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VFC62

Voltage-to-Frequency
and Frequency-to-Voltage
CONVERTER

FEATURES

o HIGH LINEARITY, 12 to 14 bits
+0.005% max at 10kHz F8
+0.03% max at 100kHz FS
+0.1% typ ot 1MKz F8

o G-DECADE DYNAMIC RANGE

« 20ppm/°C max GAIN DRIFT

* OUTPUT DTL/TTL/CMOS COMPATIBLE
« ACTIVE PULL-UP OUTPUT

DESCRIPTION

The VFC62 monolithic voltage-to-frequency and
frequency-to voltage converter provides a simple low
cost method of converting analog signals into digital
pulses. The digital pulse train repetition rate is
proportional to the amplitude of the analog input
voltage. In the noise-immune digital form the analog
signal may be transmitted long distances without
degradation. It may be converted to a binary number
with a counter or microprocessor or may be returned

APPLICATIONS
« INEXPENSIVE A/D AND D/A CONVERTER
* DIGITAL PANEL METERS

o 2-WIRE DIGITAL TRANSMISSION WITH NOISE
IMMUNITY

« FM MOD/DEMOD OF TRANSDUCER SIGNALS

o PRECISION LONG TERM INTEGRATOR

o HIGH RESOLUTION OPTICAL LINK FOR ISOLATION
* AC LINE FREQUENCY MONITOR

* MOTOR SPEED MONITOR AND CONTROL

to analog form using a frequency-to-voltage con-
verter.

The digital output is an active pull-up type which
provides better load driving capability than the usual
open collector outputs. Output puises are DTL, TTL
and CMOS compatible. High accuracy (+0.005%
max nonlinearity at 10kHz) is achieved with relatively
few external components. Only one resistor and two
capacitors are required.
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SPECIFICATIONS

VOLTAGE-TO-FREQUENCY CONVERTERS

VFC62

ELECTRICAL
At Ta = +25°C and +15VDC power supply unless otherwise noted.
VFC62BG/BM/SM VFC82CG/CM
CHARACTERISTICS CONDITIONS MIN I TYP ] MAX MIN TYP | MAX UNITS
V/F CONVERTER fouT = ViIN/7.5 R1C1, Figure 4
INPUT TO OP AMP
Voltage Range(!) Fig. 4 withe2 =0 >0 Note 2 . M \
Fig. 4 withe1 =0 <0 -10 * M v
Current Range(") N = VIN/RIN +0.25 +750 * - uA
Bias Current
Inverting Input 4 8 . * nA
Noninverting input 10 30 * . nA
Offset Voltage(3) +0.15 . mvV
Offset Voltage Drift 5 o pV/°C
Differential Impedance 3005 | 6501 5 * . kQ || pF
Common-mode
Impedance 3003 | 5003 * * k|| pF
ACCURACY
Linearity Error(1(4)s) Fig. 4 with ez + = 08
0.01Hz < fout < 10kHz +0.004 +0.005 +0.0015 +0.002 % of FSR
0.1Hz < fout < 100kHz +0.008 +0.03 * * % of FSR
1Hz < fout < 1MH2 +0.1 * % of FSR
Offset Error Input Offset Voltage(d) *15 * ppm of FSR
Oftset Drift(?) +0.5 * ppm of FSR/°C
Gain Errond) +5 +10 . % of FSR
Gain Drift(7) f=10kHz 50 20 ppm of FSR/°C
Full Scale Drift f = 10kHz 50 20 ppm of FSR/°C
(offset drift &
Qain drift(7) (89}
Power Supply Sensitivity| *Vcc = 14VDC to 18VvDC *0.015 * % of FSR/%
DYNAMIC RESPONSE
Full Scale Frequency CLOAD < 50pF 1 . MHz
Dynamic Range 6 * decades
Settling Time (V/F) to specified linearity
for a fuli scale input step Note 10 M
Overload Recovery < 50% overload Note 10 .
ACTIVE PULL-UP OUTPUT
Voltage, Logic “0" ISINK = 8mA, max 04 * \
Voltage, Logic “1" VPy-26 Veu . . v
Duty Cycle at FS For Best Linearity 25 . %
Fall Time lgut =5mA, CLoAD = 500pF 100 * nsec
F/V CONVERTER Vout = 7.5 R1C1 FIN, Figure 9
INPUT TO COMPARATOR
impedance 501 10 |150 | 10 * * ki |t pF
Logic *“1” +1.0 +Vce M . v
Logic “0" -Vce -0.05 * - A
Pulse-width Range 0.25 * usec
OUTPUT FROM OP AMP,
Voltage lo = 6mA 0to +10 M . \
Current Vo =7VDC +10 * mA
Impedance Closed-loop 0.1 - 0
Capacitive Load Without oscillation 100 * pF
POWER SUPPLY
Rated Voltage *15 * v
Volitage Range, Vcc +13 +20 . * \
Pull-up Voitage +3.5 +Vec * * \
Quiescent Current not including load current 6 175 v * mA
TEMPERATURE RANGE
Specification
B and C Grades -25 to +85 °C
S Grade -55 to +125 °C
Operating
B and C Grades -25 to +85 °C
S Grade -55 to +125 °C
Storage -65 +150 l -65 +150 °C
*Specification the same as for VFC62BG/BM/SM.
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NOTES:

