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4705/ 4707/4709
1 MHz/5 MHz/100 kHz 
LOW DRIFT
VOLTAGE-TO-FREQUENCY 
CONVERTERS ..............

The 4705, 4707,4709 Family o f  High Performance Voltage 
to Frequency Conveners provide precision conversion o f ana­
log voltage - data - to a train o f pulses whose repetition rate or 
frequency is a direct linear function o f  that analog voltage 
over a nominal range o f  0 to + l 0 V . These versatile devices 
perform a wide range o f  data acquisition, transmission, and 
recording functions and, in addition, are capable o f unique 
signal processing activities which include frequency multipli­
cation^ digital _tp„frequency_ conversion and infinite hold time 
integration. " ”  ..........

Note: Throughout this data sheet, Full Scale is denoted by FS.

BASIC CONNECTIONS & TRIM  
Positive Input Signals
These Voltage to Frequency Converters are factory trimmed 
to a zero and full scale accuracy o f  better than 1 part in 1000. 
Thus for most positive voltage input applications they are 
•connected as.shown in Figure 1 without the addition o f trim 
.components..This produces a T I L  compatible output pulse 
with nominal width equal to 1/3 the period o f  device Full 
Scale Frequency.

Zero & Full ScaieTrim  (Input to + V jn Pin)
When greater.accuracy is required, input-offset voltage (E0s) 
and "Full Scale (F S ) output frequency.are trimmed with ex-

FEATURES

• ±12 ppm/° C Max. S lability
•  Wide Operating Range, 0.1 Hz to 5 MHz
•  Resolution equivalent to more than 16 Bits
•  High Noise Rejection
•  Current-to-Frequency capability •
•  0.005% Nonlinearity

•  Dynamic Range equivalent to 20 Bits
•  Low Cost

APPLICATIONS . -  '

® Process Transducers
•  Voltage or Current Sources
•  High Resolution, Video/Optieal Data Link
•  Digital Frequency Synthesis
•  Wide Range Phase-Locked Loops
•  No Drift Integrare/Hold
•  High-V oltage Isolati on
•  DVhTsor DPM’s
• 2-Wire Digital Transmission
•  Telemetry
® c Analog to Digital Converters
• 'Servo Loops
• Synchronous Speed Control

4 7  C5 4705-0-‘ 4707 4 7 0 9 4 7 0 9 -0 2  ’

Full Scale Frequency 
FS  foui for +10 V  in 1 MHZ' 1 MHz 5 MHz 100 kHz 100 kHz

Max Nonlinearity t%  FS ±% Sianal 0.001 + 0.05 0.0005 + C.C2 0.01 + 0.05 0.005 + 0.02 0.005 + 0.C2
Max Full Scale T C  ± PPM /“C ... 200 200 100 AA 12
lout Max/fout Min *  Dynamic 

Range Decades S 6 5 6 6

IN IT IA L  Z E R O  | 10 m V Max ttrimmabte to zero! | 3 mV Max iirimmaDie to zero)
A C C U R A C Y  I
(UnTrimrned| F U L L  S C A L E  | +9.300 + 0.05 V  in tor Full Scale Freouencv Our (Trimmabie to +10 V)
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1. Apply 10 m V between R1 and Signal Ground. Adjust R2 
for rout = Full Scale Frequency divided by 1000.

2. Appiy 10 V  between R1 and Signal Ground. Adjust RI 
for fout eouals device Full Scale Frequency.

3. Repeat (1 ) and (2 ) for precise Zero &. Full Scale set.

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

Figure 2 . Zero & Full Scale Trim  
Positive Voltage input

Negative Input Signals (Input t o - V jn Pin)
The 4705 and 4707 can operate with negative input voltages 
as great as 1 V  applied to the - V ^  pin as shown in Figure 
4B. This one volt signal will produce a Full Scale Output 
Frequency o f 1/10 the specified Full Scale Frequency. Tne 
4709 can be operated with up to -50  m V at the - V ^  pin. 
T o  obtain specified Full Scale output frequency for an input 
voltage o f  less than pius or minus 10 volts, see Full Scale 
Factor Change. It  should be noted that input impedance at 
the -V jn  pin is typically greater than 10 Meg ohm.

