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ii
Abstract

Analogue data signals modulate a voltage to frequency converter
to give signals compatible with a digital transmitter - receiver optical
link. Multiplexing is by time division where one channel is denoted to°
synchronization. A total of sixteen channels allows each data channel to be
monitored once per second. Good signal to noise levels for the channels and

reliable operation are achieved using simple methods of signal conversion .,

and multiplexing.
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1 2 3 4
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refractive index 1.49 1.59 1.59 1.46
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refractive index 1.39 1.49 1.40 1.40
Numerical aperature Q.54 0.55 0.75 0.41
Thearetjcal dispersion 340 340 640 200
{AT/1 = An/c) [ns/km]
Minimum attenuation ~100 — 150 8
{dB/km]

t Polymethylmethacrylate.
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v

. &
20 IZAIEQNNATN @

cH, ALl CH|  CH, CH, CH, CH, CH, , CH, . |
INPUT INPUT ouTepuUT*} OUTPUT OUTPUT OUTPUT .. OPTPUT OUTPUT
b.92 0.00 0.02 —0;13 ~0.03 -0.04 | -0.07 -0.07
L.92 0.50 | 0.52 0.38 0.48 0.48 0.47 0.45
h.92 1.00 1:01 0.90 0.98 0.99 1.01 0.95
4.92 2.00 2.01 1.92 1.96 2.01 1.99 1.97
h.92 3.00 3.00 2.93 2.98 3.02 3.02 2.94
h.92 L.00 3.97 3.92 3.98 .02 .02 3.99

| 4.92 5.00 4.96 L.96 .96 5.01 5.03 .98
4.92 6.00 5.94 5.97 5.95 6.02 6.03 6.00
L.92 7.00 6.94 6.99 6.94 7.01 7.02 6.99
.92 8.00 7.94 8.00 7.95 8.01 8.0k 8.04
k.92 9.00 8.93 9.02 8.95 9.01 .9.ou 9.03
54.92 10.00 9.93 | 10.04 9.95 9.99 | 10.05 10.06

ALL -INPUT, OUTPUT IN VOLT
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INPUT. INPUT ERROR OUTPUT TO EVERY 1 VOLT INPUT CHANGE
CHANGE |
(volt)

| (volt) CH2 CH3 CH4 CH13 CH14 CH15

0.00
1.00* -0.01 0.03 0.01 0.03 0.08 0.02
1.00 . . .
1.00 0.00 0.02 -0.02 0.02 -0.02 0.02

2.00
1.00 -0.01 0.01 0.02 0.01 0.03- -0.06

3.00
1.00 -0.03 |[=0.01 0.00 0.00 0.00 0.05

L.00 /

1.00 -0.01 0.04 -0.02 ~0.01 0.01 -0.01

5.00
1.00 -0.01 0.01 =0.01 0.01 0.00 0.02

6.00
1.00 0.00 0.02 -0.01 -0.01 ~0.01 -0.01

7.00
1.00 0.00 0.01 0.01 0.00 0.02 0.05

8.00 ‘
1.00 -0.02 0.02 0.00 0.00 0.00 -0.01
9.00 '

1.00 0.00 0.02 0.00 -0.02 0.01 0.03

10.00

ALL

INPUT OUTPUT 1IN VOLT
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MIIM 5.3 udmemAawaayn 9 INPUT. dmuenluvaz 1v R 0-10v

L)