Determined by RiN and fuil scale current range constraints.
Adjustable to zero. See Offset and Gain Adjustment section.

O

0.1% of full scale frequency. See Discussion of Specifications section.

Exclusive of external components drift.

LomNo o

10. One pulse of new frequency pius 50nsec typicai.

ABSOLUTE MAXIMUM RATINGS

Supply Voltages +20V
Output Sink Current at fout 50mA
~ Output Current at Vout +20mA
Input Voltage, -Input *Vee
Input Voltage, +Input *Vee
Storage Temperature Range -65°C to +150°C
Lead Temperature (soldering, 10 seconds +300°C

MECHANICAL

A 25% duty cycle at full scale (0.25mA input current: is recommended where possible to achieve best linearity.

When offset and gain errors are nulled, at an operating temperature, the linearity error determines the final accuracy.
For e1 = 0 typical linearity errors are 0.01% at 10kHz, 0.2% at 100kHz.

FSR = Full Scale Range (corresponds to full scale frequency and full scale input voitage:.
Positive drift is defined to be increasing frequency with increasing temperature.

Linearity error at any operating frequency is defined as the deviation from a straight line drawn between the full scale frequency and

VFC62BM, CM/SM
TO-100 PACKAGE

-— A ——am

VFC62BG/CG

CERAMIC DUAL-IN-LINE

ONE-SHOT
CAPACITOR

COMPARATOR
INPUT

NC = NO INTERNAL CONNECTION.
EXTERNAL CONNECTION PERMITTED.

({DUAL-IN -LINE)

— B — NOTE: Leads in true position 14 8
within .010” (0.25mm) R at MMC
 § at seating plane. ol 7
‘ ‘ c Pin numbers shown for reference
NOTE: Leads in true position only. Numbers may not be F*l L_
within .010” (0.25mm) R at MMC marked on package. A __f
at seating plane. E £ — - C
Pin numbers shown for reference N
only. Numbers may not be K
marked on package. t -
pa— J {‘ K
Seating ] —
Plane —— Ml e
she—p .
INCHES MILLIMETERS L_ L :{ LH b G Seating Plane
om [ MmN T max | MiN_ T max
A .338 -370 851 9.40 INCHES MILLIMETERS
B 305 | 335 | 775 | 851 om | MiN_ T max | MIN | mAX
c 165 | 185 | 419 | 470 A 670 | 710 | 1702 | 18.03
[5) 016 | 021 | 041 | 053 C 065 170 | 165 | 432
€ | o0 | o040 | 025 [ 102 b | o5 | 021 | o038 | 08
F | o] o000 025 ] 102 F [ o045 | o060 | 11a | 352
G :230 BASIC 5-;114 MS",Cas [] 100 BASIC 2.54 BASIC
H 028 | 034 7 . H 025 | 070 | 064 | 178
; 028 045 .73 114 J .008 012 0.20 0.30
500 s_o 1 10 o—s K 120 [ 240 | 305 | 610
L 120 160 | 3. 4 L -300 BASIC 7.62 BASIC
M 36° BASIC 36° BASIC ™M — | 10° = 10°
N | 1o 120 | 279 ] a0s N | 008 | 060 | 023 [ 152
PIN CONFIGURATIONS
M PACKAGE (TOP VIEW) G PACKAGE (TOP VIEW)
(TO-100) INPUT AMP.

