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ICL7109 "
12-Bit uP-Compatible
A/D Converter

GENERAL DESCRIPTION

The iCL « 5 @ hiih portormancy, CMOS, 1low powor
wiagrating A/ cohvonur dusignud 10 vasly dilurfacy with
HHCTOH OCUSSOrS.

Fhe output data (12 bits, polunty anhd ovar i) May Lo
wructly accossod undar conrol of two byte onabie inputs
ang g chip seloct inpul for 8 sunple paialiel bus miurlaco. A

BINTERSIL

FEATURES

s 12 Bu Uinary (Plus Polarity and Overrange) Dual
Siope integrating Analog-to-Digital Converter

* Byte-Organized TTL.Compatible Three-Siate
Qutiputs and UART Handshake Mode for Simpie
Parallel or Serlal interfacing to Microprocessor
Systems

_UART handshako moda is provided Lo allow thé 1ICL7 109 to * RUN/HOLO Input and STATUS Output Can Be
work with industry-standard UARTS in providing sorial dale Used to Monitor and Control Conversion Timing
wansmission, idoal lor romote dala logging applications. * True Diflerential Input and Ditfersntial Reference
Tho RUN/HOLD input and STATUS oulpul allow moruiornng * Low Noise — Typically 15u¥ p-p
and control oi conversion tming. . épA Typical Input Current .
The ICL7108 orovi h ' ' ac . purates Al Up to 30 Conversions Per Second
CL7108 providos tho usor with ihe Iugh accuracy. * On-Chip Oscilistor Operates With Inexpensive
Vrw 10me, low Jnilt, vergaliity and uconomy of the duai. 3.56MHz TV Crystal Glving 7.5 C \ B
slopa mlegraung A7D convartar. Fealuros fiko true dilluren: : z rystai Giving 7.5 Lonversions Per
ial it . Second for 60Hr Ryjection May Also Bs Used
tial ir put and rofarence, dnft of less than 1uV/*C, manmum With An RC Net k Osclilator for Other Clock
nput bras currsnt of 10pA, and typical power consumphion ¢ n ¢twork Osclitator for ¢
of 20mW mako the ICL7109 an atbractvu pur-channgl foquenciss
alturnative 1o analog muluptaxing tor many data acquishion
applicutiony,
ORDERING INFORMATION
! PANT NUMBER TEMP, RANGE PACKAGE
f o o
L7 199M0L WGl ¢ 125°C 40-Pin Curame nh?
ICL 7109100 "C 1o +85°C A0 Py Cutame O
) L7090 <5*C to +85°C 40-Pin CERDP 1
ICL7109CHL { 0°C w 720°C 40y Plasic Q1P
i
L]
. T0OP vitw
G&O———} 1GMD . A AT A X317
131A7us REPIN YO L i e i
wmaw [ iroL AP CAP -0 gy O FIRPNTIAL
onota ton i REFCAP + P ,)-9' * KEFLAENCE
M3 - 3847 NEFIN> M )--—--—ﬂa
outPuTs ' s W HEDS :»-*_T—,Wmmv HIGH
? r 810 ™10 D I——-—-—ommv Low
{, : :: COMMON 33 ’:—-—'Gno
. T 32 '-;rﬂ -
” oo [Ji8 T BB
sur %
ORDER } IER 1 ALF OUT 29 L
arvg { (N 1 v
CUIPyTS ALR B UMD 27
i {jreer AUNHOLD 24
Lajrs s SUF O3C OUT 2y \
Vo (] 10 TCST O3C sC\ 24(}- -~ GHO prov .
svie o{} e (BER 03€ out D) m ey
CONTAQL -1 {] 9 HBIK osC w23} - 33198 MMy
NPUYS 4 20 CE 10D MOOE It ‘ g TY CAYSTAL
' ‘Mt 3ouii FOR 0 2% REF
300011 FOA 2.0V ALF
CORINSS
(Swe Figwe 2 tor typical connection 0 & UART or Microcomputer)
Figure 1: Pin Configuration and Test Circuit
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ABSOLUTE MAXIMUM RATINGS

Positiva Supply Vollage (GND to vy .. . .. +62v Power Dissipation {Note 3)

Nogative Supply Voltage (GND to V©) . R -9V Coramic Package .................
Analog Input Voltage (Lo or Hi) (Noto 1) .. V flove Plastic Package .......... RO
Referance Input Voltage (Lo or Hi) (Nole 1) v oV~ Operating Tomperature

Digital Input Voﬂago vt o +00v Coramic Package (MDL) .....
(Pins 2-27) (Note &;..... ...... ... ... GNO -0 3V Coramuc Package (IDU)............

"COMMENT: Stresses sbove 1hose hslnd unior *
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Plastc Packago (CPL)...........
Sterage Tempurature .. .

Load Temporature (Soldenng wsoc) .

.. 500mW @ + 70°C

~55°C to +125°C
~25°C 1o +85°C
. 0°C 10 +70°C
-65°C 1o +150°C

TAbYORIt0 Masmiin Ratwws’ may Cause parmangnt Jamage 10 the devices. This o 8 stress sty only and

functonal 0pershon of the Jevices st thesa of any othar condiions above hos Idaied In he operaton! 30cEoNs ol 1ho SPECHICAtoNS is PO IMphed
Exposure 10 sbsolute manmmum rat) conditions for axisndded petusds may altect Jouico rohabwty

