TC9400
TC9401
TC9402

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

FEATURES
Voltage-to-Frequency

m Choice of Guaranteed Linearity:

TCOA0L ..ot 0.01%
TCO400 ... iee e ee e 0.05%
TCOA02 ...t 0.25%
m  DC to 100 kHz (F/V) or 1Hz to 100kHz (V/F)
m  Low Power Dissipation ...........cccccvveeennn. 27TmW Typ

m  Single/Dual Supply Operation ...........ccceccvvvvvveneeennn.

+8Vto+15Vor +4Vto +7.5V
m  Gain Temperature Stability ......... + 25 ppm/ °C Typ.
m  Programmable Scale Factor

Frequency-to-Voltage

GENERAL DESCRIPTION

The TC9400/TC9401/TC9402 are low-cost voltage-to-
frequency (V/F) converters utilizing low power CMOS
technology. 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-
guency-to-voltage (F/V) converters, accepting virtually any
input frequency waveform and providing a linearly-propor-
tional voltage output.

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

ORDERING INFORMATION

B OPEration .......ccoeeeeeeeeeeeeeeeeeeens DC to 100kHz Linearity Temperature
m  Choice of Guaranteed Linearity: Part No. (VIF) Package Range
LI OO 1 P 0.02% TC9400COD 0.05% 14-Pin 0°C to +70°C
TC9400 ......................................................... 0.052/0 SOlC (Narrow)
TC9402 ......................................................... 0.25 /0 TC9400CPD 0.05% 14_P|n OOC to +700C
m  Programmable Scale Factor Plastic DIP
TC9400EJD  0.05% 14-Pin —40°C to +85°C
APPLICATIONS ’
CerDIP
m [P Data Acquisition TC9401CPD 0.01% 14-Pin 0°C to +70°C
m 13-Bit Analog-to-Digital Converters Plastic DIP
® Analog Data Transmission and Recording TC9401EJD 0.01% 14-Pin —40°C to +85°C
m Phase-Locked Loops CerDIP
m  Frequency Meters/Tachometer TC9402CPD  0.25% 14-Pin 0°C to +70°C
m  Motor Control Plastic DIP
= FM Demodulation TC9402EJD 0.25%  14-Pin —40°C to +85°C
CerDIP
FUNCTIONAL BLOCK DIAGRAM
TC?jOO
2;32:1:2: il Integrator Threshold One
OpAmp Detector Shot
v Ilnput Rin . -‘V
oltage IN —» >—~>; O Pulse Output
Reference —o© Pulse/2 Output
Capacitor-l: _10
o
llREF
[¢]
Reference
Voltage

TC9400/1/2-5 11/6/96 TelCom Semiconductor Reserves the right to make changes in the circuitry an specifications of its devices.
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ABSOLUTE MAXIMUM RATINGS*
VDD = VS ittt +18V
N et e 10mA
VouTt Max =Vout COMMON .......cccoeeiiieiiiieeeieeee e, 23V
VREE = VSS ttrtettettiaaaaaaiiaiiitie et e e e e e e e e —-1.5V
Storage Temperature Range ................ —65°C to +150°C
Operating Temperature Range
C DEVICE ..ttt 0°C to +70°C
E Device —40°C to +85°C
Package Dissipation (Ta < 70°C)
8-PiN CerDIP ...cooiiiiiiiiee e 800mw
8-PiN PIastic DIP .......ccoviiiiieiiiiiiee e 730mwW
8-PiN SOIC ...oiiiiiiiiiie e 470mwW
Lead Temperature (Soldering, 10 SeC) ................. +300°C

*Static-sensitive device. 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.

ELECTR'CAL CHARACTER'ST'CS VDD = +5V, Vss = - 5V, VGND = OV, VREF = - 5V, RBIAS = 100|(Q,
Full Scale = 10kHz, 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 I\ylax Min T$/p Mpx Min ij Max  Unit

Accuracy

Linearity 10 kHz Output Deviation From Straight 0.004| 001 | — | 001|005 | — |005 | 025 | % Full
Line Between Normalized Zero Scale
and Full-Scale Input

Linearity 100 kHz Output Deviation From Straight 004 | 008 — | 01 |025 | — |025 | 05 % Full
Line Between Normalized Zero Scale
Reading and Full-Scale Input

Gain Temperature Variation in Gain A Due to +25|+40| — |+£25|+£40| — |£50 |+100| ppm/°C

