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The 4722 frequency to voltage converter is capable of
providing linear conversion of a 0 to 10kHz input fre- -
quency to a 0 to +10V output voltage. Thirty percent over-
range, = 0.03%FS max ponlinearity and low full scale
and zero offset drifts are features that allow the 4722 o
be used in a wide variety of data acquisition and signal

processing applications. For versatility, the full scale out-

put range may be modified to provide + 10V for any Ire-
quency {rom 100Hz to 15kHz, or the zero offset modified
so that an FM deviation such as BkHz =+ 2kHz will pro- -
vide a = 10V ouiput. The input circuitry of the 4722 is.
designed to provide optimum noise immunity with TTL in-
put level changes {0 to +5) of any waveshape. With
extornal pasgwe components, the device can handie
signals of vir iuaﬂy any am;}hmde {l.e. =30mV t{o

& 100V,

Apphcah&ms nformation :

The 4722 will meet all specifications without additional
components, Figure 1 describes the connections for nor-
mal operation. Theory of operation and the block
diagram [(Figure A} clearly describe the input/output
relationship of the device.
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Figure 1. Hasic Operational Connections

FEATURES

&

+0.03%FS Max Nanimeamty

s +0.19%F5 Max Zero Offset
» 4 504 V/°C Max Zero Offset I}mf‘t :
High Noise Immunity” -

@

APPLICATIONS

¢ Frequency, Flow, and
RPM Measurements

s FM Demodulation

« FM Telemetry

‘» Fiber Optic Data Link
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4722

BPECIFICATIONS @ 25°C, Vo = $15V £1%, FS Ad). Pin Connected to Voys Pin, Unfess Otherwise Indicated

FULL SCALE (FS)
Ides! Tramfer Function
Full Scale Factor (Ve for 10 kH2 fin)

or {fin for +10 V) trimmable fo 10 V for 10 kHz

Functional Range for Specifisd Non Linssrity ©
Maximum Full Scale fj, with external feedback

“Typical

OHzto 13kHz

Guaranteed

Vout = +10 V X fin/10 kHz

+HoVei10%
10,101 kHz £ 1.0%
OHzto 11kHz

1140 MAX,

{2,808 MAX. |
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resistor Ry 20 kHz 15 kHz

NONLINEARITY #% FS Plus % SIGNAL @ : )

OHzto 11 kHz 0016 plus D.015  0.03 plus 0,03

OHzto 11 kHz, 0°Cto +70°C 0.02 plus 0.02 0.04 plus 0.04

0 Hz to 13 kHz 0,02 plus 0.62 :

DHzto16kHz (R =18k . 0.05 plus 0.05
QUTPUT

Offsat Voltage, initisl Untrimmed,

Fin = 0 {rrimmable to zero} 5 mvy 10 my
Voltage, R = 10 kS2 010 70°C 3V EIRRY
Current, Vayp = £10 V 010 70°C £7 mA +B5 mA
Ripple ® fin = 10 kHz 04Vpp 0BVpp
Offset Scale Factor @ 36 AN £10% 36 pA/V £20%
impedance {opsrstional smplifler output} <0028 024 '
Retponsa (filter time constant} . 2.8 meec 130%
Feedback Resistor R¢ 27 k2 210% 27k 120%

INPUT @ Fyyy PIN .
Threshold {posltive or regative going pulses) @ . 1AV 200 mv 14V 800 mYy
Threshold, Extarnal Set Range =13Vt +13V 12Vt +H12Y
Hystermis 400 mV 400 mV 2100 mV
Hysteresis, External Set Range 0 to 400 mV
Levels (TTL Compatable) ’
Low “1BVI0+1.2V  -12Vie+08 YV
High HMEVio+6YV 2Vio+12V
Waveform Any .
Pulse Width, min for spacitied linearity © 15 panc 20 psec
impedance 10 Meg 2 <1 TTL load
STABILITY OF FULL SCALE FACTOR
Temperature Coeficient £+ppm/°C 100 300
Power Supply Sersitivity :ppm/% AV e 220 800
Drift per Day {(tppm of FS) 100
Dritt per Month (3ppm of F5} 50O
Warm Up Tims w0 0.01% of F§ 2 sec
STABILITY OF ZERO OFFSET VOLTAGE
Tempersture Cosficient 226 uv/°C +50 pv/°C
Power Supply Sensitivity £ uV/% AVee 50 100
Drift per Day 130 uv
Drift par Month £100 uv
POWER REQUIREMENT
Voitage Range Rated Specs +16 V £6% $12VioHiB Y
Curremt (tlec) @ Vec = 215 V 12 mA 16 mA
ENVIRONMENT/RELIABILITY
Operating Temparaturs 0°Cto 70°C
Storage Temperature ABSOLUTE MAX ~BB°C to +86°C
MTRBF (per mil HDBK-217) -1 5.00.0 Hrs

