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Measurement and temperature control
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INPUT
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CALL DIVIDEA
CALL HEX_DEC
LD A, (74DBH)
LD B,A
LD A, (7500H)

CHACK_CH RRCA

' DJNZ CHACK_CH

JP C,MACH_ON
CALL MACH_OFS
JP DISPLAY

MACH_ON CALL MACH_QJ

DISPLAY

SET  OT7HGA
SET.CH RLCA

DJNZ SET_CH

QUT (04H),A
QUTPUT LD A, (7500H)

QUT (O02H),A

LD A, (74DBH)

= . INC A : s _
wnasilluenasianulidmsynistiaui @ REVGIREY sl e s e loaie f
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LD ByA
IN A, (14H)
CHACK_CO RRCA
- DJNZ CHACK_CO
JP C,CONNEC
LD A,0Q9H
LD (74DBH),A
CONNEC (. 1p B,osH
LD A, (74DBH)
SUB B
JP C, INPUT

DIVIDE4
DIVIDE
DIV1
Drva
DEC A
JR NZ,DIV1
EX DE,HL
ADC HL,HL
LD (74DDH),HL
RET

R T e
s ¥%XMACHINE ON SUB %¥¥;
: R ERRRRRRRRRRAER .
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LD DE,74EEH
LD A, (74DBH)
"MAGH GNi1. C - ING DE
' INC DE
DEC A
JP NZ,MACH_ON1
LD A, (DE)
LD LA
INC DE

LD A, (DE)

ZERO

MACH_ONZ2

MACH_ON3

MACH_ON4

3R KRR R KRR AR N
;%%% MACHINE OFF SUB ¥¥%;
§RERRERRRERRRRRRRRRRERN 3
MACH_OFS LD BC, (74DOH)
LD DE,74DEH
LD A, (74DBH)
MACH_OF 1 INC DE
INC DE
- Do e o
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lnsailag Medu nvtinulividawlasiiomuazsednddiauinvesenalsynasaniinisualuly



LD A, (DE)

i 1A

ING DE

LD A, DE)

LD H,A

SCF

CCF

SBC. HL,BC

JP Z,ZERQ_OFF

JP C,MACH_OF4
ZERO_OFF

MACH_OF2

MACH_ OF3

MACH_OF4

‘ §Bi§%¥“* k3t 3 |
152?5 e 3
ﬂgé}****r § i

N Pagnant

LD A, F

QUT (OCH).,A

RES 0OG6H,A

QUT (O0H) A
Bl4 OUT (OCH),A

DEC D

JR NZ,BIl4

LD E,OQ0ZH

LD HL,74D1H

HIID BIT . &0 A, (HL)
LaﬂaﬂﬁuLUuLaﬂawamaaau}&ﬁwgiygggﬂ%qwuuwaﬂﬂiﬂﬂ%rnwwu14lmaiuuwmiwuwiﬂi%U5VIa%u®wuﬂWiﬂw
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o LD D,A
LBl i6 LD ALD
: ' RES 06H,A
OUT (00H),A
QUT (OCH),A
RL D
. DJNZ BI16
DEC HL
DEC E
JR NZ,HILO_BIT

DELAY
 LOOP3
LOOP2
LOOP 1
:
s¥%% HEX TO DECIMAL SUB %%
SRR KRR AR IR R HRN 5
HEX_DEC LD HL, (74DDH)
LD (74D2H),HL
HTOD XOR A
LD HL,74D7H
LD B,03H
HTOD1 DEC HL
LD, GHL), A

&z P 2 o Y 4 ~ =2 i) 1 L) ¥ & v :
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 HTOD?

HTOD3

INTERRUP

KEY

MODE_P

L] - 'DOB,Q,DEH v - = Y 1 v o v 8% v
Laﬂawamﬂmammawaaa%&%mgum'ﬂ%mumammﬂmmmu Qougalmhlldusslevdaunisan
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1D G, 16H

LD HL,74D2H
RL (HL)

INC HL

RL (HL)

INC HL

LD B,03H

D A, (HLD
CADE AL A

DAA
LD

DJNZ KEY
LD (72FFH),A
LD B,OBH

SUB B

JP NC,MODE_P
JP NUMBER

LD A, (72FFH)




JP NC,CLEAR
JP MODE_PRO
CLEAR LD A, (72FFH)
LD B,OEH
SUB B
JP Z,ENTER
JP MAIN
ENTER JP MODE_ENT
§ERRERAR RIS E R REERREARE s

; %%k MODE PROGRAM P,SP,D *¥¥;
;¥¥¥¥¥¥¥*¥¥¥*¥¥*¥¥¥*7 HR KK

MODE _PRO

CH_MODE

LOQp P1

XOR
OUT (04H),A
SET OOH,A
SET 03H,A

OUT (08H),A

LD (7300H),A

UR RT

SP_P LD A, (72FFH)
. [D BJueH

SUB B

nastiduenarsfiarBangupiddnuionsdnwmiby lievgelid sy lasdsunsé
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XOR A
LD HL,72F6H
LD (HL) A

INC HL

LD cHIo A
OUT (08H),A
OUT (04H),A
LD HL,72F7H
CALL ‘DISP. INT
XO0R A

SET O1H,A

- DIS
RT
El
RET
§RRRR R E R EY 3
§¥%% NUMBER %%
3R AR ERRNN s
NUMBER LD A, (7300H)

RRCA
_ JP NC,SETP_MOD
nansiiuenansiiareiibndrodRamiiensinvivibu liougneldiluldsslosidunisé
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0
- : JR TO_MAIN
 SETP_MOD  RRCA
’ JR NC,DISP_MOD
CALL SET_POIN
7 JR TO_MAIN
DISP_MOD RRCA
JR NC,TO_MAIN

CALT DILSE LAY.0

TO_MAIN

MODE_ENT

SET_ENM
DISENMOD
EN_TOMAI
Bl
RET
§ KKK 3
P ¥¥¥ PROGRAM ¥¥%:
R T e T e
PROGRAM LD A, (72FEH)
BIT OOH,A
JP. 7 GHP
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11
JP Z,0NEP
BIT OSH,A
JP NZ,PRO_LOW
LD A, (72FFH)
SUB OAH
Jp 7,15 LOW. -
LD A, (72FEH)
BIT 02H,A
JP Z,TWOP
BIT 03H, A
JP Z,THREEP

CHP
CHP1
CHP?2
XOR A .
SET OFH,A ¢ e
CHP3 REGA 5 '
DJNZ CHP3

OUT (04H),A

LD A, (7300H)

SET 03H,A

LD (7300H),A

OUT (08H),A ,
lnansifuenansianuiismsunsidnuienisfnewindiy Leugnalvhldlduselosisunisd
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o
~ ONEP

 QNEP1

1S_LOW

TWOP

TWOP 1

THREEP

WNasdueNaIsNan

SUB OAH

LD A, (72FFH)

JP C,ONEP1
RET

LD A, (7T2FFH)
LD (72FBH) ,A
LD HL,72FEH
SET O H, CHLY)
LD HL,72FCH
GCAL L BT SPEINT

LD (72FBH),A
LD HL,72FEH
SET 02H, (HL)
LD HL,72FCH
CALL DISP_INT
RET

LD A, (72FFH)
LD (72FCH),A

LD HL’!?ZFEi/H tﬁ’ Vd I 5 : 1 Y o 124 Y 2/
Wi gkiniiensAnwvintiy ldeygalihldldusslesdmunism
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13 ,
LD HL,72FCH

CALL DISP_INT

RET
FOURP 1D A, (72EFH)
‘ ‘ LD B,04H
FOURP1 RLCA

DJNZ FOURPI1
1D HIL (2 mEH
[0 G CH)
OR C

BREECH 2R GHE)

pRO_LOW & —"Tlﬁa
SUl LA

% g
f%;@T ﬁﬁ
@D(\A
019 20

- NOTL

BIT 02H,A
JP Z,THREEL
BIT 03,A
JP Z,FOURL
RET
ONEL LD A, (72FFH)
LD (72F8H),A
XOR A
- . SERGULA L ‘ o 6 y
lenansthuenansianul Fhedusifyaienisnynini lieygnlimhlldUsslovddunism
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LD HL,72F9H
CALL DISP_INT
. RET ' | 7;
TWOL LD A, (72FFH) .
LD B,0AH
TWOL1 RLCA
DJNZ TWOL1
LD HL,72F8H
LD G, CHL):
OR C

LD (HL),A

THREEL

FOURL

FOURL1?

