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12-Bit MP-Compatible 
A/D Converter

GENERAL DESCRIPTION
lh» ICl / 'S a high porforrnuncu. CMOS, low power 

mlogratirty A/U cQtivortur dusignud lo uaMi, intortscu wilh 
mic'opi ocossora.

I ho output data (12 bits, polarity und oviirranqu) may Do 
uifoctly accossod under control ol two byto nnnblo inputs 
,'inj a chip soloct input tor a simplo pat allot Bus mlurlacu. A 
UAfU handshake modo is providod to allow the ICL 7109 lo 
work with industry-standard UARTs in providing soriol dala 
transmission, idool tor romotu data logging applications 
fno RUN/HOLD input and STATUS output allow monitoring 
and control ol conversion timing.

Tho ICL 7109 providos tho user with tho high accuracy, 
i w noiso, low drill, versatility and economy ol tho dual- 
slope integrating A/0 convurtor. Features like true dillurun- 
Ual ir put end roloronco, Unit ol less than tuV/"C. maximum 
input bias current ol lOpA, and typical power consumption 
ot 20mW rt.axo tho ICL7109 an utliactivu pur-channel 

i' alternative to analog multiplexing tor many data acquisition 
applications.

ORDERING INFORMATION

FEATURES
• 12 Bit Ulnary (Plus Polarity and Overrange! Dual 

Slope Integrating Anolog-to-Digllal Converter
• Byte-Organized TTL-Compatlble Three-State 

Outputs and UART Handshake Mode tor Simple 
Parallel or Serial Interlacing to Microprocessor 
Systems

• RUN/HOLO Input and STATUS Output Can Be 
Used to Monitor and Control Conversion Timing

• True Olllerentlal Input and Differential Referents
e Low Nolac — Typically 15pV p-p
• Ip A Typical Input Current
e Operates At Up to 30 Conversions Per Second
e On-Chip Oscillator Operates With Inexpensive 

3.58MHz TV Cryslal Giving 7.5 Conversion Per 
Second for 60Hz Refection May Alao Be Used 
With An RC Network Oeclllator for Olher Clock 
Frequencies

PAfir NUMBLn TEMP. RANGE PACKAGE

ICL/IOOMOL • v C W ♦ t ?5*C *IU-Pin Cur.umc 0*1 *
ICL7109IDL *VC lo *• B'j’C .10 Pin CuMintc DIP
ICL7109UL •.’5'C to *U5'C 40 Pm CPHOtP
ICL7I09CPL O’C to ?Q’C <0 P.n Ptd!ilic DIP

oirrinfNiiAi
KirtntHCl

INPUT HIGH 
INPUT LOW
GNO

X>»n *Oft ft*v pci 
TOO* 11 #o« lev Mr

COMWDC*

(S»« Figur# 2 tot typioat Connection to a UART <y Microcomputer)
Figure 1: Pin Configuration and Test Circuit
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ABSOLUTE MAXIMUM RATINGS
Positive Supply Voltage (GND to v ')..................  <■ 6 2V
Negative Supply Voltage (GND to V“) .................. -9V
Analog Input Voltage (Lo or Hi) (Nolo t)...... v * to V"
Rolcrnnco Input Voltage (Lo or Hi) (Nolo l) . V * to V' 
Digital Input Voltage'- V * ♦ 0.3V
(Pins 2-27) (Note 2,.......................................  GND -0 3V

Power Dissipation (Note 3)
Ceramic Package............................... 1W t% + 85“C
Plastic Package.......................... 500mW v* r 70'C

Operating Temperature
Coramic Package (MDL)......... -55*C lo + t25’C
Coramic Package (IDL).............. -25*C to +85‘C
Plastic Packago (CPU)....................0*C to + 70'C

Storage Temperature............................-65*C lo +150'C
Load Temperature (Soldering. tOsec).................+300*C

■COMMENT: Slf«m ilbov* lltOM I.mlof "Abso'nlo Ma.tnn.in R.lrtnjs tausn p*.m,nunl dirnap* lo lit* dovKTQt This it 11 strus, f.tirvj only and 
lunofcoMftl operation of in* iHwn *1 them or any oth*. r.oortiliona stxivo movt inrlfCaiod m Iho oparalionfl socbom ol Iho apocdtcauom ia nol jrnpl**ro 
Erposur* lo abnolul* man mum rataiq ccndilioni lor n.tivvinii periods may *11*01 unvice reliahtSiy

ELECTRICAL CHARACTERISTICS (V f - « 5V, V - -SV, GND » OV, T* - 25‘C, unless otherwise 
indicated.) Test circuit as shown on lirst page ol this data shnet,

ANALOG SECTION

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Zuro Input f (•t'lNHj v,N - n ov
t ilt (lift • 40*) hmV • 0000tt iDOOOe .0000,

Octet
Hofitjrttg

Riitiumolflc Roatl«m V,a« - V111 1
V«|| | * I*U4 ItinV o?r'« 377/*

4000* 4000b Octal
Roadmg

Non-Lmeeilty $M«u devtit«n
Irom MU itraighl bne fit)

Tmi Scale - 400 t»mV ip 2 046V
Ovo» full opureltng tvmtxyrittiire 
itngu (No'ti 4j. (No»e H|

* t 1 2 ♦ 1 Count*

Recover Error (dWe»ence 
•n reedtnQ (or equal pot and 
nog. input* near lull *c«lo)

full See** • 409.6mV to 2.048V 
{Note Si. (Note tii .1 t.2 ♦ 1 Count*

CMRn Common Mode ftejoct»on Reno Vv*:m * tv V|fg • OV
KuH Scale • 409 6mV 50 pV/V

VCMR input Common Mode Range input H* input to. Common {Note 4; V" * 15 < © V

•a,
Most# fp-p vatu* not 
•*<*coded 95% of t»mei

Vim « OV
full Scald - *09 «mv 15 «v

'll* leakage rmfimi at irsput
vtf, - 0 AH -J(.<V»C0S At 
id /tootjrv. tec* •. ta * * /u’C in»um *t 
.vXriovOt t* • «h;,‘c tNoie 4t
in 'H/JMfM * !iV( \ t, « * 12'. X

20
»?.

