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Abstract

The adaptive Computerized Measuring System project is devided to

4 parts that are Automobile measuring sysytem,Central processing

unit,Gruphic displuy system and Spuech syncthisizor unib..

This thesis is Automobile measuring system section that itis the

first part of the overall project.This section said abouthow to
measure the physics Vvariables of the egn€ine,how to select and design
the sensors and the measuring cirduits sthe methods of datasensing to
CPU and addition to the calibration and installation ofthe sensors in
the automobile for the correct measuring values

we hope this project make the good idea to you and get it
the good adaption

into
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LM124/LM224/LM324, LM124A

LM224A/LIi324A, LM2902 *-

72 National
Semlconductor

Operational Amplifiers/Buffers

LM124ILM224ILM324 LM124AILM224AILM324A LM2902
Low Power Quad Operatlonal Amplifiers .

General Description

The LM124 series consists of four indepedent, high
gain, internally frequency compensated Cpurational gm-

Dl e iy wabe s engond spes SHESI G ma Bioie

@ shigle pjowar supply uver @ wide tange ol vultages,
Operption from split power supplies is also possible and
the low power supply current drain is independent of he
magnitude of the power supply voltage,

Application areas include transducer amplifiers, dc gain

blocks and all the conventional op amp circuits which
now can be more easily implemented in smglc power
supply systems, For examnple, thy LM124 suries can by
directly operated off of the standard b Ve power
supply yulwgo which is used in digital systems and will
casily provide the required intertace electiories without
reguiring the sdditional 415 Ve puwer supplic.

)

| Unique Characteristics

% In the linear mode the input common-made voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only &
single power supply voltage, -

. Advantages

w Eliminates need for dual supplies

w Four jnlemally compensated op amps in e single
P kg

® Allows directly sensing near GND pnd Vgt alsg
gous 10 GND

® Compatible with all forms of lic

8 Power drain suituble for battery operation

Features

® {nternally frequency compensme'd for unity gain
® Laige de voltage gain 100 dB
. Wide bundwidth {unity gain) 1 MH.
{temperature compensated)
® Widu power supply tange:
Sungte yupply
or dual supplies ,

3 Ve to 30 Ve
11,5 Vpe to 215 Ve
® Vury low supply curtent drain (800uA) — essentimly
" independent of supply voltage () mW/op amp at

t5 Vel

® Low input biasing current” 45 nAge
(temperatare compensated) |

2 Low input otfset voltaye 2mVpe
and. ot fset current . 5 nAge

Order Number LM124J, LM124A,
LM224J, LM224AJ, LM324J,
LM324AJ or LM29024
See NS Package J14A

Order Number LM324N, LM324AN
or LM290ZN
See NS Puckage N14A

® The unity guin cross frequency s wamperature Input cammornemode voltage rangs includes groundg
JN compunsated. Ditterential input voltage rangs vqual 1o 1 powe
supply voltaye
® The input bias current s also  tampuatury o Lage output valtagy 0Vipeto V' = 1.5 Vpe
compunsitud, R ywvihiy
, Connection Diagram Schematic Diagram (guch Amplitier)
Duai-In-Line Packuyge ' v
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' un ]
1 7 ) ) Y . : e QDA.A =
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JOr vitw
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LM124/LM224/LM324, LIMI124A]
LM224A/LIVI324A, LM2802

: "

Typical Performance Characteristics (Lm2902 onty)
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Application Hints

The LM124 series are op amps which operate with only
a single power Supply voltagu, have trus-difteisntial
lnpuls, and remadn in the linkar mode with an inpul
cotmnon-mode voltage of 0 Vpe. Thess smplifiors
opurate over a wide range of powur supply voltage with
little change in performance characteristics. At 25°C
amplifier operation is possible down to a minimum
$upply voltage of 2.3 Vpe.

The pihouts of the package'have been designed to

. simplify PC board layouts. 'Inverting inputs are adjacent

to outputs for all of the amplifiers and the outputs have
also been placed at the corners of the package (pins 1,

"7, 8, and 14).

Prucautions should be taken 1o insury that the power
supply {or thu inwwgrated circuit never bounn«s tovursed
in polarny or that the unit is not uwdvunumly installud
backwards in a st socket as an unlimited carrem surge
through the resulting forward diode within the 1C could
cause fusing of the internal conductors and result in a
destroyed unll.‘

Large differential input voltages can be easily accom-
modated and, as input differential voltage protection
diodes are not needed, no farge input curreats result
from large ditferential input voltages, The ditteruntial
iNpuL voilage 1ney e lugar then V¥ without dameging
the-device. Protection should be provided 1o prevent the
input vol;nuus from going negative more than --0,3 Vog
{at 26°C). An input clamp diode with s 1eastor to the

1 nput tgrminal gan be v,

Ta reduce the power supply current drain, the amiphlisis
hive a class A output stage for small signal levels which

converts to class B in a large signal mode. This wlluws the

amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost
wransistors can be used to extend the power capability of
the basic amplifiers. The output voltage negds 10 raise
approximately 1 diode drop above ground to bigs the

_ on-chipvertical PNP transistor for guiput current sinking

applications,

.
For ac applications, where the lodad is Lapucitively
coupled to the output of the amplifier, a resistor should

Voltsyge Galn
60 | ]
t +

- R, -20M2
]
= 20
3 v Ay e 20010 —
e
. ]
o
5
o
>
1
.g @

[} 0 w kY

V' - SUPPLY VOLTAGE (Vo)

be used, from the output of the amplxher 10 ground to
increuse the class A biss current and prevent Crossover
thistortion. Whuta the load 15 ductly coupled, as in de
applications, thery is no crussevur di;lug(ion.

Capacitive loads which are applied directly to the output
of the amplifier reduce the loop stability margin. Valugs
of 50 pF can be accommodated using the worst-case nop.
inverting unity gain connection. Large closed loop gaing
or resistive isolation should be used if larger loud
capacitance must be driven by the amplifier,

The bias network of the LM124 establishes a drain
current which is independent of the magnitude of thy

powur supply voltsge over they rangu of fromn 3 Vog to
30 Ve,

Qutput short circuits either 10 ground or 1o the POsitivy
power supply should be ot short time duration. Units
can be destrayed, not as @ result of the short circyig
current causmg metal fusing, but rather dug to the large
increase in IC chip dissipation which will cause eventual
failure due to excessive junction temperatures, Pulung

".dnrecx short-circuits on mors than one amplitier at a time

will increase the total 1C powur dissipation to destructive
levels, if not properly protected with externs dissipation
limiting resistors in series with the output leads of the
amplifiers. The larger value of, output source current
whith is available at 25°C provides @ larger output cur-
tanl Capalubity ot vluvatud tumpuratuies {sov typical
Prctonmance charastartics) than a atandand 1€ up o,

The circuits presented in the section on typical applica-
tions emphasize operation on only a single power supply
voltage, If complementary power supplies are available,
all of the stundard op amp circuits can be used. In
general, introducing a pseudo-ground (a bias voltage
reference of V‘l2) will dllow operation above and below
this value in single power supply systems. Many applica-
uon circuits are shown which take advantage of the widy
input  common-mode voltage range which includes
ground. In rhost cases, inpet biasing is not required ard
input voltages which range 10 ground can easily by
uccommodated,

374
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iplcal Single-Supply Applications (v*=50Voc)

Nnn-lnvutlv;g DC Gain (OV Input = OV Output)
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LM224A/LM_324A, LM2902