LD G, CHL)

LD (72F8H) ,A
LD HL,72FDH
SET 0Q3H, (HL)
LD HLE, 72F9H
CALL DISE INT
RET

/ RO NS O K
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§ R R
~ SET_POIN LD A, (72F7H)

- BIT OOH,A
JP .7, SPO
LD A, (72FFH)
SUB OAH
JP 7,SP ISL
RET
SPO LD A, (72FFH)
SUB O1H

JBE NEGaySIBl 5

SP1
SP2
SP3
DJNZ SP3
QUT (04H), A
GALL DISPE INT
RET
S CT LD HL,7300H

RES 03H, (HL)

SET 04H, (HL)

LD A, (7300H)

OUT (08H),A
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LD ByA -
- LD HL,74DFH : -
SP_ISL1 INC HL -
. INC HI
DJINZ SP_ISni
CALL DISP_INT
RET
S RRKERERH AR 5 | .
%%k DISPLAY ¥%%;
R R R AEERH
DISPLAYO LD A, (72FFH)

DIS1
DIS2
DIS3
SET O7H,A
DIS4 RLCA
DJNZ DIS4
OUT (04H),A
RET :
§ K O SRSk 3
s %% PROGRAM EN #¥¥%;
§ HRIAAIA KRR AR K 5
PRO_EN LD A, (T2KREH)
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JR NZ,PRO_ENI

F RET
PRO_EN1 BIT O5H, A
' JR NZ,PRO_EN2
RET

PRO_EN2 . LD HL,72F8H
‘ LD DE,74DEH
LD A, (72FAH)

LD B, A

CALL PRO_ENS3
LB HL 7288

PRO_EN3

1D (DE) A
 RET
§ SRR R KK
s¥%%k DISPLAY_EN ¥¥:%;
A § R R R R §
DISP_EN LD A, (72F4H)
BIT OOH,A
JR NZ,DISP_EN1
. . RET ; .
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LD (74D8H),A
XOR A
LD (7300H),A
OUT (0B8H),A
OUT (04H),A
RET
§ ¥R RHH AR AR KKK KN |
s ¥%¥% SET POINT EN ¥¥¥;
A T e
SETP_EN XOR A
LD (7300H)

ISR INT

HILO

BIT_16 LD.A,D

RES O6H,A
OUT (OO0H),A

[ OUL (OCH)L A
RL D
DJNZ BIT_16

DEE HL

24 G e R cou
LaﬂaWﬁuLUuLaﬂawawaaamﬂ}gwg@%ngﬂ?ﬁpurwaﬂwsﬂﬂ%rmmwuigimaigywmimuwiﬂi%ﬂazia%ﬁéﬁuawaﬁw
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LD A,FFH
OUT (OOH),A
RET

‘END
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: CiRCuUIT OFERATION FIGURE 3a — SERIAL INPUT, POSITIVE CLOCK

I The_circuit_accents G5 _input. 16:bits for the four
digit display pius 4-bits for the decimal pont — these
iatier four-bits are opuicns.

SCANNER

The scznnee frequ

S \
¢ i2 derermined by on cAChIp Cscill-

an exiernal freguency /

The inpul sequence is the 2ecimal point code {0Iowed by
the four digis, as shown in tigure 2.

fmining

czpacitor. The capacitor voltage varies beTween Twa trigger
NE O5Citiaivt HeGuency.

levels ai 2

in order 10 enter data ine nabie input,

N, mustbe low, o
= 0. The samuic and §F

¢ accomp:.aheC 3n the failing

e ued, wihin the
of 20 10 BOGHI — to
Sl Oveliap. FOI iesl puiplsts this
trequency Can Dz 'NCIEased up 1o 10 HZ.

2

sce fizure 3. Data are 10e0ed fiom the snutt

reg ve latches when EN goes hugl

10 1. Wnile the avoid flcker ana o
shif1 rester is Deing iosced the pravious data ere cioreg
in the faiches

|

A civioe by four counter prove fout no-over lapping o TAVET; 5 W o R
, . : o b M b
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auises 10 loac 0ate, Otherwise Only 16 are eGu.icd. sce higure S, i
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FiGURE 5 — SCANNER WAVEFCAMS
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FIGURE 7 - APPLICATION EXAMPLE
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FEATURES
¢ 12 bit binary (plus polarity and overrange] dual
_slope !nlegrating anzlog-fo-digltal converter.

e Byle-organized TTL-compaiible three-state cutputs
shake mode for simple parallel or

ang UART hand
serial interfacing to nticroprocesser sysiems.

s RUN/HOLD inpul and STATUS output can be used

to monitor and controi conversion timing.

e True differential inpu! and ditferential reference.

e Low noise — typically 15,V p-p.

e 1pA typical input current.

e Operafes at up to 30 conversions per second.

o On-chip osclilator operates with inexpensive
3.58MHz TV crystal giving 7.5 conversions per

second for 60Hz rejection. May also be operated &s

RC oscillator for other clock frequencies.

ICL7109 12 Bit Bmary
A/D Converter for
Mlcroprocessor Interfaces

:
CS

,_}\-m

. W

L)

P

!
!

e

;LI

GENERAL DESCRIPTION o
The ICL7102 is & high performance, low power integrating :
A/D converter designed to easily interface with micro- ?:_

ne
(o}
o
o
"
12
[}
3
(L]
il 3

R Basosid kbl L

v
W

The output data (12 bits, polarity ann overrange! may be
directly =zcessed under control of tw: byte-enzble inputs
nd a chip su-ctinput for 2 simple parcite! bus i, de"’c"e A
UART handshake mode is proviced 1c - liow the ICL7183 to
work with industry-stancdard UARTSs in oroviding s:n:—.! data
transmission, ideal for remote datz logcingap: ixc.tions. The:
RUN/HOLD input and STATUS outputatlow monitoring and
contre! of conversion timing. .

The ICL7102 provides the user with th.. high accuracy, iovs
noise, low drift, versatility and econor.y of the duzl-siope
integrating A’D converter. Fealures iize true gitlerential

e Fabricated using MAX’C.MOS “ technology input-and reference, crift of less than 1.\/C, maximym 3
combining analog and digital functions on a single inptt bias current of 10pA, and typical power consumption a
fow power LS| CMOS chip. of 20mW make the ICL7109 an sattractive per-channel :

° All inputs fully protected against static discharge; lternative 12 analog mu'tiplexing for many dats acquisition * ﬁ

no special handling precsutions necessary. apphcauons : é

PIN CONFIGURATION AND TEST CIRCUIT: ﬂ g

(See Figure 1 for typical connection to @ UART or Microcomputer ! i
! ) : ;

S i, o TOP VIEW 2 : g i
e . GND 1 GND T (3 <5V y -
: : oot T DIFFERENTIA! } = l

japoL REF CAP - 38 i %
o:gé: ’3 4 OR REF CAP - 37 1P REFERENCE al- (-
BYTE 5812 REF IN- 3¢ 1) T + ¢ o
OUTPUTS E 6§ B11 N HI3S AAA—c IRPUT HIGH 2
7810 N LD 3¢ INPUT LOW ? \
[} :9 COMMON 33 GND " b
$ B8 NT / N =
256 ICLT109 :3 1L i ', j
tow |11 es nur % j
ORDER 12 85 REF OUT 25 REF IN - N
BYTE 13 B4 v©2s ; :
OUTPUTS 14 B3 -GEND 27 ——<REFIN+ 5 _%
= e 15 B2 ‘RURHILD 26 . - . . 0
: . 16 B1 BUF DSC OUT 25 vt X : s
. 17 TEST OSC BEL 2¢ GND 200 T NG B Gt A Lk
BYTE rf 18 [BER 0sC OUT 23 : e, : 35
- COKTROL — ~{j 18 ADEN OSC IN 22 35795 MHz A Bl eST s EH
% i mmns—L 20 TELOAD MODE 213 TV CRYSTAL - / 73 1
. ' &5 © ' “Rp= 20k} FOR 02V REF S0 12
5 . 5 3 = 200k() FOR 2.0V REF - 2 Eer )
| AOUTLINE DPWGS DL JL PL) i i TR ..i i
5 p‘““/pf(/! EUIIE (RS el 3
ORDERING INFORMATIGN . .° | J Sil q :
5 SRS . - - z %1
) : - 5 B L] .
Pant T.m;:&u;;o Packape Order Number ; sy By A e i s T )'.;:z;
7100 | =55°C to +125°C | 40-Pin Ceramic DIP | -ICL7109MDL A it ey
4 7108 | -20°Cto +85°C | 40-Pin Ceramic DIP | ICL7108IDL * - S aeaide i e Sy
7109 | -20°C1o +85°C | 40-Pin CERDIP ICL71091JL G e e
7108 0°Cto 70°C 40-Pin Piastic DIP, ICL7109CPL ~ ] AN 299 o 4 Tk . ANk
. . - - - > - 3 —‘)-,r\r
= Py - y 7 g ,4.}_6_4.
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Negative Supply

" Reference Input

Ope

positive Supply Voltag
Voltage |

Analog Input Voltage (Lo or,

Digital Input Voltage -
(Pins 2-27) (Note 2

_ Power Dissipation
Ceramic Package

Plastic package
rating Temperature *

M RATINGS

el
e

Voltag

(Note

GNDto V) .i.i-e
GNDto V) ----

Hi) (Note 1) -
i) (Note 1 .

