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General Description

Tane Maxim ICL7106 and L7307 are monobthic analog
¢ digital converters, They have very high input impeg-
zaces and @quire nc extemal display Jove civcwry. One
board actve componens include polasity and digit driv-
ers, segment decodars. vollage reference and a clock
crcuit, Tha ICL7106 wik drecily drive 2 non-rulliplexed
iquid crystal dispiay (LTD) whereas ihe KCL7197 will &
?ctliy dnve a common anage light smiting diode (LED)
isolay.

Versgisity and accuracy are mhaerent features of thess
converters. The dual-siope conversion techoiqus auto-
maticafly rejects interfarence signals common in industri-
ai snviranmenis. The true dittevential input and reference
are particularly usefu} when making ratiometric measure-
ments {ohms of bridge tansducers). Maxim has added a
zaro-integralor phase to e ICL7 106 and ICL7107, eibmi-
nating overrange hangover and hysteresis effects. Fmai-
ly. these devises offer bt accuracy by lowering rolicvar
erior to less than one count and zero reading dnft 1o less
thap 1uV/*C. )

- .. Applications

Tnesae devices can be used in a wide range of digital
panel meter appications. Most apphications, however, in-
wolve the measurerment and dispiay of analog data:

M AKX 2V

372 Digit A/D Converter

§ Features

¢ improved 2nd Source! (See 3rd page tor
“Maxim Advantage™")

* Guaranteed first reading recovery from
cverrange

4 On board Dispiay Drive Capabiitty—no external
circultry required
LCD-ICL7106
LEDACLT10Y

4 High Impedance CMOS Difterential inpts

4 Low Noise (< 154V p-p) without hysteresis or
overrange hangover

4 Clock and Retarence On-Chip
4 True Differential Reference and input

+ True Polarily Indication for Precision Nul|
Applications

+ Monolithic _gyg_s design
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e .. Ordering information
i PART  TEMP.RANGE PACKAGE I
{ICL7WECPL  O°Clo —70°C_ 40 Leao Plasuc OF &
[ ICL71DSCA _ O'Clo +7¥C 40 Lead CEADIP !
LICLT106CQ O"Clo +70°C 44 Lead Plastic Cho Camer
FICL7106C/0  0°Cto +70°C  Dice

ICL7I07CPL  o°Cto +70°C 40 Lead Prastc DiP ;

ICL7107CHA  OClo + 70°C 40 Less CERDIP i
LICATI07C0H (*Cio +7%C 44 Leas Plastic Chip Castien |
{1CL7107C/0 OCts = 70°C__ Dice {
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Ths TMacim AGvantage T nigitigs an upgracded Gueaitly lave! Al nc aSdrional cost we Stler & SRCONT-SOLICE JLnse that 1y suliecl {0 tha
FQUIOWING Quaranieed (RriQrmance Ov8r teMoarature along with fightar tast spacifications on many key paramefets: eng oevice
2NNANCeMENts, when nepded. thal résnil in improved performance withouf changing ine funclicnaiity.
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ICL7106/7107

LeArnpiral oo

Data soas
3% Digit A/D Converter
ABSOLUTE MAXIMUM RATINGS
Supply Voh.a?e Powsr Dissipation (Note 2}
ICL7I06. ¥~ loV™ (L . 15V PlustcPackage .......................... 1MCmW
ICLZ107. VX O GND .. ... +6V Ogerating Temperature ., ... ..., .., 0°Clo+70°C
K?LT‘\O?. VooGND ... . —8Y  Storege Tempergivre ................ -§5°C tc-180°C
Anawog Input Voitage (either inpat)iNote 1)....... Vttov- Lead sempesature {Soldering, 80 sec) ......... +300°C
Reference input Voitage (eitherinput) ........... Vytov-
Clock input
L7106 ... .. i TESTioV ¢
L7107 . GND o V™

Note X iapu! voRages may excead the suDDly wollages, previded the input cumrent i e T £ W0C0RA.
thvmmmnhWMﬂmmnmmm
Stasass abiove o dfisted naRe TADWOAR Muxinuen RatngsT may Cause DOATANeNs CAMEge 10 Me trvce. Trirsa Afa stress raimgs ovdy and Smcuoaa!

ooaation of the device aF Duise or Bty Othey condilions abows tho3e NACaied i the Openticrial §octions of ths POCHICAEONG v AO% Kephte: Expoture 1 alisoule
AT, (ABOG SONKRTIONS 106 pNtended OMIOAS May attect dévicn rahabibty.