Zero Sr Full ScaieTrim  (Inputto —V jn Pin)
Zero Trim is performed with R2 as shown in Figure 2. For 
Full Scale Trim, connect R l  between -rVjn and Signal 
Ground.

Follow  the Trim Procedure for signals at the -rVjn pin.

TH EO RY OF OPERATION
To take maximum advantage o f  V  to F versatility, a func­
tional block diagram (Figure 3) and theory of operation is. 
provided. With this information, input and output circuitry 
are easily modified to handle virtually any signal or load.

Tne V to F is a free running (astabie) voltage controlled 
multivibrator (see Figure 3). Tne effective currents from the 
four inputs (A , B, C, and D) are summed at the minus input 
of op amp A l .  A1 and transistor Ql form a precision current 
pump, producing current 1 from the collector o f  01, which 
is a linear function o f the A l input currents. Current I 
charges capacitor C at "a rate which is a precise linear func­
tion o f the V  to F input.

When the voltage impressed on C (due to I) reaches a fixed 
precision threshold, the Schmitt-Trigger output changes 
state and triggers the one-shot (monosta'ole) multivibrator, 
which in turn produces a constant width output-pulse. This 
pulse performs two functions. Amplified by Q2, it is the out­
put o f the V  to F and it functionally activates the Precision 
Charge Dispenser (PCD). Tne 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 o f the input 
signal, producing the waveforms shown in the timing dia­
gram! Figure 7. That is, the rate o f charging C, (the repeti­
tion rate o f charging C and thus the output frequency) are 
functions o f the V  to F voltage and/or current inpuis.

TRIM T H EO R Y
The V  to F input circuit Z^ro and Full Scale trim techniques 
are based on the input circuit amp (A l ,  Figure 3) and the 
user may treat the input as such within certain limits. No 
combination o f signals may be applied to the inputs which 
will drive the A l  output positive. That is, a frequency out­
put will not result if the total current into the positive in­
puts ( A l , summing point) becomes negative with respect to 
the negative input. I f  this occurs, D l will become forward 
biased, Ql cut off, I becomes zero, and f out becomes zero. 
The inherent current Full Scaie Factor has a tolerance o f 
±25% to give specified Full Scale frequency out. Resistor R l 
factory trims the full scaie ±Vjn to within ±0-5%.

Current Input (Signal i d -Mjn Pin)
Tne Full Scale Current Sensitivity lp g  o f each V  to F model 
has a tolerance o f  about ±25%. The exact fp g  may be set 
using the circuit o f  Figure 5A.
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Figure 2. V t o  F Simplified Block Diagram
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FULL  S C A L E  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 f0ut f ° r 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 ;n >  TO Volts
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 o f  Figure1 5B performs well. Zero Trim 
and other adjustments remain the same as for Figure 2.

I f  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- 

" "  minai with A seriesriesistor as shown in Figure 4C; Tne-only 
effect will be to reduce dynamic range since the minimum 
input voltage does not change from 10 fiV. 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.

Figure 4 C . Full Scale input Between = +0.1 V and +9-9 V

Figure 4D . Full Scale incut Voitaoe Between -.1 V and + .1 V

Reduce Full Scale fout Below Specified FS fout
In some applications, a Full Scale output frequency o f  less 
than specified Full Scale is required when the input signal is 
10 volts or greater. Tne circuits o f Figures 4 and 5 which 
show attenuation o f the input signal to 10 volts are used to 
decrease the Full Scale input signal below 10 V and, there­
fore, decrease Full Scale f0U{.

To" ‘maximize* use * o f 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, CMOS, or HN1L device may be used, from a simple di­
vide by 10 unit to the CMOS DC4Q59, 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.

- 5 V

T—£ + ^ )-< j)

■0 (S’—_ n _ n _
.J___________I

TTL-+ TO SQLWkAE W AVt OUT

Figure 4E. Full Scale Output Less Than Specified 
Wr>en VlN is Equal To Or Groarer Than 10 V

Full Scale input Current Greater Than Specified
I f  the full scale input current is greater than +200 /LA, the 
“ current splitter”  circuit o f Figure 5A  is used. As noted in 
Figure 5A, the voltage developed at the wiper o f the poten­
tiometer must be less than the compliance voitage o f the 
current source. A  negative input current is conditioned 
by passing it through a resistor connected between - V ^  and 
signal common and thus producing anegarive railage. (Trim 
with pot between +Vjn and common.) Tne compliance vol­
tage o f the current source must be greater than the maxi­
mum voltage deveioned across the resistor.
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Figure 5A. Zero & Full Scale Trim  for Positive Input Currents
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Tne 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 probiem.

