






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4PC1176C

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.

If NEC's MPX IC uPC1320C, uPC1187V or uPC1227V 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.

noise canceller

Fig. 27 High Frequency Compensation for Separation Adjustment

#PC1176C

(8) N

MPX

9. BASIC CHARACTERISTICS OF uPC1176C

T.H.D.—Total Harmonic Distortion—%
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Fig. 28 Total Harmonic Distortion vs. Input Voltage
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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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T.H.D.—Total Harmonic Distortion—%

T.H.D.—Total Harmonic Distortion—%
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Fig. 32 Total Harmonic Distortion, Output Voltage vs. Input Voltage
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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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T.H.D.—Total Harmonic Distortion—%
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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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VT—Trigger Sensitivity—mVr.m.s,
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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

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.

Stereo signal
generator

!

FM-VHF
signal generator

Two-signal dummy

antenna
Noise generator ‘J

Set under test

Fig. 40 Block Diagram for Evaluating System
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EXPLANATION AND TYPICAL APPLICATIONS OF
THE «PC1235C, AN FM MPX IC
FOR HIGH CLASS STEREO TUNER

1024

1. EXPLANATION OF THE uPC1235C

1-1. Outline

The uPC1235C is a semiconductor integrated circuit for FM multiplex demodulator developed for high class
stereo FM tuners. As the IC 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 uPC1235C
2—1. Maximum Ratings of the uPC1235C

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

ITEM SYMBOL RATING UNIT
Supply Voltage Vee 15 \%
Lamp Current 'L 75 mA
Package Dissipation PD 400* mw
Operating Temperature Topt —20to +70 °c
Storage Temperature Tstg —40t0+126 | °C

*Ta=70°C

2—2. Recommended Operating Condition of the uPC1235C

Table 2 Recommended Operating Condition

CHARACTERISTIC SYMBOL MIN. | TYP. | MAX. UNIT
Supply Voltage vee 9 12 15 \%
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2-3. Electrical Characteristics of the uPC1235C

Table 3 Electrical Characteristics (Ta = 25 °C)

[Vcc =12V, f = 1 kHz, R1=47 k2, R + L =270 mV, Pilot = 30 mV]

CHARACTERISTIC SYMBOL MIN. [ TYP. | MAX. | UNIT TEST CONDITION
Supply Current ICC 12 20 30 mA No.Signal
40 50 dB f=100Hz
Channel Separation Sep. 45 55 dB Pilot = 30 mV f=1kHz
35 45 dB f=10kHz
Voltage Gain Ay 8 12 16 dB Monaural, *Vin = 300 mV
-1.5 0 1.5 dB Monaural, Vijn = 300 mV
Channel Balance C.B.
-1.b 0 1.5 dB Stereo, Pilot = 30 mV
Monaural Total
o T.H.D. 0.01 0.08 % Vin =300 mV
Harmonic Distortion
0.02 % f=100Hz
Stereo Total _— 0.02 0.1 % R+ L=270mV f=1kHz
-Harmonic Distortion 0.12 % Pilot =30 mV f= 10 kHz
Pilot Level for Lamp On L-ON 6 12 20 mVr.m.s.| Pilot Level, Rq =47 k&
Stereo Lamp Hysteresis Hy. 6 dB Pilot Level
Capture Range C.R. +1.5 +3 % Pilot =30 mV
Ultrasonic Frequency 19 kHz. Rej. 35 dB Pilot=30 mV
Rejection 38 kHz. Re;j. 45 dB Pilot = 30 mV
SCA Rejection SCA Rej. 70 daB Pilot=30 mV, SCA =30 mV
Maximum Input Level Vin 0.9 Vr.m.s. | Monaural, TH.D.=1%
Signal to Noise Ratio S/IN 81 89 dB Vin =300 mV, After LPF
Stereo-Monaural Switching No. 16 Terminal Voltage
Vs 1.4 1.6 \%
SW-ON Voltage Where Stereo Lamp-OFF
No. 16 Terminal Voltage
VCO Stop Voltage Vo 7 \elo! Y

Where VCO Stops

*Avy is from the output level measured at IC output terminal. Ay can be set by R 1, and the input impedance.
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2—4, Test Circuit of the uPC1235C

19k Hz Monitor
R14 1k§2 —0

C10
470pF

RL

Vi
O

’1 S2 Stereo Lamp Lamp Protecting
Resistor
1 f[ ]

Y
VO o—o o
S S3 1
12 11 10 9
- PC1235C
0.047 P K
149 2 3 4 5 6 7 8
L] | N I LH
MPX Input C2 Re
o—H—ww A
47uF  Rq 47k
47k Rs
C3 47k
-
5000F Rs Cs R7  S13 Rch-OUT
AV ——| AN
22k 1000pF 3.3 10uF
10k 2 Rg
+ Sep. Adj. LPF
F
TWEZ 12 AT 500k VR
R3 10
22k Ce RO 4
Vee O—ob\o—@ ANV - it AA—Y—
S1 . 1000pF 33KR  cpy Lch-OUT
For Measuring QSR 1
| + 10 2 71'
cc 100uF +
€1 10uF _C11
LPF BL-13 (K.K KORIN)
VCO Adj. VCO tuning semi-fixed potentiometer
Sep Adj. Separation adjusting semi-fixed potentiometer
Sq Vce ON-OFF SW
So SW for 19 kHz monitor
S3 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

VCO.
2. For adjusting the VCO oscillation frequency, make S92 open, connect the frequency counter to No. 9

terminal 19 kHz monitor and then set by varying the semi-fixed potentiometer VCO Ad]. 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.
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2-5.Package Dimensions of the uPC1235C

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

19.4 MAX,

LA OB NDNAAN

Ry

FV VYV VA

4.5MAX,
3.2 MIN, lliﬁﬂ.i
==

12

2.54 +0.1 o"~15%
05t0.1 025.9.06

Fig. 2 Package Dimensions of the uPC1235C (Unit: mm)

3. FUNCTIONAL BLOCK DIAGRAM OF THE uPC1235C
3—1. Functional Block Diagram of the uPC1235C
7]
L

[ 16 ] {15 | [ 14 ] [ 13 ] [ 12|
]

[o] [5]
]

PILOT *ISTEREO
\7/((3:%.. PHASE LOCK PRESENCE SWITCH
z DETECTOR LAMP DRIVER)
4 ) 4
[ 1 I
ST-MONO Sw 76 kHz TO 38 kHz TO 38 kHz TO
VCO STOP 38 kHz 19 kHz 19 kHz
) Sw DIVIDER DIVIDER DIVIDER
{ E)
L-CH
[ i | I | POST AmP
STEREO
PRE AMP NF AMP DEMODULATOR
R-CH
b | POST AMP *‘

! —
L] Lsf L[ed [sf Lsf L[z Le]

Fig. 3 Functional Block Diagram of the uPC1235C

L]

3—2. Terminal Connection
Table 4 Terminal Connection

No. Connection No. Connection
1 Vee 9 ST. LAMP & 19kHz MONITOR
2 PRE AMP INPUT 10 SWITCH FILTER
3 PRE AMP OUTPUT 1 SWITCH FILTER
4 POST AMP BIAS 12 DETECTOR INPUT
5 POST AMP BIAS 13 LOOP FILTER
6 R-CH OUTPUT 14 LOOP FILTER
7 L-CH QUTPUT 15 OSC RC. NETWORK
8 GND 16 ST.-MONO SW & VCO STOP
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3-3. Typical Voltage of Each Terminal

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

1 2 3 4 5 6 7 8
#PC1235C 12V 23V 55V 99V 9.9V 52V 5.2V 0

9 10 1 12 13 14 15 16
uPC1235C - 23V .23V 23V 23V 23V 33V 0

3—4. Equivalent Circuit of the uPC1235C

19 29 3 012139014 215
T T
Al R 022 023
Ry 2 Q5 . R12316 3 %1 oy, A7 Reed
Qy 2R Qn 0y2 u 8 | fss
Rzg Rz2
cyf |%%
M QG 4
H
0y Q, Qs Oz Q301
x v A7 L Qag_|%s0
Q
R3 R, 17) Q29
05‘ '—Kovo Ry3| Rig J}Pn Rag VQIG 0] 0z
A A F A2z N N Reo Y Reo
La R 15 e |3
fs Re | o3 lll R A303 A3 A
51 Q52
107 Fe1 -
Re2
)
Rea
Os3 Rg7 Resss .
g
l s
7 9_ oss 5o 1 o0 D,J R0 |
—]
Qs0 Q62
Rg1
[_ r‘ 01 Q63 R7g Rg1 Q76 o) | loay | 0se fos
04 Qg) Res H Qg Qg ¢
In LAl A
73|74 75 056
R
Qg7 Q23 Q78 Ogs| Ogg %
Osg Oga| 1062 Qs Rgo (" Rg2 974 7980l &' | os &
8 s R76 Ry7 X%3ns
Q72 Rgy a7y X0
. fer}es R Rg3
57 xo3 R Rg3 ¥ 06 Rgs 8 Roa Y010
Yo;
SL 6 4o 17 610 . 011 9 166 o8

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

Vp1-VBE(Q1)-VBE(Q2)

and constitutes a constant voltage circuit with a diode D1,
transistors Qq, Qp and a resistor Rq. Therefore, Vs is

constant to variation of the power supply voltage. The input

amplifier is made up of a preamplifier’ consisting of

transistors Q3 to Qg, resistors R2 to Rg and a capacitor Cq
and an NF amplifier consisting of transistors Q11 to Q1g
and resistors R11 to R15.
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Q4 and Qg are differential amplifiers and perform low current operation making the multicollector transistor
Q3. a current mirror circuit, active load and obtain a high circuit gain.
The output of the pre-amplifier is supplied to the base of Q1s, i.e. the input of NF amplifier, through
Darlington-connected Qg, Qg and feedback from the emitter of Q13 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 Q15, Q16.
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:
_R3
A] —:E—
C1 is a capacitor inserted to stop oscillation and R11, Rq12 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 PLL circuit. Further, the main signal and
subsignal of the composite signal are lead to the demodulator through the emitter-follower of transistor Q1.
(2) Demodulator
Fig. 6 shows configuration of the double balance type demodulator. Transistors Qgo to Qg3 are those which
perform switching by 38 kHz which is a subcarrier injected from the frequency divider. The composite signal
is input from the bases of Qg4, Q5 and divided into L, R-Ch signals. The resistors R7g, R77, R78 inserted
in the emitters of Qgg, Qgs 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).

L

Q53
Qgs
Q54 ——‘;5-5-’ Qgg Q90
N ~ ——
' High Low 0 oo1
R Signal 38 kHz 38kHz $Res
Rerg - 1 r
;"Eof'g ]‘E%
L Signal oo o Qsg Qg3
Qg 063 Rgq Rg2 }
R Qs7 a
728 $73{743_ 375 Fz JF D3
Qg4 Qg5 ‘
R76 A7z _J,_
Ry - 5 - 65_---4 P'Bst 7-L -------
8 Post Amp OUTPUT [AMP| OUTPUT
. Bias
Bias Vcc
Fig. 6 Demodulator Fig. 7 Output Stage Post Amplifier

{(3) Output stage post amplifier
The structure of the output stage post amplifier is shown in Fig. 7.
The L, R signals séparated by the demodulator are injected respectively into the bases of Qgg, Qgq of the
differential amplifier composed of transistors Qg4, Q55 and Qgg, QgQ. ‘
Further, bias is given to the base voltage of Qgg4, Qgg to the same voltage (when no signal) as the base
voltage of Qgg, Qgo by external components through No. 5, No. 4 terminals. The transistor Qg3 is a
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transistor of multicollector and constant current circuit of the differential amplifier, and the transistors
Qrg, Qg and Qg3, Qg4 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 Qsg, Qgq and feedback to No. 5, No. 4
terminals by external resistors Rg, R8.

Accordingly, gain of the output stage post amplifier can be expressed equivalently from external resistor
ratio by following equation:

. Ra//Rb + Rf
A2= R JIRp

(4) Phase detector and DC amplifier

DET-IN LPF LPF

S S S WANYA ANA
J

Vs

Q22 Q23 (a) Input Signal (Pilot Signal) {f) Input Signal (Pilot Signal)
11 L[ |
“ ~ 0

R';_B (b} Qzg Base Signal (19 kHz Signal) (g} Qpq Base Signal (19 kHz Signal)

Roa R B famm I | | I I

23 25 I_

Mg A 24 o

ﬁ&&o '\l (c) Qpy Base Signal (19 kHz Signal) (h) Q1 Base Signal (19 kHz Signat)

Qyy Q25 /] /I A A
R
P- .2_6] ] 7 I/ - 7 V
E (i} Qo4 Base Signal (Output Signal)
I—_ (d) Q24 Base Signal (Output Signal)

N D NN

..: fe2 (e) Qg5 Base Signal (Output Signal) {j) Qgs Base Signal (Output Signal)
Fig. 8 Phase Detector Fig. 9 Phase Detector Fig. 10 Phase Detector
and DC Amplifier Input Output Waveform Input Output Waveform

Fig. 8 shows structure of the phase detector and DC amplifier. The phase detector is composed of transistors
Q20, Q21. 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, (i) 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:

Wg

—2—t

i -4 WSy -t Ws 1 ws
19 kHz signal eq(t) - Eq{cos( 2t+<15) 3cosB( 2t+¢)+5c055(7t+¢_)...}

19 kHz pilot signal ep(t) = Ep cos

Here, if the output voltage of the phase detector is assumed to be eq(t), ail but fundamental wave are
attenuated by LPF, hence the following equation:
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(5)

eolt) = eplt) - eglt)
=§—Ep Eqcos ¢

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 VCO
is taken to have locked to the input signal.

VCO

VCO (Voltage Controlled Oscillator) is shown in Fig. 11,

VCO determines high level and low level dividing the reference voltage Vg 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 Q3 is in ON-state, transistors Q39, Q33 will come to ON state, and the reference-voltage
of the comparator which is the base voltage of Q3g becomes a high level.

This relation is expressed by following equation:

R35
R33+R3p

Then, current flows from another emitter of Q33 and the current charges the external capacitor C to high
level through the resistor R32.

When charging is completed, transistor Qg becomes ON state and discharged by external resistor R.

Then, since Q3 is in OFF state, Q32, Q33 become OFF state and the reference voltage of the comparator
becomes low level voltage given by the following equation:

VH = (Vg — VCE(sat)(Q33)) x

R3s
SRas * Rag
The state is manifested in waveform in Fig. 12.
In the figure, t4, ty represent time required for charging and discharging respectively and given by following
equations:

Ve —
ty=Rz2-C- In—v—iT://-h—

t9=R-C- In ://IC

Vs
R
37 “
! v
To divider No. 15 terminal /| :
waveform ' H
Vi : I
/ {
0 ——t H—
Q34 o — o
Q3p base
waveform
Vi
Fig. 12 VCO Waveform
Q3s

Fig. 11 VCO
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(6) Divider
Vs
) $R3g
R373 S Rag E,Rda R4g:E :,n57 Rsgs
Raos sRai ] Rs6 _1

Q34
76 kHz

Q35414

Il i uwuUri s

38 kHz 19 kHz

19 kHz
Fig. 13 Divider

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 VCO, 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 VCO, 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 Q4g and that of transistor Qgp appear at a 90° phase shift. Therefore,
the collector waveforms of Qg4 052 are synchronized with the pilot signal.

(7) Lamp driver and stereo switch

to demodulator

Qg Collector I | l

Qg1 Collector

Qg7 Collector ‘

Qyg Collector

|
,—‘j i B
Q57 Collector !
|
Qg2 Collector l

]
T

Fig. 14 Divider Output Waveform

J L 19kH:
1T 19kHz

38 kHz 38kHz
1T I
Q Q
DET-IN (Pilot Signal) Vs Vee %2 3
Rﬁa
Rea
aQ Q
70 Q7"J 75 Rg03 —
R R
Rz‘g '18_1 6 069 5 Qy¢ 91 h92
Q55 ™
Qg7 Q73
e 074 %)
Rgo Rg2 D
Q75 Rga 5![ Rgs
Rg3 Osy Reg
Y A
_____ B S S S
10 11
LPF LPF ST LAMP & 19 kHz MONITOR
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The lamp driver is shown in Fig. 15.
The phase detector composed of transistors Qgg, Qg7 and resistors Rg3, Rga. R79, Rgp, Rg1, Rgo 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:
epl(t) = E cos(‘JS t
Pilot signal P P 2
19 kHz divider output signal er(t) =%Er (cos&ﬁt —%cos 3 Y5 +—15—cos 53”2—S t...)

Here, if the output voltage of the phase detector is assumed as egl1), since all but the standard wave are
removed by LPF out fitted to No. 10, No. 11 terminals, equation becomes as below:

2
eo(t) =—Ep Er

Accordingly, output proportional to the pilot signal is obtained for eg(t) after LPF.
When the pilot signal is input to the phase detector, difference in voltage level is brought about at No. 10,
No. 11 terminals, and the collector current |c(069) of Qgg, flows more than the collector current Ic(Qgg)
of 068‘ .
Consequently, the current difference Alc = I (Qgg) — IC (Qg8) becomes unable to be let flow by the multi-
collector transistor i.e. active load, thus reducing the base current of Q71 by Alg.
When Q71 is turned ON, the collector current flows to the diode Dg, and Q74 is biased, and, consequently,
Q76 is turned ON. Since Qyg is @ multicoliector, flow is effected on the one hand to the divider to turn
Qq2, Q43 of the divider 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 Qg to Qg and light the
lamp. When the pilot signal is not input, the input level of No. 10, No. 11 terminals become zero and the
collector current of Qggq. Qgg constituting the differential is supplied only from Q5q. Thus, Q7¢ becomes
OFF, and as no current flows to Dg, Q¢ also becomes OFF. Consequently, Qg9, Q43 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 Qgg,
Qgy7. diodes Dg, D1q and resistors Rgq. Rgg operates to give bias voltage to the transistor 084 and turns
Qg1 of VCO ON and Q3p, Q33 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 Qgg and Qg of the lamp driver is turned ON, Qg 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 lampdriver

Vs
Vee

VvCO

h A
¥ 010

———————————— O O = -
16 8
GND

Fig. 16 VCO Stop, ST.-MONO Switching Circuit
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4. APPLICATION EXAMPLES OF THE uPC1235C

4—1. Stereo-Monaural Manual Switching Circuit

Q70 Q
Qz 75 Rgo.E ’4
Rl
R7g 5 Q76 $fo1 922 | bg |oea Qg4
8 Rgs
et Qs Q6o Vo
Rg1 l‘ Ll
Qg6 "
963
Qg7 Q73|Q74 Ogs
Qgz (%8s Qg7
Rgo R
80 Rg2 ¥0s3Rgs
Q72 Raa ¥ Dg
Rg3 ¥.05 Re3 Roa YD1
JLD7

T Y (R R T
LPF LPF ST. RAMP GND
& 19 kHz MONITOR
Vg2 16VO BN

ON —> Stereo-monaural manual
switching

Fig. 17 Stereo-Monaural Manual Switching Circuit

The uPC1235C, by virtue of synchronization with 19 kHz pilot signal normally input with 19 kHz generated
within IC, 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 Q75 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 V1g 2> 16V.

Therefore, stereo-monaural switching becomes possible by virtue of muting voltage from | F stage etc.

4—2. On Beat Interference When Receiving AM.

As the uPC1235C adopts PLL (Phase Locked Loop) system, it has an internal oscillator. While AM receiving,
the internal oscillation voltage can give interference so that VCO becomes necessary to be stopped.