ERROR TO INPUT VOLTAGE CHANGE

INPUT INPUT o oy
3 13
CHANGE
(Volt) (Volt) Jolt . VoLt R}
0.00
1.00 ‘0.03 3 0.03 3
1.00
" 1.00 0.02 2 0.02 2
2.00
. 1.00 0.01 1 0.01 1
3.00 |
t1.00 -0.01 -1 0.00 0
4.00 |
'1.00 0.04 4 -0.01 -1
5.00
L' 1.00 0.01 1 0.01 1
6.00 |
1.00 0.02 -2 -0.01 -1
7.00
1.00 0.01 1 0.00 0
8.00 i -
1.00 0.02 2 0.00 0
9.00
1.00 0.02 2 -0.02 2
10.00
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. .
A9 5.5 uﬂﬂqﬁ%gaqqnnﬂiwﬂaaupﬂssunauﬁ%uﬂaqdﬁmwm 78
ﬁaqdﬁqqmnéud 1 Lmud 1
CROSSTALK CH3 TO CH2 AND CH4
ALL INPUT, OUTPUT IN VOLT
CH, ) CH, CH, CH,
INPUT INPUT QUTPUT INPUT OUTPUT INPUT OUTPUT..
L.92 0 0.00 0.00 | -0.13 0" -0.04
L.92 0 0.00 0.50 0.38 0 -0.03
L.92 0 0.00 1.00 0.90 0 -0.02
L.92 0 0.00 2.00 1.92 .0 -0.02
4.92 0 0.01 3.00 2.93 0 -0.01
4.92 0 0.03 4.00 3.92 0 0.02
L.92 0 0.01 5.00 L.96 0 0.01.
L.92 0 0.01 6.00 5.97 0 0.02
L.92 0 0.02 7.00 6.99 0 0.01
L.92 0 0.00 8.00 8.00 0* 0.0k
L.92 0 0.00 9.00 9.02 0 0.04
4.92 0o | 0.00 10.00 10.04 0 0.03
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v v t ] ] ]

4. Bl <
ATIM 5.6 UWHAIIBYANMACEUNT TIUNMNIBNEWIN  NQRA 1 WuuT 2.

CROSSTALK CH3 TO CH2 AND CH4

ALL INpPUT , OUTPUT , IN VOLT

-
CH, . CH, CH, CH, i
INPUT T INPUT 1 OUTPUT " INPUT OUTPUT | INPUT ouTpUuT
L.92 L.99 5.02 0.00 -0.11 0 -0.03
L.92 L.99 5.02 1.00 0.92 0 -0.03
L.92 L.99 5.02 2.00 1.93 0 { -0.02
L.92 k.99 5.02 3.00 2.97 0 i 0.01
4.92 4.99 5.02 L.00 3.97 0 0.01
L.92 k.99 5.02 5.00 L.98 0 0.01
4.92 k.99 5.02 6.00 5.98 0 i 0.01
4.92 4.99 5.02 7.00 6.98 | 0 0.03
L.92 4.99 5.02 8.00 | 8.01 0 0.03
4,92 L.99 5.02 9.00 9.0L 0 0.03
k.92 - 4.99 5.02 10.00 10.07 o 0.07

< v <' ° v L) d'
Wunquﬁaqéﬁmqmw 1 2BINTIVAGDY N9 IUNIULNED ISV N LAAAIINARA L AREY
.d
29949 OUTPUT Wuﬂuw1qan§qqﬂ -0.04 V  UBLEIEMININ + 0.07 1unn1ssun

(] v ] t
ngavfan et e sduynosh
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v )

ﬂﬁiﬁdd 5.7 uﬂﬂqﬂaganwiwﬂﬂaunniiuniuﬂwuﬁaqdﬁmﬁm nquﬁ 2 Wun
CROSSTALK CH14 To CH13 AND CH15
CH CH, 4 CH,, CH, .
INPUT INPUT OuUTPUT INPUT -OUTPUT INPUT "OUTPUT
4.92 ~0.04 0.00 -0.07 -0.07
k.92 ~0.04 0.05 0.47 ~0.07
L.92 ~0.04 1.00 1.01" -0.07
L.92 ~0.03 2.00 1.99 ~0.07
4.92 | ~0.03 3.00 3.02 -0.07
4.92 -0.03 L.oo L.o2 -0.05
L.92 -0.03 5.00 5.03 -0.04
k.92 -0.03 6.00 6.03 -0.03
n92 | o -0.03 7.00 7.02 ~0.02
L.92 0 -0.03 8.00 8.04 -0.01
4.92 0 -0.03 9.00 9.04 0.00
k.92 0 -0.03 10.00 10.01 0.03
J

ALL INPUT , OUTPUT., IN VOLT
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v v L] 1 . [}