ELECTRICAL CHARACTERISTICS

(VY = 45V, V" = o5V, GND = OV, T4 =25

indicated.) Test circuit as shown on first page of this data shaet,

ANALOG SECTION

‘C, unloss otherwise

SYMBOL PARAMETER TESY CONDITIONS MIN TYP MAX UNIT
Vi DOV Ceiat
Zwo tnput Heeding O:A‘! ‘,uun - mu by « 00Uy + 0000y + D000, Haadmg
RO SRV P SR HPPUI U U .,.._:;/ B R - 37774 -”()clul
Retmotic Rosting v::"' 2 ey 717y 40004 40%08 | posding
. ' TR Scue < 409 bnV W 2048V
Noa-Linsarity (Mas dedeton Cvar Iull vpureling temparalne - 12 4 Counts
from Des siraght kne h) ety (Mot 4], (Noto )
Rol-over Enor (Sitlerence F.“";“_ iy :
; calg = 409.6mVY to 2.048V a
n tasding for equal pos and {Note 5;. (Noto 6 =t .2 't Counts
neqQ. mpuis near full scaio) _
. N ¥ Vo 1Y Vi e OV 50 VIV
CMRR Common Mods Repution flatc Ful Scaly = 409 Bmv . u
VOMR input Common Mode Range input 4, input Lo, Common (Note 4] V©e1s v¥.10 v
. Nowe (p-o value not Virg = W/ 15 i u¥
- oxcocdss 5% of tmo} Full Scaip - 409 Smy
Vie = G Al dowicos 8l 75°C 1 + A
WA LOUPL 07 - Ta o 0 20°C iNute 4 b 1w A
e Leakage current at input ,:‘L,,‘..,,m - .'i"(: . ‘“ . .“,1‘ C ;N;,.,, o v ‘«'.,‘; g,\
L] 'urmm n°C LI 1280 i sy nA
USSR § SR . [FOPSPIN —d
2ot ﬂom-r\o [921} v.N - n./ h. 1' (N( 1.. 4) [¥3 3 ave' G
SRUNP lodiiirfiht. Aot STV . Wl - SRR -
Scate Factr Temparatwe ,v’.:d:,;on 9:nv - ol NOn . . pom/ G
Coatficien l-l hol 0 ppry- ‘(‘ lNum 4)
. Supoty Curront v* “w \‘.- e (—rvsml Ose
! GN J 2 ONN4p toel cocut 700 1500 HA
I pp S'w'y Comem v° 0 v s Q0128 26,27 @9, opon 700 1500 uA
L -] e et e —m e s —
Frofmeaa lo Vo *
vagF Ret 0“' Vohnpe i lmlumuﬂ V nml ’ll’ our ~24 =26 a2 v 4
- Tnt Ot Torp Covtin mnd ThAY bulwenn v * ardg AEF OUT 1) pom/*C |
DIGITAL SECTION
SYMBOL: ! PARAMETEH i TEST CONDITIONS MIN TYP MAX UNIT
Vi Outpr * r B oveitage ! ;', "l" : :’x‘)un‘:: o hE) 4) v
VN e e . ect e —
¥in (\aput Tuw V\)ﬂ.\;,n : Tt " mm\ 02 04 v
S ‘rcmlpul Loakage Tutent ; i J e lnqh anpdar Y v 1 s
i(;;-mol 1O Py T P T VI v ‘:“—- T
Careant i ; M et at ot ¥ uh
Controt 1700 Loading A 0 oF
e e b e s . s e e RIS PR - [ P .
LG TR FI R Y B N ¥ H
Lo Input High vmm.,n etosrag T Grg i 2% v
SRR L, ‘.‘- B e e e - " . - PIN e o EIPI—— B i e DS TP | =
v Pl Low Virta p LI
S Lpeernens e

g
3




3
-
~
-l
o

EBINTERSIL

'‘ELECTRICAL CHARACTERISTICS (CONT))
Y T
[ SYMBOL PARAMETER TESY CONDITIONS ! MIN { TYP Max | uNniT
Input Pull-up Current My 26, 20 Vot e v | $ pA
input Pyll-up Currant s 17 24 v, A : 5 wA
Inputl Pull-down Current Py 21 Vot = Gl H MA :
| Oom ] Octilator Output tgh | vour = 25V 1 mA
Ogy, ‘Current” Low | Vour =75V 15 mA
BOow Buflered Osctator tgh | Vour =25V F3 mA |
8001 Ouiput Current 1 low Jvpyr~=25Vv 5 mh
™ MODE Inpul Pulse Widih (Hoty 4) 50 ns |
NOTES: 1. input voltages may exceod tho supDly voltagus providad the wigast Curtont & hmiod 0 1 100NA
N 2. Dwe 10 the SCR Wuctuw inharomt 1IN 1ho process Usod 1o ladmcate these UOvICes. CONNOCUNG &Ny Uighal vals o Julpuls 1O
vohages groater then ¥ ' ¢ luss then GND may Causy Jusinalive Sonce RRIChup. For el fuason i 1econwnendod 1at no wipuls
from sources other than tho same powwr supply be applxi 10 the ICL7109 tufore (i3 pOwer supply w ostabsheg, ang that m
musdtiple supply sysioms the supply to tha ICL7109 Do activalug fwst
3 Thes i refecs 10 that of the packsgy and will not bu VOIENEd dunng HOIMAL OPOraton
4. Ths parametw 13 ot proguchion tested, bul 18 guaranieed by dusign.
4. Roll-over error for To = -55°C to + 125°C 1 tJ counts manmum
8. A Wil scale voltage 0F 2048V 13 used bDucause s full 3Coiv vuliagu Of € UYLV wrcuwds the dovices Common Mode Yollage fange
TABLE 1:— Pin Assignment and Functlon Description
PN SYMBOL I DESCRIPTION PIN KSVMBOL DESCRIPTION
t FGND Owptal Ground. OV Groung rviurn jor ait 20 | CE/LOAD Chy Ensbie Load — With Mode iPin 21) low
digial logw ('Eﬁl TAD sorvos an & mastor output wriatde
2 | STATUS Oulput High dunng intugrats smd dunie- g::a::"h hy —ui2, POL OH outouls we
alw: untd gata » fetchut
HpUt Low when analog sochon 1s in —-wuh (Pin 21) tagh. trus pn servos
- Auto-Zero_configuration 1oy e &% 3 Wad srobe used i harxidiwhe MOde
3 | POL Polasity — Hi lor Positve wpwt Sae Figwos 8, 9, 10
_—
4 1OR On Qe «~ Mi it On e 1 | MODE I nLou—Od%Fﬁ modowhﬂ[_tﬁ;wn
tPin 20y, Py 19} ard
& |82 on 12 (Most Sniticany Ui) My 1) act as mpuls dirscily contioling Lyle
8 (B Bt 1t vulputs
Inpul Puised Hgh ~ Causes immocuto entry
7 1819 8u 10 AR nto handshake mode and oulpul af dats as
8 {89 Bit ¢ thees m Fague 10,
~ High — Enables TEILOAD (P 20).
» 198 Bes | sato A EN (Pn 193, and (BER (P 18) as !
10 |87 8 7 Hi = true output ovipuls, harxishahe mode will be sniered ad
dato outpul as n Figwes 8 and § al
:‘ Be Bu ¢ Uste Converson complelion.
2 g’ Bn s bits 27 | OSC N Oscitaior Input
12 y ¢ B & 3 | 0SC QUT Oscitator Output
L B 3 74 | OSC SEL Gacrinior Sotoct — Inpul Pgh contgures
1% |82 Ba 2 OSC IN, OSC OUT, BUF OSC OUT s RC
X oscHislor — cinck wit be seme phass and
L LA Bn t (Luas! Sigrabcant Bay duty cycle as BUF OSC OUT.
17 | TEST input Hagh «- Nocmsl Operation. - input tow contigwes OSC 1M, OSC OUT
Input Low « Forcos ait vl oulputs tugh tor crystal oscilator — clOCR fronuency wil
Note. This inpul s used 101 Inwl pumosus bo 1/50 of requency st DUF OSC OUY
= only. Tie hyb 4 not used 75 | BUF OSC | Buttered Oscliator Oviput
1¢ | LBEN Low Byte E"‘mp; Wil Mode (Pin 21) low, our )
and { 20} low. tshing Uur pin
ol 28 | AUNHOLD | tnput High - Convorwons contnmuously
';: scitvalan low ordet Lyte outpuis 81 . periotmwd wvory 6192 clock pulses.
he Input Low — Converwon w1 progress 2
— With Mode (Pin 21) hgh, ke pin sorves sompieioa) Comverter wil siop i Aulo-Zero 7
“ | as a low byt tag wlpul vsed n hundshahy counls baftra inlegrate.
— mode. See Figures 8, ¢ 10, 27 | SENO input — Used n handshake mode to ndicals
9 | HBEN Han Byte Enadie — Wi Moda (% 21 low. abity of an external dovice 1o sccopt cata
QGL'OTD {20} low, taking tus pin Connect to + 5V if nol used.
bnr activates hgh order byle outputs 89-—« 28 (V™ Anusioy Nogatve Supply — Noaunally' - 5V
812, POL, OR. wih respoct to GND (Pin 1),
- — With Moda (Pin 21} hugh. ifus Din sorves 29 { REF OUT Relorunce voitage Oulput — Nomwnally 2.8V
* 1 s o bgh bytv fiag output usod 0 handshako down trom V* (Pin 40).
- . mode Fryutos 8, 9. 10 30 [ BUFFER Uuher Ampiitier Outpul
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32 | COMMON Anging Common -« System o Adte Fivpnd
10 COMMON

