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General Description 
,r,e Maxim ICU106 am ~71()7 are mono~1hic analog 
:c eigital converters. Tney l1ave very high in;xrt impEl<)­
ences and ,squire no e:x::emal display d<W0 ClTcuCry. On­
board aetNa compooen::s include poIa;rty and dioIt driv. 
ers. segmer! dec~s. voltage referEll'lce al'd a clock 
citcu~_ The ICL7106 wil ~ec1ty d,ive a nor>-mulliplexed 
liquid etyStal display (LCD) whereas lhe tCL7107 will di­
,acUy drive a COmmOn anode lighi emitl"19 Oiode (LED) 
o:$olay. 

Versatioity and accuracy are "'~ent features of the&? 
cO!'\yerters.. The du~si;)pe COtW6($ion t~ 8.\1\0-
:naticaRy rejects interf""'''''e signals common in iIIdustri­
ill ......... onmenlS. The tr .... differential input and reference 
a.'" partiCularly useM _~ makinQ raMmetrW; measure­
(:',entS (o~ms 0( bridge t:ansducers~ Maxim has addeO a 
Z6fo-integratOf pnase 10 me ICL7106 and ICL71C7. aim,· 
Rilting overrange hangover 8IId t>ys1eresis etlecls. Fin8~ 
Iy.lhese delli-:es offer ~h accuracy ~ lowering rO\!Clte( 
"';01' to less than one count and Zero reaaong d.-itt 10 less 
than 1~Vf·C. 

App/ic.tiontl 
TMse ~iCes can ~ used in a wide range of d~ita' 
panel me!er aD~alions. Most app~cations. h_r. in· 
""lve m.. measIJ'emeoI and display of analog data: 

PrE$S~re 
VOltage 
Resistance 
'emperat ... e 

r----- -.----" ... 

L. ___ _ 

C:)nductance 
Current 
Saeed 
Material Thickness 

1000';; 

roaofr'V 

~:~ta Bo01: 

~~I~JXI~~I 
3~ Digit A/D Converter 

. ______ . __ . __ Ffl8tUTf,S 

• Improved 2nd Sourcel (See 3rd page tor 
"Maxim Advantage'-} 

• Guaranteed flrsl reading recovery from 
"verrange 

• On board Display Drive Capabillty-no edemal 
circuitry required 

LCD-ICL7100 
LEO-ICL7107 

• High Impedance CMOS om .... ential Inputs 

• Low Noise « 151-' V pop) without hysteresis eN' 
ovenange hangover 

• Clock and R"tMence On-Chip 

• True Differential Reference and Input 

• True Pohirity Indtealion for Precision Null 
Applications 

• Monolithic CMOS desiQn 

Ordering Inform.tion 

PART TEMP. RANGE 

i K-'\.7\060'1.. O'Clo -10'C 
i tCL7H16CJL O"Clo +10'C 
, 1CL7t OI!COH C'"C to + nrc 
, ICL7106C/D O"Clo + 7O"C 
; iCl71G7CPL O<C to j·70"C 

j 'CL7107CJl. <reID + 70'C . 
O"Clo +1il1'C IICL7107COH 

!Cl7107CfO O"Clo • 71l"C 

PACKAGE J 
<0 lead~OIP \ 
4. lead P1aslic Cno ea-ne' ! 
Dice 
40 Leac ?lastic DiP 

40 le~CERD\P I 

Pin tAmflguratlon 

i 

I 
I 
i 

l 
! 

~ J 

~ 1"1'5 • ~~t"'rn Ac;',,·anra9~··- :::gmt/'9S an l.!pgracec qutirt~ le ... 41 ,.11 no .:1.Q.c:1{~:OMt COS! we Offer ~ 'DCOf1r!-·$.Ot,,(r:.~ de .. t~ !!'I.a~ t~ S;Jl::e'CI !o thu 
'O.'10""·.1~: g.J~r;;n;eea O"'!r!atrli-iJr.cc O,,6r ramoor;l!uro ,JJona '''II'M f:q''Har f#lM Sl)fJt:"rca/rOns on man>' JCey f)zramerct:;: dna deVlL"Po 
fl!nnllr.;ceme;n!s. w~eT1 ne«1eC_ thaI r8-Srtn If) improv«l performance wlthouf changing I"~ hmcfic-nalltf-

NlAXINI MlJJrlm In~r_ Product. 1 



3~ Digit A/D Converter 
ABSOLUTE MAXIMUM RATINGS 
S"I'PlY Voltage 

ICl7WS.V+ 10'1" .................. .. ..... 15" 
ICln07. '1+ to GND. . . . .. . . .. . ........ + 6V 
ICln07. v- toGND ........................ ' .. -9V 

