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Abstract
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| This Temperature and Time Display Project using integrated circuit controlled

by series programmed micro controller is to study the efficiencies of the integrated circuits used

§
in control system. Traditionally the temperature and time display module requires large control

system which effects to the size of the circuit itself. The series programmed micro-controller can
]

decrease the size of the circuit and at the same time increase its’ efficiency. This project

Eenhances the programming skill for more complicated and efficient control system.
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luTnuan1sAIUAN WATCH DOG seshnsdsnduiingiun p3.7 Taelddrda coL

3
P37 nalasld INTERRUPT Timer 0

I T

i

Tdsunsumslgau

ORG 0000H
BUNCH EQU IFH

JMP MAIN
JMP INT_O
ORG OBH

INT_TIMERO:
MOV TLO,#00
MOV THO,#10 ;Load value for over flow
CPL P3.7 ;end pluse for watch dog before 1.6 ms
CPL P34 ;stand by mode status

RETI

g ;Sub program for setup value for set date time

o omm e

INT_O:
CLREA
MOV P3 #0FFH
LOOPX: JNB P3.2,LOOPX
CALL SETUP_SHOW
CALL IN_KEY
PUSH ACC
CALL CODEB
POP ACC
KTIME:
CJINE A #1, KDATE
CALL SETTIMEX
JMP EXITG
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"KDATE:

f CINE A #2,KDELAY
CALL SETDATEX
JMP EXITG

' KDELAY:

,  CINE A#3 KINTEN

! CALL SET DELAY
JMP EXITG

' KINTEN:

CJINE A #4 EXITW

CALL INTEN

' EXITG:
. CALL SETUP_WORK
' EXITW:
MOV DPTR #MAINI
i MOV SP,#09H
MOV 07H,#00
MOV 08H,DPL
. MOV 09,DPH
,  SETBEA

RETI

_ MAIN:

MOV 75H #0FH
MAIN1:

CALL INIT 7219
CALL CODEB
MOV P3,#0FFH

' CLR ITO
SETB EA

;MODE BCD CODE

13



SETB EX0

MOV TMOD,#01H
SETB ETO

MOV TLO,#0
MOV THO#10
SETB TRO

JMP BEGIN

;INT TIMER 0

' SETUP_SHOW:
CALL CODEH
CALL CBUFFER H
| MOV 41H#5BH ;S
MOV 42H #4FH ;E
MOV 43H#0FH ;T
. MOV 44H#3EH ;U
| MOV 45H#67H ;P
' MOV 46H#0
 CALLSCANL
MOV A #8FH
CALL DELAY MS
b Rer

s SETUP_WORK:
| CALL CODEH
, MOV 41H#0
{ MOV 42H,#5BH ;S
: MOV 43H#4FH ;E
‘ MOV 44H #0FH ;T
: MOV.45H,#0

MOV 46H,#0

14



CALL SCANL
MOV A #1
CALL DELAY SEC

o Wy e wple mRE we mRww o e we

CALL CODEB

-

RET

BEGIN:

e e e wem oW e

CALL INIT_7219
START_TIME:
| SETBPLS
JB P1.5,READTIMEX
| MOVR7#I
JMP READ_THERMO

1
t READTIMEX:
MOV B,39H

]
-

NEW_READ_TIME:
PUSH B

| CALLINIT 7219

CALL TIME DISPLAY  ;READ TIME

CALL TIME

MOV A #2FH

CALL DELAY MS

. POPB

| bz B,NEW_READ TIME

MOV R7,#0

READ_THERMO:

T

SETB P1.6

JB P1.6,START _THERMO
INC R7

JMP READDATEX

B ]



[
3

[

K.

¥

3

_START_THERMO:

i

4
k

= om oy owm w

” e e g w

CALL INIT 7219
MOV R6 #0FCH
MOV R7,#09H
CALL SEND_AD

MOV Aj3%9H
SUBB A #2FH
MOV B,A

, TIX: CALL READT

o B e wm wa

PUSHB

MOV 41H,36H

MOV 42H,37H

MOV 43H,38H

MOV 44H #0FH

MOV 45H,#0E3H ;CEL 63H
MOV 46H #4EH

CALL SCANL

POP B
DINZ B,T1X
MOV R7#3
CALL INIT 7219

READDATEX:

SETBP1.7

JB P1.7,START_DATE
CJNE R7#2,BUFTI
MOV R7#1

JMP READTIMEX

16
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{ START_DATE:
. MOV B,39H
{NEW_READ_DATE:
E PUSH B
CALL INIT 7219
| CALLDATE DISPLAY  ;READ TIME
*  CALL DATE
P MOV A#2FH
CALL DELAY_MS
; POPB
[ DINZB,NEW READ DATE
; JMP MAINI
'BUFT!:
' JMPBEGIN
)
'SUB PROGRAM SET TIME
:SETTIMEX:
CALL TIME_DISPLAY
! CALL TIME

b CALLIN KEY

IN_HOUR:
' CINE A#!1,IN_ MINUTE
INC 30H

MOV A,30H

PUSH ACC
+  ANL A #0FH

SUBB A #0AH
JC NOT_OVERO

17



o e oem T

18

POP ACC
ANL A #0FOH
SWAP A

INC A

SWAP A
MOV 30H,A
JMP OVERO

'NOT_OVERO:

v
k

POP ACC

'OVERO:

SUBB A ,#23H
JCSOK
MOYV 30H,#00

SOK:

CALL WTIME
JMP SETTIMEX

fN_MINUTE:

|
!

o W W e

CINE A #2,SET_EXIT
INC 31H
MOV A,31H

PUSH ACC
ANL A #0FH

SUBB A #0AH
JC NOT_OVER



POP ACC
: ANL A #0FOH
£ SWAP A
INC A
SWAP A
MOV 31H,A
JMP OVER

NOT OVER:
b+ POP ACC
OVER:
y  SUBB A#59H

JC SOKI

MOV 31H,#00
SéKl:

CALL WTIME

1 JMP SETTIMEX

SET EXIT:

CJNE A #4 SETTIMEX
RET

4
SETDATEX:

CALL DATE_DISPLAY

CALL DATE
, CALLIN_KEY

}
IN: DAY:

CJINE A #1,IN_MOUNTH

19
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INC 33H
' MOV A33H

PUSH ACC
ANL A #0FH

SUBB A #0AH
i JC NOT_OVERO00

POP ACC
ANL A #0FCH

SWAP A

. INCA
SWAP A

¢ MOV33HA

JMP OVERQ0

Y
]

3

NOT_OVER00:
POP ACC

]

OVERO0:

i SUBBA#31H
' JCSOKo
MOV 33H,#00
SOKO:

CALL WTIME

JMP SETDATEX

]
IN_MOUNTH:

CINE A #2,IN_YEAR

20



T o e e

i INC 34H
' MOV A,34H

' PUSH ACC
| ANL A #0FH
§

{ SUBB A#0AH
| JcNOT OVERM

,  POP ACC
ANL A #0FOH

g SWAP A

t  INCA

E SWAP A

' MOV 34H,A

JMP OVERM

i NOT_OVERM:
, POP ACC
¥ OVERM:
SUBB A #12H

i JC SOK1IM
2 MOV 34H #00
SOK1M:

CALL WTIME

JMP SETDATEX

IN_YEAR:
¥ CJINE A #3,SET_EXITD
d INC 35H

MOV A,35H

21
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™ R

PUSH ACC
ANL A #0FH

. SUBB A #0AH
' JC NOT_OVERY

T

POP ACC
ANL A #0FOH

———

SWAP A
INC A

TR TP g

SWAP A
i MOV 35H,A
i JMP OVERY
5
;
NOT_OVERY:

POP ACC
'OVERY:
E SUBB A,#99H
| Jcsokiy
' MOV 35H#00
: SOK1Y:

CALL WTIME

; JMP SETDATEX
' SET EXITD:
RET

22

’

E SET DELAY:
i MOV 4#H #0EH
} MOV 42H #0FH
MOV 43H,#1

;SET DELAY WAIT FUNCTION



R il

MOV 44H #2
: MOV 45H#3

i MOV 46H #4

§ CALL SCANL

{ CALL CBUFFER B
*  CALLIN_KEY

TbELAY1:

i CINE A#1,TDELAY?
I
MOV 39H #3FH

MOV 43H#1

]

TDELAY?2:

CINE A #2,TDELAY3
MOV 39H #8FH
MOV 44H #2

TR v el

TDELAY3:
CINE A #3,TDELAY4

B T S,

MOV 39H,#0AFH
MOV 45H#3

TDELAY4:
CINE A #4,EXT FUNC

T T

MOV 39H #0FFH
i MOV 46H 4
¥

EXT_FUNC:
CALL SCANL

; MOV A #2

' CALL DELAY SEC

¢ RET

+ INTEN:
MOV 75H#0FH

v
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i
INTENX:

i MOV 41H,75H

E MOV 42H,75H
MOV 43H,75H
; MOV 44H,75H
MOV 45H,75H
i MOV 46H,75H

CALL SCANL

CALL IN KEY
CINE A,#1,EXIT_INTEN

T T Sore e

INC 75H
MOV A,75H
SUBB A,#10H

JC NOT_INOVER

TR % Y

MOV 75H,#00

NOT_INOVER:

4
E

g MOV R6,75H
* MOV R7#0AH
k CALL SEND_AD
| JMP INTENX
"EXIT_INTEN:

RET

SINCLUDE "SUBx.ASM"

END

B

 TMDATA EQU P10
» TMCLCK EQU P1.3
!

| TMRSTT EQU PI.1

5
4

RTC_DATA EQU P1.0
]

{

4
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!
j
RTC_CLK EQU P14

RTC_RST EQU Pl
]
DATA EQU PLO
LOAD EQU PI.1
i
CLOCK EQU Pl1.2
i

;SUB PROGRAM

;PROGRAM DELAY TIME

;fJSED REGISTER A

:SUB DELAY_SEC AND DELAY_MS

.PROGRAM BY RATCHATAPAK PATTWONG. KMITL

DELAY_MS:

. PUSHACC

+  PUSHB
MOV B#0

,._.,_Um
<

CPL P3.7

DINZ B,$ ;500 uS AT 12 MHZ
DJNZ B,$ ;500 uS AT 12 MHZ
DJNZ ACC,DD

A WD o e v

POP B
POP ACC
b RET

.DELAY_SEC:
| PUSHACC
. PUSHB
b Mov B,A
DDD:

MOV A #250

CALL DELAY_MS ;250 mS

1
|
i

- xer—
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. CALLDELAY_MS ;500 mS
' CALL DELAY MS ;750 mS
' CALL DELAY_MS ;1000 mS
E DJNZ B,DDD

POP B

POP ACC
| RET

+  PROGRAM BY RATCHATAPAK KMITL

: I PROGRAM INITMAX 7219 AND SUB PROGRAM ;
; 1 AND SEND ADDRESS,DATA 3

. R6ISDATABYTE ;

! R7IS ADDRESS BYTE ;

: USED REGISTER A,B,R6,R7,00 :
:'SAVE REGISTER A,B,R6,R7 :

4
:'NOT SAVE 00 ;

¥

DATA =P1.0 |

. b MK, Y

LOAD =PI.1 |
CLOCK=P1.2 |

CODEB:
MOV R6,40 \
CALL SHUT

-

MOV R7#09H
MOV R6 #0FFH
CALL SEND_AD



i

i

'CALL CBUFFER_B

:CALL SCANL
MOV Ré #1

| CALL SHUT

! RET

E
cGDEH: MOV R6,4#0
CE CALL SHUT
. MOV R7,#09H
F MOV R6,#00H
CALL SEND_AD
| CALL CBUFFER_H
CALL SCANL
| MOVRG#!
CALL SHUT
RET

SHUT: MOV R7#0CH
CALL SEND _AD
RET

B i oI S NP

INIT 7219:

MOV R7#0CH ;SHUTDOWN ON
MOV R6#01H ;1=ON 0=0OFF

—— T wm rw

CALL SEND_AD

MOV R7#09H  ;DECODE MODE
/ MOV R6#OFFH ;DECODE CODE_B FONT
| CALL SEND_AD

MOV R7#0BH ;SCAN LIMIT

~ o e aw

cogeor
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» MOV R6#05H
CALL SEND_AD

MOV  R7#0FH
MOV  R6#00H
CALL SEND AD

;SCAN TOTEL 6 DEG 1,2,3,4,5,6

;TEST MODE OFF

MOV R6,75H  ;INTENSITY MAX

i
f
i
! MOV R7#0AH
4
'

CALL SEND_AD
' RET

.
’l

i
;SUB PROGRAM SEND ADDRESS AND DATA TO MAX7219 ;
b

.
3

S;END_AD:

j CLRPI
PUSH 00H

+ MOV 00H,R7
PUSH ACC

PUSHB

.
b

TN & e v

SETB LOAD
MOV B#08
SENADI: MOV AR7
E RLC A
¢+ MOV R7A

MOV DATA,C

-

! CALL MAKE_CLK
DJNZ B,SENADI
f MOV R7,00H

;SET LOAD "1

H

;SEND ADDRESS BYTE 8 BIT
;SHIFT ;

.
3
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3

MOV 00H,R6 :SEND DATA BYTE 8 BIT

W o

MOV B#08H ;
SENAD2: MOV A R6 . ;
E RLC A ;
MOV R6,A ;
i MOV DATAC ;
E CALL MAKE_CLK ;

DJNZ B,SENAD2 ;

' CLR LOAD ;latch bits ;
' SETB LOAD .LATCH BIT ;
CLR LOAD :
MOV R6,00H :

POP B :
POP ACC
POP 00H
RET ;

.
2

~

il D T S SRR

L
%

MAKE_CLK: ;
| SETB CLOCK  ;MAKECLOCK PLUSEOI

CLR CLOCK ;
RET ;

b

‘CONVERT THERMO CODE TO TEMPTURE
f)TCON: MOV R3,A

JNB ACC.0,DTCON2
] RET

- aw
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E

DTCON2: MOV R7,#0

i

i

£

CLRC

MOV A,R4

RRC A

:  JNC DTCON3
MOV R7#1

DTCON3: MOV DPL,A

E MOV DPH,#0
CALL HTOD
MOV A R7
RET

?

i

.&********* dekekkckkkkkk
; 3 HTOD SUB

; HEX TO DECIMAL
¥

;IN =DPTR
b

; OUT =R1,R2,R3

: REG = A,RO,R1,R2,R3 R4,R5,DPTR

HTOD: CLR A
, MOV RI1A

MOV R2A
E MOV R3,A
i

; MOV R4 #16

HTODt: MOV A,DPL

{ RLC A
MOV DPL,A

' MOV A,DPH
RLC A

, MOV DPHA

MOV RS5#3

;CLEAR OUTPUT

;SHIFT 16 BIT

;ADD DECIMAL

30



MOV RO#3 :INDEX TO R3
HTOD2: MOV A,@RO
ADDC A,ACC
[ DA A
. MOV @ROA
DEC RO
DINZ R5,HTOD2
DINZ R4,HTODI
RET

—— o wn v

RTC_WRITE_CH:

CLR RTC CLK ;low CLK line
y CALL DELAY
SETB RTC_RST ;high RST line
CALL DELAY
‘: MOV AR2 swrite COMMAND byte
CALL RTC_WRITE_8BIT
MOV AR3 ;and DATA byte
CALL RTC_WRITE 8BIT
CLR RTC_RST ;low RST line
| CALL DELAY
RET
ob
; :Transfer 8-bits data to DS1202
;;IN: A = data
!
RTC_WRITE_8BIT:
i
E

WRSBIT1:

MOV R4#08H ;8 bits to transfer

: RRC A
f MOV RTC _DATA,C



"

SETB RTC CLK ;Rising edge clock

o N e o @ m e

CALL DELAY
CLR RTC CLK
CALL DELAY
DINZ R4,WRS8BITI
RET

o vy i—————

; Perform READ Command and read parameter byte from DS1202 RTC
!