J4 JINPUT LO Odivrontini input { ow Sate

3% | INPUY Oxttorenisat iput Thgrn Sute

Pin SYMBOL DESCRIPTION [PIN SYMBOL OESCRIPTION
31 | AUTO. 2600 | Aulo- 2nta Node ~ tnwadn fonl of T2 R N Udttorantial Aoference inpit Poutive A
10 JINITORATOR | integrator Ovipat Ty Rt Bl ot g9} E X7 LI AR Ruference Capeciine Posiive H

Raterencs Capacstor Negatve
Dulurantal Relerance inpul Noghtive

R 1
Powlive Supply Yollage ~ Momnally ¢ 5V
with respect 1o GND (Pin §)

et
l B s HLF CAM

Note: Al dptel leveis &9 DORIVE lrue

Figure 2A: Typical Connection Diagram UART Interface- To transmit latest result, send any word to
UART .

[2E7Y anukd i
v [K'A XTAL o) QMO 4 t GMO REF 108 = 20 P L ermrrsmsmassad s = ve GIC
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0 3 ON0 (4 B 3V 1000 oF —{1eTaTUs AEF CAP v 3T Cring
I &“é l\u 4 REF e o 20 .
' ” 4 10 Hodn ™ '
5 7/ T se1 L0 M .
» 38 awo . 24 com n Ao
bn Si R d CM ML, gy “f=4 99.812,P0L.00 wT a2
-1 14 ¥ . [ 1 AN
~4 13 O¢ i & y 455 " 2 :
¥ d 14 WO e 24 b oy v~ V7 TAST . aerour e k- et 20MD) 0.3V ARV
OAR 14 1 3R ‘) 4v Wm0 2V NLP
Lvevwes £ LY - LR1] 11 wOOL wudwaan..-uvoaonn
S 1eaL 22 » CTADXD osc st 1 - ana
AL 2 7 81M0 € OUT 1) feen ey
m;;:uuo 21 e QD Olcmn——]_gé.u
raTAL
PON L Owa by FOWER COW Al
badiad odred nm‘r::o bty m.ov::vm.u [ %a] ]
CMON UANT PALLS ATBAIORE TO Iy CMOS A‘D CONVEATIA

T

Figure 2B: Typlical Connection Diagram Paralle! Interface With 8048 Microcomputer
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s -rY '-’r orua L1100 wHLO M el
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~s IR P13 o} » AunAOLD SUF 0
~41t ALS ran 18tatus AL OUT 19 b Rt M5 8 2V ARF
Y ~42 PROG PUI M 10 MK (.1 = 200011 v NEF
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DETAILED DESCRIPTION

Analog Section

Figuro 3 showa tho oquivalont circut of the Annlog
Section of the ICL7100. Whon tha RUN/HOTD input is loft
opan-or connacted ta V', tha circuit will parform convor-
wns at a rato dowrminod Ly tho ¢lock froquoncy (192
tock perieds pur cycle) Each maasuroment cyclo s
dvidad inlo throo phasos as shown in Figure 4 Thoy aro (1)
Mto-Zoro (AZ). (2) Sigral Intograty (INT) and (3) Dente.
yate (OE).

Auto-Zero Phase .

