‘W TELEDYNE
COMPONENTS

TC9400
TC9401
TC9402

VOLTAGE-TO-FREQUENCY/FREQUENCY-TO-VOLTAGE CONVERTERS “

FEATURES
Voltage-to-Frequency
B Operation 1 Hz to 100 kHz
B Choice of Guaranteed Linearity:
TCo401 0.01%
TC9400 0.05%
TCO402..........coccvvvcrccmiirsencnas 0.25%
B Gain Temperature Stability ........... 125 ppm/°C Typ
R Open-Collector Output
R Output Can Interface With Any Form of Logic
M Pulse and Square-Wave Outputs
#l Programmable Scale Factor
R Low Power Dissipation........cceceerinnnnee. 27 mW Typ
M Single-Supply Operation... ..+8Vto +15V
W Dual-Supply Operation .........ocovcrererenn +4V to +7.5V
W Current or Voltage Input

Frequency-to-Voltage

APPLICATIONS
Voltage-to-Frequency

Temperature Sensing and Control

nP Data Acquisition

Instrumentation

13-Bit Analog-to-Digital Converters
Digital Panel Meters

Analog Data Transmission and Recording
Phase-Locked Loops

Medical Isolation

Transducer Encoding

Alternate to 555 Astable Timer

Frequency-to-Voltage

Frequency Meters/Tachometer
Speedometers

Analog Data Transmission and Recording
Medical (solation

Motor Control

RPM Indicator

FM Demodulation

Frequency Multiplier/Divider

Flow Measurement and Control

W Operation ....DC to 100 kHz
R Choice of Guaranteed Linearity:
TC9401 0.02%
TC9400 0.05%
TCOA02 ... et rmncneneensne s s nsannes 0.25%
N Op-Amp Output
N Programmable Scale Factor
B High Input Impedance ...........c..ocoerirericnncnas >10 MQ
M Accepts Any Voltage Waveshape
PIN CONFIGURATIONS
DIP
IBiAs E . ~ E Vop
zERO ADY [2] 13 NC
w (3] ™ |12 ampuriER oUT
TC9400
Vss [4] 7S4%  [11] comparaTor N
VrepOUT [5] TO%%2  Tio] FREQ/2 OUT
N [6] 9] outpPuUT coMMON
VREF E E PULSE FREQ OUT

s0
aias [1] 1] Vpp
ZERO ADY [2] 13] NC
NS
hw [3] " 2] ampuRER OUT
v TC9400
ss [4] | Tceso1 COMPARATOR IN
TCed02

[10] FREQI2 OUT
9] ouTPUT coMMON
8] PuLSE FREG OUT

VR OUT [5]

aND [6
VRer (7

NC = NO INTERNAL CONNECTION

1106-1
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VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS

TC9400
TC9401
TC9402

GENERAL DESCRIPTION

The TC9400/TC9401/TC9402 are low-cost voltage-to-
frequency (V/F) converters combining bipolar and CMOS
technology on the same substrate. The converters accept a
variable analog input signal and generate an output pulse
train whose frequency is linearly proportional to the input
voltage.

The devices can also be used as highly-accurate fre-
quency-to-voltage (F/V) converters, accepting virtually any
input frequency waveform and providing a finearly-propor-
tional voltage output.

A complete V/F or F/V system requires the addition of
two capacitors, three resistors, and reference voltage.

ORDERING INFORMATION
Linearity Temperature
Part No. (V/F) Package Range
TC9400CPD 0.05% 14-Pin 0°C to +70°C
Plastic DIP
TC9400EJD 0.05% 14-Pin ~ —40°C to +85°C
CerDIP
TC9400COD  0.05%  14-Pin SO 0°C to +70°C
TC9401CPD 001%  14-Pin 0°C to +70°C
Plastic DIP
TC9401EJD 0.01% 14-Pin —40°C to +85°C
CerDIP
TC9402C.JD 0.25% 14-Pin 0°C to +70°C
Plastic DIP
TC9402EJD 0.25% 14-Pin  —40°C to +85°C
CerDIP
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ABSOLUTE MAXIMUM RATINGS

VREr ~ Vss
Storage Temperature Range
Operating Temperature Range

C Device

E Device
Package Dissipation
Lead Temperature (Soldering, 10 sec)

Static-sensitive davice. Unused devices must be stored in conductive
material. Protect devices from static discharge and static fields. Stresses
above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. These are stress ratings only and functional
operation of the device at these or any other conditions above those
indicated in the operational sections of the specifications is not implied.
Exposure to Absolute Maximum Rating Conditions for extended periods
may affect device reliability.



VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS

TC9400
TC9401
TC9402

ELECTRICAL CHARACTERISTICS: Vpp = +5V, Vgs = -5V, Vanp =0, Vaer = -5V, Raias = 100 ke,

Full Scale =10 kHz, unless otherwise specified. Ta = +25°C, unless temperature range is specified —40°C to +85°C for
E device, 0°C to +70°C for C device.

VOLTAGE-TO-FREQUENCY TC9401 TC9400 TC9402
Parameter Definition Min Typ Max | Min Typ Max | Min Typ Max | Unit
Accuracy
Linearity 10 kHz Output Deviation From Straight T — 0004 001 — 001 005] — 006 0.25 % Full
Line Between Normalized Zero Scale
and Full-Scale Input
Linearity 100 kHz Output Deviation From Straight — 004 008 — 01 025| — 025 05 |%Ful
Line Between Normalized Zero Scale
and Full-Scale Input
Gain Temperature Variation in Gain A Due to — 125 +40 | — 125 #40 | — 150 1100 | ppm/°C
Drift (Note 1) Temperature Change Full Scale
Gain Variance Variation From Exact A Compensate — 0 — | — 10 — | — #10 — |%of
by Trimming Rin, VRes, of Crer Nominal
Zero Offset (Note 2) Correction at Zero Adjust for Zero — 10 450 | — 10 50 | — #20 *100 | mV
Output When Input is Zero
Zero Temperature Variation in Zero Offset Due to — 325 50 ! — +25 #50 | — 150 £100 | uV/°C
Drift (Note 1) Temperature Change
Analog Input
Iy Full Scale Full-Scale Analog Input Current to — 10 - — 10 — — 10 — |uA
Achieve Specified Accuracy
Iy Overrange Overrange Current ] — — 50 — — 50 — — 50 |pA
Response Time Settling Time to 0.1% Full Scale - 2 — - 2 - — 2 — |Cycle
Digital Output
Vsar @ loL = 10 pA Logic "0" Output Voltage — — 04} — — 04| — — 04|V
(Note 3) )
Vout Max — Vour Voltage Range Between Output — — 18 — — 18 — — 18 |V
Common (Note 4) and Common -
Pulse Frequency - 3 —-—| = 3 —- | — 3 — ips
Output Width
Supply Current
po Quiescent Current Required From Positive
E Device (Note 9) Supply During Operation —_ 2 4 - 2 4 — — — |mA
C Device - - — 2 6 —_ 2 6 — 3 10 [ mA
Iss Quiescent Current Required From Negative
E Device (Note 10)  Supply During Operaticn — -15 -4 — 15 4 | — — — |mA
C Device — -15 -6 | — -15 -6 | — -3 -10 imA
Vpp Supply Operating Range of Positive Supply 4 — 75 4 — 75 4 — 75|V
Vss Supply Operating Range of Negative Supply -4 ~— -75| -4 — ~75| -4 — 75|V
Reference Voltage
Vaer —Vss Range of Voltage Reference Input -1 - — -1 — — -1 — — |V
NOTES: . Full temperature range. . ta=tr=20ns.

L lin=0.

. Full temperature range, lout = 10 mA.

. 10 Hz to 100 kHz.
. 5 ps minimum positive pulse width and 0.5 ps minimum
negative pulse width,

1
2
3
4. loyt = 10 pA.
5
6

326

. RALz2kQ.

1
1

. Vin=-0.1V.
. liy connects the summing junction of an operational

7
8
9. Full temperature range, Vin = —0.1V.
0
1

amplifier. Voltage sources cannot be attached directly,
but must be bufferaed by extemal resistors.



VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS

TC9401
TC9402
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Figure 1

VOLTAGE-TO-FREQUENCY (V/F)
CIRCUIT DESCRIPTION

The TC9400 V/F converter operates on the principal of
charge balancing. The input voltage (Vi) is converted to a
current (IN) by the input resistor. This current is then con-
verted to a charge by the integrating capacitor and shows
up as linearly decreasing voltage at the output of the op
amp. The zero crossing of the output is sensed by the
comparator causing the reference voitage to be applied to
the reference capacitor for a time period long enough to
virtually charge the capacitor to the reference voltage. This
action reduces the charge on the integrating capacitor by a
fixed amount (q = Crer x VRer), causing the op-amp output
to step up a finite amount.
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10 Hz to 10 kHz V/F Convarter

At the end of the charging period, Crer is shorted out,
dissipating the stored reference charge, so when the out-
put again crosses zero, the system is ready to recycle. In
this manner, the continued discharging of the integrating
capacitor by the input is balanced out by fixed charges from
the reference voltage. As the input voltage is increased,
the number of reference pulses required to maintain bal-
ance increases, causing the output frequency to aiso
increase. Since each charge increment is fixed, the increase
in frequency with voltage is near. In addition, the accuracy
of the output pulses does not directly affect the linearity of
the V/F. It must simply be long enough for full charge
transfer to take place.



VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS

3. Toincrease fo T

TC9400
TC9401
TC9402
four | | e l_l I__I
‘ou1/2_|<7 " ‘—’l I I_
wer (22)

NOTES: 1. To adjust fjq ., set Vi = 10 mV and adjust the 50 kQ offset for 10 Hz output.
2. To adjust fig px. set V| = 10V and adjust Rjy or VR for 10 kHz output.
MAX'to 100 kHz, change Crep
4. For high-performance applications, use high-stability components for Ry, Crer, VRF (metal film
resistors and glass capacitors). Also, separate output ground (pin 9) from input ground (pin 6).

to 27 pF and Cyt to 75 pF.

Figure 2 Qutput Waveforms

The TC9400 contains a "self-start” circuit to ensure the
V/F converter always operates properly when power is first
applied. Inthe event during "power-on" the op-amp output is
below comparator threshold, and Crer is already charged,
apositive voltage step will not occur. The op-amp output will
continue to decrease until it crosses the —2.5V threshold of
the "self-start" comparator. When this happens, aresistor is
connected to the op-amp input, causing the output to quickly
go positive until the TC3400 is once again in its normal
operating mode.

The TC9400 utilizes both bipolar and MOS transistors
onthe same substrate, taking advantage of the bestfeatures
of each. MOS transistors are used at the inputs to reduce
offset and bias currents. Bipolar transistors are used in the
op amp for high gain, and on all outputs for excellent current
driving capabilities, CMOS logic is used throughout to mini-
mize power consumption.

PIN FUNCTIONS
Comparator Input

In the V/F mode, this input is connected to the amplifier
output (pin 12} and triggers the 3 us pulse delay when the
input voltage passes its threshold. Inthe F/V mode, the input
frequency is applied to the comparator input.

Pulse Freq Out

This output is an open-collector bipolar transistor pro-
viding a pulse waveform whose frequency is proportional to
the input voltage. This output requires a pull-up resistor and
interfaces directly with MOS, CMOS and TTL logic.
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Freq/2 Out

This output is an open-collector bipolar transistor pro-
viding a square wave one-half the frequency of the pulse
frequency output. This output requires a pull-up resistor and
interfaces directly with MOS, CMOS, and TTL logic.

Output Common

The emitters of both the freq/2 out and the pulse freqout
are connected to this pin. An output level swing from the
coltector voltage to ground or to the Vgg supply may be
obtained by connecting to the appropriate point.

Reias

Specifications for the TC9400 are based on Rgias =
100 kQ +10%, unless otherwise noted. Rgjas may be varied
between the range of 82 k(2 < Rgjas < 120 kQ.

Ampilifier Out

The output stage of the operational amplifier. A nega-
tive-going ramp signal is available at this pin inthe V/F mode.
In the F/V mode, a voltage proportional to the frequency
input is generated.

Zero Adjust

The noninverting input of the operational amplifier. The
low-frequency set point is determined by adjusting the
voltage at this pin.



VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS

TC9400
TC9401
TC9402

N

The inverting input of the operational amplifier and the
summing junction when connected in the V/F mode. An
input current of 10 pA is specified for nominal full scale, but
an overrange current up to 50 pA can be used without
detrimental effect to the circuit operation.

