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Abstract

This project is a part of subject 01044509 Project IL. Presents a circuit designed of
automatics oven. The system includes of temperature sensor ,pakage IC number DS1620 , the drive
circuit for heater that can control power by generate tricker’s signal to trig triac and we process the
data by microprocessor and display part we use module LCD . Another knowledge of this project is

how to write assembly language of microcontroller.
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2.1.1 é’ﬂymzzﬁﬁﬂg (Features)
1% G
liideansginsaiaes wniuuen
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Y ' Y
agangil 18Aaa -55°C 99 125°C Tagiuduag 0.5°C
=<

e

' Y
67§ °F iiyauaz 0.9°F)
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' { QI aa a
THagamginuawdnihaiaen 9 da

LY
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utlnsgunginiiem g 200 ms lagyszuia
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Y v
ausossennniluns Mdumoes luauan lduazdansa Busaeda lilidos

9q U

Sunazdsdoyalavldmsanreuuuaiuaiy (CLK ,DQ, RST)

DQ ! 8] Vop
CLK/CONV  []2 T Then
RST 3 1 oy
GND []4 S Tcom

DS1620 8-Pin DIP (300-mil)
See Mech Drawings Section

PIN DESCRIPTION

DQ - 3-Wire Input/Output

CLK/CONV - 3-Wire Clock Input and
Stand-alone Convert Input

RST - 3-Wire Reset Input

GND - Ground

ThigH - High Temperature Trigger

Trow - - Low Temperature Trigger

Tcom - High/Low Combination Trigger
Vop - Power Supply Voltage (3V - 5V)

511 2.1 AWMUV DS1620



STATUS REGISTER AND
CONTROL LOGIC

!

TEMPERATURE SENSOR

ADDRESS
AND
RESET | I

HIGH TEMP TRIGGER, TH

e L 1]

THiGH

LOW TEMP TRIGGER, TL

IR o
A :
500
SELF HEATING DIGITAL COMPARATORLOGIC
3 —
RB

RESISTOR
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a1 ~ < a a
Tasmemsaadeuuuawaiy Taovzdl LSB ifluiiausn DS1620 sz IdAnuanguvgivuas

0.5°C viTevuay 1 LSB

TEMPERATURE/DATA RELATIONSHIPS Table 1

TEMP DIGITAL OUTPUT DIGITAL OUTPUT
(Binary) (Hex)
+125°C 011111010 00FA
+25°C 000110010 0032h
+HHAE 0 00000001 0001h
+0°C 0 00000000 0000h
-%°C LILEREL L 01FFh
-25°C 111001110 01CEh
-55°C 110010010 0192h
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DONE | THF TLF NVB 1 0 CPU | 1SHOT
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THF . Temperature High Flag 93(1Ju ‘1’ iiogaingiisanahinienhiugumgiily
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2.1.5 MsdeasuuYaNae (3 — WIRE COMMUNICATION)
Y
1< @ @ - %
BUS 3 maﬁamﬂuaaﬂmﬂnmamaﬂymx A9 RST (reset) signal,CLK (clock) signal,DQ
4 Q’Jl A g 4 Y a [ I~ [
(data) signal MsAeasavuaszEuAn Idiou RST 185 uasin 1 duthu 0’ wzillumsdams
' 3 v
Foans dai CLK fio dyanannimfilivenniawdimudisveuidn uazdmiudyanu
' ' v Y
Data fivg Aoa151iu Aaseziiseauus suvedasinassfiuveuvI I uUBdaya 19 Clock Uag
{ 1< o S| .
Tyaagfivn CLK 1 17 93y 189 DQ iHluern17g High Impedance
& < g o A o ~ < i
dievn RST W 0” azilumsdnmsdeansnanuauasyi DQ azian1221i)u High Impedance

A < qw T o i iy ol v
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P Y £ o a Yo A
DS1620 1ier1eld Fafdenie o wwesuie landl

Read Temperature [AAh]

o w A \ v A P ) - B R a_ -
L'ﬂuﬂTf’N‘V]ﬂgﬂ'lueuaiallaqmﬁﬂu'ﬂuﬂﬁﬁuﬁj Iﬂﬂﬂa\iﬂqﬂiﬁﬂ']ﬁﬂu "l]gllﬂﬂ']@mﬁﬂuu 9 UA
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Write TH [01h]

) Y A i 5, @ vt c:‘ Y a 1 q’;’ I
Wunsdeld@ouainedu TH register laonasninlamasiuda 9 daneun szgnduilu

a

A1 leiingaungigegaved O/P T high

U

Write TL [02h]

< ) Y A 1 \ o 1o Lo dy 9y a M > I
Wumsdeliidouiaslu TL register Tnsnaeinlamdaiing 9 danoun azgadailu

a

A1 lFnagungiigigaved O/F T low

Y

Read TH [A1h]

yio gk
v s 9

fudrdaildemdrly TH register Tavndsnnldamdaiidn ) oz 1ddoya o Ia Muflum

a

garnigegalunmsiiauved T high O/P

Q U Q

Read TL [A2h]

Hgd il TL register Tnondannldrdeiiidnlyl 1z18deya 9 a fidludn
gamgimgalumsianwes T low O/P
Start Convert [EEh]

usdail9disunsudasgunail Taelulnua 1 Shot ¥ DS1620 zmsias

U

= 1 ‘:' 1 1 4 d Q'/ Q' a 4
samgiimdeuazdgaaizidnlunuadeionzunsdaldmulagungilliFesn



Stop Convert [22h]

< o o a ' g Y 1o o J a
WusdsldngamsulagamvgiluTnuedeiiies nasnnldmdeiiazudasgumgiian
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gameolusasiuldies wdnzdhganigis wndes 1d

U a 1 1 d‘ 1
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Write Config [0Ch]

Wuddan

=

'
v o

oy o W Y g sy =
8 Dasonnmdarzdeaiun Config NApeMTAsuas

Read Config [ACh]

o o o dq ¥ 1 . @ o @ dy a
WumdanlFe11a19n Config register Inondsninlamdeiiudrnz Iddoya 8 dnoen

=2 g ¢
w1 suiulu Config register

JURAEY Start Convert

2 a
99zi5uu1ag

9 4 =Y 1 4 o [ 1o o‘/ my
I4ioaz@ouaiaou lunsiiauasly Config register vidaanlamdatinga

3-WIRE BUS
DATA AFTER
ISSUING
INSTRUCTION | DESCRIPTION PROTOCOL | PROTOCOL | NOTES
TEMPERATURE CONVERSION COMMAND
Read Temperature | Reads last converted temperature AAh <read data>
value from temperature register.
Read Counter Reads value of count remaining AOh <read data>
from counter.
Read Slope Reads value of the slope A%h <read data>
accumulator.
Start Convert T | Initiates temperature conversion. EEh Idle 1
Stop Convert T | Halts temperature conversion. 22h Idle 1
» THERMOSTAT CO
Write TH Writes high temperature limit value 01h <write data> 2
into TH register.
Write TL Writes low temperature limit value 02h <write data> 2
into TL register.
Read TH Reads stored value of high Alh <read data> 2
temperature limit from TH register.
Read TL Reads stored value of low A2h <read data> 2
temperature limit from TL register.
Write Config Writes configuration data to 0Ch <write data> 2
configuration register.
Read Config Reads configuration data from ACh <read data> 2

configuration register.

