


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MITSUBISHI BIPOLAR DIGITAL ICs 

MS4927P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

INPUT/OUTPUT CIRCUITS 

3 

2 
Reset, CPS, SI, Test Inputs PO Output 

Vcc --...---_>----..... --, 

5 
AM/FM, Lock, 500Hz Outputs 

Vcc --..... ---, 

Note 14: Resistance and current values are typical values for Ta= 25"C. 

• MITSUBISHI 
.... ELECTRIC 

2000 

OSC Circuit 

�.�-�-�-�-�~�-�-�-�r�_�_�_�_�_�.�- -2.1V 

1.4kO 

X=IN X-OUT 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4927P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

ABSOLUTE MAXIMUM RATINGS (T a = -20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.5-+6 

V, Input voltage -0.5-+6 

Va Output voltage -0.5-+6 

Pd Power dissipation T a=75"(; 300 

Topr Operating temperature -20-+75 

Tstg Storage temperature -40-+125 

RECOMMENDED OPERATING CONDITIONS (Vcc =4,5-5,5V, Ta =-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions 
Min 

4.5 
Vee Supply voltage 

(3)* 

fAM sinewave 0.5 
fLocal Input frequency 

fFM sinewave 8 

0.5-2MHz 200 
, fAM 

2-4MHz 100 
VLocal Input amplitude 

8-60MHz 400 
fFM 

60-130MHz 160 

10L Low-level output current Pin 12, 13 outputs 

f08c Reference oscillator frequency 

* : 3V, T a=25'C 

CRYSTAL ELEMENT CONNECTION CIRCUIT 

--~5 --
X'tal 

o 
C, 

X-OUT GND 
Note 15: Crystal specifications 

Resonant frequency 
Load capacitance 
Effective resistance 

16: Capacitance values 
C,=56pF 
Co=30pF( trimmer) 

ELECTRICAL CHARACTERISTICS (Ta = -20-+75'C, unless otherwise noted) 

Symbol Parameter Test conditions 
Test pin Min 

V ,H High-level mput voltage 1,2,7,9 Vcc-5.5V 2 

V ,L low-level Input voltage 1,2,7,9 Vcc=5.5V 

I'H High-level mput current .1,2,7,9 Vcc=5.5V, V'H=5. 5V 

I'L Low-level Input current 1,2,7,9 Vcc=4. 5V, VIL =OV 

VOL Low-level output voltage 11,12 Vcc=4.5V, 10l =5mA 

V OHP1 PO high·level output voltage 10 Vcc=4.5V,loH=-lmA 3 

VOHP2 PO high-level output voltage 10 Vcc-5V, 10H--0. 1mA 4 

VOLP1 PO low-level output voltage 10 Vcc=4.5V,lol=lmA 

VOLP2 PO low-level output voltage 10 Vcc=5V, 10l =0.1 mA 

IpOl PO leakage current 10 Vcc=5.5V, Vo=O. 8-4. 7V 

IpD2 PO leakage current 10 Vcc=5V, Vo=2. 5V 

lee Circuit current Vcc=5.5V 

10iK Output ~eakage current 11,12 Vcc=5.5V, VOH=5.5V 

All voltages are measured with respect to circuit ground (pin 8) atOV 

Limits 

Typ Max 

5 5.5 

4 

- 130 

800 

800 

800 

800 

1 5 

4.5 

4.5MHz±30ppm 
20pF 
lOOn max. 

Limits 

Typ* Max 

0,6 

30 

-80 -160 

0,5 

1.5 

1 

±1 

±100 

20 35 

30 

Unit 

V 

V 

V 

mW 

'C 
'c 

Unit 

V 

MHz 

mVp _p 

mA 

MHz 

Unit 

V 

V 

I"A 

I"A 

V 

V 

V 

V 

V 

I"A 

nA 

mA 

I"A 

Note 17: 
18 : Currents are taken to be positive when flowing into the circuit and negative when flowing out of the circuit, the minimum and maximum 

values taken to be absolute values. / 

*: 

2-460 

A Typical value at T a=25'C 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4927P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

AC CHARACTERISTICS (Ta =25"C, unless otherwise noted) 

Symbol Parameter Test eoodltlons 
Test pin Min 

V FM1 FM Input sensitivity 3 
Vee1-Vec,-4,5V 

IFM=60-130MHz 

V FM2 FM Input sensitivity 3 
Vee1 =Vcc,=4, 5V 

IFM=8-60MHz 

VA M1 AM Input sensitivity 5 
Vec1 = V cc,=4, 5V 

IA,,=2-4MHz 

VA M2 AM Input sensitivity 5 
Vcc1=Vee,-4,5V 

IA,,=0,5-2MHz 

TYPICAL INPUT SENSITIVITY CHARACTERISTICS (VCC1=VCC2=5V, Ta=25"C) 

(1) MINIMUM FM INPUT AMPLITUDE VS INPUT FREQUENCY 
! 

400 

;\ 
C. 
"'- 300 > 

-5 

~ 
'" > 
-5 , 

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

UJ 
c 
::> 

200 I-
::J 
Q. 
::;: 
« 
I-
::> 100 Q. 

~ 

UJ c 
::> 
j 
Q. 
::;: 
« 
I-
::> 
Q. 

~ 

300 

250 

200 

150 

100 

50 
1""00, 

""" 

Limits 

Typ Max 

160 

400 

100 

200 

10 20 30 40 ,030 50 70 90 110 130 150 

INPUT FREQUENCY (MHz) 

(2) MINIMUM AM INPUT AMPLITUDE VS INPUT FREQUENCY 

125 

C. 
"'-

100 
>, 
-5 
UJ 75 c 
::> 
I-
::J 
Q. 

50 ::;: 
« , 
I-
::> 
Q. 25 ~ 

~ 
f"""oo .... 

0.5 1.5 

INPUT FREQUENCY (MHz) 

125 

~ 100 

'" > 
-5 
UJ 75 c 
::> 
I-
::J 
Q. 50 ::;: 
« 
I-
::> 
Q. 25 
~ 

2.5 

• MITSUBISHI 
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INPUT FREQUENCY (MHz) 

-
3 5 7 

INPUT FREQUENCY (MHz) 

Unit 

mVp _p 

mVp _p 

mVp _p 

mVp _p 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54927P 

PLL FREQUENCY SYNTHESIZER ,FOR DIGITAL TUNING SYSTEMS 

APPLICATION EXAMPLE 

2..:..462 

FM AM 
LocalOsc 

Radio 

r-------------------------------~_r~--~Sl 

r-------------------------------4-4----4CPS 

r-------------------------4----lReset 

iL.p.F~ __ _ 

V tune 

• MITSUBISHI 
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FM+B 

CONTROLLER 
(M58497P etc.) 



MITSUBISHI BIPOLARDIGITAL_ICs 

MS4928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

DESCRIPTION 
The M54928P is a semiconductor integrated circuit consist­
ing of a Pll frequency synthesizer for use in AM/FM elec­
tronically tuned radio receivers. It makes use of ECl-lil 
process to enable high density and low power consumption. 
It contains an FM Prescaler allowing the direct input of the 
local oscillator frequency signal. 

The base frequency is provided by a 4.5MHz crystal 
oscillator. 

FEATURES 
• Built-in FM high-speed prescaler (fmax=130MHz) 
• low power consumption (Icc = 20m A, typical at Vee = 

5V) 

• Reference frequency selectable from eight values (50k, 
25k, 12.5k, 10k, 9k, 5k, 4.5k, 1k) 

• Modul0-2 swallow counter in FM mode (prescaler ratio 
1/32,1/33) 

• Wide range of division ratios (FM: 1024-65535, AM: 64 
-65535, binary coded) 

• Clock pulse outputs at 450kHz and 500Hz 
• Built-in 4.5MHz crystal oscillator (only two external com-

ponents required) 

• Pll rock/unlock status ouptut 
• AM/FM mode control output 
• High sensitivity AM/FM local oscillator frequency input 

with buiit-in amplifier (FM: 160mVp_p at 130MHz, AM: 
100mVp _p at 4MHz) 

APPLICATION 
AM/FM Radios 

BLOCK DIAGRAM 

CRYSTAL { X-IN 20 
OSCILLATOR 

INPUTS X-OUT 19 

FM LOCAL 
OSCILLATOR INPUT IFM 5 

FM REFERENCE BIAS relFM 6 

AM LOCAL 
OSCILLATOR INPUT lAM 7 

AM REFERENCE BIAS relAM 8 

RESET PULSE R 
INPUT eset 

450kHz 
OUTPUT 

450kHz 

CLOCK~~~G~ CPS 9r---------~~~~J 

PIN CONFIGURATION (TOP VIEW) 

De- 2 
DATA INPUTS \ 

DA- 1 

De- 3 

0 0 - 4 

OSCILLA~~~~~-::r IFM - 5 

FM REFERENCE BIAS relFM - 6 

OSCILlA:gR LI~~~~ lAM - 7 

AM REFERE~I;'~ relAM - 8 

CLOCK ~~~G~ CPS - 9 

NC 

TIMING SIGNAL 
OUTPUT 

GND 

Outline 

LOCK DETECTOR 
OUTPUT 

VCC2 

18 - 450kHz 6~o;~~T 
-- TIMING SIGNAL 

17 - Timing OUWUT 
-AMlFMMOOE 

16 -AM/FMSWITCHINGOUTPUI 

22P4 

LOCK DETERCTOR 
OUWUT 
PHASE DETECTOR 
OUWUT 
TEST PULSE 
INPUT 

RESET PULSE 
INPUT 

NC : No connection 

PHASE DETECTOR 
OUTPUT 

AM/FM MODE 
AM/FM SWITCHING 

OUTPUT J·t Vee, 

22 Vee, 

11 GND 

DATA INPUTS NC : NO CONNECTION 

• MITSUBISHI 
"ELECTRIC 
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PIN 
No. 

1 
2 
3 
4 

5 

6 
7 
8 
9 

10 
11 
12 

13 

14 

15 

16 

17 
18 
19 
20 
21 
22 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

DESCRIPTION 
Symbol Name 

DA 

De 

Dc 
Data Inputs 

Do 

fFM FM local oscillator,lnput 

refFM FM reference bias 

lAM AM local oscillator input 

ref AM AM reference bias 

CPS Clock pulse Input 

NC No connection 

GND Ground 

Reset Reset pulse Input 

Test Test input 

PO Phase detector output 

Lock Lock detector output 

-
AM/FM AM/FM mode switching 

Timing Timing Signal output 

450kHz 450kHz output 

X-IN 

X-OUT 
Crystal oscillator inputs 

VCC1 Power supply 1 

VCC2 Power supply 2 

Description 

Divide ratio Input for programmable divider. 

Direct input enable (fmax = 130MHz) Built-In amplifier (Input sensitIvity 

160mVp.p) 

Grounded through l000pF capacitor 

Built-in amplifier (Input sensitiVIty 100mVp.p) 

Grounded through 1 OOOOpF capacItor 

Data reading clock Input 

OV 

Data latch reset Input 

Normally set to low-state. When set to high-state, Pin 16 is the programm-. 
able diVider output and pm 15 is the reference frequenoy output. 

Trl-state output. 

Phase lead for hIgh-state, phase lag for low-state and high-Z for phase 

cOincidence. 

Low for PLL lock and high for PLL unlock. Open collector output. 

AM/FM mode sWItching output. Low for FM and high' for AM. Open collector 

output. 

500Hz clock pulse output Open collector 

450kHz clock pulse output. Open collector 

4 5MHz crystaT input 

5V±05V 

5V±05V 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

DESCRIPTION OF OPERATION 
1. Data Input 

(Input signal formatting) 

Reset 

CPS 

DB 

Dc 

Note 1 
2 
3 
4 

(Input signal timing) 

Reset 

t t t t t t 
DATA1 DATA2 DATA3 DATA4 DATAS IGNORED 

After the reset input goes low, 4X5 bits of data are read by means of 5CPS input pulses (negative edge triggered). 
Data for the sixth and follOWing CPS input pulses are ignored. 
When the Reset input is high, CPS input pulses and 0,-00 input data are ignored. 
After the fifth CPS input pulse goes low, all data (Divide ratio, Mode and Reference frequency) are Simultaneously sel. 

• MITSUBISHI 
...... ELECTRIC 

MINIMUM VALUES 

tWCH=tWCl =1 O,u s 
t Rc=20l's 
t8 =401's 
tH=401's 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

2. AM/FM Mode Selting and Reference Frequency 
Selection 

Table 1. Reference frequency selection 

AM/FM mode selection and reference frequency selection 
is performed by means of the data 5 (DA5, Ds5, Dc5, 0 05 ). 

When DA5 is read as a high level, the AM mode is 
selected, enabling the fAM input as well (maximum input 

frequency 4MHz). For this mode the fFM input is disabled. 
When DA5 is read as a low level, the FM mode is 

selected, enabling the fFM input as well (maximum input 
frequency 130MHz) .For this condition the fAM input is dis­
abled. 
The selection of reference frequencies is as described in 

table 1. 

3. Divide Ratio Selection 
The divide ratio of the programmable divider is set by 
means of data 1 through data 4. Binary data coding is used. 

The coding differs for AM and FM modes. 
(1) AM mode 

The programmable divider acts as a normal presettable 
counter. The divide ratio is set in a binary 16-bit coded 
format. 

DAs 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

Data 5 

DBS Dcs 

L L 

L L 

H L 

H L 

L H 

L H 

H H 

H H 

L L 

L L 

H L 

H L 

L H 

L H 

H H 

H H 

Reference AM/FM 
Mode 

Dos frequency output 

L FM 50k L 

L AM SOk H 

L FM 2Sk L 

L AM 2Sk H 

L FM 12.Sk L 

'L AM 12.Sk H 

L FM Sk L 

L AM Sk H 

H FM 4.Sk L 

H AM 4.Sk H 

H FM 9k L 

H AM 9k H 

H FM 1k L 

H AM 1k H 

H FM 10k L 

H AM 10k H 

_---__________ DIVIDE RATIO SETTING ____________ ~ 

(BINARY 16-BIT) 

(2) FM mode 
The programmable divider acts as a Modul0-2 swallow 
counter. The divide ratio is determined by the main counter 
divide ratio B (binary 12-bit) and the swallow counter divide 

ratio A (binary 4-bit). 

MAIN COUNTER DIVIDE 

RATIO B SETTING 
(BINARY 12-BIT) 

26 27 

Note 5 : Overall divide ration N is determined by N=A+168 

4. Data Coding Example 
(1) AM mode, Reference frequency 10kHz, N=207 

DAl DBl DCl 001 DA2 DB2 DC2 0 02 DA3 

H H H H L L H H L 

2 0 2 1 2 2 2 3 2 • 2 S 2 6 2 7 2 8 

N=2°+2'+2'+23+26+27=1+2+4+S+64+128=207 
Note 6 : If the PLL goes Into lock, fAM= 1 OX 207= 2070kHz. 

DB3 

L 

2 9 

DC3 0 03 

L L 

2 10 2 11 

2-466 
• MITSUBISHI 
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SWALLOW COUNTER 

DIVIDE RATIO 
A SETTING 

DA' DB4 DC4 Do. DAs DBS Dcs Dos 

L L L 

2 12 2 13 2 ,. 
L H 

2 15 

AM MODE 
SELECTION 

H H H 

t 
REFERENCE 
FREQUENCY 
10kHz IS 
SELECTED. 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

(2) FM mode, Reference frequency 25kHz, N=2972 

DA1 De1 DC1 0 01 DA2 De2 DC2 0 02 DA3 

H L L H H H L H L 

2° 2' 22 23 24 2s 2" 27 2" 

8=2°+23+24+25+27=1+8+16+32+118=185 
Note 7 : Overall divide ratio N IS given by N=A+168. 

=12+16+185. 
=2972. 

8 . If the PLL goes Into lock fFM=25X2972=74300kHz. 
=74.3MHz. 

5. Clock Signal Output Waveform 

(1) 450kHz output (pin 18) 

(2) Timing output (pin 17) 

6. PO and Lock Signal Output 

Reference frequency (fR) 

Programmable divider 
output (f,N/N) 

PO output 

Lock output 

De3 

L 

29 

u 

DC3 0 03 DA4 De4 

L L L L 

2'° 2" 2° 2' 

A=12 

I .. 
20/91's 

2ms 
.. I 

u u 

DC4 0 04 DAS Des Dcs Dos 

H H L H L L 

22 2" 
I 

1 r 
FM MODE REFERENCE 
SELECTION FREQUENCY 

60% DUTY CYCLE 

50% DUTY CYCLE 

u u 

25kHz IS 
SELECTED. 

Note 9 : When the programmable divider output (f,N+N) lags the reference frequency (fli) , the PO output is low. When it leads, 
the PO output becomes high. 

10: If the phase difference T Lor T H remains below 2 21's for over three periods of the reference frequency, the lock output 
goes low Indlcallng the lock condition 

11 : The broken line Indicates the high impedance state. 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

INPUT/OUTPUT CIRCUITS 

2 
DA, De, Dc, Do, Test, CPS, Reset Inputs PO output 

Vee----~----_.------~--, 

4 5 
AM/FM, Lock, Timing, 450kHz outputs 

Vee ---..----, 

Note 12: Resistance and current values are typical values for T a=25'C. 

2-468 • MITSUBISHI 
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OSC circuit 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

ABSOLUTE MAXIMUM RATINGS (Ta= -20-+75'(;, unless otherwise noted) 

Symbol Parameter Conditions Ratmgs 

Vcc Supply voltage Vee1, VCC2 -0.5-+6 

V, Input voltage -0,5-+6 

Vo Output voltage -0,5-+6 

Pd Power dissipation Ta=75'C 300 

Toor Operating temperature -20-+75 

Tstg Storage temperature -40-+125 

RECOMMENDED OPERATING CONDITIONS (Vcc =4.5-5.5V, Ta =-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions 

Vec Supply voltage Vee1, VCC2 

fAM 
fLocal Input frequency 

fFM 
O.5-2MHz 

fAM 
2.-4MHz 

VLoeal Input amplitude 
8-60MHz 

fFM 
60-130MHz 

10L Low-level output current Pin 15, 16, 17, 18 outputs 

fose Reference oscillator frequency 

* : 3V, T a=25'C 

CRYSTAL ELEMENT CONNECTION CIRCUIT 
X-IN X-OUT 

--to --X'tal 

o 
C, 

GND 

11 
Note 13: Crystal specifications 

Resonant frequency 
Load capacitance 
Effective resistance 

14: Capacitance values 
C,=56pF 
Co=30pF (trimmer) 

Min 

4.5 

(3) * 
0.5 

8 

200 

100 

400 

160 

-

45MHz±30ppm 
20pF 
lOOn max 

ELECTRICAL CHARACTERISTICS (T a = -20-+75'C, unless otherwise noted) 

Symbol Parameter Test conditions 
Test pm Min 

V ,H High-level Input voltage 1,2,3,4,9,12,13 VCC1=VCC2=5.5V 2 

V ,L Low-level Input voltage 1,2,3,4,9,12,13 VCC1=VcC2=5.5V 

I'H High-level input current 1,2,3,4,9,12,13 Vccl=Vcc,=5. 5V, VIH=5. 5V 

I'L Low-level mput current 1,2,3,4,9,12,13 VCC1=VcC2=4.5V, V\L =OV 

VOL Low-level output voltage 15,16,17,18 VCC1=VCC2=4.5V, IOl =5mA 

VOHPl PO high-level output voltage 14 Vccl=Vccz=4.5V,loH=-lmA 3 

VOHP2 PO high-level output voltage 14 Vccl-Vccz-5V, IOH=-O. 1 mA 4 

VOLPl PO low-level output voltage 14 Vccl=Vcc2=4.5V,lol =lmA 

V OLP2 PO low-level output voltage 14 Vccl=Vccz=5V, IOL =0.1 rnA 

IpOl PD leakage current 14 Vccl=Vcc,=5.5V, Vo=O. 8-4. 7V 

Ip02 PD leakage current 14 Vccl=Vcc,=5V, Vo=2. 5V 

Icc CirCUit current VCC1=VCC2=5.5V 

10iK Output leakage current 15,16,17,18 Vccl=Vcc,=5.5V, VOH=5. 5V 

Note 15: All voltages are measured with respect to circuit ground (pin 11) at OV 

Limits 

Typ Mal< 

5 5.5 

- 4 

- 130 

800 

800 

800 

800 

1 5 

4,5 -

Limits 

Typ' Max 

0.6 

30 

-80 -160 

0.5 

1.5 

1 

±1 

±100 

20 35 

30 

Unit 

V 

V 

V 

mW 

'c 
'c 

Unit 

V 

MHz 

mVp • p 

mA 

MHz 

Unit 

V 

V 

f-I.A 

f-I.A 

V 

V 

V 

V 

V 

f-I.A 

nA 

mA 

f-I.A 

16: Currents are taken to be positive when flowing into the circuit and negative when flowing out of the cirCUit, the minimum and maximum 
values taken to be absolute values. 

* : A Typical value at T a=25'C 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

Limits 
Symbol Parameter Test conditions Unit 

Test pin Min Typ Max 

VFM1 FM Input sensitivity S Vcc1 =Vcc,=4. SV, f'M=60-130MHz 160 mVp _p 

VFM2 FM input sensitivity S Vccl=Vcc,=4. SV, f'M=8-60MHz 400 mVp _p 

VAM1 AM input sensitivity 7 Vccl=Vcc,=4. SV, fAM=2-4MHz 100 mVp _p 

VAM2 AM Input sensitivity 7 Vccl=Vcc,=4. SV, 'AM=O. S-2MHz 200 mVp _p 

TYPICAL INPUT SENSITIVITY CHARACTERISTICS (VCC1 =VCC,=SV, Ta=2S"C) 

(1) MINIMUM FM INPUT AMPLITUDE VS INPUT FREQUENCY 

400 

<L 
.j 300 

..s 
w 
Cl 
::::J 
~ 200 
a. 
:::;: 
« 
I­
::::J 
a. 100 
~ 

0 o 

\ 
\ 

............... r--r---

10 20 30 40 

INPUT FREQUENCY (MHz) 

300 

~ 
2S0 .. 

