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Electrical Appliances Controller Via Subscriber Line
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ABSTRACT

This project is about the study of using a telephone to control the on-off states of an
electrical appliance which is cohtroled by the microcontroller. The principle is based on
converting DTMF signal from telephone to digital code . Then send digital code to
microcontroller to process with ‘automatic answering circuit for control turning on and off
electrical appliances. Afterthat , send short voice message back to user to inform status and

wait for the next order. This project can also set time to turn on and off electrical appliances.
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;*********************

: ISD2590
;*********************
B4 FEQUI PL:3

A% EOUS P12

B6. EQU:. Pl

A7 EQU PL.0

3o SRR 16| S 5

EQN. -BQY - P14

;*************************

; DETECT RINGING

5Kk kK Kok ko ko ok kK Kk ok kK
RING EQU P16

RST EQU Pl

;*******************

: MT8870
;*******************
gl ¢ Eeu B30

0P S EO B

Q3 EQU P3

04 EQU JBA

stD  EQU #p6.4

;************************

; KEEP PASSWORD
;************************
PWl EQU - 20H

PW2 EQU_ 21H

PW3 EQU  22H

PW4 EQU. 23H

CHKPWD EQU 24H

;********************

; CHANEL
;********************
cH BT, dof
CHLI EQU -~ P0.0
cH2 Hp§ 2kq.1
CH3 EQ\ %§.2
CH4A EQQ\\ %¢,2
CHS EQU \ \e0"4
CH6 EQU N&RS
CHT EQU PN
CH8 EQU PON

;****************

; ECT.
;*****************
KPAD DATA EQU 2FH
KEEPM EQU  30H
FLAG EQU  31H

;****************************

; REAL TIME CLOCK
;****************************
RRST BQU = B2.9

RDT: « EQU- . B2.6

B EQU i ED Ly

BUFFER EQU 32H
SECONDS EQU 50H
MINUTES EQU 34H

HOURS EQU 35H
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ST CHI1 EQU 36H

H CH1 EQU  37H
M_CH1 EQU  38H
ST eHo EQU  39H
H CH2 EQU  32H
M_CH2 EQU  3BH
ST CH3 EQU  3CH
H CH3 EQU  3DH
M CH3 EQU  3EH
ST_CH4 EQU  3FH
H _CH4 EQU  40H
M_CHA4 EQU  41H
ST_CHS EQU  42H
H CH5 EQU  43H
M CH5 EQU  44H
ST_CH6 EQU  45H
H CH6 EQU  46H
M _CH6 EQU  47H
ST CHY EQU  48H
H CH7 EQU- ~49H
M _CH7 EQU  4AH
ST_CHS8 EQU  4BH
H_CHS EQU  4CH
M _CHS EQU  4DH

;************************

; MAIN PROGRAM

;************************

ORG 0000H

MOV PO, #11111111B
MOV P1,#00110000B
MOV P2, #111000008B
MOV P3,#11111111B

SETLB =PD
CLR RCK
CLR RRST

MAIN: JNB  RING,MAIN1
LJMP CHK_ PWD
MAIN1:LCALL CHECK TIME

LJMP MAIN
MAIN2:MOV A, #08H
LCALL PLAY
OUT: JB EOM, OUT1
AJMP OUT2
OUT1l: JB RING, OUT
OUT2: SETB PD
CLR  ReT
SETB RST
GLRE #<BST
LCALL DELAY 1s
AJMP MAIN

;****************************

; CHECK PASSWORD
;****************************
CHK_PWD:

LCALL DELAY 200ms

MOV A, #00H

MOV PW1,A

MOV~ PW2,A



MOV
MoV
MOV
LCALL
JB
SETB
GET PWD1:
LCALL
JB
SETB
LJMP
KEEP PWD1:
JNB
SETB
JB
LCALL
MOV
MOV
GET PWD2:
LCALL
JB
SETB
LJMP
KEEP PWD2:
JNB
JB
LCALL
MOV
MOV
GET PWD3:
LCALL
JB
LJMP
KEEP_PWD3:
JNB
JB
LCALL
MOV
MOV
GET_PWD4:
LCALL
JB
LJMP
KEEP PWD4:
JNB
JB
LCALL
MOV
MOV
AJMP

COMPARE_PWD:

MOV
CJNE
MOV
CJNE
MOV
CJNE
MOV
CJNE
AJMP
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PW3,A
PW4,A
CHKPWD, A
PLAY
EOM, $

PD

CHECK_TIME
RING, KEEP_PWD1
PD

MATN

STD,GET_PWD1
PD

STD, $
GET_KPAD

A, KPAD DATA
PW1,A

CHECK TIME
RING, KEEP PWD2
PD &
MAIN

STD,GET_PWD2

STD, $

GET KPAD
A,KPAD DATA
PW2,A

CHECK TIME
RING, KEEP PWD3
MAIN

STD,GET_PWD3

STD, $

GET KPAD
A,KPAD DATA
PW3,A

CHECK TIME
RING, KEEP PWD4
MAIN

STD,GET_PWD4
STD, $
GET_KPAD

A, KPAD DATA
PW4, A
COMPARE_PWD

A, PWl
A, #01H, PWD WRONG
A, PW2
A, #02H, PWD_WRONG
A, PW3
A, #03H, PWD_WRONG
A, PW4
A, #04H, PWD_WRONG
PASS



PWD_WRONG:

INC  CHKPWD

MOV A, CHKPWD

CJNE A, #03H, PWD WRONGL

AJMP MAIN2
PWD_WRONGL :

LCALL DELAY 100ms

MOV A, #O01H

LCALL PLAY

JB EOM, $

SETB PD

AJMP GET PWD1
,-*************************
; IF PASSWORD OK
;*************************
PASS: LCALL DELAY 200ms

LCALL DELAY 200ms

LCALL CHECK_TIME

MOV A, #02H

LCALL PLAY
PASS1:JB EOM, PASS2

SETB PD

LCALL WAIT KEY

LJMP  PASS
PASS2:JB RING, PASS3

SETB - PD

LJMP  MAIN
PASS3:JNB  STD, PASS1

SETB = PD

JB STD, $

LCALL GET KPAD

MOV - A,KPAD DATA

CHECK1:CJNE
LCALL
LJMP
CHECKZ2 : CINE
LCALL
LJMP
CHECK3:CJNE
LCALL
LJMP
CHECK4 : CINE
LCALL
LJMP
CHECK5:CJINE
LCALL
LJIMP
CHECK6: CINE
LCALL
LJMP
CHECK7:CJNE
LCALL
LJMP
CHECKS8 : CJNE
LCALL
LJMP
CHECK10:
CJNE
LCALL
LJMP

A, #01H, CHECK2
READCH1
CH_ON

A, #02H,CHECK3
READCH?

CH ON

A, #03H, CHECK4
READCH3
CH_ON

A, #04H, CHECK5
READCH4

CH_ON

A, #05H, CHECK6
READCH5
CH_ON

A, #06H, CHECKY
READCH6
CH_ON

A, #07H, CHECKS
READCH?

CH_ON

A, #08H, CHECK10
READCHS

CH ON

A, #0AH, CHECK11
ALLCHOFF
PASS
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CHECK11:
CJNE A, #0BH, CHECK12
LCALL SET_ TIME
LJgMP . PASS

CHECK12::
CJNE A, #0CH, CHECK13
LJMP MAIN2

CHECK13:
LJMP PASS

WAIT KEY:
MOV  R1,#250
D18: JB  RING,D19
SETB PD
LJMP MAIN
D19: JNB  STD,D20
SETB PD
JB SID, 4
LCALL GET KPAD
MOV ~ A,KPAD DATA
LJMP CHECK1
D20: LCALL DELAY_10ms
DJNZ R1,D18
RET

;*****************‘k**

; CHANEL" ON
;********************
CH ON:JNC - OFEO
ONO: LCALL DELAY 200ms
LCALL DELAY 200ms
LCALL CHECK TIME
MOV . A, #OBH
LCALL PLAY
ON1: JB © EOM;ON2
SETB . PD
LCALL ‘WAIT KEY1
AJMP  ONO
ON2: JB . RING;ON3
SETB  PD
LJMP MAIN
ON3: JNB  STNNI
SETB PD
JB: . SID;%
LCALL GET KPAD
MOV ~ A,KPAD DATA
CHECK KEY10:
CJNE A, #01H, CHECK KEY11
LCALL CH_ONOFF
AJMP  PASS
CHECK_KEY11:
CJNE A, #02H, CHECK KEY12
LCALL SET TIME CH
AJMP PASS
CHECK_KEY12:
CJNE A, #0BH, CHECK KEY13
AJMP PASS
CHECK KEY13:
CJNE A, #0CH, ONO
AJMP MAIN2
WAIT KEY1:
MOV | R1, #250



=

D12: JB RING, D13
SETB ... BD
LJMP MAIN
D133 JNB STD, D14
SETRB. PD
JB STD,.S
LCALL GET_KPAD
MOV A,KPAD_DATA
LJMP CHECK_KEYlO
D14: LCALL DELAY 10ms
DJNZ R1,D12
RET