Dunng auto-zero throa things happen. First, input high
and low aro thaconnocled trom thaoir pns and intornally
shorlud to analng COMMON. Second, the rolorence capac-
itor 18 chargod lo the reforenco voltage. Thud, a feodback
loop 1s closad around the sysiom to charge the aulo-zoro
capacior Caz 10 componsate for oftsel vollagos in the
butfor amphhiar, integralor, and comparator. Sinca the
comparalor 1s included in the loop, tho AZ accuracy s
lumilad only by the noise of tha sysiem, In Bny casa, tho
oftsat rolorrod to the nput is less than 10uV,

GOLL 1D}
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- Figurn 3: Analog Section
POLARITY 7UMO CHOSSING
[ZRITS 2T GCCUNS
INTLGRATOW ~ ZERO CROSIING
oureul \{{ ~ DETECILD ]
. CALPHASE L are  INT BHASE 1 e L. OEINT PHASE AN =t veme AZ

INTEANAL CLOCK "U"‘ "U'U'U'L _fm_ﬂ__ W ’U‘U‘U‘U"LF

INV(RNAL LATCH

: : . i
BTATUS OUTPUT ' . ] . ’
. a0 7Y ! i
e - COUNTS . . afwmu- 2048 -re . . N COUNTS | .
I MIN, } COUNTS . ~ MAX |
e
ot S AFTUA ZERQ CHOSSING,
NUMBER OF COUNTS TO ZERQ CROSSING. ANALOQ SECTION WiLL
PHOPORTIONAL YO V.. BE IN AUTOZERD
. CONFIGURATION
WYL

Figure 4: Conversion Timing (RUN/HOLD Pin High)

Signal Integrate Phase g sutoszei0) roforonce capacitor. Cucutlry within the
i anscrun thal the capacilor will by connociud with ihe
cornert pidnty e caune thy aintegralor oulput o rotuin o
sor s etteeangg (estiblishod i Auto Zoro) with a hixod sltope
Phas tiwg brow R 1 outpul 10 relurn 10 2010 lupresonivg
L, the et of Cioch penods countud) 1S prof . liona to
el sl

DOuing signal ntoged1o e Juta-2eru 100 s oponed the
ntrngl shott . romovod and the intoroaa Tigh aimd tow
mpuls aro connoctud 10 the uxtormpl yuns Thy - oncartng
thorvintogratos the dilfarential voitago Letwoun 1 bt aad N
LO 1ot @ lixod time of 2048 cluck ponods Notn I gt s
dittcrgntial vorago must bo within the comron mods iange
of thaanputs Al the end of thg phase e podanty o' the Differential Input

B atod sinal s daturnad . .
Ve caped Lan puee pt diligiuetia voltagus  anywhore

De-Integrate Phase wiltan Hhic gptnrnon e ragnge oF thie anpat amgiihorn, 9
The hoa v mg s doantagiale, o1 1ohaungo silognale s bttty Lot o0 wolte Dolovwe i potalive supply 1o 15
Input ‘ow 11 onally connectud 1o st o COMMNON i yolte b Ihe Pty sapply In thes range the s pstom

wpul tigh 3 connuctod wctoss the provioushy  Chuigead e e R ol gt 0 el Hawever sincae the mtogrator
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S s g in tho common mode vaitage, care must by
XL 1 .1s5ur0 the integrator cutput goes not saturale
A worst Laso condilion would bo a large positive commaon
made voltage with a near full-scale nagative ditinrenhat
input vollago. The nogaliva npul signal drves the slogrator
positive when most of its swing has bean used up by the
posttive cormmon mode voltage For thesa cnbical apphca
tons 1he mlograton Swing can be redoe e o loss Inan e
recomrnnnded 4Y full scato with sorne loss of accuracy Tre
ntegraloe Output 2an swing within 071 vty of oadties soappty
without s of hineanty

Tha ICL 7109 has, howovat, beun gplinuzaed ko operaton
with analog common noar digital ground  With  power
supphes of 4+ 5Y and -5V, ltus allows a4 4V {ull scale
imogrator swirg postivo or nogatve thus maxwuzng the
porformance ¢f the analog secton

Differential Reference

Tho rotoroncy voltage can be gonoratod anywharo within
ihe power supply vollage of tho converlar Tho main sourco
of cammon medo arror 1s a rol-over voltage causad by tho
roferuncy capacitor 10smg ot gomung chafge 10 siay
capacily on s nades. il there 1s A largo common modo
vollage, the rotoranca capacilor car gan chatggoe (NCIease
voltagu) whoen caliud up 10 doinbagrate g posteva sgpitd but
lose charge (docroaso vollage) whon callod up 10 dointe.
gralu & nogativo input signal. This ditturonce in roluranco
for {+) or (~) wput vollago will qive a roli.ovor arror
Howovar, by szle-tng the referonce capqcior largo onough
in comparson (0 hae sttay capaciance, the orror can be
heid to losn then 0 5 count for the worst case condibon {soe
Component Values Seloction bolow)

The roll-ovar eror from thueso sourcus 1$ mimnuzod Ly
having the reforence common mode vollage noat or al
analog COMMON.

Component Value Selection

Fot optimum parformance of the analog secton. carc
must be takon mn the selacton of values for tho ntogratos
capacior and 10$iS10r, AUlo- 1010 CAPACIOT, rotuiunco voll.
age, and conversion rato Those values must be chesen to
suit the particutar application.

The most imporiant considoration 15 Ihat tho nlegralor
oulput swing (for fult-scalo nput)-bo as targo as pousible
For oxample, with * 5V supplios and COMMON connactod
to GND, the nominal integralor outpul swing at full scale 15
t4V. Since the integralor output can go to 0.3V kriem either
supply without significantly alfecting lincarity, a 4V integra-
lor oueut swing allows 0.7V for vandlons in outpul swing
duo to componont value and gscillalor tolorances With ' 5V
supphos and a common mode range of * 1V roquirud, the
component values should bo salocind 1y provide * 3V
intogrator oulput swing. Norso and rollovar ontors wilt be
shghtly worse “han in the * 4V’ case. For largor comman
moadoe vollage ranges. tho intagrator oulput swing must be
roducad turthor Thes will incroase DOt noise and roliovr
errors. To improve the porformance, supphus of * GV may
be used.
integrating Resiator

Beth tha butfer amplrhor and the integrator have a class A
oulputistaga with 100uA of quiescont currant They supply
20uA of dnve current with neghyile non-hneanty. The
moegrating rosstor should ho largu onnugh to romain in thig
vory hnoar roqion over tho mpul veltage rargge. but smail

