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Abstract

This paper presel,. ype yse of fiber optic es & sensing
device for 8 robotic arm comtryjjen, The robotic arm known as "gripper"”
wes controlled via a steppiyg power, Laser diode at 780 nm was used
incorporsting with & single 1,4, polarization maintaining fiber(Hi-Bi
fiber),its output power was Ystected at the far end of the same fiber.
Results obtsined,using & seric, o calibrated force,have shown that the
obtained output. The experimeni.| results have shown the indication

thet the soft touch gripper MEY he valid and reliable,using &8 fiber opti

sensor incorporsting an optical feedback control system.
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2.8 SENSING SYSTEM

Tactile Sensing
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2.8.2 Sensing Touch

nwsiﬂusa%iadaw?aﬂanaeﬁaﬁuauﬁﬂnwwsnnanﬁeﬁwunieﬂaaﬂaﬁﬂiatﬁaL%ﬂn
Auduenn 51Lﬂ%ﬂutﬁﬂnﬁuﬁaﬂu%eLﬁuﬂﬁ??auﬁumaonwﬁiﬂusouauﬁmqmvﬁiuﬁaéc
ia§a1ﬂ1ﬁauaeLﬁ@%Lﬂﬁwsﬁﬁﬁuwﬁaﬁﬁaaéuufmq LﬁutaﬂaﬁnﬁaﬁuﬂuéawNW7aﬁwaaa
n17ﬁ101u5u§maoﬂg&§xﬁ1ﬁ udiagaﬁTﬁﬁﬁaaxﬁﬂauaﬁﬁw¥unﬁf3tﬂsqsﬁﬁﬁuwﬁa

alo»n':uguu:va ¢ o & ) Y w
n17ﬂavn1Lﬁuu1ﬂuumaaﬂuavmaammuwﬂtaﬂ Nﬂ?ﬁmﬂﬁaﬁ uazaﬂwquiﬂ
Properties of a tactile sensor

3euﬁiwquﬂﬁiﬁmﬁamaaﬁuﬂuéavﬁaaiﬁaaanaﬂmaﬂqunmaaﬁaug&éxﬁaunn
2819 uduweqmauﬁﬁaﬁa1ﬁ$wLﬁu§1w§u01uuwaaéwo vin Twennun o8 9913 aidn
tﬂuﬁoaiﬂgmngﬁﬁaviﬁtﬁﬂaﬂwsﬁﬂusaLﬁﬂoaéﬁaxﬁﬂa 51aﬁumaetswﬁaaﬂ17§s§ﬂc
Eﬂéweﬂaeéueﬁuw?aﬁﬁuwﬁa x?ﬁﬁauﬂﬁtﬁﬂenwsﬁﬂuse%Lﬁﬂiuﬁuﬁaiuauﬁuw
,3Lﬂ7ﬁsﬁ%eaaqiqmauﬁﬁﬁai

L. 4nu09iadn ol dSauT eeu

2. AUDIRIIND IS EHoweln

3. Smalalunrsnouavelunitaues 171000 weeiunh

4. ﬂaﬁu13naaﬁaimﬁaeﬁmvnuWaaéweiaﬂﬁqﬂ I ndw waraI1Tadalaannd
§maéneﬁaﬂ 1 Alanty

5, njsﬁuﬁoﬁaaﬂe%ﬂﬁuwnﬁqﬂLﬁ@ﬁﬂﬁiﬂé@ﬂ?ﬂgﬁ?@@ﬂuia%wﬁnezﬁﬂ

6. $1230909R W10 LE LR LB ITUNRIEANHLY

ddesanansauivesnidy 2 unuﬁuaéﬁuﬁagaﬁaan1ﬁ iwfo Binary

tectile sensor Way Analog bactile sensor §e3oupssule osnsuTnaslide

gaﬁxﬂuaaeanﬁvs aéﬁcwﬁeavTﬁiagaﬁxﬂuﬁanﬁao



56

Binary tactile sensor
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Binary Switch Array
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CPU "Z80.TBL"
HOF "INT8"

ORG 8000H

$¥KKKX PORT LCD HM¥BAKIKK

E

" PDATA: EQU 80H s PORT DATA FOR DISPLAY ON LCD
PSING: EQU 82H $ PORT INSTRUCTION FOR LCD
PREAD: EQU 84H 1 PORT READ DATA FOR LCD

§%¥%k% PORT ADC 7109 ¥¥¥¥k

PORT_A: EQU 50H s FOR INPUT FROM ADC 7108 BITI—BITIZ,
$POL,OR

CONT_A: EQU 54H

PORT_B: EQU 51H $ FOR INPUT STATUS,OUTPUT LBEN,HBEN,
;RUN/HOLD

CONT_B1 EQU 55H

;¥k%%%% PORT DRIVE STEPPING MOTOR *¥¥¥¥

PORT_C1 EQU 52H $ FOR OUTPUT 4 BITS TO DRIVE STEPPING
3y MOTOR

CONT_C: EQU 56H



s ¥¥k¥%kk PORT KEYBOARD %%

PORT_D: EQU 30H s PORT D FOR SCAN KEY BOARD

CONT_D: EQU  34H ;DIRECTION PORT D
{RXKK% MEMORY AREA ¥R¥KK¥
STACK_AREA: EQU 9000H. “ .

3 RAAKNNK MAIN FRMMANRKANNRK K

START:CALL INIT_LCD { INITIALIZED LCD
CALL INIT_PORT 3 INITIALIZED PORT
'CALL TITLE .;TITLE OF PROJECT
L: CALL MODE $SELECT MODE 1)WORK MODE,2)TRIAL
| s MODE
JR L }
RST 18H

s KNkX¥ INITIALIZED PORT H¥¥kKMAkk

s PORT_A AND PORT_B(PB.O - PB.3) FOR ADC 7109
{ PORT_C FOR DRIVE MOTOR
$ PORT_D FOR KEYBOARD

+'0*' FOR INPUT AND '1°' FOR OUTPUT



INIT_PORT:LD

OUT (CONT_A>

LD A,OEH
OUT (CONT_B)
LD A,OFFH
0OUT (CONT_C)
LD A,OFH

OUT (CONT_D»

K, O0H

2 A

A

v A

A

LD SP,STACK_AREA

RET

$SET ALL BITS IN PORT A ARE 'INPUT’

$BIT 1->BIT 8 ¢ PA.O -> PA.7,
$}BIT 9 - BIT12: PA.O -> PA.3
jOR ¢ PA.4,POL t PA.5

$SET PORT B IS 'XXXX1110B'

$STATUS : PB.O, (INPUT)

{ LBEN ¢+ PB.1,HBEN ¢ PB.2,RUN/HOLD : PB.3,(CUTPU

$SET DIRECTION PORT C

$SET DIRECTION PORT D

$kXk¥k¥kk TITLE SYSTEM ¥¥k¥¥k

TITLE:CALL

LD

LD

CALL

CALL

LD

LD

CALL

CALL

CLSLCD
HL, TAB1
A,O00H
COLUMN
WRLINE
HL, TAB2
A, 40H
COLUMN

WRLINE



CHKKEY:CALL SCAN_KEY  SCAN KEYBOARD TO ENTRANCE SYSTEM

CALL CONVERT 1 CONVERT KEY NUMBER TO ASCII CODE
~CP 023H $1023H = ENTER = '#°

JR NZ,CHKKEY ; INCORRECT KEY,WAIT FOR CORRECT KEY
RET $ CORECT KEY RETURN TO MAIN ROUTINE

TAB1: DFB " ROBOTIC GRIPPER " $ STATEMENT FOR DISPLAY ON LCD

TAB2: DFB "STRESS OPTIC SENSOR "
§ e K N 3 oK
s %%% SELECT MODE ¥R¥HKAHKNKMKH

3 606 A 3 e A e 4 8 36306 M e 3 M e e e A N 3

MODE: CALL CLSLCD

LD HL,TAB3 1 "SELECT MODE(1-2)"
LD A,00H

CALL COLUMN +SET CURSOR POSITION
CALL WRLINE {WRITE DATA ONE LINE
LD HL,TAB4 {"Press Enter Key"
LD A,40H

CALL COLUMN H

CALL WRLINE

-s

CHK1!: CALL SCAN_KEY $ SCAN KEYBOARD TO MENU SELECT MODE
CALL CONVERT } CONVERT KEY NUMBER TO ASCII CODE
CP O2AH } 2AH = % FOR ENTER

JR NZ ,CHKI1



CHKZ:

TAB3:

TAB41

TABS:

TABG6:

LD HL,TABS

LD A,OCH

CALL COLUMN

CALL WRLINE

LD HL,TAB6

LD A,40H

CALL

CALL

CALL
CALL
CP
CALL
CP
CALL
JR

RET

DFB
DFB
DFB

DFB

"

COLUMN

WRLINE

SCAN_KEY
CONVERT
031H
Z,W_MODE
032H
Z,T_MODE

NZ, CHK2

SELECT MODE(1-2)
(Press ¥ Key)
1 )WORK MODE

2)TRIAL MODE

{"1)WORK MODE™"

;}"2)TRIAL MODE"

{SCAN KEYBOARD FOR SELECT MODE
{ CONVERT KEY NUMBER TO ASCII CODE
{PRESS KEY "1"

$YES,GO TO SUBROUTINE WORK_MODE

| PRESS KEY "2 |

$YES,GO TO SUBROUTINE TRIAL_MODE

* 3 STATEMENT FOR SELCT MODE

"

s ¥X%%¥%% SUBROUTINE WORK_MODE #¥¥kdidkkk¥k

$ INPUT

t OUTPU

H

T

NONE

NONE



W_MODE:CALL CLSLCD -
LD HL,W_TABLE!
‘LD A,OQOH
CALL COLUMN
CALL WRLINE
- LD HL,W_TABLE2
1D A,40H
CALL COLUMN

CALL WRLINE

CALL CURSOR_ON s ON CURSOR
LD A,4CH $SET ADDRESS FOR CURSOR POSITION
CALL COLUMN $ CALL CURSOR POSITION ROUTINE
CALL DRIVE 3y CALL DRIVE STEPPING MOTOR ROUTINE
RET

W_TABLE1: DFB " >>> WORK MODE <<< " ; STATEMENT FOR WORK_MODE

3 ROUTINE
W_TABLE2: DFB " FORCE =>> N."

$ kK%K ¥X¥ SUBROUTINE TRIAL_MODE #¥¥¥¥KNKNKH

s INPUT : NONE
$ OUTPUT ¢ NONE
T_MODE:CALL CLSLCD
LD HL,T_TABLE1
LD A,QO0H

CALL COLUMN



CALL WRLINE
LD HL,T_TABLE2
LD A,40H

CALL COLUMN
CALL WRLINE
CALL CURSOR_ON
LD A,4CH

CALL COLUMN

$ON CURSOR N
$1SET ADDRESS FOR CURSOR POSITION

{CALL CURSOR POSITION ROUTINE

s CALL DRIVE tCALL DRIVE STEPPING MOTOR ROUTINE
RET
T_TABLE1: DFB " >>> TRIAL MODE <<< " § STATEMENT FOR TRIAL_MODE

T_TABLEZ2t DFB " FORCE =>>

jk¥k¥¥k% LCD SUBROUTINE ¥¥¥HN¥k

s INPUT

§ OUTPUT

¢ NONE

¢t NONE

INIT_LCD:LD A,00111000B

OUT (PDATA),A
CALL DELAY1
LD A,00001100B
OUT (PDATA),A
CALL DELAY!

LD A,00000110B

3 ROUTINE

N.ll

$ FUNCTION SET '38h'

$ CONTROL CURSOR

s ENTRY MODE SET



OUT (PDATA),A
“CALL DELAY!
CLSLCD: CALL DELAY! s CLEAR SCREEN ON LCD
LD A,00000001B
OUT (PDATA),A
CALL READ

RET
§ kKKK ¥K¥XK COLUMN SUBROUTINE H¥e3AekKidkNk

$ INPUT 3 REGISTER.A STORE ADDRESS FOR CURSOR POSITION
$ OUTPUT 3 NONE
COLUMN: SET 7,A " tindicate column

OUT (PDATA),A

CALL READ

RET

3 kKKK KNk¥¥ READ LCD SUBROUTINE H¥HBKHMkHHkK

s INPUT

s OUTPUT :

READ: IN A, (PREAD) s CHECK STATUS ON LCD
BIT 7,A
JP NZ,READ

RET



§RKNKKNKR% WRITE DATA ONE LINE SUBROUTINE #¥kkk¥¥k¥k

$ INPUT 3 NONE
}OUTPUT 1+ NONE
WRLINE: PUSH BC

LD B,20 .