> ..s 200 
w 
Cl 
::::J 
I- ISO ::J a. 
:::;: 
« 

100 I-
::::J 
a. 
~ 

50 

(2) MINIMUM AM INPUT AMPLITUDE VS INPUT FREQUENCY 

12S 

<L 100 d. 
> ..s 
w 
Cl 75 
::::J 
I-
::J 
a. 
:::;: 50 
« 
I-
::::J a. 
~ 25 

'~ 

---
a 5 1.0 1 5 2.0 

INPUT FREQUENCY (MHz) 

2-470 

125 

~ 100 .; 
..s 
w 
Cl 75 
::::J 
I-
::J 
a. 
:::;: 50 « 
I-
::::J 
a. 
~ 25 

a 
2 5 
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50 70 90 110 130 150 

INPUT FREQUENCY (MHz) 

-
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INPUT FREQUENCY (MHz) 
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MS4928P 

PLL FREQUENCY SYNTHESIZER FOR DIGITAL TUNING SYSTEMS 

APPLICATION EXAMPLE 

-r, 
:=:: 

D. 

~ DB 

rT Dc 

7= Do 
1000p :=;: 

5 IFM 

f7 refFM 6 rt 1000p G= 
lAM 

~~ ref AM 

~ 
-
CPS 

10 NC 

~ GND 

~7' 

- -
FM AM 

LocalOse 

Radio 

+5V LOc 

f I 
f 

+5V 
~ 

~r ......, 
VCC2 t J -".," 
Vee1 21 45MHz SIGNALS 

X_IN~~6P ~ 
X-OUT:;; 3' ~ . t 

3Dil :s::: 450kHz Ts ) r!r 
~ --::; 
~ Timing ,g,. 
~AM/FM ~ 

Lock :g: 
PD~ 
Test~ 

Reset? 
..;,,;,J 

-l II LPF 

I 

I 

~ 

• MITSUBISHI 
;"ELECTRIC 

AM/FM 
POWER 
SUPPLY 
SWITCH 

~) Dc 
4 bit 

DB DATA 

D. 

CPS 

- ResBt 

CONTROLLER 
(M58497P, ETC,) 

-
Lock 

I 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4929P 

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS 

DESCRIPTION 
The M54929P is an IlL semiconductor integrated circuit 
consisting of a PLL frequency synthesizer, suitable for use 

in a amateur radio equipment. 

FEATURES 
• Capable of synthesizing frequencies up to 300MHz 

when used with the M54466L 1/10, 1/11 2 -modulus 

prescaler 

• Programmable divider can operate at frequencies up to 
30MHz 

• Division ratios from 200 to 3999 can be set using a swal­
low counter (set from 0 - 9 by 4 bits of BCD code) 
and program divider (set from 20-3999 by 14 bits of 
BCD code). 

• Four reference frequency division ratios (1/20, 1/100, 
1/1000, and 1/1024) 

• PLL lock/unlock status display outputs 

• Two-stage data latch 

APPLICATION 
Amateur radio equipment 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

b~~~GfETECTOR PD +-

DATA INPUTS 

DD-+ 

fl.f~3f PULSE Reset-+ 
CLOCK PULSE 
INPUT CPS-+ 

vee 

COUNT INPUT 

14 +- VREF ~f[J'~~~tfl 

13 -+ PSC t~~~~~'t~'&T'i.TIT 
12 +- X-IN f CRYSTAL 

OSCILLATOR 
11 +- X-OUT INPUTS 

TEST INPUT 
LOCK DETECTOR --
OUTPUT Lock +- G N D 

Outline 16P4 

CRYSTAL 

OSCILLATOR 

INPUT 

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

COUNT 
INPUT 

REFERENCEVREF 14 
BIAS INPUT 

PULSE 
SWALLOW 
CONTROL 
OUTPUT 
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t------tDIVIDER ( 1 /20, 1/100, 1(1000, 1/1024)!------..:.IR:.j 

PROGRAMMABLE DIVIDER 
(BCD 14 BITS) 

14 

DATA LATCH 

lIN 

PHASE 
DETECTOR 
OUTPUT 

~LOCK 
---"..,..,......8 Lock DETECTOR 

* * : OPEN OUTPUT 
COLLECTOR, 

I 

---€>--k--J 
CPS Reset 

CLOCK RESET 
PULSE PULSE 
INPUT INPUT 

DATA INPUTS 
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vee GND Test 

SUPPLY TEST 
VOLTAGE INPUT 



PIN DESCRIPTION 

No. Symbol Pin name 

1 PD Phase detector output 

2 DA 

3 DB 
Data input 

4 De 

5 Do 

6 Reset Reset pulse Input 

--
7 CPS Clock pulse input 

--
8 Lock Lock detector output 

9 GND GND 

10 Test Test Input 

11 X-OUT 

Crystal aseilltcr mput 

12 X-IN 

13 
-- Pulse swallow 
PSC 

control output 

14 V REF Reference bias 

15 F'N Count input 

16 Vee Power supply 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4929P 

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS 

Description 

Three-state 
Hlgh=phase advance, low=phase delay, 

high impedance=sync 

Input pin to set divIsion ratio of programmable divider 

Data IS set with BCD code 

Data latch reset input 

Data read clock input 

Low when PO IS high-impedance, high when PO IS low or high 

Open coli ector. 

OV 

Normally set low When set high, program divider output FIN/N IS output at pm 1 (PO), and reference frequen-

cy fA IS output at pin 8 (lock). 

A lOMHz crystal oscillator IS used. 

Controls divIsion ratio of 1/10, 1/11 2 -modulus prescaler (M54466l) ECl level output 

Grounded through a 1 OOOOpF capacitor 

Count frequency mput Pin. fmax=30MHz 

5V±O.25V 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54929P 

PLL FREQUENCY.SYNTHESIZER FOR AMATEUR RADIOS 

FUNCTION 
1. DATA INPUT 

Configuration of input signals 

Reset I 5r---r-
CPS 

D. X D •• D.2 D.3 DA4 D., 

DB X DB. X DB2 X DB3 X DB4 X DB' X X 
Dc X Dc. X DC2 X DC3 X DC4 X Dc, X X 
Do X Do. X D02 X D03 X D04 X Do, X X 

t 
BCDl BCD2 BCD3 BCD4 BCD5 IGNORED 

Note 1: After the Reset input is set low, five pulses applied at CPS (negative-edge trigger) read five sets of 4 -bit BCD data. 
2 : General parameters (N value, reference frequency) are set at the falling edge of the 5 th CPS pulse. Successive data inputs at CPS are 

ignored. 
3 : When the reset input is high, signals applied at CPS, D. and Do have no effect 

Timing of input signals 

IE tRC 
I 
I 

Reset ~i 

I 
I I X ! X D.-Do : Effective data 

I 
I 
I tsu I 
IE ... I'E 
I I 

I 

CPS l~ 
Minimum value tsu=th=twH=twL=10"s 

tRC=tCR=20"S 

2-474 

th 
lrl 

I 

tWH 

·1· 
tWL 
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X 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54929P 

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS 

2. CONFIGURATION OF DATA BITS 

LSB 

DATA 

SWALLOW 
COUNTER 
DIVISION 
RATIO A 

20 2' 2' 2' 

Xl00 Xl0' Xl0' Xl0' 
MAIN 
COUNTER 
DIVISION 
RATIO N 

20 2' 2' 2' 2° 2' 2' 2' 2° 2' 2' 2' 2° 2' 

MSB 

REFERENCE 
FREQUENCY 
SELECTOR 

Dc. Do. 

Note 4 : When 1110, 1111 2 -modulus prescaler (M54466L) is connected, the overall division ratio M is given by M=A+l0N 
5 : When a prescaler is not used, the division ratio IS determined by N and the data in the swallow counter is not used. 
6 : The reference frequency is selected using the values 10 the table below. 

Reference frequencies 
BCD5 

Dcs Dos 
Division ratio Reference frequency Crystal type 

L L 1024 10kHz 10.24MHz 
H L 1000 10kHz 10MHz 
L H 100 100kHz 10MHz 
H H 20 500kHz 10MHz 

3. Example of data coding 

(1 ) The following BCD codes set a reference frequency of 10kHz and a division ratio of 26789 when used with a 1110, 1 III 2 -modulus prescaler 

D., D., Dc, Do, D •• D •• Dc. Do. 0 .. D., Dc, Do. OM 0 .. 

H L L H L L L H H H H L L H 

9 

Note 7 : The PLL locks, when f'N=26789X1 OkHz=267. 89MHz 

(2) To set a reference frequency of 100kHz and a division ratio of 254, when a prescaler IS not used 

D., D., Dc, Do, 

X X X 

X=irrelevant 
(either high or low) 

X 

D •• D •• Dc. Do. 

L L H L 

4 

Note 8 : The PLL locks, when f'N=254X100kHz=25. 4MHz. 

4. PO, Lock 

REFERENCE 
FREQUENCY (fA) 

0 .. 0 .. Dc, Do, OM 0 .. 

H L H L L H 

5 

Dc. Do. 

H L 

6 

Dc. Do. 

L L 

PROGRAMMABLE 
DIVIDER OUTPUT 
(f,N+N) 

U u U U 

D •• D •• 

L H 

2 

D •• D •• 

L L 

PO OUTPUT ------------LJr--------fl-----------l-----------1--------

'LOck OUTPUT 
______ ~n~ ____ ~n~ ______ ~ ______ ~ __ ___ 

Dc. Do. 

H L 

10kHz 
reference 
frequency 

Dc. Do. 

L H 

100kHz 
reference 
frequency 

Note 9 : When the phase of program divider output (f,N+N) is delayed with respect to the reference frequency (tA), PO goes low; when the phase of 
f'N+N is advanced, PO goes high. 

10: Broken lmes indicate the high-impedance state 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4929P 

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS 

I/O CIRCUIT DIAGRAM 

3 

DA through Do, Reset, CPS, Test inputs 

soon 
cr-~~~~~~--~~ 

F,N, V REF inputs 

VREF 

soon 

5 PSC output 

Vee ----

2 Lock output 

4 PD output 

6 OSC circuit 

Vee -f""---.------1~---_. 

12k 

1 k 
X-OUT O--.tvJIr--I---+---+--.--+----l--

6k 

Note 11: Resistance and current values shown are typical at T a=2S"C. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4929P 

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75'C, unless otherwise noted) 

Limits 
Symbol Parameter Conditions 

Min 

Vee Supply voltage -0.5 

FIN! VREFI X-IN! X-OUT Input 
V, Input voltage -0.5 

DA ....... OO, Reset, CPS, Test Inputs 

Va Output voltage All outputs 

Pd Power dissipation T a =75"<: 

Topr Operating temperature -20 

Tstg Storage temperature -40 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75'(;, unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

F'N Input frequency 

Y'N Input amplitude 

10L Low-level output current 

fose Reference frequency 

CRYSTAL OSCILLATOR CIRCUIT 

GND 

limits 
Conditions 

Min Typ 

4.75 5.0 

3 

F,N = 3 -15MHz 200 

F,N =15-30MHz 200 

Lock output 1 

10 

Note 12: Specifications of crystal oscillator 
Resonant frequency 10MHz±30ppm 
Capacitive load 20pF 
Effective resistancb< 1 000 

13: Capacitan~e 
C,=56pF, Co=30pF (trimmer) 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75,(;, unless otherwise noted) 

Max 

5.25 

30 

800 

800 

5 

Limits 
Symbol Parameter Test conditions 

Test pin Min Typ 

V ,H High-level input voltage Pins2--7, 10 Vcc=5.5V 2.0 

V ,L Low-level input voltage Pins2-7, 10 Vcc=5.5V 

I'H High-level input current Pins 2 -7, 10 Vcc=5.5V, V'H=5.5V 

I'L Low-level input current Pms2 ....... 7, 10 Vcc=4.5V, v,,=OV -80 

VOL Low-level output voltage Pin 8 Vcc=4.5V. 10L= 5 mA 

VOHP1 PO high-level output voltage Pinl Vcc=4.5V. 10H=-1 mA 3.0 

VOHP2 PO high-level output voltage Pinl Vcc= 5 V, 10H=-0.lmA 4.0 

VOLPi PO low-level output voltage Pin 1 Vcc=4.5V. 10,=lmA 

VOLP2 PO low-level output voltage Pin 1 Vcc= 5 V, 10,=0.lmA 

IpD1 PO leakage current Pin 1 Vcc=5.5V. Vo=O. 8-4. OV 

IpD2 PO leakage current Pinl Vcc= 5 V. Vo=2.5V 

IILK Lock leakage current Pin8 Vcc=5.5V. Vo=5.5V 

Icc Supply current Vcc=5.5V 60 

VOHPSC PSC high-level output voltage Pin 13 Vcc= 5 V, R,= 3 kO 3.2 

VOLPSC PSC low-level output voltage Pin 13 Vcc= 5 V, R,= 3 kG 

Note 14: All voltages are measured with respect to circuit ground (pin 9 ). 

Unit 
Max 

6.0 V 

2.0 

6.0 
V 

Vee V 

600 mW 

+75 ·c 
+125 ·c 

Unit Remark 

V 

MHz Sine wave input 

mVp - p 

mA 
MHz 

Unit 
Max 

V 

0.6 V 

30 f.'A 
-160 f.'A 

0.5 V 

V 

V 

1.5 V 

1.0 V 

±3.0 f.'A 
±1.0 /-lA 

30 /-lA 
90 mA 

V 

2.6 V 

15: Currents are taken to be positive (no sign) when flowing into the circuit and negative when flowing out of the circuit. The minimum and max­
imum values are taken to be absolute values. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54929P 

PLL FREQUENCY SYNTHESIZER FOR AMATEUR RADIOS 

AC CHARACTERISTICS (Vee=5V. Ta=25"<:. unless otherwise noted) 

Symbol Parameter Test conditions 
Test pin 

V1N1 FIN Input sensitivity 15 F,N = 3 -15MHz 

V 1N2 FIN Input sensitivity 15 F,N =15-30MHz 

Vpse PSC output amplitude 13 F,N =30MHz, RL = 3 k!l 

TYPICAL CHARACTERISTICS 

INPUT AMPLITUDE VS INPUT FREQUENCY 

ISO 

~ 

Ii 
> 

Vcc=5V 
r.=25'C 

-5 
z 

100 .,; 
w 
a 
:::l 
t-:::; 
Il. 
::E 

SO < 
t-

I 
/ 

~ 
/ 

'--"" 
:::l 
Il. 
~ 

0 
o 10 20 30 40 

INPUT FREQIJENCY F'N (MHz) 

APPLICATION EXAMPLE 

4 DATA 

BITS 
{:: 

De~4--+~r-~-----------i 

DD~4--+~~-------------i 

Reset ~4-"""-----------------i 

CPS~~-------------------i 

Lock 

CONTROLLER 
(M58497P) 

PO 

DA 

DB 

Dc 

Do 

Reset 

CPS 

Lock 

Vee 

F'N 

s:: VREF 

CI1 
~ 
CD 
I\) 
CO 

" X-OUT 

Test 

GND 
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Vtune 

Limits 
Unit 

Min Typ Max 

200 mVp-p 

200 mVp-p 

600 mVp.-p 

V.C.O 

+5V lose 

GND 

NC 

MOD 
s:: 

T, ~ 
~ 

VREF 0'1 
0'1 

To 
r 

Vee 

To 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54940P/FP 

8- DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

DESCRIPTION 
The M54940P, a monolithic integrated circuit fabricated with 
using an ilL technology, is designed for driving an B-digit, 7-
se!Jment fluorescent display. 

FEATURES 
• Separated power supplies; 5V (Logic circuit), and 35V 

(Output circuit) 
• Integral scanning oscillator circuit for display 

APPLICATION· 
Micro computer display. Digital equipment for consumer and 
Industrial use. 

FUNCTION 
Th~ M54940P, having a 5-bitXB-digit memory, is a decoder 
driver for dynamic displaying of a vacuum fluorescent tubes. 
The data for one digit section is organized into a 4-bit BCD 
and an l-bit decimal point The data memory consists of a 
shift register and a latch, and is capable of displaying the 
previous data while the data is being transported. 

BLOCK DIAGRAM T8 T7 TS T5 T4 T3 T2 T1 

DIGIT DRIVER 

OISP 

ose 

101 

PIN CONFIGURATION (TOP VIEW) 

DRIVER 
POWER SUPPLY Vee2 
LOGIC Vee1 

POWER SUPPL{Y 101-+ 

102-
DATA INPUTS 104 _ 

108-
lOP- 7 

CLOCK INPUT ClK-

RESET INPUT RST -
LOAD INPUT 19AO .... 

DISPLAY INPUT OISP .... 11 

OSCILlftl~~IT OSC 
GNO 

DECIMAL NC 

POINT OUTPUT OP-

_T8(MSO) 

.... T6 

.... T5 DIGIT OUTPUT 

.... T4 

-T3 

3 - T1(lSO) 

2 - a ) 21 .... b 

_c 
.... d SEGME~T OUTPUTS 

8 .... e 
1 _ f 

6 .... 9 

Outline 30P4B NC : No connection 

DRIVER 
POWER SUPPLY Vee2 

~gW~R SUPPLY vee 1 

{ :~!: ! DIGIT 
DATA INPUTS 104 --+ 5 OUTPUTS 

108 --+ 6 

lOP --+ 7 

NC 

CLOCK INPUT 
RESETINPUT RST --+ 10 

LOAD INPUT lOAD --+ 11 

DISPLAY INPUT OISP --+ 12 

OSCILLATOR 
INHIBIT 

NC 

NC 
OSC 

Outline 32P2W-A NC: No connection 

abcdef90P 
1 

MULTIPLEXER 

40 

4O-81T DATA LATCH 

40 

I 
I 

I 

5X8-BIT SHIFTREGISTER 

I 

~ 
i 

~~J---~I 
AST@')----------" 

LOAD ____ ~.----____ ' ____ ----@--@-____ ~ 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4940P/FP 

S-DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

INPUT PIN FUNCTION 
1) OSC : External capacitor connecting terminal for 

the oscillator circuit. 

2) :~ ~ 1 : BCD Data Input; refer to the numerical 
4 Designations-resultant displays for ·the relation 

:~ 8 of the input data to the display. 

3) IDP: decimal point data Input 
4) ClK: Data transport clock Input: the data can be input 

at a positive-going edge of the ClK 

TIMING CHART 

DATA PROGRAMMING 

(1) USING elK AND RST inputs with lOAD=" H ". 

RST 

ID1-IDP --------

eLI< 

5) RST: Reset Input: the ClK input counter is reset at "H': 
6) lOAD: Signal Input to load the data latch with the data 

of the shift register. The Input lOAD will not be 
accepted until the 8th ClK Input has been re­
ceived. 

7) DISP: When it is set to "H" it displays. When it is set to 
"l", the display is inhibitted. During the display 
inhibition period, both the segment and digit 
outputs will be at "l". 

TB 

DISPLAY OF PREVIOUS DATA DISPLAY OF NEW DATA 

When LOAD Is kept at" H ", LOAD is automatically done at the 8th eLK input when RST=" L ". 
However, while RST=" L ", if there is a 9th eLK input, the 9th data will be lOaded and displayed. 

(2) Using ClK, RST and lOAD inputs. 

RST 

ID1-IDP 

eLK 

LOAD 

2-480 

__________________________________ ~n~ ________ ____ 
I 
I 

-I .. 
DISPLAY OF PREVIOUS DATA 

After the 8th clock input, the LOAD is valid only in the period while RST=" L ". 
Furthermore. if there is 9th eLK input before .the LOAD input, the LOAD input is ignored. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54940P/FP 

a·DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

OUTPUT TIMING CHART 

T1 ----11 IL 

T2 
II 

T3 II 

T4 II 

05 II 

T6 II 

T7 II 
T8 

a 
b 

c 

d 

e 

g 

DP II II 

DISPLAY 8 n 5 S y 3 2 8 I 

NUMERICAL DESIGNATIONS·RESUITANT DISPLAYS 

0 1 2 3 4 5 6 7 8 9 A 

101 L H L H L H L H L H L 

BCD 102 L L H H L L H H L L H 

DATA 104 L L L L H H H H L L L 

108 L L L L L L L L H H H 

Display 
n 1 2 3 L: 5 5 '( 13 9 -U 1 1 

*The decimal paint, independent of BCD data, is output when the decimal bit of the corresponding digit is at" H", 
Furthermore, when the decimal point bit is set at " H " at plural digits, plural decimal points are displayed, 

OSCILLATOR CIRCUIT 
,) External connection 

Cext r 
2) Oscillation period 

tose 90 20 Cext X 10-3 (,u 5) (Typ.) 