ELECTRICAL CHARACTERISTICS o 3

CHARACTERISTICS CONDITIONS MIN TvYe MAX UNITS

Ze:d mnpul Reading Vie = 0.0V 2000 0009 +0000 } Digal Reading
Fuf Scaie = 200 GmVY

Rauomenc Reading Vi = VREF 959 99571000 1000 Cigilel Readwng
Vagr = 100V

Roover Eccge (Dilfecence m -Viy = ¥ = 200.0mVY % 2 +1 Caunts

reading for equal positive and

nsgalive readeng near Fuil Scale!

Lineanty *Max deviaton from Ful: scale = 200mY -1 -2 +1 Counts

best straght tne LY ar Ll scake = 2 000V :

Common Mode Rejeciion Ratio YoM = 23V, Vin ~ OV, 50 nVV

iNote 4 Full Scale = 200 omVy H

Nose Pr-Px value not exceeded Vin = OV ! 15 RV

95% of tune: Fuli Scate = 200.0my i

lnout Leakage Gureent Ve ¢ 0 } : 10 pA

Zero Reading Dridt Vi =0 : 02 1 sVC
0 = T4 < 70°C i

Scale Facter Temperature Via = 199.0mV Iy 5 apm~C

Coetticient 0 << ?0°C
{Ext. Ref. Qppm.e s

V*Suppiy Current iDoes not Viy 7 O i o8 1.8 mA

nciuge LED cureent tor 7107

V™ 3upphy current 7107 only’ a6 18 mA

Anatog Common Voitage {With 25ki) between Common & | 24 28 32 v

respect to Pos. Supply! Pos. Supply

Ternp. Coefi. ot Analog Comman 25k¢} between Common & 80 i ppm>C

Whth respect 10 Pos. Suppiy! Pos. Supply

7106 ONLY Vitip V™ =9V 4 S 6 v

Pk-Pk Segmen! Brive Voltage,

Px-Pk Backpiane Drive Vollage

iNote 5

7107 ONLY ¥ =50V 5 80 mA

Segment Sinking Curcen? Segment voltage = 3V

Except Pin 19

:Pin 19 ondy H L I L mA

Nota 3: Uniras otherwise nomc, spoctiications apply b both tve T106 and 7167 3 T = 257, dc ocy — 48%HL T!%suﬁwnmmdrwer 107 is
BRG0P Trcwis Of Figuee 2.

Hote 4: Rowr 1o "Diterential put™ drcussion.

Note §: Bachplaow drive is 1 0nase wih sagient dave iy “oft” segment. 1907 ot of phase i “on” s9gment. Exaquency i 20 oG COMArLon rad. Average OC
coTponent 15 iesy than S0mVy

Tre slctica chardcianshcs sbove &g & faprookucunn of & portor of intend’s cocycphad (196371984} daa book The eiormagtion doas nof constt e sty

LAINESONAUON OF Mexiry Ml ersl’'s rocuCtS Wil DEITOTTI I SCCOMJENCe wit hese sTacHcanons, The “Sieciresl Chavacierisics Tadie™ along with the

TSNPIve ex0eepes From e orgia! Mardaciunr's dita s/hoel hrvs been acdafec i the cair sheel soiply for compiaatve puposes.
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32 Digit A/D Converter

+ Guaranteed Ovetioad Recavery Time
<+ Significantly improved ESD Pratection {Note 7}

< Low Naige

ABSOLUTE MAXIMUM RATINGS: v covice
ELECTRICAL CHARACTERISTICS: scectcasons neiow satsty =

¢ Key Parameters Guaranteed aver Temperature

¢ Negiigibie Hysteresis
* Masxim Quality and Reliabiiity

* increased Maximum Rating for input Current (Note 8)

1o the Ab M2

Raings on stiacent page.

{
L042/904LTOI

G at “Wyted™ p 00 sdgsent page.

