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Data Storage for Combustible Gases by Microcomputer
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ABSTRACT

Data Storage for Combustible Gases by Microcomputer consists of combustible
gas sensor, 12 bit binary dual slope integrating analog-to-digital converter 1CL7109 and
single 8-channel analog multiplexers. The digital data (12 bits, polarity and overrange} are
sent through RS232 port. A microcomputer PC is used for display, storage and analysis

data. An experimental result for sensitivity of the system using butane gas is also shown.
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Front view
Pin 1 DCD (8)
2 RD (3)
3 1D {2)
4 DTR (20
5 SG 6]
6 DSR (6)
7 RTS (4)
. 8 #T1s (5)
! 9 R (22)
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DB - 8 Pin DB - 25 Pin Assignment/function

1 ‘ 8 Carrier dectect

2 3 Receive data

3 2 Transmit data
4 20 Data terminal ready
5 7 Signal ground
6 6 Data set ready
7 4 Request to send
8 5 Clear to send
9 22 Ring indicator

HINPIFIU BS-232

RS-232 (Recommended Standard 232 ﬁ%ﬂkﬁudﬂ “Interface between Data
Terminal Equipment and Data Communication Equipment Employing Serial Binary Data
Interface” NIMT1§I1U RS-232 Qﬂﬁﬁﬂumilru‘fﬁﬂ EIA (Electronic Industries Association) n‘*’f'a
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Voltage Logic Control Signal Condition
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-3V to--25V 1 Off Mark

RS-232 arldsrAudtytyrnInuL negative-logic levels unaafla AnanTfamuan
(+3V @i +25 V) Tnnndnlunsandungda “0” uas AnanifaAney (3 Vv B 25 W)
Huaede “17  Temsedniudtyoinmieasiauuy TTL asfedadnantwfiafiduuen
wnndndirmeasiadly “1* uarAnar i fiduauminndnfiFanesedadu 0"
Arusdultinres RS232 fegssminetan +3 V uay 3 V asdimnonnemiieudu
Foyoyrndlfauuy TTL *7'151’:4'{141'104 08V uaz 2V
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Combustible Gas Sensor
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operation) WnszuaiWLszannl 160-180 mA (AWl 71 3.0V a.c. W de.
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Sensor orientatlon and pin layout, viewed
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pouANlALsYAUaeaA “0" 18911 HBEN (High Byte Enable)
way LBEN (Low Byte Enable) Taeieseduasinwanudu “0” arllufeutmans
YAuL8e Shift Register Miaglulunalvan (Load) fahiAchimaduiy Bsnians
acisrsuasinisaiilunenfitaiu  witlsennadygrnuniniredaanedi
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2 POLARITY
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5 B10
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11 B5
12 B4
13 83
14 B2
15 B1
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x=K

&
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{conversion)
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l Plot graph I

increment X

No

J kg o [ 1 g on
alf 7.1 unufrastlsunsnssuunmadauasifivdieynlinnfininfoeinlas

ARNNIARS



22

undl 7
Talsunsu (Software!

Tﬂﬂmm?‘u’lﬁﬁxﬂumm C WAy Assembly e Tusunsuduiduntm Assembly
azvinedludiunisraumnandauafrasnieiu/as dryeyraulanmserinuntenefnaynas
doullsunsunnen C qzv’xwﬁmﬁlLﬂufﬂmnmuﬁnmuquéqﬁum?ﬁ'muﬁwum Tny
ne@enTdsunsutiaunien  Assembly N1l muﬁmﬁaqaﬁ’lﬁmmmnauuqamw
wazdannsaldufuusiaienamarisingieasasias sensor 18ndag

Tusunsugauniu Assembly HlduAaslusunsutoeiatudrAeyminines
mﬁ(mm%‘imqnuuﬂ‘lﬂl'ﬁmmngqumﬁudﬁmﬂmmu RS232 waldRBnnsAruANNg
Wanuwlasesaedyanaiiundulngns fedectisunsuedRamesine
8250 Taamse wiiaiiluldsunaneaefinag Fatl (@nrmuuan)

{usunsueing Port_init

{Usunsution Set_baud

Tulsunsueiay AttendTX

Tusunsutiat SelectCH

Tusunsutiat Conversion

Tsunsueine AD232_Pret

Tusunsutias LireAD

. N o & Al
AsvieusasTuug real time WwlUAnusudadagn 7.1



unh 8
ANENAGEIUALHANIINARRY

ANTNABBIURTHANIINARBILAAYIAsTIaF L
1. #7UT89 Combustible Gases Sensor
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- Man1squnsad

- Wruagassdau AD warnasangunsal
- Source code ﬂﬂQTﬂ?uni‘NﬂQUﬂN A/D

- Source code TRATLSUNINUAAILA

- Aie AD ICL7109

- Aia Combustible Gas Sensor
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R1,R24..R39 = 10 MQ2

R2 R3.R22 = 22kQ2

R4 ,R5 R9,R14 = 100 £2
R6,R10 ,R11,R15,R16 ,R19 = 100 k(2
R7.R12 = 180k€2

R8 ,R13 = 390 k(2

R17 = 270kC2

R18 = 220 k2

R20 = 68kC2

R21 = 2k€22

R23 = 27kC2

P1 = 2k€2 dFumald

P2 = 1 ME2 JFueld
LOTGHIEES

C1,C14,C15,C18...C43 = 100 nF
C2 = 1WF

C3 = 220nF

Ct = 330nF

C5.06 = A4UTF/BV3 WNUMMAN

C7.C9 = 100pF
C8.C10 = 1nF

C1t = 12nfF

C12.C13 = 220 LLFA6V

C16.C17 = 47 LFA6V



4 o .
RA1TAIAIUN

D1..D11 = 1N4148

D12 = LED

T1 = BF245B

T2 = BC550C

T3 74 = BC560B

IC1 = ICL7108 {Harris Semiconductor)
IC2.,1C3 = 74HC166

IC4 = 74HC161

IC5 = 74HCO2

IC6 = LM324

IC7 ,IC8 = 4051

du

X1 = Quartz 3 MHz

KI = m;auwuswef sub-D female 9 11
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#include<graphics.h>
#include<conio.h>
#include<stdio.h>

extern int LireAD(int,int,int);
extern int AttendTX(int);
extern int SelectCh(int,int);

extern int Port_Init(int};

extern int AD232_Pret(int);

extern int Setbaud{int);

extern int Convegsioq(int);

#define SI0Adr 0x3f8
/* COM1: SIOAdr := $3f8 */
/¥ COM2: SIOAdr := $2f8 %/

#define PosOver Ox7fff
#define NegOver 0x8000

main{)
{
int graph_driver = DETECT;
int graph_mode;
int z;
float x, y;
int channel;

clrscr();
printf("Enter channel 1 - 8 : ");
scanf ("%d", &channel);
initgraph(&graph_driver,&graph_mode," ");
setbkcolor(BLUE);
rectangle(0,0,639,479);
line(320,0,320,479);
line(0,240,639,240);
" settextstyle(4,0,1); outtextxy(625,245,"t"); outtextxy(325,1,"y");
moveto(20,240);

for(x=20; x<620; x++){
Port_Init(SIOAdr);
delay(100);
Setbaud(SIOAdr);

PrepCanal (channel);
Conversion(SI0Adr);

y = AD232_1Init();
if(y>0) {
if(y < 32767) :
z = (240 - ((y-10)/21))/1;
else
z = 2;
}

else {
if(y

pA

else

z = 478;

v

-32768) )
(240 - y/100)/1;

putpixel(x,z,6);



lineto(x,z);
delay(100);

}
getch();
closegraph();

PrepCanal(int Canal)

{
int PulseBytes[6] = {0,0,14,51,21,85};

Canal--; /% channel(0,1,2,..,7) = 8 channels */
if(Canal > 5)
{

AttendTX(SIOAdr);
SelectCh(SIOAdr, PulseBytes[5]);

AttendTX(SIOAdr);
SelectCh(SI10Adr, PulseBytes[Canal-5]);

AttendTX(SIOAdr);

}
else if(Canal > 0)
{

AttendTX(SIOAdr);
SelectCh(SIOAdr, PulseBytes[Canall);
AttendTX (SIOAdr);

}

else
{
}

}

AD232_Init()
{

int Dummy;

Port_Init(SIOAdr);
delay(100);

AD232_Pret(SIOAdr);
delay(1);

Dummy = LireAD(SIOAdr,PosOver,NegOver);
return{Dummy) ;



.MODEL

.CODE
PUBLIC

_Port_init

_Port_init

SMALL

_Port_Init

PROC
push
mov
mov
add
in
and
or
out

pop
RET
ENDP

" END

NEAR

bp

bp, sp

dx, [bp+4]
dx, 4
al,dx
al,0feh
al,2
dx,al

bp

Ve Me W we we we we

Allow the procedure Port_Init to be
access, by other programs, For C Interface
Must have NEAR proc so a NEAR RET is done
BP must not be changed

Point BP at top of stack

SIOAdr : COM1 = 3f8h, COM2 = 2f8h

‘Modem Control Register(3FC,2FC)

restore old BP
return to C progranm
end procedure

end assembly



-MODEL SMALL

.CODE
PUBLIC . AttendTX ; Allow the procedure AttendTX to be
; access by other programs, For C Interface
_AttendTX PROC NEAR ; Must have NEAR proc so a NEAR RET is done
: push bp ; BP must not be changed
mov bp,sp ; Point BP at top of stack
mov dx,[bp+4] ; SIOAdr : COM1 = 3f8h, COM2 = 2f8h
add dx,5 ; Line Status Register(3FD,2FD)
loopA: in al,dx
and al,20h ; Bit 5: Transmitter Holding Register Empty
jz loopA
pop bp ; restore old BP
RET ; return to C program
_AttendTX ENDP ; end procedure

