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The 4705, 4707, 4709 Family of High Performance Voliage
10 Frequency Converters provide precision conversion of ana-
jog voltage - data - to a train of pulses whose repetition rate or
frequency is a direct linear function of that analog voltage
over a nominal range of 0 to #10 V. These versatile devices
perform a wide range of data acquisition, transmission, and
recording functions and, in addition, are capable of unique
signal processing activities which include frequency multipli-
- -Cation, digital to frequency convcrsmn and mﬁnue hold txme )
" integration. - - i

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

BASIC CONNECTIONS & TRIM

Pasitive lnput Signals

“These Voltage to Frequency Converters are factory trimmed - FEATURES

to a zero and full scale accuracy of better than 1 part in 1000. . .
Thus for most positive voltage input applications they are - . ezl Ppm/o C Max. Stab‘ht}'

“connected as.shown in Figure ] without the addition of trim e Wide Operating Range, 0.1 Hz to 5 MHz
components._This produces a TTL compatible output pulse ® Resolution equivalent to more than 16 Bits
with nominal width ecual to 1/3 the pcnod of device Full . e High Notse Rejection
Scaie Freguency. VT : . e Curmrent-to-Frequency capability -

n . Zero& Full SaleTnm {Input 10 +Vm Fm) - e 0.005% Nonlinearity
‘} : ) -® Dynamic Range equwalent t0 20 an
- When grcatcr accuracy 8 reumred, mput offset volrage (Eos) o Low Cost
.and Full Scale (FS) ourput freausncy are wimmed thh eX~ . :
tcmalpotcnﬁometzrs as shown in rzgure 2. ~ R APPHCA’I'IONS | S
' R . Process'l'mnsnncers
® Voltage or Current Sources
e Hich Resolution, me.o/Ontc:al Daml.mk
® . Digiral Frequency Synthesis
* e Wide Range Phase-Locked Loops
e No Drift Integrate/Hold
. ® High-Voltage Isclation
e DVM’s or DPM’s
® 2-Wire Digital Transmission
e Telemeny -
: ' %7 ToMALGROND R o ® Analog to Digital Converters
3 . ~ e Servo Loops
p Figure 1. Positive input Signais . " e Synchronous Speed Conwol
SPECIFICATION SUMMARY . .
4703 | 4705-01 | 4707 | &708 . | 4708-G2 L
Full Scale Freguency R . . . : ] . ) ' : '
FS four for +10 V in 11 mBz- d 1 MHz S| 5 MHz 100 kRx . | 100 kHz
: Max Nonlinearity 2% FS 2% Signal 0.001 +0.05 | 0.0005+0.02 | 001+005 | 0.005+0.02 | 0.005+ 0.C2
o T - | Max Full Scale TC = PPM/“C .. 200 - . 200 . 100 az 12
: four Max/iour Min = Dynamic : . ‘ )
) Range Decades 5 . & . | 5 § 6
INITIAL ZERO 10 mV Max (trimmabie to zero) 3 mV Max {rimmapie 10 Zero) L
ACCURACY
{Untrimmed) FULL SCALE - ) +3.800% 0.05 V in tor Fuil Scale Freguency Out {rrimmabie o +10 VI




4705/4707/4709 . _ ;

' e ' THEORY OF OPERATION
1. Apply 10 mV between Rl and Signal Ground. Adjust R2 EOR P

for foyt = Full Scale Frequency divided by 1000. To take maximum advantage of V to F versatility, a func- ]
’ tional block diagram {Figure 3) and theory of operation is.

provided. With this informatior, input and output circuitry pom,
are easily modified 10 handle virtually any signal or load. ?

i

-

2. Appiy 10 V between R1 and Signal Ground. Adjust R]
for fgyy equals device Full Scale Frequency.

Tamm g -

{

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 of the V to F being
used, e.g., they should be wire wound, meta] film or cermet.
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Figure 2. Zaro & Full Scale Trim
Posrtive Voltage input

Negative | nput Signals (Input to ~Vin Pin)

The 4705 and 4707 can operate with negative input voltages
as great as 1 V applied to the —Vip pin as shown in Figure
4B. This one volt signal will produce a Full Scale Qurput
Frequency of 1/10 the specified Full Scale Frequency. The
4709 can be cperated with up to =50 mV at the ~Vi, pin.
To obtain specified Full Scale output frequency for an input
voltage of less then plus or minus 10 volrs, see Full Scale
Factor Change. 11 should be noted that input impedance at
the ~Vip pin is typically greater than 10 Meg ohm.