Drift (Note 1) Temperature Change Full Scale

Gain Variance Variation From Ideal Accuracy +10| - — |x10| — — |10 | - % of

Nominal

Zero Offset (Note 2) Correction at Zero Adjust for Zero +10|/+50| — |+10|+£50| — |+£20 |+ 100 mV
Output When Input is Zero

Zero Temperature Variation in Zero Offset Due to +25|+50| — |+25|+50| — [£50 |+100| pv/°C

Drift (Note 1) Temperature Change

Analog Input

Iy Full Scale Full-Scale Analog Input Current to 10 — | — |10 | — 10 — HA
Achieve Specified Accuracy

Iin Overrange Overrange Current — 50| — | — | 50 — | — 50 A

Response Time Settling Time to 0.1% Full Scale 2 — | — 2 — — | 2 — Cycle

Digital Section

Vsar @ loL = 10mA Logic "0" Output Voltage (Note 3) 02| 04| — |02 04 — 1102 | 04 \Y

VouTt Max — VouT Voltage Range Between Output — 8| — | — | 18 — — 18 \Y

Common (Note 4) and Common

Pulse Frequency 3 — | — 3 — — 1| 3 — psec

Output Width
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FREQUENCY-TO-VOLTAGE CONVERTERS

TC9400
TC9401
TC9402

ELECTRICAL CHARACTERISTICS: (Cont.) Vpop = +5V, Vss = -5V, Veno = 0, Vrer = — 5V, Rpias = 100kQ,
Full Scale = 10kHz, 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 Min ﬂyp Max Min T*/p M‘ax Min T*p M#x Unit
Supply Current
Ipp Quiescent Current Required From Positive
(Note 5) Supply During Operation — 1.5 6 — | 15| 6 — | 3 10 mA
Iss Quiescent Current Required From Negative
(Note 5) Supply During Operation — |-15| -6 | — |-15/ -6 -3 |-10 mA
Vpp Supply Operating Range of Positive Supply 4 — | 75| 4 — | 75 4 | — |75 \%
Vss Supply Operating Range of Negative Supply | —4 — |-75|-4| — |-75| -4 — |-75 \%
Reference Voltage
VRer —Vss Range of Voltage Reference Input ‘— 25 ‘ — ‘ — ‘— 2.5‘ — ‘ — ‘ -2 5‘ — ‘ — ‘ \Y
Accuracy
Nonlinearity (Note 10) Deviation From Ideal Transfer — ] 0.01| 002 — |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 7 and 8)  Nonlinearity
Frequency Input
Positive Excursion Voltage Required to Turn 0.4 — | Vop| 04| — | Vpp| 04| — | Vpp \Y
Threshold Detector On
Negative Excursion Voltage Required to Turn -04 -2 |-04) — | -2 |-04 — | -2 \%
Threshold Detector Off
Minimum Positive Time Between Threshold — 5 — | — 5 — — | 5 — psec
Pulse Width (Note 8)  Crossings
Minimum Negative Time Between Threshold — 05| — | — |05 — — 105 psec
Pulse Width (Note 8)  Crossings
Input Impedance — 10 — | — |10 | — — 10 — MQ
Analog Outputs
Output Voltage Voltage Range of Op Amp Output — |Vpp-1 — | — |\Vpp-1] — — |Vpp-1| — \%
(Note 9) for Specified Nonlinearity
Output Loading Resistive Loading at Output of 2 — — 2 — | — 2 | — — kQ
Op Amp
Supply Current
Ipp Quiescent Current Required From Positive
(Note 10) Supply During Operation — 1.5 6 — | 15| 6 — 1 3 10 mA
Iss Quiescent Current Required From Negative
(Note 10) Supply During Operation — |-15| -6 -15 -6 -3 |-10 mA
Vpp Supply Operating Range of Positive Supply 4 — | 75| 4 — | 75 4 | — |75 \%
Vss Supply Operating Range of Negative Supply | —4 — |-75|-4| — |-75| -4| — |-75 \%
Reference Voltage
VRer —Vss Range of Voltage Reference Input ‘— 25 ‘ — ‘ — ‘— 2.5‘ — ‘ — ‘ - 2.5‘ — ‘ — ‘ \Y
NOTES: 1. Full temperature range. Guaranteed, Not Tested. 6. 10Hz to 100kHz.; Guaranteed, Not Tested
2. In=0. 7. 5usec minimum positive pulse width and 0.5 psec minimum
3. Full temperature range, loyt = 10mA. negative pulse width.
4. lout = 10pA. 8. tr = tr = 20nsec.
5. Threshold Detect = 5V, Amp Out = 0V, Full Temperature