71
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;
; Program [CS OVEN

;- EBor : M 51 Microcontrocller System
’-**********************************************************

KROWO BIT P1.0
KROW1 BIT Pl.1
KROW2 BIT Pl:2
KROW3 BIT PI.3
KCOL3 BIT Pl.4
KCOL2 BIT P1.5
KCOL1 BIT P1.6
KCOLO BIT P17
RST BIT P2.0
CLK BIT P2 al
DQ BIT P252
PULSE_BIT BIT P2.3
FAN BIT P2.4
LCD_EN BIT P3 .6
LCD_RS BIT P37

LCD_ADDR EQU 030H
LCD_DATA EQU 031H
KDATA EQU 032H
TEMP_DATA1 EQU 033H
TEMP_DATA2 EQU 034H
DIGIT EQU 035H
TEN EQU 036H
HUNDRED EQU 037H
TEMP_READ EQU 03BH
TEMP_SET EQU 03CH
TEMP_OLD EQU 03DH
TEMP_DIFF EQU 03EH
T200u EQU 040H
T10m EQU 041H
T1S EQU 042H
T1MIN EQU 043H
TOFF EQU 045H
TON EQU 046H
TIME SET EQU 047H
TIME_DATAl EQU 048H
TIME_DATA2 EQU 049H
TIME_DATA3 EQU 04AH
TIME1l EQU 04BH
TIME2 EQU 04CH
TIME3 EQU 04DH
DATA EQU 021H

ORG 0000H
LJIMP MAIN
ORG 0003H
INTO_SERV: ACALL SUB_INTO
RETI
ORG 000BH
TIMERO_SERV: ACALL SUB_TIMER
RETI
ORG 0013H
INT1_SERV: ACALL SUB_INT1
RETI
MAIN: MOV TMOD, #02H
MOV TLO, #38H
MOV THO, #38H

MOV 1E, $10000111B



TITLE:

L_READTEMP:

KLOOP:

MOV
MOV
MOV
MOV
MOV
MOV
ACALL
MOV
ACALL
MOV
ACALL
ACALL
MOV
ACALL
MOV
ACALL
ACALL
MOV
MOV
MOV
MOV
MOV
MOV
CLR
SETB
ACALL
ACALL
ACALL
MOV
CLR

MOV
MOV
MOV
DIV
ADD
MOV
MOV
MOV
MOV
DIV
ADD
MOV
MOV
ADD
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
CJINE
MOV
CLR
AJMP
MOV
SUBB

Jc

PO, #00000000B
P1, #11111111B
P3, #00111111B
P2, #00000000B
TOFF, #0FFH
TEMP_SET, #00H
INIT _LCD
LCD_ZADDR, #000H
SET_ADDR_LCD
DPTR, #TITLEL
WRLINE_LCD
DELAY 1s
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #TITLE2
WRLINE_LCD
DELAY 1s
TEMP_DATAL, #30H
TEMP_DATA2, #30H
TIME DATAL, #0
TIME_DATA2, #0
TIMEL, #30H
TIME2, #30H
PULSE_BIT

CLK

START CONVERT
DELAY 1s

READ TEMPERATURE
A, RI

C

A

DATA.1,C
TEMP_READ, A

B, #100

AB

A, #30H
HUNDRED, A
TEN, B

A, TEN

B, #10

AB

A, #30H

TEN, A

A, B

A, #30H

DIGIT,A
LCD_CLR
LCD_ADDR, #000H
SET_ADDR_LCD
DPTR, #DISPLAYSHOW
WRLINE LCD
LCD_ADDR, #002H
SET_ADDR_LCD
LCD_DATA, TEN
WRCHAR_LCD
LCD_DATA, DIGIT
WRCHAR_LCD
LCD_ADDR, #005H
SET_ADDR_LCD
C,DATA.1

DOT

LCD_ADDR, #042H
SET_ADDR_LCD
LCD_DATA, TIMEL
WRCHAR_LCD
LCD_DATA, TIME2
WRCHAR_LCD

A, TIME_SET

2, #00H, KLOOP
TIME SET, #00H
TRO

EXIT_MAIN

A, TEMP_READ

A, TEMP_SET
HALF

PULSE_INC



PULSE_OFF': MOV TOFF, #100

SIMP EXIT_MAIN
PULSE_INC: MOV A, TEMP_SET
SUBB A, TEMP_READ
MOV TEMP_DIFF,A
SUBB A 43
JNC PULSE_ON
MOV A,TEMP_DIFF
MOV B, #20
MUL BB
MOV TON, A
MOV a,#100
SUBB A, TON
MOV TOFF, A
SIMP EXIT MAIN
PULSE_ON: MOV TOFF, #1
SIMP EXIT MAIN
HALF: MOV TOFF, #90
SIMP EXIT_MAIN
SETPLUSEUP: MOV A, TOFF
SUBB A, #10
MOV TOFF, A
EXIT MAIN: AJMP L_READTEMP

DOT: JNC DOTO
MOV LCD DATA, #'5'
ACALL WRCHAR_LCD
RET

DOTO: MoV LCD_DATA, #'0"
ACALL WRCHAR_LCD
RET

SUB_INTO: PUSH AcC
PUSH PSW
ACALL LCD_CLR
MOV LCD_ADDR, #000H
ACALL SET_ADDR_LCD
MOV DPTR, #TITLETEMP
ACALL WRLINE LCD
ACALL DELAY Is
ACALL LCD_CLR
MOV LCD_ADDR, #000H
ACALL SET_ADDR_LCD
MOV DPTR, #TEMPWAIT
ACALL WRLINE_LCD
MOV LCD_ADDR, #041H
ACALL SET_ADDR_LCD
ACALL LCD_BLINK
ACALL GET KEY
MOV A, KDATA
MOV DPTR, #ASCIITABLE
MOVC A, @A+DPTR
FANOFF: CJINE A, #1BH, FANON
ACALL LCD_CLR
MOV LCD_ADDR, #000H
ACALL SET_ADDR_LCD
MOV DPTR, $TITLEFANOFF
ACALL WRLINE_LCD
CLR FAN
ACALL DELAY_1s
AJMP EXITTEMP
FANON : CJINE A, #0DH, NEXTTEMP
ACALL LCD_CLR
MOV LCD_ADDR, #000H
ACALL SET_ADDR_LCD
MOV DPTR, # TITLEFANON
ACALL WRLINE_LCD
SETB FAN

