
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































j.lPC1176C 

8.4 Adjustment of Stereo Signal Holding Circuit 

The holding circuit for either 19 kHz or 38 kHz should be adjusted by VR1 connected to pin 7 until the 

waveform becomes flat while watching the waveform on the oscilloscope arranged in the circuit as shown in Fig. 

26. 

1016 

38 kHz (or 19 kHz) 
signal generator 

Pulse generator 

Tw=1 ps 

Vi=200 mV 

___ �_�_�"���n� pulse 

pPC1176C 

T\T\fil\l\T\ 
./\!filllTi/\ 
J\/\/'\iVVi 

1.5 kn 

1 kn 

Sy nch ron iz i ng 
trigger 

Oscilloscope 

(1) In optimum adjustment; 

loop gain = 1 

(2) Out of adjustment; 

loop gain >1 

(3) Out of adjustment; 

loop gain <1 

Fig. 26 Adjustment of Stereo Signal Holding Circuit 
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8.5 Connection with MPX 
On processing by the noise canceller, the signal passes through the LPF (delay circuit) and the phase in the 

high frequency band rotates. In such case, separation becomes poor after stereo demodulation by the next MPX 

stage. This may be remedied by compensating the high frequency output of the noise canceller. See Fig. 27. 

noise canceller ~-~r:i~-"'O"'--: __ M_P_X __ ..I 

J,LPC1176C 

Fig. 27 High Frequency Compensation for Separation Adjustment 

If NEC's MPX IC JlPC1320C, JlPCl187V or JlPC1227V is used, good separation is obtained without 

compensation as shown in Fig. 27, because they are provided with a separation adjusting terminal for com­

pensation. 

9. BASIC CHARACTERISTICS OF JlPC1176C 

Vcc-10 V 
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0.01 
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Fig. 28 Total Harmonic Distortion vs. Input Voltage 
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Vee 10 V 
5 1pinlnput~ 

3 f=100 Hz I 
I 

2 

* I c: 
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'';::; 

.~ 0.5 
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0.01 
0.01 0.020.03 0.05 0.1 0.2 0.3 0.5 2 3 5 
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Fig. 29 Total Harmonic Distortion vs. Input Voltage 
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Fig. 30 Total Harmonic Distortion vs. Input Voltage 
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5 
VCC=10 V 

3 
1pinlnput ~ 

~ 2 
I 

c 
a .;:; 

.~ 
0 0.5 
u 
'c 
a 0.3 
E 
Ctl 0.2 
I Vin=500 mV 
Ctl 

(3 0.1 -I-... ~ 
l-
I 

0 0.05 
I 
r-= 0.03 

0.02 

I" 
~ -, , 

"'" r"t-i' 100mV 

0.01 
20 30 50 100 200 300 500 1 k 2 k 3 k 5 k 10k 20 k 30 k 50 k 

f-Frequency-Hz 

Fig. 31 Total Harmonic Distortion vs. Frequency 
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Fig. 32 Total Harmonic Distortion, Output Voltage vs. Input Voltage 
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20 ~ 
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... V No Signal 
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/'" 

)~ 
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Fig. 33 Circuit Current vs. Supply Voltage 
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Fig. 34 Voltage Gain vs. Supply Voltage 
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lpin Input 
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Fig. 35 Total Harmonic Distortion vs. Supply Voltage 
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Fig. 36 Blanking Time vs. Supply Voltage 
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1pin Input 1 Opin Monitor 
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Fig. 37 Trigger Sensitivity vs. Supply Voltage 
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Fig. 38 Attenuation vs. Input Pulse Level 
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Fig. 39 Blanking Time vs. Input Pulse Level 

10. EPI LOGUE 
Although there is no established method for evaluating the noise canceller, an example is shown in Fig. 40. 

Actual test on an automobile is also considered to be important. 

Noise generator 

Two-signal dummy t-----i 
antenna 

Set under test 

Fig. 40 Block Diagram for Evaluating System 
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EXPLANATION AND TYPICAL APPLICATIONS OF 
THE j.lPC1235C, AN FM MPX IC 

FOR HIGH CLASS STEREO TUNER 

1. EXPLANATION OF THE IlPC1235C 

1-1. Outline 
The ~PC1235C is a semiconductor integrated circuit for FM multiplex demodulator developed for high class 
stereo FM tuners. As the Ie adopts a PLL (phase locked loop) system, complexity of control usually experienced 

when using conventional external coil is eliminated and the demodulator can easily be constructed by simply 
controlling the external semi-fixed potentiometer. 

Internal circuits are composed of a stereo demodulator, a lamp driver, an input stage pre-amplifier that is capable 
of establishing variable input signal levels, a VCO (voltage controlled oscillator) constituting PLL, a phase com­
parator, an LPF (low pass filter), a frequency divider, and a DC amplifier. 
A stereo-monaural automatic switching circuit, a circuit for manual switching, VCO forced stop circuit etc. 
are built-in. 

1-2. Features and Use 

Features 
(1) PLL system can reduce the number of external components and controlling procedures. 
(2) Stereo-monaural switching can be made either automatically or manually from outside. The shock noise at 

switching is reduced considerably. 
(3-) Stereo-monaural switching operation is perfectly synchronized with a stereo indicator lamp. 
(4) Total harmonic distortion is largely improved by the adoption of new circuits. Low distortion can give a 

wide input level. 
(5) Fine adjustment of channel separation can be made with an external semi-fixed potentiometer. Channel 

separation characteristic from low to high pass is improved notably. 
(6) Hight signal-to-noise ratio. 

Use 
FM multiplex demodulator of high class stereo. 

2. CHARACTERISTICS OF THE ~PC1235C 

2-1. Maximum Ratings of the ~PC1235C 

Table 1 Absolute Maximum Ratings (Ta = 25°C) 

ITEM SYMBOL RATING UNIT 

Supply Voltage VCC 15 V 

Lamp Current IL 75 mA 

Package Dissipation Po 400* mW 

Operating Temperature Topt -20 to +70 °c 
Storage Temperature Tstg -40 to +125 °c 

2-2. Recommended Operating Condition of the ~PC1235C 

Table 2 Recommended Operating Condition 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. 

Supply Voltage VCC 9 12 15 

UNIT 

V 



2-3. Electrical Characteristics of the J,.LPC1235C 

Table 3 Electrical Characteristics (Ta = 25°C) 

[VCC = 12 V, f = 1 kHz, R1 = 47 kil, R + L = 270 mY, Pilot = 30 mY] 

CHARACTER ISTIC SYMBOL MIN. TYP. MAX. UNIT 

Supply Current ICC 12 20 30 mA 

40 50 dB 

Channel Separation Sep. 45 55 dB 

35 45 dB 

Voltage Gain AV 8 12 16 dB 

-1.5 0 1.5 dB 
Channel Balance C.B. 

-1.5 0 1.5 dB 

Monaural Total 
T.H.D. 0.01 0.08 % 

Harmonic Distortion 

0.02 % 
Stereo Total 0.02 0.1 % T.H.D. 

.Harmonic Distortion 0.12 % 

Pilot Level for Lamp On L-ON 6 12 20 mVr.m.s. 

Stereo Lamp Hysteresis Hy. 6 dB 

Capture Range C.R. ±1.5 ±3 % 

Ultrasonic Frequency 19 kHz. Rej. 35 dB 

Rejection 38 kHz. Rej. 45 dB 

SCA Rejection SCA Rej. 70 dB 

Maximum I nput Level Yin 0.9 Vr.m.s. 

Signal to Noise Ratio SIN 81 89 dB 

Stereo-Monaural Switching 
1.4 1.6 Vs V 

SW-ON Voltage 

VCO Stop Voltage Vo 7 VCC V 

,uPC1235C 

TEST CONDITION 

No.Signal 

f = 100 Hz 

Pilot = 30 mV f = 1 kHz 

f = 10 kHz 

Monaural, *Vin = 300 mV 

Monaural, Yin = 300 mV 

Stereo, Pilot = 30 mV 

Yin = 300 mV 

f = 100 Hz 
R + L = 270 mV f = 1 kHz 
Pilot = 30 mV f = 10 kHz 

Pilot Level, R 1 = 47 kil 

Pilot Level 

Pilot = 30 mV 

Pilot = 30 mV 

Pilot = 30 mV 

Pilot = 30 mY, SCA = 30 mV 

Monaural, T.H.D. = 1 % 

Yin = 300 mY, After LPF 

No. 16 Terminal Voltage 

Where Stereo Lamp-OFF 

No. 16 Terminal Voltage 

Where VCO Stops 

* AV is from the output level measured at IC output terminal. AV can be set by R 1, and the input impedance. 
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2-4. Test Circuit of the J,lPC1235C 

MPX Input C2 

C3 

r500PF 

For Measuring 

ICC + 
100~F C,- -

R5 

22kn. 
10kn. 

lO~F 

R3 
22kn. 

10kn. 

lO~F 

R4 

R2 

47kn. 

C5 

1000pF 

Sep. Adj. 

500kn. VR 

C6 

1000pF 

LPF 
veo Adj. 
Sep Adj. 

S1 
S2 
S3 

R7 C13 
+ -

3.3kn. lO~F 

lO~F 
Rg + -

3.3kn. C14 

BL-13 (K.K KORIN) 

LPF 

19kHz Monitor 

Lamp Protecting 
Resistor 

Rch-OUT 

Lch-OUT 

veo tuning semi-fixed potentiometer 
Separation adjusting semi-fixed potentiometer 

Vee ON-OFF SW 
SW for 19 kHz monitor 
VCO stop SW 

Fig. 1 Test Circuit for Electrical Characteristics (Top View) 

NOTES: 
1. Use polystyrene capacitors for that connected to No. 15 terminal to compensate' the temperature coef. of 

veo. 
2. For adjusting the veo oscillation frequency, make S2 open, connect the frequency counter to No.9 

terminal 19 kHz monitor and then set by varying the semi-fixed potentiometer veo Adj. connected to 
No. 15 terminal. 

3. For separation adjustment, vary the semi-fixed potentiometer Sep. Adj. connected between terminals 

No.4 and No.5 to set at the best point. 



2-S.Package Dimensions of the J.LPC123SC 

NOTE: Numerical values show TYP. values unless otherwise designated. 

X1P
N

, • 

" .. ::; on 

'" "! .. .., 
i 
~ 

M 

O.~O.l 

Fig.2 Package Dimensions of the J.LPC123SC (Unit: mm) 

3. FUNCTIONAL BLOCK DIAGRAM OF THE J.LPC1235C 

3-1. Functional Block Diagram of the J.LPC1235C 

ST-MONOSW 
veo STOP 

sw 

Fig.3 Functional Block Diagram of the J.LPC1235C 

3-2. Terminal Connection 

Table 4 Terminal Connection 

No. Connection No. Connection 

........... -+-~STEREO 
SWITCH 

t----+-~LAMP DRIVER 

1 VCC 9 ST. LAMP & 19kHz MONITOR 

2 PRE AMP INPUT 10 SWITCH FI L TER 

3 PRE AMP OUTPUT 11 SWITCH FI LTER 

4 POST AMP BIAS 12 DETECTOR INPUT 

5 POST AM P BIAS 13 LOOP FILTER 

6 R-CH OUTPUT 14 LOOP FI LTER 

7 L-CH OUTPUT 15 OSC RC. NETWORK 

8 GND 16 ST.-MONO SW & VCO STOP 

,uPC1235C 
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3-3. Typical Voltage of Each Terminal 

Table 5 Typical Voltage of Each Terminal (VCC = 12 V, Test circuit) 

1 2 3 4 5 6 7 

J,lPC1235C 12 V 2.3 V 5.5 V 9.9 V 9.9 V 5.2 V 5.2 V 

9 10 11 12 13 14 15 

J,lPC1235C - 2.3 V 2.3 V 2.3 V 2.3 V 2.3 V 3.3 V 

3-4. Equivalent Circuit of the J,lPC1235C 

2 3 1213 14 15 

". ".. ~"~ ~ J r- "" "~"'~. 0,. ". 
t'IMooirr-t-t--'T'L"" Om ~[J I:, ~ 

5 6 4 7 

0 66 

0 67 

Reo Re2 

10 11 

Fig. 4 Equivalent Circuit of the J,lPC1235C 

3-5. Explanation of the Equivalent Circuit 

(1) Input amplifier and bias supply circuit. 
Bias supply circuit and equivalent circuit of the input 
amplifier are shown in Fig. 5. Regulated voltage Vs is 
expressed by 

9 

INPUT 

8 

0 

16 

0 

R96 

16 

Demodulator Demodulator 
High Low 

8 

and constitutes a constant voltage circuit with a diode 01, 
transistors 01, 02 and a resistor R 1. ,Therefore, Vs is 
constant to variation of the power supply voltage. The input 
amplifier is made up of a preamplifier' consisting of 
transistors 03 to 09, resistors R2 to Ra and a capacitor C1 
and an NF amplifier consisting of transistors 011 to 016 
and resistors R 11 to R 15. Fig. 5 Bias Supply Circuit and Input Amplifier 



J,lPC1235C 

04 and 05 are differential amplifiers and perform low current operation making the multicollector transistor 
03, a current mirror circuit, active load and obtain a high circuit gain. 
The output of the pre-amplifier is supplied to the base of 015, i.e. the input of NF amplifier, through 
Darlington-connected 08, 09 and feedback from the emitter of 013 by R3. 
Improvement of distortion is effected by the NF amplifier and betterment of channel separation is devised 
by eliminating crosstalk component through the feedback resistor inserted in the emitters of 015, 016. 
Gain of the input amplifier is determined by a feedback resistor R3 and an input resistor Ri out fitted to 
No.3 terminal and expressed by following equation: 

A -'- R3 
1 ~Ri 

C1 is a capacitor inserted to stop oscillation and R 11, R 12 are ,resistor inserted for offset voltage 
compensation. Of the composite signal input from No.2 terminal only the pilot signal is passed through LPF 
out fitted to No.3 terminal and lead to the phase detector of PL L circuit. Further, the main signal and 
subsignal of the composite signal are lead to the demodulator through the emitter-follower of transistor ° 10. 

(2) Demodulator 
Fig. 6 shows configuration of the double balance type demodulator. Transistors 060 to 063 are Jhose which 
perform switching by 38 kHz which is a subcarrier injected from the frequency divider. The composite signal 
is input from the bases of 064, 065 and divided into L, R-Ch signals. The resistors R76, R77, R78 inserted 
in the emitters of 064, 065 are, similar to NF amplifier, inserted as feedback resistor to eliminate crosstalk 
component. The switching signal, i.e. a subcarrier of 38 kHz, is 38 kHz that is 50 % of duty cycle obtained 

by injecting the oscillation frequency, 76 kHz, of VCO into one stage bistable multivibrator (flip flop). 

High Low 
R Signal -+--. 38 kHz 38 kHz 

n U 

L Signal-~-+-+-~ 

Fig.6 Demodulator 

(3) Output stage post amplifier 

5 6 R 4 P~;t 7-L-------

Post Amp OUTPUT Amp OUTPUT 
Bias 

Bias Vee O--'V\I'v-~"I"Ir' 
Rf 

Rb 

Fig.7 Output Stage Post Amplifier 

The structure of the output stage post ampl ifier is shown in Fig. 7. 
The L, R signals separated by the demodulator are injected respectively into the bases of 055, 090 of the 
differential amplifier composed of transistors 054, 055 and 089, 090. 
Further, bias is given to the base voltage of 054, 089 to the same voltage (when no signal) as the base 
voltage of 055, 090 by external components through No.5, NO.4 terminals. The transistor 053 is a 
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transistor of multicollector and constant current circuit of the differential amplifier, and the transistors 

058, 059 and 093, 094 are active load. 
The L, R signals amplified by the differential amplifier are output from No.6 (R signal), NO.7 (L signal) 
terminal respectively through the emitter-follower of transistors 056, 091 and feedback to No.5, NO.4 
terminals by external resistors R6, R8. 
Accordingly, gain of the output stage post amplifier can be expressed equivalently from external resistor 
ratio by following equation: 

. Ra//Rb + Rf 
A2 ~. Ra//Rb 

(4) Phase detector and DC amplifier 

DET-IN LPF LPF 
12 1314 

Vs~------~~--~~-----

Fig.8 Phase Detector 
and DC Amplifier 

E

P-7\ I 
a\] 

(a) Input Signal (Pilot Signal) 

:q~ D 
(b) 020 Base Signal (19 .kHz Signal) :q-n--n [ 
(c) 021 Base Signal (19 kHz Signal) 

011 
7 11 

[) 
(d) 024 Base Signal (Output Signal) 

o_[\~~l' 
\j 

(e) 025 Base Signal (Output Signal) 

Fig. 9 Phase Detector 
Input Output Waveform 

f\f\ 
V~ 

(f) Input Signal (Pilot Signal) 

D 
(g) 020 Base Signal (19 kHz Signal) 

n c 
(h) 021 Base Signal (19 kHz Signal) 

I 

(j) 024 Base Signal (Output Signal) 

\J '\ 
(j) 025 Base Signal (Output Signal) 

Fig. 10 Phase Detector 
Input Output Waveform 

Fig. 8 shows structure of the phase detector and DC amplifier. The phase detector is composed of transistors 
020, 021. The 19 kHz pilot signal amplified by the input amplifier is input from No.3 terminal to No. 12 
terminal through LPF being an input signal of the phase detector. The input signal (19 kHz pilot signal) is 
compared with the phase of 19 kHz that is the oscillation frequency of VCO, 76 kHz, divided into 1/4, and 
an output voltage corresponding to the phase difference is generated. When the phase difference between 
the two signals is 90°, the output voltage becomes zero in DC (Fig. 9). 
Fig. 10 shows the waveform when 19 kHz signal advances. That is, (j) becomes high level in DC and (j) 

becomes low level and becomes input of the differential amplifier that constitutes the DC amplifier. 
However, the output waveform is a waveform when LPF out fitted to No. 13, No. 14 terminals are removed. 
When LPF is passed through, the above can be expressed by following equations: 

Here, if the output voltage of the phase detector is assumed to be eo(t), all but fundamental wave are 
attenuated by LPF, hence the following equation: 



,uPC1235C 

Accordingly, an output voltage proportional to cosine of the phase difference of the two signals is generated 
and when the phase difference is 90°, above equation becomes zero and the oscillation frequency of the veo 
is taken to have locked to the input signal. 

(5) veo 
veo (Voltage Controlled Oscillator) is shown in Fig. 11. 
VCO determines high level and low level dividing the reference voltage Vs by resistor, actuates the 
comparator (astable multivibrator) making the level the reference voltage and produces blocking oscillation 
by charging and discharging the capacitor out fitted to No. 15 terminal. 
Now, if transistor 030 is in ON-state, transistors 032, 033 will come to ON state, and the reference-voltage 
of the comparator which is the base voltage of 030 becomes a high level. 
This relation is expressed by following equation: 

Then, current flows from another emitter of 033 and the current charges the external capacitor e to high 
level through the resistor R32-
When charging is completed, transistor 029 becomes ON state and discharged by external resistor R_ 
Then, since 030 is in OFF state, 032, 033 become OFF state and the reference voltage of the comparator 
becomes low level voltage given by the following equation: 

The state is manifested in waveform in Fig. 12. 
In the figure, t1' t2 represent time required for charging and discharging respectively and given by following 

equations: 

c 

VS-VL 
t1 = R32 . e· In ---"«---'=-

VS-VH 

t2 = R . C' In VH 
VL 

Fig. 11 veo 

NO'15ter~:a'~i ~i 
waveform I I 

V I I 

OL; (: 

VHnt I t2 I : 

Q30
base n 

wdveform 

VL ~----

Fig. 12 veo Waveform 
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(6) Divider 

VS----H---~----;---~------~--~----~ 
R38 

040 Collector LnJL 
I I I I I 
I I I I I 
I I I I I 

JUl 
76 kHz 

.n.. LI .n.. 1...[ .rt Lf 

041 Collector II rI I ~ ~ ~ 
I I I I I 

~
'III: 
I I 

04'7 Co I lector I I I 

: : : : I 

T1-0T
' ': I I 
I I I 

048 Co Ilector : I I 
I I I I 
I I I I I 
I I I I 

051 Collector J I: I 
I I i I 1 ::: 

052 Co lIector I! L 
38 kHz 19 kHz 19 kHz 

Fig. 13 Divider Fig. 14 Divider Output Waveform 

Fig, 13 shows the frequency divider. 
These are bistable multivibrator (flip flop), and composed of a frequency divider that produces from 76 
kHz, oscillation frequency of vea, switching signal 38 kHz of duty cycle 50 % required for stereo demodu­
lation, and a frequency divider that produces 19 kHz injected into the phase detector from 38 kHz to con­
trol the veo, and a frequency divider that produces 19 kHz required for driving the stereo indicator lamp 
synchronized with the pilot signal as well as for controlling the stereo switch. 
Fig. 14 gives phase relation of the above. 
The collector waveform of transistor 048 and that of transistor 052 appear at a 90° phase shift. Therefore, 
the collector waveforms of °51,°52 are synchronized with the pilot signal. 

