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1MHz, 5MHz, 100kHz
High Performance,
Low Drift, Voltage to
Frequency Converters

The 4705 (1MHz), 4707 (5MHz), and 4709 (100kHz) are
high performance, low drift voltage to frequency con-
verters capable of providing a train of pulses whose fre-
quency is a linear function of the input signal range.
Twenty percent overrange, 16 bit resolution, and low full
scale and offset voltage drifts allow these devices to be
used in a wide range of applications that require high
resolution and stability over a wide operating frequency
range. For 1MHz applications requiring greater
linearity,the 4705-01 is available with a guaranteed
+0.0005%FS plus +0.02% of signal nonlinearity error.
For 100kHz applications requiring better temperature
stability, the 4709-02 is available with a guaranteed

+ 12ppm of FS/°C full scale drift. As current to fre-
quency devices, the 4705, 4707, and 4709 resolve cur-
rents as low as 250pA, allowing operation with full scale
voltages from less than 250mV to greater than 100V.
Optional voltage offsetting allows increased output fre-
quency range. Applications include digital frequency
systhesis, digital transmission and sychronous speed
control.

Applications Information

These voltage to frequency converters are factory
trimmed to a zero and full scale accuracy of better than
1 part in 1000. Thus for most positive voltage input ap-
plications, they are connected as shown in Figure 1
without the addition of trim components. This produces a
TTL compatible output pulse with nominal width equal
to ¥4 the period of device full scale frequency.
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FEATURES

e Wide Operating Range,
0.1Hz to 5SMHz

e +0.0005%FS Max Nonlinearity

e + 12ppm of FS/°C Max Full Scale
Drift

¢ Resolution Equivalent to 16 Bits

¢ Dynamic Range Equivalent
to 20 Bits

¢ High Noise Rejection
e Current to Frequency Capability

APPLICATIONS

¢ Process Transducers

e Digital Frequency Synthesis

e Wide Range Phase Locked Loops
* No Drift Integrate/Hold

¢ FM Telemetry

e Servo Loops

¢ Synchronous Speed Control
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4705/4707/4709

SPECIFICATIONS 925°C, Voc = 215 V (unless otherwise indicated)