ACALL DELAY ls



AJMP EXITTEMP

NEXTTEMP: MOV TEMP_DATAl,A
MOV LCD_DATA,A
ACALL WRCHAR__LCD
ACALL WAIT_KEY
ACALL LCD_BLINK
ACALL GET_KEY
MOV A, KDATA
MOV DPTR, #ASCIITABLE
MOVC A, @A+DPTR
MOV TEMP_DATA2,A
MOV LCD_DATA, A
ACALL WRCHAR _LCD
ACALL WAIT_KEY
MOV A, TEMP_DATAl
CLR C
SUBB A, #30H
MOV B, #10
MUL AB
MOV TEMP_SET,A
MOV A, TEMP_DATAZ
CLR (¢
SUBB A, #30H
ADD A,TEMP_SET
MOV TEMP_SET,A
ACALL DELAY_ 10ms
SUBB A,TEMP_READ
Jc OFF_PULSE
MOV TOFF, #1
SETB FAN
SETB TRO
SJIMP EXITTEMP

OFF_PULSE: MOV TOFF,#100

EXITTEMP: POP PSW
POP ACC
RET

SUB_INT1: PUSH ACC
PUSH PSW
MOV TIME_DATAL, #0
MOV TIME DATA2, #0
MOV TIMEL, #30H
MOV TIME2, #30H
ACALL LCD_CLR
MOV LCD_ADDR, #000H
ACALL SET_ADDR_LCD
MOV DPTR, #TITLETIME
ACALL WRLINE_LCD
ACALL DELAY 1s
ACALL LCD_CLR
MOV LCD_ADDR, #000H
ACALL SET_ADDR_LCD
MOV DPTR, # TIMEWAIT
ACALL WRLINE_LCD
MOV LCD_ADDR, #041H
ACALL SET_ADDR_LCD
ACALL LCD_BLINK
ACALL GET_KEY
MOV A, KDATA
MOV DPTR, #ASCIITABLE
MOVC A, @A+DPTR
MOV TIMEL, A
MOV LCD_DATA, A
ACALL WRCHAR_LCD
CLR c
SUBB A, #30H
MOV TIME_DATAL,A
ACALL WAIT_KEY
ACALL LCD_BLINK
ACALL GET_KEY
MOV A, KDATA
MOV DPTR, #ASCIITABLE

MOVC A, @A+DPTR



MOV TIME2,A

MoV LCD_DATA, A
ACALL WRCHAR_LCD
CLR €
SUBB A, #30H
MOV TIME__DATAZ A
ACALL WAIT_KEY
MOV A, TIME_DATAl
SWAP A
ORL A, TIME_DATA2
MOV TIME_SET,A
SETB TRO
POP PSW
POP ACC
RET
§
; Timer(O Subroutine
SUB_TIMER: PUSH ACC
PUSH PSW
INC T200u
MOV A,T200u
CJINE A,#SO,END_TIME
MOV T200u, #0
INC T10m
PULSE_GEN: MOV A, T10m
CJINE A, TOFF, TIME_LOOP
SETB PULSE BIT
TIME_LOOP: CJINE A, #IOO,END_TIME
CLR PULSE_BIT
INC T1S
MOV T10m, #0
MOV A, T1S
CJINE A, #GO,END_TIME
MOV T1S, #0
MOV A, TIME_SET
DEC A
MOV R4, A
ANL A, #0FH
CJNE A, #0FH, NEXTT
MOV A,R4
CLR c
SUBB A, #06H
SJIMP NEXTT2
NEXTT: MOV A, R4
NEXTT2: ADD A, #0
DA A
MOV TIME_SET,A
ANL A, #0FH
ADD A, #30H
MOV TIME2,A
MOV A, TIME SET
SWAP A
ANL A, #0FH
ADD A, #30H
MOV TIMEL, A
END_TIME: POP PSW
POP ACC
RET

GET_KEY: MOV P1, #0FFH
MOV KDATA, #00H
CHKCO: CLR KCOLO
MOV A, Pl
ANL A, #00FH
CJINE A, #00FH, CODATA
AJMP CHKC1
CODATA: MOV KDATA, #00H
AJMP GET ROW
CHKC1: SETB KCOLO
CLR KCOL1

MOV A, Pl



ANL A, #00FH

CJINE A, #00FH, C1DATA
AJMP CHKC2
C1DATA: MOV KDATA, #01H
AJMP GET__ROW
CHKC2: SETB KCOL1
CLR KCOL2
MOV A,pPl
ANL A, #00FH
CJINE A, #00FH, C2DATA
AJMP CHKC3
C2DATA: MOV KDATA, #02H
AJMP GET__ROW
CHKC3: SETB KCOL2
CLR KCOL3
MOV A,P1
ANL A, #00FH
CJINE A, #00FH, C3DATA
AJMP GET_KEY
C3DATA: MOV KDATA, #03H
GET_ROW: CLR KCOLO
CLR KCOL1
CLR KCOL2
CLR KCOL3
CHKRO : JB KROWO, CHKR1
RET
CHKR1: JB KROW1, CHKR2
MOV A, KDATA
ADD A, #04H
MOV KDATA, A
RET
CHKR2: JB KROW2, CHKR3
MOV A, KDATA
ADD A, #08H
MOV KDATA, A
RET
CHKR3: JB KROW3, CHKRO
MOV A, KDATA
ADD A, #0cH
MOV KDATA, A
RET

’

WAIT_KEY: MOV A,P1l
ANL A, #00FH
CJINE A, #00FH, WAIT KEY
RET

;
INIT LCD: ACALL DELAY_100ms
CLR LCD_RS
MOV PO, #00111000B
ACALL LCD_CLK
ACALL DELAY 10ms
MOV P0, #00111000B
ACALL LCD_CLK
ACALL LCD_OFF
ACALL LCD_CLR
MOV PO, #00000110B
ACALL LCD_CLK
ACALL LCD_HOME

LCD_CLR: CLR LCD_RS

MOV PO, $00000001B
ACALL LCD_CLK



LCD_HOME: CLR LCD_RS
MOV PO, #00000010B
ACALL LCD_CLK
RET

’
LCD_OFF: CLR LCD RS

MOV PO, #00001000B

ACALL LCD_CLK

RET
PRI il WP SRS SR e e o B Al el el R el
7 LCD Clk
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LCD_CLK: SETB LCD_EN