Range

9. RL=2kQ.; Tested @ 10kQ
10. Full temperature range, Viy =— 0.1V.



TC9400
TC9401
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VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS

PIN CONFIGURATIONS

ZERO ADJ [2]

14-Pin Plastic DIP/CerDIP

lias [1] e 7

\Y; TC9400
SS E TC9401

VREE OUT E TC9402

GND E
VREF E

14-Pin SOIC (Narrow)

14] Vpp 'Bias [T1]
13] nC zero ADJ []2]
12] AMPLIFIER OUT W []3]

TC9400

14 ] vpp
Eil

E] AMPLIFIER OUT

11] THRESHOLD DETECTOR Vss[T4] tcesor [11]]THRESHOLD DETECTOR
10] FREQ/2 OUT Vrer OVT []5] Te9402 [10[] FREQI2 OUT

9] outPuT common GND [T o ]] outPUT cOMMON

8] PULSE FREQ OUT Vrer [[7] 8] PuLSE FREQ OUT

NC = NO INTERNAL CONNECTION

PIN DESCRIPTIONS

Pin No. Symbol Description

1 IglAS This pin sets bias currentinthe TC9400. Connectto Vssthrough a 100 kQ resistor.
See text.

2 Zero Adj Low frequency adjustment input. See text.

3 Iin Input current connection for the V/F converter.

4 Vss Negative power supply voltage connection, typically — 5V.

5 VrepOUT Reference capacitor connection.

6 GND Analog ground.

7 VREF Voltage reference input, typically — 5V.

8 Pulse Freq Out Frequency output. This open drain output will pulse LOW each time the Freq
threshold detector limitis reached. The pulse rate is proportional to input voltage.

9 Output Common Source connection for the open drain output FETS. See text.

10 Freq/2 Out This open drain output is a square wave at one half the frequency of the pulse
output (pin 8). Output transitions of this pin occur on the rising edge of pin 8.

11 Threshold Detect Inputto the threshold detector. This pinisthe frequency inputduring F/V operation.

12 Amplifier Out Output of the integrator amplifier.

13 NC No internal connection

14 Vbp Positive power supply connection, typically +5V.
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+5V
+5V
4
R
I Vpp I R
I I 10kQ
| THRESHOLD foutls
11 DETECT 3usec | H “—°
i DELAY Il :
: 1 +5Vv
I THRESHOLD 1
I DETECTOR 1
1 - RL
: i 10kQ
i fout’?2y10 o
1 SELF- - —l - 1
I START , 2 HiH 19
I _3v O—— i OuTPUT J_
I i COMMON 1
I | \Y4 1=
12 § AMP OUT ! | I
I e e e e e e e e e - - 1 1
1 1
1 1
i 1
1 1
CINT I A 4 4 1
820pF 1 = :
1
R TC9400
INPUT 1“% —[ TC9401 :
Vin O—AAA o TC9402 :
+5V I
oV —10V I
50kQ :
5V Vss VREF GND 1
OFFSET 7 %ﬁ
ADJUST
(@]
REFERENCE
VOLTAGE
(TYPICALLY —5V)

-5V

Figure 1.

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

The TC9400 V/F converter operates on the principal
of charge balancing. The operation of the TC9400 is easily
understood by referring to Figure 1. The input voltage (V|n)
is converted to a current (Iin) by the input resistor. This
current is then converted to a charge on the integrating
capacitor and shows up as a linearly decreasing voltage at
the output of the op amp. The lower limit of the output
swing is set by the threshold detector, which causes the
reference voltage to be applied to the reference capacitor
for a time period long enough to charge the capacitor to
the reference voltage. This action reduces the charge on
the integrating capacitor by a fixed amount (q = Crgg X
VRep), causing the op amp output to step up a finite
amount.