IMU
tAO

5

pA
pA
pA
nA

i7«o Roaihng Oofi Vtf. - iv* r>, - ut! (Ni t.. <1 0 2 jiVrX

Scale factor Tem|»e»an*re
Coafficwni

V,N - 40rttfmv - • 7?/Qn

f »l Ret 0 pprn■ X. (Note 4)
t 5 ppm/*C

I* Stippty C**fynt V * to
GND

v.s - 0. Crystal Osc
3 V'MMf tf>4( circuit 700 1500 a*

'M iPi> S*ipply Cun nr-1 v * to V n*r*\ ?t. ?S. 1*6. ?7. V*9. opnn 700 1500 uA

Vlilf Ret Out 'Vonnpe nt’hMi'Kt to V*
tMilwiMsn V * ttrij *t|.f OUT •24 -?« -32 V

Rpl t>(l temp m»»s| 26M5 tH«t»enn V * *r>'l RCf OUT *d0 ppm/'C

1
1

DIGITAL SECTION

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VC” Ou'P* * Vt'Jtege * «»>gi*A
r.i-\ ;/ »»; in >•» .-u 3 5 43

l,“.... " i
V

I.Xfiput 11>* VgH.ii/h «. » » t.fMA 02 0 4 V
Output Luok«t;e Cucont *'•*iv 3’if* I'tgi- : 01 » 1 t* A
Comic* I/O Pu“u(*
(\»n«nt

• if »*» /r: * - V * 3V
.M’.'t'C "*|j«i >.»«: 0 i* A

Co»iKo< I/O Lneti^'u • '('if 'i «♦"* iv i r»; % p.i* ih 60 pf

..........
Input High Vot(.li)!' ‘Ms «H a»1 2».

r. (.*"..<( (.! 2 5 V

C.:............ Input ip* Vi■•(.»)** I'l.A !H .*1 . < / •
*• ( f «.N ' 1j V 1

IC
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ELECThICAL CHARACTERISTICS (CONT.)
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Input Pull-up Current Pint rt>. ?.• •vlXt - V -1/ | s P*

input PuB-up Currant Puts t; 2* V»-.-V* -3V ; 55

Input Pull-down Currant Pat 2t Vq^;| * Ghi. * JV 5 »*A

Ooh OcMttlor Oulpul Mh;Ii VouT * <? mA

Ooi Current' tow Voo, • i IV t 5 mA

BOoh Buflwad Oscillator Mxjfi vojt - a sv 2 mA |

BOoi Output Currant tow Vov/T - 2 5V 5 mA j

'w MOOE input Putaa Width (Note 4) w ns j

NOTES: t. input cottages may evceod ttm supply vottagrjy pr ovtooc tha input cuuom >s to > tOO^A
2. Out to (ho SCR structure inherent m IFmi process usoo to laor<cati* th«*w devices. connecting any digital mpuu or output »o

voltages greeter than Y* w toss than GNO may cause destruction device latchup. For this tuason it is lecomrnenood that no inputs 
from sourcos othor than tho same power supply bo applied to thy iCL?t09 inifor* its power supply « estab»**h«J. ano th.it m 
muttipla supply sysloms mo supply to tho IC17109 bo activated lest 

3 This bmit refer* to that of tha package ano will not bo ubtamed during feint*! oporanon 
4. This parameter is not production tostod. but is guaranteed by design, 
b Rod-over error for T* - -55*C to ♦ 125'C <1 *5 counts msmiHim
0. A Ml seal* voltage ot 2 040V is used because a Hat scale voltage of 4 ObbV »*c»«dv it»e tievwca* Common Mod* Vohaye tu'-g*

TABLE 1: — Pln Assignment and Function Description
PIN SYMBOL Of SCRIPTtON

20 CE71OTD Ch-P Enabto toad — With Mode {Pin 2t1 km 
rTTTD^D sorvas as a manor output w.urfo 
Whan r«gh Ht —012. POt. OH output* «ue 
disabled

— With Mod* (Pat 21) high, this pin serves 
as a luad strobe used in hanuyieks moda
Sea Pigutos B. 9. tO.

2t MODE tnpv'. tow — Ovoct output mod# *hs#o CC7 
CoXO (Pm 20). flOf K* (Pin 19) and CTiTR 
(Pin tn) act as inputs diracWy controlling byl« 
outputs
input Putsad High — Causas immediate an try 
into handshaka moda and output of data as 
in F*uura tO.
Input High — Enable* CE/IOAD (Pm 20). 
R&EH (Pin 19). and CBER (Pm 18) as 
outputs, handshaka moda wiB ba antarad *«.J 
data output as m Figuras 6 and 9 at 
conversion complatioh.

22 OSC IN OKilUtcr Inpul

23 OSC OUT Oscillator Output
24 osc set Oscillator Select — input high contiguraa

OSC IN. OSC OUT. 8UF OSC OUT as RC 
oscsiaior — clock wiS ba seme phase and 
duty cycle as BUF OSC OUT.
— input low coniiguros OSC IN. OSC OUT 
lor crystal oscillator — clock frequency will 
bo 1/50 ot frequency at OUF OSC OUT

25 BUF OSC
OUT

Buffered Osottator Output

20 nuN/HDCO Input High — Convention* continuously 
periormed avary 6192 clock pulsas. 
input Low — Conversion m progress 
comptaluo) converter wHi stop m Aufto-2**o 7 
counts tYOtrxa integrate.

27 SCNO Input — Used m handshake mode to tn&cate 
ability of an external device to accept data 
Connect to ♦ 5V il not used.

29 V“ Analog Negative Supply — Nonunetfy’ .. 5V 
with raspoct to GNO (Pm t).

29 mf out Raiarance Voitage Output — NonwaJty 2.8V 
down irom V* (Pm 40).