Analog Input Voltage (either inpulllNote 1) ..•.... V'" to V-
Refe<ence Inpul Vallage leilher input) ........... V + 10 V-
Ooektnout 

1Cl7106 .............................. TEST 1<>11 t 
ICl7107 .... ···· ... · .................... GND I<> V'" 

Pow~Diss.ipation (Note 2~ 
PYs't1C Package ••........................ lOOOmW 

Ooe:'"JtiI'1.Q Tem.peratUf"e- ....• _ . . . . . . . . . .. 0" C tv .. 7ry- C 
Slor:e;e Temper8'o:r~ ................ ~5' C Ie - 160'C 
Leat1~mpetatu,.e (Sotdering. 60 sec) .. _ ...... '300"C 

....,. -="'PU t ~ INy evceed 1t1e Sl4JPfr ~ ~ the ~ c:urtQ4l11 i:=:IiIIri ~ !. tOO.-A 
Mote z: ~ fa\fDg ~ d(Aod iii ~ .." aa..". ~ 10 PMMd ~ btWtJ 

SWasees atC7.o<e .. ~ Ii$ccd ~( -A~ kla~~ ~ .• may taU!IIiI C*l'NMf"I ~ ~o k ance. ,~ .u. ~s ~ only and ~ 
~ .. an of IIhe ~ 1f1NSe Of .n¥ othOr~ IIIbowe ~ ~ in 'he ~ secbons ('I( 1M 'JP'Ik"~ $ ~ ~ ~e1r: ab60Iutc 
~ f&"'ll COI'IC1niom 10. enenr:ted o.1Ode "'W, atfeI::t cN\tO) reiabilify'. 

ELECTRICAL CHARACTERISTICS 1_ 3j 

CHARACTERISTICS CONDITIONS MIN I TYP i MAX UNITS 
Ze:o fflP1JI ~iu:hn9 V ... ~O.OV -000.0 I =000.0 ! ~OOOO I Oog,t.1IJ 'Ie~n;j 

F"~ Sea .. ~ 200 OtnV . 
RattomC1nc Aeilding V~ ~ VFtEF I 999 9~1000 t 1000 I DJijil.1 Re:achng 

VAU"" 10QmV ! 
FtotIol(er Ecr(u' lO~Ue.eoc.e In \."." ~ +V .. ~ 2OO.OmV I "1 .. ~ I '" I Cour.t; 

i ,,~ 

reachng fot equal positiVi! and 

! rn:ga.tive fet1ckng neer FUfl $cale' r 
lineanty 6Max cte..,laoon trom Full scale ~ 200m'" ! -t ~2 I .\ Counts 
besl stra.grrt ~tne htl Of hili scare = 2.000v 

Common MOOe Rejec~jon .Aatio Veo. = : lV. VtN ~ 0'1. 0 50 I I #J. V/ V 
tNote 4) F ul/ Scale : 200 Om V , 

I ! 
Notse ~Pio:.·~ value not e~ceeded VIN ... 0.'1 I 15 i ! ,,1/ 
95~ ot tu:ne' Full Scale:.;. 2OO.IJmV i 
"'PUr Leakage Cuft'..ent V~" 0 I 1 10 I 1'''' 
ZefO Pea"'ng Dolt v~-G 

. 0.2 I 1 I ~Vi"C i '0- ~ T4';: rocc I I 

sure Faclor Temper,lur. V"" ~ 199.OmV I • I 
5 ppm'·C 

Coefficient 0- <.. 1 ... <:: nrc i 

'Ext. Rei. Opp","~O 1 
V· Supply Currenl ,Does not v .... " 0 

, 
06 I l.a mA I ! I:".c.\ude LEO cuneo' for 71071 I I 

V' """"'l' , .... renl 7107 only I 06 ! I.e mA 

AnalOg Common VOIIage ,W,th 251<! I be'_etl Common & I 2.4 28 
~ 

3.2 II 

"'WOel Il>!'os $upllly' Pos. Supply 
, 
I 

Temp. C.,.,ff ot """"'09 Cammon 25kH bc-.." Con>n>on & i eo , 
ppm.'"C , 

'W,tn ,.spect 10 Po •. Supp!y' Pes. $uj>ply 
I i ! 

7106 ONLY V- 10 V- ~ 9V I 4 S i 6 

t 

V 
P~-Pk Segment Dt,ve Voltage. 

