2N2222 and 2N2907 devices have excellent 
collector-emitter voltage drops at high currents, 
but are actually still in heavy saturation for IV-
2V drops. This "soft" saturation shows up as re
duced beta at high currents and moderate V CE'S 
as well as very poor AC performance. A transis
tor may exhibit an ft of only 2 MHz in soft satu
ration when, like the 2N2222, it gives 300 MHz in 
non-saturated mode. The EL2021 requires the 
output transistors to have an ft of at least 
200 MHz to prevent degradation in overshoot 
slew rate into heavy loads, and tolerance of hea~ 
output capacitance. With a K of 3.2V and Hl col
lector resistors, almost all 2N2222 and 2N2907 
devices perform well, but we have obtained devic
es from some vendors where the beta does indeed 
fall permaturely at reduced V CE and high cur
rents. It is important to characterize the external 
devices for the service that the EL2021 will be 
expected to provide. 

Output Stage 
To meet the requirements of low output imped
ance, wide bandwidth, and large capacitive load 
driving capability, the EL2021 has a fairly exotic 
output stage. Figure 1 shows a simplified sche
matic of the circuit, only applicable in normal 
low impedance mode. External transistors ar~ 
used to handle the large load currents and peak 
power dissipations. Since there is no need for 
good AC crossover distortion performance in a 
pin driver, the output transistors are operated 
class C. That is, for small output currents, nei
ther output transistor will conduct bias current, 
and when load currents do flow, one of the devic
es is off. This is accomplished by biasing the out
put transistors from Schottky diodes Dl and D2. 
In operation, the diode forward voltage is about 
0.4V, whereas the "on" output transistor will 
have a VBE of 0.6V.This leaves only 0.2V across 
the "ofr' transistor's base-emitter junction, not 
nearly enough to cause bias currents to flow in it. 
Schottky diodes have a temperature drift similar 
to silicon transistors, so the class C bias main
tains over temperature. One caution is that the 
diodes are in the IC package and are thermally 
separate from the transistors, so there can exist 
temperature differences between packages that 
can cause thermal runaway. Runaway is avoided 
as long as the external transistors are not hotter 
than the EL2021 package by more than 80°C. 
The only way runaway has been induced as of 
this writing is to use "freeze spray" on the IC 
package while the output transistors are very 
hot. 

v+ 

1 Ohm 

ID Output 

lObm 

v· 

Figure 1. Simplified Output Stage 
(Normal Mode) 

2021-12 
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The output stage of the EL2021 does not ring 
appreciably into a capacitive load in quiescent 
conditions, but it does ring while it slews. This is 
an unusual characteristic, but the output slews 
monotonically and the slew "ripple" does not 
cause problems in use. The slew ripple does cause 
a similar "ripple" in the overshoot-vs-VSR char
~cterist:ic: the overshoot may decrease for slightly 
mcreasmg VSR, then increase again for larger 
VSR's again. The overshoot-vs-VSR graphs 



Applications Information - Contd. 
presented in this data sheet thus reflect the range 
of overshoot rather than one particular device's 
wavy curve. 

The typical 2N2222 and 2N2907 will deliver 
750 rnA into a short-circuit. This puts four watts 
of dissipation into the 2N2222 for VCH = 5V. 
The npn can dissipate this power for a few tenths 
of a second as long as a metal-base TO-39 pack
age is used. The small or non-metal-based pack
ages have short thermal time constants and high 
thermal resistances, so they should withstand 
shorts for only a few milliseconds. The Sense Out 
signal should be used to control OE or reduce 
V CH and V CL to relieve the output devices from 
overcurrent conditions. 

Transistors such as the MJE200 and MJE210 
have very much improved collector resistances 
and high-current beta compared to the 2N2222 
and 2N2907. Their ft's are almost as good and 
sustain at higher currents, and high-current out
put accuracy will improve. They allow a K of 2V 
to reduce dissipations further, but short-circuit 
currents will be as much as two amperes! The 
geometries of these transistors are larger, and the 
added transistor capacitances will slow the maxi
mum Slew Rates that the EL2021 can provide. 

If transistors with ft's less than 200 MHz are 
used, the EL2021 will need to be overcompensat
ed. This is accomplished by connecting equal ca
pacitors from the Drive pins to ground. These 
capacitors will range from 10 pF to 50 pF. The 
overcompensation will slow the maximum slew 
rate, but it will improve the overshoot and reac
tive load driving capability, and can be consid
ered a useful technique. 

Figure 2 shows the equivalent output stage sche
matic when the circuit is in high-impedance 
mode (OE = H). The external transistors have 
their base-emitter junctions each reverse-biased 
by a Schottky diode drop. A buffer amplifier cop
ies the output voltage to give a bootstrapped bias 
for the Schottky stack. This scheme guarantees 
that the external transistors will be off for any 
output level, and the output leakage current is 
simply the bias current of the buffer. 
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The circuit works properly for AC signals up to 
500 V / JA-s. Above this slew rate, the buffer cannot 
keep up and the external transistors may tum on 
transiently. Because of the bootstrap action, the 
output capacitance is less than 10 pF up to 
10 MHz of small-signal bandwidth and 300 V / JA-s 
slew rate, increasing beyond these values. Adding 
overcompensation capacitors will degrade the 
slew rate that the output can withstand before 
current is drawn. 

It is sometime necessary to provide a "snubber" 
network-a series Rand C - to provide a local 
RF. impedance for the buffer to look into. 330.0 
and 56 pF should serve. Also, it is well to provide 
some DC path to ground (47k for instance) to 
bias the output stage when no actual circuit is 
connected to the EL2021 in high-impedance 
mode. 

v+ B+ 

IObm 

EztemalNPN 

Output 

IObm 

v-
B-

Figure 2. Simplified Output Stage 
(High-Impedance Mode) 

Power Supplies 

2021-13 

In typical operation, V + and V - can be as much 
as ±15V and as little as VCH +3V and VCL 
-3V, respectively. When driving heavy output 
currents, however, it is wise to have 5V of head
room above V CH and below V CL to ensure no 
saturation of devices within the EL2021 and at
tendent waveshape distortions. Thus, for V CH = 
5V and VCL = -2V, minimum operating volt
ages are + 10, -7V. It is very important to by
pass the supply terminals with low-inductance 
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Applications Information - Contd. 
capacitors to ground, since the full base drive 
currents of the output transistors are derived 
from these supplies. Because the· pulse currents 
Can reach 60 mA, the capacitors should be at least 
a microfarad; 4.7 ,...F tantalum are ideal and re
quire no small bypasses in parallel. 

B + and B - can be any voltage within V + and 
V - and some amount previously discussed 
above VCH and below VCL. If VCH or VCL ex
ceeds B + or B -, very large internal fault cur
rents can flow when the EL2021 attempts to 
bring an output transistor's base beyond the col
lector voltage. The bypassing care of the V ± 
lines apply to the B ± lines, as well as the fact 
that ampere currents can occur. Large (100 ,...F-
500 p.F) capacitors should be used to bypass per
haps every tenth EL2021. 

The V CH, V CL, Data and OE lines should be 
driven locally so as to not pick up magnetic inter
ference from the output. The inductance of inter
connects to these lines can allow coupling to 
cause waveshape anomalies or even oscillations. 
If long lines are unavoidable, local 1k resistors or 
50 pF -100 pF capacitors to ground can also serve 
the purpuse. 

Data Pin 
The slew rate of the input to the Data pin should 
be kept less than 1000 V I ,...s. Some feedthrough 
can occur for large Slew Rates which will distort 
the output waveshape. A 1k-2k resistor in series 
with the data pin will reduce feedthrough. 

Current Sense 
The output current is sensed by comparing the 
voltage dropped across the external shunt resis
tors to an internal 0.45V reference. The center of 
the trip level is adjusted for the particular output 
transistor betas listed in the data specifications. 
Transistors with less beta at high currents will 
cause the sense comparators to trip at slightly 
higher output currents. The Hl shunt resistors 
should be non-inductive. The family of wire
wound resistors called "non-inductive" are too in
ductive for these shunts. 
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The response of the Sense Out can be thought of 
as slow attack and fast decay. A continuous over
current condition must last for at least 2 ,...S be
fore Sense Out will go high, but will clear to low 
only about 200 ns after the overcurrent is with
drawn. This allows transient currents due to 
slewing capacitive load to not generate a flag. On 
the other hand, the output transistors will not be 
damaged with only a 2 ,...S system reaction. time 
to a short-circuit. 

Construction Practices 
The major cautions in connecting to the EL2021 
involve magnetic rather than capacitive parasitic 
concerns. The circuits can output as much as 
100 A/,...s. Even with normal Slew Rates and 
moderately large capacitive loads, the dIldT can 
cause magnetic fields in harmless looking wires 
to fill adjacent lines with noise, and sometimes 
ringing or even sustained feedback. Thus, rules 
for wiring the EL2021 are: 
(a) Keep leads short and large. Short wires are 

less inductive, as are wires with large surface 
area. The large surface area also reduces skin 
resistance at high frequencies, important at 
high currents (at 100 MHz, current penetrates 
only a few microns in metals). 

(b) Use a ground plane. Due to inductance and 
skin effect, "ground" voltages will be differ
ent only inches apart on a copper ground 
plane. Individual wires do not create ground 
at high frequencies. The common "star" 
ground is a very bad idea for high-current and 
high-frequency circuits. 

(c) Dress all wires against the ground plane. The 
magnetic fields that the wires would have 
generated will be intercepted by the ground 
plane and absorbed, thus reducing the wire's 
effective inductance. The capacitance added 
by this method is not important to EL2021 
operation. 

(d) The external transistors should have short in
terconnects to the EL2021, the collector 
shunt resistors, and the bypass capacitors. As 
previously stated, the shunt resistors must 
not be wire wound because of their induc
tance. 



Applications Information - Contd. 
(e) The bypass capacitors should have low series 

resistance and inductance, but should not 
have a high Q. This may seem contradictory, 
but a 4.7 /LF tantalum capacitor seems to 
work the best. An electrolytic capacitor 
should be added to help bolster the supply 
levels in the 0.1 /Ls-l /Ls after a transition. No 
small capacitors are needed in parallel with 
the tantalums. The bypasses' ground returns 
are best connected to the area of ground in
side the package outline to reduce the circu
lating current path length, if possible. 

Typical Applications 

Using the EL2021 without External 
Transistors 
By connecting both drive pins to the output pin, 
the EL2021 can be used as a stand-alone driver, 
not requiring the external transistors. The 
EL2021 is good for more than 50 mA in this 
mode. The output impedance rises to 12n, how
ever, and the current sense and high-impedance 
mode are not available. The ripple seen in slew 
edges using the external transistors is largely ab
sent from the standalone waveshapes; and over
shoot is markedly improved at VSR> IV, espe
cially with large capacitive loads. 

100 V / p.s High-Current Pin Driver 
Outputting TTL Levels 

E=OV Data c5i-ov 

I D/A >VSR=lv:i>t~ -[- -- -~- --------: 
I " I B+ 

" I~~----+-~ r: I 

S.OV 

. ! 
f----+-<>-------1 

lSV I 
~ 

4.7pFH i 

=4.7pFmEL2021 
-IOV L.._ •. _ .• _ •• _ .. _._ •• _ .. _ .. _ •• _ .. _ .. _ .• _ .. _ .. 

Sense Out 
2021-14 
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Features 
• Fast response-7 ns 
• Inputs tolerate large overdrives 

with no speed nor bias current 
penalties 

• Propagation delay is relatively 
constant with variations of input 
Slew Rate, overdrive, 
temperature, and supply voltage 

• Output provides proper CMOS or 
TTL logic levels 

• Hysteresis is available on-chip 
• Large voltage gain-8000 V IV 
• Not oscillation-prone 
• Can detect 4 ns glitches 
• MIL-STD-883 Rev. C compliant 

Applications 
• Pin receiver for automatic test 

equipment 

• Data communications line 
receiver 

• Frequency counter input 
• Pulse squarer 

Ordering Information 
Part No. Temp. Range Package Outline "" 

EL2252CN O"C to + 7SOC 14-Pin P-DIP MDP0031 

EL2252CM O"C to + 7S'C 20-Lead SOL MDPOO27 

General Description 
The EL2252 dual comparator replaces the traditional input 
buffer + attenuator + ECL comparator + ECL to TTL transla
tor circuit blocks used in digital equipment. The EL2252 pro
vides a quick 7 ns propagation delay while complying with 
± 10V inputs. Input accuracy and propagation delay is main
tained even with input signal Slew Rates as great as 4000 V I JA-s. 
The EL2252 can run on supplies as low as - 5.2V and + 9V and 
comply with ECL and CMOS inputs, or use supplies as great as 
± l8V for much greater input range. 

The EL2252 has a ITTL pin which, when grounded, restricts 
the output VOH to a TTL swing to minimize propagation delay. 
When left open, the output VOH increases to a valid CMOS 
level. 

The comparators are well behaved and have little tendency to 
oscillate over a variety of input and output source and load 
impedances. They do not oscillate even when the inputs are 
held in the linear range of the device. To improve output stabili
ty in the presence of input noise, an internal 60 m V of hystere
sis is available by connecting the HYS pin to V - . 

Elantec's products and facilities comply with MIL-I-45208A, 
and other applicable quality specifications. For information on 
Elantec's processing, see Elantec document, QRA-l; "Elantec's 
Processing, Monolithic Integrated Circuits". 

Connection Diagrams 
14-PinDIP 

HYS 

-IN2 

+IN2 OUT2 

v- N.C. 

2252-1 

Top View 

20-PinSOL 

2252-2 

Top View 

~~------------------~--------------------------------~ 
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Absolute Maximum Ratings (TA = 25°C) 
Voltage between V + and V - 36V 
Voltage at V + l8V 
Voltage between - IN and + IN pins 36V 
Output Current 
Current into + IN, - IN, HYS 

or/TTL 

l2mA 

SmA 

Internal Power Dissipation 
Operating Ambient Temperature Range 
Operating Junction Temperature 
Storage Temperature Range 

See Curves 
- 25°C to + 85°C 

lSO°C 
- 65° to + 150C 

DC Electrical Characteristics Vs = ± lSV; HYS and /TTL grounded; TA = 25°C unless otherwise specified 

Parameter 

Vos 

VCM+ 

VCM-

AVOL 

Description 

Input Offset Voltage 

Positive Common-Mode 
Input Range 

Negative Common-Mode 
Input Range 

Large Signal Voltage Gain 
Vo = O.8V to 2.0V 

7-53 
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DC Electrical Characteristics 
Vs = ± 15V; HYS and /TTL grounded;TA= 25°C unless otherwise specified - Contd. 

Parameter Description Temp Min Typ Max Units 

CMRR Common-Mode Rejection Ratio 
Full 

(Note 1) 
70 95 dB 

PSRR Power-Supply Rejection Ratio 
(Note 2) 

Full 70 90 dB 

VHYS Peak-to-Peak Input Hysteresis 
with HYS connected to V-

VOH High Level Output, CMOS Mode 

TTL Mode 

VOL Low Level Output, 11 = 0 

AC Electrical Characteristics 
Vs = ± 15V; CL = 10 pF; TA = 25°C; TTL output threshold is 1.4V, CMOS output threshold is 2.5V; unless otherwise specified 

Parameter 

TpDSYM 

Description 

Input to Output Propagation Delay, 
0< VIN< 5V,500mVOverdrive, 
2000 V / /Ls Input Slew Rate 

TTL Output Swing 

CMOS Output Swing 

Input to Output Propagation Delay, 
-2V < VIN < -IV,500mVOverdrive, 
2 ns Input Rise Time 

TTL Output Swing 

CMOS Output Swing 

Propagation Delay Change between 
Positive and Negative Input Slopes 

Min 

Note 1: Two tests are performed with VCM =OVto -9V and VCM = OVto lOV. 
Note 2: Two tests are performed with V + = 15V, V-changed from -IOV to -15V; 

V-'- = -15V, V+ changed from 10Vto 15V. 
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AC Test Circuit 

25.0. 

2.5K 

5Ul. 

Burn-In Circuit 

:t 5V SQUAREWAVE 
@ 1 KHz 1 K.D. 

V- • -12V 

2.5K 

-15V 51.n 

r--~...,.--., 14 

50.0. 
OSCILLOSCOPE 
INPUT 

50.0. 
OSCILLOSCOPE 
INPUT 

V+.12V 

--11--------1 

lK.n 

7 8 
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Typical Performance Curves 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Typical Performance Curves - Contd. 
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Simplified Schematic 

One Comparator 

/1lL 

~o---------------------~--~----~---+--~---+--~ 

BIAS 
GENERATOR ................ OUT 

+IN 

-IN o----II--......J 

HYS 0----+--------
~~--_1--------------~_+----~----~---1--~ 

Applications Information 
The: E~2252 is very easy to use and is relatively 
oscdlatlon-free, but a few items must be attend
ed. The first is that both supplies should be by
passed closely. Ip.F tantalums are very good and 
no additional smaller capacitors are necessary. 
The EL2252 requires V - to be at least 5V to pre
serve AC performance. V + must be at least 6V 
for a TTL output swing, 8V for CMOS outputs. 

The input voltage range will be referred to the 
more positive of the two inputs. That is, bringing 
an input as negative as V - will not cause prob
lems; it's the other input's level that must be con
sidered. The typical input range is + 13/ -12V 
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GND 
2252-19 

~hen the supplies are ± 15V. This range dimin
Ishes over temperature and varies with process
ing; it is wise to set power supplies such that V + 
i~ 5V more positive than the most positive input 
Signal and V - more negative than 6V below the 
most negative input. ± 12V supplies will easily 
encompass all CMOS and ECL logic inputs. If 
the input exceeds the device's common-mode in
put capability, the EL2252 propagation delay 
and input bias current will increase. Fault cur
rents will occur with inputs a diode below V - or 
above V +. No damage nor VOS shift will occur 
even when fault currents within the absolute 
maximum ratings. 



Applications Information - Contd. 
One of the few ways in which oscillations can be 
induced is by connecting a high-Q reactive source 
impedance to the EL2252 inputs. Such sources 
are long wires and unterminated coaxial lines. 
The source impedance should be de-Q'ed. One 
method is to connect a series resistor to the 
EL2252 input of around lOOn value. More resist
ance will calm the system more effectively, but at 
the expense of comparator response time. Anoth
er method is to install a "snubber" network from 
comparator input to ground. A snubber is a resis
tor in series with a small capacitor, around lOon 
and 33 pF. Each physical and electrical environ
ment will require different treatments, although 
many need none. 

The major use of the HYS pin is to suppress 
noise superimposed on the input signal. By 
shorting the HYS pin to V - a ± 30 m V hystere
sis is placed around the Vos of the comparator 
input. Leaving the pin open, or more appropri
ately, grounding the HYS pin removes all hyster
esis. Connecting a resistor between HYS and 
V- allows an adjustment of the peak-to-peak 
hysteresis level. Unfortunately, an external resis
tor cannot track the internal devices properly, so 
temperature and unit-to-unit variations of hys-

7-61 

teresis are increased. The relationship between 
the resistor and resulting hysteresis level is not 
linear, but a 1.5k resistor will approximately 
halve the nominal value. 

The time delay of the EL2252 will increase by 
about 0.7 ns when using full hysteresis. 

The EL2252 is specifically designed to be tolerent 
of large inputs. It will exhibit very much in
creased delay times for input overdrives below 
100 mV. If very small overdrives must be sensed 
the EL2018 or EL2019 comparators would b~ 
good choices, although they lose accuracies with 
signal input Slew Rates above 400 V / !-,-s. The 
EL2252 keeps its timing accuracy with input 
Slew Rates between 100 V /!-,-s and 4000 V /!-,-s of 
input Slew Rate. 

The output stage drives tens of pF load capaci
tances without increased overshoot, but propaga
tion delay increases about 1 ns per 10 pF. The 
ou~put circuit is not a traditional TTL stage, and 
usmg an external pullup resistor will not change 
the VOH. In general setting the output swing to 
TTL (by grounding the /TTL pin) will optimize 
overall propagation delay and ± swing symme
try. 

• 
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EL2252C Macromodel 

* Connections: + input 

I -input 

I I +V 

I I I -V 

I I I I HYS 

I I I I I TTL 

I I I I I I output 

I I I I I I I 
.subckt M2252 2 3 14 7 4 5 13 

• Application Hints: 

• Connect pin 4 to ground through 1000 MO resistor to inhibit 
• Hysteresis; to invoke Hysteresis, connect pin 4 to V - . 

• Connect pin 5 to ground to invoke TTL VOH; pin 5 may left open 

• for CMOS VOH' 

• To facilitate .OP, set itll = 200, itI2 = 200, set node 27 to 13.8V, 
• and node 30 to -12V. 

"Input Stage 

i12271.7mA 
r114 20 300 
r2 1421300 
q120 222 qn 
q221 322 qn 
q3 20 26 23 qn 
q4 2125 23 qn 
q13 25 27 20 qp 
q14 26 2721 qp 
v114 27 1.2V 
r3 23 24 1.4k 
d1244 ds 
r4 25 33 700 
r5 2633700 
q16 33 33 34 qn 
q17 343437 qn 
v4 37 7 1.2V 

• 2nd Stage 

i23073mA 
i3 14 28 1.5mA 
q7 0 3528 qp 
v2 440 1.2V 
s1 44 35 5 0 swa 
s2 45 35 5 0 swb 
rsw 14 5 10k 
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EL2252C Macromodel- Contd. 

v34502.5V 
q502630qn 
q6 28 25 30 qn 

d3028ds 

• Output Stage 

i414381mA 
q8 38 38 39 qn 
q9 32 32 39 qp 
q107 2832 qp 
q1114 3840 qn 2 
q12 7 28 13 qp 2 
r640 13 50 
e12803pF 

• Models 

.model qn npn (is = 2e -15 bf= 120 tf= 0.2nS cje= 0.2pF cje= 0.2pF ces = 0.2pF) 

.model qp pnp (is = 0.6e-15 bf= 60 tf= 0.2nS eje = 0.5pF cje = 0.3pF ces = 0.2pF) 

.model ds d(is = 3e-12 tt = 0.05nS eg= 0.72V vj = 0.58) 

.model swa vswitch (von = Ov voff= 2.5V) 

.model swb vswiteh (von = 2.5 voff= OV) 

.ends 
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Features 
• 3-State output 
• 3V and SV Input compatible 

• Clocking speeds up to 10 MHz 
• 20 ns Switching/delay time 

• 4A Peak drive 
• Isolated drains 
• Low output impedance-2.Sn 
• Low quiescent current-S rnA 

• Wide operating voltage-
4.SV-16V 

Applications 
• Parallel bus line drivers 
• EPROM and PROM 

programming 

• Motor controls 
• Charge pumps 
• Sampling circuits 

• Pin drivers 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL7134CN -40°C to + 85°C 8-Pin P-DIP MDP0031 

EL7134CS -40"Cto +85°C8-PinSOIC MDP0027 

General Description 
The EL7134C 3-state driver is particularly well suited for ATE 
and microprocessor based applications. The low quiescent pow
er dissipation makes this part attractive in battery applications. 
The 4A peak drive capability, makes the EL7134C an excellent 
choice when driving high speed capacitive lines. 

Connection Diagram 

7134-1 

Top View 

Truth Table 
3-State Input P-Out N-Out 

0 0 Open Open 

0 1 Open Open 

1 0 HIGH Open 
1 1 Open LOW 

Manufactured under U.S. Patent Nos. 5,334,883, # 5,341,047 

~------------------------~--------------------------------------------~ 
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Absolute Maximum Ratings 
Supply (V+ to Gnd) 
Input Pins 
Peak Output Current 
Storage Temperature Range 
Ambient Operating Temperature 

16.SV 
- O.3V to + O.3V above V+ 

4A 
- 65'C to + 150'C 
- 40'C to + 85'C 

Operating Junction Temperature 
Power Dissipation 

SOIC 
PDIP 

DC Electrical Characteristics TA = 25'C, v+ = 15V unless otherwise specified 

Test 
Description 

Conditions 

7-65 

125'C 

570mW 
1050mW 

Units 
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A C Electrical Characteristics TA = 2S·C, V = lSV unless otherwise specified 

Parameter Description 
Test 

Units 
Conditions 

tR Rise Time CL = lOOOpF 
CL = 2000pF 

tF Fa1ITime CL = lOOOpF 
CL = 2000pF 

Timing Table Standard Test Configuration 
v+ 

SV 

Input 2.SV -

0 2 7 

90% --r---
Output Inverted 3 6 

Output 
10% 

I 
Input 

2000 pF 
I tol I I 

~,-:~ 
, ,~ 

7134-2 

7134-3 

SbnplifiedSchematic 

V+LJr-~--------'-------, 

P-Out 
Input 

N-Out 

7134-4 
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Typical Performance Curve 

Max Power/Derating Curves 
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o 
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-4.0A 
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c 

~ 
'iii .. 
'" z 
p 

7134-9 

7·67 

2.0 

1.B 

Switch Threshold V8 

Supply Voltage 

High Limit = 2.4V 

~ 
... 

LH~ .. 
1.6 

1.4 

,/ t/"'" ,. 1.2 

1.0 
Low Limit = O.BV 

5 10 

Supply Voltage 

Peak Drive V8 Supply Voltage 
V - Supply 

15 10 ·5 

1 ... -

15 

I 
, 

/ 
r- N-CHANNEL // / 

/ 
/ / 

/ 
/ / 

4.0A 

, .. 1 

7134-6 
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/ / 
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.' ..... 

o 5 10 15 
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Typical Performance Curve - Contd. 
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7134-11 
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Typical Performance Curve - Contd. 
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Features 
• Comparatively low cost 
• 3-State output 
• 3V and 5V Input compatible 
• Clocking speeds up to 10 MHz 
• 20 ns Switching/delay time 
• 4A Peak drive 
• Isolated drains 
• Low output impedance-2.5!l 
• Low quiescent current-5 rnA 
• Wide operating voltage-

4.5V-16V 
• Isolated P-channel device 
• Separate ground and VL pins 

Applications 
• Loaded circuit board testers 
• Digital testers 
• Level shifting below GND 
• IGBT drivers 
• CCD drivers 

Ordering Information 
Part No. Temp. Range Pkg. Outline # 

EL7154CN -40'Cto +85'C8-PinP-DIP MDP0031 

EL7154CS -40'C to + 85'C 8-Pin SOIC MDP0027 

Nominal Operating 
Voltage Range 

Pin Min 

VL -3 

VOO-VL 5 

VH-VL 2 

VOO-VH -0.5 

Voo 5 

Max 

0 

15 

15 

15 

15 

General Description 
The EL7154C 3-state pin driver is particularly well suited for 
ATE and level shifting applications. The 4A peak drive capabil
ity, makes the EL7154C an excellent choice when driving high 
speed capacitive lines. 

The p-channel MOSFET is completely isolated from the power 
supply, providing a high degree of flexibility. Pin (7) can be 
grounded, and the output can be taken from pin (8) when a 
"source follower" output is desired. Then n-channel MOSFET 
has an isolated drain, but shares a common bus with pre-drivers 
and level shifter circuits. This is necessary to ensure that the 
n-channel device can turn off effectively when VL goes below 
GND. In some power-FET and IGBT applications, negative 
drive is desirable to insure effective turn-off. The EL7154 can be 
used in these applications by returning VL to a moderate nega
tive potential. 

Connection Diagram 
rl--------'~r--------'I 
~ ~ 

Truth Table 
3-State 

0 
0 
1 
1 

LEVEL 
SHIFT 

1----1 L~~~C 

Top View 

Input 

0 
1 
0 
1 

POUT 

Open 
Open 
HIGH 
Open 

7154-1 

NOUT 

Open 
Open 
open 
LOW 

~eas~L.. ______________________ ~ ______________________________________ ~ '"' Manufactured under U.S. Patent Nos. 5,334,883, #5,341,047, #5,352,578, 
# 5,352,389, # 5,351,012, # 5,374,898 
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Absolute Maximum Ratings 
Supply (VDD to VL; VH-VL, VH to GND), 

V+ toVH 
VL to GND 
Input Pins 

Peak Output Current 
Storage Temperature Range 

16.SV 
-SV 

-O.3V below VL to 
+ O.3V above VDD 

4A 
- 6S·C to + lS0·C 

DC Electrical Characteristics 

Ambient Operating Temperature 
Operating Junction Temperature 
Power Dissipation 

SOIC 
PDIP 

TA = 25°C, VDD = + 12V, VH = + 12V, VL = -3V, unless otherwise specified 

Description 
Test 

Conditions 

7-71 

- 40·C to + 8S·C 
12S·C 

S70mW 
10S0mW 

Units 
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AC Electrical Characteristics TA = 25°C unless otherwise specified 

Parameter 

Rise Time 

Fall Time 

3-STATE 

SIGNAL IN ----1f-_+{ 

sv 

CL = lOOpF 

CL = 2000pF 

CL = lOOpF 

CL = 2000pF 

Timing Table 

Input 2.SV-

Inverted 
Output 

o--~~----------~~--------

10% 
, 

, 102' , 
'--- ''R , ::Ir 

Standard Test Configuration 

7-72 

Units 

7154-2 

7154-3 



Typical Performance Curves 

Max Power/Derating Curves 

lW i---fI. 
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Il. 

" 2 V1 
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5 10 15 
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7154-9 

7154-11 

7154-13 

7-73 

I-Sink 
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- N-CHANNEL // 
/ 

7 
/ / 

/ 
/ / 

/ / 

4.0A 

'"' 1 

7154-10 

/ ./ 
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Typical Performance Curves -- Contd. 
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..5 20 
C 
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" 
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~ I- Voo - +15V 

!IIIII VII 
Voo = +10V 

'/ 0 ,., Voo = +5V 
"ii 2 
Il. 
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Typical Applications 
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Voo o-~------------------",,--o() 

3-STATE ~--,L...I 
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Rise/Fall Time VB Load . 
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Typical Applications -- Contd. 

PMOS Follower IGBT Driver (with Negative Swing) 
+12V 

~Do-~-------------------,----~ 
Voo 0-..... -------------------, 

~O.IJ.1F 

INPUT >---1::::1 
INPUT """-----'---. 

-2V 
7154-6 

Resonant Gate Driver 
+5V 

~Do-,-------------------~----~ 

INPUT ..,------.-.1 

7·75 

LOAD/PULL -UP 

...... -I::}---........ VOUT 
~ (NO INVERTING) 

Power 
MOSFET 

7154-8 
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Features 
• 3-State output 
• 3V and SV input compatible 
• Clocking speeds upto 10 MHz 
• 20 ns Switching/delay time 
• 2A Peak drive 
• Low, matched output 

impedance-50 

• Low quiescent current-2.S mA 
• Wide operating voltage-

4.SV--16V 

Applications 
• Parallel bus line drivers 
• EPROM and PROM 

programming 

• Motor controls 
• Charge pumps 
• Sampling circuits 
• Pin drivers 
• Bridge circuits 

Ordering Information 
Part No. Temp. Range Pkg. Outline "" 

EL7232CN -40"C to + ss·c S·Pin P_DIP MDP0031 

EL7232CS -40"Cto +SS·CS-Pin so MDP0027 

Truth Table 
3-8tate 

1 

o 
o 

Input 

o 
1 

Output 

Open 
Open 

General Description 
The EL7232C 3-state drivers are particularly well suited for 
ATE and microprocessor based applications_ The low quiescent 
power dissipation makes this part attractive in battery applica
tions. The 2A peak drive capability, makes the EL7232C an 
excellent choice when driving high speed capacitive lines, as 
well. The input circuitry provides level shifting from TTL lev
els to the supply rails_ The EL7232C is available in 8-pin P-DIP 
and 8-lead SO packages. 

Connection Diagram 

7232-1 

!'--------------------~----------------------------------~ . ~ _ Manufactured under U.S. Patent Nos. 5,334,883, #5,341,047 
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Absolute Maximum Ratings 
Supply (V + to Gnd) 
Input Pins 
Combined Peak Output Current 
Storage Temperature Range 
Ambient Operating Temperature 

16.SV 
- O.3V to + O.3V above V + 

4A 
-6S'C to + lSO"C 

- 40'C to + 8S'C 

Operating Junction Temperature 
Power Dissipation 

SOlC 
PDIP 

DC Electrical Characteristics TA = 2S'C. V = lSVunless otherwise specified 

Test 
Description 

Conditions 

IOFF 3-State Output Leakage 

Peak Output Current 

7-77 

12S'C 

S70mW 
lOS0mW 

Units 

• 
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AC Electrical Characteristics TA = 25°C, V = 15Vunlessotherwisespecified 

Parameter Description 

tR Rise Time 

tF Fall Time 

Timing Table 

5Y 

Input 

Test 
Conditions 

CL = 500pF 
CL = lOOOpF 

CL = 500pF 
CL = lOOOpF 

Standard Test Configuration 
y+o---~~t-~--------~ 

O--+-~----------~~-------- Output 

Inverted 
Output 

Non-Inverted 
Output 

90% 

10% 

90% 

10% 

7232-2 

Simplified Schematic 

Y+[]-------------------, 
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V Load 

Units 
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Typical Performance Curve 
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Typical Performance Curve - Contd. 
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Typical Performance Curve - Contd. 
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A Low-Noise Variable Gain Control 
by Barry Harvey 

The EL2082 current-mode variable gain control 
Ie can be connected in a way to minimize circuit 
noise. In the usual forward configuration, the cir
cuit has an 80 nV IJHZ input noise which is con-

stant with respect to gain adjustment. The circuit 
to be shown has an effective input noise which 
reduces as adjusted gain is increased. The circuit 
is useful in AGe or leveling functions where a 
relatively constant output amplitude is required 
for a range of inputs. 

Figure I shows the schematic of the configura
tion. The EL2082 provides an output current 
equal to VGAIN/IV times the input current. The 
output impedance of the EL2082 is in the me
gohm range and the input impedance is about 
90.0, and the part behaves as a current conveyor 
with adjustable gain. In essence, the EL2082 
causes RFV to behave as a variable feedback re
sistor, and in parallel with RFF controls the gain 
of the circuit. 

With VGAIN = 0, the circuit gain is - RFF/RIN, 
and the noise of the EL2082 is gained to zero. In 
this mode, the circuit gain is maximum and input 
noise is determined by the op-amp alone. With 
VGAIN = IV, the circuit gain is -(RFF/RFV)I 
RIN, and EL2082 noise mixes with op-amp noise. 

VGAIN Av BW, -3dB 

0 9.03 11 MHz 
0.5V 5.41 26 MHz 
1.0V 3.91 58 MHz 
1.5V 3.11 75 MHz 
2.0V 2.62 80 MHz 

8-3 

For the maximum value of VGAIN = 2V, the 
EL2082 dominates the feedback signal and gain 
is minimum while output noise is increased. 

The op-amp must be a current-feedback type for 
the circuit to work. The eMF amplifier's low-in
put impedance prevents capacitance at the - in
put from causing a feedback pole and drastically 
limiting potential bandwidth. On the other hand, 
since the time delay of the EL2082 is inside the 
RFV feedback loop, RFV is a rather high value 
and must be adjusted to prevent excessive peak
ing or oscillation when V GAIN = 2V. RFF is set 
to control the maximum gain when V GAIN = O. 
For the values shown, the output can swing ± 2V 
for 0.25% distortion, and the maximum swing is 
±4V. 

The input noise is successfully reduced by the cir
cuit when small inputs require higher gain, as 
shown in Figure 2. The constancy of bandwidth 
and peaking and gain range are the tradeoffs. 
Here is a table of measured values: 

Peaking Input Noise 

None 8.7nV/,[H; 
None 19 nV/,[H; 
None 33 nV/,[H; 
2.2 dB 42 nV/,[H; 
5.5 dB 57nV/,[H; 

II 
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TherlDal Considerations of the 80-8 
by Barry Siegel 

The world owes Phillips and Signetics a great 
debt in introducing the SO package. It offers a 
very small footprint, low cost, reliable, surface 
mounting package demanded by today's high 
density systems. However, since the thermal im
pedance of any package is, to the first order, in
versely proportional to its area, the SO-8 imposes 
severe restrictions on the allowable power dissi
pation of the package. As pointed out in Refer
ence (1), power dissipation raises the die junction 
temperature, and system reliability may be de
graded. This brief sets forth a practical design 
method to ascertain what, if any, restrictions 
have to be placed on operating a linear IC in the 
SO package. 

Analysis 
Probably the best place to begin is to establish at 
what junction temperature a given device will be 
allowed to operate. Most manufacturers rate 
their junctions at a maximum of 150·C in plastic 
packages, but for reasons of reliability, a lower 
number may be mandated. The datasheet usually 
stipulates 8JA, the thermal impedance from junc
tion to ambient, and the difference between the 
maximum junction temperature we will allow 
and the maximum ambient temperature stipu
lates the thermal budget that we have or the 
junction temperature rise: 

Pt = TJ(max) - TA(max) 

8JA 
(1) 
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where: 

Pt = Total Power Dissipated by the Device 
TJ(max) = Maximum Junction Temperature 
TA(max) = Maximum Ambient Temperature 

Power dissipation is comprised of two parts-Pq, 
the power dissipated by the device due simply to 
its supply current, and PI, the power dissipated 
by the chip as a consequence of driving a load. In 
general, Pq is independent of PI and vice versa, 
so an analysis can be made of each case and the 
results simply added together to obtain Pt. 

The analysis should start with Pq since it is 
straightforward, and if TJ(max) is exceeded un
der quiescent conditions, an alternate strategy is 
dictated. A word of caution, however, is in order. 
There are devices such as the EL2001 Unity Gain 
Buffer that draw a supply current of 1 mA but 
are capable of driving 100 mA loads. Clearly, in 
this case, power dissipation will be dominated by 
PI. As a case in point, we might examine the 
EL2120 100 MHz CFA. Its quiescent supply cur
rent is specified as 20 mAo A typical video appli
cation is to use ± 10V power supplies with 150n 
load driven to 8V peak-to-peak with an ambient 
temperature of 50·C. Under these conditions, Pq 
is equal to 400 mW, and using the datasheet val
ue of 175·C/W for 8JA, we obtain an average val
ue for TJ of 120·C. What this tells us is that in 
order to keep the junction below 150·, the junc
tion rise due to driving a load must be under 
30·C. 

• 



~ 

:tI= 
Q) 
~ o 
Z = .......................................... . 
o.-------------------------------------------------------------~------, ..... 
i 
== 
~ 

If we assume a steady state (sinusoidal) output 
voltage of 4V, the power dissipated in the 
EL2021's output transistor, PI, would be: 

PI = (V+ - VOUT)(IOUT) 

Where: 

VOUT 
lOUT = RL' 

(2) 

The recommended feedback resistor for the 
EL2120 is typically 3000, and for an inverter, RF 
is indeed in parallel with RL. For our particular 
case, PI is equal to 240 mW, and the additional 
increase in junction temperature is 42°C exceed
ing our earlier requirement of limiting the load 
incurred junction rise to less than 30° and putting 
the junction at an average of 162°C. 
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In the final analysis, either the supply voltages 
have to be reduced or the load decreased to main
tain the junction temperature below 150°. Our 
best advice is to approach the problem carefully, 
do the Pq "spot check" first, and verify the con
ditions with the vendor's applications depart
ment. 
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DC Restored 100 MHz Current Feedback Video Amplifier ~ 
o by John Lidgey and Chris Toumazou 

Summary 
The EL2090 is an extremely versatile video am
plifier with an integral on-board DC loop amplifi
er and sample-hold control circuitry. It is the 
first complete DC-restored monolithic video am
plifier subsystem. It uses a current-feedback vid
eo amplifier with a nulling sample and hold am
plifier specifically designed to stabilize video ?er
formance. This application note includes a VIdeo 
signal restorer with some fundamentals about 
DC restoration. As an application circuit of the 
EL2090, a x2 gain video amplifier is described 
together with a full evaluation circuit and double 
sided pc-board artwork. The EL2090 is a high
speed part, and some useful tips on layout have 
been included. 

Although DC restoration is not a new concept, 
the high slew-rate, fast settling-time and low 
phase distortion at high frequencies provided by 
Elantec's family of monolithic current-feedback 
amplifiers, make CF As the most attractive video 
amplifier choice for this application. 

Video Signal Refresher 
Figure 1 is a typical composite video signal 
which has a standard distribution level of IV 
peak-to-peak into 750, and comprises 

z 
o 
~ 

HOLD SAMPLE HOLD 

CHROMA SIGNAL 

Figure 1. Video Signal 
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several sections. The video signal is the part con- :jj:: 
taining the visible picture information, with a ~ 

maximum amplitude between black and white of 
O.7V. At the end of the picture information is the 
front-porch followed by a - O.3V of sync pulse, 
which is regenerated to provide system synchro
nization. The back porch is the part of the signal 
that represents the black or blanking level. In 
color NTSC systems the chroma or color burst 
signal is added to the back porch, normally occu
pying 9 cycles of 3.58 MHz subcarrier (4.43 MHz 
for PAL systems). 

Video signals are often AC coupled to avoid DC 
bias interaction between different systems. The 
blanking level of the composite video signal 
needs to be restored to an externally set DC volt
age which locks the video signal to a predeter
mi~ed common reference level, ensuring consist
ency in the picture displayed. This DC reference 
voltage VR, sets and controls the picture bright
ness. The fundamental objective of the DC re
store system is to force the DC baseline from the 
video amplifier to equal the externally set refer
ence voltage VR. 

Figure 2 shows the schematic of a classical DC 
control servo system. 

VIDEO 
OUTPUT 

CTRL 

BLACK-LEVEL 
REFERENCE 
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Figure 2. Classical DC Control Servo 
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Video Signal Refresher - Contd. 
The sync pulse is used to drive the control switch 
so that the DC servo loop is closed during the 
back porch of the video signal. The low pass filter 
removes the chroma burst. Operation of the DC 
loop is best understood by considering the volt
age, Vc, across the hold capacitor, CHOLD. Dur
ing the back porch sample period, the switch is 
closed and the hold capacitor charges up. It can 
be shown from the loop dynamics that, 

where VBP is the average back porch voltage for 
the sample period. 

The net result is that VOUT = VR - VBp/A2, 
which shows that the output is clamped to VR 
with an offset term of - VBpl A2. This offset is 
clearly small with a high gain DC loop amplifier, 
A2. The EL2090 has a DC loop amplifier gain of 
15 kV IV, reducing this offset to the order of a 
few millivolts. During the hold period the switch 
is open and the stored DC value of V C is now 
subtracted from the incoming video signal, mak
ing 

Vl = VIN - VBP + VR/Al 
and so 

VOUT = Al [VIN - VBP] + VR 

which effectively sets the back porch to VR and 
the video signal is amplified by the forward am
plifier with gain, Al. 

Z-NODE 

RF 
RG 

Sub circuits 
The EL2090 DC restored amplifier is a 14-pin 
monolithic version of the circuit shown in Figure 
2. The video amplifier, At> is a 100 MHz current 
feedback amplifier or CF A. These devices offer 
very high speed performance with excellent dif
ferential gain and phase. In many respects the 
CF A behaves as a conventional op-amp, but 
there are several key differences that must be 
considered by the user. In particular the two in
put impedances of the amplifier are different. 
The non-inverting input is high impedance and 
the inverting low impedance. However, the spe
cial feature of the CF A is that when in closed 
loop, the feedback current is determined by resis
tor, RF, which controls the bandwidth of the am
plifier independently of the gain setting resistor 
RG· 

The current feedback amplifier is essentially a 
transimpedance amplifier with an input voltage 
buffer to create a high input impedance non
inverting input. The transimpedance amplifier is 
formed by mirroring the output current of the 
input unity gain buffer into a high impedance 
internal Z-node and buffering this Z-node voltage 
through a low impedance output, as shown sche
matically in Figure 3 below. 

0947-9 

Figure 3. The Current-Feedback Amplifier 
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Sub circuits - Contd. 
The unity gain buffers are a complementary 
c1ass-AB common-collector stage, with DC cur
rent biasing. The slew-rate of the CF A is excel
lent due to the non-current-limiting input stage. 
The CF A has only one internal high impedance 
node (Z), so it is essentially a single pole domi
nant amplifier. Since the inverting input termi
nal is the output terminal of a voltage buffer, it is 
a low impedance point and the feedback signal is 
current. Intuitively one can see that in closed 
loop the feedback current through RF supplies 
the current demanded by RG and the input error 
current into the inverting input terminal. It is 
this feedback current component of RF which is 
used to charge the compensation capacitance at 
the Z-node. Theoretically it can be shown that 
the - 3 dB bandwidth is approximately, 

where Cz is the compensation capacitance of the 
Z-node. However, as for conventional op-amps, 
the closed loop gain, A 1> is simply 

and the - 3 dB frequency can be controlled with 
RF while the closed loop gain can be set indepen
dently with RG. 

Features of the EL2090 
Elantec pioneered the development of monolithic 
CFAs. A first to the market with the CFA the 
established reputation is confirmed with the 
EL2090 which is the first monolithic DC restored 
video amplifier. The device is built with Elantec's 
fast proprietary complementary bipolar technolo
gy which yields NPN and PNP transistors with 
equivalent AC and DC performance. 

The on-chip current-feedback ampifier is opti
mized for video performance, and since it is a cur
rent-feedback amplifier it ensures that the - 3 dB 
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bandwidth stays essentially constant for various 
closed-loop gains. The amplifier performs well at 
frequencies as high as 100 MHz when driving 
75(1. The sample and hold circuit is optimized for 
fast sync pulse response; the switch operates in 
only 40 ns. A particular feature of this sample 
and hold output buffer is its low output imped
ance which is fairly constant over frequency and 
load current. This provides good isolation and 
thus prevents the DC restore circuit from inter
fering with video amplifier performance through 
RAZ· 

Note that the burst output of Elantec's EL4581 
and EL4583 sync separator chips can drive the 
Hold input of the 2090 directly. 

Typical Application Circuit 
Figure 4 shows a component level schematic dia
gram of the gain x2 DC restored video amplifier. 
The operation of the circuit is based upon the 
simple analysis given with the amplifier connect
ed in the non-inverting mode of operation. The 
application circuit will restore the video DC level 
in ten scan lines, even if the hold pulse is as short 
as 2 Iks long. The current-feedback resistor RF of 
300n will give a stable bandwidth of 115 MHz 
and all component values are chosen to maintain 
optimum speed and performance. 

DC feedback resistor RAZ is 2 kn and is suffi
ciently larger than RF to provide reasonable iso
lation between the sample and hold circuit and 
video amplifier and thus avoid any video signal 
coupling back to the sample-hold. RAZ may be 
(optionally) split into two 1 kn resistors and a 
820 pF bypass capacitor to reduce unwanted 
transient feedthrough from the sample and hold 
to the video signal to less than about 1 m V seen 
at the amplifier's output. The circuit is designed 
to operate using ± 15V supplies, but it can oper
ate down to ± 5V supplies by changing RAZ and 
CAZ values. Alternatively an inverting configura
tion video amplifier could be used with appropri
ate exchange of the input signals to the DC loop 
amplifier. 
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Figure 4. DC Restored Video Amplifier with AV = 2 

Design Procedures 
1. Determining RAZ 
Ideally RAZ should be large to provide good iso
lation between the sample and hold buffer and 
the video amplifier. This is because any video
induced current through RAZ will cause changes 
in the buffer output impedance. A large series 
RAZ will reduce the effect of buffer output im
pedance variations and thus preserve the differ
ential gain error of the video amplifier. However, 
too large a value of RAZ along with the output 
voltage compliance of the buffer will limit the 
maximum IAZ, the DC correction current. A low
er IAZ will result in a lower restored reference 
level. Consequently, trade-offs have to be made 
between RAZ, the maximum restored reference 
level, and the supply voltage which controls the 
output voltage compliance of the buffer. The fol
lowing equations address some of the issues relat
ed to the trade-offs. 

During the back-porch of the video signal, the 
sample and hold switch is closed. The servo loop 
charges CHOLD to a voltage level necessary to 
bring the video amplifier output to the reference 
input level. The maximum voltage of CHOLD is 
limited by the supply voltages. 
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where 

VREF is the new stabilized back-porch level at 
the output of the video amplifier. 
VBP is the input back-porch offset voltage at 
the video amplifier input 
Al is the close loop gain of the video amplifier. 

Al = RF (l/RAZ + l/RG) + 1 (2) 

RF is the feedback resistor of the current-feed
back video amplifier. It is nominally 300n for 
A 1 = + 2. In gain of + 5 application,RF 
should be decreased to 270n to maintain gain 
flatness. 
V AZ is the buffered CHOLD voltage developed 
by the loop to maintain.the output at the refer
ence level. 
V AZ is limited to the supply rails less 2.SV. 

-VSUPPLY + 2.SV < VAZ < 
+VSUPPLY - 2.SV (3) 

Analysis of equation (1) shows that since VBP, 
Alo and RF values are established by system re
quirements, the maximum RAZ is determined by 
V AZ and VREF' A high RAZ value requires a pro
portionally high V AZ voltage and low V ref. Out
side the back-porch period, the switch is opened. 
The DC offset is maintained. 



2. Design Example 
Below examples are intended to show how RAZ 
changes under different supply voltages and ref
erence level. 

Example A. 
VSUPPLY = ± 15V 
VREF = OV 
Al = 2 
VBP= ±lV 
RF = 300!l 

Applying equation (3), the output voltage com
pliance V AZ of the sample and hold buffer can be 
calculated, 
-12.5V S V AZ S 12.5V 
Using equation (1), RAZ = 1.8 k!l for VBP = 
±IV. 
Once RAZ is determined, equation (2) gives RG 
= 360!l. 

Example B. 
VSUPPLY = ± 5V 
VREF = OV 
Al = 2 
VBP = ±IV 

Applying equation (1), RAZ = 375!l for VBP = 
±IV. 
Equation (2) gives RG = 1.5 k!l. 

Example C. 
VSUPPLY = ± 15V 
VREF = 1 
Al = 2 
VBP= ±IV 

Applying equation (3), 
-12.5V S V AZ S 12.5V 
RF = 300!l 
Equation (1) gives 
RAZ = 1.2 k!l for VBP = -IV 
RAZ = 3.75 k!l for VBP = -IV 
Therefore, RAZ = 1.2 k!l 
Using equation (2), Ro = 400!l. 

The above examples demonstrate the trade-off 
between the supply voltage, RAZ, and the refer
ence level. Examples A and B reveal that a lower 
supply voltage requires a lower RAZ. Examples A 
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and C show that when the supply rails are kept 
constant, a higher reference level requires a lower 
RAZ· 

3. Determine CHOLD 
Fast acquisition time is achieved with small val
ues of CHOLD, but this degrades droop perform
ance. For video the droop needs to be better than 
% IRE in one horizontal line, or less than 3.5 mV 
in 45 p,s for NTSC. The droop is primarily caused 
by CHOLD voltage decaying. Since the droop of 
CHOLD is amplified to the output by the ratio 
RF/RAZ then CHOLD must be chosen to satisfy 
dVc/dt < 3.5 mV /45p,s multiply RAZ/RF = 
510 V/p,s 

RF = 510V / p,s. 

Since dVC/dt = IDROOP/CHOLD, and the dis
charge current IDROOP is a maximum of SO nA, 
then 

CHOLD. 98 pF, or 100 pF, the nearest preferred 
value. 

If RAZ is decreased for lower supply operation, 
C AZ is correspondingly increased to preserve 
droop and acquisition characteristics. 