30 BUFFER Uuhar Ampii/i#f Output

PIN SYMBOL DESCRIPTION
t GNO Otgrtal Ground. OV G/outhj return lor ait 

digital logic

2 STATUS Output High during integrant and deintu- 
orata* until data is tstchml
Output Low whan analog section is m 
Auto-Zero oonhguration

3 POL Polarity — HI lor Positivo mpvl ,mJ

4 OR Ovarrange — HI if Overranged

5 H<2 Bit 13 (Most Significant Uil)
6 Bn Bit 1t

7 BIO Bit 10 AH
6 89 Bit 9 three

9 BS - Bn a staio

10 B7 Bit 7 HI - true output
11 BO BH S data
12 BS Bit S 1 bits

13 04 Bit 4
14 ik B.I 3
ti 82 Dil 2

16 Bl Bit 1 (luasi Signilcant Bit)

IT TEST input High — Normal Operation, 
input Low — Forces att bit outputs high
Not a. Thia input ‘is used tor test purposes 
only. Tie Ngh it not user)

ie COER

(

Low Brts Enable —With Modo (Pm 2D low. 
and Ct^LOXD (Pin 20) low. taking Uv* pm 
tow actfvatai low order byte outputs 81 ~
06

«
— With Mode (Pin 21) high. Ums pm serves 
as a tow byte Hag output used m handshaku 
mode. See Figures 8. 9. 10.

19 UBER High Byte Enable—With Mode (Pm 21) tow. 
and Cfc7U3XD (Pm 20) low, takmg Una pm 
tow acbvatas hgh Ofder byla outputs 03 — 
812. POL, Oft

'a

. ............. 1. .

— W»th Mode (Pm 2t) high, this pm serves 
•s • high byte flag output used m handsheko 
mode See Figures 8, 9. 10
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PIN SYMBOL OtSCRtPTlON
.If AUT0 7f«0 AiilO*jr«wo Nod# — Invito loti ft f-a,*
1? INtr<WATOn tnt*Hjra$0# Output ' Hii't'itf l»'»i Ol
33 COMMON Analog Common - Sr'inm n

tO COMMON
34 INPUT tO Orffwofttiat Input tow Itto
36 input HI OttOftmiif lf»pui Mtgn Stiff

^DIMnnlMIL p
5

1 PIN j SYMBOL OtSCRIPTlOH 1 a

J .*m [ ni h in * CWtOr#01141 Noforanea input Povtivi* } ®
1 t? 1 m r , AM » n«*tor«ftC4 CapACItOI I

nt* j «ir Cap

~T*7
R#i#r#nc# Capacitor Nmiative |
OiiM«mt*at n#l#*#nt# Input Nogat*v#

40 V ’ Pnultv# Supply Vo»iap# — Nominally * 6V j
with raspnet to CNO {Pm i) 1

Mote: AN i«v^i «/• po»4fv* !ru«

Figure 2A: Typical Connection Diagram UART Interlace- 
UART

To transmit latest result, send any word to

CTU! ITAU
‘w"t 1 TO___

«inn * M44E :& M-M
PM-PfT

omo -
P4MM

J « ***»
t HD) Pt* M
H MI Ttl ft

*|Y - » MOO Pit M
♦IV - m yoo PM IT
♦IV ~ m tl
'IV - «• YC€

BNO- Mm KBit.

ir
★

OTMS*
vO

it

40 V AIT IN M
1 OHO AIT CAP • N
tr TfiT aiT CAP • IT

ACT M « M
IN HI M

WHOM
COM »

INT »
AX It

M *ux.>?5t5 OUT W
1 ITATVI ACT OUT ft
i« (MB Y * fti* sent MHO IT

OUT OtC OUT U
ok m 14

HI OK OUT n
01-M OK IN 31
»» CITfflB MODI It

_____liiliift.
input

M*.«ifV*IT 
IMhft IV ACT

Sr-i □
l—X

IHUHI
cmtiiu

Figure 2B: Typical Connection Diagram Parallel Interface With 8048 Microcomputer

DETAILED DESCRIPTION 
Analog Section

Figure 3 Shows thq oquivulonl circuit ol llui Analog 
Section ol the ICL7109. Whon tho RUN/HCTlD input is loll 
open or connoclod to V * , tho circuit will perform convor- 
lions at a ralo determined by tho clock Iroqunncy (ft 19? 
dock periods pur cycle) Each measurement cyclo is 
dvided into throe phasos as shown in Figure a They aro (t) 

‘ Aulo-Zoro (A2). (2) Signal Intogralu (INT) and (3) Dmnte- 
jrtlc IDE).

Auto-Zero Phase
During aulo-zoro throo things happen First. Input high 

and low nio disconnected from Ihoir pins end inUnnnlly 
shorlud to analog COMMON. Second, the rolorence capac- 
itoi is chaigod to the rolorenco voltage. Thud, a leodback 
loop is closod around the ayalom to charge the auto-roro 
capacitor Caz io compensate lor ollsel vollagos in the 
bultor amplifier, integrator, and comparator. Since the 
cornparaior is included irt Iho loop, Iho AZ accuracy is 
limited only by Iho noise ol Iho syslem. In any caso, Iho 
ollsol rolorrod lo the input is less than 10pV.

t
 C

L7109
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Signal Integrals Phase
Doling signal intogialo tin* nuuwt.ro loop m uponoil mo 

mlninol .sliuM is rtmiovod tmd llio inuun.u high ,imU low 
inputs ttiu connoclud to thu oMoniiil pirn. I nu dih-hIm 
ilion integrates mo diltercntiai voltage botwoun in mi mimi in 
LO lor a Iwod time Ol ZCMB Clock pouo.ls Nolo II .it lint 
dillcrential voltage must bo within th.i common medo i.iinji: 
ol mo inputs At the end ol this phase ihe golnim o' mo 