[ ]
o . < o,
A591IM 5.8 uﬁﬂdﬂﬂﬂﬂﬁ?ﬂﬂﬂiﬂﬂﬁﬁUﬂﬂiiUﬂﬁuﬂWNﬂﬂddémﬂm HQNW 2 WU 2

CROSSTALK CH14 TO CH13 AND CH15

ALL INPUT , OUTPUT IN VOLT —

CH1 CH13 ?H14 CH15
INPUT_ INPUT OUTPUT INPUT OUTPU% . INPUT OUTPUT
k.92 L.99 5.07 0.00 ~0.04 0 -0.08
4.92 4.99 5.06 0.50 0.47 0 -0.08
L4.92 4.99 5.07 1.00 0.98 0 -0.08
Lo492 k.99 5.07 2.00 2.00 0 | =0.07
L.g2 4.99 5.07 3.00 3.01 0 -0.06
L.92 L.99 5.07 4.00 4.01 0 -0.05
L.92 k.99 5.07 5.00 5.02 0 -0.05
4.92 | 4.99 5.07 6.00 | 6.04 0 -0.04
L.92 4.99 5.07 | 7-00 7.04 0 -0.01
L.92 4.99 5.07 8.00 8.05 36 -0.01
L.92 | 4.99 5.08 9.00 9.07 0 0.01
4.92 4.99 5.08 10.00 10.07 i 0 0.01

1 74 [} ]

ld ] o L} A 1 uu
1uunniiun1uﬁ1uﬂaqd@m1ma1nﬁaq§qn311ﬂﬂqﬂaQﬂ1nunﬁinanu
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J v y d
A9 5.9 UdAINITIUN UL NEBINANNTAL LNEUIINNAT LR BULLURIMNG

v ! ' b4 v

v 4 s
AU INPUT ﬂUﬂ’)'IJJﬂE\’\ﬂLLﬂﬂE]UVILﬂﬂaUVl'l\lﬂ”lu QuUTPUT

CROSSTALK  INPUT CHANGE
INPUT INPUT ERROR TO OUTPUT NOISE CHANGE
CHANGE
CH, TO CH, CH,, TQ CH .
(Volt) (Volt) Volt ds Volt 4B
0.00
1.00 0.00 - 0.00 -
1.00
1.00 0.01 40 0.01 4o
2.00 '
1.00 0.01 40 0.01 4o
3.00
1.00 0.00 - 0.01 40
4 .00
1.00 0.00 - 0.00. -
5.00
1.00 0.00 - 0.01 Lo
6.00
1.00 0.02 34 | 0.03 31
7.00 |
1.00 0.00 - [ 0.00 -
8.00
1.00 0.00 - 0.02 34
39.00
1.00 0.04 28 0.00 -
10.00
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° N v ¢ v 4 ! v d'
AAURFIHALIANN I INREEIMSL LRanFadR QMINAALANIENT LUREIWAIIgALE IR0

M
INPUT  0-10 V AN LUABMULAIZEINAT SUNMBINEE IS NG IEARDATIIN H9 atuuas

MY - INPUT

(AvV ) = 0.1V .

noise max

V(full scale)

. . SNRn n+1 = 20 log
- (Av_. ) .
noise max
10
= 20 log T
= 40 dB

v ] R 1 v ' 1 v ¢

° ’ B a p=) E
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LM131A/LM131, LM231A/LM231, LM331A/LM331
Precision Voltage-to-Frequency Converters .

