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LM2907, LM2917 Frequency to Voltage Converter

General Description

The LM2907, LM2917 series are monolithic frequency
to voltage converters with a high gain op amp/compara-
tor designed 10 operate a relay, lamp, or other load when
the input frequency reaches or exceeds a selected rate.
The tschometer uses a charge pump technigue and
otters frequency doubling for low ripple, full input
protection in two versions (LM2807-8, LM2917-B)
and its output swings 10 ground for a zero frequency
input.

Advantages

® Output swings to ground for zero frequency input

® Easytouse; Vour = fin ¥ Ve x R1 x C1

® Only one RC network provides frequency doubling

® Zener regulator on chip allows accurate and siable
frequency to voltage or current conversion. (LM2917)

Features

® Ground referenced tachometer input interfaces
directly with variable reluctance magnetic pickups

& Op amp/comparator has floating transistor outpul

® 50 mA sink or source 10 operate relays, solenoids,
meters, or LEDs

® Frequency doubling for low ripple

® Tachometer has built-in hysteresis with either differ-
ential input or ground referenced input

® Built-in zener on LM2817

= 20.3% linearity typical

® Ground ref d tache is fully protected
from damage duc to swings above Ve and below
ground

Applications

= QOver/under speed sensing

® Frequency 1o voliage conversion (tachometer)
& Speedometers :

® Breaker point dwell meters

® Hand-held tachometer

= Speed governors

® Cruise control

® Automotive door lock control
® Clutch control

® Horn control

® Touch or sound switches

Block and Connection Diagrams Dual-in-Line Packages, Top Views
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Order Numbar LM2907N-8
See NS Package NOBB

nl}—?—

Ordar Number LM2807J
Sea NS Package J14A
Ordar Number LM2907N
See NS Package N14A

EMaARLE
P

Ordar Number LM2917N-8
See NS Package NOBB
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-lt 113
Order Number LM2917J
See N5 Package J14A
Order Number LM2817N
See NS Package N14A
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Absolute Maximum Ratings o n -
Supply Voltsge 2BV Input Volisge Range
Suppty Cutrent (Zener Options) 25 mA Tachomersr LM2907-8, LM2917-8 128V
Coliscior Volisge 28V LM2807, LM2817 0.0V 10 +28v
Ditterantisl Input Volisge Op Amp/Comparsior 0.0V 10 +28v
Techomaier 8V Power Dissipation 500 mn
Op AmpiComparstor 28V Operating Temparature Range —40°C 10 +B5°C
. Siorape Temperature Range —€5°C 10 +150°C
Lesd Tempersiure (Soldering, 10 seconds) 300'¢C
Electrical Characteristics vcc = 12 Vpc. Ta = 25°C, see 1est circuit
PARAMETER | CONDITIONS min | Tve | omax | uwits
TACHOMETER
Input Thiesholds Vin * 250 mVp-p @ 1 kH2 (Note 2) 210 215 40 my
Hysteress Vin =250 mVp-p @ 1 kHz (Note 2) 30 mv
Otiset Voltage Vi = 250 mVp-p @ 1 kHz [Note 2)
LM2807/LM2917 35 10 my
LM2907.8/LM2917-8 5 15 mV
Input Bias Current Vin =250 mVc 0.1 1 pA
Vor Vi ®= 125 mV e (Note 3) B3 v
Pin 2
Vou Vin ® =125 mV g (Note 3) 23 v
Output Current. 15, 1, V2= V3 =60V (Noted) 140 180 240 Lb
Leakage Current, 15 12=0,vi=0 0.1 wh
Gain Consiant, K (Note 3) 0.9 1.0 11
Linearity fn = 1kH2, 5 kHz, 10 kHz, (Note 5) -1.0 03 +1.0 5
DP/AMP COMPARATOR
Vos Vin = 6.0V 3 10 mV
lgias V= 6.0V 50 500 rnA
Input Common Mode Vollage 0 Vee=1.5v \
Voltage Gain 200 Vimv
Output Sink Current Ve=1.0 40 50 mA
Output Source Current Vg =Vee - 20 10 mA
Saturation Voltage lgiwx = 5 mA 01 05 v
lgyw = 20mA 10 v
s = 50 mA 1.0 1.5 \
ZENER REGULATOR
Regulator Voltage Roror = 47061 7.56 v
Series Resistance 10.5 15 L
Temperature Stability +1 mv/i L
TOTAL SUPPLY CURRENT 3B 6 mA
Now 1: For operation in amisent temperatures above 25°C, the device must be derated based on & 150" C mamimum junciion tempersture and «
thermal resiance of 1725 C/W junction 1o ambeent for packape 22 and 16 or 8 thermal resitence ol 187 C/W junction 10 ambient lor pachage 20
Note 2: Hysterens a the sum + V==Vl ofhsel voliage is their ditference. Ses 1ent circunt
Nots 3. Vo v equal 10 3/4 x Ve = 1 Vgg, VoL ' squsl 10 1/4 x Vo = 1 Vg therefore Vo = Vo = Veg/2. The ditterancs, Vi
VoL.#nd the muror gain, 13/ly, are 1he iwo acion that caus 1he Lachomeler gain cONKANE 10 vary fiom 1.0,
Nots 4: Be sure when chooling the tima constant A1 x C1 that A1 u such thet the meximum snlicipated oulpul volisges &1 pin J can be teachen
with I3 2 B1. The masimum value for R1 n himied by the oulpul resnience of pin 3 which is grester than 10 MET iypically.
Now 5. Nonl ity 1 Celined m Iha of Vour 1@ pin 3) ftor tyy = 5 kHz trom s straight line delined by the Vout ® 1 kHisnd Vo
@ 10 kM2, C1 = 1000 pF, R) » 68k and C2 = 0.27 mFd.