;*********************

: CHANEL OFF

;*********************

OFF0: LCALL DELAY 200ms
LCALL DELAY 200ms
LCALL CHECK TIME
MOV A, #0FH
LCALL PLAY

OFFl: JB EOM, OFF2
SETB PD
LCALL WAIT KEY2
AJMP OFFO0

OFF2: JB RING, OFF3
SETB  PD
LJMP MAIN

OFF3: JNB STD, OFF1
SETB PD
JB STD, $
LCALL GET KPAD
MOV -~ A,KPAD DATA

CHECK KEY21:
CJINE A, #01H,CHECK KEY22
LCALL CH_ONOFF
AJMP PASS

CHECK KEY22:
CJINE A, #02H, CHECK KEY23
LCALY SETSBIME ‘€
AJMP PASS

CHECK KEY23:
CJNE A, #0BH,CHECK KEY24
AJMP PASS

CHECK KEY24:
CJNE A, #0CH,OFFO
AJMP MAIN2

WAIT KEY2:
MOV  R1, #250
D16 0B RING, D16

SETB - PD

LJMP MAIN
D6 = =INB STD, D17

SETB: . PD

JB SID; S

LCALL GET_KPAD

MOV A, KPAD DATA

LJMP CHECK KEY21
D17: LCALL DELAY 10ms

DJNZ R1,D15

RET
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;***************************

; ON/OFF CHANEL

;*******k*******************

CH_ONOFF:
MOV
CJINE
CPL
AJMP
CH2 1:CJNE
CPL
AJMP
CH3_1:CJNE
CPL
AJMP
CH4 1:CJINE
CPL
AJMP
CH5 1:CJNE
CPL
AJMP
CH6_1:CJNE
CPL
AJMP
CH7_1:CJNE
CPL
AJMP
CH8_1:CJNE
CPL
AJMP
CHRET : LCALL
MOV
LCALL
JB
SETB
RET

A,CH

A, #01H,CH2 1
CH1

CHRET

A, #02H, CH3_1
CH2

CHRET

A, #03H,CH4 1
CH3

CHRET

A, #04H,CH5 1
CH4

CHRET

A, #05H,CH6_1
CH5

CHRET

A, #06H,CH7_1
CH6

CHRET

A, #07H, CH8_1
CH7

CHRET

A, #08H, CH_ONOFF
CHS8

CHRET

DELAY_ 100ms
A, #07H

PLAY

EOM, $

PD

;***************************

; OFF ALL CHANEL

;***************************

ALLCHOFF:
SETB
SETB
SETB
SETB
SETB
SETB
SETB
SETB
LCALL
MOV
LCALL
JB
SETB
RET

CH1
CH2
CH3
CH4
CHS5
CHG6
CH7
CHS8
DELAY 100ms
A, #07H
PLAY
EOM, $
PD

;**************************

H READ

CHANNEL

;**************************

READCH1 :
MOV
MOV
MOV
RET

A,PO
CACCL0
CH, #01H



READCH2 :
MOV A, PO
MOV C,ACC.1
MOV  CH, #02H
RET
READCH3:
MOV A, PO
MOV - C,ACCi2
MOV  CH, #03H
RET
READCH4 :
MOV A, PO
MOV:  C,RAEE.3
MOV  CH, #04H
RET
READCH5:
MOV A, PO
MOV~ C,BEC.4
MOV  CH, #05H
RET
READCHG6:
MOV A, PO
MOV # 4C,ACC.5
MOV ~ CH, #06H
RET
READCH7:
MOV A, PO
MOV C,ACC.6
MOV  CH, #07H
RET
READCHS :
MOV - A, PO
M@V &= C,RAGE.{7
MOV . CH, #08H
RET
,-*****************************
; SET PRESENT TIME
;*****************************
SET TIME:
LCALL DELAY. 200ms
MOV A, #06H
LCALL PLAY
JB EOM, $
SETB PD
,-***********HOURS**************
STl TR RING,ST1 2
LJMP MAIN
ST1 2008 STD, STl
JB STD, $
LCALL GET KPAD
MOV  A,KPAD DATA
CJNE A, #03H,H1 1
AJMP SET TIME
H1 1: CJNE A, #04H,H1 2
AJMP SET TIME
H1 2: CINE A, #05H,H1 3
AJMP SET TIME
Hl 3: CINE A, #06H,H1 4
AJMP SET TIME
H1 4: CJNE A, #07H,H1 5

AJMP

SET TIME
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H1 5: CJNE
AJMP
CJINE
AJMP
CJINE
AJMP
CJNE
AJMP
CJINE
MOV
KEEP H1:
MOV
ST2_1:0B
LJMP
ST2 2:JNB
JB
LCALL
MOV
CJNE
AJMP
CJNE
AJMP
CJNE
MOV
KEEP H2:
MOV
ACALL
MOV
CJNE
AJMP
CJINE
AJMP
CJINE
AJMP
CJNE
AJMP
CJNE
AJMP
CJNE
AJMP

H1l 6;
Hil s
Hl -85

H19:

H2 =1

H2% 2

H31:
H3:2:
H3 3
H3 4:

H375%

A, #08H,H1 6
SET_TIME

A, #09H,H1 7
SET_TIME

A, #OBH,H1 8
SET_TIME

A, #0CH,H1 9
SET TIME

A, #0AH, KEEP_H1
A, #00H

BUFFER, A
RING, ST2_2
MAIN

SFD, 8T2 1
STD, $
GET_KPAD
A,KPAD DATA
A, #0BH,H2 1
SET TIME

A, #0CH,H2 2
SET TIME

A, #0AH, KEEP H2
A, #00H

BUFFER+1,A
BUFFER2ACC
HOURS , A

A, #24H,H3 1
SET TIME

A, #25H,H3 2
SET TIME

A, #26H,H3 3
SET_TIME

A, #27H,H3 4
SET TIME

A, #28H,H3 5
SET_ TIME

A, #29H,S5T3-1
SET_TIME

;********MUNITES**************

ST3 1:JB
LJMP
ST3 2:JNB
JB
LCALL
MOV
CJNE
AJMP
CJINE
AJMP
CJINE
AJMP
CJINE
AJMP
CJINE
AJMP
CJINE
AJMP
CJINE
MOV

M1 1:

Ml 2:

M1:.3:

M1 4:

Ml 6

RING, ST3_2
MAIN

STR, 8T8 T
STD, $

GET KPAD

A, KPAD DATA
A, #06H,M1 1
SET_TIME

A, #07H,M1 2
SET TIME

A, #08H,M1 3
SET_TIME

A, #09H,M1 4
SET_TIME

A, #0BH,M1 5
SET_TIME

R, #0CH,M1_6
SET_TIME

A, #0AH, KEEP M1
A, #00H



KEEP M1:
MOV
sTa 1108
LJMP
ST4 2:JNB
JB
LCALL
MOV
CJINE
AJMP
M2_1: CJNE
AJMP
M2 2: CJINE
MOV
KEEP M2:
MOV
ACALL
MOV
MOV

LCALL
LCALL
MOV
LCALL
JB
SETB
RET

BUFFER, A
RING, ST4_2
MAIN
STD,ST4 1
STD,

GET_KPAD
A,KPAD DATA
A, #0BH,M2 1
SET_TIME

A, #0CH,M2 2
SET_TIME

A, #0RAH,KEEP M2
A, #00H

BUFFER+1, A
BUFFER2ACC
MINUTES, A
SECONDS, #00H

WR_TIME
DELAY 100ms
A, #07H
PLAY

EOM, $

PD

;*************************

; SET TIME CHANEL

;*************************

SET_TIME CH:
LCALL
LCALL
MOV
LCALL
STCHO 1:
JB
SETB
LCALL
AJMP
STCHO 2:
JB
SETB
LJMP
STCHO_3:
JNB
SETB
JB
LEALT
MOV
SSTT1:CJINE
MOV
LCALL
LJMP
SSTT2:CJINE
MOV
LCALL
LJMP
SSTT3:CJINE
LJMP
SSTT4:CINE

DELAY 200ms
DELAY 200ms
A, #09H
PLAY

EOM, STCHO 2
PD

WAIT KEY3
SET_TIME CH

RING, STCHO" 3
PD
MAIN

STD, STCHO 1
PD

STD, §

GET KPAD

A, KPAD DATA
A, #01H, SSTT2
R4, #10H
SET_TIMECH
PASS

A, #02H, SSTT3
R4, #01H
SET_TIMECH
PASS

A, #0BH, SSTT4
PASS

A, #0CH, SET TIME CH
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LJMP

WAIT KEY3:
MoV
JB
SETB
LJMP
JNB
SETB
JB
LCALL
MOV
LJMP
LCALL
DJNZ
RET

D21:

D22:¢

D23:

