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National
Semiconductor

AtoD,Dto A

LM131A/LM131, LM231A/LM231, LM331A/LM33t1
Precision Voltage-to-Frequency Converters

General Description

The LM131/LM231/LM331 tamily of voltage-to-
frequency converters are ideally suited for use in simple
low-cost circuits  for  analog-to-digital
precision frequency-to-voltsge conversion, long-tarm
ntagration, linear frequency modulation or demodu-
lation, and many other functions. The output when used
as a voltage-to-frequency converter is » pulse train at a
frequency precisely proportional to the applied Input
voltage, Thus, it provides all the inherent sdvantages of
the voltage-to-fiequency conversion techniques, and is
easy to apply in all standard voltage-to-frequency
converter applications. Further, the LM131A/LM231A/
LM331A attains a new high lavel of accuracy versus
temperature  which could only be attained with
expensive voltage-to-frequency madules. Additionally
the LM131 is ideaily suited for use in digital systems at
low power supply voltages snd can provide low-cost
ansalog-to-digital conversion in microprocessor-controlled
systems. And, the frequenoy from s banery powered
vgitage-to-frequency converter can be easily channated
through a simple photoisolatar to provide isolation
#g3inst high common mode levels.

The LM131/LM231/LM331 utilizes » new temperature-
compensated band-gap reference circuit, to provide
excellant accuracy over the full operating temperature
range, at power supplies as low a5 4.0V, The precision

conversion, .

the quick response necessary for 100 kHz voltage-to-
frequency conversion. And the output i4 capable of
drlving 3 TTL loads, or a high volage output up to
40V, yet Is short-circuit-proof agalnst Vop.

Features

n Guaranteed linesrity 0.01% max

s mproved performance in existing voltage-to-frequency
convarsion applications

»  Split or single supply operation

s Operates on single 5V supply

s Puise output compatible with eil logic forms

s Exceilent ternperature stability, t60 ppm/°C max
®  Low power dissipation, 15mW typical a1 5V

® Wide dynamic range, 100 dB min at 10 kHz tull scale
frequency

s Wide range of full scale frequency, t Hz to 100 kHg

X . . A = Low cost
timer circult has low bias currents without degrading
Typical Applications
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FIGURE 1. Simpie Stand-Alona Voitage-to-Frequency Converter

with £0.03% Typical Linearity (f = 10 Hz to 11 kHz}
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LM131A/LM131, LM231A/LM231, LM331A/LM331

Absolute Maximum Ratings

YaAT PIN 5 (Reset}

LM131A/LM13 LM231AJ‘LM231 LM331A/LM331
Supply Valtage 40V a0v 40V
Qutput Short Circuit to Ground Continuous Continuous Continuaus
Cutput Shert Circuit to Voo Continuous Continuous Continuous
Input Voltage -D2V to +Vg -0.2V ta +Vg 0.2V 10 +Vg
TMIN Tmax TMIN - Tmax TMiIN - Tmax
Operating Ambient Temperature Range ~-56°C to +126°C  -25°C 10 +85°C 0°C to +70°C
Power Dissipation {Pp at 26°C)
and Thermal Resistance (§a) .
(H Package} Pp 670 mwW 5720 mwW 570 mwW
9ia 150°C/W 150°C/W 150°Cw
{N Package) Pp 500 mwW - 500 mW
Bia 156°CW 166°C/W
Electrical Characteristics Ta = 25°C unless otherwise specified, (Note 1)
PARAMETER CONDIT{ONS MIN TYP MAX UNITS |
VFC Non-Linearity (Note 2) 45V < Vg < 20V +0.003 +0.01 W B g
Scele !
TMIN = Ta € Tmax +10.006 10.02 % Fall |
b S Scare |
tn Circuit of Figure ? Vg = 15V, F=10Hz to 11 kHz +0.024 04 *» Funl !
Seale r
Conversion Agcuracy Scale Factor VN = -0V, Rg - 14 ki J
(Gain) ,
LM131, LMT31A, LM231, LM211A 0.95 1.00 1.05 kHZV
LM331, LM331A 0.90 1.00 1.10 KkHz V
Temperature Stability of Gamn TMIN S Ta < TMAX, 4.5V < Vg 20V
LM131/LMZ31/LM3N +30 *150 pom € !
LM131A/LM2314/LMIZIA +20 160 ppm €
Change of Gain with Vg 45V < Vg 10V o.01 ot v
WOV < Vg L A0V 0.006 0.06 vy |
Rated Full-Scale Frequency Vin - - 10V 100 ’ kH:
'
Overrange (Beyond Full-Scale) Viy = -1V 10
Frequency f
INPUT COMPARATOR :
Otfser Voltage +3 10 mb
LM131/LM231/LM3N ThMIN < Ta < TMax +q <14 my
LM131A/LM231A/LM331A TMIN S TA < TmAX : a3 L0 A
Bias Current -80 300 b
Offset Current ‘8 100 nh
Commoan-Mode Range TMINS TA < TMAX 02 vVee 20 i
TIMER
Timer Threshold Voltage, Pin 5 0.83 0.667 ¢.70 v ¥s
Input Bias Current, Pin & Vg 16 . !
All Devices OV < VRIN § < BBV 10 £100 nh
LM131/LM231/LM3TN VPIN < 10V 200 1000 “’:
LMI13TA/LM231A/LMIZ A Vpin g = 10V 200 500 B
| Bma 02 9%