(Loor H ;

3

e
. l : : Ceramic Package (MDD
e RS (DL
i b= Plastic Package (cPL
s __ Storage Temperature
) ! 2 Lead Temperature (soldering, 60 seC.). eroaopoooon i
e L e s o e S : N
G 5 sy i : : e :
"CQEMMENT: Stresses above those listed under ~Absolute Maximum Ratings™ may cause perma
evices at these Of any other conditions above those i

rating only an

specifications is not implied. Exposu

TABLE 1O

All parameters with V=45V, V==
Tert circuit as shown on page 1.

Ar‘iALOG SECTION -

d tunctional operation of the d
re to absolute m

ACTERISTICS

-5V, GND = oV, Ta

PERATING CHAR

aximum rating conditions for exten

= 25°C, unless otherwise indicated.

nent damage t0 the devices.
ndicated in the operational sectio
ded periods may affect device reliability.

n:

This is 8 stress
s of the

2|
| PARAMETER me
Zero Input Reading Vin = 0.0V ; ﬂﬂ@
“ Full Scale = 405 6mW Reading
! ~1at:ometric Reading Vi = VREF w 37778 AOOQe Octal
| yazs = 204 BmY 4000g Reading
~Non-Linearty (1Aax deviation Fu! Scale = 309 6mV tc 4 096V
| |from best straight line fit) O-er full operating temperature Counts
| ? range.
. || Roil-over Error (difference Full Scale= 209.6mV 10 4.096V
in reading for equal pos. and Ouer full ogerating temperature =1 Counts
| neg. inpuls near full scale) range.
Sommon Mode Rejectiofl R3NC AR Vara=1V Wi 7Y n- WVIV
Full =zale : 403 emV
» 1 input Common Mode Range VCMR Input Hi. Input Lo, Common v-%+15 _m \
gl 1P
Noise (p-p value not en vin ¢ OV “
exceeded Q5% of time) Full Scale ;AOQ.GmV n-
Leakag?o current at input (" Vi = 0 &' Jevices 25°C 1 10 pA
- joL7109CPLO°C = Ta<+70°C 20 100 pA
ICL710910C -25°C < Th = +85°C 100 250 pA H
jCL710aMDL 55°C<TA<S +125°C 2 5 nA
B Zero Reading Drift Vin = 0V 0.2 1 uVicC
o2 Scale Factor Temperature Vi = 40B9mV =2 77708 -
;i Coefticient reading
Ext. Ref. 0 ppm/°C 1 5 ppm/°C .
1 Supply Current V' 10 I Y :
“ GND g Vin =0, Crystal Osc. 700 1500 uA !
| 3 58MHz test circuit L e ]
i, | sueply Current V" to V- lsupp | Pins 2-21. 25, 26, 27, 29. open 700 f 1500 A
. | Ret Out Voitage VREF Reforred to V', 25k l
f e Vs endIREBOUT o lizen =2 v |
- || Ret Out Temp. Coetficient 25k between V' and REF OUT 80 ppm/°C ;
v+ -05
't | oo Common Mode Range Ve IN HI, IN LO, COMMON V- +15 v—‘31 ARk -10 v
4-27
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ICL7109

DIGITAL SECTION

o8

; PARAMETER SYMBOL CONDITIONS MIN TYP ~ MAX

Output High Voltage Von lout = 100uA 3.5 4.3 \%

Pins 2-16, 18, 19, 20
Output Low Vollage VoL lout = 1.6mA 0.2 Vv
Output Leakzge Current Pins 3-16 high impedance *.01 a2 ph
Contro! I/0 Pullup Pins 18, 19, 20 Voyt = V" -3V
Current MODE input at GND S pA
Contro! I/0 Loading HBEN Pin 19 LBEN Pin 18 50 pF
Input High Veoitage Vin Fins 18-21, 26, 27

reletiec 1o GND 25 \Y
Input Low Voltage Vi Pins 16-21 26, 27

referred to GND 1 v
Input Puli-up Current RPins' 26,27\ oun, 5 Vi.=3V 8 pA
Input Puil-up Current Pins 17. 24 Vou1 = V™ -3V 25 pA
Input Pull-down Current Pin21 Vour = GND 43V [ phA
Oscillator Output High Oon Vout = 2.5V 1 mA
Current Low OoL Vousi = 2.5V 15 mA
Butfered Oscilia.or Hich BOoH Vout = 2.5V { mA
Output Current Low BOo. Vourt = 2.5V > mA
MODE Input Pulse Width tw 50 ns

Nate 1:
Note 2:

Input voltag

ges may exceed the supply

volteges provided the input curient is limitec 10 21004
Due 1o the SCR structure inherent in the process usgc to fabricete these devices, connecting any digital inputs or outputs 1o vollzges
@reaterthan V™ or jess than GND may cause destructive device laltchup. For this reason it is recommended that no inputs from sources
% other thar. the same power supply be apphed 1o the ICL7 103 before its power supply is established, anc that in multiple supply syste ms

the supply to the ICL7105 be activatec first
z! of the package and w:!i nct be obtained during norma!l operation.

Note 3: This mt refers to th
V" & — -5V
-5V 1v: TRC 60— GND—{ 1 GND REFIN-3%}———— —©— ——-GND
Ja 2 OSC CONTROL OSC IN 17 - 25 BUF OSCOUT  REF CAP-3tf— | o EXTERNAL
GND 3 GND EPE 3% +5v — 2 STATUS REF CAP - 37 }—— REFERENCE
-sV— 4 RRD CLS136 . i REF W - 3¢ LCH] 3
5.12 TLs237 — 19 HBEN N HI 35— A WN— 4 n
—{RBR1-8 $BS 3¢ 0 ™NLO 3¢ = _INFUT
Pi 35— GND 6 |32 COM 33 _GND
—are CRL M- £5-812 POL,OR INT 32 f——e——{} ==
Tje R 25-33 $-16 4z 31 =
—{ 15 OF TER'.2 ., ., B1-BE [ #J\p\p\
-sv— 1€ SFD TRE 24 — 17 TEST REF OUT 29 |— R 20k{) 0.2V REF
DRR 18 18 [BEN vV 28— -8V 200412 2V REF
——120 BRI DR 1§ 21 MODE RUN’HOLD 26 |—+5V OR OPEN
SERIAL TBRL 23 20 TELOAD OSC SEL 24 |—GND
INPUT TBRE 22 27 SEND oscouTp— 0 —
25 TRO R 21} GND OSCINZ2
B eim
T OUTPUT FOR LOWEST POWER CONSUMPTION,
$ME433 TRRI.TBAL WPUTS BHOULD MAVE 100811 ICLTV08
CMOS UART PULLUF RESISTORS TO -8V CMOS A’'D CONVERTER
Figure 1A. Typical Connection Diagram UART Interface - To transmit latest result, send any ward to UART .
; O Sh T
S 7
2 3 e = +sv —f &0 v* REF IN - 38 o=——GND
XTALY xTAL2 GND —{ 1 GND REF CAP - 38 = TEXTERNAL
170 —17 TEST _REF CAP + 37 5 REFERENCE
« RESEY ‘2124 . . REF W +3% T &
s 8S el ) ] WK S : * INPUT
& int P20-P27 OTHER Ll o GND R
vo con 3
IR v gy 15 F
e 7 T 32— —H} :
Qe e UG - - iR
$ PSEN ~  PUIX 2 RUNHOLD BUF 30 <
11 ALE P2 28 2 STATUS REF OUT 25 |- Rpn 20k D2V REF.
2 PROG  Pi1 28 1w (BEN - v 28 - -sv 200u1 2V REF.
2VDD - P00 nﬁﬂ"ﬁ 2 SEND 27 {— -
”» YL i . o Lo S 33 i - .BUFOSCOUT2S }— . - s
« vCC | ; Ad A ‘T as-mz.’oz..on OSC SEL 24 | GNHD 7
12-19 ; L fes oscourmf
DBO-DB? — 71§ 1518188 - OSC N2 158 MH2 - -
20 8w0 RD10 20 CETOAD MODE 21 | ] Dcnmu P
876073048 WCLTI09 .