4. Acquisition Time 
Based on the values shown in Figure 4 the acqui
sition time is approximately 20p,s. Note that it 
will take 10 chroma-burst of 2p,s each to finish r.. 
settling from a ~1.0V input signal shift. .:. 

Evaluation Printed Circuit Board 
A component layout of the application circuit is 
shown in Figure 5(b) with some additional fea
tures. 

• VREF is applied externally to the grounded re
sistor R14, which is decoupled with capacitor 
Cu· 

• Optional 75!l termination resistor has been in
cluded at the input and output. 

• Built in guard ring on PCB board layout (Fig
ure 5(b» ensures that leakage from the hold ca
pacitor is minimal to improve droop perform
ance. The guard ring is connected to the S/H 
Out. The hold capacitor should be low leakage 
and so mica or mylar capacitors are recom
mended here. 
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Evaluation Printed Circuit Board 
-Contd. 
• Diode clamp circuit to overcome lock-up has 

been included on board. 
• Optional AC input coupling capacitors of about 

10 ,..,F has been included. 
• Optional snubber circuit has been included. 
• Optional R-C low pass filter on hold input logic 

drive has been included should the logic signal 
require slowing down. 

Rl = 3600 Cl = O.I,..,F 
R2 = 3000 C2 = O.I,..,F 
R3 = 1 kO C3 = 4.7 ,..,F (Tant.) 
R5 = 750 C5 = 820 pF 
R6 = 2200 C6 = 39pF 
R7 = 4.7 kO C7 = 50 pF 
R8 = 10 kO C8 = 100 pF 

Printed Circuit Board and 
Layoutffints 
Figure 5(a)-(d) on following pages, shows a com
ponent layout together with double sided pc
board. Ground plane is essential throughout to 
reduce parasitic inductance and stray pickup. 
Special precautions have been taken to avoid any 
discontinuity in ground plane since this will 
make the function of ground plane much less ef
fective. Supply decoupling capacitors are kept 
close to the power supply pins to ensure good 
power supply integrity. The feedback path of the 
video amplifier should be kept as small as possi
ble to avoid deterioration in high frequency gain 
accuracy. BNC connectors are included at the in
put and output. 

POTI = 10 kO 
Dl = IN914 
D2 = ZN458B 
D3 = ZN458B (2.45 VREF) 

R9 = 10 kO C9 = 0.1 ,..,F (Ceramic) 
RIO = 2 kO ClO = 4.7 ,..,F (Tant., 25V) 
Rll = 1000 Cll = 4.7 ,..,F (Tant., 25V) 
R12 = 10 kO C12 = 30 pF 
R13 = 750 C13 = 0.1 ,..,F (Ceramic) 
R14 = 10 kO 

Figure 5(a). Component Values 
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Do's and Don'ts 

General Circuit Layout 
As with all high frequency devices care must be 
taken with printed circuit board layout. Good 
ground plane construction is essential and DC 
power supply integrity must be ensured, so the 
power supply pins should be bypassed to ground 
with ceramic capacitors as close to the supply 
pins of the device as possible. The video current 
feedback amplifier is, like all CF As, particularly 
sensitive to stray capacitance at the inverting in
put. This capacitance combined with the invert
ing node input resistance generates an additional 
high frequency pole in the feedback loop of the 
CF A leading to gain peaking in the response. 
Consequently pc-boards should be designed to 
keep lead lengths as short as possible around the 
inverting input node, with the ground plane posi
tioned sufficiently far away to prevent this gain 
peaking effect. 

Load Capacitance 
In general load capacitance with negative feed
back amplifiers causes gain peaking. This is be
cause the load capacitance with the non-zero out
put resistance of the amplifier creates an addi
tional pole in the feedback loop. The video CF A 
within the EL2090 is no exception to this and it 
may be necessary to add a series R-C snubber 
network to ground to minimize peaking, as 
shown in the data sheet, where the appropriate 
components are selected for a particular value of 
load capacitance. 
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Sample and Hold Section 
Clock-feedthrough to CHOLD leads to an undesir
able hold-step, effecting the DC bias level. 

~
k 

Back C 
Porch HOLD 

22pr~ 
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Figure 6 

Increasing CHOLD is the most direct way of re
ducing this effect. Under normal operation the 
loop amplifier only deals with a small correction 
to V c and although increasing CHOLD will com
promise the slew-rate of the sample-hold section, 
this is not a practical limitation. However with 
CHOLD > 1 nF and the sampling interval ts < 
2 ms then on power up the device may lock-up if 
V c approaches Vee, causing the output transis
tors of the sample-hold amplifier to be taken out 
of their active region. The net result is that the 
lock-up does not self recover. Limiting Veto Vee 
- 3V using the external clamp circuit shown in 
Figure 4 prevents this lock-up condition from oc
curing. 

EL2090 
IN914 

Figure 7 

Vee = +15V 

Rl 
4.7kfi 

R2 
10kfi 
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A Low Distortion Tuneable Sine Wave Oscillator 

Summary of Performance 
Characteristics 
One can make a low distortion tuneable oscillator 
by incorporating an active filter inside an AGC 
loop. With a control voltage VG of 0.1 to 2V, one 
can obtain over a decade of tuning range, with 
oscillation frequencies from 200 kHz to 3 MHz in 
this particular design. Total Harmonic Distor
tion (THD) is -64.5 dB at VG = lV, and is kept 
below - 57 dB over most of the tuning range. 
Modulation sidebands due to loop jitter are at 
least 50 dB down over the entire tuning range, 
with suppression approaching 56 dB for higher 
VG. Linearity error for fose vs. VG is below 4%. 

Theory of Operation 
The active filter employed in this design is a 
state variable configuration with the EL2082 in 
the integrator path providing the frequency con
trol; a circuit diagram of this filter is shown in 
Figure 1. The EL2082 is a current mode multipli
er with low input impedance (95fi nom) and cur
rent source output. It takes the current through 
the integrator resistor RIN, scales it by a gain 
determined by V G, then outputs the scaled signal 
current to the integrator capacitor CF. In effect, 
we can modify the integrator time constants by 
adjusting V G; the filter cutoff frequency is then 
given by 

VG 1 
fo = 1 V 2'IT (RIN + 95fi) CF 

This filter serves as the feedback network for the 
oscillator, a block diagram of which is shown in 
Figure 2. At frequency fO, the filter phase is 0°, 
and if the feedback gain is :;:: 1, sustained oscilla
tion will occur. To ensure startup, many oscilla
tor designs have feedback gain > 1, but then os
cillation amplitude grows until nonlinearity sets 
in and reduces the loop gain down to 1, thus mak
ing it difficult to generate a pure sine wave. In 
this design, Automatic Gain Control (AGC) is 
used to maintain unity gain and stable oscillation 
amplitude. The AGC circuit consists of a 4-quad
rant multiplier, which multiplies the output sine 
wave with itself to generate a DC and double fre
quency term. The high frequency term is filtered 
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and the remaining DC voltage, which provides a 
measure of the output amplitude, is used to con
trol the variable gain amplifier. This gain is con
tinually adjusted to provide unity gain around 
the feedback loop. 

Figure 3 shows a circuit diagram of this oscilla
tor. The top part of the diagram is the tuneable 
active filter implemented using two EL2082s and 
a EL2444 quad op amp package. The output of 
this filter is fed back to its input via a unity gain 
buffer, obtained by connecting pins 11 and 14 of 
the EL4451 together. To compensate for filter 
losses, this output is also fed through the resis
tive divider Rl/R2 into the variable gain amplifi
er of the EL4451. By setting the gain to just the 
right amount, we have unity gain in the feedback 
path and the necessary conditions for stable oscil
lation. 

This adjustment is provided by an AGC, which 
consists of the EL4450 four quadrant multiplier 
and a filter to act as a RMS to DC converter. If 
the oscillation amplitude increases, the DC con
trol voltage also increases to lower the gain of the 
EL4451 amplifier. The inverse can be said for os
cillation amplitude that is too small. The loop 
will servo itself until the mean-square of the os
cillation amplitude equals the reference voltage 
on pin 10 of the EL4450. This reference voltage 
can be changed by adjusting the potentiometer 
VR1. 

Design Notes 
Several issues were raised in this design, the first 
of which is the speed and stability of the AGe 
loop. A loop that is too slow, as was found early 
on, is not able to track the oscillation amplitudes; 
what results is a backlash phenonmenon where 
the loop is constantly over-correcting and never 
finds a stable operating point. On the other hand, 
a loop with too much bandwidth would allow ex
cessive feedthrough, again destabilizing itself and 
distorting the output. A loop bandwidth of 
~ 16 kHz has been found to be adequate for this 
design. 



Referring to Figure 3, we see that the EL4450 
provides a "pseudo" integrator in its output path; 
it is termed pseudo since it provides rolloff only 
until -16 kHz, after which it becomes a unity 
gain element. To continue the rolloff after 
16 kHz, we need an additionallowpass filter with 
a pole at the above frequency. Although this 
seems sound, we encountered loop instabilities 
with this implementation. By moving the pole of 
the lowpass filter above the "integrator zero", the 
loop is stabilized. 

The residual loop jitter causes another problem: 
modulation noise. Small variations in the loop 
voltage that reach the GAIN - pin of the EL4451 
modulates the gain and creates Amplitude Modu
lation (AM) in the output waveform. Although 
this modulation is small, it is observable on the 
spectrum analyzer as sidebands around the fun
damental. To reduce these sidebands we lowered 
the feedback into the multiplier, set by Rl and 
R2' Since the loop voltage directly modulates this 
feedback, by lowering the feedback we also lower 
the modulated components. 

Another problem is the limited Q provided by the 
active filter network. As opposed to a crystal or 
LC tuned circuits, we are limited to painfully low 
Q's in this filter. Since Q =1= 1 unbalances the gain 
between filter stages, there is a practical limit to 
Q before the 2nd integrator is overdriven. Ideally 
we would like a high Q to reduce phase noise and 
to reduce the loop jitter. Unfortunately in this 
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implementation, while Q > 1 does reduce modu
lation effects, it also increases the THD due to 
the gain unbalance mentioned earlier. In addi
tion, a Q > 1 also introduces clipping problems 
in that during startup, the oscillator can swing to 
large amplitudes and clip, and the AGC has no 
hope of recovering from such an unhappy begin
ning. Hence, a Q = 1 was chosen for this design 
to provide reliable startup and lower THD. 

As the frequency of operation increases, we see 
peaking in the active filter due to increased phase 
shifts through the op amp stages. Once the peak
ing causes the filter gain to exceed 0 dB at O· 
filter phase, the AGC is no longer able to keep 
the feedback gain to 1, and clipping occurs in the 
oscillator output. For this reason it is recom
mended that the oscillation frequency be kept un
der 3.5 MHz. The range of operation in this de
sign thus lies quite close to the upper limit. For 
those desiring lower frequencies of operation 
some recommended component values are given 
below: 

Tuning Range Rm CF R1 R2 C1 C2 

20 kHz-300 kHz 3k 330pF 330 240 10nF 10nF 
200 kHz-3 MHz 3k 33pF 330 120 InF 1nF 

The current design runs on a supply of ± 5V. It is 
possible to push the upper frequency limit to 
about 4 MHz by operating on ± 12V supplies, 
provided that the current limiting resistor Rz for 
the LM337 is raised to 2 kn. 
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Typical Performance Curves 
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High-Purity Sinewave Oscillators With Amplitude Stabilization 
by Barry Harvey 

While a wide variety of circuits and components 
are used to generate sinewaves, it has always 
been a challenge to produce spectrally pure and 
regulated sines in circuits that require no tuning 
nor adjustments. This article shows a practical 
method of achieving these goals. The classic sys
tem architecture is shown below. 

The crystal (or other frequency-selective net
work) provides the oscillation path around the 
multiplier or variable-gain amplifier. The multi
plier's output is sampled by some amplitude de
tector, shown here as a rectifier diode. The DC 

output of the rectifier is filtered by a low-pass 
filter, and the output of that is compared to a DC 
reference voltage by the servo amplifier. The 
gained-up error is then used as the multiplier's 
gain-control input. The amplitude-control loop 
serves to set the oscillation path gain to just uni
ty, so that the multiplier's output doesn't grow 
nor decay, and the loop also maintains oscillation 
amplitude within the linear range of all compo
nents. This gain-controlled oscillator is more 
complicated than simple overdriven circuits, but 
it produces very pure sinewaves and has no start
up problems. 

Basic Stabilized Oscillator Loop 

Vref 
0949-1 
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Here is a realization using common components: 

Basic Oscillator with Amplitude Stabilization Loop 
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EL4451 
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The EL4451 is a two-quadrant multiplier, whose 
gain-control input voltage of 0 --+ + 2V produces 
a voltage gain of 0 to 2. The signal input receives 
a portion of the output signal passed through a 
series crystal. At resonance, the crystals imped
ance phase passes through O· and positive feed
back occurs around the multiplier. The crystal 
has a series resistance of about 1000, so with the 
crystals 5100 load the multiplier will need to 
have a gain of 1.2 to sustain oscillation. 

The output is rectified by a simple diode detector 
and compared to a reference voltage by an inte
grating op-amp. The integrators output is attenu
ated by the 2 kO and 2.7 kO resistors so it cannot 
overdrive the EL4451 gain-control input and 
cause nonlinear oscillations. The diode detector 
has a 220W resistor in series so as to not cause 
output distortions due to charging pulses. A pull
down current flows through the 510k resistor to 
allow proper rectification. 
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Any crystal, up to about 50 MHz fundamental 
mode resonance, can be used. Overtone crystals 
will require an added series-tuned circuit to force 
harmonic oscillation modes. The crystal and 
SlOW resistor can be exchanged to put the crystal 
at ground, using the parallel resonance mode of 
the crystal. 

This circuit generates - 53 dBc harmonic distor
tion at 2 MHz with ± 5V supplies and 1 Vrms 
output into 5000. This is mostly due to the out
put stage nonlinearities of the EL4451, and it 
drops to - 60 dBc at ± 12V supplies. Reducing 
the output amplitude further improves distortion 
levels, although the simple diode detector re
quires a minimum 0.5 Vrms level. Sideband noise 
is excellent, spanning only 14 Hz at -90 dBc, the 
resolution of the spectrum analyzer used. 

A series-tuned LC filter can be substituted for the 
crystal. As long as the loaded Q is greater than 
about 5, the output distortion will be as good as 
with the crystal. Sideband noise is worse than 
with the crystal, however. 
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This circuit generates very low distortion levels: 

EL4451 r---...,. ,..----. 