ACALL LCD_DELAY

CLR LCD_EN

ACALL LCD_DELAY

RET

LCD_ON: CLR LCD_RS
MOV PO, #00001100B
ACALL LCD_CLK
RET

LCD_BLINK: CLR LCD_RS
MOV PO, 000011118
ACALL LCD_CLK
RET

SET_ADDR_LCD: CLR LCD_RS
MOV A, LCD_ADDR
SETB acc.7
MOV PO, A
ACALL LCD_CLK
RET

WRCHAR_LCD: SETB LCD_RS
MOV PO, TCD_DATA
ACALL LCD_CLK
ACALL LCD_ON
RET

WRLINE_ LCD: MOV RO, #0
WRLINE LCD 1: SETB LCD_RS
CLR A
MOVC A, @A+DPTR
MOV PO, A
ACALL LCD_CLK
INC DPTR
INC RO
CJNE RO, #8, WRLINE_LCD_ 1
MOV LCD_ADDR, #040H
ACALL SET_ADDR_LCD
WRLINE LCD 2: SETB LCD_RS

CLR A



MOVC A,@A+DPTR

MOV PO, A

ACALL LCD_CLK

INC DPTR

INC RO

CJINE RO, #16, WRLINE_LCD_2
ACALL LCD_ON TR
RET

i
WRITE1620: CLR c
MOV RO, #08H
NEXTBITWRITE: CLR CLK
RRC A
MOV DQ, C
SETB CLK
DJNZ RO, NEXTBITWRITE
RET

READ1620: CLR C

MOV RO, #08H
SETB DQ
NEXTBITREAD: CLR CLK
MOV C, D@
SETB CLK
RRC A
DJNZ RO, NEXTBITREAD
CLR DQ
RET

CONFIGURE: SETB RST
MOV A, #0CH
ACALL WRITE1620
MOV A, #00001011B
ACALL WRITE1620
CLR RST
RET

START_CONVERT:
SETB RST
MOV A, #0EEH
ACALL WRITE1620
CLR RST
RET

;
READ TEMPERATURE:  SETB RST
MOV A, #0AAH
ACALL WRITE1620
ACALL READ1620
MOV Rl, A
ACALL READ1620
MOV R2, A
CLR RST
RET

READ_CONFIG: SETB RST
MOV A, #O0ACH
ACALL WRITE1620

ACALL READ1620



CLR RST

RET
;Delay lms
S IR USSR S
DELAYMS: MOV R7, #00H
LOOPA: INC R7

MOV A, R7

CJINE A, #0FFH, LOOPA

RET

LCD_DELAY: MOV R7, #002
LCD_DELAY 1: MOV R6, #0E6H
LCD_DELAY 2: NOP
NOP
DJNZ R6,LCD_DELAY_2
DJNZ R7,LCD_DELAY_1
RET
DELAY_ 10ms: MOV R7,#010
DELAY_10ms_1: MOV R6, #0E6H
DELAY 10ms_2: NOP
NOP
DJNZ R6,DELAY 10ms_2
DJNZ R7,DELAY 10ms_ 1
RET
DELAY_lOOms: MOV R7,#100
DL100Oms_1: MOV R6, #0E6H
DL100ms_2: NOP
NOP
DJNZ R6,DL100ms_2
DJNZ R7,DL100ms_1
RET
DELAY_ 1ls: MOV R5, #100
DELAY 1s_1: ACALL DELAY_ 10ms
DJNZ R5,DELAY 1s_1
RET

; 0123456789ABCDEF
TITLEL: DB ' Reading Temp. '
TITLE2: DB '  Please wait !
DISPLAYSHOW: DB ' T MIN'
TITLETEMP: DB 'SET TEMPERATURE '
TEMPWAIT: DB ' TEMP. ': <’
TITLETIME: DB ! SET TIME 4
TIMEWAIT: DB VRPTMEN, X MIN'
TITLEFANON: DB Y FAN ON ¥
TITLEFANOFF: DB : FAN OFF
ASCIITABLE: DB 'IValZ@) ' A

DB '4','5','6','5'

DB N UGy, ' 9', ODH

DB l*l,lol,l#l,lBH

END
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» SEMICONDUCTOR Digital Thermometer and Thermostat

‘www.dalsemi.com

FEATURES PIN ASSIGNMENT

Requires no external components
" Sugply voltage range covers from 2.7V to pQrmy ! *HL Voo
5.5V CLK/CONV [T | 2 TETT] Tasiens
»  Measures temperatures from -55°C to +125°C e - :
in 0.5°C increments; Fahrenheit equivalent is HIN 111 Trow
-67°F to +257°F in 0.9°F increments GND[TT]| 4 5 Tcom
» Temperature is read as a 9-bit value
» Converts temperature to digital word in 1
second (max)

DS1620S 8-Pin SOIC (208-miil)
See Mech Drawings Section

* Thermostatic settings are user-definable and ]
nonvolatile QR B\ e
= Data is read from/writ_tg via a 3-wire serial CLK/CONV  [] 2 e Tk
interface (CLK, DQ, RST) s
=  Applications include thermostatic controls, S\ - Trow
industrial systems, consumer products, GND []4 577 Tcom
thermometers, or any thermally sensitive
system DS1620 8-Pin DIP (300-mil)
= 8-pin DIP or SOIC (208-mil) packages See Mech Drawings Section
PIN DESCRIPTION
DQ - 3-Wire Input/Output
CLK/CONV - 3-Wire Clock Input and
Stand-alone Convert Input
RST - 3-Wire Reset Input
GND - Ground
Twicn - High Temperature Trigger
TLow - Low Temperature Trigger
Tcom - High/Low Combination Trigger
Vb - Power Supply Voltage 3V - 5V)
DESCRIPTION

The DS1620 Digital Thermometer and Thermostat provides 9-bit temperature readings which indicate
the temperature of the device. With three thermal alarm outputs, the DS1620 can also act as a thermostat.
Tuicu is driven high if the DS1620’s temperature is greater than or equal to a user—defined temperature
TH. Trow s driven high if the DS1620’s temperature is less than or equal to a user—defined temperature
TL. Tcom is driven high when the temperature exceeds TH and stays high until the temperature falls
below that of TL.
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DS1620
User—defined temperature settings are stored in nonvolatile memory, so parts can be programmed prior to
insertion in a system, as well as used in standalone applications without a CPU. Temperature settings and
temperature readings are all communicated to/from the DS1620 over a simple 3—wire interface.

OPERATION-MEASURING TEMPERATURE

A block diagram of the DS1620 is shown in Figure 1. The DS1620 measures temperatures through the
use of an onboard proprietary temperature measurement technique. A block diagram of the temperature
measurement circuitry is shown in Figure 2.