ENE

[14] +IN

e [z]

NC |3

INPUT

-Vee 4

ONE-SHOT
CAPACITOR

Veu E
fout E

1__3_| Vour
E] +Vee

[17] common

10 COMPARATOR
INPUT

(9] NC
(8] NC

(TOP VIEW) ~ONE- SHOT
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DISCUSSION OF
SPECIFICATIONS

LINEARITY

Linearity is the maximum deviation of the actual transfer
function from a straight line drawn between the end
points (100% full scale input or frequency and 0. 19 of full
scale called zero). Linearity is the most demanding
measure of voltage-to-frequency converter performance,
and is a function of the full scale frequency. Refer to
Figure |1 to determine typical linearity error for your
application. Once the full scale frequency is chosen, the
linearity is a function of operating frequency as it varies
between zero and full scale. Examples for 10kHz full
scale are shown in Figure 2. Best linearity is achieved at
lower gains (Afour/ AVin) with operation as close to the
chosen full scale frequency as possible.

The high linearity of the VFC62 makes the device an
excellent choice for use as the front end of A/D
converters with 12- to 14-bit resolution, and for highly
accurate transfer of analog data over long lines in noisy
environments (2-wire digital transmission).

(especially R; and Ci) must be added to the drift of the
VFC62.
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FIGURE 1. Linearity Error vs Full Scale Frequency.
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FIGURE 2. Linearity Error vs Operating Frequency.

FREQUENCY STABILITY VS TEMPERATURE

The full scale frequency drift of the VFC62 versus
temperature is expressed as parts per million of full scale
range per °C. As shown in Figure 3, the drift increases
above 10kHz. To determine the total accuracy drift over
temperature, the drift coefficients of external components

FIGURE 3. Full Scale Drift vs Full Scale Frequency.

RESPONSE

Response of the VFC62 to changes in input signal level is
specified for a full scale step, and is 50nsec plus 1 pulse of
the new frequency. For a 10V input signal step with the
VFC62 operating at 100kHz full scale, the settling time to
within 20.01% of full scale is 10usec.

THEORY OF OPERATION

The VFC62 monolithic voltage-to-frequency converter
provides a digital pulse train output whose repetition rate
is directly proportional to the analog input voltage. The
circuit shown in Figure 4 is composed of an input
amplifier, two comparators and a flip-flop (forming a
one-shot), two switched current sinks, and an active pull-
up output transistor stage. Essentially the input amplifier
acts as an integrator that produces a two-part ramp. The
first part is a function of the input voltage, and the second
part is dependent on the input voltage and current sink.
When a positive input voltage is applied at Vin, a current
will flow through the input resistor, causing the voltage at
Vour to ramp down toward zero, according to dv/dt=
Vin/RiC). During this time the constant current sink is
disabled by the switch. Note, this period is only dependent
on Vix and the integrating components.

When the ramp reaches a voltage close to zero,
comparator A sets the flip-flop. This closes the current
sink switches as well as changing four from logic 0 to logic
1. The ramp now begins to ramp up, and ImA charges
through C, until Vc; = -7.5V. Note this ramp period is
dependent on the ImA current sink, connected to the
negative input of the op amp, as well as the input voltage.
At this -7.5V threshold comparator B resets the flip-flop,
and the ramp voltage begins to ramp down again before
the input amplifier has a chance to saturate. In effect the
comparators and flip-flop form a one-shot whose period
is determined by the internal reference and a ImA current
sink plus the external capacitor, C,. After the one-shot
resets, four changes back to logic 0 and the cycle begins
again.