TEST1: LD A,(HL)L s DATA ARE IN (HL)
LD D,A
CALL WRBYTE
INC HL
DJNZ TESTI1
PbP BC

RET

;KKK AKK¥% WRITE DATA ONE BYTE SUBROUTINE #¥EEKK&NK¥

s INPUT

$OUTPUT

WRBYTE: LD A,D s DISPLAY NATA ONE BYTE
0UT (PSING),A { DATA ARE IN REGISTER.D
CALL READ
RET

s RESERVE FOR FUTURE USED
GOTOLCD: AND OFH iread value and convert to

ADD A,30H $ASCIi{ for display on LCD



10

LD D,A iregister.D for WRBYTE routine
LD AVE {indicate cursor posit{on

CALL WRL&D

RET

3 RMMHKRANNAKHNNK DISPLAY ON LCD 3ol Nk e del 3o e A 06 36 3 e e 3 e -

WRLCD: CALL COLUMN
CALL WRBYTE

RET

;********* CURSOR ON SUBROUTINE ¥¥¥k

$ INPUT ¢ NONE
$OUTPUT ¢ NONE

CURSOR_ON:LD A,00001110B $ CONTROL CURSOR ON
OUT (PDATA),A 3
CALL DELAY1

RET

3 kAR NKK*%K SUBROUTINE SCAN KEYBOARD ONE TIME H¥¥MABMaddeddk k4

; INPUT : NONE
;OUTPUT : REGISTER.L FOR KEY NUMBER WHICH 'O' TO '0OC',0C MEAN NO
SCAN:LD B, 4 }COUNT = NUMBER OF ROWS

LD D,3 ; GET NUMBER OF COLUMN

LD E,11111110B ;START SCAN PATTERN TO GROUND ROW ZERO
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LD H,11100000B ;GET KEYBOARD MASKING PATTERN

LD L,O0OFFH $ KEY NUMBER = -1

FROW: LD A,E } LOAD TO REGISTER.A FOR OUTPUT SCAN ROW
OUT (PORT_D),A
RLC E $SEEK ONE TIME FOR MSB(BIT7) FOR 3%4 KEYS

IN A, (PORT_D) $ GET KEYBOARD COLUMN DATA

DONE: LD A,L

RET

{ UPDATE SCAN PATTERN FOR;NEXT ROW

RL}
AND H fMASKS COLUMN BIT
CP H $ ARE ANY COLUMN GROUNDEDR ?
JR NZ,FCOL { YES,GO FIND WHICH ONE
LD A,L {NO,UPDATE KEY NUMBER FOR NEXT ROW
ADD A,D |
LD L,A
DJNZ FROW jEXAMINE NEXT ROW IF ANY LEFT
INC L $ IDENTIFY CASE IN WHICH KEY NOT FOUND
JR DONE
FCOLIINC L { INCREMENT KEY NUMBER
RLA 3 IS THIS COLUMN GROUNDED ?
JR C,FCOL $NO,EXAMINE NEXT COLUMN



3 ®REKKKKKk¥¥k%X SUBROUTINE SCAN KEYBOARD UNTIL ANY KEY HAVE PRESSED %
$ INPUT ¢ NONE

$ OUTPUT 1 REGISTER.L-WHICH STORE KEY NUMBER AND DON'T WAIT STATUS
SCAN_KEY:1CALL SCAN

LD A,L

CP OCH’ $ARE KEY PRESSED ?,'OCH' MEAN WAIT FOR KEY
JR Z,SCAN_KEY $NO,SCAN AGAIN

RET s YES,RETURN TO MAIN ROUTINE
§ kEkFRKNKNNN CONVERT KEYS TO ASCIT kdekNdik

$ INPUT ¢ REGISTER.L FOR COUNT NUMBER OF KEY

s OUTPUT : REGISTER.,A STORE ASCII KEY FROM SUBROUTINE CONVERT

CONVERT: INC 1L - s INCREMENT FOR COUNT IN DJNZ LOOP
LD B,L s COUNT LOOP

LD HL,KEY_TABLE { ADDRESS BEGIN FOR CONVERT

SUB_CON: INC HL
DJNZ SUB_CON
LD A, (HL) $STORE ASCII CODE IN REGISTER.A FOR OQUTP

RET

§AHHRAH A KKK NN KK CONVERT HEXADECIMAL TO ASCI T HMHAMMMKIBIN NN A K KA K

s INPUT REGISTER.A

s OUTPUT REGISTER.A
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ASDEC:CP 10 $1S DATA A DECIMAL DIGIT ?
JR C,ASCZ
ADD A,7H . $ NO,ADD OFFSET FOR LETTERS
ASCZ: ADD A, 30H § CONVERT DATA TO ASCII1
RET -

SYS_SCAN$EX AF,AF'
LD A,95H
RST 10H

RET

} ¥%XXKK¥% DRIVE CYCLE FOR STEPPING MOTOR ®RKERMRKHKARHKEK KKK KK HRHH

$ INPUT ¢ NONE
$OUTPUT : NONE
DRIVE:LD A,33H {FOR DRIVE STEPPING MOTOR 00110011B

DRIVE_CYCLE:

EX AF,AF'

CALL SCAN s CALL SUBROUTINE SCAN KEYBOARD

LD A,L { REGISTER.L FROM SUB.SCAN

CP O5H s FOR- '4' ON KEYBOARD THAT MEANS GRIPPING

JR Z,GRIP_INN

CP O3H 1 FOR '6' ON KEYBOARD THAT MEANS RELEASIN
JR Z,GRIP_QUTT }

CP O4H +FOR '5' ON KEYBOARD THAT MEANS STOP MOV

JR Z,STOPP



~d

14
JR NZ,DRIVE_CYCLE ;PRESS KEY INCORRECT THEN GOTO DRIVE

GRIP_INN:CALL GRIP_IN z
CALL ADC s CONVERT DATA FROM FIBER TO DISPLAY

JR DRIVE_CYCLE

GRIP_OQUTT:CALL GRIP_OUT
CALL ADC 31 CONVERT . DATA FROM FIBER TO DISPLAY

JR DRIVE_CYCLE

STOPP:CALL STOP_ROTATE

JR EXIT_DRIVE
EXIT_DRIVE: RET
3 KRAKKNRKKX¥.  RRCA ROUTINE 333l ol o0 e 36 e 6 3 2 e 3 386 e 36 e S e S

3 THIS'S SUBROUTINE THAT GRIPS IN FOR GRIPPING COMPONENT
3 INPUT sREGISTER.A BEFORE ROTATE
$OUTPUT :REGISTER.A AFTER ROTATE
GRIP_INI{EX AF,AF’ ${RESTORE VALUE FROM ALTERNATE REGISTER
LOOP_IN:OUT (PORT_C),A
RRCA
CALL DELAY_TIME

RET



$RHERKKRRK KK  RILCA ROUTINE *****%*i%*********************
$THIS'S SUBROUTINE THAT GRIPS OUT FOR RELEASING COMPONENT
$ INPUT ¢REGISTER.A FROM éOP INSTRUCTION
$OUTPUT :REGISTER.A FOR VALUE TO ROTATE
GRIP_OUT:EX AF,AF* {RESTORE VALUE FROM ALTERNATE REGISTER
LOOP_OUT:0OUT (PORT_C):A -

RLCA

CALL DELAY_TIME

RET
$RAMRERKKRKK STOP ROTATE Moo de e 3 e 36 3 30 6 36 e 6 e 3 6 36 36 6 S0 3 S e 3 36 3 e 3

$ INPUT 1 NONE

jOUTPUT : REGISTER.A FOR DRIVE STEPPING ON NEXT TIME
STOP_ROTATE:LD A,0NH

OUT (PORT_C),A

LD A,38H

RET
s %k¥dKk¥k RUN ADC 7109 ¥¥eMddkuidkk
RUN_ADC:LD A,40H $ 0000 1110B

QUT (PORT_B)>,A 3 RUN/HOLD=>HIGH

RET

15
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$ X%kXkK¥%k HOLD DATA FROM ADC 7109 #X¥¥k¥%k

HOLD_DATA: LD A,6H ;0000 0110B
OUT(PORT_B), A $ RUN/HOLD=>LOW

RET
s ¥XKkk¥%k FETCH HIGH BYTES ENABLE #&k¥X¥%%

HBEN: LD A,OAH 340000 10108
OUT(PORT_B),A ;HBEN=>LOW, LBEN=>HIGH

RET
$HENkNK¥k FETCH LOW BYTES ENABLE #k#k¥x

LBEN: LD A,OCH ;0000 1100B
OUT(PORT_B)>,A $HBEN=>HIGH,LBEN=>LOW

RET

$ AR KKKK KKK AKKKK RECEIVE DATA FROM ADC 7109 HMHFMHANNHANK¥
$k¥%k%k% OQUTPUT sREGISTER PAIR 'DE’' 3 XXXX#### HHHHHEHHB HkM¥Kk
H BIT ¢+ 7 6 543 210

H X X X XXX XX

ADC:PUSH AF
CALL HBEN sFETCH HIGH BYTES ENABLE

CALL HOLD_DATA tHOLD DATA AFTER CONVERT TO DIGITAL

CHECK_POLAR: IN A, (PORT_A) s INPUT



GO_ON:

DATA_ADC: EQU
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BIT 5,A } CHECK POLARITY :PA.S
AND OFH $)BIT.9->BIT.12:PA.0->PA. 3.
8FOOH yADDRESS FOR ADC DATA(BIT 1 -> BIT 12

LD IX,DATA_ADC
LD (I1X+0),A $STORE DATA(MSB) IN ADDRESS (DATA_A

$ NOW! REGISTER.A IS BIT.S->BIT.12(M

CALL ASDEC y CONVERT HEXADECIMAL TO ASCII

LD D,A sREGISTER,D FOR SUBROUTINE WRBYTE
LD A,4CH $SET COLUMN FOR SUBROUTINE DISPLAY_
CALL WRLCD‘ $ DISPLAY ON LCD

CALL LBEN t RUN ADC AND FETCH LOW BYTES ENABLE

CALL HOLD_DATA tHOLD DATA AFTER CONVERT TO DIGITAL

IN A, (PORT_A) § INPUT BIT.1->BIT.8tPA.0->PA.7

LD B,A

LD (IX+1),A $ STORE DATA(LSB) IN ADDRESS (DATA_A
SRL A $SHIFT CONTENTS OF REGISTER RIGHT L
SRL A t 4 BITS

SRL A .

SRL A $ NOW! REGISTER.A IS BlT.S—)BIT;S(
CALL ASDEC ; CONVERT HEXADECIMAL TO ASCIlI

LD D,A tREGISTER.D FOR SUBROUTINE WRBYTE
LD A,4DH {SET COLUMN FOR SUBROUTINE DISPLAY_
CALL WRLCD s DISPLAY ON LCD

LD A,B

AND OFH { NOW! REGISTER.A IS BIT.1->BIT.4(LS

CALL ASDEC s CONVERT HEXADECIMAL TO ASCII
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LD B,A s REGISTER.D FOR SUBROUTINE WRBYTE
LD A,4EH $SET COLUMN FOR SUBROUTINE DISPLAY_

CALL WRLCD s DISPLAY ON LCD

CALL CONVERT_TO_NEW&ON $ SUBROUTINE FOR CONVERT TO
s NEWTON FORCE

LD A, (NT_AREA) ;DIGIT 3%4 B

LD B,A

SRL A

SRL A

SRL A

SRL A

CALL ASDEC 3 CONVERT HEXADECIMAL TO ASCII

Lb b,A |

LD A,45H ; FOR SUBROUTINE COLUMN

CALL WRLCD ;DISPLAY ON LCD

LD A,B

AND OFH

CALL ASDEC s CONVERT HEXADECIMAL TO ASCI1

LD D,A

LD A,46H 1 FOR SUBROUTINE COLUMN

CALL WRLCD s DISPLAY ON LCD

LD A, (NT_AREA+1)3$DIGIT 1&2

LD B,A

SRL A

SRL A

SRL A
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CALL ASDEC § CONVERT HEXADECIMAL TO ASCII
LD D,A

LD A,47H $FOR SUBROUTINE COLUMN

CALL WRLCD $DISPLAY ON LGCD

LD A,B

AND OFH

CALL ASDEC ; CONVERT HEXADECIMAL TO ASCII
LD D,A E ”
LD A,48H tFOR SUBROUTINE COLUMN

CALL WRLCD $DISPLAY ON LGCD

POP AF

RET

§ JeRkMAN KM Hk N k¥ ¥ CONVERT ADC DATA TO NEWTON SARH AR KRR AN KRR

$ INPUT tADDRESS ADC_DATA

$OUTPUT+REGISTER.A FOR NEWTON FORCE VALUE

$DIGIT POSITION DIGIT 4321

$ | XXXX

MAX_NT: EQU 9 }THIS CAN CHANGE IT'S DEPENDT ON MAX
$ RANGE -

NT_AREA: EQU 8FO0Z2H

$REGISTER PAIR 'HL' IS ADC DATA ,USED IN 'SBC' INSTRUCTION.
CONVERT_TO_NEWTON: XOR A ;CLEAR REGISTER.A
LD (NT_AREA),A tsCLEAR DIGIT 3&4(00XX)

LD (NT_AREA+1),A yCLEAR DIGIT 1&2(0000)
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LD (8FO04H),HL
LD 1X,TABLE_REF; INDEX FOR TABLE STORE IN 'IX'
LD B,O0 ;FOR COUNT LOOP DIGIT 4 & 3

LD C,0 {FOR COUNT LOOP DIGIT 2 & 1

s REGISTER PAIR 'DE' 1S REFERENCE DATA FROM TABLE,

s USED IN 'SBC' INSTRUCTION

COMPARE_ADC: LD A, (IX+0) s REFERENCE DATA IN REGISTER.A,

yNOW IS MSB

LD D,A ;NOW,REGISTER.D 1S MSB(REFERENCE
; DATA)

LD A, (1X+1) s REFERENCE DATA IS LSB

LD E,A {NOW,REGISTER.E IS LSB(REFERENCE
; DATA)

LD A,(DATA_ADC); LOAD MSB ADDRESS(DATA_ADC) INTO
LD H,aA 1 NOW,REGISTER.H STORE MSB(DATA_AD

LD A, (DATA_ADC+1)3

LD L,A s NOW, REGISTER.L STORE LSﬂ(DATA_AD
XOR A s CLEAR CARRY FLAG

SBC HL,DE s COMPARE 2 BYTES

JR C,EXIT s ADC_DATA MORE THAN REF_DATA

sREGISTER.A FOR COUNT LOOP COMPARE,IT IS A 'NEWTON FORCE®

LD A,C

CP 98 s1S IT FULL IN DIGIT 2 AND 1t 7



JR NZ,DIGIT_1_2;3;NO,STIL COUNT LOOP IN DIGIT 2 AN

DIGIT_3_4: LD A,B ;YES,LOAD DIGIT 4&3 FOR GOUNT
ADD A,1 {COUNT IN DIGIT 4 AND 3
DAA
LD B,A {STORE DIGIT 483 -
LD .A,C ' {CLEAR REGISTER.A FOR COUNT NEXT
XOR A i
DIGIT_1_2: ADD A,1 ; INCREMENT ONE
DAA ; CONVERT TO BCD FORM
LD C,A §STORE DIGIT 2&1
INC IX | §NEXT REFERENCE DATA
INC IX

JR COMPARE_ADC 3$ADC_DATA LESS THAN REF_DATA,

s COMPARE NEXT

s REF_DATA
EXIT: LD A,B sSTORE DIGIT 4 AND 3
LD (NT_AREA),A 3
LD A,C $ STORE DIGIT 2 AND 1

LD (NT_AREA+1),A

RET

$ REFERENCE DATA HAVE LENGTH 2 BYTES XXH,XXH
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[xS]

TABLE_REF: DFB 0OOH,00H,01H,00H,02H,00H,03H,00H,04H,00H,05H,00H,06

DFB O7H,00H,08H,00H,08H,00H,0AH,00H,0BH,00H,0CH, 00H, 0D

DFB OEH,00H,OFH,00H

;*******%******%************%**%*%******%********%***%*********%**

=

SUPER_DELAY:LD B,OFH

SUBI

PUSH BC

CALL DELAY_TIME

POP BC
DJNZ SUBI
RET

DELAY_TIME:LD B,OFH

SUB_DELAY: PUSH BC

CALL DELAYZ2
POP BC
DJNZ SUB_DELAY

RET

DELAY1:PUSH BC s delay (10ms)

LD B,80H

S_DELAY1:DJNZ S_DELAY1

POP BC

RET
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" DELAY2:PUSH BC ; delay (100ms) .