Driving TTL
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Pulse Generator

e

. Typical Single-Supply Applications Conunuea) (v* =50 Vocl ' .
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ypical Single-Supply Applications (Continued) (V* = 5.0 V)
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LM124/LM224/LM324, LM124A/
LM224A/LM324A, Li 12902

Typical Single-Supply Applications continued) iv* = 5.0 V) '

'

High Input Z Adjustable-Gain Using Symunetrical Amplifiers to
DC instrumuntation Amplitier Reduce Input Curtent (Gunural Concept)

W Re
wos Lt
"Wy
v
LAY ADIUSE
V.,
3 Al
oo i
;0 \
)
) P AUL AMP
WA+ A & RY = fi€ > RE = RT(EMAN depaids vr mitch) ! A te INPUT CUKHENT
m W] CUMPLNSAIION
Vo 1055 W2 )

Asshama Vo« WLV, V)

Urnlyge Cuneng Amphitier

= LY Fuwows Tond Renr B

¥ G

Banapass }_\5 tive Filter

)
"
' I
#y
hin
14 LMI2A . -
LRI AN

H
ee
H

H
e |
§

-

: N s

3-180




ADC0808, ADC0809

"FNational .
i Semiconductor

With 8-Channel Multiplexer

General Description

Thue ADCO808, ADCOH0Y duta acqulsition componunt s &
monolithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel. ‘multiplexer and. mi¢roprocessor
compatible control logic. The B-bit AJD converler uses Suc-
cesslve approximation as the conversion techinlque. The
converler features a high impudance choppur stablizod
comparator, a 256R voltage dlvider with analog swltch tree
and a successiva approximation register. The 8-channal
multiplexer can directly access any of 8-singla-endud ana-
log slgnais.

scale adjustments. Easy Intertacing to microprocessors
i ‘provided by the latched and decoded muitipluxer ad-
dress inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by Incarporating the most dasirable aspects ot seveial
* AID converslon tochniquos. The ADCOBOS, ADCOB0I of-
fors high spuoed, high asccurucy, minimal tumporuture
dupuenduncu, uxcullunt long-lurm accurucy uid tupuatuby-
lity, and consumos lindmul powot. Thusy toaturuy muku
this device Ideatly suited to upplications trom procuss und

tions. For 16-channel multiplexer with-conmon output
. {(sample/hold port) see ADC0816 data sheet. (See AN-247
tor more Information.

The device eliminates the need for axternal 2ero and full- -

machine control to consumer and automotlve applica-

AtoD,DtoA

ADC0808, ADC0809 8-Bit P Compatible A/D Converters

1

Features

% Rusolution — B8-bity

® Total unadjusted error — =12 LSH and = 1 LSB

¥ No missing codes

u Converslon tima — 100 xs

® Single supply — 5V’

W Oporutus ratiometrically or with 5 Vg or analog span
. ad|usted voltage reference

B 8:channs! muitiplexer with latched control logic

Eusy Interface to all microprocessors, of operates
*stand alony’

1l .Qutputs meet T2 voltage love] specifications

M OV 10 5V analog Input voitage range with single 5v
supply .

B No zero or {ull-scaie ad]ust requirad

M Standard hermaetic or moided 28-pin DIP package

8 Tomporaturo runga —40°C to +85°C or -55°C to
+125°C

W Low powr consumpiion — 15 mw

# Latchud TRIESTATEY output

v

Block Diagram

g
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o * 4 LATLH
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© LAICH |
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"0lute Maximum Ratings otes 1and2

e o o e

Operaling Ratings (Notes 1 anu 2) .

608000V ‘8080007

, ™1Vollage (Ve ) (Note 3) ) 6.5V Temperntura dange(Note 1) s < TMINSTASTMAX
§vsestanypin R +~0.3V1o[VGG #03V) ADCDNB0BC) —55°CsTA=+125°C
10t Control Inputs ' ADCUBOSCC., ADCOBOBCCN,
V"'}QIIConuol Inputs s 03Vt +15V ADCOBOICCN ~40°CsTp s +85°C
5191, OF, CLOCK, ALE, ADD A, ADD 8, ADD C) Range of Voe:(Note 1) 4.5VpgtoB.0Vpe
"\wiamparature Range ' ~-85°Clo +150°C .
*%eDivsipationat To = 25°C - 875 mW \
1 (s 9,10 de) 300°C BN
b
“ctrical Characteristics
:’!.ﬂ.f Spoclllcn!lom: VCC =5 VD'c= V‘REF(-i) VREF(—)= GND, -TMIN STA:S TMAX and 'CLK= 640 kHz
4 "t otherwise stated.
. .
' Pparameter Conditions Min Typ, Max Units
! ADC0808
Total Unadjusted Error, 1 25°C 112 LSB
| {Note 5) N TMlN 10 Tpax . - +3/4 Ls8
L .
ADCO0809 . .
Total Unadjustad Error 0°Cto70°C x1 LS8
{(Nota §) T 10 Tmax +11/4 LSB
input Reslslance From Rof{+) to Hol(- 1.0 2.0 kil
Analog Input Voltage Range (Note 4) V(+) or V() GND-0.10 Veg+0.10 | Voo
3 "y Voltage, Top of Ladder Measured at Ref(+) | Voo | Veet01 |V
1 : .
. x{“_)*z’l’_R_EfL:) Voltage, Center of Ladder Veel2-01 | Voei2 |Vocia+0a) v
1 .
¥ Yxryy Voitage, Bottom of Ladder Measured at Ral{~) ~0.1 0 v
—_ Comparator Input Gurrent 1o =640 kHz, (Note 8) -2 205 2 QA

tlactrical Characteristics

o

—

“gial Levels and DC Speclfications: ADC0808CJ 45V sVees 55V, ~ 05 CsTaxs + 125°C unluys othorwine no\od
1X0808CCJ, ADCOB0BCCN, and ADCO80SCCN 4.755Vcs5.26V, —40°CsTas + B5°C unieas otherwise noted

Parameter

—_— |

‘ Min lTyp l Max [Unlls

4 MALOG MULTIPLEXER

Conditloris

'osr(., OFF Channel Leakage Current | Vec =5V, Vin= 5V, .
3 - Ta=25°C 10 200 nA

’ * ) Tain 10 Tmax ' 1.0 nA

e~ OFF Channel Leakage Current | Ve =5V, Vin=0,
Tp=25°C © ~200 | =10 nA
| S Tam Lo Tiax -~ 10 . . ,,‘.‘.ﬁ
| CONTROL INPUTS

u Vmu) Logtical 1" input Voilage Vee-1.5 v
A o : Loglcal “0” Input Voltage ) 1.9 v
K;‘: Ry ‘Loglcal 1"~ Input Current Vin= 15V 1.0 uh
y (The Control Inputs) . ' .
. 'noy Loglcal “0" Input Current Vin=0 -1.0 : #A
8 (Tho Control Inputs)
g lec Supply Current ek = 640 KHz 0.3 30 | mA

i
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ADC0808, ADC0809

Electrical Characteristics (conunueq)
Digital Levols and DC Specifications:. ADCOBOICJ 4.5V =Veo=<5.5V, ~565°CsTas +125°C unless otherwise noled

ADCOBOUCCY, ADCOBOLCCN, und AUCUBOUCCH 4.7% < Vi 25,20V, ~40°C T, L 4 85°C unloss othurwlsu notud it
Parameter K Conditlons I Min l Typ I Max | .ﬁ,ﬁ
DATA OUTPUTS AND EOC (INTERRUPT) -
Youtyy Logical 1" Output Voltage lg= — 360 sA Vee-0.4 v
Voura - . Loglca} “Q" Outp‘ut.Vollage lg=16mA s : 0.4§ v
Voutio) Logical “0" Output Voltage EOC | lg=1.2mA 0.45 v
lour “TRI-STATE® Output Curront Vo=5V | 3 |t
V=0 -3 A
Electrical Characteristics — 3
Timing Speclfications: Veg s Vigp(v)= 5V Vidr-)= GNDL L = 1= 20 ny unu'TA .- 25°C unlusu othorwise noted,

Symbol Paramuter Conditlons Min Typ Mm‘\
tws . Mlnimum Start Pulse Width (Figure 5) . 100 200 " g
twaLE Minimum ALE Pulse Width (Figure 5)° i ) 100 200 | 1 E
ty . Minimum Address Set-Up Time | (Figure 5) : o 25 50 N
tu Minimum Address Hold Time | (Figure 5) . 25 50 4 0 1
tg ! Analog MUX Delay Time Rg =04} {Figure 5) ) 1 25 | .