VRer

A reference voltage from either a precision source orthe
Vss supply may be applied to this pin. Accuracy will be
dependent on the voltage regulation and temperature char-
acteristics of the circuitry.

Vger Out

The charging current for Cper is derived from the
internal circuitry and switched by the break-before-make
switch to this pin.

V/F CONVERTER DESIGN INFORMATION
Input/Output Relationships

The output frequency (fouT) is related tothe analog input
voltage (VN) by the transfer equation:

i 1T
Rin  (VRer) (Crer)

External Component Selection

Rin
The value of this component is chosen to give a full-
scale input current of approximately 10 pA:
:V|N Full Scale
BT IV

Example: Ry = ﬂ =1MQ.
10 pA

Frequency out = fouT.

Rin

Note that the value is an approximation and the exact
relationship is defined by the transfer equation. In practice,
the value of Ry typically would be trimmed to obtain full-
scale frequency at Viy full scale (see "Adjustment Proce-
dure”). Metal film resistors with 1% tolerance or better are
recommended for high-accuracy applications because of
their thermal stability and low-noise generation.

Cint
The exact value is not critical but is related to Crgr by

the relationship:

3CRerF < CiNT £ 10 CRer.
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Improved stability and linearity are obtained when
CiNT € 4Cper. Low-leakage types are recommended,
although mica and ceramic devices can be used in applica-
tions where their temperature limits are not exceeded.
Locate as close as possible to pins 12 and 13.

Crer

The exactvalue is not critical and may be usedtotrimthe
full-scale frequency (see "Input/Output Relationships"). Glass
film or air trimmer capacitors are recommended because of
their stability and low leakage. Locate as close as possible
to pins 5 and 3.

Vo, Vss

Power supplies of 5V are recommended. For high-
accuracy requirements, 0.05% line and load regulation and
0.1 uF disc decoupling capacitors located near the pins are
recommended.

Adjustment Procedure

Figure 1 shows a circuit for trimming the zero location.
Full scale may be trimmed by adjusting RN, Vaer, or Crer.
Recommended procedure for a 10 kHz full-scale frequency
is as follows:

(1) Set Vinto 10 mV and trim the zero adjust circuit to
obtain a 10 Hz output frequency.

(2) SetVjyto 10V and trim either Riy, VReF, or CRer to
obtain a 10 kHz output frequency.

If adjustments ar performed in this order, there should be no
interaction and they should not have to be repeated.

500 T T
Vpp = +5V
\ Vgg =-5V
400 Ry =1MQ -
| \ Vi = +10V
[ o
[ \ Tp=+25°C
o~ J
+~ 300 —
hd 10 kHz\
3 N
ﬁ 200 AN
x N
o
100
T 100 kHz
0 41 2 3 4 -5 6 -7
VRer V)

Figure 3 Hecommended CreF vs Vger



VOLTAGE-TO-FREQUENCY/
FREQUENCY-TO-VOLTAGE CONVERTERS

TC9400
TC9401
TC9402

v* = 8V TO 15V (FIXED)

OFFSET
ADJUST

ViN
ov-1ov

14 10kQ
8
four
10kQ
7 10
VREF fout’2
“n
TC9400
N
1 4 9
+]T R R 1
1Zv ™G min fout=hN> ) e
12V [14 MQ |14 ka 2 T IEREF
15V [ 2MQ |20 kQ ViN—V2) (v*_vz)
1 +
N~ "R (0.9 R+0.2Ry)
Figure 4 Fixed Voltage — Single Supply Operation
v* =10V TO 15V
14 10 kQ
2140 four
10k
NS 10
N fout2
TC9400

RiN
1MQ

Figure 5 Variable Voltage — Single Supply Operation
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TC9400
TC9401
TC9402

VOLTAGE-TO-FREQUENCY/
FREQUENCY-TO-VOLTAGE CONVERTERS

v*t=10VTO 15V

OFFSET
ADJUST

14
2
470 k2 8
O fout
10k 10K
- [ VAN 10
» () fout/2
0.001 pF TC9400
| 12
5
180
T
17 s
711 |4 |9
18kQ
GAIN ADJUST ;&0
o |
0.01 pF
I

glokﬂ

Figure 6 Single Variable Supply Voltage With Offset and Gain Adjust

ELECTRICAL CHARACTERISTICS: Vpp =+5V, Vss =-5V, Venp = 0, VRer = -5V, Reias = 100 kQ,
Full Scale = 10 kHz, unless otherwise specified. Ta = +25°C, unless temperature range is specified —40°C to +85°C for E
device, 0°C to +70°C for C device.