LD B,OFFH

S_DELAY2:DJNZ S_DELAY2
POP BC
RET
KEY_TABLE:DFB OOH,33H,§2H.31H.35H,BSH,34H,39H,38H,37H,23H,30H,2AH,
;FREE' 3 ’ 2 3 1 3 6 ] 5 [ 4 ] S ] 8 ] 7 ] # L] 0 L] * s

END
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g Min@L 313 CALL DISABLE WATCH DOG agidua WA CPU MNAY RUN azj&utﬁaﬁﬁtyyw .
sty i biavedwntonn RN Tuwunsnaiinte Jan i Tuaunan  CALL DISABLE
WATCH DoG 1§ CPU fiastfianns RESET it dalinduliidu RoN Twidn

: PE7 -t—on{ .
" MUX g PETIWOTOUT
i f— )
WoTP Enable
(Bits 6 and 5) o

AESET woTe
el BIHWRITE l

Waich Dog Timer Command .Waich DogTimer
Register #F1 (WOTCR) Master Register #F0 (WDTMR)

It 7t

Internal Data Bus

TX , RX , INT (J8) Figure 8. Watch Dog Timer Btock Disgram

\fu CONNECTOR & PIN #a31n2431 RS-232 FlHLdmuredudrasialin PORT
PE 6 ,. PE 5, waviim) INT nae z84c11 TasfinianLild PORT Rs-232 iil¥osa
JUMPER pan 13mwe W PE 6 , PE 5 Wadwisr  usvdndmnodldla JUMPER mae INT
fa1vdwnn SET W PORT RS-232 ubaya ugtnmavsuunT INTERRUPT - 1tuidaniiy
n17 INTERRUPT 37n RS-232 PORT & )

USER
RS232

0|00
0|00
TX RX INT

O O

USER
RS232
INT

O[O|O]| USER
Ol0I0O PORT E

-B-



14 CONNECTOR mun@ 10 PIN #i93n PORT PD Tasil R-PULL-UP 10K

Tas CONNECTOR 10 PIN ﬁqemmmoimﬁuzmhu KEY mia 4X4 aa
Tumun SCAN Kev FamTasmir iy PORT 3a7e Tuomuni g

siaaz'iﬁ'm
16 KEY Tamiiisu

KEY SW 4X4
PDO

POL
PO2 -
PO3

— PO4
ﬂ - —0 O0—

- SW PUSHBUTTON PDS

POG

PD?

- BAT ON/OFF_(J5)

1ie CONNECTOR 2 PIN Tam 3 JuveER Ty D , tdakian BATTERY
3.8V indinsaleu BATTERY

84 , 266 (J6)

1 coNvECTOR 3 PIN ‘W Jum 1Rendimniaeawdy RAM waet 373 ming
mwinlatiuadeerls 6264 (8 KBYTE) Wls 62266 (32 KBYTE)
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1CD J7

1w comvECTOR 3 PIN 1HiRandni713z@a  LCD MODULE tisuimliada LCD
MODULE wwusiniinwwia LCD MODULE Wuu GRAPHIC

J71[O— 010 J7| O 0]

LCD GRAPHIC LCD DOT

GLCD

1fe CONNECTOR muna 20 PIN Tz wninsa LCD 18 2 wnfa  DOT TYPE
wia GRAPHIC TYPE laa{11i3anea lofniiu DOT TYPE Aa  #aidnwsfiazld 14 PIN dnld
d97U  v3afinamidaneeuuy GRAPHIC TYPE f=wdalfem 18 PIN

14 PIN LCD 18 PIN LECD
GLSD DOT CCHAR) LCD GRAPHIC LCO
+5V T | &NG 1Y (O] RO -\ N O] GND
R RS1 O 0O ve rRs 1O O vo o/t QO O vo
; el O rRm E Q O P £ QO Ol rmu
1% 02| O O oo s ot |O | oo oLt {O O vo
1 o2 O (O | b2 o3 Q O o2 o3 O‘ O | b2
ﬂ os|{ O O] pse ps | O O] ca ps | O Q| pe
o7t QO O D7 06 7 |O O os
o 9Q est | O Q) ¢s2
O RSI 0 VEE
O O
CP~ZB4C1)
() POWE
7 : ) o’g o
W

L TR wTRLTURRuiiatae LCD 1¥Enant1TRa VR 10 K l,‘zh'\uua-‘fan’saﬁﬁﬁaemﬂﬁﬁm{aﬁ
eda JUM VR auphasfill (BOARD cP-z84cii azlisa VR 10 k UD

ICD ADDRESS PORT
CHANNEL, PORT ADDRESS PORT
WRITE DATA INSTRUCTION 80 H
WRITE DATA TO CG OR DD RAM 82 H
READ BUSY FLAG AND ADDRESS 84 H
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PRINTER _PORT

1ie coNNECTOR 20 PIN VHeaifrfuiadastant uwy CENTRONICS svuaniiag
Tl# Ths PRINTER PORT Haziaann PORT PE 3-4 Wat PORT PD 0-8

HEADER 20 PIN

PRINTER PORT 36 PIN

T, T

2 2

3 3

4 3 4

3 3

8 6

? ?

4 ]

2 ?

10 10

11 1

12 27

13 26

14 25

is 24 R \
16 23 '
1 4 22 900000000000000600
18 21 * 000000000060000000
12 29 k] - )
20 19 .

PRINTER ADDRESS PORT

CHANNEL ADDRESS PORT
DATA (PD 0-8) ' 30 H
STB  (PE 4) 40 H (BIT 4)

BUSY (PE 3 40 H (BIT 3

-11-~



MEMORY MAP _ADDRESS
CP-Z84C11 ¥a MEMORY aanmifiu 2 dw @»

MEMORY_CP-ZB84C14

ROM
O000CH-?FFFH

RAM
8000H-FFFFH

1,70 PORT CP-=Z84C

44

—

OO

jolojoln]
ol

ojopos

Lipop- 0]

I

_ L“Eﬁﬁr 5 DATA_30H

A 40H
OR B H
PSR g; 2 . gl
I C DA S
_...;;ﬁL_Jl_z S4H
| ORT_B8 DI SEH
. FORT G 26|

FORT LCD 9S0OH-9FH

SCRP EEH

L}

EF
WOTMR_____ FOH

C FiH




SPECTFICATION

CPU : ZILOG 7Z84C11-10 CHMOS TYPE
MEMORY 27256 (32 ¥BYTE)
6264 / 62256 (32 KBYTE)

o

o

EEPROM :  93C46 (1 KBIT)
PORT : PA,PB,PC, PD, PE I/0 PORT 40 BIT
PRINTER PORT : 1 PORT
SERIAL PORT  : 1 CHANNEL RS232 )
LCD PORT ~ ¢ 1 LCD MODULE (DOT OR GRAPHI)
KEYBOARD 3 = 1 PORT (8 BID) .
CTC PORT : 4 CHANNEL COUNTER TIMER CONTROLLER (Z80 CTC)
CLOCK RATE H 10 MHz
POWER SUPPLY :  (OMSUMPTION 5V DC & TERMINAL 5V DC
CONNECTOR : 1 40 PIN EXPANSION HEADER-STRIP (ZB80BUS)
: 2 34 PIN EXPANSION HEADER-STRIP (7210Z80 EIT)
: 1 20 PIN EXPANSION HEADER-STRIP (PRINTER PORT)
: 1 20 PIN EXPANSION HEADER-STRIP (LCD PORT)
: 1 10 PIN EXPANSION HEADER-STRIP (Z80 CTC)
: 1 10 PIN EXPANSION HEADER-STRIP (KEYBOARD)
: 1 4 PIN EXPANSION (RS 232)
: 1 2 PIN JUMPER (WATCH DOG)
: 1 2 PIN JUMPER (RESET SW)
: 1 6 PIN JUMPER (TX , RX , IND)
$ 1 4 PIN JUMPER (MS1 , MS2)
: 1 2 PIN JUMPER (ON/OFF BAT)
$ 1 3 PIN JUMPER (6264 / 62256)
: 1 3 PIN JUMPER (DOT / GRAPHIC)
: 1 2 PIN JUMPER (RESET 40 PIN Z80 BUS)
LED : 1 POWER RED LED
: 1 HALT GREEN LED
PCB SIZE : 12.2 X 9 CM

-13-
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78R 8417 CONNECTOR

CLK/TRGO g
CLK/TRG1 g
CLK/TRG2 4
CLK/TRGI d

+5V a

Z80CTC
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J1enTalnTl CP-784C11

1. CPU Z84C11

3. TITL TALSO4

6. TIL T4LS139

7. TR BC557

9. DIODE 1N4001
11. X'TAL 10 MHz
13. LED RivAnenan
15. C 10 UF 16V TAN
17. C 22 PF 50V

19. R PACK 10K 5 m
21. MINI SW.

23. \nafiusa 2 PIN
25. SOCKET 28 PIN
27. SOCKET 14 PIN
29. PCB CP-Z84C11

R 1/4¥W + 5%
1. 220

2. 560

3. 1K

4 4.7K

5. 10K

6. 33K

7. 51K

8. 100K

[

W =

PN N el e - D ™ S Y - TN - T S R Sy Y

S

16.
18.
20.
22.
24.
26.

30.

RAM 6264
TTL T4LS138

TR BC547

DIODE 1N4148

DIODE ZENER 5.6V 1W
LED uasnan

C 0.1 UF MUTIL

C 33 UF 16V

R PACK 10K 9 M

L 100 UH

CONNECTOR 4 PIN &7
JUMPER 2 PIN

SOCKET 16 PIN
SOCKET 8 PIN

Aila CP-84C11

HEADER CONNECTOR

40 PIN
34 PIN
20 PIN
10 PIN
6 PIN
4 PIN
2 PIN

N = P NN N e

-168-
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Photodiodes

Basics of photometry

This is a brief introduction to the basxcs of photometry.
To be able 1o undersitand this subject better a brief
review of geometric principles utilised is required.

Geometric principles

Radian
[n plane geometry the angle whose arc is equal to the

radius generating ttis called a radxan Therefore, ifC = -

2zR (Circumierence of a curcle) 27R = 360°. Radian =
180°%'7 = 57.27° (approx.). :

Fiqure |

Two dimensional figure:

Cther ebbreviations used.
e = Area of emitiing (or reflecting) surface.

ADp = Apparent area of an emitting source whose
image is proiected in space and viewed at
some angle, 9

Ad = Detection zrea. Whether a physical target or
merely a defined spaual area. it is the area of
interest.

Steradian
In solid geometry one steradian is the solid angle
subtended at the centre of a sphere by a portion of the
surface area equal ‘o the square of the racius of the
sphere, Therefore, if AREA/R? = | = | steradian and
’ho area cn the surface cf a sphere equals 47R?, then
47R¥YR? or 47 steradians of solid angle -@ about the
centre of a sphere. The steradian is usually abbreviated
as STER.

Figure 2. -

Three dimensional figure

" Photometric Terminology

Flux (Symbol F)

Any radistion, whether visible or otherwise, can be
expressed by 2 number of FLUX LINES about the
source, the number being proportional to the intensity
of that source. This LUMINOUS flux is expressed in
LUMENS for visible radiation.

Luminous emittance (Symbol L)
A source measurement parameter. it is defined as the
ratio of the luminous flex emitted from a source to the
area of that source, or L. = F/Ae. Typically expressed in
units oft
lumens/cm? or one PHOT.
lumens/m?® cr one-LUX (or one METRE CANDLE),
lumens/t® or one FOOT CANDLE.

Muminance (Symbol E)

This is a target or detector area measurement para-
meter. It is the ratio of flux lines incident on a surface to
the area of that surface or E = [/Ad. Typical measure-
ment units are the same for LUMINQUS EMITTANCE
ie. lumen/cm? = one phot, lumenym?® = one lux, and
lumen/ft? = one ft candle:

Figure 3
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,4US intensity (Symbel 1)
/anal flux density concept. It is the ratio of luminous
of a source to the solid angle subtended by the
Jetec:ed area and that source. The LUMINOUS IN-
TENSITY of a source assumes that source to be point
rather than an area dimension. The LUMINOUS IN-
TENSITY (or CANDLE POWER) of a source is mea-
sured in LUMENS/STERADIAN which s equal to one
CANDELA (or loosely, one CANDLE).

Figure 4

Luminance (Symbol B) '

Sometimes called photometric brightness (although the
term briglitness siiould not be used alone as it encom-
passes other physiclogical factors such as colour,
scarkle, texture, etc.) it is applied to sources of aporeci-
apie area size. Mathemancally, if the area of an emitter
(circular for example) has a diameter or diagonal
dimension greater than 0.!-the distance to the detector,
it can be considered as an area source. [ less than this

1% figure, the source can be treated as point in nature.

This one to ten ratio of source diameter to distance is
offered as it MATHEMATICALLY very clesely approxi-
mates results obtained when comparng an area sowrce
to 1ts point equivalent. LUMINANCE presents itself as
an extremely useful parameter as it appiles a figure of
ment to:
. Apparent or protected area of the source (Ap).
2. Amount of luminous flux contained within the
projected area of the source (Ap).
3. Solid angle the projected area generates with
raspect to the centre of the source.

Note. The projected area Ap vares diectly as the -

costie of 8 ie. max. at 0° or normal to the surface and
minumum at 90° .
Ap=Aecos @

LUMINANCE is defined as the ratio of LUMINQUS
INTENSITY (o the projected area of the scurce Ap.

. LUMENS
LUMINQUS INTENSITY _ STERADIAN _ CANDELAS
Ap Aeccs 8 (Sq. Unit)

And depending on the wnits used for area:
] CANDELA/cr* =1 STILB
| CANDELA/mM® =1NIT

} gmm“‘: = } no designator available.

Also:
I/m candela/cm® = LAMBERT
I/rcandela/m® = APOSTILB (or BLONDEL)
l/mcandela/in® .= na designator available
/7 candela/f* = FOOT LAMBERT

CIE curve

Photometric quantties are related to the corresponding
radiometric quantities by the CIE Standard Luminosiry
Function which is oﬁ_en called the ‘'standard eyeball'.

The eye responds to the rate at which radiant energy
falls on the retina, ie., on the radiant flux density
expresed as Watts/m?, The corresponding photomet-
ric quantity is Lumens'm®. The standard luminesity
functon is then, a plot of Lurmnens/Watt as a functon of
wavelength.

" The function has a maximum value of €80 Lumens/Watt

at 555nm and the Y2 power points occur at 510nm and
610nm (Figure 6).

