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PREFACE 

INTRODUCTION TO TOKO 

Toko Inc., founded in 1955, is a worldwide manufacturer of electronic components, integrated circuits, 
assemblies and systems, and the wor/d's largest manufacturer of coils and filters. Toko maintains 20 
manufacturing operations in 9 countries, producing 2.5 billion individual components, assemblies and 
finished products annually. Our corporate mission, as demonstrated by our people, products and the 
partnerships we build, is to maintain flawless performance in our products through an unequalled 
commitment to quality. 

TOKO'S INTEGRATED CIRCUITS 

Toko has concentrated IC development in four distinct market segments: Consumer audio/video, RF 
communications, Industrial/motion control and power control. Toko has chosen to focus on these 
segments as an extension of our expertise in developing components for numerous markets including 
communications, computers and peripherals, industrial and factory automation, broadcast and 
imaging. We believe that it is through this unique understanding of the other components that will 
populate your design, that we are able to deliver expertly designed linear integrated circuits that will 
address the needs of your application. 

TOKO'S QUALITY COMMITMENT 

Our commitment to quality products is illustrated by the numerous quality awards we have received 
from some of the world's largest and most discriminating corporations. This commitment is supported 
throughout every facet of our process, from design through all phases of production. At Toko, quality 
is designed in, built in, verified and delivered. In addition, our extensive research and development 
program carries forward our never-ending dedication toa higher level of integration, higherperformance 
and overall added value for our customers. 

ABOUT THIS DATA BOOK 

We have compiled this data book to serve our customers as a single reference source of information 
on Toko's wide range of integrated circuits. Within these pages you will find complete technical 
information and specifications on our continually expanding product line. 

We have tried to include all the information required to make an informed evaluation of our products. 
For additional clarification on any IC product, or to discuss unique product requirements which are not 
addressed within these pages, please contact the Toko Regional Sales Office nearest you. A complete 
listing of all Toko sales and applications centers is contained in the final chapter of this publication. 
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TaKa, INC. 

Ie DATA BOOK 

Information furnished herein by Toko, Inc. is believed to be accurate and reliable. However no responsibility is assumed for its use. Toko, 
Inc. makes no representation that the interconnection of its circuits, as described herein, will not infringe on existing patent rights. Toko 
reserves the right, at any time without notice, to change said circuitry or specifications. 

Applications described herein are for illustrative purposes only. Toko makes no representation or warranty that such applications will 
be suitable for the specified use without further testing and modification. 

LIFE SUPPORT POLICY 

TOKO'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES 
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF TOKO, INCORPORATED. 
As used herein: 

a. Life support devices or systems are devices or systems which (1) are intended for surgical implant into the body, or (2) support or 
sustain life and whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be 
reasonably expected to result in a significant injury to the user. 

b. A critical component is any component in a life support device or system whose failure can be reasonably expected to cause the 
failure of the life support device or system or to affect its safety or effectiveness. 

Toko, Inc .• 1-17 Higashi-Yukigaya 2 chome, Ohta-ku, Tokyo, 145 Japan. Phone: (03) 727-1161 • Telex: J22696· Fax: (03) 3728-4690 
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FEATURES 

• ± 10 dB Boost/Cut Range 

• Low Voltage Operation 

• Low Current Drain for Battery Operation 

• Two Independent Channels for Stereo 

• Low Distortion 

• Surface Mount Package 

DESCRIPTION 

The TK1 0581 M is a low voltage three-band stereo graphic 

equalizer. The circuit is optimized for battery operation at 

1.8 volts. Current consumption is typically 3 mAo The circuit 

can be used to implement a three-band audio equalizer in 

portable tape players, musical instruments, car stereos, 

mixers, effects pedals and other audio equipment. The 

TK10581 is configured for a ±10 dB boost/cut range. 

Features are low distortion (0.2%) and 40 dB ripple rejec

tion. 

The TK10581 is available in a MFP20 surface mount 

package. 

ORDERING INFORMATION 

TK10581 0 0 DO 

PACKAGE CODE 
M: Surface Mount 

TOKO,lnc. 

r~'-~ L.== Temp. Range 

Package Code 

TEMP. RANGE 
c: ·20to+70°C 

TAPE/REEL CODE 
ax: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: TapeLeft 
MG: Magazine 

TK10581 

THREE-BAND GRAPHIC EQUALIZER 

APPLICATIONS I • Head Phones 

• Stereo Radios 

• Tape Players 

• Musical Instruments 

• Effects Pedals 

• Stereo Mixers 

TK10581M 

BLOCK DIAGRAM 

1-1 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX ................................................ 6 V Operating Temperature Range .................. -20 to +70 DC 
Power Dissipation (Note 1) ................................ 350 mW Lead Soldering Temp. (10 sec.) ......................... 240 DC 
Junction Temperature ........................................... 150 DC Operating Voltage Range .............................. 1.8 to 5.0 V 
Storage Temperature Range .................... -55 to + 125 DC 

ELECTRICAL CHARACTERISTICS 
Test Conditions: T A = 25 DC, V CC = 3 V 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Circuit Current 3.0 4.5 mA 

VOMAX Max Output Voltage THD = 1 %, All Flat 500 600 mV 

THD Distortion VIN = 80 mV, All Flat 0.05 0.2 % 

VG Voltage Gain VIN = 80 mV, All Flat -3.2 -0.7 +2.0 dB 

CR Control Range VIN = SO mV ±S.O ±10 ±12.0 dB 

RR Ripple Rejection FIN = 100 Hz, VRIN = 100 mVp-p -35 -40 dB 
Input Terminal Open 

Note 1: Power dissipation must be derated at the rate of 3.5 mW/DC for operation at T A = 25 DC and above. 

NOTES 

1-2 TOKO, Inc. 
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FEATURES 

• Low Voltage Operation (1.6 - 5 V) 

• Low Current Drain for Battery Operation 

• Two Independent Channels for Stereo 

• Low Distortion (0.2%) 

• ±10 dB Boost/Cut Range 

• 40 dB Ripple Rejection 

• Surface Mount Package 

DESCRIPTION 

The TK10585M is a low voltage five-band stereo graphic 

equalizer. The circuit is optimized for battery operation at 

1.8 volts. Current consumption is typically 3.6 mA. The 

circuit can be used to implement a five-band audio equal

izer in portable tape players, musical instruments, car 

stereos, mixers, effects pedals and other audio equipment. 

The TK1 0585 is configured for a ±1 0 dB boosVcut range. 

The main features are low distortion (0.2%) and 40 dB 

ripple rejection. The input amplifier is biased at 1/2 Vcc' 

thereby improving dynamic range. 

The TK10585 is available in a MFP28 surface mount 

package. 

ORDERING INFORMATION 

TK10585 0 0 00 pT ~ __ 
Temp. Range 

Package Code 

PACKAGE CODE 
M: Suliace Mount 

TOKO, Inc. 

TEMP. RANGE 
C: -20to+70°C 

TAPEfREEL CODE 
BX: BulklBag 
TX.: Paper Tape 
TIl: Tape Right 
TL: Tape Left 
MG: Magazine 

TK10585 

FIVE-BAND GRAPHIC EQUALIZER 

APPLICATIONS 

• Head Phones 

• Stereo Radios I 
• Tape Players 

• Musical Instruments 

• Effects Pedals 

• Stereo Mixers 

TK10585M 

BLOCK DIAGRAM 

1-3 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX ................................................ 6 V Operating Temperature Range .................. -20 to +70 °C 
Power Dissipation (Note 1) ................................ 350 mW Lead Soldering Temp. (10 sec.) ......................... 240 DC 
Junction Temperature ........................................... 150°C Operating Voltage Range .............................. 1.6 to 5.0 V 
Storage Temperature Range .................... -55 to +125 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: T A = 25 DC, V CC = 3 V, f = 1 kHz 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Circuit Current 3.6 4.7 rnA 

VOMAX Max Output Voltage THO = 1 %, All Flat 500 600 mV 

THO Distortion VIN = SO mY, All Flat 0.05 0.2 % 

VG Voltage Gain VIN = SO mY, All Flat -3.2 -0.7 +2.0 dB 

CR Control Range VIN = SO mV ±S.O ±10 ±12.0 dB 

RR Ripple Rejection FIN = 100 Hz, VRIN = 70 mVp-p -35 -40 dB 
Input Terminal Open 

Note 1: Power dissipation must be derated at the rate of 3.5 my/DC for operation at T A = 25 DC and above. 

NOTES 

1-4 TOKO, Inc. 
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47k 

33 ~F 

108 Hz .,..--'lJIA_ 1 

343 Hz 

1.08 kHz .,---'lAA- J 

3.43 kHz 

10.8 kHz 

TK10585 
TEST CIRCUIT 

I 

47J,JF 
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NOTES 
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FEATURES 
• Low Voltage Operation (1.6 • 5 V) 

• Low Current Drain for Battery Operation 
• Two Independent Channels for Stereo 

• Low Distortion (0.2%) 
• ±10 dB Boost/Cut Range 

• Surface Mount Package 

DESCRIPTION 

The TK10586M is a low voltage five-band stereo graphic 

equalizer. The circuit is optimized for battery operation at 

1.8 volts. Current consumption is typically 3.6 mAo The 

circuit can be used to implement a five-band audio equal

izer in portable tape players, musical instruments, car 

stereos, mixers, effects pedals and other audio equipment. 

The TK1 0586 is configured for a ±1 0 dB boost/cut range. 

The main feature is low distortion (0.2%). 

The TK10586 is available in a MFP28 surface mount 

package. 

ORDERING INFORMATION 

TK10586 0 0 DO 

PACKAGE CODE 
M: Surface Mount 

TaKa, Inc. 

lTL--~ L..==: Temp. Range 

Package Code 

TEMP. RANGE 
C: ·20to+70°C 

TAPE/REEL CODE 
BX: Bulk/Beg 
TX.: Paper Tape 
TR: Tape Right 
TL: Tape Lell 
MG: Magazine 

TK10586 

FIVE-BAND GRAPHIC EQUALIZER 

APPLICATIONS 

• Head Phones 
• Stereo Radios 
• Tape Players 
• Musical Instruments 

• Effects Pedals 
• Stereo Mixers 

TK10586M 

BLOCK DIAGRAM 

1-7 



TK10586 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage V CCMAX .......................................... 6.0 V Operating Voltage Range .............................. 1.6 to 5.0 V 
Power Dissipation (Note 1) ................................ 350 mW Junction Temperature ................................. ',' ........ 150°C 
Operating Temperature Range .................. -20 to +70 °C Lead Soldering Temp. (10 sec.) ........................... 240 °C 
Storage Temperature Range .................... -55 to +125 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 3 V, T A = 25°C, f = 1 kHz 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Circuit Current 3.6 4.7 mA 

VOMAX Maximum Output Voltage THO = 1%, All Flat 600 S50 mA 

THO Total Harmonic Distortion VIN = SO mY, All Flat 0.05 0.2 % 

VG Voltage Gain VIN = SO mY, All Flat -3.2 -0.7 +2.0 dB 

CR Control Range VIN =SOmV ±S.O ±10 ±12.0 dB 

RR Ripple Rejection fiN = 100 Hz, VIN = 70 mVp-p -10 dB 

Note 1: Power dissipation must be derated at the rate of 3.5 mV/oC for operation at T A = 25°C and above. 

NOTES 

1-S TOKO, Inc. 
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FEATURES 

• Low Voltage Operation 

• Low Current Drain for Battery Operation 

• Two Independent Channels for Stereo 

• Low Distortion 

• :1:10 dB Boost/Cut Range 

• Surface Mount Package 

DESCRIPTION 

The TK1 0590M, is a low voltage five-band stereo graphic 

equalizer. The circuit is optimized for battery operation at 

1.8 volts. Current consumption is typically 3 mA. The circuit 

can be used to implement a five-band audio equalizer in 

portable tape players, musical instruments, car stereos, 

mixers, effects pedals and other audio equipment. The 

TK10590 is configured for a ±1 0 dB boost/cut range. The 

main features are low distortion (0.2%) and 40 dB ripple 

rejection. 

The TK10590 is available in a MFP30 surface mount 

package. 

ORDERING INFORMATION 

TK10590 0 0 DO pT _-
Temp. Range 

Package Code 

PACKAGE CODE 
M: Surface Mount 

TOKO, Inc. 

TEMP. RANGE 
C: -20to+70°C 

TAPE/REEL CODE 
BX: Bulk/Bag 
TR: Tape Righi 
TL: Tape Left 
MG: Magazine 

TK10590 

FIVE-BAND GRAPHIC EQUALIZER 

APPLICATIONS 

• Head Phones 

• Stereo Radios I 
• Tape Players 

• Musical Instruments 

• Effects Pedals 

• Stereo Mixers 

TK10590M 

BLOCK DIAGRAM 

1-11 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX ................•............................... 4 V Storage Temperature Range .................... -55 to + 150 DC 
Power Dissipation (Note 1) ............................... .400 mW Operating Temperature Range .................. -20 to +70 °C 
Junction Temperature ........................................... 150 DC Lead Soldering Temp. (3 to 5 sec.) ...................... 235 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: T A = 25°C, V cc = 1.5 V, F = 1.08 kHz 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Circuit Current 2.8 4.5 

VOMAX Max. Output Voltage THD = 1%, All Flat 140 160 

VG Voltage Gain VIN = -28 dBs, All Flat -2.2 -0.7 +1.5 

THD.F Distortion (Flat) VIN = -28 dBs, All Flat 0.05 0.3 

THD.B Distortion (Boost) VIN = -28 dBs, 1.08 kHz, VR Boost 0.3 1.5 

THD.C Distortion (Cut) VIN = -28 dBs, 1.08 kHz, VR Cut 0.3 1.5 

CR Control Range VIN = -28 dBs, 1.08 kHz, Control ±8.0 ±10 ±12.0 

Ripple Rejection 

R.RF (All Flat) f RIN = 100 Hz Input -50 

R.RB (All Boost) Terminal 300 n -50 

R.RC (All Cut) Short VRIN = -30 dBs -50 

NL Noise Level All Flat, Input Terminal, 300 n, -100 -105 
Short DIN Audio (Note 2) 

Note 1: Power dissipation must be derated at the rate of 3.2 mV/DC for operation at T A = 25 DC and above. 
Note 2: 0 dBs = 775 mV(rms) 

PARTIAL TEST CIRCUIT 
A 10~F 

:; 3.9 ~~o 200-w, ........ -IIf-'+-...-I--1~h---Afl'v----' ::~:! f ~:~ 
I-=--=-

I Vcc =1.5V 

UNITS 

mA 

mVrms 

dB 

% 

% 

% 

dB 

dB 

dB 

dB 

dBs 

V1N = -22 dBs [0 dB = 775 mV(rms)) 

1.2k 

1-12 TaKa, Inc. 



TK10590 
TYPICAL APPLICATION 

IN 

~I~~----------~ 
R'N 4.7 ~F 
3.9 k 

100pF 

lOon OUT 
O--~+~I~+---r-~~~~ 

4.7 ~F 

108Hz 

343Hz 

1.08 kHz 

3.43 kHz 

10.8 kHz 

R: FOR IMPROVEMENT OF 
RIPPLE REJECTION AT LOW 
OPERATION VOLTAGE (0.9 V). 
ADD THESE RESISTORS. 

RECOMMENDED VALUE: 
R=300kQ 

GND 

.-----114 

47 ~F 

IN 

30 1-----------1>-1[f±---IM.-D 
4.7 ~F R'N 

3.9k 

100pF 
loon OUT 

I-~~r--+-+---t~-'-+-----<o 
4.7~F 

108Hz 

343 Hz 

1.08 kHz 

3.43 kHz 

10.8 kHz 

VR: 50 k to 200 kQ 

17 

16 

L-____________________ ~I~+--------------J 

TaKa, Inc. 1-13 



TK10590 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

For the Value of R, please see the Test Circuit on page 1-12. 
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TK10590 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

For the Value of R, please see the Test Circuit on page 1-12. 
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FEATURES 

• Low Supply Current 
• Wide Operating Voltage 

• Low Standby Current 

• Microphone Amplifier 
• Instantaneous Deviation Control Circuit 

DESCRIPTION 

TK10650 is a noise reduction IC developed mainly for 

cordless telephones. It has a built-in compressor circuit to 

increase the average modulation level and an expander 

circuit to reduce the noise level. The expander restores the 

original dynamics of the input signal and provides high 

quality signal transmission and low noise. Among many 

functions included, analog switching ofthe input and output 

signals are particularly useful in cordless telephones. 

The TK1 0650 is available in both a dual in-line DIP20 and 

a MFP20 surface mount packages. 

ORDERING INFORMATION 

TK10650 0 0 00 pT ,_~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: Surface Mount C: -20 to +70 °c 
D: Plastic DIP 

TaKa, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TK10650 

LOW CURRENT COMPANDOR 

APPLICATIONS 

• Portable Instrumentation 

• Cordless Telephones 

• Handy Talkies 

• Interphones 

TK10650 

GND 1 COMP1NI 

EXPNFGNDCOUPLING 3 18 COf."F NFGNDCOUPUNG 

EXPTIMECONSTANT 4 17 COMPTIMECONSTANT 

SELECTOR 9 

11 STANDBY 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 10 V Junction Temperature ........................................... 150°C 
Operating Voltage Range .............................. 3.0 to 7.0 V Storage Temperature Range .................... -55 to + 150°C 
Power Dissipation, D Type (Note 1) ................. 1000 mW Operating Temperature Range .................. -20 to +70 °C 
Power Dissipation, M Type (Note 2) .................. 410 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: VCC = 3.0 V, f = 1.0 kHz, RL = 1.0 kil, TA = 25 oC, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Current Consumption No signal 3.5 5.5 

ISTBY Standby Current Consumption 11 Pin Open 0.1 10 

VTH Through Voltage 8,9,10,12 Pin 1.15 1.3 1.45 

Compressor 

ZINC Input Impedance 90 120 

VINC Input Standard Level Vac = 300 mV(rms) (Note 3) 8 12 17 

Vac1 Output Level 1 VIN = VINC = 0 dB (Note 3) 0 

VaC2 Output Level 2 VIN = -20 dB (Note 3) -10.5 -10 -9.5 

Vac3 Output Level 3 VIN = -40 dB (Note 3) -21.0 -20 -19.0 

ilGTC Through On/Off Difference Vac = 300 mV(rms) 0 1.5 3.0 

10 Pin GND 

THDc Total Harmonic Distortion Vac = 300 mV(rms) 0.5 1.0 

VNC Output Noise Voltage Rg = 600 Q (Note 3) 3.0 4.5 

ilFC Frequency Characteristics Vac = 300 mV, -0.5 0 +0.5 

FIN = 200 -5 kHz 

ATTC Mute Attenuation Vac = 300 mV(rms) 50 80 

12 Pin GND 

VUMC Limiting Voltage IDC Circuit 1.10 1.25 1.40 

ilGcc Interchannel Gain Difference Vac = 300 mV(rms), -1.0 0 +1.0 

9 Pin GND 

Note 1: Power dissipation must be derated at the rate of 8 mW/oC for operation at T A = 25°C and above. 

Note 2: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 

Note 3: Measured using an estimated noise filter as recommended on CCITT page 53. 
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TK10650 
ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 3.0 V, f = 1.0 kHz, RL = 1.0 kil, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Expander 
~~ 

ZINE Input Impedance 90 120 kQ 

VOE Output Standard Level VINE = 30 mV(rms) (Note 3) 90 130 160 mV(rms) 

VOE1 Output Level 1 VINE = 30 mV(rms) = 0 dB 0 dB I 

(Note 3) 

VOE2 Output Level 2 VINE = -10 dB (Note 3) -20.5 -20 -19.5 dB 

VOE3 Output Level 3 VINE = -20 dB (Note 3) -41.0 -40 -39.0 dB 

VOE4 Output Level 4 VINE = -30 dB (Note 3) -61.0 -60 -5S.0 dB 

8GTE Through On/Off Difference VINE = 30 mV(rms), -3.0 -1.5 0 dB 

10 Pin GND 

THDE Total Harmonic Distortion VINE = 30 mV(rms) 0.5 1.0 % 

VNE Output Noise Voltage Rg = 600 Q 10 30 /lV(rms) 

8FE Frequency Characteristics VINE = 30 mV, -0.5 0 +0.5 dB 

FIN = 200 -5 kHz 

AnE Mute Attenuation VINE = 30 mV(rms), 60 SO dB 

S PinGND 

VOMAX Maximum Output Voltage THD=10% 500 600 mV(rms) 

8GCE Interchannel Gain Difference VINE = 30 mV(rms), -1.0 0 +1.0 dB 

9 Pin GND 

Compandor 

8G1 Gain Error 1 VINC = +5 - -40 dB -2.0 0 +1.5 dB 

8G2 Gain Error 2 VINC = -40 - -45 dB -3.5 0 +2.0 dB 

8G3 Gain Error 3 VINC = -45 - -50 dB -5.0 0 +2.0 dB 

8G4 Gain Error 4 VINC = -50 - -60 dB 0 +2.0 dB 

Note 3: Measured using an estimated noise filter as recommended on CCITT page 53. 
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TK10650 
TEST CIRCUIT 

THROUGH 

1 

PIN NUMBER PIN NAME PIN VOLTAGE PIN NUMBER PIN NAME PIN VOLTAGE 

1 GND OV 11 Standby Vee 

2 ExplN 1.5V 12 MuteC 1.4V 

3 Ge 1.5 V 13 Vee Vee 

4 Te 0.7 V 14 VREFC 1.5 V 

5 Exp Out 1 1.5V 15 CompOut 1.5V 

6 Exp Out 2 1.5V 16 DCF 1.5V 

7 VREF E 1.5V 17 Te 0.7V 

8 MuleE 1.4 V 18 Ge 1.5V 

9 Selector 1.4V 19 Comp IN 2 1.5V 

10 Through 1.4V 20 Comp IN 1 1.5V 
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TK10650 

APPLICATION INFORMATION 

COMPRESSOR 1 
The TK10650 is optimized for use in cordless telephones with speakers. It has two inputs: a "Line" input and a 
"Microphone" input. The latter receives its signal from the speaker which also functions as a microphone. This signal is 
amplified by the internal microphone amplifier and fed to the compressor circuit. The microphone amplifier gain can be 
changed by the adjustment of an external resistor. Microphones with different output voltages can be used. 

The compressor linearly compresses the input signal by a factor of 2:1 in dB, and then passes it through the Instantaneous 
Deviation Control (IDC) and the demodulator. In order to prevent overmodulation, the IDC can restrain the frequency 
deviation to ±4.5 kHz, which is1.5 times the average modulation (±3.0 kHz). In other words, it is not necessary to add an 
automatic deviation controller. 

GAIN ADJUSTMENT 
RESISTOR 

EXPANDER (FOR A CORDLESS TELEPHONE BASE UNIT) 

After the signal is received, demodulated, and amplified, it is fed tothe expander. (The input amplifier gain can be adjusted.) 

The expander linearly expands the input signal by a 1 :2 ratio in dB, and then forwards it either through the external hybrid 
circuit to the LINE output or through the power amplifier to the speaker, depending on the selector switch (SW3) position. 

TaKa, Inc. 1-21 



TK10650 
APPLICATION INFORMATION (CONT.) 

MUTE 

Independent muting circuits are built into the compressor 
and expander, allowing unnecessary transmission or re
ception to be prevented. The attenuation in muted mode is 
60 dB or greater. 

THROUGH 

When the compandor's compression and expansion char
acteristics are unnecessary, the compressor and expander 
blocks can be bypassed. 

STANDBY 

When the TK10650's various functions are unnecessary 
(when waiting for reception, for example), current con
sumption can be reduced below 1 0 IJA by using the standby 
function. 

COMPANDOR 

The signal to noise ratio can be improved with the compres
sor and the expander. The input signal to the compressor 
is compressed linearly by a 2:1 ratio in dB, and transmitted. 
In other words, the compression process elevates the 
signal above the noise level of the transmission medium. 
When this signal is fed to the expander, it is expanded by 
a ratio of 1 :2 in dB. The accompanying transmission line 
noise is also expanded (reduced) by a ratio of 1 :2. 

COMJRESSOR EXPANDER 
III 

REFERENCE 
dB 

INPUT LEVEL 0 o OUTPUT lEVEl 

-2. '\J' -2. 

'\J' .... 1 20 dB 
-4. '\J'S6NAL 

"NI/NNNIv ! 40dBS/N 
-60 

PHONE NOISE 
-6IJ WNMNWIv NO~E 

-80 -80 

·100 -100 

1-22 

IMPORTANT PIN FUNCTIONS 

EXPANDER INPUT AMPLIFIER (PINS 2 AND 3) 

As can be seen in the following diagram, the input pin is 
connected to the reference voltage through a 100 kQ 
resistor. The N F pin connects to the DC bypass, and its time 
constant with the 10 kQ internal resistor determines the 
low-range cutoff frequency. The gain can be adjusted by 
adding resistance to the NF pin (pin 3). The user should set 
the gain and input level so that the output at pins 5 and 6 is 
normally 100 mV (standard level). 

EXP IN 

COMPRESSOR MICROPHONE AMPLIFIER (PINS 18 
TO 20) 

The input pins connect to the reference voltage through 
100 kQ bias resistors. Input pin switching is controlled by 
the selector switch, SW1 (pin 9) and the signal is fed from 
input 1 (pin 20) when pin 9 is High, and through input 2 (pin 
19) when pin 9 is Low. 

Pin 18 is the NF pin and the microphone amplifier's gain can 
be adjusted by adding a resistor externally. When the 
external resistance is 9.1 kil, the standard input level is 
10 mV; when the external resistance is 68 kQ, the standard 
input level is a 30 mV. The input can accommodate a variety 
of microphones by adjusting the gain to match the 
microphone's output voltage. The user should set the gain 
and input level so that the output at pin 15 is normally 
300 mV (standard level). 

COMP NFGND 
COUPLING 

~ 
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IMPORTANT PIN FUNCTIONS (CONT.) 

RECTIFIER (PINS 4 AND 17) 

These pins determine smoothing and the dynamic charac
teristics for the compressor and expander. The time con
stant is determined by the external capacitor value and the 
internal 1 0 kil resistor. 

COMPRESSOR SUMMING AMPLIFIER (PIN 16) 

4,17 TO 

10 k 
GAIN CELL 

The compressor's summing amplifier (SUM AMP) has a 
DC gain of 1 and a high open loop AC gain. This character
istic eliminates AC feedback, and only DC feedback has to 
be dealt with. That is the reason for pin 16, and the AC 
bypass capacitor is attached here. The cutoff frequency is 
determined by the external capacitor value and the internal 
30 kn resistor. 

TaKa, Inc. 

TK10650 

OUTPUT PINS (PINS 5,6, AND 15) I 
The compressor and expander output pins can drive a 1.0 
kn load. The expander output has a built-in analog switch 
and the output pin is determined by the selector switch, 
SW 3 (pin 9). The signal appears at output 1 (pin 5) when 
pin 9 is High, and at output 2 (pin 6) when pin 9 is Low. 

REFERENCE VOLTAGE SOURCE (PINS 7 AND 14) 

Pin 7 is the reference voltage pin for the expander and pin 
14 is the reference voltage pin for the compressor. They are 
derived from an internal band gap reference, and used as 
the bias source for each section. 

SWITCH LOGIC CIRCUIT (PINS 8 TO 12) 

Pin 11 is the standby switch and is normally connected to 
V cc. When this switch is open, all circuits are off and Icc 
can be reduced to a few /lA. The other pins (8,9,10,12) are 
pulled up by internal current sources, as shown below so 
they do not need to be pulled up externally. When these 
pins are connected to GND, the corresponding functions 
will operate. 
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TK10650 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK10650 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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FEATURES 

• Data and Voice Inputs 

• Data and Voice Outputs 
• Low Supply Current 
• Regulated Output 

• Wide Operating Voltage 

• Low Standby Current 
• Microphone Amplifier 

• IDC Circuit (Instantaneous Deviation Control) 

DESCRIPTION 

TK10651 is a noise reduction IC developed mainly for 

cordless phones. It is also used for voice and data 

communications. It has a built-in compressor circuit to 

increase the average modulation level and an expander 

circuit to reduce the noise level. The expander restores the 

original dynamics of the input signal. The result is a high 

quality signal transmission with low noise. Among the 

many functions included, analog switching of the input and 

output signal is particularly useful in cordless telephones. 

Separate data input and output are provided. The audio 

signal path can be muted during data transmission. The 

signal path used for data transmission bypasses the com

pressor and expander circuits. 

The TK10651 is available in a MFP20 surface mount 

package. 

ORDERING INFORMATION 

TK10651 0 0 DO 

11 1: --~ - Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX: Bulk/Bag M: SUrface Mount c: -20 to +70 °c 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TaKa, Inc. 

TK10651 

LOW VOLTAGE COMPANDOR 

APPLICATIONS I • Portable Instrumentation 

• Cordless Telephone 

• Handy Talkies 

• Interphones 

TK10651 

BLOCK DIAGRAM 

1-27 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 10 V Input Frequency ................................................. 100 kHz 
Power Dissipation (Note 1) ............................... .410 mW Storage Temperature Range .................... -55 to + 150 °C 
Junction Temperature ........................................... 150 °c Operating Temperature Range .................. -20 to +70 °C 
Operating Voltage ......................................... 2.4 to 7.0 V Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: VCC = 3.0 V, f = 1.0 kHz, RL = 10 kQ, T A = 25 °C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current No signal 4.00 6.50 

VTH Threshold Voltage 11,12,13 Pin 1.15 1.30 1.45 

Compressor 

ZINC Input Impedance 90 120 

VINC Input Standard Level VOC = 300 mV(rms), 8 12.5 17 

VIN = 0 dB (Note 2) 

LlGC1 Gain Error 1 VIN = -20 dB (Note 2) -0.5 0 +0.5 

LlGC2 Gain Error 2 VIN = -40 dB (Note 2) -1.0 0 +1.0 

LlGTC Through On/Off Difference VIN = 0 dB, 12 Pin GND, -1.5 0 +1.5 

(Note 2) 

THDc Total Harmonic Distortion VIN = OdB 0.5 1.0 

VNOC Output Noise Voltage Rg = 620 Q (Note 2) 3.0 5.5 

ATTC Mute Attenuation VIN = 0 dB, 11 Pin GND, 60 80 

(Note 2) 

VUME Limiting Voltage 1.15 1.35 1.50 

VGDATA Voltage Gain for DATA V4 Pin = 300 mV(rms) -0.5 0 +0.5 

Terminal 

VDMAX Maximum Output Voltage THD = 10% Point 800 900 

for DATA Terminal 

Crssc Crosstalk Exp VIN = 30 mV(rms), -35 -30 

Rg = 600 Q (Note 2) 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at 25 °C and above. 
Note 2: Evaluated by CCITT standard P.53 noise filter. 
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TK10651 

ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V cc = 3.0 V, f = 1.0 kHz, RL = 10 kn, T A = 25 DC, unless otherwise specified. 

SYMBOL ... ]~PA-RAMETER .. __ r·· TEST CO~~I~~NS .... L~~N_L~Yp 1-MAX- I ~~I!~ 
Buffer Amplifier 
c------ ... --_ •• -· __ 0 •• ... .... ~-•• r_ •...•• - ... _----_ . ----------

I 
VGS Voltage Gain Y,N = 300 mV(rms) -0.5 0 +0.5 dB 

1------_. _ .. - .... _. . ----.------.-.-------~.-. ... __ . 1--.------_ ... - .. -~ 

~F1 Frequency Characteristics 1 Y'N = 300 mV(rms), f = 3 kH. -3 dB 

.. _ ... . - r··· ..... .. 

~F2 Frequency Characteristics 2 Y'N = 300 mV(rms), -60 dB 

f = 30 kHz 
r-.----~ ------ --,--- . _. - -- . +---_. 
THDs Total Harmonic Distortion Y,N = 300 mV(rms) 0.02 0.1 % 
--~-.-

_. r--.-
VBMAX Maximum Output Voltage THD = 10% Point 550 700 mV(rms) 

Expander 

VOE Output Standard Level Y,N = 30 mV(rms), = 0 dB 110 130 160 mV(rms) 

(Note 2) 
~. r······--·-

~GE1 Gain Error 1 Y'N = -10 dB (Note 2) -0.5 0 +0.5 dB 
.--_ .. __ . 

~GE2 Gain Error 2 Y,N = -20 dB (Note 2) -1.0 0 +1.0 dB 
. _. __ .. -_ . ---

~GE3 Gain Error 3 Y'N = -30 dB (Note 2) -1.5 0 +2.0 dB 

~GTE Through On/Off Difference Y,N = 0 dB, 12 Pin GND, -2.5 -1.0 +0.5 dB 

(Note 2) 
-- ---

THDE Total Harmonic Distortion Y'N = OdB 0.5 1.5 % 

VNOE Output Noise Voltage Rg = 620 n, (Note 2) 10 30 IlV(rms) 

ATTE Mute Attenuation Y'N = 0 dB, 13 Pin GND, 60 80 dB 

(Note 2) 
. - 1---. .-

VEMAX Maximum Output Voltage THD = 10% Point 700 800 mV(rms) 
r-----~--r---.-----.- r--.-~.-

VGI Voltage Gain for Y,N = 0 dB 14.5 15.5 16.5 dB 

Input Amp. 

VOMI Maximum Output Voltage THD = 10% 450 500 mV(rms) 

CrssE Crosstalk Camp Y'N = V'NC -70 -60 dB 

Note 2: Evaluated by CCITT standard P.53 noise filter. 
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TK10651 
TEST CIRCUIT 

SWITCH PIN HIGH (OPEN OR V cel LOW (GNO) 

Pin 11 Comp Mute OFF Comp Mute ON 

Pin 12 Compandor Through 

Pin 13 Exp Mute OFF Exp Mute ON 

APPLICATION INFORMATION 
COMPRESSOR 

By placing the data input pin following the compressor 
circuit, a data signal can be transmitted without being 
compressed. Audio from the microphone can be connected 
directly to the IC, because it passes through the built-in 
microphone amplifier (the gain is adjustable). Since there 
is a built-in limiter to prevent overmodulation, it is not 
necessary to add an external Instantaneous Deviation 
Control (IDC) circuit; furthermore, a Low Pass Filter (LPF) 
up to the third order can be constructed using the buffer 
amplifier. 

When a data signal is being transmitted, the unneeded 
audio can be cut by engaging the mute switch. 

1-30 

Switch pins priority order: 
High> pins 11 and 13 > pin 12> low. 

EXPANDER 

A wide range of applications is possible because all of the 
input amplifier pins are accessible. A LPF of up to the third 
order can be constructed at the input, and with an external 
resistor, it can be used as an amplifier. If the data out pin 
is used for the output, a data signal can be extracted without 
passing through the expander. During data transmission, 
the audio signal system can be inhibited by using the mute 
switch. 

TaKa, Inc. 



TK10651 
APPLICATION INFORMATION (CO NT.) 

COMPRESSOR MICROPHONE AMPLIFIER COMPRESSOR SUMMING AMPLIFIER 

The input pin connects to the reference voltage through a 
100 kn bias resistor, therefore external bias is not neces
sary. The microphone amplifier gain can be adjusted by 
connecting an external resistor to NF pin 7. The gain is 
highest when no resistor is added, and the standard input 1_ 
level is 3 mY. When an external resistor of 9.1 kn is added, 
the standard input level is about a 10 mY; when the external 
resistor value is 68 kn, the standard input level is 30 mY. 
The input can accommodate a variety of microphones by 
adjusting the gain to match the microphone's output volt-
age. = TK 10651 FIG 03 

The user should set the gain and input level so that the 
output level at pin 3 is normally 300 mV (standard level). 

RECTIFIER 

The rectifier's smoothing capacitor pins (6 & 1 8), determine 
the smoothing characteristics and the time constants of the 
compressor and the expander. The time constant is deter
mined by the external capacitor value and the internal 10 
kn resistance. 

100k 

TK10651 FIG01 

100k 

TaKa, Inc. 

The compressor summing amplifier (SUM AMP) must have 
unity DC gain and the AC open loop gain is high. Since the 
feedback resistors are internal to the device, only one 
external capacitor is needed between pin 5 and GND. The 
cutoff frequency is determined by the external capacitor 
and the internal resistors. 

I 

COMPRESSOR DATA INPUT 

An inverting amplifier is used at the DATA input. The 
internal input resistors are 100 kil, and the DC bias (V REF) 

is about 1.5 V. The maximum load atthe output pin is 1 0 kil. 

100k 

FROMCOMP -*---.J,A~---i 

TOVREF 

DATA IN TK10651 FIG 05 
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TK10651 
APPLICATION INFORMATION (CONT.) 

BUFFER AMPLIFIER 

Up to a third order LPF (for example, a splatter filter) can be 
constructed using this amplifier. The maximum load at the 
output pin is 10 kn. The non-inverting input of the amplifier 
is not biased internally, therefore an external bias is needed 
whenever this pin is not direct-coupled from the output pin 
(pin 3). 

EXPANDER INPUT AMPLIFIER 

EXPNF 

FILTER 
OUT 

The non-inverting and inverting input pins as well as the 
output pins are available, and can be used as a buffer amp 
or filter amp. A data signal can be obtained from the output 
pin, without passing through the expander. The input level 
and amplifier gain should be set to provide 180 mV(rms) 
standard level at the data output pin (pin 17). The expander 
input amplifier is not DC biased internally, therefore a bias 
voltage from the expander's VREF pin (pin 14) should be 
used. The maximum allowable load at the output pin is 10 
ill. 

1-32 

EXPANDER INPUT AMPLIFIER (CONT.) 

100 
k 

TOVREF 

51k 

DATA 

EXP 
OUT 

REFERENCE VOLTAGE SOURCE 
(PINS 9 AND 14) 

Pin 9 is the reference voltage pin for the compressor and 
pin 14 is the reference voltage pin for the expander. The 
reference voltages are obtained from an internal band gap 
reference and used as the bias source for each section. 

SWITCH CIRCUIT (PINS 11 TO 13) 

The compressor's and expander's mute pins and the 
through pin (noise reduction is off) are pulled up by internal 
current sources, therefore they do not need an external pull 
up. Concerning the switching logic, refer to the table in the 
Test Circuit section. 

TK 10651 FIG09 
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TK10651 
TYPICAL PERFORMANCE CHARACTERISTICS 

DC CHARACTERISTICS 

REFERENCE VOLTAGE vs. SUPPLY 

1.5 r-T'''''''T'''''!'~VTo°L:;T;.;;AGr=;E'T''''''!'''''''''''''1'''''I 

1.48 1-+-+-+-J.-+-+-+-++-l-l-+-1H 

~ 1.46 H7I-t-9=q::.+-+-+-+-l-++-1H 
u.. 

""' a: 
> 1.44 1-+H-+-J.-+-+-+-++-l-l-+-1H 

1.42 HH-+-J.-+-+-+-++-l-l-+-1H 

1.5 

1.48 

~ 1.46 
u.. 
UJ 
a: 
> 1.44 

1.42 

1.4 

5 6 7 
Vee (V) 

REFERENCE VOLTAGE vs. AMBIENT 
TEMPERATURE 

I I I I I 

01 

Vee=3.0V 

1\ 
r--

-40 -20 0 20 40 60 80 100 
TA(Oe) 03 

EXPANDER AC CHARACTERISTICS 

OUTPUT REFERENCE VOLTAGE vs. 
EXPANDER SUPPLY VOLTAGE 

~I~ = ~.~ kHz 

V 
I--' 

I--' 

-1 

-2 

2 4 5 6 
Vee (V) 05 

TOKO, Inc. 

3 

2 

·10 
100 mV(rms) -20 

·30 
S -40 
:;:'-50 

:l> -60 
-70 
-80 
-90 

-100 

·110 

SUPPLY CURRENT vs. SUPPLY 
VOLTAGE 

TTII 
NO SIGNAl: 

I 

4 5 6 
Vee (V) 02 

SUPPLY CURRENT vs. AMBIENT 
TEMPERATURE 

Vee=3.0V 
NO SIGNAL 

-40 -20 0 20 40 60 80 100 
TA(Oe) 04 

OUTPUT VOLTAGE vs. EXPANDER 
INPUT VOLTAGE 

I I ~ 
- Vee = 3.0V V1 
- FIN = 1.0 kH A' REFERENGE 

/ 
LEVEL 

1/ J 
/ 1/ 

1/ I 
17 

/ 
V 

1--/ 

-80 -70 -60 -50 -40 -30 -20 ·10 
VIN (dB) 30 mV(rms) 06 

I 
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TK10651 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

EXPANDER AC CHARACTERISTICS {CO NT.) 

iii' 
"C 

~O 
> 

-1 

-2 

OUTPUT REFERENCE VOLTAGE ¥s. 
EXPANDER AMBIENT TEMPERATURE 

Vee = 3.0V 

FIN = 1.0 kHz 

-40 -20 0 20 40 60 80 100 
TA(Oe} 07 

COMPRESSOR AC CHARACTERISTICS 

1-34 

u 
z 
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-1 

-2 

~ 0 
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-1 
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INPUT REFERENCE VOLTAGE VS. 

COMPRESSOR SUPPLY VOLTAGE 
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TK10651 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

THIRD ORDER LPF CHARACTERISTICS 

OUTPUT VOLTAGE vs. THIRD ORDER 

10 
LPF INPUT FREQUENCY 

-10 

iD -20 
~ 
I- -30 
::::> a 
> -40 

-50 1\ 
-60 

-70 
.1 .2 0.5 1 2 5 10 20 50 10C 

FIN (kHz) 13 

USING THE COMPANDOR TO IMPROVE SIN 

This section provides an example of using the compandor 
to improve SIN in a narrow band FM communication 
system. In the test configuration below, the compressor 
modulation level was measured as a function of the input 
voltage to demonstrate the improvement resulting from the 
use of compressor. An audio signal is connected into the 
compressor and the output is measured with the modula
tion meter connected to the external modulation input of the 
FM signal generator. The compressor's reference input 
level was set to produce ±3.0 kHz frequency deviation. As 
shown in the graph on the right, the peak deviation remains 
the same when the compressor is used, but a wider input 
range is obtained. The built-in characteristics of the IDC 
limit the maximum frequency deviation to ±4.5 kHz. 

TEST CONFIGURATION 

TaKa, Inc. 

OUTPUT VOLTAGE VS. THIRD ORDER 
LPF INPUT FREQUENCY 

Vee = 3_0 V -+-t-++++-+-HbFA 
-10 FIN = 1.0 kHzH-+-++++-+ ........ H-H 

~ -20 H--+-++++-+-l-I-++-+H+-++-IH 
~ -30 H--+-++++-+-l-I-++++++-++-IH 
I-
::::> -!i2 -40 H--+-++++-+-l-l--,l<-+-++++-++-IH 

-50 H-++-H+i--,i<-++++++-HH-H 

-60 1-++-+++7H-l-I-+t-++++-+-HH 

·70 H--t-+.f-++-+-l-I-++-++++-++-IH 

-90 -80 -70 -60 -50 -40 -30 -20 -10 0 

VIN (dBV) 14 

MODULATION LEVEL VS. 

COMPRESSOR INPUT 

Vee = 3.0 V 

FMOD = 1.0 kHz 

~ 4 IL 
+1 E 3 eOMPRESSO 

v 
THIRp~~n 

o 
.1.2 .5 1 2 5 10 20 50 10C 

VIN (mVrms) 15 

I 
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TK10651 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

USING THE COMPANDOR TO IMPROVE SIN (CONT.) 

The improvement resulting from the expander is expressed 
by measuring the overall characteristics 'of the FM IF 
System (TK10487M), The signal generator was switched 
to internal modulation and the output is defined as 0 dB 
when the RF input = 80 dBIl. As the graph below indicates, 
the noise is reduced when the expander is used, and good 
SIN ratio is maintained even when the RF signal input is 
weak. 

CD 
E .... 
=> 
0 

> 

OUTPUT VOLTAGE RATIO vs. 
COMPANOOR RF INPUT 

·10 
SIGNAL 

·20 

·30 

-40 

·50 

·60 -
·70 NOISE 

·80 

·20 ·10 0 10 20 30 40 50 60 70 BO 90 100 

VIN (d8u) 
16 

VCC = 3.0 V 

FOSC = 10.245 MHz 
DEV = ± 3,0 kHz 
FMOD = 1,0 kHz 

FILTER: cCln P.53 
IF IC : TK10487M 

SOLID LINE: COMPRESSOR 
DASHED LINE: THROUGH 

Finally, the overall characteristics are measured using both 
the compressor and the expander. The output is measured 
when the compressor's input is at -40 dBIlV and the 
frequency deviation is ±3.0 kHz. 

The graph below shows the characteristics when the RF 
input is strong (RF IN = 80 dBIl). The dynamic range is 
increased by more than 12 dB when the compandor is 
used. 

CD 
E .... 
=> 
0 

> 
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OUTPUT VOLTAGE RATIO vs. 
COMPANOOR RF INPUT 

10mm:tPm:mmtt~m 

·10 

·20 

·30 

·40 

·50 

·60 

·70 

.8011111111119 
·120-110-100·90 .a0 ·70 -60 ·50 -40 ·30 ·20 ·10 

VIN (d8V) 17 

VCC=3.0V 
FOSC = 10,245 MHz 

FMOD = 1.0 kHz 
FILTER: ccrn P,53 

IF IC :TK10487M 
NO PREEMPHASIS 
OR DE-EMPHASIS 

SOLID LINE: COMPRESSOR 
DASHED LINE: THROUGH 

The following graph shows the characteristics when the RF 
input is weak (RF IN = 30 dBIl). There is a great difference 
when the compandor is used with a weak RF input. When 
the through function is used (noise reduction off), the output 
is lost in noise as the compressor input drops below -80 
dBV; but when the compandor function is used, it remains 
level below -100 dBV. With a weak RF input, dynamic 
range is extended by 30 dB. 

CD 
E 
I-
=> 
0 

> 

10 

·10 

·20 

·30 

-40 

·50 

-60 

·70 

OUTPUT VOLTAGE RATIO (FOR WEAK 
INPUT SIGNAL) vs. COMPANOOR INPUT 

.ao .120-110-100.90 .80 ·70 ·60 ·50 ·40 ·30 ·20 ·10 

VIN (d8V) 18 

Vce =3.0V 
FOSC = 10.245 MHz 

FMOD = 1,0 kHz 
FILTER: cCln P,53 

IF IC :TK10487M 
NO PREEMPHASIS 
OR DE-EMPHASIS 

SOLID LINE: COMPRESSOR 
DASHED LINE: THROUGH 

The effects of the compandor within a narrow band FM 
communications system was demonstrated while a coaxial 
cable was used in place of transmission through free 
space. The signal source was an FM signal generator 
although there are some differences when actual 
transmision is through free space. However, the test con
figuration used in this experiment is useful in understanding 
the effects of the compandor. 
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r~TOKO TK10652 

COMPANDOR/DUAL OPAMPNOLTAGE REGULATOR 

FEATURES 

• Low Supply Current 

• Low Voltage Operation (2.7 V) 

• Complete Compressor/Expander 

• Built-In Mute and Analog Switch 
• Through Function (Noise Reduction Off) 

• Two Uncommitted Opamps 

• Compress/Expand Slope Externally Adjustable 

DESCRIPTION 

The TK10652 is a complete noise reduction system for 

communications systems. It includes a voltage regulator 

and two operational amplifiers for use as buffers or filters. 

An internal switch operates under TLL or CMOS logic 

control to enable or disable the compress/expand or through 

functions. The circuit is ideal for battery operated devices 

such as cordless and cellular telephones, handy talkies 

and other communications equipment where noise reduc

tion is required. 

The TK1 0652 is available in MFP20 surface mount pack

ages. 

ORDERING INFORMATION 

TK10652 DODD PL --Temp.Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: Surface Mount c: ·35 to +85 °C 

TaKa, Inc. 

TAPE/REEL CODE 
ex: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: Tope Left 
MG: Magazine 

APPLICATIONS 

• Portable Instrumentation 

• Cordless Telephone 
• Amateur Radio Transceivers 

• Interphones 

• Cellular Radio Phones 

• Radio Communication (MCA, Mobile Telephone) 

TK10652M 

BLOCK DIAGRAM 
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TK10652 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 12 V Storage Temperature Range .................... -55 to +150 °c 
Power Dissipation (Note 1) ............................... .410 mW Operating Temperature Range .................. -35 to +85 °c 
Operating Voltage ......................................... 2.7 to 9.0 V Lead Soldering Temp. (10 sec.) .......................... 300 °c 
Junction Temperature ........................................... 150 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V CC = 5.0 V, T A = 25 oC, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current No signal 4.5 6.5 

Iccs Standby Supply Current 11 Pin GND 60 80 

Expander 

VOE Standard Output Voltage VIN = -23 dBV -24.0 -22.5 -21.0 

L\GE1 Gain Error 1 VIN = -13 dBV -0.5 0 +0.5 

L\GE2 Gain Error 2 VIN = -33 dBV -0.5 0 +0.5 

L\GE3 Gain Error 3 VIN = -43 dBV -0.5 0 +0.5 

L\GE4 Gain Error 4 VIN = -53 dBV -1.0 0 +1.0 

THDE Total Harmonic Distortion VIN = -23 dBV 0.2 0.5 

VNOE Output Noise Voltage Rg = 600 n, Non input, -100 -95 

(Note 2) 

ATTE Attenuation VIN = -23 dBV, 7 Pin GND 62 70 

CrssE Crosstalk Comp VIN = -23 dBV 70 75 

L\GTE Through On/Off Difference VIN = -23 dBV, 8 Pin GND -2.5 -1.0 +0.5 

ZINE Input Impedance 90 125 

Compressor 

Voc Standard Output Voltage VIN = -23 dBV -25.5 -24 -22.5 

L\GC1 Gain Error 1 VIN = -3 dBV -0.5 0 +0.5 

L\GC2 Gain Error 2 VIN = -43 dBV -0.5 0 +0.5 

L\GC3 Gain Error 3 VIN = -63 dBV -0.5 0 +0.5 

THDc Total Harmonic Distortion VIN = -23 dBV 0.2 0.5 

VNOC Output Noise Voltage Rg = 600 n, Non input, -70 -60 

(Note 2) 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25 °C and above. 
Note 2: Evaluated by CCITT standard P.53 noise filter. 

1-38 

UNITS 

mA 

IlA 

dBV 

dB 

dB 

dB 

dB 

% 

dBV 

dB 

dB 

dB 

kn 

dBV 

dB 

dB 

dB 

% 

dBV 
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TK10652 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 5.0 V, T A = 25 oC, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
-- ---

Arrc Attenuation VIN = -23 dBV, 9 Pin GND 55 70 dB 
-~--------- --------1---- ------- .. ----~ ----- ------

Crssc Crosstalk Ixp VIN = -23 dBV 30 

~GTC Through ON/OFF Difference VIN = -23 dBV, 8 Pin GND -2.0 

ZINC Input Impedance -90 

VTH Threshold Voltage Pin 7, 8, 9, 11 1.10 

Amplifier 

VG Gain VIN = -30 mV(rms) 19.5 

THDA Total Harmonic Distortion VIN = -30 mV(rms) 

YOM Maximum Output Voltage THD = 10% Point 1.5 

-¥ STANDBY 

NOTE: • - LOAD RESISTANCE Switch Terminal 
t- TERMINATION RESISTANCE 

The order of priority of each switch terminal is: Pin 11, Pin 7, 
Pin 9, Pin 8. 

TaKa, Inc. 

Pin 7 

Pin B 

Pin 9 

Pin t1 

40 dB 
----

-0.5 +1.0 dB 

125 kQ 
-------- ------ - --

1.35 1.55 V 
--~ 

20 20.5 dB 

0.1 1.0 % 

1.8 V(rms) 

TEST CIRCUIT 

High (OPEN or VCC) Low (GNO) 

Exp Mute OFF Exp Mute ON 

Compandor Through 

Comp Mute OFF Comp MuteON 

Normal Standby 
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TK10652 
TYPICAL PERFORMANCE CHARACTERISTICS 

1-40 

COMPRESSOR AC CHARACTERISTICS 
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TK10652 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

EXPANDER AC CHARACTERISTICS 
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TK10652 
TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 

1-42 

OPERATIONAL AMPLIFIER CHARACTERISTICS 
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r~TOKO TK10654 

COMPANDOR/PRE-AMPLIFIER/BUFFERIVOLTAGE REGULATOR 

FEATURES 
• Built-In IDC Circuit 

• Separate Voice and Data Inputs 

• Through Function 

• Low Voltage Operation (2.4 V) 

• Uncommitted Opamp 

DESCRIPTION 
The TK10654 is a complete noise reduction system for 
portable communications systems. It is specially suited for 
cordless telephones and handy talkies. It has a built in 
analog switch forthrough function (noise reduction off) and 
an Instantaneous Deviation Control (IDC) circuit for modu
lation limiting. Separate voice and data inputs are provided. 
The data signal path bypasses the expander and compres
sor. The TK10654 is available in a MFP28 surface mount 
package. 

ORDERING INFORMATION 

TK10654 0 0 DO 11 T TapelReel Code 

- Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: Surface Mount c: -20 to +70 QC 

TAPE/REEL CODE 
ex: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

APPLICATIONS 

• Portable Instrumentation 

• Cordless Telephone 
• Amateur Radio Transceiver 

• Interphones 

TK10654 

BLOCK DIAGRAM 
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TK10654 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 10 V Storage Temperature Range .................... -55 to + 150°C 
Power Dissipation (Note 1) ................................ 580 mW Operating Temperature Range .................. -20 to +70 °C 
Operating Voltage ......................................... 2.4 to 7.0 V Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 3.0 V, T A = 25°C, f = 1.0 kHz, RL = 10 kn, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current No signal 4.00 6.50 

VTH Threshold Voltage 16,17,18 Pin 1.15 1.30 1.45 

Compressor 

VINC Standard Input Voltage Voc = 300 mV(rms). 8 12.5 17 

VIN = 0 dB (Note 2) 

~GC1 Gain Error 1 VIN = -20 dB (Note 2) -0.5 0 +0.5 

~GC2 Gain Error 2 VIN = -40 dB (Note 2) -1.0 0 +1.0 

~GTC Through On/Off Difference VIN = 0 dB, 17 Pin GND, -1.5 0 +1.5 

(Note 2) 

THDc Total Harmonic Distortion VIN = 0 dB, FIN = 3.0 kHz 0.5 1.0 

VNOC Output Noise Voltage Rg = 600 Q (Note 2) 3.0 5.5 

Anc Attenuation VIN = 0 dB, 16 Pin GND 60 80 

(Note 2) 

VLC Limiting Voltage 1.15 1.35 1.50 

VGD Voltage Gain for DATA V4 Pin = 300 mV(rms) -0.5 0 +0.5 

Terminal 

VOMD Maximum Output Voltage THO = 10% Point 800 900 

for DATA Terminal 

Crssc Crosstalk Exp VIN = 30 mV(rms), -35 -30 

Rg = 600 Q (Note 2) 

Zoc Output Impedance 6 Pin 20 

ZINIDC IDC Input Impedance 5 Pin 90 

Note 1: Power dissipation must be derated at the rate of 4.7 mW/oC for operation at T A = 25°C and above. 
Note 2: Evaluated by CCITT standard P.53 noise filter. 

UNITS 

mA 

V 

mV(rms) 

dB 

dB 

dB 

% 

mV(rms) 

dB 

Vp-p 

dB 

mV(rms) 

dB 

Q 

MQ 

1-44 TOKO, Inc. 



TK10654 
ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V cc = 3.0 V, T A = 25 cC, I = 1.0 kHz, RL = 10 kil, unless otherwise specilied. 

SYMBOL Y.ARA~EiE~ .. -.~--L T~ST~~~~T!~~s-=I_~~~_[~iYp L~~~ IUNrrs u

_ 

Buffer Amp. I - ~--------------- --- -- -----~--- ---- - ----- ---- ---- - -l VGS Voltage Gain VIN = 300 mV(rms) -0.5 0 +0.5 dB 
- -- --- ---

AFl Frequency Characteristics 1 VIN = 300 mV(rms), 1=3 kHz -3 dB 

._--------------- ------- --- -- --... - -- - --------- -----~------ ----

AF2 Frequency Characteristics 2 VIN = 300 mV(rms), -60 -l'B: 1= 30 kHz 
- --

THDs Total Harmonic Distortion VIN = 300 mV(rms) 0.02 0.1 % 
--~ --~-- -~ -~---

VOMS Maximum Output Voltage THO = 10% Point 550 700 mV(rms) 
------- ------------

Expander 

VOE Standard Output Voltage VIN = 30 mV(rms), = 0 dB 110 130 160 mV(rms) 

(Note 2) 
-~- --~ r----~- ------

AGEl Gain Error 1 VIN = -10 dB (Note 2) -0.5 0 +0.5 dB 

AGE2 Gain Error 2 VIN = -20 dB (Note 2) -1.0 0 +1.0 dB 
---------

AGE3 Gain Error 3 VIN = -30 dB (Note 2) -1.5 0 +2.0 dB 

AGTE Through On/all Difference VIN = 0 dB, 17 Pin GND -2.5 -1.0 +0.5 dB 

(Note 2) 
~ -

THDE Total Harmonic Distortion VIN = 0 dB, FIN = 3.0 kHz 0.5 1.5 % 
--

VNOE Output Noise Voltage Rg = 600 Q (Note 2) 10 30 J.lV(rms) 

AnE Attenuation VIN = 0 dB, 18 Pin GND 60 80 dB 

(Note 2) 

VOME Maximum Output Voltage THO = 10% Point 700 800 mV(rms) 
--

VGI Voltage Gain lor VIN = OdB 14.5 15.5 16.5 dB 

Input Amp. 

VOMI Maximum Output Voltage THO = 10% 450 500 mV(rms) 

CrssE Crosstalk Comp VIN = VINC' -70 -60 dB 

Rg = 600 Q (Note 2) 

Note 2: Evaluated by CCITT standard P.53 noise Iilter. 
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TK10654 

[
MEASURE 0 ~ 0 

SIGNALlN~ .----I 
10~1.0k± ;0 

=600 - ~ 

O-----~~~------II--t-~ 

COMPIN ~~~;;- 0.047~ 

SWITCH TERMINAL 

Pin 16 

Pin 17 

Pin 18 

TEST CIRCUIT 

LOGIC 

HIGH (OPEN OR Vee) 

Comp Mule OFF 

Compander 

Exp Mule OFF 

Vee 

EXP 

:~T 
f 10k 

N.C. = 

AMP 
OUT 

,"10k 0 

EXP 
IN 

f--..._-II--t_------<O 

TK 10654MTTC 

LOW (GNO) 

Comp Mule ON 

Through 

Exp Mule ON 

The order of priority of each switch terminal is: Pin 16, Pin 17, Pin 18. 
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r~TOKO TK10655 

COMPANDOR/PRE-AMPLIFIER/BUFFERIVOLTAGE REGULATOR 

FEATURES 

• Low Supply Current 

• Built-In IDC 
• Internal Voltage Regulator 

• Internal Analog Switch 
• TIL or CMOS Mode Control Compatible 

• Data and Voice Inputs and Outputs 

DESCRIPTION 

The TK1 0655 is acomplete noise reduction system. A built 

in Instantaneous Deviation Control (IDC) circuit controls 

overmodulation and splatter in transmitters. The device is 

designed for low current consumption and is ideal for 

portable communications systems where noise reduction 

and modulation control is required. A voltage regulator and 

an uncommitted operational amplifier is provided for buffer 

or filter applications. 

The TK10655 is available in a MFP20 surface mount 

package. 

ORDERING INFORMATION 

TK10655 D D DD pT n_~ 
- Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX: Bulk/Bag M: Surface Mount c: -20 to +70 °C 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TOKO, Inc. 

APPLICATIONS 

• Portable Instrumentation 

• Cordless Telephone 

• Amateur Radio Transceiver 

• Interphones 

TK10655 

BLOCK DIAGRAM 
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TK10655 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 10 V Operating Temperature Range .................. -20 to +70 °C 
Power Dissipation (Note 1) ............................... .410 mW Operating Voltage Range .............................. 2.4 to 7.0 V 
Junction Temperature ........................................... 150°C Maximum Input Frequency ................................. 100 kHz 
Storage Temperature Range .................... -55 to + 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 3.0 V, f = 1.0 kHz, RL = 10 kn, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current No signal 4.00 6.50 

VTH Threshold Voltage 11,12,13 Pin 1.15 1.30 1.45 

Compressor 

ZINC Input Impedance 90 120 

VINC Input Reference Voltage VCC = 300 mV(rms), 8 12.5 17 

VIN = 0 dB (Note 2) 

dGC1 Gain Error 1 VIN = -20 dB (Note 2) -0.5 0 +0.5 

dGC2 Gain Error 2 VIN = -40 dB (Note 2) -1.0 0 +1.0 

dGTC Through On/Off Difference VIN = 0 dB, 12 Pin GND, -1.5 0 +1.5 

(Note 2) 

THDc Total Harmonic Distortion VIN = OdB 0.5 1.0 

VNOC Output Noise Voltage Rg = 620 n, (Note 2) 3.0 5.5 

Anc Mute Attenuation VIN = 0 dB, 11 Pin GND, 60 80 

(Note 2) 

VL Limiting Voltage 1.15 1.35 1.50 

VGD Voltage Gain for DATA V4 Pin = 300 mV(rms) -0.5 0 +0.5 

Terminal 

VOMD Maximum Output Voltage THD = 10% Point 800 900 

for DATA Terminal 

Crssc Crosstalk Exp VIN = 30 mV(rms), -35 -30 

Rg = 620 n (Note 2) 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 
Note 2: Measured by using the filter for noise evaluation based on CCITT Recommendation, P. 53. 

UNITS 

mA 

V 

kg 

mV(rms) 

dB 

dB 

dB 

% 

mV(rms) 

dB 

Vp-p 

dB 

mV(rms) 

dB 
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TK10655 
ELECTRICAL CHARACTERISTICS (CO NT.) 
Test conditions: V cc = 3.0 V, I = 1.0 kHz, RL = 10 kn, T A = 25°C, unless otherwise specilied. 

UNI~]I SYMBOL J_PARAMETE~_ TEST CONDITIONS MIN TYP MAX 
---_. 

Buffer Amplifier 
-,' - ---------_. 

VGB Voltage Gain VIN = 300 mV(rms) -0.5 0 +0.5 dB 
-r--- _._- -------

~F1 Frequency Characteristics 1 VIN = 300 mV(rms), 1=3kH2 -3 dB 

.--

~F2 Frequency Characteristics 2 VIN = 300 mV(rms), -60 dB 

1= 30 kHz 
----

THDB Total Harmonic Distortion VIN = 300 mV(rms) 0.02 0.1 % 

VOMB Maximum Output Voltage THO = 10% Point 550 700 mV(rms) 
--

Expander 

VOE Output Reference Voltage VIN = 30 mV(rms), = 0 dB 110 130 160 mV(rms) 

(Note 2) 

~GE1 Gain Error 1 VIN = -10 dB (Note 2) -0.5 0 +0.5 dB 

~GE2 Gain Error 2 VIN = -20 dB (Note 2) -1.0 0 +1.0 dB 
I 

~GE3 Gain Error 3 VIN = -30 dB (Note 2) -1.5 0 +2.0 dB I 

~GTE Through OnlOff Difference VIN = 0 dB, 12 Pin GND, -2.5 -1.0 +0.5 dB 

(Note 2) 

THDE Total Harmonic Distortion VIN =0 dB 0.5 1.5 % 

VNOE Output Noise Voltage Rg = 620 n (Note 2) 10 30 llV(rms) 

ATTE Mute Attenuation VIN = 0 dB, 13 Pin GND, 60 80 dB 

(Note 2) 
-------

VOME Maximum Output Voltage THO = 10% Point 700 800 mV(rms) 

VGI Voltage Gain lor VIN = 0 dB 14.5 15.5 16.5 dB 

Input Amp. 

VOMI Maximum Output Voltage THO = 10% 450 500 mV(rms) 
-_. -_._-----

CrssE Crosstalk Comp VIN = VINC' -70 -60 dB 

Rg = 620 n (Note 2) 

Note 2: Measured by using the filter lor noise evaluation based on CCITT Recommendation, P. 53. 
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TK10655 
TEST CIRCUIT 

EXPOUT 

2.2~ DATA OUT 

I-"---'--I~ 
sOp l'UK 

EXPIN 

LOGIC 
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r~TOKO TK10658 

COMPANDOR/FILTERIVOLTAGE REGULATOR 

FEATURES 

• Low Voltage Operation 
• Internal Amplifier for Splatter Filter 
• Data InlOut Terminals Attached 

• InternallDC Circuit 

• Standby Function 

DESCRIPTION 

TK10658D/M is a compandor IC for cordless telephones. 

The device is designed for low current consumption and 

has a low power standby mode. The TK1 0658 is a complete 

noise reduction system with an Internal Deviation Control 

(IDC) circuit for limiting splatter and overmodulation. The 

device also includes a voltage regulator and uncommitted 

operational amplifier for buffer or filter applications. 

The TK1 0658 is available in 20 pin dual in-line (DIP20) and 

MFP20 surface mount packages. 

ORDERING INFORMATION 

TK10658 0 0 00 

1fT --Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: SUrface Mount C: -2010 +70 ·C 
P: Plastic DIP 

TaKa, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Righi 
TL: Tape Left 
MG: Magazine 

APPLICATIONS 

• Portable Instrumentation 

• Cordless Telephone 
• Amateur Radio Transceiver 

• Interphones 

TK10658 

BLOCK DIAGRAM 
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TK10658 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 10 V Junction Temperature ........................................... 150°C 
Operating Voltage Range ................................. 2.4 to 7 V Storage Temperature Range .................... -55 to +150 °C 
Power Dissipation for D Package (Note 1) ......... 720 mW Operating Temperature Range .................. -20 to +70 °C 
Power Dissipation for M Package (Note 2) ........ 41 0 mW lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 3.0 V, T A = 25°C, f = 1.0 kHz, RL = 10 kil, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current No signal 4.00 6.50 

VTH Threshold Voltage 11, 12, 13 Pin 1.15 1.30 1.45 

Iccs Standby Current 12 Pin = GND 20 50 

Compressor 

ZINS Input Impedance 90 120 

VINS Input Reference Voltage Voc = 300 mV(rms), 8 12.5 17 

VIN = 0 dB (Note 3) 

dGC1 Gain Error 1 VIN = -20 dB (Note 3) -0.5 0 +0.5 

dGC2 Gain Error 2 VIN = -40 dB (Note 3) -1.0 0 +1.0 

THDc Total Harmonic Distortion VIN = 0 dB 0.5 1.0 

VNOC Output Noise Voltage Rg = 620 Q (Note 3) 3.0 5.5 

Anc Mute Attenuation VIN = 0 dB, 11 Pin GND 60 80 

(Note 3) 

V1 limiting Voltage 1.15 1.35 1.50 

VGD Voltage Gain for DATA V4 Pin = 300 mV(rms) -0.5 0 +0.5 

Terminal 

VOMD Maximum Output Voltage THO = 10% Point 800 900 

for DATA Terminal 

Crssc Crosstalk Exp VIN = 30 mV(rms), -35 -30 

Rg = 620 Q (Note 3) 

Note 1: Power dissipation must be derated at the rate of 5.76 mW/oC for operation at TA = 25°C and above. 

Note 2: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 

Note 3: Measured by using the filter for noise evaluation based on CCITT Recommendation, P. 53. 

UNITS 

rnA 

V 

IlA 

kQ 

mV(rms) 

dB 

dB 

% 

mV(rms) 

dB 

Vp-p 

dB 

mV(rms) 

dB 
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TK10658 
ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V cc = 3.0 V, T A = 25°C, f = 1.0 kHz, RL = 10 kn, unless otherwise specified. 

SYMBOL 
f-----

Buffer Amp. 

I PA~;';ET~"-__I-TEsTC<>I<IlITIoNs=JMI~J_ TVP J M_AX T UNITS I 
-- - - -----------------,----------,-----,--------,------ --------------

VGS +0.5 dB Voltage Gain VIN = 300 mV(rms) 
-----------------1--

-0.5 o 
LlF1 Frequency Characteristics 1 VIN = 300 mV(rms), f = 3 kHz -3 dB 

-f------ -----------+----------+-----+-----1---- 1----

LlF2 Frequency Characteristics 2 VIN = 300 mV(rms), -60 dB 

f = 30 kHz 
f------- ---------------+----------- - - ---------- 1-------+----

THDs Total Harmonic Distortion VIN = 300 mV(rms) 0.02 0.1 % 
f-------- -- ----------I------------+------f-------+---- -- --------1 
VOMS Maximum Output Voltage THO = 10% Point 550 700 mV(rms) 

Expander 

Output Reference Voltage VIN = 30 mV(rms), = 0 dB 110 130 160 mV(rms) 

(Note 3) 
1------- ----------------+----------+---4-----+--- - -----

Gain Error 1 

Gain Error 2 

Gain Error 3 

Total Harmonic Distortion 

Output Noise Voltage 

Mute Attenuation 

Maximum Output Voltage 

Voltage Gain for 

Input Amp. 

VOMI Maximum Output Voltage 
1------1---

CrssE Crosstalk 

VIN = -10 dB (Note 3) 

VIN = -20 dB (Note 3) 

VIN = -30 dB (Note 3) 

VIN = 0 dB 

Rg = 620 n (Note 3) 

VIN = 0 dB, 13 Pin GND, 

(Note 3) 

THO = 10% Point 

VIN = 0 dB 

THO = 10% 

Comp VIN = VINC' 
Rg = 620 n (Note 3) 

-0.5 o 

-1.0 o 

-1.5 o 

0.5 

10 

60 80 

700 800 

14.5 15.5 

450 500 

-70 

Note 3: Measured by using the filter for noise evaluation based on CCITT Recommendation, P. 53. 

TOKO, Inc. 

+0.5 dB 

+1.0 dB 

+2.0 dB 

1.5 % 

30 IlV(rms) 

dB 

mV(rms) 

16.5 dB 

mV(rms) 
--------

-60 dB 
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TK10658 
TEST CIRCUIT 

10~ 

100k 

LOGIC 

MUTEC 

! TK10658DIMTC 

TYPICAL PERFORMANCE CHARACTERISTICS 

1-54 
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·10 

·20 

in :s. -30 
f
=> 
~ ·40 

·5 0 

·6 0 

·7 0 

OUTPUT VOLTAGE VS. INPUT VOLTAGE 
I .1 ) I-

Vee = 3.0 V 

FIN = 1.0 kHz / '1 
l/ 

/ I 
1/ 

,/ I 
/ I 

,I 
II 

·130·120·110 ·100 ·90 ·80 ·70 ·60 ·50 ·40 ·30 ·20 

VIN (dB) 01 

10 

- 2 
C 
Cl 
::c 
f-

·5 

·2 

·1 
·70 

DISTORTION vs INPUT VOLTAGE 

Vee - 3.0V 

FIN -1.0 kHz 

i' if 

·65 ·60 ·55 ·50 -45 ·40 ·35 ·30 

VIN (dB) 02 
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TK10658 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

COMPRESSOR 

-1 

-2 

INPUT REF. VOLTAGE VS. SUPPLY 
VOLTAGE 

I I I I I 
FIN = 1.0 kHz-

3 4 5 6 8 
Vee (V) 03 

EXPANDER 

o OUTPUT VOLTAGE vs INPUT VOLTAGE 

I I .,L. 
-10 
-20 

-30 

co -40 
:;. -50 
i5 -60 

> 
-70 

-80 

-90 
-100 

-110 

-Vee = 3.0 V 

- FIN = 1.0 kHz 
-

V 
/' 

/' / 
V 

/ 
/ -

/' 
/I 

V / 

1/ 

-80 -70 -60 -50 -40 -30 -20 -10 

1 

-1 

-2 

TaKa, Inc. 

VIN(dB) 
05 

OUTPUT REF. VOLTAGE vs. 
SUPPLY VOLTAGE 

FIN = 1.0 kHz 

",. 

,.,. 
~ 

",. 

3 4 5 6 
Vee (V) 07 

~ 0 
> 

-1 

-2 

10 

.5 

.2 

.1 

2 

1 

0 

1 

2 

INPUT REF. VOLTAGE VS. 
ENVIRONMENTAL TEMPERATURE 

1 1_ .1 
Vee = 3.0 V 

FIN = 1.0 kHz 

1"-

...... 

-40 -20 0 20 40 60 80 100 
T A (0C) 04 

DISTORTION vs INPUT VOLTAGE 

Vee - 3.0 V 
FIN = 1.0 kHz 

"\ 

-r-

-50 -45 -40 -35 -30 -25 -20 

VIN (dB) • 06 

OUTPUT REF. VOLTAGE VS. 
ENVIRONMENTAL TEMPERATURE 

I I I I I 
Vee =3.0V 

FIN = 1.0 kH[ 

r--

-40 -20 0 20 40 60 80 100 
TA (Oe) 08 
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NOTES 
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r~TOKO TK10659 

COMPANDOR/OP AMP/vOLTAGE REGULATOR 

FEATURES 

• Low Supply Current (3.0 mA) 

• Low Voltage Operation (1.8 V) 

• Built·ln Voltage Regulator 
• Uncommitted Operational Amplifier 

DESCRIPTION 

The TK10659 is a complete noise reduction system for 

communications systems. It is specially designed for 

battery operated equipment. The TK10659 contains an 

expander, compressor and a voltage regulator. Addition

ally an uncommitted operational amplifier is provided for 

use as a buffer or filter. The device requires a minimum 

number of external parts. The TK1 0659 is available in 14 

pin dual in-line (DIP14) and surface mount (MFP14) pack

ages. 

ORDERING INFORMATION 

TK10659 0 0 00 

PACKAGE CODE 
M: Surface Mount 
D: DIP 

TOKO, Inc. 

111: -~ - Temp. Range 

Package Code 

TEMP. RANGE 
c: ·2010 +70 °c 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

APPLICATIONS 

• Portable Communications 
• Cordless Telephones 

• Amateur Radio Transcievers 

• VHF/UHF Handy Talkies 

TK10659M 

L-___________________________________ __ 

BLOCK DIAGRAM 

'" OUT Vee 
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TK10659 

ABSOLUTE MAXIMUM RATINGS Junction Temperature ........................................... 150°C 
Input Voltage V CCMAX .............................................. 10 V Storage Temperature Range .................... -55 to + 150°C 
Power Dissipation (Note 1) ................................ 600 mW Operating Temperature Range .................. -20 to +70 °C 
Operating Voltage Range .............................. 1.8 to 7.0 V Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 3.0 V, f = 1.0 kHz, RL = 10 kO, T A = 25°C unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current No signal 3.0 rnA 

Compressor 

Voc Output Reference Voltage VIN = -20 dBV = 0 dB -20 dBV 

AGco Gain Error 0 ,WIN = + 10 dB 0 dB 

AGC1 Gain Error 1 AVIN = - 20 dB - 0.1 dB 

AGC2 Gain Error 2 AVIN = - 40 dB 0 dB 

THDc Total Harmonic Distortion VIN = -20 dBV 0.3 % 

VNOC Output Noise Voltage Rg = 600 0 1.0 mV(rms) 

VOMC Maximum Output Voltage THD=10% 0.5 V(rms) 

Expander 

VOE Output Reference Voltage VIN = -20 dBV = 0 dB -19 dBV 

AGEO Gain Error 0 AVIN=+5dB - 0.2 dB 

AGE1 Gain Error 1 AVIN =-10dB - 0.1 dB 

AGE2 Gain Error 2 AVIN = - 20 dB - 0.3 dB 

THDE Total Harmonic Distortion VIN = -20 dBV 0.3 % 

VNOE Output Noise Voltage Rg=6000 15 IlV(rms) 

VOME Maximum Output Voltage THD=10% 1.0 V(rms) 

Buffer 

VGB Voltage Gain VIN = - 20 dBV - 0.2 dB 

AF1 Frequency Characteristic 1 FIN = 3.0 kHz' (Note 2) -3.6 dB 

AF2 Frequency Characteristic 2 FIN = 30 kHz' (Note 2) - 40 dB 

THDB Total Harmonic Distortion VIN = -20 dBV 0.02 % 

VOMB Maximum Output Voltage THD = 10% 1.0 V(rms) 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/o C for operation at T A = 25°C and above. 

Note 2: AC characteristics are tested by using a band pass filter of 400 Hz - 30 kHz. Characteristics marked with an 
asterisk (*) are tested by using a 400 Hz high pass filter. 
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COMPIN ~+ 

CDCF 

1.0~ 

COMPOUT ~+ 

AMPIN 

= 1.0~ 39k 

~+J3900P 

AMPOUT ~+ 
10kl 1.0~ 

TK10659 
TEST CIRCUIT 

I 

TYPICAL PERFORMANCE CHARACTERISTICS 

:;-
'" ~ 
J 

TaKa, Inc. 

-10 

-20 

-30 
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-50 

-60 

COMPRESSOR OUTPUT VOLTAGE 
vs. 

INPUTVOLTAGE 

I I 
Vc~=LJ ., ~ 

~I., < lYr Vcc=2.0V 

1.,& ~ fiN = 1.0 kHz 

I./.: ~ RL=10k!l 

FILTER 400 Hz HPF p- 30 kHz LPF 

-79110 -90 -70 -50 -30 -10 
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~ 
"- -10 

~ 
·50 
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·70 

COMPRESSOR OUTPUT VOLTAGE 
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Vcc = 2.0 V 

RL=10kO: 

FILTER BO kHz LPF 
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...... 

10 

02 
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TK10659 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

~ 
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z 
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1-60 

COMPRESSOR THD & OUTPUT VOLTAGE 
vs. 

INPUT VOLTAGE 

f= VCC -2.0V 

r-- fiN ~ 1.0 kHz 

Eo RL-10kQ 

~ FILTER 400 Hz HPF 
C'-' 30kHz LPF 

V u i-" 
I" CRECT ~ 1.0 ~F 1 

THO 

V 
CRECT - 2.2 ~F-

-60 -50 -40 -30 -20 -10 
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EXPANDER OUTPUT VOLTAGE 
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II 
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.-
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TK10659 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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r~TOKO 

FEATURES 

• Compandor 
• Speech Scrambler/Descrambler 
• Low Voltage Operation (1.8 V) 

• IDC for Modulation Control 

• Mute Function 

DESCRIPTION 

The TK10661 is a complete noise reduction and voice 

scrambler/descrambler system. The device is designed for 

use in cordless telephones and can operate down to 1.8 V. 

Current consumption is typically 10.3 mA at Vee = 2.0 V. 

Scrambling is accomplished by inverting the audio spec

trum using an externally-generated carrier frequency. The 

IC has internal analog switches to disable or enable 

companding and scrambling functions under CMOS or TTL 

control. The device includes an Instantaneous Deviation 

Control (IDC) circuit for modulation control. A mute function 

is also provided. A power save control pin puts the chip in 

a low power standby mode, consuming only 60 !-lA. 

The TK1 0661 is available in a QPACK-52 surface mounted 

package. 

ORDERING INFORMATION 

TK10661 0 0 DO 

JI-c ,--
- Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
ax: Bulk/Bag Q: Surface Mount C: -10 to +70 DC 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TOKO, Inc. 

TK10661 

SCRAMBLER IC WITH COMPANDOR 

APPLICATIONS I • Cordless Telephone 

• Secure Communications Devices 

TK10661 

BLOCK DIAGRAM 
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TK10661 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX ................................................ 8 V Junction Temperature ........................................... 150 DC 
Power Dissipation (Note 1) ................................ 650 mW Storage Temperature Range .................... -55 to +150 DC 
Operating Voltage Range .............................. 1.8 to 5.5 V Operating Temperature Range .................. -10 to +70 DC 
Maximum Input Frequency ................................... 80 kHz Lead Soldering Temp. (10 sec.) .......................... 300 DC 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vcc = 2.0 V (36 Pin), V cCP = 2.4 V (5 Pin), T A = 25 DC, f = 1.0 kHz, Sub = 3.5 kHz, unless otherwise 
specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current 1 36 Pin, 33 Pin = GND 10.3 16.0 

Iccp Supply Current 2 5 Pin, 33 Pin = GND 0.6 3.0 

Iccs Standby Supply Current 1 36 Pin, 33 Pin = Open 1.9 3.0 

Iccps Standby Supply Current 2 5 Pin, 33 Pin = Open 60 150 

Compressor 4 Pin = 52 Pin 
--

VORC Output Reference Voltage VIN = 50 mV, VIN = OdB 110 135 165 

LlGC1 Gain Error 1 VIN = -20 dB -1.0 0 +1.0 

LlGC2 Gain Error 2 VIN = -40 dB -1.5 0 +1.5 

THDc Total Harmonic Distortion VIN = 50 mV 0.2 1.0 

VNOC Output Noise Voltage Rg = 600 n (Note 2) 0.8 3.0 

VL Limiting Voltage VIN = 316 mV 0.45 0.55 0.65 

BPF 1, 2 51 Pin - 48 Pin, 26 - 23 Pin 

VIN Maximum Input Voltage THD =3% 550 630 

VGBP Voltage Gain VIN = 100 mV -2.5 0 +2.5 

THDBP Total Harmonic Distortion VIN = 100 mV 0.04 1.0 

Scrambler 48 Pin - 47 Pin, 26 - 23 Pin 

VIMS Maximum Input Voltage THD = 5 %, f = 2.5 kHz 250 350 

(Note 3) 

VGS Voltage Gain VIN =: 100 mV, f = 2.5 kHz -2.5 +0.5 -3.5 

(Note 3) 

LlGST Through On/Off Difference VIN = 100 mV, f = 2.5 kHz -3.0 0 +3.0 

(Note 3) 

Note 1: Power dissipation must be derated at the rate of 4.7 mW/DC for operation at T A = 25 DC and above. 

Note 2: Measured by using the noise evaluation filter based on P. 53 of CCITT. 
Note 3: Extended 3 kHz LPF is used. 

UNITS 

mA 

mA 

mA 

IlA 

mV 

dB 

dB 

% 

mV 

Vp-p 

mV 

dB 

% 

mV 

dB 

dB 
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TK10661 
ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V cc = 2.0 V (36 Pin), V ccp = 2.4 V (5 Pin), T A = 25°C, f = 1.0 kHz, Sub = 3.5 kHz, unless otherwise 

---------- ... _-- ,------------ ------- ----------- ,------- - --

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
...... ----- ------ --- --- _ .. - --- --------- ------ ---

VGSD Data Voltage Gain VIN = 100 mY, -3.0 0 +3.0 dB 

'pocifi"'. I 
40 Pin = GND 

_._------ --1--- -----1-----------
Leaks Carrier Leak After Offset Adjustment 0.3 1.3 mV 

(47 k - 49 k) 
-------- _ ... -_._- -- -------------- ---- ----

LPF (6th Order) 46 Pin - 41 Pin 
--------,--------------- -----_.- . --

VIMLP6 Maximum Input Voltage THD =3% 330 400 mV 
--

VGLP6 Voltage Gain VIN = 100 mV 1.1 3.8 6.5 dB 
--

THDLP6 Total Harmonic Distortion VIN = 100 mV 0.2 1.0 % 
---- -----

Buffer Amplifier 28 Pin - 27 Pin 

VIMBF Maximum Input Voltage THD =3% 250 300 mV 

VGBF Voltage Gain VIN = 100 mV -2.5 0 +2.5 dB 
--1-------

THDBF Total Harmonic Distortion 0.02 1.0 % 

Descrambler 

VINDS Maximum Input Voltage THD = 5%, f = 2.5 k 300 420 mV 

(Note 3) 
--

VGDS Voltage Gain VIN = -100 mY, f = 2.5 kHz, -4.8 -1.8 +2.2 dB 

(Note 3) 

aGVDS Through OnlOff Difference VIN = -100 mY, f = 2.5 kHz, -3.0 0 +3.0 dB 

(Note 3) 

Leak Carrier Leak After Offset Adjustment, 0.2 1.3 mV 

(47 k - 49 k) 
~--~--

Schmitt 28 Pin - 31 Pin 

VINST Input Sensitivity Duty = 50±5% 40 100 mV 

VOSH Output Level (High) VIN = 100 mV 1.6 2.0 V 

VOSL Output Level (Low) VIN = 100 mV 50 300 mV 

Note 2: Measured by using the noise evaluation filter based on P. 53 of CCITI. 
Note 3: Extended 3 kHz LPF is used. . 
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TK10661 
ELECTRICAL CHARACTERISTICS (CONT.) 
vee = 2.0 V (36 Pin), veep = 2.4 V (5 Pin), T A = 25 ac, f = 1.0 kHz, Sub = 3.5 kHz, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN 

LPF (8th Order) 21 Pin -14 Pin 

VIMLP8 Maximum Input Voltage THD =3% 600 

VGLP8 Voltage Gain VIN = 316 mV -14 

THD Total Harmonic Distortion 

Expander 13 Pin - 10 Pin, 11 Pin 

YORE Output Reference Voltage VIN = 50 mV, VIN = 0 dB 100 

"'GE1 Gain Error 1 VIN = -10 dB -1.0 

"'GE2 Gain Error 2 VIN = -20 dB -1.5 

THDE Total Harmonic Distortion VIN = 50 mV 

VNOE Output Noise Voltage Rg = 600 n (Note 3) 

An Mute Attenuation VIN = 50 mV (Note 3) 75 

"'GEL Expander Line Gain Error VIN = 50 mV -2 

BTL Amplifier 

VOMB Maximum Output Voltage THD = 10%, R1 = 2k 1.2 

VNOB Output Noise Voltage Rg=600n 

THD Total Harmonic Distortion VIN = -100 mV 

An Mute Attenuation VIN = -100 mV 65 

SW Threshold Voltage 

Vp29 Exp. BTUMute 20 Pin 

Vp29HI Exp. BTL Out Vp29 

VP29LO Mute 0 

Vp30 Line/BTL Out 30 Pin 

Vp30HI Line Out Vp30 

Vp30LO BTL Out 0 

VP33 Power Save 33 Pin 

Vp33HI Save VP33 

Vp33LO Power 0 

Note 2: Measured by uSing the nOise evaluation filter based on P. 53 of CCITT. 
Note 3: External 3 kHz LPF is used. 

