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PREFACE 

This data book contains the latest product information for Fujitsu's line of Telecommunications Products. This 
year's edition includes Piezoelectric Devices and Ie Compandors, as well as sustaining products from the pre­
vious edition. Please note that the contents of this edition have been reorganized to better categorize products 
for your ease of use. 

In addition to the collection of data sheets, you will find valuable information on ordering and expanded packag­
ing descriptions, both in the Order Information section. One appendix, Design Information, is included as a 
guideline for selecting and designing Fujitsu prescalers and phase-locked loops for VHF and UHF frequency 
synthesis. 

If you are interested in obtaining other Fujitsu product information, see the publication listing on the following 
pages for titles and brief descriptions of other Fujitsu product literature. To obtain a copy of any of the docu­
ments, contact one of our sales offices. 
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FUJITSU PRODUCT PUBLICATIONS 
The following is a list of the product publications available from Fujitsu Microelectronics, Inc. Call your nearest FMI Sales 
Office or Sales Representative to order any document(s) you need. (See the Sales Information section for phone num­
bers.) 

STANDARD PRODUCTS 
Dynamic RAM Products Data Book 

Static RAM Products Data Book 

ECl RAM Products Data Book 

Programmable Memory Products Data 
Book 

Memory Card Products Data Book 

Power Transistor Products Data Book 

Linear Products Data Book 

Linear Products Selector Guide 

Telecommunication Products Data Book 

Contains product data sheets for NMOS and CMOS DRAMs, 
including 1 M and 4M devices, and MOS application-specific 
RAMs. 

Contains product data sheets for high-speed CMOS and 
BiCMOS SRAMs, low-power CMOS SRAMs and applicatlon­
specific SRAMs. 

Contains product data sheets for ECl and TTL bipolar ECl 
RAMs, BiCMOS ECl RAMs, and application-specHic RAMS 
including seH-timed RAMs (STRAMs). . 

Contains product data sheets for programmable ROMs (including 
registered and wide-temperature range PROMs); CMOS mask­
programmable ROMS, OTP ROMs, erasable PROMs, and 
EEPROMs; NMOS erasable PROMs and non-volatile RAMs. 

Contains product data sheets and programming information for 
68-pin JEIDA and PCMCIA standard memory cards and connec-
tors and for 38-pin memory cards. 

Contains product data sheets for RETs, Darlington arrays, and 
FETs. 

Contains product data sheets for audio products, power supply 
controls, motor drivers, disk drivers, and converters (AID, D/A, 
AlD-D/A, and FN), and other linear products. 

Presents an overview of linear products. 

Contains product data sheets for prescalers and VCOs, Plls, 
single-chip PlLs and Prescalers, CODECs, telephone ICs, and 
cellular telephone ICs, cordless telephone ICs, and piezoelectric 
devices. 

Telecommunication Devices Selector Guide Presents an overview of telecommunication products and piezo­
electric devices. 

Interface and Logic Products Selector 
Guide 

CMOS 4-bH Microcontrollers Data Book, 
Vo!.1 

CMOS 4-bH Microcontrollers Data Book, 
Vol. " 

CMOS 4-bH Microcontrollers Selector 
Guide 

Master Product Guide 

Iv 

Presents an overview of logic and interface devices. 

Contains product information, including the development tool for 
the MB8850 and MB88200 families of 4-bH microcontrollers. 

Contains product information, including the development tool for 
the MB88500 family of 4-bH microcontrollers. 

Presents an overview of the MB88500 (high end), MB8850 (mid­
range), and MB88200 (low end) families of 4-bH microcontrollers. 

Presents an overview of the entire range of products offered by 
the Integrated Circuits Division: Standard and ASIC products. 
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FUJITSU PRODUCT PUBLICATIONS (Continued) 

ASIC PRODUCTS 

CMOS Channeled Gate Arrays Data Book 
and Design Evaluation Guide 

CMOS Channelless Gate Arrays Data 
Book and Design Evaluation Guide 

ASIC Products Selector Guide 

BiCMOS Gate Arrays Data Book and 
Design Evaluation Guide 

ECl Gate Arrays Data Book and Design 
Evaluation Guide 

ASIC SOFTWARE 

The ASIC GalieryTM (catalog) 

The ASIC Design Environment (catalog) 

ViewCAD User's Guide 

ViewCAD Installation Guide 

CMOS ASIC Reference Manual for 
Valid 

FAME User's Guide 

FAME Reference Manual 

Synopsys User's Guide 

Contains product information for UHB Series High Drive CMOS 
Gate Arrays and 0010 Series High Drive CMOS Gate Arrays. 

Contains product information for AU Series CMOS Series Gate 
Arrays and 0021 Series CMOS Gate Arrays. 

Presents an overview of CMOS, BiCMOS, ECl, and GaAs gate 
arrays and CMOS standard cell products. 

Contains product information for BC Series BiCMOS Gate 
Arrays and BC-H Series BiCMOS Gate Arrays. 

Contains product information for ET Series ECl Gate Arrays, 
H Series ECl Gate Arrays, Uttra-High Performance ECL Gate 
Arrays, and VH Series ECl Gate Arrays. 

Discusses the trend in ASICs: migration from using gates as 
primitives to using lSI and even VlSI macros as design ele­
ments. 

Provides an overview of the third-party tools that work in concert 
with Fujitsu's proprietary tools, ViewCADTM, BankCADTM, and 
FAME. Also included are product profiles explaining how the 
third-party tools fit within the design framework. 

Provides a basic understanding of Fujitsu's proprietary CADICAE 
system, ViewCAD. This book provides information necessary to 
design, test, simulate, and analyze circuits using Fujitsu's unit cell 
libraries for AU, UHB, 0010,0021, and 0031 CMOS technolo­
gies. 

Explains how to install Fujitsu's proprietary CAD/CAE system, 
ViewCAD. 

Provides a basic understanding of the Valid System on the Sun 
platform as it interfaces with Fujitsu programs to build circuits 
using Fujitsu's unit cell libraries for AU and UHB CMOS technolo­
gies. 

Provides a basic understanding of the Fujitsu ASIC Management 
Environment (FAME) software as it interfaces with third-party 
tools (Sun or PC) to build circuits using Fujitsu's unit cell libraries. 

Provides installation and directory information for the Fujitsu 
ASIC Management Environment (FAME) software. which uses 
third-party tools (Sun or PC) to build circuits using Fujitsu's unit 
cell libraries. 

Provides a basic understanding of the Synopsys® system as it 
interfaces with Fujitsu programs to build circuits using Fujitsu's 
unit cell libraries. 
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FUJITSU PRODUCT PUBLICATIONS (Continued) 

ASIC SOFTWARE (Continued) 

Verilog-XL Us.r's Guide 

Future Publications 

For MemOty Products: 

Hybrid Products (1992) 

For ASIC Software: 

ASIC Design Environment 
Data Book (1992) 

Provides a basic understanding of the Verilog-XL@ system as it 
Interfaces with Fujitsu programs to build circuits using FuJitsu'S 
unit cell libraries. 

Presents Fujitsu's hybrid products and discusses thick-and thin-film 
capabilities. 

Provides detailed Information about the ASIC Design Methodology 
at Fujitsu. It contains an overview of the third-party tools that work 
in concert with Fujitsu's proprietary tools, ViewCAD, BankCAD, and 
FAME. Also included are product profiles explaining how the third­
party tools fit within the design framework. 

Synopsya@ Is s regisl8red Irademark of Synopsys. Inc. 
VerHog-XL@ Is a reglsl8red lrademark of Cadence Design Systems. Inc. 
ViewCADTM and BankCADTM are lrademarks of Fujitsu Umiled. 
ASIC GaJleryTM Is a tnidemark of Fujitsu MicroeJectronlcs. Inc. 
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Fujitsu's Telecommunication Products 

Introduction 

Prescalers 

Fujitsu manufactures a wide range of integrated circuits that 
includes linear products. microprocessors. 
telecommunications circuits. ASICs. high-speed ECllogic. 
power components (consisting of both discrete transistors 
and transistor arrays). and both static and dynamic RAMs. 

The telecommunication product line offers devices for use in 
a wide range of applications. These telecommunication 
products are manufactured to meet the hiQh standard of 
quality and reliability that is found in all FUjitsu products. 

Fujitsu offers a wide range of prescaler devices capable of 
satisfying the technicaJ requirements of today's applications. 
Features such as the 200 MHz to 2.7 GHz freqt.!ency range. 
low power consumption. and a multitude of divide ratios are 
some of the advantages of Fujitsu's prescaler family. 

Phase-Locked loops (PlLs) 

The Fujitsu family of Plls offers a wide range of operating 
frequencies with low supply currents and voltages to meet 
deSign needs. The serial input capability of these devices is 
an outstanding feature of Fujitsu's Plls. 

Single-Chip PlLslPrescalers 

Fujitsu is one of only a few semiconductor manufacturers to 
offer single-chip PlUPrescaler devices. Fujitsu is the only 
manufacturer with a BiCMOS version that combines high 
speed and low power consumption in a single chip. With the 
increasing emphasis on board space reduction (to improve 
cost). reliability. and overall product size. these single-chip 
devices provide solutions for designers. 

Single-Chip VCOsJPrescalers 

Fujitsu is the only semiconductor manufacturer with a 
single-chip VCO/Prescaier family of products. With the 
increasing emphasis on overall product size reduction and 
added on-chip functionality. this new family of devices 
provides the needed design solution. . 

Continued on next page 
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FuJitsu's Telecommunication Devices 

xlv 

Piezoelectric Devices 

Fujitsu's lithium tantalate peizoeleclric bandpass SAW filters 
provide sharp roll-off characteristics and excellent stability 
over temperature In a tiny 5 mm x 5 rrm surface mount 
package. Standard frequencies are available for AMPS, 
NTACS, NMT, and ETACS transmit and receive frequencies. 
This family of devices also inciudes a series of voltage 
controlled oscillators. 

Cordless Telephone Integrated Circuits 

Fujitsu's family of cordless telephone ICs offers low power 
consumption, Ideal for applicatIOn of this type. This family of 
products consists of minimum-shift keying modems for oata 
transfer applications. 

Telephone Integrated Circuits 

Fujitsu offers a complete family of telephone ICs as an 
application-specific product line. These devices are capable 
of performing advanced telephone functions such as SLlC, 
speech transmission/reception, OTMF, on-hook dialing, last 
number repeat, tone amplification, and companding 
functions. 

Coder/Decoders (CODECs) 

The Fujitsu family of COOECs consists of the MB6020 
series. All devices conform to CCIlT and AT&T 
specifications. 



Section 1 

Prescalers - At a Glance 
Maximum Supply Divide Package 

Page DevIce Frequ .... cy Icc Vee Ratio Option. 

1-3 MB467 200 MHz 6mA 5V 10120 8-pin Plastic DIP,FPT 

1-11 MB501 1.0GHz 30mA 5V 64165, &-pin Plastic DIP,FPT 
1281129 

SOll 1.lGHz 10mA 5V 64165, 
1281129 

503 200 MHz BmA 5V 16117, 
32/33 

504 520 MHz 10mA 5V 32/33, 
64165, 

5O4l 520 MHz 5mA 5V 32/33, 
64165 

1-23 MB501lV 1.lGHz 12mA 3V 64165, &-pin Plastic DIP, FPT 
1281129 

504LV 520 MHz 6mA 3V 32/33, 
64165 

1-33 MB501SL 1.lGHz 5mA 5V 64165, B-pin Plastic DIP,FPT 
1281129 

1-43 MB505-16 1.6GHz 9mA 5V 128/256 B-pin Plastic DIP, FPT 

1-47 MB506 2.4GHz lBmA 5V 6411261256 8-pin Plastic DIP, FPT 

1-61 MB507 1.6GHz lBmA 5V 1281129, 6-pin Plastic DIP,FPT 
2561257 

1-69 MB508 2.3GHz 24mA 5V 1281130, 6-pin Plastic DIP, FPT 
2561256, 
5121514 

1-67 MB509 1.1 GHz 11.6mA 5V 64165, &-pin Plastic DIP,FPT 
1281129 

1-75 MB510 2.7GHz 10mA 5V 1281144, 6-pin Plastic FPT 
2561272 

1-33 MB511 1.0GHz 23mA 5V 1,2,B &;lin Plastic DIP,FPT 

1-1 
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Edition 2.0 

MB467 
DATA SHEET 

LOW POWER PRESCALER 

200M Hz, LOW POWER PRESCALER 

The Fujitsu MB467 is a prescaler. which is used in Phase Locked Loop (PLL) frequency 
synthesizer. The MB467 will divide by 1 Owhen SW pin is high (Vee level) and by 20 when SW 
pin is low (open or 112Vcc level). The output is an open coIlectoroutputto drive TIL or CMOS 
logic circuit. 

o Operating Frequency: 200MHz max. 

o Low Power Comsumption: 30mW typ, 

o Low Level Input Voltage: V""'l50mV ..... 

o Wide Operation Temperature: T .=-30·C to +85·C 

o Power Supply Voltage: Vee=+5V±10% 

o Interface 
Input: Capacitor coupling due to internal biased input 
Output: Open collector output 

o Plastic S-pin Standard Dual-ln-Line' Package: (Suffix: -P) 

o Plastic 8;>in Standard Aat Package: (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value 

Supply Voltage Vee -0.5 to +7.0 

Input Voltage V,N -0.5 to Vee 

Output Current I. Oto+5 

Junction Temperature Tj +125 

Storage Temperature Tsro -55 to +150 

Unit 

V 

V 

mA 

OC 

OC 

NOTE: Permanent device damage may occur H the above Absolute Maximum 
Radng. are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections 01 this data sheel Exposure to 
absolute maximum rating conditions lor extended periods may affect device 
reliability. 

CopyrlghtO'989 b!' FUJITSU LIMITED 

OJ 
FUJITSU I 

~ 

PLASTIC PACKAGE 
DIP-08P-M01 

PLASTIC PACKAGE 
FPT -08P-M01 

PIN ASSIGNMENT 

IN 

Vo< 

sw 

OUT 

No .. : ·tt should be open. 

~~~tai~:r:"~=::' ==1:1: 
HcJ!Nayer, I il advised that normal precautOns be taken to 
avoid application of any vokage higher than maximJm raIed 
voltages 10 this high Irrpedance circuit. 

1-3 
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.. MB467 

IN 
IN 

sw 0---------'1 

CH 0-----1 

PIN DESCRIPTION 

Pin Number Symbol 

1 IN 

2 Vee 

3 SW 

4 OUT 

5 GND 

6 CH 

7 NC 

8 IN 

1-4 

BLOCK DIAGRAM 

1-----....... -tC AS 01-----, 

~+--o OUTPUT 

SW Divide Ratio 

H 1110 

L 1120 

Open 1/20 

Function 

Input 

DC Supply Voltage Input 

Divide Ratio Control Input (See Divide Ratio Table) 

Output 

Ground 

Check Input For Outgoing Test II should be open. 

Non Connection 

Complementary Input 



MB467 i 

RECOMMENDED OPERATING CONDITIONS 
Value 

Parameter Symbol Unh 
Min Typ Max ~ 

I 

Power Supply Voltage Vex; 4.5 5.0 5.5 V 

Ambient Temperature T. -30 +85 "C 

Load Capacitance CL 7 pF 

ELECTRICAL CHARACTERISTICS 
Vcc=+5V±10%, TA::-30 to +85°C) 

Value 
Parameter Symbol Conditions Unit 

Min Typ Max 

Power Supply Current lex; 
Vex;=5.0V, 

6 10 mA T -25"C 

HigIHeveI OutpUt Voltage VOH With 2kn pull-up 4.0 V resistor to Vex; 

Low-Iewl Output Voltage Va. With 2kn pull-up 0.4 V resistor to Vee 

Input Frequency f,. VI.: 15OmV ...... 
10 200 MH. sinewava 

Input Signal Amplitude for IN V,. 150 2000 mV ...... 
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.. MB467 

1-6 

TIMING CHART 

o 1 5 10 15 20 25 

IN I I I I I I I I I I I I I I I I I I I I I I II I I I 

OUT(SW="H") -.J 

OUT(SW="L") -.J 

Sampling scope input point 
for output waveform 

I 
P.G·C=rH~---i 

c. 
8 

TEST CIRICUIT 

r--... --... ~t------o Vcc=+5.0V±10% 

Vee 

2 

5 

GND 

Sampling scope prober point 
for input waveform 

1-4t----....... --o 
OUT 

C,: 1000pF 
C.: l000pF 

C.: O.I"F 
CL: 7pF (including scope and jig capacitance) 

RL: 2K.Q 

Note: Input frequency has a influence of input signal amplitude, input signal slew rate, and input coupling capacitor value. 
The MB467 can operate down 10 DC when large value of above parameters are selected. 
The MB467 starts self.-oscillation unless signal is input. 
When a double drive, please connect either of input pins 10 GND by a 39 kohms pull down resislor. The oscillation is prevented 
easily. 
When a single drive, please connect a pull down resislor 10 unused pin. 



MB467 

TYPICAL CHARACTERISTICS CURVE 

INPUT SIGNAL AMPLITUDE VB INPUT FREQUENCY 

1000 

800 

"' ~ 
~ ~ r-- .... 

2 5 10 20 50 100 200 500 1000 2000 

Input Frequency (MHz! 

APPLICATION EXAMPLE 

Antenna 
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D 
MB467 

PACKAGE DIMENSIONS 

1-8 

.100(2.54) 
TYP 

S-LEAD PLASTIC DUAL-IN-LINE PACKAGE 
(CASE No.: DIP~P-M01) 

.370::::g1~ 

.244±.010 
(6.20±0.25) 

.300(7.62) 
TYP 

~:::;:::::r:=;::;:::?1~ 
J060:::g12 

(1.52:::g·3~ 

.018±.003 
(0.46 ± O.OB) 

.172(4.36) MAX 

.118(3.00) MIN 

© 1988 FUJITSU L1MIT£O 008006S-2C 
Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 
Suffix: -P 

&-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M(1) 

1·307±.016 
INDEX (7.B~±0.40) 

,-/ .209±.012 
U (S.30±0.30) 

1.!:::;I;=;t;=;:;::::;!i~ 
.OSO(1.27) 

TYP J .. 01B±.004. ~.00S(0.13 
0.4S±0.10 

.1S0(3.B1) 

REF 

"A" 

© 1988 FUJITSU LIMITED F08002S-3C 

.OB9(2.2S) MAX 
(SEATED HEIGHn 

.002(0.OS) MIN 
(STAND OFF) 

.... ..---t .020±.OOB 
(0.SO±O.20) 

.1. .006 ~ :gg~(0.1S ~8:g~) 
r--- -- ---- - -- - -, 
I Details of ''A'' part I , , 

, 
.020(0.SO): 

.007(0.1 B) : 
MAX ' 

, .027(0.BB) : 
, MAX' L _______________ J 

Dimensions in 
inches (millimeters) 

MB467 
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April 1990 
Edition 6.0 

DATA SHEET 

00 
FUJITSU 

AfBS011S01LIS031S041S04L 
TWO MODULUS PRESCALERS 

TWO MODULUS PRESCALERS 

The Fujitsu MB 501/503/504 are two modulus prescalers, which are used in 
Phase Locked Loop (PLL) frequency synthesizer and will divide the input fre­
quency by the modulus of 64/65 or 128/129, 16/17 or 32/33, and 32/33 or 
64/65 respectively. MB 501 L/MB 504L is the low·power version of MB 5011 
MB 504; it will perform exactly the same function as MB 501/MB 504 but with 
much lower power dissipation. 

The output is 1.6 V peak to peak on EC L level. 

• High Operating Frequency, Low Power Operation. 

1.0 GHz at 150 mW typo (MB 501) 

1.1 GHz at 50 mW typo (MB 501 L) 

200 MHz at 40 mW typo (MB 503) 

520 MHz at 50 mW typo (MB 504) 

520 MHz at 25 mW typo (MB 504L) 

• Pulse Swallow Function 

• Wide Operation Temperature 

• Stable Output Ampl itude 

T A = -40°C to +85°C 

VOUT = 1.6 Vp-p 

• Complete PLL synthesizer circuit with the Fujitsu MB 87001A, PLL synthesizer 

IC 

• Plastic 8-pin Standard Dual-In-Line Package or space saving Flat Package 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Value Unit 

Supply Voltage Vcc -0.5 to +7.0 V 

Input Voltage V IN -0.5 to Vee V 

Output Current Vo 10 rnA 

Ambient Temperature TA -40 to +85 °c 

Storage Temperature TSTG -55 to + 125 °c 

Note: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

PLASTIC PACKAGE 
DIP-08P-MOl 

PLASTIC PACKAGE 
FPT-08P-MOl 

PIN ASSIGNMENT 

IN 

Vee 

sw 
OUT 

NC 

MC 

GND 

This device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi­
mum rated voltages to this high impedance 
circuit. 

1-11 



MB501 
MB501L 
MB503 
MB504 
MB504L 

1-12 

JII 
IN 

III 
IN 

Fig. 1 - BLOCK DIAGRAMS 

aJ MB 5011501L 

OUT 

OUT 

c) MB &04/MB 504L 

OUT 

sw Me Divide Ratio 

H H 

MB 501/ H L 
MB 501L L H 

L L 

N_: SW: H = Vee. L = open 
Me: H = 2.0 V to Vee. 

L= GND to 0.8 V 

1/64 

1/65 

1/128 

1/129 

SW Me Divide Ratio 

H H 

H L 
MB503 

L H 

L L 

Note: SW: H = Vee. L = open 
MC: H=2.0VtoVee. 

L= GND to 0.8 V 

1/16 

1/17 

1/32 

1/33 

sw Me Divide Ratio 

H H 

MB 504/ H L 

MB 504L L H 

L L 

Note: sW: H = Vee. L = open 
Me: H=2.0VtoVee. 

L = GND to 0.8 V 

1/32 

1133 

1/64 

1/65 



RECOMMENDED OPERATING CONDITIONS 

Value 

Parameter Symbol 

Min Typ 

Supply Voltage Vee 4.5 5.0 

Output Current 10 1.2 

Ambient Temperature TA -40 

Load Capacitance CL 

PIN DESCRIPTION 

Pin Number Symbol Function 

1 IN Input 

2 Vee DC Supply Voltage 

3 SW Divide Ratio Control Input (See Divide Ratio Table) 

4 OUT Output 

5 GND Ground 

6 MC Modulus Control Input (See Divide Ratio Table) 

7 NC Non Connection 

8 iN Complementary Input 

Max 

5.5 

+85 

12 

MB501 
MB501L 
MB503 
MB504 
MB504L 

Unit 

V 

mA 

°c 

pF 

1-13 



.. 
MB501 
MB501L 
MB503 
MB504 
MB504L 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

Parameter 

MBS01 

MBS01L 

Power Supply Current MB503 

MB504 

MBS04L 

Output Amplitude 

MBSOl 

MBS01L 

Input Frequency MBS03 

MBS04 

MBS04L 

MBSOl 

MB501L 

Input Signal Amplitude 
MB503 

for IN 

MB504 

MBS04L 

High Level Input Voltage for MC 

Low Level Input Voltage for MC 

High Level Input Voltage for SW 

Low Level Input Voltage for SW 

High Level Input Current for MC 

Low Level Input Current for MC 

MBS01 

MBS01L 

MoCtulus Set·up Time 
MBS03 

MCtoOUT 

MBS04 

MB504L 

NOTE: • Vee = SV, T A = 25°C 
•• Design Guarantee 

1-14 

Symbol 

lee 

Vo 

fiN 

VIN 

V IHM 

V ILM 

VIHS 4 * 

VILS 

IIHM 

IILM 

tSET 

Conditions 

I/O pins are 
open 

With input 
coupling 
capacitor 
1000pF 

V IH =2.OV 

V IL =0.8V 

Value 
Unit 

Min Typ Max 

30 42' mA 

10 14' mA 

8 12' mA 

10 14' mA 

S 7' mA 

1.0 1.6 Vp.p 

10 1000 MHz 

10 1100 MHz 

10 200 MHz 

10 S20 MHz 

10 S20 MHz 

-4 S.5 dBm 

-4 5.5 dBm 

-12 10 dBm 

-12 10 dBm 

-12 10 dBm 

2.0 V 

0.8 V 

Vee-0.1 Vee Vee+0.1 V 

Open V 

0.4 mA 

-0.2 mA 

18 28 ns 

16 26 ns 

38 46 ns 

20 30 ns 

18 28 ns 



MB501/MB501L TIMING CHART (2 MODULUS) 
Example: Divide ratio = 64165 

64 
A 

65 
r---______ ~A~ ________ ~ 

IN J1Jl---J1M---M -----J1Jl---J1JlJ1fl---M 
: : I : • I 

OUT 

MC 

I I I I • I 
I I I I I I 

• • I • I • 

I 

I 

J 32 32 r -------
, .' , . ' .' . ' . . ' . . . 

1 
. . 

32 

. . . . 

I 

I -tSET I 

J 33 L . , . 

Note: When divide ratio of 65 is selected, positive pulse is applied by one to 33. 

MB501 
MB501L 
MB503 
MB504 
MB504L 

The1ypical set up time is 18 ns (MBS01), 16 ns (MBS01 L) from the MC signal input to the timing of change of prescaler 
divide ratio. 

1-15 
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D 

MB501 
MB501L 
MB503 
MB504 
MB504L 

MB503 TIMING CHART (2 MODULUS) 
Example: Divide ratio = 16117 

1-16 

16 17 
A. A. , 

IN J1Jl---MJl--M -----J1Jl---JlJLfUl---M 
: : . : . . 

OUT 

MC 

• • I • • • 

I I • I • • 

I 

J 8 8 
, ", , , ", , , ,,-, , ," 

I I I 

I 

r ------- 1 
I 

I 

8 

, , 
, , 

I 

I 

'--­leEr I 
I 

J 9 ,L , , ", , 

" 

I 

~ 
leEr I 

Note: When divide ratio of 17 is selected, positive pulse is applied by one to 9. 
The typical set up time is 38 ns from the MC signal input to the timing of change of prescaler divide ratio. 



MB504/MB504LV TIMING CHART (2 MODULUS) 
Example: Divide ratio = 32/33 

32 

" 
33 

~ ________ ~A~ ________ ~ 

IN J1fL- --mm---M ----- J1fL- --MJlfl- --M 
: : • : I I 

OUT 

MC 

I I • I I I 

I I I I I • 

j 16 

. . . ' 

I' I I 

~_16_ •• ...-Jr -------1~--1--6 ~) 
. ' .' , , . 

. . . . 

I 
I 

'---
tSET I 

17 L 

MB501 
MBS01l 
MBS03 
MBS04 
MBS04l 

Note: When divide ratio of 33 is selected, positive pulse is applied by one to 17. 
The typical set up time is 20 ns (MBS04), 18 ns (MB504L) from the MC signal input to the timing of change of prescaler 
divide ratio. 

1-17 



.. 
MBS01 
MBS01L 
MBS03 
MBS04 
MBS04L 

Sampling scope input point 
for input waveform-

P.G. C=D-r---I IN 

Fig. 2 - TEST CIRCUIT 

,----?"----..,.------{) Vee = + 5.0 V ± 10% 

Vee 

MC GND 

MC input 

Sampling scope prober point 
for output waveform 

OUT~-~-~----_O 

C, : 1000pF 
C2: l000pF 
C3: O.lI'F 
cL : 12pF (including scope and jig capacitance) 

R~: 2KSl 

TYPICAL .CHARACTERISTICS CURVES 

1-18 

Fig. 3 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 

:; 1000 

E 
w 
o 
::J 
I­
:; 
a.. 
::;; 
<C 
...J 
<C z 
CI 
in 
I­
::J 
a.. 
~ 
::;; 
::J 
::;; 
Z 
~ 

800 

60 0 

40 0 

20 0 

0 

MB501 Vee = 5.0V 
TA = 25°C 

~ 

""'" '--- to- .-' 
10 20 50 100 200 500 1000 2000 

INPur FREQUENCY !MHz) 



TYPICAL CHARACTERISTICS CURVES (continued) 
Fig. 4 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 
1000 

:;; 
E 

MB50iL Vee = 5.0V 
TA=25°C 

w 800 
Q 
;) 
I-
:J 
a. 
::Ii 

600 

< 
I-
;) 

400 a. 
~ 
:ii 
;) 

~ 200 
z 
~ -0 

10 20 50 100 200 500 1000 2000 
INPUT FREQUENCY (MHz) 

Fig. 5 - INPUT SIGNAL AMLiTUDE VS. INPUT FREQUENCY 
1000 

:;; 
E 

MB50~ Vee = 5.0V 
TA = 25°C 

w 800 
Q 
;) 
I-
:J 

600 a. 
:ii 
< 
I-
;) 

400 a. 
~ 
:ii 
;) 

~ 200 
z 
~ ---. ---0 

10 20 50 100 200 500 
INPUT FREQUENCY (MHz) 

Fig. 6 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 
1000 

:;; 
E BOO w 

MB5J Vee - 5.0V 
TA=25°C 

Q 
;) 
I-
:J 600 a. 
:ii 
< 
I-
;) 400 a. 
~ 
::Ii 
;) 200 
~ 
z 
~ 

0 
I--!--

_____ 10-

10 20 500 1000 50 100 200 
INPUT FREQUENCY (MHz) 

MB501 
MB501L 
MB503 
MB504 
MB504L 
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i .. 
MB501 
MB501L 
MB503 
MB504 
MB504L 

TYPICAL CHARACTERISTICS CURVES (continued) 

Fig. 7 - INPUT SIGNAL AMPLITUDE VS. INPUT FREQUENCY 

0 
MB5~L Vee = 5.0V 

TA =25'C 

20 50 100 200 500 1000 

INPUT FREQUENCY (MHz) 

Fig. 8 - TYPICAL APPLICATION EXAMPLE 

Vsx (Max. B V) 

12Kn 

9 

0.047"F 

~ 
Clock 0-----1----' 

1-20 

Data 0---...... --1------' 
LEo--4r-4---I-------' 

LOCko-__ ~----------------~ Det. 

10Kn 

XI 12.BMHz X'tal 
Vee 5V ± 10% 
VSX BV Max. 
C1. C2 depends on crystal oscillator 

An example of application of MB501 1501 L/503/504/504L with PLL Synthesizer IC MB87001 A 

OUTPUT 



PACKAGE DIMENSIONS 

INDEX 

8-LEAD PLASTIC DUAL IN·LlNE PACKAGE 
(CASE No.: DIP-OSP·M01) 

370~:gl~ 

.244±.010 
(6.20±0.25) 

.300(7.62) 
TYP 

IJ;:::::;::::;:::;::::;:::::=;;:::?I~ 
.039~J>12.1 I 
(0.99~g~0) 

.035~:gl~ 

.100(2.54) 

TYP 

.. 1988 FUJITSU LIMITED 1lO8OO6S-2C 

1·060~J>12 
(1.52~g30) 

.018±.003 
(0.46 ± 0.08) 

.172(4.36) MAX 

.118(3.00) MIN 

MBS01 
MBS01L 
MBS03 
MB504 
MBS04L 

Dimensions In 
inches (mlHmot ... , 

1-21 
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MB501 
MB501L 
MB503 
MB504 
MB504L 

PACKAGE DIMENSIONS (Continued) 

1-22 

8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-OSP-M01) 

l ·307±.016 
INDEX 17.8~±0.401 

,./ .209±.012 
U 15.30±0.301 

L!:::;t;:::;:li==i=i==rl?l~ I 
____ 1 

.05011.271 J, .018±.004 '" .00510.131"" 
TYP 10.45 ±0.10P"':..c~==:.:="''''' 

W-5_~~1IJ 
REF 

"A" 

oil 1988 FUJITSU LIMITED F08OCl2S-3C 

.08912.251 MAX 
ISEATED HEIGHTI 

, 
.02010.501: 

.00710.181 : 
MAX r 

I .027(0.68) : 
r MAX I L _______________ J 

J 
r 



April 1990 
Edition 4.0 

DATA SHEET 

cO 
FUJITSU 

MB501 L VI504L V ... 
LOW VOL TAGE/LOW POWER TWO MODULUS PRESCALERS .. 

LOW VOLTAGE/LOW POWER TWO MODULUS 
PRESCALERS 

The Fujitsu MB501LV/504LV are low power and low voltage versions of 
MB501/504 two modulus prescalers used in Phase Locked Loop (PLL) fre· 
quency synthesizer and will divide the input frequency by the modulus of 
64/65 or 128/129, and 32/33 or 64/65 respectively. 
The output level is 1.1 V peak to peak on ECLlevel. 

• Wide Low Voltage Operation. 3.0 V typ., +2.7 to 4.5 V 

• High Frequency Operation, Low Power Operation (VIN = -12dBm min.) 

1.1 GHz at 36 mW typo (MB 501 LV) 

520 MHz at 18 mW typo (MB 504L V) 

• Pulse Swallow Function 

• Wide Operation Temperature 

• Stable Output Amplitude VOUT = 1.1 Vr>r> typo 

• Built-in a termination resistor 
Stable output amplitude is obtained up to output load capacitance of 8 pF. 

• Complete PLL synthesizer circuit with the Fujitsu MB 87001 A, PLL synthe­
sizer Ie 

• Plastic 8-pin Standard Dual-In-line Package or space saving Flat Package 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage VIN -0.5 to Vee V 

Output Current 10 10 mA 

Storage TSTG -55 to +125 DC 
Temperature 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

PLASTIC PACKAGE 
DIP-OSP-M01 

PLASTIC PACKAGE 
FPT-08P-M01 

PIN ASSIGNMENT 

IN 

Vee 

sw 

OUT 

This device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi· 
mum rated voltages to this high impedance 
circuit. 
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,MB501LV 
MB504LV 

rn 
IN 

Fig. 1 - BLOCK DIAGRAMS 

0) MB501LV 

OUT 

b) MB504LV 

OUT 

sw Me Divide Ratio 

H H 1/64 

H L 1/65 

L H 1/128 

L L 1/129 
-Note: SW. H - Vee. L = open 

Me: H = VIHM to Vee. 
L = GND to O.8V 

VIHM= tVee+O.3V 

SW Me Divide Ratio 

H H 1/32 

H L 1/33 

L H 1/64 

L L 1/65 

Note: SW: H - Vee. L· open 
Me: H=V1HMtoVee. 
L = GND to O.8V 

"IHM =~Vee + O.3V 



RECOMMENDED OPERATING CONDITIONS 

Value 
Parameter Symbol 

Min Typ Max 

Supply Voltage Vee 2.7 3.0 4.5 

Output Current 10 1.2 

Ambient Temperature TA -40 +85 

Load Capacitance CL 8 

PIN DESCRIPTION 

Pin Number Symbol Function 

1 IN Input 

2 Vee DC Supply Voltage 

3 SW Divide Ratio Control Input (See Divide Ratio Table) 

4 OUT Output 

5 GND Ground 

6 MC Modulus Control Input (See Divide Ratio Table) 

7 NC Non Connection 

8 TN Complementary Input 

MB501LV 
MB504LV 

Unit 

V 

rnA 

·C 

pF 

1-25 



'D 
MB501 LV 
MB504LV 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Conditions 

MB501 LV 

Power Supply Current lee Vee =3.0V 

MB504LV 

Output Amplitude Vo 

MB501LV with input 

Input Frequency fiN 
coupling 
capacitor 

MB504LV 1000 pF 

Input Signal Amplitude V IN 

High Level Input Voltage for MC Input V IHM VIHM = %Vee+0.3 

Low Level Input Voltage for MC Input V ILM 

High Level Input Voltage for SW Input V IHS' 

Low Level Input Voltage for SW Input V ILS 

High Level Input Current for MC Input IIHM V IH = 2.0V 

Low Level Input Current for MC Input IILM V IL = 0.8V 

MB501LV 
Modulus Set-up Time 

tsET MCto OUT 
MB504LV 

Note: 'Oesign Guarantee 

1-26 

Value 

Unit 

Min Typ Max 

12 mA 

6 mA 

0.8 1.1 Vp_p 

10 1100 MHz 

10 520 MHz 

-12 5.5 dBm 

VIHM V 

0.8 V 

Vee-O.l Vee Vee+O·l V 

OPEN V 

0.4 mA 

-0.2 mA 

16 26 ns 

18 28 ns 



MB501LV TIMING CHART (2 MODULUS) 
Example: Divide ratio = 64/65 

64 65 

IN rul····J1JU1··-JLf1-·· .... JlJl·JUlfLf1-···M 
: ~ ~ ! ~ ~ . . 

J 32 l..-_32---.,,..,Jf - on .. on - --1 ...... '" __ 32_~ 33 L 
OUT 

MC----------------------------~ r·--~--

~i~_=i-: ----'L 
. IsET . : IsET : 

Note: When divide ratio of 65 is selected, positive pulse is epplied by one to 33. 
The typical set up time is 16 ns from the MC signal input to the timing of change of prescaler divide ratio. 

MB501LV 
MB504LV 

1-27 
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MB501LV 
MB504LV 

MB504LV TIMING CHART (2 MODULUS) 
Example: Divide ratio = 32/33 

1-28 

32 33 

IN M·····J1JlJl····M ....... nn·····J1JlJlJl···JU1 
: ! : I ! : 

J 16 16 r ---....... ··1 16 17 L 
~------~ ~,.--------~ 

OUT 

MC------------------------------~ r'---+--'-: -;-: -----'L 
t-Is-ET~ : teET i 

Note: When divide of 33 is selected, positive pulse is applied by one to 17, 
The typical set up time is 18 ns from the Me signel input to the timing of change of prescaler divide ratio. 



Sampling scope input point 
for input waveform 

Fig. 2 - TEST CIRCUIT 

Vee 

MB501LV 
MB504LV 

+2.7Vto+4.5V 

Sampling scope prober point 
for output waveform 

P.G. C=::n--r------1 IN OUT''---~~----------{) 

MC GND 

Me input 

TYPICAL CHARACTERISTICS CURVES 

IL 
ri.. 
> 
E 100 0 
w 
o 
::J 
I- 80 
:J 

0 

~ 
...J 600 
« z 
Cl 
iii 
I­
::J 

400 

~ 20 0 

0 

Fig. 3 - INPUT SIGNAL AMPLITUDE 
vs. INPUT FREQUENCY 

MB501LV Vee= 3.0V 
TA =25°C 

-10 20 50 100 200 500 1000 2000 

INPUT FREQUENCY (MHz) 

IL 
ri.. 
> 
E100 
w 
o 
F1 :J 80 

"" ::;; 
« 
...J 60 
« z 
Cl 

0 

0 

0 

iii 400 
I­
::J 

"" '!!: 20 0 
::;; 
::J 
~ 
Z 

~ 

o 

C, : 1000pF 
c2 : 1000pF 
C3: O.lI'F 
cL ; 8pF (including scope and jig capacitance) 

Fig. 4 - INPUT SIGNAL AMPLITUDE 
VS. INPUT FREQUENCY 

MB504LV Vee=3.0V 
TA=25°C 

10.. 

10 20 50 100 200 500 1000 

INPUT FREQUENCY (MHz) 
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.. MB501LV 
MB504LV 

Fig, 5 - TYPICAL APPLICATION EXAMPLE 

1";'30 

MB 87001 A 

Clocko-----~--...J 

Da~ o---~-+-----" 
LE 

7 B 

l00KO 

33KO 

1000PFr 
Vee 

LOOko-____ ~---------------------------------~ Oet. 

10KO 

XI 12.8 MHz X'tal 
Vee +2.7V to +4.5V 
Vsx BV Max. 
C1. C:z depends on crystal oscillator 

OUTPUT 



PACKAGE DIMENSIONS 

INDEX 

a-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-M01) 

.244±.010 
(6.20±0.25) 

.300(7.62) 
TYP 

~:::r=;:::::::;=;::::;:y~ 
.039::.g12 I I 

(0.99::'8. 30) 

035::.m 

.100(2.54) 

TYP 

@ 1988 FUJ ITSU LIM ITEO OOBOO6-2C 

1·060::.g12 

(1.52::'8 30) 

.018±.003 
(0.46 ± 0.08) 

.172(4.36) MAX 

.118(3.00) MIN 

.010±.002 
(0.25 ± 0.05) 

MBS01LV 
MBS04LV 

Dirrensions in 
inches (millimeters) 
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MB504LV 

PACKAGE DIMENSIONS (Continued) 

1-32 

INDEX 

if 

.050(1.27) 

TYP 

.. 1988 FUJITSU LIMITED F08OO2S-3C 

8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 

""A" 

.089(2.25) MAX 
(SEATED HEIGHT) 

..... ...---t .020±.008 
(0.50± 0.20) 

.l.006~:gg~(0.15~g:g~) 
r--- -- ---- - - - --, 

Details of "AU part : 

.008(0.20): 
I 

I 

.020(0.50): 
.007(0.18) : 

MAX I 

.027(0.66) : 
MAX I L _______________ .I 

Dimensions in 
Inches (miI_) 
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SUPER LOW POWER TWO MODULUS PRESCALER 

SUPER LOW POWER TWO MODULUS PRESCALER 

The Fujitsu MB501 SL is a super low power version of MBSOl two modulus prescaler used in 
Phase Locked Loop (PLL) frequency synthesizer and divides the input frequency by the 
modulus of 64/65 or 128/129, respectively. The MB50 1 SL achieves extremely small stay 
capacitance of internal element, realized through the use of Fujitsu Advanced Process 
Technology. As the results, high speed operation is achieved with low power supply current 
of 5 mA typ., about a half current value of MB501 L. 

• High Frequency Operation fmax = 1.1 GHzmax. (V,. = -14bBm) 

• Pulse Swallow Function: 64/65, 1281129 

• Low Power Supply Current: 5.0mA typo 

• Stable Output Amplitude: Vo = 1.6Vp-p typo 

• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL synthesizer IC 

• Plastic 8-pin Dual-In-Line Package 

Plastic 8-pin Mini Flat Package 

• Built-in Termination Resistor 

Stable output amplitude is obtained up to output load capacitance of 8 pF. 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage V,. -0.5 to Vee V 

Output Current 10 10 mA 

Storage Temperature TSTG -55 to +125 ·C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratln",. are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability . 

Copyright 01990 by FUJITSU LlMllED 

PLASTIC PACKAGE 
DIP-oSP·M01 

PLASTIC PACKAGE 
FPT·08p·M01 

PLASTIC PACKAGE 
FPT ·08p·M02 

PIN ASSIGNMENT 

1-33 
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MB501SL 

SW MC 

H H 

MB501SL H L 

L H 

L L 

PIN DESCRIPTION 
Pin Number Symbol 

1 IN 

2 Vee 

3 SW 

4 OUT 

5 GND 

6 MC 

7 NC 

B M 

1-34 

Fig. 1 - MB501SL BLOCK DIAGRAM 

Divide Ratio 

1164 

1/65 

11128 

1/129 

Note: SW: H = Vee, L = open 
MC: H = 2.0V to Vee, 

L = GND to O.BV 

Description 

Input 

Power Supply, +5V 

Divide Ratio Control Input (See Divide Ratio Table) 

Output 

Ground 

Modulus Control Input (See Divide Ratio Table) 

Non Connection 

Complementary Input 

D--+-oOUT 



MB501SL 

RECOMMENDED OPERATING CONDITIONS D 
Value 

Parameter Symbol Unit 

Min Typ Max 

Power Supply Voltage Vee 4.5 5.0 5.5 V 

Operating Temperature T. -40 - +85 DC 

Load Capacitance CL - - 8 pF 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating Conditions unles. otherwise noted) 

Value 

Parameter Symbol Condition Unit 

Min Typ Max 

Power Supply Current Icc - - 5.0 7.0 rnA 

Built-in a termination 
Output Amplitude Vo resistor. 1.0 1.6 - Vp.p 

Load capacitance = BpF 

Input Frequency fin 
With input coupling 

10 - 1100 MHz capacitor 1000pF 

Input Signal Amplitude V,N - -14 - 0 dBm 

High Level Input Voltage for MC V1HM - 2.0 - - V 

Low Level Input Voltage for MC V,LM - - - 0.8 V 

High Level Input Voltage for SW V1HS' - Vcc-0.1 Vee Vee + 0.1 V 

Low Level Input Voltage for SW VII .. - OPEN V 

High Level Input Current for MC hHM V,. = 2.0V - - 0.4 rnA 

Low Level Input Current lor MC IILM V,,= 0.8V -C.2 - - rnA 

Modulus Set-up Time Me to Output Is.,. - - 16 26 ns 

Note: • Design Guarantee 
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Fig. 2 -TEST CIRCUIT 

Sampling scope input point 
for input waveform 

I Co 

P.G.C=D-r---J 
Vee 

IN 

MCinput 

GND 

Vee = +5.0V ±100/0 

Sampling scope prober point 
for output waveform 

OUT~-----'-------o 

Co: l000pF 
C,: 1000pF 

C,:O.II'F 
CL : 8pF(including scope and jig capacitance) 

TWO MODULUS OPERATING TIMING CHART 

Example. Divide Ratio of 64/65 

64 

r'----------~~'---------~, 
65 

r'----------'~,--------~, 

IN JUl--:IlflIl:--M ----:Ilfl--111lflJl--M 
o , 

I I I I I 

j 32 I 32 [.-------1 32 I 33 L 
.. ' _.- .. --_ .. - " ... - --'-

OUT 

MC 

Notes: 
When divide ratio of 129 is selected, positive pulse is added by one to 65. 

I ' 
r-----.: 
I faa I 

, 
~, 

, lsET: 

The typical set up time(IsET) is 16 ns from MC signal input to the timing of change of prescaler divide ratio. 
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TYPICAL CHARACTERISTICS CURVES 
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Fig. 3 -INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 

DATASHEET SPEC 

0.8 1.0 1.2 

INPUT FREQUENCY f'N(GHz) 

Vee = 4.5V 
Vee = 5.0V 
Vee = 5.5V 

1.4 

Fig. 4 -INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 

DATASHEET SPEC 

0.8 1.0 1.2 

INPUT FREQUENCY f'N(GHz) 

T. =-40°C 
T. = 25°C 
T. = 850C 

Vee = 5.0V 

1.4 
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Fig. 5 - POWER SUPPLY CURRENT VS. POWER SUPPLY VOLTAGE 

_luu 
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j 6.0 
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II.. ::;; 
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Cl 
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-20 II.. 
;!; 
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::;; 
Z --30 
~ 

---~ --------~ -
4.5 5.0 5.5 

POWER SUPPLY VOLTAGE Vee (V) 

Fig. 6 - POWER SUPPLY CURRENT VS. TEMPERATURE 

--- ... 
~ ~ ~ V 

--40 -20 o 20 40 60 80 
TEMPERATURE T.("C) 

Fig. 7 -INPUT SIGNAL VS. INPUT FREQUENCY 

Vee = 5.0V 
T. = 25"C 

DATASHEET SPEC 

J -~ ./ 
/ 

10 100 1000 
INPUT FREQUENCY (MHz) 



Fig. 8 -TYPICAL APPLICATION EXAMPLE 

16 15 14 13 12 11 10 9 

MB87001A 

Clock 0----...... --....... 
Data 0---..... -+---...... 
LEo--1-~~----~ 

Lock~_~~ _________________________ ~ 

Del. 
10k{} 

Vax(Max.8V) 

XI 12.8MHz x'tal 
Vee 5V± 10% 
Vox 8V Max. 
C" C. depends on aystal osillator 

MB501SL 

III 

OUTPUT 
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PACKAGE DIMENSIONS 

1-40 

INDEX 

B-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-OSP-M01) 

.244±.010 
(6.20±0.25) 

.300(7.62) 
TYP 

~:::;::::r::=;::;:::?1~ 
.039 :!:J>12 I , 

(0.99 :!:g.30) 

.035:!::gl~ 

.100(2.54) 

TYP 

"'988 FUJITSU LIMITED 008006S-2C 

,.060:!:J>12 

(1.52:!:g30) 

.018±.003 
(0.46 ± 0.08) 

.172(4.36) MAX 

.118(3.00) MIN 

OImenBlons In 
Inches (niHI_) 



PACKAGE DIMENSIONS (Continued) 

8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT·08P·M01) 

1·307±.016 
INDEX (7.8~±0.40) 

cf .209±.012 
(5.30 ± 0.30) 

~1i==i=r=;:t;:::!J--_J I 

.050(1.27) 
TYP 

01988 FUJITSU LIMITED F08OO2S-3C 

. . _.1 
J .018±.0D4 

- i(0.45±0.10 $ <6.005(0.13)1!!I 

1~.~.:!I~ 
REF 

"A" 

..... .----f .020±.008 
(0.50±0.20) 

1- 006+.002(015+0.05) 
. -.001· -0.02 

I 
I 
I 
I 

.020(0.50): 
.007(0.18) : 

MAX I 

I .027(0.68) : 
I MAX I L _______________ J 

MB501SL 

Dimensions In 
Inchaa (nilll","",l8) 

1-41 
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PACKAGE DIMENSIONS (Continued) 

1-42 

8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT -OSP-M(2) 

---r .236±.016 I (6.00±0.40) 

.154±.012 
(3.90±0.30) 

.197±.012 
(5.00±0.30) 

~;:::;::;::~ __ -1 
1.020±.008 

.050(1.27) 
~ 

"A" 

, I 

.150(3.81) 
REF 

011188 FUJITSU LIMITED FOIJOO4S.2C 

.016(0.40) jj9(0.50±0.20) 

017±004 _.~d_."_ .008±.002 
(O.42±·0.10) -$ ~:005(0.13) ~ (0.20±0.05) 

,------------1 
I Details of .. A" part I 
I I 
I I 
I I 
I I i .008(0.20) i 
:1 .007(0.18) II 

MAX-
I .026(0.65) I 
; MAX I 
L _____________ J 

Dimensions In 
Inches (rrillmoters) 
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MBSOS-16 
Ultra High Frequency Prescaler 

ULTRA HIGH FREQUENCY PRESCALER 

The Fujitsu MB505 is a high frequency prescaler used in Phase Locked Loop 
(PLL) frequency synthesizer and will divide the input frequency by the 
modulus of 128 or 256. The output level is 1.6V peak to peak on ECL level. 

Its ultra high frequency operation provides wide application range, such as 
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc. 

• High Frequency Operation 1.6GHz max. 

• Low Power Dissipation 45 mWtyp. 

• Wide Operation Temperature -40·C to +85·C 

• Stable Output Amplitude VOUT = 1.6 Vp .P 

• Complete PLL synthesizer circuit with the Fujitsu MB 87006A, PLL synthe· 

sizer IC 

• Plastic 8·pin Standard Dual·ln·Line Package or Flat Package 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Raging Symbol Value Unit 

Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage VIN -0.5 to Vee V 

Output Current 10 10 mA 

Storage Temperature TSTG -55 to +125 ·C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

cP 
FUJITSU 

PLASTIC PACKAGE 
DIP48P-MOl 

PLASTIC PACKAGE 
FPT48P-MOl 

PIN ASSIGNMENT 

ThiS device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields. However, it is adVIsee 
that normal precautions be taken to aVOid 

application of any voltage higher than maxI­
mum rated voltages to this high impedance 
circuit. 

1-43 
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MB505-16 

Fig. 1 - MB 505 BLOCK DIAGRAM 

OUT 

SW Divide Ratio 

H 1'128 

L 1'256 

Not.: SW: H = Vee. L = open 

PIN DESCRIPTION 

Pin Number Symbol Function 

1 IN Input 

2 Vee Power Supply Voltage 

3 SW Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table) 

4 OUT Output 

5 GND Ground 

6 NC No Connection 

7 NC No Connection 

8 iN Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 10 
Value 

Parameter Symbol Unit 

Min Typ Max 

Supply Voltage Vee 4.5 5.0 5.5 V 

Output Current 10 1.2 mA 

Ambient Temperature TA -40 +85 °c 

Load Capacitance CL 12 pF 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

Value 
Parameter Symbol Conditions Unit 

Min Typ Max 

Supply Current lee 9 mA 

Output Amplitude Vo 1.0 1.6 Vp . p 

I nput Frequency fiN 
with input coupling 

100 1600 MHz 
capacitor 1000 pF 

Input Signal Amplitude VIN 0.15 1.2 V p . p 

High Level Input Voltage for SW VIHS Vee-O.1 Vee Vee-0.1 V 

Low Level Input Voltage for SW VILS Open V 

Fig. 2 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 
-9-
>0. 1000 
g Vee = 5.0V 

TA = 25°C 
800 

600 

400 

200 

0 
V 

100 200 500 1000 2000 

INPUT FREQUENCY (MHz) 
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PACKAGE DIMENSIONS 
(Suffix: -P) (Suffix: .pF) 

.·LEAD PLASTIC DUAL·IN·lINE PACKAGE 
(CASE No.: DIP·OIP·MOll (1.J." ..... 

: , 

"~"'~'TYP 
.010:.002 

1-46 

IO.25~O.051' 

... ~UJIT5U .. IM'T£OIl8? 008006& 2'C 

&-LEAD PLASTIC FLAT PACKAGE 
ICASE No. : FPT·08p·M011 

~
-----r 

---. 
, .301~.016 

IfI!DEX : 11.e.~", .. 
. 709',012 c5 IS.30!O.2SI. 

__ i " 

-1 
I .018,.004 

.~1,.21' --4~ 

~. , -..08SI~.'5JMAX 
:" ~ 
~-~ .0315:.008 

A 10.8.0.21 

(lFUJITSU LIMITEO 11187 FOBOO2'S·2C 

.G02tO.OSJ 
~ 

t
~DO'" 

.26!(:~ 
16.so:g:~J 

, 
.020:.008 

,.----, 10.6t0.2) 

i .006:':~ 
-- 10.15:::' 

o.m.f'Il.onl,n 
,ncl>e.I.."II"""ters1 

6!:j"" 
: \' .02010.51 

; .00110.181 
--;;u;x-; !.::~.681 

OJ_ .. ons'n 
tndlnlrnillu'ne •• IJ 
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ULTRA HIGH FREQUENCY PRESCALER 

The Fujitsu MB506 is a high frequency prescaler used in Phase Locked Loop 
(PLL) frequency synthesizer and will divide the input frequency by the 
modulus of 64, 128 or 256. The output level is 1.BV peak to peak on ECL 
level. 

Its ultra high frequency operation provides wide application range, such as 
Direct Broadcasting Satellite System, CATV system, UHF Transceiver, etc. 

• High Frequency Operation 2.4GHz max. 

• Power Dissipation 90 mW typo 

• Wide Operation Temperature -40·C to +85·C 

• Stable Output Amplitude V OUT = 1.6 Vp•p 

• Complete PLL synthesizer circuit with the Fujitsu MB 8700BA, PLL syn· 
thesizer IC 

• Plastic B·pirrStandard Oual·ln·Line Package or Flat Package 

ABSOLUTE MAXIMUM RATINGS ISee NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage V,N -0.5 to Vee V 

Output Current 10 10 mA 

Storage Temperature TSTG -55 to +125 ·C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

PLASTIC PACKAGE 
DIP-08P-MOl 

IN 

Vee 

SWl 

OUT 

PLASTIC PACKAGE 
PFT-OSP-MOl 

PIN ASSIGNMENT 

iN 

NC 

SW2 

GND 

This device contains circuitry a protect the 
inputs against damage due to hQ'h static volt­
ages or electric fields. Howevel it is advised 
that normal precautions be lIken to avoid 
application of any voltage higler than maxi· 
mum rated voltages to this h~11 impedance 
circuit. 
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MB506 

C Q C Q 

PIN DESCRIPTION 

Pin Number Symbol 

1 IN 

2 Vee 

3 SWl 

4 OUT 

5 GND 

6 SW2 

7 NC 

8 IN 

1-48 

Fig. 1 - MB 506 BLOCK DIAGRAM 

C Q C Q 

SW1 

H 

L 

H 

L 

Output 
Buffer 

SW2 

H 

H 

L 

L 

OUT 

Divide Ratio 

1/64 

1/128 

11128 

1/256 

Not.: H = Vee. L a open 

Function 

Input 

Power Supply Voltage 

Divide Ratio Control Input Selecting divide ratio (See Divide Ratio Table) 

Output 

Ground 

Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table) 

No Connection 

Complementary Input 



MB506 

RECOMMENDED OPERATING CONDITIONS 

Value 
Parameter Symbol Unit 

Min Typ Max 

Supply Voltage Vee 4.5 5.0 5.5 V 

Output Current 10 1.2 mA 

Ambient Temperature TA -40 +85 ·C 

Load Capacitance CL 12 pF 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

Parameter Symbol Conditions 
Min 

Supply Current Icc 

Output Amplitude Vo 1.0 

with input TA =-40°C 
100 

coupling to 85°C 
Input Frequency fiN capacitor TA=-40°C 

1000 pF to 60°C 
100 

fiN = 100 MHz to 1.3 GHz -16 
Input Signal Amplitude V IN 

fiN = 1.3 MHz to 2.4 GHz -4 

High Level Input Voltage for SW V IH; Vee-o·1 

Low Level Input Voltage for SW V ILS 

Note: "Design Guarantee 
Fig. 2 - INPUT SIGNAL AMPLITUDE VS. INPUT FREQUENCY 

-~ 
> 1000 
.5 

800 

600 

400 

200 

0 100 

Vee~ S.OV 
TA =2SoC 

, 
200 500 1000 2000 

INPUT FREQUENCY (MHz) 

5000 

Value 
Unit 

Typ Max 

18 mA 

1.6 Vp.p 

2200 

MHz 
2400 

5.5 
d8m 

5.5 

Vee Vee+O·l V 

Open V 
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PACKAGE DIMENSIONS 

8-LEAD PLASTIC DUAL-IN-UNE PACKAGE 
(CASE No.: DlP-II8P-M01) 

.039~0012 

(O.99:g:2j 

1111987 FUJITSU LIMITED 008006S-2C 

1-50 

.172(4.38IMAX 

.118{3.0)MIN 

Dimensions In 
Inch .. (mRlmotors) 

8-LEAD PLASTIC FLAT PACJAGE 
(CASE No.: FPT-II8P-M01) 

~,;:h~,;t-

~~~·ll!':L 
.2091,012 

(5.30tO.25) 

i.!::n=ii=~_J 

~:,_-- , =T ..... ;.,51MAX 
-- .03151:..008 

A IO.StO.21 

1111987 FUJITSU LIMITED F08OO2S-2C 

View "A" 

OImenslonsln 
Inch .. (mOI_) 
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1.6 GHz TWO MODULUS PRESCALER 

1.6 GHz TWO MODULUS PRESCALER 

The Fujitsu MB507 is a 1.6 GHz two modulus prescaler used in Phase Locked 
Loop (PLL) frequency synthesizer and will divide the input frequency modulus 
of 128/129 or 256/257. 
The output level is 1.6 V peak to peak on ECL level. 

• High Frequency Operation: 1.6 GHz max. 

• Power Dissipation: 90 mWtyp. 

• Pulse Swallow Function 

• Wide Operation Temperature: _40°C to +85°C 

• Stable Output Amplitude: VOUT = 1.6 Vp. p 

• Complete PLL synthesizer circuit with the Fujitsu MB87001A, PLL syn­
thesizer IC 

• Package 
Standard 8-pin Dual-In-Line Package (Suffix: -PI 
Standard 8-pin Flat Package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage VIN -0.5 to Vee V 

Output Current 10 10 mA 

Storage Temperature TSTG -55 to +125 ·C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

PLASTIC PACKAGE 
DIP-OSP-M01 

PLASTIC PACKAGE 
FPT-OSP-M01 

PIN ASSIGNMENT 

IN 

Vee 

sw 

OUT 

NC 

MC 

GND 

This device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields. However. it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi­
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB507 BLOCK DIAGRAM 

SW MC Divide Ratio 

H H 1/128 

MB 507 H L 1/129 

L H 1/256 

L L 1/257 

Note: SW: H = Vee. L = open 
MC:H=2.0VtoVce. L=GNDtoO.8V 

PIN DESCRIPTION 

Pin Number' Symbol 

1 IN Input 

2 Vee DC Supply Voltage 

Function 

»-\---0 OUT 

3 SW Divide Ratio Control Input Selecting Divide Ratio (See Divide Ratio Table) 

4 OUT Output 

5 GND Ground 

6 MC Modulus Control Input (See Divide Ratio Table) 

7 NC Non Connection 

8 IN Complementary Input 
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MB507 .. 
RECOMMENDED OPERATING CONDITIONS 

Value 

Parameter Symbol Unit 
Min Typ Max 

Supply Voltage Vee 4.5 5.0 5.5 V 

Output Current 10 1.2 mA 

Ambient Temperature TA -40 +85 °c 

Load Capacitance CL 12 pF 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

Value 
Parameter Symbol Conditio!}s Unit 

Min Typ Max 

Supply Current Icc 18 mA 

Output Amplitude Vo 1.0 1.6 Vp•p 

I nput Frequency fiN 
With input coupling 

100 1600 MHz 
capacitor 1000pF 

Input Signal Amplitude V IN -4 10 dBm 

High Level Input Voltage for MC 
V IHM 2.0 V 

Input 

Low Level Input Voltage for MC 
V ILM 0.8 V Input 

High Level Input Voltage for SW 
VIHS' Vee-0.1 Vee Vee+0.1 V 

Input 

Low Level I nput Voltage for SW 
V ILS OPEN V 

Input 

High Level Input Current for MC 
IIHM V IH = 2.0V 0.4 mA Input 

Low Level Input Current for MC 
IILM VIL = 0.8V -0.2 mA 

Input 

Modulus Set·up Time MC to OUT tSET 1.6 GHz Operation 18 28 ns 

Note: • Design Guarantee 1-53 
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1-54 

Sampling scope input point 
for input waveform 

P.G. c:==n--r--I 

TIMING CHART (2 MODULUS) 
Example: Divide ratio = 128/129 

128 

IN 

Fig. 2 - TEST CIRCUIT 

.---.------1r-------o Vee = + 5.0 V ± 10% 

Vee 

MC GND 

MC input 

Sampling scope prober point 
for output waveform 

OUT~--~--~~----_o 

C, : 1000pF 
C2 : 1000pF 
C3 : O.ljlF 
CL ; 12pF (including scope and jig capacitance) 

RL : 2KSl. 

129 

IN M····JUm···-JU1··· .... rul····JlJ1fln· .... J1f1 
, ' • I I , 

: : t ~ : : ., . 

j 64 65 .,l 
---

OUT 

MC--------------------------~ 

. . 
! ts.r i 

Nol.: When divide of 129 is selected, positive pulse is applied by one to 65. 
The typical set up time is 18 ns from the MC signal input to the timing of change of prescaJer divide ratio. 



Fig. 3 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 
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Fig. 4 - TYPICAL APPLICATION EXAMPLE 

MB 87001A 

0.047~F 

~ 
Da~O-------~----~ 

Clock'o---.--+---­
LE:o----.,.-I-+------

LOCk1=-Det. 

10Kn 

MB507 

100Kn 

33Kn 

Vsx (Max. 8 VI 

XI : 12.8MHz X·tal 
Vee : 5V ± 10% 
Vsx : 8V Max. 
C1. C2: depends on crystal oscillator 

MB507 

OUTPUT 
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.. MB507 

PACKAGE DIMENSIONS 
(Suffix: P) 

INDEX 

B-LEAD PLASTIC DUAL IN·LlNE PACKAGE 
(CASE No.: DIP-OSP·M01) 

370~:gl~ 

.244±.010 
(S.20±0.25) 

.300(7.S2) 
TYP 

~::::::;::;::==;::;=;:y~ 

1-56 

.039~0012 I I. 
(0.99 ~g.30) 

035~:gl~ 

.100(2.54) 

TYP 

411 1988 FUJITSU LIMITED 1JDIIOO6S..2C 

l·oso~Jl12 
(1.52~g·30) 

.018±.003 
(0.46 ± 0.08) 

.1 72(4.36) MAX 

.118(3.00) MIN 

Dimensions In 
Inches (mDllmeI8rs) 



PACKAGE DIMENSIONS (Continued) 
(Suffix: PF) 

INDEX 

cf 

,050(1.27) 

TYP 

.. '988 FUJITSU LIMITED FCl8OO2S-3C 

''A'' 

8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 

,089(2,25) MAX 
(SEATED HEIGHT) 

268 ~ :86~(680 ~g1g) 

I ,020±,008 Fi-- (0,50±0,20) 

1- 006+,002(015+0,05) 
, -,001' -0,02 

r--------------, 
: Details of "A" part : 

,008(0,20): 

, 
,020(0,50): 

,007(0,18) : 
MAX . 

, ,027(0,68) : 
I MAX I L _______________ J 

MB507 

Dimensions In 
Inches (millimeters) 
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MBS08 
DATA SHEET 

cO 
FUJITSU 

2.3GHz TWO MODULUS PRESCALER 

2.3 GHz TWO MODULUS PRESCALER 

The Fujitsu MB508 is a 2.3 GHz two modulus prescaler used in Phase Locked 
Loop (PLL) frequency synthesizer and divides the input frequency by a 
modulus of 128/130, 256/258 or 512/514. The output level is 1.6V peak to 
peak ECL level. Its ultra high frequency operation provides wide application, 
such as Direct 8roadcasting Satellite System, CATV system, UHF Transceiver, 
etc. 

• High Frequency Operation: f = 2.3 GHz max. (V IN = -4dBm min.) 

• Input Signal Amplitude: VIN = 100mVp•p (fiN = 100 MHz to 1.8GHz) 

• Pulse Swallow Function: 128/130,256/258,512/514 

• Power Dissipation: 120 mWtyp. 

• Wide Operation Temperature: -40·C to +85·C 

• Stable Output Amplitude: VOUT = 1.6Vp. p typo 

• Complete PLL synthesizer circuit with the Fujitsu MB87001 A, PLL synthe­
sizer system block IC 

• Standard Plastic 8·pin Dual-In·line Package or Flat Package 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage VIN -0.5 to Vee V 

Output Current 10 10 mA 

Operating Temperature TA -40 to +85 ·C 

Storage Temperature TSTG -5"5 to +125 ·C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

PLASTIC PACKAGE 
DIP·OSP·MOl 

PLASTIC PACKAGE 
FPT-OSP-MOl 

PIN ASSIGNMENT 

IN 

Vee 

SWI 

OUT 

SW2 

Me 

GND 

This device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields. However. it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi­
mum rated voltages to this high impedance 
circuit. 

1-59 
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MBS08 .. 
Fig. 1 - MB508 BLOCK DIAGRAM 

IN u;:::::r::}----I 
iN" 

):>-t--o OUT 

SWl fN>I2 MC Divide Ratio 

H H H 1/128 

H H L 1/130 

H L H 1/256 

L H H 1/256 

H L L 1/258 

L H L 1/258 

L L H 1/512 

L L L 1/514 
Note: SW: H=Vee. L=Open 

MC: H=2.0V to Vee. L=GND to 0.8V 

PIN DESCRIPTION 
Pin Number Symbol Descriptions 

1 IN Input 

2 Vee Power Supply. +5V 

3 SWl Divide Ratio Control Input (See Divide Ratio Table) 

4 OUT Output 

5 GND Ground 

6 MC Modulus Control Input (See Divide Ratio Table) 

7 SW2 Divide Ratio Control Input (See Divide Ratio Table) 

8 IN Complementary Input 

1-60 



MBSOS 

RECOMMENDED OPERATING CONDITIONS 

Values 
Parameter Symbol Unit 

Min Typ Max 

Power Supply Voltage Vee 4.5 5.0 5.5 V 

Output Current 10 1.2 mA 

Operating Temperature TA -40 +85 °c 

Load Capacitance CL 12 pF 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

Values 
Parameter Symbol Condition Unit 

Min Typ Max 

Power Supply Current lee 24 mA 

Output Amplitude Vo 1.0 1.6 Vp.p 

Input Frequency fiN 
With input coupling 

100 2300 MHz capacitor 1000pF 

V INA 
fiN = lBOOMHz to 

-4 5.5 dBm 
2300MHz 

Input Signal Amplitude 

V INB 
fiN = 100MHz to 

-16 10 dBm 
lBOOMHz 

High Level Input Voltage for MC V IHM 2.0 V 

Low Level Input Voltage for MC VILM 0.8 V 

High Level I nput Voltage for SW VIHS * Vee-0.1 Vee Vee+0.1 V 

Low Level Input Voltage for SW VILS OPEN V 

High Level I nput Current for MC IIHM VIH = 2.0V 0.4 mA 

Low Level I nput Current for MC IILM VIL = O.BV -0.2 mA 

High Level Input Current for SW IIHs V IH = Vce 250 jJ.A 

Modulus Set·up Time MC to 
tSET lB 28 Output at 2.3GHz Operation ns 

Note: "Design Guarantee 1-61 
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1-62 

Sampling scope input point 
for input waveform 

/ C, 

P.G. S Of I 
50n 

C2 

Fig. 2 - TEST CIRCUIT 

Vee 

IN 

iN 
MC GND 

MC input 

OUT 

RL 

C,: l000pF 
C2: l000pF 
C3: O.II'F 

Vee = +5.0V±10% 

Sampling scope prober point 
for output waveform 

CL : 12pF (Including scope and jig capacitance) 
CR: 2kn 

TIMING CHART (2 MODULUS) 
Example: Divide ratio = 128/130 

128 130 

IN M----J1JU1----J1J1------- M---JU1JlJl-----f1JL 
, ' . . , , 

. : ~ 1 l : 

J 64 L.--_64_~t -- -- --- -- ---1\-'. _64_-.,1 66 L 
OUT 

MC----------------------~L: __ +:--~~-

!-Is-ET-: : IsET : 
Nole: When divide ratio of 130 is selected. positive pulse is applied by two to 66. 

The typical set up time is 18 ns from the MC signal input to the timing 01 change of prescaler divide ratio. 



Fig. 3 - INPUT SIGNAL AMPLITUDE vs. INPUT FREQUENCY 

I .. 700 Ii 
> 

Vee =5.0V 
TA = 25°C 

.s 600 .. 
"C 

.E 500 Q. 
E « 
<i 400 
c:: 
'" en 
~ 300 
~ 
Co 
E 
E 200 
~ 

E ·c 
100 

~ 1'--,,- ...-/ 
10 20 50 100 200 500 1000 2300 5000 

Input Frequency (MHz). 

Fig. 4 - TYPICAL APPLICATION EXAMPLE 

Vsx (Max. 8 VI 

M887001A 

0.047~F 

~ 
Data o----._+-----.J 
LE 

c: 
" ... 
v 

LOCkf= Det. 

10K!), 

XI : 12.8 MHz X'tal 
Vee : 5V ± 10% 
Vsx : 8V Max. 
e,. C2: depends on crystal oscillator 

MBSOS 

OUTPUT 
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MB508 

PACKAGE DIMENSIONS 
(Suffix: -P) 

INDEX 

8-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-08P-MQ1) 

370~gl~ 

.244±.010 
(6.20±0.25) 

.300(7.62) 
TYP 

~:::;::;:=;=r==?I~ 

1-64 

.039~J'12 I I 
(0.99 ~g.30) 

.035~:gl~ 

.100(2.54) 

TYP 

0> 1988 FUJITSU LIMITED IlO8OO8-2C 

1·060~J'12 
(1.52~g30) 

.0IB±.003 

(O.46±0.OB) 

.172(4.36) MAX 

.118(3.00) MIN 

Dimsnslons In 
inches (mlll..-IS) 



PACKAGE DIMENSIONS (Continued) 
(Suffix: -PF) 

8-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-08P-M01) 

(6.35~g:~g) 

1·307±.016 
INDEX 17.8~±0.401 

if .209±.012 
15.30±0.30) 

~~.-~~ 
.05011.27) 

TYP 
J .018±.004 

i(0.45±0.10·I'I·005(0. 131 

.150(3.81L! 
REF 

"A" 
I 
I 
I 
I 

.020(0.501: 
.007(0.181 : 

MAX I 

I .02710.68) : 
I MAX t L _______________ J 

.. 1988 FUJITSU LIMITED FOIIOO2S-3C 

MB50S 

Dimensions In 
Inch88 (mIIHmatars) 
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TWO MODULUS PRESCALER WITH STAND-BY MODE 

TWO MODULUS PRESCALER WITH STAND-BY MODE 

The Fuj~su MB509 is a low power two modulus prescaler which enables pulse 
swallow function. The MB509 is used in Phase locked loop (Pll) frequency 
synthesizer and divides the input frequency by the modulus of 64/65 or t 28/129, 
respectively. 

Power consumption is 58mW typo at power supply voltage of 5.0V. The MB509 is 
equipped with the stand by mode which cuts off the power supply current Icc under 

Pll phase lock condition. (lcc=180I1A under current cut cond~ion) 
Intermittent operating mode is achieved by using MB509 and MB87076. 

o High Speed: fmax=I.IGHz max. (V ,N=-4dBm min.) 

o Pulse Swallow Function: 64/65, 1281129 

o Power Supply Consumption: 58mW typo 

o Stand-by Current: 180llA typo 

o Stable Output Amplitude: Vo=I.6 V ...... typo 

o Complete Pll synthesizer circuit with the Fujitsu MB87076, pll 
frequency synthesizer IC. 

o Plastic 8-pin Dual-In-line Package (Suffix: -P) 
Plastic 8-pin Mini Flat Package (Suffix: -PF) 

o Built-in a Termination Resistor 
Stable output amplitude is obtained up to output load capac~ance of 8pF. 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage Y,N -0.5 to Vee V 

Output Current 10 10 mA 

Storage Temperature TSTG -55 to +125 °C 

NOTE: Permanent device damage may occur n the above Absolute Maxi­
mum Ratln!!s are exceeded. Functional operation should be restricted 
to the condttions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

CopyrightO 1990 by FUJITSU LIMITED 

IN 

PLASTIC PACKAGE 
DIP-08P-M01 

PLASTIC PACKAGE 
FPT-08P-M01 

PIN ASSIGNMENT 

Vee 

iN 
PS 

MC 

GND 

SW 

OUT 

=~::al~~~lr:,~~ = ~r· :=k: ac~ 
However. h Is advised that normal precauliona be takan to 
avoid application of any voltage higher than rraxlmum rated 
voltages to this high irf1,)edance circuit. 
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Fig. 1 - MB509 BLOCK DIAGRAM 

PS 

OUT 

PS SW Me Divide Ratio Note: SW: H-Vcc• L-open 

H H H 1/64 
MC: H=3.0V to Vee. 

L..GND to O.8V 
H H L 1/65 PS: H-2.0V to Vee. 

L..GND to O.4V 
H L H 1/128 

H L L 1/129 

L Stand·by mode 

PIN DESCRIPTION 
Pin Number Symbol Description 

1 IN Input 

2 V"" Power Supply. +5V 

3 SW Divide Ratio Control Input (See Divide Ratio Table) 

4 OUT Output 

5 GND Ground 

6 MC Modulus Control Input (See Divide Ratio Table) 

7 PS Stand-by Control Input (See Divide Ratio Table) 

8 iN Complementary Input 
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MB509 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol 

Value 
Unit 

Min Typ Max 

Power Supply VoHage Vee 4.5 5.0 5.5 V 

Operating Temperature T. -40 - +85 ·C 

Load Capacitance CL - - 8 pF 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating CondHlons unless otherwise noted) 

Value 
Parameter Symbol Condition Unit 

Min Typ Max 

Icc - 11.6 - rnA 
Power Supply Current 

Ips Stand-by mode - 180 - I1A 

Built-in a Termination 
Output Amplitude Vo Resitor. 1.0 1.6 - V .... 

Load capacitance..apF 

Input Frequency f,. With input coupling 10 - 1100 MHz c8Dllc~orl000DF 

Input Signal Ampl~ude V,. - -4 - 5.5 dBm 

High Level Input Voltage for Me V'H - 3.0 - - V 

Low Level Input VoHage for Me V'L - - - 0.8 V 

High Level Input Voltage for SW V ... * Vcc-O.l Vcr; Vcc+0.1 V 

Low Level Input VoHage for SW V,,,, Open V 

High Level Input Voltage for PS V'H - 2.0 - - V 

Low Level Input VoHage for PS VL - - - 0.4 V 

High Level Input Current for MC I'H V,H-3.0V - - 0.4 mA 

Low Level Input Current for Me I'L VIL~0.8V -0.2 - - rnA 

Modulus Set-up Time MC to Output Isu - - 16 26 ns 

Note: * Design Guarantee 
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MB509 

Fig. 2 - TEST CIRCUIT 

r--... ----~----~ Vee=+5.0V±10% 

Sampling scope input point 
for input waveform 

I C, Vee 
Sampling scope prober point 
for output waveform 

P.G.L_--.Jrr-----1 IN OUT~------~.----o 

IN 

OUT 

MC 

MC input C,: 1000pF 
C.: 1000pF 

C.: O.lj!f 
CL: 8pF (including scope and jig capac~ance) 
PS pin is open. 

TWO MODULUS OPERATING TIMING CHART (64/65 DIVIDE RATIO) 

64 65 

~----~~,-------r ~ ~----~~,-------r "' M--fLfill--illL------M--mum --illL 
I I I I 
I 

I 
I I I 

J 32 ] 32 , r---------i 33 L 32 
I , , , , , , , , , " , , , , " , , , , , , 

" , " 
, 

Notes: When divide ratio of 65 is selected, posnive pulse is added by one 
to 33. -I tsET : 

1-70 

The typical set up time is 16ns from the MC signal input to the 
timing of change of prescaler divide ratio. 



TYPICAL CHARACTERISTICS CURVES 
Fig. 3 - INPUT SIGNAL AMPLITUDE VS. INPUT FREQUENCY 

Vcca5.0V 
10 

E 
III 
~ 

Datasheet spec. 

-:: 0 
w o 
E 
...I 

~ ... -10 

-30 

1.0 

.~ 
PS pin Input ~ 
Signal III 

,,; 

OUT pin ~ 
Output signal 
(Prescaler 
output) 

12 1A 
INPUT FREQUENCY fiN (GHz) 

Fig. 4 - WAVEFORM OF STAND BY MODE 

< Power Off l> < Power On l> 

111 11 ~I 1\ \ I !I I 1\ I 

\ \ ~ \ U 1\1 \I \I 
l r r r 

50ns/Div. 

Note: About 50 ns of set up time is required both power on/off. 

MB509 

1.6 

11 ~-' Ll 
\I 1\1 \I 
r r r 
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Fig. 5 - TYPICAL APPLICATION EXAMPLE 

Microcomputer 

PS Signal 

16 15 14 13 

MB87076 

3 4 

VrJIJ 

LE Data Clock 

LPF 

Prescaler 
MB509 

OUTPUT 



PACKAGE DIMENSIONS 
a-LEAD PLASTIC DUAL IN-LINE PACKAGE 

.370~:m (Case No. : DIP-8P-MOI) 

(940~g:~ 

INDEX 
.244±.010 

(6.20±0.25) 
.300(7.62) 

TYP 

~:::;:::;::::::;;:::;:Y~ 
039~Jl12 I I 

(0.99 ~g.30) 

035::g1~ 

.10012.54) 
TYP 

© 1918 FUJITSU LIMITED DOI006S-2C 

1·060:JlI2 

(1.52:8-30) 

.018±.003 
(0.46 ± 0.08) 

.172(4.36) MAX 

.118(3.00) MIN 

--""'_::::_::::::.-::::_.,.-=-_::+. ~ 

Dimensions in 
inches (millimeters) 

MB509 .. 
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D 
MB509 

PACKAGE DIMENSIONS continued 

1-74 

8-LEAD PLASTIC FLAT PA,CKAGE 
(Case No.: FPT-8P-MOi) 

1·307±.016 
INDEX (7.8?±0.40) 