BINTERSIL

enough that undue lcakage Mmauirements arg not piacod on
tha PC board. For 4.096 voll full scalo, 200k§2 15 ncar
oplmum and simidarly a 20k§2 lor a 409.6mV scale. For
other values of full scale voitage, Ryt should be chiosen by
the raliion

- full scide voltage
Hipgq = oo o
20A

tntegrating Capacitor

The ntegrabing capacior Ciyt should ba selociod 10 give
the maumum integrator oulpul voltage swing without saty-
tatng the wiegralor (approxmatoly 0.3 voi from enher
supply) For the ICL7109 with *5 volt supphes and anulog
comman conneclod to GND, a 3.5 1o ¢4 voit intogrator
outpul swing is nominal. For 7-1/2 conversions por second
(61.72kHz clock lroquancy) as providod by the crysial
oscitator, nomunal values for Ciyt and Caz aro 0.15uF and
0.33uF, rospoctivuly, i dilferent clock irequancies aro usod.
thosu valuos should bo changed (o maintain the inlongralor
oulput vollnge swing. I gonetal, thu value of Cint 1 gvar,
by

(2040 » clock ponod}(20uA)
CUNT @ e v o o o0 earn e a3 s

miogrator outpul vollaga swing

An addiboniv roquiromont of tho intograting capacitor 18
that it have Inw diotoctric absorphion 10 Pisvwt 1ol over
wrrors. White other tynes ol capacitors are adoguate tor this
apphcation, polypropylone capacdors give undetectablo
arrars al roasonable cost up to 85°C For thr military
temparature range, Teflon'® capacitors ‘. rocommended.
While ther dictectric absorption characteustics vary somae-
what from unil 10 unil, seleclod devices should give lass
than 05 count of arror due lo dialeciric absorptior..

Auto-Zero Capacitor

The si20 of the aulo-zero capacilor has somea influonce
on the nuise ol the sysiom: tho smaller the capacilor the
lower the ovorall sysiem noise. Howaver, Caz canno! be
incroasid withoul hrmits sinco il in parahel with the integral-
ing capacttor leems an R-C lime consfant that delermines
the speod of rucovory from overioads and moro imporiant
tho error that oxisls al the ond of an aulo-z0ro cycle For
409 6mV full scalo where noise s very important and the
integrating rosmstor small, a value of Caz twice Ciyt is
optmum. Similarly lor 4.096V full scale where recovery is
more important than noise, a value of Ca2 equal to half of
CinT 18 vecqucnendud.

e

For opimal ecjoction of stea, Lo b op, the outer toit of Caz
should bo connectad 1o the 1.0 summing Junction and *he
nnet tod to pin 31. Similarly 1ne oulor foil of CyNT 8how... .0
conneclod 10 pin 32 and tho inner fod 10 the R.C summung
wnchon. Tellones,, or squivalont, capacitors are recom
mundod abovo 85°C lor their low loakage characl stcs
Reterence Capacitor

A 1uF capacifor grvos good rosuits in most applications.
Howavor, whoro a latge rolorance common mode vollage
axisis {1.0. tho rolorenco low is not at analog common) and
a 409 6mV scale is used, a largor value is required to
peavant toll-ovar arror Ganearally 10uF will hold the rollcover
oirror 10 0.5 count in this mnstance  Again, Toflon », or
oquivalcnt capacitors should bo used lor temporalures
abova #5°C tor ther low lopkago charactenstcs.
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Reterenca Vollage

The analgg oput regqurea 10 gunetatn 4 Tl scaibe it
of 4086 counts 18 Viy = 2Vaeys  Thus tor a normnalrod
scate, a referance ol 2.048V shoubd be used for g 4 096V
WA scale, and 204 BV should e userd i 3 1 J)SAY gl
scily Howaver, o ity apphcgbons whene the A o
sonwing the outpdt ol 8 transducer, e Wil cant o e gine
fautir Olhet than utily butwuarn the absomtu oulpgt v Ta
to b measured and 4 gosired doptal autpat Fornslaoe n
3 woighng systom, the dosignar aught ke 10 have o fuit

v

" scaty ruading whon 1ha voltage from iha transduce s

0 BB2V.Irstead of dradng o nput down 1o 30U bmv, e
mnput voltage st ne moasurod dioctly amd o rofgonce
vollage of 0.341y should bo usod. Sutable valuey o
niegrating resistor and capacdor aro J4ki! and G.15uF
This avoics a dividar on the inpul. Anothor advantago of this
systom occurs when a zer0 reading 15 desired for non-zero
nput. Temporature and waight maasuroments with an
offset or tacy arg axamples. The ollsut may be inroducod
by ¢ nnerting the voltage autput of tha tinsducer Huetwenn
common and analog igh, and 1ho offsi vollagn batwioaon
conwnon and analog low, observing puolattiey Caralully
HOWOVOL, IN Procossor-DISMmE S ySIUMY Lsvg Ihe 101 7104 o
may bo Mmory Hciont (o purioam Bus typu of wCalitg O L
subtractian uigially using sotiwire

Reterence Sources

Thu stability of thy refurence voitagu s J rgor factor n
tho ovarall absclule accuracy of the converter. The resulu
ton of tho ICL7109 at 12 Wets is onu part i 4006, o
244ppm Thus il the reloroncn has a lomparatura couth
ciont of  spp/°C (onboard roloroncu) o tompurature
Jitturonce ol ;‘C'wnll ntroduce a ono-bit absolute vrror

For thig ruason, it 1s recommundod Nat un vxiomal igh-
qualty reference be used whuiu the ambront lumporaturo 1s
not controllod or whure high-accuracy absollo muasurg-
monis are being madu. :

The ICL7109 provides a REFeronce OUTpul {pin 2u)
~hich may be usod with a resistive dividar to genorale a
suitable 1efegpnce vollage. This outpul will sink up 10 about
20mA without significani variation in oulpul voltage, and is
provided with a pullup bias devico which sourcgs about
10uA. The oulput voltaga is nominally 2.8V bulow V ', and
has a temperature coelticiont of ¢ 80ppm/*C typ. Whon
using tha onboard referonce, REF QUT {Pin 29) should by
connucted to REF - (pin'39), and REF 1+ should bu con-
nacled 1D the wipur of a precision polentiomotor betwoen
REF QUT and v *. The circutt for & 204.6mV roforonco is
shownir the 1081 crrcunt, For a 2. 048mV roloronco, the hixed
rosisior should be removed, and a 25k{7 prucision potunt.
ometor dotween REF OUT and V* should v used