10 Hz to 10 kHz V/F Converter

At the end of the charging period, Crer is shorted out.
This dissipates the charge stored on the reference capaci-
tor, so that when the output again crosses zero the system
is ready to recycle. In this manner, the continued discharg-
ing 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 re-
quired to maintain balance increases, which causes the
output frequency to also increase. Since each charge in-
crement is fixed, the increase in frequency with voltage is
linear. In addition, the accuracy of the output pulse width
does not directly affect the linearity of the V/F. The pulse
must simply be long enough for full charge transfer to take
place.
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TC9400
TC9401
TC9402

3 usec

TYP
fouT | —» -«

— 1/f ——

fout/2

AMP
ouT

NOTES: 1. To adjust fyyn, Set V) = 10mV and adjust the 50kQ offset for 10Hz output.
2. To adjust fpgax set V) = 10V and adjust Ry or VR for 10 kHz output.
3. To increase fo T MAX to 100kHz, change Crgf to 2pF and Cyn to 75pF.
4. For high-performance applications, use high-stability components for R\, CrRer: VR (metal film
resistors and glass capacitors). Also, separate output ground (pin 9) from input ground (pin 6).

CREF)
CINT

Figure 2. Output Waveforms

The TC9400 contains a "self-start" circuit to ensure the
V/F converter always operates properly when power is first
applied. In the event that, during power-on, the Op amp
output is below the threshold and Crgr is already charged,
a positive voltage step will not occur. The op-amp output will
continue to decrease until it crosses the —3.0V threshold of
the "self-start" comparator. When this happens, an internal
resistor is connected to the op-amp input, which forces the
output to go positive until the TC9400 is in its normal
operating mode.

The TC9400 utilizes low power CMOS processing for
low input bias and offset currents with very low power
dissipation. The open-drain N-channel output FETSs provide
high voltage and high current sink capability.

VOLTAGE-TO-TIME MEASUREMENTS

The TC9400 output can be measured in the time do-
main as well as the frequency domain. Some microcom-
puters, for example, have extensive timing capability but
limited counter capability. Also, the response time of a time
domain measurement is only the period between two out-
put pulses, while the frequency measurement must accu-
mulate pulses during the entire counter timebase period.

Time measurements can be made from either the
TC9400's Pulse Freq Out output or from the Freqg/2 output.
The Freqg/2 output changes state on the rising edge of
Pulse Freq Out, so Freqg/2 is a symmetrical square wave at
one half the pulse output frequency. Timing measurements
can therefore be made between successive Pulse Freq
Out pulses, or while Freq/2 is high (or low).

PIN FUNCTIONS
Threshold Detector Input

In the V/F mode, this input is connected to the amplifier
output (pin 12) and triggers a 3 psec pulse when the input
voltage passes through its threshold. In the F/V mode, the
input frequency is applied to this input.

The nominal threshold of the detector is halfway be-
tween the power supplies, or (Vpp + Vss)/2 +400mV. The
TC9400's charge balancing V/F technique is not dependent
on a precision comparator threshold, because the threshold
only sets the lower limit of the op-amp output. The op-amp's
peak-to-peak output swing, which determines the frequency,
is only influenced by external capacitors and by Vrgr.

Pulse Freq Out

This output is an open-drain N-channel FET which
provides 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.

Freqg/2 Out

This output is an open-drain N-channel FET which
provides a square wave one-half the frequency of the pulse
frequency output. The Freg/2 outputwill change state onthe
rising edge of Pulse Freq Out. This output requires a pull-
up resistor and interfaces directly with MOS, CMOS, and
TTL logic.
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Output Common

The sources of both the Freqg/2 out and the Pulse Freq
Out are connected to this pin. An output level swing from the
drain voltage to ground or to the Vss supply may be obtained
by connecting this pin to the appropriate point.

Reias

An external resistor, connected to Vss, sets the bias
point for the TC9400. Specifications for the TC9400 are
based on Rgjas = 100kQ +10%, unless otherwise noted.

Increasing the maximum frequency of the TC9400
beyond 100kHz is limited by the pulse width of the Pulse
Output (typically 3usec). Reducing Rgjas will decrease the
pulse width and increase the maximum operating frequency,
but linearity errors will also increase. Rpjascan be reduced
to 20kQ, which will typically produce a maximum full scale
frequency of 500kHz.

Amplifier Out

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

Zero Adjust

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

IiN

The inverting input of the operational amplifier and the
summing junction when connected in the V/F mode. An
input current of 10uA is specified, but an overrange current
up to 50pA can be used without detrimental effect to the
circuit operation. Iy connects the summing junction of an
operational amplifier. Voltage sources cannot be attached
directly, but must be buffered by external resistors.