s F. 1 ..1CMOS A/D CONVERTER

R e NG
SOCINT -’;/ e
e T e D

5 : Flguu 1! Typlcnl Connecllon Dlagum Plrlllel lnterface With MCS~4B chvocompmer
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/ - e HEae TABLE 2 - Pin Assignment and Function Doscriplliori,"'_ B et D STt
PN SEYMBOL - :_ . DESCRIPTION . - | PIN SYMBOL DESCRIPTION - -
3 |GND : Digital Ground, 0V, Ground rétum for an |'. -[27 - MODE Input Low - Direct output mode where
e digital logic : R T COE CE/LOAD (Pin 20), RBEN (Pih 19) and
2. [STATUS - | Output High during integrate and deints- 7 [BER (Pin._18) act as Inputs directly
RS -0 r- - | grate until data Ia latched. oo Tt controlling byte outputs. - .- ¢ |
L e Output Low when analog section is in : .- - | Input Pulsed High - Causes immediate .
5 9 "} Auto-Zero configuration. i = .t . .7 | entry into handshake mode and output of
SEElPOE Polarity - HI for Positive Input. e data as in Figure 9. B et
4 (oR Overrange - HI if Overranged. - o Input High - Enables CE/LﬁAD (Pin 20),
- . T - . HBEN (Pin 19), and [BEN (Fin 18) as out-
5 - [B12 Bit 12 (Misl_s_:gnv_hwl_@u__ 3 ; )
s = T8 s A= 5 ; q s puts, handshake m?de will be entered and
- 5 Al L e * | data output as in Figures 7 and 8 at con-
7_1iB10 Bit 10 S Py "=+ | version completion. © ,--** " .
8 |89 Bit9 state 22 [OSCIN. - Oscillator Input
P |B8 pluaE output 23_|OSCOUT | Osciliator Output -
10 |87 ;i 187 _ | data 24 |OSC SEL Oscillator Select - Input high configu
11" [B6 i o IBite bitsil - Byl OSC IN, OSC OUT, BUF OSC OUT as AC
12 |[B5 & Bit5 ; oscillator - clock will be same phase and
13" |84 & Bit 4 . 5 5 duty cycle as BUF OSC OUT. >
14 aEaET Bit 3 S fos - Input low configures OSC IN, OSC OUT
15 (B2 Bit 2 __‘______ _: S for crystal oscillator - clock frequency will
16| eEs Bit 1 |(Least Significant By L - |be1/5¢ of frequency at BUF OSC OUT.
17 TEST - Input High - Normal Operation. 3 25 | BUF OSC OUT | Buffered Oscillator Output
- ) Input Low - Forces all bit outputs high, 26 RUN/HCLD Input High - Conversions continuously
-:" 3 . Note: This input is used for test purposes performed every 8192 clock pulses.
: g only. 3 Input Low - Conversion in progress com-
18 TBEN Low Byte Enable - With Mode (Pin 21) iaw, pleted, converter will stop in Auto-Zero 7
. A and CETOAD (Fin 20) 16w, taking this pin S NAAT counts t=icre inlegrate. T
S el low activates low order byte dutputs B1-88 27 {SEND Input - Used in handshake made to indicate
e o L &5 : : 3 EEEe : ability of an external davice to accept data.
T - With Mode (Pin 21) high, m-§ piri serves as 28 v Analog Negative Supply - Nominally -5V
@ low byte ﬂgg output used in handshake 52 Fs < with respect tc GND (Pin 1. :
5 fhode i ee gt 7.8 e {1 |2 [Rerout Reference Voltage Cutput - Nominaly 2 &V
19 |HBEN High Byte Enet:l:— \210‘: "LQ.dek:p‘" (2’: ow. down from V° (Pin 40
ity o Al 2wl UL (| P4 o v BUffer Ampiher Oulput
; Brz oL oA L or0er B oupu B3 L | R A e R Caz
— t SRS ¥y - y P e 32 |INTEGRATOR | Integrater Ovtait - Outside foil of CINT
et i 3 - With Mode (Pin21) high, this pin serves as 33 | COMMON Analog Common - System is Auto-Zeroec
At a high byte flag output used in handshake ) to COMMON
i mode See Figures 7, 8, 9. - 34 |[INPUTLO Ditferential Inpul Low Side
20 |CE/LOAD Chip Enable Load - W/ith Mode (I’.n 21 low, 35 [INPUT HI itferential Input High Side
3¢ CELOAD serves a3 » master outsut enable 36 |REFIN+ Ditferersial Relerence Input Posil.ve
Lo v‘,’h"‘v high, B1-B12, PO OR cutputsare 37 |REF CAP+ Reference Capacitar Positive i § B
I L Seabied] 38 [REF CAP- | Relerence Capacitor Negative
< an - With Mode ‘Pin 21 high this pin servesas 39 REF IN - Differentiai Reference Input Negative e
{: 1 - | @ load strobe used in ha..dshake mode. 0 V7 Postive Supply Voitage - Nominaiiy +5 / |
: : i " | See Figures 7,8, 9. . with respect to GND iPin 1), =

Noso. All digital ieve!'s are positive trua.

RETAILED DESCRIPTION -
Analog Section ... - * N\ Y@

of the ICL7109. When the RUN/FOCD input i8 leH open or

cdnnected ta V*, the éircuit will perform conversions alarate -

gélermined by the ciock frequency (8192 clock periods per
cycle). Each measurement cycle is divided into three phases
22 howrs in Figure 3. They are (1} Auto-Zero (AZ), (2) Signal
ntegrate (INT) and (3) Deintegrate (DE). 7

Figure 2 shows the equivalent circuit of the An’él.o'g Seition’ .
} '~ Islimited only by the nolse of the system. In any casg, the

¥ During auto-zero three things happen. First, input high’

.f:,md lew are disconnected from their pins and Internally

: shorted to analog COMMON. Second, the reference ca-

Zf Jpacitor Is charged to the reference voltage. Third, a feed-

+back loop Is closad around the system to charge the auto-

2870 capacitor Caz
: n

oy O e

- At
A

to compensate for otfset voltages Ini i nes
e

{,_ ‘_A_ TZrendihakayo " ~ e e

the Suffcr amplifier, iniégraior, and comparator. Since
ths comparator Is included In the loop, the AZ adcur Yy

- offset referred to the Input Is less than 104V,

2 Signal Integrate Phase s

During signal Integrate the auto-zero loop s opened, the
Internal short is removed and the internal input high and
low are connected to the external pins. The converisr
then integrates the differential voliage between IN HI and
IN LO for a fixed time of 2048 clock periods. Note that
this differential voltage can be within the common mode
range of the Iinputs. At the end of this phase, the polarity
of the integrated signal Is determinsd, - :

INVERSIL

ler

»

)

Sl

o

DR e S R

|

B XL

—— v

SR W G/ S

Y- TN




At e

ICL7109

e i, R

f
NTERNALCLOCKII' l,lll’l

INTERNAL LATCH ! l

I-—Az PHASE | ——1—INT PHASE Jl—

RiNT
Cm1
ntr__vzl“_"": REFICARL ) i i B NS AzE e AMINTEGRATORIGE
r 37 f 32
1
| : TO ZERO CROSS
| : DETECTOR
e : & DIGITAL SECTION
i L BUFFER y—
INPUT HIGH @—@ a
; A& DEINT(-) A DEINT(+)
|
|
| ®
Ly
} DEINT(-)Y DEINT(-)
COMMON (- A2 FROM CONTROL
12 | BEINT (+)— poiC | crcTioN
Az DEINT (-} =—
| DEINT(:)
| w1
INPUT LOG}—@
ISA
|
| 40
] e e e e o e e S st bt e e o e e Sy e oo, g ——— e — -+ ———
Figure 2: Analog Section
POLARITY ZERC CROSSING
DETECTED~___ OCCURS
INTEGRATOR | I /\ / ZERO CROSSING |
OUTPUT I A €3 () ! - /OFTECTED 1

T DEINT PHASE Il ——t—AZ —

!
STATUS OUTPUT | |

!
1
1 [l
|
i

409t COUNTS |

i’ .
f,

3. Do-ln!ogrne Phau 7

. The final phase Is de-lnlegrale or referenoe lnlegra(e in-
;' g " put low Is intemally connected to analog COMMON and
input high is connected across the previously charged

* with the correct polarity to cause the integrator output to

pfoporlional 1o the fnput signal.
" Differential Input -~ Lo s
" The mput can accepl ddlenenba! vonag&s anywhere mthm

y .-a CMRR ofssdaxyp»cal However since'the mtegrator also

S “"_ swungs with the common mode yoltage, care. aust be
“I.: wbitage) when called up to deintegrate a positive signal but

‘exerciseg 10 assure the integrator output does not satrate.
- <A worst case condition would be & large positive common

(during auto-zero) Teference capacltor. Circultry within -
‘the chip ensures that the capacitor will be connected . .

it ' ~.Zz1eturn 10 zero trossing (established jn ‘Auto Zero) with &
ey ‘*llxed slope. Thus the lime for the output to return fozero '
Lcdiseaiin ’(represented by the number of clo;k perlods counted) is

\1 e 1he ‘common. modé _range, of the “input ampjifier; or ..
- ‘.specifically from 1.0 volts below the positive supply 1015 _'
- wolts above"me negative supply in this range thesysiem has °

Anode voltage witha'nearfull-scale negahve differentialinput .