Figure 5B . Full Scale Input Currents Negative 
Of Lass Than 200 mA

OPERATION WITH BIPO LAR, FA ST, or NON-ZERO 
BASED INPUT SIG N A LS -  "O FFSET T IN G "
Many V  to F applications require operation with bipolar in­
put sienals (e.g. -5  V  to +5 V ). In other applications the in­
put signal is changing rapidly (e.g. ±1V  @ 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 Figuresl'through 5. However, their versatile 
op amp input circuit is easily adaptable to these signals 
through the technique o f OFFSETTING. It is implemented 
by the application o f  a fixed OFFSET signal to one o f the 
three V  to F  inputs, usually such as to produce an output or 
OFFSET frequency when the input signal o f interest is zero. 
Essentially, the OFFSET voltage or current is algebraically 
added to the signal o f  interest at the op amp summing point. 
Tne effective input resistor for the plus and minus pins 
is R3 in Figure 3. A  different OFFSET technique is required 
for each o f these three types o f  input signals, therefore, they 
are described separately.

Operation With Bipolar Input Signals
A -5  V signal connected to the -t-V^ pin o f a 4709 as shown 
in Figure 2 will produce no output from -5  V to 0 V and 0 
to 50 kHz out from 0 V to +5 V jn. Essentially an OFFSET 
o f +5 V (H Full Scale) must be added to the +5 V  input vol­
tage to produce 0.1 Hz out fo r +5 V jn, 50 kHz out for 0 V 
in and 100 kHz out for +5 V jn. This may be accomplished 
as shown in Figure 6A by injecting an offset current into 
the +Ijn pin through R1 and R2. This is the equivalent o f 
connecting a resistor, with the same value as the +Vin input 
resistor (23K), to +5 V.

Operation With Non-Zero Based Signals (Figure 68)
When the signal o f  interest is a small changing voltage im­
pressed on a fixed DC voltage, the +V jn pin is offset to elim­
inate the fixed voltage while the signal is applied to the +Ijn 
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 R1 and R2 at the 
op amp +Ijn pin with -15 V from - V cc through the 10K 
+Vin input resistor. R1 and R2 reduce the scale factor so 
the 2 volt-signal provides a full 1 MHz out from the 4705. 
Tne 50K offset trim pot is used to set the minimum f out, 
while R l sets maximum f out-

V” ' v
Vr— __ ’'OFFSET

-------= ~  ‘OFFSET* - — rr-rr- x IFULLSCALE
‘OFFSET 10 v

. I
V
Figure 6A . V  to F  With *+5 V  Offset 

Allow s Operation With Bipolar ±5 V  Input Signal

Figure 62* V  to F with —15 V  Offset 
Allows Operation with Small (2 V) Signal 

- impressed on Larger DC Voltage (+15V)

Operation With Fast Signals (FM Modulation)
A  baric V  to F application requires operation with DC to 
high freouency input signals (for example, a fiber optic FM 
data link with response from DC to 50 kHz). To  accurately- 
handle this signal the output o f the V  tc F must be able to 
chanae much faster than tne intuit. Tne baric response tame 
o f a V  to F is one period o f the new frequency pius approx­
imately 5 usec. For example, i f  the input o; a-4707, 5 MHz 
V to F is changed one volt from 1.01 volts to 0.01 volts tne 
new frequency-i: 5 kHz anc response time is 1/5 kHz +5 
qsea or =205 usee. When the input changes from 11 volts 
tc 10 volts the .new frequency is 5 MHz and response rime 
is *0 .2  usee. I f  the system is to accurately follow a 50 knz 
input sine wave, V  to F response must be less than 1/10 the 
period o f the signal o f 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 pin and connecting the ±1V  sig­
nal to the - V ^  pin.



4705/4707/4709

■Oneration With Differential Input Signals (4705, 4707)
T*

The + V jn and -V jjj pins o f the 4705 and 4707 represent a 
differential input capable o f 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 
o f input terminals differentially, several simple conventions 
(definitions) must be observed as illustrated in Figure 6D.