—

Electl'ical Characteristics (Continued) Ta = 25°C uniess otharwise specified {Note 1) -

= PARAMETER CONDITIONS | win | IR [ max 1 uniTs
CURAENT SOURCE (Pin 1) g
Wulr!ﬂ! Rg - M k], vpin = 0
LM131, LM13TA, LM23T, LMI3NA 126 115 144 LA
LM3AT, LMI3IA 116 136 156 HA
| Change with Voltage OV ¥y 1 s YOV 02 10 LA
| Lurrent Source OFF Lyshage
LM131 LMI3IA oo 10 nA
LM231, LMZI1A, LM331, LMIIIA 002 10.0 nA
! all Nevicer Ta - Tmax 20 500 nA
| Ooetating Range of Currant (Typical) {10 10 60O} T
| “REFERENCE VOLTAGE [Pin 2)
I TTTIRIT1 LMIZTA, LM2TY, LM231A 176 189 102 voc
' L33 LMI3IA 1.70 1.89 708 vpe
| gubty vs Tempetature 60 ppm/“C
wiwihty ¥4 Time, 1000 Hours <01 %o
! TL0GIC OUTPUT (Pin 3}
VAl 1 Ema 0.1% 050 v
1o 32mA 2 TTL Loadsy, Taain < Ta < TMAX 01p 0.40 v
OFr (eshage *0.06 10 HA
" TSUPPLY CURRENT
IR LMY3TA, LM23T, Vg - 8V 20 30 4.0 ma
TM231A Vg - 40V 75 o 80 mA
O LM33T LMITA vg - 5V 1) 30 80 ma
' Vg = 40V 20 4.0 8.0 mA
=

Note 1. Al spacifications apply in the cirguit of Figure 3, with 4.0V < Vg & 40V, uniass otherwite noted,

' Note 2. Nonlinsarity it oefined a5 the duvistion of foyT from VN X {10kH2/=10 Vg when the circuit hat bean trimmaed far zerc arror &t
10 Mz and at 10k Hz, over the irequency range 1 He to V1 kHe. For the timing capacitor, CT, use NPO ceranic. Taflon®, or palystyrens.

Functional Block Diagram
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LM131A/LM131, LM231A/LM231, LM331A/LM331

Typical Performance Characteristics : i

{AHl electrical characteristios apply for the circuit of Figure 3,.unless othe!rwise noted.)
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Typical Applications (continued)

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

The LM131 is a monolithic circuit designed for accuracy
and versatile operation when applied as a voltage-to-
frequency (V-to-F} converter or as a freguency-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
ames

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
biock diagram of the LM131 and the various resistors
and capacitors connected 1o it,

The voltage comparator compares a positive input
voliage, V1, at pin 7 to the voltage, Vy, at pin 6. If V1 is
greater, the comparator will trigger the 1-shot timer, The
autput of the timer wilt turn ON both the frequency
output transistor and the switched current source for a
period t = 1.1 RyCy. During this period, the current i
will flow out of the switched current source and provide
a fixed amount of charge, G = 1 x t, into the capacitor,
CL. This will normally charge Vy up to a higher level
than V1. At the end of the timing period, the current
i will turn OFF, and the timer will reset itsetd.

