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ABSTRACT

This thesis is study about the circuit designed of electromics weight. It
composes of sensor that we use strainguage,the amplifer part we use the
instrument amplifier,a nalog to digital part we use the pakage IC number ICL7109
and we process the data by microprocessor.Another knowledge of this thesis is how
to write assembly langguage of microcontroller. We can take the knowledge of

this thesis to designed anther measurement circuit.
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Voo yuo funitdeedleninidos +5 Taadd

Vss 9120 fluv1iideeReung199 (Ground) yaeumndaswln

-Port 0 (funenvuny 8 din egitvr 39 f4 32 Funndn o feiin 7 mudwuusins
wezfenh P0.0,0.1,.,P07 nedn 0 AETIMITL  desumisdeyndumizon iy
$1mSeldmeiniu-defeyanld

1. Wdmiudidumiinizsanudnousniidesnsdndedis  dumiany
fiqarpiosdndo 18ife o4 Alalud Salimwhumismizonuds 16inveanvg 2 Avh
umismianut 8 fndeesgnaieeniinig wein o uaz 8 finuuesgacieentl
nein2

2. W¥¥udadeyany Dat Memory n38 145 udeynoin Program Memory

3. 195udsdeyariumanein Tnonss s ludmrlSmisenmudwes
TusunsunTemizennudrfoyaniouen '

port 1 Hunesmumn g fin Aewr PLO #3 PLT (v1 1-8) nedn 1 Whtmihitdlu

ifudedoyamniu deynfidieonumanedn 1 ezgn  Lateh Pudadsonlumausins
wineufiszendoyndilimanedn 1 oxfadon 1 Tidifunmusanedn 1 rewAs
FET oglusnme OFF fney

-Port 2 NOINYIILYIA 8 Tin Asvt P2.0-P2.7 (IIm 0-7 ypamedn 2) dnvaizTase
atrszmBousunedn o unnsefufinedn 2 funia Driver 0xMiflos 2 Fovasle

1 Mdamdumisnizennuhimouenideimsdaie  sdumislidh nuw
YBIAFHWN UL

2.} lunesnFuuasdadayatunisuen

-Por3 i8¥1 P3.0-P3.7 #38%1 10-17 mudwulugy



16

daudt 1 Tuphiludau Lach «mqnnwuummmnm 3 N4 Internal Bus iniioudunedn
fuquasnedn 3 ezl Itermal pull up  8gMNin usnsfmstiusasines ¥ lumshandy
18 Tne19ddmauqumatu lucuit 2 ovilfagiel Alernative Output Function
findhau19Inei 7Y Timing and Control

. rsT wiidmilesidhmsTidmmataees 8os1

- ALE Address Latch Ensble u1i‘fe:ff4ﬁ'tyqnmﬁﬁmwé 1/6 MBIt gguIRm
ninsendanneT ﬁ'qmpmf:ﬂ"l{mnﬁuqﬂﬂsafnwuenﬂm 8051 iwmzf‘:ﬁ'q;tymﬂ'
Active (11U aedn 1) 93 ummwaqnmﬂu 8 fmgnvesiuniinulsausinieusn
3051 fideamiAaresenlimanein o

-PSEN Program Store Enabie ninfssnedn 1 usscrenedn o disdeamyse
fada

-EA ddgapaifleuld ea fiu 1 naeanuhTusunsuludwnia 0000H 841 0
FFFH guitulimelu  sos1 matheludumtismiteanudnhaiisssuddadnaen
ROMN 1Y 8051

_XTALL 1#t 19 wiilocAeid1fuwwes  Inverting Amplifier  Mlszneudiuae
ssonndniamny :

XTAL2 ¥ 11l 18 mi':ﬁ'lu\}mmﬁnmm?avwmuwnﬁ'mﬂﬁﬁﬂiznemﬂmqm

sengniniAed (SunnAiev) XTALL)



Eadead

e e s e -

+15V

17
<
unn3

mIsenliuy

o . i d
matwiiEn +- 5 Tan eznlaannninagd +- 15 Taavi(1ifisaves OP AMP)

ud31 110 IWAY Load Cell 30 Strain Guage
Voitage mn Non inverting Y83 Op amp fifnn 2.5 Taon FN

2
mﬂhmmnmu

uu Voltage ﬂnﬂmnnm inverting feriia

2.5 Taavigae tilsaninldm R v Faru

Voltage 'nﬂnmau R uﬁnzmm Haumiu Qutput Voltage ﬁQUﬁ‘llﬂu 5 I’J!m nydl -5 ﬂ

' a v -
iRty uraaiag

3
|

% 12
TLoaz2

> l;
I ¢ 2N221
t

LM Sk ¢

B 1

9y
Tian ou 5 Taandecfleuldiy

Instrument Amplifier ﬁ'ﬂﬂ

—-15v
o
!
% 12 TLO82
N
V' a?
K PNP
LA
sk 4
=N\ ~0—-5V
M
!336 Sk1
2.5v

il 3.1 urReneswiN 4+ Taant

Load cell B3MUATL 2997 Bridge uﬁ"zn’mws



—
:
13 2 Ve
o =
'N 7 W -l-
5K > e \ N
A A /V__' -
§ 5K TLO72 To ICL71089 input
. + Vo= -(1+2R4)
= BAPELRY Vo 1+ 250 G
& TLO72 —AAA—
& + 100K ok

¥

AN

A

o
* U1 14 1E1AI299T Instrument Amplifier

il Snrvene iy -(1+2R4)RF
i RS R1

= (1+2(100K)(100K) Vxy
Rvary 100k
Jureu1sotSuat gain voees I8 TnomsiSudt Rvary
1nfauiles 11912993 Low pass filter il fo &l
fe = I S
2>V ®iR2C1CY)
=50 Hz

o
e 18NN Low pass filter i sudnses Analog to digital 1M Tnseamii™d ap



e

R

4 4 v
1ed ICL7109 ¥Ry

.

19

- TGP VIEW
=) [v cro NS v* a0 -5v
—{2sTaTUS AEF N 29/ ExTERNAL
T=1320L REF CAP {3 Na
HIGH | | =18
{<40n REF CaP - I REFERENCE
oa;;%a ~—s812 EREC; N- 36 v .
ouTPuTs 41881 I M1 38 57T VAV INPUT HIGH
T= 7.- :;a méo ; T oo INPUT LOW
L COMMON 33 f—m————g G}
5 oo se L7109 INT 3’2——7-&—;,—&‘“-'—5#
. 5’ AZ 3=y !
towe T et SUF 33
OS<DER '—‘“‘ us REF OUT 231 Ret  20W10.2Y REF
BYTE 7} ~1 13 84 3 v p— 5Y 20041 2.0V REF
OUTPUTS } 1¢ 83 SEND 27— we REF-
15 82 RUN-ROLD 26—
16 81 SUF OSC QUT 25—
17 TEST 0SC SEL 26— GNO 24x2
avre s C3EN o0sc ouT 23| -
CONTROL = —{ 19 K 0SC in 22 ——— 35795 Mz
MPUTS -}m CELLOAD WOOE 71— 1 Ll 1verrsta

Py
U7 3.3 §UuAAI99T Analog To Digital Converter

037129



20

U 4
myRaulisunsumugmninnvedlulmneuiniiced
el iwdenmnudhlvssvessuoninhanves Tusunsusail
myhauduondusundy Widunds 30n waz 31 Tushumismizsaned wdan
Futimadenideyasylusrenuilduuiide Wiwlumsdouhbunsuanquideh
myufenyvesdeyaiaisudiualnfayalremanysdumishuseguduud i
uinz It s omed  Tunssuunsitimamifulundou Thsunuedaeudedy
FowAeanuie g insutisdwangiiu Tsunsudssuas 18 ounsuuua Tiudilgm

at T 4 A a o d - - d vl a N Y 1
8 ﬂﬂQ'NﬂﬂUﬂﬂlﬂJ'N\l0uﬂ'ﬂlﬂﬁﬁ'ﬂuﬂﬂﬂﬂ'lﬂ'dUﬂﬁuu%’ !ﬂ’hﬂ'ﬂl"UU'NT'ﬂﬂlﬂiuﬂﬂﬂ'Uuiﬂ



o owm o W

21 ‘

Sufnen weinc
Mldifuldy som
une 314

“ Joyaiisnnnnh
wonngudsyn
‘ ' 256 ‘

H1 = 100-199 0-99 H2 = 200-256
! ’ ]
R7 =1 ' R7=2
v
COL

mianlszdhmantunnznanuie

;

17 A8 160
manlsedmdndu .

ﬂm'ﬂ'lﬁfu'lu R6

nsvg doynoglusn SPEDIV
74_.71_.76_ msusuRimaitedle

auanuianmaly

Tusgnsu
mmdsedmanmin
slaomsdw 16
thani ia ity
RS
muadszdvhund muanlsedumi muandseddumd
aneisudiuonisg 1 aneiloudumisi 2 anrilsuduonied 3
Tnomsdas 160 Tasnisda 160 Tasmisdam 160
Wwufiulu R3 wheufiulu R2 heufiulu R1
uasamudoyn *
du ye ¢
7145u

» »
;ﬂﬂ 41 umasmamhauveslilsunsumshauveundosdahmindiannseiind



----DISPLAY PART

renmaaseeeen————

...............