1-66 

TVP MAX UNITS 

700 mV 

-11 -8 dB 

0.4 1.0 % 

165 260 mV 

0 +1.0 dB 

0 +1.5 dB 

0.3 1.0 % 

5 50 ltV 

87 dB 

0 +2 dB 

1.6 V 

4.0 100 ltV 

0.6 2.0 % 

80 dB 

1.35 V 

Vee V 

0.6 V 

1.35 V 

Vee V 

0.6 V 

1.35 V 

Vee V 

0.6 V 
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TK10661 
ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V cc = 2.0 V (36 Pin), V ccp = 2.4 V (5 Pin). T A = 25 DC, 1= 1.0 kHz, Sub = 3.5 kHz, unless otherwise 

~.~ I 
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

_. 

VP39 Offset/Through 39 Pin 1.15 V 
--~-

Vp39HI Offset 
L_ .. _____ ._ 

Vp39LO Through _. 

Vp40 Offset/Mute .Data 40 Pin 

Vp40HI Offset 

Vp40LO SCR Mute.Data 

VSUB Subcarrier Input Level Square Wave, 32 Pin 

Note 2: Measured by using the noise evaluation Iilter based on P. 53 of CCITT. 
Note 3: External 3 kHz LPF is used. 

TOKO,lnc. 

0.9 VP39 V 

0 0.6 V 

1.15 V 

0.9 Vp40 V 
... -

0 0.6 V 

0.2 0.4 1.0 Vp-p 
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TK10661 

MIG 
IN 

39k 

FUNCTION OF EACH SWITCH 

PIN 29: EXP, BTL MUTE SWITCH 

PIN 29 10 (EXPOUT) 11 (LINEOUT) 

OPEN EXPOUT LlNEOUT/MUTE' 

GND MUTE MUTE 

* When Pin 30 is connected to GND. 
.. When Pin 30 is open. 

1-68 

TEST CIRCUIT 

22k 27k 33k 33k 82k 110k 

6/7 (BTLOUT 1/2) 

BTLOUT/MUTE" 

MUTE 

f---r::--o VCC 

DATA IN 

POWER SAVE 

SUB CARRIER 

DATA OUT 

ANALOG SWITCH 

HIGH LINE OUT 
LOW BTL 

EXP BTL 
MUTE HIGH NORMAL 

DSC IN LOW MUTE 

TK10665QTC 

PIN 30: LINE/BTL SWITCH 

PIN 30 11 (LINEOUn 6/7 (BTLOUT 1/2) 

OPEN LlNEOUT MUTE' 

GND MUTE BTLOUT' 

, Pins 11 and 6/7 will be MUTED when Pin 29 is 
connected to GND, regardless of conditions at Pin 
30. 

TOKO, Inc. 



FUNCTION OF EACH SWITCH (CONT.) 

PIN 33: POWER SAVE SWITCH 

,--~~-,---~-~ -~·---l PIN 33 CIRCUIT OPERATION 
_ .. _---- -.--------

OPEN PARTIAL' 
---- ---------~-

GND ALL 
----- -----------

, Operates only the following circuits: 
DSCR IN Buffer Amp 
DSCR LPFAmp 
DSCR HPFAmp 
Data Schmitt Trigger 

PIN 40: SCR OFFSET ADJUSTMENT/MUTE 
(DATA.OUT) SWITCH 

~~ 

PIN 40 47 (SCR.OUT)' 

OPEN SCR.OUT 

GND DATA.OUT 

, When Pin 40 is open, Pin 34 is MUTED. 
When Pin 40 is connected to GND, Pin 
34 INPUT is connected to Pin 47 OUT 
through an analog switch. 

TaKa, Inc. 

TK10661 

PIN 39: DSCR OFFSET ADJUSTMENT/ 
SCR, DSCR THROUGH SWITCH 

U:~ -~;~l~~~~:J 
, When Pin 40 is connected to GND, Pin 47 OUT is 

connected to Pin 34 IN through an analog switch, 
regardless of conditions at Pin 39. 

NOTES 
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NOTES 
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r~TOKO 

FEATURES 

• Low Supply Current 

• Low Operating Voltage (1.9 V) 

• Complete Noise Reduction System 

• Complete Scrambler/Descrambler 

• IDC Circuit for Modulation Control 

DESCRIPTION 
The TK1 0665 is a compandor and voice scrambler system 
for cordless telephones and other communications equip
ment. It is designed for battery operated systems and can 
operate from 1.8 to 5.5 V. In addition, it contains an 
Instantaneous Deviation Control (IDC) circuit for modula
tion control, separate data inputs and outputs. A micro
phone preamplifier is also provided. The TK10665Q is 
available in QFP48 surface mount package. 

ORDERING INFORMATION 

TK10665 0000 lIT ,--
Temp. Range 

Package Code 

PACKAGE CODE 
Q: Surface Mount 

TEMP. RANGE 
C : ·10 to +75 °C 

TAPE/REEL CODE 
ax: Bulk/Bag 
TX.: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TK10665 

SCRAMBLER IC WITH COMPANDOR 

APPLICATIONS 

• Amateur Radio 

• Transceiver 
• Cordless Telephone 

,--------------------------- -

TK10665 

BLOCK DIAGRAM 
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TK10665 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX ............................................. 6.0 V Junction Temperature ........................................... 150°C 
Operating Voltage Range .............................. 1.9 to 5.5 V Storage Temperature Range .................... -55 to +150 °C 
Maximum Input Frequency ................................... 80 kHz Operating Temperature Range .................. -10 to +75 °C 
Power Dissipation (Note 1) ................................ 300 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 2.3 V, PVCC = 2.6 V, T A = 25°C, f = 1 kHz, Sub = 3.25 kHz, 0.4 Vp-p 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current 1 11.0 mA 

Iccp Supply Current 2 0.7 mA 

Iccs Standby Supply Current 1 Data System Operation 2.0 mA 

'ccps Standby Supply Current 2 48 ~ 

Compressor 48~43 Pin, 

MICAMP=OdB 

VORC Output Reference Voltage VIN = 100 mV (0 dB) 63 mV 

THDc Total Harmonic Distortion VIN = 100 mV 0.45 % 

t1GC1 Gain Error 1 VIN = -20 dB 0 dB 

t1GC2 Gain Error 2 VIN = -40 dB 0 dB 

t1GTC Through On/Off Difference VIN = 100 mV -1 dB 

IDC 39~38 Pin 

VOIDC Output Voltage VIN = 50 mV 195 mV 

THDIDC Total Harmonic Distortion VIN = 50 mV 0.6 % 

VUM Limiting Voltage 1.4 Vp-p 

DATA AMP 37~38 Pin 

VODATA Output Voltage VIN = 50 mV 350 mV 

THDDATA Total Harmonic Distortion VIN = 50 mV 0.5 % 

Transmitting System Characteristics 48~38 Pin 

VOTX Output Voltage VIN = 50 mV 200 mV 

THDTX Total Harmonic Distortion VIN = 50 mV, 1.0 % 

(FIN = 2.25 kHz) 

Note 1: Power dissipation must be derated at the rate of 2.4 mW/oC for operation at T A = 25°C and above. 
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TK10665 

ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: vee = 2.3 V, Pvcc = 2.6 V, T A = 25°C, f = 1 kHz, Sub = 3.25 kHz, 0.4 Vp-p I ~.--~~--. .--.. ---------~ . _ .. ------ -

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
-------- - ----- .. c---. .. - .-----

ATTTX Mute SIN Ratio -45 dB 
------ ._----_. 

CrssTX Crosstalk RX-7Tx -37 dB 
-.- ._._---_.---

VNTX Output Noise Voltage 2.5 mV 
f---- -- .. _- - ----~----------- --- ----------- --~--- _.- - ---------

Desk Ramble 11-719 Pin 
r-----. - -----------_. ~-.- ---------

VODSC Output Voltage VIN = 100 mV 41 mV 
_. __ .. 

THDDSC Total Harmonic Distortion VIN = 100 mY, 0.65 % 

(FIN = 2.25 kHz) 
1---. 

LPF4 11-710 Pin 

VOLP4 Output Voltage VIN = 100 mV 70 mV 

THDLP4 Total Harmonic Distortion VIN = 100 mV 0.6 % 

Schmitt 9-77 Pin 

VINST Input Sensitivity Duty = 50 ± 5%, 2.5 mV 

RHys =51 kn 

Expander 20-722 Pin 

YORE Output Reference Voltage VIN = 50 mY, (0 dB) 290 mV 

THDE Total Harmonic Distortion VIN = 50 mV 0.22 % 

ilGE1 Gain Error 1 VIN = -10 mV 0 dB 

ilGE2 Gain Error 2 VIN = -20 mV 0 dB 

ilGTE Through On/Off Difference VIN = 50 mV -8 dB 

ATTE Mute SIN Ratio VIN = 50 mV -84 dB 
_. 

Receiving System Characteristics 11-722 Pin 

VORX Output Voltage VIN = 100 mV 240 mV 

THDRX Total Harmonic Distortion VIN = 100 mY, 0.66 % 

(FIN = 2.25 kHz) 

CrssRX Crosstalk TX-7Rx -83 dB 

VNRX Output Noise Voltage 16 f.lV 
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TK10665 

ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: Vcc = 2.3 V, Pvcc = 2.6 V, T A = 25°C, f = 1 kHz, Sub = 3.25 kHz, 0.4 Vp-p 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

BTL AMP 23-t24/25 Pin 

VCBTL Voltage Gain RL = 2 k 5.0 dB 

THDB Total Harmonic Distortion V1N =200 mV 0.15 % 

VOMB Maximum Output Voltage THD=5% 1.4 V 

Filter Characteristics 

FCHE4 LPF1 Chebyshev Type 4 -3 dB 

fc = 3 kHz 

FCHE6 LPF2 Chebyshev Type 6 -3 dB 

fc = 3 kHz 

FSES3A LPF3 Bessel Type 3 -3 dB 

fc = 5 kHz 

FBES3B LPF4 Bessel Type 3 -3 dB 

fc = 5 kHz 

FCHE3 . LPF5 Chebyshev Type 3 -3 dB 

fc=3kHz 

FCHE5 LPF6 Chebyshev Type 5 -3 dB 

fc=3kHz 

DC Characteristics 

SWLow Individual SW Low Level 0 0.4 V 

SWHigh Individual SW High Level 1.4 VCC V 
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TEST CIRCUIT I 
TXOUT 

I-D DATA IN 
1 ~ 51 k 

MIC INo-Ill--J,)'Ic-.----

0.1 

FSUB IN 

DATA OUT 

FC ADJ. 

PVce BTL Vee 

BTL GND 

TK10665QTC 

BTL IN 
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FEATURES 

• Low Voltage Operation 

• PLL Demodulation 
• Two-Level Conversion Circuit 
• Multiplex Detection Level Variation Circuit 
• Active Filter Operational Amplifier 

DESCRIPTION 

TK10840M is a demodulator developed for the Japanese 

broadcast standard. It was developed for use in products 

such as stereo-headphone receivers and liquid crystal 

display TVs. The chip's 20-pin mini-flat construction simpli

fies product miniaturization. The device includes a lamp 

driver to indicate stereo operation. The TK1 0840 is ideal for 

battery operated receivers as the operating voltage range 

extends from 0.9 to 5.0 V and the operating current is only 

5.0 mAo The device requires a minimum number of external 

components. The TK1 0840 is available in MFP20 surface 

mount package. 

ORDERING INFORMATION 

TK10840 D D DD p1: _~ 
- Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX: Bulk/Bag M: Surface Mount C: -2010 +70 °C 
TX: Paper Tape 
TR: Tape Righi 
Tl: TapoloH 
MG; Magazine 

TaKa, Inc. 

TK10840 

MULTIPLEX AUDIO SIGNAL RESTORER 

APPLICATIONS 

• Stereo-Headphone LCD TVs 

• Television I 
• VCR 
• Bilingual Broadcast Decoder 

TK10840 

~INPUTRCH 1 

~~- INPUTLCH 

SW-A 3 

SW-VCO.K. 5 

13 LAMP lEVEL ADJ. 

11 SEPARATIONADJ. 

BLOCK DIAGRAM 

OUTPUT OUTPUT 
LCH RCH 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX ................................................ 7 V Storage Temperature Range .................... -55 to + 125 °c 
Power Dissipation (Note 1) ................................ 350 mW Operating Temperature Range .................. -20 to +70 °C 
Operating Power Supply Voltage .................. 0.9 to 5.0 V Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V CC = 1.2 V, T A = 25 °C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current No signal 5.00 mA 

ZIN Input Impedance 21 kQ 

ZOUT Output Impedance 3.2 kQ 

VG I/O Gain Each mode, -0.5 dB 
without de-emphasis 

CB Channel Balance Each mode, CR=GvL-GvR 0 dB 

DMAI Distortion, Main Main mode 0.1 % 

DSTE Distortion, Stereo Stereo mode 0.3 % 

DSUB Distortion, Sub Sub mode 0.6 % 

SNMA1 Signal to Noise Ratio, Main Main mode 62 dB 

SNSTE Signal to Noise Ratio, Stereo Stereo mode 52 dB 

SNSUB Signal to Noise Ratio, Sub Sub mode 52 dB 

CrssSM Crosstalk, Sub --?Main Sub mode 50 dB 

CrssMS Crosstalk, Main --? Sub Main mode 50 dB 

SEP Separation Stereo mode 44 dB 

CLEAK Carrier Leak Sub mode 24 dB 

CR1 Capture Range (lamp) Input signal voltage 15.0 mV(rms) ±6.5 kHz 
(Measured when lamp is lit) 

LRp Lock Range (PLL) Input signal voltage 15.0 mV(rms) ±20.0 kHz 
(Measured when PLL locked) 

V1N MAX Maximum Input Level Input signal frequency 1 kHz, 
distortion 3% 150 mV(rms) 

HLAMP Lamp Hysteresis Input signal frequency 31.468 kHz 1.0 dB 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25 °C and above. 
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TK10840 
ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: Vee = 1.2 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

VSAT Lamp Driver Saturation Voltage When lamp is drawing 7 rnA current 30 mV 
--------

ILEAK Lamp Driver Leakage Current When 5 V is applied to the lamp pin 0 IJA 

RRR Ripple Removal Ratio Vee = 1.2 F + 23.7 mV(rms), 46 dB 
f = 100 Hz 

Vsw Mode Switch Voltage - V 

The following conditions may be of interest: VCO auto-set frequency = 31.468 kHz, Multiplex detection level = 10 mV(rms), 
after separation adjustment. 

MODE 

Main 

Stereo 

Sub 

TaKa, Inc. 

MAIN 

Voltage Frequency 
(mVrms) (kHz) 

25 1 

12.5 1 

0 -

2~0 HIH---It---t-it--i 
pF ~ 

INPUT SIGNAL MODE SWITCH 

SUB 

Voltage Frequency Variation Modulation Frequency A B 
(mVrms) (kHz) (kHz) 

15 31.468±0 - Open Open 

20 31.468±5 1 Gnd Open 

15 31.468 ±10 1 Open Gnd 

TEST CIRCUIT 

o 14kHz 

R7 5.1 k LPF 

R65.1 k :t 
C1339000pF '-3 

t--':::::::!!t=:::t C11 33000 pF 

R35k 

AC VOLTMETER ~ 
DISTORTION METER 

ETC. 
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TK10840 
TYPICAL APPLICATIONS 

Ie OPERATION 

MONO/MULTIPLEX DETECTION 

The TK10840M can automatically determine whether a 
received signal is monophonic or multiplex (stereo or 
bilingual) broadcast. 

The mono/multiplex discrimination is accomplished using 
the input level of the sub-channel signal (PLL lock status). 
Thus a stereo broadcast is not automatically distinguished 
from a bilingual broadcast. These broadcasts are distin
guished manually using a mode switch. 

When it is determined that a monophonic broadcast is 
being received, the matrix circuit changes to mode set on 
the mode switch and the indicator is turned on. However, 
during VCO killer or forced monophonic operation, the IC 
will operate as if a monophonic signal were received even 
if the received signal is a multiplex broadcast. 

There were errors in mono-multiplex detection in earlier 
models that used the sub-channel signal level to discrimi
nate between monophonic and multiplex signals. The 
TK10840M has been equipped with two types of malfunc
tion prevention circuits that eliminate these errors: (1) 
automatic lock/capture range selector circuit, and (2) mul
tiplex detection level selector circuit. 

Automatic Lock-Capture Range Selection Circuit 

This circuit is used to prevent errors in mono/multiplex 
discrimination due to the 19 kHz FM stereo pilot signal. The 
spectrums of the FM stereo composite signal and the 
Japanese television audio multiplex signal are shown in 
Figures 1 and 2. 

19 38 

FREQUENCY(kHz) 

Figure 1: The spectrum of the FM stereo composite 
signal. 
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1516 31.5 47 

FREQUENCY (kHz) 

Figure 2: The spectrum of the television audio multi
plex signal. 

As shown in Figure 3, a PLL having a wide lock range is 
required in order to recover the sub-channel signal of 
television audio multiplex by the PLL method. When the FM 
stereo pilot signal enters the PLL, there is a possibility that 
the PLL will lock onto this signal and an error in detection 
will occur. One method to avoid errors caused by the FM 
pilot signal is to narrow the capture range by narrowing the 
bandwidth of the PLL Low Pass Filter, decreasing sensitiv
ity in the over 10kHz region. However, if this method is 
used, the sub-channel demodulation output rises dramati
cally at higher frequencies as shown in Figure 6. A variety 
of negative side effects result, so it is impossible to narrow 
the PLL Low Pass Filter to the point that the PLL would not 
lock on to 19 kHz. 

16 31.5 47 

FREQUENCY (kHz) 

Figure 3: Earlier model's PLL lock and capture range 
used for the recovery of television audio multiplex 
signals. 

The TK10840M has a PLL with selectable capture range 
that prevents errors in signal discrimination due to the FM 
pilot signal. This circuit automatically switches between the 
two capture ranges as shown in Figure 4, depending on the 
input level of the sub-channel signal. In other words, if the 
input level of the sub-channel signal is lower than the 
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TYPICAL APPLICATIONS (CONT.) 

multiplex detection level", the narrow lock-capture range is 
used. If it is higher, the wider lock-capture range is used. 
(The selection of the capture range is synchronized with the 
on/off switching of the indicator.) 

16 31.5 47 

FREQUENCY (kHz) 

Figure 4: The lock and capture range of the TK1 0840M, 
which has a PLL with selectable capture range. 

Multiplex Detection Level Selector Circuit 

This circuit is used to prevent errors in mono/multiplex 
discrimination due to noise. The type and level of noise can 
vary a great deal depending on the setting, particularly 
when the input is weak. Thus noise can be a cause for 
errors, too. 

The TK10840M has a multiplex detection level selector 
circuit that can be set with an external resistor to prevent 
errors due to noise and provide the best multiplex detection 
level for the setting. Since the TK1 0840M has a PLL with 
selectable capture range and a variable multiplex detector 
circuit, the lock-capture range observed with the PLL 
locked/unlocked is different from the lock-capture ranges 
observed with the indicator on/off. 

When observed with the PLL locked/unlocked, Figure 4 
shows the wide lock and capture ranges when the indicator 
is on, and the narrow lock and capture ranges when the 
indicator is off. 

Figure 7 shows the lock-capture ranges when observed 
with the indicator on/off. The capture range becomes ±O 
kHz at the set point of the multiplex detection level. When 
the multiplex detection level is changed, the lock-capture 
range is shifted up or down. 

• The multiplex detection level can vary. See Multiplex Detection Level 
Variation Circuit section. 

TOKO,lnc. 

16 19 31.5 

FREQUENCY (kHz) 

TK10840 

Figure 5: The lock and capture range of the PLL (used 
in earlier versions) when the Loop bandwidth was 
narrowed. (The lock and capture range narrowed.) 

---_/ 

FREQUENCY 

Figure 6: The frequency characteristics of the PLL 
detector output when the Loop-LPF was narrowed. 
(There is a sudden rise in the higher frequencies.) 

01-
19 31.5 

FREQUENCY (kHz) 

"A" shows the up or down 
shift when the multiplex 
detection level setting is 
changed. It does not lock 
on the 19 kHz signal or the 
noise below the multiplex 
detection level. 

Figure 7: The lock-capture range of the TK10840M 
when observed with the indicator on and off. 
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TK10840 
TYPICAL APPLICATIONS (CONT.) 

MATRIX CIRCUIT 

The block diagram of the matrix circuit is shown in Figure 1 . The truth table of the corresponding switches is shown in Table 
1. The TK10840M can distinguish between a monophonic and multiplex (bilingual or stereo) broadcast, but a bilingual 
broadcast is not automatically distinguished from a stereo broadcast. These signals are selected manually using an 
external switch. The external switch must be set appropriately depending upon whether a stereo broadcast or a bilingual 
broadcast is being received. Table 2 shows the outputs for various modes for stereo and bilingual broadcasts. 
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INPUT OUTPUT 

L R L R 

19 20 

A MAIN 

B MAIN 

C SUB 

D SUB 

Figure 1: Matrix circuit 

MODE OUTPUT MODE SWITCH INTERNAL MATRIX SWITCH 

LCH RCH A B a c e b d f 

Main Main Main H H 0 x x 0 x x 
Sub Sub Sub H L x 0 x x 0 x 
Stereo L R L H x x 0 x x 0 
Main/Sub Main Sub L L 0 x x x 0 x 

"H" is open or 0.8 to Vee V. "L" is 0.4 V. "0" is ON, and "x" is OFF 

Table 1: Modes and Switch Settings 

MODE BILINGUAL BROADCAST STEREO BROADCAST 

LCH RCH LCH RCH 

Main Main Main (L + R) /2 (L + R) /2 
Sub Sub Sub (L- R) /2 (L- R) /2 
Stereo (Main + Sub) /2 (Main + Sub) /2 L R 
Main/Sub Main Sub (L + R) /2 (L- R) /2 

Table 2: Outputs 
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TK10840 
TYPICAL APPLICATIONS (CO NT.) 

TERMINAL CONNECTIONS 
--------------------------- -

PIN 
NUMBER 

2 

3 

4 

5 

6 

7 

TOKO,lnc. 

PIN NAME EQUIVALENT CIRCUIT FUNCTION 

--------------------------------------------------------

Right Channel 
Signal Input (Input -
RCH) 

Left Channel Signal 
Input (Input - L CH) 

Mode Switch A 

Mode Switch B 

VCO Killer Switch 
(SW - VCO.K.) 

VCO Frequency 
Adjustment 
(VCO - Adjust) 

Regulator Output 
(Regulated -
Voltage) 

1 

TO 
LOGIC 
CIRCUIT 

r----<>---{7 -- REGULATOR OUT 

TOVCO 

+ 

I 

These are signal input pins. 
The output signal(s) from either the FM re
storer or FM stereo restorer is connected to 
these pins. 
C1 and C2 are coupling capacitors. 

These are the mode switching pins. 
The matrix circuit can be switched to any 
mode manually with the SW-A and SW-8 
mode switches. However, if any of the fol
lowing conditions exist, the matrix circuit will 
be in monophonic mode regardless of the 
SW-A and SW-8 mode switch settings. 

1. A monophonic signal is 
being received. 

2. The VCO killer is operating. 
3. Monophonic operation is 

being selected. 
These pins are pulled up internally, therefore 
external pull up is not necessary. When an 
externalS kQcurrent limiting resistor is used, 
the pull up threshhold voltage is 0.8 V. 

This is the VCO killer pin. 
Pulling down pin 5 (0 to 0.4 V) has the 
following effects: 

1. VCO oscillation is stopped. 
2. The matrix circuit goes into 

monophonic mode. 
3. The multiplex indicator is 

turned off. 

This is the VCO frequency adjustment pin. 
The VCO frequency can be adjusted to 31.5 
kHz with the trim resistor (R1) connected 
across pins 6 and 7. 

This is the regulator output pin. 
C3 is a bypass capacitor. 

PIN 
VOLTAGE 

(VDC) 

0.70 

0.65 

0.65 

0.80 
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TYPICAL APPLICATIONS (CONT.) 

TERMINAL CONNECTIONS 

PIN 
NUMBER 

8 

9 

10 

11 

1-84 

PIN NAME 

Filter 1 
(HPF-1) 

Filter 2 
(HPF-2) 

SUb-Channel Signal 
Output (Output-Sub) 

Separation 
Adjustment 
(Separation-Adjust) 

R3 

EQUIVALENT CIRCUIT FUNCTION 

C4 

These are the active filter pins for sub-chan
nel signal extraction. 
A high-pass filter is constructed by connect
ing the C4 and C5 capacitors. 

TO THE The main channel signal is reduced by this 
RECOVERY high-pass filter and the sub-channel signal is 
~~TIPLEX sent on to the recovery circuit and multiplex 
CIRCUITS detector circuit. 

FROM 
MATRIX 

When C4=C5, the cutoff frequency fe of the 
high-pass filter is fe= 1/(2 CR) Hz. The rolloff 
is 12 dB/Oct. 

This is the signal output pin for the sub
channel signal extraction filter. 
The Right Channel input (pin 1) and the Left 
Channel (pin 2) signals are added, and the 
sum is multiplied by 2 and made available at 
the output. 
We recommend connecting a filter to this 
terminal that will remove the control channel. 
If this filter is not included, an audible beat in 
the audio signal will develop from interaction 
between the sub-channel signal and control 
signal channel. 
The parallel resonance of coil L and capaci
tor C7 create a filter that removes the control 
channel. Capacitor C6 acts as a low pass 
filter as well as a phase shift corrector for the 
sub-channel signal. 

This is the separation adjustment pin. 
R3 is the separation adjustment resistor. The 
sub-channel signal detector output is high
est when R3=O . 

PIN 
VOLTAGE 

(VDC) 

0.80 

0.45 

0.03 

TOKO, Inc. 



TK10840 
TYPICAL APPLICATIONS (CO NT.) 

TERMINAL CONNECTIONS 
- --~---~-------------~ 

PIN I PIN 
NUMBER 

12 

13 

14 

15 

TaKa, Inc. 

PIN NAME EQUIVALENT CIRCUIT 

-.--------~--.----~----. ----

Forced Monophonic 
Switch (SW-F. 
Mon.) 

Mono/Multiplex 
Detection Level 
Setting (Lamp Level 
Adjust) 

GND 

VCOTiming 
Capacitance 

D1 

C9 

,-------~--~r-DVee 

SW·F.MON. 

~I 

R4 

FUNCTION 

This pin is used to force monophonic opera
tion and level detection rectification. Pulling 
up this pin to Vee has the following effects: 

1. The matrix circuit goes into the mode 
selected by the mode switch. 

2. The multiplex indicator is turned off. 
(forced multiplex operation). 

C8 is the smoothing capacitor for sub·chan
nel signal level detection. Increasing C8 
lengthens the response time of the multiplex 
indicator light. Omitting this capacitor is pos· 
sible and the following conditions will occur 
when drawing several ~A of current from this 
pin: 

1. The matrix circuit goes into the mode 
selected by the mode switch. 

2. The multiplex indicator is turned off 
(forced multiplex operation). 

This is the mono/multiplex detection level 
setting pin. The resistor R4 sets the mono/ 
multiplex detection level. The detection level 
rises as R4 is increased (sensitivity de
creases). This pin is susceptible to capaci
tive loads. 

GND Pin 

This is the pin for connecting the VCO timing 
capacitor. The user can monitor the VCO 
oscillation frequency from this pin. Since this 
pin has high impedance, either an external 
buffer or test equipment should be used for 
measuring the VCO frequency. When using 
a power supply voltage greater than 2 V, 
insert diode D1 between this pin and point 7 
Regulated-Voltage in order to start VCO os
cillation. Thefollowing effects occurwhen C9 
is increased: 

1. The lock range becomes narrow. 
2. The sub-channel signal's detection 

output becomes large. 

VOLTAGE 
(VDC) 

o 

o 
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TYPICAL APPLICATIONS (CONT.) 

TERMINAL CONNECTIONS 

PIN 
NUMBER 

16 

17 

18 

19 

20 

1-86 

PIN NAME 

PLL Low Pass Filter 
(PLL-LPF) 

Multiplex Indicator 
(IND) 

Left Channel Signal 
Output 
(Output-L CH) 

Right Channel 
Signal Output 
(Output-R CH) 

C10 

EQUIVALENT CIRCUIT FUNCTION 

This is the PLL loop low pass filter pin. The 
following effects occur when Cl Ois increased: 

1. The capture range becomes narrow. 
2. Carrier rejection becomes higher. 
3. The sub-channel signal detector out 

put rises a thigh frequencies. 

This is the multiplex indicator pin. It is an 
open collector connecter internally. 

Vce pin. 

These are the audio signal output pins. The 
C12 pin bias is 0.45 VDC. The output impedance 

~
.2 k C14 is 3.2 kn. Capacitors Cll and C13 are used 

forde-emphasis. C12 and C14 are coupling TI C1l(L) capacitors. RS and R7 represent load resis
=;I~l4 C13(R) tances. 

PIN 
VOLTAGE 

(VDC) 

0.70 

1.20 

0.45 
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TYPICAL APPLICATIONS 

1. PIN #10 OUTPUT SUB-CHANNEL SIGNAL 
VS. INPUT SIGNAL (L + R) 

The relationship between pin #10 output sub-channel 
voltage, distortion and the input signal (L + R) voltage 
shown in Figures 1 and 2, respectively. 

240 t-+++-t-I-+-H--H-++-H-+-H--H 

§ 200 t-+++-t-I-+-H--H-++-H-HI-bH 
> 
E 
w 160 1-++-t+-l+I-+t++-t-bl'1-I-+H 

-'~ 120 t-+++-t-I-+-H--t7'9-+-H-HH--H 
§; 
~ 80 t-+++-t-I-i.'F+H-++-H-J-JH--H 
~ 
::::> 
a 40 1-+-I7I''t-l+I-+t++-t-H-HI-+H 

o~~~~ .. ~~~~ 
o 10 20 30 40 50 60 70 80 90 

INPUT VOLTAGE (mVrms) TPe33 

Figure 1: Pin #10 output sub-channel signal 
vs. Input signal (L + R). 

Test conditions: 

Input signal L + R 
Main channel signal = x mV(rms) 
Frequency = 1 kHz 
Sub-channel signal = 20x/25 mV(rms) 
Frequency = ±O kHz 

Pin #1 O's output signal is passed through a a 31.5 kHz 
BPF. The sub-channel signal and distortion are mea
sured. Pin 10 is not loaded. 

The sub-channel signal distortion is about 3% at an input 
signal of 50 mV(rms). The sub-channel is FM, so there 
is no effect on the detection output if the distortion is at 
the 3% level. 

TaKa, Inc. 

TK10840 

50 

20 

10 

~ 

'" a 
;::: 
r:r: 
a .... 
CI) 

Ci 0.5 

o 10 20 30 40 50 60 70 80 90 

INPUT VOLTAGE (mVrms) TPC34 

Figure 2: Pin 10 output sub-channel distortion vs. 
Input signal (L + R). 

2. PIN #10 PIN #10 OUTPUT SUB-CHANNEL SIGNAL 
AND DISTORTION vs. LOAD RESISTANCE 

The relationships between pin10 output sub-channel 
signal distortion and pin1 0 load resistance is shown in 
Figures 3 and 4, respectively. 

240 

~ 200 

E 

w 160 

'" « .... 120 -' a 
> .... 80 ::::> 
"-.... 
::::> 40 a 

5 10 20 50 100 

RESISTANCE ( kQ) TPC35 

Figure 3: Pin 10 output sub-channel signal vs. load 
resistance. 

Measurement conditions: 

Input signal L + R 
Main channel signal = 50 mV(rms) 
Frequency = 1 kHz 
Sub-channel signal = 40 mV(rms) 
Frequency = ±O kHz 
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TYPICAL APPLICATIONS (CONT.) 

Pin 10 output signal is passed through on a 31.5 kHz 
BPF. The subchannel signal and distortion are mea
sured. An AC load is connected to pin10 and measure
ments made with various load conditions. 

The distortion increases suddenly as the load is reduced 
below 15 kn. Consequently, it is recommended to keep 
the load greater than 15 kn at pin 10 when the input 
signal voltage is 50 mV(rms). 

50~~mlm 
20 a;::::;t 

~1°~ ••• 1 f= 
a: 
~ 
15 1 __ 

.5 

.2 

.1~~. 
. 05~ 

5 10 20 50 100 

RESISTANCE ( kn) TPel6 

Figure 4: Pin 10 output sub-channel distortion vs. 
load resistance. 

3. PLL-LPF AND THE PIN 19 AND 20 OUTPUT AUDIO 
SIGNALS (A METHOD IMPROVING CARRIER 
REJECTION) 

According to the specifications, the maximum input level 
is 150 mV(rms) (generating a distortion of 3%) when a 
monophonic signal is being received, but the maximum 
input level is lower when a signal with a sub-carrier is 
received. When a 50 mV(rms) signal is received, it is 
necessary to increase carrier rejection, especially for 
stereo recovery. Carrier rejection can be increased by 
increasing the PLL filter capacitor, C10 at pin 16. 

4. AN APPLICATION IN WHICH THE INPUT SIGNAL 
LEVEL WAS SET AT 50 mV(rms) 

Figure 5 shows an application in which the input Signal 
level was set at 50 mV(rms). The section within the 
dashed box was modified. 

1-88 

1V SOUND MULTIPLEX 
SIGNAL GENERATOR 

1--If--'-~-R7-5-.1-k _~ 1~~~ 
C1339000PF~ 
R65.1k ~ 

f-c---'lo--=q Clt33000pF 

SW-F.MON. 

R35k 

AC VOLTMETER ..".. 
DISTORTION METER 

ETC. 

Figure 5: An application in which the input signal 
level was set to 50 mV(rms). 

5. CHARACTERISTICS 

Figures 6 to 12 show the characteristics of the applica
tion shown in Figure 5. The test conditions are the same 
as those listed in the specifications, except the signal 
level, which was doubled . 

Figure 6 
20 

10 

0.5 

OUTPUT SIGNAL DISTORTION 
vs MODULATION RATE 

I 

STEREO 

I\~ SUB 

20 40 60 80 100 120 140 

MODULATION RATE ( %) TPcas 
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TYPICAL APPLICATIONS (CONT.) 

Figure 7 60 

50 

a:l 
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'" a 
~ 30 
0:: 
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en 
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o 

Figure 8 
60 

50 
N 
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'" 30 I.U 
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I.U 
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10 

0 

Figure 9 
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SEPARATION vs MODULATION RATE 

II 

II 

o 20 40 60 80 100 120 140 

MODULATION RATE ( % ) TPC40 

LOCK RANGE vs INPUT SIGNAL VOLTAGE 

0 10 15 20 25 30 35 40 45 

INPUT VOLTAGE ( mVrms) TPG42 

Figure 10 
20 
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60 

Figure 11 
a:l 
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50 
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>= « 
0:: 
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en 

20 

10 

OUTPUT SIGNAL 
DISTORTION vs FREQUENCY 

SUt 
II 

AI 

STER EO-
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0.1 0.2 0.5 1 2 5 10 20 

FREQUENCY ( kHz) TPC39 

SEPARATION vs FREQUENCY 

v 

0.1 0.2 0.5 1 2 5 10 20 

FREQUENCY ( kHz) TPC41 

OUTPUT SIGNAL LEVEL PIN 10 OUTPUT LEVEL vs 
vs FREQUENCY FREQUENCY 

-1D~~E~~~~SISlo~ 

SU \ 
I 

f-- DE-EMPHASIS Or 

1\ 
0.1 0.2 0.5 1 2 5 10 20 

FREQUENCY ( kHz) TPC37 

Figure 12 
o 
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TYPICAL APPLICATIONS (CO NT.} 

THE S-CURVE OF THE FM IF, THE 1/0 PHASE SHIFT 
OF THE FM MPX, AND THE TK10840'S OUTPUT 

Pins 13 and 14 might correspond to either the left and right or right and left audio signals depending upon whether the S
curve of the FM IF is regular or reversed, and whether the phase shift between the FM MPX's input and output is regular 
or reversed. Wire as shown in Figure 1 when both the S-curve of the FM IF and the phase shift between the FM MPX's 
input and output are regular, or both are reversed. The outputs for this case are shown in Table 1. Wire as shown in Figure 
14 when one is regular and the other is reversed. The outputs for this case are shown in Table 2. 

R R 

L L 

Figure 13: Both regular or both reversed. Figure 14: One regular and the other reversed. 

INPUT OUTPUT INPUT OUTPUT 

Pin2 Pin 1 Pin 19 Pin 20 Pin2 Pin 1 Pin 19 Pin 20 

FM stereo Left audio Right audio Left audio Right audio V ~ V ~ V ~ V~ 
Stereo TV audio multiplex signal Left audio Right audio V ~ V ~ 

Stereo 
0 

~ ~ ~ ~ 'C Main TV audio multiplex signal Main audio Main audio V +1 V V 
:::I ., 

~ ~ > Sub Bilingual Sub·audio Sub-audio V V 
I-

Stereo/Sub Main audio Sub-audio V ~ V ~ 

Table 1: Input and output allocation corresponding to Figure 1. 

INPUT OUTPUT INPUT OUTPUT 

Pin 2 I Pin 1 Pin 19 Pin 20 Pin 2 Pin 1 Pin 19 Pin 20 

FM stereo Left audio I Right audio Left audio Right audio V b:". V b:". V b:". V b:". 
Stereo TV audio multiplex signal Left audio Right audio V b:". V b:". 

Stereo 

.2 Main TV audio multiplex signal Main audio Main audio V b:". +1 ~ V ~ V b:". 'I:J 
:::I ., 

~ ~ > Sub Bilingual Sub-audio Sub-audio V V 
I-

Stereo/Sub Main audio Sub-audio V ~ V ~ 
Table 2: Input and output allocation corresponding to Figure 2. 

Note: For the diagrams in Tables 1 and 2: 

V L Horizontal axis = time, vertical axis = DC signal voltage 

f L Horizontal axis = time, vertical axis = frequencies 

1-90 TaKa, Inc. 



10 

8 

I' 
I' 

TK10840 
TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT vs 
SUPPLY VOLTAGE 

~TsiERL 
"...... f-

--f- ~MbNAURAL-

VCC (V) 

§ 
> 
E 

u.J 

'" ~ - 0 
> 
>-
:::> 
"-
~ 

TPCOl 

25 

20 

15 

10 

LOCK RANGE, CAPTURE RANGE, AND 
MULTIPLEX DETECTION LEVEl 

(SEE NOTE 1) 

11:0, 

I'~ l.t~ 
10 20 30 40 50 60 

FREQUENCY ( kHz) TPG02 

25 

~ 20 

>: 
E 

15 
u.J 

'" ~ 
10 0 

> 
>-
:::> 
"-
~ 5 

INPUT SIGNAL vs 
LOCK, CAPTURE RANGE 

(SEE NOTE 3) 

,\ A 

~ I' B 
~ 1\ C i 

I 

10 20 30 40 50 60 

FREQUENCY ( kHz) TPG03 

I 

INPUT SIGNAL vs 
DC DUTPUT VOLTAGE 

(SEE NOTE 2) 

MULTIPLEX DETECTION LEVEL 
RESISTANCE SETTING vs 

MULTIPLEX DETECTION LEVEL 
MULTIPLEX DETECTION LEVEL vs SUB-CHANNEL 

SIGNAL MODULATION FREQUENCY 

§ 
> 
E 

u.J 

~ 
o 
> 
>
:::> 
"-
~ 

1. 2 

1. 0 

8 

6 

.4 

2 

25 

20 
u 

'" V 
> 
u.J 15 
'" ~ 
0 

10 > 
>-

IVI :::> 
"-

~ ~ 

rill 

10 20 30 40 50 60 

FREQUENCY ( kHz) TPC04 

V 

./ ....... v 
V /" 

~ 
V" 

10 

RESISTANCE ( kQ) TPCO' 

~ 
>: 
E 

251'T'T'1'!T"""''I''T''T'T'T''''''''''''''I''T''T'T'T'1'I!'''''' 
I++H~-'-c' lie' I"U)lL JJ I IIIII 

MODULATION RATIO = 100% 
20 11+H+-----r--r-t"tT1"ttt--;-"H-tT1"t1I--I 

MODULATION RATIO = 50'!. 

11111111 III II 
11111111 111111 

0.1 0.2 0.5 1 2 5 10 20 

FREQUENCY ( kHz) TPCOS 

Note 1: Determines whether or not the VCO oscillator is locked to the input frequency. Monophonic mode is 
forced and the value during standby mode is measured. Multiplex mode is forced and the value during operation is 
measured. 

Note 2: The separation adjustment resistor value is zero (R3=0 0). Input signal = 20 mV(rms) pure tone. The mode switch 
is setto sub mode. Multiplex operation is selected. 

Note 3: Determines whether or not the multiplex indicator is turned on. 
A: Multiplex detection level = 10 mV(rms) 
B. Multiplex detection level = 8 mV(rms) 
C. Multiplex detection level = 6 mV(rms) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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FEATURES 

• Low Voltage Operation 

• PLL Demodulation 

• VCO Killer Pin 
• Multiplex Detection Level Variation Circuit 

DESCRIPTION 

TK10850M and TK1 08500 are Japanese television multi

plex audio signal restorers suited for use in products such 

as portable TVs and radio/cassette players. They provide 

a complete decoder system for stereo sound and subchannel 

decoders based on a PLL detection circuit. The IC has a 

built in Lamp Driver for a LED multiplex indicator. The 

TK10850 is designed for low voltage operation (2.7 V) and 

low operating current (1.5 mAl and is ideal for battery 

operated equipment. The IC uses a minimum of external 

components and includes a built in voltage regulator. The 

TK10850 is available in DIP20 and MFP20 surface mount 

packages. 

ORDERING INFORMATION 

TK10850 0 0 00 pT _~. 
- Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX: Bulk/Bag M: Surface Mount C: -20 to +70 °C 

D: Plastic Dip TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TaKa, Inc. 

TK10850 
MULTIPLEX AUDIO SIGNAL RESTORER 

APPLICATIONS I • Portable TVs 

• Radio/Cassette Players With TV Sound 

• VCR 

TK10850 

BLOCK DIAGRAM 

OIJTF'UT OUTPUT 
LCH RCH 

SW·FMON LAMP PLL· 
LEVEL LPF 

1-95 



TK10850 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 10 V Storage Temperature Range .................... -55 to +150 °C 
Power Dissipation (Note 1) ................................ 410 mW Operating Temperature Range .................. -20 to +70 °C 
Operating Power Supply Voltage .................. 2.7 to 9.0 V Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V CC = 4.5 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICCQ Supply Current No signal, stereo mode 3.5 mA 

ICCK Supply Current When VCO Killer is operating, 1.5 mA 
(VCO Killer Operation) stereo mode 

VGMAI I/O Gain, Main Main mode -0.5 dB 
1-- ._-_. - r-

VGSTE I/O Gain, Stereo Stereo mode -0.5 dB 

VGSUB I/O Gain, Sub Sub mode -1.5 dB 

CB Channel Balance Each mode 0 dB 

DMAI Distortion, Main Main mode 0.07 % 

DSTE Distortion, Stereo Stereo mode 0.15 % 

DSUB Distortion, Sub Sub mode 0.60 % 

SNMAI Signal to Noise Ratio, Main Main mode 68 dB 

SNSTE Signal to Noise Ratio, Stereo Stereo mode 63 dB 

SNSUB Signal to Noise Ratio, Sub Sub mode 63 dB 

CS Channel Separation Stereo mode 47 dB 
1----

CrssSM Crosstalk, Sub ---7Main Sub mode 62 dB 

CrssMS Crosstalk, Main ---7 Sub Main mode 64 dB 

Crss Crosstalk Monophonic mode 68 dB 

ClSTE Carrier Leakage Stereo mode 28 dB 

VIN Maximum Input Level Monophonic mode, distortion 3% -5 dB 

HLAMP Lamp Hysteresis Stereo mode, modulation ratio 0% 4 dB 

liN Input Impedance 50 k 

VSAT Lamp driver saturation voltage When lamp is drawing 5 mA 60 mV 

LlEAK Lamp driver leakage current When 4.5 V is applied to the 0 IJA 
lamp pin 

1-96 TOKO,lnc. 



TK10850 
ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: Vee = 4.5 V, T A = 25 DC, unless otherwise specified. 

The following conditions apply unless otherwise noted: Multiplex detection level (lamp on) = -30 dB (stereo mOde'l 
modulation ratio 0%); measured after channel separation adjustment (stereo mode). 

SUB-CHANNEL SIGNAL 

(dBV) ___ ~~~Z) _____ (dBV) __ 5k_~_Z) ____ --------~k~-~)-----l _ 

~:~nOPhonic :::::--- ->-- -+--;~4-LL--31.468±0 ---- -------- - - ~:::-

::bro~-.:ol'-- I-:~ __ ~-:":±: __ [n 1 .- l~:: 

SW-VCO.K. C111lF 

P-2~IlF 
rv + 

SW-VCO.K. 

SW-MODE 0 
C3 0 

11lF 

Hlr.+~~---I 5 
R16.8k 

~--_\Nr__-_l 10 

R336kQ 

TaKa, Inc. 

o 

TEST CIRCUIT 

I----'-M~~----,j II-C_1_5_1...:.Il_F ____ --, 14 kHz 
~ LPF 

C1411lF V 

C1315000pF :T 
'---11-..... C12 15000 pF rv 

I-V------- AUDIO 
CC=4.5V ANALYZER = 

+ 

161-------~ 
R84.7M 

C1111lF 

C1011lF 

V1amp=5 V 

L=4.7m 
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TYPICAL APPLICATIONS 

Ie OPERATION 

CHANNEL SEPARATION CORRECTION 

A channel separation correction circuit has been built into 
the TK1 0850 to prevent deterioration of channel separation 
due to variation of the input signal level. Japanese televi
sion audio multiplex uses the FM-FM method, so theoreti
cally the level olthe signal input to the audio multiplex signal 
restorer doesn't vary. In reality, however, the signal level 
does vary due to factors such as the power supply and 
temperature dependence of components connected to the 
audio multiplex signal restorer (such as the FM-IF). 

The formula below shows the channel separation in dB of 
typical audio multiplex signal restorers (i.e., those without 
channel separation correction circuits). The E term is the 
input signal level variation in dB. 

C S = -20 I 1-10-I¥o1 
og 1+ 1o-I¥o1 

Formula 1 

60 
LE~ TOI RIG~T 

';.~ .. - r'..:".: .- .-~ ':'J. '-r-r:;: 
• --- --- / ~'i 

50 

RIGHT TO LEFHJ 
:' J\ ~ 

40 

THEORETICALL \ VALUE 

/ '\ 
,....- ./' 

, -
20 

10 

a 
-12 -9 -6 -3 a 3 6 9 12 

Ll E ( dB ) FlG001 

Figure 1: Audio multiplex signal restorer input signal 
level vs. channel separation 

This function is shown in Figure 1 (the solid line). It is clear 
from Formula 1 and Figure 1 that channel separation 
deteriorates quickly with a variation in the input signal level. 
The channel separation correction circuit protects against 
this deterioration. This circuit controls the level of the signal 
(the L-R signal and sub-audio signal) that recovered the 

1-98 

sub-channel (FM) signal being input. With this circuit, the 
deterioration of channel separation due to input signal level 
variation is sharply reduced. The dashed line in Figure 1 
shows the improvement. 

Furthermore, with typical audio multiplex signal restorers, 
a discrepancy develops between the main audio and sub
audio levels when the input signal level changes. Figure 2 
shows the relationship between the input signal level and 
output signal level. Figure 3 clearly shows that this problem 
is solved in the TK1 0850 with the addition of the correction 
circuit. 
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Figure 2: Input signal level vs. output signal level in a 
typical audio multiplex signal restorer. 
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Figure 3: Input signal level vs. output signal level in the 
TK10850. 
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TYPICAL APPLICATIONS (CONT.) 

IC OPERATION (CONT.) 

MONO/MULTIPLEX DETECTION 

The TK1 0850 can automatically determine whether a re
ceived signal is a monophonic or multiplex (stereo or 
bilingual) broadcast. This determination is made based on 
the input level of the sub-channel signal (with PLL locked). 
Thus a stereo broadcast is not automatically distinguished 
from a bilingual broadcast. These broadcasts are distin
guished manually using a mode switch. When it is deter
mined that a monophonic broadcast is being received, the 
matrix circuit converts to monophonic mode and the indica
tor is turned off. When a multiplex broadcast is being 
received, the matrix circuit converts to mode set on the 
mode switch and the indicator is turned on. However, 
during VCO killer or forced monophonic operation, the IC 
will operate as if a monophonic signal were received even 
if the received signal is a multiplex broadcast. 

There were errors in mono/multiplex detection in earlier 
models which used the sub-channel signal level to discrimi
nate between monophonic and multiplex signals. The 
TK1 0850 has been equipped with two types of malfunction 
prevention circuits described below, eliminating these er
rors. 

1. The Lock-Capture Range Two-Level Conversion Cir
cuit 

This circuit is used to prevent errors in mono/multiplex 
discrimination due to the 19 kHz FM stereo pilot signal. 
The spectrums of the FM stereo composite signal and 
the Japanese television audio multiplex signal are shown 
in Figures 1 and 2, respectively. 

As shown in Figure 3, a PLL with a wide lock range is 
required in order to recover the sub-channel signal of 
television audio multiplex by the PLL method. When the 
FM stereo pilot signal enters the PLL, there is the 
possibility that the PLL will lock onto this signal and an 
error will occur in detection. One method to avoid errors 
due to the FM pilot signal is to narrow the capture range 
by narrowing the bandwidth of the PLL's Loop-low pass 
filter, thus decreasing sensitivity in the 19 kHz region. 
However, if this method is used, the sub-channel detec
tion output rises dramatically at higher frequencies, as 
shown in Figure 6. A variety of negative side effects 
result, so it is impossible to narrow the PLL's Loop-low 

TOKO,lnc. 

19 38 

FREQUENCY (kHz) 

TK10850 

Figure 1 : The spectrum of the FM stereo composite 
signal. 

-

I 
1516 31.5 47 

FREQUENCY (kHz) 

Figure 2: The spectrum of the television audio mul
tiplex signal. 

16 31.5 47 

FREQUENCY (kHz) 

Figure 3: Earlier models' PLL lock and capture range 
used for the recovery of television audio multiplex 
signals. (These models locked onto the FM stereo 
pilot signal.) 
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TK10850 
TYPICAL APPLICATIONS (CO NT.) 

IC OPERATION (CONT.) 

pass fi Iter to the point that the PLL would not lock onto 
19 kHz. 

The TK1 0850 has a PLL with selectable capture range 
that prevents errors in signal discrimination due to the FM 
pilot signal. This circuit automatically switches between 
the two capture ranges as shown in Figure 4, depending 
on the input level of the sub-channel signal. In other 
words, if the input level of the sub-channel signal is lower 
than the multiplex detection level, the narrow lock-cap
ture range is used. (The multiplex detection level can 
vary. See "2. Multiplex Detection Level Variation Cir
cuit.") If it is higher, the wider lock-capture range is used. 
(The selection of the capture range is synchronized with 
the onloff switching of the indicator.) 

2. Multiplex Detection Level Variation Circuit 

This circuit is used to prevent errors in mono/multiplex 
discrimination due to noise. The type and level of noise 
can vary a great deal depending on the radio or TV, 
particularly when the input is weak. Thus, noise can be a 
cause for errors, too. The TK1 0850 has been equipped 
with a multiplex detection level variation circuit that can 
be set with external resistance to prevent errors due to 
noise and provide the best multiplex detection level for 
the particular radio or TV. 

16 31.5 47 

FREQUENCY (kHz) 

Figure 4: The lock-capture range of the TK10850M, 
has a PLL with selectable capture range. 
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16 19 31.5 

FREQUENCY (kHz) 

Figure 5: The lock and capture range of the PLL (used 
in earlier versions for TV audio multiplex sub-chan
nel recovery) when the Loop-bandwidth was nar
rowed. (The lock and capture range narrowed.) 

FREQUENCY 

Figure 6: The frequency characteristics of the PLL 
detector output (used for TV audio multiplex sub
channel recovery) when the Loop-LPF is narrowed. 
(There is a sudden rise in the higher frequencies.) 

Since the TK10850 has a two-level lock-capture range 
switching circuit as well as a multiplex detection level 
variation circuit, the lock-capture range observed with 
the PLL locked/unlocked is different than the lock-cap
ture range observed with the indicator on/off. When 
observed with the PLL locked/unlocked, Figure 4 shows 
the wide lock-capture range when the indicator is on, and 
the narrow lock-capture range when the indicator is off. 
Figure 7 shows the lock-capture ranges when observed 

TaKa, Inc. 



TYPICAL APPLICATIONS (CONT.) 

IC OPERATION (CONT.) 

2. Multiplex Detection Level Variation Circuit (Cont.) 

with the indicator on/off. That is, the capture range 
becomes ±O kHz at the set point of the multiplex detection 
level. When the multiplex detection level is changed, the 
lock-capture range is shifted up or down. 

w 

~ o 
> 
':; 
Q. 
;<; 

19 31.5 

FREQUENCY ( kHz) 

Figure 7: The lock and captures range of the 
TK10S50M when observed with the indicator on and 
off. "A" shows the up or down shift when the multi· 
plex detection level setting is changed. It does not 
lock on the 19 kHz signal or noise below the multiplex 
detection level. 

TaKa, Inc. 
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TK10850 
TYPICAL APPLICATIONS (CONT.) 

MATRIX CIRCUIT 

The block diagram matrix circuit is shown in Figure 1. The truth table of corresponding switches is shown in Table 1. 

1-102 

INPUT 

L R 

A MAIN 

OUTPUT 

L R 

19 20 

~~----------r------------+--------~~ 
B MAIN 

C SUB 

D SUB 

Figure 1: Matrix equivalent circuit 

MODE OUTPUT MODE SWITCH INTERNAL MATRIX SWITCH 

LCH RCH a c e b d f 

Main Main Main VREF 0 x X 0 X x 
Sub Sub Sub GND x 0 x x 0 x 
Stereo L R Open x x 0 x x 0 

"0" is ON, and "x" is OFF 

Table 1: Modes and Switch Settings 

MODE BILINGUAL BROADCAST STEREO BROADCAST 

LCH RCH LCH RCH 

Main Main Main (L + R) 12 (L + R) 12 
Sub Sub Sub (L- R) 12 (L- R) 12 
Stereo (Main + Sub) 12 (Main - Sub) 12 L R 

Table 2: Outputs 

TaKa, Inc. 



TK10850 
TYPICAL APPLICATIONS (CONT.) 

TERMINAL CONNECTIONS 

PIN 
NUMBER 

PIN NAME EQUIVALENT CIRCUIT FUNCTION 

1----------. .-~-.-----.-.-----;:::..::--=--w.;=~---

Right channel signal These are signal input pins. 
input (Input _ R CH) The output signal(s) from either the FM re

2 Left channel signal 
input (Input - L CH) 

3 

4 

5 

TOKO, Inc. 

VCO killer switch 
(SW - VCO.K.) 

Mode switch 
(SW-Mode) 

o 

VREF 

!, 

Standard voltage 
output 
(Reference Voltage) 

storer or FM stereo restorer is connected to 
these pins. 
C1 and C2 are coupling capacitors. The 
input impedance is 50 kll. 

This is the VCO killer pin. 
Pulling down this pin (0 to 0.4 V) has the 
following effects: 

1. veo oscillation is stopped. 
2. The matrix circuit goes into 

monophonic mode. 
3. The multiplex indicator is 

turned off. 
4. The current consumption becomes 

1.SmA. 
This pin is used when an AM signal is being 
received, for example. 

This is the mode switching pin. The matrix 
circuit can be switched to any mode manu
ally with the mode switch. However, if any of 

,---'+----'-1-----'1. 23' the following conditions exist, the matrix 
20' circuit will be in monophonic mode regard

less of the mode switch setting. 
23' 1. A monophonic signal is being received. 

2. The veo killer is operating. 
3. Monophonic operation is being se

lected. 

This is the standard voltage output pin. C3 is 
a smoothing capacitor. 

'---~I PIN 
VOLTAGE 

(VDC) 

1.4 

0.7 

0.7 

1.4 
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TYPICAL APPLICATIONS (CONT.) 

TERMINAL CONNECTIONS 

PIN 
NUMBER 

6 

7 

8 

9 

10 

1-104 

PIN NAME 

Mono/multiplex 
detection level 
setting (Lamp Level 
Adjust) 

Channel Separation 
Adjustment 

PLL low pass filter 
(PLL-LPF) 

VCOtiming 
capacitance 

VCO free running 
frequency setting 

EQUIVALENT CIRCUIT FUNCTION 

R R This is the mono/multiplex detection level 
1, 2setting pin. The resistor R1 sets the mono/ 

multiplex detection level. The detection level 
rises as R1 is increased. (Sensitivity de
creases.) 

This is the channel separation adjustment 
pin. The R2 resistance is used to adjust 
channel separation. The signal that recov
ered the sub-channel signal increases as R2 
is decreased. 

This is the PLL loop low pass filter pin. The 
following effects occurwhen C4 is increased: 

1. The capture range narrows. 
2. Carrier rejection becomes higher. 
3. The f-characteristic of the signal that 

recovered the sub-channel signal rises 
at high frequencies. 

This is the pin for connecting the VCO timing 
capacitor. The user can monitor the VCO 
oscillation frequency from this pin. Since this 
pin has high impedance, either an external 
buffer or test equipment with high input im-
pedance should be used for measuring the 
VCO frequency. 
The following effects occur when C5 is in-
creased: 

1. The lock capture range narrows. 
2, The level of the signal that recovered 

the sub-channel signal increases. 

This is the VCO free running frequency set-
ting pin. The VCO free-running frequency is 
set to 31.468 kHz with R3. 

PIN 
VOLTAGE 

(VDC) 

1.4 

0.45 

1.4 

1.4 

TOKO, Inc. 
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TYPICAL APPLICATIONS (CONT.) 

TERMINAL CONNECTIONS 

PIN 
NUMBER 

11 

12 

13 

PIN NAME 

Sub signal output 
(Output Sub) 

Filter 1 (HPF-1) 

Filter 2 (HPF-2) 

1-----·--·---·---· 14 Oecoupling 
capacitor (C-limit) 

TaKa, Inc. 

L 

EQUIVALENT CIRCUIT FUNCTION 

+ 

This pin is used for sub-channel signal out-
FROM MATRIX put. The Right Channel input (pin 1) and the 

Left Channel input (pin 2) are added, and the 
sum is divided by 2 and made available atthe 
output. 

It is recommended to insert a filter to remove 
the control channel signal from this pin's 
output. If this filter is not included, not func
tional problems will arise, but with the televi
sion audio multiplex method, an audible beat 
in the audio signal will develop from interac
tion between the sub-channel signal and 
control signal channel. 

The parallel resonance in coil L and capaci
tor C8 create a filter removing the control 
channel. Capacitor C9 acts as a low pass 
filter as well as a phase shift corrector for the 
sub-channel signal. 

These pins connectto the active lilterlor sub
channel signal extraction. A high pass filter is 
constructed by connecting the C6 and C7 
capacitors. The mail channel signal is re
duced by the high pass filter and the sub
channel signal is sent on to the recovery 
circuit and multiplex detection circuit. 

When C4 = C5= C, the cutoff frequency fe of 
the high pass lilter is: Ie = 1/(2 CR) Hz. The 
rolloff is 12 dB/Oct. 

This terminal connects to the decoupling 
capacitor used as a limiter. C10 is the 
decoupling capacitor. 

vo~J~G~1 
(VDC) 

--~-------

1.4 

1.4 
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TK10850 
TYPICAL APPLICATIONS (CO NT.) 

TERMINAL CONNECTIONS 

PIN PIN NAME 
NUMBER 

15 Forced monophonic 
switch (SW-F. Mon.) 

16 

17 

18 

19 

20 

1-106 

GND 

Multiplex indicator 
(Lamp Driver) 

Left channel signal 
output 
(Output-L CH) 

Right channel signal 
output (Output-R CH) 

EQUIVALENT CIRCUIT 

VCC 

FUNCTION PIN 
VOLTAGE 

(VDC) 

This is the PLL loop low pass filter pin. The 1.4 
following effects occur when C10 is large: 

1. The capture range becomes narrow. 
2. Carrier rejection becomes higher. 
3. The f-characteristic of the sub-chan

nel signal's detection output rises at 
high frequencies. 

GND pin. 

This is the multiplex indicator pin. It is an 
open collector. 

These are the audio signal output pins. The 
pin bias is 1.4 VDC. 

o 

4.5 

1.4 

TOKO, Inc. 



TK10850 
TYPICAL APPLICATIONS (CONT.) 

THE S·CURVE OF THE FM IF, THE I/O PHASE SHIFT I 
OF THE FM MPX, AND THE TK10850'S OUTPUT 

Pin 19 and 20 might correspond to either the left and right or right and left audio signals depending upon whether the S
curve of the FM IF is regular or reversed, and whether the phase shift between the FM MPX's input and output is regular 
or reversed. Wire as shown in Figure 1 when both the S-curve of the FM IF and the phase shift between the FM MPX's 
input and output are regular, or both are reversed. The outputs for this case are shown in Table 1. Wire as shown in Figure 
2 when one is regular and the other is reversed. The outputs for this case are shown in Table 2. 

FM 
MPX 

R 

L 

FM 
MPX 

R 

L 

Figure 1: Both regular or both reversed. Figure 2: One regular and the other reversed. 

INPUT OUTPUT INPUT OUTPUT 

Pin2 I Pin 1 Pin 19 Pin 20 Pin2 Pin 1 Pin 19 Pin 20 

FM stereo Left audio I Right audio Left audio Right audio V l::::'" V l::::'" V l::::::" V l::::::" 
Stereo TV audio multiplex signal Left audio Right audio V l::::::" V l::::::" 

0 Stereo is 
:::I 

l::::'" + 1 l::::'" l::::::" l::::::" 01 Main TV audio multiplex signal Main audio Main audio V V V 
> 
I-

l::::::" l::::::" Sub Bilingual Sub-audio Sub-audio V V 

Table 1 : Input and output allocation corresponding to Figure 1. 

INPUT OUTPUT INPUT OUTPUT 

Pin 2 Pin 1 Pin 19 Pin 20 Pin2 Pin 1 Pin 19 Pin 20 

FM stereo Left audio Right audio Left audio Right audio V l::::::" V l::::::" V l::::'" V l::::'" 
Stereo TV audio multiplex signal Left audio Right audio V l::::'" V l::::'" 

0 Stereo 
is 
:::I 

l::::::" l::::'" l::::'" l::::'" 01 Main TV audio multiplex signal Main audio Main audio V +1 V V 
> 
I-

Sub Bilingual Sub-audio Sub-audio V l::::::" V l::::::" 

Table 2: Input and output allocation corresponding to Figure 2. 

Note: For the diagrams in Tables 1 and 2: 

V L Horizontal axis = time, vertical axis = DC signal voltage 

f L Horizontal axis = time, vertical axis = frequency 
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TK10850 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TK10850 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK10850 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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Notes: Measurements in graphs 1 to 4 of this section were taken in stereo 
mode. Measurements in graphs 1 and 2 were observed according to 
whether the lamp (multiplex indicator) was on or off. "L" indicates the 
lock range and "e" the capture range. Measurements in graphs 3 and 
4 ofthis section were observed according to whether the veo frequency 
was locked onto the input signal or not. 

"LS" and "es" are the lock range and capture range during forced 
monophonic operation. 

In graph 6, the veo adjustment resistance is set so that the veo free
running frequency is 31.5 kHz. 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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r~TOKO TK15021 

DUAL TWO-INPUT/SINGLE OUTPUT AUDIO ANALOG SWITCH 

FEATURES 

• 0.005% Distortion 

• Low Voltage Operation (3 V) 

• High Input-Output Isolation 

• Less Sensitive to ESD than CMOS Switches 

• 2 SPOT Channels Independently Controlled 

• Unity Gain 
• High Input Impedance, Low Output Impedance 

• 100 kHz Bandwidth 

DESCRIPTION 

The TK15021 is an active analog switch using 
transconductance amplifiers to provide wide audio band
width, low distortion dual SPOT switch for AC signals. 

The circuit has two separate sections to switch each of two 
outputs. The IC features high input impedance (75 kQ) and 
low output impedance (25 Q). 

The switch control inputs have internal pull-up resistors and 
can be driven by open collector type circuits. The TK15021 
has a wide dynamic range and can accept AC signals up to 
4.5 V(rms), and has a maximum noise level of 10 ~V. 
Typical crosstalk is -80 dB. The IC will operate from 3 to 20 
volts and typical current consumption is 3.5 mAo 

The TTK15021 is available in ZIP10 plastic zig zag pack
age and MFP14 Mini Flat Plastic package. 

ORDERING INFORMATION 

TK15021 0 0 DO 11 T " .. -~. 
Temp. Range 

Package Code 

PACKAGE CODE 
M : Surface Mount 
Z:ZIP 

TaKa, Inc. 

TEMP. RANGE 
c: -20 to +75 °c 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

APPLICATIONS 

• Audio Mixers/Effects 

• Car Stereo 

• Telecom 
• Telecommunication Equipment 

• Audio Systems 
• Portable Consumer Equipment 

-------------------~-

TK15021Z TK15021M 

a 

TK15021Z-PQ 

BLOCK DIAGRAM 

KEY I IN I A IN I B IN 2 A IN 2 B 

KEY 2 vee OUT I OUT 2 
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TK15021 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 24 V Control Section 
Power Dissipation (Z Package) Note 1 ............. .490 mW Input Voltage ............................... -0.3 V to V cc +0.3 V 
Power Dissipation (M Package) Note 2 ............. 600 mW Analog Switch Section 
Junction Temperature ........................................... 150 DC Input Voltage ............................... -0.3 V to V cc +0.3 V 
Storage Temperature Range .................... -55 to +125 DC Output Current .................................................... 3 mA 
Operating Temperature Range .................. -20 to +75 DC Operating Voltage Range .................................. 3 to 20 V 
Lead Soldering Temp. (10 sec.) .......................... 300 DC Maximum Input Frequency ................................. 100 kHz 

ELECTRICAL CHARACTERISTICS 
Device specilication lor ZIP1 0 Package: V cc = 20 V, T A = 25 DC 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current 3.5 7.0 rnA 

Control Section 

V1L Low Input Level -0.3 0.8 V 

V1H High Input Level Control terminal 2.3 Vcc +0.3 V 
open (Note 3) 

Analog Switch Section 

THD 

NL 

Crss 

DYN 

VCENT 

VG 

i\VCENT 

Note 1: 
Note 2: 
Note 3: 
Note 4: 
Note 5: 

1-114 

Distortion V1N = 1 V(rms), I = 1 kHz, 0.005 0.01 
RL = 10 kQ 

Residual Noise Input terminal, RL = 10 kQ 10.0 
grounded with 10 IlF, (Note 4) 

Crosstalk V1N = 1 V(rms), I =10 kHz, -64 
RL = 10 kQ, (Note 5) 

Dynamic Range THD = 0.1%, RL = 10 kQ, 4.5 
1=1 kHz 

In/Output Terminal Voltage At no input Vcc/2 

Voltage Gain 0.0 

DC Center Point Difference Vec = 9 V 50.0 

between channels 

Power dissipation must be derated at the rate 01 4 mW/DC lor operation at T A = 25 DC and above. 
Power dissipation must be derated at the rate 01 4.8 mW/DC lor operation at T A = 25 DC and above. 
When control terminals are High, the switch is ON. 

% 

IlV(rms) 

dB 

V(rms) 

V 

dB 

mV 

Residual Noise is measured with input terminal grounded using 10 IlF capacitor. (See Test Circuit) 
Crosstalk is measured with unused input terminals grounded using 10 IlF capacitor and 10 kQ resistor in series. 
(See Test Circuit) 

TOKO, Inc. 
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ELECTRICAL CHARACTERISTICS 
Device Specification for MFP14 package: Vee = 20 V, T A = 25 DC 

[-TEST CONDITIONS T .. ,.-. TV. I-MAX- - -----------

SYMBOL PARAMETER UNITS 
~----- - -----------

Icc Supply Current = 3.5 7.0 mA 
---------- -------- -- ------- ---- --

Control Section 

10 
-- ---,-----

V1L Low Input Level 0.8 V 

V1H High Input Level 1.8 V, control terminal open 2.3 Vee +0.3 V 
(Note 3) 

Analog Switch Section 

THD Distortion V1N = 1 V(rms), f = 1 kHz, 0.005 0.01 % 
RL =10kQ 

NL Residual Noise Input terminal, RL = 10 kn 10.0 IlV(rms) 
grounded with 10 j.lF, (Note 4) 

Crss Crosstalk (Note 5) -80 -75 dB 

DYN Dynamic Range THD = 0.1%, RL = 10 kQ, 4.5 V(rms) 
f = 1 kHz 

DCeENT In/Out DC Bias Mismatch At no signal Vee/2 V 

~DCeENT Output DC Bias Mismatch Vee = 9 V 50 mV 

VG Voltage Gain f = -20 kHz 0 dB 

RIN Input Resistance 75 kQ 

ROUT Output Resistance 25 n 

Note 3: The switch control terminal is at 1.8 V (high) when left open. The input circuit is shown below. 

KEY IN o---j~~Wr----,-_R.,..EG_ 
R1 

OUT 

Note 4: 
Note 5: 

Residual Noise is measured with input terminal grounded using 10 j.lF capacitor. (See Test Circuit) 
Crosstalk is measured with unused input terminals grounded using 10 j.lF capacitor and 10 kn resistor in series. 
(See Test Circuit) 
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BASIC CIRCUIT 
vcc __ ~ ______ ~ ____ ~ ____ --. 

R1 

1-----+--<> OUT 

R2 100% NEGATIVE FEEDBACK 

ADDITIONAL INFORMATION 
1. Switching Speed 

Switch control (KEY) response time is typically 200 I!sec. 

2. AC Loading 

Recommended load resistance (RL) is 10 kQ. When using capacitive coupling, set RL ~ ZIN. Where I~ 3 mA. 

~~ T t! RL IZIN 
~ J ~ .... 

3. Crosstalk (Isolation, Separation) 

Since the impedance is high (75 kQ), the input coupling capacitor works as an antenna, causing increased 
crosstalk, particularly when inputs are located close together. Locate the capacitors as far as possible from each 
other on the printed circuit board. 

4. Short Circuit of Input/Output Terminals 

Since the input terminals have high impedance (75 kQ), a short circuit to Vee or ground doesn't cause any 
damage. Also, a short circuit at the output terminals to Vee doesn't cause any damage. However, a long term 
short circuit of the output terminals to ground may cause damage, as the current is determined by the base current 
of the transistor (refer to the basic circuit). 

5. DC Signal Input 

As the basic circuit is a voltage-follower, the input level can be modulated to within 1 V lower of either Vee orground. 

Vee 

GND ... 
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Test Circuit is for the 
ZIP10 Package 

+ 
10 IJF 

TEST CIRCUIT 

VCC=20V 

+IN1 
NOTE 2 I 10IJF 

1 47kO: 

Note 1: For residual noise measurement, ground the input terminal with a 10 !iF capacitor. 
Note 2: For crosstalk measurement, ground the input terminal with a 10 I1F capacitor and 47 kn 

resistor connected in series. 
Note 3: Following power on, a minimum of 2 msec waiting time is necessary before testing. 

~ 

'" o 
~ t5 0.01 

a 
OJ z 
o 
:;;; 
~ 0.001 
:c 
....J 

~ 

r=Vcc = 20V 
~VIN - 1 V(rms) 

100 

TaKa, Inc. 

TYPICAL PERFORMANCE CHARACTERISTICS 

DISTORTION vs FREQUENCY 
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c 
'" a 
>= 

r--, 
~Vee=20V, 

r-- 1=1 kHz 
a: 

0.1 a 
I-

'" Ci 
u 
:2 
a 
::;; 
a: 0.01 .. 
:c 
...J 

;::: 
a 
I-

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

DISTORTION vs DYNAMIC 
RANGE 

DYNAMIC RANGE vs SUPPLY VOLTAGE 

RL 5.6kn:::::: 

- RL =10kn .,.,. ,- _!--'-

I 
6 

z 
>-
Cl 

4 w' 
c.o z .. 3 a: 
u 
:i1 

2 .. z 
>-
Cl 

.1 ~.I 
- Vee =20V, 

THO = 0.1%, / - RL =10k!:! 

1/ 
/ 

/ 
/ 

/ , 
12 16 20 24 

4 

INPUT VOLTAGE, V IN ,V(rms) 
SUPPLY VOLTAGE, Vee (V) 

TYPICAL APPLICATION 

• ~A 
+ C1 CH1 l 
+ Jc2" B INPUT 

~A 
CH2 J + C3 

~B 
+ C4 

CH1 

CH2 

10 ~F X 4 

6 
Vee 

5 

R5 

CH1 CH2 

OUTPUT 

Note: At normal condition (Low Level) of the selector switch, the A input side is ON. 

28 
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r~TOKO TK15022 
DUAL TWO-INPUT/SINGLE OUTPUT AUDIO ANALOG SWITCH 

FEATURES 
• 0.005% Distortion 

• Low Voltage Operation (1.8 V) 
• High Input-Output Isolation 

• Less Sensitive to ESD than CMOS Switches 

• 2 SPOT Channels Independently Controlled 

• Unity Gain 
• High Input Impedance, Low Output Impedance 

• 100 kHz Bandwidth 

DESCRIPTION 

The TK15022 is an active analog switch using 
transconductance amplifiers to provide a wide audio band
width, low distortion dual SPOT switch for AC signals. 

The circuit has two separate sections to switch each of two 
outputs. The IC features high input impedance (75 kQ) and 
low output impedance (25 Q). 

The switch control inputs have internal pull-up resistors and 
can be driven by open collector type circuits. The TK15022 
has a wide dynamic range and can accept AC signals up to 
4.5 V(rms), and has a maximum noise level of 10 J.lV. 
Typical crosstalk is -80 dB. The IC will operate from 1.8 to 
15 volts and typical current consumption is 3.5 mA. 

The TK15022 is available in ZIP1 0 plastic zig zag package 
and MFP14 surface mount package. 

ORDERING INFORMATION 

TK15022 0 0 DO pT ,_~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M : Surface Mount 
Z:ZIP 

TaKa, Inc. 

c: -20 to +75"C 
TAPE/REEL CODE 
BX: Bulk/Bag 
TX : Paper Tape 
TR : Tape RighI 
TL : Tape Left 
MG: Magazine 

APPLICATIONS 

• Audio Mixers/Effects 

• Car Stereo 
• Telecommunication Equipment 

• Audio Systems 

• Portable Consumer Equipment 

TK15022Z TK15022M 

TK15D22Z-PO 

BLOCK DIAGRAM FOR Z PACKAGE 
;;; ;;; ;;; ;;; 
« "' « "' S! S! i i 
Q Q Q Q 
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TK15022 

ABSOLUTE MAXIMUM RATINGS 
Control Section Input Voltage VeCMAX ................................................ 18 V 

Power Dissipation (Note 1) Z Package .............. 540 mW Input Volta,ge ................................ -0,3V to Vee +0.3 V 
Power Dissipation (Note 2) M Package ............. 600 mW Analog Switch Section 
Junction Temperature ........................................... 150 DC Input Voltage ......................... : ...... -0.3V to VCC +0.3 V 
Storage Temperature Range ...................... -55 to +125 DC Output Current ...................................................... 3 rnA 
Operating Temperature Range ................... -20 to +75 DC Operating Voltage Range ................................. 1 .8 to 15 V 
Lead Soldering Temp .. (10 sec.) .......................... 300 DC Maximum Input Frequency .................................. 100kHz 

ELECTRICAL CHARACTERISTICS 
Specifications for the TK15022Z: V CC = 8 V, T A = 25 DC 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICC1 Supply Current 1.2 2.0 rnA 

Control Section 

V1L Low Input Level -0.3 0.4 V 

V1H High Input Level Control terminal 1.8 VCC + 0.3 V 
open (Note 3) 

Analog .Switch Section 

THD Distortion VS1N = 1 V(rms),f = j kHz, 0.005 0.01 % 
RL =10kg 

NL Residual Noise RL = 10 kQ; input terminal 10 IlV(rms) 
grounded with 10J!F,(Note 4) 

Crss Crosstalk VS1N = 1 V(rms), f =1 0 kHz, -64 dB 
RL = 1 OkQ, (Note .5) 

DYN Dynamic Range THD = 0.1%, RL = 10 kg, 3.0 3.5 V(rms) 
f = 1kHz 

VCENT Input/Output Term. Voltage With no input signal Vccl2 V 

VG Voltage Gain 0 dB 

AVCENT Output Mismatch Voltage 50.0 mV 

Note 1: 
Note 2: 
Note 3: 

Power dissipation must be derated at the rate of 3.12 mW/DC ·for operation at TA = 25 DC and above. 
Power dissipation must be derated at the rate of 4.8 mWrC ·for .operation at T A == .25 DC and above. 
When control terminals are open (HIGH), the switch is ON. 

Note 4: RL = 10 kg. Unusedinputsgrounded through 10 J!F. 
Note 5: See page 1-123. 
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TK15022 

BASIC CIRCUIT 

I R1 

l----+-~ OUT 

R2 100% NEGATIVE FEEDBACK 

ELECTRICAL CHARACTERrSTICS 
Specifications for the TK15022M: Vee = 8 V, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

Icc Supply Current Output Open 1.5 2.5 mA 

Control Section 

VIL Low Input Level (Note 6) 0 0.8 V 

VIH High Input Level 1.8 V at control terminal 1.8 Vee V 

Analog Switch Section 

THD Distortion VIN = 1 V(rms), f = 1 kHz, (Note 7) 0,005 0.01 % 

NL Residual Noise (Note 4) 10 !!V(rms) 

Crss Crosstalk VIN = 1V(rms), f =10 kHz, -80 -75 dB 
RL = 10 kn, (Note 5) 

DYN Dynamic Range THD = 0.1%, RL = 10kn, 2.0 V(rms) 
f = 1 kHz 

VeENT Input/Output Term. Voltage At no input 4 V 

VG Voltage Gain 0 dB 

LlVeENT Output Mismatch Voltage f = ~20 kHz 50 mV 

liN Input Impedance DC 75 kn 

louT Output Impedance DC 20 n 

Note 6: The control input circuit is as shown below, Low level at Open: 

~1 CONTROL TERMINAL LOGIC CIRCUIT 

R2 

Note 7: The distortion and dynamic range of CH1 A is measured with control terminal open. 
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TK15022 
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TEST CIRCUIT 

Z Package 
10 ~F 

~ + ,,1°WrkU.,---+ ___ H 

Q+ ~:F= 
10kU 

IN Y 
NOTE 1 110~F 

f.£~ vcc.1:vKEY2IN 

v -=- v 

= ~ ~ = 
H 

Note 1: For residual noise measurement, ground the input terminal with a 10 IlF capacitor. 
Note 2: For crosstalk measurement, ground the input terminal with a 10 IlF capacitor and 47 kQ 

resistor connected in series. 

~ vee = 12 V, = V,N = 1 V(rms) 
- RL =10kn 

100 

TYPICAL PERFORMANCE CHARACTERISTICS 

DISTORTION vs 
\ 

REQUENCY 

1 k 
FREQUENCY (Hz) 

10 k 

ai' 
E. 

-40 

~ -60 
U 
:s ;:: 
~ -80 
o a: 
'" 

-100 

CROSSTALK vs 
FREQUENCY 

Vee· 15 V, J~"N = 1 V(rms), "' 
R'N = 47 kQ, C'N· 10 ~F, RL • 10 kQ 

""." 
i"'" 

1 k 

V 

10 k 

FREQUENCY (Hz) 

100 k 
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TK15022 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

DISTORTION vs DYNAMIC RANGE DYNAMIC RANGE vs SUPPLY 
VOLTAGE 

Vee=12V, 

f = 1 kHz 

I I I 
f = 1 kHz, 

THD = 0,1%, 
Rl =10kQ / 

V 
/ 

,/ 

/ 
V 

8 12 16 20 

SUPPLY VOLTAGE, Vee, (V) 
INPUT VOLTAGE, V IN, (VRMS) 

TYPICAL APPLICATION 

• 
CH1 

CH2 

R5 

CH1 CH2 

OUTPUT 

5 

+ 1----0 A 
C1 

+~B 
1----0 A 

+ C3 

+ 1----0 B 
C4 

CH1 l 
INPUT 

CH2 J 

Note: At normal condition ("L" level) of the selector switch, the A input side is ON, 

TOKO, Inc, 
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TK15022 
APPLICATION INFORMATION 

1. Switching Speed 

Switch control response time is typically 200 !lsec. 

2. Short Circuit of Input~utput Terminals 

Since the input impedance is high (75 kO), short circuit of input terminals to V cc or GND doesn't cause any damage. 
Also a short circuit of output terminals to V cc doesn't cause any damage. However, long term short circuit of output 
terminals to GND may cause damage, asthecurrent is determined by base current of the transistor (referto the" basic 
circuit). 

3. Crosstalk (Isolation, Separation) 

Since the input impedance is high (75 kO), the input coupling capacitor works as an antenna, causing increased 
crosstalk, particularly when the inputs are located close together. Locate the capacitors as far as possible from each 
other on the printed circuit board~ 

4. AC Loading 

The recommended load resistance (RLl is 10 kO. 
When using capacitive coupling, set RL:S; ZIN' Where I :s; 3 mA. 

5. DC Signal Input 

As basic circuit is a voltage-follower, the inputs can be modulated to within 1 V of either V cc or GND. 
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r~TOKO TK15023 
DUAL TWO-INPUT/SINGLE OUTPUT AUDIO ANALOG SWITCH WITH MUTING 

FEATURES 

• 0.005% Distortion 

• Low Voltage Operation (3 V) 

• High Input-Output Isolation 

• Less Sensitive to ESD than CMOS Switches 

• 2 SPOT Channels Independently Controlled 

• Independent Mute Control For Each Channel 

• Unity Gain 
• High Impedance Input/Low Impedance Output 

• 100 kHz Bandwidth 

DESCRIPTION 

The TK15023 is an active analog switch using 
transconductance amplifiers to provide wide audio band
width and low distortion. It has a dual SPOT switch and 
circuitry for muting the audio signals. 

The circuit has two separate sections to switch each of two 
outputs. The IC features high input impedance (75 kO) and 
low output impedance (250). The switch control inputs 
have internal pull-up resistors and can be driven by open 
collector type circuits. The TK15023 has a wide dynamic 
range and can accept AC signals up to 4.5 V(rms). It has a 
maximum noise level of 10 ILV. Typical crosstalk is -80 db. 
The device will operate from 3 to 20 Volts and typical 
current consumption is 3.5 mA. 

The TK15023 is available in ZIP1 0 plastic zig zag package. 

ORDERING INFORMATION 

TK15023 0 0 00 pT ._,~ 
Temp. Range 

Pa~kage Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
Z: Zig Zag Plastic C: -30 to +85 ·C BX: BulkIBag 

MG: Magazine 

TaKa, Inc. 

APPLICATIONS 

• Audio Systems 

• Radio Cassettes 

• Effects Pedals 

• Musical Instruments 

TK15023Z 

TK15023Z-PO 

BLOCK DIAGRAM 

CH 1 INPUT A [ @--+-I + ' 
B ®--I + 

CH 2 INPUT A [ @--+-I + 10 

B @---I+ 

Vee GND 

1 2 

CONTROl KEYS 

TRUTH TABLE 

KEY 11N KEY21N CH 1 CH 2 

HIGH LOW CH 1, A ON CH 2, A ON 

LOW HIGH CH 1, .BON CH 2, B ON 

OTHER MUTECH MUTECH 
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TK15023 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VeeMAX .............................................. 24 V Control Section 
Power Dissipation (Note 1) ............................... .450 mW Input Voltage ................................ -0.3 V to Vee +0.3 V 
Junction Temperature ........................................... 150°C Analog Switch Section 

Storage Temperature Range .................... -55 to +150 °C Input Voltage ................................ -0.3 V to Vee +0.3 V 
Operating Temperature Range .................. -30 to +85 °C Output Current ...................................................... 3 rnA 
Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 12 V, RL = 10 kn, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Vee Operating Voltage Range 3.0 20.0 

Icc Supply Current at RL=Open 2.5 5.0 

Control Section 

VIL Input Low Level 0 0.4 

VIH Input High Level Note 2 2.6 Vee 

Analog Switch Section 

THD Distortion VIN =1 V(rms), f=1 kHz, Note 3 0.005 0.010 

THD2 Distortion VIN =1 V(rms), f=20 kHz 0.005 0.020 

NL Residual Noise Note 4 10.0 

NLM Residual Noise Mute CH 20.0 

Crss Crosstalk Note 5 -80 -75 

DYN Max. Input Signal Level THD= 0.1%, f =1 kHz 3.0 3.5 

DCcent IN/OUT DC Bias at no signal Vee 

~DCcent Output DC Bias Mismatch 75 

VG Voltage Gain f = -20 kHz -.02 0 +0.2 

ZIN Input Resistance 75 

ZOUT Output Resistance 25 

Note 1: Power dissipation must be derated at a rate of 3.6 mW/oC for operation at t A = 25°C and above. 
Note 2: An Open Control Input corresponds to logic 'Low' level. 
Note 3: See Test Circuit 
Note 4: Residual Noise is measured with input terminal grounded using 10 I!F capacitor. (See Test Circuit) 

UNITS 

V 

rnA 

V 

V 

% 

% 

I!V(rms) 

I!V(rms) 

dB 

V(rms) 

V 

mV 

dB 

kn 

n 

Note 5: Crosstalk is measured with unused input terminals grounded using 10 I!F capacitor and 10 kn resister in series. 
(See Test Circuit) 
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TK15023 
TEST CIRCUIT 

Vee 

--0---0--0--1 r+---------H 1 CH 1 A IN • 

10 ~F ,---1>--------H 2 CH 1 OUT 
~

SW6 10~F 

SW9 SW7 l"'--o---lll-'--+-----+---+ 

10kn 

.---+-----i 7 KEY 2 IN 

SW5 j SW2 

1 V(rms) rv 
or 4.5 V(rms) ~ 1 fc£~JW 

1. Only 1 ch is shown. 
2. Use this circuit for THD and dynamic range tests. 
3. NL, DCcent and ilDCcent is measured using SW5. 
4. Crss is measured using SW8. 
5. Following power on, a minimum of 2 msec waiting time is necessary before testing. 