As stated in foregoing section, when transistor Q31 is turned ON and, in consequence, transistors Q3o, Q33 are
turned OFF, charge and discharge at external capacitor are not effected and the oscillation of VCO stops.
Accordingly, if voltage is applied to No. 16 terminal, transistor Qgy becomes ON and Q34 becomes OFF. Thus,
by simply applying voltage to No. 16 terminal, oscillation of VCO 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 2 V16 2 1.6 V, and that when VCO stop is Ve 2 V16 27V, individual function is possible ac-
cording to the level of voltage applied.
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470 pF
x|
15 k§2|
5k VOL
15| VCO Adj.
ik’ chndekei b Agg Reg
19 kHz

Divider

—
—————— R
92.
Dg L:“ Rgs Qgy
Qg Qa:ss e
Qg; g Qg7
A .09
93, Agy 10| _____________
- 9 /\/R
\_@_‘V\I;V_OVL
__________ = EJERB' OFF—>19kH2F
Monitor P*
Moo Vec O 519 kHz Monitor
AM-ON Switch
. . Fig. 19 VCO Monitor Circuit
Fig. 18 VCO Stop Circuit 9

4—3. On VCO Monitor

VCO monitor circuit is shown in Fig. 19.

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' Q7O' Q79.

Generally, when 19 kHz pilot signal increases, the base potential rises, and if it becomes above a certain potential,
more collector current ip of Qgg flows than the current i1 of Qgg. Further, in case the 19 kHz pilot signal is not
input, as active load Qyq is set so that collector current of Qgg and Qgg becomes i1 > ip, if it becomes in2iy,
the collector current of Qgg cannot be supplied by Q70 only.

Accordingly, deficiency ip—iq of the collector current of Qgg is reduced from Q71 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.
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4-5, Explanation of External Componentes

Jo
F [ Jﬁ@ Pl
i &

Lock PRESENCE
DETECTOR DETECTOR

swich
LAMP ORIVER

76 kHz
I —1 —
STMONO SW 76 k2 10 28ens 70 3 kHz TO
vCO STOP 19 kHz 19 kte 19 kb
Sw OIVIDER OIVIDER OIVIDER

]
L

+
]
=
(9]
D
: [
o
C
3
—g-
[
g
=
28]
par
e
§———‘om
4
o]

/ ml ~0 Rch-OUT
f

pd N

L
I
CD/ Wy ' ~ { Lch-OUT

Fig. 22 Explanation of External Components

Vee o—

a. Semi-fixed potentiometer for determination 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 VCO 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
5V2VigZ 1.6V, VCOstop level Ve 2 Vg 27 V.

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

g. Input coupling capacitor. Effects low pass Frecharacteristics 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.

. Output capacitor and resistor, Determines ou tput 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)

19kHz monitor

470pF* PL o
OFF = 19kHz monitor
RL Vi
Vs 21.6V +—o°
O @"\c Stereo imdicator Lamp protecting registor
ON lamp
Stereo — mono 1k
manual switching ll|
b
< ' 16 15 9
ON —VCO STOP L
- uPC1235C
0.047
BFl oy 2 3 4 5 8 7 8
LF' Ll.l |1 B R B —LH
o—H— W
MPX Input 4.7uF Ry 47k
47k 2
A
| 47k
== 500pF _ Rch-OUT
—AW i g ‘
22k 1000pF 3.3k 10pF
10k 3.3k
+ Sep. Adj. LPE
10sF 22 500k VR
10uF 3.3k
+ -
—ANV— i} A
22k 1000pF 3.3k . Lch-OUT
L 0ke ”L
dvee 100uF 3 +
+12V 10uF
- LPF BL-13 {Korin giken)
VCO Adj.  VCO tuning semi-fixed potentiometer
Sep. Adj. Separation adjusting
semi-fixed potentiometer
*470 pF Polystyrene capacitor
Fig. 23 Typical Application
NOTES:

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 k§2 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)

100

H
H
i
H
H

H
i
1

60

Fig. 24 Example of Printed-Circuit Board

Outboard components mounted on a printed-circuit board

Stereo-Monaural Swntchmgoo\c

VCO STOP

+Vee

MPX Input

{Bottom view)

VCO Adj.

Lo~

19 kHz monitor SW
{Monitor possible
when off)

Rch-OUT

Lch-OUT

Stereo Indicator Lam E/

Rq=47 kQ Rg =47 kQ
Ro=10kQ Ry =3.3k&
R3=22kQ Rg =47 kQ
Rg=10 k& Rg =3.3k&
R5=22 k2 R1p0=1.0kg

Fig. 25 Outboard Components Mounted on a Printed-Circuit Board

\ 19 kHz monitor \ Sep. Adj.

R11=15k&
R12=3.3k&
R13=3.3kQ
R14=1.0kQ
R =Lamp

protecting
resistor |

C1=100 uF
Co=4.7 uF
C3=500 pF
C4=0.047 uF
Cs=1 000 pF

Ce=1 000 pF
C7 =0.22uF
Cg =1.5uF
Cg =33pF
C10=470pF
Polystyrene
capacitor

(Bottom View)

Cq11=10 uF
Cq2=10uF
C13=10uF
C14=10pF

Sep. Adj.=500 k2 VR
VCO Adje=5 k2 VR
BL-13=19 kHz

LPF (Korin giken)
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4—7. Typical Performance Characteristics

No signal f=1kHz
23 +3
22 +2
g
21 o +1
|
- // 113 RorL
§ 2 Lo
3 19 /V ] S 4 y
2> ©
g8 g,
3 O
n >
| 17 | -3
9 >
L6 L -4
15 -5
14 _6
6 8 10 12 14 16 6 8 10 12 14 16
Ve — Power Supply Voltage — V Ve — Power Supply Voltage — V
Fig. 26 SUPPLY CURRENT vs, Fig. 27 VOLTAGE GAIN vs.
POWER SUPPLY VOLTAGE POWER SUPPLY VOLTAGE (Monaural)
70
f=1kHz T f=1kHz
+3
C? 60 Y 2% +2
c o 1
9 < o
% 50 \j —‘-:f:,’ 0 Ror b
a L—>R m
A T 1
o &
€ 40 5 -2
S |
| o 3
< 3 5 _a
w
-5
20 )
6 8 10 12 14 16 6 8 10 12 14 16
Ve — Power Supply Voltage — V V¢ — Power Supply Voltage — V
Fig. 28 CHANNEL SEPARATION wvs. Fig. 29 CHANNEL BALANCE vs,
POWER SUPPLY VOLTAGE POWER SUPPLY VOLTAGE (Monaural)
70
f=1kHz
IN 19.2
2 6o M
| L—~>R =
c e e = 5 1941
B R 5
5 50 g
g L
n ® 19.0
© w
< o
g 40 2
5 €
° S oo
§ 30 | E
RREE:!
20
0 0.1 02 03 0.4 05 06 0.7 08 09 1.0 6 8 10 12 14 16
Vin — Input Signal Level — V V¢ — Power Supply Voltage — V
Fig. 30 CHANNEL SEPARATION vs. Fig. 31 FREE RUNNING FREQUENCY DRIFT vs.
INPUT SIGNAL LEVEL POWER SUPPLY VOLTAGE
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70 Vec=12V
Vin(pilot) =30 mV

o 60 0 0dB=18dB
i eeme S MR NN 8 (Sl ™
. 50 P R»L\\\\ o 2 N
2 J /T N © )
© T “‘:;\ [
3 40 A c
5"7 X ‘T 6
3 @}
“w g o
5 5
I 20 > 10
8 [Q}:

10 <

-14
4] —-16
30 50 100 200300500 1k 2k3k 5k 10k 20k30
f — Modulation Frequency — Hz
Fig.32 CHANNEL SEPARATION

vs. MODULATION FREQUENCY 30 50 100 300500 1k 3k 5k 10k 30k
f — Frequency — Hz

Fig. 33 VOLTAGE GAIN
vs. FREQUENCY

f=1kHz 05 MAIN
I ® 3
MONO, 03 /
§ 02 /
1.0 8 /
MAIN % 0.1
D g il
2 /
=4
05 g 005 MONO
, £0.03tR v
— L - 7 /
0.3 h £ 002
I = LIS T ——— /
x M —— o | LT
;02 | 0.01 = ==s7
c a
° I
< 1 = [T
z 01 j! 1 30 50 100 200300500 1k 2k3k 5k 10k 20k30k
?, 'll ]r f — Modulation Frequency — Hz
< /] 1 .
g 005 IA 7 Fig. 35 TOTAL HARMONIC DISTORTION
£ f Vi vs. MODULATION FREQUENCY
© / S
5 0.03 4 2
= VP/ P /
-
L 0.02+  Zilp Pd
o == 7
3 /%
I /
: \ 17
\
0.01 A~
S

0 0.1 02 03 04 05 06 07 08 09 1.0
Vin — Main Signal Input Voltage — V¢ m .

Fig. 3¢ TOTAL HARMONIC DISTORTION
vs. MAIN SIGNAL INPUT VOLTAGE
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f=1kHz
1.0
05
0.3
53
; 0.2 ‘.
g 1
S ‘\
% AL
8 oa—4+
2 o
S T
£ \
5005 :
g \
+~ 0.03 \
! R ONLY
0 0.02 §; == %\. ONLY
T N Y ul
[ /"--‘ﬁo‘\;
\\P /N\ONO
0.01 —
0.005
8 10 12 14 16 18

Ve — Supply Voltage — A\

Fig. 36 TOTAL HARMONIC DISTORTION

vs. SUPPLY VOLTAGE

Vce =12V

60

Vinlpilot) =30mV

/] ™\

50

/ \

/ A\

40

30

20

Sep. — Channel Separation — dB

0

18.20 19.00 19.80
fosc — VCO Free Running Frequency — kHz

Fig.38 CHANNEL SEPARATION vs.

VCO FREE RUNNING FREQUENCY

fosc — VCO Free Running Frequency — kHz

Vin —Maximum Monaural Input Level—V

f== 1kHZ Smonaural)
THD.=1%

0.2

Fig.

19.30

19.20
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19.00

18.90

18.80

18.70

18.60

18.50

18.40

Fig. 39 VCO FREE RUNNING FREQUENCY

8 10 12 14 16
Voo —Power Supply Voltage—V

37 MAXIMUM MONAURAL INPUT LEVEL
vs.POWER SUPPLY VOLTAGE

Put into temperature

test chamber only IC
(exclude external parts)
.\
\\
\\

-20 =10 O 10 20 30 40 50 60 70
Ta — Ambient Temperature — °c

vs. AMBIENT TEMPERATURE
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19.20

18.10

19.00

18.90

fose — VCO free Running Frequency — kHz

Vee =12V
IL=0mA
\
0 1 2 3

T—Time After Voc ON — minutes

Fig. 40 TIME DRIFT OF VCO FREE
RUNNING FREQUENCY

ON

Vee=12V

Vin — Pilot Signal Level — mV
©

OFF

4
-20 .10 0 10 20 30 40 50 60 70

Ta — Ambient Temperature — °c

Fig. 42 PILOT LAMP INPUT LEVEL FOR
LAMP ON-OFF vs. AMBIENT

TEMPERATURE
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+2

+1
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Fig. 41 CAPTURE RANGE vs.
AMBIENT TEMPERATURE
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uPC1222C AND pxPC1222C(R) : THEIR OPTIMUM USAGE

1 OUTLINE OF uPC1222

The pPC1222 is a silicon monolithic integrated circuit operating on a low supply voltage. It includes an FM-
I|F .amplifier, FM detecter, AM-MIX, OSC, AM/IF-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 nuPC1222C AND uPC1222C(R)

MPC1222C(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 uPC1222C (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).

uPC1222C | uPC1222C I
7 | 7
Lr Vee L'j
VCC
to MIX
' * | J/; —1to 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 l0a3

41
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uPC1222C,,PC1222C(R)

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 uPC1222 is configuring the AFC circuit as shown in Fig. 2-a, and;

using uPC1222C for domestic sets, and

using uPC1222C(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 Rag
and R49. In the (R) type they are connected in reverse to those in the C type.

Vee Vee

_ | | i

A

VWA——
e

a

3
g

FM-OUT

Fig. 3-a uPC1222C Fig. 3-b uPC1222C (R)
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#PC1222C(R), uPC1222C;
APPLICATION TO SHORT WAVE BAND

1 OUTLINE OF uPC1222C(R), uPC1222C

uPC1222C(R) and uPC1222C are FM-IF/AM Tuner System ICs operating at low voltages (V¢c=2 V min.)
and it includes detection circuits. uPC1222C(R) is same as uPC1222C in their characteristics except that their
FM detection S curves are in reverse to each other. Hereinafter, they are represented by uPC1222.

2 APPLICATION OF puPC1222 TO SHORT WAVES

1) Notices on Designing Oscillation Coils

1 Making coupling between primary and seccndary of oscitlation 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 |C occurs to affect the waveform of oscillation to be intro-
duced into #1 pin and sometimes to stop oscillation.

2 Making the turn rétion 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.

In 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 uPC1222, an oscillation circuit.

Core Core
Primary coil
. Primary coil
Secondary coil rimary
Secondary coil
Lead Lead
Fig. 1 Fig. 2
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2) Example of Oscillation Coil for Short Wave
An oscitlation coil for short waves made as an example is explained below:

O Bobbin: ¢ 7.5 mm
O Core: 10 MHz

@ S O Wire material: polyurethane covered copper
vC SS ® ) coil wire

GND @) \Batt

diameter:0.15 mm

Fig. 3 Coil terminal connection

Table 1 Coil data and Oscillation Frequencies

Coil No. Inductance No load Q Number of turns | Way of winding Oscillation frequency (VC : 80 pF)
@"@ —-@3): 44-3T
No. 1 ®2g@|>4 71 ©-© 34 Overlap 2.6 ~ 6.4 MHz
K (262MHz) |@~®: 85T
®-® D-@:1431
No. 2 le)s‘é@H 74 4 Overlap 7.6 ~ 23 MHz
SO H (7.96 MHz) @“@13%T
@-0® D-@: 737
No. 3 @2_4(?% 68 ® 4 Parallel 19.6 ~ 42 MHz
mike (796 MHz) (D ~®: 3%7
@—@ -®: 3§ T
No. 4 %)4:1@% 66 ©-0:3% Parallel 25 ~ 70 MHz
aH (252MHz) |@-®: 33T

Note 1: Coils are designed so that they match the trackingless variable capacitor (Cogc Max.=80 pF) used for
MW,
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. |t is because coupling between primary
and secondary coils is tight enough due to high frequency.

Primary coil .
Primary coil

Secondary coil
Secondary coil

Bobbin Bobbin
Y /
Lead Lead
Fig. 4 Overlap winding Fig. 5 Parallel winding
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IFT: CFZ-455C(TOKO)
AMDET Coil: 7MC-5251Y (TOKO)
100 @ FMDET Coil: 119AC-12747Z(TOKO)

[T
.

0.022 uF

0.022 uF

33uF 10kQ

0.022 uF

| .
LA

AV
22kQ
100kQ

0.068 uF
= 0.01 uF ;[

6 7 8
T T
! —OVcc

+
Coil 0.022 uF == T 33uF

SG

By
T pun
§_(:)___f
519
N
—_ mp__
o
11

0OSC Coil

1
7]

39 kQ
FM DET Coil

Fig. 6 Short wave measuring circuit

#Turn the switch (SW) to (1) when MIX gain measuring, and to (2) when total gain measuring.

1047



8vOoI

G, — Voltage gain — dB

Fig. 7 VOLTAGE GAIN AND OSCILLATION VOLTAGE vs. FREQUENCY

I
V=4V
mod.=30 %
fmod=400 Hz
60 —
e O} /C x X-TX/T’ gw
“\Gy(Total) L \ J\
Measuring circuit SW —@) \J
Vo (AF) =10 mVrmss,
50
——ty——py—— MW band (the coil recommended in the catalog)
—0——0—— Coil No. 1
——X—X-— Coil No. 2
40 400
——e—+—— Coil No. 3 /\Losc (at #1 pin) -
i ol Y
——0— Coil No. 4 X _Z 7 \D 300
£ o P e g:
30 e = ‘AC‘ - < 7 // 200
X P =g
Pe - P
x 7 .’r or
100
20 0
Nt N 0\0\(\ Zb A% X e P o
O \
10
\ G, (MIX) | Measuring Circuit =@
V=60 dBuV
¢} 700k ™ 2M 3M 5M 7M 10M 20M 30M 50 M 70 M

f— Frequency — Hz

Vosc — Oscillation injection voltage — mV m s,

(4)o2zeLod”'ozeeLod”



APPLICATION OF THE «PC1197C INTEGRATED CIRCUIT
PLL MULTIPLEX STEREO DEMODULATOR

1. DESCRIPTION

The uPC1197C 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. Vec =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) < 3V for forced monaural

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

3. PACKAGE DEMENSIONS

19.4 MAX.

oo A A A A

otherwise noted.

R1
AN L UNIT: mm
i Typical values unless

Py vy Y5y n

4.5 MAX,
3.55+0.2

3.2 MIN
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4. BLOCK DIAGRAM

P.D 19 kHz STE./MO. SWITCH-OVER
vCco LPF LPF INPUT MONITOR LPF LPF VCO STOP
14

[e] [l [l o] [l [ [o] [3]
[ ——] t—— o

vco
e LPF |« P.D I_J tPf hr=| OR

I L I T VCo
- I | 1 MUTE
P.D: PHASE
v L % % 1 b STEREO DETECTOR
F.D F.D FD : MUTE F.D: FREQUENCY
T DIVIDER
—

STABILISED L
VOLTAGE STEREO |_, {DEMODU- scHumiTTl || LAmP
CIRCUIT 'I SWITCH raTOR | 7] circuiT DRIVER

| =51 ——
N 1 I 1 B 2 B 1 B 3 B 2 B

Vee COMPOSIT  PRE L-CH R-CH LAMP GND  SEPARATION
SIGNAL AMP, OUTPUT  OUTPUT  DRIVER ADJUST
INPUT OuTPUT

Fig.1 Block Diagram

5. ABSOLUTE MAXIMUM RATINGS (Ta=25°C)

ITEM SYMBOL RATING UNIT
Supply Voltage Ve 16 \Y
Package Dissipation PD 360* mw
Operating Temperature Topt ~20~+75 °C
Storage Temperature Tstg —40~+125 °C
*Ta=75°C

6. RECOMMENDED CONDITION (Ta=25°C)

ITEM SYMBOL MIN. TYP. MAX. UNIT
Supply Voltage Vee 4 9 16 Y
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7. ELECTRICAL CHARACTERISTICS

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

Switch-over Voltage

CHARACTERISTIC SYMBOL CONDITIONS MIN. | TYP. | MAX. UNIT
Circuit Current lce No Signal 7 12 16 mA
f=100 Hz 30 45 dB
Separation Sep. f=1kHz 40 55 dB
f=10 kHz 30 45 dB
Total Harmonic THD. | vi=200 mVr.m.s. Monaural 03 | 05 %
Distortion
Total Harmonic THD. | vi=200 mVr.m.s. Stereo 02 | 05 %
Distortion
Output Voltage v, 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 |mvrms
Lamp ON
Lamp Hysteresis Hys. (LAMP) | vi=Pilot 4 dB
Caputure Range C.R. vi(pilot)=20 mVr.m.s. +1.6 +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
vi(compsit) 10,
SCA Rejection Rej. (sca) | Vitcompsit) 70 dB
Vi(SCA) = 1
Vi{composit) 10
Maximum Input Level Vi{MAX.) THDZ2% 500 mVr.ms.
Signal To Noise Ratio S/N V=200 mVr.m.s. 86 dB
Forced Monaural V{(Monaural) | Terminal No. 9 0.7 \Y
VCO Stop V(Stop) Terminal No. 9 2.7 3.0 3.7 Y
Stereo-Monaural
v Vee{Monaural) | Supply Voltage 3.5
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8. TEST CIRCUIT

20k82

*
**

19 kHz
MONITOR
R3 -cha FORCED MONAURAL
1k ﬂ 1WF R, S 100ka VCO STOP
N 2.2 4F sw
Cp |0.33uF m oo
_C4 rL
b b b &b »
15 14 13 12 1 10 9
uPC 1197C
(Top View)
1 2 3 4 5
f IT' T

C13
10uF

+
R17<€33k&

R1g Cl47}7+

3.3 kQ 10 uF

56 kS (wns)

Fig.2 Test Circuit

POLYSTYLENE CAPACITOR
LOW PASS FILTER: BL — 13 (KORIN LAB.)