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

The current tlowing inta C| is exactly AVE = i x
1.t x RCy) x f. and the current Hlowing out of C[ is
exactly Vi /R = VN/RL. If VN is doubled, the ire-
quency wiill double 10 maintain this balance. Even a
simple V-to-F converter can provide a frequency pre-
cisely proportional 10 its input voltage ovér a wide
range of frequencies.

) &
K
AN { (_1
TCHID * =
CURLAT
founty

Yiogic

oni SHoT

NPT
COMPARATON TIMER

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

FAEAUENCY
L

DETAIL OF OPERATION, FUNCTIONAL BLOCK
DIAGRAM (FIGURE 1a)

The block diagram shows a band gap reference which
pravides a stable 1.9 Vg output. This 1.9 Vpg is well
regulated over a Vg range of 3.9V to 40V. It skso has &
flat, low temperature coetficient, and typically changes
fess than 1/2% over a 100°C temperature change.

The current pump circuit forces the voltage at pin 2 10
be at 1.9V, and causes a current i = 1.90V/R; to flow.
Fer Rg = 14k, i = 135 uA. The precision current reflector
provides a current equal to i to the current switch, The
current switch switches the cutrent to pin 1 or to
ground depending on the state of the RAg flip-flop.

The uming function consists of an Rg flip-flop, and a
timer comparatar connected to the external RyCy
network. When the input comparator detects 2 voltage
at pin 7 higher than pin 6, 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 V(.
the timer comparator Causes the Rg flip-flop to reset,
The reset transistor is then turned ON and the current
switch is turned OFF.

Howevet, if the input comparatesr still detects pin 7
highe: than pin & when pin & crossas 2/3 Vg, the
flip-tlop will not be reset, and the current at pin 1 will
continue tu flow, in its attempt to make the voltage at
pin & higher than pin 7. This condition will usually
apply under start-up conditions or in the case of an
overload voltage at signal input. It should be noled that
during this sort of overload, the output frequency witl
he 0. as soon as the signal is restored to the working
range, the output frequency wilt be resurned

The output driver transistor acts to taturate pin 3 with
an OM resistance of about B0LL, 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 Vpg for all
values of i between 10 uA to 500 A 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 CONVERTER (FIGURE 1)

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

A resistor, Ay = 100 kE2 £10%, has been added in the
path to pin 7, so that the bias current at pin 7 [-80 nA
typical} will cancel the effect of the bias current at pin B
and help provide minimum frequency offset.

The resistance Rg at pin 2 is made up of a 12 k{1 fixed
resistor plus a 5 k{2 (cermet, preferably) gain adjust
rheostat. The function:of this adjustment is to trim out

the gain tolerance of the LM131, and the tolerance of

Ry, AL and Cy. For |best results, att the components

8-101
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LM131A/LM131, LM231A/LM231, LM331A/LM331

Typical Applications (Continued)

should be stable low-temperature-coefficient compon-
ents, such as metal-film resistars. The capaciter should
have low dielectric absorption; deperding on the temper-
ature characteristics desired, NPO ceramie, polystyrene,
Teflon® or polypropylene are best suited.

A capacitor is added from pin 7 to ground to act as a
filter for ViN. A value of 0.01 uF 1o G.1 uF will be
adequate in most cases; however, in cases where better
filtering is required, a ¥ uF capacitor can be used. When
the RC time constants are matched at pin 8 and pin 7,
a voitage step at Vi will cause a step change in fQUT-
tf Cyjn is much less than CL. 2 step at V(N may cause
touT to stop momentarily.

A 470} resistor, in series with the 1 uF Cy, is added 1o
give hysteresis effect which helps the input comparator
provide the excellent linearity {0.03% typical).