MAX
|

y z I 7 ] \AFTER ZERD CROSSING,
NUMBER OF COUNTS TO ZERO CROSSING ANALOG SECTION WILL

PROPOHTIONAL TO Vin

BE IN AUTOZERO
CONFIGURATION

Figure 3: Conversion Timing (RUN/HOLD Pin High)

positive when most of its swing has been used up by the
positive common mode voltage. For these critical applica-
tions the integrator swing can be reduced to less than the
recommended 4V full scale with some loss of accuracy. The
integrator output can swing within 0 3 volts of either supply
without Joss of linearity.

: The ICL7109 has, however been opumlzed for operahon
. ~with analog . -common near digital ground. th'power
- supplies of +5Vand =5V, this allows 8 4V full scale integrator
swing positive or negahve maxnmleng the perforrnance of
the analog section.” '~ 2 * - X! ; .
Dlﬂerential Reference ‘7' s

The reference vonage oanbe genFm:ed anyv« here wnhm the
power supply voltags of the converter. The main source of
common mode error is a roii-over voltage ;aused by the
reference capacitor- “losing or qgaining charge™ 10 “stray -
». «capacity ©on Ms-nodes. Af 1here s & large common mode

voltage, the reference capacr(or can gsin charge (increase

- 4osecharpe (decrease voltage) when called upto deintegrate
.-B negative input signal This ditference inreference for t+i or

voitage The neganve Inpm svgnal drives the mlegralor ) anut vollg w;ll g:ve a roll-orer error .However J:oy
< ey '4'30 ) / “‘n- - i Gt =
e = ) 5 o s N . - i =

——— L LT
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2f e i .:/:’ S e '
: heiy#izrencs - cBpecitor “large. »enough . if - |
patitn 10D 4Us; capecitence, this erroicenbe helatd’ . |
% wHen 0.5mpount or the worst gase. condition {(see A 05 eoX 1 ]
ompofEn! Vil Belection belowl . .. -- e Auto-Zero Capsaict e e |
TR ‘e rollover ol from thess sources 1 m:nim : _,Theslzeomida'dtg;z_o:pchpﬁci:o: s xome influence 0 {
~;‘%l‘l"_h9;:m§ refgiance common mode voltage near.or 8t . " “the roise of the system; & bl cibf, piving bess noise. ,-
& hamqg‘DMM‘_ Samdadae e R 5o Howevpr.ttoain’no:_bgj,nqreasedvr}uig'g"lirgutsslwe_;t.m :
B et R A B agR g s parallel with the int raling capncite. "drms & A ti
'.C‘_'f_""’?'.“”tg_ aiuv 5"“?""" 7 fdie oD : constant lm':dete:r:?nes!m%ﬂeeqotp}.omﬁofcﬁ g
“§ ‘Fo7 optimum rformance of the snalog aection, cars must |oads Bri Mote Mmporant the priorths} exsts at she énd |
5 g3 {aken In thepstection Of vAIUCS for the integraior CAPACItOr! of 81 SUt-T6T0 g';ycgg,;a{kog.&-n’\/'lf.iz scale uhere Noive f
i ‘and veslstor, ‘puto-zero capacitor, reference voitege, and is very importent .ang the in:e:ri‘li{g'm:'.ismr emsll £
- o onversion rate. THese values must be choses 10 suitthe value ol Caz twice Ot i octimuny Smitary for £ 00!
i ?”‘.?;%ezt_icqié'*%’ﬂ}*??»t:g ¥ e e % full scale where raCoy6ry J6 ITOrG JmARiant thar no:3e. &
2 irhe most, Empﬁfiahl»corfvs'iderat.ion {s that the integrator va'ze ¢! Caz equs! 10 hal{ o Conrz. e FOCOMMBNGET s !
Jtout swing Hoj full-scele owt be s farge es possible. For T Fer oph.‘_:rrec'.iu_:: ;;““‘Wm,';;km&mw |
“ejamhpig, with THV. supplics e COMMON connectec 1 ghould i SON3G.E o the P C afur, g funm o and
“GND, gt_i_é_nomiq;x}. megmiowutpu!swxhg atfuliscaleis z4Y. - inc tone. fcii 10 PiD 3‘“3;’“1-'39’,‘.' K& wster tou o G
=%y Sinee the.integelos output ¢arige 10 0.2V {rom Elther supply : sho(.oi_d_b?cagmta pin 328nd e $0il v the B-C :
winout, significantly ziiecting inearily, a &V integrator - cumiming juncum."leﬂon!'.;gr A ,L\z';'}&i;iti?.‘l—*.‘r—
5 Cutput Rwing wllows 0.7V {or v riations in outpJt swing duc recommendbd‘-iso-'.‘;_—'ﬁg' . ';:‘f:;&,':““i lonxa: :
;:toj»,c;q:r(ppngng.y;lue snd'os:xua‘.or‘tolerar.\z/;es. with R charactefistics. 115 s R SR ; ]
supph s end & £OFTON mode range of =1} required, ihe _ g B PR :
o ol be -seleted 1o provide 23V . 4. Reterence Copacltal = = T o
- c- A 1uF capasiion gves Qo s TILE e g oplkatees.
; b gué?'ﬁ"sﬁ.a !

.comoepert xijuss ghould 58 :
Noisc eng roliover 61rofé willbg: -0 G :

Py < - Howevor, where p12:nh TImOoNn 073 Ea s
P wrda sf,:’ta,&n.v

i ~cator outpit SWING - i
i-Wcase.Far:n.'carcomrr.onmode wid: oalgl AL
-~ thereterence jowrisho! alEnascy YT

12
3 Cidaghtly woisa the inthe
2% weitage rergbe Jhe it J18107 outputswing must bessduced . 3 b . 5 i S
: I,}u'r_ﬂ':gr.'f\'t-i- ‘Fﬁncreue both riolse and rollover errors. Jo -+ -+ scaleis c-scialargerﬁvgl_;.;z %Mﬁk{gﬂ‘?w:“ \olrover
Fiinprove the perfe: mance, supplies of £ may te.csed:: -, BN 223;1%%%1” ] e AR g
-3 dntsgrating Pesistor T L AT A fa\ 5?0‘&?573'51\‘6016&3_&30 i a2
-Bothihe puiieramplilier end the integrator heveaclass A . © 7 for their Yow {eakage Tharectets’
output stege ayith 100pA O quiescent current. They sup~ ¢ }'ii}viehm v;u:'a‘ et
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5 Asing the RUN/ACLD input in this menner &ilows 81 easy
: L5 goaverion gemand™ interface to be used.The converier may -
d{ﬁg@ﬁ;)-‘%,&ﬁ st isle n &uio-ze10 With RUN/ADLD low. when'
&jfi"'i“i-'b?m goes high the conversion iz elaned, anc when
Y *‘"ﬂ STATUS nuiput goes low the new Oata Is valid tor irans-
73 ikred to the UART - see Handshake hiode _RUN/BOLD mey
egrate and ensuring a rainimum
g towait for the nextconversion.