; IN: R2=COMMAND

; OUT: R3=DATA

4

R’lt‘C_READ_CH:
| CLR RTC_CLK ;low clk line
I CALL DELAY
SETB RTC_RST ;high RST line
r CALL DELAY
MOV AR2 ;write COMMAND byte
CALL RTC_WRITE_8BIT

LT e TS

MOV R4#8 sthen read DATA byte
YCIR A
R15_~CH1: CLR RTC CLK
; CALL DELAY
MOV CRTC_DATA
{ RRC A
SETB RTC_CLK
CALL DELAY
' DINZ R4,RD_CHI
MOV R3A

CLR RTC_RST ;low RST line
' CALL DELAY



W T

. RET

t
!
;
k

DELAY:
' NOP  ;delay
RET

]
TIME_DISPLAY:

I
b

CALL RTC_READ CH
MOV 32H,R3

: MOV R2,#83H
} CALL RTC_READ CH
} MOV 31H,R3

CALL RTC_READ_CH
t MOV 30H,R3
MOV A 30H

DATE _DISPLAY:
£
i MOV R2,#87H
' CALL RTC_READ_CH
| MOV 33H,R3

t MOV R2 #89H

MOV R2 #81H ;read time from rtc

:READ SECOUND

;read minute

MOV R2 #85H ;read sec

;DATE

33



LT

CALLRTC READ CH  ;MOUNTH

L I S

MOV 34H,R3

MOV R2#8DH
CALL RTC_READ_CH ;5YEAR

P e

MOV 35H,R3
RET

— e W

Fekkokdk ko DTWR’DTWRg’DTWRI6 SUB #%%#kkkkkk

LI

; WRITE COMMAND,DATA TO DS1620
LIN =R2 COMMAND

" R3R4DATA
', REG = A,R2,R3,R4 R5 R6

i
t

DTWR: CLR TMCLCK ;CLK=0
CALL DTDEL
SETB TMRSTT ;RST=1

el R —

CALL DTDEL

MOV AR2 ;COMMAND
CALL DTWRS

CLR TMRSTT ;RST=0

T o T gy

CALL DTDEL
RET

T e WM e m

[

DTWR8: CLR TMCLCK ;CLK=0
!: CALL DTDEL
SETB TMRSTT ;RST=1
CALL DTDEL

! MOV AR2 ;COMMAND

- e e
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' CALL DTWRS

MOV ARS ;DATA
CALL DTWRS
CLR TMRSTT ;RST=0
CALL DTDEL

CALL DTDELE

hallh it D R

, RET
i

j

DTWRS: MOV R5#8 ;WRITE COMMAND/DATA

DTWRSI: RRC: A

' MOV TMDATAC

0 NOP

' SETB TMCLCK ;RISING EDGE CLOCK
CALL DTDEL

CLR TMCLCK

e m o

CALL DTDEL
t DINZ R5DTWRS!

RET
i
1
4
DTDEL: MOV R6#4 -DELAY
" DINZ R6$
1
i RET
E
DTDELE: MOV RS #40H .END DELAY (FOR EEPROM)

DINZ R6.$
DINZ R5,DTDELEI

{
j DTDELEI: MOV R6 40
!

i RET

; ¥*#xikrssk DTRDY DTRD16 SUB ##*#*sxsxs
; WRITE COMMAND , READ DATA TO/FROM DS1620

;IN =R2 COMMAND
1

T S e R v o



i

]
3
1
- ;bUT =R3,R4 DATA (9 BIT)

b

: REG = A,R2,R3,R4,R5,R6

DTRDS: CLR TMCLCK
I

|

CALL DTDEL
SETB TMRSTT
' CALL DTDEL

;CLK=0

;RST=1

MOV AR2 ;COMMAND

oy

CALL DTWRS
CALL DTRDS
MOV R3,A
| CLR TMRSTT
CALL DTDEL
' RET

DTRDI16: CLR TMCLCK
CALL DTDEL
SETB TMRSTT

¢
|
F
) CALL DTDEL

;RST=0

;CLK=0

;RST=1

MOV AR2 ;COMMAND

CALL DTWRS
CALL DTRDS

- TR o owr W

MOV R4,A
CALL DTRDS
ANL  A,#00000001B
: MOV R3.A
I CLR TMRSTT
: CALL DTDEL
z RET

DTRDS: MOV RS5#8
CLR A

T e S o pym e v o,

;RST=0

;READ DATA SUB

36



L]

D:TRDSI: CLR TMCLCK

£

¢
t

TR e o

¥
k

CALL DTDEL
MOV C,TMDATA
RRC A

SETB TMCLCK
CALL DTDEL
DINZ R5,DTRDSI
RET

PUF_TO_DIS BUFF:

EPROGRAM SET BIT MSB LSB TO DISPLAY BUFFER

:;IN RO=HEX BUFFER

i
+;R1 DIRECT BUFFER

;
l
!
!

i
¥
¥

PUSH 00
PUSH 01
PUSH ACC
PUSHB

MOV B.,#6

i
FEC: MOV A,@R0

PUSH ACC
SWAP A
ANL A #0FH
MOV @RI,A
POP ACC

ANL A #0FH

37



INCRI
MOV @R1,A
INC RO
INCRI
DINZ B,FEC

POP B
POP ACC
POP O01H
POP 00H
RET

: CBUFFER _B: ;clear buffer code bed

-

™ em o

PUSH 00
PUSH 01
MOV RO,#40H
MOV R1,#24

Cl: MOV @RO#0FH

INCRO
DIJNZ R1,CI
POP 01
POP 00
RET

CBUFFER H: ;clear buffer code hex
PUSH 00
PUSH 01
MOV RO,#40H
MOV R1,#24
CHI1: MOV @RO0,#00H
INCRO

38



DJNZ R1,CHI
POP 01

POP 00

' RET

;fPROGRAM CLEAR DISPLAY SHIFT LEFT

(rpLEARL:

., MOVB#6

'LXOL: MOV RO#42H

MOVRI#IH

! MOVR3#6
LXOL2: MOV A,@R0

CPL INTI

‘ MOV @R1,A

| INCRo

I INC R1

DINZ R3,LXOL2

CALL SCANL

MOV A #01FH

CALL DELAY MS

DINZ B,LXOL

' RET

| ;PROGRAM CLEAR DISPLAY SHIFT RIGHT
CLEARR:
MOV B,#6
LOR: MOV RO#45H
MOV R1,#46H
MOV R3 #6
t  LOR2: MOV A,@RO

39



b
¢

CPL INTI
MOV @RI1,A

DEC RO

DECRI

DINZ R3,LOR2
CALL SCANL
MOV A #01FH
CALL DELAY MS
DJNZ B,LOR

RET

;NUMBER OF SHIFT LEFT =>R2

SCAN_SHL:

SX:

4

S1:

W e M e

MOV R1,#47H
PUSH 01
MOV RO,#41H
MOV B #6
MOV A,@R1
CPLINTI
MOV @R0,A
INC RO
INCRI
DINZ B,S|
CALL SCANL
MOV A #02FH
CALL DELAY_MS
POP 01
INCRI
DJNZ R2,SX
RET

TABLE:

40
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DB 7EH,30H,6DH,79H,33H,5BH,5FH,70H,7FH,7BH

READT:

T MR e o iy o o o

CLR TMRSTT
MOV R2,#0CH

MOV R3#00000011B
MOV R2#0EEH
LCALL DTWR

:

T —

——— .

MOV R2#0ACH
LCALL DTRDS
MOV A R3
JNB ACC.7,MX
MOV R2#0AAH
LCALL DTRD16
LCALL DTCON
LCALL CBUFFER B
ORL A,00H
JZ ZEROX

MOV A #5
ZEROX: MOV 38H,A  ;0.5,0.0

MOV 50H,A
MOV AR3
PUSH ACC
ANL A #0FH
SETB ACC.7
MOV 37H,A ;LSB TEMP
MOV 4FH,A
POP ACC
SWAP A
ANL A #0FH

41



MOV 36H,A ;MSB TEMP
+  MOV4EHA
MOV R2#7
RET

IME:
CALL TIME_DISPLAY

e u-—;_]m o

MOV RO,#30H ;read time from memory
MOV R1,#41H JXXIXXXX fOX XXX XX
LCALL BUF_TO_DISBUFF

MOV A #80H

Bow T e

ORL 42H,A

B

i ORL 44H,A ;add point
RET

'DATE:
[ 4
i CALL DATE_DISPLAY

MOV RO,#33H ;yead DATE from memory

MOV R1,#41H XXXXXX tOX XXX XX
| LCALL BUF_TO_DISBUFF

| MOV A#80H

ORL 42H,A

ORL 44H,A ;add point

i CALL SCANL ;scan display at direct memory

E RET

I SWAI:
MOV R0,3AH
MOV 3BH,@R0
| MOV @RO #0FH

-

| CALL SCANL ;scan display at direct memory

42



INC RO

R

| MOV 3EH,@R0
MOV @RO,#0FH
CALL SCANL

| MOV A#3FH

| CALL DELAY_MS
CPL INTI

* MOV @RO,3EH

DEC RO

MOV @R0,3BH

b LCALL SCANL

MOV A #3FH

CALL DELAY MS

SCANL: PUSHOOH  ;SCAN DISPLAY FROM MEMORY 41 =—=>47
i PUSHB
,  MOVB/#6
P Mov R,#o6H
. MOVRO#4IH
'SCANLX:
' MOV 06H,@R0
LCALL SEND_AD
+ DECRT
' INCRO

DINZ B,SCANLX
i  POPB

POP 00H
' RET
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el e ke s W mrmrwvee em

T T

R e T

MOV R2#8EH
MOV R3,#00H
CALL RTC_WRITE_CH

MOV R2,#80H
MOV R3#00
CALL RTC_WRITE_CH

MOV R2#82H
MOV R3,31H
CALL RTC_WRITE _CH

MOV R2 #84H
MOV R3,30H
CALL RTC_WRITE_CH

MOV R2,#86H
MOV R3,33H
CALL RTC_WRITE_CH

MOV R2,#88H
MOV R3,34H
CALL RTC_WRITE CH

MOV R2,#8CH
MOV R3,35H
CALL RTC_WRITE_CH

MOV R2 #8EH
MOV R3#80H

;MIN

;HOUR

;DATE

;MOUNTH

:'YEAR

44



,  CALLRTC_WRITE_CH

! RET
|

¥
STD: CALL CBUFFER B

MOV R1 #4DH
CALL BUF_TO_DISBUFF
! MOV A#80H
ORL 4EH,A
* ORL 50H,A
| MOV R2,#7
| CALL SCAN_SHL
RET
|
SNOP:
MOV B #0FFH
FGH: PUSHB
' Mov A33H
»  CINE A#5FH,CT
CALL DATE_DISPLAY
' JMPCD

-

CT: CALL TIME_DISPLAY
@D: CALL TIME
1 MOV A#IFH
' CALL DELAY MS
' popB
DINZ B,FGH
MOV 40H ,#0FH
CALL CLEARR

RET

3
I

IN_KEY:

t MOV P3#0FFH
!

}
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]

e I L

L A )

MOV RS #0CH
CHKWM:
MOV B #0FFH
CHECK_WAIT:
MOV R7 #0FFH
CHKWX: DJNZ R7 KEY1
DINZ B,CHECK_WAIT
DJNZ R5,CHKWM
MOV A #0
JMP $
KEY1:
CPL P3.7 ;FOR INTERRUPT
MOV A j#1
JB P3.0,KEY2
JMP SETKEY1
KEY?2:
MOV A #2
JB P3.1 KEY3
JMP SETKEY?2
KEY3:
MOV A #3
JB P3.2KEY4
JMP SETKEY3
KEY4:
MOV A #4
JB P3.3,CHKWX
JMP SETKEY4

SETKEY:
PUSH ACC
CPL P3.7
MOV A #BUNCH

46



CALL DELAY_MS
POP ACC
JNB P3.0,SETKEY |
JMP EXIT_KEY
SETKEY?2:
PUSH ACC
CPL P3.7
MOV A #BUNCH
CALL DELAY_MS
POP ACC
JNB P3.1,SETKEY?2
JMP EXIT KEY
SETKEY?3:
PUSH ACC
MOV A #BUNCH
CALL DELAY_MS
POP ACC
CPL P3.7
JNB P3.2,SETKEY3
JMP EXIT KEY
SETKEY4:
PUSH ACC
MOV A #BUNCH
CALL DELAY_MS
POP ACC
CPL P3.7
JNB-P3.3,SETKEY4
EXIT _KEY:
RET

.t
\\: A
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DS1202, DS12028

_

DALLAS

SEMICONDUCTOR

DS1202, DS1202S
Serial Timekeeping Chip

i
.
]

EEATURES

e Real time clock counts seconds, minutes, hours, date
t of the month, month, day of the week, and year with
leap year compensation valid up to 2100

® 24 x 8 RAM for scratchpad data storage
fo Serial I/O for minimum pin count

F' 2.0-5.5 volt full operation

. Uses less than 300 nA at 2 volts

® Single—byte or multiple—byte (burst mode) data trans-
Yer for read or write of clock or RAM data

,® 8~pin DIP or optional 16—pin SOIC for surface mount
'e ‘Simple 3-wire interface

o TTL—compatible (Vo =5V) .
&

o Optionalindustrial temperature range —40°C to +85°C
(IND)

‘ORDERING INFORMATION

‘DS1202 8—pin DIP
DS1202S 16—pin SOIC

*DS12028-8  8—pin SOIC

+DS1202N 8-pin DIP (IND)
DS1202SN  16—pin SOIC (IND)

DS1202SN-8 8—pin SOIC (IND)

i

DESCRIPTION

The DS1202 Serial Timekeeping Chip contains a real
E time clock/calendar and 24 bytes of static RAM. It com-

municates with a microprocessor via a simple serial in-

terface. The real time clock/calendar provides seconds,
E finutes, hours, day, date, month, and year information.
! The end of the month date is automatically adjusted for
+ months with less than 31 days, including corrections for

leap year. The clock operates in either the 24—hour or
. 12-hourformat with an AM/PM indicator. Interfacing the

PIN ASSIGNMENT
ne 1~ 8 Vee
xi1{] 2 7] scLK
x2[] 3 61 wo
GND (] 4 5[] RST
8-PINDIP
NCoh 1 8Hm Vec
Xigm2 7fm SCLK
Xerm 3 6D VO_
GNDCI] 4 5D RST
8-PIN SOIC
(208 mil)
NC [ 1 ~ 16 [13 Vo
Nc O 2 15 OO NC
X1 3 14 1] SCLK
NC I 4 13 [1T0 NC
X2 s 12 [11J Yo
NCOT] 6 11 IO NC
NCOT] 7 10 100 NC
GND I 8 9 {10 RST
16-PIN SOIC
PIN DESCRIPTION
NC — No Connection
X1, X2 - 32.768 KHz Crystal Input
GND — Ground
RST - Reset
10 — Data Input/Output
SCLK ~ Serial Clock
Veo — Power Supply Pin

DS1202 with a microprocessor is simplified by using
synchronous serial communication. Only three wires
are required to communicate with the clock/RAM: (1)
RST (Reset), (2) /O (Data line), and (3) SCLK (Serial
clock). Data can be transferred to and from the clock/
RAM one byte at a time or in a burst of up to 24 bytes.
The DS1202 is designed to operate on very low power
and retain data and clock information on less than 1 mi-
crowatt.

o 1997 by Dallas Semiconductor Corporation.
STy st et
other rights, please refer o
WWmmw
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OPERATION

The rhain elements of the Serial Timekeeper are shown
in Figure 1: shift register, control logic, oscillator, real
time clock, and RAM. To initiate any transfer of data,
ﬁST is taken high and eight bits are loaded into the shift
register providing both address and command informa-
tion. Datais serially input on the rising edge of the SCLK.
The first eight bits specify which of 32 bytes will be ac-
cebsed, whether a read or write cycle will take place,
and Wwhether a byte or burst mode transfer is to occur.
After the first eight clock cycles have occurred which
load the command word into the shift register, additional
clocks will output data for a read or input data for a write.

i
DS1202 BLOCK DIAGRAM Figure 1

E

The number of clock pulses equals eight plus eight for
byte mode or eight plus up to 192 for burst mode.

COMMAND BYTE
The command byte is shown in Figure 2. Each data

transferis initiated by a command byte. The MSB (Bit 7)
must be alogic 1. If itis zero, further action will be termi-
nated. Bit 6 specifies clock/calendar data if logic 0 or
RAM data if logic 1. Bits one through five specify the
designated registers to be input or output, and the LSB
(Bit 0) specifies a write operation (input) if logic 0 or read
operation (output) if logic 1. The command byte is al-
ways input starting with the LSB (bit 0).