,-../ .209±.012 
U (5.30±O.301 

~~~~ 
.050(1.27) 

TYP ~J' .018±.004 
0.45 ±0.1 01.005(0.13 

.150(3.81) 
REF 

"A" 

© 1988 FUJITSU LIMITED F08DD2S-3C 

.089(2.251 MAX 
(SEATEO HEIGHTI 

.... _-.... 020±.008 
(0.50±0,201 

JL .006:: :88f(O 15 ::g:g~1 
r--- -- ---- --- --, 
I Details of ''A'' part r , , , , 

, 
.020(0.501: 

.007(0.181 : 
MAX ' 

I .027(0.681 : 
I MAX I L ______________ .J 

Dimensions in 
inches (millimeters) 
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2.7 GHz TWO MODULUS PRESCALER 
2.7 GHz TWO MODULUS PRESCAlER 

The Fujitsu MB510 is a ultra high speed two modulus prescaler which enables 
pulse swallow function. The MB510 is used in Phase Locked Loop (PLL) 
frequency synthesizer and divides the input frequency by the modulus of 
128/144 or 256/272, respectively. 

The MB510 achieves extremely small stray capacitance of internal element, 
realized through the use of Fujitsu Advanced Process Technology. As the 
results, ultra high speed is achieved with low power supply current of 10 mA 
typo 

• High Frequency Operation: 

• Power Dissipation: 

• Pulse Swallow Function: 

• Wide Operation Temperature: 

• Stable Output Amplitude: 

• Built·in a Termination Resistor 

2.7GHz max. 

50 mW typo 

128/144,256/272 

-40°C to +85°C 

VOUT = 1.6 Vp •p typ. 

• Complete PLL synthesizer circuit with the Fujitsu MB87001 A, PLL syn· 
thesizer IC 

• Package 
Standard a·pin Flat Package (Suffix: ·PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Supply Voltage Vee -0.5 to +7.0 V 

Input Voltage V,N -0.5 to Vee V 

Output Current 10 10 mA 

Storage Temperature TSTG -55 to +125 °c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

PLASTIC PACKAGE 
FPT-08P-MOl 

PIN ASSIGNMENT 

IN 

Vee 

sw 

OUT 

This device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi­
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB510 BLOCK DIAGRAM 

SW MC Divide Ratio 

H H 1/128 

H L 1/144 

L H 1/256 

L L 1/272 

Note: SW: H = Vee. L = open 
MC: H = 2.0V to Vee. L = GND to 0.8 V 

PIN DESCRIPTION 

Pin Number Symbol Function 

1 IN Input 

2 Vee DC Supply Voltage 

3 SW Divide Ratio Control Input (See Divide Ratio Table) 

4 OUT Output 

5 GND Ground 

6 MC Modulus Control Input (See Divide Ratio Table) 

7 NC Non Connection 

8 IN Complementary Input 
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RECOMMENDED OPERATING CONDITIONS 

Value 
Parameter Symbol Unit 

Min Typ Max 

Supply Voltage Vee 4.5 5.0 5.5 V 

Output Current 10 1.2 rnA 

Ambient Temperature TA -40 +85 °c 

Load Capacitance CL 8 pF 

ELECTRICAL CHARACTERISTICS 
(Recommended Operating Conditions unless otherwise noted) 

Value 
Parameter Symbol Condition Unit 

Min Typ Max 

Supply Current lee 10.0 15.0 mA 

Output Amplitude Vo 
Built·in a termination 

1.0 1.6 Vp_p resistor. 
Load capacitance = 8pF 

Input Frequency fiN 
With input coupling 

10 2700 MHz 
capacitor l000pF 

fiN = 10to 2200 MHz -10 10 
Input Signal Amplitude VIN dBm 

fiN = 2200 to 2700 MHz -4 10 

High Level Input Voltage for MC 
V IHM 2.0 V 

Input 

Low Level Input Voltage for MC 
VILM 0.8 V 

Input 

High Level I nput Voltage for SW 
VIHS' Vee-0.1 Vee Vee +0.1 V 

Input 

Low Level Input Voltage for SW 
VILS OPEN V 

Input 

High Level Input Current for MC 
IIHM V IH =2.0V 0.4 rnA 

Input 

Low Level Input Current for MC 
IILM VIL =0.8V -0.2 rnA 

Input 

Modulus Set-up Time MC to OUT tSET 16 26 ns 

Note: 'Deslgn Guarantee 1-77 



;m MB5tO 

Sampling scope input point 
for input waveform 

P.G. C=::n-i--I 

1-78 

IN 

Fig. 2 - TEST CIRCUIT 

.---....-----..... -------{) vee = + 5.0 V ± 10% 

Vee 

MC GND 

Me input 

Sampling scope prober point 
for output waveform 

OUT~------~------~ 

C, : 1000pF 
C2 : 1000pF 

C3: O.l"F 
CL : 8pF (including scope and jig capacitance) 



Fig. 3 -INPUT SIGNAL AMPLIFITUDE VS. INPUT FREQUENCY 

~ 
Go 
> 800 .s. 

I ! 
VCC· 5•OV _ 
TA·25°C 

w 600 0 
:l 
I-
:J 500 
Q. 

:::; 
« 

400 ..J « 
Z 
t:> 300 ;;; 
I-
:l 200 Q. 

~ 
:::; 100 
:l 
~ 
Z 

I 

I'-- -'" 
V 

~ 10 20 50 100 200 500 1000 2000 

INPUT FREQUENCY (MHz) 

TWO MODULUS TIMING CHART 

Example. Divide Ratio of 1281144 

128 144 .. 
IN .fUl- --J1f1Jl- -:M -----J1.[l- --JlJ1JlfL ---nn 

I 

64 r j 64 
..... 

,," ........... .. ---OUT 

M 

I 

--'----- 1 64 ,J 
\-oJ -....;;..;....----J 

, , , , 

I I ---. 
I tser • 

NOle: When divide ratio of 144 is selected, positive pulse is applied by 16 to 80. 

--

I I ---. 
• tser I 

The typical set up lime is 16 ns from the Me signal input to the timing of change of prescaler divide ratio. 

MB510 
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II 

O.047,.F 

~ 

LOCk~_ Det. 

10KIl 
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Fig. 4 - TYPICAL APPLICATION EXAMPLE 

Vsx 1M ... SV) 

12KIl 

X I : 12.S MHz X'tal 
Vee : 5V ± 10% 
Vsx : SVMa •. 
C,. C2: depends on crystal oscillator 

OUTPUT 



PACKAGE DIMENSIONS 
(Suffix: -PF) 

8-LEAD PLASTIC FLAT PACKAGE 
(CASE NO.: FPT-OSP-M01) 

1·307±.016 
INDEX (7.8~±0.40) 

cf .209±.012 
(5.30±0.30) 

1.!:::::rt;::::;tr=;:;:::;l;:::lJ_.l I 
_ .. 1 

.050(1.27) J .018±.004 
TYP I ,(0.45±0.10 $ ~.005(0.13)@ 

i-:.15.0i3.:.!'1~ 
REF 

''A'' 

o 1988 FUJITSU LIMITED F08OO2S-3C 

.... _--' .020±.008 

JL (0.50±0,20) 

.006 ~ :gg~(0.15 ~g:g~) 

, 
.020(0.50): 

.007(0.18) : 
MAX I 

I .027(0.68) : 
L MAX I ____ ~ __________ J 

MB510 

Oimansionlln 
inc:he8 (mill"-,,) 
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1GHz HIGH SPEED PRESCALER 

HIGH SPEED PRESCALER 

The Fujitsu MB511 is a lGHz high speed prescalerdesigned for use in PLL 
(Phase Locked Loop) frequency synthesizer application. 

The MB511 consumes low power 23mA at 5V up to lGHz input frequency 
due to adoption of Fujitsu advanced bipolar process. 

The MB511 will divide by 1,2, or B, respectively and very sensitivity (-20dBm 
min.). So, the MB511 is well suited for electronically tuned TV and CATV 
applications. 

• Wide operating frequency range: 
fin = 50 to 1000MHz (Vin 
-20dBm) 

• Maximum operating frequency 
depends upon a divide ratio 

1/1: 250MHz max. 
(Buffer th rough) 

1/2: 500MHz max. 
1/8: 1000MHz max. 

• Low supply current: 23mA @5V 

• High input sensitivity: -20dBm min 

• Stable output amplitude: 
800mVp-p (CL :s: 5pF) 

• Wide temperature range: 
TA = -40to+85·C 

• Plastic 8'pin dual·in·line package 
(Suffix: ·P) 

Plastic B'pin flat package 
(Suffix: ·PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Power Supply Voltage Vee -0.5 to 7.0 V 

Input Voltage V iN -0.5 to Vee+O.5 V 

OutPl!' Current Vo 10 rnA 

Storage Temperature TSTG -55 to 125 ·C 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATI NGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

IN 

Vee 

NC 

OUT 

PLASTIC PACKAGE 
DIP·08P-M01 

.PLASTIC PACKAGE 
FPT -08P-M01 

PIN ASSIGNMENT 

0 

TOP VIEW 

3 

4 

IN 

51 

52 

GND 

This device contains circuitry to protect the 
inputs against damage due to high static volt~ 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi· 
mum rated voltages to this high impedance 
circuit. 
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IN 

Slo----i 

S2O----i 

Divide 
Ratio 
Controller 

FUNCTION TABLE 

51 

L 

L 

H 

H 

H=Vcc 
L = OPEN 

1-84 

Fig. 1 - MB511 BLOCK DIAGRAM 

OUT 

52 Divide Ratio Operating Frequency 

L Not use -

H 1 250 MHz 

L 2 500 MHz 

H 8 1000 MHz 



MB511 

PIN DESCRIPTIONS 

Pin No. Symbol I/O Descriptions 

1 IN I Input. The connection with VCO should be an AC connection. 

2 Vee - Power supply voltage input. 

3 NC - No connection. 

4 OUT 0 Output. Termination resistor is necessary due to emitter follower output. 

5 GND - Ground. 

6 S2 I Divide ratio control input. 

7 Sl I Divide ratio control input. 

S iN I Complementary input. 

RECOMMENDED OPERATING CONDITIONS 

Value 

Parameter Symbol Unit Note 

Min Typ Max 

Power Supply Voltage Vee 4.5 5.0 5.5 V 

Operating Temperature TA -40 +85 ·C 

Load Capacitance CL 5 pF Termination resistor soon 
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.. MB511 

ELECTRICAL CHARACTERISTICS 

Value 
Parameter Symbol Unit Note 

Min Typ Max 

Power Supply Current lee 15 23 32 rnA 
Except termination 
output current. 

Output Am plitude Va 0.4 0.8 1.2 Vp •p 
500n termination, 
CL = 5pF max. 

1/1 fl 50 250 MHz 
Min value is measured 

Input Frequency 1/2 f2 50 500 MHz with coupling capaci· 
tor of 1000pF. 

1/8 f3 50 1000 MHz 

Input Signal Amplitude V'n -20 +10 dBm 50n 

High Level Input Voltage V'H Vee-0.7 Vee Vee+0.5 V 
51,52 

Low Level Input Voltage V'L OPEN V 

·High Level Input Current 51,52 I'H 40 160 /LA Vee = 5V 

Fig. 2 - TEST CIRCUIT 

.--~-~o-----~o---O vee = 5V±10% 

Vee 
1000pF 

P.G·L 
1500 

IN 

.-----iiN 

I1000PF 

500n 
MB511 

GND 

Sampling scope prober point 
for output waveform 

5pF 
(including scope and jig capacitance) 



TYPICAL CHARACTERISTICS CURVES 

Fig. 3 - INPUT SENSITIVITY CURVE 
(1/8 DIVIDE RA TIOI POWER 

SUPPLY VOLTAGE DEPENDENCY 

+loFf==FFFm!fF===!===F=t=f=Fft!F=triiFR 

INPUT FREQUENCY fin (MHz) 

Fig. 5 - INPUT SENSITIVITY CURVE 
(1/1 DIVIDE RATIOI POWER 

SUPPLY VOLTAGE DEPENDENCY 

MB511 

Fig. 4 - INPUT SENSITIVITY CURVE 
(1/2 DIVIDE RATIOI POWER 

SUPPLY VOLTAGE DEPENDENCY 

INPUT FREQUENCY fin (MHz) 

Fig. 6 - POWER SUPPLY CURRENT 
VI. POWER SUPPLY VOLTAGE 

!z 28. Ot-TA ~25lc 

INPUT FREQUENCY fin (MHz) 

w 
II: 
II: 

0-
> ~ 26. 
..J-

t ~ 
~-
II: 24. 
w 

~ 

0 

0 

0 

~ 
V 

.",.. Y 
¢:Typ (23.01A) 

4.5 5.0 5.5 
POWER SUPPLY VOLTAGE Vee (V) 
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MB511 

TYPICAL CHARACTERISTICS CURVES (continued) 

1-88 

oJ 

Fig. 7 - INPUT SENSITIVITY CURVE 
(1/8 DIVIDE RATIO) 

TEMPERATURE DEPENDENCY 

INPUT FREQUENCY fin (MHz) 

Fig. 9 - INPUT SENSITIVITY CURVE 
(1/1 DIVIDE RATIO) 

TEMPERATURE DEPENDENCY 

~ E 01+--+-++ 
CJig 
iii-

5': -101+--+-++ 

~~ 
~ E -201+--+--1---1-
::.i 
~ ~ -30 tt--'1R:S~;;ttjt:tt=;;7I'Tt-t-lrtHrtt----t---t1i 

INPUT FREQUENCY fin (MHz) 

0 

0 

0 

22. 0 

Fig. 8 - INPUT SENSITIVITY CURVE 
(1/2 DIVIDE RATIO) 

TEMPERATURE DEPENDENCY 

INPUT FREQUENCY fin (MHz) 

Fig. 10 - POWER SUPPLY CURRENT 
VS. TEMPERATURE 

vee· 5~OV -r---. 
-.............. 

~ ..... 
¢::Typ (23m A) 

1 
-40 0 40 80 

TEMPERATURE TA (OC) 



PACKAGE DIMENSIONS 

8-LEAD PLASTIC DUAL IN-LINE PACKAGE 

INDEX 

039~g12 I I 
10.99~g30) 

035~81~ 

.100(2.54) 

TYP 

.370~81~ 

© 1988 FUJITSU LIMITED D08006S-2C 

(Case No.: DIP-8P-MOI) 

1060~g12 
11.52~8·30) 

.018±.003 
(O.46±0.08) 

.30017.62) 
TYP 

.17214.36) MAX 

.118(3.00) MIN 

.010±.002 

(0.25±0.05) 

Dimensions in 
inches (millimeters) 

MB511 
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MB511 

PACKAGE DIMENSIONS (continued) 

a-LEAD PLASTIC FLAT PACKAGE 
(Case No. : FPT -8P-MO I ) 

1-90 

1·307±.01S 
INDEX (7.8?±0.401 

,.../ .209±.012 
U (5.30±0.30) 

1C;n==;!i=Ti=i\j=Y~ I 
---~ 

.050(1.27) 
TYP 

J, .018±.004 •. 005(0.13) 
10.45±0. 10l-"-'~~-~~~ 

.15~.:!I1l1 
REF 

"p.:' 

~
'--'I 

, , 

c::J '~~IO.10) 

© IBBB FUJITSU LIMITED FDB002S-3C 

r--------------, 
: Details of ':.," part : 

., 
.020(0.50): 

.007(0.18) : 
MAX ' 

I .0270.68) : 
I MAX' L __ _____________ J 

Dimensions in 
inches (millimeters) 



Section 2 

Phase-Locked Loops (PLLs) - At a Glance 
HI 

Maximum Supply Programmable Swallow Reference 
Page Device Frequency Icc Vcc Counter Counter Counter 

2-3 MB87001 A 13MHz 2.0mA 4.5 V- Binary Binary Binary 
typo 5.5V 16-1023 0-127 8-2048 

2-15 MB87006A 10 MHz 3.5mA 3.0 V- Binary Binary Binary 
6.0V 16-1023 0-127 8-16383 

2-27 MB87014A- 40 MHz 8.0mA 4.5 V- Binary Binary Binary 
typo 5.5V 5-1023 0-63 5-65535 

2-37 MB87076 lSMHz 3.0mA 2.7 V- Binary Binary Binary 
S.5V 16-2047 0-127 8-16383 

2-51 MB87086A 9SMHz 8.0mA 4.SV- Binary None Binary 
5.SV 5-1023 5-65535 

2-51 MB87087 10 MHz 2.SmA 3.0 V- Binary Binary Binary 
typo 6.0 V 5-1023 0-127 5-16383 
at 3.0 V 
3.SmA 
typo 
atS.OV 

2-73 MB87090 lSMHz 4.0mA 2.7 V- Binary Binary Binary 
typo 5.SV 16-1023 0-127 8-2048 
atS.OV 

13MHz 3.0mA 
typo 
at 3.0 V 

NOTES: All devices are available in 16-pin plastic DIP and FPT packages. 

-Also has on-chip 180 MHz dual modulus (+ 64165) prescaler. 
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DATA SHEET 

cO 
FUJITSU 

MB87001A 
CMOSPLLFREQUENCYSYNTHESeER 

CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu M887001A, fabrica\>9d in CMOS technology, is a serial input PLL frequency 
synthesizer. 

The M88700 1A con1ains an inver18r for ascillalDr, a programmable referenoe divider, a divide 
factor of programmable refel1llKl9 civider control circuit, a phase da_, a charge pump, a 
17-b~ shift register, a 17·bitlatch, a programmable divider (a binary 7-b~ swallow counter, a 
binary 1 o-b~ programmable counlllr), and a conlrOl generator for an external dual modulus 
prescaler. 

When supplemen1lld w~h a loop filler and VCO, the M887001 A contains the necessary circu~ 
to make up PLL frequency synthesizer. Typically, a dual modulus prescaler such as the 
MB501 L can be added, allowing inputlraquency operation up to 1.1 GHz. 

• Single power supply voltage: 
Voo = 2.7V to 5.5V 

• Wide 1IImperature range: 
T. = -40 to 850C 

• 13MHz typical input capability 
@5V (lin input) 

• On-chip inverter for oscillator 

• 8 divide factors for programmable 
reference civider are selected by SI, 
S. and 50 input (118, 1116, 1/64, 

11128, 11256, 11512, 111024, 
112048) 

• Programmable 17-bit divider with 
input amplifier consisting of: 
Binary 7 -bit swallow counter 
Binary 1O-bit programmable counter 

• Two types of phase de_ output: 
On-chip charge pump output 
Output for external charge pump 

• Easy interface to Fuj~u dual 
modulus prescaler 

ABSOLUTE MAXIMUM RATINGS (see NOTE) (Vss = OV) 

Rating Symbol Valua Unit 

Power Supply Vol1age Voo V .. ~.5 to V .. +7.0 V 

Input Vollage VIN V .. ~.5 II) Voo +0.5 V 

Output Voltage Vwr VIS ~.5 to Voo +0.5 V 

Output Current lour il0 mA 

Open-clrain Output V_ V~.5 to Voo +3.0 V 

Operating Temperature T. -40 to +85 OC 

Storage Temperature TSTG ~5to+l50 OC 

Power Dissipation P. 300 mW 

NOTE: Permanent device damage may occur if the above Abeo/ula Maximum Rating. 
are exceeded. Functional operation should be restricled to the conditions as 
detailed in the operational sections of this dalB sheet. Expqsure to absolU1ll 
maximum rating concitions for extended periods may affect device reliability. 

~ht @19!1ObyFWITSU UNITED 

Voo 

Clock 

DalB 

LE 

fin 

M 

LD 

Do 

PLASTIC PACKAGE 
DIP-16P-M04 

PLASTIC PACKAGE 
FPT-16P-M06 

PIN ASSIGNMENT 

VIS 

asc,. 

asCOUT 

50 

S. 

S, 

~ 

.R 

lblo __ cIn:uoIIy 10 _ 1118 inpIIs agakIII 
'-"-dUOlOhlghOlallevollllgeoar __ • _, 
IIa_II,. ___ bO_lOavaId 
"""'_ 01 .., """""" higher than __ 

''liii0 hl~_1t. 
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MB87001A 

Flg.1- MB87001A BLOCK DIAGRAM 

VDD 0--- r------------------------, 

~I 17-bit Shift Register I 
Clock 2 I I 

I 
I 

Dala0 I 
I I 

:==[[11111===1111JJJ]]]==: 
I 17-bit Latch I 
I I 

~0 I" ".- ~ .. on... II 
I I 

AMP :==[[IIII1===III1]]]))]==: 
Programmable Divider 

Binary 7 -bit 
SWallow Counter 

Binary 10-bit 
Programmable Counter 

-@VSS 

osc,. 

OSCoUT 

Divide FaclOr of 
Programmable 

Reference Divider S. 

fp 

Control Circuit 

ll-bit 
Programmable 

Reference Divider 

fr 

8, 

LD 7 ~-------------------------------------------i 

Do 8 ~-----------I Charge Pump ~R 
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MB87001A 

PIN DESCRIPTION 

Pin No. Symbol 110 Description 

1 Voo - Power supply voltage input. 

2 Clock I Clock signal input for 17·bit shift register. 

Each rising edge 01 the clock shifts one bit of the data into the shift register. 

3 Data I Serial data input for 17-bit shift register. 
The data is used for setting the divide factor 01 programmable divider. 

4 LE I Load enable input. 
When this pin is high level (high active). the data stored in the 17-bit shift register is translerred to 
17-bit latch. 

5 fin I Input for programmable divider from VCO or prescaler output. 
This input involves bias circuit and amplifier. The connection with extemal dual modulus prescaler 
should be an AC connection. 

6 M 0 Contrel output for external dual modulus prescaler. 
The connection to the prescaler should be DC connection. This output level is synchronized with fail-
ing edge of fin input signal (pin #5). 
Pulse Swallow Function: 
MBS01L M = High: Preset modulus factor 64 or 128 

M = Low: Preset modulus factor 65 or 129 

7 LD 0 Output of phase detector. 
It is high level when fr and fp are equal. and then the loop is locked. Otherwise it outputs negative 
pulse signal. 

S Do 0 Three-state charge pump output of the phase detector. 
The mode of Do is changed by the combination of programmable reference divider output frequency 
fr and programmable divider output frequency fp as listed below: 
fr>fp: Drive mode (Do = High level) 
fr=fp: High-impedance mode 
fr<fp: Sink mode (Do = Low level) 

9 • R 0 Phase detector outputs for an external charge pump . 
10 .p 0 The mode 01 4jlR and 4jlP is changed by the combination of programmable reference divider output 

frequency fr and programmable divider output frequency fp as listed below: 
+R .p 

fr> fp: Low Low 
fr= fp: Low High-Impedance 
fr<fp: High High-Impedance • ,p is a N-channel open drain output. 
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MB87001 A 

PIN DESCRIPTION (Continued) 

PInHo. Symbol 110 DncrIpdon 

11 S. I Control input for programmable reference divider. The combination of these inputs provides 8 kinds 
12 So I of divide factor for the programmable reference divider. 
13 So I 

I~ Factor 1 1 1 1 1 1 1 1 - - ""1024 Sn 8 16 64 128 256 512 2048 

8. 0 1 0 1 0 1 0 1 

82 0 0 1 1 0 0 1 1 

8. 0 0 0 0 1 1 1 1 

14 0SC0ur 0 Output pin for crystal osc:illator. 
Output of the inverting amplifier. This pin should be open when an external oscillator is used. 

15 OSC •• I Input pin for crystal oscillator. 
Inpullo the inverting amplifier that forms part of the oscillator. This pin receives theosc:iUator signal as 
AC coupled when an external oscillator is used. 
For large ampUtude signals (standard CMOS levels) DC coupling may also be used. 

16 V .. - Ground 
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MB87001A 

FUNCTIONAL DESCRIPTION 
DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 

Serial data of binary code is input to Data pin. These data are loaded into the 17 -bit shift register from MSB. When load enable signal LE is high, 

the data stored in the 17-bit shift register is transferred to the 17-bit latch. 

The data 0to CV set a divide factor of the binary 7-bit swallow counter and data@to @ set a divide factor 01 binary 1 O-bit programmable 

counter. In other words, serial data is equivalent to the divide factor of programmable divider. 

Data 
Clock 

LE 

LSB 

Fig. 2 - BLOCK DIAGRAM OF PROGRAMMABLE DIVIDER 

Binary 10-bit Programmable Counter 

MSB 

17-BIT 
SHIFT 
REGISTER 

17-BIT 
LATCH 

. ---------, 
, 

PROGRAM.' 
MABLE ' 
DIVIDER 
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MB87001A 

Binary 7·blt Swallow Counter Data Input 

0 @ ® @ ® CD 0 Divide 
Factor A 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 

0 0 0 0 0 1 0 2 

0 0 0 0 0 1 1 3 

0 0 0 0 1 0 0 4 

1 1 1 1 1 1 1 127 

Note: Divide factor A: 0 to 127 
Depending upon the divide factor set input (SW) of external prescaJer. the input data should be as follows. 
Example MB501 L 
SW = H (64165): Bn 7 of shift register (7) should be zero. 

Binary 1Q.blt Programmable Counter Data Input 

@ @ @) G @) @ {D @ ® @ Divide 
Factor N 

0 0 0 0 0 0 0 1 0 1 5 

0 0 0 0 0 0 0 1 1 0 6 

0 0 0 0 0 0 0 1 1 1 7 

1 1 1 1 1 1 1 1 1 1 1023 

Note: Divide factor less than 5 is prohibited. 
Divide factor N: 5to 1023 

PULSE SWALLOW FUNCTION 

fvco = [(N x M) + AI x fr 

fvco : Output frequency of external voltage controlled oscillator (VeO) 

N : Preset divide factor of binary 100bit programmable counter (5 to 1023) 

M : Preset modulus factor of external dual modulus prescaler (e.g. 64 in 64/65 mode. 128 in 1281129 mode of an MB501L prescaJer) 

A : Preset divide factor of binary 7-bit swallow counter (0 to 127) 

fr : Output frequency of the programmable reference divider 
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TIMING CHART 

---~ S,=LSB 

LE 

Clock: Clock signal input for the 17-bit shift register. 

Each rising edge of the clock shifts one bit of data into the shift register. 

Data : Serial data input for the 17 -bit shift register. 

LE : Load enable input. 

When LE is high (high active), the data stored in the 17-bit shift register is transferred to the 17-bit latch. 

The 17-bit data is used for setting a divide factor of the programmable divider. 

RECOMMENDED OPERATING CONDITIONS 

Value 
Parameter Symbol 

Min Typ Max 

Power Supply Voltage Voo 2.7 5.5 

Input Voltage V,N Vss VDD 

Operating Temperature T. --40 +85 

MB87001A 

(Vss = OV) 

Unit 

V 

V 

·C 
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MB87001A 

ELECTRICAL CHARACTERISTICS 
(VDD = 3.0V, Vss = OV, TA = -40 to 85°C) 

Value 
Parameter Symbol Condition Unit 

Min Typ Max 

High-level Input Voltage V,H 2.1 
Except fin 

andOSC'N 
V 

Low-level Input Voltage Vil 0.9 

fin Vfin Amplitude in AC 0.8 
Inpul Sensitivity 

coupling. sine wave V .... 
OSC'N V""" 1.0 

High-level Input Current 
Except fin 

hH VIN = Voo 1.0 

andOSC'N 
IIA 

Low-level Input Current III Y,N = Vss -1.0 

lin Ilin VIN = Vss to Voo ±30 

Input Current IIA 
OSC,. I""" Y,N = Vss to Voo ±30 

High-level Output Voltage 
Except~P VOH 10H = 01lA 2.95 

andOSCoUT V 
Low-level Output Voltage VOl. lot. = 01lA 0.05 

Low-level Output Voltage 4>P Vot.P 10L= 0.8mA 0.8 

High-level Output Voltage VOHX 10H= O!IA 2.50 V 
OSCOUT 

Low-level Output Voltage VOUI 10L= 01lA 0.50 

High-level Output Current Except4>P IOH VOH= 2.0V -0.5 
mA 

Low-level Output Current 
andOSCouT 

10L VOL = 0.8V 0.5 

N-channel Open Drain 
4>P IOFF Vo= Voo +3.0 1.0 IIA Cut Off Current 

Power Supply Curren'" 100 2.0 mA 

Max. Operating Frequency 01 
Programmable Reference Divider 

fmaxd 13 20 MHz 

Max. Operating Frequency 01 
Imaxp 

Programmable Divider 
10 20 MHz 

Note:-l: fin = 5.0MHz. 12.8MHz Crystal is connected between OSC'N and OSCOUT. 
Inputs are connected to ground except lor lin and OSC, •. Outputs are open. 
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MB87001A 

ELECTRICAL CHARACTERISTICS (continued) 
(VDD = 5.0V, Vss = OV, TA = -40 to 85°C) 

Value 
Parameler Symbol Condilion Unll 

Min Typ Max 

High-level Input Voltage V,H 3.5 
Except fin 
andOSC,. 

V 
Low-level Input Voltage V,L 1.5 

fin Vfin Amplitude in AC 1.0 
Input Sensitivity 

coupling, sine wave 
Vp.p 

OSC,. Vose 1.5 

High-level Input Current 
Except lin I'H VIN = Voo 1.0 

andOSC,. 
IJA 

Low-level Input Current he V,. = Ves -1.0 

fin lIin VIN = Vss to VDO ±50 

Input Current IJA 
OSC,. lose V,. = Vss to VDD ±50 

High-level Output Voltage Except~P VOH IOH = OIJA 4.95 

and OSCOlIT V 
Low-level Output Voltage VOL 101.= OIJA 0.05 

Low-level Output Voltage ~P VOLP IOL= 2mA 1.0 

High-level Output Voltage VOHX I"" = OIJA 4.50 V 

OSCOUT 
Low-level Output Voltage IOLX IOL= OIJA 0.50 

High-level Output Current Except~P IOH Vo.= 4.0V -1.0 

andOSCoUT rnA 
Low-level Output Current IOL VOL=0.8V 1.0 

N-dlannel Open Drain 
~P IOFF Vo= Voo +3.0 1.0 IJA Cut Off Current 

Power Supply Current.' IDO 3.0 rnA 

Max. Operating Frequency 01 
Programmable Reference Divider 

Imaxd 15 25 MHz 

Max. Operating Frequency 01 
Imaxp 13 25 MHz 

Programmable Divider 

Nole:.l: fin = 5.0MHz, 12.8MHz Crystal is connected between OSC,. and OSCOUT. 
Inputs are connected to ground except for lin and OSC, •. Outp"s are open. 
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MB87001A 

Fig. 3-TYPICAL APPLICATION EXAMPLE 

Clock 0----_---' 
Data o---'t--+-----' 
LE~-1-~~-----~ 

LOCkj-Det. 
10kn 

XI 12.BMHz x'tal 
Vee 5V±10% 
VBX BV Max. 
C" C2 depends on crystal osilialOr 

TYPICAL CHARACTERISTICS CURVES 

OUTPUT 

Inupt Sensitivity vs. Input Frequency 
(fin Section) Power Supply CUrrent vs. Input Frequency 

2-12 

500 

200 

100 

Input 
Sensitivity 50 

Vlin(mVp.p) 

20 

10 

~ 

Voo.5V T .... 25"C 

I 
If 

J 
I 

/ -
10 20 50 100 

Input Frequency fin (MHz) 

Power 
Supply 
Current 3 
100 (mA) 

esc! . 12.8~Hz 
ff_ O.1MHz 

V 
/ -V 

r-

10 20 

Input Frequency fin (MHz) 

50 llX' 



PACKAGE DIMENSIONS 

16-LEAD PLASTIC DUAL IN·LlNE PACKAGE 
(CASE No.: DIP·16P·M04) 

r----770+·008119.55+0.20)i 

I r -012 -0.30 -'l r'll 

rr 
.30017.62) 

TYP 

MB87001A 

\ 

___ -:-=~ q 15' MAX 

I 

1 __ ~ 

.05011.27) 
MAX 

" 1988 FUJITSU LIMITED D16003S-2C 

_ .. ~_~ .17214.36) MAX 

.11813.00) MIN 

.018±.003 
r----t-----:::Ty'::;p:---'- -H-10'::".4':":S,",,±"=0:":.0"'8) .02010.51) MIN 

Dimensions in 
inches (millimeters) 
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MB87001A 

PACKAGE DIMENSIONS (Continued) 

2-14 

16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 

.... 400+ 01011015"025b : -008 -020 

! 
I _ 

f 307± 016 
1780±040) 

.209±.012 
IS.30±0.30) 

i!;;=;F=;:r=;;=;;=~-- I 1 
\") ----

.050(1.27) ~~$I •. 00SI0.'3) .. I TYP 

01990 FUJITSU LIMIlEO F180159-2C 

"A·· 

II II II II 11:11' 

4= .00410.'~;) 
.... 3S018.89) REF -

, 
00810.20) : 

.00710.18) 
MAX I 

: .027 (0.68) : 
~ _______ ~A_X _____ I 

rD-;tajj;~f-·7B-;·-p~;t-l 

: ¥.006IO.,S): 

! ~ : , , 
: .008 (0.20) : 

r .007(0.18) r 

I MAX I 

l .027 (0.68) : 
1 MAX: L _____________ -' 

Olmenslons In 
inchao(mllfmltersl 
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DATA SHEET 

00 
FUJITSU 

MB87006A 
CMOSPLLFREQUENCYSYNTHES~ER 

CMOS SERIAL INPUT PHASE·LOCKED·LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87006A, fabricated in CMOS technology, is a serial input phase locked loop 
(PLL) frequency synthesizer. 

The MB87006A contains an inverter for oscillator, programmable reference divider (binary 
14-bit programmable reference counter), 14-bit shift register, t4-bit latch, phase detector, 
charge pump, t7-bit shift register, 17-bit latch. programmable divider (binary 7-bit swallow 
counter, binary 100bit programmable counter) and control generator for dual modulus 
prescaler. 

When supplemented with a loop filter and VCO, the MB8700SA contains the necessary 
circuit to make up a PLL frequency synthesizer. Typically, a dual modulus prescaler such as 
the MB501 L can be added, allowing input frequency operation up to 1.1 GHz . 

• Wide range power supply voltage: • On-chip inwrtar lor oscillator 
Vee = 3.0 to 6.0 V • Divide factor of programmable divider 

• Wide temperature range: and programmable reference divider 
TA =-40 to 85 °c are set by serial data input (The last 

• 17 MHz typical input capability 
data bit is control bit.) 

at 5 V (fin input) • Two types of phase detector output: 
-On-cllip charge pump output • Programmable divider with input -Output for external charge pump 

amplifier consisting of: 
-Binary 7-bit swallow counter • Easy interface with Fujitsu prescalers 
-Binary 1 O-bit programmable counter • 16-pin standard dual-in-line package 

• Programmable reference divider with (Suffix:-P) 
input amplifier consisting of binary 16-pin standard flat package 
14-bit programmable reference counter (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Copyright ©1990 by FUJITSU LIMITED 
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PLASTIC PACKAGE 
DIP-16P-M04 

• PLASTIC PACKAGE 
FPT-16P-M06 

PIN ASSIGNMENT 

This device <Xlnlalns cllCUftry 10 protect Ihe IIi!lID agaiIl' 
damage due to high static voltages or electric fields. However, 
I Is odvIlOd tI1at normal precautions be takan 10 .­
application of 8ff1 voltage higher than maxi"",m rated 
vo1tages to this high Impedance circuit. 
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MB87006A 

Fig. 1 - MB87006A BLOCK DIAGRAM 
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MB87006A 

PIN DESCRIPTION 

OSC,. Input pin for crystal oscillator. 
Input to the inverting amplifier that forms part of the oscillator. 
This pin receives the oscillator signal as AC coupled when an external oscillator is used. For large 
amplitude signals (standard CMOS levels) DC coupling may also be used. 

2 esCoUT 0 Output pin for crystal oscillator. 
Output of the inverting amplifier. This pin should be open when an external oscillator is used. 

3 fv 0 Monitor output of the phase detector. 
This pin is tied to the programmable divider output. 

4 VDD Power supply voltage input. 

5 Do 0 Three-state charge pump output of phase detector. 
The mode of Do is changed by the combination of programmable reference divider output frequency 
fr, and programmable divider output frequency fv as listed below: 
fr > fv: Drive mode (Do = High level) 
fr= fv: High impedance 
fr<lv: Sink mode (Do = Low level) 

6 Vss Ground. 

7 LD 0 Output of phase detector. 
It is high level when fr and fv are equal, and when the loop is locked. 
Otherwise it outputs negative pulse signal. 

8 fin Clock input for programmable divider. 
This input contains internal bias circuit and amplifier. The connection with an external dual-modulus 
prescaler should be an AC connection. 

9 Clock Clock signal input for 17-bit shift register and 14-bit shift register. 
Each rising edge of the clock shifts one bit of the data into the shift registers. 

10 Data Serial data input for programmable divider and programmable reference divider. 
The last bit of the data is the control bit. Control bit determines which latch is activated. The data 
stored in the shift register is transferred to the 14-bitlatch when the bit is high, and to 17-bit latch when 
low. 

11 LE Load enable input with internal pull up resistor. 
When this pin is high (active high), the data stored in shiftregisteris transferred to 14-bitlatch or 17-bit 
latch depending on the control bit data. 

12 M 0 Control output for an external dual modulus prescaler. 
The connection to the prescaler should be DC connection. This output level is synchronized with fal~ 
ing edge of fin input signal (pin #8). 
Pulse swallow function: 
e.g. MB501L: M = High: Preset modulus factor 64 or 128 

M = Low Preset modulus factor 65 to 129 
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MB87006A 

PIN DESCRIPTION (Continued) 
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14 
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Monitors output of phase detector input 
This pin is tied to the programmable reference divider output. 

Monitor output pin of the reference frequency. 
This output can be used as system clock for microprocessor, or reference oscillator for another PLL 
frequency synthesizer. 

Output for external charge pump. 
The mode of q,R and • V is changed by the combination of programmable reference divider output 
frequency fr and programmable divider output frequency fv as listed below. 

fr>fv: 
Ir= Iv: 
!rdv: 

q,R q,V 
Low-level High-level 
High-level High-level 
High-level Low-level 

FUNCTIONAL DESCRIPTION 
SERIAL DATA INPUT TIMING 

Data ~~~~ Control bit 

.(514) (52) (51) (Control bit) 

Clock -----' 

LE 

t. 

----~ 

.II. li[-
b " 

Is 
• Data lor programmable relerence divider. 

Noles: Data: Serial data input is used for selling divide factor of programmable reference divider and programmable divider. 
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Data is input from MSB, and last bit data is a control bit. 
Control bit is set high when divide factor 01 programmable reference divider is set. Control bit is set low level when divide factor of 
programmable divider is set. 

Clock: Data is input to internal shift registers by rising edge of the clock. 

LE: Load enable input: 
When LE is high, the data stored in shift register is transferred to 14-bitlatch, or 17-bitlatch depending on the control bit setting. 



MB87006A 

PULSE SWALLOW FUNCTION 
Ivco = [(N x M) + AI X fo9C+ R(N >A) 

Ivco : Output frequency of extemal voltage controlled oscillator (VCO) 
N Preset divide factor of binary 1 O-bit programmable counter (5 to 1023) 
M Preset modulus factor of extemal dual modulus prescaler 

(e.g. 64 in 64165 mode, 128 in 128/129 mode of an MB501L prescaler) 
A Preset divide factor of binary 7-bit programmable counter (0 to 127, A < N) 
fose : Output frequency of external oscillator 

R : Preset divide lactor 01 binary 14-bit programmable reference counter (5 to 16383) 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 
Serial deta consists 01 14-bit data, which is used lor setting divide !actor 01 programmable reference counter, and I-bit control data. In this case, 
control bit is set high level. 

The data lormat is shown below. 

Data 

Clock 

Control 
Register LSB 

Binary 14-bit Reference Counter 

BINARY 14·BIT REFERENCE COUNTER DATA INPUT 

@ @ @ @ @ ® ® 0 @ ® @ ® 
0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 1 

1 1 1 1 1 1 1 1 1 1 1 1 

Note: Divide factor less than 5 is prohibited. 
Divide lactor : 5 to 16383 

® CD 
0 1 

1 0 

1 1 

1 1 

MSB 

Divide 
Factor 

5 

6 

7 

16383 

14-bit 
Shift Register 

14-bit Latch 

Programmable I 

Reference 
Divider 
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MB87006A 

DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 
Serial data consists of t7-b~ data, which is used for selling divide factor of programmable divider, and I-bit control data. In this case, control bilis 

set low level. Ths data(DtoQ) set a divide factor of 7-bit swallow counter and data@to@setdividefactorof 100bit programmable counter. 

The data format is shown below. 

Data 

Clock 

LSB MSB 

I 

Programmable : 

BINARY 7-BIT SWALLOW COUNTER DATA INPUT 

(2) @ ® @ ® ® (D 
Divide 
Factor 

A 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 1 

0 0 0 0 0 1 0 2 

0 0 0 0 0 1 1 3 

0 0 0 0 1 0 0 4 

1 1 1 1 1 1 1 127 

Note: Divide factor A: 0 to 127 
Depending upon the divide factor set input (SW) of external prescaler, Ihs input data should be as follows. 
e.g. MB501 L (+65165)prescaler 
SW = H (64165): Bit 7to shift r9gister(2) should be zero. 

BINARY 1D-BIT PROGRAMMABLE COUNTER DATA INPUT 

@ @ @ @ @ @ @ @) ® @ 
Divide 
Factor 

N 

0 0 0 0 0 0 0 1 0 1 5 
0 0 0 0 0 0 0 1 1 0 6 

0 0 0 0 0 0 0 1 1 1 7 

1 1 1 1 1 1 1 1 1 1 1023 

Note: Divide factor less thsn 5 is prohibited. 
Divide factor N : 5 to 1023 
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MB87006A 

PHASE DETECTOR OUTPUT WAVEFORM 

Iv 

DOY n 
U ¢:I High Impedance 

.RU U 

.V I U 
LOU U U 

RECOMMENDED OPERATING CONDITIONS 

Power Supply Voltage VDD 3.0 6.0 V 

Input Voltage V,. V .. Voo V 

Operating Temperature T. -40 +85 ·c 
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MB87006A 

ELECTRICAL CHARACTERISTICS 
(VDD = 3.0V, Vss = OV, TA = -40 to 85·C) 

~. 
High-level Input Voltage V'H VooXO.7 

Except fin 

andOSC'N 
V 

Low-level Input Voltage V'L VooXO.3 

fin Vfpp 
Amplitude in AC 0.5 

Input Sensitivity coupling, sine wave Vp.p 

OSC'N Vsin 0.5 

High-level Input Current 
Except fin "H V'N = Voo 1.0 

andOSC,. IIA 
Low-level Input Current I.L V'N = V .. -1.0 

fin lfin V,. = V .. to Voo ±30 IIA 

Input Current OSCIN lose V'N = Vss to Voo ±30 IIA 

LE ILE V'N =V.s -40 IIA 

High-level Output Voltage Except VOH 10H= 01lA 2.95 

OSCOUT V 
Low-level Output Voltage VOL 10L= 01lA 0.05 

High-level Output Current 10H VOH= 2.SV -0.5 
Except M 

mA andOSCoUT 
Low-level Output Current 10L VOL=0.4V 0.5 

High-level Output Current IOHM VOH = 2.SV -0.7 

M mA 

Low-level Output Current 10'" VOL = 0.4V 1.5 

Power Supply Current .' 100 2.5 mA 

Maximum Operating Frequency of 
fmaxd 10 20 MHz Programmable Reference Divider 

Maximum Operating Frequency of 
fmaxp 10 20 MHz Programmable Divider 

Notes: '1: fin = 8.0MHz 11.5MHz Crystal is connected between OSC IN and OSCOUT. 
Inputs are grounded except for fin and OSC, •. Output are open. 
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MB87006A 

ELECTRICAL CHARACTERISTICS (continued) 
(VDD = 5.0V, Vss = OV TA = -40 to 

High-level Input Voltage V,. VooXO.7 ~ Except lin 
andOSC,. V 

Low-level Input Voltage V,L VooxO.3 

lin Vfpp 
Amplitude in AC 0.5 

Input Sensitivity 
coupling, sine wave 

Vp-p 

OSC'N Vsin 0.5 

High-level Input Current 
Except fin 

Ii. V,N = Voo 1.0 

andOSC'N 
~ 

Low-level Input Current IlL V'N = Vss -1.0 

fin Ifin V'N = Vss to Voo ±SO ~ 

Input Current OSCI' lose V,N = Vss to Voo ±50 ~ 

LE l<.e V,. = Vss -00 ~ 

High-level Output Voltage Except Va. lo.=~ 4.95 

OSCOUT V 
Low-level Output Voltage VOL 10L=0~ 0.05 

High-level Output Current 10. Vo.= 4.6V -1.0 
Except M 

mA andOSCoUT 
Low-ievel Output Current 10L VOL = 0.4V 1.0 

High-level Output Current (OHM VOH= 4.6V -1.5 
M mA 

Low-level Output Current 10 .... VOL = O.4V 3.0 

Power Supply Current.' 100 3.5 mA 

Maximum Operating Frequency 01 
fmaxd 10 25 MHz Programmable Reference Divider 

Maximum Operating Frequency 01 
Imaxp 17 25 MHz Programmable Divider 

Nole: '1. fin = 8.0MHz, 11.5MHz Crystal is connected between OSC,.and OSCOUT. 
Inputs are ground except for fin and OSC, •. Outputs are open. 
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MB87006A 

TYPICAL CHARACTERISTICS CURVE 
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Input Sensitivity VS. Input Frequency (fin Section) 

500 

200 

100 

Input Sensitivity 
Vlin (mVp_p) 

50 

20 

10 

5 

2 
1 

Voo = 5V, T. = 25°C 

"- I , 
./ 

2 5 10 20 50 100 

Input Frequency fin (MHz) 



MB87006A 

PACKAGE DIMENSIONS 

16-LEAD PLASTIC DUAL IN·L1NE PACKAGE 
(CASE No.: DIP·16P·M04) 

r--770+ .ooB119 55 +0.20)1 I r- . -.012 . -0.30 -'l r'll 

,:o~,l::::: :J~:g::1 
\ 

.---_,.;;;;-;:;;-i§---~-=;;~ _==t 15" MAX 

I 

.30017.62) 
TYP 

I 

.. 11·039~g12 I 1·060~g12 
(0.99~g·30) 11.52~g30) 

.050I1.27)-/-
MAX ' 

::-=iJ. .17214.36) MAX 

.11 BI3.oo) MIN 

.01B±.003 
I---+-~TY::::P:-'--'- -H-,10=-.47.6,",±'-'0'-;.0"'B) .02010.51) MIN 

" 1988 FUJITSU LIMITED Dl6033S-2C 
Dimensions in 
inches (mUNmetefs) 
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MB87006A 

PACKAGE DIMENSIONS (Continued) 
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TYP 

16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 

,~~,~" .. ,glb 
1·307±.0,6 
(7.60 ± 0.40) 

.209±.012 
(5.30±0.30) 

C/;F;;=;;r=rr=;;=n=fn: .. ,:ffi!',: ___ !_.-1 
JL~$I~.005(0.13) M I 

(0.45 ± 0.1 0) 

"A" 

II II ,II" 

Lr.r:=:::-r'.0;;;04=(0".1"~";'· 

.089(2.25) MAX 
(SEATED HEIGHT) 

, , , 
.008(0.20)1 

.007(0.18) 
MAX , 

.350(8.89) REF - , .027(0.68): 
~ _______ M!_X _____ I 

019110 FWITSU LIMITED Fl6015S-2C 
Dinwnsions in 
Inches (millmeters} 
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DATA SHEET 

MB87014A 
CMOS PLL Frequency SynthesizerlPrescaler 
The Fuj~su MB87014A, fabricated in advanced CMOS technology, is a serial input 
phase locked loop (Pll) frequency synthesizer with an on-chip 180 MHz dual 
modulus prescaler. 

The MB87014A contains dual modulus prescaler, inverter for oscillator, program­
mable reference divider, control circu~, phase detectors, charge pump, program­
mable divider (binary 6-bit swallow counter and binary 1 O-b~ programmable 
counter). 

The MB87014A contains the necessary circu~ to make up a PLL frequency 
synthesizer that operates at a speed up to 180 MHz. 

• Single power supply voltage: Voo - 4.5 V to 5.5 V 

• Wide temperature range: TA - -30 to 60 °C 

• 180 MHz input capabil~ at 5 V (fin input) 

• On-chip inverter for oscillator 

• Programmable divider with input amplHier consisting of: 
Binary 6-bit swallow counter 
Binary 10-bit programmable counter 

• Programmable reference divider with input amplHier consisting of binary 16-bit 
programmable reference counter 

• Divide factor of programmable divider and programmable reference divider are 
set by serial data input. (The last data bit IS a control b~.) 

• Three types of phase detector outputs: 
- On-chlp charge pump output for active LPF 
- On-chip charge pump output for passive LPF 
- Output for external charge pump 

• 16-pin standard dual-in-line package (Suffix: -P) 
16-pin standard flat package (Suffix: -PF) 

• Pulse swallow function 
fveo z [(N x M) + Al x (Fosc + R) (N > A) 

fvco :Output frequency of external voltage controlled oscillator (VCO) 
N :Presetdividefactorofbinary 1 O-bit programmable counter (5to 1023) 
M :Preset modulus factor of internal dual modulus prescaler (64165) 
A :Preset divide factor of binary 6-bit swallow counter (0 to 63) 
!9sc :Output frequency of the external oscillator 
R Preset divide factor of binary 16-bit programmable reference counter 

(5 to 65535) 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Ratings Unit 

Power Supply Voltage Voo Vss -Cl.3 to Vss +7.0 V 

Input Voltage V,N V ss -Cl.3 to V DO +0.5 

Output Voltage VOUT Vss -Cl.3 to Voo +0.3 V 

Output Current lOUT ±10 mA 

Operating Ambient 
Temperature TA -30 to +80 °C 

Storage Temperature Tsro -40 to +125 °C 

Power Dissipation Po 300 mW 

Note: Permanent device damage may occur il absolute maximum ratings are ex­
ceeded. Functional operation should be resbicted to the conditions as de­
tailed in the operation sections of this data sheet Exposure to absolute maxi­
mum rating conditions for extended periods may affect device reliability. 

© 1991 by FUJITSU LIMITED and Fujl1su MicIOeJectronlcs. Inc. 

OSCIN 

OSCOUT 

Iv 

Voo 

DOP 

Vss 

LD 

fiN 

Plastic Package 
DIP-16P-M04 

Plastic Package 
FPT-16P-M02 

Pin Assignment 

cjIR 

cjIV 

NC 

fr 

DoA 

lE 

Data 

Clock 

this device contains clrcuftry to protect the inputs againa:t 

:::r~':;n~::"'~~==n"for:!id=o~ 
01 arty voltage higher lhan maximum rated W>IIagos to this high 
~09clrcult. 
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CRYSTAL 
I OSCR.LATOR 

MB87014A BLOCK DIAGRAM 

I 
I PROGRAMMABLE REFERENCE DIVIDER I 

BINARY HI·BIT 
PROGRAMMABLE REFERENCE 

COUNTER (R) 

BINARY6-BIT 
(Al 

SWALLOW 
COUNTER 

BINARY la-BIT 
(N) 

PROGRAMMABLE • 
COUNTER 



MB87014A 

PIN DESCRIPTION 

OSCIH Input pin for crystal oscillator. 
Inpullo the inverting amplifier that forms part 01 the oscillator. This pin receives the oscillator signal as 
AC coupled when an extemal oscillator is used, but lor large amplitude signals (standard CMOS lev-

also be used. 

2 OSCour 0 Output pin for crystal oscillator. 
Output 01 the inverting amplilier. This pin should be left open when an extemal oscillator is used. 

3 Iv 0 Monitor pin for the phase detector input. 
This pin is tied to the programmable divider output. 

5 DO<' 0 Output pin for low pass filter (Passive type). 
The mode 01 Dop is changed by the combination 01 programmable reference divider output frequency 
t.. and programmable divider output lrequency Iv as listed below: 
I, > Iv: Drive mode (Dop = High level) 
1,= Iv: High-impedance 
I. < Iv: Sink mode (Dop = Low level) 

6 V .. Ground. 

7 LD 0 01 phase detector. 
level when I, and Iv are coherent, and when the loop is locked. Olherwise it outputs negative 

B I~ Frequency input to an intemal prescaler from VCO. 
The connection with VCO should be AC connection. 

9 Clock Clock signal input lor shift registers. 
Each rising edge 01 the clock makes one bit 01 the data shift into the shift registers. 

10 Data Serial data input for shift regisl8rs. 
The last bit of the da18 is the control bit. The control dala dal8rmines which laldlls actival8d. 

11 LE Load enable input. 
When this pin is high, the da18 lrom shift register is latched into programmable relerence divider or 
programmable divider depending upon a control bit setting. 

12 Do. 0 Output pin lor low pass filter (Active type). 
The mode 01 0"" is changed by the combination 01 programmable reference divider output frequency 
I" and programmable divider output lrequency Iv as lisl8d below: 
f,>fv: Sink mode (Do. = Low level) 
1,= Iv: High-impedance 
I,dv: Drive mode (000 = High level) 

13 I, 0 Monitor pin lor the phase detector input. 
This pin is tied to the programmable reference divider output. 

14 NC No connection. 

15 0 Output pins lor low pass filter (differential litter type). 
16 .R 0 Outputs for external charge pump are changed by the combination 01 programmable reference di-

vider output lrequency I" and programmable divider output frequency Iv as listed below . 
.V • R 

I, > Iv: High level Low level 
1,= Iv: High level High level 
I, <Iv: Low level High level 
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MB87014A 

FUNCTIONAL DESCRIPTIONS 
DIVIDE FACTOR OF DIVIDER 

Binary code serial data is input to data pin. On rising edge of clock, one bit of data shifts into the shift register. Input data consists of 
16-bit data and I-bit control data. The control data determines which latch is activated, When control is high, 16-bit latch is selected; 
when low, 6-bit latch and 10-bitlatch are selected. 

Last Data Input First Data Input 

Control Bit LSB 

Divide factor of divider setting bits -----------.j 

The serial data is input to 16-bit shift registers and I-bit control register. When load enable is high, the data from the shift register is latched into the 

programmable reference divider (binary 16-bit programmable reference counter) or programmable divider (binary 6-bit swallow counter and 

binary 100bit programmable counter) depending upon a control bit setting. 

LE 

2-30 

LSB MSB 

,.. .... _...,~_-..... -..,.-_-"'P'-_-.,..-_...,_...,~_-..... -_..I. ... 16bit 

Shift 

.... .,.. ..... .,.. ..... """' ..... """' ..... ,... ..... ,... ..... ,... ..... ,... ..... ,... ..... ,... ..... ,... ..... ,... ..... ,..."-,..."-,..."-,..., Register 

Binary 16-bit Programmable Reference Counter (C = "W) 
or 

Binary 6-bit Swallow Counter or Binary 100bit Programmable Counter (C = "L 1 

16 bit 
Latch 



MB87014A 

FUNCTIONAL DESCRIPTIONS (Continued) 
BINARY 6·BIT SWALLOW COUNTER 
DATA INPUT BINARY 10·BIT PROGRAMMABLE COUNTER DATA INPUT 

Divide CD ® ® 0 ® @ Factor 
Divide ® ® ® @ @ @ @ @ @ Factor 

0 0 0 0 0 0 0 5 1 0 1 0 0 0 0 0 0 

1 1 0 0 0 0 0 6 0 1 1 0 0 0 0 0 0 

2 0 1 0 0 0 0 7 1 1 1 0 0 0 0 0 0 

63 1 1 1 1 1 1 1023 1 1 1 1 1 1 1 1 1 .. 
• D,v,de factor A: 0 to 63 .. • D,v,de factor N: 5 to 1023 

• Divide factor less than 5 is prohibited. 

BINARY 16·BIT PROGRAMMABLE COUNTER DATA INPUT 

Divide CD ® ® 0 ® ® 0 ® @ @ @ @ @ @ @ @ Factor 

5 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 0 1 1 0 0 0 0 0 0 0 0 0 0 0 1 0 

7 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

65535 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

• Divide factor R: 5 to 65535 
• Divide factor less than 5 is prohibited. 

STAND·BY MODE 
When zero data of 16-bit serial data is input, the MB87014 goes to stand-by mode. During stand-by mode, an internal circuit stops 
operation and f'n and asC'n are forced 10 high level. Thus, a low supply current is achieved. Stand-by down mode is released when 
data other than low is input. 
SERIAL DATA INPUT TIMING 

Data @ ~::: @ ),<0 :::~_c ___ _ 
Clock -----ILLfL ----fl-l.tL ---JL..JL...1L-I I I I 

I I I I II rL 
:: • I ' I 

LE i 1--- ' ----
...... :~ l3~" 
It,: ,12: :~: 

ts-------
I I 

Notes: Data: Serial data input is used for setting divide factor of programmable reference divider or programmable divider 
Data is input from MSB and last bit data is control bit. 

@ 
0 

0 

0 

1 

Control bit is high level when divide factor of programmable reference divider is set. Control bit is set low level when divide factor 
of programmable divider is set. 

Clock: Clock input for 16-bit shift registers and control register. Data is input into internal shift registers by rising edge of the clock. 

LE: Load enable input: 
When LE is high, the data from shift register is latched into programmable reference divider or programmable divider depending 
upon the control bit setting. 
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MBB7014A 

PHASE DETECTOR OUTPUT WAVEFORM 

~ - -
Iv i.--, 

, 

D00---1 Ln , 
, W ¢:I HIGH IMPEDANCE , , 
, , , , , 

, , , , , 
, , , , , 
, , , n , 

r----u DCA ---; ¢:I HIGH IMPEDANCE 

, : .. , , , , , 
,R 

l ru 
'V u , 

LD 

nJ 
, 

l U 
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MB87014A 

RECOMMENDED OPERATING CONDITIONS 

Power Supply Voltage Voo 4.5 5.0 5.5 v 

Input Voltage V,. Vss Voo V 

Operating Temperature T. -30 +60 

ELECTRICAL CHARACTERISTICS (Vss = OV, VDD = 5V, T. = --30 to 60'C) 

V 

1.0 
Input Sensitivity Amplitude in AC coupling, Vp.p 

Sine wave 

High-level Input Current VIH = Voo 1.0 

Low-level Input Current III VIL = Vss 

lfin V,. = Vss to Voo 
Input Current 

High-level Output Voltage 4.95 
Except V 
OSCOUT 

0.05 

High-level Output Current -1.0 
Except mA OSCOUT 

Power Dissipation.' loop 8.0 mA 

Stand-by Current-' loos 100 JlA 

Maximum Operating-' REF Section fma.d 40 60 MHz 

Frequency 
PO Section fmaxp 180 250 MHz 

Notes: -1: I. = 180MHz, 22MHz cystal is connected between OSC,. and OSCOUT pins. 
Inputs are grounded except I" and OSC, •. Outputs are open. 

-2 All serial data is set to zero. Input are grounded except f. and OSC, •. Output are open. 

-3 REF Section :Maximum operating frequency of programmable reference divider. 
PO Section :Maximum operating frequency of programmable divider. 
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MB87014A 

TYPICAL CHARACTERISTICS CURVES 
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Input Sensitivity vs. Input Frequency (fin Section) 
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PACKAGE DIMENSIONS 

16-LEAD PLASTIC DUAL IN·LlNE PACKAGE 
(CASE No.: DIP·16P·M04) 

.050(1.27) 

MAX 

@19BB FUJITSU LIMITED D16033S-2C 

-,---no;;F--;;;;-"'---="-=",,, -4, 5' MAX 

I 

.300(7.62) 
TYP 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 
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Hi-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 

~~.~,,,.,gli6 

1307± 016 
INDEX 1(7.8~±0 40) 

_/ .209±.012 a ··B·· (5.30±0.30) 

1Im==iFiir==;;=;;=~ ~ 

089(2 25) MAX 
(SEATED HEIGHT) 

.002(0.05) MIN 
L (STAND OFF) 

J l 
.268 ~ :86~ (680 ~8:~g) 

I 

j .020±.008 -====t (0.50±0.20) 

.050(1.27) 11·018±.0041$1 </>.005(0.13) if!li I 
(0.45±0.10) 

-l.006~:gg~(0.15~g:g~) 
TYP 

··A·· 

""" .004(0.10) 

.350(8.89) REF 

@1990 FUJITSU LIMITED Fl6015S-2C 

·-------------1 
i Details of "A" part I 

I 
.016(0.40) I 

, 
I 
I 

.008(0.20) I 
.007(0.18) 

MAX I 

: .027 (0.68) : 
~ __ _____ M!-_X _____ I 

:o-;taii; ~f-·7B-;· -p-a;t-l 

1~;r15)i 
: Ef-·008(0.20): 

i .007(0.18) ~ 
I ' 
I MAX I 

l .027 (0.68) : 

: MAX: L ___ ..- _________ _ 

Dimensions in 
inches (millimeters) 
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DATA SHEET 
FUJITSU 

CMOS PLL FREQUENCY SYNTHESIZER 
CMOS SERIAL INPUT PHASE-LOCKED-LOOP (PLL) 

FREQUENCY SYNTHESIZER WITH POWER DOWN MODE 
The Fujitsu MBB7076, fabricated in CMOS technology, is a serial input PLL frequency 
synthesizer that features a power down mode. 

The MBB7076 contains an inverter for Oscillator, 14-bit Shift Register, 1 a-bit Shift Register, 
1-bi! Control Register, 14-bit Latch, 1B-bit Latch, Programmable Divider (Binary 11-bit 
Programmable Counter and Binary 7-bit Swallow Counter), Programmable Reference Divider 
(Binary 14-bit Programmable Reference Counter), Phase Detector, Charge Pump, Control 
Generator for Two Modulus Prescaler, and Power Down Circuit. 

The MB87076 selects either operation mode or power down mode, depending on PS input 
signal level. When device begins operation, phase f, and fv are synchronized. 

• Single Power Supply Voltage: Voo = 2.7 to 5.5V 

• Wide Temperature Range: TA = -40 to 85"C 
• Low Power Supply Current: 3mA typ, (1ooJJA in power down mode) 

• On-chip Inverter for Oscillator 
• Programmable Reference Divider with Input Amplifier 

Programmable Divider with Input Amplifier 

• 2 Types of Phase Detector Output 
On-chip Charge Pump Output 
Output for External Charge Pump 

• On-chip Power Down Circuit 
• 16-pin Standard Dual-in-line Package (Suffix: -P) 

16-pin Standard Flat Package (Suffix: -PF) 

• Pulse Swallow Function 

fveo = [(N x M) +AI x fose + R 
fveo VCO (Voltage Controlled Oscillator) Output Frequency 
N Preset Divide Factor of Binary 11-bit Programmable Counter 

(16 to 2047) 
M Preset Modulus Factor of External Two Modulus Prescaler 

(64 in 64165 mode, 128 in 1281129 mode) 
A Preset Divide Factor of Binary 7-bit Swallow Counter (0 to 127) 
lose Output Frequency of an External Oscillator 
R Preset Divide Factor of Binary 14-bit Programmable Reference Counter 

(8 to 16383) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Value Unit 

Power Supply Voltage Voo Vss -0.5 to Vss +7.0 V 

Input Voltage V ,N Vss --{l.5 to Voo +0.5 V 

Output Voltage VOUT Vss --{l.5 to Voo +0.5 V 

Output Current lOUT +10 rnA 

Open Drain Output VoP Vss --{l.5 to Voo +3.0 V 

Operating Temperature T. -40 to +85 "C 

Storage Temperature TSTG -40 to +125 "C 

Power Dissipation Po 300 mW 

NOTE: Penmanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Copyright ©1990 by FUJITSU LIMITED 

PLASTIC PACKAGE 
DIP-16P-M04 

PLASTIC PACKAGE 
FPT-16P-M02 

PIN ASSIGNMENT 

OSC1N 

OSCour 

LC 

Voo 

Do 

vss 

LD 

r,n 

~R 

~v 

PS 

M 

LE 

Data 

Clock 

This device contains circuitry to protect the inputs against 
damage due to high static voltages Of electric fields. However. 
II is advised that normal precautions be taken to avoid 
application of any voltage higher than maxirrum rated 
vohages to this high impedance circuit. 
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Fig. 1 - MB87076 BLOCK DIAGRAM 

1.----------:--, 

rr==========t~~1~~B~IT~S~H~IF~T~~1 LE REGISTER I 
}------1 ~----I-h :J 

POWER 
DOWN 

CIRCUIT 

r-------, 
I CONTROL REGISTER I 

I 

PROGRAMMABLE 
REFERENCE DIVIDER 

BINARY 14-BIT 
PROGRAMMABLE REFERENCE 

COUNTER 

I L.....:=,.,...J '-Tr==_..J 

I 
I 
I 
I I L______ _ _______ ~ 

fr 
r------{13 

LC 

~-----{3 

M 

~------------~12 
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PIN DESCRIPTION 

Pin No. Symbol 110 Description 

1 OSC,. I Pin tor Crystal Oscillator; Input to the in-'ing amplifier that forms part of the oscillator. This pin 
receives the oscillator signal as AC coupling when an external oscillator is used. For large am· 
plitude signals (standard CMOS levels) DC coupling may also be used. 

2 OSCOUT 0 Pin tor Crystal Oscillator; Output of the inverting amplifier. 
This pin should be connected to ground when an external oscillator is used. 

3 LC 0 Output pin for Loop Control Signal; It is at high level. when operation mode is selected. It is at 
low level. when power down mode is selected. 

4 Veo - Power Supply Voltage 

5 Do 0 Three·state Charge Pump Output; The mode of Do is changed by the combination of Program-
mable Reference Divider output frequency f, and Programmable Divider output frequency fp as 
listed below: 
ff > fp: Do = H level 
ff= fp: Do = High-impedence level 

ff < fp: Do = L level 

6 Vss - Ground 

7 LD 0 Output of Phase Comparator; It is at Low level when f, and fp are coherent. and then the loop is 
locked. Otherwise it outputs high level. 

S fin I Input for Binary 7-bit Swallow Counter and Binary II-bit Programmable Counter from VCO; 
This input involves bias circuit and amplifier. The connection with Dual Modulus Prescaler 
should be AC connection. 

9 Clock I Clock signal input for IS-bit Shift Register and 14-bit Shift Register; Each rising edge of the 
clock shifts one bit of the data into the shift registers. 

10 Data I Serial data input tor Shift Registers. 
This data is the divide ratio of the divider. which is provided from the corresponded shift regis-
ter. The last bit of the data is the control bit which specified destination of shift register. The 
data is transferred to 14-bit Shift Register when the bit is at high leVel. and to IS-bit Shift Regis-
ter when at low level. 
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PIN DESCRIPTION (Continued) 

PinHo. Symbol I/O Description 

11 LE I Load Enable Input; When this pin is at high level, the data latched from the Shift Register i. 
transferred to Programmable Relerence Divider or Programmable Divider depending on the 
control bit data. 

12 M 0 Control output lor external Dual Modulus Prescaler. 
The connection should be DC connection. 

Pulse SWallow Function: 

(Example) 
MB501 : M = High: Preset Modules Factor 64 or 128 

M=Low: Preset Modules Factor 65 or 129 

13 I, 0 Monitors output 01 the phase comparator input; as well as monitoring the output 01 the refer-
ence divider. 

14 PS I Power down control input; Whan this pin is at High level, operation mode is selected. When this 
pin is at Low level, power down mode is selected. 

15 'N 0 Output for external charge pump. 
16 +R 0 

+R +V 
1,>1.: Low Low 
fr=fp: Low High-impedance 

I,d.: High High-impedance 
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FUNCTIONAL DESCRIPTION 
SERIAL DATA INPUT FOR PROGRAMMABLE DIVIDER 

Binary serial data is input to Data pin. Each rising edge of clock shifts one bit of the data into the shift registers and control register. Input data 

consists of HI .. bit data and l .. bit of control bit data. In this case, control bit is set at low level. 5, to 5, is used for setting the divide ratio of 7 .. bit 

swallow counter and 5, to 5" is used for setting the divide ratio of 11 bit programmable counter. 

The data format is shown below. 

Control bit 

7-bit swallow counter ---........... ------ " .. bit programmable counter 

7-bit Swallow Counter Data Input 

Divide 5, 5. 5. 5. 53 s.. 5, factor A 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 

. . . . . . . 
127 1 1 1 1 1 1 1 

Nole: Divide factor: 0 to 127 

11-bit Programmable Divider Data Input 

Divide 
5" 5" St. 5,. 5" 5" 5'2 5" 5,. 5. 5, factorN 

5 0 0 0 0 0 0 0 0 1 0 1 

6 0 0 0 0 0 0 0 0 1 1 0 

. . . . . . 
2047 1 1 1 1 1 1 1 1 1 1 1 

Nole: Divide factor less than 5 is prohibited. 

Divide factor: 5 to 2047 

2-41 



MB87076 

FUNCTIONAL DESCRIPTION (Continued) 
SERIAL DATA INPUT FOR PROGRAMMABLE REFERENCE DIVIDER 

Binary serial data is input to Data pin. Each rising edge of clock shifts one bit of the data into !he shift registers and control register. Input data 
consists of 14-bit data and I-bit of control bit data. In !his case. control bit is set at high level. 

The data Ionnat is shown below. 

Control bit 

14-bit Programmable Reference Counter 

14·blt Programmable Divider Data Input 

Divide factor R 5,. 513 5,. 5" 5'0 Sa S. 5, Sa 5, S. S. 52 5, 

8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

9 0 0 0 0 0 0 0 0 0 0 1 0 0 1 . . . . . . . . . . . . . . . 
16383 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Note: Divide factor less !han 8 is prohibited. 
Divide factor: 8 to 16383 

Fig. 2 - SERIAL DATA INPUT TIMING 

Data - - - -~ Control bit 

(5.) (5,) (Control bit) 

Clock ----~ 
LE 

t, 

• Input data of programmable reference divider. 
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Fig. 3 - PHASE DETECTOR WAVEFORM 
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LD Is set at Low level when I, = I,. (Lock condition) 
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n 
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MB87076 
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POWER DOWN OPERATION DESCRIPTION 
The MB87076 has power down function which selects operation mode or power down mode depending on PS input signal level. 
When PS is set at low level, power down mode is selected. During power down mode, internal dividers stop operation. Thus, very low power 
supply consumption is achieved and LC pin is set at Low level. 

Then the PS level goes High with the frequency of VCO as almost the same value as that under the condition of phase lock, the following se­
quence is taken. 

1) Programmable divider starts operation 

2) fp is output with some delay 

3) Programmable reference divider starts operation when it receives fp. 

4) f, is output 

5) LC is forced to set at High level (Normal operation mode is selected) 

When the f, outputs immediately after the fp outputs, and goes into the phase detector, the phase lock condition is obtained just after the first clock. 

When PS is set at Low level again, internal dividers stop operation. Then internal condition is reset. 
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Fig. 4 - POWER DOWN MODE 
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RECOMMENDED OPERATING CONDITIONS 

Value 

Parameter Symbol Unit 

Min Typ Max 

Power Supply Voltage VDO 2.7 5.0 5.5 V 

Input Voltage V'N V •• VDD V 

Output Temperature T. -40 +85 'C 

ELECTRICAL CHARACTERISTICS 
(V •• = OV, v"" = 3.0V, T. = -40 to 8S'C) 

Value 

Parameter Symbol Condition Unit 

Min Typ Max 

High-level Input Voltage V'H 2.1 
Except fin 

V andOSC'N 
Low-level Input Voltage V'L 0.9 

fin VIW 0.5 

Input Sensitivity 
Amplitude in AC ooupling, Vp.p 
sine wave Sine 

OSC,. V .. 0.5 

High-level Input Current I'H V'N = VDD 1.0 
Except fin 

flA andOSC'N 
Low-level Input Current I'L V'N = V .. -1.0 

fin I,. V'N = V .. to VDD ±30 

Input Current flA 

OSC'N IXIN V'N = V .. to Vo<> ±30 

High-level Output Voltage VOH 10H = 0f1A 2.95 
Except~P 

V andOSCoUT 

Low-level Output Voltage VOL 10.= OflA 0.05 
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ELECTRICAL CHARACTERISTICS (Continued) 
(V .. = OV, Voo = 3.0V, TA = -40 to 8s·e) 

Value 

Parameter Symbol Condillon Unit 

Min Typ Max 

Low-level Output Voltage ,p V"'-v 1000=0.BmA 0.80 V 

High-level Output Voltage VOHX 10. = 0jlA 2.50 

OSCOUT V 

Low-level Output Voltage VOU( 101. = 01lA 0.50 

High-level Output Current 1011 VOH = 2.0V -0.5 
Except,P mA andOSCOUT 

Low-level Output Current 10l VOl=0.8V 0.5 

N-channel open drain Cut Off Current 10Ff Vo = Veo +3.0V 1.0 fIA 

IDCOI' Operation mode 2.50 mA 

Power Supply Current ., 

loops Power down mode 80 fIA 

Max. Operation Frequency of Programmable 

'''''''''' 10 20 Reference Divider 

MHz 

Max. Operation Frequency of Programmable 
fm.1Ip 10 26 Divider 

Note: *1 fin = 8.0MHz, 11.5MHz Crystal is conneceted between OSC .. and OSCOUT• PS is set at high level, all other inputs are set at low 
level. Outputs are open. 
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ELECTRICAL CHARACTERISTICS (Continued) 
(V .. = OV, v •• = 5.0V, T. = -40 to 8S0C) 

Value 

Parameter Symbol Condition Unit 

Min Typ Max 

High-level Input Voltage V'H 3.5 
Except fin 
andOSC'N V 

Low·level Input Voltage V'L 1.5 

fin V ... 0.8 

Amplitude in AC coupling, Vp.p 
Input Sensitivity sine wave Sine 

OSC'N V •• 1.0 

High-level Input Current I'H V'N = Voo 1.0 
Except fin 

IIA andOSC'N 

Low-level Input Current "L V'N = Vss -1.0 

fin I.N V'N = Vss to Voo ±50 

Input Current IIA 

OSC'N IXIN V'N = Vss to Voo ±50 

High-level Output Voltage VOH IOH = OIJA 4.95 

Except~P 
and OSCOUT V 

Low-level Output Voltage VOL IOL= 01lA 0.05 
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ELECTRICAL CHARACTERISTICS (Continued) 
(V .. = OV, v •• = 5.0V, T. = -40 to 85°C) 

Value 

Parameter Symbol Condillon Unit 

Min Typ Max 

Low·level Output Voltage .;p VOLV 1000=lmA 0.50 V 

High-level Output Voltage V""x IOH=OpA 4.50 

OSCOUT V 

Low-level Output Voltage VOlX IO!.= OIJA 0.50 

High-level Output CUlTent 10H VOH = 4.0V -1.0 
Except.;P mA andOSCOUT 

Low-level Output Current 10L VO!.= O.BV 1.0 

N-channel open drain Cut Off CUlTent 10FF Vo = Vo. ... 3.0V 1.0 IJA 

IDOD• Operation mode 3.0 mA 

Power Supply Current ., 

IDops Power down mode 100 IJA 

Max. Operation Frequency of Programmable 
'mud 15 25 Reference Divider 

MHz 

Max. Operation Frequency of Programmable 
fmaxp 10 25 Divider 

Note: *1 fin = B.OMHz, 11.5MHz Crystal is conneceted between OSC,. and 05CouT. PS is set at high level. all other inputs are set at low 
level. Outputs are open. 
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PACKAGE DIMENSIONS 

.05°(1E) 
MAX 

16-LEAD PLASTIC DUAL IN· LINE PACKAGE 
(CASE No.: DIP·16p·M04) 

r---710+·00sI1955+0.2°)1 II . -.012 . -0.30 -'1 r'll \ 

-r-----t;""'"'-;;;:-§---""-=;;~ _==+ 15" MAX 

I 

30017.62) 
TYP 

-. B "'""",,, 
.11S(3.00) MIN 

.01S±.003 
(0.46±0.OS) .020(0.51) MIN 

~ 1988 FUJITSU lIMrrED D16033S-2C 
Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

2-50 

16-lEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P.M02) 

1-.400+.010(1015+0.25) 

i -- -''"h 
f307± 016 
(7.8?±040) INDEX 

,.// .209±.012 
U (5.30±0.30) 

~=;r=;:;==rr==rr==r?I-= I_J 
.050(1.27) JLo~$I~.005(0.13) M: I 

(0.45±0.10) TYP 

··A·· 

<I> 1988 FUJITSU lIMIlED F16005S-4C 

.089(2.25) MAX 
(SEATED HEIGHT) 

r---:--------j 
j Details of "A" part : 

.008(0.20): 
I 
I 
I 
I 

.020(0.50) : 
,007(0.18) 

MAX I 
I .027(0.68) I 
~ ________ ~~~ ___ J 

Dimensions in 
1nc:hes(mIIW_) 
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DATA SHEET 

MB87086A 
CMOS PLL Frequency SynthesizerlPrescaler 
The Fujnsu MB87086A. fabricated in advanced CMOS technology. is a serial input 
phase locked loop (PLL) frequency synthesizer. The MB87086A contains an 
inverterforoscillator. programmable reference divider (binary 16-bn programmable 
reference counter). programmable divider (binary 10-bn programmable counter). 
phase detector. charge pump. 

The MB87086A contains the necessary circun to make up a PLL frequency 
synthesizer that operates at a speed up to 95 MHz. 

• Single power supply vokage: Voo = 4.5 V to 5.5 V 

• Wide temperature range: TA = -30 to 60 ·C 

• On-chip inverter for oscillator 

• Divide factor of programmable divider and programmable reference divider are 
set by serial data input. (The last data bn IS a control bn). 

• Three ~pes of phase detector outputs: 
-On-chlp charge pump output for active LPF 
-On-chip charge pump output for passive LPF 
-Output for external charge pump 

• 16-pin standard dual-in-line package (Suffix: -PI 
16-pin standard flat package (Suffix: -PF) 

• 95 MHz input capabil~y at 5 V (fin input) 

• fin. Clock. Data input circuits involve schmitt circun 

• The divide factor is selected according to the following equation: 
fvco = N xfosc+R 
fvco :Output frequency of external vokage controlled oscillator (VCO) 
N :Preset divide factor of programmable divider (5 to 1023) 
M :Preset modulus factor of internal dual modulus prescaler (64/65) 
fose :Output frequency of the external oscillator 
R Preset divide factor of binary programmable reference divider 

(5 to 65535) 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Ratings Unit 

Power Supply Voltage Voo Vss -0.3 to Vss +7.0 V 

Input Vokage VIN Vss -0.3 to Voo +0.3 V 

Output Vokage VOUT Vss -0.3 to Voo +0.3 V 

Output Current lOUT ±10 mA 

Qperating Ambient 
Temperature TA -30 to +80 ·C 

Storage Temperature TSlG -40 to +125 ·C 

Power DiSSipation Po 300 mW 

Note: Permanent device damage may occur H absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi­
tions as detailed in the operation sections of this data sheet. expo­
sure to absolute maximum rating cond~ions for extended periods 
may affect device reliability. 

© 1991 by FUJITSU LlMITEO and FuJ1su MlcroolOClronlcs. Inc. 

-------_._-------

OSCIN 

OSCour 

Iv 

Voo 

DoP 
Vss 

LD 

llA 

Plastic Package 
DIP-16P-M04 

Plastic PackaBe 
FPT-16P-MO 

Pin Assignment 

0 

TOP VIEW 

eIIR 

eIIV 

NC 

fr 

DOA 

LE 

Data 

Clock 

Thlo dOYice contains circuitlyto p ..... the Inputs against 
damage due to high static voIages or electric fields. However •• 
Is aclvIsed that ,."maI prec:autlons be taken to avoid application 
01 any whago high .. than maximum'- witag .. tothi. high 
impacIanco crcu~. 
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MB87086A BLOCK DIAGRAM 
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MB87086A 

PIN DESCRIPTION 
Pin No. Symbol 110 Description 

1 OSC'N I Input pin for crystal oscillator. 
Input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as 
AC coupled when an extemal oscillator is used, but for large amplitude signals (standard CMOS lev-
els) DC coupling may also be used. 

2 OSCoUT 0 Output pin for crystal oscillator. 
Output of the inverting amplifier. This pin should be connected to open when an external oscillator is 
used. 

3 Iv 0 Monitor pin for the phase detector input. 
This pin is tied to the programmable divider output. 

4 VDe - Power supply voltage input. 

5 DOP 0 Output pin for low pass filter (Passive type). 
The mode of 0 .. is changed by the combination of programmable reference divider output frequency 
Ir, and programmable divider output frequency Iv as listed below: 
fr > Iv: Drive mode (0 .. - High level) 
fr= Iv: High-impedance 
fr < Iv: Sink mode (Dop = Low level) 

6 V .. - Ground. 

7 LD 0 Output of phase detector. 
It is high level when Ir and fv are coherent, and when the loop is locked. Otherwise it outputs low pulse 
signal. 

8 fin I Frequency input to programmable divider from VCO or prescaler output. 
(This input has an intemal feed back resistor.) 

9 Clock I Clock signal input for shift registers. 
Each rising edge of the clock makes one bit of the data shift into the shift registers. 

10 Data I Serial data input for shift registers. 
The last bit of the data is the control b~. The control data determines which latch is activated. 

11 LE I Load enable input. 
When this pin is high level. the data stored in the shift registers is transferred to 16-bitlatch. or 100bit 
latch depending on the control bit selling. 

12 Do. 0 Output pin for low pass filter (Active type). 
The mode of DCA is changed by the combination of programmable reference divider output frequency 
fr, and programmable divider output frequency fv as listed below: 
fr> fv: Drive mode (Do. - Low level) 
fr=Iv: High-impedance 
fr<lv: Sink mode (Do. = High level) 

13 fr 0 Monitor pin for the phase detector input. 
This pin is tied to the programmable reference divider output. 

14 NC - No connection. 

15 'V 0 Output pins for low pass filter (diHerential filter type). 
16 +R 0 Outputs for external charge pump are changed by the combination 01 programmable reference di-

vider output frequency fr, and programmable divider output frequency fv as listed below. 
'V +R 

fr>fv: High level Low level 
fr=fv: High level High level 
fr<lv: Low level High level 
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FUNCTIONAL DESCRIPTIONS 
DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 
Binary code serial data is input to data pin. Each rising edge of clock makes one bit of the data shift into the shift regislBrs and con-
11'01 regis1er. Input data consists of 16-bitor 10-bitdata and l-bft of control bit data. The 16-bftdata is used for selling the civide factor 
of programmable reference civider. The lO-bft data is used for selling the divide factor of programmable divider. 

The last bit of the data stored in control regis1er is a control bit. ConIl'OI data determines which lak:h is activated. When this bit is at 
high level, 16-bit lak:h is selected; when this is at low level, 100bft latch is selected. 

The data format is shown below. 

Last input Bit 

Programmable 
Reference Divider 

Programmable 
Divider 

14------- Divide Factor of Programmbie Reference 
Divider Selling Bits 

When LE is high level and control bit is high level, the data stored in lEi-bit shift register is transferred to lEi-bit latch. When LE is high level and 
control bit is at low level, the data stored in IO-bit shift register is transferred to 10-bit latch. 

Data 
Clock 

LE 
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BINARY 1o-BIT PROGRAMMABLE DIVIDER DATA INPUT 

(10) (9) (8) (7) (6) (5) (4) (3) (2) (1) Divide 
Factor 

0 0 0 0 0 0 0 1 0 1 5 

0 0 0 0 0 0 0 , 1 0 6 

1 1 1 1 1 1 1 1 1 1 1023 

Note: Divide factor less than 5 is prohibited. 
Divide factor N: 5 to 1023 

BINARY 16-BIT PROGRAMMABLE REFERENCE DIVIDER DATA INPUT 

@ @) @ @ @ {D @) ® ® CD ® ® 0 ® ® 0 Divide 
Factor 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 5 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 6 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65535 

Not.: Divide factor less than 5 is prohibited. 
Divide factor R: 5 to 65535 

SERIAL DATA INPUT TIMING 

Data 

Clock ---lliJl ... ~ .. 
lE -, I:! I 

Not.s: 0 Data input for programmable reference divider. 

() Data input for programmable divider. 

II n 
~'~------------~--~ ~-------ta-+-:- ~: 

I I 

ts----
I I 

Data Serial data input is used for setting divide factor of programmable reference divider or programmable divider. 
Data is input from MSB and last bit data is control bit. 
Control bit is set at high level when divide factor of programmable reference divider is set. Control bit is set at low level when divide 
factor of programmable divider is set. 

Clock Clock input for 1 O-bit shift register, 16-bitshift register and control register. Data is input into internal shift registers by rising edge of 
the clock. 

lE load enable input: 
When lE is high level, the data stored in shift registers is transferred to 16-bitlatch, or 10-bit latch depending on the control bit 
setting. 
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RECOMMENDED OPERATING CONDITIONS 

Value 
Parameter Symbol Unit 

MIn Typ Max 

Power Supply Voltage Voo 4.5 5.0 5.5 V 

Input Voltage V,. Vss Voo V 

Operating Temperature T. ~ +60 "C 

ELECTRICAL CHARACTERISTICS (V .. = OV, Voo = SV, T. = -30 to 60"C) 

Value 
Parameter Symbol Condition Unit 

Min Typ Max 

High-level Input Voltage V,H 3.5 
Except fin V 
andOSC,. 

Low-level Input Voltage V,L 1.5 

lin Vfpp 1.0 

Input Sensitivity Amplitude in AC coupling, Vp.p 
asc,. Vsin 

Sine wave 
1.0 

High-level Input Current IrH VIH = Voo 1.0 
Except fin IIA and asc,. 

Low-level Input Current IlL VIL= Vss -1.0 

fin lfin V,N = Vss to Voo ±SO 
Input Current IIA 

aSC'N lose V,N = Vss to Voo ±SO 

High-level Output Voltage VOH IOH = 01lA 4.95 
Except 

V OSCOUT 
Low-level Output Voltage VOL 10L= 01lA 0.05 

High-level Output Current 10H VOH= 4.6V -1.0 
Except 

mA OSCDUT 
Low-level Output Current 10L VOL = O.4V 1.0 

Power Dissipation" 100 8.0 mA 

Maximum Operating.- REF Section fmaxd 40 60 MHz 

Frequency 

PD Section fmaxp 95 130 MHz 

Notes: '1: fin l00MHz, 22MHz cystal is connected between asc,. and OSCOUT pins. 
Inputs are grounded except fin and OSC ... Outputs are open. 

'2 REF Section: Maximum operating frequency of programmable reference divider. 
PD Section: Maximum operating frequency or programmable divider. 

2-57 



MB87086A 

PACKAGE DIMENSIONS 
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.050(1.27) 

MAX 

01988 FWITSU LIMITED Dl60338·2C 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 

.300(7.62) 
TYP 

Dimensions in 
inches (miiDmeters) 
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PACKAGE DIMENSIONS (Continued) 

16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 

1-400' 010110 15+ 025}.l I -008 -020 

I ! 307 t 016 
1780' 040) INDEX 

r-// .209 t .012 
U "B" 15.30J.0.30) 

1/;r;=;Fn=n=;:;==n::n;\ =\=nIl; _~~.I_ J 

.08912.25) MAX 
ISEATED HEIGHT) 

i 

1.020 + .008 ====t 10.50 + 0.20) 

050(1.27) JL~$I<I>.00510.13) \MIl 
10.45 + 0.1 0) 

~ .006+.00210.15 1-0,05) 
-'.001 -0.02 

TYP 

"A" 

"" .00410.10) 

.350(8.89) REF 

.. 1990 FUJITSU LIMITED FI6015S-2C 

;-D~ail; -;'f- -:: A: ,- ~a;t-; 
I 

.01610.40) I 

MAX I 

, .027 (0.68) : 
, MAX I L _____________ _ 

:- O-;taii; ~f-':-B-'-p-a;t-l 
: y'006(0'15) : 

1 ~ i , I 

:008(0.20) : 
I I 
I .007(0.18) , 
I I 
I MAX I 

l .027 (0.68) : 
: MAX: 
L _________ . ___ :-J 

Dimanslonlln 
Inches (nillme1o .. ) 
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DATA SHEET 

00 
FUJITSU 

MB87087 
CMOSPLLFREQUENCYSYNTHESeER 

CMOS SERIAL INPUT PHASE-LOCK ED-LOOP (PLL) 
FREQUENCY SYNTHESIZER 

The Fujitsu MB87087, fabricated in CMOS technology, is a serial input phase locked loop 
(PLL) frequency synthesizer. 

The MB87087 contains an inverter for oscillator, programmable reference divider (binary 
14-bit programmable reference counter), 14-bit shift register, 14-bit latch, phase detector, 
charge pump, 17-bit shift register, 17-bitlatch, programmable divider (binary 7-bit swallow 
counter, binary 10-bit programmable counter) and control generator for dual modulus 
prescaler. 
When supplemented with a loop filter and VCO, !he MB87087 contains the necessary circuit 
to make up a PLL frequency syn1ilesizer. Typically, a dual mociJlus prescaler such as !he 
MB501 L can be added, allowing input frequency operation up to 1,1 GHz. 

• Wide range power supply voltage: • On-<:hip inverter for oscillator 
Vee = 3.0 to 6.0 V • Divide factor of programmable divider 

• Wide temperature range: and programmable reference divider 
TA =--40 to 85 °c are set by serial data input. (The last 

• 17 MHz typical input capability 
data b~ is control bit.) 

at 5 V (fin input) • Two types of phase delsclor oulput: 
-On-chip charge pump oulput 

• Programmable divider with input -OulpUt for external charge pump 
amplifier consisting of: • Easy interface with Fujitsu prescalers -Binary 7-bit swallow counter 
-Binary 1 O-bit programmable counter • 16-pin standard dual~n-line package 

• Programmable reference divider with (MB87087P) 
input amplifier consisting of binary 16-pin standard flat package 
14-b~ programmable reference counter (MB87087PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

NOTE: Permanent device damage may occur if !he above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure 10 absolute 
maximum rating conditions for extended periods may affect device reliability. 

Copyright ©,gg, by FUJITSU LIMITED 

osc,. 

OSCOUT 

Iv 

VDD 

Do 

Vss 

LD 

fin 

PLASTIC PACKAGE 
DIP-16P-M04 

PLASTIC PACKAGE 
FPT-16P-M06 

PIN ASSIGNMENT 

Thi& device contains circuitry to protect Ihe Inputs against 
damage dUBio high stallcvoftages or alectricfialds. However. 
it Is advised that normal precautions be laken 10 avoid 
application of any YOhage higher than maxlfTlJm rated 
voltageS 10 this high il"!1)edance circuit. 
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MB87087 BLOCK DIAGRAM 

r-----------, 
I 14-bit Shift Register I 

r;::::==~ r-----..., I 
I 

Ln-T'TTTTTi-n'TT'1r-'J 

I 14-bit Latch 1 

OSC,. 
~kriillilluJ~ 

}-"""H-L;;~"""H---;-t-t----~ Programmable I 
I Re1erence Divider I 

OSCOUT 
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PIN DESCRIPTION 
.""""""'''''''''.'' .. '''''''''''''''}''''''.''''''''''''.'}}}'""}}'<}"'}}}::':::I':':'~ <i,i 

1 OSC'N I Input pin for crystal oscillator. 
Input to the inverting amplifier that forms part of the oscillator. 
This pin receives the oscillator signal as AC coupled when an extemal oscillator is used. For large 
amplitude signals (standard CMOS levels) DC coupling may also be used. 

2 OSCOUT 0 Output pin for crystal oscillator. 
Output of the inverting amplifier. This pin should be open when an external oscillator is used. 

3 fv 0 Monitor oulput of the phase detector. 
This pin is tied to the programmable divider output. 

4 VDD - Power supply voltage input. 

5 Do 0 Three-state charge pump oulput of phase detector. 
The mode of Do is changed by the combination of programmable reference divider output frequency 
fr, and programmable divider output frequency fv as listed below, 
fr>fv: Drive mode (Do = High level) 
fr= fv: High impedance 
frdv: Sink mode (Do = Low level) 

6 V •• - Ground. 

7 LD 0 Output of phase detector. 
It is high level when fr and fv are equal, and when the loop is locked. 
Otherwise it outputs negative pulse signal. 

8 fin I Clock input for programmable divider. 
This input contains intemal bias circuit and amplifier. The connection with an external dual-modulus 
prescaler should be an AC connection. 

9 Clock I Clock signal input for 17-bit shift register and 14-bit shift register. 
Each rising edge of the clock shifts one bit of the data into the shift registers. 

10 Data I Serial data input for programmable divider and programmable reference divider. 
The last bit of the data is the control bit. Control bit determines which latch is activated. The data 
stored in the shift register is transferred to the 14-bit latch when the bit is high, and to 17-bitlatch when 
low. 

11 LE I Load enable input with internal pull up resistor. 
When this pin is high (active high), the data stored in shift registeris transferred to 14-bit latch or 17-bit 
latch depending on the control bit data. 

12 M 0 Control output for an external dual modulus prescaler. 
The connection to the prescaler should be DC connection. This output level is synchronized with fail-
ing edge of input signal fin (pin #8). 
Pulse swallow function: 
e.g. MB501L: M = High: Preset modulus factor 64 or 128 

M = Low: Preset modulus factor 65 to 129 
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PIN DESCRIPTION (Continued) 

13 

14 

15 
16 

!r 

NC 

o 

o 
o 

Monitor output of phase detector input. 
This pin is tied to the programmable divider output 

No connection. 

Output for external charge pump. 
The mode of.R and.V is changed by the combination of programmable reference divider output 
frequency fr and programmable divider output frequency fv as listed below. 

!r>fv: 
fr= Iv: 
!rdv: 

,R .V 
Low-level High-level 
High-level High-level 
High-level Low-level 

FUNCTIONAL DESCRIPTION 
SERIAL DATA INPUT TIMING 

Data ~~~~ Control~t 
0(S14) (S2) (Sl) (Control bit) 

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

.I I. Yt-4 to 

Is 

LE 

o Data for programmable reference divider. 

Notes: Data: Serial data input is used for setting divide factor of programmable reference divider and programmable divider. Data is input from 
MSB. and last bit data is a control bit. 

2-64 

Control bit is set high when divide factor of programmable reference divider is set. Control bit is set low level when divide factor of 
programmable divider is set. 

Clock: Data is input to intemal shift registers by rising edge of the clock. 

LE: Load enable input: 
When LE is high. the data stored in shift register is transferred to 14-~t latch. or 17-bit latch depending on the control bit setting. 
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PULSE SWALLOW FUNCTION 
Ivco = ( (N x M) + A I x fose + R (N > A) 

fveo Output frequency of external voltage controlled oscillator (VCO) 

N Preset divide factor of binary lG-bit programmable counter (5 to 1023) 

M Preset modulus factor of external dual modulus prescaler 
(e.g. 64 in 64/65 mode, 128 in 128/129 mode of an MB501 L prescaler) 

A Preset divide factor of binary 7-bit programmable counter (0 to 127, A < N) 
fose Output frequency of external oscillator 

R Preset divide factor of binary 14-bit programmable reference counter (5 to 16383) 

DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 
Serial data consists of 14-bit data, which is used for setting divide factor of programmable reference counter, and I-bit control data. In this case, 

control bit is set high level. 

The data format is shown below. 

Data 

Clock 

LSB 

Binary 14-bit Reference Counter 

BINARY 14-BIT REFERENCE COUNTER DATA INPUT 

@ @ @ GJ) @ ® ® 0 ® ® CD ® 
0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 1 

1 1 1 1 1 1 1 1 1 1 1 1 

Nole: Divide factor less than 5 is prohibited. 
Divide factor: 5 to 16383 

® CD 
0 1 

1 0 

1 1 

1 1 

MSB 

Divide 
Factor 

5 

6 

7 

16383 

14-bit 
Shift Register 

14-bit Latch 

Programmable I 

Reference 
Divider 
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DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 
Serial data consists of 17-bit data, which is used for setting divide faclllr of programmable divider, and I-bit control data. In this case, control bitis 
set low level. The data (j)toQ) set a divide factor of 7-bit swallow counter and data@to@set divide factor of H)·bit programmable counter. 

The data format is shown below. 

Data 
Clock 

LE 

LSB 

BINARY 7-BIT SWALLOW COUNTER DATA INPUT 

(l) ® @ (9 ® ® (j) 
Divide 
Factor 

A 

0 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 1 
0 0 0 0 0 1 0 2 
0 0 0 0 0 1 1 3 
0 0 0 0 1 0 0 4 

1 1 1 1 1 1 1 127 

Note: Divide factor A: 0 to 127 
Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows. 
e.g. MB501 L (~5165)prescaler 
SW = H (64/65): Bit 7 to shift register(l) should be zero. 

BINARY 10-BIT PROGRAMMABLE COUNTER DATA INPUT 

@ @ @ @ @ @ @ @) ® ® Divide 
Factor 

N 
0 0 0 0 0 0 0 1 0 1 5 
0 0 0 0 0 0 0 1 1 0 6 

0 0 0 0 0 0 0 1 1 1 7 

1 1 1 1 1 1 1 1 1 1 1023 

Note: DiVIde factor less than 5 is prohibited. 
Divide factor N : 5 to 1023 
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PHASE DETECTOR OUTPUT WAVEFORM 

Iv 

OOY n 
U ¢ High Impedance 

~RU U 
.V U 
LOU U U 

RECOMMENDED OPERATING CONDITIONS 

Power Supply Voltage Veo 3.0 6.0 V 

Input Voltage Y,N V .. Veo V 

Operating Temperature -40 +85 ·c 
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ELECTRICAL CHARACTERISTICS 

High-level Input Voltage 
Except fin 

Low-level Input Voltage 
andesC,. 

fin 
Input Sensitivity 

esC,. 

High·levellnput Current 
Except lin 
andesC,. 

Low-level Input Current 

fin 

Input Current esC,. 

LE 

High-level Output Voltage Except 
OSCOUT 

Low-level Output Voltage 

High-level Output Current 
Except M 
and OSCOUT 

Low-level Output Current 

High-level Output Current 

M 

Low-level Output Current 

Power Supply Current.' 

Maximum Operating Frequency 01 
Programmable Reference Divider 

Maximum Operating Frequency 01 
Programmable Divider 

V,H 

VIL 

Vfin 
Ampntude in AC 

Vose 
coupling, sine wave 

IIH VIN = Voo 

I,c V,N = Vss 

Ilin V,. = V .. to Voo 

lose VIN = Vss to VOD 

ILE VIN = Vss 

VOH 10H = OiJA 

VOL 10L= OiJA 

10H VOH= 2.6V 

10L VOL = 0.4V 

IOHM VOH= 2.6V 

10LM VOL = O.4V 

100 

fmaxd 

Imaxp 

Notes: .1: fin = 8.0MHz 11.5MHz Crystal is connected between esc I. and OSCOUT. 
Inputs are grounded except lin and esC ... Output are open. 
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(VDD = 3.0V, Vss = OV, TA = -40 to 85°C) 

VooxO.7 

V 
VooxO.3 

0.5 
Vp-p 

0.5 

1.0 
iJA 

-1.0 

±30 iJA 

±30 iJA 

-40 iJA 

2.95 

V 
0.05 

~.5 

mA 

0.5 

~.7 

mA 

1.5 

2.5 mA 

10 20 MHz 

10 20 MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 
(Vee = S.ov, Vss = OV, TA = -40 to 8S0C) 

D 
High-level Input Voltage V'H VODxO.7 

Except lin 

and OSC,. V 
Low-level Input Voltage V'L VDDXO.3 

fin Vlin 
Amplitude in AC 0.5 

Input Sensitivity 
coupling, sine wave Vp-p 

OSC,. Vos<; 0.5 

High-ievellnput Current 
Except fin I'H VIN = Voo 1.0 

and OSC,. ftA 

Low-level Input Current I'L V,. = Vss -1.0 

fin lIin V,. = V .. to VOD ±50 ftA 

Input Current OSC,. los<; V,. = V .. to VOD ±50 ftA 

LE ILE V,. = V .. -so ftA 

High-level Output Voltage Except VOH 10H = OftA 4.95 

OSCOUT V 
Low-level Output Voltage VOL 10L= OftA 0.05 

High-level Output Current 10H VOH= 4.6V -1.0 
Except M 

andOSCOUT mA 

Low-level Output Current IOL VoL =0.4V 1.0 

High-level Output Current IOHM VOH= 4.6V -1.5 
M mA 

Low-level Output Current IOLM VOL=0.4V 3.0 

Power Supply Current .' 100 3.5 mA 

Maximum Operating Frequency of 
fmaxd 10 25 MHz Programmable Reference Divider 

Maximum Operating Frequency of 
fmaxp 17 25 MHz Programmable Divider 

NOle: .1. fin = S.OMHz, 11.5MHz Crystal is connected between OSC,.and OSCOUT. 

Inputs are grounded except lin and OSC, •. Outputs are open. 
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TYPICAL CHARACTERISTICS CURVE 
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Input SensltlvHy vs. Input Frequency (fin Section) 

500 

200 

100 

Input Sensitivity 
Vlin (mV.-.) 

50 

20 

10 

5 

2 
1 

Voo = 5V. T. = 25'C 

"- J 

~ ../ 

2 5 10 20 50 100 

Input Frequency fin (MHz) 



PACKAGE DIMENSIONS 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 

MB87087 

-.------.l--;;;;;;;~:-==t 15· MAX 

:!l50(~~7}--l-
MAX ., TYP 

0'988 FUJITSU LIMITED D'6033S-2C 

.300(7.62} 
TYP 

I 

.::-=~ 172(4.36} MAX 

-~ 118(3 OO} MIN 

-H-'(0::".4'""6=±70.-=-=08} .020(0.51} MIN 

OllTlK18ionsln 
inches (mAlimeters) 
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PACKAGE DIMENSIONS (Continued) 

TYP 

.. 1!I9O FUJITSU LIMITED FI6015S-2C 

2-72 

16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 

[4oo~ 86guo '5:,:g~81 

I ~~ !.307± 016 
(780±040) 

.209±.Ot'z 
(5.30±0.30) 

\l;F;;==;;r=;;=;;=;;=i;;9=;iJ- ! J 
JL \")--

.018±.004r.;~~~@J~~ 10~E&I~.00510t3) ~I 

·-------------1 
; Details of "A" part I .. " .. 

.004(0.10) 

.35018.89) REF 

.008(0.20) : 
.007(0,18) : 

MAX I 

.027 (0.68) I 

MAX : 

:o;ia'ii; ~f-;:B-:·-p-;.~-l 
: .006(0.15): 

i~ 
1 .008(0.20) 

: .007 (0.18) 
I 
I MAX 
: .027 (0.68) 
l' MAX t L __________ __ -:--' 

Dirr&nslons In 
inch .. (millimeters) 
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FUJITSU 
MB87090 
CMOSPLLFREQUENCYSYNTHES~ER 

CMOS SERIAL INPUT PHASE·LOCKED·LOOP (PLL) 
FREQUENCY SYNTHESIZER WITH CONSTANT 

CURRENT OUTPUT CHARGE PUMP 
The Fujitsu MB87090, fabricated in CMOS technology, is a serial input PLL frequency 

synthesizer with constant current output charge pump. 
The MB87090 contains ari inverter for oscillator, programmable reference divider, divide factor 

of programmable reference divider control circuit, phase detector, constant current output 

charge pump, 17-bit shift register, 17-bitlatch, programmable divider (binary 7-bit swallow 
counter, binary 100bit programmable counter), and a control generator for an external dual 

modulus prescaler. 

When supplemented with a loop filter and veo, the MB87090 contains tha necessary circuit 
to make up a PLL frequency synthesizer. 
Unique to this device is a constant current output charge pump. This allows improved 

modulation characteristics, tracking and noise performance compared to earlier devices. 

• Constant current Olltput charge pump. Magnitude of current controlled by external 
resistor: 0 to 4 rnA. 

• 13MHz input capability @5V (fin input) 

• Single power supply voltage: Voo = 2.7V to 5.5V 

• Wide temperature range: T. = -40 to 85'C 

• On-chip inverter for osciiiator 

• Eight divide factors for programmable reference divider are selected by external input 
S" 8:1, and Sa (1/8,1/16,1/64,1/128,11256,1/512,1/1024,1/2048) 

• Programmable 17-bit divider with input amplifier consisting of: 
Binary 7-bit swallow counter 
Binary IO-bit programmable counter 

• Easy interface to Fujitsu dual modulus presealers. 

• IS-pin standard dual-in-line package (Suffix: -PI 
16-pin standard flat package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value 

Power Supply Voltage Voo Vss ...{l.5 to V •• +7.0 

Input Voltage V,N Vss ...{l.5 to Voo +0.5 

Output Voltage VOlfT V.s ...{l.5 to Voo +0.5 

Output Current lOUT ±10 

Operating Temperature T. -40 to +85 

Storage Temperature TSTG -ii5 to +150 

Power Dissipation Po 300 

(VB' =OV) 

Unit 

V 

V 

V 

rnA 

'C 

'C 

mW 

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Copyrighl ©1991 by FUJITSU LIMITED 

PLASTIC PACKAGE 
DIP-16P·M04 

PLASTIC PACKAGE 
FPT-16P·M06 

PIN ASSIGNMENT 

voo 

Clock 

Data 

LE 

tin 

M 

LD 

Do 

v .. 

OSCIN 

OSCOJT 

s, 

S, 

S, 

RC 

This device contains circuitry to proted the Inputs against 
damage due to high staticvolfages or electric fields. However. 
II: is advised that normal precautions be taken to avoid 
application of any voltage higher than maxirTIJm rated 
voltages to this high i~dance circuit. 
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Voo0--
Clock 

Data 

Fig. 1 - MB87090 BLOCK DIAGRAM 

: 17-BITSHIFT REGISTER 

7-BIT 
SHIFT REGISTER 

10-BIT 
SHIFT REGISTER 

. --1]- rJ- rJ- r---T IT IT!-l-! J- r --. .__ _'.i .i ____ t _~ .l __ _~ __ . 
, 
, 17-BIT LATCH 

::,'. --I -------H 1 : LE 0--... ·"': 7-BIT LATCH H 10-BIT LATCH • 

AMP 
. ~ ~{lI lIlI~ ~ ~ 1] 11111111-_-.. 

"CRYSTAL 
, OSCILLATOR 

DIVIDE FACTOR 
OF PROGRAMMABLE 
REFERENCE DIVIDER 

CONTROL CIRCUIT 

11-8IT 
PROGRAMMABLE 

REFERENCE 
DIVIDER 

I, 

--@Vss 

asc,. 

t---+{101, 

LD 7~-----------------------------------i PHASE 
DETECTOR 

Do 8)e-------------i 

L-------------------------------------{9 Rq 
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PIN DESCRIPTION 

Pin No. Symbol I/O Description 

1 VDD - Power supply voltage input. 

2 Clock I Clock signal input for 17-bit shift register. 
III 

Each rising edge of the clock shifts one bit of the data into the shift regisler. 

3 Data I Serial data input for 17-bit shift register. 
This dala is used for setting the divide factor of programmable divider. 

4 LE I Load enable input. 
When this pin is high level (high active), the data stored in the 17-bitshift register is transferred to the 
17 -bit latch. 

5 fin I Input for programmable divider from VCO or prescaler output. 
This input involves bias circuit and amplifier. The connection with external dual modulus prescaler 
should be an AC connection. 

6 M 0 Control output for external dual modulus presealer. 
The connection to the prescaler should be DC connection. This output level is synchronized with fail-
ing edge of fin input signal (pin #5). 
Pulse Swallow Function: 
MB501L M = High: Preset modulus factor 64 or 128 

M = Low: Preset modulus factor 65 or 129 

7 LD 0 Output of phase detector. 
Itis high level when f, and fp are equal, and then the loop is locked. Otherwise it outputs negative pulse 
signal. 

8 Do 0 Three-state charge pump output of the phase detector. 
The mode of Do is changed by the combination of programmable reference divider output frequency 
f, and programmable divider output frequency Ip as listed below: 
f, > fp: Drive mode (Do = High level) 
f, = Ip: High-impedance mode 
I, < Ip: Sink mode (Do = Low level) 

9 RC I The value of external resistor connected to this pin determines the magnitude of the current delivered 
by the charge pump. See graph on page 10. 

10 f, 0 This pin is tied to programmable reference divider output. 

11 8. I Control input for programmable reference divider. The combination of these inputs provides divide 
12 8, I factor to programmable reference divider. See following page. 13 50 I 

14 OSCoUT 0 Pin for crystal oscillator. 
Output of the inverting amplifier. This pin should be open when an extemal oscillator is used. 

15 OSC .. I Pin for crystal oscillator. 
Input to the inverting amplifier that forms part of the oscillator. This pin receives the oscillator signal as 
AC coupled when an external oscillator is used. 
For large amplitude signals (standard CMOS levels) DC coupling may also be used. 

16 Vss - Ground 
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FUNCTIONAL DESCRIPTION 
DIVIDE FACTOR OF PROGRAMMABLE REFERENCE DIVIDER 

Divide factor of programmable reference divider is set depending on input dignal S, to S3. 

~ 1 1 1 1 1 1 1 1 -- -- -- -- -- -- -- --
8 16 64 128 256 512 1024 2048 

S, 0 1 0 1 0 1 0 1 

S2 0 0 1 1 0 0 1 1 

Sa 0 0 0 0 1 1 1 1 

DIVIDE FACTOR OF PROGRAMMABLE DIVIDER 

Serial data of binary code is input to Data pin. These data are loaded into the 17-bit shift register from MSB. When load enable signal LE is high, 

the data stored in the 17-bit shift register is transferred to the 17-bit latch. 

The data G) to 0 set a divide factor of the binary 7-bit swallow counter and data @ to @ set a divide factor of binary 1 O-bit programmable 

counter. In other words, serial data is equivalent to the divide factor of programmable divider. 

Data 
Clock 

LE 
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LSB 

Fig. 2 - BLOCK DIAGRAM OF PROGRAMMABLE DIVIDER 

Binary 7 -bit Swallow Counter Binary 10-bit Programmable Counter 

MSB 

17-BIT 
SHIFT 
REGISTER' 

17-BIT 
LATCH 

, , 
---------r 

, 
PROGRAM- , 
MABLE ' 
DIVIDER 



Binary 7·blt Swallow Counter Data Input 

CD @ ® 0 ® ® <D Divide 
Factor A 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 1 

0 0 0 0 0 1 0 2 

0 0 0 0 0 1 1 3 

0 0 0 0 1 0 0 4 

1 1 1 1 1 1 1 127 

Note: Divide factor A: 0 to 127 
Depending upon the divide factor set input (SW) of external prescaler, the input data should be as follows. 
Example MB501 L 
SW = H (64/65): Bit 7 of shift register (7) should be zero. 

Binary la-bit Programmable Counter Data Input 

@ ® @) e @ @ @ @ ® @ Divide 
Factor N 

0 0 0 0 0 0 0 1 0 1 5 

0 0 0 0 0 0 0 1 1 0 6 

0 0 0 0 0 0 0 1 1 1 7 

1 1 1 1 1 1 1 1 1 1 1023 

Note: Divide factor less than 5 is prohibited. 
Divide factor N: 5 to 1023 

PULSE SWALLOW FUNCTION 

fYeo = [(N x M) + A] x fose + R (N)A) 

Ivee : Output frequency of external voltage controlled osc~lator (VeO) 

N Preset divide factor of binary 1 O-bit programmable counter (5 to 1023) 

MB87090 

M : Preset modulus factor of external dual modulus prescaler (e.g. 64 in 64/65 mode, 128 in 1281129 mode of an MB501L prescaler) 

A : Preset divide factor of binary 7-bit swallow counter (0 to 127) 

fose : Output frequency of the external oscillator 

R : Preset divide factor of programmable reference divider (8, 16,64,128,256,512, 1024,2048) 
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CONSTANT CURRENT OUTPUT CHARGE PUMP 
The MB87090 adopts constant current output charge pump. The output current of charge pump is controlled by an external resistor shown in 

Fig. 3. 

Fig. 3 - EXTERNAL RESISTOR CONNECTION EXAMPLE 

7 

IOL -LPF 8 -10H 

RRC 

TIMING CHART 

ot,-Is;' lJ!S 

Data ---~ S,=LSB 

Clock 

LE 

Clock: Clock signal input for the 17-bit shift register. 
Each rising edge of the clock shifts one bit of data into the shift register. 

Data : Serial data for the 17-bit shilt register is input. 

LE : Load enable input. 
When LE is high (high active). the data stored in the 17-bit shilt register is transferred to the 17-bit latch. 
The 17-b~ data is used for setting a divide factor of the programmable divider. 
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PHASE DETECTOR OUTPUT WAVEFORM 

f,Jl n n n 
- - ~ ~ 

fp -

Do --11 n u I ¢:I High 
Impedance 

~LJ U U I 

RECOMMENDED OPERATING CONDITIONS 
(Vss= OV) 

Value 

Parameter Symbol Unit 
Min Typ Max 

Power Supply Voltage Voo 2.7 - 5.5 V 

Input Voltage Y,N Vss - Veo V 

Operating Temperature TA -40 - +85 DC 
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ELECTRICAL CHARACTERISTICS 
(VDD = 3.0V, Vss = OV, T ... = -40 to 85°C) 

Value 
Parameter Symbol Condition Unit 

Min Typ Max 

High-level Input Voltage V,. - 2.1 - -
Except,," 

V 
Low-level Input Voltage andOSC'N V'L - - - 0.9 

tm V ... Amplitude in AC 0.8 - -
Input Sensitivity 

coupling. sine wave 
Vp.p 

OSC'N V ... 1.0 - -

High-level Input Current 
Except,," ". V'N = V"" - 1.0 -

andOSC'N 
IlA 

Low~evel Input Current I'L V'N = Vss - -1.0 -

Input Current f~ I,. VIN = Vss to VOD - ±30 - IlA 

Input Current OSC'N lose V'N = Vss to VDD - ±30 - IlA 

High-level Output Voltage Except V"" 10H = 0flA 2.95 - -

OSCOUT V 
Low-level Output Voltage VOL 10L= 01lA - - 0.05 

High-level Output Voltage VONX 10H= 01lA 2.50 - -
OSCour V 

Low-level Output Voltage VOLX 10L= 01lA - - 0.50 

High-level Output Current 
Except Do I"" VOH= 2.0V -0.5 - -

and OSCOUT 
mA 

LOW-level Output Current IOL VOL= 1.0V 0.5 - -

High-level Output Current 1""0 VOH= 2.0V -1.0 -3.0 -
Do" mA 

Low-level Output Current IOLD VOL= 1.0V 1.0 3.0 -

Power Supply Current·. 100 - - 2.0 4.0 mA 

Max. Operating Frequency of 
fmaxd - 13 20 - MHz 

Programmable Reference Divider 

Max. Operating Frequency of 
fmaxp 10 20 MHz 

Programmable Divider - -

Notes: .1: RC pin external resistor RRC = 5k!l. 
*2 to. = 5.0MHz, 12.8MHz Crystal is comectad between OSC'N and OSCOUT. 

RC pin external resistor RRC = 5k!l. 
Inputs are connected to ground exoepllor f,. and OSC'N. Outputs are open. 
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ELECTRICAL CHARACTERISTICS (continued) 
(Voo = 5.0V, Vss = OV, TA = -40 to 85°C) 

i 

Value 
Parameler Symbol Condition Unit 

Min Typ Max 

High-level Input Voltage V'H - 3.5 - -
Exceptf," 
andOSC,. 

V 
Low-level Input Voltage V'L - - - 1.5 

fin V~. Amplitude in AC 
1.0 - -

Input Sensitivity 
coupling, sine wave 

Vp-p 

OSC,. V ... 1.5 - -

~ 
High-level Input Current 

Except f." I'H V,. = Voo - t.O -
andOSC,. 

flA 
Low-level Input Current I.e V'N = Vss - -1.0 -

Input Current f., lfin V1N = Vss to Voo - ±50 - flA 

Input Current OSC,. lose V,. = V.s to Voo - ±50 - flA 

High-level Output Voltage Except VOH 10H = OflA 4.95 - -
OSCOUT V 

Low-level Output Voltage VOL 10L= OflA - - 0.05 

High-level Output Voltage VOHX 10H = OflA 4.50 - -
OSCOUT V 

Low-level Output Voltage VOLX 10L= OflA - - 0.50 

High-level Output Current 
Except Do 

10H VOH= 4.0V -1.0 - -
and OSCOUT 

mA 
Low-level Output Current 10L VOL = 1.0V 1.0 - -

High-level Output Current IOHO VOH= 4.0V -2.0 -5.0 -
Do·' mA 

Low-level Output Current tOLD VOL= 1.0V 2.0 5.0 -

Power Supply Current·, 100 - - 3.0 6.0 mA 

Max. Operating Frequency of 
fmalCd - 15 25 - MHz 

Programmable Reference Divider 

Max. Operating Frequency of 
fmaxp - 13 25 MHz 

Programmable Divider 
-

Note: *1. RC pin external resistor RRC = 5k.Q. 
*2. f" = 5.0MHz, 12.8MHz Crystal is connected between OSC,. and OSCOUT. 

RC pin external resistor RRC = 5kU. 
Inputs are connected to ground except for f," and OSC, •. Outputs are open. 
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TYPICAL CHARACTERISTICS CURVES 
Conditions: VDD = 5.0VI3.0V.lnput amplitude of fin = 1.0Vp .... TA = 25°C 
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Fig. 4 - INP.UT FREQUENCY vs. 
INPUT SENSITIVITY (fin Section) 
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OUTPUT CURRENT 
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MB87090 

PACKAGE DIMENSIONS 

.050(137) 
MAX 

III 1988 FUJITSU LIMITED D16033S·2C 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16P-M04) 

--+15"MAX .---,:s;'='--;;;;:--~~-:=;-~ ---t 

.300(7.62) 
TYP 

L-----=~J:::: 

.-:J] 172(4.36) MAX 

P·118(3.00) MIN 

.020(0.51) MIN 

DlrTltnsions i'I 
Inch .. (mllII ..... ) 
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PACKAGE DIMENSIONS (Continued) 

2-84 

16-i..EAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 

~.'OO'&I1"""'&~ 

!.307±.016 
17.80±0.40) 

.209±.012 
15.30±0.30) 

Um==iii==;;r=;;==n=~-=-_I_J 
.05011.27) 

TV? 

"1990 FUJITSU LIMITED Fl6015S·2C 

11100;:tt~010~1$1 ~005(013)l't I 

"A" 

II II II II 11:11' 

L;00410.1~;.' 
r-- - .35018.89) REF -

, , , 
.00810.20)1 

.00710.18) , 
MAX 

.02710.68) 
~ _______ ~A....:X _____ I 

r----:----------, 
: Details of "S" part : 

: ¥.00610.15): 

l S4 i , , 
: .008(0.20) : 
, I 
i .007(0.18) : 
I MAX I 

! 027 (0.68) 1 
I MAX I L ______________ , 

Dimensions in 
inches (millime1ers) 



Sectien 3 

Single-Chip PLLs/Prescalers - At a Glance 
Progr ..... 

lID U .. lmum DlvId. Supply ..... SWllIIow RItr- P.ckage 
~g. Device Frequency Ratio Icc Vee Counter Counter Counler Oplions 

3-.'3 MB1501 1.1 GHz 64/65 or 15mA 2.7 V 10 Binary Binary Binary 16-pin Plastic 
1501H 1281129 5.5 V 16102047 010127 Slo 16383 FPT 
1501L 

3-21 MB1502 1.1 GHz 64165 or SmA 5.0 V Binary Binary Binary 16-pin Plastic 
1281129 (lyp) 16102047 010 127 S 10 16383 FPT 

3-.'35 MB1503 1.1 GHz 1281129 SmA 5.0 V Binary Binary Binary 16-pin Plastic 
(typ) 16102047 010127 Slo 16383 FPT 

3-49 MB1504 520 MHz 32/33 or 10mA 2.7VIO Binary Binary Binary 16-pin Plastic 
1504H 64/65 5.5 V 1610 2047 010127 Slo 16383 FPT 
1504L 

~7 MBl505 600 MHz 32133 or 6mA 5.0 V Binary Binary Binary 16-pin Plastic 
64165 (typ.) 1610 2047 01063 Slo 16383 FPT 

3-79 MB1507 2.0GHz 1281129 or 1SmA 5.0 V Binary Binary Binary 16-pin Plastic 
2561257 (lyp) 1610 2047 010255 Slo 16383 FPT 

3-91 MB1508 2.5GHz 2561272 or 16mA 5.0 V Binary Binary Binary 2O-pin Plastic 
5121528 (lyp) 32104095 01031 256,512, FPT 

1024,204S 

3-101 MBl509" 400 MHz 32133 or SmA 3.0 V Binary Binary Binary 20-pin Plastic 
64/65 (typl 1610 2047 010127 512 or 1024 FPT 

3-115 MB1511 1.1 GHz 64165 or 7mA 2.7 V to Binary Binary Binary 20-pin Plastic 
1281129 5.5 V 16to2047 010127 Slo 16383 FPT 

3-127 MB1512 1.1 GHz 64/65 or SmA 5.0 V Binary Binary Binary 2O-pin Plastic 
1281129 (typl 16102047 010127 Slo 16383 FPT 

3-139 MB1513 1.1 GHz 128129 SmA 5.0 V Binary Binary Binary 2O-pin Plastic 
1610 2047 010127 SIO 16383 FPT 

3-153 MB151S 2.5GHz 5121528 16mA 5.0 V Binary Binary 16-pin Plastic 
(typ) 3210511 01031 512 FPT 

3-163 MB1519* 600 MHz 64165 11 mA 2.7VIO Binary Binary 20-pin Plastic 
5.5 V 16 to 2047 010127 512,1024 FPT 

"Dual PWPrascaler 
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DATA SHEET 

niB 15011AfB1501HIAfB1501L 

cO 
FUJITSU 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 1.1 GHz PRESCALER 

The Fujitsu MB1501IMB1501HIMB1501L. utilizing BI-CMOS technology. is a 
single chip serial input PLL frequency synthesizer with pulse-swallow function. 

The MB1501 series contain a 1.1 GHz two modulus prescaler that can select either 
64/65 or 12S/129 divide ratio; control signal generator; 16-bit shift register; 15-bit 
latch; programmable reference divider (binary 14-bit programmable reference 
counter); I-bit switch counter; phase comparator with phase inverse function; 
charge pump; crystal oscillator; 19-bit shift register; IS-bit latch; programmable 
divider (binary 7-bit swallow counter and binary II-bit programmable counter). 

The MB1501 operates on a low supply vo~age (3Vtyp) and consumes low power 
(45mWat 1.IGHz). 

MB1501 Product Line 

Vp Voop Lock up Do High-level LOW-level 

Voltage Voltage time ou~ut Output Output 
Wi th Current Current 

MB1501 SVmax S.5V max Middle sceed Middle Middle Middle 
MB1501H 10V max 10.0V max Hiah speed Low Hiah Low 
MB1501L SVmax 8.5V max Low sceed Hiah Low Hiah 

• High operating frequency: fIN M.x=I.1GHz (V,. MIN=0.20Vp.p) 
• On-chip prescaler 
• Low power supply voltage: 2.7V to 5.5V (3.0V typ) 
• Low power supply consumption: 45mW (3.0V. 1.1 GHz operation) 
• Serial input IS-bit programmable divider consisting of: 

o Binary 7-bit swallow counter (Divide ratio: 0 to 127) 
o Binary II-bit programmable counter (Divide ratio: 16 to 2047) 

• Serial input 15-bit programmable reference divider consisting of: 
o Binary 14-bit programmable reference counter (Divide ratio: S to 16383) 
o I-bit switch counter (SW) Sets divide ratio of prescaler 

• 2types of phase detector output 
o On-chip charge pump (Bipolar type) 
o Output for extemal charge pump 

• Wide operating temperature: T.=--40·C to +85·C 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbol Condition Value Unit 

Vee -0.5 to +7.0 V 
Power Supply Voltage VPH MB1501H V to 12.0 

V 
VP.VPL MB1501/1501 L V",,-to 10.0 

Output Voltage Vom -0.5 to Vee +0.5 V 

Open-drain Output 
VOOPH MB1501H -0.5 to 11.0 

V 
VOOP.VOOPL MB1501/1501 L -0.5 to 9.0 

Output Current 10m ±10 mA 
Storage Temperature TAT -5510+125 ·C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratins;ls are exceeded. Functional operation should be restricted to the 
condiuons as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CopyrighlO I990 by FUJITSU LIMITED 

PLASTIC PACKAGE 
DIP-16P-M04 

PLASTIC PACKAGE 
FPT-16P-M06 

PIN ASSIGNMENT 

OSC,. 

OSCOUT 

Vp fp 

Vee I, 

Do FC 

GND 

LD 

fin 

This device contains circuitry to protect the Inputs against 
damage due 10 high static voltages or elec1rlc fields. How­
ever, It is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated VOltages to this high impedance circuit 
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MB1501 
MB1501H 
MB1501L 

Vee@--

III 
GND@--

lE 11 

OSC,. 

3·4 

MB1501IMB1501H/MB1501L BLOCK DIAGRAM 

,..------------, 
I 16-B~ Shift Register I 
I I 

16-Bn Shift Register I 
I I 

:JJlilIIlllill[[: 
I 15-Bit latch I 
I I 

15-Bit latch I 
I 

] IilI ill IilI[: 
I Programmable I 
I Reference Divider I 
I Binary 14-Bn 

I 
Reference Counter 

L ____________ .I 

r-----------------, 
I 19-Bit Shift Register I 
I I 
I 19-Bit Shift Register I 
:=[OJII[UDJJII[[O=: 
I 18-Bit latch I 

I 

Charge 
Pump 

13 

12 

f, 

FC 

lD 

0R 

0P 

V. 

Do 

I 11-Bit latch I I 
:=rnlIIilJ]11IrrrJ1~.I __ '----__ ,---.--.(14 f. 

I Programmable Divider I 
I 
I 

...----..... ---.r""""--..... --.... I 



MB1501 
MB1501H 
MB1501L 

PIN DESCRIPTIONS 
PlnNo. Pin Name 110 Descriptions 

1 OSC,. I Oscillator input. 
2 OSCOUT 0 Oscillator output. 

A crystal is placed between OSC,. and OSCOUT• 

3 V. - Power supply input for charge pump. 

4 Vee - Power supply voHage input. 

5 Do 0 
Charge pump output. 
Phase characteristic can be inversed depending upon FC input. 

6 GND - Ground. 

Phase comparator output. 
7 LD 0 This pin outputs high when the phase is locked. While the phase difference of f, and f. exists, 

the output level goes low. 

8 fin I 
Prescaler input. 
The connection with an external VCO should be an AC connection. 

9 Clock I Clock input for 19·bit shnt register and 16-bit shift register. 
Each rising edge of the clock sMts one bit of data into the shnt registers. 

Serial data of binary code input. 

10 Data I 
The last btt of the data is a control bit. The last data bit specifies which latch is activated. 
When the last bit is high level and LE is high-level, data is transferred to 15-bit latch. 
When the last bit is low level and LE is high level, data is transferred to 18-bit latch. 

Load enable input (with internal pull up resistor). 
11 LE I When LE is high level (or open), data stored in the shift register is transferred to latch depend· 

ing on the control data. 

12 FC 0 
Phase selecting input of phase comparator (with internal pull up resistor). When FC is low 
level, charge pump and phase detector characteristics can be inversed. 

13 f, 0 
Monitor pin of phase comparator input. 
It is the same as programmable reference divider output. 

14 f. 0 
Monttor pin of phase comparator input. 
It is the same as programmable divider output. 

15 0P 0 Outputs for external charge pump. 
16 0R 0 Phase characteristics can be inversed depending on FC input. 

0P pin is an N·channel open·drain output. 
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MB1501 
MB1501H 
MB1501L 

FUNCTIONAL DESCRIPTIONS 
SERIAL DATA INPUT 

5erial data input is input using Data pin, Clock pin and LE pin, The IS-bit programmable reference divider and 18-bit programmable 
divider are controlled respectively. 

On rising edge of the clock shifts one bit of the data into the internal shift registers . 

When load enable (LE) is high level (or open), data stored in shift resisters is transferred to IS-bit latch or 18-bit latch depending upon 
the control bit level. 

3-6 

Control data "H" ; Data is transferred into IS-bit latch. 
Control data "L" ; Data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-bit shift register, IS-bit latch and 14-bit reference counter. 5erial16-bit data format is 
shown below. 

-------..., •• Data input 
Last data input 

@ 14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 

Divide 5 5 5 5 5 
ratio 
R 14 13 12 11 10 

8 0 0 0 0 0 

9 0 0 0 0 0 

. . . . . . 
16383 1 1 1 1 1 

Divide ratio less than 8 is prohibited. 
Divide ratio R: 8 to 16383 

5W: Divide ratio of prescaler setting bit. 
5W-"H": 64 
5W="L": 128 

5 5 5 5 5 

9 8 7 6 S 

0 0 0 0 0 

0 0 0 0 0 

. • . • . 
I I I 1 1 

5, to S,,: Divide ratio of programmable reference counter setting bits (8 to 16383) 
C: Control bit (Control brt is set to high.) 

5 

4 

1 

1 

• 
I 

First data input 

5 5 5 

3 2 1 

0 0 0 

0 0 I 

. . . 
1 I 1 



FUNCTIONAL DESCRIPTIONS 
PROGRAMMABLE DIVIDER 

MB1501 
MB1501H 
MB1501L 

Programmable divider consists of 19-bit shift register, 18-b~ latch, 7 -b~ swallow counter and 11-b~ programmable counter. 
5erial 19-bit data format is shown below. 

Last data input 
---------•• Data input 

First data input 

@) 7-BIT 5WALLOW COUNTER DIVIDE RATIO @) II-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 

Divide 5 5 5 5 5 5 
ratio 

A 7 6 5 4 3 2 

0 0 0 0 0 0 0 

1 0 0 0 0 0 0 

. . . . . . • 
127 1 1 1 1 1 1 

Divide ratio A : 0 to 127 

5 

1 

0 

1 

. 
1 

Divide 5 5 5 5 5 
ratio 
N 18 17 16 15 14 

16 0 0 0 0 0 

17 0 0 0 0 0 

. . . . . • 
2047 1 1 1 1 1 

Divide ratio less than 16 is prohibited. 
Divide ratio N : 16 to 2047 

5. to 5,.: Divide ratio of programmable counter setting bits (16 to 2047) 
5, to 57 : Divide ratio of swallow counter setting bits (0 to 127) 
C: Control b~ (Control bit is set to low.) 
Dara is input from M5B data. 

5 S S 5 5 

13 12 11 10 9 

0 1 0 0 0 

0 1 0 0 0 

• • . . . 
1 1 1 1 1 

5 

8 

0 

1 

• 
1 
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MB1501 
MB1501H 
MB1501L 

Data 

Clock 

LE 

S18=MSB 

*(SW) 

t, 

t,-t5~1f!s 

SERIAL DATA INPUT TIMING 

S17 S10 S9 S1=LSB X C: Control bit 

(S14) (S8) (S7) (S1) (C: Control bit) 

On the rising ed!)e of the clock shHts one bit of the data into the shift registers. 
Parent~sis data IS used for setting the divide ratio of the programmable reference divider. 

PHASE CHARACTERISTICS 

FC pin (pin 12) is provided to inverse the phase comparator 
characteristics. The characteristics of internal charge pump output 
(Do), phase detector outputs (0R,0P) can be inversed depending 
upon FC input data. Outputs are shown below. 

FC=H (or open) FC=L 

Do 0R 0P Do ~R ~P 

f,>f. H L L L H Z 

f,d. L H Z H L L 

f,=f. Z L Z Z L Z 

Note: Z=(High impedance) 

Depending upon VCO characteristics, FC pin should be set accord­
ingly: 
When VCO characteristics are like CD, FC should be set high or open 
circuit; 
When VCO characteristics are like@, FC should be set Low. 

VCO CHARACTERISTICS 

t; 
z 
w 

§ 
cc u... 
I­
::> 
1= 
::> a 

~ 
VCO INPUT VOLTAGE -



RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol 

Value 
Min Typ 

Vee 2.7 3.0 

Power Supply Voltage VPH MB1501H Vee 
MB1501 Vp, V ... MB1501L Vee 

VOOPH MB1501H Vee 
Open-drain Output 

MB1501 Voop, VOOPL MB1501L Vee 

Input Voltage V,N GNO 

Operating temperature T. -40 

Max 

5.5 

10.0 

8.5 

10.0 

8.5 

Vcc 

+85 

MB1501 
MB1501H 
MB1501L 

Un" 

V 

V 

V 

V 

·C 
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MB1501 
MB1501H 
MB1501L 

ELECTRICAL CHARACTERISTICS 
(Vcc-2 710 5 5V TA--40 10 +85°C) - . . -

Parameter Pin Name Symbol Condition 

Power Supply Current Vee lee '1 

fin I'N '2 
Operating Frequency 

OSC'N lose 

Vr., Vec=2.7 - 4.0V 
fin 

Input Sensitivity V ... Vee=4.0 - 5.5V 

OSC'N V'N 

High-level Input Vo~age Except V'H 
lin and 

Low-level Input Voltage OSC'N V," 

High-level Input Current Data. I'H 

Low-level Input Current 
Clock 

I," 

OSC'N I'N 
Input Current 

LE.FC IlE 

High-level Output Voltage Except VOH 
Do and Vcc=3.0V 

Low-level Output Voltage OSCOUT VOL 

N-channel Open-drain 
0P 10FF Vcc~ Vp~ BV Cutoff Current 

High-level Output Current Except 10H 

Do and 
Low-level Output Current OSCOUT Iol 

IOOHH MB1501H 
vcc=:.Jv 
Vp=12V T =25°C 

High-level Output Current 100H MB1501 Vcc=3V 

IOOHl. MB1501L Vp=6V. T.=25°C 

Do vcc=3v 
100LH MB1501H 

V -12V T -25°C 

Low-level Output Current lool MB1501 Vcc=3V 

100LL MB1501L Vp=6V. T.=25°C 

MB1501H 
Vcc=3V. Vp~12V 

Leakage Current Do.0P Doz 
T =25°C 

MB1501 Vcc~:.JV. Vp~9V 

MB1501L T =25°C 

Note: '1 Vee=3.0V. I'N=l.lGHz. losc=12MHz crystal. 
Inputs are grounded except I'N. and outputs are open. 

'2 Input coupling capac~or 1000pF is connected. 

3-10 

Value 

Min Typ Max 
Unit 

- 15 - rnA 

10 - 1100 MHz 

- 12 20 MHz 

-10 - 6 dBrn 

-4 - 6 dBrn 

0.5 - - Vp.p 

0.7xVee - - V 

- - 0.3xVcc V 

- 1.0 - IJ.A 

- -1.0 - IJ.A 

- ±50 - IJ.A 

- -60 - IJ.A 

2.4 - - V 

- - 0.4 V 

- - 1.1 IJ.A 

-1.0 - - rnA 

1.0 - - rnA 

-2.2 -4.5 - rnA 

-0.5 -2.0 - rnA 

-0.5 -1.1 -2.2 rnA 

2.2 6.0 - rnA 

1.5 6.0 - rnA 

4.5 12.0 - rnA 

- 1.0 IJ.A 



TYPICAL CHARACTERISTICS CURVES 
CHARGE PUMP CHARACTERISTICS 

• MB1501/MB1501H • MB1501L 

3.6kQ 12kQ 

Do 
24.8kQ 12kQ 

GND 

LOCK UP TIME MEASUREMENT 

( lV/div tL-___ ~ J 
10ns/div 

Do 

GND 

MB1501 
MB1501H 
MB1501L 

Low unlock condition - Lock (533MHz) High unlock condition _ Lock (518MHz) 

/' - ""\ 
/ r- -'" ~ 

MB1501~ ~ 
r It-" MB1501L 

If V' 
Ir V 
~ 

VOH vs. 10H 

~ 8.0 

~ ., 
E 
~ 
~ 7.0 
5 o 

1 
i:. 
.2' 
J: 6.0 

o 

1\ , 
MB1501L 

MB~501 MB1501H 

-1 -2 -3 -4 
High-level Output Current 10H (rnA) 

....., 

1.00- 1\ 
~ ~l\ 

S~ 
~ 
~ ~ ~ ~ ~ 

I"-P'" 

VOL vs. 10L 

~ 2.0 

.J 
CD 
g> 

I I 
MB1501 
MB1501H MB1501L 

g 
5 
.9- 1.0 

" o 
1 
~ 

0.0 
-5 0 10 20 

Low·level Output Current 10L (rnA) 
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MB1501 
MB1501H 
MB1501L 

Do PIN OUTPUT WAVEFORM AT LOCK CONDITION 

Output Waveform 

( W/div iL ___ •• 

100nsldiv 

MB1501 

J 
I 
~ 

'r 

MB1501H 

MB1501L r 
- ~-

J 

r/ 

3-12 
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PHASE CHARACTERISTICS (AI VS. Do OUTPUT ENERGY) 

150 

100 

50 

"'" > 
I 

'2 
!!:i. 0 
>-
e> 100 80 60 40 
Q) 
c: 

UJ 

-50 

-100 
i- MB1501HI - --- MB1501 
--- MB1501d 

-150 

./ ~: V 
//;' " 

/. ~;'/ V 

f/ ;,' 

......& 
20 0V'~40 60 80 

20 

I 
V ,," ,,-

;' 
;' 

Time 6f (ns) 

Vp 

Doh--.. Oscilloscope 

11~~ \I 

[
Vcc=VP=3.0V ] 
f'NSfosc= 12MHz 
f.=fp=46.9kHz 

----'" -
I--~ 

MB1501 
MB1501H 
MB1501L 
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MB1501 
MB1501H 
MB1501L 

INPUT SENSITIVITY 

3-14 

+10 
E 
aJ ° :'!!. 

;; -10 
>. 

:~ -20 
.~ 

:5 -30 en 
'§. -40 
.E 

-50 

+10 
E 
~ ° 
;; -10 
>. .... 
:~ -20 
!!! 
Jl -30 
'S 
~-40 

-50 

Input Sensitivity vs. Input Frequency (Supply Voltage Dependence) 

I I '" 
~G~ Vee=S.SV ,... 

~ Operating Area 
~~~·2-!·~ .. -~ ., Y.,,-2.7 ..... 0Y 

~ ~\ 
1;;;....0-

-----
".- 1\ V ",=2.7V 

I ......... 
Vees4.SV 

1.0 1.1 1.2 1.3 1.4 1.S 1.6 1.7 1.8 1.9 
Input Frequency fin (GHz) 

¢ TA -2SoC 
I 

Vee 

±0.1 ILF 

8-f~ 
4 

P.G 8 14 _ Oscilloscope 
(Counter) 

soo 6 

Th 

Input Sensitivity vs. Input Frequency (Temperature Dependence) 

I I 
I -~ ~ ......... ~ ~ Guarantoal Operating Area - - T.=-4.0°C Vcc-4.0~.5V 

~ '" Vcc_2.7--4.0V \ ~ 

" \ T.&+2SoC 

~ ~ T.=+8SoC 

1.0 1.1 1.2 1.3 1.4 1.S 1.6 1.7 1.8 1.9 
Input Frequency fin (GHz) 

¢ Vcc -3.0V Vee 
I ±0.1ILF 

8-f~ 
4 

P.G 8 14 f-o Oscilloscope 
(Counter) 

SOO 6 

Th 



INPUT IMPEDANCE 

TEST CIRCUIT 
Do Pin Output Current (loH, lOLl Measurement 

Vee Vp 

MB1501 
Do - IOL 

-loH 

lOMHz 
100M Hz 
200M Hz 

500MHz 

MB1501 
MB1501H 
MB1501L 
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Q 

MB1501 
MB1501H 
MB1501L 

Lock up Time Measurement 

Oscilloscope (10Mn, 10pF) 

LPF Circuit 

1kn 4kn 4kn 

o---ANo.------'-,; w.. 
1kn 

1O~F 

f 01:~"'f-1~-F-·' to VCO 

[ 
Vcc=3V, Vp=8V 1 
fvco=Low unlock condition _ Step to Lock condition (533MHz) 
fvco=High unlock condition _ Step to Lock condition (518MHz) 

Phase Characteristics Measurement 

3-16 

OSCin 

fin 

[ 
Vi-£=3V, Vp=3V 
Af=fr-fp 
Energy (En)=V't 

10kn 

-------
10kn 

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

fp 
1 

Oscilloscope 
(10Mn, 10pF) 



TYPICAL APPLICATION EXAMPLE 

12kn 

Charge Pump Selection 
(Internal or external) 

MB1501 
MB1501H 
MB1501L 

,...-----, OUTPUT 

FROM 
CONTROLLER 

12kn 

..-----+----0 } 

0R 0P FC LE 

16 15 14 13 12 11 10 

MB1501 

2 3 4 5 6 7 8 

OSC,. OSCOUT Vp Vee Do GND LD 

6V 3V 

C" c..: Depends on crystal oscillator 
LE,FC: With internal pull up resistor 
0P : Open drain output 

47kn 

1000pF Vcc(3V) 

LOCKDET. 
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MB1501 
MB1501H 
MB1501L 

PACKAGE DIMENSIONS 

3-18 

.050(1.27) 
MAX 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP- 16P-M04) 

\ 

.-----7JI'''''''' __ ;:;!_§-::O;=~ q 15· MAX 

I 

.300(7.62) 
TYP 

© 1988 FUJITSU LIMITED D16033S-2C 
Dimensions in 

inches (millimeters) 



PACKAGE DIMENSIONS 
IS-LEAD PLASTIC FLAT PACKAGE 

(Case No.: FPT-16P-M06) 

1--400+ 010{10 15+0.251 
I .. ~'M~L;i 

f 307± 016 
INDEX 1{7 SO±040) 

_/ .209±.012 o "S" (5.30±0.30) 

1Im==iii=;;r=rr=n=~ __ I_J 
.050{1.27) 

TYP 
11·01S±.004 

(0.45±0.10)!$! </>.005{0.13) ~! 