General Description

The LMI31/LM231/LM331 family of voltage-to-
frequency converters are ideally suited for use in simple
low-cost circuits for analog-to-digital conversion,
precision frequenéy-to-voltage conversion, long-term
integration, linear frequency modulation or demodu-
lation, and many other furictions. The output when used
as a voltage-to-frequency converter is a pulse train at a
frequency precisely proportional to the applied input
voltage. Thus, it provides all the inherent advantages of
the voltage-to-frequency conversion techniques, and is
easy to apply in all standard voitage-to-frequency
converter applications. Further, the LM131A/LM231A/
LM331A attains a new high level of accuracy versus
temperature which could only be attained with
expensive voltage-to-frequency modules’ Additionally
the LM131 is ideaily suited for use in digital systems at
low power supply voitages and can provide low-cost
analog-to-digital conversion in microprocessor<controiled
systems. And, the frequency from a battery powered
valtage-to-frequency converter can be easily channeled
through a simple photoisolator to provide isolation
against high common mode levels,

The LM131/LM231/LM331 utilizes a new temperature-
compensated band.gap reference c¢ircuit, to provide
excellent accuracy over the full operating temperature
range, at power supplies as low as 4.0V. The precision
timer circuit has low bias currents without degrading

the quick responss necessary for 100kMz volt ige-to-
frequency conversion. And the output is capuble of
driving 3 TTL loads, or a high.voltage output up to
40V, yet is short-circuit-proof against V.

Features

* Guaranteed linen‘riw 0.01% max

* lmproved performance in existing voitage-to-frequency
conversion applications

® Split or single supply operation

® Qperates on sil;glo 5V supply

® Pulse output compatible with all logic forms

= Excellent temperature stability, £50 ppm/°C mar
® Low power dissipation,, 1-5 mWw typical at SV

® Wide dynamic range, 100d8 min at 10 kHz fuil scale
frequency

* Wide range of full scale frequ'ency, 1 Hz to 100 ki4z

* Low cost

Typical Applications

15V« vg .

Ry
[RIR3L 3

[
10T F"*

100k :10% 7

Vin 10V
FULLSCALE vVy I -
1]

Viogie
3 faur

wnn
wan
[E 53}

- 1M
FULL-SCALE

- (443 l o

-vg
(0PTIGNAL}
OFFSLT AQJUST =

1 u%e

Vie Bg 4
1 - — .
0UT ° Toav AL Tcy

“Usa stable components with low tempersture coeflicients. See Typical Appiications section.
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Absciute Maximum Ratings

Supply Voltiage
Output Shor: Circuit to Ground
C Jtput Short Circuit te VCC

Input Voltage

Operat:ng Ambiert Temperature Range

Power Dissipation (Pp at 25°C)
and Thermai Resistance (BiA)

LM131A/LM131

40V
Continuous
Continuous
-0.2Vto +Vsg

TMIN Tmax

-55°C to +125°C

LM231A/LM231

40V
Continuous
Continuous
-0.2V to +Vg

TMiN  Tmax

~25°C10 485°C

LM331A/LM331

40V
Continuous
Continuous
-0.2V to +Vg

TMax
0°C 1o +70°C

TMin

570 mwW

(H Package) Pp 67CmwW 570 mW
6ia 150" Cw 150°Cw 150°cW
{N Package} Pp 500 mw 500 mW
6ia 155°C/W 155°CAW
.
Elecirical CharacteristiCs T4 = 25°C untess otheraise specifiec. (Nete 1)
PARAMETER CONDITIONS MiN TYF MAX UNITS
VFC NoreLinearity {tote 20 4.5V Vg <20V 20003 =0CH S Foit
Saafe
TmaNSTASTAx - =0 006 =002 % Full
. Scale
ta Corcuit of Figure 1 Vg =15\, f= 10 Hz 10 11 kHz =C.024 2014 % Fulls
Scale
Conversion Accuracy Scale Factor Vi = =10V, Rg = 14 kD2 .
{Gain}
LMI121, LAE3TA, LA23Y, LM221A s 025 103 1.5 AV
LN331, LM231A * .90 1.00 110 WH2/V
Temperatcore Stability of Gain TMINSTAS Tiax. 4.8V S vg <20V
LA131700231 L0330 £30 2150 pom."C
LMI3TALM231A/LM3IA =20 250 P/ C
Charge ot Cainwith Vg 45V < Vg <tV 00! a1 %IV
0V < Vg < 4LV 6036 0.06 %V
Fated Full-Sca'e Frequency Vit * ~10V 10.0 kHz
Nvarrany iSeyane Foll.Scale) Vins=-tiv 10 %
Frecuency
INFUT COMFARETOR N
Otfset Voltaae +3 210 mv
LMI21/LMI317 L0331 TN < Ta < TvAX =4 214 mv
LIMIBTATLN23IATLMIZIA T <TA< T 3 210 mVv
Bras Current -80 -300 nA
Ctset Current *8 2100 nA
Common-Moce Renge TN < TA €< Teax 02 vee-2.0 v
TIMER
Timer Thiesotd Vo'tage, Pon 5 0.63 0657 0.70 x Vg
1nout Eias Current, Pin § Vg =15V |
AN Devices oV < Vpine < 9.9V 210 =1 rA
TLATI31 LM231 L350 VEIn 5= 10V 206 1530 nn
LAIBIALYIZTALMISIA VPIN § = 10V 200 500 rA
Veat Pit, & [Geset) is SmA .22 0.5 Y
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Electrical Characteristics (Continves; Ta= 25°C unless otherwise specified (Note 1)