APPLICATION INFORMATION 

1. Switching Speed 

Switching control response time is typically 200 ~ec. 

2. AC Loading 

Recommended load resistance (RL) is 10 kQ. When 
using capacitive coupling, set RL::; ZIN' Where I::; 3 mA. 

3. Crosstalk (Isolation, Separation) 

Since the input impedance is high (75 kQ), the input 
coupling capacitor works as an antenna, causing 
increased crosstalk, particularly when inputs are 10' 
cated in close proximity. Locate the capacitors as far 
as possible from each other on the printed circuit 
board. 

TaKa, Inc. 

4. Short Circuit of Input-Output Terminals 

Since the inputterminals have high impedance (75 kQ), 
short circuit atthe inputterminals to V cc or GN D doesn't 
cause any damage. Also short circuit of output termi· 
nals to V cc doesn't cause any damage. However, a 
long term short circuit of the output terminals to GND 
may cause damage, as the current is only limited by the 
base current of the output transistor, as shown in the 
basic circuit. 

5. DC Signal Input 

As the basic circuit is a voltage-follower, the inputs can 
be modulated to within 1 V of either V cc or GND. 

VGCC

ND 

................. n n ~ IN OUT~ J1Jl .. l1V 
I U L '-----r-l...-.-J :·:l.· 1V 
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TK15023 

BASIC CIRCUIT 

R1 

1----;---0 OUT 

R2 

TYPICAL PERFORMANCE CHARACTERISTICS 

t-128 

SUPPLY CURRENT vs SUPPLY VOLTAGE 

3 

V "" 
L' 

V 

./ 
./ 

00 2 4 6 8 10 12 14 16 18 20 

Vee (V) 

~ 

CONTROL KEY THRESHOLD LEVEL 
vs TEMPERATURE 

~-. -. l-
I- -. I-

Q30 -20-10 0 10 20 30 40 50 60 70 80 

TEMPERATURE ( 'e) 

Vee 

6 
~ 
.s 
to 
S? 

SUPPLY CURRENT vs TEMPERATURE 

3 
I .... I"-

2 
r-.... ....... r-.... 

....... 
r-.... 

'" 

Q30 -20-10 0 10 20 30 40 50 60 70 80 

TEMPERATURE ('e) 

Vee 

OUT 

10 
kn 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

0.1 

TOTAL HARMONIC 
DISTORTION vs FREQUENCY 

CI .001 
~ 75°~ 

_20o~ 

20o~ 

II 

.0001 II 
0.1 1 10 100 

FREQUENCY (kHz) 

DYNAMIC RANGE vs SUPPLY VOLTAGE 

6 

V 
,/ 

THD 0.1% 4 

V 
,/ 

3 
,/ 

I .... V-

" 00 6 8 10 12 14 16 

VCC (V) 

NDiSE vs TEMPERATURE 

)~ 

,/ 
V-

~30 -20-10 0 10 20 30 40 50 60 70 80 

TEMPERATURE ("C) 

10V 

10~F 

OUT f +IN 

::;:m, ~ L..-_-,-_---I 

10V 

10~F 

OUT f +IN 

~~~z 
'----,-----' 

10V 

TK15023 

10 
kQ 

10 
kQ 

10 
kn 
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TK15023 
TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 

1-130 

co 
~ 

GAIN vs TEMPERATURE 

.11-J.-J.-f-HH-l-l-+-+--1 

~ o~~~~~~~~=4=4~ 
w 

~ 
§; -.11-t-t-HH-t-t-t-t-t-l 

~30 -20-10 0 1020 30 40 50 60 70 80 
TEMPERATURE ( °C) 

~ -5 

ISOLATION/CROSSTALK vs FREQUENCY 
0 
~ 

0 

0 

0 

0 

0 

0 

0 
~ 

0 

0 

0 

0 

0 

0 

ISO 

V 

V 
CT 

10 

FREQUENCY (kHz) 

ISOLATION/CROSSTALK vs RIN 

ISO 

l/ 
CT 

......-

10 100 

10 V 

10 f1F f +IN 

n~, ~ '--_-, __ --' 
OUT 

10V 

OUT 17:47 kQ :::~ IN 1 

~ 
IN2 

OSC 
-= -= 1 V (rm-':::s') _--,-_----J 

10V 

OUT nRIN :::~ IN 1 

~ IN2 

OSC 
10 kHz'------,,------' 

-= -= 1 V(rms) 

10 
kQ 

10 
kQ 

10 
kn 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

~ 
en « 
C5 
'-' 
Cl 

DC BIAS (IN lOUT) vs TEMPERATURE 

5.1 

5.0 

4.9 1--1--+-+-+-+--1-+---1--+-+--1 

0_30 -20-10 0 10 20 30 40 50 60 70 80 

TEMPERATURE ( "e ) 

60 

OUTPUT DC BIAS MISMATCH vs 
TEMPERATURE 

:[ 
- 40 

;;; 
N 

i'-
r- r-. l-I-I--

20 

0_30 -20-10 0 10 20 30 40 50 60 70 80 

TEMPERATURE ("e) 

INPUT IMPEDANCE vs TEMPERATURE 
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,,-" 

.,.-V ...... 

V 
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"V 
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10V 
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10V 

Vee 
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1 V 10V 
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TK15023 
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TVPICALPERF{)RMANCE CHARACTERISTtCS (CONT.) 

OUTPUT IMPEDANCE vs TEMPERATURE 

30 

20 
f- -f--_f-- i.- f--

10 

0_30 -20-10 0 10 20 30 40 50 60 70 80 
TEM PERATU RE ( ·C ) 

lCHINPUT: [ 

A 
2CHINPlJT 8 [ 

TYPICAL APPLICATIONS 

10V 

CONTROL KEYS 

10~f 

1--0 1 CH OUTPUT 
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r~TOKO TK15025 
DUAL TWO-INPUT/SINGLE OUTPUT AUDIO ANALOG SWITCH 

FEATURES 

• 0.005% Distortion 

• Low Voltage Operation (3 V) 
• High Input and Output Isolation 

• Less Sensitive to ESD than CMOS Switches 

• 2 SPOT Channels Independently Controlled 

• Unity Gain 
• High Input Impedance, Low Output Impedance 

• 100 kHz Bandwidth 

DESCRIPTION 

The TK15025 is an active analog switch using 
transconductance amplifiers to provide a wide audio band
width and low distortion. A dual SPOT switch is used for 
signal selection. 

The circuit has two separate sections to switch each of the 
two outputs. The IC features high input impedance (75 kQ) 
and low output impedance (25 Q). 

Channell "A" input is selected when select key 1 is "H" or 
"open". "B" output is selected when select key 1 is low. The 
TK15025 has a wide dynamic range and can accept AC 
signals up to 4.5 V(rms), and has a maximum noise level of 
10 IlV. Typical crosstalk is -80 dB. The IC will operate from 
3 to 20 Volts and typical current consumption is 3.5 mA. 

The TK15025 is available in ZIP1 0 plastic zig-zag package. 

ORDERING INFORMATION 

TK15025 0 0 DO pT ' ..... -
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
Z: ZIP C: .2010 +75 °C 

TaKa, Inc. 

TAPE/REEL CODE 
BX : Bulk/Bag 
MG: Magazine 

APPLICATIONS 

• Audio Equipment 
• Musical Instruments 

• Effects Pedals 

• Mixers/Effects 

INPUTB 

INPUT A 

INPUT B 

TK15025 

BLOCK DIAGRAM 

I 

TKl5025Z·PO 

CH10UTPUT 

CH20UTPUT 
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TK15025 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Vee MAX ........................................... 14 V Operating Voltage Range .................................. 3 to 12 V 
Power Dissipation (Note 1) ............................... .490 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C Control Section 
Storage Temperature Range .................... -55 to + 125°C Input Voltage .............................................. 0 to Vee V 
Operating Temperature Range .................. -20 to +75 °C Analog Switch Section 
Maximum Input Frequency ................................. 100 kHz Input Voltage .............................................. 0 to Vee V 

Output Current .................................................... 3 mA 

ELECTRICAL CHARACTERISTICS 
Test Conditions: Vee = 8 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

lee Supply Current RL = 10 kn x 2 3.2 6.5 mA 

Key Control 

V,L "L" Input Level 0 0.8 V 

V,H "H" Input Level Note 2 2.3 Vee V 

Analog Switch 

THO 

NL 

Iso 

Sep 

Dyn 

VG 

Z'N 

ZOUT 

VeENT 

~VeENT 

Note 1: 
Note 2: 
Note 3: 
Note 4: 
Note 5: 

1-134 

Distortion VSIN = 1 V(rms), RL = 5 kn 0.005 0.10 % 
1000 pF, f = 1 kHz, Note 3 

Residual Noise RL = 10 kn, 1000 pF, Note 4 10 J.lV(rms) 

Isolation Note 5 -70 dB 

Separation Note 5 -80 dB 

Dynamic Range THO = 0.1%, RL = 10 kn, 0 dB 
1000 pF, f = 1 kHz 

Voltage Gain VSIN = 1 V(rms), RL = 10 kn 0 dB 
1000 pF, f = 10 to 20 kHz 

Input Resistance 75 kn 

Output Resistance 20 n 

InlOut Terminal Voltage No Input -0.5 Vee/2 +0.5 V 

DC Center Point 50 mV 
Difference between channels 

Power dissipation must be derated at the rate of 4 mWrC for operation at T A = 25°C and above. 
"Open" terminal voltage is 2.0 V, (High Level CH A is "on") 
A 10 kn resistor and a 1000 pF capacitor required for output termination. 
Measure at V,L = 0.8 V, V,H = 2.3 V with input terminal of the test channel grounded using a 10 J.lF capacitor. 
Isolation = Crosstalk between Channels A-B, measured at the output. 
Separation = Crosstalk between Channels 1-2, measured at the output. 
Grounded with a 10 pF capacitor and a 5 kn resistor. 
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TEST CIRCUIT 

• 

Vee 0---.-:--+--+--+--+--+-----' 

TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT vs SUPPLY VOLTAGE 

I---"" j...--
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TOTAL HARMONIC DISTORTION 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

TOTAL HARMONIC DISTORTION 
vs FREQUENCY 

FREQUENCY (HZ) 

SEPARATION vs FREQUENCY 
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r~TOKO TK15026 
DUAL TWO-INPUT/SINGLE OUTPUT AUDIO ANALOG SWITCH 

FEATURES 

• 0.005% Distortion 

• Low Voltage Operation 

• High Input-Output Isolation 

• Less Sensitive to ESD than CMOS Switches 

• 2 SPOT Channels Independently Controlled 

• Unity Gain 
• High Input Impedance, Low Output Impedance 

• 100 kHz Bandwidth 

DESCRIPTION 

The TK15026 is an active analog switch using 

transconductance amplifiers to provide wide audio band

width and low distortion. A dual SPDT switch is used for 

selecting the desired channel. 

The circuit has two separate sections to switch each of two 

outputs. The IC features high input impedance (75 kO) and 

low output impedance (25 0). 

Channel 1 "A" input is active when the select input is "Low" 

or "open". The TK15026 has awide dynamic range and can 

accept AC signals upto 4.5 V(rms). It has a maximum noise 

level of 10 IlV. Typical crosstalk is -80 dB. The IC will 

operate from 3 to 20 V and typical current consumption is 

3.5 mAo 

The TK15026 is available in ZIP1 0 plastic zig-zag package. 

ORDERING INFORMATION 

TK15026 0 0 DO I I T ,~-,,-
Temp. Range 

Package Code 

PACKAGE CODE 
Z: ZIP 

TOKO, Inc. 

TEMP. RANGE 
c: M20to+75°C 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

APPLICATIONS I • Audio Equipment 

• Radios 

• Musical Instruments 

• Effects Pedals 

• Mixers/Effects 

TK15026 

TK15026Z'PO 

BLOCK DIAGRAM 

CH10UTPUT 

CH20UTPUT 
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TK15026 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage VeeMAX ........................................... 15 V Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Power Dissipation (Note 1) ................................ .450 mW Control Section 
Junction Temperature ........................................... 150°C Input Voltage .............................. -0.3 V to Vee + 0.3 V 
Storage Temperature Range .................... -55 to +125 °C Analog Switch Section 
Operating Temperature Range .................. -20 to +75 °C Input Voltage .............................. -0.3 V to Vee + 0.3 V 
Operating Voltage Range .................................. 3 to 14 V Output Current .................................................... 3 mA 

ELECTRICAL CHARACTERISTICS 
Vee = 8 V, TA =25 °C 

SYMBOL PARAMETER TEST CONDITIONS 

lee Supply Current Figure 1, RL = 00 

Key Control 

VIL Input Low Level Note 2 

IlL Input Low Current VIL 0.4 V 

VIH Input High Level 

IIH Input High Current VIH 

Analog Switch 

THD Distortion VSIN = 1 V(rms), RL = 5 kg 
f = 1 kHz 

NL Residual Noise RL = 3 kQ, Note 3 

Iso Isolation Note 4 

Sep Separation Note 4 

Dyn Dynamic Range THD = 0.1%, RL = 5 kg, 
f = 1 kHz 

VG Voltage Gain VSIN = 1 V(rms), RL = 5 kQ 
f=10t020 kHz 

ZIN Input Resistance 

ZOUT Output Resistance 

veENT In/Out Terminal Voltage No Input 

~VeENT DC Center Point 
Difference between channels 

MIN TYP MAX 

2.0 6.5 

0 0.4 

10 30 

1.8 Vee 

350 500 

0.005 0.10 

10 

-70 

-80 

2.0 2.2 

-0.2 0 +0.2 

75 

20 

Vecl2 

50 

Note 1: 
Note 2: 

Power dissipation must be derated at a rate of 4 mW/oC for operation at T A = 25°C and above. 
Terminal open voltage is 2.0 V, High Level (A CH circuit is "on") 

UNITS 

mA 

V 

!LA 

V 

!LA 

% 

!LV(rms) 

dB 

dB 

dB 

dB 

kg 

g 

V 

mV 

Note 3: 
Note 4: 

Measure at VIL = 0.8 V, VIH = 2.3 V with input terminal of the test channel grounded using a 10 !LF capacitor. 
Isolation = Crosstalk between Channels A-B, measured at the output. 
Separation = Crosstalk between Channels 1-2, measured at the output. 
Grounded with a 10 pF capacitor and a 5 kg resistor. 

1-138 TOKO, Inc. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT vs SUPPLY VOLTAGE 

" 

...... ~ 
....... f-'" 

......-~ 
......-~ 

7 

VCC 
11 

TOTAL HARMONIC DISTORTION 
vs FREQUENCY 

FREQUENCY (HZ) 

z 

-60 

o -80 

~ 
i:i: 
w 
en 

-10 0 

-12 0 
1 Xl0 

TOTAL HARMONIC DlSTORnON 
vs INPUT VOLTAGE 

0.001 .... 1...1...1...1...1.. ......... 1...1...1...1. ..... 
o 

-6 0 

z 
o ~80 

~ 
o 
~ 

-10 0 

-12 0 

1 X 10 

SEPARATION vs FREQUENCY 

1 Xl0 1 X 10 

FREQUENCY (HZ) 

VSIN 

ISOLATION vs FREQUENCY 

i-" 

1 Xl0 1 Xl0 

FREQUENCY (Hz) 

TK15026 

I 
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TK15026 

z 
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TYPICAL .PERFORMANCE CHARACTERISTICS (CONT.) 

MAXIMUMINPUlVOLTAGE 
vsSUPPLY VOLTAGE 

V 

/ 
V 

/ 

""V 
/ 

GAIN vsFREQUENCY 

1.0 r::cm++m=pmITrrnmTrn 
/ 

z 
~ 0 ~+H~-H+#~~K#m 

1/ 
" o 3 
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r~TOKO TK15027 
DUAL TWO-INPUT/SINGLE OUTPUT AUDIO ANALOG SWITCH 

FEATURES 

• 0.005% Distortion 

• Low Voltage Operation (3 V) 

• High Input-Output Isolation 

• Less Sensitive to ESD than CMOS Switches 

• 2 SPOT Channels Independently Controlled 

• Floating Output Mode for Parallel Device 

Connection 

• Unity Gain 
• High Input Impedance, Low Output Impedance 

• 100 kHz Bandwidth 

DESCRIPTION 

The TK15027 is an active analog switch using 

transconductance amplifiers to provide wide audio band· 

width and low distortion dual SPOT switch. A floating output 

mode is available when the control inputs are switched to 

either High·High or Low-Low to provide a method for 

connecting devices in parallel (see page 1-144). 

The TK15027 is available in MFP14 plastic surface mount 

package and ZIP10 plastic zig-zag package. 

ORDERING INFORMATION 

TK15027 0 0 00 

PACKAGE CODE 
M: Surface Mount 
Z: Zig Zag 

TaKa, Inc. 

11T ,,--
Temp. Range 

Package Code 

TEMP. RANGE TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Righi 
TL: TapeLeft 
MG: Magazine 

APPLICATIONS 

• Audio Systems 

• Radio Cassettes 

• Musical Instruments 

• Effects Pedals 

TK15027Z TK15027M 

BLOCK DIAGRAM FOR MFP PACKAGE 

A 7 
CH 2 INPUT 

B 

Vcc 

GND A 

1-141 
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TK15027 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VeeMAX .............................................. 16 V 
Power Dissipation (Note 1) M Package ............. 600 mW 
Power Dissipation (Note 2) l Package ............. .490 mW 
Junction Temperature ........................................... 150°C 
Storage Temperature Range .................... -55 to +150 °C 

Control Section 
Input Voltage ............................................. 0 V to Vee V 

Analog Switch Section 
Input Voltage .......................................... 0.3 V to Vee V 
Output Current ...................................................... 3 mA 

Operating Temperature Range .................. -20 to +75 °C Operating Voltage Range ............................... 1.8 to 15 V 
Lead Soldering Temp. (10 sec.) .......................... 300 °C Maximum Input Frequency ................................. 1 00 kHz 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 12 V, RL = 10 kO, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current at RL = Open 5 8 mA 

Control Section 

VIL Input Low Level 0 0.4 V 

VIH Input High Level 1.8 Vee V 

Key liN Key Input Resistance 40 kg 

Analog Switch Section 

THD Distortion VSIN = 1 V(rms), f = 1 kHz 0.005 0.01 % 

NL Residual Noise Input Connected to 10 IlF to GND 10.0 IlV(rms) 

Crss Crosstalk Note 3 -70.0 -60.0 dB 

DYN Dynamic Range THD = 0.1 %, f = 1 kHz 3.0 3.5 V(rms) 

Vcent IN/OUT Pin Voltage Note 4 4.8 5.2 

VoFe Output Offset Voltage Note 5 60.0 

VG Voltage Gain 0 

liN Input Resistance 75 

lOUT Output Resistance A, BCH 20 

lOUT Output Resistance Open CH 00 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 3.12 mW/oC for operation at T A = 25°C and above. 
Note 3: Measured at f = 10kHz, V SIN = 1 V (rms) input at test channel grounded using 10 IlF capacitor and 

5 kO resistor. 
Note 4: Output at Vee /2 
Note 5: Measured with mute function enabled. 

V 

mV 

dB 

kg 

0 

0 
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TK15027 
TEST CIRCUIT 

Test Circuit shown is for the MFP Package. 

G=F SW6 10~F 
--(}-----{)~ f'-+--------+-----1 

10 ~F 

,~ ~ 1,-4 _+ ___ """"""""' 

i SW2 

,:~ ~'". 1 V (rms) or 
3.5 V (rms) rv 

I 

1. CH 1 test circuit is shown. 
2. CH 1 A, B distortion and dynamic range test is shown. 
3. NL and Vcent is measured using SW5. 
4. Crss is measured using SW8. 
5. Following power on, a minimum of 2 msec waiting time is necessary before testing. 

BASIC CIRCUIT 

Vee 0--..----_----.------, 

R1 

....... --+----o OUT 

R2 100% NEGATIVE FEEDBACK 

TRUTH TABLE 
CONTROL KEY OUTPUT 
A B CH 1 CH2 

Hi Hi Floating Floating 

Hi Low Ch 1,A In Ch 2, A In 

Low Hi Ch1, B In Ch 2, B In 

Low Low Floating Floating 

TaKa, Inc. 1-143 



TK15027 

APPLICATION INFORMATION 

1.. SWitching ~peed 

Switch control response time is typically 200 psec. 

2. Parallel Connection of Outputs 

Basically, when High-High or Low-Low type switch control is used, the outputs can be connected parallel. Additional 
muting circuit is .recommended to prevent clicks caused by differences in DC level. 
Example: 

IN1 

o-J 
OUT1 l~ 

+ 
l~ 

~--------------~----~------+-------~-------r-------+--~+l ~ 

(MUTE)~ + 
l~ 

+ , 

3. Short Circuit of Input-Output Terminals 

Since the input terminals have high input impedance (75kn), short circuit of the inputterminals to Vcc or GND doesn't 
cause any damage. Also, short Circuit of the output terminals to V cc doesn't cause any damage either. However, a 
long term short circuit of the output terminals to GND may cause damage., as current is only limited by the base current 
of the output transistor. 

4. Crosstalk (Isolation, Separation) 

Since the input impedance is high (75 kn), the input coupling capaCitor works as an antenna, increased crosstalk may 
result, particularly when the inputs are located inclose proximity. Locate the input capacitors as far as possible from 
each other on the prInted circuit board. 

1-144 TOKO,lnc. 



TK15027 
APPLICATION INFORMATION (CONT.) 

5. AC Loading 

I 
The recommended load resistance (RL) is 10 kil. When using capacitive coupling, set RL ~ ZIN. Where I ~ 3 rnA. 

6. DC Signal Input 

Since the basic circuit is a voltage-follower, the inputs can be modulated to within1 V of either Vee or GND. 

Vcc .... 

GND. 

TaKa, Inc. 1-145 
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r~TOKO TK15030 

DUAL TWO-INPUT/SINGLE OUTPUT AUDIO ANALOG SWITCH 

FEATURES 

• 0.005% Distortion 

• Low Voltage Operation (3 V) 

• High Input-Output Isolation 

• Less Sensitive to ESD than CMOS Switches 

• 2 SPOT Channels Independently Controlled 

• Unity Gain 
• High Input Impedance/Low Output Impedance 

• 100 kHz Bandwidth 

DESCRIPTION 

The TK15030 is an active analog switch using 

transconductance amplifiers to provide wide audio band· 

width and low distortion. A dual SPOT switch is used for 

input channel selection. 

The TK15030 is available in a ZIP1 0 plastic zig-zag pack· 

age. 

ORDERING INFORMATION 

TK15030 0 0 00 11T ,-~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
Z :.ZIP C: ·20 to +75 °C 

TOKO, Inc. 

TAPE/REEL CODE 
BX : Bulk/Bag 
MG: Magazine 

APPLICATIONS 

• Audio Systems 

• Radio Cassettes 

• Effects Pedals 

• Audio Mixers/Effects 

TK15030Z 

INPUT A 

INPUTB 

BLOCK DIAGRAM 

Key A 
Hi Open 
Low 

KeyB 
Hi Open 
Low 

OND 

A10ut 
A20ut 

B10ut 
B20ut 

TK1503OZ·PO 

2 OUTPUT A 

OUTPUTB 
2 
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TK15030 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VeeMAX .............................................. 1'6 V 
Power Dissipation (Note 1) ................................ 450 mW 

Storage Temperature Range .................... -55 to +150 °C 
Operating. Temperature Range .................. -20 to +75 °C 

Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Operating Voltage Range ............•..................... 3to 14 V 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 8 V, f = 1 kHz, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MtN TYP MAX UNITS 

Icc Supply Voltage Range af RL '" 00 3.2 6A rnA 

Control Section. 

V1L Input Low Level 0 0.9 V 

V1H Input High Level 2.3 Vee V 

Analog Switch Section 

THD Distortion RL ", 10 Q, 1 V(rms) 0.005 0.05 % 

VN Output Noise Voltage Rg = 0 Q; RL = 10 kQ 10.0 I-lV(rms) 

Crss Crosstalk 10kHz -50 dB 

DYN Dynamic Range THO = 0.1%, RL =10 kQ 2.0 2.3 V(rms) 

VDe IN/OUT Terminal Voltage Vee/2 V 

VG Voltage Gain 0 dB 

Note 1: Power dissipation must be derated at the rate of 4.5 mW/oC for operation at T A = 25°C and above. 
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NOTES 

Vee 
BV 
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TK15030 

1-150 

E 

TYPICAL PERFORMANCE CHARACTERISTICS 

'/ 

SUPPLY CURRENT vs 
SUPPLY VOLTAGE 

--~ f-
f-

00 2 4 6 8 10 12 14 16 

Vee (V) 

OUTPUT NOISE vs SOURCE 
RESISTANCE 

~ 
z 
0 
>= a: 
0 
I-
U) 

Cl 

'=" z 
0 
:;;: 
a: 
<C 
:r: 
-' 
<C 
I-
0 
I-

TOTAL HARMONIC OISTORTION 
vs FREQUENCY 

0.1 

0.01 

0.001 

0.1 1.0 10 

FREQUENCY (KHz) 

CROSSTALK vs FREQUENCY 

% 4~++H+~-+++++H*--~~ ::J -50 H+++++HI--+++++-H-It---H+-I 
UJ 
U) 

o 
z 

0.1 1.0 10 

Rg (kQ) 

t; 
U) -60 H+++++HI--+++++-H-lJ,,.£-+++-I 
a 

5 -70 i';;f##fM!==ttlttl-ttt--ttt1 
-80 ~++H+~-+++++H*--+-+-H 

0.1 1.0 10 

FREQUENCY ( kHz) 

GAIN vs FREQUENCY 

-if -1 H++t++IHI--++++t1-tf1---f-+H 

-2~++~~-++++H~--~~ 

0.1 1.0 10 

FREQUENCY ( kHz) 
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r~TOKO TK15052 

DUAL TWO-INPUT/TWO-OUTPUT AUDIO ANALOG SWITCH 

FEATURES 

• High Input Impedance/Low Output Impedance 

• Low Distortion 

• Input Channel Reverse 

• Separate Input/Output Select Key Inputs 

DESCRIPTION 

The TK15052 is a two-channel analog switch with four 

inputs and two outputs. Any input can be connected to any 

output. When both control pins are pulled "Low," both 

outputs are floating. The control pins are TTL and CMOS 

compatible. Additionally, the TK15052 has two dual-input, 

single output transfer switches, controlled by a single 

toggle key. 

The TK15052 is available in a DIP16 plastic package. 

ORDERING INFORMATION 

TK15052 DODD 11 T ",--,-
Temp. Range 

Package Code 

PACKAGE CODE 
D: Plastic DIP 

TEMP. RANGE 
c: ·20 to +75 °C 

TRUTH TABLE 

CONTROL KEY OUTPUT 

i Key 1 In Key 2 In Out-A Out-B 

Hi Low In A InA 

Low Hi In B In B 

Hi Hi In A In B 

Low Low Off Off 
.----.-~ 

TaKa, Inc. 

TAPE/REEL CODE 
ex: Bulk/Bag 
MG: Magazine 

OUT DC BIAS 

Out-A Out-B 

Vcc/2 Vcc/2 

Vcc/2 Vcc/2 

Vcc/2 Vcc/2 

Floating 

APPLICATIONS 

• Audio Systems 

• Radios with Cassette Tape Recorders 

• Musical Instruments 

• Effects 
• TV/vCR Audio Switches 

TK15052 

CONTROL KEY IN 1 

CONTROL KEY IN 2 3 14 TOGGLECHAIN 1 

TOGGLE KEY 4 13 TOGGLECHAOUT I 

~ ~1~r"1''ii 12 TOGGLECHAIN2 

GND 7 

TOGGLECHBIN2 8 

BLOCK DIAGRAM 

16 OUTPUT A 

12 IN2} 
TOGGLE 

OUT CHA 
INPUT 

IN1 

8 IN2} 
TOGGLE 

OUT CHB 
INPUT 

IN1 

CONTROL KEY IN 1 1 

CONTROLKEYIN2 3 4 TOGGLE KEY 

Vee GND 

J 
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TK15052 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 16 V Storage Temperature Range .................... -55 to +125 °C 
Power Dissipation (Note 1) ................................ 540 mW Operating Temperature Range .................. -20 to +75 °C 
Operating Voltage Range ............................... 1.8 to 15 V Lead Soldering Temp. (10 sec.) ......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V CC = 9.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current 1.7 2.5 5.0 

VILC Control Level Input Level "L" (Note 2) -0.3 0.9 

VIHC Control Level Input Level "H" 1.8 VCC + 0.3 

KeyZIN Key Input Resistance (Note 3) 30 45 

Analog Switch Section 

THD Distortion VS1N = 1 V (rms), RL = 10 kn, 0.005 0.01 

f = 1 kHz 

NL Residual Noise RL = 10 kn Input Terminal 10 

Grounded at 10 IlF 

Crss Crosstalk VSIN = 1 V (rms), RL = 10 kn, -45 -50 

f = 10 kHz, RG = 47 kQ (Note 4) 

DYN Dynamic Range THO = 0.1%, RL = 10 kn, 2.0 2.5 
In/Out Terminal Voltage f= 1 kHz 

VCENT1 DC Center Point 1 No Input Vcc/2 

VCENT2 DC Center Point 2 DC Center point different 50 
between channels 

VG Voltage Gain 0 

Note 1: Power dissipation must be derated at the rate of 5.4 mW/oC for operation at T A = 25°C and above. 
Note 2: "L" condition when control terminal is "open." 
Note 3: 

~
TOSW 

45kn 

50kn 

Note 4: The input terminals (except for signal input terminal) are grounded using a 10 IlF capacitor. 

UNITS 

mA 

V 

V 

kn 

% 

IlV (rms) 

dB 

V (rms) 

V 

mV 

dB 
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TK15052 

TEST CIRCUITS 

TWO-INPUT/TWO-OUTPUT TEST CONFIGURATION 

1-+-----0 Vee ·9 v 

TRANSFER SWITCH TEST CONFIGURATION 

10kn 

10kQ ~~ 
1--+-+--'1+ ~' ~ ~ 

10~F 2rrl_ 

H--t-"1:011~ ~ 11 
~ .:C 

tN1 r 10 l-lF 

~---+~II~ ~ 

B 
CH 

QIN 

1'0~F 
147k.Q 

Residual noise is measured with the input terminal grounded using a 10 ).IF capacitor. 

Crosstalk is measured with the unused input terminal grounded using a 10 ).IF capacitor and a 47 k resistor in 
series. 

TaKa, Inc. 1-153 
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TK15052 

TYPICAL APPLICATION 

TK150520 TA 

NOTES 
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r~TOKO TK15062 

DUAL TWO-INPUT/SINGLE OUTPUT VIDEO ANALOG SWITCH 

FEATURES 

• Wide Bandwidth 
• Wide Operating Voltage Range 
• Minimum External Parts Count 

• CMOS or TTL Control 
• Two Independent Channels 

DESCRIPTION 

The TK15062 is a two-input/single output video analog 

switch developed for use in video equipment. Its features 

include low distortion, wide bandwidth and wide dynamic 

range. The device has two pairs of inputs and one of either 

pair of inputs can be independently switched to the corre

sponding output. (See Block Diagram) 

The TK15062 is available in MFP20 plastic or ZIP1 0 plastic 

zig zag packages. 

ORDERING INFORMATION 

TK15062 0 0 DO 

lIT --- Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: SUrface Mount 
Z: ZIP 

TaKa, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

APPLICATIONS 

• Wide/Narrow IF Switch 

• Effects Generators 

• VTRNCR 
• Television 

TK15062 

TKl5062Z·PO 

BLOCK DIAGRAM 

vcc 

CH1 KEY 

CH2KEY 

CH1 
AIN B 

11 
CH2 

AIN B 

11 

CH1 CH2 
OUT OUT 

WHEN KEY IN "OPEN", "L" LEVEL IS 
KEPT AND A CH IS SELECTED 
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TK15062 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VeeMAX .............................................. 18 V Storage Temperature Range .................... -55 to +125 °C 
Power Dissipation, M Pack (Note 1) .................. 350 mW Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation, Z Pack (Note 2) .................. .450 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 8.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Vee Operating Voltage Range 4.0 16.0 

lee Supply Current 11.2 16.8 

Key L Input "L" Level -0.3 0.4 

KeyH Input "H" Level 1.8 Vee + 0.8 

f (3 dB) Frequency Range 10 

DYN Dynamic Range f = 5 MHz, RL = 10 kQ 0.9 1.0 

VG Voltage Gain f = 5 MHz, RL = 10 kn -0.5 +0.5 

Crss Crosstalk f = 10 MHz, VIN = 110 dB!!, -40 -45 

RIN = 50 n 

ISOUT Load Current 2 

Note 1: Power dissipation must be derated at the rate of 3.5 mW/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 4.5 mW/oC for operation at T A = 25°C and above. 

NOTES 

1-156 

UNITS 

V 

mA 

V 

V 

MHz 

Vp-p 

dB 

dB 

mA 
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r~TOKO TK15064 

DUAL TWO-INPUT/SINGLE OUTPUT VIDEO ANALOG SWITCH 

FEATURES 

• Low Voltage Operation 

• Low Power Dissipation 

• Broad Dynamic Range 

• High Control Terminal Input Impedance 

• Broad Input Frequency Range 

DESCRIPTION 

The TK15064 is a dual two-input, dual output video analog 

switch developed for consumer equipment. Either one of 

the input pairs can be switched independently to the 

corresponding output. The device features low distortion, 

wide bandwidth and wide dynamic range. The input resis

tance is 10 kQ and the output resistance is <100 Q. 

The TK15064 is available in a ZIP1 0 plastic zig zag pack

age. 

ORDERING INFORMATION 

TK15064 DODD 

fTL-,-~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
Z: ZIP c: -2010 +75"C 

TOKO,lnc. 

TAPE/REEL CODE 
BX : BulklBag 
MG: Magazine 

APPLICATIONS 

• VTR 
• High Frequency Analog Switch 

• Effects 
• Television 

TK15064Z 

TK15064Z-PO 

BLOCK DIAGRAM 

CH 1 INPUT B ~-~tr:-,0--4--~~,J-l-o CH 1 OUTPUT 

A 
CH21NPUT 

B 
:-<>-t---::='UJ-t-o CH 2 OUTPUT 

GNO 

1-157 

I 



TK15064 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage Vee MAX ................................................ 9 V Storage Temperature Range .................... -55 to + 150°C 
Power Dissipation (Note 1) ............................... .490 mW Operating Temperature Range .................. -20 to +75 °C 
Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 5.0 V, unless otherwise specified. T A = 25°C 

---~ 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP i MAX UNITS 
--~ 

Operating Voltage Range I _4+ Vee 5 9 V 
I 

~----.--.. ~--
I lee Power Supply Current RL open 14 18.5 mA 
f-
! Key-L Key Low Input Level 0 ! 0.4 V 
i ----- -- _. , ._-

I Key-H Key High input Level 1.8 I Vee 
'-_ .. _. 

Ke, Z'N I::' lop"' R,,;_~ 40 kQ 

-I ._--- ~- ~-------l 

f Frequency Range Note 2 10 Hz 10 MHz I i 
---l 

V G1 Voltage Gain RL = 10 kQ, 10Hz to 5 MHz - 0.5 0 + 0.5 I dB ! 
.. 

+ 1.0-- I --i 
VG2 Voltage Gain RL = 10 kQ, 5 to 10 MHz -1.0 0 dB I 

~VG1 Voltage Gain Variation Note 3 - 0.5 0.0 + 0.5 dB 
with Temperature I 

I _. ._--

! Voltage Gain Variation Note 4 - 1.0 dB 
with Temperature 

I r :::: ...... 
---- ... - .. _------

::-t_>o'50 Distortion f = 1 kHz, V1N = 2Vp-p 0.1 0.5 

h:HD2 

RL = 10 kQ 
--r--._ .. _f--- - .. 

Distortion f = 5 MHz, V1N = 2Vp-p 2.0 

I 

I RL = 10 kQ 

F Crosstalk f = 10Hz to 5 MHz -50 
i 

-40 I 

V1N = 2Vp-p, RL = 50 kQ I 

IlsOUT 

RIN = 10 kQ I 

I 
----~- f..-

DC Load Current I I 2 
- --_._---_.-

VDCOUT Output DC Voltage I when n~~ut, RL = 10 kQ 1.5 1.8 2.2 
, 

RIN Signal Input Resistance DC Test 10 
. ---........ 

I ZOUT 
Signal Output Resistance ! DC Test 100 

Switching Speed tNo;5 ts 500.0 
I ~-----

Note 1: Power dissipation must be derated at the rate of 3.6 mV;oC for operation at T A= 25°C and above. 
Note 2: V1N= 2Vp-p, RL = 10 kQ, referenced at 100 kHz, 10Hz to 5 MHz, ±0.5 dB, 5 to 10 MHz, ±1.0 dB 
Note 3: V1N= 2Vp-p, RL = 10 kQ, Initial Value is the value at 20°C. f = 10Hz to 5 MHz 
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Note 4: VIN= 2Vp-p, RL = 10 kn, Initial Value is the value at 20 cC. f = 5 to 10 MHz 
Note 5: 

Key In ~ 
:~ 

~50% , ' , , 
~ts . , 

TEST CIRCUIT 

1.0J.lF 
1 kHz 

(-5 MHz) 

1~J------+--:;:-j~.2!h 

SW6, SW7, Level 
Key GND(Open) 
Key Vee 

ASide 
BSide 

L--r::r--r,'r-' 
110

• 

TYPICAL PERFORMANCE CHARACTERISTICS 

The TK15064 is designed for a typical supply voltage of 5 V. 

TK15064 
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TK15064 
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TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 
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The control circuitry is designed to operate as shown below. The 
threshold can be raised by adding an external resistor. 
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TK15064 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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Note: Special attention must be paid to input capacitances, as they may affect frequency response. 
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TK15064 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

GAIN vs FREQUENCY 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK15064 
TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 

Crosstalk is measured with the IC mounted on a standard printed circuit board. However, the input terminal wiring and the 
position of the input coupling capacitor have an effect on crosstalk, so special care must be taken to optimize the PCB 
layout. 
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CAUTION 
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Do not reverse Vee and Ground or damage will occur. Do not exceed Vee = 9 V or IC will be damaged. Pay attention 
to the DC level on all inputs and outputs. 
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r~TOKO TK15065/66 
TWO INPUT/SINGLE OUTPUT VIDEO ANALOG SWITCH 

FEATURES 

• Low Output Impedance (100 ) 

• Less Sensitive to ESD than CMOS Devices 

• Wide Bandwidth 
• Can Be Used as IF Bandwidth Switch 

DESCRIPTION 

The TK15065/66 are video analog switches designed for 

consumer video equipment. These devices can be used as 

video selectors in TV's, VCR's and video switchers and 

effects units. The TK15065/66 devices feature wide band
width, high input and output impedance, and high isolation 

of the output from the input. The TK15065 has an active 

HIGH/LOW control pin, while the TK15066 has an active 

LOW/HIGH control pin. 

The TK15065/66 are available in ZIP1 0 plastic zig zag and 

MFP8 surface mount packages. 

ORDERING INFORMATION 

TK15065/66 0 0 DO pt _~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
Z : ZIP C: .2010 +75 °c 
M: Surtace Mount 

TOKO, Inc. 

TAPE/REEL CODE 
ex : Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
Tl : Tape left 
MG: Magazine 

APPLICATIONS 

• Television 

• VTR 
• Switchers 

• Effects 

• Radio 

,--~~~--~~~--~~--~--

INPUT A o--J 
INPUTS o--J 

TK15066Z 

TK15056Z·PO 

BLOCK DIAGRAM 

GND 

NUMBERS IN PARENTHESES ARE FOR THE MFPa 

15066M 

TK15!l85M·PO 

OUTPUT 

KEY "L" -tCH A OUTPUT 

KEY "H" -+CH B OUTPUT 
(OR OPEN} 
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TK15065/66 
ABSOLUTE MAXIMUM RATINGS 
Input Voltage VceMAx ................................................ 9 V Junction Temperature ........................................... 150°C 
Maximum Input Frequency .................................. 10 MHz Storage Temperature Range .................... -55 to +150 °C 
Power Dissipation (Note 1) l Pkg ...................... 490 mW Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation (Note 2) M Pkg ..................... 390 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 5.0 V, unless otherwise specified. T A = 20 ± 5°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Vee Operating Supply Range 4 5 7 

lee Supply Current RL open 8 12 

Key-L Key Input Low Level 0 0.4 

Key-H Key Input High Level 1.8 Vee 

Key Z'N Key Input Resistance 40.0 

f Frequency Range Note 3 10.0 10 X 106 

VG1 Voltage Gain RL =10kQ - 0.5 0 + 0.5 

10 -5 x 106 Hz 

VG2 Voltage Gain RL=10kn -1.0 0 + 1.0 

f = 5 x 106 -10 x 106 Hz 

L1VG1 Voltage Gain Variation Note 4 - 0.5 0 + 0.5 
with Temperature 

L1VG2 Voltage Gain Variation Note 5 - 1.0 0 + 1.0 
with Temperature 

THD1 Distortion f = 1 kHz, V'N = 2Vp-p 0.1 0.5 

RL=10 kQ 

THD2 Distortion f = 5 MHz, V'N = 2Vp-p 2.0 

RL=10 kQ 

Crss Crosstalk f = 10 - 5 x 106 Hz -55 -50 

V'N = 2Vp-p, RL =10 kQ, R'N = 50 Q 

ISOUT DC Loaded Current 2.0 

VDCOUT Output DC Voltage at no input, RL =10 kn 1.5 1.8 2.2 

l'N Signal Input Resistance DC Tested 10 

lOUT Signal Output Resistance DC Tested 100 

Its Switching Speed Note 4 500 

Note 1: Power dissipation must be derated at the rate of 4.0 mV/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 3.2 mW/oC for operation at T A = 25°C and above. 

UNITS 
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mA 
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V 

kQ 

Hz 

dB 

dB 

dB 

dB 
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% 

dB 

mA 

V 

kn 

Q 

nSec 
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TK15065/66 

Note 3: VIN = 2Vp-p, RL = 10 kn, 0 dB at 100 kHz, then 10 -5 X 106 Hz, ± 0.5 dB, 5 x 106 -10 X 106 Hz, ±1.0 dB 
Note 4: VIN = 2Vp-p, RL = 10 kn, value at 20°C is initial value, F = 10 5 x 106 Hz 
Note 5: VIN = 2Vp-p, RL = 10 kn, value at 20°C is initial value, F = 5 x 106 -10 x 106 Hz 
Note 6: 

Key In 

TOKO, Inc. 

~ ::r-
---{:50% 

, ' 
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1 kHz 

(- 5 MHz) 

TEST CIRCUIT 

INPUT A 

+ 
OUTPUT 

I. 

INPUT B 
50n 

GND 

TRUTH TABLE 

I Output Key ! Output 

15065M/Z I Ch A L I Ch B 

15066M/Z i Ch A H I Ch B 

-~;l 

H I 

L I 
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TK15065/66 
TYPICAL PERFORMANCE CHARACTERISTICS 

The TK15064 circuit is designed at typical supply voltage of 5 V. Please refer to the following graphs for Supply Voltage 
vs. Supply Current Temperature Characteristics. 
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TK15065/66 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

0.5 

> ;- 0.25 
<l 

o 

20 

~ 
z 10 

N 

KEY INPUT THRESHOLD VOLTAGE 
vs INPUT RESISTANCE 

/ 
V 

V 

/ 
/ 

/ 

V 
V 

o 10 20 30 40 50 60 
RIN 05 

INPUT IMPEDANCE vs FREQUENCY 

\ 

1\ 

1\ 

010 100 1 k 10k 100k 1 M 10M 
F (Hz) 06 

Key-In Circuit is designed based on the constants as the figures I 
below. The threshold can be raised by adding an external resistor. 
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Note: Special attention must be paid to input capacitances, as they may affect frequency response. 
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TK15065/66 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 
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TK15065/66 
TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 

Crosstalk is measured with the IC mounted on a standard printed circuit board. However, the input terminal wiring and the 
position of the input coupling capacitor have an effect on crosstalk, so special care must be taken to optimize the PCB 
layout. 
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Do not reverse Vee and Ground or the Ie may be damaged. Do not exceed Vee = 7 V or damage may occur. 
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r~TOKO TK15067 
TWO INPUT/SINGLE OUTPUT VIDEO ANALOG SWITCH 

FEATURES 

• Low Operating Voltage 

• Low Input Current 
• Wide Dynamic Range 

• Wide Bandwidth 

• 55 dB Isolation 

DESCRIPTION 

The TK15067 is an analog switch designed for consumer 

video equipment. Either one of two inputs can be selected 

and connected to one output. The device features high 

input impedance and low output impedance. The circuit is 

built around a wide bandwidth transconductance amplifier 

and maintains high isolation between the output and input. 

The device has TTL logic level control. 

The TK15067 is available in plastic MFP8 surface mount 

and ZIP10 plastic zig zag packages. 

ORDERING INFORMATION 

TK15067 0 0 00 

p~'-~ Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
M : Surface Mount C: .20 to + 70 °c ex : Bulk/Bag 
Z : ZIP TX : Paper Tape 

TR : Tape Right 
TL : Tape Left 
MG: Magazine 

TaKa, Inc. 

APPLICATIONS 

• Television 

• VCR Input Selector 
• Special Effects Generators 
• Wide/Narrow RF Bandwidth Switch 

I-------~-------"- -

I TK15067Z TK15067M 

TK15067Z·PO 

Vee 08 OUTPUT 
KEY INPUT 2 7 GND 

REF 3 6 INPUT A 

INPUT B 4 5 NG 

TK15067M·PO 

BLOCK DIAGRAM 

INPUT Ao--+-l-xl 
"'0+-----1---+_'0 OUTPUT 

INPUT Bo--+-l-xl 

REF9---t-- KEY IN 

:r: 
GND 
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TK15067 
ABSOLUTE MAXIMUM RATINGS 
Input Voltage VeeMAx ................................................ 9 V Storage Temperature Range .................... -55 to + 150°C 
Power Dissipation TK15067M (Note 1) .............. 390 mW Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation TK15067l (Note 2) .............. 490 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 5.0 V, TA = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Vee Operating Voltage Range 4 5 6.5 

lee Power Supply Current RL open 4 7 

Key-L Key Low Input Level 0 0.4 

Key-H Key High input Level 1.8 Vee 

Key ZIN Key Input Resistance 40 

f Frequency Range Note 3 10 Hz 10 MHz 

VG1 Voltage Gain RL = 3.3 kn, 10 Hz to 5 MHz - 0.5 0 +0.5 

VG2 Voltage Gain RL = 3.3 kn, 5 to 1 0 MHz -1.0 0 + 1.0 

LlVG1 Voltage Gain Variation Note 4 - 0.5 0.0 + 0.5 
with Temperature 

LlVG2 Voltage Gain Variation Note 5 - 1.0 0.0 + 1.0 
with Temperature 

THDl Distortion f = 1 kHz, VIN = 2Vp-p 0.1 0.5 

RL = 3.3 kn 

THD2 Distortion f = 5 MHz, VI = 2Vp-p 2.0 

RL = 3.3 kn 

Crss Crosstalk f = 10 Hz to 5 MHz -55 -50 

VIN = 2Vp-p, CREF = 1 00 ~F 

RL = 3.3 kn, RIN = 75 n 

ISOUT DC Load Current 2 

VDCOUT Output DC Voltage when no input, RL = 3.3 kn 1.5 1.8 2.2 

liN Signal Input Impedance DC Tested 10 

ZOUT Signal Output Impedance DC Tested 100 

ts Switching Speed Note 6 300 

Note 1: Power dissipation must be derated at the rate of 3.2 mW/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 4.0 mW/oC for operation at T A = 25°C and above. 
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TK15067 

Note 3: VIN = 2Vp-p, RL = 3.3 kn, referenced at 100 kHz, 10Hz to 5 MHz, ±0.5 dB, 5 to 10 MHz, ±1.0 dB 
Note 4: VIN = 2Vp-p, RL = 3.3 kn, Initial Value is the value at 25°C. f = 10Hz to 5 MHz 
Note 5: VIN = 2Vp-p, RL = 3.3 kn, Initial Value is the value at 25°C. f = 5 to 10 MHz 
Note 6: 

50% :r--
KEY IN ~ ::,r--
VOUT --(: 50% 
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(-5 MHz) 
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TEST CIRCUIT 
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TRUTH TABLE 
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Key In "High" In A 

Key In "Low" In B 
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TK15067 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK15067 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TK15067 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

TOTAL HARMONIC OISTORTION 
vs INPUT VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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Crosstalk is measured with the IC mounted on a standard printed circuit board. However, the input terminal wiring and the 
position of the input coupling capacitor have an effect on crosstalk, so special care must be taken to optimize the PCB 
layout. 
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r~TOKO TK15080 

DUAL QUAD-INPUT/SINGLE OUTPUT VIDEO ANALOG SWITCH 

FEATURES 

• High Input, Low Output Impedance 

• Transconductance Amplifier 

• Low Distortion 
• Low Current Consumption 

• Low Voltage Operation 
• 53 dB Isolation Between Inputs 
• 90 dB Isolation Between Channels 

DESCRIPTION 

The TK15080 is a dual, 4-pole analog switch bipolar linear 
integrated circuit. The device has 4 inputs and one output 
per channel and has 2 channels. The circuit is controlled 
by TTL Logic Level Inputs. The TK15080 is built around a 
transconductance amplifier with high i mput impedance and 
low output impedance, and isolates the output from the 
input. 

ORDERING INFORMATION 

TK15080 0 0 DO 

111: ,,-,~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX : Bulk/Bag M: Surface Mount 

D: Plastic DIP 

TOKO, Inc. 

C: ·20to+75"C 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

BLOCK DIAGRAM 
TK15080M 

CONTROL KEY 

APPLICATIONS 

• Audio Systems 

• Tape Decks 
• Special Effects Processing 

• Musical Instruments 
• Automotive Audio Systems 
• Audio Mixers/Switchers 

TK15080M 

CONTROL KEY 2 

CONTROL KEY 1 

[

INPUT, 

INPUT 2 

INPUT 3 

INPUT4 7 (6) 

TK15080D 

CONTROL KEY3 

CONTROL KEY4 

17 :::~::] m 
~ 

INPUT 3 ~ 
INPUT 4 

NUMBERS IN ( ) ARE FOR THE 16 PIN DIP PACKAGE. 

[' 
2 

CHB 

INPUT : 

BLOCK DIAGRAM 
TK15080D 

CONTROL KEY 
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TK15080 

ABSOLUTE MAXIMUM RATINGS 
Control Power Dissipation (Note 1) D Package .............. 540 mW 

Input Voltage ................................ -0.3 V to Vee +0.3 V Power Dissipation (Note 2) M Package ............ .410 mW 
Analog Switch Junction Temperature ........................................... 150°C 

Input Voltage ................................ -0.3 V to Vee +0.3 V Storage Temperature Range .................... -55 to +150 °C 
Output Current ..................................................... 3 rnA Operating Temperature Range .................. -20 to +75 °C 

Operating Voltage Range ............................... 1.8 to 15 V Lead Soldering Temp. (10 sec.) ......................... 240°C 
Input Voltage V ceMAX .............................................. 15 V 

ELECTRICAL CHARACTERISTICS 
For the TK15080D, TA = 25°C, Vee = 12 V 

SYMBOL PARAMETER TEST CONDITIONS 

Icc Supply Current 

Control Section 

V1L Input Low Level 

V1H Input High Level 

Analog Switch Section 

THD Distortion V1N = 1 V(rms), f = 1 kHz, 
RL = 10 kn 

NL Noise RL = 10 kn, inputterminal 
10 jlF, connect to Ground 

Crss Crosstalk VS1N = 1 V(rms), f = 10 kHz 
RL = 10 kn (Note 3) 

DYN Dynamic Range THD = 0.1%, f = 1 kHz, 
RL =10kn 

ISO Isolation Note 4 

SEP Separation Note 5 

L\VeENT DC Center Point At no input 

VeENT In/Output Terminal Voltage At no input 

VG Voltage Gain 

MIN TYP MAX 

3.5 7.0 

-0.3 0.4 

1.8 Vee +0.3 

0.005 0.01 

10 

3.0 3.5 

-53 -40 

-90 -80 

Vecl2 

50 

0 

Note 1: Power dissipation must be derated at the rate of 4.32 mV/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 

UNITS 

rnA 

V 

V 

% 

jlV 
(rms) 

V 

dB 

dB 

V 

mV 

dB 

Note 3: V1L = 0.4 V, V1H = 1.8 V, Input terminal that does not input signal is to be connected to Ground with 10 jlF and 
47 kn directly. 

Note 4: Crosstalk between channel 1, 2, 3, 4. 
Note 5: Crosstalk between channel A, B. 
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ELECTRICAL CHARACTERISTICS 
For the TK15080M, T A = 25°C, V cc = 12 V 

SYMBOL PARAMETER TEST CONDITIONS 

Icc Supply Current 

Control Section 

VIL Low Input Level 

VIH High Input Level 

lKEY Key Input Resistance 

Analog Switch Section 

THO Distortion VSIN = 1 V(rms), f = 1 kHz, 
RL =10kQ 

NL Noise RL = 10 kQ, input terminal 
10 IlF, connect to Ground 

Crss Crosstalk RL = 10 kQ (Note 1) 

ISO Isolation Note 2 

SEP Separation Note 3 

DYN Dynamic Range THO = 0.1 %, f = 1 kHz, 
RL = 10 kQ 

LlVCENT DC Center Point Note 5, No Input 

VCENT In/Output Terminal Voltage Note 4, No Input 

VG Voltage Gain 

liN Input Impedance DC tested 

lOUT Output Impedance DC tested 

lOUT Output Impedance Floating Channel 

TK15080 

MIN TYP MAX UNITS 

3.5 7.0 mA 

-0.3 0.4 V 

1.8 Vcc +0.3 V 

40 kQ 

0.005 0.01 % 

10 IlV(rms) 

-70 -65 dB 

-85 -80 dB 

3.0 3.5 V(rms) 

50 mV 

5.8 6.2 V 

0 dB 

75 kQ 

20 kQ 

= Q 

Note 1: Measured at! = 10 kHz, VSIN = 1 V(rms) with test channel grounded, through a 5 kQ resistor, in series with a 
10 IlF capacitor. 

Note 2: Crosstalk between channel 1, 2, 3, 4. 
Note 3: Crosstalk between channel A, B. 
Note 4: Typical value for output at Vcc/2 
Note 5: Output mute function recommended because of inconsistency of V CENT when the devices are parallel connected. 
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TK15080 

NUMBERS IN ( ) ARE FOR 
THE 16 PIN DIP PACKAGE. 

1 

L 

H 

L 

L 

L 

TEST CIRCUIT 

(16) 20r-----, 

KEY 
2 

L 

L 

H 

L 

L 

IN 

IN .1-
'i' I 10~F t 10~F 147k 

NOTE 1 NOTE 2 

Note 1: When testing noise, input terminal is to be 
connected to ground through a capacitor. 

Note 2: When checking crosstalk, the unused input 
terminal is to be connected to ground capaci
tor and a resistor as shown. 

Note 3: Following power on, a minimum of 2 msec 
waiting time is necessary before testing. 

TRUTH TABLE 

OUTPUT 

3 4 ACH BCH 

L L FLOATING FLOATING 

L L 1 CH 1 CH 

L L 2CH 2CH 

H H 3CH 3CH 

L H 4CH 4CH 

Notes: Low level kept at control key normal condition (Open). 

1-184 

Input selected at "H" level. Do not input more than 2 "H" levels. 
All control keys at "L", in case of "open", output will be floating. 
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TK15080 

TYPICAL APPLICATIONS 
2 CIRCUITS, 4 CONTACTS 2 CIRCUITS, 3 CONTACTS 

Vee 

INA 

0-1(---,,--+---1 
DUTA 

TOKO, Inc. 

KEY 

INB INA 

10llF 

I---+--T'-I'I 1---0 
10k OUTB OUTA 

Vee 

10 ~F 

o---Jlt-'---t-----j 

o---Jt--+----1 

o---JI--f---I 

2 CIRCUITS, 4 CONTACTS WITH MUTE POSITION 

KEY 

10jJF 10IJF 

o---J ' , 1----0 

o---J 1----0 
INA IN B 

o---J 1----0 

~ ~ 

10IJF 

0-1 ' 1---0 
OUT A 

10k OUTB 

KEY I 
10IJF 

1----'-111----0 

1----11----0 
IN B 

1----11----0 

10llF 

f----+--;--'j'111-O 

10k oUTB 
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TK15080 

10 ~F 

10 ~F 

10----1+ 

20---\ 
INA 

30---\ 

40---\ 

TYPICAL APPLICATIONS 

2 CIRCUITS, 8 CONTACTS 

KEY 

12345678 

10 ~F 

+ 1-----------0 

1-----------0 
IN B 

1-----------0 

1-----------0 

1-----------0 

1-----------0 

1-----------0 

0--I~~~~ffL 
+ 1-0 OUTA 

10kW 10 ~F OUTB 

Recommended circuit to prevent switching noise due to output DC Bias difference when connecting devices in parallel. 
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ADDITIONAL INFORMATION 

1. Basic Circuit 

A' 

A3 

R2 Rl =R2=R3 

}--!----oOUT 

100% NEGATIVE FEEDBACK 
(VOLTAGE FOLLOWER) 

2. Switching Speed 

Switching response of signal corresponding to the 
KEY input: typically 200 JlSec. 

3. AC Loading 

Recommended load resistance (RL) is 1 0 kQ.when 
using capacitive coupling, set RL ::;; ZIN. Where I::;; 3 
mA. 

~er-r -r t! RL 1 liN 

4. Crosstalk (Isolation, Separation) 

Since the input impedance is high (75 kQ), short 
circuit of input terminals to Vee or GND doesn't 
cause any damage. Also a short circuit of output 
terminals to Vee doesn't cause any damage. How
ever, long term short circuit of output terminals to 
GND may cause damage, as the current is deter
mined by base current of the transistor (refer to the 
basic circuit). 

5. InlOut Current 

The signal input terminal will not be dam
aged even if connected to Vee or GND because 
of the high input impedance (75 kQ). Do not 
connect the output to Vee or GND for extended 
periods as the IC may be damaged. 

TOKO, Inc. 

TK150BO 

6. DC Signal Input II 
As basic circuit is a voltage-follower, the inputs can 
be modulated to within 1 V of either VCC or GND. 

I 

Vee . t 'v n n --1 IN OUT~ JlJl + ... 
I U L "---'-1 ----' l ' V GND 
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r~TOKO TK15110 
TWO INPUT/SINGLE OUTPUT VIDEO ANALOG SWITCH 

FEATURES 

• Low Operating Voltage 

• Low Input Current 
• Wide Dynamic Range 
• Video Frequency Range 

• 55 dB Isolation 

DESCRIPTION 

The TK15110Z is an analog switch for video use. Two 

inputs are provided and switched to one output. The device 

features high input impedance and low output impedance. 

The circuit is built around a wide bandwidth transconduc

tance amplifier and maintains isolation between the output 

and input of the switch. The device is TTL logic level 

controllable. 

The TK1511 0 is available in a ZIP1 0 plastic zig zag pack

age. 

ORDERING INFORMATION 

TK15110 0 0 DO rL-, ... --L..== Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX : Bulk/Bag Z:Z1P C: ·20lo<7S·C 
MG: Magazine 

TOKO, Inc. 

APPLICATIONS 

• Television 
• VCR Input Selector 
• Special Effects Generators 
• Wide/Narrow RF Bandwidth Switch 

TK15110Z 

TK1511OZ·PO 

BLOCK DIAGRAM 

OUTPUT ___ --I 
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TK15110 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Vee .................................................. 18 V Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation (Note 1) ................................ 450 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Storage Temperature Range .................... -55 to +150 °C Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee= 8.0 V, TA = +25 °C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Vee Operating Voltage Range 4.5 8 16.0 

lee Supply Current RL = 00 15 18 

Key L Low Input Level 0 0.9 

KeyH High Input Level 1.8 Vee 

KeyZIN Key Input Impedance Note 2 40 

Fop Frequency Bandwidth 10 10 x 106 

THD Total Harmonic Distortion VIN = 2 Vp-p, 1 kHz, RL = 10 kn .01 0.3 

Dyn Dynamic Range F = 5 MHz, RL=10 kQ 2.0 

VG Voltage Gain F = 5 MHz, RL=10 kQ -1.2 0 +1.2 

Crss Crosstalk VIN = 2 Vp-p, 5 MHz, RIN = 50 n -50 -45 

ISOUT Output Current 2 

VDCOUT Output DC Voltage 3.5 4.0 4.6 

Note 1: Power dissipation must be derated at the rate of 4.5 mW/oC for operation at T A = 25°C and above. 
Note 2: 

~
Ok 

KEY INPUT 

50 k 
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UNITS. 

V 

mA 

V 

V 

kn 

Hz 

% 

Vp-p 

dB 

dB 

mA 

V 
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0,01 

~ = z 
a 
;:: 
a:: r-
a 
f- 0,1 U) 

0 

TOKO, Inc. 

1 kHz 
(- 5 MHz) 

rv 

50 Q 

TK15110 
TEST CIRCUIT 

-----

----"'------ -------, 

TYPICAL PERFORMANCE CHARACTERISTICS 

DISTORTION vs FREQUENCY 

1111111 
VIN ,2Vp' 

I-~IN ':'; v p'p 
VCC=10V . 

RL,10kn ~ 
25'e = 

II IIII 
1 10 

FREQUENCY ( MHz) 

w 

; 2.0 
a 
> 
~ H 
'" 

1.0 
z 

I 

GAIN vs FREQUENCY 

2 dB 

o dB 

-2 dB 

.001 1 
FREQUENCY ( MHz) 

KEY VOLTAGE vs TEMP 

..... 
..... t-... 

1" ..... t--r-. 
t--

-40 -20 0 20 40 60 80 
TEMP (0 C) 

80 

60 
40 

w 20 
U) 

1\ 
« 0.0 I 
c.. 

-20 

-40 

-60 

-80 

-100 

DISTORTION vs TEMP 

u VIN '" 2 Vp-p 

~ 
z 
a 
;:: ~VIN-1 Vp'p 

a:: 
a 
f- 01 U) 

0 

Vee oS V 

RL-10knE 

,40 ,20 0 20 40 60 80 

TEMP (OC) 

PHASE vs FREQUENCY 

.001 1 
FREQUENCY ( MHz) 

\ " 'V 
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r~TOKO TK15111 

DUAL TWO-INPUT/SINGLE OUTPUT VIDEO ANALOG SWITCH 

FEATURES 

• Wide Bandwidth Characteristic 

• Wide Dynamic Range 
• Wide Operating Voltage Range 
• Minimum Peripheral Parts Required 
• High Input Impedance Control 

• MOS and TTL Compatible Control 

DESCRIPTION 

The TK15111Z is an integrated circuit developed for elec

tronic switching in video equipment. Features incrude low 

distortion, wide bandwidth and wide dynamic range. The 

TK15111 is available in a ZIP1 0 plastic zig zag package. 

ORDERING INFORMATION 

TK15111 D D DO 

rL-'-~ L.== Temp. Range 

Package COde 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX : Bulk/Bag Z:ZIP C: ·20to+75°C 
MG: Magazine 

TaKa, Inc. 

APPLICATIONS 

• VTR 
• Television 
• Special/Effects Generators 
• Wide/Narrow IF Bandwidth Switch 

TK15111Z 

BLOCK DIAGRAM 

TK15111Z-PO 

OUTPUT 
RL 
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TK15111 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Vee .................................................. 18 V Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation (Note 1) ............................... .450. mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Storage Temperature Range .................... -55 to + 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 8.0 V, T A = +25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Vee Operating Voltage Range 5.0 9.0 

Icc Supply Current RL = 00 30 35 

Key Control Section 

Key L Input Low Level 0 0.9 

KeyH Input High Level 1.8 Vee 

Key ZIN Key Input Impedance (Note 2) 40 

Analog Switch Section 

Fop Frequency Bandwidth 10 10 

THO Total Harmonic Distortion VIN =2 Vp-p,1 kHz, RL = 10 kQ .05 0.3 

Dyn Dynamic Range f = 5 MHz, RL =10 kQ 2.0 

VG Voltage Gain f = 5 MHz, RL=10 kQ -1.2 0 +1.2 

ISO Switch Isolation Crosstalk, between A input and -50 -45 
B input. VIN = 2 Vp-p, 5 MHz, 
RIN = 50 Q 

SEP Channel Separation Crosstalk, between 1 channel -50 -45 
input and 2 channel: 
VIN =2 Vp-p,5 MHz, RIN = 50 Q 

ISOUT Output Current 2 

VDCOUT Output DC Voltage Voltage 3.5 4.0 4.5 

Note 1: Power dissipation must be derated at the rate of 4.5 mW/oC for operation at T A = 25°C and above. 
Note 2: 

KEYIN~ 

150k '-1-
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UNITS 

V 

mA 

V 

V 

kQ 

MHz 

% 

Vp-p 

dB 

dB 

dB 

mA 

V 
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1 kHz 
(-5 MHz) 

TEST CIRCUIT 

INPUT 

TYPICAL APPLICATION 

FROM TV o-It-II~~L 
FROM VTR 0-11-+---+-0 J-o TO VIDEO MONITOR 

FROM CAMERAo-1 

TV --'-
VTR~ NC V 

CAMERA -cr- cc 

SOURCE SELECTOR 

TK15111 

I 
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TK15111 
TYPICAL PERFORMANCE CHARACTERISTICS 

c 
z a 
~ 
~ 
i5 
<..> 
Z 
a ::;;: 
a: 
"" :x: 
-' 

"" f-a 
f-
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30 

1 20 

~ 

20 

V 

SUPPLY CURRENT vs 
SUPPLYVOLTAGE 

V 
/ 

V 
V 

I 

00 1 2 3 4 5 6 7 8 9 1Q 
Vee (V) 

0.1 

0.01 

TOTAL HARMONIC DISTORTION 
vs INPUT VOLTAGE 

., 
r 

V1N (Vrms) 

V 
/' 

Dl 
"C 

~ -1 

-2 

. 
= 

-50 

-70 

·80 

.1 

GAIN vs FREQUENCY 

'/ 

.1 1 10 

FREOUENCY (MHz) 

TOTAL HARMONIC 
DISTORTION vs FREQUENCY 

1 10 

FREQUENCY (kHz) 

CROSSTALK vs FREQUENCY 

..... 

1 10 

FREQUENCY (MHz) 

"" 
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r~TOKO 

FEATURES 
• Wide Operating Voltage 

• Ground Muting Method 
• Large Signal Attenuation 
• Control of Large Signal Level 

• Low Standby Current 
• Attack/Release Control 

DESCRIPTION 

The TK15120 is a single supply, two-channel audio mute IC 

which will ground an AC signal without the pop or thump 

usually associated with IC switches. The input/output pins 

are bidirectional, and on/off time can be controlled by an 

external capacitor. The device has two separate audio 

channels with one control input. 

The TK15120 is available in a ZIP10 plastic zig zag pack

age and an MFP8 plastic surface mount package. 

ORDERING INFORMATION 

TK15120 0 0 00 rL---L....== Temp. Range 

Package COde 

PACKAGE CODE TEMP. RANGE 
Z:ZIP c: ·20to+60°C 
M: Surface Mount 

TaKa, Inc. 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tope Right 
TL : Tope Loft 
MG: Magazine 

TK15120 
TWO-CHANNEL MUTING IC 

APPLICATIONS 

• Audio Systems 

• Audio Mixers 
• Special Effects 
• Musical Instruments 

• Tape Recorders 

TK15120Z TK15120M 

GNO 08 2IN/OUT 
1 IN/OUT 2 7 20UTIIN 

1 OUTIIN 3 6 Vee 

CONTROL 4 5 MUTE. C 

TK15120M'PO 

TK15120Z0PO 

BLOCK DIAGRAM 

INPUTAND 
OUTPUT 

INPUT AND 
OUTPUT 

MUTING 
CONTROL 

NUMBERS IN () ARE FOR MFP8 PACKAGE 

DELAY MUTI NG 
CAPACIlOR 

1-197 

I 



TK15120 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VeeMAX .............................................. 11 V Storage Temperature Range .................... -55 to +150 °C 
Power Dissipation (Note 1) ................................ 390 mW Operating Temperature Range ................... -20 to +60 °C 
Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) ........................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 5 V, TA = 25°C, f = 1 kHz 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Vee Supply Voltage 4.5 5 10 V 

Supply Current 

lee OFF Muting OFF 0.5 0.7 mA 

lee ON Muting ON 7 11 15 mA 

An Attenuation R1N =300 Q 70 76 dB 

CION Charge Current of Muting ON 7 10 13.5 IlA 

CIOFF Discharge Current of Muting 1.7 2.7 4.0 !lA 
OFF 

Muting Control SW. 

SWVOFF Muting OFF 0 (1.2) 0.4 V 

SWVON Muting ON Voltage 2.4 (1.3) Vee V 

VOSAl Output Saturation Voltage at muting ON 2.5 3.5 mV 

THD Total Harmonic Distortion at muting OFF 0.0025 0.01 % 

MR Muting Attenuation Resistor 168 240 312 Q 

VINMAX Maximum Input Voltage 5.0 Vp-p 

Note 1: Power dissipation must be derated at the rate of 3.9 mW/oC for operation at T A = 25°C and above. 
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V1 
OV-5V 

TEST CIRCUIT FOR M PACKAGE 

Vee 
5V 

300n 

3 
S4 

1 
S5 

1 

o 

o 

NOTE: EACH SWITCH IS IN OFF POSITION 

TK15120M TC 

Figure 1. 

APPLICATION INFORMATION FOR M PACKAGE 

These conditions refer to Figure 1, switches 51 - 57, as shown. 

1.} SUPPLY CURRENT 

All switches off. Measure the Power Supply Current at V1 = 0 V and V1 = 5 V, respectively. 

2.} MUTING ATTENUATION 

TK15120 

Switches 51 and S2 are on. Measure the AC output voltage on pin 3 and 7 at V1 = 0 V and V1 = 5 V, respectively. 
(SG output f = 1 kHz, 5 Vp-p.) 

Attenuation 

ATT = 20LOG ((V1 = VOLTAGE OF PIN 3 ( PIN 7) WHEN 0 V)) 
(V1 = VOLTAGE OF PIN 3 ( PIN 7) WHEN 5 V ) 

3.} CAPACITOR CURRENT 

Switch S3 is on. When pin 4 voltage is lower than 0.4 V, the pin 5 capacitor discharge current is approximately 
2.7 rnA. When the pin 4 voltage is set higher than 2.4 V, the capacitor charge current becomes approximately 10 
rnA. 
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TK15120 
APPLICATION INFORMATION FOR M PACKAGE (CONT.) 

4.) MUTE CONTROL THRESHOLD VOLTAGE 

Switches S1 and S2 are on. When pin 4 voltage is increased from 0 V, the output of pin 3 (pin 7) is muted. The 
corresponding control voltage is the "mute on" voltage. When the mute control voltage decreases the muting will 
turn off. Measure pin 4 voltage when pin 3 (pin 7) output releases the mute. The measured voltage is the "mute 
off'voltage. 

5.) MUTE SATURATED VOLTAGE 

Measure pin 3 and pin 7 output voltage when the V1 of the pin 4 is turned to 5 V ("mute on" status). 

6.) TOTAL HARMONIC DISTORTION 

Switches S 1 and S2 are on. Measure the Total Harmonic Distortion ratio of pin 3 and pin 7 output waveform when 
the V1 of pin 4 is turned to 0 V (mute off status). 

7.) INTERNAL RESISTANCE IN "MUTE" MODE 

Switches S1, S2, S4, 85, S6, and S7 are on. Set signal generator voltage to the normal input level or lower (5 
Vp-p). Connect output pin 3 (pin 7) to the GND, and measure the voltage of pin 2 (pin 8). 

2-3(OR 7-8) IMPEDANCE = ( (300 X PIN 2 (OR PIN 8) VOLTAGE) ) 
(SG OUTPUT VOLTAGE - PIN 2 (OR PIN 8) VOLTAGE 

8.) ATIENUATION 

The typical value of attenuation in muted mode is 76 dB. The TK15120M has two channels and the attenuation 
is 76 dB when both circuits are operated simultaneously_ If only one circuit is operated, the attenuation is 6 dB 
higher, and becomes approximately 82 dB. 

To maximize attenuation, the signal input GND, the IC GND, and signal outputGNDs are required to be connected 
to pin 1. It is best to connect the signal output GND to pin 1 as well. 

9.) OPERATION OF THE MUTING CIRCUIT 

1-200 

When pin 4 (Mute Control Switch) has an applied voltage greater than 2.4 V, pin 5 capacitor starts charging and 
pin 5 DC potential is raised. This current is the base current for the muting transistor and the muting operation 
is performed. 

The capacitor DC voltage is clamped at 1.8 V. 

TaKa, Inc. 



APPLICATION INFORMATION FOR M PACKAGE (CONT.) 

The relationship between the capacitor voltage and the time is as follows: 

2.0 

~ 
g 1.0 

V:l.BV 

2 4 6 B lOt (ms) 

The time for the capacitor voltage to reach 1.8 V (mute on time) is: 

t;: CAPACITOR (0.047 ~F) X 1.8 V 
CHARGING CURRENT (2.7 ~A) 

TK15120 

Following "muting on," 90% ofthe maximum attenuation is reached at approximately o. 7to 0.8 V capacitor voltage. 

During "muting off" (release), the capacitor current discharges, and voltage across the capacitor drops to 
approximately 10 mV from 1.8 V. When pin 5 voltage is dropped, the muting transistor base current is decreased, 
and the status is changed to "muting off." (10 mV is the saturated voltage of the discharging current supply.) 

CAPACITOR (0.047 ~F) X 1.8 V 
DISCHARGING CURRENT (1 0 ~A) 

2.0 
1.8 V 

~ 
t) 

1.0 0 

;: 31.3 ms 

10 20 30 
t(ms) 

When the capacitor DC voltage is in the range between 1.8 V to approximately 0.75 V, only approximately 10% 
of the attenuation can be released. When the capacitor DC voltage is in the range between approximately 0.75 
Vto 0 V, the mute release is completed. It takes approximately 18 ms for the DC voltage to drop to approximately 
0.75 ms from 1.8 V, and the condition approaches the "mute on" status. 
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TK15120 

V1 
OV-5V 

TEST CIRCUIT FOR Z PACKAGE 

vcc 
5V 

300n 

o 

NOTE: EACH SWITCH IS IN OFF POSITION 

Figure 2. 

APPLICATION INFORMATION FOR Z PACKAGE 

1.) SUPPLY CURRENT 

All switches off. Measure the Power Supply Current at V1 = 0 V and V1 = 5 V, respectively. 

2.) MUTING ATTENUATION 

Switches S1 and S2 are on. Measure the AC output voltage on pin 3 and 8 at V1 = 0 V and V1 = 5 V, respectively. 
(SG output f = 1 kHz, 5 Vp-p.) 

Attenuation 

ATT = 20LOG ((V1 = VOLTAGE OF PIN 3 (PIN 8) WHEN 0 V)) 
(V1 = VOLTAGE OF PIN 3 (PIN 8) WHEN 5 V) 

3.) CAPACITOR CURRENT 

1-202 

Switch S3 is on. When pin 10 voltage is lower than 0.4 V, pin 1 capacitor discharge current is approximately 2.7 
rnA. When the pin 10 voltage is set higher than 2.4 V, the capacitor charge current becomes approximately 10 
rnA. 

TOKO, Inc. 



TK15120 

APPLICATION INFORMATION FOR Z PACKAGE (CONT.) 

4.) 

5.) 

MUTE CONTROL THRESHOLD VOLTAGE I 
Switches S1 and S2 are on. When pin 10 voltage is increased from 0 V, the output of pin 3 (pin 8) is muted. The 
corresponding control voltage is the "mute on" voltage. When the mute control voltage decreases, the muting will 
turn off. Measure pin 4 voltage when pin 3 (pin 8) output releases the mute. The measured voltage is the mute 
off voltage. 

MUTE SATURATED VOLTAGE 

Measures pin 3 and pin 8 output voltage when the V1 of the pin 10 is turned to 5 V ("mute on" status). 

6.) TOTAL HARMONIC DISTORTION 

Switches S1 and S2 are on. Measures the Total Harmonic Distortion ratio of pin 3 and pin 8 output waveform when 
the V1 of pin 10 is turned to 0 V ("mute off" status). 

7.) INTERNAL RESISTANCE IN "MUTE" MODE 

Switches S1, S2, S4, S5, S6, and S7 are on. Set the signal generator voltage to the normal input level (5 Vp-p) 
or lower. Connect output pin 3 (pin 8) to the GND and measure the voltage of pin 4 (pin 7). 

4-3 OR 7-8) IMPEDANCE = ( (300 X PIN 4 (OR PIN 7) VOLTAGE) ) 
( (SG OUTPUT VOLTAGE - PIN4 (OR PIN 7) VOlTAGE 

8.) ATTENUATION 

The typical value of attenuation in muted mode is 86 dB. The TK15120Z has two channels and the attenuation 
is 86 dB when both circuits are operated simultaneously. If only one circuit is operated, the attenuation is 4 dB 
higher, and becomes approximately 90 dB. 

To maximize attenuation, the signal input GND, the IC GND and signal output GND are required to be connected 
near pin 5 and 6. It is best to connect the signal output GND to pin 5 and 6 as well. 

9.) OPERATION OF THE MUTING CIRCUIT 

When pin 10 (Mute Control Switch) has an applied voltage greater than 2.4 V, pin 1 capacitor starts charging and 
pin 1 DC potential is raised. This current is the base current for the muting transistor and the muting operation 
is performed. 

The capacitor DC voltage is clamped at 1.8 V. 

TaKa, Inc. 1-203 
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APPLICATION INFORMATION FOR Z PACKAGE (CONT.) 

1-204 

2.0 

~ 
g 1.0 

V",1.8V 

2 4 6 a 10 t(rns} 

The time for the capacitor voltage to reach 1.8 V (mute on time) is: 

t", CAPACITOR (0.047 iJF) X 1.8 V 
CHARGING CURRENT (2.7IJA) 

Following "muting on, n 90% of the maximum attenuation is reached at a capacitor voltage of approximately 0.7 
to 0.8 V. 

During "muting off" (release), the capacitor discharges current, and the voltage across the capacitor drops to 
approximately 10 mV from 1.8 V. When pin 1 voltage is dropped, the muting transistor base current is decreased, 
and the status is changed to "muting off." (10 mV is the saturated voltage of the discharging current supply.) 

CAPACITOR (O.047IJF) X 1.8 V '" 31.3 ms 
DISCHARGING CURRENT (10 IJA} 

2.0 1-<:----1.8 V 

?: 
g 1.0 

10 20 30 
t(ms) 

When the capacitor DC voltage is in the range between 1.8 V to approximately 0.75 V, only approximately 10% 
of the attenuation can be released. When the capacitor DC voltage is in the range between approximately 0.75 
V to 0 V, the mute release is completed. It takes approximately 18 ms forthe DC voltage to drop to approximately 
0.75 ms from 1.8 V and the condition approaches the "mute on" status. 

TOKO,lnc_ 



TK15120 
TYPICAL PERFORMANCE CHARACTERISTICS 

ATTENUATION vs fREQUENCY 
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CROSSTALK VS FREQUENCY 
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TK15120 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

~ 
:J: 
U 
>-
~ en 

<-
.§.. 
u 
.9 

CONTROL LEVEL VS. 

AMBIENT TEMPERATURE 

1.5 
I'-I'-r-

I'-I'-

.5 

~o -20 o 

1.5 

.5 

TK15120 TPC 13 

POWER SUPPLY CURRENT VS. AMBIENT 
TEMPERATURE (MUTE OFF) 

-I'-I'---
~40 -20 0 20 40 60 80 

TA (OC) 
TK15120TPC18 

1-206 

al 
~ 

~ 

-74 

-75 

-76 

-77 

-78 

-79 

-80 

ATIENUATION vs. AMBIENT 
TEMPERATURE 

...-
V 

...-
V 

-40 -20 o 20 40 60 80 

4 

o 

TA (OC) 
TK15120TPC·06 

DISCHARGE CURRENT vs. 
AMBIENT TEMPERATURE 

---

-40 -20 20 40 60 80 
TA(OC) 

16 

14 

1 12 

~ 
10 

POWER SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE (MUTE ON) 

.............. 
.............. 

,..... 
r..... 

~40 -20 o 60 80 

~ 
>-

"" w 
a:: 
a:: 
::J 
u 

16 

14 

12 

10 

8 

TK15120TPC14 

CHARGE CURRENT VS. AMBIENT 
TEMPERATURE 

, ...... , , 
....... r--. 

-40 -20 0 20 40 60 80 
TA (OC) 

TK15120TPC·07 

TOKO, Inc. 



r~TOKO 

FEATURES 

• High Level Input (5 Vpp) 

• Adjustable Attack/Release 

• High Attenuation (-86 dB) 

• Low Operating Current 

• Bidirectional Inputs/Outputs 

DESCRIPTION 

The TK15125Z is a dual supply, two channel muting IC 

specially designed to eliminate popping and thumps when 

audio equipment is powered up. Features include adjust- . 

able attack and release, high signal handling capability and 

low operating current; ideal for battery operated equip

ment. The inputs and outputs are bidirectional and the 

device effectively grounds the input signal with an attenu

ation of -86 dB. 

The TK15125 is available in a ZIP1 0 plastic zig zag pack

age. 

ORDERING INFORMATION 

TK15125 0 0 DO 11 T ,,--
- Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX: Bulk/Bag Z: Zip c: ·20 to +60 °C 
MG: Magazine 

TOKO,lnc. 

TK15125 
TWO-CHANNEL MUTING IC 

APPLICATIONS 

• Audio Equipment 
• Musical Instruments 

• TVNCR 
• Mixers/Effects 

TK15125 

TIMING CAPACITOR 

VDD 

IN/OUT 

IN/OUT 

GND 1 

GND2 

IN/OUT 

IN/OUT 

VSS 

CONTROL 

BLOCK DIAGRAM 

TIMING CAPACITOR 

TK15125Z· PO 
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TK15125 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. ±6 V 
Power Dissipation (Note1) ................................ .490 mW 

Storage Temperature Range .................... -55 to + 150°C 
Operating Temperature Range .................. -20 to +60 °C 

Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vce = 5.0 V, Vss = -5 V, VIN = ±2.5 Vo·p, F = 1 kHz, TA = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Voo Supply Voltage +4.5 +5.0 +5.5 V 

Vss Supply Voltage -5.5 -5.0 -4.5 V 

Current Consumption 

'OOOFF Mute Off 0.6 0.9 mA 

IODON Mute On 12.0 17.0 mA 

An Mute Attenuation RrN =300n 80 86 dB 

capacitor Current 

ION Charging Current ATTACK 8.0 12.0 16.0 llA 

IOFF Discharging Current RELEASE 1.8 3.0 5.0 llA 

Control SWitch 

CVON Mute ON Voltage Vss +2.4 Vss +1.3 VDD V 

CVOFF Mute OFF Voltage Vss Vss +1.2 Vss+0.4 V 

Output Saturated Vohage 

VOSAT When Mute is ON 2.4 3.7 mV 

Total Harmonic Distortion 

THD When Mute is OFF 0.0025 0.01 % 

M.R Mute Internal Resistance Internal Resistance 168 240 312 n 

between 1/0 

VMAX Maximum Input Voltage -2.5 +2.5 Vo-p 

Note 1: Power dissipation must be derated at the rate of 3.92 mW/oC for operation at T A = 25°C and above. 

1-208 TOKO, Inc. 



TK15125 
TEST CIRCUIT 

vs=or S1 
S 

3000 

vs=O ra 
~ S2 

3000 

VDD 

5V 

Vss -5 V 

O~V20.7V 
S7 T 

Vss(-5) 

NOTE: EACH SWITCH IS IN 'OFF' STATUS TK15125TC 

TYPICAL APPLICATIONS 

CURRENT CONSUMPTION 

All switches are OFF. When -5 V (V SS) is applied to pin 10, 
the device will be in the mute OFF. When +5 V (Voo) is 
applied to pin 10, the device will be in the mute ON. Measure 
each power supply current under on these conditions. 

MUTING ATTENUATION 

CAPACITOR CURRENT 

Switch SW7 ON. When the V1 voltage of pin 10 is in the 
range of -5 V (V ss) to -4.6 V, the current will be approxi
mately 3 mA (discharge current). When V1 voltage is in the 
range of -2.6 V to +5 V (Voo), the current will be approxi
mately 12 mA (charge current). Measure the capacitor 
current value under these conditions. 

Switches SW1 and SW2 are ON. Measure the output AC MUTE CONTROL THRESHOLD VOLTAGE 
voltage of pin 3 (pin 8) when -5 V and +5 V are applied to 
V1. (SG output f = 1 kHz 5Vp-p.) 

ATTENUATION 

(V1 = PIN 3 (PIN 8) VOLTAGE WHEN -5 V IS APPLIED) 

ATT = 20LOG (V1 = PIN 3 (PIN 8) VOLTAGE WHEN 5 V IS APPLIED) 

TK15125 FORM 01 

TOKO, Inc. 

Switches SW1 and SW2 are ON. Increase the V1 voltage of 
pin 10 from -5 V until each output appears; the correspond
ing voltage is the mute ON Voltage. The mute OFF voltage 
occurs when the mute is OFF while V1 is decreasing from 
+5 V to 0 V. (The switching level is set approximately Vss 
+ 1.25 V.) 

1-209 
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TYPICAL APPLICATIONS (CO NT.) 

MUTE SATURATED VOLTAGE 

All switches are OFF. Measure pin 3 (pin 8) output DC 
voltage when the V1 of pin 10 is higher than -2.6 V (mute ON 
status). 

TOTAL HARMONIC DISTORTION 

8witches 8W1 and 8W2 are ON. Measure the total har
monic distortion of the output pin 3 (pin 8) when the V1 of pin 
10 is lower than -4.6 V (mute OFF status). 

INTERNAL RESISTANCE IN "MUTE" MODE 

8witches 81, 82, 83, 84, 85, 86 are on. 8et the signal 
generator voltage to the normal input level (5 Vp-p) or lower. 
Connect pin 3 (8) to GND. Measure voltage at pin 4 (7). 

.-----___________ CONTROLSWITCH 

t LEVEL 
10~ 

-3.0 

IV) 

-4.0 

1 PIN 
-5.0 

CLAMP LEVEL 
(Vss + 1.8 V) 

CAPACITOR TERMINAL 
VOLTAGE 

. 3 ? 8 (mS) 

1+----L-T1------" i 

OUTPUT 
WAVEFOAM 

TK15125FIG02 

The attack time is calculated with the following formula: 

0.047 ~F X 1.8 V 
Tl ~ 7.1 mS 12~A (CHARGING CURRENT) 

TK15125 FORM 03 

INTERNAL RESISTANCE =""",::-::::;=,:(3;-;;0",0 ",X""4:;;PI",N",,(P:-IN=,"7);-:V:-;0,,,L T""A::;;G-7E)=-== 
(SG OUTPUT VOLTAGE - PIN 4 (PIN 7) VOLTAGE) Actually, when the capacitor terminal voltage reaches about 

TK15125 FOAM 02 -4.25 V, almost 80% of the final attenuation is obtained, 

MUTING OPERATION 

Muting ON (Attack) 

10 

TK15125 FIG 01 

When the muting is "on" (pin 10 level high), pin 1 voltage 
gradually lowers from -2.6 V or higher to -3.2 V. When the 
voltage reaches approximately -3;2 V, the clamp circuit 
activates and the internal attenuator will mute the signal. 
The attenuated (muted) signal appears at the outputs. 

1-210 

therefore T2 will be the real mute operation time. 

0.047 fJF X 0.75 V = 2.9 mS 
12fJA 

TK15125 FORM04 

Muting OFF (Release) 

The muting OFF (release) is performed. as an opposite 
operation to the mute ON, wheh pin 10 control terminal has 
the mute OFF voltage applied. The output waveform will 
increase following the changing of pin 1 capacitor from -3.2 
Vto-5V. . 

~~--------------------10 PIN -3.01 

(V) 

-4.0 

1 PIN 
-5.0 

3 PIN 
(8 PIN) 

TK15125 FIG 03 
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TYPICAL APPLICATIONS (CO NT.) 

The release time is calculated with the following formula: 

T3 ~ 0.047 ~F X 1.8 V T3 ~ 28 mS 

TK15125 

Approximately 16 mS later, the waveform mute release 
operates. 

3.0 ~A DISCHARGING CURRENT 
TK15125 FORM 05 

T4~ 0.047~FX1.05V T4~16mS 
3.0mS 

TK15125 FOM5 Approximately 28 mS later, the mute release is completed. 
However, the mute ON mode is continued during T4, the 
actual waveform starts the release operation after the T 4 is 
completed. 

Note: To get the maximum attenuation, connect each input 
and output ground line to the nearest Ie ground. 

TYPICAL PERFORMANCE CHARACTERISTICS 

ATTENUATION VS. EXTERNAL 
RESISTANCE 
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TK15t25 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

POWER SUPPlY CURRENT ¥S. 

CONTROL LEVEl ¥S. AMBIENT POWER SUPPLY CURRENT vs. AMBIENT TEMPERATURE 

3 
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r~TOKO TK15210 

TWO INPUT/SINGLE OUTPUT AUDIO ANALOG SWITCH 

FEATURES 

• Low Supply Current 

• TIL or CMOS Control 
• Wide Operating Voltage Range 

• Low Distortion (.004% TYP) 
• High Input Impedance/Low Output Impedance 

• Very Small Surface Mount Package 

DESCRIPTION 

The TK1521 0 is an analog switch specially designed for the 

high fidelity applications in portable consumer equipment. 

The device features very low distortion and high isolation 

between the two inputs. Anyone of the two inputs can be 

switched to one output. The control pin can be driven by 

TIL or CMOS logic levels. The analog switch is unidirec

tional. 

The TK15210 is available in an SOT23L surface mount 

package. 

ORDERING INFORMATION 

TK15210 0 0 00 

1fT ::-: 
Package Code 

PACKAGE CODE TEMP. RANGE 
M: SUrfa .. Mount C: -20 to .75 °c 

TOKO, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Papa' Tapa 
TR: Tapa Right 
TL: TapoLaft 
MG: Magazine 

APPLICATIONS 

• Audio Equipment 

• Effects Pedals 
• Mixers/Switchers 

• Tape Recorders 

TK15210M 

IN-A 

[]

o 4 

2 5 

3 6 

GND OUT 

IN-B KEVIN 
S0T-23l-1SO 

TK 15210 PA 

BLOCK DIAGRAM 

IN 2 

OUT 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ......................................................... 14 V Junction Temperature ........................................... 150°C 
Operating Voltage Range ............................... 3.0 to 14 V Storage Temperature Range .................... -55 to + 150°C 
Input Voltage .................................. -{).3 V to Vee +0.3 V Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation (Note 1) ................................. 200 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test Conditions: Vee = 8.0 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

lee Supply Current 2.5 5.0 mA 

VIL Input Low Control Voltage -0.3 0.6 V 

VIH Input High Control Voltage 2.0 Vee +0.3 V 

THD Total Harmonic Distortion 1 V(rms), f = 1 kHz 0.004 0.008 % 

NL Residual Noise 10 I!V(rms) 

Iso Isolation 1 V(rms), f =, 10kHz -80 -75 dB 

DYN Dynamic Range 0.1 %, f = - 20 kHz 3.0 V(rms) 

VSENT In/Out Terminal Voltage Vecl2 V 

ilVSENT DC Center Point 18 mV 

Potential Difference 

VG Voltage Gain -0.2 0 +0.2 dB 

ZIN Input Impedance DC test 36 kQ 

ZOUT Output Impedance DC test 20 Q 

Note 1: Power dissipation must be derated at the rate of 1.6 mW/oC for operation at T A = 25°C and above. 

V(rms) 

SF 
5V(rms)-= 

1-214 

TEST CIRCUIT 

1. Dynamic range and distortion of 
Channel A tested as shown. 

2. SW5 is for the measurement of 
residual noise and output terminal 
voltage. 

~ tl f ~ ::'~"f" tho moos",",,", 01 

TK15210TC 
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TK16070 
TK16100 
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FEATURES 

• High Speed of Interpolation Pulse Output 
• Linear, Circular, Parabolic, Logarithmic and 

Exponential Interpolations Are Possible 

• Reduces Software Design Necessary For 
Interpolation 

• Can Be Interfaced Directly With An 8 Bit 
Microprocessor 

• Interrupts the Microprocessor At the End of the 
Move 

• Incorporates An Automatic Stop Function At the 
End Point and A Fixed Speed Control Function 

• 24 Bit Data Length 

• Up to 5 MHz Clock Frequency 
• 28 Pin Plastic Dual In-Line Package 

• Single +5 V Power Supply 

DESCRIPTION 
The KM3701 AD is a CMOS LSI developed as an interpo
lation pulse generator for motion/numerical control sys
tems. The KM3701AD incorporates linear and circular as 
well as parabolic, logarithmic and exponential interpola
tions. The functions and coordinate values for linear, 
circular or other interpolations are set by the microproces
sor. Internal calculations are performed with the input of 
Feed Pulses. Interpolation pulses are then distributed to 
both the X and Y axes. The frequency of the output pulses 
from the KM3701AD does not depend on the slope of a 
particular move (when -.J2 control is enabled). Each 
KM3701AD generates pulses to interpolate 2 axes. When 
used with the KM3702AD/AQ (LSI for servo motor control), 
motion/numerical control systems can be built easily, thus 
reducing costs and enabling smaller units to be made. 

ORDERING INFORMATION 

TK3701 

PACKAGE CODE 
D: Plastic Dip 

TaKa, Inc. 

DODD r"L.--L.....== Temp. Range 

Package Code 

TEMP. RANGE 
A: -2010.70·C 

TAPE/REEL CODE 
BX: Bulk/Bag 
MG: Magazine 

KM3701AD 

INTERPOLATION COPROCESSOR 

APPLICATIONS 

• Motion/Numerical Control Systems 

• Robotics 

• Drawing Machines 
• Electrical Discharge Machines 

• Special Machinery 

·See KM3701 AD Operation Manual for further detail. 

V" 

cs 
RiW 0 

00 

11 

13 

" 

RESET ~ 

VDO~ 
Vss @>---*-

KM3701AD 

Signal 
28 CS 
27 RlW 
26 
25 00 

2. AO-A2 

23 DO-07 

22 RESET 
21 CP 
20 

FP 
BUSY 

17 INT 

16 ±DX 
15 tOY 

Voo 

V" 

BLOCK DIAGRAM 

BUSY INT±DX±DY 

Explanation 

ChiD Select 

ReadlWrite 

Oulou [i,able 

Address 
Data Bus 

Reset 

Clock Pulse 

F., 'Pul" 
Bu, 
Interrupt 

Out u X 

Output Y 

.sV 
Ground 

2-1 



KM3701AD 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........................... Vss -0.3 to Vss + 7.0 V Storage Temperature Range .................... -65 to + 150°C 
Input Voltage .............................. Vss -0.3 to VDD + 0.3 V Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation ................................................ 1.25 W Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
D. C. CHARACTERISTICS 
Test conditions: Vss = 0 V, TA = -20 to +70 °C 

SYMBOL PARAMETER TEST CONDITIONS 

VDD Supply Voltage 

IDD Supply Current T eye = 0.5 IJS, No Load 

Input Signal (Note 1) 

VIL Low Level Input Voltage IlL = -10 IJA 

VIH High Level Input Voltage IIH= 1O IJA 

Output Signal (Note 2) 

VOL Low Level Input Voltage IOL = 2.0 mA 

VOH High Level Input Voltage IOH = -200 A 

1/0 Signal (Note 3) 

VIL Low Level Input Voltage IlL = -10 IJA 

VIH High Level Input Voltage IIH= 1O IJA 

IOL Low Level Output Current VOL = 0.4 V 

IOH High Level Output Current VOH =VDD -0.5V 
High Impedance 

Note 1: CS, R/w, 00, A2, A1, Ao, RESET, CP, FP, 07' 06' 0s, 04' 03' 02' 01' 00 
Note 2: BUSY, INT, +OX, -OX, +OY, -OY 

Note 3: Open drain output, 07' Os' 0 s, 04' 03' 02' 01' 00 

2-2 

MIN TYP MAX UNITS 

4.75 5.0 5.25 V 

10 mA 

-0.3 0.6 V 

3.0 VDD+0.3 V 

0.4 V 

2.4 V 

-0.3 0.6 V 

3.0 VDD+0.3 V 

5.5 mA 

10 IJA 

TOKO, Inc. 



ELECTRICAL CHARACTERISTICS 
A. C. CHARACTERISTICS 
Test conditions: Voo = 5 V ± 5 %, TA = -20 to +70 °C 

SYMBOL 
I 

PARAMETER TEST CONDITIONS 

Clock Signal (Note 1) 

TCYC Clock Pulse Period Typically 1 MHz 

Tw Clock Pulse Width 

TeR Clock Pulse Rise Time 

TCF Clock Pulse Fall Time 

Input Signal (Note 1) 

TH Data Hold Time 

Tsu Data Hold Time 

Output Signal (Note 2) 

To Output Delay Time CL = 60 pF 

Output Signal (Note 3) 

TA Access Time CL = 100 pF, Rpu = 1.5 kQ 

Tco CS to Output CL = 100 pF 

--~---~~ 

Tco 00 to Output Rpu = 1.5 kQ 

Tow Width of 00 CL = 100 pF 

TROH Data hold time after 00 Rpu = 1.5 kQ 

TCA Address valid after Control 

TAC Address valid before Control 

TCH CS hold after Control 

Tcsc CS valid before Control 

Tcw CS to Write 
-

Tcc Width of R/W 

Twos Data set-up time to Write 

TWON Data hold time after R/W 

Note 1: CS, RfW, OD, A2, A1, P.o, RESET, CP, FP, D7, D6, Ds, D4, D3, D2, D1, Do 
Note 2: BUSY, INT, +DX, -DX, +DY, -DY 

Note 3: Open drain output, D7, D6, Ds' D4, D3, D2, D1, Do 

TOKO, Inc. 

KM3701AD 

MIN TYP MAX UNITS 

0.2 1 10 J.lS 

60 TCYC -60 ns 

10 ns II 
10 ns 

10 ns 

Tw+2O ns 

100 ns 

120 ns 

100 ns 

100 ns 

120 ns 

10 ns 

0 ns 

20 ns 

0 ns 

0 ns 

120 ns 

120 ns 

120 ns 

120 ns 
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KM3701AD 

Maximum feed pulse and tooling speed for typical step sizes and clock rates. 

Step size and 1.5 MHz Clock 5.0 MHz Clock 

type of 
Maximum Maximum Maximum Maximum Interpolation Pulse Rate Tool Speed Pulse Rate Tool Speed 

Unit: .001 mm 
136.3 Klsec 8.38 m/min 454.5 K/sec 27.3 m/min 

Linear 
71.4 Klsec 4.39 m/min 238.1 Klsec 14.3 m/min 

All other 

Unit: .0001" 136.3 Klsec 838"/min 454.5 Klsec 2727"/min 
Linear 71.4 Klsec 439"/min 238.1 Klsec 1428"/min 
All other 

PIN FUNCTION 

~1r.::"'41 <>., .. .,.,..., PIN NO. 1/0 
Power Supply Voo 28 - +5V±5% 
Ground Vss 14 - Ground 
Chip Select CS 1 I Device select signal 
Write RIW 2 I Write signal 
Output Disable OD 3 I Read signal 

Address A2-AO 4-6 I Address 
Data D7-DO 7-13 1/0 ReadIWrite data 1/0 common 

15 open drain 
Clock Pulse CP 18 I Clock 

Reset RESET 17 I Reset signal 
Feed Pulse FP 19 I Interpolation feed pulse 
Interpolation Busy BUSY 22 0 When active, it shows calculation is being 

done. 

InterruQt INT 23 0 Completion of interpolation 
+DX output +DX 27 0 X axis positive direction interpolation pulse 
-DX output -DX 26 0 X axis negative direction interpolation pulse 
+DYoutput +DY 25 0 Y axis positive direction interpolation pulse 
-DYoutput -DY 24 0 Y axis negative direction interpolation pulse 

2-4 TaKa, Inc. 



KM3701AD 

TYPICALAPPLICATIONS 
1. Control of 2 axes can be accomplished by using one KM3701 AD and two KM3702AD/AQs. 

BUSV 

I 
X Axis 

"-___________ (1) Quadrature Encoder 

V Axis 

Quadrature Encoder 

1. One KM3701AD can control two stepper motors. 

Stepper Motor 

X Axis 

X Axis 

TOKO, Inc. 2-5 



KM3701AD 

INTERPOLATION 
The interpolation pulse distribution rate is in accordance 
with the rate of the clock pulse (CP) and the internal 
calculation time. The internal calculation requires 11 
clocks in the case of linear interpolation and 21 clocks in the 
case of circular or other interpolations. 

Interpolation Interpolation Pulse 
Distribution Rate 

Linear interpolation 454.4 KPPs 

Circular or other 238.1 KPPs 

NOTES 

2-6 TOKO, Inc. 



r~TOKO 

FEATURES 

• Interfaces Directly with an 8 Bit Microprocessor 

• Wide Application Range 
• Reduced Number of Counter ICs 

• Reduced Parts Count 
• 40 Pin Plastic Dual Inline Package 

• 60 Pin Quad Flat Package 
• + 5 V Single Power Supply 

• 32 Bit Command Counter 
• 24 Bit Error Counter 
• Adjustable Output Rate to the D/A 

• 10 MHz Clock 

DESCRIPTION 
The KM3702AD/AO is a position control CMOS LSI which 
monitors the difference between the COMMAND (±COM) 
and FEEDBACK (±FB) pulses, under the conditions set by 
the CPU, and uses this position error to output a bit pattern 
to the D/A converter. The KM3702AD/AO uses a single 
+5V power supply and has TTL-compatible input and 
output. Its system clock (CP) frequency is 10 MHz maxi
mum. To keep track of the input pulses, there are two 
binary up/down counters: COMMAND COUNTER -32 bits, 
cumulative value of +COM and -COM input pulses, and 
ERROR COUNTER - 24 bits, difference between +COM 
and -COM input and +FB and -FB input pulses. ±COM and 
±FB pulses can be input either synchronously or asynchro
nously. Data can be preset into these counters, and the 
counter values can be read out by the host CPU. Com
mands from the CPU can be used to create a zero clamp 
condition or a floating state condition on the outputs to the 
D/A converter. Zero clamp means that for the purposes of 
the D/A converter, the output pattern will be zero even 
though the ERROR COUNTER continues to function nor
mally. 

ORDERING INFORMATION 

KM3702A 0 0 DO 111: ,-~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
0: Plastic Dip C: -20 to +75 °C 
Q: QFP 

TOKO, Inc. 

TAPE/REEL CODE 
ex: Bulk/Bag 
MG: Magazine 

KM3702ADI AQ 
INTERPOLATION COPROCESSOR 

APPLICATIONS 

• Motion Control Systems 

• Robotics 
• Drawing Machines 
• Electrical Discharge Machines 

• Special Machinery I 
'See KM3702ADIAQ Operation Manual for further detail. 

( )~notebtls 

KM3702A 

~ ~. 

BLOCK DIAGRAM 

OottedlooesdaooteAOPackage 

. 
1m 

--, , , , , 
-" 

" 
" 
" 
" 
" 
" 
" 
" 

" 
" 

, , , , , , , , , , , , , , , 

•• J 
CCMP CHR ERR 
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KM3702ADI AQ 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage ............................... Vss -0.3 to Voo +0.3 V Storage Temperature Range .................... -65 to + 150°C 
Supply Voltage ............................ V ss -0.3 to Voo +7.0 V Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation (KM3702AD) ........................... 1.25 W Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Power Dissipation (KM3702AQ) .......................... 1.00 W 

ELECTRICAL CHARACTERISTICS 
D. C. CHARACTERISTICS 
Test conditions: V ss = 0 V. T A = -20 to +75 °C 

SYMBOL PARAMETER TEST CONDITIONS 

Voo Supply Voltage 

100 Supply Current 

Input Signal 1 (Note 1) 

VIL Low Level Input Voltage 

VIH High Level Input Voltage 

ILEAK Input Leak Current 

Output Signal 2 (Note 2) 

IlL Low Level Input Current VIL = 0 V 

IIH High Level Input Current VIH = Voo 

Output Signal 3 (Note 3) 

VOL1 Low Level Output Voltage lou = 2.0 mA 

VOH1 High Level Output Voltage IOH1 = -200 IJA 

Output Signal 4 (Note 4) 

VOL2 Low Level Output Voltage 1m2 = 5.0 mA 

VOH2 High Level Output Voltage IOH2 = -500 IJA 

IOFF2 High Impedance Output 

Voltage 

MIN 

4.75 

0.0 

3.0 

-200 

2.4 

2.4 

Note 1: CS. RIW. OD. A2• A1• Ao. LATCH. +COM. -COM. +FB. -FB. RESET. CP 

Note 2: D7• Ds. D5• D4• D3• D2• D1• Do. CHR. EHR. DAF 

Note 3: INT. CCMP 

Note4:D7.~D~~D3~2·~·Eo ________ _ 
Note 5: 015.014' 013, 012, 011 , 010, Og. Os. 07, Os. 05' 04, 03, O2, 01, 00. 

2-8 

TVP MAX UNITS 

5.0 5.25 V 

5.0 mA 

0.6 V 

Voo V 

±10 IJA 

-10 IJA 

±10 IJA 

0.4 V 

V 

0.4 V 

V 

±10 IJA 

TOKO.lnc. 



ELECTRICAL CHARACTERISTICS (CONT.) 
A. C. CHARACTERISTICS 
Test conditions: Voo = 5 V + 5%, TA = -20 to +75 °C 

SYMBOL PARAMETER J TEST CONDITIONS 
--- ._---

Output Signal 5 (Note 5) 
--

VOL3 Low Level Output Voltage IOL3 = 2.0 mA 
. __ . .. --- ------

VOH3 High Level Output Voltage IOH3 = -200 IJA 
- .- . --- -.-----

IOFF3 High Impedance Output 

Voltage 

CLOCKED SIGNAL 1 (Note 2) 

TCYC Clock Pulse Period 

Tw Clock Pulse Width 

TCR Clock Pulse Rise Time 

TCF Clock Pulse Fall Time 

INPUT SIGNAL 2 (Note 3) 

TH Data Hold Time For Input 

Tsu Data Set Up Time For Input 

tOAF OAF To OUTPUT (-5) 

OUTPUT SIGNAL 3 (Note 4) 

T01 Output Delay Time 1 CL = 60 pF 

Too Output Delay Time 2 CL = 60 pF 

CPU INTERFACE 4 (Note 5) 
--

tA Access Time CL = 100 pF 

Tco CS To Output CL = 100pF 

Too 00 To Output CL = 100 pF 

Tow Width Of 00 

TROH Data Hold Time After 00 

J MIN 
._ .. -

2.4 

0.1 

30 

10 

Tw+ 2O 

120 

0 

Note 2: CS, R/W, 00, A2, A1, Ao' LATCH, +COM, -COM, +FB, -FB, RESET, CP 

Note 3: 0 7, OS' 0 5, 0 4, 03, O2, 0 1, Do, CHR, EHR, OAF 

Note 4: INT, CCMP 

Note 5: 0 7, 0 6, 0~0~3~2' 0 1, ~o ________ _ 

Note 6: 015,014,013,012,011,010' Og, 08 , 07 , OS' 05, 04 , 03, O2, 01, 00, 

TOKO, Inc. 

KM3702AOI AQ 

.l __ T'{~l_~~~ __ l~~ITS-

0.4 V 

V 
-------- -.---... --~ 

±10 IJA I 
10 IJS 

TCYC -30 ns 

30 ns 

30 ns 

ns 

ns 

50 ns 
- _._------

25 ns 

50 ns 

120 ns 

100 ns 
--

100 ns 

ns 

ns 
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KM3702ADI AQ 
ELECTRICAL CHARACTERISTICS (CONT.) 
A. C. CHARACTERISTICS 
Test conditions: VDD = 5 V + 5%, TA = -20 to +75 °C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

CPU INTERFACE 4 (Note 5) 

tCA Address Valid After 0 ns 

CONTROL 

tAC Address Valid Before 40 ns 

CONTROL 

tCH CS Hold After CONTROL 0 ns 

tcsc CS Valid Before Control 0 ns 

tcw CSToWRITE 100 ns 

tcc Width of RIW 100 ns 

tWDS Data Set Up Time 120 ns 

tWDH Data Hold Time After RIW 0 ns 

PIN FUNCTION (KM3702AD) 
SIGNAL SYMBOL PINNO. 1/0 DESCRIPTION 

Power Supply VDD 40 -- +5V±5% 
Ground Vss 20 -- Ground 

Chip Select CS 1 I Device select signal 

Write RIW 2 I Write control signal 

Output Disable OD 3 I Output disable signal 

Address A2-Ao 4-6 I Address select signal 

Data D7-Do 7-14 1/0 ReadIWrite data 1/0 common 

3-state 1/0 
Error Counter Latch LATCH 15 I If more than 3 clock pulses then, ERROR COUNTER 

value are transferred to the DATA REGISTER. 
+Command +COM 16 I +Command pulse 

-Command -COM 17 I -Command pulse 

+Feedback +FB 18 I +Feedback pulse 

-Feedback -FB 19 I -Feedbackpulse 

Reset RESET 21 I Reset signal 

Clock Pulse CP 22 I S~stem clock 

Interrupt INT 23 0 CPU interrupt signal 

Output for DIA 00-015 24-39 0 Output pattern for DIA converter 

Converter 3-state output 

2-10 TOKO, Inc. 



KM3702ADI AQ 

PIN FUNCTION (KM3702AQ) 
NAME SYMBOL PIN NO. 1/0 DESCRIPTION 

f-------------- --------------------------------------1 
Power Supply VDD 23,53 +5V±5% 

----- ----------------------------------------1 
2,8,31,38,46 GND Power Supply V ss 

f------------ ----- ,---- ----- -----------------------------1 

Chip Select _______ C __ S=-______ 4_9 __________ 1 ___ D_evice Slect Signal 

~e___ __ _ RIW 50 I Write Signal 

Output Disable OD 51 I Read Signal 

Address A2- As 55 TO 57 I Address Signal 
1------------=---=-------------------------------- -------------

Data 

Error Counter Latch 

+ Command 

-Command 

+ Feedback 

- Feedback 

Reset 

Clock Pulse 

Interrupt 

D7 to D6 1 , 3 to 6, 58 to 60 1/0 ReadIWrite Data, 1/0 Common 3 State 1/0 

LATCH 11 I If more than 3 clock pulses than, Error 

Counter Value are transferred to the data 

register 

+ COM 18 + Command Pulse 

-COM 10 - Command Pulse 

+FB 20 + Feedback Pulse 

-FB 21 - Feedback Pulse 

RESET 10 Reset Signal 

CP 9 Basic Clock 

INT 48 o CPU Interrupt Error Counter 

Output for DIA Converter 08 to 015 25 to 30, 32 to 37, 

40 to 43 

o DIA Converter Output 

Command Counter Resc~e-,-t _C_H_R ______ 1_2 _________ I ___ C.::..o.::..m ___ mc::a:..:.nd:..:...:..C-'-ou::..:n.c.:te.::..r....:.R-'-'e:..::s-'-et:..S::..:i"'-gn"'a:c:.I __ ----i 

Error Counter Reset EHR 13 I Error Counter Reset Signal 

DIA Converter for Output DAF 22 I DIA Converter Output Floating 

Floating 

Command Counter CCMP 47 o Command Counter Data Over Preset Data 

Comparator Output Signal 

TaKa, Inc. 2-11 
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KM3702AD/AQ 

APPLICATIONS 
1. Control of 2 axes can be accomplished by using one KM3701AD and two KM3702AD/AQs. 

1. One KM3701 AD can control two stepper motors. 

Stepper Motor 

X Axis 

X Axis 

INTERPOLATION 
The interpolation pulse distribution rate is in accordance with the rate of the clock pulse (CP) and the internal calculation 
time. The internal calculation requires 11 clocks in the case of linear interpolation and 21 clocks in the case of circular or 
other interpolations. 

Interpolation Interpolation Pulse 
Distribution Rate 

Linear interpolation 454.4KPPs 

Circular or other 238.1 KPPs 

2-12 TOKO, Inc. 



r~TOKO 

FEATURES 

• Input Quadrature Frequency of Up to 2.5 MHz 

• Built In Common Mode Noise Rejection Circuit 
• Selectable Output Mode as Pulse and Direction or 

Pulse and Pulse (Normal Mode) 

• Selectable Output Pulses in Multiples of x1, x2, and 
x4, and Even Frequency Division from 1/2 to 1/56 

• Up to 10 MHz Clock Frequency 

DESCRIPTION 
KM3703AD is a quadrature encoder interface designed for 
closed·loop systems which discriminates direction. The 
output can be selected as pulse and direction signals or 
pulse and pulse signals. The output pulses are synchro· 
nized with the clock pulse and used as feedback pulses, 
+FB and ·FB. 51 . 55 are used to determine the multipli
cation and division ratio settings. 

APPLICATION 

CP 

Converter Servo Amp 

ORDERING INFORMATION 

KM370300 DO 

rL-'-~ ~ Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
0: Plastic Dip A: -20 to +75°C 

TAPE/REEL CODE 
BX: Bulk/Bag 
MG: Magazine 

TaKa, Inc. 

KM3703AD 

QUADRATURE ENCODER INTERFACE 

APPLICATIONS 

• Quadrature Encoders 
• Feedback Pulse Decoder 
• For Use with any Application that Requires the 

Discrimination of Rotation by using a 

Quadrature Encoder 

'See KM3703AD Operation Manual for further detail. 

KM3703AD 

*NC VDD 

CP RESET 

A PHASE MODE2 

""". 
B PHASE MODE 1 

S1 +FB 

S2 -FB 

S3 S5 

VSS S4 

* NC : No Con nections 

BLOCK DIAGRAM 

VDD 

Mode1 ©----.-I-::=:I 
Mode 2 ©--"j:;;:::r-L_-.J 
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KM3703AD 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage ................................ Vss -0.3 to Voo +0.3V Storage Temperature Range .................... -65 to + 150°C 
Input Voltage ................................ Vss -0.3 to Voo +7.0V Operating Temperature Range .................. -20 to +75 °C 
Power Dissipation ............................................. .460 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
D. C. CHARACTERISTICS 
Test conditions: Vss = 0 V, T A = -20 to +75 °C 

SYMBOL PARAMETER TEST CONDITIONS 

Voo Supply Voltage 

100 Supply Current Voo =5.0V 

Input Signal 1 (Note 1) 

VIl1 Low Level Input Voltage 

VIHl High Level Input Voltage 

ILEAK Input Leak Current 

Input Signal 2 (Note 2) 

VIL2 Low Level Input Voltage 

VIH2 High Level Input Voltage 

Input Signal 3 (Note 3) 

IILl Low Level Input Signal VIN + Vss 

IIHl High Level Input Signal VIN = Voo 

Input Signal 4 (Note 4) 

IIL2 Low Level Output Current VIN = Vss 

IIH2 High Level Output Current VIN = Voo 

Output Signal 5 (Note 5) 

VOL Low Level Output Voltage IOL = 1 mA 

VOH High Level Output Voltage IOH = -1 mA 

Note 2: CP 
-:--=-c-:-:-::c::: 

Note 2: A PHASE, B PHASE, S1, S2, S3, S4, S5, MODE 1, MODE 2, RESET 

Note 3: A PHASE, B PHASE, S1, S2, S3, S4, S5, RESET 

Note 4: MODE 1, MODE 2 

Note 5: +FB, -FB 

2-14 

MIN TYP MAX UNITS 

4.75 5.0 5.25 V 

5.0 mA 

0.0 0.8 V 

2.0 Voo V 

±10 ~A 

0.0 0.8 V 

2.0 Voo V 

-200 -10 ~A 

±10 ~A 

±10 ~A 

10 200 ~A 

.4 V 

2.4 V 

TOKO, Inc. 



KM3703AD 

ELECTRICAL CHARACTERISTICS (CO NT.) 
A. C. CHARACTERISTICS 
Test conditions: VDD = 5 V + 5%, TA = -20 to +75 °C 

I. 

TYP [ 
I 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS 

CLOCKED SIGNAL 1 (Note 1) 
--

TCYC Clock Pulse Period 0.1 10 ~S 

Tw Clock Pulse Width 30 TCYC -30 ns 

TCR Clock Pulse Rise Time 30 ns 

TCF Clock Pulse Fall Time 30 ns 
, 

Input Signal 2 (Note 2) 

T1w Input Pulse Width 2 TCYC ns 

Reset Signal 3 (Note 3) 

TRW Reset Pulse Width TCYC ~s 

Output Signal 4 (Note 4) 

Too Output Delay Time CL = 60 pF 55 ns 

Note 2: CP 
--

Note 2: A PHASE, B PHASE, S1, S2, S3, S4, S5, MODE 1, MODE 2, RESET 
--

Note 3: A PHASE, B PHASE, S1, S2, S3, S4, S5, RESET 

Note 5: +FB, -FB 

PIN FUNCTION 
SIGNAL PIN NO. 1/0 DESCRIPTION 

VDD 16 -- Supply Voltage (+5 V ± 5%) 

VSS 8 -- Ground 

CP 2 I Clock Input (10 MHz Max.) 

A Phase 3 I A Phase and B Phase for position feedback signals from 

B Phase 4 I the encoder with 90° phase shift. 

S1 - S5 5-10 I Multiplication or frequency division ratio switch 

-FB 11 a - Direction feedback pulse output or direction signal 

output 

+FB 12 a + Direction feedback pulse output or feedback pulse 

Mode 1 13 I Multiplication/FreauencY Division selection switch 

Mode 2 14 I Pulse and pulse or pulse and direction output mode 

switch 

Reset 15 I Reset the internal status 

TaKa, Inc. 2-15 
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NOTES 
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FEATURES 
• 50 ns Delay Time with Excellent Flatness 

• Accurate Delay Time Adjustment (±12 %) 

• Ultra-Miniature Package (SOT-23L) 

• 5 V Operation 

• Minimum External Parts 

DESCRIPTION 

The TK16070M is a miniature, low cost delay line for VCR 

and video equipment. The delay time is 50 ns and is 

adjustable to within ±12%. The device has a typical 0.6 dB 

insertion loss and the maximum ripple in the 0.1 to 6 MHz 

pass band is ±4 ns. The TK16070 can accept a signal of 

up to 700 mVp-p and the output level is ±0.2 dB flat within 

the -20 to +70 °C ambient temperature range. The device 

has been optimized for use in camcorders and portable 

video equipment. 

The TK16070 is available in the very small SOT-23L 

surface mount package. 

ORDERING INFORMATION 

TK16070 0 0 00 pT __ 
Temp.Range 

Package Code 

PACKAGE CODE 
M : Surface Mount 

TOKO, Inc. 

TEMP. RANGE 
C:Oto+70°C 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

TK16070 

SILICON MONOLITHIC DELAY LINE 

APPLICATIONS 

• VCRITV 
• Video Switchers 

• Video Effects 

• Video Memory 

TK16070M 

Vee 

GND 2 

OUT 

Vee DB VIN 
GND 2 5 GND 

OUT 3 4 td-ADJ 

BLOCK DIAGRAM 

STANDARD 
VOLTAGE 
SOURCE 

CONTROLLER 

5 GND 

td·ADJ 

2-17 
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TK16070 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VeeMAX ............................................. 7.5 V Storage Temperature Range .................... -40 to +150 °C 
Power Dissipation (Note 1) ................................ 200 mW Operating Temperature Range ...................... O to +70 °C 
Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 5.0 V, VB = 3.0 V unless otherwise specified. TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

td Delay Time f = 0.1 to 6 MHz, VIN = 100 mVp-p 50 ns 

tdr Delay Time Ripple f = 0.1 to 6 MHz, VIN = 100 mVp-p ±4 ns 

Atd Varition Range of Delay Time f = 0.1 to 6 MHz, VIN = 100 mVp-p ±10 ±12 % 

(against center value) 

Gr Amplitude Ripple f = 0.1 to 6 MHz, VIN = 100 mVp-p ±0.5 dB 

GR Insertion Loss f = 1 MHz, VIN = 100 mVp-p 0 0.5 1.0 dB 

tdN td Fluctuation by Vee = 5.0±0.5 V at variable ±2 ±5 ns 

Supply Voltage f = 0.1 to 6 MHz, VIN = 100 mVp-p 

CTIV Level Fluctuation by Vee = 5.0±0.5 V at variable ±O.1 ±O.5 dB 

Supply Voltage f = 0.1 to 6 MHz, VIN = 100 mVp-p 

tdfTA td Fluctuation by T A = -20 to + 70°C ±2 ±5 ns 

Temp. Characteristic f = 0.1 to 6 MHz, VIN = 100 mVp-p 

GfTA Level Fluctuation by T A = -20 to + 70°C ±0.2 ±0.5 dB 

Temp. Characteristic f = 0.1 to 6 MHz, VIN = 100 mVp-p 

VIN MAX Maximum Input Level APL = 50 %, VP = 3°, 1 Vp-p 

V G = 3 % or max distortion 

1 % max at 1 MHz 

DG Differential Gain APL = 50 %,VIN = 1.0 Vp-p 1 3 % 

VB = 3.0 V 

DP Differential Phase VIN = 1.0 Vp-p, APL = 50% 1 3 deg 
VB =3.0 V 

ZIN Nominal Input Impedance Depends upon external bias 7 kQ 

resistance 

Zo Nominal Output Impedance 200 n 

Icc Supply Current td Center 11 13.5 rnA 

Note 1: Power dissipation must be derated at the rate of 1.6 mW/oC for operation at T A = 25°C and over. 
Note 2: This IC is produced using a high frequency process, so some pins are easily damaged by static discharge. 

2-18 TOKO, Inc. 



TEST CIRCUITS 

DELAY TIME, FREQUENCY RESPONSE TEST CIRCUIT 

4.7 !1F 

SECOND HARMONIC DISTORTION TEST CIRCUIT 

10.0!1F~ 

SPECTRUM 
ANALYZER 

VIDEO ANALYSIS TEST CIRCUIT 

'---0------1 X 1 

TaKa, Inc. 

VIDEO 
SIGNAL 

ANALYZER 

TEKTRONIX 
P6202A 

TK16070 

NETWORK 
ANALYZER I 
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TK16070 

PIN FUNCTIONS 

PIN DESCRIPTION 

NO. 

2 

3 

4 

5 

6 

PIN NAME 

Vee 
GND 

OUT 

td-ADJ 

PRECAUTIONS 

Supply Voltage: Vee = 5.0 V 

APPLICATION INFORMATION 

VOLTAGE 

5.0 
o 

1.7 

o 

EQUIVALENT CIRCUIT DESCRIPTION 

Supply Voltage Pin Vee = 5.0 V 
Ground 

Output Same As #6 

Delay Time Fine Adjustment 

Ground 

Input 
Terminal Voltage is Based on VB 

(Outside Bias). VB = 2.5 - 3.4 V, 
VB = 3.0 V is recommended 

An outside DC bias (VB) is required. This DC voltage effects dynamic range. Under the condition of V ee = 5.0 V, input video 
signal VIN = 1.0 Vp-p, VB = 2.5 V to 3.4 V is necessary if a wider dynamic range is required. Second Harmonic Distortion 
is 1 % at VIN = 1.0 Vp-p; fiN = 1 MHz and VIN = 0.4 Vp-p; fiN = 5 MHz. 

The resistor (R2) connected to td-ADJ terminal is for fine adjustment of the delay time. Delay time is 50 ns at R2 = 13 kQ. 
Delay time fine adjustment of ±12% is available with R2, but a wide variation will influence delay time flatness and 
amplitude. 

The delay time temperature characteristics vary depending upon the temperature characteristics of the resistor, connected 
to td-ADJ terminal (R2). Temperature variation is ±300 ppm/oC with zero T e version. If a carbon film resistor is used, 
temperature variation is ±450 ppm/oC. 

Output load capability is 10 kQ or greater. Keep loaded capacitance under 40 pF as it may influence the amplitude 
characteristics. 

This IC is implemented on a high frequency process, therefore some terminals are sensitive to ESD. 

2-20 TOKO, Inc. 



TK16070 

TYPICAL APPLICATIONS 

CASCADE CONNECTION 
TK16070M can be cascaded together. The following figures show the connection frequency characteristics of each output 
stage. 

OUT1 

al 
~ 

·2 w 
Cl 
::0 
!:: 
--' c.. 

·4 ::;: 
« 

"" 

OUT2 OUT3 

FREQUENCY CHARACTERISTICS 
OF FIVE STAGE CASCADE CONNECTION 

VCC = 5.0 V, VB = 3.0 V 

OUT1 I 
\ 

OUT5 
OUt5 \\ \ .05 

.04 OUT4 \\ \ 

.03 OUT3 1\\\ 

.02 OUT2 I~ 1 

.01 OU~1 I\~ ~ 
I I lIlT ~ 

2 5 10 20 

FREQUENCY (MHz) 

300 

200 

100 

DELAY TIME FINE ADJUSTMENT USING CURRENT SOURCE 

OUT4 OUT5 

g 
w 
::;: 
>= 
S 
w 
Cl 

Delay time fine adjustment is possible by connecting a current source to Terminal #4 (td-ADJ) instead of R2. 

58 

54 

'" <= 

w 
50 ::;: 

>= 
~ 
--' 46 w 
Cl 

42 

0 

TaKa, Inc. 

DELAYTIME ¥s. CURRENT 
VCC = 5.0 V, VB = 3.0 V 

I\, 
\ 

"\. 

" '" "-
" 

-110 -120 -130 -140 -150 
IX (td-ADJ) CURRENT (J.LA) 
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TK16070 

DUAL SUPPLY OPERATION 
The following figures show the frequency response and second harmonic distortion test setup and test results when 
Vee = 2.5 V, VEE = -5.0 V is used. 

DELAY TIME, FREQUENCY RESPONSE TEST CIRCUIT 

10.0 IlF ~ VEE=-5V 

- + 

NETWORK 
ANALYZER 

- li~_4_.7 __ IlF ____________________ ~ 

SECOND HARMONIC DISTORTION TEST CIRCUIT 

2-22 

ID ·2 
"C 

LU 

§ -4 
!:: 
...J 
0.. 

~ -6 

·8 

NETWORK 
ANALYZER 

VCC=2.5V 
.-....---!-------12 

FREQUENCY CHARACTERISTICS 
VCC = 2.5 V, VEE = 5.0 V 

GAIN 

\ 
80 

\ 
60 

td 

\1 
40 

r\. 
20 

2 5 10 20 

FREQUENCY (MHz) 

'" <= 
LU 
::;;; 
;::: 

~ 
C> 

4.0 

c. 3.5 
6. 
> 2.5 
...J 
LU 2.0 G:; 
...J 
I- 1.5 
::0 
0.. 

~ 1.0 

0.5 

4.7 IlF 

+ 

RS =75Q 

INPUT LEVEL VS. INPUT FREQUENCY 
VCC = 2.5 V, VEE = -5.0 V 

(SECOND HARMONIC DISTORTION = 1%) 

I"-

\ 
\ 

f\ 
\ 

1"-.. 

2 6 
INPUT FREQUENCY ( MHz) 
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~ ·2 

"-' 
CO 
=> .... ·4 

::::i 
c.. 
:;; 

·6 « 

·8 

~ ·2 

"-' 
CO 
=> ·4 .... 
::::i 
c.. 
::;;; 

·6 « 

-8 

c 
z 4 <C 

'" -' « 
~ z 
"-' a: 
tt 
Ci 
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TK16070 
TYPICAL PERFORMANCE CHARACTERISTICS 

FREQUENCY CHARACTERISTICS 
(DELAY TIME +/,12% VARIABLE) 

VCC = 5.0 V, VB = 3.0 V, VIN = 100 mV p.p 

GAIN 

1\ 
. \ 

I \ 
Id_MIN I'"'.. , 

I~ 
\I 

2 5 10 20 

FREQUENCY (MHz) 

FREQUENCY CHARACTERISTICS VS. TEMP 
TESTED AT TA = 20, 0, 25, 40, 60, 80·C 

VCC = 5.0 V, VB = 3.0, VIN = 100 mV p-p 

(R2 : CARBON FILM) 

GAIN 

f\\.\. 
~\ 

Id \\ 

" 
2 5 10 20 

FREQUENCY (MHz) 

DIFFERENTIAL GAIN vs. VCC 

VB = 3.0 V, VIN = 1.0 V p'p, td = 50 ns 

4.6 4.8 5.0 5.2 5.4 
VCC (V) 

80 

g 
60 "-' CD ::;;; :e 

~ "-' >- CO 
40 ;rl => .... 

CO ::::i c.. 
::;;; 

20 « 

80 

g 
60 "-' :;; 

~ 

40 5 
u.J 
CO 

20 

·2 

·4 

-6 

-8 

8 

., 4 
5 
::g 
~ 0 
~ 
-' 
"-' 
CO 6 

2 

UJ 
"-' a: 

'" "-' e. 
u.J 
en « :c 
c.. 
-' « 
~ 
til 
a: 
u.J 

It 
Ci 

0 

FREQUENCY CHARACTERISTICS 
(SUPPLY VOLTAGE VARIABLE) 

VCC = 4.5 V, 5.0 V, 5.5 V, VB = 3.0 

VIN = 100 mV p.p 

GAIN 

Id 

~ 
\ 
.1 

I" 
~ 

2 5 10 20 

FREQUENCY (MHz) 

R2 vs. DELAY TIME 
VCC=5V, VB=3V 

V 
V 

V 
/ 

/ 

10 11 12 13 14 15 16 17 
R2 VALUE IN kn 

DIFFERENTIAL PHASE VS. VCC 

VB = 3.0 V, VIN = 1.0 V p-p, Id = 50 ns 

\ 
t-r-

4.6 4.8 5.0 5.2 5.4 
VCC (V) 

80 

g 
60 u.J 

::;;; 
~ 

40 ~ 
-' 
u.J 
CO 

20 
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o 

2.5 
~ 
> 2.0 
...J 
W 
> w 1.5 ...J ... 
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x 
~ 0.5 

0 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

DIFFERENTIAL GAIN vs. BIAS VOLTAGE 

Vee = 5.0 V, VIN = 1.0 VP'P,1d = 50 ns 

\ 
\ 

~ 

2.4 2.6 2.8 3.0 3.2 3.4 
BIAS VOLTAGE (V) 

INPUT LEVEL vs. INPUT FREQUENCY 
( SECONDARY DISTORTION 1% I 

VCC = 5.0 V, VIN = 1.0 V p'p, td = 50 ns 

- r-~ 

\ 
\ 
I\. 

~ 

1 2 3 4 5 6 
INPUT FREQUENCY ( MHz) 

ttl 
a: 
ffi e 4 

! 
...J 

~ 2 z 
w 

~ 
i5 

o 

DIFFERENTIAL PHASE vs. BIAS VOLTAGE 

VCC = 5.0 V, VIN = 1.0 V p'p, td = 50 ns 

\ 
..... t'-- 1/ 

2.4 2.6 2.8 3.0 3.2 3.4 
BIAS VOLTAGE (V) 
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r~TOKO TK16100 
PROGRAMMABLE MONOLITHIC DELAY LINE 

FEATURES 

• Programmable Delay 

• 3 bit TTL or CMOS Control 
• 15 MHz Max Operating Frequency 

• 1.5 ns Rise/Fa" Time 

DESCRIPTION 

The TK16100 is a programmable silicon monolithic delay 

line. It is designed for computer hard disk drives, digital 

recorders, and memory managment systems. The device 

can operate with an input pulse as short as 20 ns and at 15 

MHz. The TK161 00 has a three bit delay control input and 

can be controiled by either TTL or CMOS levels. The 

control range is from 5 ns to 35 ns of initial delay time. The 

TK161 00 operates from a single 5 V supply and is available 

in a MFP14 surface mount package. 

ORDERING INFORMATION 

TK16100 0 0 DO pT ,_-
Temp. Range 

Package Code 

PACKAGE CODE 
M: Surface Mount 

TEMP. RANGE 
c: ·30lo+ao°c 

TAPE/REEL CODE 
BX: BulklBag 
TX: Paper Tape 
TR: Tape Righi 
TL: Tape Left 
MG: Magazine 

3 Bit Delay Time Control Circuit vs. Delay Time 

Gllnpul Low Open Low Open Low Open Low Open 

G21npul Low Low Open Open Low Low Open Open 

G31npul Low Low Low Low Open Open Open Open 

To Tp01 TpD1 TpD1 TpD1 Tp01 Tp01 Tp01 Tp01 

+5nS +10nS +15nS +20n5 +25nS +30nS +35nS 

TOKO,lnc. 

APPLICATIONS 

• Computer Hard Disk Drives 

• Memory Management 

• Digital Systems 

• Digital Recorders 

,------------- ______ 11 
TK16100M 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage .............................................................. 7 V Storage Temperature Range .................... -55 to + 150°C 
Maximum Input Voltage .................................. 0 to Vee V Operating Temperature Range .................. -30 to +80 °C 
Power Dissipation (Note 1) ................................ 680 mW Lead Soldering Temp. (10 sec.) .......................... 300 °c 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 5.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Vee Supply Voltage 4.75 5.0 5.25 V 

VIN Input Voltage (High) 2.0 V 

VIL Input Voltage (Low) 0.8 V 

IIH Input Current (High) VR = 2.7 V 20 ~A 

IlL Input Current (Low) VR = 0.4 V -400 ~A 

VOH Output Voltage (High) 2.7 V 

VOL Output Voltage (Low) 0.4 V 

TR Rise Time (20 - 80%) 1.5 nS 

TF Fall Time (20 - 80%) 1.5 nS 

TpOl Propagation Delay Time G1, G2, G3 All Low 12 17 22 nS 

Tp02 Propagation Delay Time G1, G2, G3 All Open 42 52 62 nS 

To Delay Time Width 2.5 5.0 7.5 nS 

Pw Input Pulse Width 20 nS 

Tw Input Period 64 nS 

Fw Input Frequency 15.6 MHz 

Note 1: Power dissipation must be derated at the rate of 5.44 mWrC at T A = 25°C and above. 

TEST CIRCUIT 
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TIME DIAGRAM 

IN 

OUT 

OUT 

MEASUREMENT CIRCUIT 

L1 

HP 8082A 
EQUIVALENT L1 =L2 

APPLICATIONS INFORMATION 

50 nS--4~~- 50 nS 

80% 

50% 

20% 

Tr Tf 

"1 

HP 54100D 
EQUIVALENT 

\ 

(COAXIAL CABLE LENGTH) 

TaKa, Inc. 

TK16100 

I 

/ 
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TYPICAL PERFORMANCE CHARACTERISTICS 

_I. I I 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

FREQUENCY (Hz) 
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NOTES 
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FEATURES 
• Series Regulator/Compandor 

• Low Voltage Operation to 0.9 V 
• Low (600 ~A) Current Consumption 

DESCRIPTION 

The TK10446M is a low voltage, low power comparator/ 

voltage regulator IC suitable for battery operated equip

ment using a single AA cell. The comparator can be 

configured as a low battery detector, or used independently 

as a comparator or amplifier. It is especially well suited for 

use as a data amplifier in pagers and cordless phones. 

The TK10446M is available in an MFP8 surface mount 

package. 

TaKa, Inc. 

ORDERING INFORMATION 

TK10446 0 0 DO IIt ,-~ 
Temp. Range 

Package Code 

Package Code 
M : Sulface Mount 

Temp. Range 
C: -3010.70 °c 

Tape/Reel Code 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tape Righi 
TL : Tape Left 
MG: Magazine 

TK10446 

REGULATOR/COMPARATOR 

APPLICATIONS 

• Pagers 
• Cordless Telephones 
• Battery Operated Equipment 

TK10446M II 

,------------------------------------, 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage VeeMAX .......................................... 5.0 V Operating Voltage Range .............................. 0.9 to 3.5 V 
Power Dissipation (Note 1) ................................ 350 mW Data Amplifier Max Operating Frequency .......... 1.0 MHz 
Storage Temperature Range .................... -55 to + 150°C Junction Temperature ........................................... 150°C 
Operating Temperature Range .................. -30 to +70 °C Lead Soldering Temp. (10 sec.) ........................... 240 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: VREG OUT = 1.05 V, TA = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current No Input 0.6 

Regulator Section (Note 2) 

VOUT1 Output Voltage 1 Vee = 1.1 V, IREG = 10 rnA 0.98 

VOUT2 Output Voltage 2 Vee = 1.7 V, IREG = 0 rnA 1.02 

VOUT3 Output Voltage 3 Vee = 0.9 V, IREG = 1 rnA 0.88 

Data Amplifier Section 

liN Input Impedance 100 

VOUT4 Output Voltage 4 Pull up to +3 V output at 2.5 
100 kn 

DR Duty Ratio VIN = 17 mV(rms), 50 
fiN = 1 kHz 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 
Note 2: (Vee = 1.35 V, IREG = 0 rnA) Measured with the regulated output voltage VREG adjusted to 1.0 V 

3V 

TEST CIRCUIT 

IREG 
I-=-~z....... ............... _--<> -

UNITS 

rnA 

V 

V 

V 

kn 

Vpp 

% 
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r~TOKO TK10468 

VOLTAGE REGULATOR/POWER AMPLIFIER 

FEATURES 

• Linear Regulator 

• Audio Amplifier 

• Low Battery Indicator 

• Low Power Standby Mode 

DESCRIPTION 

The TK10468Z is a bipolar IC which includes an audio 

power amplifier, voltage regulator, and battery check cir

cuit. In addition, a low power standby mode is provided. 

The device is specifically designed for cordless phones, 

small tape recorders or other battery operated audio or 

communications equipment. The power amplifier can drive 

a 32 n speaker and has a 44 mW output capability. The 

regulator section output is 3.1 V at 10 mA load. The low 

battery indicator is internally set to 3.5 V, but external 

resistors can set this to other voltages. The battery check 

output can directly drive an LED. The TK1 0468Z is avail

able in a 10 pin zig-zag in line package (ZIP10). 

ORDERING INFORMATION 

TK10468 0 0 00 IF -~ Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
Z:ZIP c: -30to+70°C 

TaKa, Inc. 

TAPE/REEL CODE 
BX : Bulk/Bog 
MG: Magazine 

APPLICATIONS 

• Cordless Telephones 

• Tape Recorders 

• Battery Operated Equipment 

• Audio Equipment 

TK10468Z 

BATIERY CHECK OUT 

REGULATOR VOUT 2 

REGULATOR VIN 3 

BATIERY CHECK SENSOR 4 

BLOCK DIAGRAM 

Icc CUT 

AUDIO OUT 

AUDIO INo----...J 

TK10468Z'PA 

1-----.---0 REGULATOR VOUT 

=:':;:::=>--{J ~~~SOR> BATTERY CHECK 

GND 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ......................................................... 12 V Operating Temperature Range .................. -20 to +75 °C 
Output Current ...................................................... 15 mA Operating Voltage Range .............................. 2.0 to 6.0 V 
Output Power ........................................................... 70 V Maximum Input Frequency ................................... 20 kHz 
Power Dissipation (Note 1) ................................ 490 mW Lead Temperature ................................................ 150 °C 
Storage Temperature Range .................... -55 to +150 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: T A = 25°C, fiN = 1 kHz, R = 32°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current lOUT = 0 mA 2.40 3.20 mA 

VOUT Output Voltage lOUT = 0 mA 3.13 3.31 3.71 V 

VOUT1 VOUT1 lOUT = 5 mA 2.97 3.15 3.55 V 

VOUT2 VOUT2 lOUT =7 mA 2.92 3.10 3.50 V 

VOUT3 VOUT3 lOUT = 10 mA 2.87 3.05 3.45 V 

lOUT Output Current 10 mA 

VDROP In/Out Voltage Drop lOUT = 0 mA (Note 2) 0.04 0.07 V 

VDROP1 Voltage Drop 1 lOUT = 5 mA (Note 2) 0.08 0.12 V 

VDROP2 Voltage Drop 2 lOUT = 7 mA (Note 2) 0.09 0.16 V 
--

VDROP3 Voltage Drop 3 lOUT = 10 mA (Note 2) 0.11 0.18 V 

VLVD Low Supply Detection Voltage (Note 2) 3.3 3.5 3.7 V 

~VLVD/~T Temperature Characteristic VIN = 4.0 V--t3.0 V, 0.47 mV/oC 
of VLVD T = Oto +50 °C 

IOH High Output Current VIN = 4.0, VOUT = 6.0 V 0.01 10 I1A 

VOL Low Output Voltage VIN = 3.0 V 209 300 mV 

Power Amplifier Vcc = 3.8 V, V10 = 1.0 V 

IC01 Quiescent Supply Current 1 VIN = 0 V(rms) (Note 4) 3.90 5.20 mA 

IC02 Quiescent Supply Current 2 VIN = 0 V(rms) (Note 5) 0.2 0.9 mA 

VG Voltage Gain VOUT = 0.1 V(rms) 32 34 36 dB 

Po Output Power THD=10%,RL =32n 44.9 mW 

liN Input Impedance 14 22 kn 

VNO Output Noise Voltage Rg = 10 kn (Note 6) 180 500 I1V 

Note 1: Power Dissipation must be derated at the rate of 4 mW/oC for operation at T A = 25°C and above. 

3-4 TOKO, Inc. 



TK10468 

Note 2: V DROP is the difference between the input and output voltage, when the output voltage drops 0.1 Vas input voltage 
is decreased. Standard is the output voltage at VIN = 3.8 V. 

Note 3: A resistor (180 kn) between VIN and battery check sensor (pin 4). Low supply detection voltage is variable. 
Note 4: Quiescent Supply Current as impressing + 1.0 V to Icc cut pin. 
Note 5: Quiescent Supply Current at Icc out pin open mode. 
Note 6: Use a filter of 20 Hz to 20 kHz to test the output noise voltage. 

REGULATOR 
VIN 

TEST CIRCUIT 

AUDIO OUT 

47 ~F 

BATTERY CHECK OUT 

5mA 
.-

REGULATOR 
VOUT 

~ 0,5,7,10 mA 

NOTE: BATTERY CHECK SENSOR RBCS = 108 kQ 

• 
A.) 

B.) 

LOW SUPPLY DETECTION VOLTAGE 

VLVD Is adjustable by attaching a resistor. 

Connect a resistor between GND and battery check sensor to 
raise VLVD. 

VLVD = 4.0 Vf-33 kn 
VLVD = 4.2 Vf-20 kn 

Connect a resistor between VIN and battery check sensor to 
reduce VLVD 

VLVD = 3.5 Vf-180 kn 
VLVD = 3.0 Vf-30 kn 
VLVD = 2.5 Vf-10 kn 

GND 

TOKO, Inc. 

BATTERY 
CHECK 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TK10468 

TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 

GAIN VS FREQUENCY 
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TK10468 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

The low battery detection voltage is set by an internal voltage divider. The internal divider has a resistance of 180 kn 
between the VIN and the battery checker sensor pin, and it is set to 3.5 V. However, it is adjustable by using an external 
resistor. If a higher detection voltage is required, connect a resistor between the GND and the battery checker sensor. 

Detection Voltage = 4.0 V f- 33 kn 
Detection Voltage = 4.2 V f- 20 kn 

If a lower detection voltage is required, connect a resistor between the VIN battery checker sensor. 

3-8 

Detection Voltage = 3.0 V f- 30 kn 
Detection Voltage = 2.5 V f- 10 kn 

LOW BATTERY DETECTION VOLTAGE vs 
EXTERNAL RESISTOR VALUE 

:.: I111111 II II 
~ 3.5 H--t;;;t=i:::j::::;::*=R~ 
t'B /' 

; 1// 
~ 3.0 I--tf~/H--+--+--+--+--+--+--+--t 

2.5 I--'I-t-t-t-t-t-t-t-t--f 

2.0 .................................... .I.-00I 

o 50 100 150 200 250 
R2 

VOUTO-----~--+---' 

V1N 0------+--_-' 
AFOUT 
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FEATURES 

• Auto Power ON/OFF 
• Watch Dog Timer wI Reset 
• Two Independent Regulator Circuits 

• Wave Shaper Circuit 
• BTL Audio Power Amplifier 

• Low Battery Indicator 

• Power On Reset 
• Power Save Function 

DESCRIPTION 

The TK1 0469 is a power system controllC for cordless and 

cellular telephones that use a microprocessor. In addition 

to two separately regulated outputs, a watch dog timer, 

power on reset, data wave shaper and BTL amplifier is also 

included. The TK1 0469 also has automatic power on/off 

and power save function. The supply current is low in order 

to achieve an extended battery life. 

The TK10469 is available in a MFP20 surface mount 

package. 

ORDERING INFORMATION 

TK10469 0 0 00 PL-, __ 
Temp. Range 

Package COde 

PACKAGE CODE TEMP. RANGE 
M: Surface Mount C: .. 20 to +70 °C 

TaKa, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TK10469 

POWER SYSTEM CONTROLLER 

APPLICATIONS 

• Portable Instrumentation 

• Portable Computers 
• liP Based Test Equipment 
• Cordless/Celiular Telephones 

TK10469 

~::: 
~v BYPASS 6 I 

A70UT 7 

12 WAveSHAPEROur 

11 WAVE SHAPER IN 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage VeeMAX .............................................. 10 V Storage Temperature Range .................... -55 to +150 °C 
Power Dissipation (Note 1) ................................ 410 mW Operating Temperature Range .................. -20 to +70 °C 
Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 5.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

leel Supply Current 1 Vee =3.5V,SC=OV 30 50 IlA 

lee2 Supply Current 2 Vee =5.0V,SC=OV 2.5 5.0 rnA 

lee3 Supply Current 3 Vee = 5.0 V, SC = 2.4 V 4.2 9.0 rnA 

lee4 Supply Current 4 Vee = 4.3 V, SC = 0 V 3.3 8.0 rnA 

lees Supply Current 4 Vee = 4.3 V, SC = 2.4 V 13 20 rnA 

VSTART Start-Up Voltage 4.35 4.6 4.85 V 

VHYS Start-Up Hysteresis Voltage 0.4 0.6 0.8 V 

Voltage Regulator Output 1 (VR1 • Pin 19) 

V01 Output Voltage Vee = 5 V, 101 = 0 rnA 4.27 4.5 4.73 V 

LlREG1 Input Regulation Level Vee = 5 V -t 10 V 6 50 mV 

LDREG1 Load Regulation Level 101 = 0 rnA -t 1 0 rnA 3 50 mV 

t1VO/t1TA Temperature Dependance Vee = 5.5 V, 101 = 5 rnA 0.4 mV/oC 

RR1 Ripple Removal 1 100 mV(rms), f = 400 Hz, 55 dB 

Vee = 6 V, 101 = 10 rnA 

VN1 Output Noise Voltage 10Hz <f < 1 00 kHz, 150 IlA 

101 =5 rnA 

VDROP Input/Output Voltage Drop 101 = 10 mV 90 200 mV 

101 Output Current Vee = 5.0 V 15 27 50 rnA 

Voltage Regulator Output 2 (VR2• Pin 5) 

V02 Output Voltage Vee =5.0V,102 =OmA 4.36 4.5 4.64 V 

LlREG2 Input Regulation Level Vee = 5 V -t 10 V 23 100 mV 

LDREG2 Load Regulation Level 102 = 0 rnA -t 60 rnA 10 50 mV 

t1V02/t1T A Temperature Dependence Vee = 5.5 V, 102 = 10 rnA 0.4 mV/oC 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 

3-10 TaKa, Inc. 



SYMBOL PARAMETER TEST CONDITIONS MIN 

VN2 VR2 Output Noise Voltage 10Hz < f < 100 kHz, 

102 = 10 mA 

Is VR2 Base Terminal Current Vee = 5.0 V 8 

SC Power Save Terminal (SC, Pin 3) 

Ise SC Terminal Current SC = 2.4 V 

VSe1 SC Terminal Voltage 1 Note 1 0 

VSe2 SC Terminal Voltage 2 Note 1 2.4 

BTL Amplifier (Pins 7 and 10) 

Vopp Output Voltage Vee = 4.5 V, THO = 5 %, 4.0 

f = 3 kHz 

VN Ouput Noise Voltage RG = 620Q 

VOO Output Offset Voltage Vee = 5 V 

THO Total Harmonic Distortion Vee = 4.5 V, 

10= 50 mV(rms), f = 3 kHz 

Watchdog Circuit (WD IN, Pin 13) 

TOFF Clock Off Reset Time Vee = 5 V 100 

TRL Reset Pulse Low-Level Time Vee = 5 V 40 

TRH Reset Pulse High-Level Time Vee = 5 V 70 

VOL Reset Term. Low-Level Volt. 0 

Low Battery Detection Circuit 

ILED1 Terminal Current 1 Vee =4.6V 0.2 

ILED2 Terminal Current 2 Vee = 4.3 V 3.0 

Power On Reset (RESET, Pin 15) 

VOL Reset Term. Low-Level Volt. 0 

Wave Shaper Circuit (WAVE SHAPER OUT, Pin 12) 

DUTY Duty Factor Input Signal, f = 1 kHz 40 

LJL 
, 

toll tAL tR11 

TaKa, Inc. 

TYP 

60 

13 

20 

5.2 

100 

3 

0.1 

310 

130 

210 

1.4 

6.0 

50 

II 
~X100(%} 

TK10469 

MAX UNITS 

IlV 

mA 

100 !lA 
0.6 V 

Vee V 

Vp-p 

IlV(rms) I 
50 mV 

1.0 % 

500 mS 

300 mS 

400 mS 

0.6 V 

3.5 mA 

9.0 mA 

0.6 V 

60 % 
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TYPICAL APPLICATION 
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APPLICATION INFORMATION 

1. Power Supply Voltage Monitoring Circuit (Auto
matic ON/OFF) 

When Vee is greater than 1.4 V, the IC will operate in 
the standby state. When power is turned off due to low 
battery power, the current in this standby state is 
extremely small (TYP = 35 !LA). As shown in the 
diagram below, the IC will leave the standby state when 
Vee rises above 4.6 V start-up voltage. It will return to 
the standby state if Vee falls below 4.0 V again. This 
signal is the initialization signal for the entire chip and 
controls the operation of voltage regulator, V R1' 

vOUT 
I 

I 
4.5V ----f-------------------.,--E---

I .;:., 
, .. -

I STANDBY 
1 '( ... 
I 

1.4V 4.0V 4.6V 

2. Power On Reset (P ON, Pin 15) 

The automatic ON/OFF signal output is connected to 
voltage reference VR1 , through a 51 kQ resistor. A 
high-level signal indicates no operation, and a low
level signal indicates operation. When there is a battery 
backup and the power supply starts up after being off, 
the signal goes from high to low. It is easy to backup the 
battery by using this output together with V R1' 

-
4.6V 

TaKa, Inc. 

TK10469 

3. Voltage Regulator 1 (VR1' Pin 19) 

The output voltage of VR1 is 4.5 V. It is linked to the 
automatic ON/OFF circuit and goes on at 4.6 V and off 
at 4.0 V. The power transistor is an internal PNP, so it 
has low saturation. Also, the reverse leakage current is 
kept near zero, so the charge of capacitors on the 
output side will not drop in the standby state. The 
microprocessor can be backed up easily. 

Overcurrent protection is provided. If an overcurrent 
condition occurs, the V R1 output switches on and off at 
a fixed frequency. If the microprocessor has latched up 
and a large current flows, the circuit should go off and 
release the latch up. The frequency at which the VR1 I 
output oscillates is determined by the capacitance 
connected to the OCTC terminal. (Pin 17) 

VR1 

4.0V 4.6V vee 

TK10469 
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TK10469 
APPLICATION INFORMATION (CONT.) 

4. Watchdog Timer (WD IN, Pin 13) 

The watchdog timer is used to confirm that the micro
processor is operating. The output is pulled up by the 
VR1 output connected through a 51 kQ resistor. The 
output oscillates between high and low when no signal 
is received from the microprocessor. When a clock 
input is received from the microprocessor, the RESET 
terminal is set at the high voltage. 

RESET 

I~~:Q 
t-= 

-~ 

Innl u u u 

5. LED Indicator (LED, Pin 1) 

RESET 

I 
L 

When the power supply voltage drops below 4.6 V, the 
current will flow and the LED will be lighted. The current 
increases as the voltage drops, but goes to zero at 4.0 
V. It is an open collector output. 

6. Voltage Regulator 2 (VR2, Pin 5) 

LED rJ 

7mA 

4.0V 4.6V Vee 

3-14 

Connect a PNP transistor and resistor externally. The 
output voltage is typically 4.5 V with a variation of less 
than ±3%. The output current will depend upon the PNP 
transistor connected externally. Output noise can be 
reduced by connecting a capacitor to the V REF terminal, 
pin 2. There is no overcurrent protection in this circuit, 
so care should be taken not to short the output to 
ground. 

7. Wave Shaper Circuit (Wave Shaper Out, Pin 12) 

This circuit converts sine or other waves connected to 
the Wave Shaper Input (Pin 11) to square waves. The 
output is pulled up by a 51 kg resistor connected to V R2. 

PIN12 

TOKO, Inc. 



APPLICATION INFORMATION (CONT.) 

8. BTL Amplifier (Pins 6 through 10) 

There are two built in power opamps. The positive input 
of each opamp is biased by one-half of V R2 (about 2.25 
V). The BTL amplifier can drive ceramic transducers. 

vR2 

TK10469 

9. SC (Power Save Terminal, Pin 3) 

This terminal turns VR2, the wave shaper, and the BTL 
amplifier on and off. It is active high. When the circuits 
are not needed, it is possible to save power by setting 
itto low. 

vR2 Output 

.---+----lISC 

sc 

NOTES 
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FEATURES 
• Forward, Reverse, Brake, And Free Run Mode 

• CMOS or TTL Compatible 

• Built-In Speed Control Circuit 

• Wide Operating Voltage Range 

• Internal Voltage Reference 

• Low Current Consumption 

• Low Standby Current 

DESCRIPTION 

The TK1 0500 is a bidirectional controller for driving small 

motors. Direct control of the rotation with CMOS ICs, etc., 

is possible for small motors used for autofocusing in VCRs, 

audio reproducing sets, etc. Stable operation and speed 

control are provided for variations in the battery supply 

Voltage. 

The TK10500 is available in a MFP 8-pin surface mount 

package and a ZIP10-pin zigzag inline plastic package. 

ORDERING INFORMATION 

TK10500 0 0 00 pT ,_,~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M : Surface Mount c: ~20 to + 70 °C 
Z :ZIP 

TaKa, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX : Paper Tape 
TR : Tape RighI 
TL : Tape Left 
MG: Magazine 

TK10500 

LOW-POWER MOTOR CONTROL 

APPLICATIONS 
• Small Motor Control 

• Robotics 

• Autofocus 

• Toys 
• Motion Control 

TK10500Z TK10500M 

I 
TK10500M-PO 

BLOCK DIAGRAM 
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TK10500 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 16 V Operating Temperature Range .................. -15 to +75 DC 
Power Dissipation MFP8 (Note 1) ...................... 390 mW Lead Soldering Temp. (10 sec.) ......................... 240 DC 
Power Dissipation ZIPl 0 (Note 2) ..................... .490 mW Output Current (Max) .......................................... 100 rnA 
Junction Temperature .......................................... , 150 DC Output Voltage ......................................................... 15 V 
Storage Temperature Range .................... -55 to + 150 DC Applicable Voltage to DO & 01 ................... -0.3 to +7.0 V 

Applicable Voltage to VC Terminals .......... -0.3 to +7.0 V 

ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

VIN Operating Voltage 4.0 14 V 

10 Output Current Use within the range of Po 100 rnA 
derating curve 

ICC1 Current Consumption 01, DO = 0 V, VIN = 14 V 0.15 2.0 ~A 

!CC2 Current Consumption n .. r\n ", A \/ \1 .. A " 
LJ I, LJV = ,.""t Y, v IN = 1"+ v 8 i3 rnA 

VSAT Output Saturation Voltage 1M = 60 rnA, Between 150 250 mV 
GND-MO & Ml 

LREG1 Output Voltage Regulation 1M = 1 0 to 60 rnA, between 100 200 mV 
GND-MO & Ml 

LREG2 Output Voltage Regulation 1M = 10 to 1 00 rnA, between 160 350 mV 
GND-MO & Ml 

VREF Reference Voltage IREF = 1 rnA 2.03 2.20 2.30 V 

DHIGH DO, 01 Logic Level: H 2.4 V 

DLOW DO, 01 Logic Level: L 0.6 V 

ICIN DO Input Current Voltage applied to DO 70 150 ~A 
terminal: 5 V 

V01 MO, Ml Setting Voltage VC = Control Voltage (Note 3) 3XVC 

VOUT Output Voltage Setting Range (Note 4) 2.4 VIN-1.1 V 

Note 1: Power dissipation must be derated at the rate of 3.12 mW;oC for operation at T A = 25 DC and above. 
Note 2: Power dissipation must be derated at the rate of 4 mW;oC for operation at T A = 25 DC and above. 
Note 3: The voltage between MO, Ml and GND is 3 times the control voltage. (1M = 0 rnA) The value is the same when 

an external voltage is applied instead of the internal reference. 
Note 4: When VOS is set higher than 6 V, use an external voltage. Be sure not to exceed 7 V for the VC terminal voltage. 

(VC must be equal to or lower than VIN.) 
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TEST CIRCUITS 

DO 

D1 

G 

Vcc 0---I-I'I---'"------'===I----"-50-0Z--'.TA02 

DO 0------, 
DI 

GND 

V.Ref 

TK10500 

RI Vee 

CI = 0.056 - 0.22 ~F 
C2 = 0.22 ~F 
C3 = 4.7 ~F 
R2=22-27Q 

Using the DO and 01 terminals, VOUT 0 and VOUT 1 can be set at ON and Off. The output voltage can be set with 
the voltage at the VC terminal. 

This IC can be used as a regulator of the center-zero type transferred output using the VOUT 0 and 1 connections 
as follows: 

VOUT 0: for output 
VOUT 0: zero 

VOUT 1: zero 
VOUT 1 : for output 

The maximum supply current is 100 mAo Attention must be paid to the package power dissipation limits. 

TYPICAL APPLICATIONS 

1 PIN 

o 

000-----" 

0'0------' 
2.2jJ 

v'NO----....... --It:;:~-----oM1 (Vour1) 

"---++----0 MO(VourO) 

APPLICATION INFORMATION 

DO 0----, 
D1 

GND 
M1 (VoUT1) 

MO (VOUTO) 

+l2.2~F 

~VOUT 
V'N ~ VOUT 

DO,1 

Your = VC X3 

WHEN THE INTERNAL 
V.Ref IS USED-

VC= ~~:=~ 

The TK10500 is a monolithic IC for a motor drive which has clockwise and counter-clockwise control functions. The 
clockwise and counter-clockwise control of motors such as VTR autofocus motors, record player arm controls, and tape 
recorder set motor drives, can be controlled directly from a CMOS IC. 

The device has a logic section to control the clockwise and counter-clockwise revolution and receive four values: clockwise, 
counter-clockwise, brake, and free. The power section can provide up to 100 mA output as set by the logic section. The 
IC has a 2.20 V stabilized power supply to operate with a single supply and can control motor speed responding to even 
a large voltage fluctuation when using a battery. Moreover, when both DO and 01 are set to low, the current can be 
decreased to nearly zero. 

TaKa, Inc. 3-19 
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TK10500 

The control terminals DO and D1 have thresholds of 0.6 V~ DTH~ 2.4 V to be compatible with TTL and CMOS levels. (DTH: 
The D terminal threshold level is approximately 1.4 V.) 

DO and D1 have pull down resistors of 100 to 150 n, therefore external pull down resistors are not required. 

Output terminals MO and M1 are connected to the motor drive power transistor. (The power transistor forms the H bridge.) 

TRUTH TABLE 
The current flows high to low. 

r----------------, 
DO L H L H 

D1 L L H H 

DO 

i ><: D1 

MO L H L L 

M1 L L H L Avoid DO and D1 being in the transition region simul
taneously. The arrow shows the direction of current. 

MOTOR FREE MO-+M1 MO~M1 BRAKE 

The power transistor is parallel connected to a surge protection diode. 

When DO and D1 are set low, no current flows at all, even if the power supply voltage is applied. 

When DO and D1 are set to low, the reference voltage is also zero. 

When DO and D1 is set to high, leading speed is equal to or less than 50 IJS. 

APPLICATION NOTE 

When starting a motor or changing motor revolution, a large current flows. Keep the power supply impedance low. 

Power losses in the IC depend on the output current and the supply voltage. When setting the supply voltage, be sure 
to consider package power dissipation rating. 

Connect a resistor in series with the Vee terminals to reduce power consumption. 

Since the MFP-8 maximum package power dissipation is low, use the PCB copper foil as a heat sink. 
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TK10500 
TYPICAL PERFORMANCE CHARACTERISTICS 
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Pulsed measurements in order to 
minimize the effects of heating. 
Data is also available for condi
tions when the package power is 

1 exceeded. The data given above 
c.o is to demonstrate the capabilities 

.!:' of the device. In the actual appli-
cation, the package power dissi
pation limits must be taken into 
consideration. 
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FEATURES 

• Forward, Reverse, Brake, And Free Run Mode 

• CMOS and TTL Control 
• Built-In Speed Control Circuit 

• Wide Operating Voltage Range 

• Internal Voltage Reference 

• Low Current Consumption 

• Low Standby Current 

• Overload And Overheat Protection 

DESCRIPTION 

The TK10501 is a bidirectional controller for driving small 

motors. Direct control of the rotation with CMOS ICs, etc., 

is possible for small motors used for autofocusing in VCRs, 

audio reproducing sets, etc. Stable operation and speed 

control are provided for regardless of variations in the 

battery supply voltage. The TK10501 has short circuit 

protection and thermal overload protection circuitry. 

The TK1 0501 is available in an MFP S-pin surface mount 

package. 

ORDERING INFORMATION 

TK10501 0 0 00 fIT --,-
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
M : Surface Mount C : ·15 to +75 ·C BX : BulklBag 

TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

TOKO, Inc. 

TK10501 

LOW-POWER MOTOR CONTROL 

APPLICATIONS 

• Small Motor Control 

• Robotics 
• Autofocus 

• Toys 
• Motion Control 

,-----------------,1 
TK10501 

TK10501M·PO 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 16 V Lead Soldering Temp. (10 sec.) ......................... 240°C 
Power Dissipation (Note 1) ................................ 390 mW Output Current (Max) .......................................... 100 rnA 
Junction Temperature ........................................... 150 °C Applicable Voltage to DO & D1 ................... -0.3 to +7.0 V 
Storage Temperature Range .................... -55 to +150 °C Applicable Voltage to VC Terminals .......... -0.3 to +7.0 V 
Operating Temperature Range .................. -15 to +75 °C 

ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

VIN Operating Voltage 4.0 14 V 

ICC1 Current Consumption D1, DO = 0 V, VIN = 14 V 0.15 2.0 llA 

ICC2 Current Consumption 01, DO = 2.4 V, VIN = 14 V 8 13 rnA 

VSAT Output Saturation Voltage 1M = 60 rnA, between 150 250 mV 
GND-MO & M1 

LREG1 Output Voltage Regulation 1 I .. = 10 to 60 rnA, between 100 200 mV 
GND-MO & M1 

LREG2 Output Voltage Regulation 2 1M = 10 to 100 rnA, between 160 350 mV 
GND-MO & M1 

VREF Reference Voltage IREF= 1 rnA 2.03 2.20 2.30 V 

DHIGH 00,01 Logic Level: H 2.4 V 

DLOW DO, D1 Logic Level: L 0.6 V 

IDINO DO Input Curent Voltage applied to DO 70 150 llA 
terminal: 5 V 

IDIN1 01 Input Curent Voltage applied to DO 70 150 llA 
terminal: 5 V 

V01 MO, M1 Setting Voltage VC = Control Voltage (Note 2) 3XVC 

VOUT Output Voltage Setting Range (Note 3) 2.4 VIN-1.1 V 

Note 1: Power dissipation must be derated at the rate of 3.12 mW/oC for operation at T A = 25 °C and above. 
Note 2: The voltage between MO, M1 and GND is 3 times the control voltage. (1M = 0 rnA) The value is the same when 

an external voltage is applied instead of the internal reference_ 
Note 3: When VOUT is set to higher than 6 V, use an external voltage source. The voltage at the VC terminals should not 

exceed 7 V. (VC :::;; VIN) 
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TK10501 
TEST CIRCUIT 

R1 Vee 

C1 = 0.056 - 0.22 ~F 
C2 = 0.22 ~F 
C3 =4.7 ~F 
R2 = 22 - 27 Q 

Using the DO and 01 terminals, VOUTO and VOUT1 can be set ON 
and OFF. The output voltage can be set with the voltage at the 
VC terminal. 

This IC can be used as a positive or negative regulator using the 
VOUTO and VOUT1 connections as follows: 

VOUT 0: for output 
VOUT 0: zero 

VOUT 1: zero 
VOUT 1: for output 

The maximum supply current is 100 mAo Attention must be paid 

to the package powerdissipation limits. I 
~~~-----------' 