NOTES

© Nonlinesrity is deviation from ideal transfar function when Full Scale Factor has been trimmed to
+10,000 V and Output Offsst Voltage to 0.000 V for convanience in testing.

® Cusrent Into Surmming Point to offset Vg,

® The 4722 input circuit is a ditferantial comperator preset to operate with TTL pulses.

{© Tima betwsen threshold crossings

Input Protection: fin, & Aef In may be shorted to tVcc

indetinitely without damage.

Qutput Protection: Output may be shorted indefinitely

to ground without damage




Zero & Full Scale Trim

If greater accuracy is required, the 4722 Zero and Full
Scale output are trimmed as shown in Figure 2. TO TRIM:
Connect fjn pin to common and adjust the zero trim poten-
tiometer (R)) to provide 0.00 V at the output. Connect fip
to a frequency source set at 10.000 kHz. Adjust the Full
Scale Trim varisble resistor to provide +10.000 V at Viyt.

(Carbon composition trim components may be wused.) .

a2 +15y 0——F3——0 +186
oM O
O O Fiy
Fin 8 ~1BY O} -16
O REFIN
27 M ouT & D Vau
- e ANA— 0 ST fy 500 <
2ERQ : HALED
TR SET A2
=16
FULL 5CALE TRIM
o
{CARBON COMPOSITION TRIM COMPONENTS MAY BE USEDI POWER
COMMON
Figure 2. Zero and Full Scale Trim

Full Scale Factor Change

The Full Scale Factor of the 4722 may be set to provide
+10 V out for any fin between 100 Hz and 20 kHz by con-
necting a resistor, Rf, between the Summing Point pin and
the Vout pin. :

2.7 X 102

Rf (ln Ohms) = Desired Full Scale flﬂ (ln HeftZ)

(£20%)

Depending on the accuracy required, Rf can be a single fix-
ed resistor or a fixed resistor plus a variable trim resistor.
This is shown in Figure 3, When this tcchnique is used, Full
Scale Set and Vgyt must not be connected together, (Use
low temperature coefficient trim components.)
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4722
THEORY OF OPERATION

The 4722 is an example of a sophisticated design concept
reduced to a low cost BUT reliable device. The input circuit
is a comparator {A1) whose output switches between +14 V
and-14 V each time the polarity of the voltage between the
fin pin and the Ref In pin reverses. Two consecutive rever-
sals represent one cycle or pulse of frequency.

REF VOLTAGE
PAECTRION
CHARQE
DISFEREER

Figure A, 4722 Simplified Block Diagram

Each pair of reversals causes solid state switch S1 in the Pre-
cision Charge Dispenser to altemnately connect C1 between
a precision reference voltage and the summing point of op
amp A2, Each time it is connected to the Reference, a fixed
amount of charge Q is dumped into Cl, according to the
basic equation Q = CV.

When connected to the summing point of A2, C1 is dischar-
ged. The greater the frequency, the greater the average cur-
rent (lip) into the summing point of A2, AZ'is a current to
voltage converter, where Vout = -linRf. Thus Vgyt is a
function of the discharge current df C1 and the frequency
of discharge. C2 filters these current pulses to minimize
ripple.

Full Scale Factor is set with Rf, and the output is offset
by current into the summing point.