"A" 

II II II II 11:11' 

Lr"""004{0.1'~;" 
- - .350{S.89) REF -

1:l199D FUJITSU LIMITED F16D15S-2C 

OS9(225) MAX 
(SEATED HEIGHT) 

.002 (0.05) MIN 
1 (STAND OFF) 

-J l 
.26S:'::8bg{6.S0:,:g:~g) 

i 

j .020±.00S 
===t{0.50tO.20) 

~ .006 :,:gg~ (0.15:': gg~) 

MB1501 
MB1501H 
MB1501L 
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MB1501 
MB1501H 
MB1501L 
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cP 
June 1991 FUJITSU 

DATA SHEET 

·MB1502 
Serial Input PLL Frequency Synthesizer 
The Fuj~su MB1502 fabricated in Bi-CMOS technology, is a single chip serial input 
PLL synthesizer with pulse-swallow function. 

The MB1502 contains the following: analog switch to speed up lock uptime, control 
signal generator, 16-bit shift register, 15-bit latch, programmable reference divider 
(binary 14-bit programmable reference counter), l-bit switch counter, phase 
comparator with phase conversion function, charge pump, crystal oscillator, 19-bit 
shift register, 18-bit latch, programmable divider (binary 7-bit swallow counter and 
binary l1-bitprogrammablecounter) and a 1.1 GHz two modulus prescalerthatcan 
select either a 64165 or 128/129 divide ratio. 

It operates supply voltage of 5 V typo and achieves very low power supply current of 
8 mA typo realized through the use of Fujitsu Advanced Process Technology. 

• High operating frequency: fNMAx ~ 1.1 GHz (VINMAX= -10 dBm) 

• Pulse swallow function: 64/65 or 128/129 

• Low supply current: lee = 8 mA typo 

• Serial input 18-bit programmable divider consisting of: 
- Binary 7-bit swallow counter: 0 to 127 
- Binary l1-bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 
- Binary 14-bit programmable reference counter: 8 to 16383 
- l-bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog sw~ch achieves fast lock up time 

• Two types of phase detector output: 
- On-<:hip charge pump (Bipolar type) 
- Output for external charge pump 

• Wide operating temperature: -40 °C to +85 °C 

• 16-pin Plastic DIP Package (Suffix: -P) 
16-pin Plastic Flat Package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Ratings 

Power Supply Voltage Vee -0.5 to +7.0 

Vp Vee to 10.0 

Output Voltage Vour -0.5 to Vee +0.5 

Open-drain Voltage Voop -0.5 to 0.8 

Output Current lOUT ±10 

Storage Temperature TSTG -55 to +125 

Un" 

V 

V 

V 

V 

mA 

°C 

Note: Permanent device damage may oeeur H absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi­
tions as detailed in the operation sections of this data sheet. Expo­
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

© 1991 by FUJITSU LIMnED and Fuiltsu MlclOOleclronlcs.lnc. 

DSCIN 

OSCour 

vp 

Vee 

Do 

GND 

LD 

fiN 

Plastic Package 
DIP-16P-M04 

Plastic Package 
FPT-16P-M06 

Pin Assignment 

$R 

$P 
fOUT 

BISW 

FC 

LE 

Dala 

Clock 

This d8vice contains crcultry to protect the inputs against 
damage due to high static vollages or eIecIrlc fields. However. It 
Is advilod 1hat normal prec:au1Ions be 1ak8n 10 avoid appIic:a1lon 
of any voltage high .. than maxlrnJm rated volag .. lOthls high 
lJJl)8dance circuit. 
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MB1502 BLOCK DIAGRAM 

r------------, 
I 16-BIT SHIFT REGISTER I 
I I 
I 16-BIT SHIFT REGISTER I 
~ImIOlnlI===~ 
I 15-BITLATCH I 

~~----------~I 15-BIT LATCH I 
LlmIOlfOI===.J r PROGRAMMABLE REFERENCE 1 
I DIVIDER I 

BINARY 14-BIT 
REFERENCE COUNTER 

Do 5~----~---++----------------------4-4~4-----------~ 

.---------------------------4---------------~~--_{11 LE 

fIN 8 PRESCALERt--+----..;...;..;r-"'''''''''=..::;;;;;;:.",;:.;,,;,,;;i" 



MB1502 

PIN DESCRIPTION 
Pin No. Pin Name 110 Description 

1 OS<;'. I Oscillator input. 
2 OSCcur 0 Oscillator output. 

A crystal is placed between OSC'N and OSCOUT• 

3 V. - Power supply input for charge pump and analog switch. 

4 Vee - Power supply vottage input. 

5 Do 0 Charge pump output. 
The characl8ristic& 01 charge pump are reversed depending upon Fe Input 

a GND - Ground. 

Phase comparator output. 
7 LD 0 Normally this pin outputs high level. While the phase difference of f, and f. exists, this 

pin outputs low level. 

8 fIN I Prescaler input. 
The connection with an external VCO should be AC connection. 

9 Clock I Clock input for 19·b~ shift register and la·bit shift reQister. 
Each rising edge of the clock shifts one bit of data into the shift register, 

Binary serial data input. 
The last bit of the data is a control bit which specified destination of shift registers. 

10 Data I When this b~ is high level and LE is high level, the data stored in shift register is trans-
ferred to IS·bit latch. When this b~ is low level and LE is high level. the data is trans-
ferred to IS-bit latch. 

Load enable input (with internal pull up resistor). 

11 LE I When LE is high or open, the data stored in shift register is transferred into latch de-
pending upon the control bit. At the time, internal charge pump output to be connected 
to BISW pin because internal analog switch becomes ON state. 

Phase select Input of phase comparator (wilh intemal pull up resistor). 

12 FC I When FC is low leve·I, the characleristics of charge pump, phase comparator is re-
versed. 
FC input signal is also used to control f~, pin (test pin) output level, f, or f,. 

Analog switch output. 
13 BISW 0 Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 

pin is high level), this pin outputs internal charge pump state. 

Monitor pin of phase comparator input. 
I ... pin outputs either programmable reference divider output (f,) or programmable dl-

14 fOUT 0 vider output (f.) depending upon FC pin input level. 
FC=H: It is the same as f, output level. 
FC=L: It is the same as Ip output level. 

15 ~~ 0 Outputs for external charge pump. 
16 0 The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 
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MB1502 

FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-btt programmable 
reference divider and 18-bit programmable divider, respectively. 
Binary serial data is input to Data pin. 
On rising edge of clock shifts one bit of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control bit. 
Control data 'H" data is transferred into 15-bit latch. 
Control data "L" data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-bit shfft register, lS-bit latch and 14-bit reference counter. Serial 16-bit data format is 
shown below. 

r-- Divide ratio of programmable reference counter setting bit ---I 

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 

Divide S S S S 5 5 5 5 
Ratio 

R 14 13 12 11 10 9 8 7 

8 0 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 0 

• • • • . • . • • 
16383 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 8 is prohibited. 
Divide ratio: 8 to 16383 
5W:This bit selects divide ratio of prescaler. 

5WaH :64 
5W-L :128 

5 5 5 5 

6 S 4 3 

0 0 1 0 

0 0 1 0 . . • . 
1 1 1 1 

5 

2 

0 

0 

• 
1 

5 

1 

0 

1 . 
1 

51 to 514: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 
Data is input from M5B side. 

PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register. lS-bit latch. 7 -bit swallow counter and ll-bit programmable counter. 
Serial 19-bit data format is shown on the following page 
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Divide ratio of swallow 
counter 

setting bn 

7-BIT SWALLOW COUNTER DIVIDE RATIO 

Divide S 5 5 5 5 5 5 
Ratio 

A 7 6 5 4 3 2 1 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 . . . . . . . . 
127 1 1 1 1 1 1 1 

NOTE: Divide ratio: 0 to 127 

Divide ratio of programmable 
counter 

setting bit 

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 

Divide 5 5 5 5 5 5 5 5 5 5 5 
Ratio 

N 18 17 16 15 14 13 12 11 10 9 8 

16 0 0 0 0 0 0 1 0 0 0 1 

17 0 0 0 0 0 0 1 0 0 0 1 . • • . . • • . . . . . 
2047 1 1 1 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 16 is prohibited. 
Divide ratio: 16 to 2047 
51 to 57: 5wallow counter divide ratio sellinll bit. (0 to 127) 
58 to 518: Programmable counter divide ratio selling bit. (16 to 2047) 
C: Control bn (sets as low level). 
Data is input from MSB side. 

PULSE SWALLOW FUNCTION 

fvco= [(PxN)+A] xfosc+R 
fvco: Output frequency of external vottage controlled oscillator (VeO) 
N: Preset divide ratio of binary 11-bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7-bit swallow counter (OSAs127, A<N) 
fose: OUlputfrequency 01 the external reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to16383) 
P: Preset modulus of external dual modulus prescaler (64 or 128) 

MB1502 
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MB1502 

SERIAL DATA INPUT TIMING 

Data S18=MSB S17 S10 59 SI=L5BX C: CONTROL BIT 

*(SW) (S14) (58) (57) (51) (C: CONlROL BIT) 

Clock 

LE 

NOTES: The data noted in parentheses is used for selling !he divide ratio. 
On rising edge of dock, one bit of data shifts into the shift registsr. 

NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of clock shifts one bit of data in the shift register. 

PHASE CHARACTERISTICS 

VCO CHARACTERISTICS 
FC pin is provided to change phase characteristics of phase r-:=-..:;.;.;"-"-=:;...;..;;:;:...:;"'-".;..;;.;"--------., 
comparator. Characteristics of internal charge pump output level (Do), 
phase comparator output level ("R, "P) are reversed depending upon 
FC pin input level. Also, monitor pin (f .. J output level of phase 
comparator is controlled by FC pin input level. The relationship 
be\Ween outpUts (D~1, ~R, ~P) and Fe input level is shown below. 

FC=H or open FC=L 

Do "R "P fout Do "R "P fout 

f,>f. H L L (f,) L H Z (f,) 

f,<f. L H z (f,) H L L (f,) 

f,.f. Z L z (f,) z L Z (f,) 

Note: Z.(High impedance) 

Depending upon VCO characteristics, FC pin should be set accordingly: 
When VCO characteristics are like CD, FC should be set High or open circuit; 
When VCO characteristics are like (g), FC should be set Low. 
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MB1502 

I, -.J f f f f L 

LOU U U U L 
00····.If········~··· z ···U·····-U-···-U-···l.-

1,>1. 1,=1. I,d. I,d. I,d. 

NOTES: Phase dnlerence detection range: -21t to +21t 
Spike appearance dep'ends on charge pump characteristics. Also. the spike is output in order to diminish dead band. 
When 1,>1. or I,d •• spike might not appear depending upon charge pump characteristics. 

ANALOG SWITCH 

ON/OFF 01 analog switch is controlled by LE input signal. When the analog switch is ON. internal charge pump output (Do) is 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 

LE=H (Changing the divide ratio 01 internal prescaler) : Analog switch=ON 
LE=L (Normal operating mode) : Analog switch=OFF 

LPF time constant is decreased in order to insert a analog switch between LPFI and LPF2 when channel of PLL is changing. 
Thus, lock up time is decreased, that is, fast lock up time is achieved. 

······_···········,0 
I 0 

CHARGE PUMP 

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

(CONTROL SIGNAL LE) : 
--------------------------------~ 

RECOMMENDED OPERATING CONDITIONS 
Value 

Parameter Symbol Unit 
Min Typ Max 

Vee 4.5 5.0 5.5 V 
Power Supply Voltage 

V. Vee V. 8.0 V 

Input Voltage V, GNO Vee V 

Operating Temperature T. -40 85 ·C 
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MB1502 

ELECTRICAL CHARACTERISTICS 
(Vcc=4.5 to 5.5V, TA=-40 to +85°C, unless otherwise noticed.) 

Parameter Symbol Condition 
Min 

Value 

Typ Max 
Unit 

Power Supply Current Icc Note 1 8.0 12.0 mA 

fin f" Note 2 10 1100 MHz 
Operating Frequency 

OSC", fose 12 20 MHz 

fin 
Input Sensitivity 

Vfln -10 6 dBm 

OSC,. V""", 0.5 V •• 

High-level Input Vonage Except fi, V'H VccxO.7 V 

Low-level Input Voltage 
andOSC,. 

V'L VeexO.3 V 

High-level Input Current Data I'H 1.0 I1A 

Low-level Input Current 
Clock 

I'L -1.0 I1A 

OSC,. lose ±so I1A 
Input Current 

LE.FC II.! -60 I1A 

High-level Output Current 
Except Do VOH Vcc=5V 4.4 V 

Low-level Output Current 
and OSCour 

VOL 0.4 V 

N-channel Open Drain Do.0P 10Ff 
Vp.Vee to BV 1.1 I1A Cutoff Current VOOP=GND to BV 

Except Do 10H -1.0 mA 
Output Current 

and OSCOUT 
IoL 1.0 mA 

Analog Switch On Resistor Ro. 25 n 

NOTE 1: fll>-l.lGHz. OSCI!'=12MHz. Vr.c-5V. Inputs are grounded and outputs are open. 
NOTE 2: AC coupling. Minimum operating frequency is measured when a capacitor 1000pF is connected. 
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MB1502 

TYPICAL CHARACTERISTICS CURVES 
INPUT SENSITIVITY CHARACTERISTICS 

o 

Input -6 
Sensitivity 

Vln : 
(dBm) -10 . 

fin Input Sensitivity vs. Input Frequency 

Vcc=5.0V 

0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.31.4 1.5 
Input Frequency fin (GHz) 

Vee 

Input 

esc,. Input Sensitivity vs. Input Frequency 

Vcc=5.0V, T.=25"C 

20 

10 

Sensititity -10 1-++-H+Hffi--+-HHf1HH---lr-H 
Vase 

(dBm) -20 1-+--t-+++H+++--+-+-I~f+H--I,--t--'I 

5 10 50 100 
Input Frequency OSC,. (MHz) 

Vp 

P.G ~ ,....I._-1_-1.....1:=i:=i::;-----' 
50Ul87654321 

t-o= P.G 

9 10 1 I 12 13 14 15 16 9 10 11 12 13 14 15 16 

Oscilloscope Oscilloscope 
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INPUT IMPEDANCE CHARACTERISTICS 

IOOOMHz 

3-30 

20MHz 

lOOMHz 

200MHz 

m~w~~~~t---500MHZ 



TYPICAL APPLICATION EXAMPLE 

12k 

12k 

0R 0P 

16 15 14 13 12 

MB1502 

2 3 4 

OSC,. OSCOUT V, 

6V 5V 

V •• V", 8V max. 
Ct. C. Depends on crystal oscillator 
LE.FC With internal pull up resistor 
0P Open drain output 

5 

Charge Pump 
Selection 
(Internal or 
external) 

LE Data 

11 10 

6 7 

GND LD 

8 

MB1502 

.---.., OUTPUT 

FROM 
CONTROLLER 

47k 

LOCKDET 
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PACKAGE DIMENSIONS 

3-32 

.050(1.271 
MAX 

16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-16P-M04) 

:~._tim .. ~'.~ 
.118(3.001 MIN 

.018±.003 
(0.46±0.08) .020(0.51) MIN 

© 1988 FUJITSU LIMITED D16033S-2C 

15°MAX 

Dimensions in 

inches (millimeters) 



16-LEAD PLASTIC FLAT PACKAGE 
(Case No. : FPT -16P-M06) 

[400:': gl,g(10 15:,:g~gl 

I ~~ !307±016 
(7.80±0401 

.209±.012 
(5.30± 0.301 

~;=;;=;:;=~ __ l 1 

.089(2.251 MAX 
ISEATED HEIGHT) 

.268:': :86~ (6.80:': g:~g) 
I 

j .020±.008 

.050(1.271 
JL ~") ----

o018±.004 
10~$1 ~.005(0.13) M I 

JL:===t 10.50±0.20) 

.006:': :gg~ (0.15:': g:g~1 
TVP 

"A" 

II II lilli, 

- .350(8.89) REF -

((;)1990 FUJITSU LIMITED F16015S-2C 

·-------------1 
I Details of "A·· part I 

, 
I 
I 

.008(0.20)' 
.007 (0. 18) I 

MAX : 
, .027(0.88) I 

~ _______ ~A!, _____ : 

:r;;iaii; ;f-::-B-·-~rt-' 
: .006(0.15) 

: .....,,.....,=f==I 
: 
I 
I 
I 
I 
I 
I MAX 
: .027 (0.68) 
: MAX L _____________ _ 

Dimensions in 
inches (millimeters) 

MB1502 
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OJ 
September 1991 FUJITSU 

DATA SHEET 

MB1503 
Serial Input PLL Frequency Synthesizer 

The Fujitsu MBl503ls aserial input phase-locked loop (PLL) frequency synthesizer 
with a pulse-swallow function. A stand-by mode is provided to limit power 
consumption during intermittent operation. 

The MB1503 is configured with a 1.1 GHz dual-modulus prescalerwith a 1281129 
divide ratio, control signal generator, 16-bit shift register, 15-bit latch, program­
mable reference divider (binary 14-bit programmable reference counter), l-bit 
switch counter, phase comparator with phase conversion function, charge pump, 
crystal oscillator, 19-bit shift register, 18-bit latch, programmable divider (binary 
7-bit swallow counter and binary l1-bit programmable counter), analog switches, 
and intermittent operation control circuit that selectsthe operating or stand-by mode 
depending on the power-save control input state (PS). 

The MB1503 operates from a single +5 V supply. Fujitsu's advanced technology 
achieves an Icc of 8 mA, typical. The stand-by mode current consumption is just 
100 J.lA. 

• High operating frequency: fiN = 1.1 GHz (VIN = -1 0 dBm) 

• Pulse-swallow function: hi\lh-speed dual-modulus prascaler with 128/129 
divide ratio 

• Low supply current: lee - 8 mA typo at 5 V 

• Power-saving stand-by mode: 100 J.lA 
• Serial input, 18-bn programmable reference divider consisting of: 

Binary 7-bit swallow counter: 0 to 127 
Binary l1-bit programmable counter: 0 to 2,047 

• Serial input, 15-bit programmable reference divider consisting of binary 15-bit 
programmable reference counter: 8 to 16,383 l-bit switch counter sets 
prescaler divide ratio 

• On-chip analog switch for fast lock-up 

• On-chip charge pump 

• Wide operating temperature range: -40 to +85 °C 

• Plastic 16-pin dual inline package (Suffix: -P) 
Plastic 16-pin small outline package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Value 

Vee -0.5 to 7.0 
Supply Vottage 

Vp Vee!!. Vp!!. 10.0 

Output Vottage VOUT -0.5 to Vee +0.5 

Output Current louT ±10 

Storage Temperature TSTG -55 to +125 

Unit 

V 

V 

V 

mA 

°C 

NOIe: Permanent device damage may occur if absolule maximum ratings are ex­
ceeded. Functional operation should be restricted to the conditions as de­
tailed in the operation sections of this data sheet. Exposure to absolute maxi­
mum rating conditions for extended periods may affect device reliability. 

© 1991 by FUJITSU LIMITED and Fuji1su Mictoeloc:t ... lcs. Inc. 

FPT·16P-M06 

DlP-16p·M04 

Pin Assignment 

OSCIN PS 

OSCouT fR 

Vp fp 

Vee BiSW 

Do FC 

GND LE 

LD Data 

fiN Clock 

This _c:ontaInscln:uhryto _ "'" Inp"'" ogahIt 
danago duo to high staIIc vatagos or ai_ie lioids. _.k 
iI advised 1haI normal precautions be _n to avoid appllcallon 
~!'lhor than maximum rated vatagOl to Ihla high 
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BLOCK DIAGRAM 

,. PS 

OSC'N 
, r--------, To lock detector 

~ I l6-bit shift register I 
Phase I 

I Oscillator ~ l- I l6-bit shift register] I compararor 

):I1:0:I1:0:II:~ PSl r') 
2 I l5-bitlatch I 4 l5-b~ latch I I ,<1 

):II:O:rI:O:I1:~ Phase.c~-l 
~ 3 ~ c actenstics I Programmable I changi~g cir-! From phase I relerence divider I t-- CUlt compararor 

-i J Binary 14·bit "I S Ji== I-- 1><1 (.) reference counter W 
PSl 

--I Charge , L ________ .J pump 
t,.;~ 

OSCOUT 

Vee BiSW 

PSl 

J Intermilient I: l..(,~ 
operatIOn 

From charge Lcontrol circuitr 

FC 

Do 5 
pump 

From I Schmitt L 
11 

trigger (0) phase 
comparator 

GND 
LE 

('ML?Ck ~te~1 r-----------, I 19-bit shift register I 
Schmitt aon Circuit I 19-bit shift register I l-bit ,~ 

control trigger 

):rI:O:rI:O:rI:O:rI:~ latch 

I l8-bitlatch I 

~i> ~ 7-bitlatch J I ll-bitlatchl I trigger 

LD 

Data 

Clock 

PSl >:rI:O:rI:O:rI:O:rI:~ 
i Programmable divider I 

Ipr~ I scaler I JJ. ! 1 I sw output 
IIBinary 7-bitllBinary ll-bitl ! • I Prescaler J-PS; swallow programma- I 

PSl I counter ble counter I 
MC L--t-t-t-i---.J 

I'N 

J Control circuit J I 
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PIN DESCRIPTION 

lID 

7 lD 0 Phase comparator output 
The output level is high when lD is locked. The output level is low when lD is unlocked 

8 fiN Prescaler input 
Connection with an external VCO should be done by AC coupling 

9 Clock Clock input for 19-bit and 16-bn shift registers 
Data is shifted into the shift register on the rising edge of the clock 
Schmitt circuit is involved 

10 Data Serial data input using binary code 
The last bit of the data is a control bit 
When the control bit is high. data is transmitted to the IS-bit latch 
When it is low. data is transmitted to the 18-bitlatch 
Schmit1trigger input is involved 

11 lE load enable signal input 
When lE is high. the data of the shift register is transferred to a latch. depending on the 
control bit in the serial data. At the same time. an internal analog switch turns on and the output 
of the internal charge pump is connected to the BiSW pin 
Schmitt trigger input is involved 

12 FC Phase select input of phase comparator (with internal pull-up resistor) 
When FC is low. the characteristics of the charge pump and phase comparator are reversed 
The FC input signal is also used to control the foUT pin (test pin) of f. or fp 

13 BiSW 0 Analog switch output 
BiSW is usually in the high-impedance state. When the switch is turned on (lE is high). the 
state of the intemal charge pump is output 
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FUNCTION DESCRIPTIONS 

Pulse swallow function 
The divide ratio can be calculated using the following equation: 

fvco = [(M x N) + A]x fosc+ R (A < N) 
fvco : Output frequency of external vokage controlled oscillator (VCO) 
N : Preset divide ratio of binary II-bit programmable counter (16 to 2.047) 
A : Preset divide ratio of binary 7-bit swallow couriter (0 S A S 127) 
fose : Output frequency of the reference frequency oscillator 
R : Preset divide ratio of binary 14-bn programmable reference counter (8 to 16.383) 
M : Preset divide ratio of modulus prescaler (128) 

. Serial data Input 

Serial data is input using the Data. Clock. and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit 
programmable divider separately. 
Binary serial data is input 10 the Data pin. 
One bit of data is shifted into the internal sMt registers on the rising edge of the clock. When the load enable pin is high or open. 
stored data is latched depending on the control data as follows: 

Coritroldata Destination of serial data 

H IS bit latch 

L 18 bit latch 

(a) Programmable reference divider ratio 

3-38 

The programmable reference divider consists of a IS-bit latch and a 14-bit reference counter. The serial16-bit data format is 
shown below: 

--_ .. ~ Direction of data shift 

Divide ratio setting bit for programmable reference counter 



• 14-b~ programmable reference counter divide ratio 

8 o o o o o o o 

9 o o o o o o o 

• • • • • 
16383 

Notes: 1. Divide ratios less than 8 are prohibited. 
2. SW: This bit selects the divide ratio 01 the prescaler 

SW Low: 128 or 129 
(SW must be always be low.) 

MB1503 

o o o o o o 

o o o o o 

• • • • • 

(Divide ratio = 8 to 16.383) 

3. Sl to S14: These bits seleclthe divide ratio 01 the programmable reference counter (8 to 16.383). 
4. C: Control bit: Set high. 
5. Input data MSB first. 

(b) Programmable divider divide ratio 
The programmable divider consists of a 19-bit shift register. an 18-b~ latch. a 7-bi! swallow counter. and an 11-bit 
programmable counter. TheseriaI19-b~ data format is shown below: 

--_.~ Direction 01 data shift 

Divide ratio setting bit for 
swallow counter 

Divide ratio setting b~ for programmable counter 
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• 7-bit swallow counter divide ratio • II-bit programmable counter divide ratio 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 17 0 0 0 0 0 0 

• • • • • • • • • 
127 2047 

(Divide ratio = 0 to 127) (Divide ratio = 16 to 2,047) 

Notes: 1. Divide ratios less than 16 are prohibited for ll-bit programmable counter. 
2. 51 to 57: These bits select the divide ratio of swallow counter (0 to 127). 
3. 58 to 518: These bits select the divide ratio of programmable counter (16 to 2,047). 
4. C: Control bit: (Set low) 
5. Input data MSB first. 

Serial data input timing 
• tt (2: 1 J.lS): Data setup time t2 (2: 1 J.lS): Data hold time t. (2: lJ.lS): Clock pulse width 

ts (2: 1 J.lS): LE pulse width 

3-40 

t, (2: lJ.lS): LE setup time to the rising edge of last clock 

Data 

Clock 

LE 

~18= ' 517 --~10' 59 --~1= C:Controlbit 
M5B LSB ' I __ I __ _....,.. __ _ 

, , 
(SWj(*I)' (514) (58)' (57) (51) (C: Control bit) 

J1JJl---1WL--1LIL-
I I " I 

,,' , 
• 

--.........-, -j -----111-, , . , 
t3 --:--:-- - ... ;'--; ..... : t4 

t5 ....;-;..-

*1: Bits enclosed in parentheses are used when the divide ratio of the programmable reference divider is selected. 

Note: One bit of data is shifted into the shift register on the rising edge of the clock. 



MB1503 

Intermittent operation 

Intermittent operation limits power consumption by shutting down or starting the internal circuits according to its necessity. If device 
operation resumes uncontrolled. the error signal output from the phase comparator may exceed the limit due to an undefined phase 
relationship between the reference frequency (f.) and the comparison frequency (fp) and frequency lock is lost. 
To prevent this. an intermittent operation control circuit is provided to decrease the variation in the locking frequency by forcibly 
correcting phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS is set high. the circuit 
enters the operating mode. If PS is set low. operation stops and the device enters the stand-by mode. Each mode is explained below: .' 

• Operating mode (PS = High) 
All circuits are operating. and Pll operation is normal. 

• Stand-by mode (PS = low level) 
Circuits that do not affect operation are power-down to limit current consumption. 
The current in the power save state is typically 100 !lA. 
At this time. the levels of Do and lD are the same as when the Pll is locked. 
Since Do is placed in the high-impedance state and the input vo~age olthe voltage controlled oscillator (VCO) is set to the vo~age 
in the operating mode (when locked) by the time constant of the low-pass fi~er. the frequency output from the VCO (fvco) is kept at 
the locking frequency. 

The operating and stand-by modes alternate repeatedly. This intermittent operation limits the error signal by forcibly correcting the 
phase of the reference and comparison frequencies to limit power consumption. 
The device must be set in the stand-by mode (PS = low) when it is powered up. 

Relationship between the Fe Input and phase characterfstlcs 

The FC pin changes the phase characteristics of the phase comparator. The internal charge pump output level (Dol is reversed. 
depending on the FC pin input level. The relationship between the FC input level and Do is shown below: 

l H 

f. =fp Z(ol) 

01: High impedance 

When designing a synthesizer. the FC pin setting depends on the VCO characteristics. 

0: When the VCO characteristics are similar to 
<D. set FC high or open. 

0: When the VCO characteristics are similar to 
®. set FC low. 

VCO 
output 

frequency 

VCO input voltage _ 
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Phase comparator output waveform (Fe = High) 

lD 

JLH 1 . . . 
Do - - - : - - - - - - - r --z ----til -----u-------u---L 

Notes: 1. Phase dnference detection range: -211: to +211: 
2. Spike appearance depends on the charge pump characteristics. Also, the spike is output to diminish 

dead band. 
3. When fR > fp or fR < fp, spike might not appear depending on the charge pump characteristics. 
4. lD is low when the phase difference is two or more. lD is high when the phase difference is two or less 

for three or more cycles (when lose •• = 12.8 MHz, tw = 625 to 1,250 ns). 

Analog swHch 

The lE signal turns the analog sw~ch on or off. When the analog sw~ch is turned on, the charge pump output (Do) is output through 
the BiSW pin. When ~ is turned off, the BiSW pin is in the high-impedance state. 

When lE = high (when the divide ratio of the internal divider is changed): Analog sw~ch = on 
When LE = low (normal operating mode): Analog sw~ch _ off 

The lPF time constant can be decreased by inserting an analog sw~ch between lPF1 and LPF2. This decreases the lock-up time 
when the Pll channel is changed. 

-----------, 
I 
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RECOMMENDED OPERATING CONDITIONS 

Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device from a socket 

MB1503 

- Protect ieads of the device using conductive sheet when handling PC boards on which devic",s are mounted. 
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ELECTRICAL CHARACTERISTICS 

With f'N S 1.1 GHz. OSC'N -
Supply current 8.0 12.0 mA 12MHz. Vee .5.0V. Inputs 

(0 
are Vee and outputs are 
open 

WHh f'N = 1.1 GHz. OSC'N = 
12 MHz, Vee = 5.0 V. The 

Stand-by current. IPS 100 jIA PS pin is grounded. remain-
ing inputs are at Vee' and 
outputs are open 

AC coupling. The minimum 

f'N f'N 10 1100 MHz operating frequency is 
measured with a 100-pF 

Operating frequency capacHorconnemed 

OSC,. fose 12 20 MHz 

f,. V'IH -10 6 dBm 
Input sensHivity 

OSC,. V_ 0.5 Vp-p 

High-level input voltage 
Except fIN and 

VIH Vccx 0.7 V 

Low-level input voltage OSC,. 
V'L Vee X 0.3 V 

High-level input current 
Data, Clock, I'H 1.0 jIA 

LE 
I'L -1.0 jIA 

Low-level input current 
FC IFe -60 jIA 

Input current OSC,. lose; ±so jIA 

High-level output 
Except Do and VOH 4.4 V Vee = 5 V 

Low-level output voltage 
OSCOUT 

VOL 0.4 V 

High-impedance Do IoFF 1.1 jIA 
Cut off current 

Except Do and IoH -1.0 mA 
Output current OSCOUT 

IoL 1.0 mA 

Analog swHch ON resistance RoN 25 n 
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TEST CIRCUIT 
(FOR MEASURING PRESCALER INPUT SENSITIVITY) 

0.1 J.l 

p. G ==r;j""..-PL-LI-1..J7Jict:±;7Ji---l 
5001. 87654321 

Vee = 5 V 
9 10 11 12 13 14 15 16 
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APPLICATION EXAMPLE 

I 
VCO I 

Output 
I LPF I I 

]F~ controller 

I Data Clock PS I fR I fp BiswlFC LE ~ 47K ~ 47K 
16 15 14 13 12 11 10 9 ~7- 17-

MB1513 

1 2 3 4 5 6 7 8 

OSC,• osc.." Vp Vee Do [NO ILD ~j HD~ 6V 5V 
X'tal LI 5 lo'c\o P 

iC't c• = 
0.111 ;J; 

Vp, Vpx Maximum 8 V 
C,' C. Depend on the crystal parameters 
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PACKAGE DIMENSIONS 

. OS0{1.27~ 1 
TYP 

16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 

.OS9{2.2S)MAX 
(MOUNTING HEIGHT) 

.OO2{O.OS)MIN 
(STAND OFF HEIGHT) 

INDEX 

ri ----!---r-j 

d 

I • 

"8" 

. 
~II .. 01~004\.10.00S{O.13)® I 

(O.45 0.10) 

1 0m", 11==+ (O.So±o.20) 

....fI-- .006 ~:gg~ (O.lS~:g~) 

"A" r-D~~~;~~-lr-D~~~~~rt-l 

'OlS{
OAOllllf= T" i II I 

II I 
II I 

"Hi:::~:It-"I .00S{O.20) I I .008{O.20) I 
.0070.1S) I I .007(0.lS) I 

MAX II MAX I .350{B.B9) REF _ 

-,"+--+,.c'..:.;02""7,,,,{O,,'S-,-S) II I .027{O.SS) II 
- MAX I '"MAX 
---------~~---------~ 

Dimensions in 
©1991 FUJITSU LIMITED F1601SS·2C inches (millimeters) 
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16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DlP-16P-M04) 

C .no~:g~~(19.55~:~g) ~ 

INDEX-1 if=::::!:::::!::::::!::::=!::::!~~:::!::=!:::::!::::::!::::!:::~ I 
.244±.010 .30Wp62) 

--I~~j=j=j=j=r=;r=;r=;r=;r=;r=;=;::::;:::::;!l (6.2rO.
25

) 
INDEX-2 ;' 

©1991 FUJITSU LIMITED D16033S-2C 
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DATA SHEET 

AfB1504/AfB1504HIAfB1504L 

cP 
FUJITSU 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 520MHz PRESCALER 

The Fujitsu MBI504IMBI504H/MBI504L, utilizing BI·CMOS technology, is a single chip 
serial input PLL frequency synthesizer with pUlse-swallow function. 

The MBI504 series contain a 520MHz two modulus prescaler that can select either 32/33 or 
64165 divide ratio; control signal generator; 16-bit shift register; 15-bit latch; programmable 
reference divider (binary 14-bit programmable reference counter); I-bit switch counter; 
phase comparator with phase inverse function; charge pump; crystal oscillator; 19-bit shift 
register; 18-bit latch; programmable divider (binary 7-bit swallow counter and binary II-bit 
programmable counter). 

The MBI504 operates on a low supply voltage (3V typ) and consumes low power (30mW at 
520MHz). 

MB1504 Product Line 

V,Voltage Voap Voltage lock up time DoOutput High-level Low-level 
Width OUtput Current Output Current 

MBl504 8Vmax S.SV max Middle speed Middle Middle Middle 

MBl504H 10Vmax 10.0V max High speed Low High Low 

MBt504L SVmax 8.SV max Low speed High Low High 

• High operating frequency: fIN MAx=520MHz (V'N M'N=0.20Vp.p) 

• On-chip prescaler 

• Low power supply voltage: 2.7V to 5.5V (3.0V typ) 

• Low power supply consumption: 30mW (3.0V, 520MHz operation) 

• Serial input 18-bit programmable divider consisting of: 
o Binary 7·bit swallow counter (Divide ratio: 0 to 127) 
o Binary II-bit programmable counter (Divide ratio: 16 to 2047) 

• Serial input 15-bit programmable reference divider consisting of: 
o Binary 14-bit programmable reference counter (Divide ratio: 8 to 16383) 
o I-bit switch counter (SW) Sets divide ratio of prescaler 

• 2types of phase detector output 
o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: T .=-40'C to +85'C 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Rating Symbof Condition Value Unit 

Vee -0.5 to +7.0 V 
Power Supply Voltage V," MB1504H V to 12.0 V 

V V., MB1504/1504L Vee to 10.0 

Output Voltage Vour -0.5 to Vee +0.5 V 

Open-drain Output V""." I MB1504H -0.5 to 11.0 V 
VnOP.VQOPL MB1504/1504L -0.5 to 9.0 

Output Current lOUT +10 mA 

Storage Temperature TSTG -55 to +125 'C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratfngs are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Copyr~ht"l990 by FUJITSU LIMITED 

PLASTIC PACKAGE 
DIP·16p·M04 

PLASTIC PACKAGE 
FPT·16p·M06 

PIN ASSIGNMENT 

This device contains circuitry to protect the inputs against 
damage due to high stalic vohages or electric fields. How­
ever, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum 
rated voltages to this high impedance circuit 
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MB1504H 
MB1504L 

vee0-

.. GND0-

LE 11 

OSC,. 1 
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MB1504/MB1504H/MB1504L BLOCK DIAGRAM 

r------------, 
I lS-Bit Shift Register I 
I I 

lS-Bit Shift Register I 
I I 

:]]Iillilllill[[: 
I lS-Bit Latch I 
I I 

lS-Bit Latch I 
I 

]IllIillIllI[: 
I Programmable I 
I Reference Divider I 
I Binary 14-Bit 

Reference Counter 

r-----------------, 
I 19-Bit Shift Register I 
I I 

.-1---11.... 19-Bit Shift Register I 
:]]]]lII[O]]IIIUI: 
I lS-Bit Latch I 

Charge 
Pump 

13 

12 

f, 

FC 

LD 

I!lR 

I!lP 

v • 

Do 

I I II t---t-.... .....;:.::::.=:::....J ll-Bit Latch _ 

:]]]]IIr[rn]IIr[[[~ __ '--_, ~14 f. 

I Programmable Divider I 
I 
I 

...-__ .J.-_ .... ~~ ........ ~-....., I 

-----'I"""I .... .,. ..... -_-_-_-_-_-_-_ .... _J 



MB1504 
MB1504H 
MB1504L 

PIN DESCRIPTIONS 

Pin No. PlnName 110 Descriptions 

1 OSC,. I Oscillator input. 
2 OSCOUT 0 Oscillator output. 

A crystal is placed between OSC,. and OSCOUT• 

3 Vp - Power supply input for charge pump. 

4 Vel; - Power supply voltage input. 

5 Do 0 
Charge pump output. 
Phase characteristic can be inversed depending upon FC input. 

6 GND - Ground. 

Phase comparator output. 
7 LD 0 This pin outputs high when the phase is locked. While the phase difference of f, and fp exists. the output 

level goes low. 

8 fo. I 
Prescaler input 
The connection with an external VCO should be an AC connection. 

9 Clock I 
Clock input for 19-bit shift register and 16-bit shift register. 
Each rising edge of the clock shifts one bit of data into the shift registers. 

Serial data of binary code input. 

10 Data I 
The last bit of the data is a control bit. The last data bit spacifies which latch is activated. 
When the last bit is high level and LE is high-level. data is transferred to IS-bit latch. 
When the last bit is low level and lE is high level. data is transferred to IS-bit latch. 

Load enable input (with internal pull up resistor). 
11 lE I When LE is high level (or open). data stored in the shift register is transferred to latch depending on the 

control data. 

12 FC 0 
Phase selecting input of phase comparator (with internal pull up resistor). When FC is low level. 
charge pump and phase detector characteristics can be inversed. 

13 f, 0 
Monitor pin of phase comparator input. 
It is the same as programmable reference divider output. 

14 fp 0 
Monitor pin of phase comparator input. 
It is the same as programmable divider output. 

15 IIlP 0 Outputs for external charge pump. 
16 lilA 0 Phase characteristics can be inversed depending on FC input 

IIlP pin is an N-channel open-drain output. 
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MB1504 
MB1504H 
MB1504L 

FUNCTIONAL DESCRIPTIONS 
SERIAL DATA INPUT 

Serial data input is input using Data pin, Clock pin and LE pin, The 15-bit programmable reference divider and 18-bit programmable divider are 
controlled respectively. 

On rising edge of the clock shifts one bit of the data into the intemal shift registers. 

When load enable (LE) is high level (or open), data stored in shift resisters is transferred to lS-bit latch or 18-bit latch depending upon the control bit 
level. 

Control data "W ; Data is transferred into 15-bit latch. 
Control data "L· ; Data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is shown below. 

-------...... Data input 

Last data input 

.... --- Divide ratio of programmable reference counter setting bits --....... 0-1 

@14-BITPROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 

Divide S S S S 
ratio 
R 14 13 12 11 

8 0 0 0 0 

9 0 0 0 0 

. . . . . 
16383 1 1 1 1 

Divide ratio less than 8 is prohibited. 
Divide ratio R: 8 to 16383 

SW: Divide ratio of prescater setting bit. 
SW="H": 32 
SW="L": 64 

S S S S 

10 9 8 7 

0 0 0 0 

0 0 0 0 

. . . . 
1 1 1 1 

S, to s,.: Divide ratio of programmable reference counter setting bits (8 to 16383) 
C: Control bit (Control bit is set to high.) 
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S S 

6 5 

0 0 

0 0 

. . 
1 1 

S S S 

4 3 2 

1 0 0 

1 0 0 

. . . 
1 1 1 

First data input 

S 

1 

0 

1 

. 
1 



FUNCTIONAL DESCRIPTIONS 
PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, IS-bit latch, 7-bit swallow counter and II-bit programmable counter. 
Serial 19-bit data format is shown below. 

• Dala input 

MB1504 
MB1504H 
MB1504L 

Last dala inrl Control bit Firsrala input 

r LSB MSB. 

Ic slslslslslsls 
1234567 

slslslsl slslslsl sl sis 
S 9 10 11 12 13 14 15 16 17 18 

I--- Divide ratio of swallow counter Divide ratio of programmable counter 
setting bits setting bits 

@) 7-BIT SWALLOW COUNTER DIVIDE RATIO @)11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 

Divide S S S S S S S Divide S S S S S S S S S S S 
ratio ratio 
A 7 6 5 4 3 2 1 N 18 17 16 15 14 13 12 11 10 9 8 

0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 1 0 0 0 0 

1 0 0 0 0 0 0 1 17 0 0 0 0 0 0 1 0 0 0 1 

. . . . . . . . . . . . . . . . . . . . 
127 1 1 1 1 1 1 1 2047 1 1 1 1 1 1 1 1 1 1 1 

Divide ratio A : 0 to 127 Divide ratio less than 16 is prohibited. 
Divide ratio N : 16 to 2047 

S. to S,.: Divide ratio of programmable counter setting bits (16 to 2047) 
S, to ~ : Divide ratio of swallow counter setting bits (0 to 127) 
C: Control bit (Control bit is set to low.) 
Dara is input from MSB dala. 
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MB1504 
MB1504H 
MB15D4L 

Data 518=MSB 517 

·(5W) (514) 

Clock 

lE 

SERIAL DATA INPUT TIMING 

510 S9 

(SS) (57) 

On the rising edee of the clock shifts one bit of the data into the shift registers. 
Parenthsis data IS used for setting the divide ratio of the programmable reference divider. 

PHASE CHARACTERISTICS 

51 =l5B X C: Conlrol bit 

(51) (C: Conlrol b~) 

VCO CHARACTERISTICS 
FC pin (pin 12) is provided to inverse the phase comparator characteristics. 
The characteristics of internal charge pump output (Do), phase detector 
outputs (I2IR, I2IP) can be inversed depending upon FC input data. Outputs are 
shown below. 

FC=H (cropen) FC=l 

Do I2IR I2IP Do ~R ~P 

t,>t. H l l l H Z 

f,<f. l H Z H l l 

t,=t. Z l Z Z l Z 

Note: Z=(High impedance) 

Depending upon VCO characteristics, FC pin should be set accordingly: 
When VCO characteristics are like{D , FC should be set high or open circuit; 
When VCO characteristics are like@ , FC should be sat low. 
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RECOMMENDED OPERATING CONDITIONS 
Value 

Parameler Symbol 
Min Typ 

Vee 2.7 3.0 

Power Supply Voltage VPH MB1504H Vee 

MB1504 
Vp, VPL MB1504L Vee 

VOOPH MB1504H Vee 
Opan-drain Output 

MB1504 Voop, VOOPL MB1504L Vee 

Input Voltage V,N GND 

Oparating tamperature T. --40 

Max 

5.5 

10.0 

8.5 

10.0 

8.5 

Vet; 

+85 

MB1504 
MB1504H 
MB1504L 

Unit 

V 

V 

V 

V 

·C 
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MB1504 
MB1504H 
MB1504L 

ELECTRICAL CHARACTERISTICS 
(Vcc:2.7 to 5.5V, TA=-40 to +85°C) 

Parameter Pin Name Symbol Condition 

Power Supply Current Vee Icc "I 

I" I,. "2 
Operating Frequency 

OSC,. lose 

V"" Vcc=2. 7 ~ 4.0V 
I .. 

Input Sensitivity V"" Vee=4.0 ~ 5.5V 

OSC,. V,. 

High-level Input Voltage Except V'H 
I .. and 

Low-level Input Voltage OSC,. V'L 

High-level Input Current 
Data, ItH 

Low-level Input Current Clock 
III 

OSC,. I,. 
Input Current 

LE,FC I", 

High-level Output Voltage Except VOH 
Do and Vcc=3.0V 

Low-level Output Voltage OSCOUT VOL 

N-channel Open-drain ",p IOFF Vcc SVp S8V Cutoff Current 

High-level Output Current Except 10H 
Do and 

Low-level Output Current OSCOUT loe 

IOOHH MBI504H Vcc-3V 
Vp=12V T =25"0 

High~evel Output Current IDOH MBI504 Vcc=3V 

IOOHl MBI504L Vp=6V, T.=25°C 

Do Vee=3V 
100Ut MBI504H Vp=12V T.=25°C 

Low-level Output Current IDOL MBI504 Vcc=3V 

IDOLL MBI504L Vp=6V, T.=25°C 

Leakage Current Do,0P Doz 
Vcc=3V 
Vp-12V T.=25°C 

Note: "I Vcc=3.0V, 1,.=520MHz, losc=12MHz crystal. 
Inputs are grounded except I,., and outputs are open. 

"2 Input coupling capacitor l000pF is connected. 
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Value 
Unit 

Min Typ Max 

- 10 - mA 

10 - 520 MHz 

- 12 20 MHz 

-10 - 6 dBm 

-4 - 6 dBm 

0.5 - - Vp.p 

O.7xVcc - - V .-
- - 0.3xVcc V 

- 1.0 - II-' 

- -1.0 - II-' 

- ±50 - II-' 

- -60 - II-' 
2.4 - - V 

- - 0.4 V 

- - 1.1 II-' 

-1.0 - - mA 

1.0 - - mA 

-2.2 -4.5 - mA 

~.5 -2.0 - mA 

~.5 -1.1 -2.2 mA 

2.2 6.0 - mA 

1.5 6.0 - mA 

4.5 12.0 - mA 

- 1.0 II-' 



MB1504 
MB1504H 
MB1504L 

TYPICAL CHARACTERISTICS CURVES 
CHARGE PUMP CHARACTERISTICS 

• MB1S04IMB1504H • MB1S04L 

Vp Vp 

3.6kf.l 12kn 

Do Do 
24.8kn 12kn 

GND GND 

LOCK UP TIME MEASUREMENT 

( 1V1div t 
~ J 

10nsldiv 

Low unlock condition -+ Lock (533MHz) High unlock condition -+ Lock (518MHz) 

..., 
1./ -""'\ \ -/ r- .,.. ~ -' ~L\ 

MB150~ ~ .~~ 
J' r MB1504L ~ 

( r ~ --... ..oil'!! P'" r:::: 
~ 
,. r-- P'" 

II' 

DO PIN OUTPUT CURRENT CURVES {TYPICAU 

Vo" vs. 10 " VOl vs. 10< 

~ 8.0 2.0 
I I 

~ I I ~ 

} ~ c! MB1504 > 
CD \ 

., MBl504H MBl504L 

f MBl504L N 
> 

MB15~ 
:!t 

~ 7.0 
MBl504H :; 

B- 1.0 

0 8 
1 1 
~ 

~ .s:; 
.2' 
:I: 

6.0 0.0 
0 -1 -2 -3 -4 -5 0 10 20 

High-level Output Current 10 " (rnA) Low-level Output Current 101. (rnA) 
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MB1504 
MB1504H 
MB1504L 

Do PIN OUTPUT WAVEFORM AT LOCK CONDITION 

Output Waveform 

( lV/div l .... ___ .~ 
l00nsldiv 

MBl504 

I 

I 
I 

MBl504H 

I 

MBl504L r 
---- -- - ,-

J 
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PHASE CHARACTERISTICS (~f vs. Do OUTPUT ENERGY) 

150 

100 

50 

~ 
I 

c: 
!!!. 0 >-
E!' ., 
c w 

--&l 

-100 

-150 

100 80 60 40 

t--
~-- MB1504HI 
-- MB1504 
---MB1504d 

D~V 10k 'I 
o OSCII oscape 

10k 

[ 
Vcc=Vp=3,OV ] 
f'NSfosc=12MHz 
f,=fp=46,9kHz 

~ 

20 V 
/ 

V .,' ., ., 
Time <l.f (ns) 

./ 
~~ 
~1 

~ 

~~ " 
L 

V 

~ 
~ .. 

~40 60 80 

...... ........ ... 
-,-' 

MB1504 
MB1504H 
MB1504L 

3-59 



Ell : 

MB1504 
MB1504H 
MB1504L 

INPUT SENSITIVITY 

Input SensltlvHy vs. Input Frequency (Supply Voltage Dependence) 

10 

~ 
:!!. 0 

"" > 
4?> -10 's: ... ... 
c 

c1! -20 S c. 
.E 

--00 

Guaranteed "" 0\ Operating Area 
Vec 4.0-S.SV 

I. ! ~ Voo=2.7V-4.0V .., _ ... --~ / -- "'1- ....... 
,...., 

- Voo=2.7V 

...-...- ......, 
",""" ~·VOO=4.0V -- ... .,.., -- vcrs.sv 

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 

Input Frequency fin (GHz) 

Input Sensitivity vs. Input Frequency (Temperature Dependence) 

10 

e-en 
0 :!!. 

~ 
> 
4?> -10 's: 
~ 
c 

<ll -20 
"[ 
.E 

--00 

1 1 
Guaranteed ~ ~\l Operating Area 

T.=2S"C 

Vcc-4.0-S.SV i " ) I ! 
Vcc=2.7V-4.0V ! I 

T.=-40"C ~ 
I 

\ .... ~~ ......... TA=+8S"C 

~ ~ ~ -
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 

Input Frequency fin (GHz) 
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INPUT IMPEDANCE 

TEST CIRCUIT 
Do Pin Output Current (loH, 10l) Measurement 

Vee Vp 

MB1504 
00 - 10L 

- I"" 

MB1504 
MB1504H 
MB1504L 
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D 
I 

MB1504 
MB1504H 
MB1504L 

Lock up Time Measurement 

Oscilloscope (10Wl, lOpF) 

LPFCircuit 

[ 
Vcc=3V. Vp=8V 1 
Iveo=Low unlock condition _ Step to Lock condition (533MHz) 
Ivco=High unlock condition _ Step to Lock condition (S18MHz) 

Phase Characteristics Measurement 
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asCin 

lin 

[ 
Vee=3V. Vp=3V 
Al=lr-lp 
Energy (En)=V2i 

Vee Vp 

""T'"---y--

lOkn 

1..-_-,-__ ....1 Ip 

Oscilloscope 
(10Mn. lOpF) 



TYPICAL APPLICATION EXAMPLE 

Charge Pump Selection 
(Internal or external) 

MB1504 
MB1504H 
MB1504L 

r-----, OUTPUT 

FROM 
CONTROLLER 

~} 
0R FC LE Data 47kn 

16 15 14 13 12 11 10 

MBI504 

2 3 4 5 6 7 8 

OSCOUT OSC,. Vp Vet; Do GND LD 

1000pF Vcc(3V) 

6V 3V 
l00kQ 

33kQ 
LOCKDET. 

10kQ 

Vp, Vpx 8V max. 
C" C. Depends on aystal oscillator 
LE,FC With internal pull up resistor 
0P Open drain output 
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MB1504 
MB1504H 
MB1504l 

PACKAGE DIMENSIONS 
16-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case Noo : DIP-16P-M04) 

.--_~,.;;;;;;;;;!g==! 150 MAX 

3-64 

.050(13.7) 
MAX 

© 1988 FUJITSU LIMITED D16033S-2C 

.300(7.62) 
TYP 

Dimensions in 

inches (millimeters) 



PACKAGE DIMENSIONS 
16-LEAD PLASTIC FLAT PACKAGE 

(Case No.: FPT-16P-M06) 

~.oo ~"",g1-~ 

1.307! .016 
17.80i 0.40) 

.209 •. 012 
(5.30+ 0.30) 

: .. : __ 1_.1 
05011.271 JLo~$1 ~.005(0.13) 'M I 

TYP (0.45 + 0.1 0) 

··A·· 

, , 
.008 (0.20) I 

.007(0.18) 
MAX I 

.027(0.681 ' 
~ _______ ~A_X _____ : 

c: 1990 fUJITSU LIMITED F16015S-2C 

r- O-;taii; ~f-'-:-B-:'-p-a;t-: 
: 1r.00610.15): 

: ~ : , , 
: .008(0.20) : 
I I 
: .007(0.18) : 
I MAX I 

: .027 (0.68) : 
: MAX: 
L _____________ .1 

Dimensions in 

inches (millimeters) 

MB1504 
MB1504H 
MB1504L 
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March 1990 
Edition 1.0 

MB1505 

cO 

DATA SHEET 
FUJITSU 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

LOW POWER SERIAL INPUT PLL I ~~~~ 
SYNTHESIZER WITH 600MHz PRESCALER .. ~~~ 

The Fujitsu MB1505, utilizing BI-CMOS technology, is a single chip serial input ~~t.~ 
PLL synthesizer with pulse-swallow function. .JW 
The MB1505 contains a 600MHz two modulus prescaler that can select of either 
32/33 or 64/65 divide ratio, control signal generator, 16-bit shijt register, 15-bit 
latch, programmable reference divider (binary 14-bit programmable reference 
counter), I-bit switch counter, phase comparator with phase conversion function, 
charge pump, crystal oscillator, 19-bij shift register, 18-bit latch, programmable 
divider (binary 7 -bit swallow counter and binary II-bij programmable counter) and 
analog swijch to speed up lock up time. 
It operates supply voltage of 5V typo and achieves very low supply current of 6mA 
typo realized through the use of Fujitsu Advanced Process Technology. 

o High operating frequency: fIN MAx=600MHz (V'N MIN=-4dBm) 
o Pulse swallow function: 32/33 or 64/65 
o Low supply current: Icc=6mA typo 
o Serial input 18-bit programmable divider conSisting of: 

o Binary 7-bij swallow counter: 0 to 63 
o Binary II-bit programmable counter: 16 to 2047 

o Serial input 15-bit programmable reference divider consisting of: 
o Binary 14-bit programmable reference counter: 8 to 16383 
o I-bit switch counter (SW) sets divide ratio of prescaler 

o On-chip analog swijch achieves fast lock up time 
o 2types of phase detector output 

o On-Chip charge pump (Bipolar type) 
o Output for external charge pump 

o Wide operating temperature: -40°C to +85°C 
o 16-pin Plastic DIP Package (Suffix: -P) 

16-pin Plastic Flat Package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value 

Vee --0.5 to +7.0 
Power Supply Vottage 

Vp Vee to 10.0 

Output Voltage VOIJT -0.5 to Vee +0.5 

Open-drain Voltage VooP -0.5 to 0.8 

Qutput Current loUT ±IO 

Storage Temperature TSTG -55 to +125 

Unit 

V 

V 

V 

V 

mA 

°C 

NOTE: Permanent device damage may occur ij the above Absolute Maxi­
mum Ratings are exceeded. Functional operation should be restricted 
to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Copyrighl" 1990 by FUJITSU LIMITED 

PLASTIC PACKAGE 
DIP-16P-M04 

PLASTIC PACKAGE 
FPT-16P-M02 

PIN ASSIGNMENT 

esc,. I2lR 

OSCOUT I2lP 
Vp fOUT 

Vee BISW 

Do FC 

GND LE 

LD Data 

f. Clock 

This device contains circuitry 10 protect the Inputs against 
damage due to high static YOIIages Of electric fields. H0w­
ever. it Is advised that normal precautions be taken to 
avoid applica1ion of any voltage higher than maximum 
rated voltages to this high irJ1)8danca circuit 
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MB1505 BLOCK DIAGRAM 

r------------, 
I IS-BIT SHIFT REGISTER I 
I I 
I 16-BIT SHIFT REGISTER I 
~IffililIHJI===~ 
I 15-BIT LATCH I 

~~-----------,I 
I 15-BIT LATCH I 
LlffililIIIU:::-' r PROGRAMMABLE REFERENCE I 
I DIVIDER I 

BINARY 14-BIT 
REFERENCE COUNTER 

Do 5 ~---------++---------------------~~~4-------------' 
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t---------------------------4-----------------~--_ill LE 

1""'------------, 
I 19-BIT SHIFT REGISTER I 
I I 

19-BIT SHIFT REGISTER I 
I I 

~I[illilIHJlmI~ 
I 18-BIT LATCH I 

~1T-7--BI-T-L-AT-C-H~rl-ll--B-IT--LA-T-C"'HI! 

~IrilJffiJllm1.t~ ___ , 
PROGRAMMABLE DIVIDER I 

I I 
I I 
I 
L_~_~_~_~_~_~~~~~--~ 



MB1505 

PIN DESCRIPTION 
Pin No. Pin Name 1/0 Description 

1 OSC'N I Oscillator input. 
2 OSCOUT 0 Oscillator output. 

A crystal is placed between OSC'N and OSCOUT • 

3 Vp - Power supply input for charge pump and analog switch. 

4 Vee - Power supply voltage input. 

5 Do 0 
Charge pump output. 
The characteristics of charge pump is reversed depending upon FC input. ID 

6 GND - Ground. 

Phase comparator output. 
7 LD 0 Normally this pin outputs high level. While the phase difference of f, and fp exists, this 

pin outputs low level. 

8 f'N I Prescaler input. 
The connection with an external VCO should be AC connection. 

9 Clock I 
Clock input for 19·bit shift register and 16-bit shift register. 
On rising edge of the clock shifts one bit of data into the shift registers. 

Binary serial data input. 
The last bit of the data is a control bit which specified destination of shift registers. 

10 Data I When this bit is high level and LE is high level, the data stored in shift register is trans-
ferred to 15·bit latch. When this bit is low level and LE is high level, the data is trans-
ferred to 18·bit latch. 

Load enable input (with internal pull up resistor). 

11 LE I 
When LE is high or open, the data stored in shift register is transferred into latch de-
pending upon the control bit. At the time, internal charge pump output to be connected 
to BISW pin because internal analog switch becomes ON state. 

Phse select input of phase comparator (with internal pull up resistor). 

12 FC I 
When FC is low level, the characteristics of charge pump, phase comparator is reo 
versed. 
FC input signal is also used to control fool pin (test pin) output level, f, or fp. 

Analog switch output. 
13 BISW 0 Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 

pin is high level), this pin outputs internal charge pump state. 

Minitor pin of phase comparator input. 
f~, pin outputs either programmable reference divider output (f,) or programmable di-

14 fOUT 0 vider output (fp) depending upon FC pin input level. 
FC=H: It is the same as f, output level. 
FC=L: It is the same as fp output level. 

15 0P 0 Outputs for external charge pump. 
16 0R 0 The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 
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MB1505 

FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable 
reference divider and 18-btt programmable divider, respectively. 
Binary serial data is input to Data pin. 
On rising edge of clock shifts one btt of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control btt. 
Control data "W data is transferred into 15-bit latch. 
Control data "L" data is transferred into 18-bit latch. 

PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of t 6-bit shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is 
shown below. 

r---- Divide ratio of programmable reference counter setting btt ---I 

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 

Divide 
Ratio 

S S S S S S S S 

R 14 13 12 11 10 9 8 7 

8 0 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 0 

. . . . . • • . • 
16383 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 8 is prohibited. 
Divide ratio: 8 to 16383 
SW:This bit selects divide ratio of prescaler. 

SW=H :32133 
SW=L :64/65 

S S S S 

6 5 4 3 

0 0 1 0 

0 0 1 0 

• • . • 
1 1 1 1 

S 

2 

0 

0 

. 
1 

S 

1 

0 

1 

. 
1 

SI to S14: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 
Data is input from MSB side. 

PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and II-bit programmable counter. 
Serial 19-bit data format is shown following page. 
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Divide ratio of swallow 
counter 

setting bit 

7-BIT SWALLOW COUNTER DIVIDE RATIO 

Divide 5 5 5 5 5 5 5 
Ratio 

A 7 6 5 4 3 2 1 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 

. . . . . . . . 
63 0 1 1 1 1 1 1 

NOTE: Divide ratio: 0 to 63 
57 should be set to zero 

Divide ratio of programmable 
counter 

setting b~ 

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 

Divide 
Ratio 

5 5 5 5 5 5 5 5 5 5 5 

N 18 17 16 15 14 13 12 11 10 9 8 

16 0 0 0 0 0 0 1 0 0 0 1 

17 0 0 0 0 0 0 1 0 0 0 1 

. . • . • . . • . . . . 
2047 1 1 1 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 16 is prOhibited. 
Divide ratio: 16 to 2047 
51 to 57: 5wallow counter divide ratio setting bit. (0 to 63) 
58 to 518: Programmable counter divide ratio setting bit. (16 to 2047) 
C: Control b~ (sets as low level). 
Data is input from M5B side. 

PULSE SWALLOW FUNCTION 

fvco= [(PxN)+A) xfosc+R 
fvco: Output frequency of external voltage controlled oscillator (VCO) 
N: Preset divide ratio of binary 11 -bit programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (0:!iA:!i63, A<N) 
fose: Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 t016383) 
P: Preset modulus of external dual modulus prescaler (32 or 64) 

MB1S0S 

-I 
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SERIAL DATA INPUT TIMING 

Data S10 S9 

(S8) (S7) 

Clock 

LE 

NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of clock shifts one bit of data in the shift register. 

PHASE CHARACTERISTICS 

VCO CHARACTERISTICS 
FC pin is provided to change phase characteristics of phase 
comparator. Characteristics of internal charge pump output level (Do). 

phase comparator output level (0R,0P) are reversed depending upon 
FC pin input level. Also. monitor pin (fou') output level of phase 
comparator is controlled by FC pin input level. The relation between 

outputs (Do. 0R. 0P) and FC input level are shown below. 

FC=H or open FC=L 

Do 0R 0P fw, Do 0R 0P fou' 

f,>f. H L L (f,) L H Z (f.) 

f,<I. L H Z (f,) H L L (f.) 

f,=f. Z L Z (f,) Z L Z (f.) 

Note: Z=(High impedance) 

Depending upon VCO characteristics. FC pin should be set accordingly: 
When VCO characteristics are like <D. FC should be set High or open circuit; 
When VCO characteristics are like ®. FC should be set Low. 
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MB1505 

I, --.-J t t t t L 

LoLJ u u u L 
nH 1 I I I 

0 0 ----....1 :---------r-- z ---L...t-----L..j---""L-j---""L 
1,>1. 1,=1. I,d. I,d. I,d. 

NOTES: Phase difference detection range: -21l to +21l 
Spike appearance dep'ends on charge pump characteristics. Also, the spike is output in orderto diminish dead band. 
When 1,>1. or f,d., spike might not appear depending upon charge pump characteristics. 

ANALOG SWITCH 

ON/OFF 01 analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (00) to be 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 

LE=H (Changing the divide ratio 01 internal prescaler) : Analog switch=ON 
LE=L (Normal operating mode) : Analog switch=OFF 

LPF time constant is decreased in order to insert a analog switch between lPFl and lPF2 when channel of Pll is changing. 
Thus, lock up time is decreased, that is, fast lock up time is achieved . 

... ... .. .. ... .. ... .. ... ... ... ... .. ... ... ... ... ... ~ Do 

CHARGE PUMP 

~ ... -.. --- ........... -... -, 

RECOMMENDED OPERATING CONDITIONS 
Value 

Parameter Symbol Unit 
Min Typ Max 

Vee 4.5 5.0 5.5 V 
Power Supply Voltage 

V. Vee V. 8.0 V 

Input Voltage V, GND Vee V 

Operating Temperature T. -40 85 ·C 
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ELECTRICAL CHARACTERISTICS 
Value 

Parameter Symbol Condition Unit 
Min Typ Max 

Power Supply Current Icc Note 1 6.0 rnA 

I~ fin Note 2 10 600 MHz 
Operating Frequency 

OSC'N fasc 12 20 MHz 

In VI,. -4 6 dBm 
Input Sensitivity 

OSC'N Vase 0.5 Vpp 

High-level Input Vo~age 
Exceptli. V'H VccxO.7 V 

Low-level Input Voltage andOSC'N 
V" VccXO.3 V 

High-level Input Current 
Data "H 1.0 I!A 

Low-level Input Current 
Clock 

I" -1.0 I!A 

OSC'N lose ±50 I!A 
Input Current 

LE.FC ILE -60 I!A 

High-level Output Current 
Except Do VON Vcc=5V 4.4 V 

Low-level Output Current 
and OSCOUT 

VOL 0.4 V 

N-channel Open Drain 
Do.0P 10Ff' 

Vp=Vcc to BV 1.1 I!A Cutoff Current Voop=GND to BV 

Except Do 10H -1.0 rnA 
Output Current and OSCOUT 

10L 1.0 rnA 

Analog Switch On Resistor RON 25 Q 

NOTE 1: 1,.=600MHz. OSC'N=12MHz. Vcc=5V.lnputs are grounded and outputs are open. 
NOTE 2: AC coupling. Minimum operating Irequency is measured when a capacitor 1000pF is connected. 
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TEST CIRCUIT 

V •• 6V 

I 

5 4 3 2 
m 

MB1505 

14 15 16 

L ______ ..og Oscilloscope 
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TYPICAL APPLICATION EXAMPLE 
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0R 0P 

16 15 14 13 12 

MB1505 

2 3 4 

OSC,. OSCOUT Vp 

6V 5V 

Vp, Vpx : 8V max. 
C" c.. : Depends on crystal oscillator 
LE,FC : With internal pull up resistor 
0P : Open drain output 

5 

Charge Pump 
Selection 
(Internal or 
external) 

..... ----. OUTPUT 

FROM 
CONTROLLER 

~} 
LE Data 47k 

11 10 

6 7 8 

GND LD 

LOCKDET 



PACKAGE DIMENSIONS 
16-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-16P-M04) 

INDEX-' 

INDEX-2 

(C) 1988 FUJ1TSU LIMITED D16033S-2C 

r­
I 

.300(7.621 
TYP 

1 

~ j.l 72(4.36) MAX 

t .118(3.00) MIN 

02010.51) MIN 

010± 002 

(0.25 ± 0.05) 

Dimensions in 

inches (millimeters) 

MB1505 
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MB15D5 

16-LEAD PLASTIC FLAT PACKAGE 
(Case No. : FPT -16P-M02) 

>-400+ 010(10 15+025) 
- 008 -020l 

~t--! 
. 1·30)±.016 

(7.80±0.40) 

.209±.012 
(5.30±0.301 

1Im=ir;=;;==;;==rFi'FTi'=#l __ -__ ! _ 1 

JLo.!.~$1 ¢.005(0.13) iiJ 
(0.45±0.101 

Lr;CJ=-;.oo=4(U;O".l"'~:n;· 
.350(8.89) REF--

.089(2.25) MAX u. (SEATED HEIGHT) 

~
1~~56~~~ 
,: ! 

'''·f. (680~g~gl 
-----l. 020f .008 
~(0.50tO.20) 

~.006+oo2(0 15 +0.05) 
-.001 -0.02 

r--- -~ ----- "-1 
I Details of "A" part : 

.008(0.20): 

-d : 
- ---1' i 

.020(0.50), 
,007(0.18) , 

MAX 
.027(0.681 

---~~~----~ 
DImensions In 

© 1988 FUJITSU LIMITED F16005S-4C inches (millimeters) 
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00 

DATA SHEET 
FUJITSU 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 2.0GHz PRESCALER 

The Fujitsu MB1507 is a single chip serial input PLL frequency synthesizer designed for BS 
tuner and cellular telephone applications. 
It contains a 2.0 GHz dual modulus prescaler which enables pulse swallow function, and an 
analog switch to speed up lock up time. 
It operates supply voltage of 5.0V Iyp. and dissipates 18mA Iyp. of current realized through 
the use of Fujitsu's unique U·ESBIC Bi-CMOS technology. 

• High operating frequency: f,. MAX=2.0GHz (V, •• ,.=-'IdBm) 

• Pulse swallow function: 1281129 or 256/257 

• Low supply current: lee=18mA Iyp. 

• Serial input 19-bit programmable divider consisting of: 
o Binary 8-bit swallow counter: 0 to 255 
o Binary II-bit programmable counter: 16 to 2047 

• Serial inputI5-b~ programmable reference divider consisting of: 
o Binary 14-bit programmable reference counter: 8 to 16383 
o l-bit sw~ch counter (SW) sets divide ration of prescaler 

• On-chip analog switch achieves fast lock up time 

• Two Iypes of phase detector output 
o On-chip charge pump (Bipolar Iype) 
o Output for external charge pump 

• Wide operating temperature: -40DC to +85OC 

• IS-pin Plastic Flat Package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 
Rating Symbol Value Unit 

Vee -Q.5 to +7.0 V 
Power Supply Voltage 

Vp Vee to 10.0 V 

Output Voltage Voor -Q.5to Vee +0.5 V 

Open-drain Voltage Voop -Q.5 to 8.0 V 

Output Current iouT +10 mA 

Storage Temperature TSTG -55 to +125 DC 

NOTE: Permanent deVIce damage may occur If the above Abaolute Maximum 
Ratln~. are exceeded. Functional oparation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliabilily . 

Copyright" 1991 FUJrrsu LIMITED 

PLASTIC PACKAGE 
FPT·16p·M06 

PIN ASSIGNMENT 

This device contains circuitry to prated the inputs against 
damage due to high Sialic voltages or electric fields. How­
ever, ills advised that normal precautions be taken to 
avoJd application of any voltage higher than maximum 
rated voltages to this high i~ce circuit 
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asC,. 1 ~----.. 

MB1507 BLOCK DIAGRAM 

r------------, 
I IS-BIT SHIFT REGISTER I 
I I 
I IS-BIT SHIFT REGISTER I 
~ImIOlrOI===~ 
I IS-BIT LATCH I 

~~-----------,I 
I IS-BIT LATCH I 
LImIOlrOI===.J r PROGRAMMABLE REFERENCE 1 
I DIVIDER I 

BINARY 14-BIT 
I REFERENCE COUNTER 

L_'--_-_-_-_-_-_-_-_-_..I_-'_.J 

PHASE 
COMPARATOR 

Do 5~--------~+_--------------------~~r_~----------~ 

t---------------------------~----------------~---;11 LE 

f,. 8 PRESCALERI--+-----..:..:.;r-=::..::..:;=~=-=::.:..:;:;: 



MB1507 

PIN DESCRIPTION 
Pin No. Pin Name 110 Description 

1 asc .. I Oscillator input. 
2 OSCour 0 Oscillator output 

A crystal is placed between OSC,. and OSCour. 

3 Vp - Power supply input for charge pump and analog switch. 

4 Vee - Power supply voltage input ID 
5 Do 0 

Charge pump output. 
The characteristics 01 charge pump are reversed depending upon FC input. 

6 GND - Ground. 

Phase comparator output. 
7 LD 0 Normally the output level is high level. While the phase difference of f, and fp exists, the output be-

comes low level. 

8 f'N I 
Prescaler inpul 
The connection with veo should be AC connection. 

9 Clock I 
Clock input for 20-bit shift register and 16-bit shift register. 
Each rising edge of the clock shifts one bit of data into shift registers 

Binary serial data input. 
The last bit of the data is a control bit which specified destination of shift registers. When this bit is 

10 Data I high level and LE is high level, the data stored in shift register is transferred to IS-bit latch. When 
this bit is low levef and LE is high level, the data is transferred to 19-bit latch. 

Load enable input (with pull up resistor). 
11 LE I When LE is high or open, the data stored in shift register is transferred into latch depending upon 

the control bit At the time, intemal charge pump output to be connected to BISW pin because inter-
nal analog switch becomes ON state. 

Phase select input of phase comparator (with pull up resistor). 
12 FC I When FC is low level, the characteristics of charge pump, phase comparator are reversed. 

FC pin input signal controls fOUl pin (test pin) output level, f, or f •. 

Analog switch output. 
13 BISW 0 Usually BISW pin is set at high-impedance state. When intamal analog switch in ON (LE pin is set 

at high level), this pin outputs intemal charge pump output 

Monitor pin of phase comparator input. 
f ... pin outputs programmable reference divider output (f,) or programmable divider output (f.) de-

14 louT 0 pending upon FC pin input levef. 
FC=H: It is the same as f, output level. 
FC=L: It is the same as f. output level. 

15 I2IP 0 Outputs for external charge pump. 
16 I2IR 0 The characteristics are reversed according to FC input. 

I2IP pin is N-channel open drain output. 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-b~ programmable referenca divider 
and 19-bil programmable dvider, respectively. 
Binary serial data is input to Data pin. 
Each rising edge of tha dock shifts one bit of sariaI data into the internal shift registers and when load enable pin is high level or 
open, stored data is transferred into latch dapendng upon the control bit. 
Control data "H" data is transferred into 15-bitlatch. 
Control data "L" data Is transferred into HI-bit latch. 

THE DIVIDE RATIO SETTING 

fvco=(MxN)+A)xfosc+R 
fvco: Output frequency of external voltage controlled oscillator (VCO) 
M: Preset modulus of extemal dual modulus prescaler (128 or 256) 
N: Preset divide ratio of binary II-bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary S-bit swallow counter (OsAS255, A<N) 
fose: Output frequency of the extemal reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 to 16383) 

PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of l&-bit shift register, 15-bitlatch and 14-b~ reference counter. Serial 16-bit data formal is shown below. 

1"'.---- Divide ratio of programmable referenca counter selling bit ---.~I 

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 

Divide S S S S S S S S S S S S 
Ratio 

R 14 13 12 11 10 9 8 7 6 5 4 3 

8 0 0 0 0 0 0 0 0 0 0 1 0 

9 0 0 0 0 0 0 0 0 0 0 1 0 

. . . . . . . . . . . . . 
16383 1 1 1 1 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 8 is prohibited. 

3-82 

Divide ratio: 8to 16383 
SW: This bit selects divide ratio of prescaler. 

SW=H :1281129 
SW=L :256/257 

SI to S14: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 
Data is input from MSB side. 

S 

2 

0 

0 

. 
1 

S 

1 

0 

1 

. 
1 



PROGRAMMABLE DIVIDER 

Programmable divider consists of 20-bit shift register, 190bit latch, 8-bit swallow counter and ll-bit programmable counter. 
Serial 2O-bit data format is shown below. 

I-- Divide ratio of swallow counter ___ +._--- Divide ratio of programmable counter ------11 
selling bit selling bit 

8-BIT SWALLOW COUNTER DIVIDE RATIO 

Divide S S S 
Ratio 

S S S S S 

A 8 7 6 5 4 3 2 1 

0 0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 0 1 

. . . . . . . . . 
255 1 1 1 1 1 1 1 1 

NOTE: Divide ratio: 0 10 255 

11·BIT PROGRAMMABLE COUNTER DIVIDE RATIO 

Divide S S S S S S S S S S S 
Ratio 

N 19 18 17 16 15 14 13 12 11 10 9 

16 0 0 0 0 0 0 1 0 0 0 0 

17 0 0 0 0 0 0 1 0 0 0 1 

. . . . . . . . . . . . 
2047 1 1 1 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 16 is prohibited. 
Divide ratio: 1610 2047 
Sl to sa: Swallow counter divide ratio sellin9 bit. (0 10 255) 
$9 to 819: Programmable counter divide ratIO setUng bit. (1610 2047) 
C: Control bit (sets 10 low level). 
Data is input from MSB side. 

MB1507 
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SERIAL DATA INPUT TIMING 

t,.Ia.ta.t..lol!l).1S 

Data S19=MSB S18 Sll S10 Sl=LSBX C: CONTROL BIT 

>(SW) (S14) (S7) (86) (Sl) (C: CONTROL BIT) 

Clock 

LE 

t, 

NOTES: The data notad in parenthesis is used lor setting divide ratio of programmable reference divider. 
On rising edge of clock, one bit of data shifts into the shift register. 

PHASE CHARACTERISTICS 

FC pin is provided to change phase polarity of phase comparator. Characteris­
tics of internal charge pump output level (Do). phase comparator output level 
(12lR, I2lP) are reversed depending upon FC pin input level. Also. monitor pin (f....) 
output level of phase comparator is controlled by FC pin input level. 

FC=H or open FC=L 

Do I2lR I2lP f ... Do I2lR I2lP foul 

f.>f. H L L (f.) L H z (f.) 

f.=I. z L z (f.) z L z (f.) 

f.<I. L H Z (I.) H L L (I.) 

Note: Z=(High impedance) 

Depending upon VCO polarity. FC pin should be set accordingly: 
When VCO polarity are like CD . FC should be set High or open circuit; 
When VCO polarity are like ® . FC should be set Low. 
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PHASE DETECTOR OUTPUT WAVEFORM (FC=Hlgh) 

I, -.J t t t t L 
I. 

LOU u u u L 
Do •••• ~ ••• -----~--. Z -··-u-·----LJ---L...J···L-

fr<fp fr<fp fr<fp 

NOTES: Phase dilference detection range: -211; to +21t 
Spike appearance depends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When 1,>1. or 1,<1., spike might not appear depending upon charge pump characteristics. 

ANALOG SWITCH 

ONIOFF 01 analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) is connected to BISW pin. 
When the analog switch is OFF, BI-SW pin is set to high-impedance state. 

LE Analog Switch 

H(Changing the divide ratio 01 internal prescaler) ON 

L(Normal operating mode) OFF 

When an analog switch is inserted belWeen LPl and LP2, laster lock up time is achieved to reduce LPF time constant during PLL channel switching. 

------------------~Do 
I 

CHARGE PUMP 

.... _--_ ... _------, 
81SW 

I 

(CONTROL SIGNAL LE) I 

--------------------------------~ 
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RECOMMENDED OPERATING CONDITIONS 
Value 

Paramat. Symbol Unit 
Min Typ Max 

Vet; 4.5 5.0 5.5 V 
Power Supply Voltage 

Vp Vet; - 8.0 V 

Input Voltage V, GND - Vet; V 

Operating Temperature T. -Ml - 85 "C 

HANDLING PRECAUTIONS 

• This device should be transported end stored in anti-static containers. 

• This is a statio-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover 
workbenches with grounded conductive mats. 

• Always tum the power supply off before inserting or removing the device from its socket 
• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 
Parameler Symbol Condition 

Min 

Power Supply Current Icc Note 1 -

I~ I~ Note 2 10 
Operating Frequency 

OSC,. lose - -

I~ V", son --4 
Input Sensitivity 

esc,. Vose - 0.5 

High-lewl Input Voltage 
Except lin 

V'H - VccxO.7 

Low-level Input Voltage andOSC" 
V'L - -

High-lewllnput Current "H - -
Data 

Low-level Input Current 
Clock III - -

OSC,. lose - -
Input Current 

LE,FC h .. - -

High-Iewl Output Current VOH 4.4 
Except Do Vcc=5V andOSCoUT Low-level Output Current VOL -

High Impedance Do,"P IOFF 
Vp=Vcc toBV -Cutofl Current Voep=GND to BV 

10H - -1.0 
Output Current Except Do 

andOSCour 
10L - 1.0 

Analog Switch On Resistance Rot. - -

NOTE 1: 1,.=2.0GHz, lose =12MHz X'tal Vcc=5V. Inputs are grounded and outputs are open. 
NOTE 2: AC coupling. Minimum operating lrequency is measured with a capacitor l000pF. 

MB1507 

V.'ue 
Unit 

Typ Max 

lB.O 25.0 mA 

- 2000 MHz 

12 20 MHz 

- 6 dBm III 
- - Vpp 

- - V 

- VccxO.3 V 

1.0 - ~ 

-1.0 - ~ 

+so - ~ 

-60 - ~ 

- - V 

- 0.4 V 

- 1.1 ~ 

- - mA 

- - mA 

25 - n 
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TEST CIRCUIT Prescaler In ut Sensitivit 

Vp=6V 

MBl507 

'---------0 Oscilloscope 
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TYPICAL APPLICATION EXAMPLE 

Vpx(6V) 

Charge Pump 
Selection 

12k (Internal or 
extemal) 

12k 

eR eP FC LE Data 

16 15 14 13 12 11 10 

MBI507 

2 3 4 5 6 7 8 

asc,. OSCOUT V. Vr,<; Do GND LD 

X'taI 

6V 5V 

V., V.x 8V max, 
C" C. Depends on crystal oscmator 
LE,FC Willi pull up resistor 
eP Open drain output 

l000p 

MB1507 

OUTPUT 

FROM 
CONTROLLER 

} 
47k 

Vcc(5V) 

LOCK 
DETECTOR 
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PACKAGE DIMENSIONS 

3-90 

TYP 

16-LEAD PLASTIC FLAT PACKAGE 
(Oase No.: FPT-16P-M06) 

.089(2.25) MAX 

r·~" .. ~gb (MOUNTING HEIGHT) 

-1·307±.016 
INDEX (780±0.40) 

.268:'.: :8bg (6.BO:'.: g:~ _/ .209±.012 a "B" (5.30±0.30) 

1I;r=;&=rF'ii""i'F~ .-! I 
11·018±.004 

(0.45±0.10)J$I".005(0.13) fii I 

"A" 

II II II 11:11' 
f "'--' 
'-1: / .004(0.10) 

- .350(8.89) REF -

I 

j .020±.008 
1I===t(0.5o±0.20) 

--II- 006+.002(015+0.05) 
. -.001' -0.02 

, 
I 
I 

.00810.20) I 
.00710.18) I 

MAX' : 
: .027 0.68) I 

~ ______ _ ~A_X ___ __ : 

rD-;u.ii;~-·-:B-:·-p-;,n-l : 1f3OO6 (0'15) : 
I I 
I , 
I ' , I 

: .008 (0.20) : 

! .007(0.18) ! 
I MAX I 

~ .027(0.68) : 

L ___ .- ____ ~~~ __ J 
© 1990 FUJITSU LIMITED F16015S-2C Oimensions in 

inches (millimeters) 
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DATA SHEET 
FUJITSU 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
ON CHIP 2.SGHz PRESCALER 

The Fujitsu MBt508 on chip 2.5 GHz dual modulus prescaler is a serial input PLL (Phase 
Locked Loop) frequency synthesizer with pulse swallow function. It is well suited for BS tuner, 
CATV system, and TV tuner applications. 

It operates supply voltage of 5.0V typo and dissipates 16mA typo of current realized through the 
use of Fujitsu's unique U-ESBIC Bi-CMOS technology. 

• Power supply voltage: Vee = 4.5 to 5.5V 

• High operating frequency: f. = 2.5GHz (V. = -4dBm) 

• 2.5GHz dual modulus prescaler: P = 256/272, 512/528 

• Low power supply current: lee = 16mA typo 

• Programmable reference divider consisting of: 
Binary 2-bit programmable reference counter (R = 256, 512, 1024, 2048) 

• Programmable divider consisting of: 
Binary !Hlit swallow counter (A = 0 to 31) 
Binary 12-bit programmable counter (N = 32 to 4095) 

• Wide operating temperature: T. = -40 to +85'C 

• Plastic 2O-pin flal package (Suffix: -P F) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Power Supply Voltage Vee --1).5 to 7.0 V 

Output Voltage Vo 0.5 to Vee +0.5 V 

Output Current 10 ±10 rnA 

Storage Temperature TSTG -55 to +125 

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may aHect device reliability. 

Copyright ©1991 by FUJITSU LIMITED 

PLASTIC PACKAGE 
FPT·20P·M01 

PIN ASSIGNMENT 

FC 

LE 2 

Data 3 

Clock 4 

Vee, 5 TOP 
VIEW asc,. 6 

-OSCOUT 7 

GND 8 

0., 9 

0.. 10 11 

LD 

fOUT 

VCC2 

'" 
GND2 

t 
BCl 

BC2 

BC3 

BC4 

ThIB device contains circuitry to protect the Inpull against 
damage due to higtl stalicvo!lagel Of electric fiakM. However, ... _ .... __ betalcen .. .-

application of any voltage higher than maxlrnJm rated 
voltages 10 this high i~ance circuit. 

3-91 

III 



MB1508 

LD foUT Vcc. 

L 

1 0 0 
FC LE Data 
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MB1508 BLOCK DIAGRAM 

f. 

17 

0 
Clock 

GND2 

~ 

J; 
Vee, 

r.;-
15 

6 

OSC. 

BC1 BC2 

fOUT 

FC L..-"""T""--r--_...J 

Crystal 
Oscillator 

r 9 

OSCrul GND1 001 

BC4 

10 

0 .. 



MB1508 

PIN DESCRIPTIONS 

-- & II III :::""""':\' 

1 FC I 
Phase select input pin 01 the phase detector. This pin involves an internal puU up resistor. 
When this pin is low, characteristics 01 the charge pump and phase detector can be rewrsed. This 
input also selects lOUT pin output lewl, either Ir or Ip. See Functional Description section, 

Phase Detector Characteristics. 

2 LE I Load enable input pin. This pin involves a schmitt trigger circuit. 
When this pin is high, the data stored in the shift register is transferred into the latch. 

3 Data I Serial data of binary code input pin. This pin involves a schmitt trigger circuit. 

4 Clock I Clock input pin of the 24-bit shift register. This pin Involves a schmitt trigger circuit. 
Each rising edge 01 the clock shifts one bit of data into the shift regisier. 

5 VCCl - PLL power supply voltage input pin. 

6 OSC,. I Oscillator input pin. 
7 OSCOUT 0 Oscillator output pin. 

A crystal is connected between OSC,. pin and OSCOUT pin. 

8 GNDI - PLL ground pin. 

g 001 0 Charge pump output pins. 
10 002 0 Phase characteristics can be reversed depending upon FC pin input level. 

11 BC4 0 Band switching output pins. (Open-<:eliector output) 
12 BG3 0 Output is controlled by a band bit data, individually, 
13 BC2 0 BGX-bit=H : BCX output transistor is ON. 
14 BCl BCX-bit=L : BGX output transistor is OFF. 

(X=1 to 4) 

15 t I Complementary input pin of f •. Please connect to GND through a capacitor. 

16 GND2 - Prescaler ground pin. 

17 fin I Prescaler input pin, 
This signal is AC coupled. 

18 VCC2 - Prescaler power supply voltage input pin. 

19 loUT 0 Monitor pin of the phase detector input. 
fouT pin'outputs either of the programmable reference divider output frequency fr or programmable 
divider output frequency fp depending upon the FC pin input level. 

FC pin fout output signal 

H fr 

L Ip 

20 LD 0 Phase detector output pin. 
Normally this pin outputs high. While the phase difference between fr and Ip exists, this pin outputs 
low. 
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FUNCTIONAL DESCRIPTIONS 
DIVIDE RATIO SETTING 

Divide ratio can be set using the following equation: 

fvco = {(P x N) + (16 x A)}.x fose + R 

fvco: Output frequency of an external voltage controlled oscillator (VeO) 

P: Preset divide ratio of an internal dual modulus prescaler (256 or 512) 

N: Preset divide ratio of binary 12-bit programmable counter (32 to 4095) 

A: Preset divide ratio of binary 5-bit swallow counter (0 to 31 ) 

fose: Reference oscillator frequency 

R: Preset divide ratio of reference counter (256.512.1024.2048) 

SERIAL DATA INPUT 
Each rising edge 01 the clock shifts one bit 01 data into the shift register. 
When the lo~a enable is high, the data stored in the shift register is -transferred to the latch. 

The data farmat 0124 bits is shown below. 

---.... Data Input Flow 

r LSB MSB. 

A A A A A N N N N N N N N N N N N S R R B B B B 
1 2 3 4 5 1 2 3 4 5 6 7 8 9 10 11 12 W 1 2 C C C C 

4 3 2 1 

I- ·1- "I 
L J 

Divide ratio of swallow Divide ratio of programmable I Band switch I 
counter setting bit counter setting bit setting bit 

Divide ratio of prescaler setting bit 

Divide ratio of referenoe counter settin bit 9 

S-bit swallow counter divide ratio (A 1 to AS) 

Divide ratio A A A A A 
A 5 4 3 2 1 

0 0 0 0 0 0 

1 0 0 0 0 1 

2 0 0 0 1 0 

: : : : 

31 1 1 1 1 1 

12-bit programmable counter divide ratio (Nl to N12) 

Divide ratio N N N N N N N N N N N N 
12 11 10 9 8 7 6 5 4 3 2 1 

32 0 0 0 0 0 0 1 0 0 0 0 0 

33 0 0 0 0 0 0 1 0 0 0 0 1 

34 0 0 0 0 0 0 1 0 0 0 1 0 

: : : : : : : : : : : : 

4095 1 1 1 1 1 1 1 1 1 1 1 1 
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FUNCTIONAL DESCRIPTIONS 
Reference counter divide retia (Rl to R2) 

Divide ratio R R 
R 2 1 

256 0 0 

512 0 1 

1024 1 0 

2048 1 1 

Prescaler divide ratio (SW) 

When divide ratio of prescaler setting bit is high, divide ratio of 2561272 is selected. 
When divide ratio of prescaler setting bit is low, divide ratio of 5121528 is selected. 

Band Switch Setting (BCl to BC4) 

When band switch setting bit is high, output is ON. 
When band switch setting bit is low, output is OFF. 

SERIAL DATA INPUT TIMING 

tl ,12, 13, 10, Is ~ lILS 

Data 
eel 

(MSB) , 
---XW : N12 ---3~ Al 

(LSB) 

: . -. ...._------_. 

Clock , , 

LE ------:!--,--- - -";---,--
~ ;"12--: 
I t11 • 

b"""":"-
, I 

Note: Each rising edge of the clock shifts one bit of date into the shift register. 
When LE is high, the data stored in the shift register is transferred into the latch. 

MB1508 

I 

.J 
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PHASE DETECTOR CHARACTERISTICS 
FC pin selects the phase of the phase detector. Phase characteristics (charge pump outpUt) can be reversed depending upon the FC pin. 
input level. Monitor pin (fout) output level is selected by the FC pin input level as well. 

FC = H (or open) 

Do"D .. fout 

fr>fp H 
Outputs programmable 

fr=fp Z reference divider output 

fr<fp L 
frequency fro 

Note: 
Z: High-impedance 

Depending upon the VCO polarity, FC pin should be set ac­
cordingly. 

When VCO polarity is like 1, 
FC should be set high or open. 
When VCO polarity is like 2, 
FC should be set low. 

PHASE DETECTOR WAVEFORM 

fr~ 

fp 

u 

001,0 .. 

L 

Z 

H 

VCOOutput 
Frequency 

u 

FC=L 

fout 

Outputs programmable 
divider output 
frequency fp. 

VCO POLARITY 

VCO Input Voltage -

J L 

u L 
(FC=H) 

001,0 .. 

H • t • 

Jf-- ------Ir----Z- - Lf7------tJ----L..J---t-
(FC =L) 
0.. ,Do" 

1 

1 

-,j-- -------Ir ----Z- - 4 ----~ ---~ --t-
o 0 0 

fr = fp fr<fp fr<fp fr<fp 

Note: Phase difference detection range: -2" to +2lI 
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Spike shape depends on the charge pump characteristics. 
The spike is output to diminish the dead band. 
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TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY) 

l000p 

l000p 0.11' 

P.G 

1 20 19 18 14 13 12 11 

MBI508 

2 3 4 5 6 7 8 9 10 

RECOMMENDED OPERATING CONDITIONS 

HANDLING PRECAUTIONS 
• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work­
benches with grounded conductive mats. 

• Always tum the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 

Power Supply Current Icc Notel 16.0 mA 

I. I. Note2 10 2500 
I Operating Frequency MHz 

to OSC .. lose 4 10 

2300 to 2500MHz -4 6 

I. Vfin 1900 to 2300MHz -7 6 dBm 
Input Sens~ivity 

10 to 1900MHz -10 6 

OSC,. Vase 0.5 Vpp 

High-level Input Voltage 
Except I. 

V'H VccxO.7+0.4 
V 

Low-level Input Voltage andOSC'N 
V" VccxO.3--0.4 

High-level Input Current Data, I'H leO 
Clock, 
LE ilL -1.0 

Low-level Input Current 

High-level Output Voltage VOH Vee = 5.0V 4.4 
Except Do V 

Low-level Output Voltage VOL 0.4 

HiglHmpedance Cutoff 001,000 
IOFF 1.1 IIA Current BCl to BC4 

High-level Output Current 10H -1.0 
Except Do mA 

Low-level Output Current 10L 1.0 

Withstand. Output Voltage BCl to BC4 V. 12 V 

Nolel: IIn=2.5GHz, OSC,,=4.0MHz, V....s.OV. Input pins are grounded and output pins are open. 
NoIe2: AC coupling. Minimum operating frequency is measured with a capacitor 1000pF. 
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MB1508 APPLICATION CIRCUIT 

TUNER VT 

La BC1 BC2 BC3 BC4 

12v 

5V T 
-I'" : 1000p 

0.1~f 1000p r: r: ~;r. r-: 
Ifl: 47K 

>- ~ i-- ~ 

I LD I lout Vc<;, fin GND2 fin BC1 BC2 BC3 BC4 

20 19 18 17 16 15 14 13 12 11 

MB1508 

1 2 3 4 5 6 7 8 9 10 

From { 
controller 

IFC 
escouiGND1 

33v 

LE Data Clock Vc<;, eSCin D., 002 

J HIlt- ~ 
Cry 

0.1~I 
: stal 

.. ., 

I C' IC' 
II 

II 

~ 

C" C, : depends on the crystal oscillator. 
FC : with internal pull up resistor. 
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PACKAGE DIMENSIONS 

20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M01) 

3-100 

r SOO'" 010(12 70+ 02S)l 
I R - 008 -020!.t=::="I 

.OSO(1.27) 
TYP 

0'990 FUJITSU LIMITED F20003S-5C 

--, 307± 016 I (780±040) 
.209±.012 

(S.30±0.30) 

II .018±.004 
(0.4S±0.10)1$1¢.00S(0.13) iMll 

"A" 
.•.... 
: : 
, " 

.004(0.10) 

.4S0(11.43) REF 

.089(2.2S) MAX 
(MOUNTING HEIGHT) 

i [)~taii; of -:'A: ,-p~rt-l 
: .008(0.20); 
I I 
I I 

I ' 
I : 

.020(0.SO) : 
.007(0.18) : 

MAX : 
I .027(0.68) I 

~ _______ ~_A.~ ____ J 

Dimensions In 
Inches (mUllmeters) 
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DATA SHEET 
FUJITSU 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 400MHz PRESCALER 

The Fujitsu MBI509 is a 400 MHz dual serial input PLL (Phase Locked Loop) frequenCY;izer 
synthesizer designed for oordless telephone application. 