Figure 6 CIE stand photopic luminosity function
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sectromagnetic radiation spectrum The foliowing range of discrete opto devices is de-
scribed, each of which may be used in a veriety of.
sensing applicztons.
Figure T Electomagnetic specaum Product RS stockno.
Ceneral purcese photodiode 305-462.
BPX 33 high speed photodiode 304-346
BPW?21 photodicde 303-719
Quadrant silicon photodiode 652-027
r f — |Smm? silicon photodiode 194-076
Yy : ’ Medium area photodiode 651-985
T - b s 4 f® Large area photadiode 303-674 -
I e I ATERE Integral amplifier Smm? _ 308-067
N TN e s —d Integral amplifier 100mm? 590-963
| el Y , 5.8mm? UV photodiode 564-021
— e s i, 33.6mm? UV photodicde 564-037
N | 7 — 100mm? UV photodiode 564-043
I 10t /o7 16 element linear array 194-060
I oy Foy b\o / e -
X-cwve P -
w4/ N7, _ R . .
o /‘)/ Light - || General purpose photodicde
:;- R ] :/, Visible radiation — . (RS stock no. 305-462) '
o \m growm | ) .
wrd[ N S A planar diffused photodiode in a 2-lead TO-18 can with -
L il yoiomgroen [ ‘glass window. A very linear output of current versus
™ae | Moo ke ) — light level can be obtained over a wide range of inputs.
R | el Light falling on the diode induces current in the diode,
L | N waveme | || thus when the device is reversed biased thereby
et 10’ ) 6’6 \ conducting very low leakage currents, it behaves as a
g wdl 7y 2 m_—j, current source controlled by the incident illumination.
: 19’ i \ el —\m'm - \
v L w \ —_ . ' .
S e R | VR B Absolute maximum ratings
o 1l Vo T Y - 70 at +25°C (unless stated)
— 1L \ W_ N \ Reverse voltage Vg +80V-
e T 10’ 4 \ , \ Forward current Iy 100mA
e 0 LT remring | \ Overating temperature range 0°Ctlo +70°C
l ol \ — A ne || Storage temperature range —55°Cto +125°C
v L ol Mo Power dissipation Pd 200mW
Figure 8 Typicalquantum efficiency curves
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2in connecdons and case dimensions

1 !l 2

Casais connecte& to Pind. =
Chip placement accuracy 20.25mrnr of cancentre.

Fexd-

AN\ T
S

*Note: 850 mils == 0.7mm x 0.7mm.

Nominal photosansitive eres 850mils (nearsquare}®;

Electrical characteristics (at. +22°C +2°C unless otherwise stated)

Symbol Parameter Min Tye. Max. Units Test conditions”
Veam Breakdown voltage 83 v Dark rev. current 10uA

Io Dark current 1.4 14 nA Dark: rev. bias 20V
R. Responsivity - 035 0.7 1.4 pA/mWiem® | Zero bias; 400pW/cm?
C Capacitance 12 pF Dark rev. bias {0V
ta Response time- 250 ns 10-90% levels
- Temp. coefl. of responsivity 0.35 % per’C | 0°Clo+70°C
- Temp. coel of dark current x2 per |0°Crise | 0°C o +70°C

Typical performance curves

Ficure 9§ Photo current vs. irradiation
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Figure 10 Open circuit voltage vs. irradiation
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Tigurs 1] Normaiised capacitance vs. diasvoitage
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Figure 12 Photo current vs. bias voltage:
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Typical applications -

Analogue light level senscr ~ direct reading
Low wnput Slas cwrent cp ames suci as LM 308 or FET
nput types c2n Se usad ¢ aive steady de indicsuon of
light leveis as is necassary for photememe 2ppiicztons,
pnoteceil messurements, Tansmussion and reilecaon
~naficienys, otc.
Tae velues shown cive acoroximately 14V/mW/em? of
r'_czauorL The'vaiue of R and 32 may be reduced for
ess sensiity but should be kentacual For values less
than 100k, a less sophisucated ampliffer may te 'sea.
el nAT4l.

The 10Q0pF capac:tors may te mncreased 10 reducs
riople from ac lighting or coatrol response ume aczar-
dingly.

Figure 14 Analogue lightlevel sensor- direct
reading

212V to |5V

InE
" i

[N

RS stock

vo. & !
305462 -
imF Ry | s3pF
: l
| ] o¥
«|2¥ to -5V

T

ac coupled analegue sensor for opdcal communicatons
links
A stage of amplification giving the substantal gam

necessary for optical communcation links s m-

piemented zs shown. -An op amp-with lowr. input. bias
curzents such as LM 308 or zn FET npwt iype is
necessary.

The input ac coupling Cl qives a dc isolation of steady

ambient condutions, and C2 minouses efec's of offset
voltages, . both such lower hreak faquencies are below
10Hz

Upper {requency resgonse s sooroxmately 3kHz and
ac sensiivity 1s 'OV/nW/c:n A further amplifier/buffer
stage Is necassary o dnve g headsstor loudspeszker.



ure 15 ac coupled analogue sensor for optdcal
communications links

-13Vio - 15V

RS stock na.
205462

2

Qutout

-1V 10 =15V

Logarithmic detector for exposure meter

reeding the RS stock no. 305462 into & high impedance
‘gives a loganthmic voltage/illumination respense.

The circuit shown is the basis {or a sumple battery-
cperated exposure meter. At very -low light levels
where the amplifier bias current may czuse the output
10 go negative, a diode avoids the spurous state of
negqative indication.

The movement may be calibrated in photegraphic

scales. one stop.being approximately TuA. Sensmvxry .

can be tnmmed by adjusang R1.

BPX 65 high speed photcdiode
(RS swock no. 304-346) -

The BPX 65 is a planar silicon PIN photodiode housed.
in a modified TO-18 case incerporatng a plain glassflat
window which has no influence on the beam path of
opucal lens systems. The cathode s elecurically con-
nected to the case. Because the BPX 65 is capable of
detecting wide bandwidth signals due to its excellent
high frequency response, this coupled with its high
sensivity makes the device ideal for signal detection
applications. This photodiocde 1s outstanding for low
Junchon capacitance and short switching umes.

Absolute maximum ratings
at +25°C (unless stated)
Reverse voltage Vg .50V
Forward current [ 10mA (200mA pulsed lus

: 1% duty'cycle)
Operating temperature 1ange —e—— —25°Cto +70°C
Storage temperature range -35°C o +125°C
Juncton temp. Tj +125°C
Power dissipation Pd 250mW

(derate linearly 2.5mW/°C above +25°C)

Figure 16 Logarithmic detector for exposure meter

Si6

Ry T
]
L}
]

RS stock no. L
305482

Shape and dimensions

4.8 4
@ 5.3
\ﬂ/ FLAT GLASS
WINDOW
! — DIA.3.9
—
- l —L3501f50 Cathade is
= l connected
to case.
+12 7  Chipplacement
| ) accuracy = 0.2mm

of can centre.

2teads 0.5 max. dia.
on 0.10” P.C.D.




_lectrical characteristics at +25°C {unless stated)

Parameter Test conditions min typ. |max. units
A Radiant sensitive area H mm-
A smax. | Wavelength of max. sensitivity 850 am
Ra Responsivity X =450nm 0.2 AW
A =300nm 0.55 AW -
: A =1064nm 0.5 AW
1, Response ume (10-80% levels) R =300k Vg=20V: A =300nm 05 1 ns
Ca V| Capaciance V=0V 1S pf
of V=iV 12 of
Can Ve=2a0V 35 pF
s Cut-ofl frequency S MHz
1, Dark current Vep=20V, Dark (E=0) 1 5 nA
S Spectral sensitivity Va=20V; see Note | 10 1A/Lx
NEP Noise equivalent power V=20V 36x107" Wiviz

Note . The illuminance indicated refers to unfiitered radiation of a tungsten filament lamp at a colour temperanre of 2858K (standard Lot An
accordance with DIN 5033 and [EC publ 306-1).

Typical performance curves

Figure 17 Normalised spectral responses ( A ) and Figuze 18 Polar sensitvity curve
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Figure 20 Variation of diode dark current with

Figure 18 Variation of output current with reverse voltage:

llumination
o 1w
_——}
' i il ‘A ; 102 =
N E——
oo LI LI e
f—_—— > - l"“
O 193 o
: ; P “}\1‘ : | dark (LA | ?\CL_\"=§
N
10' l l 1 }.l[“ ' '
= 104
IpA) e T reTT
71} il ]
10 1/ ] 10
- ] [ H) L ’ I ' :
| BT 1060 5 10 s 20 v30
" I (1 Ya
10° 10! 12 107 Ix




e ratar

- Y _‘
'
o ﬂégw./ﬁ/f
10} — 1|
Ip (A ]
-t )
_ M\N\MUM
2 {

- T(.C}

o} 20 40 &0

a0

RS NERERAN

200 \

Prge (MW} A

159

9 25 50 s 100 175
™e

reverse voltage

Figure 22 Variation of diode capacitance with

n

Cighe \

Jo

-

Figure 24 Variation of dark current with diode

temperature:
=
- i ' L — -
10¢
———
b 11 1 Fat R |
10!
—— —
I < | i L -
1] 7
| dor (xA)
=3
> —
T re / T —{
> LA
10! s l=£4
i
I3
10-?
= T
e )1 i
197}
= 2 e
|t 1 1 ) S SR
P "/ SRS S S S S i
] 0 100 150 200

BPW21 photodiode
(RS stock no. 303-719)

A silicon photodiode housed in an hermetically
sealed case with a flat window incorporzung built-in
colour correction. Sensitivity approximating the
human eye response. Linear curent (shert circuit)
rarsus illurminanon. Log. voltaye versus illurmnination
Thais photediode is designed for use in the photoarn-
renc mede and is ideally suited for use in light momni-
ioring and conool, ovucal nstumentaton and cam-

ara control.

Absolute maximum ratings

Ambient tempersture range _____ —25°C to +100°C
Reverse voltage, V, v
Open circuit voltage 5E0mVY
Power dissipation (at 25°C), Pd i 250mW
Muminance, £ - 10% lux
Features

® Response approximating to the human eye

@ Photovoltaic ceil operation

% Linear output current versus illummation

9 Hermetically sealed TCS case.
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- ———r e 12 ‘Bit 4P=Compatible*%

P : _: ST ;{\/D “converter 2
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GENERAL ‘DESCRIPT ION il .

The ICL7109 is a high performance CMOS; Howpower
integrating A/D converter designed to easily. 4meriace wnh
microprocessors.

The output data (12 bits, polarity and overrange) maybe
directly accessed under control of two byte enable dnputs
and a chip select input for a simple parallel bus interface. A
UART handshake mode is provided to aliow the IC17109.t0
work with industry-standard UARTSs in providing serial data
transmission, idea! for remote data logging - appfications.
Tne AUN/HOLD input and STATUS ouput allow momtormg
and control of conversion timing. ;T T

The IcE7 {08 ﬂrovldes the user with me.l'ughamcy.
low noise, -low drift,. versatility and-economy:6f-the:dual-
slope integrating A/D converter. Features Tike trueditferen-
tial input and reference, drift of less than 1uV7°C meximum . Secand for. 60Hz Rejection May Also Be Used With -
input bias current of 10pA, and typical power ‘consumption ~ An RC Network Oscillator for Other clock e
of 20mW make the ICL7108 gn attractive per-channel aiter- - Frequencles
native to analog multipiexing for many data acquisition ap- .

B et
L M S
23T LRGN T

ST, Yy Lok s =g

St 2 5 R
* 12 Bit Binary iFUus Polarlty and Overrange) Dnal "-z.—.. :

-Slope integrating-Analog-to-Digital Converter’ =~ -=
® Byte-Organized TTL-Compatible Three-Stite’ Outputs

-and UART Handshake Mode 1orSunple Pamllel or’

‘ Serial intertacing to Microprocessor Systems T

® RUN/HOLD Input and STATUS Output:Can Be Used -
to Monitor.and Control Conversion Tirnlng o .‘

® True Differential anut and leferenﬁal Heference o
* Low Noise — Typically 15.V p-p A
* 1pA Typlcal Input Current =~
® Operates:At Up to 30 Converslons Per Second -

® On-Chip Oscmator Operates: wnhinexpenslve- £
..3.58MHz TV Crystal.GMng 7.5 Converslons Per...

plications. .
ORDEFIING lNFORMATION

K

HARRIS SEMICONDUCTOR'S SOLE AND EXCLUSIVE WARRANTY OBUGATION WITH RESPECT TO THIS FRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE

CONDTTION OF SALE. THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPIED OR STATUTORY, INCLUDING THE IMPUED

WARRANTIES OF MERCRANTASILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: Al fypical vakaos hove boen characieraed bui ere not tasisd.

324

Part Number - . . %1 <= Teinp.Range. ..-'™
-z foL7108MDL =55°Cto +125°C . 40-Pin Ceramic DIP: <
- ICL7108iDL "L25°Ci0 +85°C. . " 40-Pin Ceramic DIP o =
ICL71081JL -25°Cto +85°C .~ 40-PinCERDIP * ™™ -
-— {CL7T109CPL s ~0°C'1t070°C =T ==~ = 40-Pin Plastic DIP === -~ -
. TOP VIEW "
oND —(ITGNT . o+ o v oSV . . -
. dastaTus | ~u REFIN-3 0 —

wion [J3PoL *aeF cap—uPany DIFFERENTIAL
ORDER ! ;::‘2:1 .-REF-CAP + 37 F}—"_ ke -:utuencz o
: < REFAN+ 38 o .- 4

outrUTS I‘Q sen” o e s e e I AAARLe INPUT HiGH

7810 N LO 34 [ INPUT LOW
L.F : ::" B COMMON 136 GND . i
o o INT 32 :
Huoer L7108, . "z - : R R
Low 1. 711188 ~ 8UF 30 0— -
oroER | 1z s REF OUT 290 REF N — -
BYTE 18 . YT [ .

outrurs | Jrama *senD 27 o REF IN +
: 1 82 .- -~ RUN/HOLD 26 [ : —— SR - .
s e _BUF OSC OUT 250 v+ :.
s?r?;f 17 TEST OSC SEL2¢[—GND . 2000
18 (BER osc out npfp———og - =
CONTROL 19 ABER .08 N 22] 35795 MHz i
INPUTS 20 CELDAB -~ *° MODE 21 [ a TV CRYSTAL -
*Ruut = 20Kt} FOR 0.2V REF
- 200k FOR 2.0V REF
0336-1 b
(SeeFxgurezfmtypxcalcomecuontoaUARTorMnmmm .- .. >
Figure 1: Pin Configuration and Test Clmun




— HCL7409

:ABSOLUTE-MAXIMUMRATINGS® 4.~ -2, ¥ié+ =2 -7 3TLRITOARARD LA «”—T-::—-; _
. IUliopB2Y: &" JBEPOWB!"'DWH (Note 3) - 7T eI -

sNegahva&pp’yVohage(GNDtoV")~ »....—..;.-.—GV- . ——Coramic Package -......:. o=

Analog Input Voltage. (Lo.or Hi){(Nota 1k. NIV = Plastic Package s

Retarance input Voltage (Lo of H));(Note 1) ... V.t,tov ] ::yOpefatmg Temperature ..