(Unit of Cext; (pF)) 

DISPLAYS IMMEDIATELY "AFTER POWER ON." 
The display which appears immediately after "power-on" is in­
definable. During the period bofore the regular data is trans­
ported the display can be erased if DISP input is set at " L ". 
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H L H L H 

H L L H H 

L H H H H 

H H H H H 

E P L -I Blank 

a 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4940P/FP 

8. DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75't, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Veol Logic supply voltage -0.3-+9 

Ve02 Driver supply voltage -0.3-+38 

V, Input voltage -0.3-Vool 

Vo Output voltage 0-Ve02 

Tat!! Storage temperature -55-+150 

Topr Operating temperature -20-+75 

Pd Power dissipation 600 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75't, unless otherwise noted) 

Limits 
Symbol Parameter Unit 

Min Typ Max 

Veol Logic supply voltage 4 5 7 V 

V002 Driver supply voltage iO 30 35 V 

ELECTRICAL CHARACTERISTICS (Ta=-20-+75"C, Vcc1=5V, Vcc2=35V, unless otherwise noted) 

Symbol Parameter Test Conditions 

V ,H " H • Input voltage Vee 1 =4-lV 

V'L " L • Input voltage Vee= 1 =4-lV 

I'H .. H .. Input current V'H=5V 

I'L " L • Input current V,L-OV 

I Digit output IOH=-10mA 
VOH • H " Output voltage I Segment output IOH=-2mA 

VOL " L • Output voltage IoL=OmA 

1001 Logic circuit current 
Input: open 

All segment outputs; ON 

1002 Driver circuit current 
Output: Open 

All segment outputs: ON 

tose Oscillation Pariod Cext=l000pF 

*Typlcal values are measured at 25'C 

TIMING CHARACTERISTICS (Ta=-20-+75'C, unless otherwise noted) 

Symbol 

feLK 

fose 

two 

tWL 

tsetup 

thold 

tAO 

teL 

tneLl<) 

tf(OLI<) 
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Parameter 

Clock Frequency 

Oscillation frequency 

Clock pulse width 

Load Pulse width 

Data setup time (DATA-CLK) 

Data Hold time(CLK-DATA) 

Reset-clock tlme(RST-CLK) 

Clock-load, tlme(CLK-LOAD) 

Clock pulse rise lime 

Clock pulse fall time 

Test Conditions 

• MITSUBISHI 
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, 

Limits 

Min Typ 

2.7 

0 

0 

-0.25 

33 33.8 

33 34 

0 

12 

8 

10 20 

Limits 

Min Typ 

10 

2 

2 

4 

2 

4 

4 

Unit 

V 

V 

V 

V 

"C 

"C 

rnW 

Unit 
Max 

Vool V 

0.7 V 

20 IlA 

-0.4 rnA 

V 

2 V 

22 rnA 

14 rnA 

40 IlS 

Unit, 
Max 

100 kHz 

100 kHz 

IlS 

IlS 

IlS 

IlS 

IlS 

IlS 

10 IlS 

10 IlS 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4940P/FP 

8- DIGIT FLUORESCENT DISPLAY DRIVER FOR MICROCOMPUTER 

INPUT TIMING CHART 
RST 

1.5V 

----------, r------------
I 

1.5V ID1-IDP \ 
\ 
\ , 
'-- -- --------, 

tsetup thold 

tRC 

ClK twe 

lOAD 

OUTPUT TIMING CHART 

I: twd ,I 
DIGIT OUTPUT ---' I 

I U 
I, 

'I I-I tws 

SEGMENT OUTPUT ---' 

1/0 CIRCUIT SCHEMATIC 

1. 5V 

tCY 

twa 

tr(CLKI 

1.5V 

twa=tws=14Iosc 

twB= 2 tosc 

lcy=128lose 

tl(eLK) 

L 
L 

INPUT CIRCUIT OUTPUT Vee2 -~--;---, 

OSCILLATOR 

Cext 

CIRCUIT 

,----r------- Vee1 

OSC 

~~-+~-~---4---GND 

GND 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54956P 

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS 

DESCRIPTION 
The M54956P is a single-chip semiconductor integrated 
circuit consisting of a PLL frequency synthesizer for per­
sonal radio. 

FEATURES 
• Built-in 1/256 and 1/258 modulus prescaler 

(fmax=1. OGHz) 
• Low power dissipation (lcc=40mA, at Vcc= 5 V) 
• Choice of four comparator frequency types 

(50k,25k,12.5k,6.25k) 
• Wide variety of division ratio 

(32768-262142, binary code) 
• 1/8 Clock pulse output for referene oscillator frequency 

(TTL level) 
• Output display for PLL lock/unlock 
• Output port status can be set by date transferred from 

the controller 
• Serial data input (three data transfer lines) 

APPLICATION 
Personal radios, mobile radio telephones, MCA equipment 

BLOCK DIAGRAM 

CRYSTAL 1 X-'N 15 
OSCILLATOR 
INPUT X-OUT 14 

LOCAL 
OSCILLATOR 
INPUT 
REFERENCE 
BIAS 

DATA INPUT 

~b~~~ CPS 4 )----------<>----1 

PIN CONFIGURATION (TOP VIEW) 

LOCAL 
?~J~LATOR F,.-+ 

~:::rENCE VREF -+ 

RESET INPUT RST-+ 

CLOCK INPUT CPS-+ 

OATA INPUT SI -+ 

OUTPUT \ SWl -PORTS 

SW2-

GND 

Vee 

I CRYSTAL 
OSCILLATOR 
INPUTS 

TEST INPUT 

1/80IVIOER 
OUTPUT 

PHASE OETECTOR 

11 - PIN ~~~ThG INPUT 

10 -+ Lock ~~~~U~ETECTOR 

9 -+ PO b~~~DfETECTOR 
---..-----'~-

Outline 16P4 

PHASE DETECTOR LOCK 
POLARITY DETECTOR 
SWITCHING INPUT OUTPUT 

LkTCH SIGNAL 
1G

" 

I 

TEST INPUT 

PHASE 
DETECTOR 
OUTPUT 

SUPPLY 
VOLTAGE 

'--'=r="---' 
L _______________ 3 -__________ J 
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RST 
RESET INPUT 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54956P 

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS 

PIN DESCRIPTION 

Pin no. Symbol Pin name Description 

1 F'N Local oscillator Input Local oscillator frequency (V C.O) Input. fmax=l000MHz 

2 VREF Reference bias Connbctto ground through a 1000pF capacitor 

3 RST Reset Input Reset Input of 21-pulse counter 

4 CPS Clock Input Clock Input for shift register 

5 51 Data Input Data input pin for shift register 

6 SW1 

Output pori Open-collector output pori can be set by data tranferred from the controller 
7 SW2 

8 GNO Ground OV 

9 PO Phase detector output Three-state 

10 Lock Lock detector output Low when the PLL is locked, high when unlocked. Open collector. 

11 PIN 
Phase detector polarity When PIN Is high, the output at PO pin becomes high when the phase IS advanced and low when the phase IS 

switching retarded. When PIN IS low, the logic states are Inverled. 

12 1/S0UT 1/8 divider output TTL level 

13 Test Test Input 
Normally set low. When set high, fR (the comparator frequency) is output at SWl (Pin 6) 

and the f'NIN (programmable divider) is output at SW2 (pin 7). 

14 X-OUT 
The output from 12. BMHz reference oscillator IS supplied to X-,N. 

Crystal oscillator Input 
Oscillation is generated by an externally connected crystal oscillator 

15 X-,N 

16 Vee Supply voltage Pin 4.5-5.5V 

FUNCTION 

1. DATA INPUT 

Configuration of input signal 

RST ---, .... _---- --- - - -----------------' 
(021) (020) (019) (03) (02) (01) INVALID 

SI ~~===~= ________ = ____ ~~=~~~~~~= 

The status of Input SI is read by the shift register at the failing edge of the clock signal at CPS. Note 1 
2 All data (N value, port, comparator frequency) are set at the falling edge of the 21st pulse at CPS.Subsequent clock pulse at CPS are 

Ignored. . • 

3 Pulses are accepted at neither CPS nor SI while RST is high. 
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Timing of input signal 

I~ tRC 
RST 

SI X 
CPS 

r 
r 

'"i 
I 
I 

! 
VALID DATA 

i X 
I tsu 
IE 
I 

i 
I th I 

ill. ~r r I 

IE 
tWH + tWL 

tsu=th=twH=twL =1 O.uS min. 

tRC=tCR=20.uS min. 

2. BIT CONFIGURATION OF SHIFT REGISTER 

LSB 

SHIFT REGISTER 

I 

~I r IeR 

!~ 

X 
I 
I 

-I 

SWALLOW COUNTER 
DIVISION RATIO A 

MAIN COUNTER 
DIVISION RATIO N 

120 [ 2' [ 22[23[24[25[26l . 

----t120 [2' [22[23[24[25[26[27[28[291 

MSB 

PORT SETTING 
REFERENCE 
FREQUENCY 
SELECTION 

------------------------------------------------------------~I-D-A~[-D-B-r-D-c,-D-0--1 

Note 4 : Total division ratio M is given by M= 2 X(A+128N). 
5 : Comparator frequency is selected by DA and DB. 

Note 6 : Output port is set by Dc and Do. 

Data Reference Data 

DA DB frequency Dc ,Do 

L L 50k L L 

H L 25k H L 

L H 12.5k L H 

H H 6.25k H H 

3. DATA CODING EXAMPLE 

When reference freqency is 6. 25kHz, M is 153784, SW 1 is high and SW 2 is low 

LSB 

SHIFT REGISTER 1 2 3 4 5 6 7 

DATA L L H H H L H 

DIVISION RATIO SETIING FOR 

SWALLOW COUNTER 
A= 2 2+ 2 3+ 24+ 26=92 

2-486 

8 9 10 11 12 13 14 15 16 

L L L H H L H L L 

DIVISION RATIO SETTING FOR MAIN COUNTER 

N= 2 3+2 4+ 2 6+ 29=600 
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Output port 

SWt SW2 

L L 

H L 

L H 

H H 

17 18 19 

H H H 

REFERE'NCE 
FREQUENCY 

6. 25kHz 
is 
selected 

20 21 

H L 

SWllS SW2IS 
SET HIGH SET LOW 
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RST~L ______________________________________ ~~ 

r------
SI , 

CPS ___ --I 

DATA------------------------------------------------------------------*-------+ 
PREVIOUS DATA IS HELD 

Note 7 Total division ratio is set by M= 2 XM(A+12BN)= 2 X(92+128X600)=1537B4 
B When PLL is locked, fvco=6.25X1537B4=961150kHz 

=961. 15MHz 

4. 1 /8 OUTPUT SIGNAL WAVEFORM 

5. PO, Lock SIGNAL OUTPUT WAVEFORM 

REFERENCE 

FREQUENCY (fR) 

PROGRAMMABLE 
DIVIDER OUTPUT (f'N/N) 

625nS 

u u 

'" Duly cycle is 50%. 

u u u 

PD OUTPUT - - - - - - - -*-T~ - _-ft-_T~ - - T -----J -----J -----T -----T -----T ------
Lock OUTPUT 

Note 9 : The PD output is low when the phase of the programmable divider output (f'NIN) 101i0ws the phase 01 reference frequency (IR) and 's h,gh 
when the phase I'NIN leads that olIR' 

10: Broken lines indicate the high-impedance state. 
11: When phase variance T Land T H are less than 625ns for a period 01 rerence Irequency (fR), the lock output becomes low. 

"'The above description applies while PIN (pin 11) is high 
While PIN input is low. the logic state 01 the PD output is inverted. 
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1/0 CIRCUIT DIAGRAM 

RST, CPS, SI, PIN, Test Inputs 
2 PO Output 

3 
F,N, VREF Inputs 

F'N 

VREF 

4 
SW1, SW2, Lock Outputs 

Vee --P------, 

2-488 

Vee--...---....----+----. 

5 OSC Circuit 
Vee 

1 k 
.....----1r---,Q X-OUT 

1 k 
X-IN O---'lMr-+---+---t-l 
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6 
1 /8 OUT Output 

Vcc----~--------~--, 

5k 

Note 12: Resistance and current are typical values when Vcc= 5 V and T a=-20-+75'C 

ABSOLUTE MAXIMUM RATINGS (Ta = -20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions 
Ratings 

Min Max 

Vee Supply voltage -0.5 6.0 

V, Input voltage Each input -0.5 6.0 

Va Output voltage Each ,nput -0.5 6.0 

Pd Power dissipation Ta =75'C 500 

Topr Operating temperature -20 +75 

Tstg Storage temperature -40 +125 

RECOMMENDED OPERATING CONDITIONS (Vee = 4. 5-5. 5V, T a = -20-+ 75'C unless otherwise noted) 

Symbol Parameter 

Vee Supply voltage 

V'N Input amplitude 

FIN1 Input frequency 

10L LOW-level output current 

VX _1N X-IN input amplitude 

fose Reference oscillation frequency 

Conditions 

F'N =100-1000MHz 

V'N =400mVp_p 

SW1, SW2, Lock output 

Note 14 

Note 13, Note 14 

• MITSUBISHI 
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limits 
Unit 

Min Typ Max 

4.5 5 5.5 'v 
400 1200 mVp _ p 

100 1000 MHz 

5 rnA 

1 2 Vp _ p 

12.8 MHz 

Unit 

V 

V 

V 

rnW 

'C 
'C 

Remark 

Sine wave 
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Note 13: Connection of crystal vibrator Note 14: Connection of crystal oscillator 

__ t~~N --
X'tal 

o 

GND 

C,=56pF Co=30pF 

Load capacitance of crystal oscillator 

Valid resistance 100 n or less 

Crystal 
oscillator 

OUT 

GND 

ELECTRICAL CHARACTERISTICS (Ta =-20-+75'C, unless otherwise noted) 

Symbol Parameter Test conditions 
Test pin 

V,H High-level Input voltage 3, 4, 5, 11, 13 Vcc=5,5V 

V,L Low-level Input voltage 3, 4, 5, 11, 13 Vcc=5.5V 

I'H High-level input current 3, 4, 5, 11, 13 Vcc=5.5V, V'H=5.5V 

I'L LOW-level input current 3, 4, 5, 11, 13 Vcc=4,5V, VIL=OV 

VOL Low-level output current 6, 7, 10, 12 Vcc=4.5V, 10L=. mA 

VOHP1 PO high-level output voltage 9 Vcc=4.5V, 10H=-1 mA 

VOHP2 PO low-level output voltage 9 Vcc= 5 V, 10H=-0,lmA 

VOLP1 PO low-level output current 9 Vcc=4.5V, 10L= 1 mA 

VOLP2 PO lOW-level output current 9 Vcc= 5 V, 10L =0.1 mA 

Ipo, PO leak current 9 Vcc=5.5V, Vo=O. 8-4. 7V 

IpD2 PO leak current 9 Vcc= 5 V, Vo=2.5V 

Icc Supply voltage 16 Vcc=5.5V 

IOLK Output leak current 6, 7, 10 Vcc=5.5V, VOH=5.5V 

VOH High-level output voltage 12 Vcc=4.5V, 10H=-1 V 

Note 15 : The GND pin (pin 8) for voltages in this circuit is based on the reference voltage (0) 

I 

I 

t:--0 X-IN 
10000pF I 

GND 

I 

XOUT (pin 14) should be left open. 

Limits 
Unit 

Min Typ Max 

2.0 V 

0.6 V 

30 f,lA 
-80 -160 f,lA 

0.5 V 

3,0 V 

4,0 V 

1.5 V 

1.0 V 

±1.0 f,lA 
±100 f,lA 

40 60 mA 
30 f,lA 

2.0 V 

16 : Whn the currents flowing into the circuit are positive (no sings) and the currents flowing out from the circuit are negative (negative sign) and 
the minimum and maximum are shown in absolute values. 

17: Typical values are at Vcc= 5 V, and Ta=25'C 
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APPLICATION EXAMPLE 
+5V 

"'" 

f 

~+5V J ~f~ 1000pF "-.../ 1-
-f~ FIN Vee 

12. BMHz d!-::- VREF X-IN HI OSCIL-
1000pF 10000 F LATOR 

RST X-OUT P 
~ 

CPS Test 

SI 1/8 OUT ~ TIMING SIGNAL 

SWl 

SW2 

~ GNO 

fosc 
- - '----

MODE SETTING 

VCO 

Vtune 

~~--~~- ----

TYPICAL CHARACTERISTICS 
INPUT AMPLITUDE VS 

INPUT FREQUENCY 

400 

<;: 
0. 

> 300 .5 
z 

:> 

vcc~ 5V I 
Ta=25°C 

I 
II 

uu 
0 
:::J 200 
I-
:J 
0.. I 
:;;: 
« 
I- 100 :::J 
0.. 

~ 

J 

'"' 
I i 

o ~/ 
o ~ @ ~ ~1~1~1@1~ 

INPUT FREQUENCY F'N (MHz) 

PIN 
~ 

Lock 

PDI--=:l rI----:Q--i 
I 

I~ 
I 

I I, I 

1 ~---~ I 
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SI 
~ 

CPS 

RST 

CONTROLLER 

(M50740 etc.) 

-
Lock 
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DESCRIPTION 
The M54959P is a semiconductor integrated circuit consist­
ing of a PLL 'frequency synthesizer for use in personal radio 
equipment. It contains an 1/128 and 1/129 2 -modulus pre­
scaler allowing the direct synthesis of local oscillator fre­
quency up to 500MHz. 

PIN CONFIGURATION (TOP VIEW) 

The reference frequency is provided by a 12. 8M Hz crystal 
oscillator. 

FEATURES 
• Built-in 1/128 and 1/129 2 -modulus prescaler 

(fmax=500MHz) 

• Low power consumption (lcc=20mA, at Vcc= 5 V) 

LOCAL 
~~'G\:LATOR F,N -+ 

~:fsERENCE VREF -

RESET PU LSE RST-+ 
INPUT 
fNL~$K PULSE CPS-+ 

DATA INPUT SI -+ 

ISWl +­
OUTPUT PORTS 

SW2+-

GND 
--------" 

Vee 

15 -X-,N fCRYSTAL 
OSCILLATOR 

14 +- X-OUT INPUT 

13 - Test TEST INPUT 

NC 
PHASE DETECTOR 

11 - PIN ~!JM~~';~G INPUT 

10 -+ Lock6~~~u~ETECTOR 

9 -+ PD b~~~D.pETECTOR 

• Reference frequency selectable from four values 
(25k, 12. 5k, 6. 25k, 5 k) 

Outline 16P4 

• Wide range of division ratio 
(16384-131071, binary coded) 

• Serial data input ( 3 data-transfer lines) 

• PLL Lock/unlock status display output 
• Output-ports state can be set by date from a controller 

APPLICATION 
Personal radio 

BLOCK DIAGRAM 

X~IN 

F'N 

VREF 

CPS 

fREF DIVIDER 

10 

DATA LATCH (21-BIT) 

21 

SHIFT REGISTER (21-BIT) 

LATCH SIGNAL 

NC : No connection 

PIN Lock 

--0>---: 
~ 1 

DETECTOR c!p Test 

vee! 
, 

PD 

SW1 

SW2 

$ Vee 

r-¢ GND 
, 

I , 
_______________ J 

RST 
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PIN DESCRIPTION 

No. Symbol Pin name Description 

1 F'N Local oscillator input Local oscillator frequency (V C.O) Input fmax=500MHz 

2 V REF Reference bias Ground through a 1 OOOpF capacitor 

3 RST Reset pulse input Reset pulse Input for 21-pulse counter 

4 CPS Clock pulse mput Clock pulse Input for shift register 

5 SI Data Input Data Input for shift register 

6 SW1 

Output port Open collector output port. State can be set by data from a controiler 

7 SW2 

8 GNO GND OV 

9 PO Phase detector output Three-state 

10 Lock Lock detector output Low when PLL locked, and high when unlocked. Open collector 

11 PIN 
Phase detector polarity When high, PO goes high as the phase advances and low as the phase delays 

switching When low, PO goes low as the phase advances, and high as the phase delays. 

12 NC No connection Open or GND 

13 Test Test Input 
Normally set low. When set high, fR (reference frequency) IS output from SWI (pm 6), 

and f'NIN (programmable diVider output) is output from SW2 (pin 7). 

14 X-OUT 
Apply the output from the 12. 8MHz reference OSCillator to X-,N. 

Crystal OSCillator Input 

15 X-,N 
A crystal resonator can also be connected. 

16 Vee Power supply pin 4.5-5.5V 

FUNCTION 
1. DATA INPUT 

Configuration of input signal 

RST 11-___________________________ -' 
(021) (020) (019) (03) (02) (01) IGNORED 

SI =-_~~~=~:~~=======:=======:= 
CPS --utrU------------

Note 1: Data at input SI is read into shift register sequentially by the failing edge of the clock Signal at Input CPS. 
2 : All data (N value, port, reference frequency) are set by the falling edge of the 21st clock pulse at CPS. 

Additional pulses at CPS are ignored. 
: When RST is high, inputs are accepted at neither CPS nor SI 
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;"ELECTRIC 2-493 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54959P 

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS 

Timing of input signal 

RST I tRC 

l 

SI VALID 

lsu 

CPS 

DATA 

lh 

IWH J 
I tWL 

Isu=th=twH=twL =10",S min 

tRc =lcR=20",S min 

2. BIT CONFIGURATION OF SHIFT REGISTER 

LSB 

SHIFT REGISTER 

tCR I 
J 

I 

MAIN COUNTER 
DIVISION RATIO N ---------l12 0 121 12'123124125126127128129 

REFERENCE FREQUENCY 
SELECTION 

Note 4 : Total division ratio M IS given by M=A+128N. 
Note 5 : The reference frequency is selected by DA and DB 

Data Reference 

DA DB frequency 

L L 5Dk 

H L 25k 

L H 12.5k 

H H 6.25k 

3. DATA CODING EXAMPLE 

Note 6 : The output port is selected by DC and DD 

Data Output port 

Dc DD SWl SW2 

L L L L 

H L H L 

L H L H 

H H H H 

Reference freqency 6. 25kHz, M=76892, SW 1 ="H", SW 2 ="L" 

LSB 

SHIFT REGISTER 1 2 3 4 5 6 7 8 

DATA L L H H H L H L 

DIVISION RATIO OF SWALLOW COUNTER 
A= 2 '+ 2 3+ 2 4+ 2 6=92 

2-494 

9 10 11 12 13 14 15 

L L H H L H L 

DIVISION RATIO OF MAIN COUNTER 
N= 2 3+ 2 4+ 2 6+ 2 9=600 

• . MITSUBISHI 
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16 17 18 19 

L H H H 

REFERENCE 
FREQUENCY 

SELECT 
6. 25kHz 

MSB 

20 21 

H L 

SWllS SW21S 
SET HIGH SET LOW 
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R~ ~~ __________________________________________ ~ 

51 

DATA 
MAINTAIN PREVIOUS DATA 

Note 7 : Total division ratio Is set by M=A+128N=92+128X600=76892. 
8 : When PLL is locked, fv C 0=6. 25X76892=480575kHz 

4. PO AND Lock WAVEFORMS 

REFERENCE 
FREQUENCY (tR) 

PROGRAMMABLE 
DIVIDER 

OUTPUT (f'NiN) 

Lock OUTPUT 

=480. 575MHz 

UPDATE DATA 

Note 9 : When the phase of programmable divider output f'NIN is behind the phase of reference freqency fR' PO Is low; when f'NIN is ahead of fR' PO is 
high. 