YTV T GV, TR 209G e 48RS (06t Swart - Figued 10 unkess notac) - — - - — - - - .
’ PARAMETERS ! CONDITIONS T WIN TYF MAX | UNITS |
{ Zerc input Reading i Vin = 0.0V, Full Scaie = 200.0mV | ! ;

{ Ta = 25°C (Note 6) Iog0g =000.0 +D000 ! Digital 1
. ! CF<Ta<7OC(Note10) | —000.0 +000.0 +0000 : Reacing |
! Ratiometric Reading L Vig = VRET-”- Vagr = 100mV t . |
i Ta= 25C{Note 6) . 999 96/1000 1000 Oigital i
i 0 < Ta < 70°C (Note 10} i 998 999/ {000 100t Readwy i
Raligver Errgr [Difference i | VN T Vi = 200.0mY i i
reading fur equal positye ar : Ta = 25°CiNate §) -3 +.2 -1 Cournts |
negarve reading near Full Scargy ! 0" = T, < 70°C iNete Wi ! +£.2 ! .
[ Lingarity (Max. deviation from { Full Scale = 200.0mV - .2 +t ; Counts |
best sraight bne fit) 1 or full scele ~ 2000V ! . i
Common Mode Rejection Ratic U N ® 21V Vg = OV ) i B
Full Scale = 200.0mV . 50 i wWIV 1
Noise {Pk-Pk vaiue not excesded Vin = OV ) R A
95% of 4rme} { Full Scate = 200.0my i i85 wv
input Leakage Current L V=20 . ;
! Ta = 25'C (Note 6) 3 10 PA !
i e = < Tan TOC. _ | _ 20 20 _ _
Zeo Reading Drift Vin =D : .
. 0° 5 Ta £ 7C°C(Note 6} 0.2 1L uere
Scale Factor Temparature . Vi = 199 OmV )
Coethoert ! O <T4270C 1 5 ppm/*C
- - = = = F({extRel.0ppm/C) fhote 6} A - . . . L
¥~ Supply Current , iIN=0 ; . |
(Ooes notinclude LED currant : Ta = 25°C : 0.6 1.8 mA .
for 7107} i 0 s Ta s 70°C i 2 |
V  Supply Current (7107 only) J : 06 i3 mA {
Anaiog Comman Voltage (with | 25k} between Common & X 28 12 ! v |
respect\o Pos. Supply) _ Pos. Supply ; ]
Tamp. Coeft. of Analeg Common i 261) betvan Comman & : 75 pwm/"C ]
{with respect ic Pos. Supply) : Pos. Suppy ! ;
7106 Only {Nate 5) VT oV = 9¥ P4 5 6§ v |
Fx-Pk Sagmant Drive Votiage, { 1 : |
Pk-Px Backpiare Drive Vollage | ; ;
7107 Onl—Segment Siking Current * V~ = 50V N 8.0 mA
(Except Pin 19% . Segment ¥ollage = 3V :
{Pin 18 only) : : 10 16 . mA
{ 7106 Onty—Test Pin Voitage ! With Respectio V - P4 5 : vy _ -
| Overioad Recavery Time | Vi changing from = 10V [ 1 | Maesurement
i (Note 9} 1 ta 0¥ Cycies I

Nots B: Test condition ks Ve, 30018C DRWaen un Ik-H1 3ndiN-LD thegugh A THILY S8 (R3804 35 87Gwa 10 Figuret 1ang 2,
Note 7: Al pins e daslqr-od 1 wineland eaTIURANE dischans (ESD) Wvess i Excess ST A0V, TTex w0 s Wi Std B3, Mazhosf 30151+ - - -
Hote §: (noA voddges May excead (ha Sunply vOftage Drovioed the Mnpus curran] @ fmited 19 < TMA (Ths rewoes Note ! on adoent sago).

Hole 8 Humbor of massw st CyTies for Cupiay 1T give Rceunate reading.

Hate 1 18415 meetne ie ramvamd m Siuirne + andt 2
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. Analog Section

Figure 3 shaws ‘.ha Sock Dragram of the Analog Saction _

for the ICL7136. Each measurement cyde is divided into
{our phases:
1. Auto-Zero (A-Z}
2. Signal integrate (INT)
3. Reterence De-imegrate (M)
4. Zero Integraior (Z1)
Auto-Zero Phase
..I hree events cccur during auio-zgro. The inputs, IN-HI
ang IN-LO, are discannacted from the pins and mtemaﬁy
shorted 1o analog common. The reference capacsitor is
charged to the refarence voltage. And lastly, a feedback
loop is closed argund the system to charge the auto-zero
capacitor Cax 10 compensate for offeet voltages in the
comparator, buifer arnplifier and integrater. The mherent
noise of the system datermines the A-Z accuracy.