From ALE .
tyne Yo QE Control to Q Loyic Statu C-50 pF, Ry = 10k (Flgure &) ) 125 B0 | 4y
Lo don ! OL Contivl to 114 Cpme 10 pb My e (UK Iu:uu N 12 BTV
te Converslon Time fo =640 kHe, (Figure 0} (Note 7). 90 100 1ty ol
e Clock Frequency 4 10 640 1280 | 4y,
teoc EQC Delay Time (Figure 5) d 0 | 8+2,sc.,
. Fa.
Cin li.;:ut Capacitance At Control Inputs 10 15 v
Cour TRI-STATE® .Qutput At THI-STATE® Outputs, (Note 12) 10 15 'R
Capacltance ‘ L‘

Note 1: Absolule maximum rutings are those vaiuss buyond which the llie of the davice may be lmpulred. ?
Note 2: All voltugus sre insasured wilh fuspoct 10 GND, unless ulherwise gpecitled.

Note 3: A zener diude uxlats, Internaily, lram VG 10 GND anid has s typlcsl bivakdows vollage of 7 Vpg.

Nute € Two uir-chip dludos are 1ed te wash unaluy input which will lurward cuptiuct 1ur anklug inpul volls yos one divde drop below pround ur gny Uide g
Yiwslur then the Vo supply. |he sped siluwa 100 11V fuiwaid bise of olther diede 116 musis thul s lung se e snsioy Yipq s not watond 11y ‘e )
voltaga by (n0ro than 10¢ MY, hy culpul code will Ly cuiiuet. 10 achleve sn wa0lute O V,C W s Vi lnut suiteye teinyo will thoiaturv layulio s miti., ,

ply vollage Ot 4.900 VG over tempuralure varistions, initiat 1lerancey 8nd louding. . iy
Note 5: Total unadjusted orror Includes oftset, full-scale, lineadty, and multlpluxer 6/71018. Swe Figure 3. None of these A/DS requires a 2ero of lun-.c.....“ 1.
However, If an uli zoro code 18 deslred for an analog Input othat than 0.0V, or it & natrow lut-sCale spun exists (fof exsmple: 0.5V 10 4.5V full-scale) ny ml.
voltages can bu sdjustud to achiuve inis. Sue Figury 12, M

o

Note 8: COmpuu\ér Inpul curfunt Is & blas current Inlo of out of the pper stabilized p The blas current varius directly with clock lreque,,, , ¥
hea little lemparutura dependunce (Figura 6). Sve parugrepn 4.0 - X .
Nots 7: The oulputs of the duta regl e up 1 une lock cycle before the rlsing edge of EOC.
d,
i
3
f
¥

0
R
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.
“"clional Doscription

‘\"'nluor. The dovice contalns an B.channe! singlo-
" analog signal multiplexer. A particuler input chan-
j’:i solactad by using the address decoder. Table |

"t 1he Input states for the address linas to select any
§%el. The address Is latched: Into the decoder on the
:’-lomgh transition of the address laich enabis signal.

TABLE |
[ SELECTED ADDRESS LINE
ANALOG CHANNEL cT 8| A
INO (R I
N1 L LyH
IN2 Lln|t
IN3 Ll H]H
IN4 Hil Ll
IN5 HiL|H
! ING H|H]L
‘ | IN7 H|H|H

nNVERTER CHARACTERI.STICS
N Converter

“wheart of thin single chip data acquiaition ayatom Is its
& analtog-to-digital convortor. The convattor lo denlgnod

10 glvo faat, nccuto, and 1opnatablo converslong ovi o™
wlido range of temporatures. The convertor Is partitionod
Into 3 major sectlons: the 256R ladder nelwork, the suc-
cesslve approximation register, and the cbmparator. The
converter's digltal outputs are positive trus.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because ot its Inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity Is particularly Important in closed loop teod-
back control systoms. A non-monotonic rolationship can
cause osclilations that will be calastrophlc for the
systom. Additionally, the 256R notwork does not cause
load varlations on the reforence voltago.

The bottom ronlator and the top reslstor of tho laddor
notwark in Flgure 1 aro not the samo valugc ag tho
rernainder of the network. The dlfference In these
resistors causes the output characteristic to be sym-
metrical with the zero and fuli-scale points of the transter
curve. The first output transition occurs when the analog
signai has reached +1/2 LSB and succeeding output
transitions occur every 1 LSB {ater up to full-scale.

The successive approximation registar (SAR) performs'8
lteratior.s to approximate the input voltage. For any SAR
type -converter, n-iterations are requlired for an n-bit con-
vertar. Figure2 shows a typlcal example of a 3-bit con-

vorter, In the ADCO0808, ADCO0B09, the approximatlon -

tochnlgin to oxtandad to 0 bite using (e 256R nutwork.

CONTROLS FROMS.AR, )
i

REF(+] Oy

4R

256R

’

wn

TAAA ,_T_\:,AY__M~ -.- )

10
. > COMPARATOR
INPUT

AEF(~} Ot

+  FIGURE 1. Resistor Ladder nnq Switch Tree

13
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ADCO0808, ADC0809

Functional Description (continueq)

The AID converter's successlve-approximation ragiutor
(SAR) Iy resot on the positive edge of the start convursjon
(GC) pulty, The convervion 1y hugun on the tulling vty of
tho gtart converslon pulsu. A convursion ln prucoess will bo -
intarrupted by recelpt of a new start conversion pulse.
Continuous conversion may be accompllshed by tvingthe ,
ond-of-convorsion (EOC) output to the SC input. if usod In
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween O and 8 clock pulses after the rising edge of start
conversion,

The most Important sectlon of the AID converter |s the
comparutor. It Is thls saction which is responsible for the
ultiméate accuracy of the entire converter. it Is also thy

m
= l=-FULL-SCALE

10 IDEAL CURVE =5 ERRUN - /2 LSH
a8
o
2 1w .
=2
E
o ‘NUNLINEARITY = 1/2 LSt
»
< (1) re

~ NUNLINLAWIEY « -1/2 L30
i [
e} |+ ZLIU LHKUR = =1/4 L50
H

oo VIN
O W 2/a-UE 48 B BB M8

ViN AS FRACTION OF FULL-SCALE

FIGURE 2. 3-Bit AID Transfer Curve

°"f~::z:sa{ummmmwwmwwmwwwwmmﬁm

INPUT OV
VOLTAGE

1

4

f

i

;

FIGURE 4. Typical Error Curve é
. . 3

!

|

compurator drm whlch has thy groatast Influence O
lupoulublllly of‘tho duvice. A choppor- ylabilizey ¢,
punllw providuy tha inost ultuctive mothad ut sun“,
uil thu convuitur ruquliumonts.