Note: All di in wein

Mechanical Dimensions for 4707

4709 4708 4707
JYPICAL GUARANTEE! TYPI a NTEED TYPICAL
FULL SCALE FREQUENCY (FS§ {out) 100 kHz - 1 MH:2 & MMz
ANALOG INPUT
" Signal Range, relative to tVec Common .
@ +Vin 10uVioi12V 100uVto 11V 10uVto12V 1004V to 106 V WuVto12V 100 uV t0 10.5 V
@ +in (£26%)- — 450 pA to 450 uA —_— © B8BOPA 10850 A _— 900 pA to 900 uA
@ -Vin . 104V 100mV —— 10uVio1V —— 10uVio1V ——
Common Mods Voltsge Range (see Fig. 6D) $100 mV —— nv —— fnv —_—
Common Mode Rejection Ratio (at CMV) 80dB — 60d8 —— 680d8 _—
Offsst Voltage (trimmabte to zero) I mv 3 mv 3 my $10mv 3 mv Homv
Impedance @ +Vin (£26%) — 23K — 11 Ko — 12 K0
Overvoltage Protection @ +Vin, and ~Vin Vec — Vee — Vee -
Overcurrent Protection @ +lin 180% max. lin —— 150% max. lin —— 150% mex. lin ——
FREQUENCY OUTPUT — NONLINEARITY
Ideal Transfer Function over Signal Range @ +Vin {100 kHz)(Vin/10 V) {1 MHz}{(Vin/10 V} (5 MH2)(Vin/10 V)
Nonllnnmv 2% Fulf Scale plus £ %Signal - 100uVto1t v 100 uVto 1085V 200 4V t0 108V
©28°C 0.001 £ 0.004 0.005 £ 0.02 0.0002£0.012 0,00t £0.08 0.004 £ 0.02 0.01 +0.05
From 0°C to +70°C (4708) 0.001 £0.008 - 0.01:0.03
From 0°C to +50°C (4705/4707) 0.000310.03 —— 0.006 £0.03 0.02 +0.08
® 25°C (4708-01) 0.0005:0.02
Full Scale Factor (Vin for FS fout, trimmable to 10 V) —— 991005 ——— 998£0.06 —— 9910.06
Wave Form/Timing (See Fig, 7) TTL Compstible -
Pulse Characeristics
“1" (HIGH) No Losd/+0.4 mA Load — +6V10.6V/+24V _ +6V10.6V/+24V e +65V10.6Vv/+24V
“0" {L.OW) —-— +0.2V£0.2V@-16mMA ~—w +0.2Vi0.2V@-16mA - +0.2V10.2VO-16mA
sink current sink current sink current
Width 3.5 usec 26ust045us 0.35 usec 0.2us0¢ 10 0.5 usec 90 nsec 50nsec to 160nsec
Output Impedance (High State) 120% —_ 3Ka - 680 n —_— 680 0
Fan Out -— 10 TTL Loads ~——ea 10 TTL Loads —— 107TL Lo.dt
RESPONSE <
Settling Time to 0.01% for Step Input (typical) 1to 2 puises of new ——— 1to 2 pulses of new ——— 1to 2 pulses of new ———
freq. +10 usec freq. +10 usec freq. +10 usec
Overioad Recovery 20 msec — 1 mec —— 6 usec —
Allowable Capecitive Load for Reted Performance 500 pF — 100 pF —— 50 pF —
STABILITY OF FULL SCALE FREQUENCY
Tempaerature Cosfficient tPPM/°C
4708/4705/4705-01/4707 —— 44 a4 200 80 150
470902 e 12 : -
Power Supply. Sensitivity, t PPM/%aVee - 100 - 500 —— 1500
Orift Par Day/Per Month £ PPM 10/30 —— 100/200 —_— 160/300 —_—
STABILITY OF ZERO OFFSET VOLTAGE e : y
Temperature Coefficient uV/°C 3 30 10 50 30 . 100
Powsr Supply Sensitivity & uV/%aVce (V trim constant) — 80 —— - 100 — - 300
Warm Up Time t0 0.1% <10 min. —— < 10 min. Pt <10 min. -
POWER REQUIREMENT .
Volitage Range £ Ve $2Vto 18V 2BV 1% T 212Vtot18V 315V 5% — 218V11%,10.1% reg.
Auxilliary — —— —— —— —— +6V 1 5%, 20.5% reg.
Current tlee ®1Vee =15V - 18 mA — 124 mA - +40 mA, <20 mA
Auxilliary ® +6 V —_ —_ —— —— - — +50 mA
ENVIRONMENT/RELIABILITY .
Operating Tempersture Range -2510 +86°C 010 +70°C -25 to +86°C 010 +70°C ~25 to +86°C 0to +70°C
Storage Tempserature Range - -56to +125°C —— 56 to +125°C - 55 to +128°C
Caution: Do not connect output pin to -V or device
will fail!l Output may be connected to common indefin-
itely, and to +V¢c for 5 seconds. -
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4705/4707/4709

1. Apply 10 mV between R1 and Signal Ground. Adjust R2 THEORY OF OPERATION

for fout = Full Scale Frequency divided by 1000. To take maximum advantage of V to F versatility, a func-
2. Apply 10 V between R1 and Signal Ground. Adjust R1  tional block diagram (Figure 3) and theory of operation is

for fout equals device Full Scale Frequency. ’ provided. With this information, input and- output circuitry
3. Repeat (1) and (2) for precise Zero & Full Scale set. are easily modified to handle virtually any signal or load.

The V to F is a free running (astable) voltage controlled
multivibrator (see Figure 3). The effective currents from the
four inputs (A, B, C, and D) are summed at the minus input
of opamp Al. Al and transistor Q1 form a precision current
pump, producing current I from the collector of Q1, which

Note: All fixed and variable trim components should have
temperature coefficients similar to that of the V to F being
used, e.g., they should be wire wound, metal film or cermet.

*Low TC “CERMET” or squ is a linear function of the Al input currents. Current I
A7oslaronTeR w5y charges capacitor C at ‘a rate which is a precise linear func-
+Vee O— n .