D 32.768 KHz

X1 X2
1o
P S REAL TIME OSCILLATOR
CLOCK AND DIVIDER

£ INPUT SHIFT
] REGISTERS DATA BUS
3
:  SCLK
'E RST COMMAND AN -
‘ EEAMMANDIEND. ADDRESS BUS 24 X 8 RAM
ADDRESS/COMMAND BYTE Figure 2
; 7 6 5 4 3 2 1 0

1 |RAMS A3 A2 At o | B
H Gk W
¥
i
i
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DS1202, DS12028

RESET AND CLOCK CONTROL L

All data transfers are initiated by driving the RST input
high. The RST input serves two functions. First, RST
tyms on the control logic which allows accessto the shift
register for the address/command sequence. Second,
the RST signal provides a method of terminating either
single byte or multiple byte datatransfer. Aclock cycle is
a sequence of a falling edge followed by a rising edge.
F:or data inputs, data must be valid during the rising
edge of the clock and data bits are output on t he falling
edge of clock. All data transfer terminates if the RST in-
put is low and the I/O pin goes to a high impedance
s}ate. Data transfer is illustrated in Figure 3.

}
BATA INPUT

Following the eight SCLK cycles that input a write com-
fmand byte, a data byte is input on the rising edge of the
next eight SCLK cycles. Additional SCLK cycles are ig-
nored should they inadvertently occur. Data is input
$tarting with bit 0. Due to the inherent nature of the logic
state machine, writing times containing an absolute
value of "59" seconds should be avoided.

§

DATA OUTPUT

Following the eight SCLK cycles that input a read com-
jnand byte, a data byte is output on the falling edge of
the next eight SCLK cycles. Note that the first data bit to
%e transmitted occurs on the first falling edge after the
ast bit of the command byte is written. Additional SCLK
cycles retransmit the data bytes should they inadver-
Ltently occur so long as RST remains high. This opera-
tion permits continuous burst mode read capability.

Data is output starting with bit 0.

]
‘BURST MODE
Burst mode may be specified for either the clock/calen-
darorthe RAM registers by addressing location 31 deci-
"mal (address/command bits one through five = logical
fone). As before, bit six specified clock or RAM and bit 0
specifies read or write. There is no data storage capac-
* ity at locations 8 through 31 in the Clock/Calendar Reg-
tisters or locations 24 through 31 in the RAM registers.
When writing to the clock registers in the burst mode,
I the first eight registers must be written in order for the
« data to be transferred.

However, when writing to RAM in burst mode it is not
t necessary to write all 24 bytes for the data to transfer.
3

4

|

Each byte that is written to will be transferred to RAM
regardless of whether all 24 bytes are written or not.

CLOCK/CALENDAR

The clock/calendar is contained in eight write/read reg-
isters as shown in Figure 4. Data contained in the clock/
calendar registers is in binary coded decimal format
(BCD).

CLOCK HALT FLAG
Bit 7 of the seconds register is defined as the clock halt

flag. When this bit is set fo logic 1, the clock oscillator is
stopped and the DS1202 is placed into a low-power
standby mode with a current dragn of not more than 100
nanoamps. When this bit is written to logic 0, the clock
will start.

AM-PM/12-24 MODE

Bit 7 of the hours register is defined as the 12— or
24-hour mode select bit. When high, the 12-hour mode
is selected. In the 12-hour mode, bit 5 is the AM/PM bit
with logic high being PM. In the 24—hour mode, bit 5 is
the second 10 hour bit (20-23 hours).

WRITE PROTECT BIT

Bit 7 of the control register is the write protect bit. The
first seven bits (bits 0-6) are forced to zero and will al-
ways read a zero when read. Before any write operation
to the clock or RAM, bit 7 must be zero. When high, the
write protect bit prevents a write operation to any other
register.

CLOCK/CALENDAR BURST MODE

The clock/calendar command byte specifies burst
mode operation. In this mode the eight clock/calendar
registers can be consecutively read or written (see Fig-
ure 4) starting with bit 0 of address 0.

RAM
The static RAMis 24 x 8 bytes addressed consecutively
in the RAM address space.

RAM BURST MODE

The RAM command byte specifies burst mode opera-
tion. In this mode, the 24 RAM registers can be consec-
utively read or written (see Figure 4) starting with bit 0 of
address 0.

{
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D81202, 0512025

REGISTER SUMMARY
A fegister data format summary is shown in Figure 4.

CRYSTAL SELECTION

A 32.768 KHz crystal, can be directly connected to the
DS1202 via pins 2 and 3 (X1, X2). The crystal selected
fot use should have a specified load capacitance (CL) of
6 pF. The crystal is connected directly to the X1 and X2

DATA TRANSFER SUMMARY Figure 3
{ SINGLE BYTE TRANSFER

pins. There is no need for external capacitors or resis-
tors. Note: X1 and X2 are very highimpedance nodes.
Itis recommended that they and the crystal be guard-
ringed with ground and that high frequency signals be
kept away from the crystal area. For more information
on crystal selection and crystal layout considerations,
please consult Application Note 58, “Crystal Consider-
ations with Dallas Real Time Clocks™.

e LUy

t sCLK

¢

L
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t
R;EGlSTER ADDRESS/DEFINITION Figure 4
' REGISTER ADDRESS REGISTER DEFINITION
! A. CLOCK
7 6 5 4 3 2 1 0
RD
sec| 1 |o|ojofoolo /% 00-59 | CH 10 SEC SEC
! RO,
' MIN| 1 0 0 0 0 0 1 W 00-59| 0 10 MIN MIN
H
' RD 10
) o1-12 | 12/
! wrl 1o o fofol1|o |70 w A RC R NN s HR
| A
) oATE| 1 [ o |0 o fo |1 |1 7 91-%0| o | o | 10DATE DATE
MONTH 1 | o fo|o|1]o]o |G o-1z2f o | oo |1 MONTH
[ 3
RO
pavf 1 Jofo o1 o]t |G o107 o | ol o | oo DAY
i
i RD,
vear| 1 fo oo |1 | 1ol 0-99 10 YEAR YEAR
i
RD
contROL| 1 | o {0 |o |t |1 |1 |G WP FORCED TO ZERO
f
! cLoC RD,
orviaced U DT U ST R T 0 O 2
¥
B. RAM
P omamol 1 [ slolololo]o RDW RAM DATA 0
B
[ ] [ ]
[ ] [ ]
Y ' [}
U opamaa| t [ 1|1 o1 {11 RDW RAM DATA 23
RD,
RAM
A I AR I IR IR O R T O
3
[4
H
|
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D§1202, DS1202S

AéSOLUTE MAXIMUM RATINGS*

Voitage on Any Pin Relative to Ground

Operating Temperature
Storage Temperature
Soidering Temperature

—0.3Vto +7.0V

0°C to 70°C

-55°C to +125°C

260°C for 10 seconds

* "ihis is a stress rating only and functional operation of the device atthese or any other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

5

RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
Slpply Voltage Vee 20 55 v 1
Lbgic 1 Input ViH 2.0 Vee#03| v 1

. Vee=2.0V | 0.3 +0.3
Logic O Input ViL \ 1
Vee=5V -0.3 +0.8

DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vgg = 2.0 to 5.5V*)
P;ARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
input Leakage I +500 pA 6
IfO Leakage lo +500 HA 6

YE Voe=2V 1.6
Logic 1 Output Vou \ 2
Vee=5V 2.4
L; ic 0 Output v Yoouh iy Y 3
1IC V)
g LA EEY 04
4 Vee=2V 0.4
Active Supply Current loc * mA 5
) Vee=5V 1.2
1% keeping Current i yeare) 93 4
mekeeping Curren
ping cc " P PA
' Vge=2V 100
Leakage Current lece nA 10
. ) Vee=5V 100

'l{nless otherwise noted.

CAPACITANCE (ta = 25°C)
P}RAMETER SYMBOL | CONDITION TYP MAX UNITS NOTES
Input Capacitance G 5 pF
10 Capacitance Cio 10 pF
Crystal Capacitance Cx 6 pF

0p2697 6/11
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; V¢ = 2.0 to 5.5V*)
PARAMETER SYMBOL MIN TYP MAX UNITS | NOTES
i Vee=2V 200
Data to CLK Setup tbc ns 7
Vce=5V 50
. Vog=2V | 280
CLK to Data Hold tcoH ns 7
Vee=5V 70
]
. Vee=2V 800
CLK to Data Delay tcop ns 7,8,9
' Veo=5vV 200
Vee=2V 1000.
CLK Low Time tcL ns 7
v Vce=5V 250
Ir Vcoe=2V 1000
CLK High Time tcH ns 7,12
Veo=5V 250
Vee=2V 0.5
éLK Frequency foik MHz 7,12
¥ Veo=5V DC 20 [
x Vee=2V 2000
CLK Rise and Fall tr, tp ns
. Vee=5V 500
Vee=2V 4 '
AST to CLK Setup tce us 7
] Vee=5V 1
é —— Vee=2V 1000
CLK to RST Hold tccH ns 7
Vee=5V 250
' Voc=2V | 4
RST Inactive Time tcwH €3 us 7
N Vee=5V 1
M Vg2V 280
RST to I/O High Z tcpz ns 7
. Vee=5V 70

*Unless otherwise noted.

]
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TI:MING DIAGRAM: READ DATA TRANSFER Figure 5

3
RESET \-—————-—-—
tcc

CLOCK /_ \-—M

* toom tcon

-~ SEN
DATA INPUT/
Y QUTRUT >< 0 W 7

~
COMMAND BYTE

W o e

TIMING DIAGRAM: WRITE DATA TRANSFER Figure 6

town

| ———Z‘

RESET
3 tce n tooH
L) oL te
; :
z CLOCK
’ — tcon ten
i toc
1

AT POT WYX, X X
j VY C
¢ COMMAND BYTE

N(?TES:

1. Al voltages are referenced to ground.

2. *Logic one voltages are specified at a source current of 1 mA at Vgo=5V and 0.4 mA at Vgo=2V, Vou=Vcc for
.capacitive loads.

E
3. Logic zero voltages are specified at a sink current of 4 mA at Voe=5V and 1.5 mA at Vgg=2V.

4. [l¢c1 Is specified with /O open, RST set to a logic 0, and clock halt flag=0 (oscillator enabled).

(3

. "lec is specified with the /O pin open, RST high, SCLK=2 MHz at V=5V; SCLK=500 KHz, V=2V and clock
;halt flag=0 (oscillator enabled).

. ;R§T, SCLK, and I/O all have 40KQ pull-down resistors to ground.
. .Measured at V|y=2.0V or V;1 =0.8V and 10 ms maximum rise and fall time.
Measured at Vo=2.4V or Vg =0.4V.

© ® N o

ILoad capacitance = 50 pF.

032697 8/11
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10.lcco is specified with RST, /O, and SCLK open: The clock halt flag must be set to logic one (oscillator disabled).

{ — —
11. At power—up, RST must be at a logic 0 until Vo 22 volts. Also, SCLK must be at a logic 0 when RST is driven
} 1o alogic one state.

12.1f toy exceeds 100 ms with RST in a logic one state, then g may briefly exceed Igc specification.

DS1202 SERIAL TIMEKEEPER 8-PIN DIP

; 8 5

PKG 8-PIN

DiM MIN MAX
A IN. 0.360 0.400

E MM

; BIN. | 0240 | 0.260

. MM
CIN. | 0120 | o0.140
MM

i DIN. | o300 | o325
MM

. EN | o015 | o040
MM
FIN. | 0110 | 0.140
MM

I I F G IN. | 0.9 0.110
MM

H IN. 0.320 0.370

i
il
&2

. MM
JiN. | o008 | 0.012
MM
KIN. | o015 | o021
MM

T B o B

032697 9/11



i, Rbmmen o sV
.

3
DS1202, DS12028

D$1202S SERIAL TIMEKEEPER 16-PIN SOIC
‘ Ko je »G |

HHHH HHHH —
T A R
‘ by LIE
3 . 2( ‘f_ H phi J L
HEHE BE@H_‘L PG | tePw
1 DM MIN MAX
AIN. | oso0 | o511
A MM | 1270 | 1299
&
l li BIN. | 0200 | 0300
b L/\EJEIE]EQ/‘/IHHIIJ\’C MM 7.37 7.65
'yl ¥ GIN. | 0089 | 0.095
E MM 2.26 2.41
' EIN. | 0004 | 0012
MM 0102 | 0.30
FIN. | 0094 | 0105
I MM 2.38 268
G IN. 0.050 BSC
MM 1.27 BSC
HIN. | 0398 | 0416
I MM | 1011 10.57
b
JIN. | o009 [ 0013
MM 0229 | 033
KIN. | 0013 | o019
. MM 0.33 0.48
LIN 0016 | 0.040
g MM 0406 | 1.20
. phi | o° 8°

E
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'DS120258 8-PIN SOIC 200 MIL

n Sy o

@ e e

= e

ek ol

fl

1

_t_ o
et

l 0-8 deg.

g e |

PKG 8-PiN

DIM MIN MAX
A IN. 0.203 0.213
MM 5.16 541
B IN. 0.203 0213
MM 5.16 541
C IN. 0.070 0.074
MM 1.78 1.88
E IN. 0.004 0.010
MM 0.102 0.3%0
FIN. 0.074 0.84
MM 1.88 213
G IN. 0.050 BSC

MM 1.27 BSC

H IN. 0.302 0.318
MM 7.67 8.07
JIN. 0.006 0.010
MM 0.152 0.254
K IN. 0.013 0.020
MM 033 0.508
LIN. 0.19 0.030
MM 4.83 0.762

032697 11/11
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General Description

The MAX691A/MAX693A/MAXB800L/MAX800M micro-
processor (UP) supervisory circuits are pin-compatible
upgrades to the MAX691, MAX693, and MAX695. They
improve performance with 30uA supply current, 200ms
typ reset active delay on power-up, and 6ns chip-
enable propagation delay. Features include write pro-
tection of CMOS RAM or EEPROM, separate watchdog
outputs, backup-battery switchover, and a RESET out-
put that is valid with Vo down to 1V. The MAX691A/
MAX800L have a 4.65V typical reset-threshold voltage,
and the MAX693A/MAXB00M's reset threshold is 4.4V
typical. The MAX800L/MAX800M guarantee power-fail
accuracies to +2%.

Applications

Computers

Controllers

Intelligent Instruments
Automotive Systems

Critical pP Power Monitoring

Typical Operating Circuit

5V .
& REGULATOR

MAXIMN

Microprocessor Supervisory Circuits

Features

¢ 200ms Power-OK/Reset Timeout Period
¢ 1pA Standby Current, 30pA Operating Current

¢ On-Board Gating of Chip-Enable Signals,
10ns Max Delay

¢ MaxCap™ or SuperCap™ Compatible
¢ Guaranteed RESET Assertionto Vge = 1V
¢ Voltage Monitor for Power-Fail or Low-Battery

Warning
¢ Power-Fail Accuracy Guaranteed to 2%
(MAX800L/M)
¢ Available In 16-Pin Narrow SO and Plastic
DIP Packages
Ordering Information
PART TEMP. RANGE PIN-PACKAGE
MAX691ACPE 0°C to +70°C 16 Plastic DIP
MAX691ACSE 0°Cto +70°C 16 Narrow SO
MAX691ACWE 0°Cto +70°C 16 Wide SO
MAX691AC/D 0°Cto +70°C Dice*
MAX691AEPE -40°C to +85°C 16 Plastic SO
MAX691AESE -40°C to +85°C 16 Narrow SO
MAX691AEWE -40°C to +85°C 16 Wide SO
MAX691AEJE -40°Cto +85°C 16 CERDIP
MAX691AMJE -55°C to +125°C 16 CERDIP

Ordering Information continued on last page.
* Dice are specified at Ty = +25 °C.

Pin Configuration

= N
CONNECTION

mw

NI
—3{ 05C SEL
e 1 RESET
LOWLINE_WDD
o 1) » AUDIBLEI
v ALARM
*MaxCap SYSTEM STATUS INDICATORS

TOP VIEW —
v 7] ° 16] Reser
o] Bl
Yee [3] anmainn 1]
e [a|  aarsgra  ag) CEW
BATTON [5 %% 12] CEour
OWINE [g]  MAXOOM I wor
0sCiN 7] 10] 7O
0SCSSEL [[g | 5] #ri
DIP/SO

™ SuperCap is a registered trademark of Baknor Industries. ™ MaxCap is a registered trademark of The Carborundum Corp.

MAXIMN

Call toll free 1-800-998-8800 for free samples or literature.