400}.'H 15 pF 

EL4450 r---...,. ,..----. 
Output 

~~~-+~--~--~ 

0.1 }.'F 

D 160.0. 

10k 

v-

10k 

2k 

'" -= Amplitude 
adjust 
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Figure 2. Very Low-Distortion Oscillator 

The EL4451 is connected in a slightly different 
way; the majority of crystal feedback is delivered 
to the REF input of the feedback amplifier, and a 
smaller amount of signal routed through the 
variable-gain input port. In this way, most of the 
signal runs through a simple voltage-follower 
path with minimal distortion. The total gain of 
the EL4451 in this connection is 1 + (Vgain/2V) 
(160W /(160W + 330W)), which needs to be ser
voed to about 1.2 for stable oscillation. 

The output of the EL4451 is passed through a 
simple filter to additionally reduce harmonics, 
then used as the output. For my measurements, I 
loaded the output with an additional soon, 
bringing the total load to 250n. The EL4451 can 
drive lower impedances, but the output distortion 
will rise. Note that no active amplifier nor buffer 
can be used to drive the output with distortion 
levels anywhere near that of the passive filter. 
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Rather than load the filter with a highly nonlin
ear diode detector, this circuit uses the high-im
pedance inputs of the EL4450 to sense output 
amplitude. This is a four-quadrant multiplier, 
and is used as a mean-square amplitude detector. 
The advantages include much more precise initial 
calibration, easier ripple filtering since its at 
twice the oscillator frequency, and a built-in am
plifier which can be used as the servo error ampli
fier. The X- and Y- inputs of the EL4450 are 
wired together to produce an internal output2 

quantity at the ~ point. Added to this is a static 
level from the LM336 reference that has a polari
ty that subtracts from the mean-square quantity. 
The FB terminal, normally used for DC feed
back, is connected as something like an integra
tor using the 0.1 ,..,F capacitor. Thus, the output 
amplifier of the EL4450 is both the low-pass fil
ter and error amplifier for the servo loop, and 
attempts to maintain the output mean-squared 
voltage equal to that of the reference. 



Harmonic distortion is -74 dB with the circuit 
running on ± 5V supplies, and -80 dB with 
± 12V. As before, reducing the output amplitude 
improves distortion further. 

The error amplifier is not actually required for 
amplitude stabilization. Since even a miniscule 
amount of oscillation loop gain more than unity 
results in a continuously growing amplitude, or a 
tad less than unity gain creates an ever-shrinking 
level, we could say that the gain-control input of 
the oscillating EL4451 already has infinite gain. 
This circuit makes use of this fact: 

This circuit is very simple and still has the low 
distortion levels of the previous oscillators, but 
the output level is not well calibrated, despite the 
diode forward voltage compensation network 
connected to the Gain + terminal. Variations in 
crystal series resistance will vary output ampli
tude. 

In summary, we see that recent multiplier Ies 
can be employed in simple circuits to generate 
highly pure sinewaves over wide frequency 
ranges. The particular devices shown are low
cost, yet well calibrated and flexible. 

Simple Linear Oscillator 

r-----[ii4]-------1I---t>Ou1put 

-12V ___ ~--1 
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EL4089 and EL4390 DC Restored Video Amplifier 
by John Lidgey, Chris Toumazou and Mike Wong 

1. Introduction 
The EL4089 is a complete monolithic video am
plifier sub-system in a single 8-pin package. It 
comprises a high quality video amplifier and a 
nulling, sample-and-hold amplifier specifically 
designed to stabilize video performance. The part 
is a derivative of Elantec's high performance vid
eo DC restoration amplifier, the EL2090, but has 
been optimized for lower system cost by reducing 

EL4089 

VIN- 111 1---.., I 

7 VOUT 

VEE 41---1 5 GND 

0950-1 

the pin count and the number of external compo
nents. For RGB and YUV applications the 
EL4390 provides three channel in a single 16-pin 
package. 

This application note provides background infor
mation on DC restoration. Typical applications 
circuits and design hints are given to assist in the 
development of cost effective systems based on 
the EL4089 and EL4390. 

EL4390 

RIN- VCC 

RIN+ 2 ROUT 

DIGGND 3 
CLAMP 

LEVELR 

GIN- GOUT 

GIN+ 5 
CLAMP 

LEVELG 

HOLD 6 
CLAMP 

LEVELB 

BIN+ BOUT 

BIN-
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Figure 1. EL4089 and EL4093 Package Outlines 
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2. Video Signal Refresher 

2.1 Composite Video Signal 
The figure shown below represents a typical com
posite video signal, which has a standard distri
bution level of 1 Vp_p into a 75n load, and com
prises several sections. The video signal is the 
part containing the visible picture information, 
with a maximum amplitude between black and 
white of O.7V. At the end of the picture informa
tion is the front-porch, followed by a sync pulse, 
which is regenerated to provide system synchro
nization. The back-porch is the part of the signal 
that represents the black or blanking level. In 
NTSC color systems, the chroma or color burst 
signal is added to the back-porch and normally 
occupies 9 cycles of the 3.58 MHz subcarrier. 

, 
Back, 
porch: 

I 

2.2 DC Restoration-The Classical 
Approach 
Video signals are often AC coupled to avoid DC 
bias interaction between different systems. The 
blanking level of the composite video signal 
therefore needs to be restored to an externally 
defined DC voltage, which locks the video signal 
to a predetermined common reference level, en
suring consistency in the displayed picture. This 
DC reference voltage, VR, sets and controls the 
picture brightness. The fundamental objective of 
the DC restore system is to force the DC output 
from the video amplifier to be equal to an exter
nally defined reference voltage YR. Figure 3 
shows a classical approach to DC restoration in 
video systems. 

-, 

0950-2 

Figure 2. Typical Composite Video Signal 

~ ________ ....--___ Video 

Output 

~-.--------"~--~~~-----
VR 

1--__________ Hold 

0950-3 

Figure 3. Classical DC Restoration Control Servo Loop 
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2. Video Signal Refresher - Contd. 
The Sync pulse is used to drive the control switch 
to the sample-and-hold, so that the DC servo 
loop is closed during the back-porch of the video 
signal. The lowpass filter is used to remove the 
chroma burst. The operation of the DC loop is 
perhaps best understood by considering the volt
age appearing across the hold capacitor, CHOLD' 
During the back-porch sampling period, the 
switch is closed and the hold capacitor charges 
up. It can be shown from the loop dynamics that 

VR 
VC= VIN-

A1 
(1) 

where VIN = VBP (the average back-porch volt
age of the incoming video signal). Equation (1) 
can be reconfigured, 

VR 
Vc = VBP -

A1 

The net result is that 

VBP 
VOUT::::: VR +-

A2 
(2) 

which shows that the output is clamped to VR 
with an offset term of VBP / A2. This offset is 
clearly small for a high gain DC loop amplifier, 

I' 
1 " Al 

A2. During the hold period, the switch is open 
and the stored DC value of V C is now subtracted 
from the incoming video signal, which effectively 
sets the back-porch to VR and the video signal is 
amplified by the forward amplifier with gain, A1, 
giving 

VOUT = (VIN - Vc)A1 

= A1( VIN - VBP + :~) 

VOUT = A1(VIN - VBP) + VR 

2.3 DC Restoration-The EL4089 
Approach 

(3) 

A simplified scheme of the EL4089 as a feedback 
system is shown in Figure 4. Unlike Figure 3, the 
input difference symbol is not shown because the 
error/correction voltage is stored across the cou
pling capacitor CHOLD which is outside the con
trolloop. 

The operation of the EL4089 is simple, but very 
subtle. In sample mode, the amplifier's dynamics 
are such that the output is set to a predetermined 
reference voltage VR, which may be at ground 
potential. The correction voltage required at the 
input of amplifier A1 to maintain VOUT at VR is 
simply stored across capacitor CHOLD' 

Chold 1 " 

Video ~ II---.,-~I---\A' Video 
Input ~ l V.>--,Ir"'-7-"-')-------r---output 

Vc 1 ",/' Lowpass 
1 // Filter 
1 // 
1 -~// 
1 / 
~/ 

~I----' 
~--< A2 

I 
+ 1-1 ------

L... __________ Hold 

VR 

0950-4 

Figure 4. Simplified Block Diagram of EL4089 
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2. Video Signal Refresher - Contd. 
Consider the following analysis. With the switch 
closed, the input voltage of amplifier A1 is 
(VR - VOUT)A2 giving VOUT = (VR -
VOUT )A1A2 and thus 

{ A1A2 } 
VOUT = VR :::: VR 

1 + A1A2 
(4) 

Assuming that the loop gain A1A2 is very high. 

The correction voltage stored across capacitor 
CHOLD is simply 

VC = VIN - (VR - VOUT)A2 (5) 

As~uming in this instance that VIN = VBP, 
whIch is the average back-porch reference of the 
incoming signal, and substituting for V OUT from 
Equations (4) and (5) gives 

VR 
VC=VBP-

A1 
(6) 

Notice that the correction voltage VC is stored 
across that coupling capacitor CHOLD, which is 
external to the loop amplifier. Unlike the classi
cal system of Figure 3, it is this unique feature of 
the EL4089 which obviates the need for a classi
cal sample-and-hold buffer amplifier in the feed
back path; thus allowing a very economical 8-pin 
solution to be realized. Furthermore, the cou
pling capacitor has two functions, namely to 
avoid DC bias interaction between different sys
tems and to hold the correction voltage as de
scribed above. 

During the hold period, the video input signal 
(VIN) is amplified in the classical way by the *2 
video amplifier A1, but in this case the correction 
voltage held by CHOLD is subtracted from the 
input to give 

VOUT = VR + (VIN - VBP)A1 (7) 
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Summary of Operation 
1. When the HOLD logic input is set to TTL/ 

CMOS logic 0, the sample-and-hold amplifier 
can be used to null the DC offset of the video 
amplifier. 

2. When the HOLD input goes to a TTL/CMOS 
logic 1, the correcting voltage is stored on the 
video amplifiers input coupling capacitor. The 
correction voltage can be further corrected as 
need be, on each video line. 

3. The video amplifier is optimized for video per
formance and low power. Its current-feedback 
design allows the user to maintain essentially 
the same bandwidth over a given gain range of 
nearly 10:1. The amplifier drives back-termi
nated 750 lines. 

Subcircuits 
The EL4089 DC restored amplifier is an 8-pin 
monolithic version of the circuit shown in 
Figure 4. The video amplifier, A1, is a 60 MHz 
current feedback amplifier or CF A. These devices 
offer very high speed performance with excellent 
differential gain and phase. In many respects the 
CF A behaves as a conventional op-amp, but 
there are several key differences that must be 
considered by the user. In particular the two in
put impedances of the amplifier are different. 
The non-inverting input impedance is high and 
the inverting a low impedance. However, the spe
cial feature of the CF A is that when in a closed 
loop configuration, the feedback current is deter
mined by the resistor, RF, which controls that 
bandwidth of the amplifier independently of the 
gain setting resistor Ro. 
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2. Video Signal Refresher - Contd. 
The current feedback amplifier is essentially a 
transimpedance amplifier with an input voltage 
buffer to create a high input impedance non-in
verting input. The transimpedance amplifier is 
formed by mirroring the output current of the 
input unity gain buffer into a high impedance 
internal Z-node and buffering this Z-node voltage 
through to a low impedance output, as shown 
schematically in Figure 5 below. 

The unity gain buffers are a complementary 
class-AB common-collector stage, with DC cur
rent biasing. The slew-rate of the CFA is excel
lent due to the non-current limiting input stage. 
The CFA has only one internal high impedance 
node (Z), so it is essentially a single pole domi
nant amplifier. Since the inverting input termi
nal is the output terminal of a voltage buffer, it is 
a low impedance point and the feedback signal is 
current. Intuitively one can see that in closed 
loop the feedback current through RF supplies 

Z-node 

Yin 

RF 
RG 

the current demanded by RG and the input error 
current into the inverting input terminal. It is 
this feedback current component of RF which is 
used to charge the compensation capacitance at 
the Z-node. Theoretically it can be shown that 
the - 3 dB bandwidth is approximately, 

I 
f 3dB=---
- 2pRFCZ 

(8) 

where CZ is the compensation capacitance of the 
Z-node. However, as for conventional op-amps, 
the closed loop. gain, AI, is simply 

RF 
Al = 1+-

% 
(9) 

and the - 3 dB frequency can be controlled with 
RF while the closed loop gain can be set indepen
dently with RG. 

Vout 

0950-5 

Figure 5. The Current-Feedback Op-Amp 
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2. Video Signal Refresher - Contd. When the sample and hold switch is close, 

~ 
The EL4390 Approach VOUT = Al * VR (11) .... 

The EL4390 is three high performance current (I) 
feed-back amplifiers with DC restore function. A where Al is the close-loop gain of the amplifier. "" 
simplified schematic diagram of one of the chan- ~ 
nels in a DC restore configuration is shown in The voltage across the hold capacitor is 
Figure 6. Its basic approach is.very similar to the 
EL4089 in that the error/correction voltage is 
stored across the coupling capacitor CHOLD from 
the video input to the positive input of the ampli
fier. Different from the EL4089, when the sample 
and hold switch is close, an internal buffer ampli
fier is enabled to force the non-inverting input of 
the video amplifier to be equal to the reference 
input level. When the switch is open, an error 
voltage is stored on the input coupling capacitor 
CHOLD to maintain the offset at the output. The 
following details the mathematical relationships 
between the inputs and output. 

RG 

VC = VIN - VR (12) 

In many NTSC video applications, the back
porch of the video signal is clamped. Thus, VIN is 
the input back-porch level, VBP. 

VC = VBP - VR (13) 

When the sample and hold switch is open, the 
voltage across the hold capacitor maintains the 
proper offset. 

VOUT = Al(VIN - VC) 
= Al (VIN - VBP + VR) 

(14) 

RF 
r---~~-------.----~~----~--Vout 

Yin -t I--''-r---l 

~-VR HOLD-~I 
EL4390 '- ______ J 

Figure 6. Simplified Connection Diagram of EL4390 
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3. Features of the EL4089C 
Elantec pioneered the development of monolithic 
CF As. As first to the market with the CFA our 
established reputation is confirmed with the 
EL4089 which is the first 8-pin monolithic DC 
restored video amplifier. A connection diagram 
for the EL4089 configured as a DC restoring am
plifier with a gain of 2 restoring to ground (pin 
3-zero voltage reference) is shown in Figure 7. 

The EL4089C is fabricated in Elantec's proprie
tary Complementary Bipolar process which pro
duces NPN and PNP transistors with equivalent 
AC and DC performance. The EL4089C is speci
fied for operation over the O°C to + 75°C temper
ature range. 

The on-chip current-feedback amplifier of 
EL4089 and EL4390 is optimized for video per
formance. Since it is a current-feedback amplifi
er, the - 3 dB bandwidth stays essentially con-

300 

VIDEO 
lIP O.luF 

~ 
HOLD 

TI'LINPUT 

stant for various closed-loop gains. The amplifier 
performs well at frequencies as high as 60 MHz 
for the EL4089 and 80 MHz for the EL4390 when 
driving 750. The sample and hold circuit is opti
mized for fast sync pulse response. 

4. Typical Application Circuits 
The EL4089 and EL4390 are designed to DC-re
store a video waveform (Figure 2). A typical ap
plication circuit of the EL4089 is illustrated in 
Figure 8. The following analysis also applies to 
the EL4390. This circuit forces the cable driving 
video amplifier's output to pin 3 reference volt
age level when the HOLD pin is at a logic low. In 
the case of EL4390, when HOLD pin is logic low, 
the output of the video amplifier is driven to the 
reference voltage multiply by the close loop gain 
of the video amplifier. In Figure 8, pin 3 is 
grounded and HOLD pin is low during back
porch of the video signal, consequently, the back
porch is clamped to the ground voltage level. 

300 

0950-7 

Figure 7. EL4089 Connection Diagram (Configured as a DC Restoring 
Amplifier with a Gain of 2, Restoring to Ground) 
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4. Typical Application Circuits - eontd. 
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FigureS 

ext Determination 
The correction voltage is stored across the capaci
tor eX1, an external ceramic capacitor connect
ing from the video signal input to the non-invert
ing input of the video amplifier. The following 
demonstrates how the eX1 capacitor should be 
chosen to satisfy the system droop voltage and 
sampling requirements. 

Ideally the input impedance of the video amplifi
er should be infinite during the hold period to 
avoid any discharging effects on the eXI capaci
tor. However, due to the inherent nature of the 
bipolar transistors, a bias current is always pres
ent. This bias current discharges eX1 during the 
hold time and as a result causes the correction 
voltage across eXI to drift. Equation (15) gives 
the basic relationship between correction droop 
voltage and the eX1 value. 

(IB + )(TLINE - TSAMPLE) 
V(droop) = (15) 

eX1 
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Where: 
V(droop) is the voltage change across eXI 
during hold period. 
IB + is the amplifier's non-inverting input 
bias current. 

TLINE is the single video line duration. 
TSAMPLE is the sampling time during which 
the S/H switch is closed. 

The output voltage change due to voltage droop
ing is simply, 

VOUT( droop) V(droop) * Al 

Where: 
A1 is the close loop gain of the video amplifier. 

In the Figure S design example, a typical input 
bias current of the video amplifier is 1 tJ-A, so for 
a 62 tJ-s hold time and 0.01 tJ-F capacitor, the cor
rection voltage droops 6.2 mY; consequently, the 
output voltage drifts by 12.4 mV in one video 
line. 



4. Typical Application Circuits 
-Contd. 

The CX1 value and sampling time also determi
nate the amount of time required by the EL4089 
to reach within its DC-restored voltage range. 

TSAMPLE 
V(charge) = IOUT~=== 

CX1 

Where: 

(16) 

lOUT is the sample and hold amplifier output 
current. 

The sample and hold amplifier can typically pro
vide a current of 300 p,A to charge CX1, so with 
1.2 p,s sampling time, the output can be corrected 
by 36 m V in each line. 

Equations (15) and (16) demonstrate the trade
offs between CX1, sampling time, DC off-set 
droop voltage, and speed of the DC-restore func
tion. Using a smaller value of CX1 increases both 
the voltages that can be corrected each line and 
the drift while being held, likewise, using a larger 
value of CX1 reduces those voltages. 

In Figure 9, a resistor is connected from the non
inverting input of the amplifier to the negative 
supply to compensate for the non-inverting input 
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bias current. To obtain the optimum perform
ance, the compensation resistor R1 should be ad
justed to give 0 mV droop voltage at 50% field. 

The restore current generated by the sample and 
hold amplifier decreases as the output voltage ap
proaches the reference voltage. This effect com
bines with the 7 mV of offset voltage error in the 
sample and hold amplifier can result in a 22 mV 
of total error from the output to the reference 
voltage input during clamping. A method of cor
recting this problem is depicted in Figure 10. A 
voltage divider is used to compensate for the 
sample and hold amplifier offsets. 

A complete DC-restore circuit with the EL4581 
sync separator is shown in Figure 11. An optional 
RC low pass filter on HOLD input pin is includ
ed should the logic signal require slowing down. 
This RC network can also serve to prevent feet
through from the falling and rising edges of the 
back-porch sync timing signal to the video ampli
fier output. The video DC restore output and 
EL4581 back-porch timing waveforms are illus
trated in Figure 12. During the back-porch inter
val, the EL4581 pulls the hold pin of the EL4089 
low and the EL4089 servo loop forces the output 
to the reference voltage level. In the photo, the 
input back-porch voltage level is 0.5V and the 
output back porch voltage level is restored to OV, 
the reference voltage level. 
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Figure 9. IB+ Bias Current Correction 
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Figure 10. Sample and Hold Off-Set Error Compensation 
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Figure 12. Video Output and EL4581 Back-Porch Sync Signal 
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Figure 13. EL4089 DC-Restore Amplifier in - 2 Gain Configuration 

EL4089 in Inverting Gain Configuration 
Placing the hold capacitor in the signal path 
leads to sync signal feed-through and phase dis
tortion of the burst signal. Rearranging the 
EL4089 in the inverting configuration as shown 
in Figure 13 provides significant improvements. 
Figure 14 indicates a 15 mV of voltage spike in 
amplifier output during the sampling interval 
and coincides with the falling and rising edge of 
the HOLD signal. The output voltage spike is 
caused by the charging current injecting out of 
the output of SIH amplifier during the back
porch interval. One way to minimize the sync 
feed-through is to feed the video input signal di
rectly into the inverting input of the video ampli
fier and short the DC restore capacitor to ground. 
As a result, the video input signal is not affected 
by output current of the SIH amplifier. The volt
age spike is also reduced by an addition of a sim
ple RC network from the output of the EL4581 
to the HOLD input of the EL4089. Figure 15 test 
result shows no voltage spikes and only a 4 m V of 
voltage dip during the sampling period. In the 
inverting configuration, the video signal goes di
rectly into a purely resistive component, thus, no 
phase shift occurs. 
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Figure 14. Back-Porch Sync Edge Feed-Through 
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Figure 15. EL4089 Inverting Amplifier 
Output Waveform 
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EL4581 Interface 
The hold input of the EU089 is designed to in
terface directly to Elantec's existing suite of sync 
separators, namely the EU581 and the EU583. 
The connection diagram of the EU581 is shown 
in Figure 16. 

The EU581 extracts timing information includ
ing composite sync, vertical sync, burst/back
porch timing and odd/even field information 
from standard negative going sync NTSC, PAL, 
and SECAM video signals. The EU581 detects 
video signals from 0.5 to 2 Vp_p. The 50% slicing 
feature provides precise sync edge detection even 
in the presence of noise and variable signal am
plitudes. A built-in linear phase, third order, col
or burst filter minimizes spurious timing infor
mation and reduces the number of external com
ponents. The integrated circuit is also capable of 
providing sync separation for non-standard, fast
er, horizontal rate video signals by changing an 
external horizontal scan rate setting resistor. The 
vertical output is produced on the rising edge of 
the first serration in the vertical sync period. A 
default output is produced after an internally 
generated time delay, in the event of missing ser
ration pulses, for example, in the case of a non
standard video signal. All outputs are active low. 

Composite 
Video Input 

o 

5. Printed Circuit Board 
Layout Hints 
The feedback path of the video amplifier should 
be kept as small as possible to avoid deterioration 
of high frequency gain accuracy. 

The board layout should have a ground plane un
derneath the EU089, with the ground plane cut 
away from the vicinity of the VIN- pin (pin 1) 
to minimize the stray capacitance between pin 1 
and ground. 

Power supply bypassing is important and a 
0.1 p.F ceramic capacitor, from each power pin to 
ground, ~laced very close to the power pins, to
gether WIth a 4.7 p.F tantalum bead capacitor, is 
recommended. 

When both digital and analog grounds are on the 
same board, the EL4089 should be on the analog 
ground. The digital ground can be connected to 
the analog ground through a 100.0.-300.0. resistor 
near the EU089. This allows the digital signal a 
return path while preventing the digital noise 
from corrupting the analog ground. 

0950-16 

Figure 16. EL4581 Connection Diagram 

8·38 



Real Time Power Measurement of a Transistor 

Introduction 
It is quite typical to monitor the current through 
a component or a voltage on a node to regulate 
an input. Some applications may find it more 
useful, however, to monitor the power through a 
transistor. One such occasion would be in charg
ing a battery. When the voltage is low, the de
signer may want more current charging, but as 
the voltage increases, the current could decrease, 
ultimately saving charging time and power. 

Circuit Description 
The circuit in Figure 1 utilizes an EL4452, a 
wideband variable gain amplifier compensated 
for a gain of 10. Circuit operation is very 
straightforward. Add a small resistor (Re) in 
shunt with the emitter and apply the differential 
voltage across it to the differential input of the 
EL4452. The voltage at this input will be: 

VINl = Ie * Re 

Secondly, attach a simple voltage divider be
tween the collector and emitter and apply this 
voltage to the gain input of the EL4452. The 
voltage at the gain input will be: 

The voltage divider, Rl and R2, is necessary to 
ensure linearity if the collector will swing beyond 
±2V. 
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Simply choosing Rfb and Rgain to give a gain of 
ten (Rfb = 9 * Rgain), the output will be a real
time, scaled measurement of power: 

VOUT = k * Ie * Vc 
where k = [Re * RC2 * 10/(Rc1 + Rc2)] 

The EL4452 is internally compensated for a feed
back gain of 10. It is not guaranteed stable for 
smaller values of gain. Also, since it is a high fre
quency part, the feedback resistors should be on 
the order of hunderds of ohms so that the pole 
created by the feedback resistors and the parasit
ic capacitances does not limit the performance. If 
there are instability problems with parasitics, 
small capacitors can be placed across Rfb and 
Rgain to dominate these parasitics, increase the 
compensation, and allow for higher divider resist
ances. 

Conclusion 
A circuit capable of providing real time power 
measurements has been presented. This circuit 
has a functional bandwidth of 50 MHz (with Rfb 
and Rgain chosen for a gain of 10.) The gain 
bandwidth product holds, so if more gain is need
ed, it is a proportional tradeoff with bandwidth. 

EL4452 ------0------

Re 

Figure 1 

VOUT r:
Rfb a:. 
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Measuring the Thermal Resistance of Power Surface-Mount Packages 
by B. Harvey 

Modern miniature IC packages have allowed 
great space savings in products, but frustrate the 
designer by concentrating the heat generated by 
~ircuits into smaller volumes. Increasing IC 
speeds and complexities over the years have also 
demanded greater power dissipation. Higher in
ternal operating temperatures will shorten the 
life of an IC; elevated but safe temperatures often 
reduce the quality of performance in circuits, for 
instance degrading frequency response or distor
tion. 

To cope with the problem, a variety of heat man
agement packages have been introduced which 
conduct heat from the IC die through the pack
age leads to the circuit board. The board becomes 
the major heatsink, and the onus of thermal de
sign passes from the IC manufacturer to the 
board designer. This article is intended to assist 
the board designer in measuring thermal resist
ance of mounted IC devices efficiently. 

Traditional parameters 8JA (thermal resistance 
of a device not connected to anything) and 8 JC 
(infinite heatsink connected to the part) are not 
useful with mounted devices. Circuit boards are 
neither insignificant nor infinite heat sinks. We 
will use the parameter 8JM as the mounted ther
mal resistance of an IC, and it will vary with die 
size, package type, and circuit board features. 
The 8JM can be estimated by thermal simulation 
of the part and its mounting environment, but 
seldom is there concrete data on the thermal 
structure of the IC, and correctly modeling the 
board environment is difficult. A good way to es
timate 8JM is to solder the IC to an area of circuit 
board that has been suitably sculpted with a Dre
mel tool to emulate a final board pattern in the 
region of the test device (or a finished board it
self) and use the following circuit to measure 
8JM: 
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"Some terminal" is any pin that is connected to 
an internal parasitic diode whose other connec
tion is either power supply pin. The IC manufac
turer's technical support people can help select 
the right pin and drive polarity. We will use the 
forward voltage as a measure of internal die tem
perature. When the relay grounds the supply 
pins, R provides a current from a supply to bias 
the diode. Depending on the internal diode con
nection, V + or V - will be connected to R. R 
should supply a current low enough to create 
minimal resistive drop in series with the diode. 
50 /LA is a good guess for the current, or any cur
rent that sets up about 600 m V of forward diode 
voltage at room temperature. The general equa
tion for diode tempco (it generally need not be 
measured directly) is: 
!lV/AT = -(1.12V - Vbe (25°C»/300oK. Thus 
a 600 m V junction at room temperature has a 
-1.7 mV/"C temperature coefficient. 
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We see an initial rapid cooling followed by very """' 
slow settling back toward room temperature. The 0-
cooling rate is not a simple exponential decay, s
but has a wide range of time dynamics. Here is 

Using a storage or digitizing oscilloscope measur
ing the forward diode voltage, we will observe the 
thermal relaxation of the die after a steady power 
dissipation is terminated. The dissipation is the 
part's own supply current, applied through the 
relay. The relay's drive is also the oscilloscope 
trigger. Because the temperature change may 
only cause tens of millivolts of diode voltage var
iation against the background of 600 mV, a stable 
differential-amplifier with adjustable offset will 
be used for the oscilloscope input. Alternately, 
the ground of the above circuit may be shifted 
with a third supply before being connected to the 
oscilloscope. 

This is the test sequence: 

1. Connect everything with the device powered 
down. Set the oscilloscope sweep to the slow
est setting, continuously sweeping. 

2. Adjust the offset against the diode voltage to 
center the oscilloscope trace. The 10 mV /div. 
sensitivity is a good start. 

3. Apply power to the device via the relay. The 
oscilloscope trace will be off-screen. Allow the 
part at least ten minutes to warm up its 
mounting. 

4. Clear any stored trace. Turn off power to the 
device. The following trace should be seen on 
the oscilloscope: 

Oscilloscope Display of Diode Voltage 
Relaxation During Cooling 

0952-2 

8-41 

the decay behavior of an EL1501 mounted on a 'lI:: 
<Xl large heat spreader: 
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Thermal Relaxation vs. Time of a Mounted 
Power 80-20 Package 

For the first ten milliseconds little die tempera
ture change occurs. Then the heat makes its way 
through the die and flows out through the lead
frame, which occurs in around ten seconds. The 
last event is the settling of the heat-sinking 
board, which resolves in ten minutes. Clearly, 
thermal measurements require patience and time. 

The thermal resistance 8 JM is then the temper-
ture variation (long-term) divided by the power 8 
dissipated, so: 

8JM = .6.Tdiode/P diss, quiescent 

.6.Vdiode· 3000 K 

Pdiss, quiescent * (1.12V - VBE (25°C) 



Using this technique, the thermal resistance of 
the SOL-20 fused-lead package was measured. 
This package houses the ELl501 and has four 
center leads on each side fused to the IC's mount
ing header. Thus, heat flows directly through 
these pins from the IC and spreads through the 
ground plane on top of the circuit board. A nearly 
continuous ground plane is hand-drawn. Several 
variations of the board were tested. The first was 
the most straightforward: just the top foil is a 
heatsink. By cutting away board material, a vari
able area was implemented and thermal resist
ance measured. Then the measurements are re
peated on an identical board with no solder mask 
to add to thermal resistance. Another variation 
was to create another heatsink area on the back 
of the board, thermally connected to the top foil 
by a multitude of feedthroughs. Finally, a copper 
sheet-metal heatsink was soldered to the top foil 
near the IC's heat-spreading pins. 

The results are shown in this graph: 
55 

NOTE: 2-0UNCE COPPER USED 

\ 
I I I I I 50 ~ 

'i' '.\ I I I I I " u 
~ 

" l\. 
TOVOIL ONLY: WITH SOLDER MASK 

'" 45 
",' 

l>-~-'" u 
:;: H '" _ TOP FOIL ........... __ 
c 40 c WITH O.451N2 -'" I- BOHOM FOIL WITH MANY z 

\.. FEEDTHROU~HS I I 
:::> 
0 

'" 35 
I'-. Iff.°r: r SOr

R rK 

30 
0 1 2 3 4 5 6 7 8 9 10 

AREA OF CIRCUIT-BOARD HEATSINK FOIL (IN2) 

0962-4 

Thermal Resistance of Dual-4-Fused-Lead 
SOL-20 Package 
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The SO-20 standard package has a 8JA of 
80°C/W. With 4in2 of circuit board heatsink cop
per with solder maskcutout, the thermal resist
ance drops to 32°C/W. Given a quiescent dissipa
tion of 1.25W, the die temperature rise of the 
mounted ELl501 is 40°C. With a maximum am
bient temperature of 85°C, we have a worst-case 
die temperature of 125°C, safely within the 150°C 
package limit. 

Some observations: 

1. 4in2 of copper area is sufficient in that more 
doesn't help much. 

2. The bottom foil did not greatly help. 
3. Removing the solder mask over the heat 

spreading area, if appropriate, reduces 8JM 
nicely. 

Finally, a large metal heatsink mounted close to 
the heat-spreading pins produced a 8JC of 
30°C/W. 



Driving Reactive Loads with High Frequency Op-Amps 
by Barry Harvey and Chris Siu 

As the bandwidth of op-amps today pushes past 
100 MHz towards the GHz region, increasing at
tention must be paid to the components, loads, 
and circuit traces which surround the op-amp. 
Not only is this necessary to optimize perform
ance, but neglecting to do so may throw the am
plifier into oscillation. This application note dis
cusses the effect of loads, especially capacitive 
ones, on the behaviour of a high speed op-amp. 

1.0 Real World Loads 
To start, one needs to question whether there are 
any pure capacitive loads at high frequencies. To 
connect any load we need some wires or metal 
interconnect, and associated with these wires are 
resistance and self-inductance. In the following 
sections we will examine some possible loads and 
their behaviour over frequency. 

Coaxial Cables 
Coaxial cables must be terminated in the proper 
impedance to look like a resistive load to the 
driving source. A common myth is that an unter
minated cable looks capacitive. While this may 
be true for short cables at low frequencies, it cer
tainly does not hold at higher frequencies. An un
terminated cable presents a varying impedance 
to the source over frequency, and it can look ca
pacitive or inductive depending on the length of 
the cable and the frequency. This behaviour can 
be explained by viewing the coaxial cable as a 
lossless transmission line. The input impedance 
Zi of a transmission line with characteristic im
pedance Zo and length L, terminated in a load 
ZL, is given by: 

z. = Z _Z-"'L_+--=-jZ-"o:....·_tan_'-P_L 
1 ° Zo + jZL. tanpL 

where P = 2'1r lA, and A is the size of one wave
length on the line. As an example, consider the 
standard RG58C/U son coaxial cable. If we ter
minate the cable with a son load, then by the 
above equation Zi = Zo and the cable should 
look perfectly resistive over frequency. Figure 1.1 
shows an actual measurement done on a 5' long 
cable terminated in a son load. Except for minor 
impedance variations due to mismatch and line 
loss, the cable does look like son over a wide 
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range of frequency. If the cable was terminated 
improperly, with a 75n load for example, the im
pedance then varies with frequency as shown in 
Figure 1.2. Note that even though we have termi
nated the cable with a resistive load, the cable 
impedance phase varies between ± 230 • In the ex
treme, if the cable is unterminated, then ZL = 00 

and the equation reduces to Zi = -jZo/(tan PL). 
Figure 1.3 shows the input impedance of an un
terminated son cable, and we see the phase skip
ping between -900 (capacitive) to +900 (induc
tive) at regular intervals. In fact, for frequencies 
at which the line length is an odd multiple of a 
quarter wavelength, Zi becomes zero. Conversely, 
for frequencies at which the line is a multiple of a 
half wavelength, Zi becomes infinite. 
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Figure 1.1. Impedance of a son Cable 
Terminated in son 
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Figure 1.3. Impedance of an Unterminated 
in50n Cable 

The moral of the story is that you must termi
nate your cable with the correct load at high fre
quencies. Otherwise, the driving source will see a 
wildly changing load with frequency, and this 
may cause the amplifier to oscillate. 

Discrete Capacitors 
At high frequencies, another parasitic which be
comes dominant is the inductance of a leaded ca
pacitor. We can treat the capacitor as a series 
RLC circuit, with L modelling the lead induc
tance and R modelling the losses due to the elec
trodes, leads, and dielectric. The capacitor will 
thus self-resonate at a frequency given by: 

1 
fo = 21TJLC 

As an example, the impedance of a 10 nF leaded 
ceramic capacitor was measured, yielding the 
equivalent series RLC values of 0.660, 36 nH, 
and 8.6 nF respectively. Figure 1.4 shows the im
pedance of this capacitor over frequency, and we 
see that it self-resonates at 9.1 MHz, behaving as 
an inductor for frequencies above that. For this 

8-44 

measurement the leads of the capacitor were kept 
as short as possible. If we were a bit sloppy and 
left 1" leads on the capacitor, the inductance 
would increase to about 60 nH, lowering the reso
nance down to 7 MHz. Generally, an inch of slen
der wire has about 20 nH of inductance per inch, 
which is why it is so important in high frequency 
work to minimize lead length. 
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Figure 1.4. Impedance of a Leader 
10 nF Capacitor 

Inputs of Active Devices 
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Besides driving cables or passive loads, an ampli
fier could also be driving the input of another 
active device. At first, one might think that the 
input of an op-amp can be modeled by some 
high-value resistance in parallel with a capaci
tance. While this model is correct to some extent, 
some measurements quickly reveal that the input 
capacitance is not all that "pure". Figure 1.5 
shows the input impedance of the EL2044 con
nected as an unity gain buffer. While the imped
ance does decrease with frequency, it does not do 
so at -6 dB/octave; rather, the impedance is de
creasing at a greater rate. The phase of the input 
impedance also reveals the "impurity" of this in
put capacitance. 
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Figure 1.5. Input Impedance of a Unity Gain 
Follower Using The EL2044 

Other Capacitive Loads 
As the examples above may suggest, strictly ca
pacitive loads are difficult to find at high fre
quencies. The only load we know of that is capac
itive at high frequencies is a Liquid Crystal Dis
play (LCD). In this instance, the intersection of 
the row and column lines causes many capaci
tances to be distributed along the line, and be
cause of numerous parallel lines the inductance 
tends to be low, giving loads upwards of 1000 pF 
without large amounts of inductance. 

Although pure capacitive loads are rare at high 
frequencies, this does not mean that we can ig
nore them. Capacitive reactance can exist over 
narrow frequency ranges, and we must ensure 
that our amplifier does not oscillate in these 
ranges. 
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2.0 Capacitive Loads are Hard 
Generally, an op-amp has no problem driving re
sistive or inductive loads. Of course, this state
ment needs to be qualified as to the size of the 
load, but the point is that both kinds of loads do 
not degrade the phase margin of the amplifier. 
Capacitive loads, on the other hand, do reduce an 
amplifier's phase margin, and in severe cases can 
cause the op-amp to oscillate. 

Op-Amp Output Resistance 
To see how various loads affect the phase margin, 
we can model the open-loop output impedance of 
an op-amp as the resistance Ro. Shown in Figure 
2.1, Ro forms a divider with the load ZL, and the 
output V 0 goes to the feedback network RF and 
RG. If the phase lag of V 0 increased due to the 
RoZL divider, the phase margin around the loop 
diminishes and peaking, even oscillation, will oc
cur. 
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Figure 2.1. Open Loop Output 
Resistance of an Op-Amp 

First, if ZL is resistive, then there is no phase lag r:
and the phase margin is preserved. If ZL is induc- -=
tive, then V 0 gets a phase lead and the phase 
margin is increased! Finally, if ZL is capacitive 
then we do get a phase lag and the amplifier will 
peak due to this load. The severity of this prob-
lem increases with high speed op-amps, as the 
example below illustrates. 

Suppose that we have a 100 MHz amplifier with 
45° of phase margin. Let Ro = son and ZL = 
15 pF, then this network has a cutoff frequency 
Ie of 212 MHz. At 100 MHz, this network pro
vides 25° of phase lag and thus reduces the phase 
margin to 20°. Severe peaking will result in the 
frequency response. The loss of phase margin due 
to a capacitive load is given by: 

APM = TAN-l:6! 
Ie 
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0\004 where f u is the op-amp's unity gain frequency, 
~ and f c is the cutoff frequency of the RoCL net
== work. Thus we see that for high frequency op
~ amps, even a small capacitive load can cause a 
~ large reduction in the phase margin. 

Op-Amp Output Inductance 
Another way to understand an op-amp's sensitiv
ity to capacitive loads is to look at its closed-loop 
output impedance more closely. As an example, 
consider the output impedance vs frequency 
curve of the EL2044, reproduced in Figure 2.2. 
We see that beyond about 200 kHz, the output 
impedance actually looks inductive, and this 
would resonate with a capacitive load! To see 
why an op-amp's output impedance looks induc
tive, consider the circuit in Figure 2.3, where we 
have an op-amp with open loop gain A(s) and 
some general feedback network with gain p. The 
transfer function of this circuit is given by: 

A(s) 
H(s) = 1 + A(s)P 

If the loop transmission A(s)P is large, then H(s) 
~ 1/ P and we arrive at one of the important , , . 
results of negative feedback: the system s gam 
depends largely on the feedback network and not 
on the op-amp itself. Similarly, the system's out
put impedance is given by: 

Ro 
ZOUT = 1 + A(s)P 

where Ro is the op-amp's open loop output resist
ance. Thus for large values of loop transmission, 
negative feedback drives the output impedance 
to some low value. As frequency increases, how
ever, the magnitude of A(s) rolls off, reducing the 
loop transmission and raising ZOUT' Eventually, 
at frequencies where A(s)P< <1, ZOUT asym
totes to the output impedance of the op-amp out
put stage. 
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Beyond the system level explanations given 
above we can gain understanding into the prob
lem b~ looking at the op-amp at the transistor 
level. In any op-amp we have an output stage 
that buffers the gain stage from the external 
load. The emitter follower is often used for this 
purpose, so we will consider the follower's output 
impedance under different conditions. Figure 2.4 
shows the general circuit. At low frequencies we 
can find the output impedance using the reflec
tion rule: 

R 
RoUT=p+l 
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.------------------------------------------------------------------.8 
At higher frequencies, however, we cannot ne- Finally, when the source is inductive, the output 1-7 

glect the frequency dependence of f3. If we model impedance has a negative real component. This ~ 

f3 as a single-pole system with DC gain f30 and negative impedance has no reactive phase, but its a 
(D 

unity gain crossing wu, then the output imped- magnitude increases as the frequency squared; we 
ance becomes the following: will name this component a "super-inductor". If 'II:: 

CO 
R R ( IfJo) R . R the sum of series resistance in a network is nega-

,., ,., tive and all the reactances cancel, then the net-ZOUT"" ( Bo ) = ao 1 + IT = ao + JilT 
1 + j IfJo work will oscillate. Thus the seemingly benign 

iT emitter follower really misbehaves if we drive it 
with an inductive source! 

>-.... -~VOUT 

Figure 2.3. Block Diagram of General 
Feedback System 
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then we get the transformations shown in Figure 
2.4. In the first case where the source is resistive, 
the output impedance is resistive and inductive. 
This is intuitively similar to the op-amp example 
presented earlier; since f3 decreases with frequen
cy, ROUT rises and thus appears inductive. 
Hence we see that even a simple emitter follower 
can resonate into a capacitive load. As an exam
ple, a transistor with an internal base resistance 
of 200n and a iT of 300 MHz has an output in
ductance of 100 nH. If this was used to drive a 
50 pF load, its resonant frequency would be at 
70 MHz, well within the range of today's high 
speed op-amps. 

The next transformation is for a capacitive 
source, which results in a resistive and capacitive 
output impedance. 

8-47 

So where do we get an inductive source from 
within an op-amp? The Darlington connection is 
one possibility. In this configuration, an emitter 
follower drives another emitter follower. The 
first follower transforms its base resistance into 
an output inductance, and the second follower 
transforms this inductance into an output super
inductance. The effect is the same for a NPN fol-
lower driving a PNP, or vice versa. Since base 
resistance tends to be larger for IC transistors 
than for discrete transistors, super-inductance is 
very much an issue for monolithic amplifiers. An 
output stage with this topology is shown in Fig-
ure 2.5, first used in the LH0002 buffer amplifier. 
Most integrated amplifiers built with a comple
mentary bipolar process also use this output 
stage, and so a real amplifier's output impedance 
is the sum of resistive, inductive, and super-in-
ductive components. If a capacitive load reso-
nates with the inductance at a frequency where 
the super-inductance is greater than the real re
sistance, oscillations will occur in the output r.. 
stage independent of loop characteristics. .:. 
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Figure 2.4. Impedance Transformations for an Emitter Follower with Various Source Impedances 
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Figure 2.5. LH0002 Output Stage Topology 

3.0 Possible Solutions 
Like death and taxes, it is inevitable that we will 
have to drive some form of capacitance. Unlike 
death and taxes, techniques exist to deal with ca
pacitive loads to some degree. We will present 
some of these techniques in the following sec
tions. 

Internal Compensation 
As we saw earlier, heavy capacitive loads can re
duce the phase margin of an amplifier, and thus 
cause the amplifier response to peak. However, if 
we can lower the dominant pole of the amplifier 
such that the phase margin is restored, then the 
overall amplifier response should not peak, al
though the bandwidth will also be reduced. Is 
there such a way of sensing the amount of capaci
tive load and adjusting the dominant pole appro
priately? The answer is yes, and the solution can 
be seen in Figure 3.1, where a capacitor Cc has 
been connected between the gain stage and out
put of an op-amp. 

First, consider a light load on the output (high 
RL, low CL)' Driving this load, the two voltages 
VOUT and VHIZ should track each other closely, 
and no current will flow thru the RcCc combina
tion. The compensation network does no work in 
this case, and we get the normal amplifier re
sponse as given by Curve A in Figure 3.2. Now 
suppose we raise CL to some high value. The 
voltage VOUT will not follow VHIZ as closely, 
and current begins to flow in the RcCc network. 

Output 
Compensation 

i-cc---~-~ Network 

I I ._-----_. 
RO 

>--'VW ...... _ ......... _..,Vour 

0954-13 

Figure 3.1. Compensation Scheme To Make Op-Amps More Tolerant of Capacitive Loads 
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~ This in effect puts part of Cc on the gain node, 
~ thus lowering the bandwidth of the amplifier. 

== Curve B in Figure 3.2 shows what the response 
]:: may look like in this case. On the other hand, 
....... Curve C shows what will happen if we did not 

use the compensation network to drive a large 
CL; although we retain the bandwidth, severe 
peaking occurs. 

This technique does have its drawback: the band
width reduces for heavy loads in general. Thus, 
the bandwidth lowers for heavy resistive loading 
as well, which is an undesirable trait. In addition, 
this technique degrades the RF linearity of the 
amplifier, ruining such performance parameters 
as differential gain and phase. 

External Compensation-Series Resistor 
To avoid sacrificing performance, most of Elan
tec's op-amps are not heavily compensated for ca
pacitive loads. The use of external compensation 
networks may be required to optimize certain ap
plications. Figure 3.3 shows one such network, 
where we have inserted a series resistor with the 
op-amp's output. The stabilizing effect of this re
sistor can be thought of in two ways. One is that 
RSERIES serves to isolate the op-amp output and 
feedback network from the capacitive load. The 
other way to think about it is to recall the super
inductor concept introduced earlier. Since the 
output stage presents a negative resistance over 
certain frequencies, adding enough series resist
ance would cancel this negative resistance and 
prevent oscillation. 

log IAI 

.-----. 
I RSERIES I 

0954-15 

Figure 3.3. Series Resistor Compensation To 
Stabilize an Op-Amp Driving Capacitive Loads 

The required amount of series resistance depends 
on the part used, but values of SO to 150 is usu
ally sufficient to prevent local resonances. The 
disadvantage of this technique is a reduction in 
gain accuracy, and extra distortion when driving 
nonlinear loads. 

External Compensation-The Snubber 
Another way to stabilize an op-amp driving a ca
pacitive load is the use of a snubber, as shown in 
Figure 3.4. To see how a snubber can reduce 
peaking, consider the 300 MHz iT transistor pre
sented in Section 2. For that example, the output 
inductance of the emitter follower was shown to 
be 100 nH. With a light resistive load RL = 1 kO 
and moderate capacitive load CL = SO pF, the 
circuit resonates at 70 MHz with a Q given by: 

r, © 

RL Q=--

~ 

,', heavy cap load 
, "without output camp 

" , network 

"I " --" \ 

heavy cap load 
with output comp 

network 

, , , , , , , , , , , 
A light capacitive load; 

CcOt.lP dominates 

~------------~L-----~'~----~"'IOgw 

Figure 3.2. Effects of Compensation Scheme Shown in Figure 3.1 
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Figure 3.4. The Snubber 
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In this case, Q works out to be about 22, giving us 
severe peaking in the frequency response. How
ever, with a load of 150n, the Q reduces to 3. 
Thus the extra stabillty gained with a heavy load 
resistor is desirable, but we may be wasting DC 
load current with this approach. A way around 
this is to insert a capacitor in series with the re
sistor, resulting in a snubber. 

There are various ways to determine appropriate 
values for RSNUB and CSNUB, one of which is 
presented in [2]. We will describe an alternative 
method here. First, operate the amplifier as in 
the intended application and look at its frequen
cy response on a network analyzer. Find the fre
quency at which the peak occurs, and denote that 
as f p' Next, try loading the amplifier with differ
ent load resistances until the peaking reduces to a 
satisfactory level; this value will be RSNUB. Fi
nally, we need a capacitor that will make the 
snubber look resistive at the frequency of the 
peak. A rough guideline is to make the snubber 

zero frequency 3 times lower than f P' resulting in 
the following design equation: 

CSNUB = 3 
2,"· Jp • RSNUB 

Note that as opposed to the series resistor meth
od, the use of a snubber does not degrade the gain 
accuracy or cause extra distortion when driving a 
nonlinear load. 

Unterminated Coaxial Lines 
As we may have hinted earlier, unterminated co
axial lines mean trouble. The simple remedy for 
this is to terminate the line in its characteristic 
impedance, and the cable will look like a stable 
resistive load to the driving amplifier. 

In certain cases the cable termination may be un
known, or it may not be under our control at all 
times. A good example of this is in ATE systems, 
where an amplifier drives a signal through a co
axial cable to a test pin. However, when a device 
under test is not plugged in, the test pin is left 
unterminated, and so the amplifier is driving into 
an open cable. Figure 3.5 shows how we can use 
back-matching to solve this problem. In back
matching, we insert a resistor RBM equal to the 
cable's characteristic impedance between the am
plifier and the cable. RBM serves to isolate the 
amplifier from the cable, the impedance of which 
could wildly vary with frequency. Also, since 
RBM terminates the cable at the source end, re-
flected signals are absorbed in RBM, preventing II 
multiple reflections from occurring. : 

Back-match 
Resistor P-----. 

I 
I RaM 

: 500. : ._---_. Zo = 500. 

0954-17 

Figure 3.5. Backmatching 
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4.0 Summary 
High frequency op-amps are sensitive to capaci
tive loads due to the loss of phase margin in driv
ing these loads. In addition, the op-amp output 
stage can introduce its own resonance, further 
complicating the stability issue. These problems 
can introduce severe peaking in the frequency 
response or excessive ringing in the transient 
response. Some recent op-amp designs have in
corporated an internal compensation network for 
capacitive loads. Such op-amps, however, sacri
fice bandwidth and RF linearity in return for 
foolproof usage. For the best performance, ampli
fiers without the internal compensation network 
should be used in conjunction with a snubber 
when necessary. Proper bypassing and board lay
out have not been stressed in this application 
note, but they are equally important to the well
being of a high speed op-amp. 
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Current Boosted and DC Stabilized Half Bridge Driver 
by Les Mills 

Following are two applications notes for the 
EL7661 half bridge driver. 
1. The current boosted half bridge driver offers 

the control functions of the EL7661 with en
hanced drive capability. For example an appli
cation with Vs = 16V, a 25 ns turn on time 
and a 3000 pF load would require IpK = (Vs 
+ VGs) * elTON = (16 + 10) * 3000 
pF/25 ns = 3.12A peak current from the 

<15V 

driver. Since the EL7761 specifies IpK = 1A 
typical, the output requires current boosting 
to achieve the desired turn on time. This cir
cuit is also useful in applications where the 
switching time is less stringent or the load is 
lighter but the output is required to swing 
over a greater range due to higher supplies 
voltages. 

0955-1 

Figure 1. EL7661 Half Bridge Driver with Output Current Boost 
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DC stabilization of the half bridge driver is 
achieved by charge pumping the high side 
supply storage capacitor while the output is in 
the high state. This keeps the top half of the 
circuit (VDD to Lx) biased at 12V when a 12V 
Zener is used as shown. The Zener should be 
15V or less. The EL7232 was selected for the 

<15V 

03 

Cl= 
O.lI"F 

oscillator since its output must swing between 
GND and the 16V supply and provide a mini
mum of 10 mA, the supply current of the 
EL7761. The EL7232 is capable of 1.5A peak. 
Any driver providing 30 mA, swinging be
tween GND and the 16V supply would also be 
suitable. 

<100V 

.----------------. RN 200n 
I oscillator EL7232 zener current limit 

: ..d O.lI"F 
I -=- ..... .I\A~ ..... . _--------------_. 

0955-2 

Figure 2. EL7661 Half Bridge Driver DC Stabilized with Output Current Boost 
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25 kHz Electronic Ballast Using The EL7981 Delay Driver 
by Bruce Rosenthal 

Introduction 
Electronic ballasts are rapidly gaining market ac
ceptance, as ballast prices drop, electrical rates 
increase, and performance improves. Their pri
mary advantages are: (1) the elimination of flick
er, and noise (hum), (2) increased efficiency re
sulting in a cost advantage, and (3) reduces size 
and weight. The EL7981 is particularly well suit
ed for this application by using the programma
ble delay and high current drive features. 

System Operation 
The ballast, in many respects, resembles an OFF
LINE Switch-Mode Power Supply. The 120 VAC 
line is rectified and doubled, developing ~ 
300 VDC rail-to-rail. When the intensity switch is 
set to "Low", the doubler is eliminated, and 
150 VDC is produced. A "half bridge" configura
tion, using (2) Power MOSFET's drives an LC 
resonant circuit, with sufficient "Q" to develop 
the necessary starting voltage. The resulting cur
rent and voltage to the lamp are sinusoidal. Iso
lated drive to the FET's is provided with a trans
former coupled from EL7981 Dual Delay Driver. 
The delay function allows for the "Recovery 
Time" of the parasitic diodes in the Power Mos
fet's. A 555 timer generates the desired clock fre
quency. The clock can be tuned to the resonant 
frequency of the series L-C network. For tutorial 
reasons, auxilIary power for the clock and driver 
were supplied externally, however, in practice a 
simple charge-pump can be used to develop the 
10V supply. 
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Lamp 
The "F40" 40 watt, 48/1 flourescent lamp was se
lected for its popularity, and low cost. Above 
20 kHz, these flourescent lamps behave like a 
300n. resistor because the plasma is maintained. 
The "striking" voltage for a cold tube is around 
400V, however, this can be reduced by supplying 
current to the starter filament. Additional lamps 
can be added, but require separate L-C networks. 
25 kHz operation was chosen, because it's above 
the audible range, yet not so high, that switching 
losses would be of concern. Increased lamp life 
has been reported by operating at these frequen
cies compared to 50 Hz-60 Hz. 

EL7981 
The EL7981 Dual Delay Driver generates a pro
grammable delay to the rising edge of the output 
waveforms. Each output has a nominal "ON" re
sistance of 5n., and can source and sink 1A. With 
RSET = 300 kn., the delay is about 1.5 !-,-s, which 
provides sufficient time for the parasitic diodes 
in the FET's to recover. The strong output devic
es are suitable for driving the "Gate" transformer 
directly. The resulting gate drive waveform has 
(3) distinct levels: -10V, OV, + 10V. 

Magnetics 
The two magnetic components of the Ballast are 
(1) the gate transformer, and (2) the output reso
nating inductor. The output inductor is rated at 
1.8 mH (Magnetic Circuit Elements Inc. 
#OC25BL25). The gate transformer is wound 
1:1:1 and is tightly coupled to provide fast 
switching. (Magnetic Circuit Elements Inc. 
#0-1853T1). For further information on these 
components, contact John Conklin at Magnetic 
Circuit Elements (408) 757-8752. 
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Temperature Compensation for the EL4581C and EL4583C 
by Chris Siu 

The EL4581C and EL4583C are sync separators 
with on-board filters. It has been found that over 
temperature, the propagation delay of composite 
sync varies due to this filter. For example, in the 
25°C to 85°C range, the delay varies by about 
20 ns. The reason for this is that as temperature 
increases, the gm of transistors in the filter stage 
drops, causing the filter bandwidth and delay to 
change. A solution for this is to introduce a 
PTAT (Proportional To Absolute Temperature) 
bias current for this stage, thus maintaining a 
constant gm as temperature increases. 

For the EL4581C, the filter bias current is set by 
the resistor RSET on pin 6. We replace this with a 
resistor and two diodes in series as shown in Fig
ure 1 below. Since the diode voltage has a nega
tive temperature coefficient, this would increase 
the bias current thru RSET as temperature rises. 
Shown in Table 1 below are the propagation de
lays over temperature with and without compen
sation. With compensation, we achieved a three
fold improvement over the uncompensated case. 

Table 1. Propagation Delays for the EL4581C 

Temperature 
(DC) 

25 

50 

85 

Deiayw/o 
Comp(ns) 

233 

240 

253 

Delay with 
Comp(ns) 

232 

228 

226 

Note: Propagation delay is defined as the time from the rising 
edge of the input horizontal sync to the rising edge of the 
CSYNC output. 

If we look more closely at the above results, how
ever, we see that the circuit is over-compensat
ing, causing the delay to decrease with tempera
ture. The two diodes actually provided too much 
of a PT AT current, whereas a single diode does 
not create enough PTAT current. Thus, the ideal 
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compensation would provide about one and a 
half diodes of temperature coefficient. 

Shown in Figure 2 below is a circuit which does 
the job; it is a VBE multiplier with a multiplica
tion factor of about 1.6. Measured on the scope, 
there is no perceivable delay variations in the 
25°C to 85°C temperature range. Since the mea
surement accuracy is limited by the waveform jit
ter, the delay may have actually changed by 1 ns 
to 2 ns, but this should not present a problem for 
most applications. 

• RSET 
pin 6 

; 420 kQ 

.jZ"IN4148 

.J~ IN4148 
-'-

0958-1 

Figure 1. EL4581C Compensation Network 

360 kQ ~ 
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Figure 2. Improved Compensation Network 
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+5V Filter Cutoff . -; is not controlled by RSET, but by the Filter Cut
.;::; off resistor RF on pin 1. Moreover, since there is 
"a only about O.SV on this pin at room temperature, 
~ putting a diode in series with RF would not work 
...... in this case. A compensation network which cir-

cumvents this problem is shown in Figure 3 be
low. At room temperature, the voltage at node A 
would be about O.7V due to the diode, and since 
node A is higher than node B, R2 would inject a 
current into RF, thus requiring a smaller current 
from pin 1 than would otherwise. As temperature 
rises, the voltage at node A would decrease, such 
that R2 would take current away from RF and 
requiring pin 1 to supply more current. We have 
thus achieved the desired PT AT effect on pin 1 
with this arrangement, and the results using this 
network is shown in Table 2. 

Table 2. Propagation Delays for EL4583C 

Temperature DeIayw/o DeIaywith 
("C) Comp(ns) Comp(ns) 

25 243 247 

50 250 244 

85 261 246 
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R1 47 kn 
15kn 

R2 
IN4148 

L......,,........J pin 1 

0958-3 

Figure 3. EL4583C Compensation Network 

We can see that with these compensation 
schemes, we obtained a drastic reduction in prop
agation delay drifts over temperature. For com
parison the delay drift of the LM1881 is also 
shown. 



Thermal Design Considerations-EL75XX 
by Vijay Soman 

1.0 Introduction 
Elantec's EL7560C/EL7561C/EL7556C series of 
voltage regulators are highly integrated, simple 
to use and the most effective switching mode de
signs to power microprocessors such as Intel Cor
poration's ·Pentium® Pro, and * Pentium. The 
EL7560C/EL7561C is designed for classes of 
processors such as the Pentium Pro. EL7556C is 
designed primarily for Pentium class desktop 
models. 

These devices are packaged in a 28-pin power SO 
package (28 PSOP 2) developed by Amkor Cor
poration. The 28 PSOP 2 is a 28-lead surface 
mount package with 50 mil lead centers. It in
cludes a specially designed copper slug on which 
the die is attached. The copper slug provides the 
excellent power dissipation capability required 
for these devices. Two versions, "Slug up" and 
"Slug down", are available for various board 
mounting and heatsink options. This application 
note describes the various package and heatsink 
combinations, which can be used with the 
EL75XX series. 

2.0 Typical Applications Power 
Requirement 
The typical power applications requirement for 
microprocessors is either a VRM (Voltage Regu
lator Module) or a direct mother board solution, 
both options operate under certain power dissipa
tion, environmental, physical, and, of course, cost 
constraints. Table 1, below, summarizes the ma
jority of typical applications requirements. 

Several other variations in ambient temperature 
and airflow conditions may exist in practice, de
pending upon the user's board layout and system 
configurations. 

3.0 Structure and Characteristics 
of the 28 PSOP 2 
Figure 1 illustrates the structure of the Amkor 
PSOP 2 package. The copper slug is 535 x 170 
mils in dimension and its thickness is optimized 
in order to arrive at a good compromise between 
biggest size possible for maximum thermal per
formance and the smallest foot print for the 
package. The die can either be soft soldered to 
the slug or attached using a thermally conductive 
epoxy. 

Table 1 

Typical Environment Thermal Resistance Application Thermal Requirement 
Required 

VRM-Pentium Pro Pdiss = 3.4W, TJ = lOS·C TA = 60·C,lOO LFM 8Jx = 13·C/W 

VRM-Pentium P54/SS Pdiss = 2.4W, TJ = lOS·C TA = SO·C,lOOLFM 8JX = 23·C/W 

Laptop-Pentium PS4 Pdiss = 1.6W, TJ = lOS·C TA = SO·C, No Airflow 8JX = 34.3 C/W 

'Pentium® Pro and Pentium are registered trademarks of Intel Corporation. 
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The slug provides low thermal resistance from 
the die to the external heatsink and also through 
the leads. At the same time, it provides a large 
thermal capacitance to absorb power peaks dur
ing switching. Thermal resistance (9Jc-junction 
to case) for a typical 100 x 100 mil die is 
4_50 C/W. The electrical lead resistance is in the 
range (5) mmhos; inductance is typically (2 nH) 
per lead and capacitance is about 1 pF. The pack
age comes in two different lead stand-offs: nor
mal stand-off is 9 mils and low stand-off is 2 mils. 
The two board mounting options are shown in 
Figure 2. 

4.0 Components of Thermal 
Resistance and Heat Dissipation 
Long term reliability of the semiconductor device 
is enhanced by keeping the junction temperature 
(TJ) as low as possible consistent with the given 
application. (See Elantec "Reliability and the 
Electronic Engineer" Tutorial {I 1.) 

TJ-Junction temperature is a function of the 
amount of heat dissipated, the thermal resistance 
between the junction and the ambient air, and 
the ambient air temperature. 

PSOP 2-Exposed Slug with Coupled Leads 

Figure 1.28 PSOP 2 Structure 

PCB 

PCB 

0959-1 

• PowerSOP2: 
-Direct slug solder to PCB 
-Low stand-off (4 mils) 

• PowerSOP2: 
-Die down 
-Slug exposed to ambient 

0959-2 

Figure 2. 28 PSOP 2 Board Mounting Options 
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Integrated thermal resistance (OIT) is the sum of 
the following individual thermal resistances. 

0Je-Thermal resistance from junction to case 
(die size, d/a, package dependent). 

OCH-Thermal resistance from case to heatsink 
(interface-package to heatsink dependent). 

OHA-Thermal resistance from heatsink to ambi
ent (heatsink dependent). 

Thus, 

OIT = 0JC + OCH + OHA (OC/W) 

As stated above in section 2, the thermal resist
ance required is the total integrated thermal re
sistance OIT under the "In Situ" applications 
condition. 

0Je-Thermal resistance from junction to case 
depends on the die size, Cu slug size, the die at
tach material and the lead frame. In the case of 
PSOP 2 package, almost all the heat from the die 
is conducted through the Cu slug and very little 
through the leads. 

Figure 4 shows the relationship between 0JC and 
die size for a given package and die attach mate
rial. 

OCH-Thermal resistance from case to heatsink 
is dependent upon the thermal properties of the 
interface used to attach the heatsink to the cop
per slug of the package. Various types of heat 
conducting pads, thermal greases and thermal 
epoxy bonding materials are available from sev
eral manufacturers. Table 2 shows estimated val
ues of OCH for several types of epoxy bonding 
materials. 

OHA-Thermal resistance from heatsink to ambi
ent is a function of the conduction through heat
sink material to the dissipating surface area; con
vection (natural or forced); and radiation from 
the heatsink surface area. Different designs of the 
sizes of heatsinks are available to achieve maxi
mum conduction and convection. Forced air can 
be used to improve convection and black anodiz
ing can improve heat dissipation through radia
tion. 

8-61 

5.0 Thermal Resistance-
28PSOP2 
The 28POSP 2 is available in two versions-the 
"Slug down" in a low stand-off version (2 mils) 
and a "Slug up" version with a standard stand
off of 9 mils. The slug down version is suitable 
for direct mounting onto the PCB by using sur
face mount solder technique. The heat dissipat
ing copper area on the circuit board can be con
figured in various shapes and sizes depending 
upon the particular application. Figure 3 shows a 
typical configuration for heat dissipating copper 
clad. Thermal resistance measurements for the 
slug down version are listed in Table 3. Medium 
power dissipations of up to 2W are easily obtain
able in practice with this configuration. The slug 
up version offers more heat sinking options. One 
of the most beneficial options is to epoxy bond a 
suitable heatsink to the package slug as shown in 
Figure 5 and Figure 6. 

Another heat sinking option is to use a mounting 
clip to secure the heatsink to the PCB, as shown 
in Figure 7 adding mechanical strength against 
shock and vibration. Heatsink arrangements 
shown in Figure 5 and Figure 6 offer very effec
tive heat dissipation under forced air condition of 
100 LFM-200 LFM in a typical PC system ap
plication. (See Figure 8 for effect of forced air 
convection on thermal resistance.) The methods 
shown in Figure 5 and Figure 6 allow power dis
sipations in the 2W -9W range, as shown in Table 
3. Figure 9 graphically summarizes the power 
dissipation capability of the 28 PSOP 2. 

Figure 3. Typical Footprint for a Heat 
Dissipating Copper Clad 
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Figure 4. Thermal Resistance-8JC 28PSOP 2 

Table 2. Thermally Conductive Bonding Materials 

Thermal 
Strength 

Thickness 6ca-'C/W 
Type 

Conductivity 
Mechanical 

AppHed 
Thermal 

(Bond Shear) Resistance 

84-1LMIT 4.3w/mk 6000 psi 2 mils 0.2 

120 0.74w/mk - 2 mils Ll 

T-pill210 6w/mk - 10 mils 0.14 

152-B4 0.9w/mk 2300 psi 2 mils 0.95 
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Figure 5. PSOP 2 with Wakefield # 8052-60 Heatsink 
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Figure 6. PSOP 2 with Wakefield Penguin # 658-60A Heatsink 

Board Mounting Clip 
0959-7 

Figure 7. PSOP 2 with Heatsink and a Mounting Clip 
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Figure 8. Thermal Resistance vs Air Flow-LFM 
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Table 3_ Power Dissipation Capability of28 PSOP 2 

Mounting Condition 

Package + Wakefield H.S. # 8052-60 

Package + WakefieldH.S. #8052-60 

Package + Wakefield H.S. Penguin #6S8-60AB 

II. Slug Down 

Package Soldered to 3" sq Cu PCB 

Package Soldered to 3" sq Cu PCB 

Notes: A-TJ = I05·C, TA = 60"C 
B-TJ = 10S·C, TA = SO"C 
C-TJ = 1l0"C, TA = SO"C 
D-TJ = l2S·C, TA = SO"C 

Ambient 
Condition 

AirFlow 
200LFM 

AirFlow 
600LFM 

Still Air 

AirFlow 
100LFM 

Thermal 
Resistance 

·C/W 

11 

7.7 

33.4 

30 

Power Dissipation-Watts 

aT aT aT aT 
45·C 55·C 60"C 75·C 

A B C D 

1.3 1.65 1.8 2.2 

1.5 1.8 2 2.5 

All thermal resistance measurements were done with a thermal die size of 100 x 100 mils. The actual die size of the EL7560/ 
61 is larger than the thermal die therefore, the thermal resistance of the EL7560/61 will be 1-3'C/W lower than the numbers 
in the table. 

Conclusions 
Powering of the *Pentium® Pro and ·Pen
tium microprocessors presents a challenge 
in thermal management. It has been dem
onstrated that by utilizing special power 
dissipating capability of the 28 PSOP2 
package and an appropriate heatsink, the 
EL7560C/EL756lC and the EL7556C DC 
regulators will successfully power Pentium 
and Pentium® Pro microprocessors. Power 
dissipations from 2W to 6W can easily be 
achieved, while keeping the junction tem
perature as low as I05·C. 
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An Improved Peak Detector 
by Tamara 1. Ahrens 

~iodes have long served as adequate rectifiers de
spite necessarily large input voltages and poor 
accuracy. The most common configuration for a 
simple diode peak detector (Figure 1) provides a 
mediocre 10% error for very large input voltages 
(Figure 2). If the diode is linearized, the neces
sary input voltage is only reduced to 1 V peak for 
the same 10% error (Figure 2). However, devel
opment of high frequency op amps allows feed
back circuitry to provide better accuracy and 
more sensitivity at the input. With feedback 
(Figure 3), peak detection is feasible at input 
voltages as small as 50 mVrms. 

Function of Feedback Diode Circuitry 
The input stage consists of a high frequency op 
amp whose output is fed into both a diode (01), 
which functions similar to the diode of a simple 
peak detector, and a clamping network, which 
limits the negative output swing of the forward 
op amp. The output of the diode (01) is connect
ed to the storage capacitor and is also fed back to 
the input through a buffer. A storage capacitor of 
0.1 J.LF is recommended for peak detection at au
dio frequencies. A small resistance is shown in 
series with the storage capacitor to isolate it from 
the feedback loop. The smallest functional value 
is recommended for minimal peaking and maxi
mum bandwidth; 10.11 is suggested. A bleed cur
rent is necessary to allow the output to relax for a 
smaller input or in the absence of an input. 20 
J.LA, small enough to avoid deteriorating the out
put value substantially, but large enough to dom
inate the bias current of the feedback buffer, was 
chosen. The output of the buffer is fed back to 
the negative input of the forward op amp 
through a resistor. This resistor buffers the emit
ter of the pnp transistor of the clamping network 
from the low impedance at the output of the buff
er. Please note: a compensation capacitor on the 
forward op amp may be a necessary addition to 
ensure stability and the output of the entire peak 
detection circuit must be buffered to prevent a 
disturbance in performance. 
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Clamping Network 
The diode (02) of the clamping network is al
ways held on by the current source. For voltage 
signals greater than the peak held at the output, 
the forward, rectifying diode (01) is conducting, 
the output voltage is raised to match the input 
voltage, the buffer feeds that voltage back 
around to the negative input of the forward op 
amp, and the emitter of the pnp transistor is held 
at the same voltage as its base, keeping it off and 
eliminating the second feedback loop. 

For voltage signals less than the peak held at the 
output, the rectifying diode (01) is off. The emit
ter of the pnp transistor is set as high as the out
put voltage by the buffer through the 1 kn resis
tor while the base is pulled down by the output of 
the forward op amp through the feedback diode 
(02). The 270.11 resistor adds a 0.3V bias to the 
base of the transistor producing a charge-dis
charge current ratio of 10,000:1. When the tran
sistor turns on, a crude unity gain feedback loop 
is completed through the clamping network 
(from the output voltage, down a diode drop and 
up the base-emitter diode of the transistor, to the 
input voltage) and a voltage drop builds across 
the 1 kn resistor. This clamping action mini
mizes the recovery time of the circuit. Since the 
clamping network works like a unity gain buffer 
for inputs less than the peak voltage, the output 
needs to slew less than one diode drop to turn on 
the rectifying diode (01) for inputs greater than 
the peak voltage. In this manner, the clamping 
network prevents the forward op amp from ex
hibiting open loop behavior and railing negative 
for inputs less than the peak voltage. This great
ly reduces the slew rate necessary to achieve a 
desired bandwidth. 

Amplitude Considerations 
This circuit has the ability to function with am
plitudes 30 times smaller than a simple diode 
peak detector. The EL2244C has an open loop 
gain of 60 dB, raising smaller input signals 
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-; est amplitudes recoverable will be determined by 
.:: the noise amplified within the circuit. For the 
"'a given circuit, this limit .is approximately 30 

<~ mVrms input voltage. The largest amplitudes al
lowable will be determined by the input con
straints of the op amp. For the EL2244C at ± 5V 
supplies, the maximum input range is approxi
mately ± 3.5V. 

Frequency Considerations 
If 5% errors can be tolerated, this circuit has a 
bandwidth of 100 kHz (Figure 4), making it ideal 
for audio applications. A great deal of small sig
nal bandwidth and large slew rates are necessary 
to swing quickly through the dead zone at the 
output of the first op amp and these quantities 
limit circuit performance. 

Thus, for a handful of inexpensive parts, a drastic 
improvement can be made in the performance of 
a peak detector over that of a simple diode. With 
the utilization of modem, high-speed op amps, 
the feedback diode peak detector offers almost 
two decades of input voltage range improvement 
while maintaining functionality into the mega
hertz range. 
Note: Reprinted from Electronic Design, June 26, 1995. 
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Figure 1. Simple Diode Peak Detector 
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Fine Harmonic Distortion Measurements in the Megahertz Range 
by Barry Harvey 

Harmonic distortion measurements of amplifiers 
is easily accomplished using a commercial test set 
which includes a low-distortion oscillator. These 
units work only up to 100 kHz or less; at higher 
frequencies, a low-distortion oscillator and spec
trum analyzer are employed. Unfortunately, 
commercial sinewave oscillators have no better 
than - 56 dBc harmonic content (0.16%), and 
spectrum analyzers offer no better than - 72 dBc 
(0.025 %) internal distortion levels. This author 
had to test amplifier IC's to - 80 dBc (0.01 %) 
levels at 2 MHz, and couldn't buy general-pur
pose lab equipment to do the job at any price. 
This article shows the circuits made to do the job. 

Referring to Figure 1, we will make a clean sine
wave source to drive the Device Under Test 
(OUT). Its output will pass through a fundamen
tal reject filter so that the harmonics may be am
plified without overload from the high-amplitude 
fundamental. Having stripped most of the funda
mental away, the reject filter's output may be 
viewed on a spectrum analyzer or passed on to 
individual harmonic measurement sections for 
fast automated testing. 

The sinewave applied to the OUT must have less 
than - 80 dBc distortion. This is pretty hard to 
accomplish, since we will generate it with active 
semiconductors whose distortion levels are too 
high. About the best unfiltered output distortion 
level we can obtain from transistor amplifiers is 
-60 dBc (ref. 1). We cannot use an active filter 
to clean up the harmonics further, because again 
no amplifiers can be used that will not add more 
distortion. A simple passive filter is used to bring 
distortion below - 80 dBc. 

Figure 2 shows the oscillator schematic. It pro
duces 1 VMRS into a soon load. Note that the 
simple passive network is not a fancy N-th-order 
filter of some precise characteristic; it is simply a 
series tuned circuit and a parallel trap at the out
put, both resonant at the oscillator frequency. 
The Q's of the circuits are intentionally low, 
around 10 with the soon load, to make them non-
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critical with respect to tuning. Two ranks of 
tuned circuit give a harmonic rejection of rough
ly Q2, more than enough to achieve the desired 
output distortion level. The loss of the filter does 
not effect the output level; it is actively stabi
lized, even if a son load is used. 

The EL4451C in Figure 2 is a variable-gain am
plifier. It has two inputs: REF, which has a low 
distortion gain of 1 to the output; and VIN, which 
is a variable-gain input controlled by the Gain 
inputs. A crystal is connected from the output 
back to the REF input, loaded by 330.0. + 160.0.. 
The crystal has about 150.0. series impedance at 
resonance, so the voltage division through the 
crystal prevents sustained oscillation. The extra 
gain required for oscillation comes from the V IN 
path, and if the Gain input level is sufficient the 
EL4451C will oscillate. 

This oscillation will grow uncontrollably until 
clipping occurs, so an EL4450C is used as an am
plitude stabilizer. The EL4450C is a four-quad
rant multiplier, and its X- and Y-inputs are wired 
to the filtered oscillator output. In the EL4450C's 
multiplier is developed a level proportional to 
VciUT2, and this is compared to a reference level 
at the REF input. The FB terminal is connected 
to DC ground, but it also is connected to C3 to 
form a pseudo-integrator with the output ampli
fier. Thus, the output is approximately the inte
gral of the RMS of the oscillator output level mi
nus the DC reference. If the oscillator output is 
greater than the reference, the EL4450C output 
ramps positive and reduces the EL4451C gain via 
its Gain-terminal. If the oscillator output is less 
than the reference, the integrator output ramps 
negative and raises the EL4451C gain. Thus the 
EL4450C acts as a level detector and servo loop 
integrator. Amplitude modulation noise is ex
tremely low with this servo. 

The pseudo-integrator in the EL4450C output 
circuit includes a zero between C3 and its 10K 
resistor. This is cancelled with an additional pole 
from C4 and the parallel of its 20K resistors. 
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The crystal can be replaced by a series LC circuit. 
It is very difficult to make this circuit provide 
widely variable output frequency, but it can easi
ly be switched with rotary switches and multiple 
crystals and output filters. Both input and out
put terminals of the filter must be switched. Oth
er load impedances can be driven, but the output 
filter must be redesigned. Generally, at resonance 
XLl = XCl = RL * Q and XL2 = XC2 = RL/Q· 

Figure 3 shows the fundamental reject circuitry. 
Because in the author's test setup the DUT pro
duces a 9 VRMS fundamental amplitude, the L3-
C3-L4-C4 filter attenuates it immediately so that 
the first amplifier is not overloaded. The 
EL2074C is a very low distortion wideband am
plifier, but we still have to control the levels. The 
amplifiers provide a total gain of 100 for the har
monics to the spectrum analyzer or harmonic se
lect sections, and each stage includes a funda
mental-reject filter. 

The output of the first amplifier still has an at
tenuated fundamental level of around 
900 mVRMS, so the second filter knocks the fun
damental down further to around 9 m VRMS. 
The final output has a fundamental down by 
about 80 dB, and harmonics up by 40 dB, easily 
viewed on a spectrum analyzer. Calibration is 
simple: just provide an input at some frequency 
greater than the fundamental and find the gain 
with an oscilloscope, or better yet use a network 
analyzer to measure gain over frequency. Set am
plitudes so that no more than 1 VRMS is output
ted. 

SW1 is used to select high or low gain for the 
harmonic select and measure sections, due to 
their restricted dynamic ranges. A switch can be 
used, but the author used a relay. To preserve 
distortion and noise quality, semiconductor ana
log switches or multiplexed-amplifiers should not 
be used. 

The EL2120C amplifier buffers the final filter 
and provides a gain of + 2 to compensate for the 
loss of the back-matched son load termination. 

Figure 4 shows a harmonic select channel. The 
output from SW1 routes through the L9-C9-L10-
C10 network which passes the desired harmonic 
frequency. The EL2074C amplifies this harmonic 
and drives another filter also tuned to the desired 
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harmonic. This highly selected harmonic is 
passed a fast comparator and then to the 
EL4450C four-quadrant multiplier. The multipli
er's input signals are the harmonic and a clipped 
version of the harmonic. This clipped signal is 
the same as the sign of the harmonic, so the mul
tiplier output is the harmonic times its own sign, 
or the absolute value of the harmonic. A simple 
RC filter passes the DC component, which is a 
linear measure of the selected harmonic. The 
180n-10 pF components provide a simple time 
delay equal to that of the comparator to balance 
the phase of the multiplier inputs, improving ac
curacy at higher frequencies. 

The design of L's and C's in the harmonic select 
section is similar to that of the other sections, 
where at the harmonic frequency XL9 = XC9 = 
XLll XCll 250n * Q and XLlO = XC10 
XL12 = XC12 = 250n/Q. 

Unless 5% L's and C's are used and parasitic ca
pacitances are kept to less than 2 pF, the net
works will have to be tuned. The author used a 
network analyzer, measuring the output of an 
amplifier following a tuned circuit so as not to 
load and de-tune it. Either the inductor or the 
capacitor can be adjusted; if the capacitance val
ue is less than 100 pF a variable trimmer can be 
used in parallel with a fixed capacitor, otherwise 
a slug-tuned variable inductor can be used. It 
seems archaic to have to adjust LC circuits in this 
era of IC's, but they do allow the lowest distor
tion measurements. 

It is completely practical to use multiple-pole ro
tary switches to allow different operating fre
quencies, seven poles being adequate for the oscil
lator and fundamental reject section. A pole can 
be saved by wiring all crystals together at the 
EL4451C output. The filters should be kept as 
physically separate as possible. 

This project provided a lab test device better 
than commercial units. It does require assembly 
and adjustment, but it produces solid results. 

References. 
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A Simple Circuit Removes Sync 
by Mike Wong 

As the digital world encroaches into analog terri
tory, signal conditioning circuits are required to 
prepare analog signals for digital processing. The 
standard composite video signal is an analog sig
nal and generally AC coupled in video systems to 
prevent circulating DC currents. The following 
circuit demonstrates a method of conditioning a 
composite video signal for an analog to digital 
converter. The design example as depicted in Fig
ure 1 consists of two main sections, a DC restore 
amplifier and a clamping amplifier. The DC re
store amplifier clamps the back-porch of the vid
eo signal to a fixed reference and the clamping 
amplifier removes the sync portion of the video 
signal. 

The video signal first goes into a sync separator, 
the EL4581C, and at the same time into a DC 
restore amplifier, the EL4089C. The EL4581C 
outputs a CMOS logic low signal into hold con
trol input of the EL4089C during the back-porch 
section of the video signal. When the hold control 
input is low, the servo loop in the DC-restore am
plifier forces its output to the reference level. A 
necessary offset voltage is placed across the sam
ple and hold capacitor to create the proper 

8-75 

input to output voltage shift. In the design exam
ple, Cl, the AC coupling capacitor doubles as a 
sample and hold capacitor. Photo 1 shows the an
alog video input and the sync separator back
porch output waveforms. The back-porch output 
is used as the control signal for the sample and 
hold clamp signal. The combination of the 
EL4581C and EL4089C clamps the back-porch of 
the video signal to the ground level. Note that 
the sync tip of the video signal remains un
touched. 

All CMOS ADCs have a parasitic latch-up prob
lem when subjected to negative input voltage lev
els. Since sync tip contains no useful video infor
mation and it is a negative going pulse, we can 
chop it off. The EL2157C stage limits the nega
tive excursion to the ground level. The input and 
output range of the EL2157C is OV to 3.5V. Its 
fast 7 ns of negative over-drive recovery makes it 
ideal for clamping applications. Photo 2 shows 
the incoming video signal whose back-porch is 
clamped to the ground level and the amplifier 
output signal with negative going portion of the 
sync tip chopped off. 

II 



cc 
~ 

'It:: 
Q) 
~ 

0 z 
8 

·004 
~ 

~ 
·004 -Cot 
Cot 
< 

Photo 1. DC Restore 

+5V 

VOUT 

EL4581C 

0961-1 

Figure 1. DC·Restore Sync Remover 
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Simple CMOS Driver Circuits Generate Bipolar Outputs 
by Mike Wong 

There are many applications such as IGBT, 
CCD, and transducer drivers where high peak 
current and bipolar output voltage swings are of
ten required. This applications brief discusses 
two implementations of generating bipolar out
put using the EL7182 and EL7501 CMOS driv
ers. 

Figure 1 shows the traditional scheme. The 
EL7182 is powered with a + 5V and -7V sup
plies. The input comparator threshold is refer
enced to the ground pin which is connected to the 
negative supply so proper input voltage level 
shifting is necessary to operate the input compar
ator. The Zener diode in series from the TTL out
put to the input of the EL7182 provides the volt
age level shift. Figure 2 depicts the inputs and 
the output waveforms. When TTL input is OV, 
the voltage at the EL 7182 input is shifted to 
-7V. When TTL input is 3V, the voltage at the 
EL7182 input is shifted to -4V which is 3V 
above the -7V on the ground pin. However, this 
implementation has a couple of drawbacks, in ad
dition to the extra components required for input 
level shifting, the series Zener diode and resistor 

TTL 
Input o---t-.... ~-UJI--r-I 
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Figure 1 
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can also load down the TTL signal. When TTL 
input signal is high, bias current must flow 
across the Zener diode through the resistor to 
ground. This pulls the EL7182 input pin high 
with reference to the -7V supply. 

Figure 2 uses the EL7501 to escape the input 
loading problem. The inputs of the EL7501 are 
differential where a IV differential voltage across 
its input pins guarantees the output voltage to 
switch state. The input can be modeled as a series 
180 kn resistor tied to a DC voltage IV below the 
Vnn supply. The series 50 kn resistor puts a 1.1 
voltage at pin 4, as a result, when the TTL input 
at pin 1 is switching between OV to 3V, the cur
rent comparator internal to the EL7501 senses 
current changes through the input resistors and 
changes the state of its output FETs. The ground 
and input pins are isolated and their breakdown 
voltage is over 100V. There are a couple of draw
backs with this circuit solution, 1) the maximum 
frequency is limited to 2.5 MHz, 2) input to out
put delay is higher than the EL7182. Figure 4 
shows the input and output waveforms. 

0963-2 

Figure 2 

Z 
o 
~ 
(D 

'II:: 
~ 

...:t 



0963-' 
Figure 3 

0963-4 

Figure 4 

8-78 



~ 
'2. 
~. a 
~ . 

.------------------------------------------------------------------.8 
Designing a High Efficiency DC-DC Converter with the EL75XX 
by Mike Wong 

Preface 
Since the beginning of the digital revolution, the 
speed of a microprocessor has been governed by 
Moore's law postulated in 1968 by Intel's co
founder Gorden Moore. Moore suggested that the 
speed of a microprocessor would double in every 
18 months. However, the principle of conserva
tion of energy, more scientific in nature, will 
eventually dominate and limit the rate at which 
the speed of a microprocessor is increasing. The 
equation P = CV2F, a derivative of the principle 
of conservation of energy, dictates that the power 
dissipated in a device is linearly proportional to 
its clock frequency and distributed capacitance. 
Microprocessor manufacturers have made great 
advances in reducing the amount of power dissi
pation in the device. The popular Pentium micro
processor, for example, employs a combination of 
heat-sink/fan to extract heat from the package. 
To further combat the power dissipation prob
lem, a new generation of low voltage CMOS fab
rication processes have been developed. The low 
voltage processes have a smaller transistor geom
etry that results in lower parasitic capacitance, 
reducing C in the above equation. Smaller tran
sistor size also allows for a increase in the num
ber of transistors in a given die area, and as a 
result, the lifetime of Moore's law is extended. 
However, technical problems are being passed 
onto the shoulders of power supply designers. 
Lower microprocessor supply voltages and high
er supply currents mean that the linear DC-DC 
regulator is no longer a viable solution. Power 
supply designers are forced into using switching 
regulator techniques. Lower output voltage, 
higher output current, and smaller output volt
age ripple requirements have greatly increased 
the difficulty of the power supply design. To fur
ther burden the problem, power saving "stop
clock" modes have demanded faster and more 
stable transient response from the DC-DC con
verter. 
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o respond quickly to line variations. Second, it 

01"4 Introduction greatly simplifies the over-all loop design. The i The purpose of this Application Note is to dem- pole introduced by the output inductor is taken 
== onstrate the operation of the EL7560 in an 12.4A out of the loop and replaced by a high output 
~ output current mode DC-DC converter module impedance current source which is regulated by 
~ for powering Intel's latest microprocessor, the an inner current control loop. Lastly, it allows 

Pentium-Pro. The EL7560 is the world's sim- automatic pulse by pulse current limiting which 
plest, most integrated, and most cost effe~tive protects the power switches when the output is 
switcher. It incorporates the PWM functions, overloaded or shorted. 
current sense resistor, high current synchronous 
FETs, precision DAC for output voltage pro
gramming, and over-voltage and over current 
protection features. In addition, the advanced 
control loop design controls the load regulation 
of the DC-DC converter to meet the P6 DC-DC 
converter output load transient specification 
with low cost and readily available Aluminum 
Electrolytic capacitors. 

Lower output current versions of the device are 
also available. The EL7560 requires an external 
reference. This gives the application more flexi
bility and accuracy. A precision ± ';12% reference 
is incorporated in the EL7561 to reduce compo
nent count. The EL7556 is the 6A output current 
version. The power supply design considerations 
presented in this Application Note are applicable 
to all devices in the EL75XX family. 

In the component selection sections, all calcula
tions are based on the worst case specification 
limits in the Intel P6 DC-DC Converter Design 
Specifications. 

EL7560 Theory of Operations 
The EL7560 is a current mode switcher which 
means that the power switch duty cycle is deter
mined by comparing the output inductor current 
and the error amplifier output voltage. Current 
mode control offers a number of advantages over 
the traditional voltage mode control. First, be
cause the inductor current ramp is proportional 
to the input voltage level the converter can 
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The negative input of the error amplifier is 
brought out to sense the output voltage. The out
put of the error amplifier is compared with the 
current ramp from the current sense amplifier. 
(The current ramp is modified by slope compen
sation circuitry in order to prevent noise and os
cillation problems.) The output of the compara
tor then resets a flip-flop which terminates the 
"on" time of an internal power NMOS FET. The 
error amplifier reference voltage is programmed 
by a 4-bit DAC with 100 mV resolution. 

The EL7560 also includes a number of house 
keeping functions. In the case of overheating, the 
power switches can be shut off by properly con
figuring Otbar, pin 13/0T. When the output 
voltage is within regulation, the power good sig
nal pin will go high. The device can be disabled 
by pulling output enable (pin 14) low, putting the 
device in a lower power state. During start-up, 
the switching duty cycle is limited by the inter
nal soft-start circuit to generate a smooth power 
converter output response. 

The oscillator frequency can be easily set by an 
external capacitor. The oscillator is designed to 
operate up to 1 MHz switching frequency. Exter
nal adjustable slope compensation is provided to 
obtain the best system performance. 
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Figure 1. EL7560 Functional Block Diagram 
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Pin # Description 

l,C- Negative terminal for the charge pump bootstrap capacitor. This pin oscillates from VDD to Vss at one half 
the clock frequency. 

2,C+ Positive input for the charge pump bootstrap capacitor. This pin oscillates from VDD to twice VDD at one 
half the clock frequency. 

3,C2V Voltage doubler input. A 1000 resistor is used to limit current into this pin. A 1 p.F capacitor is also needed 
to sustain the voltage doubler output. The 1 p.F capacitor should be returned to the power ground node. The 
voltage on this pin will be 8V -10V depending on the load. 

4, VSS This pin is the ground input for the control circuitry. It must be separated from the high current power 
ground. This pin should be connected directly to the ground point of the output capacitors. 

5, VHI This pin is the positive supply for the high side driver. It is bootstrapped from the LX pin with a 0.1 p.F 
capacitor. 

6,7,8, This is the halfway point between the two large internal FETs. It drives the inductor of the buck regulator 
9,and 10,LX circuit. High switching current is seen at this pin. 

11, TEST This pin is used to test the internal power FETs during the final test at the factory. It must be connected to 
any convenient ground in the application. 

12,PWRGD This pin outputs a high signal (Logical "1") to signify power good when the FB pin is within 7 % of its 
programmed value. 

13,OThar This pin pulls low (Logic "0") when the die temperature exceeds 13S·C. It is normally a high impedance 
output. It has lS·C of hysteresis. To tum off the FETs in the event of an over-temperature condition, 
simply connect this pin to the OUTEN pin and a 10 kO resistor to VDD. 

14,OUTEN A high input signal applied to this pin enables the switching regulator. The reference, oscillator, and voltage 
doubler operate whenever the power supply is above its UVLO threshold regardless of the state of this pin. 

15,16,17, and 18 These are the DAC input pins used to program the output voltage. 

V ID3, 2, 1, and 0 

19,20, and 22, Vssp These pins are the ground returns to the buck regulator. They are internally connected to the source of the 
low side synchronous NMOS FET. 

21 and 23, VIN These pins are the positive power supply input to the buck regulator. They are internally connected to the 
drain of the high side synchronous NMOS FET. 

24, VDD This pin supplies power to the internal control circuitry. It typically draws 30 rnA when operating. 

2S,Cosc A capacitor connected from this pin to ground sets the frequency of the PWM oscillator. The oscillator 
frequency is approximately FOSC = O.OOl/Cosc. The maximum duty cycle is fixed at 96%. 

26,CSLOPE A capacitor connected from this pin to ground sets the amount of slope compensation. A 30 p.A current 
flows out of this pin. The voltage at this pin is reset to the reference voltage whenever the high side NMOS 
FETisoff. 

27,CREF This is the external reference input pin. A minimum of 1.0 p.F to ground is recommended. 

28,FB This is the voltage feedback input pin for the buck regulator. It is internally connected to a resistor divider. 
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P6 DC·DC Converter Schematic 
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Figure 2. P6 DC-DC Converter Circuit 
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Basic Buck Regulator Topology 
Figure 3 shows the basic buck regulator topolo
gy. When Q1 turns on the voltage across L1 is 
VIN - VOUT and current flows from VIN to 
VOUT. When Q1 turns off, the inductor current 
continues to flow, and as a result the cathode of 
D1 gets pulled below ground by the back EMF of 
the output inductor, L1, and starts to conduct. 
The voltage across L1 is -VOUT and output cur
rent flows through D1 and L1 to VOUT. Under 
steady-state conditions, the voltage across L1 
must average to zero. If T1 is the time Q1 is 
closed, and T2 is the time Q1 is open, then the 
relationship between VIN and VOUT is: 

Equation (1) can be simplified to 

VOUT = VIN-D (2) 

Where D is the duty cycle, D = T1/(T1 + T2) 

Equation (2) tells us a great deal about switching 
mode converters. First, it suggests that the out
put voltage is solely a function of VIN and the 
duty cycle of the switch. Secondly, it is not a 
function of the output inductor, capacitor or 
switching frequency. Lastly, it is not a function 
of the magnitude of the output load current. 
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Figure 3. Basic Buck Converter Topology 

Synchronized Rectification 
The diode in Figure 3 may be replaced by a 
switch to further improve efficiency. As an exam
ple, if lOUT is 12.4A and the forward bias voltage 
of the diode is 0.6V, and the duty cycle is 60%, 
the total power dissipation of the diode is 0.6V -
12.4A -(1 - 0.6) = 2.97W. This represents 8% of 
the efficiency loss in a 3V output converter. If the 
diode is replaced with a low "on" resistance pow
er FET(Q2) as depicted in Figure 4, the power 
loss is determined by the "on" resistance of Q2. 
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The "on" resistance of the power FETs in the 
EL7560 is typically 20 mil, at 12.4A and 60% 
duty cycle the power loss is 12.4A - 12.4A -
20 mil - (1 - 0.6) = 1.23W which is a 1.69W 
efficiency improvement over the diode configura
tion. A Schottky doide, D3 in the PC DC-DC 
coverter schematic, in parallel with drain-source 
terminals of Q2 is often required to provide the 
inductor current path during the transient when 
both Q1 and Q2 are turned off. With this 
Schottky diode, the body diode of Q2 will never 
forward bias, thereby improving the reliability of 
the converter. 

Figure 4. Buck Converter 
with Synchronized Switches 

Continuous Mode Operation 

0966-4 

The preceding discussion describes the situation 
where the inductor current never reaches zero. 
This form of operation is called "continuous" 
mode. Figure 5 depicts Q1 and Q2 gate drive 
waveforms, Q1 drain and Q2 source current 
waveforms, and the output inductor currents. 

During T1, Q1 is turned "on" and Q2 is turned 
"off", inductor current ILl and ISOURCEl in
crease from the initial value which is not zero. 
The slope of the current ramp is dictated by 

~ID (Q1) VIN - VOUT 

~T L1 (3) 

In this cycle, energy is stored in the inductor for 
use during the off cycle and current flows from 
input to the output. 

During T2, Q1 is turned "ofr' and Q2 is turned 
"on", inductor current ILl continues to flow to 
the output via Q2. Inductor current declines to 
the initial value and gives up energy to the out
put. 
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Figure 5. Gate Drive and Current Waveforms under Continuous Mode 
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Figure 6. Gate Drive and Current Waveforms under Discontinuous Mode 

Discontinuous Mode Operation 
Normally, a converter designed for the continu
ous mode operation stays in continuous current 
mode under all load conditions. However, the 
converter can go into discontinuous current mode 
momentarily when the output load is changed 
from its maximum to minimum level. The mode 
of operation where the inductor current falls to 
zero is called discontinuous operation. The wave
forms in Figure 6 are synchronized gate drive 
waveforms, power FET source current and out-
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put inductor current waveforms. During Tl, Ql 
turns "on" and Q2 turns "off", the inductor cur
rent starts from zero and rises to the peak value 
Ip. Energy, P = LI2/2, is stored in the inductor. 
During T2, Ql turns "ofr' and Q2 turns "on" 
inductor voltage reverses and its stored energy i~ 
delivered to the output. The inductor current de
creases linearly to zero. When the inductor cur
rent reaches zero, Q2 must tum "ofr' to prevent 
inductor current flow from the storage capacitor 
to ground. Thus, during T3, both Ql and Q2 are 
turned "ofr'. 
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01"4 Current Mode Control amplifier output voltage programs the inductor i The advantages of current mode control were dis- current which causes the output voltage to rise or 
01"4 cussed in an earlier section. It basic block dia- fall and the error amplifier output voltage is de--a gram is shown in Figure 7. The duty cycles ofthe rived from comparing VOUT with VREF· The re-
~ power FETs are generated by comparing the er- suIt is that the PWM duty cycle maintains the 

ror amplifier output voltage with a sawtooth inductor current such that V OUT is equal to 
ramp. This sawtooth ramp is provided directly VREF· 
from the power switching circuit inductor cur
rent waveform through a current sense resistor, 
RSENSE. The fact that the slope of the current 
ramp is a function of VIN, VOUT, and the output 
choke inductance, VIN - VOUT = L iiI/liT, 
suggests an inherent voltage feed forward charac
teristic with instantaneous open loop response to 
any input voltage changes. The output inductor 
pole is included in the current loop, and as a re
sult, it is eliminated from the outside voltage 
loop. This reduces the output filter from a two 
pole network to a simple single pole. The outer 
loop is a voltage loop where the output voltage, 
VOUT, is compared with a reference voltage, 
VREF, and produces an error voltage output for 
the PWM comparator. An interesting aspect of 
the current mode control scheme is that the error 

Rsense 

Slope Compensation 
While current mode control has a number of de
sirable characteristics, it also carries a flaw 
which, if not treated properly, can cause severe 
output oscillation. As described in the previous 
sections, current mode control regulates the peak 
inductor current via the inner current loop. How
ever, in a buck converter, the output current is 
the average inductor current. Figure 8 graphical
ly represents the output inductor current using 
two different input voltages. When in regulation, 
the error amplifier output voltage, VE, should 
not change. A constant VE (VE sets the peak out
put inductor current level) implies that the aver
age output current for the higher input voltage 
level (duty cycle = D1) is slightly higher than 
the output current associated with the lower 

VING----....., .---r--r-JW ...... .,.---''RlS''------,--...---o Your 

s 
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Figure 7. Current Mode Control 
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Figure 8. Peak Current Mode Control Error 
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input voltage (duty cycle = 02). This will result 
in a higher output voltage which the voltage loop 
will correct by changing VE, which in turn will 
result in a different duty cycle, which results in 
different average current levels. This effect has 
been dubbed sub-harmonic oscillation and can be 
evidenced by output voltage oscillation at one 
half the switching frequency. 

unstable condition. For a duty cycle less than 
50%, the perturbation is suppressed quickly each 
cycle (dI'l ~ dIl). For greater than 50% duty 
cycle, a small perturbation is amplified (dI'2 > 
dI2) each cycle and causes an unstable condition. 

Figure 11 shows the inductor current perturba
tion problem being corrected with slope compen
sation. With slope compensation, inductor cur
rent perturbation is attenuated each cycle at all 
times even when the duty cycle is greater than 
50%. 

One method of maintaining constant output cur
rent is to add a voltage ramp on the current sense 
output as depicted in Figure 9. This has the effect 
of lowering the error amplifier voltage as a func
tion of TON. 

Slope compensation also improves noise immuni
ty. Figure 10 demonstrates how a small perturba
tion in the inductor current can result in an 

In the EL7560, a slope compensation ramp is cre
ated with a 30 p.A current source charging an ex
ternal capacitor, CSLOPE. The voltage on ' 
CSLOPE is reset to the reference voltage whenev-
er the internal high side NMOS FET is off. 

Va effective Va (after slope camp ramp added to Isense ramp) 

------- -~--~~--=:: 

Dl 
VIN (high) 

Slope Compensation Ramp 
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Figure 9. Constant Average Output Current 
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Figure 10. Inductor Current Error 
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Figure 11. Inductor Current Ramps with Slope Compensation 
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Note 1: Figure 12 shows the experimental test 
results of the effects of the amount of slope com
pensation on the output voltage accuracy, output 
load regulation, and line regulation. The fact that 
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Figure 12a 
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slope compensation limits the duty cycle be
comes apparent in Figure 12a. A CSLOPE is de
creased, the slope of the current ramp increases 
as a result the duty cycle is decreased and thus 
the decrease in output voltage. 

g 
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PWM Comparator 
In the heart of the EL7560 PWM section is a 
direct summing comparator. The regulator out
put is first compared with a reference (DEC out
put) voltage. The resultant error voltage is then 
compared with current sense signal and slope 
compensation ramp. PWM duty cycle is then ad
justed according to the summing comparator out
put. The direct-summing scheme enables cycle by 
cycle control of the output voltage. This scheme 
also eliminates the traditional feedback compen
sation integrator. The dominant pole is set by the 
output capacitor and the equivalent output resis
tive loading. 

Output Inductor, Ll 
The output inductor serves two purposes, it 
stores energy and filters output ripple current. 
Trade-offs often have to be made between the 
physical size of the inductor and the maximum 
energy storage. The primary criterion for select
ing the output inductor is to make sure that the 
inductance is large enough to keep the converter 
in the continuous current mode operation under 
all line and load conditions. To maintain the con
ditions of continuous mode operation under the 
minimum load and maximum line condition 
(duty cycle is at its minimum) at 500 KHz 
switching frequency, the minimum inductance 
can be calculated with the following equation: 

v = L - AI/AT 

where 

V is the voltage across the inductor, 
V = 5.25-3.07 = 2.13V 
(The Worst case P6 DC-DC converter specifi
cations are used in all calculations.) 
L is the inductance required to maintain con
tinuous mode operation 
AI is the peak ripple current, 
AI = 2 - IOUT(min) = 0.6A 
AT is the duration at which the current is 
ramping up in the inductor, or the "on" time 
of the PWM, 
AT = (3.0715.25)/500 KHz = 1.17e-6 

L = V-AT!!::'.I = 2.13-1.17e-6/0.6 = 4.15,u.H 
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One inductor which meets this criterion is the 
Pulse Engineering PE-53681. Its inductance is 
4.2 ,u.H at minimum output current. The satura
tion effect of the magnetic core causes the induc
tance to decrease. At the maximum output cur
rent of 11.4A, the inductance of the PE-53681 de
creases to 2.5 ,u.H. As a result the ripple current 
will increase at high output current, 

AI = V-AT/L = 2.13-1.17e-6/2.5e-6 = 1A. 

When selecting the output filter capacitor, the 
worst case 1A ripple current must be used when 
calculating the output ripple voltage. 

There are two important criteria in selecting an 
output inductor: 
1. The minimum inductance at zero DC current 

must be greater than the inductance required 
to maintain continuous mode operation. 

2. The core size and wire gauge must be suffi
cient to handle the maximum output DC cur
rent. 

Output Capacitor, CIO 
The output capacitor filters the output inductor 
ripple current; thus, it must be low ESR type 
electrolytic capacitor. One must carefully decide 
between cost, size, and quality (ESR) of different 
types of capacitors. Names of capacitor manufac
turers are listed at the end of this Application 
Note. The calculations shown below are done 
with the low cost United Chemi-Con LXF series 
Aluminum Electrolytic capacitors. The module 
layout available in the appendices of this docu
ment can accommodate both the high quality 
OS-Con capacitors or the inexpensive United 
Chem-Con capacitors. 

As stated previously, the output capacitors must 
be low ESR type for two reasons: 1) to ensure 
lower ripple voltage 2) to meet the load transient 
specifications. 
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1. The Intel P6 DC-DC converter specification 
calls out for a maximum of ± 1 % output volt
age ripple. For a 3V output that corresponds 
to 60 m V peak to peak. The previous inductor 
calculation section shows the ripple current to 
be 1A at the maximum load, thus, the maxi
mum ESR allowed is 60 mn. For this example 
we have chosen 6 pieces of 680 p.F United Che
mi-Con series LXF aluminum electrolytic ca
pacitors (part # LXF16VB681M10X12FT). 
The total capacitance is 4 mF and their com
bined ESR is 10.33 mn. The resultant peak to 
peak ripple voltage under full load condition is 
10.33 mV. 

2. When the output is stepped from minimum to 
the maximum level, the full output current 
load step will initially be supplied from the 
output capacitor Co (Ie), as shown below, 

Figure 13. Output Current Path 
during Transient 

The initial voltage droop will be: 
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aI 
a VOUT = ESR • ITRANSIENT + ESL - (4) 

aT 

Cylindrical aluminum electrolytic capacitor typi
cally has 5 nH of ESL. The combined effective 
equivalent series inductance is % nH. The 
change in output voltage due to ESR and ESL 
during the initial output current transient is 

aVOUT = 10.33 mn • (12.4-0.3) + % nH • 
30AIp.s = 153 mV 

Immediately after load transient, Co will contin
ue to supply current to the output load until the 
inductor current ramps to the maximum 12.4A 
output current level. The internal FET will be 
switching at 96% duty cycle until the output 
voltage gets back to within regulation. The 

8-90 

amount of time for the inductor to ramp up to 
12.4A is, 

L-AI 
AT=-c::....---

VIN - VOUT 

2.5 p.H - 12.1A 
= 14.4 p.s 

2.1 

Taking the 96% duty cycle into account: 

aT = 14.4 p.s/0.96 = 15 p.s 

In 15 p.s the output voltage drops to: 

flS,...s dI 
dV = [l/Co - (12.4A - O.3A - - t)dtl 

o dt 
+ (12.4A - O.3A) - ESR 

dI/dt = (VIN-VOUT)/L 
= (5-2.9)/2.5 p.H = 0.84AIp.s 

Plugging in the numbers to equation (4) yields: 

dV = 146.7 mV 

The output drop caused by the output capacitor 
discharging is less than voltage drop due to ESR 
and ESL of the output capacitor. 

11.2A I 
SAl . O.3A L-___ .J 

(14.) 

loUT 

II 12 13 
3. ISV • - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • 

3.00V 

(14b) 
dV= 153mV 

t Your with 0% tolerance 

2.8SV • - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _. 

3.1SV - - - - - - - - - - - - - - - - - - - - - - - - - -t-
dV=153mV 

3.03V 

Your with + 1" tolerance 

2.8SV - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
3. ISV - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2.97V 

(14d) 
VOUT with -1" tolerance 
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Figure 14. Output Voltage Variation with 
Traditional Control Scheme 



The total 11. VOUT transient allowed by the Intel 
spec is ± 5%. If we subtract 1 % for the tolerance 
of the EL7560 reference we end up with only 4% 
of the 2.9V which is 116 mV which is less than 
the 153 mV that we calculated. However, the 
unique loop compensation of the EL7560 de
grades the load regulation by ± 2 % so that at 
maximum load the output voltage is 2 % lower 
than nominal and at minimum load the output 
voltage is 2% higher than nominal. The result is 
58 m V of additional output voltage head room to 
move around during load transient. 

The timing diagrams in Figure 14 show how the 
output voltage changes in a converter with the 
traditional control scheme. The converter output 
current, waveform 14a, is changed from the nom
inallevel (5A) to the minimum (0.3A) then to the 
maximum (12.4A) then back to 0.3A again. 

Figure 14b depicts the output voltage response 
for a control IC with infinite open loop gain and 
the error amplifier reference voltage is exactly at 
3.00V. The infinite open loop gain gives us 

", 'WI 
0.3A L..-___ ....... 

the perfect load regulation, i.e., the output volt
age always settles to 3.00V under all conditions. 
dV = 153 m V is a result of ESR and ESL of the 
output capacitor. Equation (4) is the equation 
and derivation. 

Figure (14c) and (14d) show output transient ef
fects with ± 1 % tolerance on the error amplifier, 
153 mV of voltage change at the output gets out 
of the ± 5 % output voltage limit called out in the 
Intel P6 DC-DC converter design specification. 

The EL7560 utilizes a unique error amplifier 
compensation technique to control the load regu
lation. The Intel spec allows a 4% total output 
change with loading. The load regulation is set 
such that at minimum output load (0.3A) the 
output voltage is 2% higher than nominal (5A) 
and at maximum load (12.4A) the output voltage 
is 2% lower. The result is an additional 2% 
(60 mV) of head room for transient load response. 
Figure 15 shows the transient response wave
forms. 

(150) 

lOUT 

II 12 13 
~15V·-------------------------------------· 

3.00V 
_---.... 2.94V 

(15b) 
VOUT with 0% tolerance 

2.85V • - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • 

3. 15V • - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • 
3.123 mV 

3.03V 

2.97V _--....I .... 2.91V 

(15d) 
2.877V VOUT with -1 % tolerance 

2.85V • - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • 

Figure 15. EL7560 Transient Output Voltage Response 
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-; controlled, i.e., at minimum load the output volt- The over-voltage condition is defined by Intel as 
... age is 2% (60 mV) higher than nominal load (SA) the situation when the output voltage goes 10% 

;:I and at maximum load the output voltage is 2% higher than the programmed level. Upon detec-E: (60 mV) lower than nominal load, we can fit the tion of an over-voltage fault, the internal high 
...... output transient response curves within Intel's side FET is turned off. A clamping diode D4 

± 5 % window under any conditions. from the LX pin back to the input is recommend

Input Filter/Input Current 

Transient Analysis 
A 1 ,...H inductor in series with the input capaci
tor is required to meet the Intel "Load Transient 
Effects" specification which states that, "During 
this step response (the output load is switching 
from 0.3A to 12.4A) the input current dildt shall 
not exceed O.lA/,...s." The input filter inductor is 
absolutely necessary in the standard buck topolo
gy. The simulation results of input transient cur
rent during output load changes are shown in 
Figure 16. As the input inductance increases, the 
slope of the input transient current decreases. 

In the Elantec module reference design, a custom 
inductor is used. The core of the inductor is Mi
crometals T30-26 and the wire gauge is AWG#20 
with 7 turns. The inductance value is 1.6 JLH. For 
users who want to use an off the shelf inductor 
we sugest the Pulse engineering PE53188. Its in
ductance spec is 2.2 ,...H at 6.4A. 

Figure 16 shows the simulated input current re
sponse for various combinations of the input in
ductor and capacitor. The simulation result 
shows that a 1.5 JLH inductor and a 2 mF capaci
tor combination suffice to meet the Intel input 
transient specification. 

11 m~=2mF 
- 2A.. :.:.ii.::.::.::.:--i.:.: .. :.:.:.i:.:.:.: .. :.:.~.:.:.:: .. :

i I Note: 1 J.IoH is adequate 
~ : ~.5.uH !s prefe~red 

-4A -, -r:---'3-;f.i-----r------r-----
1 .. ,1 i 2.5 J.IoH 1 : 

I 2 J.IoH I I 

-6A -i- . 1·5IfH,,"-;---:--.,.'-y,q:::::.-.:::1 

-8A 'l~;: I" 

j i. 
-lOA; i' 

Os 

Time 
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Figure 16. Input Filter Transient Response 
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ed to keep the LX pin a diode voltage drop above 
the input. The switcher recovers automatically 
when the over-voltage fault is removed. 

Over-Current Protection 
The EL7560 has a built-in over-current protec
tion feature. When an over-current fault occurs, 
the high side FET automatically turns off. The 
switcher recovers automatically when the over
current fault is removed. 

Efficiency Calculations 
Most of the power dissipated in the EL7560 is 
due to the "on" resistance of the power FETs. 
Each power FET exhibits a typical 30 mO "on" 
resistance; therefore, the power loss is P = I2R 
= 12.4 • 12.4 • 0.030 = 4.61W (at rated maxi
mum load). 

Efficiency curves of the typical VRM demo mod
ule is depicted in Figure 17. The curves show low 
efficiency at both ends of the output loading. At 
the low output current end, switching losses of 
the switcher is high relative to the output power. 
At the high output current end, the on-resistance 
of the power mosfet dominates. 

'"' " " " 'u 
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3.SV 
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I" r--....t 

2. 1 V'" 

8 10 11.2 12.4 

Figure 17. VRM Efficiency 
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r-----------------------------------------------------------------------------~ 0 = Heat Sinking Requirements 
For reliability reasons, the Intel spec requires 
that the junction temperature of the EL7s60 be 
kept below l1S·C with the ambient temperature 
at SO·C and 100 LFM air flow. The minimum 0JA 
required is: 

OJA = (l1s-s0)/4.61W = 14.1·C/W 

The OJA for the 28-pin PSOP2 without a heat 
sink is S2·C/W, and the 0JC is S·C/W. The 0JC of 
the device combined with the thermal resistance 
of the heat sink must be less than 17·C/W. Ther
mal analysis has been done with Wakefield 8052-
60 mounted on top of the package with Ablebond 
84-1 LMIT epoxy adhesive which has 0.2·C/W 
thermal resistance. With a board size of 1.5" x 3" 
and an air flow of 100LFM, measurements made 
by Elantec yield a OJx is 12.9°C/W. 
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Board Layout Considerations 
Grounding Issues 

Figure 18 is the simplified circuit of the power 
system. 

When the high side FET is turned on, Figure 19 
shows current flow directly from the AC/DC 
power supply and the input capacitor through 
the high side FETs to the load. The ground re
turn current splits into two directions: 1) from 
the load directly to the AC/DC power supply 2) 
from the load into the DC-DC module and to the 
ground of the input capacitor. 

When the low side FET is turned on, most of the 
output load current flows through the low side 
FET. Current from the AC/DC power supply 
continues to flow into the input capacitor, whose 
magnitude (around 8A at maximum output load) 
is the same as the ground return current from the 
load. The 12.4A of output current is a combina
tion of current from the input capacitor and the 
ground input of the DC-DC module. 
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(D 

'iI:: ..... 
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Figure 18. A Simplified Power System Block Diagram 
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Figure 19. Current Flow Path when High Side Switch is ON 
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Figure 20. Current Flow Path when Low Side Switch is ON 
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Charge Pump Design Z 
The EL7S60 has an internal voltage doubler and 0 
a bootstrap charge pump to generate the high S
voltage required to switch on the internal high =II:: 
side N-channel FETs. CS, the 1 iJ-F capacitor ..... 
from pin 1 to 2, is the voltage doubler pump ca- 00 
pacitor. It charges Cll through D2. A ceramic 
capacitor is adequate for CS. Dl and C6 are the 
bootstrap diode and capacitor. When the low side 
FET is turned on, capacitor C6 is charged to 10V, 
when the high side FET switch on the VHI pin is 
bootstrapped to ISV. Capacitor Cll holds the 
voltage doubler output voltage and the 1000. re
sistor Rl limits the current into the low side FET 
drivers inside the chip. A IN914 type diode suf-

Figure 21 summarizes the magnitudes and direc
tions of currents at various nodes in the DC to 
DC converter under the maximum output load
ing condition. The DC-DC module input and out
put current, and AC/DC power supply ground 
return current, and load return current are con
stant under steady state conditions. 

The current path in the above figures show that 
the power ground pin, V SSP, VIN, and LX pins, 
which are switching at SOO KHz, are thus ex
tremely noisy. They should be isolated from the 
logic control and reference of the PWM control
ler. The ground pin of the output capacitor, CI0, 
is the quietest point in the converter. We recom
mended splitting the signal ground and power 
ground at the ground pin of the output capacitor. 

The VSS pin and ground connection for C4, C7 
and C8 should all be connected to the signal 
ground. 

A 12.4A DC-DC converter reference layout is in
cluded in the appendices section of this applica
tion note. Proper grounding and layout tech
niques discussed above are demonstrated in this 
design. 

fices for both Dl and D2. The most critical speci
fication for selecting this diode is its reverse 
breakdown voltage which should be greater than 
ISV. In addition, a low forward voltage drop is 
desired to generate a higher voltage level for the 
high side drive. If a 12V supply is available, then 
the charge pump diode and voltage doubler ca
pacitor can be eliminated. Figure 22 shows the 
circuit implementation. 

Low Side FET "on" 

~----------------~ PWM High Side FET "on" 

+8A 
ICIN 1,. ________________ ...... 1 

-3A 

lOUT -
1 11.2A I 

IVSSp L __________ ---'. 
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Figure 21 

12V 
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Figure 22 
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~~~~~~~~~~~~~~~~~~~~~~ 
.... Remote Sense Appendices 
~ Although it is not specified in Intel P6 DC-DC Package outline 
== converter design guide, remote sensing is often 
~ desired in many applications. In the case of a 200 
~ MHz P6 microprocessor, the supply current can 

reach over 12.4A. A 10 mn of trace resistance re
sults in a 124 mV of voltage drop from the con
verter output to the microprocessor supply pin. A 
simple method of implementing remote sensing 
is depicted in Figure 23. 

"T'"r-"j-~""'J'II1i1r'lI1JLlr'-c-: ±-r-_-----.-......o ~~c;:I~r~~~ •• or 

lkn 
[} 
FB I 

L..------¥o.f\r--' 
10n 

Figure 23. 
.... -23 

The 1 kn resistor is connected directly to the 
converter output and the IOn remote sense resis

. tor should be tied directly to the load or the mi
croprocessor supply input pin. 

Bill of Materials 
C10, United Chemi·Con, LXF16VB681M10X20LL, 6 pcs 

680/A-F 
. C9, United Chemi-Con, LXF16VB681M10X20LL, 3 pcs 

680/A-F 
L1, Pulse Engineering, Inductor, PE-S3681, 2.S /A-H 1 pc 
C4, C6, Chip Capacitors, 0.1 p.F 2 pcs 
C7, Chip Capacitors, 400 pF 1 pc 
CB, Chip Capacitors, 200 pF 1 pc 
CS, Cll, Chip Capacitors, 1 p.F 2 pcs 
D1, D2 SMT Diode, 1N914 2 pcs 
L2, Inductor, 1.S p.H, Micrometals T30-26, 
7TAWG#20 
R1,100n 
R2,10Kn 
R3,lK 
R4,30n 
AS1004, 1.23SV Reference Diode 
Heat Sink-Wakefield Engineering, 80S2-60 

1 pc 

1 pc 
1pc 
1pc 
1pc 
1pc 
1 pc 
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Core and Inductor Manufacturers 
Magnetic Cores 
Micrometals 
1190 N. Hawk Circle 
Anaheim, CA 92807 
Phone 800-365-5977 

Inductors 
Pulse Engineering 
P.O. Box 12235 
San Diego, CA 92112 
Phone 619-672-8100 

Inductors 
Pan Technology Ltd. 
Unit 11, 6/F Proficient Industrial Center 
(Block A) 
6 Wang Kwun Road 
Kowloon Bay, Hong Kong 
Phone 852-2758-5759 
Fax 852-2758-5761 

Capacitor Manufacturers 
Aluminum Electrolytic Capacitors 
United Chemi-Con 
9801 West Higgins Road 
Rosemont, IL 60018 
Phone 708-696-2000 

Solid Tantalum Chip Capacitors/OS-Con 
Solid Aluminum Capacitors 
Sprague 
678 Main Street 
Sanford, ME 04073 
Phone 2070324-7223 

Heat Sink Manufacturers 
Heat Sink and Mounting Clip 
Pan Technology Ltd. 
Unit 11, 6/F Proficient Industrial Center 
(Block A) 
6 Wang Kwun Road 
Kowloon Bay, Hong Kong 
Phone 852-2758-5759 
Fax 852-2758-5761 

Heat Sink 
Wakefield Engineering 
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~~~~~~~~~~~~~~~~~~~~~~ 
.... Introduction 
~ Unity gain buffers have been available in inte
== grated form since the introduction of the LH0002 
~ by National Semiconductor several years ago. 
~ The "ideal" buffer would exhibit a gain identical-

ly equal to one, an input impedance of infinity, 
an output impedance of on, infinite bandwidth 
and zero phase shift, infinite slew rate, large but 
limited to a safe level output current, and an out
put offset voltage and input bias current of zero. 
These devices are usually implemented with fair
ly simple circuit topologies which makes them 
very cost effective in applications requiring large 
output currents, isolation from reactive loads, in
put to output isolation, and in some instances 
thermal isolation in circuits requiring precision 
gain and offset. The buffers simplicity imply ob
vious applications in a circuit. After all, what 
could go wrong with a unity gain buffer? This 
note is intended to discuss this very subject. 

Circuit Topologies 
When you get down to it, there are only two 
types of circuits: open and closed loop. The latter 
are specially designed operational amplifiers op
timized for operation at unity gain which typical
ly exhibit less bandwidth, more phase shift, and 
usually more expensive than the open loop vari
ety. On the other hand, they exhibit better offset 
voltage and gain linearity. The former is essen
tially a glorified compound emitter follower of
fering cost, increased bandwidth, and in general 
poorer DC characteristics. 

Open Loop Buffers 
Shown in Figure 1 is the classic "0002" topology. 
It is comprised of compound emitter followers Ql 
and Q3 which provide current gain for positive 
going signals and their mirror image of Q2 and 
Q4 for negative signals. Bias is set up with cur
rent sources I1 and 12. In some realizations of the 
circuit, I1 and 12 are replaced by resistors. If we 
assume for simplicity that I1 = 12, inspection of 
the circuit reveals that the Vbe's of Ql and Q2 
are impressed across the base emitter junctions of 
Q3 and Q4; hence, the emitter currents of Q3 and 

Q4 are almost equal to I1 or 12 (ignoring the ef
fects of Rl and R2). In real circuits, Rl and R2 
are used to prevent thermal runaway of the out
put stage. Since Q3 and Q4 will sink or source 
many milliamps, their Vbe's will decrease as they 
heat up, but the "bias" voltage across them, 
Vbe(Ql) + Vbe(Q2) remains substantially the 
same, there is a real possibility of reaching a ther
mal runaway point. Rl and R2 provide "posi
tive" feedback to the output transistors increas
ing their effective Vbe as the output current in
creases. 

One of the nice things about the 0002 topology is 
that it exhibits very low crossover distortion 
(typically under 0.1 % with an output power of 
0.5W @ 10 MHz). As the output current in Q3 
increases, its Vbe increases while Q4's emitter 
current and Vbe decrease while the bias of 
Vbe(Ql) + Vbe(Q2) remains essentially constant. 
Q4's emitter current never quite goes to zero thus 
minimizing crossover distortion. 

The output current will limit or the output volt
age will "clip" when all the current provided by 
I1 (or 12) is demanded as base current to Q3 (or 
Q4) which obviously occurs when: I1 = IOUT/ {3 
or when I1 saturates. The output offset voltage is 
simply the difference between VbeQl and VbeQ3 
or Vbeo2 and VbeQ4 whichever is lower. To the 
first order then: 

!bias = I1 ({31 - {32)/({31)({32) 

AV ~ RL/(RL + ROUT) 

ROUT ~ [Rl + reQ4 + Rs/({34*{31)l/2 

RIN ~ ({31)({32)(RL> 

ISUPPLY ~ 3 I1 

(2) 

(3) 

(4) 

(5) 
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Myth Number 1: Input Impedance 
Earlier we said that one of the attributes of an 
ideal buffer was infinite input impedance. Illus
trated in Figure 2 is a plot of the input imped
ance of the EL2002, 180 MHz Unity Gain Buffer. 
Clearly, at low frequencies, the input impedance 
is above 1 Mn.; however, as the frequency in
creases the /3 decreases and the input impedance 
drops accordingly per equation (5). In fact there 
is a doublet in the vicinity of 50 MHz where the 
input capacitance of the EL2002 and the source 
resistance create the additional pole. This behav
iour is typical of all 0002 type buffers and where
as it is not fatal, the user should be aware of the 
issue. 

Myth Number 2: Output 
Impedance 
The ideal buffer should exhibit zero output im
pedance. Illustrated in Figure 3 is the DC output 
impedance of the EL2002 as a function of output 
current. As the load current increases, RoUT 
asymptotically approaches the value of R1 or R2 
(depending on which half of the circuit is work
ing). In other words, the re term approaches zero 
as the emitter current increases per equation (4) 
above. Furthermore, Figure 4 illustrates the 
small signal output impedance of the EL2002 as 
a function of frequency. In this instance any im
pedances which exist at the base of Q3 (or Q4) is 
divided by the product of /31 */34, but as the fre
quency goes up, the /3 goes down, and the ROUT 
increases. The dip in the output impedance above 
100 MHz is due to capacitance of the package 
and on the die. 

The foregoing discussion would have conse
quences in applications where the buffer was 
used "open loop" for example as a video distribu
tion amplifier. Since ROUT is both a function of 
output current and frequency, the gain of the cir
cuit would vary destroying the backmatch to the 
coax cable thereby creating distortion. 
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Booby Trap Number 1: Closed 
Loop Operation Oscillation 
Clearly, a straight forward way of avoiding the 
problem in the previous section is to put the buff
er in a loop with an op amp or CF A as illustrated 
in Figure 5. Indeed, this is a classical application 
for a buffer when the op amp does not have 
enough output current to drive the desired load. 
What could go wrong? In some instances, de
pending on the bandwidth and phase margin of 
the amplifier and the phase shift through the 
buffer, the composite loop can and will oscillate. 
For example, the phase shift of the EL2002 is 
illustrated in Figure 6. At about 100 MHz, it ex
hibits a phase lag of about 70°. When placed in a 
loop with an EL2044 which exhibits a nominal 60 
MHz bandwidth with 45° phase margin and con
nected for unity gain, the circuit peaks 12 dB (or 
if you prefer oscillates) as shown in Figure 7. 
The caveat of this story is that one might expect 
45° of phase lag at the - 3 dB bandwidth of the 
buffer which in the case of the EL2002 is 180 
MHz, but you would be wrong. Obviously, in the 
circuit of Figure 5, the phase margin of the 
EL2044 is eradicated by the phase shift of the 
buffer and the circuit oscillates. The moral of the 
story is to select an amplifier and buffer whose 
phase characteristics are compatible. 

Another distinct possibility that can cause oscil
lation is the pole created by R3 and the input 
capacitance to A2. R3 isolates CIN from the out
put of the op amp, but if R3 * CIN is in the same 
order of magnitude as the unity gain crossing fre
quency as the op amp, you get oscillation. In this 
case, get the value for CIN from the datasheet, 
and keep the value of R3 as small as possible. 

Finally, given that the buffers are no more than 
compound emitter followers, their ability to buff
er reactive loads is no better (or worse) than a 
conventional op amp. See Elantec Application 
Notes Numbers 9 and 22 for details. 

• 



~ 
~ 

'II:: 

~ 
~~~~~~~~~~~~~~~~~~~~~~~~T~o~p~r~ec~l~u~d~e~th~l~'S~P~o~S~Si~b~il~n~y~'~E~I~an~t~e~c~p~la~c~e~s~a~ 
~ Booby Trap Number 2: Closed chain of back-to-back diodes (usually about 4) 
5 Loop Operation from input to output. This clamps the input to 4 