10 : Broken lines indicate the high impedance state. 
11 : If phase dlffernces T Land T H continue at less than 625ns for more than three cycles of reference frequency fR' LOCK becomes low. 

!lEThe above description applies when input PIN (pin 11) is high. 
When PIN Is low, the output at PO is Inverted. 
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1/0 CIRCUITS 

VREF 

RST, CPS, SI, PIN, and Test Inputs 

F,N, and VREF Inputs 

500 
o 

500 
o 

SW1, SW2, and Lock Outputs 

Vcc ----~------, 

PD Output 

Vcc----~----~------~--_, 

OSC Circuit 

X-OUT 

X-IN 

Note 12: Resistance and current values are typical at Vcc= 5 V, Ta=25'C 
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ABSOLUTE MAXIMUM RATINGS (Ta = -20-+75"C. unless otherwise noted) 

Symbol Parameter Conditions 
Ratongs 

Unit Remarks 
Min Max 

Vee Supply voltage -0.5 6.0 V 
V, Input voltage All inputs -0.5 6.0 V 

Vo Output voltage All outputs -0.5 6.0 V 

Pd Power dissipation Ta =75'C 500 mW 
Package permissible 

power dissipation 

Topr Operating temperature -20 +75 "C 

Tstg Storage temperature -40 +125 "C 

RECOMMENDED OPERATING CONDITIONS (Vcc = 4. 5-5. 5V. Ta = -20-+75"C unless otherwise noted) 

Limits 
Symbol Parameter Conditions 

Min Typ 

Vee Supply voltage 4.5 5 

V ,N Input amplitude F,N -100-1OOOMHz 200 

FIN1 Input frequency Y,N =200-800mVp_p 100 

10L Low-level output current SWI. SW2. and Lock ontputs 
VX_1N X-'N Input amplitude Note 14 1 

fose Reference oscillator frequency 12.8 

Note 13 : Cristal oscillator circuit Note 14 : Crostal oscillator circuit 

X-OUT GNO --B5 
--X1al 

o 
8 

C,=56pF Co=30pF 

Lpad capacitance Of crystal 20pF 

Effective resistance less than 100n 

Crystal oscillator 

OUT 

GNO 

ELECTRICAL CHARACTERISTICS (Ta =-20-+75"C. unless otherwise noted) 

Symbol Parameter Test condrtlons 
Test pin 

V ,H High-level ,nput voltage 3. 4. 5. 11. 13 Vcc=5.5V 

V,L Low-level ,nput voltage 3, 4, 5, 11, 13 Vcc-5•5V 

I'H High-level Input current 3, 4, 5, 11, 13 Vcc-5.5V, V'H-5.5V 

I'L Low-level Input current 3, 4, 5, 11, 13 Vcc-4.5V, V,L- OV 

VOL Low-level output voltage 6, 7, 10, 12 Vcc=4.5V, IOL=5mA 

VOHP1 PO high-level output voltage 9 Vcc=4.5V, 10H=-1 mA 

VOHP2 PO high-level output voltage 9 Vcc= 5 V, 10H=-0.lmA 

VOLP1 PO low-level output voltage 9 Vcc=4.5V, 10L = 1 mA 

V O L.P2 PO low-level output voltage 9 Vcc-5V, 10L-0.lmA 

IpD1 PO leakage current 9 Vcc=5.5V, Va-D. 8-4. 7V 

IpD2 PO leakage current 9 Vcc- 5 V, Vo-2.5V 

Icc Supply current Vcc-5.5V 

IOLK Output leakage current 6, 7, 10 Vcc=5.5V, Vo,,=5.5V 

Note 15: All voltages are measured with respect to circuit ground (pin 8) 
16: Currents are taken to be· positive (negative sign) when flowing out Of the circuit. 

The minimum and maximum values are taken to be absolute values 
17: Typical values are at Vcc= 5 V, T a=25"C 
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I 
I 
I 
I 

~ 10000pF I 
I 

Min 

2.0 

3.0 

4.0 

Un,t Remarks 
Max 

5.5 V 

800 mVp-p 

500 MHz 
5 mA 
2 V p _ p Sine wave 

MHz 

X-'N 

GNO 

X-OUT (pin 14) is left open 

LimIts 
Unot 

Typ Max 

V 

0.6 V 

30 ,.,A 
-50 -100 ,.,A 

0.5 V 

V 

V 

1.5 V 

1.0 V 

±1.0 ,.,A 
±100 ,.,A 

20 30 mA 
30 ,.,A 
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APPLICATION EXAMPLE 
+5V 

.-----------------------------------r-+-~--~SI 

r--------------------------------1~~--~CPS 

r------------------------------+------~RST 

1000pF 

F'N Vee 

VREF X~IN 

RST X-OUT 

CPS s:: Test C1I 

"'" SI <0 
C1I 

NC 

SW1 
<0 

PIN "U 

SW2 Lock 

GND PO 

...---1.-.,- MODE SEiT~-, 
I 

V.C.O 

Vtune 

I 

--------~ 

10000pF 

I 

I r ' 
~---~ 

CONTROLLER 

(M50740P etc.) 

Lock 

TYPICAL CHARACTERISTICS 

2-498 

INPUT AMPLITUDE VS INPUT FREQUENCY 

10 

o 
E 
.Q 
"C 

1 

z -10 
:> 

~ -2 0 
::) 
I­
::; 
~ -30 
« 
I-ir -40 
:!!: 

-50 
o 

\ 
\ 

\ a=~5·C Jvee1s "v 
~" 

/. 
.J 

t'--. / 
"-r-.. ,/ 

'\ / 
\ I 
\J 

J 

200 400 600 800 

INPUT FREQUENCY F'N (MHz) 
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SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

DESCRIPTION 
The M54965ASP is a semiconductor integrated circuit con­
sisting of an oxide-film separated ECL/1 2L PLL frequency 
synthesizer. A prescaler and PLL capable of withstanding 
operating at a maximum frequency of 1. OGHz are housed 
in a single chip. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Built-in prescaler with input amplifier fmax=1. OGHz 

• Serial data input 
• Fine tuning capability (31. 25KHz/step) 

• Built-in band output 
• 5V single power supply 

APPLICATION 
TV and VTR tuners 

PACKAGE 20-PIN SHRINK DIP 

TEST INPUT TEST-+ 

ENABLE INPUT EN -+ 

DATA INPUT DATA-+ 

CLOCK INPUT ClK-+ 

SUPPLY VOLTAGE Vee 1 

CRYSTAL 

gt~~MWNR XOUT <-

GND GND 
PHASE 

g~~:~WOR PO 2 <-

PHASE 
COMPARATOR PO 1 <- 10 
OUTPUT 1 

LOCK/DIVISION 
20 -+ lDlI'N OUTPUT 

CLOCK/ 
19 -+ ClK!IREF ~~~6~~~~ 

18 Vee 2 SUp~~yTCgITAGE 
PRESCALER INPUT 

GND GND 

15 <- BIAS BIAS INPUT 

14 -+ BS 1 ~~~~uSrTCHING 

13 -+ BS 2 ~~~~J-rITCHING 

12 -+ BS 3 ~~~~U~WITCHING 

11 -+ BS 4 ~-m~US-r'TCHING 

Outline 20P48 
FUNCTION 
The M54965ASP is a PLL frequency synthesizer IC for TV 

applications. The prescaler employs emitter-coupled logic, 
and the PLL, 12L. The maximum operating frequency of the 
prescaler is 1. OGHz. The first stage is a fixed 1/8 2-
modulus prescaler and the second stage is a 1/32, 1/33 2-
modulus prescaler. The PLL consists of a 4MHz crystal 
oscillator, a 10-bit reference frequency divider, a prog­
rammable divider (a 10-bit M counter and a 5-bit S 
counter), a phase comparator, and a lock detector. Four 
band switching circuits are also provided. 

BLOCK DIAGRAM 

TEST EN DATA ClK Vee 1 
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XOUT GND 

PHASE DETECTOR 

NC 

10 

PO 

-l 
, 

I 
I 

I , 

I , 

I 

J 
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PIN DESCRIPTION 

Pin number Symbol 

5 Vcel (ilL) 
18 Vec2 (ECL) 

8 GND 1 (IlL) 

16 GND2(ECL) 

6 X ,N 

7 XOUT 

17 fiN 

15 BIAS 

2 ENABLE 

4 CLOCK 

3 DATA 

19 CLK/fREF 

20 LO/f,N 

1 TEST 

10 PO 1 

9 P02 

14 BS 1 

13 BS2 

12 BS3 

11 BS4 

2-500 

Pin name 

Supply voltage 1 (I'L) 

Supply voltage 2 (ECL) 

GND 1 (I'L) 

GND 2 (ECL) 

Crystal oscillator output pin 

Prescaler input pin 

Bias pin 

Enable Input 

Clock input 

Data input 

Clock/reference frequency output 

Lock detector/division output 

TEST input 

Phase comparator output 1 

Phase comparator output 2 

Band switching output pin 

Functional description 

Prescaler supply voltage pin 5.0+0. 5V Is applied 

I,L supply voltage pin 5. 0+0. 5V Is applied 

Connect to OV 

Connect to OV 

4. OMHz crystal oscillator is corinected. 

Prescaler input pin, V, C, 0 frequency IS applied 

Prescaler bias pin, capacitance of 1000pF is Inserted between GND and this 

pin. 

Normally set low. When high, 19-bit data is read into the shift register. When 

it drops from high to low, the contents of the shift registers are read Into the 

latch. 

Data is read into shift register at the falling edge of the clock signal. 

Programmable divider division setting Input 

When the TEST Input Is low, the 500kHz clock frequency (CLK) is output. 

When TEST Is high, the reference frequency output fREe is output. The refer-

ence frequency is 3. 90625kHz. 

(Open-collector output) 

When the TEST input is low, the lock detector output (LD) is selected: when 

TEST Is high, the programmable diVider output (f lIN) is selected. The lock 

detector output Is normally high and becomes low for a period correspond-

Ing to the phase difference between fREe and f lIN. 
(Open collector output) 

This pin is used for testing and is normally set low. When set high, fRE' and f 

lIN outputs are selected for CLKlfRE' and LOll lIN. and the phase compa-

rator output enters the high-impedance state. 

When the phase programmable divider output (f lIN) is advanced with re-

spect to the reference frequency (fR"), this output becomes high, and when 

the programmable divider output is delayed, It becomes low. When the two 

are In sync, this output enters the high-impedance state. 

Open-collector outputs are used at all four band switching output pins. When 

the band switching data is high, the output is ON, and when low, the output 

Is OFF. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

. MS496SASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

How to set the dividing ratio of programmable divider and 
select the band switching output 
The output is read into the latch at the falling edge of en­
able signal, as shown below. 

READ INTO LATCH 

ENABLE SIGNAL J 

DATA SIGNAL 

CLOCK SIGNAL 

BS 1 BS 2 BS 3 BS 4 2' 2' 2' 2' 25 2' 2' 2' 2' 2' 2' 2' 22 2' 2' 

I 
11 ST BIT 

I 
I 

4 TH BIT\5 TH BIT 

I 
I 

I I 
I BAND I 

SWITCHING DATA 

IE "I .. 
M COUNTER DIVISION SETTING 

14 TH BIT: 15 TH BIT 19TH BIT I 
I 

I 
I 

S COUNTER DIVISION 
SETTING 

I 

Total divisor N is given by the following formulas In addition to the prescaler used In the prevIous stage 

'.. 

\ 

N=8 (32M+S) M : 10-bIt main counter divIsion 

S : 5-bIt swallow counter division 

The M and S counters are binary and the possible ranges 
of division are as follows. 

32;;;;; M;;;;; 1023 
0;;;;; S;;;;;31 

The range of divisors N is 8, 136 and 192-262. 
The tuning frequency fvco is given in the following equa­
tions. 

fvco=fREFX N 
=3. 90625X8 (32M+S) 
=31.25 (32M+S)(kHz) 

Therefore, the range of tuning frequencies is 32MHz -
1000MHz. 

CRYSTAL OSCILLATOR CONNECTION DIAGRAM 

6 

XOUT X,N 

30pF I 56pF 

CRYSTAL OSCILLATOR CHARACTERISTICS 

Actual resistance: less than 5O[} 
Load capacitance: 20pF 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS496SASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

ABSOLUTE MAXIMUM RATINGS (Ta=-25-+75"C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 
Vee Supply voltage 6.5 
VI Input voltage Do not exceed supply voltage (Vcc ) 6.5 
Vo 1 Output voltage (1 ) Do not exceed PO output supply voltage 5.5 

V0 2 Output voltage (2) Do not exceed output supply voltage (VccJ 
6.5 

other than mentioned above 

VBD Output withstanding voltage Band switching switch 13.5 
Pd Power dissipation 650 
Topr Operating temperature -20 +75 
Tstg Storage temperature -40-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter Test pin Conditions 

Vee Supply voltage 

fopr 1 Operating frequency (1) Crystal oscillator 

fopr2 Operating frequency (2) fiN mput 

19 
10L Low-level output current 

20 

11 

12 
IBDL Low-level band output current 

13 

14 

ELECTRICAL CHARACTERISTICS (Ta=-20-75"C, unless otherwise noted) 

Symbol Parameter Test conditions 
Test pm 

V,H High-level input voltage 1,2,3,4 

V ,L Low-level input voltage 1,2,3,4 

I'H High-level input current 1 1,2,3,4 Vcc=S. SV, V,=2. 7V 

I'L 1 Low-lever mput current 1 1,2,3,4 Vcc-S. SV, V,-O. 4V 

I'L 2 Low-level Input current 2 2 Vcc=5. SV. V,=O. 4V 

lie Input clamp voltage 1,2,3,4 Vcc=4.5V. V,c=1. OmA 

V OH High-level oulpul voltage PO output 10 Vcc=4.5V. 10H=-1. OmA 

VOL 1 PO output 10 Vcc=4.5V. 10L=-1. OmA 

VoL 2 
Low-level output voltage 

Other than above 19,20 Vcc=4. SV, 10L =SmA 

10LK 1 PO output 10 Vcc=S.5V, Vo=O. 5-4. 8V 

10LK 2 
Output leakage current 

Other than above 19,20 Vcc=S.5V, Vo=5. SV 

lee Supply current 5,18 Vcc=S.SV 

Typical values are at Vcc=5. OV, T a=25'C 

SWITCHING CHARACTERISTICS (Ta=-20-75'C. unless otherwise noted) 

Symbol Parameter 

fopr Prescaler operatmg frequency 

Y'N Operating mput voltage 

tpwc Clock pulse Width 

tSU(O) Data setup time 

tH(o) Data hold time 

tSU(E) Enable setup time 

tH(E) Enable hold lime 

tiNT Enable data interval time 

tr Rising time 

If Falling time 

2-502 

Test conditions 
Test pm 

17 
Vcc=4. S-5. 5V 

VIN=VINmln ......... VINmax 

80-150MHz 1 Vcc=4. s-s. 5V 17 
150-1 OOOM Hz 

4 

3 
-3-

2 

2 
Vcc=4. 5-S. SV 

2,3 

2,3,4 

2,3,4 

• MITSUBISHI 
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Limits 

4.5-5.5 

4.0 

80-1000 

0-5 

0-1 

Limits 

Min Typ 

2. a 

-100 

-550 

-1.3 

2.5 3.0 

0.2 

0.3 

-1.0 

-10 

70 

Limits 

Min Typ 

80 

-20 

-27 

10 

10 

10 

20 

20 

10 

Unit 

V 

V 

V 

V 

V 

mW 

'C 

'C 

Unit 

V 

MHz 

MHz 

mA 

mA 

Unit 
Max 

VcctO.3 V 

0.7 V 

50 /-lA 

-200 /-lA 

-900 /-lA 

-1.8 V 

V 

0.4 V 

0.5 V 

+1.0 /-lA 

+10 /-lA 

100 mA 

Unit 
Max 

1000 V 

4 

4 
dBm 

/-lA 

/-lA 

/-lA 

/-lA 

/-lA 

/-lA 

1 /-lA 

1 /-lA 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS496SASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

TIMING DIAGRAM 

Ir If 

I.h'mf7"----------------;;""""H--- - - - - V'H 
ENABLE SIGNAL 

---- V1L 

---r~Ir_---"""I---_.. rn;:;;r--=7"tI,,....;;.;.+------ V'H 
DATA SIGNAL 1.5V 

---t---'I"-----.II\.--.....:.::=-f ....... ----n~"+_------ VOl 

------ V1H 
CLOCK SIGNAL 

1'----+------- VOl 

tr tf 

tsu(o) 

APPLICATION EXAMPLE 

5.0±O.5V 

4 BAND TUNER 

1-----------1 LO 

j---~~l__-_I BS 1 

j-----=:S-dl__-_I BS 2 

r-~=:~==t---1BS3 
''--------1 BS 4 

r-~~~4r-------------1BT 

I 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4967ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER' FOR VTR 

DESCRIPTION 
The M54967ASP is a semiconductor integrated circuit con­
sisting of an oxide-film separated ECLlI2L PLL frequency 
synthesizer. A prescaler and PLL capable of operating at a 
maximum frequency of 1. OGHz are housed in a single chip. 

FEATURES 
• Built-in prescaler with input amplifier fmax=1. OGHz 
• Serial data input 
• Fine tuning capability (62. 5kHz/step) 
• Built-in band output 
• 5V single power supply 

APPLICATION 
TV and VTR tuners 

FUNCTION 
The M54967ASP is a PLL frequency synthesizer IC for TV 
applications. The prescaler employs emitter-coupled logic, 
and the PLL, 12L. The maximum operating frequency of the 
prescaler is 1. OGHz. The first stage is a fixed 1/8 2-
modulus prescaler and the second stage is a 1/32, 1/33 2-
modulus prescaler. The PLL consists of a 4MHz crystal 
oscillator, a 9-bit reference frequency divider, a programm­
able divider (a 9-bit M counter and a 5-bit S counter), a 
phase comparator, and a lock detector. Four band switch­
ing circuits are also provided. 

BLOCK DIAGRAM 
f'N 

L_-0--
TEST EN DATA CLK Vee 1 

14 

PIN CONFIGURATION (TOP VIEW) 
PACKAGE 20-PIN SHRINK DIP 

TEST INPUT TEST-+ 

ENABLE INPUT EN -+ 

DATA INPUT DATA -+ 

CLOCK INPUT ClK-+ 

~~m1E Vee 1 

CRYSTAL 

gt~~~~WNR XcUT +-

GND GND 

PD2 +-

LOCK/DIVISION 
20 -+ lDII'N OUTPUT 

CLOCK/ 

19 -+ ClK/fREF ~~~~~~~9:~ 

18 Vee2sup~~JC~ITAGE 
PRESCALER INPUT 

GNDGND 

15 +- BIAS BIAS INPUT 

14 -+ BS 1 ~t~~Jf'TCHING 

13 -+ BS2 ~t~~JfITCHING 

12 -+ BS3 ~t~~uSfITCHING 
PHASE 
COMPARATOR 
OUTPUT 2 
PHASE 
COMPARATOR 
OUTPUT 1 

-,I...-__ ......Jr-"--+ BS 4 ~t~~USfITCHING 

Outline 20P48 

BS4 

-l 
, 

I 
I 

I 
I 

I 
I 

PHASE DETECTOR 

I 
10 J 

X,N XOUT GND NC PO 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4967ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

PIN DESCRIPTION 

Pm number Symbol Pin name 

5 Vccl (ilL) Supply voltage I (12L) 

18 Vcc2 (EeL) Supply voltage 2 (ECL) 

8 GNDl (ilL) GND I (12l) 

16 GND2(ECL) GND 2 (ECl) 

6 XIN Crystal oscillator output pin 

7 XOUT 

17 liN Prescaler input pm 

15 BIAS Bras pin 

2 ENABLE Enable mput 

4 CLOCK Clock input 

3 DATA Data input 

19 ClKflREF Clock/reference frequency output 

20 LDfllN lock detector/division output 

1 TEST TEST input 

10 PD 1 Phase comparator output 1 

9 PD2 Phase comparator output 2 

14 BS 1 Band switching output pin 

13 BS2 

12 BS3 

11 BS4 

Functional descnptlon 

Prescaler supply voltage pm 5. 0+0. 5V is applied 

I,L supply voltage pin 5. 0+0. 5V IS applied 

Connect to OV 

Connect to OV 

4. OMHz crystal OSCillator IS connected 

Prescaler mput pin, V. C. 0 frequency IS applied. 