Typical Performance Characteristics
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Typical Performance Characteristics (Continuea)
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General Description (Continueo)

1he op amplcomparator i fully compatible with the
rachometer and has a flosting transistor a3 ity output.
This leature sllows ejther a ground or supply referred
10ad of up 1o 50 mA, The collectior may be taken above
Ve up 10 & maximum Vg of 28V.

The two basic configurations offered include an B-pin
device with a ground referenced tachometer input and
an nternal connection between the tachomeler oulput
and the op amp non-inverting input, This version is
well suited for single speed or frequency switching or
tully  buffered frequency to voltage conversion
apphications

Test Circuit and Waveform
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Applications Information

The LM2907 series of tachometer circuits is designed
for minimum external part count applications and
maximum versatility. In order 1o fully exploit iu
features and advantages let’s examine its theory of
operation. The first stage of operation is a differential
amplifier driving a positive feedback flip-tlop circuit.
The inputl threshold voltage is the amount of differen-
ual input voltage at which the output of this stage
changes state, Two options (LM2807-8, LM2917-8)
have one inputl internally grounded so that an input
signal must swing above and below ground and exceed
the nput thresholds to produce an output. This is
otlered specifically for magnetic variable reluctance
pickups which typically provide 8 singleended ac
output. This single input is also fully protecied against
voltage swings 10 £28V, which are easily attained with
these types ol pickups.

The ditferential input oputions (LM2907, LM2917)
give the user the option of setting his own input
switching level and still have the hysteresis around that
lewel for excellent nowse rejection in any apphcation
Of course in order 1o allow the inputs 10 atlain commaon:

mooe voltages above ground. nput prolection i removed

The more versatile conligurations provide differential
tachometer input and uncommitted Op amp INputs.
With this version the tachomeler input may be floated
and the op amp becomes suitable for active lilter condi
tioning of the tachometer output.