Digital input Voltage 3V

TR

_PNs22N(Nots 2) . ..._-_..‘...,....; ...... G 25°Cto +85°C
. - 50°Cto +70°C

ST ‘ . B ‘Stﬁra'gaTemperme .

T Tk e T oo o Lead.Iemperam(Soldemg..wsec i

mmmmmm Ade Ratings”. ; mmm;rammmmw
qnamdmmamawammmmmm 78 memmamwmbm
mmmrmwmmmmm LN

- <

-ELECTRICAL CHARACTERISTICS - <v+'“‘"~—— SV-aND=0v, 'rA='zs‘-cﬂc'm~=ba'f,§3m{z‘wes-7

nmenmsemdieawd.)lastnmm.asshown onfustpaga of.this da:a sheeL

ANALOG SECTION D oee i ol mf:r e

Symbe!l” '~ Parameter ; Test CGndma"risj‘—."_" B
ViN = 0.0000V .40 pr hanmiae ’

- .- ZerolnputFleading___. _"VRE?EZCB.Bm ——— g —

- - nauometﬁEError(4r-—— V= VR = 2048V -

Non-Liriearity (Max déviation  [Full Swe=409 6rnV to 2048V
~-~"- .| from best stra;ght!me ﬁt)——-- - Overdfull operatmg temperahue—-—-- —

PSR S SR

- 1 .~ |range. (Note 4), (Note 6)-- =g~ ™~
. | Roll-over Error (differenca A |Ful Scale=408. 6tho2.04BV L
in readmg for equal | Ppos. and - | (Note 5), (Note 6) - P R

———1 neg. inputs nearfultsczle)’ -

Ve +IV, ViIn=0V——— . .
Funswes_msmv_#___

.| Input Common Mode Range’” - nput K, 16Ut L6} conu“ﬁoﬂN‘dke ) B
" =1 Noisé (p-p valuenoF"’ S Sii ViNSoVTTE n ~p2EN an.ze_qu Pt
' exceeded 95% on:m E‘."’, Eip F‘:.u ST A0 B o TS

. CMRR Common Mode Re;ncﬁon Rano

e - aka .q'm-e“ A SE- L ’—'ﬂ*“!‘:a.
- [Leaieges ml‘fm"fﬁp“‘v“":vé xg.zwscpumsusgﬁzcgvmom)— :

ey ok ICL7108IDL ~ 25‘CSTA~S-‘P85°C(N0194)
- . |ICL7109MDL —55°C<TA: < A+125°C-

ZeroReadingDrift . .~ |Vw=0VR1=0Q (Note 4) ;

Scale Factor: Temperature““‘ 1 Vin=408. 9mV= >77703
Coefficient 7 == . raadmg i

Supply Curren'_t.\};!' to g o= ’ Vin=0, Crystal Osc

. oy
! GND - - 3.58MHz test circuit - -
Isupp | Supply CurentV+ to V- Pins 2-21, 25, 26, 27, 29; open
© Wi T o | Referred tOV+, 25k - -t o . .. JOREE
|Vaer |RefOutVoltage. -.  |petweenV* and REFOUT......_ .. | 724 | 728:} 732 | V |
Ref Out Temp. Coefficient 25k between V+ and REF OUT * 80 ppm/°C
mummmwmunmm 3 ) L
3725 :
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- sICL74 09

)
!.\
ELECTRICAL:cuAnAcTEmsncs (V+ = +5V, V===V, Gmm.arswmmegmﬁ B

tDlGl"I’AL":‘SECTION.; i : o
- sl ‘n-’ﬂ‘! R N - . -

: . Symbol, , == Parameter:¥ TV.OTT > 2unieH
—— ‘“"~.-c T T
... ° gt High Votage ~Pins 216, 18, 18, 20 l__,i.i R I

TOutput Low Viohtags... = .~ =l logr=1.6mA .V

- {Qutput Leakage Cutrent -~ .~ {-~Pins 3-16 highjmpedame‘ . ;ﬂijz.ir\'ofei

T SkenmrolvoPulup T 7 Tl -Pins 18,18, 20 Vour RV E S3Viik wd ok ’ \“;ﬁ;;

44 Current’ | MODEinputatGND - 7 ;‘,_--i'.- e 4=

. ~g:\P§-ﬁ.
24012

2] ‘Tontrol 7O loadng . ~ . |~ HBENPin19 mlea(Noteo

B - 7| “Pins'18-21, 26, 27
*|» doputHigh Voltage - .. - _mmxoeuo—-m--'“

RS

2 A -Pmsqs-zx,.zs 27. ) S
s T_lzpuu.owv Hage ~ 0 vreferred to GND - SV g
-} SR

2 frimtan InputPuIl-qumrem————- = -—Pmszs z7vou7=v+«-w~
o] <52 L oot Pulup Cument— ——| —Rins 17, 24 Vour=V+-23V- ANE

E Sy ]

et At cinput Pulkdown Curent . -__|_: i 21 vomueNo +av e BN
+1-—Opp~+—|—Osdliator Output .. | High . Vor=28Vo-:- - : w,:-;‘--:--
Oor. |:Z| Curent Low | Vour=25V.-. . --
"BOgw | |7 Buffered Oscillator |- High | Vour=25v °°
—BOo——=| L Outpit Cumrent: - -]~ Low -—Vour =25V -
“tw & 77| MODEinputPulseWidth =~ | {(Note4)
NMLMmmmmmmmmmmnmbtim P = —~ PR Y A
,_._z.DuetolhesmMMhmMmmmmmmWWummmmmv*:
i uwmmmmmmmmsaeasmasmmdm:mmmmmmmmm
"-’.:. supplybeappiedtothewwsmhmmsmmMmmmmmwmmuﬂwmeﬁaA
-3 This imit rafers to that of the paciage and will not be cbtained during nomzl op = T T e e
LWm&smmm&Msmb{m
"‘&Roﬂ-ommfuTA-—chw+1Za‘Cbtaeumm Haer g R b
m&AmmmdzwvwmammmgedLm Mode ge Ranga. N
= 7. For Cerciip package the Ratiometric error can be —4 (Min). .
Al
mum-ﬁmmmmm.-um B - ‘
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2 ICL7108.
-
=
-ui ————eeaeem S - . CTABLE 1: Pin Assignment and Function Description -—-- - - R
= |enl symooi |* Descrption . Pin| Symbol Description
t JenD | _DigitalGramW.Gmmrammraﬂdgﬂal 21 | MODE Input Low — Diract output mode whers
el ege - wen | e - <ee| CETIEAD (Pin 200, FBEN (P 19) aia LEEN
2 | sTatus.- Ouunt-ﬁgnmmmwgmawdemagam T '(Pin 18) act as inputs directly cantroliing byte
7o 2| (mith datais tarched. . :’f::’* High o
) .h.hmmm;mmsnm =1 mmmw«mddanasm
— g = " | Figure 0. T z
3 | PoL | -Potarity - Hi for Positive input. : xmm_mmmm), i
4 | OR~~" | Overrangs — HI il Ovemranged. FBEN (Pin 19), and LBEN (Pn 18) as
.15 |82 Bit12 | (MostSignificant 8it) - S m"u,,m,ﬂ,b:m,‘._w
6 | B11 - pBRIT b~ . conversion completion. T ——
7 B 10. T o ... Osellatoninput’ =7 e
8 B9 " three | Oscittator Output
B8 state Osciliator Select — Input high configwres.
o7 | Himtue “ouiput OSG IN, OSC OUT, BUF OSCOUT as AC™.
- —1_. Lo o " W—dﬁd:wﬂbemutm;o;m_f:_‘
Bit6 LS| daa : duty cycle as BUF OSC OUT.
Bit5 * bits — Inpust low configures OSC IN, OSC OUT for
B4 | crystal oscillator — clock fraquancy will bo
e | . 1/58 of fraquency at BUF OSC OUT.
.,8;2_ | wmepe=e sl |25 | BUF OSC OUT | Bultered Oscitator Output~== =~ -
— " | 28 JRUN/ROLD ! input High— Canversions continuously _.-.,
_Sit1.. .| (Least Significant Bit) " | pertormed every 8192 clock puises. --¢
Input Low — Conversion in progress. +__

- anmHngh—NonnalOperam - -

ST lnputhu—Fm:asallbﬂotmmfngh-- -
B Nota.Thmnpmmusedlortestpwposesuw

~{. Tie-high if not used. -

18 | LBEN'p~ LDWBY!BEnaDle—WImMode(PmZ‘I)Ioww

| and CE/TOAD {Pin 20y low, taking this pintow '’

acuva!aslowatdarbytaunputsﬂ'l—sa. 3

- wmtedmwﬂlmphmbm7
counts before integrata. LotE

| Input == Usbd in handshake moda to Jridicats
{ ability of an external device to accept data.

] Connettto + 5V if hotused, -7 & r=%-

. AnﬂogNegnva&mW—NmMW"
wmmectmﬁND(Pini) i .

1

i‘«.ﬁf—l‘ﬂ'nMv.)f.fa(F’ir'l'4.’1)I'ugh.tl't.nspmsa'\'tasas

| 1ow byte flag outpirt used in hindshaks fada.

= —|Reterenca Vomgeom—ummlyzav‘

See Figures 8, 9, 10, down trom V° (Pin 40).
.| BUFFER .., ..Butfer Ampiifier Qutput _ —
;|- AUTO-ZERO—~- Auto-Zero Node—m—insiae [0l 0f Caz—mm——edi
INTEGRATOR { Integrator Output = Outside foll of Ciy ™ ¢
: COMMON Analbg Common—Systh is Auto-Zefoed 0
s PRSI TN
With Mode(PmZﬂl’ngh ﬂ'uspmservnsasa r R COMMON .
.Pnghbvleﬂagoumutmdmhandshakemode- : INPUT LO Differéngal Input Low Side -
| SesFigures 8,9, 10. - ol INPUT HF - » —| Differantial nput High Side: - .. = w— .-

Chip Enabls Load — With Moda (Pin 21) low.-
-CEJLDAD serves as a master cutpul enable.>

36 |REFIN +>* -|'Di

Whenrugh.B1—-B12.POL.ORouunsara- : 37 | REF CAP + .. | Reterence Capacitor Positive .
disabled. -... ) .’_, R 38 | REF CAP =/ * | Relerenca Capacitor Negative .. -2 .
With Mod (Pin 21) Ngh, tispin serves 3s @ 39 | REFIN. " | Differential Reference input Negative
.load strobe used in handshake mode.See .. 40 |V+ : Pos:nveSuppryVona.ge—Nommny+5V
Figures 8, 9, 10. N with respect to GND (Pin 1)

“ Clee . . . Note: All digital lovels are positive tue. .

PEER . g - RN

e - e . e e - . . . -

NOTE: AL typscal vakms have bwen charsciarared bt &9 not testadt

(2]
3
3]
~
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B N T e S E il . 4CL7109 -
| - 33 r;pn-,-v———s--..-,.-’.»‘ e o .
r - - i —
— P s L e ¥ o
LI _M- ol . ’
B e e p——T X
* - =42 OSC CORTROL Layravr
GHO =443 GIO
“Sv=——}¢ Rr
s
IR -
T .
R Ly ey
L —4ra e s
o c— “u
V=i 16 55O ——_M.anuvm-_'
= i e SY . . 20MN2VREF
o120 1 . - esvOROPEN . .. .. __
Mn’w -0 o
* el 38 TRO
f—semad
outruT 8403 - o ¢k
T T T T T EMOS UART T A
M) ..am.xl.&:r:-;;

e

e 25 saliinom ! ~036-2
: Flgure 2A.'[ypi:al (:onnec'tlonnlagram UAHT Interface- 'l;g pansmlt latest result, send anvword t'oUAR'[f'
:.-“— - - Y I-\ .v—. lﬁ.:-‘--' — - '-_.._é—:‘* — —

I _Frgure 28 Typlcal Connectlon Dlagram Paralle! lnterface Wlth 8048 Microeomputer et

= Figure 3 shows the equrvalemurth of the Analog Sec.”

tion of the ICL7109. When the RUN/HOLD input.is left open
or connected to V+ the circuit will perform-conversions ata
rate determined by!he clock-frequency. cy-(8192 clock periods

per tycie)-Each- measurement-cyde-rs -divided -into-three
phases.as shown in Figure:4. They.are (1) Auto-Zero (AZ)

(2) S:gnal lntegrale (INT} and (3) Demtegrate (DE)

NOTE: Al tyaca vasses nave boon characsaraed tut 78 not tesied,

Auto-Zero:Phase .- B

. During auto-zero three things happen. First, input. high
angd low are disconnected from their pins and intemally
shiorted to analog COMMON. Second, the reference capaci-

tords charged to the reference voltage. Third, a feedback;

Joop_is_closed around the_system to charge the auto-zero
capacitor Caz to compensate for offset voltages inthe buff-
er amplifier, integrator, and comparator. Since the compara-
tor is included in the loop, the AZ accuracy is limited only by
the noise of the system. In any case, ﬂ'aeoﬂsetrefenedto
m—-thempuns leathan 10puV. :

~ & -

328
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Looer e o~ =m0k -

T
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\5_- ,.Q 1...§-x I

» NUHBER OF COUNTSTO ZEROQ QOSSING
PRDPOHTIONA.L T0 VN

0338
gh A PE YR

Slgnal lntegrate Phase

Dunng sxgnal lntpgrata the au1o-zero Ioop is. o_pened, xhe
internal short is removed and the internal high.and-low in--
puts are mnnected to the extemal pins. The converter then'
intégrates the differential voltage betweean IN HI and IN LO
for a fixed time’ 'of 2048 clock periods. Note that this ditfer:
ential voltage must;ba within the common mode, ;range ‘of
the inputs. At the end of this phase the polanty of the mte—
grated signal is deterrmned. ..

\TIE AN tvpica! vakses fiave boan Charscerzed il 278 not ested

The ﬁnal phase.lsde-lniegrate, or reta:rence mtegrate ln-

put lowis mtemally connected to analog COMMON and i in:-
put highis wnnected actoss the praviously charged (dunng
au‘o-zero) reference wpaator Cmum-y within the chip en-
sures that. the.cepamtor will be conrigcted with the Correct
polanty 10 cause tha” mtegrator.outpm. to retum to Zero
crossing (establi.,hed in-Auto Zero) wuh a fixed slope.. Thus
tha tima for the 0:.".:.".:: R ey vy 410 uepresemw Jy. !ne
number of clock’ periods- counted) is proportional to the i in-
put signal.

