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General Description 
n°.B. Maxim ICL7106 and ~l7)07 are ~noltthic ~alog 
,0 aigital converters, They !lave very high input lFl'peo' 
encas and require nO external display d,\ve Circuitry, On· 
board act"e comPOnents include polarity and digit driv· 
ers, segmant decoders, voltage refer<Y,1ce and a clock 
circuit. Tho ICLn06 will dreclly drive a non-mulliplexed 
liquid crystal display (LCD) whereas lhe \CL7107 wlH di· 
rectly drive a common anod .. light emHlu19 diode (LED) 
disolay, 

Versatlity and accuracy are inMrent features of these 
converters. The dual-slope conV6f~on tech~ue auto
matically ,ejecls int9fference 5i9""ls common in II"ldU'Str\
al environments, The true diff&Jen\411 input and reference 
are particularly useful when making ratiOmetric measure
ments {onmS or bridge transducers~ Maxim has addeCI a 
zero-integratOi phase to 1he ICL7t06 and ICLH07, eim" 
nating ovenange hangover and hysteresis elleets, hnal· 
Iy, Ihese devices ofler high accuracy by lowering rollove, 
error to less than one count and zero reading drift 10 less 
lhan 1flV/'C 

Applications 
These devicos can be used In a wide range- of digital 
panel meter app~ca~ons. Most applications, however, i~. 
voive the measurement and display of ana~ da'a~ 

Pressure Conductance 
Vo~age Current 
ReSistance Soeed 
Temperalure Malerial Ihic~r,ess 

TypiClI1 Operll ti#!JLC.i!.~'!Jt 
c·_--

"'JlL St,:r,U: 
I'j~UT 

L. .. ___ . 

'ala Et)o!: 

~~I-'J X I~~I 
3J12 Digit A/D Converter 

Features 
• Improve~ 2ncl Source! (See 3rd page lor 

"Maxim Adyantage'"') 

• Guaranteed first reading recovery from 
overrange 

• On board Display Drive Capabillty-no edernal 
circuitry required 

LCO-ICl7106 
LEO-ICL7107 

• HIgh Impedance CMOS Differential Inpula 

• Low Noise « 151' V pop) withOut hysteresis Of 
overrange hangover 

• Cloell and Referenee On~Chip 

• Tr~ Differential Reference and Il\IIut 

• True Polarity Indication for PrecisiOn Null 
Applications 

• MonOlithic CMOS design 

OrderIng InformatiDn 
PART TE,.P. RANGE ·- .. ·PAc·KAGE .... -·_· OJ 

~!~L7).9_~_~?_~ __ creto -7crC 40 !..EiaOPlasUcDiP 
I ICL71 06CJI. -'0::·::c-'tO=---,-:7"0c.:'CC:-·--'."'O"' .. "'ead"':-"C:=E"'R"'O"1p::.:..-... -__ -.. ,-.. --<_, 

i ICL710SCQ>i C'C \0 + 70'C 44 ,sad PIaSlic C~I' Ca'riar i 

·,ICl7100C1D (),C \0 r 7()'C ~ice 

, ICL7107CPL O'C to 17000C 40 Lead PlastIC DiP 
:W-l0-7-CJ-l-·-O::·~C-"too..c.+-::7'='O'':C'--4'-'<I'-'L'''e-=adc-,=-CE:;R:O;DI::=P-''----I 

, :rA.7107CQH o~c to + nrC .44 Lead Plastic Cnip Carri~ : 

[:CL71-0'7CIO O'C tc .. :,1.O:C. __ . Oic"e,, _______ _ 

Pin Configuration 
r'-------·_-----

':-t:I;:: C .FrlCI ~'>(;1 (:;<I,r,<,;,;/-,;..'" 
-------- , 

; he 1"'<1 {im Ad:,'anrage··· Stg,1!,oIf;fS a" IJpgladect qUd.i.lty IEH'e/ AI no aocrtjorulJ COSl we oFfer a SCOQlld--!iOLrfC6 O(J'IIC'.J '!iar I!) sut.'!f:CI 10 itl(! 
{GNOw",;: !1iO(iiOieed oi!do(I)1t'"lriCC QVQ-{ tGm()or,1~U(O :Jlong w/,In liqhlor ttlst :iPiJt-ifi-C<'l.trcns on man" Key p;Jrametcfs' llnd devn:e 
p(1t7af";ceman/s, W~6n nefJrfRd, rhM rpsrtit II'! improv€:d p9r(ormance wdhouf cf/(mgiIl9 tfle f~IIH;lfC.(I;!I1tr 

NI/JXINI Maxim Int.egr.'MI Product. 1 



3% Digit A/D Con verter 
ABSOLUTE MAXIMUM RATINGS 
SUj>ply VOltage 

ICL7106. V ~ 10 V 15V 
ICL71 07. V+ t"GNO. . +6V 
ICL7107. V toGND. . .. -9V 

A!1alog Input Voltage (either In;:",llINote 1) . V ~ to V 
Reference ~PUl Voltage leither input} , .... , . , V ~ to V -~ 
Clock In out 

ICL7106 . 
ICL7107 

. ... TEST k>V I 

... GNDtoV+ 

Power Diss.patlon iNore 2) 
Plastic Package " .. 