\ I Pk-Pk Backplane O<1.e VOltage ! 'Nole 5' 
7107 ONLY IV' ·5.0V 

i ;; SO 

I 
I rnA 

Segment Sin~ ing CUHent Segn'~nl voltage ~ 3V i I , 
:E)cCt'pt Pin 191 

! I 
:Pin 19 o.n!y' i I to 16 ( rnA 

Hoc. 3: fJnt.rsa ofMMwe t'IOeC. $POIC:IkaIIOft$ apply w.. hoe'I tiIIe 7106 ard 'ifC4" at T~"l!"'C. 'c~oc .. -~ 1'106 15.tasiod 1f)U\8 0ttUt 01 F'oqurc 1 1101 ~ 
~ CI !he ~Qlil 01 FiyuAt 2. 

Note 4: ~ ~ '"Od'IeteroQa!. ~ .. ~union. 

~Q" $; s.c.t-.,Iaot <irMt if C'\ ~ ~ ~ft'\el".t dn~ b' .. oft"· segl"lH!!!nt. \.1!lC' oc.d at pn..!Qo "911'· .. ~t. F'f~ lIS 20 Itcnot:: .:0t'N0f~ tilU.l;, """'Iiql: OC 
~ " !eM IhJn 5()n,V 

TfW ~ ~ ~ iI/"O 4l~ 01. ~ of~. 0JI1~ (1983/19811 dMI bdo-I:.. TM ~hofI ~ not c.,."t"":,, #tt 
'~es~ or ~ :Iur, J,W;KJttI'$ produCts will ~ i('I ~ """ IAeH ~tIion&. 1M ~ ~ T.:.'· Mont; ..cat the 
~scnptWp (YI~ hom IIt6 ~ I1Idft~~ d#ta shMI ".,.bI!err ~'in 1Inc.t6 sM.t $CIt#Iy ~ ~ ~ 

2 ..I1o'tAXINI 



3~ Digit A/D Converter 

• Guanonteed Overtoad Reco .... ry TIm .. • Ke1 Param,,\ers GWlranteed oyer Temperature 
• SignlfOc.nlly Impcoved ESC Pro'ectlon (Hote 7) • NegligIble Hys!er"';s 

• Low Kols .. • Ma.im Qua~ty and Reliability 

• Increased MaJdmum RaUog for Input Currenl (Note 8) 

ABSOLUTE MAXIMUM RATINGS: _ • ..- ........... 10 ... _ ........... Aa_ on "\0<..,' ___ 
ELECTRICAL CHARACTERISTICS: _____ .. ,..., .. ...- .. ____ 1'0'-'" on fd"",,_. 

(tI·-.,.,v. TJ:""'- ~~u.cc<- ~IQe:C>I4IYIC.Figwt'61:~no-= 

I Zero q,,,t Reading 

i 
; R:otiometrlc ReedIng 

i 

I RolI~ ErrOl iDIf#ere"'''"e.n 
rea1i1'!g .Q' equn' pO$itfi.~ and 
rlegafM! readtnQ near ~ul' SClle, 

I L"' .... tiIy ("'ax. _alion Imm 
· beSt SZI1Iigilt w lit) 

! Common Mode RiIjee\1an Ralio 

i Noise (Pk.PI< lt8Jue not_ 
! Ze<o Reading llfil1 

, SCaJeFaclorTe_alure 
· eo..tfiOer,t 

v - SUpply Cun .. nt 
· (00-not include LED CU1T8nt I tor7107) 

V Supply CUnet1t (7107 ""iy) 
Analog Comrno11 Voltage (Wi(h 
r 10 Po6. S<Ipp(y) 

i Temp. Coetf. 01 Analog Common 
I (With respect Ie Pas. SloWlY) 
, 7106 Only (Note 5) 
! ?~.Pk Segment O,;"e VOIlage, 
· Pk·Pk 8ackplar.e Drive Volta I 

i 7107 Onty-Segment SiMing Current' 
! \E.<:e!It Pin 19) 
i (Pin 19 on!yj 
i 7106 Only-Teat Pin Vottage 

COHDmOlolS MIN TYP MAX 
V,., : O.av. Full Scale - ZOO.amli 

T A - ZS"C (No1e 5) 00':>.0" 000.0 ... 000.0 
II' ,;: T A ., 7O"C (Hole 10) - 000.0 ± 000.0 • 000.0 

II'N = Ii~. VREF - 100mV 
TA - 2S"C(No\e6) 999 99911000 1000 
II' <: To!,. 7o-C(Notel01 998 _/1000 1001 

- VtN ~ 0,. IIIN .. zoo.amll 
TA ~ 2S"CtNote0) ';'1 ±.2 
0" s TA. ": iOCC r~!e: 1(1! !..2. 