(7) Lamp driver and stereo switch 

38 kHz 38kHz 

l..I JL 

DET-IN (Pilot Signal) Vee 

r-__ ~R6~3 ______ -44-__________ 4-4-__ ~ ______ ~ ___ ~ 19kHz 

to demod ulator 

10 
LPF 

R64 

11 
LPF 

L-.f 19 kHz 

9 
ST LAMP & 19 kHz MONITOR 

Fig. 15 Lamp Driver and Stereo Switch Circuit 
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The lamp driver is shown in Fig. 15. 
The phase detector composed of transistors 066, 067 and resistors R63, R64, R79, R80, R81, R82 performs 
phase detection by the input signal (pilot signal) and 19 kHz divider output signal synchronized with the 
above. The state is expressed in equations as below: 

wS 
ep(t) = Ep cos- t 

Pilot signal 2 

19 kHz divider output signal edt) =~Er (cos ws t -~cos 3 WSt +~cos 5 ws t ... ) 
IT 2 3 2 5 2 

Here, if the output voltage of the phase detector is assumed as eo(t), since all but the standard wave are 
removed by LPF out fitted to No.1 0, No. 11 terminals, equation becomes as below: 

2 
eo(t) =-Ep Er 

IT 

Accordingly, output proportional to the pilot signal is obtained for eo(t) after LPF. 
When the pilot signal is input to the phase detector, difference in voltage level is brought about at No.1 0, 
No. 11 terminals, and the collector current Id069) of 069, flows more than the collector current Id068) 
of 068' . 
Consequently, the current difference AIC = IC (069) -IC (068) becomes unable to be let flow by the 'multi­
collector transistor i.e. active load, thus reducing the base current of 071 by Al c. 
When 071 is turned ON, the collector current flows to the diode 05, and 074 is biased, and, consequently, 
076 is turned ON. Since 076 is a multicollector, flow is effected on the one hand to the divider to turn 
042, 043 of the qivider ON, and the switching signal of 38 kHz is supplied to the demodulator. Thus, 
stereo demodulation is effectuated. 
On the other hand, the current flows to the lamp driver made up of transistors 078 to 080 and light the 
lamp. When the pilot signal is not input, the input level of No.1 0, No. 11 terminals become zero and the 
collector current of 064' 065 constituting the differential is supplied only from 070' Thus, 071 becomes 
OFF, and as no current flows to 05, 076 also becomes OFF. Consequently, 042, 043 become OFF and the 
switching signal of 38 kHz is not supplied to the demodulator and monaural function is effected. At the 
same time, the lamp driver becomes OFF so that the lamp is not lit. 

(8) VCO stop, ST.-MONO switching circuit 
Fig. 16 shows VCO stop and ST.-MONO switching circuit. 
When voltage is supplied to No. 16 terminal, the constant-voltage circuit constituting with transistors 086' 
087, diodes 09, 010 and resistors R94, R96 operates to give bias voltage to the transistor 084 and turns 
031 of VCO ON and 032,033 OFF. Consequently, charge and discharge by the external capacitor at No.15 
terminal are not effected and VCO stops. 
At the same time, as bias is provided to 083 and 075 of the lamp driver is turned ON, 076 becomes OFF 
and the switching signal of 38 kHz is not supplied to the demodulator. Thus charge is made to monaural 
function and lighting is not effected. 

To lamp driver 

Vs 
Vee ...---f-----t-- veo 

16 8 
GND 

Fig. 16 VCO Stop, ST.-MONO Switching Circuit 

1033 



,uPC1235C 

1034 

4. APPLICATION EXAMPLES OF THE ~PC1235C 

4-1. Stereo-Monaural Manual Switching Circuit 

----;0 022;F 11-------------------- 9 

LPF LPF ST. RAMP 
& 19 kH.z MONITOR 

R95 

16 8 
GND 

V S ~ 1 .6 V C>----<> 
ON -+ Stereo-monaural manual 

switching 

Fig. 17 Stereo-Monaural Manual Switching Circuit 

The ~pe1235e, by virtue of synchronization with 19 kHz pilot signal normally input with 19 kHz generated 
within Ie, injects the subcarrier of 38 kHz into the demodulator by driving the lamp driver as well as turning ON 
of the gate circuit. In consequence, stereo multiplex demodulator function is made possible. However, the 
necessity of monaural function at a set point irrelevant to condition of input circuit is considered. Fig. 17 shows 
the operation circuit for such case. 
As mentioned in previous section, when. the constant- voltage circuit is operated by applying voltage to No. 16 
terminal, transistor 075 is turned ON and the gate circuit is turned OFF. Therefore, the subcarrier of 38 kHz 
is not injected to the demodulator and monaural function can be effected forcibly. 
The voltage level then applied to No. 16 terminal is V16 ~ 1.6 V. 
Therefore, stereo-monaural switching becomes possible by virtue of muting voltage from I F stage etc. 

4-2. On Beat Interference When Receiving AM. 
As the ~pe1235e adopts PLL (Phase Locked Loop) system, it has an internal oscillator. While AM receiving, 
the internal oscillation voltage can give interference so that veo becomes necessary to be stopped. 
As stated in foregoing section, when transistor 031 is turned ON and, in consequence, transistors 032, 033 are 
turned OF F, charge and discharge at external capacitor are not effected and the oscillation of veo stops. 
Accordingly, if voltage is applied to No. 16 terminal, transistor 084 becomes ON and 031 becomes OFF. Thus, 
by simply applying voltage to No. 16 terminal, oscillation of veo can be stopped and at the same time, forced 
monaural function becomes possible. Further, as the voltage level at the time of stereo-monaural manual 
switching is 5 ~ V16 ~ 1.6 V, and that when veo stop is Vcc ~ V16 ~ 7 V, individual function is possible ac­
cording to the level of voltage applied. 
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470pF 

----------~ BGNO­
~VCC 

AM-ON Switch 

Fig. 18 VCO Stop Circuit 

4-3. On veo Monitor 
VCO monitor circuit is shown in Fig. 19. 

--------9 ----- ;/ RL 

~VL 
OFF--+ ~;~i~or P.L 
'-------019 kHz Monitor 

Fig. 19 VCO Monitor Circuit 

This is to monitor from No.9 terminal dividing the oscillation frequency 76 kHz of VCO into 1/4 (19 kHz) 
by the divider. 
At this time, monitoring can be performed by making input signal to monaural signal and directly connecting 
the frequency counter to No.9 terminal by cutting off the stereo indicator lamp. VCO oscillation frequency 
is adjusted by means of a semi-fixed potentiometer connected to No. 15 terminal. 

4-4. On Stereo Lamp Lighting Level 
The stereo lamp lighting level can be adjusted, as is clear from the circuit shown in Fig_ 15, by changing the input 

ON level of the differential amplifier circuit made up of transistors 068' 069' 070, 072. 
Generally, when 19 kHz pilot signal increases, the base potential rises, and if it becomes above a certain potential, 
more collector current i2 of 069 flows than the current i 1 of 068' Further, in case the 19 kHz pilot signal is not 
input, as active load 070 is set so that collector current of 068 and 069 becomes i 1 > i2' if it becomes i2 ~ i 1, 
the collector current of 069 cannot be supplied by 070 only. 
Accordingly, deficiency i2-i 1 of the collector current of 069 is reduced from 071 and light the lamp. 
From the above, it will be understood that to charge the lamp lighting level can be performed by charging the 
offset voltage of above mentioned differential amplifier circuit. 
Examples of change are shown in Fig. 20 and Fig. 21. 

-
@ @ R1 

:~ • R R3 

Q]) GY R2 

Fig. 20 Fig. 21 
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4-5. Explanation of External Componentes 

~~N-~----~-+----4-~~~----+-----------~Rch-OUT 

VCC~----------~~--~~~~~--~--~~--~I~----~----------~Lch-OUT 

Fig. 22 Explanation of External Components 

a. Semi-fixed potentiometer for determ.ination of VCO oscillation frequency. 

b. PLL loop LPF. Determines lock range together with PLL loop gain. 

c. Lamp operation LPF. Determines low pass cutoff frequency by internal 
impedance and time constant. When the value of C is large, cutoff frequency 
becomes low. 

d_ 19 kHz veo monitor terminal and stereo indicator lamp. To monitor 19 
kHz switch is turned OFF and to light the lamp switch is turned ON. 

e. Manual monaural switching switch and VCO stop. Then, monaural level 
5 V ~ V16 ~ 1.6 V, veo stop level Vee ~ V16 ~ 7 V. 

f. PLL input coupling capacitor. Divides audio frequency from pilot frequency. 

g. Input coupling capacitor. Effects low pass Fre-characteristics and low pass 
Sep-characteristics. 

h. Input resistor. Determines gain of the input amplifier. 

i. Input registor of output stage post amplifier. Effects gain of amplifier. 

j. Semi-fixed potentiometer for adjusting Sep. 

k. Resistor to determine gain of the output post amplifier. 

I. Output capacitor and resistor. Determines output de-emphasis characteristics. 
Effects gain being feedback resistor of the output post amplifier. 

m. Lamp protecting resistor. 

n. Lamp by-pass resistor 
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4-6. Typical Application (Top View) 

470pF* 

VS~1.6V 
0---..... 
ON Stereo - mono 

manual switching 

ON -+veo STOP 

MPX Input 4.7J..1F R1 
47kn 

~---+----~ 

Vee 
+12V 

22kn 
10kn 

3.3/-lF 

+ 

Fig. 23 Typical Application 

NOTES: 

l00DpF 

Sep. Adj. 

500kn VR 

19kHz monitor 

P.L. 

Lamp protecting registor 

+ - Rch-OUT 

3.3kfl lO/-lF 
3.3kn 

LPF 

lOJ..IF 3.3kn 

+ 
3.3kfl 

LPF 
VCO Adj. 

Sep. Adj. 

*470 pF 

-

Lch-OUT 

BL-13 (Karin giken) 
VCO tuning semi-fixed potentiometer 
Separation adjusting 

semi-fixed potentiometer 
Polystyrene capacitor 

When the unit is used with power supply voltage of less than 12 V, the mid-point electric potential of the 
output terminals 6,7 in the above typical application may change and Total Harmonic Distortion at output 
terminal will increase. 
In this case change the bias resistor 47 kn. between terminals 5, 6 and terminals 4, 7 and keep at mid-point 
electric potential. 
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Example of printed-circuit board (unit: mm) 

t" ~.:~ "'., 'Z-::, '.-<" 9' ';.""~, '"T- ,:' ~ > 

I 
I 

100 

Fig. 24 Example of Printed-Circuit Board 

Outboard components mounted on a printed-circuit board 

+Vcc 
Stereo-Monaural Switching 

o 
VCO STOP 

o 

VCO Adj. 

o· 

Stereo Indicator Lamp 

Rl=47 kn R6 =47 kn 

R2=10 kn R7 =3.3 kn 

R3=22 kn R8 =47 kn 

R4=10 kn R9 =3.3 kn 

R5=22 kn RlO=1.0 kn 

MPX Input 

19 kHz monitor Sep. Adj. 

Rll=15 kn Cl =1 00 IJF C6=1 000 pF 

R12=3.3 kn C2=4.7 IJF C7 =0.22IJ F 

R13=3.3 kn C3=500 pF C8 =1.5IJF 

R14=1.0 kn C4=0.047 IJF C9 =3.3IJF 

R L =Lamp C5=1 000 pF ClO=470 pF 

protet:ting Polystyrene 

resistor capacitor 

o 

L 

o 

(Bottom view) 

o 
<0 

o 
Rch-OUT 

Lch-OUT 

o 

(Bottom View) 

C11 =10 IJF Sep. Adj.=500 kn VR 

C12=10 IJF VCO Adjt=5 kn VR 

C 13=10 IJF BL-13=19 kHz 

C14=10 IJF LPF (Korin giken) 

Fig. 25 Outboard Components Mounted on a Printed-Circuit Board 
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4-7. Typical Performance Characteristics 
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f = 1 kHz 
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,uPC1222C AND ,uPC1222C(R) . THEIR OPTIMUM USAGE 

1 OUTLINE OF J.LPC1222 
The ,uPC1222 is a silicon monolithic integrated circuit operating on a low supply voltage. It includes an FM-

IF .amplifier, FM detecter, AM-M IX, OSC, AM/I F-Amp., AM-detecter, and AGC circuit. 

Its optimum usage is for radio sets and radio cassette sets with 4.5 V power supply, however, its characteristics 

allow it to be used for medium class stereo radio cassette sets. 

2 DIFFERENCE BETWEEN ,uPC1222C AND ,uPC1222C(R) 

,uPC1222C(R) (hereinafter called (R) type) has suffix (R) which stands for "reverse" to indicate that the 

detection characteristic curve of the FM detecter, or so-called S curve, is in reverse to that of J1PC1222C (called 

C type). 

Since their electrical characteristics are, except S curves, utterly same, they can be used without any differ­

ence for sets using no AFC. 

10.7 MHz 10.7 MHz 

Fig. 1-a S curve of C type Fig.1-b S curve of (R) type 

3 THE PROPER USE OF C TYPE AND (R) TYPE 
On designing an FM radio set, its AFC circuit is configured as shown in Fig. 2-a when the set is for domestic 

(Japanese) use, and as shown in Fig. 2-b when for overseas use. 

The circuit shown in Fig.2-b has one more external resistor than that shown in Fig. 2-a and setting of the 

bias is more complicated in the former circuit (Fig. 2-b). 

J.LPC1222C J.LPC1222C 
7 

~J\A,"v--_.U--4~ r-- to OSC 

... 
AFC Circuit OSC Circuit AFC Circuit 

Fig.2-a AFC circuit in the Japanese system Fig.2·b AFC circuit in the American and European systems 1043 
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In these cases, if an (R) type is used for an American or European system, its AFC circuit can be as that shown 

in Fig. 2-a. 

Therefore, same printed circuit boards can be used for domestic and overseas sets whose reception wave bands 

are designed as so-called wide band (76 to 180 MHz). 

Thus, the proper use of pPC1222 is configuring the AFC circuit as shown in Fig. 2-a, and; 

using pPC1222C for domestic sets, and 

using pPC1222C(R) for overseas sets. 

4 DIFFERENCE IN INTERNAL STRUCTURE 
The internal structure of the (R) type is completely same as that of the C type except connections of R48 

and R49. In the (R) type they are connected in reverse to those in the C type. 

FM-OUT FM-OUT 

Fig.3-a pPC1222C Fig.3-b pPC1222C (R) 



/LPC1222C(R), /LPC1222C; 
APPLICATION TO SHORT WAVE BAND 

1 OUTLINE OF IlPC1222C{R), IlPC1222C 
MPC1222C(R) and MPC1222C are FM-I FlAM Tuner System ICs operating at low voltages (V cc=2 V min.) 

and it includes detection circuits. MPC1222C(R) is same as MPC1222C in their characteristics except that their 

FM detection S curves are in reverse to each other. Hereinafter, they are represented by MPC1222. 

2 APPLICATION OF IlPC1222 TO SHORT WAVES 

1) Notices on Designing Oscillation Coils 

1 Making coupling between primary and secondary of oscillation coils as tight as possible: 

When the secondary coil is tightly coupled to the primary, the oscillation frequency is determined by L 

and C of the primary side. On the contrary, if this coupling is loose, oscillation whose frequency is deter­

mined by secondary coil and capacity of inside IC occurs to affect the waveform of oscillation to be intro­

duced into #1 pin and sometimes to stop oscillation. 

2 Making the turn ration of primary and secondary coils large: 

The larger number of turns of the secondary coil enables what is described above ( 1 ). Be careful, 

however, that, by so doing, capacity within the IC affects the primary side to make it sometimes impossible 

to acquire the cover range desinged using the value of L in the primary side. 

I n order to satisfy what are mentioned in 1 and 2 simultaneously, it is a good method to wind the secondary 

coil over the primary as shown in Fig. 1. Split winding, shown in Fig. 2, generally used for short waves is not 

suitable for MPC1222, an oscillation circuit. 

Core 

Lead 

Fig. 1 

Core 

Primary coil 

Secondary coil 
ItZ:z:lZZZ!---,. Primary coil 

Secondary coil 
~---l--. 

Lead 

Fig.2 
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2) Example of Oscillation Coil for Short Wave 

An oscillation coil for short waves made as an example is explained below: 

GND/~~ 

vc ~~ 

Batt 

Coil 

Fig. 3 Coil terminal connection 

o Bobbin: ¢ 7.5 mm 

o Core: 10 MHz 

o Wire material: polyurethane covered copper 

wire 

diameter:O.15 mm 

Table 1 Coil data and Oscillation Frequencies 

Coil No. Inductance No load Q Number of turns Way of winding Oscillation frequency (VC : 80 pF) 

CD-@ 
CD-@ CD -@: 44~T 

No.1 71 Overlap 2.6 - 6.4 MHz 
29I-LH 

(2.52 MHz) @-@: 8~T 

CD-@ CD-® 1:1)- ®: 14~ T 
No.2 74 Overlap 7.6 - 23 MHz 

4.851-LH 
(7.96 MHz) @-@: 3~T 

CD-® 
CD-@ :CD-@: 7~T 

No.3 68 Parallel 19.6 - 42 MHz 
1.241-LH 

(7.96 MHz) @-@: 3~T 

CD-@ CD-® CD-@:3~T 
No.4 66 Parallel 25 - 70 MHz 

0.441-LH 
(25.2 MHz) @-@: 3;l T 

4 

Note 1: Coils are designed so that they match the trackingless variable capacitor (COSC Max.=80 pF) useo for 

MW. 
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2: "Overlap" and "Parallel" in the item of "Way of winding" represent those shown in Figs. 4 and 5 respec­

tively. Winding Coils No.3 and 4 in parallel offers no problem. It is because coupling between primary 

and secondary coils is tight enough due to high frequency. 

#
Primary coil 

_ .. Secondary coil 

Bobbin 

I 
~

primary coil 

__ Secondary coil 

Bobbin 

I 
Lead Lead 

Fig.4 Overlap winding Fig.5 Parallel winding 



+ 

100 n 

JLPC1222C, JLPC1222C(R) 

1FT: CFZ-455C(TOKO} 

AMDET Coil: 7MC-5251Y(TOKO} 

FMDET Coil: 119AC-12747Z(TOKO} 

10 kn 
0.022 J.lF 

2.2kn TI 100 kn 
0.068 "F I v. V. A F 

0.01 J.lF 

L..---4----+-----.-----Q Vee 

+ 
0.022"F I 

3.9 kn 

FM DET Coil 

Fig. 6 Short wave measuring circuit 

* Turn the switch (SW) to CD when M I X gain measuring, and to ~ when total gain measuring. 
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I 
V cc=4 V 

1 1 1 1 1 1 mod.=30 % 

f mod=400 Hz 

601 J: I I I 1 
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I I I 400 40~1 --+-~~+-~~ 
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30 300 
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201 1 1 I I I I I 10 
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APPLICATION OF THE J.lPC1197C INTEGRATED CIRCUIT 
PLL MULTIPLEX STEREO DEMODULATOR 

1. DESCRIPTION 
The J,LPC1197C is a silicon monolithic integrated circuit designed for PLL (Phase Locked Loop) FM multiplex 

stereo demodulator applications in FM stereo radio receivers. The device contains VCO (Voltage Controlled 
Oscillator), phase detectors, LPF (Low Pass Filter), frequency dividers and DC amplifiers for a stereo composit 
signal. It also contains an automatic stereo-monaural switching circuit, a VCO mute circuit for FM/AM radio 
application, a forced monaural switch-over circuit, and an automatic change-over circuit from stereo to monaural 

at low supply voltage. 

2. FEATURES 
(1) Wide operating voltage range. V cc = 4 to 16 V 
(2) Low noise stereo-monaural switch-over. 
(3) Built in switch-over circuit for forced monaural and VCO mute circuits for FM/AM radio application. 

V(#9)~3 V for VCO mute 

0.7 V ::; V (#9) < 3 V for forced monaural 

(4) Automatic switch-over from stereo to monaural at low supply voltage. (V cc ::; 3.5 V) 
(5) No coil is necessary, all tuning is performed with only two potentiometers. 
(6) The terminal (8) is for separation adjust. 