== Virtually all monolithic buffers offer some sort of Vbe's several volts below the rated breakdown g: short circuit protection. Although not shown ex- voltage of Ql and Q2. The moral of this story is -< plicitly in Figure 5, the typical scheme senses to check with the vendor on the details of the 
current in Rl and R2 and limits the base drive to short circuit method. 
Q3 and Q4. Yet in SOme applications in spite of 
the manufacturer's claims of being short circuit 
proof, the buffer dies in the circuit. In this in
stance, envision a on short from the output of A2 
to ground. The loop goes open and the output of 
Al saturates toward the positive or negative rail. 
Clearly, the bases of Q3 and Q4 are "clamped" by 
the short to one Vbe above (or below) ground. If 
the base emitter breakdown voltage of Ql or Q2 
is less than the saturation voltage of Al less a 
Vbe, these transitors can and will avalanche lead
ing to self destruction. 

v+ 

v-

Closed Loop Buffers 
Most of the pitfalls of the preceding sections can 
be avoided by choosing a "closed loop" buffer. 
One of our favorites is the EL2099 whose pri
mary mission was intended as a video distribu
tion amplifier. Nevertheless, it is a 50 MHz Cur
rent Feedback Amplifier with output current ca
pability of 800 mAo It has all of the virtues of 
Figure 5 with none of the booby traps. 

Conclusion 
Some of the basic issues in using unity gain buff
ers has been presented, and armed with these de
tails the wary and informed circuit designer can 
make excellent use of buffers in real and demand
ing applications. 

VOUT 

0966-15 

Figure 1. "0002" Topology 
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Using Single-Supply High-Frequency Amplifiers 
by Barry Harvey and Mike Wong 

The trend toward lower power supply voltages 
has recently inspired the design of integrated sin
gle-supply high-frequency amplifiers. The great
est use of these circuits is in passing video sig
nals although there are many other applications. 
Uni~-gain bandwidths of the new offerings are 
in the 90 MHz-l60 MHz range. 

The earliest single-supply IC amplifier is the 
LM324, developed circa 1974. This is a 1 MHz 
op-amp that set the definition of a single-supply 
circuit: 

A single-supply device works with no minus 
supply; using OV and typically + 5V for minus 
and V + supply voltages, respectively. Inputs 
will linearly comply with 0 (ground) to some 
voltage approaching V +. Outputs will pro
vide from OV or nearly so to a voltage ap
proaching V + . 

V+ 

Figure 1. Typical Single-Supply 
Amplifier Input Stage 

Bias 2 

0967-1 

The maximum output swing below V + usually 
is about the same as input headroom. A compli
cation is that output stages in bipolar technology 
cannot inherently sink current all the way to 
ground, and minimum output low swing depends 
on the polarity and magnitude of load current. A 
grounded pull-down resistor is often used to help 
the output to drop all the way to ground. Figure 
2A shows an NPN /PNP output stage. A load re-
sistor keeps the output NPN properly biased all 8 
the way to ground, but the output PNP has 
turned off well above. Figure 2B shows an all-
NPN output stage. This design cannot swing as 
close to ground as 2A with a pull-down resistor, 

Figure 1 shows circuitry at the input of these am
plifiers. The input PNP differential pair is fol
lowed by an NPN folded cascode that performs 
level-shifting. The cascode emitter resistors have 
typically only 200 m V across them, allowing the 
input PNP bases to comply with ground-level in
puts, and even a bit below ground, without severe 
saturation. For positive swings, the current
source transistors and the VBE'S of the input 
transistors set the input positive headroom, be
tween 1.1V and 1.7V. The DC input offset will 
not degrade until input swings are within milli
volts of the headroom limits, but AC characteris
tics can vary hundreds of millivolts from the lim
its. Usually bandwidth is the non-constant pa
rameter, but in some circuits transient responses 
are also distorted. 

but it can swing somewhat lower than 2A when 
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sinking load current. The all-NPN circuit does 
exhibit generally greater distortions and load ca
pacitance sensitivity than the NPN-PNP design. 
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Figure 2. Typical Single-Supply Output Stages 

Output linearities are generally quite good within 
the headroom range for DC signals, but high AC 
distortions occur when levels approach clipping. 
Figure 3 shows the differential gain and phase 
errors, that is, the constancy of small-signal gain 
and phase as DC level varies, for several commer
cial amplifiers. Amplifier A i.!l an EL2044, a gen
eral-purpose video amplifier; B is an EL2210, a 
low-cost video amplifier; C is an EL2150, a 
125 MHz true single-supply video amplifier; and 
amplifier D is another vendor's 90 MHz single
supply amplifier. In Figure 3, all amplifiers are 
wired for a gain of + 1, the input is a 50 m V POp 
3.58 MHz AC signal with DC offset sweeps from 
OV to 5V, the load is soon to ground, and the 
supply voltage is + 5V. Here is a summary of 
amplifier swings, with 0.4% or 0.40 gain and 
phase deviations from the center of the span: 

Table 1. Amplifier Output Swings [V] for 0.4% 
or 0.40 Deviation from Curves in Figure 3 

Amplifier 

A 
B 
C 

D 

Low High Span Total 
Swing Swing Center Span 

1.05 3.00 2.03 1.95 

0.65 2.80 1.73 2.15 

0.22 3.50 1.86 3.28 

0.22 4.10 2.16 3.88 

For small signals, differential gain is similar to 
linearity error or harmonic distortion, although 
the scale factor between them is not 1:1. Differen
tial phase is a specification important to preserv
ing color quality in NTSC video. Differential 
gain and phase errors of 0.5% and OS are suffi
cient for consumer or overlay NTSC video; 0.1 % 
and 0.10 or better is required for professional 
NTSC video; and 0.5% gain linearity is sufficient 
for high-quality component video signals. 

Note that each amplifier has a unique set of 
swings and center of span. Note that the single
supply amplifiers simply cannot operate linearly 
all the way to ground. If the maximum linear 
spans are to be obtained, the input signal must be 
offset by the Span Center. If offset, all of these 
amplifiers can pass an NTSC video signal with 
low distortion, even the non-single-supply mod
els. 
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Figure 3. Differential Gain and Phase Error, AV = 1, RL = 500, 
VIN = OV-5V,DG = 0.2%/div,DP = 0.2°/div 

Figure 4 shows the amplifiers wired for a gain of 
+ 2 and driving a 150fi load to ground, as in driv
ing a back-terminated 75fi cable service. The in
put is a 50 mVp _p 3.58 MHz AC signal with DC 
offset sweeps from OV to 2.5V. The amplifiers all 
have more distortion with the heavier load: 

Table 2. Amplifier Output Swings [V] for 0.4% 
or 0.4° Deviation from Curves in Figure 4 

Amplifier 
Low High Span Total 

Swing Swing Center Span 

A 1.05 2.50 1.78 1.45 
B 0.50 2.15 1.33 1.65 

C 0.30 3.13 1.72 2.83 

D 0.45 4.00 2.23 3.55 
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The amplifier A cannot linearly swing the 2V 
span of double-sized NTSC signal and is not ap
plicable to this task. Amplifier B can be used if 
the input is offset such that the worst distortion 
occurs in the non-critical sync portion of the sig
nal. Neither of the true single-supply amplifiers 
will have trouble with video signals, and the out
put can be allowed to go all the way to ground in 
the sync tip. 
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Figure 4. Differential Gain and Phase Error, Av = 2, RL = 150, 
VIN = OV-2.5V,DG = O.I%/div,DP = O.2"/div 

The worst trouble occurs when the load is capaci
tor-coupled. This is very common for instrument 
inputs and outputs. In this case, AC load currents 
can be positive or negative. Figure 5 shows the 
performance of the amplifiers driving 300n to 
ground and 300n to V +, emulating a capacitor
coupled 150n load. 

Generally, then, in single-supply amplifier cir
cuits, signals will be offset above ground with ca
pacitor coupling and DC-restoration used to re
gain offset levels. 

Table 3. Amplifier Output Swings for 0.4% 
or 0.40 Deviation from Curves in Figure 5 

Amplifier 
Low High Span Total 

Swing Swing Center Span 

A 1.70 2.83 2.27 1.13 
B 2.45 2.80 2.63 0.35 -requires pull-down 
C 1.15 3.45 2.30 2.30 ~.5%/0.5° 
D 0.73 2.00 1.36 1.27 

Again amplifier A does not have enough swing 
for our video signal. Amplifier B fails altogether 
without a pull-down resistor. With the pulldown 
B's performance will be very close to that of Fig
ure 4. Amplifier C shows crossover distortion but 
has a good swing, if we allow the error to increase 
to 0.5% and 0.5". Amplifier D has terrible cross
over distortion and a very restricted output 
range, so is useless for driving bi-directional load 
currents. 

8·108 



~ I DG 

\ ....... I 
\ \DP 

DG \ 

\ DP 

\ 

o 2 3 4 5 o 2 3 4 5 

Vo (V) Vo (V) 

Amplifier C Amplifier D 

....... 
~ ~ r--.. 

"" i;o" ",1\ DG 
DP \ 

1\ / DP 

o 2 3 5 o 2 3 4 5 

Vo (V) Vo (V) 
0967-5 

Figure 5. Differential Gain and Phase Error, Av = 2, 
RL = 300 to Vee and 300 to Ground, VIN = OV -2.5V, DG = 0.1 %/div, DP = 0.2°/div 

The transient response curves shown in Figure 6 
present another approach to studying distortion 
when the output is driven toward ground. All 
amplifiers are wired in unity gain configuration 
and powered with a + 5V single supply and drive 
150n load. The input is a 1 MHz 4 Vp_p sinewave 
with its minimum voltage at OV. Amplifier 
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A output clips are around 250 mV. Amplifiers B 
and C output linearly go down to 50 mV above 
ground. Amplifier D, even though it can reach 
80 m V from ground, shows a saturation recovery 
step at 475 mV. Voltage clipping and saturation 
recovery directly translate to differential gain 
and phase errors. 
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Figure 6. Transient Response, AV = 1, RL = 150 

Conclusion 
High-frequency op-amps' linearities suffer great
ly in single-supply service. To optimize video 
performance it is helpful to level-shift the signal, 

p,ossiblY,with a DC-restore system. Specially de
SIgned smgle-supply amplifiers offer the widest 
swings, but have serious limitations and behav
iors that must be measured individually. 
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Reliability and the Electronic Engineer 
by Barry Siegel 

Introduction 
There is probably no more crucial issue than Re
liability at the system level to both the compo
nent vendor and the systems house, and surpris
ingly there is very limited understanding of the 
mechanisms that yield to failures. This paper sets 
forth simply what the electronic Design Engi
neer needs to know with regard to calculating a 
given component's Mean Time Between Failure 
(MTBF), Failure Rate (FR), Failures In Time 
(FITS), and what all this jargon means. 

Reliability Overview 
Contrary to popular opinion, all integrated cir
cuits begin "dying" the moment they are born, 
and in general, raising the average junction tem
perature will result in increasing the failure rate. 
The Arrhenius relationship which is common in 
many physical and chemical processes has been 
found to fit the failure rates in IC's as well. Equa
tion (1) expresses the relative failure rate for tem
peratures, T1 and T2, and the ratio, R2/R1, is 
often referred to as the Acceleration Factor. 

R2 (EA EA) 
R1 = e - KT2 - KT1 (1) 

Where: 
R = Failure Rate 
EA = Activation Energy 

(typically 0.5 eV to 1 eV) 
T = Absolute Temperature ("K) 
K = Boltzmann's Constant (1.38 X 10-23) 

One very significant issue is the assumed Activa
tion Energy. Illustrated in Figure 1 is the Failure 
Rate for 0.5 eVand 1 eV as a function of tempera
ture. Significantly, at junction temperatures 
above 100°C, the failure rate at 1 eV is 1,000 times 
that of 0.5 eV. 

Reproduced in Figure 2 are the reported Activa
tion Energies for various kinds of components. 
At Elantec, we use 0.8 eV to 1.0 eV, which is best 
suited to the kinds of processes that we employ. 

In order to calculate MTBF we will also need to 
obtain reliability data from the IC vendor. Virtu-
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ally all manufacturers routinely run life tests on 
devices which span their product line and pack
age repertoire. Life test usually means placing de
vices in a burn-in oven, under power, at tempera
tures which are typically set at 125°C for 1,000 
hours or more. Shown in Figure 3 is data taken 
from a slice in time for a variety of devices manu
factured by Elantec. As indicated, a total of 692 
devices were tested at 125°C, and the total device 
hours were 867,520. Failure Rate and MTBF are 
given by: 

No. of Failures 
FR = -------------

Total Device Hours 
1 

MTBF=----
Failure Rate 

(2) 

(3) 

Since we had two failures in 867.5K hours, the 
FR is 2.3 per million hours, and the MTBF is 
433.8K hours (at 125°C). Suppose we wanted to 
know what the FR and MTBF would be at 25°C. 
Using Equation (1) and assuming that the Acti
vation Energy is 1 eV, we calculate an Accelera
tion Factor of: 

R2 =e_(EA_EA) 
R1 KT2 KT1 

[ 1.6E - 19 (1 1) ] 
e - 1.38E - 23 398°K - 298°K 

17,698 

Then we multiply the 125° MTBF of 433.8 hours 
by 17,698 to obtain 7.7 billion hours and corre
sponding FR of 0.13 per billion hours. 