DETAIL OF OPERATION OF PRECISION V-TO-F
CONVERTER (FIGURE 3)

in this circuit, integration is performed by using a con-
ventional operational amplifier and feedback capacitor,
Cf. When the integrator's output crosses the nominal
threshold level at pin 6 of the LM131, the timing cycle is

‘Reg.stered trademark of DuPont

106 & 1% 10h -10%" "

v

&

initiated. The average current fed into the op amp's
summing point {pin 2} is i x (1.1 RCy x f which is
perfectly balanced with —V N/R(N. in this circuit, the
voltage offset of the LM131 input comparator dogs not
affect the offsat or accuracy of the V-to-F converter as
it does in the stand-alone V-to-F converter; nor does the
LM131 bias curreit or offset current, Instead, the offset
voltage and offset current of the operational amplifier
are the only limits on how small the signal can be
accurately converted. Since op smps 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 cutput fre-
quency will be an accurate representation of VN, es
quickly as 2 output pulses’” spacing can be measured.

In the precision mode. excellent linearity is obtained
because the current source (pin 1} is always at ground
potentiat and that voltage does not vary with V| or
fouT. {In the stand-alone V-to-F converter, a major
causeé of non-linearity is the output impedance at pin 1
which causes i to change as a function of V).

The circuit of Figure 4 operates in the same way a5
Figure 3, but with the necessary changes for high speed
operation. ’ )

]
Ry
[T

= 2 v =
W '
! FULL-SCALE
Ny L]
" 4 !
RHEQSTAT “é"
GAIN o 3 1N
ADJUST T w
vin o e = uviun
By AN ] ]
'
BLL SCALE . Cw s

A ]

OFTIRNAL
OFFSET ADJUST
W T0 M

1Y Ry MG

*Use stable components with low temperature cosflicignts. Ses spplications notes.
**This resistor can ba Sk or 10k$ for Vg = BV 10 22V, but must be 10k for Vg « 4.5V o BV,
=% ¢1eg low oftsat voitege and low offset current op-smps for Al recommended typas LM108, LM30BA, LFIS18

FIGURE 3. Suandard Test Circuit and Applications Circuit, Precision Voltage-to-Fraquency Convarter




Typical Applications (continued)

VOLTAGE CONVERTERS (FIGURES 5 AND &)

In these applikzations, a pulse input at fjn is ditferen.
tiated by a C-R network and the negative-going edge at
pin & causes the input comparator 10 trigger the timer
circuit. Just as with a V-to-F converter, the average
current flowing out of pin 1 is IAVERAGE = i X
{11 RCy) x £

‘ DETAILS OF OPERATION, FREQUENCY-TO-
|

sn the simple circuit of Figure §, this current is filtered
:n the network Ry = 100 k2 and 1 uF. The ripple will

with a 0.1 second time constant, and settling of 0.7 sec-
ond to 0,1% accuracy.

{n the precision circuit, an operational amplifier provides a
buffered output and also acts as & 2-pole fitter. The ripple
will be less than 6 mV peak for 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 time-constants to get adequate
response and small enough ripple simply requires a study
of the compromises to be made. tnherently, V-to-F
converter sesponse can be fast, but F-to-V response

! be less than 10 mV peak, but the response will be slow, can not.
\ v
‘ 4,0
; L N1 Y ot [T N o
! A AN A
: Wy VA~ v o
L e’
E ] ) I 1{
LY L} 3 - l\ "i‘

by
4 b
f Chix
Apus1
H L]
' Vi [ i
uy M—-—-——-—

L]

| K MM
59 -

! BPTIONAL

| OFFSLT ADJUST
1o

Yiogi -
) o1
108 xH:

FulL SCALE

[LL] })

*Use stable camponents with low temperature coefficients
See applications notes.