TaKa, Inc. 

TRUTH TABLE 

TYPICAL APPLICATIONS 

000----
010-----, 

GNO 0---+---' 
M1 (VOUT 1) 

'--c--...--+-+---<l MO (VOUTO) 

T 2.2~F 

VIN~~:~: 
00,1 

VOUT = VC X3 

WHEN THE 
INTERNAL VREF 

IS USEO-

VC _ 2.2 x R2 
- R1 + R2 
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TK10501 
TYPICAL PERFORMANCE CHARACTERISTICS 
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OUTPUT VOLTAGE vs 
INPUT VOLTAGE 
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OUTPUT VOLTAGE vs 
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REFERENCE VOLTAGE vs 
REFERENCE CURRENTS 
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INPUT CURRENT vs 
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DO = HIGH 

D11=LpWI 

- f--

I 
00 2 4 6 8 10 12 14 16 18 

Vee (V) 03 

REFERENCE VOLTAGE vs 
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OUTPUT VOLTAGE AND INPUT CURRENT 
vs D-TERMINAL INPUT VOLTAGE 
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2 3 
VDlN (V) 
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Pulsed measurements in order 
to minimize the effects of heat
ing. Data is also available for 

4 conditions when the package 
power is exceeded. The data 

! given above is to demonstrate 
~ the capabilities of the element. 

In the application, package 
power dissipation must be 
taken into consideration. 
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FEATURES 

• Forward, Reverse, Brake, And Free Run Mode 

• CMOS And TTL Compatible 
• Built-In Speed Control Circuit 

• Wide Operating Voltage Range 

• Internal Voltage Reference 
• Low Current Consumption 

• Low Standby Current 
• Overload And Overheat Protection 

DESCRIPTION 

The TK10502 is a bidirectional controller for driving small 

motors. Direct control of the rotation with CMOS ICs, etc., 

is possible for small motors used for autofocusing in VCRs, 

audio reproducing sets, etc. Stable operation and speed 

control are provided, regardless of variations in the battery 

supply Voltage. The TK1 0502 has short circuit protection 

circuitry and internal thermal overload protection as well. 

The TK1 0502 is availabe in an MFP a-pin surface mount 

package. 

ORDERING INFORMATION 

TK10502 0 0 00 

PACKAGE CODE 
M : Surface Mount 

TOKO, Inc. 

Irr: --Temp. Range 

Package Code 

TEMP. RANGE TAPE/REEL CODE 
C: -15 to +75 °c BX: Bulk/Bag 

TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

TK10502 

LOW-POWER MOTOR CONTROL 

APPLICATIONS 

• Small Mptor Control 

• Robotics 
• Autofocus 

• Toys 
• Motion Control 

II 
TK10502 

GNO DO 

~" 
MO 01 

M1 ve 
IS Vee 

TK1D502M·PO 

BLOCK DIAGRAM 

vc 

GNO 

3-27 



TK10502 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 16 V Output Current .................................................... 600 rnA 
Power Dissipation (Note 1) ................................ 600 mW Output Voltage ......................................................... 15 V 
Junction Temperature ........................................... 150°C Applicable Voltage to DO & D1 ................... -0.3 to +7.0 V 
Storage Temperature Range .................... -55 to +150 °C Applicable Voltage to VC Terminals .......... -0.3 to +7.0 V 
Operating Temperature Range .................. -15 to +75 °C Overheat Sensor Operating Temp ....................... 140 °C 
Lead Soldering Temp. (10 sec.) ......................... 240°C 

ELECTRICAL CHARACTERISTICS 
VIN = 6.0 V, Vo = 4.5 V, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

VIN Operating Voltage 4.0 14 

10 Output Current Note 2 500 

ICC1 Supply Current 1 D1, DO = 0 V, VIN = 12 V 5.0 

ICC2 Supply Current 2 D1 or DO High, DO = H, 6 8.5 13 
D1 = L, or DO = L, D1 = H 

ICC3 Supply Current 3 D1, DO = 2.4 V, V1N = 8 V 12 18.0 24 

VSAT Output Saturation Voltage 1M = 300 rnA, (GND-MO & M1) 230 350 

LREG1 Output Voltage Regulation 1 1M = 100 rnA, (GND-MO & M1) 40 120 

LREG2 Output Voltage Regulation 2 1M = 300 rnA, (GND-MO & M1) 140 350 

DH1GH DO, D1 Logic Level: H 2.4 

DLOW DO, D1 Logic Level: L -0.3 0.5 

ILIH DO, D1 Input Curent DO, D1 impressed is 5 V 100 300 

V01 MO, M1 Setting Voltage VC = Control Voltage (Note 3) -3.5 2XVC +3.5 

VOUT Output Voltage Setting Range 2.4 V1N-1.1 

Tr MO, M1 Rise Time 10 = 300 rnA, Resistor loaded, 10 200 
CI = 0.221JF 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/oC for operation at T A = 25°C and above. 
Note 2: Use within the derating curve of Power Dissipation. 
Note 3: Control voltage times 2 equals the voltage between GND and MO and M1. 1M = 0 rnA 

UNITS 

V 

rnA 

IJA 

rnA 

rnA 

mV 

mV 

mV 

V 

V 

IJA 

% 

V 

IJS 
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DO 
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D1 
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MO 

M1 

MOTOR 

TOKO,lnc. 

TK10502 

TRUTH TABLE 

L H L H r----------------, 
DO 

L L H H 
... _--_ .. _+-- i ><I L 

L 

FREE 

H 

L 

MO .... M1 

C1 
0.1 TO 
0.22J.lf 

L 

H 

MO~M1 

L 

L 

BRAKE 

01 

Arrows show current direction. DO, D1 must not be 
in the transition region at the same time. 

TEST CIRCUIT 

TYPICAL APPLICATIONS 

"RS 

IUM = 0.60 
RS 

"R2 IS USED WHW THE POWER LOSS IS LARGE DUE TO HIGHER SUPPLY VOLTAGES_ 

"RS IS USED WHEN THE OVERCURRENT SENSOR IS IN OPERATION. 
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NOTES 
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r~TOKO TK112XX 

FEATURES 

VOLTAGE REGULATOR WITH ON/OFF SWITCH 

APPLICATIONS 

• Low Dropout Voltage 

• CMOSITTL Compatible ON/OFF Switch 

• Very Low Standby Current 180 IJA (ON, No Load) 

• Internal Thermal Shutdown 

• Short Circuit Protection 

• Very Low (0.1IJA) Current in OFF Mode 

• Low Noise with External Bypass Capacitor 

• 130 mA Current Capability 

DESCRIPTION 
The TK112XX is a low power, linear regulator with a built
in electronic switch. The internal electronic switch can be 
controlled by TTL or CMOS logic levels. The device is in 
the ON state when the control pin is pulled to a high logic 
level. A pin for a bypass capacitor is provided, which 
connects to the internal circuitry, to lower the overall output 
noise level. 