- t t.2 FuH Scala ~ 200.0mV + 1 
OI'tuU rc:eo - 2.000II 

V'N r Oil 
Futl Scale = 2IX>.Omv 

VIN z: 0 
TA = 2S"C 
O-!'; T .. :!:. 70"'C 

25Idl bc\Ween Con>mo<I !. 
Pos. Supp,y 

v- = 5.OV 
Segment Voltage = JV 

WIIII"-tlO V· 
IIIN cNnging from :0 10V 
10011 

2,4 

4 

5 

10 

4 

50 

15 

1 
20 

0.2 

0.6 

OJ; 

2.6 

75 

5 

8.0 

16 

5 
0 

5 

1.5 
2 

1.8 

3.2 

6 

6 

UNITS 

Digital 
Reading 

Digital 
ReaaOng 

Counts 

... IIN 

... Ii 

pA 

rnA 

mA 
V 

v 

mA 

rnA I_ 
V f 

" • ..,remeltf 
Cycles. I 

N~ I; tcs1 ccnd'('Qf1 b V",,~JI!(I Oit'lWIt«1 0'" IH·MI ~iN·l..Othtou~1'I <II tUO ,.r<"l~ ."io~Ofif{\\n F'9Uf~,! 1 aM 2: 

Not. 7: ... -piM .;;;."g"";; to wih~ eoI.tinma~ di~ (ESO) .... '" ewcess ~.,.. iT est!A'coi! .- MIl Std ~. Mr.NJr130 1 5.1t­

Not. I: '''"VJi ~ ma.,. ~ tM ~.on.ge p'OYIOta '!he W1QU\ c:"rr<3nl t5 IimilEC 0 ~ lmA rr~ ,~ NoloOo ~ on.~ ~OJ. 

Moi.. t~ "'~« ~.~enw.r." cytiu tor G~ to 9"'01 .cente f'ead;f\G. 
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_ _ __ _ _ Analog Section 
Figure 3 shows the aIocl< Diagram of the A"I4IOg S9Clion 
for the ICL7136_ Ead'I measuremenl cyde is civided into 
four phases: 

1. Auto-Zero (A-Zl 
2. Signa! Inlegra1e (INT) 

3. Reference ()e.lntegrate (01) 

4. Zero Intsgralor (ll) 
Auto-Zero Phase 

Jhree ellents J)CCUL duriDg ayto-z!jro. "the ir]pu1S, IN-HI 
and IN-LO, are diSC<l.1n8Cted from the pins and inlernally 
shorted to analog common. The reference ;:apaeitor is 
charged to the ref8le!lCe voltage. And lastly, 8 feedback 
100\) is closed around tile system to charge the auto-laro 
~itor CAZ. to compensate to( offset vaIIages in the 
comparator, butfer amplifier and integrator. The inllerent 
noise of the system determines the A-Z ~cy. 

Slgnallntegm. Phase 
The internal input high (IN-HI) and input low (IN-LO) are 
connected to tile _Nlt pins; the-intemal short is re-­
moved and the auto-%9fO loop is opened. "ThcI conv .. rt .... 
then intElgfates the differential YOItage be1ween IN-HI 
and IN-LO for a fixed lime. This differentia! YOItage can 
be within a .. ide common-mode range (within one voll of 
eilher stJpplyj. If, however, me input signal,., no return 
with respect to the converter power supply, IN-tO can ba 
1ied to analog common to es!ablish the correct common­
modEl vol1age_ The polarity of the integrated signal is de­
teflrined at the end of this ohase. 

- - - - - ReferenCII Dif.l:ttllgnltB -
iNoH! is C<lM8Cted aaoss the previously charged refer­
ence capac~or and IN-lO IS intema~y con~ 10 ana­
log common. Circuitry witllin lhe chip ensures that the 

_ eapacito< will.be connected .""th .the correct polarity 10 
cause the integrator output to return 10 Zeta. The input 
signal dete<mines the time required lor the output to ra­
tum to zero. The digital reading displayed is: 

• 

"!N - 1000 x ---­
VAEF 

' .. ~'<''''' ...... , 

Aoc"oIIV,_ 
";:'_0'"10.> 

F9:ff'!'1 u..XiWllCl..n"77t"c1c.·~.tirtyc.c.u;( 

_/ODCI 
1i.:.JUU 

Zero Integrator Phsu 
{cpullow is ShOcted \0 analog COM~ON_and Jhe '!ier-_ 
enee capacitor is c:tlarged to the raferolnCe voltage. A 
feedbacl< loop is closed around the system to input high. 
causing the integrator o~ut to return to Zero, This 
phase nQ1mOIMy iests between 11 and 140 clock pulses 
but is extended to 7<IQ ciock pulses altere '·he;wy'· ollar­
range conversiOn. 