OperalinQ Temperatt)re 
S,orage Temperature 
Lead 1"empe~alure (Soldering. 60 sec) 

Hot. ~: I~~ "~s rr,J;Y o"cged the ~lJPPry ¥oltiloyt<~._ prUY,OOd the if.p...zl CU-Te111 is .;~Idd ~ . t((),.A. 

Note 2: DSSipalian fa:lrng a!;..c;'..lffioti dovlCG ~ ~unled with all ~"4c.6 $dJj<)f&j 10 :x1nl6d CirCUIt !#CIaret 

1000mW 
.. o"e ~o "'70e C 
-65" C te -If:lO''C 

1300"C 

Stre!UiOS abcrol'e l1'ose iis.ted '.IfIdu~ "AasotutC' I;t<ll,iroo;m RiOIll9'S" may causIJ pormaMf"!I d"clma~w 10 ttl.". Uit .... ,t:f:I HlltSe .lrQ SIte-5S r~Nl9G ",'Iy .;r.d iiJf)(.110":\AI 

~'100 oj the devicE! &. tf\8se Of any QII:101 CQIl'JWons atxwe IhoselfldJc,k'td .... tt)e OPeflltion.a1 Eiochoru. roj ItI" sp!X."!lic<Nions l!i ,"0\ :rr-:-plo.:.-C Ex~~\.J"e 1~ I'Iht.otule 
maJ:lrTUJln r,.~ COfK)ltiOns II)( extended '* 00' may affecl. CkY'iCO rB~lrty 

ELECTRICAL CHARACTERISTICS INot. 3) 

CHARACTERISTICS CONDITIONS MIN TYP i ... AX I UNITS 

lew fn.put flead1flg VIf, .- OOV -000.0 :000.0 I ~OOO 0 I D'lQlta~ 8eaoln.9 
FI.Jr Sc.a~e ".. 200 OrnV 

I---~ 

""oOOr~~ i Rallomt'lHC Reading ViN ~- VREF I 999 Cig-Ita; Reading 
VOE' - lOOmV ! I 

I 
RolfO~er Error (Dille[e-f-)C.(' .1\ 

, 
1 ., l' Z ", Counts rv'" - 'Y,k'" 200.0mY I 

re::KImg lo~ eq.v'al Dosi~ive and 

i n€gative re-Q~ng near FuH Scale' I -- I Full scale .. 200mV \---~1--- -- r-uneanty ~~tZI)( oo\lIalJon. from -:.2 ' \ Ci}LJnts 

~tr'algh:t tH1€ htl . ______ . ___ or ~ul! scafe .=- 2 OOOV I 
Common Mode Rejection .Ratio VCM ":; :lV, VJN Ov 50 I !-"-V/V 
:Note 4) Full 5<.;.1" ~ 200 OmV , I 

-------- -
I 

~--.---------.l --
NoIs.e IPK-P~ ~JluC not cxceC!ded I V'N - I)V , 15 I f 

~V 

9!J~'I) ot time' Full Scale .;.; ZOO.OmV i I 

Input le~~~ge c~rr.e!21.~~_. ___ ~ _____ fV;N .'. \) 
--~-- I I I 10 pA 

---
Zero Readmg, Dflh i VfN - 0 

, 
02 1 i _V,"C 

10" -: T A ...: 70-r. C I ! 

! V", ~ 199.0mV 
I , 

Scale Factor Temperature I I 5 

I 
;)prn·'C 

I Coeftlcient 0° "'-,.1,.. <: 70Q C 

I I 'Exl. Rei Opprr,'"C' 

I 
! --.---- I -----------

V' Supp~y Cunen\ ',Doos. f:',Qt 
, 

08 , \.e rT',A I I v",·- 0 
j Inc:ucte LED current for 710-7 1 I ---1.--

I V· :wpp~y 5~!:..~nl 7107 only I I 06 f 1 e mA 
i ---- --

Ar;a1og Com.mon Voltage ;Will! 20-i<.B be~wee" Common & I 24 I 28 , 3 2 V 
respect to P'os, Supp.Jy' Pos Supply 1 

, 
I ---_ ... ,.,- ! I , 

Temp. Co-oft of Analog COf'l"lmon ;aSkl! octwe,ct'I Gommon & t 80 Ppnl/:>C , 

\ 

, 
'v·J!tn f€'SpeCt to Pos, SUpp!yl Pos Supply 

, 
I I , 

--------- I 
7l.06 ONLY V' to V- "9V 4 5 6 I V 
PK-Pk Segment DnvE Voltage, I I P!(-Pk Backp.f.ane Drive Vcltage 