FREQUENCY-TO-VOLTAGE TC9401 TC9400 TC9402

Parameter Definition Minl Typ |Max Min l Typ |Max Minl Typ lMax Unit

Accuracy

Nonlinearity (Note 5) Deviation From Ideal Transfer 0.0170.02 0.02]0.05 0.05|0.25 % Full
Function as a Percentage Scale
Full-Scale Voltage

Input Frequency Frequency Range for Specified 10 100k | 10 100k | 10 100k | Hz

Range (Note 6) Nonlinearity

Frequency Input

Positive Excursion Voltage Required to Turn 0.4 Vop | 0.4 Vpop | 0.4 Voo \

(Note 7) Comparator On

Negative Excursion Voltage Required to Turn -0.4 -2 |-0.4 -2 | -0.4 -2 \

(Note 7} Comparator Off

Minimum Positive Time Between Threshold 5 5 5 us

Pulse Width (Note 7)  Crossings

Minimum Negative Time Between Threshold 0.5 0.5 0.5 us

Pulse Width (Note 7)  Crossings

Input Impedance 10 10 10 MW




VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS

TC9400
TC9401
TC9402
ELECTRICAL CHARACTERISTICS (Cont.)
FREQUENCY-TO-VOLTAGE TC9401 TC9400 TC9402
Parameter Definition Min| Typ | Max( Min\ Typ 1Max Min‘ Typ ‘Max Unit
Analog Outputs
Output Voltage Voltage Range of Op Amp Output Vop—1 Vop-1 Vpp-1 )
(Note 8) for Specified Nonlinearity
Output Loading Resistive Loading at Output of 2 2 2 kW
Op Amp
Supply Current
Inp Quiescent Current Required From Positive
E Device (Note 9) Supply During Operation 2 4 2 4 mA
C Device 2 6 2 ] 3 |10 mA
lgs Quiescent Current Required From Negative
E Device (Note 10)  Supply During Operation -1.5| -4 -1.5| ~4 mA
C Device -1.5| -6 -1.5| -6 -3 [-10 | mA
Vpp Supply Operating Range of Positive Supply 4 75 | 4 75 4 75 |V
Vgs Supply Operating Range of Negative Supply -4 -75| -4 -75| -4 =75 | V
Reference Voltage
Vger ~Vss Range of Voltage Reference Input l -1 | ‘ | -1 l i l -1 | L l \'
NOTES: 1. Full temperature range. 7. ta=tr=20ns.
2. In=0. 8. R 22kQ.
3. Full temperature range, loyt = 10 mA. 9. Fuli temperature range, Viy = -0.1V.
4. lour =10 A, 10. Viy = =0.1V.
5. 10 Hz to 100 kHz. 11. lin connects the summing junction of an operational
6. 5 s minimum positive pulse width and 0.5 us minimum amplifier. Voltage sources cannot be attached directly,

negative pulse width.

FREQUENCY-TO-VOLTAGE (F/V)
CIRCUIT DESCRIPTION

When used as an F/V converter, the TC9400 generates
an output voltage linearly proportional to the input frequency
waveform.

Each zero crossing at the comparator's input causes a
precise amount of charge (q = Crer x VRer) to be dispensed
intothe op amp's summing junction. This charge inturn flows
through the feedback resistor, generating voltage pulses at
the output of the op amp. A capacitor (Ciy1) across RNt
averages these pulses into a DC voltage which is linearly
proportional to the input frequency.

F/V CONVERTER DESIGN INFORMATION
Input/Output Relationships

The output voltage is related to the input frequency (fin)
by the transfer equation:

Vout = [Vaer Crer Rint] fin.

The response time to a change in fiy is equal to (RinT
CinT). The amount of ripple on Vour is inversely proportional
to Cint and the input frequency.
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but must be buffered by extermal resistors.

CinT can be increased to lower the ripple. Values of 1 pF
to 100 pF are perfectly acceptable for low frequencies.