Oiff~ntJal ReferenC6 
The fel9l'ence YOItage can be generated anywl1ere within 
the power supply YOitege of the corwerter. ihe main 
source of common-mode enor is a rOllover voltage_ This 
is caused by IIIe ref9WlCe capacitor 10$"9 or gaining 
charge 10 stray capacitance on its nodes. The reference 
capacitor can galn charge (increase voltage),f t."ere IS a 
large commcn-mode voltage. This he~ during de-in· 
tegr8!ion of a posiIIve signal. In contrast. the raf .... ence 
capacitor will lose charge (decrease VOltage) when de-in­
tElgfaling a negative il\l)Ut signal. RoCioller. error IS caused 
by this cifferance in reference for posit"'" or negatIVe 
-inpu1.>loltages.Jhis .8rrou:an Il.e hQ!.d 10J.ess .lllan naif ~ 
count for the worst-case condition by selecting a refer­
enee capacitor lhal is larga enough in comparison 10 1he 
stray capacitance. (See component value selection.) 

.. - .- Offf"renti81lnput 
Difiert'ntial voltages anywhsre within· the common-­
mOde range ollhe input ampli!er Clln be accepted by 
the input (specifically from 1V below Ihe pos.tlve 
supply to 1.5V abolle the negatl~e supply). The sys­
tam has a CMRR of 86d8 (typ) in \\'lis range. Care 
must be exerCised: however. to ensure that the 
integrator outQut does not saturate, since the inw 
tegrator follows the common-mode voltage. A large 
positive common-mode voltage WIth a near lull-scale 
negative dllferential input voltage is a worst-case 
condition. When most of the integrator output sWing 
has Deen used up by the positive common-mode 
voltage. the negative input signal dtlyes the imegra­
tor more pOSitive. The integrator swing can be re-

_duced 10 les.s thlUl Ih~ rec.Qm'!!..end.!.d 2~ fu'.':.scale 
swing with no loss 01 accuracy in these crit~81 

NI.;JXIAI'I 



applicatfO!"!S. The integra!or :Jutput ca" swing wtthtn 
O.3V 01 e.lher supoly witflout loss oj linearity. 

Analog Common 
The primary purpose 01 mill pm is to sel 1119 comma,... 
mcOe vofla9" for battery oceration. This is uselul wher. 
"sing the ICL;lC6. or fot a"y systam where me input 
Signals are tloaling with respect to tne power supply. A 
voltage 0/ appro.Qmalety 2.BV lesS ttlih., the positive sup.­
ply tS set by this PIll· The anaiog common NS some 0/ 
the annbutes of a reie<ence VOItqe. It lhe total SIJIJIlly 
voltage is "'198 enough to cause toe zener 10 Jaguiate 
(> 7V). tl>e common voltage will have a tow 0Ulpu1 im· 
pedance (approximately 150). a temperalure coefficient 
0/ Iypicafy BOppmrC. and a lew voltage coetf<etent 
(.001%1. 

The inlemat heatin9 0/ the ICL7107 by Itle LED display 
anvers dag<ades the stability of Analog Common. Tne 
power dissipated by tile LED display drivers c/langes 
wim the displayed count. thereby changing Itle lempera­
wre oj the die. wNch in turn results in a Small C/lange in 
the Analog Com.:",n vol'.age. This combination of van­
able power ~lion. !hermal resistance, and tempera· 
ture coefflcref\l causes a 25-80!J. V increase in noisa 
near full scale. Another effec: of LED di5play driver pow· 
er dis~trcm ca. .. be seen at 100 transitiOn between a full 
scale reading and an ov8fload condition. o..enoao is a 
~ power dissipation con<ilUon Since the tllree leasl sig­
... f.cant dl9'ts are blanked in overload. On the o:her hand. 
e near fu<1 scale readlng =1'> as 1999 has many seg. 
m;;,,!s turoed on and is a high power di~tion condi· 
tion. The difference in pewer dissipal'on between over. 
load and lull scale may cause a tCl7107 wilh a negative 
temperature coefflcienl fela<enC8 10 cycle between over· 
load and a near foil scale display as 1he die alIemately 
heals and cool.s. An ICt7t07 Wit!I a positive Te refer­
ence will e.flibit lJy$te<esis under these coi1ditionS~· one;' 
out i",o overlOad by a voltage just barely mora mal"< fu~ 
scale. the voltage must be reduced by several co.rnts 
belore lhe tCL7Hl7 wih come out of overload 