The MBI509 has two PLL circuits on a single chip: one for transmit and the other forreception. 
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit 
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains 
a high sensitivity charge pump for faster lock up time. 

The MB1509 incorporates two 400 MHz dual modulus prescalers to enable implemention of a 
pulse swallow function. 

It operates supply voltage of 3.0V typo and dissipates 8mA typo of current realized through the 
use of Fujitsu's unique U-ESBIC Bi-CMOS technology. 

• High oparating frequency: fin = 400MHz 

• Low power supply voltage: Vee = 2.7 to 5.5V 

• Low power supply current: Icc = 8mA typ, @3V. 

• Wide operating temparature: TA = -40 to 85"C 

• Two charge pumps 
Low sensitivity charge pump for transmit 
High sensitivity charge pump for reception 

• Plastic 20-pin dual in line package (Suffix: -P) 
Plastic 2O-pin flat package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Vcc -{l.5 to 7.0 

Power Supply Voltage 
V. Vee to 10.0 

Output Voltage VOUT -{l.5 to Vee +0.5 

Output Current lotIT ±10 

Storage Temperature TSTG ,,];5 to +125 

V 

V 

mA 

"C 

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Copyright ©1991 by FUJITSU LIMITED 

PLASTIC PACKAGE 
DIP·20P·M02 

PLASTIC PACKAGE 
FPT·20P·M01 

PIN ASSIGNMENT 

GND 20 

OSCIN 2 19 

OSCOUT 3 18 

fin. 4 17 

Vee! 5 TOP 16 

VIEW 
fr 6 15 

LD. 7 14 

V •• 8 13 

Do. 9 12 

BS. 10 11 

Clock 

Data 

LE 

fin, 

Vcc, 

fp 

LD, 

V., 

0"" 

BS2 

This device contains clreuMry to protect the inputs against 
damage due to nigh S1a1icvokages Dr electric fields. However, 
it is advised that normal pl8C8utions be taken to avoid 
application of any voltage higher fllan maximum rated 
vohages to this high ifT1)edance circuit. 
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MB1509 

BLOCK DESCRIPTIONS 
TRANSMIT/RECEPTION BLOCK 

• 20-bn latch 

• Programmable divider consisting of: 
Binary 7-bit swallow counter (Divide ratio: 0 to 127) 
Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

• Phase detector with phase polarity change function II) 
• 400MHz dual modulus prescaler (Divide ratio: 32/33. 64/65) 

• Charge pump 

COMMON BLOCK 
• 23-bit shift register 

• Programmable divider consisting of: 
Reference counter (Divide ratio: 512.1024) 
(Divide frequency = 25kHz. 12.5kHz (Crystal oscillator frequency = 12.8MHz) 

• Crystal oscillator 

• fp monitor outpu1 selector 

• Latch selector 

• Schmitt circuits 

• Analog switches 
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PIN DESCRIPTIONS 

- III 
1 GND - Ground. 

I 

2 OSCIN I Oscillator input pin. 
3 OSCOUT a Oscillator output pin. 

A crystal is connected between OSC'N pin and OSCOUT pin . 

• 4 fin, I Prescaler input pin of transmit section. 
The connection with VCO should be AC connection. 

5 Vee1 - Power supply voltage input pin of transmit section. 
When power is OFF, latched data of transmit section is cancelled. 

6 fr 0 Monitor pin for programmable reference divider output. 

7 LDI 0 Lock detect signal output pin of transmit section. 

Condition LD pin output level 

Lock H 

Unlock L 

8 Vp, - Power supply voltage input for charge pump and analog switch of transmit section. 

9 Do, 0 Charge pump output pin of transmit section. 
Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 

10 SSI 0 Analog switch output pin of transmit section. 
Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con-
nected to this pin. 

11 SS2 0 Analog switch output pin of reception section. 
Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con-
nected to this pin. 

12 002 0 Charge pump output pin of reception section. 
Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 

13 VP2 - Power supply voltage input for charge pump and analog switch of reception section. 

14 LD2 0 Lock detect signal output pin of reception section. 

Condition LD pin output level 

Lock H 

Unlock L 

15 fp 0 Monitor pin for programmable divider output. 
This pin outputs divided frequency of transmit section or reception section depending upon FP bit 
setting. 

FP bit Output 

H Transmit section (fpl) 

L Reception section (fp2) 
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PIN DESCRIPTIONS (Continued) 

16 Vccz 

17 

18 LE 

Power supply voltage input pin for reception section, programmable reference divider, shift register, 
and crystal oscillator. 
When power is OFF, latched data of reception section and reference counter is cancelled. 

Prescaler input pin of reception section. 
The connection with veo should be AC connection. 

Load enable input pin. This pin involves a schmitt trigger circu~. 
When this pin is high, the data stored in the shift register is transferred into the latch depending on a 
control data. 
At this moment, charge pump output signal is output from BS pin since internal analog swith 00-
comes ON. 

19 Data Serial data input pin of 23-bit shift register. This pin involves a schmitt trigger circuit. 
The stored data in the shift register is transferred to either transmit section or reception section de­
pending upon a control data. 

Control bit data The destination of data 

H Latch of transmit section 

L Latch of reception section 

20 Clock Clock input pin of 23-bit shift register. This pin involves a schmitt trigger circuit. 
Each rising edge of the clock shifts one bit of data into the shift register. 

FUNCTIONAL DESCRIPTIONS 
The divide ratio can be calculated using the following equation: 

fvco = {(M x N) + Al x fose + R (A < N) 

fvco: Output frequency of external voltage controlled oscillator (VCO) 

M: Preset divide ratio of dual modulus prescaler (32 or 64) 

N: Preset divide ratio of binary 11-bn programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (O~ A ~ 127) 

fose: Reference oscillator frequency 

R: Preset divide ratio of reference counter (512 or 1024) 
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FUNCTIONAL DESCRIPTIONS 
SERIAL DATA INPUT 
Serial data is input using three pins: Data pin, Clock pin, and LE pin. Programmable divider of transmit section and programmable divider of 
receplion section are controlled individually. 
Serial data of binary data is input into Data pin. 
Each rising edge of the clock shifts one bit of sariaI data into the shift regiSl8r. When load enable signal is high, the data stored in the9iSter is 
shift 18gisl8r is transferred to either the laich of the transmit section or the latch of the raoeption section, depending upon the control bit data selling. 

Control data Destinalion of serial data 

H Lalch of transmit section 

L Lalch of raoeption section 

SHIFT REGISTER CONFIGURATION 
Conlrol bil 

! Lr DalaFlow-

1 2 3 4 5 6 7 8 9 10 11 

C R F P F A A A A A A 

N E P R C 1 2 3 4 5 6 

T F E 

12 13 

A N 

7 1 

N1 toN11 
A1 toA7 
FC 

: Divide ralio of lhe programmable counter setting bil (16 to 2047) 
: Divide ralio of the swallow counter setting bit (0 10 127) 

PRE 
FP 
REF 
CNT 

: Phase control bil of the phase detector 
: Divide ralio of the prescaler selling bit (32133 or 64165) 
: Output of the programmable divider control bit (fp 1 or fp2) 
: Divide ratio of the reference counter setting bit (512 to 1024) 
: Control bit 

SERIAL DATA INPUT TIMING 

'1,,1.2,13,14,1.2: 1f'S 

14 15 16 17 18 

N N N N N 

2 3 4 5 6 

Data N11 = MSB E-----;;:st':;- --R;3 C: Control bit . ---~ ... , , , 

19 20 

N N 

7 8 

Clock ---fufl--ru.Jl--fl-1l--
: 1l ' fL 

-----~, -,-- I. i.. · , 
.... ... to.... 13-r--:--!-- t.--: ' 
I tt I I 

LE 

15"-"'" , , 

Each rising edge of the clock shifts one bit of data into the shift register. 
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BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 

Divide N N N N N N N N 
Ratio 11 10 9 8 7 6 5 4 

(N) 

16 0 0 0 0 0 0 1 0 

17 0 0 0 0 0 0 1 0 

2047 1 1 1 1 1 1 1 1 

Note: Divide ratio less than 16 is prohibited. 
Divide ratio (N) range = 16 to 2047 

BINARY 7-BIT SWALLOW COUNTER DATA SETTING 

Divide A A A A A A A 
Ratio 7 6 5 4 3 2 1 

(A) 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 

127 1 1 1 1 1 1 1 

Note: Divide ratio (A) range = 0 to 127 

PRE : DIVIDE RATIO (P) OF THE PRESCALER SETTING BIT 
H = 32133 
L = 64165 

N 
3 

0 

0 

1 

REF : DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETTING BIT 
H = 512 (fr = 25.0 kHz) 
L = 1024 (fr = 12.5 kHz) 

FP : OUTPUT OF THE PROGRAMMABLE DIVIDER SETTING BIT 

N N 
2 1 

0 0 

0 1 

1 1 

H = fp pin (15 pin) outputs programmable divider output frequency (fpl) of transmit section. 
L = fp pin (15 pin) outputs programmable divider output frequency (fp2) of reception section. 

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR 
Output of charge pump is selected by FC pin. 

FC=H FC = L 

fr >fp H L 

fr = fp Z Z 

fr<fp L H 

VCO Polarity (j) ® 
VCOOutput 

Note: Z = High-impedance Frequency 
Depending upon the vee polarity, Fe bit should be set. 

VCO Input Voltage _ 

MB1509 

III 
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PHASE DETECTOR OUTPUT WAVEFORM 

fr 

fp 

LD 

(FC bit = High) 

I I 

~ 
tw 

I I --­I I 

tw 

~ ____________ ~r-
H 

DO---~--- Z - --9-------'1- ---tr
L
- - - - - - Jr ------.1,_ --- --Jr -

(FC bit = Low) 

00- - -~- - - Z - - -d------'1- ----9-------Jr ------.1,_ -----.1, __ 

Note: • Phase difference detection range = -2" to +2" 

3-108 

• LD output becomes low when phase difference is tw or more. 
LD output becomes high when phase difference less than tw is reperated 3 times or more. 
(e. g. tw = 625 to 1250 ns, foscin = 12.8 MHz) 

• Spike apperance depends on the charge pump characteristics. The spike is output to diminish the dead band. 

• When fr > fp or fr < fp. spike might not generate depending upon the veo characteristics. 



MB1509 

ANALOG SWITCH 

ONIOFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog switch is ON, BS1, BS2 pin 
output the charge pump output (D01, D02). When analog switch is OFF, BS pin is set to high impedance. 

Control data = H Control data = L 
Divide ratio of transmit section is set Divide ratio of reception section is set 

LE = H LE = L LE = H LE = L 

Analog switch of transmit section ON OFF OFF OFF 

Analog switch of reception section OFF OFF ON OFF 

When an analog switch is inserted between LPI and LP2, faster lock up time is achieved to reduce LPF time constant during PLL 
channel switching. 

----------------, Do 
1 
1 I CHARGE PUMP :H~fi~,7---i: LPF-1 :1-------.--~_LP_F_-2_.1 Veo 

"'-------------., , 

---1 ,~BISW 
ANALOGSW 

L...-"""'T--"'" ':" 

(CONTROL SIGNAL) -----'I 
_______________________________ J 

RECOMMENDED OPERATING CONDITIONS 

Power Supply Voltage 

HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work­
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 

Icc. Reception section is active. 4.0 

Power Supply Current. 

I""" 
TransmiVreception section 8.0 12.0 
are active. 

fin 1 P =64165 10 400 
fin 

Operating Frequency .. fin2 P = 32133 10 

0 

Input Sensitivity 2 

High-level Input Voltage 
Except fin 

V'H 

Low-level Input Voltage andOSC'N 
V'L 

High-level Input Current Data, I'H 
Clock 

Low-level Input Current LE I'L 

Low-level OUtput Voltage VOL 

High-impedance Cutoff Do IOFF V. = Vee to 8.0V Current 

10H -1.0 
Except Do 
and OSCOUT 

10L 1.0 

10H Vp=6V -1 
Output Current Do. 

10L Vcc =3V 12 

10H Vp=6V -3 

Analog 

Notes: *: fin = 400MHz, OSC'N·= 12.8MHz, Vcc. = Vee. = 3.OV. The remaining input pins are grounded and output pins are open . 
.. : AC coupling. Minimum operating frequency is measured with capacitor l000pF. 
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TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST) 

Vp, Vee, 
X'ta1 

ID 
P.G :::::n-fi0P 

.... 
F 
__ -<8l--_--< 

5001 
MBl509 

GND 

P.Gi" 1000pF 

500 
fp 

L----+-______ ---Q Oscilloscope 
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APPLICATION EXAMPLE 

Note: VPI, VP2 
C1,C2 

Output 

Output 

:8 V max. 

VCO 

VCO 

Clock, Data, LE 
: depends on the crystal oscillator. 
: involve the schmitt circuit. 

Lock Detector 

3V 6V 

MB1509 

X'taI 
When input pins are open, pleasa insert the pull down/up resistor individually to prevent the oscillation. 

: 12.8MHz 
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PACKAGE DIMENSIONS 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20P-M02) 

MB1509 

,~=e ':' :":M::]J~;:, f( m"",·A"~ 
II .. 034~J>12 I I050~J>12 

(O.86~g.30) (1.27~g·30) 

0'988 FUJITSU LIMITED D2OOO3S-3C 
Dimensions in 
inches (millimelers) 
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PACKAGE DIMENSIONS (Continued) 

2D-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M01) 

.089(2.25) MAX 
(MOUNTING HEIGHT) 

500+.010(1270+0.25) 

~. -.008 . -0.20 n4----.-

.050(1.27) 
TYP 

II .018±.004 1(!}1 .005(0.13) i!!i I 
(0.45±0.10) ¢ 

"A" ....... 
: : ... 

. 0040.10 

.450(11.43) REF 

..... ---1 .020±.008 
(0.50±0.20) 

.006~:gg~(0.15~g:g~) 

i[)~taiis-crl-::~'-p;rt-l 
I I 

.008(0.20): 
I 

: . . 
.020(0.50) : 

.007(0.18) : 
MAX • 

: .027(0.68): 
L _______ ~_~~ ____ J 

411990 FUJITSU LlMITEO F20003S·5C 
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DATA SHEET 
FUJITSU 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

SERIAL INPUT PLL FREQUENCY 
SYNTHESIZER WITH 1.1GHz PRESCALER 

The Fujitsu MB1511 is a single chip serial input Pll frequency synthesizer 
designed for VHF tuner and cellular telephone applications. 
It contains a 1.1 GHz dual modulus prescaler which enables pulse swallow 
function, and an analog swnch to speed up lock up time. 
It operates supply voltage of 3.0V typo and dissipates 7mA typo of current realized 
through the use of Fujitsu's unique U-ESBIC Bi-CMOS technology. 
The MB1511 is housed in SSOP package, this enables high integration. 

• low power supply voltage: Vee=2.7 to 5.5V 
• High operating frequency: fiN MAX=l.lGHz (V ... MIN-l OdBm) 
• Pulse swallow function: 64/65 or 1281129 
• low supply current: lee=7mA typo 
• Serial input 18-bit programmable divider consisting of: 

o Binary 7 -bn swallow counter: 0 to 127 
o Binary ll-bit programmable counter: 16 to 2047 

• Serial input 15-bit programmable reference divider consisting of: 
o Binary 14-bn programmable reference counter: 8 to 16383 
o I-bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog swnch achieves fast lock up time 
• 2types of phase detector output 

o On-Chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: -40·C to +85·C 
• 20-pin Plastic Shrink Small Outline Package (Suffix: - PFV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Vee -{l.5 to +7.0 V 
Power Supply Voltage 

Vp Vee to 10.0 V 

Output Voltage Voor -{l.5 to Vee +0.5 V 

Open-drain Voltage Vocp -{l.5 to 0.8 V 

Output Current lOUT ±10 rnA 

Storage Temperature TSTG -55 to +125 ·C 

NOTE: Permanent device damage may occur n the above Absolute Maxi­
mum Ratln!ls are exceeded. Functional operation should be restricted 
to the condttions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

CopyrlghtO 1991 by FUJITSU LIMITED 

PLASTIC PACKAGE 
FPT-20P-M03 

PIN ASSIGNMENT 

OS~N 0R 

NC NC 

OSCOUT <l>P 

Vp foUT 

Vee BISW 

Do FC 

GND lE 

lD Data 

NC NC 

f .. Clock 

This device contains drcuftry to proted the Inputs against 
damage due to high static voltages or elecl:ric fields. How­
ever I It Is advised that normal precautbns be taken to 
avoid application of any voltage higher than maximum 
rated vohagas to this high 1~C8 clrculL 
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MB1511 BLOCK DIAGRAM 

r--.,...--------:--, 
I l6-BlT SHIFT REGISTER I 
I I 

l6-BIT SHIFT REGISTER I 
I I 

~ImIIlII[u===~ 
I l5-BIT LATCH I 

~~-----------,I 
I l5-BIT LATCH I 
L.ImIIlIIIlI===.1 r PROGRAMMABLE REFERENCE 1 
I DIVIDER I 

BINARY l4-BIT 
REFERENCE COUNTER 

PHASE 
COMPARATOR 

~ 6~--------H--------------------+-+-4----------~ 

~------------------------r-------------~~--;14 LE 
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PIN DESCRIPTION 
Pin No. Pin Name VO Description 

1 OSC,. I Oscillator input. 
3 OSCOUT 0 Oscillator output. 

A crystal is placed between OSC,. and OSCOUT• 

4 Vp - Power supply input for charge pump and analog switch. 

5 Vee - Power supply voHage input. 

6 Do 0 Charge pump output. 
The characteristics of charge pump is reversed depending upon FC input. 

7 GND - Ground. 

Phase comparator output. 
8 LD 0 Normally this pin outputs high level. While the phase difference of f, and fp exists, this 

pin outputs low level. 

10 f,. I Prescaler input. 
The connection with an external VCO should be AC connection. 

11 Clock I Clock input for 19·b~ shift register and 16·b~ shift register. 
On rising edge of the clock shifts one bn of data into the shift registers. 

Binary serial data input. 
The last bn of the data is a control b~ which specified destination of shnt registers. 

13 Data I When this bit is high level and LE is high level, the data stored in shift register is trans-
ferred to 15-bit latch. When this bn is low level' and LE is high level, the data is trans-
ferred to 18-bit latch. 

Load enable input (with internal pull up resistor). 

14 LE I When LE is high or open, the data stored in shift register is transferred into latch de-
pending upon the control bn. At the time, internal charge pump output is connected to 
BISW pin because internal analog switch becomes ON state. 

Phase select input of phase comparator (wnh internal pull up resistor). 

15 FC I When FC is low level, the characteristics of charge pump, phase comparator is re-
versed. 
FC input signal controls f~, pin (test pin) output level, f, or f •. 

Analog switch output. 
16 BISW 0 Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 

pin is high level), this pin outputs internal charge pump output. 

Minitor pin of phase comparator input. 
f ... pin outputs either programmable reference divider output (f,) or programmable di-

17 foUT 0 vider output (f.) depending upon FC pin input level. 
FC-H: H is the same as f, output level. 
FC=L: It is the same as f. output level. 

18 0P 0 Outputs for external charge pump. 
20 0R 0 The characteristics are reversed according to FC input. 

0P pin is N-channel open drain output. 

2,9 
NC - No connection. 12,19 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bit programmable 
reference divider and 18-bn programmable divider, respectively. 
Binary serial data is input to Data pin. 
On rising edge of clock shifts one bn of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control bit. 
Control data "H" data is transferred into 15-bH latch. 
Control data'"L" data is transferred into 18-bH latch. 

PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-bH shift register, 15-bit latch and 14-bit reference counter. Serial 16-bit data format is 
shown below. 

I--- Divide ratio of programmable reference counter setting bH ------I 

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 

Divide 
Ratio 

S S S S S S S S 

R 14 13 12 11 10 9 8 7 

8 0 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 0 

• • • • • . • • . 
16383 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 8 is prohibited. 
Divide ratio: 8 to 16383 
SW:This bH selects divide ratio of prescaler. 

SW-H :64/65 
SW-L : 1281129 

S S S S 

6 5 4 3 

0 0 1 0 

0 0 1 0 

• • • • 
1 1 1 1 

S 

2 

0 

0 

• 
1 

S 

1 

0 

1 

• 
1 

Sl to S14: These bits select divide ratio of programmable reference divider. 
C: Control bit (sets as high level). 
Data is input from MSB side. 

PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register. 18-bit latch. 7 -bit swallow counter and ll-bit programmable counter. 
Serial 19-bit data format is shown following page. 
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'--- Divide ratio of swallow --I.~I." __ _ 
.- counter 

setting b~ 

7-BIT SWALLOW COUNTER DIVIDE RATIO 

Divide S S S S S S S 
Ratio 

A 7 6 5 4 3 2 1 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 

• • • . • . • • 
127 1 1 1 1 1 1 1 

NOTE: Divide ratio: 0 to 127 

Divide ratio of programmable 
counter 

setting b~ 

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 

Divide 
Ratio 

S S S S S S S S S S S 

N 18 17 16 15 14 13 12 11 10 9 8 

16 0 0 0 0 0 0 1 0 0 0 1 

17 0 0 0 0 0 0 1 0 0 0 1 

• • • • • • • . • • • • 
2047 1 1 1 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 16 is prohibited. 
Divide ratio: 16 to 2047 
SI to S7: Swallow counter divide ratio settinl! bit. (0 to 127) 
S8 to S18: Programmable counter divide ratIO setting bit. (16 to 2047) 
c: Control b~ (sets as low level). 
Data is input from MSB side. 

PULSE SWALLOW FUNCTION 

The divide ratio is set using the following equation. 

f.co- [MxN)+A] xfosc+R 
f¥CO: Output frequency of external voRage controlled oscillator (VeO) 
M: Preset modulus of external dual modulus prescaler (64 or 128) 
N: Preset divide ratio of binary 11-b~ programmable counter (16 to 2047) 

A: Preset divide ratio of binary 7-bit swallow counter (OSk>127, A<N) 
fose: Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 14-b~ programmable reference counter (8 tol6383) 

MB1511 

III 
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SERIAL DATA INPUT TIMING 

Data SI8-MSB C: CONTROL BIT 

*(SW) 

Clock 

LE 

NOTES: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge 01 clock shifts one bn 01 data in the shift register. 

PHASE CHARACTERISTICS 

VCO CHARACTERISTICS 
FC pin is provided to change phase characteristics 01 phase 
comparator. Characteristics 01 internal charge pump output level (Do). 
phase comparator output level (eR. eP) are reversed depending upon 
FC pin input level. Also. monnor pin (I .. J output level 01 phase 
comparator is controlled by FC pin input level. The relation between 
outputs (Do ... R. eP) and FC input level are shown below. 

FC=Horopen FC=L 

Do .. R "P I_I Do .. R ",p I_I 

1,>lp H L L (I,) L H Z (Ip) 

l,<Ip L H Z (f,) H L L (Ip) 

1,=lp Z L Z (I,) Z L Z (Ip) 

Note: Z=(High impedance) 

Depending upon VCO characteristics. FC pin should be set accordingly: 
When VCO characteristics are like <D. FC should be set High or open circun; 
When VCO characteristics are like ~. FC should be set Low. 
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f f f f L 

LOU u u u L 

NOTES: Phase difference detection range: -211 to +211 
Spike appearance dep'ends on charge pump characteristics. Also, the spike is output in order to diminish dead band. 
When 1,>1, or 1,<1" spike might not appear depending upon charge pump characteristics. 

ANALOG SWITCH 

ONIOFF of analog switch is controlled by LE input signal. When the analog switch is ON, internal charge pump output (Do) is 
connected to BISW pin. When the analog switch is OFF, BISW pin is set to high-impedance state. 

LE Analog Switch 

H (Changing the divide ratio 01 intermal prescaler) ON 
L (Normal operating mode) OFF 

When an analog switch is inserted between LPI and LP2, faster lock up times is achieved to reduce LPF time constanlduring PLLchannai switching. 

------------·-----~Do 
I 

CHARGE PUMP 
, 
10- __ -_--------, . 

I BISW 

I 
I 
I ____ l~~J~9~~~~~~~~ _____________ ~ 
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RECOMMENDED OPERATING CONDITIONS 
Value 

Parameter Symbol Unit 
Min Typ Max 

Vee 2.7 3.0 5.5 V 
Power Supply Voltage 

Vp Veo - 8.0 V 

Input Voltage V, GND - Veo V 

Operating Temperature T. -40 - 85 ·C 

HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 
• This is static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly 

grounded. Cover workbenches wHh grounded conductive mats. 
• Always turn the power supply off beler inserting or removing the device from Hs socket. 
• Protect leads wHh a conductive sheet when handing or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 
Parameter 

Value 
Symbol Condition 

Min Typ 

Power Supply Current Icc Note 1 7.0 

f," flo Note 2 10 
Operating Frequency 

OSC,. fose 12 

f", Vf., Vcc=4.0 to S.SV -4 

Input Sensitivity fm<_ Vfm< Vcc=2.7 to 4.0V -10 

OSC,. Vosc 0.5 

High-level Input Voltage 
Exceptfi" V'H VccXO.7 

Low-level Input Voltage 
andOSC,. 

V'L 

High-level Input Current 
Data I'H 1.0 

Low-level Input Current 
Clock 

I'L -1.0 

OSC,. lose ±SO 
Input Current 

LE.FC ILE -60 

High-level Output Current Except Do VOH Vcc·3V 2.2 

Low-level Output Current 
and OSCOUT 

VOL 

N-channel Open Drain 
Do.0P IoFF VrxPVpS8V Cutoff Current 

Except Do IoH -1.0 
Output Current 

and OSCOUT 
10L 1.0 

Analog Switch On Resistance RON SO 

NOTE 1: f,"=I.IGHz. OSC .. =12MHz. Vcc=3V. Inputs are grounded and outputs are open. 
NOTE 2: AC coupling. Minimum operating frequency is measured when a capac~or 1000pF. 

MB1511 

Max 
Unit 

mA 

1100 MHz 

20 MHz 

6 dBm 
6 

V"" 

V 

VccXO.3 V 

J.LA 

J.LA 

J.LA 

J.LA 

V 

0.4 V 

1.1 J.LA 

mA 

mA 

n 
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TEST CIRCUIT 

V,-6V 

1..--------0 Oscilloscope 
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TYPICAL APPLICATION EXAMPLE 

0R 0P 

20 19 18 17 16 15 

MB1511 

2 3 4 5 

OSC'N OSCour Vp 

6V 3V 

Vp, V ... : 8V max. 
C" C. : Depends on crystal oscillator 
LE,FC : With internal pull up resistor 
0P : Open drain output 

6 

Do 

Charge Pump 
Selection 
(Internal or 
external) 

..... --.....,OUTPUT 

FROM 
CONTROLLER 

r--------e-----} 
LE Data 47k 47k 

14 13 12 

7 8 9 10 

GND LD 

1000p Vcc(5V) 

LOCKDET 
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PACKAGE DIMENSIONS 

3-126 

.0256±.0047 ------
(0.65±0.121 

2D-LEAD PLASTIC FLAT PACKAGE 
(case No. : FPT-20P-M03) 

\; ;::~!~I ~ I 
i i R R 8 R R i it-!---.2-52'looa 

I (6.40 ± 0.201 
·.173±.004 
(4.40±0.101 

1i;=r;;n;=;n;=;;=;;=inI' .--l 

L::J 
REF 

049~.gg: 1 (MOUNTING HEIGHn 
(1 25:,:g~gl 

o 004(0.101 

I 
"A" --':,_ 1 '213(T

O' 
NOM 

006~gg~(0.15~8:g~1 

j- -----D~-;ii;~-:·A·;-;;t------l 

I .004±.004 (STAND OFF I 
: (0.10±0.101 HEIGHTI : 
I I 
I I 
I I 

: I 

: (J>~g!~gl : 
IOta 10' I 
I 1 L _____________________ ~ 

Dimensions in 
© 1991 FUJITSU UII1ID F20012S-2C • : This dimension does not include resin protrusion. inches (millimeters) 
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MB1512 
DATA SHEET 

OJ 
FUJITSU 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

LOW POWER SERIAL INPUT PLL SYNTHESIZER I~~~~ 
WITH 1.1GHz PRESCALER ~~~ 

The Fujitsu MB1512, utilizing BI.cIvlQS technology, is a single chip serial input ~t.~ 
PLL synthesizer wtth pulse·swallow function. ~\» 
The MB 1512 contains a 1.1 GHz two modulus prescaler that can select of either 
64/65 or 12S/129 divide ratio, control signal generator, 16-btt shift register, 15-bit 
latch, programmable reference divider (binary 14-bit programmable reference 
counter), 1-bit switch counter, phase comparator with phase conversion function, 
charge pump, crystal oscillator, 19-bn shift register, 1S-bit latch, programmable 
divider (binary 7-btt swallow counter and binary 11-btt programmable counter) and 
analog swttch to speed up lock up time. 
It operates supply vottage of 5V typo and achieves very low supply current of SmA 
typo realized through the use of Fujttsu Advanced Process Technology. 

• High operating frequency: f .. MAX-1.1 GHz (VIN M,.-1 OdBm) 
• Pulse swallow function: 64/65 or 128/129 
• Power supply voltage: Vcc=4.5 to 5.5V 
• Low supply current: Icc=8mA typo 
• Serial input 18-btt programmable divider consisting of: 

o Binary 7 -bn swallow counter: 0 to 127 
o Binary 11-btt programmable counter: 16 to 2047 

• Serial input 15-btt programmable reference divider consisting of: 
o Binary 14-btt programmable reference counter: 8 to 16383 
o 1-bit switch counter (SW) sets divide ratio of prescaler 

• On-chip analog swttch achieves fast lock up time 
• 2types of phase detector output 

o On-chip charge pump (Bipolar type) 
o Output for external charge pump 

• Wide operating temperature: -40°C to +85°C 
• 20-pin Plastic Shrink Small Outline Package 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Power Supply Vonage 
Vee -{l.5 to +7.0 V 

Vp Vccto 10.0 V 

Output Voltage Vo", -{l.5 to Vee +0.5 V 

Open-drain Vottage Voop -{l.5 to 0.8 V 

Output Current lOUT ±10 mA 

Storage Temperature TST• -55 to +125 °C 

NOTE: Permanent device damage may occur if the above Absolute Maxi­
mum Ratings are exceeded. Functional operation should be restricted 
to the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Copyrlgh'"'990 br FUJITSU LIIAITED 

PLASTIC PACKAGE 
FPT-20P-M03 

PIN ASSIGNMENT 

OSC,. 0R 

NC NC 

OSCOIYf 0P 

Vp foUT 

Vee BISW 

Do FC 

GND LE 

LD Data 

NC NC 

f. Clock 

This device contains circuitry to protect the Inputs against 
damage due to high static voItage& or ektctric fields. How­
ever, It is advised thai normal precautions be taken 10 
avoid application of any voltage higher than maximum 
rated voltages to this high in1)8dance circuit. 
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esc 

MB1512 BLOCK DIAGRAM 

r------------, 
I 16-BIT SHIFT REGISTER I 
1 1 
1 16-BIT SHIFT REGISTER I 
~ImIOIulI===~ 
I 15-BIT LATCH I 

~~----------~I 15-BIT LATCH I 
r¥-""';''';;-';:';';';';';'''.,-I 1 

LImIOlfOI==="' r PROGRAMMABLE REFERENCE 1 
1 DIVIDER 1 

BINARY 14-BIT S 
1 REFERENCE COUNTER W 1 1 .... _____ ......., 
L ____________ "' 

~ 6~------~~----------------4-+-4---------~ 

+-------------------------~------------~~~14 LE 

f'N 10 
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PIN DESCRIPTION 
Pin No. Pin Name 110 Description 

1 OSC .. I Oscillator input. 
3 OSCour 0 Oscillator output. 

A crystal is placed between OSC", and OSCour. 

4 Vp - Power supply input for charge pump and analog switch. 

5 Vee - Power supply vokage input. 

6 Do 0 Charge pump output. 
The characteristics of charge pump is reversed depending upon FC input. II) 

7 GND - Ground. 

Phase comparator output. 
8 LD 0 Normally this pin outputs high level. While the phase difference of f, and fp exists, this 

pin outputs low level. 

9 NC - No connection. 

10 f'N I Prescaler input. 
The connection with an external VCO should be AC connection. 

11 Clock I Clock input for 19·btt sh~t register and 16·M sh~t register. 
On rising edge of the clock shifts one btt of data into the shift registers. 

12 NC - No connection. 

Binary serial data input. 
The last btt of the data is a control btt which specified destination of shift registers. 

13 Data I When this bit is high level and LE is high level, the data stored in shift register is trans-
ferred to 15·bit latch. When this bit is low level and LE is high level, the data is trans· 
ferred to 18-bit latch. 

Load enable input (with internal pull up resistor). 

14 LE I When LE is high or open, the data stored in sMt register is transferred into latch de-
pending upon the control bit. At the time, internal charge pump output to be connected 
to BISW pin because internal analog switch becomes ON state. 

Phse select input of phase comparator (with internal pull up resislor). 

15 FC I When FC is low level, the characteristics of charge pump, phase comparator is re-
versed. 
FC input signal is also used to control f ... pin (test pin) output level, f, or fp. 

Analog switch output. 
16 BISW 0 Usually BISW pin is set high-impedance state. When internal analog switch is ON (LE 

pin is high level), this pin outputs internal charge pump state. 

Minitor pin of phase comparator input. 
f~1 pin outputs either programmable reference divider output (f,) or programmable di-

17 foUT 0 vider output (fp) depending upon FC pin input level. 
FC=H: k is the same as f, output level. 
FC=L: k is the same as fp output level. 

18 ~~ 0 Outputs for external charge pump. 
20 0 The characteristics are reversed according to FC input. 

I2lP pin is N-channel open drain output. 

2 
NC - No connection. 

19 
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FUNCTIONAL DESCRIPTIONS 

SERIAL DATA INPUT 

Serial data input is achieved by three inputs, such as Data pin, Clock pin and LE pin. Serial data input controls 15-bn programmable 
reference divider and 18-bn programmable divider, respectively. 
Binary serial data Is Input to Data pin. 
On rising edge of clock shifts one bn of serial data into the internal shift registers and when load enable pin is high level or open, 
stored data is transferred into latch depending upon the control bn. 
Control data "H" data is transferred into 15-bn latch. 
Control data "L" data is transferred into 18-bn latch. 

PROGRAMMABLE REFERENCE DIVIDER 

Programmable reference divider consists of 16-bit shift register, 15-bn latch and 14-bn reference counter. Serial 16-bit data format is 
shown below. 

~ Divide ratio of programmable reference counter setting bit ---I 

14-BIT PROGRAMMABLE REFERENCE COUNTER DIVIDE RATIO 

Divide S S S 
Ratio 

S S S S S 

R 14 13 12 11 10 9 8 7 

8 0 0 0 0 0 0 0 0 

9 0 0 0 0 0 0 0 0 

• • • • • • • • • 
16383 1 1 1 1 1 1 1 1 

NOTES: Divide ratio less than 8 is prohibited. 
Divide ratio: 8 to 16383 
SW:This bit selects divide ratio of prescaler. 

SW-H :64165 
SWaL : 128/129 

S S S S 

6 5 4 3 

0 0 1 0 

0 0 1 0 

• • • • 
1 1 1 1 

S 

2 

0 

0 

• 
1 

S 

1 

0 

1 

• 
1 

Sl to S14: These bns select divide ratio of programmable reference divider. 
C: Control bn (sets as high level). 
Data is input from MSB side. 

PROGRAMMABLE DIVIDER 

Programmable divider consists of 19-bit shift register, 18-bit latch, 7-bit swallow counter and 11-bit programmable counter. 
Serial 19-bn data format is shown following page. 
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Divide ratio of swallow 
counter 

selling bit 

7-BIT SWALLOW COUNTER DIVIDE RATIO 

Divide 5 5 5 5 5 5 5 
Ratio 

A 7 6 5 4 3 2 1 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 

• • . • . . . • 
127 1 1 1 1 1 1 1 

NOTE: Divide ratio: 0 to 127 

Divide ratio of programmable 
counter 

selling bit 

11-BIT PROGRAMMABLE COUNTER DIVIDE RATIO 

Divide 
Ratio 

5 5 5 5 5 5 5 5 5 5 5 

N 18 17 16 15 14 13 12 11 10 9 8 

16 0 0 0 0 0 0 1 0 0 0 1 

17 0 0 0 0 0 0 1 0 0 0 1 

• • • • • • . • • • • • 
2047 1 1 1 1 1 1 1 1 1 1 1 

NOTE5: Divide ratio less than 16 is prohibited. 
Divide ratio: 16to 2047 
51 to 57: 5wallow counter divide ratio sellin!! bit. (0 to 127) 
58 to 518: Programmable counter divide ratio seiling bit. (16 to 2047) 
C: Control bit (sets as low level). 
Data is input from M5B side. 

PULSE SWALLOW FUNCTION 

f""". I(PxN)+A] xfooc+R 
f"",,: Output frequency of external vokage controlled oscillator (VCO) 
N: Preset divide ratio of binary II-bit programmable counter (16 to 2047) 
A: Preset divide ratio of binary 7-bi! swallow counter (Os;As127. A<N) 
foae: Output frequency of the external reference frequency oscillator 
R: Preset divide ratio of binary 14-bit programmable reference counter (8 1016383) 
P: Preset modulus of external dual modulus prescaler (64 or 128) 

MB1512 
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SERIAL DATA INPUT TIMING 

Data 51-L5BI C: CONTROL BIT 

(51) 

Clock 

LE 

NOTE5: Parenthesis data is used for setting divide ratio of programmable reference divider. 
On rising edge of clock shifts one btt of data in the shift register. 

PHASE CHARACTERISTICS 

VCO CHARACTERISTICS 
FC pin is provided to change phase characteristics 01 phase 
comparator. Characteristics of internal charge pump output level (Do), 
phase comparator output level ("R, "P) are reversed depending upon 
FC pin input level. Also, monnor pin (I ... J output level. 01 phase 
comparator is controlled by FC pin input level. The relation between 
outputs (Do, "R, "P) and FC input level are shown below. 

FC=Horopen FC;'L 

Do "R "P I_I Do "R "P ' .. 
I,>f. H L L (f,) L H Z (f.) 

f,d. L H Z (f,) H L L (f.) 

f,=I. Z L Z (f,) Z L Z (f.) 

Note: Z-(High impedance) 

Depending upon VCO characteristics, FC pin should be set accordingly: 
When VCO characteristics are like CD, FC should be set High or open circuit; 
When VCO characteristics are like ®, FC should be set Low. 
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I, --.J t t t t L 

LOU U U U L 
Oo····~········~··· z ···u·····-U-··· v···L-

I,>!, !,=f, I,d, I,d, I,d, 

NOTES: Phase diflerence detection range: -21t to +27t 
Spike appearance depends on charge pump characteristics. Also, the spike is output in orderto diminish dead band. 
When 1,>1, or I,d" spike might not appear depending upon charge pump characteristics. 

ANALOG SWITCH 

ON/OFF 01 analog swHch is controlled by lE input signal. When the analog switch is ON, internal charge pump output (Do) to be 
connected to BISW pin. When the analog swHch is OFF, BISW pin is set to high-impedance state: 

lE=H (Changing the divide ratio 01 internal prescaler) : Analog switch=ON 
lE-l (Normal operating mode) : Analog switch=OFF 

lPF time constant is decreased in order to insert a analog swHch between LPFI and LPF2 when channel of PLL is changing. 
Thus, lock up time is decreased, that is, fast lock up time is achieved. 

------------------'0 , 0 

CHARGE PUMP 
, 
~--- ... ------ ..... -, , 

, BISW 

(CONTROL SIGNAllE) : 
--------------------------------~ 

RECOMMENDED OPERATING CONDITIONS 
Value 

Parameter Symbol Unit 
Min Typ Max 

Vee 4.5 5.0 5.5 V 
Power Supply Voltage 

V. Vee V. 8.0 V 

Input Voltage V, GNO Vee V 

Operating Temperature T. -40 85 ·C 
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ELECTRICAL CHARACTERISTICS 
Parameter Symbol Condition 

Min 

Value 

Typ Max 

Power Supply Current Icc Note 1 8.0 

I .. I .. Note 2 10 1100 
Operating Frequency 

OSC'N lose 12 20 

I .. VI .. -10 6 
Inpu1 Sensitivny 

OSC'N Vosc 0.5 

High-level Input Voltage 
Except lin V'H VooxO.7 

Low-levellnpu1 Voltage andOSC'N 
V'L VccxO.3 

High-level Inpu1 Current Data I'H 1.0 

Low-level Input Current 
Clock III -1.0 

OSC'N lose ±SO 
Input Current 

LE.FC ILE -60 

High-level Ou1put Current 
Except Do 

VOH Vcc=5V 4.4 

Low-level Output Current 
andOSCoUT 

VOL 0.4 

N-channel Open Drain Do.0P IoFF Vco'SV~8V 1.1 Cutoff Current 

Except Do IoH -1.0 
Ou1put Current andOSCour 

IoL 1.0 

Analog Switch On Resistor Ro. 25 

NOTE 1: I -1.1GHz. OSCI!I=12MHz. V~~5V.lnputs are grounded and outputs are open. 
NOTE 2: AC coupling. Minimum operating Irequency is measured when a capacnor 1000pF is connected. 
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MHz 

MHz 

dBm 

Vpp 

V 

V 

IIA 

IIA 

IIA 

IIA 

V 

V 

IIA 

mA 

mA 

n 
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TEST CIRCUIT 

L!~~~-!.:~~t=-=-=-=-=-=----UOSCilioscope 
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TYPICAL APPLICATION EXAMPLE 
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0R 0P 

20 19 18 17 16 15 

MB1512 

2 3 4 5 

OSC,• OSCOUT Vp 

6V 

Vp• V... 8V max. 
C,. C2 Depends on crystal oscillator 
LE.FC With internal pull up resistor 
0P Open drain output 

6 

Vee 

5V 

Charge Pump 
Selection 
(Internal or 
external) 

LE Data 

14 13 12 

7 8 9 10 

GND LD 

,..---....., OUTPUT 

FROM 
.CONTROLLER 

47k 

1000p Vee(5V) 

lOOk 

33k 

10k 

LOCKDET 



PACKAGE DIMENSIONS 

.0256± .0047 
(O.65±O.12) 

20-LEAD PLASTIC FLAT PACKAGE 
(Case No. : FPT -20P-M03) 

'.256±.004 

(6.50±O.10) I 
~~ f ! .252±.OOB I (6.40±O.20) 

'.173±.004 J 
IFiFiFiFiI=n=iFiF~ (440 ~O~10) 

049~:gg: 
1-+---..,-;;=- (SEATED HEIGHT) 

(125~g~g) 

I 
~O)NOM 

\ - --- -O;t;ji;";f-:'A':-;rt------l 
I .004±.004 (STANO OFF) I 

(0.10±0.10) : 

I 
I 
I 
I 

.020±.OOB I 
(O.50±0.20) I 

I 
I ) L _____________________ ~ 

© 1989 FUJITSU LIMITED F20012S-2C * : This dimension does not include resin protrusion. 

Dimensions in 
inches (millimeters) 

MB1512 
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cO 
September 1991 FUJITSU 

DATA SHEET 

MB1513 
Serial Input PLL Frequency Synthesizer 

The Fujitsu MB1513 is a serial input phase-locked loop (PLL)frequency synthe sizer 
with a pUlse-swallow function. A stand-by mode is provided to limit power 
consumption during intermit1ent operation. 

The MB1513 is configured with a 1.1 GHz dual-modulus prescaler with a 1281129 
divide ratio, control signal generator, 16-bit shift register, 15-bit latch, program­
mable reference divider (binary 14-bit programmable reference counter), 1-bit 
switch counter, phase comparator with phase conversion function, charge pump, 
crystal oscillator, 19-bit shift register, 18-bit latch, programmable divider (binary 
7-bit swallow counter and binary ll-bit programmable counter), analog switches, 
and intermit1ent operation control circuit that selects the operating or stand-by mode 
depending on the power-save control input state (PS). 

The MB1513 operates from a single +5 V supply. Fujitsu's advanced technology 
achieves an lee of 8 mA, typical. The stand-by mode current consumption is just 
100 IJA. 

• High operating frequency: fiN = 1.1 GHz (VIN = -10 dBm) 

• Pulse-swallow function: hi~h-speed dual-modulus prescaler with 128/129 
divide ratio 

• Low supply current: lee = 8 mA typo at 5 V 

• Power-saving stand-by mode: 100 IJA typo 

• Serial input, 18-bit programmable divider consisting of: 
Binary 7-bi! swallow counter: 0 to 127 
Binary ll-bit programmable counter: 16 to 2,047 

• Serial input, 15-bit programmable reference divider consisting of binary 14-bi! 
programmable reference counter: 8 to 16,383 l-bit switch counter sets 
pre scaler divide ratio 

• On-chip analog switch for fast lock-up 

• On-chip charge pump minimizes system component count 

• Wide operating temperature range: -40 to +85 ·C 

• Plastic 20-pin shrink small outline package (Suffix: PFV) 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Value UnH 

Vee -0.5 to +7.0 V 
Supply Vottage 

Vp VeeSVpS 10.0 V 

Output Vottage VOUT -0.5 to Vee +0.5 V 

Output Current louT ±10 mA 

Storage Temperature TSTG -55 to +125 OC 

Note: Pennanent device damage may occur il absolute maximum ratings are ex­
ceeded. Functional operation should be restricted to the conditions as de­
tailed in the operation sections 01 this data sheet Exposure to absolute maxi­
mum rating conditions for extended periods may affect device reliability. 

© 1991 by FUJITSU LIMITED and FuJ1su Mlcroolec1ronlco. Inc. 

FPT-20P-M03 

Pin Assignment 

O5CIN PS 

NC NC 

OSCour IR 

Vp Ip 

Vee BiSW 

Do FC 

GND LE 

LD Data 

NC NC 

lin CK 

Thla devloo contains clrcu.ry 10 _1110 II'jlUIB agailSl 
damage due to tigh statio voltages or aJed:rJc fields. However. II: 
Is advised that normal precautions be taken to avoid application 
of any vottage higher thal maxlrnJm rated WJlag88 to this high 
In,>edanoo oIrcu •• 
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BLOCK DIAGRAM 

os J ,~ 

r--------, To lock detector I l6-bit shift register I 
Phase I I Oscillator~ l- t l6-bit shift registerJ I comparator 

r<'~ >:II:O:II:[]:II:~ PSl 

~~ I l5-bit latch I 4 l5-bit latch I I ,~ 

Phase char-[ >:II:[]:II:[]:I1:~ 
Vp q> J acteristics '-r I Programmable I changil)9 cir- From phase I reference divider I CUlt comparator 

jJ Binary 14-bit "I,S J:t:= 
....\ Charge 

~ cc$ reference counter W 
PSl ,;): pump L. ________ ...1 

osc 

v 

PS 

BiSW 

PSl j Interrnil!ent [ y,~ 
operatIOn 

From charge "/control circuitr 

FC 

DO {O 
pump 

J Schmitt I ,'" From bigger No( .)phase G 
LE 

comparator 

Lo ( HLockt~ r-----------, 
I 19-bhhift register I 

Schmitt tion circuit i 19-bit shift register I l-bit ,. 
control bigger 

>:II:[]:I1:[]:II:[]:II:~ latch 

I l8-bit latch I ~ ~ 7-bitlatch I Ill-bit latch I I trigger 

Data 

Clock 

PSl >:II:[]:II:[]:I1:[]:I1:~ 
i Programmable divider I 

rPre-
I 

scaler I 1 I J 1 I sw output 
IIBinary 7-bitl ~ Binary ll-bit ~ Prescaler I~ f'N (e swallow programma- I 

PSl I counter ble counter I 
MC L--ti-tj---...1 

J Conb'ol circuit J I 
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PIN DESCRIPTION 

13 Data 

14 LE 

15 FC 

16 BiSW o 

20 PS 

The output level is low when LD is unlocked 

Prescaler input 
An external VCO should be AC-coupled to this pin 

Clock input for 19-bit and 16-bit shift registers 
One bit of data is shifted into the registers on the rising edge of the clock 
Schmitt trigger circu~ is involved 

Binary serial data input 
The last bit of the data is a control bit 
When the control bit is high, data is transmitted to the 15-bit latch 
When the control bit is low, data is transmitted to the 18-bit latch 
Schmitt trigger circuit is involved 

Load enable signal input 
When LE is high, the contents of the shift register are transferred to a latch, depending on the 
control bit in the serial data. At the same time, an internal analog switch turns on and the 
output of the internal charge pump is connected to the BiSW pin 
Schmitt trigger circuit is involved 

Analog switch output 
Usually, BiSW is in the high-impedance state. When the switch is on (LE is high), the charge 
pump is connected to the BiSW pin 

Power save signal input 
Set low when the system is operating (Never use pin 20 as it is opened) 

PS = High : Operation mode 
PS = Low : Stand-by mode 

3-141 
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FUNCTION DESCRIPTIONS 

Pulse swallow function 

The divide ratio can be calculated using the following equation: 

fvco R [(M x N) + A] xfosc+ R (A < N) 
fvco : Output frequency of external vo~age controlled oscillator (VCO) 
N : Preset divide ratio of binary 11-bit programmable counter (16 to 2.047) 
A : Preset divide ratio of binary 7-bit swallow counter (0 s A s 127) 
fose : Output frequency of the reference frequency oscillator 
R : Preset divide ratio of binary 14-bit programmable reference counter (8 to 16.383) 
M : Preset divide ratio of prescaler (128) 

Serial data Input 

Serial data is input using the Data. Clock. and LE pins. Serial data controls the 15-bit programmable reference divider and 18-bit 
programmable divider separately. 
Binary serial data is input to the Data pin. 
One bit of data is shifted into the internal shift registers on the rising edge of the clock. When the load enable pin is high or open. 
stored data is latched. depending on the control as follows: 

Control data Destination of serial data 

H 15 bit latch 

L 18 bit latch 

(a) Programmable reference divider ratio 

3-142 

The programmable reference divider consists of a 15-bit latch and a 14-bit reference counter. The 16-bit serial data format Is 
shown below: 

--_.. Direction of data shift 

Divide ratio setting bit for programmable reference counter 



MB1513 

• 14-bit programmable reference counter divide ratio 

B 0 0 0 0 0 0 0 0 0 0 o o o 

9 0 0 0 0 0 0 0 0 0 0 o 0 

• • • 
16383 

(Divide ratio = 8 to 16,383) 

Notes: 1. Divide ratios less than 8 are prohibited. 
2. SW: This bit selects the divide ratio of the prescaler 

SW Low: 128 or 129 
(SW must be always be low.) 

3. Sl to S14: These bits select the divide ratio of the programmable reference counter (8 to 16,383). 
4. C: Control bit: Set high. 
5. Input data MSB first. 

(b) Programmable divider divide ratio 
The programmable divider consists of a 19-bit shift register, an 18-bit latch, a 7-bit swallow counter, and an ll-bit 
programmable counter. The 19-bit serial data format is shown below: 

--_ •• Direction of data shift 

Divide ratio setting bit for 
swallow counter 

Divide ratio setting bit for programmable counter 
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• 7-bit swallow counter divide ratio • 11-bit programmable counter divide ratio 

16 o 0 0 0 0 0 o 0 0 0 

17 o 0 0 0 0 0 000 

• • • • • • • • • • • 
127 2047 

(Divide ratio = 0 to 127) (Divide ratio = 16 to 2.047) 

Notes: 1. Divide ratios less than 16 are prohibited for 11-bit programmable counter. 
2. 51 to 57: These bits select the divide ratio of swallow counter (0 to 127). 
3. 58 to 518: These bits select the divide ratio of programmable counter (16 to 2.047). 
4. C: Control bit: (5et low) 
5. Input data M5B first. 

Serial data Input timing 
• t, (2: 1118): Data setup time t. (2: 1118): Data hold time t3 (2: 1118): Clock pulse width 

t, (2: 1118): LE pulse width t. (2: 1118): LE setup time to the rising edge of last clock 
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Data ~18= ' 517 --~10' 59 --~ C: Control bit 
M5B L5B I _ _ I __ 

, , 
(5W) (*1)' (514) (58)' (57) (51) (C: Control bit) 

JlJJL--J1lJL--lLfL Clock 

I I I I • 

LE 
, , rL ' , - , I 

• 

*1: Bits enclosed in parentheses are used when the divide ratio of the programmable reference divider is selected. 

Note: One bit of data is shifted into the shift register on the rising edge of the clock. 
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Intennlttent operation 

Intermittent operation limits power consumption by shutting down or starling the internal circuits according to its necessity. If device 
operation resumes uncontrolled, the error signal output from the phase comparator may exceed the limit due to an undefined phase 
relationship between the reference frequency (fR) and the comparison frequency (fp) and frequency lock is lost. 
To prevent this, an intermittent operation control circuit is provided to decrease the variation in the locking frequency by forcibly 
correcting phase of both frequencies to limit the error signal output. This is done by the PS control circuit. If PS is set high, the circuit 
enters the operating mode. If PS is set low, operation stops and the device enters the stand-by mode. Each mode is explained below: 

• Operating mode (PS = High) 
All circuits are operating, and PLL operation is normal. 

• Stand-by mode (PS = Low) 
Circuits that do not affect operation are powered-down to save power. 
The current in the power save state is typically 100 I1A. 
At this time, the levels of Do and LD are the same as when the PLL is locked. 
Since Do is placed in the high-impedance state and the input vo~age of the voltage-controlled oscillator (VCO) is set to the 
vo~age in the operating mode (when locked) by the time constant of the low-pass lilter, the frequency output from the VCO (fvco) 
is kept at the locking frequency. 

The operating and stand-by modes alternate repeatedly. This intermittent operation limits the error signal by forCibly correcting the 
phase of the reference and comparison frequencies to limit power consumption. 
The device must be set in the stand-by mode (PS = low) when it is powered up. 

Relationship between Fe Input and phase characteristics 

The FC pin controls the phase characteristics of the phase comparator. The internal charge pump output level (Do) is reversed 
depending on the FC pin input level. The relationship between the FC input level and Do is shown below: 

L H 

*1: High impedance 

When designing a synthesizer, the FC pin setting depends on the VCO characteristics. 

*: When the VCO characteristics are similar to 
<D, set FC high or open. 

*: When the VCO characteristics are similar to 
®, set FC low. 

VCO 
output 

frequency 

VCO input voltage _ 
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Phase comparator output waveform (Fe = High) 

fp 

LD I r­
Oo -- - - - ~- - - Z·-~---- -1----Vc -----Jr -------~- -------1- --

Notes: 1. Phase difference detection range: -2It to +2It 
2. Spike appearance depends on the charge pump characteristics. The spike is outpullo diminish dead 

band. 
3. When fA > fp or fA < fp, spike might not appear, depending on the charge pump characteristics. 
4. LD is low when the phase difference is two or more. LD is high when the phase difference is two or less 

for three or more continuous cycles (when fOOClN _ 12.8 MHz, tw - 625 to 1,250 ns). 

Analog switch 

The LE signal turns the analog switch on or off. When the analog switch is turned on, the charge pump output (Do) is outpullhrough 
the BiSW pin. When it is turned off, the BiSW pin is in the high-impedance state. 

When LE - high (when the divide ratio of the internal divider is changed): Analog switch = on 
When LE -low (normal operating mode): Analog switch = off 

The LPF time constant can be decreased by inserting an analog switch between LPF1 and LPF2. This decreases the lock-up time 
when the PLL channel is changed. 

-----------.., 
I 
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RECOMMENDED OPERATING CONDITIONS 

Supply voltage 
Vp Vcc:sVp:SS.O 

Input voltage VI GND 

Operating temperature T. -40 

Notes: To protect against damage by electrostatic discharge, note the following handling precautions: 

- Store and transport devices in conductive containers. 

- Use properly grounded workstations, tools, and equipment. 

- Turn off power before inserting or removing this device from a socket. 

MB1513 

V 

Vcc V 

+85 ·C 

- When handling PC boards on which devices are mounted, protect leads of the device using conductive sheet. 
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ELECTRICAL CHARACTERISTICS 

With ~ = 1.1 GHz, OSC,. = 
Supply current lee 8.0 mA 12M z, Vce. 5.0 V. Inputs 

are at Vee and outputs are .. open 

With f'N - 1.1 GHz, OSC'N -
12 MHz, Vce • 5.0 V. The 

Stand-by current IPS 100 IIA PS pin is grounded, remain-
ing inputs are at V ce' and 
outputs are open 

AC coupling. The minimum 

f'N f'N 10 1100 MHz operating frequency is 
measured with a 100-pF 

Operating frequency capacitor connected 

OSC,. fose 12 20 MHz 

f,. V"H -10 6 dBm 
Input sensitivity 

OSC,. V_ 0.5 Vp-p 

High-level input voltage 
Except f .. and 

V,. Vee X 0.7 V 

Low-level input voltage OSC,. 
V'L Vee x 0.3 V 

High-level input current 
Data Clock lE 

,. 1.0 IIA 

"L -1.0 IIA 
Low-level input current 

FC IFe ~ IIA 

Input current OSC", lose ±so IIA 

High-level output VOH 4.4 V Vee = 5 V 

Low-level output voltage VOL 0.4 V 

High-Impedance Do IoFF 1.1 IIA Voo. GNDto 8V 
Cut off current VeeS V.S 8 V 

Except Do and 10. -1.0 mA 
Output current OSCour 

10L 1.0 mA 

Analog switch ON resistance Ro. 25 n 
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TEST CIRCUIT 
(FOR MEASURING PRESCALER INPUT SENSITIVITY) 

Vp =6V 

0.1 J.I. 

P'G ~OOr-PL-LI-1..J7lTd:~7lT---, 
50n l 10 8 7 6 5 4 3 1 

Vee = 5 V 
11 13 14 15 17 18 1920 

Oscilloscope 
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APPLICATION EXAMPLE 

I I I I Output 

I LPF I I VCO I 

lF~ controller 

I Data PS IfR I fp BiSwlFC LE I Clock 47K 47K 
20 19 18 17 16 15 14 13 12 11 7.7- 7.7-

MB1513 

1 2 3 4 5 6 7 8 9 10 

OSC,. OSCo.rr V p Vee Do [NO ILD Yj HDI-- 6V 5V 
1JJo p X'tal ...I W 

~C, ~ C. 
0.1 IL ;;;: 

Vp, Vpx Maximum 8 V 
C" C. Depend on the crystal parameters 
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PACKAGE DIMENSIONS 

20-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-20P-M03) 

MB1513 

.049::gg~ 
--;*---+----~::::- (MOUNTING HEIGHT) 

(1.25~:~) 

.0256±.0047 

(0.S5±0.12) 

*.256±.OO4 

(S.5o±O.10) 1 
~ ~ ~ ~ ~ ~ ~ ~it-----'r 

1.252±.00S 
I (S.4o±O.20) INDEX 

_/ *.173±.004 a (4.4o±O.10) 

L!H=;;::::;r:;;::::;;;:::;:::;;:;:r:=nY ---.i 

.11. .009::gg~ 

(0.22~:6~) 

\I lflnnn II II II 'II 

.230(5.S5) 

REF 

*:This dimension does not include resin protruction. 

©1991 FUJITSU LIMITED F20012S-2C 

1 
.213(5.40) NOM 

"A" ----,' "0 

Dimensions in 
inches (millimeters) 
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MB1518 
DATA SHEET 

00 
FUJITSU 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
ON CHIP 2.5GHz PRESCALER 

The Fujitsu MB1518 on chip 2.5 GHz dual modulus prescaler is a serial input PLL (Phase 
Locked Loop) frequency synthesizer with pulse swallow function. It is well suited for BS tuner. 
CATV system applications. 

It operates supply voltage of 5.0V typo and dissipates 16mA typo of current realized through the 
use of Fujitsu's unique U-ESBIC Bi-CMOS technology. 

• Power supply voltage: Vee = 4.5 to 5.5V 

• High operating frequency: "" = 2.5GHz (V. = -4dBm) 

• 2.5GHz dual modulus prescaler: P = 512/528 

• Low power supply current: Icc = 16mA typo 

• Programmable reference divider: R = 512 

• Programmable divider consisting of: 
Binary 5-bit swallow counter (A = 0 to 31) 
Binary 9-bit programmable counter (N = 32 to 5(1) 

• Wide operating temperature: T. = -40 to +85°C 

• Plastic 16-pin flat package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Power Supply Voltage Vee -C.5 to 7.0 V 

Output Voltage Vo 0.5 to Vee +0.5 V 

Output Current 10 ±IO mA 

Storage Temperature TSTG -55 to +125 °C 

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Copyright@1991 by FUJITSU LIMITED 

PLASTIC PACKAGE 
FPT·16p·M06 

PIN ASSIGNMENT 

LE 

Data 2 

Clock 3 

Vee. 4 TOP 
VIEW 

OSC,. 5 

OSCoUT 6 11 

GNDI 7 

D •• 8 

LD 

fOUT 

VCC2 

f •• 

GND2 

t,; 

FC 

0 .. 

This device conlalns circuitry 10 proI8CI 'he Inputs ago .... 
damage duelo high BtaticYOllagea orelectrictlekts. Howev8J, 
it is advised that normaf precautions be taken 10 avoid 
application of any voltage higher than maxirl'lJm rated 
voltages to this high irJ1)8dance circuit. 
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LD foUT Vcc. 

~ 

CD CD 
LE Data 
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MB1518 BLOCK DIAGRAM 

I~ 

13 

0 
Clock 

GND2 

~ 

J; 
Vee1 

i; 
11 

OSCIn 

FC 

10 

002 

9 

lOUT .---------, 
'"----I 

FC L--.--.-___ -' 

Crystal 
Oscillator 

r 8 

esc"" GND1 DOt 
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PIN DESCRIPTIONS 

LE 

2 Data 

3 Clock 

4 VCCl 

5 OSC'N I 
6 OSCOUT 0 

7 GNDI 

8 001 0 
9 002 0 

10 FC 

11 r.; 

12 GND2 

13 ~m 

14 V= 

15 fouT 0 

16 LD o 

Load enable input pin. This pin involves a schmitt trigger circuit. 
When this pin is high, the data stored in the shift register is transferred into the la1ch. 

Serial data of binary code input pin. This pin involves a schmitt trigger circuit. 

Clock input pin of the 14-bit shift register. This pin involves a schmitt trigger circuit. 
On rising edge of the clock shifts one bit of the data into the shift register. 

PLL power supply voltage input pin. 

Oscillator input pin. 
Oscillator output pin. 
A crystal is connected between OSC'N pin and OSCOUT pin. 

PLL ground pin. 

Charge pump output pins. 
Phase characteristics can be reversed depending upon FC pin input level. 

Phase select input pin of the phase detector. This pin involves an intemal pull up resistor. 
When this pin is low, characteristics of the charge pump and phase detector can be reversed. This 
input also selects fouT pin output level, either fr or fp. Please see on page 6. 

Complementary input pin of f~. Please connect to GND through a capacitor. 

Prescaler ground pin. 

Prescaler input pin, 
This signal is input with AC coupled. 

Prescaler power supply voltage input pin. 

Monilor pin of the phase detector input. 
fouT pin outputs either of the programmable reference divider output frequency fr or programmable 
divider output frequency fp depending upon the FC pin input level. 

FC pin fout output signal 

H fr 

L fp 

Phase detector output pin. 
Normally this pin outputs high. While the phase difference between fr and fp exists, this pin outputs 
low. 
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FUNCTIONAL DESCRIPTIONS 
DIVIDE RATIO SETTING 

Divide ratio can be set using the following equation: 

fvco a {(P X N) + (16 X All X foac + R 

fYeO: Output frequency of an external voHage controlled oscillator (VeO) 
P: Preset divide ratio of an internal dual modulus prescaler (512) 

N: Preset divide ratio of binary 9-bit programmable counter (32 to 511) 

A: Preset divide ratio of binary 5-bit swallow counter (0 to 31) 

fose: Reference oscillator frequency 

R: Preset divide ratio of reference counter (512) 

SERIAL DATA INPUT 
On rising edge of the clock shifts one bit of the data into the shift register. 
When the load enable is high, the data stored in the shift register is transferred to the latch. 

14 bit of serial data formit is shown below. 

----~ .. ~ Data Input Flow 

11 ~i ~ I : I : I " I : I : I : I : I : I ~ rr I 
I- .,- -I 

Divide ratio of swallow Divide ratio of programmable 
counter setting bit counter setting bit 

5-bit swallow counter divide ratio (Alto AS) 

Divide ratio A A A A A 
A 5 4 3 2 1 

0 0 0 0 0 0 

1 0 0 0 0 1 

2 0 0 0 1 0 

: : : : : : 

31 1 1 1 1 1 

9-bit programmable counter divide ratio (Nl to N9) 

Divide ratio N N N N N N N N N 

9 8 7 6 5 4 3 2 1 

32 0 0 0 1 0 0 0 0 0 

33 0 0 0 1 0 0 0 0 1 

34 0 0 0 1 0 0 0 1 0 

: : : : : : : : : : 

511 1 1 1 1 1 1 1 1 1 
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SERIAL DATA INPUT TIMING 

Data 

Clock 

LE 

N9 
(MSB) , 

---Yl : AS ---32 Al 
(LSB) --- : . -. ...._--------

~WLJWL11--fl-
" rL ' , , 

--;.----;--, _____ ~I!-... _- - - '"' ___ --
I I I I 

:-: ~ "'--: ·.t. , , 

, 
b__'___ , , 

t5~ 

Note: On rising edge of the clock shifts one bit of the data into the shift register. 
When LE is high. the data stored the shift register is transferred into the latch. 

MB1518 
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PHASE DETECTOR CHARACTERISTICS 
FC pin selects the phase of the phase detector. Phase characteristics (chage pump output) can be reversed depending upon the FC pin 
input level. Monitor pin (fout) output level is selected by the FC pin input level as well. 

FC = H (or open) 

Do"D .. fout 

fr>fp H 
Outputs programmable 

fr=fp Z reference divider output 

fr<fp L 
frequency fro 

Note: 
Z: High-impedance 

Depending upon the veo polarity, FC pin should be set ac­
cordingly. 

When VCO polarity is like 1, 
FC should be set high or open. 
When VCO polarity is like 2, 
FC should be set low. 

PHASE DETECTOR WAVEFORM 

fr ---1 
fp 

u 

FC =L 

00,,0 .. fout 

L 
Outputs programmable 

Z 

H 

VCOOutput 
Frequency 

u 

divider output 
frequency fp. 

VCO POLARITY 

VCO Input Voltage _ 

J 

u 
L 

L 
(FC=H) 

0 .. ,0 .. 

H • I • 

Jf--------Ir ----z- -,} - - - -V ---L..J---L-

(FC=L) 
0 .. ,002 

, 

-J---------Ir ----z - -+ -----1l----.Jt---L-
, ' , 

fr>fp fr<fp fr<fp fr <fp 

Note: Phase difference detection range: -2" to +21< 
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Spike shape depends on the charge pump characteristics. 
The spike is output to diminish the dead band. 
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TEST CIRCUIT (FOR PRESCALER INPUT SENSITIVITY) 

0.111 

l000p I 1000p 
P.G 

1 Frequency 
counter 

16 15 14 13 12 11 10 9 

MB1518 

2 3 4 5 6 7 8 

RECOMMENDED OPERATING CONDITIONS 

HANDLING PRECAUTIONS 
• This device should be lransported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work­
benches with grounded conductive mats. 

• Always tum the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 

Power Supply Current Icc Notel 16.0 mA 

I • In Note2 10 2500 

• Operating Frequency MHz 
OSC .. lose 4 10 

2300 to 2500MHz -4 6 I 

I. Vfin 1900 to 2300MHz -7 6 dBm 
Input Sensitivity 

10 to 1900MHz -10 6 

OSCIN Vosc 0.5 Vpp 

High-level Input Voltage 
Except~" 

V'H VccXO.7+0.4 

andOSC,. V 

High-level Input Current Data, IIH 1.0 
Clock, 
LE hL -1.0 

Low-level Input Current 
FC Ill-Fe -00 

Input Current OSC,. 11090 ±SO 

High-level Output Voltage VOH Vcc = 5.0V 4.4 
Except Do V 

Low-level Output Voltage VOL 0.4 

High-impedance Cutoff 
00,,0 .. IOfF 1.1 JIA Current 

High-level Output Current 10H -1.0 
Except Do mA 

Note1: 1 .. =2.5GHz, OSC'N=4.0MHz, V_5.0V. Input pins are grounded and output pins are open. 
Note2: AC coupling. Minimum operating frequency is measured with a capacitor l000pF. 
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MB1518 APPLICATION CIRCUIT 

vce 

VCOoUT 

~~ :1000p 

Lock De 0.1~f 1000p 
l 

Jr ~ 

LD I fout Vccz fin GND2 fin FC 

16 15 14 13 12 11 10 

MB1518 

1 2 3 4 5 6 7 

LE Data Clock Vcc, eSCin eSCout GND1 

From 
controller 

C" C2 : depends on the crystal oscillator. 
FC : with intemal pull up resistor. 

; 
0.1~~ 

HUI-
X'tal 7' 

t c , J;C2 

MB1518 

VT 

D .. 

9 

33v 

8 
II 
II .. ' 

D., II 

II 

wi 
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PACKAGE DIMENSIONS 

3-162 

16-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-16P-M06) 

.089 (2.25) MAX 
(MOUNTING HEIGHT) 

[400~·g6g(10 15~g~&1 

I ~~ 
1.307± 016 

INOEX 1(7·8~±0.40) 
_/ .209±.012 .268 ~ :86g (6.80 ~g~g) 

I a "8" (5.30±0.30) 

I!;i;==;!;==;;r=;;=;;=~-~ 

.050(1.27) 

TYP 

019C1OFUJITSU lIMITEDFl6015S-2C 

"A" 

1.020±.008 
-===t(0.50±0.20) 

JL .006~:gg~(0.15~g:g~) 
·-------------l 
I Details of "AU part I 

I 
.016 (0.40) I 

I MAX I 

: .027(0.68): 
~ _______ ~A_X _____ , 

.007(0.18) 

MAX 
.027(0.68) 

MAX L __ .,;..,.. _________ _ 

Dimensions In 
inches (milimeters) 
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MB1519 

OJ 

DATA SHEET 
FUJITSU 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 

DUAL SERIAL INPUT PLL FREQUENCY SYNTHESIZER 
WITH 600MHz PRESCALER 

The Fujitsu MB1519 is a 600MHz dual serial input PLL (Phase Locked) frequency synthesizer 
designed for cellular telephone and cordless telephone applications. 

The MB1519 has two PLL circuits on a single chip: one for transmit and the other for reception. 
Separate power supply pins are provided for the transmit and reception PLL circuits. Transmit 
PLL contains a low sensitivity charge pump for ease of modulation and reception PLL contains 
a high sensitivity charge pump for faster lock up time. 

600 MHz dual modulus prescalers are on chip and enables a pulse swallow function. 

It operates supply voltage of 3.0V typo and dissipates 11 mA typ. 01 current realized through the 
use 01 Fujitsu's unique U-ESBIC Bi-CMOS technology. 

• High operating frequency: fin = 600MHz 

• Low power supply voltage: Vee = 2.7 to S.SV 

• Low power supply current: 100 = 11mA typ.@3V. 

• Wide operating temperature: T. = -40 to 85°C 

• Two charge pumps 
Low sensitivity charge pump for transmit 
High sensitivity charge pump for reception 

• Plastic 2O-pin dual in line package (Suffix: -PI 
Plastic 2O-pin flat package (Suffix: -PF) 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Veo -{l.S to 7.0 

Power Supply Voltage 
Vp Vee to 10.0 

Output Voltage VOUT -{l.5 to Voo +0.5 

Output Current lour ±10 

Storage Temperature TSTO -55 to +125 

V 

V 

mA 

"C 

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings 
are exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections 01 this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

Copyrlght@I991 by FUJITSU LIMITED 

PLASTIC PACKAGE 
DIP-20P-M02 

PLASTIC PACKAGE 
FPT-20P-M01 

PIN ASSIGNMENT 

GND 20 

OSC,. 2 19 

OSCOUT 3 18 

fin. 4 

Vee, 5 TOP 16 
VIEW 

Ir 6 15 

LD. 7 14 

VP' 8 13 

Do. 9 

BS. 10 11 

Clock 

Data 

LE 

fil12 

V= 

fp 

LD. 

VP2 

002 

BS. 

This device c:ontalns circuitry 10 protEId the Inputs against 
damagadua to high statlcvohages orelectricfieidl. However, 
It Ie advfaed thai normal precautions be taken to avoid 
8pIIilcation 01 any voltage higher than maxinllm rated 
voltages to this high IrT4JO(ianco clrcuk. 
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MB1519 
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I 
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I 
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Detector 
I 

it 
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MB1519 BLOCK DIAGRAM 

1"""'--
fp 

mon~or I"-output 
selector 

I r-- ~~l 
I ~~ 
I 
I ~ 
II'" _.. i~--t----_____ (ij1 

I Charge 
I Pump 

I 
I 

r----...1 
I ..- r::. 
I 

I -rr ,.,-
I 
I I ~==~~--~til==t===~1"" 
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MB1519 

BLOCK DESCRIPTIONS 
TRANSMIT/RECEPTION BLOCK 

• 20-bit latch 

• Programmable divider consisting of: 
Binary 7 -bit swallow counter (Divide ratio: 0 to 127) 
Binary 11-bit programmable counter (Divide ratio: 16 to 2047) 

• Phase detector with phase polarity change function 

• 600MHz dual modulus prescaler (Divide ratio: 64/65) 

• Charge pump 

COMMON BLOCK 
• 23-bit shift register 

• Programmable divider consisting of: 
Reference counter (Divide ratio: 512, 1024) 
(Divide frequency a 25kHz, 12.5kHz (Crystal oscillator frequency = 12.8MHz) 

• Crystal oscillator 

• fp monitor output selector 

• latch selector 

• Schmitt circuits 

• Analog switches 
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PIN DESCRIPTIONS 

GND 

2 esCI. I 
3 OSCOUT 0 

4 fin, 

5 Vcc, 

6 0 

7 LD1 0 

8 VP1 

9 Do, 0 

10 BS1 0 

11 BS2 0 

12 D"" 0 

13 Veo 

14 LD2 0 

15 fp o 

3-166 

Ground. 

Oscillator input pin. 
Oscillator output pin. 
A crystal is connected between esCI. pin and OSCOUT pin. 

Prescaler input pin of transmit section. 
The connection with VCO should be AC connection. 

Power supply voltage input pin of transmit section. 
When power is OFF, latched data of transmit section is cancelled. 

Monitor pin for programmable reference divider output. 

Lock detect signal output pin of transmit section. 

Condition LD pin output level 

Lock H 

Unlock L 

Power supply voltage input for charge pump and analog switch of transmit section. 

Charge pump output pin of transmit section. 
Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 

Analog switch output pin of transmit section. 
Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con-
nected to this pin. 

Analog switch output pin of reception section. 
Usually this pin is high-impedance state. During SW is ON (LE = high), charge pump output is con-
nected to this pin. 

Charge pump output pin of reception section. 
Phase characteristics of the phase detector can be reversed depending upon FC-bit setting. 

Power supply voltage input for charge pump and analog switch of reception section. 

Lock detect signal output pin of reception section. 

Condition LD pin outpUt level 

Lock H 

Unlock L 

Monitor pin for programmable divider output. 
This pin outputs divided frequency of transmit section or reception section depending upon FP bit 
setting. 

FP bit Output 

H Transmit section (fp1) 

L Reception section (fp2) 



MB1519 

PIN DESCRIPTIONS (Continued) 

16 Vccz Power supply voltage input pin for reception section, programmable reference divider, shift register, 
and crystal oscillator. 
When power is OFF, latched data of reception section and reference counter is cancelled. 

17 finz Prescaler input pin of reception section. 
The connection with VCO should be AC conneciton. 

18 LE Load enable input pin. This pin involves a schmitt trigger circuit. 
When this pin is high, the data stored in the shift register is transferred into the latch depending on a 
control data. 
At this moment, charge pump output signal is output from BS pin since intemal analog swith be­
comes ON. 

19 Data Serial data input pin of 23·bit shift register. This pin involves a schmitt trigger circuit 
The stored data in the shift register is transferred to either transmit section or reception section de­
pending upon a control data. 

Control bit data The destination of data 

H Latch of transmit section 

L Latch of reception section 

20 Clock Clock input pin of 23·bit shift register. This pin involves a schmitt bigger circuit. 
On rising edge of the clock shifts one bit of data into the shift register. 

FUNCTIONAL DESCRIPTIONS 
The divide ratio can be calculated using the following equation: 

fvco = {(M x N) + A} x fose + R (A < N) 

fvco: Output frequency of external vottage controlled ocillator (VeO) 

M: Preset divide ratio of dual modulus prescaler (64) 

N: Preset divide ratio of binary 11·bit programmable counter (16to 2047) 

A: Preset divide ratio of binary 7·bit swallow counter (OS A S 127) 

fose: Reference oscillator frequency 

R: Preset divide ratio of reference counter (512 or 1024) 
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FUNCTIONAL DESCRIPTIONS 
SERIAL DATA INPUT 
Serial data is input using three pins. Data pin. Clock pin. and LE pin. Programmable divider of transmit section and programmable divider of 
reception section are controlled individually. 
Serial data of binary data is input into Data pin. 
On rising edge of clock shifts one bit of serial data into the shift register. When load enable signal is high. the data stored in the shift register is 
transferred to either the latch of transmit section or the latch of reception section depending upon the control bit data setting. 

Control data Destination of serial data 

H Latch of transmit section 

L Latch of reception section 

SHIFT REGISTER CONFIGURATION 
Control bit 

! Lr DataFlow_ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

C R 

N E 

T F 

Nl to Nil 
AI toA7 
FC 
DMY 
FP 
REF 
CNT 

F D F A A A A A A A N 

P M C 1 2 3 4 5 6 7 1 

Y 

: Divide ratio of the programmable counter setting bit (16 to 2047) 
: Divide ratio of the swallow counter setting bit (0 to 127) 
: Phase control bit of the phase detector 
: Dummy bit (sets to low) 
: Output of the programmable divider control bit (fpl or fp2) 
: Divide ratio olthe reference counter setting bit (512 to 1024) 
: Control bit 

N N N N N N N 

2 3 4 5 6 7 8 

SERIAL DATA INPUT TIMING 

otl.l:!. h. 4. Is" IllS 

Data Nil = MSB v;;;-- --~ --R;~ C: Control bit 

~--- ~-.-~ , , 

Clock --fuJL--1UJl---fl-ll--
LE 

, II fL 
-----.... -,-- • I S I I I. 

_ .. I:!..... b~ ...... --:, 
I t,' I • 

t • .............-. , , 

On rising edge of the clock shifts one bit of the data into the shift register. 
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BINARY 11-BIT PROGRAMMABLE COUNTER DATA SETTING 

Divide N N N N N N N N N 
Ratio 11 10 9 8 7 6 5 4 3 

(N) 

16 0 0 0 0 0 0 1 0 0 

17 0 0 0 0 0 0 1 0 0 

2047 1 1 1 1 1 1 1 1 1 

Nole: Divide ratio less than 16 is prohibited. 
Divide ratio (N) range = 16 to 2047 

BINARY 7-BIT SWALLOW COUNTER DATA SETTING 

Divide A A A A A A A 
Ratio 7 6 5 4 3 2 1 

(A) 

0 0 0 0 0 0 0 0 

1 0 0 0 0 0 0 1 

127 1 1 1 1 1 1 1 

Nole: Divide ratio (A) range = 0 to 127 

DMY : DUMMY BIT INPUT 
This bit is set to low in operation. 

REF : DIVIDE RATIO (R) OF THE REFERENCE COUNTER SETIING BIT 
H = 512 (fr = 25.0 kHz) 
L = 1024 (fr= 12.5 kHz) 

FP : OUTPUT OF THE PROGRAMMABLE DIVIDER SETIING BIT 

N N 
2 1 

0 0 

0 1 

1 1 

H = fp pin (15 pin) outputs programmable divider output frequency (fp1) of transmit section. 
L = fp pin (15 pin) outputs programmable divider output frequency (fp2) of reception section. 

FC : PHASE CONTROL BIT OF THE PHASE DETECTOR 
Output of charge pump is selected by FC pin. 

FC=H FC=L 

fr > fp H L 

fr=fp Z Z 

fr < fp L H 

VCO Polarity <D @ 

Nole:Z = High-impedance 
Depending upon the VCO poratity, FC bit should be set. 

VCOOutput 
Frequency 

vee Input Voltage -

MB1519 
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PHASE DETECTOR OUTPUT WAVEFORM 

fr 

fp 

LD 

(Fe bit = High) 

.. 
~ .. 

Iw 

. . --­. . Iw 

~ ____________ ~r-
H 

Do - - -~- - - Z - - -9------.11-----d-L - - - - - - Jr ------J, ~ -----J,_ -

(Fe bit = Low) 

Do - - -~- - - Z - - -d-----.11-----9--------Jr ------.1,_ -----.II --

Note: • Phase difference detection range = -21t to +21t 

3-170 

• LD output becomes low when phase difference is Iw or more. 
LD output becomes high when phase difference less than tw is reperated 3 times or more. 
(e. g. Iw = 625 to 1250 ns, losein = 12.8 MHz) 

• Spike apperance depends on the charge pump characteristics. The spike is output to diminish the dead band. 

• When Ir > fp or fr < fp, spike might not generate depending up the veo characteristics. 



MB1519 

ANALOG SWITCH 

ONIOFF of the analog switch is controlled by the combination of the control data and LE signal. When the analog switch is ON, BS1, BS2 pin 
output the charge pump output (D.t, 0 .. ). When analog switch is OFF, BS pin is set to high impedance. 

Control data = H Control data = L 
Divide ratio of transmit section is set Divide ratio of reception section is set 

LE = H LE = L LE = H LE = L 

Analog switch of transmit section ON OFF OFF OFF 

Analog switch of reception section OFF OFF ON OFF 

When a analog switch is inserted between LP1 and LP2, faster lock up time is achieved to reduce LPF time constant during PLL channel switching. 

----------------~ Do 
I 

CHARGE PUMP 

L. _____________ ., 

BISW 

(CONTROL SIGNALE) -----' I 

................................................................. .J 

RECOMMENDED OPERATING CONDITIONS 

Power Supply Voltage 

HANDLING PRECAUTIONS 

• This device should be transported and stored in anti-static containers. 

• This is a static-sensitive device; take proper anti-ESD precautions. Ensure that personnel and equipment are properly grounded. Cover work­
benches with grounded conductive mats. 

• Always turn the power supply off before inserting or removing the device from its socket. 

• Protect leads with a conductive sheet when handling or transporting PC boards with devices. 
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ELECTRICAL CHARACTERISTICS 

Icc, Reception section is active. 5.5 

Power Supply Current- mA 

D 
Icc2 Transmit/reception section 11.0 

are active. 

fin fin 10 600 

Operating Frequency-- MHz 
OSCIN fose 12.8 20 

Vee = 2.7 to 4.0V. son --a 0 
fin Vfin dBm 

Input Sens~ivity Vee = 4.0 to S.SV. son -4 2 

High-level Input Voltage 
Except fin 

V'H VccxO.7+0.4 
V 

Low-level Input Voltage andOSC,. 
V" VccxO.:Hl.4 

High-ievellnpU1 Current Data. I'H 1.0 
Clock 
LE I" -1.0 

Low-level Input Current 

Input Current ±SO 

High-level Output Voltage Vee = 3.0V 2.2 
Except Do V and OSCOUT 

High-lmpedance CU10ff Do. 
IOFF 

Vp = Vcc to 8.0V 1.1 Current ~P VOOP = GND to 8.0V 

10H -1.0 
Except Do 
and OSCOUT 

10L 1.0 

10H Vp=6V -1 
Output Current 001 rnA 

10H Vp=6V --3 
Do. 

10L Vee = 3V 6 

RoN 25 n 

Notes: .. fin = 6OOMHz. OSC,. = 12.8MHz. Vee. = VCC2 = 3.0V. The remaining input pins are grounded and output pins are open. 
.. : AC coupling. Minimum operating frequency is measured when a capacitor 1000pF is connected. 
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TEST CIRCUIT (PRESCALER INPUT SENSITIVITY TEST) 

V., VCC1 

IDI 
P.G ~OPr-F __ -{8J--_--< 

son! 

MB1519 

GND 

P.Gi' 1000pF 

son 
fp 

'---/---------0 Oscilloscope 

V.2 
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APPLICATION EXAMPLE 

Output 

From { 
Controller 

Note: VPt, VP2 
Cl,C2 
Clock, Data, LE 

VCO 

Data fin2 

GND 

:B V max. 
:depends on the crystal oscillator. 
: involw the schmitt circuit. 

Lock Detector 

3V 6V 

Vee2 LD2 VP2 BS2 

MB1519 

Veet fr VPt 

X'taI 
When input pins are open, please insert the pull down/up resistor individually to prevent the oscillation. 

: 12.BMHz 
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PACKAGE DIMENSIONS 

.050(1.27) 

MAX 

=1988 FUJITSU LIMITED D20003S·3C 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20P-M02) 

.100(2.54) 

TYP 
II .01B±.003 

(0.46±0.OB) 

W.172(4.36) MAX 

~.11B(3.00) MIN 

.020(0.51) MIN 

MB1519 

Dimensions In 
Inches (mIKmeters) 
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PACKAGE DIMENSIONS (Continued) 

.OSO(1.27) 

TYP 

"'990 FUJITSU LIMITED F20003S·5C 

3-176 

20·LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT·20P·M01) 

II .018±.004 
(0.4S±0.10)1$1¢.00S(0.13)@1 

"A" .. -- .. 
: : .. ' 

""" .0040.10) 

.4S0( 11.43) REF 

.089(2.2S) MAX 
(SEATED HEIGHT) 

---~ .020±.008 
(0.SO±0.20) 

.006~:ggt(0.lS~g:g~) 

r------------, 
Details of "A" part I 

.008(0.20): , , , , , 
.020(0.SO) : 

.007(0.18) : 
MAX : 

.027(0.68) , 
MAX I _______________ J 

Dimensions iI 
inches (millimeters) 



------------------ Section 4 

Single-Chip VCOs/Prescalers - At a Glance 
Maximum Divide Supply 

Page Device Frequency Rado Icc V cc 

4-3 MB551 1 GHz 128 or 128 16 rnA (typ) 5 V (typ) 

NOTE: The MB551 is available in an S-pin Plastic FPT package. 

lEI 
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June 1991 

DATA SHEET 

MB551 
1 GHz Dual Modulus Prescaler 
The Fujitsu MB551 is a dual modulus prescaler w~h low supply current and a VCO 
(voltage controlled oscillator). It is used in a frequency synthesizer in the 1 GHz 
region. 

The MBSSI contains a Colpitts oscillator w~h a grounded base capac~or, an 
open-collector output buffer amplifier, a prescaler interface circu~, and a dual 
modulus prescaler that can select divide ratios of 128 or 129. 

The veo oscillator section can be constructed w~h external components such as a 
capac~or, dieletric oscillator (resonator), and variable capac~or. 

The on-chip VCO and prescaler are connected on internal control circuit. Thus, the 
influence caused by carrier to noise by deviation of presceler input load is 
suppressed. 

The MB551 operates on a supply voltage of 5 V typical and has a 16 rnA supply 
current typical. 

• Oscillator frequency: 1 GHz max. 
• Low supply current: lee a 16 rnA 

typo 
• Oscillator output voltage: 0 dBm 

typo 
• Carrier to noise ratio: 

70 dB typo (tof = 50 kHz, 
BW=15kHz 
65 dB typo (t.! = 25 kHz, 
BW=15kHz 

• Pulse swallow method: Divide 
ratio of 128 or 129 

• Prescaler output contains 
termination circuit: VI = 1.6 Vp-p 
typo 

• Signal to noise ratio: 45 dB typo 
(BW = 0.3 to 3 kHz, 3 kHz Dev, 
1 kHz tone) 

• Stable oscillator output 

• Supply voltage dependence: 
±200 kHzN typo 

• Frequency stability: 35 ppml"C 
(Referenced to 25°C) 

• Load regulation: ±2 MHz 
VSWR=2typ. 

• Plastic 8-pin flat package: 
Suffix-PF 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Ratings Unit 

Supply Voltage Vee -{l.5 to +7.0 V 

Oscillator Transistor VB DC voltage is not input from 
Base, Emitter Input Voltage Ve outside. 

InBut Voltage for MC and o T (3, 4 pins) VP1 -{l.5 to Vee +0.5 V 

Input Voltage for fveo and C 
(1,6pins) VP2 Vee ~ VP2 < +7.0 V 

Input Current Ip ±IO rnA 

Storage Temperature TSTG -55 to +125 °C 

Note: Permanent device damage may occur if absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi­
tions as detailed in the operation sections of this data sheet. Expo­
sure to absolute maximum rating cond~ions for extended periods 
may affect device reliability. 

© 1991 by FUJIlSU LIMITED and FUJilu MIcIQoIOCIronlcs.lnc. 

OJ 
FUJITSU 

fvco 

Vee 

MC 

OUT 

Plastic Package 
FPT"()8P-MOI 

Pin Assignment 

GND 

E 

C 

B 

Pin assignment to be determined 

___ nacin:u1i1y"prulec:l1ho1_ against 
_duo .. high tI1a1lc"",,-oroIadrlc_. _.k 
II ocMoed lhal normal prac:au1Iona be _ .. avoid appIcatlon 
~:lh«1MI ",""ilium rated wlagOl .. 1l1li high 
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MB551 

Bias 
Circuit 

PIN DESCRIPTIONS 
Pin No. Symbol 

1 fvco 

2 Vex; 

3 MC 

4 OUT 

5 B 

6 C 

7 E 

8 GND 

4-4 

110 

0 

-
I 

0 

-
-
-

-

Figure 1. MB5S1 Equivalent ClrcuH 

Description 

Voltage controlled oscillator output 

Supply vottage input, +5V 

Modulus control input 

Prescaler output 

Oscillator transistor base pin 

Oscillator transistor collector pin 

Oscillator transistor emitter pin 

Ground 

DXQ 

F3 

C H 
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MB551 

RECOMMENDED OPERATING CONDITIONS 

Value 

Parameter Symbol Min 1\tp Max Unit 

Supply Vottage Vet:; 4.5 5.0 5.5 V 

External Variable Capacnor Control Vottage VT 1.5 4.5 V 

Operating Temperature TA -40 +85 °C 

Prescaler Output Load CL 8 pF 

lEI 
VCO ELECTRICAL CHARACTERISTICS1,2 

Value 

Parameter Symbol Condition Min 1\tp Max Unit 

Oscillator Frequency fose -TBD- 900 MHz 

Oscillator output POUT -To be supplied- 0 dBm 

Carrier to Noise Ratio C/N Af-25kHz, BW=15kHz 65 dB 

Signal to Noise Ratio SIN BW = 0.3 - 3kHz, 3kHz Dev. 45 dB Tone 1kHz 

Fundamental to SP-1 -10 dB 1 st Harmonic Ratio 

Frequency Stability Af, TA=-40-85°C 35 ppmf'C 
Referenced to 25°C 

Supply Deviation Afv Vcc z5V ±10% ±100 kHzN 

Conversion Gain Afosc Control range: 1.5 - 4.5V 4.3 MHzN 

Load Regulation AfswR 
VSWR - 2.0 All phase ±2 MHz 
Referenced to 50 n 

Nol .. : 'These values depend on extemel components. 
2'fhese values are measured under the test circuit shown in Figure 2. 
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PRESCALER ELECTRICAL CHARACTERISTICS 
Value 

Parameter Symbol Condition Min 'iYP Max 

Supply Current Icc 16.0 

Output Amplftude VOUT Intemal termination 1.0 1.6 
resistor is used. 
Load capacftor is 
less than 8 pF. 

Input Frequency fin Minimum value is 10 900 
measured wfth input 
coupling capacitor 
1000 pF. 

Input Signal Amplftude Yin -4 6 

High-level Input Voltage VIH 2.0 
forMC 

Low-level Input Voltage VIL 0.8 
forMC 

High-level Input IIH 0.4 
Current for MC 

Low-level Input IlL -0.2 
Current for MC 

Modulus Setup lime tseT 16 26 

DUAL MODULUS FUNCTION 
128 129 

~----~~,------~ 

k-:flflJ1-M 
.A r..---- "'----, 

IN I 
JUl-:fUUUl-iUl 

I I I 

I 
I 

J 
I 
I 

OUT I 

•• ~ ...... _ •• _ • ..;;._6~;.... •• _.~. r ......... "l.,... .... _=64._ .. _, ,~) 
.. ...... .. 

#' .... " 

64 

M 

Notes: 1When Me is high, divide ratio of 128 is selected. 
:When Me is low, divide ratio of 129 is selected. 

(VIII = 2.0 V min., VII. = 0.8 V max.) 

I I 
.. r, 

tsET I 

.. ' 
64 

.. ' .. ' 

I I ,. .. 
I tsET • 

SWhen divide ratio of 129 Is selected, positive pulse is added by 1 to 65. 
4The typical setup time is 16 ns from the Me signal input to the timing of change of prescaler divide ratio. 
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Unit 

mA 

Vp-p 

MHz 

dBm 

V 

V 

mA 

mA 

ns 



MB551 

FIgure 2. Test CIrcuIt Example-J 

2pF 82nH 

ISVl64 51 pF T O.o1}IF I \I! c:=:JI--I..---.11P----O VT 

4pF ~ n7 

1pF 2pF 3pF 

5 

22nH 390Q 
MB551 

2 3 4 

lOUT 
1,..;;;;;;';"'-0 High-impedance prober 

.-...... - ..... -0 M (Sampling scope) 
51 pF J 

56nH ~ ~ 1 0.01 }IF 

Vee (+5V) 0-... - ...... ---+--.. 20 pF 51 pF 

NOI .. : Variable capacilDr 
Chip condenser 
Chip coil 
Dieleclric Oscillator 

;:h 0.01 }IF 

ISV164 (NEC) 
UMK316C. UMK212C. UCN103C Series (Taiyo Yuden) 
LQN2A Series (Mura1a) 
DRR060UE (Mura1a) 
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MB551 

Figure 3, Test Circuit Example-ll 

3pF 82nH 

1500MHZ§ 
.. ISV164 51 pF 0.01 pF I II! c:::JJ-"I~l~--O VT 

4pF J J 

1.5pF 2pF 3pF 

8 7 6 5 

390'1 
MB551 

22nH 

2 3 4 

51pF J Vee Me fOUT High-impedance prober 
M (Sampling scope) 

56nH J 0.01j1F JJ 
Vee (+5V) 20pF 51 pF 

20 pF;h 20 pF ;h ;h 0.01j1F 

Not .. : Variable capacitor 
Chip condenser 
Chip coil 
Dielectric Oscillator 

4-8 

ISVl64 (NEC) 
UMK316C, UMK212C, UCN103C Series (Taiyo Yuden) 
LQN2A Series (Murata) 
DRR060UE (Murata) 
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MB551 

FIg. 4 - RECOMMENDED PRINT CIRCUIT BOARD PATTERN 

.. 

(Parts List) 

Cl :lpF (Taiyo Yuden UMK2l2C) C15 : O.OlfJ.F (Film condenser) 

C2 : 2pF (Taiyo Yuden UCN103C) C16 : O.OlfJ.F (Film condenser) 

C3 : 3pF (Taiyo Yuden UMK2l2C) C17 : O.OlfJ.F (Film condenser) 

C4 : 4pF (Taiyo Yuden UMK2l2C) 

C5 : 2pF (Taiyo Yuden UMK2l2C) 

C6 : 20pF (Taiyo Yuden UMK3l6C) Rl : 3900 (Rohm MCR25) 

C7 : 5lpF (Taiyo Yuden UMK2l2C) 

C8 : 20pF (Taiyo Yuden UMK3l6C) 

C9 : 20pF (Taiyo Yuden UMK3l6C) L1 : 22nH (Murata LON2A) 

Cl0 :5lpF (Taiyo Yuden UMK2l2C) L2 : 56nH (Murata LON2A) 

Cll : 20pF (Taiyo Yuden UMK3l6C) L3 : 82nH (Murata LON2A) 

C12 : 5lpF (Taiyo Yuden UMK2l2C) 

C13 : 20pF (Taiyo Yuden UMK3l6C) 

C14 : 5lpF (Taiyo Yuden UMK2l2C) VD : lSV164 (NEC) 

Dielectric oscillator: (Murata DRROSO Sense, 1.5GHz) 

4-9 



MB551 

TYPICAL CHARACTERISTICS CURVES 
Fig. 5 - Supply CUrrent va. Supply Voltage 

<-e j 20.0 
TA-25'C 

!z ~ 
,.... 

W 

~ 
a: a: ... ;:, 
0 

~ Typ_I6mA Q. 
Q. 
;:, 
en 15.0 

4.5 5.0 5.5 

SUPPLY VOLTAGE Vee (V) 

Fig. 6 - Oscillator Waveform (Span = 50kHz) 

+10 

o 

-10 

I \ 

/ \ 

/ 1\ 

~ \ I , 
'",~ 

I' I 

-60 

-70 

-60 

FREQUENCY 

4-10 

839.5MHz 
+1.4dBm 
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(TEST CIRCUIT - I, RECOMMENDED PRINTED CIRCUIT BOARD USED) 

Fig. 7 - Conversion Gain 

¥ 
~ 
j 
> o z 
w 
::> 

865 

fil 855 

If 
a: 
~ 
~ 
~ 

845 

)~ 

V 
..I 

V A fooc - 4.2MHzIV 

/ 
/ 

L 
Vee = 5.0V 

1.0 2.0 3.0 4.0 5.0 T. = 25.C 

VARIABLE CAPACITOR CONTROL VOLTAGE VT (V) 

Fig. 8 - Supply Voltage Dependence 

N 856.50 
:I: 

~ 
j 
> 856.25 
o z w 
::> o 
~ 856.00 
u.. 

~ 
~ 855.75 

~ 
855.50 

. 

v 
~Wsc_ 

~ 
~ 

4.5 5.0 5.5 

SUPPLY VOLTAGE Vee (V) 

VT = 2.5V 
T. = 25·C 
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(TEST CIRCUIT - I, RECOMMENDED PRINTED CIRCUIT BOARD USED) 

Fig. 9 - CIN. SIN va. Variable capacitor Control Voltage 

iii 
~ 80 

~ 

~ 70 

SIN -. -.- ~-- .. -ClNcA 50kHz) 

w ... en 
is z ClNcA 25kHz) -"'"' 
~ 60 

a: 
w 
if a: 
~ 50 

1.0 2.0 3.0 4.0 5.0 

iii 
50 ~ 

~ 
o 

~ 
w en 
~ 

40 ~ 
-" 
~ 
Cl 
iii 

Vee = 5.0V 
T. = 25°C 

VARIABLE CAPACITOR CONTROL VOLTAGE VT (V) 

Fig. 10 - Supply Voltage Dependence 

iii 
~ 

~ 
80 

0 

~ 70 
w 

~ z 
~ 60 
a: 
w 
if a: « 50 0 
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SIN - ~--- -.- ~-- .. -
crCASOkHz) -

....... 
ClNcA 25kHz) -... 

4.5 5.0 

SUPPLY VOLTAGE Vee (V) 

5.5 

50 

40 

iii 
~ 
z 
CiS 
0 
F= 
iil! 
w 
!!l 
0 z 
~ 
-" 
~ 
Cl 
iii 

VT = 2.5V 
T. = 25°C 
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MB551 

Fig. 11- Prescaler Input Sensitivity Curve (Supply Voltage Dependence) (TA = 25°) 

E 
III 

+20 ~ 

5 
w +10 0 

E 
-' 11. 

0 :::;: 
< 
-' < z 

-10 
~ .... 
:;) 
11. -20 
~ 
:::;: 
:;) 
:::;: -30 
Z 
3 

0.6 
INPUT FREQUENCY Fin (GHz) 

Fig. 12- Prescaler Input Sensitivity Curve (Temperature Dependence) (Vee = 5V») 

E 
~ +20 
c 
:> 
w +10 0 
:;) .... 
::l 
11. 

0 :::;: 
< 
-' < z 

-10 CJ 
1ii 
I-
:;) 
11. -20 ~ 
:::;: 
:;) 
:::;: -30 
Z 
3 

0.6 1.0 1.4 1.8 
INPUT FREQUENCY Fin (GHz) 
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(TEST CIRCUIT.,... II) 
Fig. 13 - Conversion Gain 

¥ 
~ 
j 
> 
0 z 
w 
=> 
@ 
a: 
u. 
a: 
12 
~ 
..J 
0 
~ 

860 

/ 
V 

/ 
845 / 

/ 
VA_.7.5MHfIV 

V 
830 L , 

1.0 2.0 3.0 4.0 5.0 

VARIABLE CAPACITOR CONTROL VOLTAGE VT (V) 

Voo=5.0V 

T. = 25"C 

Fig. 14 - CIN, SIN VS. Variable capacitor Control VoHage 

iii" 
3:!. 

~ 
Q 

~ 
w en 
~ 
12 
a: 
w 
if 
~ 
0 

4·14 

80 

70 
SIN -~-- ~-- --- --

60 CIN(A25kHz 

50 

1.0 2.0 3.0 4.0 5.0 

iii" 
50 

3:!. 
z 
Cil 

i 
w en 
(5 
z 

40 12 
..J 

~ 
Cl 
Cil 

Voo=5.0V 

T. = 25"C 

VARIABLE CAPACITOR CONTROL VOLTAGE VT (V) 
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Clock 
Data 

LE 

C1 

12 

5 

47 Kn47 Kn 47Kn 

11 

6 

Note: C 1 and C2 depend on crystal oscillator. 

MB551 

Figure 15. Application Example 

2pF 

"VU''''' MHz 
VH 

4pF 

10 9 

7 8 

lD Do 

33 ill 

1000 PF;r, 

;r, 

MB551 

Vee (5V) 

2 

20pF Ivee Vee 
Loca o-f Iraq. 

Vee 
(5 V) 

20 ~ ~.01 JJjh20 pF 

Lock-
Del. 

10 kn 

3 

390ill Vee (5 V) 

4 

M fOUT 

1000pF 
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PACKAGE DIMENSIONS 

8-LEAD PLASTIC FLAT PACKAGE 
(Case No.: FPT -8P-M(1) 

,089 26 MAX 

I' R.R~:)A-+-'I---'f 
(SEATED HEIGHl) 

4-16 

.S07o .018 
(7.8000A0) 

.20110.012 
(6.30 0 Cl.3O) 

Decalls of "A" pari 

J:1J7 .1 
MAX 

.em . 
MAX 
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Piezoelectric Devices - At a Glance 

I Page Device 

~ F5CBSeries 

5-17 M2Series 
5-25 M2Series 

5-35 M3Series 

5-39 M3Series 

Daacrlpdon 

SAW-Bandpass Filter 

VCO(DlOO) 

VCO(D300) 

VCO(OOOl) 

VCO(Dl0l) 

Frequency 
Range 

700-1000 MHz 

4-30 MHz 

4-30 MHz 

50-300 MHz 

50-300 MHz 

Section 5 

Package 
Opdon 

8-pin 

14-pin 

16-pin 

16-pin 

14-pin 

LCC 

DIP 

SIP 

DIP 

DIP 
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October 1991 

DATA SHEET 

F5CBSeries 
Piezoelectric Filters 

SAW-BPF, 700 MHz to 1000 MHz 

The F5 series are wide bandpass filters for use in the 700 MHz to 1000 MHz range. 
The F5 series uses a single lithium tantalate piezoelectric crystal (UTaD,) that has a 
high electromechanical coupling coefficient. The LiTaD, also provides wide 
bandwidths and exceptional stability. Fujitsu's exclusive mounting technique makes 
the F5 series very compact and surface mountable. The F5 is suitable for use in 
handheld phones. 