MAINZ2

R1,#250
RING, D22
PD

MAIN

STD, D23

PD

STD, $
GET_KPAD
A,KPAD DATA
SSTT1
DELAY 10ms
Rl, D21

,-**********HOURS**************

SET_TIMECH:
LCALL
MOV
LCALL
JB
SETB
STCHL 1:
JB
LJMP
STCH1 2:
JNB
JB
LCALE
MOV,
CJINE
AJMP
HCH1 1:CJNE
AJMP
HCH1 2:CJNE
AJMP
HCH1 3:CJNE
AJMP
HCH1 4:CJNE
AJMP
HCH1_5:CJNE
AJMP
HCH1 6:CJNE
AJMP
HCH1 7:CJNE
AJMP
HCH1 8:CJNE
AJMP
HCH1 9:CJNE
MOV
KEEP_HCH1:
MOV
STCHZ 1=
JB
LJMP
STCH2 2:
JNB
JB
LCALL
MOV

DELAY 200ms
A, #06H

PLAY

EOM, $

PD

RING, STCH1 2
MAIN

STD, STCH1 1
STD,$

GET KPAD

A, KPAD DATA
A, #03H,HCHL 1
SET_TIMECH

A, #04H,HCHL 2
SET TIMECH

A, #05H,HCH1 3
SET TIMECH

A, #06H, HCHL 4
SET_TIMECH

2, #07H,HCH1 5
SET TIMECH

A, #08H,HCH1_6
SET_TIMECH

A, #09H, HCH1 7
SET TIMECH

A, #0BH, HCH1 8
SET TIMECH

A, #0CH, HCH1 9
SET_TIMECH

A, #0AH, KEEP_HCH1
A, #00H

BUFFER, A

RING, STCH2 2
MAIN

STD, STCHZ 1
SID, &
GET_KPAD

A, KPAD DATA



CJNE
AJMP
HCH2_1:CJNE
AJMP
HCH2 2:CJNE
MOV
KEEP HCH2:
MOV
ACALL
MoV
CJINE
AJMP
HCH3_1:CJNE
AJMP
HCH3_2:CJNE
AJMP
HCH3_3:CJNE
AJMP
HCH3_4:CJNE
AJMP
HCH3_5:CJNE
AJMP
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A, #0BH,HCH2 1
SET TIMECH

A, #0CH,HCH2 2
SET TIMECH

A, #0AH,KEEP_HCH2
A, #00H

BUFFER+1, A
BUFFER2ACC
R5, A

A, #24H,HCH3 1
SET_TIMECH

A, #25H, HCH3 2
SET_TIMECH

A, #26H,HCH3_3
SET_TIMECH

A, #27H,HCH3 4
SET_TIMECH

A, #28H,HCH3 5
SET_TIMECH

A, #29H, STCH3 1
SET_TIMECH

,-**********MUNITES**************

STCHS 1:
JB
LJMP
STCH3
JNB
JB
LCALL
MOV
CJNE
AJMP
MCH1_13:CJNE
AJMP
MCH1 2:CJNE
AJIMP
MCH1 3:CJNE
AJMP
MCH1_ 4:CJNE
AJMP
MCH1_5:CJNE
AJMP
MCH1 6:CJNE
MOV
KEEP MCH1:
MOV
STCH4 1:
JB
LJMP
STCH4 2:
JNB
LCALL
MOV
CJINE
AJMP
MCH2 1:CJNE
AJMP
MCH2_2:CJNE
MOV
KEEP_MCH2:

RING, STCH3 2
MAIN

STD, STCH3 1
STD,$

GET KPAD

A, KPAD DATA
A, #06H,MCHL 1
SET_TIMECH

A, #07H,MCHL 2
SET TIMECH

A, #08H,MCH1 3
SET_TIMECH

A, #09H, MCHL 4
SET TIMECH

A, #0BH,MCH1 5
SET TIMECH

A, #0CH,MCHI 6
SET_TIMECH

A, #0AH, KEEP_MCH1
A, #00H

BUFFER, A

RING, STCH4 2
MAIN

SID,STCHA 1
GET_KPAD

A, KPAD DATA

A, #0BH,MCH2 1
SET_TIMECH

A, #0CH,MCH2 2
SET_TIMECH

A, #0AH, KEEP MCH2
R, #00H



MOV
ACALL
MOV

MOV
CJNE
MOV
MOV
MOV
AJMP
: CJINE
MOV
MOV
MOV
AJMP
CJINE
MOV
MOV
MOV
AJMP
: CJINE
MOV
MOV
MOV
AJMP
CJINE
MOV
MOV
MOV
AJMP
CJNE
MOV
MOV
MOV
AJMP
CJINE
MOV
MOV
MOV
AJMP
: CINE
MOV
MOV
MOV
STCHRET :MOV
LCALL
JB
SETB
RET

STCH2

STCH3:

STCH4

STCHS:

STCH6:

STCHT:

STCHS
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BUFFER+1, A
BUFFER2ACC
R6,A

A, CH
A, #01H, STCH2
ST CH1,R4

H CH1,R5

M CH1,R6
STCHRET

A, #02H, STCH3
ST CH2,R4

H CH2,R5

M _CH2,R6
STCHRET

A, #03H, STCH4
ST CH3,R4

H CH3,R5

M CH3,R6
STCHRET

A, #04H, STCHS
ST CH4,R4

H CH4,RS

M _CH4,R6
STCHRET

2, #05H, STCH6
ST CHS5,R4

H CHS5,R5
M_CH5,R6
STCHRET

A, #06H, STCHT
ST_CH6,R4

H CH6,R5
M_CH6,R6
STCHRET

A, #07H,STCHS
ST, CH7,R4

H CH7,R5

M _CH7,R6
STCHRET

A, #08H, STCHRET
ST_CH8,R4

H CH8,R5
M_CH8,R6

A, #07H

PLAY

EOM, $

PD

;****************************

; ADD 2

BUFFER TO 1

;****************************

BUFFER2ACC:
MOV
ANL
SWAP
MOV
MOV

A,BUFFER
A, #00FH

A
B.A
A, BUFFER+1
A, #00FH
A,B

4
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; PLAY BACK

;*********************

PLAY: MOV C,ACC.0

MOV BA4,C

MOV C,ACC.1

MOV  AS5,C

MOV - -C,RCC.2

MOV B6,C

MOV C,ACC.3

MOV  A7,C

CLR PD ;ON  ISD2590

RET
;***********************
; GET KEYPAD
;***********************
GET_KPAD:

MOV €01

MOV  ACC.( ¢

MOV C,Q2

Mov  agCAl, C

Mov L3

vov # fcc.2,C

MOV . C,0Q4

MO f RACC.3,8

ANL A, #00FH
MOV ~ KPAD DATA,A
RET

;*********************

; CHECK TIME
;*********************
CHECK_ TIME:

LCALL RD TIME

MOY =%, STo@N

J2 CPT1

MO\ €7ACC. 8

MOV' ' A,M CH1

CJNE = A,MINUTES,CPT1

MOV  A,H CHI

CJNE A,HOURS,CPT1

MOV  CHI,C

MOV ST _CHI,#00H
CPT1: MOV - A} ST €He

Jz CPT2

MOV (G5 RCC.0

MOV~ A,M CH2

CJNE A,MINUTES,CPT2

MOV  A,H CH2

CJNE A, HOURS,CPT2

MOV CH2,C

MOV ST _CH2,#00H
CPT2: MOV  A,ST CH3

Jz CPT3

MOV C,ACC.0

MOV  A,M CH3

CJNE A,MINUTES,CPT3

MOV ~ A,H CH3

CJNE A, HOURS,CPT3

MOV  CH3,C

MOV, - ST CH3, #00H



CPT3: MOV  A,ST_CH4

Jz CPT4

MOV C,ACC.0

MOV~ A,M_CH4

CJNE A,MINUTES,CPT4

MOV A,H CH4

CJNE A, HOURS,CPT4

MOV CH4,C

MOV ST _CH4,#00H
CPT4: MOV  A,ST CH5

Jz CPT5

MOV C,ACC.0

MOV ~ A,M CHS5

CJNE A,MINUTES,CPT5S

MOV  A,H CHS

CJNE A, HOURS,CPT5

MOV . ‘CHS5;,C

MOV ST _CH5,#00H
CPT5: MOV A, ST giff

Jz CPT6

MOV C4ACC.0

MOV A,M CH6

CJNE A,MINUTES,CPT6

MOV A,H CH6

CJNE A, HOURS,CPT6

MOV  CH6,C

MOV ~ ST_CH6,#00H
CPT6: MOV - 'A,ST CH?

Jz CPT7

MOV C,ACC.0

MOV .~ A,M CH7

CJNE _ A,MINUTES,CPT?