ORG  0000H
PORTA EQU  0000H ;LCD DATA (PAO-PAT)
PORTB EQU  0001H ;LCD CONTROL (PBO-PB7)
PORTC EQU  0002H LCD CONTROL (PCO-PC7)
PORTP BEQU  0003H ;8255 CONTROL PORT
- ssxsarasap (AN *FosaTS erxsanve
BEGIN: LCALL SET8255I
MOV . DPTR#PORTC POINT TO PORT C
MOVX A@DPTR MOV THE UPPER 8 BITTO A
MOV  30H,A MOV THE UPPER 8 BIT TO 30H
MOV DPTR#PORTB ;POINT TO PORT B
MOVX A,@DPTR MOV THE LOWER 4 BIT TO A
MOV  31HA MOV THE LOWER 4 BIT TO 31H
JB ACC3,0VER ;THE DATA IS OVER RANGE
MOV  A30H
LCALL SELLECT
LCALL SET82550
LCALL SHOW
LUMP BEGIN
SET825S: MOV  DPTR#PORTP ;SET 8255 CONTROL PORT

MOV A#BEH



TR e owow

MOVX @DPTR,A

MOV PSW #17TH

MOV R2#2 . FIRST DELAY
LCALL  DELAY

SET82550: MOV DPTR,#PORTP ;SET 8255 CONTROL PORT
MOV  A#80H
MOVX  @DPTRA
MOV~ PSW#1TH
MOV R2#2 .FIRST DELAY
LCALL  DELAY
RET
OVER: LCALL SET82550
MOV R7#4FH ;'O
MOV  R6#56H ;'V'
MOV  RS#4SH ;B
MOV R4#52H ;R
MOV  R3#41H ;A
MOV R2#4EH ;N
MOV RL#MTH ;G
MOV  ROM#SH ;'E
LCALL OVERSHOW
LIMP BEGIN
saunsxsesarseaxsasnrsss] CD SHOW FOR OVERANE DATA*+sswesans
OVERSHOW: MOV  A#00111000B ;FUNCTION SET
LCALL LCDWI
MOV A,#00001110B ;DISPLAY ONJ/OFF
LCALL LCDWI
MOV A#0IH  ;CLEAR
LCALL LCDWI



MOV Ai80H ;SET DRAM ADDRESS
LCALL LCDWI

MOV AR7
LCALL LCDWD
MOV ARG

LCALL LCDWD
MOV  ARS
LCALL LCDWD
MOV  AR4
LCALL LCDWD
MOV  AR3
LCALL LCDWD
MOV  AR2
LCALL LCDWD
MOV ARl
LCALL LCDWD
_MOV  ARO
LCALL LCDWD

¥ T * **3 CD SHOW THE DATA ***®***
SHOW: MOV’ A#00111000B ;FUNCTION SET
LCALL LCDWI
MOV  A#00001110B ;DISPLAY ON/OFF
LCALL LCDWI.
MOV  A#OIH - ;CLBAR
LCALL LCDWI
MOV  A#80H ;SET DRAM ADDRESS
LCALL LCDWI
MOV  A#ICH ;SHIFT DATA



——

LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL

MOV

LCALL

MOV

LCALL
MOV

LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV

LCDWI
AR7
SETUPPER -
LCDWD
AR6
SETUPPER
LCDWD
ARS
SETUPPER
LCDWD-
A #2BH
LCDWD
A,R3
SETUPPER
LCDWD
AR2
SETUPPER
LCDWD
ARl
SETUPPER
LCDWD
A #OCOH
LCDWI
A#14H
LCDWI
A#000011008B
LCDWI
~A,#4TH
LCDWD
A#T2H

;SET DRAM ADDRESS GROUP 2

;SHIFT CURCEL

;DISPLAY ON/OFF

;SET UNIT TO GRUM (G)

;SET UNIT TO GRUM (1)



oy
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LCALL LCDWD

MOV  A#61H ;SET UNIT TO GRUM (u)
LCALL LCDWD

MOV  A#6DH ;SET UNIT TO GRUM (m)
LCALL LCDWD

MOV  A#T3H

LCALL LCDWD

RET

;:a::::s,&:tta:::::t:tt:aSB’r UPPER OF RN TO 3

SETUPPER: CLR ACC7

CLR ACCS6
SETB ACCS
SETB ACC4
RET

;tttttttltttt'l"llt*t'lsmcr GROUP OF DATAI‘&*S#!

SELLECT:

Al

MOV  RT7#00H ;CLEAR REGISTER FOR NO HAVE Hl1,H2
ACC.TAl
ACC6,A2
COL :SECCON GROUP(CAN DEVIDE BY 8 BIT
ACC.6,H1 ;THE VALUE OF THE COLLUM IS ONE
ACCSH2 ;THE VALUE OF THE COLLUM IS TWO
ACC4,H2
ACC3H2
H1
ACC.5,COL
ACC4H1
- ACC3,H1 -

aaaaéaaaggaa

ACC.2,H1
SIMP COL

-



HI1: MOV
LIMP
H2: MOV
LIMP

27

R7,#01H
G11
R7,#02H
G12

;#8!8#*8&‘#3#*#3*'*8ttttGROUP ONE WmCI-I CAN NOT DEVIDB BY 8 Brrlt

G1lL: MOV
SUBB
MOV

Gi2: MOV
SUBB
MOV
SIMP

A,30H

A#64H ;DEVIDE 12 BIT BY 640H
30H,A

COL

A,30H

A#0CBH

30HA

COL

;3*!“3'##33’8‘**##"“*@ THE VALUE OF coLtt**tltttttlt

COL: MOV
MOV
MOV

- CcoL23: MOV

DIV
ADD
RL
MOV
MOV

MOV

MOV

DINZ
MOV

R6,#00H

RO#04H

A30H

B,#0A0H :THE DEVIDER (160)
AB

ARG ;THE DATA OF TENCOL
A

R6,A ;THE DATA OF

A31H ‘MOV THE LOWER 4 BIT TOO A
c
A ‘ROTATE FOR PUTMSB TO CARRY
31H,A :FEEDBACK AFTER ROTATE

AB :THE NUMERATER TO A

A ‘ROTATE 4 BIT TO8 BIT
RO,COL23

B,#0ACH ;THE DEVIDER (160)



NORMAL:

c -

ADD
MOV
MOV
MOV
DIV

MOV

SPEDIV

ARG
R6,A
AB
B,#10H
AB
R5,A

;FOR DATA 74_H 75_H 76_H

'THE DATA OF' CONTROL
;THE DATA OF CONTROL
;MOV UNIT DATA TO A
;THE DEVIDER (16)

;MOV THE UNIT DATA TO RS

. Lt 23 * x
’38813‘3383#'81181 x5 "*FAO’ING POIN'I‘ REREFERXXELXREERREE

;838'8'#88888#.3'3‘33833 SPECIAL ROU'I'IN'E FOR 'I’I.IREE DATAS::***&#

SPEDIV:

MoV
MOV
MUL
MOV
DIV

MOV
MOV
MOV

MOV
DIV

MOV
MOV
MOV

MOV
DIV
MoV
RET

AB
B,#0AH
AB
B.#10H
AB
R3A
AB
B,#0AH

B,#10H
AB
R2A
AB
B,#0AH
AB
B,#10H
AB
R1,A

RRC A

MOV FAOTTO A

;MOV 10 TO B (DEVIDER) ‘
;MULTIPLY BY 10

;FOR FIRST FAOT

;FOR FIRST FRAOT

;FOR DATA 1ST FAQGT
;THE SECON FAOT

;THE SECCON FAOT

MOV DATA TO R2(2ST)FAOT
3RD FAOT
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RRC A
RRC A
RRC A
MOV  B,#0AH ;MOV THE DEVIDER TO A