*** Transistors Qq and Q3 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.
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9. EQUIVALENT CIRCUIT
Fig.3 shows the equivalent circuit of the uPC 1197C

#15 #14 #16
9 7
7 ;
1T 1 -~—
Q29 | | Q2g)Q29
A 1 Raa
A7 R Vv
2_1 2 4 R30|Rg,3
A
Frd Q31 022} [024] [Q2s o
< {Ras
Qg Q23 Vv
W Qx| Q27| Ras 5
R26 R29 R313 Ras 4 Q32 e'33

R73A74

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 VCO

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

R3 R <l
18kN 1k 45100kn
Ry 2.2 uF 100 k2
470 pF —NT tolIF
5kQLRy c
Cy 1€| 13 [_12_| 1 10 9
 Sam—— +
vCOo e
76 kHz LPF | OR
' { vCo
i MUTE N
Cs 1,
L PO STEREQO
0.047 uF > ] . FD MUTE
I*‘— Lamp series resistor,
SagBLITLAZC‘;EED b stereof , foemopy| _fscrumiri] || Lave Lamp current is determined by
CIRCOIT 'I SWITCH LATOR CIRCUIT DRIVER Vee— Veelsat)
)
1

Low pass filter for operating lamp. Determines
the low region cut off frequency according

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

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 k2 input impedance.

Ce
S
-4
o Vg
1uF o+
o———RN—1
33uFTCo 500 Q
g
0.015u ;[;C7 Rg
/ % ©Vee
Qutput capacitor 100 uF

Determines with the output load
resistor R, the output de-emphasis
characteristic :

Output load resistor,
—1.4dBwhen 3.3 k2

Fig.4 Description of External Discrete Components

SININOJWOD 311"0SIa TVYNHILX3 30 NOILdI"IsS3a 0L

JL6LLDd”
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11. TYPICAL APPLICATION

VR4
5k

1 uf
N Cs
R3 .
© 20k 1kQ 3 s ‘F?OKQ 22 uF
'~
N33 uF 4 o 100 ke
L 10 IF
R
- 6
470 pFlC
PRI ™ o 5 14 13 12 110 9 | T&cn
B —1 1uF
s | |
= uPC 1197C
0.047 uF .
5 6 . 8 LAMP
TP Ty @
C i ANV Vg
E‘? 3.3k 7;7 330 ©
-4
VWP Fa3uF 30:9
Rg Cg —Cg 2
0.015 uF
O Vee
+
Ci2 100 uF
LP.F. LP.F =
I Rg R10
Lout Rout
3.3k 3.3k
77

11-1. Notes for Use

Fig. 5 Typical Application

(1) The uPC1197C 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 { vec (MAX) =10} SR<2{ Vee (MAX.) -4 }

Vee (MAX.) - Maximum voltage of a power supply
Vee (MINL) ° Minimum voltage of a power Supply
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11-2. Printed wiring board (Copper side)

105 mm

i_

5

65 mm

Fig. 6 Printed Wiring Board

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

105 mm

Ry =18k
VR1=5kQ
R3=1kQ
Rg =100 kQ
R =3.3kQ
Rg =3.3kQ

1056

o TR s A A
Rg =100k Cp=0.33pF
Flg=3.3kﬂ C3=‘|“F
Rig=3.3kQ Cq=2.2uF
Cg = 0.047 uF
Cg=1uF

Fig. 7 Components Layout for P.W. Assembly

C7 =0.015uF
Cg =0.015 uF
Cg=3.3uF
Cip0=3.3uF
Ci1=1uF
Cy2=100uF



4PC1197C

12. DESCRIPTION OF CIRCUIT

Vee
O~
12-1. Stabilized Voltage Circuit . Vs
The equivalent circuit of the stabilized voltage Cir- j
cuit is shown in Fig. 8. In Fig. 8 the stabilized voltage Jof
Vs is expressed by the equation (1), the reference vol- b R v
tage Vr is expressed by the equation (2). Both are R12 k
constant against variations of the power supply.
. D
Vs = ButRio*Ris yye (1) QL "2
Ris #7o
GND
Vr = Rs [ VBE (D3) — VBE (Q;) } +VBE (Qs) . ... (2) Fig. 8 Stabilized Voltage Circuit

6

The biases of other circuits are designed with the stabilized voltage Vs. The circuit composed of a diode
D3, transistors Q,. Qs and resistors R4, Rs, Rg is the thermal compensation circuit of the reference voltage
Vr.

Vr=Vge (as) * !¢ (q2) - Bs *1g (a5) - Rs

_ Rs.
= Vge (as) + ﬁz— AVge + 1B (@5) - Rs (&Ve = Ve (p3) — VaE (Q2) )

- Rs KT , JD3
=Veews) *g. (g NJgy ) tleas) - Rs
Rs KT R
- VBE (Q5) + =p ( In R, ) (3)

(Ig (as) - Rs <<1)

ovr BVBE(OS) K RS
—_— __—_..*._'_. [l
oT aT g Rs ln(R‘t )

The equation (4) expresses the reference voltage compensated against thermal vaviations is given by to
choose the values of resistors Ry, Rs and Ry fitly.

12-2. Input Signal Amplifier

The equivalent circuit of the input buffer amplifier Pre In Pre Out
is shown in Fig. 9. The input signal amplifier is com- Vee Qa2 T43
posed of transistors Q;,, Qy3, Q;4, resistors Ry, Vs
R.o. R21 and a capacitor Cs. Since transistor Q,3isa
multi-collector transistor, its collector current is nearly 213Ja14f Jrz
the same as the collecter current of transistor Q;,. R173 | fay,
And its current gain is close to unity. Capacitor Cj3 is v, ar ng a1,
for frequency stability, and its value is 5 to 20 pF.

The voltage gain of the input signal amplifier is R15L—K app 4H19 J(:Z
determined by the feedback circuit Ry, Ry, and Ris R16 R20 'J N Vs
expressed by the following equation (5). i LﬁDE’ NaQ1s
AV (AF) = &%&RJQ- .................. (5) GND

Vo V3 Va

Stereo signals entering terminal (2) are amplified
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 Q;¢ and are injected into the stereo demodulator circuit.
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12-3.

12-4.

Demodulator Circuit
The equivalent circuit of the stereo demodulator is

shown in Fig. 10. The circuit con‘sists_ of a common vs va 3§lier 3-8'_k|+jz
double-balanced type detector circuit, the stereo Vee J
signals are injected into the lower transistors Qg4, and Vs
Q43 while the 38 kHz subcarrier is injected into the Leh Out Rerd $Rsg
upper transistors Qsg, Qs9, Q40 and Qg4; . Stereo de- 2o
modulation is accomplished by the subcarrier switch- Rch Out Imn
ing the above transistors. Qs

The resistors Rsq, Rss, Rse and external resistor Ve
Rg (Fig. 2) are feedback resistors inserted for the ‘;‘:;

parpose of cancelling the cross talk components pro-
duced during the switching. To adjust the external
resistor Rg give the best separation.

The subcarrier is a 50 % duty cycle 38 kHz wave
obtained from bistable mutltivibrator (flip-flop) cir-
cuit, into which a 76 kHz signal produced by the VCO
is injected. In the uPC1197C the stereo lamp and
stereo demodulation are synchronized and accom-
plished by transistor Q4. The base of Q46 is controlled by the stereo lamp circuit, and when the stereo
lamp is turned on Q4¢ will also be turned on and a 38 kHz subcarrier of reverse phase will be injected into
the demodulation circuit, Qs3g, Q39, Q40 and Qq4,. On other hand, when the stereo lamp is turned off Qg
is also turned off, and an in-phase 38 kHz subcarrier is injected into Qsg, Q39, Q49 and Q4 so that a
monaural wave is obtained from the output terminal {4) and (5).

Fig. 10 Demodulator Circuit

. P.D INPUT
Lamp Driver Vs
. V2
Fig. 11 shows a lamp
. . . . . Vs 19 kHz 19 kHz
driver circuit with its aux-
iliary circuits. Qs7 Qsg
. Q
The phase detector cir- 57 i
cuit and low pass filter are R4 Fes a
- Qs4 Q55 Qse— 4,)062
composed of transistors Q52 '}
. Rea[D10 R71 #6
Qs,, Qs3, resistors Rgg, 083 Qo6 s Joss
Reés, Res. Rg7 and the Foo A7 60
external capacitor C4 (Fig. . fes OGO]_LOSI Ry2$R73% R74
) Vg
2 . Lo GND Fe3 R70
The lamp driver circuit
is composed of transistors L s
054 to 066 Wlth |St aUX”i' Ve #1 LPF #10
ary resistors. Transistor

Fig. 11 L Dri
Qg4 and Qg5 amplify the ig- 11 Lamp Driver

DC voltage obtained through LPF. Transistor Qs is a active load of the differential amplifier. Now, if the
collector current Ic (Q54) of Qg4 and Ic (a55) of Qss change by 2lc (Alc = Ic(ass) — Ic (Q54)), due to the
control current passed through the phase detector, &lc will flow intact into the base of Qsg.

Qsg is a multicollector transistor, and its collector current will amplify the change 2lc of the base cur-
rent and Do will become biased by this current. And, when this diode is biased transistor Q4, will operate
causing-lamp driving transistor Qg4 to be turned on, thus the lamp will light. On the other hand, when Qg,
turns en it will draw the base current of Qg3, and as a result Qg3 and Q46 will be turned on and stereo op-
eration will start.

Since transistors Qsg, Qs9 diode D;q and resistor Rge form a positive feedback loop, when the lamp is
turned on, this rise of current will be abrupt. In addition transistors Qg,, Qg4, Qss and resistor R,3 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 P.DINPUT  LPF
switch the pilot signal of the stereo signals coming into ter- \ZHT # 151 T#14
minal 13, and will supply a DC voltage proportional to the
phase difference of these to the DC amplifier composed of
Q;9 to Qz3. When the phase difference of the 19 kHz signal ae B ot
and pilot signal, entering the phase detector, is 90° the con- Ry ,\oil &2
trol voltage of the PLL circuit will be O. When the phase of v | 9
the 19 kHz signal advances from the above, a positive con- 018{{
trol voltage will be produced, and when the 19 kHz phase Vs Rys Pz Vo
lags a negative control voltage will be produced. }’

Qig Q20

23

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

Pilot Signal ep (t) = Ep cos wpt 19kHz 19kHz
19 kHz Signal eqg (1) = E1g sin (wp + @) t
{Note) (To be precise, 19 kHz is a square wave.) Fig. 12 Phase Detector
and DC Amplifier
ep(t) X e19(t) = E—B-Z—E—Lg {sinq&t +sin (2wp + @) t }

_ Ep-E19

singt .. ...... (6) E liminated by LPF

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

12-6. VCO (Voltage Controlled Oscillator)

Fig. 13 shows the VCO. o#16VCO
. . .y e . . Vi
This circuit is basically a comparator, which pro- ce —
duces oscillations through variations of the reference Vs Q23] a5 fas oy P76
69
voltage. — 5 Vg Qg
Now, wh.en transistor Q,s |§ operating, bpth Q,9 o LFS*O R -
and Q3¢ will become conducting and the instanta- Q25 v
neous reference voltage of the comparator applied to Vs Qg Q27 JJOm
the bace of Q,5 is expressed as follows. . '} "% 9 '}
31 Rag 35 R75
GND ]
- Ris l
VH = (VS — VCE(sat.) (Q30)) x =—2— ... .. (7) Vg #9
Riz + Rjs

Fig. 13 VCO

On one hand, current will flow from the emitter of Q3¢, and this current wiil charge the external capaci-
tor C, {Fig. 2) through R3¢. The charging time t; of this capacitor is expressed as follows:

VS — VL

=R In —=2——— ..
8} 30Cy In Vs —Vn

When the above charging is completed the comparator will be switched-over and Q,4 will be turned on.
At this point, the reference voltage VL of the comparator will become as follows.

VL = VS x
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12-7.

The charge accumulated in the external capacitor of terminal 16 will discharge at a rate determined by
the external resistor R, R, and capacitor C; (Fig. 2).

The forced monaural circuit and VCO stopper are composed of transistors Qg4, Qgg, Qa5,.Qgo and resis-
tors Rq6, R77. Qg is turned on by the external voltage on terminal 9, and as a result Qg4 turns off and the
lamp turns off. (0.7 <V, <3 V)

When higher voltage is added on terminal 9 Qge will turn on, as a result Q,4 will turn off and VCO will
be stopped.

Divider Circuit
Fig. 14 shows the divider cir-

cuit. o I L 1T 11 1I
. . .. . ) 38kHz 38 kHz 19 kHz 19 kHz 19 kHz 19 kHz
This circuit is a bistable multi- Vs ! |
vibrator (flip-flop). This multi- 76 kHz 23"1 R3g s[fer b | S A Rea
! n 31 o " Raq Jasg. SRop |_}Ro3 A R
vibrator serves to produce 38 Vo Y JQ“ 41 [ azs] A I Sl T
79
kHz and 19 kHz, 50 % duty Rag| [P ooy 3Res ey larny | 379 tr2 e
) R4zl F43 Rgq Rop | | Rgo Ag1
cycle, signals from the 76 kHz p oo Aos| '
. 7
signal generated by the VCO. 3;;!; 2 3'5';—,('.:, G = ‘ an
The 38 kHz signal is the sub- ngﬁ
carrier required for FM stereo GND
demodulation, the 19 kHz having
a 90° phase difference with the Fig. 14 Divider Circuit

pilot signal is required as the

control voltage of the PLL, and

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

Fig.15 CIRCUIT CURRENT vs. SUPPLY VOLTAGE

20

No Signal

Icc — Circuit Current — mA
=)

0o 2 4 6 8 10 12 14 16 18 20
Ve — Supply Voltage — V

Fig.17 SEPARATION vs. SUPPLY VOLTAGE Fig.18 CHANNEL BALANCE vs. SUPPLY VOLTAGE
(Stereo) (Monaural)
100 F=1knz N e
Vi =200 mVr.m.s. o
90 L=45%R =45% +2 Vi =200 mVr.m.s,
Pilot=10%
80
)
g 70 T
! ]
. &
5 | ™~ @
5 50 1 - 0
& -+ g
n 1 <
40 I 2
. ' O
S 30 ' [
v : [sa]
20 t 3]
|
10 I 2
o }
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Vce — Supply Voltage ~ V Vce — Supply Voltage — V
Fig.19 VOLTAGE GAIN vs. FREQUENCY Fig.20 SEPARATION vs. FREQUENCY
{Monaurai) (Stereo)
T Ve =9V
- CcC
\{C_C =9V vi =200 mVr.m.s,
vi =200 mVr.m.s. L =45%R =45 %
0 0dB =—1.4dB 0 i 10%
%_2 N B a0 Pilot=10%
I -4 \ é70
c N )
'g -6 .E 60
2_ 8 §50 . g
s * afl N
5-10 y 40 7 AN
> 12 \ 430
z-14 ? 20
—-16 10
-18 - 0 3 E T s
10 3%0 *5 5 %5 g0 3500k 10 S0 3% o 35 0k 3 500k

f — Frequency — Hz

Av — Voltage Gain — dB

Fig.16 VOLTAGE GAIN vs. SUPPLY VOLTAGE

{Monaural)
I
0dB=-1.4dB
+2 f=1kHz
vi =200 mVr.m.s.
I
+1
0 7
/
-1
-2
0 2 4 6 8 10 12 14 16 18 20

Ve — Supply Voltage — V

f — Frequency — Hz
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Fig.21 VCO FREE RUNNING FREQUENCY
vs. SUPPLY VOLTAGE

Vi=0

N

I

! 4300

>

Q

c

$  +200

o

I

w +100 X
o

(= )
g 0 N
& (19 kHz)

© —100

4

w

o —200

S

,  —300

<}

S

0o 2 4 6 8 10 12 14 16 18 20
Vee — Supply Voltage — V

Fig.23 TOTAL HARMONIC DISTORTION
vs. SIGNAL INPUT LEVEL (Monaural)

CTrI T

® Vec=9V

1 f=1kHz

g 10 =
S 5 4
2

(=]

e 3

(=

o

£

B

Tio

e 7

2 7

| 5

a

3

.

0.1
0 100 200 300 400 500 600 700 800 900 1000
vin — Signal Input Level — mVr.m.s,

Fig.25 TOTAL HARMONIC DISTORTION

vs. FREQUENCY (Monaural)
20 T T H

| L. |
o 10 B5vee=9v :
‘g 5 ?Vin=200mVrm.s
Ec 3
© O
I
=210
5.2 T
0O b5 f

3

g

E 01 35 3 5 3 5 3 5

10 100 1k 10k 100k

f — Frequency — Hz

Fig.22 SEPARATION vs. PILOT INPUT LEVEL

(Stereo)
Vee =9V
f=1kHz
L=45%R=45%
80 Pilot =10 %
70
oo}
he)
] 60
8 ~
= 50
g
P,
3 40 N
| ~
a 30
Q
7]
20
10

0
0 10 20 30 40 50 60 70 80 90 100
vi{pilot) — Pilot Input Level — mVr.m.s.