The DS1620 measures temperature by counting the number of clock cycles that an oscillator with a low
temperature coefficient goes through during a gate period determined by a high temperature coefficient
oscillator. The counter is preset with a base count that corresponds to —55°C. If the counter reaches 0
before the gate period is over, the temperature register, which is also preset to the —55°C value, is
incremented, indicating that the temperature is higher than —55°C.

At the same time, the counter is then preset with a value determined by the slope accumulator circuitry.
This circuitry is needed to compensate for the parabolic behavior of the oscillators over temperature. The
counter is then clocked again until it reaches 0. If the gate period is still not finished, then this process
repeats.

The slope accumulator is used to compensate for the nonlinear behavior of the oscillators over
temperature, yielding a high-resolution temperature measurement. This is done by changing the number
of counts necessary for the counter to go through for each incremental degree in temperature. To obtain
the desired resolution, therefore, both the value of the counter and the number of counts per degree C (the
value of the slope accumulator) at a given temperature must be known.

DS1620 FUNCTIONAL BLOCK DIAGRAM Figure 1
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TEMPERATURE MEASURING CIRCUITRY Figure 2

SLOPE ACCUMULATOR
»
PRESET » COMPARE
v
LOW TEMPERATURE
COEFFICIENT OSCILLATOR > COUNTER PRESET

HIGH TEMPERATURE
COEFFICIENT OSCILLATOR

INC
=O ’
A
——P»  COUNTER
L STOP
=0

v

SET/CLEAR
LSB

TEMPERATURE REGISTER

This calculation is done inside the DS1620 to provide 0.5°C resolution. The temperature reading is
provided in a 9-bit, two’s complement reading by issuing a READ TEMPERATURE command. Table 1
describes the exact relationship of output data to measured temperature. The data is transmitted serially
through the 3—wire serial interface, LSB first. The DS1620 can measure temperature over the range of
-55°C to +125°C in 0.5°C increments. For Fahrenheit usage, a lookup table or conversion factor must be

used.

TEMPERATURE/DATA RELATIONSHIPS Table 1

TEMP DIGITAL OUTPUT DIGITAL OUTPUT
(Binary) (Hex)
+125°C 011111010 00FA
+25°C 000110010 0032h
e 0 00000001 0001h
+0°C 0 00000000 0000h
-%2°C L1111 01FFh
-25°C 111001110 01CEh
-55°C 1 10010010 0192h

Since data is transmitted over the 3—wire bus LSB first, temperature data can be written to/read from the
DS1620 as either a 9-bit word (taking RST low after the oth (MSB) bit), or as two transfers of 8-bit
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words, with the most significant 7 bits being ignored or set to 0, as illustrated in Table 1. After the MSB,
the DS1620 will output Os.

Note that temperature is represented in the DS1620 in terms of a %2°C LSB, yielding the following 9-bit
format:

MSB LSB

X X X X X X X 1 1 1 0 0 1 1 1 0

T =-25°C

Higher resolutions may be obtained by reading the temperature, and truncating the 0.5°C bit (the LSB)
from the read value. This value is TEMP_READ. The value left in the counter may then be read by
issuing a READ COUNTER command. This value is the count remaining (COUNT_REMAIN) after the
gate period has ceased. By loading the value of the slope accumulator into the count register (using the
READ SLOPE command), this value may then be read, yielding the number of counts per degree C
(COUNT_PER_C) at that temperature. The actual temperature may be then be calculated by the user
using the following:

(COUNT_PER_C - COUNT-REMAIN)

TEMPERATURE=TEMP_READ-0.25 +

COUNT_PER_C
DETAILED PIN DESCRIPTION Table 2
PIN | SYMBOL DESCRIPTION
1 DQ Data Input/Qutput pin for 3-wire communication port.

2 CLK/conv | Clock input pin for 3-wire communication port. When the DS1620 is used in a
stand-alone application with no 3—wire port, this pin can be used as a convert

pin. Temperature conversion will begin on the falling edge of CONV.

3 RST Reset input pin for 3-wire communication port.
GND Ground pin.
) Tcom High/Low Combination Trigger. Goes high when temperature exceeds TH,;
will reset to low when temperature falls below TL.
6 Trow Low Temperature Trigger. Goes high when temperature falls below TL.
7 ThicH High Temperature Trigger. Goes high when temperature exceeds TH.
8 Vpp Supply Voltage. 2.7V = 5.5V input power pin.

OPERATION-THERMOSTAT CONTROLS

Three thermally triggered outputs, Trign, Trow, and Tcowm, are provided to allow the DS1620 to be used
as a thermostat, as shown in Figure 3. When the DS1620’s temperature meets or exceeds the value stored
in the high temperature trip register, the output Trigu becomes active (high) and remains active until the
DS1620’s measured temperature becomes less than the stored value in the high temperature register, TH.
The Tuign output can be used to indicate that a high temperature tolerance boundary has been met or
exceeded, or it can be used as part of a closed loop system to activate a cooling system and deactivate it
when the system temperature returns to tolerance.

The Trow output functions similarly to the Twign output. When the DS1620’s measured temperature
equals or falls below the value stored in the low temperature register, the TLow output becomes active.
TrLow remains active until the DS1620’s temperature becomes greater than the value stored in the low
temperature register, TL. The Trow output can be used to indicate that a low temperature tolerance
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boundary has been met or exceeded, or as part of a closed loop system it can be used to activate a heating
system and deactivate it when the system temperature returns to tolerance.

The Tcom output goes high when the measured temperature meets or exceeds TH, and will stay high until
the temperature equals or falls below TL. In this way, any amount of hysteresis can be obtained.

THERMOSTAT OUTPUT OPERATION Figure 3

| |
| |
Thicn }
|
l
i |
| |
|
|
Trow I
1 |
Tcom ' | >
Y v
Th TH I(°6)
OPERATION AND CONTROL

The DS1620 must have temperature settings resident in the TH and TL registers for thermostatic
operation. A configuration/status register also determines the method of operation that the DS1620 will
use in a particular application and indicates the status of the temperature conversion operation. The
configuration register is defined as follows:

CONFIGURATION/STATUS REGISTER

DONE THF TLF NVB 1 0 CPU ISHOT
where
DONE = Conversion Done Bit. 1=conversion complete, 0=conversion in progress.

THF = Temperature High Flag. This bit will be set to 1 when the temperature is greater than or equal
to the value of TH. It will remain 1 until reset by writing 0 into this location or by removing power from
the device. This feature provides a method of determining if the DS1620 has ever been subjected to
temperatures above TH while power has been applied.

TLF = Temperature Low Flag. This bit will be set to 1 when the temperature is less than or equal to
the value of TL. It will remain 1 until reset by writing 0 into this location or by removing power from the
device. This feature provides a method of determining if the DS1620 has ever been subjected to
temperatures below TL while power has been applied.