Maxim Integrated Products 1
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Microprocessor Supervisory Circuits

ABSOLUTE MAXIMUM RATINGS
Terminal Voltage (with respect to GND) Continuous Power Dissipation (T = +70°C)
Plastic DIP (derate 10.53mW/°C above +70°C) .......... 842mw

Narrow SO (derate 8.70mW/°C above +70°C) ...

MAXCITAMAXGCIZA/MAXBOOL/MAXEOOM

-

LR —

-

All Other INPULS ....vvveviececrir s Wide SO (derate 9.52mW/°C above +70°C).... .762mw
Input Current CERDIP (derate 10.00mW/°C above +70°C).............. 800mwW

VEE PREK ettt 1.0A Operating Temperature Ranges

Ve Continuous.. MAXBS_AC_ _/MAXB00_C_ _ .o vevrcereriennnnd 0°C to +70°C

VBATT PEEK ....c.oeveeecirieesirireere i ssnsnnnns MAXGBS_AE_ _/MAXB00_E _ ..-40°C to +85°C

VBATT Continuous MAXE9_AMUJE .........ccovvuene -55°C to +125°C

GND, BATT ON .....coourcricircneneenea, Storage Temperature Range............ -65°C to +160°C

Ali Other Qutputs Lead Temperature (soldering, 10sec)

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 in the operational sections of the specifications is not implied, Exposure to
absolute maximum rating conditions for extended periods may affect device rellabillty.

ELECTRICAL CHARACTERISTICS
(MAXB91A, MAXB0OL: Ve = 4.75V to 5.5V, MAXB93A, MAXBOOM: Vee = 4.5V 1o 5.5V, VBATT = 2.8V, Ta = Tmin to Tyay. unless
otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Operating Voltage Range. 0 55 v
Vce. VBATT (Note 1) '

lout = 25mA Ve -0.05 Vee -0.02
MAX69_AC/AE,
Vout Output Vce = 4.5V louT = 250mA | MAX800_C/E Vee-03  Vee-0.2 )
MAX69_AM Vcc - 0.40
VooV, On-Resistance | V. 45V MAX69_AC/AE, MAX800_C/E 0.8 1.2 a
cerovour A MAX69_AM 08 16
) VBATT = 4.5V, IOUT = 20mA VBATT - 0.3
\h;%‘ég'” Battery-Backup AT = 2.8V, 10T = T0mA VBATT - 0.25 v
VBATT = 2.0V, I0UT = 5mA VBATT - 0.15
VBATT-toV! VBATT = 4.5V 15
<to-Vour
On-Resistance Q1T 5ROy - 25 a
VBATT = 2.0V 30
Supply Current in
Normal Operating Mode Vce > VBATT -1V 30 100 pPA
(Excludes lour)
Supply Current in Voe < VBATT - 1.2v | TA = +25°C 0.04 1
Battery-Backup Mode VBATT = 2.8V pA
(Excludes louT) (Note 2) ’ Ta = TMIN + TmiN 5
VBATT Standby Current Ta = +25°C -0.1 0.02
VBATT + 0.2V <V, A
{Note 3) * CC I TA = Tvin = Tai 30 0.02 v
Battery Switchover Power-up VBATT + 0.3 v
Threshold Power-down VBATT-0.3
Battery Switchover
Hysteresis 60 mv
BATT ON Output ISINK = 3.2mA 0.1 0.4 v
Low Voitage ISINK = 25MA 0.7 1.5
BATT ON Output Sink current 60 mA
Short-Circult Current Source current 1 15 100 pA
‘2 MAXIMN
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Microprocessor Supervisory Circuits

ELECTRICAL CHARACTERISTICS (continued)

(MAX691A, MAXBOOL: Ve = 4.75V to 5.5V, MAX693A, MAXBOOM: Vee = 4.5V to 5.5V, VBATT = 2.8V, T = Ty to Tyax. unless

otherwise noted.)

[

WOOBXVIN/T008XVVIN/VEECIXVIN/VLE6IXYIN

PARAMETER | CONDITIONS MIN TYP MAX UNITS
RESET AND WATCHDOG TIMER
MAX691A. MAX800L 4.50 4.65 4.75
Reset Threshold Voltage MAX693A, MAX800M 4.25 4.40 4.50 v
9 MAX800L, Ta = +25°C, Vcc falling 4.55 4.70
MAX800M, Ta = +25°C, Vcc falling 4.30 4.45
Reset Threshold Hysteresis 15 mv
Vce to RESET Delay Power-down 80 Hs
LOWLINE-to-RESET Delay 800 ns
Reset Active Timeout Period,
Internal Osciltator Vgpverup LY 2R 280 ms
Reset Active Timeout Period, Clock
External Clock (Note 4) Powerup 2048 Cycles
Watchdog Timeout Period, | Long period 1.0 1.6 2.25 sec
Internal Oscillator Short Period 70 100 140 ms
Watchdog Timeout Period, | Long Period 4096 Clock
External Clock (Note 4) Short Period 1024 Cycles
Minimum Watchdog Input
Pulse Width ViL = 0.8V, VIH = 0.75 x Ve 100 ns
i IsINK = S0pA, Ve = 1V, VBATT = 0V, Ve falling 0.004 0.3
RESET OQutput Voltage ISINK = 3.2mA, Ve = 4.25V 0.1 0.4 \
!SOURCE = 1.6mA, Vcc = 5V 3.5
RESET OQutput Short-Circuit
Current Output source curent 7 20 mA
RESET Output Voltage Low
(Note 5) ISINK = 3.2mA 0.1 0.4 \
| =3.2mA, Vcc = 4.25V 0.4 )
[OW TINE Output Voltage |k 0% v
ISOURCE = 1pA. Vcc = 5V 3.5
LOW LINE Output
Short-Circuit Current Output source current 1 15 100 HA
ISINK = 3.2mA 0.4
WDO Output Voitage v
P 9 ISOURCE = 500piA, VGG = 5V 35
WDO Output
Short-Circuit Current Output source current 3 10 mA
WDI Threshold Voltage ViH 0.75xVce v
(Note 6) ViL 0.8
WDI = OV - -10
WD Input Current D 50 pA
WDI = Vout 20 50
MAXIMN 3
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| ELECTRICAL CHARACTERISTICS (continued)
b (MAX691A, MAXBOOL: Ve = 4.75V to 5.5V, MAXB93A, MAXBOOM: Vg = 4.5V to 5.5V, VBATT = 2.8V, Ta = Ty 10 Tiax. unless

otherwise noted.)

§ ; PARAMETER ] CONDITIONS ] MIN TYP MAX UNITS
g POWER-FAIL COMPARATOR N
¥
MAX69_AC/AE/AM, Vce = 5V 1.2 1.25 1.3
4 PF1 Input Threshold \
b put Threshol MAXB00_C/E. Vo = 5V 1.225 125 1275
E PFI Leakage Current +0.01 +25 nA
Isink = 3.2mA 0.4
PFO Output Voltage v
I P o ISOURCE = THA, VG = 5V 35
8 mg)‘:tpu{ Short-Circuit Output source current 1 15 100 pPA
Q ViN = -20mV, Vop = 1 25
*i PF1-to-PFO Delay Ul U ALY ps
VIN = 20mV, Vop = 15mV 60
‘E CHIP-ENABLE GATING
i CE IN Leakage Current Disable mode +0.005 +1 pA
! g‘ﬁ o:g‘;;’ﬁ OUT Resistance | gapie mode 75 150 Q
o U .
Q) | oo OUT SrortCircut Cutent | pyabie mode, TE OUT - OV 0.1 075 20 | mA
*r gsl g'(tzgg UT Prépgoation 509 source impedance driver, CLoAD = 50pF 6 10 ns
t
‘# CE OUT Output Voltage High [ Vec = 5V, lout = -100pA 35 v
1| (Reset Active) Vce = 0V, VBATT = 2.8V, loyT = 1pA 2.7
i | RESET-to-CE OUT Delay Power-down 12 us
INTERNAL OSCILLATOR
. OSC IN Leakage Current OSC SEL = 0V 0.10 +5 HA
g
mf OSC IN Input Pull-Up Current OSC SEL = Vour or floating, OSC IN = 0V 10 100 HA
m! OSC SEL Input Pull-Up Current | OSC SEL = OV 10 100 HA
*‘_ OSC IN Frequency Range OSC SEL = 0V 50 kHz
‘: OSC IN External Oscillator ViH Vout-0.4 Vour- 0.6 v
¢ | Threshold voltage VIL 3.65 2.00
] -
(E)ftgrr'glz‘;g‘;‘zggf with OSC SEL = OV, COSC = 47pF 100 KHz

Note 1: Either Vcc or VBATT can go to OV, if the other is greater than 2.0V.

Note 2: The supply curent drawn by the MAX691A/MAXBOOL/MAXB0OM from the battery excluding lgyt typically goes to 10pA
when (VBATT - 1V) < V¢ < VBATT. In most applications, this Is a brief period as V¢ falls through this region.

Note 3: "+" = battery-discharging current, "~ = battery-charging current.

Nota 4: Although presented as typical values, the number of clock cycles for the reset and watchdog timeout periods are fixed and
do not vary with process or temperature,

Note 6: RESET is an open-drain output and sinks current only.

Note 6: WDI is internally connected to a voltage divider between Vout and GND. If unconnected, WDI s driven to 1.6V {typ),
disabling the watchdog function.

Note 7: The chip-enable resistance is tested with Ve = 4.75V for the MAX691A/MAXB00L and Vg = 4.5V for the
MAX693A/MAXB00M. CE IN = CE OUT = Ve / 2.

Note 8: The chip-enable propagation delay is measured from the 50% point at CE IN to the 50% point at CE OUT.

;o4 MAXIMN
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Microprocessor Supervisory Circuits

Typical Operating Characteristics

(TA = +25°C, unless otherwise noted.)

Ve SUPPLY CURRENT BATTERY SUPPLY CURRENT
vs. TEMPERATURE vs. TEMPERATURE CHIP-ENABLE ON-RESISTANCE
GIORMAL OPERATING MODE) (BATTERY-BACKUP MODE) vs. TEMPERATURE
120
6 v 5 L rmer- 3 Vo= 475V §
VBATT - 2.6V i . VBAIT = 2.8V VBATT = 2.6V ]
3 PFI, CEIN = OV 3 NO LOAD i Ve N = Vo2
g =15 g 100
g g ]
-4
g 2 S 5 z e
3 I~ >, 2 o0 P
> N~ a >
] — g 3 /
g 30 —— E] g
3 > o /
8 & S e A4
05 7
> 2 E
ES //
26 0 40
60 -30 0 30 60 90 120 150 60 -30 0 30 60 90 120 150 -60 -30 0 30 60 90 120 150 180
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C)
VBATT to Vour ON-RESISTANCE Ve to Voyr ON-RESISTANCE PF] THRESHOLD
vs. TEMPERATURE vs. TEMPERATURE vs. TEMPERATURE
20 1.50
l 1 |2 bl : :
g L~ ERICRE kil ' i 125 ]
[ / = 0. L
e VBATT = 2.0V vV~ W y
< / s
b 15 ] S o 1.00
2] > = o 1 4 =)
4 L1 & =]
& L1 o & 075
Z VBATT = 2 V1 09 4]
5 | & £
3 e Bos A F 050
§ VBATT = 4.5V 8as // 0.25 vccT-T.S\l/’,v ——
) Moy
Vec =0V 7 £ NO LOAD ON PFO
5 0.6
-60 .30 0 30 60 90 120 150 60 -30 0 30 60 90 120 150 60 30 0 30 6 9 120 150
TEMPERATURE (°C) TEMPERATURE (°C) TEMPERATURE (°C}
RESET THRESHOLD RESET OUTPUT RESISTARCE RESET DELAY
vs. TEMPERATURE vs. TEMPERATURE vs. TEMPERATURE
230
A8 AT -2 3 60 i Ve = OV TO 5V STEP 3
470 + ~ R VBATT = 2.6V
] § g so0 — i 220 §
4.65 W Ve =5V, VBATT = 28V L
g MAXE91A P~ 2 SGURCING CURRENT | 5
S 4.60 | MAXB00L £ 400 /1 E 210
2 @ P =
B 455 W é
& < 300 v 200 =
E 450 E A 5 L~
4} 4] P
3 445 3 200 & 1%
@ i}
4,40 @
MAX693A ™t & 100 |— Ve =0V, VBATT = 28V 80
4.35 |—maxsoom SINKING CURRENT
430 I 0 — 170
60 30 0 30 6 9 120 150 60 30 0 30 60 90 120 150 60 30 0 30 60 9 120 150
TEMPERATURE (°C) TEMPERATURE {*C) TEMPERATURE (°C)

MNAXIM 5
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Microprocessor Supervisory Circuits

Typical Operating Characteristics (continued)

(Ta = +25°C, unless otherwise noted.)

BATTERY CURRENT WATCHDOG AND RESET TIMEOUT PERIOD CHIP-ENABLE PROPOGATION DELAY
vs. INPUT SUPPLY VOLTAGE . vs. 0SC W TIMING CAPACITOR (COSC) vs. CE OUT LOAD CAPACITANCE
20 2 2 100 = - 20 = T «
g - LONG WATCHDOG 8 EnovTosy :
1 j g |- THEQUT PERIOD WA § DRIVER SOURGE pal
16 g 111 z 6
& i z IMPEDANCE - 5002 /
2 10 ,lé B z
g g RESET ACTIVE —= A 28 12 //
£ |nmeout Perion
E 5 g /
= 8 & L1 / 3 s
g 1 - d
= NSHORT WATCHDOG & /
1 3 TIMEGUT PERIOD 4 7
s RN /]
. - oo,
o 2 3 4 s 10 100 1000 0 50 100 150 200 250 300
Vee (V) COSC (pF) . Crono (pF)
Ve to Vour vs. GUTPUT CURRENT VBATT to Vour vs. OUTPUT CURRENT Ve to LOW LINE
NORMAL OPERATING MODE) (BATTERY-BACKUP MODE) AND CE OUT DELAY
1000 - 1000
Vg = 45V H Vo =0V § N
VBATT = OV i VBATT = 45V D
E THRESHOLD
£ ) L o L
5 8 {OWLINE [ [
> % Lo
2 £ s e
- PE - | -
8 10 |SL0BE - 0802 é 104 OPE = 80 L R'Eﬁ“
= = Lo
HI
CEout
1218
1 1 Lo 2
1 10 100 1000 1 10 100
lour (mA) lour (mA)

6 MAXIMN
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Microprocessor Supervisory Circuits

Pin Description
PIN NAME FUNCTION i
1 vBATT | Battery-Backup Input. Connect to external battery or capacitor and charging circult. If backup battery is not
used. connect to GND.
Output Supply Voltage. When Vcc is greater than VBATT and above the reset threshoid, Vout connects to
2 Vout Vce. When Ve falls below VBATT and is below the reset threshold, VoyuT connects to VBATT. Connect a 0.1pF
capacitor from Vouyrt to GND. Connect Vourt to Ve if no backup battery is used.
3 vee Input Supply Voltage, 5V input.
4 GND Ground. OV reference for all signals.
Battery On Output. When Vout switches to VBATT, BATT ON goes high. When Vour switches to Vcc, BATT ON
5 | BATTON | goes low. Connect the base of a PNP through a current-limiting resistor to BATT ON for oy current require-
ments greater than 250mA. M
6 | COWTLINE | LOW LINE output goes low when Vcc falls below the reset threshold. It returns high as soon as V¢ rises above
the reset threshold.
External Oscillator Input. When OSC SEL is unconnected or driven high, a 10pA pull-up connects from Vour to
7 oscIN | OSCIN, the internal oscillator sets the reset and watchdog timeout periods, and OSC IN selects between fast
and slow watchdog timeout periods. When OSC SEL is driven low, the reset and watchdog timeout periods may
be set either by a capacitor from OSC IN to ground or by an external clock at OSC IN (see Figure 3.)
Oscillator Select. When OSC SEL is unconnected or driven high, the internal oscillator sets the reset delay and
8 | OSCSEL | watchdog timeout period. When OSC SEL is low, the external oscitlator input (OSC IN) is enabled (see Table 1),
OSC SEL has a 10pA internal puli-up.
9 PFI Power-Fail Input. This is the noninverting input to the power-fail comparator. When PFl is less than 1.25V, PFO
goes tow. When PFlis not used, connect PFl to GND or Vout .
10 PFO Power-Fail Output. This Is the output of the power-fail comparator. PFO goes low when PF is less than 1.25V.
This is an uncommitted comparator, and has no effect on any other internal circuitry.
Watchdog Input. WD is a three-level input. If WDI remains either high or low for longer than the watchdog time-
1 WDI out period, WDO goes low and reset is asserted for the reset timeout period. WDO remains low until the next tran-
sition at WDI. Leaving WDI unconnected disables the watchdog function. WD! connects to an internal voltage
divider between Vout and GND, which sets it to mid-supply when left unconnected.
12 CEouT | Chip-Enable Output. CE OUT goes low only when CE IN is low and Ve Is above the reset threshold. If CE IN is
low when reset is asserted, CE OUT will stay low for 15ps or until TE IN goes high, whichever occurs first.
13 CEIN Chip-Enable Input. The input to chip-enable gating circuit. If CE IN is not used, connect CE IN to GND or VouT.
Watchdog Output. If WD! remains high or low longer than the watchdog timeout period, WDO goes low and reset
14 WDO | is asserted for the reset timeout period. WDO retums high on the next transition at WDI. WDO remains high if
WDl is unconnected.
15 RESET | RESET Output goes low whenever Ve falls below the reset threshold. RESET will remaln low typically for 200ms
after Vcc crosses the reset threshold on power-up.
16 RESET | RESET Is an active-high output. It is open drain, and the inverse of RESET.

guaranteed to be valid down to Vg = 1V, and an

Detailed Description

external 10kQ pulli-down resistor on RESET insures
RESET and RESET O, 'S A

that it will be valid with Vo down to GND (Figure 1).