..
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[Differential Input ——==—=———=
{ The input can accept differential voltages anywhere with-
|in the common mode range of the input ampfifier; or specifi-
«cally.from™1.0 voits below thepositive supply.f0-1.5 voits
‘above-the negative Supply; -fn‘-th:s sange-the: system-has a—

== _qmlimmmm

enors.!’onnprovethepeﬂomama,mppkesol:tﬂmy
be used.

Lo m s A% Na s =

.- lntegraﬂng‘ﬂeslslor e on - e o=
__aomme.baher ampmﬂefand ,themegratorfava adassA

'. wmbd .

'CMRR_of 86dB typical. However, &ince the integrator’ abo——uuq:utsta'ge wrth 100pA of quiescent current. They supply

!swmgs with the common mode- ‘yoltage, carefniust be exer-

‘cised to-asure*xhe integrator autpm dods not saturate. A
:worst case.condition. .would be.aJa.rga -positive : common
jmode voitage with a.near h.dl—swe _negative differential-in-
put voitage. The negative, mputstgnal drives the integrator
spositive when :most of its swmgmas‘been usad up by the
jpositive common mode voltage’ For¥Hese critical applica-
{tions the integrator swing canmﬁ‘re&ﬂhan the”
irecommended 4V full scale with somejoss ot accuracy. The

lintegrator output (zn.swmg wrthlr\ 0:3xoltentaither supply ...

Qwrthout 1088 bf. hneamy
{ THEICL7109 has, bowaver been opﬁmized for opemuon
Mrthanalog common near, :ﬁgnal ‘grotind. With-power isup- .-

Inliesot +5V and. =5V, this aliows a. 4V.(ull scale mtegra!ar—:—

;swing positive-or-negative {husmmnzmg the performance -~
iof the analog section. :

.leferentlal Reference
i The reference voltige ¢ CaRDE genergted anyWhé?e‘iiﬁrT
e powersupptyvonage of the converter. The main Source

fty onts nodes. ¥f there-is a large common mode-voﬂage.“ !
{ttfe’ reférence capacitor can gal ehrge Tiricrbase voltage).
Swhen .called up to deintegrate a positive signal but lose
tcharge {decrease volitage) when called up to demtega!e a

‘negative input signal. This difference in ra(erence for {+) or_ .

(=) input voltage will give-a rofl-over ‘error.. However, by
:selecting the reference cepacitor{argeenough in compari-’
son to the stray capacitance, this emor-can be held to less
than 0.5 count for the wors{ tase gondition. (see Componem
Values Selection below) - -'-__-—‘“ »'_ pRre SRR

The roll-over efor-from these soufces- vswmrmmzed by
having the reference common mode voltage near oralana-
Jog COMMON. e

Component Value Selection-

, For optimum performance: of the.vanalog sechon. care. _
must be taken in the sslection of Vilues for the mtegrator
capacrtor and resistor, auto-zerp-capacitor; reference volt-

age. and conversion tate. These values-.must be chosento
y : RTAREY . R

-

The .most important eon&deranon is that the. mtegrator
output swing (for full-scale input) be.as large-as_possile. .
For example, with_*5V_supplies and‘COMMON_comcted"
to GND; the nominal integrator- ou‘lpm;wmg at full scalg is
+4V. Since the integrator output ¢ can go to 0. 3v from either
supply wrthoutsnunrﬁcanﬂyaﬂecﬁng'ﬁneanty a {W m’tegra-
10r Satput: swing allows 0.7V for variation$ m=cutput'swing
due" to ‘component “Value, &nd“Sscillator” tolerances. “With
*5V. supphes and a cornmon moderange bf=t1v~reqwed
the component valugs Should' be‘selected to° prowde 13V
mtegrator output swmg*No:se and rollovererrors Wﬂl be
slightly worse than in the -+ 4V case> For larger Eommon

mode voltage-rang 5, the integTater 'oitput ‘swing miist be

NOTE: Al typca! vakans have been charactwored but are not tnstad.

- 20pAjpt Hrive Srrent with negligible non-Enearity. Zhe inte-
,gratmg resistor; shouid ‘be .large ensugho remain in this
«very:linear ¥égion over the input-voltagé:range, but small
- . enoughrthat undueteakage requirements ;are not'placed on
the PC board. For4.096 volf full scale, 200kf)is near opti-
- mumi-and simitarly . a‘20kn10r a 409.6mV scale."For other
wvalues of full sm!e‘w;ltage. .RM shauldbe chosen by the
‘relation .

i
1]

Lo

= L_.ZO}LA..&_QA ' nomnns
’lntegratlng Capacltor o w
__ ~The.integrating capacitor’ ij-should.be selected to give
thqmanmumﬂegrator.outpuuoltage.siving-wm’wm,satu-
~—rating the integrator.{approximately 0.3.vo!t from etthmup—
ply). For the ICL7109 with +5 volt supplies-and analog
common connected to GND, a £3.5 to 4 volt integratoy -
output swing .is nominal. For 7- conversions per second
"T{6T.72KRZ tIock HEqUericy) &S providsd by e crystal oscil:
_lator~nominal -values~for-CiNy and Cpaz are 0.15uF and
.—033pF, tespectively. If different clock frequencies.are used,
~these values should be‘changad o maintain’the fitegrator
~Rinpin@oitage swmg ‘_’ln general 3he valueol Ciris gn.en
Dy T M. Fit

N (2048xclock penod)(ZOy.A)
I

i
t
!

1
i
mtegrator output voﬂageswmg rF . ;

% *AR-additional requirement of the integrating capacitor is
that'ithave low di ielectric absorption ta prevent roli-over er:

= v_;:’*- PR

. rors. While otfier types of ¢apacitors are adequate for this

rapphwﬁon."po'}'pmpyﬁne capacitors give undetectable er:
= rors'at reasona.b]e cost up to 85°C, For the military tempera-
* ture_range, Teflon®-¢apacitors-are- recommended. While
‘their dieiectric absorption :characteristics 5 vary somawhat
-.-Tom.unitdo unit, selected devices should give tess than 0.5
_cowu.oLsrror due to dieleclnq absgrphon.
Auto—Zero-CapacItor < .

o The.snza.of the .auto-zero capacitor-has-some -influence
#Ti6h the noise of the'system: a smaller physical size and a
larger capacitance-value lower the overall. system -noise.
~However; Gz tannot boincreased without imits since it, in
“péralielwith.the integrating capacitor.forms, an R-C time
_constant that determines the speed of:eeovery from over-
Joads andmo;e.important the emor that exists at the end of
an “alto-fero ‘cycle. For 408.6mV, fuli i scale where noise is
-—;vefympoﬂan .:he.mtegraung ‘resistar small, a | value of

Cpz twice Ciyr-is optimum. Similarly for 3.096V Rl séale
where-recdvery is more xmportam ﬁian'mlse,'a value of
CAz~equ€ﬁo half of Cjgr38- rqcommmded.- 1‘ e o -

connected to pm 32 and the 6nner joT to‘!he R-C summung
;uncuon. Teflon®;of equuvalent. wapacrtors are reg:ommend—
ed above 85°C for their low leakage characteristics:

"
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Reference-Capacitor-
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Note that-i-pins-29 and 39 are tied togstherand ping 3%

. A1pFanammgwesgoodresmsnnnstappﬁcam—

However, where a large reterence common mode voitage _
exists (i.e. the reference low is_not at analog common) and.,
a 409.6mV scale’is used, a larger value is required 0 pro-
vent roll-over. error. Generally 10uF will-hold-the-toll-over—
srrorto 0.5 countmtrusmstanoa.Agam, Tefion®, or equiva-.::
Jent capacitors should be used fortemperan.wes abova 85"C
for their low leakage characteristics. : :

Referenoe ‘Voltage _ P

,_....

..and 40 accidentally shorted {e.g.,-guring testing), the re?er-
* ence supply will sink-enough cument to destroy the device.
Th:scanbaavousdbyplamtgnmresstormsemswrm

N -p|n39- "'_;_—"::_" :
"—DETAILED’DESCHIPTION e T
__Digital Section - .2 v il

"t The digital section includes the clock oscillator and scal-

* The analog input required to generate a ﬁ.tll.sweoutput
of 4096 counts is Vi = 2Vger. Thus for a normalized scale,
a reference of 2.048V-should be used for @-4.096V full
-scale; and 204.8mV should bs used for a.0.4096V full scale. -_

the-output .of a-transducer, there will exist a“scalaztactor -
other than unity between the absolute output:voitage to be _
measured and a desired. digital output: For instancei ina_

weighing system, the designer might like to have &'full scale =

reading when the voltage from the transducer is 0. 68sz
instead of dividing the input down to 409.6mVthe input *

voltage should be measured directly and a:eferenee volt-. ...

age of 0.341V should be used. Suitable values fof integrat-

ing resistor and capacitor are 33kQ2 and 0.15uF. This avoids
a divider on-the input..Another advantage of this system

occurs when a zero Teading is desired for non-zero input. ©
Températijre_and ‘weight_measurenients with_an otfse of...__
tare are examples. The offset may be introduced by con-
necting the voltage output of the transducer between com-
men-and analog high, and the offset voltage between com-
mon and analog low, observing polarities: carefully. Howev- -
er, in processor-based systems using the.ICL7108, it may.-.
be more efficient to perform this type of smhng or tare sub-
traction digitally using software. e R e

[ aiaiCN —

Reference_Sources- RN i

ing circuit, a.12-bit binary counter with output latches and
-..JIt-compatible' three-state output drivers,~polarity, over-
range and control logic, and UART .handshake logxc as
.~ *shown in Figure 5.

.r

— *-ﬂtroughomﬂ'ns descnphon. logic levels will bereférreato o
However, in many applicitions where tha A/D.is sensing—— as “low” orhigh”. The actual logic levels are defined in the

_ " Efectrical Characteristics Table. For.minimum power con-
sumption,-all inputs .should swing from.GND (low).to.V+
: (high). lnpun drivenfrom .TTL : ‘gates should have 3—5k.Q

{pullup resistors added for nmmummzse tmmunny . ,g
— MODEinput-— v - :
- The MODE.inpu‘t is used to control the output mode of the

is provided with a pulldown-resistor to ensure a low- level
.. When the pin s feft‘open), the converter is in'its "Dlrect"
£~ output mode, :where the output data is directiy accessible
" Gnder the contralof e chip and byie enable inpats, WhaR

the MODE input is. pulsed high, the converter enters the -

UART-handshake mode and outputs the data in two bytes,
~+then retumis 10 “direct” mode. When the MODE input is left