VREF

Areference voltage from either a precision source or the
Vss supply is applied to this pin. Accuracy of the TC9400 is
dependent on the voltage regulation and temperature char-
acteristics of the reference circuitry.

Since the TC9400 is a charge balancing V/F converter,
the reference current will be equal to the input current. For
this reason, the DC impedance of the reference voltage
source must be kept low enough to prevent linearity errors.
For linearity of 0.01%, a reference impedance of 200Q or
less is recommended. A 0.1uF bypass capacitor should be
connected from VRgr to ground.

Vrer Out

The charging current for Crer is supplied through this
pin. When the op amp output reaches the threshold level,
this pin is internally connected to the reference voltage and
a charge, equal to Vgrer X Cgrer, is removed from the
integrator capacitor. After about 3 psec, this pinis internally
connected to the summing junction of the op amp to dis-
charge Crer. Break-before-make switching ensures that
the reference voltage is not directly applied to the summing
junction.

V/F CONVERTER DESIGN INFORMATION
Input/Output Relationships

The outputfrequency (four) is related to the analog input
voltage (V|n) by the transfer equation:

Vin 1
RN (Vrer) (Crer)

Frequency out =

External Component Selection

Rin
The value of this component is chosen to give a full-
scale input current of approximately 10pA:

Ry O VN Full Scale_
10pA

1ov

Example: R,y O
10pA

= 1MQ.

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 V) 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 Crer by
the relationship:

3CrerF < CinT £ 10 CRer.

Improved stability and linearity are obtained when
CinT < 4Cgrer. 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.
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Crer

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

Vob, Vss

Power supplies of £5V are recommended. For high-
accuracy requirements, 0.05% line and load regulation and
0.1pF 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, VRrer, Of Crer.
Recommended procedure for a 10kHz full-scale frequency
is as follows:

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

(2) SetV|yto 10V and trim either Ry, VRer, of CRref to
obtain a 10kHz output frequency.

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

500 ‘ ‘
VDD = +5V
VSS =-5V
400 \ RlN =1MQ ]
\ V) = +10V
w Tp = +25°C
o A
S 300 \
T 1 kHz \
[T
s \
L 200
w N
x
8 N
100
100kHz
0 1 -2 3 -4 -5 -6 -7
VRer (V)

Figure 3. Recommended C rgf VS VRer

Improved Single Supply V/F Converter
Operation

A TC9400 which operates from a single 12 to 15V
variable power source is shown in Figure 5. This circuituses
two Zener diodes to set stable biasing levels for the TC9400.
The Zener diodes also provide the reference voltage, so the
outputimpedance and temperature coefficient of the Zeners
will directly affect power supply rejection and temperature
performance.

Full scale adjustment is accomplished by trimming the
input current. Trimming the reference voltage is not recom-
mended for high accuracy applications unless an op amp is
used as a buffer, because the TC9400 requires a low
impedance reference (see the Vrgr pin description section
for more information).

The circuit of Figure 5 will directly interface with CMOS
logic operating at 12V to 15V. TTL or 5V CMOS logic can be
accommodated by connecting the output pullup resistors to
the +5V supply. An optoisolator can also be used if an
isolated output is required.
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v* =8V TO 15V (FIXED)

14 10kQ
0.9
R
1 8
O f
GAIN ouT
ADJUST 10k
10
VREF fout/2
OFFSET N
ADJUST TC9400
Vin N
0V-10V N — |1 2 9
100 kQ
vt Ry Ry _ 1
10V | 1MQ [10kQ four =N (Vo—V+) (Crep)
12V |1.4 MQ | 14kQ 2 TITVREF
15V [ 2MQ |20kQ ViN-V2) (V+—V2)
= +
IN

Figure 4 . Fixed Voltage — Single Supply Operation

+12 to +15V
1.2k*
+L NN~ m
1pF VbD
I 11] THRESHOLD
R1 R4 = c DETECT
910k§ 100k D2 “AS INT 12 AMP OUT 10k 10k
5.1VZ CREF_5|] CRefr
R3 =
GAIN T T TC9400
1 * ——3'IN fout |E—e 0
ol ZERO
ADJUST
100k — 2l GND 10 OUTPUT
four’2 O FREQUENCY
R2 R5 l
910k 91k D1
s1vz N 0lu OUTPUT |9 o
T , COMMON
. VREF
INPUT Rp 1]
VOLTAGE "—"\/10\/0k\r— BIAS y
(0 to 10V) 20k f’ DIGITAL
e} —o GROUND
ANALOG GROUND = \V/
COMPONENT SELECTION