Prescaler bias pm, capacitance of 1000pF is Inserted between GND and this 

pin 

Normally set low When high, 15-brt data IS read Into the shift register When 

It drops from high to low, contents of the shift register are read IOta the latch 

Data IS read into the shift register at the failing edg'e of clock signal 

Programmable diVider divIsion setting input 

When the TEST Input IS low, the 400kHz clock frequency (ClK) IS output 

When TEST IS high, the reference frequency output fREF IS output The refer-

ence frequency IS 7. 8125kHz 

(Open-collector output) 

When the TEST Input IS low, the lock detector output (lD) IS selected. when 

TEST is high. the programmable diVider output (f liN) IS selected The lock 

detector output IS normally high and becomes low for a pertod correspond-

mg to the phase difference between fREF and f 1/N 

(Open coliector output) 

ThiS pm IS used for testmg and is normally set low When set high, fREF and f 

1/N outputs are selected for ClK/fREF and lD/f 1/N, and the phase compa-

rator output enters the high-Impedance state. 

When the phase programmable diVider output (f 1/N) IS advanced With re-

spect to the reference frequency (fREF), thiS output becomes high, and when 

the programmable diVider output IS delayed, It becomes low When the two 

are m sync, thiS output enters the high-impedance state 

Open-collector outputs are used at all four band sWltchmg output pms When 

the band sWltchmg data IS high, the output IS ON, and when low, the output 

is OFF 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4967ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

How to set the dividing ratio of programmable divider and 
band switching output 
The output is read into the latch at the falling edge of en­
able signal, as shown below. 

READ INTO LATCH 

~ 

ENABLE SIGNAL J 
BS 1 BS 2 BS 3 BS 4 2' 2' 26 25 24 23 22 2' 2° 24 23 22 2' 20 

DATA SIGNAL. 

CLOCK SIGNAL 

I BAND SWITCHING i 
IE DATA .. I .. M COUNTER DIVISION SETTING S COUNTER DIVISION I 

",I.. SETTING ",I 
Total division N is given by the following formulas in addition to the prescaler used in the previous stage 

N= 8 (32M+S) 

The M and S counters are binary and the possible ranges 
of division are as follows. 

32 ~ M ~ 511 
o ~ S ~ 31 

Therefore, the range of divisors N is 8,64, and 131-192. 
The tuning frequency fveo is given in the following equa­
tions. 

fveo=fREFXN 
=7. 8125X8 (32M+S) 
=62.5 (32M+S)(kHz) 

Therefore, the range of tuning frequency is 64MHz -
1000MHz. 

CRYSTAL OSCILLATOR CONNECTION DIAGRAM 

M : 9-bit main counter division 

S : 5-bit swallow counter division 

L 

CRYSTAL OSCILLATOR CHARACTERISTICS 

XOUT 

4.0MHz 

30pF 

2-506 

I 56pF 

Actual resistance: less than 50n 

Load capacitance: 20pF 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4967ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

ABSOLUTE MAXIMUM RATINGS (Ta=-25-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vcc Supply voltage 6,5 

VI Input voltage Do not exceed supply voltage (Vcc) 6.5 

Va 1 Output voltage (11 Do not exceed PO output supply voltage 5,5 

Va 2 Output voltage (2) 
Do not exceed output supply voltage (Vcc ) 

other than mentioned above 
6.5 

VBD Output withstanding voltage Band switching sWitch 13.5 

Pd Power dissipation 650 

Topr Operating temperature -20-+75 

Tsig Storage temperature -40-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter Test pin Conditions 

Vcc Supply voltage 

lopr 1 Operallng frequency (11 Crystal oscillator 

lopr 2 Operating frequency (2) f'N 
19 

lelL Low-level output current 
20 

11 

12 
IBDL Low-level band output current 

13 

14 

ELECTRICAL CHARACTERISTICS (Ta=-20-75'C, unless otherwise noted) 

Symbol Parameter Test conditions 
Test pin 

V.H High-level input voltage 1,2,3,4 

V.L Low-level input voltage 1,2,3,4 

I. H High-level mput current 1 1,2,3,4 Vcc=5, 5V, V,=2. 7V 

I'L 1 Low-level input current 1 1,2,3,4 Vcc=5.5V, V,=O. 4V 

I.L 2 Low-level mput current 2 2 Vcc=5.5V, V,=0.4V 

I.c Input clamp voltage 1,2,3,4 Vcc=4.5V, V,c=1. OmA 

V OH High-level output voltage PO output 10 Vcc=4.5V, 10H=-1. OmA 

VOL 1 PO output 10 Vcc=4.5V,loL=-1.0mA 

VoL 2 
Low-level output voltage 

Other than above 19,20 Vcc-4.5V, 10L -5mA 

IOLK 1 PO output 10 Vcc=5. 5V, Vo=O. 5-4. 8V 

IOLK 2 
Output leakage current 

Other than above 19,20 Vcc=5. 5V, Vo=5. 5V 

Icc Supply current 5,18 Vcc=5.5V 

Typ.cal values are at Vcc=S. OV, T a=2S·C. 

SWITCHING CHARACTERISTICS (Ta=-20-75'C, unless otherwise noted) 

Symbol Parameter 

lopr Pres caler operatmg frequency 

V.N Operating mput voltage 

tpwc Clock pulse w.dth 

tsu(O) Data setup time 

tH(D) Data hold time 

tSU(E) Enable setup time 

tH(E) Enable hold time 

tiNT Enable data interval time 

I, Rising time 

II Failing time 

Test conditions 
Test pm 

17 

17 

4 

3 

3 

2 

2 

2,3 

2,3,4 

2,3,4 

Vcc=4. 5-5. 5V 

VIN=VINmin ....... VINmax 

80-150MHz I Vcc=4. 5-5. 5V 
150-1000MHz 

·Vcc=4. 5-5. 5V 

• MITSUBISHI 
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limits 

4.5-5,5 

4. a 
80-1000 

0-5 

0-1 

Limits 

Min Typ Max 

2. a VcctQ,3 

0,7 

50 

-100 -200 

-550 -900 

-1.3 -1.8 

2.5 3, a 
0.2 0.4 

0,3 0,5 

-1.0 +1.0 

-10 +10 

70 100 

Limits 

Min Typ Max 

80 1000 

-20 4 

-27 4 

10 

10 

10 

20 

20 

10 

1 
1 

Unit 

V 

V 

V 

V 

V 

mW 

'C 
·c 

Unit 

V 

MHz 

MHz 

mA 

mA 

Unit 

V 

V 

f./A 

f./A 

f./A 

V 

V 

V 

V 

f./A 

f./A 

mA 

Unit 

V 

dBm 

f./A 

f./A 

f./A 

f./A 

f./A 

f./A 

f./A 

f./A 
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MITSUBISHI BIPOLAR DIGITAL IC,s 

MS4967ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

TIMING DIAGRAM 

If 

ENABLE SIGNAL 
10 

--.....,I-""~Ir----\,r---""\ ~=-~mlr::~------ V,H 

DATA SIGNAL 
---+--Ir'------"I'-~-~' .. n---___fF"+_------ V'c 

------ V1H 
CLOCK SIGNAL 

1'----1------ v'c 

Ipwe I, If 

Isul c ) IHlc) IHIE) 

!sUIE) 

APPLICATION EXAMPLE 

2-508 

5. O±O.5V 

4 BAND TUNER 

t---------1LO 

J---~~l--~BS 1 

r---~~~--~BS2 

J-~=;~==t----lBS3 

'--------1 BS4 

t--+-~Ar~----------------------__;BT 

I 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4968ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

DESCRIPTION 
The M54968ASP is a semiconductor integrated circuit con­
sisting of an oxide-film separated ECLlI 2L PLL frequency 
synthesizer. A prescaler and PLL capable of operating at a 
maximum frequency at 1. OGHz are housed in a single chip. 

FEATURES 
• Built-in prescaler with input amplifier fmax=1. OGHz 

• Serial data input 
• Fine tuning capability (50KHz/step) 

• Built-in band output 
• 5V single power supply 

APPLICATION 
TV and VTR tuners 

FUNCTION 
The M54968ASP is a PLL frequency synthesizer IC for TV 
applications. The prescaler employs emitter-coupled logic 
and the PLL, 12L. The maximum operating frequency of the 
prescaler is 1.0GHz. The first stage is a fixed 1/8 2-
modulus prescaler and the second stage is a 1/32, 1/33 2-
modulus prescaler. The PLL consists of a 4MHz crystal 
oscillator, a 9-bit reference frequency divider, a programm­
able divider (a 10-bit M counter and a 5-bit S counter), a 
phase comparator, and a lock detector. Four band switch­
ing circuits are also provided. 

BLOCK DIAGRAM 
f'N 

l_-<D--
TEST EN DATA ClK Vee 1 

15 

PIN CONFIGURATION (TOP VIEW) 
PACKAGE 20-PIN SHRINK DIP 

TEST INPUT TEST-+ 

ENABLE INPUT EN -+ 

DATA INPUT DATA-+ 

CLOCK INPUT ClK-+ 

SUPPLY VOLTAGE Vee 1 

CRYSTAL 
OSCILLATOR XOUT -
OUTPUT PIN 

GND GND 

PHASE 
COMPARATOR PD 2 -
OUTPUT 2 

LOCK/DIVISION 
20 -+ lD/f'N OUTPUT 

CLOCK/ 

19 -+ ClK/fREF ~~~6~~%~~ 
OUTPUT 

Vee 2 SUPPLY VOLTAGE 

17 - f'N PRESCALER INPUT 

GND GND 

15 - BIAS BIAS INPUT 

PHASE 
COMPARATOR 
OUTPUT 1 

14 -+ BS 1 St~~u~ITCHING 

13 -+ BS 2 gt~~u~WITCHING 

12 -+ BS 3 S~~~U~WITCHING 

11 -+ BS 4 S~~~U~WITCHING "--L ___ r-

Outline 20P4B 

BS1 BS 2 BS4 

-l 
, 

I 
I 

I , 

I , 
PHASE DETECTOR 

I 

10 J 
X'N XOUT GND NC PD 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4968ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

PIN DESCRIPTION 

Pin numb~r Symbol 

5 Vcc1 (Ill) 

18 Vcc2 (ECL) 

8 GND1 (Ill) 

16 GND2(ECL) 

6 X,N 
8 XOUT 

17 fiN 
15 BIAS 

2 ENABLE 

4 CLOCK 

3 DATA 

19 ClK/fREF 

20 lDff'N 

1 TEST 

10 PD 1 

9 PD2 

14 BS 1 

13 BS2 

12 BS3 

11 BS4 

Pin name 

Supply voltage 1 (I'l) 

Supply voltage 2 (EcLl 

GNO 1 (I'll 

GNO 2 (ECl) 

Crystal oscillator output pin 

Prescaler mput pin 

Bias pin 

Enable input 

Clock input 

Data input 

Clock/reference frequency output 

Lock detector/divIsion output 

TEST input 

Phase comparator output 1 

Phase comparator output 2 

Band switching output pin 

Functional description 

Prescaler supply voltage pin 5. 0+0. 5V is applied 

12l supply voltage pm 5.0+0. 5V IS applied 

Connect to OV 

Connect to OV 

4. OMHz crystal oscillator is connected. 

Presca/er input pm, V, C, 0 frequency is applied 

Presca/ef bias pm, capacitance of 1000pF is Inserted between GND and this 

pin 

Normally set low. When high, 15-blt data IS read into the shift register When 

It drops from high to low, the contents of the shift registers are read into the 

latch 

Data is read into the shift register at the falling edge of the clock signal 

Programmable divider division setting input 

When the TEST input is low, the 400kHz clock frequency (ClK) IS output. 

When TEST IS high, the reference frequency output fREF IS output. The refer-

ence frequency is 6. 25kHz. 

(Open-colleotor output) 

When the TEST mput is low. the lock detector output (lO) IS selected, when 

TEST IS high, the programmable divider output (f 11N) IS selected The lock 

detector output is normally high and becomes low for a penod correspond-

ing to the phase different between fREF and f 1/N 

(Open collector output) 

This pin IS used for testing and is normally set low. When set high, fREF and f 
1/N outputs are selected for ClK/fREF and lO/f 1/N, and the phase compa-

rator output enters the high-impedance state 

When the phase programmable divider output (f 1 IN) is advanced with re-

spect to the reference frequency (fREF ), th!S output becomes high, it becom-

es low. When the two are in sync, this qutput enters the high-Impedance 

state. 

Open-collector output are used at all four band switching output pin When 

the band switching data IS high, the output IS ON, and when low, the output 

is OFF. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54968ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

How to set the division of programmable divider and select 
the band switching output 
The output is read into the latch at the falling edge of en­
able signal, as shown below. 

ENABLE SIGNAL J 
READ INTO LATCH 

\ 

L 
BS 1 BS 2 BS 3 BS 4 2' 2' 27 2' 25 2' 2' 2' 2' 2° 2' 2' 2' 2' 2° 

DATA SIGNAL 

CLOCK SIGNAL 

:1 ST BIT 

I 
I 

I I 
I BAND I 

SWITCHING DATA 

IE ~IE 
M COUNTER DIVISION SETTING 

Total divisor N is given by the following formulas in addition to the prescaler used in the previous stage. 

N= 8 (32M+S) 

The M and S counters are binary and the possible ranges 
of division are as follows. 

32;:;;;M;:;;;1023 
0;:;;; S;:;;; 31 

The range of diviors N is 8, 136 and 192-262. 
The tuning frequency fvco is given in the following equa­
tions. 

fvco=fAEFX N 
=6. 25X8 (32M+S) 
=50 (32M+S)(kHz) 

Therefore, the range of tuning frequencies is 51. 2M Hz -
1000MHz. 

CRYSTAL OSCILLATOR CONNECTION DIAGRAM 

19TH BITI 

S COUNTER DIVISION 
SETTING 

I 
I 

M : 10-bIt main counter division 

S : 5-blt swallow counter division 

CRYSTAL OSCILLATOR CHARACTERISTICS 

XOUT X,N 

30pF I 56pF 

Actual resistance: less than 500 
Load capacitance: 20pF 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4968ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

ABSOLUTE MAXIMUM RATINGS (Ta=-25-+75t, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage 6.5 

VI Input voltage Do not exceed supply voltage (vccl 6.5 

Vo 1 Output voltage (1) Do not exceed PD output supply voltage 5.5 

V0 2 Output voltage (2) 
Do not exceed output supply voltage (Vcc) 

6.5 
other than mentioned above 

VBD Output withstanding voltage Band switching switch 13.5 

Pd Power dissipation 650 

Topr Operating temperature -20-+75 

Tstg Storage temperatu re -40-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter Test pin Conditions 

Vee Supply voltage 

fopr 1 Operating frequency (1) Crystal oscillator 

fopr 2 Operating frequency(2) fiN 

19 
10L Low-level output current 

20 

11 

12 
IBDL Low-level band output current 

13 

14 

ELECTRICAL CHARACTERISTICS' (Ta=-20-75'C, unless otherwise noted) 

Symbol Parameter Test conditions 
Test pin 

V ,H High-level inputIVoltage 1,2,3,4 

V ,L Low-level input voltage 1,2,3,4 

I'H High-level mput current 1 1,2,3,4 Vcc=5.5V, V,=2. 7V 

I'L 1 Low-level mput current 1 1.2,3,4 Vcc=5.5V, V,=O. 4V 

I'L 2 Low-level mput current 2 2 Vcc=5.5V, V,=O. 4V 

lie Input clamp voltage 1,2,3,4 Vcc=4.5V, V'C=1. OmA 

V OH High-level output voltage PD output 10 Vcc=4.5V,loH=-1.0mA 

VOL 1 PD output 10 Vcc=4.5V, 10L = -1. OmA 

VoL 2 
Low-level output voltage 

Other than above 19,20 Vcc=4.5V, 10L =SmA 

10LK 1 PD output 10 Vcc=S. SV, Vo=O. S-4. 8V 

IOLK 2 
Output leakage current, 

Other than above 19,20 Vcc=S.5V, Vo=S. SV 

lee Supply current S,18 Vcc=5.SV 

Typical values are at Vcc=5. OV, T a=25t. 

SWITCHING CHARACTERISTICS (Ta=-20-75'C, unless otherwise noted) 

Symbol Parameter 

fopr Prescaler operating frequency 

Y'N Operating Input voltage 

tpwc Clock pulse width 

tsu(o) Data setup time 

tH(o) Data hold time 

tSU(E) Enable setup time 

tH(E) Enable hold time 

tiNT Enable data Interval time 

tr RiSing time 

tf Failing time 

2-512 

Test conditions 
Test pm 

17 

17 

4 

3 

3 

2 

2 

2,3 

2,3,4 

2,3,4 

Vcc=4. 5-5. 5V 

VIN=VINmin ....... VINmax 

80-1S0MHz I Vcc=4. S-S. SV 
lS0-1000MHz 

Vcc=4. S-S. SV 

• MITSUBISHI 
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Limits 

4.5-5.5 

4.0 

80-1000 

0-5 

0-2 

Limits 

Min Typ Max 

2.0 VcctD.3 

0.7 

50 

-100 -200 

-550 -900 

-1.3 -1.8 

2.5 3.0 

0.2 0.4 

0.3 0.5 

-1.0 +1.0 

-10 +10 

70 100 

Limits 

Min Typ Max 

80 1000 

-20 4 

-27 4 

10 

10 

10 

20 

20 

10 

1 

1 

Unit 

V 

V 

V 

V 

V 

mW 

'C 

t 

Unit 

V 

MHz 

MHz 

mA 

mA 

Unit 

V 

V 

",A 

",A 

",A 

V 

V 

V 

V 

",A 

",A 

mA 

Unit 

V 

dBm 

",A 

",A 

/-lA 

",A 

",A 

",A 

",A 

",A 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4968ASP 

SERIAL INPUT PLL FREQUENCY SYNTHESIZER FOR VTR 

TIMING DIAGRAM 

Ir II 

ENABLE SIGNAL 
10 

---- V1L 

---~~Ir----"'\,J---~m:;;,---=I7'iI.~"+------ V," 
DATA SIGNAL 1.5V 

---I-.....JI'-----JI'----i.~l'_----fl~T------ V'L 

CLOCK SIGNAL 
------ V1H 

1'---+------- V'L 

Ipwc 
II 

15u(0) 

tSU{E) 

APPLICATION EXAMPLE 

"'OM CO""OU<R { 

5. O±O.SV 

33,uI 

4 BAND TUNER 

/-------1 LO 

J---~~f__-__t BS 1 

J----=~df__-__t BS 2 

"'--------1 BS 4 
33V 

f--+--1\iV\r~------------__f BT 

• MITSUBISHI 
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DESCRIPTION 
The M54970P is a semiconductor integrated circuit of 12L 

structure containing a serial input to serial/parallel output 9-
bit shift register and latch as well as a bipolar 9-bit para­
llel-output driver. 

FEATURES 
• Serial input to serial/parallel output 
• Cascade connections possible through serial output 

• Enable input for output control 

• Power-cut input 
• Drivef: Withstand voltage ........................ BVCEO ;';;20V 

Large drive current .. · .... · ...... (Io( max) =300mA) 

• Wide operating temperature range .... Ta=-20-+75"C 

APPLICATION 
Thermal printer head dot driver, Serial-to-parallel conver­
sion, Relay and Solenoid driver 

FUNCTION 
The M54970P consists of a 9bit O-type flip-flop, the output 
of which is connected to 9 latches. 

When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T), an "L" to "H" 
change of the clock will cause the data input signals to en­
ter the internal shift registers and the data in the shift regis­
ters will be shifted in order. 

Using a number of M54970P units for bit expansion in 

BLOCK DIAGRAM 

04 05 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9·BIT SERIAL·INPUT ,LATCHED DRIVER 

PIN CONFIGURATION (TOP VIEW) 

POWER-CUT INPUT PC .... 

LATCH INPUT LATCH .... 

SERIAL OUTPUTS-OUT-

PARALLEL. 
OUTPUTS 

Vee 

GND 

09-

08-

07-

06-

ENABLE INPUT 

CLOCK INPUT 

16 - S-IN SERIAL DATA 

GND 
INPUT 

PARALLEL 
OUTPUTS 

Outline 18P4 

series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54970P. 
In parallel output, when the power-cut input and latch input 
are set to "H" and the output-control input (enable input 
EN) is "H", a clock pulse changing from "L" to "H" will 

cause the serial data input signal to appear at output 01, 
and the data will be shifted in order at outputs 02-09. 
The parallel output will yield a signal that is inverted with 
respect to the serial data input. 

06 08 09 

1-+-0>--( 3 S-OUT 

I 

------.--_______ , ____ -.J 

2-514 • MITSUBISHI 
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Setting the LATCH input to "L" will prevent data from enter­
ing the latch. 
When the EN input is set to "L", all outputs (01-09) will be 
set to OFF. Since the internal logic state of the IC is uncer­
tain at power-on time, set the EN input to "L" (and outputs 
01-09 will be set to OFF) until the input data is set and 

TIMING CHART 

S-IN 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9·BIT SERIAL.INPUT,LATCHED DRIVER 

the internal logic state has been detrmined. 
The power will be cut when the power-cut input is set to 
"L", and since the data of the shift registers and latches are 
not maintained in this state, it will be necessary to input 
data again in order to set the output following a change of 
PC input from "L" to "H". 