Note *hat if ping 29 and 39 wre hiod tngathor and pins 39
dand 40 accdentally shorfod (ug., dunng tusting), the
reforunoe supply will sink gnough cuttunt 10 destroy the
duvice Thes can ue avowdod by piacing 8 1hIY rosistor ws
s¢ros with pin 393

DETAILED JESCRIPTION
Digltal Selection

The digial section includos thu clock oscillator any
ubng circult, 8 12-bil binary counter with output latches
and TTi-compalible three-stale oulpul drivors, polanty,
Qvur-rar ge and conlrol loge, and UART hunushahe loyic,
as shown in Figuro 5.

EANIaL L

Feo gt et s desstphon 1ogiC levels will be raterrod o
W kA o T gl e avtual 1enpc uvels are gehined n
e E'ectaes) Cnaractonsics Tabio For mimmum powor
ronsutraten, alt mputs should swing trom GNO (iewyto v
sanh) nnuts goven froms TTU gates should have 3-5A%)
Pl Fenasicn s dded IO mapamum nose mmunity
MODE Input

Trae BAUE gt e gaed 1o controf the Qutput mode o'
e ngettar har the MODE pinos ow o lelt apun (s
gt s e cvndedd wellh g putdown rowston 10 ensuwg 8 Iow
v e the pin s el gpen), the convottor s in s

Lnroct ot mode, where the oulputl data s of ly
accensitiv undyr the cantrel of the chip and byte cnable
npuls Weon the MODE inpul 13 pulsod tigh, the converar
entees tne UART handshake mode and ouiputs tha data in
two hyles, thon returns 1o 'direct’” mode. Whan tho MODE
wput s eft tigh, the convertor wiil oulpul data if the
hanagshuke mode al the ¢nd of evary conversion cycls, (Seo
sochon untdled Hardshake Mode' 1or furthur doelads),
STATUS Output

Do & conversion cycto, tha STATUS outpul goes hgh
at thn heaginming of Signal integrats (Phase 1), and Qoos low
o bt Clock punod ditor pow data rom the convorsion
s buen stored i the outpul itchos Soa Figute 4 o
dobmls of they inung  Tins signal may bo used as a " daia
valel flay (data nuver changes whia STATUS s low) 1o
drve interrypts, or for monitonng the status of the convarl.
(¢4
RUN/HOLD Input

Whon the RUM/HTUD mput is hgh, or left open, the
crcunt will conbinuously parlorm convorsion cyclas, updating
tho outpul laiches altor 7000 crossing dunng thy Demnlo:
gralo (Phase 1) portion of the conversion cycie (Seo Figure
4) In tins modo ol oparahion, tho convorsion ¢ycle will bo
portormed i 8192 clock penods, rogardiass of the resulting
valud.

i AUN/HOLD goos low at any tne during Dointegrate
(Phase Iil) attur the zer0 crossing has occurrad, \he circult
will immaodiately lerminale Deintograte and jump 10 Aulo-
20ro. This luaturo can be Usod to eliminate the imo spent in
Domtograto alter tha zefo-crossing.  RUNZHOLD stays or
goos fow, the convorier will ensure minimum Aulo-Zaro
wme, and tiwn wai in Auto-Zero untit the RUN/FIOLD input
wous tugh. Tho convertor will begin the Intograte (Phaso it}
porion of 1ha nuxt convoarsion (and the STATUS outpul will
go highj soven cluck penods aftor tho hugh lovel is detocted
at RUN/FIOTD Soo Figure 6 tor dotails.

Ly
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Figure 6: Run/Hoid Operation

e

Using the RUN/FADLD input m this mannor allows an
easy '‘convert on demand'' intorfaco 10 be used. The
converior may be hold st idla in auto-zerowith RUN/RGTD
jow. When RUN/HOLD goos high the convorsion is startod,
and whon the STATUS outpul goes low the now data is
valid (or ransferred 10 the UART — so¢ Handshako Modo).
RUN/FADLD may now bo takon low which lorminates
dentugrate and onsutaes 8 mmnnum Auto- 2oy imao belorg
the noxl convorsion.

Altornatoty, RUNZFGUD can bo usid 1o mimimize convor.
#on 1Mo by ensunng that it gous low dunny Doadograle,
i zero Crossing. and gous high alter the hold pont s
BACHM! The ragurnd activity on tha U BOLD it Can
bu prover .2t connocbing i to the Bulfored Oscdlator
cutpul. In thes Edo Tho COnvirsIon tinwy 18 dependont on
doonput valuo moasuradg_ Also roler 1o Interad Applu ation
Bullelin ADJ2 lor a discuswon w! tha elfocts this will Fave on
Auto-Zero performance.

it the RUN/HOTD nput goss low end stays low during
Aulo-Zero {Phase 1), the converier will simply stop at the
ond of Aulo-Zoro and wait for RUN/ 1o go high. As
abovoe, integrato (Phase {l) bogins seven cloct poriods aftor
the hugh level is dolocled,

Direct Mode

‘Whott tha MODE pin s o1 at o lue. vl tho dats outputs
(nts 1 through 8 low ordur biyte Hits O through 12, polaniy
and averrange high order tiyin) are accessiblo undr:
contiol of the hylo and chip onable terminals as inputs
Thasc throo nputs aro €4 aclivo low, and atg providod with
pultup rosslors (o onsure an inactive high tovel when bt
open Whan the ¢hip nnabilo input Is fow, \s)ung 8 byto
onabin npul fow will allow the outputs of that byte to
bocome activo (throo-stalod on). This allows a variety of
parallol data acecossing tochriques to Lo usod, as shown in
the section gnttion “interfacing.”” The tirming requirements
for those oulputs are shown in Figuro 7 and Table 2.

801 LI0%



&
~
o
e

ICL7109

. Table 2—Direct Mode Timing
‘ Requirements
(See Note 4 of Electrical Characteristics)

\
SYMBOL DESCRIPTION MIN | TYP ;MAX]| UNIT |
WorA_ [Byte Lradhe o iin IV | !