Signal Integrate Phase
The internal input high (IN-HI) and input low (IN-L.O) are
connacted to the external ping, the-internal short is re--
moved and the auto-zero loop is opened. The converter
then intagrates the differential voltage between IN-Hi
and IN-LO for a lixed tme. This differectial voltage can
he within a3 wide comwnon-maode rarkie (within one volt of
aither suppiy). if, however, the input signal has no return
with respect to the converter power supply, IN-L0 can be
tied to analog common 10 astabiish the correct common-
made voltage. The polarity of the integrated signal is de-
_termined at the end of this phase.

Referenica D¥-infagrate -

IN-Ht is connected across the previously charged refer-
ence capacitor and IN-LD s intermally connectad to ana-
log common. Circuitry within the chip ensures that the

- capacitor will_ba connectad with the comect polarity (o
cause fhe integrator oufput to return 1o zerc. The input
signal determines he tirme required for the output to re-
turm Lo zero, The digital seading displayed isc

\JN
- - - - 1000 W -——. - - -
090 VREF

Trata Book
: e LET l
S mle B i) -
' O Nt ooty
. we et
P oy B I -
o—__T__h —~ts v\:‘..
: MG —_ i
H (7 PP P
i e ﬂ - ’
: e '
! EERY AR
'-ﬁ “~s I Yeru i
' e 2 !
1 T - -uw-);:-—ﬁ 4
oy 1Ty --«."""——‘—"i——‘""o > |
T
acavim g j ]
g A 1A :
" . [P
FULL SCaLE Yaer
w~yT N
200 v WG e i

F-ozn? Mam K.ZI'O? ?l-m:ao Q'x."aﬁ"q [od /74
Zero [ntegrator Phase

{npul low is shogled lo analog COMMON and the reter
ence capac.tof is chargec 1o the raferance voltage. A~
teadback lnop is closed araund the system to input high,
causing the integrator ouiput to return to zero. This
phase normally |asts between 11 and 14D clock puises
outl is exlended to 740 clock pulses after a “heavy” over-
range Conversion.

Differeniial Referenice

The wefevence voitage can be generated anywhare within
the power supply voilage of the converter. The main
source of common-maode emrmdr is & roflover voltage. This
is caused by the refarance capacitor lasing or gaining
charge o stray capacilance on its nodes. The reference
capaxcitor can gain charge {increase votlage) if thera is a
large common-mode voltage. This happens during de-in-
tegration ol a positive signal. In conirast, the reference
capacilor will igse charge (docrease voltage) when de-in-
tagrating a negative input signai. Roliover error 1 caused
by this difference in reterence tor positive or negative
input-voltages. This arTor_can be held to_tess than hailf a
count for the worst-case condition by selecimg areter-
ence capacitor thal © large enough it comparison o the
stray capacitance. {See component value selaction.)

Differential input

Diterential voltages anywhsre within'the common-
mode range of the inputamplifer cen be accepted by
the input {specitically from 1V betow the positive
supply to L5V above the negative supply}). The sys-
tem has & CMRR of 8648 (typ) in tnis range. Care
must be exercised, however, to ensure that the
integrator output does not saturate, since the in-
tegrator follows the common-mode voitage. A large
positive common-mode voltage with a near tull-scale
negative differential input voitage is a worst-case
condition. When most of the integralor cutputswing
has been used up by the pasitive common-made
voitage, the negative input signal drives the integra-
tor more positive. The integrator swing can be re-
_duced ta iess than the recommended 2V full-scaie
swing with no {oss of accuracy in these Tritical

sMAKLM
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applications. The integrator output can swing within
0.3V ot either supply without loss of linearity.