SUBB AB ;SSAME AS DEVIDE BY 0A

RLC A ;ROTATE BACK THE DATA FOUR TIME
RLC

RLC

RLC

MOV BA ;MOV MOV THE NUMERATOR TO B

MOV  A#01H 'SET THE RESULT TO A
LIMP NORMAL

5 8!3:883**3&'8*#8&8‘33'3DELAY SIJB FATXXXBREXEETEREXRE

; DELAY SUBROUTINE
; IN = R2
; REG = R2,R3,R4

DELAY: MOV  R3,#0
DELAY1: MOV R4,#0
DINZ R4$

DINZ R3,DELAY1
DINZ R2,DELAY
MOV  PSW#07TH
RET

. =xx} FEXERAXREEXRARERERREXRTESX
; xasanas LCDWI

; LCD WRITE INTRUCTION (RS=0)
sIN = A



- —

—

: REG = A,DPTR

LCDWI:

LCDWI1:

MOV DPTR#PORTA
MOVX @DPTRA
MOV DPTR#PORTB
MOVX A@DPIR
CLR ACC.O
CLR ACC.1
CLR ACC.2
MOVX @DPTRA
SETB ACC.2
MOVX @DPTR,A
CLR ACC.2
MOVX @DPTRA
MOV AHRO

DEC A
INZ LCDWIl
RET

.
¥

.
¥

30

DATA TO PORTA

;ENABLE=0

;DELAY

. BEK EEEEBRERETREERE t % J BEXEXEE
; EREREEREEE LCDWD BEEEDR *

; LCD WRITE DATA (RS=1)

cIN = A

; RBG = ADPTR

LCDWD:

MOV  DPTR#PORTA

MOVX @DPTR,A

MOV  DPTR#PORTB

MOVX A,@DPTR

;PORTB READ MODIFY WRITE

;DATA TO PORTA

PORTB READ MODIFY WRITE

SETB ACC.0
CLR ACC1

;RS=1
;R/W=0



s 7T TR meEem

MOVX
SETB
MOVX
CLR
MOVX
MOV

LCDWD1: DEC

INZ
RET
END

ACC2
@DPTRA
ACC2
@DPTR,A
ACC2
@DPTR,A

A#0

A

LCDWD1

31

;ENABLE=0

- ;ENABLE=1

;ENABLE=0
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INTEERSIL 12 Bit

ICL7109
Binary A/D Converter for

Microprocessor interfaces

FEATURES

12 bit binary (plus polarity and overrange) dual
slope integrating analog-to-digital converter.
Byle-organized TTL-compatible three-slate outputs
and UART handshake mode for simple paralle! or
serial interfacing to microprocessor systems.
RUN/HOLD input and STATUS output can be used
to monitor and control conversion liming.

True differential input and ditferential reference.
Low noise-lypically 15,V peak-to-peak.

1pA typical input current.

Operates st up to 30 conversions per second.-
On-chip osciliator cperates with inexpensive
3.58kHe TV crysias niving 7.5 conversions per
second for 60Hz rejection, or may be operated as an
RC oscillator for other clock frequencies.
Fabricated using' MAX-CMOS™ technology
combining anslog and digital functions on a single
low pawer LS| CMOS chip.

Alt inputs fully protected against slatic Yischarge;
no special handling precautions necessary.

GENERAL DESCRIPTION

The ICL7102 is a hugh performance. low power integrating
A. D converter designed to easily interface 1o microproces-
sors.

The output data 112 bits, polanty and overrange! may be
directly accessed under control of two byte enable inputs
and a chip select inpul for a simple parallel bus interface A
UART handshake mode is provided which allows the
ICL7109 to work with industry-standard UARTS to provide
serial data transmission, ideal for remote data logging
applications. The RUN/AOLD input and STATUS cutput
allow monitoring and control of conversion timing,

The ICL7109 provides the user the high acautszy, low noise,
iow deft, versatinty and FCunumy Ot ihe dual-slope inte-
grating A/D converter. Features like true differentia! input
and reference, zero crift of less than 1uVi°C max,, input bias
current of 1CpA max. and typical power consumption of
20mW make the ICL71GS an atticclive per-chznnel
alternative to anziog multiplex:ng for many cata acquisition
apphcatior)s.

Note: A MIL-STD (833 processing) version of the ICL7109 v i be
available July 1979,

PIN CONFIGURATION AND TEST CIRCUIT:

*Se2 Figure 1 for typical connection tc a3 UART or Mictocomputer

1
TOP vigw ]
GND 1 GND ~ v° 40 -5V 0 T
— 2 STATUS REF IN 29 020 13
wign [=13POL REF CAP 38—=y ¢ EXTERNAL *
OROER | =14 OR REF CAP - 37}—T REFERENCE i
brre 17 ::1‘;‘ - ML I'NPUT Gh e o
M 1 IN R1 35 HIGH . 040 (1 3705 TYP
ouTPUTS #7810 IN L0 2ef—ed1uE INPUT LOW il wacan #4084 13 4350
L8 B9 COMMON 33 GNO [ PE— VN S S
s o j 1 15uF ARRRRIIFT0T S b 8 IR
988 ICL7109 INT 32 f— e =0} ety R I ok P
;‘{—1087 AZ 31— bieriieilibageril, e T e
tow ¥ _di18s BUF 3¢ --“”""‘—W\«j - - THuse BN — e
osper ' {1285 REF OUT 29 Rn1 20k 0.2V REF ere £r g asn ) 2::’
ByTe 1 13 84 v 28— sV 200k(: 2.0V REF i G239 46 5080
outpurs | Jices SEND 27}— W REF- e P
—{15 B2 RUN'HOLD 2€ |—
{16 81 BUF OSC QUT 25— A~V
—17 1eST OSC SEL 24— GNO 2qkt
BYTE =118 [BEN OSC OUT 23 . .
CONTROL ~ —-{1$ HEEN 0SC IN 22}—-y D 3.5795 MH: 40 Pin Ceramic Dual-in-Line Package
INPUTS | =120 CE7COAD MODE 21 }— L_'r' TV CRYSTAL

PACKAGE DIMENSIONS

40 Pin Plastic Dual-in-Line Package..

10aCint s

4026 ¢31308)
| S
)
Dhec (N
L1

+

ORDERING INFORMATION

§ LRI NTRE 2 5) -
gose1.an Maa PO teson ::f:";
ve, -~ | €o8Citize St s,

- YT I [} il !
e e ]
SR I L

0033 DO CE'r COCT £ ORI

Part Package Temp. Range Order Part =
7109 40 pin ceramic DIP 25 Cto -85¢C ICL71091DL
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iCL7109 ' : INTERSIL
ABSOLUTE MAXIMUM RATINGS

Positive Supply Voltage (GNDtOV™) ... ..o iiiiiiiin ci i -6.2v
Negative Supply Voltage tGNDIOV™i ...t -9v
Analog Input Voltage(Loor HitINOte 1} ... i e, VitoV’™
Reference InputVoitagefLoorHittNote 1t ... ... .. ..., ..ot VitoVv’
Digital input Voltage V' +0.3V
(Pins 2-27M Note 2] " TTIIII T GND-0.3V
Power Dissipation (Note 3)

CeramiccorCerdipPackage ....coov vttt W@8s5°C

PlastiCPaCKAge ..ivvrnn vttt it i ees 500mW@70°C
Operating Temperature

CeramicorCerdipPackage .........cooiiiiiiiiiiiiieenens. 25°C < Ta . 85°C

PlasticPackage .......ocoiuiiiiiiiiiiiiii i 0°C=zTa-. 70°C
Storage Temperature .......oooeiiiiiiiiiireinieareneenenees 55°C: Ta<125°C
Lead Temperaturesoldering,808eC! ... ... viuiiiiiiiiiiiii ... 300°C

Absolute maximum ratings define stress hmitatons which if exceedec may permanently damage the device. These ratings are not continuous
duty ratings. For continuous operation these devices must be operatec under the congitions dehined under "Opsrat.ng Chiaractenstics.”