= This renistor can be 5 kst or 10 kil for V5 = 8V to 22V,
but must be 10 kil for Vg = 4.5V 10 BV,

***Use 1ow ofiset voltage and low offset current op amps for AY:
recommended types LFIS18 or LFIS6.
FIGURE 4. Precision Voltage-to-Frequency Converter,
100 kHz Full-Scale, 10.03% Non-Linearity
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* Use stable components with low temperature coefficipnts, *Use stable components with low temperature coef ficients.
FIGURE 5. Simple Frequency-to-Voltage Converter, FIGURE &. Precision Frequency-1o-Voltage Converter,
10 kHz Full-Scale, $0.06% Non-Linearity ' 10 kHz Full-Scale with 2-Pole Filter, 10.01%
: Non-Linearity Maximum
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LM131A/LM131, LM231A/LM231, LM331A/LM331

Typical Applications icontinued) .

Light Intensity to Frequency Converter
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Typical Applications icontinued)
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Ansiog-to-Digital Converter with Mictoprocessor
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LM131A/LM131, LM231A/LM231, LM331A/LM331

Typical Applications (continuea)
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LM131A/LM131, LM231A/LM231, LM331A/LM331
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LM2907, LM2917

National
Semiconductor

Industrial/Automotive/Functional
Blocks/ Telecommunications

LM2907, LM2917 frequency to voltage converter

general description

The LM2007, LM2917 series are monolithic frequency
to voltage converters with a high gain op amp/compara-
tor designed to operate a relay, lamp, or other load when
the input frequency reaches or exceeds a selected rate.
The tachometer uses a charge pump technigue and
offers frequency doubling for low ripple, full input
protection in two versions [LM2807-8, LM2917-8)
and its output swings 10 ground for a zero frequency

& Frequency doubling for low ripple

8 Tachometer has built-in hystgresis with either differ-
ential input or ground referenced Input

® Buyilt-in zener on LM2917

8 30.3% linearity typical

® Ground refarenced tachometer is fully protected
from damage due to swings above Vo and below

input. {continued on page 9-84) ground
advantages . . applications
a Qutput swings to ground for zero frequency input ® Over/under speed sensing
® Easy to use; Vour = fin X Vee x R1 x C3 ® Frequency to voltage conversion {tachometer)
B Only one RC newwork provides frequency doubling ® Speedometers
B Zener reguiator on chip allows accurate and stable & Breaker point dwell meters
frequency to voltage or current conversion. {LM2917) ® Hand-held tachometer
features ® Speed governors
8 Ground referenced tachometer input interfaces ® Cruise c°f‘"°'
directly with variable reluctance magnetic pickups " Automotive daof lock control
m (Jp amp/comparator has floating transistor gutput w Clutch control
= 50 mA sink or source to operate relays, solengids, ® Horn control
meters, or LEDs ® Touch or sound switches
biock and connection diagrams Dual-In-Line Packages, Top Views
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absolute maximum ratings (Note 1)

supply Voltage BV Input Voltage Range

supply Current (Zener Options) 25 mA Tachometer LM2907.48, LM29178 128V

cptector Voltage 28v LM2807, LM2817 0.0V (o +28V

:\.![c.’unllal Input Voltage Op Amp/Comparator 0.0V to +28Y

’ Tachometes 2BV Power Dissipation 500 mW
p AmpiComparatar 28v Operating Temperaturs Range 40°C 10 +B5°C

-65°C 10 +150°C
300°C

Starage Temparature Range
Lead Temparature (Soldaring, 10 seconds)

electrical characteristics Ve - 12Vpe, Ta = 257C, see test circuit

21621 ‘L0621

\ . PARAMETER CONDITIONS | mn T orve | owmax | units
"ACHOMETER
e Theesholds Vi © 250 mVpp @ 1 kHz (Note 2) | 10 "5 +40 mV
ML Rresis Vi © 250 mVpp @1 kHz (Note 2) 30 mv
Oifset Voltage Vi o 250 mVpep @ 1 kHz (Note 2)
LM2907/LM2917 35 10 mYy
LM2907-8/LM2917.8 5 15 my
1wt Bias Current Vin @ B0 mVpe . 0.1 1 MUA
Voo Vin 125 mV . (Note 3) 83
o 2 Vi - 125mVge (Note3) 23
Jutput Corrent: 5. 15 V2 - V3= 6.0V (Note 4) 140 180 240 A
Leakage Current. |y 12=0.v3i=0 0.1 BA
Gair Consttant, K {Note 3) 09 1.0 1.1
L.neanity finy = ¥ kHz, 5 kHz, 10 kHz, {Note 51 -1.0 0.3 +1.0 %
0P/AMP COMPARATOR .