Fig.24 TOTAL HARMONIC DISTORTION
vs. SUPPLY VOLTAGE (Monaural)

30
f=1kHz

xR vi = 200 mVr.m.s.
i

10
c
g a
S s \
k4]
(=}
Q 3
c
[*]
€
£
©
Tio
i)
3]
|_

I 5 <
a
I: 3
|_

0.1

0O 2 4 6 8 10 12 14 16 18 20

Ve — Supply Voltage — V

Fig.26 TOTAL HARMONIC DISTORTION

vs. FREQUENCY (Stereo)
® 20 M _TTI]]
| |
o 10 —Vcc=9V =
g 5 vi{L+R) = 200 mVr.m.s, —F
E. 3JL=45%R=45% -+
© O Pilot=10%
Is
58 1T* /
[%]
2a 5
| 3 A
g
I
- 0.1
[ 3 =
10 540 2% 9k %540k %500k

f — Frequency — Hz
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Fig.27 TOTAL HARMONIC DISTORTION
vs. PILOT INPUT LEVEL (Stereo)

30
Vee =9V
R f=1kHz
BN Vi(L+R) = 200 mVr.m.s.
210 b—JL=45%R=45% 2
o — pilot=10%
S 5 ~
z
> 3
c
(<]
£
@
I 4
© ra
2 7
] /
g 3 A
T 7
= —
0.1
20 40 60 80 100
Vi (pilot) — Pilot Input Level — mVr.m.s,
Fig.29 CAPTURE RANGE
80
Vee =9V
4 70
3
S 0 1 y
. \ /
! 50
[
: \ /
= 40
9
&l 30
5 20
[/
S 10 _—
N\ 7/
N 4
\N| 7z
17.00  18.00 19.00 20,00 21.00

fvco — VCO Free Running Frequency — kHz

Vilmax) — Maximum Input Level — mVr.m.s,

Fig.28 MAXIMUM INPUT LEVEL

vs. SUPPLY VOLTAGE (Monaural)
f=1kHz
THD.=2%
1.0
0.8
0.6
/
!
0.4 +
0.2
0
o 2 4 6 8 10 12 14 16 18 20

Ve — Supply Voltage — V

Fig.30 POWER DISSIPATION AND SATURATION
VOLTAGE OF LAMP DRIVER
vs. LAMP CURRENT

]
Q
o

150

100

Pd — Power Dissipation of Lamp Driver — mwW
o
[

o

4.0

3.5

3.0

2.0

0.5

40 60 80
I — Lamp Current — mA

100

VCE(Sat.) — Saturation Voltage of —V

Lamp Driver
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Fig.31 VCO FREE RUNNING FREQUENCY
vs. AMBIENT TEMPERATURE

Vec=9V
N Exclude external parts
X
f
>
o
5]
> 1.0
T
2
w 0.5
o ~
z .
S 1okt =
o (19 kHz) ]
3 -0.5
n
8 -1.0
>
|
Q
[%]
2
-25 0 25 50 75

Ta — Ambient Temperature — °C

Fig.33 'INPUT PILOT LEVEL (LAMP ON — OFF)
vs. AMBIENT TEMPERATURE

10

LAMP ON | L~

Vilpilot) — Input Pilot Level — mVr.m.s.
(&)

-25 0 25 50 75
Ta — Ambient Temperature — °C

Fig.32 VCO FREE RUNNING FREQUENCY
vs. AMBIENT TEMPERATURE

-
o

o
o

0
19 kHz)
—-0.5

—-1.0

fvco — VCO Free Running Frequency — kHz

Vee=9 Vv

-25 0 25 50 75

Ta — Ambient Temperature — °C

Fig.34 CIRCUIT CURRENT

20

vs. AMBIENT TEMPERATURE

Vee=9V

No Signal

lcc — Circuit Current — mA
=

-25

0 25 50 75
Ta — Ambient Temperature — °C




APPLICATION NOTE FOR /PC127TH
EXTERNAL PARTS AND CHARACTERISTICS

1 INTRODUCTION

uPC1277H is a dual channel audio power amplifier circuit designed for radio cassette tape recorders. |t
operates in the power supply voltage range of 5 to 16 V and can be used for a variety of stereo radio cassette

sets.
This document explains how uPC1277H's external parts change its characteristics.

2 BLOCK DIAGRAM

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

! O
_________ _ F Co ,——\IJStability
C3 [ ‘O—I 1000 uF ‘
i |
|
| 3 | Low frequency
|
|N1o———{>§——4+ | Cq *‘(i?F cy 470
C1 AMP 1 J|~ N—F
|
|

Ripple rejection

ratio, Rise time,

Shock noise

frequency output

voltage gain, Low
N

Low frequency * —
voltage gain 71; 47 uF | /]/l Riz22 q
Rise time | C 0.068
1 12 e .
- -mr uF

Shock noise

Ca 470 pF

|
C2+ I8 ‘—AMP 2 C5
71; 47 uF | 22 a
| 100 pF Effect upon
| Thermal l C10;]/;0 068 uF characteristics
} Shutt Down ||
L _l
Stability
Fig. 1 Block diagram
3 VOLTAGE GAIN
uPC1277H has a built-in resistor for setting the closed
. . . . NO—]
loop voltage gain as shown in the figure right. Add : + AP ) ouT
a resistor between the feed back terminal and ground NT Af _
when it is used with a lower voltage gain. Then, the volt- C7
age gain is obtained by the following equation: RNF Ro
GUO NW Ry
G
7 T+ Ao (Rf+ RNFI/Ro CNF

Ayo ; Open loop voltage gain 65 dB (TYP.)
Ro=22 k2 (TYP.) R=100 £ (TYP.)
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In a low frequency, impedance of CNF (Cq and C2 in the block diagram) and fhat of the output coupling
capacitor, C7 (Cg) become not negligible. Figures 2 and 3 show voltage gain vs. frequency characteristics when
C1 (C2) and C7 (Cg) are changed.

60 60
Vee=12v ( Vee=12 Vv

R L=4 0 R |_=47Q

C7=470 uF 50| c4=a7 uF

5

o

A\

AW
\
W1

40 40 s

Cy= /]
o[

b
470 uF_

-
AN\

Cq= wd

100 /]
| uF <
47 uF

20 A

10 uF

AVAN

201220 uF

Gv — Voltage Gain —dB
8
Gv — Voltage Gain —dB

0
O10 30 50 100 300 500 1000 10 30 50 100 300 500 1000
f — Frequency — Hz f — Frequency — Hz

Fig. 2 VOLTAGE GAIN vs. FREQUENCY Fig. 3 VOLTAGE GAIN vs. FREQUENCY

4 OUTPUT POWER —©Vee
Output power is effected by bootstrap capacitor C4 R*
(Cs) and output coupling capacitor C7(C8).
By the bootstrap circuit, whose configuration is

—

shown in the figure right, the output voltage is feed
Ve

back to the driver stage resulting that:

vo (MAX.)=Vcc— VCE(Q2) Q +
Removing C4 (Cx) results in: a/Zc4(05)

Vo(MAX.)=Vcc— VBE(Q2)+VBEQ1+VCHV (R*)
to limit the output amplitude and high output cannot Qy
be obtained.

When impedance of output capacitor C7 (Cg)
becomes not negligible, the load current becomes smal- _C7(C8)
ler by an-amount corresponding to that impedance and
small output is resulted.

Figure 4 shows output power vs. frequency charac- RL

teristics when C4 and C7 are changed.
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#6

#1

5

4 =2

S pZd Vee=12 V|

= [ C4=1000 uF L ] Ri=4 0 —]
| FC4=10 uF 7
5 3 wa 77 1
3 171 L/ 1/
& C4=470 #F// A—Ca=10 wF
é C4=100 uF Y C7=470 uF
= /
3 2 7
, 7/ ]
o 7 C4; NULL

1 y » C7=470 uF

,V
0
20 30 50 100 300 500 1k 3k 5k 10k 20 k

f — Frequency — Hz

Fig.4 OUTPUT POWER vs. FREQUENCY

5 SHOCK NOISE AND RISE UP TIME

o #10

g

| ; |L o #2
o o Q3

i

Q3

\d

S

/\

Q7
1
5

Rt

Q

# #4 S#12
% Cq )

The figure shown above is a part of the equivalent circuit of uPC1277H. 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 Qg is turned on. At this time, output voltage Vg
becomes nearly V(c3) + VBE to follow gentle rise up of C3.

In the meantime, capacitor Cq is charged by the output voltage via resistors Rf and Rg. When both base
voltages of the differential amplifier circuit become equal, driving of the upper output transistor is weakened by
function of predriver Qg and the ouput voltage is set to about %2V (C3) by the bias circuit {transistor Q1 to Q4).
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Because C3 is not yet charged fully with the value of C3 recommended for uPC1277H, the output voltage
keeps going up for a while. When C3 is fully charged and it becomes nearly Vqc. the output voltage is settled
to %aVee.

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.

A
7
-7 | /
|
//// | /// |
_ /s | / !
C1=47 uP ! /C3=100 uF
| /
9 i
|
] P
| -
C1<47 uF I !
| // /
! —
| — -
| P _ -7
| - —
(e
v
ON
toN~05s
(C1=47 uF)
t t
Fig. 5 C1 AND RISE UP TIME i Fig. 6 C3 AND RISE UP TIME
6 OTHERS

O Power decoupling capacitor Cg, oscillation preventing capacitor and resistor are provided so that uPC1277H
has stable operations in wide ranges of voltage, 5 to 16 V temperature, —20 to +75 °C, and load, 3 to 8 .

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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©#PC1350C EXAMPLE OF APPLICATION CIRCUIT WITH
4 O LOAD AND 0.7 W OUTPUT

DESCRIPTION

uPC1350C 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 £ load. This IC includes functions of a preamplifier, auto-

matic level control (ALC) circuit, and 1TL 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  load.

1. EXAMPLE OF APPLICATION CIRCUIT

Figure 1 shows an application circuit example when used for 4  load.

REMOTE ON & OFF
SWITCH JACK

S7

AC 100 V
Cig 53
3 300 pF *o"b'—c
MIC. JACK 14“!_1 1000 “Fﬁcg }_
" R 15953 I

Rg ©1 1m0@
S141 S1.2 - v
=] 3 S ;Cag,p M5 S .
1] 715 e o0ur 10043307 o
A -
a | R 100 _c Ro l&cﬁc‘ Cs e Trom MONITOR JACK
o 1 aF L 000 of 1 1 ;'uF
REC. & P.B.HEAD Cigf 14 18 12 M 9 8
WY035
uPC1350C o .
P (Top View) & a9
R’
56 Q
$13
=
ERASE HEAD £° TT
N
SWq: REC./P.B. (P.B. POSITION)
SW5: AC/DC OPERATION (DC OPERATION)
SW3: Power Switch (ON POSITION)

Fig. 1 EXAMPLE OF APPLICATION CIRCUIT
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2. ELECTRICAL CHARACTERISTICS
2-1. ABSOLUTE MAXIMUM RATINGS AND RECOMMENDED OPERATING CONDITIONS

Absolute Maximum Ratings (Tg=25 °C)

Item Symbol Rating Unit
Supply Voltage (D.C.) Veer 12 \Y%
Supply Voltage (A.C.) Vee2 10 Y,
Circuit Current ICC(peak) 500 mwW
Power Dissipation PD 24*% W
Operating Temperature Topt —20~+75 °C
Storage Temperature 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

35

6 75

2-2. OUTPUT POWER
uPC1350C is designed for a tape recorder and it gives
standard output of 0.7 W when its load is 4 Q (Vec=6 V,

T.H.D.=10 %).

voltage characteristic.

0.8

0.6

0.4

Po — Output Power — W

0.2

Fig. 2 shows output power vs. supply

Ri=4 9
f=1 kHz
T.H.D.=10 %

5

6

Vce — Supply Voltage — V

Fig. 2 OUTPUT POWER vs. SUPPLY VOLTAGE
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2-3. POWER DISSIPATION

Fig. 3 shows power dissipation vs. output power

characteristics.
designing.

1.0

0.8

0.6

0.4

Pq — Power Dissipation — W

0.2

Refer to this characteristic for thermal

[
Vee=7.5V
,l/‘
4
/
/ ,_ VeV
/
r/
— Vee=5 V
0.2 0.4 0.6 0.8 1.0

Pg — Output Power — W

Fig. 3 POWER DISSIPATION vs. OUTPUT POWER
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2-4. VOLTAGE GAIN

In uPC1350C, its pre-amp. stage gain and power amp.
stage gain approximate following equations:
(A) Pre-amp. stage

R
Gu1 :—ﬁ (Used as a FLAT Amp.)
____/ Rg +R10 >2
C*’C12R9 w=2mf
(Used as an NAB EQ. Amp.)
(B) Power amp. stage

R
Gy2= R:g

Using the constants of the application circuit example
shown in Fig. 1, the voltage gains are 30.8 dB (FLAT),
30.2 dB (NAB EQ.at 1kHz),and 46.8 dB (power amp.
stage) respectively. The low frequency characteristics
are determined by time constants of R7,C11,R13,and
C17 in the feed back circuit and Cg and Ry in the out-
put circuit. Namely, low cut-off frequencies f_1, f|_2,
and f|_3 are represented by following equations:

fLq= S E—
L1 2nC11 - Ry
1

f e .
L2 27C17 -R13

and
fal 1
L3= 2aCq - RL

In the example of the application circuit shown in Fig.
1, fL1=50 Hz, fi2=48 Hz, and f| 385 Hz. Overall
voltage again versus frequency characteristics are shown
in Fig. 4 when used as an NAB. EQ. Amp., and in Fig.
5 when asa FLAT Amp.

25, 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

Gy — Voltage Gain —dB

Gy — Voltage Gain —dB

T.H.D. — Total Harmonic Distortion — %

100 Vee=6 V
RL=4 Q
80 TN NAB
I M~} | ul!
i N
60 A
A
40
2 lﬁi

0
10 35100 351k 3510k

3 5100 k

f — Frequency — Hz
Fig. 4 VOLTAGE GAIN vs, FREQUENCY

[1
V=6V
100 Rcl_c=4 Q
FLAT
80
L
21 N
60 y y
40
20
Il
o Il
10 35100 3 1k 10k 100 k

f — Frequency — Hz

Fig. 5 VOLTAGE GAIN vs. FREQUENCY

20
10 4
1
|
° 120 Hz 7
] ol
: =% =711/
~NZCT
\‘\\L~ &
KN \\\\~/
10 10 kHz
I
5 D~ ]
[
3 1 kHz
Vee=6 V
RpL=4 Q
NAB
0.1
0.01 3 5 0.1 3 1.0 20

Py — Output Power —

W

Fig. 6 TOTAL HARMONIC DISTORTION vs.

OUTPUT POWER
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(TYP.) and output change (difference of outputs bet- °\T Vee=6 v HH

ween input levels of —70 and —40 dBm) of 1.8 dB 15 RL=49 i

(TYP.) when V¢c=6 V and RL=56 2. 5 angttt
a 100

2-7. TEMPERATURE CHARACTERISTICS § °

Fig. 10 shows the overall voltage gain, power output, g : \ *,,——L

and circuit current vs. ambient temperature characteris- (I—D 10 - A

tics and Fig. 11 shows the total harmonic distortion vs. é 5

ambient temperature characteristics. All these character- ol' 3

istics show stable operations. I g4
= 0 35100 35 1k 35 10k 3 5100k

f — Frequency — Hz

3. HEAT SINK DESIGN
Fig. 7 TOTAL HARMONIC DISTORTION vs.

In heat sink design, refer to Fig. 3, power dissipa-

tion vs. output power characteristics, and Fig. 12, power FREQUENCY
dissipation vs. ambient temperature characteristics. The 8 Vee=6 V
relationship between junction temperature Tj and power 6} Ry=56Q
dissipation P is represented by the following equation: £ 4 71 kHe -
Tj=Rth (j—a)-Pd+Ta ? , B H—r
where: Rth(j—a): thermal resistance between junction % g:gtipot: Charge
and ambience s 0
Ta: ambient temperature g _2 /
Tj: junction temperature % . L
An example: when mounted on a printed circuit 8 - /
board with copper heat sink (60x50x0.035 mm) and 31’ -6 l
used under V=75 V, R=4 £, and ambient tempera- >lo -8
ture 25 °C, Pd max.=0.88 W, as shown in Fig. 3, and 1 /
Rth(j—a)=b5 °C/W, in Fig. 12. Substituting these values /
in the equation to obtain the junction temperature, 1250 T80 —70 —60 =50 —40 —30 —20 —10 0
Tj=72 °C is given. If a lower junction temperature is Vin — Input Level — dBm
desired, make the area of the printed circuit board with Fig.8 ALC OUTPUT CHANGE vs.
copper heat sink on TAB part wider, or make the area INPUT LEVEL
of the print board itself larger to reduce Rth(j--a). 10.0 N
Thus the junction temperature can be lowered. ,V{ =6Ev
5 L

.

Note a
ALC Regior. f=1 kHz

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

®
!
g
R . = ° . H C:) 3
th(j—a) = 90 C/W : Free Air o
(] . -
Rth(j—a) = 65 C/W : 30x30x1.6 mm with < \
copper heat sink g 10
Rth(j—a) = 55°C/W : B50x50x1.5 mm s %
with copper heat sink a 5 \
(9]
Rth(j—a) = 50 °C/W  : infinitely large heat sink T,
Unit :omm £
T
I
a
I
=

Vin — Input Level — dBm

Fig. 9 TOTAL HARMONIC DISTORTION
(ALC OUTPUT) vs. INPUT LEVEL
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4. NOTICES ON DESIGNING PRINTED CIR- 20 toor %0 Voo 6V
CUIT BOARD b ey
(1) Since WPC1350 is a high gain amplifier, design 161 80-_ 40 i
power supply and grounding wires thick to highten ;. $|,’ FT: — | |i
circuit stability. R eo—g 30 Gy (Po=0.3 W)
& O |5 Ice (No Signal}
(2) Although one point grounding is ideal, when it is = % bt i
impossible to realize, take care that the input loop go,g_gw_é 20
does not come into the output loop. Mingled in- 'o L Lf‘ ,,/——r '\L
put and output loops may cause deterioration of mo.a-wzo-—smV IPO (T.H.D.=10 %)
the distortion factor and oscillation.
(Good example) o- 0= 95 0 20 40 60 80

T, — Ambient Temperature — °C
Input loop Output foop

Fig. 10 OUTPUT POWER, VOLTAGE GAIN AND CIRCUIT

I /-\ A ) i/_\ | CURRENT vs. AMBIENT TEMPERATURE

' ~_/ o 100
9 Vec =6 V
IN GND ouT c 5 RL=4 2
2 f=1 kHz
] 3f Po=0.3W ]
X7
[a)
(¢}
(Bad example) c
o 10
Output loop E
Input loop :_2 5 -
/‘\ -
2 3
| 5
\_/ e i
/ I
0.
IN ouT —20 0 20 40 60 80 100

Ta — Ambient Temperature — °C

Fig. 11 TOTAL HARMONIC DISTORTION vs. AMBIENT TEMPERATURE
(3) Mount Cg: 1 000 uF (for bypass), C10: 0.06 uF

(output oscillation preventing capacitor), and the
speaker terminal close to TABpin (GND). ' 25
(4) Fig. 13 shows the example of a printed circuit X ]
== infinitely large
board. ;I 20 \C heat ?ink i
5 It 50x50x1.5 mm—-
5. CAUTIONS ON HANDLING R i i il
{1) Output oscillation preventing capacitor C10:0.068 %‘ N :‘ \fj)i;‘,?‘zg;s’e:“L
KF a;_’ 10 - NC h|eat sink[ ]
This capacitor is for preventing oscitlation on the 0? Free Air S—N\\/
power amp. stage. Select the type of this capacitor O o0s N
according 06 the set in which uPC1350C is used.
(A) When used for a cassette tape recorder: o —+ ]
Use a ceramic capacitor or Mylar capacitor 0 25 S0 75 100 125 150

T, — Ambient Temperature — °C

for C1o0.

Fig. 12 POWER DISSIPATION vs.
AMBIENT TEMPERATURE
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| 2 pin 77.5 |

(FLAT) Pre, OUT Po IN

2 pin
(NAB)

2pin--\

GND (RELETIR I f: ¢ w0

s
Jr e i N :

J

Pg OUT Vee

Fig. 13 PRINTED CIRCUIT BOARD

(B) When used for radio cassette tape recorders: (4) Bias terminals

Use a Mylar capacitor for C1o. If a ceramic The 5th terminal of uPC1350C is the DC bias
capacitor is used, unnecessary radiation emit- terminal for the erasing head and the 12th terminal
ted from the capacitor may return to the RF is the DC bias terminal for the recording head.

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

(2) Recovery time during recording In that case, connect the input terminal (13th termi-
Recovery time is determined by the time constant nal) of the pre-amp. stage to GND through a capacit-
of the circuit in which capacitor Cp, input resistor or. If the input terminal of the pre-amp. stage is left
to IC’s 13th terminal, and R4 are connected in open, oscillation may occur to worsen the power
parallel and is changed by varying R4: 1 MQ. amp. stage characteristics.