Anaiog Common

The primafy purpese of this pin is io sel the common-
mede voliage for battsry operation. This is useful when
using the ICLT186, or for any systam where the input
signals are floeting with respect 10 the power supply. A
voitage of approximately 2.8V lass than the positive sup-
ply is set by this pin. The anaiog common has some of
the atiributes of a fejerence vollags. If the total supply
voitage is laige enough to cause the zener I reguiate
{>7V), the common voltage will have a low output im-
pedance (approxmately 1501), a temperature coaficient
ot typicaty 80ppm/°C. and a locw voltage coaefficient
{001%]).

The intamal heating of the ICL7107 by the LED display
arivers degeades the stability of Analog Common, The
power dissipated by the LED display drivers changes
with the displayed count, thereby changing the wempera-
ture of the die, which in turn results in a small change in
the Analog Common voltage, This combination of vas-
able power dissipation, thermai resistance, and iempera-
ture coafficient causes a 25-80pV increase n noise
near (ull scale. Another etfiect of LED display driver pow-
er dissipation can be seen at the transition between a full
scale reading and an overload condiion. Overload is a
low power dissipation condition since the three least sig-
mificant digits are blanked in overivad. On the other haad,
a near il scale reacding such as 1999 has many seg-
ments turned on and 5 a high power dissipation condi-
tion. The differeace in power dissipaton between over.
load and full scate may cause a ICL7107 with a negative
ternperaturs coeflicient feterence to cycle between over-
load and a near full scale display as e cie alternately
heats and cools. An {CL7107 with a positive TC refer-
ance will axhibit bysieresis under these conditions:; once
put into overfoad by a voltage just barely morg thar fuil
scale, the voltage must ba reduced by several counts
betore the ICL7107 will come out of overtoad.

A AL/

Fagure 3. Usng #n Extemas Redersnce

None of e above problems are encountered when us-
g an extarnal reference. The ICL7105, with its tow pow-
er cissipation. has none of thase problems with gither
an extemal reference or when using Analog Common
as 8 meferenca. T

During aunto-zero and refarence integrate the infemnal in-
put fow s connected e Analog Common. H IN-LO is ¢#-
terent ¥om anaiog-common, a common-mode vollage
exisls in the system and is taken care of by the excetlenm
CMAR of the converter. in soma applications. however,
IN-LO wik be sel at a fixed known voliage {e.g, power
supply common). Whenever possibie analog commea
should be tied to the same paint, thus remaving the com-
mon-mode voltage Irom the comwerler. The same hoids
true tor the refetence voitage. H convenient. REF-L0
should be connected o analog common. This will re-
move the common-made vollage from the reference sys-
tem.

Analog Cammon s intermally tied 10 an N-chanrnel FET
that car; sink 30mA of more of current. This wili hold the
Angiog Commaon voltage 2.8V beiow the positive supply
iwhen a source is frying to puH the common kne positive).
There is only I0uA of source curent, however, so COM-
MON may easily be tied to a more negative vottage., thus
over-ridng the intemat refarence.

...... . Test

Two functons are performed by the test pin. The first is
using this pin as the negative supply for extemally gener.
aied segment drivers or any other annunciators the user
may wark t0 inciude on the LCD. This pin is coupled to
the intemaily geperated digital supply Ihrough a 50062
resistor. This application is illustrated in Figures S 8 6.

A (amp st is the second function. All segments wii be
turned on anc the display showuld read — 1888, when
TEST is pulted high [V+}.

Caution: in the lamp test mode, the segments have a
onstand dc vailage (ro souare wave). This can burn the
LCD it tek in this mode tor saveral minutes,

LOKL/9OLLTOI
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Digitaf Section

The digitat secson for the ICLT106 and ICL7107 is itlus-
trated in Figures 8and 9. in Figure B, aninternal digital
ground is generated from a 6V zener diode and a large P-
channel source follower. This supply is made stiff to ab-
sorb the large capacitive cuments when the back plane
(BP) voliage is switched. The BP fraquency & caiculated
by dividing the dock frequency by 800. For axampla, with
a clock frequency of 48kHz (3 readmas per second), the
backpiane will be a 60Hz square wave with a pominai
amplitude of 5V. The segments are cdriven at tha sama
frequensy and amplitude. Note that these are owt-ol-
phase when the segmend is ON and in-phase when OFF.
Negiigible dc voltage exists across the segments in ei-
ther case.