MQV -~ A,H_CH7

CJNE~ A, HOURS, CPT7

MOV ~CH7,C

MOV ST CH7,#00H
CPT7: MOV | X,ST CHS8

JZ CPT8

MOV . C,ACC,0

MOV A,M CHS

CJNE A,MINUTES,CPT8

MOV  A,H CHS

CJNE A, HOURS,CPT8

MOV -« CH8,C

MOV ST CH8,#00H

CPT8: RET
;************************
; WRITE TIME
,-************************
WR_TIME:
MOV R2, #8EH ;WRITE PROTECT = O

MOV R3, #00H
LCALL RTC WRITE
MOV R2, #84H
MOV R3, HOURS
LCALL RTC_WRITE
MOV R2, #82H
MOV R3,MINUTES
LCALL RTC WRITE
MOV R2, #80H
MOV R3, SECONDS
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LCALL RTC WRITE

MOV R2, #8EH ;WRITE PROTECT = 1
MOV R3, #80H

LCALL RTC WRITE

RET

;***********************

; READ TIME

;***********************

RD TIME:
MOV R2, #85H
LCALL RTC_READ
MOV HOURS,R3
MOV  R2, #83H
LCALL RTC_READ
MOV~ MINUTES, R3

RET
;*********************
; READ RTC
;*********************
RTC_READ:

CIR pfp

LCALL DELAY 1

SETB RRST

LCALL DELAY 1

MOV, A, R2

LCALL RTC_WRITE 8BIT
MOV R7,%8

CIR A
RTC_READ 1%
CIR = RCK

LCALL DELAY 1

MOV C,RDT

RRC ~ A

SETB _ RCK

LCALL DELAY 1

DJNZ < R7,RTC_READ 1

MOV R3,A

CLR . RRST

LCALL 'DELAY 1

RET
;**********************
; WRITE RTC
;**********************
; INPUT R2 = COMMAND ,R3 = DATA
RTC WRITE:

ELR. - RECK

LCALL DELAY 1

SETB RRST

LCALL DELAY 1

MOV A,R2

LCALL RTC _WRITE_8BIT

MOV A,R3

LCALL RTC WRITE_8BIT

GLR G RRET

LCALL DELAY 1

RET

;¥*kkxkkkTranfer 8-bits data to DS1202%*¥*kkkkkkx*
RTC_WRITE 8BIT:

MOV R7, #8
RTC_WRITEl 8BIT:

RRC A
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MOV RDT, C
SETB RCK
LCALL DELAY 1
CLR RCK
LCALL DELAY 1
DJNZ R7,RTC_WRITEl 8BIT
RET
DELAY 1:
MOV R1, #4 ; DELAY
DJNZ R1,$
RET
;***********************
; DELAY TIME
;***********************
DELAY 1s:
MOV R7, #1FH
D1 MOV R6, #0FFH
D2 MOV R5, #0FFH
DJNZ R5,$
DJNZ R6,D2
DJNZ R7,D1
RET
DELAY 200ms:
MOV R7,#200
D3: MOV R6, #0E6H
D4: NOP
NOP
DJNZ R6,D4
DJNZ R7,D3
RET
DELAY 100ms:
MOV R7, #100
D5: MOV R6, #0E6H
D6: NOP
NOP
DJNZ R6,D6
DJNZ R7,D5
RET
DELAY 10ms:
MOV R7,4#010
D7 MOV R6, #0E6H
D8: NOP
NOP
DJNZ R6,D8
DJNZ R7,D7
RET

END
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1so2.cmos MT8870D/MT8870D-1
Integrated DTMF Receiver

Features ISSUE 5 March 1997
«  Complete DTMF Receiver Ordering Information

- Low power consumption MT8870DE/DE-1 18 Pin Piastic DIP

- internal gain setting amplifier MT8870DS/DS-1 18 Pin SOIC

MT8870DN/DN-1 20 Pin SSOP

< Adj I d i
justable guard time -40 °C to +85 °C

< Central office quality

« Power-down mode
< Inhibit mode

« Backward compatible with
MT8870C/MT8870C-1

Descriptioh

The MT8870D/MT8870D-1 is a complete DTMF

Applications receiver integrating both the bandsplit filter and
« Receiver system for British Telecom (BT) or digital decoder functions. The filter section uses

CEPT Spec (MT8870D-1) switched capacitor techniques for high and low
«  Paging systems group filters; the decoder uses digital counting

techniques to detect and decode all 16 DTMF tone-

* Repeater systems/mobile radio pairs into a 4-bit code. External component count is

= Credit card systems minimized by on chip provision of a differential input
< Remote control amplifier, clock oscillator and latched three-state bus
interface.

- Personal computers
- Telephone answering machine

vDD VSS VRef INH
'S
> Bias
PWON 5 Circuit VRef
Buffer —B_
— —> Q1
Chip  Chip ;

Power Bias Highgyagn o Digital Code ‘

Filter Detection Converter > Q2
Algorithm and Latch
IN + i
%gg Zero Crossing
N - Filter Detectors L3> Q3
S — Low Group =

g Filter _U- &——) Q4

S

———-{ So— > E‘:’h?g s st Steering
Clocks GT Logic

——AAA—————

o g

v v

OSC1 0SC2 SYGT ESt STD TOE

Figure 1 - Functional Elock Diagram
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WONO NNh WN=

SOENO AW N

- Pin Connections

Pin Description

Pin #
18 | 20 Name Description
111 IN+ Non-inverting Op-Amp (Input).

2 IN- Inverting Op-Amp (Input).

GS Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

4 | 4 Vgef |Reference Voltage (Qutput). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

5155 INH  |Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This
pin input is internally pulled down.

0OSC1  |Clock (input).

819 0SC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 | 10 Vgs Ground (Input). 0V typical.

10 | 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internally.

11-|12-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the
141 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15| 17 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on SYGT falls
below Vg

16| 18 ESt |Early Steering (Qutput). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17| 19| SYGT |SteeringInput/Guard time (Output) Bidirectional. A voltage greater than Vst detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18 | 20 Voo Positive power supply (Input). +5V typical.

T NC No Connection.
16
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Functional Description

The MT8870D/MT8870D-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Fiiter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

MT8870D/

MT8870D-1 le1A=(RC)In(Vpp/VTsy)

teTP=(RC)In[Vpp/(Vpp-V7s)]

igure 4 - Basic Steering
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v (see Figure 4) to
rise as the capacitor discharges. Provided signal

PRECISE
DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

ATTENUATION

A=697 Hz
B=770Hz

(dB)

C=852 Hz
D=941 Hz

E=1209 Hz
F=1336 Hz

G=1477THz
H=1633 Hz

1 '

AB C D

f

1kHz

v
71

FREQUENCY (Hz)
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ISO2-CMOS

condition is maintained (ESt remains high) for the
validation period (tgTp), V¢ reaches the threshold
(V1) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registared. The contents of the -output latch are
made available on the 4-bit output bus by raising the
three state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 4 is applicable. Component
values are chosen according to the formula:

trec=tpp*iarp
tip=tpaticma
The value of tpp is a device parameter (see Figure
11) and trge is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uF is

terP=(RpC1)InlVpp/(Voo-Vrs)]

Voo O I teTa=(R1C1)In(Vpo/VTs)
C4

Re=(R1R}/(R1*R2)

a) decreasing tgrp: (terp<teTa)

z
T
m
@

Digit | TOE

o
w
o)
N
o

>
Z
..<

terp=(R{C1)In[Vpo/(Voo-Vrsi]

Voo O C [ tom(ReCoinVooVrs)

! Rp=(R1R)/(R*R2)
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undetected, the output code
will remain the same as the
previous detected code

g TlT | T EPT| | T]| ||| (|| Ty ]|

BTN PRE [ ZfITAXNIZ|EP| ||| ||| ]}
Tl ||| XXX XXX X X]X]X]|X]|X|X

O|O|®m|>»|O|0O|0|>|#*

L

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to be
selected by the designer.

Different steering arrangements may be used to
select independently the guard times for tone
present (tgtp) and tone absent (tga)- This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. Increasing trec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tggc  with
a long tpo would be appropriate for extremely naisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 6 (PWDN) wili power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (VRef) Which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and VRres
biasing the input at 1/2Vpp- Figure 6 shows the
differential  configuration, ~which  permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible to
configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSCH1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision  balancing
capacitors are not required.

MT8870D/
MT8870D-1

e

g ¢
O

ifferential Jnput Amplifier
81= =10 np‘ R R

Al resistors are 1% tolerance.
All capacitors are £5% tolerance.

R{=R,=Rs=100 kQ
R;=§6£?R3=37.5 kQ
RoRs
RptRs

R
VOLTAGE GAIN (A, diff)= R—5
;

R3=

INPUT IMPEDANCE

1 2
(Znore) =24/ RZ+ (Tn'c')

__1 i___ﬁ To OSC1 of next
(] 8870D/MT8870D-1

S
0SC2

=30 pF
-tal=3.579545 MHz

igure
Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4984
co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2MTfR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151 ~, trp=(RpCIn[Voo/(Voo-Vrs)]

The circuit shown in Fig. 9 illustrates the use of tera=(R:CIn(Vop/Vrs)
MT8870D-1 device in a typical receiver system. BT 2
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained
by choosing a suitable values of Rq and R, to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Rz and C, are the guard time

Rp=(R1RIMR1*+R2)

requirements when the total component tolerance is Notes:
s R{=368K Q1%
6%. For better performance, it is recommended to Ry=22MQ + 1%

use the non-symmetric guard time circuit in Fig. 8. C4=100nF + 5%

MT8870D-1

AT Voo
SYGT

ESt

StD

Q4

Q3

Q2

Qi

NOTES:

Ry =102KQ+ 1%

Ry, =71.5KQ+ 1%

R3 = 390KQ+1 %

C4,C, = 100 nF + 5%

X4 =3.579545 MHz £ 0.1%
VDD =50V+t5%

TETS
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Absolute Maximum Ratings'

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 \Y
2 | Voltage on any pin Vi Vgs-0.3 Vppt0.3 \Y
3 | Current at any pin (other than supply) f 10 mA
4 | Storage temperature Tste -65 +150 °C
5 | Package power dissipation Pp 500 mwW

+ Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Derate above 75 °C at 16 mW / °C. Ali leads soldered to board.