F/S FREQ. CREF CINT
1 kHz 2200pF | 4700pF
10 kHz 180pF | 470pF

100 kHz 27pF 75pF

Figure 5. Voltage to Frequency
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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 threshold detector's input
causes a precise amount of charge (q = Crer X VRrer) to be
dispensed into the op amp's summing junction. This charge
in turn flows through the feedback resistor, generating
voltage pulses at the output of the op amp. A capacitor (CinT)
across Ryt 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 = [Vrer Crer RinT] fin.

The response time to a change in fiy is equal to (RinT
CinT)- The amount of ripple on Voyrt is inversely proportional
to CinT @nd the input frequency.

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

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

Input Voltage Levels

Theinputfrequency is applied to the Threshold Detector
input (Pin 11). Asdiscussed in the V/F circuit section of this
data sheet, the threshold of pin 11 is approximately (Vpp +
Vsg) 12 #400mV. Pin 11's input voltage range extends from
Vpp to about 2.5 V below the threshold. If the voltage on pin
11 goes more than 2.5 volts below the threshold, the V/F
mode startup comparator will turn on and corrupt the output
voltage. The Threshold Detector input has about 200 mV of
hysteresis.

In £5 V applications, the input voltage levels for the
TC9400 are +400mV, minimum. If the frequency source
being measured is unipolar, such as TTL or CMOS operat-
ing from a +5V source, then an AC coupled level shifter
should be used. One such circuit is shown in Figure 6a.

The level shifter circuitin Figure 6b can be used in single
supply F/V applications. The resistor divider ensures that
the input threshold will track the supply voltages. The diode
clamp prevents the input from going far enough in the
negative direction to turn on the startup comparator. The
diode's forward voltage decreases by 2.1 mV/°C, so for high
ambient temperature operation two diodes in series are
recommended.

+8V to +5V
+5V fe)
AT_M 14
VbD VbD
§10k
TC9400 TC9400
Frequency 33k 0'01|JF 11 Frequency 33k 0.01uF 11
Input DET Input o - DET
|—| +5V /\ IN914 >1.0M J_I— +5V IN914 oM
)
oV ov '
V S Vss 0.1uF < 10k Vss
$ r 4
_sv \Y4
(A) 5V Supply (B) Single Supply
Figure 6. Frequency Input Level Shifter
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FREQUENCY-TO-VOLTAGE CONVERTERS

Figure 8 .

F/V Digital Outputs

TC9400
+5V
V+
T
e ey
I = VoD : .
1 =
; I
! Tcos00A )
| TC9401A '
I TC9402A
1 OUTPUT :
: COMMON
I THRESHOLD
: DETECT
SEE 11 3 usec
fin O FIGEJRE : DELAY H
I * OPTIONAL
I THRESHOLD I FBUFFER
1 DETECTOR 1 IS NEEDED
I
I ! I
1 ! 1
I ! VREA
1 ! ouT l5
1 o/ H
! T ]y s
: 12pF I EQUATION,
' T I, T PAGE 12
OFFSET 1 N3
ADJUST I _L 1 R l c
w5V 1 60p ! INT INT
1 \ T AMPI 1MQ ¥ T 1000pF
: OP ouT 12 oV
100kQ 51 7eR0 ADJUST AMP, 0
2kQ 4, |
I
2.2kQ % IBIAS Vss VREF GND 1
— 7 6
- 10kQ =
5V O VREF
B - - (TYPICALLY -5V)
Figure 7. DC — 10 kHz F/V Converter
Input Buffer
05 £ Ousec fouTt and foyt/2 are not used in the F/V mode. However,
WSS —w e e PREC e these outputs may be useful for some applications, such as
a buffer to feed additional circuitry. Then, fourt will follow the
- J_ input frequency waveform, except that foyr will go high
INPUT 3usec after fiy goes high; fout/2 will be squarewave with a
frequency of one-half foyr.
fouT T B If these outputs are not used, pins 8, 9 and 10 should be
connected to ground.
—»||[«— DELAY = 3psec
fout’2
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VOLTAGE-TO-FREQUENCY/
FREQUENCY-TO-VOLTAGE CONVERTERS

TC9400
v =10V to 15V
14
10k Voo
_ ) 6] GND
6.2V O1pF =
1 I 10k TC9400
VegrOUTR
REF
500k - zero |
100k A%\ . ADJUST 47pF
vt 1 Ei
Offset IN
= Adjust 1M 001pF
1.0k AMP OUT |12
Frequency 33k O.OIleF 11 v
Input 1t * ' ¢ DET 6 out
GND O
IN914
| | 1.0M | lias  Vger Vg
. L 4
[
0.1pF ]
" §1.0k
) 100k
Note: The output is 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.