AlI/JXt/"I 

~~ Dig/! !!LD t;onverter 

r'~ 

Nor", of !he aboIte prOOlems are encountered when us­
r.g an ext9rnal reterence. The ICLil06. with its !ow P<l'«' 
e< dissipation. has none 01 t~se prOblems witt> ann .... 
an ~~ reference. or ~en using Analog Common 
as a rn!renca. .--

During a:JIO-zero and refere""e integ<a,e ".t1e internal in· 
po! low is connecled Ie Analog Common. H 'N·LO IS d:t­
lere/lt irom analOg-common. a common-mode voltage 
exists in the syslem and is taken care 0\ by tl'Ie excellent 
C .... "IR cI the converter. In some applicallons. hOwever. 
IN-LO wlI be sel at 8 fIXed known voIlage (e.g. power 
St.OpPtf <:ommOn). Wtlenever possible analog common 
shout! be tied to 1tIe same point, Itous removing the CO"'~ 
mon-mode voltage from the converte<. The same t\okIs 
true tor 1he ref8fSl1Ce voltage. If convenier~. REF·LO 
should be connected 10 analog common. ,his will re­
moore me common-mode voltage !tom tile reference sys­
tem. 

Analog Common IS imemaiy tied 10 an /II·cnamei FET 
that car, WII; 30mA or more 01 cuneO!. ,his wit; hold lhe 
Analog Common voltage 2.8V below Ule positive supply 
(wilen a SOIJ,ce Is t<ying to puH 1M common 5ne positive). 
Tr.ere is only 'O~ of source cUlTenl. hOwever. so COM­
MON may easily be lied to a l11O(e negatHe voltage. thus 
over-riding the internal reference. 

Two functions are perlonned by the test pin. The first is 
using U\iS pin as 1M! negative supply fOf extemally gener· 
a!ed segnent drivers or any other annoociators the use, 
may want to include on the LCD. Thrs pin is coupled to 
the iru ..... lly generated digItal supply through a 50011 
resistor. 1his appficatiOn is illuslraled in Fir;;ures 5 & 6. 

A lamp :cst IS the second function. AU segments wl!! be 
lurned on and the display s;,ould read - ISS8, when 
TEST is ;:ullad tligh (V + }. 
Caution: In the lamp test mode, tfle segments have a 
.constant cc voltage ("0 s<:!U3,e ""'Ie). This can burn.he 
h.CD .f Iel: I(l Ih.s mode for several minutes. 

5 
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The digital sec;on 10I the ICL7106a.I1d ICL7107 is iii us­
WIled in fi9'l'1l5 Band 9. In Figu,e 8. anintemal digital 
ground is generated itom a SV zener diOde and a large p. 
ch:annel source loIIower. This supply is made stiff 10 ab­
SOrb the large capacitNe currents wilen tile back plane 
(BP) voltage is switched. The BP frequency IS calculated 
~ ciYidiI1g the clock frequency by 800. For example. with 
a clod< frequency 01 48kHz (3 readings per second). the 
baclcplane wiG be a 60Hz squats wave with a nomina. 
amplitude of 5V. The segmel"llS are dtHen at lhe sama 
frequency aoo amplitude. Note that these are 014-01-
phase wf1en the segment is 0/'1 and in-phase wflen OFF. 
Negfigible de ~ge eKists across Ihe segments in e;.. 
the, case. 

, 
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Tne ICL7107 is identical 10 tile iCl7t06 except that the 
backplane and drivers have been replaced by N-chann.el 
segment OIivers. The lel7107 is desig<1ed to drive com. 
mon anode LED's witll a typeal segment cun"ent 01 SmA 
P~ II} Ithousands digtt (lU(pUt) sinks current hom two 
LEO segments. and has a 1 SmA dINe capability. 

The polarity indication is "on" lor negative analog inputs. 
for both the tCI. 7,06 and ICL7107. II desired IN-HI an<! 
IN-LO can be (evessed giving a "on" for posilNe analog 
",puts. 