The transfer function for the VFC62 is derived as follows

VFC62 H VOLTAGE-TO-FREQUENCY CONVERTERS
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FOR NEBATIVE INPUT VOLTABES
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USEe; and ey

imm

PIN NUMBERS SHOWN FOR “M" PACKAGE (T0-100)

FIGURE 4. Functional Block Diagram of the VFC62.

for the circuit shown in Figure 4. Detailed waveforms are
shown in Figure 5.
_ 1
foUT = m ( l)

Inthetimet, + 1., the integrator capacitor C; charges and
discharges but the net voltage change is zero.

Thus AQ=0=Int; + (Iin-1a) t2 v3)

SothatIn(ti +t2) = Ia t2 3

Butsince ti +t; = —l-and In=22  (4), (5)
four Ri

Vin 6)

four = TR

ONE-SHOT

INTEGRATOR
ouTRUT
Vour

VFC OUTPUT
four

FIGURE 5. Integrator and VFC Output Timing.

In the time t2, Is charges the one-shot capacitor C, until

Since the integrating capacitor, Cz, affects both the rising
and falling segments of the ramp voltage, its tolerance
and temperature coefficient do not affect the output
frequency. It should, however, have a leakage current
that is small compared to I, since this parameter will
add directly to the gain error of the VFC. C;, which
controls the one-shot period, should be very precise since
its tolerance and temperature coefficient add directly to
the errors in the transfer function.

The operation of the VFC62 as a highly linear frequency-
to-voltage converter, follows the same theory of opera-
tion as the voltage-to-frequency converter. e, and e; are
shorted and Fin is disconnected from Vouyr. Fin is then
driven with a signal which is sufficient to trigger
comparator A. The one-shot period will then be
determined by C, as before, but the cycle repetition
frequency will be dictated by the digital input at Fix.

DUTY CYCLE

The duty cycle (D) of the VFC is the ratio of the one-shot
period (t2) or pulse width, PW, to the total VFC period (1,
+ t2). For the VFC62, t; is fixed and t, + t, varies as the
input voltage. Thus the duty cycle is a function of the
input voltage. Of particular interest is the duty cycle at
full scale frequency, Des, which occurs at full scale input.
Drs is a user-determined parameter which affects linearity.

t2
Drs T T PW X frs

Best linearity is achieved when Des is 25%. By reducing
equations (7) and (9) it can be shown that

its voltage reaches -7.5V and trips comparator B. Des = Vinmax / R,  ©Iiv max
Thus t; = G215 @) ImA ImA
Using (7) in }g) yields four=s—o— x12 ®)
oUT~ S e p. 71
Since Ia = Ip the result is. 75RiCy 1a Thus Drs = 0.25 corresponds to Iix max = 0.25mA.
four = Vin
OUTTI5RC ®
Burr-Brown IC Data Book 10-22 Vol. 33

Copyrighted By Its Respective Manufacturer



This Materia

INSTALLATION AND
OPERATING INSTRUCTIONS

VOLTAGE-TO-FREQUENCY CONVERSION

The VFC62 can be connected to operate as a V/F
converter that will accept either positive or negative input
voltages, or an input current. Refer to Figures 6 and 7.

,, G2 INTEGRATOR CAP.

BAIN ADJ.
Vin| 3

5 [y
ct
Vpy| 6 9 |NC
T" wie] | 0
ONE- 8 INC
! 8HOT
lour
*BYPASS WITH 0.01.F

PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE

FIGURE 6. Connection Diagram for V/F Conversion,
Positive Input Voltages.

C2 INTEGRATOR CAP.
SAIN ADJ. :(

_ _3—

ONE-SHOT .
“"_I_——Ej 10}
¢l
I Veu[ 6 Euc
ONE-
tL_E SHOT § Jne
fout

* BYPASS WITH 0.01.F

PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE

FIGURE 7. Connection Diagram for V/F Conversion,
Negative Input Voltages.

EXTERNAL COMPONENT SELECTION

In general the design sequence consists of: (1) choosing
fmax, (2) choosing the duty cycle at full scale (Drs =0.25
typically), (3) determining the input resistor, R, (Figure
4), (4) calculating the one-shot capacitor, Ci, and (5)
selecting the integrator capacitor Cz.