1. Common Mode Voltage (CM V) is defined as the voltage 
between ± V CC common and the negative V jn pin.

2. The positive Vjn pin must always be positive with re­
spect to the negative V jn pin.

3. CMV Range is typically ±1 V.
4. The differential (floating, balanced) signal source must be 

returned to ± V CC common through a resistance and must
..not create voltages which exceed the limits set by 1,2, 

and 3.
,  r _  (+ V in H - V in )x F S f0Ut 
p. i o u t- -------------- J o v  '

Note: The 4709 may be operated in a similar manner but 
the maximum CMV is ±100 mV.

Fast Response (50 kHz}

• D4RrERfNTlXL
v o l t a g e  m
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Figure 6D . Definition of Differential Si Common.Mode Voltage

OUTPUT C IRCU IT  

Wave Form „
The output circuit o f 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 o f  the 4705 and 4709 may be increased by shunting 
R4, or decreased by shunting R5. Tnis 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 o f these V to F s  may be shorted to common in­
definitely, and to +VCC for several microseconds, but they 
must never be connected to - V cc or failure will result.

t r_■jHTT [I
'AAMSmONS - ....mu I.i— |_________

WAVfPOflM -j

[— T2 —\
TYPtCAl TIMS W  MtCttOSECONO?
It  i r7? CD iU IT*

4706 |0 to 6 6 10215 (-3 h4707 10 to 1 p )a » 021470“ lO to 170150 i « U 30 ho

U ___ fl

•»7V
OV

Figure 7 . V  to F  Output Waveform & Timing

Mechanical Dimensions for 4-705 St 4709
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Y V O t C A L

4709
G U A R A N T E E D T V a i C A l

4705
g u a r a n t e e d

4707
T Y P I C A L  G U A R A N T E E D  *

P U L L  S C A L E  F R E Q U E N C Y  f F S  lo t* ) 1 0 0  trHr 1 M rfr k 5 M H :

A N A L O G  IN P t / T
S**nel R ang*, r M i M  to  IV e e  C e " w*W"

tO  a V  to  12 V 100 m V  to  11 V 10 a V  to 12 V 100 mV  to 10.6 V 10 m V  to  12 V 100 m V  to 10.5 V

* 4lm  t*25% ) — 450 p A  t o  450 **A — 650 D A  to  850 « A — - 900 o A  to 900 w A

® - V , n 10 u V  to  100 m V  — 10 u V  to  1 V — 10 m V  to 1 V —

C o m m o n  l*oo* V©«Teo* R a « * t  Hree Fie . 6 D I ♦ TOO m V — — ♦1 V «— — 11  v — —
C o m m o n  M o o r  R « i « a < e o  R a tio  tat C M V | 60 dB — 60 dB — 60 dB —
O fle e t Vo* tag* <rr«mm*o** to  2&ro) I T  m V 13 m V 13 m V 1 1 0  m V 13 m V 110 m V

tm o M M K *  (125% ) — 23 K T l — — 11 K n — — 17 K n

O m N [ ) » » 9«  ProreetK tn  ^  and  — V in 2 V c c — — I V  cc — — IV e c — *—
O w r c u r r e m  P ro te ctio n  4a * t ,A 150%  m a x . Ln — 150%  m a x. Ur> — 150%  m a x. tm —

F R E Q U E N C Y  O U T P U T  -  N O N L I N E A R I T Y
lo e e l.T re n t le r  F u n c tio n  o v t r  Signal R eno* ^  * V m 1100 E H z M V .n / t O V ) <1 M H * )(V ,n/10 V ) (5 M H T t (V ,i-,/10 V J

F u ll Scale 0 *u* 1 K S ig nal » t o o  m V  to  11 V 100 U V  to  t o.5 V 700 m V  to 10.5 V

# 25*C '  0 .0 0 1  i  0.0040.005 10J32 0 .0 0 0 2 1 0 . 0 1 2 0 .0 0 1  1  0 .0 s 0.004 ♦ 0.020.01 ♦ 0.05
F r o m  0 *C  to  +70 * C  147091 0.001 t  0.006o m  1 0 . 0 3
F tv n O ' C  TO +50‘ C  14706/47071 0.0003 2 0X3— — 0.005 1 Q JJ30.07 *  0438
P2E ‘ C  U70W11I 0.000510.02