System Timing 
The cIocl<ing circui'.ry lor the tCl7,06 and ICL 7107 is 
illustr&1ed in FlQUfe 7. Tlvee approaches can be used: 

1. A crystal be;ween pins 39 and 40. 

2. An external oSCillator COM8CIed 10 pin 40. 

3. A/1 RC oscillator using all tt-.ree pins. 

The decade COOIf1tefS are driven by lhe clock frequency 
~ed by four. This frequancy is !hen further divided 10 
form lhQ four convert-cycle ptwas. namely: signal inte­
g<ate (1000 counts). reference de-if1tegrate (0 10 2000 
countsl. auto-zero (260 to 2983 countsl arod zero integra· 
lOr (1110 740,_ 

The signal integration shOuld be a multipla ot 60112 10 
achieve a max'.murn raieClion 01 60Hz pickup. OsaIIato< 
frequef1C1eS of 30kHz. 40kHz. 48kHz. 60kHz. 60kHz. 
120kHZ. 240kHz. esc.. should be selected. SirrJlarty. lOr 
50Hz rej!OClion. oscillator frequencies of 2OOI<Hz. 
100kHz. 66'1.I<HZ- 50kHz. 401<Hz. etc., are appropriate. 
Note II1at 40kHz (2.5 readngslsecond) will reject bOth 
50 and 6O~z (also 400 and 4AOHz). 

Alll0-2ero receives the unused portion 01 ref .... ence 
deinteg<ate I<X signals less than '<lit-scale, A compiete 
nwasureme"t qcle ;s 4,000 counts €lS.ooo clock puls­
es). ind6gendenl of input voltage. As an example, 8n os­
C1IIato< lrequency 01 48kHz would be used to obtain three 
leadings per ~ond. 

NlAXINI 
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Aufo-Zero Capacitor .. -

The noise 01 the system is influenced by the autc>-zero 
capacitor. For the 2V scale, a O.047jLF capacitor is ade­
quate. A capacftor size 01 0.47 jLF is recom:nendeci lor 
200mV full scale where low noise operation is very im­
portant. Due to the ZI phase 01 Maxim's 1Cl7106/7. 
noiSe can be reduced by using a larger autc>-Z8I'o capaci­
\0< without C81ISing hysteresis Cf overrange hangover 
prclMems _ in atlleHnanulactur~L7106f7 ~ 
do nol have the ZI phase, 

Referencecapacftor 

For mOSt applications. "8 O.1IlF capaciR)r Is acceptable: 
However, 8 large value is needed to prevent rollover er­
ror where a large common-mode voltage ellists O.e_ the 
REF-LO pin is not at analog common) and a 200mV 
scale is used. GeneraJIy. the roll over &frO( wilt be held 
!lalf a count by UYlg a 1.0jLF capacitor. 

Integallng Cllp;icltor 
To ensure that the integrator will not saturate (at' 
approximatelyO.3V from eithersuPllly), anappropri­
ate integrating capacitor must be sele<:ted. A 
nOminal t:2V lull-scale integrator swing is accept­
able for the ICL7106 or ICL7107 when the analog 
common is used as a relerence. A nominld ~3.5 to 4 
volt swing Is acceptable for the ICL7107 with a ±5V 
supply and analog common tied to supply ground. 
The nominsl values for C,NT is O.22"F for three read­
ings per second. (48kHz clock). These values should 
be changed in inverse proportion to maintain tne 
sa-.ootput swing..i1dillerenl oscilWor Iraq uenCleS 
are used. 
The integralit\g capacitor must have low di&lectric at>­
sorption 10 nW1imize linearity errors. Polypropytene ca­
pacit~ are ~ lor this ~tion. 

Int.fIr.tlng Resistor 

Tha integra"'" and the buHSI' all1Qifier both have a class 
A output stage with l00j£A 01 quiescent cum!nl20tLA of 
drive current can be SUpplied with negligible oon-finaarity. 
This resistor should be large enough to maintain the a~ 
plifoers in the linear region owr the entire i"!JUt voltage 
range. The resistor value, however. should be low 
enough that undue leakage requirements are. not placed 
on me PC tloartis. For a 200mV scale. a 47KIHesiSlOr IS 
recommended; (2V scale/470K!l). 