INPUT CIRCUIT ~ The threshold level at which compara-
tor Al switches is set at the Ref In pin by resistors R1, R2,
and R3. It is made more positive by shunting R1 to a posi-
tive voltage such as +V; and more negative by connecting
a resistor between Ref In and a negative voltage. The hys-
teresis is lowered from 400 mV to zero by connecting a re-
sistor in paraliel with R2 and changing the external impe-
dance at the Ref In pin between open and short.



4722

INPUT SIGNAL CONDITIONING

The frequency input circuit of the 4722 is a comparator,
the threshold of which is set at +1.4 V (with approximately
300 mV of hysteresis) to provide maximum noise immunity
when operating with TTL type levels; It is suitable for oper-
ation with signals of any waveshape which pass through this
threshold in altemate directions. For example,2a 0 to 2.V
peak sine wave, or a 12 V p-p square wave. (Each alternate
pair of threshold crossings is recognized by the 4722 as a
cycle or pulse of frequency.) The preset threshold is altered
for larger or smaller signals by changing the voltage at the
Ref In pin. (See Figure A in Theory of Operation.) -

Operation with CMOS Logic

To obtain the maximum noise immunity of which-a partic-
ular logic type is capable, the threshold must be changed to
be approximately halfway between the upper and lower
logic levels. Figure 4A shows a 12 k2, 5% resistor connected
between Ref In and +15 V to provide a threshold of +6 V
(a typical CMOS level) Zero and Full Scale trim tech-
niques remain unchanged. Decrease Ry to increase
threshold voltage and thus noise immunity.

Operation With AC Signals With DC Offset

When the fi signal is small and impressed on a dc level or
common mede voltage (e.g., +9 V 1400 mV), it should be
capacitively coupled to the fiy pin as shown in Figure 4C.
If the dc voltage is large (100 Vde £1 V signal) the input
should be additionally protected against transients with di-
odes as in Figure 4D.
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Figure 4C. 4722 Input Conditioned for
Small AC Signal with DC Offset
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Figura 4A. 4722 Input Conditioned for Typical CMOS

Operation With Signals Less Then +2 V Paak

Connect a 100 k2, 5% resistor between Ref In and -15 V.

This will set the threshold at ZERO Volts with hysteresis of
approximately £100 mV, Thus an input signal is any alter-
nate pair of level shifts exceeding £100 mV (200 mV p-p).
For input signals less than 200 mV p-p, connect a 2 kQ resi-
stor between the Ref In and Common. This will lower the
hysteresis (and noise immunity) to 320 mV or 40 mV p-p.
See Figure 4B. A 1 k{2 resistor will provide 20 mV of hys-
teresis which is the minimum recommended value, When
operating in this mode the 4722 input is a zero crossing de-
tector.
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Signals greater than ¥V, peak to peak may be treated in a
similar manner or attenuated with a simple resistive divider
and the threshold level set by the technique of Figure 4A &
B. :

- OUTPUT SIGNAL CONDITIONING

The output of the 4722 can be conditioned to provide +10
V out for any maximum fiy from 100 Hz to 20 kHz (see
Figure 3). In addition, Vg4 can be offset (that is, zero
volts out for a particular fi) to provide Scale Expansion
and/for bipolar output voltages. '

Output Offsetting

Many 4722 applications measure a range of frequencies that
do not include zero, but require zero volts out for a mini-
mum fip. For example, the pulse train from a tachometer in
a motor speed control circuit might be 5000 to 10,000
pulses per second providing 45 V to +10 V from the 4722.
To obtain 0 to +5 V, Vgt must be OFFSET 5 V negative
by injecting a current of +36 pA into the Summing Point
pin for each volt of negative offset required (Figure 5A).
36 pA/V (£ 20%) is the Offsetting Scale Factor. It may be

developed as shown in Figure 5A by connecting Roffset be-
ween the Summing Point pin and +V¢  per the equation:
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Bipolar i)utgzut

I an cutput voltage of -2, 5 Vo +2.5 V is required for
5 kHz 1o 10 kMg §in, the output may be offset a total of
215 V by deiving additional + cuzrfmt into the Summing
Point pin.