The MAX691A/MAXB93A/MAXBOOL/MAXB00M’s

and RESET outputs ensure that the pP (with reset
inputs asserted either high or low) powers up in a
known state, and prevents code-execution errors dur-
ing power-down or brownout conditions.

The RESET output is active low, and typically sinks
3.2mA at 0.1V saturation voltage in its active state.

hen deasserted, RESET sources 1.6mA at typically
Vour - 0.5V. RESET output is open drain, active high,
and typically sinks 3.2mA with a saturation voltage of
0.1V. When no backup battery is used, RESET output is

MAXIMN

As V¢ goes below 1V, the gate drive to the RESET
output switch reduces accordingly, increasing the
rps(oN) and the saturation voltage. The 10kQ pull-down
resistor insures the parallel combination of switch plus
resistor is around 10kQ and the output saturation voit-
age is below 0.4V while sinking 40pA. When using a
10kQ external pull-down resistor, the high state for
RESET output with Ve = 4.75V will be 4.5V typical.
For battery voltages 2 2V connected to VBATT, RESET
and RESET remain valid for V¢ from OV to 5.5V.

WOOBXVIN/TOO8X VYWV EGIXVIN/VLESXTIN
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RESET

Mmaxim
MAX69IA Tk
MAX693A

o

TO pP RESET

-

RESET

1y = RESET TIMEQUT PERIOD
12 = NORMAL WATCHDOG TIMEQUT PERIOD
13 = WATCHDOG TIMEQUT PERIOD IMMEDIATELY AFTER RESET

’ Figure 1. Adding an external pull-down resistor ensures
is valid with Vcc down to GND.

i

* RESET and RESET are asserted when V¢ falls below
* the reset threshold (4.65V for the MAX691A/MAX800L,
4.4V for the MAX693A/MAX800M) and remain asserted
: for 200ms typ after V¢ rises above the reset threshold
on power-up (Figure 5). The devices' battery-
F switchover comparator does not affect reset assertion.
However, both reset outputs are asserted in battery-
" backup mode since Ve must be below the reset
threshold to enter this mode.
4
Watchdog Function
+ The watchdog monitors P activity via the Watchdog
input (WD!). If the pP becomes inactive, RESET and
¢ RESET are asserted. To use the watchdog function,
connect WDI to a bus line or pP I/O line. If WDI
remains high or tow for longer than the watchdog time-
out period (1.6sec nominal), WDO, RESET, and
are asserted (see RESET and RESET Outputs section,
and the Watchdog Output discussion on this page).

. Watchdog input
A change of state (high to low, low to high, or a mini-

* mum 100ns pulse) at the Watchdog Input (WDI) during
the watchdog period resets the watchdog timer. The
watchdog default timeout is 1.6sec.

To disable the watchdog function, leave WD floating.

+An interndl resistor network (100kQ equivalent imped-
ance at WDI) biases WDI to approximately 1.6V.
Internal comparators detect this level and disable the
'watchdog timer. When V¢ is below the reset thresh-
Yold, the watchdog function is disabled and WD! is dis-
connected from its internal resistor network, thus
becoming high impedance.

Flgure 2. Watchdog Timeout Period and Reset Active Time

Watchdog Output
The Watchdog Output (WDO) remains high if there is a
transition or pulse at WD! during the watchdog timeout
period. The watchdog function is disabled and WDO is
a logic high when V¢ is below the reset threshold, bat-
tery-backup mode is enabled, or WDI is an open circuit.
In watchdog mode, if no transition occurs at WDI during
the watchdog timeout period, RESET and RESET are
asserted for the reset timeout period (200ms typical).
WDO goes low and remains low until the next transition
at WDI (Figure 2). If WDI is held high or low indefinitely,
RESET and RESET will generate 200ms pulses every
1.6sec. WDO has a 2 x TTL output characteristic.

Selecting an Alternative
Watchdog and Reset Timeout Perlod
The OSC SEL and OSC IN inputs contro! the watchdog
and reset timeout periods. Floating OSC SEL and OSC
IN or tying them boath to Vg7 selects the nominal 1.6sec
watchdog timeout period and 200ms reset timeout peri-
od. Connecting OSC IN to GND and floating or connect-
ing OSC SEL to Vgyr selects the 100ms normal
watchdog timeout delay and 1.6sec delay immediately
after reset. The reset timeout delay remains 200ms
(Figure 2). Select alternative timeout periods by con-
necting OSC SEL to GND and connecting a capacitor
between OSC IN and GND. or by externally driving OSC
IN (Table 1 and Figure 3). OSC IN is internally connect-
ed to a +100nA (typ) current source that charges and
discharges the timing capacitor to create the oscillator
frequency, which sets the reset and watchdog timeout
periods (see Connecting a Timing Capacitor at OSC IN
in the Applications Information section).

MAXIN
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Table 1. Reset Pulse Width and Watchdog Timeout Selections

Watchdog Timeout Period
t OSC SEL OSCIN PT— immodiately Afier Flewst Reset Timeout Period
i Low External Clock Input 1024 ciks 4096 clks 2048 clks
b Low External Capacitor (600/47pF x C)ms (2.4/47pF x C)sec (1200/47pF x C)ms
Floating Low 100ms 1.6sec 200ms
Floating Floating 1.6sec 1.6sec 200ms
In the high-impedance mode, the leakage currents into
2NAXL/N EXTERNAL EXTERNAL this terminal are £1pA max over temperature. In the
MAXE91A CLoCK OSCILLATOR low-impedance mode, the impedance of CE IN appears
: MAX6asA 8l osc st 81 osc sec as a 75Q resistor in series with the load atCE OUT.
; MAXS00L [ I . e
. MAXSOOM = = The propagation delay through the CE transmission
I oscin _L—7 0SCIN gate de%%nds on both the source lmpedance of the
SOkH2 - drive to CE IN and the capacitive loading on the Chip-
= = Enable Output (CE OUT) (see Chip-Enable Propagation
i Delay vs. OUT Load Capacitance in the Typical
' INTERNAL OSCILLATOR INTERNAL OSCILLATOR Operating Characteristics). The CE propagation delay
3 1.6sec WATCHDOG 100ms WATCHDOG is production tested from the 50% point of CE IN to the
' ne —3 oscse ne.—3 osc seL 50% point pf CE OUT using a 50Q driver and 50pF of
load capacitance (Figure 6). For minimum propagation
7 7 delay, minimize the capacitive load at OUT, and
. NC. s == 0sC use a low output-impedance driver.
< Chip-Enable Output

k
i Figure 3. Oscillator Circuits

Chip-Enable Signal Gating
The MAX691A/MAX693A/MAX800L/MAXB00M provide
internal gating of chip-enable (CE) signals to prevent
erroneous data from being written to CMOS RAM in the
event of a power failure. During normal operation, the
CE gate is enabled and passes ali CE transitions. When
# resel is asserted, this path becomes disabled, prevent-
ing erroneous data from corrupting the CMOS RAM. Al
these parts use a series transmission gate from CE IN to
CE OUT (Figure 4).

The 10ns max CE propagation delay from CE IN to CE
OUT enables the parts to be used with most pPs.

Chlp-Enable Input
The Chip-Enable Input (CE IN) is high impedance (dis-
abled mode) while RESET and are asserted.

During a power-down sequence where V¢ falls below

,the reset threshold or a watchdog fault, Ct IN assumes
a high-impedance state when the voltage at CE IN
goes high or 15us after reset is asserted, whichever
*occurs first (Figure 5).

During a power-up sequence, CE IN remains high
impedance, regardless of CE IN activity, until reset is
deasserted following the reset timeout period.

MAXIN

In the enabled mode, the impedance of CE OUT is
equivalent to 75Q in series with the source driving CE
IN. In the disabled mode, the 75Q transmission gate is
off and CE OUT is actively pulled to Voyr. This source
turns off when the transmission gate is enabled.

LOWLINE Output
LOW LINE is the buffered output of the reset threshold
comparator. LCOW LINE typically sinks 3.2mA at 0.1V.
For normal operation (Vcc above the LOW LINE thresh-
old), INE is pulled to Vour.

. Power-Fail Comparator
The power-fail comparator is an uncommitted comparator
that has no effect on the other functions of the IC.
Common uses include low-battery indication (Figure 7),
and early power-fail warning (see Typical Operating
Circui).

Power-Fall Input
PF! is the input to the power-fail comparator. PFl has a
guaranteed input leakage of £25nA max over tempera-
ture. The typical comparator delay is 25us from ViL to
VoL (power failing), and 60ps from Vyy to Vou (power
being restored). If unused, connect this input to ground.

-
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Figure 4. MAX691A/MAX693A/MAXEOOLMAXEOOM Block Diagram
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5V
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vearr  Vee
MAXIMN
MAX691A
MAX693A

MAXBOOL
MAXS0OM

CEN CEOUT -—1—>
500 N

QUTPUT I Cionn

+

28V =

]
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=

IMPEDANCE

sV

MAXIN

2SN PRO [———> LOWBATI

Figure 6. CE Propagation Delay Test Circuit

Table 2. Input and Output Status in Battery-Backup
Mode

PiN NAME STATUS
1 VBATT Supply Current is 1pA max.
2 v Vour is connected to VBATT through an
out internal PMOS switch.

3 Vee Battery switchover comparator monitors
Ve for active switchover.

4 GND GND 0V, 0V reference for all signals.

5 BATT ON Logic high. The open-circuit output is
equal to Vour.

6 LOWLINE | Logic Low*

7 OSCIN | OSCIN is ignored.

8 OSC SEL | OSC SEL is ignored.
The power-fail comparator remains

9 PFI active in the battery-backup mode for

Vce 2 VBATT - 1.2V typ.

The power-fail comparator remains

10 BFO active in the battery-backup mode for
Vce 2 VBATT - 1.2V typ. Below this volt-
age, PFO is forced low.

1 WDI Watchdog is ignored.
Logic high. The open-circult voltage is
12 CEour equal to Vour.
13 CEIN [ High Impedance.
WO Logic high. The open-circult voltage Is
1 w equal to Vour.
15 RESET | Logic low*
16 RESET High Impedance* b

* Voo must be below the reset threshold to enter battery-backup
mode.

MAXIM

Figure 7. Low-Battery Indicator

Power-Fall Output
The Power-Fail Output (PFO) goes low when PFi goes
below 1.25V. It typically sinks 3.2mA with a saturation
voltage of 0.1V. With PFl above 1.25V, PFO is actively
pulled to Vgur.

Battery-Backup Mode
Two conditions are required to switch to battery-back-
up mode: 1) Vee must be below the reset threshold,
and 2) Ve must be below VBATT. Table 2 lists the sta-
tus of the inputs and outputs in battery-backup mode.

Battery On Output
The Battery On (BATT ON) output indicates the status
of the internal V¢c/battery-switchover comparator,
which controls the internal Vec and VBATT switches.
For Ve greater that VBATT (ignoring the small hystere-
sis effect), BATT ON typically sinks 3.2mA at 0.1V satu-
ration voltage. In battery-backup mode, this terminal
sources approximately 10pA from Voyt. Use BATT ON
to indicate battery-switchover status or to supply base
drive to an external pass transistor for higher-current
applications (see Typical Operating Circuif).

Input Supply Voltage
The Input Supply Voltage (Vcc) should be a regulated
5V. Ve connects to Vgt via a parallel diode and a
large PMOS switch. The switch carries the entire cur-
rent load for currents less than 250mA. The parallel
diode carries any current in excess of 250mA. Both the
switch and the diode have impedances less than 1Q
each. The maximum continuous current is 250mA, but
power-on transients may reach a maximum of 1A.

1
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Backup-Battery Input
The Backup-Battery Input (VBATT) is similar to the Vg
input except the PMOS switch and parallel diode are
much smaller. Accordingly, the on-resistances of the
diode and the switch are each approximately 10Q.
Continuous current should be limited to 25mA and
peak currents (only during power-up) limited to 250mA.
The reverse leakage of this input is less than TpA over
temperature and supply voltage (Figure 8).

Output ly Voltage
The Output Supply Voltage (Voyr) pin is internally con-
nected to the substrate of the IC and supplies current
to the external system and internal circuitry. All open-
circuit outputs will, for example, assume the Vgt volt-
age in their high states rather than the V¢ voltage. At
the maximum source current of 250mA, Vgt will typi-
cally be 200mV below V. Decouple this terminal with
a 0.1yF capacitor.

Applications Information
The MAX691A/MAX693A/MAX800L/MAX800M are not
short-circuit protected. Shorting Vgt to ground, other
than power-up transients such as charging a decou-
pling capacitor, destroys the device.
All open-circuit outputs swing between Vgt and GND
rather than V¢ and GND.
If long leads connect to the chip inputs, insure that
these leads are free from ringing and other conditions
that would forward bias the chip’s protection diodes.

There are three distinct modes of operation:

1) Normal operating mode with all circuitry powered
up. Typical supply current from Ve is 35pA while
only leakage currents flow from the battery.

2) Battery-backup mode where V¢ is typically within
0.7V below VBATT. Al circuitry is powered up
and the supply current from the battery is typically
less than 60pA.

3) Battery-backup mode where V¢ is less than
VBATT by at least 0.7V. VBATT supply current is
TpPA max.

Using SuperCaps or MaxCaps with the
MAX69TA/MAXE9IA/MAXE00L/MAXBOOM
VBATT has the same operating voltage range as Vg,
and the battery switchover threshold voltages are typi-
cailly +30mV centered at VBATT, allowing use of a
SuperCap and a simple charging circuit as a backup
source (Figure 9).

If Ve is above the reset threshold and VBATT is 0.5V
above V. current flows to Voyr and Ve from VBATT
until the voltage at VBATT is less than 0.5V above V.
For example, with a SuperCap connected to VBATT and
through a diode to Vg, if Ve quickly changes from 5.4V
to 4.9V, the capacitor discharges through Vgyr and Ve
until VBATT reaches 5.1V typ. Leakage current through
the SuperCap charging diode and the internal power
diode eventually discharges the SuperCap to Vge. Also, if
Vce and VBATT start from 0.1V above the reset threshold
and power is lost at Ve, the SuperCap on VBATT dis-
charges through V¢ until VBATT reaches the reset
threshold; then the battery-backup mode s initiated and
the current through V¢ goes to zero.

O—
VBATT —] )

MAXIN
MAX691A
MAXE93A -——
MAXBO0L hay ; o
MAXS00M T°

o ey

v

4148 Vee

0ATF MAX691A
I MAX693A

* MaxCap _Ii

Figure 8. Vcc and VBATT to Vour Switch
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Figure 9. SuperCap or MaxCap on VBATT
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CE

CE
MAX691A CE

.—:éi
ce | RaM3

RAM 4

Ct

AA Jk
ACTIVE-HIGH
CE LINES
FROM LOGIC

“MAXIMUM Rp VALUE DEPENDS ON
THE NUMBER OF RAMS,
MINIMUM Rp VALUE IS TkQ2.