Recommended Operating Conditions - voltages are with respect to ground (Vgs) unless otherwise stated.

Parameter Sym | Min Typt Max | Units Test Conditions
1 | DC Power Supply Voltage Vop 4.75 5.0 5:25 V
2 | Operating Temperature To -40 +85 e,
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afc 0.1 %
t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - Vpp=5.0V+ 5%, Vgs=0V, -40°C < T < +85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max Units Test Conditions

1 | S |Standby supply current Ioba 10 25 pA | PWDN=Vpp

g Operating supply current oo 3.0 3.0 mA
3 E Power consumption Po 15 mW  |fc=3.579545 MHz

Y.
4 High level input Vin 3.5 V' [Vpp=5.0V
5 Low level input voltage Vie 1.5 V' |Vpp=5.0V
6 |, [Input leakage current i/l 0.1 pA  |Vin=Vssor Vpp
7 '; Pull up (source) current lso 7.5 20 pA | TOE (pin 10)=0,

U Vpp=5.0V
8 ; Pull down (sink) current I 15 45 uA | INH=5.0V, PWDN=5.0V,

Vpp=5.0V

9 Input impedance (IN+, IN-) Rin 10 MQ |@ 1kHz
10 Steering threshold voltage Vst 2.2 24 25 V  |Vpp=5.0V
11 Low level output voltage VoL Vgg+0.03 V | No load
12 8 High level output voltage Vou | Vpp-0.03 V  |No load
13 | T | Output low (sink) current loL 1.0 2.5 mA | Vout=04V
14 S Output high (source) current | loy 04 0.8 mA |Voyut=4.6V
15 ; VRes Output voltage VRef 23 25 2:7 V  |No load, Vpp = 5.0V
16 VRet OUtput resistance Ror 1 kQ

1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

417
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Operating Characteristics - vpo=5.0v£5%, Vsg=0V, 40°C < To < +85°C ,unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym | Min Typ*t Max | Units Test Conditions
1 | Input leakage current N 100 nA | Vss<Vin<Vpp
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR | 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB 0.75V <V|y<4.25V biased
at Vgef=2.5V
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fc 0.30 MHz
8 | Output voltage swing Vo 4.0 Vpp { Load 2100 kQ to Vgs @ GS
9 | Maximum capacitive load (GS) CL 100 pF
10 | Resistive load (GS) Re 50 kQ
11 | Common mode range Ve 25 Vpp | NoLoad

MT8870D AC Electrical Characteristics - Vpp=5.0V £5%, Vss=0V, 40°C < Tg < +85°C , using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typt | Max | Units Notes*
. Valid input signal levels (each -29 +1 dBm 1,2,3,5,6.9
tone of composite signal
P e} 27.5 869 | mVems | 1.2:3.5.6.9
2 | Negative twist accept 8 dB 2,3,6,9,12
3 | Positive twist accept 8 dB 2,3,6,9,12
4 | Frequency deviation accept +1.5% £t 2 Hz 2,359
5 | Frequency deviation reject +3.5% 28589
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Noise tolerance -12 dB 2,3,4,5,7,9,10
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11
1 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by 1.5 %t 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) +2%.
9. For an error rate of better than 1 in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - vpp=5.0Vi5%, Vgs=0V, -40°C < T < +85°C , using Test Circult shown

in Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
4 | Valid input signal levels (each -31 +1 dBm Iezsf‘;‘ggDD:&OV
tone of composite signal) 21.8 860 | Vel
) : -37 dBm | TestedatVpp=5.0V
2 | Input Signal Level Reject 123.56.9
10.9 mVRMS VEe
3 | Negative twist accept dB 2,3,6,9,13
4 | Positive twist accept dB 2,3,6,9,13
5 | Frequency deviation accept +1.5%= 2 Hz 2:3.5.9
6 | Frequency deviation reject +3.5% 2.3.5,9
7 | Third zone tolerance -18.5 dB 2,3,4,59,12
8 | Noise tolerance -12 dB 2,3,4,57,9,10
9 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11
1 Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by 1.5 %* 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) £ 2 %.
9. For an error rate of better than 1 in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.
12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.
13. Guaranteed by design and characterization.
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MT8870D/MT8870D-1 1S0%-CMOS

AC Electrical Characteristics - vp=5.0V15%, Vgs=0V, -40°C < To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym | Min Typt | Max | Units Conditions
1 Tone present detect time top 5 11 14 ms |Note 1
2 | 1 |Tone absent detect time tpa 0.5 4 8.5 ms |Note 1
3 ,:A Tone duration accept trec 40 ms |Note 2
4 rh Tone duration reject tREC 20 ms |Note 2
5 | G |Interdigit pause accept tip 40 ms |Note 2
6 Interdigit pause reject too 20 ms |Note 2
7 Propagation delay (St to Q) teq 8 11 us |[TOE=Vpp
8 | o |Propagation delay (St to StD) tpstp 12 16 us |TOE=Vpp
9 ? Output data set up (Q to StD) tasto 34 us |TOE=Vpp
10 E Propagation delay (TOE to Q ENABLE) | tpye 50 ns |load of 10 kQ,
T 50 pF
11 : Propagation delay (TOE to Q DISABLE)| tprp 300 ns |load of 10 k&,
50 pF
12 | P [Power-up time teu 30 ms |Note 3
13 \zv Power-down time tpp 20 ms
14 Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz
15 (L3 Clock input rise time i HeL 110 ns - |Ext. clock
16 | 0 [Clock input fall time thicL 110 ns |Ext. clock
17 E Clock input duty cycle DCc | 40 50 60 % |Ext. clock
18 Capacitive load (OSC2) Cio 30 pF
T Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES:
; l'lgﬁggef.olzsg:ra:cj!jSrsT:Zb(l;g';ggtrir?gtgtysr,paoriers\oanéévice specifications. The adjustable seitings of these minimums and maximums

are recommendations based upon network requirements.
3. With valid tone present at input, tpy equals time from PDWN going low until ESt going high.

MT8870D/MT8870D-1

IN+ £ Vop
IN- SUGT
GS ESt

StD

Q3
Q2 NOTES:

RR,=100KQ+ 1%
R3=300KQ £ 1%

C4,.C,=100 nF + 5%
X-tal=3.579545 MHz + 0.1%
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Iso2-cmMos MT8870D/MT8870D-1

DECODED TONE # (n-1) { x |
)
tosp—sl k=
|

EXPLANATION OF EVENTS

| A TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS
END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALID
TONE.
OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).
ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.
END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.
ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
StGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
f Q,-Q, 4-BIT DECODED TONE OUTPUT.

StD DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

i TOE TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Q, TO ITS HIGH IMPEDANCE STATE.
tReC MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
E toec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
to MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
too MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.
TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
GUARD TIME, TONE PRESENT.
GUARD TIME, TONE ABSENT.
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DS1302

£ DALLAS

B” SEMICONDUCTOR Trickle Charge Timekeeping Chip
WWW.MAXIMAIC.COM =5 i = ke e s Do St b fi o S i
FEATURES PIN ASSIGNMENT
= Real-time clock (RTC) counts seconds,
minutes hours, date of the month, month, day s "7 v
of the week, and year with leap-year xid 2 7 B scx
compensation valid up to 2100 x20 3 6 010

= 3]-byte, battery-backed, nonvolatile (NV) GND [ 4 5 D’@
RAM for data storage : :

= Serial /O for minimum pin count omag2 8:Bin DIE (300-mil)

= 2.0V to 5.5V full operation

= Uses less than 300nA at 2.0V o,

= Burst mode for reading/writing successive Ve Q1 8 [0 Veer
addresses in clock/RAM s il R SCLK

= 8-pin DIP or optional 8-pin SOICs for surface G:‘; % i 2 E%
mount

DS1302 8-Pin SOIC (200-mil)

* Simple 3-wire interface . !
DS 1302 8-Pin SOIC (150-muil)

=  TTL-compatible (Vcc =5V)
= Optional industrial temperature range:

-40°C to +85°C Veez | 1 16 [ Veer
« DS1202 compatisie . ez e
= Underwriters Laboratory (UL) recognized \A V4 13 I ne
%2 & 18 1288 ] 1/0
ORDERING INFORMATION - A=Y fg e
DS1302 8-Pin DIP (300-mil) GND — 8 ' e
DS1302N 8-Pin DIP (Industrial) DS 1302 16-Pin SOIC (300-mil)
DS1302S 8-Pin SOIC (200-mil) =
DS1302SN 8-Pin SOIC (Industrial)
DS1302Z 8-Pin SOIC (150-mil) ‘
DS1302ZN 8-Pin SOIC (Industrial) PIN DESCRIPTION
DS1302S-16 16-Pin SOIC (300-mil) X1 X7 - 32.768kHz Crystal Pins
DS1302SN-16 16-Pin SOIC (Industrial) GND - Ground
RST - Reset
/O - Data Input/Output
SCLEK . .- Serial Clock
Veer, Veez - Power Supply Pins
DESCRIPTION

The DS1302 Trickle Charge Timekeeping Chip contains an RTC/calendar and 31 bytes of static RAM. It
communicates with a microprocessor via a simple serial interface. The RTC/calendar provides seconds,
minutes, hours, day, date, month, and year information. The end of the month date is automatically
adjusted for months with fewer than 31 days, including corrections for leap year. The clock operates in
either the 24-hour or 12-hour format with an AM/PM indicator.
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DS1302

Interfacing the DS1302 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) I/O (data line), and
3) SCLK (serial clock). Data can be transferred to and from the clock/RAM 1 byte at a time or in a burst
of up to 31 bytes. The DS1302 is designed to operate on very low power and retain data and clock
information on less than 1 microwatt.