T __ ~I~II-uIl.I.I"II __ ~I~II-uIl.I.lull __ ~II~II~1~1~lull ____ I~I~II~I~II~II~ __ 
LATCH _____ --'1......., L..-__ rLJ 

EN __________ ~n~ _______ nLJ L--nlj-----

LJLrl..---1 flZ{fd 

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

05 

08 

u 
u 

t.rLJ 
LJ 

U LSLJ 
L1l.Jl--.r-u 
LrlJ 
UI......J 

S-OUT --'e""y;,""y;''''w,'''14'''14'''14"w,"'%J ILJ ~ 

·The state of the shaded areas is uncertain. 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9·BIT SERIAL·INPUT .LATCHED DRIVER 

INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS 

T, S·IN, LATCH INPUTS 

..----vcc 

01-09 OUTPUTS 

vcc-----, 

2-516 

2 PC, EN .INPUTS 

4 S-OUT OUTPUT 

•.. . MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4970P 

9-BIT SERIAL-INPUT ,LATCHED DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=-20·C-+7S'C. unless otherwise noted) 

Symbol Parameter Conditions Ratings 
Vee Supply voltage -0.5-+8 
V, Input voltage -0.5-+10 
Vo Output voltage Output Is OFF -0.5-+20 
10 Output current 350 
Pd Power dissipation Ta-2S'C 1. 25 
Topr Operating temperature -20 +75 
Tstg Storage temperature -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75'C. unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Vo Applied output voltage When output is OFF 

10 Output current (per circuit) 
All outputs ON simultaneously 

Duty cycle less than 30% 

ELECTRICAL CHARACTERISTICS (Ta=+2S'C. unless otherwise noted) 

Symbol Parameter 

V ,H High-level input voltage 

V ,L Low-level input voltage 

V ,H High-level Input voltage 

V ,L Low-level Input voltage 

I'H High-level input currenl 

I'L Low-level Inpul current 

I'H High-level input current 

I'L Low-level input current 

VOH High-level output vollage 

VOL Low-level oulput voltage 

VOL Low-level output vollage 

Ic01 

1cc2 Supply eurrenl 

1003 

io(leak) Oulput leakage eurrenl 

* : Typical values are at T a = 2S·C. 

f----- Test conditions 
Test pin 

2.16,17 T a=-20-+ 7S"(; 

1,18 Ta=-20-+7S'C 

2,16,17 
Vcc=S. SV. V'H=2.4V 

Vce=S. SV. VIL =0. 4V 

vee-S. SV. V,H-S. SV 

1,18 Vee=S. SV. V'H=2.4V 

Vee=S. SV. V,L =OV 

3 
Vee=4. SV. 10H= -4001'A 

Vee=4. SV. 10L =8mA 

6-14 Vee=4. SV. 10L =300mA 

Vee=S. SV. power-cui Is ON 

4 Vee-S. SV. EN is "L" 

Vee-S. SV. all outputs are ON 

6-14 Vce=S.SV. VOH=20V 

• MITSUBISHI 
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limits 

Min Typ 

4.5 5.0 

Limits 

Min Typ· 

2.2 

0 

2.2 

0 

2.4 

10 

90 

Unit 

V 

V 

V 

mA 
W 

"C 
"C 

Unit 
Max 

5.5 V 

20 V 

300 mA 

Unit 
Max 

Vee V 

0.8 V 

Vee V 

0.8 V 

10 J.lA 
-50 J.lA 
250 

100 
J.lA 

-10 J.lA 
V 

0.4 V 

0.6 V 

10 J.lA 
15 mA 

130 mA 
100 J.lA 

2-517 



MITSUBISHIBIPOLAR DIGITAL ICs 

M54970P 

9·BIT SERIAL·INPUT,LATCHED DRIVER 

REQUIRED TIMING CONDITIONS (Ta=-2O-+75"<:. unless otherwise noted) 

Symbol Parameter 

I(T) Clock frequency 

tWIT) Clock pulse width 

twILl Latch pulse width 

tsu Data setup time 

th Data hold time 

Id(T-Ll Clock-latch tima 

Ir(T) Clock pulse rlsa time 

I'(T) Clock pulse fall time 

Id(p-sll P~er-cut Input - data Input setting tlwe 

TIMING DIAGRAM 

POWER-CUT INPUT PC 1.5V 

DATA INPUT 

CLOCK INPUT T 

LATCH INPUT LATCH 

2-518 

Limits 
Conditions Unit 

Min Typ Max 

Input duty cycle 40-60% 1 MHz 

0.4 ,uS 
0.4 ,ul:! 
0.2 ,uS 
0.3 ,uS 

I ,uS 
0_5 ,uS 
0.5 ,uS 

Hold EN Input at "L" when PC 
2 ,uS 

Input Is changed from "L" to "W 

r------ -----------
I 

Isu 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9.BIT SERIAL.INPUT,LATCHED DRIVER 

SWITCHING CHARACTERISTICS (Ta=25'C, Vcc=5V) 

Symbol Parameter 

tpLH 
Low to high-level output propagation time 

(Input T to output S-QUT) 

tpHL 
High to low-level output propagation time 

(Input T to output S-QUT) 

Low to high-level output propagation time 
tpLH 

(Input T to output 0;;) 

High to low-level output propagation time 
tpHL 

(Input T to output 0;;) 

Low to high-level output propagation time 
tpLH 

(Input EN to output 0;;) 

tPHL 
High to low-level output propagation time 

(Input EN to output 0;;) 

(Note 1) TEST CIRCUIT 

TIMING DIAGRAM 

T 

S-OUT 

EN 

ON 

INPUT 

son 

tpLH 

ELEMENT 
UNDER 
TEST 

1.5V 

Limits 
Conditions 

Min Typ Max 

0.7 

V'H=3V 0.8 

V'L=OV 

RL : S-ouT=2KO 5 
RL : 0;;=1000 

(N=1-9) 1 

CL=15pF 

(Note 1) 10 

1 

r--+---o OUTPUT Input wavelorm is laken as Ir;;;SOns and 11;;;5Ons 

1.SV 

tpHL 

1.SV 

tpHL 

1. 5V 

• MITSUBISHI 
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Unit 

,uS 

,uS 

,uS 

,uS 

,uS 

,uS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54970P 

9-BIT SERIAL-INPUT.LATCHED DRIVER 

TYPICAL CHARACTERISTICS 

1.5 

~ 
"6 
Il. 

Z 
1.0 

0 
i= 
~ 
1i5 
<J) 

0 0.5 
II: 
W := 
0 
Il. 

400 

< 
S 300 
..9 

~ z 
W 
II: 
II: 

200 
::;) 
U 
~ 
::;) 
Il. 100 ~ 
::;) 

0 

o 
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THERMAL DERATING 

"" ~ 
25 50 75 100 

AMBIENT TEMPERATURE T a(OC) 

DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 

~ 0- ........... ........ 
r-..... 

...... 

~ ~ ........ ~ f"""".. 
........... ~ l'. ...... 

• Ta=75"C ~ ....... 
-; Rei,etition frequency> 1 UHz 

• Numbers in 0 indicate the number -
of output circuits that operate I 
simultaneously. ,-• Current values are per circuit. , 

CD-@ 
® 

® 
® 
(j) 
® 
® 

o 20 40 60 80 100 

DUTY CYCLE (%) 

400 

< 
S 300 
.2 

~ z 
w 200 II: 
II: 
::;) 

U 
~ 
::;) 
Il. 100 ~ 
::;) 

0 

o 
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DUTY CYCLE VS PERMISSIBlE 
OUTPUT CURRENT 

.......... 

• Ta=25°C 
• RePetition frequency> 10Hz 
• Numbers in 0 indicate the-nUjber -

of output circuits that operate 
simultaneously. 

• Current values are per circuit. 

(J:HV 
® 
® 

o 20 40 60 80 100 

DUTY CYCLE (%) 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54972P 

BI-CMOS I-BIT SERIAL-INPUT,LATCHED DRIVER 

DESCRIPTION 
The M54972P is a semiconductor integrated circuit consist­
ing of eight stages of CMOS shift registers and latches with 
serial inputs and serial or parallel outputs. It is based on Bi­
CMOS process technology, and has eight bipolar drivers at 
the parallel outputs. 

FEATURES 
• Serial input and serial or parallel output 
• Serial output enables cascade connection 
• Built-in latch for each stage 
• Enable input provides output control 
• Low supply current (standby current Icc;;;;; 10,1.1 A) 
• Serial I/O level is compatible with typical CMOS 

drvices 
• Driver features: High withstand voltage (BVCEO ~ 30V) 

Capable of large drive currents (10 (max) =300mA) 
Low output saturation voltage VOL <0. 6V at 10=300mA 

• Wide operating temperrature range Ta=-20-+75"C 

APPLICATION 
Dot drivers for thermal print heads. Serial/parallel conver­
sion. Drivers for relays and solenoids. 

FUNCTION 
The M54972P consists of eight stages of D-type flip flops 
connected to eight latches. 
Data is input to serial input S-IN, and clock pulses are input 
to clock input T. When the clock changes from low to high, 
the input data enters the first shift register and data already 
in the shift registers is shifted sequentially. 
The serial output S-OUT is used to connect multiple 
M54972Ps to expand the number of parallel outputs. S-OUT 
is connected to S-IN of the next stage. 

PIN CONFIGURATION (TOP VIEW) 

CLOCK T-

SERIAL DATA INPUT S-IN-

g~~~I~ LOGIC L-GND 

POWER SU PPL Y Vee 

SERIAL OUTPUT S-OUT'" 

LATCH INPUT LATCH­

ENABLE INPUT 

GND OF DRIVER P-GND 
CIRCUIT 

Outline 16P4 

For parallel output. When the clock pulse changes from low 
to high, latch input (LATCH) is high and output enable input 
(EN) is low the serial input data at S-IN appears at output 
01 and the other data already present is shifted sequen­
tially to outputs 02 through 08. 
The parallel outputs are inverted. 
When the latch input is held low, the latch retains the 
stored data. 
When the EN input is high, outputs 01 through 08 all turn 
off. As the internal logiC is unstable when the power is 
turned on, the EN input shpuld be kept high (setting out­
puts 01 through 08 off) until input data is set and the inter­
nal logic is initialized. 
L-GND is the GND of CMOS logic circuit and P-GND is the 
GND of output driver circuits 01 through' 08 which employ 
bipolar transistors capable of large drive currents. 

BLOCK DIAGRAM PARALLEL OUTPUT 

POWER SUPPLY vee 

ENABLE INPUT EN 

LATCH INPUT LATCH 

SERIAL DATA INPUT 5-IN 

CLOCK T 
I 

GND OF DRIVER 
P-GND CIRCUIT 

S-OUT SERIAL OUTPUT 

________ J 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4972P 

BI·CMOS I·BIT SERIAL·INPUT,LATCHED DRIVER 

TIMING CHART 

SERIAL INPUT S-IN ---1 LrLrl 
CLOCK T 1111 I" I 1111 1111 II II II II 11111111 

LATCH INPUT LATCH I 
ENABLE INPUT EN U u---u-l 

01 U IJLSLJ 
02 U U LrLJ 
03 U t.rLrLJ 
04 U I..rL.JLJ 

PARALLEL OUTPUTS 

05 

06 

07 LrlJ L-.I 
08 u--u L-J 

SERIAL OUTPUTS S-OUT W/$.»1A ~ nIL 
* The shaded area shows the unstable state. 

1/0 CIRCUIT 

3 

2-522 

Input with a pull-up resistor vee 

(EN, LATCH) 
.---'---..--~ 

R'N 

Serial output Vee 
(S-OUT) 

1 

2 Input with a pull-down resistorvcc 

4 

• MITSUBISHI 
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(T, S-IN) 

R'N 

Parallel output 

(01-08) Vee--..---, 

I 
I 
I 
I 

P-GND . "* 
L-G!'iP ______ .J 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54972P 

BI-CMOS a-BIT SERIAL-INPUT,LATCHED DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=-20-+75t, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.5-+8 

V, Input voltage -0.5- Vee +0, 5 

S-OUT -0.5- Vee +0, 5 
Vo Output voltage 

01-08 TranSistor off -0.5-+30 

10 Output current 01-08 Transistor on 300 

Pd Power dissipation Ta =25t 1. 25 

Topr Operating temperrature -20-+75 

Tstg Storage temperature -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75t, unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Vo Applied output voltage 01-08 Transistor off 

01-08 All outputs on 

Duty cycle 70% max 
10 Output current per cirCUit 

01-08 All outputs on 

Duty cycle 35% max 

ELECTRICAL CHARACTERISTICS (Ta=+25t, Vcc=5V, unless otherwise noted) 

Symbol Parameter Test conditions 

V,H Hlgh·level input voltage 
Ta =-20-+75t 

V ,L Low·level Input voltage 

I'H Hlgh.level input current V'H=5V 

I'L Low·level input ourrent V,L=OV 

R'N Input resistance 

VOH High·level output voltage S-OUT output 
110 I:;; lJ'A 

VOL Low·level output voltage S-OUT output 

10H Hlgh·level output current S·OUT output VOH =4.5V 

10L Low·level output current S·OUT output VOL =0.4V , 
VOL1 IOL =l00mA 

VOL2 Low·level output voltage Parallel output IOL =200mA 

VOLa IOL =300mA 

IOLK Output leakage current Parallel output vo=30V 

1001 
Supply current 

Input release all driver output off 

Ic02 One driver output Circuit 00 

TIMING REQUIREMENTS (Ta=-20-+75"C, unless otherwise noted) 

Symbol 

f(Tl 

tW(Tl 

tW(Ll 

tsu 

th 

td(T Ll 

tr(Tl 

tf(Tl 

Parameter 

Clock frequency 

Clock pulse width 

Latch pulse Width 

Data setup tune 

Data hold time 

Clock· latch lime 

Rising edge of clock pulse 

Falling edge of clock pulse 

Test conditions 

Input duty cycle 40-60% 

• MITSUBISHI 
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Limits 

Min Typ Max 

4 5 6 

30 

200 

300 

Limits 

Min Typ Max 

0,7Vee Vee 

0 0,3Vcc 

100 

-100 

50 

4,9 

0.1 

-100 

400 

0.4 

0.5 

0.6 

50 

10 

7.5 

Limits 

Min Typ Max 

2 

200 

200 

100 

100 

400 

500 

500 

Unit 

V 

V 

V 

mA 
W 
t 

t 

Unit 

V 

V 

mA 

mA 

Unit 

V 

V 

I-'A 
I-'A 
kO 

V 

V 

I-'A 
I-'A 
V 

V 

V 

I-'A 
I-'A 
mA 

Unit 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4972P 

BI·CMOS 8·BIT SERIAL·INPUT,LATCHED DRIVER 

TIMING DIAGRAM 

SERIAL DATA INPUT S-IN 

CLOCK T 2.5V 

tw(r) 

LATCH INPUT LATCH 2.5V 

SWITCHING CHARACTERISTICS (Ta=25'(;. Vee=5V, unless otherwise noted) 

Symbol Parameter 

tpLH 
Low-to-hlgh-Ievel output propagation time 

From Input T to output S-OUT 

tpHL 
High-t.,.low-level output propagation time 

From Input T to output S-OUT 

Low-t.,.high-Ievel output propagation time 
tpLH 

From Input T to output 0-
High-to-iow-ievel output propagation time 

tpHL 
From Input T to output 0-
Low-to-hlgh-Ievel output propagation time 

tpLH 
From Input EN to output 0-

tpHL 
Hlgh-to-Iow-Ievel output propagation time 

From Input EN to output 0-

TEST CIRCUIT Vee 

INPUT 

DUT 

500 

TIMING DIAGRAM 

CLOCK T 

SERIAL OUTPUT S-OUT 

ENABLE INPUT EN 

OUTPUT 

2-524 

Limits 
Test conditions 

Min Typ Max 

0.3 

V,H =5V 0.3 

V,L = OV 

RL.( S-OUT) = 00 10 

RL(O-'=100n 

(N=I-B) 5 
CL =15pF 

10 

5 

1--+--0 OUTPUT 

• The mput waveform has the characteristics of tr " 20ns tf ~ 20ns 
• The capacitance Cl Includes stray wiring capacitance and probe mput capacitance 

2.5V 2.SV 
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Unit 

,us 

,us 

,us 

,us 

,us 

,us 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4972P 

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 

POWER DISSIPATION 

1.5 

a: 
UJ 
:;;: 
o~ 
<l.:;;: 
UJ- 1.0 
Cl" 
<<l. 
>::z 
uo <­
<l.~ 
UJ<l. 
-'-
Cl ~ 0.5 
<­:;;:0 
o 
...l 
-' < 

.~ 
~ 

25 50 75 

AMBIENT TEMPERATURE T a (t) 

100 

ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 

400~--~----'-----r---~--~ 

:;( 
E 3001--+---.h:""""'O-+~-k--1 
.9 
f­
Z 
UJ 
a: 
a: 
:::> 
U 
f­
::J 
<l. 
f­
::J 
o 

100 . Ta~75"C, Vcc~6V---+---+---I 
• Repetlve frequency ~ 10Hz 
• The circled numbers mdlcate the number 

of outputs conductmg simultaneously 
• The current value per output IS shown 

°0~--r-2tOr---~40~--~6~0--r-~--~100 

DUTY CYCLE (%) 

:;( 
~ 
.9 
f-
Z 
UJ 
a: 
a: 
:::> 
U 
f-
:::> 
<l. 
f-
:::> 
0 

ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 

400 

300 

200 

100 
• Ta-25"C, Vcc-6V 
• Repetlve frequency;?: 10Hz 
• The circled numbers Indicate the number 

of outputs conductmg simultaneously 

I • The current value per output IS shown 

20 40 60 80 

DUTY CYCLE (%) 

~ 
CD-@ 
(J) 

® 

100 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4973P 

BI·CMOS I·BIT PARALLEL·INPUT, LATCHED DRIVER 

DESCRIPTION 
The M54973P is a semiconductor integrated circuit consist­
ing of eight CMOS latches and bipolar output drivers pro­
duct by a Bi-CMOS process. 

PIN CONFIGURATION (TOP VIEW) 

FEATURES 
• Enable input provides output control 
• Low supply current (standby current Icc ~ 10", A) 
• Input level is compatible with typical CMOS 
• Driver features: High withstand voltage (BVCEO ;;; 30V) 

Capable of large drive currents (10 (max) =300mA) 

• Wide operating temperrature range Ta=-20-+75°C 

APPLICATION 
Dot driver for thermal print heads. Drivers for relays, and 
solenoids. 

FUNCTION 
Data are applied to inputs IN1 through INS. When the 
LATCH input is set high, the data is latched as shown in 
the truth table. A high-level signal applied to the RESET in­
put causes the latches to remain open (reset). When the 
EN input is set low, high data stored in the latches turn on 
the corresponding outputs and set them low. 

When the LATCH and RESET inputs are both low, the latch 
retains the stored data, irrespective of inputs IN1 through 
INS. 

BLOCK DIAGRAM 

RESET INPUT 

LATCfi INPUT 

PARALLEL 
INPUTS 

PARALLEL OUTPUTS 

POWER SUPPLY 
Vee 

ENABLE INPUT EN 

RESET INPUT RESET 

LATCH INPUT LATCH 

2-526 

IN1 IN2 IN3 IN4 IN5 IN6 

PARALLEL INPUTS 
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RESET-

LATCH-

IN1-

IN2-

IN3-

IN4-

IN6-

IN?-

GND 

ENABLE INPUT 

Vee POWER SUPPLY 

PARALLEL 
OUTPUTS 

P V OUTPUT POWER 
- ee SUPPLY 

Outline 22P4 

IN? 

OUTPUT POWER SUPPLY 
P-Vee 

INS GND 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4973P 

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER 

TRUTH TABLE 
Inputs Outputs On 

INn LATCH RESET EN t-1 

L H L L X 

H H L L X 

X X H X X 

X X X H X 

X L L L L 

X L L L H 

LOGIC DIAGRAM (ONE CIRCUIT) 

-- ----- ---- ------ --, 
LATCH I 

I 
I 
I 

RESET o--r-f:>O-----'---' 

EN 

COMMON 
BLOCK 

I/O EQUIVALENT CIRCUIT 
Input circuit(INn, LATCH, RESET, EN) 

Vee 

GND 

t 

H 

L 

H 

H 

L 

H 

L = low level 
H = high level 
X = Irrelevant 

t-1 = previous state 
t = current state 

Off state when output is high 
On state when output is low 

(n= 1-8) 

2 Output circuit (parallel output On) 

P-Vec ------,-----, 

GND 

• MITSUBISHI 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4973P 

BI·CMOS I·BIT PARALLEL·INPUT, LATCHED DRIVER 

ABSOLUTE MAXIMUM RATINGS (Ta=20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratmgs 

Vee Supply voltage -" -0.5-+8 

V, Input voltage -0.5- Vee +0.5 

Vo Output voltage TranSistor off -0.5-+30 

10 Output current Transistor on 200 

Pd Power disSipation T a =25"<: 1. 42 

Topr Operating temperature -20-+75 

Tstg Storage temperature -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions 
Min 

Vee Supply voltage 4 

P-Vcc Output spply voltage 4.5 

Vo Applied output voltage TranSistor off 

10 Output current per Circuit 
All outputs on simultaneously 

Duty cycle 80% max 

ELECTRICAL CHARACTERISTICS (Ta=+25'C, Vcc=5V, P-Vcc=5V, unless otherWise noted) 

Symbol Parameter 

V ,H High-level Input voltage 

\V,L LOW-level Input voltage 

,'R'N Input resistance 

Vou 
VOL2 

LOW-level output voltage 

IOLK Output leakage current 

Icc1 

Icc2 
Supply current 

ICG3 

ICC4 
Output supply current 

2-528 

Test conditions 

Ta =-20-+75'C 

10L =120mA 

10L =200mA 

Vo =30V 

All Inputs= 0 V, all outputs off 

One output CircUit on 

All mputs open, all outputs off 

One output circUit on 

• MITSUBISHI 
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Mm 

0. 7Vee 

0 

50 

Limits 

Typ Max 

5 6 

5 7 

30 

120 

Limits 

Typ Max 

Vee 

0.3Vcc 

0.4 

0.5 

50 

10 

0.2 

10 

14 

Unit 

V 

V 

V 

mA 

W 
·C 

·C 

Unit 

V 

V 

V 

mA 

Unit 

V 

V 

kD 

V 

V 

f.J- A 
f.J-A 
mA 

f.J-A 
mA 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4973P 

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER 

TIMING REQUIREMENTS (T a=-20-+75·C. unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ 

tw(U Latch pulse width 0.1 

tWiRl Reset pulse width 0.1 

t8u Data setup time 0 

th Data hold time 0.1 

TIMING DIAGRAM 
-----""\ ,--------------- Vee 

INn j' \ 50% t' ~O% 
_ \.. -- - ----' -------------- OV 

t8U th 

~;C" {~~" }~ .... %_. _________ _ 

RESET ____________ ...... ~. ~~,-%_. __ , L tW(RI j ' 
SWITCHING CHARACTERISTICS (Ta=+25"C. Vcc=5V) 

Limits 
Symbol Parameter Test conditions 

Min Typ 

tpLH 
Low·to high· level output propagation lime 

(0.6) 
(Input LATCH to output on) 

tpHL 
High·to low-level output propagation time 

V,H =5V (0.1) 
(Input LATCH to output On) 

Low-to high-level output propagation lime 
V,,=OV 

tpLH 
(Input EN to output On) 

RL =1000 (0.6) 

High-to low-level output propagation time 
CL=15pF 

tpHL 
(Input EN to output On) 

(Note 1) (0.1) 

tpLH 
Low-to high-level output propagation time 

(0.6) 
(Input RESET to output on) 

TIMING DIAGRAM 
INn -----_ .... 