I 1 1 
, 

'Note 5· 1 ---- .~-,.-

7107 ONLY I V- ,. 5.0V i 5 

\ 

8.0 I i rnA 
SP.gme!1t Sinking Cu.rren! 1 Segrn.ent voltage::; 3V I I I 
E.xcept Pin 19! I 

, 

I 
I \ 

;Pln 19 OJ1!Y' • 10 ; 16 , I "-,A 

P+ote3: LItl~,I)~ noM}d, spoatfciiltl00S. appi:y k.o both the 1106 and i,e;' ~ T k"" 2S·C, tc~oc..: ..... 46kHZ 1106 l!i-l51!>li)lj "l- t./=le (:Irtul C11 r 9tHr.o ! ?iOl IS 
1£f.OlW 10 100 cJtC\l'i 1)1 Figtse 2. 

Hote of: Ao;w 10 "Oifl~rtlP.{ja1 l::lf,).lt" d''5I;UnlOfl 

Nql. 5: Bac~"lorw Qri¥~ is In Qhaw mth l'Iegtnel".t dnvf) 1.,.- "off" .'!I~mt!t'I\. '60' 0,,( ot pt\6:w fOJ "un·' .~"H. !=reqLoeflCy 15 20 limo!;; conVGfSJOn rati' A.~a9C 0C 
~t .e,IC&'., U\olln SOmv 

fn. fiJfJCtric¥ chAri.fCfMt$tlCs .tbovB aro d: I~:wrt of 11 portJoo of ,,,,fl("Sii6 .:OPyrightoo (1983/19841 tiJfIf booJt.. ffr.;. l('IIomuifM does nof C()l'lsf!tLo1e oM)" 

18IJf€f8ntiJiJOfJ b'I Mdxim :tJ4I[ ~1I1l;"'!JIr$ prOdtJCiS W<.iI P6r1orm in ~nc~ Wlrh 11);)$0 sp8CIt1r;aoon..fi. {/)6 "tlcC1.rK.'iJI ChIKltcltHi8(IICS r.:>Ie·' 4100-; ...all the 
j1~$c"ptivf' fnrorpw I!r:)m JI'w! ori{JitIa{ IMnufacltJfoi"S d<Jta ShtJRl MVt! bm'.f1 fr-.chKJ.,lti In 1M (!81.i shwel so/giy {Dr Cc.m{J~fllrivfl- ()fJfPO!ie~ 

.I&1tA X 1.1&11 



3'Y2 Digit A/O Converter 

• Guaranteed Overload Recoverv Time • Key Pilram@ters Guarante@d oyer Temperature 

• Significantly Improved ESO Protection (Not. 7) • Negligible Hysler."i. 

• Low Hol.e • Maxim Quality and Reliability 

• Increased Maximum Rating for Input Current (Note 8) 

ABSOI.UTE MAXIMUM RATINGS: Tno. ''';co o:.on1<,,,,,, '" me Ab,,,,,," .... """'m RaJ_ on ",ac",,' D"Il' 

ELECTRICAL CHARACTERISTICS: Spoc,I'ca1ions "'c~ "''''' '" ",,,,,,,,, .M ', .. ',",' p"""""." "" ",,,,en' pa9 •. 
(V - --;T SIll, T]\'o. 2r;·G-:-1(..:L:;. ... ;~ 4S\(Hr:-tCltt C~II· F;g.u'i< 1; ')~ nol~ 

PAAAMETERS 
Zero Input Reading 

Raliometrlc Reading 

RO!iO,",£!f EI ror iDlttt'rer1l:e ,n 
r~aljp,g tor ~qUill positJYl? Jr-cl 
Ilegal,,,e readloq ne~r ~lJlI Sc.ale) 

Lim~ar;ty (Max. d~viation from 
, best stra'ght line fit) 
! Common Mod. Rejection Ratio 

~ Noise (Pk·Pk vaJue not exceeded I 95~' ot ~m.) 
, tnput Leaklg9 Curr"nt 

CONDITIONS 
v,,, z O.OV, Full Scale ~ 200.0rr,1/ 

T A - 2S'C (Note 6) 
Ir " T A ~ 70"C (NOle 10) 

V;N - VREF", VFrEF =: ~ OOnN 
T A ~ 2S'C (Not. 6) 
O' " T ~ ,; 70"C (Not I 10) 

- 'lIN ~ + IIIN .. 200,QmIl 
TA ' 2S'C (Note 6) 
0" : T A' 70"C: !N~l~ ~fjl 

Full Scat. ~ 200.0mV 
---l or M scale - 2.00011 

lie ... - :::111,11,'1" Oil 
Full Scale ." 200.0mV 
IIIN ~. OV 
Full Seal. ~ 200,OmV 