• Considerably smaller and lighter than the ceramic filter (volume and weight 
are reduced by 1/30) 

• Surface mount package (SMn 

• Wide variety of bandwidths 

• Low insertion loss 

• High power rating: 0.2 W guaranteed 

• B-pad ceramic package (LCC) 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Ratings Unit 

Operating Temperature T. -30 to 70 °C 
Storage Temperature TSTG -40 to 100 °C 
Maximum Input Level PIN 200 mW 

Frequency Range 700 to 1000 MHz 

RECOMMENDED OPERATING CONDITIONS 

Parameter Ratings 

Operating Temperature -30 to 70 

Note: Permanent device damage may occur H absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

© 1991 by FUJITSU LlMITEO 

cP 
FUJITSU 

® 

® ® 
Pin No. Pin Name Description 

1 GND Ground Pin 

2 IN Input Pin 

3 GND Ground Pin 

4 GND Ground Pin 

5 GND Ground Pin 

6 OUT Output Pin 

7 GND Ground Pin 

8 GND Ground Pin 

This device contains circuitry 10 protecllhe inputs against damage 
due to high static voltages or electric fields. H0'N8V8r. II Is advised that 
normal Pf8C8UIIons be taken to avoid application of any VOltage higher 
than maximum rated wbages lothis high lfT1)8dance clrcul. 
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F5CB Series 

STANDARD FREQUENCIES 

Number Model System Use· Center Freauency Bandwidth 
(MHz (MHz) 

1 FSCB-836MSO-G201 AMPStEAMPS Tx 836.S 25 

2 FSCB-881 MSO-G201 AMPSIEAMPS Rx 881.S 25 

3 FSCB-888MSO-G201 ETACS Tx 888.S 33 

4 FSCB-933MSO-G202 ETACS Ax 933.S 33 

S FSCB-902MSO-G201 NMT Tx 902.S 25 

6 FSCB-947MSO-G201 NMT Rx 947.S 25 

7 FSCB-911 MSO-G201 NTACS Tx 911.S 27 

8 FSCB-8S6MSO-G201 NTACS Rx 856.S 27 
"Tx = Transmitter; Ax = Receiver 

TEST CIRCUIT 

® 

Each value is changed according to specWication 

5-4 
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ELECTRICAL CHARACTERISTICS - EXAMPLES 
Example 1. AMPS Specification (Tx) 
Part Number FSCB·836M50-G201 

Item Symbol Condition 

Insertion Loss t 824 to 849 MHz 

In-band Ripple 824 to 849 MHz 

Absolute oc to 800 MHz 
Out-of-band 869 to 894 MHz 
Attenuation 

894 to 3000 MHz 

In-band VSWR 824 to 849 MHz 

C1 

II 
Matching Constants 

~ 

l2 

Example 2. AMPS Specification (Rx) 
Part Number FSCB-881 MSQ-G201 

Item Symbol Condition 

Insertion Loss IL 869 to 894 MHz 

In-band Ripple 824 to 849 MHz 

OC to 824 MHz 

824 to 849 MHz 
Absolute 

917 to 939 MHz Out-of-band 
Attenuation 947 to 1049 MHz 

1049 to 3000 MHz 

In-band VSWR 869 to 894 MHz 

C1 

Matching Constants II 

~ 

4 

Minimum 

-
-
20 

20 

15 

-

Minimum 

-
-
20 

20 

18 

30 

15 

-

F5CB Series 

Rating 

Typical Maximum Unit 

3.5 4.2 dB 

1.0 1.5 dB 

25 - dB 

25 - dB 

20 - dB 

1.7 2.0 

7 - pF 

9 - nH 

6 - pF 

11 - nF 

Rating 

Typical Maximum Unit 

- 4.5 dB 

- 1.5 dB 

- - dB 

- - dB 

- - dB 

- - dB 

- - dB 

1.8 2.0 

6 - pF 

7 - nH 

7 - pF 

9 - nF 

Continued on next page 

5·5 



F5CBSeries 

ELECTRICAL CHARACTERISTICS - EXAMPLES (Continued) 

Example 3. ETACS Specification (Tx) 
Pan Number FSCB-888M50-G201 

Item Symbol Condition 

Insertion Loss IL 872 to 900 MHz 

900 to 905 MHz 

In-band Ripple 872 to 905 MHz 

OCto 847 MHz 

847 to 860 MHz 
Absolute 

917to 920 MHz Out-of-band 
Attenuation 920 to 922 MHz 

9~to950MHz 

962 to 995 MHz 

995 to 3000 MHz 

In-band VSWR 872 to 905 MHz 

C1 

Ll 
Matching Constants 

C2 

L2 

5-6 

Rating 

Minimum 1\tPlcal 

- 4.5 

- 5.5 

- -
20 25 

8 12 

10 13 

13 15 

20 23 

30 33 

15 20 

- 2.0 

7 

7 

6 

9 

Maximum Unit 

5.0 dB 
6.5 dB 
2.5 dB 

- dB 

- dB 

- dB 

- dB 

- dB 

- dB 

- dB 
2.5 

- pF 

- nH 

- pF 

- nF 

Continued on next page 



ELECTRICAL CHARACTERISTICS - EXAMPLES (Continued) 
Example 4. ETACS Specification (Rx) 
Pan Number FSCB·933M50-G201 

Item Symbol Condition 

Insertion Loss It. 917 to 947 MHz 

947 to 950 MHz 

In-band Ripple 917 to 950 MHz 

OC to 872 MHz 

872 to 900 MHz 

900 to 902 MHz 

Absolute 902 to 905 MHz 
Out-of-band 

962 to 965 MHz Attenuation 
965 to 970 MHz 

970 to 995 MHz 

1005 to 1040 MHz 

1040 to 3000 MHz 

In-band VSWR 917 to 950 MHz 

C1 

Ll 
Matching Constants 

~ 

L2 

Example 5. NMT Specification (Tx) 
Pan Number FSCB-902M50-G201 

Item Symbol Condition 

Insertion Loss IL 890 to 915 MHz 

In-band Ripple 890 to 915 MHz 

OCto 850 MHz 

850 to 870 MHz 
Absolute 935 to 960 MHz 
Out-of-band 
Attenuation 1012to 1058 MHz 

1058 to 3000 MHz 

In-band VSWR 890 to 915 MHz 

C1 

Matching Constants Ll 

~ 

4 

Rating 

Minimum Typical 

- 4.5 

- 5.5 

- 1.0 

20 25 

15 18 

13 15 

8 13 

10 15 

15 18 

20 25 

30 33 

15 20 

- 20 

6 

6 

7 

8 

Rating 

Minimum Typical 

- 4.0 

- 1.3 

20 25 

15 22 

20 28 

30 33 

15 20 

- 1.5 

5 

6 

6 

9 

F5CB Series 

Ta = -30 to 70·C 

Maximum Unit 

5.0 dB 

6.5 dB 

2.5 dB 

- dB 

- dB 

- dB 

- dB 

- dB 

- dB 

- dB 

-
-
2.5 

- pF 

- nH 

- pF 

- nF 

Ta = -30 to 70·C 

Maximum Unit 

4.5 dB 

2.0 dB 

- dB 

- dB 

- dB 

- dB 

- dB 

2.0 

- pF 

- nH 

- pF 

- nF 

Continued on next page 
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F5CB Series 

ELECTRICAL CHARACTERISTICS - EXAMPLES (Continued) 

Example 6. NMT Specification (Rx) 
Part Number FSCB·947M50-G201 

Item Symbol Condition 

Insertion Loss IL 935 10 960 MHz 

In-band Ripple 935 10 960 MHz 

DC 10 890 MHz 

89010915 MHz 

Absolute 980 to 1005 MHz 
Out-of-band 

1012101058 MHz Attenuation 
1089101115 MHz 

1115 to 3000 MHz 

In-band VSWR 935 to 960 MHz 

C1 -

Matching Constants 
L1 -
C:! -
L2 -

Example 7. NTACS Specification (Tx) 
Part Number F5CB·911M5o-G201 

Parameter Symbol Condition 

Insertion Loss IL 898-925 MHz 

In-band Ripple 898-925 MHz 

DC-815 MHz 

Absolule 815-870 MHz 

Out-of-Band 1008-1100 MHz 

Attenualion 1100-3000 MHz 

In-band VSWR 898-925 MHz 

C1 -
Matching Constants L1 -

C:! -
~ -

5-8 

Rating 

Minimum Typical 

- 4.0 

- 1.3 

20 25 

18 22 

18 30 

28 32 

30 32 

15 20 

- 1.5 

- 6 

- 6 

- 7 

- 9 

Specification 

Minimum Typical 

- 4.0 

- 1.5 

25 27 

22 25 

30 33 

15 20 

- 1.8 

- 6 

- 7 

- 5 

- 10 

Maximum UnH 

4.5 dB 

2.0 dB 

- dB 

- dB 

- dB 

- dB 

- dB 

- dB 

2.0 

- pF 

- nH 

- pF 

- nF 

Maximum UnH 

4.5 dB 

2.0 dB 

- dB 

- dB 

..... dB 

- dB 

2.0 

- pF 

- nH 

- pF 

- nH 

Continued on next page 



ELECTRICAL CHARACTERISTICS - EXAMPLES (Continued) 

Example 8. NTACS Specification (Rx) 
Pan Number F5CB-856M50-G201 

Parameter Symbol Condition 

Insertion loss IL 843-870 MHz 

In·band Ripple 843·870 MHz 

DC-814 MHz 

Absolute 898-935 MHz 

Out-of-Band 935-1100 MHz 

Attenuation 1100-3000 MHz 

In-band VSWR 843-870 MHz 

C1 -
Matching Constants Ll -

C2 -
L2 -

Specification 

Minimum lYP1ca1 

- 4.0 

- 1.5 

22 25 

22 25 

30 33 

15 20 

- 1.8 

- 7 

- 8 

- 7 

- 9 

F5CB Series 

Maximum Unit 

4.5 dB 

2.0 dB 

- dB 

- dB 

- dB 

- dB 

2.0 

- pF 

- nH 

- pF 

- nH 
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F.5CB Series 

Below is an example of the AMPS-Tx filter input and output characteristics with compensating L&C components. 

Input with L and C In 50 n environment 

Cor 
DaI 

Hid 

2: 51.7890 

CENTER 835.000 000 MHz 

4.2305 0 793.05 pF 
849.000 000 MHz 

50.4220 
·20.3670 

SPAN 200.000 000 MHz 

Output with Land C In 50 n environment 

5-10 

CH1 S22 1 UFS 2: 22.7460 

Cor 
Del 

Hid 

AMPSTX 

CENTER 835.000 000 MHz 

-4.4521 0 43.383 pF 
824.000 000 MHz 

SPAN 200.000 000 MHz 

F5CB-836M50-G201 

CH1 1121 

Cor 
DaI 

Hid 

~ 
\1' 
'I 

IogUAG 5dBi 

Y-

( 

J 
l~ I 

CENTER 835.000 000 MHz 

REF 0 dB 1 : ·3.6053 dB 

t-... 24.000 000 \1Hz 

2 2:-3.5565dB 
849 MHz 

1\ 

I", 
lJ , \ II 

I \ 
~ I' 

SPAN 200.000 000 MHz 

F5CB-836M50-G201 

CH1 1121 

Cor 
DaI 

Hid 

/U 
~, 
II 

logMAG 5dBl 

IY-

I 

J 

I~ I 

CENTER 835.000 000 MHz 

REFOdB 1:·3.6053 dB 

-..". 24.00p000 ~Hz 
2 2:-3.5565dB 

849 MHz 

1\ 

'" ~ , \ II 

I \ 
~ I' 

SPAN 200.000 000 MHz 



F5CB Series 

PART NUMBER DESIGNATION 

Deslgnstlon Example 

~~-DDDDDD-GDDD-D 

® 
® 

CD ® ® 

Frequency Designation: SpecHiesthe nominalfrequency in six alphanumeric characters. Enter M (for MHz) 
at the decimal point. Refer to STANDARD FREQUENCIES. Example: For an 
836.5 MHz device, the frequency designation would show "836M50.· 

Serial Number: SpecHies a number from 201 to 299 (w~h 201 as the standard) 

Packaging (Reeled tape) Designation Contents 

T 1Kpcs/reel 

R 3K pes/reel 

5-11 



F5CB Series 

PACKAGE DIMENSIONS 

5-12 

RO.2 
(0.008) 

I 5.0 (0.197) I 

) !\ 

• 
RO.4 /;'\ ~ (0.016). '--_____ --S 

~~ 
(0.050) (0.050) 

n 
4.8 max. (0.189) 

I 
5.0 (0.197) 

11.27 (0.050) 

l 0.6 (0.024) 

11.27 (0.050) 

Unit: mm (inches) 



F5CB Series 

PACKAGE MARKING 

~ F-

Fujitsu Logo 

"" 
Frequency 

.-----/ -- I 

836 
I 

F I I 
I I 

)- ._-----_. 
I ( .-----'11 

Serial No. ~ :U2: Lot No. 
I I ... _-_ ... ",. 

Index 
"\ 
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F5CB Series 

PACKAGING: Reel Type 
1. Reel Dimension 

. . .' 
---+-~H· 

.... .." 

R 1.0 (0.039) I 

Designation A 

-T 250 
(9.S43) 

-R 330 
(12.972) 

2. Package Style 

5-14 

Unit: mm inches 

2 to.5 (0.079 to.020) 

\ 
lao~: (''''f_l_-+t-

N A 

21 ±O.S (0.S27 to.031) 

-1-+- W2 

N W, W2 

so 12.4±~ 
1S.4 or less (0.724) (3.150) (0.488 ±ga079) 

SO 12.4~ 
1S.4 or less (0.724) (3.150) (0.488 ±ga079) 

reel side Pulling side 

1 Pin (Index) 

PUlling side 



PACKAGING: Reel Type (Continued) 

3. Tape Dimension 

4.0 ±0.1 (0.157 ±0.004) 

-+-_~t-=2.=0 ±0.1 (0.079 ±0.004) 

F5CB Series 

Un~: mm inches 

1.75±o.1 
0.3 (0.012) 11- (0.069 ±o.004) 

.--------+-++------r---~ --±l 
5.5 ±0.1 (0.217 ±0.1) 

__ I 
12.0±o.3 

~ 1.6 (0.063) 

lL ~72f'012) 
5.45 ±0.1 8.0 ±0.1 
(0.215 ±0.004) (0.315 ±0.004) 
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F5CB Series 
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October 1990 

DATA SHEET 

M2 Series (D100) 
Piezoelectric Device 
(Voltage Controlled Oscillator) 

The M2 series (D1 00) vo~age controlled oscillators (VCO) operate in the frequency 
range of 4 to 30 MHz. 

The M2 series VCOs use a single LiTa03 (lithium tantalate) piezoelectric crystal with 
a high electromechanical coupling coefficient for stable and wide variable frequency 
width. 

• Wider variable frequency width than quartz crystals: ±0.2% or more 

• High stability (100 times more stable than LC configuration) 

• Excellent carrier noise ratio 

• Hermeticaliy sealed in a metal case for high reliability in severe 
environmental oonditions 

• Compatible with 14-pin DIP IC packages 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Ratings 

Power Supply Voltage Vee -o.5ta 7.0 

Input Control Voltage V,N -0.5 to 10 

Output Voltage VOUT -0.5 to Vee +0.5 

Output Current lOUT ±25 

Operating Temperature Ta -30 to +85 

Storage Temperature TSTG -40 to +100 

Oscillation Frequency Range 4t030 

Unit 

V 

V 

V 

rnA 

°C 

°C 

MHz 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Ratings Unit 

Power Supply Voltage Vee 4.75 to 5.25 V 

Input Control Voltage V,N 0.5 to 5.0 V 

Operating Temperature Ta -30 to +85 °C 

Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

© 1990 by FUJITSU LIMITED 

00 
FUJITSU 

Metal Case 
DIP-14 

(Bottom View) 

Ot 70 

o t4 80 

ermlnalNo. Terminal Name Description 

t V,N1 
Control Voltage 
Input Terminal 

7 GND Grounding Terminal 

8 VOUT 
Oscillation Output 
Terminal 

14 Vee 
Power Supply 
Terminal 

This device contains circuilly to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 
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M2 Series (D100) 

STANDARD FREQUENCIES 

8.192 MHz 14.318 MHz 17.734 MHz 21.053 MHz 25.175 MHz 

9.408 MHz 16.000 MHz 18.432 MHz 21.477 MHz 27.338 MHz 

11.290 MHz 16.257 MHz 18.816 MHz 22.579 MHz 28.224 MHz 

11.580 MHz 16.384 MHz 20.480 MHz 24.576 MHz 28.636 MHz 

12.288 MHz 16.934 MHz 

ELECTRICAL CHARACTERISTICS 
DC Characteristics 

Ratings 

Item Symbol Condition Minimum Maximum Unit 

Output Level VC\IT See the measuring circuit diagram 0.5 - VP-f' 

Power Supply Current lee Load open - 15 mA 

Measuring Circuit Diagram 

Vee 

Output 

I "'.22 pF is pF 

(CL is the value including the measurement probe and the jig capacitance.) 

AC Characteristics 
Ratings 

Item Symbol Condition Minimum Maximum Unit Remarks 

fosc VIN-2.5 V -0.05 +0.05 % 

Oscillation Frequency fH VIN-4.5V +0.15 - % Nominal frequency reference 

fL VIN .0.5V - -0.15 % Vee =5V, T.-25°C 

Frequency Vo~age Stability L1f, Vee 
Vee =4.75 V -200 200 ppm 5 V reference, VIN - 2.5 V Vee = 5.25 V 

Frequency Temperature Stability L1f, T. 
VIN -0.5 V --500 500 ppm 

25°C reference -100 to 70°C, 
VIN -4.5V TA = 25°C 
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STANDARD CHARACTERISTICS: 
Part Number: M2DA-8M192D-D100 

Control Voltage and Oscillation Frequency 
5,000 

4,000 

I 3,000 
2,000 

t 1'00: 
(;' 
i -1,000 

l-2,OOO 

.g --1,000 
\----

t -4,000 

o -5,000 0 
0.5 

>---' 

1.0 1.5 

Temperature Characteristics 
800 
700 

E 600 

! 500 
CD 

400 '" c .. 
ii 300 

~ 200 
CD 
::I 100 .,. 
J: 0 c 

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

0 ... -100 
~ -200 '13 .. 
0 -,1()() 

-400 

-500 

------~ 

2.0 2.5 3.0 

Control VoHage (V) 

~ 

M2 Series (D100) 

/ 
/' 

........ y 

.-' Y 

3.5 4.0 4.5 5.0 

....... V 

.....--' 
-' y---

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

Temperature (OC) 

Power Supply VoHage Characteristics 

2,000 

'[ 
1,500 

.So 1,000 
CD 

'" 500 Ii 
ii 
~ 0 
CD 

-500 8-
J: -1,000 c 
0 

I -1,500 

-2,000 
4.50 4.75 5.00 5.25 5.50 

Power Supply Voltage (V) 
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M2 Series (D100) 

STANDARD CHARACTERISTICS: 
Part Number: M2DA-12M2S8-D100 

Control Voltage and Oscillation Frequency 
5,000 
4,000 

I 3,000 
2,000 

t 1,000 
"Ii 0 

(-1,000 
~ -2,000 

.g -3,000 

~ -4,000 

(S -6,000 0 

~ ~ 

0.5 1.0 

Temperature Characteristics 
800 

700 

E 600 

! 500 
CD co 400 Ii 
"Ii 300 

~ 200 
!!I 100 
I 
Ii 0 

~ 

'1il -100 

~ -200 

-300 

-400 

-600 

---' y---
1.5 2.0 2.5 3.0 

Control VoHage (V) 

---f----

-' ~ 
~ 

3.5 4.0 4.5 5.0 

V 25V IN- . 

.P .....-
/' 

~ 

-40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 
Temperature (OC) 

Power Supply Voltage Characteristics 

2,000 
V1Na2.5 V 

I 
1,500 

.s 1,000 
CD 

'" 500 Ii 
"Ii 
~ 0 
CD 

-600 ! 
Ii -1,000 

= ~ -1,500 

~ -2,000 
4.50 4.75 5.00 5.25 5.50 

Power Supply VoHage M 

5-20 



STANDARD CHARACTERISTICS: 
Part Number: M2DA-28M636-D100 

Control Voltage and Oscillation Frequency 
5,000 

~ 

4,000 

'[ 3,000 

.s 2,000 

t 1,000 
-Ii 0 ..----' Y 

f -1,000 

1-2,000 

Ii -3,000 
>-

1-4,000 

o -5,000 0 
0.5 

----' 

1.0 1.5 

Temperature Characteristics 
800 
700 

600 

500 

400 

300 

200 

100 

o 
-100 

-200 

-300 

-400 

-500 

y.-

2.0 2.5 3.0 3.5 4.0 

Conlrol VoHage (V) 

/" 
,/ 

~ 
~ 

f--

M2 Series (D100) 

-'~ 

4.5 5.0 

VIN~25V 

./' 
,/ 

/' 

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

Temperalure (OC) 

Power Supply Vohage Characteristics 

2,000 
VIN =2.5V 

'[ 
1,500 

.s 1,000 
& 

500 Ii 
-Ii 
~ 0 .. 

-500 8-: -1,000 8 
~ 

,g! -1,500 

~ -2,000 
4.50 4.75 5.00 5.25 5.50 

Power Supply Voltage (V) 
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M2 Series (0100) 

Oscillation Spectrum 

CARRIER NOISE RATIO OF VCO 
REF 10.0 dBm ATT 10 dB MKA 12 28BOOO MHz 

10dB 

SPAN 
5.0kH. 

PBW 
100Hz 

UBW 
100Hz 

SWP3s 

I 
I 
I 

1 
..I.. 'MI 

SPAN 5.0 kH. 

o dBm 

\ 
\ 
\ 
\ 
\ 

\ 
\0. 

CENTER 12.2BBOOO MH. 
OUlPUlsig",,1 purity (c/N raliol 

APPLICATION CIRCUIT EXAMPLES 
Example 1. Connection to CMOS 

Va; 
" ~ 

R 

f~ OUT 

I I IC I 

@M2Series ® (Reference value) @M2Series ® 
(0100) C = 2010 100 pF (0100) 

<D CD R= lMn <D ® 
VIN 

IC= 74HC04 
~ 74CU04eIC. 

GND 

va; 

OUT 

GND 

717 7.7 

Example 2. Connection to LS TTL (or CMOS) 

@ ® 
M2Series 

(0100) 

Vee 

OUT 

GND 

7.7 

5-22 

R 

(Reference value) 
R=68010820n 

" ~ 

R1 

If-~C -0 

R:! 
C = 2010 100pF 
R1=R:!=10kn 
IC= 74HC04etc. 

7tr 



PART NUMBERING SYSTEM 
[Part Number Example] 

M2DA-DDDDDD -DODD 

<D ® 
<D Frequency designation: Designates the nominalfrequency in six alphanumeric 

characters. M indicates the decimal point in MHz. 

Frequency Designation Frequency Designation 

8.192 MHz 8M1920 18.432 MHz 18M432 

9.408 MHz 9M4080 18.816 MHz 18M816 

11.290 MHz llM290 20.480 MHz 20M480 
11.580 MHz llM580 21.053 MHz 21M053 
12.288 MHz 12M288 21.477 MHz 21M477 

14.318 MHz 14M318 22.579 MHz 22M579 

16.000 MHz 16MOOO 24.576 MHz 24M576 

16.257 MHz 16M257 25.175 MHz 25M 175 

16.384 MHz 16M384 27.338 MHz 27M338 

16.934 MHz 16M934 28.224 MHz 28M224 

17.734 MHz 17M734 28.636 MHz 28M636 

® Serial Number (of the Series): 
Standard: 100 
Non-standard products: 001 to 099 

MARKING 
Company Symbol Nominal Frequency 

....! I F - V-12M288 

o,!. 
0100 

BUt'\" r-
/Terminal No.1 

I I . Lot number . 
Month of manufacture . 

Year of manufacture X: October 
Y: November 
Z: December 

M2 Series (0100) 
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M2 Series (D100) 

DIMENSIONS 

(Top) 

(Side) 

208 max (0819) 

18.3 (0.720) 

! ~Il coe. 
..., 

I 

-'---

-- ~.02 0) 

5-24 

I 
b 1 

-+-
+ 

014 

(Bottom) 

152(0598) 

I 

1 
I 
I 

-, 
7 I Ii) 

-+- i Iii 
C! e. 

+ 
e. Iii 
:!! E 

8 ; 

Units: mm (in.) 



October 1990 

DATA SHEET 

M2 Series (0300) 
Piezoelectric Device 
(Voltage Controlled Oscillator) 
The M2 series (0300) vo~age controlled oscillators (VCO) operate in the frequency 
range of 4 to 30 MHz. The M2 series VCOS use a single LiTa03 (I~hium tantalate) 
piezoelectric crystal w~h a high electromechanical coupling coefficient for stable and 
wide variable frequency width. 

This module incorporates three VCOS for the three sampling frequencies used in 
dig~al audio equipment (32, 44.1, and 48 kHz). The frequencies are selected by 
external signals. 

• Clock replay in response to three sampling frequencies (32, 44.1 and 
48 kHz), is contained in one module 

• Wider variable frequency width than in quartz crystals: ±0.1% or more 

• Excellent stabil~ for signal noise reproduced by high qualill' of the I~hium 
tantalate 

• 100 times more stable than VCOs of LC and TTL-IC configuration 

• Three sampling frequencies controlled at CMOS logic level 

• SIP packaged for high-dens~y mounting of devices 

• Comllatible with the Electronic Industry Association of Japan (EIAJ) dig~al 
I/O Standard Type II (consumer digital audio equipment), Level 
(high-resolution mode) and Level II (standard resolution mode) 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Ratings Unit 

Power Supply Voltage Vee -0.5 to 7.0 V 

Input Control Voltage VIN -0.5 to 10 V 

Output Vo~age VOIJf -0.5 to Vee +0.5 V 

Output Current lOUT ±25 mA 

Operating Temperature T. -30 to +85 °C 

Storage Temperature TSTG -40 to +100 °C 
NegatIVe value of current means that the current flows from the devICe. 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Ratings Unit 

Power Supply Vo~age Vee 4.75 to 5.25 V 

Input Control Voltage VIN 0.5 to 5.0 V 

Operating Temperature T. -20 to +70 °C 

Note: Permanent device damage may occur ff absolute maximum ratings are 
exceeded. Functional operation should be restricted to the cond~ions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliabil~y. 

© 11190 by FUJITSU LIMITED 

cO 
FUJITSU 

Metal Case 
SIP-16 

(Front View) 

r----'-'-""""'~18~~~~ ~ 15 
14 F1 

13 ~~~GNO 
12 I: GND 
11 GND 
10 GND 

GND 

E=~~:D 
F===~:~ 

4 GND 

~~VOUT E GND 
V .. 

Terminal Terminal Description 
No. Name 
1,16 Vee Power Supply Terminal 

3 VOIJf Output Terminal 

8 VIN Control Voltage 
In utTerminal 

2,4,5,6,7, 
GND Grounding Terminal1 

9,10,11,12,13 

14 Fl Frequency Switching 
TerminaJ2 

15 FO Frequency Switching 
TerminaJ2 

The GND terminal and the Vee terminals are not 
connected inside the module. So be sure to route 
them on the PC board. 

2 The Fl and FO bits switch the oscillation frequen­
cies. The Fl and FO bits are equivalent to bits 25 
and 24 of the EIAJ Digital 110 Standard. 

This devios contains circuitry to protect the inputs 
against damage due 10 high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken 10 avoid application of any voltage higher 
than maximum rated voltages 10 this high impedance 
circuit. 
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M2 Series (D300) 

STANDARD COMBINATION OF FREQUENCIES 
fOl (l) 8.192 MHz 

Type A (n = 256) f02 (M) 11.290 MHz 

f03 (H) 12.288 MHz 

fOl (l) 12.288 MHz 

Type B (n = 384) f02 (M) 16.934 MHz 

f03(H) 18.432 MHz 

fOl (l) 16.384 MHz 

Type C (n - 512) f02 (M) 22.579 MHz 

f03 (H) 24.576 MHz 

SWITCHING BIT DESIGNATION 
Fl FO Oscillation Frequency 

H H fOl (l): 32 kHz x n 

l l f02 (M): 44.1 kHz x n 

H l f03 (H): 48 kHz x n 

l H Stop 

No .. : n = 256. 384. 512 

BLOCK DIAGRAM 

Fa 15)----\ 

Fl 14 l-----I 

10KO 

0.1 jJ.F 

GND2 

Frequency 
Sw~ch 

Oscillation 
Stage 

GNDI 

32 kHz x 256 

44.1.kHz x 256 

48 kHz x 256 

32 kHz x 384 

44.1 kHz x 384 

48 kHz x 384 

32kHzx512 

44.1 kHz x 512 

48 kHz x 512 

GND 1 

lMO 

GND2 0--0--0--0 
GND30 
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ELECTRICAL CHARACTERISTICS 
DC Characteristics 

Item Symbol 

Output VoRage I H VOH 

I L VOL 

Power Supply Current Icc 

Measuring Circuit Diagram 

Condition 

IoH--20~ 

IOL-20~ 

Not Loaded 

Icc 
16 

Minimum 

Voo-O·S 

-
-

GND GND GND GND GND GNDGND GND GND GND 

AC Characteristics 
Ratings 

Item Symbol Condition Minimum Maximum 

Oscillation Frequency One IHl VIN=4.S V 1.001S101 -
ILl V1N .0.5 V - 0.9985101 

Oscillation Frequency Two IH2 V1N =4.5 V 1.00ISI02 -
112 V1N = 0.5 V - 0.9985102 

Oscillation Frequency Three IH3 V1N -4.5 V 1.0015103 -
113 V1N =0.5 V - 0.998SI03 

Frequency VoRage Stability !JJ (VCC) 
Vcc = 4.75 -100 100 105.25 V 

Frequency Temperature 
.11 (Ta) 

T.=-20to 
-500 SOO Stability +700 C 

M2 Series (0300) 

Ratings 

Normal Maximum Unit 

S.O - V 

0.0 O.S V 

4.6 15 mA 

3 
OUT 

8 

Unit Remarks 

MHz 

MHz 

MHz Nominal frequency Fo reference 

MHz 

MHz 

MHz 

ppm 5 V reference, VIN = 0.5, 4.5 V 

ppm 25°C reference VIN = 0.5, 4.5 V 
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M2 Series (0300) 

STANDARD CHARACTERISTICS 
1A. Control Voltage and Oscillation Frequency Changes 
Pan Number: M25C-12M288-D300 

0.5 

0.4 

~ 0.3 .. 0.2 '" Iii 0.1 ii --g- o .. -< ........ 
-0.1 e-.g 
-0.2 

.~ -0.3 Jg 

~ -0.4 

~ l-

V-

---
y 

-0.5 0 1.0 2.0 3.0 

Control Voltage (V) 

0.5 

0.4 

l 0.3 

f 0.2 

0.1 

g- o 
~ -0.1 
I -0.2 

~ -0.3 
iO -0.4 0 

.---' 

~-----
-----

.--
>---,..-

}-

-0.5 0 1.0 2.0 3.0 

Control Voltage (V) 

0.5 

0.4 

~ 0.3 

It 0.2 
Iii 0.1 ii 
is' 0 
i 

-0.1 ! 
c: -0.2 
,g 

-0.3 .!!l 

~ -0.4 

/ 
!,..----< 

.-1 ...-,..------
~ V 

-0.5 o 1.0 2.0 3.0 

Control Voltage (V) 
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Oscillation Frequency· L 

v .,.-
y 

8.192 MHz 

4.0 5.0 

Oscillation Frequency· M 

.--
--" 1-

11.290 MHz 

4.0 5.0 

Oscillation Frequency· H 

....... V 
~ .--

1 12.2BBMHz 

4.0 5.0 



STANDARD CHARACTERISTICS 
1 B. Control Voltage and Oscillation Frequency Changes 
Pan Number: M2SC-18M432-D300 

0.5 

0.4 

~ 0.3 
CD 0.2 '" c .. 0.1 -Ii 
~ 0 
c 
CD 

-0.1 ::J 

I -0.2 c 
0 .. .-----' ~--

-0.3 Jl! 
·Il 

-0.4 
~ 

0 
-0.5 0 

0.5 

0.4 

~ 0.3 

.---' 

0.5 

0.4 

~ 0.3 
CD 0.2 '" Ii 0.1 -Ii 
it 0 
c 
CD 

-0.1 ! 
c -0.2 
0 

I -0.3 

-0.4 
) ........ 

-0.5 0 

1.0 

V 

1.0 

)..........-
\-

1.0 

..(~ 
.....--' Y 

~ 

2.0 3.0 

Control Voltage (V) 

~ 

/ 
r---' 

2.0 3.0 

Control Voltage (V) 

--------. 
----).....---

2.0 3.0 

Control Voltage (V) 

M2 Series (0300) 

Oscillation Frequency· L 

v--
--'" V 

12.288 MHz 

4.0 5.0 

Oscillation Frequency· M 

--' 
~ 

y-
16.934 MHz 

4.0 5.0 

Oscillation Frequency· H 

~ 
~ 

----
18.432 MHz 

4.0 5.0 
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M2 Series (0300) 

STANDARD CHARACTERISTICS 
1 C. Control Voltage and Oscillation Frequency Changes 
Pan Number: M2SC-24M576-D300 

5-30 

0.5 

0.4 

~ 0.3 

0.2 j 
C) 0.1 

! -O~ 
-0.2 

.~ 
~ o 

-0.3 

-0.4 

,-

-0.5 0 

0.5 

0.4 

~ 0.3 .. 0.2 J 0.1 
C) 

ll' 0 

~ -0.1 
1 -0.2 
15 
il -0.3 
iij 

-0.4 .. 
0 

..--' 

-0.5 o 

0.5 

0.4 

~ 0.3 

& 0.2 
Ii 0.1 ii 
ll' 0 
Iii 

-0.1 I 
c -0.2 
·S -0.3 .!!I 

~ -0.4 
,-

-0.5 0 

~ 

---' r--
~ r-

1.0 2.0 3.0 

Control Voltage (V) 

~ 
.--< ~ 

~ 

1.0 2.0 3.0 

Control Voltage (V) 

.-J. V 

----\--

----
1.0 2.0 3.0 

Control Voltage (V) 

OsciIla1ion Frequency' L 

,......... y--
,...----' 

16.384 MHz 

4.0 5.0 

Oscillation Frequency· M 

---\...---' 
.-< \- 22.579 MHz 

4.0 5.0 

Oscillation Frequency' H 

.-J. 
~ 

y----

24.576 MHz 

4.0 5.0 



2. Oscillation Spectrum 

Part Number: M2SC-18M432-D300 
Example of 103 Z 18.432 MHz 

REF-100 dBm ATT10dB MKR 1 B 4334 MHz 

10dBI 

SPAN 
200kH 

RBW 
3kHz 

VBW 
3kHz 

z 

II 
II 

"l'.~ 
~rrr " 

SWP 100 1118 SPAN 200 kHz 

\ 
\ 
\ 

-IO.OdBm 

., .. 
~I~ 
CENTER 18.434 MHz 

RBW= 3 kHz 
SPAN = 200 kHz 

3. Frequency Switch Oscillation Startup Characteristics 

M2 Series (0300) 

RBW=300Hz 
SPAN = 20kHz 

The characteristics in the circuit below were measured wHh Vcc = 5.0 V and VFC = 5.0 V. 

Fo 

PG M2SC-18M432-D300 
F, 

Condition: Vee = 5.0 V 
VIN =5.0V 

'--

Oscilloscope 
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M2Series (0300) 

4. Frequency and Switching Oscillation Stanup Characteristics 

A. Condition: Stop -+ 12.288 MHz 

B. Condition: SlOp -+ 16.934 MHz 

IIIlS 

C. Condition: Stop -+ 18.432 MHz 

lOllS 

5-32 

Slop -+ 12.288 MHz 

2V1dv 
2fJsIdiv 

Stop -+ 16.934 MHz 

2V1dv 
2fJsIdiv 

Stop -+ 18.432 MHz 

2V1dv 
2fJsIdiv 



M2 Series (0300) 

PART NUMBERING SYSTEM 
[Part Number Example) 

M2SC-DDDDDD -0 DOD 

<D ® 
<D Frequency designation: Designates the highest frequency of the combined nominal frequency types in six alphanumeric 

characters. M indicates the decimal point in MHz. 

® Serial numbers of the series: 
Standard for the M2 series (0300): 0300 

MARKING 

Company Symbol 

DIMENSIONS 

Part Number 
Indication 

43.0 max. (1.693) 

Lot Indication 

16 
(0.630) 

0.4 (0.016) 

8.0 max. (0.315) -0-

Units: mm (in.) 
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M2 Series (0300) 
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October 1990 

DATA SHEET 

M3 Series (D001) 
Piezoelectric Device 
(Voltage Controlled Oscillator) 

The M3 series voltage controlled oscillators (VCO) operate in the frequency range of 
50 to 300 MHz. The M3 series VCOs use a single LiTa03 (I~hium tantalate) 
piezoelectric crystal with a high electromechanical coupling coefficient and a SAW 
resonalorthat has an original configuration. The M3 series VCOs oscillate directly in 
the VHF band up to 300 MHz, and have a wide variable frequency width and high 
temperature stabil~y. 

• Direct oscillation at high frequencies: 50 to 300 MHz 

• Wide variable frequency width: 800 ppmN minimum (0.5 to 4.5 V) 

• Superb temperature characteristics: W~hin ±200 ppm (0 10 60°C) 

• High-precision oscillation frequency, ready for use without adjustment 

• High reliabil~y due to hermetically sealed package 

• High carrier noise ratio: -90 dB or less (12.5 kHz detuning, 8 kHz band) 

• Compact size: Compatible w~h 16-pin DIP IC packages 

• Frequency offset by built-in offset terminal 

• Three types of standard frequencies available 

ABSOLUTE MAXIMUM RATINGS 
Parameter Symbol Ratings Unit 

Power Supply Voltage Vee -0.5 to 7.0 V 

Input Control Voltage VIN2 -0.5 to 7.0 V 

Operating Temperature T. Oto 60 °C 

Storage Temperature TSTG -40 to 85 °C 

Control Polarity Positive Polar~y 

Oscillation Frequency Range 50 to 300 MHz 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Ratings Unit 

Power Supply Voltage Vee 5.0 V 

Input Control Voltage VIN2 0.5 to 4.5 V 

Operating Temperature T. Ot060 °C 

Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the cond~ions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

© 1990 by FUJITSU LIMITED 

cO 
FUJITSU 

Metal Case 
DIP·16 

(Bottom View) 

1 7 8 
0 0 0 

0 09 
16 

iTermlnal No. Terminal Name Description 
1 VIN1 Offset Terminal 
7 GND Grounding Terminal 

8 VOUT 
Oscillation Output 
Terminal 

9 Vee 
Power Supply 
Terminal 

16 VIN2 
Control Voltage 
Input Terminal 

This device contains circuilly to protect the inputs 
against damage due to high static voltages or electric 
fields. However, it is advised that normal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 
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M3 Series (D001) 

STANDARD FREQUENCIES 
Frequency Application Part Number 

74.25 MHz Professional HOTV M30A-74M250-0001 

97.2 MHz Transmission Standard HOTV M30A-97M200-0001 

115.52 MHz Broad-band ISDN M3DA-155M52-DOO1 

ELECTRICAL CHARACTERISTICS 
Ratings 

MaxI-
Item Symbol CondHlon Minimum tYPical mum UnH Remarks 

Oscillation Frequency Deviation ~f. VN2 = 2.5 V -600 - +500 ppm f. reference 

Variable Width of Oscillation (fH-fd VN2=0.5 V 800 ppmN Frequency VIN2 = 4.5 V - -
f. 

Temperature Stability of 
Af(T.) VIN2,,2.5 V -200 - +200 ppm 25°C reference. 

Oscillation Frequency T.-Oto60·C 

Output Level POUT VIN2 = 2.5 V 0 5 7 dBm 50 n termination 

Output Level Stabilny ~P(VF) 
VIN2=0.5 V -2 - +2 dB VIN2=2.5V 
VIN2=4.5V reference 

Output Level Temperature 
~P (Tal VIN2 = 2.5 V -2 - +2 dB 25·C reference. 

Stabilny T. _ 010 60·C 

Current Consumption lee - - - 30 rnA 

Oscillation Frequency Power 
~f(Vcc) VIN2 = 2.5 V -60 - +50 ppm 

Vee " 5 V refer-
Supply VoHage Fluctuation ence.±5% 

STANDARD CHARACTERISTICS 
The examples below show characteristics of the M3 veo devices at 155.52 MHz. 
Example 1. Frequency Variable Characteristics 

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

~ .. 
0; 
a: .. 
"" fa 
.c 
0 
g .. 
" tT 
!!! 
II. 
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+0.3 

+0.2 

+0.1 

0 

-0.1 

-0.2 

+0.3 

o 2 3 4 
Control VoHage (V) 
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STANDARD CHARACTERISTICS (Continued) 

Example 2. Temperature Characteristics 

M3 Series (0001) 

r-----------------------------------------------~ 
+250 -

+200 -

+150 -

I +100-

III .,. 0-

Ii -so -
t5 
g 
III 
::> 

I 

-100 -

-150 f-

-200 f-

-250 t- L 

-10 

Example 3. Oscillation Spectrum 

Ref 10.0dBm 
IOd8 

MARKER 
155.51955MHz 
8.4dBm 

RBW 
300Hz 

vew 

o +10 +20 +30 +40 +50 

Ambient Temperature (OC) 

ATT 10dB MKR 155.51955 MHz 

dBm 

l~z r--1---r--~~r-+++-~--r_~--_r~ 

SPAN50~ CENTER 155.5200 MHz 

+So +70 
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M3 Series (0001) 

PART NUMBERING SYSTEM 
(Part Number Example) 

M3DA-DDDDDD -0 DOD 

<D ® 
<D Frequency designation: Designates the nominal frequency in six alphanumeric characters. M indicates the decimal 

point in MHz. 

Frequency Designation 

74.25 MHz 74M250 

97.2 MHz 97M200 

115.52 MHz 115M52 

® Serial Number (of the series): 
Standard: 001 
Non-standard products: 001 to 099 

PACKAGE DIMENSIONS 

5-38 

(Top) 

25.6 Mamlmum 
(1.008) 

(Side) 

cIlO·5(D.020) --

(BolIDm) 

17.78 ± 0.5 (0.700 ± 0.020) .. 
2.54 ± 0.5 (0.100 ± 0.020) 

G~ 0 0 a 0 0 ~ U 7.62±0.5 

@ 0 00000 @_ (0.300 ± 0.020) 

i 
(Rear) 

.q +1 

') -~ t ~I~ 
~ t I i 
~I ~ .!I 

_<D __ +1'" 
o C! d 2. It) -

d 
+1 

~ 

UnllS: mm (In.) 



October 1990 

DATA SHEET 

M3 Series (D101) 
Piezoelectric Device 
Modulator, 50 MHz to 300 MHz 

These piezoelectric modulators feature direct oscillators (50 MHz to 300 MHz). The 
piezoelectric modulator uses a lithium tantalate piezoelectric single crystal (LiTaOa) 
with a high electromechanical coupling coefficient. The piezoelectric modulator 
employs an exclusive SAW resonator. The piezoelectric modulator can be used in 
direct modulation applications needing high modulation sensitivity and a high 
signal-to-noise ratio in the VHF band (up to 300 MHz). 

• High frequency direct modulation: 50 to 300 MHz 

• High modulation sensitivity: 800 ppmN min. (0.5 to 4.5 V) 

• Excellent modulation distortion ratio: 40 dB max. (1 kHz to 1.75 kHz dev.) 

• Excellent signal noise ratio: -50 dB max. 

• Excellent temperature characteristic: ±200 ppm max. (-20 to 70°) 

• Highly reliable hermetically sealed package 

• Compatible with 14-pin DIP Ie packages 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Ratings Unit 

Power Supply Voltage Vee -0.5 to 7.0 V· 

ML Pin Input Voltage VML -0.5 to 10 V 

MM Pin Input Voltage VMM -0.5 to 7.0 V 

ML Pin Modulation Polarity Positive 

MM Pin Modulation Polarity Negative 

Operating Temperature T. -2010+85 °e 

Storage Temperature TSTG -40 to +100 °e 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Ratings Unit 

Power Supply Voltage Vee 4.75 to 5.25 V 

ML Pin Input Voltage VMl 2.5 V 

Operating Temperature T. -20 to 70 °e 

Note: Permanent device damage may occur W absolute maximum ratings are 
exceeded. Functional operation should be restricted to the conditions 
as detailed in the operation sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 

© 1990 by FUJITSU lIMITEO 

cO 
FUJITSU 

~~~ 
~~\~ 

~~ 

MetalCese 
DIP·14 

(Bottom View) 

01 40 70 

014 80 

iTermlnal No. Terminal Nama Description 

1 ML Control Voltage 
Input TenninaJ 

4 MM Modulation Input 

7 GND Grounding Tenninal 

8 VOUT 
Oscillation Output 
Tenninal 

14 Vee 
Power Supply 
Tenninal 

This device contains circuitry to protect the inputs 
against damage due 10 high static voltages or electric 
fields. However, it is advised that nonnal precautions 
be taken to avoid application of any voltage higher 
than maximum rated voltages to this high impedance 
circuit. 
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M3 Series (0101) 

STANOAROFREQUENCY 

Standard Frequency Application 

145.0 MHz Mobile Phone 

ELECTRICAL CHARACTERISTICS 
(Vee = 50V) 

Hem Symbol 

Oscillation Frequency Deviation alo 

Variable Width 01 Oscillation (IH -IL) 

Frequency 1o 

Temperature Stability 01 
al(Ta) Oscillation Frequency 

Output Level POUT 

Output Level Stability aP (VF) 

Output Level Temperature 
aP (Ta) Stability 

Current Consumption lee 

Oscillation Frequency Power 
Supply Voltage Fluctuation M(Vcc) 

Modulation 
Distortion 
(1 KHz tone) 

Modulation 
Characteristic Signal to 

Noise Ratio 

Modulator 
Input Impedanc 

PART NUMBERING SYSTEM 
Designation Example 
M3DA-ODDDOD - DODD 

Q) ® 

Condition 

VML =2.5 V 

VML =0.5 V 
VML=4.5 V 

VML =2.5 V 

VML =2.5 V 

VML = 0.5 V 
VML -4.5 V 

VML -2.5 V 

-

VML =2.5 V 

1.75 kHz DEV 

3.5 kHz DEV 

5.0 kHz DEV 

1.75 kHz DEV 

Part Number 

M3DA-145MOO-D101 

Ratings 

Min. lYp. Max. UnH Remarks 

-300 - +300 ppm 1o relerence 

SOO - - ppmN 

-200 - +200 ppm 
25°C reference, 
T. = -20 to 70°C 

-5 -3 -1 dBm 50 n termination 

-2 - +2 dB VML =2.5V 
reference 

-2 - +2 dB 25°C reference, 
T. - -20 to 70°C 

- - 10 mA 

±5% at Vee =5 
-50 - +50 ppm V 

reference 

- - --40 dB 

- - --40 dB 15kHz LPF 

- - --40 dB 

- - -50 dB 300 to 3 kHz 

10 KG 

Frequency Designation: The standard frequency is designated in six alphanumeric characters. M is used to 
designate the decimal point in MHz. Refer to STANDARD FREQUENCY. 
Example: 145.0 MHz device is designated as 145MOO. 

® Serial Number: The serial number is assigned from 101 to 199 (with 101 as the standard). 
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PACKAGE MARKING 

PACKAGE DIMENSIONS 

6.3 
(0.248 ) 

• 

V-

~ 

208 max (0819) .. 

18.3 (0.720) 

I 

(Bottom View) 

Fujitsu Logo 

\ 
I'/l 

F -
lL 

Index 

II 

Part Number 

7 
....... ;"" 

SV-145M 
0101 0 

t j~ 

Lot number 

5.0 
(0.197) 

r 
@1 

@14 

152(0598) 

4~~ 

-J I .. 0.5 (0.020) 

M3 Series (D1 01) 

l 
7@ 

~ 
7.6 

8@...., 
....:r9) 

Units: mm (in.) 

t 
13.1 max . 

6) (0.51 

1 
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M3 Series (D101) 

SAW MODULATOR CHARACTERISTICS 
M3DA-145MOO-D101 

Item Rating 

Output Frequency 145.0 MHz 

Curren1 Consumption 10 mA or less (wnh buffer) 

Output Level -3 dBm ±2 dB 

Spurious Response Ratio Higher harmonic < 4 dB at 2 f. (290 MHz) 

Power Supply 
Wnhin ±50 ppm for 5 V ±0.25 V Fluctuation 

Frequency AFC-F-F 
±550 ppm or more for 2.5 V ±1 V Stabilny Characteristic 

Temperature 
Wnhin ±300 ppm for -35 to +85 Characteristic 

Characteristics 

144.997 MHz 

7.3mA 

-2.00dBm 

-7.3 dB 

+6.00 ppm 
-5.80 ppm 

-789 ppm 
+1016 ppm 

+66 ppm 
+41 ppm 

At 25 ±SoC, the AFC voRage for the output frequency 2.501 V AFC Voltage Versus Output of 145 MHz is Vc = 2.5 V +0.3 V 
Frequency Characteristics At -20 +85°C, the AFC voltage for the output 2.476 V 

frequency of 145 MHz is Vc - 2.5 V +0.3 V 2.459 V 

Modulation -28 dBm ±3 dB (600 W) 
Input Level 1 KHz ±3.5 kHz DEV* 

-26.1 dB 

Modulation -35 dB or less 1 kHz (±1.75 kHz DEV)* -46 dB 

Distortion Ratio -30 dB or less 1 kHz (±3.5 kHz DEV)* -49 dB 

-20 dB or less 1 kHz (±5.0 kHz DEV)* -48 dB 

Modulation Modulation 
Characteristic Characteristic < ±1 dB120 Hz to 5 kHz ±5 kHz DEV* 

Signal Noise 
< -50 dB ±1. 75 kHz DEV· -55 dB Characteristic 

* Adjust the control voltage for an oscillation frequency of 145 MHz for the modulation characteristic. 

Test ClrcuH 

Vc 

14 

5."42 

8 

OUT 

Modulation 
Analyzer 
HP8901B 

Audio Analyzer 
HP8903B 

Remarks 

vc- 2.5V 

vc=2.5V 

-20°C 
+85°C 

15 kHz LPF 

15 kHz LPF 

300 to 3 kHz 



M3 Series (0101) 

M30A-14SMOO-D101 MODULATION FREQUENCY CHARACTERISTICS 

N / _I 
~ / -10 

/ 

I 
L 
r 

co J 
(') I 0 z 

~ 
T'" 

0 
0 
T'" 

0 
T'" 

iii' 
~ . . . 
c:: 

~-+- 0 -,-C)! 
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M3 Series (0101) 

SAW MODULATOR CHARACTERISTIC DATA 
M3DA-145MOO-D101 

. .. .. . .. .. 

. 
--.--.--.--· 

No. ES-380 

· . · .......... 

0.61-------------------------1 

Oscillation 
Frequency 
Variation 

0.5 

0.4 

0.3 

0.2 +--+--

· 
0.1 ......... + .... + .... . . . . 

. . 
+--+-- · ........... 

. · ........... 

+--+-- +--+--. . . 

0 

-1 

-2 

-3 

-4 Output Level 
(dBm) 

-5 

-6 

-7 

-8 

(%) 01--------$10=:....----------------1145.00 MHz 
-0.1 +--+--. 
-0.2 • .... + .... · 
-0.3 • .. .. + .... · ......... . . · 

Control Vo.age. Vc (V) 

V-F Characteristic 
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M3 Series (D1 01) 

SAW MODULATOR CHARACTERISTIC DATA (Continued) 
M3DA·145M()()"D101 
No. ES-380 

2 

Output Level 
Fluctuation 

(dB) 0 

-1 

-2 

500 

400 

300 

200 

Oscillation 100 

Frequency 
Variation 0 

(ppm) 
-100 

-200 

-300 

-400 

-500 
-40 

100 

80 

60 
40 

Frequency 20 
Variation 

(ppm) 0 
-20 

-40 
-60 
-80 

, , 
- - + + - -

, 
+ - -

-30 +20 -10 0 

-+ - -, 

, 
+ - -

, 
+ - -

10 20 30 40 50 

Temperature (OC) 
Temperature Characteristic 

-. - - -+ - - -+ - -, , , 
- - .. - - -+ - -, , 

'..0 , 

60 70 80 90 

- .. - - - + - - - + - - - + - - - + - - - + - - -. - - -. - - - + - - - + - - - .. - - -
I I I I I I I I I I I 

, 
-+---+-- - + - - - - + - - -+ - - -+ - - - + - - -+ - - -, , I I I I , 

- - - .. - - -+ - - -+ - - -+ - - -.. - - -, " , 
---+---+-- -+ - - -+ - - -, , , , 

-1004~.7~~---4~.78--~--~4~.9~~--~5.~0------~5~.1~~--~5~.2~~---5~.3 

Supply Voltage (V) 
Supply Voltage Fluctuation 
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M3 Series (0101) 
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Section 6 

Cordless Telephone Integrated Circuits - At a Glance 

Page Device Description 
Psckage 
Options 

Ih'3 MB86460A Modem with Internal Voice-Band Filters 48-pin 

6-25 MB87002 CMOS 1200 bps MSK Modem 16-pin 

Plastic 

Plastic 

FPT 

DIP, FPT 
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May 1991 
Edition 1.0 

MB86460A 

DATA SHEET 

cO 
FUJITSU 

MODEM WITH INTERNAL VOICE-BAND FIL TERS 

CMOS MODEM CIRCUIT WITH INTERNAL VOICE-BAND 
FILTERS FOR CORDLESS TELEPHONES 

The MB86460 MSK (Minimum Shift Keying) modem 10 contains a 1200-band MSK 
modem and voice-band filters. 
The voice-band IDter consists 01 transmit and receive bandpass filters, 
pre-emphasis/cfe.emphasis, and splatter filters arranged in an SOF configuration. In 
addition, a limiter circuit is included. 
The MB86460 operates at low voltage (3.0 10 5.5 V) and is suitable for cordless 
telephone applications. 

• On-chip voice-band filters and 1200-band MSK modem 
• Low supply voltage requirements (3.0 10 5.5 V) 

• Wide opereting tempareture renge (T. = -20·0 10 70·0) 
• Standby function for low power consumption 

• MSK frame detection 
• Freme synchronization selectable 
• Full-duplex MSK modem 

• Trensmitlreceive muting 
• Externally adjustable receive and transmit gain 
• Externally adjustable limiter level 

• Carrierlinterference detection circuit 
• The on-chip oscillalor operates with 3.6864 or 3.456 MHz crystal (selectable). 
• The on-chip serial interface reduces the number of signal lines 

• OMOS I/O interlace 

Copyrlghl"I991 by FUJITSU LIMITED 

PLASTIC PACKAGE 
(FPT-48P-M02) 

PIN ASSIGNMENT 
(TOP VIEW) 

This device contains circuitry to protect the Inputs against damage 
due to high static YOItages or electric fields. However, it 18 a:1vlsed 
that normal precautions be taken to avoid appHcatlon of any voltage 
~higher than maximum rated voltages to this high lrJ1)8dance circuit. 
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MB86460A 

PIN DESCRIPTION 

6-4 

Power 
supply 
pins 

Input pins 

5 AFoNO 

7 112 VODIN 

10 DEMo 

21 DEToN 

23 

Input to the 112 Veo generator. A 1 IJF bypass capacHor Is usually connected from 
this pin' to analog ground (pin 41) 

Reference voltage input to the tone detector. With this pin open, the reference vottage 
level is 11100 Voo. 

Input for pattern check mode selection 
When TEST is lowo an internal pattern is loaded into the shift register on the rising edge 
of DCK. When TEST is high, data at DIN is loaded into the shift register ans data in the 
shift register is shifted out to Dour on the rising edge of DCK. This pin is pulled by up a 

A high on the SEND line enables data 



MB86460A 

A 0.1 I1F capacitor is connected 

4 AF'N2 
Output of input transmit amplifier. The transmit input gain is adjusted with external 
registors connected to this pin and pin 5 (AF'N'). 

6 112 VDDOIIT 
Output of the 112 Vaa reference. Internal circuit operation is referenced to the voHage on 
this pin. 

11 OEM. 
Output of receive input amplffier. The receive input amplffier gain is adjusted with 0 external resistors connected to this pin and pin 10 (OEM,). 

Output pins 

20 Cour 
Output of tone detector. An external 0.1 I1F capacitor is connected from this pin to 
ground complete the internal primary LPF configuration. 

22 DETour 
Tone detector output. DETour is high when the input to the tone detector (rms value) 
exceeds the reference voHage. 

25 Dour 
PatterlJ..l<!J.t.ck setting output 
When TEST is high, the rising edge of DCK triggers output of the pattern. 

30 FDour 
Frame detection circuit output. FDour goes high when a signal matching the frame 
synchronization pattern is output from RD alter a reset. 
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MB86460A 

CIRCUIT FUNCTIONS 
The MB86460 consists of the transmit fitters, receive fitters, MSK modulator, MSK demodulator, digital circuits, and tone detector. 

1. Transmit filters 
The input am pinier AMPI controls the gain of the transmitted VF signal. Gain is adjusted with external resistors Rl and R2. The 
input signal is then band-limited to 3.7 kHz or less by the transmit filter LPFI. The signal is then output at CMP .. to an external 
compressor. We recommend forming an RC fi~er using external resistor Rt, and external capacitor Ct. 
The compressor output signal is input to filter HPF2 at CMPour for 6 dB/octave pre-emphasis. The pre-emphasis fitter can be 
bypassed externally. 
The pre-emphasis filter output is brought out at EMPOUT to the external summing network of summing amplifier AMP2, where the 
signal is summed with the MSK modulating signal. The signal then enters the limiter. The limiter level can be adjusted externally at 
the LIM pin. 
The output of the limiter is then band-limited to 3 kHz by splatter fmer LPF2 and output at the MOD pin. the transmitted VF signal can 
be muted externally. 

2. Receive filters 
Input amplifier AMP3 controls the gain of the received VF signal. Gain is adjusted by external resistors R3 and R4. The input signal is 
then band-limited to 0.23 kHz to 3.4 kHz by receive filters LPF4 and HPF3. The signal then enters fitter LPF5, where the 6 dB/octave 
pre-emphasis is removed. The de-emphasis filter can be bypassed externally. 
The output of the de-emphasis fitter is brought out to the EXP'N pin to an external expander. The expander output is then input to 
summing amplifier AMP4, where the signal is summed with tone, DTMF, or other signal. The signal is then output at RAMPOUT. The 
receive VF signal can be muted externally. 

3. MSK modulator 
In the MSK modulator, a 1200-Hz (data 1) or 1800-Hz (data 0) sine-wave signal is generated for data input to pin SD in 
synchronization with transmit clock SCK. The MSK modulator signal then passes through pin SOUT and enters summing ampiffier 
AMP2, where the signal is summed with the transmit VF Signal. 

4. MSK demodulator 
The received MSK signal passes through receive input amplnier AMP3. The signal then enters BPF1, where frequencies other than 
1200 and 1800 Hz are eliminated. The signal passes through waveform-shaping circuit 1 and is AID converted. The signal then 
enters the delay detector, where data is regenerated. The noise components in the regenerated data are fittered out by LPF3 and 
then the signal enters waveform-shaping 2, where AID conversion is done again. 
The digital phase-locked loop (DPLL) circuit recovers receive clock RCK from the regenerated data signal and outputs the 
regenerated data at the RD pin. 
The MB86460 has a buitt-in frame-detection function for reducing microprocessor load. When the regenerated data output from pin 
RD matches the frame synchronization pattern, FDoUT goes high. The frame synchronization pattern can be set externally. 

5. Digital circuits 
The digital circuits consist of the timing generator and serial interface. The timing generator generates basic clocks for the MSK 
modulator and demodulator, transmit fitters, and receive fitters, and consists of a 3.6864-MHz crystal and an on-chip oscillator and 
divider circuits. 
The signal interface is used to set the standby mode, the bypass mode, and the frame synchronization pattern, and to enable or and 
disable the tra.!!.smitlreceive mute function. These operations are microprocessor-controllable through serial signal lines 0"" DCK, 
DSTB, and FIM. 

6. Tone detector 

The tone detector is used for interference or carrier detection during demodulation. The tone detectorfull-wave-rectifies the output of 
the receive LPF or demodulator BPF, smoothes the signal, and compares it with the reference to check for interference or carrier 
presence. 
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MB86460A 

FUNCTION DESCRIPTIONS 
1. Timing chart for the 1200-bps MSK modem 
1. Modulation 

RST .J 
SEND 

SCK 

SO 

SO 

2. Demodulation 

RST 

DEM1 

RD 

RCK 

J 

3. Frame detection 

o 

o 

o o o 

FCl 
RST : "'.1---- Frame synchronization pattern (selectable) ------I--ri ... Receive data -

I I 
I I 

o 
RD 

RCK 

FOour 
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2. Limiter 

Voo ""2 -0.25> V, 
Voo ""2 -0.25 

Voo ""2 -0.25:sV,:s + 0.25 V, 

\'00 ""2 + 0.25 <V, 
Voo 
2 + 0.25 

VUM> V, 

VUM:S V,:s V,- VUM V, 

Voo - VUM < V, Voo - VUM 

3. Microprocessor interface (mode selection) 
The serial interface selects the standby mode and mute mode. 

<D Data input timing (TEST is high, FtM is low) 

DCK 

DIN 

DSTB 

MB86460A 

LIM pin is open. 

Voo= 5.0 V 

LIM pin = VUM 

D15: MSB 

DO: LSB 

The serial pattern is valid. 
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MB86460A 

FUNCTION DESCRIPTIONS 
® Data setting 

On reset, 015 to 03, 01, and DO are set to 0, and 02 is set to 1. 
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• Standby mode 
(02,01, DO) 

Transmit 
system 

Receive 
system 

MSK 
MODEM 

Others 

- Mode selection (Mn): n indicates values 
L--L_.....L..--I in binary notation for 02 (MSB) to DO (LSB). 

o . . .. Active X .... Powered down 
Note: During reset, mode M4 is set. 

MB86460A 
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MB86460A 

FUNCTION DESCRIPTIONS 
• Mule mode 

(04,03) 

• Pre-emphasislde-emphasis bypass mode 
(06,05) 

1---1 De-emphasis bypass selection 

• Compander bypass mode 
(07) 

6-12 
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• Tone detector mode 
(08) 

• Crystal oscillator mode 
(09) 

>--4---1 Postfilter 3 

LPF4 

Note: The internal dividing ratio depends on the frequency of the crystal. 

• Test mode 
(015 to 010) 

Digital test selection 

Analog test selection 

Normal 

Normal 

Note: In no-test (normal operation) mode, set 012 and 013 to O. 

don't care 

Receive filters 

Test 

Test 

Tone 
detector 

MB86460A 

For expansion 
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MB86460A 

FUNCTION DESCRIPTIONS 
4. Setting the frame synchronization pattern 
The frame synchronization pattern is set via the serial interface pins. (16 bHs) 
For strobe, use OSTB and set FiM to high. 

Data input timing (TEST is high, FIM is high) 

OCK 

DIN 

OSTB 

6-14 

015: MSB 

DO: LSB 

Lf 
The pattern is loaded internally. 
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MB86460A 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Supply voltage v"" Voo GND-O.3 7 V 

Input vo~age V'N All input pins GND-O.3 VDo+O.3 V 

Output voltage VOIIf All output pins GND-O.3 VDo+O.3 V 

Output current lour All output pins -10 10 mA 

Storage temperature T ... -40 125 ·C 

NOTE: Permanent device damage may occur if the above Absolute Maximum Ratings are exceeded. Functional 
operation should be restricted to the cond~ions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliabil~. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage Voo Voo 3.0· 5.0 5.5 V 

Input vo~age V'N All input pins 0 VDD V 

Analog output load resistance RL All analog output pins 50 kll 

Analog output load capacnance CL All analog output pins 30 pF 

OSC pin load capac~ance Cosc OSC,., OSCoUT 20 30 50 pF 

Operating temperature T. -20 25 70 ·C 

* The MB86460A operates down to 2.7 V, but electrical characteristics are not guaranteed from 2.7 Vto 3.0 V. 
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MB86460A 

ELECTRICAL CHARACTERISTICS 
1_ Transmit characteristics 

Voo ~ ;3.0 to 5.5 V. T. - -20 to 70 ·C 

Transm~ gain 1 TGAINt AF'N,-MOD 7.0 9.0 11.0 dB 

Input: -27 dBV. 1 kHz 
R, = Ft.. Rs= RT 

Transm~ mute TMUTE AF .. ,-MOD With pre-emphasis. 45 dB 
Compander bypassed. 
Transmit muted. 

Input: -27 dBV. 1 kHz 
Transm~ R, = Ft.. As= RT 
signal-to-noise TS/N AF'N,-MOD With pre-emphasis. 40 dB 

m ratio Compander bypassed. 
Band: 50 Hz to 20 kHz 

Input: -26 dBV. 1 kHz 

Receive gain Ro.n., DEM,-RAMPoUT R3 = R •• R. = R,. -1.0 0.0 1.0 dB 
With de-emphasis. 

Input: -18 dBV. 1 kHz 
R3 = R •• As = R,. 

Receive mute RMUTE DEM,-RAMPoUT With de-emphasis. 45 dB 
Compander bypassed. 
Receive muted. 

Input: -18 dBV. 1 kHz 
Receive R3 = R •• R. = R,. 
signal-to-noise Rsn.. DEM,-RAMPour With de-emphasis. 40 dB 
ratio Compander bypassed. 

Band: 50 Hz to 20 kHz 

Input: -27 dBV. 1 kHz 

Transm~ gain 2 TO"N2 AF,.,-EMPOUT R, =Ft. -1.0 0.0 1.0 dB 
With pre-emphasis. 

Transm~ gain 3 Too, •• EMPour-MOD 8.0 9.0 10.0 dB 

Transm~ frequency TF. AF'N,-MOD Shown in Figure 1. 
characteristics 
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MB86460A 

Voo = 3.0 to 5.5 V. T. = -20 to 70 DC 

Receive frequency 
characteristics 

RF. DEMt-RAMPoUT Shown in Figure 2. 

Demodulator Input: -18 dBV. 

BPF gain BGA'N DEMt-CCt 1.5 kHz -1.5 0 1.5 dB 
Ra = R. 

Demodulator 
Input: -18dBV. 

LPFgain lGA'N CC.-cCa 300 Hz -6.0 dB 
In test mode 

-30.0 
Demodulator Input: -3.5 
BPF frequency BFA DEMt-CCt -18dBV. -1.0 dB 
characteristics Ra=R. -3.5 

-30.0 

Demodulator Input: -18 dBV. m LPF frequency LFA CC.-cCa In test mode 800 Hz 
characteristics Reduced by 3 dB 
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MB86460A 

ELECTRICAL CHARACTERISTICS 

• 2. DC characteristics 

Voo = 3.0 to 5.5 V, T. = -20 to 70 ·C 

Analog input resistance 2 DET,. !ill 
R.,.," 225 450 900 

R., ... Operating 10 20 40 
Analog input resistance 3 LIM.. !ill 

R...N311 90 180 360 

AF,N2, CMP,., EMPOUT, 

Analog output load RL SOUT, SAMPOUT, MOD, Between this pin 50 kO 
resistance OEM., LlMOUT, EXP'N, and 112 Voo 

RAMPOUT 

AF'.2, CMP'N, EMPoUT, 
Analog output load Cu SOUT, SAMPour, MOD, 100 pF 
capac~ance 1 OEM., LlMour, EXP'N, 

RAMPoUT 

Analog output load CL2 Cour 0.1 
capac~ance 2 
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Analog output 
vottage range 

Modulator output 
vottage 

Limiter high vottage 

Limiter low vottage 

Tone detection level 

Va. 

VOLH 

VOIJ. 

Vmrr 

AF'N2. CMP'N. EMPour• 
SAMPOUT. MOD. 
OEM.. EXP'N. RAMPoUT• 
LlMoIIT 

SAMPou1""LlMolIT 

SAMPou1""LlMoUT 

DET'N 

LIM pin = VUM 

The DET'N 
pin is 

R3= R. open. 

DET'N pin 
=VrIT 

MB86460A 

Voo = 3.0 to 5.5 V. T. a -20 to 70°C 

V 

0 
V 

..L Voo ..LVoo ..LVoo V ... 
125 100 80 

1/8x 
(lI2Voo-VDT) Von. 
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MB86460A 

ELECTRICAL CHARACTERISTICS 

3. AC characteristics 
VDD = 3.0 to 5.5 V. T. - -20 to 70·C 

RST. SEND. SO. 
Digital input rise time t. D'N. DCK, DSTB. 100 ns 

TEST FiM 
RST. SEND. SO. 

Digital input fall time It D'N. DCK, DSTB. 100 ns 
TEST FiM 
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MB86460A 

Von _ 3.0 to 5.5 V, T.--20 to 70·C 
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MB86460A 

TIMING CHART 
<D MSK modem timing 

RST VIH 
VIL 

SENOVIH 
VIL _I--+~ ___ J 

SCK VOH 
VOL 

SO VIH 
VIL -1-..... -------'1 

SoUT 

OEM, 
OEM:! 

RO VOH 
VOL __ -+ ______ --I 

RCK VOH 
VOL 

VOH FOOUTVOL 

@ Serial interface timing 

6-22 

DIN VIH 
VIL 

OCK VIH 
VIL 

OSTBVIH 
VIL 

F/M VIH 
VIL 

oourVOH 
VOL 

!X00< DO 

I ~-----

(01) X (~O) 



---- ... ,..-- ....... 

MB86460A 

TRANSMIT RECEIVE CHARACTERISTICS 
Figure 1 Transmit frequency characteristics 

-15.0 

(3lOOHZ)~ (3500Hz) 

-10.0 

./ 
~ooHZ) , 12dBlOCT 

"""' 

Attenuation 
(dB) 

Attenuation 

~ 
~B 

SdBlOCT ~ 
(2500Hz 

b ,/ 

~ V 
./ 

V 11.5dB (300Hz) 

~B(l00HZ) 

-5.0 

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

30.0 
0.1 0.2 0.4 0.8 1.0 

Frequency (kHz) 

2.0 

Figure 2 Receive frequency characteristics 

-15.0 
(2ooH~OHZ 

-12~V (360Hz) ....... ~ 
/OCT -12dBlOCT.r::~ 

7dB 
/ (400HZ~ 

~ -<ldB (300Hz) 6dBlOCT 

~ 

-10.0 

-5.0 

0.0 

5.0 

(dB) 10.0 
~~ i2250Hz 

12.5dB'-

15.0 

20.0 

25.0 

30.0 
0.1 0.2 0.4 0.8 1.0 

Frequency (kHz) 

3000Hz) 

2.0 

1\ -adB (3000Hz) 

\3SdBlOC 

\ 
\ 
\ 
\ 
\ 

4.0 8.010.0 

10.6dB 
(3800Hz) 

~ 
~BIOCT 

\ 
\ 

4.0 8.010.0 
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MB86460A 

DIMENSIONS 

LEAD No. i 
.031510.80) 

TYP 

48-LEAD PLASTIC FLAT PACKAGE 
(Case No.: FPT -48-M02) 

.677±.016 
(17.20±0.40) sa------j 
.472+.012 

-.004 sa 
112.00~g~g) 

24 

.106(2.70) MAX 

IMOUNTING HEIGHT) 

.00210.05) MIN 

ISTAND OFF HEIGHT) 

@ 

11012±.00~$I.00610.16)1!!i I JL006~:gg~1015~g:g~) 
10.30±0.06) r----------------, 

"A" Details of "A" part I 

~J;;;;;;;:¥;;;n;:;;n;nn;;;;n;:;;n;;;nb~~ry;;~~ ~ .02410.60) i 
~ ~;D0610.15)) 11.071+.012 : 

11.80±0.30) .00610.15): 
MAX I 

.02010.50) Dimensions in 
.... _________ ~~~ ____ _.! inches (millimeters) 
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November 1990 
Edition 3.0 

MB87002 

DATA SHEET 

1200 BPS MSK MODEM 

1200 BPS MSK (Minimum Shift Keying) MODEM 

The MB87002 is a 120O-bps CMOS minimum sMt keying (MSK) single-chip 
modem for multichannel access (MCA) and radio communication application. 
Its operation at low supply voltages and low power consumption is especially 
suitable for portable application. 

• Data rate: 120O-bps 

• Low power consumption (20 mW with 5 V power supply) 

• Low supply voltage operation: 3.0 to 5.5 V (5 V typical) 

• On-chip crystal oscillator: 3.6864 MHz 

• Switched-capacitor filter (SCF) 

• Selectable timing regenerator pull-in characteristic (within 15 bits for 
high-speed, and within 25 bits for low-speed operation) 

• Low external component count 

• TTL compatible inputs and outputs 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Power Supply Voltage Voo Voo GND-0.3 7 V 

Input Voltage VIN All input pins GND-0.3 Voo + 0.3 V 

Output Voltage Vour All output pins GND-0.3 Voo+ 0.3 V 

Output Current loUT All output pins -10 10 mA 

Storage Temperature TSTG -55 125 DC 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

Copyr~ht'" 1990 by FUJITSU LIMITED 

OJ 
FUJITSU 

PLASTIC PACKAGE 
(DIP-16P-M03) 

,. 
PLASTIC PACKAGE 

(FPT-16P-M03) 

PIN ASSIGNMENT 

(TOP VIEW) 

RlTC 

CLOCK 

OSC1 

OSC2 

DATAOUT 

MSKOUT 

BPFIN 

GND 

Voo 

DATAIN 

SEND 

RESET 

BPFOUT 

DPLLC 

TEST 

112 Voo 

This devk:e contains clrcubry to protect the Ifl)UtI against 

'!r"'I~u:::~r~':=~~~iai!~ 
avoid application of any voltage higher Illan maximum 
rated voltages to this high irrpedance circuit. 
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MB87002 

PIN DESCRIPTIONS 

RlTC 

2 CLOCK 

10 TEST 

11 DPLLC 

6-26 

a 

Transm~-receive clock output control. When pulled high, the 1.2 kHz transmit clock is 
output from the CLOCK pin and DATAOUT becomes low. When pulled low, the 1.2 kHz 
receive clock is from the CLOCK 

Transmit-receive clock output pin. When RITC pin is pulled high, 1 
is output. When RITC pin is pulled low, the 1.2 kHz receive clock 

clock 

Test function control signal input. In the normal mode, this pin is pulled high or left open. 
In the test mode, it is pulled low. In the test mode, the BPF IN pin directly accepts 
Waveform Shaping I and receive LPF input signals, and the DATA IN pin directly accepts 
Waveform Shaping II input signals. In this mode, the delay detection circuit signal is 
output from BPFOUT and the receive LPF signal is output from MSKOUT. 

DPLL pull-in time control signal input. When pulled low, high-llpeed operation is 
selected. When pulled high, low-speed operation is selected. 



MB87002 

MB87002 BLOCK DIAGRAM 

DATAIN MSKOUT 

SEND 

RlTC 

OSCl 

OSC2 CLOCK 

RESET 

TEST 

BPFIN 

BPFOUT 
DATAOUT 1m 

DPLLC 

Voo 1/2 Voo GND 
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1. 

MB87002 

FUNCTIONAL DESCRIPTION 
The timing generating section generates the clock signals required by the modulator and demodulator. The basic clock is generated 
by an internal oscillator and external crystal (3.6864 MHz). 
Modulator uses a programmable DAC with a 6 b~ resistor string. The MSKOUT output is 1200 Hz for input 1 and 1800 Hz for input 0 
synchronized w~h transm~ clock. Before the transm~ signal is output, a fixed level of 112 Vee is output by pulling the SEND pin low. 
The demodulator is composed of a band-pass fi~er (BPF), a delay detection circu~, a low--pass filter (LPF), and a digital 
phase-locked loop (DPLL). The BPF removes noise components from the 1,200 Hz and 1,800 Hz receive signals from the BPFIN 
pin and consists of a 1 Oth-order Chebyshev sw~ched-capac~orfilter (SCF). The delay detection circuit, after conversion olthe BPF 
output from analog to digital in the waveform shaping circuit, regenerates data by delay detection. The noise components in the 
regenerated data are removed by the LPF. The LPF is a third-order Butterworth filter and removes noise components of 800 Hz or 
higher. The DPLL extracts the receive clock from the regenerated data. The regenerated data is output from the DATAOUTpin 
synchronized with the receive clock. The DPLL has a tendency to degrade the bit error rate when the pull-in time is shortened. This 
IC allows users to choose between two pull-in times. When the DPLlC pin is pulled low, the high-speed mode is selected. When 
pulled high, the low-speed mode is selected. 
The on-chip 112 Vee circuit supplies the reference voltage required by BPF, LPF, and waveform shaping circuits and reduces 
external circuitry and component count. 

NOTE: Devices consisting of mixed analog and diaital signal processing circuits are usually difficult to test. The MB87oo2 
incorporates a test circuH which simplHies independent testing of the BPF, delay detection circuH, LPF and DPLL. 

RECOMMENDED OPERATING CONDITIONS 

Input Voltage v,. All input pins 0 Vee 

OSCl Pin Load Capacitance Cosc, OSCl 25 50 

OSC2 Pin Load Capac~ance CosC2 OSC2 25 50 

Analog Output Load Resistance R.., MSKOUT 10 kn 

Analog Output Load Capacitance CMO MSKOUT 30 pF 

Operating T. -10 70 ·C 
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MB87002 

ELECTRICAL CHARACTERISTICS 
DC characteristics (Voo = 4.5 - 5.5 V) 

T. = 25°C 
\ ..... ··2··;.../·· ...••• >; 1·····/ .... ····ji.·i··i Id··jj;\· .· ..•....... i.i ···.·\18111. ii. 

i ..• ·.·.~~~.; ./.i! i.·.· •.•• ·•· ;~"'ri· .·.··.·.:.:·:···i. ,·:··:·.·i. ..... : ........ :......... ../ .•. i········::·iii i .... i .• \:'. . Min . .1'yp(. I'&lI. 
Power Supply Current 100 Voo - 4 8 rnA 

RESET, SEND, 
Digital Input Low Voltage VIL DATAIN, DPLLC, 0 - 0.8 V 

RlTC, TEST 

RESET, SEND, 
Digital Input High Vottage V,N DATAIN, DPLLC, 2.2 - Voo V 

RITC, TEST 

Digital Input Low Current III 
SEND, DATAIN, 

V,N = GND -10 - 0 IlA DPLLC, RITC 

RESET, SEND, 
Digital Input High Current I'H DATAIN, DPLLC, VIN = VOD 0 - 10 IlA 

RlTC, TEST 

Pull-up Resistance RPLU RESET, TEST 25 50 100 lin 

Digital Output Low Vottage VOL DATAOUT, CLOCK IOL = 2.0 rnA 0 - 0.4 V 

Digital Output High Voltage VOH DATAOUT, CLOCK ION = 1.0 rnA 2.4 - Voo V 

Oscillator Frequency OSC,. OSC1,OSC2 - 3.6864 - MHz 

Analog Input Resistance 1 RAIN' BPFIN Input pin-ll2 Voo 50 100 200 kQ 

Analog Input Vottage 1 VAIN' BPFIN 0.5 - 2.5 VJ4' 

Operation 0.8 1.0 1.2 Vf4' 

Offset voltage 1/2 Voo 
1/2 Voo 

1/2 Voo 
V 

Analog Output Vottage 1 AOUT1 MSKOUT in operation -0.3 +0.3 

RESET = Low 1/2 Voo 1/2 Voo 1/2 Voo V -0.3 +0.3 

Receive BPF Absolute Gain ABS, -
Input frequency 

-1.0 0 1.0 dB 1500 Hz 

0-300 Hz - - -40.0 dB 
900-1200 Hz --3.5 - - dB 

1200-1800 Hz -1.0 - - dB 
Receive BPF Frequency F, - 1800-2100 Hz -3.5 - - dB 
Characteristics 3000-5000 Hz - - --30.0 dB 

Reference 
frequency 

1500 Hz 

Receive LPF Cutoff Frequency F. - 3 dB down - 800 - Hz 

o Hz < 
Receive LPF Absolute Gain ABS2 - Input frequency - -6.0 - dB 

s 300 Hz 
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MB87002 

DC characteristics (VDD = 3.0 - 4.5 V) 
T._25°C 

RESET, SEND, 
Digital Input Low Voltage V'L DATAIN, DPLLC, 0 0.6 V 

. RlTC, TEST 

RESET, SEND, 
Digital Input High Vottage V,. DATAIN, DPLLC, 2.2 Voo V 

RlTC, TEST 

Digital Input Low Current I'L 
SEND, DATAIN, 

V'N= GND -10 0 IIA DPLLC, RlTC 

Digital Input High Current I,. V'N = Voo 0 10 IIA 

' . -- Offset vottage 112 Voo 
112 Voo 

112 Voo 
V 

Analog Output Vottage 1 AoII" MSKOUT in operation -0.3 +0.3 

RESET = Low 1/2 Voo 112 Voo 112 Voo V -0.3 +0.3 

Receive BPF Absolute Gain ABS, 
Input frequency 

-2.0 0 2.0 dB 1500 Hz 

0-300 Hz -30.0 dB 
900-1200 Hz -3.5 dB 

1200-1800 Hz -1.0 dB 
Receive BPF Frequency F, 1800-2100 Hz -3.5 dB 
Characteristics 3000-5000 Hz -25.0 dB 

Reference 
frequency 

1500 Hz 

OHz< 
Receive LPF Absolute Gain ABS, Input frequency -6.0 dB 

~ 300 Hz 
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MB87002 

AC characteristics (VDD = 3.0 - 5.5 V) 

Pull-in Bit Number N 15 bit 

Demodulator Delay Time DATAOUT 1900 2317 ILS 

Receive Clock High Width twHC2 CLOCK 417 496 

Receive Clock Low Width twL.C2 CLOCK 417 496 
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MB87002 

TYPICAL CONNECTION EXAMPLE 

6-32 

!o microcomputer [ 
Input port 

Reset 

Transm~ enable 
To microcomputer 
output port Transm~ data (Serial) 

TransmitlReceive sWitching 

Transm~eceive clock 

Receive data 

(Serial) 

RITC 

CLOCK 

OSC1 

Von 

DATAIN 

SEND 

OSC2 RESET 
MB87002 

'--"'---"'-----15 DATAOUT BPFOUT 

Transm~ MSK signal --------1 MSKOUT DPLLC 

Receive MSK signal BPFIN TEST 

GND 1/2Voo 

High speed mode 



MB87002 

BPF FREQUENCY CHARACTERISTICS 

~O~ 
48.0 

42.0 

36.0 
l40dB -

30.0 

1
30dB Attenuation m (dB) 24.0 

18.0 

12.0 

6.0 ~ 1 dB 
0.0 -

-6.0 
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

Frequency (kHz) 
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MB87002 

TIMING CHART 

Modulator timing chart (TEST pin = High or Open) 

H 
RESET 

L 

H 
SEND 

L 

H 
RlTC 

L 

CLOCK H 

(1.2 kHz) 
L 

DATAIN 

H 

t.u. 

1:1 

"'ReH , 
r--: 

"'SCH .. , , ' 
I idSCL I 

~ 

, 
Isoc:t.oc 

;......: , , , . . 

MSKOUT 1/2 Voo ;:~~1. -----------+~ 
L 

DATAOUT 
H 

L 

twHC1 twLC1 , , , 
r--, , 

Isoc: t.OC 
;......: . , , . .. 

NOTE:1. SEND pin is pulled high after low-to-high transition of the RESET pin. 
2. DATAIN signal is read at the rising edge of the CLOCK. 

L 

, 
Isoc ' tsse , , , --

, 
: tdCM2 

---t-. 

3. When SEND pin changes from low to high, the CLOCK pin is pulled high once. Then 1.2 kHz clock is output. 
4. When RlTC pin is pulled high, DATAOUT pin outputs low. 
5. When power is first applied, RESET pin must be set to low to reset all circuRs before use. 
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Demodulator timing chan (TEST pin = High or Open) 

RESET 

SEND 

RffC 

BPF IN 1/2 Voo 

DATAOUT 

H 

L 

H 

L 

H 

L 

H 

L 

tWLR 

l:j 

tdRB N-pattern or more 

o ,1 o o o 
, 
~ 

:'::;;;::::::;'::r:::;:':::;:':;;:;:;:'::: >'''c':>;::::::' ':;11 W'7'l!J))j 1 L.J"7l 0 0 r7l 0 I::::,,:::::;: 

" 
CLOCK H ~,' :,' n n n « n n n n r{( n n~~o~~htR n n 

(1.2 kHz) L : ; U U U U))..J U U U U )}.J U U U U U U U U L 

MSKOUT 1/2 Voo 
H 

L 

.. 
i-: tdRM 

, . , . 
~~. --------------------

NOTE:I. DATAOUT is output synchronized with the rising edge of the CLOCK. 

MB87002 

2. When demodulator section is used, SEND pin must be set to high or low. When SEND pin is set to low, MSKOUT is 
fixed to 1/2 Voo. 

3. When power is first applied, RESET pin must be set to low to reset all circuits before use. 
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MB87002 

Clock output timing chart 

H ------.., 
RlTC 

L 

I 
I I 

-loRe. 
I I 

I 

H --------------~------------------~-------------CLOCK 
L 

Transmit clock (1.2 kHz) 

0 

I 
I 

1.2 kHz 1.8kHz 

6-36 

Receive clock (1.2 kHz) 

0 

I 
I 

1.2 kHz 1.8 kHz 

Transmit clock (1.2 kHz) 

DATAIN 

XCLOCK 

MSKOUT 
= BPFIN 

BPFOUT 

RCLOCK 

Modulator 
circuit 

Demodulator 
circuit 

.... ___ ..... 1 DATAOUT 



PACKAGE DIMENSIONS 
Plastic DIP, 16 pins 

(DIP-16P-M03) 

.050 (1~.?l 
MAX TYP 

© 1988 FUJITSU LIMITED D160308-3C-1 

MB87002 

Units: mm (inches) 
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MB87002 
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Plastic SOP, 16 pins 
(FPT -16P-M03) 

I;"",+:::,gl",,+gj~ 

t .402±.016 I (10.20±0.40) 
.299±.012 

INDEX (7.60±0.30) 

It::::jj;:d:::;;r=:;;::;:;~~ 
.050(1.27) 

TYP 

"A" 

© 1989 FUJITSU LIMITED F16008S-3C-l 

122(310) MAX 

I (SEATED HEIGHT) 

.002(0.05) MIN 

I I (STAND OFF) 

i-i-IJ 

.362±.012 
(9.20±0.30) 

I 
'-- I- j 

"""'if-:===t .020±.008 
II , (0.50±0.20) 

-H- .006~ggt(0 15~g:g~) 

r------~-----l 

I Details of "A" part I 
I I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I ______________ J 

Units: mm (inches) 



Section 7 

Telephone Integrated Circuits - At a Glance 
Package 

Page Device Description Option. 

7-3 MB3120 Compander IC 16-pIn Plastic FPT 
17-pin Plastic ZIP 

7-15 MB3121 Compandor IC 28-pin Plastic FPT 

7-19 MB4513 Telephone AmplifierlTone Ringer 48-pin Plastic DIP,FPT 

7-31 MB4518 Telecommunication Cin:uit 28-pin Plastic DIP,FPT 

7-47 MB4752A Subscriber Une Intsrface IC 28-pad Ceramic LCC 

7~7 MB87007A Dual Tone Multifrequenoy Pulse Dialer 18-pin Plastic DIP 
MB87008A 24-pin Plastic FPT 

7-63 MB87009 Dual Tone Multifrequency Pulse Dialer 2O-pin Plastic FPT 

7-111 MB87017B Dual Tone Multilraquency Receiver 18-pIn Plastic DIP 
24-pin Plastic FPT 

7-123 MB87029 Dual Tone Multifrequency Pulse Dialer 22-pin Plastic DIP 
24-pin Plastic FPT 

7-149 MB87057 Dual Tone Multifrequency Receiver 18-pin Plastic DIP 
24-pin Plastic FPT 
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April 1990 
Edition 2.0 

DATA SHEET 

MB3120 
COMPANDOR IC 

COMPANDOR Ie 

The Fujitsu MB3120 is a compandor IC to expand dynamic range at transmis­
sion/reception systems and to improve the tone quality by means of restricting 
noise. 

Two functions are loaded on one IC. the one is the compressor which has the 

2/1 ratio of input/output ratio by logarithm, and the expandor which has the 
1/2 ratio of input/output ratio by logarithm. 

The MB3120 is encapsulated in a small package. This enables high density 
mounting. 

The M.B3120 is well suitable for a mobile radio system like as cellular radio, 
MCA and handy telephone set. 

• Wide power supply voltage range 
(3.2V to 10.0V) 

• Low power supply current 

• On-chip both compressor and 
expandor 

• Wide dynamic range 

• Less external elements 

• Inhibit function with compres­
sion/expantion ratio of one 

• Equipped with mute function 
which cut off the output signal 

• 16-pin Flat Package 
17-pin Zig-zag In-line Package 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Rating Symbol Value Unit 

Power Supply Voltage Vee 12 V 

Mute Control Voltage VMUTE 5" V 

Inhibit Control Voltage V 1NH 5* V 

Power Dissipation Po 560 mW 

Operating Temperature TA -20 to +75 DC 

Storage Temperature TSTG -55 to +125 DC 

*: This value takes Vee when Vee is less than 5V. 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this. data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

cO 
FUJITSU 

PLASTIC PACKAGE 
FPT-16P-M04 

PLASTIC PACKAGE 
ZIP-17P-M01 

PIN ASSIGNMENT 
(TOP VIEW) 

Inv In-C 

NFB-C 

(FPT-16P-M02) 

Vee 
Reet In-E 

"G In-E 

Reet Cap-E 

Out-E 

Mute In-E 

INH 

ByPass 

ZIP-17P-M01 Pin Assignmont 
Plo.se Sea Page 12 

This device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi­
mum rated voltages to this high impedance 
circuit. 
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COMPRESSOR 
INPUT 

EXPANDOR 
INPUT 

COMMON 
MUTE 

C3 

MB3120 BLOCK DIAGRAM 

------------------------------1 

VARIABLE GAIN 
CONTROL CIRCUIT 

10kO 

20kO 

COMPRESSOR : 
SECTION I 

I 
I 
I 

I I ,-------------------------------

FULL WAVE 
RECTIFIER 

10kO 

VARIABLE GAIN 
CONTROL CIRCUIT 

COMPRESSOR MUTE FOR 
EXPANDOR 

INHIBIT 

40kO 

EXPANOOR 
SECTION 

COMPRESSOR 
OUTPUT 

C4 

EXPANDOR OUTPUT 

FPT.16-z.f/\ 

~ZIP.17 



BLOCK DESCRIPTIONS 
C, C, determines the low cut off frequency of compressor section. 

1 
fc = ---

2rrR' C, 

R is on chip feed back resistor (10kn typ.) 

C:2, Ce, Cg Input coupling condenser 

C3, C7 Smooth capacitor of full wave rectifier. Atack time and recovery time are determined by C3 and C7 • 

Time constant T e can be calculated. 

Te (ms) ~ 10 x C3 ()IF) 

Output coupling condenser 

Coupling condenser for internal feed back of compressor section. 

Ripple filter condenser 

RECOMMENDED OPERATING CONDITIONS 

Value 
Parameter Symbol 

Min Typ 

Power Supply Voltage Vee 3.2 

Operating Temperature TA -20 

ELECTRICAL CHARACTERISTICS 

Max 

10 

75 

MB3120 

Unit 

V 

·C 

(Vee = BV, TA = 25·C, f = 1kHz, RL = 10kn) 

Value 
Parameter Symbol Condition 

I 
Unit 

Min Typ Max 

Power Supply Current Icc I 3.0 4.5 mA 

Compressor 

Input Resistance R,Ne 14 20 kn 

V,N =-6dBm -10.5 -9.0 -7.5 dBm 

Input Reference Level Voea V,N = -6dBm, 
-2.5 0 2.5 

T A = -20 to 75·C*2 
dB 

Voe, V ,N = -20dB -10.5 -10.0 -9.5 dB 

VOe2 V,N = -40dB -20.7 -20.0 -19.3 dB 

Output Level *, 
V,N = -60dS -31.5 -30.0 -29.0 dB 

Voe3 
V,N =-60dB, 
T A = -20 to 75·C*2 

-4.0 0 3.0 dB 

VOe4 V IN =-BOdB -40.0 dB 

7-5 

III 



MB3120 

ELECTRICAL CHARACTERISTICS (continued) 

Value 
Parameter Symbol Condition 

I J 
Unit 

Min Typ Max 

Expandor 

Input Resistance R'NE 4.7 6.7 kn 

Y'N =-9dBm -1.5 0 1.5 dBm 

I nput Reference Level VOEO Y'N =-9dBm, 
T A = -20 to 75°C*2 

-2.5 0 2.5 dB 

VOE1 Y'N =-10dB -20.5 -20.0 -19.5 dB 

VOE2 Y'N =-20dB -40.7 -40.0 -39.3 dB 

Y'N =-30dB -61.0 -60.0 -58.5 dB 
Output Level*1 

VOE3 Y'N =-30dB, 
-3.0 0 4.5 dB 

TA = -20 to 75°C*2 

VOE4 Y'N = -40dB -80.0 dB 

Compandor 

Total Harmonic Distortion THO Vo =OdBm 0.5 2.0 % 

Output Noise Voltage VON BW = 100Hz t05kHz -80.0 dBm 

Voltage Gain Av Y'N =-6dBm 4.5 6.0 7.5 dB 

Gain Deviation 1 6.AV1 
Y'N --6dBm, -3.0 0 3.0 dB T A = -20 to 75°C*2 

Gain Deviation 2 6.AV2 
f = 200Hz t05kHz, 

-D.5 0 0.5 dB 
Vo,=OdBm 

Voltage Gain at Inhibit AVINH 
Y'N = -6dBm, 

4.5 6.0 7.5 dB 
V,N,NH = 0.4V 

Compressor Mute 
VOCMUTE 

Y'N =-6dBm, 
-50 dBm Attenuation*3 V,NCMUTE = 2.7V 

Expandor Mute 
VOEMUTE 

Y'N = -9dBm, 
-70 dBm Attenuation *3 V,NEMUTE = 2.7V 

High·level Control Voltage 
V,H 2.7 V for Mute and Inhibit Pins*3 

Low·level Control Voltage 
V ,L 0.4 V for Mute and Inhibit Pins*3 

Notes: 
*1 Measured at input reference level of OdB. 
*2 Gain deviation with temperature when output level of 25°C is specified as OdB. 
*3 As for Zip-17 pin, both compressor and expandor circuit enter mute function depending on 8 pin input. 
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MB3120 

TYPICAL CONNECTION EXAMPLE 

FPT·16 

4.71'F 
0 ~ 1 16 - + '-' COMPRESSOR INPUT Vee 

COMPRESSOR OUTPUT 

- + 10l'F 
~ 

2 15 + - I 4.71'F 221'F 4.71'F 
0 - + 3 14 + -

EXPANDDR INPUT 

10l'F 2.21'F 
... 4 13 -+ 

4.71'F 4.71'F 
... 5 12 

~ 

+ ~ EXPANDOR OUTPUT 
2.21'F 

11"""""""'0--- + 6 MUTE FOR EXPANDOR 

MUTE FOR COM PRESSOR ~~7 10 -0--0- INHIBIT 

221'F 
B 9 + -

, 

III 
ZIP-17 

4.71'F 
COMPRESSOR INPUT 

~ 

~ + 
1 221'F 

4.71'F 2 + -
- + 3 10l'F 

4.71'F 4 - + 
+ - 5 2.21'F 

COMPRESSOR OUTPUT 

~<r--7 
6 + 

PRESSOR 
....-~ B 

MUTE FOR COM 
COMMON MUTE" 

9 221'F 

~o--
10 + -

INHIBIT 11 

4.71'F 12 ./0- MUTE ·FDR EXPANDOR 

- + 
13 2.21'F 

0 
4.?fF 14 + .... 
- + 15 10l'F 

EXPANDOR OUTPUT 

EXPANDOR INPUT 

0 
16 + -

17 Vee 

.: Both the mute of Compressor and Expandor can be controlled by this terminal. 
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MB3120 

OUTPUT TRANSITION RESPONSE CHARACTERISTICS 

Condition: Vee - BV, f = 1kHz, RL -10kn, Mute OFF, INH OFF, Typ. connection 

COMPRESSOR (V: O.2V/div, X: 5msec/div) 
VIN = -18dBm - -6dBm (VO" -15dBm - -9dBm) VIN = -6dBm - -lBdBm (VO = -9dBm - -15dBm) 

EXPANDOR (V: O.5V/div, X: 5msec/div) 
VIN· -15dBm-+ -9dBm (VO = -12dBm-+OdBm) VIN = -9dBm- -15dBm (Vo = OdBm--12dBm) 

COMPANDOR (V: O.5V/div, X: 5msec/div) 
VIN = -18dBm-+ -6dBm (Vo =:"'12dBm-+ OdBm)" VIN = -6dBm ... -18dBm (VO = Od8m- -12dBm) 
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MB3120 

TYPICAL CHARACTERISTICS CURVES 

Fig. 1 - INPUT VOLTAGE vs. OUTPUT LEVEL 

f = 1kHz 
Mute OFF 
INH OFF 
Rg=60011 
RL = 10kn 

TYP. CONNECTION 

20 

-100 

Fig. 3 - INPUT REFERENCE LEVEL 
vs. VOLTAGE SUPPLY 

f = 1kHz 
Mute OFF 
INH OFF ----- R L = soon 
Rg -soon --RL""10k(l. 

-1 -12 

E -8 -14 E 
III III 
:!! :!! 
0 W 0 -9 -16 a 0 
> > 
-' -' w -lB~ > -10 w w 
-' -' 
u: u: 
~ -11 a: 
l- I-
:::> ~ o. 
~ -12 -22~ 

1 

-1 

-2 

-3 

-13 -24 -4 
2 , 4 10 12 

f SUPPLY VOLTAGE Vee (VI , , 
I 

E 
III 
:!! 

0 
w 
0 
> 
-' w 
> w 
-' 
u: 
w 
a: 
I-
:::> 
o. 
;!: 

Fig. 2 - INPUT VOLTAGE vs. OUTPUT LEVEL 
(INHIBIT COND.I 

f '" 1kHz 
Mute OFF 
INH ON 
Rg=6oon 
RL = 10kn 

TYP. CONNECTION 

INPUT LEVEL VIN (dBm) 

-100 -80 -60 20 

3.5V 

~ 
EXPANDOR ~ 

Vcc=8V·~--~~~~~~' ~ 
Vee = 3.5V c,="i;;;;:;===--CCOMPRESSOR ul 

10Hz to 30kHz 
-60 ~ 

I­
:::> 
1= 

-80 :::> 
o 

-100 

Fig. 4 - MAX. OUTPUT LEVEL vs. 
SUPPLY VOLTAGE (COMPANDORI 

LPF: 100kHz 
THO = 1% INH OFF 
Mute OFF Ag = 600.0 

.. 5 
E 

i 
o 4 
> 
-' w 
> w 
-' 

5 2 
1= 
:::> o 

0~O--~2--~4--~6~~8~~1~0~~12~~ 
SUPPLY VOLTAGE Vee (VI 
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MB3120 

TYPICAL CHARACTERISTICS CURVES (continued) 

0.5 
0 

-0.5 

iii 0.5 :!:! 0 . -0.5 « 
z 0.5 
;{ 0 
Cl -0.5 
w 
Cl 0.5 « 
':i 0 

0 -1.0 > 
-2.0 

Vee =8V 
MUTE OFF 
INH OFF 
Rg = 6000 
RL = 10kO 

Fig. 5 - FREQUENCY vs. VOLTAGE GAIN 
(COMPANDOR) 

Va is OdB when f = 1kHz. 

TYP. CONNECTION 

V IN =OdBm -
-20dBm -
-40dBm - --..... 
-50dBm -- ~ 

50 100 500 1k 5k 10k 50k 

FREQUENCY f (Hz) 

Fig. 6 - INPUT REFERENCE LEVEL Fig. 7 - OUTPUT LEVEL vs. TOTAL HARMONIC 
VS. TEMPERATURE DISTORTION (COMPRESSOR) 

-7 

E 20 f = 1kHz Vee = 3.5V E co LPF: 100kHz co -8 :!:! Rg -6000 :!:! 10 u w MUTE OFF 
a a 
> > 5 

INH OFF 
-9 0 ..J 

COMPRESSOR: Va~ ..J 
w W 

> > w (VIN = -6dBm) w 
~ ..J-10 -1 ..J 

u.: Vee = 8V u.: 
0 w w 

a: Mute OFF a: :z: 
l-

I- -11 INH OFF -2 l-
=> Rg=6000 => 0.5 11. 11. 

~ RL = 10kO ~ 
-12 TYP. CONNECTION -3 

-40 -20 0 20 40 60 80 
TEMP. T. (OC) 0.1 

0.05 

0.05 0.1 0.5 5 

OUTPUT LEVEL Va (Vrms) 
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MB3120 

TYPICAL CHARACTERISTICS CURVES (continued) 
Fig. 8 - OUTPUT LEVEL vs. TOTAL HARMONIC 

DISTORTION (EXPANDOR) 

20 

10 

5 

~ 
c 
~ 0.5 

0.1 

0.05 

f= 1kHz 
LPF: 100kHz' 
Rg=6oon 
MUTE OFF 
INH OFF 

0.05 0.1 

V ee=3.5V Vee=8V 

0.5 5 

OUTPUT LEVEL Vo (Vrm.1 

Fig. 10 - OUTPUT LEVEL vs. TOTAL HARMONIC 
DISTORTION (EXPANDOR INHIBIT COND.l 

20 f = 1kHz Vee = 3.5V Vee = 8V 

10 

5 

~ 
C 1 
:I: 
I-

0.5 

0.1 

0.05 

LPF: 100kHz 
Rg = 600n 
MUTE OFF 
INH ON 

0.05 0.1 0.5 

OUTPUT LEVEL Vo (Vrm.1 

5 

Fig. 9 - OUTPUT LEVEL vs. TOTAL HARMONIC 
DISTORTION (COMPANDOR) 

20 

10 

5 

~ 
c 
i= 

0.5 

0.1 

0.05 

f = 1kHz 
LPF: 100kHz 
Rg=600n 
MUTE OFF 
INH OFF 

0.05 0.1 

Vee =3.5V Vee=8V 

0.5 1.0 5.0 

OUTPUT LEVEL Vo (Vrm.1 

Fig. 11 - OUTPUT LEVEL vs. TOTAL HARMONIC 
DISTORTION (COMPRESSOR INHIBIT COND.) 

~ 
c 
~ 

20 f= 1kHz 
LPF: 100kHz 

10 Rg = 600n 
MUTE OFF 

5 

0.5 

0.1 

Vee= 3.5V 

0.05 

0.05 0.1 0.5 1 

OUTPUT LEVEL Vo (Vrm.1 

5 
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MB3120 

TYPICAL CHARACTERISTICS CURVES (continued) 

Fig. 12 - FREQUENCY vs. TOTAL HARMONIC 
DISTORTION (COMPANDOR) 

Fig. 13 - EXAPNDOR MUTE ATTENUATION 

0.05 

100 

7-12 

Vee = BV 
Vo·OdBm 
MUTE OFF 
INH OFF 

20 

o 

E -20 

'" '" :'-40 
o 
> 

-60 

-80 

VIN = -9dBm 
Vee=BV 
INH OFF 
Rg = 600n 
RL = 10kn 
TYP. 
CONNECTION 

VIN =-29dBm 

VIN = -edBm 

VIN =-29dBm 

~OOO 2 3 

500 lk 5k 10k 50k 
MUTE CONTROL VOLTAGE VIN (V) 

FREQUENCY f (Hz) 

Fig. 14 - COMPRESSOR MUTE ATTENUATION 

2 0 

0 

E -2 0 

'" '" 0 -:'-4 
o 

> 
-6 

-8 

0 

0 

VIN = -6dBm 

VIN =-46dBm 

Vee=BV 
INH OFF 
Rg-600n 
RL = 10kn 
TYP. 
CONNECTION 

VIN --6dBm 

VIN = -46dBm 

-1000 1 2 3 

MUTE CONTROL VOLTAGE VIN (V) 



PACKAGE DIMENSIONS 

16·LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT·16P·M04) 

.083(2.10) MAX 
(SEATED HEIGHT) 

.213~:86~(5.40~g~g) 

MB3120 

.050(1.27) 
TYP 

~ .020±.008 
t===f(0.50±0.20) 

l-.006~ :gg~(0.15~g:g~) 

.'A" 

, I 

4 01 .004(0.1~; 1 
.350(8.89) 

REF 

C 1988 FW1TSU LIMITED 0160128-30 

r---------i 
I Details of "A" part I 

: .008(0.20) I 
I I 
I I 
I I 
I I 
I .020(0.50) I 

: .007(0.18): 
I MAX I 
I .027(0.68) I 
I MAX I L __________ -.l 

Oirrenslon8 i'I 
Inches (mU6meters) 
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MB3120 

PACKAGE DIMENSIONS (Continued) 
(TOP VIEW) 

Inv In-C ]1 

Out-C ]3 

e.G In-C ]5 

Mute In-C ]7 

GND ]9 

2C NFB-C 

4[ Rect In-C 

sL Reet Cap-C 

S[ Mute--In 

10[ ByPass 

12[ Mute In-E 

14[ Rect Cap-E 

16[ Reet In-E 

(ZIP·17P-M01) 
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17·LEAD PLASTIC ZlG-ZAG IN-UNE PACKAGE 
(CASE No.: ZlP-17P·U01) 

I 
I 

.236±.010 
{8.00±O.25\ 

1!;;=v;;=;;=;;=V;;=;;=;;=;;=;;;:=;;=;T:;;=;;=;:;=;tlI--.J 

.050(1.271 
- ----:rYP--

.02Q±.OO3 
(O.SO±O.OS) 

LEAD NO.C2\ r 
~ 

(BonOM VIEW) 

o 1988 FUJITSU LIMITED Z170018-3C 

.1l2±.OlD 
(2.85±O.25) 

.310±.013 J0331 
.094(2.401 MIN 

---.I 
.10012.54\ TYP 

(ROW SPACE) 

OImenslons In 
Incheo (rri~_) 



July 1991 

MB3121 
Compandor IC 

DATA SHEET 

The Fujitsu MB3121 is a highly functional compandor IC with on-<:hlp support 
circuitry that includes a microphone amplifier, input amplifier, and a splatter filter 
ampiHier. It also features low operating voltage and low power consumption. 

The MB3121 is designed to improve the sound quality in trensceiver systems by 
increasing the dynamic range of the voice signal and suppressing noise. This 
device incorporates a signal compression circuit having an inpul/output compres­
sion ratio of 112*109 (110) and an expandor circuit with an inpuUoutput expansion 
ratio of 2*109 (110). 

The MB3121 Is the ideal choice for application in portable/mobile equipment such 
as car phones and cordless telephones. 

• Low voltage operation: 1.8 to 7 V 

• Compressor and expandor circuitry 

• Adjustable voltage gain (0 to 40 dB) 

• limiter circuit 

• Amplifier circuit for use with a splatter filter 

• Data input and output pins 

• Output signal muting function 

• INHIBIT function that sets the compression and expansion ratio to 1:1 

• STANDBY mode 

• 28-pin plastic SOP 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol Value Unit 

Supply Voltage Vee 1.8to 7 (Typical _ 3) V 

Operating Temperature Ta -20 to +75 °C 

Note: Permanent device damage may occur if absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi­
tions as detailed in the operation sections of this data sheet. Expo­
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

@ 1991 by FUJITSU LlMlTEOand Fujllau 101_.1110. 

cP 
FUJITSU 

FPT-28P-M01 

Pin Assignment 

S-OUT BP2 

S-IN BPI 

GND Vee 

A-OUT IDC 

A-IN NC 

C-OUT SB 

C-A-OUT INH 

C-BP MUTE 

C-G-IN E-OUT 

C-R-IN E-R-OUT 

C-R-OUT E-R-IN 

C-A-IN E-G-IN 

C-M-OUT E-I-OUT 

C-IN E-IN 

ThI8 _ contain. clrcuMry 10 p«>I8Cl tho InpuIB agUlat 
damage due 10 high atatle voItagea or .,octtlc fields. '-.1 
10 _ that normal p!8C&Utiono botalen 10 avoid """ncalion 
=~~~ _ maxlnum raIod ",Meg" Iothle high 
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MB3121 

BLOCK DIAGRAM 

7-16 

Vee 

.~ 
..,-2.2jJF .­
m- Smoothing ~ 

Capacitor -§ 

! 



MB3121 

ELECTRICAL CHARACTERISTICS 

Value 

Parameter Symbol Conditions Min. Typ. Max. Unit 

Supply Current Icc No Signal Applied - 3.3 5.0 mA 

Supply Current, STANDBY Mode ISB Vsa- OV - 0.1 10.0 J.lA 
Input/Output 

VCC1 Vln = 100 mV .... -20.8 -17.8 -14.8 dBm Reference Level 

Output Level VCC11 Vln--20dB -10.5 -10.0 -9.5 dB 

Output Level VCC12 Vln=-40dB -21.0 -20.0 -19.0 dB 

Compressor Input Lim~ing Voltage VlIM VIn =+14dB - 550 - mVp-l' 

MUTE Attenuation ATTc 
VIn-OdB 

60 80 - dB 
BW = 200 Hz to 5 kHz 

Input/Output Vcc, Vin -100 mV, .. -20.8 -17.8 -14.8 dBm 
Reference Level 

Output Level VCC11 Vln =-20dB -41.0 -40.0 -39.0 

Expandor Output Level VCC'2 Vln --40 dB -65.0 -63.0 -60.0 dB 

Maximum Output 
VOm1 THD=2% Voltage 500 700 - mV 

MUTE Attenuation ATTc 
Vln=OdB 60 80 - dB BW _ 200 Hz to 5 kHz 

Output Noise Voltage Vox RL = on - 10 - IlV BW = 200 Hz to 5 kHz 

Compandor Total Harmonic THO VCC1 = 100 mV, .. 0.5 1.5 % Distortion -
Voltage Gain Av Vln = 100 mV, .. -1.5 0.0 1.5 dB 

Open CircuH 
Voltage Gain Avo - 40 50 - dB 

Amplifiers Maximum Output 
AoM2 THD=2% 500 700 - mV Voltage 

Filter Gain AVFl Vln - 100 mVrms(typ) -0.5 0.0 0.5 dB f= 1 kHz 

Filter Filter Gain AVF2 f=3kHz -3.5 -3.0 -2.5 dB 

Filter Gain AVF3 f.30kHz -65.0 -60.0 -55.0 dB 

STANDBY (SB) VSBH Normal 1.0 - Vee V 

Pin Control Voltage VSBl In STANDBY 0.0 - 0.3 V 

MUTE VMUlED Muted 0.8 - Vee V 

Pin Control Voltage VMUlEL Normal 0.0 - 0.2 V 

INHIBIT (INH) VINHH Normal 0.8 - Vee V 

Pin Control Voltage VINHL 
CompressionlExpan-

0.0 - 0.2 V sion InhiMed 
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"A" ,'-

28-Lead Plastic Flat Package 
(case No":FPT-28P-M01) 

f 
.402:t .016 

(10.20 > OAO) 

.299>.012 
(1.60>0.30) 

00taIa of "A" pat! 

.008(0.20) 

f-----.650(16.51~) :AEF~~=~ 
.024(0.50) 

.1 
MAX = . 
MAX I»nlnllonsln 

lnc:heII(mllm ..... 



June 1990 
Edition 2.0 

DATA SHEET 

MB4513 
TELEPHONE Ie 

TELEPHONE IC 
(SPEECH NETWORK, TONE RINGER, FILTER) 

The Fujitsu MB4513 has an on-<:hip speech network circuit, filter circuit, and toneringer 
circuit. The MB4513 is intended to be used with dialer IC's (MB87003/4, MB87007A18A, 
MB87029) to produce a telephone which can be connected to a rotary dial line or push 
button line. 

• On-chip speech network circuit, filter circuit and tone ringer circuit 

• Uses a ceramic piezoelectronic transmitter and receiver 

• Reception amplifier adopts BTL (Balanced Transformer Less) circuit 

• Three selections of tone by the external switches 

• Connectable to pulse or DTMF lines 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 

Parameter Symbol Value Unit 

Supply Voltage VL 20 V 
Speech 

Supply Current I L 150 mA 

Supply Voltage VTR 20 V 
Tone Ringer 

Supply current I TR 7 mA 

Operating Ambient Temperature TA -30 to 60 °c 
Storage Temperature TSTG -55 to 125 °c 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
condibons as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

Copyrlgh.© 1990 by FUJITSU LIMITED 

cO 
FUJITSU 

PLASTIC PACKAGE 
DlP-48P-M01 

PLASTIC PACKAGE 
DIP-48P-M02 

PLASTIC PACKAGE 
FPT -48P-M02 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or eledrlc fields. However. il 
Is advised that normal precautions be taken to avoid application 
0/ any voltage higher .han maximum rated vo/Iages 10 .his high 
i",*,ance circuit. 
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D 

MB 4513 

7-20 

G 
FIN 
F1 
F2 
F3 
F4 

FOUT 
R1 
R2 

RMV 
RIN 

RPO 
RPC 
VCC 

SPBA 
SPI 
SP2 
SPO 
SPC 
SPI 
VLL 
LS 

PRY 
TH 

(DIP-48P-MOI ) 
(DIP-48P-M02) 

X2 
Xl 
TSI 
TS2 
TTH 
52 

PIN ASSIGNMENT 

Sl 
TGT 
TVI 
HAU 
TV2 
TRIN 
MUTE 
N.C 
ACG 
TPO 
TIN 
TPF 
TMB 
TMC 
TME 
TMV 
VL 
G 

Sl 

TGT 

TV1 

33 HAU 

TV2 

31 TRIN 

30 MUTE 

29 N.C. 

28 ACG 

27 TPO 

26 TIN 

25 TPF 

(FPT -48P-M02) 



BLOCK DIAGRAM 

VLL 

VL 

TH 

PRY 

Vee 

ACG 
GND 

GND 

TMV 

TMC 

TMB 

TME 

RIN 

N.C 

Transmit power 
supply mute 
circuit 

RPC RPO LS 

TS2 
Xl! TSl HAU 

MB4513 

SPBA SPI SPC SPO 

Note : The pin numbers correspond to QFP package. 

Filter 

MB 4513 

S1 

MUTE 

FIN 

F1 

F3 

F2 

F4 

FOUT 

TPO 

TPF 

TIN 

RMV 

R1 

R2 

SPl 

SP2 

7-21 

III 



MB 4513 

DC CHARACTERISTICS (TA = 25 ·C) 

Condition Values 
Parameter Symbol Unit 

IdmA) Min Typ Max 

20 1.9 2.7 3.9 V 
VL Voltage VL MUTE: OFF 

90 5.0 6.2 7.5 V 

20 2.2 3.2 4.4 V 
VL Voltage VL MUTE: ON 

90 5.3 6.5 8.0 V 

Supply Voltage Vee During Speech 20 1.4 1.7 2.0 V 

AC CHARACTERISTICS (TA= 25°C) 

Condition Values 

Parameter Symbol Unit 
I LImA) Freq Min Typ Max 

611 
(kHz) 

30 1.0 
AC Impedance ZTEL 400 600 800 n 

90 1.0 

Transmit GTV 
Voltage Gain 

VIN = -50 dBm 30 1.0 42 45 48 dB 

Transmit VTO 
30 1.0 -2 2.5 

Dynamic Range 
DIS> -20 dB dBV 

90 1.0 0 8 

Reception Voltage Gain GRV VIN = -50 dBm 30 1.0 38 43 46 dB 

Reception DIS> -20 dB 30 1.0 -3 4 
VRD dBV Dynamic Range 90 1.0 -1.0 7 

VIN = -50 dBm 30 1.0 

Reception Pad Loss LRP L RP= GRV (30mA) 3 6 9 dB 

-GRV (90mA) 90 1.0 

Speaker Gain Gsv VIN = -70 dBm 30 1.0 61 67 73 dB 

Speaker 
VSD DIS> -20 dB 30 1.0 3 8 dBY 

Dynamic Range 
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MB 4513 

AC CHARACTERISTICS (Cont'd) 

Condition Values 

Parameter Symbol 
ILlmA) Freq 

Unit 
Min Typ Max 

(kHz) 

LFl 0.5 17 20 23 

Filter Input . LF2 1.0 17 20 23 
Output LF3 VIN = -40 dBm 30 3.0 12 20 dB 
Characteristics 

LF4 6.0 -7 5 

LF5 12.0 -21 -9 

Tone Ringer 
I TR Load = 47 nF 1.0 1.7 30 mA Start Current 

Tone Ringer VTR Load = 47 nF dBV 
Output Voltage ITR = 5 mA 19 21 

HAU TSl TS2 Tone 

Fl Load = Open Open (1024, 819) 8Hz warble frequency 

Tone Ringer Tone .. F2 47 nF Close Open (1024, 819) 16Hz warble frequency 
ITR = Open 

F3 5mA Open Close (1024, 1365) 8Hz warble frequency 

F4 Close Close 1024 

F5 Close (1024, 1365) 8Hz warble frequency 

Note LF VOUT - VIN 
Provides a tone signal that shifts betwe.en warble frequency at 8Hz or 16Hz. 
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MEASUREMENT CIRCUIT 

52 

Xtal 51 
32.768kHz Tone Ringer 

X2 circuit 
Xl 

TRIN 

FOUT 

F4 
Filter 

F2 III 
'0 III 

FIN III '0 III 
'0 Z N 

'0 

~ ~ ~ 
c; 

5P2 Loundspeaker ~ 01 circuit 'j:: 
;: M ::J I- 'j:: 

5Pl ::J 0 ::J ::J 
80 0 ~ 0 0 

~ ~ ~ 5PI 0 
CI .!! CI 0 . .!! 

0 .Q .!! 

D 
0 N 0 0 _ ... _____ J 

'" " '" '" R2 Reception circuit " ~ " " > > ~ a: CJ CI) 

Rl CJ 
~ 

CJ Gl 
c: 

~ '" ii! c: 
RIN CI 

CI a 
c: CI c. 

~·E .!! ... '" 1l. " ~ Q) 

'" Transmit circuit a.~ .. '" ~ 
0> 

E", 0 " '" TIN «~ E c. "" '" 0 

'" a. 

lij a. 
LL 

=iL a 
transmission mode 

GlIL B 
~~ go 

5W 
reception mode CD- '0 

"z c: 

2.2kO +1 +I ~w 0 
00.. a. 

Transmit power ~~ "0 Ul 

~ II 
~ 

560 supply mute i·t:: (; ~o _os: 
circuit "'''' 0 

240 ~~ 1: ogJ Ul 
~O...J lii 
~ .0 

'" 
E 

'" ::J 
CD c: 
E c: 

~ 
Gl '0. 

VL 0 c: Q) 

'" .<: '0 c. CD l-
ii! c. 

VL ~ ~ Q) 

x <> '0 
.!. ~ z 
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APPLICATION CIRCUIT 

*1 

01 
0.9j!.F 

Tone ringer 
power sup­
ply control 
circuit 

*2 
Driver 

*3 
Transmit 
main-amp. 

*4 
Transmit 
pre-amp. 

*5 
Reception 
pre-amp. 

'6 
Buffer 
amp. 

'7 
Reception 
main-amp. 

'8 
Loudspeaker 
pre-amp. 

'9 
Loudspeaker 
main-amp. 

29 

RIB 
200K 

RIS -= 
S.lK 

N.O 

RPO 

7 6 16 

Note The pin numbers correspond to QFP package 

RS 
220 

MB 4513 

DP 
dialer 

Ceramic 
transmit 
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TYPICAL CHARACTERISTICS CURVES 

~ 
~ 
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SUPPLY VOLTAGE VS. SUPPLY CURRENT 
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TYPICAL CHARACTERISTICS CURVES 

SPEAKER GAIN VS. FREQUENCY 
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PACKAGE DIMENSIONS 

7-28 

48-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-48P-MO I) 

t------1.720~g?~(4369~g~gl-----~-i 

L~ 

.07011.7781 
MAX 

.070±.007 

(1.77B±0.1BI 
.018±.004 
10.4S±0.101 

1-------1.610(40.8941 REF ------.., 

© 1988 FUJITSU LIMITED D480D2S-3C 

48-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-48P-M02) 

r-------2.372~g?~(602S:':g~gl--------11 

~~~~b.&bQ,Q~~~t 

.S43±.010 
(13.BO±O.2S) 

Dimensions in 
inches (millimeters) 

J 600(1S.24) 
TYP 

~ETf'j"'fT'fftlI"i"f"iT"f'T"tj"'ETf.Fi::;=e;=ei"'fJ"EI"Ei"U'U'Ei"O"'f.f L __ 
o 

10.86S :,:g.so) 

© 1 988 FUJITSU LIMITED D48003S-3C 

II .OSO:':6'20 

11.27:,:g·SO) 

.OlO±.002 

10.2S±0.OS) 

Dimensions in 
inches (millimeters) 



PACKAGE DIMENSIONS 

LEAD No. 