F u ll Scale F a c to r |V«n lo r  F S  lo u t.tr im m a ty e  to tO  V ) _ _ 9.910.05 - ____ 9.9 10.05 — — 9.910.05
W ave F o rm / T im in g  ($** F i g . T ) ©
P u ne  C n a racrem n cs

-1~ (H I G H )  N o  L M d / t0.4 m A  Lo ad — +5V10.5V/+2 4V ------ ♦5 V10.5 V/42.4 V — — ♦5 V10.5 V /+2.4 V
-0"  IL O W ) — +G.7V i C .2V ^ -16m A — +O -2V l0. ? V ^ -16m A _ * C2V l G2V e -16m A

t in t  cu rre n t l i n t  currant jin x  current

Witrrh 3.5 w »«c 2.5 u* to  4 .5 us 0 J5 M»ec 02 m m c  to  0.6 m**c 90 m a c 50n*«c to  IS O iy m c

O u tp u t Im o M u n c *  IH ig n  S ta te ) 120% ------ 3 K H — — 680 n — ... . 680 n

Fan  Out — 10 T T L  LoaOt — 10 T T L  Loadt — 10 T T L  L o a d

RESPONSE
Settling Tima to 0.01% for Stao input (typical)

Overload Recovery
Allowable Caoaotrve Lead for Rated Performance

1 to 2 outset of new 
tree. +10 wsec 
20 msec
60Q oF

— 1 to5? Pulee* Of new 
tree; +10 «*ae 
1 rmec
100 oF

—

1 to 2 puleei of new ——  
frea. 410 tiue 
5 M»*C
50 oF -------

STABILITY OF FULL SCALE FREQUENCY 
Temperature Cb*tfic»enTlPPM/*C 

4709M705V4705-01M70? 44 44 ' 200 80 150
4709-02

Power Suoofy Samitfvrty, 1 PPMi&4a Vcc
12
100 -  — GOO ' 1500

‘Drift Per Q*v/Par Month 1PPM 10/30 — 100/200 — 150/300 — —

STABILITY OF ZERO OFFSET VOLTAGE  
Temperature Coerfreent S mV/*C 3- 30 10 50 30 100
Power Suooty SemiTnrhy s«V/%AVee (V rnm constant) —  ■ 50 ...... 100 — 300
Warm Lto Ttme TO 0.1 % <  10 min. • — <  10 min. — < 1 0  min. —

POtVER REQUIREMENT
Votnoe Range ±Vcc 112 V t o l lB V 115 V H  % 112 V TO 118 V 115 V 15% —— 115V11%.10.1 % rag.

AuxrUiary — — ....... ....- ■..— — ■ TSV l5% .H 3i%  rag.
Current l ic c ^ lV g c  "115  V .... ■ SI 8 mA 124 mA — - ■ -4 0  mA. —20 mA

Aujuiiiarv ^ + S V — — — — — -♦60 mA

e n v i r o n m e n t /r e l l a s il it y
Ooanrong Temoerature Frnnoe -25  to +£5*1: 0to+70*C -2 S to+8 S “C 0 to +70 *C -25  to4fl£*C 0 to +70*2
Storage Temperature Ranee — -55 to+12S*2 — -S5 to+135“C -5 5  to +125*2
Vwammgll Do not connect output Din to - V s  or oewce
w4H tail/l Oumtrr mav be connected to common inoarm- —
hwy.enfl t o * V c  for 5 seconax.
Suooerred °n»l&rier Power SuDDtre* 2209.7402. 2301 • 22CS.74G2. 23C1 2242.,2231

0  Train of TTL compatible Duujb at lour bm aoaotao** to CMOS and HNIL

l.

U

IC C

AI 040i tuat
1

U___________________i
0.CM 0*4 ...— j
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Mechanical Dimensions for 4707

Recommenced Socker: NSK-20
Tpieovne PhMBncK m axes no reo reaen uno n  tnat use of Us m odules in the c ircuits 
Oescrioed herein. or'uae of other techn ica l m iorm auon contained herein wifi not 
infringe on existing  or tuture oatem  ripm s nor ao tne oescrio tions com arneo herein 
im cry the g ra n tin g  o f licenses to matte, use. or seii eouiom eni constructed m 
accoroance therewith.
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