Vin

Jpe

Rl

o Vee
PFI
MAXIMN
MAX691A
MAX6I3A
R MAXB00L
MAXE0OM
PFO
GND
oup —%— *OPTIONAL
5V
) Y A
ov } >
ov VL Vmp Wy
Vin
R1+R2
Vm|p='|.25(--——RZ )
! R211R3 V125, 5-125 125
W "ZS’(RnRzuRa) B B )

Figure 10. Alternate CE Gating

Using Separate Power Supplies

for VBATT and ch

If using separate power supplies for Vo and VBATT,

VBATT must be less than 0.3V above V¢ when Vg is

above the reset threshold. As described in the previ-

ous section, if VBATT exceeds this limit and power is

lost at Ve, current flows continuously from VBATT to

V¢ via the VBATT-to-Vgyr diode and the Vout-to-Vee
switch until the circuit is broken (Figure 8).

Alternative Chip-Enable Gating
Using memory devices with both CE and CE inputs
aliows the CE loop to be bypassed. To do this, con-
nect CE IN to ground, pull-up CE OUT to Vgyt. and
connect CE OUT to the CTE input of each memory
device {Figure 10). The CE input of each part then
connects directly to the chip-select logic, which does
not have to be gated.

Adding Hysteresis to the

Power-Fail Comparator

Hysteresis adds a noise margin to the power-fail com-
parator and prevents repeated triggering of PFO when
Vin is near the power-fail comparator trip point. Figure
11 shows how to add hysteresis to the power-fail com-

Figure 11. Adding Hysteresis to the Power-Fail Comparator

Vee
PFI POl
MAXIMN
MAX691A
MAXGIA
R2 MAX800L
MAXBOOM
GND
L
V- -
v
PFO
ov ¢ >
Virip ov
5-1.25_1.25-Vigp v
Rl R2

NOTE: Vrgip IS NEGATIVE

Flgure 12. Monitoring 8 Negative Voltage

MAXIMN
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Microprocessor Supervisory Circuits

100 T =
— \ Ve =5V §
! Th= +25°C
g 80 0.1pF CAPACITOR |
= \ FROM Vour TO GND'
2
g !
60
&
[}
=
= 4 \
= \\
g 20
N
0
10 100 1000 10000
RESET COMPARATOR OVERDRIVE,
(Reset Threshold Voltage - Vcc) (mV)

Figure 13. Maximum Transient Duration without Causing &
Reset Pulse vs. Reset Comparator Overdrive

parator. Select the ratio of R1 and R2 such that PFl sees
1.25V when V) falls to the desired trip point (Virip).
Resistor R3 adds hysteresis. It will typically be an order
of magnitude greater than R1 or R2. The current
through R1 and R2 should be at least 1pA to ensure that
the 25nA (max) PFI input current does not shift the frip
point. R3 should be larger than 10kQ to prevent it from
loading down the PFO pin. Capacitor C1 adds addition-
al noise rejection.

Monitoring a Negative Voltage
The power-fail comparator can be used to monitor a
negative supply voltage using Figure 12's circuit. When
the negative supply is valid, islow. When the neg-
ative supply voltage drops, PFO goes high. This cir-
cuit's accuracy is affected by the PFI threshold
tolerance, the V¢ voltage, and resistors R1 and R2.

14

Backup-Battery Replacement
The backup battery may be disconnected while V¢ is
above the reset threshold. No precautions are neces-
sary to avoid spurious reset pulses.

Negative-Going Vec Transients
While issuing resets to the pP during power-up, power-
down, and brownout conditions, these supervisors are
relatively immune to short-duration, negative-going Ve
transients (glitches). It is usually undesirable to reset
the PP when V¢ experiences only small glitches.

Figure 7 shows maximum transient duration vs. reset-
comparator overdrive, for which reset pulses are not
generated. The graph was produced using negative-
going V¢ pulses, starting at 5V and ending below the
reset threshold by the magnitude indicated (reset com-
parator overdrive). The graph shows the maximum
pulse width a negative-going V¢ transient may typical-
ly have without causing a reset pulse to be issued. As
the amplitude of the transient increases (i.e., goes far-
ther below the reset threshold), the maximum allowable
pulse width decreases. Typically, a V¢ transient that
goes 100mV below the reset threshold and lasts for
40ps or less will not cause a reset pulse to be issued.

A 100nF bypass capacitor mounted close to the@/cc
pin provides additional transient immunity. %

Connecting a Timing Capacitor at OSC IN
When OSC SEL is connected to ground, OSC IN dis-
connects from its internal 10pA (typ) pull-up and is
internally connected to a +100nA current source.
When a capacitor is connected from OSC IN to ground
(to select alternative reset and watchdog timeout peri-
ods), the current source charges and discharges the
timing capacitor to create the oscillator that controls the
reset and watchdog timeout period. To prevent timing
errors or oscillator start-up problems, minimize external
current leakage sources at this pin, and locate the
capacitor as close to OSC IN as possible. The sum of
PC-board leakage + OSC capacitor leakage must be
small compared to +100nA.

MAXIN
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Maximum Vcc Fall Time
The V¢ fall time is limited by the propagation delay of
the battery switchover comparator and should not
exceed 0.03V/us. A standard rule of thumb for filter
capacitance on most regulators is on the order of 100pF
per amp of current,. When the power supply is shut off or
the main battery is disconnected, the associated initial
Vcc fall rate is just the inverse or 1A/100pF = 0.01V/ys.
The V¢ fall rate decreases with time as V¢ falls expo-
nentially, which more than satisfies the maximum fall-time
requirement.

Watchdog Software Considerations
A way to help the watchdog timer keep a closer watch
on software execution involves setting and resetting the
watchdog input at different points in the program,
rather than "pulsing” the watchdog input high-low-high
or low-high-low. This technique avoids a "stuck” loop
where the watchdog timer continues to be reset within
the loop, keeping the watchdog from timing out. Figure
14 shows an example flow diagram where the /O dri-
ving the watchdog input is set high at the beginning of
the program, set low at the beginning of every subrou-
tine or loop, then set high again when the program
returns to the beginning. If the program should “hang"
in any subroutine, the 1/0O is continually set low and the
watchdog timer is allowed to time out, causing a reset
or interrupt to be issued.

MAXIMN

START

SET
WDI
Low

SUBROUTINE
OR PROGRAM LOOP
SETWDI
HIGH

RETURN

Figure 14. Watchdog Flow Diagram
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_Ordering Information (continued)

PART TEMP. RANGE PIN-PACKAGE Vour
MAX693ACPE 0°C to +70°C 16 Plastic DIP
MAX693ACSE 0°Cto +70°C 16 Narrow SO
MAXB93ACWE 0°C to +70°C 16 Wide SO
MAXB93AC/D 0°C to +70°C Dice* Vee ~
MAXB93AEPE -40°C to +85°C 16 Plastic SO
MAX693AESE -40°C to +85°C 16 Narrow SO .
MAX693AEWE -40°C to +85°C 16 Wide SO GND
MAX693AE JE -40°C to +85°C 16 CERDIP
MAXB693AMJIE -55°Cto +125°C 16 CERDIP
MAX800LCPE 0°Cto +70°C 16 Plastic DIP
MAX800LCSE 0°C to +70°C 16 Narrow SO BATTON
MAXB00LEPE -40°C to +85°C 16 Plastic DIP LOW LINE
MAXBOOLESE -40°C to +85°C 16 Narrow SO
MAXB800MCPE 0°C to +70°C 16 Plastic DIP
MAXB0OMCSE 0°Cto +70°C 16 Narrow SO
MAXBOOMEPE -40°C to +85°C 16 Plastic DIP
MAXB0OMESE -40°C to +85°C 16 Narrow SO

* Dice are specified at Ty = +25°C, DC parameters only.

VBATT RESET RESET

Chip Topography

(1.778mm)

TRANSISTOR COUNT: 729
SUBSTRATE CONNECTED TO Vour

A
Woo
CElN
CEOUT ¢ 19°
(2.794mm)
wot

Package Information

- D ————

7 L

— g |-

{
atniniid)

ot

=3

u%%

ok

Narrow SO
SMALL-OUTLINE
PACKAGE
(0.150 in.)

o __INCHES | WILLWMETERS
IM—MIN_ | MAX | MIN | MAX
A | 0.053 | 0.069 | 1.35 | 1.75
Al | 0.004 0.010 0.10 0.25
B | 0.014 | 0019 | 035 | 049
C | 0.007 | 0010 | 049 | 025
E ] 0.150 | 0.157 | 3.80 | 4.00
® 0,050 127
H | 0228 | 0244 | 580 | 620
L [ 0016 | 0.050 | 040 | 127
INCHES _|MILLIMETERS
DIM |PINS 3 TMAX | MIN | MAX
D | & [0.180 |0.197 | 4.80 | 5.00
D | 14 [0.337 |0.344 | 855 | 8.75
D ] 16 1 0.386 | 0.304 | 0.80 | 10.00
21-0041A

Maxim canniot assume responsibility for use of any circultry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are

implied. Maxim reserves the right to change the circultry and specifications without notice at any time.
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AT89C2051

® Compatible with MCS-51™ Products
® 2 Kbytes of Reprogrammable Flash Memory

j Endurance: 1,000 Write/Erase Cycles
2.7V to 6 V Operating Range
Fully Static Operation: 0 Hz to 24 MHz
Two-Level Program Memory Lock
128 x 8-Bit Internal RAM
15 Programmable /O Lines .
Two 16-Bit Timer/Counters 8-B|t
S )i Interrupt Sources

Programmable Serial UART Channel M ic roco ntrOI Ie r

rect LED Drive Outputs
-Chip Analog Comparator H
Low Power ldle and Power Down Modes Wlth 2 Kbytes

Flash

De 'cription

The T8902051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2 Kbiytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and ig compatible with the industry standard MCS-51™ instruction set and pinout.
By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel
AT89C2051 is a powerful microcomputer which provides a highly flexible and cost
effective solution to many embedded control applications.

The AT89C2051 provides the following standard features: 2 Kbytes of Flash, 128
bytes of RAM, 15 1/0 lines, two 16-bit timer/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscilla-
tor and clock circuitry. In addition, the AT89C2051 is designed with static logic for
operation down to zero frequency and supports two software selectable power sav-
ing modes. The Idie Mode stops the CPU while allowing the RAM, timer/counters,
serial.port and interrupt system to continue functioning. The Power Down Mode
saves the RAM contents but freezes the oscillator disabling all other chip functions

antil the next hardware reset.
i

Pin:Configuration

f PDIP/SOIC
]
. -/
., RBT 1 20 1 vee
(RXD) P3.0 OJ 2 19 0 P1.7
(TxD)'P3.1 ] 3 18 0 P1.6
XTAL2 ] 4 17 3 P15
XTAL1 O 5 16 [0 P1.4
(INTO) P3.2 & 15 B P1.3
(INTH)P3.3 7 14 3 P1.2
(TO) P3.4 ] 8 13 [J P1.1 (AIN1)
(THP3.5 9 12 7 P1.0 (AINO)
GND O 10 11 0 p3.7
B
¥
;
I
! ]
. 0368C
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Pin Description
Vee ¢
Supply voltage.
GND
Ground.
Port !

1
Port 1 is an 8-bit bidirectional /O port. Port pins P1.2 to
P1.7 provide intemal pullups. P1.0 and P1.1 require exter-
nal pullups. P1.0 and P1.1 also serve as the positive input
(AINO) and the negative input (AIN1), respectively, of the
on-chip precision analog comparator. The Port 1 output
bufférs can sink 20 mA and can drive LED displays di-
rectly: When 1s are written to Port 1 pins, they can be
used as inputs. When pins P1.2 {o P1.7 are used as inputs

and are extemally pulled low, they will source current (lIL)
becduse of the intemal pullups.

Port {1 also receives code data during Flash programming
and program verification.

Port 3'

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional I1/0
pins with intemal pullups. P3.6 is hard-wired as an input to
the output of the on-chip comparator and is not accessible
as a|general purpose /O pin. The Port 3 output buffers
can sink 20 mA. When 1s are written to Port 3 pins they
are pulled high by the internal pullups and can be used as
inputs. As inputs, Port 3 pins that are extemally being
pulled low will source current (liL) because of the pullups.

Pert 8'also serves the functions of various special features
of the’AT89C2051 as listed below:

3PoftPin | Alternate Functions
P3Q RXD (serial input port)
P31 TXD (serial output port)

'\PS.% INTO (extemal interrupt 0)
Pa.;a& INT1 (extemal interrupt 1)
P34 TO (timer 0 external input)
P33 T1 (timer 1 external input)

Port B also receives some control signals for Flash pro-
gramnhing and programming verification.

RST

Reset input. All /O pins are reset to 1s as soon as RST
goes‘ high. Holding the RST pin high for two machine cy-
cles while the oscillator is running resets the device.
Each machine cycle takes 12 oscillator or clock cycles.
XTALHs

InputJ to the inverting oscillator amplifier and input to the
intemal clock operating circuit.

XTA

_Q!utth from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use
as an on-chip oscillator, as shown in Figure 1. Either a
quantz crystal or ceramic resonator may be used. To drive
the device from an extemal clock source, XTAL2 should
be left unconnected while XTAL1 is driven as shown in
Figure 2. There are no requirements on the duty cycle of
the extemal clock signal, since the input to the intemal
clocking circuitry is through a divide-by-two flip-flop, but
minimum and maximum voltage high and low time specifi-
cations must be observed.

Figure 1. Oscillator Connections

C2
) I XTAL2
C1
L—) XTALt
i GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Figure 2. Extemal Clock Drive Configuration

NC ——— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

|l”
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Special Function Registers

A map of the on-chip memory area called the Special
Function Register (SFR) space is shown in the table be-
low.

Note that not all of the addresses are occupied, and unoc-

cupied addresses may not be implemented on the chip.

Read, accesses to these addresses will in general retum
¥

Table 1. AT89C2051 SFR Map and Reset Values

random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of
the new bits will always be 0.

3
OF8H OFFH
|
F ! B F7H
0 oiH 00000000 0
0E8]—I OEFH
ACC
9EO0H | 50000000 OE7H
oDeH ODEH
PSW
0DOH | 56000000 0D7H
0C8H OCFH
0CoH 0C7H
- IP
OBBF{ XXX00000 OBFH
P3
bBof 11111111 0B7H
0A8 IE OAFH
| 0xx00000
0AOH 0A7H
!
| scon SBUF
98%"! 00000000 | XXXXXXXX 9FH
1 P
o0k 11111111 | 97H
ggr| TCON TMOD TLO TL1 THO TH1 oFH
'| 00000000 | 00000000 | 00000000 | 00000000 | 00000000 | 00000000
: sP DPL DPH PCON
80'1"' 00000111 | 00000000 | 00000000 oxxxo000 | 87H

3-20|
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i
Re frictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective
member of Atmel's growing family of microcontrollers. It
contajns 2 Kbytes of flash program memory. It is fully com-
patible with the MCS-51 architecture, and can be pro-

grammed using the MCS-51 instruction set. However,
ther¢ are a few considerations one must keep in mind
when utilizing certain instructions to program this device.

All the instructions related to jumping or branching should
ber §tr|cted such that the destination address falls within
the physical program memory space of the device, which
is 2K for the AT89C2051. This should be the responsibil-
ity ofithe software programmer. Forexample, LIMP 7EQH
wou ‘be a valid instruction for the AT89C2051 (with 2K of
memiory), whereas LUJMP 900H would not.

1. Byanching instructions:
LCALL, LUMP, ACALL, AJIMP, SUMP, JMP @A+DPTR

Thege unconditional branching instructions will execute
correctly as long as the programmer keeps in mind that
the destination branching address must fall within the
physical boundaries of the program memory size (loca-
tions 00H to 7FFH for the 89C2051). Violating the physi-
cal space limits may cause unknown program behavior.
OINE[...], DUNZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ
With these conditional branching instructions the same
rule above applies. Again, violating the memory bounda-
ries may cause erratic execution.

PO
—

3

AT89C2051

For applications involving interrupts the normal interrupt
service routine address locations of the 80C51 family ar-
chitecture have been preserved.

2. MOVX-related instructions, Data Memory:

The AT89C2051 contains 128 bytes of intemal data mem-
ory. Thus, in the AT89C2051 the stack depth is limited to
128 bytes, the amount of available RAM. External DATA
memory access is not supported in this device, nor is ex-
ternal PROGRAM memory execution. Therefore, no
MOVX[...] instructions should be included in the program.