' Vi - 6OV 1 3 10 mv
L Vi - 6OV 50 500 nA
nuut Common Mode Voltage 0 . Vee— 1.5V v
Vnltage Gain 200 Vimv
Qutput Sink Current Ve = 10 40 50 mA
Ourput Source Current Vg = Ve - 20 10 mA
Saruration Voltage lsiyk = BmMA 0.1 0.5 v

lgnw = 20mA 1.0 v

‘ lsimew = 50 mA 1.0 15 v
| ZENER REGULATOR ‘

j Requlator Voltage Rproe = 47082 7.56 v

Serjes Resistance 10.5 16 Q

i Temperature Stability . +t mv/°C

| TOTAL SUPPLY CURRENT 3.8 8 mA

' Note V- For operation in ambient emperatures sbove 25°C, the device must be derated based on a 150°C maximum junction smparstuce and 2
thermai resistance of 175°C/W junction to smbient for package 22 and 16 or 3 thermal resistance of 187° C/W junction 1o ambisnt for package 20.
Nots 2; Hysteresis is the sum +V - -Vyl, offset voltage is thair difference. Sse test circuit.

. Note 3: Vo it equal 1o 3/4 x Voo — 1 Vg, VoL 1 equal 1o 1/4 x Voo — 1 Vg therelore Vo — Vap = Veo/2, The difference, Vo —
VoL, and the mirror gain, ip/13, are the two factors that cause the tachometer gain constsnt (o vary from 10

i Nots 4: Be sure when choosing the time constant A1 x C1 that R1 is such that the maximum enticipated output voltage #1 pin 3 can be resched
! wah |3 x AT. The maximum vatue for R1 is limited by the output resistance of pin 3 which is greater then 10 MQ typically.

Note 5: Nonlinearity is defined as the devistion of Vo, (@ pin 3} for fiy = 5 kHz from a straight lina defined by the Vot @ 1 kHzand VouT
® 10 kHz, C1 = 1000 pF, A1 = 68k and C2Z = 0.22 mFd.
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- LM2907, LM2917

SUPPLY CURRENT (ma)
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typical performance characteristics
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typical performance characteristics (con't)
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LM2907, LM2917

general description {con’t)

The op amp/comparator 15 fully compatible with the
tachometer and has a floating transistor as its output.
This feature allows either a ground or supply referred
load of up 1o 50 mA. The collector may be taken above
Vec up 1o a maximum Vee of 28V,

The two basic configurations offered include an B-pin
device with a ground referenced tachometer input and
an internal connection betwean the tachometer output
and the op amp non-inverting input. This version is
well suited for single speed or frequency switching or
fully buttered frequency 1o voltage conversion
applications,

test circuit and waveform
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applications information

The LM2907 series of tachometer circuits is designed
for minimum external part count applicatiens and
maximum versatility. in order to fully exploit it
features and advantages let’s examine its theory of
operation. The first stage of operation is a differential
amplifier driving a positive feedback flip-top circuit.
The input threshold voltage is the amount of differen-
tial input voltage at which the output of this stage
changes state. Two options (LM2807-8, LM2817-8)
have one input internally grounded so thal an input
signal must swing above and below ground and exceed
the imput thresholds to produce an ocutput. This is
offered specifically for magnetic variable refuctance
pickups  which typically provide a single-ended ac
output. This single input is also fully protected against
voltage swings to *28V, which are easily attained with
these types of pickups

The differential input options {LM2907, LM2817}
give the user the option of setting his own input
switching level and still have the hysteresis around that
level for excellent noise rejection in any application.
OFf course in order to allow the inputs to attain common-
mode voltages ahove ground, input protection is removed

The mare versatile configurations provide differentiai
tachometer input and uncommitted op amp inpus,
With this version the tachometer input may be floateqd
and the op amp becomes suitable for active filter candi-
tioning of the tachometer cutput, :

Both of these configurations are available with an active
shunt requistor connected across the power feads. The
regulater clamps the supply such that stable frequency
to voltage and frequency to current operations are
possible with any supply voitage and a suitable resistor.