V1f<.J -= 0 

MIN 

000.0 
-000,0 

999 
998 

- 1 

TYP 

::: OOO.C 
±OOO.O 

99911000 
m/l000 

" ,2 
... 2 

t.2 

50 

MAX 

• 000.0 
, 000,0 

1000 
tOOl 

~- 1 

+ 1 

10 

UNITS 

Oigflaf 
Readil"1g 

Digital 
Reaaiog 

CoUnls 

---::----.~ 

C-OtJr'lts I 

-j--------1 

,~VI\I 

pA 

ZetO Reading Drift 

T A ~ 2S'C (Note 6) 
+ ,0:.-: TIP: 70"e.. 

1 
20 200 ..-,r-------' 

Scale Factor Temperature 
Coefficient 

Vn . .,j - 0 
0' ,:; T. ,,: 70"C (Note 6) 

V,N - t99,Omli 
0" ,; T.,;. 7rrC 

1- (Ext. Ref, oppm/'C) (Nol. 6i-

v Supply Curr.nt V'N - 0 

I 
0.2 II!'C ' 

~ 5 
.----..J 

, (Ooes nollnclude LEO current T. z, 2S'C 0.6 1,8 rnA 
! 

i for7107) --..J __ ()',-,":..' T-"A"-=~--,7-,,O..:·C"-____ .,--________ .:"2c---+ ____ _ 

: 'J Suppjy CiJlr~i'it (7i07 only) ....:Oc:G:..... __ -:i-'8~---., __ ...:.;m:"A.:....--.-J 

I
I Analog Common Vollage (wi1h , 2Skil between Common & 2.4 2.8 3.2 V 1 
, respe<:l to Pos, SUPPlY) Pos, Supply I 
I Temp< Coffif. of Anai09 Common 25kH between Common & 
1 (w:tIl r""""ol te Pos, Supply) Pos Supply 

710S0nly(Note5) 11- toV- ~ 9" 
! P'·Pk Segment D,iv~ VoIt.ge, 

Pk.Pk eacl<plor.e Drive VoHage 

n07 Only-Segment Sinking Current 
(Except Pin 19) 

\ jP,n t9 only) 

l!106 Only-Test Pin Vo/\a9' 
I Overload A.oovary nme 
Liliat.9) 

V- - 5.0V 
Segment Voflag" ; 311 

With Reapectto V ' 
VtH clla1\gtnlllrom :!: tov 
to OV 

4 

5 

to 
4 

7S ppm!'C 

6 v 

• mA I 
.~.mA~_ 

8,0 

16 

6 V I 
i .... surement ________________ ~cya •• ~ 

5 
o 

N~ I' 1£:51 c:onOltlOfl I" v,,,. aDOI1AO oetweerl pm IH<HI."d IN.lO througf'l 01 lMn Sir,es r~SLs.tOf Ii!. 'ho ..... " In F'gure, lllonJ]" 

Not. 7: ""ijp.n!t ar;da"g~IO wilt\RtaNl @o/eetra"aMdts.ch&f".,ESO) li~ Irl e--.cMS o~". TT~l uwctli! ~ W Std E!.I*I. Mt)thod 301 6.1t
Mot. I: fnp'Ji .... oItages may e;.oceed 'he SUPllty YQltagt' proo-old6Q the Inpu\ currtllrl\ IS ~rri~ to;, -: 1mA ,1,_s (&\"I99i Not", 1 on acstacenl p~o). 

Not •• : Numbor of rntI8s-.ef\I\:II)\ cyde.s. fOr d's~hJY to gN"e oCClJl1l.te ra-l.~if\g. 
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3~ Digit AID Convefter_ 

..-..... ...,.., 
ICL7t~ 

FULL SC!.ll 
..... " .. 1 

,=i94"e .'. 1A1f,t1m 1CL71Jfj TypiC<lIOp.#~(""1C;~tI'f 

.. Analog Section 
Figure 3 shows tha BloCk Diagram of the AnalOQ Seclion 
lor the ICL7136. Each measurement cycle is divided into 
(our phases: 

1. Auto-Zero (A-Z) 

2. Signal Integrale (tNT) 

3. Relerence De-Integrate (DI) 

4. Zero Integrator (ZI) 
Auto-Zero Phase 

Jhres e~nts J)CCUL duriDg aylo-Z!!ro. 1he i!:lPUIS1 IN-HI 
and IN-LO, are disconnected from the pins and intamany 
shorted to analog common. The reference capacitor is 
charged to the reference voltage. And lastly, a feedback 
looP is closed around the system to charge the auto-zero 
.capacitor CAZ to compensate for offset voltages in the 
comparator. buffer amplifiar end ill\8grator. The iIIhe<ellt 
noise of the system determines the A-Z ~ccuracy. 