The chopper-stabllized comparator converts the DCy, |
signal into an AC signal. This signal I8 then fed lh!ng:
high'gain AC amplitler and has the DC level restoreq j;, ¥
technique limits the drlft component o the amplifler
the dritt Is a DC component which ls not passed byln.\
amplifier. This makes the entire A/D converter extiy.,
Insonsitive to temperature, long turm drift and lnpulw“
arrors.

Figqure 4 shows a typlcal error curve for the ADCOg
muasurud using the proceduras outlined In AN-17g,

e INFINITE RESOLYLy,

1Y . PEAEECT CONVER,
“+1/2 158 ~—— IDEAL WY CO,
£ 1o YoraL_, |_ P NVERI,
© 101 | UNADJUSTED . -l
. EANOR 4 _
AR T} ~1158
= - - AUSULUTE
S m r ACCUBACY
L 7
« b =12 150
A - ‘--uumnmnuu
ot Linun

Uy Vin
Ufw W8 2/8 I8 AN S8 v 1

Vin AS FHACTION OF FULL-SCALE

FIGURE 3. 3-8t A/D Absolute Accuracy Curye

.

HI:}[HENCE LINE

HutL
SCALE
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nnection Diagram
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Tming Diagram -
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ADDRESS 4% ) T4
/ Slop: =
-t W s
ANALOG STABLE 4Xi
KL _/r _ —
w2 v
sm"
COMPARATOR
(L1404
NIMAL %00€) — ’
\g—— ! —
ouTPuY et e ’
ENADLE
" I
|————troc —-*——"\ = l
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3

60800GY 808000V

865

Ve



ADCO0808, AD:
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+ .
| Ypical Performance Characteristics

1.8 T
fo = 1200 kM

1 A ) . N
—_ [+
< s A =
£ ) M 640 ks -
- 1+ 0 —
& a
Sl e ' S

.
=V 3/ 1~ 1200 M4z }
. ~1.5 :
[] 125 25 315 5
Vin ivi '

FIGURE 8. Comparatar Iy vs V,y
. (Voo = Vigr=5V)’

TRI-STATE® Test Circuits and Timing Diagrams -

¢

Yt Yy CL=10pF
Vee 1
N vee ——J,
ouIPUl ”56,_
' LNABLE

0%
=

GND

Ta= 5L

IA-V\
/ N
//

R
\ .

o

12§ 25 33 §
Vin v

FIGURE 7. Multlplexer Royvs V),

(Vog = Vigr=6V)

tun CL =50 pF

outeur fe, 1
ENABLE |

l ouTPUS

e A s0%
.
tor tho tons CL=10pF tho CL =50 pF
Vee Vee
vee
. oUTPUT
10k ENABLE _
GND
OUTPUT
ENABLE e - ™ ton
-J- € Veo ~
s I— QUTPUT /_
- —L. . Vg ————d 0%
FIGURE 8
-




plications information
PIMTION oo

! Matlometric Converslon

*+ADCOB0B, ADCOB0Y I3 dosignod as a complalo Datn
“vislion System (DAS) for ratlometrlc conversion
\vams, In ratiometric systems, the physical variable

,*imeasured |s expressed as a percentage of full-scale

*rhls not necessarlly related to an absolute standard. -

:vollaqe input to the ADC0B08 is expressed by the_
atlon

Dpax = Dmin )
Tw=Inpul voltage Into the ADC0808

Yw= Fyll-scale voltage

1= Zero voltage

)= Dats point belng measured

Duax = Maximum data lmit

Jyiy= Minlmum data limit

*30d example of a ratiometric transducer Is a poten-
™alor used as a position sensor. Tho posltion of the
*:ot |8 directly-proportional to the output voltage which
Yl of the full-scale voltage across it. Since the data
tprosonted as a proportion of full-scale, reference
willements are greatly reduced, eliminating a large
*uce of error and cost for many applicatlons. A major
“vntage of the ADC0B08, ADCO0809 |s that the input
“age range Is equal 10 the supply range so the
ducors can bo connected diractly across tho supply
™ heir outputs connected diractly into tho multlplexer
Wi, (Figure 9).

o e S e e

Ratiometric transducers such as polontlor'netera. strain
gauges, thermistor bridges, pressure transducers, elc.,, -
are siitable for moasuring proportlonal -relationships;
howavor, many typns of maasuromeonta must be referred
10 an absolute standard such as voltago or curront. This
means a systom roference must bo used which relates
the full-scale voltage lothe standard volt. For example, If
Vee = Vrer=5.12V,then the full-scale range is divided In-
to 256 standard steps. The smallest standard step I8 1
LSB which s then 20 mV.

- 2.0 Resistor Ladder Limitations

Tho voltages from the resistor ladder are'compared to the
selactod Input 8 times in a conversion. Those voltages ara
couplod 1o tho comparalor viaan analog swlitch tree which
is rotorancod 10 the supply. Tho voltages at ths top, center
and Lotium of the ladder must be controlled to maintsin
propor oporation.

The top of the ladder, Ref(+ ), should not be morerposltive
than the supply, and the botlom of the ladder, Ral{~),

should not be more negative than ground. The center of .

the ladder voltage must also be near the conter of the
supply because the analog switch tree changes f-om
N-channel switches to P-channel switchas. These limita.
tions are automatically satlsfied in ratiometric systems
and can be easily met In ground referenced syslems.

Flgure 10 shows a ground referencod systom’ with &
soparate supply and reference. In this system, the supply
must be trimmed to malch thw reference voltage. For in-
atance, Il a 5.12V 13 used, tha supply should be adjusted 10
the same voltago within 0.1V.

608000Y 808000V

. - Vee
" I—-—— AEF{4) MSB
! <
H < iy
H . DIGITAL
/ . * ouTPUT
§ = Qgyt PROPORTIONAL
L, * TO ANALOG
A . meut
Q L]
3 ) 0 v v
: HEF(-) ise Qout™ YN TN,
| I GND UT" Vaer T Voo
¥ v ._L ! . 4.75V sVoc = VReF $5.25V
é;’ = ADC0808 + Aatlometric (ransducers
i
B :
i FIGURE 9. Ratiometric Convurslon System
1
l(
f
L
I ’
H ?; i
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ADC0808, ADC0809

Applications Information (continueq)

The ADCO08B08 nesds less than a milllamp of supply current
50 developing the supply from the reterence Is readily
accomplished. In Figure 11 a ground referenced system is
shown which generates the supply trom the reference. The

buffer shown can be an op amp of sufticient drive

to

supply the milllamp of supply current and the deslred bus
drive, or If a capacltive bus is driven by tho outputs a lurge
capachtor will supply the translunt supply curiont as svan
In Flgure 12, The LM301 Is overcompunsatud 1o Insure

stabilily whon loaded by the 10 uF output capuciior.

2

The'top and bouom ladder voitages cannot excm‘g'
and ground, respectivaly, but they can be Symmutiy, ],

- 1883 than Ve and greater than ground. The cenig .
ladder voltuge should always be near the cente; g

supply. The sensitlvity of the converter can be ingrg,t

(L.e., size of the LSB steps decreased) by uslng a, k‘

maotrical roterunce systum. In Figure 13, a 2.5V mtm. !