An internal PNP pass-transistor is used in order to achieve 
low dropout voltage (typically 100 mV at 30 rnA load 
current). The device has very low quiescent current (180 
IJA) in the ON mode with no load and 1 rnA with 30 rnA load. 
The quiescent current is typically 2.5 rnA at 60 rnA load. 
When the device is in standby mode (V CONT = 0) , the 
quiescent current is typically 100 nA. An internal thermal 
shutdown circuit limits the junction temperature to below 
150 ac. The load current is internally monitored and the 
device will shut down in the presence of a short circuit at the 
output. 

Custom versions of the IC are available and the regulated 
output voltage may be specified in 0.5 V increments be· 
tween 2.0 to 5.5 V. Additionally, 3.25 V, 6.0 V and 8.0 V 
versions can be obtained. 

ORDERING INFORMATION 

TK112 DO 0 0 DO 

_ -----II 11 ~ ,-,-
Voltage Code Temp. Range 

Package Code 

VOLTAGE CODE 
20=2.0V 27=2.75V 40 
21=2.1 V 30=3.0V 45 
22 = 2.25 V 32 = 3.25 V 47 
25=2.5V 35=3.5V 50 

55 

TOKO, Inc. 

4.0 V 
4.5 V 
4.75 V 
5.0 V 
5.5 V 

PACKAGE CODE 
T : Surface Mount 

TEMP. RANGE 
I : ·40 to +85 °C 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

• Battery Powered Systems 

• Cellular Telephones 

• Pagers 
• Personal Communications Equipment 

• Portable Instrumentation 

• Portable Consumer Equipment 

• Radio Control Systems 

• Toys 
• Low Voltage Systems 

~-~I 
TK112XXM 

~""'rl'" GND 2 5 GND 

BYPASS 3 4 VOUT 

KT112xxM"PO 

BLOCK DIAGRAM 

V,N 0+.._---.-.._-_-"""'- ,,=----..+-oVOUT 

CONTROL [iil~~~-I---l1J~ GND 

BYPASS 
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TK112XX 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......................................................... 16 V Storage Temperature Range .................... -55 to + 150 DC 
Output Voltage ............................................ VOUT x1.15 V Operating Temperature Range (Note 2) ..... -40 to +85 DC 
Output Current ..................................................... 220 mA Lead Soldering Temp. (10 sec.) ............................ 240 DC 
Power Dissipation (Note 1) ................................. 200 mW Junction Temperature ............................................. 15 DC 

ELECTRICAL CHARACTERISTICS 
Test conditions: T A = 25 DC, unless otherwise specified. 

ISYMBOL i PARAMETER TEST CONDITIONS I I 
-,-

I MIN TYP MAX UNITS 
.-~-- ... ".--------~----------------------+-------------------~-----~-- -.~.-

ICC1 Supply Current 1 10 = 0 mA, Except ICONT 180.0 IlA 
------------ ----+-----+------ - ~---- - -- --

ICC2 Supply Current 2 VIN = 8 V, Output off 100 nA 
~ ... ----f---- .. --.~ -----.- ... - .-----------+-----+------+--------t-------j 
Vo Output Voltage VIN = Vo + 1 V, 10 = 30 mA -3 I Vo +3 % 
f--------f-----------------------f--------------------f------~-----~-----------------

Vo i Output Voltage I VIN = Vo = 030 mA --.:-~ __ I __ ~~_ +100 % 

!,,_D_RO_P___ In/Out VOltage ___ D_ro_p_________ 10 = 30 mA -----------+~---- --0.;-- I v~ 

::R :~:::~-:d-e:-:-O-ut-pu-tc~r-re-n-t+I-N-o-te--3-- ----- ... I 150 I 180 j,'O~O- -~ I 
· Li"R'~~;;,,";'" _*,VO + 11.6) I I I 0.12 %N I 
ii-~;R" : ~;;;'~~l~:~~:'~'"t ~~ ;~;~-~.-+ :-1 ~-.~-N~-0:-~-4--+-----ju .0°.20 °:'_1 -m:v~/B~C-·I 
, I1Vo./I1TA I Tem.pera;ureDependenc~-- .10 =10mA,Vo +1.5V 
i --i of Vo iTA = -25 - + 75 DC I 
Iv~~-- I-O~~~ut Noise VOI;~~--e------+-10HZ < f < 80 kHz,- 30.0 IlV(rms-)I 

I 10 = 10 mA I 
Control Terminal SpeCifiCation----- .. I 

f-

I_-C-O-N-T .--.----t--__ c_on_t_rO_I_T_er_m_in_a_I_C_u_rr_e_nt ____ --t! __ O __ ut_p_ut_o_n_, _V_;_0_NT __ =_2_.4_V __ --II __ ~.~-_-_i!'i, --_15 __ ~1_--~~-~ ___ --6·-_0_---_t~A------.---j VCONT1 Control Terminal Voltage 1 Output on 
f--- -----+------------------- -----------j-------------------------.-.-

VCONT2 Control Terminal Voltage 2 Output off 

T R Output Rise Time 10 = 60 mA, V CO NT = 0 V 0.2 i 1.0 , ms 

--+ -2.4 Vii 

, 
1.--_. 

I Bypass Terminal Voltage ---..l 1.25 I__J V 

Note 1: Power dissipation must be derated at rate of 1.6 mW/DC for operation at 25 DC and over. Power dissipation 
= 400 mW (When mounted as recommended.) 

Note 2: Output side capacitor should have low ESR at low temperatures if used below 0 DC_ 
Note 3: 10 (Load Current) is the measured current when Vo drops 0.3 V with respect to (Vo at 10 = 30 rnA). 
Note 4: This measurement (pulse measurement) is with a constant TJ . The output change due to temperature change 

is not included. 

3-32 TOKO, Inc. 



TK112XX 

TEST CIRCUIT 

NOTE: CONNECT PINS 2 AND 5 TO 
GND FOR MAXIMUM HEAT CONDUCTION. 

TYPICAL PERFORMANCE CHARACTERISTICS I 
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CONTROL TERMINAL CIRCUIT CURRENT vs 
CONTROL TERMINAL VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK112XX 

TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

TK11227 
LOAD REGULATION 
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APPLICATIONS INFORMATION 

1.) DISABLING THE CONTROL PIN 

Connect control terminal to Vee through R. Higher resis
tance values are good for reducing quiescent current but 
can cause the regulator to drop out at a higher voltage. 
(0 n <R< 300 kn.) See Figure A. 

VOlJT 

Figure A. 

2.) USING THE CONTROL FUNCTION 

Turn on the regulator by setting the control pin voltage to 
the same level as VIN' Turn off the regulator by grounding 
the control pin. See Figure B. 

R 

TaKa, Inc. 

I 
Figure B. 

+ I 10~F 

TK112XX 

3.) HEAT DISSIPATION 

Make the copper pattern as large as possible to provide 
good heat dissipation (pin 5 is the heatsink). 
PD = 400 mW (When mounted as recommended) 
See Figure C. 

Figure C. 

4.) BYPASS CAPACITOR 

Connect the bypass capacitor as close as possible to the 
GND terminal of IC (Pin 5,2), otherwise oscillation may 
occur. Use a 3.3 J..lF tantalum capacitor, or 5.6 J..lF electro
lytic to ensure stability. (T A = 25 C) For low temperatures, 
select a capacitor with low ESR at the desired temperature 
range. Use as large a capacitor as needed to meet 
transient, output impedance, and noise requirements. The 
noise bypass pin has high impedance, and it is sensitive to 
external noise if Cp is not used. 

5. Handling Molded Resin Packages 

All Plastic molded packages absorb some moisture from 
the air. If moisture absorption occurs prior to soldering the 
devise into the printed circuit board, increased separation 
of the lead from the plastic molding may occur, degrading 
the moisture barrier characteristics of the device. 
This property of plastic molding compounds should not be 
overlooked, particularly in the case of very small packages, 
where the plastic is very thin. 
In order to preserve the original moisture barrier properties 
of the package, devices are stored and shipped in moisture 
proof bags, filled with dry air. The bags should not be 
opened or damaged prior to the actual use of the devices. 
If this is unavoidable, the devices should be stored in a low 
relative humidity environment (40 to 65%) or in an enclosed 
environment with desiccant. 

I 
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r~TOKO TK114xx 

VOLTAGE REGULATOR WITH ON/OFF SWITCH 

FEATURES 
• Low Dropout Voltage 
• Electronic ON/OFF Switch 
• Very Low Standby Current (ON, No Load) 

• Internal Thermal Shutdown 

• Short Circuit Protection 
• Very Low «100 nA) Current in OFF Mode 

• 100 mA Load Capability 
• Customized Versions Are Available 

DESCRIPTION 
The TK114xx is a low power, linear regulator with a built
in electronic switch. The internal electronic switch can be 
controlled by an external pull-up resistor and an open drain 
or open collector transistor. The device is in the OFF state 
when the control pin is biased from VIN through the pull-up 

resistor. 

An internal PNP pass-transistor is used in order to achieve 
low dropout voltage (typically 200 mV at 50 mA load cur
rent). The device has very low quiescent current (500 !lA) in 
the ON mode with no load and 2 mA with 30 mA load. The 
quiescent current is typically 4 mAat60 mAload. An internal 
thermal shutdown circuit limits the junction temperature to 
below 150 ce. The load current is internally monitored and 
the device will shut down (no load current) in the presence 
of a short circuit at the output. The regulated output voltage 
may be specified in 0.5 V increments between 2.0 to 5.5 V. 
Additionally, 3.25 V, 6.0 V and 8.0 V versions are also 
available. Separate data sheets are provided forthe various 
options. 

ORDERING INFORMATION 

TK114 DO 0 0 DO 

Voltage Code ____ T.... II T :::::.::" 
Package Code 

VOLTAGE CODE 
20=2.0V 4D=4.0V 
2S=2.SV 4S=4.SV 
3O=3.0V SO=S.OV 
32=3.2SV 60=6.0V 
3S=3.SV 80=8.0V 

TaKa, Inc. 

PACKAGE CODE 
M : Surface Mount 

TEMP. RANGE 
C: ·20-70'C 
I: ·4D·8S'C 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 

APPLICATIONS 
• Battery Powered Systems 
• Cellular Telephones 

• Pagers 
• Personal Communications Equipment 

• Portable Instrumentation 
• Portable Consumer Equipment 

• Radio Control Systems 

• Toys 
• Low Voltage Systems 

The device is available in a plastic SOT-23L package. 
Tape and reel mounted devices are also available. 

TK114xxM 

OO~Ol'l" 2 5 

GND 3 4 VOUT 

KT114xxM·PO 

BLOCK DIAGRAM 

CONTROL 
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ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ......................................................... 14 V Storage Temperature Range .................... -55 to +150 DC 
Output Voltage ............................................ VOUTx1.15 V Operating Temperature Range (I Version) .-40 to +85 DC 

Operating Temperature Range (C Version)-20 to +70 DC Load Current ....................................................... 180 mA 
Power Dissipation (Note 1) ................................ 200 mW Lead Soldering Temp. (10 sec.) ........................... 240 DC 

Junction Temperature ........................................... 150 DC 

ELECTRICAL CHARACTERISTICS Due to the common format used here, some specifications may 
not apply to all versions of output voltages. Detailed specifications are available for each version. 

SYMBOL PARAMETER TEST CONDITION -20 to +70 DC -40 to +85 DC 
MIN TYP MAX MIN TYP MAX UNITS 

VIN Supply Voltage Range 2.5 14 2.5 14 V 

IIN1 Supply Current 1 VIN=Vo+1 V,lo=OmA 500 900 500 900 IlA 

IIN2 Supply Current 2 VIN =Vo -(1 VtoO.1 V),lo=OmA 1.0 2.5 1.0 2.5 mA 

IIN3 Supply Current 3 VIN = 10 V, VOUT = Off mode 0.1 2 0.1 3 mA 

Vo Regulated Output Voltage VIN =Vo +1V,lo =30mA, TA =25 ±3.5% or ±100 mV 

Vo Regulated Output Voltage VIN = Va + 1V, 10 = 30 mA ±4.5% or 130 ±5%or 140 mV 

VDROP1 Dropout Voltage 1 10=30mA 0.12 0.3 0.12 0.3 V 

10 Output Current 110 100 mA 

iOR Recommended Output 70 70 mA 
Current 

U REG Line Regulation VOUT + 1 V"VIN"VOUT+6V 2 20 2 20 mV 

LDREG Load Regulation VIN = Va + 1 V, 10 = 0 to 60 mA 35 110 35 110 mV 

ICONT Control Pin Current 35 120 35 120 IlA 

VCoff Control Pin Voltage Off Mode VIN-0.2 VIN VIN-0.2 VIN V 

VCon Control Pin Voltage On Mode 0 VIN-1.0 0 VIN-1.0 V 

RR Ripple Rejection 100 mV(rms), f = 400 Hz 55 55 dB 
VIN = Vo + 1.5 V,lo= 10 mA 

t;.V/t;.T Vo Temperature Coefficient VIN = Vo + 1.5 V,lo= 10 mA 0.6 0.6 mV/DC 

VN Output Noise Voltage VIN = Vo+ 1.5 V,lo= 10 mA 180 180 IlV(rms) 
CL = 1O IlF 

Note 1: Power dissipation must be derated at the rate of 1.6 mW/ DC for operation at T A = 25 DC and above. Power 
dissipation = 400 mW when mounted as recommended. 

TEST CIRCUIT 1 

NOTE: CONNECT PINS 2 AND 5 TO 
GNO FOR MAXIMUM HEAT CONOUCTION. 
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TK114xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK114xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK114xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK114xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK114xx 
TYPICAL APPLICATIONS 

CONTROL FUNCTION UTILIZED 

VIN o---f--..... ---, 
(See NOle) 

RMAX= 100K!l 
PULL-UP RESISTOR 

RmaX/N Devices 

ON~ 
CO~~~I l 1 

To othe~~~~~4~ Devices 

.----~I--O VOUT 

KT114xx·TAD1 

CONTROL FUNCTION NOT UTILIZED 

V1N 0-..... ----. r--~I--O VOUT 

KT114xx w TA02 

Note: Parallel connection of control pins is allowed if all devices use identical input voltage. 

PRINTED CIRCUIT BOARD LAYOUT 

Handling Molded Resin Package~ 
All plastic molded packages absorb some moisture from 
the air. If moisture absorption occurs prior to soldering the 
device into the printed circuit board, increased separation 
of the lead from the plastic molding may occur, degrading 
the moisture barrier characteristics of the device. 
This property of plastic molding compounds should not be 
overlooked, particularly in the case of very small packages, 
where the plastic is very thin. 

3-58 

Application Hints 
Maximize copper foil area connecting to all Ie pins for 
optimum performance. Place input and output bypass 
capacitors close to the GND pin. For best transient behav
ior and lowest output impedance, use as large a capacitor 
value as possible. The temperature coefficient of the ca
pacitance and Equivalent Series Resistance (ESR) should 
be taken into account. These parameters can influence 
power supply noise and ripple rejection. In extreme cases, 
oscillation may occur. In order to maintain stability, the 
output bypass capacitor value should be minimum 2.2 IJF 
for a Tantalum electrolytic or 4.7 IJF for an Aluminum 
electrolytic. 

In order to preserve the original moisture barrier properties 
of the package, devices are stored and shipped in moisture 
proof bags, filled with dry air. The bags should not be 
opened or damaged prior to the actual use of the devices. 
If this is unavoidable, the devices should be stored in a low 
relative humidity environment (40 to 65%) or in an enclosed 
environment with desiccant. 

TaKa, Inc. 



r~TOKO TK115xx 

VOLTAGE REGULATOR WITH ON/OFF SWITCH 

FEATURES 
• Low Dropout Voltage 
• Pass Transistor Terminals Available 
• Very Low Standby Current (ON, No Load) 
• Very Low «100 nA) Current in OFF Mode 
• Low Output Noise 
• Internal Thermal Shutdown 
• Short Circuit Protection 
• Available on Tape and Reel 
• Customized Versions Are Available 

DESCRIPTION 
The TK115xx series devices are low power, linear regula
tors with electronic ON/OFF switches. Both active HIGH 
and active LOW control pins are provided. 

An internal PNP pass-transistor is used in order to achieve 
low dropout voltage (typically 200 mV at 80 mA load cur
rent). The base of the internal pass transistor is available at 
pin 7 for parallel connection of an external pass transistor in 
case higher current (up to 1 A) or lower dropout voltage is 
required. 

The regulated output voltage may be specified in 0.5 V 
increments between 2.5 to 5.5 V. Additionally, 3.2 V, 4.7 V 
and 8 V output versions are also available. Separate data 
sheets are available for the various options. 

The devices operate at very low (500 ~A) quiescent current 
with no load, 2 mA with 40 mA load, and 3 mA with 60 mA 
load. An internal thermal shutdown circuit limits the junction 
temperature to below 150 DC. The load current is internally 
monitored, and the device will shut down in the presence of 
a short circuit at the output. 

ORDERING INFORMATION 

TK115 0000 00 

_ ----'T II L-h_~ 
Voltage Code Temp. Range 

Package Code 

Voltage Code 
25 = 2.5V 45 = 4.5V 
30 = 3.0V 47 = 4.7V 
32 = 3.2V 50 = 5.0V 
35 = 3.5V 55 = 5.5V 
40 = 4.0V 80 = B.OV 

TaKa, Inc. 

Package Code 
M : Surface Mount 

Temp. Range 
c: -20to+70C>C 

Tape/Reel Code 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

APPLICATIONS 
• Cordless Telephones 
• Pagers 
• Battery Powered Systems 
• Personal Communications Equipment 
• Portable Instrumentation 
• Radio Control Systems 

• Toys 
• Low Voltage Systems 
• Portable Consumer Equipment 

The TK115xx series is available in plastic surface mount I 
(MFP-8) packages. Tape and reel mounted devices are 
also available. 

TK115xxM 

KT115xxM-PO 

BLOCK DIAGRAM 

0+--------,..-----,..-------..... -,..-----,.---r.-=-------------_-,..-;-o8 VOUT 

+-+-___ +-1-07 BASE 

ON/OFF 3 6 GND 
TKl15xx 

-----------------------------KT115xx 0 BD01 
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TK115xx 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ............................................................ 14 V Storage Temperature Range ...................... -55 to +150 °C 
Output Voltage ................................................. VourX1.15 V Operating Temperature Range (C Version) .-20 to +70 °C 
Load Current .......................................................... 180 rnA Operating Temperature Range (I Version) ... -40 to +85 °C 
Power Dissipation (Note 1) ................................... 600 mW Lead Soldering Temp. (10 sec.) .............................. 260°C 

Junction Temperature .............................................. 150°C 

ELECTRICAL CHARACTERISTICS 
Due to the common format used here, some specifications may not apply to all versions of output voltage. 
Example: VOUT tolerance is ±4% for TK11520, TKl1525 and TK11530. Detailed specifications are available for each version. 

SYMBOL PARAMETER TEST CONDITION -20 to +70 °C -40 to +85 °C 
MIN TYP MAX MIN TYP MAX UNITS 

VOP Supply Voltage Range 2.5 14 2.5 14 V 

liNt Supply Current 1 Vcc = VOUT + 1 V,loUT=OmA 500 900 500 900 JlA 
IIN2 Supply Current 2 OFF Mode VIN = (Vo - 2 V) < 10 0.1 2.0 0.1 2.0 IlA 

Va Regulated Output Voltage VIN = Vo + IV, 10 = 30 rnA, TA = 25 VOUT ±3.5% or ±1 00 mV 

Va Regulated Output Voltage Operating Temp. Range ±4.5%or 120 ±5.0%or 130 mV 

VOROP Dropout Voltage 10=SOmA 170 350 170 350 mV 

10 Output Current 100 100 mA 

Line Reg Line Regulation (VOUT + lV)"VIN "VO +S.OV 5 50 5 50 mV 

Loa Reg Load Regulation 10=OtoSOmA 30 120 30 120 mV 

RR Ripple Rejection VIN = VOUT + 1.5 V, 100 mV(rms), 55 55 dB 
f = 400 Hz, 10 = lOrnA 

tN/AT Va Temperature Coefficient ±0.35 ±0.35 mV/oC 

Va Output Noise Voltage 10 Hz - 100 kHz, 10 = 10 rnA 180 180 IlV(rms) 

Is Base Sink Current (Pin 7) 10 10 mA 

Output ON/OFF Control 

High Level Control (Connect 3 pin to GND) OFF 0.5 0.5 V 
as used 2 pin ON 2.4 VIN 2.4 VIN V 

Low Level ON/OFF Control Connect 2 pin to V cc OFF Vee-0.2 VIN Vee-0.2 VIN V 
as used 3 pin ON Vee-2.4 Vee-2.4 V 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/oC for operation at T A = 25°C and above. 

TEST CIRCUIT 1 

top\' 

KT11SXX·TCQ1 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TK115xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL APPLICATIONS (CONT.) 

KT115xx-TA03 KT11Sxx° TA04 

ACTIVE LOW CONTROL ACTIVE LOW CONTROL WITH CURRENT BOOST 

C2 
C2 

KT115xx 0 TA05 
KT115lO(OTAOB 

NO SWITCH CONTROL NO SWITCH CONTROL WITH CURRENT BOOST 

APPLICATION HINTS 

Maximize copper foil area connecting to all Ie pins for (ESR) should be taken into account. These parameters 
optimum performance. Place input and output bypass can influence power supply noise and ripple rejection. In 
capacitors close to the GND pin. For best transient extreme cases, oscillation may occur. In order to maintain 
behavior and lowest output impedance, use as large a stability, the output bypass capacitor value should be 
capacitor value as possible. The temperature coefficient minimum 1 IlF for Tantalum electrolytic or 4.7 IlF for 
of the capacitance and Equivalent Series Resistance Aluminum electrolytic at TA= 25 aC. 
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TYPICAL APPLICATIONS (CONT.) 

V IN 

GND 
KT115xx o TA07 

CURRENT MODE REGULATOR WITH ON/OFF CONTROL AND CURRENT BOOST 

7 KT115xx 0 TA08 
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r~TOKO TK116xx 

FEATURES 

THREE-TERMINAL VOLTAGE REGULATOR 

APPLICATIONS 
• Low Dropout Voltage 

• Very Low Standby Current (No Load) 

• Good Load Regulation 

• Internal Thermal Shutdown 

• Short Circuit Protection 

• 3% Output Voltage Accuracy 

• Available On Paper Tape 

• Customized Versions Are Available 

DESCRIPTION 
The TK116xx series devices are low power, linear three
terminal regulators. 

An internal PNP pass-transistor is used in order to achieve 
low dropout voltage (typically 200 mV at 80 mA load cur
rent). 

The regulated output voltage may be specified in 0.5 V 
increments between 2.0 to 5.5 V. Separate data sheets are 
available for the various options. The device has very low 
(400 IJA) quiescent current with no load and 2 mA with 60 
mA load. 

An internal thermal shutdown circuit limits the junction 
temperature to below 150°C. The load current is internally 
monitored and the device will shut down in the presence of 
a short circuit at the output. 

The TK116xx series is available in plastic TO-92J and 
plastic tape and reel TO-92N packages. 

ORDERING INFORMATION 

TK116 DO 0 0 DO T1T L-__ ~ 
Voltage Code --1 L..== Temp. Range 

Package Code 

VOLTAGE CODE 
20 = 2.0V 40 = 4.0V 
25 = 2.5V 45 = 4.5V 
30 = 3.0V 50 = 5.0V 
32 = 3.25V 80 = 8.0V 
35 = 3.5V 90 = 9.0V 

TOKO, Inc. 

PACKAGE CODE 
J : TO·92 (Straight Lead) 
N : Tll-92 (Bend Lead) 

TEMP. RANGE 
c: -20 to+75°C 
I: ·40 to+85°C 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : PaperTape 
TR : Tape Right 
TL : Tape Left 

• Battery Powered Systems 

• Portable Consumer Equipment 

• Cordless Telephones 

• Personal Communications Equipment 

• Portable Instrumentation 

• Radio Control Systems 

• Toys 
• Low Voltage Systems 

1 
2 
3 

TK116xxJ 

PIN 1.0UTPUT 
2. GROUND 
3. INPUT 

TK116xxN 

BLOCK DIAGRAM 

VIN o-+--_--...--""\. ,,=----H"O VOUT 

TKl16xx 
1 _________________ GND----KT116XXoBD01 

-:-

3-75 
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TK116xx 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ......................................................... 18 V 
Output Voltage .............................................. V ou~1.15 V 
Load Current ....................................................... 180 rnA 
Power Dissipation (Note1) ................................. 500 mW 

ELECTRICAL CHARACTERISTICS 

Storage Temperature Range ................... -55 to +150 °C 
Operating Temperature Range (C Version)-20 to +70 °C 
Operating Temperature Range (I Version) -40 to +85 °C 
Lead Soldering Temp. (10 sec.) ............................ 240 °C 
Junction Temperature ........................................... 150 °C 

Due to the common format used here, some specifications may not apply to all versions of output voltage. Detailed specifications are 
available for each version. 

SYMBOL PARAMETER TEST CONDITION -20 to +70 °C -40 to +85 °C 
UNITS I MIN TYP MAX MIN TYP MAX 

-- --

VIN Supply Voltage Range 2.5 16 2.5 16 V 

IIN1 Supply Current 1 VIN=Vo+1 V,io=OrnA 400 800 400 800 llA 
IIN2 Supply Current 2 VIN=Vo+1 V,lo=OrnA 0.8 2.0 0.8 2.0 mA 

Vo Regulated Output Voltage VIN=VO + 1V, 10= 10 rnA, TA =25 ±3%or±100 mV 

Vo Regulated Output Voltage VIN = Vo + 1 V, 10 = 10 rnA ±4%or 130 ±5%or 150 mV 

VOROP1 Dropout Voltage 1 10=0 rnA 25 80 25 80 mV 

VOROP2 Dropout Voltage 2 10=60 rnA 150 300 150 300 mV 

10 Output Current VIN = VOUT + 1V 130 130 mA 

lOR Recommended Output VIN = Vour + 1V 100 100 mA 
Current 

Lin Reg Line Regulation VIN=Vo+1 V-Yo +6V 2 30 2 30 mV 

Loa Regl Load Regulation 1 10=1 to 30 rnA 15 70 15 70 mV 

Loa Reg2 Load Regulation 2 10=1 to 60 rnA 30 120 30 120 mV 

RR Ripple Rejection VIN =Vo +1.5V 55 55 dB 

tN/!!.T Temperature Coefficient VIN = VOUT + 1.5 V, lOUT = 10 rnA ±0.3 ±0.3 mv~ 
Vo Output Noise Voltage VIN = Vo + 1.5 V, 10 = 10 rnA 150 150 j.lV(rms) 

Note 1: Power dissipation must be derated at the rate of 1.6 mW/oC for operation at T A = 25°C and above. 

TEST CIRCUIT 1 

KT116l<X° rcOt 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

TK11620 

2.2 

1.8 

o ~ 
o 

TK11625 

2.7 

z: 
>~ 2.5 

2.3 

3-78 

OUTPUT VOLTAGE vs 
OUTPUT CURRENT 

TA= 25'C 

VIN=3.1 V 

-
I 

50 100 

lOUT (rnA) TK116xx-TPC01 

QUIESCENT CURRENT vs 
LOAD CURRENT 

- ~ 
.... ~ 

50 

lOUT (rnA) 

v 
"" 

100 

TK116xx°TPC04 

OUTPUT VOLTAGE vs 
OUTPUT CURRENT 

~ 

50 

lOUT (rnA) 

TA= 25'C 

VIN=3.5 V 

~ 

100 

TK116xx o TPC07 

DROPOUT VOLTAGE vs 
LOAD CURRENT 

0.5 
TA= 25'C 

0.4 

z: 03 is . 
is 

> 
0.2 

0.1 

I-"" 

o I 
0 

.-
,. 

,.,... 

50 

lOUT (rnA) 

SHORT CIRCUIT 
PROTECTION 

"" ". 

100 

TK116xX o TPC02 

z: 31-+-+-+++-+--+-l-H 
5 

>0 

0.5 

0.4 

z: 0.3 

~ 
> 

0.2 

0.1 

o 
o 

100 
lOUT (rnA) 

DROPOUT VOLTAGE vs 
LOAD CURRENT 

200 

T1016xx orpC05 

TA= 25'C 

I.--' 
I..... io>"" 

50 

lOUT (rnA) 

.-
~ 

100 

TK116xx oTPC03 

2.2 

r 
II 
11 

1 R 

! 
_~ 1 

o I 
o 

2.7 

2.3 

OUTPUT VOLTAGE vs 
INPUT VOLTAGE 

TA= 25'C 

10 T = 0 

I I 
10 20 

VIN(V) TK116xx" TPC03 

INPUT CURRENT vs 
INPUT VOLTAGE 

OUTPUT VOLTAGE vs 
INPUT VOLTAGE 

20 

TK116xx o rpC06 

TA= 25'C 

10 

VIN (V) 

lOUT = 0 

20 

TK116xxl·TPC09 

TOKO, Inc. 



TK116xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK116xx 
TYPICAL APPLICATIONS 

OUT IN 

GND 
+ 
"T" 4.71-tF "T" O.1I-tF 

0 ! ± 1 0 

-:- KT11Sxx°TAD1 

VOLTAGE REGULATOR CIRCUIT 

r----....... - ....... O 

KT116xx·TA02 

CURRENT BOOST CIRCUIT 

APPLICATION HINTS 

VOUT= VO+ loR 

4.7I-tF j 
VOUT 

VOLTAGE BOOST CIRCUIT 

KT116xx 0 TA03 

lOUT 
OUT-

_10 

KT116xx·TA04 

CURRENT REGULATOR CIRCUIT 

Maximize copper foil area connecting to all Ie pins for optimum heat conduction. Place input and output bypass 
capacitors close to the GND pin. For best transient behavior and lowest output impedance, use as large a capacitor 
value as possible. The temperature coefficient of the capacitance and Equivalent Series Resistance (ESR) should 
be taken into account, as these parameters can influence power supply noise and ripple rejection. In extreme cases, 
oscillation may occur. In order to maintain stability, the output bypass capacitor value should be minimum 1 IJF for 
Tantalum electrolytic or 4.71JF for Aluminum electrolytic at TA=25 cC. 
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r~TOKO TK116xxU 
THREE-TERMINAL VOLTAGE REGULATOR 

FEATURES 
• Low Dropout Voltage 
• Very Low Standby Current (No Load) 

• Good Load Regulation 
• Internal Thermal Shutdown 
• Short Circuit Protection 

• 150 mA Load Current 
• 3% Output Voltage Accuracy 
• Customized Versions Are Available 

DESCRIPTION 
The TK116xxU series devices are low power, linear 3-
terminal regulators. 

An internal PNP pass-transistor is used in order to achieve 
low dropout voltage (typically 160 mV at 80 mA load cur
rent). 

The regulated output voltage may be specified in 0.5 V 
increments from 2.0 V. Separate data sheets are available 
for the various options. The device has very low (400!lA) 
quiescent current with no load and 2 mA with 60 mA load. 

An internal thermal shutdown circuit limits the junction 
temperature to below 150 DC. The load current is internally 
monitored and the device will shut down in the presence of 
a short circuit at the output. 

ORDERING INFORMATION 

TK116 0000 00 

~ ~L- Tope/ReelCode 

Temp. Range 

Voltage Code Package Code 

VOLTAGE CODE 
30=3.0V 
5O=S.OV 

TOKO, Inc. 

PACKAGE CODE TAPE/REEL CODE 
U : Upack TL : Tape Left 

TEMP. RANGE 
c: -20to+70°C 
I : -40 to +85 °C 

APPLICATIONS 

• • • • • • • • 

Battery Powered Systems 
Portable Consumer Equipment 
Cordless Telephones 

Personal Communications Equipment 
Portable Instrumentation 

Radio Control Systems 
Toys 
Low Voltage Systems 

TK116xxU 

INPUTG 
GND 2 • GND 

OUTPUT 3 

TK116)()(U ·po 

BLOCK DIAGRAM 

Y,N o-+----t"---1----;. r=---...... +oVOUT 

TK116xx 
._--- - --- - - - - - ---- GND - - - - KT116xx 0 B001 

-:-
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TK116xxU 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......................................................... 18 V 
Output Voltage ............................................. VOUTx1.15 V 
Load Current ........................................................ 250 rnA 
Power Dissipation (Note1) ................................ 1000 mW 

Storage Temperature Range ................... -55 to +150 °C 
Operating Temperature Range (C version)-20 to +70 °C 
Operating Temperature Range (I version) -40 to +85 °C 
Lead Soldering Temp. (10 sec.) ........................... 240 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS Due to the common format used here, some specifications may 

not apply to all versions of output voltages. Detailed specifications are available for each version. 

SYMBOL PARAMETER TEST CONDITION -2010 +70 °C -4010 +85 °C 
MIN TYP MAX MIN TYP MAX UNITS 

VIN Supply Voltage Range 2.5 16 2.5 16 V-

IINl Supply Current 1 VIN = VOUT + 1 V,lo=OmA 400 800 400 800 IlA 

IIN2 Supply Current 2 VIN = VOUT ·1 V,lo=OmA 0.8 2.0 0.8 2.0 mA 

Vo Regulated Output Voltage VIN=Vo+1 v, 10=10mA, ±3% or ±100 mV 
TA =25°C ±4.5%or 130 ±5%or 140 mV 

!lV/!lT Temperature Coefficient VIN = VOUT + 1.5 V, 10= 10mA ±.35 ±.35 mV/oC 

VOROPl Dropout Voltage 1 10=30mA 80 150 80 150 mV 

VOROP2 O(opoui Voiiage 2 io=60mA 130 280 130 280 mV 

VOROP3 Dropout Voltage 3 10=100mA 170 330 170 330 mV 

lOUT Output Current VIN=Vo+1V 190 190 mA 

lOR Recommended Output VIN=Vo+1 V 150 150 mA 
Current 

IQ Quiescent Current VIN = 6 V, 10 = 60 rnA 2 4.5 2 4.5 mA 

lin Reg line Regulation VIN=Vo+1 V ,;;VOUT +6V 2 30 2 30 mV 

Loa Reg1 Load Regulation 1 10=1 to 30 rnA 15 60 15 60 mV 

Loa Reg2 Load Regulation 2 10=1to100mA 40 140 40 140 mV 

RR Ripple Rejection 100 mV(rrns), f = 400 Hz 55 55 dB 

Note 1: Power dissipation must be derated at the rate of 8 mW/oC for operation at T A = 25°C and above. 

TEST CIRCUIT 1 
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TK116xxU 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TK116xxU 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK116xxU 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK116xxU 
TYPICAL APPLICATIONS 

VOLTAGE REGULATOR CIRCUIT VOLTAGE BOOST CIRCUIT 

+ 
.,.. 4.7~F 

a ± ! a 
-:- KT116xxlJoTAOl 

I. _------'II~o=..--_~-------' ~ . __ KT116"'TA03 

CURRENT BOOST CIRCUIT I I 

APPLICATION HINTS 

CURRENT REGULATOR CIRCUIT 

lOUT 
OUT-

-10 

KT116xx-TA04 

Maximize copper foil area connecting to all Ie pins for optimum heat conduction. Place input and output bypass 
capacitors close to the GND pin. 

For besttransient behavior and lowest output impedance, use as large a capacitor value as possible. The temperature 
coefficient of the capacitance and Equivalent Series Resistance (ESR) should be taken into account. These 
parameters can influence power supply noise and ripple rejection. In extreme cases, oscillation may occur. In order 
to maintain stability, the output bypass capacitor value should be minimum 1 IJF for Tantalum electrolytic or 4.71JF for 
Aluminum electrolytic at T.=25 DC. 
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r~TOKO TK11701 
PROGRAMMABLE VOLTAGE REGULATOR 

FEATURES 
• Low Dropout Voltage 
• Wide Operation Voltage Range 
• 1.5 V to 9.25 V of Variable Output Voltage is 

Available (Step 0.25 V) 

• Low Quiescent Current 

• Current Limit Circuit 
• Short Circuit Protection 

DESCRIPTION 

The TK11701 is a programmable low dropout regulator IC. 

The output is adjustable from 1.5 V to 9.25 V in 0.25 V steps 

by connecting a jumper to the programming pins as shown 

in Table 1. A potentiometer can be used to fine adjust the 

output voltage. The TK11701 has a built in overcurrent and 

short circuit protection circuitry. 

The TK11701 is available in an MFP-8 surface mount 

package. 

ORDERING INFORMATION 

TK1170100 DO 

lTL--~,~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: Surface Mount c: -20 to +75 °C 

TaKa, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: TapeLeft 
MG: Magazine 

APPLICATIONS 
• Battery Operated Equipment 

• Cordless Telephone 
• Test Equipment 
• Consumer Equipment 

TK11701 

~. 
0 

v. 

GNO 

P1 

VOIJT/P6 

P5 

P4 

P2 P3 

BLOCK DIAGRAM 

VIN 0-..------""\, 

P3 

GND 
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TK11701 
ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 18 V Junction Temperature ........................................... 150 °C 
Power Dissipation .............................................. 350 mW Storage Temperature Range .................... -55 to + 150°C 
Output Voltage ...................................................... 10.1 V Operating Temperature Range .................. -20 to +75 °C 
Output Current .................................................... 150 mA Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test Conditions:T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP 

I. •.• Input Current 1 !o = 0 mA, ViN = 12 V 2.5 
·II~ I 

IIN2 Input Current 2 10 = 0 mA, (Vo - 1) V 

Vo Output Voltage 10=OmA See Table 1 

VOE Output Voltage Error VIN ~3.5 V See Table 2 

VDROP Voltage Drop 10 = 60 mA 

RR Oinnla Oait:u, .. tinn 11._11:;1111 - <I 1/ 45 ........... '.., •• .... 1 .......... ' .... '· "0 - •. ~ ", "IN - ~ " 

10 Output Current Note 2 

Line Reg Line Regulation VIN = (Vo + 2.5) -H 1 V 7 

Loa Reg Load Regulation VIN = (Vo + 2.5) 

10=1-80mA 

I'1VO/TA Output Voltage vs. Temp Vo= 1.5 V, VIN = 7V 0.3 

VNO Output Noise Voltage 10 Hz <f < 100 kHz 150 

Note 1: Power dissipation must be derated at the rate of 3.0 W/oC at T A = 25°C and above. 
Note 2: Use with the power dissipation derating curve. 

TEST CIRCUIT 

o 

6 

4 5 

3-94 

MAX UNITS 

4.0 mA 

6.0 mA 

4.5%N 

350 mV 

dB 

100 mA 

mV 

150 mV 

mV/oC 

,.N(rms) 
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TABLE 1: PIN WIRE 
CONNECTION vs. VOUT 

I~ P1 P2 P3 P4 
VOUT ( 

1.50 
1.75 
2.00 
2.25 -
2.50 
2.75 
3.00 
3.25 
3.50 
3.75 ~ 

4.00 -
4.25 
4.50 
4.75 
5.00 
5.25 
5.50 
5.75 
6.00 
6.25 -
6.50 
6.75 
7.00 
7.25 
7.50 ..-

7.75 ~ 

8.00 -
8.25 
8.50 
8.75 
9.00 
9.25 

TOKO, Inc. 

P5 P6 

01 

TK11701 

o 

GND 

5 P3 

01 

VOUT =5V • 0 
V1N VOUT 

GND 

6 P4 

5 P3 

02 

VOUT= 9.25 V 

o 
8 P6 VOUT 

GND 7 P5 

P1 3 6 P4 

P2 4 5 P3 

03 
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TK11701 

56 
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TABLE 2 

OUTPUT VOLTAGE ERROR \IS 

PROGRAMMED OUTPUT VOLTAGE 

;; 400 
VV ~ 

0:. 
w 
w 

'" ~ 
~ 
I-
:::> 
0-
I-
:::> 
a 

300 

V 
200 V 
150 
100 

V 
VV 

Output voltage accuracy depends 
on the selected output voltage due 
to the cumulative tolerances of the 
internal resistor divider network. 

1~ 2 3 4 5 6 7 8 9 

PROGRAMMEO OUTPUT VOLTAGE (V) 

TYPICAL APPLICATIONS 

CURRENT BOOST VOLTAGE FINE ADJUST 

o o 

06 

CURRENT REGULATOR 

o 

o~~~~------------][~~-------------o 

08 
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TK11701 

TYPICAL PERFORMANCE CHARACTERISTICS 

LOAD REGULATION 
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TK11701 
NOTES 
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r~TOKO TK11900 

ADJUSTABLE LOW DROPOUT REGULATOR 

FEATURES 

• Low Supply Current 

• Low Power Shutdown Mode 

• Low Noise Output 

• Low Drop Out Voltage 

• Extremely Small Package 

• Extemely High Stability 

• High Speed On/Off Transient (Typ. 50 IJS) 

DESCRIPTION 

The TK11900 is a low dropout voltage regulator with 

external voltage adjustment. The output can be set be

tween 1.5 V and 6 V by an external pair of resistors in a 

divider configuration. The device has a bypass pin for an 

external capacitor to reduce output noise to a typical 50 

~V(rms). In addition a shutdown pin is provided that is 

active high (a high level turns on the output). In the off mode 

(control pin low) the device draws only 65 ~A of quiescent 

current. 

The TK11900 is available in a SOT23L surface mount 

package. 

ORDERING INFORMATION 

TK11900 0 0 00 pT ._~ 
- Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
BX: Bulk/Bag M: Surface Mount 

TOKO, Inc. 

C: ·20 to +75 °c 
M: -40to+85"C TR: Tape Right 

TL: Tape Left 

APPLICATIONS 

• Portable Instrumentation 

• Cordless Telephones 

• Pagers 

• Toys 
• Cellular Phones 

• Test Equipment 

TK11900M 

VIN 

~'ll" CONTROL 2 5 GNO 

FEEDBACK 3 4 VOUT 

KT11950LoPO 

BLOCK DIAGRAM 

NorSE 
BYPASS 

GND 
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TK11900 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 17 V Storage Temperature Range .................... -55 to +150 °C 
Operating Voltage Range ............................... 1.8 to 16 V 
Power Dissipation (Note 1) ................................ 200 mW 

Operating Temperature Range (C version) -20 to +70 °C 
Operating Temperature Range (I version) .-40 to +85 °C 

Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: T A = 25°C, V1N = (Vo + 1), unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICCl Supply Current 1 10 = 0 mA, V1N = (Vo + 1) V 140 300 f.IA 

ICC2 Supply Current 2 10 = 0 mA, V1N = (Vo + 1) V 400 900 f.IA 

ICC3 Supply Current 3 Such as the shut down 65 150 IlA 

VOUT Output Voltage 1.5 - 6 V 

VDROP Voltage Difference 10 =30 mA 160 350 mV 

Between I/O 

10 Output Current Note 1 100 mA 

LinReg Input Stability V1N = (Vo + 1) -(Vo + 10) ±5 ±50 mV 

:S;VCCMAX 

Loa Reg Load Stability 10 = 1 - 80 mA 25 150 mV 

!:No'I:>TA Vo Peripheral Temp. Dep. mV/oC 

RR Ripple Elimination Ratio CL = 10 IlF, 400 Hz 68 dB 

VNO Output Noise Voltage 10 Hz <f < 100 kHZ, 50 IlV(rms) 

CL = 10 IlF 

VREF Standard Voltage 1.25 V 

I:>VREF Voltage Error -2 +2 °/0 

Shut Down 

CCONTl Shut down Voltage 1 VouT-ON 0.8 V 

CCONT2 Shut down Voltage 2 VOUT - OFF 2.4 V 

10FF Current When Off Status 65 130 IlA 

ICONTl Control Current 1 VCONT = 5 V 25 100 IlA 

ICONT2 Control Current 2 VCONT = 16 V 45 150 IlA 

TR OFF ~ON lOUT = 30 mA, CL = 0.1 IlF 50 IlS 

Note 1: Power dissipation must be derated at the rate of 1.6 mW/oC for operation at T A = 25°C and above. The power 
dissipation will increase to 400 mW when the device is mounted on to a PC board that has adequate copper 
pads to conduct heat away from the device. 

3-100 TOKO, Inc. 



ELECTRICAL CHARACTERISTICS (CONT.) 

PD(mW) 
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TK11900-Fig 1 

TK11900 

TEST CIRCUIT I 
,---------

TOKO,lnc. 

NOISE 
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~/ .""'" 
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Rl 

( R1R+2R2) Vout = 
1.25 

10 k,;R2,;60 k 
No.5 is the heat sink. 
Connect it to GND. 

'----.... FEED BACK 

R2 
CL is a tantalum capacitor 
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TK11900 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TK11900 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK11900 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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r~TOKO TK119xx 

VOLTAGE REGULATOR WITH RESET OUTPUT 

FEATURES 
• Very Low Dropout Voltage 

• Reset Output for Microprocessor 

• Very Low Quiescent Current (No Load) 

• Internal Thermal/Overload Shutdown 

• Low Noise Voltage 

• Input and Output Voltage Sense 

• ±2.5% Output Voltage Accuracy 

• CMOS or TTL ON/OFF Control 

• Very High Speed Transient Response (TYP 50 IJS) 

(Oft-?On) 

DESCRIPTION 
The TK11950 is a low power, linear regulator with on/off 
switch. BUilt-in voltage comparators provide a reset logic 
LOW level whenever the input or output voltage falls outside 
internally preset limits. The internal electronic switch can be 
controlled by CMOS or TLL levels. The device is in the OFF 
state when the control pin is biased HIGH. 

An internal PNP pass-transistor is used in order to achieve 
low dropout voltage (typically 200 mV at 50 mA load cur
rent). The device has very low quiescent current (130 jJA) in 
the ON mode with no load and 2 mA with 30 mA load. The 
quiescent current is typically 4 mA at 60 mA load. The 
current consumption in the OFF mode is 65 jJA. An internal 
thermal shutdown circuit limits the junction temperature to 
below 150 cC. The load current is internally monitored and 
the device will shut down (no load current) in the presence 
of a short circuit at the output. The regulated output voltage 
is accurate to within ±2.5 %. The output noise is very low at 
100 dB down from V OUT when an external noise bypass 
capacitor is used. 

ORDERING INFORMATION 

TK119 0000 00 

Voltage Code ____ ..JT lIT :::~~:~::de 
Package Code 

Voltage Code Package Code 
48 = 4.8 V M : Surface Mount 
50=5.DV 

TOKO, Inc. 

Temp. Range 
c: ~20to+70"C 

I: oo4Oto+85"C 

TapefReeI Code 
ex : BulklBag 
TR : Tape Right 
Tl : Tape Left 

APPLICATIONS 
• Battery Powered Systems 

• Cellular Telephones 

• Pagers 
• Personal Communications Equipment 

• Portable Instrumentation 

• Portable Consumer Equipment 

• Radio Control Systems 

• Remote Control Transmitters 

• Low Voltage Systems 

TK119XXM ---- II 
'''~~I l" CONTROL 2 5 G::

T 
I 

"""O~ "._ :;:~ • 
L-__________________ _ 

BLOCK DIAGRAM 

NOISE 
BYPASS 

OND 
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TK119xx 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......................................................... 17 V 
Output Voltage ............................................. VouTx1.15 V 
Load Current ........................................................ 100 mA 
Power Dissipation (Note1) .................................. 200 mW 

ELECTRICAL CHARACTERISTICS 
Test conditions: VIN = (Vo + 1 ), (Note 2). 

SYMBOL PARAMETER TEST CONDITION 

VIN Supply Voltage Range 

IINi Supply Current 1 VIN=vo+1 v, 10=OmA 

IIN2 Supply Current 2 VIN = Vo -1 V, 10 = a mA 

10 Quiescent Current VIN=Vo+1 v, 10=60mA 

Storage Temperature Range .................... -50 to + 150°C 
Operating Temperature Range (C version) -20 to +70 °C 
Operating Temperature Range (I version) -40 to +85 °C 
Lead Soldering Temp. (10 sec.) ............................ 240 °C 
Junction Temperature ........................................... 150 °C 

-20 to +70 °C -40 to +85 °C 
MIN TYP MAX MIN TYP MAX UNITS 

1.0 16 i.8 16 V 

140 300 140 300 !lA 
400 900 400 900 ~A 

5 10 5 10 mA 

Vo Regulated Output Voltage VIN = Vo + 1. 10 = 1 mA, T A = 25°C VouT ±2.5% or ±80 mV 

Vo Regulated Output Voltage VIN=vo+iV,lo=1 mA ±3.5% or ±110 ±4% or±120 mV 

VOROP Dropout Voltage 10=30mA 160 350 160 350 mV 

10 Output Current VIN=Vo+1 V IOU 100 mA 

Line Reg Line Regulation VIN = (Vo+ 1 V) N (Vo+ 10V), 5 50 5 50 ±mV 
VIN MAX 

Loa Reg Load Regulation 10 = 1 N 80 mA, VIN = Vo + 1 V 25 150 25 150 mV 

RR Ripple Rejection VIN =Vo +1.5V 68 68 dB 

Output Noise CL = 10 ~F, Cp = 0.01 ~F, 50 50 ~V(rms) 
10 Hz <f < 100 kHz 

t.V/t.T Vo Temperature Coefficient VIN=VO + 1 V,lo = 10mA ±O.2 ±0.2 mVrC 

VOET Low Voltage Detector VOUT x 0.95 V 

ER/FL Error V Det. Range -4 VOH +4 -4 VOET +4 % 

VSAT Saturation Voltage IFLAG = 100 ~A 0.2 0.4 0.2 0.4 V 

Shut Down 

10FF Off Time Current 65 150 65 150 ~A 

ICONTi Control Pin Current 1 VCONT =5V 25 100 25 100 ~A 

ICONT2 Control Pin Current 2 45 150 45 150 !lA 
VCONTi Control Voltage 1 VOUT ON 0.8 0.8 V 

VCONT2 Control Voltage 2 VouTOFF 2.4 2.4 V 

Transient Off ..... On, CL = 0.1 ~F, 50 50 ~S 
Cp = 0.1 ~F, 10 = 30mA 

Note 1: Power dissipation must be derated at the rate of 1.6 mW/oC for operation at T A = 25°C and above. When the device is 
mounted on a PC board, the power dissapation is increased to 400 mW if mounted as shown on page 3-113. 

Note 2: Due to the common format used here, some specifications may not apply to all versions of output voltage. Detailed 
specifications are available for each version. 
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TK119xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK119xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK119xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK119xx 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK119xx 

TK11950 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK119xx 
TYPICAL APPLICATIONS (CONT.) 

PRINTED CIRCUIT BOARD LAYOUT 

GND 

SCALE: 10:1 1_0.95mm KT114xx·PCBL01 

Handling Molded Resin Packages 
All plastic molded packages absorb some moisture from 
the air. If moisture absorption occurs prior to soldering the 
device into the printed circuit board, increased separation 
of the lead from the plastic molding may occur, degrading 
the moisture barrier characteristics of the device. This 
property of plastic molding compounds should not be 
overlooked, particularly in the case of very small packages, 
where the plastic is very thin. 

TaKa, Inc. 

Application Hints 
The power dissapation of the TK 119xx can be increased to 
400 mW when mounted to the PC board as shown at left.. 
Maximize copper foil area connecting to all IC pins for 
optimum performance. Place input and output bypass 
capacitors close to the GND pin. For best transient behav
ior and lowest output impedance, use as large a capacitor 
value as possible. The temperature coefficient of the ca
pacitance and Equivalent Series Resistance (ESR) should 
be taken into account. These parameters can influence 
power supply noise and ripple rejection. In extreme cases, 
oscillation may occur. In order to maintain stability, the 
output bypass capacitor value should be minimum 0.1 IlF 
for Tantalum electrolytic or .22 IlF for Aluminum electro-
lytic. 

In order to preserve the original moisture barrier properties 
of the package, devices are stored and shipped in moisture 
proof bags filled with dry air. The bags should not be 
opened or damaged prior to the actual use of the devices. 
If this is unavoidable, the devices should be stored in a low 
relative humidity environment (40 to 65%) or in an enclosed 
environment with desiccant. 
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r~TOKO 

FEATURES 

• Low Dropout Voltage 
• Low Quiescent Current 

• Very Stable Output 
• Extremely Small Package (SOT23) 
• Built-in Output On/Off Control On 713xx 
• Noise Reduction Available On 712xx 

DESCRIPTION 

TK711xx/712xx/713xx series are low saturation, linear 
regulators used for the applications with large supply 
voltage change. Because a PNP power transistor is used, 
dropout voltage is very low, making it possible to maintain 
a stable output voltage even if the battery voltage de
creases. This makes the battery last longer. The TK711 xx 
series is connected in a basic three terminal configuration. 
The TK712xx series has a noise bypass pin available. The 
TK713xx series has a on/off control pin only (a low level 
turns the output on). Since the current at the High Level is 
extremely stable (TYP 1 0 ~A at V1N = 5 V), a smaller output 
capacitor is used. 
The TK711 xx/712xx/713xx is available in a very small 
SOT23 surface mount package. 

ORDERING INFORMATION 

TK711 0000 00 

Voltage cOde--------'T IT "[ :::::.':" 
Package Code 

VOLTAGE CODE PACKAGE CODE 
15 = 1.5 V M: Surface Mount 
27 = 2.75 V 
30 = 3.0 V TEMP. RANGE 
40=4.0 V C: -30to+BOoC 
47=4.75 V 
50=5.0 V 

TK711/712/713 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : Paper Tape 
TL : Tape Left 

VCC06 Vee 
OUTPUT 2 

GND 3 4 GND 

TK711·PA 

TOKO, Inc. 

TK711/712/713 

LOW DROPOUT REGULATOR 

APPLICATIONS 

• Switch Mode Power Supplies 

• Power Factor Controllers 

• DC-DC Converters 
• Stepper Motor Drivers 

• Solenoid Drivers 
• Printer Hammer Drivers 

BLOCK DIAGRAM 711 xx 

I 
'----------r-+----"'--iJ GND 

BLOCK DIAGRAM 712xx 

BLOCK DIAGRAM 713xx 
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TK711/712/713 
ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 16 V Storage Temperature Range .................... -55 to + 150°C 
Power Dissipation .............................................. 150 mW Operating Temperature Range .................. -30 to +80 °C 
Operating Voltage Range ............................ 1.4 to 14.5 V Lead Soldering Temp. (10 sec.) ......................... 240°C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test Conditions: T A = 25°C, VIN = (Vo + 1) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

I!N1 Supply Current 1 V!N=(Vo+1)V,lo=OmA 140 300 flA 

IIN2 Supply Current 2 VIN S; Vo' 10 = 0 mA 1.4 3.0 mA 

IIN3 Supply Current 3 At Shutdown (VIN = 10 V) 10 50 flA 

Vo Output Voltage 1.5 6 V 

VOE Output Voltage Error 3.0 Va 3.0 % 

VOE Output Voltage Error 100 Vo 100 V 
i--

VDROP1 In/Out Voltage Drop 1 10= 30 mA 120 200 mV 

10 Output Current Vo = 2 V max (Note 1) 80 120 mA 
r-
Io Output Current V 0 = 2 V max (Note 1) 50 90 mA 

Lin Reg Line Regulation VIN = (Vo +1)- (VO +10)s:Yop max 5.0 30 mV 

Loa Reg Load Regulation 10=1t060mA 15 65 mV 

Loa Reg Load Regulation 10 = 1 to 30 mA 13 45 mV 
f-------
!:NITA Environmental Temperature mV/C 

of Va Dependency 

RR Ripple Rejection CL = 10 IlF, 400 Hz 60 dB 

Shutdown (711 xx) 

CCONT1 Shutdown Voltage 1 VOUT= On -0.5 0.4 V 

CCONT2 Shutdown Voltage 2 VOUT= Off 1.0 V 

ICONT Control Current VCONT - 1.0 V 50 150 IlA 

Note 1: 10 is the current within PD curve. 
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TEST CIRCUIT 712xx 
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TK711/712/713 

APPLICATION NOTES 

1. OPTIMUM PERFORMANCE 

Optimum performance can only be achieved when the IC is mounted on a PC board according to the diagram 
below. This is because of the extremely small package and limited power dissipation. Shape the metal portion of 
the PCB as shown in the following drawing. 

ONiOFForCp 

TK711xx·FIG1A 

Use a large bypass capacitor and connect it in a place near GND of the IC. Pay attention to temperature 
characteristics of the capacitor, especially the increase of ESR and decrease of capacitance in low tempera
tures. Oscillation, reduction of ripple rejection and increased noise may occur in some cases if the proper 
capacitor is not used. An output capacitor more than 1.0 IJF is required to maintain stability. The standard test 
condition is 3.3 IJF (T A = 25°C). 

2. DROPOUT VOLTAGE 

Dropout voltage is the voltage difference between the input voltage and the output voltage where the output 
voltage decreases to 100 mV below the nominal output voltage as the input voltage is decreased. 

To measure dropout voltage, set the input voltage to the nominal output voltage + 1 V and measure the output 
voltage. Reduce the input voltage to the point where the output is 100 mV below the prevoiusly measured 
value. The dropout voltage is the difference between the input and ouput voltage at this point. This voltage 
depends on the load current and ambient temperature. 

3. OVERHEAT PROTECTION 

3-118 

The circuit will be "OFF" when the chip temperature rises to (TJ = 150°C). The circuit will return to "ON" as 
the device cools. 

TOKO, Inc. 



TK711/712/713 
TYPICAL PERFORMANCE CHARACTERISTICS 
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TK711/712/713 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK711/712/713 
TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TK711/712/713 
TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 

TK71127, TK71227, TK71327 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

TK71147, TK71247, TK71347 
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OUTPUT VOLTAGE vs. 
OUTPUT CURRENT 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT.) 

TK71150, TK71250, TK71350 
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FEATURES 
• Very Small Size 
• Few External Components 
• Wide Input Supply Voltage Range (1.1 to 18 V) 

• Six Selectable Output Voltages up to 32 V 

• Single Battery Cell Operation 

DESCRIPTION 
The TK11806 is a low power, low input voltage DC-DC 
converter. 

The device has been optimized for variable capacitance 
diode and PIN diode bias applications. It generates DC 
output voltages ranging from 9.3 V to 32 V in six steps. The 
desired output voltage may be selected by simple wire 
connections between control pins. The input DC voltage 
can be as low as 1.1 Vor as high as 18 V. 

The device has a built-in relaxation oscillator. The fre
quency of oscillation is determined by external component 
values. The TK11806 has built-in voltage reference and an 
array of temperature compensated zener diodes in order to 
generate various output voltages with minimum external 
part count. 

The device is available in an 8-lead plastic surface mount 
package (MFP-8) or a 10-lead plastic (ZP-1 0) package. 

External inductive components are also available from 
TOKO. 

ORDERING INFORMATION 

TK11806 0 0 00 pT _-
Temp. Range 

Package Code 

PACKAGE CODE 
M: Surface Mount 

TaKa, Inc. 

TEMP. RANGE 
c: ·20 to +75 °C 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape RighI 
TL: Tape Left 
MG: Magazine 

TK11806 

DC-DC CONVERTER 

APPLICATIONS 
• Variable Capacitance and PIN Photodiode Bias 

• Portable Instrumentation 

• Radio Control Systems 

• Mobile Radios 
• Cellular Telephones 

• Cordless Telephones 

• Fiberoptic Receivers 

• Local Area Network (LAN) Receivers 

• Battery Operated Equipment 

TK11806M TK11806Z II 
~. Vin 

T1 

KT11B06M·PO 

KT118D8Z·PO 

BLOCK DIAGRAM 

osc. 

DA 

VOUT 

T3 

T2 

T1 

TK11B06 
- - - - - - - - - - - - - - - --~ -GND- - -- - - -- --
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage, V,w .................................................. : ..... 20 V Storage Temperature Range ....................... -55 to +150·C 
Output Voltage, Vour .................................................... 35 V Operating Temperature Range .................... -20 to +75·C 
Power Dissipation TK11806M (Note 1 ) .................. 350 mW Lead Soldering Temp. (10 sec.) M-Package ............ 260 °C 
Power Dissipation TK11806Z (Note 2) ................... 490 mW Lead Soldering Temp. (10 sec.) Z-Package ............. 300 °C 
Junction Temperature .............................................. 150·C 

ELECTRICAL CHARACTERISTICS 
Test conditions: VIN= 5.0 V, V OUT= 32.0 V unless otherwise specified. T A= 25 DC 

I I I I I I 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

VIN Supply Voltage Range 1.1 18 

liN Input Current V OUT=32 V, IOUT=0.1 mA 4.7 9.0 

liN Input Current V OUT=32 V, IOUT=1.0 mA 12.1 19 

VOUT1 Output Voltage IOUT=O ~, 1.1 V5V1N518.0 V Note 3 30 32.0 34.0 

VOUT2 Output Voltage IOUT=O ~A, 1. 1 V5V1N518. OV Note 3 26 28 30 
\I Output Voltage fOUT=O jlA, 1.1 V::;V1N:S;16. OV Note 3 22.0 24.0 26.0 'OUT3 
VOUT4 Output Voltage IOUT=O ~, 1. 1 V5VIN515. OV Note 3 15.5 16.8 18.0 

VOUT5 Output Voltage IOUT=O ~, 1.1 V5VIN511. OV Note 3 11.0 12.8 14.5 

VOUT6 Output Voltage IOUT=O ~, 1.1 V5VIN58. OV Note 3 8.0 9.3 10.5 

lOUT Output Current VoUT=32V Note 4 1.8 2.4 

LDREG Load Regulation 0.0 mMlou~1.0 mA 0.24 0.5 

.-lVouT1 /.-lTA Temperature Coefficient V OUT=32 V, IOUT=0.1 mA 0.25 

Vosc Oscillator Start-up Voltage IOUT= 0 mA 0.9 1.1 

Note 1: Power dissipation must be derated at the rate of 3 mwrc for operation at T A = 25°C and above. 
Note 2: Power diSSipation must be derated at the rate of 4.5 mW/oC for operation at T A = 25 ·C and above. 
Note 3: Connect T 1 through T 3 as specified. 

Note 4: Use inductor as specified. 

TEST CIRCUIT 
TOKO PIN: 395AN-0091 B 

1.2mH 

KT118Q60TC01 

OUTPUT 
VOLTAGE CONNECTION 

(V) 

32 T1-T2 

28 T1-T3 

24 T1-T2-T3 

17 T1-T2 , T3-VOUT 

13 T(VOUT 

9.3 T(T2-VOUT 

I 

UNITS 

V 

mA 

mA 

V 

V 

V 

V 

V 

V 

mA 

% 

mVfC 

V 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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OUTPUT VOLTAGE vs OUTPUT CURRENT 
32 V OUTPUT 
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\ I , , 6.5 V 

\ 
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TaKa, Inc. 
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OUTPUT VOLTAGE vs INPUT VOLTAGE 
13 V OUTPUT 

TA: 25°C 

10UT= 0 ~A 
1-400 ~A 

V 1-8do ~A' 
/ 1200 ~A 
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VIN (V) TK1180S-TPC02 

OUTPUT VOLTAGE vs INPUT VOLTAGE 
28 V OUTPUT 
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100 ~A -. I 
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OUTPUT VOLTAGE vs INPUT VOLTAGE 
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OUTPUT VOLTAGE vs INPUT VOLTAGE 
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OUTPUT VOLTAGE vs INPUT VOLTAGE 
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1 1 TA= 25°C 
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I 
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. 

V[N(V) TK1180S-TPC06 

OUTPUT VOLTAGE DRIFT vs 
TEMPERATURE 
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TYPICAL PERFORMANCE CHARACTERISTICS 
INPUT CURRENT vs INPUT VOLTAGE 

9.3V OUTPUT 
INPUT CURRENT vs INPUT VOLTAGE 

13 V OUTPUT 
INPUT CURRENT vs INPUT VOLTAGE 

17 V OUTPUT 
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TYPICAL APPLICATIONS 

VARIABLE CAPACITANCE DIODE BIAS CIRCUIT 

\IN 

TaKa, Inc. 

1.2mH 

NEGATIVE OUTPUT 

IO-VOUT 

~ 22~F 

KT118060TC04 

VOLTAGE BOOST CIRCUIT 

AVALANCHE PHOTODIODE BIAS WITH AGC 

1.2mH 

'------------'I 
\IN 

POSITIVE AND NEGATIVE OUTPUTS 

IO-VOUT 

~ 22~F 

'---+---0 +VOUT 

KT118060TC05 

VARIABLE BIAS SOURCE 
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METHODS FOR VARIABLE OUTPUT CONTROL 

TaKa PIN: 5TAN-0108Z 
1.2 mH 

TaKa PIN: 5TAN-0108Z 
1.2mH 

Simple Potentiometer Adjustment 

t------+-+---o V OUT= 0 - 30 V 

25k POT 

Potentiometer Adjustment with Control Loop 

"'N 
O-~h 

"'N 

~-----------~~50k 

TaKa PIN: 5TAN-0108Z 
1.2mH 

V OUT= i2- 48 V 

DC Control Voltage Adjustment with Control Loop 

V OUT=14-30V 

Control 
Voltage Input 

TOKO, Inc. 
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FEATURES 
• Very Low Noise 
• Very Small Size 
• Few External Components 
• Wide Supply Voltage Range (0.9 to 10 V) 
• Sinewave Oscillator 
• Selectable Output Voltages 

DESCRIPTION 

The TK11821 is a low power, low input voltage DC-DC 
converter. The device has been optimized for variable 
capacitance diode and PIN photodiode bias applications. It 
generates 10 Vdc and 24 Vdc output voltages from an input 
voltage as low as 0.9 V. 

Since the built-in high frequency oscillator generates 
sinewaves, the TK11821 produces very low RF interfer
ence noise. The internal oscillator is capable of operation 
at frequencies as high as 6-8 MHz, therefore, interference 
filtering is simple and effective. This unique feature makes 
the TK11821 ideally suitable for RF and fiber optic receiver 
applications. 

The device is capable of operation in the 0.9 to 10 V power 
supply voltage range. 

Output 1 provides 24 V output, while T1 is at 10 V. When 
Output and T1 are shorted, 10 V is available. 

The TK11821 is available in 8-pin plastic surface mount 
(MFP-8) and 10-pin plastic (ZP-10) packages. 

ORDERING INFORMATION 

TK11821 0 0 00 

rL--~ L.....== Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: Surface Mount c: ~20 to +70 "C 
Z: ZIP 

TOKO, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape RighI 
TL: Tape Left 
MG: Magazine 

TK11821 

DC-DC CONVERTER 

APPLICATIONS 
• Variable Capacitance and PIN Photodiode Bias 
• Portable Instrumentation 
• Radio Control Systems 
• Mobile Radios 
• Cellular Telephones 
• Cordless Telephones 
• Fiberoptic Receivers 
• Local Area Network (LAN) Receivers 
• Battery Operated Equipment 

TK11821M TK11821Z 

I 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage ............................................................. 10 V Junction Temperature ........................................... 150 °C 
Output Voltage .......................................................... 26 V Storage Temperature Range .................... -55 to + 150°C 
Output Current ...................................................... 0.5 rnA Operating Temperature Range ................. -20 to +70 °C 
Operating Voltage Range ............................... 0.9 to 10 V Lead Soldering Temp. (10 sec.) M-Package ........ 260 °C 
Power Dissipation TK11821 M (Note 1) ............... 350 mW Lead Soldering Temp. (10 sec.) Z-Package ......... 300 °C 
Power Dissipation TK11821 Z (Note 2) .............. .490 mW 

ELECTRICAL CHARACTERISTICS 
Test conditions: VIN=1.1 V, TA=25 cc, unless otherwise speCified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX 

ICCl Input Current 1 10 = 0, Vo = 10 V 3.5 7.0 

!CC2 Input Current 2 io = 50 j.lA, Vo = iO V 5.5 9.0 

VOl Output Voltage 10 = 50 j.lA 22.5 24.0 25.5 

V02 Output Voltage Vo - T1 shorted, 10 = 50 j.tA 9.6 10.0 10.4 

10 Output Current Vo - T1 shorted 90 100 

Loa Reg Load Regulation Note 4 0.1 0.35 

t.VOITAl Output Voiiage vs. Temp i Vo = 24 V, 10 = 50 j.lA +2.3 

I'N OITA2 Output Voltage vs. Temp 2 Vo = 10 V, 10 = 50 j.lA -1.5 

VOSc-s Oscillation Starting Voltage 10 = 0 j.lA (M Pkg) 0.75 

VOSc-s Oscillation Starting Voltage 10 = 0 j.lA (Z Pkg) 1.5 

fosc Oscillation Frequency 10 = 0 j.lA, Note 3 (M Pkg) 4 

fosc Oscillation Frequency 10 = 0 j.lA, Note 3 (Z Pkg) 3.5 

Note 1: Power dissipation must be derated at the rate of 3 mWrC for operation at T A = 25°C and above. 
Note 2: Power disSipation must be derated at the rate of 4 mWrC for operation at T A = 25°C and above. 
Note 3: Use the same value for L that was used in the measurement circuit. 
Note 4: Output Voltage Variation = (LlV01/V01) X 100 (%), LlVOl = VOl (no load) - VOl (10 - 50 j.tA). 

VINO--_-_------, 

ON: 10V 
OFF: 24 V 

TEST CIRCUIT 

UNITS 

rnA 

rnA 

V 

V 

j.lA 

0/0 

mV/oC 

mV/oC 

V 

V 

MHz 

MHz 

INPUT 
VOLTAGE CA 

TOKOCOIL 

TK1182:1-TC 

T C20.1 ~F 
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CB PART NUMBER 

0.9 V to 2 V 33 pF 10 pF PS5CDLN-1250 

1.8 V to 10 V 820 pF 33 pF PS5CDLN-1303 

TOKO, Inc. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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VIN(V) TKl1821'TPC05 

10 

o 

10 

o 

INPUT CURRENT vs INPUT VOLTAGE 
10 V OUTPUT 

TA= 25'C 

10 T =120~A 

" loui =1 ~A r--'f 
);l::::1 UT = 40 ~A 

k"" I ....... 

\ 

I\. 
r-C-

l T t1-
o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 

VIN(V) TK11821-TPG03 

OUTPUT VOLTAGE vs OUTPUT CURRENT 
24 V OUTPUT 

TA= 25'C 

VIN= 2 \ l-t-- t-3V- 4Vt--5V-r--

J 

1\ I 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

lOUT (mA) TK11821·TPC06 
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NOTES 
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FEATURES 

• Optimized for Offline Operation 

• Toggle Option for 45% (75001) 

• 90% Duty Cycle Limit (75003) 

• Over-Current Protection via Frequency Reduction 

• Low Standby Current for Current-Fed Startup 

• Current-Mode or Voltage-Mode Control 

• Built-In User-Adjustable Slope Compensation 

• Functionally Integrated & Simplified 5-pin Design 

• Surface Mount U-PAK-5 (1 Watt) Package 

DESCRIPTION 

The TK75001/75003 is a primary side controller for switch
ing mode power supplies. It is suitable for both voltage
mode and current-mode control and has advanced fea
tures not available in controllers with an even higher pin 
count. The key to full functionality in a 5-pin package is that 
the current signal and the error signal are added together 
and fed into the feedback pin. A sawtooth current flowing 
out of the feedback pin provides slope compensation, in 
proportion to the resistance terminating that pin. If the sum 
of the current signal and the error signal exceeds the Over 
Current Detector threshold, indicating that the Current 
Control Detector loses control of the switch current, the 
charging current of the timing capacitor will be reduced to 
25% for the remainder of the period. The reduced charge 
current leads up to a four-fold reduction in switching fre
quency, effectively preventing short-circuit current run
away. 

ORDERING INFORMATION 

TK75001 0 0 00 pL _~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
U: U-pack 
D : PI.stic DIP 
J : Ceramic DIP 

TOKO, Inc. 

c: Oto+70°C 
I: ·40to+85'C 
M: -55Io+125'C 

TAPE/REEL CODE 
BX ! Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

TK75001/75003 

PRIMARY SIDE CONTROLLER 

APPLICATIONS 

• Off-Line Primary Side Control Power Supplies 

• Off-Line Consumer Power Supplies 

• Industrial Power Supplies 

• Off-Line Battery Chargers 

,---------------------------------------, 

TK75001/75003 

• 
::: r.l ::: CTOFB 

• DRVDB vee 
PWRGND 2 7 NC 

GND 3 6 NC 

~ 4 5 FB 

BLOCK DIAGRAM 

GROUND 

3-137 

I 



TK75001/75003 
ABSOLUTE MAXIMUM RATINGS Storage Temperature Range ............................. -55 to +150 °C 
Input Voltage VCCMAX ........................................................ 17 V Lead Soldering Temp. (10 sec.) .................................... 300 °C 
Power Dissipation Operating Temperature Range 

75001175003U& D (Note 1) .................................. 1000 mW (Commercial) ..................................................... 0 to +70 °C 
75001/75003J (Note 2) ........................................... 825 mW (Industrial) ....................................................... -40 to +85 °C 

Junction Temperature ..................................................... 150 °C (Military) ........................................................ -55 to +125 °C 

ELECTRICAL CHARACTERISTICS Vcc= 12.0 V, CT = 800 pF, TA = Operating Temperature Range. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP 

ICC(off} Stand-by Current Vcc at edge of VCc(on) 900 

Icc(on) Supply Current 14 

VCC(on) On Voltage 14 

Vr"f"'I ..... U\ 
"",",\VII, 

Off Voltage TBD 10 

!J.Vcc Hysteresis TBD 4.0 

Vz Internal Clamp @20mA 16.0 

Oscillator 

fCLK Clock Frequency (-5.0%) 100 

fVPEAK Peak Voltage 'T''''''' 3.5 IUU 

Reference 

VCCD Current Ctrl. Reference TA = 25°C (-1.0%) 1.11 
(-2.0%) 1.11 

VOCD Over Current Reference (-2.0%) 1.36 

Feedback (Current Sense and Error Signal) 
-

tpD Propagation Delay to Output 75 

iSC(pk) Slope Compensation TBD 100 
Peak Current 

Output 

D(max) Maximum Duty Cycle Without toggle option TBD 90 
With toggle option TBD 45 

tR & tF Rise Time/Fall Time 1000 pF load 75 

VOL Output Low Voltage Sinking 100 mA 0.7 

VCC-VOH Output High Voltage Drop Sourcing 100 mA 0.7 

Frequency Reducer (Over Current Protection Timing) 

iCT/ iCHG Charging Reduction Ratio TK75003 TBD 25 

iCT/ iCHG Charging Reduction Ratio TK75001 TBD 14 

Note 1: Power dissipation must be derated at the rate of 8 mW/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 6.6 mW/oC for operation at T A = 25°C and above. 
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TBD !lA 

TBD mA 

TBD V 

\I 
V 

V 

TBD V 

(+5.0%) kHz 

TBD V 

(+1.0%) V 
(+2.0%) V 

(+2.0%) V 

TBD ns 

TBD !lA 

TBD % 
TBD % 

TBD nS 

TBD V 

TBD V 

TBD % 

TBD % 
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FEATURES 
• Eliminates Opto-Coupler in Feedback Design 

• Replaces TL431 and Eliminates Parasitic Zero 

• Pulse Transformer Driver 

• Same Transformer for Any Output Voltage 

• Peak Current Controlled 

• Automatic Volt-Second Balancing 

• Self-Running Oscillator 

• Hi-Performance Opamp & Bandgap Reference 

• Functionally Integrated & Simplified 5-pin Design 

• Surface Mount U-PAK-5 (1 Watt) Package 

DESCRIPTION 

The TK75002 is designed to monitor the output voltage of 

a power supply, generate an error signal, and transmit the 

error signal through an isolation barrier using a small pulse 

transformer. In conjunction with the pulse transformer, it 

replaces the TL431/0ptocoupier combination and elimi

nates the undesirable ~ created by that combination. 

The transformer is driven with pulse amplitude modulation 

in a free-running oscillator configuration. The period of 

oscillation is proportional to the pulse transformer induc

tance. The voltage pulse magnitude is internally limited so 

that the pulse transformer design need not be changed for 

various output voltages. 

ORDERING INFORMATION 

TK75002 0 0 00 pT ,.--
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
U: U-pack 
o : Plastic DIP 
J : Ceramic DIP 

TaKa, Inc. 

c: Oto+70°C 
I: -40to+85°C 
M : ·55 to + 125°C 

TAPE/REEL CODE 
ex : Bulk/Bag 
TX : Paper Tape 
TR: Tape Right 
TL :TapeLeft 
MG: Magazine 

TK75002 

ERROR SIGNAL ISOLATOR 

APPLICATIONS 
• Power Supplies with Primary-Side Controller 

• Replacement for Opto-coupler 

• Instrumentation 

• Industrial Process Control 

• Test Equipment 

• Data Acquisition 

,----------1 
TK75002 

• 
::~ r.l::: 
INV~COMP 

~ DRVD8 vee 
GND 2 7 NC 

NC 3 6 NC 

INV 4 5 COMP 

BLOCK DIAGRAM 

COMP 

hW 

GND 
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TK75002 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 17 V Operating Temperature Range 

Power Dissipation (Note 1) ....................................... 1 W (Commercial) ............................................ 0 to +70 °C 

Junction Temperature ........................................... 150°C (Industrial) ............................................. -40 to +85 °C 

Storage Temperature Range .................... -55 to +150 °C (Military) ............................................... -55 to + 125°C 

Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS Vee = 5.0 V, T A = Operating Temperature Range 
~-----

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Reference 

VREF Error Amp Reference I TJ = 25°C (-1.0%)1 1.25 (+1.0%) V 

VREF Error Amp Reference (-2.0%) 1.25 (+2.0%) V 

Error Amplifier 

Av Open Loop Gain 60 95 dB 

GBW Gain Bandwidth Product TBD 3 MHz 

I~ .• Source Current VpiN4 > 2.5 V 
CII\ 

-0.5 -2 mA 

lElA Sink Current VpIN4 <1 V TBD 11 mA 

118 Input Bias Current 0.2 2.5 p.A 

Pulse Amplitude Modulator 

VF Diode Clamp Voltage IF = 50 mA, TJ = 25°C TBD 0.8 TBD V 

fPAM PAM Freq. (Recommended) 1.5 MHz 

Vee - VPAM(MIN) PAM Driving Voltage IpAM = IpAM (PK). V ee ~ 5 V 3.0 4.0 TBD V 

k VCVS Level Shift Gain TBD 1.3 TBD V/V 

Peak Current Detector 

IpAM(PK) Peak PAM Current Threshold TBD 50 TBD mA 

tD(oll) Turn Off Delay 75 TBD ns 

Transformer Reset Detector 

V81AS Bias Voltage .35 V 

Supply Voltage and Current 

Ice Supply Current IpAM = IF = 0, Vec 5 to 15 V 8 TBD mA 

Under Voltage Lockout 

VUVL(on) Turn On Threshold of V cc TBD 4.2 TBD V 

AVUVL UVL Hysteresis TBD 0.2 V 

Note 1: Power dissipation must be derated at the rate of 8 mW/oC for operation at T A = 25°C and above. 
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FEATURES 

• 25 mA Output Current 

• Operating Range 3.5 V to 15 V 

• Reference and Error Amplifier for Regulation 

• External Shutdown 

• External Oscillator Sync 

• Can be Paralleled 

DESCRIPTION 

The TK75018 is a monolithic switched capacitor converter 

with feedback control. With justtwo capacitors, the TK75018 

can create a negative voltage supply which tracks a 

positive supply. As an alternative, the feedback pin can be 

used to establish regulation at a desired voltage and it can 

also be used as ashutdown signal input. Asingle TK75018 

can also be configured as a non-inverting step-up con

verter or dual output voltage doubler. Output voltages from 

-5 V to +30 V can be obtained. 

With no external timing elements, the converter will self

oscillate at 25 kHz, nominally. This frequency can be user 

adjusted with a small capacitor or synchronized to another 

oscillator. 

Quiescent current is typically 2.5 mAo Standby current is 

guaranteed less than 150 [JA over the full operating tem

perature and input voltage ranges. 

ORDERING INFORMATION 

TK75018 0 0 DO P T ,,-~ 
Temp. Range 

Package Code 

PACKAGE CODE 
D : Plastic DIP 
J : Ceramic DIP 
M: Surface Mount 

TaKa, Inc. 

TEMP. RANGE 
c: ·Oto+70 Q C 
I: -40to+85°C 
M: -55 to + 125°C 

TAPE/REEL CODE 
BX : Bulk/Bag 
MG: Magazine 

TK75018 

SWITCHED CAPACITOR VOLTAGE 
CONVERTER WITH REGULATOR 

APPLICATIONS 

• Voltage Inverter 

• Negative Voltage Doubler 

• Voltage Regulator 

• Positive Voltage Doubler 

I TK75018M---~75018D TK75018J 
TK75018J 

L 
TK75018 

Ceramic Dip, Plastic Dip, MFP 

FB/soDs v+ 
CAP + 2 7 ase 

GROUND 3 6 V REF 

CAP - 4 5 VOUT 

BLOCK DIAGRAM 
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TK75018 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VIN For Doubler Conf ......................... 16 V Junction Temperature (Note 4) 
Negative Voltage .................................................... -6.5 V TK75018 .......................................................... 125°C 
Lead Soldering Temp. (10 sec.) .......................... 300 °C TK75018M ....................................................... 150 °C 
Storage Temperature Range .................... -55 to + 150°C Operating Temperature Range 
Power Dissipation TK75018C ................................................ 0 to +70 °C 

TK75018M (Note 1) ....................................... 600 mW TK750181 .............................................. .-40 to +85 °C 
TK75018D (Note 2) ..................................... 1000 mW TK75018M ........................................... -55 to + 125°C 
TK75018J (Note 3) ....................................... 825 mW 

ELECTRICAL CHARACTERISTICS Test conditions: VIN = 5.0 V, T A = Operating Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

fcc Supply Current !LOAD = 0 mA, Vi;"; = 3.5 V 2.5 3.5 

Vee Supply Voltage Range 3.5 35 

VLOSS Voltage Loss (vIN-1 VOUT I) CIN = COUT = 100 IlF Tantalum 
(Note 5), lOUT = 10 mA 0.35 0.55 

VLOSS Voltage Loss (VIN-I VOUT I) CIN = COUT = 100 IlF Tantalum 
(Note 5), lOUT = 25 mA .6 1.0 

ROouT Output Resistance ~IOUT = 1 mA to 25 mA (Note 6) 10 15 

fo Oscillator Frequency 3.5 V :;:; VIN :;:; 15 V 15 25 35 

VREF Reference Voltage IREF = 60 !lA, Tj = 25°C 2.35 2.50 2.65 
2.25 2.75 

Vo Regulated Voltage VIN = 7 V, Tj = 25°C, RL = 5000 
(Note 7) -4.7 -5.0 -5.2 

~VOLINE Line Regulation 7 V :;:; VIN :;:; 12 V, RL = 5000 
(Note 7) 5 80 

~VOLOAD Load Regulation VIN = 7 V, 200 n :;:; RL :;:; 5 kn 
(Note 7) 10 50 

ISWPEAK Maximum Switch Current 300 

leeOFF Supply Current in Shutdown VpIN1 = 0 V 100 150 

ROREF Ref. Output Resistance IREF :;:; 80 IlA 670 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/oC for operation at T A = 25°C and above 
Note 2: Power dissipation must be derated at the rate of 8 mW/oC for operation at T A = 25°C and above. 
Note 3: Power dissipation must be derated at the rate of 6.6 mW/oC for operation at T A = 25°C and above. 
Note 4: Functionality is guaranteed up to the absolute maximum junction temperature. 

UNITS 

m,A, 

V 

V 

V 

n 

kHz 

V 
V 

V 

mV 

mV 

mA 

!lA 
n 

Note 5: For voltage loss tests, the device is connected as an inverter, with pins 1, 6, and 7 unconnected. The voltage 
loss may be higher in other configurations. 

Note 6: Output resistance means the slope of the , ~VOUT vs ~IOUT curve, for output currents of 1 to 25 mAo This 
represents a linear approximation of the curve. 

Note 7: Device is connected as a positive to negative converter/regulator with R1 = 20 k, R2 = 102.5 k, C1 = 0.002 IlF, 
CIN = 10 IlF tantalum, COUT = 100 IlF tantalum. 
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FEATURES 

• 30 ns Rise and Fall into 1000 pF 
• 300 ~A Stand-by Current Consumption 
• Under Voltage Lockout Combined with First Pulse 

Wake-Up Feature" 

• Cycle by Cycle Current Limiting 
• Virtually Eliminated Switching Spike 

When Used With Gate Charge Recovery Circuit"" 

• Thermal Overload Protection 
• 5-pin Surface Mount Package with 1 W Maximum 

Internal Power Dissipation Limit 

DESCRIPTION 
The TK75050 is a novel device to drive high power insu
lated gate transistors (e.g. MOSFETs and IGBTs). The IC 
can source or sink 1 A and features built-in cycle-by-cycle 
current limiting, undervoltage lockout (UVLO) circuit com
bined with first pulse wake-up and thermal overload 
protection. Using the IC in the proprietary Gate Charge 
Recovery application, the switching spike developing across 
the current sense resistor practically becomes negligible. 
Due to its low stand-by current and first-pulse wake-up 
feature, the device can be used in self-biased power 
supplies. The IC's high-speed cycle-by-cycle current lim
iting capability eliminates the short circuit runaway prob
lem, characteristic to most current controlled converters. 
The IC is well suited to provide supplementary overload 
protection in voltage-mode controlled converters, too. Be
sides the surface mount UPAK-5, the device is also avail
able in the widely used DIP-8 package. 
• The First Pulse Wake-Up is a built-in proprietary feature of the IC. When 
the IC is powered on, and the supply voltage exceeds the upper threshold 
of the UVLO circuit, the start-up circuit is enabled but the device remains 
in low quiescent current stand-by state. The IC wakes up from stand-by 
and begins the normal operation when the first drive pulse arrives at the 
input. The normal operation ceases and the IC returns to stand-by when 
the supply voltage drops below the lower threshold of the UVLO circuit. 