Signtl//nlegrate Phase 
The internal input high (IN-HI) and input low (IN-LO) are 
connected·to tl18 externet pms. too-internal snort i$ re-
mOved and Ihe auto-zero loop is opened. The converter 
then integrates the differential voltage be\W9Qn IN-HI 
and IN-LO for a flxed time. Thi$ differential voltage can 
be WIthin a wide common-mode range (within one vo~ of 
either supply). If, howev",. the input signal has no return 
with respect to the converter power supply, IN-LO car) be 
tied to analog common to establish the COO'ect common
mode vollage_ The polarity 01 the integrated signal is de
termined at lhe and of this phase. 

- - - - - IfBftiitmC9 {)E-lnfi1grtlte 
iN-HI is connected across lhB previously charQed refer
ence capacitor Rnd IN-lO Is internally connected to ana
log common. Circuitry wrthin the cl\ip el'lSUre& Ihal the 

- caPilcilet: will..be connected .with .the correct polarity to 
cause the integrator output to return to zero. The input 
signal determinE16 lhe time required for the output to re
turn to zero. The digital reading displayed is: 

V'N - 1000 ',( .• ---
VREF 

r'ata f·ook 

Zero Integrator PhDSe 
Input low is shocted lP enalog COMt!\ON_Bnd jhe r~fer._ 
ence capacitor is charged to the reference voltage. A 
feedback loop is closed around the system to input high, 
causing the integrator output to return to zero. This 
pMse nOfTllally lasts belWeen 1 \ and 140 clock ""Ises 
but is extended to 740 clock pulses aflll( a "heavy" o"er
range conversion. 

Dlftersntia/ RlJlerence 
The ref8(ence vollage can be generated anywhere within 
the powe< aup~y vOl\age of 1M corwerter. 1M main 
source of common-mode error is a rollover vo~ge. This 
is caused by the reference capacItor lOSing Of gaining 
charge to stray capacitance on its nodes. The reference 
capacitor can gain charge (increase vo~ge) If thore is a 
large common-mode voltege. This happens during de-In
tegration ot 8 positlve signal. In conirast. the reference 
capacitor will lose charge (decrease voltage) when de-on
tegratlng a negative input signal. RollOv~r. error IS caused 
by this difference on reference for positive or negaltve 
-input-vonages.Jhis.arrou:an IN nEl!sl toJJiSSlhan.haU ~ 
count for the worst· case condition by selecting a refer
ence capacltor that is large enough in comparison to Iha 
stray capaCitance. (See component value se"'c~on.) 

.- ... Differentia/Input 
Differentlallloitages anywhere wUhin·the common-
mode range of the inputampJifer can be accepledby 
the input (specifically lrom 1V below the posillve 
supply to 1.5V above the negative supply). The sys
tam haS 8 ~MF!R 01 86dB (tyP) in this range. Care 
must be exercised. however, to ensure that the 
integrator output does not saturate, since the in
tegrator follows the common-mode Voltage. A large 
positive common-mode voltage w,lh a near lull-scale 
negative differential input voUage is a worst-case 
condition. When most of the Inlegrator output sWIng 
has been used up by the positive common-mode 
voltage. the negative input signal droves the integra
tor more positive. The integrator swing can be re-

_ c:lucac:l 10 les.li thllI' thll re<;gm~nd.!!.d 2y'" lu~scale 
swing with no loss of accuracy in these crit:c81 

NI ..... JXINI 
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appllcallons. The integrator oulput can swing within 
O.3V 01 BIther su pply without loss o! linearity. 

Analog Common 
The primary purpose 01 tillS pin is to sel 1I1e commOr)
mooe vollage lor battery operation. This is useful when 
"5"'9 Ihe IC~7106, or for any system where the input 
signals are floating with respect to the power supply. A 
voltage oj approximately 2.BV less than the poSitive sup.. 
ply is set by this pill. The analog commOll has some of 
the anritlutes of a relerence voltage. It the total supply 
voltage is large enough to cause the Z9ner 10 regulat9 
( > 71{), lhe common voltage will have a low oulpul im
pedance (apprOXimately ISn), a lemperature C09llicient 
oj !ypica~ 8OppmrC, and a low vollage coelticlent 
(.001%). 