NVB = Nonvolatile Memory Busy Flag. 1=write to an E? memory cell in progress. O=nonvolatile
memory is not busy. A copy to E% may take up to 10 ms.

CPU = CPU Use Bit. If CPU=0, the CLK/CONV pin acts as a conversion start control, when RST is
low. If CPU is 1, the DS1620 will be used with a CPU communicating to it over the 3—wire port, and the
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operation of the CLK/CONV pin is as a normal clock in concert with DQ and RST . This bit is stored in
nonvolatile E* memory, capable of at least 50,000 writes. The DS1620 is shipped with CPU=0.

1SHOT = One-Shot Mode. If 1SHOT is 1, the DS1620 will perform one temperature conversion upon
reception of the Start Convert T protocol. If 1SHOT is 0, the DS1620 will continuously perform
temperature conversion. This bit is stored in nonvolatile E? memory, capable of at least 50,000 writes.
The DS1620 is shipped with 1ISHOT=0.

For typical thermostat operation, the DS1620 will operate in continuous mode. However, for applications
where only one reading is needed at certain times or to conserve power, the one-shot mode may be used.
Note that the thermostat outputs (Trign, Trow, Tcom) Will remain in the state they were in after the last
valid temperature conversion cycle when operating in one—shot mode.

OPERATION IN STAND-ALONE MODE

In applications where the DS1620 is used as a simple thermostat, no CPU is required. Since the
temperature limits are nonvolatile, the DS1620 can be programmed prior to insertion in the system. In

order to facilitate operation without a CPU, the CLK/CONV pin (pin 2) can be used to initiate
conversions. Note that the CPU bit must be set to 0 in the configuration register to use this mode of
operation. Whether CPU=0 or 1, the 3—wire port is active. Setting CPU=1 disables the stand—alone mode.

To use the CLK/CONV pin to initiate conversions, RST must be low and CLK/CONV must be high. If
CLK/CONV is driven low and then brought high in less than 10 ms, one temperature conversion will be
performed and then the DS1620 will return to an idle state. If CLK/CONV is driven low and remains low,
continuous conversions will take place until CLK/CONV is brought high again. With the CPU bit set to 0,
the CLK/CONV will override the 1SHOT bit if it is equal to 1. This means that even if the part is set for
one—shot mode, driving CLK/CONV low will initiate conversions.

3-WIRE COMMUNICATIONS

The 3—wire bus is comprised of three signals. These are the RST (reset) signal, the CLK (clock) signal,

and the DQ (data) signal. All data transfers are initiated by driving the RST input high. Driving the RST
input low terminates communication. (See Figures 4 and 5.) A clock cycle is a sequence of a falling edge
followed by a rising edge. For data inputs, the data must be valid during the rising edge of a clock cycle.
Data bits are output on the falling edge of the clock and remain valid through the rising edge.

When reading data from the DS1620, the DQ pin goes to a high-impedance state while the clock is high.

Taking RST low will terminate any communication and cause the DQ pin to go to a high-impedance
state.

Data over the 3—wire interface is communicated LSB first. The command set for the 3—wire interface as
shown in Table 3 is as follows.

Read Temperature [AAh]

This command reads the contents of the register which contains the last temperature conversion result.
The next nine clock cycles will output the contents of this register.
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Write TH [01h]
This command writes to the TH (HIGH TEMPERATURE) register. After issuing this command the next
nine clock cycles clock in the 9-bit temperature limit which will set the threshold for operation of the

Thicy output.

Write TL [02h]

This command writes to the TL (LOW TEMPERATURE) register. After issuing this command the next
nine clock cycles clock in the 9-bit temperature limit which will set the threshold for operation of the
TLow output.

Read TH [A1h]

This command reads the value of the TH (HIGH TEMPERATURE) register. After issuing this command
the next nine clock cycles clock out the 9-bit temperature limit which sets the threshold for operation of
the Tyigu output. :

Read TL [A2h]

This command reads the value of the TL (LOW TEMPERATURE) register. After issuing this command
the next nine clock cycles clock out the 9-bit temperature limit which sets the threshold for operation of
the Trow output.

Read Counter [AOh]

This command reads the value of the counter byte. The next nine clock cycles will output the contents of
this register.

Read Slope [A9h]

This command reads the value of the slope counter byte from the DS1620. The next nine clock cycles
will output the contents of this register.

Start Convert T [EER]

This command begins a temperature conversion. No further data is required. In one—shot mode the
temperature conversion will be performed and then the DS1620 will remain idle. In continuous mode this
command will initiate continuous conversions.

Stop Convert T [22h]
This command stops temperature conversion. No further data is required. This command may be used to
halt a DS1620 in continuous conversion mode. After issuing this command the current temperature
measurement will be completed and then the DS1620 will remain idle until a Start Convert T is issued to
resume continuous operation.

Write Config [0Ch]

This command writes to the configuration register. After issuing this command the next eight clock cycles
clock in the value of the configuration register.

Read Config [ACh]

This command reads the value in the configuration register. After issuing this command the next eight
clock cycles output the value of the configuration register.
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DS1620 COMMAND SET Table 3

: THERMOSTAT CO

3-WIRE BUS
DATA AFTER
ISSUING
INSTRUCTION | DESCRIPTION PROTOCOL | PROTOCOL | NOTES
- TEMPERATURE CONVERSION COMMANDS
Read Temperature | Reads last converted temperature AAh <read data>
value from temperature register.
Read Counter Reads value of count remaining AOh <read data>
from counter.
Read Slope Reads value of the slope A%h <read data>
accumulator.
Start Convert T | Initiates temperature conversion. EEh Idle 1
Stop Convert T | Halts temperature conversion. 22h Idle 1

MANDS

Write TH Writes high temperature limit value 01h <write data> 2
into TH register.
Write TL Writes low temperature limit value 02h <write data> 2
into TL register.
Read TH Reads stored value of high Alh <read data> 2
temperature limit from TH register.
Read TL Reads stored value of low A2h <read data> 2
temperature limit from TL register.
Write Config Writes configuration data to 0Ch <write data> 2
configuration register.
Read Config Reads configuration data from ACh <read data> 2
configuration register.
NOTES:

1. In continuous conversion mode, a Stop Convert T command will halt continuous conversion. To
restart, the Start Convert T command must be issued. In one—shot mode, a Start Convert T command
must be issued for every temperature reading desired.

2. Writing to the E? typically requires 10 ms at room temperature. After issuing a write command no
further writes should be requested for at least 10 ms.
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FUNCTION EXAMPLE

Example: CPU sets up DS1620 for continuous conversion and thermostatic function.