ORDERING INFORMATION 

TK75050 0 0 00 

pL-'_~ 
Temp. Range 

Package Code 

PACKAGE CODE 
U: UPAK 
D : Pla.llc Dip 

TEMP. RANGE 
C: Oto+70°C 
I : -40lo+85°C 
M : -55 10 + 125 °C 

TAPE/REEL CODE 
BX : BulkIBag 
TX : Paper Tape 
TR : Tape Righi 
TL : Tape Left 
MG: Magazine 

TK75050 

SMART MOSFET DRIVER 

APPLICATIONS 

• Power MOSFETs and IGBTs 

• Switch Mode Power Supplies 
• Power Factor Controllers 

• DC·DC Converters 
• Step Motor Drivers 

• Solenoid Drivers 

•• The Gate Charge Recovery Circuit is an application developed by 
TOKO Inc., to virtually eliminate the leading edge spikes generated 
across the current sense resistor by capacitive feedthrough of the 
MOSFETs gate drive signal. 

TK75050 
Dlp·8 UPAK-5 

• 
PWRGNO/CS Os INPUT 

PWR GNOICS 2 7 GND 

GND 3 6 Vee 

QU"wur 4 5 Vee 

PWRGNDICS 86 
GND2.5GND 

OUTPUT 3 4 Vee 

INPUT 

BLOCK DIAGRAM 

TOKO, Inc. 3-10·93 3-143 



TK75050 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage Vee,MAX ............................................. 18 V Lead Soldering Temp. (10 sec.) ......................... 240°C 
Power Dissipation (Note 1) UPAK .................... 1000 mW Operating Temperature Range 
Power Dissipation (Note 2) DIP ......................... 825 mW (Commercial) ............................................. 0 to +70 °C 
Junction Temperature ........................................... 150°C (Industrial) ............................................. .-40 to +85 °C 
Storage Temperature Range .................... -55 to + 150°C (Military) ................................................ -55 to + 125°C 

ELECTRICAL CHARACTERISTICS 
Test Conditions: T A = 25°C, Ve = 15 V, Cl = 1000 pF 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current Output Low 20 rnA 

Output High 18 rnA 

Stand-by (Note 3) 300 IlA 

Vee, ON UVLO Upper Threshold Vee Low to High 11.2 V 

Vee, OFF UVLO Lower Threshold Vee High to Low 8.5 V 

VIN,l Input Logic Level, Low 0 0.4 0.8 V 

ViN,H Input Logic Leve!, High 2.0 2.4 15 V 

liN, l Input Current, Low -100 IlA 

liN, H Input Current, High 10 nA 

VOUT,l Output Voltage, High 13.6 V 

VOUT,H Output Voltage, Low 0.6 V 

TOFF Thermal Overload Threshold, High Temp Low to High - 150 - °C 

TON Thermal Overload Threshold, Low Temp High to Low - 100 - °C 

VCl Current Limit Threshold 1.1 1.2 1.3 V 

Vel,H Current Limit Hysteresis - 200 - mV 

tDR Time Delay, Rise 0-10% 30 50 ns 

tR Rise Time 10 - 90% 30 50 ns 

tDF Time Delay, Fall 100 - 90% 30 50 ns 

tF Fall Time 90 -10% 25 50 ns 

tD,CS.OUT Time Delay, Current Sense to Output 100 - 90% 70 ns 

Note 1: Power dissipation must be derated at the rate of 8 mW/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 6.6 mW;oC for operation at T A = 25°C and above. 
Note 3: Before wake-up, at any V cc below V ce,MAX or after wake-up, if V cc drops below VeC,OFF' 

Condition for wake-up: V ce passes V CC,ON and stays above V ce,OFF when the wake-up pulse arrives. 
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+5V n I 
OVI U 

200 kHz 
1 r" 0.5 V/ns 

If" 0.5 V/ns 

INPUT 

TEST CIRCUIT 

+15V 

TK75050 r----...--Q OUTPUT 

PWR GND CL 1000 pF 

GND 

DUTY RATIO: 50% 

50% 50% 

GATE CHARGE RECOVERY CIRCUIT 

VCC 
10n 

VCC 

PWM OUT 
CONTROLLER r------i TK75050 

INPUT 

GND GND 

1 ~F 

OUTPUT 

TK75050 

I 
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FEATURES 

• 100 rnA Output Current 

• Operating Range 3.5 V to 35 V 

• Reference and Error Amplifier for Regulation 

• External Shutdown 

• External Oscillator Sync 

• Can be Paralleled 

DESCRIPTION 
The TK81 054 is a monolithic switched capacitor converter 
with feedback control. With just two capacitors, the TK81 054 
can create a negative voltage supply which tracks a 
positive supply. As an alternative, the feedback pin can be 
used to establish regulation at a desired voltage and it can 
also be used as a shutdown signal input. A single TK81 054 
can also be configured as a non-inverting step-up con
verter or dual output voltage doubler. Output voltages from 
-5 V to +70 V can be obtained. 

With no external timing elements, the converter will self
oscillate at 25 kHz, nominally. This frequency can be user 
adjusted with a small capacitor or synchronized to another 
oscillator. 

Quiescent current is typically 2.5 mAo Standby current is 
guaranteed less than 150 ~A over the full operating tem
perature and input voltage ranges. The supply voltage 
range covers an order of magnitude from 3.5 V to 35 V. 
However, for negative output configuration, V1N + IVOUT I 
must not exceed the maximum supply ratings. 

ORDERING INFORMATION 

TK81054 0 0 DO 
pL-_~ 

Temp. Range 

Package Code 

PACKAGE CODE 
D : Plastic DIP 
J : Ceramic DIP 

TaKa, Inc. 

TEMP. RANGE 
C: -IIto+70°C 
I: -40to+B5°C 
M: .05510+ 125°C 

TAPE/REEL CODE 
BX : Bulk/Bag 
MG: Magazine 

TK81 054 

SWITCHED CAPACITOR VOLTAGE 
CONVERTER WITH REGULATOR 

APPLICATIONS 

• Voltage Inverter 

• Negative Voltage Doubler 

• Voltage Regulator 

• Positive Voltage Doubler 

TK81054D TK81054J 
TK81054J 

TK81 054 
Ceramic Dip, Plastic Dip 

FB/SDDs v+ 
CAP+ 2 7 asc 

GROUND 3 6 V REF 

CAP- 4 5 VOUT 

BLOCK DIAGRAM 
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TK81 054 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VIN For Doubler Conf. ........................ 35 V Junction Temperature (Note 4) 
Negative Voltage .................................................... -6.5 V TK81 054 .......................................................... 125 °C 
Lead Soldering Temp. (10 sec.) .......................... 300 °C TK81054M ....................................................... 150 °C 
Storage Temperature Range .................... -55 to + 150°C Operating Temperature Range 
Power Dissipation TK81054C ................................................ 0 to +70 °C 

TK81054D (Note 1) ..................................... 1000 mW TK810541 .............................................. .-40 to +85 °C 
TK81054J (Note 2) ........................................ 825 mW TK81054M ........................................... -55 to + 125°C 

ELECTRICAL CHARACTERISTICS Test conditions: VIN = 5.0 V, T A = Operating Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current ILOAD = 0 mA. ViN = 3.5 V 2.5 3.5 

Vee Supply Voltage Range 3.5 35 

VLOSS Voltage Loss (VIN-I VOUT I ) CIN = COUT = 100 !lF Tantalum 
(Note 3), lOUT = 10 mA 0.35 0.55 

VLOSS Voltage Loss (VIN-I VOUT I) CIN = COUT = 100 !IF Tantalum 
(Note 4), lOUT = 100 mA 1.1 1.6 

ROOUT Output Resistance ~iOUT = 10 mA to 100 mA (Note 5) 10 15 

fa Oscillator Frequency 3.5 V ::;; VIN ::;; 35 V 15 25 ,35 

VREF Reference Voltage IREF = 60 !lA, Tj = 25°C 2.35 2.50 2.65 
2.25 2.75 

Va Regulated Voltage VIN = 7 V, Tj = 25°C, RL = 5000 
(Note 6) -4.7 -5.0 -5.2 

AVOLINE Line Regulation 7 V::;; VIN ::;; 12 V, RL = 5000 
(Note 6) 5 35 

AVOLOAD Load Regulation VIN = 7 V, 100 Q ::;; RL ::;; 500 Q 
(Note 6) 10 50 

'SWPEAK Maximum Switch Current 300 

leeOFF Supply Current in Shutdown VpIN1 = 0 V 100 150 

ROREF Ref. Output Resistance IREF ::;; 80!1A 670 

Note 1: Power dissipation must be derated at the rate of 8 mW/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 6.6 mW/oC for operation at T A = 25°C and above. 
Note 3: Functionality is guaranteed up to the absolute maximum junction temperature. 

UNITS 

rnA 

V 

V 

V 

Q 

kHz 

V 
V 

V 
---

mV 

mV 

mA 

!lA 

Q 

Note 4: For voltage loss tests, the device is connected as an inverter, with pins 1, 6, and 7 unconnected. The voltage 
loss may be higher in other configurations. 

Note 5: Output resistance means the slope of the, AVOUT vs L\IOUT curve, for output currents of 10 to 100 mA. This 
represents a linear approximation of the curve. 

Note 6: Device is connected as a positive to negative converter/regulator with R1 = 20 k, R2 = 102.5 k, C1 = 0.002!lF, 
CIN = 10!lF tantalum, COUT = 100!lF tantalum. 
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FEATURES 
• Operates at Supply Voltages From 1.0 V to 15 V 

• Consumes only 95 IJA Supply Current 
• Works in Step-up or Step-Down Mode 
• Only Three External Components Required 

• Low-Battery Detector Amplifier On-Chip 

• User-Adjustable Current Limit 
• Internal1A Power Switch 
• Fixed or Adjustable Output Voltage Versions 
• Surface Mount MFP-8 or Dip-8 Plastic Package 

DESCRIPTION 
The TK81 073 is a gated-oscillator or burst-mode DC to DC 
converter. It uses very low supply current and can operate 
with an input voltage as low as 1.0 Volt. This makes the 
TK81073 the ideal choice for applications which use a 
single cell as the power source. 

The TK81 073 can be used as either a step up (Boost) or 
step down (Buck) converter. In the standard boost mode 
configuration the TK81 073-5 uses only 135IJA unloaded 
and is capable of providing 5 V at40 mA to the load with an 
input supply as low as 1.25 V. The TK81 073 also has an 
internal switch current limit which can be adjusted by the 
user with 1 external resistor. 

The TK81 073 is available in three versions; the TK81 073-
5 and the TK81 073-12 have fixed outputs of 5 and 12 volts 
respectively while the TK81073 is user adjustable. The 

ORDERING INFORMATION 

TK81073 DO 0 DO J E"'L- TapelReelCode 

~ Temp. Range 

Voltage Code Package Code 

VOLTAGE CODE 
73 = Adjustable 
73·5=5 V 
73·12= 12 V 

TaKa, Inc. 

PACKAGE CODE 
M : Surface Mount 
D : Plastic DIP 

TEMP. RANGE 
C: -20to+70°C 
I: -40to+85°C 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

TK81 073 
MICROPOWER DC-DC CONVERTER 

ADJUSTABLE AND FIXED 5 V, 12 V 

APPLICATIONS 

• Pagers 
• Cameras 
• Single-Cell to 5 V Converters 

• Battery Backup Supplies 
• Laptop and Palmtop Computers 

• Cellular Telephones 
• Portable Instruments 
• 4 mA-20 mA Loop Powered Instruments 

fixed voltage versions require only three external compo
nents while the adjustable version needs two additional 
external resistors to set the output Voltage. All versions also 
include an amplifier on the chip which may be used to detect 
low input battery voltage or as part of a linear post
regulator. 

TK81073D 

TK81 073 
Plastic Dip 

Plastic MFP-8 

TK81073M 
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TK81 073 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 15 V Junction Temperature ........................................... 150 DC 
Power Dissipation (MFP8) Note 1 ...................... 500 mW Storage Temperature Range .................... -65 to + 150 DC 
Power Dissipation (DIP8) Note 2 ..................... 1000 mW Operating Temperature Range 
Lead Soldering Temp. (10 sec.) .: ........................ 300 DC (Commercial) ............................................ 0 to +70 DC 

(Industrial) ............................................. -40 to +85 DC 

ELECTRICAL CHARACTERISTICS 
Test conditions: VIN = 1.5 V, unless otherwise specified. T A = 25 DC 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

10 Quiescent Current Switch Off 95 130 IlA 

io Quiescent Current, Step-Up No Load TK81 074 135 IJ.A 
Mode Configuration TK81 075 250 

VIN Input Voltage Step-Up Mode 1.15 12.6 V 
1.0 12.6 

Step-Down Mode 15 V 

Comparator Trip Point TK81 073 (Note 3) 202 212 222 mV 
Voltage 

VOUT Output Sense Voltage TK81 073-5 (Note 4) 4.75 5 5.25 V 
TK81 073-12 (Note 4) 11.4 12 12.6 V 

Comparator Hysteresis TK81 073 5 10 mV 

Output Hysteresis TK81 073-5 125 250 mV 
TK81 073-12 300 600 mV 

Fosc Oscillator Frequency 15 19 23 kHz 

DC Duty Cycle Full Load (VFB < VREF) 65 72 80 % 

tON Switch ON Time 30 38 50 IJ.s 

IFB Feedback Pin Bias Current TK81 073, VFB = 0 V 10 50 nA 

ISET Set Pin Bias Current VSET = VREF 60 120 nA 

VAO AO Output Low 1AO=-1001lA 0.15 0.4 V 

Reference Line Regulation 1.0 V S; VIN S; 1.5 V 0.35 1.0 %/V 
1.5 V S; VIN S; 12 V 0.05 0.1 

VCESAT Switch Saturation Voltage VIN = 1.5 V, Isw = 400 mA 300 400 mV 
Step-Up Mode 

VIN = 1.5 V, Isw = 500 mA 400 550 mV 

VIN = 5 V, Isw = 1 A 700 1000 mV 

Av A2 Error Amp Gain RL = 100 kQ (Note 5) 400 1000 V/V 
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TK81 073 
ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V1N = 1.5 V, T A = 25°C, unless otherwise specified. 

- --- -- -

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

IREV Reverse Battery Current (Note 6) 750 

ILiM Current Limit 220 Q Between ILiM and V1N 400 

Current Limit Temperature -0.3 
Coefficient 

ILEAK Switch OFF Leakage Current Measured at SW1 Pin 1 10 

VSW2 Maximum Excursion Below GND ISW1 < 1 0 ~A, Switch Off -400 -350 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/oC for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 8 mW/oC for operation at T A = 25°C and above. 
Note 3: Both high and low trip points fall within these limits. 

UNITS 

mA 

mA 
.-

%/oC 

f.IA 

mV 

Note 4: The output voltage of the fixed versions always falls within this range. The waveform at the sense pin has a 
sawtooth shape due to comparator hysteresis. 

Note 5: 100 kQ resistor between 5 V and the pin 6. 
Note 6: Guaranteed to withstand continuous application of + 1.6 V, applied to pin 5 and pin 4 while pins 1, 2, and 3 are 

grounded. 

BLOCK DIAGRAMS 

TK81 073 

Set 

GND 

TOKO, Inc. 

Set 

TK81 073-5 
TK81 073-12 

904kQ 
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FEATURES 

• Control Boost PWM to 0.99 Power Factor 

• Limit Line Current Distortion to <5% 
• World-Wide Operation Without Switches 

• Feed-Forward Line Regulation 

• Low Noise Sensitivity 

DESCRIPTION 
The TK81854 family of integrated circuits provide active 
power factor correction for power systems that otherwise 
would draw non-sinusoidal current from sinusoidal power 
lines. These parts implement all the control functions 
necessary to build a power supply preregulator capable of 
optimally using available power-line current while minimiz
ing line·current distortion. To do this, the TK81854 contains 
a voltage amplifier, a precision analog multiplier/divider, a 
current amplifier, and a fixed-frequency PWM. In addition, 
the TK81854 contains a power MOSFET gate driver, 7.5 V 
reference, line anticipator, load-enable comparator, low 
supply detector, and over current comparator. 

The TK81854 family uses average current mode control to 
accomplish fixed-frequency current control with stability 
and low distortion. Unlike peak current mode control, 
average current control accurately maintains sinusoidal 
line current without slope compensation. 

The TK81854's high reference voltage and high oscillator 
amplitude minimize noise sensitivity while fast PWM ele· 
ments permit chopping frequencies above 200 kHz. The 
TK81854 can be used in systems with line voltages that 
vary from 75 to 275 volts and with line frequencies across 
the 50 Hz to 400 Hz range. To reduce the burden on the 
circuitry that supplies power to this device, the TK81854 
family features low start-up supply current. 

These devices are available in 16-pin plastic and ceramic 
DIP packages as well as a 20·pin PLCC, LCC and MFP 
packages. 

ORDERING INFORMATION 

TK8[j] 854 0 DO T T -=-- Tape/Reel Code 

TEMP. RANGE 
1: -55to+125°C 
2: -40 to +85 °C 
3: -20to+70°C 

TOKO, Inc. 

L ___ -==== Package Code 
Temp. Range 

PACKAGE CODE TAPE/REEL CODE 
0: Plastic 
J: Ceramic 
P: PLCC 
C:LCC 
M: Surface Mount 

BX: Bulk/Bag 
MG: Magazine 

TK81854, 82854, 83854 
HIGH POWER FACTOR 

PREREGULATOR 

• Pin Compatible With UC1854 

• Low Start-up Supply Current 
• Fixed-Frequency PWM Drive 
• Low-offset Analog Multiplier/Divider 

• 1 Amp Totem-Pole Gate Driver 
• Precision Voltage Reference 

,----11 
TK81854 

e 

• 
3 2 1 20 19 

PACKAGE PIN FUNCTION 
FUNCTION PIN 

~ : ~: 
N/c 1 
GND 2 

[ 6 16 

[7 15 

[ 8 9 10 11 12 d 4 

PKLMT 3 
CAOut 4 

ISENSE 5 

N/c 6 
MultCA.Jt 7 

lAC 8 

VA Out • 
V(rms) 10 

1 
VREF 12 

ENA 13 

VSENSE 14 

"sET 15 

N/c 16 
SS 17 
CT 18 

VCC ,. 
GTDrv 20 

BLOCK DIAGRAM 

G.r ABET 
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TK81854,82854,83854 
ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Ceramic DIP) Note 2 ..................... 825 mW 
Supply Voltage Vee ........................................................... 35 V Power Dissipation (PLCC) Note 3 .............................. 1200 mW 
GTDRV Current, Continuous ............................................ 0.5 A Power Dissipation (MFP) Note 4 .................................. 410 mW 
GTDRV Current, 50% Duty Cycle ..................................... 1.5 A Operating Temperature Range 
Input Voltage, VSENSE, V(rms) ......................................... 11 V (Commercial) ................................................... -20 to +70 °C 
Input Voltage, ENA, ISENSE, MUL TOUT .......................... 11 V (Industrial) ........................................................ -40 to +85 °C 
Input Voltage, PKLMT .......................................................... 5 V (Military) ......................................................... -55 to + 125°C 
Input Current, RSET, lAC, PKLMT .................................. 1 0 rnA Storage Temperature Range ............................. -65 to + 150°C 
Power Dissipation (Plastic DIP) Note 1 ............................... 1 W Lead Soldering Temp. (10 sec.) .................................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vee = 18 V, RSET = 15 k to ground, CT = 1.5 nF to ground, PKLMT = 1 V, ENA = 7.5 V, V(rms) = 1.5 V, lAC = 100 ~A, 
ISENSE = 0 V, CAOUT = 3.5 V, VAOUT = 5 V, VSENSE = 7.5 V, no load on any output. TA = Operating Temperature Range 

SYMBOL PARAMETER TEST CO!l!D!T!ONS MIN 

leC{OFF) Supply Current, Off ENA= 0 V 

leC{ON) Supply Current, On 

ULVO(ON) Vee Turn-On Threshold 14.5 

ULVO(OFF) Vee Turn-Off Threshold 9 

VENA Enable Threshold, Rising 2.4 

VENE(HYST) Enable Threshold Hysteresis 0.2 

lENA Enable Input Current ENA= 0 V -5.0 

IV(rms) V(rms) Input Current V(rms) = 5 V -1.0 

Voltage Amplifier 

VOS(AMP) Voltage Amp Offset Voltage VAOUT=3.5 V -8 

IS(SENSE) VSENSE Bias Current VSENSE = 0 V -500 

AOL Voltage Amp Gain 70 

VOUT Voltage Amp Output Swing 

Ise Voltage Amp Short Circuit VAOUT=OV -30 
Current 

Iss SS Off Start Current SS = 2.5 V -20 

Current Amplifier 

Vos Current Amp Offset Voltage -4 

IS(SENSE) ISENSE Bias Current -500 

AI Current Amp Gain 80 

VI(OUTl Current Amp Output Swing 

Note 1: Power dissipation must be derated at the rate of 8 mW/oe for operation at T A = 25 "e and above. 
Note 2: Power dissipation must be derated at the rate of 6.6 mW/oe for operation at T A = 25 °e and above. 
Note 3: Power dissipation must be derated at the rate of 9.6 mW/oe for operation at T A = 25 °e and above. 
Note 4: Power dissipation must be derated at the rate of 3.3 mW/oe for operation at T A = 25 °e and above. 
Note 5: All voltages with respect to GND (Pin 1). 
Note 6: All currents are positive into the specified terminal. 

3-154 

TYP MAX UNITS 

1.5 2.0 mA 

10 16 mA 

16 17.5 V 

10 11 V 

2.55 2.7 V 

0.25 0.3 V 

-0.2 5.0 IJA 

-0.01 1.0 mA 

8 mV 

-25 500 nA 

100 dB 

0.5 to 5.8 V 

-12 -5 mA 

-14 -6 IJA 

4 mV 

-120 500 nA 

110 dB 

0.5 to 16 V 
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TK81854,82854,83854 

ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: Vee= 18 V, RSET = 15ktoground, CT = 1.5 nFtoground, PKLMT= 1 V, ENA=7.5V, V(rms) = 1.5 V, 
lAC = 100 !lA, ISENSE = 0 V, CAOUT = 3.5 V, VAOUT = 5 V, VSENSE = 7.5 V, no load on any output. TA = Operating 
Temperature Range 

TEST C?NDITIONS ~~~~_L_TYP I_MAX I 
--~--

SYMBOL PARAMETER UNITS 

Current Amplifier 

Isee Current Amp Short Circuit CAOUT=OV -30 -12 -5 mA 

Current 
--

V(ISENSE) Input Range, ISENSE, -.3 to 2.5 V 

MULTOUT 

GBWP Current Amp Gain-8W Product TA = 25°C 400 800 kHz 

Reference 

NRO Reference Output Voltage IREF = 0 mA, T A = 25°C 7.4 7.5 7.6 V 

IREF = 0 mA, Over Temp 7.35 7.5 7.65 V 

VR(LOAO) VREF Load Regulation -10 mA<IREF<O mA -15 5 15 mV 

VR(LlNE) VREF Line Regulation 15 V<Vee<35 V -10 2 10 mV 

ISVR VREF Short Circuit Current REF = 0 V -50 -28 -12 mA 

Current Limit 

VPOS PKLMT Offset Voltage -10 10 mV 

Ip PKLMT Input Current PKLMT = -0.1 V -200 -100 !lA 

tpKLMT PKLMT to GTDRV Prop. PKLMT falling from 50 mV 175 ns 

Delay to-50 mV 

Gate Driver 

VGMAX Maximum GTDRV Output o mA load on GTDRV, 13 14.5 18 V 

Voltage 18 V<Vee<35 V 

VGH GTDRV Output Voltage High -200 mA load on GTDRV, 12 12.8 V 

Vee=15V 

VGL1 GTDRV Output Voltage Low, Vee = 0 V, 50 mA load on 0.9 1.5 V 

OFF GTDRV 
--

VGL2 GTDRV Output Voltage Low 200 mA load on GTDRV 1.0 2.2 V 

IG Peak GTDRV Current 10 nF from GTDRV to GND 1 A 

GTR/GTF GTDRV Rise/Fall Time 1 nF from GTDRV to GND 35 ns 

Goe GTDRV Maximum Duty Cycle 95 % 

TOKO, Inc. 3-155 

I 

I 



TK81854, 82854, 83854 

ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V cc = 18 V, RSET = 15 k to ground, CT = 1.5 nF to ground, PKLMT = 1 V, ENA = 7.5 V, V(rms) = 1.5 V, 
lAC = 1 00 ~A, ISENSE = 0 V, CAOUT = 3.5 V, VAOUT = 5 V, VSENSE = 7.5 V, no load on any output. T A = Operating 
Temperature Range 

SYMBOL PARAMETER TEST CONDITIONS MIN Typi MAX UNITS 

Multiplier 

ICMF Multiplier Output Current Full lAC = 100 ~A, RSET = 10 k -220 -200 -180 ~A 

Scale 

'OMO Multiplier Output Current Zero lAC = 0 ~A, RSET = 15 k -2.0 -0.2 -2.0 ~A 

iOM(MAX) Muitipiier Maximum Output lAC = 45O~, RSET = 15 k -280 -255 -220 ~A 
Current 

IOM1 Multiplier Output Current lAC =50 ~A, -100 -80 -60 ~A 
V(rms) = 1.5 V,VA = 4 V 

10M2 Multiplier Output Current lAC = 100 ~A, V(rms) = -65 -47 -30 ~A 
1.5V,VA=2V 

'OM3 r-.,~u!tip!ier Output CUiient lAC = 200 iJA, V(rms) = -285 -255 -215 ~A 
1.5 V, VA =4 V 

IOM4 Multiplier Output Current lAC = 300 ~A, V(rms) = -27 -21 -15 J.lA 
5V, VA=2V 

IOM5 Multiplier Output Current lAC = 100 J.lA, V(rms) = -110 -92 -74 J.lA 
5V,VA=4V 

AM Multiplier Gain Constant See Note 6 -1.0 V 

Oscillator 

losc Oscillator Frequency 46 55 62 kHz 

VRP CT Ramp Peak-to-Peak 4.8 5.2 5.6 V 
Amplitude 

VRV CT Ramp Valley Voltage 0.8 1.1 1.3 V 

Note 6: Multiplier Gain Constant (K) is defined by the following equation: I MUL TOUT = K * lAC * (VAOUT -1) 

V(rms)2 
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TK81854,82854,83854 

TYPICAL APPLICATION 

PIN DESCRIPTIONS 

GND (Pin 1) (Ground): All voltages are measured with 
respect to GND. VCC and REF should be bypassed directly 
to GND with a 0.1 IJF or larger ceramic capacitor. The timing 
capacitor discharge current also returns to this pin, so the 
lead from the oscillator timing capacitor to GND should also 
be as short and as direct as possible. 

PKLMT (Pin 2) (Peak Limit): The threshold for PKLMT in 
GND. Connect this input to the negative voltage on the 
current sense resistor as shown in Figure 1. Use a resistor 
to REF to offset the negative current sense signal up to 
GND. 

TaKa, Inc. 

CAOUT (Pin 3) (Current AmplifierOutput): This is the output 
of a wide-bandwidth opamp that senses line current and 
commands the pulse width modulator (PWM) to force the 
correct current. This output can swing close to GND, allow
ing the PWM to force zero duty cycle when necessary. The 
current amplifier will remain active even if the IC is disabled. 

ISENSE (Pin 4) (Current Sense Minus): This is the inverting 
input to the current amplifier. This input and the non
inverting input MUL TOUT remain functional down to and 
below GND. Care should be taken to avoid taking these 
inputs below -D.5 V, because they are protected with diodes 
to GND. 
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TK81854,82854,83854 

PIN DESCRIPTIONS (CONT.) 

MUL TOUT (Pin 5) (Multiplier Output and Current Sense 
Plus): The output of the analog multiplier and the non
inverting input of the current amplifier are connected to
gether at MUL TOUT. The cautions about taking ISENSE 
below -0.5 V also apply to MUL TOUT. As the multiplier 
output is a current, this is a high impedance input similar to 
ISENSE, so the current amplifier can be configured as a 
differential amplifier to reject GND noise. The test circuit 
shows an example of using the current amplifier differen
tially. 

lAC (Pin 6) (Input AC Current): This input to the analog 
multiplier is a current. The multiplier is tailored for very low 
distortion from this current input (lAC) to MUL TOUT), so this 
is the only multiplier input that should be used for sensing 
instantaneous line voltage. The nominal voltage on lAC is 6 
V, so in addition to a resistor from lAC to rectified 60 Hz, 
connect a resistor from lAC to REF. If the resistor to REF is 
one fourth of the value of the resistor to the rectifier, then the 
6 V offset will be cancelled, and the line current will have 
minimal cross-over distortion. 

VAOUT (Pin 7) (Voltage Amplifier Output): This is the output 
of the opamp that regulates output voltage. Like the current 
amplifier, the voltage amplifier will also stay active even if 
the IC is disabled with either ENA or Vee. This means that 
large feedback capacitors across the amplifier will stay 
charged through momentary disable cycles. Voltage ampli
fier output levels below 1 V will inhibit multiplier output. 

V(rms) (Pin 8) (RMS Line Voltage): The output of a boost 
PWM is proportional to the input voltage, so when the line 
voltage into a low-bandwidth boost PWM voltage regulator 
changes, the output will change immediately and slowly 
recover to the regulated level. Forthese devices, the V(rms) 
input compensates for line voltage changes if it is connected 
to a voltage proportional to the RMS input line voltage. For 
best control, the V(rms) voltage should stay between 1 V 
and 5 V. 

REF (Pin 9) (Voltage Reference Output): REF is the output 
of an accurate 7.5 V voltage reference. This output is 
capable of delivering 10 rnA to peripheral circuitry and is 
internally short Circuit current limited. REF is disabled and 
will remain at 0 V when Vee is low or when ENA is low. 
Bypass REF to GND with an 0.1 mF or larger ceramic 
capacitor for best stability. 

ENA (Pin 10) (Enable): ENA is a logic input that will enable 
the PWM output, voltage reference, and oscillator. ENA 
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also will release the soft start clamp, allowing SS to rise. 
When unused, connect ENA to a +5 V supply or pull ENA 
high with a 22 k resistor. 

VSENSE (Pin 11) (Voltage Amplifier Inverting Input): This is 
normally connected to a feedback network and to the boost 
converter output through a divider network. 

R5ET (Pin 12) (Oscillator Charging Current and Multiplier 
Limit Set): A resistor from RSET to ground will program 
oscillator charging current and maximum multiplier output. 
~v1ultiplier output current v'v'iII not exceed 3.75 V divided by 
the resistor from RSET to ground. 

55 (Pin 13) (Soft Start): SS will remain at GND as long as 
the IC is disabled or Vee is too low. SS will pull up to over 8 
V by an internal 14 !lA current source when both Vee 
becomes valid and the IC is enabled. SS will act as the 
reference input to the voltage amplifier if SS is below REF. 
With a large capacitor from SS to GND, the reference to the 
voltage regulating amplifier will rise slowly, and increase the 
PWM duty cycle slowly. In the event of a disable command 
or a supply dropout, SS will quickly discharge to ground and 
disable the PWM. 

CT(Pin 14) (Oscillator Timing Capacitor): A capacitor from 
CT to GND will set the PWM oscillator frequency according 
to this relationship: 

1.25 
F= 

RSETCT 

Vee (Pin 15) (Positive Supply Voltage): Connect Vee to a 
stable source of at least 20 rnA above 17 V for normal 
operation. Also bypass Vee directly to GND to absorb 
supply current spikes required to charge external MOSFET 
gate capacitances. To prevent inadequate GTDRV signals, 
these devices will be inhibited unless Vee exceeds the 
upper under-voltage lockout threshold and remains above 
the lower threshold. 

GTDRV (Pin 16) (Gate Driver): The output of the PWM is a 
totem pole MOSFET gate driver on GTDRV. This output is 
internally clamped to 15 V so that the IC can be operated 
with Vec as high as 35 V. Use a series gate resistor of at 
least 5 as to prevent interaction between the gate imped
ance and the GTDRV output driver that might cause the 
GTDRV output to overshoot excessively. Some overshoot 
of the GTDRV output is always expected when driving a 
capacitive load. 
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TYPICAL APPLICATIONS 

A 250 W PREREGULATOR 

The test circuit shows a typical application of the TK83854 
as a preregulator with high power factor and efficiency. The 
assembly consists of two distinct parts, the control circuit 
centering on the TK83854 and the power section. 

The power section is a "boost" converter, with the inductor 
operating in the continuous mode. In this mode, the duty 
cycle is dependent on the ratio between input and output 
voltages, also, the input current has low switching fre
quency ripple, which means that the line noise is low. 
Furthermore, the output voltage must be higher than the 
peak value of the highest expected AC line voltage, and all 
components must be rated accordingly. 

In the control section, the TK83854 provides PWM pulses 
(GTDRV, Pin 16) to the power MOSFET gate. The duty 
cycle of this output is simultaneously controlled by four 
separate inputs to the chip: 

INPUT PIN # FUNCTION 

VSENSE 11 Output DC Voltage 
lAC 6 Line Voltage Waveform 

ISENSE/MUL TOUT 4/5 Line Current 
V(rms) 8 RMS Line Voltage 

Additional controls of an auxiliary nature are provided. They 
are intended to protect the switching power MOSFETS from 
certain transient conditions, as follows: 

FUNCTION 

TK81854,82854,83854 

SS (Soft Start) 

The voltage at pin 13 (S8) can reduce the reference voltage 
used by the error amplifierto regulate the output DC Voltage. 
With pin 13 open, the reference voltage is typically 7.5 V. An 
internal current source delivers approximately -14 itA from 
pin 13. Thus a capacitor connected between that pin and 
ground will charge linearly from zero to 7.5 V in 0.54C 
seconds, with C expressed in microfarads. 

PKLMT (Peak Current Limit) 

Use pin 2 to establish the highest value of current to be 
controlled by the power M08FET. With the resistor divider 3 
values shown in the test circuit, the 0.0 V threshold at pin 2 
is reached when the voltage drop across the 0.25 Q current 
sense resistor is 7.5 V * 2 kl10 k = 1.5 V, corresponding to 
6A. A bypass capacitor from pin 2 to ground is recom-
mended to filter out very high frequency noise. 

CONTROL INPUTS 

VSENSE (Output DC Voltage Sense) 

The threshold voltage forthe VSENSE input is 7.5 V and the 
input bias current is typically 50 nA. The values shown in the 
test circuit are for an output voltage of 400 VDC. In this 
circuit, the voltage amplifier operates with a constant low 
frequency gain for minimum output excursions. The 47 nF 
feedback capacitor places a 15 Hz pole in the voltage loop 
that prevents 120 Hz ripple from propagating to the output 
current. INPUT 

ENA 
SS 

PKLMT 

PIN# 

10 
13 

Start-Up Delay 
Soft Start lAC (Line Waveform) 

2 Maximum Current Limit 

PROTECTION INPUTS 

ENA (Enable) 

The ENA input must reach 2.5 volts before the REF and 
GTDRV outputs are enabled. This provides a means to shut 
down the gate in case of trouble, or to add a time delay at 
power up. A hysteresis gap of 200 mV is provided at this 
terminal to prevent erratic operation. Undervoltage protec
tion is provided directly at pin 15, where the onloff thresh
olds are 16 V and 10 V. 

TOKO, Inc. 

In order to force the line current waveshape to follow the line 
voltage, a sample of the power line voltage is introduced at 
pin 6. This signal is multiplied by the output of the voltage 
amplifier in the internal multiplier by the output of the voltage 
amplifier in the internal multiplier to generate a reference 
signal for the current control loop. 

This input is not a voltage, but a current (hence lAC). It is set 
up by the 150 k and 620 k resistive divider (see test circuit). 
The voltage at pin 6 is internally held at 6 V, and the two 
resistors are chosen so that the current flowing into pin 6 
varies from zero (at each zero crossing) to about 400 itA at 
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TK81854, 82854, 83854 

TYPICAL APPLICATIONS (CONT.) 

the peak of the waveshape. The following formulas were 
used to calculate these resistors: 

RAC = (Vpk + 6) I 400 IlA = 620 k 

RREF = R1AC I 4 = 150 k 

(where Vpk is the peak line voltage) 

ISENSEIMUL TOUT (Line Current) 

The voltage drop across the 0.25 0 current-sense resistor 
is applied io pins 4 and 5 as shown. The curreni-sense 
amplifier also operates with high low-frequency gain, but 
ur.like the voltage amplifier, it is set up to give the current
control loop a very wide bandwidth. This enables the line 
current to follow the line voltage as closely as possible. In 
the present example, this amplifier has a zero at about 500 
Hz, and a gain of about 18 dB thereafter. 

V(rms) (RMS Line Voltage) 

An important feature of the TK83854 preregulator is that it 
can operate with a three-to-one range of input line voltages, 
covering everything from low line in the U.S. (85 VAC) to 
high line in Europe (255 VAC). This is done using line 
feedforward, which keeps the input power constant with 
varying input voltage (assuming constant load power). To 
do this, the multiplier divides the line current by the square 
of the rms value of the line voltage. The voltage applied to 
pin 8, proportional to the average of the rectified line voltage 
(and proportional to the rms value), is squared in the 
TK83854, and then used as a divisor by the multiplier block. 
The multiplier output, at pin 5, is a currentthat increases with 
the current at pin 6 and the voltage at pin 7, and decreases 
with the square of the voltage at pin 8. 

PWM FREQUENCY 

The PWM oscillator frequency in the test circuit is 100 kHz. 
This value is determined by CTat pin 14 and RSET at pin 12. 
RSET should be chosen first because it affects the maxi
mum value of IMUL T according to the equation: 

3-160 

-3.75 
IMUL T MAX = --

RSET 

This effectively sets a maximum PWM-controlled current. 
With RSET = 15 k, 

IMULTMAX = 
-3.75 V 

15 k 
= -250 IlA 

It is also important to note that the multiplier output current 
will never exceed twice lAC. 

With the 4 k resistor from MUL TOUT to the 0.25 0 current 
sense resistor, the maximum current in the current sense 
resistor will be 

-IMUL T MAX * 4 k 
IMAX = - 4Amp 

0.250 

Having thus selected RSET, the current sense resistor, and 
the resistor from MUL TOUT to the current sense resistor, 
calculate CT for the desired PWM oscillator frequency from 
the equation 

1.25 

F * RSET 
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TK81854, 82854, 83854 

TYPICAL PERFORMANCE CHARACTERISTICS 
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vs FREQUENCY 

1201"l"l'!""""""r'mI"I~'I"!'!II''''''''r!III'''"r"l''r'I'lIII''I 

_20 .... jjII.j",.u.o.I~j"j"j,IjjI"I"j.o.l,jjil.,j"j,j0ll&.l 
0.1 10 100 1000 10000 

700 

600 

500 

400 

300 

200 

100 

o 

FREQUENCY (kHz) 
02 

GATE DRIVE RISE AND FALL TIME vs 
LOAD CAPACITANCE 

I~ 
# 

FALL TIME b V 

~ISETIME 

1/ 
/ 

V 
o .01 .02 .03 .04 .05 

LOAD CAPACITANCE (~F) 

MULTIPLIER OUTPUT vs 
VOLTAGE ON MULT 

03 

600,..."'T"'"""T""""'T-T"'"""'T"'"""T""""'T--' 

MUll OUT: 3 V 

~ 500 

~ 400 
!3 

MULT OUT: 2 V'-.;:--p....ct--.~~-I 

a 300t---t--+-hM<-t--t---t--I 
ffi 
:::; 5 2001--+--1:;01-+-+-1-+--1 

'" :2 
V(rms): 2 V, 
VA OUT: 5 V 

OL.. .................................. .....I.......I 
o 200 400 600 800 

lAC (~A) 
05 

VOLTAGE AMPLIFIER GAIN AND PHASE 
vs FREQUENCY 

g,~ 

g B 40 H+ftill-H-I-ffilI+t+tttIH-ttttlll-+ttttH 
z~ 
~;'Ii 20 H+ftill-H-I-ttlli+l'ffiHH-ttttlll+t+ttH 

-20 1,I,j,j.llll.l ................. ~ ...... I.IIlI. ........ .oIIU 
0.1 10 100 1000 10000 

100 

95 

~ 90 
w 
--J 

~ 85 

~ 
5 80 

75 

FREQUENCY (kHz) 
02 

GATE DRIVE MAXIMUM DUTY CYCLE VI 

OSCILLATOR RESET 

,,--'-" 

/ 

/ 

/ 

70 0 10 
RSET(kQ) 

100 

OSCILLATOR FREQUENCY vs 
RSETAND CT 

10 
RSET (kQ) 

04 

100 

06 

3-161 

II 



TK81854,82854,83854 
TYPICAL PERFORMANCE CHARACTERISTICS (CO NT.) 

Multiplier Output vs Multiplier Inputs with Mult Out = 0 V 
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FEATURES 

• Boost Mode Power Factor Control 
• Peak Current Sensing PFC Control 

• Typical Power Factor> .996 

• Over Voltage Protection 
• Programmable Ramp Compensation 
• Electrostatic Discharge Protection 

• Pin Compatible with the ML4812 

DESCRIPTION 
The TK84812 is a boost mode Power Factor Control (PFC) 
circuit. The low external parts count makes this IC economi
cal to include active power factor control in power supplies 
of 50 watts and above. 

The outputs of the controller provide high current (>1 A 
peak) and high slew rate for excellent control of MOSFET 
gates. The TK84812 utilizes peak current sensing control 
circuitry, with a current sense transformer or a SENSE FET 
device as a sense element. This method of current sensing 
improves overall efficiency. Special care has been taken to 
provide high system noise immunity. The device has under 
voltage lockout circuitry with 6 V hysteresis, wide common 
mode range current sense comparator. Ramp compensa
tion is programmable by an external resistor, to provide 
stability at duty cycles greater than 50%. Over voltage 
protection eliminates output "runaway" when there is no or 
small output load. 

The TK84812 is temperature compensated and is offered in 
the commercial, industrial, and military temperature ranges. 
Both 16 pin plastic and ceramic dip packages are available. 

ORDERING INFORMATION 

TK84812 D D DD 

{1l: --Temp.Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
o : Plastic C : 0 to +70 DC 
J : Ceramic I : -40 10 +85 °C 

M: -5510 +125 °c 

TAPE/REEL CODE 
ex : BulklBag 
MG: Magazine 

TK84812 
POWER FACTOR CONTROLLER 

APPLICATIONS 

• Switching Power Supplies with PFC 

• Computers 
• Work Stations 
• Telecommunications Equipment 

• Office Equipment 
• Medical Electronics 
• IEC-555 Power Supplies 

I(SENSE) 1~_.Jo-... 

INV 4 

TK84812 

TK84812 
BLOCK DIAGRAM 

J--...!-----t._--"Ii~----i9 CLOCK 
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TK84812 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........................................................... 36 V Storage Temperature Range .................... -65 to + 150°C 
Supply Current ........................................................ 33 rnA Operating Temperature Range 
Output Current, Source or Sink (Pin 12) DC ............ 1.0 A (Commercial) ............................................. 0 to +70 °C 
Output Energy (Capacitive Load Per Cycle) .............. 5 Ili (Industrial) ............................................. .-40 to +85 °C 
Multiplier I(SINE) Input (Pin 6) .............................. 1.2 rnA (Military) ............................................... -55 to + 125°C 
Error Amp Sink Current (Pin 3) .............................. lOrnA Lead Soldering Temp. (10 sec.) ............................ 260 °C 

Oscillator Charge Current ........................................ 2 rnA Junction Temperature ........................................... 150 °C 

Analog Inputs ............................................ -0.3 V to 5.5 V Thermal Resistance, Plastic Dip ......................... 65 °C/W 

ELECTRICAL CHARACTERISTICS 
RT = 14 kO, CT = 1000 pF, T A = Operating Temperature Range. V cc = 15 V (Note 2) 

SYMBOL PARAMETER TEST CONDITION TK84812C TK848121 l 
MIN TYP MAX MIN TYP MAX UNITS 

Oscillator 

'INTL(OSC) Initial Accuracy TJ = 25°C 91 98 105 91 98 105 kHz 

!1'y(osc) Voltage Stability 12V<Vcc <18V 3.0 3.0 % 

!1fT(OSC) Temperature Stability 6 6 % 

!1'(OSC) Total Variation Line, Temp 90 108 88 112 kHz 

VRVPfOSC\ Ramp Valley to Peak 33 3.3 V 

VRT(OSC) R(T) Pin Voltage 4.8 5.0 5.2 4.8 5.0 5.2 V 

lo(OSC) Discharge Current TJ = 25°C, VplN 16 = 2 V 7.5 8.4 9.3 7.5 8.4 9.3 mA 

(Pin 8 open) VplN 16 = 2 V 7.2 8.4 9.5 7.2 8.4 9.5 mA 

Reference Section 
-

V(REF) Output Voltage 10 = 1 mA, T J = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 V 

LlREG(REF) Line Regulation 12 V < Vcc < 25 V 20 35 20 35 mV 
.~ 

LDREG(REFl Load Regulation 1 mA < 10 < 20 mA 6 20 6 20 mV 

!1VT(REF) Temperature Stability 0.4 0.4 % 

!1VTOT(REF) Total Variation Line, Load, Temp 4.9 5.1 4.85 5.15 V 

VN(REF) Output Noise Voltage 10 Hz to 10 kHz 50 50 flY 

VLT(REF) Long Term Stability TJ = 125°C, 1000 hrs. (Note 1) 5 25 5 25 mV 

ISC(REF) Short Circuit Current VREF = 0 V ·30 -85 -180 -30 -85 -180 mA 

Error Amp Section 

VOS(EAl Input Offset Voltage -15 +15 -15 +15 mV 

IB(EA) Input Bias Current VplN 4 = VREF + 25 mV -0.1 -1.0 -0.1 -1.0 flA 

AYlOL,EI\l. Open Loop Gain 1 V < VPIN 4 < 5 V 60 75 60 75 dB 

PSRR(EA) PSRR 12 V < Vcc < 25 V 60 75 60 75 dB 

ISINK(EA) Output Sink Current VpIN3 = 1.1 V, VPIN4 =6.2V 2 12 2 12 mA 

ISOURCE(EA Output Source Current VplN 3 = 5.0 V, VplN 4 = 4.8 V -0.5 -1.0 -0.5 -1.0 mA 

VOH(EA) Output High Voltage IpIN3 = -0.5 mA, V PIN 4 = 4.8 V 5.3 5.5 5.3 5.5 V 

VOL(EA) Output Low Voltage IplN 3 = 1 mA, V PIN 4 = 6.2 V 0.5 1.0 0.5 1.1 V 

BW(EA) Unity Gain Bandwidth 1.0 1.0 MHz 
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TK84812 
ELECTRICAL CHARACTERISTICS (CONT.) 
RT = 14 kQ, CT = 1000 pF, T A= Operating Temperature Range. V cc = 15 V (Note 2) 

SYMBOL,,'_I,' .. PARA_M.E,T .. ,ER. ___ I, __ TEST_CO_ND_I_T __ IO_N __ ~,_M_I_:~K_~_~_~~2_CM_A_X __ ~ TK848121 _ J__ M~!':I_I TY""Lr.1~X.JU~ITS 

Multiplier -,------------,-------------,----,--,-------,---,--,-------r----i 
VISINE(M) I(SINE) Input Voltage I(SINE) = 500 IlA 0.4.7 0.9 0.4 0.7 0.9 V 
~=~~L-~--------r-----------~--_r--T----r-~-~--_r----

IOUT(M) I(SINE) = 500 itA, 460 480 510 460 480 510 itA 
Pin 4 = VREF -20 mV 

Output Current (Pin 2) I(SINE) = 500 itA, 3 10 3 10 

Pin 4 = VREF ___ +_2_0_m_V ___ ---+ __ -+-_-+_. -1---+--+----1----1 
I(SINE) = 1 mA, 900 950 1020 900 950 1020 itA 
Pin 4 = VREF -20 mV 

I(SINE) = 500 itA, 455 455 

Pin4=VREF -20mV II 
BW(M) Bandwidth 200 200 kHz 
f-----'-'--+---- +------+----+--+----t----I----I----+--
I-P,_S_R_R...\,(I"'EA"L.)L-P_SR_R ______ ---.JL1_2_V_< V cc < 25 V 70 70 dB 

OVP Comparator 

VOS(OV~ Input Offset Voltage Output Off -15 +15 -15 +15 mV 

V H(OVP) Hysteresis so 105 130 so 105 130 mV 

ISLOVPl. Input Bias Current -0.3 -3.0 -0.3 -3.0 

6.t(OVP) Propagation Delay 150 150 ns 

I(SENSE) Comparator 

VCMR(SENSE Input CMR -0.2 5.5 -0.2 5.5 V 

VOS(SENSE) InputOffsetVoltage -15 +15 -15 +15 mV 

IS(SENSE) Input Bias Current -2 _-_10_1--_~ _-_10_ ~ __ 

IOS(SENSE) Input Offset Current -1 + 1 + 1 -1 itA 

1-6._,t~(~S~EN~S~EL-)~P_m~p_a,g~a_ti_on_De_l~ay~ _ _+_-------_____ ---+ __ _+_-15-0-+---_+_----+-15-0+------+-n--s---
ILlM(SENSE) 1(limit) Trip Point V PIN 2 = 5.5 V 4.S 5 5.2 4.S 5 5.2 V 

Output Section 

lOUT = -20 mA VOL(O) Output Voltage Low 0.1 0.4 0.1 0.4 V 
-----+--+--+_--+---r--+----t-----

I-----j---_________ --I_I""OU"'T'--=_-, 200 mA 1.6 2.2 1.6 2.2 V 
1-----

VOH(O) Output Voltage High IOUT=20mA 1313.5 1313.5 V 
~ ------.-.--.----- --- .-,- ----f--.--~-.-+_-_+--__t--__1 

lOUT = 200 mA 12 13.4 12 13.4 V 
~---+---------+~~---------+---+--+---+---+--+---. r-----

VULVO(O) VouTLowinUVLO IOUT=-5mAVcc =SV .1 0.8 .1 0.8 V 
----T---+---t---+--T--T---+--~ 

tRiO); tF(O) Output Rise/Fall Time CL = 1000 pF 50 50 ns 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the startup threshold first to activate the IC, then returned to 15 V. 
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TK84812 
ELECTRICAL CHARACTERISTICS (CONT.) 
R,- = 14 KQ, CT = 1000 pF, T A = Operating Temperature Range. Vee = 15 V (Note 2) 

SYMBOL PARAMETER TEST CONDITION TK84812C TK848121 
MIN TVP MAX MIN TVP MAX UNITS 

Under Voltage Lockout 

VST(UVLQ) Start-Up Threshold 15 16 17 15 16 17 V 

VSD(UVLO) Shut-Down Threshold 9 10 11 9 10 11 V 

VREFG V REF Good Threshold 4.4 4.4 V 

V1H Shutdown Input 2.0 2.0 V 

V1L Shutdown Input 0.8 0.8 V 

IlL Shutdown Input VpiN 10 = 0 V 1.5 -1.5 rnA 

IIH Shutdown Input VPIN10=5V 10 10 IlA 

CVL Clock Voltage High RL = 16 k 3.0 3.5 3.0 3.5 V 

CVH Clock Voltage Low RL = 16 k 0.2 0.5 0.2 0.5 V 

Total Device 

ITOT Supply Current Start-Up, Vee = 14 V 0.8 1.2 0.8 1.2 mA 

Operating TJ = 25°C 20 25 20 25 mA 

20 30 20 33 mA 

Vz Internal Zener Voltage ICC=33 mA 25 30 34 25 30 34 V 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the startup threshold first to activate the IC, then returned to 15 V. 

PIN DESCRIPTION 

elNIt NAME E!.!NCIIQN PlflIlt NAME E!.!flICTIQflI 

I(SENSE} Input from the Current 7 RAMPCOMP Buffered output from the os-
Sense Transformer to the cillator ramp (C(T)). A resis-
PWM comparator (+). Cur- tor to ground sets a current, 
rent Limit occurs when this which is subtracted from the 
point reaches 5 V. multiplier output. 

2 MULTIPLIER Output of the current multi- 8 R(T} Oscillator timing resistor pin. 
plier. A resistor to ground A 5 V source across this re-
on this pin converts ihe sistor sets the charging cur-
current to a voltage. rent for CIT} 

3 EAOUT Output error amplifier 9 CLOCK Digital Clock Output 

4 INV Inverting input to error am- 10 SHUTDOWN A TTL compatible low level 
plifier. on this pin turns off the out-

OVP 
put. 

5 Input to the over voltage 
comparator. 11 PGND Return for the high current 

I(SINE} 
output 

6 Current multiplier input 
12 OUT High current output. 
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PIN DESCRIPTION (CO NT.) 

PIN # NAME FUNCTION 

13 Vee Positive Supply of the IC. 

14 VREF Buffered 5 V reference out-
put. 

15 GND Analog signal ground 

16 CIT) Timing capacitor for the 
oscillator. 

FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The TK84812 oscillator charges the external capacitor (CT) 
with a current (lsET) equal to 5/RsET . When the capacitor 
voltage reaches the upper threshold, the comparator 
changes state and the capacitor discharges to the lower 
threshold through 01. While the capacitor is discharging, 
the clock pulse is high. 

The Oscillator period can be described by the following 

relationship: T osc = TRAMP + T DEADTIME 

CvXV 
where: TRAMP~ 

CvXV 
and: TOEAOTIME (8.4 rnA -!sET) 

TaKa, Inc. 
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FUNCTIONAL DESCRIPTION (CONT.) 

:-----------------.. ------------.. --- .. ---.. ---...................... "Ii 
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Figure 1. Oscillator Block Diagram 
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TK84812 
FUNCTIONAL DESCRIPTION (CONT.) 

OUTPUT DRIVER 

The TK84812 output driver is a 1 amp peak output high 
speed totem pole circuit specially designed to drive 
capacitive loads, such as MOSFET gates. 
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Figure 3. Output Saturation Voltage vs. Output Current 
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ERROR AMPLIFIER 

The TK84812 error amplifier is a high open loop gain, 
wide bandwidth amplifier. 

1- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ 

+8 V 

+SV .SmA: 

3 EAOUT 

~ ------------------ -- - -------- ---------. 
Figure 4. Error Amplifier 
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FUNCTIONAL DESCRIPTION (CONT.) 

MULTIPLIER 

The TK84812 multiplier receives the rectified line input sine 
wave through the multiplier input on pin 6. 

The output of the multiplier is a current proportional to: 

lOUT = I(SINE) X I(EA) 

Where: I(SINE) is the current into pin 6, and I(EA) is a factor 
which varies from 0 to 1 proportional to the output of the 
error amplifier. When the error amplifier is saturated high, 
the output of the multiplier is approximately equal to the 
I(SINE) input current. 
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Figure 6. Multiplier Block Diagram 
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UNDER VOLTAGE LOCKOUT 

On power up the TK84812 remains in the UVLO condition; 
output low and quiescent current low. The Ie becomes 
operational when V reaches 16 V. When V cc drops 
below 10 V, the uvE& condition is imposed. During the 
UVLO condition, the 5 V V REF pin is "off", making it usable 
as a "flag". 

>----'----_ 5VVref 

Vee 

Figure 8. Under Voltage Lockout 
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TK84812 
TYPICAL APPLICATIONS 
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GENERAL 

The power factor controller is a boost mode pre-regulator 
that provides approximately 380 volts DC for a PWM power 
supply. It utilizes peak current sensing to give a typical 
corrected power factor of .996 over all load conditions. The 
calculations in the following sections refer to the applica
tions circuit. 

INPUT INDUCTOR (L 1) SELECTION 

The central component in the regulator is the input boost 
inductor. The value of ihis inducior controls various critical 
operational aspects of the regulator. If the value is too low, 
the input current distortion will be high and will result in low 
power factor and increased noise at the input. This will 
require more input filtering. In addition, when the value of 
the inductor is low the inductor dries out (runs out of current) 
at low currents. Thus the power factor will decrease at 
lower power levels and/or higher line voltages. If the 
inductor value is too high, for a given operating current, the 
required size of the inductor core will be large and/or the 
required number of turns will be high. So a balance must be 
reached between distortion and core size. One more con
dition where the inductor can dry out is analyzed below, 
where it is shown to be maximum duty cycle dependent. 

For the boost converter at steady state: 

~ 
VOUT =1_D 

ON 
Where DON is the duty cycle (T ON/(T ON + T OFF). The input 
boost inductor will dry out when the following condition is 
satisfied: 

VINDRY = (1 - DON (max) X VOUT 

VINDRY: Voltage where the inductor dries out 

VOUT : Output DC Voltage 

The previous relationship shows that the resetting volt
seconds are more than setting volts-seconds. In energy 
transfer terms, this means that less energy is stored in the 
inductor during the ON time than it is asked to deliver during 
the OFF time. The net result is that the inductor dries out. 
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TYPICAL APPLICATIONS (CO NT.) 

The recommended maximum duty cycle is 95% at 100 kHz 
to allow time for the input inductor to dump its energy to the 
output capacitors. 

For example: 

if: V OUT = 380 V and 

DON (max) = 0.95 

then substituting in (3) yields V,NDRY = 20 V . The effect 
of drying out is an increase in distortion at low voltages. 

For a given output power, the instantaneous value of the 
input current is a function of the input sinusoidal voltage 
waveform, i.e. as the input voltage sweeps from zero volts 
to a maximum value equal to its peak so dDes the current. 

The load of the power factor regulator is usually a switching 
power supply which is essentially a constant power load. 
As a result, an increase in the input voltage will be offset by 
a decrease in the input current. 

By combining the ideas set forth above, some ground rules 
can be obtained for the selection and design of the input 
inductor: 

Step 1: Find minimum operating current. 

1.414 X FlNlminl 
I'N(min)PEAK = V 

IN(max) 

V'N(max) = 260 V 

P'N(minl = 50 W 

then: I,Nlminl = 0.272A 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying out. For this 
example 40% of the peak current found in step 1 was 
chosen. 
then: 
ILDRy = 100 mA 

TOKO, Inc. 
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Step 3: The value of the inductance can now be found 
using previously calculated data. 

L 1 _ V;"'i!lIN~DRQ.;y~X..,D:-:-,:oi!llN""lm ... ax ... 1 

- L INDRY X f osc 

.,.."...,.:2~0~V:..,;X~0~.9"75-:-:-_ = 2 mH 
100 mA X 100 kHz 

The inductor can be allowed to decrease in value when the 
current sweeps from minimum to maximum value. This 
allows the use of smaller core sizes. The only requirement 
is that the ramp compensation must be adequate for the 
lower inductance value of the core so that there is adequate 
compensation at high current. 

Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found above can be 
considered a good starting point. Based on the amount of 
power factor correction the above value of L 1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powered Iron cores 
are typical choices for core material. The core material 
selected should have a high saturation point and accept
able losses at the operating frequency. 

One ferrite core that is suitable at around 200 W is the 
T157-18 made by Micrometals. Two of these toroids are 
stacked with 140 turns of AWG #20 to provide 2 millihenries 
at 2 amps DC. 

OSCILLATOR COMPONENT SELECTION 
The oscillator timing components can be calculated by 
using the following expression: 

f 1.36. 
OSC=RT ~ 

For example: 

Step 1: At 100 KHz with 95% duty cycle T OFF = 500 ns 
calculate CT using the following formula: 
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TK84812 
TYPICAL APPLICATIONS (CONT.) 
Step 2: Calculate the required value of the timing 
resistor. 

1.36 
100 kHz X 1 000 pF=13.6 k 

Choose RT = 14 k 

CURRENT SENSE AND SLOPE (RAMP) 
COMPENSATION COMPONENT SELECTION 

Slope compensation in the TKS4S12 is provided internally. 
The amount of slope compensation should be at least 50% 
of the downslope of the inductor current during the off time 
as reflected on pin 1. Note that slope compensation is a 
requirement only if the inductor current is continuous and 
the duty cycle is more than 50%. The highest inductor 
downslope is found at the point of inductor discontinuity: 

3S0V-20V 
2mH 

The downslope as reflected to the input of the PWM 
comparator is given by: 

v -V 
SpWM b L 1'NDRY X R11/Nc 

Where NC is the turns ratio of the current transformer (T1) 
used. In general, curren! transformers simplify the sensing 
of switch currents especially at high power levels where the 
use of sense resistors is complicated by the amount of 
power they have to dissipate. Normally the primary side of 
the transformer consists of a single turn and the secondary 
consists of several turns of either enameled magnet wire or 
insulated wire. We have used a standard Beckman Indus
trial HM31-201 00 current sense transformer. The rectify
ing diode at the output of the current transformer can be a 
1 N414S for secondary currents up to 75 mA average. 
Sense FETs or resistive sensing can also be used to sense 
the switch current, the sensed signal has to be amplified to 
the proper level before it is applied to the IC. 

The value of ramp compensation (SCpWM) as seen at pin 1 
is: 

2.5X R9 
SCPWM = R16 X C6 X RtS 
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The required value for R 1S can be found by: 

where Asc is the amount of slope compensation and 
solving for Rsc. 

The value of RM (pin 2) depends on the selection of Rp 
(pin 6) 

RM = ~'NlmaxIPEAK= 260X1.414 -510 k 
'slneIPEAKI Q f2mA 

Rp> VcLAMp XR2 4.SX510 k",22k 
VINlminl SOX 1414 

Choose RM = 27 k 

The peak inductor current can be found approximately 
by: 

IIpeak 1.414 X P OUT 1.4149~ 200 = 3.14 A 
V'NlminlRMs 

The selection of Nc which depends on the maximum 
switch current, assume 4A for this example is SO turns, 

RS1 = VCLAMPX Nc = 4.SXSO '" 100 Q 

IpEAK 4 

Where Rs is the sense resistor, and Vclamp is the current 
clamp at the inverting input of the PWM comparator. The 
clamp is internally setto 5 V. In actual application it is a good 
idea to assume a value less than 5 V to avoid unwanted 
current limiting action due to component tolerances. In the 
application Vclamp was chosen as 4.S V. 

Having calculated Rs the value SpWM and of Rsc can now 
be calculated: 

S _ 3S0 V - 20 
PWM- 2 mH X 100 = 0.225 VI"'" SO I"'" 
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TYPICAL APPLICATIONS (CONT.) 

R = 2.5 X 27k ~30 k 
sc 0.7X(.225X106)X14kX1nf 

Choose Rsc = 33 k 

The following values were used for calculation: 

RM = 27 k 
Asc = 0.7 
Rt= 14k 
Ct= 1 nF 

Voltage Regulation Components 

The value of the voltage regulation loop components are 
calculated based on the operating output voltage. Note that 
safety regulations require the use of sense resistors that 
have adequate voltage rating. The input bias current of the 
error amplifier is approximately 0.5 !lA, therefore the cur
rent available from the voltage sense resistors should be 
significantly higher than this value. the total power rating is 
1/2 W. The operating power is setto be 0.4 W, then with 380 
V output voltage, the value can be calculated as follows: 

R9 = (380 V)2/0.4 W = 361 k 

Therefore choose a 357 k 1/2 W 1 % resistor. Then R 1 0 
can be calculated as below: 

R10= VREF XR5 _ 5VX357k 4.747 k 
VB-VREF 380 V-5 V 

Choose 4.53 k in series with a 500 ohm adjustment pot. 

One more critical component in the voltage regulation loop 
is the feedback capacitor for the error amplifier. The voltage 
loop bandwidth should be set such that it rejects the 120 Hz 
ripple which is present at the output. If this ripple is not 
adequately attenuated, it will cause distortion of the input 
current waveform. Typical bandwidths range anywhere 
from a few Hz to 15 Hz. The main compromise is between 
transient response and distortion. The feedback capacitor 
can be calculated using the following formula: 

TaKa, Inc. 

TK84812 

C8 
3. 142 X R 5 X BW 

1 
C8 3.162 X 357 k X 2 Hz =0.44!lF 

OVERVOLTAGE PROTECTION (OVP) 

The OVP loop should be set so that there is no interaction 
with the voltage control loop. Typically it should be set to a 
level where the power components are safe to operate. Ten 
to fifteen volts above Vout seems to be adequate. This sets 
the maximum transient output voltage to about 395 V. 

By choosing the high voltage side resistor olthe OVP circuit I 
the same way as above, (R7 = 356 k) then R8 can be 
calculated as: 

R8 = VREF XR7 5VX357k 
Vovp - VREF 395 V-5 v- 4.576 k 

Choose 4.53 k 1 % 

Note that R7, R8, R9, and R10 should be 1 % or better 
tolerance. 

Controller Shutdown 

The TK84812 provides a shutdown pin which can be used 
to disable the IC. Caution should be taken because when 
this pin is used power supply sequencing problems could 
arise if the 380 V bus supplies power to a regulator that has 
a bootstapped housekeeping circuit. A circuit could be 
devised using VREF as a flag to inhibit the PWM section of 
the supply as an example. 

Power Factor Enhancement Circuit 

Predistorlion is added to rectified AC input waveform be
fore it is applied to the I(SlNE) input (pin 6) by a soft clamping 

technique. Tests have shown that the power factor can be 
improved by the inclusion of this circuit as implemented in 
the application schematic. 
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TK84812 
TK84812 APPLICATIONS BOARD PARTS LIST 

ITEM PART NUMBER L MANUFACTURER DISTRIBUTOR 

U1 TK84812 : TOKO 
.. -

I National U2 LM317HVH (Oigi-Key) 
r-- i -~.-. .-.----~-

Q1 IRF840 Internal. Rect. (Oigi-Key) 
._. .... _.-

BR1 KBU8J Bridge Rectifier Gen.lnst. (Newark) 
~-----.. ~~-... ~" .,,-------~----- ... -

,05 MUR160 Motorola (Newark) 
1-------1-- --

06 MUR850 Motorola (Newark) 
r--- . __ .. _- "-_. - --_.- ---~~--

07 1N5406 Gen.lnst. (Oigi-Key) 
_._-- ------ _ ...... 

08 1N4148 Diodes Inc. (Oigi-Key) 
----

09 MUR105 Motorola (Newark) 
--- -~ 

010 1N4001 Diodes Inc. (Oigi-Key) 
---- - - _._----

011 1N5254B Diodes Inc. (Oigi-Key) 
I 

. "._. __ . .-._ .. - .~-~~---- _._-

J 012 1N5818 Diodes Inc. (Oigi-Key) I 
._- .-.-- r 

IO~;-K'J .~--. C1 1 IJF 250VAC X P4616 , I 

1--------- _._-_ ... i i 
C2 1 IJF 250VAC X P4616 (Oigi-Key) 

.. "- _.-

C3 1 IJF 250VAC X P4616 (Oigi-Key) 
- f-------~~---- ... __ .- -- -- -

C4 2200 pF 1 kV P4113 (Oigi-Key) 
.. _. -- -_. --

C5 330 IJF 450 V P6443 (Oigi-Key) 
1------- - -- ---- -------

C6 1000 pF 50 V ± 5% NF'O 87~ ~ (Newark) 
.--- ---------i.- -~-----

C7 1000 pF 50 V P4812 ____ ---+-_(_?igi-Key) 
1-----_.- .. _.- " -""". --

C8 0.47 IJF 50 V 87F4755 (Newark) 
-- _._- .. _.... _ .... _-
C9 0.1 IJF 50 V P4887 I u 

(Oigi-Key) 
"---

C10 0.11JF50V P4887 (Oigi-Key) 
-----

C11 100 IJF 100 V P530 (Oigi-Key) 
_._--_._ .. _----. 

C12 330 IJF 450 V P5278 (Oigi-Key) 
1----- --- -_ ... --_ .... _------"--- --~-1 .- (Oigi-Key)! C13 470 pF 1 kV P4124 

I . __ ._- .. _----- .. -------

C14 1IJF 100V P4910 (Oigi-Key) 

C15 10 IJF 100 V P5297 (Oigi-Key) 
-----

R1 420 k 1/4 W 5% 
J 

(Oigi-Key) 
-- ~ 
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TK84812 
TK84812 APPLICATIONS BOARD PARTS LIST (CO NT.) 

liTEM -
--------~.---.---.- : --------- -

.. I rnSTRIBUTO PART NUMBER MANUFACTURER 

R2 6.B k 1/B W 5% (Oigi-Key) 
. __ ._ .... -- -~ ----"" 

R3 47 k 1/B W 5% (Oigi-Key) 
-- - -" 

R4 33 k 1/B W 5% (Oigi-Key) 

R 

I R5 27 k 1/BW5% i (Oigi-Key) 

~-= 
- : ---

27k 1/B W 5% (Oigi-Key) 
----"-"---c---""- ----- -- ~---

357k1/4W1% (Oigi-Key) 

" r-t"'I L .. III 'AI .. nl (Digi-Key) 

I--~~"-
~.;J~ 1'\ 1/"+ VV 170 

357 k 1/4W1% (Oigi-Key) I R9 _ ... "- -----_._-

R10 4.53 k 1/4 W 1% (Oigi-Key) 
-- ._-_.- -----"-

R11 91 1/8 W 5% (Oigi-Key) 
-~---. 

R12 10 1/4 W 5% (Oigi-Key) 
1-----" """ -----_.--

R13 16 k 1/8 W 5% Inini_k' Co\l\ \ ...... ~ .. ~ .... , , 
-" .- --

R14 33 k 1/8 W5% _~ __ (?igi~ey) 
-- ---"----------f-------

R15 15 k 1/8 W5% (Oigi-Key) 
•• 0. ___ -

----~-

R16 10 k 1/8W5% (Oigi-Key) H,'W5% (Oigi-Key) 
-- ----._ ... - "--

R18 75k 2W5% (Oigi-Key) 
-- ._- ---". _.-.. _-

L~~~ i 2.7 k 1/4 W 5% (Oigi-Key) 

: R20 240 1/4W5% (Oigi-Key) 
------ I 

i TH1 ! KC015L (Thermistor) Keystone Carbon (Oigi-Key) 
I -- -

F1 3A 250 V (Oigi-Key) 
-"""- -" -"._" ----:----
L1 CTM28992 CTM Magnetics (602) 967-9447 I 
T1 HM3210100 Beckman Industrial (714) 447-2345 I 

i -"-"-" 
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FEATURES 
• Reduced Overall Current Consumption 

• Reduced Start-Up Current 
• Slow Start Following Current Limit Shutdown 

• Boost Mode Power Factor Control 

• Current or Voltage Mode PWM 
• Peak Current Sensing PFC Control 

• Typical Power Factor> .996 
• Current Limit and Over Voltage Protection 

• Programmable Ramp Compensation 
• Electrostatic Discharge Protection 

• Pin Compatible with the ML4819 

DESCRIPTION 
The TK84819 is a complete boost mode Power Factor 
Control (PFC) circuit which also includes a PWM controller. 
The PFC circuit and PWM controller share the same oscil
lator and are synchronized. The outputs of the controller 
provide high current (>1 A peak) and high slew rate for 
excellent control of MOSFET gates. The PFC section uti
lizes peak current sensing control circuitry, with a current 
sense transformer or a SENSE FET device as a sense 
element. This non-dissapative method of current sensing 
improves overall efficiency. The PWM section includes 
cycle by cycle current limiting, precise duty cycle limiting for 
single ended converters, and slope compensation. Special 
care has been taken to provide high system noise immunity. 
The device has under voltage lockout circuitry with 6 V 
hysteresis, wide common mode range current sense com
parators and preciSion duty cycle limiting circuit for the PWM 
section. 

ORDERING INFORMATION 

TK84819 0 0 00 II T --,~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
0: Plastic C; 0 to ..,70 °C 
J : ceramic t :. -40 to +85 'C 

TaKa, Inc. 

TAPE/REEL CODE 
ex : Bulk/Bag 
MG: Magazine 

TK84819 
POWER FACTOR CONTROLLER 

PWMCOMBO 

APPLICATIONS 
• Switching Power Supplies with PFC 

• Computers 
• Work Stations 
• Telecommunications Equipment 

• Office Equipment 
• Medical Electronics 
• IEC-555 Power Supplies 

R, 

C, 

RAMP 
COMP 

TK84819 

MULTIPLIER 3 

~UTY CYCLE 7 

PWMB 8 

'ffir-----t---'-t-< '(SENSE) B 

MULTIPliER 0--<__--

INVA 

PWMB 

OUTB 

PGNDB 

VREF 

Vee 

OU'A 

PGNDA 
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TK84819 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......................................................... 35 V Operating Temperature Range 
Output Current, Source or Sink (Pin 14,16) DC ....... 1.0 A (Commercial) .............................................. 0 to +70 °C 
Output Energy (Capacitive Load Per Cycle) .............. 5 /-lj (Industrial) .............................................. .-40 to +85 °C 
Multiplier I(SINE) Input Pin 6 ................................. 1.2 mA Lead Soldering Temp. (10 sec.) ............................ 260 °C 
Analog Inputs ............................................ -0.3 V to 5.5 V Junction Temperature ........................................... 150 °C 
Storage Temperature Range .................... -65 to +150 °C Thermal Resistance, Plastic Dip ........................... 65 °CIW 

ELECTRICAL CHARACTERISTICS 
Test Conditions: Vcc = 15 V (Note 2), RT = 14 kQ, CT = 1000 pF, TA= Operating Temperature Range. 

Note 1: This parameter not 100% tested in production but guaranteed by design. 
Note 2: Vee is raised above the startup threshold first to activate the IC, then returned to 15 V. 

!SYMBOL PARAMETER TEST CONDITION TK84819C TK848191 
MIN TYP MAX M!N TYP MAX UNITS 

Oscillator 

fINTL(OSCl Initial Accuracy TJ =25°C 90 97 104 90 97 104 kHz 

~fV(OSCl Voltage Stability 12V<Vcc <25V 3.0 3.0 % 

AlT(OSC) Temperature Stability 6 6 % 

AI(OSC) Total Variation Temp 88 106 84 110 kHz 

VRV(OSCl Ramp Valley .9 .9 V 

VRP(OSC) Ramp Peak 4.3 4.3 V 

VRT(OSC) R(T) Pin Voltage 4.8 5.0 5.2 4.8 5.0 5.3 V 

ID(OSC) Discharge Current TJ =25°C, VPIN20=2V 7.5 8.4 9.3 7.5 8.4 9.3 mA 

(Pin 10 open) VPIN20=2V 7.2 8.4 9.5 7.0 8.4 10.0 mA 

Duty Cycle Compo 

VOS(DCC) Input Offset Voltage -15 +15 mV 

IB(DCC) Input Bias Current -0.7 -10 -0.7 -10 /lA 
d(DCC) Duty Cycle Vp1N 7 = VREF/2 42 45 49 40 45 49.7 % 

Reference Section 

V(REF) Output Voltage 10 = 1 mA, TJ = 25°C 4.95 5.00 5.05 4.95 5.00 5.05 V 

LlREG(REFl Line Regulation 12 V < VCC < 25 V 2 35 2 65 mV 

LDREG(REF) Load Regulation 1 mA <10 < 20 mA 8 25 8 30 mV 

~VT(REF) Temperature Stability 0.4 0.4 % 

~VTOT(REF) Total Variation Line, Load, Temp 4.9 5.1 4.75 5.25 V 

VN(REFl Output Noise Voltage 10 Hz to 10 kHz 50 50 ltV 

VLT(REF) Long Term Stability TJ = 125°C, 1000 hrs. (Note 1) 5 25 5 mV 

ISC(REF) Short Circuit Current VREF=OV -30 -85 -180 -25 -85 -185 mA 

Error Amp Section 

VOS(EA) Input Offset Voltage -15 +15 -15 +15 mV 

IB(EA) Input Bias Current Vp1N 4 = VREF = 25 mV -0.1 -1.0 -0.1 -1.0 /lA 
AV(OL,EA) Open Loop Gain 1 V < VP1N 4 < 5 V 60 90 55 90 dB 

PSRR(EA) PSRR 12V<Vcc <25V 60 75 60 75 dB 
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TK84819 
ELECTRICAL CHARACTERISTICS (CONT.) 
Test Conditions: Vcc = 15 V (Note 2), RT = 14kn, CT = 1000 pF, TA=Operating Temperature Range. 

SYMBOL PARAMETER TEST CONDITION TK84819C TK848191 
MIN TYP MAX MIN TYP MAX UNITS 

Error Amp Section (Cont.) 
------

ISINKtEAI Output Sink Current Vp1N 4 = 1.1 V, Vp1N 5= 5.2 V 2 12 1.5 12 mA 

ISOUACE(EA Output Source Current Vp1N4 = 5.0 V, VPIN 5 = 4.8 V -0.5 -1.0 -0.35 -1.0 mA 

VOH(EA) Output High Voltage IpIN4 = -0.5 mA, VplN 5 = 4.8 V 6.5 7.0 6.3 7.0 V 

VOL(EA) Output Low Voltage IplN 4 = 1 mA, Vp1N5 = 5.2 V 0.7 1.0 0.7 1.2 V 

BW(EA) Unity Gain Bandwidth 1.0 1.0 MHz 

Multiplier 

VISINE(M) I(SINE) Input Voltage I(SINE) = 500 J.lA 0.4 .7 0.9 0.35 0.7 1.1 V 

IOUT(M) I(SINE) = 500 J.lA, 460 495 505 450 495 520 J.lA 
Pin 5 = VAEF -20 mV 

Output Current (Pin 3) I(SINE) = 500 J.lA, 0 10 0 40 J.lA 
Pin 5 = VAEF +20 mV 

I(SINE) = 1 mA, 900 990 1005 920 990 1035 J.lA 
Pin 5 = VAEF -20 mV 

BW(M) Bandwidth 200 200 kHz ! 
i 

PSRR(EA) PSRR 12V<Vcc <25V 70 70 dB i 

Slope Compensator 

VA(SC) RAMP COMP VPin 12 VPIN20-1 VPIN20-1 V 

IALSCl. lout Pin 1 or Pin 9 IPIN 12 = 100 J.lA (Note 3) 45 48 51 40 48 55 J.lA 

OVP Comparator 

VOS(OVP) Input Offset Voltage Output Off -15 +15 -15 +15 mV 

VH(OVP) Hysteresis 100 120 140 85 120 150 mV 

IS(9VPl Input Bias Current -0.3 -3.0 -0.3 -3.0 J.lA 

6.t(OVP) Propagation Delay 150 150 ns 

I(SENSE) Comparator 

VCMA(SENSE InputCMR Vp1N 5 = VAEF - 20 mV -0.2 5.5 -0.2 5.5 V 

VOS(SENSE) Input Offset Voltage I(SENSE) A -15 +15 -15 +15 mV 

I(SENSE) B 0.4 0.7 0.9 0.38 0.7 0.92 V 

IS(SENSE) Input Bias Current -0.7 -10 -0.7 -10 J.lA 

IOS(SENSE) Input Offset Current -1 +1 J.lA 

6.t(SENSEl. Propagation Delay 150 150 ns 

ILlM(SENSE) 1(limit A) Trip Point Vp1N 3 = 5.5 V 4.8 5 5.2 4.75 5 5.25 V 

1(L1M) Comparator 

VTA1P(L1M) I(limit) Trip Point .95 1 1.05 .9 1 1.1 V 

IS(L1M) Input Bias Current -0.7 -10 -0.7 -10 J.lA 

6.t(L1M) Propagation Delay 150 150 ns 
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TK84819 
ELECTRICAL CHARACTERISTICS (CONT.) 
RT = 14 kn, CT = 1000 pF, T A= Operating Temperature Range. V cc = 15 V (Note 2) 

SYMBOL PARAMETER TEST CONDITION TK84812C TK848121 
MIN TYP MAX MIN TYP MAX UNITS 

Output Section A, B 

VOL(O) Output Voltage Low lOUT = -20 mA 0.1 0.4 0.1 0.5 V 

lOUT = -200 mA 1.6 22 1.6 2.3 V 

VOH(O) Output Voltage High lOUT = 20 mA 13 13.5 12.5 13.5 V 

lOUT = 200 rnA 12 13.4 11.5 13.4 V 

VULVO(O) VOUT Low in UVLO lOUT = -5 mA, Vcc = 8 V 0.65 0.8 0.65 1.0 V 

tR(o"; tF·O· Output Rise/Fa!! Time CL ;:;; 1000 pF 50 00 ns 

Under Voltage Lockout 

VST(UVLO) Start-Up Threshold 15 16 17 14.5 16 17.5 V 

VSD(UVLO) Shut-Down Threshold 9 10 11 8.5 10 11.5 V 

VREFG VREF Good Threshold 4.4 4.4 V 

Total Device 

ITOT Supply Current Start-Up, V cc = 14 V 0.27 0.5 0.27 0.6 mA 

Operating TJ '" 25°C 25 35 25 35 mA 

OpTemp 25 38 25 48 rnA 

Note 1: This parameter not 100% tested in production but guaranteed by design .. 
Note 2: V cc is raised above the startup threshold first to activate the IC, then returned to 15V. 

Note 3: PWM comparator bias currents are subtracted from this reading. 

PIN DESCRIPTION 

E!II'U ~AME E!.!tlCIIQ/:i E!IN it HAME E!.!f:!ICIIQf:!I 

I(SENSE)A Input from the Current 7 DUTY CYCLE PWM controller duty cycle is 
Sense Transformer to the SOFT START limited by setting this pin to a 
PWM comparator(+). Cur- fixed voltage. A capacitor to 
rent Limit occurs when this ground sets the soft start time 
point reaches 5 V. constant. 

2 OVP Input to the over voltage 8 PWMB Errorvoltage feedback input. 
comparator. 

I(SENSE) B 
MULTIPLIER 

9 Input for current sense resis-
3 Output of the current multi- tor for current mode opera-

plier. A resistor to ground tion or for oscillator ramp for 
on this pin converts the voltage mode operation. 
current to a voltage. 

R(T} 
EA OUT A 

10 Oscillator timing resistor pin. 
4. Output error amplifier A 5 V source across this re-

INVA 
sistor sets the charging cur-

5 Inverting input to error am- rent for C(T) 
plifier. 

I(LlM) 
I(SINE) 

11 Cycle by cycle PWM current 
6 Current multiplier input limit. Exeeding the 1 V thresh-

old on this pin:terminates the 
PWM cycle. 
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PIN DESCRIPTION (CO NT.) 

PIN# NAME FUNCTION 

12 RAMPCOMP Buffered output from the 
Oscillator ramp (C(T)). A re-
sistor to ground sets a cur-
rent 1 12 of which is sourced 
on pins 9 and 1. 

13 GND B Return for the high current 
totem pole output of the 
PWM controller. 

14 OUT B PWM Controller totem pole 
output. 

Positive supply for the IC. 

FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The TK84819 oscillator charges the external capacitor (CT) 
with a current (ISET) equal to 5/RsET . When the capacitor 
voltage reaches the upperthreshold, the comparator changes 
state and the capacitor discharges to the lower threshold 
through Q1. While the capacitor is discharging, the clock 
pulse is high. 

The Oscillator period can be described by the following 

relationship: T osc = TRAMP + T DEADTIME 

T _ CvxVa 
where: RAMP ----

ISET 

T _ CvxVa 
and: DEADTIME - (8 A I ) 

.4m - SET 

The maximum duty cycle of the PWM section can be limited 

by setting a threshold on pin 7. When the (CT) ramp is above 

the threshold at pin 7, the PWM output is held off and the 
PWM flip-flop is set: 

Dosc X (Y PIN!- 0.9) 
3.4 

TOKO,lnc. 

PIN # 

16 

17 

18 

19 

20 

5V 

TO 

COM~~~hoR 
OUT 

TK84819 

NAME FUNCTION 

OUTA PFC controller totem pole 
output. 

GNDA Return for the high current 
totem pole output ofthe PFC 
controller. 

VREF Buffered output for the 5V 
voltage reference. 

GND Analog Signal Ground. 

C(T} Timing capacitor for the os-
cillator. 

DUTY CYCLE r------------------------------------l 
7 , , 

CLOCK OUT 

RAMPPEAK-,----~-----~--

RAMPVALLE~~)L----V-----\--

Figure 1. Oscillator Block Diagram 

TOPWM 
LArCHB 

CLOCK 
TOPWM 
LATCHES 
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TK84819 
FUNCTIONAL DESCRIPTION {CO NT.) 

Where: 

DLIMIT = Desired duty cycle 

Dosc = Oscillator duty cycle 
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figUi6 2. Oscillator Timing Resistance vs. Frequency 
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SOURCE SATURATION 1 Vee 
(LOAD TO GROUND) 

TA=25"C 

TA=-55°C t""-'" 

V 

" -- --' 
TA=-55°C ~ - TA=25"C 

1 SINK SATURATIC N 

1/ J (LOAD TO VyC ) 

1 1 1 GND 
200 400 600 800 

OUTPUT LOAD CURRENT (rnA) 
Figure 3. Output Saturation Voltage vs. Output Current 

A capacitor from pin 7 to ground can be used for soft start 
when the current limit threshold (pin 11) is exceeded. 
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ERROR AMPLIFIER 

The TK84819 error amplifier is a high open loop gain, wide 
bandwidth amplifier. 

,'4 _____________________________________ , 
, . , , 

+8V , 

~.mA: +5V 

~ , 

5~I~N~V __________ -; 

4~E~A~O~U~T ________ ~ 

Figure 4. Error Amplifier 
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Figure 5. Error Amp Open-Loop Gain and Phase VS. 

Frequency 
MULTIPLIER 

The TK84819 multiplier is a linear current input multiplier to 
provide high immunity to the disturbances caused by high 
power switching. The rectified line input sine wave is con
verted to a current via a dropping resistor. In this way, small 
amounts of ground noise produce an insignificant effect on 
the reference to the PWM comparator. 

TOKO, Inc. 



FUNCTIONAL DESCRIPTION (CONT.) 