The internal heating of the ICL7107 by 1he LED display 
OllVers deQiades the stability of Analog Common. The 
power dissipated by the LED display d<ivers Changes 
IMth the displayed count, theroby cllanging the temper,,
lU"~ 01 the dle, which ... turn r9suJ1s in a small ctlange in 
the Malog Common ~o\ta9". This combInation of vari
able power dssipa~on, thermal resistance. and tempera
ture coefficient causes a 25-80"V increase in n~ 
near lull scale. Another effect of LED display driver pow· 
er d,sSlPalion can P9 soon at the transition between a luK 
scale reading and an overload ccndition. Overload is Ii 
low powe, dissipation con~on since the Ulree least Sig
Olflcant d>g<ts are blanked in overlOad. On the other hand, 
a near full scale read"g SIJ(;~ as 1999. has many seg
ments turned on and IS a ilion powee dlSSlpStKln condi· 
tlOn. 1be <iilference in power dissipatiOn between OV9r· 
load and luil scale may cause a ICL7107 with a negative 
I6mperaluu; coelflCient leierenC9 to cycle between over
load and a near fvll scale display as !he die anernal6~ 
healS and cools. An ICL7107 with a posrtive Te reler. 
ence will .. ,hibit hysteresis under these coi'lditions:oncfl 
put injo overload by a voltage just barely mora thar, lull 
scale, tbe volls9" IOOS\ De reduced by several Coonl. 
before the ICL7107 wiH come out of overtoad 

NI.lJ X t .1"1 
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Non9 of the above problems are encountered when us
I"\g ane)(\erna/ relecence. The ICl71ca, wilhits low pow· 
er <lIsslpatKln, hu ncno of l'lese problems with either 
8n !!'.xtemal refer9nce or wJ1en using Analog Common 
as a rei.,rence, _.-

During auto-zero and r9ference Il11Elgra1e the inl9rnal in· 
put low is connected 10 Analog Common. ~ IN·LO r5 dif
ferent tram analog-common. a common-mode voltage 
exists in the system and is tak8ll care 01 by the 9xcellent 
CMRR 011h9 conver1&r. III some applica~oos, hOwever, 
IN-LO will be sel at a fixed known voltage (e.~, pOWeJ 
supply common). Whenever possibla analog common 
shout:! be tied to the same point. thus removing Ihe com
mon-mode volts9" kom the converter. The same holds 
true for the refetel1Ce voltage. If convenient. REF·lO 
should ba connected 10 analog commOll. lhis wm re
mo~8 the common-mode vo"age Irom tile reference s~s
tern. 

Analog Gammon IS IOternaJiy lied to an N·chsllfl&l FET 
that can sink 30mA or more of current. This wiH hOld the 
Analog Common voltage 2.8V below tile positive supply 
(when a source Is t'Yin9 to puK the common ~ne positive), 
There is only lOILA of source current. however, so COM
MON may easily be lioo to a more negatiVe voHage; thus 
over-riding \he "'ternal reference. 

r •• t 
Two func1ions are perlormed by the tesl pin. The first is 
using tllis pin as the negaliv9 s,""ply for extemally gener· 
ated segment driVers or any other annUflciators 1h6 user 
may want to include on tbe ~CO. This ~ IS coupled to 
the internally g<merateddigitaJ supply through a SOOll 
resIstor. lhis applicatKln IS illustrated in F~res 5 & 6. 

A lamp testis the secone! function. All sElgffiElnls wiil be 
t","ed on and the display should fI,ad - 1688, when 
TEST is pulled high [V + ). 
Caution: In the lamp test mO<l9. the segments have a 
constant de voltage (ro s~are wave). This can burn the 
LCD if lelt in thiS mode for several minutes. 
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The digitafseclion for the ICL7106and ICL7107 is lilus
lr~ted in figuces Band 9. In Fig"re 8. animernal dIgital 
ground is generated \rom a 6V zener diode and a Wge p. 
channel source lolIower. This supply is made stiff to ab
sorb the "'r9a capacihve currents when the back ptane 
(BP) vollS1Je is switChed. TIle BP frequency Is calculated, 
by dividing \tie clock freQuency by aoo. For e~ample. with 
8 clod< frequency 01 48kHz (3 readings per second), the 
backplane win be a 60Hz square wave with a nomiflal 
amplitude of 5V. The segments are drivtln at tne sarna 
frequency and amplitude. Note that these are otA·of
phase wtlen the segm<)nl is ON and in·phase wl1en OFF. 
Negligible de voltage ex;sts aCross the seglrents if) ei· 
ther case. 

Dah. Book 

The ICL7107 ts identical to the iCL7106 except tnat the 
baci<plane and dnvers have been replaced by N·channel 
segment drivers. The ICL7107 is designed te) drivc Com· 
man anode LEO's wllh a typical seglWnt curront Of SmA. 
Pin 19 Hhousands digit OU'lput) sinks c"rrent trom two 
LED segments. and has a ISmA drNQ capab,ily. 

The polarity indiCation is "on" for negative analog inputs, 
for both the IC17106 an<lICI.7t07. \I deSired IN·HI and 
IN·LO can be ,evelsed giving a "on" for positive analog 
inputs. 