3. PACKAGE DEMENSIONS 

R 1 

O.5±O.1 

UNIT: mm 
Typical values unless 
otherwise noted. 
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4. BLOCK DIAGRAM 

VCO 

STABILISED 
VOLTAGE 
CIRCUIT 

LPF 

COMPOS IT 
SIGNAL 
INPUT 

LPF 

PRE 
AMP. 
OUTPUT 

P.D 
INPUT 

L-CH 
OUTPUT 

19 kHz 
MONITOR 

R-CH 
OUTPUT 

Fig.1 Block Diagram 

LPF 

LAMP 
DRIVER 

5. ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 

ITEM SYMBOL RATING 

Supply Voltage Vce 16 

Package Dissipation Po 350* 

Operating Temperature Topt -20-+75 

Storage Temperature Tstg -40--+125 

6. RECOMMENDED CONDITION (Ta = 25°C) 

ITEM SYMBOL MIN. TYP. 

Supply Voltage Vee 4 9 

LPF 

GND 

UNIT 

V 

mW 

°c 
°c 

MAX. 

16 

STE./MO. SWITCH-OVER 
VCO STOP 

SEPARATION 
ADJUST 

UNIT 

V 

P.D: PHASE 
DETECTOR 

F.D: FREQUENCY 
DIVIDER 



J,lPC1197C 

7. ELECTRICAL CHARACTERISTICS 

(Ta=25 °c, Vcc=9 V,vi=200 mVr.m.s., L=45%, R=45%, PILOT=10%) 

CHARACTER ISTIC SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 

Circuit Current Icc No Signal 7 12 16 mA 

f=100 Hz 30 45 dB 

Separation Sep. f=1 kHz 40 55 dB 

f=10 kHz 30 45 dB 

Total Harmonic 
T.H.D. vi=200 mVr.m.s. Monaural 0.3 0.5 % 

Distortion 

Total Harmonic 
T.H.D. vi=200 mVr.m.s. Stereo 0.2 0.5 % 

Distortion 

Output Voltage vo vi=200 mVr.m.s. Monaural 170 mVr.m.s. 

Channel Balance ch.B vi=200 mVr.m.s. Monaural -2 0 2 dB 

Input Pilot Level for 
LAMP-ON vi=Pilot 4 8 12 mVr.m.s. 

Lamp ON 

Lamp Hysteresis Hys. (LAMP) vi=Pilot 4 dB 

Caputure Range C.R. vi(pilot)=20 mVr.m.s. ±1.5 ±4 % 

Ultrasonic Frequency Rej. (19) vi(pilot)=20 mVr.m.s. 35 dB 

Rejection Rej. (38) vi(pilot)=20 mVr.m.s. 45 dB 

vi(pilot) _ 1 

SCA Rejection Rej. (SCA) 
vi(compsit) - fO, 

70 dB 
vi(SCA) _ 1 

vi (composit) -fO 

Maximum Input Level vi(MAX.) T.H.D.~2 % 500 mVr.m.s. 

Signal To Noise Ratio SIN vi=200 mVr.m.s. 86 dB 

Forced Monaural V (Monaural) Terminal No.9 0.7 V 

VCO Stop V(Stop) Terminal NO.9 2.7 3.0 3.7 V 

Stereo-Monaural 
Vcc(Monaural) Supply Voltage 3.5 V 

Switch-over Voltage 
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8. TEST CIRCUIT 

O.047Il F 

POL YSTYLENE CAPACITOR 

19 kHz 
MONITOR 

Fig.2 Test Circuit 

LOW PASS FILTER: BL - 13 (KaRIN LAB.! 
Transistors Q1 and Q2 should be set so that, the voltage gain 
between the output terminal of the IC and the output terminal 
of the LPF is 0 dB. 

FORCED MONAURAL 
VCO STOP 

SW 

lVB 
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9. EQUIVALENT CIRCUIT 

Fig.3 shows the equivalent circuit of the J..LPC 1197C 

#3 #13 #15 #14 #16 

#7 

#8 #11 #10 #6 #9 #12 

Fig.3 Equivalent Circuit 
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Low pass filter of the PLL loop. Determines 
the locking range and the PLL loop gain. 

Monitor terminal for the oscillation 
frequency of the 19 kHz veo Low pass filter for operating lamp. Determines 

the low region cut off frequency according 

Semifixed resistor for determining the 
oscillation frequency of the VCO. 
Set the resistor so that the oscillation 
frequency of the terminal (10) is 19 kHz 

Input coupling capacitor. This has 
an effect on the low frequency and 
separation characteristics. The low 
region frequency characteristics by 
are determined the time constant 
made in combination with the 
50 kn input impedance. 

C5 
O.047Il F 

-' -+ 
11lF 

Output capacitor 
Determines with the output load 
resistor R. the output de-emphasis 
characteristic 

to the time constant made in combination 
with the internal impedance. 

100kn 
~tolF 

Lamp series resistor. 
Lamp current is determined by 
Vee- VeE(sat) 

R 

1-'- ~ '\f\A - , 0 VB 

Output load resistor. 
-1.4 dB when 3.3 kn 

+ 

o VCC 

100llF 

Fig.4 Description of External Discrete Components 
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11. TYPICAL APPLICATION 

1 J..lF 

·20k.l1 

100k.l1 
..-----+-..JVI/\r----o to IF 

RS 

+ Cll 
- 1 J..lF 

0.047 J..lF 

~----~--------------_+----------------1---~VCC 

L.P.F. L.P. F. 

Rg RlO 
Lout o--+-~'\I'Ir-.__~Vv_-+---o Rout 

3.3 k.l1 3.3 kD. 

Fig. 5 Typical Application 

11-1. Notes for Use 
(1) The J1PC1197C is designed to have a equivalent thermal constant to a polystylene capacitor. 
(2) In the application which the terminal (9) is connected to the terminal (1) to force monaural or to stop 

VCO, when the supply voltage is over 10 voltages, insurt a resistor which have a value shown by the 

next equation. 

1.1 { Vcc (MAX.) - 10 } ~ R ~ 2 { Vee (MAX.) - 4 } 

Vcc (MAX.): Maximum voltage ofa power supply 
Vcc (MIN.) : Minimum voltage of a power Supply 
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11-2. Printed wiring board (Copper side) 

E 
E 

L!1 
to 

105mm 

Fig.6 Printed Wiring Board 

11-3. Components layout for P.W. assembly (Copper side) 

E 
E 

L!1 
to 

Rl=18kn 
vRl=5kn 
R3 = 1 kn 
R4 = 100 kn 
R5 = 3.3 kn 
R6 = 3.3 kn 

R7 = 330 n 
R8 = 100 kn 
Rg = 3.3 kn 
RlO = 3.3 kn 

105mm 

Cl = 470 pF * POL YSTYLENE 
C2 = 0.331lF CAPACITOR 

C3 = 1 IlF 
C4 = 2.21lF 
C5 = 0.047 IlF 
C6 = 1 IlF 

Fig.7 Components Layout for P.W. Assembly 

L 

N"EC 
C1197 

R 

C7 = 0.015~F 

C8 = 0.0151lF 
Cg = 3.3 ~F 
ClO = 3.31lF 
Cll = 1 IlF 
C12 = 100 IlF 
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12. DESCRIPTION OF CIRCUIT 

12-1. Stabilized Voltage Circuit 
The equivalent circuit of the stabilized voltage Cir­

cuit is shown in Fig. 8. In Fig. 8 the stabilized voltage 
Vs is expressed by the equation (1) I the reference vol­
tage Vr is expressed by the equation (2). Both are 
constant against variations of the power supply. 

Vs = R 11 + ~ 12 + R 13 X Vr ............ " (1) 
13 

vr=~: {VBE(03)-VBE(02)}+VBE(Os) .... (2) 

Vee 
#,~~~----~~----~~---+-

#7~~~~~~~~--~~~~­

GND 

Fig.8 Stabilized Voltage Circuit 

Vs 

V, 

The biases of other circuits are designed with the stabilized voltage Vs. The circuit composed of a diode 
03, transistors O2, 05 and resistors R4, Rs, R6 is the thermal compensation circuit of the reference voltage 

Vr. 

Vr = V BE (05) + Ic (02) . Rs + IB (05) . Rs 

= V BE (05) + ~: l'.VBE + IB (05) . Rs (l'.VBE = VBE (03) - VBE (02) ) 

- V + Rs (KT I J03) + I R 
- BE (05) R6 q n J02 B (05)' 5 

== V + RR s (KT InR RS ) ............ (3) 
. BE (05) 6 q 4 

(I B (05)' Rs« 1) 

aVr = aVBE (05) +.IS. &. (Rs) (4) 
aT aT q . R6 In R4 ......... . 

The equation (4) expresses the reference voltage compensated against thermal vaviations is given by to 

choose the values of resistors R4, Rs and R6 fitly. 

12-2. Input Signal Amplifier 
The equivalent circuit of the input buffer amplifier 

is shown in Fig. 9. The input signal amplifier is com­
posed of transistors 0 12 , 0 13 , 0 14 , resistors R 19 I 

R20 , R21 and a capacitor C3. Since transistor 0 13 is a 
multi-collector transistor, its collector current is nearly 
the same as the collecter current of transistor 0 12 . 
-And its current gain is close to unity. Capacitor C3 is 
for frequency stability, and its value is 5 to 20 pF. 

The voltage gain of the input signal amplifier is 
determined by the feedback circuit R 19, R20 , and 
expressed by the following equation (5). 

A - R19 + R20 (5) v (AF) - R
20 

................. . 

Stereo signals entering terminal (2) are amplified 

Pre Out 

Vee------------+_--~~4-----­
Vs--~----~--+_--+__+4-~---

v, 

by an amount indicated the above equation, and then Fig.9 Input Signal Amplifier 

introduced to the phase detector of the PLL circuit 
through terminal (3). Besides the above, stereo signals 
pass through emitter follower 0 16 and are injected into the stereo demodulator circuit. 
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12·3. Demodulator Circuit 
The equivalent circuit of the stereo demodulator is 

shown in Fig. , O. The circuit consists of a common 
double-balanced type detector circuit, the stereo 
signals are injected into the lower transistors 0 42 and 
0 43 while the 38 kHz subcarrier is injected into the 
upper transistors 0 38 , 0 39 , 0 40 and 0 41 . Stereo de­
modulation is accomplished by the subcarrier switch­
ing the above transistors. 

The resistors R S4 ' R ss , Rso and external resistor 
Rs (Fig. 2) are feedback resistors inserted for the 
parpose of cancelling the cross tal k components pro­
duced during the switching. To adjust the external 
resistor Rs give the best separation. 

The subcarrier is a 50 % duty cycle 38 kHz wave 
obtained from bistable multivibrator (flip-flop) cir­
cuit, into which a 76 kHz signal produced by the VCO 
is injected. I n the pPC" 97C the stereo lamp and 
stereo demodulation are synchronized and accom-

38 kHz 

V4 U 
38 kHz 

.fl. 

-+----+- Vs 

Fig. 10 Demodulator Circuit 

plished by transistor 0 46 . The base of 0 46 is controlled by the stereo lamp circuit, and when the stereo 
lamp is turned on 0 46 will also be turned on and a 38 kHz subcarrier of reverse phase will be injected into 
the demodulation circuit, 03S, 0 39 ,040 and 0 41 . On other hand, when the stereo lamp is turned off 0 46 

is also turned off, and an in-phase 38 kHz subcarrier is injected into 03S, 0 39 , 0 40 and 0 4 I so that a 
monaural wave is obtained from the output terminal (4) and (5). 

12· 4. Lamp Driver 
Fig. , 1 shows a lamp 

driver circuit with its aux­
iliary circuits. 

The phase detector cir­
cuit and low pass filter are 
composed of transistors 
OS2, OS3, resistors R 64 , 

R 6S , R 66 , R67 and the 
external capacitor C4 (Fig. 
2) 

The lamp driver circuit 
is composed of transistors 
OS4 to 0 66 with ist auxili­
ary resistors. Transistor 
OS4 and Oss amplify the 

P.D INPUT 

v2 

19kHz 19kHz 
v~S ______ +-+-__ ~~ __ ~ __ -4 ____ ~ ______ ~ ______ __ 

L..-+-____ +---+-~ __ Vg 

GND 

# 11 # 10 
LPF 

Fig: 11 Lamp Driver 

DC voltage obtained through LPF. Transistor OS7 is a active load of the differential amplifier .. Now, if the 
collector current Ic (054) of OS4 and Ic (055) of Oss change by ~Ic (~Ic = 1c(055) - Ic (054))' due to the 
control current passed through the phase detector, ~Ic will flow intact into the base of Oss. 

Oss is a multicollector transistor, and its collector current will amplify the change ~Ic of the base cur­
rent and 0 10 will become biased by this current. And, when this diode is biased transistor 0 62 will operate 
causing lamp driving transistor 0 64 to be turned on, thus the lamp will light. On the other hand, when 0 62 
turns Gn it will draw the base current of 0 63 , and as a result 0 63 and 0 46 will be turned on and stereo op­
eration will start. 

Since transistors OSS, OS9 diode 010 and resistor R69 form a positive feedback loop, when the lamp is 
turned on, this rise of current will be abrupt. In addition transistors 0 61 , 0 64 , 06S and resistor R73 form a 
negative feedback loop, which composes a current limiting circuit for performing current limiting action. 
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12-5. Phase Detector and DC Amplifier 
Fig. 12 shows the phase detector and the DC amplifier. 
The 19 kHz signal obtained through the divider will 

switch the pilot signal of the stereo signals coming into ter­
minal 13, and will supply a DC voltage proportional to the 
phase difference of these to the DC amplifier composed of 
0 19 to 0 23 . When the phase difference of the 19 kHz signal 
and pilot signal, entering the phase detector, is 90° the con­
trol voltage of the PLL circuit will be O. When the phase of 
the 19 k Hz signal advances from the above, a positive con­
trol voltage will be produced, and when the 19 kHz phase 
lags a negative control voltage will be produced. 

When this state is expressed as an equation, it becomes 
as follows. 

Pilot Signal ep (t) = Ep cos wpt 
19 kHz Signal e19 (t) = E19 sin (wp + ¢) t 

P.D INPUT LPF 

#13 
Vs 

V,,-5 ___ -+_-+-< 

Jl. L.S 
19 kHz 19 kHz 

(Note) (To be precise, 19 kHz is a square wave.) Fig. 12 Phase Detector 
and DC Ampl ifier 

ep(t) x e19(t) = Ep ~ E19 {sin¢t + sin (2wp + ¢) t } 

= Ep ; E19 sin¢t ........ (6) Eliminated by LPF 

The DC amplifier converts the change of the control voltage to current to be sent to the VCO. 

12-6. veo (Voltage Controlled Oscillator) 
Fig. 13 shows the VCO. 
This circuit is basically a comparator, which pro­

duces oscillations through variations of the reference 
voltage. 

Now, when transistor 0 25 is operating, both 0 29 

and 0 30 will become conducting and the instanta­
neous reference voltage of the comparator applied to 
the bace of 0 25 is expressed as follows. 

VH = (VS - VCE(sat.l (030 )) X R R35 R " ... (7) 
32 + 35 

#16 veo 

Ve~e-+ __ 4-+-~ _____ ~ 

Vs 

GN~D ___ ~ __ ~ ____ ~_-4_-* ___ 

Va 

Fig.13 VCO 

#9 

On one hand, current will flow from the emitter of 0 30 , and this current will charge the external capaci­
tor C1 (Fig. 2) through R30 . The charging time tl of this capacitor is expressed as foilows: 

VS -VL 
tl = R3o C1 In Vs _ VH .................... (8) 

When the above charging is completed the comparator will be switched-over and 0 24 will be turned on. 
At this point, the reference voltage VL of the comparator will become as follows. 

VL = Vs x R34 R:~35 ...................... (9) 
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The charge accumulated in the external capacitor of terminal 16 will discharge at a rate determined by 
the external resistor R1 , R2 and capacitor C1 (Fig. 2). 

The forced monaural circuit and VCO stopper are composed of transistors 0 67 , 0 68 , 0 28 ,060 and resis­
tors R76 , R77 . 0 60 is turned on by the external voltage on terminal 9, and as a result 0 64 turns off and the 
lamp turns off. (0.7 ~ V9 -:; 3 V) 

When higher voltage is added on terminal 9 0 69 will turn on, as a result 0 29 will turn off and VCO will 
be stopped. 

12·7. Divider Circuit 
Fig. 14 shows the divider cir­

cuit. 

This circuit is a bistable multi­
vibrator (flip-flop). This multi­
vibrator serves to produce 38 
kHz and 19 kHz, 50 % duty 
cycle, signals from the 76 kHz 
signal generated by the VCO. 
The 38 kHz signal is the sub­
carrier required for FM stereo 

demodulation, the 19 kHz having 
a 90° phase difference with tha 
pilot signal is required as the 
control voltage of the PLL, and 

u 
38 kHz 38 kHz 19 kHz 19 kHz 19 kHz 19 kHz 

vs ____ ~+------+~--~------~--~~----_+. 

Fig. 14 Divider Circuit 

the 19 kHz synchronized with the pilot signal is required for driving the stereo lamp and controlling 
the stereo switch. 



13. CHARACTERISTIC CURVES 

Fig.15 CIRCUIT CURRENT vs. SUPPLY VOLTAGE 
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Fig.17 SEPARATION vs. SUPPLY VOLTAGE 
(Stereo) 
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Fig.19 VOLTAGE GAIN vs. FREQUENCY 
(Monaurai) 
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Fig.16 VOLTAGE GAIN vs. SUPPLY VOLTAGE 
(Monaural) 

bdB=-l.4dB 
+2 f = 1 kHz 

vi = 200 mVr.m.s. 
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Fig.18 CHANNEL BALANCE VS. SUPPLY VOLTAGE 
(Monaural) 
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Fig.20 SEPARATION VS. FREQUENCY 
(Stereo) 
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Fig.21 VCO FREE RUNNING FREQUENCY 
vs. SUPPLY VOLTAGE 
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Fig.23 TOTAL HARMON IC DISTORTION 

vs. SIGNAL INPUT LEVEL (Monaural) 
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Fig.25 TOTAL HARMONIC DISTORTION 
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Fig.22 SEPARATION vs. PILOT INPUT LEVEL 
(Stereo) 
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Fig.27 TOTAL HARMONIC DISTORTION 
vs. PILOT INPUT LEVEL (Stereo) 
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Fig.31 VCO FREE RUNNING FREQUENCY 
vs. AMBIENT TEMPERATURE 
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APPLICATION NOTE FOR fLPC1277H 

EXTERNAL PARTS AND CHARACTERISTICS 

1 INTRODUCTION 

IlPC 1277H is a dual channel audio power amplifier circuit designed for radio cassette tape recorders. It 

operates in the power supply voltage range of 5 to 16 V and can be used for a vartety of stereo radio cassette 

sets. 

Th is docu ment explains how IlPC 1277H's external parts change its characteristics. 

2 BLOCK DIAGRAM 
Figure 1 briefly shows external parts and their effect upon characteristics using a block diagram. 

Ripple rejection 

ratio, Rise time, 

Shock noise 

I Nl 0---{)-----I 

Low frequency ~ ____ 

Stability 

Low frequency 
output 

voltage gain 

Rise time 

Shock noise 
Cg T O.068 

~-----~~ m ~F 

47 J.LF: 

I Thermal 
I 
I I L ___________ -.l 

Fig. 1 Block diagram 

3 VOLTAGE GAIN 
IlPC 1277H has a built-in resistor for setting the closed 

loop voltage gain as shown in the figure right. Add 

a resistor between the feed back terminal and ground 

when it is used with a lower voltage gain. Then, the volt­

age gain is obtained by the following equation: 

G = Gvo 
v 1 + Avo (Rf + RNF)/R o 

Avo; Open loop voltage gain 65 dB (TYP.) 

Ro=22 kn (TYP.) Rf=100 n (TYP.) 

INo------t 

Rf 
N F D--"'\IV\,..---<P--! 

Stability 

Low frequency 

voltage gain, Low 

frequency output 

Effect upon 
characteristics 

OUT 
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In a low frequency, impedance of CNF (C1 and C2 in the block diagram) and that of the output coupling 

capacitor, C7 (C8) become not negligible. Figures 2 and 3 show voltage gain vs. frequency characteristics when 

C1 (C2) and C7 (C8) are changed. 

a:J 
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C\l 

c..:J 
OJ 
OJ 

e 
(5 
> 
I 
> 

c..:J 
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VCC=12 v 

50 
RL=4r2 
C7=470 pF 

40 ~ v 
Cl= v--: -::;/ vi-" 

30 
100 / ~v / 
r-pF / 

47 pF/ / 

20 / 
10pF v 

10 

o 
10 30 50 100 

---I--

300 500 1000 

f - Frequency - Hz 

Fig. 2 VOLTAGE GAIN vs. FREQUENCY 

4 OUTPUT POWER 
Output power is effected by bootstrap capacitor C4 

(C5) and output coupling capacitor C7(C8). 