TABLE | OPERATING CHAhACTERlSTICS
All parameters with V'= -5V, V 5V GND 0V Ta 25 C. unless otherwise indicated.
Test circuit as shownon page 1. o3

223

ANALOG SECTION

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Zero Input Reading Tvin = 0.0V . Octal
Full scale = 408.6mV 00008 =0000s +0000s | Reading
Ratiometric Reading Vin = VREF 37778 37778 4000g Cctal
VRerF = 204 8mV 40003 Reading
Non-Linearity tMax
deviation trom best Fuyll scale = 409.6mV or -1 *2 1 Counts
straight line fit) 4.006V
Roli-over Error (dif- k ;
ference in reading -1 +2 -1 Counts

for equal pos. and neg.
inputs near full scale.

Common Mode Rejection Vem = 1V Viy = 0V ' 50 KVIV
Ratio Full Scale = 408 6mV
Noise ip-p value not Vin = OV 15 oV
exceeded 95% of times Full Scale = 409.6mV
Leakage Current at
Input Vin =0V 1 10 pPA
Zero Reading Drift Vin = OV 0.2 1 uV/I°C
Scale Factor Temperature Vin = 408.9mV => 7770s
Coefficient reading
Ext. Ref. 0 ppm/°C 1. 5 ppm/°C
Supply Current V- to lov -
GND Vin = 0, Crystal Osc. 700 1500 uA
S v Curr V- 1o V- | 3.58MHz test circuit © . e
upply Current V= 10 oA Pins 2-21, 25, 26. 27, 29, open N .
‘ 700 1500 pA |
Ref Out Voitage Referred to V-, 25k ; ;
between V* and REF OUT -2.4 -2.8 -3.2 \
Ret Out Temp. Coefficient 25k{) between V- and REF OUT 80 ppm/°C
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ICL7109
DIGITAL SECTION

| INTERSIL

PARAMETER ‘SYMBOL CONDITIONS MIN TYP MAX UNITS

Output High Voltage VoH lout = 100pA 3.5 4.3 v

Pins 2-16, 18. 19, 20
Output Low Voltage VoL lout = 1.6mA 0.4 v
Output Leakage Current Pins 3-16 high impedance +.01 =1 uA
Contro! 1/0 Pullup Pins 18, 19, 20 Vour = V* -3V R
Current MODE input at GND 5 uA
Control I/0 Loading HBEN Pin 19 LBEN Pin 18 50 pF
Input High Voltage ViH Pins 18-21, 26, 27

referred to GND 2.5 v
Input Low Voltage ViL Pins 18-21, 26, 27

referred to GND 1 v
fnput Pull-up Current Pins 26, 27 Voyt = V* -3V . 5 sA
Input Pull-up Current Pins 17, 24 Vout = V* -3V 25 uA
Input Puli-down Current - Pin21 Vour GND +3V 5 bA
Oscillator Output High OoH Vourt = 2.5V L mA
Cuirent Low Oou Voyrt = 2 5V 1.5 ma.
Buffered Oscillator High BOoH Vourt = 2.5V 2 mA
Qutput Current Low BOoL Vour = 2.5V 5 mA
MODE Input Puise Width 50 ns

Note 1:

input voltages may exceed the suppl
Note 2. Due to the SCR structure inherentin t
greater than V' or less than G
not on the same power supply

ND may caus

supply to the ICL7109 be activated first.
Note 3: This limit refers to that of the package and will not be obtamned durning normai operation.

y voitages provided the inputl current 15 imited to = 100pA
he process used to fabncate these devices, connecting any digital inputs or outputs o voltages
rk;c!estruc!ive device tatchup. For this reason itis recommended that noinputs from sources
be apphed to'the 1CL7109 belore s power supply 15 established, and that in muitiple supply systems the

v’ a0
1 GND REF IN 39
25 BUF OSC OUT  REF CAP 38
2 STATUS REF CAP - 37
REF IN - 36
18 HBEN IN HI 35
INLO 34
3.8 COM 33
B9-B12.POL.OR INT 32
9.6 - AZ 3
81-88 BUF 30
17 TEST REF OUT 29
18 [(BEN v 28
21 MODE RUN/HOLD 26
20 EELOAD OSC SEL 2¢
27 SEND oSscouT 23
OSC IN 22

— -5V

—0 = —~ = GND

EXTERNAL
R

[
[ == WF EFERENCE

MLy
=AM

—= .
__:W_‘
WTge. 156 F

;—c.——‘l

|- sV
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o
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!

Ryt 20k1: 0.2V REF
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CMOS A'D CONVERTER

L5

w0y REFIN 33
1 GNO REF CAP 38
17 TEST REF CAP « 37
REF IN - 36

INH1 3§

INLO 34

com 33

INT 32

_ AZ 1

26 RUN/RBLD BUF 30
2 STATUS REF OUT 29
18 LBEN v 28
19 RBEN SEND 27
3.8 BUF OSC OUT 25
B9-812,POL.OR OSC SEL 24
9.16 0SC OUT 23
p1-88 OSC IN 22
20 CE/LOAD MODE 21

-5V 1 vce TRC 40} GND —
—E 2 OSC CONTROL OSC IN 17
GND 3 GND EPE 39 -5V —
.5V~ & RRD cLs1 38 ?
CcLS237 —
— agéu $8S 36
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d1aee CRL 34 |— j
—|14 FE 26-33
—1s oF TBR1-8 8 !
sv—— 16 SFD TRE 24 |~ =
DRR 18
|20 RRI CR 19
SERIAL TBAL 23
INPUY YBRE 22 }— e e e~ o of
25 TRO MR 21 {— GND
SERIAL
OUTPUT FOR LOWEST POWER CONSUMPTION,
iM6403 TER1.TBAS INPUTS SHOULD HAVE 100u1}
CMOS UART PULLUP RESISTORS TO SV
Figure 1A. To transmit latest result, send any word to UART.
2 3 -5V —
XTALY XTAL2 GND —
-5V 110 —
& RESEY 21-24
s S8S 35-38 15
€ iNT P20-P27 OTHER
vo
334
GND —{7 EA, 8
= P1L-PYT "f_r‘,'
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—J11 ALE P12 23
.5v —125 PROG P11 28
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REFERENCE
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Citge 15F
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|— GND

o

3.5 MH2
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Figure 1B, Typical Connection Diagram Parailel tnterface With 8748/8048 Microcomputer
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|cL7109
TABLE 2 - Pin Assignment and Function Description )
PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION
. GND Dy ta! Greund, OV Ground retun for alt 21 MODE input Low - Drect output niode where
c:gial logic ' CE.LOAD 'Pin 20, HBEN Pin 19: and
T TSTATUS Output - High duningintegrate and dente- {BEN 'Pin 18 act as inputs ducctly
¢rate unti gata s latched. controling byte outputs.
. Lov. when analog section 1s in Auto-Zero input Pulsed High - Causes immediate
cenfiguration entiy into handshake mode ana output ot
T EOL Folanty. Thiee-Staie Output data as in Figute 9.
T |OR Over-tange. Thiee-State Output Input High - Enables CE LOAD "Pin 20,
512 B2 [*Most Significant Bil! HBEN 'Pin 19" and [BEN -Pin 18: & out-
; a1 BTy puts. handshake n:oae wnl_be entered anc
_ data output as in Figures 7 and B at con-
©_ 8w Bi10 version completion
I EE Bit 9 22 |OSCIN Osciliator input
¢ |88 Bud 23 |OSC OUT Oscillator Output
o |87 Bu7 22 |OSC SEL Oscillator Select - input hugh contigures
s iB6 Bit6 |Data Bits. Thiee-State Cuiput OSC IN OSC OUT BUF OSC OuT as RC
B B85 Bit S oscillator - ciock wili be same phase and
-3 B4 Bit 4 duty cycle as BUF OSC QUT
B B3 Bit 3 - Input tow configures OSC IN CSC QUT
Eit 2 - tor crystal osciliator - clock trequency wilt
Bit 1 | Least Significant Bits o S, .| be 1 58 of requency at BUF OSC OUT
Trpoi High - Noimal Operation 20 TEOF GSE GuT Butivrea Osciliater Quepat
Input Low - Forces alt bit outputs high 26 |RUN HOLD Input High - Conversions continuously
Note. This input s used for test purposes pertormed avery 8192 clock putses
only. input Low - Conver$1ion 1IN progress Lom-
2 LBEN Low By te Enable - With Mede Pin 2 low pleted. converter vl stop in Aute-2e10 7
anc CE LOAD Pin 20 low. taking this pin counts belore mntegiate.
icw activates low order byle outputs 81-B8 27 |SEND, Input - Used in hangshake mode tomdicate
<, ability of an externai device 10 accep! data
-\vith Mode (Pin 21 highsthis pin seives as 28 v Anaiog Negative Supply - Nominally 5V
a low byte Hag outp_ul used in hanasnake with respect 1o GND P 1s
mode See Figures 7. 8. 9, 29 |REF QUT Reference Voltage Output - Nominany 2 8V
-3 |HBEN ¢ High Byle Enable - With Mode *Pin 21 low. down from V™ +Pin 20
and CE-LOAD 'Pin 20" low. taku.g this p;n 33 |BUFFER Butler Amphiier Ol
g’rz.a;g\ffeos;'gh order byte outputs BS- 31 AUTO-ZERO Auto-Zero Node - insme toil of Caz
2 INTEGRATOR [ intégrator Output - Guimee 104 of Cwit
- wWith Mode ‘Pin 21  high. this pin serves as 33 [COMMON Anatog Common - Svetem s Auto-Zeroed 4
a hugh byte tlag outpui usec 1 hanashake to COMMON
riode. See Figures 7. 8. 9. 3¢ | InPUT LO Differental Input Low Sia
23 |[Ce LOAD Chup Enable Load - With Mode tPin 21 fow. 35 JINPUT HI Dulterential Input Hion Side
CE LOAD setves as a master output enabie 36 |REFIN Differential Reterence Input Fasiive
Wiien igh, B1-B12. POL. OR outputs are 3 |REF CAP Relerence Capaciior Positive
disabled. 38 |REF CAP Relerence Capacilor Negative
S Mo iR 21 high, thas Din S8V PS &S 32 REF IR Diftersnust Relerenca input Negalne
8 ioad stzooe used in handshake mode ar |V Postive Supply Vottage - Nominaity -5V
Seg Figures 7. 8. 9. vath respect 1o GND Pin 1o