Both of these configurations are available with an active
shunt regulator connected across the power leacs. The
regulator clamps the supply such that swable frequency

to voliage and frequency 10 currenl operalions are
possible with any supply voltage and a suitable resistor,

Tachomaeter Input Threshold Messursment

v

REGATIVE / MBIV
nruty K mrul
THRISHOLD / THALSNOLD

Vo TACHDMITIN

and neither input should be taken outside the limits of
the supply voltage being, used. It is very important
that an input not go below ground without some resis-
tance in its lead 1o 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 1o a dc voltage. To do this
requires one timing capacitor, one output resistor, and
an integrating or filter capacitor. When 1he input stage
changes state (due 1o a suitable zero crossing ot ditfer-
ential voltage on the input) the liming capacitor 1 either
charged or discharged linearily between two voltages
whose difference is Vee/2. Then in one hall cycle of
the input frequency or a time equal 1o 1/2 1, the
change in charge on the timing capacitor is equal 10
Vee/2 x Cl. The average amount of current pumped
into or out of the capacitor then is:

a0 cc

T = iqavo) ® C1 -—E- x (2,0 = Vee x iy, xC

The outpul circuit mirrors this current very accurately
into the load resistor R1, connected 1o ground, such that
il the pulses of current are integrated with » filter
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Applications Information (continveq)

capacitor, then, Vg = i, x R1, and the 1o1al conver-
s1on equation becomes:

Vo = Vee x fiw xC1 x R1x K
Where K is the gain constant—typically 1.0

The wize of C2 13 dependent only on the amount of
npple voliage allowable and the required response Lime.

CHOOSING R1 AND CY

There are some limitations on the choice of R1 and C1
whith should be idered for optimum performance.
The uiming capacitor also provides internal compensa-
tion for the charge pump and should be kept larger than
100 pF for wery accurate operation. Smaller values can
cause an error current on R1, especially at low pera-
tures. Several considerations must be met when choosing
R1. The output current at pin 3 is internally fixed and
therefore Vg /R1 must be less than or equal 10 this value.
11 R1 is 100 large, it can become a significant fraction of
the output impedance a1 pin 3 which degrades linesrity.
Also output ripple voliage must be Gﬂnlid-lf!d' and the
size of C2 s atfected by R1. An expression that describes
the ripple content on pin 3 for a single R1C2 combin-
ation is:

Vee ci
Mol g —Ad e 6
It apptars R1 can be chosen independent of ripple,

Vee x1,,,xCY
i_m_q_)p.\,.,,k

Typical Applications

however reiponse Lime, of the time il lakes Vg, 10
stabilize a1 a new voliage increases as the size of C2
increases 30 & compromise between ripple, response
ume, and linearily must be chosen carefully.

As a linal consideration, the maximum atsinable input
frequency is determined by Ve, C1and Iy:

g
C! X v::

'MA'I

USING ZENER REGULATED OPTIONS (LM2817)

For those applications where an output voltage or
current must be obtained independent of supply voltage
variations, the LM2917 is offered. The most important
considerstion in choosing & dropping resistor from the
unregulsted supply 1o the device is that the 1achometer
and op amp circuitry alone require about 3 mA 81 the
voltage level provided by the zener. At low supply
volleges there must be some current flowing in the
resisior sbove the 3 mA circuit current 1o operate the
regulator. As an example, it the raw supply varies from
8 10 16V, a resistence of 47081 will minimize the zener
voliage varistion to 160 mV. If the resistance goes under
4009 or over B00f) the zener variation quickly rises
above 200 mV for the same input variation.
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Typical Applications iConunuea)

Finge Touch or Contact Switch
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Typical Applications contnvea)

A

Soma Freg

y Switch

Hystaresis in the Comparator
Function Which Can Be Implamented in Several Ways:
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Typical Applications (continues) )

Changing the Output Veltsge for an Input Frequency of Zero
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Antl-Skid Circuit Functions

“Select-Low" Curcuit
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Equivalent Schematic
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