Lo 7w gotow ferminefing Dein

{ ';L’lo:‘ze-gtinxe bsiore stoppitt

2 3neinglelys RUN/FIOLD cun be ueed to Minimize coNsarsion
“by ensuring that it poes low during Ceinteorele, aliar
ossing, and g s high after the hold poirt is reechcd.
ve=1oquired activity on tae RUN/HOLD .nput car. be
-~ povided by connecting ittothe Butie:oc Osciltaldr Quiput.
>3 this moOGE The SCMY arsion time is depemsentor the input
yalue measured. RISC refer 10 Inters F.;?uiiLétion Bulletin
AQ22 for 3 discussion of the effects this wiil have on Auts-
2 2215 performance.
Y gh‘:e RUN/FADLD input goca low and stays iow guring Auto-
L ST f:;hfa iPhase 1, the converier Wit simply stop 8t ihe end of
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& “When the MODE pin is left at z low ieve! the dc’a outputs
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Hopuls ere &l active low, and &re prevides with ‘pullup
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DESCRIFTION MIN TYP WMAX | UNITS
8yté Ensbie width | 350 220 ns
Datz Access Time
{rom Byte Enable 210 350 rs
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| )
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= e T r
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Figure & Difect Mode Cut (Yiring
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Jata. Synchronizing { ion

he 5CCESS of gEta Bith 1the COMVBIsTn
cycle by monitoring ine STATUS outjatt il pieven: Hus.
Data ic never updated while STATUS fglom.s

Handshake ¥iod< 5 - -
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the A/D convertel mes ective in caotroting the flews O
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" fnputs. This m

interfece bewveen the 1CL7109 al_.q:,x)dusuy-handerc"

UARTS (such es tne Intersi! CMOS UARTs, 154023 with 1.0
external fogic required. Wher triggergd intc the handshake
mode, the 1ICLT108 provides althe € Tt

necessary to sequence the two nytes pf datr into the AT
and Initiate thelr transmigelon in sorig fosmr. This greatly
ease: the task and resucet the cost ot ining 7o drte
acquisition stations peing penal Sgdis prLismss 2
hnimize the number of lines tov}e cantri) conEong

. . £ e

processor. 5 : SEE
Entry into the hancéhake mods 15 o oliedy the MODE
pin. When the MODE terminz! i heid hugh, te 1017108 wn”
enter the handshake mode aftar new gate fas been stored in
the output intches 8t the end ofevery 1on performsd
(See Figures 7 and Bl. The MODE gyl m2j 2182 be useS
to trigger entry Into the he dshiake mode on gemand. Al any
time during the conversion c'yckf.!fpe En.to high transitior of
a shor pulse atthe MCDE input mitfur.-s immediate entry
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cACLT109 | -
% Into the hana shake mode. 1 this pulse occurs while new data
7: .Is being stored, the entry into handshake mode is delaysd
;. until the data is stable. While the converter is in the hand-
" shake mode, the MODE input s ignored, and although
. conversions wiil still be performed, dats updating will be
Inhibited (See Figure 9) yntil the converter completes the
output cycle and ciears the hancshake mode.

"When the converter enters the handshake mode, or when the
- MCDE Input is high, the chip ang bylz enable terminals
. become TTL-compatibls outputs whizh provids the control
“signals for the output cvcie (See Flgures 7, 8, and 9).

In handshske modg, the SENDinput is useg by the con;ferler
.esanindicetion of the ability of the recsiving gevice lsuch as

‘2 UART) to accept dsts.
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- -the LOAD, LBEN and ABER terminals 810 active ay
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12k bigh 1o low edge, the?\lgh order byte outputs
.4, and on=ha!l internalClock Tater, the

1ms| tigh. AL the same time, the CE/LOAD and
auts| go low. 810 the .

w order byte outpuls
iye| Similedy, whenthe AD returns hi.gh at
one Lloch puriod, thelaw Crderdata is clockedinto
Trarsmitter Buter Register.and TBRE againgoes
: TERE returns to 8 hIgHTH will be sensed on the
109 tnterna! clock high 10 Jow eoge. disabling the
ate One-half internal ‘clock dater. the handshake
ve Cleared. and theC AD, HBEN, and LBEN

return high and stay bﬁﬁ,}ﬁsimgMMODElhys
il B Gl

\AONE inpu! remaining high 28 in these examples,
e'le.‘J will output the resutts of every conversion
ser compicted during Bhandshake operstion. By
. trc/converier into handshake mode with @ low 10
<o the MCDE gnmn.t)drld}hékc output seduences
-ertadmed n Semend. FRUre D shows B handshetc
cqenice U crend by sutlienecge. In edditon, ihe
i show. &S berngnwWnentho converterenters
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2 1, the SEND inpist, anditne sequence for the firct
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» agran &'o shows g outpul sequenge @king
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: A RS F

tg! conration . =4 i A
he GGG LATOR SELECT Input is high or left open
ot 15 proviosd with 2 putivp resistor), the oscittator is
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sl trequincy and phase as the signal at the
orn | OSCHLATOR Q‘J_TP'JT.tflha resister and
L1, enmidd bi conrected a8 inFigure 0. The circuit
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e o T he e
e C SCiLL;JORSE'LGCTmmaslowueeobac&oe-
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e S Dt fiee S
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Flgure 14. Crysts! Oscilistor A
i the 3 to SMHz -
range with no external cCOMFONerts Taking®he OSCILLATOR
SELECT .inpJt low alsc Inserls 8 fixed +58 divider circult
betweon the BUFFERED. OSCILLATOR OUTPUT. eng_the
internal clock. Using an Inexpensive 3.58MHz TV crystal, this
division ratio provides &n integration time given by:
58

T = (2048 clock perioge) X (S‘SBMHz) = 33.38ms
This time.is very close to two 50Hz periods or 33.33ms. The :
srror Is iess than one percent, which wiii give better than
400E 60Hz rejection. The converier wili opersie reliably at
conversion rates of un tc 30 pet second, which corresponds
tc a clock frequency cf Z¢5.8kHz.
tiator is o be overdriven, the ovet-
ieg atthe OSCILLATOR 1i%UY, ¢

“driving signa! should be 2pp
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second crystrl. However. the B
OUTPUT doe: nothave 8 greetde
ing more tharn one slave device, ex

used.

Test input <
When the TEST input iz taken 1o & love! halfway bztween v*

and GhD, ma courler output latches are ensbled. allowing
e counter conterts to be examinec enytime. 3
When the TEST input is ccnnected 10 GND, the counter
outputs are a!! forced into the high stats. and the interna!
clock is disabled. When the inputreturnstothe 1/2:V'-GND)
voltage tor 10 V') and one clock is applied, all the counter
outputs will be clr~ke: to the low state. This 8liows easy
testing of the counter ana is outputs. : g

INTERFACING
Direct Mode

\Figure 12 shows sOme of the combinat:ons cf chip enable

" and byte enable control signals which may d€ used when /-

09 to paralizi data iines. The L
input may be tied low, allowing either byte to be conyo
by its own enable as in Figure 12A. Figure 128 .
configuration where the twO byte enables are Gf

together. In this configuration, tre TE/LOAD st
chip enable, and the HBEN and [BEN may be con o
GND or scrve 8s & second chip encble The 14 catedifty
will afl be enabled simultencously. Figure 12C 8tb i
HSER and LBEN us @iag inputs, and CE/LOAD 813 A

enable, which c:qqu_%the READ strobe avn_ﬂaale&.’m,
e

. i

mi}_vg_upcéssong X
> . A3 't

_interfacing the 1ICL71

PN L
B Wl

IS N v L
Figuro 13shows enar
£ 2 bus, ganging th
2°ibneriers  togsther,
k- {patheps denodes !r:
.. corverter. :
@ Some practicai circy
e ouipu! capabilities of
..- through 19. Figure 14 ¢
™ alel MCS—48, 8D ¢
the 101 7100 dats o-.n;;
vign 8155 mav = a:‘c.
Prusedinar ac-any
while the deta feicts
£5ZmEG Aty This «
2. 8 etiup-shew times

- PVF.»’CCTna tiv'a 18 IC re~

= high, 1e21 the cele
i ccavertor clock pe. ¢
reading is correcy, 29

5 _correc; Aiternativery,
i “gvoided by using & r od
g Figure 75 Here the hic

: DipLt e s ar inferru}
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CHIP SELECT 1

MODE  CE/LOAD MODE CELOAD
- gt Do
o1z [ -~
e POL. OR > ke
REFIRTE AL 111 N
r - oL on d /
= 218t 8 ) l ) B o :
. ICLY109 T :
: % R <
IAH“_ S — S ey e 3
UNAIGID o
TOR PN CGNVERT aun_m_o_m CONVERT \
et HBEN - LBEN .| HBEN 7 IBEN T
| the 'r GND O | } c
this CONTROL CMIP SELECT 2 ) =4
: Figurs 12: Direct Mode Chip and Syte Enable Combinations
& : Fipire 13shows anapproachtointerfacing several 1CL7108s . access the dala.Tn!srnphca‘.ionshgqsh(qu'fc SULLVHGLD
.”_; . #5102 bus, ganging the HEEN end LBEN signals 15 seve.al - #:put baing ‘used 1o initiate TIONS LICT software
Tk - converters opether, &nd using the CE/LOAD inputs control. B, o
5 B~ iperhaps decoded from an address) to select the desired e Y Y  VE S
iy at e :.:ony :e : . P <A simifar interzce s Motorolz Moﬁé&):r kU Jechnology
‘O.'l(k; Pratey: © r. " !