In the 'exam;ﬁe.; !Wgut

4722

Rf {in Ohms) = G ¥ 27,000, where G is the GAIN of the
4722

_ AVeyy(Volts). -
Afip (kHz)

=10V -0V =10V, and Afy; = 10
kHz -5 kHz = 5 kHz; therefore, G = 10/8 = 2, and Ry=12

X 27,000 = 54 ki1,

The transfer function (output voltage for a given input fre-
quency} has also begen mmitiphied by G, and the OFFSET
SCALE FACTOR must be divided by G. For G =2, 5kHe -
in provides +10 Vaye and 10 kHz in demands +20 Ve,
The output must now be offset ~ 10 V {from +10 V-0 0)
by driving ¥18 AV {1/2 of 36 gA/V) into the Summing
Point pin (Figure 5B} :

i Vee L
{Voffset {Offset Scale Factor/G),

- Roffset =

i5

TSI ST

Soale Expansion and Bipolar Qumm

If an output voltage of ~5 ¥V to +5 V is mqmzed for 5 kHz
to 10 kHz input, the output is offset a total of 15 V {from °
+10 to -5} with additional current into the Summing Point
pin {at the Offset Scale Factor),
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qu}a 58, 4722 with Ciotpat Offset'snd Scals Expansion
o Provide O to 30V Output for B ket 10 kiMz Fip

Sosle Expansion and Output Offset

If the application. vequires § to +10 V out for 2 reduced

range of inpat fréquencies such as 5 kHz to 10 kHz input,
the Full Scale Factor must be'expanded by adding extemal

resistor Ry between the Surnming Point pin and the output.

Roffset = By * Ry
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' Figure 50 4722 with Bipolar Outbut and Expsndesd Seale

A final-example, Figure 5C, shows the scale expanded and
offset to provide an Oﬂiput of ~ 10 Vio+10V foran m;'sut

of $kHz to 19 kHz

B3



47232
From the squations above:.
AVeui = 10V ~(~10V) = 20V, -
Ay =10k Hz -5 kHr @5 ki«fz

AV 2
G="Your 20,

Oin 5

Rf = X 27,000 =4 X 27,000 = 108k

For G = 4, 5 ktlZ in will demand 20 Ve, Therafore, total |

offset required is 20 V ~{- 10 V) = 30 V in the negative di-
rection.

' Ve _

{Vofrses Offset Scale Factor/G)

. 5V .
30V X (36 X 10°6y/4

Roffset =

S5k

Figure 5D compares these three different 4722 oistgﬁut vol-

tage ranges for 0 kHz to 10 kHz fiy, with the basic 4722 |

connections of Figurs 2.

Vout (Volts)
Fin | Fig. 2 Fig 5A Fig. 5B Fig. 5C
0 0 -5 -10 NA
. SkHe +5 & 8. - -10
WkHz |} +10 . +5  +10 - +10-

Figure 58, Quiput Clreuit Conditioning

 OUTPUT RIPPLE FILTERING & RESPONSE TIME _
By definition, the 4722 F to V is converting an ac signal to

& dc level. Therefore, there must be ripple on the output,

This ripple s {lltered by an internal RC network consisting
of Ry and a 0.1 uf capacitor {see Figure A}, Additional fil-

tering is obtained by the addition’ of an external capacitor.
between the Summing Point pin and the output. Curves of
ripple vs. fiy vs. capacity are shown in Figure 6.
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Figura 8, Typital 4722 Bippia vs Fragueney ve Filter Capacity

The Response Time of the 4722 (how fast the output vol-
tage changes for a step change in input frequency) is the RC
time constant of the ripple filter. Thus if the external 1 uF-
capacitor is used, the time constant becomes about 25 mik _
liseconds. If faster response with reduced ripple is required,

a higher frequency F to V should be used (4704 @ 100
kHz) or a multi-pole sharp cutoff Low Pass Filter should
follow the 4722 _ '

APBLICATIONS

The 4722 is designed to operate from conventional op amp
pewer supplies providing plus and minus voltages relative to
common. For many applications, however, it can be operat-
ed at lower cost from a single available floating supply vob.
tage (24 V to 36 V), and the cost of a supply eliminaied. :
Figure 7 illustrates such an application with a simple tacho-
meter circuit which could provide an input to i motor
speed controfler. .
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Figure 7. Low Cost RPM Tndicator with Single Power Supply
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