Mginlod signal is duiotminrd

De-lnlegralo Phase
tlie Im.ii : iso is dO'tnloyiatu. 01 I■'ll-I< Ml.,J igi.iV

Input 'o* is . innlly I'cmmclud lo .im.ii (.OMMON ;u..l 
mpul high is connoclud ucioss Itiu pioviuush ch.in|i o

Miiiin.| aulo /. io) rulomnco capacitor. Circuitry wilhin Ihe 
i h.p unsiaui. Hull mo cnpacildi will be connoclud with Ihe 
oorier! pnanty to r.iuv> thu mtogratoi output lo rutuin lo 
.■oi" r'l.'o.inii (oMiiiiii’.hoil m Aiitti /uro) with a Imud slope 
I luis liiu timu lui thu output lo lulum lo ruio (uipiusonlmJ 
ti, Ihe iiwinlioi ol clock pc iiods counted) is plot;. 'Iional lo 
Hi- 1'cn.l ‘;n)n.il

Differential Input
!»• -f,$»«.! i ;»n inn pi Utlltif tifli.i; volUtgu*, flnywhtff*

wiUt.ii U»v vjMumtft 1'itijr fuiiiiu ol U*U uipul , O'
sj». • if.-* t’f, Jmjm* ‘ i> vuHv u.’lcw tho psupply lo 15 
vitip. «11*.’vi• llv | Miupiy in Hits rang'.- Ihe s/slum
h.p. .1 t MiHi i»| mi..*l Muwi'vnf Hu? inH«yf«tlQf
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also •> r m Iho common mode voH.kic. cit'u must In. 
oxen. i assure Iho integrator output docs no! saturate 
A worst i.aso condition would bo a largo posilivo common 
mode voltage with a near lull-scalp nngativu dillorcnlia! 
input vnltago. ’"he nogalivo input signal drives the integrator 
positivu when most ol its swing has boon used up by Iho 
positive common mode voltage Per those critical apptica 
linns iho miogiator swing can in* itiilm nl t., Ii ss wan tho 
recommended 4V lull scale with some loss oi .Vi uracy Ttv 
integrator output can swing within 0 3 v-Vb. ,-u • •.Iho* supply 
wi'houl loss of imeaniy

Thu IC17109 has. hewovur, been optimized lor operation 
with analog common near digital ground With power 
supplies ol ♦ 5V and -5V. this allows a <«v lull scale 
integrator swing positive or negative thus maximizing the 
performance cf the analog section
Differential Reference

Tho reforonce voltage can bo generated anywhoro within 
Iho power supply voltage o> Iho convertor The main source 
ol common merto error is a roll-ovm voltage caused hy tho 
roterunce capacitor losing or gaming charge to stioy 
capacity on its nodes. II there is a largo common mode 
yotlago. the roiuronco capacitor enn gain cltaigu (increase 
vOHage) when called up In Ueinlo.jrato a positive signal but 
lose ch.irgo (decrease voliagu) when colloil up to demle- 
grslo a nogalivo input signal. This dillurunce in roluruncu 
tor ( + ) or (-1 input voltage will give a roll ovoi error 
Howovnr, by sele-'ing the rolc-ronco capecuor largo onough 
in comparison to the stray capacitance, th.s error can be 
hold to loss m>u 0 5 count tor Iho worst case condition (see 
Component Vnluos Selection bolow)

The roll-over er.tor from Ihuso sources is minimized by 
having tho rolorenco common mode voltage noar or at 
analog COMMON.
Component Value Selection

For optimum performance of Iho analog soceon. care 
must bo takon in the selection ol values lor iho mlogiatoi 
capacitor and tosisior, aulo-zoro capacitor, reioienco volt- 
ago. and conversion rato Thoso values musl bo chosen lo 
suit the particular application.

Tho most important consideration is that Iho integrator 
output swing (tor fult-scalo input) bo ns large as possible 
For oxampte, with * 5V supphos and COMMON connnciocJ 
to GND. tho nominal integrator output swing at lull scale is 
»4V. Since tho integrator output can go to 0 3V Ircm either 
supply wilhout significantly affecting linearity, a 4V integra
tor ou put swing allows 07V lor variations in output swing 
duo lo component value and escalator tolerances With ■ fiV 
supplies and a common mode range ol • tv required. !ho 
component values should bo selected lo provide • 3 V 
intogiaior output swing. No<so and rollover ouors will bo 
slightly worse than m tho • <t V case For larger common 
mo«Jo voltage ranges. Iho integrator ouittut swimi mum be 
reduced lurlhor This will incroase t>olh noise and rollover 
•rrors. To improvo the podormance, supphos ot ’C>V may 
b« used.
Integrating Resistor

Both the buffer amphlior and the integrator havo a class A 
OdtpuMstage with (OOpA ol.Quiescent current They supply 
20pA of dnvo current with negligible non-lmennly Tho 
inlogralmg resistor should bo largo onough to remain in this 
y*ry hnoar region ovor tho input vcllaqo inngu. hut small

enough m,v. undue leakage requirements aro not placed on 
iho PC board For 4.096 volt lull scalo, 200kSi is near 
ophmum and similarly a 20kfl lor a 409 6mv scale. For 
other values cil tuM scale voltage. Rint should be etioson by 
the relation

Rirn
lull scum ypitayc 

20pA

Integrating Capacitor
Thu iriii.yralirig capacitor Cuyj should bn selected lo givr 

thn maximum integrator output voltage swing without satu
rating the integrator (approximately 0 3 volt from either 
supply) For iho ICL7109 with i5 voll supplies and analog 
common connected lo GND. a r3.5 lo 14 volt integrator 
Output swing is nominal. For 7-1/2 conversions per second 
(61.72kHz clock Iroquoncy) as provided by the crystal 
oscillator, nominal values lor Cityr and C*7 aro 0. (5pF and 
0.33pF, respectively. II different clock frequencies aro usod. 
Ihuso vnluos should bo changed lo maintain tho mtograiO’ 
output voltage swing. In goneial. thu valuti ot Coy! is given 
by