PARAMETER CONDITIONS MIN | TYP [ max | uwits
CURRENT SOJRCE (Pin 1)
Outout Current Rge 14k, Vpin1*0 )
LM131, LM131A, LM231, LM231A 126 135 144 A
LM33), LMIJ1A s 136 156 . HA
Change with Voltage ov<Vpiny SISV ° 02 1.0 ua
Cuuen: Source OFF Leakae
L2131, LMI1A . 001 1.0 nA
LM231, LM231A, LMI3T, LM33IA . 0.02 10.0 . nA
Al Devices Ta* Tmax 2.0 500 nA
Cpe-aung Range of Current (Typicall N (10 10 500) ‘ uA :
REFERENCE VOLTAGE (Pin 2) )
LATI3T, LAYI3TA, LI25Y, LMIDVA 176 189 262 voce
LAII1L LM3TA 1.70 183 268 Voc
S:as ity vs Terroerature =60 pam,“C :
Siaddisty vs Time, 1000 Hours 20.1 & l
L0GIC OUTPUT (P 31 A :
vsaT | SmA 015 . 050 | v
12 32mA (2771 Loads), TMiN € TA € TMax 0.10 0.40 v o,
OFF Leakage 005 1.0 uA
SUPPLY CURRENT .
L4131, LMI3TA, LM22Y, Vg™ 5V 20 30 40 mA
LV2I3A Vg e &0V 25 40 60 mA
2331, LM3A vg= 5V 15 30 6.0 mA
Vg =40V 1.0 40 8.9 mA

Note 1: All soecifications 20oly in the cizcuit of Figure 3, with 4,0V € Vg < 40V, uniess ctherwise noted,

Note 2: Nonlinesriry 15 gefined as the deviation of fayT from VN x (10kH2/=10 V' when the circuit hgs been trimmed for z=ro error at
10 4z anc at 10kHz, over the {requency rangs 1 Hx 19 31 X Hz. For the ming capacos, C7.use NPO ceramic, Tetion®, or polystyrene,