END ; end assembly



.MODEL SMALL

.CODE
PUBLIC _SelectCh ; Allow the procedure SelectCh to be
; access by other programs, For C Interface
_SelectCh PROC NEAR ; Must have NEAR proc so a NEAR RET is done
push bp ;' BP must not be changed
mov bp,sp ; Point BP at top of stack
mov dx, [bp+4] ; SIOAdr : COM1 = 3f8h, COM2 = 2f8h
mov ax,[bp+6] ; PulseBytes = {0,0,14,51,21,85} -> TX
out dx,al
pop bp ; restore old BP
RET ; return to C program
_SelectCh ENDP ; end procedure

END ; end assembly



+MODEL

.CODE
PUBLIC

_Conversion

_Conversion

SMALL

_Conversion

PROC NEAR
push bp

mov bp, sp
mov dx, [bp+4]
add dx, 4

in al,dx
and al,0fdh
or al,1
out dx,al
push cx

mov cx, 500
loop $

pop cx

in al,dx
and al,0feh
or al,?2
out dx,al
push cxX

mov ¢cx,500
loop $

pop cx

pop bp

RET

ENDP

END

“e we we we we we we

Allow the procedure Conversion to be
access by other programs, For C Interface
Must have NEAR proc so a NEAR RET is done
BP must not be changed

Point BP at top of stack

SIOAdr : COM1 = 3f8h, COM2 = 2f8h

Modem Control Register(3FC,2FC)

restore old BP
return to C program
end procedure

end assembly



.MODEL

.CODE

_Setbaud

_Setbaud

SMALL

PUBLIC

PROC
push
mov
mov
add
in

or

out
nov
mov
out
add
mov
out
- mov
add
nov

out

pop
RET
ENDP

END

_Setbaud

NEAR

bp

bp,sp

dx, [bp+4]

dx,3

al,dx

al,80h

dx,al

dx, [bp+4]

al,60h
~dx,al

dx,1

al,0

dx,al

dx, [bp+4]

dx,3

al,03h

dx,al

bp

we Wwe Wwe we we we ws

H

e we we we

/

Allow the procedure Setbaud to be
access by other programs, For é Interface
Must have NEAR proc so a NEAR RET is done
BP must not be changed

Point BP at top of stack

SIOAdr : COM1 = 3f8h, COM2 = 2f8h

Line Control Register (3FB,2FB)

. set DLAB (divisor Latch Access Bit) =1

- Divisor Latch (LSByte) (DLL)

set baud rate = 1200

Divisor Latch (MSByte) (DLM)
set baud rate

SIOAdr : COM1 = 3f8h, COM2 = 2f8h
Line Control Register (3FB,2FB)
DLAB = 0, no break, no parity,
stop bit = 1, data bits = 8

restore old BP
return to C program
end procedure

end assembly



.MODEL SMALL

.CODE

PUBLIC

_AD232_Pret

loopI:

_AD232_Pret

PROC
push
mov
mov
add
in
and
Jz
pop
RET
ENDP

END

_AD232_Pret

NEAR

bp

bp,sp

dx, [bp+4]
dx,6
al,dx
al,10h
looplI

bp

“e We We Wwe we we we

H

Allow the procedure AD232_Pret to be
access by other programs, For C Interface
Must have NEAR proc so a NEAR RET is done
BP must not be changed

Point BP at top of stack

SIOAdr : COM1 = 3f8h, COM2 = 2f8h

Modem Status Register(3FE,2FE)

; Bit 4: Clear to Send (CTS)

restore old BP
return to C program
end procedure

end assembly



.MODEL
.DATA

.CODE

_LireAD

@read:

@nuse:

@0ver:

SMALL

SIOAdr

PosOver
NegOver
@result

PUBLIC

PROC
push
mov
mov
nov
mov
mov
mov
mnov

mov
add
mov
xor
mov
mov
in
and
or
out
push
mov
loop
pop
or
and
out
push
mov
loop
pop
cmp
Jje
add
in
shl
cme
rcl
sub
dec
Jjnz
shr
xXor
test
Jjnz
test
Jjz
xXor
neg
Jjmp
test
jnz

DW
DW
DW
DW

COCOOO

_LireAD

NEAR

bp

bp, sp

ax, [bp+4]
SIOAdr,ax
ax, [bp+6]
PosOver,ax
ax, [bp+8]
NegOver,ax

dx, SIOAdr
dx, 4
si,2
bx, bx
ch,16
cl,4
al,dx
al,0fdh
al,l
dx,al
cx

cx, 500
$

cx

al,2
al,0feh
dx,al
cx

cx, 500
$

cX
ch,10
@nuse
dx,si
al,dx
al,cl

bx,1
dx,si
ch
@read
bx,1
bh,10h
bh,20h
@0ver
bh, 10h
@WErg
bh,10h
bx
@WErg
bh, 10h
@0Neg

“e we we we wme

Allow the procedure LireAD to be

access by other programs, For C Interface
Must have NEAR proc so a NEAR RET is done
BP must not be changed

Point BP at top of stack

SIOAdr : COM1 = 3f8h, COM2 = 2f8h



@0Neg:
@WErg:

_LireAD

nov
jmp
mov
mov

mov
pop
RET
ENDP

END

bp

bx,PosOver
@WErg

bx,NegOver
@result, bx

ax,@result

; restore old BP
; return to C program
; end procedure

; end assembly



Combustible Gas Sensor

Sensor orientation and pin layout, viewed
from underside

Date code colour dots
e o compensalor side

Compensator
VA AV

4\° 2 /3
Detector

Typical measuring circuit

4

Q [l] 200Q

3 Vout 1 3kQ

2 $—TIIRN N\ T Vsupply
cg) 2000 :
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This hot wire pellistor type gas sensor is intended for
detecting 1SO-butane, methane, ethanol, hydrogen,
natural and ‘town’ gases. It features a low power
consumption (ideal for battery/portable operation)
with a current drain of 150-180mA (typical) at 3-0V a.c.
ord.c.

) tachnical specification

Supply voltage 30V a.c.ord.c.

Supply current 150-180mA T
Typical response o/p

{ISO-butane 0-2%) 30-35mV

Temperature range -10°Cto +50°C

Normal concentration range 0-0-5%
Equivalent to NAP-5A

{S.S.M.=1 ]

stock no.

286-614
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HOT-WIRE TYPE GAS SENSOR
NAP-BA (For All Com bustible Gases)

HANDLINGS MANUAL
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i
2. Basic characteristics

Gas concentration charac t’orisﬂcs
Supply voltage dependenay

Initia) stabilyty i
Temperature & humidity characteristics

3. Evaluation
Testing equipment :
Adjustment of gax concentration
Measuremeant

4. Callbratis. of sensor bridge output
Callbration in air
Calibration in Gas
Calculation of theoretical alarm cancentration
Handling of sensor

§, Drawings

6. Recommendable cirouit
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1, General

Hot-wire type gas sensors NAP-5A s widely used for gae detectors for every
fuel zages including city K43 and natural gas, and this sénsor s of low-power-
consumption type derived from our standard model, NAP-7A.

Moreaver NAP-GA has an excelient sensitivity, 1.5 times as sensitive as NAP-7A,
it is qualified for detecting a lower gas concentration range.

For this reason this model 1s adopted into various measuring inatruments
rather than gas leakage dalectors.

The followings are the characteristics and ratings of our NAP-BA.
Ratingg: o

1) Applied voltage to sensor bridge ; D,C. ;3,00 £0.30V
A.C, ; 3.00 £ 0,30V

(r.mos. 80 - 60 Hz)
2) Currant (when 3.00 V is applied) ; D.C. ; 150 ~ 180 mA
A.C. ; 180 ~ 180 mA

—— (r.m.s. §0 - 80 Hz)

3) Operational ambien.t
temperature & humidity Temperature ; -10°C ~ +50°C
Humidity ; Leas than 98X RH

Q ac $. Out put voltage {n air Va; -40 ~ +40 mv
Gas sensitivity 8 21~ 30my
(Methane 3,000 ppm

Measuring range of gas concentration:

"it 18 possible to measure 0 ~ H.E.L. for any gases, however when used
for msasuring instrument, NAP-GA shows a g00d linearity of its gutput
and the moat accurate result is expected In the following ranges.

s Methane ;i 0~1x%
) fso-butane ; 0~ 0.5 %
Ethanol i 0~0.8%
Hydrogen ; 0~ 0.5 X

-2~ (1991-0-2 10:87)



2. Basic characteristics

(1) Qas oconcentration Characteristics

i
70 0 . ,'
IS_O“buianm
60 80 !
& .
85 50 g 50 Hydrbg,}:n
= 10 < 10 Rthq'hc‘l
s, [ Methans
© 80 g 80
20 20
10 10

0.2 0.4 0.8 0.8 1.0 0 0.1 9.2 0.3 0.4 0.5
CHs gas conceniration Qag concentratiop )

(2) Supply voltage dependency (When azsembled into a &as detector)

1) Fluctuation of out put voltage in air (Va) e <

-85 |~ N

.30 .

Oul put (mv)

{__ I ] [
2.7 3.10 .4
Applied voltage to sensor bridge (v)

The rated voltage is Supplied for more than 1 hour
and Va 1g met at =25 my.

-3~ (1991-8-2 13:20)



Theoretical alarm concen tration

2) Supply voltage dapendancy of gas gensitivity (8)

30 —
>i
- ’ﬂ
2 ﬂ Therefore the supply
1 28— voltage dependency o
2 the cutput in gas (v
— {s & combinatian of the
o LLL characteristics ghavn in
et e a 1) and 2).
s 20 ) Qas & Cila the Graphs 1) an
‘E Conc. & 3.000ppm
8 ..fi Y
§ 15— -t
[ Blaas J 1 |
2.718 3.10 3.41
Applled voliage 10 vridge clrcult (V)
d) Supply voltage depandency oi theoret'ical alaym concentration
0'50 — ]
The theoretical alarm
cancentration and its
supply voltage dependen
0.40 — can be calculated from 1
and 2) according to the
formula ghown in the 4-(:
The £igure shown abave i
0.30 — far the characteriatios
normalized at 8,000 ppm
when 3.10 V is applied t¢
the sensor bridge.
0:20 [ S N .
0% | § . A
2.T8 3.10 - 8.41

Applied valtage to sensor bridge (V)

—4~

(1991-9-2 13
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(3) Initia) stabllity characteristics
The following graphs show the initial stabilizatian characteri;tics when
the sensor is assambled In a bridge circuit after storage for ! day,
1 month and 1 year, and 3.10 V is applied to the bridge circuit.