(3) TAB
Since TAB of uPC1350C is GND within the IC, be
sure to solder it to GND of the printed circuit
board.
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The 4 Q load application circuit of uPC1350C is explained in the preceding sections. Besides what are set
forth there, this IC is designed 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 «PD1701C-013

DESCRIPTION

The uPD1701C-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 uPD1701C-013 provides full electronic contro! of varactor tuned FM/AM radio receiver with clock function.
NEC's original pulse swallowing method is applied to FM band in conjunction with uPB553AC, so that high
reference frequency results in good signal-to-noise ratio. The uPB553AC 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 ... ... .. IDD=0.5 MA (TYP.)
® Single power supply voltage .. ... .. Vpp=5.0 V10 %
®© FMand AMbands ............. Japan and U.S. bands
® External programmable IF offset for FM band.
Japanband .............. 10.675, 10.700, 10.725, 10.750 MHz
US.band ............... 10.650, 10.675, 10.700, 10.725 MHz
® External programmable |F offset for AM band.
Japanband .............. 450/261 kHz
U S.band............... 450/260 kHz or 450/261 kHz
® High reference frequency. It results in good signal-to-noise ratio.
FMband . ............... 25 kHz
AMband................ 10 kHz or 9 kHz

® Four station selection modes are available.
(1) SCAN (Automatic audition) of available program.
(2) SEEK (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 time (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 uPB553AC.
Automatic power-on clear without any external components.
Internal display decoder for 3.5 digit multiplexed display.
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1. SYSTEM DESCRIPTION

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 PLL in a single chip, and two-modulus prescaler.

The controller chip (uPD1701C-013) provides Phase Locked Loop capability with on-chip frequency divi-

sion, a reference oscillator whose frequency is controlled by an external Erystal 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
(LPBBB3AC), 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.

uPD1701C-013

MUTE
- MUTE
u D1 R DIGIT
FM 5 DRIVERS
TUNING Y
ACTIVE Eo b5
AM _______ il
TUNING
FILTER | E02
uPBBS3AC DISPLAY
FM/AM FM
OSC.__ lpRescaLeR FM
RADIO
* bsC SEG. A SEGMENT
: 7
AM :
A 6. G DRIVERS
. AM
R
STATION DETECTO .
X1
45 MHz | KO KEY and SWITCH
= : ﬁ 3
crystal -l: : MATRIX
X2 K3

Fig. 1 Block Diagram

2. PIN CONNECTION (Top View)
The pin connection of the uPD1701C-013 is shown in Fig. 2.

AM  GND FM

o) fo) (o] [s] [ [o] [l [ [l [] [l [7] [ [

) uPD1701C-013

L L] [e] Do) Le) Lo 2] [e] Lef L) i) ] o] e

EO1 EO2 CE PSC X1 X2 SD MUTE D1 D2 D3 D4 VpD
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

1SS53 x 4+

—LOCK|

K3

13853x4| [

O : momentary key, D : alternate switch A: diode switch

Fig. 3 Control Key and Mode Switch Matrix

4. SWITCHING-OVER THE DISPLAY BETWEEN RADIO AND CLOCK

Display mode control switches A, B, initial switch P and control key RCAL controil the display mode as

follows.
MODE A B Display Priority Enable keys and switches

Frequency . d switch

0 ON ON or time None *1 All keys and switches
Frequency Frequency *2 .

1 ON OFF or time or time All keys and switches

. HA, MA, and OAD keys
2 OFF OFF Time only - A, B, and DIM switches
3 OFF ON Disabled - A and B switches

*1: A momentary depression of RCAL 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 RCAL key causes alternative display change. When
frequency is displayed, a momentary depression of RCAL 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=0OFF
Time is prior to frequency. A momentary depression of RCAL key causes alternative display change. When
time is displayed, a depression of RCAL 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 (Dua!l 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.

OFF : Disabled
FREQ : Frequency is displayed.
TIME : Time is displayed.

FREQ MUTE terminal
[0 :High or Low level
MUTE=0 1 : High level
A, B SW Key 2
1:on Enable keys and switches

0 : off 1 : All keys and switches *

2 : All keys and switches except HA,
MA, and 0AD keys ™

3:HA, MA, and 0 AD keys, A and
B switches

4 : A and B switches

X:Disabled

Fig. 4 * Except initial switches

1079



«PD1701C-013

Time display priority method—1 (Using DPDT SW)
Condition : B SW=off (OPEN)
P SW=off (OPEN)

A

>

T

/—\ 2 o
AT g |3
Radio ON 2yg p g
w % g Iy 71:
33 2

Acc key ON
\
e
C
Radio OFF S
A
OFF < oy OFF
A=1 [MUTE=1] A g =0 |MUTE=1 Acc key OFF
B=0 [Key /o ~ \ B=0 [ Key
X A1 X
|
Display Radio
Drivers Unit
Acc key Pow. SW
Battery . oo oo CE (+5 V)
(+12 V) ('
F14c f
I
VDD | ASW 15553
(45 V) —r—0""0 p| —K3
L/
- Se
Fig. 5
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Time display priority method—2 (Using DPDT SW)
Condition : B SW=off (OPEN)
P SW=off (OPEN)

ACC off
s
0
>
Radio ON -
>
<
Acc key ON
>
T
4 =)
S/
TIME
o A=0 [MUTE=0
: C -
Radio OFF e B=0 |Kgv ! ]
40
OFF o® ¢ op OFF
e A<O0
A=0 |MUTE=1 - \ A=1 |MUTE=1 Acc key OFF
B=0 (Key A< 1 ™\ B=0 |Key
X X
Display Radio
. Drivers Unit
Acc key Pow. SW
Battery
¢ o-
(+12V) o (/9/0
F14C : A SW 1SS53
i g K3
VpD |
#5 V) CE (+5 V) —+ Se
Fig. 6
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Time display priority method—3 (Using DPTT SW)
Condition : P SW=off (OPEN)

SW1
FREQ
Acc off A<0
A=1IMUTE=0

B=0
]
L IS}
7{ >
Radio ON s -
w 5]
<
Acc off TI
\
MUTE=0Q SW 1
Key
1
1 Acc key ON
Radio OFF
>
[o]
(o] B
(o]
3
—

A<1

Radio Display
Unit F14C Drivers

Pow.SW A1 |
Battery g/e o2 b

O
(+12V) F14C Y X
RDS. 1 155
5 158 1 ASW
L " bl — K3
VDD T2, © N

(+5 V) CE (+5 V) 3o—gsw K2
et Se

Acc key

Fig. 7
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Frequency display priority method—1 (Using DPDT SW)

Condition : 8 SW=off (OPEN)
P SW=on (CLOSE)

Acc off
TS keys
TIME Y TIME
Acc off Time
A=1 MUTE:O(SGtIing) A=1 |MUTE=0
B=0 K1ey Keys B=0 K]ey
A
AN
Radio ON AN 2/
ACRNS YN
9 \¢ \ T &/
) A & T
N/
R
FREQ Acc key ON
pcc off =1 [MUTE=0
B=0 | Key
2
>
) > o
T
OFF
A=0 [MUTE=1
B=0 | Key
P X
o v
S &
Radio OFF 2 o ’
Acc key OFF
/
Display Radio
Acc key Pow. SW Drivers Unit
e 7 1 L cersy
(
F14C l
1
| ASW 15553
VDD o P K3
(+5 V) A
Se
Fig. 8
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Frequency display priority method—2 (Using DPDT SW)

Condition : B SW=off (OPEN)
P SW=on (CLOSE)

Acc off
TIME
Ace off =1 [MuTE=0
B=0 Kley
Radio ON ﬁ
;’
&
Acc key ON
2
A
>
\ i)
. o >
)
TIME
A=0 |MUTE=0
B=0 ‘ Key
3
v
Radio OFF &
> Cu
[o] o
“ ]
e
%
N
Al OFF Acc key OFF
A=0 MUTE=1)
B=0 Key
X
Y
Display Radio
Acc key Drivers Pow. SW Unit
Battery o o o o o ]
(+12 V) ¢
F14C '
| ASW 18853
1
VDD “[7"/‘} >l K3
(+5 V) CE (+5 V)
—s— Se
Fig. 9
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Frequency display priority method—3 (Using DPTT SW)

Condition : P SW=on (CLOSE)

\ Acc off ‘
MUTE=0
pes SW 1
Key
1
Radio ON
| Acc key ON
Radio OFF
>
o]
© b——
o
3
FF
MUTE=1  gw 3 MUTE=\1 Acc key OFF
Key Koy
% SW2
A< Q0
Radio Display
U’l"f F14C Drivers
Acc key 1 I -
Battery _ o'/o fCL
(+12V) - p . ’I —
% F14C RDS.1EB 1 3 ss63
1 ASW | -
| : ;:)’$> >| K3
VpD L %2 ! K
+5 V N e
Hov) CE (+5 V) BSW g
Se
Fig. 10
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Display priority switching—over method (Using DPDT SW)
Condition : B SW=on (CLOSE)
P SW= Don't Care.

I -
RCAL key
Acc off TIME FREQ Ace off
RCAL key
Radio ON A=1 |MUTE=0 A=1 |[MUTE=0
™\ =1 | Key FH keys B=1 | Key
1 2
i > )¢>
— ]T> g ? o Acc key ON
1 |
OFF \ OFF
=0 |MUTE=1 A=0 |MUTE=1
B=1 Key B=1 Key
X X
4 A
i > > > >
Radio OFF 3 > |8 > |2 2 ‘
o g | g s . R
> o - o Py =
y SR R |
OFF A1 OFF OFF A<0 OFF
MUTE=1] A«<Q A=0 MUTE=1) MUTE=1] A« 1 A=1 MUTE=1) Acc key OFF
Key B=1 T'key Key "\ B=1 |Key
X X X X
Radio Display
Unit Drivers
5 Acc SW Pow. SW
attery
(+12V) —"o 7°/° —=— CE (+5 V)
F14C ‘f
!
|
VbD ! ASW 15553
wsv) L,p/‘3 g K3
—=— Se
Fig. 11
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6. DISPLAY INTERFACE :

The uPD1701C-013 provides 5 digit outputs (D1 to D5) and 7 segment outputs (Seg a to Seq g) for display
of frequency or time. Mode informations are provided from segment outputs at the timing of D1, and frequency
or time {(numerical) informations at the timing of D2 to D5. Incorporated 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.

Dight Outprie et Quteuts | g b c d e f g Note
D4 AM | pMm | BN |colontfcotonz| - - Mode Digit
Dy A B C D E F G LSD
D3 A B C D E F G 2nd Digit
Dy A B C D E F G 3rd Digit
Dg — 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.

Fig. 12

6-2. MODE INFORMATIONS
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/OP FM band and Decimal Point
COLON1 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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loss

6-3. AN APPLICATION CIRCUIT OF DISPLAY
Fig. 13 shows an application circuit of display using 7 segment LED (cathode common type).

uPD1701C013

D1
D2
D3
D4
D5

-~ o QO o T o

«

[ el ) S
|l

295vd”n
sJontQg 1uawbag

3_

Fig. 13 An Application Circuit of Display
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7.CRYSTAL RESONATOR

The oscitlation circuit of the gPD1701C-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 (X1 ® 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 equivalent series resistance (R1) of the crystal resonator, and the smalier and equal
are the gate and drain capacitors, CG and Cp. However, in practice it is necessary to make either Cg or Cp a
variable capacitor, since the oscillation frequency will deviate from the desired value due to deviations in the
capacitor of Cg and Cp, the frequency of the crystal resonator, and the stray capacity of the oscillator stage of
the uPD1701C-013. As a condition to reduce the oscillation starting voltage, Cg and Cp should both be less than
30 pF, the oscillation starting voltage becoming minimum when CG and Cp 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 (R1) and Cg and Cp. An optimum crystal should be selected by giving considera-
tion to the above matters. An example is given following.

Nominal frequency : 4.500 000 MHz
Type : HC-18/U
Frequency deviation : 220 ppm
Equivalent series resistance : Less than 70 £
Load capacitor (C) : 12pF

AAN

4500 MHz
L
~30 pF 22 pF
C Test Point
G o i — o
1 000 pF ;
Fig. 14

8. POWER SUPPLY VOLTAGE ,

The operating voltage range of the puPD1701C-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 (uPC78MO05, etc.) bet-
ween the Vpp 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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SEGMENT DRIVER Vv LPASEC
KEY and SWITCH MATRIX ;_ ___________________ ﬂ'
e N . NP AMA- AJ) |
RNV ANV ANV RN i H '
O-O-O-DOe — 1 |
D-D-D-D— i A ; Vv |
AYZARN VRSV ERNY I i l
TEER A L iy
M hh T W t K 4 |
|55 g 6% gy 86 gy a6 o ! |
LEX L{ [ 1 . Y |
] ! v
0.01 uF 99 waud P 4 45 &y M t J
—1 |} L - — P I
" 3 33 k@ x7 I S S e S
fromOO A — J’} éé} 33 Qx7 :
AM VC 0.01 uF B rl;rq r[| T e
| 1ri IJT I
NC NCPSC OUT AMGND FM KO K1 K2 X3 a b ¢ d e f g a b c d e f g
uPB553AC | o N
NS AR uPD1701C-013 (Top View)
45V 5 )| €01 E02 CE PSC X1 x2 SDMUTE DI D2 D3 D4 DS VDD LED (Cathode Common)
lrl B SRS SR N Ry
0.01 uF ME — — — AM
(o]
from 1 ' l I I I l l PM
o— — — —
FM VCO 1 000 pF § 4.7 kQ UJ ;L; I | l ° l I ' I FM, DP
10 k23 0.033 uF 1 001 uF — — O | — COLON
t+— 20 22 ’
AM TUN. - 2.2 uF e P ];P D5 D4 D3 D2 D1
VOLTAGE - DIGIT DRIVER i i l l
% 45 MHz AP A AP SO SIS P
10 k2230.022 uF HC-18/U | uPAS53C 1
- F'»_|_“_ TOYO COM : x5 :
FM TUN. HF Ao TQc-231A8C
VOLTAGE © 22k : :
47 kQ e J :]”
uPC78L05
from F14C 5
battery O—— bt ¥ 1 22 uF
2
(12 v) 100 F J= | =
uPC78M05 [5 V]
from 1o uPB553AC
o—0" O———m8M8M8M8—4
Acc SW. radio switch 100 uF ¥ N0 HPASEC Muting
-1 100 uF Output
Active high

——— to radio

( SD Input )

Fig. 156 Application Circuit
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PROGRAMMABLE PORTABLE CLOCK LSI:
©«PD832G SERIES

1. DESCRIPTION OF uPD832G SERIES

The uPD832G series (uPD832G, uPD833G) are CMOS LS!'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 uPD832G series are the LSI's for programmable multi-function clock whose features are carried by
internally stored 3 memories of A, B and C as follows:

Memory A is fixedly assigned to the

(1) basic clock function.

Memory B can be utilized for any one 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, B and C,
memory controllers and crystal oscillation circuit sections generating clock in the LS! altogether, due to the
required supply voltage (VpDp—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 (VgH).

The LSI associated with outside 2 capacitors can double the voltage of the battery, in other words generate
3volts so that VgH is available easily through the pin CoN 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 VgH.
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2. APPLICATIONS OF uPD832G 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 uPD832G SERIES

‘ Principal Oscil
Type No, rincipal Oscilator Flat Plastic Molded Package
(e.g. quartz)
uPD832G 4.194304 MHz )
9mm square 54-pin
uPD833G 32.768 kHz
OUTLINE OF BLOCK DIAGRAM - Suply Voltage
of VgH
e 1 VsH }
OSC IN f # | J ]
osc ouT ~oscittation] | 9 1 ¢ | {.eosec ! NI
o—~————o—— 1 Circuit 1 com
)
I P
! 1
— = ! [
3 #—{ :——o AM(B)
5 |
A Memory l 5 2 ] lf‘——’o PM(ADEG)
g :y I e h(C)
g 15 I e
2 _—_J‘> (__comparator L——-{ :—-—-o COLON(COM)
g t ._—2 l}___o ap ~0p
g ~—~L 8 Memory 3 t — —o°23~93
’g g g ~tg '———‘L_--J——Odm(le)
5 g
I]o S
| Ir .
I" : ALMOUT
ALS o— - 1
= i |
60/30 o— ] generator ] :i |
60/120 o—— ] | |
12/24 o—| n ] |
S J | |
C1pP(=DC) : lr CNT OUT
CiN o | j ] |
C;: N l Voltage doubler - SLPOUT
VSHo—— o 6 | S——|
v 3 2-16 for uPD832G
SSo—m—m — ————
VpD o———————j
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4. HANDLING PRECAUTIONS OF uPD832G SERIES
4-1 Soldering

Reflow soldering by such equipment as Browne's Model LR-6 or AR-7 is recommended for soldering of
UPD832G series.

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

After any one of the uPD832G 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 Rinsing, steam cleaning or ultrasonic cleaning
Drying Temperature 70 t0 80 °C

Drying Duration 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 LS| to keep its accurate operation.

Such counter measure should be required that the LS! 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 uPD832G and uPD833G, 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
10-digit counter is desirable against such an accuracy as 0.1 sec/day.

In this case, the DC output (from pin 51 for uPD832G and uPD833G) or the COM output (from pin 40 for
UPD832G and uPD833G) 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 uPD832G SERIES

5-1 Input circuits

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

—+ O Vss -4 —OVss
] . | fFJ” } .
R R
@ AAN—4 :j——.» to control circuit @ }—l AAA~—9 :j—> to control circuit
input input
inp! ] * : : p ] t : b

] Jyy@ ]
l R=several k2 R=several k2 @

[

[
9

1w
(l
d

5-2 Output circuits

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

VSH

® LSt

|
)

. . |- ©
@ LSI i
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6. PIN LAYOUT

uPD832G and uPD833G

A
M
&
b3a3f3a3boazfagabiartigrB
CNTOUT a3 121110 9 8 7 6 5 4 3 2 1g==—m12/24
SLP OUT 15 O 53— TST
Fs 16 s2—C1N
Fa 1 sifI——Cqp & DC
FHE " s0f=—2 TST5* (for uPD832G)
DUT 19 wpE==CoNn __
VoD 20 uPD832G «——= COLON(COM)
STW 2 uPD833G a7 VSH
ALSc——2 46 VoD
SEC ——] 23 5 =—=0SC OUT
SNZ e—] 2 44f—=0SCIN
ACS ™ 4= Vgg
SCi 26 a2 60/120
ALM OQUT =721 29 50 31 32 3334 35 36 37 33 39 4041 60/30

c3dgegezdze2dcidieq

LOURITRunulL]

h
&
c

(T~=) ~o

N
OmMOP»EI™

*NC for uPD833G

7. TYPICAL FEM-TYPE LIQUID CRYSTAL DISPLAYS FOR uPD832G SERIES

12-hour display panel

A b
M 3

97| [f2] [a2| |02} log] |f3] P3| P3
39 |2

3 N
g1] |f1] |1
N N N

P

7

U\
eq] [oq] e

\8 } F } 8 N ?1
NO -~ 1 €2
PRE N N, N L N ? N N N t

o
St

24-hour display panel

B

LSS

by

9

3

R
I=

s

N\
21 tt2] Je2| ib2l 193] (3] les] o
AN R RN

A
787

C§ [A N
E::) 21 e1
MNLULG

S

epl |d7] fe
N\ hd

tele)

8. INTERNAL PULL-DOWN RESISTORS TO INPUT TERMINALS

Input Terminal Vpp — Vss Resistance Unit
Fg 1.5V 0.01~1.0 MQ
Fm 1.5V 0.0i ~1.0 M
Fu 1.5V 0.01 ~1.0 MQ

SNZ 1.5V 0.01~1.0 MO
ACS 1.5V 0.01~1.0 MQ
SCI 1.5V 0.01~1.0 MQ
TST 1.5V 0.01 ~1.0 MQ
DUT 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