Zero & Fuli Scale Trim {Input to ~Vin Pin)

Zero Trim is performed with R2 zs shown in Figure 2. For
Full Scale Tom, comnect R1 between +Vi, and Signal

Ground.
Follow the Trim Procedure for signals at the +Vip pin.
Current input (Signal 1o +1;, Fin)

Thne Full Scale Current Sensitivity 15 of each V 1o F model
has 2 iolerance of abour 25%. The exact fFg may De set
using the circuit of Figure 5A.

Tne V to F is 2 free running (astabie) voltage controlied
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 Q! form a precision current
pump, producing current I from the collector of Q1, which
is a linear function of the Al input currents. Current !
charges capacitor C at a rale which is a precise linear func-
tion of the V to F input.

When the voltage impressed on C (due to [) reaches a fixed
precision threshold, the Schmitt-Trigger output changes
state and triggers the one-shot (monostable) multivibratar,
- which in turn producesa constant width output-pulse. This
pulse performs two functions. Amplified by Q2, itis the out.
put of the V 1o F and it functionally activates the Precision
Charge Dispenser (PCD). The PCD discharges C 1o the same
reference level every time an output puise 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-
tion rate of charging C and thus the ourput freguency) are
functions of the V 10 F voltage and/or current inputs.

TRIM THEORY

The V1o F input circuit Zero and Full Scale tim technigues
are based on the input circuit amp (Al, Figure 3) and the
user may treat the input as such within ceriain limits. No
combination of signals may be appiied to the inpuis which
will drive the Al output positive. That i, a frequency out-
put will not result if the total current into the positive in-
puts (Al, sumrning point) becomes negative with respect 10
the negatve input. If this occurs, D1 will become forward
bizsed, Q1 cut off, I becomes z2ro, and {gyr becomes zero.
Tne inherent current Full Scaie Factor has 2 talerance of
£25% to gve specified Full Scale frequency out. Resistor Rl
factory trims the full scaie £Vip to within 20.5%.
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Figﬁre 2. V 1o F Simplified Block Diagram
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FULL SCALE FACTOR CHANGE

"h(.SpCClﬁcd V to F Full Scale Factoris 9.9 V 20.05V to
produce Full Scale Frequency out. Many applications re-
quire FS foy for other (larger or smaller) Full Scale input
signals and polarities. Figures 4A through 4F illustrate how
10 operate these V 1o F's with such signal levels.

Magnitude of Vin > 10 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 of Figure 5B performs well. Zero Trim
and other adjustments remain the same as for Figure 2.

If the full scale input voltage is between +0.1 Vand +10 V,
the full scale ourtput is set by usmg the + current input ter-

““minal with ¥ 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 berween -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 t UK

Wuvosasy R R2 DAL r(:s:”
FULL SCALE {Valses tor 4708} Frs.
v : .
RYw o= [ antiitmdle ooy i
R2 =4 R1 b

F|gure AA. Full Scale +V i Greater than+10 V
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Figure 4B, Full Scaie Inout Volisge More Negatrve than ~10 V

FULL SCALE TRIM
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Figure 4C, Full Scale input Between = +0.7 V and +8.9 V
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Figure 4D. Full Scale inout Volitage Batween -1V and + .1V

Reduce Full Scale fo ;¢ Below Specified FS {gyt

In some applications, a Full Scale output frequency of less
than specified Full Scale is reguired when the input signaj 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 {gyut.

"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, CMOS, or HNIL 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 Figurev 4E, counter output will be 10 kHz while
the minimum ourput frequency will be 10 mhz.
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Figure 4Z. Full Scale Dutput Less Than Specifiad
When VIN ks Equsl To Or Grester Than 10V

Full Scale iﬁput Current Greater Than Specified

If the full scale input current is greater than <200 (A, the
“current splitter” circuit of Figure SA is used. Asnoted in
Figure 5A, the voltage developed at the wiper of the poten-
tiomster must be less than the compliance voltage of the
current source. A pegzrve input current is conditioned
by passingit through z resistor connected between ~Viy and
signal common z2nd thus producing anegative voltage. (Trim
with pot between +Vi, and common.) The compiiancs vok
12ge of the current source must be greater than the maxi-
mum voliage developed across the resistor.
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Figure BA. Zero & Full Scale Trim for Positive Input Currents




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 compiiance voltage probiem.

15y O

© vim
COu O
e
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e IR
outT o
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Figure 5B. Full Scaie Input Currents Neaative
Of Less Than 200 uA

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. £1'V @ 10 kHz). In stil

others the input signal does not pass through zero (e.g. 46 V
to+8 V).