By the bootstrap circuit, whose configuration is 

shown in the figure right, the output voltage is feed 

back to the driver stage resulting that: 

Vo (MAX.)=VCC - VCE(02) 

Removing C4 (C5) results in: 

Vb(MAX.)=VCC- VBE(02)+VBE01+VC+V (R*) 
to limit the output amplitude and high output cannot 

be obtained. 

When impedance of output capacitor C7 (C8) 

becomes not negligible, the load current becomes smal­

ler by an amount corresponding to that impedance and 

small output is resulted. 

Figure 4 shows output power vs. frequency charac­

teristics when C4 and C7 are changed. 
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Fig.4 OUTPUT POWER vs. FREQUENCY 

5 SHOCK NOISE AND RISE UP TIME 

~ __ ~~--------------------------'-----~~-D#10 
VCC 

r-----_------<l~--------___.----_+_+_--_o # 3 

'----------------+-----0 # 2 

#12 

The figure shown above is a part of the equivalent circuit of pPC1277H. The transient phenomenon occur­

ing when power on is explained using this figure. 

When the power supply voltage is applied, the input side of the differential amplifier circuit is biased to result 

driving the upper output transistor and to boost the output voltage. On the other hand, the voltage of C3 is 

low because its charging time constant is large and transistor 05 is turned on. At this time, output voltage Vo 

becomes nearly V (C3) + V BE to follow gentle rise up of C3. 

I n the meantime, capacitor C 1 is charged by the output voltage via resistors Rf and Ro. When both base 

voltages of the differential amplifier circuit become equal, driving of the upper output transistor is weakened by 

function of predriver 06 and the ouput voltage is set to about %V (C3) by the bias circuit (transistor 01 to 04). 
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Because C3 is not yet charged fully with the value of C3 recommended for pPC 1277H, the output voltage 

keeps going up for a while. When C3 is fully charged and it becomes nearly Vcc. the output voltage is settled 

to Y2Vcc. 

Therefore, the shock noise is small enough in comparison with conventional Cs. 

Figures 5 and 6 show changes of the output voltage with changes of C1 and C3 . 
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Fig.5 C, AND RISE UP TIME Fig.6 C3 AND RISE UP TIME 

6 OTHERS 
o Power decoupling capacitor C6, oscillation preventing capacitor and resistor are provided so that pPC 1277H 

has stable operations in wide ranges of voltage, 5 to 16 V temperature, -20 to +75 PC, and load, 3 to 8 n. 
o Filter capacitor C3 is provided to reduce the ripple voltage occuring in AC power supply. Also, gentle rise 

up of this capacitor is, as set forth earlier, utilized to minimize the shock noise. 
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,uPC1350C EXAMPLE OF APPLICATION CIRCUIT WITH 

4 Q LOAD AND 0.7 W OUTPUT 

DESCRIPTION 

pPC1350C is a silicon monolithic integrated circuit developed for uses in cassette tape recorders. The stand­

ard operating condition is 6 V power supply and 8 n load. This IC includes functions of a preamplifier, auto­

matic level control (ALC) circuit, and ITL and OTL power amplifiers. One piece of this IC enables to construct 

the amplifier unit of a tape recorder. 

This document shows one example of an application circuit with 4 n load. 

1. EXAMPLE OF APPLICATION CIRCUIT 
Figure 1 shows an application circuit example when used for 4 n load. 

REMOTE ON & OFF 

~..-..o--- SWITCH JACK 

C18 
3300 pF 

SW1: REC.lP.B. (P.B. POSITION) 

SW2: AC/DC OPERATION (DC OPERATION) 

SW3: Power Switch (ON POSITION) 

Cg 

470/lF 

ClOTo.068 
"fti' "F 

Fig. 1 EXAMPLE OF APPLICATION CIRCUIT 

SP 

4n 

1069 



jlPC1350C 

2. ELECTRICAL CHARACTERISTICS 

2-1. ABSOLUTE MAXIMUM RATINGS AND RECOMMENDED OPERATING CONDITIONS 

Absolute Maximum Ratings (Ta=25 °C) 

Item Symbol Rating Unit 

Supply Voltage (D.C.) VCC1 12 V 

Supply Voltage (A.C.) VCC2 10 V 

Circuit Current ICC(peak) 500 mW 

Power Dissipation Po 2.4 * W 

Operating Temperature T opt -20"'+75 °c 

Storage Temperatu re Tstg -40'" +150 °c 

*Copper heat sink of 50 mm x 50 mm x 1.5 mm 

Recommended Operating Condition (Ta=25°C) 

Item MIN. TYP. MAX. Unit 

Supply Voltage 3.5 6 7.5 V 

2-2. OUTPUT POWER 2-3. POWER DISSIPATION 

pPC 1350C is designed for a tape recorder and it gives Fig. 3 shows power dissipation vs. output power 

standard output of 0.7 W when its load is 4 n (Vcc=6 V, characteristics. Refer to this characteristic for thermal 

T.H.D.=10 %). Fig. 2 shows output power vs. supply designing. 

vo Itage characteristic. 
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2-4. VOLTAGE GAIN 

In J,lPC1350C, its pre-amp. stage gain and power amp. 

stage gain approximate following equations: 

(A) Pre-amp. stage 

Gv l :::~~ (Used as a FLAT Amp.) 

1 2 (R9+ R l0)2 
GV1::: R15 Rl0+ WC12R9 w=27Tf 

(Used as an NAB EO. Amp.) 

(B) Power amp. stage 

Using the constants of the application circuit example 

shown in Fig. 1, the voltage gains are 30.8 dB (F LAT), 

30.2 dB (NAB EO. at , kHz), and 46.8 dB (power amp. 

stage) respectively. The low frequency characteristics 

are determined by time constants of R7, Cl', R'3, and 

C 17 in the feed back circu it and C9 and R L in the out­

put circuit. Namely, low cut-off frequencies fL', fL2, 

and fL3 are represented by following equations: 

f - --'---
L1 - 27TC" . R7 

f 2---'--­
L - 27TC 17 . R 13 

and 

I n the example of the application circuit shown in Fig. 

" fL ,:::::50 Hz, fL2::::48 Hz, and fL3:::: 85 Hz. Overall 

voltage again versus frequency characteristics are shown 

in Fig. 4 when used as an NAB. EO. Amp., and in Fig. 

5 when as a FLAT Amp. 

2-5. TOTAL HARMONIC DISTORTION 

Fig. 6 shows the total harmonic distortion vs. output 

power characteristic and Fig. 7, the total harmonic 

distortion vs. frequency characteristic. This IC is design­

ed to have a low total harmonic distortion factor and 

it is most appropriate for use in tape recorders. 

2-6. ALC CHARACTERISTICS 

Fig. 8 shows ALC output change vs. input level 

characteristics and Fig. 9, ALC output distortion factor 

vs. input level characteristics. It gives ALC range 

(wherein distortion factor is 3 % or below) of 60 dB 
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(TYP.) and output change (difference of outputs bet­

ween input levels of -70 and -40 dBm) of 1.8 dB 

(TYP.) when V cc=6 V and R L =56 n. 

2-7. TEMPERATURE CHARACTERISTICS 

Fig. 10 shows the overall voltage g(3in, power output, 

and circuit current vs. ambient temperature characteris­

tics and Fig. 11 shows the total harmonic distortion vs. 

ambient temperature characteristics. All these character­

istics show stable operations. 

3. HEAT SINK DESIGN 
In heat sink design, refer to Fig. 3, power dissipa­

tion vs. output power characteristics, and Fig. 12, power 

dissipation vs. ambient temperature characteristics. The 

relationship between junction temperature Tj and power 

dissipation Pd is represented by the following equation: 

Tj = Rth (j -a)' Pd +Ta 
where: Rth(j-a): thermal resistance between junction 

and ambience 

T a: ambient temperature 

Tj: junction temperature 

An example: when mounted on a printed circuit 

board with copper heat sink (50x50xO.035 mm) and 

used under V cc=7.5 V, R L =4 n, and ambient tempera­

ture 25 °c, Pd max.=0.88 W, as shown in Fig. 3, and 

Rth(j-a)=55 °C/W, in Fig. 12. Substituting these values 

in the equation to obtain the junction temperature, 

Tj:::::72 °c is given. If a lower junction temperature is 

desired, make the area of the printed circuit board with 

copper heat sink on TAB part wider, or make the area 

of the print board itself larger to reduce R th (j--a). 

Thus the junction temperature can be lowered. 

Note 
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Rth (j-a) = 90°C/W 

R th (j-a) = 65 0 C/W 

Rth O-a) = 50°C/W 
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4. NOTICES ON DESIGNING PRINTED CIR­
CUIT BOARD 

(1) Since JlPC1350 is a high gain amplifier, design 

power supply and grounding wires thick to highten 

circuit stability. 

(2) Although one point grounding is ideal, when it is 

impossible to realize, take care that the input loop 

does not come into the output loop. Mingled in­

put and output loops may cause deterioration of 

the distortion factor and oscillation. 

(Good example) 

Input loop Output loop 

IN GND OUT 

(Bad example) 

Output loop 

GND IN OUT 

c 
.2 ... 
a 
.~ 
o 
.~ 
c 

10.0 

o 1.0 
§ 
III 
I 

~ o r- 3 

I 
q 
I 

--- ..... 

r: 0·~20 o 

~ 
I 

2.0 100 50 

1.6 80 40 

m 
"0 

I 

o 0 

« 
E , ~ 

V 

o 
-20 

jlPC1350C 

Vee =6 V 
RL =4 n 
f=l kHz 
NABEQ 

f 
L 
Gu (P 0=0.3 W) 

'c~ (No Signal) 

t -
I---r ---. 

Ipo (T.H.D.=10 %) 

o 20 40 60 80 

Ta - Ambient Temperature - °c 

Fig. 10 OUTPUT POWER, VOLTAGE GAIN AND CIRCUIT 
CURRENT vs. AMBIENT TEMPERATURE 
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Fig. 11 TOTAL HARMONIC DISTORTION vs. AMBIENT TEMPERATURE 

(3) Mount C8: 1 000 JlF (for bypass), C 10: 0.06 JlF 

(output oscillation preventing capacitor), and the 

speaker terminal close to TABpin (GND). 

(4) Fig. 13 shows the example of a printed circuit 

board. 

5. CAUTIONS ON HANDLING 

(1) Output oscillation preventing capacitor C10:0.068 

JlF 

This capacitor is for preventing oscillation on the 

power amp. stage. Select the type of this capacitor 

according to the set in which JlPC 1350C is used. 

(A) When used for a cassette tape recorder: 

Use a ceramic capacitor or Mylar capacitor 

for C, O. 
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T a - Ambient Temperature - °c . 

Fig. 12 POWER DISSIPATION vs. 
AMBIENT TEMPERATURE 

1073 



,uPC1350C 

2 pin 
--t~++-.:; 

(NAB) 

GND 

2 pin 77.5 

. GND 

'NEe 

PoOUT Vee 

Fig. 13 PRINTED CIRCUIT BOARD 

(B) When used for radio cassette tape recorders: 

Use a Mylar capacitor for C10. If a ceramic 

capacitor is used, unnecessary radiation emit­

ted from the capacitor may return to the R F 

stage of the radio. 

(2) Recovery time during recording 

Recovery time is determined by the time constant 

of the circuit in which capacitor C2, input resistor 

to IC's 13th terminal, and R4 are connected in 

parallel and is changed by varying R4: 1 Mn. 

(3) TAB 

1074 

Since TAB of J,LPC1350C is GND within the IC, be 

sure to solder it to GND of the printed circuit 

board. 

(4) Bias terminals 

The 5th terminal of J,LPC1350C is the DC bias 

terminal for the erasing head and the 12th terminal 

is the DC bias terminal for the recording head. 

(5) When the power amp. stage only is used. 

In that case, connect the input terminal (13th termi­

nal) of the pre-amp. stage to GN D through a capacit­

or. If the input terminal of the pre-amp. stage is left 

open, oscillation may occur to worsen the power 

amp. stage characteristics. 



,uPC1350C 

The 4 n load application circuit of J1PC1350C is explained in the preceding sections. Besides what are set 

forth there, this IC is designeci so that it has low output shock noise at power on/off and it is durable against 

electrostatic breakdown. Therefore, this IC can fully be used as an amplifier for a cassette tape recorder. 
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APPLICATION CIRCUIT OF ,uPD 1 701 C-O 13 

DESCRIPTION 

The J,lPD1701 C-013 is a CMOS LSI designed for use in Phase Locked Loop Frequency Synthesizer Digital Tuning 

System, which consists of PLL, swallow counter and system controller. 
The J,lPD 1701 C-013 provides full electronic control of var2ctor tuned FM/AM radio receiver with clock function. 
NEC's original pulse swallowing method is applied to FM band in conjunction with J,lPB553AC, so that high 
reference frequency results in good signal-to-noise ratio. The J,lPB553AC is a VHF two-modulus prescaler which 
provides 1/16 and 1/17. division ratio. Advanced bipolar process technology is utilized to realize high frequency 
operation with extremely low power consumptions. 

FEATURES 
• PLL, swallow counter and system controller are realized in a single chip. 
• Occupation of minimum mounting area in P.C. Board due to 28 pin slim DIP. 
• High speed and low power consumptions due to CMOS. 
• Very low stand-by current ........ 100=0.5 mA (TYP.) 
• Single power supply voltage ....... VDD=5.0 V ± 10 % 
• FM and AM bands ............. Japan and U.S. bands 
• External programmable I F offset for FM band. 

Japan band .............. 10.675,10.700,10.725,10.750 MHz 
U.S. band ............... 10.650, 10.675, 10.700, 10.725 MHz 

• External programmable I F offset for AM band. 
Japan band .............. 450/261 kHz 
U. S. band ............... 450/260 kHz or 450/261 kHz 

• High reference frequency. It results in good signal-to-noise ratio. 
FM band ................ 25 kHz 
AM band ................ 10 kHz or 9 kHz 

• Four station selection modes are available. 
(1) SCAN (Automatic audition) of available program. 
(2) SEE K (Automatic search and stop) for FM and AM. 
(3) UP or DOWN manual tuning to any station by single stepping or sequencing With momentary 

switches or endless-rotary switch. 
(4) Favorite station programming of 6 FM and 6 AM stations for pushbuttons selection. 

• Ample time correction modes are available. 
(1) Hour fast shift (HA key only or ME key and MD key) 
(2) Minute fast shift (MA key only or ME key and MU key) 
(3) One touch setting to correct tim·e (OAD key: ±30 minutes zero reset) 

• Two stage switching of display brightness (duty cycle: 25 %) 

• Two independent frequency input terminals are provided for both FM and AM bands. 
• Two independent error-out terminals are provided for both FM and AM bands. 
• Direct interface to the FM two-modulus prescaler J,lPB553AC. 
• Automatic power-on clear without any external components. 
• Internal display decoder for 3.5 digit multiplexed display. 
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1. SYSTEM DESCR IPTION 
NEC's Digital Tuning System provides full electronic control of a varactor tuned FM/AM radio receiver and 

stereo. The block diagram of the system is shown in Fig. 1. This is a Phase Locked Loop Digital Tuning System 
which consists of two integrated circuits; controller plus P LL in a single chip, and two-modulus prescaler. 

The controller chip (J.,LPD1701 C-013) provides Phase Locked Loop capability witjl on-chip frequency divi­
sion, a reference oscillator whose frequency is controlled by an external trystal of 4.5 MHz, and phase com­

parator circuitry. It accepts directly an AM local oscillator signal and an FM signal from two-modulus prescaler 
(J.,LPB553AC), and outputs control signals for closed loop operation of these oscillators. The outputs drives filters 
for supplying analog voltages to the vari-cap tuners. The controller also provides the signals to drive the display. 
The frequency of the tuned station is displayed on a 3.5 digit multiplexed display. Six favorite stations on each 
band can be stored as well as "last stations tuned" information. 

J,lPD 1701 C-013 

MUTE 
MUTE - 01 

~ DIGIT 
FM 5 

TUNING V' DRIVERS 
- ACTIVE E01 05 

AM t-------

~~ TUNING FIL TER - - E02 

J,lPB553AC DISPLAY 
FM/AM FM 

OSC. 
PRESCALER FM 11 RADIO 

t PSC SEG.A 
~ SEGMENT 

7 AM 
SEG. G 

r-- r--V DRIVERS 
OSC. 

AM 

STATION DETECTOR -- SO 

{1 X1 
4.5 MHz 1 KO 

KEY and SWITCH A 
c:::J : K 4 

crystal 1 : ... MATRIX 
X2 K3 

Fig. 1 Block Diagram 

2. PIN CONNECTION (Top View) 
The pin connection of the J.,LPD1701 C-013 is shown in Fig. 2. 

AM GND K3 a b c d e 9 

J,lPD 1701C-013 

E01 E02 CE PSC X1 X2 SO 01 02 

Fig.2 
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3. CONTROL KEY AND MODE SWITCH MATRIX 
The operation of the system is controlled by a 4 x 7 key and switch matrix (15 momentary switches, 5 alter­

nate switches and 7 initial switches). Various functions are entered through the matrix. The configuration of 
the matrix is shown in Fig. 3. 

SEG.A SEG.B SEG.C SEG.D SEG.E SEG.F SEG.G 

KO 

Kl 

K2 

K3 

o : momentary key. o : alternate switch 6.: diode switch 

Fig. 3 Control Key and Mode Switch Matrix 

4. SWITCHING-OVER THE DISPLAY BETWEEN RADIO AND CLOCK 
Display mode control switches A, S, initial switch P and control key ReAL control the display mode as 
follows. 

MODE A S Display Priority Enable keys and switches 

0 ON ON 
Frequency 

None * 1 All keys and switches or time 

1 ON OFF 
Frequency Frequency *2 

All keys and switches or time or time 

2 OFF OFF Time only 
HA, MA. and OAD keys 

- A, S, and DIM switches 

3 OFF ON Disabled - A and S switches 

* 1: A momentary depression of ReAL key causes alternate display change between frequency and time when­
ever it is performed. Whenever frequency is handled. frequency is displayed. 

*2: P=ON 

Frequency is prior to time. A momentary depression of ReAL key causes alternative display change. When 
frequency is displayed, a momentary depression of ReAL key recalls time on the display and it remains 
there for 5 seconds. If any other key is handled when time is displayed, handling of one of the time setting 
keys (HA. MA and OAD) keeps the time display. the display turns back to frequency automatically 5 
seconds after the time setting is completed. Whenever frequency is handled, frequency is displayed. 
P=OFF 

Time is prior to frequency. A momentary depression of ReAL key causes alternative display change. When 
time is displayed, a depression of ReAL key or one of the frequency handling keys recalls frequency on 
the display for 5 seconds. After that, the display turns back to time automatically. 
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5. APPLICATION EXAMPLE OF A SWITCH AND B SWITCH 
This section describes connection diagram of power supply source of radio unit, display drivers and control 

unit, and application example of A switch and B switch, and state diagram of each application example. 
There are two kinds of applications. One kind of applications use DPDT (Dual Pole Dual Transfer) switches. 

The other one use DPTT (Dual Pole Triple Transfer) switches. One of two poles is used to control power supply 

source, and the other one is used to control A switch and B switch. 
Each state of the state diagram is shown as follows. 

A, B SW } 
1 : on 
O:off 

Fig.4 

l
OFF : Disabled 
F R EQ : Frequency is displayed. 

TIME : Time is displayed. 