Burr-Brown IC Data Book
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Input Resistors Ry and R,

The input resistance (R, and Rj in Figures 6 and 7) is
calculated to set the desired input current at full scale
input voltage. This is normally 0.25mA to provide a 25%
duty cycle at full scale input and output. Values other
than Drs = 0.25 may be used but linearity will be affected.

The nominal valu%of Riis
- IN_Mmax

- Ri= 5 o5mA ‘ 10

If gain trimming is to be done, the nominal value is

reduced by the tolerance of C; and the desired trim range.
R, should have a very-low temperature coefficient since
its drift adds directly to the errors in the transfer function.

One-Shot Capacitor, C,

This capacitor determines the duration of the one-shot
pulse. From equation (9) the nominal value is

IN
Cioom = T3R, four an
For the usual 25% duty at fuax = Vin/R1 =0.25mA there
is approximately 15pF of residual capacitance so that the
design value is o
33x 10
C: (pF) = rn -15 (12)
where fs is the full scale output frequency in Hz. The
temperature drift of C, is critical since it will add directly
to the errors of the transfer function. An NPO ceramic
type is recommended. Every effort should be made to
minimize stray capacitance associated with C.. It should
be mounted as close to the VFC62 as possible. Figure 8
shows pulse width and full scale frequency for various
values of C, at Dgs = 25%.

10,000 108
\\ FULL lmz rneoueulcv

‘m Ilﬁ
¥ N\ :
§ 100 \ 0 E
=2
i i
mJ PULSE WIOTH \\‘ 3

1 102

10! 102 108 104 105
Capacitance Cy (pF)

FIGURE 8. Output Pulse Width (Des = 0.25) and Full
Scale Frequency vs External One-shot
Capacitance.

Integrating Capacitor, C;

Since C; does not occur in the V/F transfer function
equation (9), its tolerance and temperature stability are
not important; however, leakage current in C; causes a
gain error. A ceramic type is sufficient for most
applications. The value of C; determines.the amplitude of
Vour. Input amplifier saturation, noise levels for the
comparators and slew rate limiting of the integrator
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determine a range of acceptable values,
(13)
12 iffrs < 100kHz
C2 (WF) =1 0.001; if 100kHz < frs < SO0kHz
0.0005; if frs > S00kHz

Trimming Components R;, R4, Rs

Rs nulls the offset voltage of the input amplifier. It should
have a series resistance between 10k} and 100k(2 and a
temperature coefficient less than 100ppm/°C. Rscan bea
10% carbon film resistor with a value of I0MQ.

R; nulls the gain errors of the converter and compensates
for intitial tolerances of R, and C,. Its total resistance
should be at least 209% of R, if R, is selected 10% low. Its
temperature coefficient should be no greater than five
times that of R, to maintain a low drift of the R; - R;
series combination.

OFFSET AND GAIN ADJUSTMENT PROCEDURES

To null errors to zero, follow this procedure:

1. Apply aninput voltage that should produce an output
frequency of 0.001 x full scale.

2. Adjust R; for proper output.

3. Apply the full scale input voltage.

4. Adjust R; for proper output.

5. Repeat steps | through 4.

If nulling is unnecessary for the application, delete R4 and

Rs, and replace R; with a short circuit.

POWER SUPPLY CONSIDERATIONS

The power supply rejection ratio of the VFC62 is 0.015%
of FSR /% maximum. To maintain +0.015% conversion,
power supplies which are stable to within *19% are
recommended. These supplies should be bypassed as
close as possible to the converter with 0.01 uF capacitors.
Internal circuitry causes some current to flow in the
common connection (pin 11 on DIP package). Current
flowing into the foyr pin (logic sink current) will also
contribute to this current. It is advisable to separate this
common lead ground from the analog ground associated
with the integrator input to avoid errors produced by
these currents flowing through any ground return impe-
dance.