9-1 Unused input terminals should be connected to uPD832G Series
Vgs(=). ©) vss
9-2 As the DUT — 12/24 input terminals tabulated
in paragraph 8 are open terminals, they should be O
always connected to either Vggor Vpp.lt is easy 15V
for this purpose to employ a single-pole double- '('[‘]“L‘J’;‘_e;g‘z“j,‘ ‘[ l
throw toggle switch (snap switch) as shown in Voo
the right diagram.
9-3 Terminating the DUT — 12/24 input terminals snap switch
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 /7 I N
terminal for prevention of floating as illustrated ‘ Rya
in the right. J_ 5 v
It may be noted, however, that extra current o !
flows.through the pull-down resistor Rpg, which input terminal 4 & Q ng
is calculated with both Vpp—Vss(=1.5 V)and (buT—12724)
Rpd according to Ohm'’s law. \
The pull-down resistor may be determined while slide switch
considering carefully the grounding capability v oaluAl = 15(V)
of the clock set itself, the environmental con- ’ Rpg[Ma]
dition (such as humidity, etc.) where it is

P. 2G Seri
exposed and the power capability of the battery woss * * Q) Vss
engaged. l
9-4 In case of the pull-down resistor Rpg raging from Rpd 0.01~0.68 uF 15V

several 100 k§2 to several M, it is recommended ‘[ . '

© . O/C vVbD
immunity. (See the right diagram.) (DUT-12/24)
The fact stated above is also applicable to each of

to insert a capacitor of 0.01 to 0.68 uF range in 5
. . uPD832G Series B v
the input terminals Fg — TST of the LSI T ss
(®

uPD832G Series

Q) Vss

parallel to the Rpd for an improved pulsive noise

input terminal

tabulated in paragraph 8, which has an internal
pull-down resistor originally. 0.01 ~0.68 uF 15V

Accordingly, if there might be pulsive noise
around the LSI, a capacitor of 0.01 to 0.68 uF ) .
range should be connected between Vgg and - © : ' O/C ‘ Voo

each of the input terminals Fg — TST. :::u_‘T'esrTTmal
This shunt capacitor is unnecessary when a snap

switch is applied to an input terminal (DUT —

12/24) or when an unused terminal is connected

directly to Vgg or Vpp.
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10. EXAMPLE CIRCUITRY EMPLOYING uPD832G SERIES

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

Circuit Output timing chart

uPDB832G Series [Control time setin advance]

Switch on the SCI AMB-30
HOLIDAY J }
DAILY | # 1 [ # 1
SLP-CNT OUT 25C1840 ‘ SLP—CNT OUT
HOLIDAY
ouoaYy [+ — 4

15V Vpp-VEe L 65 V
VEE

/ == to radio or TV
100 V AC

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 Output timing chart
uPD832G Series

o ALARM ALARM [Con\rol or alarm time set in advanceJ
4 LINE Switch on the SCi AM6:30
JLinE ! “—‘[{ 25C1840 I |
~
100k |/ o 2
SLPOUT ©@— VAA ' 8 1 ] LINE ’-_—l___”_____l_‘
SLP- CNT-ALM|/ }_L—
ouTf ALARM —= to radio or TV | l SLP—CNT-ALM
ALM . LARM ouTt
ouT® /CNT-LINE { A _f_'"_L__,,___lIIL_JIILJIIL__
ey is 100 V AC 8 Hz x 2,048 kHz
15 VEVpp-Vee £65 v | [Ty 25C18%0
gs X3
['2] - ’.",J
v :IG BEEP
58| "
L=80 mH piezo electric buzzer
~13H
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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
uPD832G Series

SLP—CNT OUT 100 k ﬂ
T 25C1840

CNT OUT@
SLP OUT ©
ALARM ON — toradioor TV
ALM OUT©
o o100 V AC
ALARM
Vi ofFF| l100k 'J—y)n
Q v 1840
ALMOUT| N %5¢C
LY
w
1.5 VL Vpp~VEE <65V w - _,/JJ
(] Beee
VEE KM

=80 mH Piezoelectric buzzer
~13H

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) Circuit (ii)

uPD832G Series uPD832G Series ALM OUT
DAILY L] 100 k

Aawmour 100k T 25C1840
ALMOUT@ A N 2SC1840
°DAILY X¢ | &
33 %9
87 14 o
ACS HOLIDAY W :{] BEEP
u(] E\'EEP e
L=80 mH Piezo electric buzzer
CNTOUT© L=80 mH piezo electric buzzer
~13H
P 1100 k SLP—CNT OQUT{100 k '/r_”"
SLP OUT [SLP—CNT OUT {100 J)?sé]uo - W 2SC1840
- ST TN 23 4a
Vob 2 ]% g it
] -
- 1.5v< Vvpp-Vv
i1,5vgv -VEES 65V = "DDTEE
= VDD~ VEE=> E —~ toradicor TV - §6.5 v E —e to radio or TV
VEE S ? VEE e
o—° ] ©
100 v AC 100 V AC
Circuit (iii)
15 VE Vee-Vss £ 6.5V
= VCCTVSS> Control or alarm time
Vee set in advance
" Switch on the SCI AMB:30
uPD832G Series t:lq BEEP when DAILY l 1
piezo electric buzzer {SLP—CNT ouT. _]l —
22k |
—AM 184
TTTa™ 25C1840 AlM  OUT . [
13 %9 8 Hz x 2,048 kHz
8112 |
o DAILY when HOLIDAY J

SLP—CNTOUT_[ "1 ,

4 l — to radio or TV {
® {

ALM  oUuT l ! )

SC 1840
SLP—CNT OUT] | @y 4
~3F8
3 -~ 100 V AC
wn
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10-5 Double the duration of sleep timer at a particular night

Circuit

KPDB32G Series

0.1 ~0.68 uF

oNORMAL
CNTOUT®
~ 1 4HRS.
o I
=4 ! 100 k
SLPOUT @ X 25C1840
x
1 2
SNZ@ : 0
1
: —=to radio or TV
ACS© ——:_l,
1 NORMAL vge
Vss  Vpp 4HRS,
© ©

'S
B
8
| I? *
L 100 V AC
S

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).

Sw|itch on the SCIIZB min

NORMAL  —

‘ approximalely(1.28 x 2} min

SLP OUT
4HRS, __”: }
!

ISet the control timer during this perioﬂ

1 —2min

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.

Circuit

uPD832G Series

SNZ©
EVER ON
ALM OUT 25C1840
2
o
2
ACS >_L ;._o/ﬂ ™
i D(]vaeep
sLp OUTJ _T ™
piezo electric buzzer
CNT OUT
SLP—|
Vss  VbD
©; ©
to radio or TV
15V

Time set in advance

AM6:30
_NORMAL  switch on the SCI | 8 Hz x 2.048 kHz
ALM OUT i !Ill_.JllL__IIIl
SLP-CNT OU'I'———J
I _
EVER ON 31 - 32min 32 min
ALM OUT
SLP—-CNT OUT"J }_1——0——— EVER ON
31 - 32min
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1 100

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

Circuit

(i)

#PD832G Series

Output timing chart

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

{Switch on the SCI)

3 EVER ON 1
NORMAL —
o EVER OFF (NORMAL) —i_,
’ EVER ON
0.1 ~0.68 uF EVER ON EVERON __ |
— [controt time set in advance]
EVER OFF (NORMAL) -
ACS © I | V€ Voo Ve 65y AM6:30
15 VS Vpp—VEe S 6.
NORMAL .
SLP OUT © ’ ; 1
| ) EVER ON
] A
Rg EVER ON —*

25C1840

Vss Vbbp
©

— to radicor TV

(ii)
OUT turns off.

uPD832G Series

Output timing chart
1.5 Vs VCC—VSS§ 65 V

o EVER ON
©EVER OFF

Vee

Switch to EVER OFF from EVER ON and after the pre-set duration, the output of the SLP OUT or CNT

Switch to the EVER OFF|

SLP—CNT OUT
SEVER ON
o EVER OFF
Rg

22k
~ 3 4

relay

—to radio or TV
L_a 100 V AC

2sC1840

7

18553

[=]
«©
el

R VbD-Vss
B< T00 A

Determinationon Rg

15V
RB2 g7 ma - 15k =>22kQ

EVER ON

L—_'l_

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
available everyday at the pre-set time.)

(i)

mark is invisible.

Turn off alarm output solely When the “cock”

In this case, the sleep output and control out-
put can be utilized even if HOLIDAY.

M1
Wi 2o T
Y, le 11l ©
uPDB832G Series :]'
dot1 Hz) ©
100 k
A 25C1840
x5 13
33 %2
g 2]
L=80 ~
mH ™~
o

piezo electric buzzer

>
313
ro1

IT 25C1840

—Pr
1SS53

1.5VE Vpp-Vee £ 65V
VEE

[ E—
100 V AC

~—toradioor TV

relay

(ii)

control output

Turn off not only-alarm but also sleep and

1
ﬂq AM 1”0 T
&y Lle _IILI ©
uPD832G Series
dot{1 Hz) ©
100 k
ALM OUT ©@ 25C1840
=t 1o
o
DAILY ALARM 8 1F?
COLON(CUM‘)&' M’J
L=80 mH
HOLIDAYT ~13H 'T-’Q BEEP
COM o— WV\

VEE

piezo electric buzzer

15V Vpp-VEe £ 6.5V
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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 “DAILY ALARM.” When this mark to be flashed at a
1Hz rate is visible, alarm is available everyday at the pre-set time.

(i)  Turn off alarm output solely when the “‘cock” (i)
mark is invisible.
In this case, the sleep output and control
output can be utilized even if HOLIDAY,

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

oM i :
, Jo 1l 3
uPDB32G Series A J L kPD832G Series -
DAILY ALARM
ALM OUT 100 k 8
25C1840
HOLIDAY 5 " ALM OUT @
1 :3
DAILY ALARMI ] DAILY ALARM
dot {1 Hz) ! COLON(COM) ©
1
FCow T

piezo electric buzzer

100 k I ‘
AV 25C1840

VEE piezo electric buzzer

1.5 VEVpp-VEESES5 V

¢ This is the sign of “DAILY ALARM’ armed
with alarm and is flashing at a 1Hz rate.

/,
.
Z .
<
~
\

8 : The COLON is flashing at a 1 Hz rate. ‘

[NOTICE] 1. When is displayed the ALARM mode, the sign of “DAILY ALARM" is frozen. That condition is ( ).

2. This circuit is suitable for the “M’* product of uPD833G that has not COM signal terminal.
(But is provided the integrated Voltage Tripler.)
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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,

uPD832G Series relay ' . Switch on the B button

/ C O ‘ 64 min.
/ L S0k 25C1840 o o !
T e

4 |
|
g 2 @ — To radio ‘l | NORMAL
8 ‘ia or TV |
SNZ ©@— a B 1 !
|
|
Botton SW : I
P ! 64min.
scl @——LO § : “—_"'
VEE ¢ . " L
: | |
é SLPL{ | ! L in case of
| extending
|

100 V AC the duration

of sleep timer,

1
1

Vgs [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 available 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 uPD832G Series

bzaz f393bzazfr 92 bray f1 09

LA

CA
M
&
8

i

CNT OUT =—<{14131211109 8 7 154 12/24
SLP OUT =———15 O S3fF———TST, c
Fs ——16 52 N =
Fm e=——117 51— C1P&E0C I Ci701k
FH e=—18 S0f=——= TST2* Con *
DUT =——{19 49 ]
Vpp e=—]20° HPDE32G 48[=—21COLON(COM) ,, 1= Cirium botery
. sTW e=—]{21 uPD833G 47 sH j: 3v
ALS =—]22 46— OSCVgL?T
SEC ——{23 45 ::'WH[”—_ 47
SNZ =——H24 44 ~
ACS ——25 43 S g o O
scl c=—=]26 42— 60/120 Switch B
ALM OUT &===2%379 30 31 3233 34 3536 3738 39404 f=——=1 60/30
ITTTTORNTIONT = 3= 7
£ 7]
czdgez cpdpep d cpdyey h C l l
o L& o] 777
‘T cam §560k
Hz *N.C. {in case of uPD833G)
50
Y —

30 mH

25C1840

v

= ﬂ Piezo electric buzzer

AN

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

switch B.
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3 Volt type LCD

{} 4P DB32G Series

Lamp to light LCD

to SNZ .._@_

o— o
FIX o
e — P N L< = _
/ ” . o L= . |-3.0 VI
/ | ",
300 * ] WL
DUAL TIME ! ‘?
1 ) DUT Ce (7‘1—_|_
T awamey L/ [ =
4 WATCH# J;
// _\\\ Co (>{
300 Y-
// ©O) STW J;
\ o——9¢
300 12/24 dy——» to Vgg
ALARM & CONTROL 20k
] ALM OUT @© 25C1840
300 4 ©ALs 20
A P 60/1
L4
B MEMORY
60/30 /\/\/\/
L=80 mH
-------- ~ Dq BEEP
AY
SEC /AN \'\,\,\
// O_M’\'—H—\V piezo electric buzzer
300 P AN SLP OUT @
HRS & MIN 7 \
v p N ©sEC
300 | 100 k
> CNT OUT (€ 25C1840
light emitting diodes
] 3]
SRE503Dx6 23 A8
w 2
(o)
O
e o) —« TO RADIO
o 5% OR TV
(4]
VEg=-6.0 V
©
- ~ l O\ L
1500 1 Z7 2820M | AC6V # |ﬁ—\f_,\,'\«(]: AC100 V
+ T
+ ~ . |
i 0.001 ~0.0068 uF

% Capacitor for absorption of surge cased by power transformer when AC-line is turned on or off necessary 0.01

t0 0.68 uF.
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HOW TO USE «PD1990AC
TIME KEEPING LSI FOR MICROCOMPUTER SYSTEM

1106

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 MOS MSIs. Because this one-board clock is required a wide space for mount-
ing and a large amount of power in the system, it has difficultyin 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 LSl 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 |C controlled
with 3 bit commands.

Since the uPD1990AC has N-channel open-drain outputs, the interface between the uPD1990AC and the system
can easily be formed.

This manual describes the uPD1930AC CMOS LS best suited for the establishment of clock functions in
microcomputer systems.
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1. OUTLINE OF uPD1990AC

The uPD1990AC 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 uPD1990AC is controlled with commands of 3 bits (Cp,.Cq, and C2) each. These
commands are divided into two groups: 0-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 Vpp—Vss=2.0~6.5 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 uPD1990AC will be worked semipermanently. This means system power-failure never affects the
time keepirig ‘and in addition, there is no need for battery replacement. Thus, it can be said that the uPD1990AC
is the most suitable time keeper for system. i

The uPD1990AC 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

© Data format: BCD {only month is expressed in hexadecimal using 1 through C.)

© 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 2 048 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
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1-2. Package dimensions and connection diagram

PACKAGE DIMENSIONS CONNECTION DIAGRAM (Top View)
in millimeters (inches)
' S
C
. 19.4 MAX, J 21 14§ VoD )
l“ (0.76 MAX.) ]
il T o B ke T O e O o MO o Ci|2 13) XTAL
R1 —
R 0.04)\L “@’.Q Co|3 12| XTAL
E S
STB| 4 111 OUT ENBL
RV LT BT LY Y A
CS|5 10| TP
X3S
4TSS DATAIN] 6 9 |DATA QUT
22 |
V) GNDE 8|cLK
o — \Y
€ IZ (Vss)
Sis | 1.2 .
N ® (0.047) Fig. 2
©g 250 = 10.3007 0~15°
(0.100) (0.02) ?02(5)1'6;” NO. | Terminology | NO. | Terminology
. 1] co 8 | CcLK
Fig. 1 2 | ¢ 9 | DATAOUT
3] Co 10 | TP
4 STB 1 OUT ENBL
"5 | CS 12 1 XTAL
6 DATA IN 13 XTAL
7 | GND (Vsg) 14 | Vbp (+)
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1-3. Block diagram

OUT ENBLO

. CLK o—m————

. . . . N-channel
CLK 40 Bit Shift Register Multiplexer Open Drain
DATA
> = ——ODATA
IN PS
] ouT
GND
PS| (oM
| | | I
Month Date Hour Min Sec:
~ l | l l
PS
PS
Time Counter
ose 15 Stage Binary Divider
XTAL o
— 1 Hz
XTALO—
— Multiplexer N-channel
— 32 Hz Open Drain
- TEST 64 Hz
256 Hz —o TP
2 040 Hz
Cro | l
Cio
GND
Co &
\ /
—
CS o— ‘ )_— -
COMMAND SD ienal ata
Latch/Decoder PS reset
D/W Day of week
CS Chip Select
T8 GND{Vss)  VDD(+) P Timing Pulse
fosc = 32.768 kHz
Vpp=20to 55V
Fig. 3
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1-4. ABSOLUTE MAXIMUM RATINGS

Supply Voltage
Input Voltage

Operating Temperature Range

Storage Temperature Range

Output Terminal Voltage

1-5. Electrical and AC characteristics
ELECTRICAL CHARACTERISTICS 1.

VDD—Vss
VIN

Topt

Tstg

VouT

6.0 %
Vss—0.3 to Vpp +0.3 V
—40 to +85 °C
—55 to +125 °C
6.0 %

(f = 32.768 kHz, Cg = Cp = 20 pF, Xtal Rg = 20 kS, Ta = 25 °C)

CHARACTERISTIC SYMBOL MIN. TYP. | MAX. | UNIT TEST CONDITONS

Operating Voltage VpD—Vss | 2.00 5.50 vV

Current Consumption Isg 20 50 MA VpD—-Vss=3.60 V

Low Level Output Current | loL *B500 HA VDD—-Vss=2.0 V
VoL=04V

CLK Input Frequency fCLK DC 100 kHz Vpp—Vss=2.0 V, Duty 50 %

Input Leakage Current N 1 HA Vpp—Vss5=3.60 V

High Level Input Voltage ViH 0.8 VpD VDD Y

Low Level Input Voltage ViL Vsg 0.2Vpp| V

Oscillation Starting Voltage | VgTA 2.0 \Y TsTA= 105

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

A.C. ELECTRICAL CHARACTERISTICS (FOR REFERENCE - - - NOT SPECIFIED)
(f = 32.768 kHz, Vpp—Vsgs =2.0 V, Ta=25 °C)

CHARACTERISTIC SYMBOL | MIN. TYP. MAX. | UNIT TEST CONDITIONS
Co~2,CS —STB Set-up Time | tgy 2 us
STB Pulse Width TSTB 2 us
Co~2, CS—STB Hold Time THLD 2 us
STB LATCH Delay Time td1 *4 us except Time Read mode
CLK—DATA OUT Delay Time | t4c-o 2 us RL=33 k{2, C =15 pF
DATA IN Set-up Time tDSU 2 us
DATA IN Hold Time tDHLD 2 us

* Note: When group 0 is Time Read mode, STB LATCH delay time is 40 us MAX. (t42).
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1-6. Command

REGISTER CONTROL MODE GROUP [Group 0]

c2=0
MODE & COMMAND | CODE FUNCTION DATA OUT
C2 C1 Co
REGISTER HOLD 0 0 0 Data of 40 Bit S/R are not Shifted, and data is held. 1 Hz
The TEST MODE is released by this command.
Data of the 40 Bit S/R can be shifted to Data OUT ‘
REGISTER SHIFT 0 0 1 terminal and the external data can be shifted to the LSB=0or 1
40 Bit S/R, each synchronizing with a clock input
at the CLK terminal.
Data of the 40 Bit S/R are not shifted. The T/Cis
TIME SET 0 1 0 kept to transfer data from the 40 Bit S/R and the {SB=0or 1
11 — 15 stage remains reset. Set a command (ie.
000, 001, 011) besides this command to start T/C.
TIME READ 0 1 1 Data of 40 Bit S/R are not shifted. Data of the 0.5 Hz
T/C keep to transfer to the 40 Bit S/R.
note S/R: Shift Register

T/C: Time Counter

Only to change TIME READ mode to another mode, the time to be changed another mode has to need
40 us MAX. (=tg2) from the rising edge of STB pulse for setting a new command.