CinT
(2040 i clock pofiod)(20pA) 

mtogrator output voltage swing

An additionii1 loquiromonl ol tho integrating capacitor is 
that it have !?>*> d'O'cctric absorption to piuw.ii roil Over 
errors While other typos ol capacitors are adoquato lor this 
application, potypropyionc capacitors givo undetoctablo 
errors at reasonable cost up to 85*C For tho military 
lomporaturo range, Tollon-y capacitors o rocorr.monded. 
While their dioloctric absorption characionstics vary some
what from unit to unit, selected devices should give loss 
than 0 5 count ol orror due lo dielectric absorption.
Auto-Zero Capacitor

Thu si/o of tho aulo-zoro capacitor has some influence 
on the noise ot the system: tho smaller Iho capacitor Iho 
lower the overall system noise. However. Caz cannot be 
increased without limits since it. in paraliol with tho integrat
ing capacitor tc-ms an R-C time constant that determines 
Iho speed ol rocovory from overloads and moro imporlanl 
Iho error that oxisls at Iho ond ol an aulo-zoro cycle For 
409 6mV lull scale whore noise is very important and the 
integrating resistor small, a value of Caz twice Cint is 
optimum Similarly lor 4.096V lull scale where recovery is 
more important than noise, a value ol Caz equal to hall ol
Cimt is rocommendod.;;1,1

For optimal rejection ol sue, . .. ii.p, tho outer foil ol Caz 
should bo connected to the H-C summing junction and ’he 
mnoi toil to pm 31. Similarly me oulor toil ol Cinj shoo... . e 
connected 10 pin 32 and Iho inner toil to the R-C summing 
junction. Tollon,*., or equivalent, capacitors aro rocorr 
mimdod above B5*C lor thoir low leakage charach .sln;s 
Reference Capacitor

A l pF enpaorpf givos good results in most applications. 
However, whoro a largo rolorenco common modo voltage 
exists (i.o. the rolorenco low is not at analog common) and 
a 409 6mv scale is used, a larger value is required to 
jirovonl roll-over error Generally tOpF will hold Iho toll-over 
orror to 0,6 count in this instance Again, Tollon or 
equivalent capacitor* should bo used lor temperatures 
above lor their low lookago characteristics.

U

I
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Reference Voltage
Iho analiig input rc-quiruo to quiu.'ialn ,1 y.a .-»!•. output 

Ot 40*16 counts is Vim - 2 Vita f Thus Id .1 normalized 
scale, a releronce ol 2.048V should be used lor a a 096V 
luM scale, and 2Q4 BmV should lie used lor a 0 4096V lull 
•a’Stlii IlOiV'jvu' m many applications wnun- the A-i"i 
si'nsinij tr-i' output ol a transducoi. tburi; .vci .•«i-.t ,i ./■ i..■ 
i.ictor cthtir than unity between Ha- aticoiufc output vi *,i 
lu tie moai.uiod and a aesuod digital output l "i msl,iiki m 
■t weighing systorn, the designer might Imr to have n lu" 
scalu reading whop the voltage irom thu t'ansiluo'i is 
0 682V. Instead ol do.,l.ng the input down to .toy nmv. un- 
input voltage si'- * tin moasurud directly anil a retut once 
voltage of 0.34 t. ..hould bo used Suitable values lor 
integrating resistor and capacitor aro 34k<! and 0 i5pF 
This avotes a divider on (he input. Another advantage ol this 
system occurs when a zero reading is desired tor non-zero 
input Temperature and weight measurements with an 
ollsi.il or taro are examples The onset may he introduced 
by c ; emoting the voltage output ol the transducer between 
common and analog high, and the ollsei v->Ua(|ii between 
common and analog low, observing pui.iutn-b carefully 
Howovor, in procossor-besoil s/stums using lie- if,';t ,'Hi-i. it 
may be moru olliciont lu purtoim this type ill sc.iuimi or lain 
subliaction digitally using soliwuiu 
Reference Sources

The stability ol thu roloiuncu voltage is a uuiib' lacloi m 
the Ovfu Jtl absolute accuiacy Ol Hie conveitei. The lesotu 
lion ot tho IC17109 at 12 bits is onu pad m 4096, or 
244ppm Thus it the roloronco has a lompceatuio coetli 
ciont ol rppm/’C (onboard roloioncu! a temperature 
dillotonce ol 3*C will introduce a ono-bil absolute oiroi

For this reason, it is recommended that ait extomai high- 
quality rolerence be used whuiu tire ambient tuniporaturo is 
not conlrollod or whore high-accuracy absolulu measure- 
merits are being made.

Tho 10.7109 provides a REFeronco OUTpul (pm 2y) 
which may be used with a resistive divider to goneralu a 
suitable leleionce voltage. This output will sink up to about 
20mA without significant variation in output voitago, and is 
provided with a pullup bias devico which sources about 
IQpA Tho output voltage is nominally 2 OV below V *. and 
has a temperature coeltlcionl ol -*80ppm/'C lyp. When 
using the onboard releronce, REF OUT (Pin 29) should bo 
connected to REF- (pin 39), and REF i should bo con
nected to the wiper of a precision potonliomotor between 
REF OUT and V*. The circuit lor a 204.BmV roloronco is 
shown ir. the tost circuit. For a 2 048mV roloronco. tho lixod 
resistor should be removod. and a 25fcO precision potonti- 
omotor between REF OUT and V ’ should ne used

Nolo 'hat il pins 29 and 30 aro bod together and pins 39 
and 40 accidentally shorlod (e y . dunny lusting), the 
icloronoe supply will sink onougli cuuunt to iloslroy tin- 
device This can ue avoidod by placing a thSI icsistoi m 
sonos with pin 39

DETAILED INSCRIPTION 
Digital Selection

The digital section includes thu clock osciilotor and 
..rating circuit, a 12-bit binary counter with output latches 
and TTL-compatiolo Ihreo-staU) output drivnis, pofanly, 
over-rarge and control logic, and UART tuindshaku logic, 
os shewn in Figuro 5.