1) Initial stabilizetion of out put in air

S

a

"é »

-

. . ~———— Stored for 1 year
---------- ! Stored for 1 month
ne St { Stored for i1 da.y
ulo ’ S l ‘ ;[. g 1 l
0 10 2 30 AN N fo-

Time (Minutes)
2) Inftial stability of gas ssnaitivity

1.0 »—;’}1")’5’;

A;m

T ! Stored for 1 year

Relative sensitivity ;
T

Seeeasanas { Stored for | month
04— ¢ T ) Stored for 1 day .
0.2 — Gaz ! CHs4
0 1 1 1 i i i {
0 0“5‘ ‘-0 115 2-0 2-5 310

Time (hours)

-5 , 891~0-2 1349)



(4) Temperature & Humidity characteriatics

1) Temperature characteristics (Relative humidity; 30%)

10 LOUl put characteristlcs in alr 80 |-Cas senaitivily characteriatic.
[~
8
‘L-
d 5 5 95 — —— T T T
g 5
¢ %
3 5
° 0 e
b4 ' g 20 [
E’, HLJJJ l W g ?aa ¢ CHa .
4] " .
g . & Concentratlon : 3,000 ppm
5 15 b~ .
.10 LN 1P Y OJr L Sy VY gt
10 0 10 20 30 40 50 *10 0 |0 20 30 g0 50
Temp, (°C) { Temp. (°C) .
2) Humldity characterigtics (Temp. 26°C)
-
Out put characteristics in alr Gas sensitivity charactaristios
' 30 {— |
5 b
: 5
L‘ —
‘8 : ) & s
g Z
-t
%0 T PrTT———e g
3 g 20 (—
g .
o ) g Gas 1! CH«
&) . Cone. : 3,0005pm
E 15 -
Sl
IL
T
-l 1 1 0 1 1 1_
30 80 BO 30 80 a0
Relative humidity (%) Relative humidity (%)

-6- (1891-9-2 13:57)



3) Humidity ch'uractermtics (Temp. 50°C) -

Out put characteristics in alr Gas gensjtlvity characteristics
. 30 =
‘Elm
o/
b
'ao
) S
ki 2
= B
- "3“ 20 —
23 )
a 3 . .
- @ Gag 1 CHa
8 3 Cona.! 3,000 ppin
15 —~
'5 emand
~~
1 1 ! 0 1 3 \ 1
30 60 80 30 i 80 80
Relative humldity ¢ Relative humidity (X)
3. Evaluation A —

(1) Testing equipment e
CGas

The following 18 the outline of a testing system.
{ v
¢ . : 1
“l 15 “J Ventilator
: of | oo
=110
8 )
ki —_—
[ - ~ ‘
Dansitometer
'—-_'*———J
f.;

§ :
Stabllized power source Voltmetler
[

s |

-1~ (1891-9-2 14:04)



Remarks:

1) Test chamber; Metal or glass is desirable for tha materiai of the chamber
which should not generate or adsord gases,

The volume of the chamber should be bigger than 1 litre / sensor unit,

2) Alr_supply: The alr to be supplfed should be fresh air from outside.

The alr inside 1abs or plants should not be used gince it may contaln
organic solvents or combustible gzases.

d) Gas dengftometer; An optical-interference or infra-red gas densitomoter
ls recommended for measuring gas concentration.

4) Ar axitation; The alr inside the chamber should be agitated not to hlow
sengors directly, Alr #dW should be' leas than 0.5m / sec.

8) Fower supply: Sensors can be operated by both of D.C. and A.C., but for
the most accurate measurement, a usage of stabtlized D.C. power source
{8 recommendad, - .

8) Yoltmeter: A voltmeter with more than 100K ohm Impedance is enaugh for
hmeasuring an cut put voltage from a sensor bridge.

7 Yentilation; Before praoceeding to a next test, the air inside the test
chamber should be ventilated by a ventilator which has a capacity more
than 10 times of the volume of the chamber per minute.

8) Placement of sensors in a teai ¢chamber; Sensors should be placed in a
chamber in a same attitude (Normally horizontal direciion),

Changing an attitude makes a different thermal convection, and may cause
an {naccurata measurement result.

(2) Adjustment of gas concantration

Gas concentration’in a test chamher is usually adjusted by a volume
method. For instance, 3,000 ppm {so~hutane concentration is obtained
“based on the faollowing calculation.

273+ Tn_

. . -9 .
Viml) =¥V, + 3000 * 10 273 + To

i Vi ; Inside volume of a chamber (ml)
Tn i Room temperature (°C)

To ; Temperaturs inside a chambar (°C)

-8- ' (1991-6-2 10:67)



(3) Measurement

1) Preparatory aging; Before measurement, sensors should be alectrified with
the rated voltagxe at least for more than 10 minutes, If the sensors are
stored for a long period, an aging for more than 1 hour 12 recammendad.
The graﬁha under the heading "2-(3) Initial stability charactaristicas” show
the relationship between a stored period and an aging time,

2) Meagurement;

After & preparatory aging, an out put voltage in air (Va) is measured.

A test gas ig injected into a test chamber according to the calculation
described ahove, and wait for an even diffusion of the gas In the chamber.
(more than 1 min.)

An out put voltage in gas (Vg) {5 measurad,

A Zas sansitivity ta rapregented as 8 = V& - Ya.

A thorough ventilation is made to replace the air inside tha chamber with a
iresh alr,

f —

4. Calibration of an out put voltage from a bridge circuit

(1) Calibration in air

Calibration must be done in a clean alr condition.

Bensors are assembled in detectors and electrified with the rated vollage

for mare than 1 hour.

Continuing to eleatrify detectors, a voltmeter (Tester) 1s connected to

ths out put terminals "a" and "b", (See the figure 1 Bridge unit giroutt).

Mon!itoring a bridge out put voltage, a valuable resiator 1z turned

towards alarm-free directian from an alarm point (A threshold voliage

Value to atart giving an alarm), and fix the volume at the voltage value

where the designated span value of the sensor is added up to the alarm

point,

“¢ Bxanple; When an alarm point of & cireult is 0 mv and a span value of a
sensor is 25 mY, a V/R {8 adjusted to sat at 26 mV {n alarm-free direatlon.

After confirming that the bridge out put does not fluctuate, V/R Is fixed
with a locKing paint or other similar materials.

-5- ' (1961-9-2 14:12)



000

3KQ ~— AC or DC
V/R 3.10V

]

Terminal (a)

" Termlnal (b)

Pigurs 1 Necammendable circult for a bridze unit

(2) Calibration in gas
% Calibration must be done in a clean air condition.

w Sengors are assembled {n detectors and electrified with the rated voltage
far more than 1 hour.

* An appropriate tool is get to be able to turn & volume of a V/R from the
outside of the chamber.

* A calculated quantity of methane is injected into the chamber and wait
for 3 minuteas.

% The V/R is adjusted at an alarm point.

* Opening the door of the chamber, and the air inside 1s ventilated, then
the V/R*is fixed with a locking paint or other similar materials.

~10- (1982-11-2 14:00)



{3) Calculation of a theoretical alarm concentratlon

Out put voltage in air i Va
Out put voltage at alarm point ; Vo
Gas sensitivity (Span) + 8 (MNethane 3,000 ppm)

Theoretical alarm concentration; Ap

v -
Ap (ppm) = ‘—-5-—83'-3)— x 3,000

Example ; Va = 25 mV
Voas OmV
§ =24nmV

Ap (ppm) = x 3,000 = 3,125 (ppm)

-0
24
(4) Other remarks

#* Refrain from dropping or giving a strong shock to sensors.

* When NAP-5A is aié&iﬁbled in a circuit, pleass make sure the position of
the sensar side and the compensator aide. Please refer to the attached
drawing for contirming the location of the pins.

x Hetfrain from using in an atmosphare that may contain poisoning gases or
corrosive gases, such as silicone gas, SOz, Ha8, trichloroethylene etc.

* Reirain from exposing to an unnecessarily high cancentration gas, such
as a gas directly from a cigaretta lighter.

»Please do not soak sensors into watar,

% Hefrain from storing for a long time {n a condition of a high temparature
and humidity,

* Reira.hi 2rom supplying a higher voltage than the rated voltage.

~11- ' (1991-9-2 10:87)
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= . 12,Bit Binary AID Converter for
A : ,Micrqprocessor.Inter_faces

FEATURES GENERAL DES(_:RIPTION
12 bit binary {plus polarity and overrange) dual The ICL7109 is a high performance, low power integraling
- slope integrating analog-to-digital converter. A/D converter designed.to easily interface to microproces
s Byte-organized TTL-compatible three-state outputs sors.

and UART handshake mode for simple paraltel or The outpul dala (12 bits, polarity and overrange! may b

directly accessed under control of two byle enable input
and a chip select input for a simple parallel bus interface. £
UART handshake mode is provided which allows th
ICL7109 to work ‘'with industry-standard UARTSs to provids

serial interfacing to microprocessor systems.
RUN/ROLD input and STATUS output can be used
to monitor and control conversion timing.