Another often heard term is FITS which stands 
for Failures in Time and is defined as the number 
of failures per billion hours. For the example 
above, FITS is equal to 0.13. 

The Real World 
It turns out that the foregoing analysis isn't quite 
right, and the reason is that our calculation was 
based on a relatively small sample of devices. To 
prove the point without thinking about it too 
much, suppose that we had observed zero failures 
in the earlier example. That would lead us to the 
false conclusion that the MTBF was infinite and 
the FR was zero. What do we do now? 

• 
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Fortunately, we can tum to Poissan statistics to 
bail us out. And we all thought that the statistics 
course in school would never be of any benefit. 
Equation (4) predicts the probability (of failure), 
P(X), of finding X failures in a sample whose av
erage failure rate is A. 

e-AAX 

X! 

P(X) 
(4) 

P(X) = Probability (of failure) 
X = Failures observed 
A = Average number of failures 

Suppose we ran a large number of such life tests 
(say 1,000) which actually had an average failure 
rate of 3.12. Figure 4 summarizes the statistics of 
equation (4). The table predicts that 4.4% of the 
time (or in 44 life tests) we would observe no fail
ures, 13.7% of the time we would observe one 
failure, 21.5% of the time we would observe 2 
failures, etc. We could say that 39.6% of the time 
we would observe either no failures, 1 failure, or 
two failures. Probably a better way of looking at 
this data is that in 1,000 tests we would antici
pate observing more than 2 failures 60.4% of the 
time. Therefore, if we ran only one test and ob
served 2 failures, we would have to say, "with a 
confidence level of 60.4%, that the actual failure 
rate is 3.12." 

We should use 3.12 average failures in all of our 
calculations instead of our 2 observed failures, 
and we should always add, "to a 60% confidence 
level" to all the numbers we quote. So, our exper
imental data from Figure 3 boils down to an 
MTBF of 867,520 hours divided by 3.12 or 
278,051 hours at 125·C to a 60% confidence level. 

Fortunately, we don't have to go through all this 
convoluted reasoning each time we want to make 
calculations because the statisticians have calcu
lated fudge factors for us which are summarized 
in Figure 5. 

Note that this solves our "zero observed failure 
problem" by assigning 0.916 average failures to 
the case of zero observed failures to a 60% confi
dence level. 

On the other hand, 60% confidence level doesn't 
sound very confident. If we wanted to be more 
conservative, we could use a fudge factor from a 
90% confidence level. Now our 3.12 average fail
ures become 5.3, and that makes our failure rate 
and MTBF look a lot worse. Most semiconductor 
manufacturers have historically used 60% confi
dence levels. 

The Bottom Line 
To ascertain the system level FR and MTBF, we 
must perform a thermal analysis for a given de
vice to calculate average junction temperature. 
We will then use the Arrhenius Relationship and 
the IC manufacturer's reliability data and Acti
vation Energy to predict FR and MTBF. For ex
ample, an EL2044 packaged in a plastic DIP is 
operated from 15V rails at an ambient tempera
ture of 70·C. The output voltage is 2V and the 
load, RL, is 150n; the feedback resistor, RF, is 
300n. Th quiescent power, Pq, is simply: 
Pq = (V+ - V-)(Is) (5) 

The power dissipated due to load, PI, is: 

( VOUT ) 
PI = (V+ - VOUT) RLII RF (6) 

The total power is given by: 
Pt=Pq+Pl (7) 

From the datasheet, we obtain an Is of 7.6 rnA, so 
Pq is 228 mW. PI is 260 mW, and Pt is equal to 
488 mW. 

TJ = (Pt)(OJA) + TA (8) 

OJA obtained from the datasheet is 95·C per watt 
which results in a junction temperature of 116·C. 
The datasheet states that the maximum allowa
ble junction temperature is 150·C, so the applica
tion is okay from that point of view. 

The life test circuit for the EL2044 indicates that 
the test is done with 15V supplies and essentially 
no load at 125·C under "ambient" conditions; 
hence, the life test data reported by Elantec 
would be under these conditions. The average 
power dissipation using equation (5) would be 
228 mW, and the corresponding junction temper
ature per equation (8) would be 147·C. 
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We can now examine the predicted impact on 
MTBF and FR resulting from operating the 
junctions at 116°C. Using the Arrhenius Rela
tionship we derive an Acceleration Factor of: 
AF R2 

R1 

[ 1.6E - 19 (1 1) ] 
e - 1.38E - 23 389°K - 4200 K 

9.0 

The corrected (for finite sample size) MTBF with 
a 60% Confidence Factor that we calculated ear
lier was 278K hours. To obtain the "worst case" 
MTBF, simply multiply by 9.0 to obtain 2.5 mil
lion hours with a corresponding Failure Rate of 
0.4 per million hours. 

2.5 million hours seems like a long time, but pre
sumably there could be many devices in the sys
tem. If, for example, there were 100 amplifiers, 
we would expect an MTBF of about 34 months. 

u 
o 
o 

"" .,g 

] 
ti 
E 
o 

.3 

10M 

1M 

lOOk 

10k 

lk 

100 
,/ 

~~ o 

10 

~ 

!--

The moral of the story is that heat is the implaca
ble enemy of integrated circuits. In order to in
sure the system reliability, junction temperature 
must be minimized by every available means. 
This might mean putting a heat sink on the 
package or reducing the power supply voltages, 
or increasing the load resistance, or all of the 
above. 

In summary, in order to calculate MTBF or FR 
in a system, we need to determine the device's 
average junction temperature in our system, ob
tain the Activation Energy and Failure Rate data 
from the vendor, calculate the Acceleration Fac
tor for our specific application, and correct the 
failure rate for finite sample size at a Confidence 
Factor commensurate with the system's needs. 
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Figure 1 
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Component and Mechanism 

Silicon Semiconductor Devices 
Silicon Oxide and Si/Sio2 Interface 
Surface Charge Accumulation, Bipolar 
Surface Charge Accumulation, MOS 
Slow Trapping Charge Injection 
Metalization 
Electro-Migration 
Corrosion (Chemical, Galvanic, Electrolytic) 
Bonds 
Intermediate Growth All Au 

N-Channel Si Gate Dynamic RAM 
Slow Trapping 
Contamination 
Surface Charge 
Polarization 
Electro-Migration 
Oxide Defects 

FAMOS Transistors 
Charge Loss 

Source: Burn-In, F. Jensen, N. Petersen, Wiley and Sons, New York, 1982 
Figure 2 

Device Type Quantity Failures 

EL2020CN 45 0 

EL2020CN 45 0 

EL2028J 105 1 

EL2020J/883 105 0 

EL2030CN 77 1 

EL2033CN 105 0 

EL2037CM 105 0 

EL2190L/883 105 0 

TOTALS 692 2 

Reported EA (eV) 

Main 
Population 

1.0 
1.2 
1.3-1.4 

0.5-1.2 
0.3-0.6 

1.0 

1.0 
1.4 
0.5-1.0 
1.0 
1.0 
0.3 

0.8 

Hours 

1,000 

1,000 

1,000 

1,000 

1,234 

1,000 

2,500 

1,000 

9,732 

Figure 3. Partial Summary of Elantec Reliability Data 
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Weak 
Population 

1.4 

0.3 

Device-Hours 

45,000 

45,000 

105,000 

105,000 

95,020 

105,000 

262,500 

105,000 

867,520 



Poisson Distribution Table 
X Average = X! 3.12P(X) Sum (P(X» 

0 1 0.044157 0.044157 

1 1 0.137770 0.181927 

2 2 0.214921 0.396849 

3 6 0.223518 0.620367 

4 24 0.184344 0.794712 

5 120 0.108790 0.903503 

6 720 0.056571 0.960074 

7 5040 0.025214 0.985289 

8 40320 0.009833 0.995123 

9 362880 0.003409 0.998532 

10 3628800 0.001063 0.999595 

11 39916800 0.000301 0.999897 

12 4.8E+08 0.000078 0.999975 

13 6.2E+09 0.000018 0.999994 

14 8.7E+10 0.000004 0.999998 

15 1.3E+12 0.000000 0.999999 

Figure 4 

Number of 
50% 60% 70% 80% 90% 95% Failures 

0 0.693 0.916 1.204 1.990 2.305 2.990 

1 1.678 2.022 2.439 2.990 3.890 4.740 

2 2.674 3.120 3.615 4.280 5.300 6.300 

3 3.672 4.160 4.762 5.500 6.700 7.750 

4 4.671 5.250 5.891 6.700 8.000 9.150 

5 5.970 6.300 7.005 7.900 9.250 10.50 

6 6.669 7.350 8.111 9.100 10.55 11.85 

7 7.669 8.400 9.209 10.25 11.75 13.15 

8 8.669 9.450 10.30 11.40 13.00 14.45 

9 9.668 10.50 11.38 12.50 14.20 15.70 

10 10.66 11.55 12.47 13.65 15.40 16.95 

Figure 5. Average Failures Confidence Level 
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.... High Frequency Amplifier Instability 
i by Barry L. Siegel .... 

! Introduction 
High frequency amplifiers pose unique, often 
puzzling, and frustrating instability problems 
which can manifest themselves as oscillation, 
peaking, or overshoot. This paper will address 
the classic causes of instability starting with the 
Bode plot and phase margin. Problems unique to 
high frequency amplifiers will then be addressed 
covering input capacitance, load capacitance, 
power supply inductance and decoupling, the use 
of buffers in the feedback loop, the effects of 
source and feedback impedance on stability and 
settling time, and driving loads such as flash An
alog-to-Digital converters. 

Classical Instability 
The classical cause of instability; i.e., the one we 
learned in school, was due to phase shift through 
the amplifier which results in a feedback phase of 
zero degrees "around the loop." Illustrated in 
Figure 1 is the Bode plot of an amplifier whose 
unity gain crossing frequency is about 100 MHz 
with a Phase Margin of about 45°. Phase margin 
is simply the difference between the output's 
phase lag relative to the input at unity gain and 
180·. Since the op amp gives us 1800 gratis, the 
circuit would oscillate under closed loop condi
tions if we somehow lost the 45°. The key thing 
to remember is that any loss of Phase Margin 
will result in peaking, overshoot, or degraded set
tling time. Figure 2 illustrates Normalized Gain 
for various Phase Margins for a single pole re
sponse system. For the purpose of our discussion, 
any departure from an ideal response of an am
plifier which results in degraded settling time, 
overshoot, peaking, or oscillation will be called 
instability. 

Buffers in the Feedback Loop 
There are occasions when an open loop buffer is 
inserted within the feedback loop to drive heavy 
load currents or to isolate perturbations on the 
output from the input. The parameter to pay at
tention to is the phase shift of the buffer at a 
frequency equal to the unity gain crossing fre
quency of the amplifier. The reason, of course, is 

that the phase lag through the buffer may be suf
ficient to erode or eradicate the phase margin of 
the amplifier, and the net result is instability. 
The only solution, assuming that the bandwidth 
of the amplifier is mandatory, is to select a buffer 
with sufficient bandwidth and minimum phase 
lag, or to put the buffer outside of the loop. 

Power Supply Decoupling 
Unfortunately, in the real world of high speed 
amplifiers, there are many and often more domi
nant causes for instability. Illustrated in Figure 3 
is an amplifier whose power supply leads exhibit 
significant self inductance. The time varying load 
current flowing through the supply inductance 
induces a voltage which is essentially in phase 
with the input. A vestige of this voltage can be 
coupled to the input through parasitic capaci
tance on the printed circuit board (or on the am
plifier) which results in instability particularly if 
the source impedance is high. 

The obvious solution is to decouple the power 
supply leads. The question is with what kind of 
capacitor. The answer is, in general, with a ce
ramic disc capacitor. A surprising aspect is that 
0.01 p,F capacitors actually do a better job than 
0.1 p,F in that the latter exhibits more self induc
tance. Chip capacitors reduce the inductance to a 
minimum and should always be used when the 
manufacturing process allows. Recently, Tanta
lum electrolytics have improved but tend to cost 
more and take up more space. In applications re
quiring large output currents, Tantalum electro
lytics are mandatory, and a good rule of thumb is 
4.7 p,F per 100 milliampere. Clearly, both rails 
have to be bypassed, the capacitors placed as 
close to the package pins as possible, and must be 
terminated in the ground plane. 

More often than not, the compensation capacitor 
on the chip uses one of the rails as "AC ground", 
and many amplifiers (and comparators) oscillate 
due to poor bypassing of the rails. Futhermore, 
the PSRR of most amplifiers is degraded at high 
frequency, and "system" noise will corrupt the 
signal. 
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Input Capacitance 
The source impedance and any parasitic capaci
tance at the amplifier's input form a low pass fil
ter and its attendant phase shift which can and 
will degrade the Phase Margin of the system. 
The change in Phase Margin is given by: 

(1) 

where fu is the amplifier's unity gain crossing fre
quencyand: 

For the "simple" voltage follower of Figure 4 (Cs 
= 2 pF), the degradation in Phase Margin is 51°, 
which means that the 100 MHz amplifier of our 
earlier example would oscillate. 

The feedback resistor, RF, can be bypassed with a 
capacitor, but the optimum value is largely a 
function of parasitics and is always a low and 
non-standard number. The best solution is to 
keep the impedance levels as low as possible. 
Some amplifiers will require a small value for RF 
when operated as a voltage follower. The issue in 
this instance is isolating the input capacitance 
from the output. 

Current Feedback Amplifiers are simply a special 
case in that RF is selected for bandwidth. The 
main issue here is minimizing capacitance at the 
inverting input. 

Load Capacitance 
A simple way looking at instability resulting 
from loading the amplifier with a capacitor is to 
assume that the open loop output impedance and 
the load create a low pass filter and its attendant 
phase shift akin to the problem created by input 
capacitance as shown in Figure 5. A formula sim
ilar to equation (1) results: 

(2) 
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where fu is the amplifier's unity gain crossing fre
quencyand: 

RO = The Amplifier's open loop output imped
ance 

A better way is to realize that, to the first order, 
the output impedance of the amplifier behaves 
very much like an inductor. Most amplifiers em
ploy class AB compound emitter follower output 
stages, and since hfe decreases as a function of 
frequency, RO increases from 10n or 20n at low 
frequency to lOOn or more at high frequency
precisely the behavior of an inductor. An induc
tor in parallel with a capacitor creates a tank cir
cuit, and a tank circuit can and will oscillate. 
Whereas, this analysis is not rigorous, it does 
lend an intuitive insight to a straightforward 
technique for eliminating or minimizing load in
duced instability. 

The technique employs the use of a "snubber"; 
i.e., a resistor in series with a capacitor from the 
amplifier's output to ground as illustrated in Fig
ure 6. The obvious question is what value Rand 
C should be used? The quickest answer can be 
obtained using an oscilloscope and operating the 
amplifier under conditions that it will see in the 
end application. The frequency of the "ring" in 
response to step input (or oscillation frequency) •• 
is observed, and R is calculated by: 

1 
R=--

2'ITfCL 
(3) 

where f is the "ring" frequency, and CL is the 
load. The value for C should be made equal to CL' 

The values may have to be iterated somewhat to 
achieve optimum performance, but as illustrated 
in Figure 7, excellent results can be achieved in 
very short order. In this instance, the 100 MHz 
op amp can be tamed quite nicely using this tech
nique. 
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Current feedback amplifiers offer a unique solu
tion to this problem in that the bandwidth is de
termined by the feedback resistor. In this in
stance, RF can be increased to a value sufficient 
to kill the instability but small enough to achieve 
the desired slew rate and bandwidth. 

The classical technique is shown in Figure 8, 
which appears on many datasheets in applica
tions in which the amplifier is used to drive the 
input (capacitance) of a flash A-to-D. The pri
mary limitation of this approach is that 6.9 time 
constants will be required for the input to settle 
to 0.1 %, and R is chosen to keep the amplifier 
from peaking. The net result is that the time con
stant and settling time may not be compatible 
with the required conversion time of the system. 
The "snubber", on the other hand, does not im
pact the settling time except to eliminate the 
peaking. 

Ground Planes and Layout 
Considerations 
There is, of course, no such thing as "ground" 
outside of the classroom. The use of ground 
planes is mandatory in high speed applications. 
It is frankly difficult to communicate the "art" 
involved in the design of good ground planes in a 
paper like this, but there are some general rules 
that we will discuss. Contrary to popular notion, 
the ground plane should be terminated in the vi
cinity of the inputs to minimize input capaci
tance. The ground plane is also selectively re
moved to prevent load and supply currents from 
flowing near the input nodes. At Elantec, we use 
ground planes on both sides of a test fixture 
which are selectively connected at various points 
on the printed circuit board. 

We also make extensive use of semi-rigid coaxial 
cable to route signals to and from a device under 
test. Stripline techniques can also be employed, 
but take longer to develop. We "breadboard" crit
ical applications using double-sided copper clad 
board, hand cutting the ground plane to achieve 
optimum performance. The final production fix
ture usually employs a gold plated pattern identi
cal to the "breadboard" which we have found 
eliminates subtle parasitic changes. For example, 
one such series of boards which was developed for 
frequency domain testing is flat to under 0.1 dB 
at frequencies in excess of 500 MHz. In the final 

analysis, most manufacturers offer "demo 
boards" for use with their products, and they are 
an excellent platform to initiate breadboard test
ing and a basis for your artwork. 

Component Selection 
Let's eliminate one component right off the bat. 
Don't use a socket particularly for SO packages. 
If you are compelled to offer removability, use 
pin jacks for DIP packages. 

As suggested earlier, chip capacitors and resistors 
are best for high frequency applications. Metal 
film construction may be mandated in some ap
plications, and it is, therefore, very prudent to 
ascertain a given resistor's self-inductance on an 
impedance bridge before using in production. 
Clearly, an inductive resistor used as a gain set
ting resistor is an invitation to disaster. Carbon 
film resistors with their leads cut to 1/16 of an 
inch exhibit excellent high frequency characteris
tics. 

Oscilloscope Probes 
We have no quarrel with probes, but they do re
quire matching and calibration, exhibit fairly 
high input capacitance, and grounding is always 
a problem. For example, the Tektronix P6137 
10 MO probe recommended for use with 2465 os
cilloscope exhibits an input capacitance of about 
12 pF which translates to 370 at 400 MHz. The 
first thing to do is to throwaway the alligator 
clip. Chassis mounting probe tip jacks such as 
the Tektronix part number 131-0258-00 can be 
soldered directly to ground plane, or alternative
ly, the Tektronix 013-0084-01 probe tip adaptor 
can be used in conjunction with a standard BNC 
coaxial connector. Lastly, remember there can be 
bandwidth or rise time contraction which results 
from "RMS-ing" the probe and instruments 
bandwidths. 

At Elantec, we tend to "roll your own" scope and 
network analyzer probes as illustrated in Figure 
9. The mismatch created by the 4500 resistor is 
minimal, tpd skew is much, much less than 1 ns 
for equal lengths of coax, any gain ratio can be 
used assuming that the amplifier can drive the 
impedance, and capacitive loading is minimal. 
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Open Loop Voltage Gain V8. Frequency Diagnostics and Conclusion 
The frequency at which an amplifier is oscillating 
or peaking can, ironically, be a clue as to the 
cause. For example, if the amplifier is oscillating 
at several hundred Megahertz, the odds on bet is 
that the output stage whose transistors exhibit 
ft's in that range is the problem. If the load is 
capacitive, a snubber may be in order. Power sup
ply bypassing problems also result in oscillations 
(or ring frequencies) in that range. If the oscilla
tion is detectable on the power supply, the by
passing is inadequate. On the other hand, if the 
problem is at or close to the gain-bandwidth 
product, loop oscillations caused by input capaci
tance or source impedances is the likely culprit. 

High speed analog applications stripped of their 
mystery are no more difficult to design or trou
bleshoot than precision circuits, for example. Fol
Iowa few simple rules, and when all else fails, call 
the vendor's Applications department. 
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Figure 1. EL2041 Bode Plot 
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Figure 3. Power Supply Induced Oscillations 
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Figure 5. Capacitive Loads 
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Figure 6. Snubbers 
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Practical Current Feedback Amplifier Design Considerations 
by Barry Harvey 

The current-feedback (eMF) amplifier is a fun
damentally different approach to high-frequency 
gain blocks. Not just an input stage, it is a full 
amplifier topology. It has outstanding character
istics in several areas: very high slewrates, - 3 dB 
bandwidth which is almost constant with in
creasing circuit gain, and low high-frequency dis
tortion. Almost all commercial eMF products of
fer these benefits, but, sadly they also exhibit 
limitations that are seldom publicized. This arti
cle is intended to point out the theoretical basis 
for the eMF amplifier's strengths and weakness
es, and some ways of coping with its problems. 

Figure 1 shows the modern fundamental eMF 
circuit, with feedback applied through RF to im
plement an operational voltage follower. Ql 

+Input -~Q~ll---:::-::i 

-Input 

V+ 

V-

through Q4 form a complementary buffer. The 
terminal called - Input is thus actually an out
put, a buffered replica of the voltage at + Input. 
Q3 and Q4 idle at a quiescent current proportion
al to the geometric mean of 11 and 12 and a scale 
factor dependent on the relative sizes of Ql 
through Q4. When the feedback loop is at null, no 
error current will flow to the - Input, and Q3 and 
Q4 draw equal collector currents (we will ignore 
base current errors in this discussion). Q3's col
lector current is mirrored by Q8 and Q9 and de
livered to the gain node. Q4's collector current is 
mirrored by Q5 and Q6 and sent to the gain node 
to balance against the previous mirrored current. 
Transistors QU through Q14 buffer the voltage 
at the gain node and present it as the output volt
age. 

Output 

Rf 

0939-1 

Figure 1. A Typical Current-Feedback Amplifier Connected as a Unity-Gain Follower 

8·122 



To understand the behavior of the circuit, imag
ine that the + Input and the output had been 
resting at zero volts and a one-volt positive step 
is delivered to the + Input. The input buffer Q1 
through Q4 will very quickly replicate the step at 
the - Input terminal and the step voltage is thus 
impressed upon the feedback resistor RF, since 
the output has not yet had time to move. Let us 
assume that RF is 1 k.G, a typical value. The one
volt step then will cause a transient one milliam
pere current to flow through RF, increasing Q3's 
current by 500 ,..,A and decreasing Q4's current by 
500 ,..,A. Q9's collector current will then increase 
by 500 ,..,A and Q6's collector current will de
crease by 500 ,..,A, assuming the current mirrors 
have a gain of one. The milliampere of transient 
error current through RF thus is transferred to 
the gain node of the amplifier and serves to slew 
the node positive, at a rate determined by 
CCOMP' The output, following the gain node, will 
move positive until equilibrium is reached where 
no current flows through RF and currents to the 
gain node balance. 

Slewrate 
The output slewrate is the feedback current di
vided by CCOMP' If the input step were increased 
to two volts, twice the previous error current 
would flow through RF and twice the slew cur
rent delivered to CCOMP, yielding twice the pre
vious slewrate. Even if the error current through 
RF exceeded the quiescent idle currents through 
Q3 and Q4, one of the two transistors would sim
ply turn off and all error current would be deliv
ered through the other transistor and associated 
current mirror in class A-B operation. In essence 
there is no slewrate limit in the conceptual CMF 
amplifier, and all step inputs produce the ideal 
single-pole exponential output response. 

The high-frequency advantages of the CMF to
pology are manifold. The absence of slew limita
tion yields low distortion for large and high-fre
quency signals, even up to the normal small-sig
nal bandwidth limitation. Since slew current is 
produced by the feedback error signal, the idle 
currents can be low without seriously affecting 
slew rate. And as we will see, the bandwidth is 
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determined mainly by RF and CCOMP and does 
not diminish rapidly with increasing closed-loop 
gain. 

As in all circuits, there are limitations. We will 
consider time domain aberrations first. For in
creasingly large input steps and slewrates, the er
ror current through RF also increases. A fast lOV 
input step could produce a 10 mA peak error cur
rent, and this would not be supportable in many 
amplifiers. Typically, transistors in the current 
mirrors would saturate during the transient, 
causing slew and settling aberrations. Monolithic 
amplifiers support 500V /,..,s to 2000V /,..,s slew
rates, but many devices display full-out step re
sponse that is "out of control". Saturation also 
occurs more readily at high temperatures, and 
takes longer to settle out, so amplifiers that seem 
to not exhibit saturation distortions at room tem
perature often do when hot. 

The other slew distortion mechanism is input 
stage slew limitations. Q1 has an essentially un
limited positive slew capability, but its negative
going slewrate is limited by 11 and parasitic ca
pacitance at Q1's emitter. Q2 similarly is not re
stricted in its negative-going slewrate, but 12 lim
its its positive slewrate. The result is that the rep
licated voltage presented at - Input is limited in 
each direction of slew by the respective current
source and parasitic capacitance. The maximum 
input slewrate might be less than the output 
slewrate (the slew allowed by the supportable er
ror current from RF mirrored to CCOMP), or it 
may be more. If the input slewrate is less than 
the output slewrate, - Input will "float" toward 
the new + Input voltage and the output will fol
low that slew-limited response. 

Some CMF amplifier designs are simply not rec
ommended for positive gain connections. These 
amplifiers are to be connected in inverting gain 
mode so that the + Input does not see signals at 
all. Their + Input is not a high impedance and 
does not offer good input slewrate. 

This is the ultimate workaround to input stage 
limitations: connect the amplifier as an inverter. 
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1U and as we will see, can often be inconvenient in region. The heat source is so physically small 
~ many other ways. Fortunately, there are many that it spreads and diminishes in a space smaller 
~ CMF amplifier products designed to work well in than the overall size of a transistor, and no de-
~ the non-inverting mode. vice-to-device thermal coupling can be employed 
...... in an integrated layout to remove the effect. 

Settling Behavior 
With their large slewrates, one would expect the 
CMF amplifier to settle very quickly to high ac
curacies. This is only partly true; the CMF am
plifier can settle very fast to moderate accuracies 
but displays large thermal settling tails. To see 
why this is true, consider the offset voltage be
tween - Input and + Input. There is the differ
ence of Vbe(PNP) - Vbe(NPN) at - Input rela
tive to + Input. If we raise + Input by one volt, 
Q1 will dissipate less power since its Vee was re
duced, and Vbe(NPN) will increase slightly as the 
transistor cools. Conversely, Q4 will gain a volt 
in Vee' so its Vbe(PNP) reduces as it warms. Un
fortunately, the drift in Vbe'S do not cancel. Note 
that these are device thermals; the device dissi-

To get an idea of the magnitude of the thermal 
settling errors, let us assume all transistors run at 
quiescent currents of 1 mA and that each device 
has a 70·C/W thermal coefficient. Each transis
tor changes dissipation by 1 mW, causing a 
0.07·C temperature change. Since a silicon junc
tion voltage changes by 1.7 m V rc each device 
Vbe changes 120 /J-V, for a total thermal error of 
240 /J-V per volt of input. This 0.024% thermal 
error eliminates any concept of 0.01 % settling, at 
least in positive-gain connections, and most CMF 
amplifiers are specified for 0.1% settling times 
instead. Figure 2 shows the settling response for 
an EL2020 to a 10V step in unity-gain connec
tion. It settles very quickly to 0.1 % bounds, 70 ns 
for a 10V step, but has a thermal input tail that 
pushes 0.01 % settling much longer out. 

final 
_settling 

value 

0939-2 

Figure 2. Short-Term Settling Characteristic ofEL2020 (Unity Gain Mode) 

Further settling aberrations can be generated as 
feedback current errors into the - Input termi
nal. The current errors are multiplied by RF to 
contribute an output voltage error. Assuming the 
current mirrors have a unity gain, any current 
variation into the gain node has a direct contri
bution to the feedback error current. The main 
source of error current, as far as settling is con-

cemed, is thermal error within the current mir
rors. There are two popular topologies of CMF 
design where in one case the current mirrors add 
little to feedback current errors and in the other 
case their effect dominates all other settling er
rors. The simple two-transistor current mirrors 
Q5/Q6 and Q8/Q9 shown in Figure 3 is an exam
ple of the error-prone kind. 
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Settling Behavior - Contd. 
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Figure 3. Long-Term Settling Tail of EL2020 (Unity Gain Mode) 

Let us assume that RF = 1 kfi and Re = 300fi. 
Assume the gain node and output voltage move 
by one volt in response to a signal. Further as
sume that Q6 and Q9 have 1 mA quiescent cur
rent and have a 70°C/W thermal coefficient. As 
in the previous thermal calculation, the volt of 
Vee change across the transistors will cause a 
0.07°C temperature change in the device, for a 
Vbe change of 120 p,V. The diode-connected tran
sistors Q5 and Q8 do not share in this tempera
ture change, so the Vbe change, divided by Re = 
300fi, creates a 0.4 p,A error into the gain node. 

magnified 
settling 
waveform 
sensitivity 
-5mV/cm 

This error is doubled and reflected as a current 
error into - Input. The 0.8 p,A error, multiplied 
by RF = 1 kfi, yields an additional 0.08% ther
mal settling error. 

This simple current mirror offers the widest 
bandwidth, greatest high-frequency linearity, 
most docile behavior for its bandwidth, and tran
sient current capability, but much worse thermal 
errors than the more common Wilson type. Gen
erally, CMF amplifiers whose transimpedance is 
greater than 150 kfi have Wilson mirrors. 

final 
settling 
value 
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Figure 4. Short-Term Settling Characteristic of EL2020 (Inverting Gain of -1) 
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Settling Behavior - Contd. 
Figure 4 shows the settling response of the 
EL2020 connected in inverting mode (Av = -1). 
Because the input stage does not have to move 
with the signal, it does not add thermal error and 
only - Input error current limits settling quality. 
Although the 0.1% settling time is slowed to 
about 100 ns, the amplifier can now settle to 
0.01 % in 130 ns. As the figure shows, the settling 
tail reduced from the 0.024% size of Figure 2 to 
0.007% in this connection. 

magnified 
setUing 
wavefonn 
sensitivity 

=1mV/cm 
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Figure 5. Magnified Short-Term Settling 
Characteristic of EL2020 (Inverting Gain of -1) 

settling 
to ground 
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settling 
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-1mV/cm settling 
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In any event, the CMF amplifier is still prone to 
load-driving thermal feedback effects. The input 
and current mirror stages are very hard to place 
on an IC so as to completely reject temperature 
changes on the die emanating from the output 
transistors. In general, if quality settling or best 
DC accuracy is desired, the CMF amplifier 
should be loaded as lightly as possible. son or 
750. systems are poor choices for moving quality 
settling signals; direct device-to-device connec
tion is best to avoid load-induced thermals. 

Ultimately, the CMF is not the best choice for 
very high-accuracy settling, although it excels in 
the 8-10-bit realm. At 12-bit accuracy and above, 
properly designed traditional voltage feedback 
amplifiers dominate. 

0939-6 

Figure 6. Long-Term Settling TaU of EL2020 (Inverting Gain of -1) 
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Gain Accuracy 
Figure 7 shows the small-signal macro-model of a 
CMF, used in positive-gain connection. The in
put buffer presents a copy of the + Input to the 
- Input terminal, but has an output impedance 
of RIN -. The dotted line emanating from the 
side of the input buffer represents a connection to 
a current source whose value is a copy of the cur
rent flowing into - Input. This current is applied 
to the gain node, which is loaded at DC by ROL 
and over frequency by CCOMP, the compensation 
capacitor. The external gain-setting resistors are 
the previous RF and an added RG. Finally, CIN
is the external parasitic capacitance at the - In
put terminal. 

+Input 

I 
I 

The ideal gain of the fed-back amplifier is: 

Vo RF + RG ---
VIN RG 

which we will term Ao. 

The precise expression for the fed-back gain is 

Vo * 1 -=Ao 
VIN RF+Ao*R-

1 + ----=-----"--
ROL 

'\/ _ _ Gain Node ~I>--I-_-r-o_ut.:...put 
~ Gcompf Rol 

Rin- ~ -= ~ ~ 
Rf 

Internal circuitry 

-Input 

Gin-y Rg 
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Figure 7. Small-Signal Equivalent Circuit of the Current-Feedback Amplifier 

The added term is near unity since ROL is a large 
number. This term is the gain accuracy expres
sion as a function of amplifier characteristics and 
feedback resistors. The gain error can be approxi
mated as 

RF + Ao * R
Gain Error = --='------"----

ROL 
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There is no occurrence in the equations of AVOL, 
the open-loop gain of the CMF amplifier. Actual
ly, AVOL is an "imaginary" parameter which is a 
holdover from voltage-feedback days and has no 
meaning with respect to the CMF amplifier. Un
fortunately, few data sheets offer R -. R - can be 
estimated as 

R- = ROL 
AVOL 
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Gain Accuracy - Contd . 
This is mathematically exact, but the typical 
ROL and AVOL numbers offered in data sheets 
may not give precise estimates of R -. For CMF 
amplifiers drawing supply currents around 
16 mA, R - ranges from 100 to 250; for lower 
currents around 8 mA, R - typically increases to 
500. Using ROL = 1 Mn, R - = son, and RF = 
1 kO, the gain error is 0.105% for unity fed-back 
gain and increases rapidly beyond a gain of 20. 
This is a key consideration in the CMF amplifier: 
gain accuracy is seldom as good as in most volt
age-feedback amplifiers. 

Furthermore, gain accuracy reduces with heavy 
output loading since the output buffer reflects 
the load as a reduction in ROL. The CMF is sel
dom used for closed-loop gains of more than 50, 
since amplifier gain and the value of RG become 
too small to retain gain accuracy. 

On the other hand, the gain accuracy did not re
duce appreciably between the closed-loop gains of 
1 and 10. This gain range is the "sweet range" of 
CMF amplifiers. Note that this relatively limited 
gain accuracy does not suggest a non-linear situa
tion; the CMF is much more linear open-loop 
than voltage-feedback amplifiers and does not 
rely on massive voltage gain to be linear in feed
back. 

This discussion of gain accuracy was based on 
open-loop gain; there are three subtle aberrations 
that make this value optimistic. The first effect is 
the input common-mode rejection ratio, or 
CMRR. This effect places an offset on - Input 
proportional to the signal level on the + Input 
terminal. The offset is indistinguishable from an 
input signal, and in non-inverting gain configura
tion creates a gain error. The typical CMRR for 
the CMF amplifier is 50 dB to 60 dB, so that gain 
error can be as poor as 0.3%. 

The second gain error is due to voltage sensitivi
ty in the - Input terminal's bias current. As the 
+ Input terminal voltage moves with signal, ear
ly errors between Q3 and Q4 modulate their al
phas and thus mismatch their quiescent collector 
currents. The mismatch in currents must be 
made up for as - Input bias current variation. 
The term for this effect is - ICMR. A - ICMR 
error, multiplied by RF, creates an output error 
similar to CMRR errors. - ICMR quantities 
range from 0.2 p.A/V to 10 p.A/V. In our CMF 
amplifier example - ICMR would be around 
1 p.A/V. Using a 1 kO feedback resistor would 
create an output error of 1 mV IV, indistinguish
able from a 60 dB CMRR input error in unity 
gain connection. The - ICMR error is an output 
error, and reduces in input effect as the overall 
fed-back gain is increased. For instance, a gain of 
+ 10 causes - ICMR errors to be ten times less 
significant. 

The third such error source is the thermal set
tling error previously discussed. At frequencies 
below 1 kHz, the settling error is indistinguish
able from CMRR or open-loop gain limitations. 
At frequencies above 100 kHz, however, thermal 
time responses are too slow to make appreciable 
errors, and gain accuracy can actually improve. 
The amplifiers will show a small drop in gain be
low these frequencies and a small increase in gain 
above. The variation in gain is about the same 
magnitude as the settling tail. Thus, the better
settling CMF amplifiers will show thermal errors 
too small to affect overall gain accuracy over 
(low) frequency, while the poorest-settling ampli
fiers can display as much as a 0.2 % gain bump in 
mid-band frequencies. 

Frequency Response 
For the best gain accuracy, therefore, the invert
ing connection should be used. Ideal frequency 
response is calculated by inserting CCOMP in par
allel with ROL: 

Vo * ROL ---= Ao ----------------------~~--------------------
VIN (ROL + RF + Ao * R-) + s CCOMP ROL(RF + Ao * R-) 
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Frequency Response - Contd. 
The - 3dB bandwidth of this expression occurs at a frequency of 

1 ROL + RF + Ao * R-
Fo = * ---'=--=------''-----

27TCCOMP (RF + Ao * R - ) ROL 

The term on the right is quite close to unity for 
any CMF application and will be ignored. Since 
Ao * R - is usually much less than RF, RF domi
nates the expression for bandwidth over a wide 
range of closed-loop gain. This gives a bandwidth 
relatively independent of gain (or RG), a major 
advantage for the CMF amplifier. The band
width falls to % of maximum when the gain is 
equal to RF/R -, or 20 in our example. 

This first-order analysis ignores the effect of 
CIN- and is an expression of what we will refer 
to as the "natural bandwidth" of the CMF ampli
fier. We will use the term natural instead of dom
inant pole because the pole is not completely 
dominant in every CMF design. The effect of 
CrN- is to insert a secondary pole in the frequen
cy response of the circuit. This secondary pole 
usually coincides with the output resonance of 
both the input and the output buffers, and the 
overall frequency response is further complicated 
by phase delays in the current mirrors. 

Figure 8 is a simulation of the frequency re
sponse of the idealized circuit of Figure 7 at unity 
gain with a variety of CIN- values, for a CCOMP 
of 3 pF. With a CrN- of zero, the frequency re
sponse is single-pole in nature and the - 3dB 
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-30 '----'----'---"-----' 
100k 100M 10M 100M LOG 

Frequency (Hz) 

Figure 8. Ideal CMF Response 
with Various Values of CrN 
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bandwidth coincides with the "natural band
width". With increasing CrN -, a high-frequency 
zero is introduced which tends to maintain gain 
over frequency. At a gain of + 1, the zero caused 
by CrN - = CCOMP would potentially cancel the 
pole caused by CCOMP itself. Unfortunately, na
ture is not so generous and this is an unattainable 
trick. 

Figure 9 shows the effect of CIN- on a realistic 
CMF model. The current mirrors and output 
stage were modeled as having 200 MHz single
pole bandwidths each, a realistic value in our ex
ample where the natural bandwidth is 50 MHz. 
The limited bandwidths of the mirrors and out
put stage cause CIN- to produce different abber
ations. CrN- still causes the bandwidth to ex
pand, but at the expense of peaking. Peaking 
causes undesirable ringing in transient responses, 
and about 2dB of peaking is generally a gracious 
maximum. Only about 2.5 pF of CrN- can be 
tolerated for 2dB of peaking in our example, and 
this is a practical value. However, RF and RG 
must be connected directly to the - Input pin on 
the package to maintain so small a parasitic ca
pacitance, and a socket is probably too capacitive 
to use. 

'" "0 

10,--,---,--,--, 

z -10 

" '" 
-20 1--+--+--H~1-1 

-30 '--_-'--_-'-__ "---'---.u 
100k 1.0M 10M 100M LOG 

FREQUENCY (Hz) 

Figure 9. Realistic CMF Response 
with Various Values of CrN-
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Settling Behavior 
The small tolerated values of CIN - scale with 
the effective CCOMP of the CMF amplifier. High
er values of feedback resistor require smaller 
CCOMP for a given natural bandwidth and thus 
less CIN- can be tolerated. Since 1.5 pF is a min
imum practical value for the parasitic CIN-, al
most no CMF designs use RF values greater than 
1.3 k11. Higher frequency amplifiers use RF val
ues around 30011 to mitigate the CIN - problem. 

As shown in Figure 9, our natural bandwidth of 
50 MHz was expanded to a - 3dB frequency of 
over 100 MHz. This design is typical for the mod
erate supply current devices; there is not enough 
quiescent current to maximize the current mirror 
and output stage bandwidths. Higher supply cur
rent amplifiers or amplifiers built from very 
high-frequency IC processes have more band
width in the mirrors and output stage and dis
play less peaking for a given bandwidth and give 
more reproducible frequency responses. Our defi
nition of "moderate" supply current will again be 
CMF amplifiers that draw about 8 mA-I0 rnA; 
optimized amplifiers draw around 16 rnA. 

The ratio of - 3dB frequency to natural band
width is an interesting number. In high frequen
cy circuits it is always greater than unity. The 
closer to unity this "Bandwidth Expansion" ratio 
is, the better-behaved the amplifier. That is, a ra
tio close to one makes the CMF more tolerant to 
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Figure 10. Realistic CMF Response 
with Various Closed-Loop Gains 
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CIN- and varying values of RF, and it also 
makes the - 3dB bandwidth at higher gains max
imized. If the bandwidth ratio is high, say around 
2, then the natural bandwidth of the amplifier is 
substantially lower than the unity-gain - 3dB 
frequency, and the peaking which caused a -3dB 
bandwidth increase at unity gain fades and al
lows the more modest natural bandwidth to dom
inate the higher gains. Figure 11 shows this ef
fect. The higher gains do not show peaking and 
the ideal bandwidth loss-vs.-gain relationship 
holds. 

The higher-gain bandwidths can be made closer 
to the unity-gain - 3dB frequency by reducing 
RF' The strategy is to make the quantity RF + 
Ao * R - constant by reducing RF as Ao increas
es. In our example, the natural bandwidth was 
based on RF + Ao * R - = 105011. At a gain of 
+ 10, we could reduce RF to 55011 and obtain 
maximum - 3 dB bandwidth 

The Inverting Connection 
When the CMF amplifier is configured as an in
verting operational amplifier, as shown in Figure 
11, the ideal gain in this configuration is 

Vo = _ RF 

VIN RG 

which we will term - Ao. 

The precise expression for the fed-back gain is 
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1 

- Ao * RF + (Ao + 1) * R-
1 + -:.--=-..::.--~-

ROL 

Input ----'w!r---..,.------¥lf'v----, 
Rin 

>-....L.-Output 

Figure 11. The CMF Connected 
as an Inverting Amplifier 
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The Inverting Connection - Contd. 
The ideal gain error is close to that of the non-in
verting case, and the ideal bandwidth also almost 
the same, with the Ao term replaced by (Ao + 1). 
Because the amplifier inputs remain near ground 
as signals are passed, CMRR and - ICMR errors 
do not occur, and the ideal gain terms are main
tained. 

The inverting connection's input impedance is es
sentially RIN' With RF = 1 kn, a practical maxi
mum gain for the inverting connection is about 
- 20, since the input impedance drops to son. 
Even if the signal source could comfortably drive 
very low input impedances, simple interconnect 
inductances reduce bandwidths beyond 100 MHz. 
The practical maximum gain is even less for 
CMF amplifiers that use lower value feedback re
sistors. 

Another virtue of the inverting connection is that 
the sensitivity to CIN- is substantially reduced. 
The inverting input is a virtual ground for low 
frequencies, and is a naturally low impedance 
R - at medium and high frequencies. Thus, the 
signal magnitudes are low at the inverting input 
and little current will flow into a CIN- to upset 
the ideal frequency response. Figure 12 shows our 
previous realistic CMF amplifier model's fre
quency responses with various values of CIN-' 
Note the reduced peaking from CIN-' With the 
flatter frequency response, the O.ldB bandwidth 
improves, since the gain does not peak up and 

10 

cin- = 6 p~ Ay= -1 

a I I 

'ill Cin-=oJFP 
3 \ 
z -10 

\ ::;: 
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-20 

Intermediate traces for \ -30 
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100 kHz 1.0 MHz 10 MHz 100 MHz 1.0 GHz 

FREQUENCY (Hz) 

Figure 12. Inverting eMF Response 
with Various Values of eIN-
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out of the ± O.ldB bound, as does the response of 
the non-inverting connection due to CIN-' The 
- 3dB bandwidth is usually less than that of the 
non-inverting connection because of the dimin
ished peaking. 

It must be remembered that the input and output 
impedances of the integrated amplifiers are quite 
complex over frequency. The terminals them
selves can exhibit resonances with connected im
pedances independent of feedback. These reso
nances will be exhibited generally between one 
and five times the natural bandwidth of the CMF 
amplifier. For instance, few amplifiers tolerate 
load capacitance well. Those that can tolerate ca
pacitive loading are designed to simply "wimp 
out" at high frequencies and lose gain accuracy 
and load-driving capacity. Many amplifiers do 
not like to see inductive or high input imped
ances, and some amplifiers built with very high
frequency processes resonate with CIN _ even in 
the inverting mode. This term "resonance" can 
mean oscillation. 

Noise 
Noise performance of the CMF amplifier is char
acterized by four quantities, as shown in Figure 
13. There is the typical input voltage noise V n, 
generally placed in series with the + in terminal, 
the noises generated by RF and RG, and a noise 
current in which is peculiar to CMF amplifiers. 
This noise current is represented as being sent to 
the - in terminal from internal sources. 

Inpul---B--~ 
~in >--r--Oulpul 

r--r-/-~ t,." 

~:""" 
Figure 13. Noise Sources in a 
Positive-Gain eMF Amplifier 
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Noise - Contd . 
For positive-gain connections, the noise contributions are so: 

v. 2 = v 2 + (4KTRF) + (4KTRG(AV - 1)2) + (iinRF)2 
Ill,total n AV2 AV2 AV 

Input-referred noise is in volts-squared per hertz 
here. K is the Boltzmann constant, and T is abso
lute temperature. The noise terms are, left to 
right, the - Input noise current, RF resistor 
noise, RG resistor noise, and input noise current. 
Note that all noise contributors except the input 
voltage noise itself reduce in magnitude as the 
gain AV increases. Since RG can be expressed in 
terms of RF and Av, we can simplify the expres
sion: 

Vin,total2 = vn2 + 

(4KA:RF) + (i~:F r 
CMF amplifiers have low values of vn, ranging 
from 2 nV /,}hz to 8 nV l,}hz. Al kfl resistor has a 
thermal noise of 4 nV /,}hz, a value that can be 
neglected at even modest gains. The current 
noise has values ranging from 10 pA/,}hz to 
40 pA/,}hz. A CMF amplifier designed to use a 1 
kfl feedback resistor would convert a typical 20 
pA/,}hz noise current to a 20 n V /,}hz voltage, the 
largest term in the expression until Av is greater 
than about 3. 

Figure 14 shows the input-referred noise versus 
AV for two CMF designs. One amplifier uses a 
1 kfl feedback resistor, and has a 6 nV/,}hz input 
noise. The other is designed for a 250fl feedback 
resistor and has a 4 nV l,}hz input noise. Both am
plifiers have a 20 pA/,}hz noise current. The first 
amplifier is typical of lower-power designs; the 
second typical of the fastest designs. Clearly, the 
higher supply-current amplifiers that use low
value feedback resistors are the quietest. 

At low frequencies, in the audio region, vn and in 
have I/F excess noise. For vn, the I/F corner is 
typically around 200 Hz. For in' it is typically at 
2000 Hz. These lIF extra noise quantities do not 
typically increase the total integrated noise volt
age much, due to the large bandwidth beyond the 
audio frequencies that the CMF amplifier has to 
accumulate thermal noise over, but they do pre
vent instrumentation-quality DC performance. 
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Figure 14. Noise vs Gain for 
Two eMF Amplifiers 

Summary 
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The CMF amplifier has virtues unavailable in 
the traditional voltage-feedback design and it 
also has its own weaknesses. Enough variety ex
ists among CMF products so that attention to 
individual amplifier characteristics is required to 
assure optimum circuit performance. 
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Dielectric Isolation 

Introduction 
In an integrated circuit, the individual transis
tors must be isolated from each other for correct 
circuit operation. In most IC processes, this is 
done by using reverse biased PN junctions and 
the technology is referred to as junction isolation 
(J.l.). The degree of isolation is limited by collec
tor-substrate leakage currents and voltage modu
lated collector-substrate capacitance. An ideal 
isolation technology would not have leakage and 
capacitive coupling between devices. 

Elantec uses a Dielectric Isolation (0.1.) bipolar 
process which differs radically from conventional 
bipolar J.I. processes in that the individual tran
sistors are electrically isolated from their neigh
bors by a layer of glass. With the Elantec 0.1. 
process, a layer of glass (Si02) surrounds the 
transistors on all four sides and the bottom. This 
totally isolates the individual transistors and pro
vides essentially ideal isolation. 

Dielectric Isolation (0.1.) is a way of building 
monolithic integrated circuits which have per
formance that rivals a multi-chip hybrid. 

Elantec D.I. Process 
Elantec uses 0.1. to make both NPN transistors 
and PNP transistors in a high frequency vertical 
structure as shown in the figure. There are two 
collector, two base, and two emitter diffusions. 
Therefore, each transistor type can be optimized 
without compromising its complement. In analog 
circuit design, both NPN and PNP transistors 
are in the signal path. Thus the slower of the two 
transistors determines the overall circuit speed 
limitations. Most J.l. processes use lateral struc
ture PNP transistors which have speed charac
teristics (ft ) that are 50 to 100 times slower than 
the NPNs. Thus most J.I. processes are 50 to 100 
times slower than Elantec's 0.1. process. 

0.1. also has the capability of operating at a giv
en high frequency with lower power consumption 
than conventional bipolar processes of similar ge
ometry due to the reduced collector-substrate ca
pacitance. These stray capacitances require extra 
supply current to charge them, supply current 
that is otherwise unnecessary in the circuit. 
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Collector to substrate capacitances in 0.1. are 
about one-tenth of those in J.I. 

0.1. is an isolation technique and as such is a 
process technology platform which may be used 
as a starting point in more esoteric process devel
opment. Elantec's advanced 0.1. process today 
uses implanted resistors, MOS capacitors, and 
Schottky diodes in addition to high performance, 
totally implanted complementary transistors. 
Other elements may be added such as BiFETS 
and thin film resistors. CMOS or even combined 
CMOS and bipolar (BiCMOS) can be implement
ed on 0.1. In all cases, the 0.1. lend its superb 
isolation, low leakage, and high-speed character
istics to the process. 

Elantec's patented 0.1. technology has been im
proved substantially from the original process. 
Performance and device density have been in
creased resulting in costs equaling that of stan
dard J .1. Elantec's latest process has NPN and 
PNP Ft's of 4 GHz at 40 V, 2 micron CMOS and 
very low defect density. 

D.I. Benefits 

Speed 
Speed is improved in 0.1. integrated circuits for 
two reasons. First, since the collector substrate 
capacitance is smaller than J.1. by a factor of 10, 
the slew rate of an internal node can be 10 times 
as fast as the same node in J .1., using the same 
amount of current. Second, it is very difficult to 
build fast vertical PNP transitors with J.I., so 
most J .1. circuits settle for using a lateral PNP 
transistor somewhere in the signal path. With 
0.1., fully isolated fast vertical PNP and NPN 
transistors can be made on the same chip, and 
therefore performance need not be compromised 
by a slow transistor. 