1 
MUTE terminal 
o : High or Low level 
1 : High level 

Enable keys and switches 
1 : All keys and switches * 
2 : All keys and switches except HA, 

MA, and OAD keys * 
3 : HA, MA, and 0 AD keys, A and 

B switches 
4 : A and B switches 
X: Disabled 

* Except initial switches 
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Time display priority method-1 (Using DPDT SW) 
Condition : B SW=off (OPEN) 

P SW=off (OPEN) 

Radio ON 

Radio OFF 

Ace key Pow. SW 

Ace kr OFF 

~n~~~~ __ ~----~------CE~V) 
(+12 V) (/ 

F14C I 
I 
I 

VDD I A SW 1SS53 

(-15 VI ~L....-_~/ __ o ______ ~_I _______ : __ :: 

Fig. 5 



Time display priority method-2 (Using DPDT SW) 
Condition : B SW=off (OPEN) 

Battery 
(+12 V) 

P SW=off (OPEN) 

Acc key 

1 ere r F14C 

Voo 
(+5 V) CE (+5 V) 

Fig.6 

,uPD1701C-013 

Acc key ON 

Acc key OFF 

(" 

I ASW 1SS53 

~""'II I ~------r~.------~:~:: 
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Time display priority method-3 (Using DPTT SW) 
Condition : P SW=off (OPEN) 

Radio OFF 

SW 1 

Ace key 

Battery~ 
(+12 V) F14C 

R05.1EB 

VOO 
(+5 V) CE (+5 V) 

Acc key ON 

A~1 

( 03 
I 1SS53 

~o_12-::::""'::::-:-:~ __ --1:a!-: ----4:_~: 

Fig.7 
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Frequency display priority method-1 (Using OPOT SW) 
Condition : B SW=off (OPEN) 

P SW=on (CLOSE) 

Acc off 

Radio ON 

Radio OFF 

Acc key Pow. SW 

Acc key ON 

Acc key OFF 

1 

~~~~O~~~~~-~~~~~~~~~~~~~~~~~~~-CE(~V) 
(' 

F14C I 
I 
I A SW lSS53 

~ VOO o--------------~.~t-I------------~:- sKe3 
(+5 V) ~_~_~ ______________________________________ .~ 

Fig.8 
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Frequency display priority method-2 (Using DPDT SW) 
Condition : B SW=off (OPEN) 

P SW=on (CLOSE) 

Radio ON 

Radio OFF 

Acc key 

(+12 V) 
F14C 

Ace off 

Pow.SW 

Radio 
Unit 

o--------------~ 
(' 

: A SW 1SS53 

Acc key ON 

Acc key OFF 

I 

Battery~ 

VOO 
(+5 V) CE (+5 V) ~----~.~1----------~:-:3 

Fig.9 
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Frequency display priority method-3 (Using DPTT SW) 
Condition : P SW=on (CLOSE) 

Ace off 

A+-O 

F14C 03 

r 

Ace key ON 

Ace key OFF 

SW2 

Ace key 

Battery -r. (+12 V) 

VOO 

R05. 1 EB I 1 SS53 

(+5 V) 
~,Il ASW :' K 

~, o°..:.:.--l ----II:w.-11 -_>s:3 
CE (+5 V) B SW ...... : 

Fig. 10 
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Display priority switching-over method (Using DPDT SW) 
Condition : B SW=on (C LOSE) 

P SW= Don't Care. 

I 
Radio ON 

Radio OFF 

~------------~--~----4 

» 
(') 
(') 

o 
::3 

Acc SW Pow. SW 

Acc off 

» 
(') 
(') 

o 
::3 

Ace key ON 

Aee key OFF 

Battery 
(+12 V) 

11 F14C r' ~------~----------~----------~ CE~5V) 

I 
VOO I A SW 1SS53 

(+5 V) ,-E_~~ __ o _______ ~_, ________ :_. :: 

Fig. 11 
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6. DISPLAY INTERFACE 
The J,lPD1701 C-013 provides 5 digit outputs (01 to 05) and 7 segment outputs (Seg a to Seg g) for display 

of frequency or time. Mode informations are provided from segment outputs at the timing of 01, and frequency 
or time (numerical) informations at the timing of 02 to 05. I ncorporated display decoder allows the display 
to be driven by simple current buffers. 

The outputs for display are active high for both segment outputs and digit outputs. 

~uts 
Digit Outputs a b c d e f g Note 

01 AM PM FM COLON 1 COLON 2 - - Mode Digit DP 

02 A B C 0 E F G LSD 

03 A B C 0 E F G 2nd Digit 
1--. 

04 A B C 0 E F G 3rd Digit 

05 - B C - - ME - MSD. 

6-1. DISPLAY FOUNT 
When the segment outputs and digit outputs are connected as Fig. 13, a display fount as shown in Fig: 12 

will be obtained. 

I-I 
I_I 

Fig. 12 

6-2. MODE IN FORMATIONS 
The mode informations are used to indicate AM, PM, FM/DP, COLON 1, COLON 2 and ME. 

Mode Description 

AM The morning (When time is displayed) or AM band (When frequency is displayed) 

PM The afternoon 

FM/DP FM band and Decimal Point 

COLON 1 Not blinking colon 

COLON 2 Blinking colon 

ME Memory enable (It is able to preset station to memory when frequency is displayed) 
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6-3. AN APPLICATION CIRCUIT OF DISPLAY 
Fig. 13 shows an application circuit of display using 7 segment LED (cathode common type). 

~ 
r---

01 
1: 

I-- I-- -0 » 
02 I-- I--

(]1 0 VJ 
() cO' 

03 I-- f--
;,: 

=i ~ 04 0 
I-- I-- "0 <' 

05 I-- f-- < ~ roO 

r--- ~ 

77 

B , , -, -- -, C") , I I FM 

9 
0 

u 
0 , ,-I I-I I-I I'-

0 

~ 
0 

0- ME 
::t 0 

+5 V 
N 

1 
z 
0 0-

j 
-I 0 
0 
u 

a ~ 

b f--'vvv- Cf) 
(1) 
to 

C --"NY- 1: 3 
-0 (1) 

d~ » ~ 
(]1 

~ 0) 

e --vw- () <' 
f --/\Mr- ~ 

VI 

9 --'IIItv-

b 
Fig. 13 An Application Circuit of Display 
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7. CRYSTAL RESONATOR 
The oscillation circuit of the J,lPD1701 C-013 is of the single stage CMOS inverter type, and a crystal resonator 

of 4.500 000 MHz nominal frequency is connected between the input (X 1 ® pin) and output (X2 ® pin) of the 
oscillator stage. As properties required of a crystal clock oscillator circuit, low current consumption, low oscil­
lation starting voltage, small frequency variation, etc. can be mentioned. In general, the current consumption will 
become less, the smaller the equ ivalent series resistance (R 1) of the crystal resonator, and the smaller and equal 
are the gate and drain capacitors, CG and CD. However, in practice it is necessary to make either CG or CD a 
variable capacitor, since the oscillation frequency will deviate from the desired value due to deviations in the 
capacitor of CG and CD, the frequency of the crystal resonator, and the stray capacity of the oscillator stage of 
the J,lPD1701 C-013. As a condition to reduce the oscillation starting voltage, CG and CD should both be less than 
30 pF, the oscillation starting voltage becoming minimum when CG and CD are within a range of 10 to 25 pF. 
The oscillation frequency will be stable against variations of voltage and temperature, when stable components 
are used for the series resistor (R 1) and CG and CD. An optimum crystal should be selected by giving considera­
tion to the above matters. An example is given following. 

Nominal frequency 4.500000 MHz 

Type HC-18/U 
Frequency deviation 
Equivalent series resistance 
load capacitor (Cl) 

X1 

8. POWER SUPPLY VOLTAGE 

± 20 ppm 
less than 70 n 
12 pF 

X2 

CD J----o Test Point 

{ 

22pF 

1 000 pF ~ 

Fig. 14 

The operating voltage range of the J,lPD1701 C-013 is 4.5 to 5.5 V, and is lower than the 12 volt battery 
systems of most automobiles. Therefore, it is necessary to connect a voltage regulator (J,lPC78M05, etc.) bet­
ween the VDD terminal ( @ pin) and GND terminal ( @ pin), in order to prevent a voltage of over (-0.3 to 

+6.0 V) being applied. 
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<D 
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from 
AM VCO 

from 
FM VCO 

AM TUN. 
VOLTAGE 

FM TUN. 
VOLTAGE 

from 
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from 
Ace SW. 

~ .... 

0 

~ 

V' 

0 

0 

p.t-'A~I SEGMEN ER +5 V 
---- ----------

,,'- I OIIU ",,"YI ''"'' I IVIr-\ I I II" 

r, .,. " ..... " ..... I~ ! J L.J ';7 I~ 
I 

..... ,..-
~ \;7 !""'Ir 

I ,.. ,.. ,..- V 
'- I~ 

! 
...... 

r ..... r ..... 1..-

~, ~ .... .. .. ~ I~ I t.. 
V -

~~ '- -' ~ ~ '- A, A .. I, t-... 
L.J L .J L r I::r I V A 

.. .. --.z:~ I 
.... 

0.01 pF 22 knx4 L~ ~ -I. L~ 
. 

I ...... 
L_ 

1 

lLU lJlJ [[ r 3.3 kn x 7 r-- -- ~-- -- -- -- --
~r-. l 33 n x 7 I nnnn 0.01 P~ 

rl n r1 r1 ~ ~ ~ rl 
7 

~C NCPSC OUT,! :~M GND FM 'D " "" , b , , , , 9 a b c d e f g 
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0.01 PFJ; 7 l) LJ l) Y LJ l) LJ l~ L) l) L) l) lrl 

OJ 8088 AM 

I' 1 PM 

1 000 pF 4.7 kn ~o~ I I_I 0 I_I 0 I_I FM.DP 

10 kn 0033 pF COLON 
~ 20 t ~22 0.01 p.F 

2.2 p.F ~r P I I P 05 04 03 02 01 
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Fig. 15 Application Circuit 
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PROGRAMMABLE PORTABLE CLOCK LSI: 
,uPD832G SERIES 

1. DESCRIPTION OF JLPD832G SERIES 
The J.LPD832G series (J.LPD832G, J.LPD833G) are CMOS LSI's for Multiple Function Electronic Clock, which 

are designed to be mounted in a clock/timer altogether with either 4.194 304 MHz or 32.768 kHz quartz 
crystal, or the like and 4-digit liquid crystal display. 

Concerning to display, not only "AM/PM", "hour" and "minute" but also "second" by a demand switch can 
be shown. The "24-hour" display format is of course able to be employed in stead of the" AM/PM" without 

essential changes. 
The J.LPD832G series are the LSI's for programmable multi-function clock whose features are carried by 

internally stored 3 memories of A, Band C as follows: 
Memory A is fixedly assigned to the 

(1) basic clock function. 
Memory B can be utilized for anyone of the following applications. 

(2) alarm timer 
(3) control timer 
(4) dual time 
(5) chronograph 

And Memory C can be used for 
(6) snooze timer 
(7) or sleep timer 

Futhermore, Memory B can make a 
(8) counter function 

available by associating with special outside circuitry. 
A single battery cell (such as UM-1,2,3,4,5 or silver oxide battery) can drive the memories of A, Band C, 

memory controllers and crystal oscillation circuit sections generating clock in the LSI altogether, due to the 
required supply voltage (VDD-VSS) of 1.5 V. Therefore, these LSI's ar especially suitable to portable clocks. 

The LCD (Liquid Crystal Display) driving circuitry, however, needs differently a higher voltage (VSH). 
The LSI associated with outside 2 capacitors can double the voltage of the battery, in other words generate 

3volts so that VSH is available easily through the pin C2N of the LSI. 
VDD-VSH may be supplied externally raging from 2.2 to 6.5 V,however,a safety proof such that DC voltage 

must not be applied to the LCD should be required as a precaution for this application. 
All the outputs from the control circuits (Alarm, Control and Sleep) are available in open drain configuration 

of the p-channel transistor and this causes system design to be flexible. 
The maximum operating voltage of that p-channel transistor is 6.5 V which corresponds to that of VSH. 
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2. APPLICATIONS OF J,LPD832G SERIES 
Digital Alarm Clock 
Clock with Sleep Timer 
Alarm Clock with Snooze Timer 
Traverer's Clock 
Dual-Time Clock 
Clock with Chronograph 
Control Clock for Electric Equipment 
Timer for Trip Duration 
Timer for Elapsed Duration 
Desk-Top Clock 
Portable Timer for General Control 

3. TYPES IN J,LPD832G SERIES 

Type No. 
PrincipalOscilator 

(e.g. quartz) 

J,lPD832G 4.194304 MHz 

J,lPD833G 32.768 kHz 

OUTLINE OF BLOCK DIAGRAM 

OSC~IN~ ________ -f~~-' 

OUT o---T--+'w~ 

I 
I 

STWo----J 
ALS 0---1 
SEC o--J 

60/30 o----J 
60/1 20 0---1 
12/24 o---t. _________ J 

C1P(=OC) 

'~ :) 
'u 

" ,~ 
e 
c 
o 
U 

~~~ :----------,::=:=1 Voltage doubler 

VSH 00-------_ 

VSS 00------_ 

VOOO------~~ 

* 2-16 for J,lPD832G 

Flat Plastic Molded Package 

9mm square 54-pin 

Supply Voltage 
-otVSH -

.~ 

'u 

.----1 
I VSd I 
I J 
I NI :r-t----a COM 

::r: 
I 
~AM(B) 

J--<l PM(AOEG) 

t----o h(C) 

~a1"""'91 
~ COLON(COM) 
I 
J--<l a2 ...... g2 
I r---o a3 ...... 93 

L ___ J~ dotll Hz) 

r,---, 
I

P ~ALMOUT 
I .J ! 

~--~--~~--~I~~ : 
I J., I 
I I 
I 1 L-______________ ~ ~CNTOUT 

I 
I 
J---o SLP OUT L ___ .J 
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4. HANDLING PRECAUTIONS OF /lPD832G SERIES 
4-1 Soldering 

Reflow soldering by such equipment as Browne's Model LR-6 or AR-7 is recommended for soldering of 
IlPD832G series. 

In the case of soldering iron, there should be no leak current from iron tip. The temperature of iron tip should 
not De higher than 260°C and soldering duration should not be longer than 15 sec. 
4-2 After treatment 

After anyone of the IlPD832G series is mounted on a piece of printed circuit board, it should be cleaned with 
such solvent as ethanol or trichlorotrifluoroethan and then dried perfectly. 

Recommended cleaning and drying conditions are as follows: 
Cleaning Duration 1 min. Max per run 
Cleaning Cycle Twice 
Cleaning Method 
Drying Temperature 
Drying Duration 

Rinsing, steam cleaning or ultrasonic cleaning 
70 to 80°C 
5to 10 min. 

Thereafter its package body as well as entire leads should be coated uniformly with protective silicone plastic 
resin featuring sufficiently small leakage. Dau Corning's XR-2622 or Pelnox's CE-22A is applicable for this purpose. 

The reason for after treatment is as follows. 
The clock use LSI needs quite a small current raging from hundred nano amperes to micro amperes, therefore 

even if very small, no additional leak current is allowable for the LSI to keep its accurate operation. 
Such counter measure should be required that the LSI is not affected so as to cause extra leak current by dust, 

humidity and dew in the worst case because of its narrow lead arranging pitch. 
4-3 Lead forming 

In lead forming of the J.lPD832G and J.lPD833G, bend the leads where away from their joints by 0.5 to 1 mm. 
And during the lead forming, it is important that the leads are fixed straightly as far as 0.5 to 1 mm from their 
joints and free from bending force at the joints. 
4-4 Adjustment on oscillation frequency 

A particular consideration on measuring instrument is payable in fine adjustment of the oscillation frequency 
to assure an ultimately high accuracy. (An accuracy of 1 ppm corresponds approximately to 0.1 sec in daily 
defference. ) 

The pace regulator for clock typed as UT-200(of NipponDempa Kogyo Co., Ltd.) for example can be used for 
frequency adjustment of crystal oscillator. 

A frequency counter can also be employed to measure directly the frequency or interval, however, a 9 to 
1 O-digit counter is desirable against such an accuracy as 0.1 sec/day. 

In this case, the DC output (from pin 51 for IlPD832G and IlPD833G) or the COM output (from pin 40 for 
IlPD832G and IlPD833G) where the frequency of DC output is 512 Hz(=1.953125 ms) and COM output is 64 Hz 
(=15.625 ms) are ready to be utilized. 
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5. INPUT AND OUTPUT CIRCUITS FOR J,LPD832G SERIES 

5-1 Input circuits 

(i) Input terminals without pull-down resistor (ii) Input terminals with pull-down resistor 

r---------.---Q Vss r--~---------1---oVSS 

N 
R R 

~--i""" to control circuit ............ ---< ...... to control circuit 

R=several kn R=several kn 

LSI LSI 

5-2 Output circuits 

(i) Output terminals driving LCD segment (ii) Output terminals for control 

LSI 
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6. PIN LAYOUT 
J1PD832G and J1PD833G 

CNT OUT 
SLP OUT 

FS 
hA 
FH 

DUT 
VDD 
STW 
ALS 
SEC 
SNZ 
ACS 
SCI 

ALM OUT 

A 
M 
& 

b3a3 f3 93b2a2f292b, a, f, 9, B 

c3d3e3c2d2e2dc,d, e, h PC 
o &MO 
t C &M 

1 
liz 

A 
D 
E 
G 

'2/24 
TST, 

C'N 
C,p & DC 
TST2"(for ",PD832G) 
C2N __ 
COLON(COM) 

VSH 
VDD 
OSC OUT 
OSCIN 

VSS 
601120 
60/30 

"NC for ",PD833G 

,uPD832G SERIES 

7. TYPICAL FEM-TYPE LIQUID CRYSTAL DISPLAYS FOR fJPD832G SERIES 

12-hour display panel 24-hour display panel 

8. INTERNAL PULL-DOWN RESISTORS TO INPUT TERMINALS 

Input Terminal VOO - VSS Resistance Unit 

FS 1.5V 0.01'"'" 1.0 Mn 

FM 1.5V O.Oi '"'" 1.0 Mn 

FH 1.5V 0.01 '""'1.0 Mn 

SNZ 1.5V 0.01'"'" 1.0 Mn 

ACS 1.5V 0.01'"'" 1.0 Mn 

SCI 1.5V 0.01'"'" 1.0 Mn 

TST 1.5V 0.01 '"'" 1.0 Mn 

OUT 1.5V OPEN 

STW 1.5V OPEN 

ALS 1.5V OPEN 

SEC 1.5V OPEN 

60/30 1.5V OPEN 

60/120 1.5V OPEN 

12/24 1.5V OPEN 
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9. TERMINATION METHODS FOR INPUT TERMINALS 

1096 

9-1 Unused input terminals should be connected to 

VSS(-). 
9-2 As the OUT - 12/24 input terminals tabulated 

ih paragraph 8 are open terminals, they should be 
always connected to either VSS or VOO.lt is easy 
for this purpose to employ a single-pole double­
throw toggle switch (snap switch) as shown in 
the right diagram. 

9-3 Terminating the OUT - 12/24 input terminals 
by use of a single-pole single-contact push or 
slide switch, etc. instead of a snap switch, a pull­
down resistor should be added to each input 
terminal for prevention of floating as illustrated 
in the right. 
It may be noted, however, that extra current 
flows through the pull-down resistor Rpd, which 
is calculated with both VOO-VSS(=1.5 V) and 
Rpd according to Ohm's law. 
The pull-down resistor may be determined while 
considering carefully the grounding capability 
of the clock set itself, the environmental con~ 
dition (such as humidity, etc.) where it is 
exposed and the power capability of the battery 
engaged. 

9-4 In case of the pull-down resistor Rpd raging from 
several 100 kil to several Mil, it is recommended 
to insert a capacitor of 0.01 to 0.68 JlF range in 
parallel to the Rpd for an improved pulsive noise 
immunity. (See the right diagram.) 
The fact stated above is also applicable to each of 
the input terminals FS - TST of the LSI 
tabulated in paragraph 8, which has an internal 
pull-down resistor originally. 
Accordingly, if there might be pulsive noise 
around the LSI, a capacitor of 0.01 to 0.68 JlF 
range should be connected between VSS and 
each of the input terminals FS - TST. 
This shunt capacitor is unnecessary when a snap 
switch is applied to an input terminal (OUT -
12/24) or when an unused terminal is connected 
directly to VSS or VOO. 

IJPD832G Series 

input terminal 
(DUT-12/24) 

snap switch 

IJPD832G Series...--__________ ---; 

IJPD832G Series 

1.5 V 

\ 
slide switch 

1.51VJ 
1pdlJJAl = Rpd 1M!11 

IJ

P

D832G Series .---------------1~r~ 

10.01 - 0.68 ,F 15 V 

ol------1voo 
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10. EXAMPLE CIRCUITRY EMPLOYING IlPD832G SER IES 

10-1 Sleep timer (Switch on SLP) at night 
Dual mode time switch for a radio or TV receiver in weekday mornings (Select DAI L Y) and cease time 
switch in holiday mornings (Select HOLIDAY) (Provided that alarm timer is not engaged.) 