DS1620 MODE
CPU MODE (3-WIRE) DATA (LSB FIRST) COMMENTS

X RX 0Ch CPU issues Write Config command

X RX 00h CPU sets DS1620 up for continuous
conversion

X RX Toggle RST CPU issues Reset to DS1620

TX RX 01h CPU issues Write TH command

TX RX 0050h CPU sends data for TH limit of +40°C

X RX Toggle RST CPU issues Reset to DS1620

TX RX 02h CPU issues Write TL command

TX RX 0014h CPU sends data for TL limit of +10°C

X RX Toggle RST CPU issues Reset to DS1620

TX RX Alh CPU issues Read TH command

RX X 0050h DS1620 sends back stored value of TH for
CPU to verify

X RX Toggle RST CPU issues Reset to DS1620

TX RX A2h CPU issues Read TL command

RX X 0014h DS1620 sends back stored value of TL for
CPU to verify

X RX Toggle RST CPU issues Reset to DS1620

TX RX EEh CPU issues Start Convert T command

TX RX Drop RST CPU issues Reset to DS1620

READ DATA TRANSFER Figure 4

PROTOCOL
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WRITE DATA TRANSFER Figure 5

%ﬁﬁ
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PROTOCOL

NOTE: tcy, te, tr, and tg apply to both read and write data transfer.

RELATED APPLICATION NOTES

The following Application Notes can be applied to the DS1620. These notes can be obtained from the
Dallas Semiconductor “Application Note Book”, via our Web site at http:\\www.dalsemi.com/, or through
our faxback service at (972) 371-4441.

Application Note 67: “Applying and Using the DS1620 in Temperature Control Applications”

Application Note 85: “Interfacing the DS1620 to the Motorola SPI Bus”

Application Note 105: “High Resolution Temperature Measurement with Dallas Direct-to-Digital
Temperature Sensors”

Sample DS1620 subroutines that can be used in conjunction with AN105 can be downloaded from the
web-site or our Anonymous FTP Site.

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground —0.5V to +7.0V
Operating Temperature —55°C to+125°C
Storage Temperature =55°C to +125°C
Soldering Temperature 260°C for 10 seconds

* This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operation sections of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER | SYMBOL MIN TYP MAX UNITS NOTES
Supply Vbp 2.7 3.3 \Y 1
Logic 1 Vin 2.0 Veet0.3 Vv 1
Logic 0 Vi -0.3 +0.6 A\ 1
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DC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=2.7V to 5.5V)

PARAMETER SYMBOL CONDITION MIN | MAX | UNITS | NOTES
Thermometer Error TErr 0°C to +70°C E=7) °C 10,11
-55°C to +H0°C

and 70°C to See Typical Curve
125°C

Logic 0 Output VoL 0.4 Vv 3
Logic 1 Output Vou 2.4 \ 2
Input Resistance R; RST to GND 1 MQ

DQ, CLK to Vpp 1 MQ
Active Supply Current Icc 0°C to +70°C 1 mA 4,5
Standby Supply Current Istpy 0°C 1o £10°C 1 nA 4,5

SINGLE CONVERT TIMING DIAGRAM (STAND-ALONE MODE)

CONV

AC ELECTRICAL CHARACTERISTICS

tenv

(-55°C to +125°C; Vpp=2.7V to 5.5V)

PARAMETERS SYMBOL | MIN TYP MAX UNITS | NOTES
Temperature Conversion Time Trc 400 1000 ms

Data to CLK Setup toc 35 ns 6
CLK to Data Hold tepn 40 ns 6
CLK to Data Delay tcop 100 ns 6,7,8
CLK Low Time ter 285 ns 6
CLK High Time tcH 285 ns 6
CLK Frequency fork PC 1.75 MHz 6
CLK Rise and Fall tr, tF 500 ns

RST to CLK Setup fec 100 ns 6
CLK to RST Hold focH 40 ns 6
RST Inactive Time tcwn 125 ns 6,9
CLK High to I/O High-Z tcpz 50 ns 6
RST Low to I/O High-Z {rDZ 50 ns 6
Convert Pulse Width tony 250 ns 500 ms

NV Write Cycle Time twr 10 50 ms 12
AC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=2.7V t0 5.5V)
PARAMETER SYMBOL | MIN TYP MAX UNITS | NOTES
Input Capacitance Ct 5 pF

I/O Capacitance Cvo 10 pF
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DS1620

NOTES:

1
2.

3.

9

All voltages are referenced to ground.
Logic 1 voltages are specified at a source current of 1 mA.
Logic 0 voltages are specified at a sink current of 4 mA.

Iccspecified with DQ pin open and CLK pin at Vpp.

Icc specified with Vcat 5.0V and RST =GND.
Measured at Vig= 2.0V or Vi =0.8V.
Measured at Vog= 2.4V or VoL= 04V.

Load capacitance = 50 pF.

tewn must be 10 ms minimum following any write command that involves the E* memory.

10. See typical curve for specification limits outside 0°C to 70°C range.

11. Thermometer error reflects temperature accuracy as tested during calibration.

12. Writing to the nonvolatile memory should only take place in the 0°C to 70°C temperature range.

13. Valid for design revisions D1 and above. The supply range for Rev. C2 and below is 4.5V < 5.5V.
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TYPICAL PERFORMANCE CURVE

DS1620 DIGITAL THERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR

UPPER LIMIT
SPECIFICATION

ERROR (deg. C)

-35 -15

LOWER LIMIT
ON

S

TEMPERATURE (deg. C)
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MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025A — OCTOBER 1986 — REVISED APRIL 1998

400 V Phototriac Driver Output 7 MOC3020 _%'%?’33123\3'5 . PACKAGE
Gallium-Arsenide-Diode Infrared Source
an.d Optically-CoupIed Silicon Traic Driver ANODE [01 6 [] MAIN TERM
(Bilateral Switch) CATHODE [| 2 5[] TRIAC suBt
® UL Recognized. .. File Number E65085 NC [] 3 4[] MAIN TERM
® High Isolation ... 7500 V Peak
® Output Driver Designed for 220 Vac Lg‘iw;‘i’:t';?r‘?::g::::;?;’;a'
® Standard 6-Terminal Plastic DIP
® Directly Interchangeable with logic diagram
Motorola MOC3020, MOC3021, MOC3022,
and MOC3023 e i
typical 115/240 Vac(rms) applications } — !E
® Solenoid/Valve Controls N =t -
® [ amp Ballasts
® Interfacing Microprocessors to 115/240 Vac
Peripherals
® Motor Controls
® [ncandescent Lamp Dimmers