DETAILED DESCRIPTION

Analog Section

Figure 2 shows the equivalent circuit of the Analog Section
of the ICL7109. When the RUN/FADLD input is left open of
connected to V*, the circut will perform conversions atarate
datermined by the clock frequency (8192 clock periods per
cycie!: Each measurement cycle is divided into three phases
as shown in Figure 3. They are (1} Auto-Zero (tAZ), (2) Signal
integrate tiNT} and (3 Deintegrate (DE).

(‘x) Auto-Zero Phase

Dunng auto-zero three things happen. First, input high
and low are disconnected from their pins and internally
shoried to analog common. Second, the retzient.s «=-
pacitor is charged to the reference voltage, Third, a leea-
back loop is closed around the system to charge the auto-

L) rd 1
zero capacitor Caz to compensate for offset voltages in
the buifer amphfier, integrator, and comparator. Since
the comparator is included in the loop. the AZ accuracy is
limited only by the noise of the system. in any case, the
offset referred to the input is less than 10uV.

2. Signal Integrate Phase

Durning signal integrate the auto-zero loop is opened, the
internal short is removed and the internai inpui highand
low are connected to the external pins. The converter
then integrates the differential voltage between input
fioh and input low for & fixed time of 2048 ciock periods.
At the end of this phase, the polarity of the integrated
signal is determined. -
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Figure 2: Analog Section
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BE IN AUTOZERO

CONFIGURATION

Figure 3: Conversion Timing

3. Deintegrate Phase

The tinal phase 1s deintegrate, or reterence integrate.
Input low is internally connected to analog common and
input high is connected across the previously charged
tduring aulo-zero) reference capacitor. Circuitry within
the chip ensures that the capacitor will be connected with
the correct polarity to cause the integrator output to
return to the zero crossing testabhished in Auto Zero) with
a fixed slope. Thus the time for the output to returr. to zero
irepresented by the number of clock periods counted) is
proportional to the input signal.

Differential Input

The input can accept differential voltages anywhere within
the common mode range of the input amplifier; or
specifically trom 0.5 volts below the positive supply to 1.0
voit above the negative supply. In thisrange the system has a
CMRR of 86dB typical. However, since the integrator also
swings with the common mode vollage, care must bé
exercised to assure the integrator output doss not saturate.
A worst case concition would be a large positive common
mode voltage with a near full-scaie negative differential input
voltage. The negative inpul signal drives the integrator
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sitive when most of its ewing has been used up by the
posmve common mode voltage. For these cnitical apphca-
tions the ntegrator swing can be reduced to less than the
reccmmended 4V full scale with some loss of accuracy. The
integrator output can swing within 0.3 volts of either supply
without loss of lineanty.

The ICL7108 has, however, been optimizeo for operation
with analog common near digital ground. With power
supplies of 45V and -5V, this allows a 4V full scale integrator
swing positive or negalive maximizing the performance of
the analog section.

Differential Reference

The reference voltage can be generated anywhere within the
power supply vollage of the converter. The main source of
common mode error is 3 roli-over voltage caused by the
reference capacitor losing or gaining charge to stray
capacity on its nodes. If there is a large common mode
voltage, the reference capacitor can gain charge tincrease
voltzge) when calied up to deintegrate a positive sighi ! b
lose charge (decrease voltage! when called up to deintegrate
a negative input signal. This difference in reference for (41 or
=) input voltage will give a roll-over error. However, by
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selecting the reference capacior large enough in
compansonlothest'raycapacitance.thiserrorcanbeheldto
~ce than 0.5 count for the worst case conditton ‘see
Companent Values Selection below:.

The roll-over error from these sources 1S mimimized by
naving the reference common mode voltage near or al
analog common.

Component Value Selection

For optimum performance of the analog section, care must
e taken in the selection of values for the integrator capacitor
and resisior, auto-zero capacitor, reference voltage, and
conversion rate. These values must be chosen to suit the
particular application.

The most important consideration is that the integrator
outpul swing dor full-scale input! be as large as possible. For
example. with *5V supplies and COMMON connected to
GND. the nominal integrator output swing atfull scaleis 24V.
Since the integrator output can go to 0.3V from either supply
without significantly affecting linearity. a 4V integrator
outoutl sw.ng allows 0.7V for variations in output swing due
to component value ans osciiiator tolerances. With =5V
supplies and a common mode range of =1V required, the
component values should be selected to provide 23V
integrator output swing. Noise and rollover errors will be
slightty worse than in the =4V case. For larger common mode
voltage ranges, the integrator output swing must be reduced
furiher. This will increase both noise ard sollover errors. To
improve the performance, supplies of ~BY may be used.

1. Integrating Resistof -
Both the buffer amplifier and the integrator have a class A
output stage with 100uA of quiescent cuntent. They sup-
ply 20uA of drive current with negligible non-linearity.
The integrating resistor should be large enough 10 remain
in this very linear region over the input voltage range, but
small enough that undue leakage requirements are not
placed on the PC board. For 4.096 volt full scale, 200k(}is
rear optimum and similarly a 20k for a 409.6mV scale.
For other values of full scale voitage. RinT should be

. full scale voltage
chosen by the relation RiNT = [igraie vOICRE
20uA

. Integrating Capacitor
The integrating capacitor CinT should be selected to give
the maximum integrator output voltage swing without
saturating the integrator fapproximately 0.3 volt from
either supply). For the ICL7108 with =5 volt supplies and
analog common connected to GND,a=3.510 4 voltinte-
grator output swing is nominal. For 7-1/2 conversions per
second (61.72KHz clock frequency! as provided by the
crystal oscillator, nominal values for Cint and Caz are
0.154F and 0.33uF, respeclively. If different clock fre-
quencies are used, these values should be changed to
maintain the integrator output voltage swing. In general,

the value of CinT is given by
12048 x clock period! {20uA)

ny

CiNT =

integrator output vcitage swing

An additional requirement of the integrating capacitor is
that it have low dielectric absorption to prevent roll-over
errors. While other types of capacitors are adequate for
this application, polypropylene capacitors give undetec-
table errors at reasonable cost.

; INTERSIL

3. Auto-Zero Capacitor

The s1ze of the auto-zero capacitor has some infiuenceon
the noise of the system: a big capacitor. giving less noise
However. it cannot be increased without limits since it.1n
paralle!l with the integrating capacitor lorms an R-C time
constant that determines the speed of recovery irom over-
loads and more important the error that exists ai the end
of an auto-zero cycle. For 409 6mv fuil scale where noise
1s very important and the integraling resistor small, a
value of Caz twice CinT is optimum Similarly for 4.096V
full scale where recovery Is more important than noise. a
value of Caz equal 10 half of Cint is recommenaed.