DESIGN EXAMPLE

Given a full scale input of +10V, select the values of R;,
Rz, R3, Ci, and C; for a 25% duty cycle at 100kHz
maximum operation into one TTL load. See Figure 6.
Selecting C; (Dss = 0.25)

Ci =[(33 x 10%)/ fuax] -15

[(66 x 10°)/fmax] -15
if Drs = 0.5

=[(33 x 10%)/ 100kHz] -15

= 315pF
Choose a 300pF NPO ceramic capacitor with 1% to 10%
tolerance.
Selecting R; and R3 (Dfs = 0.25)
R; + R; = Vix max/0.25mA Vin max/0.5mA
if Drs =0.5
=10V/0.25mA
= 40k}

Burr-Brown IC Data Book
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Choose 32.4k(2 metal film resistor with 19 tolerance and
R; = 10k} cermet potentiometer.

Selecting C;
C2 = 102/ Fmax
= 10°/100kHz
=0.001xF
Choose a 0.001uF capacitor with 5% tolerance.

FREQUENCY-TO-VOLTAGE CONVERSION

To operate the VFC62 as a frequency-to-voltage con-
verter, connect the unit as shown in Figure 9. To interface
with TTL-logic, the input should be coupled through a
capacitor, and the input to pin 10 biased near +2.5V. The
converter will detect the falling edges of the input pulse
train as the voltage at pin 10 crosses zero. Choose C; to
make t = 0.1T (see Figure 9). For input signals with
amplitudes less than 5V, pin 10 should be biased closer to
zero to insure that the input signal at pin 10 crosses the
zero threshold. Errors are nulled following the procedure
given on this page, using 0.001 x full scale frequency to
null offset, and full scale frequency to null the gain error.
Use equations from V/F calculations to find R;, R3, Ry,
Rs, C and C,.

PIN NUMBERS IN SQUARES REFER TO DIP PACKAGE
LY

by 0

H"ﬁ - E WeUT
REY m:[z
ucE

Vee'[ 4
ONE-8HOT °C (]
CAP. =

>
+

SWITCH

!

c1 2 0001.F
I ‘VpuE - [0 ]nc LR PPN
K} Shov I]lc -
*BYPASS
WITH 0.01 .F Frg = 100kHz

FIGURE 9. Connection Diagram for F/V Conversion.

TYPICAL APPLICATIONS

Excellent linearity, wide dynamic range, and compatible
TTL, DTL, and CMOS digital output make the VFC62
ideal for a variety of VFC applications. High accuracy
allows the VFC62 to be used where absolute or exact
readings must be made. It is also suitable for systems
requiring high resolution up to 14 bits.

Figures 10 - 14 show typical applications of the VFC62.
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HIGH NOISE
IMMUMTY

I PARALLEL
DATA

FIGURE 10. Inexpensive A/D with Two-Wire Digital Transmission Over Twisted Pair.

OIFFERENTIAL 1;—-*

o R

lout

8C0
COUNTER

L1111

3

DRMVER/DISPLAY

FIGURE 11. Inexpensive Digital Panel Meter.

ooy
NA101 iy
TRANSOUCER INST. V;(/SFGI FOT
AMP.
PRECISION 0.005% LINEARITY
DC LEVELS
DOWN TO 10wV
FULL SCALE

et -

DISITAL
OUTPUT

FIGURE 12. Remote Transducer Readout via Fiber Optic Link (analog and digital output).

+10vV 70 —10V
INPUT

GAIN ADJUST

+15V

-5V

INPUT g BiT€
our

[] R
WA L] w INTEGRATOR
Lk 020 T = § CURRENT
ol =
= Toor
wil- four
86.0k () Viy JVFCe2
LY
BIPOLAR 1l 'i

FIGURE 13. Bipolar input is accomplished by offsetting
the input to the VFC with a reference

voltage. Accurately matched resistors in
the REFI01 provide a stable half-scale
output frequency at zero volts input.

Burr-Brown IC Data Book

This Materia

Copyrighted By Its Respective

10-25

Manuf act ur er

FIGURE 14. Absolute value circuit with the VFC62. Op
amp, D, and Q (its base-emitter junction
functioning as a diode) provide full-wave
rectification of bipolar input voltages. VFC
output frequency is proportional to |e(].
The sign bit output provides indication of
the input polarity.
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