Circuit Output timing chart 

~P0832G Series IControl time set in advance I 
Switch on the SCI AM6:30 

I ~ 
OAILY~~~~ 

~f-( } SLP-CNT OUT 
HOLIOA Y ----1 l....--..f; Jf----

10-2 Sleep timer (Switch on SLP) at night 
Eather alarm (Select ALARM) or dual mode time switch (Select LINE) for a radio or TV receiver in the 
morning 

Circuit 

~P0832G Series 

ALARM 

LINE 

100 k 

1.5 V ~ VOO-VEE ~ 6.5 V 

~-toradioorTV 
lkl00VAC 

L=80 mH piezo electric buzzer 
-1.3 H 

Output timing chart 

I Control or alarm time set in advance I 
Switch on the SCI AM6:30 

I I 
LINE----.r--'~~~} 

I I SLP-CNT-ALM 

ALARM ----.r--'~r-----lIlUIlUIlL- OUT 

8 Hz x 2.048 kHz 
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10-3 Sleep timer (Switch on SLP) at night 
Eather both alarm and dual mode time switch for a radio or TV receiver (Select ALARM ON ) or time 
switch alone (Select ALARM OFF) in the morning 

Circuit 
~PD832G Series 

1.5 V ~ VDD-vEE ~ 6.5 V 

L=80 rn.H 
-1.3 H 

10-4 Sleep timer (Switch on SLP) at night 
Both alarm and dual mode time switch for a radio or TV receiver in the weekday morning (Select DAILY) 
and silent in the holiday morning (Select HOLIDAY) 

Circuit (i) 

~PD832G Series 
/ 

Circuit (iii) 

~PD832G Series 

o L!) 
<0 Ul 

W ~ ~ rr -'",00<0 " TV 
VEE ~ 

100 V AC 

1.5 V ~ VCC-VSS ~ 6.5 V 

.----~---<)VCC 

=~~EP 
~ 

piezo electric buzzer 

•• - to radio or TV 

Circuit Iii) 

~PD832G Series 

Control or alarm time 
set in advance 

Switch on the SCI AM6:30 

when DAI L Y I I 

{

SLP-CNT OUT---.r-"~~~ 
j I 

ALM OUT ---...., 'I---.JIIUIIUIIL. 

! 
8 H1Z x 2.048 kHz 

when HOLIDAY 

{

SLP-CNT OUT~~I--__ ---jJI----

ALM OUT ~J II 51----
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10-5 Double the duration of sleep timer at a particular night 

Circuit 

,,"P D832G Ser ies 

y -'0 "dio oc TV 

~ 
100 V AC 

10-6 Sleep timer (Switch on SLP) at night 

Set the Control Time to the time of one to two 
minute(s) prior the ending time to be set for sleep 
timer firstly and then switch on the sleep timer 
immedeately. 

Thus, if the original duration of the sleep timer is 
128min (=2hrs), the resulted duration can be approx­
imately 128min x 2 = 256min (=4hrs). 

Switch on the SCI
128 

. 
. I I min 

NOR~ ~I ________________ __ 

I J rPrOXimatelY( \28 x 2) min } SLP OUT 

4HR~ ~t: ~I ______ __ 
1 - 2 min 

Set the control timer during this period 

Eather alarm (Select NORMAL) or single mode time switch (Select EVER ON) for a radio or TV receiver in 

the morning 
When EVER ON, alarm is not available. 

Circu it 

[Time set in advance I 
NORMAL . AM6:30 

SWitch on the SCI 18HZ x 2.048 kHz 

ALMOUT+ ;~IIUIIUIIL-I __ _ 

SLP-CNTOUT~~~~L...--
EVER ON ~n . ~ 

ALM OUT+:- Jr---t---::------
SLP-CNT OUT ~~~'I----E-V-E-R-O-N 

31 - 32 min 
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1100 

10-7 Ever-on (Select EVER ON) by eather sleep or control timer when ever-on, no alarm available. 

Circuit 
(i) Switch to EVER OFF from EVER ON and instantly the output of the SLP OUT or CNT OUT turns off. 

IlPD832G Series 

EVER DN 

o EVER DFF (NDRMAL) 

EVER ON 

EVER OFF (NORMAL) 

1.5 V~ VDD-VEE~ 6.5 V 

100 k cry 
l!l 
C/) 

o C/) 

;;~~, ( 1-'0"diOO,TV VEE ~ 

100 VAC 

Determination on RS ...." VDD-VEE 
RS::::: l00IlA . 

RS::?~ = 60 kn~ 100 kn 
- 0.1 rnA 

Output timing chart 

(Switch on the SCI) 

• NORMAL ~~'-____ _ 

~ 
EVER ON ~Jf--------EVER ON 

I Control time set in advancel 

AM6:30 

l 
NORMAL ~r; ----~J~~~---

l EVER ON 

EVER ON ~r' ___ ~J.~J 

(ii) Switch to EVER OFF from EVER ON and after the pre-set duration, the output of the SLP OUT or CNT 
OUT turns off. 

IlPD832G Series 

Determination on R S 

1.5 V ~ VCC-VSS ~ 6.5 V 

EVER ON 

oEVER OFF 

EVER ON 

oEVER OFF 

RS 

22 k 

~ VDD-VSS 
RS_ loollA 

VCC 

~ - to radio or TV 

L~---.:(J:100VAC 
2SC1840 

1.5 V 
RS~O.l mA=15kn~22kn 

Output tim ing chart 

ISwitCh to the EVER OFFI 

~Jf--------j~--~ 
SLP-CNT OUT EVER ON I '-----

Duration set in advance 
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10-8 Display on alarm sign 
(The "cock" mark in the LCD stands for the sign of "DAILY ALARM". When this mark is visible, alarm is 

(i) 

available everyday at the pre-set time.) 

Turn off alarm output solely When the "cock" 
mark is invisible. 
In th is case, the sleep output and control out­
put can be utilized even if HOLIDAY. 

dl]> •• - to radio or TV 
1.5 V ~ VOO-VEE ~ 6.5 V ~ 

VEE 
100 V AC 

(ii) Turn off nat only· alarm but also sleep and 

control output 

IlP0832G Series 

VEE piezo electric buzzer 

1.5 V ~ VOD-VEE ~ 6.5 V 
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10·9 Display on alarm sign (How to be unused COM terminal) 

The "cock" mark in the LCD stands for the sign of "DAI L Y ALARM." When this mark to be flashed at a 
1 Hz rate is visible, alarm is available everyday at the pre-set time. 

(i) Turn off alarm output solely when the "cock" 
mark is invisible. 
In this case, the sleep output and control 
output can be utilized even if HO LI DA Y. 

",PD832G Series 

dot (1 Hz) (O}----...-l-4-l 

() 
() 

(ii) Turn off not only alarm but also sleep and 
control output. 

",PD832G Series 

VEE piezo electric buzzer 

1.5 V:s,vDD-VEE$.6.5 V 

: This is the sign of "DAI L Y ALARM" armed 

with alarm and is flashing at a 1 Hz rate. 

: The COLON is flashing at a 1 Hz rate. 

[NOTICE] 1. When is displayed the ALARM mode, the sign of "DAI L Y ALARM" is frozen. That condition is ( ~). 
2. This circuit is suitable for the "M" product of J.lPD833G that has not COM signal terminal. 

(But is provided the integrated Voltage Tripier.) 
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10-10 How to be extended the duration of sleep timer output. 

When the B button is pushed momentarily, the sleep output is activated. But in case of extending the duration 
of Sleep timer output while the sleep output, has to be pushed the B button in the following circuit. 

IlPD832G Series relay Switch on the B button 

64 min. 

'\ 
SLP OUT I } 

B ____ ~rl~:--------~---------- NORMAL 

SLP OUT 
----~ 

I 
I 
I 
I 

64min. 

extending 
100 V AC 

L } In Cilse of 

the duration 
of sleep timer. 

B ...... _------

Vss [The duration of sleep timer is 64 minutes.] 

[NOTICE] 1. In case of this, it is not used the Snooze function. 
2. When the CNT OUTPUT is activated, it is avai lable to be extended the duration of the control 

timer by pushing the B button. 
3. Whenever is pushed the B button, it can be renewed the duration of the sleep timer. It will be 

started the Sleep timer when is switched off the B button. 
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10-11 How to apply Lithium battery to pPD832G Series 

CNT OUT 

SLP OUT 

FS 

FM 

FH 

DUT 

VDD 

STW 
ALS 
SEC 

SNZ 

ACS 

SCI 
ALM OUT 

A 
M 
& 

b3 a2 1393 b2a2 1292 b, a, I, 9, B 

c3 d3 e3 c2 d2 e2 d CJ d 1 el 
a 
t 

1 
Hz 

h P C 
& M 0 
C & M 

A 
D 
E 
G 

CIN 

CIP&DC C,=O.'IJ 

+ 

* N.C. (in case of IJPD833G) 

50 k 

Switch B 

560 k 

~ 
c::r a Piezo electric buzzer 

~ 

[NOTICE] After lithium battery (+3 V) is connected to VAA - VSH, it should be pushed momentarily on by 

switch B. 
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r-----------------
;' I, 

/ o------'l/V\r---II>t----, 

I 

I 
I 

300 

DUAL TIME 

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

/ STOP WATCH// 

ALARM & CONTROL 

r--------- ------
/ 300 I; 

B MEMORY 

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

;' SEC //', 

"' 

-, 

, 

Lamp to light LCD 

to SN Z __ ---'-"1"--'-----_ 

, , , o 

, .----f----t----+--< 

3 Volt type LCD 

IlP D832G Series 

/ 
=d~ 

I ' I 
~_----<~ __ --l piezo electric buzzer 

300 

light emitting diodes 

SR 503Dx6 

1,50011 

, , , , 

2B2DM AC6 V 

+ rv 1------" 

0.001 - 0.0068 IlF 

* Capacitor for absorption of surge cased by power transformer when AC-line is turned on or off necessary 0.01 
to 0.68 pF. 
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HOW TO USE /LPD 1 990AC 

TIME KEEPING LSI FOR MICROCOMPUTER SYSTEM 

INTRODUCTION 

The conventional time keeper for ECR or microcomputer system is a one-board clock built with various counters, 
logic gates and flip-flops for TTLs, and MaS MSls. Because this one-board clock is required a wide space for mount­
ing and a large amount of power in the system, it has difficulty in functioning as a battery-operated clock stably for 
a long time when the system power supply is turned off. 

Recently, a one-board time keeper using the LSI, named ,uPD1990AC, has attracted notice. 
This time keeper ,uPD1990AC is a one chip LSI and consumes a very small amount of power. It is suitable for a 

long battery operation when the system power supply is turned off. The ,uPD1990AC is an easy to use I C controlled 

with 3 bit commands. 
Since the ,uPD1990AC has N-channel open-drain outputs, the interface between the ,uPD 1990AC and the system 

can easily be formed. 

This manual describes the',u PD1990AC CMOS LS I best suited for the establishment of clock functions in 
microcomputer systems. 
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1. OUTLINE OF J-lPD1990AC 

The J-lPD1990AC is an IC that supplies time data serially to a system using microcomputers and the like. 
Time data consists of 40 bits of month, date, day of the week, hour (24-hour system), minute, and second. Month 
data is expressed in hexadecimal (1 through C) and other data, in BCD (Binary Coded Decimal). 

Time data is serially input and output in synchronized with the external clock applied to the ClK terminal. 
The operation of the J-lPD1990AC is controlled with commands of 3 bits (CO,. C1, and C2) each. These 

commands are divided into two groups: O-group commands to control the input and output of time data and 
1-group commands to select timing pulses and test mode. 

The supply voltage is VDD-VSS=2.0'"'-'5.5 V. When using two commercially available batteries {UM-1 , UM-2, 
UM-3, UM-4, UM-5, or silver oxide), a supply voltage of 3.0 V is obtainable. The use of two Ni-Cd batteries 

(possible to charge) gives a supply voltage of 2.4 V and that of three Ni-Cd batteries gives 3.6 V. Using these Ni-Cd 
batteries, the J-lPD1990AC will be worked semi permanently. This means system power-fai lure never affects the 
time keeping· and in addition, there is no need for battery replacement. Thus, it can be said that the J-lPD1990AC 
is the most suitable time keeper for system. 

The J-lPD1990AC is in the form of 14-pin DIP (Dual In-line Package). 

1-1. Features 

o Time data: Month, date, day of the week, hour, minute and second 

o Data format: BCD (only month is expressed in hexadecimal using 1 through Co) 

o Data input and output system: Serial transmission system synchronized with external clocks applied through 
ClK input 

o Timing pulse output: Either 64 Hz, 256 Hz, or 2048 Hz can be selected according to programs. 

o Multi-chip structure: Multi-chip structure is possible by chip selection (CS) 

o Crystal oscillator: A crystal oscillator with a standard oscillation frequency of 32.768 kHz 



1-2. Package dimensions and connection diagram 

PACKAGE DIMENSIONS 
in millimeters (inches) 

xx 
«« 
22 
LDOO 

I 19.4 MAX, 

<::i .-. ..l.----.--_ 

.9 

N (V) 
M ...-, 

o 
2.54 

(0.100) 

Fig. 1 

I 

IJ 

J,lPD1990AC 

CONNECTION DIAGRAM (Top View) 

Co 

STB 4 

CS 5 

DATA IN 

GND 7 
(VSS) 

Fig. 2 

NO. Terminology NO. 

1 C2 8 
2 C1 9 

3 Co 10 

4 STB 11 

5 CS 12 

6 DATA IN 13 

7 GND (VSS) 14 

VDD (+) 

XTAl 

XTAl 

11 OUT ENBl 

TP 

DATA OUT 

ClK 

Terminology 

ClK 

DATA OUT 

TP 

OUT ENBl 

XTAl 

XTAl 

VDD (+) 
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1-3. B lock diagram 

1110 

OUT ENBl 

ClK 

DATA 
IN 

0 

'OJ 

~ 

l'"' -

lO 

c 
c 

C 

2v 

1'-'" 

O~ 

CS...,. 

ClK .. 

SO 
PS 

l.-

PS DM 

L-

-~ 

Month I--
~ 
PS-

PS 

OSC -
I~ 
'---

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

r- -.,... 
r---

--
\ 

v 

COMMAND 

latch/Decoder 

) 

STB 

fosc = 32.768 kHz 

VDD = 2.0 to 5.5 V 

40 Bit Shift Register 

I , 
I I I 

Date Hour Min 

I I I 
I 

Time Counter 

• 
I sr' 

N-cha 
Multiplexer Open 

nnel 
Drain 

r---'""I 

:-- ~ 
........ :--

GNO 

~~ 

15 Stage Binary Divider 

t--
1 Hz 

32 Hz 
64 Hz TEST 

256 Hz 

J 2040 Hz 

1 1 
GNO(VSS) VDD(+) 

Fig. 3 

Multiplexer N-ch 
Ope 

annel -

~ 

SO 

PS 

D/W 

CS 

TP 

n Drain 

J 
I 

GND 

Serial Data 

Preset 

Day of 

ChipS 

week 

elect 

Timing Pulse 
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1-4. ABSOLUTE MAXIMUM RATINGS 

Supply Voltage VOO-VSS 6.0 V 

Input Voltage VIN VSS-0.3 to VOO +0.3 V 

Operating Temperature Range Topt -40 to +85 DC 

Storage Temperature Range Tstg -55 to +125 DC 

Output Termi nal Voltage VOUT 6.0 V 

1-5. Electrical and AC characteristics 

ELECTRICAL CHARACTERISTICS 1. 

(f = 32.768 kHz, CG = CD = 20 pF, Xtal RS = 20 kn, Ta = 25 DC) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONOITONS 

Operating Voltage VOO-VSS 2.00 5.50 V 

Current Consumption ISS 20 50 IlA VOO-VSS=3.60 V 

Low Level Output Current IOL *500 IlA VOO-VSS=2.0 V 
VOL =0.4 V 

CLK Input Frequency fCLK DC 100 kHz VOO-VSS=2.0 V, Duty 50 % 

Input Leakage Current liN 1 IlA VOO-VSS=3.60 V 

High Level Input Voltage VIH 0.8 VOO VOO V 

Low Level Input Voltage VIL VSS 0.2 VOO V 

Oscillation Starting Voltage VSTA 2.0 V TSTA= 10 s 

* TP and DATA OUT are N-channel open drain output. 

A.C. ELECTRICAL CHARACTERISTICS (FOR REFERENCE - - - NOT SPECIFIED) 

(f = 32.768 kHz, VDD-VSS = 2.0 V, Ta = 25 DC) 

CHARACTER ISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS 

CO"-'2, CS - STB Set-up Time tsu 2 Il S 

STB Pu Ise Width TSTB 2 Il S 

CO"-'2, CS-STB Hold Time THLO 2 J1S 

STB LATCH Delay Time td1 *4 Il S except Time Read mode 

CLK-OATA OUT Delay Time tdc-o 2 J1S R L =33 kn, C L = 1 5 p F 

DATA IN Set-up Time tosu 2 J1S 

DATA IN Hold Time tOHLO 2 J1S 

* Note: When group 0 is Time Read mode, STB LATCH delay time is 40 IlS MAX. (td2). 

I I I I 
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1-6. Command 

REGISTER CONTROL MODE GROUP [Group 0] 

C2 = 0 

MODE & COMMAND CODE 
C2 Cl 

REGISTER HOLD a a 

REGISTER SHIFT a a 

TIME SET a 1 

TIME READ a 1 

note SIR: Shift Register 
TIC: Time Counter 

CO 

a 

1 

a 

1 

FUNCTION DATA OUT 

Data of 40 Bit SIR are not shifted, and data is held. 1 Hz 
The TEST MODE is released by this command. 

Data of the 40 Bit SIR can be shifted to Data OUT 
term inal and the external data can be shifted to the lSB = a or 1 
40 Bit SIR, each synchronizing with a clock input 
at the ClK terminal. 

Data of the 40 Bit SIR are not shifted. The TIC is 
kept to transfer data from the 40 Bit SIR and the lSB = a or 1 
11 - 15 stage remains reset. Set a command (ie. 
000, 001, all ) besides this command ,to start TIe. 

Data of 40 Bit SIR are not shifted. Data of the 0.5 Hz 
TIC keep to transfer to the 40 Bit SIR. 

Only to change TIME READ mode to another mode, the time to be changed another mode has to need 
40 J.1s MAX. (=td2) from the rising edge of STB pulse for setting a new command. 

TP CONTROL MODE AND TEST MODE GROUP [Group 1] 

C2 = 1 

MODE & COMMAND CODE FUNCTION 
C2 Cl CO 

TP = 64 Hz 1 a a TP terminal is the 64 Hz output. 

TP = 256 Hz 1 a 1 TP terminal is the 256 Hz output. 

TP = 2 048 Hz 1 1 a TP terminal is the 2 048 Hz output. 

In this mode, TP terminal is the 32 Hz output. The TEST 

TEST MODE 1 1 1 
MODE is released by TP MODE (100,101,110) or REGISTER 
HOLD MODE (000). 
When is released by MODE (000), TP terminal is 64 Hz output. 
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1-7. The correspondence of the data between the 40 Bit Shift Register and the Time Counter. 

DATA IN 

DATA OUT 
8#4 8#3 8#2 8#1 8#0 t-----<O 

1---------------40 8its------------~--i 

40 Bit Shift Register Time Counter Data of Time Counter 

B#O B#O (LSB) of Seconds/Units o through 9 
B#1 B#1 " (BCD) 

B#2 B#2 " 
B#3 B#3 (MSB) " 
B#4 B#O (LSB) of Seconds/Tens o through 5 
B#5 B#1 " (BCD) 
B#6 . B#2 (MSB) " 

B#7 0 
B#8 B#O (LSB) of Minutes/Units o through 9 
B#9 B#1 " (BCD) 
B#10 B#2 " 
B#11 B#3 (MSB) " 
B#12 B#O (LSB) of Minutes/Tens o through 5 
B#13 B#1 " (BCD) 
B#14 B#2 (MSB) " 
B#15 0 
B#16 B#O (LSB) of Hours/Units o through 9 
B#17 B#1 " (BCD) 
B#18 B#2 " 
B#19 B#3 (MSB) " 
B#20 B#O (LSB) of Hours/Tens o through 2 
B#21 B#1 (MSB) " (BCD) 

B#22 0 
B#23 0 
B#24 B#O (LSB) of Date/Units o through 9 
B#25 B#1 " (BCD) 

B#26 B#2 " 

B#27 B#3 (MSB) " 
B#28 B#O (LSB) of Date/Tens o through 3 
B#29 B#1 (MSB) " (BCD) 

B#30 0 
B#31 0 
B#32 B#O (LSB) of Day of Week o through 6 
B#33 B#1 " . (BCD) 
B#34· B#2 (MSB) " 
B#35 0 
B#36 B#O (LSB) of Month 1 through OCH 
B#37 B#1 " (Hexa Decimal) 
B#38 B#2 " 
B#39 B#3 (MSB) " 

1113 
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1-8. The form of loading and reading the data 

e Loading of data to 40 Bit Shift Register in JlPD1990AC. 