For optimal rejection of stray pickup, the outer foitof Caz
should be connected to the R-C summing junction and
the mner foil to pin 31. Similarly the outer 10il of CinT
should be connected to pin 32 and the inner for ic the R-C
summing junction,

4. Reference Capacitor

A 1,F capacitor gives good results in most appi:cations.
Hovrever. where a large common mode voltage exists li.e.
the reference low is not at analog commen and a
409.6mV scale is used, a larger value is requirec to pre-
vent roli-over error. Generally 10uF will hold the roll-

over error to 0.5 count in this instance.

5 Reference Vollage

The analog input required 10 generate a full scaie output
of 4096 counts is Vin = 2Vrer. Thus for a normalized
scale.a reference 0! 2.048V should be usdfora £.096V{ull
scale. and 204.8mV should be used for a 0.4326V full
scale. However, in many applications where the A/D is
sensing the output of a transducer, there will existascale
factor other than unity between the abscluie output
voltage 10 be measured and a desired digital owiput. For
instance. in a weighing system, the designer mighttirete 4
have a full scale reading when the voltage from ns frans-
ducer 1s 0.682V. Instead of dividing the inpui down to
409.6mV. the input voltage should be measurea directly
and a reference vottage of 0.341V should be used. Suit-
able values for integrating resistor and capacitor are 34k
and 0.15¢F. This avoids a divider on the input Another
advantage of this system nccurs wnen a 2arc reading 1S
desired for non-zaro input. Temperdture anc weight
measurements with an offset or tare are examgles. The
offset may be introduced by connecting the vultage
output of the transducer between common and analog
high. and the offset voltage between common and analog
low. observing poiarities carefully. However. 1~ proces-
sor-based systems using the ICL7109, it may be more
efficient to perform this type of scaling or tare sudtraction
digitally using software.

. Reference Sources

The stability of the reference voltage is a major factor in
the overall absolute accuracy of the converter. The reso-
iution of the ICL7109 at 12 bits is cne part in 2088, or
244ppm. Thus if the reference has a temperzlure coel-
ficient of 80ppm/°C lonboard referencel a temperature
ditterence of 3°C will introduce a one-bit absolute error.
For this reason. it is recommended that an external high-
ot it refprence be used where the ambienttemperature
is rot controlled or where high-accuracy zbsolute
measurements are being made.
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The ICL7109 provides a Reference Output tpin 29! which
may be used with a resistive divider to generate a suitable
reference voitage. This output will sink up to about 20mA
without significant variation in output voltage, and is
provided with a pullup bias device which sources about
10uA. The output voltage is nominally 2.8V below V™, and
has a temperature coefficient of z80ppm/¢C typ. When
using the onboard reference, Ref Out (Pin 29t should be
connected to Ref - (pin 39), and Ref+ shoul!d be ¢connec-
ted to the wiper of a precision potentiometer between
Ref Out and V™. The circuit for a 204.8mV reference is
shown in the test circuit. For a 2.048V reference. the fixed
resistor should be removed, and a 25k!} precision poten-
trometer between Ref Out and V” should be used.

DETAILED DESCRIPTION

Digital Section

The digital section includes the clock oscillator and scaling
circuit, 2 12-bit binary counter with output latches and TTL-
compatible three-state output drivers. polarity- over-range
and control logic, and UART handshake logic, as shown in
the Bleck Dizgram Figure 4.

Throughout this descriplfon. logic levels will be reterred to
as "low” or “high". The actual logic levels are defined in
Table 1 “Operating Characteristics”. For mmmum power
consumption, al! inputs should swing from GND towr 1o V'’
tigh). Inputs driven from TTL gates should have 3-5k{}
pullup resistors added for maximum noise immunity.

MODE Input @

The MODE input is used to control the output mode of the
converter. When the MODE pin is connected 1o GND or left
open tthis input is provided with a pulldown resistor to
ensure a low level when the pin is left openi, the converter is
in its "Direct” output mode, where the output data is directly
accessible under the contro! of the chip and byte enable

HIGH ORDER
BYTE OUTPUTS

TEST POL OR

INTERSIL

inputs. When the MODE input is pulsed high, the converter
enters the UART hancshake mode and outputs the data in
two bytes, then returns to “ditect” mode Wnen the MODE
input is left high, the converter will output data in the
handshake mode al the end of every conversion ¢ycle, :See
section entitled “"Handshake Mode"” for further details).

STATUS Output

During a conversion cycle, the STATUS output goes high at
the beginning of Signal !ntegrate (Phase I}, and goes low
one-hai! clock pertod alter new data from the conversion has
been stored in the output latches. See Figure 3 for details of
this tming This signal may be used as a "data valig” flag
'data never changes while STATUS is low' to drive interrupts,
or for monitoring the status of the converter.

RUN/HOLD !rput .

When the RUN/HOLD nput is connected to V” or left open
tthis input has a pullup resistor to ensure a high level when the
pin is left open.. the circuit will continuous!y perform conver-
sion cycies, updating the cutput latches at the end of every
Derntearate tPhase Il portion of *~e conversion cycie ‘See
Figure 3). In this mode of operation, the conversion cycle will
be performed in 8192 clock periods, regardless of the
resulting value.

It the RUN/HOLD input goes low fand stays theres during
Integrate tPhase D or Deintegrate (Phase 1D before the zero
crossing is detected, the converter will complete the
conversion in progress, update the output latches, and then
terminate Phase Ill. jumping 1o Auto-Zero 1Phase . If
RUN/FOLD stays low. the converter will ensure a minimum
Auto-Zero time, and wait in Auto-Zero until the RUN/ACLD
input goes high. The converter will bzgin the Integrate
IPhase 1D portion of the next conversion tand the STATUS
output will go high! seven clock periods after the high levelis
detected at RUN/HOLD. See Figure 5 for details.

LOW ORDER
""*avrs oUTPuTs——"i
1211 10 9'8 6 5 4

--------- RS CALLGGELLC

14 THREE-STATE QUTPUTS

B-OiEEN
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. COMP OUT —]
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Figure 4: Digitai Section

4-26




INTERSIL
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Figure 5: Run/Hold Operation

Using the RUN/ROLD input in this manner allows an easy
~convert on demand"” interface to be used.The converter may
be held at idle in auto-zero with RUN/BOLD low. When
RUN/HOLD goes high tiie conversion is started, and when
the STATUS output goes low the new data is valid (or trans-
ferred 10 the UART - see Handshake Mode). RUN/HOLD may
now go low terminating Deintegrate and ensuring a minimum
Auto-Zero time belore stopping to wait for the next conversion

1f RUN/HOLD goes low at any time during Deintegrate (Phase
1) after the zero crossing has occurred, the circuit will
immediately terminate Deintegrate and jump to Auto-Zero.
This feature can be used to “short-cyclie” the converter by
eliminating the time spent in Deintegrate after the zero
crossing. The required activity on the RUN/H5LD input can
be provided by connectingittothe Buffered Oscillator Output.
in this mode the conversion time is dependent on the input
value measured. Also refer to Intersil Appiication Bulletin
AG30 for a discussion of the effects this will have on Auto-
Zero performance.

If the RUN/AOLD input goes low and stays !ow during Auto-
Zero Phase 1), the converter will simply stop at the end of
Auto-Zero and wait for RUN/HOLD to go high. As above,
Integrate (Phase 1) begins seven clock periods after the high
level is detected. >

Direct Mode

When the MODE pin is left at a low level. the data outputs
tbits 1 through 8 low order byte, bits 9 through 12, polarity
and over-range high order bytel are accessible under control
of the byte and chip enable terminals as inputs. These three
inputs are all active low, and are provided with pullup
resistors to ensure an inactive high level when feft open.
When the chip enable input is low, taking a byte enable input
jow will allow the outputs of that byte to become active
(three-stated on). This allows a variety of parallel data
accessing' techniques to be used, as shown in the section
entitted “Interfacing.” The timing requirements for these
outputs are shown in Figure 6 and Table 3.