EN 2.5V 

----+----~-----'I 

RESET 

----+------~-----~----+----' 

On 2.5V 
-----+---' 

• MITSUBISHI 
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Unit 
Max 

1'8 

1'8 

1'8 

1'8 

Unit 
Max 

2 1'8 

0.5 1'8 

2 1'8 

0.5 1'8 

2 1'8 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4973P 

BI-CMOS a-BIT PARALLEL-INPUT, LATCHED DRIVER 

TEST CIRCUIT 

INPUT 

OUT /---+--0 OUTPUT 

• The input waveform has the characteristics of tr;:iii; 20ns and tf ~ 20ns 
• The capacitance CL Includes stray wIring capacitance and probe Input capacitance. 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 
POWER DISSIPATION 

'< -S 
.9 
I-z 
w 
IX: 
IX: 
::J 
(,) 

I-
::J 
Q. 
I-
::J 
0 

1.5 

~ 

'" 
25 50 75 100 

AMBIENT TEMPERATURE Ta ("C) 

ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 

250 

200 
\ \ \ 

CD-@ 

150 \. " 

\ \ 
@ 

100 \ .\. 

50 • The collector current values per output are shown \ 
• Repet/va frequency ~ 10Hz 
• The Circled numbers IndICate ttle number I 

of outputs conducting Sljultan,eousJ 
• Ta = 75'C. P-Vcc=7V 

o 

@ 

o 20 40 60 80 100 

DUTY CYCLE (%) 

< 
-S 
.9 
I-z 
w 
IX: 
IX: 
::J 
(,) 

I-
::J 
Q. 
I-
::J 
0 

ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 

250 

200 

150 

100 

50 

o 
o 

CD-@ 

• The collector current values per output are shown 
• Repet/ve frequency ~ 10Hz I I I' I 
• The number In 0 Is the number of, 

outputs conducting SimraneOU81Y, 
• Ta = 25'C. P-Vcc=7VI 'I 

20 40 60 80 100 

DUTY CYCLE (%) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4974P 

BI.CMOS 12·BIT SERIAL·INPUT,LATCHED DRIVER 

DESCRIPTION 
The M54974P is a semiconductor integrated circuit consist­
ing of twelve stages of CMOS shift registers and latches 
with serial inputs and serial or parallel outputs. It is based 
on Bi-CMOS process technology, and has twelve bipolar 
drivers at the parallel outputs. 

FEATURES 
• Serial input and serial or parallel output 
• Serial output enables cascade connection 

• Built-in latch for each stage 
• Enable input provides output control 
• Low supply current (standby current Icc;;;;;lD.uA) 
• Serial I/O level is compatible with typical CMOS 

devices 

• Driver features: High withstand voltage (BVcEO ~ 3DV) 
Capable of large drive currents (10 (max) =3DDmA) 

• Wide operating temperrature range Ta=-2D-+75'C 

APPLICATION 
Dot drivers for thermal print heads. Serial/parallel conver­
sion. Drivers for relay and solenoids. 

FUNCTION 
The M54974P consists of twelve stages of D-type flip flops 
connected to twelve latches. 
Data is input to serial input S-IN, and clock pulses are ap­
plied to clock input T. When the clock changes from low to 
high, the input data enters the first shift register and data 
already in the shift registers is shifted sequentially. 
The serial output S-OUT is used to connect multiple 
M54974Ps to expand the number of parallel outputs. S-OUT 

is connected to S-IN of the next stage. 

PIN CONFIGURATION (TOP VIEW) 
SERIAL 
OUTPUT S-OUT - 1 

LATCH INPUT LATCH --> 2 

ENABLE INPUT EN --> 3 

OUTPUTS 

GND OF 
DRIVER 
CIRCUIT 

OUTPUTS 

1 012 - 4 

POWER SUPPLY OF 
L-Vcc LOGIC CIRCUIT 

L-GND~7~c~iT LOGIC 

26 - S-IN SERIAL INPUT 

CLOCK 

P-Vcc OUTPUT 

23 1 POWER SUPPLY 
22 GNO OF 

P-GND DRIVER 
21 CIRCUIT 
20 

OUTPUTS 

Outline 28P4B-A 

When the clock pulse changes from low to high, latch input 
(LATCH) is high and output enable input (EN) is low the 

serial input data at S-IN appears at output 01 and the other 
data already present is shifted sequentially to outputs 02 

through 012. 
The parallel outputs are inverted. 
When the latch input is held low, the latch retains the 
stored data. When the EN input is high, outputs 01 through 
012 all turn off. As the internal logic is unstable when the 
power is turned on, the EN input should be kept high 
(setting the outputs 01 through 012 off) until input data is 

set and the internal logic is initialized. 
L-GND is the GND of CMOS logic circuit and P-GND is the 
GND of output driver circuits 01 through 012 which employ 
bipolar transistors capable of large drive currents. 

BLOCK DIAGRAM PARALLEL OUTPUTS 
r-----____________ ~A _____________________ _ 

-

DRIVER P-GND 7}-t----+1r--H~h~,...,--h--h--h--H_--H__14__1~_1~__<I._(' 
GND OF j 6 

CIRCUIT 8 

ENABLE INPUT 

LATCH INPUT LATCH 

SERIAL INPUT 

CLOCK T 

9 
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OUTPUT POWER 
P-Vcc SUPPLY 

L-Vcc b~'fMI~U61~'cYUI1 
L-GND GND OF LOGIC 

CIRCUIT 

S-OUT SERIAL OUTPUT 

2-531 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4974P 

BI-CMOS 12':BIT SERIAL-INPUT, LATCHED DRIVER 

TIMING CHART 

SERIAL INPUT S-IN 

T 111111 111111 111111 111111 III III III III 111111111111 
LATCH INPUT LATCH ___ ~ __ ...a..' __ ..... 1---1 

ENABLE INPUT 

PARALLEL OUTPUTS 

EN 

01 

02 

03 

04 

05 

06 

07 

08 

09 

U 
U 
U 
U 
U 
U 
U 

Lrl....rI J 

U L.JL..J 
U L...JL.J 
U L...rU 
t.rL.IL.J 
.~ 

Lrl..JL-.J 

010----------u----u 
orr----------u----u 
012 -------1JlJ 

SERIAL OUTPUTS S-OUT 1////////1//4 

2-532 

* The shaded area shows the unstable state 
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1/0 CIRCUIT 

3 

Input with a pull-up resistor 

(EN, LATCH) 

Serial output 

(S-OUT) 

L-Vcc 

L-GND 

L-Vcc 

L-GND 

MITSUBISHI BIPOLAR DIGITAL ICs 

M54974P 

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER 

2 
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Input with a pull-down resistor 

(T, S-IN) 

Parallel output 
(01-012) 

p-Vcc----r--, 

L-Vcc 

L-GND 

I 
I 
I 
I 
I 
I 
I 
I 
I 

P-GND----...... --I * 
I 
I L-GND ______________ '_J 
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MITSUBISHI BIPOLAR DIGITAL IC. 

M54974P 

BI·CMOS 12·BIT SERIAL·INPUT,LATCHED DRIVER 

ABSOLUTE MAXIMUM RATINGS (T.=20-+75"<:. unless otherwise noted) 

Symbol Parameter Conditions RaUngs 
, Vee Supply voltage -0.5-8 

V, Input voltage -0. 5-Vee+0. 5 

S-OUT -0. 5-Vee+0. 5 
Va Output voltage 

01-012 Transistor off -0.5-30 

10 Output current 400 

Pd Power dissipation Ta =25'C 2.5 

Topr Operating temperature -20-+75 

T8tg Storage temperature -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75"<:. unless otherwise noted) 

Symbol Parameter Conditions 
Min 

Vee Supply voltage 4 

P-Vee Output supply voltage 4.5 

Va Applied output voltage 01-012 Trans,stor off 

10 Output current per Circuit 
All outputs on 

Duty cycle 50% m~x 

ELECTRICAL CHARACTERISTICS (Ta=+25"<:. Vcc=5V. P-Vcc=5V. unless otherwise noted) 

Symbol Parameter 

V'H High-level input voltage 

V'L Low-level ,nput voltage 

R'N Input resistance 

VOH H,gh-Ievel output voltage S-OUT output 

VOL Low-level output voltage S-OUT output 

10H High-level output current S-OUT output 

10L Low-level output current S-OUT output 

VOL' 
VOL2 Low-level output voltage Parallel output 

VOla 

IOLK Oulput leakage current Parallel output 

Icc1 
(L-Vcc) 

Ic02 
Supply current 

1003 Output supply current (p-Vcc) 

2-534 

Test conditions 

T. =-20-+75'C 

110 I ~ 1J'A 

VOH =4.5V 

VOL =O.4V 

IOL-120mA 

IOL=300mA 

IOL =400mA 

Vo=30V 

Input release all driver output off 

One driver output Circuit on 

One driver output CirCUit on 

• MITSUBISHI 
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Min 

0. 7Vee 

0 

50 

4.9 

-100 

400 

Limits 

Typ Max 

5 6 

5 6 
30 

300 

Limits 

Typ Max 

Vee 

0. 3Vee 

0.1 

0.4 

0.5 

0.7 

50 

10 

0.2 

14 

Unit 

V 

V 

V 

V 

mA 
W 
·c 
"<: 

Unit 

V 

V 

V 

mA 

Unit 

V 

V 

kO 

V 

V 

"A 
"A 
V 

V 

V 

"A 
"A 
mA 
mA 



MITSUBISHI BIPOLAR DIGITAL ICs 

M54974P 

BI.CMOS 12·BIT SERIAL.INPUT,LATCHED DRIVER 

TIMING REQUIREMENTS (Ta=-20-+75"C, unless otherwise noted) 

Symbol Parameter 

f(T) Clock frequency 

tW(T) Clock pulse width 

tW(L) Latch pulse WIdth 

tsu Data setup time 

th Data hold time 

td(T-L) Clock-latch time 

tr(T) RIsing edge of clock pulse 

tf(T) Failing edge of clock pulse 

TIMING DIAGRAM ----"'"'\ 
SERIAL DATA 
INPUT 

S-IN 

CLOCK T 

LATCH INPUT LATCH 

\ 

tsu 

Limits 
Test conditions 

Min Typ 

Input duty cycle 40-60% 

200 
200 
100 
100 
400 

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

td(T-L) 

I 
2.5V 

tW(U 

!r(T) ~(T) 

SWITCHING CHARACTERISTICS (Ta=+25"C, Vcc=5V, unless otherwise noted) 

Symbol Parameter 

tpLH 
Low-to-hlgh-Ievel output propagallOn lime 

From input T to output S-OUT 

tpHL 
High-to-iow-ievel output propagatIon lime 

From input T to output S-OUT 

Low-to-hlgh-Ievel output propagatIon tIme 
tpLH 

From input T to output 0;:; 

Hlgh-to-Iow-Ievel output propagatIOn tIme 
tpHL 

From Input T to output 0;:; 

Low-to-high-Ievel output propagation tIme 
tPLH 

From Input EN to output 0;:; 

tpHL 
High-to-Iow-Ievel output propagatIon tIme 

From Input EN to output 0;:; 

TIMING DIAGRAM 
CLOCK T 

SERIAL OUTPUT S-OUT 

ENABLE INPUT EN 

OUTPUT 

Test conditions 

V,H = 5V 

V,l = OV 

RL(S-ouT)=oo 

Rt<0;:;)=100n 

(N=1-12) 

Cl =15pF 

"'Hl 

2.5V 

• MlTSUBISHI 
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2.5V 

LImits 

Min Typ 

(0.15) 

(0.15) 

( 2) 

( 1) 

( 2) 

( 1) 

Umt 
Max 

2 MHz 

ns 

ns 

ns 

ns 

ns 

500 ns 

500 ns 

Umt 
Max 

0.3 J.<S 

0.3 J.<s 

10 J.<s 

5 J.<S 

10 J.<S 

5 J.<s 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4974P 

BI·CMOS 12.BIT SERIAL·INPUT,LATCHED DRIVER 

TEST CIRCUIT 

INPUT 

PG DUT t----;----o OUTPUT 

• The Input waveforrn has the characteristics of tr ~ 20n5 If ~ 20"8 
• The Cdpacltance CL Includes stray wiring capacitance and probe Input capacitance 

TYPICAL CHARACTERISTICS 
ALLOWABLE AVERAGE 
POWER DISSIPATION 

~ 
..9 
I-

~ 
a: 
a: 
::l 
U 
I­
::l 
0-
I­
::l 
o 

5 

5 

o 
o 

'" '", 
25 50 75 100 

AMBIENT TEMPERATURE T a ('e) 

ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 

1001---I---~--+--+---i 
• The collector current value per output IS shown 

00 

• Repetrve frequency ~ 10Hz I 
• The Circled numbers mdlcate the number 

of outputs condu~tlng simultaneously I 
• T8=75,(;, Vcc=6.0V When mounted on PC board 

20 40 60 80 100 

DUTY CYCLE (%) 

! 
..9 
I­
Z 
W 
a: 
a: 
::l 
U 
I­
::l 
0-
I­
::l 
o 

ALLOWABLE OUTPUT CURRENT AS 
A FUNCTION OF DUTY CYCLE 

400 

300 

20 0 

100 

'~ ~ 
-=:s ~ 
.~ 

• The collector current value per output IS shown 
• Repetlve frequency ~ 10Hz I · ~~~~~::~~~~~~~~'~::;'~~~n~~u~,~mbr ~ 
• T a=25t Vcc=~OV When mounted on PC board 

ClHID 
(f) 

® 
® 
~ 
® 
@ 

20 40 60 80 100 

DUTY CYCLE (%) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54975P 

BI·CMOS 8·BIT SERIAL·INPUT,LATCHED DRIVER 

DESCI;UPTION 
The M54975P is a semiconductor integrated circuit fabri­
cated using Bi-CMOS technology. It contains a serial input 
to serial/parallel output 8-bit CMOS shift register and 
CMOS latch as well as bipolar 8-bit parallel-output driver. 

FEATURES 
• Serial input to serial/parallel output 
• Cascade connections possible through serial output 
• Latch circuit included for each stage 

• Enable input for output control 
• Low supply current····················· Icc;';1O,uA at standby 

• Senal input/output level is compatible with standard 
CMOS 

• Driver: Withstand voltage .......................... BVcEQ;';30 

Large drive current······ ........ (lo(max)=300mA) 

• Wide operating temperature range···· Ta=-20-+75"C 

APPLICATION 
Thermal printer head dot driver, Serial-to parallel conv,er­
Sian, Relay and Solenoid driver 

FUNCTION 
The M54975P consists of an 8-bit D-type flip-flop, the out­
put of which is connected to 8 latches. 
When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T) , an "L" to "H" 
change of the clock will cause the data input signals to en­
ter the internal shift registers and the data in the shift regis­
ters will be shifted in order. 

Using a number of M54975P units for bit expansion in 

BLOCK DIAGRAM 

01 03 04 

Vee 

EN 

LATCH 

S-IN 

T 

PIN CONFIGURATION (TOP VIEW) 

CLOCK T-> 

SERIAL INPUT 

LOGIC GND L-GND 

Vee 

SERIAL OUTPUT S-OUT-

LATCH INPUT LATCH-> 

ENABLE INPUT EN 

DRIVER GND P-GND -> 08 

Outline 16P4 

PARALLEL 
OUTPUTS 

series will entail connecting serial output (S-OUT) to S-IN 
of the next-stage M54975P. 

In parallel output, when the latch input is set to "H" and the 
output-control input (enable input EN) is "L", a clock pulse 
changing from "L" to "H" will cause the serial data input 
signal to appear at output 01, and the data will be shifted In 

order at outputs 02-08. 

The parallel output will yield a signal that is inverted with 
respect to the serial data input. 

Setting the LATCH input to "L" will prevent data from enter­
ing the latch. 

When the EN input is set to "H", all outputs (01-08) will 

be set to OFF. Since the internal logic state Df the IC is un­
certain at power-on time, set the EN input to "H" (and out­

puts 01-08 will set to OFF) until the input data is set and 

06 08 

, 

t P-GND 

I 

S-OUT 

I 

____________ J 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54975P 

BI·CMOS a·BIT SERIAL·INPUT,LATCHED DRIVER 

the internal logic state has been determined. 08), which is made up of bipolar transistors that are cap-

L-GND is the ground of the CMOS logic circuit section and able of driving large currents. 
P-GND is the ground for the output driver section (01-

TIMING CHART 

S-IN -.J 
T 1111 1111 

LATCH 

EN 

Of 

02 

03 

04 

Os 

06 

07 

08 

JIll 

U 
U 
U 

L.JLJI'----__ _ 
1111 II II II II 

u--tJ"I"""--_---' 
~ 

U L1'"""1-J 

11111111 

r-----------~r--------U 
U ~ 

L...J 
L-J 

S-OUT 0/1///////1/4 '--__ ..... r--1 ... __ n..fL 
-The stage of the shaded areas is uncertain. 

INPUT/OUTPUT CIRCUIT SCHEMATICS 

INPUT WITH PULL-UP RESISTOR 
(EN, LATCH) 

Vee 

L-GND 

3 SERIAL OUTPUT 
(S-OUT) Vee 

L-GND 

2-538 

2 INPUT WITH PULL-DOWN RESISTOR 
(T, S-IN) 

PARALLEL OUTPUT 
(01~08) 

P-GND 

Vee 

L-GND 

i 
I 
I 
I 
I 
I 
I 

I 
L-GND---...J 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS497SP 

BI.CMOS I-BIT SERIAL.INPUT,LATCHED DRIVER 

ABSOLUTE MAXIMUM RATING (Ta=-2O-+75t, unless otherwise noted) 

Symbol Parameter Conditions Rallngs 

Vcc Supply voltage -0.5-+8 
V, Input voltage -0. 5-Vee+0. 5 

Vo Output voltage 
S·OUT -0. 5-Vee+0. 5 
01-08 : Output is OFF -0.5-+30 

10 Output Current 01-08 : Output Is ON 350 
Pd Power dissipatIon Ta=25t 1.25 
Topr Operating temperature -20-+75 
Tstsl Storage temperature -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-2O-+75'1: unless otherwise noted) 

Symbol Parameter ConditIons 

Vee Supply voltage 

Vo Applied output voltage 01-08 : When output IS OFF 

10 Output current (per circuit) 
01-08 : All outputs ON simultaneously 

Duty cycle less than 15% 

ELECTRICAL CHARACTERISTICS (Ta=+25'1:. Vcc=5V, unless otherwise noted) 

Symbol Parameter - Test conditIons 
Test pin 

V,H High-level Input voltage 
Ta=-20-+75t 

V ,L Low-level Input voltage 
1,2 

R'N input resistance 
6,7 

VOH High-level output voltage 
I 10 l,.ll'A 

VOL Low-level output voltege 
5 

10H High-level output current VoH=4.5V 

10L Low-level output current VoL=0.4V 

VOL1 IOL=100mA 

VOL2 Low-level output voltage IOL-200mA 
9-16 

10L=300mA VOLS 

IOLK Output leakage current Vo=30V 

Icc1 Inputs free, all driver outputs OFF 
Supply current 4 

Ice2 Driver output: 1 CorCUlt ON 

REQUIRED TIMING CONDITIONS (Ta=-20-+75'1:, unless otherwise noted) 

Symbol 

f(T) 

tW(T) 

tW(L) 

tsu 

th 

td(T-L) 

tr(T) 

tf(T) 

Clock frequency 

Clock pulse width 

Latch pulse width 

Data setup lime 

Data hole time 

Clock-latch time 

Clock pulse rise time 

Clock pulse fall time 

Parameter Test conditions 

Input duty cycle 40-60% 

• MITSUBISHI 
"'ELECTRIC 

LimIts 

Min Typ Max 

4 5 6 

30 

300 

LimIts 

Min Typ Max 

0. 7Vee Vee 

0 0.3Vee 

50 -
4.9 -
- 0.1 

-100 -
400 -
- 1.2 

- 1.4 

- 1.6 

- 50 

- 10 

- 1.7 

Limits 

Min Typ Max 

2 

200 

200 

100 

100 

400 

500 

500 

Umt 

V 

V 

V 

rnA 
W 

t 
t 

UnIt 

V 

V 

rnA 

Umt 

V 

V 

kO 

V 

V 

J.lA 
J.lA 
V 

V 

V 

J.lA 
J.lA 
rnA 

Unit 

MHz 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS497SP 

BI.CMOS 8-BIT SERIAL·INPUT, LATCHED DRIVER 

TIMING DIAGRAM 

S-IN 

T 2.5V 

LATCH 2.5V 

SWITCHING CHARACTERISTICS (Ta=+25'C, Vcc=5V) 

Limits 
Symbol Parameter Conditions Unit 

Min Typ Max 

tpLH 
Low to high-level output propagation time 

0.3 pS 
(Input T to output S-OUT) 

tpHL 
High to low-level output propagation time 

V'H=5V 0.3 pS 
(Input T to output S-OUT) 

Low to high-level output propagation time 
VIl=OV 

tpLH 
(Input T to output 0;;) 

RL : S-OUT=oo 10 pS 

High to low-level output propagation time 
RL : 0;;=1000 

tpHL 
(Input T to output 0;;) 

(N=I-S) 2 pS 

Low to high-level output propagation time 
CL=15pF 

tpLH 
(Input EN to output 0;;) 

(Note 1) 10 pS 

tP;HL 
High to lOW-level output propagation time 

2 "S (Input EN to output 0;;) 

(Note 1) TEST CIRCUIT 

INPUT Input waveform is taken as tr",20ns and tj",20ns 

CL includes wiring stray capacitance and probe input capacitance. 