A typical 80C51 assembler will still assemble instructions,
even if they are written in violation of the restrictions men-
tioned above. It is the responsibility of the controller user
to know the physical features and limitations of the device
being used and adjust the instructions used correspond-

ingly.

3-21
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Prdgram Memory Lock Bits

he chip are two lock bits which can be left unpro-
gra med (V) or can be programmed (P) to obtain the ad-
dmonal features listed in the table below:

Log}( Bit Protection Modes'"

Pljegram Lock Bits
., LB1 LB2 | Protection Type
1 U U No program lock features.
g p U Further programming of the
3, Flash is disabled.
Same as mode 2, also verify

3 PP disabled,

Noted E 1. The Lock Bits can only be erased with the Chip Erase
operation

Idle Mode

In idle;mode, the CPU puts itself to sleep while all the on-
chip lperipherals remain active. The mode is invoked by
softwdre. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode.' The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

P1.0jand P1.1 should be set to '0 if no extemal pullups are
used pr set to '1’ if extemal pullups are used.

It sh L;ld be noted that when idle is terminated by a hard-
ware, reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hard-
ware, inhibits access to internal RAM in this event, but ac-
cesslto the port pins is not inhibited. To eliminate the pos-
sibility of an unexpected write to a port pin when Idle is
termipated by reset, the instruction following the one that
invoke’s Idle should not be one that writes to a port pin or
to extemal memory.

Pmiver Down Mode

In the power down mode the oscillator is stopped, and the
mstructlon that invokes power down is the last instruction
executed The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-
chip RAM. The reset should not be activated before Ve
is restored to its nomal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

P1.0 ahd P1.1 should be set to "0’ if no extenal pullups are

used dr setto ’1’ if extemal pullups are used.
- 1
% ¢
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Programming The Flash

The AT89C2051 is shipped with the 2 Kbytes of on-chip
PEROM code memory array in the erased state (i.e., con-
tents = FFH) and ready to be programmed. The code
memory array is programmed one byte at a time. Once the
ariay Is programmed, to re-program any non-blank byte,
the entire memory array needs to be erased electrically.

Internal Address Counter: The AT89C2051 contains
an intemal PEROM address counter which is always reset
to O00H on the rising edge of RST and is advanced by
applying a positive going pulse to pin XTAL1.

Programming Algorithm: To program the AT89C2051,
the following sequence is recommended.

1. Power-up sequence:
Apply power between Vcc and GND pins
Set RST and XTAL1 to GND
With all other pins floating, wait for greater than 10
milliseconds

2. Setpin RSTto'H’
Set pin P3.2 to '"H’

3. Apply the appropriate combination of '"H’ or 'L’ logic
levels to ping P3.3, P3.4, P3.5, P3.7 to select one of
the programming operations shown in the PEROM
Programming Modes table.

To Program and Verify the Array:

4. Apply data for Code byte at location 000H to P1.0 to
P1.7.

5. Raise RST to 12V to enable programming.

6. Pulse P3.2 once to program a byte in the PEROM ar-
ray or the lock bits. The byte-write cycle is self-timed
and typically takes 1.2 ms.

7. To verify the programmed data, lower RST from 12V
to logic 'H’ level and set pins P3.3 to P3.7 to the ap-
propiate levels. Output data can be read at the port
P1 pins.

8. To program a byte at the next address location, pulse
XTAL1 pin once to advance the interal address
counter. Apply new data to the port P1 pins.

9. Repeat steps 5 through 8, changing data and advanc-
ing the address counter for the entire 2 Kbytes array
or until the end of the object file is reached.

10.Power-off sequence:
set XTAL1to 'L’
setRSTto 'L’
Float all other I/0 pins
Tum Vcc power off

AT89C2051 mee———



Data: Polling: The AT89C2051 features Data Polling to
indigate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the
complement of the written data on P1.7. Once the write

cycle has been completed, true data is valid on all outputs,
and the next cycle may begin. Data Polling may begin any
time| after a write cycle has been initiated.

Reaty/Busy: The Progress of byte programming can
also be monitored by the RDY/BSY output signal. Pin
P3.1 is pulled low after P3.2 goes High during program-
ming to indicate BUSY. P3.1 is pulled High again when
programming is done to indicate READY.

Pro@iam Verify: If lock bits LB1 and LB2 have not been
programmed code data can be read back via the data
lines for verification:
1. Reset the internal address counter to 000H by bring-
ing RST from 'L’ to 'H’.
2. Apply the appropriate control signals for Read Code
ata and read the output data at the port P1 pins.

3. Rulse pin XTAL1 once to advance the intemal address
counter.

4. Read the next code data byte at the port P1 pins.
5. Repeat steps 3 and 4 until the entire array is read.

The lock bits cannot be verified directly. Verification of the
lock bits is achieved by observing that their features are
enabled.

!
s
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AT89C2051

Chip Erase: The entire PEROM array (2 Kbytes) and the
two Lock Bits are erased electrically by using the proper
combination of control signals and by holding P3.2 low for
10 ms. The code array is written with all “1"s in the Chip
Erase operation and must be executed before any non-
blank memory byte can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 000H, 001H, and 002H, except that P3.5 and
P3.7 must be pulled to a logic low. The values retumed
are as follows.

(000H) = 1EH indicates manufactured by Atmel
(001H) = 21H indicates 89C2051

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate com-
bination of control signals. The write operation cycle is
self-timed and once initiated, will automatically time itself
to completion.

All major programming vendors offer worldwide support
for the Atmel microcontroller series. Please contact your .
local programming vendor for the appropriate software re-
vision.

Flagh Programming Modes
|

. P3.2/
Mote RST PROG P3.3 P3.4 P3.5 P3.7
Writse Code Data("® 12V 24 L H H H
Re&d Code Data(") H H L L H H
WntEé Lock Bit - 1 12v H H H H

;

Bit-2 12V N/ H H L L

Chig Erase 12V WAL H L L L
Reaa Signature Byte H H L L L L

Notes:. 1. The internal PEROM address counter is reset to 000H
{ on the rising edge of RST and is advanced by a posi-
i : tive pulse at XTAL1 pin.

2. Chip Erase requires a 10 ms PROG pulse.
3. P3.1s pulled Low during programming to indicate
RDY/BSY\
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Figure 3. Programming the Flash Memory Figure 4. Verifying the Flash Memory y
¢ 5V
: ATBIC2051 AT8902051V I
RDY/BSY <——| P31 Vee —j o
PGM
E PROG —>» P3.2 P1 |e—— SSTI\A Vi —»{ P32 P1 > DATA
Vé » P3.3 —p P33
——>»f P34 SEE FLASH ——»| P3.4
SEE FLASH PROGRAMMING
PROGRAMMING —»| P3.5 MODES TABLE —» P3.5
MODES TABLE
; —»{ P37 — P37
3
.r!
w?k
f
%E
1;
—®| XTALf RST &—— Vi/Vpp [ —»| xTAL1 RST &—— Vy
TO JNGREMENT GND GND
ADDRESS COUNTER
E

i
E

Elaéh Programming and Verification Characteristics
Ta=21°C to 27°C, Vcc = 5.0+ 10%

*Symbol Parameter Min Max Units
Vpi;zg Programming Enable Voltage 11.5 12.5 v

:,‘Ipp? ! Programming Enable Current 250 HA
tDv:L Data Setup to PROG Low 1.0 us
tGHDX Data Hold After PROG 1.0 us
tEHSH P3.4 (ENABLE) High to Vpep 1.0 1s
tsHEL Vpp Setup to PROG Low 10 us
tGHgL Vep Hold After PROG 10 Hs
tGLGH PROG Width 1 110 us
teLQv ENABLE Low to Data Valid . 1.0 ps
tEHQZ Data Float After ENABLE 0 1.0 U
tGHBL PROG High to BUSY Low 50 n;
twe e Byte Write Cycle Time 2.0 ms
tBHIH RDY/BSY\ to Increment Clock Delay 1.0 us
tiHIL Increment Clock High 200 ns

Note: 1. Only used in 12-volt programming mode.
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Haﬁh Programming and Verification Waveforms

PORT 1 DATA IN DATA OUT
' +—* tover  toHox [«
, P32

(PROG)
é +—taLen—] fanst
]
v AST o Ver LOGIC 1

(Vep) LOGIC 0

¥ temsH P, e~ — tenoz
' P34
(ENABLE)
! taneL —
P3.1
(RDY/BSY) BUSY READY
L twe i

XTAL1
(INCREMENT
ADDRESS)

-—— Nl

H

Absolute Maximum Ratings*

*NOTICE: Stresses beyond those listed under “Absolute Maxi-

Op:el'aﬁng Temperature ................... '55°C tO +125°C mum Raﬁngs” may cause permanent damage to the de\/lce'
2 A This is a stress rating only and functional operation of the
Storage Temperature.................... -65°Cto+150°C device at these or any other conditions beyond those indi-
. Voltage on Any Pin cated in the operational sections of this specification is not
" : implied. Exposure to absolute maximum rating conditions
wngh! Respect to Ground ................... 1.0Vio+7.0V for extended periods may affect device reliability.
N Maximum Operating Voltage ............ccccceeevneen. 6.6V
{
DG} Output CUMeNt.........ceeeeceerceeeeeesee e 25.0 mA
I3
'

1
|

.

@

3
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B.C:;, Characteristics
Ta =[:40°C to 85°C, Vcc = 2.7 V to 6.0 V (unless otherwise noted)
Symbol Parameter Condition Min Max Units
Vi ¥ Input Low Voltage -0.5 0.2 Vcc-0.1 Vv
VIH : input High Voltage (Except XTAL1, RST) 0.2 Vcc+0.9 Vce+0.5 Vv
ViH{ Input High Voltage (XTAL1, RST) 0.7 Vcc Vce+0.5 Vv
Output Low Voltage“) loL=20mA, Vec=5V
Vol | (Poris 1, 3) loL = 10 mA, Voo =27V 0.5 v
¢ Output Hiah Vot loH=-80 pA, Vcc =5V +10% 2.4 Vv
utput High Voltage
VO%E (Ports 1, 3) loH = -30 nA 0.75 Vcc \Y
; IoH=-12 yA 0.9 Vce A
4 .
Logical O Input Current g .
1R : (Ports 1, 2, 3) Vin=0.45V 50 A
i Logi o
gical 1 to 0 Transition _ K
4 i Current (Ports 1, 2, 3) ViN=2V 750 uA
E Input Leakage Current
i (Port P1.0, P1.1) 0 <Vin<Vee +10 WA
1
; Comparator Input Offset .-
Vo% Voltage Vcc=5V 20 mV
i Comparator Input
Vem Common Mode Voltage \ Vee v
RRST | Reset Pulldown Resistor 50 300 KQ
Cio: Pin Capacitance Test Freq. = 1 MHz, Ta = 25°C 10 pF
- Active Mode, 12 MHz, Vcc =6 V/3 V 15/5.5 mA
Power Supply Current 14le Mode, 12 MHz, Vicc = 6 V/3 V 51 A
Icc | P1.0& P1.1 =0V orVcc
®
Vecc=6VP1.0&P1.1 =0V orV 100 A
] Power Down Mode® ce ) Oycorice B
vF Vcc =3V P1.0&P1.1=0V or Vcc 20 uA
ﬁotespf 1. Under steady state (non-transient) conditions, oL If IOL exceeds the test condition, VOL may exceed the
. *  mustbe externally limited as follows: related specification. Pins are not guaranteed to sink
f ' Maximum loL per port pin:20 mA current greater than the listed test conditions.
; | Maximum total IOL for all output pins:80 mA 2. Minimum V¢ for Power Downis 2 V.,
'
1y
f
%
I
]
3
3
|
¥
{
‘ L3
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Exiérnal Clock Drive Waveforms

_ AT89C2051

: t — toex —*
" lgnex —*] t —> «— — «— t
Vgg - 0.5V CLCH CHCL
~ 0.7 Vg — / N
I
' ‘//0.2 Ve - 0.1V N — N
0.45vV -——
— toox —
% * t
§ < CLCL
I
|
I
{
i
}
|
External Clock Drive
_Symbol _ Parameter Vecc= 27Vto 6.0V Vcc= 4.0Vto 6.0V Units
Min Max Min Max
1ftcLer | Oscillator Frequency 0 12 0 24 MHz
icLcL Clock Period 83.3 41.6 ns
tcHeX High Time 30 15 ns
stoLex Low Time 30 15 ns
tcLeH Rise Time 20 20 s
cteHeL Fall Time 20 20 ns

UR

lgﬁ
-

3
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Serial Port Timing: Shift Register Mode Test Conditions
(Vcg = 5.0 V £ 20%,; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator
Synibol Parameter Min Max Min Max Units
L Serial Port Clock Cycle Time 1.0 12tcLeL us
tQvxH Output Data Setup to Clock Rising Edge 700 10tcLcL-133 ns
txHax Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns
txHOv Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns
1 4
|
J . w<
Shift Register Mode Timing Waveforms
INSTRUCTION 4F | - X> gl GNad—8 | 6N\ 7 | 8 |

ae LU L P U L e e

CLOCK t AP V2N ae SLATE] | '
QVXH

| —»f [e— tXHlQX

WRITE TO SBUF, @\ T3 X A eetm 50040 X 7

) —» t

OUTPUT DATA T [ bouox serTi |
s LCLEARRI

. v I

1 INPUT DATA SETRI
k-3

1
!
1
j

3
-
= E
¥

ACTesting Input/Output Waveforms® Float Waveforms’

Voc 108V 0.2 Vg + 0.9V Voo™ 0V
TEST POINTS Vioap TimingP Bcatference
oints
0.2 Vg - 0.1V Vg + 0V

D.45V

Note; 1. AC Inputs during testing are driven at Ve -0.5V fora  Note: 1. For timing purposes, a port pin is no longer floating

logic 1 and 0.45 V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs.
I, ments are made at Vi1 min. for a logic 1 and ViL A port pin begins to float when a 100 mV change
| max. for a logic 0. from the loaded VoH/VoL level occurs.
b
.
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‘ AT89C2051
TYPICAL ICC - ACTIVE (85°C)
20
Vce=6.0V
| 15 ,/
. /

¢ Vce=5.0V /
b / Vce=3.0V
5

m
A
o
0 6 12 18 24
i FREQUENCY (MHz)
;
AT89C2051
TYPICAL ICC - IDLE (85°C)
3
! Vce=6.0V
; I ‘///
c 2

Vee=5.0V
c 4//

e

> 3

Vce=3.0V

0 3 6 9 12
FREQUENCY (MHz)

V

—— “r"ﬁ 3-29
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’ AT89C2051
TYPICAL ICC vs. VOLTAGE- POWER DOWN (85°C)

E

I 15 /
'C
c 10 /
H /
A °

f 3.0V 4.0V 5.0V 6.0V
{ Vece VOLTAGE

RE XTAL1 tied to GND for Icc (power down).
2. P.1.0 and P1.1 = Vg or GND.
3. Lock bits programmed.

o
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ering Information

eed Power
Hz) Supply Ordering Code Package Operation Range
120 |27Vi06.0V|  ATB9G2051-12PC 20P3 Commercial

] AT89C2051-12SC 208 (0°C to 70°C)

” AT89C2051-12PI 20P3 Industrial

N AT89C2051-128| 208 (-40°C to 85°C)
4 40Vio6.0V AT89C2051-24PC 20P3 Commercial

: AT89C2051-24SC 208 (0°C to 70°C)

! AT89C2051-24P| 20P3 Industrial

AT89C2051-24Sl| 208 (-40°C to 85°C)

]

]

|

I

E

4

I

&

f Package Type

a! 20 Lead, 0.300" Wide, Plastic Dual In-line Package (PDIP)

20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC)

}

f

_‘_I“E
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DS1620

DALLAS

SEMICONDUCTOR

DS1620

Digital Thermometer and Thermostat

FEATURES
¢ Requires no external components

® Supply voltage range covers from 2.7V to 5.5V

® Measures temperatures from ~55°C {0 +125°C in
0.5°C increments. Fahrenheit equivalent is —~67°F 1o
+257°F in 0.9°F increments

® Temperature is read as a 9-bit value

® Converts temperature to digital word in 1 second
(max)

® Thermostatic seftings are user—definable and non—
volatile

® Data is read from/written via a 3-wire serial interface
(CLK, DQ, RST)

¢ Applications include thermostatic controls, industria!
systems, consumer products, thermometers, or any
thermally sensitive system

® 8—pin DIP or SOIC (208 mil) packages

DESCRIPTION

The DS1620 Digital Thermometer and Thermostat pro-
vides 9-bit temperature readings which indicate the
temperature of the device. With three thermal alarm out-
puts, the DS1620 can also act as athermostat. Tyygu is
driven high if the DS1620's temperature is greater than
or equal to a user—defined temperature TH. T oW is
driven high if the DS1620's temperature is less than or
equal to a user—defined temperature TL. Tggpy is driven

PIN ASSIGNMENT
pa O(+  &fm vy,
CLKGONV 0|2 7[00 Tyen
RSTOL|{3 6D T ow
eNpO | 4 5 M Tcom
DS1620S 8-PIN SOIC (208 MIL)
See Mech Drawings Segtion
S
pal] 1 8 [J vpo
CLK/CONVL] 2 7 L] THigH
RSt 3 6] Tiow
anol] 4 51 Teom
DS1620 8-PIN PDIP (300 MIL)
See Mech Drawings Section

PIN DESCRIPTION

DQ ~ 3-Wire Input/Output
CLKICONV  ~ 3-Wire Clock Input and
Stand-alone
Convert Input
RST ~ 3-Wire Reset Input
GND -~ Ground
ThigH — High Temperature Trigger
TLow ~ Low Temperature Trigger
Tcom — HighA.ow Combination Trigger
Voo — Power Supply Voltage (3V — 5V)

highwhen the temperature exceeds TH and stays high
until the temperature falls below that of TL.