« True ditferential input and differential reference. fial gata transmission, ideal for r te data loqgi
« Low noise-typically 154V peak-to-peak. pefia} cald g . ‘deal for remo e data 1oggin:
SeTH applications. The RUN/HOLD input and STATUS outpu
* 1pA typical inpul Csta”em' . 3 allow monitoring and control of conversion timing.
: 8‘:}2?2:502‘(::& ::r opg ?:t:ir:;ggsi::;p?:;\?e : The ICL7109 provides the user the high accuracy. low noist
= Y . tow drift, versatihty and economy ol the dual-slope inte
3.58MHz TV crystal giving 7.5 conversions per grating A/D converter. Fealures like true differential inpt
second for 60Hz rejection, or may be operated as an and reference. zero drilt of fess than 14V/°C max., input bia
RC oscillator for gther clock frequencies. current of 10pA max., and typical power consumption ¢
s Fabricated using MAX-CMOS™ technology 20mW make the ICL7109 an attractive per-chann
combining analog and digital functions on a single alternative to-analog multiplexing for many data acquisilic
low power LS| CMOS chip. applications.
« All inputs fully protected against static discharge; Note: A MIL-STD (883 processing) version of the ICL7109 will t
no special handling precaulions necessary. available July 1979.
PIN CONFIGURATION AND TEST CIRCUIT: PACKAGE DIMENSIONS

1See Figure 1 lor typscal connection 1o a UART or Miciocomputer
40 Pin Plastic Dual-in-Line Package

TOP VIEW o = 204 BB e e .
GND 1 GND S V' a0f—o 1SV y 0 e
—{2 sTATUS REF IN- 39}—————° q Sl
wicH [ I POL REF CAP 38| 3-q,f EXTERNAL L
oroER | 14 OR REF CAP - 37— REFERENCE Aab |
s x rercr
gvTe 7 | : g:i RETN":(.I :::g y—-—_,“_———“g‘M—l"\/\/\/—'° I‘NPUT HIGH { 060 (1 32¢) TYP 60 033
] ‘
OUTPUTS | 17 810 INLO 34 Oty INPUT LOW = sz 0osn (on e
889 COMMON 33 OND s,f el ou oo
=19 88 1CL7109 INT 32 ————"—‘_‘lCA - [ ! |'0':'os 0.0
~{ 1087 az a—{5 _I Vel T Tre.
Low |1 BUF 30 =2 - - Al amem ']f.’:[“{
ORDER | —{12B5 REF OUT 29 Rt 20Kk(! 0.2V REF ore 018 (0 451) Max
BYTE | —{13 8B4 v 28p——0 5V 200k(} 2.0V REF sy 020 {0 $06)
OUTPUTS | —{14 B3 SEND 27} 1ki} O = REF* e e
— 1582 AUN/HOTD 26—
={ 16 B1 BUF OSC OUT 25}— v’
—417 TEST 0SC SEL 24| ——GND 24k}
eYyTe {18 [BEN 0sC ouUT 23}——1
coN'mOL-E— 19 [{BEN 0SC iN 22 3.5795 MHz . 40 Pin Ceramic Dual-in-Line Package
iNPUTS' | {20 CEALCAD . _MODE 21 TV CRYSTAL

[ ——y

il 0.“.1(|l-'l

©.420 (13 208)) |
SOUARE I 0.145 (4 191}
MK

: smoam 1T s s
ORDERING INFORMATION W;A
—+ 1 .
I.. ."- .l ,... :":s (uml..'.:s 0]
Parl Package Temp. Range Order Part # 9050 0010 0Ots 0002 D100 0010 *
7709 | 40 pin ceramic DIP | 25°C to +85°C | 1CL7109iDL oI maear ean @ B
7109 40 pin plastic DIP 0°C 1o 170°C ICL7109CPL
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4CL7109 - - JINTERS L
_ABSOLUTE MAXIMUM RATINGS

.1

Positive SUPPlY VOIlagE GNDIOV') ... 1. oo, cerralurssihc b 462V
Negative Supply Voltage (GNDto V™) ... .. e

Analog InputVoltage (Lo or Hil(Note 1) ..
Reference InputVoltage (LoorHi}{Note 1) -

DigitatInput Voltage. ...iw - .. . V' 403V,
(p}n52-27)(No!e2) ---.;.-. ----------------- R LR GND.—O'aV
Power Dissipation (Note 3)
Ceramicor Cerdip PackAge .. vvvrennniiieeeeiiiiieen e iiiireenns 1W(@85°C
Plastic Package :..... L e e 500mW@70°C !
: Operating Temperature
. CeramicorCerdipPackage ........coovuvirininineonnnencanes 25°C <. Ta- 85°C
Plastic PaCkage ...covveeiiuieiarenieiiiiiiini e 0°C+v Ta* 70°C
S1orage TeMPErature . ..vu.oevesrarnemeasnosoainiomninaean s 55°C- Ta<125°C
Lead Temperature soldering, B0 SeCH ... vvviviaiiieerioreaicrnieneiniaenn, 300°C

Absolute maximum ratings define stress himitations which if exceeded may permanently damage the device These ratings are not continuous
duty ratings. For continuous operalion these devices must be operated under the conditions dehined under "Operating Characteristics.”

TABLE | OPERATING CHARACTERISTICS Ll
Al paramelers with V' =z 15V, V 5V GND  OV. Ta 25"C. uniess otherwise indicated
“Test circuit as shownon page 1. A

+ ANALOG SECTION ) . .
- PARAMETER SYMBOL CONDITIONS MIN TYP - | - MAX UNITS:

Zero Input Reading ' Vin = 0.0V . Octal
Full scale = 403.6mV 00004 +0000s +0000g | Reading

Ratiometric Reading ViN © VREF 3777 37778 40008 Octal
VREF = 204.8mV 40008 Reading

Non-Linearity (Max

deviation from best ] Fult scale = 409.6mV or W\ r2 +1 Counts

‘straight line fit) 4.096V +

Roll-over Error (dif- : '

ference in reading 1 1.2 t1 ] Counts

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

Common Mode Rejection Vem L 1V Vin -~ OV 50 uVIV
Ratio Full Scale = 403.6mV
Noise (p-p value not Vin = OV 15 VvV
exceeded 95% of time! Full Scale = 409.6mV
{eakage Current al .
Input . Vin =0V : 1 10 ] L pA
Zero Reading Orift ViN =+ OV 0.2 - 1 uVv/eC
Scale Factor Temperature - .1 Vin = 408.9mV : - 77708
Coefficient reading

Ext. Ref. 0 ppm/°C 1 5 . ppm/°C
Supply Currdnt V* to . oo :
GND Vin = 0, Crystal Osc. 700 1500 uA
Supply Current V- (o V o 3.58MHz test circuit g

u tlove A Pins 2-21, 25, 26, 27, 29, open :
: : -oP 700 1500 A

Ref Out Voltage Referred to V', 25ki)

between V* and REF OUT -2.4 -2.8 ~-3.2 \

Ref Out Temp. Coelficient | ’ 25k{1 between V* and REF OUT 80 ppm/°C
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ICL7409
DIGITAL SECTION

CONDITIONS

TYP -

PARAMETER SYMBOL.* MIN

Output High'Voltage- VOH ... |lout.=100uA . Tl 380 ) 43 L
.. . Pins 2-16, 18, 19, 20 e .
Output Low Voltage * ' “ VoL -, {louT=16mA. - 7 ° 0.2
Output Leakage Current,” | """~ | Pins 3-16 high impedance T .01
Control /0 Pullup. Pins 18, 19, 20 Vouyrt = V* -3V
Current MODE input at GND 5
Control I/0O Loading . | HBEN-Pin 19 LBEN Pin 18~ T
input High Vollage " ViH Pins 18-21, 26, 27
referred to GND 2.5
Input Low Vollage ViL Pins 18-21, 26, 27
referred-to GND

Input Pull-up Current Pins 26, 27 Vout = V* -3V 5
Input Pull-up Current Pins 17, 24 Vouyr = V' -3V 25
Input Pull-down Current Pin 21 Voyt : GND 43V 5
Oscillator Output High OoH Vourt = 2.5V 1
Current Low Oor Vourt = 2.5V 1.5
Buifered Oscillator High BOoH Vourt = 2.5V 2
Output Current Low BOoL Vour = 2.5V 5
MODE Input Pulse Width 50

‘Note 1: Input voliages may.exceed the supply voitages provided the input current is. timited 1o £100uA
Note 2:- Due lo the SCR structure inherent in the process used to fabricate these devices, connecting any

digital inputs oroutputsto vollagpsf

greater than V' or less than GND may cause Qestruclive device latchup. For this reasonitis recommended that no inputs from sources’,
not on the same power supply be applied to the ICL7 109 before its power supply iséstabiished, and thatin multiple supply systems thel

supply to the ICL7109 be activated lirst.

Note 3: -This limit refers to that of the package and will not be obtained during normal operation.

V' 40

REFIN 39
REF CAP 38
REF CAP » 37
REF IN + 36
1N H1 35

IN LO 34
COM 33

INT 32

AZ 3t

BUF 30

REF OUT 29
v 28
RAUN/HOLD 26
0OSC SEL 24
0SCouT 23
OSCIN 22

K
)

—

————o---an0

EXTERNAL.
REFERENCE
e ¢ '

o imu .
ZEOE_ VYV 0 e,

iI;&‘NF—“
T ge 15uF

[ == wF

e — 1 T E g
3.

= ANt 20Kk11 0.2V REF

— 5V 200ki} 2V REF

— 15V OR OPEN

j— GND

CMOS A/D CONVERTER

[ .
3.58 MHz
CRYSTAL

REF IN 39
REF CAP 38
REF CAP § 37

REF IN + 36

IN HI 35
INLO J4
CcoM 3

INT 32

AZ N

BUF 30

REF OUT 29
v 28

SEND 27
BUF OSC OUT 25
OSC SEL 24
0OSC OUT 23
OSC IN 22
MODE 21

GND;
5= 1,5 EXTERNAL -
— REFERENCE

1M1 B
2= VYV " ivput

;
z'
(<]

01pF
Civigg-154F

Rint 20kit 0.2V REF.’
200k1} 2V REF.