1. It is defined the external serial data loading to 40 Bit Shift Register of the JlPD1990AC as follows, 

last data First data 

B#39 1 B#38 1 B#37 B#36 B#35 1 B#34 1 
11 1 

B#6 B#5 B#4 B#3 B#2 B#l I BOO I 
• I 40 Bits 

2. Loading operation. (The JlPD1990AC is in the Register Shift mode.) 

2 3 4 5 35 36 37 38 39 40 
ClK 

DATA IN 

�NTERNAl ____________________________ ~\~--------------------------------------
MODE OF 

pPD1990AC 
REGISTER SHIFT MODE 

------------------------------~\~\I~--------------~----~~------------------------~----.--T-I-M-E------

3. Data of 40 Bit Shift Register in the JlPD1990AC, after loading operation 

DATA IN 40 Bit Shift Register 
/, D 

)) 
DATA B#39 B#38 B#37 B#36 B#35 B#34 B#4 B#3 B#2 B#l OUT 

CK 

C lK 
40 Bits 

eReading the data of 40 Bit Shift Register in the JlPD1990AC. 

1. Reading operation. (In the Register Shift mode.) 

ClK 

B#O 
(BOO) 

INTERNAl------------------------------~~--------------------------------------

MODE OF REGISTER SHIFT MODE 
PPD1990AC------------------------------({{~---------------------------------------

------------------------~.~\----------------------------~·-TIME 

,... 



1-9. INPUT AND OUTPUT CIRCUITS FOR jJPD1990AC 

Input circuits 
(for C2, C1, CO, STB, DATA IN, ClK, OUT ENBl, CS terminals) 

---------LSI---------

input 

O~--~---~-~ 

R =: 1 kn 

Fig. 11 

Output circuits 

(for DATA OUT, TP terminals) 

-------LSI-------

VDD(+) 

output 

~""""--+-----10 

from 
internal circuit 

.. 

N-channel Open Drain 

Fig. 12 

,uPD1990AC 

I I 15 



j1PD1990AC 

1116 

2. COMMAND DESCRIPTION 

2-1. Register control modes. [Group "0"] 

These mode are set by Register Control command which does not affect with TP (Timing Pulse) control 

mode. [Group "1 "]. 

* Register Hold Mode (Set by Register Hold Command (000)) 

It is impossible for the data of the 40 Bit Shift Register to shift during in this mode. And the 1 Hz signal is 

provided at DATA OUT terminal. 

IJPD1990AC 

Shifting the data by ClK input is impossible. 

not shifting 

ClK 
CK 

40 Bit Shift Register 1 DATA OUT ,... ...., 

(duty 

1 Hz 

cycle 50 %) 

Time Counter is keeping time count. 

Time Counter 
I 
r 

r Divider I 1 Hz 
32 kHz I r 

note When pPD1990AC is in TEST MODE (Group "1") by setting this mode the pPDl 990AC is released 
from TEST MODE and set TP == 64 Hz mode. 

* Register Shift Mode (Set by Register Shift Command (001)) 

Only in this mode, it is possible for the data of 40 Bit Shift Register to shift in synchronization with rising edge 
of C lK clock input. 

DATA IN ,... 

ClK ,... 

IJPD1990AC 

The data is shifted in synchronization with rising edge 
of ClK input. 

shifting . 
D 

40 Bit Shift Register 
CK 

Time Counter is keeping the Time Count. 

Time Counter 

I 32 kHz r 1 1 Hz 

I Divider r 

DATA OUT 
-" lSB of the Shift Register 

("1" or "0") 

note When is set the Register Shift command "001", input level of the ClK terminal has to be low level. 

The logic level present at the DATA I N input is transferred into the first register stage and shifted over one 
stage at each positive-going clock transition of ClK terminal. And data of the last register stage (=lSB) is provided 
at DATA OUT terminal. 



,uPD1990AC 

* Time Set mode. (Set by Time Set command (010)) 

The data of 40 Bit Shift Register is transferred to Time Counter, and is reset the flip-flop of the 11 th - 15th 
stage in the 15 Stage Binary Divider and held the Time Counter. 

As soon as the pPD1990AC is released from the Time Set mode, by setting another Register Control command, 
such as Register Hold, Register Shift or Time Read commands, the Time Counter will be started to keep time. 

J.,LPD1990AC 

Shifting the data by ClK input is impossible. 

no shifting . 
C lK CK I I "- 40 Bit Shift Resister I I 

The data of 40 Bit Shift Register is transferred 
to the Time Counter. 

\./ 

I Time Counter 
I 
I 

Held on resetting F IF of the 11-15th stage of the Divider. 

1 11 15 

L o Hz 
32 kHz 15 stage divider J 

* Time Read mode. (Set by Time Read command (011)) 

DATA OUT 
lSB of 

Shift Register 
(lor 0) 

The data of the Time Counter is transferred to the 40 Bit Shift Register. LSB of the units of seconds (0.5 Hz) 
output is provided at DATA OUT terminal through the 40 Bit Shift Register. 

C LK CK I "-
~ 

L 

I 

32 kHz 

J.,LPD1990AC 

Shifting the data by ClK input is impossible. 

no shifting . 
I 40 Bit Shift Register 
I 

L;'~ 
The data of Time Counter is transferred to 

40 Bit Shift register. 

Time Counter L 
J 

Keeps counting time. 

1 Hz I Divider I 

"-

s 

t 

DATA OUT 
LSB of 

econd (0.5 Hz) 

hrough Shift 
Register 

note: When IlPD1990AC is in the Time Read mode, another new mode becomes to enable after 40 ps (MAX.) 
from the rising edge of STB pulse for setting the new command, because the new mode is delayed to 

synchronize with the highest frequency (ie. 32.768 kHz) in the pPD1990AC. 

1117 
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2-2. TP (Timing Pulse) Control mode and TEST mode 

These modes are controlled only by TP control commands and TEST MODE set command, which does not 
affect Register Control modes. [Group "0"] 

* TP=64 Hz mode. (Set by TP=64 Hz command (100)) 
The TP terminal is the output of 64 Hz. 

* TP=256 Hz mode. (Set by TP=256 Hz command (101)) 

The TP terminal is the output of 256 Hz. 

* TP=2 048 Hz mode. (Set by TP=2 048 Hz command (110)) 

The TP terminals is the output of 2 048 Hz. 

* TEST MODE. (Set by TEST mode of command (111)) 
This mode set the J-LPD1990AC to LSI TEST mode. (not to be used for ordinary operation) 

TEST MODE (Set by command of TEST mode (111)) 

In this mode, DATA OUT terminal is enabled regardless of OUT ENBL input. 

There are 2 type TEST MODE to be selected by OUT ENBL terminal. 

While pPD1990AC is in Register Hold mode, impossible to chage Test mode by setting TEST MODE 
COMMAND(111) 

TEST MODE 1 ; OUT ENBL=O 

In this mode, every Counter (I'Month", "Day of Week", "Date", "Hour", "Minute", "Second") is advanced at 
a 1 024 Hz rate in parallel. I n this case the overflow carry of each counter is not affect to the next counter. 

Month I-- D/W r-- Date I-- Hour t-- M;nute I-- I Second I--
1 024 Hz 

TEST MODE 2 ; OUT ENBL = 1 

In this mode TIME COUNTER is advanced at a 1 024 Hz rate in stead of 1 Hz for Second counter input. 

Month D/W Second 

1 024 Hz 

The following table shows the signals to be provided at DATA OUT and TP terminals during the IlPD1990AC is 
in the TEST MODE. 

MODE CODE DATA OUT TP 
C2 Cl CO 

REGISTER HOLD 0 0 0 1 Hz 64 Hz 
By this command, TEST MODE 
is released. 

REGISTER SHIFT 0 0 1 LSB of 40 Bit SIR "0" or "1" 32 Hz TEST TIC is advanced at 1 024 Hz 
in parallel or serial. 

TIME SET 0 LSB of 40 Bit SIR "0" or "1" 
MODE -------0 1 32 Hz 
is re-

TIME READ 0 1 1 512 Hz 32 Hz mained. 
Tie is advanced at 1 024 Hz 
in parallel or serial. 

note. While J-LPD1990AC is TEST mode, by setting the Register Hold mode (Group "0" mode), Test Mode 
changes TP=64 Hz mode in group "1" and as a result Register Hold mode is set. There is a 1 Hz output 
at DATA OUT terminal and a 64 Hz output at TP terminal. 
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3. SOFTWARE FOR J,LPD1990AC 

The commands for J,LPD1990AC are formed with 3 bits of CO, Cl, and C2, and composed of 8 commands: 
4 register control commands (time data read and write), 3 timing pulse (64 Hz, 256 Hz, 2,048 Hz) select com­
mands and 1 IC test mode command. The command specifications are shown below. 

Each command latches groups 0 and 1 separately with a strobe input (STB). 

• Command input. 
o 3 bit, binary code input. CO, Cl, C2 

• Number of commands. 

o Register control ........... 4 ] 
o TP control ............... 3 8 
o TEST MODE set ........... 1 

COMMAND SPECIFICATIONS 

Group C2 Cl Co FUNCTION 

0 0 0 Register Hold DATA OUT = 1 Hz 

0 0 0 1 Register Shift DATA OUT = [LSB] 

0 1 0 Time Set & Counter Hold DATA OUT = [LSB] 

0 1 1 Time Read DATA OUT = 0.5 Hz 

1 0 0 TP = 64 Hz Set 

1 0 1 TP = 256 Hz Set 
1 

1 1 0 TP = 2048 Set 

1 1 1 TEST MODE Set 

* Groups "0" and "1" hold their functions independently, in other word, the command of the group "0" 
("1") can change the group "0" ("1") function mode only. Then you must release the J,LPD1990AC from 
TEST MODE by setting commands of TP selection (group "1 ") or Register Hold Mode. 

1119 
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3-1. How to read out the Time Data from the ,uPD1990AC. 

READ OUTTHE 
TIME DATA 

SET J.LPD1990AC TO 
TIME READ MODE BY 
(011) COMMAND 

SET J.LPD1990AC TO 
REGISTER SHIFT MODE 
BY (001) COMMAND 

WAIT 40J.LS 

The data of the Time Counter (=Time Data) is transferred to the 
40 Bit Shift Register. 
But the data of 40 Bit Shift Register cannot be shifted by the clock 
input at ClK terminal. 

The data of 40 Bit Shift Register (=Time Data) can be shifted by 
the clock input at C lK terminal. 

Wait 40,us unti I the Register Shift mode becomes valid. 

READ OUT THE DATA The data of the 40 Bit Shift Register (=Time Data) is shifted to 
DATA OUT terminal in synchronization with the rising edge of the 
clock input atGlK terminal. 

OF 40 BIT SHIFT REGISTER 
BY CLOCK INPUT AT ClK. 

TIME-READ REGISTER SHIFT 
COMMAND COMMAND 

(011) (001 ) --'A , ~.---~~ , ~---------------__ oJ ~ '--____ --..:..../ ~ ____________ _ C2 

C1 
--'V',....----....'(-----...),. r--------------
-_.../ '-----' '--...../ '---------------

CO --~y~'<r---'v~'<----------------__ J '--__ .../ '--____________ _ 

STB 

ClK 
---~-----~-------------~ 

DATA OUT B#O 
---+-' 

I------Seconds/Units------------~ 

-----+---+--tdl ~td21 
INTERNAL -~~-----------------~-----------~-~~--------------------------
MODE OF 
J.LPD1990AC 

TIME READ MODE REGISTER SHIFT MODE 

Note: td1=4J.Ls (Delay time of J.LPD1990AC being in the ordinaly mode) 

td2=40J.Ls (Delay time of J.LPD1990AC being in th,e Time Read mode) 

, 



C2 

Cl 

CO 

,uPD1990AC 

3·2. How to set the Time Data to the pPD1990AC 
(Time Data Time Counter of the p PD1990AC) 

SET THE TIME DATA 

SET J,lPD1990AC TO 
REGISTER SHIFT MODE 
BY (001) COMMAND 

WRITE THE TIME DATA 
TO 40 BIT SHIFT REGISTER 
BY CLOCK INPUT AT ClK 
TERMINAL 

SET J,lPD1990AC TO TIME 
SET MODE BY (010) COMMAND 

REGISTER SHIFT 
COMMAND 

The data of 40 Bit Shift Register can be shifted by the clock input 
at ClK terminal. 

Note: When is set Register Shift mode command (001), input 
level of C lK has to be low level. 

Time Data is loaded to 40 Bit Shift Register by setting serial data 
at DATA I N terminal in synchronization with rising edge of clock 
input at C lK terminal. 

The data of 40 Bit Shift Register (Time Data) is transferred to 
Time Counter. And Time Counter is kept on being held, during 
Time Set mode. 

Note: As soon as Time Set mode is released by setting 
Register Hold (000), Register Shift (001) or Time Read 

(011) command, the Time Counter will start to count 
time. 

TIME SET REGISTER HOLD 
COMMAND COMMAND 

(010) (000) (001 ) --"\ l r----------
--,/ ~'-------------

----------""' t ",----""""\>. t !.,.--------__________ ..,}\.....-.J ~ ___ .J '--.-J '__ _____ _ 

-~ r-----------
). ~ __ J '---' '__ ________ _ 

---------~ ~ ,-----, ,---------__________ J ~'__ ___ ..J'__.JI..'__ ______ _ 

---..,---.. ,...-----------
y '( _ -J '__ _________ _ ----------, ,-----, ,---------

-----_____ ~"'>___.J!..~ ___ ../'\..._JI..~ ______ _ 

STB 

ClK 

DATA IN 
'-----I~----- ----------

Seconds/Units---+----Il-----+-----Month----

INTERNAL 
MODE OF 
J,lPD1990AC 

-oI----Il---tdl 

REGISTER SHIFT MODE 

Note: tdl = 4 J,lS (Delay time) 

--+-"---td 1 -.j...-4.-tdl 

TIME SET REGISTER HOLD 

Starting point 
for time count 

1121 
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4. INTERFACES FORpPD1990AC 

The following is the Block diagram interface between pPD1990AC and CPU SYSTEM. 

(1) Crystal oscillator circuit 

(2) Power supply circuit 

(3) Output interface 

(tl) Input interface 

(5) CS interface 

APPLICATION CIRCUIT 

CPU SYSTEM J..LPD1990AC ,-----, 
C2 f--' t------I C2 I 
Cl' Cl 

Co I INPUT Co 

STB 

DATA IN 

ClK J 
I 

OUT ENBl 

DATA OUT 

TP 

INTER-

FACE 

-,-

I-----..... STB 

1------4 DATA IN 

1------1 C l K 

t------I OUT ENBl 

r-I 
j i i OUTPUT i 

INTER-

I---~ DATA OUT 

I FACE I 1---, TP 

32_768 kHz 

t----.____-tl ~ 30 pF .l • .-
c:::::J 

T '-1.1 CD 
.'" 5-30pF 

CS I--

VCC GND L · _---1 VDD GND 

r:----, 
I POWER I 

+5 V ---+----+--_--~ SUPPLY "1------------' 

~I~~ 
COM __ ---~-4_------------------~-_r---~ 

7i7 

r-----l 
L----J CS !t------------

I CIRCUIT I 
L _____ .J 

Fig. 4 
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4·1. Crystal oscillator circuit 

The oscillator circuit of the IlP01190AC is of one-stage CMOS inverter system, incorporating a feedback 
resistor for bias. A crystal oscillator of nominal 32.768 kHz is connected between Xtal (13th pin) and Xtal (12th 

pin). 
A CG=about 30 pF capacitor is connected between Xtal (13th pin) and VSS (GNO) and a CO=5--30 pF trimmer 

capacitor, between Xtal (12th pin) and VSS (GNO). Crystal oscillator frequency deviation and variation in 
capacitor CG and floating capacity at the oscillating stage cause a discrepancy between the actual and nominal 

osci Ilation frequencies. To adjust this, the Xtal (12th pin) capacitor uses a variable capacitor. 

Crystal Oscillator Circuit 

5--30 pF 

Fig. 5 

4·2. Power supply circuit 

Originally, the time keeper ought to continue to count the time accurately even though power fails or its AC cord 
is misremoved from the socket outlet or the system power is turned off. From this point of view, the power supply 
circuit of the jlP01990AC must be of battery-backed up type. 

The jlP01990AC can use a battery of any type as a power source if its voltage is in a 2.0 through 5.5 V 

operating voltage range. 
For reference, the following shows a example of circuit using Ni-Cd batteries (easy to charge). 

POWER SUPPLY CIRCUIT 

+5 v (VCC) 

SYSTEM POWER 
SUPPLY 

15 kn 

4.7 kn 

2SA733 

Ni-Cd 
X3 

Fig. 6 

to VDD of J,LPD1990AC 

GND 

1123 
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SYSTEM POWER SUPPLY = "ON" 
pPD1990AC is operated by System Power Supply (about 5 V). 

SYSTEM POWER SUPPLY = "OFF" 
pPD1990AC is operated by about Ni-Cd batteries (about 3.6 V). 

4-3. Interface for output circuit 

The output circuit (DATA OUT and TP) of the pPD1990AC has N-channel open-drain outputs as shown. 
To form an interface with the system, insert a pull-up resistor, Rpu, between the system power supply Vce 

and the output terminal. 
Notice that a low-level output current of IOL ==(VCC-VDS)/Rpul/RS (PA) flows in accordance with Ohm's 

law. 
Decide the pull-up resistor value Rpu so as to balance it against the low level output current and other conditions. 

Vee 

Voo 

VSS 

J.LP01990Ae 

Vee (System Power Supply) 

OATA OUT 
TP 

Fig. 7 

Vee 

RS 

SYSTEM 

epu SYSTEM 
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4-4. Interface for input circuit 

(a) Terminals of C2, C1, CO, ClK, DATA IN, and OUT ENBl 

To form an interface with the system, insert a pull-up resistor Rpu between the system power supply 
VCC and the input terminal. 

Vee (+5 V) Vee (+5 V) Vee (+5 V) 

Voo 
Rpu 

RS 

VSS 

epu SYSTEM J.lP01990Ae 

Fig. 8 

Notice that a leakage current (CPU SYSTEM) of IOL flows in accordance with Ohm's law. 
Decide the pull-up resistor value Rpu as following. 

Rpu ~ 5 - 3.5 
IOl 

5 V: Power-supply (VCC) 
3.5 V: Minimum of high level input voltage in 

J.LPD1990AC 

1125 
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(b) Terminal of STB 

For STB input 

10 kn 

STB 
(from CPU SYSTEM) 22 kS1 
------'V\\r--......... ---I 

22 kn 

to VOO of IlP01990AC 

to STB of IlP01990AC 

10 kn 

GNO 

Fig. 9 

The STB input is low when the CPU system output is floating and when the CPU system is off. 

4-5. Interface for CS terminal 

VCC (+5 V) VCC (+5 V) 

! 
VOO 

IlP01990AC 

CS 1-------... 

VSS 

Fig. 10 

A pull-down resistor R is inserted so that the CS input is low when the power supply (VCe) is off. 
And the ClK and STB input prohibited by connecting CS input to GND level. 



4-6. Example of application circuit 

Vcc (+5 V) 2SA733 

System Power 
Supply 

~ 
w 
f-en 
>-en 
::J 
a. 
U 

VCC 

GND 

15 kn 

4.7 kn 

VCC 

C2 
VCC 

C1 
VCC 

Co 
VCC 

ClK 
Vcc 

DATA IN 
VCC 

OUT ENBl 

DATA OUT 

TP 

22 kn 
ST B t----'\A/\r---4--C 

510 n 

2SC945 --Ni-Cd 
-=-3.6 V 

1 

3.3 kn 

3.3 kn 

3.3 kn 

3.3 kn 

3.3 kn 

3.3 kn 

33 kn 

33 kn 

VDD 

4.7 J..LF 

14 

VDD 

C2 

2 
C1 

3 
Co 

8 
ClK 

6 u 
DATA IN « 

0 
(J) 

~ 
11 0 

OUT ENBl a. 
::1. 

9 
DATA OUT 

10 
TP 

4 
~--~STB 

10 kn 
VSS 

7 

Fig. 13 

,uPD1990AC 

32.768 kHz 

13 CG=30 pF 

XTAl 

c::J 
12 

XTAl 

CD=5-30 pF 

VCC 

5 
CS 

33 kn 
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APPLICATION CIRCUIT OF ,uPC7800H SERIES 

3-TERMINAL REGULATORS 

1. INTRODUCTION 
The manufacturing and circuit design techniques of integrated circuits have made rapid and remarkable pro­

gress in recent years. NEC has released 3-terminal regulators (J.LPC7800H series) featuring an output current 

capability of 1 A, low noise and excellent stability. The regulators are available in fixed output voltages options 

5 V, 8 V, 12 V, 15 V, 18 V and 24 Vwith standard TO-220 plastic package. As they have built-in current limiting 

circuit, thermal shut-down circuit and safe area compensation circuit, these monolithic circuits are very easy to 

use in various applications. 