The output of the multiplier is a current proportional to : 

lOUT oc I (SINE) X I (EA) 

Where: I(SINE) is the current in the dropping resistor, and 
I(EA) is a factor which varies from 0 to 1 proportional to the 
output of the error amplifier. When the error amplifier is 
saturated high, the output of the multiplier is approximately 
equal to the I(SINE) input current. 

The multiplier output current is converted into the reference 
voltage for the PWM comparator through a resistor to 
ground on the multiplier output (pin 3). 

ERROR 
VOLTAGE +8 V 

I(SINE) 
j I(ERR) 

3 MULTIPLIER 

Figure 6. Multiplier Block Diagram 

SLOPE COMPENSATION 

Slope compensation is accomplished by adding 1/2 of the 
current flowing out of pin 12 to pin 1 (for the PFC section). 
The amount of slope compensation is equal to: 

(lPIN1t2) X RL 
Where: RL is the impedance to ground on pin 1 or pin 9. 
Since most of the PWM applications will be limited to 50% 
duty cycle, slope compensation should not be needed for 
the PWM section. This can be defeated by using a low 
impedance load to the current sense on pin 9. 

TaKa, Inc. 
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Figure 7. Slope Compensation 
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Figure 8. Multiplier Linearity 

UNDER VOLTAGE LOCKOUT 

On power up the TK84819 remains in the UVLO condition; 
output low and quiescent current low. The IC becomes 
operational when V cc reaches 16 V. When Vee drops below 
10 V, the UVLO condition is imposed. During the UVLO 
condition, the 5 V VREF pin is "off', making it usable as a 
"flag". 

~--+----.. 5VVREF 

Figure 9. Under Voltage Lockout 
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TYPICAL APPLICATIONS 
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POWER FACTOR SECTION 

The power factor section is a boost mode pre-regulator that 
provides approxamately 380 volts DC for the PWM section. 
It utilizes peak current sensing to give atypical corrected 
power factor of .996 over all load conditions. The following 
calculations refer to the applications circuit. (The compo
nent designators in the equations below refer to compo
nents in the application circuit.) 

INPUT INDUCTOR (L 1) SELECTION 

The central component in the regulator is the input boost 
inductor. The value of this inductor controls various critical 
operational aspects of the regulator. If the value is too low, 
the input current distortion will be high and will result in low 
power factor and increased noise at the input. This will 
require more input filtering. In addition, when the value of 
the inductor is low the inductor dries out (runs out of current) 
at low currents. Thus the power factor will decrease at lower 
power levels and/or higher line voltages. If the inductor 
value is too high, for a given operating current, the required 
size of the inductor core will be large and/or the required 
number of turns will be high. So a balance must be reached 
between distortion and core size. One more condition 
where the inductor can dry out is analyzed below, where it 
is shown to be maximum duty cycle dependent. 

For the boost converter at steady state: 

~ 
VOUT =1_D 

ON 
Where DON is the duty cycle (T m/(T ON + T OFF)' The input 
boost inductor will dry out when the following condition is 
satisfied: 

VINDRY = (1 - DON (max» X VOUT 

VINDRY: Voltage where the inductor dries out 

V OUT: Output DC Voltage 

TaKa, Inc. 



TYPICAL APPLICATIONS (CO NT.) 

The previous relationship shows that the resetting volt· 
seconds are more than setting volts·seconds. In energy 
transfer terms, this means that less energy is stored in the 
inductor during the ON time than it is asked to deliver during 
the OFF time. The net result is that the inductor dries out. 
The recommended maximum duty cycle is 95% at 100 kHz 
to allow time for the input inductor to dump its energy to the 
output capacitors. 

For example: 

if: V OUT = 380 V and 

DON (max) = 0.95 

then substituting in (3) yields VINDRY = 20 V. The effect of 
drying out is an increase in distortion at low Voltages. 

For a given output power, the instantaneous value of the 
input current is a function of the input sinusoidal voltage 
waveform, i.e. as the input voltage sweeps from zero volts 
to a maximum value equal to its peak so does the current. 

The load of the power factor regulator is usually a switching 
powersupplywhich is essentially a constant power load. As 
a result, an increase in the input voltage will be offset by a 
decrease in the input current. 

By combining the ideas set forth above, some ground rules 
can be obtained for the selection and design of the input 
inductor: 

Step 1: Find minimum operating current. 

1.414 X PIN(min) 
IIN(min) PEAK V 

IN(max) 

VIN(max) = 260 V 

PIN (min) = 50 W 

then: IIN(min) = 0.272A 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying out. For this 
example 40% of the peak current found in Step 1 was 
chosen. 

TOKO, Inc. 

TK84819 

then: 

ILDRy = 100 mA 

Step 3: The value ofthe inductance can now be found using 
previously calculated data. 

L 1 = VINDRY X D ONlmax) 
L INDRY X f osc 

20 V X 0.95 
"'"1 0""0"=m-"A""X""1"::'0:':::0""k-H-z- = 2 mH 

The inductor can be allowed to decrease in value when the 3 
current sweeps from minimum to maximum value. This 
allows the use of smaller core sizes. The only requirement 
is that the ramp compensation must be adequate for the 
lower inductance value of the core so that there is adequate 
compensation at high current. 

Step 4: The presence ofthe ramp compensation will change 
the dry out point, but the value found above can be consid
ered a good starting point. Based on the amount of power 
factor correction the above value of L 1 can be optimized 
after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powered Iron cores 
are typical choices for core material. The core material 
selected should have a high saturation point and acceptable 
losses at the operating frequency. 

One ferrite core that is suitable at around 200 W is the T157-
18 made by Micrometals. Two of these toroids are stacked 
with 140 turns of AWG #20 to provide 2 millihenries at 2 
amps DC. 

OSCILLATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 

f 1.36. 
OSC =RT c,. 
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For example: 

Step 1: At 100 kHz with 95% duty cycle T OFF = 500 ns 
calculate CT using the following formula: 

Cr- ToFFX IDis =1000pf 
Vosc 

Step 2: Calculate the required value of the timing resistor. 

1.36 1.36 
RT 13.6 k 

foscX CT 100 kHz X 1000 pF 

Choose ~= 14 k 

CURRENT SENSE AND SLOPE (RAMP) 
COMPENSATION COMPONENT SELECTION 

Slope compensation in the TK84819 is provided internally. 
A current equal to V cm'2(R18) is added to I(SENSE) A (pin 
1). This is converted to a voltage by R 10, adding slope to the 
sensed current through T1. The amount of slope compen
sation should be at least 50% of the downslope of the 
inductor current during the off time as reflected on pin 1. 
Note that slope compensation is a requirement only if the 
inductor current is continuous and the duty cycle is more 
than 50%. The highest inductor downslope is found at the 
point of inductor discontinuity: 

dlL _ Vb - V INDRX 

dt - L 
380V-20V 

2mH 

the transformer consists of a single turn and the secondary 
consists of several turns of either enameled magnet wire or 
insulated wire. We have used a standard Beckman Indus
trial HM31-201 00 current sense transformer. The rectifying 
diode at the output of the current transformer can be a 
1 N4148 for secondary currents up to 75 mA average. 
Sense FETs or resistive sensing can also be used to sense 
the switch current, the sensed signal has to be amplified to 
the proper level before it is applied to the IC. 

The value of ramp compensation (SCpWM) as seen at pin1 
is: 

SC _ 2.5 X R9 
PWM - R15xC6X RH 

The required value for R18 can be found by: 

where Asc is the amount of slope compensation and solving 
for R18 

The value of R9 (pin 2) depends on the selection of R2 (pin 
6) 

R2= V1N(max) PEAK = 260X1.414 510 k 
~;ne(PEAK) 0.72 mA 

R9> VcLAMP XR2 4.8X510 k=22k 
V1N(m;n) BOX 1.414 

Choose R9 = 27K 

The downslope as reflected to the input of the PWM com-
parator is given by: The peak inductor current can be found approximately by: 

Vb - V INDRY 
SpWM= L1 X R11/Nc 

Where NC is the turns ratio of the current transformer (T1 ) 
used. In general, current transformers simplify the sensing 
of switch currents especially at high power levels where the 
use of sense resistors is complicated by the amount of 
power they have to dissipate. Normally the primary side of 
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1.414XP OUT 
"peak 

VIN(mlnlRMs 

1.414X200 
90 

3.14A 

The selection of Nc which depends on the maximum switch 
current, assume 4A for this example is 80 turns, 

VCLAMpX Nc 
R11 = I 

PEAK 

4.8X80 
4 

100 Ohms 
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TYPICAL APPLICATIONS (CO NT.) 

Where R11 is the sense resistor, and VCLAMP is the current 
clamp at the inverting input of the PWM comparator. The 
clamp is internally set to 5 V. In actual application it is a good 
idea to assume a value less than 5 V to avoid unwanted 
current limiting action due to component tolerances. In the 
application VCLAMP was chosen as 4.8 V. 

TK84819 

Therefore choose two 178 k 114 W 1 % resistors connected 
in series. Then R6 can be calculated as follows: 

Having calculated R11 the value SpwM and ofR18 can now Choose 4.75 k 1% 
be calculated: 

380V·20 
SpWM 2 mH X 100 = 0.225 V/ILS 

80 

R18- 2.5XR9 
-AscXSpWMXRTXCT 

R18= 2.5 X 27k ~30 k 
0.7 X (.225 X 106)X 14 k X 1 nf 

Choose R18 = 33 k 

The following values were used for calculation: 

R9=27k 
Asc=0.7 
Rt = 14 k 
Ct = 1 nF 

VOLTAGE REGULATION COMPONENTS 

The value of the regulation loop components are calculated 
based on the operating output Voltage. Note that safety 
regulations require the use of sense resistors that have 
adequate voltage rating. As a rule, if 1/4 watt resistors are 
available, two should be used in series. The input bias 
current of the error amplifier is approximately 0.51LA, there
fore the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 11 
4 watt resistors have to be used, the total power rating is 11 
2 W. The operating power is set to be 0.4 W, then with 380 
V output voltage, the value can be calculated as follows: 

R5 = (380V)2/0.4 W = 360 k 

TaKa, Inc. 

One more critical component in the voltage regulation loop 
is the feedback capacitor for the error amplifier. The voltage 
loop bandwidth should be set such that it rejects the 120 Hz 
ripple which is present at the output. If this ripple is not 
adequately attenuated, it will cause distortion of the input 
current waveform. Typical bandwidths range anywhere 
from a few Hz to 15 Hz. The main compromise is between 
transient response and distortion. The feedback capacitor 
can be calculated using the following formula: 

C8=----'----
3.142 X R5 X BW 

1 
C8= 3.162 X 357 k X 2 Hz =0.45ILF 

OVERVOL TAGE PROTECTION (OVP) 

The OVP loop should be set so that there is no interaction 
with the voltage control loop. Typically it should be set to a 
level where the power components are safe to operate. Ten 
to fifteen volts above VOUTseems to be adequate. This sets 
the maximum transient output voltage to about 395 V. 

By choosing the high voltage side resistor of the OVP circuit 
the same way as above, (R7 = 356 k) then R8 can be 
calculated as: 

R8 VREFX R7 5 V X 357 k 4.576 k 
Vovp - VREF 395 V-5 V 

Choose 4.53 k 1 % 

Note that R5, R6, R7, and R8 should be 1% or better 
tolerance. 
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TK84819 
TYPICAL APPLICATIONS (CONT.) 

OFF- LINE START-UP AND BIAS SUPPLY 
GENERATION 

The start-up circuit can either be a "bleed resistor" type (39 
k,2 W) or the circuit shown at right. The bleed resistor 
method offers the advantage of simplicity and lowest cost, 
but may cause excessive turn-on time at low line Voltage. 

When the voltage on Vcc (pin 15) exceeds 16 V, the IC 
starts up. The energy stored on C10 supplies the IC with 

IN 

IRF821 

~ OUT 
2K 

running power until the supplemental winding on the output VREF >----'lfVIr-_-I 

. ~_TOVcc 
1N4001 

transformer can provide power to sustain operation. 

PWMSECTION 

The PWM section uses current mode control. Current is 
sensed through R24 and filtered for high frequency noise 
and leading edge transients by R23 and C14. The main 
regulation loop is through PWM B. The TL431 in the 
secondary serves as both a voltage reference and error 
amplifier, with isolation provided by an opto-coupler which 
give a current command signal on pin 8. Loop compensation 
is provided by R29 and C20. The output voltage is set by: 

R29 
VOUT = 2.5 x (1 + R28 ) 

The control loop is compensated using standard tech
niques. 

Current is limited to a threshold of 2A(1 Von R24). The duty 
cycle is limited in this circuit to below 50% to prevent output 
transformer core saturation. The maximum duty cycle limit 
of 45% is set using a threshold of VREF/2 on pin 7. 

The circuit can be modified for voltage mode operation by 
using the slope current that appears on pin 9. 

The ramp amplitude appearing on pin 9 can be shown as: 

V _1(R18) XR(V) 
R - 2 

where R18 is the slope compensation resistor. Since this 
circuit operates with a constant input voltage, (as provided 
by the PFC section), voltage feed-foward is unnecessary. 
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Figure 13. Start-Up Circuit 
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TK84819 
180 WATT APPLICATIONS CIRCUIT PARTS LIST 

ITEM DESCRIPTION MANUFACTURER PART NO. 

U1 TK84819 Toko 
U2 MOC8100 Motorola 

U3 TL431 Texas Instr. 
01-03 IRF840 Interntl. Rectifier 

04,05 2N2222 

06 IRF821 Interntl. Rectifier 

01-4 KBU8J Bridge Rectifier G.I. 

05 MUR160 Motorola 

06 MUR850 Motorola 
-

D7,DSA,D8B,D10 lN4148 
09 MUR110 Motorola 
011,012 MUR150 Motorola 

013A,B MBR1545 Motorola, G.I. 

014,016 1N5819 

015 1N4001 
017 IN5254 

018 LED 
C1, C3 11lF, 250 VAC 
C2 330 IlF, 450 V 
C4 6.8 NF, 1 kV, Ceramic 

C5,C6 1000 pF 

C7 10 IlF, 25 V Panasonic 

C8,C15 1 IlF, 35 V, Non-polarized 

C9, C21 0.1 IlF, 50 V, Ceramic 
C10 1500 IlF,25 V, Electrolytic Illinois Capacitor 158CKR025M 
C11-C13,C16,C17 1 IlF, Ceramic 
C14 2,000 pF, 50 V 

C18 1500 IlF,16 V, Electrolytic Illinois Capacitor 158CKR016M 

C19 220 pF, 50 V 
C20 0.33IlF, 50 V 
C22 470 pF, 1 kV 

C23 .047IlF,1 kV 
C24 0.1 IlF, 50 V 
C25 0.47IlF, 250 VAC Panasonic 
L1 2 mH, Ipeak=4 A CTM Magnetics CTM-23891 

Core: Powdered Iron toroid 1419 W. 12th Place #102 
CTM-23891 Tempe, AZ 85281 

(602) 967-9447 

L2 10llH CTM CTM-23991 
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TK84819 
180 WATT APPLICATION CIRCUIT PARTS LIST (CONT.) 

ITEM DESCRIPTION MANUFACTURER PART NO. 

T1 Current transformer Beckman Industrial HM31-20100 
T2 Toroid Core Beckman Industrial HMOO-91878 --

Np=Ns=15 turns bifilar #28 
Teflon Insulated Wire 

T3 Output Transformer CTM CTM-24091 

R1 330 k, 1/8 W 
R2 470 k, 1/8 W 
R3 5.15 k, 1%, 1/8 W 

I R4 12 k, 1/8 W 

R5,R7 357 k, 1%, 1/4 W 

R6 4.75 k, 1%, 1/4 W 

R8 4.53 k, 1%, 1/4 W 
R9 27k,1/8W 
R10,R18 33 k, 1/8 W 

R11 91,1/8W 
R12, R22 10 ,114 W 
R13,R14 4.7 k, 1/8 W 
R15 1 k, 1/8 W 

I 

R16 15k,1/8W 
I 
I 

R17 3 ,118 W I 
I 

R19, R21 3k, 1/4 W 
R20 7.5 ,114 W 

R23 100 ,1/8W 
R24,R25 1 ,114 W 

R26 2 k, 1/8 W 
R27 6.2 k, 1/8 W 

R28 8.66 k, 1%, 1/4 W 

R29 2.26 k, 1%, 1/4 W 

R30 2.2 k, 1 W 

R31 330 k, 1/8 W 
R32,R33 2 k, 1/8 W 

R34 560 ,118 W 

R35 2 k, 1 W 
R36 47k,1/8W 
R37 47 k, 1/8 W 

R38 100 k, 1/8 W 

R39 22 k, 1/8 W 

R40, R41 10 k, 1/8 W 
R42 12,2W 

R43 25 k, 1/8 W 
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TK84819 
350 WATT APPLICATION CIRCUIT PARTS LIST 

---

ITEM DESCRIPTION MANUFACTURER PART NO. 
~-- -- ----_. ----

R1 10/5W ~~~--~------ 10W-5 ---- -- - ~~------~ 

R2 9k/3W Panasonic P39KW-3 
-- --- ------

~--------1--4a 
-~ r----------- - .. -- -- ----------~ 

R4 15 r--:-:-c-------------- --
Panasonic P10W-2 R5 ~9/2W 

R6 31 k 
-----" ~-- t---m k, 1°/';-

--[--- -~ 

R7 -
178k,1% R8 

R9-------~ 
1--178 k,W';-

R10 178k, 1% 
R11 4.75 k, 1% 
R12 4.53 k, 1% 
R13 27 k 
R14 22 k 
R15 6.8 k 
R16 47k 
R17 180 k II 
R18 240 k 
R19 15 k 
R20 ADJ (22 k) 
R21 4.7 k 
R22 4.7 k 
R23 47 k 
R24 4.7 k 
R25 47k 
R26 2.7 k 
R27 47 k 
R28 47 k 
R29 15k, 1 % 
R30 33 k 
R31 27/5W Yageo 27W-5 
R32 15 
R33 4.7 

--,----------~ 

R34 10/2W Panasonic P10W-2 
R35 0.47,1 W Panasonic PO.47W-1 
R36 0.47,1 W Panasonic PO.47W-1 
R37 2k,/5W Yageo 2.0KW-5---

R38 10/2W Panasonic P10W-2 
R39 5m/3%3W RCL 
R40 5m,3%3W RCL 
R41 5 m/3%3W RCL 

-~ 

R42 47 
R43 8.2 k 
R44 4.7 k 
R45 4.7 k 
R46 4.7 k 
R47 4.7 K 
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TK84819 
350 WATT APPLICATION CIRCUIT PARTS LIST (CO NT.) 

ITEM DESCRIPTION MANUFACTURER PART NO. 

R48 160 
R49 22k 
R50 2.26 k! 1% 
R51 2.26 kl 1% 
R52 ADJ 
R53 30.9k/1% 
R54 4.7 k 
R55 1 k 
R56 100 
R57 2.7 k 
R58 2.7 k 
R59 15 
R60 25 k 
C1 1 1-1, 250 Vac, X Panasonic ECQ-U2A 1 05MV 
C2 1 1-1, 250 Vac, X Panasonic ECQ-U2A 1 05MV 
C3 47n,100V Panasonic ECQ-V1473JZ 
C4 1 1-1, 250 Vac, X Panasonic ECQ-U2A 1 05MV 
C5 47 n, 250 Vac, X Panasonic ECQ-U2A473MN 
C6 1 n, 100V Panasonic ECK-F2A 1 02KBE 
C7 10 n, 500 V Panasonic ECK-D2H103KBE 
C8 11-1,400V Panasonic ECQ-E4105KF 
C9 3301-1,450 V Panasonic ECQ-S2WU331Z 
C10 3301-1,450 V Panasonic ECQ-S2WU331Z 
C11 1.5 n, 500 V Panasonic ECK-D2H152KBE 
C12 33001-1,35 V Panasonic ECA-1VFQ332 
C13 6801-1,35 V Panasonic ECA-1VFQ681 
C14 100n,50V Panasonic ECF-F1H104ZF5 
C15 4.7 n, 250 Vac, Y Panasonic ECQ-U2A472MF 
C16 1.5 n, 500 V Panasonic ECK-D2H152KBE 
C17 221-1,35 V Panasonic ECE-A1HGE220 
C18 2OOI-l,25V Panasonic ECA-1EFQ221 
C19 1 n, 100V Panasonic ECC-F2A102JE 
C20 100 n, 50V Panasonic ECF-F1 H1 04ZF5 
C21 11-1,50V Panasonic ECQ-V1H105JZ 
C22 220 n, 50 V Panasonic ECQ-V1 H224JZ 
C23 100 p, 100V Panasonic ECK-F2A101 KBE 
C24 11-1,50V Panasonic ECQ-V1H105JZ 
C25 33 n, 25 V Panasonic 
C26 11-1,50 V Panasonic ECQ-V1 H1 05JZ 
C27 10n,500V Panasonic ECK-D2H103KBE 
C28 100 n, 100 V Panasonic ECQ-V1104JZ 
C29 100 p, 1000V Panasonic ECK-D3A101KBN 
C30 221-1,35 V Panasonic ECE-A1 HGE220 
C31 4.7 n, 500 V Panasonic ECK-D2H472KBE 
C32 10,0001-1,10 V Panasonic ECA-1AFQ103 
C33 3,90011,10 V Panasonic ECA-1AFQ392L 

3-194 TOKO, Inc. 



TK84819 
350 WATT APPLICATION CIRCUIT PARTS LIST (CONT.) 

ITEM DESCRIPTION MANUFACTURER PART NO. 

C34 100n,50V Panasonic ECF-F1 H1-04ZF5 

C35 100n,50V Panasonic ECF-F1H104ZF5 
C36 33 n, 25 V Panasonic ECF-F1 E333MR 
C37 33 n, 25 V Panasonic ECF-F1 E333MR 
C38 33 n, 25 V Panasonic ECF-F1 E333MR 
C39 33 n, 25 V Panasonic ECF-F1 E333MR 
C40 47 n, 250 Vac, X Panasonic ECQ-U2A473MN 
C41 4.7 n, 250 Vac, Y Panasonic ECQ-U2A472MF 

C42 4.7 n 250 Vac Y Panasonic ECQ-U2A472MF 
C43 Ceramic Disc .01 iJF 1 kV 
U1 TK84819 TOKO 

I. 
U2 LM358N 
U3 TL431CLP Motorola, TI 
OC1 CNY17-2ZGI Quality Tech. 
Q1 MTG9N50E Motorola 
Q2 2SC4237 Shindengen 
Q3 MTP3055E Motorola 
Q4 2N4403 
Q5 2N4401 
Q6 2N4401 
D1 1N5245B Motorola 
D2 1N4818 
D3 MURH850Ct Motorola 
D4 HER102 Diodes, Inc. 
D5 HER102 Diodes, Inc. 
D6 HER102 Diodes, Inc. 
D7 BYV26C Philips 
D8 BYV26C Philips 
D9 HER102 Diodes, Inc. 
D10 HER102 Diodes, Inc. 
D11 HER102 Diodes, Inc. 
D12 1N5818 
D13 1N5818 Diodes, Inc. 
D14 BYV26E Philips 
D15 HER102 Diodes, Inc. 
D16 S60SC4M Shindengen 
D17 MUR3015PT Motorola 
D18 BYV26E Philips 
D19 IN4148 
D20 IN4148 
D21 IN4148 
D22 IN5248B Motorola 

B1 MB106-ND Diodes Inc. 
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TK84819 
350 WATT APPLICATION CIRCUIT PARTS LIST {CO NT.) 

ITEM DESCRIPTION MANUFACTURER PART NO. 

K1 G5LE-114P-PS OMRON 
L1 CTM 27591 CTM Maanetics 
L2 CTM 27591 1419 W. 12th Place 
L3 CTM27291 Tempe, AZ 85281 
L4 CTM 27391 (602) 967-9447 
L5 'optional 2T AWG 18 Micrometals 

T51-52C Powered Iron Core 
L6 'optional 2T AWG 18 Micrometals 

T51-52C Powered Iron Core 
T1 HM31-2100 Beckman Industrial -
or" CTivi 2749i CTM Magnetics '" 
HS1 HS104-2 AAVID 
HS2 #11269 Thermalloy Extrusion 10.25" 
F1 6.3A SLO-BLO 5X20 MM 
FUSE CLIP F058-ND Digi-Key (2 EA) 
E1 FN405-6/02 Schaffner EMI Filter 
V1 ERZ-C100K431U Panasonic ZNR 
J2-J5 ED1601 Onshore Tech 
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FEATURES 

• Wide Operating Voltage Range 
• High Limiting Sensitivity 

• Low Current Consumption 

• 60 MHz IF Input 
• 4 to 10 Volt Operation 

DESCRIPTION 

The TK1 0420 integrated circuit has been developed for the 
FM IF system in communications equipment. The circuit 
operates on 4 to 10 volts and has low current consumption. 
The IC is most suited for receivers using double conver
sion. The IF input can be as high as 60 MHz and the second 
IF is 455 kHz. 

The TK1 0420 is available in DIP16 dual in-line and surface 
mount MFP20 packages. 

ORDERING INFORMATION 

TK10420 0 0 00 IP -~ Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M : Surface Mount c: -20 to +70 °C 
D : Plastic Dip 

TK10420M 

CRYSTAL OSCILLATOR 

CRYSTAL OSCILLATOR 2 

MIXER OUTPUT 4 

LIMITER INPUT 6 

OECOUPLING 7 

LIMITER OUTPUT 9 

TaKa, Inc. 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

MTYPE 

20 MIXER INPUT (RF) 

16 SCAN CONTROL 

15 SQUELCH INPUT 

14 FILTER OUTPUT 

11 DETECTOR OUTPUT 

TK10420 
DUAL CONVERSION FM IF AMPLIFIER 

APPLICATIONS 
• Communications Equipment 
• HAM Radio Transceivers 
• VHF/UHF Handy Talkies 

• Scanners 
• Data Transponders 

• Cordless Phones 
• Cellular Phones 

TK10420D 

DTYPE 

CRYSTAL OSCILLATOR MIXER INPUT (RF) 

CRYSTAL OSCILLATOR 2 GROUND 

MIXER OUTPUT 3 

~ Vee 4 

~IVlj 'u LIMITER INPUT 

If DECOUPLING 

AUDIO MUTE 

13 SCAN CONTROL 

SQUELCH INPUT 

11 FIL TEA OUTPUT 

I 
LIMITER OUTPUT 7 10 FILTER INPUT 

QUAD INPUT 8 9 DETECTOR OUTPUT 

BLOCK DIAGRAM 
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TK10420 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 12 V Storage Temperature Range .................... -55 to +125 °C 
Power Dissipation TK1 04200 (Note 1) .............. 700 mW Operating Temperature Range .................. -30 to +70 °C 
Power Dissipation TK10420M (Note 2) .............. 410 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 6.0 V, fo = 10.7 MHz, Af = ±3.0 kHz, fMOO = 1 kHz, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICC1 Current Consumption V12 = 2 VOC 2.5 3.5 mA 

I Current Consumption V12 = 0 VOC 4.0 5.5 mA 'CC2 

Limit Limiting Sensitivity -3 dB VOUT 3.0 10.0 j.lV 

VOC Detector Output Term. VIN = 10 mV (RF); no mod. 3.0 mV 

Voltage 

ZOUT Detector Output Impedance VIN = 10 mV (RF) 400 990 0 

VOUT Detector Output Voltage \I .. n ...... \1 /01':'\ "IN:; IV lilY \nl) 300 550.0 mV(rms) 

FGAIN Filter Gain f = 10kHz, VIN = 3 mV 40.0 46.0 dB 

Foc Filter Terminal Voltage At no input 1.8 2.0 2.5 VOC 

HYS Trigger Hysteresis 50 100 mV 

ML Mute Switch Resistance V12 = 0 VOC 15 50 0 

MH Mute Switch Resistance V12 = 2 VOC 1 10 MO 

SL Scan Control Voltage V12 =2VDC 0 0.5 VDC 

SH Scan Control Voltage V12 = 0 VDC 5 VOC 

MG Mixer Conversion Gain 20 dB 

MINR Mixer Input Resistance 3.3 kO 

MINC Mixer Input Capacitance 2.2 pF 

Fop Operating Frequency Range 60 MHz 

Note 1: Power dissipation must be derated at the rate of 5.6 mWI °C for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 3.3 mWI °C for operation at T A = 25°C and above. 

4-2 TOKO, Inc. 



f= 1 kHz 

fa = 10.7 MHz 

f = ±3 kHz rv 
fm=lkHz 

5Hl 

TK10420 

TEST CIRCUIT 

s-'"~ 
8.2 kl1 10 ~F 

r'--'--'--'-"""'""--'--'--'---'--'---'-"'---'--'--'--1" ~ '"' "' 1'1 
o 

10.245 0 
MHz 

-= -=-

+6V o-------~----~----------~-----*-----4----~---4------~~----------~~-4----~ 

0.1 ~F 

I 
TOKOPART 

NUMBER 
CFU455D TOKOPART 

NUMBER 
5SVLC-0766Z 

Note; The input impedance of the audio voltmeter and harmonic distortion meter should be higher than 100 kQ. 

TaKa, Inc. 4-3 
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TK10420 

INPUT 

fa"" 10.7 MHz 

TYPICAL APPLICATION 

Vee ~--~--~~----~-----+----~----r----+----1-----~--------~~-+--~ 

4-4 

+ 
10j.lF J 

3pF 

3r-----Q'4 ~r------' I I 2 
I I I 
I I ~ I I '~mm~·~ T :~~g±j : 

TOKa PART 
NUMBER 

7LC-5264X 
TOKO PART 

NUMBER 
ACFM2-455DLL 

TOKO PART 
NUMBER 

7LC-5265N 

0.001 ~F 

tJ.21\:11 O.1IJF 

100 kn TO AF 
VR POWER 

AF LEVEL AMP. 

TOKOPART 
NUMBER 

5SVLC-0766Z 
7BRE-7437Z 

TOKO, Inc. 



TK10420 

TYPICAL PERFORMANCE CHARACTERISTICS 

MIXER CONVERSION GAIN VS. POWER 
SUPPLY VOLTAGE 

30r-.,.....,....,....""'!""..,......,..--r...., 
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POWER SUPPLY VOLTAGE Vee (V) 

-3 dB LIMITING SENSITIVITY ¥s. 

POWER SUPPLY VOLTAGE 
o dB = 1 ~F 5 

Local Input Level, higher 
10.7 MHz (33 kn between Pin 2 

and GND) 

10 

10.7 MHz 
Locallnpul level, lower (No 

15 A between Pin 2 and GND) 
I I J I 

Data for 10.7 MHz from Mixer Input 
Data for 455 kHz from If input 

I 

X'TAL 10.245 MHz 
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MIXER AND IF CHARACTERISTICS 
(10.7 MHz) 

1--f- S+N 
o dB = 1 V(rms)-

vee 6.0V.RFIN ,10.7MHZ= 

1m" 1 kHz,6.f=±3kHz -
~ '" 33 kn (For damping) -
XTAL ,10 .425 MHz -

\ Connect 10 kn between pin 9 = 
and GND for (RaIAS) _ 

THO-,-+--

(%) 
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5.0 
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1.0 

o 20 40 60 80 100 120 
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-10 
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-30 

-40 
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-60 
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RM INPUT (dB~) TERMINAL VALUE 

MIXER AND IF CHARACTERISTICS 
(50 MHz) 

o dB = 1 V(rms) 

1\ vcc 6.0V -
RFIN =10.7 MHz -
fm",1 kHz,Af=±3kHz 

\ 
Rf =33k<l -
Local XTAL, 49.860 MHL 

r\ I I I I I 
['\, 5SVLC-0766Z Def. Coil 

,,~SNtLtrl 

o 20 40 60 80 100 120 
RM INPUT (dB ~) TERMINAL VALUE 

~ 
Cl 
::c 
I-
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FEATURES 
• MC3357 Compatible 
• IF Amp, Local Osc, Squelch 
• Ceramic Discriminator or Quad Coil 

• 60 MHz Operation 

DESCRIPTION 
The TK10421 is a Silicon Monolithic Bipolar Integrated 
Circuit that is the basis for a complete dual conversion 
narrow band IF system. Typical configurations include 
10.7 MHz and 455 kHz IF frequencies although other 
frequencies may be used, up to 60 MHz. The mixer/ 
oscillator combination converts the input down to 455 kHz 
with an external bandpass filter. The audio is recovered 
using a conventional quadrature coil or ceramic discrimi· 
nator. The absence of an input signal is detected by the 
presence of noise above the normal audio band. This noise 
is monitored by an active filter and detector. This detector 
output can be used to control scanning, and at the same 
time, an internal switch is operated that can mute the audio 
output (squelch). The oscillator is an internally biased 
colpitts type with the collector, base and emitter brought 
out to pins 4, 1 and 2 respectively. A crystal or coil can be 
used. The mixer is doubly balanced to reduce spurious 
responses. The input impedance at pin 16 is set by an 
internal 3 kQ resistor and has low capacitance, allowing the 
circuit to be preceded by a crystal filter. Pin 3 must be 
connected to B+ and can swing to 0.5 V below Vee. After 
suitable bandpass filtering (either ceramic or LC) the signal 
is fed to the input of a limiter at pin S. The limiter output on 
pin 7 drives a multiplier, both internally and directly, and 
externally through a quadrature coil or ceramic discrimina
tor to detect the FM. Pin 7 is also used to supply DC 
feedback to the limiter input at pin S. The other side of the 
first limiter stage is decoupled at pin 6. The recovered 
audio is partially filtered, then buffered giving an imped
ance of about 400 Q at pin 9. A simple inverting opamp is 
provided with an output at pin 11, providing DC bias 
(external) to the input at pin 10, which is referred internally 
to 2.0 volts. An external filter can be made with external 
impedance elements to discriminate frequencies. With an 
external AM detector the filtered audio signal can be 
checked for the presence of noise above the normal audio 
band or a tone signal. This information is applied to pin 12. 
An external positive bias to pin 12 sets up the squelch 

TOKO, Inc. 

TK10421 

IF AMPLIFIER 

APPLICATIONS 
• Communications Equipment 
• Cable TV Descramblers 

• Telecommunications 

• Data Receivers 
• For Low-Voltage Operation 

trigger circuit so that pin 13 is low at an impedance level of 
around 60 kQ and the audio mute pin 14 is open circuit. If 
pin 12 is pulled down to 0.7 V by the noise or tone detector, 
pin 13 will rise to about O.S V below Vee and support a load 
current of around SOO uA, while pin 14 is internally short 
circuited to ground. There is 100 mV of hysteresis at pin 12 
to prevent jitter. Audio muting is accomplished by connect
ing pin 14 to a high impedance ground reference point in the 
audio path between pin 9 and the audio amplifier. 

TK10421 0 

ORDERING INFORMATION 

TK10421 0 0 00 l1 T .. -,~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
D: PLASTIC DIP C: ·30 to .70 °c BX: Bulk/Bag 

MG: Magazine 

I 



TK10421 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 12 V Operating Temperature Range .................. -30 to +70 °C 
Power Dissipation (Note 1) ................................ 540 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C Operating Voltage Range .............................. 2.7 to 5.5 V 
Storage Temperature Range .................... -55 to + 125°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 3.0 V, fo = 10.7 MHz, Llf = ±3.0 kHz, T A = 25°C, fMOO = 1 kHz 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICCl Current Consumption Squelch Off 1.5 2.S rnA 

ICC2 Current Consumption Squelch On 2.3 4.0 rnA 

Limit Limiting Sensitivity -3 dB Point 6.0 IlV 

VOC Detector Output at MOD OFF 1.3 Vdc 

Terminal Voltage 

ZOUT Detector Output Y,N = 10 mV (10.7 MHz) 700 1700 Q 

Impedance 

VOUT Detector Output Voltage Y,N = 10 mV (10.7 MHz) SO 220 mV(rms) 

FGAIN Filter Gain Y'N = 5 mV (10 kHz) 39 44 dB 

HYS Trigger Hysteresis Y'N = 5 mV (10 kHz) 15 40 mVOC 

ML MUT. Function Low V12 + 0 VDC' 30 90 Q 
Y'N = 1V(rms) = 1 kHz 

MH MUT. Function High V12 = 2 VOC' Y'N f = 1 kHz 1.0 10 MQ 

FDC Filter Terminal Voltage at Y'N = 0 1.0 1.3 1.7 VOC 

SL Scan Function Low V12=2Voc 0 0.5 Voc 

SH Scan Function High V12=OVoc 2.0 2.S VOC 

Gc Mixer Exchange Gain 1.6 dB 

R'N Mixer Input Resistance 3.3 kQ 

C'N Mixer Input Capacitance 3.6 pF 

Range Operational Frequency 10.7 50 MHz 

Note 1: Power dissipation must be derated at the rate of 6.6 mW/ °C for operation at T A = 25°C and above. 

4-S TOKO, Inc. 



TK10421 

BLOCK DIAGRAM 

CRYSTAL OSCILLATOR 16 RFINPUT 

CRYSTAL OSCILLATOR GROUND 

MIXER OUTPUT AUDIO MUTE 

Vee 13 SCAN CONTROL 

LIMITER OUTPUT SQUELCH CONTROL 

DECOUPLING FILTER OUTPUT 

LIMITER OUTPUT FILTER INPUT 

QUAD INPUT AMP 9 DETECTOR OUTPUT 

TEST CIRCUIT 
II 

Vee 
10.245 MHz 

16 f------o 10.7 MHz INPUT 

ffi!!2 
GND 

CJm CJw 
AF MUTE -cc CCw 

f-f-
:rm 
u> SCAN CONTROL ...J:r 
w:r at: 
m~ 

DETECTOR COIL 

TaKa, Inc. 4-9 
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FEATURES 

• Very Low Operating Current 

• Low Operating Voltage 
• Low Current Standby Mode 

• Built In Voltage Regulator 
• Seperate Voice and Data Outputs 
• Built In Data Amp and Low Pass Filter 

• Built In Low Battery Alarm 

DESCRIPTION 

The TK1 0440 is a low voltage, low current consumption IF 

circuit suited for pagers, cordless phones, and other com

munications devices. It features a standby mode in which 

the Ie consumes only 5 IJA. The TK10440 is ideal for 

battery operation and is capable of operating from a single 

1.5 V cell. The TK1 0440M is available in a MFP20 surface 

mount package. 

ORDERING INFORMATION 

TK10440 0 0 DO 1 T 1: ,,-,~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: Surface Mount 

TOKO, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TR: Tape Righi 
TL: Tape Left 
MG: Magazine 

TK10440 

IF AMPLIFIER 

APPLICATIONS 

• Pagers (POGSAG Code) 

• Cordless Telephone 
• Communications Devices 

TK10440M 

IFOUPUT 

LIMITER INPUT 3 

~ DECOUPLE 4 

~V. LI~T::~;:; 5 16 LOWBATI AlAM 

PHA$ESHIFT 7 14 QUICK CHARGE 

I DET. OUTPUT B 

DECOUPLE 

BLOCK DIAGRAM 

FQUTPUT 1 1-----< f-----f 

LlMTER INPUT 3 

DECOUPLE 4 

DECOUPLE 5 

LMTEROUTPUT 6 

PHASE SHIFT 7 14 QUICK CHARGE 

DET. OUTPUT 8 
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TK10440 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX ................................................ 7 V Junction Temperature ........................................... 150 °C 
Power Dissipation (Note 1) ................................ 41 0 mW Storage Temperature Range .................... -55 to +150 °C 
Operating Voltage Range .............................. 1.1 to 6.0 V Operating Temperature Range .................. -30 to +70 °C 
Input Frequency ................................................. 1.0 MHz Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V CC = 1.4 V, FIN = 455 kHz, .'\f ± 2.5 kHz, fm = 100 Hz, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Icc Supply Current Non Input, V cc = 1.40 V 0.8 mA 

ICCbs Supply Current at Non Input, Vee = 1.40 V 5.0 JlA 
Battery Saving Battery Save On 

IF Section 

Vii mit Limiting Sensitivity -3 dB Point 4 10 J,lV 

VOUT Recovered Output VIN = 10 mV 30 mV 

THD Distortion VIN = 10 mV 3 % 

Data Amp Section 

VOUTH Output Voltage High Pull up to 1.4 V, 100 k.Q 1.1 V 

VOUTL Output Voltage Low Pull up to 1.4 V, 100 k.Q 0.15 V 

DR Duty Ratio 50 % 

Regulator 

VREG Output Voltage VIN = 1.40 V, lOUT = 5 mA 1.0 V 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 

4-12 TOKO, Inc. 



TK10440 
TEST CIRCUIT 

IF OUT IF AM' 

1--------120 

LlMTER INPUT 

AF OUT 

INPUT 

Y 455 
Y kHz 

D~ 
IF IN 

LOW BATT ALRM 

POWER SAVE 

QUICK CHARGE 

DATA OUT 

V~ -- - --- _TI°:..:.N'--________________________ POWER (Pin 2) 

~ _hhh 1 LIVE SAVE LIVE SAVE POWER SAVE 

(Pin 15) 

~ m - - h h 1 CHARGE ,--I ___ ---'H-"O:..:L=D _____ --' CHARGE I'----_--'-HO==LD=-___ QUICK CHARGE 

(Pin 14) 

TaKa, Inc. 4-13 
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FEATURES 

• Narrow Band FM IF System 

• Low (0.9 V) Voltage Operation 

• Audio and Data Outputs 

• Built in Voltage Regulator 

DESCRIPTION 

TK1 0445M is an IF amplifier designed for telecommunica

tions apparatus. The device features very low (0.9 V) 

operating voltage and low (1.2 mAl current consumption: 

The TK1 0445 has been designed to be the heart of a very 

compact narrow band receiver for pagers, cordless phones 

and other voice and data communicating devices, operat

ing from a single battery cell. The Ie is available in an 

MFP20 surface mount package. 

ORDERING INFORMATION 

TK10445 0 0 00 pI ,_-
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M : SUrface Mount C:·2O· 70 ·C 

TaKa, Inc. 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tape Right 
TL : Tape Left 
MG: Magazine 

TK10445 
LOW VOLTAGE NARROW BAND FM IF 

APPLICATIONS 

• Pagers 
• Cordless Telephones 

• Portable Communications 

• Portable Instruments 

---------------~~-~---------~-

TK10445M 

IFINPUTl 

IFPASS t 

IF PASS 2 

IFOUTPUTl 

~ 
IF INPUT' 

IFPASS3 

IFPASS4 

IFOIJTPUT2 

NC 

BLOCK DIAGRAM 

IFINPUT1 

IF PASS 1 

IFPASS2 

I FOUTPUT 1 

IFINPUT2 

IFPASS3 

IFPASS4 

IFOUTPUT2 

NC 

NC 

PNP BASE 

GROUND 

DATA OUTPUT 

DATA INPUT 

DISC OUTPUT 

QUAD INPUT 

NC 

NC 
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TK10445 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage V CCMAX ................................................ 5 V Storage Temperature Range .................... -55 to +150 °C 

Power Dissipation (Note1) ................................ .410 mW Operating Temperature Range .................. -30 to +70 °C 
Operating Voltage Range .............................. 0.9 to 3.5 V Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 1.05 V, FIN = 455 kHz, Ll f = ±3 kHz, fM = 1 kHz, T A = 25 °C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current Non input, Vee = 1 .35 V 1.2 .. ot:: I.uw 

IF Section 

Limit Limiting Sensitivity -3 dB Point 3 20 

V01 Output Voltage 1 VIN = 10 mV 20 40 

THO Distortion VIN = 10 mV 1 2.5 

7_ Output Impedance 0.3 1.0 -u 

DATA-AMP Section 

ZIN Input Impedance 65 100 135 

V02 Output Voltage 2 Output terminal is +3 V with 100 kn 2.3 2.8 

DR Duty Ratio VIN = 17 mV(rms), FIN = 1 kHz 45 50 55 

Regulator Section (Note 2) 

V03 Output Voltage 3 VIN = 1.1 V, 10 = 10 mA 0.93 0.98 1.03 

V04 Output Voltage 4 VIN = 1.7 V, 10 = 0 mA 0.97 1.02 1.07 

Vos Output Voltage 5 VIN = 0.9 V, 10 = 1 mA 0.83 0.88 1.93 

Note 1: Power dissipation must be derated at the rate of 3.12 mW/oC for operation at T A = 25 °C and above. 
Note 2: Output voltage is adjusted to 1.0 V with RADJ . (VIN = 1.35 V, lOUT = 0 mAl 

UNITS 

rnA 

~V 

mV 

% 

kQ 

kQ 

Vpp 

% 

V 

V 

V 
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TK10445 

TEST CIRCUIT 

0.9-1.7V 

1.0±SOmV 

GROUND 

CFU4SSD~ 
1.SkQ I 100kQ 

+3V 

1.SkQ 

~ 
0.1 ~F 

0.1 ~F 

~ + :J 0.022~F 

NC NC 

NC NC 
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NOTES 
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r~TOKO 

FEATURES 

• Narrow Band FM IF System 
• Separate Audio and Data Output 
• Low (1 V) Voltage Operation 

• Dual Conversion IF 
• Input Frequency up to 30 MHz 

• Built In Voltage Regulator 

DESCRIPTION 

The TK1 0447 is a mixer IF amplifier combination, designed 

for pagers, cordless telephones, hand-held walkie-talkies, 

and other voice and data communications systems. 

Due to its low quiescent current and ability to operate down 

to 1 V, this device is ideal for battery powered systems. 

The TK1 0447 contains a mixer, IF amplifier, discriminator, 

voltage regulator and a data amplifier. 

The device is available in an MFP20 surface mount pack

age. 

ORDERING INFORMATION 

TK10447 0 0 DO fIT -~ Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: Surface Mount c: --30 to +70 °c 

TOKO,lnc. 

TAPE/REEL CODE 
BX : Bulk/Bag 
TX : Paper Tape 
TR : Tape Righi 
TL :TopeLeH 
MG: Magazine 

TK10447 
NARROW BAND FM IF SYSTEM 

APPLICATIONS 

• Pagers 
• Cordless Telephones 
• Communications Devices 

TK10447 

I 
BLOCK DIAGRAM 

MIXER OlJfPUT MIXER INPUT 

vee CRYSTAL 

IFllNPUT C 

BYPASS 1 PNPBASE 

BYPASS 2 1 VOUT 

IF10lJfPUT GROUND 

IF21NPUT DATAOlJfPUT 

BYPASS 3 DATA INPUT 

BYPASS 4 DISC00TPUT 

IFOlJfPUT2 QUAD INPUT 
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TK10447 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX ................................................ 5 V Junction Temperature ........................................... 150 DC 
Input Frequency ............................................... - 30 MHz Storage Temperature Range .................... -55 to + 150 DC 
Operating Voltage Range .............................. 1.0 to 3.5 V Operating Temperature Range .................. -30 to +70 DC 
Power Dissipation (Note 1) ................................ 41 0 mW Lead Soldering Temp. (10 sec.) ........................... 300 DC 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 1.1 V, FIN = 21 MHz, ~f = ± 3 kHz, fM = 1 kHz,TA = 25 DC 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX 

Icc Supply Current Non input, V cc = 1 .35 V 2.2 3.5 

IF Section 

VG Voltage Gain FIN = 21 MHz, VIN = 1 mV 10 

Limit Limiting Sensitivity -3 dB Point 5 20 

V01 Output Voltage 1 VIN = 10 mV 15 35 

THD Distortion VIN = 10 mV 2.0 3.0 

Zo Output Impedance 0.5 1.0 

DATA·AMP Section 

ZIN Input Impedance 65 100 135 

V02 Output Voltage 2 Output terminal is +3 V with 100 kn 2.3 2.8 

DR Duty Ratio VIN = 17 mV(rms), FIN = 1 kHz 45 50 55 

Regulator Section (Note 2) 

V03 Output Voltage 3 VIN = 1.1 V, 10 = 10 rnA 0.93 0.98 1.03 

V04 Output Voltage 4 VIN = 1.7V, 10 = 0 rnA 0.97 1.02 1.07 

Vos Output Voltage 5 VIN = 0.9 V, 10 = 1 rnA 0.83 0.88 1.93 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/DC for operation at T A = 25 DC and above. 
Note 2: Output voltage is adjusted to 1.0 V with RADJ. (VIN = 1.35 V, 10 = 0 rnA) 

UNITS 

rnA 

dB 

IlV 

mV 

% 

k.Q 

k.Q 

Vpp 

% 

V 

V 

V 
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Vee 

ICC 
~ 

+ 
10 ~F 

~ CFU~l 

CFU455D~ 

~ 
0.1 ~F 

TOKO, Inc. 

TEST CIRCUIT 

1.5kn 

1.5kn 

1.5kn 

10r-------~-----L~ 

TK10447 

0.01 ~F SGR9~50n 

I f 1 :9 395 MHz 

1.0-1.7V 

2SA984 OR EQUIVALENT 

1.0±50mV 

GROUND I 
+3V 

0.1 ~F 

Vee 
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r~TOKO 

FEATURES 

• Small Footprint 
• Wide Operating Supply Voltage Range 

• Low Current Consumption 
• Low External Parts Count 

DESCRIPTION 

This IC has been developed for use in the FM IF system in 

communications equipment. It is designed with signal 

output meter terminals and is suited for use in dual conver

sion receiver circuits. In addition, squelch is provided for 

efficient noise reduction. 

The IC comes in a compact ZIP 20 in-line package. 

ORDERING INFORMATION 

TK10483 0 0 DO pI _-
Temp. Range 

Package Code 

PACKAGE CODE 
Z:ZIP 

TaKa, Inc. 

TEMP. RANGE 
c: -30 to +70 <:Ie 

TAPE/REEL CODE 
BX: Bulk/Bag 
MG: Magazine 

TK10483 

FM IF AMPLIFIER 

APPLICATIONS 

• Portable Instrumentation 

• Cordless Telephones 
• Portable Communications 
• VHF Communications Equipment 

IF INPUT 

DECOUPLING 

DECQUPllNG 

QUAD COIL 

NC 

TK10483Z 

X'TAL OSC ELEMENT 2 

X'TAL OSC ELEMENT 4 

MIXER OUTPUT 6 

TK10483Z'PO 

BLOCK DIAGRAM 

NC 

7 HYSTERESIS CONTROL 

9 SCAN CONTROL 

11 SQUELCH INPUT 

13 FILTER AMP OUTPUT 

15 FILTER AMP INPUT 

17 SIGNAL·METER OUTPUT 

SQUELCH INPUT 

FILTER AMP OUTPUT 

FJl TEA AMP INPUT 

SIGNAllI.fETER OUTPUT 

AFOUTPUT 
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TK10483 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 12 V Storage Temperature Range .................... -55 to +150 °C 
Power Dissipation (Note 1) ................................ 600 mW Operating Temperature Range .................. -30 to +70 °C 
Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: Vcc = 6.0 V, TA =.25 °C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICC1 Supply Current No input, squelch off 4.4 6.6 rnA 

Icc2 Supply Current No input, squelch on 5.0 7.6 rnA 

Limit Limiting Sensitivity -3 dB Point 2.0 8.0 fJV 

VOUT Detector Output VIN = 10 mV; dev., ±3 kHz 100 180 250 mV(rms) 

Detector Output 

VOC Terminal Voltage VIN = 10 mV, unmodulated 0.8 1.3 2.0 V 

ZOUT Impedance VIN = 10 mV 500 1500 Q 

THD Distortion VIN = 10 mV 1.0 I 2.0 0/0 

Filter Amplifier 

FG Filter Amplifier Gain FIN = 10 kHz; 33 38 dB 

VO = 100 mV(rms) 

Foc Output Voltage No input 0.8 1.2 1.5 V 

HYS Squelch Hysteresis RHyS = 1 kQ 80 mV 

Scan Control 

SH High Level Squelch input = 0 V 2.3 V 

SL Low Level Squelch input = 2.5 V 0.5 V 

SH High Level Squelch input = 2.5 V 2.3 V 

SL Low Level Squelch input = 0 V 0.5 V 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/oC for operation at T A = 25°C and above. 
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ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V cc = 6.0 V, T A = 25°C, unless otherwise specified. 

~~~-,=-_L PARAMETER 

Mixer 

MG Mixer Conversion Gain 
t------.~ 

MINR Mixer Input Resistance 

MINC Mixer Input Capacitance 

Signal Meter Output 

SOUT1 

SOUTO 

SOUT1/2 

TOKO, Inc. 

Signal Meter Output 

Signal Meter Output 

Signal Meter Output 

vee 

0.1 ~F 

0.1 ~F 

or 
5SVLC·0766Z 

I TEST CONDITIONS 
--- ---- .. 

DC measurement 

VIN = 10 mV, Rs = 3 kO 

VIN = 0 mV, Rs = 3 kO 

RF Input at 1/2 SOUT1 

TEST CIRCUIT 

TK10483 

I 
MIN I TYP 

I ~A~_I UNITS_ 

25 dB 

3.6 kO 
--

2.2 pF 

1.2 1.8 2.6 V 

0.3 V 

17 22 29 dBIl 

10.7 MHz I 

H>-J-'1II-----+_~ AF OUTPUT 
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TK10483 

APPLICATION INFORMATION 
1. Local Oscillator Circuit 

The transistor is biased by a constant current of about 180 !lA, and it is stable to oscillate at a wide range of supply 
voltages. Connect a tuning circuit to pin 4 when using an overtone type crystal. Refer to the Test Circuit. 

C2 

+----o~-l-:-+- MIXER 

2. Mixer Circuit 

The mixer consists of a double balanced multiplier and a buffer circuit. There is a matching resistor of about 
3.6 kQ in the RF side and a matching resistor of 1.8 kQ at the IF side (mixer output). 

3. IF Amplifier 

The IF amplifier consists of six direct-coupled differential amplifiers. A 1.8 kQ resistor at pin 10 assures matching 
to the ceramic filter. The capacitor at pin 12 and 14 serves as a decoupling capacitor and can be connected to 
either Vee or GND. Parasitic oscillation may occur,leading to incorrect limiting sensitivity if this bypass is not done 
correctly. It is necessary to obtain the lowest possible impedance on the printed circuit board. 

IFIN 
PIN 10<>----..... 

PIN 12 

4. FM Demodulator 

4-26 

The FM signal is demodulated by a quadrature detector, with a phase shifter capacitor of 10 pF. The capacitor 
is connected to pin 18 and synchronized with the tank circuit tuned to 455 kHz. Adjust the band width, distortion, 
detection output, etc. by using the damping resistor connected parallel with the coil. The quadrature detector 
output is buffered with an emitter follower at pin 19 audio output terminal. The DC bias of pin 19 is nearly half of 
Vee' The output impedance is about 500 Q. Use a Low Pass Filter to eliminate noise caused by 455 kHz 
components included at pin 19 output. 

TOKO, Inc. 



TK10483 
APPLICATION INFORMATION (CONT.) 

5. Signal Strength Detector 

The Signal Strength detector receives the signal from the IF amplifier stages and its output at pin 17. The maximum 
output current is 600 1lA. Adjust the level by using a load resistor for proper triggering of the squelch. The dynamic 
range is about 30 dB (input signal). For correct temperature characteristics, use a resistor with 2400 PPM/oC 
temperature coefficient. 

PIN11 

Rs 

6. Noise Amplifier 

Since the inverting input of the noise amplifier is biased to 1.2 V, an active filter may be easily formed, using a few 
external components as shown below. The amplifier can be used for noise muting. 

PIN 19 

6.Bk1l 

When the RF input signal decreases, the output of the noise amplifier increases due to increased noise. The 
"-" excursion of the output is detected and pin 11 becomes negative. Ifthere is no noise, the 4.7 IlF will be charged 
through a 150 kn and pin 11 will be at a high level. 

7_ Squelch Trigger Circuit 

The comparator is composed of circuits connected to pin 7, pin 9 and pin 11. The hysteresis can be changed by 
varying the resistor value connected to pin 7. 

PINg 

PIN 11 

TaKa, Inc. 4-27 
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TK10483 

TYPICAL PERFORMANCE CHARACTERISTICS 
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SUPPLY VOLTAGE 
CHARACTERISTICS WITH QUAD COIL 

RE: RF10.7 MHz (80 dB~) 
CFV:4550 
QUAD COIL· 7BRE-7437Z 

: ~-

~dB~192m/ouT- -
, 
, 

S/" , V_ 
i /' Vee , 

V , 
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r~TOKO 

FEATURES 

• Built-in Signal Meter Driver 

• Wide Operating Voltage Range 

• High Limiting Sensitivity 

• Wide Frequency Range 

• Built In Mixer 

DESCRIPTION 

The TK1 0485 has been developed for double conversion 

FM receivers. It has built-in mixer, oscillator, IF amplifier, 

FM demodulator, received signal strength indicator drive 

and squelch circuitry. IF frequencies up to 30 MHz can be 

accomodated. Supply current and supply voltage was 

minimized for use in battery powered systems. 

The TK10485 is available in an MFP20 surface mount 

package. 

ORDERING INFORMATION 

TK10485 0 0 00 1 I T ,,-,~ 
Temp. Range 

Package Code 

PACKAGE CODE 
M: Surface Mount 

TOKO, Inc. 

TEMP. RANGE 
C: -30to+70°C 

TAPE/REEL CODE 
BX: Bulk/Bag 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TK10485 

NARROW BAND FM-IF AMPLIFIER 

APPLICATIONS 

• Scanners 
• Cordless Telephones 

• VHF Radio 
• Communications Equipment 

TK10485 

X'TAL esc ELEMENT 1 

X'TAL asc ELEMENT 2 

MIXER OUTPUT 4 

DECOUPLING 7 

DECOUPLING 8 

BLOCK DIAGRAM 

18 HYSTERESIS CONTROL 

17~L 

16 SCAN CONTROL 

15 SQUELCH INPUT 

14 FILTERAMPOUTPlfT 

13 FILTER AMP INPUT 

12 SIGNAL-METER OUTPUT 

11 AFOUTPUT 

RFINPUT 

ONO 

HYSTERESIS CONTROL 

SCAN CONTROL 

SCAN CONTROL 

SQUELCH INPUT 

FILTERAMPOUTPUT 

AlTERAMP INPUT 

I 
I 

SIONAL·METEROUTPUT I 

AFOUTl'UT J 
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TK10485 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 1 0 V Storage Temperature Range .................... -55 to + 150°C 
Operating Voltage Range .............................. 2.5 to 8.5 V Operating Temperature Range .................. -30 to +70 °C 
Power Dissipation (Note 1) ................................ 350 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 6.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICC1 Supply Current No input, squelch off 4.4 rnA 

ICC2 Supply Current No input, squelch on 5.0 rnA 

Limit Limiting Sensitivity -3 dB VOUT 2.0 I1V 

VOUT Detector Output VIN = 10 mV; dev., ±3 kHz 180 mV(rms) 

Detector Output 

VDC Terminal Voltage VIN = 10 mV, unmodulated 1.3 V 

ZOUT Impedance VIN = 10 mV 500 n 

THD Distortion VIN = 10 mV 1.0 % 

Filter Amplifier 

FG Filter Amplifier Gain FIN = 10 kHz; 38 dB 

VO = 100 mV(rms) 

FDC Output Voltage No input 1.2 V 

Hys Squelch Hysteresis RHyS = 1 k.Q 80 mV 

Scan Control 

SH High Level Squelch input = 0 V 2.3 V 

SL Low Level Squelch input = 2.5 V 0.5 V 

SH High Level Squelch input = 2.5 V 2.3 V 

SL Low Level Squelch input = 0 V 0.5 V 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 
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ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: Vee = 6.0 v, T A = 25 cC, unless otherwise specified. 

SYMBOL PARAMETER 

Mixer 

MG Conversion Gain 

MINR Input Resistance 

Scan Control 

SOUT1 Signal Meter Output 

SOUT1/2 Signal Meter Output 

SOUTO Signal Meter Output 

10.245 

vcc= 3.0 V 

TaKa, Inc. 

, 
, t---It----+ , 
,------, 
TOKO PART 

NUMBER 
7BRE-7437Z 

TEST CONDITIONS 
-- -_._---- --- - ------

DC measurement 

VIN = 10 mV, Rs = 3 kQ 

VIN = 0 mV, Rs = 3 kQ 

RF input at 1/2 SOUT 1 

TEST CIRCUIT 

TK10485 

MIN TYP rMAX _lUNITS 
--- --

25.0 dB 

3.6 kQ 

,-------

2.0 V 

0.3 V 

22 dBJl 

RF INPUT I 
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TK10485 

PIN INFORMATION 

PINNO) SY~~~~-~~~OLTAGE PIN FUNCTION 

co~ne~;s:-a~u-ar-tz-o-S-ci-Ila-to-r-ta-n-k-c~-irc-u-it-a-nd-fo-rm-s-a---11 Colpits oscillator. 

, 
~--~~~ 

PINI .OSC(8) 2.97 V :t: Vee 

PIN2 OSC(E) 2.3 V 

I 

I The NC pin is not wired to the IC. As a mask option it can be 

~'_r=i used fo,-~~o-,,-nd line, etc. 

Mixer Output Pin l 
! 

;-------+-------------t------ .. ~.-~-~-

PIN5 

PIN6 
PIN7 

PINS 

PIN9 

PIN10 

IF INPUT 
DECOUPLING 

DECOUPLING 

3.0 V 

2.1 V 
2.1 V 

2.1 V 

PHASE SHIFT 2.95 V 

QUAD COIL 

1--t.~~~~ ___ 1 

PINll AF OUTPUT 1.5 V 

~- ~ -~~- I~. 
I "", . 'Mm~ . 

L~~ I _I~~ 

4~32 

Power Supply Pin 

IF Input Pin. Pins 7 and S are AC grounded decoupling pins. 

9 ~I 
This pin connects to the phase shifter circuit. 

: 11 i 

---z---.~ I~;~~~~~rrent output at this pin depends on the IF AMP's 
signal level. 

12 
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TK10485 
PIN INFORMATION (CONT.) 
~- ------ --------------- --- ------._-- --

PINNO SYMBOL PIN VOLTAGE PIN FUNCTION 

PIN13 FILTER AMP 1.25 V "y This is the input pin of the inverting amplifier. 
INPUT 

PIN14 FILTER AMP 1.25V This is the output pin of the inverting amplifier. 
OUTPUT 

~ 14 

PIN15 SQUELCH 

$ ~ 
15) Squelch Input Pin 

INPUT 
PIN16 SCAN 16,17) Output Pins. 

CONTROL 

'''';~:; PIN17 SCAN 
CONTROL 

PIN18 HYSTERESIS 15 18) Hysteresis Width Control Pin 
CONTROL 20 k 50 k 

18 

PIN19 GND OV Ground Connection Pin I 
PIN20 RF INPUT 1.8V J ¢ Mixer Input Pin 

20 
~.~ k 

¥t l 
~ 

Note: The listed pin voltages correspond to Vee = 3.0 V 
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TK10485 

APPLICATIONS INFORMATION 

OPERATION 

The TK10485 is a narrow band FM IF system. 

1. The signal from pin 20 (RF INPUT) is mixed in with the local oscillator signal. The IF signal is available at pin 4 
(MIX OUT). The mixer output is passed through a narrow-band pass filter and fed to the IF AMP input at pin 6. 
The signal (amplitude limited by the IF AMP) is then demodulated, using a quadrature detector (pin 10). The 
demodulated signal appears at pin 11 (AF OUTPUT). 

2. The signal that branches from the middle of the IF AMP is converted to current. The value of this current is 
determined by the RF signal strength. It is availabie at pin 12 (S. METER OUT) to drive a signai strength indicator. 

3. The noise level, which increases as the signal level weakens, passes through the active filter that is set to a 
frequency centered above the upper edge of the audio spectrum. This signal is rectified, and fed to the squelch 
trigger circuit. 

The active filter is formed by adding an impedance circuit to the inverting Opamp connected to pins 13 (FILTER 
AMP INPUT) and 14 (FILTER AMP OUTPUT). 

The rectifier circuit is external to the device. 

4. The rectifier output, controlled according to the noise level, is fed to pin 15 (SQUELCH INPUT). When more than 
0.7 V is applied to pin 15, pin 16 (SCAN CONTROL) is at GND level and pin 17 (SCAN CONTROL) is turned off. 
When pin 15 has less than 0.7 V, pin 16 is high and the SCAN CONTROL is ON. The resistor between pin 18 
and GND sets the hysteresis in the squelch circuit in order to prevent input jitter. 

s. METER OUT 
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TK10485 

APPLICATIONS INFORMATION 

# 7BRE-7437Z 

APPLICATIONS INFORMATION (CONT.) 

1.) OSCILLATOR 

The diagram below shows a third order overtone quartz Colpits oscillator. 

TaKa, Inc. 

X'TAL 

03 

Colpits-Type Quartz Oscillator Circuit 

w 
() 
z 
i=' 
() 
« 
w 
a: 

+ 

f 3 JX'TAL 

:'r 1 
I 

01 

Reactance Characteristics of the tank circuit 
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TK10485 
APPLICATIONS INFORMATION (CO NT.) 

The tank circuit must satisfy the following equations: 

3fX'TAl>fB 
1 

fA =--== 
2 n.jLC 3 

(Where the fA is the series resonance frequency of the tank circuit.) 

fX'TAl>fA ~3 
fB = fA 1+

C2 (Where fS is the parallel resonance frequency of the tank circuit.) 

The effective capacitance and the equivalent resistance of the circuit at the X'T AL terminal must be appropriately selected. 
When the equivalent resistance at X'TAL is insufficient, add an external resistor between pin 2 and ground and 
increase the bias and current oi Tr. 

The graph below shows the ideal oscillation range. (TYP 200 mVrms) 
LOCAL INPUT LEVEL VCC=3.0V 

2.) 

4-36 

120 

;g: 100 
:3-

- f-lbE~L o~c bStlLLhl6N ~ANIGE 

" -' 

~ 80 
-' 
I- 60 ::::> 
c.. 
~ 
-' 40 
"'" '-' 0 
-' 20 

.:-... 
~ 
~ RF58.112MH~ 10-'- RF 10.7 MH, 

~ 

--~LJT I ~ 

--SINAD2dB 

o o 20 40 60 80 100 

RF INPUT LEVEL (dB~) 

MIXER 
01 

LOCAL 57.657 MHz 
10.245 MHz 

RF58.112MHz 
10.7 MHz 

0.01 ~ rl,---_-_'I 0.01 ~ • 

tf50i~ LU 50n
l f~ 

8.2 k 
11 1--Vv\r-1--~ SINAD I 0.01~ 12dB 

04 

In the double balance mixer, input (pin 20) controls the internal bias. The IF signal appears at pin 4. The internal 
1.8 kn resistor load matches the IF output impedance to the IF filter input inpedance. 

The mixer input impedance varies with the frequency, as shown in the diagram. 

MIXER INPUT IMPEDANCE 

~ 
4 

E 
w \ 
'-' 
Z 

"'" 2 0 
w 
c.. 
~ 

05 

5 10 50 100 
FRO (MHz) 

02 
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APPLICATIONS INFORMATION (CO NT.) 

'" "0 

"" <C 
(!J 

> 
"" C) 
C> 

ffi 
x 
~ 

35 

30 

25 

20 

15 

MIXER GAIN/FREQUENCY 
CHARACTERISTICS 

r- VCC = 3.0 V 

r-- RF LEVEL 40 dB~ 
~ LOCAL LEVEL 6 dBm 
- RF = 1 LOCAL 455 kHz 

1.0 10 
FRQ (MHz) 

100 

300 

100 

E 
:> 
.S-
f- 10 :::l 
C) 

ffi 
X 

~ 

03 

MIXER VOLTAGE GAIN 

VCC 9V 

~VCC-6V 
~VCC=3V 

20 40 60 80 100 

RF INPUT (dB~) 

Mixer Third Order Intermodulation Distortion Output 

455 kHz 

04 

Third order intermodulation characteristics are measured as shown below. 

RF1 fLOCAL 

LOCAL 

ooc "," n"~" fF 1 20 
2f RF 1 - 2f RF 2 

= _51 51_ 16.7 

- - 4 -

t 60 k 
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The graph below shows the Third Order Intermodulation Output and the Desired Signal Output. 
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APPLICATIONS INFORMATION (CONT.) 

3.) IF LIMITER AMPLIFIER 

The limiter amplifier has six DC-coupled differential stages. The input resistance is 1.8 kn. 

The decoupling capacitors at pin 7 and 8 should be connected as close as possible to the IC pins. Also, minimize 
the ground line impedance at these pins. 

Insufficient grounding will have undesirable effects, such as reduced sensitivity. 

IF 
INPUT 

08 

4.) PHASE SHIFTER 

4-38 

In order to facilitate quadrature detection, the phase of the IF AMP output signal is shifted by 900 • 

A parallel resonant circuit or ceramic resonator is used for phase shifting. The required 10 pF capacitor is built 
into the TaKa resonant circuit. 

IF 
LIM AMP 

QUAD DET 

10 P 

: TOKO PART 

-_----<1>-+0: _+: __ --' __ : #7BRE-7437Z 

Vee 
09 

Phase Shifter 

10 

Ceramic Discriminator 

The audio output level is determined by Rp, the load resistance of the IF limiter amp output and RD, the damping 
resistor. When ceramic discriminator is used, supplement the phase shift capacitance by adding a capacitor 
externally. 
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APPLICATIONS INFORMATION (CONT.) 

5.) AUDIO OUTPUT 
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Following quadrature detection, the audio signal is available at pin 11 emitter follower output. 

The output impedance of pin 11 is about 300 . An external R-C Low-pass filter is used to eleiminate residual 
IF components. 
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11 

The following graphs show the electrical characteristics from the MIXER input to the audio output. 
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FILTER = CFU455D 
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RD = 3.0 k 

Vee = 3.0 V 
RF INPUT = 58.112 MHz 
X'TAL = 57.6575 MHz 
Fm = 1 kHz 
DEV= 3 kHz 
FILTER = CFU455D 
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APPLICATIONS INFORMATION (CO NT.) 
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APPLICATIONS INFORMATION (CONT.) 

The following graphs show the characteristics when 455 kHz IF is used. 
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APPLICATIONS INFORMATION (CONT.) 
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APPLICATIONS INFORMATION (CONT.) 

The following graphs show the characteristicsat various C, RD, and Rp values. 
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FREQUENCY CHARACTERISTICS 

VCC- 6V,Rp:::1kQ - RD =2.4 kn 
C=82pF,IF=80dBIl -

FM=1KHz !IF=3KHZ~ ~~ 
RD =2.0kD 
RD,,1.5kD 

-1---1--+- . 
'f- AF V aUT-

1 

TH 

445 450 455 460 465 470 

IF INPUT (kHz) 

21 

S-CURVE CHARACTERISTICS 

440 445 450 455 460 465 470 

IF INPUT (kHz) 
22 

S-CURVE CHARACTERISTICS 

440 445 450 455 460 465 470 
IF INPUT (kHz) 

24 

4-43 

I 



TK10485 
APPLlC~TIONS INFORMATION (CO NT.) 
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The signal extracted from the middle stages of the IF limiter amplifier is fed to the Signal Meter Detection circuit and then 
to pin 12 in the form of a current. 

When a voltage output is needed, use a resistor to convert from acurrent to a voltage. C is a smoothing capacitor. The 
maximum output current is 650 !lA. (TYP). 

The standard characteristics of the signal meter are described below. 

- - - - - - - - - _0'-_-
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SOUTO: 
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I SOUT1/2 

RF INPUT LEVEL (dBJ.l) 
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Strong Input 
No Input 
RF Input Level = 1/2 Strong Input 
(Vee = 3.0 V, Rs = 3.0 k) 

1.3<SOUT1 <2.7 [V) 
SOUTo<0.3 [V) 
17<SOUT1/2<29 [dB!l) 
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APPLICATIONS INFORMATION (CONT.) 

Variations of Signal Meter Characteristics 
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RF INPUT LEVEL (dB~) 

04 
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The SOUTO value will change depending on power line 
noise, the narrow band filter's pass band, the way the IF 
AMP's decoupling capacitor is bridged, etc. 

The representative variations of the Signal Meter Charac
teristics is shown in the graph and marked by number 1, 2, 
3, and 4. 

If the offset voltage of SOUTO is a problem, use an emitter follower as shown in the diagram below. 
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APPLICATIONS INFORMATION (CONT.) 
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resistance is Rs, than SOUT = IOUTX Rs and the temperature 
dependence is: 

~SOUT "'lOUT "'Rs 
~=RS~+IOUT~ 

The equation below must be satisfied in order to eliminate 
variation in SOUT with respect to temperature ( S OUTI T = 

0). 

",Rs=_ "'lOUT 

Rs lOUT 

The graph to the left shows the temperature dependence of 
SOUT when ( Rsl T = 0). (S OUT = Rs X lOUT) When a 
+2800 PPM/oC positive temperature coefficient resistor is 
used for Rs, the temperature variation of SOUT can be 
suppressed. 
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APPLICATIONS INFORMATION (CONT.) 

The graphs below show SOUT vs. T A when the load resistance Rs has a temperature coefficient of 0 (left graph) and +2400 
PPMrC (right graph). 
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The graph below shows representative examples of variations in Signal Meter Characteristics. 
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APPLICATIONS INFORMATION (CONT.) 

6.) OPAMP 

The Opamp is an inverting type. It is biased to 1.25 V by a bandgap reference circuit. The opamp can be used as a noise 
detection filter amplifier with excellent temperature characteristics. 
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The example below shows the opamp when used as a band pass filter. 
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APPLICATIONS INFORMATION (CONT.) 

Squelch Trigger Circuit 

21 

The hysteresis width (WHYS) can be changed with a resistor connected to pin 18 (RHyS). Pin 17 is an open collector output. 
The hysteresis characteristics are shown on below. 
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HYSTERESIS vs Vee CHARACTERISTICS 
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APPLICATIONS INFORMATION (CONT.) 
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FEATURES 

• Built-in Signal Meter Driver 

• Wide Operating Voltage Range 

• High Limiting Sensitivity 

• Wide Frequency Range 

• Built-in Mixer 

DESCRIPTION 

The TK1 0486 has been developed for double conversion 

FM receivers. It has a built-in mixer, oscillator, IF amplifier, 

FM demodulator, received signal strength indicator drive 

and squelch circuitry. IF frequencies up to 30 MHz can be 

accommodated. Supply current and supply voltage has 

been minimized for use in battery powered systems. The 

signal meter output is typically 37 dBI-I. 

The TK1 0486 is available in MFP20 and DIP20 packages. 

ORDERING INFORMATION 

TK10486 0 0 DO lIT ,-~. 
Temp. Range 

Package Code 

PACKAGE CODE 
M: Surface Mount 
D: PLASTIC DIP 

TOKO, Inc. 

TEMP. RANGE 
C: -30 to +70 °C 

TAPE/REEL CODE 
ax: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TK10486 
NARROW BAND FM-IF AMPLIFIER 

APPLICATIONS 

• Scanners 

• Cordless Telephones 

• VHF Radio 
• Communications Equipment 

TK10486 

,--------

I BLOCK DIAGRAM 

RFINPUT 

GND 

HYSTERESIS CONTROL 

SCAN CONTROL 

SCAN CONTROL 

SQUELCH INPUT 

FILTER AMP OUTPUT 

FILTERAMPINPUT 

SIGNAL-MET.'_W I 
AFOlJTPlJT 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX ............................................... 10 V Storage Temperature Range .................... -55 to +150 °C 
Power Dissipation (M Package) Note 1 ............. 410 mW Operating Temperature Range .................. -30 to +70 °C 
Power Dissipation (D Package) Note 2 ............ 1000 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 6.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP 

ICC1 Supply Current No input, squelch off 4.4 

iCC2 Suppiy Curreni No inpui, squeich on 5.0 

Limit Limiting Sensitivity -3 dB VOUT 2.0 

VOUT Detector Output VIN = 10 mY; dev., ± 3 kHz 100 180 

Detector Output 

VDC Terminal Voltage VIN = 10 mY, unmodulated 0.8 1.3 

ZOUT Impedance VIN = 10 mV 500 

THD Distortion VIN = 10 mV 1.0 

Filter Amplifier 

FG Filter Amplifier Gain FIN = 10 kHz; 33 38 

Vo = 100 mV(rms) 

FDC Output Voltage No input 0.8 1.2 

HYS Squelch Hysteresis RHyS = 1 kQ 80 

Scan Control 

SH High Level Squelch input = 0 V 2.3 

SL Low Level Squelch input = 2.5 V 

SH High Level Squelch input = 2.5 V 2.3 

SL Low Level Squelch input = 0 V 

Note 1: Power dissipation must be derated at the rate of 4.8 mWrC at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 8 mW/oC at T A = 25°C and above. 
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MAX UNITS 

6.6 rnA 

7.6 rnA 

8.0 ~V 

250 mV(rms) 

2.0 V 

1500 Q 

2.0 % 

dB 

1.5 V 

mV 
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0.5 V 

V 

0.5 V 
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TK10486 

ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: Vee = 6.0 V, TA = 25 DC, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Mixer 

MG Mixer Conversion Gain 25 dB 

MINR Mixer Input Resistance DC measurement 3.6 kQ 
--

MINe Mixer Input Capacitance 2.2 pF 

Signal Meter Output 

SOUT1 Signal Meter Output VIN = 10 mY, Rs = 3 kQ 1.3 2.0 2.7 V 

SOUTO Signal Meter Output VIN = 0 mY, Rs = 3 kQ 0.3 V 

SOUTl/2 Signal Meter Output RF Input at 1/2 SOUT1 32 37 41 dBl! 

METER OUTPUT RANGE I RANK/SPEC SIGNAL OUTPUT 

MIN (V) TYP(V) MAX(V) 

A 1.3 1.72 

B 1.70 2.32 

C 2.30 2.70 

TOKO, Inc. 4-55 
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TOKO PART NUMBER 
7BRE-7437Z 

OR5PNR-2876Z 

PIN15 

TYPICAL APPLICATION 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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FEATURES 

• Built-in Signal Meter Driver 

• Wide Operating Voltage Range 

• High Limiting Sensitivity 

• Wide Frequency Range 

• Built-in Mixer 

DESCRIPTION 

The TK10487 has been developed for double conversion 

FM receivers. It has a built-in mixer, oscillator, IF amplifier, 

FM demodulator, received signal strength indicator drive 

and squelch circuitry. IF frequencies up to 30 MHz can be 

accommodated. Supply current and supply voltage has 

been minimized for use in battery powered systems. The 

signal meter output is typically 38 dBIJ. 

The TK10487 is available in MFP20 and DIP20 packages. 

ORDERING INFORMATION 

TK10487 0 0 DO II T ,-~ 
Temp. Range 

Package Code 

PACKAGE CODE 
M: SUrface Mount 
D: PLASTIC DIP 

TOKO, Inc. 

TEMP. RANGE 
C: -30 to +70 °C 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Right 
TL: Tape Left 
MG: Magazine 

TK10487 
NARROW BAND FM-IF AMPLIFIER 

APPLICATIONS 

• Cellular Phones 

• Cordless Telephones 

• VHF Radio 

• Scanners 

--.-~---.-----.------~~- --~- ~-------~ 

TK10487 

I 

BLOCK DIAGRAM 

RFINPUT 

ONO 

HYSTERESIS CONTROL 

SCAN CONTROL 

SCAN CONTROL 

SQUELCHINPUT 
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FilTER AMP INPUT 

SIGNAL-METER OUTPUT 

QUADCQ1L 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage VCCMAX .............................................. 10 V Storage Temperature Range .................... -55 to +150 °C 
Power Dissipation (M Package) Note 1 ............ .410 mW Operating Temperature Range .................. -30 to +70 °C 
Power Dissipation (D Package) Note 2 ............ 1000 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 6.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP 

ICC1 Supply Current No input, squelch off 4.4 

ICC2 Supply Current No input, squelch on 5.0 

Limit Limiting Sensitivity -3 dB VOUT 2.0 

VOUT Detector Output VIN = 10 mY; dev., ± 3 kHz 100 180 

Detector Output 

VDC Terminal Voltage VIN = 10 mY, unmodulated 0.8 1.3 

ZOUT impedance VIN = iO mV 500 

THD Distortion VIN =10mV 1.0 

Filter Amplifier 

FG Filter Amplifier Gain FIN = 10 kHz; 33 38 

Vo = 100 mV(rms) 

FDC Output Voltage No input 0.8 1.2 

HYS Squelch Hysteresis RHyS = 1 kQ 80 

Scan Control 

SH High Level Squelch input = 0 V 2.3 

SL Low Level Squelch input = 2.5 V 

SH High Level Squelch input = 2.5 V 2.3 

SL Low Level Squelch input = 0 V 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/oC at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 8 mW/oC at T A = 25°C and above. 

4-60 

MAX UNITS 

6.6 mA 

7.6 mA 

8.0 ~V 

250 mV(rms) 

2.0 V 

1500 Q 

2.0 % 

dB 

1.5 V 

mV 

V 

0.5 V 

V 

0.5 V 
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ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: V cc = 6.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Mixer 

MG Mixer Conversion Gain 25 dB 
--

MINR Mixer Input Resistance DC measurement 3.6 kn 

MINC Mixer Input Capacitance 2.2 pF 

Signal Meter Output 

SOUT1 Signal Meter Output VIN = 10 mV, Rs = 3 kn 1.3 2.0 2.7 V 

SOUTO Signal Meter Output VIN = 0 mV, Rs = 3 kn 0.3 V 

SOUT 1/2 Signal Meter Output RF Input at 1/2 SOUT1 33 38 45 dBJl 

METER OUTPUT RANGE 

I RANK/SPEC SIGNAL OUTPUT 

MIN (V) TYP(V) MAX(V) 

A 1.3 1.72 

B 1.70 2.32 

C 2.30 2.70 

TOKO, Inc. 4-61 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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FEATURES 

• Input Frequency 60 MHz 

• Low Operating Current 

• Low Operating Voltage 

• Signal Strength Meter Output 

• Small Surface Mount Package 

DESCRIPTION 

The TK10489 is a narrow band FM IF Ie with built-in 

squelch, filter amp and mixer for dual conversion IF appli

cations. The RF input can be as high as 60 MHz and the 

mixer output frequency is typically 455 kHz, suitable for 

ceramic filtering. The device has a signal strength meter 

output, and adjustable squelch. The TK1 0489 is available 

in an MFP-20 surface mount package. 

ORDERING INFORMATION 

TK10489 0 0 DO 

{1"L---
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
M: SURFACE MOUNT C: -30 to +70 "C 

TOKO, Inc. 

TAPE/REEL CODE 
ax: Bulk/Bag 
MG: Magazine 
TR: Tape Right 
TL: Tape Left 

TK10489 
NARROW BAND FM IF AMPLIFIER 

APPLICATIONS 

• Amateur Radio Transceivers 

• Cordless Telephones 

• Scanners 
• Communications Devices 

TK10489M 

II 
-

BLOCK DIAGRAM 

RFINPUT 

GND 

HYSTERESIS CONTROL 

SCAN CONTROL 

SCAN CONTROL 
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FIL TERAMP OUTPUT 

ALTERAMPINPUT 
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ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 10 V Storage Temperature Range .................... -55 to +150 °c 
Power Dissipation (Note 1) ................................ 410 mW Operating Temperature Range .................. -30 to +70 °c 
Junction Temperature ........................................... 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °c 
Operating Voltage Range .............................. 2.5 to 8.0 V 

ELECTRICAL CHARACTERISTICS 
Test conditions: VCC = 5.0 V, TA = 25 oC, F(RF IN) = 10.7 MHz, Af = ±3 kHz, fm = 1 kHz, unless otherwise specified. 

~~ PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICC1 Supply Current No input, squelch off 2.6 4.0 rnA 

ICC2 Supply Current No input, squelch on 3.2 5.0 rnA 

Limit Limiting Sensitivity -3 dB Point 2.0 6.0 J!V 

VOUT Detector Output VIN = 10 mY; dev., ± 3 kHz 170 250 350 mV(rms) 

ZOUT Impedance VIN = 10 mV 800 n 

THO Distortion V1N =10mV 1.0 2.5 % 

FG Filter Amplifier Gain FIN = 10 kHz; VIN = 3 mV 40 46 dB 

Foc Output Voltage No input 0.7 V 

SH Scan Control High Level Squelch input = 0 V 4.3 V 

SL Scan Control Low Level Squelch input = 2.5 V 0.5 V 

SH Scan Control High Level Squelch input = 2.5 V 2.3 V 

SL Scan Control Low Level Squelch input = 0 V 0.5 V 

HYS Squelch Hysteresis RHyS = 1 kn 80 mV 

MG Mixer Conversion Gain 28 dB 

MINR Mixer Input Resistance DC measurement 3.6 kn 

SOY Signal Meter Output 70 80 dB 
Dynamic Range 

SOUTO Signal Meter Output (0) VIN = 0 mY, Rs = 68 kn 0.25 0.50 V 

SOUT1 Signal Meter Output (1) VIN = 0.01 mY, Rs = 68 kn 0.15 0.50 0.80 V 

SOUT2 Signal Meter Output (2) VIN = 0.1 mY, Rs = 68 kn 0.70 1.05 1.40 V 

SOUT3 Signal Meter Output (3) VIN = 1 mY, Rs = 68 kn 1.25 1.65 2.00 V 

SOUT4 Signal Meter Output (4) VIN = 10 mY, Rs = 68 kn 1.85 2.20 2.60 V 

SOUT5 Signal Meter Output (5) VIN = 100 mY, Rs = 68 kn 2.05 2.40 2.80 V 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC for operation at T A = 25°C and above. 
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FEATURES 

• Small Package 
• Wide Operating Voltage Range 
• Low Power Dissipation 

• High Sensitivity 
• Internal Squelch Circuit 

• Ceramic Discriminator 

DESCRIPTION 

The TK1 0491 M/1 0492M are FM IF amplifiers mixers de
signed for cordless and cellular phones. 

The TK10491 is designed to use a ceramic discriminator 
and the TK1 0492 is designed for a coil type discriminator. 

ORDERING INFORMATION 

TK1049 0 DODD 
ICType ___ --'T IT L-,_,~ 

L-=: Temp. Range 

Package Code 

ICTYPE 
1: Ceramic Quad 

Detector 
2: Quad Coil 

PACKAGE CODE 
M: Surface Mount 

TEMP. RANGE 
C: -30to+70'C 

TK10492 

X'TAL ase ELEMENT 

TaKa, Inc. 

X'TAL ase ELEMENT 

MIXER OUTPUT 

Vee 

IF INPUT 

DECOUPLEA 

QUAD COil 

TAPE/REEL CODE 
BX: Bulk/Bag 
TR: Tape Righi 
TL: Tape Left 
MG: Magazine 

TK1 0491/10492 
DUAL CONVERSION FM IF AMPLIFIERS 

APPLICATIONS 

• Cordless Phones 
• Portable Communications Equipment 

• Scanners 
• Handy Talkies 

• CB Radios 
• Data Tranceivers 

• R/C Toys/Models 
• UHF Tranceivers 

TK10491 

XTAL asc ELEMENT I X'TAL OSC ELEMENT 

QUADDET1 QUAD DET2 

BLOCK DIAGRAM 

TK1 0491 M TK10492M 
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TK 1 0491/1 0492 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage V CCMAX ........................................... 10 V Operating Voltage Range .............................. 2.5 to 8.0 V 
Power Dissipation (Note 1) ................................ 600 mW Junction Temperature ........................................... 150 °C 
Storage Temperature Range .................... -55 to +150 °C Lead Soldering Temp. (10 sec.) ........................... 300 °C 
Operating Temperature Range .................. -30 to +75 °C Input Frequency ................................................ -60 MHz 

ELECTRICAL CHARACTERISTICS 
Test conditions: VCC = 3.0 V, TA = 25°C, FIN = 10.7 MHz, FMOD = 1 kHz, ±3 kHz Dev. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICC1 Supply Current 1 Squelch Off 2.8 3.8 mA 

I Supply Current 2 Squelch On 3.3 4.4 mA 'CC2 

Limit Limiting Sensitivity FMOD 1 kHz, ±3 kHz Dev 2.0 6.0 /lV 

VOUT Output Voltage VIN =10mV 100 180 mA 

THO Total Harmonic Distortion VIN =10mV 1.0 2.5 % 

ZOUT Output Impedance 600 kQ 

FG FiiierGain i = i 0 kHz, VIN = 1 mV 40 46 dB 

SL sa Output Level (on) Squelch Input 2.5 V 0.5 V 

SH sa Output Level (off) Squelch Input 0.0 V 2.5 V 

MG Mixer Conversion Gain 21 28 dB 

MR Mixer Input Impedance 3.6 kD. 

Note 1: Power dissipation must be derated at the rate of 4.8 mW/ °C for operation at T A = 25°C and above. 

NOTES 

4-70 TOKO, Inc. 



10 ~F 10.245 MHz 

~:r-1D~PF 
0.1~PF 

Vee MIXER 
OUTPUT 

-L 10 
CFU455D 

IF INPUT 

DECOUPLE~ 
~ 0.1 ~F 

DECOUPLE~ 

Ceramic Quad Detector 

TK1 0491/10492 

TEST CIRCUIT FOR 10491 

GROUND 

SQUELCH INPUT 

FILTER AMP OUT 

FILTER AMP IN 

AFOUTPUT 

82 pF 

CDB455C7 I 
~========================~ ~ 

TEST CIRCUIT FOR 10492 

10.245 MHz 

GROUND 

Vee MIXER SCAN CONTROL 
OUTPUT 

~~O 
CFU455D 

SCAN CONTROL 

IF INPUT SQUELCH INPUT 

FILTER AMP OUT 

FILTER AMP IN 

AFOUTPUT 
0.01 ~F 

7BRE-7437Z 

Quad Coil 

TaKa, Inc. 4-71 



TK1 0491/1 0492 
NOTES 

4-72 TaKa, Inc. 



r~TOKO 

FEATURES 

• AM/FM Simultaneous Detection 

• Low Voltage Operation 
• Low Operation Current AM & FM (6.8 mA TVP) 

FM Only (3.9 mA TVP) 

• Small Surface Mount Package 

DESCRIPTION 

The TK10930 is a AM/FM Detector IF Ie specially suited 

where simultaneous AM and FM signal detection is re

quired. This makes the device suited for portable scanners, 

aircraft receivers, amateur radio, and is specially designed 

for portable operation due to low voltage and current 

requirements. The TK10930 is available in a VSOP-24 

surface mount package. 

ORDERING INFORMATION 

TK10930 DODD 1fT . ..--
Temp. Range 

Package Code 

PACKAGE CODE 
V: Surface Mount 

TOKO, Inc. 

TEMP. RANGE 
c: --30 to +75 °C 

TAPE/REEL CODE 
BX: Bulk/Bag 
TX: Paper Tape 
TR: Tape Righi 
TL: Tape Left 
MG: Magazine 

TK10930 

AM/FM IF DETECTOR 

APPLICATIONS 

• Portable Instrumentation 

• Communications Receivers 

• Amateur Radio Transceivers 

• Scanners 

TK10930V 

OSC(B} 1 

AMIF OUTPUT 5 20 NOISE AMP OUTPUT 

DECOUPLING 6 19 N01SEAMPINPUT 

FMIF OLITPU'I" 7 

17 AMLOWCUT I OECOUPLING 6 

OECOUPLlNG 9 

BLOCK DIAGRAM 

OSC(B) 1 RF INPlIT 

MIXERGND 

COMPOllT 

COMPIN 

AM IF OllTPUT 5 NOI SE AMP OllTPlIT 

DECOUPLING 6 NOI SE AMP INPUT 

FM IF OllTPlIT 7 AMAGC 

DECOUPLING 8 AM LOW CUT 

DECOUPLING 9 RSSIOllT 

LlMOllT IFGND 

AMSW 

FMAFOllT AMAFOllT 
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TK10930 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 1 0 V 
Operating Voltage Range .............................. 2.5 to 8.5 V 

Storage Temperature Range .................... -55 to +150 °C 
Operating Temperature Range .................. -30 to +75 °C 

Power Dissipation (Note 1) ................................ 400 mW Lead Soldering Temp. (10 sec.) .......................... 300 °C 
Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V CC = 3.0 V, T A = 25°C, unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

ICC1 Supply Current 1 No input 6.8 8.9 mA 

ICC2 Supply Current 2 No input 3.9 5.3 rnA 

Mc Mixer Conversion Gain 20 dB 

Mz Mixer Input Resistance Measurement 3.6 k.Q 

FM Section 

Limit 1 Limiting Sensitivity -3 dB Point 2.0 8.0 IlV 

VOUT 1 Demodulation Output Voltage ViN ~ 10 mY, ± 3 kHz DEV 85 150 230 rnV(rms) 

THO 1 Total Harmonic Distortion VIN = 10 mY, ± 3 kHz DEV 1.0 2.0 % 

ZOUT Output Impedance VIN = 10 mV 800 0 

THO Total Harmonic Disortion VIN = 10 mV 1.0 2.0 % 

FG Filter Amplifier Gain FIN = 30 kHz, 30 38 dB 

Vo = 100 mV 

SH Scan Control High Level 2.5 V Squelch Input 2.3 V 

SL Scan Control Low Level o V Squelch Input 0.3 V 

HYS Squelch Hysteresis 30 mV 

So Output Voltage VIN = 0.00 mY, 0.05 0.5 V 

Rs =68kO 

S1 Output Voltage 1 VIN = 0.01 mY, 0.05 0.5 0.9 V 

Rs =68 kO 

S2 Output Voltage 2 VIN = 0.1 mY, 0.7 1.2 1.7 V 

Rs = 68 k.Q 

S3 Output Voltage 3 VIN = 1 mY, 1.2 1.8 2.5 V 

Rs = 68 k.Q 

Note 1: Power dissipation must be derated at the rate of 3.3 mW/oC at T A = 25°C and above. 
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TK10930 

ELECTRICAL CHARACTERISTICS (CONT.) 
Test conditions: Vee = 3.0 V, T A = 25 cC, unless otherwise specified. 
----- -------- --

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
f---

S4 Output Voltage 4 VIN = 10 mY, 1.6 2.3 2.9 V 

Rs = 68 kQ 
---

S5 Output Voltage 5 VIN = 100 mY, 1.8 2.4 2.9 V 

Rs = 68 kQ 
--

AM Section 
1----------- ----

US Sensitivity 20 mV(rms) 20 15 dBJ.! 

VOUT2 Demodulation Output Voltage 1 kHz 30%, VIN = 1 mV 60 120 160 mV(rms) 

THD2 Total Harmonic Distortion 1 1 kHz 30%, VIN = 1 mV 1.0 2.0 % 

THD3 Total Harmonic Distortion 2 1 kHz 80%, VIN = 1 mV 2.0 4.0 % 

SIN SIN 1 kHz 30%, VIN = 1 mV 40 48 dB 

VOUT AM On DC Level (Pin 14) -0.3 0.3 V 

TEST CIRCUIT I 
Vee 

AFOUTPUT (AM) 
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TK10930 
TYPICAL PERFORMANCE CHARACTERISTICS 
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r~TOKO 

FEATURES 

• Wide Operating Voltage Range 

• High Limiting Sensitivity 
• Low Current Consumption 

• 60 MHz IF Input 
• 2 to 8 V Low Volt Operation 

• Good RSSi Stability 
• Internal SiQ Rectifier 

DESCRIPTION 

The TK14501 integrated circuit has been developed for the 

FM IF system in communications equipment. The circuit 

operates on 2.0 to B.O volts and has low current consump

tion. This Ie is most suited for receivers using double 

conversion. The first IF input can be as high as 60 MHz and 

the second IF is 455 kHz. 

The TK14501 is available in dual in-line as well as surface 

mount packages to meet your requirements. 

ORDERING INFORMATION 

TK14501 0 0 DO 

IT T , ... ~,~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE TAPE/REEL CODE 
M : Surface Mount c: -30 to +70 DC ex : Bulk/Bag 

TX : Paper Tape 
TR : Tape Right 
Tl :TopeleH 
MG: Magazine 

TOKO, Inc. 

TK14501 

DUAL CONVERSION FM IF AMPLIFIER 

APPLICATIONS 

• Communications Equipment 

• HAM Radio Transceivers 
• VHF/UHF Talkie-Walkies 

• Scanners 
• Data Transponders 

• Cordless Phones 

• Cellular Phones 

TK14501 

OSC(B) 1 

MlXour 3 18 SQUELCH STATUS 

17 NOISERECT 

16 SCAN CONTROL 

15 SQUELCH INPUT 

I 
DECOUPUNG 7 14 FILTERAMPOUTPUT 

DeCOUPUNG 8 

PHASE SHIFT 9 

11 AFOUTPUT 

BLOCK DIAGRAM 

OSe(8) RF INPUT 

OSC{C) GND 

MIX OUT SQUELCH STATUS 

Vee NOISE RECT 

IF INPUT SCAN CONTROL 

IFGND SQUELCH INPUT 

DECQUPLING FILTER AMP OUTPUT 

DECQUPUNG fiLTER AMP INPUT 

PHASE SHIFT ASSIOUTPUT 

QUAD COil AFOUTPUT 
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TK14501 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage V CCMAX .............................................. 10 V Operating Temperature Range .................. -30 to +70 °C 
Power Dissipation (Note 1) ............................... .41 0 mW Operating Voltage Range .............................. 2.0 to 8.0 V 
Junction Temperature ........................................... 150°C Operating Frequency Range ............................... 60 MHz 
Storage Temperature Range .................... -55 to + 150°C Lead Soldering Temp. (10 sec.) .......................... 300 °C 

ELECTRICAL CHARACTERISTICS 
Test conditions: V cc = 2.0 V, I = 21.7 MHz, dev = ± 1.5 kHz, 1m = 1 kHz, T A = 25°C 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

ICC1 Supply Current 1 Squelch Off 2.8 3.7 4.6 mA 

ICC2 Supply Current 2 Squelch On 2.9 4.0 5.0 mA 

Limit Limiting Sensitivity -3 dB VOUT 2.0 5.0 flV 

Vo Output Voltage VIN = 10 mV 70 100 140 mV 

VDC Output Terminal Voltage VIN = 10 mV 0.6 0.8 1.2 V 

ZOUT Output Impedance VIN = 10 mV 1.0 2.0 Kn 

THO Total Harmonic Distortion VIN = 10 mV 1.0 3.0 % 
-

Fc Noise Amplifier Gain Input, f = 30 kHz 42 48 50 dB 

FDC Noise Amp, Output Terminal No input 0.7 0.9 1.1 V 

Terminal Voltage 

V 16 Squelch Adjust Squelch Input, 20 kg 0.40 0.50 0.60 V 

V 17 Noise Reduction Squelch Input, 20 kn 0.75 0.95 1.15 V 

V 17 Noise Reduction Squelch Input, I = 30 kHz 0.35 0.55 0.75 V 

V =400 mVrms 

V 18L Squelch Status Squelch Input, f = 30 kHz 0.2 V 

V = 650 mVrms 

V 18H Squelch Status Squelch Input, f = 30 kHz 1.8 V 

V =300 mVrms 

Mc Mixer Conversion Gain 18 24 30 dB 

So Output Voltage VIN = 0.00 mV 0.00 0.05 0.20 V 

S1 Output Voltage 1 VIN = 0.01 mV 0.20 0.40 0.60 V 

S2 Output Voltage 2 VIN = 0.1 mV 0.60 0.90 1.10 V 

S3 Output Voltage 3 VIN = 1 mV 1.05 1.30 1.60 V 

S4 Output Voltage 4 VIN = 10 mV 1.40 1.70 1.95 V 

Note 1: Power dissipation must be derated at a rate of 3.3 mW/oC at T A = 25°C and above. 
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Vcc 

TOKO PART NUMBER 
7BRE-7437Z 

TEST CIRCUIT 

NOTES 

TK14501 
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NOISE OUT 
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I RSSIOUT 

AUDIO OUT 
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r~TOKO 

FEATURES 
• 1000 MHz Bandwidth 
• 10 dB Insertion Gain 

• Single 6·10 V Supply 
• Input and Output Impedances Matched to 

50 n Systems 

• Surface Mount Package 
• Available on Tape and Reel 

DESCRIPTION 
The TK16201 U is a high frequency amplifier with an inser
tion gain of 10 dB. The -3 dB bandwidth is 1000 MHz. 
Normally, the device operates on 10 V single supply and it 
requires no external components other than input and 
output decoupling capacitors. When an RF choke is con
nected between the output and Vee' the device can operate 
on a single 6 volt supply with no performance degradation. 
The TK16201 U has a 1 dB compression point of +5 dBm at 
the output and a total power supply consumption of 28 mA. 

The device is available in a plastic UPACK-5 package. 
Pin configuration has been optimized for convenient ground 
plane connections and the use of controlled impedance 
lines. 

ORDERING INFORMATION 

TK16201 0 0 DO 

F~'--Temp. Range 

Package Cede 

PACKAGE CODE TEMP. RANGE 
U: Surface Mount c: -40 to +85 °c 

TaKa, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
TL: TapeLefl 

TK16201 

1 GHz RF AMPLIFIER 

APPLICATIONS 
• RF Communications 
• Telecommunications 

• Local Area Networks 
• Personal Communications Equipment 

• Portable Instrumentation 

• Portable Consumer Equipment 
• Radio Control Systems 

TK16201 

• '~'o'" GND 2 • 5 GND 

I OUTPUT 3 4 Vee 

BLOCK DIAGRAM 

Vee 
~ 

N 
INPUT TK16201 OUTPUT 

V 

GND 
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TK16201 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ......................................................... 12 V Operating Temperature Range .................. -40 to +85 DC 
Power Dissipation (Note 1) ....................................... 1 W Lead Soldering Temp. (10 sec.) ........................... 240 °C 
Storage Temperature Range .................... -55 to +150 DC Junction Temperature ........................................... 150°C 

ELECTRICAL CHARACTERISTICS 
T A =25 DC, V cc = 10 V unless otherwise specified 

TK16201U 
SYMBOL PARAMETER TEST CONDITIONS UNITS 

MIN TYP MAX 
Vcc Supply Voltage Range 9.5 10 10.5 V 

Icc Suppiy Current 23 25 30 mA 
821 Forward Gain 9 10 11 dB 
812 Reverse Gain F=500 MHz -17 dB 

811 Input Reflection F=500 MHz -13 dB 

822 Output Reflection F=500 MHz -15 dB 

BW 3dB Bandwidth 900 1000 MHz 

P.1dB Power Out @ 1 db Compression F=100 MHz +5 dBm 

I Third Order Intercept POint I F=100 MHz +15 

Note 1: Power diSSipation must be derated at the rate of B mW/oC for operation at T A = 25°C and above. Maximize pad under 
GND and V cc terminals for good heat conduction. 
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TK16201 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TK16201 

APPLICATIONS INFORMATION 

As shown in Figure A. , internal DC bias voltages appear at the 
device input and output terminals, therefore DC coupling is only 
permitted when the external circuitry does not modify the internal 
bias voltages. Use of capacitive coupling on the input/output 
terminals is recommended for most applications. For wideband 
applications a 0.1 fJF monolithic ceramic capacitor works well 
down to 100 kHz. The input/output coupling capacitor value must 
be chosen to give an impedance 
of : Xc = 2'~C «50 at the frequency of interest 

Figure B. shows connection for lower voltage operation. When an 
RF Choke is connected between V cc and the output, the device 
can operate with no performance degradation down to 6 volts, !f 
the frequency of operation is high an inductor with high self 
resonance is required. In Figure B the coil is wound on a Fair-Rite 
#2664666611 core and 5 turns of # 30 wire is used. Although 
current consumption remains essentially the same, power dissi
pation is reduced due to the lower operating voltage. A monolithic 
ceramic bypass capacitor of 0.1 fJF is required on the V cc pin as 
close as possible to pin1. 

Figure C. shows the response curve with the TK16201 operating 
at 6 volts and connected as in Figure B. 
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TK16201 EQUIVALENT SCHEMATIC 
10V 

V~ 0---,------, 

eND o--4----+-+--' 

FIGURE A. 

CONNECTION FOR OPERATION 
AT6 VOLTS 

INPUT ,1~f I "r---., 
o---JH---rrl TK16201U h:J.. 

GND ,1~f • 
o--f~--t 

OUTPUT 

12 

11 

10 

100 

L l' - Fair-Rite #2664666611 
with 5 turns #30 

T,=25'G 

FIGURE B. 

521 vs FREQUENCY 
@ 6 VOLT OPERATION 

500 

FREQUENCY MHz 

FIGURE C. 

Vee = 6V 

\ 
\ 
\ 

1500 

TOKO, Inc. 



r~TOKO 

FEATURES 
• 15 dB Insertion Gain 

• +11 dBm 1 dB Compression 
• Input and Output Impedances Matched to 

50 n Systems 

• 40 dB Isolation 
• Surface Mount Package 
• Available on Tape and Reel 

DESCRIPTION 

The TK16202 is a high frequency class NB amplifier with 
an insertion gain of 15 dB. The -3 dB bandwidth is typically 
270 MHz. The device operates on 6 to 9 V single supply and 
requires no external components other than input and 
output decoupling capacitors. 

The TK16202 has a 1 dB compression point of + 11 dBm 
at the output and a total power supply consumption of 36 
rnA. Output to input isolation (reverse gain) is 40 dB, which 
is one of the highest available in the industry. 

The device is available in a plastic U-PAK-5 package. Pin 
configuration has been optimized for convenient ground 
plane connections and the use of controlled impedance 
lines. 

ORDERING INFORMATION 

TK16202 0 0 DO pT ,_-
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
U: Surface Mount C: -4010+85 °c 

TaKa, Inc 

TAPE/REEL CODE 
BX: Bulk/Beg 
TL: Tape Left 

TK16202 

250 MHz RF AMPLIFIER 

APPLICATIONS 
• RF Communications 

• Telecommunications 
• Local Area Networks 
• Personal Communications Equipment 

• Instrumentation 

• Consumer Equipment 
• Radio Control Systems 

TK16202 

• INPUT Os vee 
GND 2 • 5 GND 

OUTPUT 3 4 Vee I 
BLOCK DIAGRAM 

INPUT 0-_--I TK16202 OUTPUT 

GND 
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TK16202 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ......................................................... 12 V Operating Temperature Range .................. -40 to +85 °C 
Power Dissipation (Note1) ............................... 1000 mW Lead Soldering Temp. (10 sec.) ............................ 240°C 
Storage Temperature Range .................... -55 to + 150°C Junction Temperature ........................................... 150 °C 

ELECTRICAL CHARACTERISTICS 
Test Conditions: TA= 25°C. Zs = ZL = 50 n. V cc = 9 V unless otherwise specified 

TK16202U 
SYMBOL PARAMETER TEST CONDITIONS 

MIN TYP MAX 

Vcc OperatingVoltage Range 6 9 10.5 

Icc 8upply Current 30 36 43 

821 Forward Gain F=100 MHz 14 15 
- ---------- --

8 12 Reverse Gain F=100 MHz -40 

811 Input Reflection F=100 MHz -20 

8 22 Output Reflection F=100 MHz -17 

IP3 Third Order Intercept Point F=100 MHz +20 

BW -3 dB Bandwidth 250 270 

POUT Power Out@ldB Compression F=100 MHz +11 

Note 1: PO\"Jer dissipation must be derated at the rate of 8 m\AJloC for operation at T A ~ 25°C and above. 
Maximize pad size under GND and Vee terminals for good heat conduction. 

POAT1 
ZO .. 50Q 

HP 8753 
NETWORK ANALYZER 

TEST CIRCUIT 1 

GNO 

APPLICATION BOARD ARTWORK 
3:1 SCALE 

UNITS 

V 

mA 

dB 

dB 

dB 

dB 

dBm 

MHz 

dBm 
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TK16202 

TYPICAL PERFORMANCE CHARACTERISTICS 
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FEATURES 
• 500 MHz Bandwidth 

• 5.0 dB Noise Figure 

• 23 dB Insertion Gain 

• +4 dBm 1 dB Compression Point 
• Adaptive Impedance Matching (Input and Output 

Impedances Matched to 50 or 75 Q) 

• Small Surface Mount Package 

• Available on Tape and Reel 

DESCRIPTION 
The TK16203 is a high frequency amplifier with an insertion 
gain of 23 dB. The -3 dB bandwidth is 500 MHz. The device 
operates on 5 or 6 V single supply and it requires no 
external components other than input and output decoupling 
capacitors. 

A unique feature of this device is its ability to achieve good 
impedance matching in both 50 and 75 Q systems. This is 
possible because the external source and termination 
impedances have an effect on the internal feedback net
work in such a way that input and output impedances tend 
to adapt to the external source and termination imped
ances. 

The TK16203 has a 1 dB compression point of +4 dBm at 
the output and a total power supply consumption of 23 mAo 

The device is available in a U-PAK-5, or MFP-8 plastic 
surface mount package. Pin configuration has been opti
mized for convenient ground plane connections and the 
use of controlled impedance lines. 

ORDERING INFORMATION 

TK16203 0 0 DO pT ,_~ 
Temp. Range 

Package Code 

PACKAGE CODE TEMP. RANGE 
U: U·Pack 5 C: -40 to +85 °C 
M: SURFACE MOUNT 

TOKO, Inc. 

TAPE/REEL CODE 
BX: Bulk/Bag 
Tl: Tape Laft 

TK16203 
500 MHz RF AMPLIFIER 

APPLICATIONS 
• RF Communications 

• Telecommunications 

• Local Area Networks 

• Personal Communications Equipment 

• Portable Instrumentation 

• Portable Consumer Equipment 

• Radio Control Systems 

TK16203U TK16203M 

• 
Vee 

INPUT 06 vee 
GND2.5GNO 

INPUT 2 7 OUTPUT 

OUTPUT 3 4 Vee 

TKl6203M'PO 

BLOCK DIAGRAM 

INPUT OUTPUT 

GND 
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TK16203 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ............................................................ 12 V Storage Temperature Range ...................... -55 to + 150°C 
Power Dissipation MFP-8 (Note 1) ........................ 600 mW Operating Temperature Range .................... -40 to +85 °C 
Power Dissipation U-PAK-5 (Note 2) ................... 1000 mW Lead Soldering Temp. (10 sec.) .............................. 240 °C 

Junction Temperature ............................................. 150 °C 

ELECTRICAL CHARACTERISTICS 
Test Conditions: V cc = 6 V, TA = 25°C, unless otherwise specified 

MFP-8 UPAK-5 
SYMBOL PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Vce Operating Voltage Range 4.5 6 6.5 6 

Icc Supply Current 20 23 28 23 

821 Forward Gain F= 100 MHz 21 23 25 23 

812 Reverse Gain F = 100 MHz -30 -30 

811 Input Reflection F=100MHz -17 -17 

822 Output Reflection F=100MHz -25 -25 

IP3 Third Order Intercept Point F=100MHz +12 +12 

NF Noise Figure F= 100 MHz 5.0 5.0 

BW -3dB Bandwidth 450 500 470 

~UT I OuIput Power at 1 dB Comp. I F = 100 MHz I +4 I +4 

Note 1: Power dissipation must be derated at the rate of 4 mW/ °C for operation at T A = 25°C and above. 
Note 2: Power dissipation must be derated at the rate of 8 mW/ °C for operation at T A = 25°C and above. 

Maximize pad size under GND and Vee terminals for good heat conduction. 

TEST CIRCUIT 

PORT' 
ZO .. 50n 

HP 8753 
NETWORK ANAL VZER GNO 

3X APPLICATIONS BOARD LAYOUT 

UNITS 

V 

mA 

dB 

dB 

dB 

dB 

dBm 

dB 

MHz 

dBm 
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TK16203 

TYPICAL PERFORMANCE CHARACTERISTICS 

3S 

~ 30 
.s 

TA= 2S0C 

SUPPLY CURRENT vs 
SUPPLY VOLTAGE 

.." 

'" ffi 
~ 25 I' 

t....-' 
V 

':; 

~ 20 

./ 
V 

1S 

10 
4.S S.O S.S 6.0 6.S 

SUPPLY VOLTAGE (V) 

NOISE FIGURE vs FREQUENCY 

TA=2S0C 

zO=son 

VCC=6V Vr.r..=7V 

\ II 

/ / 
VCC =4.SV VCC=5V 

100 
FREQUENCY MHz 

START 10 MHz STOP 500 MHz 

TaKa, Inc. 

7.0 

soo 

26 

25 

~ 24 

~ 23 
'" is 22 
~ 
~ 2 .. 1 

20 

19 

---125 °C 

VCC=6V 

ZO=50n 

100 

S21 vs FREQUENCY 

-5l:; 

-zo:G'" \ 
"'\ 

~C 1\ \ 

"" \. \' 1\ 
\ 1\ \1\ 

,\ 
SOO 

FREQUENCY MHz 

INPUT VSWR vs FREQUENCY 

TA= 25°C 

Vcc=6V 

Zo=50n 

t-

100 

1 -10 MHz 
44_2n 
-1.3n 

2-100MHz 
39.4n 
-S.7n 

3 - 200 MHz 
30.4n 
-2.4n 

4 - 500 MHz 
34.6n 
21.3Q 

FREQUENCY MHz 

1000 

500 

26 

2S 

CD 24 
~ 
z 
;;: 23 
'" z 22 0 

~ 21 .. 
20 

19 

TA=2SoC 

ZO= son 

100 

S21 vs FREQUENCY 

__ VCC=6V , VCC -7V - ~ ~_SV 
\ -l V =4.5 V 

\ l 
\ .\ 

11 
SOO 

FREQUENCY MHz 
1000 

OUTPUT VSWR vs FREQUENCY 

TA= 25°C 

Vcc=6V 

zo=son 

100 
FREQUENCY MHz 

I -..-

500 

1-10MHz 
51.2 Q 

-1.4Q 

2 - 200 MHz 
54.0Q 
1.7Q 

3 -400 MHz 
50.5Q 

-25.1 Q 

4 - sao MHz 
34.4Q 
-23.2Q 

START 10 MHz STOP sao MHz 

4-91 
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NOTES 
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TOKO, Inc. 

PACKAGE OUTLINES 

THROUGH HOLE DEVICES 
CERDIP8 

CERDIP16 

(8; (5' 

I I I I 

I I I I 
(1) (,' 

, J 

(i6) (9) 
I I I I I I I I 

~-:: -:: ~: :t~I 
I I I I I I I I 

(1 ) 

NOT TO SCALE 

Unit:mm 

Unitmm 

5-1 

I 



PACKAGE OUTLINES 

THROUGH HOLE DEVICES 

DIPS 

Unitmm 

DIP14 

19.05::1: 0,2 

".1 

QA!i;~1i.l 

Unitmm 
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DIP16 

DIP20 

TOKO, Inc. 

L·~.I 
~ 

PACKAGE OUTLINES 

THROUGH HOLE DEVICES 

ffl 
~1 : "I w 

0.25 -005·, i:1J762 ' O·~\ - ......... __ . ----1. 

Unit:mm 

I 

II +01 

~ ~O.46·~::=D25~ 
Unit:mm 

NOT TO SCALE 5-3 



PACKAGE OUTLINES 
THROUGH HOLE DEVICES 

DIP28 

0-----8--- ~~ 

±O.2 

36.8 

Unit:mm 

DIP40 

50.7t.O_' __ 

Unitmrn 
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TaKa, Inc. 

PACKAGE OUTLINES 

THROUGH HOLE DEVICES 
ZIP10 

, 

I I I I I I I I I I I 

I I 

+0.' 'I -0.05 II i 
0.45 I I 

I --I ~ 
$! 0.25 riAl 

I I i I I ! Ie i 1.27 
---... ---"t"4 

(,) 

13.0±0.2 

r 1 

~ 
Ll) :-;1 

Ol ~ ~ . 0 o . 
,. C\I 

, j 

ZIP20 

rl'-~ 
~t _+_/. .. ;..-' ----------11 

I I 

i ~11.27 ..,.- .. _---

(20) 

NOT TO SCALE 

, 
N I M 
c:i I 0 
+1 , +J 

~j ~i 
I I 
I I 

t I ;; t;;.J 
+1 "!! +lNj 

'-1 • 

I +0.1 

! .,~ 0.25 -0.05 

IH ; 
1.2.2 i 
I -~ 

Unitmm 

qi 1 141.4 
~t , , 
• 

N '" ci a 
" ~ o C\I 

cO r...: 

Unitmm 
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PACKAGE OUTLINES 

THROUGH HOLE DEVICES 

5-6 

SIP5 

I 
I 

'0. o.785a .0.1 

O.4~o.os 

21, 

IClll E:"-IMJ 

(0 

I I I 
I 

I I I 
--

I I I 

~J-J~055~2 
(s) 

±O.2 

I 
13.0 ----I 

. j ~j ~jl 
t ~ ~ 
~------------~ 

TO-92J 

.. , 
46 

I 
I 

II 
I ~ .", ... 

I I 
I I 
I I 
I I . 

q 
I I ;! 
I I 
I I 
I I 

I 
._-j 

I.K?!. 0.25 KM; 
." O.~~~.os 

I- 1 .27 I I- 1.27 
T" 

1 

I I \ 
: I Jill LJ 

'",. 1~.3 r -

NOT TO SCALE 

3~ 1'~1 

~, 

0.46 -005 

Unit:mm 

Unitmm 

TOKO, Inc. 
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TOKO, Inc. 

PACKAGE OUTLINES 

THROUGH HOLE DEVICES 

I 
I 

I, -1 T -If 1 I ; 

\ I /~ R2.3 
1 

NOT TO SCALE 

Unitmm 
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PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 

SOT23 

SOT23L 

5-8 

~ 
~ 

I I 

I 
I 

- ----+----
I 
I 

NOT TO SCALE 

[0'11.90 

l Recommended Mount Pad J 
-------~------~--. 

I I ±015 

O·L. 
I 2 6" 3 ----r--r
I-------"------.---J 

Unitmm 

1&0.951.2]0.95 ~ ~ . 
Recommended Mount Pad 

Unitmm 

TOKO, Inc. 



LCC 

PLCC 

TOKO,lnc. 

PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 

.065 ± .005 -..J 1-

25 I I 19 

-I j.- .050 

NOT TO SCALE 

<~ ,.025±.003 

~ 
-t 

18 

BOTTOM 
VIEW 

5-9 

I 



PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 

U-PACK3 

1.5 
O.44max 

O,48max O.53max O.48max J1.-
Ie] 
_1~ _____ ~ 

_ ~5_._ , 
3.0 

Unitmm 

U-PACK5 

'" ~-

~.49ma~ r 
tL __ 

O.49max O.49max 

/"\ 
\ ') 

I-... 
ci 

I 

cD "' 
~~ 

N "' .. 

0.49max O.44max 

Recommended Mount Pad 

Unit:mm 
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TOKO, Inc. 

PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 

M-PACK5 

SOPS 

_,5 

~. 

-'" N~'I 
1b:r*=F==r+=r===r~ CD 

~_~I 
(2) I (3; I 

I 0.4 i01 ,,1-. , I --I-~----H-)I 0_1 -M; 

~ I '* ---~-----
.- 0_95 I, 0,95 

~ -_.-. 
~ (1_9) _ 

~ 
tITtUtillj 

I 1 

"" '-j±j-----ttt--l:jJI--------li±'='=}-'::.l 
0.42-005 

~~ .~ 

~O,7.., 
1 

~ .• -. 
1 1 ~ 

•• le1 e r O;L O_9~ 
~ - 1.99 __ 

Recommended Mount Pad 

11 0_76 

l-I-~I-I-. 

Recommended Mount Pad 

I;;' 

Unit:mm 

Unitmm 

NOT TO SCALE 5-11 



PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 
SOP14 

SOP16 

5-12 

8.65 ±02 

~ ~ ~7 
~~~=ti±=ljJi=tt±CC±1¥-- -3- -, 