Functional Block Diagrams
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Typical Performance Characteristics : :
{All electrical characteristics aoply tor the circuit of Figure 3, uniess otherwise noted.}
Nonlinessrity Error, LM131 '
Family, as Precision V-to-F Nonlinearity Error, LM133 Nonlinasrity vs Power Supply
Converrer {Figure 3/ Family Valtage -
-3 T s
S0t o I
»
g e SPEC UMIT, z e 3
2 oy ; \ € w0 » l
I3 1 1 = :
Ean — z Zass
E o rl = r o, Z
Z [ | H z SPEC LIMIT
g o s P = Z i
g t /- ERdl z /
£ o { srec Lt H = P s |
=0 L1 ERT . voos =
~an g de 1 H
T 1| I R P P
. e 6200 1
6o ¥ & & 3 107 M 20001 00OY 901 &1 f W 100 S 10 18 20 28 ) 35 4G
FREQUEATY. bH2 ‘EREQUENCY. vt i POWER SUPPLY VOUTAGE. Vs
Frequency vt Temperasture, VREF vt Temperature, Qutput Frequency v3
LM131A LtMI131A VSUPPLY
1830
REH | L 10 P L1
: | | 1 A
1.928 ® 13 \\\r\/?;
- . | ! > e o]
£ it B T £ A T
. 5 =
= L 1su ' T i 3 T Tvmeac |
z < 1820 ] I P 7
2 z h - P, -
4 101 £ S T
£ > 11— 3 NN
- 1916 T s 5 -1 T
[ i
1914 ‘ T 1 o s S
18127 ] RS B2 T
1510 .
JETSRR TR YT SRR | SRR R § 10 15 20 25 30 15 a0
TEMPERATURE, *C TEMPERATURE, *C vsureLy.Y
100kHz Nonlinearity Error, Nonlinearity Error, LM131 input Current (Pins 6, 7} vt
LM131 Family iFigure 4) {Figure 1) Temoersturs
-
bl | [ P 1
008 T -0.04 : — | {1
] — % -603 - : 188 ] T '
G .ocs L z g - : I — 3 ] ‘l E ] |
g . P : N I RENTTR = ——
Z e : Z .00 A = \J\} gt
r . : | 3 X, 4 ER ; A I T
2 Fa \g\/ - 3 a0t \-‘L\l jl// 2 * l\[\-\’-
R sl z ! t ! = . ! i
: e e R S amn < H) ) s |,
: £ -<a : g om . o I
i e I SR SR SO | ! [ - 1 R
i * S el I ! | ] R
| € 20 & B0 30 BT I ° H 4 ) ] LI I H <15 - -2 (21 IS B
L]
H FOESUENCY, AHr FREQUENCY ¥Hz Teweenatune, 'S
Qutout Saturation Voltage v3 Noniinearity Errar, Precision
Power Drain vs VSUPPLY 1087 (Pin 3} F10-V Converter (Figurs 6/
¢
12 ” | | [ !
i . 28 ” o i1 - =
4 25°C g e [
\ €2 7 :r.lm-,wﬁh
< O} —— > 1 S« -
£ | i RY) o -
© e 2 H | | [ s~
? 12 S« .
! 2. L R N
\ 0 E [
1 g -cc3 T . -
.o : ! : . ~
i <0 I T : -
3 pi 9
2 32 e - w 80 6 2 &4 & & W N
vsupPLy.V 1oul. ™A FREQUENCY, 0 42
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Typical Applications Continued)

PRINCIPLES OF OPERATION OF A SIMPLIFIED
VOLTAGE-TO-FREQUENCY CONVERTER

The LM131 is a monalithic circuit designed for accuracy
and versatile operation when applied as a voltage-to-
frequency (V-to-F) converter or as a frequency-to-
voltage {F-to-V) converter. A simplified block diagram
of the LM131 is shown in Figure 2 and consists of a
switched current source, input comparator, and 1-shot
timer.

The .operation of these blocks is best.understood by
going through the operating cycle of the basic V-to-F
converter, Figure 2, which consists of the simplified
block diagram of the LM131 and the various resistors
and capacitors connected 1o it. N

The voltage comparator compares 2 positive input
voltage, V1, at pin 7 10 the voitage, Vx, at pin 6.1f V1is
greater, the comparator will trigger the 1-shot timer. The
output of the timer will turn ON both the frequency
output transistor and the switched current source for a
period t = 1.1 RyCq. During this period, the current i
will flow out of the switched current source and provide
a fixed amount of charge, Q = i x t, into the capacitor,
Cp. This will normally charge Vy up to 2 higher fevel
than V1. At the end of the timing period, the current
i will turn OFF, and the timer will reset itself.
1Y

Now there is no current flowing from pin 1, and the
capacitor C will be gradually discharged by Ry until
Vy falls to the level'of V1. Then the comparator will
trigger the timer and start another cycle.

The current flowing into Ci is exactly 1AVE = ix
{1.1 x R{Cy) x f, and the current flowing out of Cy_ is
exactly Vg/RL = ViN/RL.If VIN is doubled, the fre-
quency will double to maintain this balance., Even a
simple V-to-F converter can provide a frequency pre-
cisely proportionat 1o its input voltage over a wide
range of frequencies.