50n 

TIMING DIAGRAM 

T 

S-OUT 

EN 

2-540 

ELEMENT ~--~---o OUTPUT 
UNDER TEST 

2.5V 

2.5V 2.5V 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS497SP 

BI-CMOS 8-BIT SERIAL-INPUT,LATCHED DRIVER 

TYPICAL CHARACTERISTICS 

~ 
U 
0.. 

Z 
0 
;:: 
<C 
0.. 
Cii 
C/) 

B 
cr: 
w 
~ 
0 
0.. 

'< 
E 
~ 

.2 

'f-
Z 
w 
cr: 
cr: 
:::> 
() 

f-
:::> 
0.. 
f-
:::> 
0 

THERAL DREATING 

1.5 

1.0 ~ 
~ 

0.5 

25 50 75 100 

AMBIENT TEMPERATURE T aCC) 

DUTY CYCLE VS 
PERMISSIBLE OUTPUT CURRENT 

400 

300 ."'- CD 

~\ C\. "'- ""i'. ......... (2) 

200 

100 

"\ to ~ "'- r'-- ..... 
• Ta=75'C I"\~ ......... t-.... r-.... ........@ 

• Repetition ....... ~ ~ ~ --@ 
...., ® -frequency> 10Hz ...... r-.:::: ::::::: ::=::::-• Number in 0 indicate 

the number of output "-
circuits that operate simultaneously -

® 
CJJ 
@ 

o 
o 

• Current values are per circuit I I 
20 40 60 80 

DUTY CYCLE (%l 

100 

f­
Z 
w 
cr: 
cr: 
:::> 
() 

f­
:::> 
0.. 
f­
:::> 
o 

DUTY CYCLE VS 
PERMISSIBLE OUTPUT CURRENT 

40 0 

30 0 
'\.I'\. 

f'..: ,"" ...... ......... r-.... @ 

0 
-.....: :-...... :"-r-.. r--... 

............ r-.... ~ 
20 

• Ta=25'C -• Repetition frequency> 10Hz 
• Number in 0 indicate the number _ r-

of output circuits that I I I 
operate simultaneously 

100 

o • Current values are per circuit 

o 20 40 60 80 100 

DUTY CYCLE (%) 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4976P 

BI-CMOS I-BIT PARALLEL-INPUT, LATCHED DRIVER 

DESCRIPTON 
The MS4976P is a semiconducnductor integrated circuit 
fabricated using Bi-CMOS technology. It contains bipolar 8 
output drivers of CMOS latch. 

FEATURES 
• Enable input for output control 
• Low supply current ........ · ........ ·, .. Icc~10,uA at standby 

• Input level is compatible with standard CMOS 
• Driver: Withstand voltage .......................... BVCEO;;';30 

Large drive current .... ·· ........ (lo(max)=300mA) 

• Wide operating temperature range .... Ta=-20-+7S'C 

APPLICATION 
Thermal printer head dot driver, Relay driver, Solenoid 
driver 

FUNCTION 
When data is applied to inputs IN1-IN8 and LATCH input is 
set to "H", the data will be'latchedance with the truth table. 
Note that when an "H" signal is applied to the RESET input, 
the latch will maintain the reset state. 
When the EN input is set to "L" and the data maintained in 
the latch are "H", the corresponding output will be ON and 
become "L". 
When both the LATCH and RESET inputs are "L", the latch 
will maintain the prior state irrespective of input signals 
IN1-IN8. 

BLOCK DIAGRAM 

PIN CONFIGURATION (TOP VIEW) 

RESET INPUT RESET - 1 

LATCH INPUT LATCH - 2 

IN1-

IN2-

IN3-

INPUTS 
IN4-

IN5-

ENABLE INPUT 

Vee 

OUTPUTS 

GND COMMON 

Outline 22P4 

IN5 IN6 IN? INS GND 

2-542 • MITSUBISHI 
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TRUTH TABLE 
INPUTS OUTPUT On 

INn LATCH RESET EN 1-1 1 

L H L L X H 

H H L L X L 

X X H X X H 

X X X H X H 

X L L L L L 

X L L L H H 

LOGIC DIAGRAM (1 CIRCUIT) 

INn o-,...,:)o--4-Oo-+-::I 

-- ----- ---- ------ --., 
LATCH I 

I 
I 
I 

RESET o-r-r:)o----~-...J 

MITSUBISHI BIPOLAR DIGITAL ICs 

MS4976P 

BI-CMOS a-BIT PARALLEL-INPUT, LATCHED DRIVER 

L: "L" level 
H : "H" level 
X : Irrelevant 
t-1 : Previous slale 
I : Present slale 
Oulpul H is in the OFF slate 
Oulpul L is in Ihe ON slale 

ENo-~~------~--------~ 

(n=I-8) 

INPUT/OUTPUT EQUIVALENT CIRCUIT SCHEMATICS 

INPUT CIRCUIT 

Vee 

INn o---.--JW\r--'~ 

R'N 

GND 

2 OUTPUT CIRCUIT 

. • MITSUBISHI 
;"ELECTRIC 

GND 

COM 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4976P 

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER, 

ABSOLUTE MAXIMUM RATINGS (T8 =-20·C-+75"C. unless otherwise noted) 

Symbol Parameter Condltrons Rat,"g~ 

Vee Supply voltage -0.5-+8 

V, Input voltage -0. 5-Vee+0. 5 

Vo Output voltage Output IS OFF -0.5-+30 

10 Output current Output IS' on 350 

Pd Power diSSIpatIon Ta-25'C 1.42 

Topr Operating temperature -20-+75 

Tstg Storage temperature -55-+125 

RECOMMENDED OPERATING ·CONDITIONS (Ta=-20-+75"C. unless otherWise noted) 

Symbol Parameter CondItIons 

Vee Supply voltage 

Vo Applied output voltage When output IS OFF 

10 Output current (per Circuit) 
All outputs ON sImultaneously 

Duty cycle less than 25% 

ELECTRICAL CHARACTERISTICS (Ta=+25"C. Vcc=5V. unless otherwise noted) 

Symbol Parameter 

V ,H High-level rnput voltage 

V'L Low-level Input voltage 

R'N Input resistance 

VOLl 

VOL2 Low-level output voltage 

VOL3 

IOLK Output leakage current 

V F Clamp diode forward current 

IR Clamp diode reverse current 

Iccl 
Supply current 

Icc2 

2-544 

f------ Test conditions 
Test pm 

1-10 Ta=-20-+75'C 

22 

IOL=100mA 

13-20 IOl=200mA 

IOl=300mA 

13-20 Vo=30V 

13-20 
1,=300mA 

VR=30V 

21 
All Inputs are OV. all outputs OFF 

Output: , CIrcUIt ON 

• MITSUBISHI 
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LImits 

MIn' Typ Max 

4 5 6 

30 

300 

LImits 

Mrn Typ Max 

0. 7Vee Vee 

0 0. 3Vee 

50 

1.2 

1.4 

1.6 

50 

2 

50 

10 

1.4 

UnIt 

V 

V 

V 

rnA 
W 
"C 

'C 

Unit 

V 

V 

rnA 

UnIt 

V 

V 

kG 

V 

V 

V 

pA 
V 

pA 
pA 
rnA 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4976P 

BI-CMOS 8-BIT PARALLEL-INPUT, LATCHED DRIVER 

REQUIRED TIMING CONDITIONS (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter 
Limits 

Test conditions 
Min Typ 

tw(U Latch pulse width 0,1 

tW(R) Reset pulse width 0,1 

tsu Data setup time 0 

th Data hold time 0,1 

TIMING DIAGRAM 

INn 
-----j-\ ,50% t,/50%------------- -- Vee 

_ L ______ ~ - W 

tsu th 

_Y:% 1~_0% _ 1- twlC) J\ 
LATCH 

RESET ________________________ ~% 'k~~O%_O __ _ 

'L tWIRl J' 
SWITCHING CHARACTERISTICS (Ta=+25'C, Vec=5V) 

Symbol Parameter 

tPLH 
Low to high-level output propagation time 

(Input LATCH to output On) 

tpHL 
High to low-level output propagation time 

(Input LATCH to output On) 
Low to high-level output propagation time 

tpLH 
(Input EN to output On) 
High to low-level output propagation time 

tpHL 
(Input EN to output On) 

tpLH 
Low to high-level output propagation time 

(Input RESET to output On) 

TIMING DIAGRAM 
INn 

LATCH 

EN 

RESET 

On 

Test conditions 

V'H=5V 

VIL=OV 

RL=100n 

CL =15pF 

(Notel) 

• MITSUBISHI 
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Min 

2,5V 

Limits 

Typ 

(0,6) 

(0,1) 

(0,6) 

(0,1) 

(0,6) 

2,5V 

Unit 
Max 

,uS 
,uS 
,uS 
,uS 

Unit 
Max 

2 ,uS 

0,5 ,uS 

2 ,uS 

0,5 ,uS 

2 ,uS 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54976P 

BI-CMOS S-BIT PARALLEL-INPUT. LATCHED DRIVER 

(Note 1) TEST CIRCUIT 

2-546 

~ 
"0 
0-

Z 
0 
1= 
<{ 
0-
00 en 
0 
f£ 
w 
~ 
0 
0-

I­
Z 
W 
f£ 
f£ 
:;:) 
() 

I­
:;:) 
0-
I­
:;:) 

o 

INPUT 

ELEMENT 1-----1'---0 OUTPUT 
UNDER TEST 

50n 

• Input waveform is taken as tr~20ns and tf~20ns 
• CL includes wiring stray capacitance and probe input capacitance 

THERMAL DERATING 

1.5 400 

~ "< 
E 

30 
~ 0 

1.0 

~ 
.!1 

I-
Z 
w 

20 f£ 
f£ 

0 
:;:) 
() 

0.5 I-
:;:) 

DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 

i'o.. 

-.......:: t--. i"""--
r---.: 

• Ta=25'C 

CD-@) 
® 
® 
(j) 
® 

0-
10 I-

:;:) 

0 

r. Repetition freguency > 10Hz 
Or' Numbers in 0 indicate the number-

of output circ'"its that rPe\ate "( 
r- simultaneously. I 

o 
o 25 50 75 100 

AMBIENT TEMPERATURE T a('C) 

DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 

40 0 

30 0 
i'o.. 1 

'" ~ :'-... i'-. """"'3 
~ ~ '" t'--

....... r--.... 
0 ....... 4 

--......: ~ ~ r--1"--5 
20 

• Ta=75'C ......... 
6 

r-...:: f::::r-c-. Repetion frequency>10Hz 
r • Numbers in 0 indicate the number _ 

of output CircUIts that operate J. -.1 
r simultaneously. I II 

• Current values are per circuit. 

100 

o 
Q 20 40 60 80 100 

DUTY CYCLE (%) 

a 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54977P 

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER 

DESCRIPTION 
The M54977P is a semiconductor integrated circuit fabri­

cated using Bi-CMOS technology. It contains a serial input 
to serial/parallel output 12-bit CMOS shift register and 
CMOS latch as well as bipolar 12-bit parallel-output driver. 

FEATURES 
• Serial input to serial/parallel output 
• Cascade connections possible through serial output 
• Latch circuit included for each stage 
• Enable input for output control 
• Low supply current .................... · Icc;';;1O,uA at standby 

• Serial input/output level is compatible with standard 
CMOS 

• Driver: Withstand voltage .......................... BVCEO;';;30 
Large drive current .............. (lo(max)=200mA) 

.W~~~~~~~re~e····~~~+~ 

APPLICATION 
Thermal printer head dot driver, Serial-to parallel conver­
sion, Relay, solenoid driver 

FUNCTION 
The M54977P consists of an 12-bit D-type flip-flop, the out­

put of which is connected to 12 latches. 
When data is applied to the serial data input (S-IN) and a 
clock pulse is applied to clock input (T) , an "L" to "H" 
change of the clock will cause the data input signals to en­
ter the internal shift registers and the data in the shift regis-

BLOCK DIAGRAM 

01 03 04 06 

PIN CONFIGURATION (TOP VIEW) 

CLOCK INPUT 

SERIAL INPUT 

LOGIC GND L-GND 

Vee 

SERIAL OUTPUT S-OUT-

LATCH INPUT LATCH-

ENABLE INPUT 

1 012- 8 
OUTPUTS 

011-

DRIVER GND P-GND 

Outline 

ters will be shifted in order. 

20P4 

PARALLEL 
OUTPUTS 

Using a number of M54977P units for bit expansion in 
series will entail connecting serial output (S-OUT) to S-IN 

of the next-stage M54977P. 
In parallel output, when the latch input is set to "H" and the 
output-control input (enable input EN) is "L", a clock pulse 

changing from "L" to "H" will cause the serial data input 
signal to appear at output 01, and the data will be shifted in 
order at outputs 02-012. 
The parallel output will yield a signal that is inverted with 

07 08 09 010 OTT 012 

+P-GND 

I 

I 
I 

I 

5 S-OUT 

I 

3 

L-GND 

___________________ J 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977P 

BI·CMOS 12.BIT SERIAL·INPUT,LATCHED DRIVER 

respect to the serial data input. and the internal logic state has been determined. 
Setting the LATCH input to "L" will prevent data from enter­
ing the latch. 

L-GND is the ground of the CMOS logic circuit section and 

P-GND is the ground for the output driver section (01 -
012), which is made up of bipolar transistors that are cap­
able of driving large currents. 

When the EN input is set to "H", all outputs (01-012) will 
be set to OFF. Since the internal logic state of the IC is un­
certain at power-on time, set the EN input to "H" (and out­

puts 01 - 012 will set to OFF) until the input data is set 

TIMING CHART 

2-548 

S-IN 

T 

LATCH 

EN 

aT 

02 

03 

04 

05 

06 

07 

08 

09 

111111 111111 

U 

U 
U 
U 
U 
U 
U 

111111 111111 III III III III 111111111111 

I I 

~------~ 
U L..J"L..-J 
U L..JL.J 
U LJI..J 
LrI.JLJ 
LrL...rL..J 
u--LJLJ 

LrLJ L--_IU 
010 -------u--u ..... _ ....... 1. 
OTT -------. u--u 
012--------u----u 

S-OUT 7/1II11iI/l!i:J r--lL--__ --J 

* The stage of the shaded areas is uncertain 
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MITSUBISHI BIPOLAR DIGITAL ICs 

M54977P 

BI-CMOS 12-BIT SERIAL-INPUT,LATCHED DRIVER 

INPUT/OUTPUT CIRCUIT SCHEMATICS 

3 

INPUT WITH PULL-UP RESISTOR 
(EN, LATCH) 

SERIAL OUTPUT 
(S-OUT) 

Vee 

L-GND 

Vee 

L-GND 

2 

4 

INPUT WITH PULL-DOWN RESISTOR 
(T, S-IN) 

Vee 

L-GND 

PARALLEL OUTPUT 
(01-012) 

) 

I 
I 

: 
I 

* I 

P·GND : 
I 
I 

L-GND--- .J 
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MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977P 

BI-CMOS 12-BIT SERIAL-INPUT;LATCHED DRIVER 

ABSOLUTE MAXIMUM RATING (Ta=-20-+75'C, unless otherwise noted) 

Symbol Parameter Conditions Ratings 

Vee Supply voltage -0.5-+8 

V, Inpul vollage -0. 5-Vee+0. 5 

S-OUT -0. 5-Vee+0. 5 
Va Outpul voltage 

01-012: Output IS OFF -0.5-+30 

10 Oulput Current 01-08 : Output is ON 250 

Pd Power dissipation Ta=25"C 1. 25 

Topr Operating temperature -20-+75 

Tstg Storage temperature -55-+125 

RECOMMENDED OPERATING CONDITIONS (Ta=-20-+75'C unless otherwise noted) 

Symbol Parameter Conditions 

Vee Supply voltage 

Va Applied output voltage 01-012 : When output Is OFF 

10 Outpul current (per cirCUit) 
All outputs ON Simultaneously 

Duty cycle less than 20% 

ELECTRICAL CHARACTERISTICS (Ta=+25"C, Vcc=5V, unless otherwise noted) 

Symbol Parameter 

V,H High-level input voltage 
, V ,L Low-level Input voltage 

RIN Input resistance 

VOH High-level output voltage 

VOL Low-level output voltage 

10H High-level oulpul current 

10L Low-level outpul current 

VOL1 

VOL2 
Low-level output voltage 

IOLK Output leakage current 

Icc1 
Supply current 

lee2 

2-550 

c---- Test conditions 
Test pin 

1,2 Ta=-20-+75"C 

6,7 

5 I 10 I ::;;II'A 

VoH=4.5V 
5 

VOL=O.4V 

10L=100mA 
8,9 

IOL-200mA 
11-20 

Vo=30V 

Inputs free, all dnver outpuls OFF 
4 

Onver oulpul : 1 cirCUit ON 

• MITSUBISHI 
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Limits 

Min Typ Max 

4 5 6 

30 

200 

Limits 

Min Typ Max 

0. 7Vee Vee 

0 0. 3Vee 

50 -
4.9 -
- 0.1 

-100 -
400 -
- 1.2 

- 1.4 

- 50 

- 10 

- 1.25 

Unll 

V 

V 

V 

rnA 

W 

"C 
"C 

Unit 

V 

V 

rnA 

Unit 

V 

V 

kO 

V 

V 

IJA 

IJA 

V 

V 

IJA 

IJA 

rnA 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977P 

BI·CMOS 12.BIT SERIAL·INPUT,LATCHED DRIVER 

REQUIRED TIMING CONDITIONS (Ta=-20-+75"C. unless otherwise noted) 

limits 
Symbol Parameter Test conditions 

Min Typ 

f(T) Clock frequency Input duty cycle 40-60% 

tW(T) Clock pulse width 200 

twcu Latch pulse width 200 

tsu Data setup time 100 

th Data hola time 100 

td(T-L) Clock-latch time 400 

trCT) Clock pulse rise time 

tf(T) Clock pulse fall lime 

TIMING DIAGRAM 
~----------------I 

DATA INPUT S-IN 2.5V 

tsu 

CLOCK INPUT T 

td(T-Li 

LATCH INPUT LATCH 

SWITCHING CHARACTERISTICS (Ta=+25"C. Vcc=5V) 

Symbol Parameter 

tpLH 
Low to high-level output propagation time 

(Input T to output S-OUT) 

tpHL 
High to low-level output propagatIOn time 

(Input T to output S-OUT) 

Low to high-level output propagation time 
tpLH 

(Input T to output 0.) 

High to low-level output propagation time 
tpHL 

(Input T to output 0.) 

Low to high-level output propagation time 
tpLH 

(Input EN to output 0.) 

tpHL 
High to low-level output propagation time 

(Input EN 10 oulput 0.) 

TIMING DIAGRAM 
T 

S-OUT __ +....J 

EN 

2.5V 

Test conditions 

V'H=5V 

VIL=OV 

RL : S-OUT= co 

R, :0.=1000 

(N=1-8) 

C,=15pF _ 

(Note 1) 

2.5V 
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Limits 

Min Typ 

(0.15) 

(0.15) 

( 2) 

( 0.5) 

( 2) 

( 0.5) 

Unit 
Max 

2 MHz 

nS 
nS 
nS 
nS 
nS 

500 nS 
500 nS 

Unit 
Max 

0.3 }"S 

0.3 }"S 

10 }"S 

2 ,"S 

10 ,"S 

2 ,"S 

2-551 



MITSUBISHI BIPOLAR DIGITAL ICs 

MS4977P 

BI·CMOS 12·BIT SERIAL·INPUT,LATCHED DRIVER 

(Note 1) TEST CIRCUIT 

INPUT 

PG 1---+----1 ELEMENT 1----+--0 OUTPUT 
UNDER TEST 

• Input waveform IS taken as tr;>;20ns and tf;>;20ns 
CL includes wiring stray capacitance and probe input capacitance. 

TYPICAL CHARACTERISTICS 

2-552 
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0.5 

THERAL DREATING 
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25 50 75 100 

AMBIENT TEMPERATURE Ta(l:) 

DUTY CYCLE VS PERMISSIBLE 
OUTPUT CURRENT 
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