User—defined temperature settings are stored in non—
volatile memory, so parts can be programmed prior to
insertion in a system, as well as used in stand-alone
applications without a CPU. Temperature settings and
temperature readings are all communicated to/from the
DS1620 over a simple 3-wire interface.

©Copyright 1995 by Ddias Semiconductor Corporalgr

%ﬂa tir ng
patems and other hleﬂequ property rights, please refer to
Dallas Semiconductor data books. o

062097 112
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OPERATION-MEASURING TEMPERATURE
A block diagram of the DS1620 is shown in Figure 1.
The DS1620 measures temperatures throughthe use of
an on—board proprietary temperature measurement
technique. A block diagram of the temperature mea-
surement circuitry is shown in Figure 2.

The DS1620 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through during a gate period
determined by a high temperature coefficient oscillator.
The counter is preset with a base count that corre-
spondsto~55°C. If the counterreaches zero before the
gate period is over, the temperature register, which is
also preset to the —55°C value, is incremented, indicat-
ing that the temperature is higher than —55°C.

DS1620 FUNCTIONAL BLOCK DIAGRAM Figure 1

Atthe same time, the counter is then preset with a value
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. 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 neces-
sary for the counter to go through for each incremental
degreein 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 accumu-
lator) at a given temperature must be known.

- STATUS REGISTER &
CONTROL LOGIC
[
CLK ——f TEMPERATURE SENSOR
ADDRESS
AND | I
RESET
DQ —»
‘e HIGH TEMP TRIGGER, TH

RST ——

o

ThigH
> LOW TEMP TRIGGER, TL
! | I I l ’————’ | Teow
DIGITAL COMPARATORLOGIC
D Tcom

062097 2/12
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TEMPERATURE MEASURING CIRCUITRY Figure 2

SLOPE ACCUMULATOR

: | COMPARE

SET/CLEAR
o EMPERATURE UNTER PRESET
COEFFICIENT OSCILLATOR co I | teB
ING
30 TEMPERATURE REGISTER
HIGH TEMPERATURE =
COEFFICIENT OSCILLATOR COUNTER
.o |STOP

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 tempera-
ture. 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 Fahrenheitusage, alookup table or con-
version factor must be used.

TEMPERATURE/DATA RELATIONSHIPS
Table 1

DIGITAL DIGITAL

OUTPUT OUTPUT
TEMP (Binary) (Hex)
+125°C 011111010 OOFA
+25°C 000110010 0032h
+15°C 0 00000001 0001h
+0°C 000000000 0000h
-1°C 111111111 01FFh
-25°C 111001110 01CEh
-55°C 110010010 0192h

Since data is transmitted over the 3—wire bus LSB first,
temperature data can be written tofread from the

DS1620 as either a 9-bit word (taking RST low after the
9th (MSB) bit), or as two transfers of 8~bit words, with
the most significant 7 bits being ignored or set to zero,
asillustrated in Table 1. After the MSB, the DS1620 will
output 0s.

Note that temperature is represented in the DS1620 in
terms of a 1/,°C LSB, yielding the following 9—bit format:

EPCENEEO|ononnnnn

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

(COUNT_PER_C ~ COUNT_REMAIN)
COUNT_PER_C

TEMPERATURE = TEMP_READ - 0.25 +

062097 3/12



B

DS1620

DETAILED PIN DESCRIPTION Table 2

PIN SYMBOL DESCRIPTION
1 DQ Data Input/Output 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 pen.
GND Ground pin.
5 Tcom High/Low Combination Trigger. Goes high when temperature exceeds TH; will
reset 1o low when temperature falls below TL.
TLow Low Temperature Trigger. Goes high when temperature falls below TL.
! 7 THIGH High Temperature Trigger. Goes high when temperature exceeds TH.
Voo Supply Voltage. 2.7V - 5.5V input power pin.

OPERATION-THERMOSTAT CONTROLS
Three thermally triggered outputs, TiiaH, TLow, and
Tecowm, are provided to allow the DS162010 be usedasa
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 TigH
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 ThigH cutput can be used to indicate that a high
temperature tolerance boundary has been met or
exceeded, or as part of a closed loop system can be
used to activate a cooling system and to deactivate it
when the system temperature retums o tolerance.

The T ow output functions similarly tothe TwHigH Output.
When the DS1620's measured temperature equals or

THERMOSTAT OUTPUT OPERATION Figure 3

fallsbelow thevalue stored inthe low temperature regis-
ter, the Ty ow output becomes active. T gw remains
active untilthe DS1620's temperature becomes greater
than the value stored in the low temperature register,
TL. The Ty ow output can be used to indicate that a low
temperature tolerance boundary has been met or
exceeded, or as part of a closed loop system, can be
used to activate a heating system and to deactivate it
when the system temperature retums to tolerance.

The Tcom output goes high when the measured tem-
perature 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.

| ]
THigH : I
|
L
1
[ |
[
[
Tiow ]
| I
Tcom i¢ >
TL TH T (°C)
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DS1620

" OPERATION AND CONTROL

-

-

"The DS1620 must have temperature settingsresidentin

the TH and TL registers for thermostatic operation. A
configuration/status register is also used 1o determine
the method of operation that the DS1620 will use in a
particular application, as well as indicating the status of
the temperature conversion operation. The configura-
tion register is defined as follows:

CONFIGURATION/STATUS REGISTER
TLF

DONE | THF NVB 1 o] CPU | 1SHOT

.where
DONE

Conversion Done bit. 1=conversion com-
plete, O=conversion in progress.

Temperature High Flag. This bit willbe set
to 1 when the temperature is greater than
orequal tothe value of TH. ltwill 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.

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 DS 1620 has ever been subjected to
temperatures below TL while power has
been applied.

Nonvolatile Memory Busy Flag. 1=writeto
an E2 memory cellinprogress. O=nonvol-
atile memory is not busy. A copy to E2
may take up to 10 ms.

CPU use bit. If CPU=0, the CLK/CONV
pin acts as a conversion start control,
when RSTislow. IfCPUis 1, the DS1620
will be used with a CPU communicating to
it over the 3—wire port, and the operation
of the CLK/CONYV pinis as a normal clock
in concert with DQ and BST. This bit is
stored in nonvolatile E2 memory, capable
of at least 50,000 writes. The DS1620 is
shipped with CPU=0.

One-Shot Mode. If 1SHOT is 1, the
DS1620 will perform one temperature

5

THF =

TF =

NVB =

CPU =

1SHOT =

conversion upon reception of the Start
Convert T protocol. If 1SHOT is 0, the
DS1620 will continuously perform tem-
perature conversion. This bit is stored in
nonvolatile E2 memory, capable of at least
50,000 writes. The DS1620 is shipped
with 1SHOT=0.

For typical thermostat operation, the DS1620 will oper-
ate in continuous mode. However, for applications
where only one reading is needed at certain times, and
to conserve power, the one-shot mode may be used.
Note that the thermostat outputs (TiigH, Teow. 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 withouta 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
portis active. Setting CPU=1 disables the stand-alone
mode.

To use the CLK/CONV pin 1o initiate conversions, RST
must be low and CLK/CONV must be high. If CLK/
CONV ig driven low and then brought high in less than
10 ms, one temperature conversion will be performed
and then the DS1620 will retumn to an idle state. If CLK/
CONV is driven low and remains low, continuous con-
versions will take place until CLK/CONV is brought high
again. With the CPU bit set to 0, the CLK/CONV will
override the 1-shot bitif 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 ofthree signals. These are
the RST (reset) signal, the CLK (clock) signal, and the
DQ (data) signal. All data transfers are initiated by driv-
ing the RST input high. Driving the RST input low termi-
nates communication. (See Figures 4 and 5.) A clock
cycle is a sequence of afalling 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

062097 5/12
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falling edge of the clock, and remain valid through the
risihg edge.

WHen reading data from the DS1620, the DQ pin goes
toa highimpedance state while the clockis 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
shdwn in Table 3 is as follows.

Read Temperature [AAh]

Thl's command reads the contents of the register which
contains the last temperature conversion result. The
next nine clock cycles will outputthe contents ofthis reg-
|S‘ler

Write TH [01h]

This command writes to the TH (HIGH TEMPERA-
TURE) 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 THIGH
output.

Write TL [02h]

This command writes to the TL (LOW TEMPERA-
TURE) register. After issuing this command, the next
nife 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 TEM-
PERATURE) register. After issuing this command, the
néxt nine clock cycles clock out the 9-bit temperature
limitwhich sets the threshold for operation of the THIGH
output.

Read TL [A2h]
This command reads the value of the TL (LOW TEM-
PERATURE) 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 TLow
output.

Read Counter [AOh]

This command reads the value ofthe counter byte. The
next nine clock cycles will output the contents ofthis reg-
ister,

Read Slope [A9h]

This command reads the value ofthe slope counterbyte
fromthe DS1620. The next nine clock cycles will output
the contents of this register.

Start Convert T [EEh]

This command begins a temperature conversion. No
further data isrequired. In one—shot mode, the tempera-
ture 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 fur-
ther data isrequired. This command may be used to hatt
aDS1620 in continuous conversion mode. After issuing
this command, the current temperature measurement
willbe 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 reg-
ister. After issuing this command, the next eight clock
cycles output the value of the configuration register.

062097 6/12
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D81620 COMMAND SET Table 3

3

&

INSTRUCTION

Read Temperature
B
3

DESCRIPTION

Reads last converted temperature
value from temperature register.

PROTOCOL
TEMPERATURE CONVERSION COMMANDS

3-WIRE BUS

DATA AFTER
ISSUING

PROTOCOL

<read data>

Read Counter Reads value of count remaining from AOh <read data>

L counter.

Read Slope Reads value of the slope accumulator. A%h <read data>

étgn Convert T Initiates temperature conversion. EEh Idle 1

Stop Convert T Halts temperature conversion. 22h idle 1

RMO A O B

Write TH Writes high temperature limit value into 01h <write data> 2
TH register.

Write TL Writes low temperature limit value into 02h <write data> 2
TL register.

Read TH Reads stored value of high tempera- Ath <read data> 2

. ture limit from TH register.

Read TL Reads stored value of low temperature A2h <read data> 2
limit from TL register.

Write Config Writes configuration data to configura- 0Ch <write data> 2
tion register.

Read Config Reads configuration data from configu- ACh <read data> 2

2 ration register.

NOTES:

1. Incontinuous conversion mode, a Stop Convert T command will halt continuous conversion. To restart, the Start
command must be issued for every

Convert T command must be issued. In one—shot mode, a Start Convert T

;, temperature reading desired.

. Writing to the E2 typically requires 10 ms at room tem

should be requested for at least 10 ms.

E
3

perature. After issuing a write command, no further writes

062097 7112
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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
: L TX RX oCh CPU issues Write Config command
TX RX 00h CPU sets DS1620 up for continuous conversion
v TX RX Toggle RST CPU issues Reset to DS1620
© X RX 01h CPU issues Write TH command
f X RX 0050h CPU sends data for TH limit of +40°C
forx RX Toggle AST CPU issues Reset to DS1620
TOTX RX 02h CPU issues Write TL. command
, IX RX 0014h CPU sends data for TL limit of +10°C
X RX Toggle RST CPU issues Reset to DS1620
X RX Ath CPU issues Read TH command
RX X 0050h DS1620 sends back stored value of TH for CPU
to verify
TX RX Toggle RST CPU issues Reset to DS1620
T OTX RX A2h CPU issues Read TL command
" RX 04 0014h DS1620 sends back stored value of TL for CPU
to verify
L RX Toggle RST CPU issues Reset to DS1620
TX RX EEh CPU issues Start Convert T command
P TX RX Toggle RST CPU issues Reset o DS1620

—

062007 8/12
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DS1620

I
READ DATA TRANSFER Figure 4

PROTOCOL

NOTE: tcy, tew, tR, and 1F apply to both read and write data transter.

RELATED APPLICATION NOTES

'I:phe 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.comy, or through our faxback
service at (972) 371-4441.

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

licati 1
torola SPI Bus”

Application Note 105: "High Resolution Temperature

Measurement with Dallas Direct-to-Digital Tempera-
ture Sensors”

5: “Interfacing the DS1620 to the Mo-

Sample Ds1620 subroutines that can be used in con-
junction with AN105 can be downloaded from the web-
site or our Anonymous FTP Site.

A -

062097 9/12



ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground —0.5Vto +7.0v
Operating Temperature -55°C to +125°C
Stdrage Temperature -55°C to +125°C
Soldering Temperature 260°C for 10 seconds

* 'Phis is a stress rating only and functional operation ofthe device atthese or any other contitions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
gonditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Vop 2.7 55 v 1
Logic 1 Vin 2.0 Veo+0.3 v 1
Logic 0 ViL -0.3 +0.6 v 1
D(f: 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 10 +70°C +1/p °C 10, 11
I —55°C 10 +0°C :
and 70°C to See Typical Curve
125°C
Logic 0 Output Voo 0.4 v 3
Logic 1 Output Von 24 \ 2
Input Resistance R RST to GND 1 MQ
DQ,CLK to Vpp 1 MQ

Active Supply Current loc 0°Cto +70°C 1 mA 4,5
Standby Supply Current IsTRY 0°C to +70°C 1 HA 4,5

i
SINGLE CONVERT TIMING DIAGRAM (STAND-ALONE MODE)

I

4

CONV

062097 10/12
I



oy e

Ds1620

]

AC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=2.7V t0 5.5V)

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Temperature Conversion Time Tre 400 1000 ms
Data to CLK Setup toc 35 ns 6
ELK to Data Hold ) tcpH 40 ns 6
CLK to Data Delay tcop 100 ns 6,7.8
CLK Low Time toL 285 ns 6
CLK High Time tcH 285 ns 6
CLK Frequency fok DC 1.75 MHz 6
CLK Rise and Fall tn, te 500 ns
RSTto CLK Setup tcc 100 ns 6
CLK to RST Hold tocH 40 ns 6
RST Inactive Time townH 125 ns 6,9
CLK High to 1/0 High-2Z tcoz 50 ns 6
BST Low to I/0 High-2Z tRoz 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 to 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Capacitance C 5 pF
1/O Capacitance Cio 10 pF

hiOTES:

1. All voltages are referenced to ground.

3 Logic one voltages are specified at a source current of 1 mA.

3. Logic zero voltages are specified at a sink current of 4 mA.

i. lcc specified with DQ pin open and CLK pin at Vpp.

8. lcc specified with Vg at 5.0V and RST=GND.

6. Measured at Vi = 2.0V or V), = 0.8V,

7. Measured at VoH =24V or Vg = 0.4V.

8. Load capacitance = 50 pF.

Q'. tcwn must be 10 ms minimum following any write command that involves the E2 memory.

10. See typical curve for specification limits outside 0°C 10 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,

062097 11h2
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TYPICAL PERFORMANCE CURVE

DS1620 DIGITAL THERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR

UPPER LIMIT
SPECIFICATION

-ERROR (deg. C)

~-15 5 25 45 65 85 105

LOWER LIMIT
SPECIFICATION

TEMPERATURE (deg. C)

062097 12/12
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