Is symmouically conturud about Veo/2 sinc thy N
cuirent tlows In lduntichl reslstors. This system "
2.5V rslorunce allows the LSH bit to by half thy Sy,
SV refurence system.

vee
LSurPLY Veo .
M58
VREF REF(s) DIGITAL
' ] ouUTPUT
3 ouT REFERENCED
. % O—1 lay \ 10
. Vig{O~—{ ¢ GHOUND,
c 'ﬂ'i
HEF(=} LS8
I g \
< GND Qoyrs -
OUT= Vaer
ADCO808 4.758V sVGC = VREF 56.25V

FIGURE 10. Ground Referencad ¥
Converslon Systom Usling Trinuned Supply

1 .
v
" cc
T MsB
HITAL BUTPUT
1.
M ALr) ugur k1 LALATED TO
HLHe) O~ Iu} LHouNY
Vin{ O~ 2
O— o
r-‘ REF(-) LS8
< GND Qout= -
. OUT* Vher
ADCUA0S 478V sVeo = VagrsSasy

FIGURE 11. Ground Referenced Converslon Syslem with
Roturence Gunurullng Ve Supply
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4 —T
nc
1000 pF
‘ D
IM301A REF(4)
+ Wuf
——sau0

—1= TANTALUM
GND
REF(-)

-

FIGURE 12. Typlcal Referance and Supply Clrcult '

5V
Ap
Vee
15V
AL AEF{+} M
[P%]
L]
.
. 3 e ST
) tour PINPORTIONAL TO
& ANALDOG INPUY
o 1 1.25V.< VN S 275V
% 10 ) ) '
175V
o REF(-) ¢
2.5V .
REFERENCE Rg Lse
X . | GND Aia=Rg

: FIGURE 13. Symmetrical

’ 10 Converter Equations

 The transition between adjacent codes N and N+1lis
 ten by:

Yin={ Vacr(e)— Vrer- )| 505"+ 575 % Viue}+ Veer(-)

™ center of an output code N Is given by:

N
Vin={ (Vrer(+)— Vrer(-)) [2-5-6]1"“15 +Vagr-) &)

Iho output code N for g'n arbilyury Input ara tho Integers
Mhin the range:

Vin— VRer(-)

x 256 = Absuluta Accuracy
REF(+) — VREF(<)

(4
 whoro; V= Voltaga at comparator Input
Virgs) = Voltnyge ot Hol(4 )
Vper(-) = Voltago at Rof(~)
Vyue = Total unadjusted error- voltage
VREF(-ﬂ -+~ 512) : . .

(typlcally"

+ Ratiometric transducors

ly Centered Reference

4.0 Analog Comparator Inputs

The dynamlc comparator input current’is caused by the
perlodic switching of on-chip stray capacitances. These
are connected alternately to the outpul of the resistor
\ndder/switch trea network and {o the comparator inpul as
part of the aperation of the chopper stabllized comparaltor.

The avarage value of the comparator input current varles
directly with clock frequency and with Vin 8s shown in
_Figure 6.

If no filier capacitors are used at the analog inputs and the
slgnal source Impedances ate low, tha cofmparator Input
curront should not introduce coriverter erfors, as the tran-
slent created by the capacitance discharge will dle out
belore the comparator output Is strobed. ’

11 Input fliter capacitors are deslired for nolso reduction
anc signal conditioning they will tend 1o average out the
dynamle comparator Input curront. it will then take on the
chivactorinticn of 0 DC blag curren! whoso wifect can be
prodiclod convontionatly.

1
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ADC0808, ADC0809

Typical Application

" READ

J INTERRTPY
bl wie CLx [}13
AGDRESS 5000V = VRresie EUC INTERRUPT
oEtoDE REFe)
(AD4-ADIY® G000V ——{Vyghi-) '
- }——> 087 msy
A STAKY 7= 9 Lt
o —E ALE i) SIS
WAITE . 2
Z" preannd 1) B4
ADO A . 775 p—1ir 003
' - ADC0808 .
AUt=—8  apcopoy 27V [ 082
AD2 = C 2-1 |——p 0B1
2~8 p——ip 080 Ls8
§V SUPPLY T. .
—1Vee i Vin g
semreed GRU 5
-5V
GROUND = . ANALOG -
INPUT RANGE
s . "
g —Vin1
,

* Address lalches needud [or $035 and ECMP Interfacing the ADCLE08 to u ml;:voprocuﬁlor

MICROPROCESSOR INTERFACE TABLE

PHROCESSOR WEAD WAIE INTERRUPY {COMMENT)
souo MLMK MUmMVY W {Thes ST Clicut)
8045 Ao W INTH (I0tu HST Circull)
2-80 RO WR INT (Thru AST Clrcult, Mody 0)
SCiMP NRDS NWDS SA (Thiu Sense A)
6800 VMA4 2-RW VMA-+2RIW {RQA or TRGB (Thru-PIA)

Ordéring Information

TEMPERATURE RANGE

-40*C 1o +b84°C

~55°Cto +125°C

Error

*1/2 Bit Unadjusted |

ADCO808CCN ADCOB08CCY

ADCO0808CY

= 1 Bit Unadjusied

ADCOB09CCN

Package Outline

N28A Molded DIP | J28A Hermetic DIP

J2BA Hermetlc DIP
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National ,
Semiconductor

industrial Blocks

’

LM2907, LM2917 Freddéncy to Voltage Converter '

General Description .

The LM2007, LM2817 swmies are monolithic Irequency
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 (LM2907-8, LM2917-8)
and its output swings to ground for a zero frequency
inpuet,

Advantages ' -

® Qutput swings to ground for ‘zero frequency input *

Easy to use: Vour = fin X Vee X R1x C1

= Fiequency (qul)linqlm fow ripple

® Tachoreter has huilt-in hysteresis with either differ-
ential input or ground referenced input

» Built-in zener on LM2917

= +0.3% linearity typical

® Ground referenced tachometer is fully protected
from damage due to swings above V¢ and below
grounc

Apphc,"tlons

QOver/under speed sensing

~

L0621

LIBZN1 S

" L] quuamcy to voltage conversion {tachometer)
® Only one RC network provides Irequency doubling 8 Speecumeters
u Zoner regulator on chip, allows sccurate and stalilo ® reaker point dwell moters
frequency to voltage orcurrent conversion. (LM2917) s Hand-nell tachometer.
Features ' B Spred qovernors .
w Ground referenced tachometer input interfaces ® Cruisc control
directly with variable reluctance magnetic pickups = Autornutive door fock contrql
® Op amp/comparator has floating transistor output m Clutch control 15
50 mA sink or source to operate relays, solenoids, ®  Horn control
meters, or LEDs L ® Touch or sgund switches I
Block and Connection Diagrams pua-in-Line Packages, Top Views
v y v 4
. I; ) \ s lv Wy L
j L_———-— ! _1 -
S 5 hangt
>{ e f
)
] i .
1 || ls 0 P Iz .

Order Number LM2907N-8
See NS Package NOBB

Ordtur Nuimber LM2007J
T NG Pikaye J14AA
Order Nuinbe LM290TN
Ses N§ Package N14A

Ordar Number LM2917N.8
See NS Package NOBB

|
=

"3 4 ¥
T
Ordor Numbar LM2917J .