48-LEAD PLASTIC FLAT PACKAGE 

.106(2.70) MAX 

(SEATED HEIGHT) 

.002(0.05) MIN 

@ II II -11--.006+·002 10.15+0 .06) 
.012±.00~-j$l.00610.16) !/;l! I -.0004 -0.01 

10.30±0.06) r----------------, 

.Jb .~ i -.~"" : ~n&~8gggn : : ~ .02410.60) : 

D;OO6(01:;~ ii071±.012 i j 
(1.80±0.30i : .006(0.15): 

~ MAX I 
I .020(0.50) 
i MAX ©1988 FUJITSU LIMITED F48002S-7C 

Dimensions in 

inches (millimeters) 

MB 4513 

7-29 



MB 4513 

7-30 



April 1991 
Edition 1.0 

MB4518 

cP 

DATA SHEET 
FUJITSU 

TEL ECOMMUNICA TION CIRCUIT 

The MB4518 provides many of the major speech circuit functions of the telephone 
handset. Additionaf features include a level expander circuit to minimize ambient 
acoustic noise interference and an on-chip amplHier with speaker-drive capability. 
Combined with general-purpose dialer and tone-ringer ICs, the MB4518 provides all of 
the basic handset functions. 
The MB4518 easily interfaces with microprocessors designed for telephone handset 
control to provide microprocessor-controlled speaker level, transmitter muting, and 
side-tone level adjustments. The sidetonelevel adjustment circuit detects loop current 
levels and switches between two balance networks for proper sidetone level. 

• On-chip power amplifier drives an 8 n speaker 

• Transmit level expander 

• Simple receive level boost 

• Balanced transmitter input for improved noise rejection 

• Drives low-impedance receiver (dynamic receiver) 

• Switchable balance network for optimum side-tone level 

• Loop-current monitoring automatic gain control (automatic pad function) 

• Low loop current drain (Ie ~ 5 mAl 

• Superior branching properties 

• Gain and frequency characteristics adjustable by externaf resistor and capacitor. 

• Simple telephone microcomputer interface 

• Available in 28-pin shrink dip and flat packages 

ABSOLUTE MAXIMUM RATINGS (See NOTE) (T.=+25·C) 

Supply voltage VL 18 V 

Supply current IL 120 mA 

Operating temperature range Top -30 to +60 ·C 

Storage temperature range Tstg -55 to +125 ·C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operationaf sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 

CopyrIghtC 1991 t" FUJITSU LIMITED 

PLASTIC PACKAGE 
(DIP-28P-M03) 

~ 
PLASTIC PACKAGE 

(FPT-28P-M01) 

This dovlco _ alal"ry 10 proI8d lho 1npu18 
againSl damage duo 10 high 8Ia11e ~ or oIoc:Irlc 
fleldL However. lis _ thalnormll precautions 
"'_n 10.-appl<:alion 01 any¥Dl1ago higher !han 
maxlmum.- WIIIag .. 101hls h h IITjIOdance alalh. 
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PIN ASSIGNMENT 

(fOP VIEW) 

GND 28 TI2 

Vee 2 27 TI1 

RPI 3 26 MUTE 

RPO 4 25 EXC 

VREF 5 24 EXR 

PADC 6 23 BNC 

RGU 7 22 BN2 

RBO 8 21 BN1 

• 
SPSW 9 20 MFIN 

RI 10 19 TOE 

RO 11 18 VL 

SPREF 12 SPH 

VSP 13 SPI 

SPO 14 15 SPGND 

7-32 



MB4518 

PIN FUNCTIONS 

GND Chip ground. 
Connected to the (-) side of an external diode bridge connected to the subscriber loop. 

2 V"" Power supply pin. 
Supplies power to the chip circuits. Coupled from the loop (AC-grounded) by an 
external capacitor. 

3 RPI Receive preamplHier input. 
Connected to the receive input through an external coupling capacitor. 

4 RPO 0 Receive preamplHier output. 
The receive preamplHier gain and frequency compensation are externally adjusted with 
a resistor and capacitor connected between this pin and the RPI pin. 

S VREF Reference voltage pin. 
Connected to the internal reference voltage and AC-grounded through an external 
capacitor. 

6 PADC Pad insertion control. 
Start-up current for the pad insertion control is adjusted by connecting an external 
resistor to this pin. 

7 RGU Simple receive gain control. 
Grounding this pin increases the receive preamplifier gain by about 6 dB. 
Normally left open. .. 8 RBO 0 Receive buffer output. 
Connected to the RI and SPI pins through external coupling capacitors. 

9 SPSW Speaker defeat switch. 
When this pin is open, the speaker is connected; when grounded, the speaker is 
disconnected. 

10 RI Receive main amplifier input. 
The receive signal is coupled to this pin from the RBO pin by an external capacitor. 

11 RO 0 Receive main amplifier output. 
Connected to a low-impedance receiver by an external coupling capacitor. 
Some receivers may require a shunt capacitor to prevent oscillation. 

12 SPREF Speaker circuit reference voltage pin. 
Reference voltage pin for the speaker and receive output circuit. 
AC-grounded through an external capacitor. 

13 VSP Speaker amplifier power supply pin. 
The speaker amplifier receives power from this pin. 
The speaker power supply can be coupled at this point by an external capacitors. 

14 SPO 0 Speaker output. 
Connected to an 8 n speaker through an external capacitor. 
Some applications may require a speaker shunt capacitor to prevent oscillation. 
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15 SPGND Speaker amplifier ground. 
This pin must be connected to the circuit network ground. 

16 SPI Speaker amplifier input. 
Connected to the RBO pin through an external capac~or and resistor for adjustment of 
speaker amplifier gain and frequency compensation. 

17 SPH Speaker circuit power control. 
The speaker power supply circu~ is connected to the speaker amplifier input (VSP) 
through an external network which can be adjusted to control chip power consumption. 

18 VL Line input. 
Connected to the (+) side of an external diode bridge connected to the subscriber loop. 

19 TOE 0 Transm~ main amplifier output. 
Connected to the emitter of the transmit transistor. 

20 MFIN DTMF signal input. 
Connected to the base of the transmit output transistor. 
The input impedance is about 24 kO. 
During voice transmission this pin must be open. 

21, BN1, Balance network pins. 
22 BN2 Used for connection of external balance networks. 

I 
BN1: Short loop, BN2: Long loop 

161 23 BNC Balance network sw~ching control. 
An external resistor is connected between this pin and Vee or ground to adjust the BNl 
and BN2 switching current. 

24 EXR Level expander reference voHage pin. 
Reference voltage pin for the control of the level expander. 
Connecting an external capac~or holds the positive peak voltage level. 

25 EXC Level expander control. 
Control pin for the level expander. 
Connecting an external capacitor holds the negative peak voHage level. 
When grounded, this pin disables the expander function. 

26 MUTE Muting. 
Grounding this pin suppresses output to the loop. 
During communication this pin must be left open. 

27, Til, Transm~ preamplifier input. 
28 TI2 Connected to the transmitter through external coupling capac~ors. 

The input is balanced. Til is the noninverting input and TI2 is the inverting input. 
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BLOCK DIAGRAM 

SPH 

VSP 

SPSW 

SPGND 

SPREF SPI RI RBO RGU 

Pad }---------------l insertion 
control 

TI1 C!7)----. 

Transmit 
preamplifier 

RPO 

EXC EXR MUTE MFIN 

MB4518 

RPI 

BN1 

BNC 

BN2 

VREF 

TOE 

1 GND 
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RECOMMENDED OPERATING CONDITIONS 
(T •• +2S0 C) 

Supply voltage VL 12 v 

Supply current 20 to 120 mA 
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ELECTRICAL CHARACTERISTICS 
(T.-+2S"C) 

VLt 20 2.9 3.2 3.5 V 
Handset DC voRage 

VUl 90 6.0 6.5 7.0 V 

Supply voltage Vee 20 1.3 1.6 1.9 V 

ZTEL' 30 500 600 700 n 
Handset AC impedance 

ZTEUl 90 500 600 700 n 
Gr., V .. --50dBV 30 38.0 41.0 44.0 dB 

Transmit circuit gain Gnr.. V .. --50dBV 90 36.5 39.5 42.5 dB 

AGr. 30 4.0 7.0 10.0 dB 

Transmit circuit dynamic 
[),.. 30 -(l.S 2.5 dBV 

Distortion attenuation: <!: 20 dB 
range 0,.. 90 4.5 7.5 dBV 

Transmit circuit residual 
NT. -56 dBV noise 

G"", V ... -30dBV 30 -B.O -5.0 -2.0 dB 
Receive circuit gain 

G ... V .. =-30dBV 90 -13.0 -10.0 -7.0 dB 

Receive circuit gain GAUP V ... -30dBV 30 4.0 6.0 8.0 dB 
increase 

Receive circuit dynamic 
D., 30 -15.0 -12.0 dBV 

Distortion attenuation: <!: 20 dB 
range 0 .. 90 -10.5 -7.5 dBV 

Gov. V .. --30dBV 30 4.0 7.0 10.0 dB 
Speaker circuit gain 

Gsva V .. --30dBV 90 0.0 3.0 6.0 dB 

Speaker circuit dynamic Os. 30 -22.0 -19.0 dBV 
Distortion attenuation: <!: 20 dB range 

0 .. 90 -11.5 -B.S dBV 

IPH Far -+ near 43.0 55.0 70.0 mA 

Balance network switching INF Near -+far 32.5 42.5 52.5 mA 

I. Hysteresis width 9.0 12.5 27.5 mA 

.: Design guaranteed 
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TEST CIRCUITS 
• Test circuit 

7-38 
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current 
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DC characteristics test circuit 

~----~--~--------~VL BN1~------~ 

VOl; BN2 

IL 

Abstracted from the electrical characteristics circun 

IL : Current source (AC impedance ~ 60 kn. 1 kHz. 30 mAl 

® : DC voHmeter 

Balance network swnching IFN When IL increases from 30 mA to 70 mA 

INF 
IL (mA) for which VBN2 increases from 1.5 V to 3.5 V or more 
When IL decreases from 70 mA to 30 mA 
IL (mA) for which VBNl decreases from 3.5 Vto 1.5 Vor less 

Note: The tolerance of the load impedance for each pin shall be ±10/0. (All test circuits) 

• Transmission characteristics test circuit 

VL Til 

TI2 ~---l ___ ----I 

IL MFIN ~--1r---~ 

GND GND 

Abstracted from the electrical characteristics circun 

o : Oscillator (Output impedance and DC resistance :s 4 n at 1 kHz) 

IL : Current source (AC impedance ~ 60 kn. 1 kHz. 30 mAl 

® : AC voltmeter 

Transmit circuit gain: Grv (dB) = 20 Log V3Nl (oscillator 1) 
G .... (dB) = 20 Log V3N2 (oscillator 2) 

Dynamic range : The distortion attenuation with the output signal level fixed is at least 20 dB. 

Residual noise : Measure the transmit output signal level with no transmit input signal. 

MB4518 
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• Receive characteristics test circuit 

VL RGU 

GND 1------' 
IL RO 1------, 

GND GND 

Abstracted from the electrical characteristics circuit 

o . : Oscillator (Output Impedance and DC resistance S 4 n. f - 1 kHz) 

IL : Current source (AC impedance ~ 60 kn. 1 kHz. 30 mAl 

® : AC voltmeter 

Receive circuit gain: G"" (dB) - 20 Log V4N3 

• Gain boost : Measure the V3 AC signal level boost when SW1 is closed. 

Dynamic renge : The distortion attenuation with the output signal level fixed is at least 20 dB. 

• Speaker characteristics test circuit 

VL SPSW 

GNDI-----..... 

IL SPO 1-------, 

GND GND 

Abstracted from the electrical characteristics circuit 

o : Oscillator (Output impedance and DC resistance S 4 n. f • 1 kHz) 

IL : Current source (AC impedance ~ 60 kn. 1 kHz. 30 inA) 

® : AC voltmeter 

Speaker system gain: Gsv (dB) - 20 Log V5N3 (SW2 open) 

• Dynamic range : The distortion attenuation with tile output signal level fixed is at least 20 dB. 
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• Test cIrcuIt components 

10 
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TYPICAL CHARACTERISTIC CURVES 
DC characteristics AC impedance loop current 

10 800 
f= 1 kHz 

8 

./ 
V -6 ", 600 

V -
VL(V) 

4 
ZTEL (n) 

,.. "" 
2 400 

; 

0 20 40 60 80 100 120 0 20 40 60 80 100 120 
!c(rnA) !c(rnA) 

Transmit gain loop current characteristic Receive gain loop current characteristic 
45 ,I, f= 1 kHz 

0 ,I, f= 1 kHz 
Vim=-50dBV Vim=..,'30dBV 

-
I 

-
r 

~ - ~ , 
~ 40 -10 

GTV(dB) GRV(dB) 

35 -20 
;;; 
0 20 40 60 80 100 120 0 20 40 60 80 100 120 

IL(rnA) !c(rnA) 

Speaker gain loop current characteristic Transrnn input vs, output characteristic 
10 !. f= 1 kHz / f=lkHz 

.......... Vim • ..,'30dBV 0 

( 
1c=30mA ". 

r---.... '""'"-
0 -20 

I 
GSV(dB) VL·GND level / (dBV) 

-40 
-10 f .,. 

0 20 40 60 80 100 120 -80 -60 -40 -20 
!c(rnA) T" - T'2 input level (dBV) 
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Transmk dynamic range loop current characteristic 
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MB4518 

Receive dynamic range loop current characteristic 
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PACKAGE DIMENSIONS 

7-44 

28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASENo_: DIP-28P-M03) 

1.024 ~:g~ 
~--------- -----------~ 

(26.00~g:~g) 

070(1 778)MAX 
-[ 

I 

~ H HHHHH HH~ 
~ I 

V V V V ~ ~ U V IV 
.070±.007 .039~Jl20 --11 .. 018±.004 

(1.778±0.18) - (1.00~g.50) (0.45±0.10) 

I !'''"~IMAA 
.118(3.00IMIN 

.020(0.51 )MIN 

.910(23.114)REF 

Dimensions in 
Inches (millimeters) 



MB4518 

PACKAGE DIMENSIONS 

2B-LEAD PLASTIC FLAT PACKAGE 
(Gase No. : FPT-28P-MOI) 

.110(2.80) MAX 

(MOUNTING HEIGHT) 

INDEX 

if 

"A" 

1------.650(16.51) REF -----I 

.362±.012 
(9.20 ± 0.30) 

I .020±.008 11====1 (0.50±0.20) 

-II- .006 ~gg~(0.15 ~ gg~) 
r--- ---- -------, 
I Details of "A" part I 
I I 

.008(0.20) : 
I 
I 
I 
I 

.024(0.60) I 
I 

.007(0.18) I 
MAX I 

.027(0.68) : 

L. ____ ___ ~~~ ___ J 
Dimensions in 
inches (millimeters) 
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June 1991 

DATA SHEET 

MB4752A 
Subscriber 'Line Interface Ie 

The Fujitsu MB4752A is designed for PBX (Private Branch Exchange), and has 
battery feed, supervision, and 4-wire-to-2-wire conversion functions. 

The battery feed mode can be set to a 200 x 2 or 440 x 2 constant feed resistor by 
using the terminal connection. 

The subscriber line interface circuit is used for dignal PBX and CO. This device can 
be used worldwide to achieve high longitudinal balance with 4W-to-2W gain and 
characteristics by adjusting the external resistor. 

• 440 n x 21200 n x 2 feeding resistance 
• Loop detection function 
• line fautt protection 
• Hybrid function (4-wire to 2-wire conversion function) 
• Ring trip comparator 

BalanCing impedance is selected by external parts 
• Digital output terminal has open-collector output with a pull up resistor 
• 28-pad LCC package: (Suffix: -TV) 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol Value Unit . Note 

VBa -60 to +0.5 V Referenced to GND 

Voo -0.5 to +7 V 

Power Supply VEE -7 to +0.5 V Referenced to E 
Vottage 

VEG -7.5 to +0.5 V Referenced to GND 

VA Vaa -0.5 to +0.5 V 

Va VaB -0.5 to +0.5 V Referenced to GND 

Input Voltage RTPA VBB -0.5 to VBB +30 V 

RTPB -30 to +0.5 V 

V.W VeE -0.5 to Voo +0.5 V Referenced to E 

Storage 
Temperature TSTG -55 to +150 °C 

Note: Permanent device damage may occur if absolute maximum ratings 
are exceeded. Functional operation should be restricted to the condi­
tions as detailed in the operation sections of this data sheet. Expo­
sure to absolute maximum rating conditions for extended periods 
may affect device reliability. 

© 1991 by FUJITSU LIMITED and Fuj18u MIcfooIOC1ronk:s, Inc. 

B1 

B 
CB 
NC 
CA 
A 
A1 

OJ 
FUJITSU 

LCC-28C-F01 

Pin Assignment 

PB PE G Z Rll'B NC Voo 

.. SCNB 
" SCNA 

NC 
E 

.. 4W 

VEE 
Rf 

Tllio _ con1alnsciraJRry10 _1110 Inpu,. agaN1 
damago duo 10 hlgh .... 1e vollagol or ol_1e Ilolds. _ •• 
Ia advI8od1hal normal pI8C8U1ions be 1aksn 10 _d appllca1lon 
01 any wI1ago higher 1han maximum _ W>Iagos 10 1hlo high 
l!1l)8dance circuit. 
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PIN DESCRIPTION 
Pin No. Symbol Description 

1 NC No Connection 

High·impedance capacitor pin. A capac~or is connected between this terminal and CB 
2 CA terminal. AC impedance of Battey Feed circuit is made up to high impedance by this 

external capac~or. 

3 A 440 n battery feed for line A 

4 AI 200 n battery feed for line A 

5 NB Base drive output for the NPN power transistor 

6 NE Emitter current sensing input for the NPN power transistor 

7 VBB Most negative voltage supply, -48 V 

8 RTPA Ring·trip input for line A 

9 NC No Connection 

10 ZT 4 W to 2 W transformation impedance 

11 Vo 4 W to 2 W gain setting resistor input 

12 At 4 W to 2 W gain setting resistor input 

13 VEE Negative voltage supply, -5 V 

14 4W 4-wire input 

15 E Ground 

16 NC No Connection 

17 SCNA SCN detecting output for line A 

18 SCNB SCN detecting output for line B 

19 Vee Pos~ive voltage supply, +5 V 

20 NC No Connection 

21 RIPB Ring trip input for line B 

22 Z Compensation capac~or input 

23 G Ground 

24 PE Emitter current sensing input for the PNP power transistor 

25 PB Base drive output for the PNP power transistor 

26 Bl 200 n battery feed for line B 

27 B 440 n battery feed for line B 

High-impedance capacitor pin. A capac~or is connected between this terminal and CB 
28 CB terminal. AC impedance of Battery Feed circu~ is made up to high impedance by this 

external capacitor. 
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FUNCTIONAL DESCRIPTION 
Battery Feed 
By selecting connection A. B or AI. Bl. balanced feeding resistance of 440 n for PBX or 200 n for CO application is selected. 

Loop Detection 
The dighal signal output indicates the handset condhion as off the hook. both!he SCNA and SCNB terminals simu~aneously. by 
detecting the current that is generated when the handset is off the hook. 

Line Fault Protection 
line fau~ protection outputs the signals when line A or B is short circuhed to SCNA and SCNB. respectively. 

When excess current flows. arrester provides system protection. and DCfeeding resistance becomes six times as large as the normal 
value. As a result. current decreases. 

Hybrid (Four-to-two wire conversion) 
As forthe communication channel. the telephone switching system has a four-wire line internally. and the telephone set system has a 
two-wire line. This device also has a built-in four-wire to two-wire converter. The two-wire to four-wire converter contains external 
common industrial operational amplffier. 

Ring Trip Comparator 
It is necessary for the electrical telephone switching system to detect that the receiver is on the hook during a calling signal. 

Ring trip detection is performed by connecting external low pass filter to the input RTPA or RTPB terminal. The output signal is 
superimposed on the trip supervise SCA when the handset is on the hook. 

RECOMMENDED OPERATING CONDITIONS 
Parameter Symbol CondItion UnIt Note 

Vee -48±5 V Referenced to GND 

Power Supply Voltage Vee 5.0±0.25 V Referenced to E 

VEE -5.0±0.25 V 

VEG -{l.5 to +0.5 V Referenced to GND 

440 n Feeding Loop Resistor RL o to 1200 n line resistor + 

2W 200 n FeedingLoop Resistor RL Oto 1900 n terminal resistor 

Low Frequency Inductive Current lAC Oto6.4 mArms Single line current f m 50160 Hz 

4W Input Offset Vo~age VRCS -{l.2 to 0.2 V 

Input Voltage S4W 7.0 dBm 

Operating Temperature Top 5t070 ·C 
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DC CHARACTERISTICS 
(Recommended operating condition unless otherwise noted.) 

Parameter Symbol Condition Min. lYP· Max. Unit 

IBBI -0.4 -3.8 - mA 

Power Supply Current On-Hook Iccl VB-OV - 2.5 6.6 mA 

lEEl VA - VBB -2.2 -1.1 - mA 

Off-Hook 1BB2 VB--26.5V -13 -8 - mA 

440 n Feeding Mode RLmOn icc2 VA-VBB VBB --53V - 2.5 6.4 mA 

IEE2 +26.5 V Vcc-5.25 V -2.2 -1.2 - mA 

IBB3 VEE --o.25V -7.5 -4 - mA 

Power Supply Current On-Hook Icc3 VB-OV VEG=OV - 2.5 6.6 mA 

IEE3 VA- VBB -2.2 -1.1 - mA 

Off-Hook IBB4 VB =-26.5 V -15.6 -9.5 - mA 

200 n Feeding Mode ~=on Icc4 VA=VBB - 2.5 6.4 mA 

IE64 +26.5 V -2.2 -1.2 - mA 
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DC CHARACTERISTICS (Continued) 
(Recommended operating condkion unless otherwise noted.) 

Parameter Symbol Condition Min. lYP· Max. Unit 

IAl Vs--24V 47.5 54 65 mA 

Power supply Current ISl VA-Vss +24 V ~5 -54 -47.5 mA 

440 n Feeding Mode 1012 Vs~-10V Vss=-48V 16.8 21 26.5 mA 

IS2 VA=Vss +10V Vcc-5.0V -26.5 -21 -16.8 mA 

1A3 Vs~-24V VEE =-5.0 V 72.5 83 91.4 mA 

Loop Supply Current IS3 VA-Vss+24 V VEG=OV -91.4 -83 -72.5 mA 

200 n Feeding Mode 1.~4 VSE-10V 35.7 45 58 mA 

184 VA=Vss +10V -58 -45 -35.7 mA 

Line·Fauk Drooping Current IpG1 VA-GND Vss --53 V - 22 28 mA 

440 n Feeding Mode IPSl Vs = Vss Vcc=5.0V -28 -22 - mA 

Line-Fauk Drooping Current IpG2 VA=GND VEE =-5.0 V - 29 36 mA 

200 n Feeding Mode Ips2 Vs = Vss VEG=OV -36 -29 - mA 

Loop Detection IoNl Vss=-43 V Vcc=5.0V 11.1 12.4 14.2 mA 

Detection Release 10m VEE =-5.0 V 10.4 11.5 13.4 mA 

Current Detection ION2 Vss=-53V VEG=OV 14.4 16.0 18.1 mA 

Release IOFF2 13.4 14.8 16.6 mA 

Ring Trip Detection Vok. RTPA VRDl On-hook -44 -43.3 -42.5 V 

RTPB VRD2 On-hook -5 -4.4 -4 V 

Line-F auk Detection Vott. lineA toGND VGD1 Vs = Open Vss=-48 V 24 26.5 30 V 

200 n Feeding Mode Line Bto VBB VA=Open Vcc=5.0V 24 26.5 30 V 

Line-Fautt Detection Vott. lineA taGND VGD2 Vs=Open VEE =-5.0 V 11 15.5 21 V 

440 n Feeding Mode Line Bta Vss VA = Open VEG=OV 11 15.5 21 V 

Line-Fauk SCN SCNA IMA Vs = Vss 3.3 4.4 5.9 mA 

Mask Current SCNB IMS VA=OV -5.9 -4.4 -3.3 mA 

SCNOutpu1 SCNA VOLA 1=1.2mA - 0.02 0.4 V 

Low Voltage SCNB VOLS 
Vcc =5.25 V 

Vss =-48V - 0.02 0.4 V On-hook 

SCN Output SCNA VOHA 1= -50 I1A VEE =-5.0 V 2.4 3.8 - V 

High Vottage SCNB VOHS 
Vcc.-4.75V VEG - OV 2.4 3.8 - V Off-hook Ref. to E 

.. 
Note: Unless RTPA lerfmnalls In use, II musl be connected to Vss. 
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AC CHARACTERISTICS 
(Recommended operating condition unless otherwise noted.) 

Parameter Symbol Condition Min. lYP. Max. UnH 

4Wto2WGain G42 L - +4dBm. f -1kHz -5.4 -4.4 -3.4 dB 

f=0.2kHz -0.1 +0.07 - dB 

f-0.3kHz -0.1 +0.04 +0.2 dB 

f=0.4kHz Referenced -0.1 +0.02 +0.2 dB 

4 W to 2 W Gain Frequency Response Gt42 f = 0.6 kHz to outpul at -0.1 0 +0.2 dB 

f-2.4kHz f -1 kHz -0.1 -0.01 +0.2 dB 

f _ 3.0 kHz L--l0dBr -0.1 -0.01 +0.2 dB 

f -3.4kHz -0.1 -0.01 +0.2 dB 

L=+3dBr Referenced -0.1 0 +0.1 dB 

4 W to 2 W Gain Level Linearity GL42 L--40dBr 10 outpUI at -0.1 0 +0.1 dB 

L.-5OdBr 
L_-l0dBr 

-0.2 0 +0.2 dB f-lkHz 

Idle Channel Noise NI2 - -94 -76 dB 

L-OdBr 50 57 - dB 

4Wto2W SN42 L = -30 dBr f _1 kHz 46 61 - dB 

SignaVNoise Ralio L - -40 dBr 36 52 - dB 

L = -45 dBr 31 47 - dB 

f - 0.3 kHz Adjusl 43 60 - dB 

Longitudinal Balance '-s2w f = 1.0 kHz REA 43 60 - dB 

f=3.4kHz 4810530 43 60 - dB 

Vee l02W PSRe 20 39 - dB 

Power Supply Vcct02W PSRe L=0.24Vrms 20 41 - dB 

Noise Rejection VEE lo2W PSRE f = 1 kHz 20 55 - dB 

VEGl02W PSRR 20 43 - dB 
Nole: Unless RTPA termInal IS In use. It must be connected to Vee. 
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seN Logical Table 

Input Condition SCNA SCNB Nota 

Loop Detection It < ION L L Il : Loop Current 

Loop Detection (Off-hook to On-hook) Il > ION H H ION: ION1.1oN:! 

Loop Release Il < IOFF H H 1a:F: ioA:" ioFF2 
(On-hook to Off-hook) Il > IOFF L L See DC Characteristics 

RTPAinput VRTPA< VRD1 L L VRlPA: RTPA Input Volt. 

Ring Trip Detection VRTPA> VRD1 H L VRlPB: RTPB Input VoR. 

RTPBinput VR1PB< VRD2 L L VRD1 : See DC Char. 

VRTPB> VRD2 H L VRD2: 

IA + IB < ION *2 L L 

IA+ IB > ION *2 and H L IA: Line A Current Line A to Ground IB<IMB 

IA + IB > ION *2 and H H IB: Line B Current Line-FauR Detection IB>IMB 

IA + IB < ION *2 L L IMA: See DC Char. 

IA+ IB> ION *2 and L H 1MB: See DC Char. Line B to Ground IA<IMA 

I 

IA + IB> ION *2 and H H IA>IMA 

IJI 
.. Nole: Unless RTPA tennlnal IS In use, ilmust be connected 10 VBB. 

Line Fault Protection 

2WState FeedModa Nota 

I VB + (VA - VBB I < VGD Normal Faeding (No Protection) VA: Line A Voltage 
VB: Line B VoRage 

Line to GroUndNBB I VB + (VA - VBB I > VGD Feeding Resistor (6 times that of normal value) VGD, VGD1, VGD2: See 
DC Char. 
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Figure 2. Power Supply Mode (440 Q) 
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Figure 3. Power Supply Mode (200 Q) 
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DATA SHEET 

ArBB7007AVArBB700BA 
DTMF Pulse Dialer 
The Fujitsu MB87007A1MB87008A is a Dual Tone Muttifrequency (DTMF) 
pulse dialer for pushbutton telephone sets. It uses the Si-Gate CMOS 
process and is suitable for both DTMF and PULSE modes. The 
MB87007A1MB87008A can be swkched from a PULSE mode to a DTMF 
mode by a mode selection entry or by an input from the keyboard. It has a 
26-digk redial memory that permks thl! coexistence of PULSE and DTMF tell 
modes and enables mixed redialing in both PULSE and DTMF modes by a ~ 
signal key entry. 

• Pulse 10 PPS. 20 PPS. or 
DTMF operation that is 
selected by the mode sw~ch 
pin (MODEIN) 

• On-chlp 26 digits of redial 
memory (up to 25 dig~s can be 
wmten into the memory) 

• MB87007A has a make ratio of 
39% and MB87008A has a 
make ratio of 33% 

• LDT function is provided 
(swkching from PULSE mode 
to DTMF mode by key entry) 

• Beep tone for input 
confirmation can be output (for 
all effective key entry 
independently PULSEIDTMF 
modes) 

• Mixed redialing of both PULSE 
and DTMF modes is possible 

• Redial inhibit function is 
included for redial memory 
overflow 

• PAUSE function is provided 
and pause accumulation is 
possible 

• FLASH function is provided 
(ON HOOK mbde is selected 
by keyboard input) 

• Crystal or ceramic osCillator 
(3.579545 MHz) can be used 

• Pause release fu nction is 
provided (two or more 
consecutive pauses can be 
released) 

• Operating voltages: 
PULSE mode: 2.0 V to 6.0 V 
DTMF mode: 2.5 V to 6.0 V 

(TA = -30 to 60°C) 

ABSOLUTE MAXIMUM RATINGS 

Rating Symbol PlnName Value Unit 

Power Supply Voltage 'Voo Voo GND - 0.3 to 7,0 V 

Input Voltage VI All inputs GND - 0.310 Voo + 0.3 V 

Oupul Voltage VO Alloulputs GND - 0.3 to Voo + 0.3 V 

Storage TemPerature TSTG -65 to +150 °c 

Note: Permanent device damage may occur if absalute maximum ratings 
are exceeded. Functional operation should be restricted to the con­
ditions as detailed in the operation sections of this data sheet. Ex­
posure to absolute maximum rating condkions for extenlled periods 
may affect device reliability. 

© 1991 by FUJITSU LIMITED and Fulhsu Mlcrooleclronlcs. Inc. 

cP 
FUJITSU 

PLASTIC PACKAGE 
DIP-18P-M02 

PLASTIC PACKAGE 
FPT-24P-M02 

PIN ASSIGNMENT 

Voo - 18 - g~~;buT 
"COIT - 17 _"ROWf 
coa_ 
CO[3_ 

COI:4-

13 -PULSEOUI 

MODEOUT­

OSCIN _ 

OSCOUT-

(OIP-18P-M02) 

FPT PIN ASSIGNMENT 
See Page 6-88 

This device contains circuitry to protect the inputs against damage due 
to high sialic voltages or electric fields. However, It is advised that 
normal precautions be taken to avoid appllcal:ion of any voltage higher 
than naximum rated voltages to this high ~anC8 crcuk. 

7-57 



MB87007A 
MB87008A 

Extemal 
Keyboard 

1 2 3 RED 

4 5 6 P 

7 8 9 LOT 

. o # F 

7-58 

OSCIN :J OSCOUT 

MOOEIN 

ROM 
i 

ROW2 
: 

ROW! 

! 
ROm 

! 

i 'COlA 

lrorn 
i 
I 
I rot:2 

I 
100IT 

I 

Figure 1. MB87007A1MB87008A Block Diagram 

DTMF Generator 

r----------------, 

l> 
I RowProg r - I 

0.._ ~ L rH <0_" _.7t 
I Wave Adder 
~ Column prog'r Gen, I 

I Counter - r- .. I 
'---------- ------..1 

.., -l C ~ ) 

I -
I - Control 

~ - Logic 
Circuk 4f' I-- r--

Pulse 
Output 
Generator 

r~ 

Keyboard I Memory I 
Circuk 

Logic 
Circuk 

4f' 
BeePTone.~ 

·1 Generator 

C) 6 6 
HKS Voo GNO 

OTMFI 
BEEPOUT 

MOOEOUT 

pU[SEOUT 



PIN DESCRIPTIONS 

Pin No. 

I/O DIP FPT Symbol 

1 1 Voo 
Power 
Supply 

10 12 GND 

2 2 oorr 
3 3 COI:2 
4 4 00I:3 
5 5 ror4 

17 23 ROWT 

16 22 ROW2 
15 21 ROm 
14 20 ROm 

Input 

6 8 MODEIN 

Description 

Power supply voltages: 

Ground 

Pulse mode 2.0 V to 6.0 V 
DTMF mode 2.5 V to 6.0 V 
Memory Retention mode 2.0 V min. 

MB87007A 
MB87008A 

Uses key entries from 2 of 7 or 2 of 8 keyboard w~h common GND. This Ie is 
available with a single contact from A type key board and electronic input (Low 
entry). 
Key input debouncing time is 23 ms typo for both PULSE and DTMF modes. 

Key input release guard time is 23 ms typo for both PULSE and DTMF modes. 
Key entry is accepted in PULSElDTMF mode only when a single key (one key on 
the keyboard) is pressed longer than the debouncing time. H two or more keys 
are pressed, they are not accepted unless they are released one-by-one and the 
last key is held closed longer than the debouncing time, after all other keys are 
released. 
Key entry is accepted in DTMF mode only when e~her a single key (dual-tone 
key) is pressed, or two or more keys inthe same 'COl:orROW (single-tone keys) 
OO(lessed longer than the debouncing time. If even one key is pressed in 

, the single-tone keys are ineffective. When multiple single-tone keys are 
pressed, if they are released one-by-one, and the last key is held closed longer 
than the debouncing time (after all other keys are released), the key is effective 
as the dual-tone key. 
Hereafter, key entries are described with the premise that keys are held closed 
longer than the debouncing time. 
Pauses between key entries in PULSE and DTMF modes must be 50 ms or 
more. However, up to 50 ms is necessary from key entry to output start for a 
single-tone output. 

Key switch contact resistance up to 5k.O is allowable. 

This pin selects the pulse 10 pps, 20 pps and DTMF mode. 

Mode Setting 

PULSE mOde: 
10pps Open (1 M n or more) 

20pps Voo 

DTMFmode GND 

When mode sw~ching is requested by MODEIN during PULSE or TONE 
transmission, the request will not be accepted. 
The request is accepted by key entry after data entry transmission is completed. 
In ON HOOK mode, MODE IN is set to a high impedance state. 

Conllnued on next page 
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MB87008A 

PIN DESCRIPTIONS 

Pin No. 

VO DIP FPT Symbol 

Input 
12 15 HKS 

8 10 OSCIN 

9 11 OSCOUT 

7 9 MODEOUT 

11 13 MUTE 

Output 

13 16 pU[SEOUI 

7-60 

Description 
Hook switch input pin. 

ON HOOK Mode Open orVoo 

OFFHOOK Mode GND 

g~~Et is inhibited in ONHOOK mode and pULSEOUT, DTMFIBEEPOUT, 
, and MODEOUT are set at a high impedance state. 

All key entries are set to HZ and the on-c:hip operational amplifier and oscillator 
(OSCIN c L, OSCOUT = L) become power down states. 
This pin is pulled up by a high resistance internally. 
The input level is in the CMOS level. 

Oscillator input pin. 
This pin is pulled up by a high resistance in ONHOOK mode. 

Oscillator output pin. 
This pin is pulled down by a high resistance in ONHOOK mode. 

The output level is in the CMOS level and set to a high impedance state in 
ON HOOK mode. 
low level is output in the PULSE mode and high level is output in the DTMF 
mode, including the LOT function. 
MODEOUT blinks on and off at a frequency of 2.5Hz typ., if there is no pause 
before and after mode switching in redial function. 
Independent of PULSElDTMF modes, the beep tone is output at the BEEPOUT 
when the FLASH key is pressed. The MODEOUT pin is output low level during 
the beep tone output. High impedance of 0.6 second typo is output following the 
beep tone output. The key acceptance state (OFFHOOK mode) is now entered. 

N-c:hannel open drain output. 
The following are MUTE pin HZ conditions during PULSElDTMF modes. 
1. There is no key entry. 
2. When the FLASH key is pressed, HZof 0.6 typo second is output after the beep 

tone is output. 
3. During pause output state. (However, when a key is pressed, MUTE is low lev· 

el while beep tone is being output.) 
4. During MODEOUT blinking. 
After key entries become effective in the PULSE or DTMF modes, the output 
level is low during the beep tone transmission, pulse transmission in accordance 
with effective key entries, and DTMF output transmission. 

N-c:hannel open drain output. 
High impedance (HZ) is set in ON HOOK or DTMF modes. 
In PULSE mode, this pin is set low for pulse brakes, according to numerical key 
entries. 
When the FLASH key is pressed in either the PULSE or DTMF mode, a low level 
is output for 600 milliseconds typo after the beep tone is sent (even during a 
PULSElDTMF send). The key acceptance state (OFFHOOK state) then returns. 
The make ratio for PULSE output is 39% for MB87007 A and 33% for MB87008A. 

Conlinued on next page 



PIN DESCRIPTIONS 

Pin No. 

110 DIP FPT Symbol 

18 24 DTMFI 
BEEPOUT 

. 
~ = Rsdial key 

MB87007A 
MB87008A 

Description 

The DTMFIBEEPOUT pin is a bipolar emitter follower that can drive a 1000 load 
between pin and GND. 
In the DTMF mode (exclude t:OIA) when a single key (numeric, CJ or0) is 
pressed, a dual tone is output. 
Pressing two or more keys in the same ROW or OO[on the keyboard outputs the 
signal tone in the ROW or 00[. 

However, if a key in t:OIA is pressed, DUAL TONE or single tone in the ROW or 
00[ is not output (see Electrical Characteristics). 
If the FLASH key is pressed during DTMF sending, the beep tone is output at 
BEEPOUT and subsequent DTMF tones are not output. The ONHOOK mode is 
entered for 600 millisecondstyp. after which, MODEIN and key entries are placed 
in the acceptance state (OFFHOOK mode). 
Beeptone (key entry confirmation tone) is output in PULSE mode. The 41 ms typo 
beep tone (1kHz square wave) is output when the following keys are pressed. 
1. Numerical key entry. 
2. First LOT key entry (subsequent LOT key entries are ineffective). 
3. Pause key entries: CJ or ® key. (However, if the first key aiter OFFHOOK is 

the PAUSE key, the key entry is ineffective or not accepted.) 
4. Redial key entries: 00r ~ key. (They are effective only when the redial 

key is the first key after OFFHOOK.) 

5. PAUSE release key entries: CJ, ®, or [RED J key. (They are accepted only 
during redialing and effective only when MODEOUT is blinking or at a pause 
time during redialing.) 

6. FLASH key entry: ® key. (For FLASH key entry, the beep tone is output in 
PULSE and DTMF modes.) 

When two or more keys are pressed simu~aneously, that is, double or multiple 
key entries, the key entries are ineffective and the beep tone is not output. If 
DTMF mode tone request is received during a beep tone transmission, the beep 
tone is terminated even though the duration is 41 ms or shorter and DTMFtone is 
output. 
DUAL TONE output time cond~ions are as follows: 
1. 80 ms typo for redial output. 
2. 80 ms typo when the key entry time is within 130 ms typo and more than the de-

bouncing time. 
3. DUAL TONE output is stopped at once if a key is pressed over 130 ms typo and 

released. 
4. Signal tone is output from the end of debouncing time until the key is released. 
5. When a beep or DTMF tone is not being output, this pin is placed in a high im-

pedance state . 
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MB87007A 
MB87008A 

FUNCTIONAL DESCRIPTIONS 
Ordinal Dialing 
In the OFFHOOK mode, PULSElOTMFsignals are output according ta the key input, regardlessofn umberof key input figures. Forthe 

PULSE mode, any numberofdigital entries with keys Ota 9. Forthe OTMF mode, any numberofdigital entries with keys Ot09, eJ and 

0· 
Upto 26 digits can be stored in the redial memory. In the PULSE mode, a redial digit is counted for any numeric, pause, and LOT entry. 

In the OTMF mode, a redial digit is counted for any numeric, eJ, 0, and ® entry. 

In both the PULSE and OTMF modes, one digit is counted as mode Information when MODE IN is used for mode switching. After 
OFFHOOK, the first numeric entry is counted as mode digit. In the PULSE mode the numeric key is counted as a mode digit. In the 

OTMF mode, a numeric key, eJ, and 0 entry is counted as a mode digit. In either the OFFHOOK or PULSE modes, the 
mode-information digit is written into the redial memory. 

Redialing Function 
The redial memory is read out to execute the redialing operation when a redial key is the first key pressed in OFFHOOK state. In the 

PULSE mode, the redial keys are 0 and eJ. In the OTMF mode, only the I RED I key is accepted for redial. 

When 27 or more digits are written Into the redial memory, PULSE or OTMF signals that correspond to the key entries are output, but 
the rediafing operation is ineffective because of memory overflow. At this time, even if the first key pressed after the state change from 
ONHOOK to OFFHOOK is the redial key, the entry is not accepted and the beep tone is not output in either mode of operation. 

AfterOFFHOOK, if a numeric or LOT key is thelirst entry in PULSE mode, orthe first entry in the OTMF mode is a numeric, eJ, 0 or 
a single-tone key entry (excluding COIA), the redial memory is cleared and data is written into memory according to key entry 
information. 

Mixed Redialing 
Mixed redialing is executed when the mode is changed from the PULSE to OTMF mode (done by pressing the LOT key), or when 
MODE is changed during key entries. 

H, at redialing, there is a pause before or after mode switching (including LOT), PULSElDTMF is sent and PULSElDTMF signals are 
transmitted aiterthe pause. To redial when there is no pause before or after mode switching (including LOT), all operations must cease 
after mode switching and a HALT state is enabled. MOOEOUT blinks (Indicates that mode switching has no automatic pause) and 
prompts a pause release. 

The pause release keys in PULSE modeareeJ,(]§[),andthe® key. In the OTMF mode, the~ and the ® keys are used 
for pause release. PULSE and OTMF signals can now be sent by key entry. The FLASH key, is the only other acceptable entry. 

During redial output, the 0 key is the only key entry accepted. The pause release key isonly accepted when MODEOUT is blinking or 
during a pause at redialing. 

Mode Switching 
During PULSEorTONE transmissions, mode switching by MOOEIN is not permitted; after transmission is complete. MODE IN can be 
used for mode switching. 

When PULSE or OTMF modes are switch .. d by MODE IN, one digit is stored into redial memory as mode information. After 

OFFHOOK, if the first key entry is numeric in the PULSE mode, or a numeric eJ or 0 in the DTMF mode, the mode-information digit 
is written into redial memory. 
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In the PULSE mode, after the LOT key is accepted only one time, the OTMF mode is selected (regardless of MOOEIN pin switching). 
The LOT key is not accepted in the OTMF mode. The MOOEIN pin switching enables the desired mode of operation to be selected. 

Line Dial Tone (LOT) Function 
If the LOT key is pressed in the PULSE mode, the OTMF mode is selected and OTMFtones can be output. In PULSE mode, only the 
first LOT key is accepted aiter key acceptance state (OFFHOOK mode) is entered. Once the LOT key is accepted, the following LOT 
key entries are ignored. 

When the LOT key is used to enter the OTMF mode, all keys (excluding COlA keys) provide dual-tone and single-tone outputs. (Note: 
If even one COlA key is pressed, neither dual nor single tones are output.) The mode aiter that is not switched. If mode switching by 
LOT from memory is done during redialing, key entries after redialing are executed in DTMF mode regardless of the MODEIN state 
and the data is written into the redial memO!)'. However, for effective keys (not the redial key) aiterONHOOK changes to OFFHOOK, 
memory is reset and written in the current mode. 

Pause Function 
A pause state can be entered by pause key entry. 

In the PULSE mode, a pause is introduced by pressing the ill or ® keys; in the DTMF mode (including LOl) only the ® key is 
effective. If a pause key is the first key pressed after changing from ONHOOKto OFFHOOK, the entry is not accepted. One pause key 
entry introduces a pause state that is typically 4 seconds; contiguous pause (N X 4 seconds) can be executed by making consecutive 

key entries. The pause can be reducad by entering ® or [ RED I during a redialing pause time. 

In the PULSE mode, the eJ key is used as a pause release key. Multiple pauses can be sent upto 500 timesfasterbyentering a pause 
release key, that is, N X 4 seconds becomes N X 800 milliseconds. 

Flash Function 
Keyboard entries enable ONHOOK mode. Only the ill key is used asa FLASH key in both PULSE and DTMF modes (including LDl). 

When the ill key is pressed, the ONHOOK mode is entered for 600 milliseconds (typical), aiterbeeptone is sent. During this time, the 
key entry pin is not accepted. MODEIN,lVIDTE, MOOEOUT, and DTMF/BEEPOUT pins are placed in the high-impedance state and 
the PULSEOUT pin is set low level. After 600 milliseconds (typical), the return of OFFHOOK is automatic and key entries can again be 
accepted. 

Test (High-speed Mode) 
A test mode circuit is built into the IC. In the ONHOOK state, pins OSCIN and OSCOUT are pulled down by a high resistance. To 
activatelhe test mode, tie the OSCIN high and apply clock signal to OSCOUT. The internal circuit operates upto 128 times faster than 
normal operation. 
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2 of 8 Keyboards 

10 
pps 
(N.C.) 

CSA3.58MGU 
C1, C2 =30 P 

Figure 1. Keyboard Configuration 

Single Contact Type Keyboard 

(Effective with "L" entry) 

An example of a single contact type keyboard 

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

--+....",---+....",---+-=---RQW2 

Legend 

corr "CO[2 "CiD ~ P _ ), cI 

Figure 2. Reference Circuit 

Voo 

DTMF 
Mode 

PULSE 
Mode 

OFFHOOK 

GND 

Nole: Key input capacilance (2 to 5, 14 to 17 pins) : 500 pF. 
When electronic input is used, there is no need for connecting a capecilance with key input pins. 
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KEY OPERATION DIAGRAM 

Redial key for PULSE mode 

Redial key for DTMF mode 

Pause key for PULSE mode 

Pause key for DTMF mode 

Pause release key of PULSE mode 

Pause release key of DTMF mode 

Pause output 

KEY ENTRIES IN PULSE MODE 
When MODEIN Is set to 10 pps 

HOOK MODEIN Key Entry 

ON 

OFF OPEN m0 
ON 

OFF OPEN I RED (P») 

CD 
ON 

OFF OPEN I RED (P») 

ON 

OFF Voo I RED (P») 

ON 

OFF GND I RED (Oll 

8) 

I RED (P») = @[) or m 
I RED (D») = @[) 
a::liJ = ® or m 
C!JQiJ = ® 
CffiJm = @[). ® . or eJ 
(E[J§D = @[) or ® 
® -Pause 

PULSE Output 

10pp. 20pp. 

1-2 

1-2 

3 

1-2-3 

1-2-3 

1-2-3 

MB87007A 
MB87008A 

DTMFOutput 

4 

onvnued on next page 
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KEY ENTRIES IN PULSE MODE 

When MODEIN Is set to 20 pps 

HOOK MODEIN Key Entry 

ON 

OFF Vee CD0 
ON 

OFF Voo ( RED (P) I 
0 

ON 

OFF Vee ( RED (P) I 
ON 

OFF OPEN ( RED (P!l 

ON 

OFF GND ( RED (D) I 
m 

KEY ENTRIES IN DTMF MODE 

HOOK MODEIN Key Entry 

ON 

OFF GND CD0 
ON 
OFF GND ( RED (D) I 

0 
ON 

OFF GND ( RED (D) I 
ON 

OFF OPEN [ RED (P) I 
ON 

OFF GND ( RED (PlI 

m 

7-66 

PULSE output 

10pps 20pps DTMFOutput 

1-2 

1-2 

3 

1-2-3 

1-2-3 

1-2-3 

4 

PULSE OUtput 

10pps 20pps DTMFOutput 

1-2 

1-2 

3 

1-2-3 

1-2-3 

1-2-3 

4 

onllnuea on next page 



KEY ENTRIES WHEN THE LOT KEY IS USED 
When there Is a pause before LOT 

PULSE output 

HOOK MODEIN Key Entry 10ppa 20ppa 

ON 
OFF OPEN CD0CUD 1-2-0 
ON rnD0 
OFF GND I RED (PII 1-2-0 

0 
ON 
OFF Vee ( RED (P») 1-2-0 
ON 
OFF GND (RED 1011 1-2-0 

KEY ENTRIES WHEN THE LOT KEY IS USED 
When there Is a pause after LOT 

PULSE Output 

HOOK MODEIN Key Entry 10ppa 20ppa 

ON 
OFF OPEN CD0@D 1-2 
ON CI:ID0 
OFF GND ( RED (pH 1-2 

0 
ON 
OFF Vee ( RED (P») 1-2 
ON 
OFF GND (RED (D») 1-2 

MB87007A 
MB87008A 

DTMFOUtput 

3 

3 

4 

3-4 

3-4 

DTMFOutput 

0-3 

0-3 
4 

0-3-4 

0-3-4 
onlmued on next page 
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KEY ENTRIES WHEN THE LDT KEY IS USED 
When there Is no pause before and after LOT 

PULSE Output 

HOOK MODEIN Key Entry 10pps 2Opp8 

ON 

OFF OPEN CD0 1-2 

QQD0 
ON 
OFF OPEN I RED (P») 1-2-MODEOUT 

(§JID 
blinks 

0 
ON 

OFF Voo I RED (P») 1-2-MODEOUT 

(§JID 
blinks 

ON 

OFF GND I RED (0)) 1-2-MODEOUT 

(![E blinks 

DTMFOutput 

3 

3 

4 

3-4 

3-4 

KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 
When there Is a pause before mode switching 

PULSE Output 

HOOK MODEIN Key Entry 10PP8 20PP8 DTMFOutput 

ON 

OFF OPEN CD0CEID 1-2-0 

Vee 00IT:ID 3--4-0 
GND 0eJCLJID 5-*-0 

OPEN 00 6-7 

ON 

OFF OPEN ( RED (PlI 1-2-0 
3--4-0 5-*-0 

6-7 
ON 
OFF Voo I RED (P») 1-2-0 

6-7 3--4-0 5-*-0 

ON 
OFF GND ( RED (D») 1-2-0 

3--4-0 5-*-0 
6-7 

:;Onlinuecl on next page 
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KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 
When there Is a pause after mode switching 

PULSE Output 

HOOK MODEIN Key Entry 10ppa 20ppa DTMFOutput 

ON 

OFF OPEN mm 1-2 

Voo C!:ID00 0-3-4 
GND cr:JQD0c) 0-5-' 
OPEN ITJ6J00 0-&-7 

ON 
OFF OPEN [ RED (P» 1-2 0-3-4 0-5-' 0-&-7 
ON 
OFF Voo [ RED (P» 1-2 0-5-' 0-&-7 0-3-4 
ON 
OFF GND [ RED (D») 1-2 0-3-4 0-5-' 0-&-7 

;ontinuflCl on next page 
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KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 
When there Is no pause before and after mode switching 

PULSE Output 

HOOK MODEIN Key Entry 10pps 20pps DTMFOUtput 

ON 
OFF OPEN m0 1-2 

Voo 000 3-4 

GND fiB S-" 

OPEN 00 6-7 

ON 
OFF OPEN I RED (P) J 1-2-MODEOUT 

(![]ID 
blinks 

3-4-MODEOUT 

lBJQD 
blinks 

S-*-MODEOUT 
blinks 

(![]ID 6-7 

ON 

OFF Voo I RED (P) J 1-2-MODEOUT 

(![]ID blinks 
3-4-MODEOUT 

lBJQD blinks 
S-*-MODEOUT 

(![]ID blinks 
6-7 

ON 
OFF GND I RED (D) J 1-2-MODEOUT 

(![]ID blinks 
3-4-M0DEOUT 

~ 
blinks 

S-*-MODEOUT 

(![]ID blinks 
6-7 
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REDIAL MEMORY INHIBIT FUNCTION 

HOOK MODEIN Kay Entry 

ON 

OFF OPEN CDCD ... CDCD 
~ ON 25 

OFF OPEN I RED {P!) 

ON 
OFF OPEN CDCD ... CDCD 
ON 
~ 

26 
OFF OPEN (RED {P! I 

m 
ON 
OFF OPEN (RED !P! I 
ON 
OFF Veo (RED (P!) 
ON 
OFF GND (RED (D») 

0 
ON 
OFF OPEN cmJCDCD··· 

CD CD 
ON ~ 

25 

OFF OPEN (RED (P») 
ON 
OFF OPEN CDCDcmJCDCD··· 

CD CD 
'-y-J 

ON 23 

OFF OPEN (RED !P!) 

PULSE OUtput 

10ppa ZOppa 

1-1····.·1-1 , , 

~ 

1-1······1-1 
~ 

25 

1-1······1-1 

'2r" 
No output 

2 

2 

2 

2 

1 -1 

No output 

MB87007A 
MB87008A 

DTMFOutput 

3 

1-1······1-1 
~ 

25 

1-1······1-1 

'2r" 

1-1······1-1 
~ 

23 

No output 
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RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Pin Nama Condition 

PULSE mode and memory 
Power Supply Voltage Voo VDD retention mode 

DTMFmode 

Input Voltage VI All 
Inputs 

Output Load Ro DTMFI Between output DTMFmode 

Resistance BEEPOUT pinandGND PULSE mode 

Operating Temperature TA 

7-72 

Value 

Min 1YP Max Unit 

2.0 6.0 V 

2.5 6.0 V 

0 Voo V 

0.1 20 kG 

0.1 10 100 kG 

-30 60 °0 



- -

ELECTRICAL CHARACTERISTICS 

Voo: PULSE mode = 2.0 to 6.0 V, Voo: DTMF mode = 2.5 to 6.0 V,TA = -30 to 60°C 

Parameter Symbol Pin Name Condition Min 

100 
All output pins are 
open in DTMF mode 

lop 
All output pins are 
open in PULSE mode 

lOST 
All output pins, HKS 

Power Supply pin open in Standby 
Current Voo 

1001 
All output pins 

Voo= 
open in DTMF 

1002 
2.5 V All output pins 

open in PULSE 

TA= All output pins 
TDST1 25°C HKSopen in 

Standby 

Dig~aJ Input 
Vlh1 t:OTI to roIA 

O.S Voo 

Voltage 1 
VIL1 ROWitoRlJm 

0 

Dig~allnput 
VIH2 O.S Voo 

HKS, MODEIN 
Voltage 2 

V,12 0 

Dig~aI Input I'Hl V,: Voo -0.01 

Current 1 
t:OTI to roIA 

IUl V,=GND -0.01 Voo 
ROWiTORlJm 

Digkal Input 
IlZl 

Key entry HZ 
Leakage Current 1 GNDSVISVoo 

-10 

1'H2 VI = Voo -0.01 
Dig~aI Input 
Current 2 -1175 

1'L2 MODEIN VI=GND Voo 

Dig~allnput IIZ2 
MODEIN HZ 

-10 
Leakage current 2 GNDSVISVoo 

Dig~allnput liH3 Vic Voo -10 
Current 3 

HKS 
Pull-up 

Rplu 100 Resistor 

Value 

lYP 

2.5 

1.0 

1.5 

1.0 

0.3 

0.2 

200 

MB87007A 
MB87008A 

Max Unit 

5.0 mA 

2.0 mA 

10 IIA 

2.0 mA 

0.6 mA 

1.0 IIA 

Voo V 

1 
5 Voo V 

Voo V 

1 
.5 Voo V 

1Voo 
.5 mA 

0.01 mA 

10 IIA 

1 
75 Voo mA 

0.01 mA 

10 IIA 

10 IIA 

400 k.Q 

, onMIJ6C1 on next page 
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ELECTRICAL CHARACTERISTICS 

Parameter Symbol Pin Name 

VOH MODEOUT 

Digital Output MODEOUT, 
VoRage VOl. POLSEOOT, 

MOTE 

BEEP TONE High 
Output VoRage VBTCH DTMFIBEEPOUT 

Digital Output mre; 
Off Leakage IoL POLSEOOI, 
Current MODEOUT 

External Resistance ROWl TO Row.J 
when dig~al input is Rolo rorr to roJ:4 
open HKS,MODEIN 

Pull-down RpLD 
Resistance OSCIN, 
Oscillator OSCOUT 
Frequency OscIN 

DTMFOutput 
VoRage 

loon placed Aoor DTMFOUT 

between output 
pin and GND. 

Redial Memory 
NRKEY 

rorr to roJ:4 
Digit ROWl TO Row.J 

Make Ratio WMAKE POLSEOOT 

Oscillation loss 
Start time 

OSCIN, 
Oscillation OSCOUT 
Stop time Iossp 

Key Entry HZ rorr to roJ:4 
Hokltime iHZKH ROWl TO Row.J 

7-74 

Value 

Condition Min 'iYP Max UnR 

IoH--o.2 mA Voo-o.s Voo V 

loL-0.5 mA 0 0.5 V 

PULSE mode 
1000 is placed between Voo-l.0 Voo V 
output pin and GND 

GNDSVoSVoo -10 10 J.IA 

Resistance connected to 
external circu~ when in-
put is open. The other 1 Mn 
end of the resistance 
must be between OV and 
Voo. 

ONHOOKmode 75 150 300 kn 

3.579545 MHz 

No signal is output 0 V 

Offset vcRage when 0.63 Voo V signals are output -0.75 

DTMF TONE output vcitage 1.44 Vp-p 

ROW single tone 0.64 Vp-p output voRage 

COLUMN single tone O.SO Vp-p output voRage 

COLUMNIROW tone ratio 2.0 dB 

26 digits 

MBS7007A 39 % 

MBS700SA 33 % 

0 S 16 ms 

0 S 16 ms 

0 5 ms 

~ onvnuea on next page 



ELECTRICAL CHARACTERISTICS 

Parameter Symbol Pin Name 

MODEIN HZ tHZMIH MODEIN Hold time 

MODEOUTHZ 
tHZMOH MODEOUT Hold time 

Key Entry HZ tHZKS 
txX:'ftorotA 

Start time ROWfTOR0W4 

MODEIN HZ 
Start time iHzMIS MODE IN 

MODEOUTHZ tHZUOS MODEOUT Start time 

Pause lime tpAS 
pO[SEoOf. 

DTMF/BEEPOUT 

MODEOUT Switch 
Start time 1 tUOC1 

MODEOUT Switch 
tUOC2 Start time 2 

MODEOUTHZ 
Start lime by F 1u00s 
key entry 

MODEOUTHZ MODEOUT 
Hold lime by F tUOFH 
key entry 

MODEOUT Blinking 
tUOSI Period 

MODEOUT Change 
Start time by tMOPS pause release 
key entry 

DTMFOUT Output 
Start time when luST 
mode is swnched 

DTMFOutput DTMFIBEEPOUT 
Start time by 

\PDT pause release 
key entry 

pOLSEoO I Output 
Hold time tpUFH 
by F key entry 

pO[SEoOT 
pOLSEoOI 
OUTPUT tPUFS 
Start time by 
F key entry 

Value 

CondHlon Min lYP 

0 

0 

0 

0 

0 

3.85 4.0 

12 

2 5 

72 

0.59 0.6 

0.39 0.4 

28 

2 10 

39 

0.59 0.6 

72 

MB87007A 
MB87008A 

Max UnH 

5 ms 

5 ms 

5 ms 

5 ms 

5 ms 

4.15 s 

ms 

8 ms 

ms 

0.61 s 

0.41 s 

ms 

15 ms 

ms 

0.61 s 

ms 

onunuea on next page 
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ELECTRICAL CHARACTERISTICS 

Perameter Symbol Pin Name 

Key Entry Wldth1 tWKl 

Key Entry Wldth2 tW1(2 

Key Input Pause 
lime tpK rorr to-rorA 

ROWTTOR0W4 
Key Entry tCH Debouncing time 

Key Entry Release 
tRE Guard time 

BEEP TONE Output 
tBES Start time 

BEEP TONE Output DTMFIBEEPOUT 

Width IwBE 

mITE LOW Output 
tMUS Start time 

mITE 
troTE LOW Output 
Hold time 1 ~USPI 

Pulse Predigital 
Pause lime tpoP 

Pulse Make 
Width tWMA 

POLSEOOT 

Pulse Break 
Width tWBR 

Pulse Interdig~aI !lop Pause lime 

7-76 

CondHlon 

10pps 

20pps 

Dual Tone Output 

10ppsmode 
MB87007A 

20pps mode 

MB87008A 
10 pps mode 

20 pps mode 

MB87007A 
10pps mode 

20ppsmode 

MB87008A 
10 pps mode 

20pps mode 

MB87007A 
10 pps mode 

20ppsmode 

MB87008A 
10 pps mode 

20pps mode 

MB87007A 
10 pps mode 

20pps mode 

MB87008A 
10 pps mode 

20 pps mode 

Value 

Min lYP Max UnH 

50 ms 

50 ms 

50 ms 

21 23 25 ms 

21 23 25 ms 

31 ms 

39 41 43 ms 

31 ms 

26 30 34 

13 15 17 ms 

100 110 120 

950 980 1016 
ms 

480 510.5 556 

950 974 1016 
ms 

480 507.5 556 

38 39 40 
ms 

19 19.5 20 

32 33 34 
ms 

16 16.5 17 

60 61 62 
ms 

30 30.5 31 

66 67 68 
ms 

33 33.5 34 

900 939 960 
ms 

450 469.5 480 

900 933 960 
ms 

450 466.5 480 

on~nuea on next page 



ELECTRICAL CHARACTERISTICS 

Parameter Symbol Pin Name 

UIJTE LOW Output 
tyUSP2 JV1lJTE Hold time 2 

DUAL TONE Output 
tWOT Time 

DTMF Interpause toTP Time 

Single Tone 
tslS Output start time 

DTMF/BEEPOUT 
Single Tone 

tslSP Output stop time 

DUAL TONE tors Output start time 

DUAL TONE tOTSP 
Output stop time 

mITE Hold Time 1 
by PAUSE key tPSYl 
entry UIJTE 

UIJTE Hold Time 2 
by PAUSE key tpSM2 
entry 

MODEOUT Blinking tyosr MODEOUT Start time 

Value 

Condition Min Typ 

Single Tone Output 0 

78 80 

78 80 

31 

0 

39 

0 

0 10 

75 90 

0 5 

MB87007A 
MB87008A 

Max Unit 

8 ms 

82 ms 

82 ms 

ms 

8 ms 

ms 

5 ms 

20 ms 

105 ms 

10 ms 
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DTMF OUTPUT SIGNALS 
Item Symbol Standard DTMF DTMF Output Signa" 

(Hz) (Hz) 

ROW1 FR1 697 696.95 

ROW2 FR2 770 770.13 

ROW3 FR3 852 852.27 

ROW4 FR4 941 940.99 

COL1 FC1 1209 1209.31 

COl2 FC2 1336 1335.65 

COL3 FC3 1477 1476.71 

NOte: 'OSCINation trequency 3.57 1545 MHZ 

Figure 4. Key Input TIming 

Error to Standard TDMF 
(%) 

-<l.01 

+0.02 

+0.03 

-<l.01 

+0.03 

-<l.03 

-<l.02 

Key Input ---, I#N! 
1N41--. tcH--r-"1.1 - I· .J 

Not .. : 1Key Input Debouncing TlIIle tC 
Key entry is accepted if low lewl is longer Ihan 23 rns typo 

2Key Input Release Guard lime tRE 
Key release is recognized if low lewl is longer !han 23 rns typo 
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TIMING CHART 1-A 
When there Is a pause before LOT k In PULSE mode 

HKS 
"H· Ul"jl-:-;;-:-____________ _ 

OSCIN "H· I ..... 'O!.s __________________ ~ !assp 
OSCOUT "l" _____ ~7~ _______ +--+1'--____ _ 

"H!IIZKH I. i-!IWK~ "'IpK I 

KEY INPUT "l":.!:!.Z~1 1 3 P t!9L.:.J ' 
tHZMI I. ...... IW1(2 , 

MODEIN "H·-- H I -------- - --- - ~ 
(OPEN) ul·-.!:!.~tJ 1L------~~(~--------tJ 
MODE IN ·H·!...--+I-fl...----------==---:--------:.------- I II (2 ) 
(Voo) .l.--~-T 0 pps 

u I!;IZM~ .. , ...... lM0C2 

MODEOUT u~-Hzl.~Ir_--------------------------~1I 
uw I,· \PDP _lUi. tDP -, n..,H~ .... '-WM-A----"B---!-------

",PomLS~EO"ITO".T "l" H ~ ~ ... I.---:~-........ iI 
IBes --' Ie- .... r Iwse .... ,..'wBRIIII IpAS --LI L I 

DTMfl ·H" 1 L I! II ~ ... MST 

BEEPOUT "l" I R !i! R II I,' rt'l .... I1-4------
·H'l...· --41.... ... ... lp8M1 1--1 
"l" I I I IMUSPI 

..j I--\Uus 
TIMING CHART 1-B 
When there Is a pause before LOT key In PULSE mode 

"H" HKS "l"--.r-II-.-_____________________ _ 

OSCIN "W I 
OSCOUT "l" I C -_--- _ 3.579545 ~Hz - -:- - =t. __ --'-riW::::;.5:..:.7..:::9545:;.:.-::;.;"MHZJ:::;H..::z'-'-_ 

"H"1 r4aKs 
KEY INPUT "l" I L@~ I 7 I 
MODE IN "H"" r...!~---------------___ ....---1.,11....-- ,II---r--
(OPEN) "l" I L~TTL==----- 1 kHz(10.p~_:::J i' 1 kHZ';' 

MODE IN "W~I_-+I----------::=:---:---------!-' ----1-1---
(Voo) "l" I I (20 pps) I I 

"H~-~ I I 
MODEOUT "l· L~l 111.. ___________ --1 1 I 

°H· 
... PO"'LS ....... EO~O ..... I "l" 

,- !POP ·Ul M flOP ·U1JU1 I I 
I. I 'I 

DTMFI "H" "", ~IPAS'--.-!-i ... r-IOTS"'r-tDTSP 
BEEPOUT "l", _____ JRL.-____________ --II ______ f-l1 rt1 .... ------.... rw;w-t!----

"H"!...---..., 
"l" 

I I I ~ ~1 
Continued on next page 
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TIMING CHART 2-A 
When there Is no pause before or after LDT key In PULSE mode 

"H" HKS "L"---,L.. ________________________ _ 

OSCIN KH" 
OSCOUT .L. __ ........ C __ -__ - 3.§79545 MHz_ -~ ________ _ 

"H" 
KEYINPUT KL":~l:!9---W 

MODEIN KH" ---- - --- - ------r-----------
(OPEN) 'L "_!!.~J L..I __ _--.:...1 ;.;;.kH! (10 pps) ___ ..... 

MODEIN 'H"'----r-I ---------=----:-------------
(Voo) KL" ____ .J (20 pps) 

.., ... 1a!0C2 

MODEOUT :~:-Hzl ... ----------_H" 
II KH"'---____ ---, .------,UUU-------------

t"I1pOrrTLS....,E""'O .... O .... r "L" U 
DTMFf 'H" 
BEEPOUT 'L" I I I 

~M~5Ia!S,T ____________ ___ 

KH"'--__ .., 

KL" 

TIMING CHART 2-B 
When there Is no pause before or after LDT key In PULSE mode 

I'H" 
HKS "L".-n 

OSCIN "H" 
OSCOUT "L":..-__ --'--C_-____ : ~"1t~: ___ :::::::L 

r-------------.., trPause releasIL9 -----"H~- -
KEY INPUT "L" L~~ L.I ;".,l,,1_kAY _______ _ 

I 
MODEIN 'H~ i - --- - --- - -----+---
(OPEN) "L" L~" _.!. kHz (10 ppsL 1 ___ ...... ______ _ 
MODEIN 'H" I 
(Voo) 'L" I 