The DS1302 is the successor to the DS1202. In addition to the basic timekeeping functions of the
DS1202. the DS1302 has the additional features of dual-power pins for primary and back-up power
supplies, programmable trickle charger for Vccy, and seven additional bytes of scratchpad memory.

TYPICAL OPERATING CIRCUIT

Vee

T |

Vee2 -
R
DS1302 3 &3
DIP crystal
2 mat
HP 7
SCLK rexd
cc
8l l
GND i
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OPERATION

The main elements of the serial timekeeper (i.e., shift register, control logic, oscillator, RTC, and RAM)
are shown in Figure 1.

DS1302 BLOCK DIAGRAM Figure 1

Voot < >——
& 32.768 kHz
v, POWER
cce [ >— CONTROL
X1 i

ano <3 -
fL——— REAL TIME OSCILLATOR
CLOCK AND DIVIDER
i
neexs;eggg DATA BUS
SCLK
Lo
Somses® [ omessors | M wxem

SIGNAL DESCRIPTIONS

Vet — Veer provides low-power operation in single supply and battery-operated systems as well as low-
power battery backup. In systems using the trickle charger, the rechargeable energy source is connected
to this pin. UL recognized to ensure against reverse charging current when used in conjunction with a
lithium battery.

See “Conditions of Acceptability” at hitp:/Aww.maxim-ic.com/TechSupport/QA/ntl.him.

Veer — Vees is the primary power supply pin in a dual-supply configuration. Veci is connected to a
backup source to maintain the time and date in the absence of primary power.

The DS1302 will operate from the larger of Veci or Veca. When Vecs is greater than Veer + 0.2V, Vea
will power the DS1302. When Vcc: isless than Vcer, Ve will power the DSI302.

SCLK (Serial Clock Input) — SCLK is used to synchronize data movement on the serial interface. This
pin has a 40kQ internal pull-down resistor.

I/0 (Data input/Output) — The VO pin is the bi-directional data pin for the 3-wire interface. This pin has
a 40kQ internal pull-down resistor.

RST (Reset) — The reset signal must be asserted high during a read or a write. This pin has a 40kQ
internal pull-down resistor.

X1, X2 — Connections for a standard 32.768kHz quartz crystal. The internal oscillator is designed for
operation with a crystal having a specified load capacitance of 6pF. For more information on crystal
selection and crystal layout considerations, please consult Application Note 58, “Crystal Considerations

30f15



DS1302
with Dallas Real-Time Clocks.” The DS1302 can also be driven by an external 32.768kHz oscillator. In
this configuration, the X1 pin is connected to the external oscillator signal and the X2 pin is floated.

RECOMMENDED LAYOUT FOR CRYSTAL

......................................................... RTC
Ciystal
Local Ground Plane
Layer 2
Guard Ring
[connect to ground)
CLOCK ACCURACY

The accuracy of the clock is dependent upon the accuracy of the crystal and the accuracy of the match
between the capactive load of the oscillator circuit and the capacitive load for which the crystal was
trimmed. Additional error will be added by crystal frequency drift caused by temperature shifts. External
circuit noise coupled into the oscillator circuit may result in the clock running fast. See Application Note
58, “Crystal Considerations with Dallas Real-Time Clocks” for detailed information.

COMMAND BYTE

The command byte is shown in Figure 2. Each data transfer is initiated by a command byte. The MSB
(Bit 7) must be a logic 1. If it is 0, writes to the DS1302 will be disabled. Bit 6 specifies clock/calendar
data if logic 0 or RAM data if logic 1. Bits 1 through 5 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 always input starting with the LSB (bit 0).

ADDRESS/COMMAND BYTE Figure 2

7 6 5 4 3 2 1 0

1 S5 M A3 o) A1 A0 o

K

3l

RESET AND CLOCK CONTROL
All data transfers are initiated by driving the RST input high. The RST input serves two functions. First,
RST turns on the control logic, which allows access to the shift register for the address/command

sequence. Second, the RST signal provides a method of terminating either single byte or multiple byte
data transfer.

A clock cycle is a sequence of a falling edge followed by a rising edge. For data inputs, data must be

valid during the rising edge of the clock and data bits are output on the falling edge of clock. If the RST
input is low all data transfer terminates and the /O pin goes to a high impedance state. Data transfer is

illustrated in Figure 3. At power-up, RST must be a logic 0 until Vee > 2.0V, Also SCLK must be at a
logic 0 when RST is driven to a logic 1 state.
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DATA INPUT

Following the eight SCLK cycles that input a write command byte, a data byte is input on the rising edge
of the next eight SCLK cycles. Additional SCLK cycles are ignored should they inadvertently occur.
Data is input starting with bit 0.

DATA OUTPUT

Following the eight SCLK cycles that input a read command byte, a data byte is output on the falling
edge of the next eight SCLK cycles. Note that the first data bit to be transmitted occurs on the first falling
edge after the last bit of the command byte is written. Additional SCLK cycles retransmit the data bytes
should they inadvertently occur so long as RST remains high. This operation permits continuous burst
mode read capability. Also, the /O pin is tri-siated upon each rising edge of SCLK. Data is output
starting with bit 0.

BURST MODE

Burst mode may be specified for either the clock/calendar or the RAM registers by addressing location 31
decimal (address/command bits 1 through 5 = logic 1). As before, bit 6 specifies clock or RAM and bit 0
specifies read or write. There is no data storage capacity at locations 9 through 31 in the Clock/Calendar
Registers or location 31 in the RAM registers. Reads or writes in burst mode start with bit 0 of address 0.

When writing to the clock registers in the burst mode, 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 necessary to write all
31 bytes for the data to transfer. Each byte that is written to will be transferred to RAM regardless of
whether all 31 bytes are written or not.

CLOCK/CALENDAR
The clock/calendar is contained in seven write/read registers 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 to logic I, the clock
oscillator is stopped and the DS1302 is placed into a low-power standby mode with a current drain of less
than 100 nanoamps. When this bit is written to logic 0, the clock will start. The initial power on state is
not defined.

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 0 and will
always read a 0 when read. Before any write operation to the clock or RAM, bit 7 must be 0. When high,
the write protect bit prevents a write operation to any other register. The initial power on state is not
defined. Therefore the WP bit should be cleared before attempting to write to the device.

TRICKLE CHARGE REGISTER

This register controls the trickle charge characteristics of the DS1302. The simplified schematic of

Figure 5 shows the basic components of the trickle charger. The trickle charge select (TCS) bits

(bits 4-7) control the selection of the trickle charger. In order to prevent accidental enabling, only a

pattern of 1010 will enable the trickle charger. All other patterns will disable the trickle charger. The
Sofl5



DS1302
DS1302 powers up with the trickle charger disabled. The diode select (DS) bits (bits 2-3) select whether
one diode or two diodes are connected between Vcca and Veer. 1f DS is 01, one diode is selected or if DS
is 10, two diodes are selected. If DS is 00 or 11, the trickle charger is disabled independently of TCS.
The RS bits (bits 0-1) select the resistor that is connected between Ve, and Veer. The resistor selected
by the resistor select (RS) bits is as follows:

RS Bits Resistor Typical Value
00 None None
01 Rl 2kQ
10 R2 4kQ
11 | R3 8kQ

If RS is 00, the trickle charger is disabled independently of TCS.

Diode and resistor selection is determined by the user according to the maximum current desired for
battery or super cap charging. The maximum charging current can be calculated as illustrated in the
following example. Assume that a system power supply of 5V is applied to Ve and a super cap is
connected to Vcer. Also assume that the trickle charger has been enabled with one diode and resistor R1
between Vees and Veer. The maximum current Iyax would, therefore, be calculated as follows:

Ivax = (5.0V - diode drop)/R1 = (5.0V - 0.7V) / 2kQ =~ 2.2mA

As the super cap charges, the voltage drop between Veer and Veep will decrease and, therefore, the
charge current will decrease.