2. ABSOLUTE MAXIMUM RATINGS 
Although J.LPC7800H series include various protective circuits, it is necessary to examine the design of the appli­

cation circuits so that they can operate within the absolute maximum ratings shown in Table 1. 

Table 1 Absolute Maximum Ratings 

(Ta=25 °e, unless otherwise noted.) 

ITEM SYMBOL RATINGS UNIT 

Input Voltage 
(J.LPC7805H through J.LPC7818H) 35 V 

VIN (J.LPC7824H) 40 V 

Internal Power Dissipation PT(Tc=25 °C) 20 * W 

Operating Temperature Range Topt -20 to +80 °c 

Storage Temperature Range Tstg -55 to +150 °c 

Lead Temperature (Soldering 10 sec.) TL 230 °c 

Operating Junction Temperature Range o to +125 °c 

* Internally Limited 
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3. EQUIVALENT CIRCUIT AND THE OPERATION OF THE CIRCUIT 

3-1 Equivalent Circuit 

~~--------~------~~----~~--~--~1 IN 

Fig. 1 Equivalent circuit 

3-2 Fundamental Block Diagram 

O-----~----------------~--------------~--------~~ 1 UNREGULATED INPUT 

Constant Current Source 

Rll 
~------4--o 2 REGULATED OUTPUT 

3 3GND 

Fig. 2 Fundamental Block diagram of the 3-terminal regulator 

1129 
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3-3 Pin Connection 

3-4 Reference Voltage Circuit 

NEe 
7800 

132 

It\ 
IN GND OUT 

GND 

Fig. 3 Pin connection 

The reverse breakdown voltage between the base and the emitter of a transistor has continuously been utilized 

as the reference voltage inside the monolithic IC. It is, however, difficult for this method to obtain a voltage of 

less than 6 V, and thus, the temperature compensation is required by adding another circuit. Instead of that 

conventional technique, the pPC7800H series adopt a circuit utilizing the forward voltage drop between base and 

emitter of a transistor as shown in FigA "Basic circuit"to get a reference voltage of lower than 6 V which remains 

relatively stable against temperature change. 

~----------~----------~----~------oVREF 

R' 
~AVBE2 

3 I 
~--------------~ 0 3 

\ 
VBE3 

'--

Fig. 4 Basic voltage reference diagram utilizing the forward voltage drop between base and emitter 
of a transistor 
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In the circuit shown in Fig.4:, the reference voltage VREF can be obtained as follows; 
:\) 

VREF = VSE3 +~ ICO'2 ··Ri + "SO) • Ri 
~ 

= VS~3 +,fuR: .(AVBE2) + IS03 . Ri 
> 3 • 

V 
:~Ri kT .J

1 = SE +-, (-In-)+Iso' ·Ri 
3 R3 q J2 3 

~ V + Ri (kT I Ri) 
SE 3 R' n R' 3 q 1 

(VSE 1 = VSE2, ISQ) • R; « 1 

Differentiating equation (1) by temperature T, equation (2) is obtained; 

(1 ) 

(2) 

It may be understood that the temperature compensated reference voltage can be obtained by selecting 

suitable resistance ratios R2' /R3' and R2' /R 1'. 

Fig. 5 shows the reference voltage circuit of IlPC 7800H series obtaining. 

GND 

Fig. 5 VREF circuit of IlPC7800H series 

3-5 Error Amplifier 

The error amplifier consists of Q3, Q4, Q9 and Ql1. Of these transistors, Q3 and Q4 compose the reference 

voltage circuit. Suffer circuit Qll is added to eliminate an excessive current change of Q9 which may be caused 

by considerable voltage change of unregulated input or load condition and to get better stability of the operating 

current finally. The constant current source consisting of Q9 works as an active load of the error amplifier. A 

negative feedback path is provided through feedback resistors R 19 and R20, and the output voltage is given by 

the following equation; 

R 
VOUT = VREF • (1 + R20 ) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (3) 

19 

Various output Voltage are obtained by varying the ratio of R20/R19. 

1131 
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3-6 Start-up Circuit and Thermal Overload Protection Circuit 

Fig. 6 shows start-up circuit and thermal overload protection circuit. 

(3.1V) 
-t:===-:=-=====::;-1 Q 13 

!-I--"R-~ -----=-ry f' 13.5VII 

I (oAV) ~14 i L. 

W·· 1 ! 
I I--- Thermal protection circuit 

I I L ___________ .J 

Fig. 6 Start-up Circuit and Thermal Overload Protection Circuit 

+Vcc 

(Input) 

When a voltage is applied to the input terminal, 012 and 013 are biased through R4 causing diode-connected 

transistor Oa to be driven, and the constant current transistor Og biased by Oa starts to supply the current to 

the reference voltage circuit enabling entire circuit to start operation. The 013 base potential is determined 

according to the voltage of zener diode Dl and the voltage split ratio of R5, R6, R7 and is approximately 3.1 V. 

On the other hand, the emitter potential of the transistor becomes about 3.5V due to the operation of the 

reference voltage circuit resulting O.4V of reverse bias between the base and the emitter. 013 operates at starting­

up time only and then it stops operation. 

And current iSilupplied to the reference voltage circuit through Oa, Og. Also the base potential of 014 is fixed 

to about O.4V by the resistance split of R5, R6, R7. If the junction temperature exceeds 150°C, 014 is fully 

turned on causing the base current of the output transistors 016,017 to decrease and also cutting the output 

current. 

3-7 Output Short-circuit Protection, Output Transistor Safe Area Compensation 

The thermal overload protection circuit is effective for persistent overloads which would cause excessive chip 

temperature. It is not effective against instantaneous overloads which could result in secondary breakdown of the 

pass transistor or damage to metal interconnection due to high current density. Transistor 015 and resistor R 11 

protect against instantaneous overloads by limiting output current. If the output current rises to a high level, the 

current through R 11 will turn on 015 shunting base current away from the driver transistor and preventing 

further increase in output current. In order to operate the power transistor in the output stage within its for­

ward safe area, a power limiting circuit is built in as shown in Fig. 7. 
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----------~----------~----------~----_O1 IN 

Rll 

-------4 __ ----____________ --+ ______________ -----{) 2 OUT 

Fig.7 Circuit of Output Stage 

When the voltage between collector and emitter of 017 exceeds SV, zener diode D2 conducts and biases the 

output current limiting transistor 015, cutting the base current of 016, Q17 and also cutting the output current. 

Accordingly, the output capacity decreases correspondingly as the input/output voltage differential becomes 

larger, causing 017 to be operated within the safe operating area as shown in Fig. S. 

3.0 

~ 2.5 
~ 
co 
Q) 

a. 
9 2.0 
..... 
c: 

~ 
:::J 1.5 u 
..... 
:::J e 
:::J 
0 1.0 
E 
:::J 

l~ ~ 1'00.. Tj = ooc 
f1 ..... 

r': K 
y r--.- ......... ~ i'... Tj = 25 C-, 

......... 

"'- i" ~ 
I' i'... "~ ~ 

..... ~ , 
~ 

.§ 
x 0.5 co 
~ 

Tj = 125°C ........ 

" " ~ 
o 5 10 15 20 25 30 

Input-output voltage differential VIN-VO (V) 

Fig. 8 Maximum outpu$ current vs input-output voltage differential 
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4. TYPICAL APPLICATIONS 
The pPC7800H series has an output current capacity of lA within a range of Tj<100 °c, and stable output 

voltage is obtained by connecting a capacitor of more than 0.22 pF to the input terminal for preventing 

oscillation. The output terminal capacitor is necessary to improve the transient response. It is effective at 10 pF 

or more. A suitable value ranges from 50 pF to 100 pF. 

In order to operate these regulators under the best condition, it is desirable to operate them at a junction 

temperature of lower than 125°C. Accordingly, it is necessary, to use them with a suitable heat sink. If no heat 

sink is used, the load current should be under 200 mA. In this case, a resistor of more than 50 n should be 

connected to the input terminal to reduce a power loss at the time of output short-circuit. 

Although the application circuits in this section are based on only pPC 7805H, they can also be applied to·8 V, 

12V, 15V regulators. 

4-1 Typical Circuit 

VIN> (VO+ 3V) 

e l

l
o.33j1F 

(With heat sink) 

pPC7805H 

3 

2 
...,::....--...---'OVO 

47pF 

C1 : Mount closely to the input terminal for preventing oscillation (recommend mylarfilm type capacitors) 
C2 : Improves transient response (electrolythic capacitor) 

Fig.g Typical circuit of 3-terminal regulator 

Fig. 9 is an example of typical application circuits of 3-terminal regulators. This circuit operates as a regulated 

power supply having an output voltage of 5 Vand an output current capacity of 1 A. 

4-2 High output current circuit 

Fig. 10 shows a circuit example of increasing the output current capacity to higher than 2 A by adding a PNP 

power transistor. The maximum output current is limited by the power dissipation of the external transistor, and 

it is about 3 A taking the maximum ratings of 2SB616 into consideration. 

Determine the R 1 value from equation (6) 

lOUT = I REG + ICOI .......... , ......... , .... , ................. (4) 

I REG = VBEOI + ICOI 
RI hFE 

(5) 

Rearraging equations (4) and (5) with reference to R 1; 

hFE • VBEOI 
................................... (6) 

(1 + hFE) 'IREG - lOUT 

Assuming lout(max) :::0 3 A, Ireg(max) = O.4A,hFE = 20 and Rl is about 2.6 n. 
A suitable value of R 1 is about 1 ...... 3 n. 
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(with heat sink) 
Fuse (3A) 2S8703 ICOl --

VIN> (VO + 4V) 

(with heat sink) 

RI ~1 2 
lOUT 5V 

J,tPC7805H ---
30n Vo 

3 I O.33~F 
NOTE: 01 may be broken by output short circuit. If there is possibility of shortening the load, refer to examples of 

application circuits in Figs. 12 and 13, and also please note to use a heat sink with enough margin. 

Fig. 10 Circuit example of increasing the output current 

When the output current is less than 0.2 A, 01 is OFF, and the output current is supplied through R 1 and the 

IC. When it exceeds 0.2A,it is supplied through not only the IC but also 01. Fig.11 shows a current buffer circuit 

obtained by adding a current limiting protective circuit to the one shown in Fig.10. 

VIN> (Vo + 5V) 

(with heat sink) 

J,tPC7805H 
2 

30n 

3 

Fig. 11 Current Buffer (with short-circuit protection) 

5V,3A 

Vo 

Fig. 12 shows an application circuit when the output current is limited by utilizing the built-in output current 

protective functions in IlPC 7800H series. 

Diode 01 cancels the voltage between base and emitter of 01, and the current ratio of the regulator and 

external transistor is determined by R1. The maximum output current is three times the maximum output 

current of IlPC7805H. Considering a voltage loss by R 1 and 01, the mini mum input voltage to the regulator 

should be more than (VO + 5 V). 
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(with heat sink) 

2S8703 
u-----~--~~--._--~ r---------------~ 

VIN> (Va + 5V) Rt 0.50 

(with heat sink) 

la 
",PC7805H 1-

2
-----+----0 Va 

1N5624 
3 

Fig. 12 Example of an application circuit with built-in current limitting circuit 

4-3 Method of getting an optional output voltage (Simplified method) 

(with heat sink) • 

",PC7815H 2 Va 

( t 18 
3 

(24V) 

10, 
VR2 

\ 
( 

VR1 

\ • To be electrically insulated. 

Fig. 13 Method of getting an optional output voltage 

Two resistors are externally connected to the 3-terminal regulator having a fixed output so as to get an 

optional output voltage as shown in Fig.13. Assuming regulator current be IQ and idling current of the external 

resistor R2 be IB, the following equation is obtained. 

Va = VRI + VR2 

= Rt • (IQ + IB) + R2 ·IB 

=(R t +R2) 'IB+R t 'IQ 

Since VR2 is equal to the fixed output voltage of the 3-terminal regulator; 

(7) 

................ '" .............................. (8) 

Substituting equation (8) into equation (7); 

(9) 
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From equation (9), it may be understood that the output voltage is determined by the fixed output voltage 

VR2, circuit current IQ and the external resistors R 1, R2 of the 3-terminal regulator. 

IQ changes by about 0.05 rnA against the input voltage variation of about 1 V. Fig.14 shows the characteristic 

curve of the circuit current variation (b.IQ) vs input ripple voltage (b. VIN). By re-writing the equation (9) with 

this variation, equation (10) is obtained. 

R 
Va = (1 + -Rl

) . VR2 + RI • (10 + AIO) ............................... (10) 
1 

1.2 

~ 1.0 
E 
a 
<l / 

/ 
0.8 

Cl) 
Cl 
c: 
III / 

V 
.r:. 
(.J 0.6 .... 
c: 
~ 
~ 
(.J 0.4 .... 
c: 
Cl) 

~ 
Cl) 

'3 0.2 
a 

/ 
V 

/ 
V 

/ 
/ 

o 2 4 6 8 10 12 14 
Input voltage change ~VIN (V) 

Fig. l46.VIN-6IQ characteristic 

[24 V regulator by utilizing J,LPC7815H] 

(1) Design conditions 

AVIN = 5Vp-p (VIN = 27V""" 32V) 

Va = 24V 

(2) Determination of Rl and R2 

(2-1) From Fig. 14, IQ = 0.25mA when VIN = 5Vp-p 

(2-2) IB value should be more than 100 times the 10 value (lB = 25mA) 

(2-3) Thus, R2 = VR2/IB = 15V/25mA = 600 (n) 

(2-4) VRl = Va - VR2 = 24 -15= 9 (V) 

(2-5) Thus, Rl = VR1/(lB + 10) = 9V/(25 + 5) mA = 300 (n) 

16 18 20 

By adding RI = 300n and R2 = 600n resistors, a Va = 24V power supply is obtained. 
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4-4 Variable Output Circuit (1) (7 V-30 V) 

(with heat sink) 

J.,tPC7805H 
Va (7V -- 30V) 2 

VIN (10V --35V) 

3 

Va ..------< 

Fig. 15 Variable output power supply (I) 

Assuming the output voltage of the operational amplifier be V, a and the current flowing into the output 

split resistor of the regulator be Is in Fig. 15, the non-inverting input terminal voltage is shown by equation (11). 

( 11 ) 

Since the difference between Va and V,a is always equal to the output voltage of pPC7805H, equation (12) 

is obtained and the output voltage Va can be shown by equation (13). 

R2 
Va = (1 + -) ·5 (V) 

Rl 

................ , (12) 

........................................ , (13) 
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4-5 Variable Output Circuit (II) (O.5 ...... 7V) 

(with heat sink) 

ILPC7805H 2 

Va (O.5V ...... 7V) 

3 

-VIN < -8V 

Fig. 16 Variable output power supply (II) 

Fig. 16 is an example of the application circuits for obtaining an output voltage of less than 5V. It requires a 

low current negative power supply of -8 ...... -10V (about -10 mAl. Assuming the inverting input terminal voltage 

be V, and non-inverting input terminal voltage be VN in J,LPC741C. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (14) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (15) 

Since VI ~ VN due to a negative feedback effect of the operational amplifier, the following equation is 

obtained. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (16) 

Solving equation (16) with reference to Vo, equation (17) is obtained. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (17) 

By setting R4 = 10 R3, equation (17) can be re-written as; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (18) 

1139 



,uPC7800H SERIES 

1140 

4-6 Example of Tracking Power Supply Circuit 

(with heat sink) 

IJPC7805H 
~2~~~ ______ ~ ______ ~ ________ -o+VO 

GND 

~ 

3 01 
F14 

RI 
5.1kn 

R2 
02 5.1kn 

2S8536 1S953 

~GNO 

~~~----r-------~----~----------o-Vo 

(with heat sink) 

Fig. 17 Tracking Regulator 

The 3-terminal regulator makes a positive power supply and a negative output power supply is obtained witt: a 

polarity-inverting circuit of gain R2/R 1 by JlPC741 C. 

When R1 = R2 as shown in Fig.17, the absolute values of the two output voltages are equal and the polarity is 

opposite to each other. 

4-7 Example of Dual Power supply Circuit 

A positive/negative power supply can be made by using two JlPC7805H as shown in Fig. 18. In this case, 

two independent outputs are required on the secondary of the transformer, and the heat sink of IC2 must be 

insulated using a mica sheet etc. 



AC 
100V 

j1PC7800H SERIES 

+ + 

F14C 

...---<1GND 

+ + 
F14C 

r---*--------+--------~--~------~-VO 

• CIN: Smoothing capacitor 

Fig. 18 Positive/Negative power supply 

5. HEAT SINK DESIGN (REFERENCES) 
The thermal resistance of the TO-220 type package lJJ-C !;: 4 °CM between junction and case and lJJ-A = 

83°CM between junction and air. Accordingly, without heat sink, the package should be operated at less than 

1.2 W of power dissipation. When the dissipation exceeds 1.2 W, a heat sink is necessary to operate the regulator 

within the maximum ratings. Fig. 19 is a graph showing the relation of area S (cm2
) and thickness d (mm) of the 

aluminum plate used as a heat sink vs its thermal resistance value. 

20 

~ 
~10 
(f) 

I 
q:, 

.:.l 
C 

en ... 
ro 
(l) 

I 
..... 
0 
(l) 
u 
c 

~ 
'iii 
(l) 

a: 
co 
E 
~ 
.c. 
f-

7 

5 

3 

(2.4 0 C/W) ---- ---
2 

1 
10 20 

... 

--

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

........... 
.......... i'~ 

........ 
I'.... ............... 0' ~ 

........... 
~ 

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

I'...... ...... ....... 
.... ~ ...... 

~ 
......... 

~ ....... 
....... 0' ~ '<1~~ ......... ~ 

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

........... 
............... 

............ 
......... 

.... r-..... 

~ ~ r-... "--- -- r- -- r- - r- - -- - - "- ~ -1- -~ , 
....... .......... 

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

............ 

" 30 50 70 100 200 300 500 700 1000 2000 
Area of heat sink S (cm2 ) 

Fig. 19 Thermal resistance value of heat sink (Aluminum plate) 

1141 



,uPC7800HSERIES 

1142 

[Example of heat sink design] 

(1) Design parameters 

a. Maximum output current 

b. Maximum input/output voltage differential 

c. Maximum ambient temperature 

d. Maximum junction temperature 

(2) Calculation of thermal resistance 

lOmax. = 0.7 (A) 

VIN - Vo max. = 10 (V) 

Ta max. = 60 (oC) 

Tjmax. = 105 (oC) 

Junction temperature Tj under the actual operating condition can be calculated ~y equation (19). 

Tj = WJ-C + 8C-HS + 8HS) • PD + Ta 

where; 

8J-C 

8C-HS 

8HS 

PD 

Junction to Case thermal resistance value between junction and case (2.5°C/W) 

Case to Heat Sink thermal resistance value between case and heat sink 

Heat Sink thermal resistance value of heat sink 

Power Dissipation 

Since Tjmax. = 105°C, T amax. = 60°C, 8C-HS « 1 °C/W and PDmax = 7 W, 

Tjmax. - T amax. _ (8J-C + 8C-HS) ~ 2.4 (oC/W) 
PDmax. 

(3) Method of determining the heat sink size 

(19) 

(20) 

From equation (20), the designed parameters can be satisfied by using a heat sink of 2.4 °C/W. If no suit­

able heat sink is available on the market, its size can be determined referring to Fig. 19. The dotted line of 

2.4 °C/W thermal resistance intersects the solid line of d = 4.8 mm at S = 280 cm 2 in Fig. 19. Thus, an 

aluminum plate of d(thickness) = 4.8 mm, S(area) = 145 cm 2 has the required thermal resistance value. When 

d = 2.4 mm, S = 430 cm 2 and when d = 1.5 mm, S = 970 cm 2 in the same way as,above. It is necessary to 

design an optimum heat sink to use the 3-terminal regulator normally, referring to the above examples. As 

design references, the recommended operating conditions of pPC7800H series are shown in Table 7. 
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6. RECOMMENDED OPERATING CONDITION 

VIN 10 Tjmax. Tamax. 8HS 

J.1PC7805H 8"'12V 0.5'" 1 A 105°C 60°C 5°C/W 

J.1PC7808H 11"'17V " " " 3.5°C/W 

J.1PC7812H 16'" 22 V " " " 2.4 °C/W 

tl PC7815H 18'" 26 V " " " 2.4 °C/W 

J.1PC7818H 22-30V " " " 1.63°C/W 

J.1PC7824H 27- 37 V " " " 1.63°C/W 
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