Oscl/Jator Components 

A l00Kn resistor is recommended lor ell ranges at tre­
quency. By using tile equation I = OA5/RC. die capaci­
lor value can be calculated. For 48kHz ClOd<, (3 reed­
ings/second), the oscillator capacitor plus stray capaci­
talll:lUhould equal..1Q!lpF. _ _ 

• 
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Reference Voltage 
AI> Malog input -IICI!age of V,N ~o 2 (VReF~ 
quirad to generate full scale output of 2000 counts. Thus, 
for Z)I and 200mV sca~9S. VREf should equal 1V and 
lOO!11V respectively. However. there will exist a scale 
factor other than unity between the input \'Oll8g8 and the 
d9ta1 reading in meny appIica~here the AI&-+.!-­
C<)MeCted to a transducer. 
.~s a" example, the designer may like to have a lull 
scale reading in" weighing system when the II<lttage 
from the transducer is o 682V. The deSigner should 
use ~'Te""input voltage-directly end--select VREF at­
O.34W instead 01 dividIng the input down to 2OOmV. 
SuitaCle values of the capacitor and Integrating 
resisoor would be 0.221'F and 120Kll. This provides 
lor aslightly quieter system and also avoids a divider 
network on tne inpul The ICL7107 can accept input 
signals UP to ~3.SV with ::5V supplies. Another 
adYmage Of this system occurs when the digital 
reading of zero is desired for V,N" zero. Examples 
are temperalureand weighing systems with variable 
tare. By connecting the voltage transducer between v". ;IOSitive and common. and \nevatlable (orlixed) 
offset vOl1ege between common and VIN negative. 
the oIfset reading can I>e conveniently generated. 

1CL7WZ2DwtN" SIlPfJI/es.­
The leG 1 07 is designed to operate from "c 5V $Upp/i6S. 
H-" when a negative supply Is not avaHable it can 
be generated from a Clock out;wt with two diodes. two 
cape£ilors, and an inexpensive te. Refer to F'9W8 10. 
Attematively a - SV'!;upply can be ~ted using Mar­
ini's 1CI..7660 and two capacitors. 

fA. negative supply is not required in selected applications. 
The conditions 10 use a single + 5V supply are: 

• An external relerenee is used. 

• The signal is tess than ± 1.SV. 

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

See figure 18, 

r 
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Applications InftJr_tion 
neal is generated withm tr.e ICL7107 IC packaQe due to 
the sinking 01 L!:D display current. Fluctuating cI!;p tem. 
perature can cause a oisolay to cr.ange r6adr.g If the 
Inlernal voltage reterance lS used. B, reoucing Ihe pow'" 
belOg dIsSIpated such vanations can be rediJGE(j. Tha 
ICL7101 power d~licn is redur;.,ed by reducing !.'Ie 
LEU' common anode vollage. The curve tracer ~stration 
showing the relationship between the output curen! and 
the outPut l/oI1age to( typical (CL7107 is 566<1 in Figure 
11. Note that the typicallCL7107 outPtlt is 3.21( (pOint AJ. 
since the typical LED has I.S .... ..moss it i8mA Ji:iJts cur· 

rent) and its common e.noe.. is connected to ~ 'N. Maxi· 
rr.um power dissipation is: 

8.1mA ,,3.2Y>_ 24 segments = 622m"'" 

Once the ICLll07 0\IIput volll\ge is above 2V_1he LED 
CUIl'enl is essentiaHy constant as output VOltage increas­
es. Point 8 illustrates that n;duong the output walIage by 
O:TV results in 7.7mA of LED current (only 5'10 reduc· 
tionl. The maximum power dissipation Is a f8ductio" of 
26% as calculated by: 

7.7mA y. 2.SY x 24 segments - 462mW 

AS illustrated in Figure 12. reduced power dis$patiOn is 
easy to oQtaln. This can be accompiished by placing ei. 
ther " S.H) resistor or a 1 amp diode in series with !he 
display (but not in series with the ICL7107). Pcr.! C of 
Figure 18 illustrates that a reslsto< wiN reduce the 
ICL7107 output voltage wilen all 24 segmentS are "On". 
The output YOitage wilt increase when segments are 
!WIled "Off". On tlla.other hand. the40de will result In a 
relatlve~1 steady oulput voi'.age. arOl.lld Point B. The re­
sistor not only reduces me change in power Cisstpation 
as the otSplay changes. t:utatso limits the muirnum 
power dISSipation. This is due to the fact that as !ewer 

..aegmenls are .:0,. ... each ~On'=-tllltput drops ....... volt­
age anti cunenl The resisto< CltCLOt will change about 
230mW when cnanglng from the best case of Six sag­
menls. a "Ill" display. 10 worst-CMe of a "1S88" dis· 
play. II the r.,gstor is remoyed, the power dtssipation 
change .... 11 be ~70mW. The reststor. therefore. wilt reo 
duce the effect of display dissipation on refe.'e<1Ce volt­
age drift by aboul SO .... 

As more segments are timed oft. tile change in LED 
Dl'l9htness causad by the rasistor is almost UIVlCXioeabie. 
A diode may be used instead of the resistor if it is impor· 
tant to maintain a steady level of display brightness . 
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