Table 3 - Direct Mode Timing Requirements

SYMBOL | DESCRIPTION MIN TYP MAX | UNITS

tagA Byte Enable Width 200 500 ns
Data Access Time

toas {from Byte Enable 150 300 ns
Data Hold Time X

toHs {from Byte Enable 150 300 ns

e~ Chip Enable Width} 300 500 ns

. Data Access Time

toac from Chip Enable 200 400 ns
Data Hold Time

tore from Chip Enable 200 400 ns
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Figure 6: Direct Mode Output Timing’
it should be ncted that these control wputs are

asynchronous with respect to the converter clock - the data
may be accessed atany time. Thus it is possible to access the
data while it is begin updated, which could lead to scrambled
data. Synchronizing the access of data with the conversion
cycle by monitoring the STATUS output will prevent this.
Data is never updated while STATUS is low.

Handshake Mode

The handshake output mode is provided as an alternative
means of interfacing the 1CL7109 to digital systems, where
the A/D converter becomes active in contrblling the flow of
data instead of passively responding to chip and byteenable
inputs. This mode is specifically designed to allow a direct
interface between the ICL7109 and industry-standard
UARTSs (such as the Intersil CMOS UARTS, IM6402/3' with no
external logic required. When triggered into the handshake
mode, the ICL7109 provides ail the control and fiag signals
necessary to sequence the two bytes of data into the UART
and initiate their transmission in serial form. This greatly
eases the task and reduces the cost of designing remote data
acquisition stations using serial data transmission to
minimize the number of lines to the central controlling
processor.

Entry into the handshake mode is controlled by the MODE
pin. When the MODE terminal is held high, the ICL7109 will
enter the handshake mode after new data has been stored in
the output latches at the end of vvery conversion performed
{See Figures 7 and 8). The MODE terminal may also be used
10 trigger entry into the handshake mode on demand. At any
time during the conversion cycle, the low to high transition of
a short pulse at the MODE input will cause immediate entry
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~10the handshake mode. If this pulse occurs while new data

s being stored, the entry into handshake mode is delayed
unnl the data is stable. While the converter is in the hand-
shake mode, the MODE input is ignored, and although
conversions will still be performed, data updating will be
shibited (See Figure 9) until the converter completes the
cutput cycle and ciears the handshake mode.

vhen the converter enters the handshake mode, or when the
+1ODE input is high, the chip and byte enable terminals
necome TTL-compatible outputs which provide the control
signals for the output cycle 1See Figures 7, 8, and 9).

in handshake mode, the SEND inputis used by the converter
as an indication of the ability of the receiving device (such as
a UART) to accept data.

Figure 7 shows the sequence of the output cycle with SEND
neld high. The handshake mode tinternal MODE high! is
entered after the data latch pulse (since MODE remains high
tne CE/LOAD, LBEN and HB BEN terminals are active as

outputs). The high level at the SEND input is sensed on the
same high to low internzl clock edge. On the nextlow to high
\nternal clock edge, the CE/LOAD and the HBEN outputs

assume a low level, and the high-order byte ibits 9 through
+2, POL, and OR!outputs are enabled. The CE/LOAD output
semains low fcr one full :nternal clock period only, the data
cutputs remain active for 1-1/2 internal clock.periods. and
ine high byte enable remains low fortwo clock periods. Thus
the CEJLOAD output low level or low tq high edge may be
used as a synchronizing signal to ensure ' valid data, and the

INTERNAL
cLocx

m

INTERNAL
LATEN

_r—l_(—l__r‘L

INTERSIL

byte enable as an output may be usecd as a byte identifi-
cation flag. With SEND remaining high the converter
completes the output cycle using CE/LOAD and LBEN while
the low order byte outputs tbits 1 through 8! are activated.
The handshake mode is terminated when both bytes are
sent.

Figure 8 shows an output sequence where the SEND inputis
used to delay portions of the sequence, or handshake to
ensure correct data transfer. This timing diagram shows the
relationships that occur using an industry-standarc
IM6402/3 CMOS UART lo interface to senal data channels.
In this interface, the SEND input 1o the ICL7109 is driven by
the TBRE (Transmitter Butfer Register Empty! output of the
UART. and the CE/LOAD terminal of the ICL7109 drives the
TBRL (Transmutter Butler Register Load: input to the UART .
The data outputs are paralleled into the eight Transmitter
Butfer Register inputs.

Assuming the UART Transmitter Butfer Register is empty.
the SEND input will be high when the handshake modsg is
entered alter new data is stored. The CE/LOAD and HBEN
terminals will go low after SEND 1s sensed, and the high
order byte outputs become active. When CE/LOAD goes
high at the end of one clock period, the high order byte data
is clocked into the UART Transmitter Butfer Register. The
UART TBRE output wit! ncw go low, which halts the output
cycle with the HBEN output low, and the high order byte
outputs active. When the UART has transferred the data to
the Transmitter Register and cleared the Transmitter Buffer
Register, the TBRE returns high. On the next iICL7109
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Figure 9: Handshake Triggered By Mode
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int’ernal clock high to low edge, the high order byte outputs
are disabled, and one-half interna! clock later. the HBEN
output returns high. At the same time, the CE/LOAD and

EN outputs go ltow. and the low order byte outputs
;eBcome ac?nve. Sgnm:larly, when the CE/LOAD returns high at
the end of one clock period. the low order data is clocked into
the UART Transmutter Butfer Register, and TBRE agamn goes
low. When TBRE returns to a high it wilt be sensed on the
riext ICL7109 internal clock high 1o low €dge, disabling the
data outputs. One-half internal clock later. the handshake
mode will be cleared, and the CE/LOAD., HBEN, and LBEN
lerminals return high and stay active tas long as MODE stays
highe.

With the MODE input remaining high as in these examples,
the converter will output the results of every conversion
except those completed during a handshake operation. By
tnggering the converter into handshake mode with a iow to
high edge on the MODE input, handshake Output sequences
may be performed on demand. Figure 9 shows a handshake
Oulput sequence triggered by such an edge. In addition, the
SEND nputs shown as being low when the converter enters
handshake mode. In this case, the winle ontput sequence is
controlied by the SEND input, and the sequence for the hirst
thigh order byte 1s similar to the sequence lor the second
byte. This diagram aiso shows the output sequence taking
longer than a conversion cycle. Note that the converter suit
makes conversions, with the STATUS output ang
RUN:HOLD nput functioning normally. The only difference
is that new data will not be latched wh_en inhandshake mode,
and 1s therefore losl. i

Oscillator

The ICL7109 is provided with a versatile three terminal
oscillator 10 generate the internal clock. The oscillator may
be overdriven, or may be operated as an RC or crystal
osciliator. The OSCILLATOR SELECT input changes the
internal configuration of the oscillator to optimize it for RC
or crystal operation.

When the OSCILLATOR SELECT input is high or left open
{the input is provided with a pullup resistor), the oscillator is
configured for RC operation, and the internal clock will be
of the same frequency and phase as the signal at the
BUFFERED OSCILLATOR OUTPUT. The resistor and
capacitor should be connected as in Figure 10. The circuit
will oscillate at a frequency given by f = 45/RC. A 100k}
resistor is recommended for useful ranges of frequency. For
optimum 60Hz line rejection, the capacitor value should be
chosen such that 2048 clock periods is ciose to an integral
multiple of the 60Hz period.

SEL

V' OR OPEN

A5/RC
Figure 10: RC Oscitlator

1osc

When the OSCILLATOR SELECT inputis low a feedback de-
vice and output and input capacitors are added 1o the
oscillator. In this configuration, as shown in Figure 11, the

- crLock
58
24
OsC josc BUFFERED
SEL osC
our

CRYSTAL

Figure 11: Crystal Oscillator
oscillator will operate with most crystals in the 1 to SMK
range with no external components. Taking the OSCILLATO:-
SELECT input low also inserts a fixed +58 divider circu:
between the BUFFERED OSCILLATOR OUTPUT and the:
internal clock. Using an inexpensive 3.58MHz TV crystal, thi-
division ratio provides an integration time given by:

58
T = 12048 clock periods: X (m) = 33.18ms

This ime 15 very close to two 63Hz penods or 33.33ms. Th
2i7.1 15 less than one percent. which will give better thars
400B 60Hz rejection. The converter wiil operate reliably ax
conversion rates of up 10 30 per Second. which correspond:a
fo a clock frequency of 245.8kHz. .
If at any time the oscillator is to be overdriven, the over-~
driving signal should be applied atthe OSCILLATOR INPUT.?
and the OSCILLATOR OUTPUT should be left open. The ri
internal clock will be of the same frequency, duty cycle, and;
Phase as the input signal when OSCILLATOR SELECT is left
open. When OSCILLATOR SELECT is at GND, the clock will:.;
be a factor of 58 below the input frequency. g

When using the ICL7108 with the IM6403 UART. itis possible 4.

the OSCILLATOR INPUT of the UART. saving the need fora e
second crystal. However, the BUFFERED OSCILLATOR %3
OUTPUT does not have a great deal of drive, and when driy- gi
ing more than one slave device, external buffering should be <
used. &
Test Input

When the TEST tnput 1s taken 1o a level haltway between v° =
and GND. the counter Sutput iatches are enabled, allowing
the counter contents to be examed anytime,

When the TEST input 1s connected to GND., the counter
outpuls are all forced into the high state, and the internal
clock is disabled. When the inputreturnsto the 1/2 (V" - GND)
voltage or to V' and one clock is input, the counter outputs
will all be clocked to the negative state. This allows easy
testing of the counter and its outputs.