..j FiliOPs 
'H~­

MODEOUT "L" L~" 
I I 

uuul 
I 

u I 
I I I :Q FtPOT 

~~~'H"'--------. 
POLSEOOf "L" 

... r-Ia!OST I 
I rt1 I I 

DTMFf 'H" 
BEEPOUT 'L",-__ -MI ________ -+ ____ +--' 
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Continued on next page 



TIMING CHART 3-A 
InDTMFmode 

MB87007A 
MB87008A 

·H· 
HKS .L.--,L ________________________ _ 

OSCIN ·H" 
OSCOUT ·L·' __ ....L..r---:::3.~571!i45_M_H_Ll_ ---.illtWP--L _-__ l,,::;579~545:::-~MH:.!:z'___-_~_.1..._ 

"HI!.­
KEY INPUT 'L'_!!.~J 

I 
MODE IN ·W-----h 
(GND) "L"'----tI.L:-1 ~-----+---t----------------- I 

.W .., ... tuOCl 

MODEOUT "L.-H'z'.L,_II-'IL-_____ -+-_-+ ______ --I 
I 

·H· I 
1'I1Pum["'sE~o""U"'T "L" I 

I 
DTMFI "H" toTS.., 
BEEPOUT ·L" I 

'HL' ---h 
"L' 

TIMING CHART 3-B 
In DTMF mode 

HKS 
"H' 

'L·~----------------------------
OSCIN KH' 
OSCOUT "L' ra.579~ --..e.-_-==-= _ 3.579545 M_Hz - --=--__ -_---,--1. ____ _ 

MRz 
"H'--, _ I ~ Pause release key 

KEY INPUT "L' L£j ~ l!J 
I 

MODEIN "W I 
(GND) "L.'--tl-:-----:---------------;---------

,~~~s... I- IMoFH-i 

MODEOUT KL.~::B~:L-J 
I 

"H' I I- tPUFH -II 
'l'JpUmLS.....",EO .... U'"'T ·L·jl 

DTMFI KW ~ j.tPUFS I1;;:rI .., ~IpOT 
BEEPOUT "L.,_~dL..._ _____ ~L----..... rt1L------

:~:----u.--------.I It;:! ..... 1 ------.L-_---I....-----
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PACKAGE DIMENSIONS 
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INDEX-I 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No.: DIP-18P-M02) 

~il': (22.05!=) ~ 

iF!==!::!::::!:::!::!::!::::!::!:::!::!:::!:::!:::!:::!::~t 

o (8~:~ 

~:;=;=;=;=;=;=;=;==r=;r=;=;=;~~ 

~ IH 
I 

.CI6O(1.27l 
MAX 

IH H H 
I 

U U 

.10012.64 
lYP 

H H ~ 
~ ,.197(6,00) MAX 

:]'118(3.OO)MIN 

020 (0.61) MIN 

U 

.o18+.oos • .D02 

(OAStJ:) 

24-LEAD PLASTIC FLAT PACKAGE 

Dim..-.,.tn incIhetCmllmel8rs} 

(Case No.: FPT-24P-M02) t---t:;(S~·~~~~D;.";HE'!.'M~~;7,T);;-

r--.800+.o10 (16.24 +.D25 ~ 
I B B B . .008 • .D20 ~--. 1 

t ,01020.018 I (lCl.l!DiOAO) 

.299.:t .012 r/INDEX JO~ 

IloIaIIo 01 "A" part 

~~ 
.024(0.80) 

.rXfl .1 
MAX 

.D'O .68 
MAX 
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FUJITSU 

DATA SHEET 

MB87009 
Dual Tone Multi-Frequency/Pulse Dialer 

The Fujitsu MB B7009 is an IC for pushbutton telephone sets using Si gate 
CMOS process and can be used for both DTMF and PULSE modes. 

The MB B7009 can be switched from PULSE mode to DTMF mode by mode 
selection entry or by input from the keyboard. 

The MB 87009 contains a 26-<1igit redial memory, permitting coexistence of 
PULSE and DTMF modes, enabling mixed redialing in both PULSE and DTMF 
modes by a single key entry. 

• Pulsed 10 pps, 20 pps, or DTMF operation can be selected by the mode 
switch pin (MODEC). 

• 26-<1igit redial memory is built in (up to 25 digits can actually be written in 
the memory). 

• Selectable make ratio by MAlBR: 39% or 33%. 
• LDT function is provided (key entry enables switching from PULSE mode 

to DTMF mode). 
• Beep tone for input confirmation can be output (for all effective key entry 

independently of PULSE/DEMF mode. 
• Redial inhibit function is included for redial memory overflow. 
• Mixed redialing of both PULSE and DTMF modes is possible. 
• PAUSE function is provided and pause accumulation is possible. 
• F LASH function is provided (ON HOOK mode is entered by keyboard en· 

try). 
• Crystal or ceramic oscillator (3.579545 MHz) can be used. 
• PAUSE release function is provided (two or more consecutive pauses can be 

released). 
• Operating voltage (_30°C to 60°C) 

PU LSE mode 2.0 to 6.0 V 
DTMF mode : 2.5 to 6.0 V 

ABSOLUTE RATINGS 

Rating Symbol 

Power voltage Vee 

Input voltage V 1N 

Output voltage VOUT 

Storage temperature TSTG 

Value Unit 

GND-0.3 to 7.0 V 

GND-0.3 to Vee+0.3 V 

GND-0.3 to Veo+0.3 V 

-55 to 150 °c 

NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Voo 

COL! 

COL2 

COi:3 

COL4 

MA/BR 

MODEC 

MOD EO 

PLASTIC PACKAGE 
DIP-20P-M01 

PLASTIC PACKAGE 
FPT-24P-M02 

PIN ARRANGEMENT 

TOP VIEW 

This device contains circuitry to protect the 
inputs against damage due to high static volt­
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi­
mum rated voltages to this high impedance 
circuit. 
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MB 87009 BLOCK DIAGRAM 

r---------------------, 
I I 

ROW PROGRAMMABLE I 
COUNTER 

X2 
COL PROGRAMMABLE oTMFOUT 

MA/BR 

MOoEC 
MOoEO 

ROW1 CONTROL·LOGIC BEEPOUT CIRCUIT 

ROW2 

ROW3 

ROW4 

PULSE r-OUTPUT 
GENERATOR 

KEY BOARD 
LOGIC 

COL1 
MEMORY CIRCUIT 

COL2 

COL3 

COL4 

fM", BEEP TONE 
GENERATOR 

1 1 
HKSW Voo GNo 

EXPLANATION OF THE BLOCK DIAGRAM 

Setting the HKSW pin from '''H'' to "L" changes the mode 
from ONHOOK to OFFHOOK, activating the 3.579545 MHz 
oscillator and entering a key entry accepting state. 

MODEC pin entry in OFFHOOK mode enables selection of 
PULSE mode 10 pps or 20 pps or OTMF mode. In PULSE 
mode, OTMF mode can be set by pressing the LOT key. 

The keyboard logic circuit discriminates key entry informa­
tion on ROW1 to ROW4 and COLt to COL4 pins, and 
transmits key information to the control logic circuit after 
a time interval for debouncing, for effective key entry. 

7-84 

The control logic circuit controls the memory circuit, beep 
tone generator, pulse output generator, and OTMF output 



generator according to key entry information. 

The memory circuit contains a 26·digit redial memory. One· 
touch redialing is possible after mode and key entry in· 
formation is stored. 

Independently of PULSE/DTMF mode, the beep tone 
generator operates to output beep tone to the BEEPOUT pin 
for all effective key entries. 

The pulse output generator detects the memory output when 
the PULSE mode is selected, and outputs to the POUT pin as 
many PU LSE signals "L" as the number depending on effec· 

MB87009 

tive memory data in PULSE mode. 

The make rate is 39% when MA/BR is "H", and 33% when 
"L." 

When the DTMF mode is selected, the DTMF output 
generator outputs DTMF tones from the DTMF OUT pin 
according to effective memory data output. Rowand column 
program counters and DA converter generate row and 
column sine wave signals, which are added by the analog 
adder to generate DTMF tones. 

REFERENCE CIRCUIT 

Voo 

MB 87009 

20pps 

TOpps 0--0--+-----------; 
(N.C.l 

GND 
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PIN DESCRIPTION 

Pin 
Pin name I/O Description No. 

1 Vee 2.0 to 6.0 V in PULSE mode 

Power - Voltages 2.5 to 6.0 V in DTMF mode 

supply 2.0 V min. for maintaining memory 

11 GND 

- Key entries to this IC are from the 2 of 7 or 2 of 8 keyboard using common GND. 
This IC is available with oj single contact (FORM A) type keyboard anil electronic 
input (ULU entry). 

- Debouncing time is 34 ms typo for both PU LSE and DTMF. 

- Key entry is accepted in PU LSE mode only when a single key (one key on the 

2 COLl 
keyboard) is pressed longer than the debouncing time. If two or more keys are 
pressed, they are not accepted unless they are released one by one and the last 

3 COL2 key is held closed longer than the debouncing time after all other keys are 

4 COL3 released. 

5 COL4 - Key entry is accepted in DTMF mode only when either a single key (DUAL TONE 
19 ROWl key) is pressed or two or more keys in the same COL or ROW (single tone keys) 
18 ROW2 are pressed longer than the debouncing time. However, if even one key is pressed 

17 ROW3 
in COL4, single tone keys are ineffective. When multiple single tone keys are 

16 RClW4 
pressed, if they are released one by one and the last key is held closed longer than 
the debouncing time after all other keys are released, the key is effective as a 

Input DUAL TONE key. Hereafter, key entries are described with the premise that 
pin keys are held closed longer than the debouncing time. 

- Pause between key entries in PULSE and DTMF mode is required to be 50 ms or 
more. However, for single tone outputs, up to 50 ms is necessary from key entry 
to output start. 

- Key switch contact resistance up to 5 kn is allowable. 

- Switch to select make rate as listed below: 

MA/BR Make Rate Break Rate 

"Voo" 39 61 
6 MA/BR 

uGNDu 33 67 

- Prohibited to switch it during PU LSE/DTMF outputting. 
- Input level is CMOS level. 
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PIN DESCRIPTION (Cont'd) 

Pin 
Pin name I/O Description 

No. 

- Switch to select Pulse 10 pps, 20 pps, or DTMF operation. 

The table below shows mode settings. 

Mode Setting 

10 pps Open (1 Mn or more) 
7 MODEC PULSE mode 

20 pps Voo 

DTMF mode GND 

- When mode switching is requested by MODEC during pulse or tone transmission, 
the request will not be accepted. The request is accepted by key entry after data 
transmission. 

- In ON HOOK mode, a high impedance (HZ) is set. 

- Hook switch entry 

ON HOOK mode Open or Voo 

OFFHOOK mode GND 

Input - Output inhibit state is entered in ONHOOK mode and POUT, DTMFOUT, 
BEEPOUT, MUTE, and MODEO are set to HZ. All key entries are set to HZ and 

14 HKSW pin the built-in operational amplifier and oscillator (Xl = "L", X2 = "L") enter 
power down states in ONHOOK mode. 

- This pin is pulled up by a high resistance in the IC. 

- The input level is CMOS level. 

- Resonator input pin. 

9 Xl - Pulled down to "L" by a high resistance in ON HOOK mode. 

- Both crystal and ceramic resonators are available. (3.579545 MHz). 

- Resonator output pin. 

10 X2 - Pulled down to "L" by a high resistance in ONHOOK mode. 

Output - Both crystal and ceramic resonators are availble (3.579545 MHz). 
pin 

- CMOS output pin which is set to HZ in ON HOOK mode. 

- Outputs "L" level in PULSE mode, and "H" level in DTMF mode 
B MODEO (including the LDT function). 

- Blinks MODEO on and off at a frequency of 2.5 Hz type if there is no pause 
before and after mode switching in redialing function. 
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PIN DESCRIPTION (Cont'd) 

Pin 
Pin name I/O Description 

No. 

- Independently of PULSE/DTMF mode, the beep tone is output at the BEEPOUT 
8 MODEO when the F LASH key is pressed. HZ of 0.6 second typo is output after the beep 

tone is output. After that, key acceptance state (OFFHOOK mode) is entered. 

- NCH open drain output pin. 

- The following are MUTE pin HZ conditions in PULSE and DTMF modes. 

(1) When there is no key entry. 

(2) After the beep tone is output when the F LASH key is pressed (0.6 s typ.) 
12 MUTE 

(3) During pause state 
However, MUTE is "L" while the beep tone is output. 

(4) During MODEO blinking. 

- After key entries become effective in PU LSE and DTMF modes, the pin level is .. 
I 

"L" during output of the beep tone, pulses, or DTMF according to effective key 
entries. 

Output - CMOS Three-State Output. High-I mpedance when the beep tone is not output. 

13 BEEPOUT 
pin 

Independently of PU LSE/DTMF mode, the beep for input confirmation is out--
put for all effective key entry. 

- BEEPTONE is output in 41 ms typo at 1 kHz in rectangler pulse. 

- NCH open drain output pin. 

- HZ in ONHOOK and DTMF modes. 

15 POUT - In PULSE mode, this pin is "L" for pulse breaks according to numerical key 
entries. 

- In PULSE and DTMF modes, when the F LASH key is pressed, "L" level is 
output for 0.6 second typo after the beep tone is sent even during PULSE/ 
DTMF sending, and a key acceptance state (OFFHOOK mode) returns. 

- Bipolar type NPN emitter-follower pin. It can drive a load of lOOn (between 
pin and GND). 

- When an ordinary single key is entered in DTMF mode, DUAL TONE of 

20 
DTMF numerical,a, and lID keys is output (COL4 column is not allowed). 
OUT Pressing two or more keys in the same ROW or COL on the keyboard outputs 

the single tone in the ROW or COL. However, if a key in COL4 is pressed, 
DUAL TONE or single tone in the ROW or COL is not output. 

- See Section 8.4 for single tone output frequencies. 
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PIN DESCRIPTION (Cont'd) 

Pin 
Pin name I/O Description 

No. 

- In the FLASH key is pressed during DTMF sending, the beep tone is output at 
BEEPOUT and subsequent DTMF tones are not output. After beep tone 
output, nearly ONHOOK mode of 0.6 second typo is entered, and then, key 
acceptance state (OFFHOOK mode) is entered. 

20 DTMF Output - DUAL TONE output time conditions: 
OUT pin 

1) 80 ms TYP for redial output. 

2) 80 ms TYP when the key entry time is within 130 ms typo more than the 
debouncing time. 

3) DUAL TONE output stops being generated at once if a key is pressed over 
130 ms TYP and released. 

4) Single tone is output from the end of debouncing time until the key is 
released. 

- HZ when the DTMF tone is not output. 

OPERATION AND FUNCTION USE CONDI­
TIONS 
Ordinary dialing 

Dialing is done by entering numerical keys (1 to 0 keys) in 
PULSE mode and numerical, lB, and ~ keys in DTMF 
mode regardless of the number of digits of key input in 
OFFHOOK, PULSE, or DTMF signals according to the key 
input are output. 

The redial memory is 26 digits. A digit is counted for 
numerical, pause, and IL~p keys in PULSE mode and for 
numerical, lB, ~,and P keys in DTMF mode. 

One digit is counted as mode information for mode switch­
ing by MODEC for both PULSE and DTMF modes. The 
first key after OFFHOOK is counted as one digit as mode 
information for numerical keys in PULSE mode and 
numerical, lB ,and ~ keys in DTMF mode, and is written 
into the r.edial memory. 

Redial function 
The redial memory is read to execute redialing only if the 
redial key is the first key pressed in OFFHOOK state. 

The redial key, lB, and IREDI keys are used in PULSE mode 
and only the IREDI key in DTMF mode. 

When 27 or more digits are written into the redial memory, 
PULSE or DTMF signals corresponding to the key entries 
are output, but the redia ling operation is ineffective because 
of memory overflow. At this time, even if the first key 
pressed after the state changes from ONHOOK to OFF­
HOOK is the redial key, the redial key is not accepted and 

the beep tone is not output regardless of PU LSE or DTM F 
mode. 

If a numerical or ILDTI key is the first key entry in PULSE 
mode after OFFHOOK or a numerical, lB, ~,or single­
tone key (excluding COL4) in DTMF mode, the memory is 
reset and data is written into the redial memory according 
to key entry information. 

Mix redial function 
If the mode is changed from PULSE to DTMF mode by 
pressing the ILDTI key, or MODEC is switched during key 
entries, mix redia ling is executed. 

If there is a pause before or after mode switching (including 
the LDT function) at redialing, PULSE/DTMF is sent and 
DTMF/PULSE signals are sent after the pause. However, for 
redialing in which there is no pause before or after mode 
switching (including the LDT function), the operation stops 
immediately after mode switching and a HALT state is 
entered. MODEO blinks to indicate that the mode switching 
has no auto pause, prompting pause release. The pause reo 
lease key at this time is lB, IREDI, and (E] keys in PULSE 
mode, and IREDI and [f] keys in DTMF mode. By key entry, 
the operation sending subsequent PU LSE/DTMF signals is 
returned. Key entries other than the above are not accepted, 
except the IEl key. 

Key entries are not accepted during redial output, except the 
IEJ and pause release keys (only when MODEO is blinking or 
during a pause at redialing). 
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Mode switching 
When mode switching is requested by MODEC during pulse 
or tone transmission, the request will not be accepted. The 
request becomes acceptable after data transmission. 

One digit is used as mode information in both PULSE and 
DTMF modes when the mode is switched by MODEC. If the 
first key entry is a numerical in PULSE mode after OFF· 
HOOK or a numerical, 0, lID in DTMF mode, mode in­
formation is written into redial memory. 

In PULSE mode, the ILDTlkey is accepted only once. After 
that, DTMF mode is fixed regardless of MODEC pin switch­
ing. 
In DTMF mode, the ILDTlkey is not accepted. MODEC pin 
switching enables the desired mode to be selected. 

LOT fu.nction 
If the ILDTlkey is pressed in PULSE mode, the mode changes 
to DTMF mode in which DTMF tones can be sent. "In 
PULSE mode, only first m key is accepted after key ac­
ceptance state (OFFHOOK mode) is entered. Once ILDTI 
key is accepted, the following ILDTI key entries are ignored. 

When OTMF mode is entered by the ILDTlkey, dual tones of 
keys, excepting COL4 and single tones, can be output. (If 
even one COL4 key is pressed, dual and single tones on the 
FmW or COL are not sent.) The mode after that is not 
switched. If mode switching by LOT from memory is done 
during redialing, key entries after redia ling are executed in 
OTMF mode regardless of the MOOEC state and the data is 
additionally written into the redial memory. However, for 
effective keys other than the redial key after ONHOOK 
changes to OFFHOOK memory is reset and written in the 
current mode. 

PAUSE function 
A pause state can be entered by pause key entry. 
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In PULSE mode, both 0 and IfI keys can be used as the 
pause key. In DTMF mode (including the LOT function). 
only the IE key is used. 

If the pause key is the first key pressed after ONHOOK 
changes to OFFHOOK, the key is not accepted. 

One pause key entry can make a 4.0 second typo pause state. 
N x 4.0 second typo pauses can be made by multiple con­
secutive pause key entries. 

Pause duration can be reduced by entering IE and ~ 
keys during redialing pause time. In PULSE mode, the 
@key can also be used as a pause release key. 

When multiple consecutive pauses are written, the consecu­
tive pauses are all sent fast by entering a pause release key. 
(N x 4.0 second typo pause time becomes N x 8.0 ms pause 
time because the pauses are sent at a speed up to 500 times 
as fast.) 

F LASH function 
Keyboard entries enable ONHOOK mode. Only the [E] key is 
used as a FLASH key in both PULSE and DTMF modes 
(including the LOT function). When the [B key is pressed, 
ONHOOK mode is entered for 0.6 second TYP after the beep 
tone is sent. The key entry pin, MODEC, MUTE, DTMF­
OUT, and BEEPOUT during the time become HZ and the 
POUT pin outputs level "L". OFFHOOK mode returns after 
0.6 second typ., and key entries can be accepted. 

TEST MODE (High speed mode) function 
TEST MODE circuit is built into the chip. At ON HOOK, Xl 
and X2 are pulled down by high resistances. By making the 
Xl pin "H" and entering a clock from the X2 pin, TEST 
MODE is enabled to operate internal circuits up to 128 times 
as fast. 



KEY OPERATION DIAGRAM 

Key Entries In PULSE Mode 
When MODEC is set to 10 pps 

Hook MODEC 

ON 

OFF OPEN 

ON 

OFF OPEN 

ON 

OFF OPEN 

ON 

OFF Voo 

ON 

OFF GND 

Redial key: 

Pause key: 

Pause release key: 

Key entry 

1Il~ 

I RED (P) I 
~ 

I RED (P) I 

I RED (P) I 

I RED (D) I 
[±] 

MB87009 

IRED (p)1 IREDI or §] 

IRED (0)1 IREDI 

Ip (p)1 If] or 0 

rn If] 
IpR (pH IRED!. ~. or 0 
IRED (0)1 IREDI or ~ 

0; Pause 

PU LSE output 
DTMF output 

10 pps 20 pps 

1-2 

1-2 

3 

1-2-3 

1-2-3 

1-2-3 

4 
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When MODEC is set to 20 pps 

PU LSE output 
Hook MODEC Key entry DTMF output 

10 pps 20 pps 

ON 

OFF Vee [!]I] 1-2 

ON 

OFF Vee I RED (PI I 1-2 

~ 3 

ON 

OFF Vee I RED (Pli 1-2-3 

ON 

OFF OPEN I RED (PI I 1-2-3 

ON 

OFF GND I RED (DII 1-2-3 

ill 4 

Key Entries In DTMF Mode 

PULSE output 
Hook MODEC Key entry DTMF output 

10 pps 20 pps 

ON 

OFF GND [!]@J '-2 

ON 

OFF GND I RED (DII 1-2 

rn 3 

ON 

OFF GND I RED (DII 1-2-3 

ON 

OFF OPEN I RED (DII 1-2-3 

ON 

OFF Vee I RED (PI I 1-2-3 

111 4 
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Key Entries When The LOT Key Is Used 

When there is a pause before LDT 

Hook MODEC Key entry 

ON 

OFF OPEN IT] ~ ~ 
ILDTI@] 

ON 

OFF OPEN IRED (P) I 

@] 
ON 

OFF Voo I RED (p)1 

ON 

OFF GND IRED (Oli 

When there is a pause after LDT 

Hook MODEC Key entry 

ON 

OFF OPEN OJ @J ILDTI 

[UQil @] 
ON 

OFF OPEN IRED (P) I 

@] 
ON 

OFF Voo IRED (P) I 

ON 

OFF GND IRED (D)I 

MB87009 

PULSE output 

10 pps 20 pps 
DTMF output 

1-2-0 

3 

1-2-0 

3 

4 

1-2-0 

3-4 

1-2-0 

3-4 

PU LSE output 

10 pps 20 pps 
DTMF output 

1-2 

0-3 

1-2 

®-3 

4 

1-2 

0-3-4 

1-2 

0-3-4 
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When there is no pause before and after LOT 

PU LSE output 
Hook MODEC Key entry 

10 pps 20 pps 

ON 

OFF OPEN [!]~ 1·2 

ILDTI @] MODEO 
blinks 

ON + 
OFF OPEN IRED (p)1 1·2 

IpR (D)I 

@] MODEO 
ON blinks 

.\. 

OFF Voo IRED (p)1 1·2 

IpR (D)I MOD EO 
ON blinks 

.\. 

OFF GND IRED (DH 1·2 

IpR (D)I 

Key Entries When PULSE/DTMF Mode Is Switched (Mix Redial) 
When there is a pause before mode switching 

MODEC 
PU LSE output 

Hook Key entry 
10 pps 20 pps 

ON 
OFF OPEN [J] ~ I[lliJ 1.2·0 

Voo @] l1l [Jfj] 3-4-0 
GND [§I 0 IUQ] 
OPEN [§J III 6·7 

ON 
OFF OPEN IRED (p)1 1.2·0 

3-4-0 

6·7 
ON 
OFF Voo IRED (pH 1.2·0 

3·4-0 

6·7 
ON 

OfF GND IRED (D)I 1.2·0 
3.4·0 

6·7 
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OTMF output 

3 

3 

4 

3·4 

3·4 

DTMF output 

5·-·0 

5-*·0 

5·*·0 

5·-·0 
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When there is a pause after mode switching 

Hook MODEC Key entry 
PULSE output 

DTMF output 
10pps 20 pps 

ON 
OFF OPEN lIJ!1J 1·2 

Vee [j~ ~ 0·3-4 
®.5.* GND P 0 ~ (E) 

OPEN P P S I1l ®.S.7 
ON 
OFF OPEN IRED (p)1 1·2 

®.3.4 
®.5-* 

®.6-7 
ON 
OFF Vee IRED (p)1 1·2 

®.3-4 
®.5.* 

®.6-7 
ON 
OFF GND IRED (0)1 1·2 

®.3-4 
®.5-* 

®.S.7 
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When there is no pause before and after mode switching 

Hook MOOEC Key entry 
PU LSE output 

OTMF output 
10pps 20 pps 

ON 

OFF OPEN ill[2J 1-2 

Voo ~@ 3-4 

GNO [§]0 5-" 

OPEN [§J[Z] 6-7 

ON MOD EO 
blinks 

~ 

OFF OPEN IRED (p)1 1-2 MOOEO 
blinks 

~ 

IPR (P)! 3-4 MOOEO 
blinks 

~ 

IPR (D)! 5-" 

IPR (P)! 6-7 
ON MOOEO 

blinks 
~ 

OFF Voo IRED (P)! 1-2 MOOEO 
blinks 

~ 

IPR (P)! 3-4 MOOED 
blinks 

~ 

IPR (0)1 5-" 

~ 6-7 

ON MOOED 
blinks 

~ 

OFF GNO !REO (D)! 1-2 MOOED 
blinks 

~ 

IPR (p)1 3-4 MOOED 
blinks 

~ 

IpR (011 5-" 

IPR (p)1 6-7 
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Redial Memory Inhibit Function 

PULSE output 
DTMF output Hook MODEC Key entry 

10 pps 20 pps 

ON 

OFF OPEN OJ OJ ···OJ [D ~ =--=--v---=-= 25 25 
ON 
OFF OPEN IRED (Pli ~ 

25 
ON 

OFF OPEN ill [D.~. OJ OJ, ~ 
26 26 

ON 
OFF OPEN IRED (Pli Not output 

~ 2 
ON 

OFF OPEN IRED (Pli 2 
ON 
OFF Voo IRED (Pli 2 
ON 

OFF GND IRED (Dli 2 

@] 3 
ON 
OFF OPEN I LDTI[! ITl.;. [!I ITl, ~ 

25 25 
ON 
OFF OPEN IRED (Pli ~ 

25 
ON 
OFF OPEN [!I [!I I LDTlill [!I.;. [!] [!I, 1·1 ~ 

23 23 
ON 
OFF OPEN IRED (Pli No output No output 
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RECOMMENDED OPERATING CONDITIONS 

Rating Symbol Condition 

Power voltage Voo 
In PULSE mode and when 
memory is maintained 

In DTMF mode 

Input voltage VIN 

Output load RO Between output pi nand 

condition GND 

Ambient 
TA 

temperature 

Electrical Characteristics 

Parameter 
Condition 

Pin name 

All output pins are OPEN in 
DTMF mode. 

All output pins are OPEN in 
PULSE mode. 

All output pins and HKSW 
pins are OPEN in standby 
state. 

Supply Output pins are 
Voo Current OPEN in DTMF 

Voo = 
mode. 

2.5V Output pins are 
OPEN in 

TA = 
PULSE mode. 

25°C Output pins and 
HKSW pin are 
OPEN in stand· 
by state. 

COLl to 
Digital COL4, 
Input Voltage ROWl to 
1 ROW4 

7-98 

Min. 

2.0 

2.5 

0 

0.1 

-30 

Symbol 

100 

loop 

loosB 

IDOL 

IOOPL 

IOOSBL 

V IHI 

V IU 

Value 
Unit 

Typ Max 

- 6.0 V 

- 6.0 V 

- Voo V 

- 20 H2 

- 60 ·c 

[ 
2.0 to 6.0 V in PULSE mOde] 

Voo 2.5 to 6.00 V in DTMF mode 
T A = -30 to 60 C 

Value 

Min Typ Max 
Unit 

- 2.5 5.0 rnA 

- 1.0 2.0 rnA 

- 1.5 10 IlA 

- 1.0 2.0 rnA 

- 0.3 0.6 rnA 

- 0.2 1.0 IlA 

4/5 X - Voo V 
Voo 

Voo 
0 - V /5 
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Electrical Characteristics (Cont'd) 

Condition Value 
Parameter Symbol Unit 

Pin name Min Typ Max 

V IH2 
4/5 X - Voo V 

Digital Input HKSW, Voo 

Voltage MODEC, 
2 MAIBR V IL2 Voo V 

0 - 15 

When VIN = Voo IIH! -0.01 - Voo mA 
Digital Input 15 

Current 1 
When VIN = GND -Voo COL1 to IlL! - 0.01 mA 

COL4, 1100 

Digital Input When key entry is HZ ROW1 to 

Leakage 1 GND~VIN ~Voo 
ROW4 IILK! -10 - 10 p.A 

When VIN = Voo IIH2 -0.01 - Voo 
mA 

Digital Input 175 

Current 2 
-Voo When VIN = GND IIL2 175 

- 0.Q1 mA 

MODEC 
Digital Input When MODEC is HZ 
Leakage 2 GND~VIN~Voo 

IILK2 -10 - 10 p.A 

Digital Input 
When VIN = Voo 

HKSW, 
IIH3 -10 - 10 p.A 

Current 3 MAIBR 

Pull·up HKSW RPLU 100 200 400 kO 
Resistance 

Digital Input 
When VIN = GND MAIBR IILK3 -10 - 10 p.A 

Leakage 3 

When IOH = -0.2 mA 
MOD EO, VOH Voo - Voo V 
BEEP OUT -0.5 

Digital Output 
MODEO, 

Voltage 
When IOL = .0.5 mA 

POUT, 
VOL 0 - 0.5 V 

MUTE, BEEP 
OUT 

Digital Output MUTE, 

Off Leakage GNO ~ VOUT ~ Voo POUT, 
IOFFLK -10 - 10 p.A 

MOOEO, BEEP Current 
OUT 

COL1 to 
External res is· Resistance connected to COL4, 
tance when external circuit when input ROW1 to 

RoexT 1 MO 
digital input is open. The other end of ROW4, - -
is open the resistance must be HKSW, 

between 0 V and V DO. MODEC 
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Electrical Characteristics (Cont'd) 

Condition Value 
Parameter Symbol 

Min Typ Max 
Unjt 

Pin name 

PUll-down 
In ONHOOK mode RpLo 75 150 300 kn. Resistance 

Xl, X2 
Oscillator 

fIN - 3_579545 - MHz Frequency 

When no signal is output_ - 0 - V 

DTMF output Offset voltage when signals - 0.63xVoo - V are output. -0.75 
- When 100n. 
is connected DTMF TONE output voltage - 1.44 - Vp-p 
between out-
put pin and ROW signal tone output DTMF OUT VAOUT - 0_64 - Vp-p GND voltage 

COLUMN single tone output - 0.80 - Vp-p voltage 

COLUMNIROW TONE - 2.0 - dB ratio 

Number of COLl to 
Redial COL4, NKEy - - 26 

dig-
Memorv ROWl to its 
Digits ROW4 

MAIBR = Voo - 39 - % 
Make Ratio POUT 

MAIBR = GND - 33 - % 

Oscillation 
tSTART 0 8 16 ms Start Time 

Xl, X2 
Oscillation 

tSTOP 0 8 16 ms Stop Time 

Key Entry 
COL1 to 

HZ Hold COL4, t HZK 0 - 5 ms 
imW1 to Time 
ROW4 

MODEC HZ 
MODEC tHZMC 0 - 5 ms Hold Time 

MODEO HZ 
MODEO tHzMO 0 - 5 ms Hold Time 

COLl to 
Key Entry COL4, 

tZKS 0 5 HZ Start ROWl to - ms 
Time ROW4 

MODEC HZ 
MODEC tzMcs 0 - 5 ms Start Time 
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Electrical Characteristics (Cont'd) 

Condition Value 
Unit Parameter 

Pin name 
Symbol 

Min Typ Max 

MODEO HZ 
tZMOS 0 - 5 ms 

Start Time 

MODEO Switch 
tMOSWl - 12 - ms 

Start Time 1 

MODEO Switch 
tMoSW2 - 5 - ms 

Start Time 2 

MODEO HZ 
Start Time by MODEO tZMOSF - 83 - ms 
F Key Entry 

MODEO HZ 
Hold Time by tHZMOSF - 0.6 - s 
F Key Entry 

MODEO Blink-
tMOBLNK - 0.4 - s 

ing Period 

MODEO Switch 
Start Time by 

tMOSWPL - 39 - ms 
Pause Release 
Key 

Pause Time 
POUT, 

tPAUSE - 4.0 - s 
DTMFOUT 

DTMF Output 
Start Time by DTMFOUT tOUTPL - 50 - ms 
Pause Release 
Key 

POUT Output 
Hold Time by tHPH - 0.6 - ms 
F Key Entry 

POUT 
POUT Output 
Start Time by tpOUTS .- 83 - ms 
F Key Entry 

DTMFOUT 
Output Start 
Time when DTMFOUT tOUTSWS - 10 - ms 
the Mode is 
Switched 

Key Entry 
tWKl 50 - - ms 

Width 1 

Key Entry COL 1 to 

Width 2 COL4, tWK2 50 - - ms 

ROW1 to 
ROW4 

Pause Between 
tpK 50 - - ms 

Key Entries 
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ElectricalCharacteristics (Cont'd) 

Param~ter 
Condition Value 

Symbol Unit 
Pin name Min Typ Max 

Key Entry COL 1 to 
COL4. Debouncing 
ROWl to tACHAT - 34 - ms 

Time 
ROW4 

BEEPTONE 
Output Start tBEEPS - 42 - ms 
Time 

BEEPOUT 
BEEPTONE 41 
Output Width tWBEEP - - ms 

MUTE LOW 
Output Start tMS - 42 - ms 
Time 

MUTE 
For 10 pps 26 30 34 

MUTE LOW 
Output Hold For 20 pps tHML1 13 15 17 ms 
Time 1 

When DUAL TONE is output 100 110 120 

III 
I 

MA/BR = 
For 10 pps 950 990 1016 

"VOO" For 20 pps 480 520.5 566 
Pulse Pre-
digital Pause tpPDP 

MA/8R = 
For 10 pps 950 984 1016 

"GNO" For 20 pps 480 517.5 556 

MA/BR = 
For 10 pps - 39 -

"V ~O'' ms 

Pulse Make For 20 pps - 19.5 -
Width tWM 

MA/BR = 
For 10 pps - 33 -

"GNO" ms 
For 20 pps - 16.5 -

POUT 

MA/BR = 
Forl0pps - 61 -

"VOO" 
ms 

Pulse Break 
For 20 pps - 30.5 -

Width tWBRK 

MA/BR = 
For 10 pps - 67 -

"GNO" 
ms 

For 20 pps - 33.5 -

MA/BR = For 10 pps 900 469.5 960 

"VOO" 
ms 

Pulse Inter- For 20 pps 450 469.5 480 

digital Pause 
tWIDP 

MA/BR = 
For 10 pps 900 933 960 

"GNO" 
ms 

For 20 pps 450 466.5 480 
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Electrical Characteristics (Cont'd) 

Parameter 
Condition Value 

Symbol Unit 
Pin name Min Typ Max 

MUTE LOW 
Output Hold When single tone is output MUTE tHML2 0 - 45 ms 
Time 2 

DUALTONE 
tWOT 78 80 82 

Output Time 
ms 

DTMF Inter-
tlNPS 78 80 82 

pause 
ms 

Single Tone 
Output St. rt tSINGS - 42 - ms 
Time 

DTMFOUT 
Single Tone 
Output Stop tSINGE 0 - 5 ms 
Time 

DUALTONE 
Output Start tOUALS - 50 - ms 
Time 

DUALTONE 
Output Stop tOUALE 0 - 5 ms 
Time 

MUTE Hold 
Time 1 by tpSM1 0 10 20 ms 
Pause Key 

MUTE 
MUTE Hold 
Time 2 by tpSM2 75 90 105 ms 
Pause Key 

MODEO Blink- MODEO tMOBS 0 5 10 
ing Start Time 

ms 
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DTMF OUTPUT SIGNALS 

Item Symbol 

ROW1 FR1 

ROW2 FR2 

ROW3 FR3 

ROW4 FR4 

COL1 FC1 

COL2 FC2 

COL3 FC3 

7-104 

Standard DTMF DTMF output signals (Hz) 
(Hz) (Oscillator frequency 3.579545 MHz) 

697 696.95 

770 770.13 

852 852.27 

941 940.99 

1209 1209.31 

1336 1335.65 

1477 1476.71 

KEYBOARD CONFIGURATION 

2 of 8 keyboard 

rk ROW 

~COL 

~ROW 
Ji-A-COL 

Single contact 
type keyboard 

COL~ROW 

Electronic input 

VIH----' r-i=low 
VIL L....J ' 

V1H ----, '-COL 
VIL L....J . 
(Effective with "L" entry) 

An example of a single contact type keyboard is shown below. 

Error to standard DTmF 
(%) 

-0.01 

+0.02 

+0.03 

-0.01 

+0.03 

-0.03 

-0.02 
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Timing chart 1·A (When there is a pause before LOT in PULSE mode) 

HKSW 

x, "H" x, 
"L" 

_________________ 3~.5_79545_M_H_' __________ __ 

Keyentrv 

MQOEC 
(OPEN) 1 kHz (10pps) 

MCDEe "H" 

(Voo) 
(20pps) 

r--tMOSW2 

MOOED 

P5U'f 
"H" 

"L" tpAUSE 

"H" 
DTMFQUT 

"L" 

MOTE 
"H" 

"L" 

f--'MS 
.... tBEEPS f-- --1 r--tWBEPP 

BEEPOUT "H" ---H;---O---O---O---O---O--------------------------------L ______ A __ A __ A __ A __ A _______________________________ _ 
1 kHz (RectanglarPulse) 

NOTE: MAlaR'" "H" for make rate 39% and "L" for 33%. 

Timing chart 1·8 (When there is • pause before LOT in PU LSE mode) 
Key entries in Timing chart l·A are written as memory data. 

HKSW "H" rI "L,,--1 1 _______________________________ _ 

Xl x, 
"L" 

"H" 
Key entry 

"L" 

MODEC 
"H" 

(OPEN) "I." 
1 kHz ____ :=1-

MODEC "H" 
!Vool 

MOOED 
"L" 

POUT 
"H" 

"L" 

"H" 
DTMFOUT 

"L" 

MUTE 
"H" 

"I." 

~tPAHSE~ tDU~ ~LE _______________________ ~-~--------~~~L------~~~-----
7 htHMLl 

L-__________ ~I ~I __ ~ L-____ ~r__ 

BEEPQUT :::::==~~::.R:===::=:=:==:===::::=:=::=======_=_1l~========= 
NOTE: MA/BR '" "H" for make rate 39% and "L" for 33%. 
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Timing chart 2-A (When there is no pause before or after LOT in PULSE mode) 

HKSW :::::'L _______________________________ _ 
Xl 
X2 "H" .------ 3._579545MHz ---.-----, .. L .. ----.J_____ -----•. _____________ _ 

Keyentry "H"-;;Z-r-l 1 II 3 r-ILDTr-1 51r--------------------------
"L" ___ J L....:...J L:J W L:.J 

MODEC 
(OPEN) 

MODEC 
(Voo) 

MOOED 

"H"-;;z-.,-
"L" ___ J L--.. T kHz (10_ ... _' ____ ~______1 

::::: __ =:1 (20pps) . J r-'MOSW2 

"H"--;;;-1 -j 
~~::: ---~::::::::.:;u-r-------------i-n--+t n ~I 
"H" U U ~ r--'OUTSWS 

OTMFOUT "L" IV'IIiL _________________ _ 

'·H .. -----, 

"L" 

seepOUT ::::::::!!:::-.Jl: __ -:n.:::.-.n.-=-:.Jl __ -_-___ -_-_--=-_-_-_-_-_-_-:_-::::::::.:::::::::::: 
NOTE: MA/BR '" "H" for make rate 39% and "L" for 33%. 

Timing chart 2-8 (When there is no pause before or after LOT in PULSE mode·) 
Key entries in Timing chart 2·A are written as memory data. 

HKSW "H" ,--, 
.. L .. ...J 1'--______________________________ _ 

Xl 
X2 

MODEC 
{OPEN} 

"H" .-------~M~Z .. L"---l_____ _ ____ _ -----=--1_.------------

"H"i-;zTl-~ 
"L" I.._.;.J L-____ _ TkHzI10P_"'_' ____ ,1 ____ _ 

MOOEC .. H .. ·-----------------:'20::-... ~':----+----------------
(Veol "L" 

tMOBLNKIl _ itMOSWPL 

MOOEa :::::-r!!~J--,L ___________ -'ru1JlJI----------------

.. H .. --------.U UUU ~ j 
::~'~, . .....j 'MOBS r-'OUTPC 

OTMFOUT .. L .. -----------------t---------'fV!.Il'-------------
:::::-----.I..-________ ...JI ,---------

BEEPOUT :::::=::~:::l_=:::::::::=::=:==:==:_=_.:Jl~:=:::==::::::-=--:.-.::: 
NOTE: MA/BR" "H" for make rate 39% and "L" for 33%. 
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Timing chart 3-A (in DTMF mode) 

HKSW :::::1 .. ____________________________________ _ 
Xl 
X2 

Keventry 

MODEC 
(GND) 

MODEO 

OTMFOUT 

"H"--­

"L" ---"+ __ :----------i----t-------------------

"H"-__ + _________ I-_....,I-_________________ _ 
"L" 

"H" 
"L" ___ +..J 

"H"---+-"1 
"L" I------..J 

BEEPaUT ::H,:'---H;---O---n----------O--------O---o---n---o--------------L ______ A __ A __________ A ________ Jl __ A __ .R. __ A _____________ _ 

I-IKSW 

Xl 
X2 

NOTE: MA/BR '" "H" for make rate 39% and "L" for 33%. 

Timing chart 3-8 (in DTMF mode) 
Key entries in Timing chart 3-A are written as memory data, 

"H" 
"L" __________________________________ _ 

"H" r-;;;;;4~;;;-1 i 3.S79545MH2 _______ ::----,L _____ _ "L,, ___ L __ ::_:~~_' __ ~ __ L-.J _____ ._ 
RED (, Pause release key 

KOY'"'r( ':'~::~~-----"';Ui------------------'~ 

MODEC 
(GND) 

MOOED 

"H" "L"--+-:--:-__ ~ _______________ +-_______ _ 
tZMOSF_ t--fHZMOSF--! 

"H"-r,--Hz-l "L" L. ____ _ 

"H"_L-J---tHPF-----1r-__________________ ....,...., _________ _ 
"L" n I 
"H" fPOUTS ! 

_ I--- ~tWOT _ I---tOUTPL 

aTMFaUT "L" __________ ...-J t _ 3 ---------''''Y'L--------
tlNPS "H"---U 

"L" 

BEEPOUT :::::=-]!:.R::.::::=-:::=:Jl===:::==:::::=::::::::.fr~::::::=::::: 
NOTE: MA/BR'" "H" for make rate 39% and "L" for 33%. 
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PACKAGE DIMENSIONS (Suffix: PI 

7-108 

20·LEAD PLASTIC DUAL IN·LINE PACKAGE 
(CASE No.: DIP·20P-MO.11 

(01986 FUJITSU LIMITED D20005S·1C 

.290(7.37) 

.310(7.87) 

Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Suffix: PF) 

INDEX 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No_: FPT-24P-M02) 

fl)" I .417(10.61 

'287(7'31j 

!<:;::::;:;:::::;:;:::;;:::;:;:::;::;:::;:;::;;;=n=;;:::;;:=~.J17 .91 

~ ________ ~.5782~1~1~4'~7~91~ ______ ~.~t-------
.610(15.491 

.005(0.131 

.008(0.201 

.002(0.051 

Detail of "A" part 

.007(0.181 
M-;;:X-­

.027(0.681 
MAX 

Dimensions in 
inches (millimeters) 

Q1985FUJITSU LIMITED F2400BS-1C 

Circuit diagrams utilizing Fujitsu products are included as a 
means of illustrating typical semiconductor applications; con­
sequently, complete information sufficient for construction pur­
poses is not necessarily given. The information has been carefully 
checked and is believed to be entirely reliable. However, no 
responsibility is assumed for inaccuracies. Furthermore, such in­
formation does not convey to the purchaser of the semiconductor 
devices described herein any license under the patent rights of 
Fujitsu Limited or others. Fujitsu Limited reserves the right to 
change device specifications. 
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April 1991 
Edition 2.0 

M8870178 
DTMF RECEIVER 

DATA SHEET 

DUAL TONE MULTI FREQUENCY RECEIVER 

The MB87017B is a one chip DTMF receiver wnh an input amplWier gain adjuster 
and low power consumption, integrating filter and decoder circuns. The MB87017B 
can select enher automatic guard time setting mode or adjustable external guard 
time setting mode. 
This circun consists of SCFs (Swnched Capacitor Filters) and decoders which 
convert 16 types of DTMF tone pairs into hexadecimal four-b~ codes. 

• All DTMF receiver functions are integrated on one chip. 

• low power consumption 

• Built-in input amplifier gain adjustment circuit 

• Selectable automatic or adjustable external guard time setting modes 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Supply Voltage VDD +6.0 V 

Analog Input Vo~age V.,. -0.3 to VDD + 0.3 V 

Digital Input Vo~age VOl. -0.3 to VDO + 0.3 V 

Operating Temperature T. Oto +70 ·C 

Storage Temperature T"'G -55 to +125 ·C 

NOTE: Permanent device damage may occur n the above Absolute Maximum 
Ratings are excaeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating cond~ions for extended periods 
may affect device reliabil~y. 

Copyright'" 19911>1" FUJITSU LIMITED 

cO 
FUJITSU 

PLASTIC PACKAGE 
(DIP·1SP-M02) 

PLASTIC PACKAGE 
(FPT ·24P·M02) 

This _ contains clrcuMryto_ the I""", against 
d",,-dllOto high Statlcvoltag08 II< electrictlelds. How­
ever. l: is edvlaed that normaf precautlona be taken to 
avoid appJlcatJon of any vollaga higher than nm:lmum 
rated to .hls high 11TIlOd .... circuit. 
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PIN ASSIGNMENT 

PIN ASSIGNMENT PIN ASSIGNMENT 
(TOP VIEW) (TOP VIEW) 

A,. 18 Voo 
At. Voo 

GAt 2 17 GT GA. 2 GT 

G .. 3 16 OF GAO 3 NC 

NC 4 21 OF 

VFlfF 4 15 OS V .. F 5 OS 

AG 6 a. 
AG 5 14 a. 

TEST 7 a. 
TEST 6 13 a. OSCl NC 

NC NC 
OSCl 7 12 a. NC 10 15 a. 
OSC2 8 11 at OSC2 11 14 at 

GNO 12 13 TOE 

GNO 9 10 TOE 

(DIP-18P-M02) (FPT-24P-M02) 

I 

DI BLOCK DIAGRAM 
(DIP PACKAGE) 

AnalogCircuit ---------------;------ Digital Circuit ------; 

at 

OSCl OSC2 VDD GND OF GT OS TOE 
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PIN DESCRIPTIONS 

A,. Analog input pin (non-inverted operational amplWier input) 

2 2 GAl 
Operational amplWier gain adjustment pin 1 (inverted operand amplWier in-
put). 
Operational amplifier gain adjustment pin 2 (operand amplWieroutput pin). 

3 3 G .. 0 
• These pins are provided for operational amplifier gain adjustment. 
The polarity of GA' is opposite to that of G ... 

4 5 VAE.F 0 Reference vottage output pin. (112 Voo) 

5 6 AG Analog ground pin 

6 7 TEST Test pin. Usually set to ground level. 

7 8 OSCl Clock input pin. 
Clock output pin. 

8 11 OSC2 0 • Connect a 3.5795 MHz crystal between OSCl and OSC2 pins. 

9 12 GNO Ground pin 

10 13 TOE Three-state output enable pin. 

* Data from a, to a. may be output when this pin is set to "High". 

11 to 14 14, 15 a,toa, 0 Three-state data output pin. 
18,19 III 15 20 OS 0 Signal detection pin. 

• This pin goes to "High" when an valid tone pair is received and de-
coded, and the data in the output data-bus is updated. 

16 21 OF 0 

17 23 GT 0 Guard time mode select pin. 
• When GT pin is clamped to Voo, automatic guard time setting circu~ is 
selected; Guard Time Present (GTP) and Guard Time Absent (GTA) are 
set to 20 milliseconds. 
• See functional descriptions on page 5. 
• When GT pin exceeds 112VDD, OS pin outputs high level. 

When GT pin is less than 112VDD, OS pin outputs low level. 

18 24 VDD Positive supply vottage pin. 

* The voltage must be +5 V ±5%. 

4,9 
10,16 NC No connection 
17,22 
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FUNCTIONAL DESCRIPTIONS 

FILTER 
The filters consist of 3 sixth-order SCFs. The dial tone removal filter (including the 60 Hz filter) output is connected to the individual 
hysteresis comparators through the low group and high group filters. 
In the figure below, the solid Une shows the characteristics olthe low group filter while the broken line shows the characteristics of the 
high group filter. At a frequency of 770 Hz. H is assumed that 0 dB are Iosl. Therefore. this point is used for reference. 

o l_L.-'_ 
I .~,. I I I 

I' V,=-10dBm -
I \ T.=25°C _ , 

I .... ., II'" / 
/ 'If ! '\. 

Gain (dB) -50 

If i , ., ., 
o 2 

Frequency (kHz) 

DECODER 

1. Digital Frequency-detecting Circuit 

The OF (Detect Frequency) pin goes to "High" when the detector circuit acknowledges the output signals from the two comparators 
as valid DTMF signal frequencies in the digital frequency detecting block. 

2. Guard Time Setting Circuit 

Automatic or adjustable external guard time setting modes are provided. Guard time has two types: GTP (Guard Time Present) 
and GTA (Guard Time Absent). 

7-114 

2.1 Automatic Guard Time Setting CircuH 

When GT pin is clamped to Voo, automatic guard time setting circuit is selected; IoTP and tor. are set to 20 milliseconds. The 
output signal from the filters may be acknowledged as a DTMF signal if: 

<D A signal with valid DTMF frequency lasts more than 40 milliseconds. This signal is decoded into a bTMF signal. 
These pulses correspond to the input signal enable period and disable period for alternative current 
characteristics. 

® A period of more than 40 milliseconds exists between DTMF signals nand (n + 1). 11th is is not the case the DTMF 
signal (n + 1) is disabled. 
These pulses correspond to the inter-digit pauses for acceptance and .rejection for alternative current 
characteristics. 

In <D, H takes the OS (Detect Signal) pin GTP to acknowledge that the input signal is a DTMF signal after OF switches to 
"High". The OS pin swHches to "High" when the input signal is acknowledged as a DTMF signal. 
In ®, H takes the OS pin GTA to disable DTMF signal n after OF switches to "low". The OS pin switches to "low" when 
the signal is disabled. (See Page 10 for the timing chart.) 

IsDA > tGYP + tpOF 
to. > IAOF + tor. 
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2.2 Adjustable External Guard TIme Setting CircuR 

The simplified adjustable external guard time setting circu~ shown below enables any guard time present (GTP) or guard time 
absent (GTA) setting. 
The guard time is adjusted by selecting external register R when the external capacitor is 0.1 j!F. 

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

112VDD 

OF 

Adjustable external guard time 

Automatic guard time 
___________________________________________________ J 

2.3 Automatic Guard-time/Adjustable External Guard-time Setting Mode Selection Circuit 

• Adjustable external guard time setting mode 
Adjustable external guard time setting mode (GT pin is set low) is selected on the rising edge of the detected 
frequency (OF). 

• Automatic guard time setting mode 
The automatic guard time setting mode (GT pin is set high) is selected the power-on reset signal and on the rising 
edges of the OF. 

2.4 Power-on Reset Circu~ 

The power-on reset circu~ generates a reset signal to in~ialize the automatic guard time or adjustable guard time setting circuit 
when power is applied. 
The power-on reset circuit specifications and timing diagram are shown below. 

Power supply rise time 
Power supply fall time 

Power-off time 

0.1 

100 

50 ms 

ms 

Power-on reset operation conditions 
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FUNCTIONAL DESCRIPTIONS 

• Power-on reset timing diagram 

5V ---------l------\~-" ~---------

Voo 

OV ---1 

t'-'i--t-

NOTE: If the values of power supply rise time, fall time, and power off time shown in the table are notsatisiied; the power-on 
reset signal will not be generated and the automatic guard time setting circuit may not recoverfrom malfunction (receive 
disabled). 
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The adjustable external guard time setting circu~ will not enter malfunction even if the power-on reset signal is not 
generated. . 
Therefore, if power supply cond~ions disable the power-on reset circu~, the adjustable external guard setting circuit can 
be used. 
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OUTPUT CIRCUIT 
When the signal detector pin (05) switches to "High", a received tone pair is stored in the output circuit register. The output latch 
status may be output on the output bus by setting the three state control input (TOE) to "High". 

COLO COL 1 COl2 COla 

ROWO [J [] [] [] 
ROW1 [J [J [J [J 
ROW2 [] [J [J G 
ROW3 D[][]G 

OTMF Dial Matrix 

SAMPLE DIFFERENCE INPUT CONFIGURATION 
The MB87017B uses a difference input amplifier and provides for a bias power source (VAEF) to apply a bias voHage to the input 
signal. This also allows a pin to connect a gain adjustment resistor to the amplWier output. 

Input 0---i J--'\jYr-.... ---{ )---i""' .... 

RLl!50kn L 
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RECOMMENDED OPERATING CONDITIONS 

Supply Voltage Voo 4.75 5.0 5.25 V 

Input Voltage V, 0 Voo V 

Oscillation Frequency fose 3.5759 3.5795 3.5831 MHz 

OSC1 Pin Load Capacitance c.... 10.0 50.0 pF 

05C2 Pin Load Capacitance Cuoo 10.0 50.0 pF 

GA2 Pin Load Resistance RIJo 50 kn 

GA2 Pin Load Capacitance CIJo 100 pF 

Operating temperature T. 0 70 °C 

DC CHARACTERISTICS 
Voo - 5 V ±5%. TA = O°C to 70·C 

.. Power Consumption Po f - 3.58 MHz. Voo - 5 V 25 37 mW 

Low Level Input Voltage V'L 0 0.8 V 

High Level Input Voltage V'H 2.0 Von V 

Low Level Input Leak Current I'L V,.GND -10 0 IIA 

High Level Input Leak Current I'H V,. Voo -10 10 IIA 

Low Level Output Voltage VOl. IOL=2mA 0 0.4 V 

High Level Output Voltage VOH IoH --0.4 mA 2.4 Voo V 

V_ Output Voltage VREF 2.5 V 
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AC CHARACTERISTICS 
VDD _ 5 V ±5%, T. _ o·c to 70·C 

Signal Input Level T •• 25·C, VDD-5V -29 -10 -1 dBm 

lWlST ±10 dB 

Allowable Frequency Deviation ±1.5±2 Hz % 

Prohibited Frequency Deviation ±3.5 % 

Allowable Noise Level -12 dB 

Allowable Dial Tone Level 22 dB 

Input Signal Detection Timing 5 11 14 ms 

Input Signal Detection Timing 0.5 4 8.5 ms 

Input Signal Enable Period (Accept) 40 ms 

Input Signal Enable Period (Reject) 20 ms 

Inter-digk Pause (Accept) 40 ms 

Inter-digk Pause (Reject) 9 ms 

Input Clock Frequency fiN 3.5759 3.5795 3.5831 MHz 

Clock Rise Time tr 110 ns 

Clock Fall Time If 110 ns 

Clock Duty DR 50 % 

*1 dBm: 600 ohm reference 

*2 lWlST = High group tone vottagell..ow group tone vottage 

*3 Allowable noise - Total allowable noise within the range 300 Hz to 3.4 kHzlMinimum amplitude tone level in valid tone pairs 

*4 Allowable dial tone level = Total allowable normal dial tone volumelMinimum amplitude tone in valid tone pairs 

*5 See Timing Chart. 

*6 Specified values are referenced to the automatic guard time setting mode. 
See page 5 for tGTP, and tar. in the adjustable external guard time setting mode. 
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TIMING CHART 

7-120 

Input 

OF 

<DOS 

@OS 

<DGT 

@GT 

TOE ---, 

<DQ,toQ. ~ 

@Q,tOQ.~ 

NOTE: <D 
@ 

#N #N+l 

""-tsaR bPR 
IsoA IADF 

IGTp 

IGTp 

< #N X #N + 1 

< #N X #N + 1 

Automatic guard time setting mode (GT pin is clamped to VDD) 
Adjustable external guard time setting mode (See circuit on page 5) 
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PACKAGE DIMENSIONS 
18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(case No.: DIP-18P-M02) 

r---868~:g?~(220S~8:~g)~ 

~I~ : ': : : : :' ~ ~:I T7 -----==41 S· MAX ::::: = D J3g\~i'li 
=-e;;,:;;$S 

.11:047~Jl12 _lli~~Jl12 (~:~:~~~) 

TYP 

('20~g·30) (120~g·30) 

INDEX 

c! 

24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(case No.: FPT-24P-M02) 

··A·· 

Dimensions in 

inches (millimeters) 

Dimensions in 

inches (millimeters) 

.110(2.80) MAX 

(MOUNTING HEIGHT) 

.362±.012 
(9.20±0.30) 

I .020±.008 

-L~ (0.SO±0.20) 

oo6 +·002(01S+0.0S 
. -.001· -0.02) 

I 
.007(0.18) I 

I 
I 

I .027(0.68) I 

L _______ ~-:x __ ___ 1 
MAX 
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January 1990 

DATA SHEET 

MB87029 
DTMF Pulse Dialer 
The Fujitsu MB87029 is a OualTone MukHrequency (OTMF) pulse dialer that 
is designed for pushbutton telephone sets and uses the Si-Gate CMOS 
process. 

The MB87029 is used in both DTMF and PULSE modes and can be switched 
from PULSE mode to DTMF mode by a mode selection entry or by inputfrom 
the keyboard. The MB87029 contains a 2S-dign redial memory that permns ~ 
the coexistence of PULSE and DTMF modes, enabling mixed redialing in 
both PULSE and DTMF modes by a signal key entry. 

• Pulse 10 pps, 20 pps, or 
DTMF operation can be 
selected by the mode switch 
pin (MODEIN) 

• On-chip 26 digits of redial 
memory (up to 25 digns can 
actually be written in the 
memory) 

• Selectable make ratio by 
MAlBR: 39% or 33% 

• Line Dial Tone (LOT) function 
is provided (swnching from 
PULSE mode to DTMF mode 
by key entry) 

• Output of a beep tone for input 
confirmation (for all effective 
key entry independently 
PULSEIDTMF modes) 

• Redial inhibit function is 
included for redial memory 
overflow 

• Mixed redialing of both PULSE 
and DTMF modes 

• PAUSE function is provided 
and pause accumulation is 
possible 

• Single-tone output is enabled 
bySCNTpin 

• FLASH function is provided 
(ON HOOK mode is selected 
by keyboard input) 

• FLASH output time, 0.1 
second or O.S second, is 
selected by FCNT pin 

• Crystal or ceramic oscillator 
(3.579545 MHz) can be used 

• Pause release function is 
provided (two or more 
consecutive pauses can be 
released) 

• Operating voltages: 
PULSE mode: 2.0 V to S.O V 
DTMF mode: 2.5 V to s.o V 
(TA = -30 to SO°C) 

ABSOLUTE MAXIMUM RATINGS 
Rating Symbol Pin Name Value Unit 

Positive Supply Voltage Veo Voo GND-0.3 to 7.0 V 

Input Voltage VI All inputs GND - 0.3 to Voo + 0.3 V 

Ouput Voltage VO All outputs GND - 0.3 to Voo + 0.3 V 

Storage Temperature TSTG -65 to +150 °c 

Note: Permanent device damage may occur if absolute maximum ratings are 
exceeded. Functional operation should be restricted to the oonditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 

© 1991 by FUJITSU LlMITEO and FullSU Mk:roelec:tronlal. Inc. 

Voo 

OOIT 

COI:2 

CO[3 

COlA 

MAlBR 

MODEIN 

MODEOUT 

OSCIN 

OSCOUT 

GND 

cO 
FUJITSU 

PLASTIC PACKAGE 
DIP-22P-M03 

PLASTIC PACKAGE 
FPT-24P-M02 

PIN ASSIGNMENT 

DTMFOUT 

ROWf 

ROW2" 

ROm 

ROw.l 
TOP VIEW SCNT 

FCNT 

POLSEOOI 

HKS 

BEEPOUT 

MOTE 

This device contains circuitry to protect the inputs against damage 
due to tigh static vo/tage8 or electric flalds. However. It Is advised 
that normal precautions be taken to avoid application d any voltage 
higher than rnaxinum rated voltages 10 Ihls high irf1ledance clrcul. 
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Figure 1. MB87029 Block Diagram 

DTMF Generator 

r----------------,j 
OSCIN~ q ~ 'J RowProg. rr-- I J 

OSCOUT( """- I-- L +l """"'" s.. ~ ~ , Wave Adder 

~ Column prog.~ Gen. foe ' 
, Counter L...- I ) DTMFOUT 

~----------------~ MAlBR 

hl L.., MODEOUT MODEINC 
External 

Control BEEPOUT Keyboard 

IROWl Logic - Circuit 

Yf 
)mJTE f-1 2 3 RED -

IR0W2 Ie- l- f-. 
Pulse 4 5 6 P I Output 'ROm Circuit 

7 8 9 LDT 
, 1M 1 . 0 # F ' ROWif 

r 
Memory I Circuit ~ SCNT , Keyboard , Logic 

-C ~ FCNT 100[4 Circuit 

lrorn 

Yf 
~ pULSEOUI i , 

I "CO[2 

I 
I rorr , _I Beep Tone ~ 

-I Generator 

! ! 
""' ""' HKS Voo GND 
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PIN DESCRIPTIONS 

Pin No. 

UO DIP FPT Symbol Description 

1 1 Vo Power supply voltages: Pulse mode 2.0 V to 6.0 V 
0 DTMF mode 2.5 V to 6.0 V 

Power Memory Retention mode 2.0 V min. 
Supply 

11 12 GND Ground 

2 2 OOIT Uses key entries from 2 of 7 or 2 of 8 keyboards w~h common GND. This IC is 

3 3 00[2' available with a single contact from A type keyboard and electronic input (Low 
entry). 

4 5 ~ Key input debouncing time is 23 ms typo for both PULSE and DTMF modes. 
5 6 ~ Key input release guard time is 23 ms typo for both PULSE and DTMF modes. 

21 23 ROW!' Key entry is accepted in PULSEIDTMF modes only when a single key (one key 
20 22 ROm on the keyboard) is pressed longer than the debouncing time. If two or more keys 

19 21 ROW3' are pressed, they are not accepted unless they are released one-by-one and the 
last key is held closed longer than the debouncing time, after all other keys are 

18 20 ROW4 released. 
Key entry is accepted in DTMF mode only when either a single key (dual-tone 
key) is pressed or two or more keys in the same mx:-or ROW (single-tone keys) 
are pressed longer than the debouncing time. If one key in ~ is pressed, the 
single-tone keys are ineffective. If multiple single-tone keys are pressed, and the 
last key is held closed longer than the debouncing time, after all other keys are 
released, the key is effective as the dual-tone key. 
Hereafter, key entries are described with the premise that keys are held closed 
longer than the debouncing time. 

Input Pauses between key entries in PULSE and DTMF modes must be 50 ms or 
more. However, up to 50 ms is necessary from key entry to output start for 
single-tone outputs. 

Key switch contact resistance up to 5kO is allowable. 

6 7 MAlBR This pin selects the make rate. 

MAlBR Make Rate ('Yo) Break Rate ('Yo) 

Voo 39 61 

GND 33 67 

Make ratio switching by MAlBR is inhibited during PULSElDTMF transmission. 
The input level is in the CMOS level. 

6 7 MODE IN This pin selects the pulse mode, 10 pps, 20 pps, or the DTMF mode. 

MODEIN Mode 
Voo Pulse Mode 20 pps 

Open (1 Mel or more) Pulse Mode10 pps 

GND DTMFMode 

Mode switching is not accepted by MODE IN. After data transmission is 
completed, mode switching is honored by key entry. 
In the ON HOOK mode, this pin is set to a high impedance state. 

continued on next page 

7-125 



MB87029 

PIN DESCRIPTIONS 

Pin No. 

110 DIP FPT Symbol Deacrlptlon 

Hook switch input pin. 

ONHOOKMode OpenorVoo 

OFFHOOK Mode GND 

14 15 HKS Output Is inhibited in ONHOOK mode, and pUCSEOU I, DTMFOUT, BEEPOUT, 
DOTE, and MODEOUT are set at a high impedance state. 
All key entries are set to HZ and the on-chip operational ampiHier and oscillator 
(OSCIN • L. OSCOUT. L) become power down states. 
This pin Is pulled up by a high resistance internally. 

Input The input level is in the CMOS level. 

9 10 OSCIN Oscillator input pin. 
In the ONHOOK mode this pin Is pulled to a low level bv a hiah resistance. 

16 17 FNCT This pin selects FLASH time period. 

FNCT FLASH output time 

Voo 0.6sacond 

GND 0.2sacond 

SwHching Is prohibHed during PULSElDTMF transmission. 
Input level is in the CMOS level. 

17 18 SCNT This hiput enables a single-tone output. 

SCNT Single tone output 

Voo Output 

GND Not output 

Switching is prohibHed during a PULSElDTMF transmission. 
Input level is in the CMOS level. 

10 11 OSCOUT Oscillator output pin. 
In the ON HOOK mode, this pin is pulled to a low level by a high resistance. 

Output 8 9 MOOEOUT The output is in the CMOS level and set to a high impedance state in the 
ONHOOK mode. 
Low level is output in the PULSE mode and high level is output in the OTMF 
mode, including the LOT function. 
MOOEOUT blinks on and off at a frequency of 2.5 Hz typ., H there is no pause 
before and alter mode switching in redial function. 
When the FLASH key is pressed in eHher PULSE or OTMF mode, High 
impedance is output for a 0.6 second (typical) following the BEEP tone output. 
The key acceptance state (OFFHOOK mode) is now entered. 

continued on next page 
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PIN DESCRIPTIONS 

Pin No. 

110 DIP FPT Symbol Description 

OUtput 12 13 MOTE N-channel open drain output. 
In both PULSE and DTMF modes, the JiRJTE pin is in a high impedance state for 
the following conditions: 
1. There is no key entry. 
2. After the beep tone is output and the FLASH key is pressed, HZ is output for 

0.6 second (typical). 
3. During pause output state. (However, when key is pressed, mTEis low level 

while beep tone is being output.) 
4. During MODEOUT blinking. 
After key entries become effective in the PULSE or DTMF modes, the mTE pin 
is low during output of the beep tone, pulse output (according to numeric key 
entry), and output of DTMF. 

13 14 BEEPOUT The output is in CMOS level and the pin is set to a high impedance state unless 
beep tone is output. 
In PULSElDTMF modes, the beep tone Is output according to effective key 
entries. 
Beep tone is output in 41 ms typo at 1 kHz in rectangular pulse. 

13 14 PULSEOUI N-channel open drain output. 
This pin is in a high impedance state in the ON HOOK mode or DTMF mode. 
In PULSE mode, this pin is at Iowforbrakes (according to numerical key entries). 
When the FLASH key is pressed in the PULSE or DTMF mode, a low level is 
output for 600 ms typo after the beep tone is sent (even during a PULSEIDTMF 
send). The key acceptance state (OFFHOOK mode) then returns. 

22 24 DTMFOUT This DTMFOUT output pin is a bipolar follower that can drive a 100 n load 
between pin and GND. 
When a single key (numerical, c:J or0 ) is pressed in the DTMF modes, dual 
tone is output. 
Pressing two or more keys in the same ROW or"CO[onthe keyboard outputs the 
signal tone in the ROW or"CO[. 
H a key in CO[4 is pressed, then the DUAL TONE or single tone in the ROW or 
"CO[ is not output. (Please see Electrical Characteristics.) 
H the FLASH key Is pressed during DTMF sending, the beep tone is output at 
BEEPOUT and subsequent DTMF tones are not output. The ONHOOK mode is 
entered for 600 ms typo after the key acceptance state (OFFHOOK mode) is 
entered. 
DUAL TONE output time conditions are as follows: 
1. 80 ms typo for redial output 
2. 80 ms typo when the key entry time is within 130 ms typo and more than the 

debouncing time 
3. DUAL TONE output is stopped at once H a key is pressed longer than 130 ms 

typo and released. 
4. Signaltone is output from the end of debouncing time until the key is released. 
This pin is set to a high impedance state unless DTMF tone is output. 
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FUNCTIONAL DESCRIPTIONS 

Ordinal Dialing 

In OFFHOOK mode. PULSElDTMF signals are output according to the key input. regardless of the numberof key input figures. Forthe 

PULSE mode. any numberofdighal entries with keys Oto 9. Forthe DTMF mode. any number of dighat entries whh keys Oto 9. eJ and 

0· 
Upto 26 dighscan be stored inthe redial memory. In the PULSE mode. a redial digit isoounted for any numeric. pause. and LDT entry. 

In the DTMF mode. a redial digh is oounted for any numeric. eJ. 0. and 0 entry. 

In both the PULSE and DTMF modes. one digh Is oounted as mode information when MODEIN is used for mode switching. After 
OFFHOOK. the first numeric entry is oounted as a mode digit. In the PULSE mode the numeric key is oounted as a mode digh. In the 

DTMF mode. a numeric key. eJ. and m entry is oounted as a mode digit. In either OFFHOOK or PULSE modes. the 

mode-information digh is written into the redial memory. 

Redialing Function 
The redial memory is read out to execute the. redialing operation when a redial key is the first key pressed in OFFHOOK state. In the 

PULSE mode. the redial keys are m and eJ. In the DTMF mode. only the (]§[) key is accepted for redial. 

When 27 or more dighs are written into the redial memory. PULSE or DTMF signals that oorrespond to the key entries are output. but 
the redlaling operation is ineffective because of memory overflow. At this time. even if the first key pressed after the state change from 
ON HOOK to OFFHOOK is the redial key. the entry is not accepted and the beep tone is not output in either mode of operation . 

AfterOFFHOOK. if a numeric or LDTkey is the first entry In PULSE mode. orthefirst entry inthe DTMF mode is a numeric. eJ. 0 or 

a single-tone key entry (excluding crn:4). the redial memory is cleared and data is written into memory according to key entry 
information. 

Mixed Redialing 
Mixed redlaling is executed when the mode is changed from the PULSE to DTMF mode (done by pressing the LDT key). or when 
MODE is changed during key entries. 

If. at rediating.there is a pause before or after mode switching (including LOn. PULSEIDTMF is sent and PULSElDTMF signals are 
transmitted after the pause. To redial when there. is no pause before or after mode switching (including LDn. atl operations must cease 
after mode switching and a HALT state is enabled. MODEOUT blinks (indicates that mode switching has no automatic pause) and 
prompts a pause release. 

The pause release keys in PULSE mode are eJ. (][[). and the 0 key. In the DTMF mode. the (][[) and the 0 keys are used 

for pause release. PULSE and DTMF Signals can now be sent by key entry. The FLASH key is the only other acceptable entry. 

During redial output. the 0 key is the only key entry accepted. The pause release key is only accepted when MODEOUTis blinking or 

during a pause at redialing. 

Mode Switching 
During PULSE or TONE transmissions. mode switching by MODEIN is not permitted; after transmission isoomplete. MODEIN can be 
used for mode switching. . 

When PULSE or DTMF modes are switched by MODE IN. one digit is stored into redial memory as mode information. After 

OFFHOOK. if the first key entry is numeric in the PULSE mode. or a numeric eJ or m in the DTMF mode. the mode-information digit 

is written into redial memory. 
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In the PULSE mode, after the LDTkey is accepted only one time, the DTMF mode is selected (regardless of MODEIN pin switching). 
The LDT key is not accepted in the DTMF mode. The MODEIN pin switching enables the desired mode of operation to be selected. 

Line Dial Tone (LOT) Function 
H the LDT key is pressed in the PULSE mode, the DTMF mode is selected and DTMF tones can be output. In PULSE mode, only the 
first LDTkey is accepted after key acceptance state (OFFHOOK mode) is entered. Once LDT key is accepted, the following LDT key 
entries are ignored. 

When the LOT key is used to enter the DTMF mode, all keys (excluding roJAkeys) provide dual-tone and single-tone outputs. (Note: 
H even one roJA key is pressed, neither dual nor single tones are output.) The mode after that is not switched. If mode switching by 
LDT from memory is done during redialing, key entries after redialing are executed in DTMF mode regardless of the MODEIN state 
and the data is written into the redial memory. However, for effective keys (not the redial key) after ON HOOK changes to OFFHOOK, 
memory is reset and written in the current mode. 

Pause Function 

A pause state can be entered by pause key entry. 

In the PULSE mode, a pause is introduced by pressing the 0 or ® keys; in the DTMF mode (including LDT) only the ® key is 

effective. H a pause key is the first key pressed after changing from ON HOOK to OFFHOOK, the entry is not accepted. 
One pause key entry introduces a pause state that is typically 4 seconds; contiguous pause (N X 4 seConds) can be executed by 

making consecutive key entries. The pause can be reduced by entering ® or ~ during a redialing pause time. 

In the PULSE mode, the c:J key is used as apause release key. MuHiple pauses can be sent up to 500 times faster by entering a pause 

release key, that is, N X 4 seconds becomes N X 800 milliseconds. 

Flash Function 
Keyboard entries enable ON HOOK mode. Onlythe0 key is used as a FLASH key in both PULSE and DTMF modes (including LOT). 

When the 0 key is pressed, the ONHOOK mode is entered for 600 milliseconds (typical) after beep tone is sent. During this time, the 

key entry pin is not accepted. MODE IN, l'lllTE, MODEOUT, and DTMF/BEEPOUT pins are placed in the high-impedance state and 
the PULSEOUT pin is set low level. After 600 milliseconds (typical), the return of OFF HOOK is automatic and key entries can again be 
accepted. 

Test (High-speed Mode) 
A test mode circuit is buiH into the IC. In the ONHOOK state, pins OSCIN and OSCOUT are pulled down by a high resistance. To 
activate the test mode, tie the OSCIN high and apply clock signalto OSCOUT. The internal circuit operates up to 128 times fasterthan 
normal operation. 
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Figure 2. Keyboard Configuration 

An example of a single contact type keyboard: 
ROWf 

2 of 8 Keyboards Single Contact Type Keyboard 

Electronic Input 

(Effective with "L" entry) Legend 

corr CO[2 corn 00Gl" P _), cI 

Figure 3. Reference Circuit 

Vee 

o 

Keyboard 

Single Tone 
MB87029 

20pps 10PPSo' __ ~ __ -r ________ ~ 
(N.C.) Flast Output 

0.650-----, DTMF 
CSA3.58MGU 
C1, C2 = 30 pF+----' 

OFFHOOK 

GND 
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KEY OPERATION DIAGRAM 

Redial key for PULSE mode 

Redial key for DTMF mode 

Pause key for PULSE mode 

Pause key for DTMF mode 

Pause release key of PULSE mode 

Pause release key of DTMF mode 

Pause output 

KEY ENTRIES IN PULSE MODE 
When MODE IN Is set to 10 I'DS 

HOOK MODEIN Key Entry 

ON 

OFF OPEN mill 
ON 

OFF OPEN ( RED (P» 

ill 
ON 

OFF OPEN ( RED (PI) 

ON 

OFF Veo ( RED (PI) 

ON 

OFF GND ( RED (01 ) 

0 

I RED (PI) = @'[) or (!) 
I RED (01 ) = @'[) 
(LID = 0 or (!) 
cr::I§D = 0 
CffiJID = @'[). 0 . or eJ 
(![Jffi) = @'[) or 0 
® -Pause 

PULSE Output 

10pps 20pps 

1-2 

1-2 

3 

1-2-3 

1-2-3 

1-2-3 

MB87029 

DTMFOutput 

4 

conttnuea on next page 
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KEY ENTRIES IN PULSE MODE 
When MODEIN Is set to 20 t DS 

PULSE OUtput 

HOOK MODEIN Kay Entry 10pps 20pps DTMFOutput 

ON 

OFF Vee CD0 1-2 
ON 
OFF Vee [ RED (PII 1-2 

0 3 

ON 

OFF Vee [ RED (PI J 1-2-3 
ON 

OFF OPEN ( RED (PlI 1-2-3 
ON 

OFF GND ( RED (01 J 1-2-3 

0 4 

KEY ENTRIES IN DTMF MODE 
PULSE Output 

HOOK MODEIN Kay Entry 10pps 20pps DTMFOutput 

ON 

OFF GND CD0 1-2 
ON 
OFF GND ( RED (Oil 1-2 

0 3 

ON 

OFF GND [ RED (01 J 1-2-3 
ON 

OFF OPEN ( RED (PI) 1-2-3 
ON 

OFF GND [ RED (PH 1-2-3 

0 4 

conlinlJfKJ on next page 
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KEY ENTRIES WHEN THE LOT KEY IS USED 
When there Is a pause before LOT 

PULSE OUtput 

HOOK MODEIN Key Entry 10ppa 20pps DTMFOutput 

ON 
OFF OPEN CD0CUD 1-2-0 3 

ON mD0 
OFF GND ( RED (P) ) 1-2-0 3 

0 4 

ON 
OFF Vee ( RED (pH 1-2-0 3-4 
ON 
OFF GND (RED (D») 1-2-0 3-4 

KEY ENTRIES WHEN THE LOT KEY IS USED 
When there Is a Dause after LOT 

PULSE OU1put 

HOOK MODEIN Kay Entry 10ppa 20pps DTMFOutput 

ON III 
OFF OPEN CD0aEl 1-2 0-3 
ON rr:ID0 
OFF GND ( RED (P») 1-2 0-3 

0 4 

ON 
OFF Vee ( RED (PI) 1-2 0-3-4 
ON 

OFF GND (RED !O!) 1-2 0-3-4 
conlinuecJ on next 
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KEY ENTRIES WHEN THE LDT KEY IS USED 
Wh h en t ere s no pause be fore an d afterLDT 

PULSE OUtput 

HOOK MODEIN Key Entry 10pps ZOppa DTMFOUtput 

ON 

OFF OPEN CD® 1-2 

um® 3 

ON 
OFF OPEN ( RED (P») 1-2-MODEOUT 

blinks 
~ 3 

0 4 

ON 
OFF Voo ( RED (PH 1-2-MODEOUT 

~ 
blinks 

3-4 

ON 

OFF GND ( RED (0» 1-2-MODEOUT 

~ blinks 3-4 

III KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 
When there Is a pause before mode switch Ina 

PULSE OUtput 

HOOK MODEIN Key Entry 10pps ZOppa DTMFOutput 

ON 

OFF OPEN CD®CI:ID 1-2-0 

VOO ®0CEJID 3-4-0 
GND 0eJCOED 5-*-0 

OPEN 00 6·7 
ON 

OFF OPEN ( RED (pJI 1-2-0 
3-4-0 5-*-0 

6·7 
ON 
OFF Voo ( RED (PJI 1-2-0 

6-7 3-4-0 5-*-0 

ON 
OFF GND ( RED (D») 1-2-0 

3-4-0 5-*-0 
6·7 

conlinuea on next page 
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KEY ENTRIES WHEN PULSE/DTMF MODE IS SWITCHED (MIXED REDIAL) 
When there Is a Dause after mode switch Ina 

PULSE Output 

HOOK MODEIN Key Entry 10ppa 20ppa DTMFOutput 
ON 

OFF OPEN mm 1-2 

Voo CIJ[)00 ®--3-4 

GND CUID0el ®-5-' 

OPEN C!:ID00 ®-6-7 
ON 

OFF OPEN I RED (P) I 1-2 
®--3-4 ®-5-' 

®-6-7 
ON 
OFF Voo I RED (P) I 1-2 

®-5-' 
®-6-7 

®--3-4 

ON 
OFF GND ( RED (D) I 1-2 

®--3-4 ®-5-* 
®-6-7 

ON 

OFF OPEN mm 1-2 

Voo 00 3-4 

GND 0el S-' 

OPEN 00 6-7 

ON 
OFF OPEN ( RED (P) I 1-2-MODEOUT 

blinks 
CffiJID 3-4-MODEOUT 

IPR (0)1 
blinks 

S-*-MODEOUT 
blinks 

CffiJID 6-7 

ON 

OFF Voo ( RED (P) I 1-2-MODEOUT 

CffiJID blinks 
3-4-MODEOUT 

§JED blinks 
S-*-MODEOUT 

CffiJID blinks 
6-7 

ON 
OFF GND ( RED (oll 1-2-MODEOUT 

CffiJID blinks 
3-4-MODEOUT 

§JED blinks 
S-*-MODEOUT 

CffiJID blinks 
6-7 
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REDIAL MEMORY INHIBIT FUNCTION 
PULSE Output 

HOOK MODEIN Key Entry 10ppa 20ppa DlMFOUtput 

ON 

OFF OPEN mm···mm 1-1 .. ····1-1 

ON 
~ '"2'5' 2S 

OFF OPEN (RED IPII 1-1······1-1 

ON 
~ 

25 

OFF OPEN mm···mm 1-1······1-1 

ON 
~ '"2'5' 26 

OFF OPEN (RED IPII No output 

m 2 

ON 
OFF OPEN (RED (P) I 2 

ON 
OFF Voo (RED (P) I 2 

ON 
OFF GND (RED 10) I 2 

m 3 

ON 
OFF OPEN @Dmm··· 1-1······1-1 

mm ~ 
25 

ON 
----v-=--" 

25 

OFF OPEN I RED (P) I 1-1······1-1 

ON '"2'5' 
OFF OPEN mmrnDmm··· 1-1 

mm 1-1······1-1 
'-y-J '----y---J 

ON 23 23 

OFF OPEN I RED IP! I No output No output 
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RECOMMENDED OPERATING CONDITIONS 

Value 

Paramater Symbol Pin Nama Condition Min lYP Max Unit 

PULSE mode and memory 
2.0 6.0 V 

Power Supply Voltage Voo Voo retention mode 

DTMFmode 2.5 6.0 V 

Input Voltage VI All 0 Voo V Inpuls 

Output Load 
Ro DTMFOUT Between output pin and GND 0.1 20 kG Resistance 

Operating Temperature TA -{30 60 °C 
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ELECTRICAL CHARACTERISTICS 

Voo: PULSE mode = 2.0 to 6.0 V, Voo: DTMF mode = 2.5 to 6.0 V, TA = -30 to 60"C 

Value 

Parameter Symbol Pin Nama Condition Min 1\tp Max Unit 

100 
All output pins are 

2.S S.O rnA open in OTMF mode 

lop All output pins are 1.0 2.0 rnA open in PULSE mode 

lOST All output pins, HKS 1.S 10 jIA Power Supply pin open in Standby 
Current Voo 

1001 All output pins 1.0 2.0 rnA 
Voo= 

open in OTMF 

IOPl 
2.SV All output pins 0.3 0.6 mA open in PULSE 

TOST1 
TA- All output pins 
2SoC HKSopen in 

Standby 
0.2 1.0 jIA 

Oig~allnput 
VlHl "COIT to "C'OIA 

0.8Voo Voo V 

Voltage 1 
VIL1 ROW1to ROw.t 

1 Voo 0 .S V 

Oig~allnput 
VIH2 HKS, FCNT 0.8 Voo Voo V 

Voltage 2 MOOEIN, SCNT 
MAlBR 1 VIL2 0 5 Voo V 

Oig~al Input 
11H1 VI _ Voo -0.01 lvoo 

5 rnA 

Current 1 
"COIT to "C'OIA 

11L1 VI-GND -0.01 Voo 0.01 mA 
ROW1 TO ROw.J 

Digital Input 
IIZl Key entry HZ 

Leakage Current 1 GNOSVISVoo -10 10 jIA 

IIH2 VI-VOO -0.01 is Voo mA 
Digital Input 
Current 2 -1nS 

lu MOOEIN VI-GND Voo 0.01 mA 

Oigltallnput 
IIZ2 

MODEIN HZ 
-10 10 jIA Leakage Current 2 GNOSVISVoo 

111.3 MAlBR, SCNT, VI=GNO -10 10 jIA 
Oigitallnput FCNT 
Current 3 

HKS. MAlBR, 11113 SCNT, FCNT VI = Voo -10 10 jIA 

conVnusa on next page 
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ELECTRICAL CHARACTERISTICS 

Value 

Perameter Symbol Pin Name CondHlon Min Typ Max UnH 

Pull-up RPLU HKS 100 200 400 W 
Resistor 

VOH MODEOUT IoH .-o.2mA Voo-o.5 Veo V 
BEEPOUT 

Digital Output MODEOUT, 
Voltage yO\. PULSEOUI, 1oL- 0.5mA 0 0.5 V 

MUTE,BEEPOUT 

Digital Output MUTE;-
Off Leakage IOL pU[SEOUl, GND S Vo S Voo -10 10 IlA Current MODEOUT, 

BEEPOUT 

Resistance connected to 
External Resistance ROWiTOR0W4 external circuit when in-
when digital input is ROlo COCftoCOJA put is open. The other 1 MO 
open HKS, MODEIN end of the resistance 

must be between 0 V 
and Voo. 

Pull-down RpLD ON HOOK mode 75 150 300 W 
Resistance OSCIN, 

Oscillator OSCOUT 3.579545 
Frequency OSCIN MHz D 

No signal is output 0 V 

Offset voltage when 0.6 Voo V 
DTMFOutput signals are output -0.75 
Voltage 

DTMF TONE output voltage 1.44 Vp-p 
1000 placed AoUT DTMFOUT 

between output ROW single tone 0.64 Vp-p 
pin and GND. output voltage 

COLUMN single tone 0.80 Vp-p 
output voltage 

COLUMNIROW tone ratio 2.0 dB 

Redial Memory 
NAKEY 

COCftoCOJA 
26 digits Digit ROWiTOR0W4 

MAlBR= Voo 39 % 
Make Ratio WMAKE pU[SEOUI 

MAlBR= GND 33 % 

Oscillation 
loss 0 8 16 ms Start time 

OSCIN, 
Oscillation OSCOUT 
Stop time Iossp 0 8 16 ms 

conlinusd on next page 

7-139 



MB87029 

ELECTRICAL CHARACTERISTICS 

Value 

Parameter Symbol Pin Name Condition Min lYP Max Unit 

Key Entry HZ 
Hold time fHZKH 

COCito'COlA 
ROWf TO Rom 0 5 ms 

MODEINHZ tHZMIH MODEIN 0 5 ms Hold time 

MODEOUTHZ 
tHZMOH MODEOUT 0 5 Hold time ms 

Key Entry HZ tHZKS 
COCito'COlA 

0 5 Start time ROWf TO Rom 
ms 

MODEIN HZ 
MODEIN Start time IHzMIS 0 5 ms 

MODEOUTHZ tHZMOS MODEOUT 0 5 ms Start time 

Pause lime tpAS pOLSEoOT, 3.85 4.0 4.15 s DTMFOUT 

MODEOUT Switch 
Start time 1 lMOCl 12 ms 

MODEOUT Switch 
lMOC2 2 Start time 2 5 8 ms 

MODEOUTHZ 
Start lime by F tMOFS 72 ms 
key entry 

MODEOUTHZ MODEOUT FCNT-Voo 0.59 0.6 0.61 
Hold lime by F tMOFH s 
key entry FCNT-GND 0.09 0.1 0.11 

MODEOUT Blinking 
tMOSI 0.39 0.4 0.41 s Period 

MODEOUT Change 
Start time by 

tMOPs 28 ms pause release 
key entry 

DTMFOUT Output 
Start time when lMST 2 10 15 ms 
mode is switched 

DTMFOutput DTMFOUT 
Start time by 

\POT pause release 39 ms 
key entry 

pOLSEoO I Output FCNT.Veo 0.59 0.6 0.61 
Hold time tPUFH S 
by F key entry FCNT-GND 0.09 0.1 0.11 

PULSEOUT 
pOLSEoOI 
OUTPUT tPUFS 72 ms 
Start time by 
F key entry 

continued on next page 
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ELECTRICAL CHARACTERISTICS 

Value 

Parameter Symbol Pin Name Condition Min 1\'p Max Unit 

Key Entry Width1 tWKI 50 ms 

Key Entry Width2 tWK2 50 ms 

Key Input Pause IpK 50 ms 
Time COL1 toCOL4 

ROW1 TO ROW4 
Key Entry tCH 21 23 25 ms 
Debouncing time 

Key Entry Release 
tRE 21 23 25 ms 

Guard time 

BEEP TONE Output 
IaES 31 Start time ms 

BEEP TONE Output 
DTMFIBEEPOUT 

Width tWeE 39 41 43 ms 

MOTE LOW Output 
tMus 31 ms Start time 

MUTE 
10pps 26 30 34 

MOTE LOW Output 
20pps 13 15 17 ms 

Hold time 1 tMUSPI 

Dual Tone Output 100 110 120 

10ppsmode 950 980 1016 
MAlBR= ms 

Pulse Predigital 
tpop 

Voo 20ppsmode 480 510.5 556 
Pause Time 

MAlBR= 
10pps mode 950 974 1016 

ms 
GND 20 pps mode 480 507.5 556 

MAlBR-
10 pps mode 38 39 40 

ms 

Pulse Make 
Voo 20pps mode 19 19.5 20 

Width tWMA 
10pps mode 32 33 34 

MAlBR= ms 
GND 20pps mode 16 16.5 17 

PO[SEOOr 10 pps mode 60 61 62 
MAlBR= ms 

Pulse Break Voo 20pps mode 30 30.5 31 
Width tWBR 

MAlBR= 
10 pps modE 66 67 68 

ms 
GND 20 pps mod~ 33 33.5 34 

MAlBR= 
10 pps mode 900 939 960 

ms 
Pulse Interdigital 

t,OP 
Voo 20pps mode 450 469.5 480 

Pause Time 

MAlBR-
10 pps mode 900 933 960 

ms 
GND 20 pps mode 450 466.5 480 

contInued on next page 
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ELECTRICAL CHARACTERISTICS 

Value 

Parameter Symbol Pin Name Condition Min lYP Max Unit 

mJTE LOW Output 
tuUSP2 MUTE Single Tone Output 0 8 ms Hold time 2 

DUAL TONE Output 
tWOT 78 80 82 ms 11me 

DTMF Interpause Iorp 78 80 82 ms 11me 

Single Tone 
isIS SCNT-Voo 31 ms Output start time 

DTMFIBEEPOUT 
Single Tone 

IsISP 0 45 ms Output stop time 

DUAL TONE loTS 39 ms 
Output start time 

DUAL TONE IoTSP 0 5 ms 
Output stop time 

mJTE Hold 11me 1 
by PAUSE key \PSM! 0 10 20 ms 
entry MUTE 

mJTE Hold 11me 2 
by PAUSE key tPSM2 75 90 105 ms 
entry 

MODEOUT Blinking 
tMOST MODEOUT 0 5 10 ms 

Start time 

DTMF OUTPUT SIGNALS 

Item Symbol Standard DTMF DTMF Output Signal" Error to standard TDMF 
(Hz) (Hz) (%) 

ROWl FRl 697 696.95 -0.01 

ROW2 FR2 770 770.13 +0.02 

ROW3 FR3 852 852.27 +0.03 

ROW4 FR4 941 940.99 -0.01 

COL1 FCl 1209 1209.31 +0.03 

COL2 FC2 1336 1335.65 -0.03 

COL3 FC3 1477 1476.71 -0.02 

Note: -USCIHalion lrequency 3.5f~4lj MHZ 
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Figure 4. Key Input Timing 

Key Input ----,WM fN\I\A 

It---. tCH' .. -r--I ---' ~ J 
Not.: Key Input Debounc:ing Tme tCH 

!<eY entry is accepted if low lewl i8 longer !han 23 ma typ. 
2J<8y Input Release Guard lime IRE 
Key release is recognized if low I9wl is longer than 23 ms typo 

MB87029 
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TIMING CHART 1-A 
When there Is a ause before LOT k In PULSE mode 

"H" 

"L'~I--:-:----------------OSCIN "H" I ~ ______________ - =y= fossp 

OSCOUT "L' I :H::::it::: -----~72~ - --- - __ -+'-41'--____ _ 
"H!H~i-'~~I-I"'t~ I 

KEY Entry "L'=~-P. LLJ J.!.l W gfl.!.1 I 
MODEIN "H~HZMI~!-" I .-of I-- IwK2 I 
(OPEN) "L"=F~p IC:=:::::':' _ 1 kH!,(10 ppst __ . ___ =-1J 
MODEIN "W I I I 
(Voo) "L'---l-~ (20 pps) I 

'H\tzMo~ 1--1 .-of1--j--.;!tM0C2=__t ____ _ 
MODEOUT "L,-H'zl I II 

"H' I· tpop _I I. tlOP -, ., ~ tWilA III I 
pO[SEOOT "L' I U I n n II II II 

I H "": .. • !PAS -II 
"H' II .. r--tYIBJII ..Lij.. tMST II 

DTMFOUT '1 l'~ "L" I II I 5 1-11--1. ____ _ 
'H" I --t I-- tPSM! I 1--1 
"L" I ~ I I ~uspi 

"H~-~~~i~~-]--[---------------------------
BEEPOUT "L'_!:!.Z __ { ~~H~-IL- -- ---------------------------

HKS 

TIMING CHART 1-B 
When there Is a ause before LOT ke In PULSE mode 

I'H" .. L'-F!I.-__________________ _ 

OSCIN "H' I 
OSCOUT "L" I r= : ____ -3.579545}t~ _ - L _--'-[i5ii .... 3~.5:L.i79e=s4s:2..!:MHZJi!!!HJ.jiZ ....... _ 

.. H~IHzKS 
KEY Entry "L' I L@~ I 7 I 
MODEIN "H" --1 j-"IHzMlt - --- - --- --- - ----...---+.I .----+1-....--
(OPEN) "L" IL~J IL------ 1kHz(10.pI!!L-_~ II 1kHzI 
MODEIN "W I I 1 L...-.:...!::.=+I_..J 
(Voo) "L' I I (20 PPS) 1 I 

"H".-of I--IHZMds I I ---,-,." I I 
MODEOUT "L" Lig.J i I I I 

I· t -I I. tlOP _I I I 
POP U lnru I I 

I. _I .-of 
DTMFOUT "H" I tpAS I r-tDTS -..rr- IoTSP 

"L" I I f'\t1L---..Jrw;w'1I----
"H" I I I --I ~! 
"L" I I I I . ! 

HKS 

"H" 
."pom[...,.sJ::1EO .... OlTl "L" 

"H" 
""--HZ---~----------------------------[--------BEEPOUT L _____ JL____________________________ _ ______ _ 
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TIMING CHART 2-A 
When there Is no ause before or after LOT ke In PULSE mode 

"H" 
HKS "L"-----, ... ------------------------
OSCIN "H" 
OSCOUT "L"'-_ ....... L __ -_-:-- - 3,279545 MHz_ -~ ________ _ 

KEY Enlry 

MOOEIN "W 
(OPEN) "L"_.!!~J L.l __ ----rk~eSl-_--

MODEIN ',',H""'l----.-I ----------:"."..--:-)-------------(Voo) L ____ ...l (20 pps 
.., I. IM0C2 

MODEOUT :~:-HZ1..L---------_H11 "H" I 1'-____________ _ 
~~ U Innl-POLSEOOT "L" U U U 

, ______________ ~~L51-=M~L------------DTMFOUT :~~ r~L 
"H"'l--__ -, 

JlOTE "L" I I 

""H"~-Hz---~-I-Ir-~------------------------------BEEPOUT L _____ ..JL_ _...lL_.lI _____________________________ _ 

TIMING CHART 2-8 
When there Is no ause before or after LOT ke In PULSE mode 

"H" HKS "L.Jl ______________________ _ 

OSCIN 
OSCOUT 

KEY Enlry 

MODE IN 
(OPEN) 

MODE IN 
(Voo) 

"H" 
"L" r= -_ -==--_ 3.579545h1Hz -:. ===. -:. ='_"'--_____ _ 
"H'--r- ~.;"P:;;au;:::s:::..e r:.;::e::;lea::::s:::.e ____ _ 
"L" LJE:~ W key , 
"H'--r 
"L" LJE:J L-__ ----~o-ppsr_- 1 ___ --1 

"H":...------------:::::--:-----i'-----------
KL" (20 pps) 1 
·H:.....,-,-, ~o!Jh ~ r_IM_OP_s _______ _ 

MODEOUT "L" LJE:.J I I LJ LJ U L..-________ , I 

pOLSEoOI :~:'------"""U uuu I ! 
..I r-IMO~ ~ t--1pDT 

, ~L.-_____ _ DTMFOUT "H" 
·L" 

"H":..----, , 
"L" L..-_______ ..... l 

"·H"~-HZ---~---------------------~---------------BEEPOUT L _____ ...Ja. _____________________ I21 ______________ _ 
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TIMING CHART 3-A 
InDTMFmode 

"H· HKS "L"--,L _______________________ _ 

OSCIN AH· 
. C3.57!!.545_M_H_Ll_ ~A~L _-_l·,~579:.:::5::::4s=M:.::Hz=_____-_---,_.L..._ OSCOUT "L" 

KEY Entry 

MODEIN 
(GND) 

MODEOUT 

Singlet e 

I. I 
"H"-----h II 
"L" h 
"H. OJI 1+ fMOCl 1 ---, I 
·L" HZ ..&.1-11-"1...------+1--.;----------------
~" I 1 

"'pOnTC .... SE .... u .... O .... 1 "L· I I 

.H .. __ tD_TS_ ... +I .... ~l __ b;;ui • Is Is~~ ~ 1+ __ "1J--I1+ Is~ 
DTMFOUT .L·- I ~ 

I ..... Lo.. fMUSPl Single tqne 
·H:...· --..;..., -..-- I 
·L" I. 1..-__ ---1 

.., 1+ tyus ... 1+ tyUSP2 
BEEPOUT ::H:-Hi----W--l'-I-------Il'l------""1:r--rr-er--er------------L _____ ~_~ _______ B ______ JL_~_B _ _a __________ _ 

TIMING CHART 3-B 
In DTMF mode 

HKS 
·H· 

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

g~~T :~: G5Mi~-.r::.---==~~-:-------,---''------
·H~ _ I !i Pause release key 

KEY Entry "L" W ~ l.!:J 
I I 

MODEIN "H· I I 
~~ ~ I I 

tyO~F;r"j:I-;:::;t;;::;j,.lr----------llr--------
"H· r--MQ..FH-, I 

MODEOUT "L" I -..!:!~-~ I 
pOCSEOOl ~:--l-1r·-,t~~;FH~·~I-------------~I--------

... ~~ ~ ~L~ "H" 11wnrl rr 
DTMFOUT .. L. _____ ...,...._....J~. 3 -----If'fll...-------

"H" t "L.----U I DTP I I I 

BEEPOUT 
.. H·--~--------[------------------[------------"L"-~_la.. ___ ..,.---- __________________ _ __________ _ 
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PACKAGE DIMENSIONS 

22-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CMe No.: DlP-22P-MOO) 

24-LEAD PLASTIC FLAT PACKAGE 
(C_ No.: FPT-24P-M02) 

r;;-a.800~.-gJg(IU.~= ~ 

t A02 • .o18 I (10.211' OAOl 

.21110.012 

rI~X J~ 

.550(13.97) REF 

, , , , 

" ...... ' 

.110 MAX 
(SEATED HEIGHT) 

.020> .ooe 
(0.50>0.20) 

- ... --.... - ... -- .. -- ... -, 
[)alalia or "A" part l 

, 

.=~I,; 
MAX 

JYO , 
MAX : ______________ ..... 1 

MB87029 
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May 1991 
Edition 2.0 

MB87057 
DTMF RECEIVER 

DATA SHEET 

DUAL TONE MULTI FREQUENCY RECEIVER 

The MB87057 is a one chip DTMF receiver wRh an input amplifier gain adjuster and 
low power consumption, integrating fiRer and decoder circuRs. The MB87057 can 
automatically set guard times. 
This circuR consists of SCFs (Switched Capacitor FiRers) and decoders which 
convert 16 types of DTMF tone pairs into hexadecimal four-bR codes. 

• All DTMF receiver functions are integrated on one chip. 

• Low power consumption 
• Built·in input amplifier gain adjustment circuit 

• Automatic guard time setup 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 

Supply VoRage Voo +6.0 V 

Analog Input VoRage V.,. -0.3 to VDD + 0.3 V 

Digital Input VoRage VOl. -0.3 to VDD + 0.3 V 

Operating Temperature T. Oto +70 °C 

Storage Temperature T ... -55 to +125 °C 

NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. 
Exposure to absolute maximum rating condRions for extended periods 
may affect device reliability. 

CopyrlghtO 1991 by FUJITSU LIMITED 

OJ 
FUJITSU 

PLASTIC PACKAGE 
(DIP-18P-M02) 

PLASTIC PACKAGE 
(FPT-24P-M02) 

This device c::ontalns circuitry to proled the InpUla against 
damage due to high 8ta1:Ic voltages or electtic flek!s, ~ow. 
ever, ft is advised that normal precautions be taken 10 avoid 
application of any voIiage high« lhan maximum rlll8d wit· 
ages to this high 1,,",,",,",,08 elrcuR. 
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MB87057 

PIN ASSIGNMENT 

PIN ASSIGNMENT PIN ASSIGNMENT 
(TOP VIEW) (TOP VIEW) 

AI" VDO 

"'" Voo 
GAl 2 GT G.., GT 

G .. 3 OF GAO NC 
NC OF 

V_ 4 OS VAE. OS 
AG 0, 

AG 5 0, 
TEST a. 

TEST 6 a. OSC1 NC 
NC NC 

OSC1 7 a. NC a. 
OSC2 8 11 0, OSC2 0, 

GNO TOE 
GNO 9 TOE 

(DlP·18P·M02) (FPT·24P·M02) 

D BLOCK DIAGRAM 
(DIP PACKAGE) 

AnalogCircuil .--------------~------ OigitaiCircuil------; 

OSC1 OSC2 v •• GNO OF GT OS TOE 
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PIN DESCRIPTIONS 

Po. Analog input pin (non-inverted operational amplifier input) 

2 2 GA, 
Operational amplifier gain adjustment pin 1 (inverted operand amplifier in-
put). 
Operational amplifier gain adjustment pin 2 (operand amplifier output pin). 

3 3 G... 0 
• These pins are provided for operational amplifier gain adjustment. The 
polarity of Go, Is opposite 10 Ihat of G ... 

4 5 V_ 0 Reference voltage output pin. (112 Voo) 

5 6 AG Analog ground pin 

6 7 TEST Test pin. Usually set to ground level. 

7 8 OSCI Clock input pin. 
Clock output pin. 

8 11 OSC2 0 • Connect a 3.5795 MHz crystal between OSCI and OSC2 pins. 

9 12 GND Ground pin 

10 13 TOE Three-state output enable pin. 
• Data from 0, to Q. may be output when this pin is sello 'High". 

11 to 14 14, 15 O,toO. 0 Three-state data output pin. 
18,19 IDI 15 20 OS 0 Signal detection pin. 

• This pin goes to "High" when an available tone pair is received and de-
coded, and the data in the output data-bus is updated. 

16 21 OF 0 Frequency detection pin. 
• This pin goes to "High" when a received tone pair is acknowledged as 
the valid DTMF signal frequency. 

17 23 GT 0 Since "H" has been output, secure the pin in the ''Open" or Voo position. 

18 24 Voo Positive supply voltage pin. 
• The voltage must be +5 V ±5%. 

4,9 
10,16 NC No connection 
17,22 
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FUNCTIONAL DESCRIPTIONS 

1. FILTER 

The fiRers consist of 3 sixth-order SCFs. The dial tone removal filter (including the 60 Hz filter). Output is connected to the individual 
hysteresis comparators through the low "group and high group fiRers. 
In the figure below, the solid line shows the characteristics ofthe low group filter while the broken line shows the characteristics ofthe 
high group filter. At e frequency of no Hz, ~ Is assumed that 0 dB are lost. Therefore, this point is used for reference. 

o --
1/ >I' I I I 

:A V,--10dBm -
I \ T.-25°C _ 
I \ 
I .- r,. ,.... 1/ 

/ "'ilf \, " 
Gain (dB) -SO , I , y 

'" o 2 

Frequency (kHz) 

2. DECODER 

2.1 Digital Frequency-detecting Circuit 

The OF (Detect Frequency) pin goes to "High" when the detector circuit acknowledges the output signals from the two comparators 
as valid DTMF signal frequencies in the digital frequency detecting block. 

2.2 Guard Time Setup Circuit 

The automatic setup mode is provided for guard time setup. Guard time has two types: GTP (Guard Time Present) and GTA 
(Guard Time Absent). " 
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2.2.1 Automatic guard-time setup circuk 

The automatic guard time setup circuit sets both ImP and 1m. to 20 ms.The output signal from the filters may be acknowledged 
as a DTMF signal if: 

(1) A signal with valid DTMF frequency lasts more than 40 ms. This signal is decoded into a DTMF signal. 
These pulses correspond to the input signal enable period and disable period for alternative current 
characteristics. 

® A period of more than 40 ms exists between DTMF signals nand (n + 1). If this is not the case the DTMF signal (n + 
1) is disabled. 
These pulses correspond to the inter-digit pauses for acceptance and rejection for alternative current 
characteristics. 

In (1), it takes the OS (Detect Signal) pin GTP to acknowledge that the input signal is a DTMF signal after OF switches to 
·High". The OS pin switches to "High" when the input signal is acknowledged as a DTMF signal. 
In ®, it takes the OS pin GTA to disable DTMF signal n after OF switches to 'Low". The OS pin switches to "Low' when 
the signal is disabled. (See Page 8 for the timing chart.) 

tao.. > tQTP + tpOF 

\0". > !.OF + tOTA 



MB87057 

FUNCTIONAL DESCRIPTIONS 

3, OUTPUT CIRCUIT 

When the signal detector pin (OS) swHches to "High", a received tone pair is stored in the output circuH register, The output latch 
status may be output on the output bus by setting the three state control input (TOE) to "High", 

COLO COL 1 COL2 COL3 

ROWO O[][]8 
ROW1 8[][][] 
ROW2 [J[][]G 
ROW3 DG8G 

OTMF Dial Matrix 

4, SAMPLE DIFFERENCE INPUT CONFIGURATION 
The MB87057 uses a difference input amplifier and provides for a bias power source (VREF) to apply a bias voltage to the input signal. 
This also allows a pin to connect a gain adjustment resistor to the ampinier output. 

Input ~ I--IIJ,I/v---'----{ J----r-... 

RL;" 50 kCl L 
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MB87057 

RECOMMENDED OPERATING CONDITIONS 

Supply Voltage VDD 4.75 5.0 5.25 V 

Input VOltage VI VDD V 

Oscillation Frequency foac 3.5759 3.5795 3.5831 MHz 

OSCI Pin Load Capacitance eu. 10.0 50.0 pF 

OSC2 Pin Load Capacitance Ct.ao 10.0 50.0 pF 

GA2 Pin Load Resistance RIA 50 kn 

GA2 Pin Load Capacitance c... 100 pF 

Operating temperature T. 0 70 ·c 

DC CHARACTERISTICS 
v"" .. 5 V±5%. T •• O·C to 70·C 

D Supply Voltage V"" 4.75 5.0 5.25 V 

Power Consumption PD f .. 3.58 MHz. VDD.5 V 25 37 mW 

Low Level Input Vottage VI. 0 0.8 V 

High Level Input Voltage VOl 2.0 VDD V 

Low Level Input Leak Current IlL VI "GND -10 10 I!A 

High Level Input Leak Current I .. VI - V"" -10 10 I!A 

Low Level Output Voltage VOl. b. .. 2mA 0 0.4 V 

High Level Output Voltage V".. 10.--0.4 rnA 2.4 V"" V 

VPEl' Output Voltage VIE. 2.5 V 
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MB87057 

AC CHARACTERISTICS 
Voo = 5 V ±5%, T. = O°C to 70°C 

Signal Input Level T.=25°C, Voo=5V -29 -10 -1 dBm 

lWlST ±10 dB 

Allowable Frequency Deviation ±1.5±2 Hz % 

Prohibited Frequency Deviation ±3.5 % 

Allowable Noise Level -12 dB 

Allowable Dial Tone Level 22 dB 

Input Signal Detection Timing tPDF 5 11 14 ms 

Input Signal Detection Timing t.OF 0.5 4 8.5 ms 

Input Signal Enable Period (Accept) IsDA 40 ms 

Input Signal Enable Period (Reject) IsOR 20 ms 

Inter-digit Pause (Accept) tPA 40 ms 

Inter-digit Pause (Reject) tPR 9 ms 

Input Clock Frequency f'N 3.5759 3.5795 3.5831 MHz 

Clock Rise Time tr 110 ns 

Clock Fall Time If 110 ns 

Clock Duty DR 50 % 

*1 dBm: 600 ohm reference 

*2 lWlST - High group tone vo~agell..ow group tone vo~age 

*3 Allowable noise = Total allowable noise within the range 300 Hz to 3.4 kHz/Minimum amplitude tone level in valid tone pairs 

*4 Allowable dial tone level = Total allowable normal dial tone volumelMinimum amplitude tone in valid tone pairs 

*5 See Timing Chart. 
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MB87057 

TIMING CHART 

Input #N+ 1 
~P' 

IADF 

OF 

OS -----_ .... 
GT -----------------------

TOE ~L. ____ ..... 

A, loa. ~)-------« .... ___ #N ___ X"" ___ #_N_+ 1 ___ _ 

D 
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PACKAGE DIMENSIONS 

INDEX-l 

18-LEAD PLASTIC DUAL IN· LINE PACKAGE 
(case No.: DIP-18P-M02) 

INDEX-2 ~r=;::::;=::;=;=;:::::;:::::;::::;=::;=T=T=;:::::;::::;::::;::;:~ 

.1 1·047:':J>12 
(1.20:':g·30) 

11·047:':J>12 
(1.20:':g·30) 

MB87057 

_____ ==~~15.MAX 

Dimensions in 

inches (millimeters) 

7·157 
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MB87057 

PACKAGE DIMENSIONS 

7·158 

,060(1,27) 
TYP 

INDEX 

d 

24-LEAD PLASTIC DUAL IN·L1NE PACKAGE 
(case No.: FPT -24P-M02) , 11 0(2,80) MAX 

"t>:' 

(MOUNTING HEIGHT) 

r-o;tail;"of ,;,-;; ;8~tJ 
I I 

: ,008(0,20) : 

I I 
I I 
I I 
I I 
I ,024(0,60) I 

I 
,007(0,18) I 

MAX : 
,550(13,97) REF----I I ,027(0,68) I L _______ ~~X _____ 1 

Dimensions in 
inches (millimeters) 



Section 8 

Coders/Decoders (CODECs) - At a Glance 

Companding Package 
Page DevIce Law Operation Opllona 

8-3 MB6021AO I1-Law Sync/Async 16-pin Plastic DIP 
6022A A-Law Sync/Async 16-pad Plastic LCC 

° Available in North America only 
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October 1991 

MB602116022 
PCMCODEC 

DATA SHEET 

The Fujitsu CMOS BD6020 series consists of both JI.-Iaw and A-law single-chip 
codeclfilter ICs for enher synchronous-only or sync/asyne operation. These 
monolithic, single-channel, voice-frequency codecs incorporate both transmit and 
receive circuitries that are used for PCM (pulse coded modulation) systems. 

• Transmn high-pass and low-pass filters 

• Receive low-pass filter wnh SinXlX Correction 

• Anti-aliasing filter 

• Conforms to CCITT and AT&T specifications 

• Synchronous and asynchronous operation: MB6021, MB6022 

• Serial data rates of 64 kHz to 3.152 MHz 

• Pll circuits as internal clock generator 

• Internal voltage reference 

• Internal auto-zero circun 

• TTl compatible digital interface 

• Input gain adjust amplifier 

• Pin selectable on-chip analog loopback 

• JI.-Iaw: MB6021 
A-law: MB6022 

• Package: 16-pin ceramic DIP package (Suffix: -CZ) 

ABSOLUTE MAXIMUM RATINGS 

Pin 
MB6021 

Rating Symbol MB6022 Mln_ Max_ Unit 

Positive Supply Voltage +Vs 7 -0.3 7 

Negative Supply Voltage -Vs 16 -7 0.3 

Reference Supply 
Voltage VREF 6 -Vs +Vs 

Analog Input Voltage VNN 1 -Vs-O.3 +Vs+0.3 

Digital Input Voltage VDIN1 
8,9,10, 
11,12 -0.3 +Vs+O.3 

Digital Input Voltage VDIN2 14 -Vs-O.3 +Vs+0.3 

Storage Temperature TSTG -55 150 

Note: Permanent device damage may occur if absolute maximum ratings are ex­
ceeded. Functional operation should be restricted to the conditions as de­
tailed in the operation sections of this data shoot. Exposure to absolute maxi­
mum rating conditions for extended periods may affect device reliability. 

© 1991 by FUJITSU LIMITED and Fujitsu MlcroaIecIronlcs.lnc. 

V 

V 

V 

V 

V 

V 

·C 

cP 
FUJITSU 

AIN 

GAt 

GA2 

AG 

AOUT 

VREPI" 

+Vs 

DIN 

Ceramic Package 
CERDIP 

DIP·16C-C04 

Pin Assignment 

-VS 

DOUT 

POlL 

DG 

XSYNC 

RSYNC 

XCLK 

RCLK 

This device contains circuitry to protect the Inputs against 
damage due to high stallc vohages or eledrlc fields. However, h 
Is advi88d that normal precautions be takan to avotd application 
of any 1IOItago higher than maximum raled lIOIIages to 'hls high 
irJl)8dance circuit. 
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MB6021 
MB6022 

BLOCK DIAGRAM 

:: 
XSYNC 

PDIL 

VREFIT 

RSYNC 

AOUT~ 
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rDOUT 

XCLK 

RCLK 

DIN 

~ 
+VS -VS AG DG 



FUNCTIONAL DESCRIPTION 

MB6021 
MB6022 

Thetransmit section in the upper-half of the block diagram is composed of an input gain amplifier, an anti-aliasing fitter (ANTI-ALIAS), 
a band-pass fitter (COS, LPT. and HPF), and a compressing coder (CODER). An auto-zero circuit (Al) is also included in this section. 
The receive section (lower half) is composed of an expanding decoder (DECODER) and a low-pass fitter (LPF). 

TRANSMIT SECTION 

Analog signals are input to an operational amplifier to provide gain adjustment. This amplifier is followed by a 2nd order analog 
anti-aliasing fitter (ANTI-ALIAS). This filter provides attenuation of 40 dB (typical) at the 256 kHz effective clock frequency of the 
following switched capacitor cosine filter (COS). Fromthecosinefitter, the signals enter a5th order low-pass (LPF) clocked at 128 kHz, 
followed by a 3rd order high-pass filter (HPF) clocked at 128 kHz. The resutting band-pass characteristics meet both the D3104 
specification and the CCIT G.712 recommendation. The output of the high-pass filter is then sampled by the coder (CODEC) at 8 kHz. 
This coder transforms the analog signals into 8-bit words using compressing law. The encoded PCM data is then output serially from 
the OUTPUT REGISTER at a frequency determined by the external clock, 64 kHzto 3.152 MHz. An auto-zero circuit (Al) is utilized for 
DC offset correction. 

RECEIVE SECTION 

This fitter smooths the decoded signals and corrects for SinXlX attenuation caused by the 8 kHz sample and hold operation. The 
decoder (DECODER) reconstructs the analog signals from the PCM data using expanding law. The decoder is followed by a 5th order 
low pass filter (LPF). This fitter smooths the decoded signals and corrects them for the SinXlX attenuation due to the 8 kHz sampling 
and holding operation. 

INTERNAL CLOCK 

Two independent phase locked loops (PLL) generate internal clocks for the transmit and receive sections from the respective 
synchronization clocks (XSYNC and RSYNC). 

ANALOG LOOPBACK MODE 

The analog loopback mode allows all decoding and coding functions to be exercised without using the analog input (AIN) and analog 
output (AOUT). In this mode, a digital input signal is decoded and internally routed to the transmit fitters. 

The output is available from the digital output (DOUT). The analog output (AOUT) is forced tothe analog ground (AG) level. The analog 
Ioopback mode is selected by connecting the PD/L input to the negative supply voltage (-VS). 

POWER DOWN MODE 

Two power down modes are provided. The transmit and receive sections independently go into power down operation in the absense 
olthe respective synchronization clock (XSYNC and RSYNC). Hthe external power down input (POlL) is connected to a TTL low level, 
both the transmit and receive section are powered down regardless of the synchronization clocks. During power down operation, 
AOUT is forced to the level of AG, and DOUT goes into a high-impedance state. 

TEST MODE 

The VREFlTpin is connected to-VS, test mode allows independent evaluation of the coder and decoder. In this mode, AIN is internally 
connected to the input of the coder and its output is available on the DOUT pin. Also, the output of the decoder is made available on pin 
AOUT. 
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MB6021 
MB6022 

PIN DESCRIPTION 

MB6021, MB6022 

Pin Name Pin No. Description 

AIN 1 Analog Input. This is an input pin for analog signals to be filtered and coded. 

GAl 2 Gain Adjust 1 
GA2 3 Gain Adjust 2 

These pins are provided for adjusting the gain of transmit section. GA 1 and GA2 are the inverting 
input and output of the amplifier, respectively. GA2 can drive a load impedance of IOta 20 k.Q and 
50 pF or less. 

AG 4 Analog Ground. All analog signals are referenced to this pin. 

Analog Output. This pin outputs the decoded and filtered analog signals. It can drive a load im-
AOUT 5 pedance of 3 k.Q or greater, and 100 pF or less. This output is forced to AG level in the analog 

Ioopback mode and power down mode. 

Reference Voltage SupplylTest. This pin is provided for the supply of an external voltage refer-
ence, for the selection of an internal reference, or for the selection of test mode. If VREFIT is 
greater than 2 V, the external voltage reference is selected. In this mode, a 2.5 V reference is rec-

VREFIT 6 am mended. If this pin is at the TTL low level or left open, the internal reference (2.5 V) is se-
lected. If this pin is connected to -VS, the test mode w~h the internal reference results. In this 
mode, AIN is internally connected to the input of the coder and its output is available on the DOUT 
pin. 
Also, the output of the decoder is directly available on the AOUT pin. 

+VS 7 Posnive Voltage Supply, +5 V ± 5%. 

DIN 8 Dignallnput. This is a TTL compatible input to the decoder and accepts an eight-bit data word into 
the shift register on the falling edge of RCLK. 

RCLK 9 
Receive Clock. This TTL compatible input defines the b~ rate on the receive PCM highway. The 
device can operate wnh clock rates of 64 kHz to 3.152 MHz. The digital PCM codes are accepted 
on the falling edge of the clock. 

XCLK 10 
Transmit Clock. This TTL compatible input defines the b~ rate on the transmit PCM highway. The 
device can operate w~h bit rates of 64 kHz to 3.152 MHz. The dig~al PCM codes are shifted out 
of the dig~al output (DOUn pin on the rising edge of the XCLK. 

RSYNC 11 
Receive Synchronization Clock. This TTL compatible input defines the beginning of the receive 
timeslot on the receive PCM highway. It must be synchronized wnh RCLK. The clock rate is typi-