NRRR
2

GNO

.58 MHz
CRYSTAL

o

Y 1 vee TRC 40 |- GND —] 1 GND
—-C 2 OSC CONTROL OSC IN 17 25 BUF OSC OUT
GND 3 GND EPE 39 -5V —{2 STATUS
+5¥-—-14 RRD CLS138 re
5-12 cLsS237 -— 19 HBEN
~4{ RBR1-8 SBS 36
P{ 35 |— GND 3.8
I CAL 34 |— 1—‘-/— 89-812.POL.OR
— 14 FE: ’ 16 -
—1s o€ TEAID 5 8 Bras .-
-5V—— 16 SFO TRE 24 |~ - 17 TEST
DRA 18 18 (BEN
120 RR} OR 19 21 MODE
SERIAL TBRL 23 20 CELOAD
INPUT T8RE 22 27 SEND
25 TRO MR 21 |-~ GNOD
SERIAL
OUTPUT FOR LOWEST POWER CONSUMPTION,
iM6403 TORI-TBRS INPUTS SHOULD HAVE 100ki |1 4 ICLT109
CMOS UART PULLUP RESISTORS TO -5V
Figure 1A. To transmit latest resull, send any word to UART,
2 3 15V —140 V!
XTALY- XTAL2 GND ~41 GND
23% 170 —{17 TEST
4 RESET 21-24
5SS 35-38 |5
6 INT P20-P27 OTHER
0
3134
GND —{ 7 EA
s wn P14-P17 -/_r,—
— 9 PSEN P13 30 26 RUN/HOTD
—{ 11 ALE P12 29 2 STATUS
.s5v —{ 25 PROG P11 20 18 CBEN
15V —{ 26 VDO P10 27 19 HEEN
v5v —139 TL 3-8
.5y — 40 vCC =1 B9-812,POL.OR
12-19 ; EA
DB0-DB7 15 f5]81-88
GND —{ 20 VSS RD10 20 CE/TOAD
1M8748/8049

CMOS MICROCOMPUTER

422

ICLY109
CMOS A/D CONVERTER

Figure 1B. Typical Connection Diagram Parallel Interface With 8748/8048 Microcompuler
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YoL7109 INTERSIE
. B TABLE 2- Pin Assignment and Function Description
"'F"'N"' SYMBOL © - 'DESCRIPTIONT: * R .| PIN SYMBOL : DESCRIPTION

T |GND H chnal Ground, OV, Grotnd relurn lor all 121 |[MODE: Input Low +,Direct output mode where
o -| digital togic” i : . CE/LOAD (Pin" 20); ABEN- (Pin 19) and |
¥ -'42 TSTATUS Output - High durmgmlegrale and délnle- CBEN (Pin- 18) act as inputs directly
17 . | grate until data js-fatched. controlling byte outputs,

3§ " .| - kowwhenanatog secllon isin Au(o-Zero Input Pulsed High - Causes nmmedxate

: | et conhgurauon e entry into handshake mode and-output of
{3~ |POL " -| Polarity, Three-State Oulput data as '"hF'QU'e 9. =

e OR Over:range. Three-State Oulpul Anput High - Enables CE/LOAD tPin 20,

5 [Bi2 Bil 12 [tMos! Signilicant Bill HBEN Pin 19), and [BEN (Pin 181 as out-

F z 811 R putls, handshake m9de will be entered and
- data outpul as in Figures 7 and 8 at con-

(7B 8it 10 version completion,

, 8 89 Bit 9 22 |OSCIN Oscillator Input

9 |88 Bu § 23__|0SC OUT Oscillator Oulput

10 B7 Bf' 7 24 OLC SEL Oscillator Select - Input high conhiguics
11 _|B6 " |BitG {Data Bits, Thiee-State Quiput OSC IN. OSC OUT, BUF OSC OUT as RC
112 |BS Bit 5 oscitlator - clock will be same phase and

13 |B4 Bit 4 duty cycle as BUF OSC OUT

14 |B3 Bit3 - nput low conligures OSC IN, OSC QUT
5 |B2 Bit 2 fot crystal osciltator - clock frequency will

16 |81 Bit 1 [iLeast Signilicant Bit he 1758 of Irequency at BUF OSC OUT.

17 | TEST Input High - Normal Operation. 25 | BUF OSC OUT | Buftered Oscillator Outpul

Input Low - Forces all bit outputs high,
Note: This input s used lor lest purposes
- only,

18 [LBEN “ - [ Low Byte Enabie - With Mode Pin 211 low,
and CE/LOAD Pin 20t low. taking this pin

low activates' Iow order byte outputs B1-88,

- With Mode Pin 211 hugh, this pin serves as
a low byle Itag oulput used 1n handshake
4node. Sec Figures 7. 8. 9.

19 [HBEN .~ High Byte Enable - With Mode tPin 211 low.
and CE/LOAD 1Pin 201 low. laking this pin
low activales ligh order byte outpuls B9-
B12. POL. OR,

- With Mode tPin 211 hugh, this pin serves as
a high byle flag dutput used in handshake
mode. See Figures 7, 8, 9,

CE/LOAD serves as a master output enable.
When tugh. B1-812, POL. OR outputs are
disabled.

- With Mode 'Pin 211hugh, this pin serves as
a load strobe used n handshake maode,

26 RUN/HOLD Input High - Conversions continuously
pedormed every 8192 clock pulses

Input Law - Conversion i progress com-
pleted. converter will stop in Auto-Zero 7
counls belore itegrate,

27 |SEND Input - Used in handshake mode to indicate
.} ability of an external device 10 accept data.
28 |v ‘Analog Negative Supply - Nommnally 5V
with respect to GND tPin 14,
23 [REF OUT Reference Voltage Output - Nominally 2.8V
down from V" (Pin 40).
30 BUFFER Bulfer Amphifer Quiput

31 AUTO-ZERO Autg-Zero Node - Inside loil of Caz

32 INTEGRATOR | Integrator Output - Qutside forl of Cigt

20 | CE/LOAD Chip Enable Load - With Mode tPin 211tow, |

33 | COMMON Analog Common - System s Auto-Zerocd
to COMMON

34 INPUT LO Oifferential Input Low Side

35 [INPUT HI Diterential Input High Side

36 [REFIN | Ditferential Relerence input Positive

37 REF CAP Relerence Capacitor Posttive

38 |REF CAP Reference Capacitor Negative

39 REF IN Ditlerential Reference input Negative

a0 v Positive Supply Voitage - Nominally « 5V

with respect to GND tPin 1,

See Figures 7, 8, 9.

DETAILED DESCRIPTION

Analog Section x
Figure 2 shows the equivalent circuit of (he Analog Section
of the ICL7109. When the RUN/HOLD input is left open or
connected to V°, the circuit will perform conversions atarate
determined by the clock frequency (8192 clock periods per
cycle). Each measurement cycle is divided into three phases
as shown in Figure 3. They are (1) Auto-Zero (AZ), (2) Signal
Integrate (INT) and (3) Deintegrate (DE).

1. Auto-Zero Phase

During auto-zero three things happen. First, input hlgh
and low are disconnected from their pins and internally
shorted to analog common. Second, the reference ca-
pacitor is charged to the reference voltage. Third, a'feed-
back loop is closed around the system to charge the auto-

zero capacitor Caz to compensate for offset voltages in
the butfer amplifier, 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

During signal integrate the auto-zero loop is opened, the
internal short is removed and the internal input high and
low are connected to the external pins. The converter
then integrates the differential voltage between input
high and input low for a fixed time of 2048 clock periods.
At the end of this phase, the polarity of the integrated
signal is determined.

. 4-23
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Figure 2: Analog Scction
‘POLARITY ZEAO CROSSING
DETECTED~__ OCCURS
INTEGRATOR ] | 2 ZERO CROSSING |
ouTPUT Oy, | | /DETECTED )

l—--Az PHASE |-—-l-— INT PHASE 1t ——1-—----—-4—17[ DEINT PHASE U1l -——4-—Az———

INTERNAL cv.ocxl‘u" FU_U_UL ,_ﬂ_ﬂ_rLﬂ_, Mpigigigiy "Lﬂ_J'LﬂJ’U'

INTERNAL LATCH y

|
!

STATUS OQUTPUT l [

! 2048 I FIXED
Jo—— COUNTS-——afe— 2048
COUNTS

| MiN. |

NUMBER OF COUNTS TO ZERO'CROSSING
PROPORTIONAL TO Vin

:
!
|
|
[tk i AR

|
|
|
L |

4096 COUNTS _
- MAX l

] / I \AFTER ZERD CROSSING,

ANALOG SECTION WILL
BE IN AUTOZERO
- CONFIGURATION

Figure 3: Conversion Timing

3. Deintegrate Phase

The linal phase is deintégrate, or reference integrate.
Input low is internally connected to analog common and
input high is connected across the previously charged
(during auto-zero) reference capacitor. Circuitry within
the chip ensures that the capacitor will be connected with
the correct polarity to cause the inlegrator output to
return to the zero crossing (established in Auto Zero! with
a fixed slope. Thus the time for the output to returr. to zero
trepresented by the number of clock periods counted) is
proportional to the input signal.

Difterential Input

The input can accept differential voltages anywhere within
the common 'mode range of the input  amplifier; or
specifically from 0.5 volts below the positive supply to 1.0
volt above the negative supply. in this range thesystem has a
CMRR of 86dB typical. However, since the integrator also
swings with the common mode voltage, care must be
exercised o assure the integrator output does not saturate.
A worst case condition would be a large positive common
mode voltage with a near full-scale negative differential input
voltage. The negative input signal drives- the integrator
4-24

positive when most of its swing has been used up by the
positive common mode voltage. ‘For these critical apptica-
tions the integrator swing can be reduced 1o 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 loss of hnearity. '

The ICL7109 has, however, been optimized for operation

‘with analog common near digital ground. With power

supplies of +5V and -5V, this allows a 4V full s¢ale integrator
swing positive or negative maximizing the performance of
the analog section.