Such signals cannot be handled by V to F's when connected
as illustrated in Figuresi'through 5. However, their versatile
op amp imput circuit is easily adaptable to these signals
through the technigue 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 freguency when the inpurt signal of interest is zero.
Essenually. the OFFSET voltage or current is zigebraically
added to the signal of interest at the op amp sumring point.
The effective input resistor for the plus mnd minus Vi pins
is R3 in Figure 3. A different OFFSET technigue is required

foreach of thess three types of input sxgna}s therefore, they-

are described separately.
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.Figure 6A. V 10 F With +5 V Offset
Allows Operation With Bipolar =5 V Input Sianal

Operation With Bipolar input Signats

A =5 V signal connected to the +Vin pin of 2 4709 as shown
in Figure 2 will produce no output from -5V to0Vand 0
to 50 kHz out from 0 V to +5 Vip. Essentially an OFFSET
of +5 V (3 Full Scale) must be added to the +5 V input voi-
tage to produce 0.1 Hz out for +5 Vi, 50 kHz out for 0 V
in and 100 kHz out for +5 Vin. Thus may be accomplisned
as shown in Figure 6A by iniecting an ofiset current into
the +ljp pin through Rl and R2. This is the equivalent of
connecting 2 resistor, with the same value as the +Vjp input
resistor (23K}, to +5 V.,

Operation With Non-Zero Based Signals (Figure 68}

When the signal of interest is a small changing voltage im-
pressed on a fixed DC voltage, the +Vip pin is offset to eiim-
inate the fixed voltage while the signal is applied to the +lig
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 +ljp pin with ~15 V from ~V¢, through the 10K
+Vin input resistor. Rl and R2 reduce the scale factor so
the 2 voltssignal provides a full I MHz out from the 4705.
Tne 50K offset trim pot is used to set the minimum {gyy,
while R} sets maximum {oy¢.
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Figure 62, V to F with =15V Dffser
Aliows Operzation with Small (2 V) Signal
impressed on Larger DC Vattage {+15 V)

Operation With Fast Signals (FM Modutation)

A basic V 1o F zpplication reguires operation with DC to_

high freguency inpurt signais (for example, a fiber opuc

data link with rzsponse from DC to 50 k.H..) To ac:u—amy
hzndie this simmal the ovtou of te V1o ust be 2bis 1o
change much faster then the Input. The dasic response Twne
of 2 V 1o £ is one period of the new fr guency pius zporox-
imately 5 psec. For example, if the input of 224707, 5 Mz
V 1o T is chanztd one volt fram 1.0% volts 10 0.01 vels e
new freguency-ir 5 kB- ané respcase time is 1/5 kEz 45
psez or %205 gsez. Wher the .“:Ju‘ cnengss irom 11 veits
1c 1C volts the new freguency 1= § Mz and response time
is 352 psec. If the svsiem is to accurztely foliow 2 50 kiiz
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 10 F output t¢ 2.5
MHz with +5 V at the +Vi, pin and connecting the =1 V sig-
nal 10 the —Vjg pin.
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.‘0"}eratior\‘With Differential input Signals {4705, 4707}

Tre +Vip and ~Vj, pins of the 4705 and 4707 represent a
differential input capable of accepting a 21 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.
2. The positive Vi pin must always be positive with re-
spect to the negative Vip pin.
. CMV Range is typically 21 V.
. The differential (floating, balanced) signal source must be
returned 1o £V, common through a resistance and must
..ot _create voltages which exczed thc limits set by 1, 2,
and 3

Ao

- (#Vip){=Vin) x F S fout
10V

Note: The 4709 may be operated in a similar manner but
the maximum CMV is 2100 mV.

5.

fout =

. ﬁ Flgure s;. V 10 F With Offset {+5 V) To Provide
) .. Fast Response {50 kHzl

PUT VY - m——

COM O

=BV Orrmemsrms

ouT o

Ees TRIM O

Voue
& e X {F 54}
Lonrr " 1F5¢

o 4‘ ‘Figure ED. Definition of Diﬁaréntinl & Coammon.Mode Voltage
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OUTPUT CIRCUIT ) ;‘ <
Wave Form - y
The output circuit of each V to F (see Figure 3) is designed l,

1o 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 shuntung
R4, or decreased by shunting RS. This will also increase nse
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 faflure will result.
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Figure 7. V 1o F Qutput Weveform & Timiﬁg
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Macnanical Dimensions for 4705 & 4708
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4705/4707/4709 :
SPECIFICATIONS @75 °C, Yar = 215 V temvem Oforuses svpncrved )
4708 4705 4207
TYRICAL SUARANTEED TVYSICAL CUARANTEED TYPICAL GUARANTEED *
FULL SCALE FREQUENCY (FS lout! 100 woer 1 By . S parr
ANALOG INPUT
Signei Ronge, reiates 10 Ve Cormmon .
& eVin WavVio 2V 100 uV 0 11 V WavV w12V 100 4V 10 108 V 10 uV o 12V 100 4V w 105 V
B +in (225%) 450 pA 10 450 uA e 850 bA vo 850 uA — 800 oA to $OG uA
B wVin WuV 1o 100mMY e WQuvViwotVv WuvVrol VvV —
Common Mooe Voitsoe Ranoe teve Fig. 601 2100 mVv — EARY] — E3RY —
Common Mooe Rerection Rsuo (8t CMV} 60 4B — 60 aB — 60 dB —
Ottoat Vortape (trimmapie 1o 2010} -, 21 my 3 mv 2 myv 210 my 3 my £10 mV
tmosasncey @ +Vn (225%) - — 23 K ——— 11 KD w—— 12 KD
Owervoitsoe Protection @ +Vin end —Vin Ve e tVee Ve