TWITCHED
cuRaint
SOURCT

Yiooie

I raeQut
] outrut
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Tiwih

FIGURE 2. Simplified Block Diagram of Stand-Alone
Voltage-to-Frequency Converter Showing LM131 and
External Components

ey

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE Ila)

The block diagram shows a band gap reference which,
provides a stable 1.9 VpC output. This 1.9 VpC is well
regulated over 3 Vg range of 3.9V to 40V. ttalso has a
flat, low temperature coefficient, and typically changes
less than 1/2% over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 to
be at 1.9V, and causes a current i = 1.90V/Rg to flow.
For Rg = 14k,i= 135 uA.The preci':ion'current reflector
provides a current equal to i to the current switch. The
current switch switches the current to pin 1 or 10
ground depending on the state of the Rg ftip-flop.

The timing function consists of an Rg flip-flop, and a
timer comparator connected to the external R¢Ct
network. When the input comparator detects a voltage:
at pin 7 higher than pin €, it sets the Rg flip-flop which
turns ON the current switch and the output driver
transistor. When the voltage at pin 5 rises to 2/3 vee.
the timer comparator causes the Rg flip-flop to reset.
The reset transistor is then turned ON and the current
switch is turned OFF. .

However, if the input comparator stifl detects pin 7
higher than pin 6 when pin 5 crosses 2/3 VcC. the
flip-flop will not be reset, and the current at pin 1 will
continue to flow, in its attempt to make the voliage at
pin 6 higher than pin 7. This condition will usually
spply under start-up conditions or in the case of an
overload voltage at signa! input. It shouid be noted that
during this sort of overload, the output frequency will
be O; as soon as the signal is restored to the working
range, the output frequency will be resumed.

The output driver transistor acts to saturate pin 3 with
an ON resistance of about S0£2. In case of overvoltage,
the output current is actively limited to less than 50 mA,

The. voltage at pin 2 is regulated at 1.90 Vpc for all
values of i between 10 zA to 500 uA. It can be used as a-
voltage reference for other components, but care must
be taken to ensure that current is not taken from it
which could reduce the accuracy of the converter.

PRINCIPLES OF OPERATION OF BASIC VOLTAGE-
TO-FREQUENCY CONV'ERTER (FIGURE 1)

The simple s:and-alone V-to-F converter shown in
Figure 1 includes all the basic citcuitty of Figure 2
plus a few components for improved performance.

A resistor, Ry = 100 k§2 =10%, has been added in the
path to pin -7, so that the bias current at pin 7 (=80 nA
typicall will cancel the effect of the bias current at pin 6
and help provide minimum frequency of'set.

The resistance Rg at pin 2 is made up of a 12 kQ fixed
resistor plus a 5 kQ (cermet, preferably) gain adjust
theostat. The function of this adjustment is 10 trim out
the gain tolerance of the LM131, and the tolerance of
R, R and Cr. For best results, all the components
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Typical Applications (contnuec)

should be stable 16w-temperature-coetficient compon-
ents, such as metal-film resistors. The capacitor should
have low dielectric absorption: depending on the temper-
ature characteristics desired, NPO ceramic, polystyrene,
Teflon® or polypropylene are best suited.

A capacitor is added from pin 7 to ground to act as 3
filter for ViN. A value of 0.01 uF to 0.1 uF will be
adequate in most cases; however, in cases where better
filtering is required, a 1 uF capacitor can be used. When
the RC time constants are matched at pin & and pin 7,
a voltage step at VN will cause a step change in fQUT-
If Cyn is much less than Cy, a step at VN may cause
fOUT to stop momentarily.

A 4702 resistor, in series with the 1 uF Co. is added to
give hysteresis etfect which helps the input comparator
provide the exceilent linearity (0.03% typical}.