.. Data A Twng i . .
U frene tyw 1 nable o ! e R
\ong :3;‘,: s:“f gmo 140 : an |
_~ \CEA  [Chip Enable Wigih RIS ..}
AT m g&'?ﬁ:&? Sy it 38 i
Osta Hoid Twma - “.._M . .
e from Chvp Endblé ¢40 400 LY |

™ i —
. L | " )

(3R YA i 1
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- oo o HIGH WAEDANCE

PURIY

Figure 7: Direct Mode Qutput Timing

i

it should be roted that thess conlrol inputs ere asynchro-
nous with raspuct (o the convartor clock — tho data may bo
accessod atl gny lima. Thus il is possiblo to access the
latches whilo they are bueing updaled, which couid load lo
arroneous dala. Synchronizing the accoss ol the lalches
w1 the conversion cyclo by mondoring the STATUS outpul
w... grovont this. Data s novor updated while STATUS s
fow.

Handshake Mode

Tho handshako outpul mode is provided as an altornalive
means of interfacing the ICL7109 to digital systems, whero
tho A7D convert - bocomes aclivo in coniroliing tho flow of
data instead of passwoely fesponding lo chip and bytu
anabio nputs, This mode is spucifically dusignod o aliow a
direct intartace betwuon the ICL7 109 and indusiry-standard
UARTs (such as tho intorsil IMG402/3) with no oxturnal
logic roqurod. When triggerad into the handshako modu,
the ICL7109 providos all tho conuol andg Hag sinals
nucossary (o soquontiaily transter two bytos vl dutls nto thu
UART and imtiate thar transnussion in sonal form. This
groatly vases tho task anu  .ducos tho cost of dasigning
romoly dala acquisition stahons using sonat data transnus.
s1on.

Entry inte *ho handshako modo is conteollod by tho
MOODE pin ....un the MODE tormunal 1s hul) tuygh, thu

-

EANTERSIL

ICL 7 108 wal untor i handshake Mmode alter nuw datd has
LU SI0eY N the oulput 1Atchas at the end of 3 Cu’ . orwon
1Seo Fryuros B and 9). Tha MQDE terirunal may wso be
usnd 10 tnygor untry nto the hanashake modo on domand
A an, by Quhing the conversion Cycio, the low 10 high
trangibon of a shornt pulse at the MODE nput wil cause
mmadaate untty into the handshake moda, it this puise
occurs wivlg new gata 13 bong stored, the entry nto
handshake mModo 15 dulityod untd tha dala 1§ stablo Wiy
thy converior 1s in the handshako mody, the MODE input 5
ignored, and although convorsions will still bu porformed,
uala updanng will be shibnod (See Figura 103 until the
converter complaios the output cycle Gnd cloars the
handshiahe Mmodw.

When the convertor enturs the handshake mode, o
whon the MODE nput 1s high, the chip and byle unable
torminals bacome TTL.compaublo outpuls which provige
tho contiol signals 1or he oulput cyclo (Soe Figurus 8. 9,
and 1Q)

tn hanushaks maode. the SEND iput s used by he
convarter as an uxhcabion of tho abdty ol the recoving
dovice (such as @ UART) to accopl data

Figure § shouws tho soquoncu of the oulpul cyclo with
SEND haid tigh. The haniishake modu {intornal MODE
tghy i emerod atlor tho data laich pulso, and sinco MODE
ramains tugh the CE7CORD, CBER ano HBEN termunals are
achive as oulputs. The high tovol at the SEND mput s
sonsod on the same huigh 1o low miternal Clock oy thal
lertminatus the data fatch pulse On the noxt low 1o high
mtarnal clock edge the C&T.‘O'T\D' ond the HBEN oulputs
assurno a low level, and the high-order byte (bits 9 through
12, POL, and OR} outpuls arg unsblud Tho CE7LOAD
culput rumans low lor one full inloral clock panod only,
the data oulpuls remain active tor 1.1/2 intarnal clock
ponods, and tho high byle andble remains low for two clock
pernods Thus the dE‘/ OA™ output low lovul or low 1o high
vdge may ho usnd 88 3 synchronizing $ignal 1o ensure vahy
data, and the byte onoblo as an oulpul may be vsod as 8
bylo dontiicabion flag. With SEND remawung high the
convarlgl compiuies the output cycie using CE/TDAD and
L{BEN white tho fow ordor byle outpuls {bils | through B) are
achivilug  The handshake modo 18 terminglod whon both
bytus are sent.

Figuro 9 shows an oulpul sequence where the SEND
ugnat 15 usod 1o dolay porbons of the soquonce. of
handshake 10 onsure correct data transter. This timing
thagram shows thu rufationstups thal occur using an indus-
by -standard IMG402/3 CMOS UART 1o intarlaco to sansi
datla chanpuls, tn lhes inturtace, the SEND w:put 10 the
ICL7 109 15 driven by thy TBRE (Transmitiar Bulfer £ psior
Empty) output of the UART, and the CE7LOAD 1w = ot of
thy ICL7 10§ grives the TBAL (Transmittor Bulier Ruygistor
Load) input 1o the UART. Tho dala oulpuls a0 paralivied
e the aght Fraasomttoe Butler nuq.u-'-' nputs.
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Assuming the UART Transmittor Bulfur Rogistar 13 omp-
ty, the SEND input will be high whon ihe hundshaky moda s
enturod aftor now dala is stored. The CE7LOAD and HBEN
tormminals witl Qo low altur SEND w sonsad. and the hgh
ordur byte oulputs become active. Whan CE/LOAD gous
gt at the end o! one clock penod, the igh order bytu data
s clochud into tho UART Transmiitor Butfor Register The
UART TBRE output will now go low, which hulls hy outpul
cvels with the HREEN output fow, and thu high ordur bylto
ouy uls aclive. v...on the UART has translurrod the dala to
the Transmutier Rogistor and cloared tho Transimitier Butior
Register, the TBRE relurns high. On the next ICL7109
intornal clock high (o low odge, the tugh order byte oulpuls
are disabled, and one-hall internal clock latur, the HBER
oulpul returns higi. At the same time, the CE7TOAD ang
LBEN outputs go low, and the low order bylo outpuls
become active. Similarly, when the CE7TTOAD returns tigh
at the end of ono ciock poriod. the fow ordor data is clocked
into tho UART iransmiliut Gunot Rogistor, and TBRE agan
guus low. Whon TBRE returns to a high it will bo sonsod on
the naxt ICL7 1049 internal ciock high (0 low edygu, disabiing
tho data out~1s. One-hall internal clock laler, \he hand-
.nake mody "l be cleared, and the CE/LOAD, HEEN, and
LBEN torminals return high and stay active (as long as
MODE stays high).