INTERFACING

Direct Mode

Figure 12 shows some of the combinations of chip enable
and byte enable control signals which may be used when
interfacing the ICL7109 1o paraliei data lines. The CE/LOAD

[5ab © [mid| .. W0 &t

connected
together. In this conliguration, the CE/LOAD serves as a
chip enable, and the HBEN and LBEN may be connected to
GND or serve as a second chip enable. The 14 data outputs
will all be enabled simultaneousty. Figure 12C shows the
HBEN and [BEN as fiag inputs, and CEZ/LOAD as a master
enable, which could be the READ strobe available from most
microprocessors.
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Figure 12: Duect Mode Chip and Byte Enable Combinations

¢ ;ure 13shows anapproach tointerfacing several ICL7109s access the data. Thus application also shows the RUN/HOLD

.. & bus. ganging the HBEN and LBEN signals to several input being used to intiate conversions under software
~.erters together. and using the ‘CE/LOAD inputs control, .

Loerma ed from an address' 13 select the desired

:¢+maps decod ) A simitar interface to Motorola MCB800 or MOS Technelogy

erter MCS650X systems 1s shown in Figure 18, The high to low
3:me pracucal cwcuilts uthzing the parallel three-state transition of the STATUS output generates an interrupt via
.tput capabilities of the ICL7109 are shown in Figures 14 the Control Register B CB1 line. Note that CB2 controls the
+=-augh 19. Figure 14 shows a straightforward applicationto RUN.HOLD pin through Control Register B allowing

+ ¢ Intel MCS-48. -80 and -85 systems via an 8255PPl.where  <phiware-contiolied mitiation of conversions in this system
+-+ ICL7 109 data outputs are active at ail imes. The I, O ports also
- 21 §155 may be used in the same way. This interface can .
«~e the data latches are being updaléd will lead to A trpansie:s s thy :altag At dine mi o ::on rol the
s-rambled data. This will occur very rarely: in the proportion A A Geb?l weord d:fectly ”);me”':‘;:'g&?gges‘:OOt’r"z
- setup-sh mes to conversion time. One way {0 o\ ¥ AZRS ;
setup-shew b B l Y microprocessor data bus. Again, the high to low transition of

~.ercome this 1s o read the STATUS output as weil, andif it k
<o veas o i sgun e ooy of more han 12 % 1AL PR SIS % MR SR
congert lock d. I STATUS 1s now low, the secon , -
[onventer clock pEMO 5 = ) L : before, the RUN.HOLD tnput to the ICL7109 is shown as /]

--zging 15 correct. and if it is sull high, the first reading 1s gantel Jl R ol
-zriect Alternatively. this timing problem 1s completely 9 und i . S
1.2:0ed by using a read-atter-update sequence, as shown n The three-state output capability of the ICL7109 allows
¥ =ure 15. Here the high to low transition of the STATUS duect interfacing to most microprocessor busses. Examples
¢ otput drives an interrupt to the microprocessor causing it to of this are shown n the Typicai Connection Diagram on
CONVERTER CONVERTER CONVEATER
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| 1 1
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Figure 13: Three-stating Several 7109's 1o a Small Bus
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Page 3 and in Figures 18 and 19. It is necessary to carefully
consider the system timing in this type of interface, tobe sure
that requirements for setup and hold times, and minimum
puise widths are met. Note also the drive limitations on long
busses. Generally this type of interface is only favored if the

memory peripheral address density is low so that sim‘,;‘
address decoding can be used. Interrupt handling can aj,
require many additional components, and using an interfay,
device will usually simplfy the system in this case:
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Figure 15: Full-time Paralie!l Interface to INTEL Microcomputers With Interrupt
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Handshake Mode

The handshake mode allows reagy interface with a wide
variety of external devices. For instance. external fatches
may be clocked by the rising edge of CE/LOAD. and the byte
enables may be used as byle \dentification flags ot as loaa
enables.
Figure 20 shows a handshahe interiace to Intel micioproces-
sors again using an 8255PP!1. The handshake operation with
the 825515 controlled by inverting its Input Butte: Full iBF)
fiag to drve the SEND 1nput 10 the ICL7109, and using the
CE.LOAD to drnive the 8255 strobe. The internal contiot
register of the PPl should be set tn MODE 1for the portused.
If the 7106 is 1n handshake mode and the 8255 1BF flag:siow.
y the next word will be strobed into the port. The strobe will
cause IBF- 1o go high tSEND goes low!, which will keep the
enabled byle outpuls active. The PP will generate an
interrupt which when executed wilt result in the data being
read. When tie byle is read, the IBF will be reset low. which
causes the ICL7109 to sequence into the next byte. This
figure shows the MODE input to the 1CL7109 connectedto a
control ine on the PPL 11 this outputis lett high, or tied high

sepatately. the cata hon every Lonversion iproviged ih
data access lakes iess ume t~an a conversion: vall b
sequenced 1n two bytes nio the syslem.

I this output s made ¢ go from low 10 high. the outpL
sequence can be abtainec on gem.and. and the interrupt ma
be used 1o ieset the MODE bit Note that the RUN-HOL{
input 1o the ICLT 1UY may 3isu be Griven byabitof the 8255s
that conversions may be obtaned on command unde
soltware contror Nole that one port ol the 8255 1s not usec
and can setvice another perpreral gevice. The sam
arrangement can also be used vi:th the 8155

Figure 21 shows a similar arrangement with the MC6800 ¢
MCS650X microprocessors. except that both MODE an
RUN, HOLD are tied high to save port outpuls.

. The handshake mode 1s particularty convenient tor direct!
interfacing to industry standard UARTS 'such as the Inters
IM6402/6403 or Western Digital TR1602) providing
mirnimum component count means of senatly transmittin
converted data. A typical UART connection i1s shown 0

“page 3. In this circuit, any word received by the UART cause

5
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Figure 20: Handshake Interface - JCL7109 to INTEL MCS-48, -80. 85
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.. UAlY DR Data Ready’ output to go hugh. This drives the
o 4t oputto the ICL7108 high, triggering the L7109 int0

mode. The high order byte is outpui to the UART
..t and when the UART has transferred the data to the
*anen stier Register, TBRE (SEND!. goes high and the
: byte 1S output. When TBRE (SEND: goes high again,
N wiil go high, driving the UART DRR Data Ready Resel’
«n vall signal the end of the transfer of data from the

R T

W
L 1108 ta the UART.

22 shows an extension of the one converter - one
Connection to several
1 7109s with one UART. In this circuit, the word received
. 1w UART -available at the RBR outputs when DR is high!

En}u-'l'
AH) scheme of the Typical

Figure 21: Handshake Interface - ICL7109 to MC6800. MCS650X

15 used 1o select which converter witl handshake with the
UART. With no exterral components, this scheme will aliow
up to exght ICL7109s to interface with one UART.Usingalew
more components to decode the received word wilt allow up
1o 256 converters 10 be accessed on one serial line.

The applications of the ICL7109 are not lim:ted to those
shown here. The purpose of these examples is to provide a
starting point tor users to develop useful systems, and to
show some of the variety of mnterfaces and uses of the
ICL7109. Many of the ideas suggested here may be used in
combination: in particular the uses of 1the STATUS,
RUN/HOLD. and MODE signals may be mixed.
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Figure 22: Multiplexing Converters with Mode fnput