: h:gh ~thé converter will output data in the handshake mode
~~~" at the end of every conversion cycie.-(See section entitled
a0 ."Hendshakeﬂode'*..for fur‘glefqetans);_ TN Dfadnsr i)

'STATUS Output‘ S

" Thestability.of the seference voltage is a ma]or factor'n"
the cverall ahsolute accuracy, of the converter,‘.':]le resolu-
tion. of. _the_ICL710Q. at 12 bits.is one_part in‘8098,.0i 1
244ppm. Thus if the referencs has a temperature coefficient
ot 80ppm/°C (onboard reference) a temperature ¢ drfference

- r—-cn&half-cledrpenod :afternew datafrom- the. convarsion
“~"has fesnstored i"the outpuuatchea Ses Figure 4 for ded =.-

.Durng a convelsxon.cycle. the STATUS outpuig
at the beginning of Signal Intégrate (Phase i), and go&s low

tails of this hmmg,Thls slgnal may be used as.a "data valid’

flag (data never.changes while STATUS is. low] todnve,m- T
of 3°C wi wull 1ntroduce a one-btt absolute error, rpbsy&qc FETAVEN g (data neve 9 )

errupts; O ?ot monitonng ‘the status of the convener \ _‘,‘ 1

“'For‘mmeason‘msweommendmarrextemarhigw
quality reference be‘used where the ambisnt temperamre is
not controliea: or:where hlgh-accuracy absolute measure-
ments are being- made

~The ICL7108" provides” a-REFerence OUTpir: (pin?
which. may-bs-used with:a resistive divider-to generate‘a
suitable reference voltage. This output will-sink up to about
20mA without significant variation in outpuLvoltage and is
provided: wrth a -pullup bias device which’ sources abbut
10pA; The output voltage'is nornlnally 2.8V below V, and
has a temperatiire coefficiant of iBOpprn/“C typ. When us-
ing the onboard referenoe. REF OUT {Pin_28) should be
connected to- REF= pin 39), and'REF+ should" be con-
nected to tha wiper of a prectsion potenhometer between
REF OUTand V+; The circuit for a 204.8mV reference’is
shown in the test clrcun. Fora 2.048rnv reference 5 1he fixed
resistor should.be rémoved; and a 25k0-precision potenu-
ometer between FIEF OUTand V+ should be used:;

NOTE: AY typical vanas have been cwactanzed dut are rot tasted.

[ tedie!
Ty naf o

RUN/HOLQ, Input, =i a0
‘ ‘Whe_n the: FIUN/F! mpm i htghﬁdr left open. :.he Cifs

cuit will” contnuou:;ly perform-conversion cycles;updating
the output-latches" afterszero crossing during the Deinte-
grate (Phasé.llly portiri of the conversion cycle(See Figure
4). In*this 'mode of :operatiori:the conversion:cycle will be
performed in'8 192 elock periods;: fegardless of theresurhng
value; 5 T '*-,-d'etr. *-ev-- :
R RUN/HOLD goes low at any t|me dunng Deir-
(Phass:|lly-after. tHe zero trossing. has“occurred; tha:circuit
will: xmmednately terminate Deintegrate-and jump 1o Auto-
Zero: This feature can be used to eliminate the time'spent in
Demtegrate aﬁerihezero—erosmng If RUN/HOLD 'stays or
goes low, the converter- will: ensure : minimum~Auto-Zero
time, and-then'wait-in"Auto-Zero until the RUN/HOLD nput
goes-high-The converter-will:begin the Integrate (Phéss 1)
portion of the fiext conversion {and the STATUS. output will
go high) seven clock periods after the hlgh level is.detected
at RUN/HOLD. See Figure 6 for details. - -
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Using_the RUN/FOLD input in this' manner* allows ‘an -.if the RUN/FOLD-input goes low- and- stays- low. during

easy.'convert on demand" interfacs to be used. The-con- AutoZero (Phase [), the converter will.simply stop at the
verter.may be held at idle in auto-zero with. RUN/HOLD low. end of Auto-Zero and wait for RUN/HOLD to.go-high. As
When RUN/HOLD goes high the corversionis started, and above,. lntagrate (Phasa 1l). begms seven clock penods after
when the STATUS output goss low the new-data is valid (or the hngh level is detected.
transterred .to the UART — see Handshake Mode).- RUN/ Dlrect Mode -
HOLD. may.now be taken low which terminates deintegrate
and ensures a minimum Amo-Zero time before the.next When theMODE Dlﬂ is left at a low level; the.da outputs
conversion: - Sue ae s p :,-. T e e (bns"1 through.8 low’ ofder byte; bits g through' 12, polarity
Altemalely. RUN/"O— D can be used 1o minimize conver- and over-range high ¢ order byle) are accessible under con-
sion time-by. ensuring. that it goes low during Deintegrate, tral of the byte"and chip enable terminals as inputs. These
after zero crossing,.and goes high -after tha -hold point is three inputs are all active low, and are pfovided with pullup
reached: Thé required activity on.the RUN/HOLD input can - resistors t9. erisure an inactive high level: when left open.
be. provided by connecting it to-the Buffered Oscillator Out- When the chip enable input is iow,"taking d byis .enable
put. In this-mode the conversion time is dependent on the input low will allow the cutputs of that byte to becorrie active
input value measured. Also refer to Harris Application Sulle- (three-stated on)."This allows a variety of parallel data ac-
tn A032 for a discussion of the effécts. this will have cn cessing ieckniques 1o e used, as snown in the section ent-

tled “Inlerfaang “The timing reqmremems “for these out-

e rformance. ;, -
Auto-Zero pe ce.: puts are shown in Figure 7 and Table 2. -

-

FOTE: Al Vpaca! vaksts harve bown charactenzed but are not tested.
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iCL7109
——*—-‘Table 2 — Direct Mode T‘mmg -~ - - ~- |CL7109 provides all the control and flag signals necassary
Reqmrements to sequentially transter two bytes of data into the UART and
' wuatemeummonmsenaltomTthmaﬂyeases
| (See Note 4 of Electrical Characteristics) the task dnd feducas the cost of designing remote data ac-
quisition stations using serial data transmission.
SYMBOL | DESCRIPTION | MIN | TYP | MAX | UNIT| _ _Entry Into_the handshake mods.is controlled by the
tsga _ | Byte Enable Width+350 | 220 |° ‘ns -—MODE-pm.' When-the MODE-terminal is held high, tha
~ - - - IC1L7109 wilt enter the handshake mode after naw data has
toas Data Access Tiie- |——|—- - omn- == —— been stored in the'cutput latches at the end of a conversior]
AB " | trom Byte Enable | - - (See Figures 8 and-9)- The° MODE:terminal may also b
- ~used o trigger entry into the handshake fode on demand!
g .| D22l Time s . At.afiyifte_durifig the_canversiom.cycle, the low to high
from Byté Enablé ] ........ .transition of a‘short. pulse-at the MODE trm:hnhwill cause
. : vl anac ~immediate entry_into the_handshaka mode. If this pulse oc-
Icea Ch:pEnabloWrﬁfh -400.1:260 s .- curs while.new data is. being stored, ‘the entry into hand:
Data Access Time |~ N . shake moda-is-delayed until the data’is’ stable. Whils the
10AC - | from Chip Enable - {==={ 280 | 490 |..nS | - converter. is-in-the- handshake-mode, the MODE input is
= '——ignored, and although conversions will still bd performed,
toHe Data Hold Time_ - 172401400 |.'ns |- .. _dataupdanngwalbemhibned(SeeFigl.n'eW)mﬂthecon-
from Chip Enable =] ----=1=%-".1". - verter comipletas the outputcycleanddaarsme handsnahe
: : —— : T Modeie e e - BN T
i : P . e |~ .= - Whenthe. convenerentersﬂxe handshake rnode. orwhen :
P z the MODE input is high, the chip and byte enable terminals
OIS e [T -—‘—-‘-- e ~ow _.... become TTl-compatibie outputs which. provide. the comrol
AS nPuT /_“—'~ —— sgnalsforﬂ'tewtputcycle(SenguresBQandw)
- In handshake mode, meSENDinputlsusadbythacon-
HBEN T verter as an indication of the ability of the recsiving devxca
| Bt - - . (such.as.a UART) to acceptdata. ___ ___+ =—>-
—— Pt i Pt Figure-a shows the sequence of- tha-output-cycle. wnh
- r5'!“/ o\ “'77777]/’ --}-" + -SEND-held high. The handshake-mode~(Intemnal~MODE
// /// // : W UL high) is-entered after the data latch pulsa, and since MODE
et e -~ remaing high theé CE/LOAD LBEN and HBEN terminals are
{wonsrre __ oaraly __ DATAIY _ __ active” as-outputs:_The: hlgh level:at the SEND input-is
oaTA e vauoif=— *  sensed on the same high to oW intemal clock.adge that-
T R e N e < (—terminates ‘thedata latch pulse. On the next low to high
Low vTE ot meieemai Ao~ - | w~es -intemal clock edge the CE/LOAD and-the ‘HBEN-outputs -
A4 DATA LT T NEERC T e mealourlevel.andmehxgh-orderbyte'(bhssmmugh -
2 T - T e NS —12;POLand OR) outputs are enabled. The CE/LOAD out;
e put remains low forone Tull intemal clock:peried only, th%
- . __.data outpufs remain active for'1-1; intemal-clock periods;
: |7 £5-7and the | ﬁh byta enabis remains. low foriwo.clock pet
- —— . ———Thus'th outptt low, level-or-low to high: edga
; It shouid be noted that these coNtrol IPUTS are asynchTo— ..., maybeusedasasynchmnmngsxgnaltoemevaﬁddatm .
nous with respect to the converter tlock — the data may be’ Sien -and-{hd-byte enable-as an-output may be-used.as a-byte _ - .
‘accassed at any time-Thus-it iS-possible to access the— — “identification fiag. With-SEND-rémaining high-the:convertet

.latches while they are being updated;-which could-lead to~ —~compistes—tha-output-cycls using:CE/LOAD.-&nd+

““ervoneous-data. Synchronizing the access-of the.latches °  whila thé low order byte outputs (bits' 1 through 8y are-acti:
jwith the conversion cycle by monitoring the STATUS output | vated. Thmké n‘ﬁdeﬂs terminated when both bytes -
wxllpreventtl'us.DatalsneverupdatedwhileSTA'lUSIs a.resem, _E TLUrSERTRE LIy
low. : TUULTm TR IO I T tw (oL 22 UFigure O SHoWs an oufput sequenca whera-ﬂ're SEND In§ -

".Handshake Mode ’ a ", 77T 7 wputisused todelay portionsof the sequenice, or handshake -
‘ The h hake ut moda is pro l las “ tive 1o ensure correct data transfer. Thls‘hrnlng diagram.shows'

‘means of interfacing the ICL7108-to-digital Systems; whefe ™~ :a;‘:ggoc' ‘s'Mo"pss EJ:::L'\: ?ccu: er}:smgt an nglddft:y-ﬁnndalrd
‘the A/D converter becomes active in controliing the flow of _ 0 Interiace 1o se channels..
‘data instead of. ely r 1o chip and byts on In this interface, the SEND input to the ICL7109 is driven by
‘able in nuspm modue 4 ;pospondmg designed 1o allow a. the TBRE (Transmitter Buffer Register Empty) output of the
‘direct pt“ m's' between the ’CGC'L;W1 08 and in dustry-standai rd' ¢ TUART:and the:CE/LOAD terminal of the ICL7109 drives

irect interface -the-TBRL- (Transmitter But{er-Registel~toad)-input-to-the

UARTs {such as the Harris IMS402/3) with no extemal logxc UART.
required. When triggered into the handshake mode, L1e mitter ETurf‘fo;m °“§’r“::pau‘§ paralieled into the eight Trans-

NOTE: Al typscal valsss Peve DESrT CErscternzed bt are rot sl
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4-:ur:utat-:vuua-.- - S THAEE-STATE WITH PRLUS- Szt 1 Mz:u
i re ¢ DRIUO EOTALIOEC TAREIUE
:; gqrEnt 13 r-saU:.,a-».. K
Flgure 10- Handshake Trlggered Byﬂod_ 3 ~s P,,of'm__ oite o

the UARTTransm.ttterBuﬁer Reguster is ernpty. -.-Wm-é;:wa MODE-input remammg hngh as in thess exam-

. tha SEND -input will be hsghwhen ‘the. handshake mode is F’"1:!e:'.,_'cmweﬂer “wilb output mexemﬁs-oﬁevery conver-

- entered after new data is  Stored. TheEE/LOAD and HBEN -  sion exceptthose completed duriritia handshaka operation.
~terminals will- go’ Iow‘aﬂer.SENQ is sensed,.and.the shigh~ . By tiggering the converter intofiandshake mbdewitha low
order byte outputs mﬂxeacnvs.IWhen ‘CEJLOAD goes --_-fo,high_edge on the MODF_mput. -handshake output se-
high at the end of one clock period, the high order byte datd == —qﬁérfcés‘rija"y‘be peﬂon'ned on‘demand, Figure 10 shows a
is clocked into the UART Transrmtter Butfer Register. The--,.-.handﬁmke output § sequence tnggﬁed.by such an.edge. In
UART TBRE output-will now.go fow, which halts the output - - _addition, the SEND input is shown.as being-low. when the
cycle with .the- HBEN output Iow, ‘and the" high order_byte ~ - converter enters handshake; mio¢ 6.l this case, the whole

outputs active. When.the UART-has-transferred. the.data to -——outpwmca is controiled by the"SEND input, and the
. the Transmitter Register and cleared the Transmitter Buffer §equema for the first (high order). byte s similar to the se-
-Register, the TBRE returns high. On the next ICL7109 mter-.‘ * quence for the second-byte.-This-diagram-aiso. shows the

nal clock high to low edge, the high order byte-outputs are ** 7 output‘sequence ‘taking longersthan a conversion cycle.
disabled, and one-half intema! clock later, the HBEN output” ™7 ~"-Note that the converter- still makes conversions, with the

returns . high. At the same time, the CE/LOAD and LBEN : STATUSmnpu'kand RUN/HOLD lnput functioning normally.
outputs go low, and the low  low order byte outputs become ac- The ‘orilly difference is_that new* data- “will not be- latched
tive: Similarly; when the CE/LOAD retumns high attheend of - - - when in Iﬂndshaké‘ node,and IS Here i
one clock period, the low order data is clocked into the Oscillator PRy 7‘.,'

UART Transmitter Buffer Register, and TBRE again goes ; - - .

low. When TBRE retums to-azhigh it will be sensed on the - 1. The'ICL7109: is-pruvndea’wfth a-versatie #ree terminal
next ICL7109 mnternal.clock-high'to Jow.edge, disabling the .  oscillator to genérats the mtsmal.doch_'l'he -oscillator may
data outputs., One-half iritemal clocle later, the handshake . = be’ overdriven; or may be operated with an RC network or
mode will be cleared, and the CE/LOAD, HBEN, and LBEN -  Erystal The OSCILLATOR SELECT input changes the inter-
.ermmals return mgn and stay acuve (as Iong as MODE' .+ -nal’ configuration, of.the osallator.tp,ogmmza it 1or RC or.

brysialoperanom

k""‘vr_"" X RO )u-,".".'g’“.if%‘:bj‘\.’ﬂ b

:'*-l 1 i N
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SICLT1098
 When~the OSCILTATORSELECT: input isThighrdreft —====it atrany timethe-oscillatoristo-ba-overdriven, the overs
‘open (the input is provided with a pullup, resistar), the oscil- . . driving signal should be applied at the OSCILLATOR IN-
1atorscouﬁgwedforﬁ0maﬂommdhemanaldod& . PUT, and the OSCILLATOR QUTPUT should be laft H
wulbeofmewnetrequenqandphaseasmesgnalatﬂ\o ; The internal.clock will be of tha same frequency, duty cycle

‘BUFFERED OSCILCATORGUIPUT. The resistor and ca- = _..andphasaasmemmmanosmLLATOHSELECT‘
pacitor should be connected asn Figwd 11, THécraut will  __is.left open. When OSCILLATOR SELECT s at GND, the'
oscdlataatafraquenwgwenbyandSch.A‘locknre-_.J dodtxdnboatadorofsabe!owmemmrwuency :
sistor is recommended-for useful-ranges ot -requency. F ** \When using thelICL7109 with tGTME403 UART; Itis pos;
optimum:60Hz fine-rejection, the Capacitor value.should b6+ — Legble to- use: one~3.58MHztrystal for both davices. Tha
thosen such that"2048 clock periods iS'close 1o an integral - BUFFERED OSCILLATOR QUTPUT of the ICL.2109 may be.
Jmultipie. of mmﬂam {but_should ot be lesman——-usad 10 drive tha-OSGILLATORINPUT-of-thd UART, saving
50pF)- e et e o = 2 L e eeithe. nieed for;a Second crystal_Howevaer, the, BUFFERED.
______ ST — 3 221730 CILL ATOR ‘OUTPUT does riot have a'great deal of drive;
B i e capability, and whm*dtiv‘nfgg-m,mune slave device,
3% buﬁemg shotﬂd be usedox: ;

Test—input--e —, =7
__—”—‘-' ot Whan'the TEST umﬂs takerctoraigvel hafway between

u.- e v,