0w 2 s tion of the V to F input.
L 0w oom o= 28 When the voltage impressed on C (due to I) reaches a fixed
o-vin ~Vee O— 2, precision threshold, the Schmitt-Trigger output changes
four O state and triggers the one-shot (monostable) multivibrator,
I cos T O which in turn produces a constant width output pulse. This
pulse performs two functions. Amplified by Q2, it is the out-

put of the V to F and it functionally activates the Precision
FOWER CoMMON Charge Dispenser (PCD). The PCD discharges C to the same
reference level every time an output pulse is produced.
Thus, capacitor C is repeatedly charged between two pre-
cise voltages at a rate which is a linear function of the input
signal, producing the waveforms shown in the timing dia-
gram, Figure 7. That is, the rate of charging C, (the repeti-_
Negative Input Signals (Input to -Vj, Pin) tion rate of charging C and thus the output frequency) are
The 4705 and 4707 can operate with negative input voltages func;ions of the V to F voltage and/or current inputs.
‘as great as 1 V applied to the -Vjy pin as shown in Figure '
4B. This one volt signal will produce a Full Scale Output TRIM THEOR.Y ) , )
Frequency of 1/10 the specified Full Scale Frequency. The The V to F input circuit Zero and Full Scale trim techniques
4709 can be operated with up to 50 mV at the -Vip pin.  are based on the input circuit amp (Al, Figure 3) and the
To obtain specified Full Scale output frequency for an input . Uuser may treat the input as such within certain limits. No

SIGNAL GROUND -

Figure 2. Zero & Full Scale Trim
Positive Voltage Input

voltage of less than plus or minus 10 volts, see Full Scale combination of signals may be applied to the inputs which
Factor Change. It should be noted that input impedance at will drive the Al output positive. That is, a frequency out-
the Vi pin is typically greater than 10 Meg ohm. put will not result if the total current into the positive in-

puts (Al, summing point) becomes negative with respect to
the negative input. If this occurs, D1 will become forward
Zero Trim is performed with R2 as shown in Figure 2. For  biased, Q1 cut off, I becomes zero, and foyut becomes zero.
Full Scale Trim, connect R1 between +Viy and Signal  The inherent current Full Scale Factor has a tolerance of

Zero & Full Scale Trim {Input to ~Vjy Pin)

Ground. +25% to give specified Full Scale frequency out. Factory
Follow the Trim Procedure for signals at the +Vjy pin. trims the full scale +Vjy to within £0.5%.
Current Input (Signal to +l; Pin) . ————————e e —

- 5V
The Full Scale Current Sensitivity IFg of each V to F model ,_1738 wee
has a tolerance of about +25%. The exact fFg may be set o ¢

vy,

using the circuit of Figure SA.
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Figuvp 3. V to F Simplified Block Diagram
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4705/4707/4709
FULL SCALE FACTOR CHANGE

The Specified V to F Full Scale Factor is 9.9 V £0.05V to

produce Full Scale Frequency out. Many applications re-
quire FS foyy for other (larger or smaller) Full Scale input
signals and polarities. Figures 4A through 4F illustrate how
to operate these V to F’s with such signal levels.

Magnitude of V;, > 10 Voits

The 4705, 4707, and 4709 can be operated with input vol-
tages greater than +10 V by connecting a fixed resistor and
trim potentiometer in series with the + voltage input (see
Figure 4A). For voltages more negative than ~10 V, the
attenuator network of Figure 4B performs well. Zero Trim
and other adjustments remain the same as for Figure 2..

If the full scale input voltage is between +0.1 V and +10 'V,
the full scale output is set by using the + current input ter-
minal with a series resistor as shown in Figure 4C. The only
effect will be to reduce dynamic range since the minimum
input voltage does not change from 10 uV. To keep a 120
dB dynamic range, use Figure 4D.

When the Full Scale Input Signal is between ~0.1 volts and
+0.1 volts, a low drift amplifier such as the TP 1703 should
be used to raise the signal to 10 V. See Figure 4D.