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t

Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) .......... ... ... ...... 7.5kV
Input diode geyerse voltage feeemsdl . N 5% 7/ . NN . NV ool V.. 2= R R............ 3V
Input diode fogwdrd cugient=contidfiousam,. § /. . (X -\ o~ . .4 L. 0. ........ 50 mA
Output repetitive peak off-state voltage ... .t by vmn e d et et e c FE e vt e e eeenns 400V
Output on-state current, total rms value (50-60 Hz, full sine wave): Tp =25°C ......... ... 100 mA
THEYUCY. . e Bl 50 mA
Output driver nonrepetitive peak on-state current (t,, = 10 ms, duty cycle = 10%, see Figure 7) ...... 1.2A
Continuous power dissipation at (or below) 25°C free-air temperature:
Infrared-emittipg,diode (§eeyNoaite 2) S0 . Sy, (AL . . D). M., ..., Y0 J 4. ... ..... 100 mW
Phototriagy(Seeiote 3) (). AN\ =%, . G2 ). . CL) oo ¥l e 300 mwW
Total device, (eedote 4) .. . LNV R. K. . [[@AT L .. .og-- A 330 mW
Operating junction temperature range, Tu ...ttt et it —40°C to 100°C
Storage temperatur@AngE ety - - AT Lap AN e o\ e —40°C to 150°C
Lead temperature 1,6 (1/16 inch) from case for 10seconds .........c.coiiuiiiiiinnnnnnnnnns 260°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Input-to-output peak voltage is the internal device dielectric breakdown rating.

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C.
3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/°C.
4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/°C.

PRODUCTION DATA information is current as of publication date.

Copyright © 1998, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

.
y. P p ing does not ily include I,
testing of all parameters. y - U TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025A — OCTOBER 1986 — REVISED APRIL 1998

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
IR Static reverse current VR=3V 0.05 100| pA
VE Static forward voltage IF=10mA 1.2 1.5 \
I(DRM)  Repetitive off-state current, either direction V(DRM) =400V, See Note 5 10 100 nA
dv/dt Critical rate of rise of off-state voltage See Figure 1 100 Vius
dv/dt(c) Critical rate of rise of commutating voltage lo=15mA, See Figure 1 0.15 Vius
MOC3020 15 30
IFT L?&‘grtgggs{ig:"em’ zggzg; Output supply voltage =3 V : :2 mA
MOC3023 3
VTMm Peak on-state voltage, either direction ITm =100 mA 1.4 3 \Y
IH Holding current, either direction 100 A

NOTE 5: Test voltage must be applied at a rate no higher than 12 V/us.

PARAMETER MEASUREMENT INFORMATION

Vce
1 6
—p Vin =30 Vrms
> YA
2 B (L
10 kQ
Input 2N3904

(see Note A)

NOTE A. The critical rate of rise of off-state voltage, dv/dt, is measured with the input at 0 V. The frequency of Vi, is increased until the
phototriac turns on. This frequency is then used to calculate the dv/dt according to the formula:

dv/dt = 2 /2 7V,
The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-V pulses to the input and increasing
the frequency of Vjn until the phototriac stays on (latches) after the input pulse has ceased. With no further input pulses, the

frequency of Vi is then gradually decreased untilthe phototriac turns off. The frequency at which tum-off occurs may then be used
to calculate the dv/dt(c) according to the formula shown above.

Figure 1. Critical Rate of Rise Test Circuit

“.’? TeExas
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2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025A — OCTOBER 1986 — REVISED APRIL 1998

Emitting-Diode Trigger Current (Normalized)

TYPICAL CHARACTERISTICS

EMITTING-DIODE TRIGGER CURRENT (NORMALIZED)

\'A
FREE-AIR TEMPERATURE ON-STATE CHARACTERISTICS
1.4 800 T T
Output t\, = 800 ps /
| IF=20mA
1.3 = 800 I - 60 Hz
€ Ta =25°C
1 400
1.2 s /
5 200
(&
Q
1.1 o
(7]
N 5
; = —200
©
Q
: /
I —-400
=
0.9 =
-600 /
0.8 -800
-50 -25 0 25 50 75 100 -3 2 1 0 1 2 3
Ta — Free-Air Temperature —°C V1M - Peak On-State Voltage -V
Figure 2 Figure 3

NONREPETITIVE PEAK ON-STATE CURRENT
vs
PULSE DURATION

i 3 TTTTI

, Ta =25°C
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0.01 0.1 1 10 100

tw — Pulse Duration —ms

Figure 4
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MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025A — OCTOBER 1986 — REVISED APRIL 1998

APPLICATIONS INFORMATION

MOC3020, MOC3023 RL
Rin ) e 1800
Vce A%
2 VA 220V, 60 Hz
Figure 5. Resistive Load
MOC3020, MOC3023
Rin 4 ¢ 1800 24kQ
Vce A
3 VA | 0147 220V, 60 Hz
IgT<15 mA

Figure 6. Inductive Load With Sensitive-Gate Triac

MOC3020, MOC3023

Rin \ ¢ 1800 12k
Vce M\
:: VA | 024 = 220V, 60 Hz

15 mA < IgT <50 mA

Figure 7. Inductive Load With Nonsensitive-Gate Triac
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MOC3020 THRU MOC3023
OPTOCOUPLERS/OPTOISOLATORS

SOES025A — OCTOBER 1986 — REVISED APRIL 1998

MECHANICAL INFORMATION

Each device consists of a gallium-arsenide infrared-emitting diode optically coupled to a silicon phototriac mounted
on a 6-terminal lead frame encapsulated within an electrically nonconductive plastic compound. The case can
withstand soldering temperature with no deformation and device performance characteristics remain stable when

operated in high-humidity conditions.

9,40 (0.370)
8,38 (0.330) @ @ @
| e | i L e |
Index Dot
(see Note B) *
S —
¢ € :
| 7,62(0.300) T.P. @ @ @
(see Note A) 1.78 (COTe
6,61 (0.260 5,46 (0.215 1,78 (0.070)
B ——(—26 03 (0.240) 295 (0.116) ~~ 51(0:020) 1,78 (0.070) MAX
; . 6 Places

A = N
— Seating Plane 3 =
105° A _’I
3 ‘ ” l ,01 (0. |
90° g T 8| 1,01 (0.040) MIN

381(0150)  233(0.080 _’“‘_ 0,534 (0.021
0,305 (0.012 347 (0.125) 1,52 (0.060) 0.381 (0.015)
0,203 (0.008) . | 4 Places 3 :

6 Places
2,54 (0.100) T.P.
(see Note A)

NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) with maximum material condition and unit installed.
Pin 1 identified by index dot.

The dimensions given fall within JEDEC MO-001 AM dimensions.

All linear dimensions are given in millimeters and parenthetically given in inches.

Figure 8. Packaging Specifications
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