TP CONTROL MODE AND TEST MODE GROUP [Group 1]

CcC2=1
MODE & COMMAND | CODE FUNCTION
C2 C1 CO
TP =64 Hz 1 00 TP terminal is the 64 Hz output.
TP =256 Hz 1 0 1 TP terminal is the 256 Hz output.
TP=2048 Hz 1 10 TP terminal is the 2 048 Hz output.
In this mode, TP terminal is the 32 Hz output. The TEST
TEST MODE 111 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 40 Bit Shif/tLRegister
D
cK B#39 | B#38 | B#37 | B#36 | B#35 \\ B#5 B#4 B#3 B#2 B#1 B#0 E_TiOOUT
Cc>—-lLK I 40 Bits ]

40 Bit Shift Register Time Counter Data of Time Counter
B#0 B#0 (LSB) of Seconds/Units 0 through 9
B#1 B#1 " (BCD)
B#2 B#2 "
B#3 B#3 (MSB) "
B#4 B#0 (LSB) of Seconds/Tens 0 through &
B#5 B#1 " (BCD)
B#6 . B#2 (MSB) "
B#7 0
B#8 B#0 (LSB) of Minutes/Units 0 through 9
B#9 B#1 " (BCD)
B#10 B#2 "
B#11 B#3 (MSB) "
B#12 - B#0 (LSB) of Minutes/ Tens 0 through 5
B#13 B#1 " (BCD)
B#14 B#2 (MSB) "
B#15 0
B#16 B#0 (LSB) of Hours/Units 0 through 9
B#17 B#1 " (BCD)
B#18 B#2 "
B#19 B#3 (MSB) '
B#20 B#0 (LSB) of Hours/Tens 0 through 2
B#21 B#1 (MSB) " - (BCD)
B#22 0
B#23 0
B#24 B#0 (LSB) of Date/Units 0 through 9
B#25 B#1 " (BCD)
B#26 B#2 "
B#27 B#3 (MSB) "
B#28 B#0 (LSB) of Date/Tens 0 through 3
B#29 B#1 (MSB) " (BCD)
B#30 0
B#31 0
B#32 B#0 (LSB) of Day of Week 0 through 6
B#33 B#1 " (BCD)
B#34" B#2 (MSB) "
B#35 0
B#36 B#0 (LSB) of Month 1 through OCH
B#37 B#1 " (Hexa Decimal)
B#38 B#2 N '
B#39 B#3 (MSB) "
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1-8. The form of loading and reading the data

® Loading of data to 40 Bit Shift Register in uPD1990AC.
1. Itis defined th:e external serial data loading to 40 Bit Shift Register of the uPD1990AC as follows,

Last data » First data

A\

B#39 | B#38 | B#37 | B#36 | B#35 | B#34 J{ B#6 B#5 B#4 B#3 B#2 B#1 B#0

—— : — 40 Bits -
2. Loading operation.{The uPD1990AC is in the Register Shift mode.)

1 2 3 4 5 35 36 37 38 39 40

CLK

DATAIN B#0 X B#1 X 8#2 X B#3 X B#4 B#34 X B#35 X B#36 X B#37 X B#38 X B#39

INTERNAL Y

MODE OF REGISTER SHIFT MODE
uPD1990AC \\

1t TIME
3. Data of 40 Bit Shift Register in the uPD1990AC, after loading operation
DATA IN 40 Bit Shift Register
D {— DATA OUT
B#39 | B#38 | B#37 | B#36 | B#35 | B#34 B#4 B#3 B #2 B#1 B#0 |———o0
oK ) (B#0)
CLK | "
40 Bits —

® Reading the data of 40 Bit Shift Register in the uPD1990AC.
1. Reading operation. (In the Register Shift mode.)

1 2 3 4 5

CLK

DATA QUT B#0 B#34 X B#35

B#37 X B#38 XB#39

INTERNAL T
MODE OF REGISTER SHIFT MODE
LPD1990AC /

L
4((7 - TIME

Irra
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1-9. INPUT AND OUTPUT CIRCUITS FOR uPD1990AC

Input circuits
{for C2, C1, CO, STB, DATA IN, CLK, OUT ENBL, CS terminals)

LS!

Vpp(+)

T
g

input R to internal circuit

©

T

Fig. 11
Output circuits
(for DATA OUT, TP terminals)
LSI
output
0
from I N
internal circuit I
GND

N-channel Open Drain

Fig. 12
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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.

rPD1990AC

Shifting the data by CLK input is impossible.

not shifting————————

CLKO—

DATA OUT
—o0 1 Hz

K
¢ 40 Bit Shift Register
Time Counter is keeping time count.
Time Counter
1 Hz
32 kHz Divider

(duty cycle 50 %)

note When uPD1990AC is in TEST MODE (Group "1") by setting this mode the uPD1990AC 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 CLK clock input.

uPD1990AC
The data is shifted in synchronization with rising edge
of CLK input. )
shifting
D
DATA IN o—
40 Bit Shift Register
CK
CLK 0—
Time Counter is keeping the Time Count.
Time Counter
. 1 Hz
32 kHz Divider

DATA OUT

0 LSB of the Shift Register
{“1" or "'0")

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

The logic level present at the DATA [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.

e
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* 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 11th — 15th
stage in the 15 Stage Binary Divider and held the Time Counter.

As soon as the uPD1990AC 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.

uPD1990AC

Shifting the data by CLK input is impossible. -

no shifting —————=
CLK CK DATA OUT
O— 40 Bit Shift Resister O LSB of
Shift Register
) ) . . (1 or0)
The data of 40 Bit Shift Register is transferred
to the Time Counter,
Time Counter
Held on resetting F/F of the 11—15th stage of the Divider,
1 1 15
0 Hz
32 kHz——————*

15 stage divider

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

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 QUT terminal through the 40 Bit Shift Register.

CLK

rPD1990AC

Shifting the data by CLK input is impossible.

note:

no shifting —————nn
cK DATA OUT
40 Bit Shift Register O | SB of
second (0.5 Hz)
through Shift
The data of Time Counter is transferred to Register
40 Bit Shift register.
Time Counter
Keeps counting time.
1 Hz
32 kHz ——={ Divider

When uPD1990AC is in the Time Read mode, another new mode becomes to enable after 40 us (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 uPD1990AC.
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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 uPD1990AC 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 QUT ENBL terminal.

While uPD1990AC is in Register Hold mode, impossible to chage Test mode by setting TEST MODE
COMMAND(111)

TEST MODE 1 ; OUT ENBL=0

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

Month D/W Date Hour Minute Second

1024 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 Date i Hour Minute Second

1024 Hz

The following table shows the signals to be provided at DATA OUT and TP términals during the uPD1990AC is
in the TEST MODE.

MODE CODE DATA OUT TP
C2 C1 CO
REGISTER HOLD 0 0 O 1 Hz 64 Hz By this command, TEST MODE
is released.
REGISTER SHIFT 0 0 1 LSB of 40 Bit S/R 0" or “1”" | 32 Hz | TEST Tic is sdvanced at 1 024 He
TIME SET 0 1 0 | LSBof40BitS/R"0"or 1" | 32 Hz ?:?Q?E
TIME READ o 1 1 " B12 Hz 32 Hz mained. ;lr']/(’?)anrsal?gvg:nc;?i;.x 1024 Hz

note.  While uPD1990AC 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 a1 Hz output
at DATA OUT terminal and a 64 Hz output at TP terminal.
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3. SOFTWARE FOR uPD1990AC

The commands for uPD1990AC are formed with 3 bits of Cg, C1, 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 {C test mode command. The command specifications are shown below.

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

® Command input.
o 3 bit, binary code input. Cg, C1, C2
® Number of commands.

O Register control ........... 4
O TPcontrol ............... 3 :) 8
O TESTMODEset ........... 1
COMMAND SPECIFICATIONS
Group Cr C O 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 0 TP =2 048 Set
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 uPD1990AC from
TEST MODE by setting commands of TP selection (group ‘‘1") or Register Hold Mode.

1119



uPD1990AC

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

READ OUT THE
- TIME DATA

The data of the Time Counter (=Time Data) is transferred to the
SET uPD1990AC TO . R .
TIME READ MODE BY 40 Bit Shift Register.
(017) COMMAND But the data of 40 Bit Shift Register. cannot be shifted by the clock
input at CLK terminal.
SET wPD1990AC TO ' it Shi ; =Ti i
P EGISTER SHIFT MODE The data .of 40 Bit Shift Regvster (=Time Data) can be shifted by
8Y {001) COMMAND the clock input at CLK terminal.
WAIT 40 us Wait 40 us until the Register Shift mode becomes valid.:
READ OUT THE DATA ’ The data of the 40 Bit Shift Register (=Time Data) is shifted to
OF 40 BIT SHIFT REGISTER - DATA OUT terminal in synchronization with the rising edge of the
BY CLOCK INPUT AT CLK. clock input at GLK terminal.

TIME-READ REGISTER SHIFT

COMMAND COMMAND

S (¢ R o1} B - R I
2 ——.JA\i/‘L__d)\k*_/‘\___.____________ ._.._._______.__.__.
c _.__/Y <\_.._._._/)‘\._/A\_____.____________. —— ———————— — — — — ——

I N e e T e e e e e e e e e e e e e e e e e e e e —
c __ > Y____,V ) S N
STB 1 R
CLK
DATA OUT (_ B#0 X B#1 X B#2 X 843 {| B#2 X B#3XB#0 X B#1XB#2 X B#3

Seconds/Units - - Day of—= Month
! Week
td1 td2

INTERNAL —
MODE OF TIME READ MODE REGISTER SHIFT MODE

uPD1990AC ‘ W

Note: td1=4 us (Delay time of uPD1990AC being in the ordinaly mode)
td2=40 us (Delay time of uPD1990AC being in the Time Read mode)

/
/
/

/
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3-2. How to set the Time Data to the uPD1990AC
(Time Data Time Counter of the uPD1990AC)

( SET THE TIME DATA)
|

SET uPD1930AC TO
REGISTER SHIFT MODE
BY (001) COMMAND

WRITE THE TIME DATA

TO 40 BIT SHIFT REGISTER
BY CLOCK INPUT AT CLK
TERMINAL

SET uPD1990AC TO TIME
SET MODE BY {010) COMMAND

REGISTER SHIFT
COMMAND

S (001 )/——
Cc2 £

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 CLK has to be low level.

Time Data is loaded to 40 Bit Shift Register by setting serial data
at DATA IN terminal in synchronization with rising edge of clock
input at CLK 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

C1 Y £

co

STB 1

time.
TIME SET REGISTER HOLD
COMMAND COMMAND

_ _ﬁ ————— (010) ——— (OC’JO)’__ ______
J— —— o ——— ———— —— ——— — — j ' ‘\-————Jx\-—/‘;_.—_.__.__
—_——— —_————— e e r—\(——-——-\ A’—___——_—
_____________ — e AN A
—————————— - fe———= ————————
— e — — . ——— s e e e e — ;/\_I&_._.__j\__/‘\_._ —— . — —— p——

['1 11

CLK
L | L | -
DATA IN B#0 X B#1 XB#2 XB#3 X B#0 Bu3 YBroXB# XBa2XB#3 | | o
t==——Seconds/Units t ] Month
1 J? td1 td1

INTERNAL .

MODE OF REGISTER SHIFT MODE TIME SET REGISTER HOLD
#PD1990AC 1

Note: td1 = 4 us (Delay time)

Starting point
for time count
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4. INTERFACES FOR uPD1990AC
The following is the Block diagram interface between uPD1990AC and CPU SYSTEM.

(1) Crystal oscillator circuit
(2)  Power supply circuit

(3)  Output interface

(4)  Input interface

(5) CSinterface

APPLICATION CIRCUIT

CPU SYSTEM #PD1990AC 32.768 kHz
]
c
C2 Co XTAL T 5 300F
C1 ——-I Cq =
Co INPUT c XTA I W YT )
— 0 L +—H—5~300p
STB INTER- STB
DATA IN |—] FACE T DATA IN
cik p—o-l —
OUT ENBL ———-Il_ _f————ouTeEnsL CS
— ==
DATA OUT OUTPUT —— baTaour
INTER- |
TP FACE l___ TP
Vece GND l__ ' VDD GND
I——ﬁ
[ POWER
+5V —= l SUPPLY [~
CIRCUIT
—_
COM —t
7”7
cs [
| CIRCUIT |
I —
Fig. 4
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4-1. Crystal oscillator circuit

The oscillator circuit of the uPD1190AC 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 (GND) and a Cp=5~30 pF trimmer
capacitor, between Xtal (12th pin) and VgS (GND). Crystal oscillator frequency deviation and variation in
capacitor Cg and floating capacity at the oscillating stage cause a discrepancy between the actual and nominal
oscillation frequencies. To adjust this, the Xtal {12th pin) capacitor uses a variable éapacitor.

Crystal Oscillator Circuit

32.768 kHz
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 uPD1990AC must be of battery-backed up type. '

The uPD1990AC can use a battery of any type as a power source if its voltage is in a 2.0 through 5.5V
operating voltage range.

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

POWER SUPPLY CIRCUIT

2SA733

+5V (Ve
cc - Tri " o

to Vpp of uPD1990AC

SYSTEM POWER
SUPPLY

15kQ
510 4.7 uF

25C945
2% _T
T
4.7 kQ
Ni-Cd
X3
. ] cuo
Fig. 6 : . S

1123



#PD1990AC

SYSTEM POWER SUPPLY = ""ON"
uPD1990AC is operated by System Power Supply (about 5 V).

SYSTEM POWER SUPPLY = "OFF"”
#PD1990AC 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 uPD1990AC has N-channel open-drain outputs as shown.

To form an interface with the system, insert a pull-up resistor, Rpy, between the system power supply VcC,
and the output terminal. _

Notice that a low-level output current of [0 =(Vcc—VDS)/Rpu/Rs wA) flows in accordance with Ohm'’s

law. .
Decide the pull-up resistor value Rpu 50 as to balance it against the low level output current and other conditions.

Vee Ve (System Power Supply) Vee
VpD
Rpu Rs
DATA OUT
TP
1
r SYSTEM
oL
VDs
Vss
r ,J,
rPD1990AC CPU SYSTEM
Fig. 7
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4-4. |Interface for input circuit
(@)  Terminals of Cp, Cq, Cg, 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)

VoD

§Rpu

T;T—T

§ Rs oL
Vss
r _ 7
CPU SYSTEM uPD1990AC

Fig. 8

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

Rpu< 2 —35 5 V: Power-supply (VcC)
= oL 35 V: Minimum of high level input voltage in
uPD1990AC
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(b) Terminal of STB

to Vpp of kPD1990AC

For STB input

10 kQ

51 kQ 2SA733

STB Tré
(from CPU SYSTEM) 22 k% 250945 to STB of uPD1990AC
8447 Tr5

22 k2 § 10kQ

l GND
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

Vee (+5 V) Vee #5 V)

Vob

uPD1990AC
Cs

Vss

Fig. 10

A puli-down resistor R is inserted so that the CS input is low when the power supply (V) is off.
And the CLK and STB input prohibited by connecting CS input to GND level.
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4-6. Example of application circuit

Vee (+8V) 2SA733
o
System Power
Supply 510 f
15k 1k
— 277 4.7 uF
2scoa5 ———Ni-Cd
—— 36V
4.7 kQ l
nr
14
vce Vee Voo 32,768 kHz
% 3.3kQ 1 13 CG=l3l0 pF
Co Voo, Co XTAL T
3.3kQ 2
é ) 2 XTAl 12
1 e Ci AL e \H\
Cp=5~30 pF
3.3k0 3
c
0 Veo Co L-
% 33k0 8 7
CLK CLK
g vce %
n 3.3kQ
6 © v
* DATA IN - DATAIN & e
) Vce 8
Q.
O % 3.3k 1 a 5
OUT ENBL OUTENBL % cs
Vce
% 33k 9
DATA OUT Vee DATA OUT 333k
% 33k 10
TP Voo TP
STB SsTB
GND Vss
i
T

Fig. 13
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APPLICATION CIiRCUIT OF ,PC7800H SERIES
3-TERMINAL REGULATORS

1128

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 (uPC7800H series) featuring an output current
capability of 1 A, low noise and excellent stability. The regulators are available in fixed output voltages options
5V,8V,12V, 15V, 18V and 24 V with 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 uPC7800H 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 °C, unless otherwise noted.)

ITEM SYMBOL RATINGS UNIT
Input Voltage VIN (uPC7805H through uPC7818H) 35 \Y,
{uPC7824H) 40 \Y
Internal Power Dissipation PT(Tc=25 °C) 20 * w
Operating Temperature Range Topt —20 to +80 °C
Storage Temperature Range Tstg —b5 to +1650 °C
Lead Temperature (Soldering 10 sec.) TL 230 °C
Operating Junction Temperature Range 0to+125 °c

* Internally Limited
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3. EQUIVALENT CIRCUIT AND THE OPERATION OF THE CIRCUIT

31

Equivalent Circuit

. —O 1IN
3R4 wL:‘la Qs
Q47
Q
12 Ri
Rs 02 0UT
%Rzo
ReS
Dy 3
'Y
-
R7§ SR
-0 3 GND
Fig. 1 Equivalent circuit
3-2 Fundamental Block Diagram
10 -0 1 UNREGULATED INPUT
Constant Current Source ghermal
hut-down
! circuit _;],,
Start-up Reference
circuit Voltage
17
Short Q4
Circuit Ri11
Protection O 2 REGULATED OQUTPUT
R20
R19
30— ——0 3GND
Fig. 2 Fundamental Block diagram of the 3-terminal regulator
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3-3 Pin Connection

&Y

NEC
7800

132
IN GND OUT

Fig. 3 Pin connection

3-4 Reference Voltage Circuit

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 6V, and thus, the temperature compensation is required by adding another circuit. Instead of that
conventional technique, the uPC7800H series adopt a circuit utilizing the forward voltage drop between base and
emitter of a transistor as shown in Fig.4 '‘Basic circuit’’ to get a reference voltage of lower than 6 V which remains

relatively stable against temperature change.

vto
B’
? —O VREF
;R' %AVBE2
R
§ ! \ {05
L J':Q-2 VBE3
Ql
N 1 }
AVBE2 j:?'a
7 mr

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;
v
VREF = VBE, +Qlco'2 "lR'z +d4BQs - R
¢ G N
= VBE, f‘%.(AVBi'zzz +1BQ; *R3
"Ry KT nJ_,

R:
= VBE3 + ﬁTz (;l 3,

) +1BQ; * Rz

Ry kT Rj
£VRE, + =2 (—In=2
BEs + & (—In Ry (1

3

(VBE, = VBE,. IBQ; *R2 K1

Differentiating equation (1) by temperature T, equation (2) is obtained;

OVREF _ OVBEs K R3 R2
= + .2 12
3T aT a RS In (R,l) ................................. (2)

It may be understood that the temperature compensated reference voltage can be obtained by selecting
suitable resistance ratios R2'/R3' and R2'/R1".

Fig. 5 shows the reference voltage circuit of uPC 7800H series obtaining.

VREF

GND

Fig. 5 VREF circuit of uPC7800H series

3-5 Error Amplifier

The error amplifier consists of Q3, Q4, Qg and Q11. Of these transistors, Q3 and Q4 compose the reference
voltage circuit. Buffer circuit Q11 is added to eliminate an excessive current change of Qg 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 Qg works as an active load of the error amplifier. A
negative feedback path is provided through feedback resistors R1g and R2(. and the output voltage is given by
the following equation;

VOUT =VREF - (1+ —2—&) ....................................... (3)
19

Various output Voltage are obtained by varying the ratio of Rog/R19.
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1132

3-6 Start-up Circuit and Thermal Overload Protection Circuit
Fig. 6 shows start-up circuit and thermal overload protection circuit.