FULL SCALE TRIM

10K 27K
O—WAA—AAA——] O
VIN R3
10uVio+3sy R R2 + |
FULL SCALE {Values for 4709) - (Fig. 3)

R1+R2=( Viull scale

R2~4 Rt

x R3] - R3

Figure 4A. Full Scale +V|j Greater than +10 V

Oto-35V
+15v o
;‘4 Meg O *hn
B com o
BRI ™ —O VIN
COURSE « 20K -t15v 0o
FULL SCALE 24— 0 -VIN
RANGE SET :, ouT o
08V ; 0 +5V
a3 % 14707 onivh EOS TRIM ©
90K
Attenuator R1, R2, R3 reduces large

5K
negative input voltage to Range of -V |
FULLASCALE TRiM ;; (shown for 4705 & 4707)

{Figure 2}

Figure 4B. Full Scale Input Voltage More Negative than —10 V

FULL SCALE TRIM
1 R +15v 0
+10uV t0 R 2
+100 mv [0 *IiN
1000 500 coM 0
{values shawn for 4706/4707)
O +ViN
-i6v O
[} + -VIN )
out o
Viult scale 0 +5V
R1+R2 = T e Qo
tull scale {specified) £0s TRIM ©
R2~14R1

Figure 4C. Full Scale Input Between ~ +10uV and +100mV

Ry . ’ RITY)
- ——AAM— 0 v
™ Ein NEG como
K 9K ———a — =0 i
v - [N -15v O
En"BuVio6OmVFS. . 1703 — == T ~ =0 -Viy
+ Ewn POS . ouTo

é ’ s,--s.,.:_' Eos TAIM O
N

Note: Max V at -V|N Pin = -1V
Figure 4D. Full Scale Input Voltage Bstween -.1Vand +.1V

Reduce Full Scale fo,,¢ Below Specified FS fout

In some applications, a Full Scale output frequency of less
than specified Full Scale is required when the input signal is
10 volts or greater. The circuits of Figures 4 and 5 which
show attenuation of the input signal to 10 volts are used to
decrease the Full Scale input signal below 10 V and, there-
fore, decrease Full Scale fqy;.

To maximize use of the dynamic range, the input sig-
nal is conditioned to +10 V or -1 V and a binary or BCD
frequency divider (counter)is connected to the output. Any
TTL or CMOS device may be used, from a simple di-
vide by 10 unit to the CMOS DC4059, which can divide by
any number from 3 to 15,999. :

If, for example, the 4709 FS output is set at 100 kHz, as
shown in Figure 4E, counter output will be 10 kHz while
the minimum output frequency will be 10 mHz. ‘

415V O
—J—0 +tn

ANY INPUT . com o
SIGNAL | —f—0 *Vm

-15V' O
— 0 Vin

: out O—rd
Eos TRIM O B :
o TTL + 10 SQUARE WAVE OUT

Figure 4E. Fuil Sc-ulo Output Less Than Specified
When V(N Is Equal To Or Greater Than 10V

Full Scale Input Current Greater Than Specified

If the full scale input current is greater than +200 UA, the
“current splitter” circuit of Figure 5A is used. As noted in
Figure SA, the voltage developed at the wiper of the poten-
tiometer must be less than the compliance voltage of the
current source. A negative input current is conditioned
by passingit through a resistor connected between =Vin and
signal common and thus producing a negative voltage. (Trim
with pot between +Vijy and common.) The compliance vol-
tage of the current source must be greater than the maxi-
mum voltage developed across the resistor.

+16 V O
—o o 2o
coMo
O +VIN
=15 V O——rp
0 -VIN
ouTo
OV
€05 TRIM O——

11N Full Scale Min. x Ra = [1iN Full Scale Max.]
RaRg
Ra+Rp .

Use these squstions it Fult Scale Positive Current { 1IN} is greater than or less
than specifed. .

€C = iy Max. [ ] Must be < compliance voltage of current source.

Figure 8A. Zero & Full Scale Trim for Positive Input Currents
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The best way to CONDITION CURRENT SIGNALS is with
the classic current to voltage converter circuit shown in Fig-
ure 5B. With this circuit and the “right” amplifier, virtually
any current (even femtoamps) will provide a positive or neg-
~ ative full scale input with no compliance voltage problem.