Data Boojr

The ICL7107 5 identical tc the ICL7 106 except that the
baciplane and drivers have been replaced by N-channe
segment gavers, The ICL7107 is desigaed to drive com.
mon ancde LED's with a typica! segment current of SmA.
P 19 ghousands dig Oulput) sinks current fiom two
LED sagmants, and has a 16mA drive capabiity.

The polarity indication is “on lor negative analog mputs,
for both the ICL7106 and IC1.7107. §f desired IN-HI and
IN-LO can be reversed giving a “on” or positive analog
nputs,

System Timing

The clocking crcuitry for the KCL7106 and ICL7107 s
ilustrated in Figure 7. Thyea approaches can be used:

3. Acrystal beiween pins 38 and 4D.
2. An exiemal oscidlator coanected to pin 40.
3. An RC oscillator using all three pins.

The gecade counters are driven by the clock requency
divided by four. This frequency is then furthar divided w0
foem the four convert-cycle phases, namely: signal inte-
geate (1000 counts), reference de-integrate (0 to 2¢00
counds), auto-zers (260 to 2983 counts) and zero integra-
tor (11 10 748).

The signat integration shouid be a multipie of 60Hz o0
achieve a maximum rejaction of 50Hz piCkup. Oscillator
frequencies of 30kHz, 40kHz, 48kHz, 60kHz, BOkHL,
120kH2, 24CkHz, etc., should be selected. Similarty, tor
50Hz rejection, oscillator frequencies of 200kHz,
160kHz, 68%4kHz. 50kHz. 40kH2. ate., are appropriate.
Notae that 40kHz (2.5 readings/second) wif reject both
50 and 60Mz {also 400 and 440kiz).

Awlp-zero receivas the uwnused portion of refecence
deintegrate for signats less than full-scale, A compiete
measurement cycke 5 4,000 counts {16,000 clock puls-
as), indapendent of input voitage. As an example, an os-
cillator lrequancy ol 48kHz woukl be used 1o obtain three
feadings per second.
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Component Value Selection

Auto-Zerc c;;_:adtor

The noise of the system is influenced by the auto-zero
capacitor, For the 2V scale, a 0.047.F capacitar i8 ade-
quate. A capacitor size of 0.47uF is recommended for
200mV full scale where low noise operation is very im-
portant. Due to the Z| phase of Maxim's {CL7106/7,
noisa can be reduced by using a larger auto-zero capaci-
tor without causing hysteresis or ovewrange hangover
prebiems spen in othecmanufaciuress—CL7106/7 whiea
do not have the Z| phase.

Reference Capacitor

For most appfications, @ 0.1uF capacitor is acceptahie
Howeaver, a large value is needed to prevent rollover er-
ror where a large common-mode voltage exists {i.e., the
REF-LO pin &5 not al analog common) and a 200mv
scale is used. Generally, the rolf over arror will be held
half a count by using a 1.0uF capacitor.

integrating Capacitor
To ensure that the integrator will not saturate (at
approximately 0.3V from eithar suppiy}, an appropri-
ate integrating capacitor must be selected. A
nommal 2V (uil-scale integrator swing is accept-
able for the ICLY106 or ICL7107 when the analog
common is used as & raference. A nominut +3.5to 4
volt swing [s acceptable for the ICL7107 with a £5V
supply and analog common tied to supply ground.
The nominal vaiues tor CyNt is 0.22uF for three read-
ings per second. (48kHz clock). These values should
be ¢hanged in inverse proportion to maintain the
sama-output swing-iidifferent oscillator trequencies
are used.

The integrating capacitor must have low dislectric ab-
sorption to menimize linearity errors. Polypropylene ca-
pacitors are recommended for this application

integrating Resistor

The integrator and the butier ampifier both have a class
A output stage with 100p.A of quiescent current. 20uA of
drive current can be supplied with negiigible non-inearity.
This resistor should 5@ large enough 1o maintain the am-
plifiers in the linear region over the entire input voltage
range. The resistor vaiue. however, should be low
enough that undue lsakage requirements are not placed
on the P boacds, For a 200mV scale, a 47K1xresistor is
recommended; (2V scale/4T0KS).