Output Filtering

The output of the TC9400 has a sawtooth ripple super-
imposed on a DC level. The ripple will be rejected if the
TC9400 outputis converted to a digital value by an integrat-
ing analog to digital converter, such as the TC7107 or
TC7109. The ripple can also be reduced by increasing the
value of the integrating capacitor, although this will reduce
the response time of the F/V converter.

The sawtooth ripple on the output of an F/V can be
eliminated without affecting the F/V's response time by
using the circuit in Figure 10. The circuit is a capacitance
multiplier, where the output coupling capacitor is multiplied
by the AC gain of the op amp. A moderately fast op amp,
such as the TLO71, should be used.

F/V Single Supply F/V Converter

VeerOUT

TC9400

IIN

AMP OUT

GND

Figure 10.
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VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS
TC9400
TC9401
TC9402

F/V POWER-ON RESET

In F/V mode, the TC9400 output voltage will occasion-
ally be atits maximum value when power is firstapplied. 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.

In some cases, however, the TC9400 output must be
zero at power-on without a frequency input. In such cases,
a capacitor connected from pin 11 to Vpp will usually be
sufficient to pulse the TC9400 and provide a power-on reset
(see Figure 11A). Where predictable power-on operation is
critical, amore complicated circuit, such as Figure 11B, may

be required.
O Vbp
14
—— 1000pF
1kQ 11| THRESHOLD
fiN DETECTOR
= ()
TC9400
Vbp =
o
| (8)
16 5 2 1 =
Vee B R C
CLRA

3
100kQ CD4538
6
a], Q :>— To TC 9400
1uF Vss f
I T n

Figure 11. Power-On Operation/Reset
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TC9400
TC9401
TC9402

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

PACKAGE DIMENSIONS

— ]

.008 (2.49) MAX.

14-Pin CerDIP

PIN 1

I I

!

300 (7.62)
230 (5.84)

|
| I O A ) O ) B B B I
L

.030 (0.76) MIN.

.780 (19.81) 320 (8.13
.740 (18.80) 290 §7é7;
.040 (1.02)
200 (5.08) | 5 —|.020 (0.51)
160 (4.06)
T — .015 (0.38) 3° MIN.
200 (5.08) } 150 (3.81)  .008 (0.20) —
125 (3.18) MIN.
J J L L 1400 (10.16)
320 (8.13)
- 020 (0.51)
110 (2.79) 065 (1.65) 016 (0.41)
090 (2.29)  .045 (1.14)
14-Pin Plastic DIP
PIN 1
e T e e N e T s B e Y
260 (6.60)
240 (6.10)
bR R RS R
310 (7.87)
770 (19.56) 290 (7.37)
745 (18.92) - "—“
200 (5.08) [
140 (3.56) —L.o4o (1.02)
b .020 (0.51) 015 (0.38) .
150 (3.81) f .008 (0.20)™ \—‘ 37 MIN.
115 (2.92)
- - - |_400 (10.16)
310 (7.87)
110 (2.79) .070 (1.78) 022 (0.56)
.090 (2.29) .045 (1.14) .015 (0.38) Dimensions: inches (mm)
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VOLTAGE-TO-FREQUENCY/

FREQUENCY-TO-VOLTAGE CONVERTERS
TC9400
TC9401
TC9402

PACKAGE DIMENSIONS (Cont.)

14-Pin SOIC (Narrow)

157 (3.99) .244 (6.20)
.150 (3.81) .228 (5.79)

Fogogog
I

.050 (1.27) TYP.

344 (8.74)
~ .337(856) |

.069 (1.75)
053 (1.35) 8° MIN. ,ﬁ%mo (0.25)
% | !

4
e T

.007 (0.18)
018 (0.46) 010 (0.29) 050 (1.27)
014 (0.36) 004 (0.10) 016 (0.40)
Dimensions: inches (mm)
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