CLOCK/CALENDAR BURST MODE

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

If the write protect bit is set high when a write clock/calendar burst mode is specified, no data transfer
will occur to any of the eight clock/calendar registers (this includes the control register). The trickle
charger is not accessible in burst mode. o

At the beginning of a clock burst read, the current time is transferred to a second set of registers. The
time information is read from these secondary registers, while the clock may continue to run. This
eliminates the need to re-read the registers in case of an update of the main registers during a read.

RAM
The static RAM is 31 x 8 bytes addressed consecutively in the RAM address space.

RAM BURST MODE
The RAM command byte specifies burst mode operation. In this mode, the 31 RAM registers can be
consecutively read or written (See Figure 4) starting with bit 0 of address 0.

REGISTER SUMMARY

A register data format summary is shown in Figure 4.
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DATA TRANSFER SUMMARY Figure 3

SINGLE BYTE READ

el L

so AU Sl e
/0 —{R/W|Ao |A1 JA2 IA3 |A4|RIC11 >O_O_O—OO"O‘O_D_

SINGLE B TE WRITE
RST __| |_

110 —(rw]no a1 [a2 [a3]aefrd1 X oo [o1]p2 |03 [pa] os[ps[o7 »—

In burst mode, RST is kept high and additional SCLK cycles are sent until the end of the burst.
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REGISTER ADDRESS/DEFINITION Figure 4

]
wn Jofofofo]e] [
wlofofofofo] lo[
owe| + [o]o]o |
o + [ oo Jofsfe]o[Pg

1

1!1|%I

T
R

|
! w

REGISTER DEFINITION
00—69[ CH SE
00—69[ MiIN
01-12 l
00-23

RAM DATA O

RAM D
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DS1302

DS1302 PROGRAMMABLE TRICKLE CHARGER Figure 5

Veet

4
3

== 1 ————X

T Bl

1 0OF 16 SELECT 10F 2 10F3
il e SEmou TCS =  TRICKLE CHARGER SELECT
Pl ) e o oot
RS = RESISTOR SELECT
TRICKLE
ggeﬁsGTEER Tcs | Tes | Tes | Tcs | DS DS RS RS

BIT7 BIT6 BITS BT4 B3 BT2 BT1 B8O
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground

Storage Temperature
Soldering Temperature

-0.5V to +7.0V
-55°C to +125°C
260°C for 10 seconds (DIP)

See IPC/JEDEC Standard J-STD-020A for
Surface Mount Devices

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

Range Temperature Ve
Commercial 0°C t0 70°C 2.0V to 5.5V Ve or Veea
Industrial -40°C to +85°C 2.0V t0 5.5V V¢cp or Ve

RECOMMENDED DC OPERATING CONDITIONS

(Over the operating range®)

PARAMETER SYMBOL MIN | TYP | MAX | UNITS | NOTES
V 2.0 5.5 Vv 8
Supply Voltage Vcei, Veca Vi(; v
Logic 1 Input Vi 2.0 Vee + A
0.3
s VCC =2.0V -0.3 +0.3
Logic 0 Input Vi = AN AV 0.8 V
*Unless otherwise specified.
DC ELECTRICAL CHARACTERISTICS
(Over the operating range™)
PARAMETER SYMBOL MIN | TYP | MAX | UNITS | NOTES
Input Leakage Ii +500 UA 3
/O Leakage Iio +500 pA 3
Logic 1 Output Ioyg = -0.4mA v Vee=2.0V 1.6 v
. Ion = -1.0mA S o e A
Logic 0 Output IpL = 1.5mA v Vee=2.0V 0.4 v
: Ior = 4.0mA oL NG5V 0.4
5 VCC[ =2.0V 04
Active Supply Current Iccia FAIE 1o mA 29
‘ . VCC! =2.0V 0.3
Timekeeping Current (OSC On) lecit Se— i pA 1,9
: VCC] = ZOV 100
Standby Current (OSC Off) Iccis Vcer =5V 100 nA 7,9,11
IND 200
: Veer =2.0V 0.425
Active Supply Current lccaa TS 178 mA 2,10
< ‘ VCCZ =2.0V 25.3
Timekeeping Current (OSC On) lecor Ve 5V 31 HA 1,10
Vcer = 2.0V 25
Standby Current (OSC Oﬁ) Iccas R 30 },LA 7,10
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R1 2 kQ
Trickle Charge Resistors R2 4 kQ
R3 8 kQ
Trickle Charge Diode Voltage Drop | Vip 0.7 )\
*Unless otherwise specified.
CAPACITANCE (ls= 25°C)
PARAMETER SYMBOL | MIN | TYP | MAX | UNITS | NOTES
Input Capacitance G 10 pF
1/0 Capacitance Cro 15 pF
| Crystal Capacitance Cx 6 pF

AC ELECTRICAL CHARACTERISTICS

(Over the operating range®)

PARAMETER SYMBOL MIN | TYP | MAX | UNITS | NOTES
Vee=2.0V | 200
Data to CLK Setup toe Vel =5V 0 ns 4
VC(_* =2.0V 280
CLK to Data Hold tcbH VAR 70 ns 4
VCC =2.0V 800
CLK to Data Delay tcpp 3 ARy 200 ns 45,6
T VCC =2.0V | 1000
CLK Low Time ter Fon g A o)) ns 4
. 2 VCC =2.0V 1000
CLK High Time ten TR, 550 ns 4
] PN veviv N 0.5
CLK Frequency teLk DNIOTON g 70 MHz 4
e Vee=2.0V 2000
CLK Rise and Fall tr. tF Veh = bW 500 ns 4
e VCC =20V 4
RST to CLK Setup tec T S 1 LS 4
B Vee=2.0V | 240
CLK to RST Hold teen = I 40 ns 4
—_— 5 < VCC =20V 4
RST Inactive Time lewn Vs 1 us 4
o Vee= 2.0V 280
RST to /O High-Z oz [y sy = ns 4
SCLK to /O High-Z tees V\ﬁc =_2£/V 27800 ns 4
CE-=

*Unless otherwise specified.
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TIMING DIAGRAM: READ DATA TRANSFER Figure 5

AV, 7/ 00 XA\ ¥
WLz

WRITE COMMAND BYTE WRITE DATA

NOTES:

1. lccir and lecar are specified with /O open, RST set to a logic 0, and clock halt flag = 0 (oscillator
enabled).

Iccia and Iecoa are speci‘ﬁed with the I/O pin open, RST high, SCLK=2MHz at Vcc = 5V,
SCLK = 500kHz, Vec = 2.0V, and clock halt flag = 0 (oscillator enabled).

RST, SCLK, and I/O all have 40kQ pull-down resistors to ground.
Measured at Viy =2.0V or V. = 0.8V and 10ns maximum rise and fall time.
Measured at Vo = 2.4V or Vo = 0.4V.

Load capacitance = 50pE.

(]

SEie

N o

Iccis and Iccos are specified with RST, /O, and SCLK open. The clock halt flag must be set to logic
one (oscillator disabled).

8. Vcc = Ve, when Veea > Veey + 0.2V Vee = Veer, when Veer > Veeo.

9. VCC2 =0V.

10. VCC] =QV.

11. Typical values are at 25°C.
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DS1302 SERIAL TIMEKEEPER 8-PIN DIP (300-MIL)

8 5
oo O B W PKG 8-PIN
T DIM | MIN | MAX
b o A IN. | 0360 | 0.400
MM 914 | 10.16
i BIN. | 0240 | 0260
S o MM 6.10 6.60
1 2 CIN. | 0120 | 0.140
A MM 3.05 3.56
D IN. | 0300 | 0325
MM 7.62 826
EIN. | 0015 | 0040
— MM 0.38 1.02
c FIN. | 0120 | 0.140
1y MM 3.04 3.56
EE ; 4 GIN. | 009 | 0.110
MM 229 279
K "’H‘;l L HIN. | 0320 | 0370
G MM 8.13 9.40
JIN. | 0008 | 0.0i2
MM 0.20 0.30
0015 | 0.021
0.38 0.53

K IN.
l«— D -1 MM
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DS1302S SERIAL TIMEKEEPER 8-PIN SOIC (150-MIL AND 200-MIL)

M

HAH
o

H

=
: ]
7

OF 1 o
Froi_|
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PKG 8-PIN 8-PIN
(150-MIL) (200-MIL)

DIM MIN MAX MIN MAX
A IN. 0.188 0.196 0.203 0.213
MM 4.78 4.98 5.16 5.41
B IN. 0.150 0.158 0.203 0.213
MM 3.81 4.01 5.16 5.41
C IN. 0.048 0.062 0.070 0.074
MM 1.22 1.57 1.78 1.88
E IN. 0.004 0.010 0.004 0.010
MM 0.10 0.25 0.10 0.25
F IN. 0.053 0.069 0.074 0.084
MM 1:35 1.75 1.88 2.13
G IN. 0.050 BSC

MM 1.27 BSC

H IN. 0.230 0.244 0.302 0.318
MM 5.84 6.20 7.67 8.08
J IN. 0.007 0.011 0.006 0.010
MM 0.18 0.28 0.15 0.25
K IN. 0.012 0.020 0.013 0.020
MM 0.30 0.51 0.33 0.51
573 (N K 0.016 0.050 0.019 0.030
MM 0.41 1.27 0.48 0.76
phi 0° 8° 0° 8°
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DS1302S SERIAL TIMEKEEPER 16-PIN SOIC

Kof e =ate

|

PKG 16-PIN
DIM MIN MAX
A |IN 0398 | 0.412
MM | 10.11 10.46
B | IN 0290 | 0.300
MM | 737 7.62
C | IN 0.089 | 0.095
MM | 226 241
E |IN 0004 | 0012
MM | 0102 | 030
F | IN 0.004 | 0.105
MM | 239 2.67
G | IN 0.050 BSC
MM 1.27 BSC
H | IN 0398 | 0.416
MM | 0.1 10.57
J [N 0.009 | 0.013
MM | 0229 | 033
K [IN 0013 | 0.020
MM | 033 0.51
L | IN 0.016 | 0.040
MM | 040 1.02
phi 0° 82
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Philips Semiconductors

Product specification

Dual 4-bit serial-in/parallel-out shift
register

7T4HC/HCT4015

FEATURES

+ Output capability: standard
e lcc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT4015 are high-speed Si-gate CMOS
devices and are pin compatible with the “4015" of the
“4000B" series. They are specified in compliance with
JEDEC standard no. 7A.