With tho ".. JOE input remaining high as in thesu exam-
plas, the convarier will output the resuits of overy conver-
sion excapt those compiuted during a handshahko operation
By Inggering the convertor into handshahe modo wilh a low

1o hgh edgoe on the MODE input, handshake ouiput
soquuncos may LE purtormod on dumand, Figure § shows g
handahoho oulput sugquonce inggorod by Buch an adge, In
ad:hiton, tha SEND input i3 shown ss boing low whon the
convorhy ontors handshioho modo In Uee casu, 1ho whols
oulput sugquuncoe 1s controllod by the SEND input, and the
soquunco for tha fwsl (high ordur) byle s similar 1o Lhe
suguoneo for thy sacond bylu This diagrarm also shows (he
oulpul saquonce taking longor than a conversion cycle
Notae thatl the convurlur sl makes convorsions, with the
STATUS output and RUN/HOTD input funchiorung narmaily,
The oniy difterence is that new data will not be latched
when in handshake mode, and is therefore losl

Oscillator ! '

Tho ICL7109 1s providud with a versable three torminal
oscillalor to gonarate the intarnal ciock, The oscillator may
bo ovordniven, or may be oporaled with an RC network of
crystal. Thoe OSCILLATOR SELECT input changos the
nturnal conhiguralion of the oscillator to optimize it for G or
crystal aporation.

Whon tho OSCILLATOR SELECT input is high or ish
opun {tho nput is providud with 8 puliup resislor), the
oscittator 15 conligured for RC operation, and the internal
ciock will be of the same frequency and phase 89 the signal
at the BUFFEHRED OSCILLATOR QUTPUT. The resistot
and capacitor should be connected as in Tigure 11, T!
cucunt will oscillalo al a Jrequoncy given by | = 0 45/RC. A
100k3 ! resistor 15 rocommondod for usolui jus ol

PAYA) )
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frequency. For ophimum 60MHz hno ronction, the capactor
valuo should be chosen such that 2048 clock purniods s
close 10 an ntpgral muitiple of the GOMI panod (bul shoulkl
no! be loss than SOpF). '

BUFFENED

teer  IRC

Fiqure 11: RC Osciliator

[

When tha OSCILLATOR SELECT input s low 3 Tovdback
dovico and oulpul and inpul capucors are addod to the
oacialor In this configuration, 34 shown a Figure 11 the
oscihotor will ppurato with most crystals i the 1 Lo HMEIL
rango with no oxlernal components. Taking the OSCILLA.
TOR SELECT input low also msorls 3 lxed 58 divider
circuit botwaen the BUFFEHED OSCILLATOR QUTPUT
and the mtomal clock Using an inoxpansive J.58MM4r TV
crystal, this division rahio providus an mtagrabion me givon
by,

* (2048 clock periods) x {———-——~—{ « 33 18ms

3.50M
This time 15 very close (o two 60Hz perods or 33 33ms. The
orror 18 ass than ong parcont, which will give boller than
40dB B60H2 rojuclion. Tho convortar will opuorate roliably st
convorsion rales of up (o 30 per second, which corrosponds
1o a ciock frequency of 245 8kHa2.
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Flgure 12: Crystoal Oscmnt‘é;

i at any tume tho oscillalor s to be overdnven, tho
overdr-. g signal should bu apphod al the OSCILLATOR
INPUT, and the OSCILLATOR QUTPUT should be left
opan. Tha inturnel clock will bo of tho samn fraquency, duty
cyclo, and phaso as the wnput signal when OSCILLATOR
SELECT is lelt opon. Whon OSCHLLATOR SELECT is
GND, the clock wili be a factor of 98 bolow the nput
froquency.

“Whan using the ICL7109 with tho IMG103 UART, 1t 1§
possiblo to use ono I SBMMZ crystal for botty dewnces Tho

EBINTERSIL

BUFFERED OSCILLATOR QUTPUT of the ICL7 109 may be
usod 1o dnive the OSCILLATOR INPUT of the UART, saving
tha nood for # socond crysial. Howevor, tho BUFFERED
OSCILLATOR QUTPUT doos nol have a greal doal of drive
capatitity, ard whan driving more than one slave dovice,
oxtorpal bullenng showd be usoed.

Tes{ Input

When the TEST input s takon {0 a levet hallway betwoen
v*' ang GND, the counlor outpul latches are onablod,
allowing the countor contonts {0 be axv.aminad anytimo.

When the TEST input is connocled 1o uiiD, the counter
oulpuls ara all forcod into the high siate, and the ntitnal
clock 15 disabled. When the Input rolurns to the 172 (V*
-GND) voltage {or to V * ¥ 1nd one ciock 1s apphied, all the
counter oulpuls will be cioceod to the fow stata. This allows
oasy lasting ¢l the counter and its oulputs.

INTERFACING

Direct Mode

Figuro 13 shows some of tho combinations of chip
onablo and byto onabloe conlrol signals which may bo usod
whan intarlacing the ICL7 100 o parniint dala inos, Tha CE7
LOAD mpul may bu bud low, aliow. -j vithor byle 10 be
controfiod by its own enable as in Figure 13A. Figurg 138
shows a conliguration whote tho two byle onablos aro
connociad togsther. In this configuration, the T
s0rvos as a chip onabile, and the FEEEN and [BEN may be
connacind 10 GND or sorvo as a socond chip enabln. The
14 datp outpuls wilt alf bo ernablod mmunnnuouaiy fFigu
u(., shows the FABEN and [BEN as’ lag inputs, and

OAD as a mastor enable, which could bo the READ strobu
avaiinbie lrom mos! microprocossors.
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