Differential Reference

The reference voltage can be generated anywhere within the
power supply voltage of the converter. The main source ol
common mode error is a 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 lincrease
voltage) when called up to deintegrate a positive signal but
lose charge (decrease voltage) when called up to demtegrate

- anegative input signal. This difference in reference for (+) or

(-} input voltage will give a roll-over error.. However. by
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g;,e;g.ng .the, relerence , capagitor .large .engugh. in
C!

INTERSI

3..Auto-Zero Capacitor,

"The size‘ol the auto-zero. capacitor has some influence on
“the-noise ol the system!abig capacntor. giving less’ noise.
’However ‘it canHot'be‘increased without litnits sincedt, in
‘parallel with the integrating capacitor lorms an B-C'time
‘constant that determines the'speed of recovery from over-
* loads and more lmporlant the errof that-exists at thelend
of an auto-zero cycle. For 409:6mv full scale where noise
is very important and -the integrating 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 to half of Cint is recommended.

omparison ! to the stray capacnance this errwcan beheldto
5 than, 05 count .{or the worst, case condnuon {see'
9omponent Values Selection below). Ty

f[he roll over error {rom -these* sources is minimized by
haV'“g the reference common mode voltage near.or at
analog common..

camponent Value Selectlon

FOr optimum pertormance of the analog secuon care must
c be taken in the selection of values for the integrator capacitor

*and resistor, auto- -zero capacnor reference voltage, and

conversion rate. These'valués must be chosen to suit the
‘ pamcular application.

' The most important consideration is that the integrator

" output swing (for lull-scale inputl be as large as possible. For
example, with x5V supplies and COMMON connected to
GND. the nominal integrator output swingatfullscaleis 24V. 4
Since the integrator output can go 10 0.3V {rom either supply .
without significantly affecting linearity, a 4V inlegrator

" output swing allows 0.7V for variations in output swing due
to component value and oscillator tolerances. With 15V
supplies and a common mode range of 1V required, the
component values should be selected to provide %3V

¢ integratar output swing. Noise and rollover errors will be
shghtly worse thanin the £4V case. For larger common mode
vollage ranges, the integrator output swmg must be reduced

_{arther. This will increase, both noise and rollover errors. To

" improve the performance, supplies of 16V may be used.

For oplimal rejection of stray pickup, the outer foil of Caz
should be connecled lo the R-C summing junction and
the inner foil to pin 31. Similarly the outer foil of Cint
should be connected to pin 32 and the inner ol to the R-C
summing junction.

. Reference Capacitor

A.1uF capacitor gives good results in most apphcations.
Howcever, where a large common mode voitage exis!s (i.e.
the reference low is not at analog common) and a
409.6mV scale is used, a larger value is required to pre-
vent roll-over error. Generally 10uF will hold the roll-
over error to 0.5 count in this instance.

5. Relerence Voltage

The analog inpiit required to generate a fuil scale output
of 4096 counts:is Vin = 2Vger. Thus for a normalized
scale,.a reference of 2.048V should be usd for a 4.096V full .
scale, 'and 204.8mV should be used for a 0.4096V" full

4. Integrating Resistor

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

chosen by the relation RinT =
20puA

. Integrating Capacitor

The integrating capacitor CinT should be selected to give
the maximum integrator output voltage swing without
saturating the integrator (approximately 0.3 volt from
either supply). For the ICL7109 with £5 volt supplies and
analog common connected to GND, a 3.5 to 24 volt inte-
grator outpul 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
0.15uF and 0.33uF,Tespectively. 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
{2048 x ciock period) (20uA)

CiNT = - -
integrator output voltage 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 cosl.

. measurements are being made.

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 absolute output
voltage to be measured and a desired digital output. For
instance, in a weighing syslem, the designer might like to
have a full scale reading when the voltage from the trans-
ducer is 0.682V. Instead of dividing the input down to
409.6mV, the input voltage should be measured directly
and a reference voltage of 0.341V should be used. Suit-
able values for inlegrating resistor and capacitor are 34k
and 0.15uF. This avoids a divider on the input. Another
advantage of this system occurs when a zero reading is
desired for non-zero inpul. Temperature and weight
measurements with an offset or tare are examples. The
olfset may be introduced by connecting the voltage
output of the transducer between common and analog
high, and the olfset voltage between common and analog
low, observing poiarities carefully. However, in proces-
sor-based systems using the ICL7109, it may be more
efficient to perform this type of scaling or tare subtraction

-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-
lution of the ICL7109 at 12 bits is one part in 4096, or
244ppm. Thus if the reference has a temperature coef-
ficient of 80ppm/°C tonboard reference) a temperature
difference ot 3°C will introduce a one-bit absoiute error.
For this reason, it is recommended that an external high-
quality reference be used where the ambient temperature
is not controlled or where high-accuracy absolute

4-25
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The ICL7109 provides a Reference Output (pin 29) which
may be-used:with a resistive diviger to. generate asuitable
. reterenpevoltage This output w«llsmk up.to abput20mA
. +without significant,.variation in- dutput; voltage, and is
. provided.with.a pullup bias device which sources about
10uA. The output.voltage is nominally 2.8V:below V', and
T has a: temperature coeflicient of. £80ppm/°C typ. When
. usmg ‘the onboard reference Ref Out {Pin 29} should be
.+ connected to Ref (pin 39), and Ref+ should be connec-
ted to the wiper of a precision potentlometer between:
Ref Out:and V'. The circuit for a 204.8mV reference is
shown in the test circuit. For a 2,048V reference. the lixed
resistor should be removed, and a 25k(} precision poten-
tiometer between Ref Out and V* should be used.

DETAILED DESCRIPTION
Digital Section

The digital section includes the clock oscillator and scaling
circuit, a 12-bit binary counter with output latches and TTL-
compatible three-state output drivers, polanty over-range
and controllogic. and UART handshake logic, as shown in
the Block Diagram Figure 4.

Throughout this description, logic levels will be referred to
as “low” or “high". The actual logic levels are defined in
Table 1 “Operating Characteristics”. For minimum power
consumption, all inputs should swing from GND tlow) to V*
thigh). Inputs driven from TTL gates should have 3-5kf}
puliup 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 to GND or left
open (this input 1s provided with a pulldown resistor 1o
ensure a low level when the pin is left open’, the converter is
in its “Direct” output mode, where the output data is directly
accessible under the control of the chip and byte enable

HIGH ORDER
BYTE OUTPUTS

TEST POL OR

8 6 8 B
12 11 10 9

INTERSIL,

ihputs. When the'MODE input is pulséd high the conveneﬁ
enters the WART handshake mode and ‘outputs the data’ ir‘,«
two bytes, then returns to “direct” mode. When the MODE
input is left high, the converter will output data in’ thé'
handshake mode at the end of every conversion cycie. (See
section entitied “"Handshake Mode" for lurther details).

STATUS Output
During a conversion cycle, the STATUS output goes high at.
the beginning of Signal Integrate (Phase Il), and goes low*

" one-hall clock period alter new data from the conversion has

been stored in the output latches. See Figure 3 {or details of
this timing. This signa! may be used as a "data valid” flag
tdata never changes while STATUS is low) lo drive interrupts,
or lor monitoring the status of the converter.

RUN/HOLD Input

When the RUN/ROLD input is connected to V* or left open
(this input has a pullup resistor to ensure a high level when the
pin s left open), the tircuit will continuously perform conver-
sion cyclgs, updating the output latches at the end of every
Oeintegrale (Phase 111 portion of the conversion cycle (See
Figure 3). In this mode of operation, the conversion cycle will
be performed in 8192 clock periods, regardless of ihe
resulting value.

If the RUN/HOLD input goes low fand stays there) during
Integrate (Phase I} or Deintegrate (Phase [1)) before the zero
crossing is dectected, the converler will complete the
conversion in progress, update the output latches, and then
terminate Phase 11, jumping to Auto-Zero (Phase . If
RUN/HOLD stays low. the converter will ensure a minimum
Auto-Zero time, and wait in Auto-Zero until the RUN/FOLD
input goes high. The converter will begin the Integrate
(Phase 1l portion of the next conversion land the STATUS
output will go high} seven clock periods alter the high levelis
delected at RUN/HOLD. See Figure 5 for details.

LOW ORDER
I T evte ouTPUTS T "

UBDBDBUH
8

U S CECLGGGE CUCI.

25— LEEN
14 THREE-STATE OUTPUTS 25~ HBEN
CE/LOAD
LTI |
1 [_’ 14 LATCHES 1 {
l 12:81T COUNTER ' ,
LATCH |
l J CLOCK |
COMP OUT — }
T0 jaz CONVERSION osciLLATOR HANDSHAKE
AMALOG { INT AND CLOCK e |
SECTION | DEINT(+) CONTROL LOGIC CIRCUITRY L

DEINT( ) ]
|

S v £ 0 i

HOLD

RUN/ OSC OSCOSC BUF MODE

SEND GND

IN OUT SEL OSC

our

Figure 4: Digital Section
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Figure.'S: Run/Hold Operaltion
Using the RUN/HOLD input in this maniner allows an easy et A

“convert on demand” interface to be used.The converter may
be held at idle in.auto-zero with RUN/HOLD low. When
. RUN/HOLD goes high tiie conversion is slarted, and when
the STATUS output goes low the new data is valid (or trans-
ferred to the UART - see Handshake Mode), RUN/AOLD may
now go low terminating Deintegrate and ensuring a minimum
Auto-Zero time before stopping to wait for the next conversion.
It RUN/HOLD goes low at any time during Deintegrate (Phase

ill) after the zero crossing has occurred, the circuit will
immecdiately terminate Deintegrate and jump to Auto-Zero.