O~ercurrent Prorection ® +iin

150% rmax. hin

150% max. lin

N

150% max, fin

FREQUENCY OUTPUT — NONLINEARITY
loael. Trantter Funcrion over Signal Renge @ +Vn

(100 xHIHVin/10 V]

) MHDVIn/10 VI

{5 MRTHV n/10 VI

Nontinesrity, % Full Scate ptus £ X3ignal . 100 V10 11 V 100 V1o 105V 200 4V w105V
e25°C * 0.001 £ 0.004 0.005 2 0.02 0.0002 1 0.012 000t £ 0.05 0.004 *+ 0.02 0.01 +0.05
From 0°C ro +70°C {4709) 0.001 2 0.006 0.0120.03 "
From 0°C to +50“C 147056/4707) 0.000320.03 ——— 0.005 £ 0.03 0.02 + 0.08
@ 25°C 470501} 0.0005+0.02 .
Full Scare Factor (Vip tor F5 {pur, rmmabis 10 10 V) — 8982005 — 8.9 £0.05 — 292008
Wave Form/Tinung (See Fig. 71D .
Puise Characrerisnics ) . . s R B
<1 (HIGH] No Loed/+0.4 mA Load — +5V20EV/H424V ——— +5V20.5Vi424V D +5V3i05V/+2.4V
“0 (LOWI) — +02VIC2VB-16MA —eem HU2V02VS-1EMA e +2Vv202VE-16maA
1k current MNK Cyrrant s1hx current
Wigrh 3.5 usec 25 1045 0.35 uesc 02 umec 10 0.6 msec 80 mac 50nsec 1o 150nsac
Outpur imoeoance {Mipn State} 120% — Ikn — 630 0 ——— 680 1T
Fan Owt — 10 TTL Losas — 10 TTL Loads —— 10 TTL Losas
RESPONSE

Sattitng Trme 10 0.01% for Stan inbut {tyocal) .

110 2 Dulses ot new

1169 Puises O POV e

Y 10 2 puiver Of Paw

treq, 410 usac frea: +10 wusoc treq. 410 msac
Owvenoad Recovery 20 rmec — 1 rrmac — 5 uvec  am—
Ahowabie Capectyive Load for Raved Performance BOQ of — 100 of — 50 pF —
STABILITY OF FULL SCALE FREQUENCY .
Tamoerature Coatficient =PPM/°C )
4709/4705/4705-01 /4707 — a4 a4’ 200 8D - 180
470902 — 12
Powar Suooily Sensitivity, 2 PPMAVer o 100 —— 530 ——— 1500
‘Dritt Per Doy /Per Month = PPM 10130 — 1007200 — 150/300 — .
STABILITY OF ZERO OFFSET VOLTAGE . .
Terroerature Coetficent = uV/°C 3- o) 10 50 30 100
Powver SUDOlY Seminvity = aV/%AaVee {V trim constant} — 50 — 100 — 300
Vearen Up Time o 0.1% <10 min_ D — < 10 mvin. — < 10 min. —_—
POWER REQUIREMENT
Votmaoe Range £ Vee 212V eIBY 215V % 212Vro2iB YV 218V 25% —— 2I5VEIN.20.1% g,
Auxitiary w—— P —— e — +5V=Z5X,20.58% reg,
Carrrens Sler @ 2Vez =215 V o =18 ma e %24 mA — -40 MmA, =20 mA
huxilivary 845 V —— i - — ———ar “+50 mA
ENVIRONMENT/RELIABILITY
Overgung Temoerature Fanoe ~25 w0 +85°C 010 +70°C ~2510 +85°C 010 +70°C -25 to +85°C 010 +70°C
Storsge Ternoenmure Rence — ~55 10 4125° — «53 10 +125°C e ~55 10 +125°C
Yerrningll Do not connect ountput pin 1 «Ver of oewee .
-oH tait!] Outout mav be w b ~ .
Ty, ant 10 +Veo tor S seconas
Suooested Snilprick Power Sunpires T202, 2402, 2301 | T208. 2402, 2301 2282. 7201
@ Tremn of TTL comoatitie puisas at oyt DM acsomoe 1© CMOS and HNIL 3
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