t1 i •-.yi-.iut ih'S di'sciiplion logic levels will bo rolorrod to 
a-, tow .1 Minti tin- actual logic luvols ate defined in 
lt»: I v."-rural tViarai. tuuslics TnbiO f or minimum powoi 
consuirntcri. all mpuis should swing from GNO (lowj to V ' 
’’■i-ihi u-nuts d"ven 'rom TTL gates should havo 3-i>k!'! 
liu -up ii'-.ir.tC'rs tdd'-d lor maximum noise immunily

MODE Input
thu l/f't.L input is used to control tho output mode o' 

III.- I .-n,,-i!ui Aiiui' iIn,- MODE pm 'S low or lull upon ttl-.ii 
I'p.il s -vidl-ll W:tl- ,1 pulldown lublbtOI to unsmo a low 

rt'v-i I!*-.' pm is loll opory, tho convene' is m its 
Oiro-.t -jutp-jt mode, wheio the output data is ! ;lly 

accessible endgr tho control Ol tho Chip and byte enab'c 
inputs When thu MODE input is Pulsod high, tho convenor 
enters tny UART handshake niodo and outputs tho data in 
two bytes, then returns to "direct" mode. When tho MODE 
input >s li'H high, the convorter will output data i(f the 
handshake mode at the end ol every conversion cycle. (Soo 
section untitled ' MjruJihako Mode' lor lurther delays).
STATUS Output

Dur*r»»f n conversion cycle*. tho STATUS output gooe* high 
at tho huijmning ol 5itgnai Intwjruto {Phase H). und qoos low 
nnu-h««tt cluck puiMHi hMoi t'uw data from thti conversion 
has Hlort.d »n tho output IflU'hoi Son Tiyurt# 4 tof
riut.ois n• tins limiMi) this signal may bo usud as a ' dam 
valid' May (data nuvuf Changes wh.to STATUS is low) to 
dnvu mlemipls. or tor moni’onnq tho status ol tho convorl- 
Of

RUN/HOlD Input
When tiro RUM/hClD-input is high, or left open, tho 

Circuit will continuously pnrlorm convorsion cycles, updating 
tho output latchos alter zero crossing during Ihe Dointo- 
gralo (Ph.iso ill) portion ot the convorsion cycle (See Figure 
4) In Hus modo ol operation, Iho conversion cycle will bo 
porlormod m 8192 clock periods, rogardless ol tho resulting 
valuo.

II RUN/HOUO goes low at any timo during Domtegraio 
(Phase 111) alter tho zero crossing has occurred, the circuit 
wilt immodiotoly terminate Deintograte and jump to Auto- 
Zoro. This tealuio can bo Cisod to eliminate the time spent in 
Doihtograla alter the zcfo-crossing, II RUN/hOLO stays or 
goes low, tho convorter will ensure minimum Auto-Zero 
lime, and then wait in Auto-Zero until Hie RUN/H0O5 inpul 
goes high. Tho converter will begin the Integrate (Phase II) 
portion ol tho next conversion (and tho STATUS oulpel will 
go high) seven cluck periods alter tho high love) is detected 
at RUN/iiOtO Soo Figuro 6 lor dotails.

l
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Figure 6: Run/floid Operation
i-V.,**

Using the RUN/RODB input in this manner allows an 
easy "convert on demand" mtorlaco to Do used. The 
converter may be hold at idlo in auto-zoro'With RUN/ROTO 
low. When RUN/ROLT5 goos high the conversion is startod, 
and when the STATUS output goos low the now data is 
valid (or transferred to tho UART — soo Hnndshako Modo). 
RUN/ROID moy now bo laknn low which loimmatos 
demtugraln and ensures a minimum Auio-Zoro limn boloru 
iho no»l conversion.

Allornatoly, RUN/PTCHO can liu used to minimum renvoi 
non limo by ensuring Ilia! il goes tow during Dointoqnilo, 
iMor roro crossing, and goes high idtoi tho hold point is 
toadied r In* f iMjuifmJ actlvily on Iho IIUN ''l lOi.l’l input l .in 
tie ptovi.i .! r, connoclnig it to the Buttered OscilMloi 
Output In Itvs rnodo Iho conversion limn is dependent on 
Tin inpul valuo monsuror|_ Also odor In Inleisil Apple .itmn 
Bulletin A032 lor a discussion ui the oftoc is this will l\wu on 
kulo-Zero portqrmanco

ll Ihe RUN/hOCO inpul goes low end slays low during 
Aulo-Zoro (Phase I). the converter will simply stop at tho 
ond ol Aulo-Zoro and wait for RUN/MOlD to go high. As 
above, Imiigrato (Phase II) bogins seven doc1 periods after 
(ho high level is dotoctod.
Direct Mode

When ih» MODE pm 10 loll at a lur. ■•■v-i, tho data outputs 
(has 1 through 8 low ordur byte hits 9 through 12. polaritv 
and ovor-range high order bytnj are accetslblo undr" 
control ol Iho bylo and chip onable terminals as inputs 
Those ttiroo inputs aro rfll aclivo tow, and aro pfovidod with 
p'lilun losislors to onsuro on inactlvo high fpvol when Mt 
ormn Wluin Itin Chip nnnlilo Input If low. ‘taking a byto 
nn.H'ln input low will allow tho outputs ol that byte to 
bocomo activo (throo-slatod on). This allows a variety ol 
parallel data "crossing lochniquos to bo usod. as shown In 
Iho section ontillor] "Interlacing.” Tho timing requirements 
lor those outputs aro shown in Figure 7 and Table 2.

(0.7109
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Table 2 — Direct Mode Timing 
^ Requirements

(See Note 4 ot Electrical Characteristics)

jVMBOt. DESCRIPTION MIN TYP MAX UNIT ,
'OCA By'* tram- Itn nu }m m |

If • ti • ftm#
IfCm* l«yn ' Til; i',7» 'IN

'Onlt
Oau HoW Tvtw
Horn Byte Enat/e ISO !