This feature can be used to “short-cycle” the converter by

eliminating the time spent in Deintegrate after the zero
crossing. The required activity on the RUN/HOLD input can
be provided by connecting it to the Buffered Oscillator Output.
in this mode the conversion time is dependent on the input
value measured. Also refer to lntersnl Application Bulletin

A030 for a discussion of the effects this will have on Auto-

Zero performance.

if the RUN/HOLD input goes low and stays low 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 i1} begins seven clock periods after the high
level is detected.

Direct Mode

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

Table 3 - Direct Mode Timing Requirements

SYMBOL { DESCRIPTION MIN TYP | MAX | UNITS

BEA Byte Enable Width | 200 500 ns
Data Access Time : .

toas from Byte Enable 150 300 ns
Dala Hold Time .

toHs from Byte Enable 150 300 ‘ns

{CEA Chip Enable Width| 300 500 ns
Data Access Time :

{DAC from Chip Enable 200 400 ns
Data Hold Time

toHC from Chip Enable 200 |. 400 ns

CE/LOAD
AS INPUT

HBEN
AS INPUT

CBER
AS INPUT

e 031418
HIGH BYTE DATA
DATA == =t e=r{vaup j“'—
10AC = - tonc
YOWBYWE I/ el Y. S3=1.. 0% - DATA —_—
DATA ™ r VALID
— === = HIGH IMPEDANCE
Figure 6: Direct Mode Output Timing '
it should be noled that these control nputs are

asynchronous with respect to the converter clock - the data
may be accessed atany time. Thus itis 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 ICL7109 to digital systems, where
the A/D converter becomes active in controlling 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 UARTSs, IM6402/3) with no
external logic required. When triggered into the handshake
mode, the ICL7108 provides all the control and flag 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 Imes to the central controlling
processor.

Entry into the handshake mode is controlled by the MODE
pin. When the MODE terminal is heid high, the ICL7109 will
enter the handshake mode after new data has been stored in
the output latches at the end of every conversion performed
(See Figures 7 and 8). The MODE terminal may also be used
to trigger entry into the handshake mode an 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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s *heing stored, the entry into- handshake'mode is delayed

.tiake mode;-~the MODE input is ignored, and although
conversrons will still be performed, data-updating will be
h:bned (See’ Figure 9 until the converter compleles the
output cycle and: clears theé handshake mode !

When the converler enters ‘the handshake mode or when the
‘{‘MODE input is high, the chip and-byte' enable terminals
*’become TTL-compatible outputs'which provide the control

ﬂ’s,gnals for the output cycle (See 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 tsuchas
a UAHT) to accept data.

L F.gure 7 shows the sequence of the output cycle with SEND
i held high. The handshake mode (Internal MODE highl .is
‘entered after the data latch pulse (since MODE remains high
“the CE/LOAD, [BEN and ABEN terminals are aclive as
'outputs) The high level at the SEND input is sensed on the
#“same high o low internal clock edge. On the next low {0 high
"mlernal clock edge, the'CE/LOAD and the HBEN outputs
“issume a low level, and the high-order byte (bits 9 through
“12, POL, and OR) outputs are enabled. The CE/LGADoutpul
remains low for one full internal clock period only, the data
oulpuls remain active for 1-1/2.internal-clock.periods, and

) ;«lhe high byte enable remains low for two-clock periods. Thus

o MODE

‘\pme CE/LOAD output low leve! or low to high edge may be

used as a synchronizing signal 10 ensure valid data, and the

INTERNAL
cLocK

INTERANAL
LATCH

ntO the handshake mode. If this pulse occurs while new data

unt:l the data.is stable. While the converter is in the hand- ..

INTERSIL

byte enable as an output may be used as‘a byte.identifi-
‘cation .flag..‘With SEND remaining -high-. the : converter
complelesihe output cycle using CE/LOAD and LBEN while
the* tow order byte outputs (bits-1 through 8) are activated
The handshake mode is termmated when both bytes are
sent. . Q- .

Flgure 8 shows an outpu: sequence where the SENDinputis
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-standard
IM6402/3 CMOS UART to interface to serial data channels.
In this interface, the SEND input to the ICL7109 is driven by
the TBRE (Transmitter Bulfer'Register Empty! output of the
UART, and the CE/LOAD terminal of the ICL7109 drives the
TBRL (Transmitter Bulfer Register Load! input to the UART.
The data outpuls are paralleled into the eight Transmilter
Buller Register inputs.

Assuming the UART Transmitter Buffer Register 1s empty,
the SEND input will be high when the handshake modsg is
entered after new data 1s stored. The CE/LOAD and HBEN
terminals will go low after SEND is sensed, and the high
order byte outputs become aclive. When CE/LOAD goes
high at the end of one clock period, the high order byte data
1s clocked into the UART Transmutter Buffer Register, The
UART TBRE outpu! will now go fow, which halls the output
cycle with the HBEN output low, and the high order byte
oulputs active. When the UART has transferred the data to
‘the Transmitter Register and cleared the Transmitter Bulfer
Register. the TBRE relurns high. On the next 1CL7109

ZERO CROSSING

"/.'OCCU‘I‘S
J“L_P—Lh rpm
LATCH PULSE

INHIDITED IN = ~ oy
UART MODE <

ZERO CAOSSING DETECTED

STATUS
outpur £

POSITIVE TRANSITIDN CAUSES
LENTRY INTO N
UAAT MODE

INPUT

RIS OEINT

‘
H

i

STATUS oureur. |
PHASE In '

U&RY MOO(

INTEANAL UART :
MOOE HORM /

TERMINATES

T
SEND {UART MoDE .
s:ns:o\

SEND

SENSED |
SEND I
INPUT . .
EECOAD ’——‘1— Lo
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— H — ‘
HBEN | Einadendend
HIGH BYTE y e e s . e e e . el T URp—
xR OATA VALID -
tBEN IS R .
LOow BYTE _ - - — e e e e e e P S
DATA -— DATA VALID

o =ews 2 THREE-STATE HIGH IMPEDANCE = ‘L- « THREE-STATE WITH PULLUP

Flgure 9: Handshake Triggered By Mode
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" internal clock high to.low edge, the:high-order byte outputs

are disabled; and one-hall" i
'outpul retufns high. At-the' samextime;the: CE/LOAD -and
CBEN" outputs’ go' low, ‘and. the ow" order byte outputs

.become active. Similarly; whenthe CE/LOAD returns highat

the end of one clock period, the low order data is clockedinto

he JART: Transmitter Buffer Register,and TBRE againgoes

jow.. When-TBRE returns to a-high it will be:sensed-on the
next ICL7109 internal’clock: highr to low edge, disabling the
data outputs. One-hall internal clock later, the handshake
mode will be cleared, and the CE/LOAD, HBEN, and LBEN
terminals return high and stay active (as long as MODE stays
high!.

With the MODE input remaining high as in these examples,
the converter will outpul the results of every conversion
except those completed during a handshake operation. By
triggering ihe converter into handshake mode with a low to
high edge on the MODE input, handshake output sequences
may be performed on demand. Figure 9 shows a handshake
output sequence triggered by such an edge. In addition, the
SEND input 1s shown as being low when the converter enters
handshake mode. In this case, the whole oulput sequence 1$
controlled by the SEND input, and the sequence for the lirst
thigh order! byte 1s similar to the sequence for the second
byte. This diagram also shows the oulpul,sequence taking
longer than a conversion cycle. Note,that the converter stil
makes conversions, with« the STATUS output. and
RUN/AOLD nput lunctioning normally. The only difference
is that'new data willnotbe falchied when in handshake mode.
and 1s therelore lost.

Oscillator

The ICL7109 is provided with a versalile three terminal
oscillator to generate the internai 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

4-30

or crystal operation.

When the OSCILLATOR SELECT input is high or left open
{the input is provided with a puliup 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 [ = .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 close to an integral
multiple-of the 60Hz period.

25
BUFFERED
oscC
out

v' OR OPEN

AS/RC

tosc
Figure 10: RC Osciliator

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

one-half ‘internak*clock itater,/the -HBEN,

+58

| BUFFERED !
osc
lour

CRYSTAL .

Figure 11: Crystal Oscillator
oscillator will operate with most crystals in the 1 to 5MHz
range with no external components. Taking the OSCILLATOR
SELECT input low also inserts a fixed +58 divider circuj
between the BUFFERED OSCILLATOR OUTPUT and the!
internal clock. Using an inexpensive 3.58MHz TV crystal, thié"
division ralio provides an integration time given by:

58 )
T 12048 clock pernods! X (3458MH2) = 33.18ms

.

error 1s less than one percent, which will give better tr}a.?‘
40dB 60Hz rejection. The converter will operale reliably &
conversion rates of up to 30 per second, which correspon&é..
to a clock frequency of 245.8kHz. i
If at any time the oscillator is o be overdriven, the overy'
driving signal should be applied at the OSCILLATOR INPUT,
and the OSCILLATOR OUTPUT should be left open. The;
internal clock will be of the same lrequency, duty cycle, am’i
phase as the input signal when OSCILLATORSELECTs le'l(
open. When OSCILLATOR SELECT 1s at GND, the clock will:
be a factor of 58 below the input frequency.

When using the ICL7109 with the IM6403 UART, itis possible’
10 use one 3.58MHz crystal for both devices. The BUFFERED
OSCILLATOR OUTPUT of the ICL7109 may be used to drive;
the OSCILLATOR INPUT of the UART, saving the need fora
second crystal. However, the BUFFERED OSCILLATOR
OUTPUT does not have a great deal of drive, and when driv-
1ng more than one slave device, external buffering should be
used. »

Test Input

When the TES 1 input 1s taken 1o a level hailway between V-
and GND, the counter oulput latches are enabled. allowing’’
the counler contents lo be examed anytime. .