cally 8 kHz and its duration can be equal to or more than one RCLK cycle. 

XSYNC 12 
Transm~ Synchronization Clock. This TTL compatible input defines the beginning of the transmit 
timeslot on the transmit PCM highway. It must be synchronized with XCLK. The clock rate is typi-
cally 8 kHz and its duration can be equal to or more than one XCLK cycle. 

DG 13 Digital Ground. All digital signals are reference to this pin. 

Power Down/Analog Loopback. This three level input is provided for the selection of power down 
mode or analog loopback mode. H this pin is at the TTL high level, the normal operation is se-
lected. H this pin is at the TTL low level, the device is powered down regardless of the synchroni-

POlL 14 zation clocks. 
H this pin is connected to -VS, the analog loopback mode is selected. In this mode, the output of 
the receive filter in internally connected to the input of the transm~ filter and AOUT is forced to AG 
level. 

Digital Output. This is a TTL compatible open-drain output. A pull-up resistor greater than 0.5 k.Q 

DOUT 15 must be connected to + VS. PCM dig~al codes are shifted out of the device on the rising edges of 
XCLK in a serial format. This output goes into high-impedance state when eight bits are shifted 
out of the output shift register. 

-VS 16 Positive Voltage Supply, -5 V ± 5%. 
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RECOMMENDED OPERATING CONDITIONS 

Rating Pin Symbol Min. 

Poskive Supply Voltage 7 +VS +4.75 

Negative Supply Voltage 16 -VS -5.25 

External Reference Voltage 6 VREF -
Internal Reference Voltage" 6 VIREF -0.8 

Digkal Output Load Resistance 15 ROl 0.5 

Digital Output Load Capackance 15 CIlI. -
Analog Output Load Resistance 5 RL 3 

Analog Output Load Capacitance 5 ~ -
Operating Temperature - Top 0 

Note: "VREFIT pin (pin No.6) may be left open to select Internal Reference Voltage 

Value 

~p. Max. 

+5.0 +5.25 

-5.0 -4.75 

2.5 -
0 0.8 

- -
- 144 

- -
- 100 

25 70 

MB6021 
MB6022 

UnH 

V 

V 

V 

V 

k.Q 

pF 

k.Q 

pF 

°C 
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MB6021 
MB6022 

DC CHARACTERISTICS 
(Recommended operating conditions unless otherwise noted.) 

Parameter Conditions 

Positive Supply Current Operating 

Negative Supply Current Operating 

Positive Supply Current XSVNC = RSYNC = VIL 
SVNC.VIL 

Power Down Mode PDIL-VIL 

Negative Supply Current XSYNC • RSYNC - VIL 
SYNC.VIL 

Power Down Mode PDIL. VIL 

Reference Supply Current VREFIT = 2.5 V 

Digital Input High Voitage 

Digital Input Low Voitage 

Digital Input High Current 

Digital Input Low Current 

Digitallnpul Capacitance 

Digital Input Capacitance 

Digital Output Low Voitage RIll-0.5ill 
+la.. 0.4 rnA 

Digital Output Leakage Current 

Digital Output Capacitance 

Analog Input OIIset Voltage 

Analog Input Resistance 

Analog Input Capacitance 

Analog Output OIIsel Voitage 

Analog Output Resistance 

8-8 

Pin 
MB6021/22 Symbol 

7 +Ivs 

16 -Ivs 

7 +IYSST 

16 -IVSST 

6 IYREF 

8,9,10,11, 
VIH 12,14 

8,9,10,11, 
VII. 12,14 

8,9,10,11, 
IIH 12, 14 

8,9,10,11, 
III. 12,14 

8,9,10,11, COIN1 12, 14 

- CoIN2 

15 VOI.1 

15 ko 

15 COOUT 

1 AINOFF 

1 RAIN 

1 CAW 

5 AoUTOFF 

5 RAOUT 

Value 

Min. TYP. Max. Unit 

7.0 10.0 rnA 

-10.0 -0.0 - rnA 

- 1.0 2.0 rnA 

- 0.3 1.0 rnA 

-{l.5 -0.1 - rnA 

-0.5 -0.1 - rnA 

10 40 100 IIA 

2.0 - +VS V 

0 - 0.8 V 

- - 10 IIA 

- - 10 IIA 

- - 10 pF 

- - 20 pF 

- - 0.4 V 

- - 10 IIA 
- - 12 pF 

-200 0 200 mV 

300 - - ill 

- - 10 pF 

-150 - 150 mV 

- 10 30 n 



AC CHARACTERISTICS (MB6021, MB6022) 
(Recommended operating conditions unless otherwise noted.) 

Pin 
Parameter Conditions MB6021122 Symbol 

Digital Input Rise lime O.8V~2.0V 
8,9,10, 

\, 11,12 

Digital Input Fall lime 2.0 V~ 0.8 V 
8,9,10, 

" 11,12 

Shift Clock Frequency - 9, 10 Fe 

Shift Clock High Width VIH~ 2.0 V 9,10 tWCH 

Shift Clock low Width Vil = 0.8 V 9,10 tWCL 

Synchronization Frequency - 11,12 Fs 

Synchronization High Width VIH=2.0V 11,12 tWSH 

XSYNC to XClK Delay - 10, 12 tsx 

XClK to XSYNC Delay - 10,12 txs 

RSYNC to RClK Delay - 9,11 tsR 

RClK to RSYNC Delay - 9,11 tRS 

RClK to DIN Delay - 8,9 tRO 

DIN to RClK Delay - 8,9 toR 

XClK or XSYNC to DOUT 
Note 1, Bit 1 10,12,15 tzo Delay 

XClK to DOUT Delay Note 1, Bit2-B 10, 15 txo 

XClK to DOUT Disable lime High-Z 10, 15 toz 

DOUT Fall lime - 15 tOF 

Note: DOUT load Conditions: ROL - 0.5 ill, CoL = 144 pF, +foL - 0.4 mA 

Value 

Min. l'/p. 

- -
- -
64 -
140 -
140 -
- 8 

life 
Fe: MHz) -

100 -
50 -
100 -
50 -
50 -
50 -
30 -
30 -
30 -
10 -

Max. 

50 

50 

3152 

-
-
-
117 

-
-
-
-
-
-
200 

-
-
100 

MB6021 
MB6022 

Unit 

ns 

ns 

kHz 

ns 

ns 

kHz 

J.IA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MB6021 
MB6022 

TIMING DIAGRAM 

8-10 

XCLK 2.OV 
OBV 

XSYNC ~: 

DOUT 

RCU< 

RSYNC 

DIN 

2.4V 
O.4V 

2.OV 
OBV 

2.0V ------ -------------- -
O~ ------ --------------

2.0V -------
OBV 



TRANSMISSION CHARACTERISTICS OF p,-LAW (MB6021) 
(Recommended operating condkions unless otherwise noted.) 

Parameter 

Signal to Distortion (A to A) 

Signal to Distortion (A to D) 

Signal to Distortion (D to A) 

Gain Tracking (A to A) 

Gain Tracking (A to D) 

Gain Tracking (D to A) 

Frequency Response (A to A) 

Frequency Response (A to D) 

Frequency Response (D to A) 

Notes: 1. 29 (1 _ Sin It(4000 - f) ) 
1200 

2. 29(1-Sin It(4000-f) ) 
1200 

Conditions 

1020 Hz tone +3 to -30 dBmO 

(Cmessage) -40dBmO 
-45dBmO 

1020 Hz tone +3 to -30 dBmO 

(Cmessage) -40dBmO 
-45dBmO 

1020 Hz tone +3 to -30 dBmO 

(Cmessage) -40dBmO 
-45dBmO 

+3 to -40 dBmO 
1020 Hz tone -40 to -50 dBmO 

-50 to -55 dBmO 

+3 to -40 dBmO 
1020 Hz tone -40 to -50 dBmO 

-50 to -55 dBmO 

+3 to -40 dBmO 
1020 Hz tone -40 to -50 dBmO 

-50 to -55 dBmO 

Ot060Hz 
60 to 300 Hz 
300 to 3000 Hz 
3000 to 3400 Hz 
3400 to 4600 Hz 
4.6 to 12kHz 
Relative to 0 dBmO. 820 Hz 

Ot060Hz 
60 to 300 Hz 
300 to 3000 Hz 
3000 to 3400 Hz 
3400 to 4600 Hz 
4.6 to 12 kHz 
Relative to 0 dBmO. 820 Hz 

Ot0300Hz 
300 to 3000 Hz 
3000 to 3400 Hz 
3400 to 4600 Hz 
4.6 to 12 kHz 
Relative to 0 dBmO. 820 Hz 

Symbol Min. 

35.0 
SDA 30.0 

25.0 

36.0 
SDX 31.0 

26.0 

36.0 
SDR 31.0 

26.0 

-0.4 
GTX -0.8 

-2.0 

-0.2 
GTX -0.4 

-0.8 

-0.2 
GTR -0.4 

-0.8 

24.0 
-0.2 
-0.2 

FRA -0.2 
Note 1 
64.0 

24.0 
-0.1 
-0.1 

FRX -0.1 
Note 2 
32.0 

-0.1 
-0.1 

FRR -0.1 
Note 2 
32.0 

Value 

"TYP· 

-

-

-

-

-

-

-

-

-

MB6021 
MB6022 

Max. Unh 

dB 
- dB 

dB 

dB 
- dB 

dB 

dB 
- dB 

dB 

0.4 dB 
0.8 dB 
2.0 dB 

0.2 dB 
0.4 dB 
0.8 dB 

0.2 dB 
0.4 dB 
0.8 dB 

dB 
dB 

0.3 dB 
1.6 dB 

dB 
dB 

dB 
dB 

0.15 dB 
0.8 dB 

dB 
dB 

dB 
dB 

0.15 dB 
0.8 dB 

dB 
dB 
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MB6021 
MB6022' 

TRANSMISSION CHARACTERISTICS OF p.-LAW (MB6021) (Continued) 

Value 

Parameter Conditions Symbol Min. lYP· Max. 

Idle Channel Noise (A to A) Cmessage ICNA - -80 -72.0 

Idle Channel Noise (A to D) Cmessage ICNX - -83 -74.0 

Idle Channel Noise (D to A) Cmessage ICNR - -83 -78.0 

Crosstalk (A to A) 1020 Hz. OdBmO CTA - - -66 

Crosstalk (D to D) 1020 Hz. OdBmO CTD - - -66 

Absolute Level OVerload Level 3.17 dMbO VABS - 2.500 -
Analog Input Level 

1020 Hz. OdBmO 
AIL - 1.227 -

±VS= ±5.0V. TAm25°C 

Analog Output Level 
1020 Hz. OdBmO 

AOL 1.206 1.227 2.248 
±VS = ±5.0 V. TA = 25°C 

1020 Hz. OdBmO 
-0.5 0 +0.5 Gain Accuracy (A to A) Internal VREF GAA -0.3 0 +0.3 

±VS= ±5.0V. TA=25°C 

1020 Hz. OdBmO 0 
Internal VREF 

-0.25 0 +0.25 Gain Accuracy (A to D) ±VS= ±5.0V. TA=25°C GAX -0.15 ±O.02 +0.15 
Variation with power supply 

±O.001 Variation with temperature 

1020 Hz. OdBmO 0 
Internal VREF 

-0.25 0 +0.25 Gain Accuracy (D to A) ±VS - ±5.0 V. TA = 25°C GAR -0.15 ±0.02 +0.15 
Variation with power supply 

±0.001 Variation with temperature 

Propagation Delay (A to A) FC ~1544kHz PDA - - 540 
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Unit 

dBmOc 

dBmOc 

dBmOc 

dB 

dB 

Vop 

Vrrra 

V"", 

dB 
dB 

dB 
dB 
dB 

dBf'C 

dB 
dB 
dB 

dBf'C 

/JS 



TRANSMISSION CHARACTERISTICS OF Jl-LAW (MB6021) (Continued) 

Value 

Parameter Conditions Symbol Min. 1\'p. Max. 

50010 600 Hz 
600 10 1000 Hz 1.5 

Delay to Distortion (A to A) 
1000 to 2600 Hz 

DDA 
0.75 

2600 to 2800 Hz - - 0.25 
1020 Hz. OdBmO 1.5 
Relalive to minimum delay 

o <f S50 kHz 
Idle Channel Noise 

PSRR (+VS) (A to A) (CMessage) PSRRA+ 25 30 -
+VS+50m VoP 
AIN=AG 

o <f S50 kHz 
Idle Channel Noise 

PSRR (-VS) (A to A) (CMessage) PSRRA- 35 40 -
-VS+50 m Vop 
AIN=AG 

AIN 

Intermoduralion (A to A) a. 0.47 kHz. - 10 dBmO 
IMA1 - - -38 b. 0.32 kHz. - 10 dBmO 

AOUT(a-b) 

AIN 

Intermoduration (A to A) a. 1.02 kHz. -9 dBmO 
IMA2 - - -52 b. 0.05 kHz. -23 dBmO 

AOUT(2a-b) 

Signal Frequency Noise Ot04kHz -70 
(A to A) 4to 200 kHz SFNA - - -50 AIN_AG 

Discrimination (A to A) 
AIN-OdBmO 

DISA 30 - -4.6 to 200 kHz 

In Band Spurious (A 10 A) 2nd. 3rd Harmonic 
IBSA 43 - -AIN = OdBmO. 700 -1100 Hz 

MB6021 
MB6022 

Unit 

ms 
ms 
ms 
ms 

dB 

dB 

dB 

dBmO 

dBmO 
dBmO 

dB 

dB 
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MB6022 

TRANSMISSION CHARACTERISTICS OF A-LAW (MB6022) 
(Recommended operating condnions unless otherwise noted.) 

Parameter Conditions Symbol Min. 

CCiTIG.712 
+3 to -30 dBmO 35.0 Method 2 

1020 Hz tone -40dBmO 30.0 

PMessage -45dBmO 25.0 

Signal to Distortion (A to A) -3 dBmO SDA 28.0 

CCITIG.712 -0 to -27 dBmO 35.5 

Method 1 -34dBmO 33.5 
-40dBmO 28.5 
-55dBmO 13.5 

CCITIG.712 
+3 to -30 dBmO 36.0 Method 2 

1020 Hz tone -40dBmO 31.0 

PMessage -45dBmO 26.0 

Signal to Distortion (A to D) -3 dBmO SOX 30.0 

CCITIG.712 -0 to -27 dBmO 36.0 

Method 1 -34dBmO 34.0 
-40dBmO 29.5 
-55dBmO 14.5 

CCITIG.712 +3 to -30 dBmO 36.0 Method 2 
1020 Hz tone -40dBmO 31.0 

Signal to Distortion (0 to A) PMessage -45dBmO 26.0 

-3 dBmO SDR 30.0 

CCITIG.712 -0 to -27 dBmO 36.0 

Method 1 -34dBmO 34.0 
-40dBmO 29.5 
-55dBmO 14.5 
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Value 

"tYP· Max. Unit 

dB 
- - dB 

dB 

dB 
dB 

- - dB 
dB 
dB 

dB 
- - dB 

dB 

dB 
dB 

- - dB 
dB 
dB 

dB 
- - dB 

dB 

dB 
dB 

- - dB 
dB 
dB 
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MB6022 

TRANSMISSION CHARACTERISTICS OF A-LAW (MB6022) (Continued) 

Parameter 

Gain Tracking (A to A) 

Gain Tracking (A to 0) 

Gain Tracking (0 to A) 

Frequency Response (A to A) 

Frequency Response (A to 0) 

Frequency Response (0 to A) 

Notes: 1. 29 (1 -Sin 1t(4000-f) ) 
1200 

Conditions 

CCITTG.712 +3 to -30 dBmO 
Method 2 -40 to -50 dBmO 
1020 Hz tone -50 to -55 dBmO 

CCITTG.712 -10to-50 dBmO 
Method 1 -55 to -60 dBmO 

CCITTG.712 +3 to -30 dBmO 
Method 2 -40 to -50 dBmO 
1020 Hz tone -50 to -55 dBmO 

CCITTG.712 -10to-50 dBmO 

Method 1 -50 to -55 dBmO 
-55 to -60 dBmO 

CCITTG.712 +3 to -40 dBmO 
Method 2 -40 to -50 dBmO 
1020 Hz tone -50 to -55 dBmO 

CCITTG.712 -10to-50 dBmO 

Method 1 -50 to -55 dBmO 
-55 to -60 dBmO 

Ot060Hz 
60 to 300 Hz 
300 to 3000 Hz 
3000 to 3400 Hz 
3400 to 4600 Hz 
4.6 to 12 kHz 
Relative to OdBmO. 820 Hz 

Ot060Hz 
60 to 300 Hz 
300 to 3000 Hz 
3000 to 3400 Hz 
3400 to 4600 Hz 
4.6 to 12 kHz 
Relative to OdBmO. 820 Hz 

Ot0300 Hz 
300 to 3000 Hz 
3000 to 3400 Hz 
3400 to 4600 Hz 
4.6 to 12 kHz 
Relative to OdBmO. 820 Hz 

2. 14.5 (1 _ Sin 1t(4000 - f) ) 
1200 

Symbol 

GTA 

GTX 

GTR 

FAA 

FRX 

FRR 

Value 

Min. 'tYP· Max. Un" 

-0.4 0.4 dB 
-0.8 - 0.8 dB 
-2.0 2.0 dB 

-0.5 0.5 dB 
-1.0 - 1.0 dB 

-0.2 0.2 dB 
-0.4 - 0.4 dB 
-0.8 0.8 dB 

-0.25 0.25 dB 
-0.4 - 0.4 dB 
-0.8 0.8 dB 

-0.2 0.2 dB 
-0.4 - 0.4 dB 
-0.8 0.8 dB 

-0.25 0.25 dB 
-0.4 - 0.4 dB 
-0.8 0.8 dB 

24.0 dB 
-0.2 dB 
-0.2 0.3 dB 
-0.2 - 1.6 dB 

Note 1 dB 
64.0 dB 

24.0 dB 
-0.1 dB 
-0.1 0.15 dB 
-0.1 - 0.8 dB 

Note 2 dB 
32.0 dB 

-0.1 dB 
-0.1 dB 
-0.1 

0.15 dB - 0.8 
Note 2 dB 
32.0 dB 
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MB6022 

TRANSMISSION CHARACTERISTICS OF A-LAW (MB6022) (Continued) 

Value 

Parameter Conditions Symbol Min. 'JYp. Max. 
Idle Channel Noise (A to A) PMessage ICNA - -60 -72.0 

Idle Channel Noise (A to D) PMessage ICNX - -63 -74.0 

Idle Channel Noise (0 to A) PMessage ICNR - -63 -78.0 

Crosstalk (A to A) 1020 Hz, OdBmO CTA - - -66 

Crosstalk (0 to D) 1020 Hz, OdBmO cro - - -eS 
Absolute Level OVerload Level 3.14 dBmO VABS - 2.500 -

1020 Hz, OdBmO 
Analog Input Level Internal VREF AIL - 1.231 -

±VS _ ±S.O V, TA 25°C 

1020 Hz, OdBmO 
Analog Output Level Internal VREF AOL 1.210 1.231 1.252 

±VS _ ±S.O V, TA 25°C 

1020 Hz, OdBmO 
-0.5 0 +0.5 Gain hx:uracy (A to A) Internal VREF GAA -0.3 0 +0.3 

±VS. ±5.0V,TA25°C 

1020 Hz, OdBmO 0 
Intamal VREF -0.25 0 +0.25 Gain hx:uracy (A to 0) ±VS. ±5.0V, TA250C GAX -0.15 ±O.02 +0.15 
Variation wfth Power Supply 

±O.OOl Variation wfth Temperature 

1020 Hz, OdBmO 0 
Internal VREF 

-0.25 0 +0.25 Gain hx:uracy (0 to A) ±VS. ±5.0V,TA25OC GAR -0.15 ±0.02 +0.15 
Variation with Power Supply 

±O.OOl Variation with Temperature 

Propagation ~elay (A to A) FC<!: 1544kHz POA - - 540 
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Unit 

dBmOp 

dBmOp 

dBmOp 

dB 

dB 

VOl' 

V"", 

V .... 

dB 
dB 

dB 
dB 
dB 

dBlOC 

dB 
dB 
dB 

dBlOC 

JI.S 
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MB6022 

TRANSMISSION CHARACTERISTICS OF A-LAW (MB6022) (Continued) 

Value 

Parameter Conditions Symbol Min. ~p. Max. Unit 

500 to 600 Hz 
600 to 1000 Hz 1.5 ms 

Delay to Distortion (A to A) 1000 to 2600 Hz DDA 0.75 ms 
2600 to 2800 Hz - - 0.25 ms 
1020 Hz. OdBmO 1.5 ms 
Relative to Minimum Delay 

0<fS50kHz 
Idle Channel Noise 

PSRR (+VS) (A to A) (PMessage) PSRRA+ 25 30 - dB 
+VS+50 mVOP 
AIN-AG 

0<fS50kHz 
Idle Channel Noise 

PSRR (-VS) (A to A) (P Message) PSRRA- 35 40 - dB 
+VS+50 mVOP 
AIN-AG 

AIN 

Intermoduration (A to A) a. 0.47 kHz. -10 dBmO IMAI - - -38 dB b. 0.32 kHz. -10 dBmO 
AOUT(2a-b) 

AIN 

Intermoduration (A to A) a. 1.02 kHz. -9 dBmO IMA2 - - -52 dBmO b. 0.05 kHz. -23 dBmO 
AOUT(a-b) 

Single Frequency Noise Ot04kHz -70 dBmO 4 kHz to 200 kHz SFNA - -(A to A) AIN_AG -50 dBmO 

Discrimination (A to A) AIN-dBmO DISA 30 - - dB 4.6 kHz to 200 kHz 

In Band Spurious (A to A) 2nd. 3rd Harmonic IBSA 43 - - dB AIN-dBmO. 700 to 1100kHz 
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PACKAGE DIMENSIONS 

16-LEAD CERAMIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16C-C04) 

8-18 

.100±.010 

(2.54±o.2S) 

.050(1.27)MAX 

.060~:~ 

(1.S2.:g:~ 

©1991 FUJITSU LIMITED Dl6032S-4C 

jI20o(S'OS)MAX 

! .134±.014 
(3.40±0.36) 

.032±.012 
(0.81±o.30) 

.018~:g:: 

(0.46 .:g:~) 

.010 ~:gg~ 

(0.25 .:g:J~ 

Dimensions in 
inches (millimeters) 
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Quality Control at Fujitsu 

Built-In Quality and Reliability 

Fujitsu's integrated circuits work. The reason they work is 
Fujitsu's single-minded approach to built-in quality and reliability, 
and its dedication to providing components and systems that 
meet exacting requirements allowing no room for failure. 

Fujitsu's philosophy is to build quality and reliability into every 
step of the manufacturing process. Each design and process is 
scrutinized by individuals and tearns of professionals dedicated 
to perfection. 

The quest for perfection does not end when the product leaves 
the Fujitsu factory. It extends to the customer's factory as wel/, 
where integrated circuits are subsystems of the customer's final 
product. Fujitsu emphasizes meticulous interaction between the 
individuals who design, manufacture, evaluate, sell, and use its 
products. 

Quality control for all Fujitsu products is an integrated process 
that crosses all lines of the manufacturing cycle. The quality 
control process begins with inspection of all incoming raw 
materials and ends with shipping and reliability tests following 
final test of the finished product. Prior to warehousing, Fujitsu 
products have been subjected to the scrutiny of man, machine, 
and technology, and are ready to serve the customer in the 
designated application. 
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Quality Control Processes at Fujitsu 

Process 

Check Items 
Inspection of Wafers, 

Masks, Packages, Piece 
Parts, Chemicals, Etc 

Inspection of Incoming Material 
Wafer Processing 

Diffusion/Ion Implantation 

Wafer Surface Inspection and Photoetching 
Sample Tests of Thickness, 
Surface Resistance, Diffusion 

Depth, Electrical Parameters, and Doping 
Wafer Surface and Pattem Inspection 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Passivation (Insulating Layer Formation) 

9-4 

Test of Electrical Characteristics, Stress Test 

Probing Test 

Wafer Shipping Inspection 

Dicing (CHIP Separation) 

CHIP Selection Wafer Surface and Pattern 
Sampling Inspection 

CHIP Shipping Inspection 

Sample Surface Inspection 

Bond-Wetting and Surface Inspection, Monitor Test·of lot un 
for Machine Calibration 

Bond-Position and Surface Inspection, Sample Wire Bond Strength Test, 
Monitor Test of Sample run for Machine Calibration 

Internal Visual Inspection 

Internal Sampling Visual Inspection 

Pre-Cap Visual 
Inspection 

Intemal Merchant 
Inspection 

Continued on next page 
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Quality Control Processes at Fujitsu (Continued) 

Sealing or Molding 

Aging (Aller Encapsulation) 

leak Test (Hannetic Package Only) 

Fine and Gross Leak Tests 

External Sampling Visual Inspection 

Ex1ema1 Sampling Visual Inspection 

Extemal Visuallnspeclion 
External Mechanical Inspection 

Extemal Sampling Visual Inspection 

Test of Ac/oC Characteristics and Functions 

Hermeticity (Fine and Gross Leak Tests), External and Marking Inspections 
Electrical Characteristics Tests, All Sampling Tests 

Shipping Tests 

Reliability Tests 

Lot TestsiPeriodic Tests 

Endurance and Environmentel Tests 0 

Legend: 

o o 
IQ) 

<> Note: 

Production Process 

Testllnspection 

Production Process 
and Tesl/lnspection 

QC Gate (Sampling) 

The flow sequence may vary slighdy 
with individual product type. 
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Ie Packages 
This section on Fujitsu packages is arranged as follows: 

1. Package technology: inserted or surface mount types. 
2. Package types within the technology. 
3. Package type illustration and description with (a) package width(s) and (b) lead pitch 

(when applicable). 
4. Package material. 
5. Package ordering code. This code appears as a suffix to the product part number. See Part Num-

ber System in this section. 

For the most up-tO-date device and packaging information, including available packages and exact order­
ing code, please contact your nearest Fujitsu Sales Office, Sales Representative, or Distributor. (See the 
Sales Information section of this book.) 

Inserted Packages 

Code 

Dual In-fine Package 
Package widths: 

~ 
300,400,600, 900 mil DIP Lead pitch: 100 mil 

Shrink Dual In-line 
Package 
Lead pitch: 70 mil 

Skinny Dual In-line Package 
Package width: 300 mil 
Lead pitch: 100 mil 

Slim Dual In-line Package 
Package width: 400 mil 

SL Lead phch: 100 mil 

DIP 

Pin Grid Array Package 

PGA 
Lead phch: 5011 00 mil 

Single In-line Packag 
(For modules only.) 

SIM 

Single In-line Package 
Lead phch: 100 mil 

SIP 

Continued 011 IJeKt page 
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Inserted Packages (Continued) 

Package Fujitsu Ordering Code 
Package Type Description Material (Suffix) 

Zig-zag in-line Package Plastic PSZ 

-- " 
Package width: 100 mH 

ZIP Lead pi!ch:50 mil 
100 mil (modules) 

10-4 



Telecommunications Data Book Ordering Information 

Surface Mount Packages (Continued) 

Package Type 

FPT 

SOP 

SSOP 

TSOP 

Memory cards 

Package Type 

fiB-Pln .. Card 

Dncrlptlon 

Flat (Disk Button type) 
Package 

Smal Outline Package 
Lead pRell: 50 mil 

Shrink Small Outline 
Package Lead PRell: 
0.65, 0.80, 1.00 mm 

Package 
Material 

Ceramic 

Plastic 

Ceramic 

Cerpack wlh gullwing leads 

Ceramic whh melal seal 
end ullwi leads 

Plastic 

Fujitsu Ordering Code 
(Suffix) 

CF 

PF 

CF 

ZFL 

CFL 

PFV 

Thin Small Outline Package Plastic whh normal leads PFTN 
(Thin profile) I-;;;PIast~ic-w-;:Clh;-re-ve-rse-----i,.---------t 
Lead pitch: 0.50, bend leads PFTR 
0.55,0.60 mm 

Package Fujitsu Ordering Code 
DucrlpUon Material (Suffix) 

68-PinCard Plastic -
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Pan Number System 

Standard Products Pan Number 
Found on most Standard Products: Memory, Analog, Logic, Telecommunications, Microprocessor, 
and Special Controller Products 

MB NNNNN A NN A NNN I T II l L Package Suffix 

Low Power Desig.nator (When apPliCable)} 
Speed Designator (When applicable) Part Number 

Die Revision (When applicable) 
Device Type 

Fujitsu Designator 

8-Pln SMT Piezoelectric SAW Fiber 

F5 CB NNNMNN _ GNNN _ N T 1 LTape and Reel 

Serial Number 

Frequency Designator 

} T - 1000IReei 
R - 3000lReei 

Ceramic Package 

Fujitsu Designator 

Examples: 

Memory Product, MB81C1001A-60 PFTN 
MB Fujitsu 
81C1001 DRAM Device 
A Die Revision 
60 Access Speed (60 ns) 
L Low Power Feature 
PFTN Plastic SOP (Package) 

with normal leads 

Telecommunications Product, MB87086AP 
MB Fujitsu 
87086 PLL Device 
A Die Revision 
P Plastic DIP (Package) 
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Analog Product, MB3731 PS 
MB Fujitsu 
3731 Audio Power Amplifier 
PS Plastic SIP (Package) 

Controller Product, MB8876AC 
MB Fujitsu 
8876 Floppy Disk Controller 
A Die Revision 
C Ceramic DIP (Package) 

with metal seal 



Section 11 

Sales Information - At a Glance 
I Page TItle 

11-3 Introduction 10 Fujitsu 
11-3 Fujitsu Umited (Japan) 
11-4 Fujitsu Microelectronics, Inc. (U.S.A.) 
11-6 Fujitsu Electronic Devices Europe 
11-8 Fujitsu Microelectronics Asia PTE Ltd. (Singapore) 
11-8 Integreted Circuits Corporate Headquarters - Worldwide 
11-10 FMI Sales Offices for North andSoulh America 
11-11 FMI Representatives-USA 
11-14 FMI Representatives-Canada, Mexico, and Puerto Rico 
11-15 FMI Distributors-USA 
11-17 FMI Distribu1ors-Canada 
11-18 FMG, FML, and FMILSaies Offices for Europe 
11-19 FMG, FML, and FMIL Distributors- Europe 
11-20 FMAP Sales Offices for Asia, Australia and Oceania 
11-21 FMAP Representatives - Asia and Australia 
11-21 FMAP Distributors - Asia 

11-1 



Salp' Infqrmation TelfWmmunjcatlgQS Data BqoIc 

III 

11-2 



Tel9COtr!munications Data Book 

Introduction to Fujitsu 

Fujitsu Limited (Japan) 

Fujitsu Limited was founded as a telecommunications equipment 
manufacturer in 1935, and today is not only one of Japan's leading 
telecommunications companies, but also one of the world's largest 
computer manufacturers. 

This leadership has resulted, at least in part, from the superb quality of the 
company's semiconductors and electronic components. Manufactured by 
the company's Electronics Devices Operations Group, these vital 
electronic devices also contribute to the high reliability and performance of 
products made by many other manufacturers around the world. 

Today, Fujitsu is one of the world's top manufacturers of semiconductors 
and electronic components. In Japan, Fujitsu's R&D laboratories for 
semiconductor and electronic components are situated in Kawasaki and 
Mie, and manufacturing works are located in lwate, Aizu, Wakamatsu and 
Suzaka. Fujitsu also has six affiliated manufacturing works in the country. 
Overseas facilities in the U.S, Europe, and Asia also help to meet the 
growing global demand for Fujitsu semiconductors and electronic 
components. 

Fujitsu enforces strict quality control at all stages of production, from 
materials selection through manufacturing to final testing. As a result, 
Fujitsu's electronic devices are known for their extremely high reliability 
and excellent cost-to-performance ratio. 

Fujitsu manufactures a full line of semiconductors and electronic compo­
nents to meet the diverse applications of a wide variety of customers. 
Backed by Fujitsu's extensive R&D commitment equal to over 10 percent 
of annual sales, Fujitsu's electronic devices stay on the cutting edge of 
electronics technology. 

Sales Information 

ill 
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Introduction to Fujitsu 

Fujitsu Microelectronics, Inc. (U.S.A.) 

11-4 

Fujitsu Microelectronics, Inc. (FMI), with headquarters in San Jose, 
California, was established in 1979 as a wholly-owned Fujitsu Limited 
subsidiary for the marketing, sales, and distribution of Fujitsu integrated 
circuit and component products. Since 1979, FMI has grown to four 
marketing divisions and two manufacturing divisions. FMI offers a 
complete array of components including semiconductor products for its 
customers throughout North and South America. 

The Advanced Products Division (APD) is responsible for designing and 
selling a full line of SPARC processors, peripheral chips, and the 
EtherStar™ LAN controller that it designed. The EtherStar LAN controller is 
the first VLSI device to integrate both StarLANTM and Ethernet® protocols 
into one device. The core of APD's EtherStar chip was the result of a 
cooperative venture with Ungermann-Bass. 

The Microwave and OptoelectronicS Division (MOD) markets GaAs FETs 
and FET power amplifiers, lightwave and microwave devices, optical 
devices, emitters, and SI transistors. 

The Electronic Components Division (ECD) markets connectors, key­
boards, thermal printers, plasma displays, and relays. 

The largest FMI marketing division is the Integrated Circuits Division (ICD) 
which markets the following standard devices, components, and ASICs. 

Memory Products 

Memory Module Products 

Memory card Products 

BiCMOS SRAMs 
Bipolar PROMs 
CMOS Masked ROMs 
CMOSSRAMs 
DRAMs 
ECLRAMs 
EEPROMs 
EPROMs 
NOVRAMs 
STRAMs (seH-timed RAMs) 

DRAM modules 

Memory Cards: 
EPROM, Flash, OTPROM, and SRAM 

Controller 
Design kits 
Programming adaptors 

Telecommunication Products CODECs 
Modems 
Piezoelectric devices 
PLLs 
Prescalers 
Telephone ICs 
VCOs 
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Introduction to Fujitsu 
Microprocessor Products 

logic Products 

Analog Products 

Hybrid Products 

Special Purpose Controller 
Products 

ASIC Products 

Sales Information 

4-bit microcontrollers 
DSPs 

Interface devices 
Translator circuits 
Ultra high-speed ECL 

AudiolCs 
Comparators 
Converters, AID and D/A 
Darlington transistor arrays 
Disk drive ICs 
Linear devices 
MOSFET arrays 
Motor drivers 
Operational amps 
Power supply controllCs 
RETs 
VCOs 

Custom modules 
Multi-chip modules 
Thick- and Thin-film 
T2 

SCSI controllers 
Data communication controllers: 

ECC, Ethernet, Floppy disk, Multiprotocol, and DMA 
Video controllers: 

CRT, PIP, and TV display 

CMOS gate arrays (channeled and channelless) 
ECL gate arrays 
BiCMOS gate arrays 
GaAs gate arrays 
CMOS standard cells 
ASIC GalieryTM (SuperMacros™, Compiled Cells) 
CAD Reference Environment that integrates wilh 
third-party CAD tools 
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Design and customer support for ASIC products are available throughout 
the country and at FMI Sales Offices located in Atlanta, Boston, Chicago, 
Dallas, Denver, Irvine, Minneapolis, Portland, and San Jose, 

FMI's manufacturing divisions are in San Diego, California and Gresham, 
Oregon. The San Diego Manufacturing Division (SMD) assembles and 
tests memory devices. The Gresham Manufacturing Division (GMD) began 
manufacturing in 1988. GMD fabricates wafers, and produces ASIC 
products and DRAM memories. 



Telecommunications Data Book Sales Information 

Introduction to Fujitsu 

Fujitsu Electronic Devices Europe: 

Fujitsu Mlkroelektronlk GmbH (FMG), West Germany 
Fujitsu Microelectronics Limited (FML), U.K. 
Fujitsu Microelectronics Italla S.R.L (FMIL), Italy 
Fujitsu Microelectronics Ireland, Ltd. (FME), Ireland 

Fujitsu Mikroelektronik GmbH (FMG) was established in June 1980 in 
Frankfurt. West Germany. as Fujitsu's European headquarters and is a 
totally owned subsidiary of Fujitsu Limited. Tokyo. Fujitsu Microelectronics 
Limited (FML) is a sister company based in Maidenhead, England and 
dedicated to serving the U.K., Ireland. and Scandanavia. Fujitsu Microelec­
tronics Italia (FMIL) is based in Milan. Italy and serves Italy. Spain, 
Portugal. and the rest of Southern Europe. Together, FMG. FML. and 
FMIL supply the European market with a full range of semiconductors and 
electronic components. Sales offices are located in Munich. Frankfurt. 
Stuttgart. Paris, Eindhoven. Milan. Maidenhead. and Stockholm. 

Fujitsu Microelectronics Ireland. Ltd. (FME) was established in 1980, in 
Dublin, Ireland, as Fujitsu's European Assembly Center for integrated 
circuits. FME produces DRAMs, EPROMs, and other LSI memory 
products. 

Fujitsu has two European VLSI design centers, both in the U.K. The 
Manchester Design Center. in operation since 1983. is equipped with two 
mainframe computers and is linked by satellite to production plants in 
Japan and the U.S. Staffed with a team of experienced engineers. the 
center is involved in the design of VLSI standard products, SuperMacros, 
CAD tools and ASICs. A second design center was set up in London in 
1990 for designing telecommunication ICs. Additionally. Fujitsu offers a 
network of 17 ASIC design centers in eight European countries. 

Fujitsu has further demonstrated its commitment to the European market 
by commencing construction of a full wafer fabrication plant in Durham in 
the North of England. The new plant is due to start production of 4 
megabyte DRAMs and ASICs in 1991. 
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The range of semiconductor products offered by FMG, FML, and FMIL for 
the European market includes: 

Memory Products DRAMs 
SRAMs 
EPROMs 
EEPROMs 
Mask ROMs 
Bipolar PROMs 
VIdeo RAMs 
ECLRAMs 
Memory modules 
Memory cards 

ASIC Products CMOS gate arrays 
BiCMOS gate arrays 
Bipolar (ECL) gate arrays 
Gallium Arsenide gate arrays 
CMOS standard cells 
ECL gate masterslice devices 
Wide range of ASIC deSign software 

Microprocessor Products 4-Bit Microcontrollers 
4- 8- and 16-bit F2MC flexible Microcontrollers 
32-Bit SPARC"" RISC microprocessors 
32-Bit GMICRO"" TRON-based CISC microprocessors 

Telecommunication Products Prescalers 

Analog Products 

PLLs 
CODECs 
LAN devices 
DSPs 
SCSI and LAN devices 
ISDN products 
Telecom devices for the GSM 

Pan-European digital cellular telephone system. 

OPAmps 
Comparators 
NO and D/A Converters 
Application Specific ICs 

The range of electronic components offered by FMG, FML, and FMIL 
incudes relays, connectors, keyboards, thermal printers, plasma displays, 
liquid crystal displays, hybrid ICs, and piezoelectric devices. 
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Fujitsu Microelectronics Asia PTE Ltd. (Singapore) 

Fujitsu Microelectronics Asia PTE Ltd. (FMAP) opened in August 1986, in 
Hong Kong, as a wholly-owned Fujitsu subsidiary for sales of electronic 
devices to the Asian, Australian, and Southwest Pacific markets. In 1990, 
FMAP moved to a new location in Singapore. 

FMAP offers memory, ASIC, microprocessor, and telecommunication 
products along with Fujitsu's wide range of electronic components. 

SPARent II a trademark of Spare International. 
Ethernet" is a reglatered trademark of Xerox Corporation. 
EtharStarN II a tradamark 01 Fujitsu Mk:roeledronlce. Inc. 
StarlAN'hI1s a trademark at AT&T. 
Gt.cRo'ht II a trademark of Hitachi 
SuperMacroT"1a a trademark 01 Fujitsu Microelectronics, Inc. 
ASICOpon'" Is nademark 01 Fujitsu M_ronlos. Inc. 
VievfCADTM 18 a trademark of Fujitsu Microelectronics, Inc. 
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Integrated Circuits Corporate Headquarters - Worldwide 

International Corporate Headquarters 

FUJITSU LIMITED 
Marunouchi Headquarters 
6-1, Marunouchi 1-d1ome 
Chiyoda-ku, Tokyo 100 
Japan 
Tel: (03) 3216-3211 
Telex: 781-22833 
FAX: (03) 3213-7174 

For integrated circuits marketing information please contact the 
following: 

Headquarters for Japan 

FUJITSU LIMITED 
Integrated Circuits and Semiconductor Marketing 
Furukawa Sogo Bldg. 
6-1, Marunouchi 2-d1ome 
Chiyoda-ku, Tokyo 100 
Japan 
Tel: (03) 3216-3211 
Telex: 781-2224361 
FAX: (03) 3211-3987 

Headquarters for North and South America 

FUJITSU MICROELECTRONICS, INC. 
Integrated Circuits Division 
3545 North First Street 
San Jose, CA 95134-1804 
USA 
Tel: (408) 922-9000 
Telex: 910-331Hl190 
FAX: (408) 432-9044 

Headquarters for Europe 

FUJITSU MIKROELEKTRONIK GmbH 
Am Siebenstein 6-10 
6072 Dreieich-Buchschlag 
Germany 
Tel: (06) 103 6900 
Telex: 411963 
FAX: (06) 103 690122 

Headquarters for ASia, Australia and Oceania 
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FUJITSU MICROELECTRONICS ASIA PTE LIMITED 
06-04/-07 Plaza By The Park 
No. 51 Bras Basah Road 
Singapore 0718 
Tel: (65) 336-1600 
Telex: RS 55573 FESPL 
FAX: (65) 336-1609 
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Fujitsu Microelectronics, Inc. (FMI) Sales Offices - North and 
South America 

NORTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 
10600 N. De Anza Blvd. 
Suite 225 
Cupertino, CA 95014 
Tel: (408) 996-1600 
FAX: (408) 725-a746 

SOUTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 
Century Centre 
2603 Main Street 
Suite 510 
Irvine, CA 92714 
Tel: (714) 724-8777 
FAX: (714) 724-8778 

COLORADO (Denver) 

Fujitsu Microelectronics, Inc. 
5445 DTC Parkway 
Suite 300 
Englewood, CO 80111 
Tel: (303) 740-8880 
FAX: (303) 740-8988 

GEORGIA (Atlanta) 

Fujitsu Microelectronics, Inc. 
3500 Parkway Lane 
Suite 210 
Nora-oss, GA 30092 
Tel: (404) 449-8539 
FAX: (404)441-2016 

ILLINOIS (Chicago) 

Fujitsu Microelectronics, Inc. 
One Pierce Place 
Suite 1130 West 
Itasca, IL 60143-2681 
Tel: (708) 250-8580 
FAX: (708) 250-8591 

MASSACHUSETTS (Boston) 

Fujitsu Microelectronics, Inc. 
Bay Colony Corp. Center 
Suite 2500 
1000 Winter Street 
Waltham, MA02154 
Tel: (617) 487-0029 
FAX: (617) 890-9002 

MINNESOTA (Minneapolis) 

Fujitsu Microelectronics, Inc. 
3460 Washington Drive 
Suite 209 
Eagan, MN 55122-1303 
Tel: (612) 454-0323 
FAX: (612) 454-0601 

NEW YORK (Hauppauge) 

Fujitsu Microelectronics, Inc. 
601 Veterans Memorial Highway 
Suite P 
Hauppauge, NY 11788-1054 
Tel: (516) 361-6585 
FAX: (516) 361-6480 

OREGON (Portland) 

Fujitsu Microelectronics, Inc. 
15220 NW Greenbrier Pkwy 
Suite 360 
Beaverton, OR 97006 
Tel: (503) 690-1909 
FAX: (503) 690-8074 

TEXAS (Dallas) 

Fujitsu Microelectronics, Inc. 
14785 Preston Road 
Suite 274 
Dallas, TX 75240 
Tel: (214) 233-8394 
FAX: (214) 386-7917 
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FMI Sales Representatives - USA 
For product information, contact your nearest Fujitsu representative. 

Alabama 
CSR Electronics 
HuntsvUle, AL 
Tel: (205) 533-2444 
FAX: (205) 536-4031 

Arizona 
Az1ech Component Sales Inc. 
Scottsdale, AZ 
Tel: (602) 991-e300 
FAX:(602) 991~563 

Arkansas 
Technical Marketing, Inc. 
Cerrollton, TX 
Tel: (214) 367-3601 
FAX:(214) 367-3605 

California 
Northem California 
Norcomp 
San1e Clara, CA 
Tel: (408) 727-7707 
FAX: (408) 986-1947 

Norcomp 
Roseville, CA 
Tel: (916) 782-8070 
FAX: (916) 782-8073 

Southern California 
Infinity Sales, Inc. 
Newport Beach, CA 
Tel: (714) 83~00 
FAX: (714) ~03 

San Diego County 
Harvey King, Inc. 
San Diego, CA 
Tel: (GI9) 587-9300 
FAX: (619) 587~507 

Colorado 
Talisman Assoc. 
Englewood, CO 
Tel: (303) 773-2533 
FAX: (303) 74Hi312 

Connecticut 
Conn1eCh Sales, Inc. 
Cheshire, CT 
Tel: (203) 272-1277 
FAX: (203) 272-2790 

Delaware 
BGR Associa1es 
Marlton, NJ 
Tel: (609) 983-1020 
FAX: (609) 983-1879 
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District of Columbia Iowa 
Arbo1ek Associa1es Electromec Sales 
Towson, MD Cedar Rapids, IA 
Tel: (301) 82!H>775 Tel: (319) 393-1637 
FAX: (301) 337-2781 FAX: (319) 393-1752 

Florida 
Samtronic Associa1es, Inc. 
Altamon1e Springs, FL 
Tel: (407) 831-8233 
FAX: (407) 831-2844 

Samtronic Associa1es, Inc. 
Clearwa1er, FL 
Tel: (813) 461-4675 
FAX: (813) 442-2234 

Samtronic Associa1es, Inc. 
Ft. Lauderdale, FL 
Tel: (305) 731-2484 
FAX: (305) 731-1019 

Georgia 
CSR Electronics 
Atlanta, GA 
Tel: (404) 396-3720 
FAX: (404) 394-8367 

Idaho 
Northern Idaho 
L-Squared, Ltd. 
Kirkland, WA 
Tel: (206) 827-8555 
FAX: (206) 828-8102 

Southern Idaho 
Intermountain Technical Marketing 
Meridan,ID 
Tel: (208) 888--6071 
FAX: (208) 888-8074 

illinois 
Northern IIRnois 
Beta Technology 
Itasca,IL 
Tel: (708) 250-9586 
FAX: (708) 250-9592 

Southern Illinois 
Rothkopf & Assoc. 
St. Louis, Me 
Tel: (314) 961-4485 
FAX: (314) 961-4736 

Indiana 
Fujitsu Microelectronics, Inc. 
Itasca,IL 
Tel: (708) 250-8580 
FAX: (708) 250-8591 

Kansas 
Rothkopf & Associates, Inc. 
Olathe, KS 
Tel: (913) 829-8897 
FAX: (913) 829-1664 

Kentucky 
Fujitsu Microelectronics, Inc. 
Itasca,IL 
Tel: (708) 250-8580 
FAX: (708) 250-8591 

Louisiana 
Technical Marketing, Inc. 
Carrollton, TX 
Tel: (214) 387-3601 
FAX; (214) 367-3605 

Technical Marketing, Inc. 
Houston, TX 
Tel: (713) 783-4497 
FAX: (713) 783-5307 

Maine 
MiII·Bern Associa1es 
Wobum,MA 
Tel: (617)932-3311 
FAX:(617)932~11 

Maryland 
Arbo1ek Associa1es 
Towson,MD 
Tel: (301)8~775 
FAX: (301) 337-2781 

Massachusetts 
Mill-Bern Associates 
Wobum,MA 
Tel: (617)932-3311 
FAX: (617) 932~11 

Michigan 
R.C. Merchant & co., Inc. 
Fannington Hills, MI 
Tel: (313) 476-4600 
FAX: (313) 476-3162 

R.C. Merchant & Co., Inc. 
St. Joseph, MI 
Tel: (616) 983-7378 
FAX: (616) 983-3506 



Telecommunications Data Book Sales Information 

FMI Sales Representatives - USA (Continued) 
Minnesota New Hampshire North Dakota 
Eleclromec Sales Mill-Bern Assoc. Electromec Sales 
Burnsville, MN Wobum,MA Burnsville, MN 
Tel: (612) 894-a200 Tel: (617) 932-3311 Tel: (612) 894-8200 
FAX: (612) 894--9352 FAX: (617-932-0511 FAX: (612) 894-9352 

MIssissippi New Jersey Ohio 
CSR Electronics Northern New Jersey Stegman Blaine Marketing, Inc. 
Huntsville, AL Technical Applications & Marketing Cincinnati,OH 
Tel: (205) 533-2444 Fairfield, NJ Tel: (513) 729-1969 
FAX: (205) 536-4031 Tel: (201) 575-4130 FAX: (513) 729-1984 

FAX: (201) 575-4563 
Stegman Blaine Marketing, Inc. 

Missouri Southern New Jersey Cleveland, OH 
Rothkopf & AssocialBs, Inc. BGR AssocialBs Tel: (216) 572-0003 
St Louis, MO Marlton,NJ FAX: (216) 238-3229 
Tel: (314) 961-4485 Tel: (609) 983-1020 
FAX: (314) 961--4736 FAX: (609) 983-1879 Stegman Blaine Marketing, Inc. 

Vandalia,OH 

Montana New Mexico 
Tel: (513) 890-7975 

Eastern Montana Aztech Component Sales, Inc. 
FAX: (513) 89(H;191 

Talisman Assoc. Scottsdale, AZ 
Englewood, CO Tel: (602) 991--S300 Oklahoma 
Tel: (303) n5-2533 FAX: (602) 991-0563 Technical Marketing, Inc. 
FAX: (303) 741--S312 Carrollton, TX 

Western Montana New York 
Tel: (214) 387-3601 

InlBrrnountain Technical Marketing Northern New York 
FAX: (214) 387-3605 

Meridan,ID Quality Components 
Oregon Tel: (208) 888-6071 Buffalo, NY 

FAX: (208) 888-6074 Tel: (716) 837-5430 L-Squared LimilBd 

FAX: (716) 837-0662 Beaverton, OR 

Nebraska 
Tel: (503) 629-8555 

Quality Components FAX: (503) 64!H1196 
Eastern Nebraska Manlius, NY 
Rothkopf & Assoc. Tel: (315) 682-8885 Pennsylvania Olathe, KS FAX: (315) 682-2277 
Tel: (913) 829-8897 Eastern Pennsylvania 

FAX: (913)829-1664 Quality Components BGR AssocialBs 
RocheslBr, NY Marlton, NJ 

Nebraska (Continued) Tel: (716) 342-7229 Tel: (609) 983-1020 

Western Nebraska FAX: (716) 342-7227 FAX: (609) 985-1879 

Talisman Assoc. Southern New York Western Pennsylvania 
Englewood, CO Technical Applications & Mktg. Stegman Blaine Marketing, Inc. 
Tel: (303) n5-2533 Fairfield, NJ Cincinnati, OH 
FAX: (303) 741--S312 Tel: (201) 575-4130 Tel: (513) 729-1969 

FAX: (201) 575--4563 FAX: (513) 729-1984 

Nevada 
Northern Nevada North Carolina Rhode Island 
Norcomp CSR Electronics Mill-Bern AssocialBs 
Roseville, CA Charlotte, NC Wobum.MA 
Tel: (916) 782-8070 Tel: (704) 847-5806 Tel: (617)932-3311 
FAX: (916) 782-8073 FAX: (704) 847-0056 FAX: (617) 932-0511 

Southern Nevada CSR Electronics South carolina AlBch Component Sales, Inc. Raleigh, NC CSR Electronics Scottsdale, AZ Tel: (919) 878-9200 
Tel: (602) 991--S300 FAX: (919) 878-9117 

Raleigh, NC 
FAX: (602) 991-0563 Tel: (919) 878-9200 

FAX: (919) 878-9117 
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FMI Sales Representatives - USA (Continued) 
South Dakota Technical Marketing, Inc. Wisconsin 
Electromec Sales Round Rock, TX EaslBm Wisconsin 
Burnsville, MN Tel: (512) 244-2291 Bela Technology 
Tel: (612) 894-8200 FAX; (512) 388-1596 Milwaukee, WI 
FAX; (612) 894-9352 TeI:(414)~ 

Utah FAX; (414) 543-9288 
Tennessee R-Squared Marketing Western Wisconsin 
Eastern Tennessee Salt Lake City, UT Electromec Sales 
CSR Electronics Tel: (801) 59lHl631 Burnsville, MN 
Knoxville, TN FAX: (801) 595-0435 Tel: (612) 894-8200 
Tel: (615) 637-0293 FAX: (612) 894-9352 
FAX: (615) 637-0466 Vermont 

Westem Tennessee Mill-Bern Associates West Virginia 
CSR Electronics Wobum,MA Stegman Blaine Marketing, Inc. 
Huntsville, AL Tel: (617) 932-3311 Cincinnati,OH 
Tel: (205) 533-2444 FAX: (617)932-0511 Tel: (513) 729-1969 
FAX: (205) 536-4031 

Virginia 
FAX: (513) 729-1984 

Texas Arbotek Associates Wyoming 
Technical Marketing, Inc. Towson, MD Talisman Assoc. 
Carrollton, TX Tel: (301) 825-0775 Englewood, CO 
Tel: (214) 387-3601 FAX: (301) 337-2781 Tel: (303) 773-2533 
FAX: (214) 387-3605 FAX; (303) 741-6312 

Technical Marketing, Inc. 
Washington 
L-Squared Limited 

Houston, TX Kirkland, WA 
Tel: (713) 783-4497 Tel: (206) 827-8555 
FAX: (713) 783-5307 FAX; (206) 82B-al02 
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FMI Sales Representatives - Canada, Mexico, Puerto Rico, 
Central and South America 

canada 
British Columbia 
L-Squared, LTD. 
Kirkland, WA 
Tel: (206) 827-8555 
FAX: (206) 828-6102 

Rest of Canada 
Pipe-Thompson Limited 
Islington, Ontario 
Tel: (416) 236-2355 
FAX: (416) 236-3387 

Pipe-Thompson Limited 
Kandata, Ontario 
Tel: (613) 591-1821 
FAX: (613) 591-C461 

Mexico 
Solano Electronica (Sonika) 
Guadalajara, JAL. 
Tel: (52) 3647-4250 
FAX: (52) 3647-3433 

Solano Electronics, S.A. De C. V. 
07300 Mexico City, D.F. 
Tel: (52) 5754 6480 
FAX: (52) 5566-8443 

Puerto Rico 
Semlronic Associetas, Inc. 
Halo Ray, Puerto Rico 
Tel: (809) 766-0700 
FAX: (813) 442-2234 

Central and South America 
All Countries 
Fujitsu Microelectronics, Inc. 
Headquarter Sales 
San Jose, CA 
Tel: (408) 922-9310 
FAX; (408) 432-9044 
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FMI Distributors - USA 

Alabama 
MarshaJllnduslries 
Huntsville, AL 
(205) 881-9235 

Reptron Electronics 
Huntsville, AL 
(205) 722-9565 

Arizona 
Insight Electronics 
Tempe, AZ. 
(602) 829-1800 

MarshaJllnduslries 
Phcenix,AZ 
(602) 491Hl290 

California 
Bell Microproducts 
Fountain Valley, CA 
(714) 963-{)667 

Bell Microproducts 
Milpitas,CA 
(408) 434-1150 

Insight Electronics 
Agoura, CA 
(818) 707-2100 

Insight Electronics 
Irvine, CA 
(714) 727-2111 

Insight Eleclronics 
San Diego, CA 
(619) 587-9757 

MershaJllnduslries 
Chatsworth, CA 
(818) 407-4100 

Marshallinduslries 
EI Monte, CA 
(818)307-60000z 

MarshaJllnduslries 
Irvine, CA 
(714) 458-5318 

Marshallinduslries 
Milpitas, CA 
(408) 942-4600 

MarshaJllnduslries 
Rancho Cordova, CA 
(916) 635-9700 

MarshaJllnduslries 
San Diego, CA 
(619) 578-9600 
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Merit Eleclronics 
San Jose, CA 
(408) 434-0800 

Milgray Electronics 
Camarillo, CA 
(805) 484-4055 

Milgray Electronics 
Irvine, CA 
(714) 753-1282 

Westem M"lCIOtechnoiogy 
San Diego, CA 
(619) 453-8430 

Westem Microtechnology 
Saratoga, CA 
(408) 725-1660 

Colorado 
Insight Electronics 
Aurora, CO 
(303) 693-4256 

Mershallinduslries 
Thomton,CO 
(303) 451-a383 

Connecticut 
Mershallinduslries 
WaiUngford, CT 
(203) 265-3822 

Milgray Electronics 
Milford, CT 
(203) 878-5538 

Florida 
Marshallinduslries 
Altamonte Springs, FL 
(407) 767-a585 

Marshallinduslries 
Ft. Lauderdale, FL 
(305) 977-4880 

Marshallinduslries 
SI. Petersburg, FL 
(813) 573-1399 

Milgray Electronics 
Winter Park, FL 
(407) 647-5747 

Replron Electronics 
Ft Lauderdale, FL 
(305) 735--1112 

Replron Electronics 
Tampa,FL 
(813) 855--4656 

Telecommunications Data Book 

Georgia 
Marshall Industries 
Norcross, GA 
(404) 923-0750 

Milgray Electronics 
Norcross, GA 
(404) 446-9777 

Reptron Electronics 
Norcross, GA 
(404) 446-1300 

IIlInol. 
Classic Components 
Northbrook, IL 
(312) 272-9650 

MarshaJllndustries 
Schaumburg, IL 
(312)4~155 

Milgray Electronics 
Palatine,lL 
(708) 202-1900 

Reptron Electronics 
Schaumburg, IL 
(312) 882-1700 

Indiana 
MershaJllndustries 
Indianapolis,lN 
(317) 297~483 

Kan ... 
Marshallinduslries 
Lenexa,KS 
(913) 492-3121 

Milgray Electronics 
OVerland Park, KS 
(913) 236-a800 

Maryland 
MershaJllndustries 
Silver Springs, MD 
(301)622-1118 

Milgray Electronics 
Columbie, MD 
(301) 995-a 169 

Vantage Components, Inc. 
Columbia, MD 
(301) 720-5100 
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FMI Distributors - USA (Continued) 

Massachusetts Milgray Electronics Marshall Industries 

Bell Microproducts Ma~ton, NJ Solon, OH 

Wilmington, MA (609) 983-501 0 (216) 248-1788 

(508) 658-0222 Milgray Electronics Milgray Electronics 

Interface Electronic Corp. Parsippany, NJ Cleve/and, OH 

Hopkinton, MA (201) 335-1766 (216) 447-1520 

(508) 43!H;858 Vantage Components, Inc. Reptron Electronics 

Marshall Industries Clilton, NJ Solon, OH 

Wilmington, MA (201) 7n-4100 (216)348-1415 

(508) 658-0810 Western Microtechnology, Inc. Reptron Electronics 

Milgray Electronics Fairfield, NJ Worthington, OH 

Wilmington, MA (20 1) 882-4999 (614) 436-0675 

(508) 657-5900 
New York Oregon 

Vantage Components, Inc. 
Marshall Industries Marshall Industries 

Andover, MA 
Hauppauge, NY Beaverton, OR 

(508) 687-3900 
(516) 273-2424 (503) 644-5050 

Western Microtechnology 
Marshall Industries Western Microtechnology 

Burlington, MA 
Johnson City, NY Beaverton, OR 

(617) 273-2800 
(607) 785-2345 (503) 628-2082 

Michigan Marshall Industries 
Pennsylvania 

Marshall Industries Rochester, NY 
Marshallinduslries 

Livonia, MI (716) 235-7620 
Pittsburg, PA 

(313) 525-5850 Mast Distributors (412) 788-0441 
Reptron Electronics Ronkonkoma, NY 

Livonia, MI (516)471-4422 Texas 
(313) 525-2700 Milgray Electronics Insight Electronics, Inc. 

Farmingdale, NY Richardson, TX 
Minnesota (516) 420--9800 (214) 783-0800 
Marshall Industries Milgray Electronics Marshall Industries 
Plymouth, MN Pittsford, NY Austin, TX 
(612) 558-2211 (716) 381--9700 (512)837-1991 

Reptron Electronics Vantage Components, Inc. Marshall Industries 
Minnetonka, MN Smithtown, NY Carrollton, TX 
(612) 938-3995 (516) 543-2000 (214) 233-5200 

Missouri North Carolina 
Marshall Industries 
EI Paso, TX Marshall Industries Marshall Industries (915) 593-0706 Bridgeton, Me Raleigh, NC 

(314) 291-4650 (919) 878--9882 Marshall Industries 
Ha~ingen, TX 

iD New Jersey Reptron Electronics (512) 421-4621 

Interface Electronics Raleigh, NC 
Milgray Electronics 

Mariton, NJ (919)87~189 
Dallas, TX 

(609) 988-5448 
Ohio (214)248-1603 

Marshall Industries Marshall Industries Western Microtechnology, Inc. 
Fairfield, NJ Dayton,OH Dallas, TX 
(201) 882--{)320 (513) 898-4480 (214) 416-0103 

Marshall Industries 
Mt. Laurel, NJ 
(609) 234--9100 
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FMI Distributors - USA (Continued) 

Utah 
Marshall Industries 
Salt Lake CiIy, UT 
(801)973-2288 

Milgray Electronics 
Salt Lake City, UT 
(801) 272--4999 

Washington 
Insight Electronics, Inc. 
Kirkland, WA 
(206)820-8100 

Marshallindusbies 
Bothwell,WA 
(206) 486-6747 

Merit Electric 
Redmond,WA 
(206) 869-7557 

Westem Microtechnology 
Redmond, WA 
(206) 88Hi737 

FMI Distributors - Canada 

Ontario 
Marshall Industries 
Bramton,ON 
(416) 458-8046 

Milgray Electronics 
Willowdale, ON 
(416) 756--4481 
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Quebec 
Marshallindusbies 
Pointe Claire, au 
(514)~440 

Active Components 
Point Claire, au 
(514)694-7710 
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Wisconsin 
Classic Components 
New Bertin, WI 
(414) 786-5300 

Marsh EIacIronics 
MHwaukee, WI 
(414) 475-6000 

Marshall Industries 
Waukesha, WI 
(414) 797-$400 
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Fujitsu Electronic Devices Europe* Sales Offices - Europe 

FMG - Benelux FMG - Germany (Southwest) 
Fujitsu Mikroelektronik, GmbH Fujitsu Mikroelektronik GmbH 
Europalaan 26A Am Joachimsberg 10-12 
5623 LJ Eindhoven 7033 Herrenberg 
The Netherlands Germany 
Tel: (40) 447440 Tel: (7032) 4085 
Telex: 59265 Telex: 7265485 
FAX: (40)444158 FAX: (7032) 4088 

FMG-France FMG - Germany (South) 
Fujitsu Mikroelektronik GmbH Fujitsu Mikroelektronik GmbH 
Immeuble Ie Trident CarI-Zeiss-Ring 11 
3-6, voie Felix Eboue 8045 Ismaning 
94024 Cnlteil Cedex Germany 
France Tel: (89) 9609440 
Tel: (1) 45131212 Telex: (17) 897446 
Telex: 262861 FAX: (89) 96094422 
FAX: (1) 45131213 

FMIL-Italy 
FMG - Germany (Central) Fujitsu Microelectronics ltalia S.R.L. 
Fujitsu Mikroelektronik GmbH Centro Direzionale MilanoflDri 
Am Siebens1ein 6-10 Strada 4 - Palazzo Al2 
6072 Dreieich-Buchschlag 20094 Assago (Milano) 
Germany Italy 
Tel: (6103) 6900 Tel: (2) 82461701176 
Telex: 411963 Telex: 318546 
FAX: (6103) 690122 FAX: (2) 8246189 

"Fujitsu Mlkroelektronlk, GmbH (FMG) 
Fujitsu Microelectronics, Ltd_ (FML) 
Fujitsu Microelectronic ltalla S.R.L. (FMIL) 

FML - Scandinavia 
Fujitsu Microelectronics Ltd. 
Torggatan8 
17154Solna 
Sweden 
Tel: (8) 7646365 
Telex: 13411 
FAX: (8) 280345 

FML - United Kingdom 

Fujitsu Microelectronics Ltd. 
Hargrave House 
Belmont Road 
Maidenhead 
Berkshire SL6 6NE 
England 
Tel: (628) 76100 
Telex: 848955 
FAX: (628) 781484 
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Sales Information 

FMG, FML and FMIL Distributors - Europe 

Austria Germany 
Eljapex Handelsges mbH Eljapex GmbH 
Wien Waldshut-liengen 
Tel: (222) 861531 Tel: (7751) 2035 
Telex: 133128 Telex: (n51) 6603 
FAX: (222) 861531300 

Miao Halbleiler GmbH* 
MHV/EBV Elektronik Haar 
Wien Tel: (89) 4601004 
Tel: (222) 838519 FAX: (89) 468808 
Telex: 134946 
FAX: (222) 8941775 Italy 

Belgium 
Han1elec 
Milano 

MHVIEBV Elektronik Tel: (2) 66010569 
Zaven1em FAX: (2) 66013311 
Tel: (2) 7209936 

Malpassi S.R.L. Telex: 62590 
FAX: (2) 7208152 Bologna 

Tel: (51) 727252 

Denmark Telex: 563118 
FAX: (51) 727515 

Nordisk Elektronik AS* 
Herlev Ireland 
Tel: (42) 842000 
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Fujitsu Prescalers and Phase-Locked Loops 
for VHF and UHF Frequency Synthesis 

A Tutorial with Selection Guides 
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Field Applications Engineering 

Abstract 

This Application Note includes a broad introduction to the relevant high frequency synthesis theory and its 

application areas, a description of prescaler and phase-locked loop (PLL) components, and guidelines for 

selecting and designing with Fujitsu's extensive selection of prescaler and PLL Ie products. 
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Introduction 
Phase-locked loops (PLLs) and prescalers are used for synthesizing and controlling frequencies in a multi­
tude of high frequency systems. These systems range from radio and television broadcasting, cellular 
phones, computer local area networks (LANs), and measurement instrumentation to satellite and micro­
wave systems. 

Dedicated PLL integrated circuits (ICs) are manufactured in CMOS technology and typically operate in 
the 20-30 MHz range (maximum). Prescalers manufactured in bipolar ECL or GaAs technologies are con­
sidered interface ICs that allow the relatively slower PLLs to accurately control and select frequencies well 
into the microwave range (>1 GHz). 

Fujitsu manufactures a broad range of high frequency telecommunication ICs that includes prescalers, 
PLLs, integrated PLLs, as well as microcontrollers with onboard PLL and prescaler circuits. 

PLL Tuning Systems 
Tuning of telecommunication senders and receivers is, by far, the largest application area for today's PLLs 
and prescalers. High frequency PLLs have largely replaced older methods such as direct tuning an RC or 
LC oscillator to the desired local oscillator frequency. 

At the expense of a quantized (instead of a continuous frequency) resolution, PLLs and the so-called digi­
tal tuning circuits into which they are incorporated provide a cheaper, faster, more compact and reliable 
solution to tuning circUitry. The fact that PLLs only allow selection of frequencies in discrete steps, rather 
than over a continuous range, is not a concern because the available frequencies (for airwaves, long dis­
tance telephone cables, satellites, microwave links, ISDN etc.) are heavily regulated and limited to preas­
signed channel frequencies. 

The frequency position and spacing between channels depends on the physical carrier medium and the 
program material involved. For example, U.S. airwaves regulations of the Federal Communications Com­
mission (FCC) specify that: 

AM radio must be broadcast at 530, 540, 550 to 1610, or 1620 kHz 

PM radio must be broadcast at 87.9, 88.1 to 107.7, 107.9 MHz 

TV (channels 2~9) must be broadcast at 55.25, 61.25, 67.25, 77.25, 83.25 to 795.25, 801.25 MHz. 

These frequencies represent the center frequencies of each channel. The spacing of 10 KHz between as­
signed AM channels, 200 kHz between assigned PM channels, and 6 MHz between assigned TV channels 
reflects the progressively higher bandwidths necessary for PM and TV. 

Other regulated frequencies worth mentioning within the VHF (30 - 300 MHz) and UHF (300 MHz - 3 
GHz) bands include: 46/49 MHz for cordless telephones, 800-900 MHz for cellular phones (also known as 
land mobile radio services), 0.1-1.5 GHz for cable TV and >2 GHz for emerging Digital TV standards and 
Integrated Services Digital Network (ISDN). Fujitsu prescalers and PLL ICs are appropriate for most of !!:W 
these applications. ~ 

Figure 1 shows a superheterodyne FM broadcast receiver and some of the involved spectra and frequen-
cies. For an example, let us examine the steps involved in tuning to the PM station at 88.1 MHz. 
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Xl" UiN rJA ... ,.1" AlA 
87.9 88.1 88.3 107.7 107.9 MHz 

• , 
98.8 MHz fe= 10.7 MHz 

~ 
150kHz 

Figure 1. A Typical Heterodyne FM Receiver TUned to the 88.1 MHz Signal 

/' 

" 

The antenna is exposed to a multitude of transmission frequencies. In order to retrieve the desired signal, 
several stages of amplification and progressive selective filtration must be applied. In FM broadcasting 
each radio station is alIowed to use up to ISO kHz around the assigned center frequency. Since the spacing 
between the assigned channels is 200 kHz, this leaves a SO-kHz wide isolation gap between the stations to 
avoid a spectral overlap. Thus, a ISO-kHz wide filter can be used in the final stage to isolate the desired 
station from alI the others. Accurate tuning of such a narrow filter over the 20-MHz wide FM frequency 
range is not an easy task. To achieve accurate tuning, the filter is kept at a constant frequency, the so-called 
Intermediate Frequency (IF), and the desired radio signal is shifted in frequency to fall exactly within the 
filter passband. 10.7 MHz is the broadly used value for IF in commercial PM tuners. 

The antenna signal is converted to a lower frequency by mixing (or heterodyning) with an appropriately 
chosen local oscillator frequency floc. A PLL is employed for synthesizing floc. In order to place the de­
sired radio station (originalIy located at fin) exactly at the center of the IF bandpass filter, the PLL frequen­
cy floc must be set so that IF = floc - fin. In other words, to tune to the 88.1 MHz signal, a floc of 88.1 + 10.7 
MHz = 98.8 MHz is necessary. Tuning to another signal is accomplished by selecting a different floc. 

An appropriate FM demodulator working at the IF provides the final restoration of the original signal. 

On the sender side (see Figure 2) the sequence is reversed: a modulated IF signal is mixed with the local 
frequency oscillator up to the appropriate channel-frequency and broadcast. 
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Modulator 
(FM, AM, TV etc.) 

Local Oscillator 

Figure 2. A Typical Heterodyne (Audio) Sender 

Near-ideal PSK, PM, or FM demodulators can be implemented with PLLs as well as local oscillators. 

What is a PLL? 
A PLL is a control loop consisting of a phase detector (PD), low pass filter (LPF), voltage controlled oscil­
lator (VeO), program counter(s), and, as necessary, single- or dual-modulus prescalers. (See Figure 3.) 

fref---1'---r-----'PD HL...---.....ILPF H veo t 
f '----- fout = frel 

Figure 3. A Basic PLL Configuration 

The output of the PD is a voltage indicating the phase difference between its two inputs. 

The LPF smooths the PD output and determines the dynamic performance of the loop. The dynamic per­
formance includes general servo loop issues, such as the capture and lock ranges, the noise suppression 
bandwidth and the transient response. 

When the loop is out of lock, the PD voltage changes the frequency of the veo in a direction that reduces 
the phase difference between the input signal and the local oscillator signal. When the loop is locked, the 
signals at both inputs are in phase and have the same frequency. 

Generally speaking, the output of the veo is considered the desired PLL output. It should be mentioned, 
however, that in some instances (such as when a PLL is used as an FM de-modulator), the filtered output 
of the PO, rather than the output of the yeO, can be viewed as the system output. 

The bandwidth of the low-pass loop filter is crucial to the dynamic- and noise-filtering performance of the 
loop. The two performance requirements are conflicting, since faster lock-up times require wider LP filters 
while better noise characteristics are achieved with narrower filters. Therefore, a reasonable compromise 
has to be met for each application. 

Narrow filter bandwidths provide long-loop averaging times and are useful in applications where a noisy, 
intermittent, or varying reference source must be cleaned up. 

For example, in digital LANs, a PLL is used to regenerate a local clock rate from frame synchronization 
bits, which appear intermittently on most asynchronous communications networks. 

In a similar way, the "flywheel synchronizers" for vertical and horizontal scan in today's 1V receivers, are 
operated using PLL circuits. In both cases the "slow" lowpass filter maintains a relatively constant veo 
frequency between occurrences of synchronization patterns on the input. 
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In frequency synthesis applications, the reference frequency source will typically be a high quality, rela­
tively noise-free, crystal oscillator. The loop filter can be extensively wide to provide for fast switching 
times without compromising noise performance. 

A novel approach to PLL design is to electronically bypass the loop filter during the bulk of a frequency 
switching period and then to activate it back into the loop for final lock-in. 

As previously mentioned, the loop filter is the single most important factor in determining the dynamic 
performance of the servo loop. A thorough theoretical treatment of servo loop analysis is beyond the 
scope of this publication. References 1 through 4 listed in the back of this note are recommended for more 
in-depth information. 

Frequency SyntheSiS With PLLs and Prescalers 
Figure 4 shows a simple frequency-synthesizing configuration employing a PLL and a single program 
counter. 

fret 

fout = N x/'eI 
f=fouyN 

Figure 4. Frequency Synthesis with a Programmable Counter 

When the loop is in lock, the two input frequencies of the PD are equal, hence: 

fret = faIN <=> fa = N • fret 

A reprogramming of "N" by +1 or -1 will result in selection of a new output frequency with channel sepa­
ration of fret. 

The scheme of Figure 4, although attractive in its simplicity, is only applicable to output frequencies below 
40 MHz, since higher veo frequencies will exceed the program counter's toggling rate. 

Figure 5 shows a widely used remedy to the high frequency problem: a 11M prescaler is inserted in the 
feedback loop as a buffer between the veo and the program counter. This lowers the program counter's 

input frequency to fout/M instead of foul' 

frel 

f = f rerfR 

Prescaler 
+M 

______ ..1 fout=N ~Mxfrel 

Figure 5. Prescaler Accommodating for a Slow Program Counter 

Figure 5 also shows a reference frequell('Y divider, 1/R, inserted in the reference frequency path to allow 
more flexibility in output frequency programming. Without the reference frequency divider, the presence 
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of the prescaler would result in broadening the channel separation to M • lret. A resolution of lret is main­
tained by setting R equal to M. 

In many cases, the scheme of Figure 5 is a satisfactory solution, with one drawback. Compared to Figure 4, 
the operational frequency of the phase detector is lowered by the prescaling factor M. A lowered PO fre­
quency necessitates use of a narrower low-pass filter to suppress spurious output signals from the phase 
detector at the comparison frequency and its harmonics. Especially in very high frequency synthesizers, 
where the divide ratio of the prescaler becomes substantial, the loop's lock-in and switching speed charac­
teristics will be severely degraded as a result of narrowing the lowpass filter. 

The Pulse Swallow Method 
The widely used "multi-modulus division", also known as pulse swallowing (see Figure 6), offers a solu­
tion to previously mentioned problems. This method employs two programmable counters and a dual 
modulus prescaler inside the loop. (For simplicity the reference frequency divider is not shown.) 

Ire! PO 

Swallow Counter 
l/A 

Dual Modulus 
Prescaler 

11M & l/(M+l) 

Figure 6. Pulse Swallow 

A description of the pulse sWllllow method is as follows: 

lcoA 

1 ... =(NxM+A) xl"" 

Modulus 
Control Logic 

N must be larger than A (N)A). The dual modulus prescaler is initially set to divide by M+ 1. After" A" 
pulses out of the prescaler, the swallow counter is full and changes the prescaler modulus to M. After ad­
ditional (N-A) pulses out of the prescaler, the program counter changes the prescaler modulus back to 
M+ 1, restarts the swallow counter and the cycle repeats. 

In this way each cycle of the liN counter is a result of: 

A. (M+1) + (N-A) • M=N. M+A 

cycles of the I pit. 

In other words: 
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Since M is multiplied by N, but not A, the frequency will change by f,., when A is changed by 1. In this 
way both the channel separation and the PO frequencies are maintained at f,., to provide for an uncom­
promised loop performance. 

As previously mentioned, more complex variations of the multi-modulus theme include: N/N+Z pres­
calers (as in MBS08 with 128/130,256/258 and 512/514) and quad-mod~lius schemes involving multiple 
swallow counters and special prescalers. 

Stand-alone PLLs and Integrated PLLs 
Figure 7 shows a general purpose high frequency synthesizer and the functional blocks. These blocks are: 
the PO, the reference counter, the A and the N counters and modulus control logic. The MB87014, manu­
factured entirely in CMOS, includes an onboard 180 MHz prescaler. 

fret 

Figure 7. System Blocks 

Advances in recent years in CMOS and BiCMOS (cOmbined ECL and CMOS on one chip) have allowed 
integration of gigahertz prescalers on the same chip as the PLL. The architecture of these integrated PLL 
BiCMOS devices is illustrated in Figure 8. 

Figure 8. Fujitsu's Integrated PLL ICs 
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Before discussing the blocks on the PLL chip, let us briefly mention the circuits not found on it. As stated 
earlier, the low-pass filter must yield a good compromise between accommodating the desired noise and 
Switching characteristics on one side and removing spurious components from the phase detector output 
on the other side. A charge pump output (see Figure 14) from the PLL is provided in most cases, allowing 
direct connection of an external passive RC filter. The charge pump output is simply a very high imped­
ance output (Zout ~ 400k m well suited to drive high-Q resonant circuits found in the VCO. Optionally, an 
unbuffered PD output is often also made available for connection of custom external active filter configu­
rations. Typical filter bandwidths for frequency synthesis are 1-10 kHz. 

The prescaler and the VCO are the only two devices actually operating at the high output frequency foul' 

The VCO is frequently custom made for a specific application. Some popular oscillator types, in order of 
decreasing phase and frequency-stability, but increasing frequency coverage and linearity, are as follows: 

• PLL IC with an on-<:hip inverter Ibuffer for an external reference frequency oscillator 

• Voltage controlled crystal oscillator with varactor diode (also known as VCXO) 

• LC oscillator with a varactor diode 

• RC multivibrator 

A list of crystal oscillator and VCXO manufacturers can be found in reference 11. 

Charge 
Pump 

High impedance 
current source 

LPF VCOorVCXO 

+ 

Vdc 
f = ~/L[CO+C(Vdc)l 

Co , 
LC tuning circuit or Crystal 

Figure 9. Varactor Diode In a veo or a vexo 
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Capacitance 

Varactor Diode 
Characteristics 

(DC)Vol1age 

Figure 10. A Varactor Diode Acting as a Voltage-controlled Variable Capacitance 

Selecting the Right PLL Ie 
Table 1 lists Fujitsu's family of CMOS PLL ICs and Table 2 lists the BiCMOS integrated PLL ICs. 

Table 1. Fujitsu's Low Power CMOS PLLs 

Max Fre-
quency 

PIN (3 V/5 V) N' 

MB87001A 10/13 MHz 5-1023 

MB87006A 10/17 MHz 5-1023 

MB87014A -/180 MHz 5-1023 

MB87073 10113 MHz 5-2047 

MB87076 10115 MHz 5-2047 

MB87086A -/95 MHz 5-1023 

MB87087 10/13 MHz 5-1023 

MB87090 10/13 MHz 5-1023 

Notes: 'N = Program counter divide factor. 
2A = Swallow counter divide factor. 

Divide Ratio 

A2 Prescaler 

0-127 -

0-127 -

0-63 64165 

0-127 -

0-127 -

- -

0-127 -

0-127 -

sR = Programmable reference counter. 

Super 

R" Voltage 

8-ldncj4 2.7-5.5 V 

5-16383 3.0-6.0 V 

5-65535 4.5-5.5 V 

8-ldnd 2.7-5.5 V 

8-16383 3.0-6.0 V 

5-65535 4.5-5.5 V 

5-16383 3.0-6.0 V 

8-ldnd 2.7-5.5 V 

IDD (1Yp.) 

3V/5V 

2.013.0mA 

2.513.5 mA 

-I8.0mA 

2.013.0mA 

2.513.0mA 

-I8.0mA 

2.513.5mA 

3.0/4.0mA 

41dnd = 8 programmable combinations of 1/8, 1116, 1164, 1/128, 1/512, 111024, and 112048. 
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Table 2. Fujitsu's Super PLLs 

Prescaler Program Swallow Reference 
Counter Counter Counter 

FIN (MAX) V1N(MIN) 
Divide Divide Divide Divide Icc Sypply 

PIN Ratio Ratio Ratio Ratio (TYP) Voltage Package 

MB1501 1100 MHz 200mVp·p 
64165 Binary Binary Binary 

15mA 2.7·5.5 V 
16·Pin 

1281129 16·2047 0·127 8-16383 SOP 

MB1502 1100 MHz 200 mVp-p 
64165 Binary Binary Binary 

8mA 5v± 10% 
16- Pin 

1281129 16-2047 0-127 8-16383 SOP 

MB1503 1100 MHz 100mVp-p 1281129 Binary Binary Binary 
8mA 4.5-5.5 V 

16-Pin 
16-2047 0-127 8-16383 SOP 

MB1504 520 MHz 200mVp-p 32/33 Binary Binary Binary 10mA 2.7-5.5 V 
16-Pin 

64165 16-2047 0-127 8-16383 SOP 

MB1505 600 MHz 200 mVp-p 
32/33 Binary Binary Binary 

6mA 5v± 10% 
16-Pin 

64165 16-2047 0-127 8-16383 SOP 

MB1507 2000 MHz 400 mVp-p 
1281129 Binary Binary Binary 

18mA 5v± 10% 
16-Pin 

2561257 16-2047 0-255 8-16383 SOP 

64/128 Binary 
Binary 

20-Pin 
MB1508 2400 MHz 200 mVp-p 256 16-2047 - 256,512 14mA 5v± 10% SOP 1024,2048 

MB1509* 400 MHz 200 mVp-p 32/33 
Binary Binary 512 

12mA 2.7-5.5 V 
20-Pin 

16-2047 0-127 1024 SOP 

MB1511 1100 MHz 200mVp-p 
64/65 Binary Binary Binary 

8mA 2.7-5.5 V 
20-Pin 

1281129 16-2047 0-127 8-16383 SSOP 

MB1512 1100 MHz 100 mVp-p 
64165 Binary Binary Binary 

8mA 4.5-5.5 V 
20·Pin 

1281129 16-2047 0-127 8-16383 SSOP 

MB1513 1100 MHz 100 mVp-p 1281129 
Binary Binary Binary 

8mA 4.5-5.5 V 
20-Pin 

16-2047 0-127 8-16383 SSOP 

MB1518 2500 MHz 10010200 512/528 
Binary Binary 

512 16mA 4.5-5.5 V 
16-Pin 

mVp-p 
32-511 0-31 SSOP 

MB1519* 600 MHz 200 mVp·p 128/129 
Binary Binary 512, 

16.5 rnA 2.7-5.5 V 
20-Pin 

16-2047 0-127 1024 SOP 

* Dual DeVIce 

SelectIng a PLL 

The specifications to consider when selecting a PLL are as follows: 

Width of the counters 

The most significant feature of the various PLL devices (since operating speed is practically the same for 
all), is the width of their counters. In general, the width (in bits) of the reference counter determines the 
frequency resolution (N channel = f rer/R) obtainable from the system. The width of the programmable 
counter, (lIN) (see Figure 7) and the swallow counter (1IA) determine the number of channels that can be !I:W 
covered. Fujitsu devices are available with up to IS-bit wide combined program and swallow counters, ~ 
and H;-bit wide reference counters. 

12-17 



PrescaleTS and PLLs Fujitsu Microelectronics, Inc. 

Selecting the N and A counters 

It is easily observed from the dual-modulus equation [f0ll1 = (N • M+A) • Afclumned that A need not as­
sume values higher than the prescaler modulus M, since setting A equal to M+X is equivalent to setting A 
equal to X and increasing N by 1. Hence, all possible channels can be covered in a dual modulus configu­
ration if the programmable swallow counter number (A) is allowed to assume all values from 0 to M-l, . 
where M is the modulus of the M/M+ 1 prescaler: 

eOs,A.s:M-l 

Under all circumstances the condition N~A must be satisfied: 

e Nmin = Am.u: = M-l. 

To select the right PLL counters for your application, supply the information that is requested in the fol­
lowing guide. 

PLL Counter Selection Guide 

1. Identify maximum and minimum output frequency desired, fOlll, 1/UIX and faul, min. 

2. Select a M/M+l prescaler, so that faul, mar/M can be accommodated by the PLL «20 MHz typically). 

3. Identify desired channel spacing(s), Af channel. 

4. Let A = 0, then Nmi .. = foul, min/Afehll ..... , and Nmar = foul, mar/Afchll ..... ,. 

5. Verify that Nmin~-l; if not, select a bigger prescaling modulus and go back to step 3. 

6. Select a:n N program counter with enough bit-width to accommodate the value of Nmar. 

7. Select an A swallow counter with enough bit-width to accommodate the value M-l; set all higher 
bits to O. 

8. Select the reference frequency divider (R) and a crystal reference frequency so that fref/R = Afchllnnel. 

A Practical Example: Selecting the PLL Ie for an FM Receiver 
We are going to select the appropriate PLL IC and prescaler for the local oscillator of the superheterodyne 
FM receiver shown earlier in Figure 1. In order to receive an FM station at fin, the local oscillator must be 
set to !lot = fin + 10.7 MHz. For receiving all FM stations, floc has to be selectable between 98.6 MHz and 
118.6 MHz in 0.2 MHz steps; that is 101 positions in total. 

To select a PLL for our example FM Receiver, we used the PLL Selection Guide, supplied the required in­
formation (see Example), and selected the appropriate PLL. 

Example 

1. faul, mar = 118.6 MHz fout= 98.6 MHz 

2. Choose the MB503 prescaler (M=16) 

faul,mar/M = 7.4 MHz < 20 MHz 

3. Afch.nne) = 0.2 MHz 

4. Nmin = faul,min/Afehll .. nel = 493 

Nmar = faul,max/Afch.nnel = 593 

5. Nmar > 16, OK 

6. Nmar of 593 requires a 10-bit wide N-counter 
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• A 4-bit wide (swallow) counter 

• Either an MB87001A or an MB87006A 

• Choose MB87001A 

8. Choose an fret of 3.2 MHz and set the R-counter to 16 to yield AfcJumne1 = 0.2 MHz 

Programming of the counters 

In order to preserve board space, all FUjitsu PLLs have serially programmable counters. The divisor val­
ues are fed through a serial pin to a shift register and latched-in with a control pulse. This allows 16-pin 
packaging to be used for all devices. 

Set-up and switching times of the counters and modulus control logic 

These delays are important and can become a limiting factor, especially when operating in pulse swallow 
mode. When the circuit has counted down so that the N program counter is full, the whole counter system 
is reset. The reset function must be completed within the next cycle of the M/M+ 1 prescaler or, 

#:reset < M/fout,mJIX 

Where #:reset equals the sum of propagation delays through the A and N counters, (the required modulus 
set-up time of the prescaler and release time of the modulus control logic). 

Positive or negative edge triggering of counters 

As previously mentioned, when the modulus of a dual-modulus prescaler is changed from 64 to 65, one 
half-cycle of the output (output low) will be extended to 33 input cycles. The other half-cycle will remain 
unchanged at 32 input cycles. 

Therefore, modulus set-up time of the prescaler will be expressed relative to an edge of the affected half­
cycle (in this case the negative-going edge). If the program counters and the modulus control logic are 
triggered on an opposite edge, valuable set-up time margin will be lost. (See Figures 11 and 12). 

When necessary, insertion of a fast inverter between the prescaler and the program counter may provide 
some timing relief. 

Prescaler 
output 

PLL 
Modulus 
control output 

1/ 

---.I 

Divide by M Divide by M+ 1 

\ 
r\ 

) / \.. 
Required 

tpd modulus set-up time .... 
Margin 

~---------,ifJ 
Figure 11. PLL Program Counter Triggered by Opposite Edge 
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Divide Divide 
byM byM+1 

Prescaler \ \ 
output 

~ 

PLL \/ Modulus 
conlrOl output 1\ 

Ipd 

Margin Required 
modulus 
set·uptime 

Figure 12. PLL Program Counter Triggered by Same Edge 

Phase detector 

There are some differences between analog and digital phase detectors. 

An analog phase detector works on a so-called integrating multiplier principle (Gilbert Cell multiplier is 
one example) and reflects not only timing differences, but also (if the signals are not purely sinusoidal or 
square) differences in the shape of the input signals. Analog phase detectors can offer superior signal-to­
noise (SIN) ratios and can react almost instantaneously to minute changes in input waveforms. However, 
they are relatively complex and lend themselves poorly to high speed CMOS integration. 

The digital phase-frequency detector is a simple and extremely fast sequential circuit (4 flip-flops). The 
circuit detects only positive-going threshold crossings and indicates which of the two inputs is ahead of 
the other one. It is not dependent on the shape of the signals. The digital phase-frequency detector is in all 
Fujitsu PLLs. 

Charge pump 

The singIe-ended output from the phase detector is called the internal charge pump. The three-state 

charge pump output goes high when fre, >f_, low when fret < f_ and high-impedance state when 

fret = f_· This output can be connected directly to an active or passive external filter. The MB87014 pro­
vides an inverted charge pump output as well. 

The charge pump output is derived from two flip-flops out of the phase detector, ~r and ~v. In the case of 
MB87006A, MB87014 and the MB870861 when the loop is unlocked, the appropriate output terminal, ~r or 
~v, pulls low to indicate which of the two inputs f ref or f veo is at a higher frequency. 

The signals ~r and ~v would normally be considered an intermediate result; however, they are also made 
accessible on two output terminals allowing construction of an external charge pump. 

A charge pump combines the two digital outputs (~r and ~v) into one output. (See Figure 13.) The external 
configuration shown here also directly implements the lowpass filter. Note that due to different polarity 
aSSignments, this configuration is not appropriate for MB87001A, 87073, 87076, and the integrated PLLs. 
Also note that often a large resistor is inserted following the op-amp output to increase the output imped­
ance. 
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PO 
ToVCO 

Figure 13. Active Low Pass Filter 

A fast external charge pump implementation appropriate for the MB87001A, 87073, 87076 PLLs, Ies, and 
an integrated PLL is shown in Figure 14. The cj)r and cj)v outputs on these devices are of the open-drain 
type. (The rest of the PLL family provides push-pull outputs for cj)r and cj)v.) 

I Note that the remaining FujitsuPLL ICs (MB87001A.87073. and 87076),aswell as the single-chipPLL/Prescalerfami­
Iy (MB1500), have a different phase detector design and a different truth table for cj)r and cj)v: 

cj)r cj)v 
fr> fv Low Low 

fr = fv Low High-hnpedance 

f r < f v High High-hnpedance 

The cj)-outputs of these devices are open drain. 
An external charge pump allows use of faster transistors or op-amps (higher slew rates) and may offer 
improvement in lock-in performance. 

Vp (5-8 V) 

12Kohm 10 Kohm 

12Kohm ....... _---""'\H ____ To LPF 

12 Kohm 

10 Kohm 

Ground 

Figure 14. External Charge Pump Example 

Charge pump waveforms and cj)r and cj)v 

As previously mentioned, in the case of MB87006A, 87014 and 87086 (see footnote! on the preceeding 

page), when the loop is unlocked, the appropriate output terminal, cj)r or cj)v, pulls low to indicate which of 

the two inputs fret or fvco is at a higher frequency. This active terminal, cj)r or cj)v, will not stay at a steady 
low but will occasionally toggle to a high state. Basically, its output provides a pulse-width modulated 
representation of the frequency difference between the inputs. 
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When the loop is in lock, cpr and cpv will both be in the "high" state. However, synchronously with the 
phase comparison frequency; a short spurious negative pulse will occur at both outputs. 

The same pulse anomalies will also appear on the output from the internal charge pump. One of the tasks 
of the loop lowpass filter is to remove all spurious signals (pulses) from the PO output. The loop filter 
bandwidth must, therefore, always be below the phase comparison frequency. Conversely the phase com­
parison frequency should be kept as high as possible. 

4-bit Microcontrollers with PLLs 
Fujitsu also offers a family of 4-bit microcontrollers, the MB88560 family with an on-chip PLL. The 
MB88560 family consists of two 4-bit CMOS microcomputers: the MB88561 with a liquid crystal display 
(LCD) controller I driver and the MB88562 with a vacuum fluorescent display (VFD) driver. Both devices 
contain 21 I/O lines, an 8-bit timer I counter, an AID converter with 6-bit resolution, display drivers, and a 
PLL with prescalers suitable for all broadcast and shortwave frequencies. Each device has independent 
AM (up to 32 MHz) and FM (up to 120 MHz) inputs. Up to 4 K by 8-bit ROM space and 256 K by 4-bit 
static RAM space is available on-chip. 

Both chips allow extremely compact designs of car radios, personal stereos, personal communication 
equipment, etc. 

A two-part MB88560 design guide and a demo board are both available from Fujitsu. 

What is a Prescaler? 
A prescaler is an integrated circuit that divides the frequency of an incoming signal by an integer M (see 
Figure15). The divisor, M, is called the Modulus. 

Internally, a prescaler is a specialized ripple counter, which counts incoming pulses and performs one out­
put cycle for every M received input cycle. If M is an even number the output is toggled following every 
MI2 input pulse. For M odd, one of the toggles is delayed an extra input cycle (e.g., 6 input pulses for out­
put high and 5 input pulses for output low for M = 11). 

In: ~ .... 
loe t ~ I f 1rr In in = in 

Out: 

loe 
Tout = Tin • M 

~I 

fout = 1fTou• =flnlM 

Flgure15. Frequency Division 

There are distinct differences between prescalers and general purpose divide-by-N counters. We will refer 
to the latter as program counters and substitute the letter N when referring to them for the remainder of 
this text. 

Prescalers are comparatively simple devices. They contain a minimal amount of logic (less than approxi­
mately 1oo gates) and offer a few, well chosen modulus numbers. This streamlined architecture allows 
implementation in the fastest bipolar and GaAs technologies without excessive power consumption or 
expense. For example, the MB510 dual modulus prescaler from Fujitsu offers a choice of four divide ratios 

12-22 



Fujitsu Microelectronics, Inc. Prescalers and PLLs 

(128, 144,256 and 272). Manufactured in 0.81lID bipolar technology, this 8-pin device is ECL compatible, 
accepts input frequencies up to 2.7 GHz, and dissipates only 0.05 watts of power. 

Program counters, on the other hand, contain a fair amount of programming and decoding logic in order 
to allow a wide selection of N (any value of N between 0 and 2q_l is made selectable using a q-bit wide 
program input). The relatively high internal gate count generally limits program counters to TIL or 
CMOS technology with toggling speeds of less than 40 MHz. 

The important point to be made is that there is no need to make program counters faster, or prescalers 
more programmable. The distinction between the two types of devices is intentional. Once the frequency 
is brought down sufficiently by a prescaler, sophisticated frequency manipulation is performed with 
CMOS program counters and a PLL. Prescalers are generally classified as either single or dual modulus. 

Dual modulus prescalers 

Dual modulus prescalers allow a very rapid transition from a divide-by-M mode to a divide-by-M+l 
mode (e.g., from 64 to 65); hence, they are often also called M/M+l prescalers (64/65). In conjunction with 
PLLs and the pulse swallow method (discussed on page 14), dual modulus prescalers allow finer fre­
quency resolution than single modulus prescalers. 

Single modulus prescalers 

Single modulus prescalers are fixed, or semi-fixed dividers that only divide by a fixed number M. A semi­
fixed single modulus prescaler allows a choice of more than one modulus (e.g., 32, 64 and 128), but is not 
necessarily optimized for fast switching between moduluses, and the modulus choices are not spaced one 
apart. 

Less common varieties of prescalers include: 

• M/M+Z (where Z *" 1) dual modulus prescalers 

• Four modulus prescalers 

• Decimal single modulus prescalers 
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Figure 16 shows Fujitsu's bipolar prescaler ICs. 

frnax 

3.0GHz 

2.5GHz 

2.0GHz 

1.5GHz 

1.0GHz 

O.5GHz 

MB506 

MB505-16 

Single 
Modulus 

MB510 

MB501 MB501 L MB501 LV 

MB504 MB504L MB504LV 

MB503 

Fujitsu Microelectronics. Inc. 

MBl508 

MBl507 

MB1503113 
MB501SL MB509 MBl50112 MB551 

MB1511/12 

MBl505 
MBl504 

Prescaler Features 

Figure 16. Selection Guide to the FujHsu Bipolar Prescaler Family 

Microwave Prescalers 

Microwave prescalers manufactured in GaAs technology are available from specialized vendors, includ­
ing Fujitsu. The microwave prescalers have frequencies above 3 GHz (microwave range) and toggle 
speeds of up to 10 GHz. The cost of GaAs parts, however, is considered high when compared to ECL bi­
polar parts. 

Stand-alone Prescaler Application 
Prescalers can be used as stand-alone components without a PLL. 

A stand-alone application does not involve feedback of signals around the prescaler. The most common 
stand-alone application for a prescaler is in digital clock distribution networks, where a prescaler simply 
reduces an incoming clock rate and distributes it to slower analog or digital circuitry. (See FigureI7.) 

fref foul = fret 1M 

Figure 17. A Stand-alone Application 01 a Prescaler: Clock Rate Reduction 

Prescalers offer several advantages as stand-alone elements. For example, consider an application that 
requires a high quality I-MHz reference signal. For this application, a straightforward, high quality 
I-MHz crystal oscillator might seem the most obvious choice; however, the highest quality will be 
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achieved with a higher frequency reference signal (10 MHz) followed by a prescaler (1/10). This applica­
tion is preferred because of the following reasons: 

• Crystal resonators with higher oscillation frequency tend to have smaller dimensions, shorter oscilla­

tion stabilization times and narrower characteristic variations. 

• A prescaler will clean up the incoming high frequency signal in two ways: 

- It will totally remove variations in the amplitude noise (amplitude envelope of the incoming sig­

nal), since its output amplitude is independent of the input. 

- It will reduce the phase noise (jitter of zero-crossings) of the incoming signal by approximately a 

factor of M since its output only switches synchronously with one out of every M/2 input pulses. 

The above reasons apply up to a certain point, or as long as the prescaling factor is moderate. The fre­
quency of the crystal should not be increased to the point where RF shielding or board layout has to be 
changed. Increasingly small dimensions or the price of the crystal can also become a problem 

Numerous digital LSI ICs take advantage of the beneficial properties of prescaling; e.g., they have on­
board prescalers that allow a direct connection of high frequency crystal clocks to slower intemallogic. 
For example, Fujitsu's line of 4-bit microprocessors offers a built-in, divide-by-2 prescaler as a recom­
mended option. This option allows the user to drive the 2-MHz intemallogic with a 4-MHz crystal rather 
than a 2-MHz crystal. With this option, the 4-MHz crystal clock will turn on and be fully operational (as 
well as recover from any external disturbances) in half the time required for a 2-MHz crystal. 

Selecting the Right Prescaler 
To select the appropriate prescaler, first determine the necessary modulus choices and input toggling 
speeds. 

Toggling speed 

One should be aware that a I-GHz (fin,,,,,,,, typically) prescaler does not abruptly stop functioning when 
fed frequencies above 1 GHz. The I-GHz prescaler will typically require higher input levels to trigger, and 
it may deliver a smaller output swing, but typically it will function up to a 20-50 percent higher fre­
quency. See Figure 18. 

These characteristics are important, since frequency switching in a PLL is normally accompanied by a fair 
amount of overshoot. A VCO intended to stabilize at 1 GHz may reach, for example, 1.4 GHz before set­
tling down. It is important that the loop (including the prescaler) remains functional during that period. 
Charts like Figure 18 can be helpful in verifying such cases. 
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Figure 18. Input Signal Amplitude Versus Input Frequency for MB509 Dual Modulus Prescaler 

Prescalers with higher frequency ratings will typically be associated with higher power dissipation and 
higher switching noise. For example, measurements of gallium arsenide dividers suggest noise perform­
ances 20 to 30 dB worse than for ECL dividers (reference 10). 

Also note that the input coupling capacitance of a prescaler will limit the lowest useful frequency. 

Termination resistor internal/external 

All Fujitsu prescalers, except MB501LV, MBS04LV, MBS01SL, MB509, and MB510 have an open emitter 
output. 1)rpically a 2.2k n resistor to ground for a load capacitance of 12 pF is recommended. By choosing 
a smaller or a larger external resistor, the prescaler's output can be tailored to drive higher or lower loads, 
respectively. 

The prescalers with on-chip termination can drive output load capacitances of up to 8 pF undistorted. A 
shunt resistance can be added for driving larger loads. 

In some situations it is desirable to "overdesign" the termination resistor. The limited current driving abil­
ity will tend to smooth the output signal, thus reducing its harmonic content and switching noise induced 
into supply lines. 

Stability of V out 

One of the purposes of prescaling is to eliminate amplitude modulation from the output of the VCO. 
Therefore, it is absolutely mandatory that the output high and low are stable and guaranteed over a wide 
range ofVin, V ca and temperature. 
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Flexibility of the input voltage 

A prescaler should be able to toggle properly with relatively widely varying input voltage levels (any­
where between 0.15 to 2 Vp-p for the Fujitsu MB 504), while maintaining a constant output level. 

EeL level 

For most Fujitsu prescalers the maximum allowable input voltage swing is 2 Vp-p. This means that a typi­
cal TIL voltage swing of 3 V will overload the prescaler, whereas EeL voltage levels can be accommo­
dated without problems. The outputs of the prescaler are ECL compatible, too. 

The statement "The outputs are 1.6 V peak on EeL level" found on the data sheet for MB501, 503, 504 etc. 
means that Fujitsu prescalers do not require negative supply voltages. In this sense they are not "true" 
EeL devices. 

Flexibility of Vee 

A wide operational range of Vee is essential (2.7 V to 4.5 V, 3.0 V typical for MB501LV), if a prescaler is to 
be used in a battery-powered system. Most Fujitsu prescalers, except the low voltage (LV-suffix) types 
which operate from a 3 V supply, operate from a single 5 V supply. The integrated PLLs, MB1501 and 
MB1504, however, operate from a 3 V supply (a higher supply voltage between Vee and 8 V is required 
for the charge pump circuit). 

Modulus set-up time 

The time from application of appropriate voltage to the modulus select pin to appearance of the correctly 
prescaled waveform at the output is 10-50 ns. As previously discussed in the PLL section, fast modulus 
set-up times are necessary for correct implementation of the pulse swallow method. 

Input impedance and reactance 

Excessive reactance may affect performance of the veo and require buffer circuitry between it and the 
prescaler. For very high frequencies (> 500 MHz), the input impedance should be given on a Smith chart. 
The nominal input impedance of Fujitsu's high frequency prescalers is 500. 

Smith chart 

Signals on a printed circuit board travel at approximately 2/3 the speed of light. This means that at fre­
quencies above 500 MHz, the signal wavelengths become less than 0.4 m and comparable in size to the 
board itself. At this point, circuit board traces start acting as transmission lines; i.e., the RMS voltage level 
will vary along the trace unless impedances of the termination and the trace are matched. 

A Smith chart is a graphical impedance representation widely used in transmission theory. It is a tool al­
lowing an easy assessment of impedance mismatch. 

The chart consists of two sets of circles: the constant resistance circles (see Figure 19) and the constant re­
actance circles (see Figure 20). The values of these circles are normalized to the characteristic impedance of 
the system by dividing the actual value of resistance or reactance by the characteristic impedance, for ex­
ample, in a 50 .a system, a resistance of 100W is normalized to a value of 2.0. 

A further series of circles may be plotted on the chart; these are the circles of constant voltage standing 
wave ratio (VSWR) and represent the degree of mismatch in the system. The VSWR is the ratio of the de­
vice impedance to the characteristic impedance. It is always expressed as a ratio greater than 1 (a 25.a 

device in a 50.a system gives rise to a 2:1 VSWR). See Figure 21. [fJ 
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Paclalging 

All FUjitsu prescalers are available in 8-pin DIP or surface mountable 8-pin plastic flat packages. Space 
saving and better stray capacitance performance are obtained with surface mounting. 

CMOS PLLs and BiCMOS integrated PLLs are available in 16-pin DIP and FIatpacks. 

o 
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IMPEDANC£. OR ACIotITTANCE COORDINATES 

500 MHz 
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Figure 21. Input Impedance of Fujitsu's MB501 L Dual Modulus Prescaler as a Function of 
Frequency Shown on a Smith Chan 

12-29 



m 

Prescalers and PLLs Fujitsu Microelectronics. Inc. 

Signal propagation delay through the prescaler 

Although a signal delay through the prescaler will affect the lock-in times of the loop, the prescaler is, in 
this respect, of little importance relative to the loop lowpass filter. Extensive phase shifts between the in­
put and the output of the prescaler may, however, affect the PLL stability. 

High capacitive loading will typically be the main cause for delays. This situation can be remedied by de­
creasing the output termination resistor value, thereby improving drive performance. 

Self-oscillation problems can be caused by poor grounding, lack of decoupling, or cross-talk due to board 
layout. Fujitsu prescalers are guaranteed to be non-oscillatory under most oonditions. 

Balanced inputs 

The ability to drive balanced inputs can be beneficial at high frequencies. All Fujitsu prescalers offer oom­
plementary inputs. The prescaler outputs, however, are single ended as they are intended to drive single­
ended PLL inputs. 

Output duty cycles 

The output duty cycle should be 50 percent when the modulus is an even number (such as three input 
clock periods high and three input clock periods low for division with modulus 6). Division by an odd 
number should cause minimal deviation from 50 percent duty cycle (such as four input clocks high and 
three input clocks low for division with modulus 7). Rise and fall times are, of oourse, load dependent and 
deviations from idealized waveforms will occur. Also, clearly specify which of the output half-cycles (out­
put low or output high) is the one that is extended in the M+l mode of a dual modulus prescaler. 

Power dissipation 

Thanks to a proprietary, "third generation," O.81J.11l emitter self-align and polysilioon electrode and resis­
tor (ESPER) manufactUring technology, FUjitsu can offer bipolar prescalers with the most beneficial fre­
quency rating/power dissipation ratio available. See Table 3. 
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Table 3. Fujitsu Prescalers 

Divide Supply 
PIN FIN (MAX) V1N(MIN) Ratio Icc (TYP) Voltage Package 

MB467 200 MHz 150 mVp-p 10120 6mA 5 V ± 10% 
8 Pin 

DIPIFPT 

MB501 1.0GHz 400 mVp-p 
64165 

30mA 5V± 10% 
8 Pin 

1281129 DIPIFPT 

MB501l 1.1 GHz 400 mVp-p 
64165 

10mA 5 V ± 10% 
8 Pin 

1281129 DIPIFPT 

MBSOllV 1.1 GHz 150 mVp-p 
64165 

12mA 
3V 8 Pin 

1281129 -10-+50% DIPIFPT 

MB501Sl 1.1 GHz 100 mVp-p 
64/65 

5mA 5 V ± 10% 
8 Pin 

128/129 DIPIFPT 

MB503 200 MHz 150 mVp-p 32133 8mA 5 V ± 10% 
8 Pin 

DIPIFPT 

MB504 520 MHz 150 mVp-p 
32/33 

10mA 5 V ± 10% 
8 Pin 

64165 DIPIFPT 

MB504l 520 MHz 150 mVp-p 
32133 

5mA 5V±100/0 
8 Pin 

64/65 DIPIFPT 

MB504lV 520 MHz 150 mVp-p 
32/33 

6mA 
3V 8Pin 

64165 -10-+50% DIPIFPT 

MB505-16 1.6GHz 150 mVp-p 128/129 9mA 5V± 10% 
8 Pin 

DIPIFPT 

MBS06 2.4GHz 400mVp-p 
64/128 

18mA 5V± 100/0 
8 Pin 

256 DIPIFPT 

MBS07 1.6GHz 400 mVp-p 
128/129 

18mA 5V±100/0 
8 Pin 

2561257 DIPIFPT 

128/130 
8 Pin 

MB508 2.3GHz 400mVp-p 2561258 24mA 5 V ± 10% 
DIPIFPT 

5121514 

MBS09 1.1 GHz 4oomVp-p 
64165 

11 mA 5 V ± 10% 
8 Pin 

1281129 DIPIFPT 

MBS10 2.7GHz 400 mVp-p 
128/144 

10mA 5V±100/0 
8 Pin 

2561272 FPT 

MBSll 1.0GHz 60mVp-p 11218 23mA 5V± 10% 
8Pin 

DIPIFPT 

Conclusion 
For further technical assistance and product information, including updates, please contact your nearest 
FUjitsu Microelectronics Sales Office. You will find a listing of the offices at the back of this paper. 
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CATV 

CBRADIO 

CMOS 

CODEC 

DTMF 

DIP 

ECl 

Frequency 

FPT 

FSK 

GaAs 

GHz 

ISDN 

MHz 

MSK 

Modem 

Modulus 

Pll 

Prescaler 

PSK 

RF 

UHF 

VHF 

Cable Television. 

Citizen Band Radio. The frequency bands allocated for short-distance personal or 
business radio comrrunication. Present USA bands are 26.965 to 17.405 kHz, 
72 to 76 MHz, and 462.550 to 467.425 MHz. 

Complimentary Metal Oxide Semiconductor. A technology that is used for the 
manufacturing of low power consumption devices. 

COder/DECoder. 

Dual Tone Multifrequency 

Dual In-line Package. 

Emitter Coupled logic. A technology that is used for the manufacturing of devices that 
operate at high frequencies. 

The number of oscillations or cycles per unit of time. 

Flat Package Technology, usually referred to as Surface Mount Technology (SMT). 

Frequency shift keying. The form of frequency modulation in which the modulating wave 
shilts the output frequency between or among pre-determined values, and the output 
wave has no phase discontinuity. 

Gallium Arsinide. 

Gigahertz. A unit of frequency equal to one billion cycles per second. 

Integrated System Digital Network. A digital network in which all forms of 
communications, such as voice, data, and video, are converted to digital code and 
manipulated by computers serving as intelligent switching devices. 

Megahertz. A unit of frequency equal to one million cycles per second. 

Minimum shift keying. 

MOdulator/DEModulator. An equipment that connects data terminal equipment to a 
communication line. 

The divide-by ratio of a prescaler counter. 

A device that locks onto a particular frequency. It is typically used in applications that 
require the tuning or selecting of communication channels. 

A device that divides the frequency of an incoming signal by a factor of N. N is the divide­
by ratio of the counter and is called the modulus. 

Phase shift keying. The form of phase modulation in which the modulating function shilts 
the instantaneous phase of the modulated wave among pre-determined discrete values. 

Radio Frequency. A frequency in the electromagnetic spectrum that is useful for radio 
transmission. Presently this refers to the limits of 10kHz to 100,000 MHz. 

Ultra High Frequency. This range is 300 MHz to 3 GHz. 

Very High Frequency. This range is 30 MHz to 300 MHz. 
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