Gina NG Packagn J14A .
Quidar Numbm CMINHT/N

See NS Packaye N14A '

LN



LM2907, LNi2817

Absolute Maximum Ratings now 1l

Supply Voltuge . 28V Input Volteye Henye
Suppty Current (Zener Options} 25 mA . Tachumietur LM2907-8, Lm2917-8 A
Cotluctor Voltaye 28V * LM2907, LM2917 0.0V 10 42y,
Diiterentisl 1nput Voltage Op Amp/Comparstor 0.0V 1014,
Tachometer WMV ’ Powui Diasipution . 50U ey
Op Amp/Comparator 28V Operating Tunpurature Range —40°C 1y a3y
Storage Tempurstute Range —65"C 1o tingy
Lead Temperature (Suldering, 10 seconds) FV TN

Electrical Characteristics ve, - 12 Voc. 1a = 257C. svu test circuit

PAHAMETER ‘ CONDITIONS | | e | max | oy
TACHOMETER ' \,
lnput Thresholds Vi - 250 mVpp @ 1 kHz (Now?) | 210 | £15 @0 | w
Hysteresis Vi 250 mVp-p @ 1 kHz (Note 2} . 30 - e
Ottset Voitage Vg 250 mVp-p @ 1 kHz (Note 2] t

LM2907/LM2917 g 3.5 10. o
LM2907-8/LM2917-8 3 5 15 M
Input Bias Current Vin = 150 mVpe ) 0.1 1 n
Von ; .l Vin = 1125 mVpc (Note 3) 83 \
v, 2 Vi = =125 mV e (NOte 3) ‘ 23 ' .
'Uuluul Current; bz, ta V7 Ve GOV (Nt ) 140 1o 240 "
Leakage Current; i3 12-0,v3=0 | 8 0. "
Gain Cons}ant, K {Note 3) : ., 0.9 1.0 1.1
Linearity - fn - 1 KHz, 5 kHz, 10 hHz, (Note 61| —1.0 " 03 +1.0 .
OP/AMP COMPARATOR ' o
Vos Vin - GOV ' 3 W h
laias ' Vin 2 6.0V " 50 500 y
Input Common-Mode Voltage ’ . VY 4 Vee—1.bv ,
Voultage Gain 200 y:‘
Qutput Sink Current ' . *Ve =10 : 40 b0 .
Output Source Current Vl,_' =Vee — 20 ‘ .10 o
Saturation Voltage lgink = 5 MA 0.1 0.5 .
lok = 20mA 1.0 ‘
lg i = 50 MA 1.0 1.5
TZENER KLGULATOR T
Regulator Voltage Hanop - 47082 ! ‘ 7.50 ‘\1
Series Resistance . 10.5 15
Tompuerature Stahility ! +1 g
TOTAL SUPPLY CUHRENT KR L "

@ IP kHez. C1 » 1000 pF, R1 » 68k any C2 ~0.22 mfd.

Note 1: For operation in smbivnt tempuratures obiove 26°C, the dovice must be durated bused vn 4 1507 C maainum JUNCUION WINPT utug 4,
thenmal rusistaitce of 176° C/W junction ta miblbient fof puchagy 272 gid 16 07 w thennal restance of U7 C/W gunction to enbivat tur paiay, ; §

Note 2i Hysterusis is the sum +VTH—{=VTH}, oftiel voituge is their ditterence, See tust Qireat.

Note 3: VOR is squal 10 3/4 x Ve ~ 1 VBE, Vo is squsl to 4/4 x Vgo — 1 Vgg thuretare Vo = VoL * Vee/2. The difterency, y,
VL, and the mirror gqin, 12/13, Bre the two lectors that causy the thchoydler gain comtunt 10 vary trom 1.0. i

Nots 4: 8¢ sure when choasing the time constant R1 x C1 that R is such thst the muximum snticipated autput voltage 8t pin 3 cen Y
with I3 x f1, The maximum visiue tor R1 1s hinited by the output 1esntsncy of pin 7 whith 1 grester then 10 MQ typically.

Note &§: Nonlinsurity is detined s thy duvienon ol Vouy @ pin3) for by = B kHz from & strewhl fine detined by the VOUT @ 1 kHzargy

. 9136 ' o
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ical Performance Characteristics

' Totsl Supply Current Zener Voltage vs Tompaerature

L1627 ‘20621
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L2807, LM2917

Typical Performance Characteristics (Contnued) .

Tachomaeter Linearity Tachornwter Linuarity
vs Tempotsture . vs Tumperatury
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. ] ' 3
5 6.3 Fimazse) TN =
5 LU N — S %
a
n LM2YLL (47021~ :
L Pl -
Wor 200k 00 AUOR b0 T TR
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General Description (continued)

The op amp/comparatar Is fully compatible with the

* tachometer and has a floating transistor as its output,

This feature allows either a ground or supply referred
lvad of up to 50 mA. The collector may be taken above
Vee up to a maximum Vg of 28V,

The two basic configurations offered include an 8-pin
device with a ground referenced tachometer input and
on internal connection between the tachometer output
and the op amp non-nverting input, This version is
well suited for single speed or frequancy switching ur
lully buffered  frequency to  voltage conversion
applications.

Test Circuit and Waveform

TACHOMETER !
weyr [ |'mq 'wn‘
o [}
1
1)
T
|
' TACHOMETER 1 0oF AMP
sccrion B SECTION
1
K]
> 1
CHARGE |
. rume H
i
1
i
]
'
|
]
]

1§ el

1
-
TACHOMETER l..u' macl‘ ’
mryT l

Vel

Applications Information

The LM2907 series of tachometer circuits is designed
for minimum external part count applications and
maximum versatility, In order to fully exploit its
features and_advantages let’s examine its theory of
operation. The fitst stage of operation is a differential
amplifier driving a positive feedback flip-flop circuit.
The input threshold voltage is the ‘amount of differen-
tial input voltage at which the output of this staye
changes state. Two options (LM2907.8, LM2817.8)
have one input interally grounded so that an input
signal must swing above and below ground and excred
the input thresholds to produce an output, This is
offered specifically. for magnetic variable reluctance
pickups which typically provide a single-ended ac

output. This single input is also fully protected against -

voltage swings to +28V, wbich are easily attained with
these types of pickups.

The differential’ input options (LM2907, 1L.M2917}
give the user the option of setting his own inp(t
switching level and still have'the hysteresis around that
level for excellent noise rejection in any application.
Of course in order to allow the inputs to attain common-

The more veorsatile configuraiions provida differential
tichometer input and uncommitted op amp inputs.
With this version the tachometer input may be floated
and the op amp becomes suitable for active filter condi-
tioning of the tachameter output.

tioth of these configurations*are available with an active,

shurtt regulator connected across the power leads. The
regulator clamps the supply.such that stable frequency
to voltage and frequency to curent opeiationd are
possible with any supply voltage and a suitable resistor,

Tachomater Input Threshold Measurement

v2

-

NLCALIVT / rISITI/L
INPUT InPUL
THRESHOLD N THRESHOLD

Viy TACHOMETER

and neither input should be taken, outside the limits of
the supply -voltage being wused. It is very imponant
that an input not go below ground without some resis-
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 frequenty is converted to a de voltage: To tlo this
requires one timing capacitor, ‘one output resistor, and
an integrating or filter capacitor. When the input stage
changes state {due to a suitable zero crossing or differ
ential voltage on the input) the timing capacitor is either
charged or discharged linearily between two voltages
whose difference is Vce/2. Then in one half cycle of
the input frequency or a time equal to 1/2 fy the
change in charge on the timing capacitor is equal to
Vee/2 x C1. The average amount of current pumped
into or out of the capacitor then is:

AQ .C
e m =

T 7 laave T«
The output circuit mirrors this_current very accn'alely
into the load resistor R1, cannected to ground, sach that
it the pulses of current are integrated with « fiiter

YCC

x (254} = Vee'x fiy xC1

162N ‘20621

Qda voltages above ground, input protection is removed

913
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LM2907, LM2917

Typical Applications conunuea)

Twu Wity hemote Spuwd Switch

Cunpntnl v,
SERSL R e«

&

Precision two-shot oulpul_lrequuncy eyuals

. vVee
twice input trequency . Putse width » -—-?-—

Pulse height « VZENER

S

VARIABLE
RELUCTANCE
MAGNETIC

HCxKUk

INPUT CAN BE
t20mV 10 28V

"
II ] 5
r+
i 3 v 4
‘L | -Q GND
L -
e 1
ran)
-
e ...[
= = = '
100 Cyclo Delay Switch
(7]
b] 4 .
)
U3
Lz PR
_ :
e = g
e Ny,
-Véc 2 C1 ofcyeLes
V3 steps ap i voltage by the amount =~ ~~  —
. 2
for each complete input cycle (2 zero €rossings)
Example )
1 C2 =270 C1 ulter 100 cginecutive inpul cyclus.
Vi - i Ve
‘Varlable Ruluctance Magnetic Pickup Buffer Circusts
! Vee
Ct Ve ?
12
-;_[-- ) 1 0 5
- T
L N e
vakiaut |
. HELUCIANCE
MAGNE 1L
3 4 riLnaub ~ ¢ f) 4
nnn G
T

1
||'
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Typical Applications (continued)

Finger. Touch or Contact Switch B -

- I —O 5 10 15V T : b
. =00

R ]
AAAS 1K
' I VYV 1 YVV Vo FLIPFLOP .
— ] ! 6 k)

INPUT

1 : 160 Ha)
g I
CONTACT

PLATE oy

1H

L1621 ‘2062

1 Uul

1T

i Fraquency to Vollage Convertér with
Flashing LED Indicates Overspead ~ 2 Pole Butterworth Filtar to Reduce Ripple
O 1y Vee
430

Taswrt
P Pume

+
s Y ¥ 2 3 4 [}
T 3 'IN O_'
"'0_'7"
¢ n.707
0.030F POLE * Zniic .
2.57
TRESPMONSE = - 1 "

— a4 ) 2alpoLE

- o L
' H»\hlng bogine whan fiy =2 100 Hae. .- I
Flash ate increnses with input freguency —
Increase bayond trip point. - - . . N

Vee . :
Overspaed Latch
(3]
7 R1 .
p.
v »
1 . , . ‘ out

' 1 R B 4 -
co. : ' N fm
L+ ' Qutput-atches when .
L ¢ .
I R T Vour R2 1
- : . fIN= e =
- ' R1+R2 RC
_ Raset by removing V.
— . T
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Typical Applications (Continuea)
Some Fraquency Switch Applications May Require Hysteresis in the Comperator
Function Wh.ch Can Uu Implemunted in Seversl Ways:
v
i
|
50 f
.
- )
o
10k s -
160
P ] ] - [
1
' 1 2 4 .
(i Qe ol —_L
0.033.F y I—j‘ k ’
* \ 100k 0ALF : ’
1
I Vaup = 8V v
v .
? b!l
. 1 Sin
B . ™ 1
.L VW
= 1 12 W [ t —_l: [ ) [ 5 ’
3 t = = +
e S e
s Yeow Vour
1 lz 3 0 5 : 7 7 _l: -
0y Omememmemd tiy Orarmasmmmed vl
“ 14bb =
| b -4 —— <
o ¢ P ]
{ 3 L+
F’ F> TN Vour I
l - = =L
- T Vagr ~ 8V =
Vour Vour
05 1 e
4
" C - L
. V3 I L) L]



ical Applications (continued)

Changing the Output Voltaye for an Input Frequency of Zero

P m————) |0V

fi (RHD)

Co
___l_- 1 7 ] 5
B & !
- CwANGEH
s
1
1 H ] 4
e Orremmseemed E
4 +
1000 pF .
’ 10 Vour
. L 047 -
100k T
ZENO SPEED
VOLTAGE REFERENCE
.
200 .
—1
*
Changing Tachomater Gain Curve
or Clamping the Minimum Output Voltags
. .'.. )
] ) )
Nk
¢
Your
WP
-1:__ ' 7 [} 5 B
= y , C
Taamnd -
[ d
Pan w
v
1 ) q w ™
110g Orevmsnmacd Vour
Tl |

l

1T

oy IAH2)
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L2907, LM2817

Anti-Skid Circuit Functions

il
Yo O

“Selact-Low” Cucut

WHLLL INPOT
L1 IQ

wHLLL NPT !
n

__._'T.—) ek i

L
.‘.._‘

whiLL AU )
;

Yout

WHEEL MO 2

£

whkEL SPELD

VQuT 1 proportional to the luwer

**Select-High*’ Circuit

* of thyg two input whud spuetls,

Ve O
WHEEL INFUT
NO Ic"
L4
WHLLL vl o 1
a2

]

Youy '

L
T

T \y
LUTRNY

ki

wHitL srity

“'Select-Averayge’ Circuit

VQUT 1y proporiionsl 1o the higher
0f the two input wheel speeds,

’

v,_.‘,, Vi htu, oyl
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 Equivalent Schematic Diagram

ACTIVE TENTR

o " [

BIAS AEGULATUR 0f AMP COMPARATOR
r————n" -
| N l
| - ::ol | “*°
| I I

[
I | o e |
| w Yo | | |
| o o | | =
| w o= | 1 |
I 12 . | W _d
| - i :
| T3
" —a r"'—' — e = o S e

1

F—HEs B 8
I
=2 |- a1 0l
' 0 . [T}

INPUT HYSTERESIS AMPLIFIEA

© Note: This connection made onLM2907 8.and
LM29178 only.

* % Note: Thit connaction made on LM2917 and
LM2917-8 only. K :

LLE6ZNT “LOBZNT
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Wsolute Maximum Ratings <
| .
*e Voltage . s N al)
Vo=5v . v’ '
' Yo=12V10 15V 5V
:""\nl Powar Dissipation (Noto 1) Intarnally Limitod . ;2
:ﬁ'lﬂng Temparature Rango 0*Cto 4 7°C W
~4mum Junction Temperature 125°C [
7290 Temperature Range =
Matal Can (H Package) —-65°Cto +150°C . @
Woldad TO-92 (Z Package) -55°Clo +150°C - wn
W Temperature (Soldering, 10 seconds) 300°C -

FIMTBLXXAC Electrical Characteristics

e g Tj=0°C 10 125°C, Ig = 40mA, CiN = 0.334F, CO = 0.1F (unless noled)