Osclilator Components

A 100K} resistor is recommended for all ranges ot tre-
quency. By using the equation { = 0.45/RC. the capaci-
tor value can be calculated. For 48kHz dlock, (3 read-
ings/second), the oscillator capacdilor pius stray capad-
tance should equal 100pF.

e
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feterence Voltage

An znalog input veltage of Viy egqualdo 2 (Vpeelis s
quied 10 generale full scale output of 2000 counts. Thus,
for Z¥ and 200mV scales, Vrer should equal 1V and
100mV respectively. However, there will exist a scale
tactor other than unity betwsen the input voltage and the
agts ceading in meany applications—whore the A/G-a
connected 10 a ransducer.

As sn example, the designer may like to have a full
scale reading in a weighiag system when the voltage
trom the transducer is 0 6B2V. The designer should
use Mreinput voltagetdirectly and-seiect Vapge at—
0.341V instead of diviging the input down to 200mV.
Suitatle values of the capacitor and Integrating
resistor would be 0.22xF and 120K {1, This provides
for astightly quiater system and also avoids a divider
network on the input The ICL7107 can acgept input
signals up 10 3.5V with =5V supplies. Another
advaniage of this system occurs when the gigitat
reaging of zero is desired for Vy # zero. Exampies
aretemperature and weighing systems with vanable
tare. By connecting the voitage transducer between
V,n POSitive and commoen, and the variable {or tixed)
offsat voitage between common and V(g negative.
the offset reading can be conveniently generated.

— — ICL 7107 Bower Supplies.
The KCL 7107 is designed {o operate from < 5V supplies.

However, when a negative supply is not avallable it can

be generated from a clock output with two diodes. two

capercitors, and an inexpensive IC. Refer (o Figura 10.

Ahematively a — 5V Supply can be géTiorated using MaEX-
an's ¥OL76B0 and two capaciiors,

A negative supply is not required in selected applications.

The conditions to use a single + 5V supply are:

& An axternal reference is used.
+ The signal is tess than £1.5V.

# The input signal can be referenced 10 the center of
tiw common-mode range of the corverter,

See fFigure 18. -
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Applications Information

rieat i3 generated within the ICL7107 1C package due to
the sinking of LED display current. Fiuctuating chip tem-
perature can cause a disday 10 change reacig if the
inernal voitage referance is used. By reducing he power
being dissipaied such variations can be reduced. The
ICL7107 power dissipation is reduged by reducing the
TEU commen ancde vollage. The curve tracer Bustration
showing the relationship between ths output current and
the outaut voltage for typical ICL7107 ts seen m Figuse
11. Note that the typical ICL7107 outpett is 3.2V {point A),
_since the typical LED has 1.6V_ggross it (BmA drive cur-
rent} and is common anode is connected 1o < SV, Maxi-
mum power dissipation is:

8.1mMA » 3.2V » 24 segments = §22mMW

Once the ICL7107 output volitage s above 2V _the LED
current is essentially conszant as output voltag= ingreas-
es. Point B illustrates that reduang the output voltage by
0.7V results in 7.7mA of LED current, {only 5% reduc-
tion]. The meximum power gissmation is 2 raduction of
26% as calculated by:

7.7mA % 2.5V ~ 24 segments = 4G2mW

As Hustrated in Figure 12, reduced power dissipation is
easy to obtain. This can be accompiished by placing ei-
ther 2 5.11) resistor or a 1 amp dicde in series with the
display fout not in series with the !CL7107). Poirt C of
Figure 18 illustrales that a resisior will reduce the
1ICL7107 output voitage when all 24 segments are “‘On".
The output voitage will increase when segments are
wened “Off”. On the other hand, thegiode will resuit in a
relatively steady oulput volage, around Point 8. The re-
sistor not only reduces the changs in power dissipation
as the display changes, Sut sise Emits the maximum
power dissipation. This is due to the fact that as fewer
-segments are “Ga", each “On™eutput drops more voit-
age and cument. Tha resisior cwrcut will change about
230mW when changing from the best case 0f six seg-
menis, a “111" display, {o worst-case of a “1888" dis-
play. If the resisior is removed, the power dssipation
change will be A70mwW. The resistor, therefore. will re.
duce the effect of display dissipation on reference volt-
age drift by about 50%,

As more segments are tumed off, e change in LED
orighiness caused by the resistor is almost uniriceable.
A diode may be used instead of the resistor il itis impor-
tant 1o maintain a steady ievel of display Drighihesa.
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