Temperature Performance 
All junctions have leakage currents directly im
pacted by temperature. Higher temperatures cre
ate higher leakages. Many integrated circuits 
stop working if stray leakages between adjacent 
transistors are too high. Thus at high tempera
tures, these l.C.s cease working. With 0.1., the 
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high temperature leakages between adjacent 
transistors do not exist and the circuit can con
tinue to work at high temperatures. Applications 
such as oil wells, where the temperatures may 
reach 200·C, are prime examples where D.1. is 
necessary for its temperature characteristics. 

Radiation Hardness 
The same leakages affected by temperature are 
also affected by radiation. The radiation may be 
from either a nuclear event or from deep space 
radiation. Because the D.1. glass layer is unaffect
ed by radiation, the performance of D.I. circuits 
in the presence of radiation makes D.I. the man
datory technology for many military applica
tions. 

Freedom From Latch·up 
Many J.I. devices are prone to latch-up. That is, 
under some external conditions the circuit will 
become stuck in a particular internal condition 
and will not function properly until the power is 
removed. Sometimes the circuit will self destruct 
due to latch-up. A key factor in this latch-up is 
the participation of the isolation junction in the 
circuitry that creates a parasitic SCR (Silicon 
Controlled Rectifier). In D.I., since there is no 
isolation junction, there can be no latch-up. 

Elantec D.I. Advantages Over J.I. 
• Speed 
-Fast (vertical) PNP's and NPN's 
-Lower Collector to substrate capacitance 
-Collector to substrate capacitance not modulat-

ed by collector voltage 
• No Possibility of Circuit Latch-up via Parasitic 

SCR's 
-No parasitic devices with D.1. 
• Operates in High Temperature and Radiation 

Environments 
-Leakage currents are blocked by D.I. walls 
• High Voltage Operation 
-Device to device breakdown > 2000 V 
• Mixed Technologies on Same Chip 
-Bipolar transistors, diffused resistors and MOS 

can be done on the same monolithic chip 

Elantec Complimentary D.I. Process 

NPN PNP 

Collector Base Emitter Collector Base Emitter 

Poly Si Poly Si 
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Applying Power MOSFET Drivers 
by Bruce Rosenthal 
Overview 
The EL7xxx series of high speed power MOS
FET drivers achieve noteworthy improvements 
in speed, efficiency, input impedance, and func
tionality thru the application of advanced CMOS 
technology and novel circuit design. However, 
their ability to deliver high peak currents with 
rapid dv/dT'S makes them susceptible to over 
stress. Recommended design practices will be dis
cussed to assist the designer in achieving reliable 
operation. 

Common Causes Resulting in 
MOSFET Driver Problems 

Causel 
CMOS Latch-up: Inherent to CMOS integrated 
circuitry, is a parasitic SCR which can be trig
gered by injecting current thru any input or out
put pad. This occurs whenever the input/output 
pins exceed the supply rails by more than 0.6V. 
This condition may exist for anyone of the fol
lowing reasons. 
1. During the power up/power down sequence, 

when voltage is applied to an input without 
supply voltage. 

2. Ground or VDD "bounce" (relative to the in
put) during switching. This is often attributed 
to inductance in the current path. 

3. Inductive kick-back from the output load. 

Cause 2 
Over-Voltage Spikes: Power line spikes will occur 
when a rapid change in current (typical during 
switching) is present on an inductive supply line. 
Exceeding the maximum supply voltage can rup
ture the internal transistor gate oxide, causing 
catastrophic failure. 
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Cause 3 
Insufficient Overdrive: During switching, some 
ground bounce is going to occur. If the ground 
bounce is greater than the overdrive to the input, 
oscillation may result as the effective drive to the 
input is modulated. Since the typical input delay 
is only 20 ns, a slowly rising drive waveform will 
still be very close to the threshold when the out
put switches. The ensuing ground bounce may be 
enough to toggle the input. 

Cause 4 
Thermal Overload: The high peak drive capabili
ty of the Elantec power MOSFET drivers, far 
exceeds their continuous rating. Limited by the 
high thermal resistance associated with PDIP 
and SOIC packages, junction temperatures can 
exceed the 125°C rated maximum. Users should 
be aware of those factors which contribute to the 
total power dissipated, including quiescent cur
rent, conduction losses, and switching losses. 

Guidelines for Improved 
Operation 
The most important thing to remember in apply
ing CMOS drivers is to minimize inductance to 
the power pins as illustrated in Figure 1. 

DRIVING 
SOURCE 

@ 

Figure 1. Trouble Prone Configuration 
0931-1 



at:) 
C'I 
"II:: 
Q) ... 
~ ............................................ ... 
d.----------------------------------------------------------------, 
o 
.~ 

i 
.~ 

! 
Guidelines for Improved 
Operation - Contd. 
To prevent CMOS latch-up restrict the inputs/ 
outputs from exceeding the power rails. This may 
require the use of clamping diodes, output snub
bers, power supply bypassing and decoupIing. Ef
fective bypassing requires a minimum path 
length between capacitor and supply pins. 
Choose a capacitor with good high frequency 
characteristics, such as ceramic and/or tantalum 
construction. Refer to Figure 2. 

V+O-~(;r"-. ___ ..., 
10n 

DRIVING 
SOURCE 

Figure 2. Suggested Configuration 
for Driving Inductive Loads 
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Overvoltage spikes can be controlled with decou
pIing. A small resistor (10n) from the supply, or 
a ferrite bead, followed by a 4.7 ,..,F tantalum ca
pacitor with short leads to the power pins is very 
effective. The suggested configuration is shown 
in Figure 3. 

V+ 

FERRITE BEAD 

- - - .IlSlI1f"I. - - - • 

10n 

I 
I 
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·Cb should be physically located close to the power pins. 

Figure 3. Suggested Decoupling/Bypassing 

Sensitivity to insufficient drive is most pro
nounced at supply voltages greater than 12V due 
to the higher internal peak currents. Where high 
supply voltage operation is required, OV to 5V 
input drive is suggested, with a minimum rise/ 
fall time of 200 ns. 

Excessive power dissipation typically results 
when driving large capacitive loads at high fre
quencies. These losses are described by: 

P = CV2F where 

P = Power 
C = Capacitance (Internal and External) 
V = Supply Voltage 
F = Clock Frequency 

Internal dissipation can be reduced by adding an 
external resistor or inductor, as shown in Figure 
4. Also, since the power varies as the square of 
the voltage, a reduction in supply voltage from 
15V to 12V results in a 33% power savings. 

v+ o--.I\I\fIr-----. 

--..JoNv--l 4.7.n 

Ci..OAD 
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Figure 4. Reducing CV2F Losses 
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Introduction 
A class of Analog to Digital Converters require 
closely matched differential inputs in terms of 
amplitude and phase. At the same time, it is also 
important to provide input signals that exhibit 
distortion levels that are at least - 60 dB down 
from nominal inputs of nominal 1 V at frequen
cies in excess of 2S MHz. A to D's which run on a 
single SV supply can be damaged or misbehave if 
the input range is exceeded. The circuit of Figure 
1 satisfies these diverse requirements. 

Circuit Description 
A1, one half of an EL2260 (Dual Current Feed
back Amplifier-CFA) is operated as a non-in
verting gain of 2 amplifier, while A2 is connected 
for an inverting gain of 2. The bandwidths of 
these current feedback amplifiers are adjusted 
with Rfl and Rf2 with the (noise) gains set by 
Rgl and R g2' The outputs are terminated in 7 SO 
allowing the circuit to drive a remotely located A 
to D through coaxial cable or isolating the out-

EL2260 

puts from the capacitive loads of the converter. 
Operating the EL2260 from ± SV supplies en
sures that the input signals will not exceed the 
requirements of the A to D converter while using 
a dual CF A ensures close matching of the AC 
characteristics of the driver. 

Performance Results 
The circuit of Figure 1 achieves less than 0.1 dB 
and 0.10 matching between channels 1 and 2 at 
20 MHz and output voltages of 1 V peak to peak. 
Distortion was less than - 62 dB at the same fre
quency. 

Conclusion 
A cost effective driver suitable for driving A to 
D's requiring closely matched differential inputs 
has been presented. The driver also exhibits su
perb distortion and precludes damage to the A to 
D in the event if an overdriven situation. 

7sn 
">-~_JVI/'v-_ A to D YIN "8" 

._--------

Vee = vee = 5V 
Rfl = Rgl = 5900, 1 % 
Rf2 = Rg2 = 6100, 1 % 
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Figure 1. 
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Linearized Voltage Control Of Delay On The EL7962/72/82C Dual 
Rising Edge Delay Drivers 
by Stephen G. Brickles 

Summary 
The EL7962172182C Dual Rising Edge Delay 
Driver IC provides up to 1A of peak current for 
many driver applications. The rising edge of the 
output can be delayed from 60ns up to 1.5,""s from 
the corresponding input edge. The block diagram 
of the EL7962C is shown in Figure 1. A resistor 
from the DSet A Pin to GND sets the delay time 
for Channel A and a resistor from the Dset B Pin 
to GND sets the delay time for Channel B. Con
necting the Dset A Pin to VDD disables the delay 
blocks for both channels giving approximately 30 
ns of delay on each channel. This programmable 
delay is useful in applications requiring compen
sation for long switch turn off times and also ap
plications using resonant mode technology. The 
inputs of the EL7962172/82C are T.T.L. compati
ble and the Peak to Peak output voltages are de
pendant on the supply voltage. 

In all cases, the value of the resistor is approxi
mately proportional to the resulting delay. 

This article describes an alternative method of 
controlling the delay, using a voltage source in
stead of a resistor. Unfortunately, the relation
ship between applied voltage and resulting delay 
is a non linear function. This means that the volt
age must be converted before it is used to control 
the delay. Two methods of converting the voltage 
are presented here together with their relative ad
vantages and disadvantages. 

RSetS RSetA 

0969-1 

Figure 1. EL7962/72/82C Block Diagram 

Controlling The Delay Input 
The delay between the Rising Edge of the input 
and output waveforms is normally controlled by 
a resistor RSet connected from the Dset Pin to 
Ground which varies the flow of current. This 
sets the value of a current mirror inside the chip 
which controls the rate of charge of an internal 
capacitor (See Figure 2). 

VOO 

O~L1 -----'2] 

_~t-----I 
f DSetPinI 
V RSet ':' Internal 

~-t Threshold 
Voltage 

Figure 2. DSet Input Circuitry 
0969-2 

This results in the following relationship between 
the charging current I, flowing through RSet, 
and the capacitor C :-

dV 
IRSet = C dt 

If we relate this to RSet, this gives :-

VRSet dVC 
-- = c---=-
RSet dt 

Since we want to know the relationship between 
Rand dt, the delay time, we can re-arrange the 
equation to give :-

VRSetdt = C(dVc)(RSet) hence dt 00 RSet 00 

1/1 

This can be seen from the graph in Figure 3 
which shows delay (dt) versus current (1) flowing 
through RSet. 
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Input To Output Rising Edge Delay vs 
Current Flowing Out Of The DSet Pin 
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Figure 3. Rising Edge Delay vs 
Current Out of the DSet Pin 
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However, if we want to control dt using a voltage 
we can see that:-

C( dV c)(RSeV 
dt = hence 

VRSet -VTh 

dt 00 l/VRSet - VTh 

Where V Th is the internal threshold voltage in 
Figure 2. 

Thus any external circuit attached to the Dset 
Pin which uses voltage as the controlling param
eter must perform a l/V operation on the input 
voltage first. 

Since the controlling factor in this circuit is cur
rent, then any circuit which is attached to the 
Dset Pin must sink current. This means that we 
must convert the controlling voltage to a variable 
current sink of some description. 

Using The EL4451C Multiplier 
If we wish to perform a l/V operation on the 
input control voltage, we need some kind of 
mathematical circuit - one way of doing this is to 
use a multiplier IC. The best IC to use for this 
operation is the EL4451C, a two quadrant multi
plier. The VIN input is two-quadrant whereas the 
VGAIN, VREF and VFB inputs are only single 
quadrant. 
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The block diagram of this IC is shown in Figure 
4. 

0969-4 

Figure 4. EL4451C 

The transfer function of this chip is as follows :
VOUT - Av«(VIN+ - VIN-)' (VGAIN+ - VGAIN-) + (VREF

VFIV) 

Since AV is approximately 600, then VouTI AV 
~o 

This means that 
((VIN+ - VIN-)'(VGAIN+ - VGAIN-) + (V REF - VFY) '" 0 

((VIN+ - VIN-)'(VGAIN+ - VGAIN-) - -(VREF - VFY 

-(VREF - VFY 
(VGAIN+ - VGAIN-) - (VIN+ - VIN-) 

If we make (VIN+ - VIN-) = -Vorm 

(VGAIN+ - VGAIN-) = VINsnd 

lV 
VIN=-

VOUT 

which is what we need to achieve. 
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Figure 5. l/V Convertor Using The EL4451C 

Realization Of I/V Using The 
EL4451C 
The circuit for a l/V convertor using the 
EL4451C is shown in Figure 5. 

As has been previously stated, for this applica
tion, we need to convert the voltage to a variable 
current sink. 

Two easy ways of doing this are presented here. 

Method 1 - Using An OpAmp 
This method uses the classic textbook voltage to 
current convertor consisting of an opamp plus an 
NPN transistor and a resistor to sink the current. 
The circuit is shown in Figure 6. 

R 
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Figure 6. Voltage To Current Convertor 

The transfer equation for this circuit is :-

This circuit can be added directly onto the output 
of the previous lIV circuit. The lout line is con
nected to the Dset Pin on the EL7962172/82C. 

The complete circuit is shown in Figure 7. 

Any opamp fast enough to respond to the input 
will do. Any standard NPN transistor such as a 
2N4400 or equivalent will suffice for TRI here. R 
may have to be adjusted to maintain stability. 
12K works well with an EL2044C amplifier. In 
addition, it can be seen from the graphs in Figure 
8, that VRI must be set to greater or equal to 
- O.5V for best results. 

Test Results 
Graphs of Output Voltage of the EL4451C versus 
Control Input Voltage and Input to Output Ris
ing Edge Delay versus Control Input Voltage are 
shown in Figure 8. 
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R 
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Figure 7. Voltage To Current Conversion Using An OpAmp 

Output Voltage ofEL4451C vs Control 
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Figure 8. Graphs For Method 1 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
o V . bl 01 is included to protect the EL7962172/82C 
:d Method 2 - Stand Alone arIa e Oset Pin from any negative voltage and can be 
5 Voltage To Current Convertor any diode with a suitable voltage rating. = The second method involves a direct modifica-8: tion to the multiplier circuit and is shown in Fig-< ure 9. In this configuration, the current flowing 

out of the Oset Pin of the EL7962172/82C is de
pendent on the voltage across the resistor R. The 
voltage across R will vary as the control voltage 
varies. Thus the current through R will vary ac
cordingly. 

Note that the VREF and VFB inputs (Pins 10 and 
11 respectively) must be reversed from the previ
ous configuration to ensure correct polarity of 
the current which must flow out of the EL79621 
72/82C. The V GAIN- Pin (Pin 8) needs a variable 
negative voltage which can be adjusted as needed 
using VRl. The variable V GAIN- input control is 
to compensate for non -linearities in the l/V cir
cuit below about O.SV. This means that the 
VGAIN- input will be about -O.SV for stable op
eration. 

R 

24.1k 

500k 

VR1 should be a Multitum type for best adjust
ment. I recommend that the minimum value of R 
is not less than 24.1K for stable operation - this 
corresponds to a minimum delay of 200 ns. 

IMPORTANT NOTE 
It is recommended that the EL7962/72/82C be 
powered off a SV to 6V supply - increasing the 
supply voltage will cause a corresponding in
crease in maximum delay, however it introduces 
greater instability at the lower end of the control 
range. The suggested values of power supply 
voltage, the setting of VR1 and the value of R 
have been chosen to provide the best configura
tion for greatest control range and stability. 

±1VSupplies 
Resistors 1 % Tolerence 

+12V 

+1V 

-12V 

All Resistors 
5% Tolerance 

All Polarized 
Capacitors 
Tantalum Bead 
Types 
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Figure 9. Standalone Variable Current Source 
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Output Voltage ofEL4451C vs Control 
Voltage Input 

~ 12 

11: ----'-\ Without Offset of 0.5V 

~ k With Offset of 0.5V 

2 j ~ : r-.. \~---__ 
6 o~==~=====--~-=--=--~~~~ a 0.5 1.5 2 

Control Voltage Input 

Input to Output Rising Edge Delay vs Control 
Input Voltage 

>, 
0 

~ 1000 
~ 900 With Offset \.5V , .. "'-----
'" 800 "0 

" LU 
700 " '" .. ' c 600 " .~ 

" 01 500 " " '5 400 " " .s- 300 " " ~ 200 " 0 Without Offset of 0.5V .s 100 

'5 a 
Q. a 0.5 1.5 2 
.E 

Control Input Voltage 

0969-10 

Figure 10. Graphs For Method 2 

Test Results 
Graphs of Output Voltage across R versus Input 
Control Voltage and Input to Output Rising 
Edge Delay versus Input Control Voltage are 
shown in Figure 10. 

Setting Up VRI 
To set up VR1, measure the voltage at Pin 8 and 
set it to -IV. Observe the delay between input 
and output waveforms of the EL7962/72/82C on 
an oscilloscope. Adjust VR1 until instability is 
observed then back off VR1 until the display is 
stable. This should correspond to a setting of 
-0.5V and a minimum delay of approximately 
200 ns. After setting up, in both methods, VR1's 
value should be measured either side of the wiper 
terminal and replaced by two 1 % tolerence resis
tors to ensure temperature stability. 
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Conclusions 
Two methods have been presented here - the first 
method allows the driver IC to be powered from 
the same supply rail as the multiplier, the second 
requires a lower supply for the driver which 
could be a limitation in certain applications. The 
main disadvantage of the first method is the 
component count - two IC's, a transistor and a 
resistor, the second method only needs one IC 
and a resistor. Both need ± IV supplies for the 
control inputs and ± 12V supplies for the IC's. 
However over a certain delay span both methods 
achieve the objective of linearized voltage control 
of input to output rising edge delay. 
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A Cost Effective Method for Transmitting Composite Video 

Introduction 
Historically. video designers have used coaxial 
cables to route and transmit composite video sig
nals over distances up to several hundred feet 
(> 100 meters). In'the last few years, however, 
telephone lines such as twisted pairs have been 
used successfully in local area networks to trans
mit data between data terminals and computers. 
Techniques similar to these may be used by video 
designers who want to trade the cost of a coaxial 
cable for the more cost effective twisted pair. For 
example, RG59 is currently priced at 20 to 25 
cents per foot; whereas, a twisted pair cable is 
under 10 cents a foot. Clearly, in applications in 
which cable lengths are 500 feet or more, a cost 
trade-off can be made between a simple single
ended circuit employing a single op amp used to 
drive coax and a slightly more complicated dif
ferential driver using a twisted pair. Presented in 
this paper is such a device. 

Circuit Description 
In order to preserve good common mode noise 
rejection, a differential amplifier comprised of an 
EL2260, Dual 130 MHz Current Feedback Am
plifier (CF A) is employed to convert the single
ended video to a differential signal as shown in 
Figure 1. CF A's require a known feedback resis-

tor to set the bandwidth and slew rate, and the 
nominal value for the 2260 is 560n. The receiver 
invoked the EL2045, Gain of 2 stable 100 MHz 
operational amplifier hooked for a gain of 2 dif
ferential amplifier. A gain of 2 was taken in this 
stage to make up for the attenuation at the out
put A1 and A2 by resistors R10, RH, R1, and R2. 
R10 and RH were used to isolate the outputs of 
A1 and A2 from the capacitive reactance of the 
line. RG may be varied to achieve unity gain at 
the video output. 

Performance Results 
The circuit of Figure 1 provided a 3 dB band
width in excess of 35 MHz at the Video output, 
0.1 dB gain flatness to over 5 MHz. Using a Tek
tronix 520 NTSC Vector Oscilloscope, the differ
ential gain and phase were under 0.3% and OS 
respectively. In fact, there was immeasurable dif
ference between driving 100 meters of twisted 
A WG26 cable and 100 meters of RG59. 

Conclusion 
A lost cost alternative has been presented for dis
tributing composite video signals. In fact, for 
about $5 plus a handful of 5% resistors, a signifi
cant cost savings can be realized using twisted 
wire in lieu of the traditional coaxial cables. 
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Rf2 

Rl = R2 = RlO = Rl1 = 10011, ±5% 
Rfl = Rf2 = 56011, ± 5% 
R4 = Rs = 22011, ±5% 

Vee = Vee = 5V 

0966-1 

Figure 1 

• 
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Doubling the Output Current to a Load with a Dual Op Amp 
Introduction lar delay through each op amp, there will be no 

fighting at the output and twice the current will 
be delivered to the load. The overall gain is still 1 
+ (R2/R1)' 

Standard linear output current for high speed op 
amps is on the order of 30 mA-40 mAo When 
more is required, the next available options pro
vide around 200 mA, but with a significant in
crease in cost and quiescent current. In these cas
es, it may be more cost efficient to configure a 
dual op amp to provide adequate output current. 

Circuit Description 
A common solution is shown in Figure 1. The 
overall gain is 1 + (R2/R1) and the output cur
rent is 11 + 12' This is only acceptable at low 
frequencies such as audio where the intrinsic de
lay of the op amp is negligible with respect to the 
wavelength of the input signal. At higher speeds, 
the output of A1 will drive the load significantly 
before A2 and the output drive will never reach 
twice the current. 

In high frequency applications, the circuit in Fig
ure 2 is preferable. Here the two op amps work in 
parallel. Since the dual package ensures the simi-

in 

Resistors Rbm1 and Rbm2 are back match resis
tors. When driving a transmission line, Rbm1 and 
Rbm2 should equal twice the characteristic im
pedance of the line to terminate it properly since 
they are driving it in parallel. If proper matching 
to a load is not necessary, then Rbm1 and Rbm2 
simply isolate the outputs of A 1 and A2, limiting 
the current from any output offsets. For exam
ple, if the offset voltage was 10 m V between the 
outputs of the two op amps, then Rbm1 = Rbm2 
= SO would limit the offset current to 1 mA, 
while allowing the maximum output voltage 
swing. 

Conclusion 
A low cost option for increasing the effective out
put current drive of an op amp has been present
ed. Twice the output current is achieved with 
minimal addition of complexity. 

Rt.m2 

h 
> ...... w~....;...---+---..... --oou\ 

0970-1 

Figure 1 

in Rt.m1 ~ 

out 

R, 
R2 

~ IL =11 +12 

-= 
Rt.m2 2. 

R, 
R2 

-= 0970-2 

Figure 2 
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An HDSL 2BIQ Modulator Using a Multiplexed-Amplifier 
by Barry Harvey 

In HDSL telephony, a four-level analog modula
tion is used to represent two simultaneous bits of 
information per clock (hence 2BIQ). The leels 
must be accurate in voltage and have clean tran
sitions. A 4:1 multiplexer switch is commonly 

used that switches between the voltage divisions 
between a positive and a negative reference ac
cording to code. Although the components are in
expensive, the realization requires a lot of devic
es. Here is the classic approach: 

Code 

In 

v+ 

R R' 

R' 

R R' 

Q3 

De;~:er Q2 

Quad Spst SAnal09 Switch 

>---t D, Q,I---II-.....I 
DO QO 

Figure 1. Classic 2BIQ Modulator 
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Here we need two op-amps, a quad analog switch, 
a 2:4 logic decoder, and a reference. 

The. clock rate is 2 MHz, and common analog 
switches do not switch quickly in this time scale, 
especially on ± 5V supplies. The time delays can 
vary depending on the DC level of the divider. 
Further, CMOS analog switches generate large 
charge transients which are voltage-variable, 
making the received signal more difficult to de
code. 

Figure 2 shows the use of an EL4443 four-input 
multiplexed-amplifier to do the job. The logic in
puts select one of four op-amp inputs which are 
wired for different gains to perform level selec
tion. The gains of input stages A, B, C, Dare -1, 
-1/3, + 1/3, + 1 respectively. The circuit is 
greatly simplified and switching transitions are 
over in 50 ns. The non-linearity of the circuit is 
around 0.2% for R = 1 kil. Errors are caused by 
offset voltage and bias current of the input 
stages, as well as a limited open-loop voltage gain 
of 500. 

EL4443 
r---""\ r---, 

Code 
In 

v- >..--ill 

v+ R 

>-I.!9------..... --+ 281Q out 

R 

Figure 2. EL4443 in Simple 2B1 Q Modulator 
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HDSL 2BIQ Modulator 

Code 

In 

-sv 

2k 
0.1% 

+5V 

EL4443 

1--P"7+ ~ + S V 

±lJ.lF 

1k,0.1% 

R1 
2k,1% 

2k,0.1% 

1k,0.1% 

R4 
3.66k, 1 % 

R2 
1.8k, 1 % 

2.SV Ref 

+ 
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Figure 3. More Accurate 2BIQ Modulator with EL4443 

Figure 3 shows a similar modulator where these 
errors are all addressed. The resistors RI and R2 
balance feedback resistor errors caused by bias 
currents caused by the + inputs of the non-in
verting stages. R3, R4, and RS provide identical 
magnification of input offset voltages at each 
stage's closed-loop gain. Once the circuit sensitiv
ities are so matched between stages, the inherent 
matching of offsets and bias currents bring over
all nonlinearities down to 0.06%, as measured 
from four samples of EL4443. 
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The photograph shows the clean and fast tran
sitions of Figure 3's output: 
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Frequency Doubling Through Full-Wave Rectification to 150 MHz 

Introduction 
Diode bridges are commonly utilized in full-wave 
rectification circuitry. However, they are incapa
ble of handling small input signals or high fre
quencies. When precision and speed are desired, 
one must design with active devices. 

Circuit Description 
The circuit in Figure 1 utilizes the speed of a cur
rent feedback amplifier (EL2186) and the preci
sion of a differential amplifier (EL2142) to pro
vide full-wave rectification. The input signal is 
fed through the current feedback amplifier where 
only one of the two feedback paths is engaged 
each half-cycle. When the output is positive, cur
rent flows through Dl while D2 isolates the other 
feedback path. Conversely, when the output is 
negative, current can only flow through D2. 
Schottky diodes (HP 5082-2835) have been select
ed as Dl and D2 for their speed and low capaci
tance. 

Each of these half-wave rectified signals is passed 
selectively into the high impedance differential 
amplifier, the positive half-cycles at its non-in
verting input and the negative half-cycles at its 

IN 

%AIN 
a20n 

a20n 

a20n 

inverting input. Since only one of the signals is 
active at any given time, the differential amplifi
er basically combines the signals. Full-wave recti
fication or frequency doubling is the result. 

This circuit has been designed for unity gain. If 
more gain is desired, the gain setting resistor of 
the EL2186, Rgain, may be adjusted. The feed
back ratio of the EL2142 could also be adjusted; 
but since its inherent bandwidth is smaller than 
the EL2186, this is not recommended for the 
highest operating speeds. For smaller signal in
puts at midband frequencies, the gain could be 
split between the two stages. However, remember 
to limit the gain of the first stage so that it does 
not exceed the input voltage range of the second 
stage. 

Conclusion 
An option for full-wave rectification is presented 
that surpasses the limitations of standard diode 
bridges. High-speed active devices enable this 
high-frequency doubler to handle input voltages 
as small as 300 m V and output frequencies up to 
150 MHz. 

200n 

>-_-0 OUT 
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Figure 1 
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power dissipation rating of the package. The fre
quency response of the denominator and the nu- ~ 
merator inputs over a range of signal levels is ;
shown in Figures 2 and 3 respectively. The cir-

Introduction 
Eight stand alone applications of the EL4083 are 
presented in the parts' datasheet. These are four 
quadrant multiplication, squaring, mixing, mod
ulating, demodulating, frequency doubling, gain 
control and video switching. All of these are pos
sible with either of the two basic applications 
schematics (see datasheet Figures 18 and 19). 
Also included in the sheet is a detailed discussion 
of the parts' features and characteristics on a pin 
by pin basis in the general operating information 
section. This can be very useful in developing 
new applications or modifying the ones presented 
to perform a more specific task. 

The applications presented in this note, except 
for the first divider circuit, are more elaborate 
designs that involve more than one multiplier or 
apply feedback around a multiplier. The exam
ples chosen were either to demonstrate that the 
EL4083 can perform one of the classic four quad
rant multiplier applications or to show some of 
the design's unique capabilities. More applica
tions are planned so contact Elantec if you want 
to be sure your revision of this note is the most 
current. 

Division by Control of IZ 
In Figure 1, the Iz pin is used as a denominator 
input to perform division. However, since the 
value of the current into the ZIN pin also deter
mines the input impedance and frequency re
sponse of all the inputs as well as the supply cur
rent of the part, this considerably restricts the 
computational range and accuracy of this ap
proach. It is presented for its simplicity and can 
produce acceptable results for a 30 dB (- 30-1) 
range of Iz. 

The key to this circuit is to run it from higher 
voltage supplies so that the input voltage ranges 
and the input resistors can be chosen large 
enough to minimize the input impedance modu
lation caused by a changing Iz. The maximum 
value of Iz is about 400 ,..,A to stay within the 
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cuit performs a multiplication as well as a divi- 'It:: 
~ sion and obeys the transfer equation; to:) 

(Ixy - Ixy) = Ix X Iy/IZ 

See RMS #2 on page 8-154, and performance 
curves 10 and 11 in the datasheet for other hints 
on using the Iz pin as an input signal. A second 
divider circuit using feedback with a 40 dB to 
50 dB denominator range and differential numer
ator inputs is presented at the end of this note. 

x -.... x 
>-
I 

>-x 

vz 

VX 20k 

" "' N 

GND 

Vs= ±15V 
Iz :s;; 400 p.A 
INPUTS ARE 
+10VFULL 
SCALE 

83AP-1 

Figure 1. Iz Divider 

11111111 1111111 1111111 
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-20 

VZ = 5.72 ~~ 

-30 
VZ 10V ,~ 

11111111 \ 
11111111 

1M 10M 100M 
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Figure 2. Iz Divider Frequency Response 
of XIN for 5 dB D.C. Steps of V z 
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Figure 3. Iz Divider Frequency Response 
ofXIN for 10 dB D.C. Steps ofVx 

Square Rooter 
The circuit shown in Figure 4 calculates the func
tion: 

VOUT = J(VIP - VIN), VIP - VIN >0; 
VOUT = 0 for VIP - VIN < 0 

Like the feedback divider circuit below, it has dif
ferential inputs. An unused input in either appli
cation can simply be omitted with its series resis
tor. The bandwidth of this circuit is proportional 
to the square root of the instantaneous input sig
nal value (see Figure 5). The Ccomp capacitors 
are required for loop stability and their value is 
chosen to be appropriate to the output op amp 
selected. As a rule, the faster the op amp, the 

RX 1k 

RY 

1k 

IZ = Vec/RZ 

470k ............. 

RX = RY = VOUT (MAX) / (IZ X 1.25) 

smaller the value that Ccomp needs to be and the 
wider the bandwidth of the circuit. The critical 
condition for stability is at the largest input sig
nallevel since this is where the loop will have its 
highest bandwidth. 

A square root circuit can be thought of perform
ing a signal compression function in that the out
put changes 1 dB in amplitude for every 2 dB 
amplitude change at the input. The Figure 4 cir
cuit can process an input referred dynamic range 
of about 50 dB with good accuracy. This is limit
ed mostly by the output referred offset of the 
multiplier. If more dynamic range or better accu
racy is required, the optional trim network shown 
on the figure can be used. 
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Figure 5. Gain/Frequency Response in 
10 dB D.C. Steps at the Input 
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Figure 4. Fast Square Rooting Circuit (with Inverting and Non-inverting Inputs) 
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Figure 6. Wideband RMS (RMS # 1) Computing Circuit 

Wideband RMS Computing Circuit (RMS 
# 1), Vector Addition-RMS Summing 
Two EL4083s can be used to calculate the root
mean-square of a wideband input signal (see Fig
ure 6). The first multiplier calculates the mean 
square of the input signal by squaring and then 
averaging the output signal with capacitors. This 
signal, which is differential, is then processed by 
the square rooting circuit presented above. The 
squarer acts as a dynamic range expander in that 
its output changes 2 dB in level for every 1 dB 
change at the inputs. Its low level output referred 
errors limit the untrimmed system dynamic 
range performance to 30 dB or 40 dB. An option
al trim network is shown in the applications fig
ure. 
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The Iz bias current of the squaring multiplier 
must be high enough so that the bandwidth of 
the squarer will pass the highest frequency of in- r:
terest. The op amp in the square rooter need not 1:11 
?e pan:icularly fast since the squarer's output is 
Immediately averaged by the capacitors. One 
may also need to provide D.C. blocking capaci-
tors in front of the squarer to prevent offsets in 
the input signal source from causing errors. Fig-
ure 7 shows the response of the circuit to a 
10 MHz signal burst. The "lazy" tail of the decay 
waveform is caused by the bandwidth of the 
square root circuit contracting with signal level. 
With the Iz of the squaring multiplier at its max-
imum of 1.6 mA, the system is accurate for input 
frequencies up to 100 MHz. 
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~ 
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z ...................................... .. 
~.-------------------------------------------------------------------~ 
.9 The outputs of additional squaring multipliers 
~ can be summed into the averaging nodes which 
.~ are inputs to the square root circuit. The value 
"a computed is; 
Q. -< Vvectsum = 

Javg (V 1 x V 1) + (V 2 x V 2) + ... + (V n x V n) 

This is the RMS or vector sum of inputs V 1 to 

Vn • 

o.s 1.0 I.S 2.0 2.S 3.0 3.S 

Time (}ts) 

Figure 7. RMS # 1 Response 
to a 10 MHz Signal Burst 

Single Multiplier Implicit RMS 
Computing Loop (RMS # 2) 
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The circuit of Figure 8 uses the Iz pin of the 
EL4083 as a divisor input to perform the implicit 
computation: 

IZO = vee /RIZO 
~N = VIN (MAX) /2MA 

~ Ik 

o 
ci 

Ik 

GND 

> 
"" u 

Note that the averaging function is provided by a 
capacitor at the noninverting current output 
which sources positive current only since the part 
is performing a squaring function. This point is 
then connected to the Iz input through a resistor 
which completes the computing loop. The invert
ing current output is fed to the virtual ground 
input of an op amp where it is averaged and con
verted to a buffered voltage. 

The fact that one is using a current output to 
drive the Iz pin overcomes the problem that the 
voltage on the pin is not constant at low driving 
currents (see datasheet Figure 10). However, oth
er problems associated with using the Iz pin as a 
signal input, notedly the bandwidth and multi
plier input impedance dependence on Iz, remain. 

The IZO resistor provides a default current into 
the Iz pin to prevent the bandwidth from collaps
ing and the input impedances from becoming too 
high as the signal amplitude goes to zero. The 
value of this current is determined by the appli
cation as a trade off between dynamic range and 
accuracy on the one hand and bandwidth and in
put impedance modulation, which also affects ac
curacy, on the other. Figure 9 shows the circuit's 
response to a signal burst. Note the effect of 
bandwidth modulation when the output is near 
zero. This circuit can be quite useful over about a 
20 dB to 30 dB dynamic range given these limita
tions. 

Vee = +sv 

2S00PF CAV 

VEE = -sv 
83AP-a 

Figure 8. Single Multiplier Implicit RMS Computing Loop (RMS # 2) 
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Figure 9. RMS # 2 Signal Burst Response 

Single Multiplier Switched RMS Circuit 
(RMS #3) 
The circuit of Figure 10 operates by switching 
alternately between two modes of operation. The 
first computes the mean square of the input and 
the second computes the square root of this val
ue. The output value is not valid until it is settled 
at the end of the second phase. This circuit is 
useful in applications which do not require con-

CLOCK 

GND 

·Note: SD 5000 substrate pin connected to VEE' 

tinuous monitoring of an input signal as in digi
tal metering. It would be inappropriate, for ex
ample, as the level detection portion of an AGC 
circuit since a sudden level change could go un
corrected for as much as a full computing cycle. 

The major advantage of this circuit is the im
provement in accuracy achieved by having the 
same inputs of the same multiplier do both the 
mean square and the square root computations. 
The gains are therefore identical and the effects 
of the offsets tend to cancel out. A high gain low 
offset op amp like the OP-77 is recommended at 
the output for the best results. Inexpensive 
switches such as the standard CMOS 4000 series 
can be used for input frequencies up to about 
10 MHz. The Siliconix SDSOOO series quad 
DMOS FET switches work well to over 200 MHz 
which is the maximum operating frequency of 
the EL4083. 

An Overall detection bandwidth of 100 MHz and 
a dynamic range of over 40 dB can be achieved 
with this circuit without trimming. 

Vee = +7.SV 

OP -77 (AvOl = 2MEG, GBP = O.7MEG) 

450 

o 
on 

VOUT 

83AP-10 

Figure 10. Single Multiplier Switched RMS Circuit 
RMS #3 (SWl-4 are Siliconix SD5000 Series Quad DFETS for FIN> 10 MHz) 
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Polynomial Functions (CRT Focus and 
Geometry Correction) 
The current inputs and differential current out
puts of EL4083 lend this device extremely well to 
the computation of high frequency polynomial 
functions. Two practical examples, CRT focus 
and geometry correction, are shown in Figures 11 
and 12. The final outputs can be used single end
ed or recovered differentially as discussed in the 
Basic Product Functions section of the datasheet. 
Since the seriesed EL4083 multiplier is a current 
mode device, very little bandwidth is lost 
through a complex signal chain. This idea can be 
expanded to arbitrary weighted sums of first or
der terms, squares, cubes, cross products and per
haps higher order functions. 

R 

+ vee 

+ vee 

+ vee 

Figure 11. CRT Focus Correction 

+ vee 

X (x2 + y2) 

'-__ -x (X2 + y2) 

'-""~---.- _ Y (X2 + y2) 

Y (x2 + y2) 

BSAP-12 

Figure 12. CRT Geometry Correction 
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Wideband AGe Amplifier 
The circuit in Figure 13 is a very wideband out
put regulating type AGC amplifier. It consists of 
a VCA (see datasheet Figure 23), a 100 MHz full 
wave rectifier Ilevel detector and an op amp inte
grator. The level detector is built around the 
RCA CA3246 3 GHz Ft five transistor array. 
Transistors Q3 and Q1 rectify the positive por
tion of the output waveform while transistors Q4, 
Q5 and Q2 form an inverting amplifier which 
when connected to the output of Q1, completes 
the full wave rectifier. The Crn capacitor level 
shifts and D.C. blocks the signal into the input of 
the inverting amplifier. The Rbc resistor com
pensates for the effects of base currents. The 
2N2222 acts as a negative clamp on the output of 
the inverting amplifier which enhances its speed. 
The Cav capacitor averages the rectified output 
and its value together with the value of the Rrt 
resistor determines the recovery time of the cir
cuit to a signal level decrease. By connecting 

2.4MEG 
RGM1N 3.16k 

2400 

Rr 

VIN 
0 

~ N 

'" 
~ 

V CONTROL 

~ 

Rrt to the negative supply, bandwidth is main
tained at low signal levels by keeping a D.C. 
standing current in Q1 and Q2. The nonzero val
ue at DOUT with zero input due to current densi
ty mismatches can be compensated at the inter
gator input by choosing the value of Rdos such 
that; 

Rdos = VEE*Rint/Vdos where Vdos is the zero 
input offset voltage. 

The current source ISET, which can be fixed or 
variable, determines the output level to which 
the AGC will try to regulate. The feedback is 
such that a level detected above this point will 
cause the integrator to reduce the forward gain. 
The diode at the integrator output insures that 
only positive voltages can be presented to the 
control input of the multiplier. This together 
with Rgmin, whose value determines the mini
mum forward gain, prevents gain foldback 
around a control input of zero. 

LEVEL DETECTOR Vee = 5V 

~ "" " 0 .. 
'" ... 

::I. 
0 
.,; 

CAV :! 
l/"f 130 '" ~ 

GND 
~ 

-= 
0 ... 
N lN914 

... 
::I. 

0 
.,; 

VEE = -5V 

lN914 

* NOTE: Low Leakage High Frequency Cap -= 

INTEGRATOR 
GND 

Figure 13. Wideband AGC Circuit (Q1-Q5 are RCA CA3246 Array) 
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The maximum forward gain of the signal path is 
15 dB with a -3 dB bandwidth of 115 MHz. One 
can trade off bandwidth for more gain in the 
EL2075 in the usual manner by scaling the RL 
and RF resistor values. The soon input resistor 
is appropriate for a full scale input voltage swing 
of ± IV and maximizes the the gain of the multi
plier for this signal level. Figure 14 shows the 
regulated output vs input signal level over a 
range of values of ISET. 

2.0 IS = iOO.l!cA 

I I 
I 

IS = 100;<A 

I 

1.5 

! 
::> 1.0 
~ 

500.0m IS = 50;<A 

IS = 25..i!cA 

0.0 r-- 1 = 12'iA 

500.0m 1.0 1.5 

VINpp 
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Figure 14. AGC Circuit Output Level Regulation 
vs Input Level at Several Values of IsET 

Controlled Signal Summer IMultiplexer 
and Video Fader for HDTV 
A circuit that can produce the controlled sum or 
mix of two input signals is shown in Figure 15. 
This idea can be extended to any number of sig
nal inputs if one keeps in mind that there will be 
some sacrifice of speed due to the summing of the 
device output capacitances. For producing either 
a final dual single ended or a differential recov
ered output, all the comments in the Basic Prod
uct Functions section of the datasheet apply. 

A video cross fader function can be realized by a 
slightly modified version of the Figure 15 circuit 
shown in Figure 16. Note that the control voltage 
is common to both multipliers and one control 

input is offset by the current in a resistor con
nected to the negative supply. A control voltage 
moving from ground to some positive maximum 
value will cause the output mix to go continuous
ly from signal 2 only to signal 1 only. The nega-

+Vcc 

~-----. SUM1,2 

83AP-15 

Figure 15. Controlled Signal Summer 

tive D.C. offset on the control input of second 
multiplier would invert signal 2's polarity in the 
sum if it's outputs were not cross connected with 
the first. 

In Figure 17 a complementary current output 
DAC such as the DAC-08 or DAC-lO is used to 
provide the control currents for the cross fading 
function. Since the current outputs of the DAC 
are directly connected to the virtual ground in
puts of the 4083s, the full current bandwidth of 
the DACs can be realized. The optional capacitor 
shown in the figure can be used to reduce switch
ing transients if needed. The reference current for 
the DAC should be chosen to be equal to the full 
scale current selected for the multipliers. Note 
that the sense of both multiplier outputs have 
been flipped because of the negative only current 
sink outputs of the DAC. 
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Figure 16. Fader 

RZ2 

'2..-... --i------.-... Fader 

RY2 
:;;--: .... _ ..... __ ... Fader 

Figure 17. Digitally Controlled Fader 
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Feedback Divider 
The circuit of Figure 18 performs the function 
VOUT = (Vzp - Vzn)/Vy. This expression com
plies with the conventions established in the lit
erature for such circuits and the Zs in the numer
ator should not be confused with the ZIN pin 
which, in this example, is run at a constant (bias) 
current. This type of circuit is called a feedback 
divider. 

Figure 19 shows the frequency response of the 
Z(numerator) inputs as a function of amplitude 
with Iz = 1.6 mA and the Y(denominator) input 
at it's 2 mA maximum. The response is monoton
ic (no foldback) and has about a 50 dB to 60 dB 
range with good accuracy. The frequency re-

sponse of the Y(denominator) input is shown in 
Figure 20. Note that the bandwidth is propor
tional to the value of the divider input. Since a 
division function has a singularity with the de
nominator at zero, a divider's performance will 
degrade as this value is approached. One can ob
tain about a 40 dB computational range with rea
sonable accuracy using an untrimmed part. If 
higher accuracy or greater range is required of 
this input, one can use the optional trim network 
shown in the figure. 

The performance curves in Figures 19 and 20 are 
for Iz = 1.6 mAo For lower values of Iz the cut
off frequencies will be proportionally lower. 

DIVOUT 
IZ = Vcc/RZ 
RY=VY (MAX) / (1.25 XIZ) 
RX=DIVOUT (MAX) / (1.25XIZ) 
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Figure 18. Fast Feedback Divider (with Inverting and Non-inverting Inputs) 
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Figure 19. Divider Frequency Response 
(Denomination at Maximum, 

10 dB Numerator Steps 
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HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS 





Forward 
This document summarizes Elantec's philosophy 
and policies towards Quality Assurance and Reli
ability for both MIL-STD-883 and commercial 
products. It is intended as an overview only, to 
give the reader a quick visualization of Elantec's 
capabilities and standard procedures. Elantec's 
quality system is structured on/and certified to 
ISO 9001. 

Customers wishing more detail should refer to ei
ther "QRA-3, Elantec's 883B program for Hybrid 
Integrated Circuits", or contact us at the factory. 
Also available are "QRA-4 Hybrid S-Flow" and 
"QRA-5 Monolithic Class S Flow". Our facilities 
and process documentation are available for cus
tomer inspection at any time. We welcome you to 
visit us at your earliest convenience, as we be
lieve our factory to be "our best salesman". 

Philosophy 
Elantec was founded on the principle of supply
ing Analog Integrated Circuits of advanced per
formance with quality levels beyond that normal
ly available from the semiconductor industry. 
Our product range has been intentionally limited 
to service commercial, industrial and Military/ 
Areospace applications only. It is our firm belief 
that by placing quality and reliability over all 
other objectives, we will achieve our goal of pro
viding our customers maximum cost-effectiveness 
and long term satisfaction. 

Using both monolithic and hybrid technologies, 
Elantec provides leading edge Analog Integrated 
Circuit devices whose performance routinely ex
ceeds that of most commercial manufacturers. 

It is our policy to insure that each and every de
vice is: 
1) Designed to provide maximum long-term reli

ability. 
2) Manufactured in strict compliance with thor

oughly documented procedures in a tightly 
controlled environment. 

3) Tested to insure that every device meets each 
parameter specified on the data sheet or cus
tomer specification. 

4) Covered by a rigorous regularly scheduled 
Quality and Reliability Audit Program. 
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Commercial/Industrial Program 
Summary 
Elantec: 

• Provides the most thoroughly tested product 
available. 

• Specifies clearly on each data sheet exactly 
which parameters are 100% tested, Q.A. sam
pled, or guaranteed by design and characteri
zation. 

• Performs 100% A.C. testing of critical per
formance parameters (see individual data 
sheets). 

• Operates to extremely tight AQL sampling 
plans (see Table I). 

• Provides 100% Temperature Cycling, Centri
fuge, Fine and Gross Leak checks on all her
metic package commercial devices (see Table 
II). 

• Uses superior manufacturing processes for mi
crocircuit devices to eliminate failure modes 
inherent in conventional assembly techniques. 

• Maintains traceability on production lots. 
• Manufactures thick film substrates and per

forms final electrical testing of commercial de
vices 100% in our Milpitas, California facility. 

Military / Aerospace Program 
Summary 
Elantec: 

• Provides product screened and quality perform
ance tested in accordance with MIL-STD-883. 

• Is an approved supplier to DESC/SMD draw- r.. 
ing numbers: ~ 

78013-similar to ELH0002H/883B 
80013-similar to ELH0032G/883B 
80014-similar to ELH0033G/883B 
85087-similar to ELH0041G/883B 
85088-similar to ELH00021K/883B 
85089-similar to ELH0101K/883B or 

ELH0101AK/883B 



• Maintains an on-going product qualification 
and reliability monitor program. Current quali
ty conformance data is always available to sup
port military product. 

• Manufactures MIL-STD-883 Hybrid products 
100% in the United States in our facility in 
Milpitas, California. 

• Specifies clearly on each data sheet exactly 
which parameters are 100% tested, Q.A .. sam
pled, or guaranteed by design and characteriza
tion. 

• Performs 100% A.C. testing of critical perform
ance parameters (see individual data sheets). 

• Operates to extremely tight AQL sampling 
plans (see Table I). 

• Facilities have been surveyed and approved by 
major military/aerospace customers-names 
available upon request. 

• Maintains complete traceabilty and manufac
turing history on each production lot. 

• Has been audited, certified, and qualified by 
DESC to MIL-STD-1772. 

• Maintains shelf stock of MIL-STD-883 product 
for rapid delivery at competitive prices. 

• Welcomes customer Source Control Drawings, 
special selections and custom reliability pro
cessing. 

Facility 
The Milpitas factory has been certified by many 
customers to meet the requirements of MIL-I-
45208. Defense Electronics Supply Center 
(DESC) has performed an audit and certified 
Elantec to the Hybrid Line Certification Specifi
cation, MIL-STD-1772. 

All military hybrid product manufactured by 
Elantec is completely built in the U.S.A. at our 
factory in Milpitas, California, all testing is per
formed in Milpitas. Commercial product thick 
film processing and all electrical testing is done 
in Milpitas. Commercial assembly may be done 
either in Milpitas or offshore. 
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The factory has 46,000 square feet of space. 
10,000 square feet is a Class 1000 clean room 
(Fed. Std 209) where wafer fabrication, assembly 
and electrical test are performed. All assembly 
operations are done under Class 100 laminar flow 
hoods. Temperature and humidity are monitored 
and controlled in accordance with MIL-STD-883. 
Gases are filtered at point of use. De-ionized wa
ter is filtered and bacteria controlled, and resis
tivity is continuously monitored. All semiconduc
tor work-in-process is stored in nitrogen-purged 
dessicators. 

A comprehensive ESD program is in effect. All 
work surfaces are either stainless steel or conduc
tive laminate. Every work surface is grounded for 
Electrostatic Discharge protection in accordance 
with OSHA requirements. Shelving at all inven
tory locations is grounded. Floors in all manufac
turing and inventory areas are covered with con
ductive tile attached with conductive tile cement. 
Conductive heel straps are worn by all operators. 
All product, commercial and military, is marked 
with an equalateral triangle to indicate static sen
sitivity in accordance with MIL-I-38535 and 
MIL-H-38534. Finished product is packaged in 
anti-static materials which are completely shield
ed by aluminum-lined boxes or conductive bags. 

Elantec maintains complete in-house capability 
to 100% process devices to the requirements of 
MIL-STD-883 Class B. Additional in-house capa
bility includes Particle Impact Noise Detection 
(PIND). All testing for initial product qualifica
tion and periodic quality conformance is per
formed in-house except for moisture resistance, 
internal water vapor, mechanical shock and vi
bration which are performed at DESC certified 
laboratories. 

All manufacturing equipment is calibrated in ac
cordance with MIL-STD-45662 as modified by 
MIL-I-38535 and MIL-H-38534. 

Elantec maintains a complete Quality manuai 
(QAP9000). The plan is available for review by 
customers at Elantec. Included within the Pro
gram Plan is a complete equipment and facilities 
list. 



Quality System 
All quality assurance functions at Elantec report 
to the President and are totally independent of 
the manufacturing organization. These functions 
include Incoming Quality Control, In-Process 
Quality Control, Product Qualification, Quality 
Conformance, Document Control, Customer 
Specification Review, Internal Quality Audit, 
and Failure Analysis. 

Elantec's operation is controlled by a thorough 
documentation system. Peripheral support sys
tems such as document control, calibration, cus
tomer specification review, the ESD program, 
and archives are fully documented as to proce
dure and responsibility. All manufacturing opera
tions have specifications describing the equip
ment operation and procedures. Product manu
facturing flow charts define precise operational 
sequences to insure each lot is built in conform
ance to Elantec and Military requirements. All 
raw materials are purchased to Elantec Procure
ment Documents. Military package materials 
and finishes are in accordance with MIL-I-38535 
and MIL-H-38534. 