,l,somc- practical circuits utilizing the carallel thiee-state
521 oulput capabilities of the ICL7103 are shown in Figures 14
Twough 18 Figure 14 shows e streichiforwa: d application to
the Intel MC5-48, -B0 and -85 systems via an 8255PPi, where
e Y ICL7109 data outputs are active atall times. The /0 ports
S ofan E1EL rapy be used in the same way, This interface can
£ b8 ueed In 8 read-anytime mode, elthough a read performed
2 while the data latches are teing uccsted will lead to
sarmbled dats. This will occur very rareiy, in the proportion
. Ul setup-gskew times to conversicn time. One way to
s Overccme this is to reed the STATUS output s well, and if it
18 high, read the data agein after a delsy of more than 1/2
= ’-norgverter clock period. I STATUS is now low, the second
%' Teading is correct, and if it is stiil high, the first readirig is
~-COrTect. Altérnatively, this timing problem is complstety
+-&w0ided by using a read-after-update sequence, as shown in
Figure 15. Herc the high to low transition of the STATUS
- DUlpUL drives anihterrupt o tne microprocessor causing tt to
; t

o8
-4

. . CORYERTER

MCSES0X systeme is show™ in Figure 16. The high tc fon.
transiticn of the STATUS cutpu) ,ggmsa:cs aninterupt vis
the Control Register B CR? Loa-Note 1aat CB2 contross the
BUN/HOLD pin_through Contrél Regisier B. alion
software-controiled Initiztian of ¢gave-sions in this s,stem
also. P B e ;

o3

ey

z 2%

" Figure 17 shows n intsrlace 10 the Matdral 545100 CAMOE
microprocessor fam.!y using the ANET01.20r 0 contrc! ans
oata transfers. Here the data it readttyy the mi_ oprosesss 1
an 8-bit and & 6-blt word, directiy Jrum the 1C..7108 ‘0 ine
microprocesso: dats bus. Agals, 1 high tolow traneisc -
the STATUS cutput gencrales &n.inleirupt decding ' a
s80ftware routine-controting the twc -sud operation: As
before, the RTHOLD input to thz iCL7109 is sho +. a:

 being under ®ofVare control, .
The three-sta* ™5utput capablty o the iCL7I09 &liowz

. direct intertal™8 o most microprocysor busecs. Examg les.
of this are sh>¥Nin Figures 1, 12714 12. It is necesszry 1o

. N SeBs iy, e .

‘r

SELECT . BELECT . .
&-B1T BUS
;.7‘ 5 GNDj
#o0E  TEADAD MODE  CILOAD
98-812 Bs-812
POL, OR| § POL.OR| ¢
PTIRAT L7108 &
pis| o J l 1/\ B1-98) o
' ANALOG
.6 m
Y AUnHOLD -8V AUN/HOLD
BBN LEBEN HBE', LBEN

BYTE SELECT FLAGS <

Flgure 13 Three
PR SO N LS

-sislirg Severe: 7109 to 8 Sma!l Bug, e
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- o 5 (e b o O S
carelutly consider the éystém timing In this type ofinterface,
10 be |sure that requireménts for setup and hold times, and
mitimum pulss widths@7e snel. Note 2'so the drive limita-
tions o, kong Dusses. Geflezally this type of interfacs Is only
favored ¥ the memory petphera! address density is low so -
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‘B5-B12
POL. OR

- I T108
; B1-BE

€TATUE

L] ) PBO-7

ce1

Figure 18: Fulltima Paratia! Interiace io MCE60X o1 M

ADDRESS

BUS
CS650). MiCroprocessorns

8L3

=N

DATA  CONTRIK ,

. BUT

. 14-B.7 DAT» &US

8101
CuMls
PIE

SENSE 1 4

WRITE (O FLAG) (
—

READ ¢ READ 2

L
A N e LI L LI DO WA e, L,

4 s

Figure 17: iCL7102-IME1LD |nterface Using iM0
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ULN2802A Ht“%g(tﬁ
U@H@E&E@F@@MU@S ‘

ULN2804A ULN2895,

Figure 14 : Maximum Dissipable Power and Junc-
tion to Ambient Thermal Resistance
vs. Side °I",

Figure 15 : Maximum Allowable Power Dissipa.
tion vs. Ambient Ternpera(ure,

byr

G-)9%
Plot [ s Pros [T
(w) 1 —JCrw)

EIGHT DARLINGTON ARRAY.

s EIGHT DARLINGTONS WITH COMMON EMIT-
TERS

« OUTPUT CURRENT TO 500 mA

« OUTPUT VOLTAGE TO 50 V

o INTEGRAL SUPPRESSION DIODES

» YERSIONS FOR ALL POPULAR LOGIC FAMI-
LIES

the ULN2804A has a 10.5 KQinput resistor for -1
V CMOS and the ULN2805A Is designed 1o sink
minimum of 350 mA for standard and Schottky T1
where higher output current is required.

All types are supplied in a 18-lead plastic DIF wi
a copper lead from and feature the convenient i
put-opposite-output pinout to simplify board layou

» OUTPUT CAN BE PARALLELED
‘-T'T‘ b- Sl e « INPUTS PINNED OPPOSITE OUTPUTS TO e mmaea
Al Ll o o SIMPLIFY BOARD LAYOUT
o 0 0 )0 &0 | (men)

JESCRIPTION

“he ULN2801A-ULN280SA each contain eight dar- \'\‘
naton transistors with common emitters and inte- ;

Jral suppression diodes for inductive loads. Each ' I |
larhington features a peak load current rating of 600 i l [
1A (500 mA continuous) and can withstand at least
0 Vin the off state. Outputs may be paralleled for
“gher current capability.

‘ive versions are available to simplify interfacing to ! DIP-18
slandard logic families : the ULN2801A is designed : (Plastic)
or general pumpose applications with a current limit !

#sistor i the ULN2802A has a 10.5 K{2 input resis- :
9 and zener for 14-25 V PMOS . the ULN2803A

452 2.7 KQinput resistor for 5 V TTL and CMOS ;

“ONNECTION DIAGRAM (top view)

ores——————— .. ¥ §F

our 6

Toour 2

T Oul 8

0 COMMON FREE
WHEELING DIODES

/ S e e

8/8 » iy BN A e SOOD

<5 SGS-THOMSON
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.Symbol T L Parameler ; S i G _:: i Va-l—u_ét z .—‘T —u-n"
oV Ourouz vcnage e e sl ity

" v Tinput Voliage for ULN2B02A, 28037, 2804A ; 30 ,'— Vi
! 0 __forUlN2gosa N S lSasi AV,
e nuous Colchlor Currer}I Ll 500 5 L A
|te | Continuous Base Current s J-_?.\{ mA

Piot Power Dissipation (one Darlington paxr) ! 10 w
(total package) SRl e e 205 4 ’ w

i Tamo OpP ating Amb»ent Tempera(ure Range e 20 o 85 ‘I G
r‘-T‘,q j S(orage Temoeralure Range Sl e 55 lo 1_5}9___'_3 ¢

SCHEMATIC DIAGRAM AND ORDER CODES
For ULN2801A (each driver for PMOS CMOS;

1
|
1
1
|

] - « P Clom
»L—.—Ar_-- 0sen - e o
.o+__,_(—*<, auisl o 2 O Ky =
4 : S
i ' ,
i ' . L1 & m na 4
| ' ‘ o«
| . {ENE A4l 4]
LBES i H s e et B S ) ¥ ),k \ s )
l EACH dvER v CACK DAIYFA pas. .

For ULN280”‘A (each dnver for 14-15 V PMOS)

For ULN2804A (each driver for 6-15 V
For ULN2803A (each driver for 5 Vv TTLCMOS) CMOb'PMOS
l I 1o r B (e
ina - . v wr LRLT oy o
I, LEUSC X P I' C.\ S '. LRSI e - 0 o '\
i i1Ma Lo 4 ; o ! » 4
| ‘ e —— ' LR R D T c ;
. : N : 2\
' €2Cn Dmwen P : EACH (NmvER WEC RS
e — 0 LN %A T g

[

‘osea = e aur

Gy Sy t\ b ¢ i

' !

: el :
S I S !
. f
s SR 1._1 i
macr Omven AL .
!