When the TEST inpul i1s connected lo GND. the counter,
oulputs are all forced into the high slate, and the internal *
clock is disabled. When the input returns {o the 1/24V" - GND)
voltage or to V' and one clock 1s 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 byle enable control signais which may be used when.
interfacing the ICL7109 to parallel data lines. The CE/LOAD
input may be tied low, allowing either byte to be controlled
by its own enable as in Figure 12A. Figure 12B shows a
conliguration where the two byte enables are connected
together. in this configuration, the CE/LOAD serves as 3
chip enable, and the HBEN and {BEN may be connected to
GND or serve as a second chip enable. The 14 data outputs
will all be enabled simultaneously. Figure 12C shows the
HBEN and LBEN as flag inputs, and CE/LOAD as a master
enable, which could be the READ strobe available from most
microprocessors.

This ime 1s very close (0 two 60Hz periods or 33.33ms. 'l‘_'h'e‘{v
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Figure 12: Direct Mode Chip and Byte Enable Combinations

iﬂgme 13 shows anapproach to interlacing several ICL7109s
A7, bus, ganging the HBEN and CBEN signals 10 several
gﬁverters together, and using the ‘CE/LOAD inputs
. "é‘(haps decoded from an address) to select the desired
-»,gov?}verter. ’
fgémc practical circuits utihzing the parallel three-state
‘{'jfpm capabilities ol the ICL7109 are shown in Figures 14
fough 19. Figure 14 shows a straightfogward applicationto
é’l'n‘tel MCS-48, -80 and -85 systems via an 8255PPI, where
e\:.ICL7109 data oulputs are active at all imes., The I/0 ports
ran 8155 may be used in the same way. This interlace can
“used in a read-anytime mode. although a read performed
"i_lq the data lalches are being updated will lead 10
'Ec,r'ambled data. This wiil occur very rarely. in the proportion
"o, setup-skew times 10 conversion time. One way lo
{avercome th1s 1s 0 read the STATUS outpul as well. and i
¢-high, read the dala agawn afler a delay of more than 12
ét’qnverler clock period. 1t STATUS 1s now low, the second

;E%ading is correct, and if it 1s still high. the first reading 1S

orrect. Alternatively, this timing problem 1s completely
fé‘i{oided by using a read-after-updale sequence, as shown in
-’f;";gure 15. Here the high to low transition ol the STATUS
.gggpul drives an interrupt to the microprocessor causing 1t lo

access the data. This apphcation also shows the RUN/HOLD
nput being used to INiale Conversions under software
conteol

A similarinterface to Molorota MC6800 or MOS Technology
MGCS650X systems 1s shown in Figure 16. The high to low
wansiion of the STATUS outpul generates an interrupt via
the Contiot Register B CB1Y ine Nole that CB2 controls the
RUN/AOLD pin through Control Register B, allowing
sollware-controlicd intiation of conversions in this system
alsu

Figure 17 shows an nterlace to the Intersil IM6100 CMOS
microprocessor family using the IM6101 PIE lo control the
data transters. Here the data s read by the microprocessor in
an 8-Dit and a 6-bit word, directly from the ICL7109 to the
microprocessor data bus Again, the high tolow transition of
the STATUS output gencrates an nterrupt leading to a
software routine controlling the two read operations. As
belore. the RUN/FAOLD input to the ICL7109 1s shown as
being under software control,

The three-stale outpul capability of the ICL7109 allows
direct interfacing Lo Most MICrOprocessor busses. Examples
o! this are shown in the Typical Connection Diagram on

CONVERTER CONVERTER CONVERTER
SELECT SELECT SELECT
< 8-8IT BUS \
GND—j GND ——-—l GND-——l
' MODE CE/LGAD MODE  TE/LOAD MODE CENLTAD
i
H PN . .
89-812 89-812 89-B12
POL, OR poL. on| © POL, OR| &
ICL7109 1CLT109 ICL7109
H p B1-B8 B1-88} 8 B1-88| 8
ANALOG ANALOG ANALOG
IN IN N
RUN/HOLD 5V AUN/HOLD 3% AUN/HOLD 117
HBEN LBEN HBEN LBEN HBEN LBEN

i

f

—_ |

BYTE SELECT FLAGS <

Figure 13: Three-stating Several 7109's to a Small Bus
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Page 3 and in Figures 18 and 19. It is necessary 1o carefully
consider the system timing in this® type of interfade, to be 2 sure. .
that' requnrements for: setup and hoid times, and minimum
pulse widths are met..Note also the drive limitations on Iéng

busses. Generally this type of interface is only favored u the

INTERSii

memory.paripheral address density is low so that simp]
...address decoding can be used. Inlerrupk handlmg can al;
requlre many additional components, and using an mterfa
device will usually simplify the system in this case:

ADDRESS BUS

-

CONTROL BUS

||

||

< DATA BUS
o ———) Z ! U U1
MODE CE/LOAD AD WR D7-D0
89-812 . .
poL. On 6 PAL-PAI
RUN/HOLD p——— .5v
INTEL INTEL
icL7109 8255 8008, 8080
B1-88 [ PO:-PBy {MODE 0) 8085, 8048 ETC
ANALOG
STATUS |~ — —— — — — pc,
IN SEE TEXT g
HBEN LBEN

GND —L——J

Figure 14: Full-time Parallel Intertace to INTEL Microcomputer Systems

¢ ADDRESS BUS 1
) CONTROL 8US 1
p DATA BUS Jl
S o 1] U 1l
MODE  CE/LGAD ' RD WR 07-00 AQ-A1
s
89.812
POL. OR 6 > PAs-PA0
RUN/HOLD PCs
INTEL INTEL
ICL7109 8255 8008, 8080
B1-B8 8 PB;-PBy 8085, 8048 ETC
ANALOG STBa
™~ STATUS |—f PCa
WF
10k!1
U pCy | INTRA INTR
HBEN  LBEN oy
SEE TEXT

D-—l'—__l
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Figure 15: Full-time Parallel interface to INTEL Microcomputers With Interrupt
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Figure 16: Fuil-time Parallel Interlace to MC6800 or MCS650X Microprocessors
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Figure 17: ICL7109-IM6100 Interface Using IM6101 PIE
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Figure 18: Direct ICL7109 - INTEL 8080/8085 Interface
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Figure 19: Direct ICL7109 - MCE800 Bus Interlace ’

Handshake Mode

The handshake modc allows ieady inlerlace with a wide
vaticly of external devices, For instance. exteinal latches
may be clocked by the nising edge of CE/LOAD. and the byte
enables may be used as byte identilication {lags or as load
cnables.

Figure 20 shows i handshake interfaceto Inlel microproces-
sors again using an 8255PPI. The handshake operation with
the 8255 is controlled by inverting its Input Buttes Full (18F)
flag 1o drnive the SEND input to the HCL7109, and using the
CE/LOAD 1o drive the 8255 sirobe. The internal contiol
register of the PP should be set in MODE 1 lorthe port used
If the 7109 1s 1n handshake mode and the 8255 IBF flag s luw.,
the next word will be stiobed into the port. The strobe will
cause IBF 1o go tigh tSEND goces lowi, which will keep the
enabled byle outputs active. The PPl will generate an
interrupt which when executed will result in Lhe dala being
read: When live byte 1s read. the IBF will be reset low, which
causes the 1ICL7109 to sequence into the next byte. This
ligure shows the MODE nput to the ICL7109 connecled to a
control ine on the PPI 1t this output s left hugh, or tied high

separately  the diata hom every conversion provided the
dala access lakes less tme than a conversiont will be
sequencend in two bytes into the system

11 thes output 1s made to go lrom low to hugh, the output
scquence Lan be obtisned on demand. and the interrupt may
be used 1o tesel the MUDLE tit, Note that the RUN/HOLD
input 1o the ICLT 10Y may also be driven by a bitot the 8255 so
that conversions nuty be oblamned on command under
soltwaie control Nole that one port of the 8255 s not used,
ang can seivice ancther penpheral device. The same
arrangement can also be used with the 8155

Figure 21 shows a sinular arrangement with the MC6800 or
MCS650X microprocessors, except that hoth MODE and
RUN/HOLD are Lied high 1o save porl oulputs.

The handshake mode 1s particularly convenient lor directly
interfacing to industry standard UARTS tsuch as the Intersil
IM6402/6403 or Western Digital TR1602) providing a
miniffum component count means of senally transmitting
converted data A typical UART connection 1s shown on
page 3. In this circuit, any word received by the UART causes
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Figure 20; Handshake Interface - ICL7109 to INTEL MCS-48, -80, 85
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Figure 21: Handshake Interlace - ICL7109 to MC6800. MCS650X

{he UART DR (Data Ready! output to go high. This drnives the
MODE input to the {CL7108 high, triggering the ICL7109into
handshake mode. The high order byte 1s output to the UART
nrst, and when the UART has lranslerred the dala to the
Transmilter Register, TBRE tSENDL. goes high and the
second byte 1s output. When TBRE ISEND! goes high again,
[BEN will go ugh, drwving the UART DRR tData Ready Resct)
which will signal the end ol the transier of data lrom the
ICL7109 1o the UART

,Figure 22 shows an extension ol the one converler - one
UART scheme of the Typical Connection to several
ICL7109s with one UART. In this circuil, the word received
by the UART ‘available at the RBR outputs when DR 1s hugh)

s used 1o select which converter will handshake with the
UART. With no extetnal components, this scheme will allow
up 1o eight ICL7109s tonterface withone UART. Using afew
more components to decode the recesved word will allow up
1o 256 converters 1o be accessed on one serial line.

The apphcations of the ICL7109 are not imited to those
shown hete The purpose of these examples 1s 10 provide &
starting pownt lor users 1o develop uselul systems, and to
show some of the varety of interfaces and uses of the
ICL7109. Many of the ideas suggested here may be used in
combination: n pacticular the uses ol the STATUS,
RUN/HOLD. and MODE signals may be mixed.
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! Figure 22: Mulliplexing Converters with Mode Input
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