When the TC9400 is used in the single-supply mode,
VRer is defined as the voltage difference between pin 7 and
pin 2.

Input Voltage Levels

The input signal must cross through zero in order to trip
the comparator. To overcome the hysteresis, the amplitude
must be greater than £200 mV.

If only a unipolar input signal (fiy) is available, it is
recommended an offset circuit utilizing a resistor be used or
the signal be coupled in via a capacitor.

For 100 kHz maximum input, RNt should be decreased
to 100 kQ.

o 'lumu[ leO—H—%E[
v

NOTE: Cger should be increased for low fiy max. Adjust Cage so Vouris
approximately 2.5V to 3V for maximum input frequency. When fiy max is
lass than 1 kHz, the duty cycle should be greater than 20% to ensure Crer
is fully charged and discharged.
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VOLTAGE-TO-FREQUENCY/
FREQUENCY-TO-VOLTAGE CONVERTERS
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Figure 7 DC — 10 kHz F/V Converter

i ﬂ ’« S

INPUT | I

fout

-
L L
[ O I I

|#— DELAY =3 s

fout’2

Input Buffer

fouT and fout/2 are not used in the F/V mode. However,
these outputs may be useful for some applications, such as
a buffer to feed additional circuitry. Then, fout will follow the
input frequency waveform, except that foyt will go high 3us
after fiy goes high; fou1/2 will be squarewave with a fre-
quency of one-half four.

If these outputs are not used, pins 8, 9 and 10 may be
left floating or connected to ground.

Figure 8 F/V Digital Outputs
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FREQUENCY-TO-VOLTAGE CONVERTERS

TC9400
TC9401
TC9402

v* =10V TO 15V

_%\_ 6.2V

and less than 10V to 15V (Vpp).

o}
14
Voo
5
GND VReF OUT 1
. 3 47 pF
(1) N
TC8400 1MQ :—g‘”
100 eRo AMP ouT |12
OFFSET v
ADJUST (o]
— 11 0
= fin O—— I?IOMP GND [
Vrer Vss lsias
7 4 1
100 k2

NOTES: 1. The inputis now referenced to 6.2V (pin 6). The input signal must therefore be restricted to be greater than 4V (pin 6, 2V)

If the signal is AC coupled, a 100kQ to 10 MQ resistor must be placed between the input (pin 11) and ground (pin 6).

2. The output wili now be referenced to pin 6 which is at 6.2V (Vz). For frequency meter applications, a 1 mA meter with a
series-scaling resistor can be placed across pins 6 and 12,

Figure 9 F/V Single Supply

The sawtooth ripple on the output of an F/V can be
eliminated without affecting the F/V's response time by
using the circuitin Figure 10. The circuit has a DC gain of +1.
Any AC components (such as a ripple) are amplified posi-
tively via the lower path and negatively via the upper path.
Whenboth paths have the same gain, AC rippleiscancelled.
The amount of cancellation is directly proportional to gain
matching. If the two paths are matched within 10%, the ripple
will be lowered by 1/10. For 1% matching, the ripple is
lowered by 1/100. The 10 kQ potentiometer is used to make
the gain equal in both paths. This circuit is insensitive to
frequency changes and signal waveshape.

F/V POWER-ON RESET

In F/V mode, the TC9400 output voltage will occasion-
ally be atits maximum value when power s first applied. This
condition remains until the first pulse is applied to fiy. In most
frequency-measurement applications this is not a problem,
because proper operation begins as soon as the frequency
input is applied.

1uF

10kQ

10k
MV
OP AMP —0
ouTPUT
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Figure 10 F/V Ripple Eliminator
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In some cases, however, the TC9400 output must be  (see Figure 11A). Where predictable power-on operation is
zero at power-on without a frequency input. In such cases,  critical, a more complicated circuit, such as Figure 11B, may
a capacitor connected from pin 11 to Vpp will usually be  be required.
sufficient to pulse the TC9400 and provide a power-on reset

O Vpp

1000 pF

1
fin 11 comparaToR

(A)

Vbp =
o)
I (B)
16 5 | 2 1 =
v B R C
cc
3cira -«
100 k2 CD4538 TC9400
6
Q
d, D>
1yF Vss

fiN

llH

Figure 11 Power-On Operation/Reset
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