- —

td

i "'}L’g\_c_ gu'wur(v'onx\ce 5V 12v 15V
VT YOLTAGE funless otherwise notad) 10V 1oV 20V UNITS
] - TARAME BN CONDITIONS MIN  TYP MAX | MIN 1YP MAX [ MIN  TYP MAX
) Oulput Voliage 1=25°C 48 5 02 | 118 12 124 | 144 15 156 v
"{Nota ¢) TmAsIlp& 70mA . 475 525 ) 11.4 126 |14.25 15.75 v
1 1 MA < Ig € 40 mA and 475 5.25 | 11.4 2.6 |14.25 15.75 . v
‘*;'\; VMIN % VIN € VMAX (7S VING 200 | (1455 VNS 27 | (175€ Vi < 30) v
19 Une Regulation T=25°C 0 54 20 110 25 140 mv
@< Viy s 20) (16 < Vi < 27) (20 < Vyy € 30) v
w75 30 A0 37 2% v
r—— (< V|p£_\_~2_0)_ (145 s Viy & 27) (17.5 ¢ Vi % 30) y_
0 Lond Regutation Ty=26°C, 1 mA < Ig & 40 mA 5 Jo 10 50 1275 "y
. T)=25'C, 1 mA % Ig < 100mA 20 60 | 20, 100 35 150 rv
w0_Long Torm Stabliny | 12 24 30 mVI1000 b s
‘i T Quisacont Current |1 = 25-C 3 5 3 54 31 5 mA
| A AT} - 179°C ar a7 Al
{1 Quloscont Current |1 mA « Igy « 40 mA o 3 0.1 0.1 mA
] Changa VMIN © ViIN ¢ VMAX 10 g 10 1.0 s MA
-~ (8« Viy < 20) (16 < VN € 27) {20 ¢ Vi < 30 v
L " Oulput Noise Voltage|T) = 25°C. (Note 3) 40 . 80 90 T
Y e =10 Hz - 10 kHz .
1Y,
PR f =120 Hz a7 62 40 54 37 51 d8
i - Rlppi .
v vigyy' M Rejection : 8% Vin € 16) (156 Vjy$25) |(18.5< V< 28.5) v
‘\ .
A Input Voltage 1]=25°C - T’ 145 : 17.5 - v
Required to Maintain . .
e Line Rogulation
v \

X z"\‘o V: Thermat resistance of tho Metal Can Package (H) without 4 heat sink is 15 °GIW Junction o case and 140°C/W junction to ambiont.

l' orma 'ORI8tance of the TO.92 packaga is 100°CIW lunction to ambiant with 0 4" Inads from a PG botrd und 160 "CIW junction to amblent

O dsud tangth 1o & PG Dot .
:" + The makimom alondy state vanble oulput cunient and [nput voltage are very dependant un the heat sinklng and/or load lunygth of the
4 The deta above represent putse test conditions wilth Junction tamporatures as Indicatod al the initlation ol lost,

y ¥ 1 Recommendod minimum load capacitance of 0.014F 1o limit high lrequenzy nolse bandwidth.

“ e d: The temperature cosfficlent of Vour is typleally within £ 0.01% Vg/*C,

1-185 - ' ‘
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LM78LXX Series

Absqlute Maximum Ratings

Input VoHage
Vo =5V .
Vo =12Vio 15V
Internul Power Dissipation (Note 1)
Operating Temperature Range
Maximum Junction Temperature
Storage Temperature Range
Metal Can (H Package)
* Molded T0-92
Lead Tumporature (Soldoring, 10 gseconds)

3ov
35v

Internally Liraited
0°Cto +70°C

125°C

—-65°Cto +150“C
. =556°10 +150°C

J0*C

LM78LXXC Electrical Characteristics

(Note 2) Tj=0°C 10 125°C, I = 40mA, Cyy = 0.33,F, C

O = 0.1:F (uinless notud)

LM78LXXC OUTPUT VOLTAGE -

5V 12V 15v
INPUT VOLTAGE (unless otherwise noted) 10v 19V 23V UNITS
PARAMETER CONDITIONS MIN “TYP  MAX )} MIN  TYP MAX MIN  TYP. MAX
vo Output Volluge Tj=25C 46 5 54 AN] 12 129 1138 15 18 2 %
{Noty 4) LA & 1 « 70 mA o 4.5 59 | fub 192 [ 130 16.5 v
TMA &gy o dUmA it oV e Viy s oo (Wb vy (W< Vi < 30) v
AVG  Line Huguletion 1eheg : Wooany W T my
B VNS 2 s Vina 2/ {20 < vy < 20} v
b 200 30 250 30 300 my
0 . {7 € ViN < 20) (14.5 < vy € 27) {18 < Vi € 30) v
AVO  Load Regulation Ti=25*C, 1 mA < Ig & 40 mA 5 30 10 50 12 75 my
Ti=25C, 1 mA & 1o € 100 mA 20 60 30 100 5 150 my
AVo  long Tenn Siabitty . 12 24 30 mV11000 nyy
fe Quigscant Current Tj=25°C 3 6 3 6.5 85 mA
. T)=125°C 55 | ' 6 [
Alq  Guescent Cusrent Tj=25°C, 1 mA < Ig < 40 A 0.2 0.2 0.2 mA
Change 1 5 . 1.5 15 MA
. Ti=25C B& Vi < 20) {16 < Vi « 27 (20 < vy € 30 v
Vn Gutput Noise Vollage [ Ty = 25C, (Noto 3t au 0] 90 o
F= 10 He - 10 kHy .
SVIN (o e 1~ 12 My W d b2 33 4y a
XV’\:;UT ipple Rupuction b W& Viy & 18) S5 C Ve 25 [ubde VIN & 28.5) v
Input Voltage Tp=25C, 7 148 ] v o
Required to Maintain
Line Reguiation

Nole 1: Thermal resistance of the Metal Can Pacha
Tnermal resistance of the T0.92 pachkage 1s 180°Crs
with 0.125 tead tengih to a PC board. *

Note 2: The maximum Steady statu usable outpul current and npat vOItage are vur
pachage Tnu dala abova represent pulse test ennadions with Laction jempurat

Note 3: Recummended minimum load Capacitance of 0.01.F to himun nigh tieque

Note 4: The lémpmalum coellicient ol V{)U]' 13 lypically wittun 1 001°%, vy *C

tise

NCy noise bandwiaih

ge (H) without & heat sink s 15 °CIW 1UNCHion (o cuse and 140 °CIW junchion to ambien|
W unchion 1o ambient vatn 0 4* leugs rom a PC bourd und 160*Crw junchion tu atnbiung

¥ dupendent on the hyat SIMKING andlor luad tength ol thy
utus as indicated at e imtiation of (ast




POWER DISSIPATION W

INPUT QUTPUT DIFFERENTIAL (V)
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Dissipation (Plastic Package)
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P )
. Py 11}
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- 3Voue ol Vo oLl
L.Ld] H
2 50 w1 1
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i
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§ o fee - . “
A 14
IR ol B i -
S e b- =l
P ¥
z 21
=
5 26 by
3 24 Vour * 5V
L] lour * A0 mA
LR - LAY
20 A 1 1
$ 115 200 0% L]
. « INPUT VOLTAGE (V)

Maximum Averaqe Pawer
Dissipation (Metat Can
Pachaye)

‘Paak Output Current

o T
3vpyt * 100my
—dem fom [ o mam fe |
woson | - Heot—| -~ - - -
&
= | T
= T e N
~— g 100 |- 1 \
NO HEAT SINK 3
gty lluti iy ] [ et
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_— 5 wold/ I
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AMBIENT YEMF T RATURE { €) INPUT-QUTPUT DIFFERENTIAL (V)
Ripple Rejoction Output Impadance
: e o s
| l Vi rl0V ==
ST . s6 b Vour® 5V ]
3 Tauy * 40 mA
- L4 i Ta- zls c o
.
i 3 Cour * 1uF TANTALUM
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>
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Vour * 5V =i i T 2
thur » 40 mA r fe -
L |
Laan gl |, o
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FREQUENCY {117) FREQUENCY (K7
A
i
.
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