DETAIL OF-OPERATlOl;I OF PRECISION V-TO-F
CONVERTER (FIGURE 3)

In this circuit, integration is performed by using a con-
ventiona! operational amplifier and feedback capacitor,
Cg. When the integrator’s output crosses the nominal
threshoid ievel at pin 6 of the LM 131, the timing cycle is

® Registered trademark of DuPont

¢

. <

initiated. The average current. fed into the bp amp’s’

summing point {pin 2} is i x (1.1 R¢Ct) x f which is
perfectly balanced with -ViN/RIN. 0 this circuit, the
voltage offset of the LM131 input comparatof does not
affect the offset ‘or accuracy of the V-to-F.converter as
it does in the stand-alone V-to-F converter; nor does.the
LM131 bias current or offset current. instead, the offset
voltage and offset current of the opergtional _ampliﬁer
are the only limits on how small the signal can be
accurately converted. Since op amps with voltage offset
well below 1 mV and offset currents well below 2 nA
are available at low cost, this circuit is recommended for
best accuracy for small signals. This circuit also responds
immediately to any change of input signal (which a
stand-alone circuit does not} so that the output fre-
quency will be an accurate r:qresenution of ViN. as
quickly as 2 output pulses’ spacing can be measured.

in the precisic'm mode, excellent linearity is obtained
because the current source {pin 1) is always at ground
potential and that voltage does not vary with ViN of
fouT. (in the stand-alone V-to-F converter, a major
cause of non-inearity is the output impedance at pin 1
which causes i to change as a function of Vin).

The circuit .of Figure 4 operates in the samé way as
Figure 3, but with the necessary changes for high speed
operation.
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*Use s:able components with low temperature coetficients. See Typical Apalications section.

**This resistor can be Skt or 10k for Vg = 8Vic 2

2V. but mustbe 10k for Vg = 45Vto8V.

* s s Use low offset voitage snd low otfset current 03 amps tor Al: recommended types LM108, LMI08A, LF3518

FIGURE 3. Standarg Test Circuit and Applicevons Gircuit, Precision Vo!tzge-to-Frequency Convartsr
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Typical Applications (continueq)

DETAILS OF OPERATION, FREQUENCY-TO-
VOLTAGE CONVERTERS (FIGURES 5 AND 6/

in these applications, a pulse input at fj) is ditferen-
tiated by a C-R network and the negative-going edge at
pin 6 causes the input comparator ta trigger the timer
circuit. Just as with a V.to-F converter, the average
current flowing out of pin 1 is JAVERAGE = i x
{1.1 ReCy) x f.

In the simple circuit of Figure §, this current is filtered

with a 0.1 second time constant, and settling of 0.7 sec-
ond to 0.1% accuracy.

in the precision cfrcui(,an operational amplifier provides a
butfered output and also acts as a 2-pole filter. The ripple
will be less than 5 mV peak far-all frequencies above
1 kHz, and the.response time will be much quicker than
in Figure 5§, However, for input frequencies below 200 Hz,
this circuit will have worse ripple than Figure 5. The
engineering of the filter timeconstants to get adequate
response and small enough ripple simply requires a study
of the compramises to be made. lnherently, V-to-F

LM131A/LM131, LM231A/LM231, LM331A/LM331

in the netwark Ry = 100 k2 and 1 uF. The ripple will *

converter- response can be fast, but F-10-V response
be less than 10 mV peak, but the response will be stow, - .
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*Use stable comaonents with low temperature coefficients.
. See Typical Applications section. nen

**This resistor can be Sk or 10kN for Vg ~ 8V 10 22V,
_but musi be 10k§) for Vg = 4.5V t0 8V.

***Use low offset voltage and low otfset current op amps for Al:
recommended types LF3518 or LF356.

.FIGURE 4, Precision Voltaga-to-Frequency Converter,
10G kHz Full-Scale, £0.03% Non-Linearity
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T 77 *Use stable components with low temperature coefficients,

FIGURE S. Simple Frequency-to-Volgage Converter,
10 kHz Fuli-Scale, £0.05% Non-Lintarity

*Use stable components with low tampe-ature toetf.tients.

FIGURE 6. Precision Frequency-to-Voitage Converter,
10 kHz Full-Scale with 2-Pole Filter, 20.01%
Non-Linearity Maximum
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