Ry +15V O
——VW— 0 +in
i NEG |, com o
[yhiuigll SELEY- STV
o— - & -15V ©
iy = —_—— e m—l -VIN

+ I POS -]
! Eo = -y A -
* Eos TRIM ©

Figure 5B. Full Scale input Currents Negative
Of Less Than 200 A

OPERATION WITH BIPOLAR, FAST, or NON-ZERO
BASED INPUT SIGNALS — “OFFSETTING”

Many V to F applications require operation with bipolar in-
put signals (e.g. -5 V to +5 V). In other applications the in-
put signal is changing rapidly (e.g. 21V @ 10 kHz). In still
others the input signal does not pass through zero (e.g. +6 V
to +8 V).

Such signals cannot be handled by V to F’s when connected
as illustrated in Figures} through 5. However, their versatile
op amp input circuit is easily adaptable to these signals

through the technique of OFFSETTING. It is implemented

by the application of a fixed OFFSET signal to one of the
three V to F inputs, usually such as to produce an output or
OFFSET frequency when the input signal of interest is zero.
Essentially. the OFFSET voltage or current is algebraically
added to the signal of interest at the op amp summing point.
The effective input resistor for the plus and minus Vjp pins
is R3 in Figure 3. A different OFFSET technique is required
for each of these three types of input signals, therefore, they
are described separately.

vee ) . VOFFSET
—C_ OFFSET
OFFSET v

« 5
Jo- % 045 mA 2 25%

R1+R2= x IFULL SCALE

. 15
A1+ R2inKQ DI mA TTB%

R1 51K R2 26K

=0.225 mA $28%

+Vee cg——o +8V

comQO

IOFFSET +hN

O

-vee

out Q

5V Eos TRIM O
SIGNAL

4700

\Y%

Figure 8A. V to F With +5 V Offset
Allows Operation With Bipolar 5 V Input Signal
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~ 4705/4707/4709

Operation With Bipolar Input Signals

A 15 Vsignal connected to the +Vjy pin of a 4709 as shown
in Figure 2 will produce no output from -5 Vto 0 Vand 0
to 50 kHz out from 0 V to +5 Vj,. Essentially an OFFSET
of +5 V (% Full Scale) must be added to the +5 V input vol-
tage to produce 0.1 Hz out for =5 Vj,, 50 kHz out for 0 V
in and 100 kHz out for +5 Vj,. This may be accomplished
as shown in Figure 6A by injecting an offset current into
the +ljp pin through R1 and R2. This is the equivalent of
connecting a resistor, with the same value as the +Vj, input
resistor (23K), to +5 V.

Operation With Non-Zero Based Signals (Figure 6B)

- When the signal of interest is a small changing voltage im-

pressed on a fixed DC voltage, the +Vjy pin is offset to elim-
inate the fixed voltage while the signal is applied to the +ljp

. pin to provide a scale factor increase. For example, in Fig-

ure 6B a 2 V signal is impressed on a fixed +15 V. The +15
V is offset to zero by summing it through Rl and R2 at the
op amp +ljp pin with =15 V from =V through the 10K
+Vijp input resistor. R1 and R2 reduce the scale factor so
the 2 volt signal provides a full 1 MHz out from the 4705.
The 50K offset trim pot is used to set the minimum fqy4,
while Rl sets maximum foyq.

VSIGNAL 2v

At +R2= R w ST a 2Kt
IFULL SCALE TmATZER - K11 ’,'
i
HBV
ee o).
A2 RY N
[
L3 1500 © COM .
- WiN (e] 50K
input Voltage = +16 V 1o +17 V -V,
Signal = 17V -16V =2V 2 Co—|
Offset Required = -1S V at +VIN | -5V .
—O-ViN
"r outT O
Egg TAM O
4706

v

Figure 6B. V to F with -15V Offset
Allows Operation with Small (2V) Signal
Impressed on Larger DC Voltage {(+16V)

Operation With Fast Signals {FM Modulation)