______ J
k'&A Chip Cnabto W<ih 400

__
I'M) ....=u

ON l'OAC
Data Act:*** T*m#
Nom 0<l*p Enabi* **»« .»rr.

•One Oats HoW Time
Irom Ch«p Ertabla mo 400 —1.J

It should bo nolod that these control inputs are asynchro
nous with raspoo! to tho convortor clock — tho data .may bo 
accessed at any tlmo. Thus it is possibio to accoss the 
lolches while they are being updated, which could lend to 
erroneous data. Synchronizing tho accoss ol the laiches 
w-m the conversion cyclo by monitoring the STATUS outpul 
w- pi event this. Data is novoi updated while STATUS is
low.
Handshake Mode

The handshako outpul mode is provided as an alternative 
means ol interlacing tho ICI7109 to digital systoms. whoro 
tho A/O convert bocomos aclivo in controlling tho Mow ol 
date instead ol passivoly .responding to chip and byto 
enable inputs^ This mode is speciiicaily designed to allow a 
direct interlace botweon the ICL7109 and indusiry-stondlird 
UARTs (such as the Intersrl IMG402/3) with no oxletrinl 
logic roquired. When Iriggorod into the handshake inode, 
the ICL7I09 providos all tho conliol ond Hag signals 
necessary to soquonttully transfer two bylos ul data into the 
UART and initiate their transmission in serial form. This 
Qroiiily eases tho task .mu .duces tho cost ol dnsigmng 
remote data acquisition stations using senai data transmis
sion.

Entry intr- m* handshake mode is controlled hy the 
MODE pm ...iuri the MODE tormimil is held high, the

iCt 71 ijy *»l enter the handshake mode allor now data has 
Wien stored m the output latchos at the end ol a an .- ' von 
tboo F igures 8 and 9) Tho MODE terminal may .use W 
used to trigger entry into the handshake modo on demand 
At an, time Cu'mg the conversion CydO, the tow to high 
transition ot a short pulse at tho MODE input will caus# 
immediate enp, into iho handshake mode, it this poise 
(\"rurs While new data is bomg stored, the entry mto 
handstt.tko mode is delayed until the data is stabio vv-.y 
the convertor is in tno handshake mode, tho MODE input is 
ignored. and although conversions will still bo performed, 
data updating will bo mhibdod (See Figuro 10) until the 
converter completes the output cycle and cioars th» 
handsnako modu.

When tho convertor onlurs Iho handshake mode, or 
when the MODE input is high, the chip and byto unabln 
terminals become TTL-compatiblo outputs which provide 
the conuol signals lor the ouiput cycle (Soo Figurus fl. 9, 
and 10)

*ri handshako modo. tho SEND input is used by 'he 
convertor as an mdiculion o( Iho ability ot the roceiving 
device (such as a UART) to accopl data

Figure fl shows tho suquonco ol trio ouiput cyclo wilh 
SEND held high Tho handshake mode (Inlornal MODE 
high; i*. emoiod allor the (lata lalch pulse, and smeo MODE 
remains high Iho CETTOaD, USER and t-fBEhi lormmals are 
aclivo as outputs. The high lovol at tho SEND input is 
sonsod on tho samo lugh to low internal dock edge inal 
leiminales Iho data latch pulse On the noxl low lo high 
irtiornol clock edge iho CETlETaD and tho RBEn outputs 
assurno a low lovol. and the high-ordor bylo (bils 9 through 
12, POl., and OR) outputs aro enabled Tho CE7I0AD 
ouiput remains low loi ono full internal clock period only, 
the data outputs romam aclivo lor 1-1/2 inlornal clock 
periods, and Iho high byto onJblo remains low lor two clock 
periods Thus Iho CE/lOa” output low lovul or low lo high 
edge may be used as a synchronizing signal lo ensure valid 
data, and tho byte onoblo as an output may be used as • 
bylo identification flag. With SEND remaining high the 
converter completes Hmj outpul cycle using CE7D3AD and 
CBETt white iho low ordor byto outputs (bits I through 8) are 
aciivniud Tho handshako modo is lormmatod when bolh 
bytes are sent

Figure 9 shows an outpul sequence where the SEND 
input is usod to delay portions ol tho soquonco. or 
handshake to orisure correct data transfer This timing 
diagram shows the relationships that occur using on mdus- 
try-standard IMb-102/3 CMOS UAFtT lo interlace lo sornl 
data channels In this inlurlaco. the SEND input lo Iho 
IOL7109 is driven by Iho TORE (Transmiller Buffer ft- tistor 
Empty) output ul the UART, and Iho CE7D5A0 ter- al of 
the ICL7109 drives Iho TQRl (Transrmtier Bullor Rugislor 
Load) input lo Ihe UART. fho dnla outputs are paralleled 
into Ihe ijigltl Iransmitlcir Uuller Mugisn-r mpuls.

<■-
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Figure 10: Handihake Triggered By Mode

Assuming (he UART Transmitter Bulfur Rogittor is omp- 
ty, (he SEND inpul will be high when Iho hundaheka mode is 
enter od alter now data is stored. The CC7T0AB and FIBER 
terminals will go low nltur SEND is soused, rind the high 
ordur byte outputs become octive. When CG/lOAO goes 
high et the end ol one clock period, the high order byte date 
is clocked Into Iho UART Transmitter Bulftir Rogislnr Thu 
UART TBRE Output will now go low, which hulls the output 
cycle with iho REFER output low. end the high ordur byto 
ouii uts active. v...un the UART has translerrod the data to 
Iho Transmitter Rogrstor and cloarod Iho Transmitlor Bullor 
Register, the TBRE returns high. On the next ICL7109 
internal clock high to low odge, the high order byto outputs 
are disabled, and one-hall internal clock later, tho FIBER 
output returns high. At tho same timo, tho CE/lOAd and 
CBER outputs go. low, and Iho low order bylo outputs 
become active. Similarly, when the CE/LOaO returns high 
at tho end of one clock ported, the low ordor daia is clocked 
into the UART Iransmiliui iiuiior Register, and TBRE again 
goes low. When TBRE returns to a high it will bo sensed on 
tho next ICL7109 internal clock high to low edge, disabling 
tho data ogt- ils. One-hall Internal clock lalor, the hand- 
.nake modt"...ii be cleared, and the CETtOAD, RB’ER, and 

L0ER terminals return high and slay active (os long as 
MOOE slays high).