+Vee
0o
{Input)
Ris
R4§ Qg Qo
// 012
Start-up
circuit J
Rs
(3.1V)
Q3
D"K r —————————— 7 j
i e l (35V)
[ (0.4V) Qs | )
I |
o |
| | Thermal protection circuit
7 I r/
I, —

Fig. 6 Start-up Circuit and Thermal Overload Protection Circuit

When a voltage is applied to the input terminal, Q12 and Q43 are biased through R4 causing diode-connected
transistor Qg to be driven, and the constant current transistor Qg biased by Qg starts to supply the current to
the reference voltage circuit enabling entire circuit to start operation. The Q13 base potentia!l is determined
according to the voltage of zener diode D1 and the voltage split ratio of Rg, Rg, R7 and is approximately 3.1V.
On the other hand, the emitter potential of the transistor becomes about 3.5V due to the operation of the
reference voltage circuit resulting 0.4V of reverse bias between the base and the emitter. Q13 operates at starting-
up time only and then it stops operation.

And current is supplied to the reference voltage circuit through Qg, Qg. Also the base potential of Q14 is fixed
to about 0.4V by the resistance split of Rg, Rg, R7. If the junction temperature exceeds 150°C, Q14 is fully
turned on causing the base current of the output transistors Q1g, Q17 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 Q15 and resistor R
protect against instantaneous overloads by limiting output current. If the output current rises to a high level, the
current through R11 will turn on Q15 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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SERIES

,02
; Q)6
, | \——-KQH
°15,N MW

Fig. 7  Circuit of Output Stage

O 1IN

When the voltage between collector and emitter of Q17 exceeds 8V, zener diode D2 conducts and biases the
output current limiting transistor Q15, cutting the base current of Q1g, Q17 and also cutting the output current.

Accordingly, the output capacity decreases correspondingly as the input/output voltage differential becomes
larger, causing Q17 to be operated within the safe operating area as shown in Fig. 8.

3.0
< 25
=
[} “
Q
920 A’*‘\\\\\ Tj = 0°C
&
@ N
£ NN
315 NI Ti = 25°C-
g N N
- N
3 1.0 \\ \\‘
g PN, N
£ Ti=125°C| |
% 05
s
-
0 5 10 15 20 25 30

Input-output voltage differential ViN—V( (V)

Fig. 8 Maximum outpus current vs input-output voltage differential
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4. TYPICAL APPLICATIONS

The uPC7800H series has an output current capacity of 1A within a range of Ti<100 °C, and stable output
voltage is obtained by connecting a capacitor of more than 0.22 uF to the input terminal for preventing
oscillation. The output terminal capacitor is necessary to improve the transient response. It is effective at 10 uF
or more. A suitable value ranges from 50 uF to 100 uF.

In order to operate these regulators under the best condition, it is desirable to operate them at a junction
temperature of lower than125 °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 £ 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 uPC 7805H, they can also be applied to-8 V,
12V, 15V regulators.

4-1 Typical Circuit

{With heat sink)

1 2
o ' #PC7805H Vo

VIN > (Vo + 3V)

Cy: Mount closely to the input terminal for preventing oscillation {recommend mylarfilm type capacitors)
C,: Improves transient response (electrolythic capacitor)

3
C1== 0.33uF 47uF Tz C,

Fig.9 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 R4 value from equation (6)

IQUT = IREG T 1CQ; - v vttt et e et e e e e e e (4)
VBEQ: , Ica
IREG = ———— 4+ ==L
R, hee e (5)

Rearraging equations (4) and (5) with reference to Ry;

R, = hFE - VBEQ:
(1 +hrE) " IREG — lOUT

Assuming lout(max) = 3 A, Ireg(max) = 0.4 A,hFg = 20 and R is about 2.6 €.
A suitable value of R1 is about 1~ 3 Q.
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{with heat sink)
Fuse (3A) 2SB703 Icar_

O—0M\_0—
VIN>> (VO + 4V) 5015

{with heat sink)

Ry IREG , 2 loUT gy
AN/ = uPC7805H ——di)
30 Vo

i 3 .

== 0.33uF co

47uF
wr

NOTE: Q¢ 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, Q1 is OFF, and the output current is supplied through R1 and the
IC. When it exceeds 0.2 A, it is supplied through not only the IC but also Q1. Fig.11 shows a current buffer circuit
obtained by adding a current limiting protective circuit to the one shown in Fig.10.

Ra  {with heat sink)

o} M,
Q
VIN > (VO + 5V) 0359 [ % ! /258703
2SB536 (W)
Q, (with heat sink)
Ry 1 2 5V, 3A
Yy uPC7805H -0
30 Vo
L 3 +
== 0.33uF Co
47uF

wr

Fig. 11 Current Buffer (with short-circuit protection)

Fig. 12 shows an application circuit when the output current is limited by utilizing the built-in output current
protective functions in uPC 7800H series.

Diode D1 cancels the voltage between base and emitter of Q1, 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 uPC7805H. Considering a voltage loss by R{ and D1, the minimum input voltage to the regulator
should be more than (Vg + 5 V).
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%lo (with heat sink) %Io
o— s 2SB703 = -
VN> (VO +5V)| Ry 050 \
R, 510
1, 1 (with heat sink)
ig Dy 3'0 10
PC7805H —
g’;{\' H7 1 M 80 2 OVO
1 1N5624
10 .\
Co

= 0.33uF
I 47uF

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) *
VIN> (VO + 3V) ; Vo
O uPC7815H o)
(24V)
3
VR2
'Ol \ (soom
+
C
0.33uF == o r
/ A,
VR1 (3003’2)

\ * To be electrically insulated.

7777 i/

7
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 1Q and idling current of the external

resistor R9 be IB, the following equation is obtained

VO =VR; * VR,
=R, -(la+1B) t+ Ry - 1B
=(R; TRy} IB+Ry ~1Q . (7)
Since VR2 is equal to the fixed output voltage of the 3-terminal regulator
VR2
| R (8)
Substituting equation (8) into equation (7)
R2
Vo =1 +.R—) “VRa TRy 1Q (9)
1
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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 1Q and the external resistors R{, R2 of the 3-terminal reguiator.
IQ changes by about 0.05 mA against the input voltage variation of about 1V. Fig.14 shows the characteristic

curve of the circuit current variation (AlQ) vs input ripple voltage (& V|N). By re-writing the equation (9} with
this variation, equation (10} is obtained.

Vo = (1 +%) VR, + R, - (lQ + AlQ)
1

1.0

0.8

0.6 7

0.2

Quiescent current change AlQ (mA)

0 2 4 6 8 10 12 14 16 18 20
Input voltage change AV N (V)

Fig. 14 AV|N—-2IQ characteristic

[24 V regulator by utilizing uPC7815H]

(1)  Design conditions
AVIN = 5Vpp (VIN =27V ~ 32V)
VO =24V
(2) Determination of Ry and R,
{2-1) From Fig. 14, |Q = 0.256mA when V|N = 5Vp-p
(2-2) 1B value should be more than 100 times the |Q value (IB = 256mA)
{2-3) Thus, R, = VR2/IB = 16V/25mA = 600 (£2)
(2-4) VR1=VO—-VR2=24 —15=8 (V)
{2-5) Thus, Ry = VR1/(IB +1Q) = 9V/(25 + 5) mA = 300 (£2)
By adding R, = 30052 and R, = 6002 resistors, a VO = 24V power supply is obtained.
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4-4  Variable Output Circuit (1) (7 V~30 V)

{with heat sink)

: ) VO (7V ~30V)
O uPC7805H ’ O
VIN (10V ~35V) )
- 3 lls +
0.33uF Co
47uF
Vo (PC741C

10k

3.9kQ 2R,

Fig. 15 Variable output power supply (I}

Assuming the output voltage of the operational amplifier be V., and the current flowing into the output
split resistor of the regulator be Igin Fig. 15, the non-inverting input terminal voltage is shown by equation (11).

Vo

R—lrﬁ;‘Rz ................................. (11)

VN=VO=Is:R, =

Since the difference between Vo and V,(Q is always equal to the output voltage of uPC7805H, equation (12)
is obtained and the output voltage V(Q can be shown by equation (13).

R,

. B Ri  _
ES VO—VO—VO“—W)—VO —R1+R2 5(V) (12)
=z
R2
VO=(4+ B2 6(V) L (13)
1
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Variable Output Circuit (1) (0.5~7V)

{with heat sink)
+VIN 1 2
o ~ uPC7805H o
L VO (0.5V ~7V)
3 " Rj < 9100 + ’
C1== 0.33uF Co
I Ry | A47uF
R43 0.1kQ A Vi
4:741c
VN
\ + Ry
10kQ
-Vin< -8V
Coo=

Fig. 16 Variable output power supply (!1)

Fig. 16 is an example of the application circuits for obtaining an output voltage of less than 6V. It requires a
low current negative power supply of —8~—10V (about —10 mA). Assuming the inverting input terminal voltage
be V1 and non-inverting input terminal voltage be V| in uPC741C.

Ra
R, + R, 5(V)

Since V| ¥ VN due to a negative feedback effect of the operational amplifier, the following equation is

obtained.

Ri

Ra

VOsVO- B TR,

+5 (V)

Solving equation (16) with reference to Vg, equation (17) is obtained.

1+ B2y Ra

R, ) -5 (V)

By setting R4 = 10 R3, equation (17) can be re-written as;

VO 50.45 (1 +-22)
Ry
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4-6 Example of Tracking Power Supply Circuit

(with heat sink)

+V|N 1 2
o———-]:— uPC7805H — - —O0 +VQ
+
Co
3 Dy R
47uF 1
10'33“': J” F14 % o 125.1kn
GND
o_j” J,r OGND
R3(=Ry//R3)
3 1 2 R2
2.6k J,, 5.1k
2SB536
VI X
o » ' . 0 -VO

0.1 y
l- (with heat sink)
Co
;E).aauF * a7uF

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 ciréuit of gain R2/R1 by uPC741C.

When R1 = R 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 uPC7805H as shown in Fig. 18. In this case,
two independent outputs are required on the secondary of the transformer, and the heat sink of I1C2 must be
insulated using a mica sheet etc.
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] ' ICy ’> 0 +VQ
+ +
>+ z F14C
CIN® A7uF
AC N
100V +——0GND
ICy
+ +
.N. F14C
CIN* 47uF

. . 0 -V
*CIN: Smoothing capacitor

Fig. 18 Positive/Negative power supply

5. HEAT SINK DESIGN (REFERENCES)

The thermal resistance of the TO-220 type package 8).c & 4 °C/W between junction and case and 8).A =
83 °C/W 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 {cm?} and thickness d (mm) of the
aluminum plate used as a heat sink vs its thermal resistance value.

20
~
\\
N
g N
£ NA
210 N
~
7 N
Y ; ~ \YQ ;
= ) ™ N,
= N N ™~
i SN NN
§ 5 YR o’§2
T N M N
2 Z.8m, ™~
g M\ N
%3 - =
8 (2.4°C/W) SN NN
—_ - 1T -"T "l TIT T ____'_>< \\"‘_—__" —-\
©
E 2 \‘\\ N
g NS
= NI

77

10 20 30 50 70 100 200 300 500 700 1000 2000
Area of heat sink S (cm?)

Fig. 19 Thermal resistance value of heat sink (Aluminum plate)
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[Example of heat sink design]

(1) Design parameters

a. Maximum output current IOmax, = 0.7 (A)

b. Maximum input/output voltage differential VIN — VO max. =10 (V)
€. Maximum ambient temperature Ta max. = 60 (°C)

d. Maximum junction temperature Tjmax. = 105 (°c)

(2) Calculation of thermal resistance
Junction temperature Tj under the actual operating condition can be calculated by equation (19).

Ti=(0J—C+OC—HS+OHS) *PD+Ta ... (19)
where;

0J—C : Junction to Case thermal resistance value between junction and case (2.5 °C/W)
0c—Hs : Case to Heat Sink thermal resistance value between case and heat sink

OHs . Heat Sink thermal resistance value of heat sink

PD : Power Dissipation

Since Tjmax. =105 °C, Tamax. = 60 °C, 0C—HS <K 1 °C/W and PDmax = 7 W,

fg = —imax. = Tamax. . _ gy ¢+ 0C_pg) = 2.4 CCM) o oveeeen. .. (20)
PDmax.

(3) Method of determining the heat sink size

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? in Fig. 19. Thus, an
aluminum plate of d(thickness) = 4.8 mm, S(area) = 145 cm? has the required thermal resistance value. When
d=2.4 mm, S =430 cm? and when d = 1.5 mm, S = 970 cm? 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 uPC7800H series are shown in Table 7.
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6. RECOMMENDED OPERATING CONDITION

VIN 10 Tijmax. Tamax. OHS
uPC7805H 8~12V 05~1A 105 °C 60°C 5°C/W
uPC7808H 11~17V T " ” 3.5 °C/W
uPC7812H 16~22V " " z 2.4°C/W
uPC7815H 18~26V " " 24°C/W
uPC7818H 22~30V " o " 1.63°C/W
uPC7824H 27~ 37V " " " 1.63 °C/W

1143






Scandinavia Office
P.O. Box 4039, 18304 Taby

NEC Electronics U.S.A. Inc. 2000 Grosvenor Centrury Plaza
Corporate Headquarters Suite 333

3055 Clearview Way, 10632 Little Patuxent Parkway Sweden
San Mateo, CA 94402, U.S.A. Columbia, MD 21044 Tel: 08-7567245
Tel: 415-341-1346 A Tel: 301-730-8600 Telex: 13839 NECSCAN

Telex: 710-862-2868 NEC SALES COLB
19675 West Ten Mile Road

Telex: 172897 NEC SMT

Fax: 415.341-2840 NEC Electronics (France) S.A.

Tour Chenonceaux 204

Mountain View Office and Plant

550 East Middlefield Road

Mountain View, CA 94043, UJ.S.A.

Tel: 415-964-4321

Telex: 910-379-6985 ELECT ARRAYS

Sunnyvale Office

252 Humboldt Court Bldg. B
Sunnyvale, CA 94086, U.S.A.

Tel: 408-745-6520

Telex: 35-7475 NECTRON SUVL

Natick Office

One Natick Executive Park

Natick, MA 01760, U.S.A.

Tel: 617-655-8833

Telex: 710-386-2110 NEC MICRO WELL
Fax:/ 617-872-8692

Roseville Plant
7501 Foothills Boulevard
Raseville, CA 95678, U.S.A.

Regional Sales Offices

Midwestern Region

3025 West Salt Creek Lane, Suite 300
Arlington Heights |L 60005

Tel: 312-577-9090

Telex: 910-687-1492 NECEL ROMS

Northeastern Region

21-G Olympia Avenue

Woburn, MA 01801

Tel: 617-935-6339

Telex: 710-348-6515 NECEL WOBN

Northwestern Region

10080 North Wolfe Road SW 3, Suite 290
Cupertino, CA 95014

Tel: 408-446-0650

Telex: 910-338-2085 NECEL CPTO

South Central Region

16475 Dallas Parkway, Suite 290
Dallas, TX 75248

Tel: 214-931-0641

Telex: 910-860-5284 NECEL DAL

Southwestern Region

1940 W. Orangewood Ave, Suite 205
Orange, CA 92668

Tel: 714-937-5244

Telex: 910-593-1629 NECEL ORGE
Fax: 714-937-5221

Southeastern Region

Vantage Point Office Center, Suite 209
4699 North Federal Highway
Pompano Beach, FL 33064

Tel: 305-785-8250

Telex: 510-956-9722 NECEL POMP

District Offices

12360-66th St. North
Largo, FL 33543

Southfield, Ml 48075
Tel: 313-352-3770
Telex: 810-224-4625 NECEL SOF D

5275 West Edina Industrial Blvd.,
Suite 109 ¢
Edina MN 55435

Tel: 612-831-9090

Telex: 910-576-2470 NECEL USAEDNA

200 Broadhollow Road,

Suite 302

Melville, NY 11747

Tel: 516-423-2500

Telex: 510-224-6090 NECEL MELV

385 South Road
Poughkeepsie, NY 12601
Tel: 914-452-4747

Telex: 510-248-0066 NEC ELECT PKP

NEC do Brasil Electronica S.A.
Escritorio Central Sao Paulo

Av. Brigadeiro Faria Lima, NO 2000
40, 50 e 60 andares, Edificio

Plaza Norte Sao Paulo-S.P.

Brazil

Tel: 815-8055 (PABX)

Telex: 1123689 NECB BR

NEC Electronics (Europe) GmbH
Oberratherstr. 4, 4000 Dusseldorf 30,
West Germany

Tel: 0211-650301

Telex: 858-7419 NEC D

Fax: 0211-6503327

NEC Electronics (Germany) GmbH
Head Office

Oberratherstr. 4, 4000 Dusseldorf 30,
Tel: 0211-650302

Telex: 8587419 NEC D

Fax: 0211-6503327

Hannover Office
Hindenburger Str. 28/29
3000 Hannover 1,

Tel: 0511-881013/16
Telex: 9230109 NECH D

Munich Office »
Bayerstr. 21

8000 Munchen 2

Tel: 089-591364

Telex: 522971 NECGM D

Stuttgart Office
Solitudestr. 218

7000 Stuttgart 31

Tel: 0711-881119

Telex: 7252220 NECS D

Benelux Office
P.O. Box 863, 5600 AW Eindhoven,
Netherlands

Rond-Point du Pond-de Sevres
92516 Boulogne-Billancourt
France

Tel: 1-620-6400

Telex: 203544 NEC EF F
Fax: 001-33-1-6206380

NEC Electronics (UK) Limited

Head Office

116 Stevenston Street, New Stevenston,
Motherwell, ML1 4LT, Scotland,U.K.
Tel: 0698-732-221

Telex: 777565 NEC UKG

Lutterworth Office

Devonshire House, Bank Street
Lutterworth, Leics., LE17 4AG
Tel: 04555-57151

Telex: 342114 NEC UKMG

Reading Office

9 Church Street

Reading RG1 2SB. Berkshire
Tel: 0734-596551

Telex: 847998 NEC UKG

NEC Electronics Italiana S.R.L.
Via Cardano 3, 20124 Milano
ltary

Tel: 6709108

Telex: 315355 NEC EIT |

NEC Hong Kong Limited
Head Office

Flat A, B, 12/F, Chuan Kei Factory Bldg. 15-23

Kin Hong Street, Kwai Chung
New Territories, Hong Kong
Tel: 0-242-824/7

Telex: 84561 HK NEC HX
Fax: 002-852-123-4235

Taipei Branch

Room 701 Chiu Blidg. 152, Sec 1
Chung Shan North Road, Taipei
Taiwan

Tel: 02-522-4192, 522-4258
Telex: 22372 HK NEC TP

Fax: 002-886-2-543-3294

NEC Singapore Pte, Ltd.

38 Ang Mo Kio Industrial Park 2
Singapore 2056

Tel: 4819881

Telex: 39726 NECSIN RS

Fax: 001-65-4818497

Tel: 813-536-4702 Tel: 040-445845
Telex: 51923 NEC B NL

NI C NEC Corporation

INTERNATIONAL ELECTRON DEVICES DIV.

NEC Building, 33-1, Shiba Gochome, Minato-ku, Tokyo 108, Japan
Tel: Tokyo 454 —1111

Telex Address: NECTOK J22686

Cable Address: MICROPHONE TOKYO

Inquiries on this document should be made
referring to the following alpha-numerals.

| |
| 1IS—1003A ;
| AUG.—25—83M |

|

Cat. No. E71049
83083001M
Printed in Japan