Raw materials are inspected to rigorous require
ments by Incoming Quality Control prior to re
lease for manufacture. Minimum inspections for 
hybrid military products are those specified in 
MIL-STD-883 Method 5008 for Element Evalua
tion. Many of these tests are performed more of
ten than required by the military standards. In 
addition, various other tests are performed to in
sure the integrity of each raw material. Similar 
tests are performed on raw materials destined for 
commercial products. 
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Travelers used throughout Elantec are structured 
to maintain traceability of raw materials and op
erators to each manufacturing lot. Lots are 
shipped with accurate lot numbers on the con
tainers to provide backward traceability should 
this ever be required. 

In-line Quality Control gates monitor the process 
to insure critical manufacturing operations are 
under control. These include wire bond pull, die 
shear, die and preseal visual inspection, mark 
permanency, and electrical test. 

~efore release of any Elantec product, an exhaus
tIve product qualification is performed. This in
cludes life testing on multiple lots and various 
mechanical package tests. On-going Reliability 
Monitor testing is done on all Commercial prod
uct and package families. The reliability moni
tors include electrical and mechanical test as de
scribed in QAP0073 Military products subse
quently receive complete Group A, B, C, and D 
per MIL-STD-883 testing prior to shipment of 
the first part. Military Quality Conformance test
ing is done in compliance with Method 5005 or 
Method 5008. 

In Conclusion 
It has been and continues to be Elantec's goal to 
provide product of the highest quality available. 
We believe the extra effort we have expended in 
the design, construction techniques, testing and 
quality control procedures results in a product 
which is observably superior in performance, 
consistently higher in quality, and provides 
greater reliability in the actual application. We r.. 
also believe such product will provide the overall ~ 
lowest cost and greatest long term satisfaction to 
the customer. 



Table I. QA Inspection Sampling Plan 

Die Visual: 0.25%AQL 

Precap Visual: 0.25% Military, 1.5% Commercial 

Mark Permanency: 4 Parts/Day/Package 

Electrical Test (All Products): 

Non·Military Lots 
LTPD Sample Accept Equiv. 

(%) Size No. AQL(%) 

Computer Tests at Room Temp 2 116 0 0.04 

Computer Tests Hot 3 76 0 0.07 

Computer Tests Cold 5 45 0 0.11 

A.C. Bench Tests at Room Temp 2 116 0 0.04 

Military Lots 

Computer Tests at Room Temp 116 0 0.04 

Computer Tests Hot 116 0 0.04 

Computer Tests Cold 116 0 0.04 

A.C. Bench Tests at Room Temp 116 0 0.04 

Note 1: Computer tests are all D.C. tests plus A.C. on those products where A.C. can be tested on the enhanced LTX automatic 
tester. 

Note 2: All military lots are Q.A. sampled at all temperatures. 
Note 3: All non-military lots (E +, Prime, Commercial) are Q.A. sampled at room temperature (D.C.) Until adequate history is 

developed on these new products, each lot is sample tested at temperatures and on the bench. Non-military lots of mature 
products with adequate history are skip lot tested at temperatures or on the bench, e.g., they are Q.C. sampled every fourth 
or fifth lot. (This frequency may change with time as more product history is developed.) 

Note 4: If a device which is in skip lot mode should suffer a lot failure, every lot is then tested until three lots in succession are passed 
before returning to skip lot mode. 
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Table II. Elantec Hybrid Metal Can Process Flow Summary 

Operation Commercial 1883B(1) 

IncomingQC 

Die Evaluation X X 
Package Evaluation X X 
Raw Material Evaluation X X 

Assembly 

Wire Bond Pull QC X X 
DieShearQC X X 

Internal Visual X X 
-

Seal X X 

Stabilization Bake 2 Hours 24 Hours 

Temperature Cycling 5 Cycles 10 Cycles 

Constant Accel. 

TO-3, LCC (SKG) X X 
TO-S(30KG) X X 
TO-8(20KG) X 30KG 

Fine Leak 

TO-3 (2xl07 cc/sec) X X 
TO-S (Sxl0B cc/sec) X X 
TO-8, LCC (Sxl0B cc/sec) X X 

Gross Leak 

With Pressurization X 
No Pressurization X 

Class Test X 

Burn-in 150 Hours 

Electrical Test 2soC(2) X X 

Q.C. 2soC(2) X X 

Electrical Test Co\d(2) X 

Q.C. Cold(2) X X 

Electrical Test Hot(2) X 

Q.C.Hot(2) X X 

External Visual X X 

Group B, C, D Testing X 

Note 1: For complete details of Elantec's "/883B" military program see "QRA-3, Elantec's 883B Program for Hybrid Integrated 
Circuits." 

Note 2: Electrical tests performed are as documented on the individual device data sheet. 
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Table III. EIantec Monolithic Process Flow Summary 

Operation Commercial 

IncomingQC 
Package Evaluation X 
Raw Material Evaluation X 

Assembly 
Wire Bond Pull QC X 
Die Shear QC X 

Internal Visual X 

Seal X 

Temperature Cycling 5 Cycles 

Constant Accel. (30KG) X 

Fine Leak (5xl08 cc/sec) X 

Gross Leak 
With Pressurization 
No Pressurization X 

Class Test 

Burn-in 

Electrical Test 25'C(1) X 

Q.C. 25'C(I) X 

Electrical Test Cold(l) 

Q.C. Cold(l) X 

Electrical Test Hot(l) 

Q.C.Hot(1) X 

External Visual X 

Group B, C, D Testing 

Note 1: Electrical tests performed are as documented on the individual device data sheet. 
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Al1 semiconductor devices are sensitive to 
Electro Static Discharge (ESD) to some degree. 
For this reason, Elantec treats all of our devices 
as sensitive. Customers are urged to use similar 
controls throughout their facilities. This will op
timize yields, prevent latent reliability problems, 
and eliminate component quality complaints 
which are due to ESD. Even components which 
are returned to Elantec for analysis should be 
handled with proper ESD procedures. 

Device Design and Processing 
Wherever possible, ESD protection networks are 
used on device pins. Metal routing and oxide 
thicknesses are careful1y considered for optimum 
ESD performance. Testing per MIL-STD-883 
Method 3015 is used to determine device and pro
cess performance. 

Work Areas 
Floors are covered with conductive tiles, attached 
with conductive adhesive. 

Operators wear non-static generating or static 
dissipative smocks. Heel straps are used to 
ground the operators. Heel straps are checked 
daily for effectiveness. 
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Work station surfaces are conductive laminates 
or stainless steel. These are tied to Earth ground 
through protective resistors. Grounds are rou
tinely inspected. Air ionizers are used to neutral
ize charges in areas which may generate static. 

Storage shelving is grounded through protective 
resistors. 

Handling 
Al1 handling containers (boxes, bags, etc.) are 
conductive. Pink poly which depends on surface 
properties and may wear out is not used. Com
mon plastics (such as polystyrene and polypro
pylene) which are nasty static generators are 
never used in the work area. 

Marking 
Al1 devices are marked with an equalateral trian
gle to warn the user that they are ESD sensitive. 

Packaging 
Devices are packed in either antistatic materials 
which are surrounded by a conductive Faraday 
shield or directly in conductive materials. The 
shielded containers are labeled with a yel10w 
ESD warning label. Only antistatic treated "pop
corn" is used as filler material in shipping boxes. 
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The selected macromodels provided at the end of 
product datasheets are being supplied to users as 
an aid to circuit designs. While it reflects reason
ably close similarity to the actual device in terms 
of performance, it is not suggested as a replace
ment for breadboarding. Simulation should be 
used as a forerunner or a supplement to tradition
al lab testing. 

Users should very carefully note the following 
factors regarding these models: 

Model performance in general will reflect typical 
baseline specs for a given device, and certain as
pects of performance may not be modeled fully to 
keep the model as simple as possible thus mini
mi'Zing computer running time. For example, 
PSRR and CMRR effects, parametric variation 
with temperature, operation under output short 
circuit conditions, and input noise sources are not 
included in the models. The current mode feed
back amplifiers are not slew rate limited and 
yield optimistic values for large signal pulse re
sponses. 

While reasonable care has been taken in their 
preparation, we cannot be responsible for correct 
application on any and all computer systems. 

Model users are hereby notified that these mod
els are supplied "as is", with no direct or implied 
responsibility on the part of Elantec, Inc. for 
their operation within a customer circuit or sys
tem. Further, Elantec, Inc. reserves the right to 
change these models without prior notice. 

In all cases, the current data sheet information 
for a given real device is your final design guide
line, and is the only actual performance guaran
tee. For further technical information, refer to in
dividual device data sheets. 

The Elantec engineering staff is in the process of 
improving these models, and we welcome your 
comments and feedback. Inquiries should be 
made to: 

Applications Engineering Manager 
Elantec, Inc. 
1996 Tarob Ct. 
Milpitas, CA 95035 

Voice Telephone: (800) 333-6314 
FAX: (408) 945-9305 
TELEX: 910-997-0649 

*MACROMODELS ON DISK ARE AVAILABLE UPON REQUEST. 
CONTACT FACTORY OR LOCAL AREA REPRESENTATIVE. 
Disks are 5~" Low Density for IBM PC Compatible Computers. 
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AC Coupled. AC coupling is a method of con- beam from the right to the lefthand edge. To ~ 
necting a signal to any circuit in a way that re- blank the video signal, the video level is brought (D 

moves the DC offset. The DC offset is the overall down to the blanking level, which mayor may ~ 
voltage level that the video signal "rides" on. One not be the black level if a pedestal is used. The .... 
way to find the signal is to remove the DC offset vertical retrace is also blanked between fields. 
by AC coupling, and then do a DC restore to add 
in a known DC offset (one that we selected). An
other reason AC coupling is important is that it 
can remove harmful DC offsets. 

Analog-to-Digital (AID). This device is what 
all digital imaging systems use to get real-world 
pictures-from a TV camera, for example-into a 
computer. An AID for digitizing video must be 
very fast, capable of sampling at clock rates of 10 
to 30 million samples per second (MSPS). 

Back Porch. The area of the composite video 
waveform following the horizontal sync pulse 
and right before the active video or before the 
terminating edge of horizontal blanking. 

Bandwidth or 3 dB Bandwidth (BW, 
SSBW). A figure of merit of an amplifier or buff
er which delineates the frequency at which the 
output is reduced to 0.707 (-3 dB) of the low 
frequency value when passing a small signal sine 
wave. 

Black Burst. The video waveform without the 
active video part. Black burst is used to sync var
ious video boxes together so that their video out
put is all aligned. Black burst tells the video gear 
the vertical sync, horizontal sync, and the chro
ma burst information. 

Black LeveL This level represents the darkest 
an image can get. This defines what black is for 
the particular image system. If for some reason 
the video dips below this level, it is referred to as 
blacker-than-black. 

Blanking. On the screen, the scan line moves 
from the left edge to the right edge, jumps back 
to the left edge, and starts out all over again, on 
down the screen. When the scan line hits the 
righthand limit and is about to be brought back 
to the lefthand edge, the video signal is blanked 
so that one can't "see" the return path of the scan 
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Blanking Level. That level of the video wave
form defined by the system to be where blanking 
occurs. This could be the black level if a pedestal 
is not used or below the black level if a pedestal is 
used. 

Breezeway. The portion of the video waveform 
that sits between the end of the horizontal sync 
and before the start of burst. 

Brightness. This is the intensity of the video 
level and refers to how much light is emitted by D 
the display. 

Burst Gate. This is a signal that tells the sys
tems where the color burst is located within the 
scan line (video waveform). 

Channel Separation (CHSp, CS). A figure of 
merit applicable to a dual, triple, or quad amplifi
er which specifies the ratio of the (spurious) out
put voltage of an undriven amplifier to the out
put of a driven amplifier. 

Chroma Bandpass. In an NTSC or PAL video 
source the luma (black and white) and chroma 
(color) information are combined together. If you 
want to display an NTSC or PAL source, the 
luma and chroma must be split apart. The chro
ma bandpass filter removes the luma information 
from the chroma information, leaving the chro
ma information relatively intact. The NTSC or 
PAL video signal is fed into the chroma bandpass 
filter, where only a certain portion of the video 
signal is let through the portion containing the 
chroma information. This works reasonably well 
except in certain images where the luma informa
tion and chroma information overlap, meaning 
that we have luma and chroma information at 
the same time. 
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j Chrominance. The NTSC or PAL video signal 
contains two pieces that make up what you see 
on the screen: the black-and-white part, and the 
color part. Chrominance is the color part-a.k.a. 
chroma. 

Clamp. This is basically another name for the 
DC-restoration circuit. It can also refer to a 
switch used within the DC-restore circuit. When 
it means DC restoration, then it's usually used as 
"clamping." When it's the switch, then it's just 
"clamp." 

Closed Loop Gain (Avcl, Av). The ratio of the 
output voltage to the input voltage for an ampli
fier which is established with feedback using one 
or more resistors. The non-inverting closed loop 
gain is given by: 

Rf 
Av=-+l 

Rg 
where: Rf = The feedback resistor (output to 

VIN-) 
Rg = The gain setting resistor (V IN - to 

ground) 

Inverting closed loop gain is given by: 

Rf 
Av=

Rg 

Color Bars. This is a test pattern used to check 
whether a video system is calibrated correctly. A 
video system is calibrated correctly if the colors 
are the correct brightness, hue, and saturation. 
This can be checked with an oscilloscope and vec
tor scope in the NTSC space, or by looking at the 
RGB levels in the RGB space. 

Color Burst. Often referred to as "burst." That 
portion of the video waveform that sits between 
the breezeway and the start of active video. It 
tells the color decoder in the receiver how to de
code the color information contained in the next 
line of active video. By looking at the burst, the 
receiver can determine what's blue, orange, or 
magenta. Essentially, the receiver figures out 
what the correct color is. 
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Color Decoder. This is the circuit in the video 
system that uses the chrominance portion of 
NTSC/PAL to derive the two color difference 
signals. The color decoder sits right after the Y IC 
split and before the color space convertor. The 
color decoder needs a 3.58 MHz signal that is ac
curately phase locked (PLL) to the burst. If it 
isn't locked well enough, then the color decoder 
can't figure out the right colors. 

Color Encoder. The color encoder does the ex
act opposite of the color decoder. It takes the two 
color difference signals, such as I and Q in the 
NTSC system, and combines them into the chro
ma signal. The color encoder, or what may be 
referred to as the color modulator, uses the color 
subcarrier to do the encoding. 

Common Mode Rejection Ration (CMRR). 
A figure of merit of an amplifier or buffer which 
delineates the ratio of the change in input com
mon mode voltage (peak to peak) to the change 
in input offset voltage (peak to peak) usually 
specified over the common mode range of the de
vice. 

Common Mode Range or Input Voltage 
Range (CMIR, CMR). A figure of merit of an 
amplifier, buffer, or comparator which delineates 
the range of the input common mode voltage rel
ative to the power supply voltage beyond which 
the device will malfunction. This parameter is of
ten "specified" implicitly by CMRR by use of a 
specific common mode voltage. 

Common Mode Voltage (V cm). The average 
of the voltages applied to the inputs of a differen
tial input amplifier. In the case of an operational 
amplifier, the feedback loop strives to make the 
inverting input equal to the non-inverting input, 
and the common mode voltage is essentially 
equal to either input. 
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Composite Video. If a video system is to re
ceive video correctly, it must have several pieces 
of the puzzle in place. It must have the picture 
that is to be displayed on the screen, and it must 
be displayed with the correct colors. This piece is 
called the active video. The Video system also 
needs information that tells it where to put each 
pixel. This is called sync. The display needs to 
know when to shut off the electron beam so the 
viewer can't see the spot retrace across the dis
play. This piece of the video puzzle is called 
blanking. Now, each piece could be sent in paral
lel over three separate connections, and it would 
still be called video and would still look good on 
the screen. This is inefficient, however, because 
all three pieces can be combined together so that 
only one connection is needed. Composite video 
is a video stream that combines all of the pieces 
required for displaying an image into one signal, 
thus requiring only one connection. NTSC and 
PAL are examples of composite video. Both are 
made up of: active video, horizontal sync, hori
zontal blanking, vertical sync, vertical blanking, 
and burst. RGB is not an example of composite 
video, even though each red, green, and blue con
nection may contain composite sync, because all 
three conections are required to display the pic
ture with the right colors. 

Contrast. A video term referring to how far the 
whitest whites are from the blackest blacks in a 
video waveform. If the peak white is far away 
from the peak black, the image is said to have 
high contrast. With high contrast, the image is 
very stark and very "contrasty." If the two are 
very close to each other, the image is said to have 
poor, or low, contrast. With poor contrast, an im
age may be referred to as being "washed out"
you can't tell the difference between white and 
black, and the image looks gray. 

Cross Conduction. A common problem in half 
bridge and full bridge topologies resulting in ex
tra current flow between the upper and lower 
transistors during switching. This occurs when 
the turn-off of one transistor overlaps the turn
on of the alternate transistor. 
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Cross Talk (CT). See Channel Separation. 

Current Feedback Amplifier (CF A). A type 
of operational amplifier wherein the inverting in
put impedance is low and is a buffered version of 
the voltage at the non-inverting input. A feed
back resistor is always required (even when a 
CFA is used as voltage follower). CFA's offer 
very high slew rates, high frequency linearity, 
and exhibit bandwidths which are substantially 
independent of closed loop gain. 

dV IdT. The change in voltage relative to time. 

di/dT. The change in current relative to time. 

DAC. DAC is short for digital-to-analog conver
tor. 

DC Restoration. DC restoration is what you 
have to do to a video waveform after it has been 
AC coupled and has to be digitized. Since the vid
eo waveform has been AC coupled, we no longer 
know absolutely where it is. In fact, not only 
don't we know where it is, it also changes over 
time, since the voltage level of the active video 
changes over time. Since the resistor ladder on 
the flash AID is absolutely tied to a pair of volt
age references, the video waveform needs to be 
referenced to some known DC level in order to 
digitize it correctly. DC restoration is essentially 
putting back the DC component that was re
moved to make an AC coupled signal. In trying 
to digitize video, the DC level that we DC restore 
to is such that the back porch, or the blanking 
level if a pedestal is present, is set to the AID's 
- VREF DC level. Therefore, when black is digi
tized it will be assigned the number zero and 
when peak white is digitized, it will be assigned 
the number 255, in an 8-bit system. 
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Decoder. The word "decoder" has several mean
ings: 
Color Decoder. See definition under Color Decod
er. 
Image Compression Decoder. This is the part of 
an imaging system that takes the compressed im
age and restores it to look like the original. 

Differential Gain (dG). A figure of merit of an 
amplifier or buffer that relates the incremental 
change in closed-loop gain resulting from a 
change in input and output voltage referenced to 
zero volts for a specific frequency. The gain of 
most amplifiers is not constant with varying DC 
offsets added to a constant frequency AC input 
signal. The parameter is most useful in applica
tions of composite video signals and is usually 
expressed in percent. A standard measurement 
condition is for input offsets which are changed 
from zero to ±0.714V with an input signal of 100 
mVat 3.58 MHz for NTSC and 4.43 MHz for 
PAL. 

Differential Phase (dP). A figure of merit of an 
amplifier or a buffer that relates the incremental 
change in closed-loop phase resulting from a 
change in input and output voltage referenced to 
zero volts for a specific frequency. The phase 
shift through an amplifier is not completely con
stant with varying DC offsets added to a con
stant frequency AC input signal. The parameter 
is most useful in applications of composite video 
signals and is usually expressed in degrees. A 
standard measurement condition is for input off
sets which are changed from zero to ±0.714V 
with an input signal 100 mV at 3.58 MHz for 
NTSC and 4.43 MHz for PAL. 

Disable Time (tdis. toff). Some amplifiers pro
vide a logic pin which enables and disables the 
amplifier. Usually, the supply current is reduced 
and the output stage is placed at a high imped
ance when disabled. Disable time is defined as 
the time from the edge of the disabling pulse to 
the time that the output of the amplifier falls to 
50% of the pre-disabled value. 
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Enable Time (tdis. toff). Some amplifiers pro
vide a logic pin which enables and disables the 
amplifier. Usually, the supply current is reduced 
and the output stage is placed at a high imped
ance when disabled. Enable Time is defined as 
time from the edge of the enabling pulse to the 
time that the output of the amplifier has in
creased to 50% of its final (non-disabled) value. 

Encoder. As with decoder, there are two mean
ings to this word: 
Color Encoder. See definition under Color En
coder. 
Image Compression Encoder. This is the part of 
the imaging system that takes the original image 
and squeezes out redundant information so that 
the image will take up less space than before. 

Equalization Pulses. These are two groups of 
pulses, one that occurs before the serrated verti
cal sync and another group that occurs after. 
These pulses happen at twice the normal horizon
tal scan rate. The reason these pulses exist are to 
ensure the 2:1 interlacing of the NTSC or PAL 
systems. (See "field.") 

Fade. Fading is a method of switching from one 
video source to another video source. 

Fall Time (tf). See Transient Response Time. 

Field. A TV screen is made using two fields, each 
one containing half of the scan lines needed to 
make up one frame of video. One field contains 
the even-numbered scan lines while the other 
field is made up of the odd-numbered scan lines. 
Each field is displayed in its entirety-therefore, 
all of the odd-numbered scan lines are displayed, 
then the even, then the odd, and so on. 

Fields only exist for interlaced scanning systems 
such as NTSC or PAL. So for NTSC, which has 
525 lines per frame, a field has 262~ lines, and 
two fields make up a frame. 



Filter. In general, a filter is used to remove un
wanted information from the input signal. Every 
signal has a spectrum, which is the amount of 
different frequencies contained within the signal. 
Filtering lets you subtract or "filter" out certain 
frequencies. If you have some high-frequency in
formation, such as noise, in with the signal that 
you really want, then a low-pass filter is used. A 
low-pass filter "passes" frequencies below a cer
tain point and stops frequencies above that same 
point. A high-pass filter does just the opposite
it stops low frequencies and passes the high fre
quencies. A bandpass filter lets through frequen
cies within a certain range of "band," but stops 
frequencies outside of the band. 

Flash AID. This is a really fast method for digi
tizing a signal. The signal to be digitized is pro
vided as the source for one input of a whole bank 
of comparators. The other input is tied to a tap of 
a resistor ladder, with each comparator tied to its 
own tap. This way, when the input voltage is 
somewhere between the top and bottom voltages 
connected to the ladder, the comparators output 
a code. This means that all the comparators out
put a "yes" up to the input voltage and a "no" 
above that. The AID then takes this string of 
Yes's and No's and converts them into a binary 
number which tells where the Yes's turned into 
"No's." See the definition of resistor ladder for 
more details, if you're interested. 

Flicker. Flicker occurs when the frame rate of 
the video is too low. 

Front Porch. This is the area of the video wave
form that sits between the start of horizontal 
blank and the leading edge (start of) horizontal 
sync. 
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Full Bridge. Two half bridges. (See Half 
Bridge.) 

Gain Bandwidth Product (GBW). The fre
quency where the open loop gain of a voltage 
feedback amplifier falls to one (0 dB). Sometimes 
the Gain is measured at a frequency lower than 
the one at which the gain is equal to unity. The 
product of the measured gain at the test frequen
cy is then cited as GBW on the data sheet. 

Gain Flatness (GFP, GFR). A figure of merit 
of an amplifier that delineates the closed loop de
viation of the gain over a range of frequencies. It 
is an expression of how constant the response of 
an amplifier or network is over a specified range 
of frequencies. 

Gate Oxide. The dielectric between the channel 
and control gate of an mos transistor. 

Genlock. A video source provides all of the in
formation necessary to view-or in the case of a 
computer, grab--the picture. This includes the 
information from the scene itself, color decoder 
information, and synchronization information so 
the receiver knows where to put the picture. 
When a computer is involved, it has its own sync 
signals that are running independently of the 
sync signals sent by the camera. Genlocking is 
the act of getting the computer's sync signals to 
line up with the camera's sync signals. The sync 
signals from the camera and the computer must 
be locked together if the picture from the camera 
is to be shown correctly on the computer's screen. 
This is performed by a genlock circuit. A genlock 
circuit may employ several techniques to do its 
job, with the most popular being a phase locked 
loop. 

III 



Half Bridge. A circuit topology consisting of an 
upper transistor going to VDD, a lower device go
ing to V 88, and a common node in between. 

Horizontal Scan Rate. This is how fast the 
scanning beam in a display or a camera is swept 
from side to side. In the NTSC system this rate is 
63.556 ,..,s, or 15.734 kHz. 

Horizontal Sync. This is the portion of the 
composite video signal that tells the receiver 
where to place the image in the left-to-right di
mension. The horizontal sync pulse tells the re
ceiving system where the beginning of the new 
scan line is. 

Hysteresis. Positive feedback applied to in
crease noise immunity by varying the switch 
point depending on which state the device is in. 

Input Bias Current (Ib, II, Ib +, Ib -). A fig
ure of merit an amplifier, buffer, or comparator 
which delineates the input currents of the ampli
fier under linear (normal) operating conditions. 
Input bias current is often the average of the two 
input currents and may be sensitive to the com
mon mode input voltage. 

Input Impedance (RIN)' A figure of merit of 
an amplifier, buffer, or comparator which deline
ates the ratio the change in input voltage to the 
change in input current. In general, voltage feed
back amplifiers and comparators exhibit high in
put impedance at both the inverting and non-in
verting inputs, but current feedback amplifiers 
exhibit low input impedance at the inverting in
put by design. Users should be aware that the 
"Input Impedance" is a DC figure of merit and 
that, in general, there is an input capacitance as 
well in parallel with the input impedance. The 
inverting input of a Current Feedback Amplifier 
can also appear to be inductive. 

Differential Input Impedance applies to amplifi
ers with differential inputs and is measured by 
applying a small differential voltage to the in
puts while measuring the change in bias current. 
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Input Noise Voltage (en). A figure of merit of 
an amplifier, or buffer that delineates the average 
noise voltage referred to the input under specific 
operating conditions. Usually, a curve of the 
noise characteristics is presented in the typical 
performance curves of the data sheet. A simple 
way of thinking of noise is to consider it "AC" 
offset voltage which dictates the overall system 
accuracy and the minimum signal which can be 
resolved. The noise source is often modeled as 
noise generator in series with one of the (differen
tial) inputs of the amplifier. 

Input Noise Current (in). A figure of merit of 
an amplifier or buffer that delineates the average 
noise current at the inputs. Since the noise cur
rent usually flows through resistors in a typical 
application, it is converted to a noise voltage re
ferred to the input. It is usually modeled as a 
current source from each input to ground. 

Input Offset Current (lOs)' A figure of merit 
of an amplifier or comparator which delineates 
the difference in the currents into or out of the 
input terminals when the output is zero for an 
amplifier or to a specified output voltage for a 
comparator. 

Input Offset Voltage (V Os). A figure of merit 
of an amplifier or comparator which is the volt
age that must be applied to the inputs of an am
plifier to make the output zero or the output of 
the comparator a specified voltage. 

Input Resistance. See Input Impedance. 

Large Signal Voltage Gain (AVO})' An open 
loop figure of merit for an amplifier or compara
tor which is the ratio of the output voltage to the 
change in input voltage required to move the out
put from zero volts to the specified voltage. 
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Latch-up. Results from parasitic action of the Output Resistance. See Output Impedance. t-3 
scr in CMOS circuits. (I) 

Locked. When one signal is synchronized to an
other by feedback, usually using a PLL. 

Loop Gain. The difference between the open 
loop gain and closed loop (noise gain) of the cir
cuit. 

Luminance. As mentioned in the definition of 
chrominance, the NTSC and PAL video systems 
use a signal that has two pieces: the black-and
white part, and the color part. The black-and
white part is the luminance. It was the luminance 
component that allowed color TV broadcasts to 
be picked up by black-and-white TVs and still 
remain viewable. 

Monochrome. A monochrome signal is a video 
source having only one component of color. 

NTSC. An abbreviation for National Television 
Standards Committee. 

Open Loop Transimpedance (RoD. A figure 
of merit for a Current Feedback Amplifier which 
delineates the ratio of the change in output volt
age to the change in current of the inverting in
put. ROL is similar to Large Signal Voltage Gain, 
AVOL, of a voltage feedback operational amplifi
er and is usually expressed in megohms. 

Output Current (lOUT). A figure of merit of an 
amplifier or buffer which delineates the current 
that can be sinked or sourced by the device under 
linear operating conditions. 

Output Impedance (ROUT). A figure of merit 
for an amplifier for a buffer or an amplifier which 
delineates that ratio of the change in output volt
age to the change in output current usually for a 
specific load (RL) and source (RS) resistance. In 
general, output impedance for an amplifier is not 
particularly meaningful since the open loop out
put impedance is reduced by the loop gain of the 
amplifier. The output impedance for an (open 
loop) buffer, on the other hand is very meaning
ful in that, to the first order, it dictates the volt
age gain of the device for a given load resistance 
(RL)· 
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Output Voltage Swing (V OUT). A figure of 
merit of an amplifier which delineates the volt
age that can be obtained from the device under 
linear conditions without clipping. 

Offset Voltage Drift (dVos/dT or TCVOS). 
A figure of merit of an amplifier, buffer, or com
parator which delineates the average change in 
input offset voltage due to thermal effects over 
the specified operating temperature range of the 
device. It is often expressed in JL V per degree 
Centigrade. 

Overshoot (OS). A figure of merit of an amplifi
er or buffer which delineates the departure from 
the output from the final value usually on the 
rising or falling edge under small signal closed 
loop conditions. 

PAL. PAL stands for Phase Alternate Line and 
PAL is to Europe as NTSC is to North America 
and Japan. In other words, PAL is the video stan
dard used in Europe and a few other countries. 
There are a few differences. PAL uses 625 lines 
per frame while NTSC has 525 lines. Therefore, 
PAL has higher resolution. The frame rate of 
NTSC is 60 fps while for PAL it is 50 fps. This 
means the update rate for NTSC is higher and 
therefore there is more flicker with P AL. PAL 
uses the YUV color space while NTSC uses YIQ. 
PAL alternates the phase of every line color. The 
color-phase sequence of the chrominance signal is 
periodically reversed to cancel out hue errors. It 
is becoming increasingly important for imaging 
systems suppliers to produce equipment that can 
be sold worldwide without many manufacturing 
difficulties. 

Peak White. Peak white is the highest point in 
the video waveform that the video level can reach 
and still stay within spec. If for some reason the 
level does become greater than peak white, it's 
referred to as whiter-than-white. 
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Pedestal. Pedestal is an offset used to separate 
the active video from the blanking level. When a 
video system uses a pedestal, the black level is 
above the blanking level by a small amount. 
When a video system doesn't use a pedestal, the 
black and blanking levels are the same. 

Phase Margin. A figure of merit of an amplifier 
that delineates the difference between the phase 
of the output voltage and 180 degrees when the 
gain is one. 

Pixel Clock. The pixel clock is used to divide 
the incoming horizontal video into pixels. This 
pixel clock has to be stable (a very small amount 
of jitter) relative to the incoming video or the 
picture will not be stored correctly. The higher 
the frequency of the pixel clock, the more pixels 
that will appear across the screen. 

Power Supply Rejection Ratio (PSRR). A 
figure of merit of an amplifier, buffer, or compar
ator that delineates the ratio of the change in in
put offset voltage to the change in power supply 
voltage producing it. 

Rails. Refers to the positive and negative sup
plies. 

Response Time (tpd). A figure of merit of a 
comparator that delineates the time between the 
application of input step and the time that the 
output crosses a specified logic threshold. 

Retrace. Retrace is what the electron beam does 
when it gets to the righthand edge of the display 
to get back to the lefthand edge. Retrace happens 
during the blanking time. 

Rise Time (tr). See Transient Response Time. 

S-VHS. S-VHS is an enhancement to regular 
VHS. S-VHS provides better resolution and less 
noise than VHS. S-VHS requires the luma and 
chroma components to be separate inputs to the 
VCR, while standard VHS only requires the com
positie NTSC signal. That's one of the reasons 
for the improved quality. S-VHS doesn't combine 
the luma and chroma so they don't have to be 
split apart. In the world of electronics, any time 
you combine two signals together, generally the 
two signals are degraded somewhat after you 
split them back out. 

Saturation. Saturation is the amount of color 
present. For example, a lightly saturated red 
looks like pink, while a fully saturated red looks 
like the color of a red crayon. Saturation does not 
mean the brightness of the color, just how much 
"pigment" is used to make the color. The more 
"pigment," the more saturated the color is. 

Scan Line. A scan line is an individual sweep 
across the face of the display by the electron 
beam that makes the picture. 

Secam. This is another TV format similar to 
PAL. The difference between the two is that in 
secam, the chrominance if FM modulated. 

Serration Pulses. Serration pulses appear in 
the broad vertical sync pulse interval at a 2H line 
rate in order to maintain H-Iock during vertical 
retrace. 

Settling Time (ts). A figure of merit of an am
plifier or buffer that relates the time between the 
initiation of an input step to the time that the 
output voltage has settled to a specified error 
band. If the output is ringing, the last reentry 
into the settling bound is defined as the end of 
the settling event. Settling time is usually a func
tion of the input step size. 
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Shoot· Thru. Same as Cross Conduction. 

Skew (clock). When two complementary signals 
have unbalanced delay. 

Slew Rate (SR). A figure of merit of an amplifi. 
er or buffer which delineates the ability of the 
amplifier to accurately follow a large input step 
voltage. It is usually measured from the 20% to 
80% point (and vice versa) of the output wave 
form. 

Super Invertor. A circuit configuration which 
minimizes cross conduction. 

Supply Current (Is, ICC, lEE, Is +, Is -). A 
figure of merit of an amplifier, buffer, or compar
ator that delineates the current required from the 
power supplies to operate the device with no load 
and the output at zero volts. 

Sync. Sync is a fundamental piece of informa
tion for displaying any type of video. Essentially, 
the SYNC signal tells the display where to put 
the picture. The horizontal sync, or HSYNC for 
short, tells the display where to put the picture in 
the left-to-right dimension, while the vertical 
sync (VSYNC) tells the display where to put the 
picture from top to bottom. 

Sync Generator. A sync generator is a circuit 
that provides sync signals. A sync generator may 
have a genlock input, or may not. 

Sync Noise Gate. The sync noise gate is used 
right before the sync stripper to define an area 
within the video waveform where the sync strip
per is to look for the HSYNC pulse. Anything 
outside of this defined window will be rejected by 
the sync noise gate and won't be passed on to the 
sync stripper. 
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Transient Response Time (tr, tf). A figure of 
merit of an amplifier or buffer that delineates the 
closed loop response of the output of an amplifier 
in response to a small signal step input. Rise 
Time (tr) is usually specified from the 10% to the III 
90 % point of the output and refers to the positive 
going edge; whereas Fall Time (tf) refers to the 
negative going edge of the output (or from 90% 
to 10%). 

Unity Gain Bandwidth. A figure of merit of an 
amplifier that delineates the frequency where the 
amplifiers Large Signal Voltage Gain, AVOL, has 
rolled off to unity. For amplifiers that are unity 
gain stable, the unity gain bandwidth and Gain 
Bandwidth product are identical, but decompen
sated amplifiers often specify Gain Bandwidth 
Product at frequencies that are below the point 
where the amplifier's AVOL is one. 

Vertical Sync. This is the portion of the com
positie video signal that tells the receiver where 
the top of the picture is. 

Video Mixing. Video mixing is taking two inde
pendent video sources and editing them together 
to create a new, third video source. This can be 
done by fading from a one source to the other. 
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Video Waveform. The video waveform is what 
the signal "looks" like to the receiver or TV. The 
video waveform is made up of several parts that 
are all required to make up a TV picture that can 
be accurately displayed. Each component is nec
essary. 

White Level. This level represents the lightest 
an image can get, and defines what white is for 
the particular image system. By calibration, this 
is the highest video level allowed in the system. 
If for some reason the video goes above this level, 
it is referred to as "whiter-than-white." 

Y Ie. The Y /C designation is shorthand for lumi
nance and chrominance. You will also see this 
term used in the description of the S-VHS video 
tape format. The S-VHS format records the luma 
and chroma separately while standard VHS rec
ords them together. 

Y Ie Split. A Y /C splitter circuit is what's used 
in a TV set or imaging device to pull the lumi
nance and chrominance apart in an NTSC or 
PAL system. This is the first thing that any 
NTSC or PAL receiver must do. The composite 
video signal is first fed to the Y /C splitter so that 
the luma and chroma can then be decoded fur
ther. The two popular methods for implementing 
a Y /C split are a chroma bandpass/chroma trap 
combo or a comb filter arrangement. 

YIQ. YIQ is the color space used in the NTSC 
color system. The Y component is the black-and
white, (luma) portion of the image. The I and Q 
parts are the color components placed over the 
black-and-white, or luma, component. 

YUV. YUV is the color space used by the PAL 
color system. As with the YIQ colorspace, the Y 
is the luma component while the U and V are the 
color components. 
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Soldering Packages to PC Boards 

DIP Packages 
Wave soldering is recommended for DIP pack
ages. Solder plated boards are recommended. 
Rosin mildly activated (RMA) flux is needed. 
Wave soldering using a dual wave system at 
250·C ± 10·C for two seconds per wave is prefer
able. Thorough cleaning of boards after soldering 
is required. 

Hand soldering, Elantec's DIP packages will 
survive a peak temperature of 300·C (at leads) for 
a maximum period of 10 seconds. 

Surface Mount Packages 
Wave soldering and vapor phase or infrared (IR) 
reflow can be used for soldering surface mount 
packages to PC boards. Solder plated boards are 
recommended for wave soldering and vapor 
phase or IR reflow methods. 

Wave Soldering: Adhesive is used to hold com
ponents on the boards during wave soldering. 
Place components on the board and cure adhesive 

12·3 

before wave soldering. Rosin mildly activated 
(RMA) flux or organic flux is needed. Wave sol
dering using a dual wave system at 250·C ± 10·C 
for a maximum of two seconds per wave is prefer
able. Thorough cleaning of boards after soldering 
is required. 

Reflow Soldering: Screen solder paste on 
board and attach components to board. Solder 
paste with RMA flux is recommended. Bake 
boards at 65·C-90·C for 15 minutes. Preheat 
boards to within 60·C-70·C of the solder temper
ature. To reflow solder paste with vapor phase 
method, the solder paste temperature must be 
maintained at or above 200·C for at least 30 sec
onds. The components temperature can not ex
ceed 215·C. For the IR reflow method, the solder 
paste temperature must be maintained at or 
above 200·C for at least 30 seconds. The compo
nents temperature can not exceed 220·C. The 
temperature/time ramp-up during vapor phase 
or IR reflow shall be no greater than 2·C/sec. 

Hand soldering, Elantec's surface mount pack
ages will survive a peak temperature of 260·C (at 
leads) for a maximum period of 10 seconds. 
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Common 
Dimensions 

A 

Al 

B 

BI 

C 

D 

E 

EI 

E2 

e 

el 

L 

N 

Rev. B 

Min 

0.140 

0.115 

0.016 

0.050 

0.008 

0.375 

0.245 

0.300 

0.340 

0.090 

0.020 

0.125 

8-Lead 

c 

0.025R 

MDP0016 Rev. B 
CerDIP Package 

Lead Finish (Coml}-Tin Plate or Hot Solder DIP 
Lead Finish (Mil}-Hot Solder DIP 

Max Min Max Min 

0.160 0.140 0.160 0.140 

0.055 0.020 0.050 0.015 

0.023 0.016 0.021 0.014 

0.065 0.050 0.060 0.Q38 

0.012 0.008 0.012 0.008 

0.395 0.760 0.785 0.940 

0.265 0.220 0.291 0.220 

0.320 0.300 0.320 0.290 

0.390 0.340 0.390 0.360 

0.110 0.090 0.110 0.090 

0.055 0.078 0.098 0.068 

0.150 0.125 0.150 0.125 

14-Lead 18-Lead 
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Max Min Max 

0.160 0.140 0.160 

0.060 0.020 0.050 

0.026 0.016 0.021 

0.068 0.050 0.060 

0.018 0.008 0.012 

0.960 1040.925 1.060 

0.310 0.2780 0.298 

0.320 0.300 0.320 

0.410 0.340 0.390 

0.110 0.090 0.110 

0.098 0.078 0.098 

0.150 0.130 0.150 

20-Lead 
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REV. C 

Note 1: These dimensions do not include mold flash or protrusions. Mold flash protrusion shall not exceed .006" on any side. 
Note 2: SO-8, SO-14, SO-16 packages are narrow body (0.150"). 
Note 3: Dimensions and tolerancing per ANSI Y14.5M-1982. 
Note 4: Flat area of lead foot. 
Note 5: SOL-24T2 (thermal package) has 2 fused leads on each side of package. 
Note 6: SOL-20T (thermal package) has 4 fused leads on each side of package. 
Note 7: SOL-28T contains a thermal metal slug. 

Symbol SOL-28 SOL-20 

Min Max Min Max 

A 0.096 0.104 0.096 0.104 

Al 0.004 0.011 0.004 0.011 

B 0.014 0.019 0.014 0.019 

C 0.009 0.012 0.009 0.012 

D 0.696 0.712 0.498 0.510 

E 0.291 0.299 0.291 0.299 

e 0.050BSC 0.050BSC 

H 0.398 0.414 0.398 0.414 

h 0.010 0.016 0.010 0.016 

L 0.016 0.024 0.016 0.024 

MDP0027 Rev. C 
Package Outiine-SOIC 

Lead Finish-Solder Plate 

Lead Count 

SOL-16 SO-16 

Min Max Min Max 

0.096 0.104 0.061 0.068 

0.004 0.011 0.004 0.010 

0.014 0.019 0.014 0.019 

0.009 0.012 0.008 0.010 

0.397 0.430 0.386 0.394 

0.291 0.299 0.150 0.157 

0.050BSC 0.050BSC 

0.398 0.414 0.230 0.244 

0.010 0.016 0.010 0.016 

0.016 0.024 0.016 0.024 
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SO-14 SO-8 SOL-24 

Min Max Min Max Min Max 

0.061 0.068 0.061 0.068 0.096 0.104 

0.004 0.010 0.004 0.010 0.004 0.011 

0.014 0.019 0.014 0.019 0.014 0.019 

0.008 0.010 0.008 0.010 0.009 0.012 

0.337 0.344 0.189 0.196 0.598 0.614 

0.150 0.157 0.150 0.157 0.291 0.299 

0.050BSC 0.050BSC 0.050BSC 

0.230 0.244 0.230 0.244 0.398 0.414 

0.010 0.016 0.010 0.016 0.010 0.016 

0.016 0.024 0.016 0.024 0.016 0.024 
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1 .07-1.17 
~ .18-29.72 

0.820 
(20:82) 
REF 

0.980-1.03 
(24.89-26.16) 

0.165-0.185 

(4.19-4.70), ~ 
0.045-0.055 r-
(1.14-1.40) -

- - -

0.73 
(18.54i 

REF 

~ 
\50 

\ -;;r 

-~ -::r 

0.146-0.156 
(3.71-3.96) 

~ 

(2~~~:!~i - r 
0.170-0.180 
(4.32-4.57) 

0.327-0.335 
(8.31-8.51) 

SEATING 
PLANE 

1 
J~ 0.012-0.025 

(0.30-0.64) J 
MDP0028 Rev. A 

5-Lead TO-220 
Lead Finish-Solder Plate 
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L I I 0.030-0.040 
-I I-- (0.76-1.02) 

0.062-0.072 
(1.57-1.83) 

REV. A 

0.569-0.609 
(14.45-15.47) 

I 



Common 
Dimensions 

Al 

A 

B 

Bl 

C 

D 

E 

El 

e 

eA 

L 

N 

INDEX -at. Q1 AREA I 
1 2 N/2 ~ 

Min Max 

0.020 0.040 

0.125 0.145 

0.016 0.020 

0.050 0.070 

0.008 0.012 

0.350 0.385 

0.295 0.320 

0.245 0.255 

0.100Typ 

0.300 Ref 

0.115 0.135 

8 

Min 

0.020 

0.125 

0.016 

0.050 

0.008 

0.745 

0.295 

0.245 

MDP0031 Rev. A 
Plastic Package 

Lead Finish-Hot Solder DIP 

Max Min Max 

0.040 0.020 0.040 

0.145 0.125 0.145 

0.020 0.016 0.020 

0.070 0.050 0.070 

0.012 0.008 0.012 

0.755 0.745 0.755 

0.320 0.295 0.320 

0.255 0.245 0.255 

0.100Typ 0.100Typ 

0.300 Ref 0.300 Ref 

0.115 0.135 0.115 0.135 

14 16 

c 

REV. A 

Min Max Min Max 

0.020 0.040 0.020 0.040 

0.125 0.145 0.125 0.145 

0.016 0.020 0.Q15 0.021 

0.050 0.070 0.050 0.070 

0.008 0.012 0.008 0.012 

0.875 0.905 0.925 1.045 

0.295 0.320 0.295 0.320 

0.245 0.255 0.245 0.255 

0.100Typ 0.100Typ 

0.300 Ref 0.300 Ref 

0.115 0.135 0.115 0.135 

18 20 

Note: Package outline exclusive of any mold flashes. Mold flash protrusion shall not exceed 0.006" on any side. 
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In North America, Elantec has three levels of 
sales support. Regional Sales Managers are locat
ed in the Boston and San Jose areas. Field Appli
cations Engineers are located in the Boston and 
San Jose offices. Elantec also maintains a net
work of sales representatives covering the United 
States and Canada. Finally, major nationwide 
and regional distributors provide local stock. 
Elantec maintains an up-to-date distributor in
ventory status and provides an inventory referral 
service through Distribution Sales in San Jose. 
Orders may be placed through the sales repre
sentatives or distributors. A list of sales repre
sentatives and distributors is included in this 
databook, or please contact any of the regional 
sales offices. 

The application specific products listed below are 
not generally available through U.S. Distribution 
channels. For information regarding price and 
availability, please contact your local Elantec 
representative or regional sales office. 

• EL6251C Laser Diode Driver 

• EL7556C Adjustable CPU Power Supply Unit 
• EL7560C Programmable CPU Power Supply 

Unit 

• EL7561C Programmable CPU Power Supply 
Unit 

• EL7571C Programmable DC:DC Controller 

In Europe, Elantec has a Regional Sales Office in 
London. Local sales support is provided through 
stocking representatives in all of the major coun
tries. A current list of representatives and distrib
utors may be obtained from the London office. 

Elantec has stocking agents in all Pacific Rim 
Countries, Australia, and New Zealand. A list 
may be obtained from Elantec's headquarters in 
Milpitas, California. 

In Asia, local sales support is provided through 
stocking representatives in all of the major coun
tries. A current list of representatives is included 
in this databook or contact the factory. 

Elantec Product Alpha/Numeric Description 

PREFIX ___________ ---'1 jL 

ELANTEC 

FAMILY ---------------' 

2006 

L Proprietary Linear 

PART----------------~ 

NUMBER 

A 

OPTIONAL SUFFIX -------------------' 
A Selected Electrical 

Performance 
C -40'Cto +85'C 
E -40'Cto +150'C 
None - 55'C to + 125'C 

13·3 

G 

LpACKAGE 
N Plastic DIP 
J CerDIP 
T TO·220 
M Large Body SOIC 
S Narrow Body SOIC 
W SOT·23 

SOT Marking Specifications 
eYW? 
e·Elantec 
Y-Year code: last digit of year 
W·Bi-weekly code: alpha only, 
example: A = ww1-2 
?-Part Code: A = EL2150CW 

B = EL2170CW 
C = EL2180CW 
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Elantec's Policy 
Elantec receives many applications inquiries ev
ery day which vary widely in nature. We believe 
that Application assistance is as inherently im
portant to our customers as the performance and 
quality of our products. To assist our customers 
in getting the best and fastest support possible, 
the following information is provided. 

Sample and Literature Requests 
If you know what product sample or literature 
you need, probably the best and fastest way to 
obtain them is to call Elantec's local sales office, 
sales representative, or distributor. A complete' 
listing is on pages 11-3 through 11-15 of this 
book. If you are not sure what you need, call our 
Applications hot line 1 (800) 333-6314. For litera
ture only, touch or request extension 234. For ap
plications assistance, touch or request extension 
311. 

New Applications Assistance 
Technical assistance for a new application is a 
toll free phone call away. Call 1 (800) 333-6314 
and touch or request extension 311. Probably the 
most important information that Elantec needs 
to assist you is a clear picture of what the circuit 
needs to do. What we mean by that is the cost 
and performance objectives of the circuit or sys
tem. If you have a preliminary topology or sche
matic, feel free to FAX that to the Factory at 1 
(408) 945-9305 in confidence. The following is a 
check list which will expedite our assistance to 
you: 

What does the circuit need to do? 

What power supply voltages are available? 

What is the temperature range? 

What is the load? 

What are the key specs: bandwidth, slew rate, 
settling time, noise, output voltage, etc. and what 
are your expectations? 

Problems with an Existing Circuit 
and Other Issues 
Applications assistance for an existing applica
tion is a toll free phone call away. Call 1 (800) 
333-6314 and touch or request extension 311. 
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Probably the most important information that 
Elantec needs to assist you is a clear picture of 
what the circuit is doing or not doing. The fol
lowing is a check list which will expedite our as
sistance to you: 

What is the part number? 

What is the device's date code? 

What are the symptoms? 

Are scope photos or frequency plots available? 

How many devices are involved? 

Unreleased Product 
As a general rule, Elantec does not sample new 
devices that have not completed our rigorous for
mal release cycle. However, occasionally we will 
"beta " site customers with advanced Engineer
ing samples. We view this as a productive ex
change between our Factory and customer Engi
neering teams to pin point problems and issues. 
In all instances, these devices will be marked 
"Engineering Sample." If you are interested in 
such a device, call your nearest Elantec sales of
fice, local sales representative, or the Factory at 1 
(800) 333-6314 and touch or request extension 
252. 

Demo Boards 
Contact factory applications for demo board 
availability. 

Quality or Reliability Issues 
On the rare occasion that you experience what 
may be a Reliability or Quality issue, please con
tact the nearest Elantec sales office, local sales 
representative, or distributor. You may choose to 
call the Factory directly at 1 (800) 333-6314, and 
touch or request extension 310 or 279. 

Price Quotes/Delivery Status ' 
For pricing and delivery information, please con
tact the appropriate full service representative or 
local Elantec franchised distributor as listed on 
page 11-6. For additional information you may 
contact the Elantec Customer Service Depart
ment @ 1 (800) 333-6314. 
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ELANTEC, INCORPORATED (USELLER") 

TERMS AND CONDITIONS OF SALE 
o 
(') 
o 
z 
o 1. ACCEPTANCE OF ORDER 

THIS ACKNOWLEDGEMENT AND AC
CEPTANCE IS EXPRESSLY LIMITED TO 
AND MADE CONDITIONAL UPON THE 
TERMS AND CONDITIONS CONTAINED 
HEREIN AND ANY OF THE BUYER'S 
TERMS AND CONDITIONS WHICH ARE IN 
ADDITION TO OR DIFFERENT FROM 
THOSE CONTAIN HEREIN WHICH ARE 
NOT SEPARATELY AND SPECIFICALLY 
AGREED TO IN WRITING ARE HEREBY 
OBJECTED TO AND SHALL BE OF NO EF
FECT. 