Tachomatar Input Threshold Muasursrnent

L

-

NEGATIVE - POSITIVE
IN!UI»// - INPYT

THRESKOLD " THHESHDLO

Vi TACHOMETER

and neither input should be taken outside the himits ot
the supply voltage being used. It is very important
that an input not go below ground without some ést
tance in its lead to limit the current that will then flow
in the epi-substrate diode.

Following the input stage is the charge pump where the
input frequency is converted 10 a dc voltage. To do this
requires one timing capactor, one output resistor and
an integrating or filter capacitor. When the inpul $139¢
changes state (due to a suitable zero crossing of ditfer
ential voltage on the input) the timing capacitor is withet
charged or discharged linearily between two vollage:
whose difference is Vcc/2. Then in one haif evele of
the input frequency or a time equal to 1/2 fn '™
change in charge on the timing capacitur 15 equat 10
Vee/? x C1. The average smount of current pumped
intg or out of the capacitor then is:

aQ Vee
T iccaviey = C1 o« -7 x (2hy) % Vee x tiy xC
The output circuit mirrors this current very accurately
into the load resistor R1, connected to ground, such that
if the pulses of current are integrated with a filter




r I . . .
g applications information {con't)
: capacitor, then, Vo = i, x R1, and the total conver- however response time, or the time it takes Vgt to
. sion equation hecomes. stabilize at a new voltage increases as the size of C2
i i ipple, response
eV C1x A1 increases so a compromise between ripple,
Vo 7 Vee X iy x LT X R1xK time. and linearity must be chosen carefully.
where K is the gain constant—-typically 1.0,
The size of C2 1s dependent only on the amount of As a tinal consideration, the maximum attainable input
~pple voltage allowable and the required response time, frequency is determined by Voo, C1 and |,
" CHOOSING R1 AND C1 |
2
! o fmax =
There are some limitations en the choice of A1 and C1 CYx Ve
which should be cansidered for optimum performance.
The timing capacitor also provides internal compensa-
ron for the charge pump and should be kept larger than USING ZENER REGULATED OPTIONS (LM2817)
100 oF for very accurate operation. Smaller values can
cause an error current on R1, especially at low tempera- For those applications where an output voltage or
tures. Several considerations must be met when choesing current must be obtained independent of supply voltage
Rt The outpul current at pin 3 is internally fixed and vanations, the LM2917 15 affered. The most important
theretore V,,/R1 must be less than or equal to this value. constideration in choosing a dropping resistar from the
It R1 15 tuo large, it can become a significant fraction of unregulated supply 10 the device is that the tachometer
thr gutput irpedance at pin 3 which degrades linearity. and op emp circuitry alone require about 3 mA at the
alen output ripple voltage must be considered and the voltage Jevel provided by the zener. At low supply
uze of C2 js affected by RY. An expression that describes voltages there must be some current flowing in the
the nppfe content on pin 3 for a single R1C2 eombin- resistor above the 3 mA curcuit current to operate the
ation 1s: regulator. As an example, if the raw supply varies from
Vee C1 Vee % ha x €1 9 10 18V, a resistance of 47052 will minimize the zener
Vawe g * S X &2 L U —"*"“l"‘—-) pk—pk voltage variation to 160 mV, If the resistance goes under
2 40002 or over BODSL the rener variation quickly rises
I1 appears R1 can be chosen independent of ripple, above 200 mV {for the same input variation,
typical applications
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LM2907, LM2917

typical applications (con‘t}
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o
typical applications {con't)

Two-Wire Remote Speed Switch
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LM2907, LM2917

typical applications {con't)

Finger Touch or Contact Switch
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e
typical applications {con’t}

Somae Frequency Switch Applications May Require Hysteresis in tha Comparator
' Function Which Can Be Implemented in Several Ways:
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LM2907, LM2917

typical applications {con’t)

Changing the Output Voltage for an Input Fraquency of Zero
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anti-skid circuit functions

“Select Law” Circuit
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LM2907, LM2917

equivalent schematic diagram
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