~ 
~ 

___ .~ ______ 9.90 .0=--____ .. 

NOT TO SCALE 

::; 
I; 

Recommended Mount Pad 

i trl~-

Unitmm 

, ~I ~~ 
~ 

, . 
... 6.07,0.3 

Unit:mm 

TOKO, Inc. 



PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 

MFP8 

• I 

I 

l~ I 

o ~~.' ~I~j I ~?f~ ~ 
i I I / 

I- ~ '1.27 / -.. ..,~""'~~ 
~5~ ~ 

5.0:i02 

r 
~:l ! 1ij 

j E 
": 

.S! 

.§I 
0 

, -[,0.1-

Unitmm 

MFP12 

I~~~ •• · 
.~_".9c8. I Recommended Mount Pad 

Unitmm 

TOKO, Inc. NOT TO SCALE 5-13 



PACKAGE OUTLINES 

5-14 

MFP14 

SURFACE MOUNT DEVICES 

I I I I I j I 

(,) (7) 

" . ;:..q 

Recommended Mourn Pad ~ 

'" 0.4 ~ 

Unit:mm 

MFP16 

I I I I I I I I 

(,) (8) 

.. .. 

~1 ~ ••• __ ~t-___ ~ 
.,; 

101 

~ Recommended Mount Pad if 
'" 0.4 t 

-" • 

~ ~ 
~ "\t; ~I.I"! 

ci 
I 

~ 
6.0 ±O.9 

Unit:mm 

NOT TO SCALE TOKO, Inc. 



PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 

MFP20 

.. ~O.5 1 

",: ~ ~ ~ "1 ~ ~ '1 H ~ 11 

" ci 1,;[ 
: ~U~Ur:lU~ 

~J 0 11.0 

~~~~~~~L-~ 
I I I I I I I I I I 

''" 

10.2 ±02 __________ _ 

I _. 

( i t .. ~ 
L S'O,,, ~ 

"---- ----

Unit:mm 

MFP24 

11Ji':m'ml' ' 
--f~'~'-:-:~ • J ~II n.~.!Ulmll·1 

~~ommElnded MOLJI)_.tP.~ __ 

Jf 
I I I I I I I I I I I I 

',1) ",~ 

Unit:mm 

TaKa, Inc, NOT TO SCALE 5-15 



PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 

5-16 

MFP28 

@ ('5) 

I I I I I I I I I I I I I I 

"'! 9., 
---------------- ~I 

"" o 

MFP30 

~ ~ 
I I I I I I I I I I I I I II' 

NOT TO SCALE 

~u ~ ~ ~n ~ 
J ~1.0 

Recommended Mount Pad 

Unit:mm 

Recommended Mount Pad 

~ 
O.7J>2 b ~~ 

1 ~ ~ (r-------...) ~ i 
l ,7.S,03 ~ 

Unit:mm 

TOKO,lnc. 
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PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 
MFP36 

36 

VSOP20 

o 

,,, 

19 

, 18 

,-------,-' '. " 

b-t=1=tl=m=rt=h=rl=t=i=td ~ ~' 
'-tlh-W,~t±k-l±b-H~~--":j 

,P,3::;:SJ C ;~ill,.r i "'0:;-i 
1~~o~Q:@ 0 

Ii Li 
el08 

Recommended Mount Pad 

-f-
.,0.2 b 

0.7 "".- ~ 

Unit:mm 

0.32 
." .... 

~ : 0,65 

Recommended Mount Pad 

NOT TO SCALE 

Unit:mm 
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PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 
VSOP24 

QFP48 

5-18 

~. 

r 8.1 -'1 

.,~·~ •• 1 
•• . I" • 

r~3_~ ~ ~~ --.: :..-.2~:i 
'tJ'.~tQI!!!1 d 

::1:0.4 

9.0 
7.0:!:O.1 

I 
I 
I 

----+---

: i 

~! 

NOT TO SCALE 

j ::_O.~ 

Recommended Mount Pad 

Unit:mm 

Recommended Mount Pad 

Unit:mm 

TaKa, Inc. 



PACKAGE OUTLINES 

SURFACE MOUNT DEVICES 
QFP52 

~ j~O.65 

;: 11 I -: I '._ 

. 
o '" g ~ , 

~~ I !' ~ 1:1 I' ~ .1,1 

1.5~ ~ 11.4 

Recommended Mount Pad "'., 
0.26 -0.05 e 0.65 

Unitmm 

QFP60 
:1:0.4 

I" 

,46: ' 

I 
~o; .0.2 

,. 1.35 
b 

Unit:mm 

TOKO, Inc. NOT TO SCALE 5-19 



TAPE AND REEL INFORMATION 

SOT23 

-- - --~--

II 
------II fr' ----
o 0 OliO 0 0 

~~!~~~ 
(Rl 

----II,t------_ __ -=D;::,::ireclion of Feed 
(L l I I 

- al <C 

w 

5-20 NOT TO SCALE 

UNIT:mm 

Sign Dimension 

K 1.; ±~.1 I 

UNIT:mm 

Sign Dimension 

TOKO, Inc, 



TAPE AND REEL INFORMATION 

SOT23L (3 PIN) 

UNIT:mm 

DO Sign Dimension 

A 4.20 ± 0.1 

wi 

~-$ t i- - ---

B 4.15 + n.1 

w 12.0 + 0.3 

LL W1 9 fi ±n? 

~ @J-': ~ ., 
-[ 

F fiii + nnfi 

F 1.7ii + n.1 

P1 8.0 ± 0.1 

P2 2.0 t 0.05 

_ 01 I 
--A-- PO 4.0 to.1 

DO "1.55 + 0.05 

01 ,,1.55 + 0.05 , , T n.3 ± 0.0" 

0 0 0''0 0 0 , , t 1.7 ± 0.1 

K 1 R ± n 1 

[QJ W~ [Q] 
, ! 

( L) (R) ___ ---=D;:.;,;.irection of Feed 

UNIT:mm 

Sign Dimension 

-r---

- <Il « II 
t-- r---

w 
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TAPE AND REEL INFORMATION 

SOT23L (6 PIN) 
UNIT:mm 

Sign Dimension 

I l 

0 0 0110 0 0 
II 
• I 

[OJ w,~ [0] 
f 1 
'/ 

(L) (R) 
Direction of Feed ----

UNIT:mm 

Sign Dimension 

-~ 

- III « 

1---

w 
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TAPE AND REEL INFORMATION 

MFP8 
UNIT:mm 

Sign Dimension 

A fUln+n 1 

B 5.40 + 0.1 

W 12.0 ± 0.3 

Wl 9.5 + 0.2 

F 5.5 + 0.05 

E 1.75 +. 0.1 

Pl 8.0 + 0.1 

P2 2.0 + 0.05 

PO 4.0 + 0.1 

DO 111.55 + 0.05 

Dl tIll.55 + 0.05 

____ ----', 1-' ____ _ 

000"000 

[]r~D 

T 0.3 + 0.05 

I 2.1 + 0.1 

K 2.2 + 0.1 

(L) ( R) 

----1{ ,1--------
____ D;;,;:ireclion of Feed 

UNIT:mm 

Sign Dimension 

- m « 

D 

~{J 
J 

-I--

-I--

A 11178.0 + 2.0 

B II 66.0 + 1.0 

C II 13.0 ± 0.3 

D II 21.0 ± 0.5 

E 2.0 ± 0.5 

W 9.5 ± 1.0 

I 1.5± 0.5 

w 

TOKO, Inc. NOT TO SCALE 5-23 



TAPE AND REEL INFORMATION 

MFP14 

20. 
UNIT :mm 

DO Sign Dimension 

w 
A 6.70 ± 0.1 

;: J 
I 

g 1 
D1 

B 9.2 ±0.1 

W 16.0 ±0.2 

W1 13.5 ± 0.2 

F 7.5 ±0.1 

E 1.75± 0.1 

P1 8.0 ± 0.1 

P2 2.0 ± 0.05 

PO 4.0 ± 0.1 

DO 01.55 ± 0.05 

D1 01.7 ±0.1 

__________ ~'~l ________ _ 
o 0 0 q, 0 0 0 

T 0.3 ±0.05 

t 2.0 ±0.1 
K 2.1 ±0.1 

O[,JUU 
------~Ilr------------- Direction of Feed 

( L) (R) 

UNIT:mm 

Sign Dimension 

A 0178.0 + 2.0 

B 0 66.0 ± 1.0 

C 0 13.0 + 0.5 

D 0 21.0 ± 0.5 

E 2.0 ± 0.5 

- CD « W 9.5 ± 1.0 

t 1.5±0.5 

w 
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MFP20 (178) 

I 
~1~1 D1 
I ' 

~~~ 

TOKO, Inc. 

TAPE AND REEL INFORMATION 

",PO~ 

DO 

/ 
010 010 cb 

I 
CD 

wl 

~ 
, u-i 

co , 51 

1 

----------~/~/-------
a a a 0110 a a 

DODD 

Sign 

A 

B 

W 

W1 

F 

E 

P1 

P2 

PO 

DO 

D1 

T 

t 

K 

----------1/ 11-' ----------- Direction of Feed 

( L) (R) 

--

- ro « 

f--- -

w 

NOT TO SCALE 

UNIT:mm 

Dimension 

6,70 + 0.1 

10,55+0.1 

16,0 + 0,2 

13,5 + 0,2 

7,5 + 0,05 

1,75 + 0,1 

ao "'.11.1 
2,0 + 0,Q5 

4,0 +01 

01.55 + 0.05 

02.0 + 0.05 

O,:l + n.OIi 

2,2 + n.1 

2.:l + n.1 

UNIT: mm 

5-25 



TAPE AND REEL INFORMATION 

MFP20 (330) 
UNIT:mm 

T 
Sign Dimension 

____ -"1-1 ---

o 0 0 OIP 

----tl(r----- Direction of Feed 
( L) (R) ----

UNIT:mm 

Sign Dimension 

- - -Ill « 

w 
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MFP28/30 

;: - -

TOKO, Inc. 

TAPE AND REEL INFORMATION 

UQ wi 

mG~tL(!1 
A .. 

_~_~~/~/_~_~-
o 0 0 0 0 y ,0 0 0 0 0 0 

OfJDD 

Sign 

A 

B 

W 

W1 

F 

E 

P1 

P2 

PO 

DO 

01 

T 

t 

K 

----II ,r' ---:-:::-:----==-_~D?!ir'ection of Feed 
(L) (R) 

Sign 

A 

B 

C 

0 

E 

W 

J 
t 

W 

NOT TO SCALE 

UNIT·mm 

Dimension 

8.4 ±0.1 

15.5 ±0.1 

24.0 ± 0.3 

21.5 ± 0.2 

11.5 +0.1 

1.75 + 0.1 

12.0 ±0.1 

2.0 ±0.1 

4.0 +0.1 

01.5 ± 0.1 

02.0 + 0.1 

0.3 ±0.05 

2.75 + 0.1 

2.85 ± 0.1 

UNIT:mm 

Dimension 

0330.0 + 2.0 

o 80.0 + 1.0 

o 13.0 ± 0.5 

o 21.0 + 0.5 II 
2.0 ± 0.5 

25.5 + 1.0 

2.0 ± 0.5 

5-27 



TAPE AND REEL INFORMATION 

VSOP24 

UNIT:mm 

T P2 Sign Dimension 

A 8.2 + 0.1 

t ~ 
--~--~+---4------4--+---~ 

B 8.6 + 0.1 

W 16.0 ±0.2 

W1 13.5 + 0.2 

F 7.50 + 0.05 

D1/ I .. P1 J E 1.75±0.1 

P1 12.0 ±0.1 

P2 2.0 +0.05 

PO 4.0 + 0.1 

DO 01.55 + 0.05 
II D1 01.55 ± 0.05 

-0-0-0-0-0---" boo 0 0 0 
T 0.3 +0.05 

DODD t 2.48 + 0.1 

K 2.58 + 0.1 

( L) " (R) 
Direction of Feed ----... 

UNIT:mm 

Sign Dimension 

A 0330.0 ± 2.0 

B o 80.0 + 1.0 

C o 13.0 ± 0.5 

-III « D o 21.0 ± 0.5 

E 2.0 + 0.5 

W 17.5 ± 1.0 

t 2.0 + 0.5 

W 
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TOKO, Inc. 

FP20 

T __ 

Ii 

I 

~-

JKL 

TAPE AND REEL INFORMATION 

~ pOr 
P2~~ DO 

-~o I i -dl dl lID ID 6 dl B -0 

-[ ~ m Pli 
t, I I! 1 

/ • I I 
~1/ 1.-_J"1_-J I... A ~ 

II 
-0-0-0-0-0-0---''' 0 0 0 C 0 

[] fl [] 

I wI 

I t 
"-I I 
• 3::1 

I -, 

Sign 

A 

B 

W 

WI 

F 

E 

PI 

P2 

PO 

DO 

Dl 

T 

t 

K 

-----,/<-' -~~--=--~D~irection of Feed 

(L) " (R) • 

Sign 

A 

B 

C 

D 

E 

W 

t 

w 

NOT TO SCALE 

UNIT:mm 

Dimension 

11.6 + 0.1 

13.5 + 0.1 

24.0 + 0.3 

21.5 ± 0.2 

11.5 ± 0.1 

1.75 ± 0.1 

16.0 + 0.1 

2.0 ±0.1 

4.0 + 0.1 

01.55 + 0.1 

02.0 + 0.1 

0.3 ± 0.05 

3.2 ± 0.1 

3.3 + 0.1 

UNIT :mm 

Dimension 

0330.0 ± 2.0 

o 80.0 ± 1.0 

o 13.0 ± 0.5 

o 21.0 ± 0.5 
II 

2.0 + 0.5 

25.5 + 1.0 

2.0 + 0.5 
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TAPE AND REEL INFORMATION 

S-Pack 

5-30 

o 
J: 

Sign 

A 

D 

d 

P 

PO 

PI 

F 

Fl 

L'o.h 

W 

WO 

WI 

W2 

H 

HO 

HI 

aDO 

L'o.p 

C 

E 

t 

tl 

~1 d 

Unit :mm 

Name Dimension 

Heioht of packaoe body 3.0 ±0.1 

Length of package 4.0 +0.1 

Lead wire width 0.46 + 0.1 

Pitch between parts 12.7 ± 1.0 

Feed hole pitch 12.7 + 0.3 

Feed hole position 6.35 + 0.4 

Lead space 5.0 + 0.3 

Lead pitch 2.5 + 0.3 

Part drop 1.0 MAX 

Tape width 
+1.0 

18.0 -0.5 

Adherino tape width 6.0 ±0.5 

Feed hole~osition 9.0 ± 0.5 

Adhering tape position 0.5 MAX 

Minimum work position 19.0 + 0.5 

Lead wire clinch height 16.0 + 0.5 

Maximum work position 23.6 ±0.5 

Feed hole diameter "'4.0 ± 0.2 

Part drop 1.0 MAX 

Lead thickness 0.48 ± 0.1 

Package thickness 1.85 + 0.1 

Tape thickness 0.38~g:~ 
Total tape thickness 1.5 MAX 

NOT TO SCALE 

E 

I! c 

tl 

TOKO, Inc. 



TAPE AND REEL INFORMATION 

TO-92 

11100 

Unit :mm 

Sign Name Dimension 

A Heioht of oackaoe body 4.6 ±0.1 

0 lenoth of packaoe 4.6 + 0.1 

d lead wire width 0.46 ± 0.1 

P Pitch between parts 12.7 ± 1.0 

PO Feed hole pitch 12.7 ± 0.3 

P1 Feed hole position 6.35 + 0.4 

F lead space 5.0 ± 0.3 

F1 lead pitch 2.5 +0.3 

""h Part drop 1.0 MAX 

W Tape width 
+ 1.0 

18.0 -0.5 

WO Adhering tape width 6.0 ± 0.5 

W1 Feed hole position 9.0 +0.5 

W2 Adhering tape position 0.5 MAX 

H Minimum work.Qosition 19.0 ±0.5 

HO lead wire clinch height 16.0 + 0.5 

H1 Maximum work position 23.6 +0.5 

11100 Feed hole diameter 1114.0 + 0.2 

""P Part drop 1.0 MAX 

C lead thickness 0.46 ± 0.1 

E Packaoe thickness 3.6 +0.1 

t Tape thickness 0.38~gj 
t1 Total tape thickness 1.5 MAX 
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TAPE AND REEL INFORMATION 

U-Pack 3 

UNIT:mm 

Sign Dimension 

A 5.1 ± 0.1 

B 4.7 -1:0.1 

W 12.0 ± 0.3 

Wl 9.5 + 0.2 

F 5.65 + 0.05 

E 1.5 + 0.1 

P1 R.O + 0.1 

P2 2.0 ± O.O!'; 

PO 4.0 ± 0.1 

DO 0155 ± O.O!'; 

D1 

----------T 0.3 ± 0.05 

o 0 0 0 0 0 
t 2.1 ± 0.1 

K 2.2 + 0.1 

(L) 
___ ....;;D:;.,:irection of Feed 

UNIT:mm 

Sign Dimension 

D 

~{] 
J 

- C!l « 

--

r---- I--

w 
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QFP52 

r 

TOKO, Inc. 

.... 
1

1
19.86 .... ~ 

I 

135.9 -99.3 18.3 ! 

NOT TO SCALE 

TRAY INFORMATION 

, 
i 

CX)i 

~i 

LO 
C\I 
r-..: 
~ 

l 
I 

UNIT: mm 
TOLERANCE: ± 1.0 
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TRAY INFORMATION 

QFP60 

49.4 

t" 
19.7 

14 

10 
t---

• II 

~t - Ed I ~ 
T'" 

I 
I 

I-

I 

21.8 
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UNIT :mm 

TOLERANCE: ± 0.2 
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TRAY INFORMATION 
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NOT TO SCALE 

UNIT :mm 
TOLERANCE: ± 0.2 
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MAGAZINE INFORMATION 

20 FP Magazine 

Name 

Thickness 

Material 

Treatment 

Stopper 

Quantity 

5-36 

i 

I 

I 
<Xl 
C\i 

I 

~--: 

20FP Magazine 

0.6 ±0.2 mm 

PVC 

Anti-static 

Rubber both ends 

oq-

Unit: mm 

Tolerance ± 0.2 

F06C-20 : 25 pcs / cartridge 
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MAGAZINE INFORMATION 

300 mil Magazine 

II 
518± 1.0 

1- 8.2 

1 I 

t t 
I N 

Lli 

15.2 Unit:mm 

Tolerance ± 0.3 

Name 300 mil Magazine II 
Thickness 0.5 ±0.2 mm 

Material PVC 

Treatment Anti-static 

Stopper Rubber both ends 

Quantity 001 A-16 : 25 pcs / cartridge 

TOKO, Inc. NOT TO SCALE 5-37 



MAGAZINE INFORMATION 

600 mil Magazine 

II 
~-~-~--~-=-=--~-~-~--=-=--~-~--=7/~-~--~--~-~--=-~--=-~--~ 

- ______ /~ _____ -
II 

I .. 508 ± 1.0 ~I 

fr 
18.3 

~ 

11.2 
-~--

12.6 

22.4 

Name 600 mil Magazine 

Thickness 0.7 ± 0.15mm 

Material PVC 

Treatment Anti-static 

Stopper Rubber both ends 

Quantity 

5-38 NOT TO SCALE 
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Unit: mm 

Tolerance ± 0.3 
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MFP20 Magazine 

Name 

Thickness 

Material 

Treatment 

Stopper 

Quantity 

TOKO, Inc. 

MAGAZINE INFORMATION 

4.6 

II 

MFP20 MAGAZINE 

0.6 ± 0.15 mm 

PVC 

Anti-static 

Unit :mm 

Tolerance ± 0.2 

Rubber stopper both ends 

FOSA-20 : 25 pes I cartridge 

FOSE-14 : 30 pcs I cartridge 
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II 



MAGAZINE INFORMATION 

5-40 

MFP28 Magazine 

! 
,.. 6.2~ 

r~--r-----~-~---r--~,·--.-~ 

Name 

Thickness 

Material 

Treatment 

Stopper 

Quantity 

1 

I 

1 

31.5 

10 

Lf ~l 
ex) 

<Vi 

m 
S. 

MFP28 Magazine 

0.6 ± 0.1 mm 

PVC 

Anti-static 

Rubber both ends 

Unit: mm 

Tolerance ± 0.2 

F08C-28 : 25 pes / cartridge 

F08C-30 : 25 pcs / cartridge 

NOT TO SCALE TOKO, Inc. 
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MAGAZINE INFORMATION 

MFP8 Magazine 

II 

~r.··~--~~··~/~:/~-------_---------~.~ 
~ 2BO±0.5 ~ 

Name 

Thickness 

Material 

Treatment 

Stopper 

Quantity 

MFPB Magazine 

0.6 ± 0.15 mm 

PVC 

Anti-static 

Rubber both ends 

Unit: mm 

Tolerance ± 0.2 

FOBS-OB : 50 pcs / cartridge 

FOBE-OB : 50 pcs / cartridge 
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MAGAZINE INFORMATION 

S078-06 Magazine 

II 
...---------------------T I c = c = 7-/= = = = .. " ... = = = = = = = = I 

II 
{ 

405 ± 1.0 

L' -n-
11.1 

, 

~l-
I J 

- 1-- - - -- - - - - - -- -- I-

I I 

17 

Name S07B-OS (2) Magazine 

Thickness· O.S ± 0.1 mm 

Material PVC 

Traetment Anti-static 

Stopper Rubber both ends 

Quantity S07B-OS : 25 pes / cartridge 

S07G-OS : 25 pcs {cartridge 

S07N-OS : 35 pes / cartridge 

5-42 NOT TO SCALE 
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Unit:mm 

Tolerance ± 0.3 
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MAGAZINE INFORMATION 

S11 A-20 Magazine 

II 
I 

II 
I 

415 ± 1.0 j 

~ ---~~~LO. 
M r- - - - - - - -'---_--,---+-_+_~] 

Name 

Thickness 

Material 

Treatment 

Stopper 

Quantity 

NOT TO SCALE 

11 

12.6 

S11A-20 Magazine 

O.B± 0.1 mm 

PVC 

Anti-static 

Rubber both ends 

S05E-10 : 30 pcs I cartridge 

S11 A-20 : 15 pcs I cartridge 

S11A-10: 30pcs/catridge 

Unit: mm 

Tolerance ± 0.2 
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MAGAZINE INFORMATION 

5-44 

SIPS Magazine 

II 

1 

6.3 0

1

.7

1 

8.2 I 

_--+-+-,.+------_------j-----+-+.-1---:_4 ~-===::-:-d-----.~ i~ 
~ 1_-f-l--'--_-_-_-_------',,.-y-]----------------+-+-~-.-.: ~ 

15.9 
~----------------------~~ 

Name SIP5 Magazine 

Thickness 0.7 ± 0.1 mm 

Material PVC 

Treatment Anti-static 

Stopper Rubber both ends 

Quantity S05C-05 : 25 pcs / cartridge 

S05C-1 0 : 25 pcs / cartridge 

NOT TO SCALE 

Unit: mm 

Tolerance ± 0.2 

TOKO, Inc. 
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QUALITY ASSURANCE SECTION 

QUALITY ASSURANCE AND RELIABILITY 

1. PREFACE 

Electronic apparatus made in Japan is known for its high quality. This high quality is achieved by both 
the design technology of the electronic apparatus and the quality of the electronic components 
supporting this design technology. Recently, electronic equipment has become more and more 
complex with ever increasing component count and reduced component sizes, therefore the quality 
requirements have become much stricter. There is no future for an electronic component manufac
turer and supplier if it cannot understand and satisfy the customers' requirements for quality. Quality 
is considered to be the most important issue in all aspects of manufacturing, not only in the produc
tion of electronic components. This concept is called Total Quality Control (TQC). Moreover, quality 
is the most important factor for an electronic component manufacturer because the reliability of the 
final product is directly influenced by the parts supplied. 

Toko, Inc. has established "absolute quality assurance" as its basic policy and has developed meth
ods of quality control as outlined in Toko's "General Rule of Quality Control" document. The entire 
Toko group is involved with constant enhancement of quality and quality assurance methods. 

2. QUALITY POLICY 

The quality control and quality assurance activities of Toko Inc., are based upon the following 
categories. 

2.1 Quality Assurance: 

Toko guarantees to its customers the following items: 

2.1.1 Toko will supply defect-free products for proper use. 

2.1.2 Toko will determine the requirements to maintain a defect-free supply of components. 

2.1.3 Toko will do its best to correct any kind of quality problem that may occur. 

2.2 Quality Assurance Policy: 

Toko's policy of quality assurance is stated in the following paragraphs: 

2.2.1 Each employee will do his or her best to realize the targeted quality by using Toko's 
method of quality control. Quality control involves everyone and is required for both 
the design process and the production process. 

2.2.2 Statistical Quality Control (SQC) will be used. 

2.2.3 The activities will be conducted systematically, based upon the control principle of 
"Plan - Do - Check - Action". 

TaKa, Inc. 6-1 



QUALITY ASSURANCE SECTION 

3. QUALITY ASSURANCE SYSTEM 

Toko's quality assurance system is defined in the "General Rules of Quality Control" document, 
directly controlled by Toko's president. The Semiconductor Division's quality assurance system is 
established based on the General Rules of Quality Control and consist of quality policy, documenta
tion control, quality target, organization, product development, quality assurance contract, design, 
reliability test, test equipment control, preparation for production and sales, quality monitoring, quality 
improvement plan, education and training for quality control, handling of defects, quality claim, etc. 

3.1 Quality Assurance for New Product Development: 

The quality requirements of the customer are placed above all other requirements during new 
product design. New product design is conducted by following Toko's Product Development 
Control Rules, established in consideration of the inconsistency of controlled items in our 
process and their electrical characteristics. Quality is assured by the following procedures: 

3.1.1 Based on the results of market investigation, the Engineering Dept. will discuss 
needs, required quality (reliability), price, and electrical characteristics with other 
departments and propose a development plan. 

3.1.2 The Design Dept. will develop new products by using the newest process technology 
and circuit design techniques and it will take into consideration the customers' quality 
objectives as \A/e!!. 

3.1.3 The samples will be made in consideration of anticipated inconsistency of process or 
material used during mass production. The final specification will be determined after 
statistical evaluation of each item. 

3.1.4 The Engineering Dept. is the leader during new product design, sampling, and 
sample evaluation. Production engineering, packaging engineering and quality 
assurance staff will be asked to review the basic design and offer their ideas. Related 
departments will assist in the sample evaluation under direction of the Engineering 
Dept. The head of the Engineering Dept. will determine the mass production sam
pling process. 

3.1.5 During the pre-production process, after investigating the inconsistency characteris
tics in each process, the head of the Engineering Dept. will call a meeting to deter
mine if the transfer to mass production is possible based on the results of reliability 
test and product approval activity conducted by the Quality Assurance Dept. 

3.1.6 After the transfer to mass production is approved, the Production Dept. will propose a 
production plan including selection of an assembly plant, standard documentation, 
equipment procurement, material procurement and manpower. 
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QUALITY ASSURANCE SECTION 

3.2 Quality Assurance for Mass Production: 

The quality assurance of materials in the mass production process is implemented by the 
purchase of high quality materials, use of controlled environment, controlled equipment and 
statistical quality control. 

3.2.1 Plant Environment Control: 

A very clean environment is required for semiconductor manufacturing. The neces
sary cleanliness of the wafer process and assembly process are guaranteed. High 
purity water is used in the wafer fabrication process, water purity is guaranteed by 
continuous monitoring. 

3.2.2 Purchased Material Control: 

A material evaluation test (reliability test) of the materials purchased by our Material 
Division is conducted by the Quality Assurance Dept. prior to their use. The Material 
Division will also conduct an incoming inspection to guarantee material quality. 

3.2.3 Manufacturing Process Control: 

The manufacturing process control is based on the premise that in order to achieve 
high quality in the manufacturing process, one must implement environment control, 
equipment maintenance control, control charts, inspection during process, QA during 
process, etc .. Automation is used as much as possible to minimize quality inconsis
tencies. 

3.2.4 Product Inspection: 

3.2.5 

3.2.6 

As a final quality assurance to the customer, product inspection is conducted for 
100% of the products. A control restriction is established based on the results of 
product inspection. The Quality Assurance Dept. is responsible for analyzing the 
causes and determine whether or not to ship lots based upon such restrictions. 

Lot Quality Assurance/Periodic Reliability Test: 

In order to assure lot quality, the Quality Assurance Dept. will conduct a sampling test 
of those lots that passed 100% inspection in the manufacturing process. A sampling I 
test of electrical characteristics and visual inspection is conducted and a reliability 
test is performed periodically for each package type. I 

Control for Any Change: 

Control in the event of design, material, process, or equipment change is imple
mented in accordance with Toko's internal rules and eventually must be approved by 
the Quality Assurance Dept. However, those changes related to specifications and 
characteristics must be approved by the customer prior to implementation. 
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QUALITY ASSURANCE SECTION 

6-4 

3.2.7 Quality Claim: 

The quality claim is the most important control item. The Quality Dept. is responsible 
for correction of any quality claim with help from all related departments. 

4. RELIABILITY TEST 

The reliability tests are implemented for new product development, design change, process change 
(process equipment, process, material, etc.). Periodical product reliability confirmation is performed 
during mass production. The test items, methods, and conditions are listed in Toko's Standard which 
is determined based on EIAJ ED-70 and in consideration of the level required by the market. An 
example of Toko's test method is shown below. Toko can also conduct reliability tests according to 
customer requirements. 

RELIABILITY TEST EXAMPLE 

TEST ITEM CONDITION 

THERMAL SHOCK -65°C/5MIN TO +150°C/5MIN 100TIMES 

RESiSTANCE TO 
SOLDER TEMP 260°C 10 SEC WITH FLUX 

SOLDERING HEAT 

AUTOCLAVE AFTER SOLDERING TEST 121 °C, 1000 % RH, 96 HRS 

HIGH TEMP 
MAX OPERATING V, MAX OPERATING TEMP, 1000 HRS 

LIFE TEST 

HIGH TEMP 
HIGH HUMIDITY 

AFTER SOLDERING TEST, TYPICAL OPERATING V,85 °C, 

LIFE TEST 85% RH, 100HRS. ( IF OVER 100 mW : 1 HR ON, 3 HR OFF) 

SOLDERABILITY SOLDER TEMP 230°C FOR 3 SEC WITH FLUX 

ESDTEST V = 200 V, C = 200 pF, R = 0 Q 

5. HANDLING QUALITY CLAIMS 

5.1 Toko will do its best to correct any quality claim when it occurs. The Quality Assurance Dept. 
is responsible for all quality claims related to the Semiconductor Division. 

5.2 The quality claim handling system chart is attached (see figure 1) 

5.2.1 Quality Claim Report: 

The sales office will write this report with information and help from the customer. 
This report will be sent to the Quality Assurance Dept. of the Semiconductor Division 
located in the Toko Saitama Facilities along with the defective products. 

TOKO, Inc. 
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QUALITY ASSURANCE SECTION 

5.2.2 Cause Analysis and Other Investigations: 

With the assistance of other departments if necessary, the Quality Assurance Dept. 
will analyze the defect that caused the product to be returned . The cause analysis 
will be conducted according to the procedure outlined on the chart below. 

CORRECTIVE ACTION ROUTE 

CUSTOMER -I COMPLAINT 1 
SALES DEPARTM ENT -I CLAIM REPORT 1 

CONFIRMATION OF DEFECT 
DIVISION SEMICONDUCTOR 

QA GROUP -- PACKAGE VISUAL CHECK 

ELECTRICAL CHARACTERISTICS TEST 

INVESTIGATE LOT CONTROL RECORD 

I 

1 
I GOOD J I NOT GOOD I 

1 INVESTIGATION 

CONFIRMATION TEST OPEN PACKAGE 
HIGH I LOW TEMP TEST CHIP SURFACE CONDITION 

BIAS TEST (X-RAY, ULTRASOUND, XMA 

TEMP CYCLE TEST IF NECESSARY) 

I J 
1 

I INVESTIGATION OF CAUSE I CORRECTIVE ACTION 
I 

1 
I CAUSE AND CORRECTION REPORT I 

1 
I CONFIRMATION - SALESDEP ARTMENT 

1 
I CORRECTIVE ACTION REPORTI - CUSTO MER 

5.2.3 Corrective Action: 

As the cause of the defect is confirmed, the Quality Assurance Dept. will request 
corrective action by issuing a Quality Claim Corrective Action Instruction. This will 
include the corrective actions taken to the inventory in process, product inventory, 
products in process, products in transportation and material inventory. If necessary, 
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QUALITY ASSURANCE SECTION 

the Quality Assurance Dept. will meet with related departments to discuss the cause 
and required corrective action. 

5.2.4 Cause Analysis and Corrective Action Report: 

The Quality Assurance Dept. will submit this report of defect cause and corrective 
action to the customer. If necessary, the corrective action will be reviewed with the 
customer. 

MOUNTING METHODS OF TOKO'S SEMICONDUCTOR PRODUCTS 

6-6 

1. SOLDER REFLOW 

There are many methods for solder reflow. In the case of infrared heating method, which is most 
often used, please determine the reflow condition based on Toko's recommended condition as shown 
in the figure below. Do not use reflow more than twice. 

~ :~- ---.--"."---~ n- .. < 

! >20 • "CIS, / \ 

~ 200 ------------I-.I--~I tr---~1\235<c 
~ 4±1 Sec 

~ lBO 

~ i 160 

~ 
~ 

t 

Entrance 

~2.0'CJsec 
I 

I I 
I I 
I I 
I 

I 

I I 
I i 

~ 2nin.±10aec. --+j I 

11ME ---+ 

REFLOW CONDITION 

2. SOLDER DIPPING (SOLDER FLOW) 

I 
I -+ Exit 

In the case of solder dipping, a preheat must be done based on Toko's recommended preheat at 90 
to 130 °C for 30 to 60 seconds. Please determine the duration of solder dipping based on Toko's 
recommended condition of 230 to 235 °C for 3 to 4 seconds. The solder dipping must be done only 
once. 

TOKO, Inc. 
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3. SOLDERING BY IRON 

In the case of soldering by iron, please determine the soldering requirements based on Toko's 
recommendations for iron temperature. Soldering iron tip temperature should be lower than 350°C 
and applied for less than 3 seconds. Lower temperatures may be required for some packages. 

4. FLUX AND WASHING REQUIREMENTS 

Rosin flux is recommended for the soldering process. Please avoid using chlorine flux because the 
remaining chlorine may corrode the aluminum portions of Toko's products. Please use a washing 
solvent with low surface tension, (high permeability), and minimize both soldering and washing time 
as much as possible. Also, please minimize the use of ultrasonic washing as much as possible. 

5. RECOMMENDED MOUNTING METHODS 

TOKO, Inc. 

Though all the above methods are recommended, certain types of surface mount packages may 
require only reflow soldering or soldering by an iron. 
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QUALITY ASSURANCE SECTION 

SECTION 1 

GENERAL GUIDE OF QUALITY CONTROL 
IN TOKO'S QUALITY CONTROL DEPARTMENT 

1. Policy 

6-8 

1.1 Quality Assurance Concept 

1. All products are guaranteed to be of good quality. 
2. Effective methods of quality control are used at all times. 
3. In the case of any defective materials being supplied, Toko makes every effort to replace 

or repair such items. 

1.2 Quality Assurance Policy 

1 . Quality is regarded as an essential ingredient in the design and manufacturing process. 
2. Toko continuously applies Statistical Quality Control (S.Q.C.). 
3. Our formula for control is the plan-do-check-action circle which should be performed 

continuously. 

TOKO,lnc. 



QUALITY ASSURANCE SECTION 

2. Outline of TO-QC 

2.1 Guiding Principles 

TOKO, Inc. 

1. 
2. 
3. 
4. 
5. 
6. 

Quality Assurance 
Development of New Products 
Employee Productivity 
QC Circle and Proposal of Idea 
Activity by Functional Project Teams (TO-QC Teams) 
Study methods of SQC within every division or department of Toko 
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QUALITY ASSURANCE SECTION 

SECTION 2 

EDUCATION 

Taka has an education system consisting of Quality Control, Technique, QC Circle and Technical Skill, as listed below: 

6-10 

1 . Statistical Quality Control 

1 . Statistical Quality Control 
2. Design of Experiments 
3. Reliability Theory 

2. Technique 

1. Wafer Process 
2. Electronic Circuit 
3. Assembly Process 
4. Computer Programming 

3. Technical Skill 

1. 
2. 
3. 
4. 

General Guidance for Semiconductor Processing 
Basic Education 
Diffusion 
Photo-Chemical 

TOKO, Inc. 



QUALITY ASSURANCE SECTION 

SECTION 3 

RECEIVING INSPECTION 

1. Toko has a system in place to assure that materials meet physical, chemical, visual, functional and dimensional 
requirements. 

2. Toko uses "X-R Control Chart". Refer to an example in Figure 1-1. 

3. Toko will return the materials to the suppliers as rejected lots whenever the rejected quantity of sampling inspection 
is over our lot acceptance limit. 

4. Toko will perform inspections according to receiving inspection specifications issued by production engineering. 

5. Toko uses lot history records and keeps them for 3 years. 

6. If a lot is out of specification (non-conforming lot), the entire lot will be returned and a corrective action will be 
requested from the supplier. 

By evaluating the quality of corrected materials received, Toko will decide whether or not suppliers took adequate 
corrective action. 

7. Toko will select its suppliers by the following criteria: 

A. Quality Characteristics 
B. Capability of Quality Control 
C. Supply Capacity 
D. Cost 

8. Incoming Sampling Plans 

Incoming Sampling Plans are as listed below: 

C = Critical Info 

Lead Frame: Visual Inspection: n = 50/10t c=O 
Temperature-Proof: n = 50/10t c=O 
Plating: n = 50/10t c=O 

Wafer: Characteristics: n = 50/10t c=O 
Visual Inspection: n = 50/10t c=O 

Epoxy Resin: n = 5/10t c=O 

TaKa, Inc. 6-11 



QUALITY ASSURANCE SECTION 

SECTION 4 

MANUFACTURING PROCESS 

1. x-R Control Chart 

Taka mainly uses x-R control charts and X-O' charts for all processes. Please refer to Table 4-1 and Figure 4-1. 

Table 4-1 Example of x-R Control Chart 

PROCESS CHARACTERISTIC EVALUATION METHOD 

INCOMING INSPECTION DIMENSION CALIPER 

EPITAXIAL RESISTIVITY 
RESISTIVITY TEST SYSTEM 

WAFER PROCESS OXIDE FILM THICKNESS AUTO FILM THICKNESS 

WAFER CHARACTERISTIC 
MEASUREMENT SYSTEM 

PARAMETER TESTER 

ASSEMBLY PROCESS WIRE STRENGTH TENSION GUAGE 

OUTGOING INSPECTION ELECTRICAL CHARACTERISTICS TESTER 

3. Process Capability 

Taka determines process capabilities based upon x-R Charts. Please refer to Table 4-2. 

Table 4-2 Process Capability 

PROCESS CHARACTERISTIC EVALUATION METHOD 

INCOMING INSPECTION EPITAXIAL THICKNESS t Cp=1.33 

EPITAXIAL RESISTIVITY P Cp=1.48 

WAFER PROCESS OXIDE FILM THICKNESS t Cp=1.87 

WAFER CHARACTERISTIC 
C1v Cp=3.96 
C1.2v Cp=1.40 

ASSEMBLY PROCESS WIRE STRENGTH Cp=1.50 

OUTGOING INSPECTION ELECTRICAL CHARACTERISTICS C1.2v Cp=1.80 
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QUALITY ASSURANCE SECTION 

Figure 4-1 

EPI THICKNESS X-R CONTROL CHART 

CONTROL GRAPH 

UCL 8.232 UCL 0.588 

R CL 0.258 

LCL 0.000 

X CL 8.044 

LCL 7.856 

SCALE:o 0.125 SCALE: 0.258 

No. DATE BATCH NAME LOT R 

1 1022 
2 1022 
3 1022 
4 1022 
5 1022 
6 1022 
7 1022 
8 1022 
9 1022 
10 1022 
11 1022 
12 1023 
13 1023 
14 1023 
15 1023 
16 1023 
17 1023 
18 1023 
19 1023 
20 1023 
21 1023 
22 1023 
23 1023 
24 1023 
25 1023 
26 1023 
27 1023 
28 1023 
29 1023 
30 1023 
31 1024 

0001 KKC936GB 6489 
0002 KKC936GB 6489 
0003 KKC936GB 6492 
0005 KKC936GB 6491 
0006 KKC936GB 6494 
0007 KKC936GB 6493 
0008 KKC936GB 6496 
0009 KKC936GB 6495 
0010 KKC936GB 6498 
0013 KKC936GB 6499 
0015 KKC936GB 6497 
0001 KKC936GB 6500 
0002 KKC936GB 6501 
0003 KKC936GB 6502 
0004 KKC936GB 6503 
0005 KKC936GB 6503 
0006 KKC936GB 6505 
0007 KKC936GB 6506 
0008 KKC936GB 6507 
0009 KKC936GB 6508 
0010 KKC936GB 6509 
0011 KKC936GB 6510 
0012 KKC936GB 6511 
0013 KKC936GB 6512 
0014 KKC936GB 6513 
0015 KKC936GB 6514 
0016 KKC936GB 6516 
0018 KKC936GB 6515 
0020 KKC936GB 6517 
0021 KKC936GB 6518 
0001 KKC936GB 6519 

LCL CL UCL 

TaKa, Inc. 

X 
LCLCL UCL 
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SECTION 5 

RELIABILITY TESTING 

1. Reliability tests are performed to verify quality of new parts in mass production. 

2. Reliability testing is not involved in final outgoing inspection. 

3. Usually, reliability tests listed in Table 5-1 are performed. 

4. Reliability testing of parts in production are taken randomly whenever required. 

5. Toko's reliability test specifications conform to well known industry standards and targeted to specific market 
requirements. 
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TABLE 5-1 Standard Reliability Test Specifications 

STANDARD RELIABILITY TEST SPECIFICATIONS 

1. ENVIRONMENTAL TESTS 

ACCEPTABILITY 
CRITERIA CHARACTERISTICS 

TEST ITEM TEST CONDITION AND METHOD 
EVALUATED 

n c LTPD 

TA :' Top. MAX. 
V : • Vop. MAX. 1.000 H 

HIGH TEMPERATURE ELECTRICAL 
OPERATING LIFE • LOAD CONDITION: WITHIN A 32 0 7% 
TEST MAX. POWER DISSIPATION CHARACTERISTICS 

ACCORDING TO THE 
TEMPERATURE DERATING 
CURVE. 

T A: 85°C, V: • Vop TYP. 500 HRS. 
SOT, SOP, VSOP AND OFP PKGS. 

HIGH TEMPERATURE Vop TYP . 1000 HRS. ELECTRICAL 
OPERATING LIFE • WHEN THE POWER DISSIPATION 32 0 7% 

CHARACTERISTICS 
BIASED LIFE TEST EXCEEDS 100 mW, A CYCLE 

CONSISTS OF 1 HOUR-ON AND 
3 HOURS-OFF. 

HIGH TEMPERATURE 
TA : +150 °C 1000 HRS. 22 0 10% 

ELECTRICAL 
STORAGE LIFE TEST CHARACTERISTICS 

LOW TEMPERATURE 
TA: -55°C 1000 HRS. 22 0 10% 

ELECTRICAL 
STORAGE LIFE TEST CHARACTERISTICS 

HIGH TEMPERATURE ELECTRICAL 
HIGH HUMIDITY T A : +65 °C RH: 90% 32 0 7% CHARACTERISTICS 
STORAGE LIFE TEST 1000 HRS. 

PRESSURE COOKER TA: +121 °C RH: 100 % 

STORAGE TEST 96 HRS. 32 0 7% ELECTRICAL 

(AUTOCLAVE) SOT, SOP, VSOP AND OFP CHARACTERISTICS 
72 HRS. 
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QUALITY ASSURANCE SECTION 

TABLE 5-1 Standard Reliability Test Specifications (Cont.) 

STANDARD RELIABILITY TEST SPECIFICATIONS 

1. ENVIRONMENTAL TESTS (CONTD) 

ACCEPTABILITY 
CRITERIA CHARACTERISTICS 

TEST ITEM TEST CONDITION AND METHOD 
JUDGED 

n c LTPD 

CD +100 °c 5 MINUTES 

t 
@O°C 5 MINUTES ELECTRICAL 

THERMAL SHOCK 
15 0 15% CHARACTERISTICS TEST (1 __ 2,2 __ 1 

WITHIN 10 SEC.) AND VISUAL 

100 CYCLES 
100°C: BOILING WATER 
o °c : ICE WATER, LIQUID PHASE 

C= 200 PF V=200V 

ELECTROSTATIC R=On 4 
DISCHARGE GROUND A VCC OR GND LEAD. 

ELECTRICAL 

SENSITIVITY 
x5 

CHARACTERISTICS 
APPLY THE VOLTAGE TO EACH -

CLASSIFICATION 
LEAD TERMINAL OF THE SAMPLE 20 AND VISUAL 

TEST 
DEVICE. (BOTH POSITIVE AND 
NEGATIVE DIRECTIONS, 
SEPARATELY.\ 

ELECTRICAL 
RESISTANCE TO 

TA: +260°C 10 SECONDS 15 0 15% CHARACTERISTICS 
SOLDERING HEAT 

AND VISUAL 
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QUALITY ASSURANCE SECTION 

TABLE 5-2 Standard Reliability Test Specifications (Cont.) 

STANDARD RELIABILITY TEST SPECIFICATIONS 

1. MECHANICAL TESTS 

ACCEPTABILITY 
CRITERIA CHARACTERISTICS 

TEST ITEM TEST CONDITION AND METHOD 
JUDGED 

n c LTPD 

20 Hz - 2000 Hz - 20 Hz 
VARIABLE 1.5 mm (20G) ELECTRICAL 

FREQUENCY 1 CYCLE FOR 4 MINUTES 15 0 15% CHARACTERISTICS 

VIBRATION TEST X . Y . z. 4 TIMES EACH AXIS AND VISUAL 
TOTAL TEST TIME: 48 MINUTES 

MECHANICAL 1500 G 0.5 MILLI-SECONDS 
ELECTRICAL 

SHOCK TEST X . Y . Z. 5 TIMES EACH AXIS 
15 0 15% CHARACTERISTICS 

AND VISUAL 

DROP TEST DROP SAMPLES 3 TIMES ONTO 
ELECTRICAL 

(LOAD DUMP) A WOODEN BOARD FROM 75 
15 0 15% CHARACTERISTICS 

cm. HIGH 
AND VISUAL 

SOLDERABILITY TA: +230°C 3 SECONDS 15 0 15% 
VISUAL 

TEST WITH ROSIN FLUX ( SOLDERABILITY ) 

( 1 ) PULL (TENSION) 
500 9 30 SECONDS 15 0 15% VISUAL 
250 9 FOR SMD PKGS. 

LEAD INTEGRITY 
TO THE AXIS OF THE LEAD 

( 2) BEND (BENDING) 
250 9 90 ° 2 TIMES 15 0 15% VISUAL 
BEND IS NOT APPLIED TO 
SMD PKGS. 
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SALES AND DISTRIBUTORS OFFICES 

TOKO IC APPLICATIONS CENTERS 

USA 
TOKO America, Inc. - IC Center 
4755 Forge Road 
Colorado Springs, CO 80907-3519 
Tel: (719) 528-2200 
Fax: (719) 528-2375 
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SALES AND DISTRIBUTORS OFFICES 

I TOKO USA SALES LOCATIONS I 

TaKa America, Inc. 
1250 Feehanville Drive 
Mt. Prospect, IL 60056 

USA 
Tel: (708) 297-0070 
Fax: (708) 699-7864 

DISTRIBUTORS 

Digi-Key Corporation 
701 Brooks Avenue, 
SouthThief River Falls, 
MN 56701, USA 
Tel: (800) 344-4539 
Fax: (218) 681-3380 

TaKa America, Inc. 
West Coast Branch 
2480 North First Street 
Suite 260 
San Jose, CA 95131 
USA 
Tel: (408) 432-8281 
Fax: (408) 943-9790 

Penstock 
520 Mercury Drive 
Sunnyvale, CA 94086 
USA 
Tel: (408) 730-0300 
Fax: (408) 730-4782 

ITOKO EUROPE SALES LOCATIONS I 

GERMANY 
TaKa Electronic Europe GMBH 
Burgmullerstr. 7 
D-4000 Dusseldorf 1, Germany 
Tel: (0211) 682281 
Fax: (0211) 679-9567 
Telex: 8582643 

UNITED KINGDOM 
TaKa (U.K.) Ltd. 
Ward Royal Parade, Alma Road 
Windsor, Berks, SL4 3HR, England 
Tel: (0753) 854057-9 
Fax: (0753) 850323 
Telex: 848095 
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TaKa America, Inc. 
Southeast Branch 
201 Finney Drive 
Huntsville, AL 35824 
USA 
Tel: (205) 772-8904 
Fax: (205) 772-8955 

North Star Electronics 
1 00 Research Drive 
Wilmington, MA 01887 
USA 
Tel: (508) 657-5155 
Fax: (508) 657-6559 

FRANCE 

TaKa America, Inc. 
East Coast Branch 
107 Mill Plain Road 
Danbury, CT 06811 
USA 
Tel: (203) 748-6871 
Fax: (203) 797-1223 

Passive Technology 
2151 Bering Drive 
San Jose, CA 95131 
USA 
Tel: (408) 435-5566 
Fax: (408) 435-3041 

Les Composants TaKa S.a.r.1. 
34 Rue Balard 
F-75015 Paris, France 
Tel: (01) 4557-4465 
Fax: (01) 4554-2837 
Telex: 204248 

ITALY (Agent) 
TaKas S.r.I. 
Via delle Querce, 1, 1-20156 
Milano, Italy 
Tel: (02) 325384, 39267131 
Fax: (02) 3493947 
Telex: 315029 
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SALES AND DISTRIBUTORS OFFICES 

I TOKO FAR EAST SALES LOCATIONS I 
JAPAN 

Toko, Inc. 
1-17, Higashi-yukigaya 2-chome, 
Ohta-ku, Tokyo, 145 Japan 
Tel: (03) 3727-1161 
Fax: (03) 3728-4690, 4697 

Telex: J22696 

SINGAPORE 

TOKO, Inc., Singapore Branch 
No.1, Lorong 2, 
Toa Payoh. #03-00 
Singapore 1231 
Tel: (255) 4000 
Fax: (250) 8134 
Telex: 21444 

HONG KONG 

TOKO, Inc., Hong Kong Branch 
45-Hoi Yuen Road, Yau Lee Center 
7/F,8/F, and 9/F, Kwun-Tong, Kowloon 
Hong Kong 
Tel: (03) 428131 ~9 
Fax:7978262,7979161,3419570 
Telex: 39126 

KOREA 

Korea TOKO Co., Ltd. 
BG. 7, Masan Free Export Zone No. 975, 
Yang-Douk-Dong, Masan, 
Kyung-Sang-Nam-Do, Korea 
Tel: (0551) 93-11 01 ~3 
Fax: (0551) 93-1110 
Telex: 53434 

Korea TOKO Co., Ltd., Seoul Office 
RM 706, 7th Floor, Poonglim Bldg, 823- t, 
Yeogsam-Dong, Kangnam-ku, Seoul, Korea 
Tel: (02) 556-2754 
Fax: (02) 556-9962 

TOKO,lnc. 

TAIWAN 

Taiwan TOKO Electronics Co., Ltd. 
Nan-Tze Export Processing Zone 
Kaohsiung 81120, Taiwan 
Tel: (07) 361-2011 ~18 
Fax: (07) 361-7010, (07) 362-3267 

Huacheng TOKO Electronics Co., Ltd. 
Room 2, 4th Flo, CHI-DER Bldg No. 16 
Nanking East Road, Sec. 5 
Taipei, Taiwan 
Tel: (02) 768-4131~4 
Fax: (02) 763-1139 
Telex: 21791 

MALAYSIA 

TOKO Electronic Malaysia Sdn. Bhd. 
Lot No.1, Phase 1, Sungai Way, 
Free Trade Zone 
47300 Petaling Jaya, Selangor, 
Malaysia 
Tel: (03) 7761927 
Fax: (03) 7753031 
Telex: 37552 

TOKO Electronic Malaysia Sdn. Bhd. 
Penang Liaison Office, 
Lot No. 345E, Tingkat Satu 
Bangunan Kelab Gelugor 
Jalan Sultan Azlan Shah, 
11700 Gelugor 
Pulau Penang, Malaysia 
Tel: (04) 870851 
Fax: (04) 870852 
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