System Timing 
The clocking circuitry for the: ICL7106 and ICL7107 ~ 
Illustrated in F,gure 7, Three approaches can be used, 

1. A crystal between pins 39 and 40. 

2. An exterMI osc~lator connected to pin 40 

3. Ar< RC oscillator using alltr,(<)8 pins, 

The decade co"nt<l!s are driven by the clock rrequency 
divided by four. This frequency is then further divided 10 
101m 1M four convert·cycle phases. namely: signal inte· 
grate (1000 counts). reference de·integrate (0 10 20()() 
counts). auto-zero (260 to 2989 counts) and zero jr1tegra· 
lor (11 to 740). 

The Signal integration should be a multiple of 60Hz to 
achieve a maximum reiecHon of 601-12 DiCKIJI). Oselilator 
frequBnCIe5 ot 30kHz. 40kHz, 48kHz. 60kHz, 80KHz, 
120kHz, 240KHz, etc" snould be seleclede Sorniiarly. tor 
50Hz rejection. oscillator trel:luencies of 200kHz, 
100kHz, 66'/,kHz. 50kHz, 40kHz. Gle., are app{opriale 
Note I~al 40kHz (2.5 readings/second) wi~ reject both 
50 and 60Hz (also 400 and 4401-iz). 

Al.do·zero recoives tho unused pOrtion of reference 
de<ntegrate (or signals less than fl>ll·seale. A compests 
nwasurernent cycle is 4,000 couots (1.6.000 clock puis· 
BS). independent of input voltage. As an example, 8n os· 
c~lator freQuency 01 48kl-l2 would be used 10 obtaIn three 
readings per second. 
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Compontlnt Valutl Stlftlet/on 

Auro-Zero Capacitor 

The noise of the system is inftuenceo by the auto-zero 
capaCltor. For the 2V scille, Ii 0.0471'-F capacitor ~ ade
quate. A capacrtor size of O.47;>F is racommendec lor 
200mV full ~cale where low noise operation is very im
portant. Due to the ZI phase of Maxim's IGL710617. 
noi56 can be reduced by using a larger auto-zero 98paci
te>" without causing hysteresis 0r ovooange hangover 
prcblems seen in 0!flel-manulacluref&-ICL71 0617 w~ 
do not have the ZI phase.: 

Reference Capacitor 

For mOst applications. 11 O.1I'F capacitor Is acceptable: 
However, a large value is needed to prevent rollover er
ror where a large common-mode vo~age exists (i.e., the 
REF-LO pin is not at analog common) and a 200mV 
scale is used. Generally, the roll over error will b6 held 
ha~ a count by using a 1.01'F capacitor. 

Int9gratlng ClJpacltor 
To ensure that the integrator Will not saturate (at 
approximately O.3V from eithersupplyl, an appropri
ate integrating capacitor must be selecte<:!. A 
nOfTlmal ~2V full-scale integrator swing is accept
able for the ICL7106 or ICL7107 when the analog 
common is used as a relerence. A nomin:'1 :t:3.5 to 4 
volt swing Is acceptable for the ICl7107 with a ±5V 
supply and analog common tied to supply ground. 
The nominal values for CINT is O.221'F lor three read
ings per second. (48kHz clock) These values should 
be changed In inverse proportion to maintain the 
sarne..cu\put swin9-i4\ilferenl osciUalor frequen~ 
are used. 

The integrating capacitor must have low dielectric ab
sorphon to minimize hnwrity errors. Polypropylene ca· 
pacitors are recommended lor this application. 

- -
(ntegratlng Resistor 

The integrator and the butfer afTlplifiar both have a clas5 
A output stage with 100»A 01 quiescent current. 20/'A of 
drive current can be supplied with negligible non-linearily 
This rssistor should be large enough to maintain the am
plifiers in the linear region over the entire input voltage 
range. The resistor value, however. should b6 lOW 
enough that undue leakage requirements are not placed 
on the PC boards. For a 200mV scale, a 47Kn-resistor is 
recommended: (2V scale/470K!l). 

Oscillator Components 

A 100Kn reSistor is recommended for all ranges ot fre
quency. By using the equation 1 = OA5/RG, the capaci
tor value can be calcule-ted. For ~kHz clOCk, (3 read
ings/second), Ihe oscillator capacilor plus stray capacl
ta~hould equal.1OOpF. 

Data Book 

H'1ferenct1 Volt8ge 
AI> analog input .lIOltagq of VIN ~o 2 (VREF}-i$-fG
quired to generate full scale output 01 2000 counts Thus. 
10r 2V and 200mV scales, VREF should eQUal 1V and 
t oomV respectively. However. there will exist a scale 
[actor other than unity between the mput voltage and the 
digital reading in m6ny applications-'Where tha MI3-+.r 
connected to a transducer. 
!'Is an example. the designer may like to have a full 
SC3.le reading in a weighing system When the \'oltage 
from the transducer is 0 6B2V. The designer shOUld 
use tn-e-;nput voltage-directly andoelect VREF a. 
0.341 V instead 01 dividing the input down to 200mV. 
Suitable values 01 tns capacilor and integrating 
resistor would be O.221'F and 120Kll. ThiS proVides 
for a slightly quieter system and also avoids a divider 
network on the input The ICl7107 can accept input 
signals up to c:3.5V with ;:5V supplies. Anolner 
advantage Of this system occurs when the digital 
reading 01 zero is desired for V"," zero. Examples 
are temperalure and weighing systems With vanablB 
tare. By connecting the voltage transducer between 
Vlt~ positive and common, and the vanable (or tlxeo) 
offse1 voltage between common and VIN negat(\I'e. 
the offset reading can be conveniently generated. 