SGS -THOMSON

COICTOINETT T LS

e

THERMAL DATA

Rin . amp| Thermal Resistance Junction-ambient

i eahnaMaxigts 55 i ’Cv‘\"l
;LECTRICAL CHARACTERISTICS (Tian =25 C unless olherw|se specmed)
: : N.Parameler i Test Condmons Typ Max Um( Fnhg.%
leex | Ou lpur Leakage Current Ve =50V : I 50 1 pA o1
i i Tamu =70 C Vep =50V I' 100 pA | 13 i
: ST il R | : .I i
’ . for ULN2802A i ! ! !
: i Vep =50V Vi=6V ' 500 UA : 1b |
: “ lor ULN2804A ; : ; [ ]
: o Ve =50V vy Vi 500 A g
Veisan ' Collnclor Hmrr‘u' l; =100 mA la = 250 LA ' 09 Lt S VA
© Saturalion Voliage e =200mA 1y 2350 A AT st Vi
i - s =350 mA ly =560 uA 13 16 v
T smr={=TADUI Currdhy for ULN2B02A v =17y R A
i for ULN2803A v =385y 053 135 ma
! for ULN2804A V. -5y 035 05 maA 3
V =12y 1 145 mA |
: : S . 1or ULN280SA v -4y i 15 34 ma :
=) 1,_,‘.,_4i lnpul Culrenl = AV ' Tame =70 C __lc =500uA 50 85 uA o2
Viony | Input Voltage for ULN2802A
! fVac =2V Ic =300 mA 13 Vit i
i " for ULN2803A : i
! Vag =2 v fe: = 20 : fae e v 5
i Ver =2V : 07 Vo ;
.l NV C E IRy, | 15503 \% l !
| " for ULN2804A ; {5
! Vep =2V lc =125 mA : s Vit
) i Ve =2V I_ =200 mA G Vi
| Vipiaoy ki =275 ma 7 v
f Vip =2V le =230 mA ' 8 v
| lor ULN2805A ; ; v i
4P (dB T Veg =2V I~ =350 mA P24 v
Nee | DC Forward Current Gain : for ULN2801A B E p
gey . DJJ v A (e =530 mAL 1000 ' il
¢ Linpu Capaciance T ISy
£ e — . LA b e
R Turn -on Delay ol 95V loOSV i |o2s i 1 WSS e=
o ; Turn oft Del lay_ an’r'(-\ | V 1005 vV, e & —‘”70_2.5-— Vil —p‘s ,’N-—-_ i
In Y ct famp once Leaxag'. I Va =50V S Hi505 “x_.___._ g
i Current Tana =70C  Va-30v i lihdo Al € |
- ege > —o e & < T T e P R PO LS S L [ ot N_ ——— iy
Ve : Clamp Onooe Forwaro o1z =350 mA ' 1.7 PV 7k

g i Vo‘mge

e i



National
Semiconductor

MM54C922/MM74C922 16-Key Encoder
MM54C923/MM74C923/20-Key Encoder

general description

These CMOS key encoders provide all the necessary provide for easy expansion and bus operation and are
logic to fully encode an array of SPST switches. The LPTTL compatible.
keyboard scan can be implemented by either an external
clock or external capacitor. These encoders also have on- f
g " ) A s eatures
chip pull-up devices which permit switches with up to
50 k2 on resistance to be uAsed. No diodes in the switch 850K T MG T witch ofrekistance
array “are needed to eliminate ghost switches. The
internal debounce circuit needs only a single extarnal 2 On or off chip clock

capacitor and can be defeated by omitting the capacitor.
A Data Available output goes to a high level when.a
valid keyboard entry has been made. The Data Available ® 2 key roll-over
output returns to a low level when the entered key is
released, even if another key is depressed. The Data
Auvailable will return high to indicate acceptance of the B Last key register at outputs =
new key after a norma! debounce period; this two key
roll over is provided between any two switches.

® On chip row pull-up devices

B Keybounce elimination with single capacitor

8 TRI-STATE outputs LPTTL coimpatible

. 4 8 Wide supply rani 3V to 15V
An internal register remembers the last ke; pressed PR TS 3
even after the key is released. The TRI-STATE™ outputs 8 [ ow power consumption -
connection diagrams
Dual-In-Line Package . Dual-in-Line Package
477U
aom Tl U . oy ROW Y1 — Vee
2 17 ROW Y2 —zl vl—' DATAOUTA
ROW Y2 =g = DATAOUTA
+ 3 16 ROW Y3 —J-l L DATAOQUTS
ROW Y3 == — DATAOUTS
. 15 Row v — L pataoure
ROW Y4 — = DATAOQUTC
s " Row vs 'S pata ouTD
OSCILLATOR —f = DATAOUT D s 0
OSCILLATOR p—— DATAOUTE
KEYBOUNCE MASK —4 LN g v ied |
) 12 KEYBOUNCE MASK |14 GUTPOT ENARLE
COLUMN X4 =g = DATA AVAILAB.E
1] 11 COLUMN X4 L '-ll DATA AVAILABLE
COLUME X1 wmq P COLUMN X1
’ " coLumn x3 - 112 covuam x1
GRD — — COLUMN X2
TRL LY cop v x2
TOP VIEW
Tor view
Order Number MM54CS822N Order Number MMS4C823N
or MM74C822N or MM74CS23N 5
See Package 20 . See Package 20A

470 -

MMSACO22/VMMT7ACDO22, MMASACI2I/MMNATACO2ZD




fiE : :
; . absolute maximum ratings
) ; Voitage at Any Pin Vee - 03Vto'Veg = 0.3V Package Dissipation 500 mW
¢ f Operating Temperature Range Operating Vo Range 2V 10 15V
B MM54C922, MM540923 55°C 10 +125'C vee 18V
’ MIT4C822, MM74C923 -40 C10 185 C Lead Temperature (Saldzrning, 10 seconds) 300°C
’ S10-s0e Temperature Range 65 C1o0+150 C
~
]
N
1 lectrical characteristi max limi :
2 v dc electrical characteristiCS Min'max limits apply across temperature range unless otherwise noted
¢
5
X !.:3 [1} PARAMETER CONDITIONS J MIN ] TYP ] T MAX I UNITS
=
¥ g CMOS TO CMOS 2
e |
‘J ! VT+ Positive-Going Threshofd Voliage at Vee=5Y. IIN-07mA 3 36 43 v
= I Osc and KBM Inpurts vee s 10V, N> 14 mA 6 68 8.6 Y
: 3 vee = 15V, HiN> 2.1 mA 9 10 129 v
S : VT_ Negative-Going Threskold Voltage at Ve =5V, HhN2>07 mA 0.7 14 2 \
1 E Osc and KBM Inputs Vee = 10V, Y 14 mA 14 32 4 v
= Veg = 15V, IN2 21 mA 21 5 6 vV
N
z Vin(1)  Logical 17 Input Volzage. Except Vee - BV, 35 45 v
) Osc anc KBM Inputs : Vee s 10V 8 ol v
i3 g Vee = 15y, 125 135 \Y
§ g Vinig) Logical “0° Input Volsage. Except Vee = 5V, 05 15 v
N s Osc and KBM Inputs Vee = 10V, 1 2 v
@ Ve = 15V, 15 25 v
Irp Row Pull-Up Current at Y1, Y2, Y3, Vee - 5V, Vi 7 0.1 Vee -2 5 uA
Y4 and Y5 Inputs Vee = 10V =10~ - -20 HA
vee = 18V =22 -45 “A
VouT(1) Logical “1” Output Voitage Vee =5V, lg= -10pA 45 V
Vee = 10V, 1g = “10uA 9 v
Vee = 15V, ig=-10uA. 135 v
VouT(0) Logical *'0" Output Voltage Vee 75V, o= 10uA 0.5 \'
vee = 10V, 19 10uA 1 v
Vee = 15V, 10 = 10uA 15 v
Ron Column “"ON"" Resistance at Vee =5V, V=05V 500 1400 9]
X1, X2, X3 and X4 Outputs Vec =10V, Vo= 1v 300 700 o
Vcg = 15V, Vg =15V 200 500 @
Icc Supply Current vee =5V, Oscat OV 055 131 mA
Vee = oV Ut} 1.9 mA
Vee = 15V 1.7 26 mA
1iN(1) Logical *1” Input Current at Vee = 15V, VN =15V 0.005 1.0 ~A
Output Enabie
liN(0)  Logical ““0 tnput Current at vee = 15V, VN =0V 1.0 -0 005 KA
Output Enable §
CMOS/LPTTL INTERFACE
ViN(1) Logical “1” input Voltage, Except 54C, Vcc -4 5V I Vee 1.5 v
| Osc and KBM inputs 74C, Vcc=4.75V Vee 15 V'
ViN(0) Logical “0" Input Voltage, Except 54C, Veg = 4.5V 0.8 v
Osc and KBM Inputs 74C, Vg = 4.75V 0.8 \'
VOUT(1) Logical “1” Output Voltage 54C, Voo = 4.5V, 24 v
X ; Ig = —360uA
1 F4C, Ve =475V, .24 ! v
: 10 = ~360uA l
: VOuT(0) Logical “0" Output Valtage 54C, Vci = 4.5V, 04 I v
; 1o = —360uA
74C, Vcc = 4.75V. 04 v
Io = —360uA l
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