A basic V to F application requires operation with DC to
high frequency input signals (for example, a fiber optic FM
data link with response from DC to 50 kHz). To accurately
handle this signal the output of the V to F must be able to
change much faster than the input. The basic response time
of a V to F is one period of the new frequency plus approx-
imately 5 wsec. For example, if the input of a 4707, S MHz
V to F is changed one volt from 1.01 volts to 0.01 volts the
new frequency is 5 kHz and response time is 1/5 kHz +5
usec or ~205 usec. When the input changes from 11 volts
to 10 volts the new frequency is S MHz and response time
is &5.2 usec. If the system is to accurately follow a 50 kHz
input sine wave, V to F response must be less than 1/10 the
period of the signal of interest. This is accomplished as
shown in Figure 6C by offsetting the V to F output to 2.5
MHz with +5 V at the +Vjp, pin and connecting the +1 V sig-
nal to the -Vj, pin, ,~



4705/4707/4709

Operation With Differential Input Signals (4705, 4707)

The +Vjp and -Vjp pins of the 4705 and 4707 represent a
differential input capable of accepting a 1 V signal from a
balanced line or bridge transducer and rejecting any common
mode voltage. This ability often eliminates the need for a
differential amplifier. However, to effectively use this pair
of input terminals differentially, several simple conventions
(definitions) must be observed as illustrated in Figure 6D.

1. Common Mode Voltage (CMV) is defined as the voltage
between V¢ common and the negative Vi, pin.

The positive Vip pin must always be positive with re-
. spect to the negative Vi, pin. ’

3. CMV Range is typically 1 V.
4,

2.

returned to V¢ common through a resistance and must
not create voltages which exceed the limits set by 1, 2,
and 3. : ‘
£ (+Vin)~(-Vin) x FS fou¢
- lout 10V ‘
Note: The 4709 may be operated in a similar manner but
the maximum CMV is £100 mV.

+V,

HIN CCO
BV . 1 R
coM
Ot AAVN——d
2000 Ve O
our Q
O +sv .
Egs TRIM O
1V SIGNAL <4707

OC to 50 kHz

Figure 6C. V to F With Offset (+5 V) To Provide
Fast Response (560 kHz) .

DIFFERENTIAL +18v O—— —
VOLTAGE IN O+ oy
com O~
- ~1—0*Vw R &)
Vo wvo—ritp T
—0 -Vin
our o
COMMON MODE v oV
VOLTAGE IN cmv
470504707 EcsTRIM O
fout = V:";"‘ X (FSp ~

Figure 8D. Definition of Differential & Common Mode Voltage

The differential (floating, balanced)signal source must be

OUTPUT CIRCUIT

- Wave Form

INPUT

TRANSITIONS ——-—' -

OouTPUT
WAVEFORM

The output circuit of each V to F (see Figure 3) is designed
to drive 10 TTL loads. However, each is slightly different to
maximize the speed power trade off. Output pulse ampli-
tude of the 4705 and 4709 may be increased by shunting
R4, or decreased by shunting RS. This will also increase rise
time and the ability to drive a capacitive load.

Figure 7 illustrates typical output pulse shape, timing, and
waveform, '
Protection

The output of these V to F’s may-be shorted to common in-
definitely, and to +V, for several microseconds, but they
must never be connected to -V or failure will result, -

f— T1

]

o

TYPICAL TIME IN MICRQECONDS
T1 2 T3 T4 TS

4706
4707
4708

Otob P 035 |~3 -1
Oto? N 0.9 [~0.5
0 to 120{50 3.6 [~30

0.2
10

Figure 7. V to F Qutput Waveform & Timing

5V O 0.20

0.28)
N 08N
_L com
|———0 &N _i
b— - - -1V Q - —
f O REFIN |
our ?
EgTRIW (I) |

VIEW TOWARD PiNS

Mechanical Dimensions for 4705 & 4709

Teledyne Phiibrick makes no representation that use of its modules in the circuits described herein, or use of other technical information contained herein will not infringe on
existing or future patent rights nor do the descriptions contained herein Imply the granting of licenses to make, use, or sell equipment constructed in accordance therewith.

/" TELEDYNE PHILBRICK

Allied Drive @ Rte. 128,"Dedham, Massachusetts 02026
Tel: (617) 329-1600, TWX:'(710) 348-6726, Tix: 92-4439

7-12