Only those orders accepted by Seller as its home 
office in Milpitas, California shall be binding 
upon Seller. 

2. PRICES 
Irrespective of any prices quoted by Seller or list
ed on Buyer's order, Seller's acceptance of any 
order is subject to the prices shown on Seller's 
acknowledgment. Said prices are firm and are not 
subject to adjustment other that "precious metals 
adjustments" or "precious metals surcharges" at 
Seller's option to cover Seller's cost of fluctua
tions in the price of precious metals utilized in 
the manufacture of Seller's products. 

a.TAXES 
All prices are exclusive of all federal, state and 
local excise, sales, use and similar taxes. Such 
taxes shall be paid by Buyer, or in lieu thereof 
Buyer shall provide Seller with a tax exemption 
certificate acceptable to the taxing authorities. 
When applicable, such taxes will appear as sepa
rate additional items on the invoice unless Seller 
receives a proper tax-exemption certificate from 
Buyer prior to shipment. 

4. PAYMENT 
Unless Seller has extended credit to Buyer as de
scribed below, Buyer shall pay Seller, at Seller's 
option either by: Cash with Order, C.O.D., Letter 
of Credit or Sight Draft. 
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Should Seller elect to extend credit to Buyer, 
payment shall be made in full within thirty (30) 
days of the date of Seller's invoice. Seller reserves 
the right at any time to change the amount of or 
to withdraw any credit extended to Buyer. 

Any payments made in excess of thirty (30) days 
may be subject to late charges. 

5. TITLE AND DELIVERY 
Seller shall deliver products sold hereunder to 
Buyer F.O.B. Seller's factory. Partial deliveries 
shall be permitted. Upon such delivery to a carri
er at Seller's factory, title to the products and all 
risk of loss or damage shall pass to Buyer. 

6. SHIPMENT 
All shipping charges and expenses shall be paid 
by Buyer. Seller will not insure the products sold 
hereunder unless requested by Buyer in which 
case Buyer will pay for such insurance. 

Shipments will be made, at Seller's option, either 

~ 
1-1 o 
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by Parcel Post, Railway Express. Air Express, II 
Air Freight, or as otherwise determined by Seller. 

Shipping dates are approximate and are depen
dent upon Seller's prompt receipt of all necessary 
information from Buyer. 

7. PATENTS 
With respect to products manufactured soley to 
Seller's designs and specifications, Seller shall de
fend any suit or proceeding brought against Buy
er insofar as such suit or proceeding is based on a 
claim that any such products furnished here
under infringe any patent of the United States. If 
Seller is notified promptly in writing of such suit 
or proceeding and given full and complete au
thority, information, and assistance by Buyer for 
such defense, Seller shall pay all damages and 
costs finally awarded against Buyer in any such 
suit or proceeding, but Seller shall not be respon
sible for any compromise thereof made by Buyer 
without the written consent of Seller. In the 
event that such products are held in such suit or 
proceeding to infringe a patent of the United 
States and their use is enjoined, or if in the opin-
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o ion of Seller such products are likely to become 
I;) the subject of a claim of infringement of a patent 
~ of the United States, Seller, in its sole discretion 
Z and at its won expense, may either: (a) procedure -< for Buyer the right to continue using such prod
~ ucts with noninfringing products; or (b) modify 
~ such products so that they become noninfringing; 
~ or (c) replace such products with noninfringing 
E1 products; or (d) accept the return of such prod
r ucts, granting Buyer a refund therefor equal to 

the depreciated value thereof. 

Seller shall have no liability to Buyer under any 
provision hereof if any patent infringement or 
claim thereof is based upon (a) a modification of 
the products not introduced by or approved by 
Seller; or (b) the interconnection or use of the 
products in combination with products with oth
er devices not made by Seller; or (c) the use of the 
products in other than an application recom
mended by Seller. 

The foregoing states the entire liability of Seller 
for infringement of patents by Seller's products 
or any part( s) thereof. 

8. INDEMNITY 
Buyer shall indemnify, defend, and hold Seller 
harmless from and against any and all liability, 
damages, expenses, costs or losses resulting from 
any suit or proceeding brought for infringement 
of a patent(s), copyright(s), or trademark(s), or 
for a misappropriation of use of any trade se
cret(s), or for unfair competition arising from 
Seller's compliance with Buyer's design, specifi
cations or instructions. 

9. SECURITY INTEREST 
Notwithstanding passage of title of products sold 
hereunder to Buyer F.O.B. Seller's factory, Seller 
shall retaIn a security interest in the products un
til payment has been made in full by Buyer for 
such products. Buyer shall perform all acts neces
sary to perfect and maintaIn such security inter
est. 

10. WARRANTIES 
Seller warrants to Buyer that Seller's standard 
products sold hereunder (and any services fur
nished therewith) which are not used in any med
ical or life support application shall be free from 

15-4 

defects in material and workmanship and shall 
conform to the applicable specifications (if any) 
for a period of one year from the date of ship
ment. For products which are not standard prod
ucts of Seller, such as dice and developmental or 
custom designed products. Seller warrants to 
Buyer that such products sold hereunder (and 
any services furnished therewith) shall be free 
from defects in material and workmanship and 
shall conform to the applicable specifications (if 
any) for a period of thirty (30) days from the date 
of shipment. 

Should products sold hereunder fall to meet the 
above applicable warranty, Seller, at its option, 
shall repair or replace such products or issue 
Buyer a credit provided that (a) Seller is notified 
in writing by Buyer within thirty (30) days after 
discovery of such failure; (b)Buyer obtains a Re
turn Material Authorization from Seller prior to 
returning any defective products to Seller; (c) the 
defective products are returned to Seller, trans
portations charges prepaid by Buyer; (d) the de
fective products are received by Seller for adjust
ment no later than four (4) weeks following the 
last day of the warranty period, and (e) Seller's 
examination of such products shall disclose, to its 
satisfaction, that such failures have not been 
caused by misuse, abuse, neglect, improper instal
lation or application repair, alteration, accident 
or negligency in use, storage, transportation or 
handling. 

In the event of failure to meet the above applica
ble warranty with respect to products sold here
under cannot be corrected by Seller's reasonable 
efforts, the Seller and Buyer shall negotiate an 
equitable adjustment in price. 

The foregoing warranty provisions set forth the 
Seller's sole liability and the Buyer's exclusive 
remedies for claims (except as to title) based on 
defects in or failure of any products sold here
under or services furnished hereunder whether 
the claim is based in contact, tort, (including neg
ligence), warranty or otherwise and however in
stituted. Upon the expiration of the applicable 
warranty for any products sold hereunder, all 
such liability shall terminate. 



The above warranty periods shall not be extend
ed by the repair or replacement of products pur
suant to any of the above warranties. The above 
warranties shall apply only to Buyer and shall 
not apply to Buyer's customers or any other 
third parties. 

SELLER PRODUCTS ARE NOT DESIGNED 
FOR AND SHOULD NOT BE USED WITHIN 
LIFE SUPPORT SYSTEMS WITHOUT THE 
SPECIFIC WRITTEN CONSENT OF THE 
PRESIDENT OF ELANTEC. LIFE SUPPORT 
SYSTEMS ARE EQUIPMENT INTENDED 
TO SUPPORT OR SUSTAIN LIFE AND 
WHOSE FAILURE TO PERFORM WHEN 
PROPERLY USED IN ACCORDANCE WITH 
INSTRUCTIONS PROVIDED CAN BE REA
SONABLY EXPECTED TO RESULT IN SIG
NIFICANT PERSONAL INJURY OR 
DEATH. USERS CONTEMPLATING APPLI
CATION OF SELLER PRODUCTS IN LIFE 
SUPPORT SYSTEMS ARE REQUESTED TO 
CONTACT SELLER FACTORY HEADQUAR
TERS TO ESTABLISH SUITABLE TERMS 
AND CONDITIONS FOR THESE APPLICA
TIONS. SELLER'S WARRANTY IS LIMITED 
TO REPLACEMENT OF DEFECTIVE COM
PONENTS AND DOES NOT COVER INJURY 
TO PERSONS OR PROPERTY OR OTHER 
CONSEQUENTIAL DAMAGES. 

11. LIMITATION OF LIABILITY 
In no event, whether as a result of breach of con
tract, warranty or tort (including negligence) or 
otherwise shall Seller be liable for any special, 
consequential, incidental or penal damages, in
cluding but not limited to, loss of profit or reve
nues, loss of the product or any associated equip
ment, damaged to associated equipment, cost of 
captial, cost of substitute products, facilities, 
service or replacement power, down time costs or 
claims of Buyer's customers for such damages. If 
Buyer transfers title to or leases products sold 
hereunder to any third party, Buyer shall obtain 
from such third party a provision affording the 
Seller the protection of the preceding sentence. 

Except as provided in the above "Patents" arti
cle, whether a claim is based in contract, tort (in
cluding negligence) or otherwise, the Seller's lia
bility for any loss or damage arising out of, or 
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resulting from any products sold hereunder or 
services furnished hereunder shall in no case ex
ceed the price of the specific product(s) or serv
ice(s) which gives rise to the claim. Except as to 
title, any such liability shall terminate upon the 
expiration of the applicable warranty period 
specified in the above "Warranties" article. 

12. U.S. GOVERNMENT CONTRACTS 
If the products to be furnished hereunder are to 
be used in the performance of a U.S. Government 
contract or subcontract, no Government requir
ments or regulations shall be binding upon Seller 
unless specifically agreed to by Seller in writing. 

If the Government terminates such a contract or 
subcontract in whole or in part through no fault 
of or failure to perform by Buyer, this order may 
be canceled in writing in the same proportion, 
and the liability of Buyer for termination allow
ances shall be determined by the then applicable 
regulations of the Government regarding termi
nation of contracts. 

13. EXCUSABLE DELAYS 
Seller shall not be liable for delays in delivery or 
performance due to any cause beyond its reason
able control, including, without limitation, acts 
of God, acts of Buyer, strikes or other labor dis
turbances, inability to obtain necessary materi
als, components, services or facilities. 

14. CANCELLATIONS OF STANDARD 
PRODUCTS 
Should Buyer terminate any order accepted here
under or should Seller terminate any order ac
cepted hereunder due to Buyer's nonperformance 
of its obligations hereunder, then Buyer shall pay 
Seller its reasonable termination charges within 
fifteen (15) days from the date of invoice of same. 

Buyer may request rescheduling or cancellation 
by providing thirty (30) days written notice to 
Elantec provided however, that elantec is not ob
ligated to accept such notice, but if such notice is 
given and accepted by Elantec, then Elantec has 
the right to deliver and be paid by Buyer for: 

1. 100% of quantity of devices scheduled for 
delivery within thirty (30) days following 
receipt of said notice. 
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2. 50% of quantity of devices scheduled for de
livery within 30-60 days following receipt 
of said notice. 

15. CANCELLATION OF PRODUCTS 
rn MANUFACTURED TO BUYER'S 
~ DESIGN/SPECIFICATIONS 
~ INCLUDING ALL NON-STANDARD 
L' AND DISK DRIVE PRODUCTS 

Charge for engineering, design, generation of 
data, lot charges or any other special charges that 
are not for product are non-cancelable except 
with prior written permission from Seller. 

Buyer may request rescheduling or cancellation 
of product by providing 60 day notice to Elantec 
provided, however, that Elantec is not obligated 
to accept such notice but if such notice is given 
and is accepted by Elantec, then Elantec has the 
right to deliver and be paid by the Buyer for: 

1. 100% quantity within 60 days following 
written receipt of said notice; 

2. All additional work in process scheduled 
within the 16 week delivery time period 
shall be paid for by Buyer at a price based 
on the percentage of completion of such in
ventory applied to the price for the finished 
product. Buyer shall also promptly pay to 
Elantec; (a) costs of settling and paying 
claims arising out of termination of work 
under Elantec's subcontracts or vendors; (b) 
reasonable costs of settlement, including en
gineering, development, accounting, legal 
and clerical costs; (c) twenty percent (20%) 
of the purchase price of the purchase order 
to be canceled. 
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16. ASSIGNMENT 
Any assignment by Buyer of this order or of any 
rights or obligations in connection therewith 
shall be void without the written prior consent of 
the Seller. 

17. EXPORT TO NON-APPROVED 
COUNTRIES 
Buyer agrees to take all reasonable and necessary 
precautions to prevent ultimate exportation of 
Elantec products to countries prohibited by rules 
or regulations of the United States Government, 
and to obtain all export licenses and other gov
ernmental approvals necessary prior to the ex
port of any Elantec products. 

18. MISCELLANEOUS 
The validity, performance and construction of 
these terms and conditions of sale and any sale 
hereunder shall be governed by the laws of the 
state of California. 

The invalidity, in whole or in part, of a y provi
sion herein shall not affect the validity or enforce 
ability of any other provision herein. 

Any representation, warranty, course of dealing 
or trade usage not contained or referenced herein 
shall not be binding on Seller. 

No modification, amendment, recision, waiver or 
other change in these terms and conditions shall 
be binding on Seller unless assented to in writing 
by Seller's duly authorized representative. 

Seller reserves the right to manufacture and/or 
assemble its products in any of its worldwide fa
cilities unless otherwise agreed to in writing with 
Buyer. 
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Representatives 
and Distributors 
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ALABAMA 

United States Manufacturers Representatives 

Westrep 

The Tronix Group 
P.O. Box 1415 
Decatur, AL 95602 
PHONE 205-355-2120 

FAX 205-355-7717 

ALASKA 
Electronic Solutions 
P.O. Box 91428 
Portland, OR 97291 
PHONE 503-292-8204 

FAX 503-292-8005 

ARIZONA 
Reptronix, Ltd 
1661 E. Camelback Rd #285 
Phoenix, AZ 85016 

PHONE 602-230-2630 
FAX 602-230-7730 

EMAIL: ReptPhx@ao1.com 

ARKANSAS 
OM Associates 
690 W. Campbell Rd. # 150 
Richardson, TX 75080 
PHONE 214-690-6746 

FAX 214-690-8721 

CALIFORNIA 
Bestronics 
9683 Tierra Grande St # 102 
San Diego, CA 92126 
PHONE 619-693-1111 

FAX 619-693-1963 
EMAIL: rdavis@bestronics.com 
Website: www.bestronics.com 

Cain-White & Co. 
105 Fremont Ave., Ste. D. 
Los Altos, CA 94022 
PHONE 415-948-6533 

FAX 415-948-0115 
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2557 West Woodland Dr 
Anaheim, CA 92801 
PHONE 714-527-2822 

FAX 714-527-3868 

COLORADO 
Thorn Luke Sales 
9000 E. Nichols Ave #240 
Englewood, CO 80112 
PHONE 303-649-9717 

FAX 303-649-9719 

CONNECTICUT 
John E. Boeing 
101 Harvest Pk Bldg 1A 
Wallingford, CT 06492 
PHONE 203-265-1318 

FAX 203-265-0235 

DELAWARE 
Elex-Sys Group 
385 Stonehouse Dr. 
Severna Park, MD 21146 
PHONE 410-315-8156 

FAX 410-315-8157 

FLORIDA 
Naltron Corp 
Lincoln Center 
5401 W. Kennedy Blvd # 1060 
Tampa, FL 33609 
PHONE 813-287-1433 

FAX 813-287-1746 
EMAIL: tpa4nc@ao1.com 

GEORGIA 
The Tronex Group 
5525 Martina Wy. 
Atlanta, GA 30338 
PHONE 770-396-8258 

FAX 770-396-9691 
EMAIL: trnxvts@mindspring.com 
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00. United States Manufacturers Representatives - Contd. 
~ sa IDAHO, NORTH 

Electronics Solutions 
~ P.O. Box 91428 
~ 
Z 

~ 
Portland, Oregon 97291 
PHONE 503-292-8204 

FAX 503-423-8005 

IDAHO, SOUTH 
First Source 
10451 W. Garverdale Ct #209 
Boise, ID 83704 
PHONE 208-378-4680 

FAX 208-323-9386 

ILLINOIS, NORTH 
High Technology Sales 
Zurich Towers 
1450 E. American Ln., Ste. 1400 
Schaumburg, IL 60173 
PHONE 847-619-4120 

FAX 847-619-4121 
EMAIL: htschi@aol.com 

ILLINOIS, SOUTH 
Midtec Associates, Inc. 
55 Westport Plaza, #614 
St. Louis, MO 63146 
PHONE 314-275-8666 

FAX 314-275-8859 

INDIANA 
Skyline Sales & Associates 
511 Airport North Office Park 
Ft. Wayne, IN 46825 
PHONE 219-489-4992 

FAX 219-489-6194 

Skyline Sales & Associates 
1033 3rd Ave S.W. #203 
Carmel, IN 46032 
PHONE 317-587-1320 

FAX 317-587-1322 

16·4 

IOWA 
Midtec Associates 
55 Westport Plaza #614 
St. Louis, MO 63146 
PHONE 314-275-8666 

FAX 314-275-8859 

KANSAS 
Midtec Associates, Inc 
11900 W. 87th St Pkwy #220 
Lenexa, KS 66215 
PHONE 913-541-0505 

FAX 913-541-1729 
EMAIL: midteckc@aol.com 

KENTUCKY 
Skyline Sales & Associates 
845 Lane Allen Rd 
Lexington, KY 40504 
PHONE 606-276-5061 

FAX 606-276-5142 

LOUISIANA 
OM Associates 
690 W. Campbell Rd. # 150 
Richardson, TX 75080 
PHONE 214-690-6746 

FAX 214-690-8721 

MAINE 
CTC Associates 
12 Southwest Park 
Westwood, MA 02090 
PHONE 617-320-1818 

FAX 617-320-8282 

MARYLAND 
Elex-Sys Group 
385 Stonehouse Dr 
Severna Park, MD 21146 
PHONE 410-315-8156 

FAX 410-315-8157 



United States Manufacturers Representatives - Contd. 

MASSACHUSETTS 
CTC Associates 
12 Southwest Park 
Westwood, MA 02090 
PHONE 617-320-1818 

FAX 617-320-8282 

MICHIGAN 
Electronic Sources Inc 
8002 W. Grand River Ave #B 
Brighton, M148116 
PHONE 810-227-3598 

FAX 810-227-5655 

MINNESOTA 
High Technology SIs 
4801 W. 81st St # 115 
Bloomington, MN 55437 
PHONE 612-844-9933 

FAX 612-844-9930 

MISSOURI, EAST 
Midtec Associates, Inc 
55 Westport Plaza #614 
St. Louis, MO 63146 
PHONE 314-275-8666 

FAX 314-275-8859 

MISSOURI, WEST 
Midtec Associates, Inc 
11900 W. 87th St. Pkwy #220 
Lenexa, KS 66215 
PHONE 913-541-0505 

FAX 913-541-1729 
EMAIL: midteckc@ao1.com 

MONTANA 
First Source 
10451 W. Garverdale Ct. #209 
Boise, ID 83704 
PHONE 208-378-4680 

FAX 208-323-9386 

NEBRASKA 
Midtec Associates, Inc 
11900 W. 87th St. Pkwy #220 
Lenexa, KS 66215 
PHONE 913-541-0505 

FAX 913-541-1729 
EMAIL: midteckc@ao1.com 
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NEVADA, NORTH 
Cain-White & Co. 
105 Fremont Ave., Ste. D 
Los Altos, CA 94022 
PHONE 415-948-6533 

FAX 415-948-0115 

NEVADA, SOUTH 
Reptronix, Inc. 
1661 E. Camelback Rd. #285 
Phoenix, AZ 85016 
PHONE 602-230-2630 

FAX 602-230-7730 
EMAIL: ReptPhx@ao1.com 

NEW HAMPSHIRE 
CTC Associates 
12 Southwest Park 
Westwood, MA 02090 
PHONE 617-320-1818 

FAX 617-320-8282 

NEW JERSEY 
Astrorep Mid-Atlantic 
375 Horsham Rd. #200 
Horsham, PA 19044 
PHONE 215-957-9580 

FAX 215-957-9583 

NEW MEXICO 
Reptronix Ltd. 
237 C Eubank North East 
Albuquerque, NM 87123 
PHONE 505-292-1718 

FAX 505-299-1611 
EMAIL: reptabq@ao1.com 

NEW YORK, ISLAND 
Astrorep Inc 
103 Cooper St 
Babylon, NY 11702 

PHONE 516-422-2500 
FAX 516-422-2504 
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00. United States Manufacturers Representatives - Contd. 
~ 
~ NEW YORK, ISLAND - Contd. 
~ CTC Associates, New York Upstate 
~ 1063 Killoe Rd 
::;J Baldwinsville, NY 13027 
Z PHONE 315-638-9232 
~ FAX 315-638-7410 

NORTH CAROLINA 
The Tronex Group 
5840 Faringdon Place 
Raleigh, NC 27609 
PHONE 919-954-7000 

FAX 919-790-8200 

NORTH DAKOTA 
High Technology Sales 
4801 West 81st St. # 115 
Bloomington, MN 55437 
PHONE 612-844-9933 

FAX 612-844-9930 

OHIO 
Mid Star Technologies 
35 Compark Rd # 204 
Centerville, OH 45458 
PHONE 513-439-5700 

FAX 513-439-6657 
EMAIL: AT&T!Cole 

OKLAHOMA 
OM Associates 
690 W. Campbell Rd. # 150 
Richardson, TX 75080 
PHONE 214-690-6746 

FAX 214-690-8721 

OREGON 
Electronic Solutions 
P.O. Box 91428 
Portland, OR 97291 
PHONE 503-292-8204 

FAX 503-423-8005 
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PENNSYLVANIA, EAST 
Astrorep Mid Atlantic 
375 Horsham Rd #200 
Horsham, P A 19044 
PHONE 215-957-9580 
FAX 215-957-9583 

PENNSYLVANIA, WEST 
Midstar (Cole & Erb) 
35 Compark Rd., Ste. 204 
Centerville, OH 45459 
PHONE 513-439-5700 

FAX 513-439-6657 
EMAIL: AT&T!Cole 

PUERTO RICO 
Atland, Inc. 
P.O. Box 29729 
San Juan, PR 00929 
PHONE 809-752-2160 

FAX 809-757-0280 

RHODE ISLAND 
CTC Associates 
12 Southwest Park 
Westwood, MA 02090 
PHONE 617-320-1818 

FAX 617-320-8282 

SOUTH CAROLINA 
The Tronex Group 
P.O. Box 1225, 1004 Howell Ct. 
Duluth, GA 30136 
PHONE 770-476-5494 

FAX 770-476-4423 



United States Manufacturers Representatives - Contd. 

TENNESSEE 
The Tronex Group 
7156 Bay Cove Trail 
Nashville, TN 37221 
PHONE 615-662-2636 

FAXN/A 

TEXAS 
o M Associates 
690 W. Campbell Rd # 150 
Richardson, TX 75080 
PHONE 214-690-6746 

FAX 214-690-8721 

o M Associates 
20405 S.H. 249 # 170 
Houston, TX 77070 

PHONE 713-376-6400 
FAX 713-376-6490 

EMAIL: WayneW@omassoc.com 

o M Associates 
9020 I Capital of Texas Hwy., N # 335 
Austin, TX 78759 
PHONE 512-794-9971 

FAX 512-794-9987 

UTAH 
First Source 
2688 Willow Bend 
Sandy, UT 84093 

PHONE 801-943-6894 
FAX 801-943-6896 

EMAIL: firstsrc@xmission.com 

VERMONT 
CTC Associates 
12 Southwest Park 
Westwood, MA 02090 

PHONE 617-320-1818 
FAX 617-320-8282 
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VIRGINIA 
Elex-Sys Group 
3221 Wildmere Place 
Herndon, VA 22071 

PHONE 703-648-3810 
FAX 703-648-0231 

WEST VIRGINIA 
Midstar (Cole & Erb) 
35 Compark Rd., Ste. 204 
Centerville, OH 45459 

PHONE 513-439-5700 
FAX 513-439-6657 

EMAIL: AT&T!Cole 

WASHINGTON 
E2 
13333 Bel-Red Rd Suite 239 
Bellevue, W A 98005 

PHONE 206-637-0302 
FAX 206-646-8893 

WISCONSIN 
Selective Sales 
143 E. Capital Dr 
Hartland, WI 53029 

PHONE 414-367-1133 
FAX 414-367-3842 

WYOMING 
First Source 
8341 South 700 East 
Sandy, UT 84093 

PHONE 801-943-6894 
FAX 801-943-6896 

EMAIL: firstsrc@xmission.com 
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Canadian Manufacturers Representatives 

; ONTARIO 
Har-Tech Electronics Ltd 

~ 390 Bradwick Dr #3 and #4 
:;;J 
Z 

~ 
Concord, Ontario, Canada L4K 2W4 
PHONE 905-660-3419 

FAX 905-660-5102 
EMAIL: Hartech@passport.ca 

Har-Tech Electronics Ltd 
One Bonner 8t 
N epean, Ontario, Canada K2H 789 
PHONE 613-726-9410 

FAX 613-726-8834 

QUEBEC 
Har-Tech Electronics Ltd 
6600 Trans-Canada Hwy #460 
Pointe Claire, Quebec, Canada H9R 482 
PHONE 514-694-6110 

FAX 514-694-8501 
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ALABAMA 
Insight Electronics Inc 
4835 University Square # 19 
Huntsville, AL 35816 
PHONE 205-830-1222 

FAX 205-830-1225 

Marshall Industries 
3313 Memorial Pkwy South 
Huntsville, AL 35801 
PHONE 205-881-9235 

FAX 205-881-1490 
Website: www.Marshall.com 

Nu Horizons 
4801 University Square # 11 
Huntsville, AL 35816 
PHONE 205-722-9330 

FAX 205-722-9348 

ARIZONA 
Insight Electronics Inc 
1515 W. University #103 
Tempe, AZ 85281 
PHONE 602-829-1800 

FAX 602-967-2658 

Marshall Industries 
9830 S. 51st St #CI07-109 
Phoenix, AZ 85044 
PHONE 602-496-0290 

FAX 602-893-9029 
Website: www.Marshall.com 

CALIFORNIA 
Insight Electronics Inc 
2 Venture Plaza #340 
Irvine, CA 92718 
PHONE 714-727-3291 

FAX 714-727-1804 

Insight Electronics Inc 
9980 Huennekens St 
San Diego, CA 92121 
PHONE 619-587-1100 

FAX 619-587-1380 

United States Distributors 
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Insight Electronics 
2370 Cume Dr., Ste. D 
San Jose, CA 95131 
PHONE 408-577-0180 

FAX 408-577-0182 

Insight Electronics Inc 
1295 Oakmead Parkway 
Sunnyvale, CA 94086 
PHONE 408-720-9222 

FAX 408-720-8390 

Insight Electronics Inc 
4333 Park Terrance Dr # 101 
Westlake Village, CA 91361 
PHONE 818-707-2101 

FAX 818-707-0321 

Marshall Industries 
9320 Telstar Ave 
EI Monte, CA 91731-3004 
PHONE 818-307-6000 

FAX 818-307-6297 
Website: www.Marshall.com 

Marshall Industries 
One Morgan 
Irvine, CA 92718-1994 
PHONE 714-458-5395 

FAX 714-581-5255 
Website: www.Marshall.com 

Marshall Industries 
336 Los Coches St 
Milpitas, CA 95035 
PHONE 408-942-4600 

FAX 408-262-1224 
Website: www.Marshall.com 

Marshall Industries 
5961 Kearny Villa 
San Diego, CA 92123 
PHONE 619-627-4140 

FAX 619-627-4163 
Website: www.Marshall.com 
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~ 
United States Distributors - Contd. 

; CALIFORNIA - Contd. 
Marshall Industries 

~ 3039 Kilgore Ave #140 
'"'" Rancho Cordova, CA 95670 
Z PHONE 916-635-9700 
~ FAX 916-635-6044 
(I!!!!:j Website: www.Marshall.com 

Marshall Industries 
26637 W. Agoura Rd 
Calabasas, CA 91302 
PHONE 818-876-7000 

FAX 818-880-6846 
Website: www.Marshall.com 

Nu Horizons 
13900 Alton Parkway, Ste. 123 
Irvine, CA 92718 
PHONE 714-470-1011 

FAX 714-470-1104 

Nu Horizons 
4360 View Ridge Ave., Ste. B 
San Diego, CA 92123 
PHONE 619-576-0088 

FAX 619-576-0990 

Nu Horizons 
2070 Ringwood Ave. 
San Jose, CA 95131 
PHONE 408-434-0800 

FAX 408-434-0935 

Nu Horizons 
31225 La Baya Dr., Ste. 104 
Westlake Village, CA 91362 
PHONE 818-889-9911 

FAX 818-889-1771 

Zeus Electronics 
6 Cromwell St # 100 
Irvine, CA 92718 
PHONE 714-581-4622 

FAX 714-454-4355 

Zeus Electronics 
6276 San Ingacio Ave #E 
San Jose, CA 95119 
PHONE 408-629-4789 

FAX 408-629-4792 

COLORADO 
Insight Electronics 
384 Inverness Dr S. # 105 
Englewood, CO 80112 
PHONE 303-649-1800 

FAX 303-649-1818 

Marshall Industries 
12351 N Grant 
Thornton, CO 80241 
PHONE 303-451-8383 

FAX 303-457-2899 
Website: www.Marshall.com 

CONNECTICUT 
Marshall Industries 
20 Sterling Dr 
Wallingford, CT 06492-0200 
PHONE 203-265-3822 

FAX 203-284-9285 
Website: www.Marshall.com 

FLORIDA 
Insight Electronics Inc 
17757 U.S. 19 North #520 
Clearwater, FL 34624 
PHONE 813-532-8850 

FAX 813-532-4252 

Insight Electronics Inc 
6400 Congress Ave # 1600 
Boca Raton, FL 33487 
PHONE 407-995-1486 
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FAX 407-995-1487 

Insight Electronics Inc 
600 Northlake Blvd #250 
Altamonte Springs, FL 32701 
PHONE 407-834-6310 

FAX 407-834-6461 



United States Distributors - Contd. 

FLORIDA - Contd. 
Marshall Industries 
2840 Scherer Dr #410 
St. Petersburg, FL 33716 
PHONE 813-573-1399 

FAX 813-573-0069 
Website: www.Marshall.com 

Marshall Industries 
2700 W. Cypress Creek Rd #D114 
Ft. Lauderdale, FL 33309 
PHONE 305-977-4880 

FAX 305-977-4887 
Website: www.Marshall.com 

Marshall Industries 
380-S Northlake Blvd #1024 
Altamonte Springs, FL 32701-5260 
PHONE 407-767-8585 

FAX 407-767-8676 
Website: www.Marshall.com 

Nu Horizons 
600-S Northlake Blvd #270 
Altamonte Springs, FL 32701 
PHONE 407-831-8008 

FAX 407-831-8862 

Nu Horizons 
3421 NW 55th St 
Ft. Lauderdale, FL 33309 
PHONE 305-735-2555 

FAX 305-735-2880 

Zeus Electronics 
37 Skyline Dr Bldg D # 1301 
Lake Mary, FL 32746 
PHONE 407-333-3055 

FAX 407-333-9681 

GEORGIA 
Insight Electronics Inc 
3005 Breckinridge Blvd #210-A 
Duluth, GA 30136 
PHONE 404-717-8566 

FAX 404-717-8588 
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Marshall Industries 
5300 Oakbrook Pkwy # 140 
Norcross, GA 30093-9990 
PHONE 404-923-5750 

FAX 404-923-2743 
Website: www.Marshall.com 

Nu Horizons 
5555 Oakbrook Pkwy # 340 
Norcross, GA 30093 
PHONE 404-416-8666 

FAX 404-416-9060 

ILLINOIS 
Insight Electronics 
1365 Wiley Rd #142 
Schaumburg, IL 60173 
PHONE 708-885-9700 

FAX 708-885-9701 

Marshall Industries 
50 E. Commerce Unit 1 
Schaumburg, IL 60173 
PHONE 708-490-0155 

FAX 708-490-0569 
Website: www.Marshall.com 

Zeus Electronics 
1140 W. Thorndale Ave 
Itasca, IL 60143 
PHONE 708-595-9730 

FAX 708-595-9896 

INDIANA 
Insight Electronics 
4656 W. Jefferson Blvd., Ste. 200 
Ft. Wayne, IN 46804 
PHONE 219-436-4250 

FAX 219-436-4516 

Marshall Industries 
6990 Corporate Dr 
Indianapolis, IN 46278 
PHONE 317-297-0483 

FAX 317-297-2787 
Website: www.Marshall.com 
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United States Distributors - Contd. 

E3 KANSAS 
Insight Electronics 

~ 8700 Monrovia #310 
~ Lenexa, KS 66216 

~ Marshall Industries 
10413 W. 84th Terrace 
Lenexa, KS 66214 
PHONE 913-492-3121 

FAX 913-492-6205 
Website: www.Marshall.com 

MARYLAND 
Insight Electronics 
6925 Oakland Mills Rd # D 
Columbia, MD 21045 
PHONE 410-381-3131 

FAX 410-381-3141 

Marshall Industries 
9130 B Guilford Rd. 
Columbia, MD 21046 
PHONE 410-880-3030 

FAX 410-880-3202 

Nu Horizons 
8975 Guilford Rd # 120 
Columbia, MD 21046 
PHONE 410-995-6330 

FAX 410-995-6332 

MASSACHUSETTS 
Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 
PHONE 617-769-6000 

FAX 617-762-8931 

Insight Electronics 
55 Cambridge St # 301 
Burlington, MA 01803 
PHONE 617-270-9400 

FAX 617-270-3279 

Marshall Industries 
33 Upton Dr 
Wilmington, MA 01887 
PHONE 508-658-0810 

FAX 508-657-5931 
Website: www.Marshall.com 

Nu Horizons 
107 Audubon Rd Bldg 1 
Wakefield, MA 01880 
PHONE 617-246-4442 

FAX 617-246-4462 

Zeus Electronics 
25 Upton Dr 
Wilmington, MA 01887 
PHONE 508-658-4776 

FAX 508-694-2199 

MICHIGAN 
Insight Electronics 
802 E. River # 103 
Brighton, MI 48116 
PHONE 810-229-7710 

FAX 810-229-6435 

Insight Electronics 
45 N. Riviera 
Stevensville, MI 49127 
PHONE 616-429-1410 

FAX 616-428-7730 

Marshall Industries 
31067 Schoolcraft 
Livonia, MI 48150 
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PHONE 313-525-5850 
FAX 313-525-5855 

Website: www.Marshall.com 

MINNESOTA 
Insight Electronics Inc 
5353 Gamble Dr # 330 
St. Louis Park, MN 55416 
PHONE 612-525-9999 

FAX 612-525-9998 



United States Distributors - Contd. 

MINNESOTA - Contd. 
Marshall Industries 
14800 28th Ave, N. #175 
Plymouth, MN 55447 
PHONE 612-559-2211 

FAX 612-559-8321 
Website: www.Marshall.com 

Nu Horizons 
6955 Washington Ave South 
Edina, MN 55439 
PHONE 612-942-9030 

FAX 612-942-9144 

MISSOURI 
Insight Electronics 
2321 Camberwell Dr. 
St. Louis, MO 63131 
PHONE 314-822-0601 

FAX 314-822-0601 

NEW JERSEY 
Insight Electronics 
2 Eves Dr # 208 
Marlton, NJ 08053 
PHONE 609-985-5556 

FAX 609-985-5895 

Insight Electronics 
115 Route 46, #F-1000 
Mountain Lakes, NJ 07046 
PHONE 201-316-6040 

FAX 201-316-5940 

Marshall Industries 
158 Gaither Dr 
Mt. Laurel, NJ 08054 
PHONE 609-234-9100 

FAX 609-778-1819 
Website: www.Marshall.com 
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Marshall Industries 
101 Fairfield Rd 
Fairfield, NJ 07006 
PHONE 201-882-0320 

FAX 201-882-0095 
Website: www.Marshall.com 

Nu Horizons 
39 US Route 46 
Pine Brook, NJ 07058 
PHONE 201-882-8300 

FAX 201-882-8398 

Nu Horizons 
18000 Horizons Way #200 
Mt. Laurel, NJ 08054 
PHONE 609-231-0900 

FAX 609-231-9510 

NEW YORK 
Insight Electronics 
80 Orville Dr 
Bohemia, NY 11716 
PHONE 516-244-1640 

Marshall Industries 
100 Marshall Dr 
Endicott, NY 13760 
PHONE 607-796-2345 

FAX 607-785-5546 
Website: www.Marshall.com 

Marshall Industries 
55 Oser Ave., Ste. E 
Hauppauge, NY 11788 
PHONE 516-273-2695 

FAX 516-273-1242 

Marshall Industries 
1250 Scottsville Rd 
Rochester, NY 14624 
PHONE 716-235-7620 

FAX 716-235-0052 
Website: www.Marshall.com 



~ NEW YORK - Coutd. 

United States Distributors - Contd. 

Nu Horizons 
~ 333 Metro Park 
I-' Rochester, NY 14623 

~ PHONE 716-292-0777 
i£j FAX 716-292-0750 

Nu Horizons 
6000 New Horizons Blvd 
N Amityville, NY 11701 
PHONE 516-226-6000 

FAX 516-226-6140 

Zeus Electronics 
100 Midland Ave 
Port Chester, NY 10573 
PHONE 914-937-7400 

FAX 914-937-2553 

NORTH CAROLINA 
Insight Electronics 
811 Spring Forest Rd., Ste. 1000 
Raleigh, NC 27609 
PHONE 919-873-9922 

FAX 919-873-9050 

Marshall Industries 
5224 Green Dairy Rd 
Raleigh, NC 27604 
PHONE 919-878-9882 

FAX 919-872-2431 
Website: www.Marshall.com 

Nu Horizons 
2920 Highwood Blvd., Ste. 125 
Raleigh, NC 27604 
PHONE 919-954-0500 

FAX 919-954-0545 

OHIO 
Insight Electronics 
9700 Rockside Rd # 105 
Valley View, OH 44125 
PHONE 216-520-4333 

FAX 216-520-4322 

Insight Electronics 
290 Mecca Cr. 
Vandalia, OH 45377 
PHONE 513-454-5996 

FAX 513-454-5997 

Marshall Industries 
30700 Bainbridge Rd Unit A 
Solon, OH 44139 
PHONE 216-248-1788 

FAX 216-248-2312 
Website: www.Marshall.com 

Marshall Industries 
3520 Park Center Dr 
Dayton, OH 45414-2573 
PHONE 513-898-4480 

FAX 513-898-9363 
Website: www.Marshall.com 

Nu Horizons Electronics 
2208 Enterprise E. Parkway 
Twinsburg, OH 44087 
PHONE 216-963-9933 

FAX 216-963-9944 

OKLAHOMA 
Insight Electronics 
4726 Edgewood 
Sapulpa, OK 74066 
PHONE 918-227-2482 

FAX 918-227-2482 

OREGON 
Insight Electronics Inc 
8705 S.W. Nimbus Ave #200 
Beaverton, OR 97005 
PHONE 503-628-3031 

FAX 503-641-4530 

Marshall Industries 
9705 S.W. Gemini Dr 
Beaverton, OR 97005 
PHONE 503-644-5050 
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FAX 503-646-8256 
Website: www.Marshall.com 



United States Distributors - Contd. 

PENNSYLVANIA 
Insight Electronics 
20530 Route 19 # 5 
Cranberry Township, PA 16066 
PHONE 412-779-0060 

FAX 412-779-0070 

TEXAS 
Insight Electronics Inc 
11500 Matric Blvd #215 
Austin, TX 78758 
PHONE 512-719-3090 

FAX 512-719-3091 

Insight Electronics Inc 
1778 Plano Rd #320 
Richardson, TX 75081 
PHONE 214-783-0800 

FAX 214-680-2402 

Insight Electronics Inc 
10777 Westheimer # 1100 
Houston, TX 77042 
PHONE 713-260-9614 
FAX 713-260-9602 

Marshall Industries 
10681 Haddington Dr # 160 
Houston, TX 77040 
PHONE 713-467-1666 

FAX 713-462-6714 
Website: www.Marshall.com 

Marshall Industries 
8504 Cross Park Dr 
Austin, TX 76754 
PHONE 512-837-1991 

FAX 512-923-2743 
Website: www.Marshall.com 

Marshall Industries 
1551 N. Glenville Dr 
Richardson, TX 75081 
PHONE 214-705-0600 

FAX 214-770-0675 
Website: www.Marshall.com 
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Nu Horizons 
7801 North Lamar #F29 
Austin, TX 78752 
PHONE 512-467-2292 

FAX 512-467-2466 

Nu Horizons 
2081 Hutton Dr # 119 
Carrollton, TX 75006 
PHONE 214-488-2255 

FAX 214-488-2265 

Zeus Electronics 
3220 Commander Dr 
Carrollton, TX 75006 
PHONE 214-380-4330 

FAX 214-447-2222 

UTAH 
Insight Electronics 
545 East 4600 South #E-110 
Salt Lake City, UT 84107 
PHONE 801-288-9001 

FAX 801-288-9125 

Marshall Industries 
2355 S. 1070 West #D 
Salt Lake City, UT 84119 
PHONE 801-973-2288 

FAX 801-487-0936 
Website: www.Marshall.com 

WASHINGTON 
Insight Electronics Inc 
12002 115th Ave N.E. 
Kirkland, W A 98034 
PHONE 206-820-8100 

FAX 206-821-2976 

Marshall Industries 
11715 N. Creek Pkwy S. # 112 
Bothell, WA 98011 
PHONE 206-486-5747 

FAX 206-486-6964 
Website: www.Marshall.com 



~ WISCONSIN 
Insight Electronics 

United States Distributors - Contd. 

~ 10855 W Potter Rd # 1 
~ Wauwatosa, WI 53226 

PHONE 414-258-5338 
~ FAX 414-258-5360 

Marshall Industries 
20900 Swenson Dr # 150 
Waukesha, WI 53186-4050 
PHONE 414-797-8400 

FAX 414-797-8270 
Website: www.Marshall.com 

Canadian Distributors 

ALBERTA 
Insight Electronics 
109-2915 21st St. NE 
Calgary, Alberta T2E 7T1 Canada 
PHONE 403-250-8822 

FAX 403-250-8851 

BRITISH COLUMBIA 
Future Electronics 
1695 Boundary Rd 
Vancouver, B. C., V5R 5J7 Canada 
PHONE 604-294-1166 

FAX 604-294-1206 

Insight Electronics 
141-6151 Westminister Hwy. 
Richmond, BC V7C 4V4 Canada 
PHONE 604-270-3232 

FAX 604-270-3358 

ONTARIO 
Insight Electronics 
1 Eva Rd. #107 
Etobicoke, ON M9C 4Z5 Canada 
PHONE 416-622-7006 

FAX 416-622-5155 

Marshall Industries 
4 Paget Rd #10 & 11 Building 1112 
Brampton, Ontario, L6T 5G3 Canada 
PHONE 416-458-8046 

FAX 416-458-1613 
Website: www.Marshall.com 

Marshall Industries 
6285 Northam Dr. Ste. 112 
Mississauga, ON Ll4V lX5 Canada 
PHONE 905-612-1771 

FAX 905-612-1988 

Insight Electronics 
240 Catherine St., Ste. 406 
Ottawa, ON K2P 2G8 Canada 
PHONE 613-233-1799 

FAX 613-233-2643 

QUEBEC 
Future Electronics 
237 Hymus Blvd 
Pointe Claire, Quebec, H9R 5C7 Canada 
PHONE 514-694-7710 

FAX 514-695-3707 

Insight Electronics 
1405 Trans-Canada Hwy. Ste. 200 
Derval, Quebec H9P 2V9 Canada 
PHONE 514-421-7373 

FAX 514-421-0024 

Marshall Industries 
148 Brunswick Blvd 
Pointe Claire, Quebec, H9R 5P9 Canada 
PHONE 514-694-8142 
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FAX 514-694-6989 
Website: www.Marshall.com 



International Representatives and Distributors 

ARGENTINA 
Magna Scientific 
Nazarre 5712 
Buenos Aires (1408) 
Argentina 
PHONE 54-1-642-6525 

FAX 54-1-635-4570 

AUSTRALIA 
Reptechnic 
3/36 Bydown St 
Neutral Bay N5W 2089 
Australia 
PHONE 011-61-2-953-9844 

FAX 011-61-2-953-9683 
EMAIL: Sales@reptechnic.com.au 

AUSTRIA 
Allmos Electronics GES.m.b.h. 
Esterhazystrasse 33 
A-7000 Eisenstadt 
Austria 
PHONE 43-2682-67561 

FAX 43-2682-67561-9 

BELGIUM 
Microtron 
Generaal Dewittelann 7 
2800 Mechelen 
Belgium 
PHONE 011-32-15-212223 

FAX 011-32-15-210069 

CHINA 
Lestina International Ltd 
707 Longjin East Rd 
Guang Zhou 
China 510180 
PHONE 011-86-20-885-0613/1615 

FAX 011-86-20-886-1615 
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DENMARK 
C-88 
Kokkedal Industripark 101 
DK-2980 Kokkedal 
Denmark 
PHONE 45-42-244888 

FAX 45-42-244889 
EMAIL: mermaid@attmail.com 

FINLAND 
PerelOy 
Torpankatu 28 
P.O. Box 230 
05801 Hyvinkaa 
Finland 
PHONE 011-358-14 87111 

FAX 011-358-148711500 

FRANCE 
Microel 
Immeuble Oslo, Les Fjords 19, 
Avenue de N orvege 
Z A. de Courtaboeuf 
BP3 
91941 Les Ulis Cedex, France 
PHONE 011-33-1-69-07-08-24 

FAX 011-33-1-69-07-17-23 

GERMANY 
Atlantik Elektronic Gmbh 
Fraunhoferstrasse 11a 
82152 Planegg/Munich 
Germany 
PHONE 49-89-895050 

FAX 49-89-89505100 

HONG KONG 
Lestina International Ltd 
14th Floor, Park Tower 
15 Austin Road, Tsimshatsui 
Kowloon, Hong Kong 
PHONE 011-852-735-1736 

FAX 011-852-730-526017538 
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International Representatives and Distributors - Contd. 

~ Hynetic Electronics 
~ # 50, 2nd Cross 
~ Gavipuram Extension 
Z Bangalore 560 019 :.1 India 
~ PHONE 011-91-80-620-852 

FAX 011-91-80-624-073 
EMAIL: ramesh.donthi@gem.vsnl.net 

ISRAEL 
Gallium Electronic 
11 Hasadna St 
P.O.B.2552 
43650 
Ra'anana, Israel 
PHONE 09-982182 

FAX 09-984046 

ITALY 
MicroElit s.p.a. 
Via Sardegna 1 
20146 Milano 
Italy 
PHONE 39-2-4817900 

FAX 39-2-4813594 

JAPAN 
Internix, Inc 
Shinjuku Hamada Bldg 7F 
7 -4-7 Nishi Shinjuku 
Shinjuku-Ku 160 
Tokyo 160 
Japan 
PHONE 011-81-3-3369-1105 

FAX 011-81-3-3363-8486 

Microtek Inc 
2-7-5 Izumi 
Suginami-Ku 
Tokyo 168 
Japan 
PHONE 81-3-5300-5525 

FAX 81-3-5300-5519 

KOREA 
KM Tech, Ltd. 
196-10, Changlim BID 3 Fl. 
Bang Ei-Dong, Song Pa-ku 
Seoul, 138-050 
Korea 
PHONE 02-202-1303 

FAX 02-203-1444 

Mainsail Mercantile, Ltd 
1-29 Gahoe-Dong 
Chongro-Ku 
Seoul 
110-260 
Korea 
PHONE 011-82-2-745-2761 

FAX 011-82-2-745-2766 

NEW ZEALAND 
Professional Elect 
P.O. Box 9062 
Greerton, Tauranga 
New Zealand 
PHONE 011-64-7-543-3916 

FAX 011-64-7-543-3917 

NORWAY 
Berendsen Components 
Konowsgt 8 
P.B. 9376 Gronland 
0135 Oslo Norway 
PHONE 011-47-22-67-68-00 

FAX 011-47-22-67-73-80 

SINGAPORE 
Desner Electronics 
42 Mactaggart Rd 
#04-01 Mactaggart Bldg 
Singapore 368086 
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PHONE 011-65-285-1566 
FAX 011-65-284-9466 

EMAIL: desner@singnet.com.sg 



International Representatives and Distributors -Contd. 

SOUTH AFRICA 
Tarsus Technologies 
267 Kent Avenue 
Ferndale, Randburg 2194 
South Africa 
PHONE 27-11-886-3165 

FAX 27-11-886-4561 

SPAIN 
ADM Electronica S.A. 
Tomas Breton, No. 50, 3-2 
28045 Madrid 
Spain 
PHONE 011-34-1-5304121 

FAX 011-34-1-5300164 

SWEDEN 
Memec Scandinavia 
Kvamholmsvagen 52 
S-131 31 Nacka 
Sweden 
PHONE 46-8-643-4190 

FAX 46-8-643-1195 
EMAIL: anobinder@nes.memec.com 

SWITZERLAND 
Stolz AG 
Tafernstrasse 11 
CH-5405 Baden-Dattwill 
Switzerland 
PHONE 011-41-56-84-90-00 

FAX 011-41-56-83-19-63 
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TAIWAN 
Shaw-Fuu Enterprises Co, Ltd 
IF, No. 185, Sec. 4 
Hsin-Yi Rd 
Taipei 
Taiwan 
R.O.C. 
PHONE 011-886-2-708-5061/5308 

FAX 011-886-2-708-5413 

Thousand Oaks Micro Systems 
No. 209 New-Pu South Rd 
Hsin-Chu, Taiwan 
PHONE 035-309152 

FAX 035-309160 

THE NETHERLANDS 
Microtron Holland 
Beneluxweg 37 
4904 SJ OOSTERHOUT 
Holland 
The Netherlands 
PHONE 31/01620-60308 

FAX 31/01620-60633 

UNITED KINGDOM 
2001-METL (an SEI Company) 
Countax House, 
Haseley Trading Estate, 
Stadhampton Rd, Great Haseley, 
Oxfordshire 
OX447PF 
England U.K. 
PHONE 011-44-1844-278781 

FAX 011-44-1844-278746 
EMAIL: info@metl.demon.co.uk 
Website: www.metl.com 





SALES OFFICES 

WEST 
Elantec Semiconductor, Inc. 
675 Trade Zone Boulevard 
Milpitas, CA 95035 
Telephone: (408) 945-1323 
(888) EIANTEC (356-6832) 
Fax: (408) 945-9305 

HEADQUARTERS 

EAST 
Elantec Semiconductor, Inc. 
37 Derby Street 
Suite 3 
Hingham, MA 02043 
Telephone: (617) 741-5977 
Fax: (617) 741-5976 

EUROPE 
Elantec Semiconductor, Inc. 
Gordon House Business Centre 
First Floor 
6 Lissenden Gardens 
London, NW5 1LX 
England 
Telephone: 44-71-482-4596 
Fax: 44-71-267-1026 

ASIA 
Elantec Semiconductor, Inc. 
CaU HEADQUARTERS 

Elantec Semiconductor, Inc. • 675 Trade Zone Boulevard • Milpitas, CA 95035 
Telephone: (408) 945-1323 • (888) EIANTEC (Toll-Free) 

Fax: (408) 945-9305 • e-mail: info@elantec.com. • Internet: http://www.elantec.com 
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