The 74HC/HCT4015 are dual edge-triggered 4-bit static
shift registers (serial-to-parallel converters). Each shift
register has a serial data input (1D and 2D), a clock input
(1CP and 2CP), four fully buffered parallel outputs (1Qg to
1Q3 and 2Qq to 2Q3) and an overriding asynchronous
master reset (1MR and 2MR). Iinformation present on nD
is shifted to the first register position, and all data in the
register is shifted one position to the right on the
LOW-to-HIGH transition of nCP.

A HIGH on nMR clears the register and forces nQq to nQs
to LOW, independent of nCP and nD.

QUICK REFERENCE DATA
GND =0V, Tgms =25°C; t,={=6ns
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tpHL/ tpeH propagation delay nCP to nQ, C =15pF; Vcc=5V |16 18 ns

e maximum clock frequency 110 74 MHz

Cy input capacitance 3.5 3.5 pF

Cep power dissipation capacitance per register | notes 1 and 2 35 40 pF
Notes

s
Pp = Cpp x Vee2 x i+ 3 (C x Va2 xf,) where:

fi = input frequency in MHz

fo = output frequency in MHz

¥ (CL x V2 x fo) = sum of outputs

C = output load capacitance in pF

Vee = supply voltage in V

For HC the condition is V| = GND to V¢

For HCT the conditionis V|= GND to Vec - 1.5V

N

ORDERING INFORMATION
See “74HC/HCT/HCU/HCHMOS Logic Package Information”.
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Cpp is used to determine the dynamic power dissipation (Pp in pW):



Philips Semiconductors

Product specification

Dual 4-bit serial-in/parallel-out shift register 74HC/HCT4015
PIN DESCRIRPTION
PIN NO. SYMBOL NAME AND FUNCTION
5,4,3, 10 1Qg to 1Q3 flip-flop outputs
6, 14 1MR, 2MR asynchronous master reset inputs (active HIGH)
7::15 1D, 2D serial data inputs
8 GND ground (0 V)
9,1 1CP, 2CP clock inputs (LOW-to-HIGH, edge-triggered)
13,12, 11,2 2Qq to 2Q3 flip-flop outputs
16 Vee positive supply voltage
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Fig.1 Pin configuration.

Fig.2 Logic symbol.

7296784

Fig.3 IEC logic symbol.
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Philips Semiconductors Product specification
Dual 4-bit serial-in/parallel-out shift register 74HC/HCT4015
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Fig.4 Functional diagram.

Fig.5 Logic diagram (one 4-bit
serial-in/parallel-out shift register).

FUNCTION TABLE
INPUTS OUTPUTS
n nCP | nD |nMR| nQp | nQy { NQ; | NQ3
1 1 Dy L D; X X X
2 15 Dy L D, Dy X X
3 1 D3 1 Ds; Ds D¢ X
4 T D4 b D4 D3 Dz D1
¢ X & no change
x  PAN & TP A
Notes

1. H = HIGH voltage level
L = LOW voltage level

X = don't care

T = LOW-to-HIGH clock transition
4 = HIGH-to-LOW clock transition
n = number of clock pulse transitions
D, = either HIGH or LOW

APPLICATIONS

» Serial-to-parallel converter

< Buffer stores

e General purpose register
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Philips Semiconductors Product specification

Dual 4-bit serial-in/parallel-out shift register 74HC/HCT4015

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V; t,=t=6ns; C. =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT Voo WAVEFORMS
+25 —40to+85 | —40to+125 ™
min. | typ. | max. | min. | max. | min. { max.
teH/ tpLy | Propagation delay 52 175 220 265 ns 20 |Fig.6
nCP to nQ, 19 35 44 53 45
15 30 37 45 6.0
tpHL propagation delay 44 175 220 265 ns 2.0 |Fig.7
nMR to nQ, 16 35 44 53 4.5
13 30 37 45 6.0
truu/ trn | output transition time 19 75 35 110 ns 20 |Fig.6
7 15 19 22 45
6 13 16 19 6.0
tw clock pulse width 80 17 100 120 ns 2.0 |Fig.6
HIGH or LOW 16 &.| 6 20 24 4.5
1L 48 17 20 6.0
tw master reset pulse 80 1% 100 120 ns 200§ | Fig.7
width HIGH 16 (6 20 24 4.5
M S5 17 20 6.0
trem removal time 60 4 75 30 ns 2.0 |Fig.7
nMR to nCP 12 |\6 15 18 4.5
10 |@ 13 15 6.0
tsu set-up time 60 8 75 90 ns 20 |Fig.8
nD to nCP 12 3 15 18 : 4.5
0 12 13 15 6.0
th hold time 5 0 5 5 ns 20 |Fig.8
nD to nCP 5 Q 5 5 45
5 0 S 5 6.0
fmax maximum clock pulse 6.0 |33 4.8 4.0 MHz {2.0 |Fig.6
frequency 30 (100 24 20 4.5
35 [119 28 24 6.0
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Philips Semiconductors Product specification

Dual 4-bit serial-in/parallel-out shift register 74HC/HCT4015

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCU/HCMOS Logic Family Specifications”.
Output capability: standard

lcc category: MSI

Note to HCT types

The value of additional quiescent supply curmrent (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, muttiply this value by the unit load coefficient shown in the table below.

INPUT UNIT LOAD COEFFICIENT

nD 0.30
nMR 1.50
nCP 1.50

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=t=6ns; C_=50 pF

fBain(°C) TEST CONDITIONS
74HCT
SYMBOL |PARAMETER +25 —40 to +85 _40 UNIT Vee WAVEFORMS
to +125 V)
min. | typ. | max. | min. | max. | min. | max.

tpuL/ tpL | propagation delay 24 @35 44 63 ns 45 |Fig.6
nCP to nQ,

tpHL propagation delay 18 |35 44 53 ns 4.5 |Fig.7
nMR to nQ,,

trul/ truw | output transition time 7 15 19 2 ns 4.5 |Fig.6

tw clock pulse width 16 1 20 24 ns 45 |Fig.6
HIGH or LOW :

tw master reset pulse width | 16 5 20 24 ns 4.5 |Fig.7
HIGH

e removal time 20 10 25 30 ns 4.5 |Fig.7
nMR to nCP

tsu set-up time 12 |4 15 18 ns 4.5 |Fig.8
nD to nCP

th hold time 5 -2 5 5 ns 45 |Fig.8
nD to nCP

T maximum clock pulse 30 |67 24 20 MHz 4.5 |Fig.6
frequency
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Dual 4-bit serial-in/parallel-out shift register 74HC/HCT4015
AC WAVEFORMS
- ]"m :
aCP INPUT vt
o tpf
‘NL*} LK

nQ, OUTPUT vy'tt

(1) HC : Va=50%; Vi = GND o Vcc.

HCT: Vy=1.3V;V;=GNDto 3 V.

196788 L trn

Fig.6 Waveforms showing the clock (nCP) to output (nQ,) propagation delays; the clock pulse width, the output
transition times and the maximum clock frequency.

aMR INPUT ; V!t
l— tw
Srem
nCP INPUT VM(‘H

o toHL —=
nQ, OUTPUT vyt
(1) HC : Vy=50%; V;= GND to Vee.-
HCT: Vu=1.3V;Vi=GNDto 3 V.

7296788

Fig.7 Waveforms showing the master reset (nMR) pulse width, the master reset to output (nQ,) propagation
delay and the master reset to clock (nCP) removal time.

nCP INPUT
nD INPUTS
The shaded areas indicate when the input is permitted to
change for prediciable output performance. T v

(1) HC : Vi =50%; V= GND to Vcc.
HCT: Vu=1.3V;V;=GNDto 3 V.

Fig.8 Waveforms éhowing the data set-up and hold times for nD inputs.
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