_‘.——Vi-and-GND mamwmmd\esmembled.ah
T 'lowmg the muarm.mbemnﬂned anynme. .{

? Jq.-

"

.

PR N

...._.»-mnputsareaﬂfomdmme sta!a,and-ﬂ'leimemal
: dodt:sdtsableduwmmqumttremtome‘/zwﬂ

: —GND)-voltage (or-to V+) ardoneclocicis-applied, all
033612 . countefoutpuswmbedod(adtommmmaﬂ
—---Flgufe-ﬂ' RC»Osdllator-—_.‘_':"L 274125885y testing of-mecamas-andds-mnpms.-ﬁ o

< —When the OSCILLATOR SELECT input is low-a-teeuback——lNTERFAClNG——w,_.____, =
devica and output-and-nput capacitors- are added-to tha™ 1N 2 Direct Mod

oscillator. [n this'configuration;- as-shown -in-Figuie T2, tha rec o e
oscillatdr will Gpéraie. with-most crystais in the™1 0 SMHZ

V*' OR OPEN.

-t pe & o -..-

|

o et em e

*=Figure 13 shows saie Gfma‘bomhhmtonsof chq: enable!

range with no external components. Taking the OSCILLA- --and byte enable control signals which maybeusedwhm
TOR SELECT input low also inserts a fixed =558 dividerasmear=interfacing the ICL7403 to paralletdatafines. The CE/LOAD; -
circuit between the BUFFERED OSCILLATOR OUTPUT . - input may be tied low, allowing either byte to be controlled’
and the intemnal clock. Usmganrmamem:.uve:L."»Ell‘.ﬁ'jz_TFV__,e)g by its owgoenab!easﬂ:mak Ff?ure 138 shows a’
tﬁsdivlsgp_rgnoprwdesamrﬂegranonmegwan“ L Zonfigurdtion-whers enables are connected
grrystal. ) , Together. I s edh it 16 CE/LOAD sefvésas &

S

A . ._chip enable, and the HBEN and LBEN may be connected.to
- TiNT. = (20480! £ )X(Tcz_ocx) 311&"'5" " GND.or serve as #'Second chip enable. The 14 data outputs

whereTcCoéE o "’"“’ .. willall be enabled simultaneously: Figure 13C shows the

R .. . -FBEN and [BEN as flag inputs;-snd CE/LOAD as a master
Th!sumensverydosatomﬁonoenodsofﬁa.Séms.The . ~-enable:wh1d1¢:otﬂdbeﬂ:aREADsu'oheavmlablefmm
error. is less than one percent, Which will give better than™-" ~ - mOSl mopm‘- i
'40dB 60Hz rejecnon.‘The ‘converter will' operate .rel'tably‘m o }' -, Figure” 14 shows. an m(erfaung “several
conversion rates of up to 30 per second wl'uch corrasponds ICL71095 to'a bus, gangmg'meﬁéﬁ ‘and LBEN i to

e | . sevem.lconvenerstogemer,.andmxgmaca AD inputs. .

to a clock frequencym 245.8kHz, .

(perhaps decoded from an address)xo selectmedasred
converter - RN - - e

NOTE: AR tvpecal vaises Agve Caen chanscterared bul are 1ot tasied.
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¢ will lead to scrambled data-This wlll occurwery qarely, in the;

4

HCL740%

TS ’ ——-a--O0==7 — [ mooe cenoad

-Figure-14: Trl-statlng Several 7109‘stoa Smal! Bus

. Some practical circuits utilizing the parallel three-state - converterdock period. If STATUS is now Iow the second. .
putput capabilities of the ICL7109 are shown in Figures 15 reading is comect, and if it is still high, the first reading is-
through 27 Figure 15 shows &' s,tranghtforward appiication to- gagye Lorrects. .Altemanvely, -his .timing. :problem is completely.
the -Intel. 8048/80/85 - microprocessors.-via. an.BZESRPl,.,._.avmded.by using a read-aﬂer-updale sequence, as.shown
where the iCL7109 data outputs:are active at alj.times. The,

1/0 poris-of an 8155 may, be.used in the,same-way. -Thls, output drives an; interrupt: to. thefmcroprocessoruusmg it:
interface can be used d.in a-read—anyﬁme mode, althqugh-a; - to-ageess the.data latches. This application also shows the.
read. performed whllen:rgg gdata latches-arg -being;updated, ~ RUN/H OLD input being used to initiate conversions under.

proportion of setup-skew times-0 conversion time, One way, § ferface 1o ;.Mot'oi';la’ 3}‘3’,‘5303 P aoc',;we,.
{a overcome this is.to read, the. STATUS output as-well, .and. .. RGSOngtems is shown in Figurs, 17_’11-,5 Figh fo iow, tran--
if it is high, read the data again after a delay of more thanYe - ° sxttonoi the STATUS output generates an interrupt via.the,

ACTE- AR tyoical vaksms have boen characterized but &7 not tesied, .-
: 3:37,-

_in Figufe 16. Here the high.fo low transition.of_ the STATUS..

-
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Sl Figure"16.‘Full-ﬂme Parallel lnterface to sma/aolsswllcroprocessorswm: lnterrupt-tﬂ_ :

Control R g'star B GB1- line. Note ‘that-CB2 controls the
RUN/HOLD pin through Control Flegls'er 8, allowmg-soﬂ-

The three-state ou1:pu1 capab’lrty of the 16L7109 allows
direct lmerfaang to'mostimi ir busses¥Examples
of this-are shown-in Figures’ 18 arnid: 19: it'is'necessary to

carefully consider the system tirig in this type of interface,:

NOTE: AR typcal vakues have beon chersciacived] that are rol sesied.

338

to be sure‘that requirements’ forsen:p-and hold-times, and

. minimumpifsé widths are‘met’ Note risg*the drive fimita-
typé ot interfaceis only’

tions-on‘long buses.: Genetally‘this
favored-if the ‘memory periphieral ﬁddrewdénsrty -i570W S0

that simple'address decoding: aﬁ‘bé-usea.'intenupt ‘han-

dltngﬁn also réquire many additional componemsrand us-’

cages M FITE @

ing‘an interfaceé device will usua']ly simpTrfy the syétem 1n 'thxs
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Figure 17- Fuﬂ-tlme Parallel lnterface to Mcsaox or MCSE50X | Mlcroproms
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Handshake Mode - uny rsafma.:e.cormu_l!otathawne.pon.ouhe 8255 is.not

|~ The'handshake mode aliows mdyinwdacavmhamde——aﬁmgmmm Used With the BT55,

. iety_ot_extemal devices_For.instance, exiernal latches
Iﬁaﬂ be_clocked by the rising edge_of CE7LOAD., and the ""’*“';(
ms

\ &
byte enables may be used as byte xdenhﬁcaﬁon flags or as

sEigure 21 "shiows a Sirilar ame

THCToprocessors, except that both MODE and
RUN/.HULD«aramed high-tosave-port-outputs.. . — - .

T

| T8 e handshake mode is particulariy convenient for dlrect-

- —ly-mterfacmg to industry-standard-UARTs«{such as the Har-
Pprocessors again usmg an 8255PP). (The hanashake’ °p°m—-‘—zag1m 76403 "0r Western Digital TR1602) roviding a

load-enables: — -~ i Rt e

} Figufe 20 shows a‘ha:waake*imeftate to intel"micro-

fion with the 8255 is controlled by i mvemﬂg its.Input Buffer.

Full (IBF) flag to drive the SEND input to the ICL7109, and

th - y
using the CE/LOAD to drive tha 8255 strobe The. mteg {2A. In this any received by the UART caus-

control register of the PP1 Should beSét in MODE 1 for
port used. If the 7109:s-in-handshake mods and the 8255
1BF flag is fow, the next-word will be strobed into the port.
The strobe will cause IBF.to_go. high (SEND goes low),
which will keep the enabled byte outputs active: The PP! will
generate an interrupt which when executed will result in the
data being read. When the byte is read, the IBF will be reset
fow, which causes the, ICL7109 to sequencs into the next
byte. This figure shows the MODE input to the ICL7109 con-
nacted to a control fine on the PPL If this output is left high,

or tied high separately, the data from -every conversion (pro-

“minimumn.component count means of senafly transmitting
coﬁverte’d data. A typical UART connection is shown in Fig-
L‘”=-’es the UART DR (Data Ready) cutput to go high. This drives’
{ the MODE input to the ICL7109 high, triggering the ICL7109
i into handshake.mode-The high order byte is output to the
- UART first, and when the UART has' transferred the data to
i the Transmitter Reglster TBRE {SEND) goes high and the.
i second byte is output When TERE (SEND) goes high
{ again, LBEN will go high, driving the"UART DRR (Data
t Ready Reset) which will signal the-em’:f -of the transfer of
} data from the ICL7109 fo the UART; t

i ~F gure 27 Shows- an extension of the one converter—

vided the data access.takes less time.than a conversion)® ~-—s-~one UART scheme to several (QL7109swnh one UART. in’

will be sequenced in‘twobytes into the system.

' If this output is made to go from low to high, the output
sequence can be obtained on ‘demand, and the interrupt

this circuit, the wotd Téceived by the!UART (available at the
RBR outputs when DR is high) is used to select which con~
verter will handshake with the UART. With no external com-

may-be used to reset ‘the- MODE bit."Note that the RUN/- &% ‘ponents; this scheme will allow up to eight ICL7109s to i in<

NOTE: A2 typicel vasses have baen chursclertzed bt are not tesied.

- HOLD input t0"the IC17109 may al$6:be.driven by:a’ bitiof _t_atedace.wgp-gne_um Using a few mare components- 10

" the 8255 so that eanvmmay-’oevbtamedon com 6 Hievecaived woniwiltallow_up_mzss convertersta! .

beacoesedononesenal

varsed;=nd-can-service-another-peripheral device~The semel

ingement with the. M Mcsaoo'

K
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- Theapplmhons ‘of the ICL7109 are not dimited to-thosa' D
shown here. The purpose of these examples is to provide a IO
starting point for users {0 develop :useful 'systems; and to
show some of the variety of interfaces and uses of the
JCL7108. Many of the ideas suggested here may be usedin
combination; in particular the-uses of the STATUS FIUN/
HOLD, and MODE s:gnals may be meed S

APPLICATIGN” NOTES™ S .
A016 “Selecting'A/D Converters," byDavnd Fullagar
A017 "The Integrating A/D Converters,” by Lea Evans.
Ama “Do's and Don'ts of-Applying A/D Converr.ers “hy .
§ Pater Bradshaw and Skip Osgood. &3 b e 350 — =
A030 - “The iCL7104 =ABinary Output A/D Convenertor' T
Microprocessors;” by Peter Bradshaw. - - T
—AD32_ “Understanding the Auto-Zerd and Common Mode
- - Performance--of 'the ICL71 06 Fam:ly." by Petef
Bradshaw .~ Kbt - g
ROOS * “lnterfacing Data Converters & Mlaoprocessors,
- by Peter Bradshaw et al, Electronics, Dec. 8, 1976.-

NCTE: AR typrcal valuss have botn cherecterized but &7e not sested.
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-~1osc = RC/0 - e TR cLoc
—tosc = 1/258 MHz (Crystal).. .~ _ a1 .~ . - _ COmmonMndemutVona_ge

Vo] 1OV) < Vi < (V7 05v)
———intepration Clock-Frequency - =% 2 e = LS H _.u—‘z-.;m or .:- -

; Jeroc = fosc (RCMode) ., 7 0.01 uF:<Caz < 1.0 pF.
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i letock = 1/'cu.>cx i ) Reference Capacitor... - -
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o ; ICL7109
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- ...~ EQUATIONS -
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- Cose > S0 pF; Rosc- -50m
'los:fYP -60 khz :

) fose = 358 Mz Crystal = {in Free<Run Mode, Run/HOLD =.9)'";

T = 2048 X LeLock o
60750 H= Rejection cmenan VLS

- tinTMs0 Hz OF UNT/ 50 HZ = tmegei" -
Opﬁrmm integration Current - oot .
s hNT= 200 pA
FuB Scaie Analng input Yoltage. | V'I’ =4 5.0 tO GND
+ Vinrs Typically = 200 mV or 20V B ha ' -SIUTo‘GND -
integrate Resistor Dutpu'k-Type - e
Ry = SINES Einary Amplitude with Polanfy_a_zd_.bv_grrangsahs .
: T : .. Tipst Always tie TESTpIn HIGH. _ -, 1 ;
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York \/SOP HiBi is designed for applications where a stable polarization state is important.
A linear polarized input oriented along either the fiber's X or Y axis gives a linear polarized
output oriented along the same axis.

HiBi fibers are particularly useful in fiber interferometers where an unstable polarization
state leads to signal fade. Other application areas are:

- transmission of polarized optical power
- polarimetric sensors

- remote sensing of polarization state

- fiber/integrated optic combinations

- coherent transmission/detection

- velocimetry

York VSOP HiBi is very highly birefringent offering excellent resistance to environmental
perturbations without the consequent polarization scrambling that occurs in conventional
singlemode fiber.

Extensive analysis * has shown that the Bow-Tie structure of York HiBi is the optimum
design for stress-induced birefringent fiber. Birefringence is measured in terms of
polarization beat.length - the shorter the beat length, the higher the birefringence and the
better the polarization preserving capability. York VVSOP HiBi fiber is available with beat
lengths of less than 2mm as standard and less than Imm on request.

In addition to good polarization control, York VVSOP fiber is designed to minimize the
bend-induced optical loss likely to occur in tightly wound sensor coils. This is achieved by
increasing the core refractive index above that used in telecommunications fibers.

* "Analytical sclution for the birefringence produced Dy thermal stress in polanzaton - maintaining opucal fivers

MP Varnham DN Payne. A J Barlow and RD Birch
Journal of Lighrwave Technology Vol LT-1. 332-9 (1983)



SPECIFICATIONS FOR HiBi FIBERS

York HiBi fibers are designed for operation at selected wavelengths between 488nm and 1550nm.
Other wavelengths in this range are available on request.

NEW . NEW Nty
Fiber type: HB 450 HB 600 HB 750 HB 800 HB 1250  HB iy,
Operating wavelengths Xop * (nm): 488, 514 633 780 830 1300 1%%0)
Cut-off wavelengths (nm|: <488 <600 <750 <800 <1250 <%0
Attenuation at Xop (dB/km): <100 <12 <8 <S <2 ~ )

Other specifications:

Polarization cross-coupling** (or extinction ratio): -20dB over 1km (typical)
Beatlength at 633 nm: typical 1.3mm, max. 2mm

125 ym = 3 pym (r.m.s. variation <1 pm] |
80 pym = 3 pm

ail types:

Fiber diameter ) .
HB 800 also available with:

Coating diameter: 220 pm (nominal)

Coating type:
Core diameter:

mode stripping acrylate
2-8 pm depending on wavelength

Core refractive index difference: 0.0l nominal

>

« Typical operaung wavelength shown. As wath any singlemode fiber, 3 broad operating window of about 200nm is available provided care s

taken (o 3void dual mode effects near the cut-off wavelengtn and bend losses at long wavelengths. .

“* POLARIZATION CROSS-COUPLING

MEAS MENT. <
UREME - Source Detector.
The measurement is peformed after manufacture under the \ | / \
. following conditions:- 0 0 0 Z D
i). the fiber is measured on a standard 32cm diameter drum / | N Output
taking only reasonable care to avoid conditions likely to result pmanzef Polarizer

in small-scale bends. eqg. uneven surfaces or winding several
layers on top of one another. The results provide a realistic
esumate of performance except under severe microbending

conditions.

ii]. the measurement system is as shown in the schematc
diagram. The source 1s either a filtered white lignt source or a
‘ow coherence semiconductor device: narrow linewidth aser
sources can lead (0 Qve optimistic results. Input and oumut
polarzers are rotated to cetermine the fiber's principal axes
and o measure (he direct and Cross-coupled optical power.
The cross-coupling or extinction rauo s then given by

it 1s 10 be emphasised that while the cross-coupling measured as
described above 1s an important indication of basic fiber quality,
the performance may e affected by installauon in situations
producing uneven stresses on the fiber. In paruicular the
construction of coils consistng of many layers snould be
undertaken with great care. York's short beatlength fiber is
designed to provide the highest possiDle resistance to
polanzation cross-coupling In these arcumstances. Please consult
York for adwvce.

Pmin/(Pmax + Pmin).
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