/CL11f1Z.2ower Supplil!s.. 
The lel?! 07 is designed to operate from 7: 5V supplies. 
However, when a negative supply Is not available it can 
be generated !,om a Clock aulput with two diodes. two 
capaCitors, and an inexpensive IC. Roler to Figure 10. 
Altemativelya - 5V1;upply can be 9_rated using Max
im's ICL7660 and two capacitors. 

A negative supply is not required in selected app(icatlons. 
The condmons to use a single + 5V supply are: 

• An external referenCe is used. 

• The signal is less than ± 1.SV. 

• The Input signal can be referenced to the center 01 
the common-mode range of the converter. 

See Figure 1 B. 
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.App/iclItions Information 
Heat IS generated withm tne ICL7107 IC package due to 
the sinKing of LED c1isplay current. Fluctuating chIp tem
perature Can cause a display to change reading ,f the 
,ntemal voltage reference is used_ By reducing lhe power 
being dissipated such variations can be reduced. The' 
ICL7107 power dj§ipalion 's redu!:&d by reducing ~'le 
lID common anode voltage. The curve tracer illustration 
showing the relationship between the OU1put current and 
the output voltage for typical ICL7107 is sean in Figure 
11. Note that the typicallCL7t07 output is 32V (pelnt A), 
since the typic&j,ED has 1.8\i~oss it (amA llrM! cur-

rent) and ~s common anode is connected to -; 5V. Maxi
mum power dissipation is: 

8.1mA " 3.2V '·.24 segments = 622mW 

Once the ICL7107 output voltll,ge is above 2V~the LED 
currant is essentially constant as output voltage increas
es. Point B illustrates that reducmg the output voltage by 
O.TV results in 7.7m/>-. of LED current. (only 5% reeuc· 
tion). The maximum power diSSIpation is a reduction of 
26% as calculateo by: 

7.7mA': 2.5V x 24 segments ~ 462mW 

As illustrated in Figure t 2, reduced power dissipation IS 
easy to obtain. This can be accomplished by placing ei· 
th€:r a 5.1 U resistor or a 1 amp diode in series with the 
display (but not in series with Ihe ICL7107). Point C of 
Figure t 8 illustrates that a resistor will reduce the 
ICL7107 output voltage when all 24 segments are "On" 
The output vOitage WIll increase when segments are 
ll.IIned "011". On tlla.other hand, lhe-<lioce will result In a 
relatively sleady output voltage, around Point B. The re
sistor not only reduces tha change in power diSSipation 
as the display changes. but also limils tha maximum 
pewer dissipation. This IS due to the fact that as fewer 

-$egments are ':0..". ~ach "On''-oolput drops more volt
age and current. The resistor Clfeult will change about 
230mW when changing from the best case of six seg
menls, a "\11" display, to worst-case of a "t888" d,s
play. If the resistor is removed, the power dlssipatkm 
change Will be 470mW. The reSistor, therafore, will re
duce the effect 01 display dissipation on reference volt-· 
age drill by about 50%. 

As more segments are tumed off. the change in LED 
brightness caused by the resistor is almost unnoticeable. 
A diode may be used instead of the resistor if it is Impor· 
tant to matntain a steady level oj display brightness. 
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BIODATA 

NAMA : JONGKERPETRUSTALAHATU 

NRP : 5103095039 

N.I.R.M : 95.7.003.31073.51906 

T.T.L : AMBON, 19 AGUSTUS 1974 

ALAMA T : J1. RA WA BARU No.2 UJUNG 

SURABAYA 

AGAMA : KRISTEN PROTESTAN 

PENDIDlKAN: 

- SD XA VERlUS AIl AMBON 

- SMP NEGERI 1 AMBON 

- STM NEGERI 2 AMBON 

- UNIKA WIDYA MANDALA SURABA YA 

ORGANISASI: 

- ANGGOT A HMJ-TE, 

DEVISI HUBUNGAN LUAR 

- ANGGOTA SAT-MENWA 822 

UNIKA WIDY A MANDALA SURABA Y A 

LULUS 

LULUS 

LULUS 

LULUS 

TAHUN 

TAHUN 

1987 

1990 

1993 

2001 

1996 

1996 