With tho '.. JOE input remaining high as in tnosu exam, 
pies, the convertor will output the rosults ol every conver
sion except those completed during a handshake operation 
By triggering the convertor into handshake modo with a low

lo high edge on the MOOE Input, handshake output 
sequences may be portormod on demand. Figure 8 shows I 
harydjihako output sequence triggorod by such on edge, in 
addition, the SEND input Is shown as boing low whon ths 
i.eriviMiin emors handshake mode In this case. Iho wholt 
output sequence is controlled by the SEND input, nnd the 
sequence lor Hie Iasi (high order) byte it similar lo Iht 
sequence lor tho second bylu This diagram also shows ths 
output saquonco taking longer than a conversion cycle. 
Note lhat tho converter stilt makes conversions, with ths 
STATUS output and RUN/FFOCD inpul lunctionmg normally. 
The only dtllerence is that new data will not be latched 
when in handshake mode, and is therefore lost.
Oscillator ' '

Tho ICL7109 ts provided with a versatile three lorminal 
osciilalor lo generate the internal clock. The oscillator may 
bo ovordnvon, or rray be oporated with an RC network or 
crystal Tho OSCILLATOR SELECT input cltongos tbs 
inlutnnl conligumlion ol Iho oscillator lo oplimiiu il lor RC or 
crystal oporalion.

When iho OSCILLATOR SELECT input is high or left 
opun (Iho input is provided with a pullup rosislor). the 
oscillator is configured lor RC oporalion, and the internal 
clock will be ol iho same frequency and phase as tho signal 
al Iho BUFFERED OSCILLATOR OUTPUT. Tho rosislor 
and capacitor should be connected as in r.guro tt. T> 
circuit will oscillate al a Iruquoncy given by i - 0 -tVRC. A 
tOOki! rosislor is rocomrnondod lor usofui ius ol

Or
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frequency. For optimum 60Hz lino rojnction, iho capflotor 
valuo .should bo choson such that 20-ttt clock puoods is 
close to an integral multiple o* the com ported O'ut shouki 
not be loss than 50pF).
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c>qure 11: RC Oscillator

When (ho OSCILLATOR SELECT input is low a loodtiack 
dovico and output and input copuolois oro addod to (ito 
oscillator In thi* configuration' os shown m Figure 11, Iho 
oscillator will opuralo wilh most crystals in Ihn l lo TiMII/ 
tango with no onlernal components Taking iho OSCILLA
TOR SELECT input low also tnsoils a lixod 59 divider 
circuit botwoon Iho BUFFEHED OSCILLATOR OUTPUT 
and Iho mlornal clock Using an mospurtsivo 3.58MHz TV 
crystal, Ihis division ratio providos an integration lime givun 
by.

T » (2048 clock periods) »
50

tf.SOMHz,
33.18ms

This limo is very close lo Iwo fiOHz periods or 33 33ms. Tito 
error i$ loss than ono percent, which will qive boiler than 
40dB 60Hz rejection. Tho convonor will oporalc reliably at 
conversion rales of up to 30 por second, which corrosponds 
lo a clock frequoncy ol 245.8kHz.
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Figure i?: Crystal Oscillator

II al any lime tho oscillator is to.bo ovniduvon. tho 
ovoritv. ig signal Should be applioiJ al Iho OSCILLATOR 
INPUT, and iho OSCILLATOR OUTPUT should be left 
Opart. Tho mlornal clock jwill bo ol Iho some ln«tuoncv. duly 
cycle, and phase as tho mput signal when OSCILLATOR 
SELECT is loll opon. When OSCILLATOR SELECT is al 
GNO, tho clock will bo a factor ol 58 botow ihn input 
frequency.
•When using Iho ICL7109 with Iho IM5-I03 UART. it is 

possiblo to use ono 3 58MHz crystal lot bolt' devices Trie

BUFFERED OSCILLATOR OUTPUT ol Iho ICL7109 may be 
used lo drive Iho OSCILLATOR INPUT ol the UART, saving 
iho nood (or a socortd crystal. Howovor, Iho BUFFERED 
OSCILLATOR OUTPUT doos no! have a great deal oi drive 
capability, and when driving more than one slave dovice. 
external buttering should be usod.
Test Input

When iho TEST input is taken to a level hallway betwoen 
V * and GND, Iho counler output latches are onabiod, 
allowing the counter contents to be o*-»minod anytimo.

When the TEST input is connected to ufiO, tho counter 
outputs aro all forced inlo the high slate, and tho internal 
clock is disabled. When the Input returns to the 1/2 (V * 
-GND) voltage (or to V f > md ono clock is appliod, all the 
counter outputs will be ciocsod to the low stato. This allows 
easy tosling ol Ihe counler and its outputs.

INTERFACING 
Direct Mode

Figuro 13 shows some ol Iho combinations ol chip 
enable and byto enable control signals which may bo usod 
when interlacing iho ICL7100 lo parallel data linos, The CE7 
LOAD inpul may bo liud low. allow, j ollhor bylo lo be 
conlroltod by its own enable as in Figure 13A. Figuro I3B 
shows a conliguration whore tho Iwo bylo onablos are 
ccmnociod together. In this configuration, the CG/LDAD 
sorvos as a chip onablo, and the HoEN and CETER may bo 
connected lo GND or sorvo aa a socond chip enable Tho 
14 data outputs will all bo enabled simultaneously. Figuro 
13C shows mo RffEN and CBETi as" Hag inputs, and CC7 
L'CaD as a master enable, which could bo tho READ strobu 
available Irom most microprocessors.
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