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ABSTRACT

This thesis presents the demonstrator of analog stored program control exchange (SPC)
that controlled by microcontroller. In order devider area communication have two area to 8
external given service 8 service. That make it to be modules which have small size and portable
to install. The demonstrate can be service simply and have the high quality with low prices by it
can are media for technical college and institue are interested in this project. Which all producer

have to wish give for their interester use and learn in actual.
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;****************************************************************-
’

e %k %k %k
’
o %k %k Kk
’

* ok k.
14

TONE GENERATOR'S PROGRAM
FOR SPC EXCHANGE

* kk o
’

’-****************************************************************-
’

ORG

LOAD:

LOADL:

GEN450: DJINZ

GEN350:

BACK:
GEN_10:

N ON1:
N_ON:

RE_LOAD: MOV
GO:

START :

ORG
LJMP

LCALL
LCALL
MOV
MOV
SETB
RETI
ORG
CPL
LCALL
LCALL
LCALL
LCALL
LCALL
MOV
MOV
SETB
RETI

CPL
MOV
DJNZ
CPL
MOV
AJMP
RET
DJINZ
CPL
DJINZ
CPL
DJINZ
CPL
MOV
MOV
MOV
DJINZ
CPL
MOV
DJINZ
CPL
JB
MOV
SJMP

RET
ORG
CALL
MOV
MOV
CLR

0000H
START
000BH

GEN450

NU

THO, #0FFH
TLO, #061H
TRO

001BH

00H
GEN_10
BUSY
RINGTONE
NU

RC

TH1, #0FBH
TL1, #0ACH
TR1

R2,GEN350
P1.7
R2, #0FH
R3, BACK
Pl1.6
R3, #13H
LOAD

RO, GO
O1H
R5,N_ON
04H
R6,N_ON1
05H
R6, #07H
R5, #02H
RO, #28H
R1, GO
02H
R1, #0AH
R4, GO
03H
03H,RE_LOAD
R4, #05H
GO

R4, #02H

0200H
DELAY
IE, #0FFH
Ip,#00H
O0O0H

.
4

’

’

.
’

GEN 400 Hz

COUNT 10 Hz
DATA OF 5 Hz
GEN_5 Hz

GEN 0.3 Hz

COUNT OF 1 Hz

GEN 0.2 Hz
6
f = 400 Hz
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BUSY:

BUSY

RINGTONE:

IS RINGTONE

NU:

COMPLEMENT

RC:

DELAY:
DELAY1:
DELAY2:

CLR
CLR
SETB
SETB
SETB
CLR
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
SETB
SETB
SJMP
MOV
ANL

MOV

RET
MOV

ANL

MOV
RET
MOV
ANL
CPL
MOV
MOV
ANL

MOV
RET
MOV
MOV
RET
MOV
MOV
MOV
DJINZ
DJINZ
DJINZ
RET
END

C,00H

01H

02H

03H

04H

05H

06H

TMOD, #10H
RO, #28H
R1, #0AH
R2, #0FH
R3, #13H
R4, #02H
R5,#02H
R6,#07H
THO, #0FFH
TLO, #061H
TH1, #O0FBH
TL1, #O0ACH
TRO

TR1

$

C,00H
C,02H

P1.4,C

C,03H
Pl1.5,C

C, 04H
C,05H
C

06H,C
C,00H
C,06H

P1.3,C

C,03H
Pl1.2,C

RO, #08H
R1, #0FFH

R2, #0FFH

R2,$
R1,DELAY2
RO, DELAY1

f = 10 Hz

f =1 Hz

f =0.2 Hz

f =5 Hz

f = 0.3 Hz
COMPLEMENT NU
DATA £ = 10 Hz
DATA £ = 1 Hz
DATA £ = 350 Hz
DATA £ = 450 Hz
DATA £ = 0.2 Hz
DATA £ = 5 Hz
DATA £ = 0.3 Hz

400 Hz MOD 1 Hz IS

400 Hz MOD 0.2 Hz

5 Hz MOD 0.3 Hz

400 HZ MOD NU-

d' o 4 or
37 a.19 Tlsunsumauguaisiisuvesnsadedaana Tnu




74

,-********************************************************************

.
’

g

Px* SPC EXCHANGE'S PROGRAM BY BJ
* k.

Pl TELECOMMUNICATION ENGINEERING

*ok o
;*;******************************************************************
PORTA EQU O0F800H ;DTMF RECEIVE PORT
PORTB EQU O0F801H ;OFF HOOK DETECT PORT
PORTC EQU O0OF802H ;DTMF RECEIVE PORT
CPORT EQU OF803H ;CONTROL PORT OF USER PORT 1
PORTA1l EQU OFCOOH ;ADDRESS PORT
PORTB1 EQU OFCO1H ;OFF HOOK DETECT PORT
PORTC1 EQU OQFCO02H ; DTMF STATE PORT
CPORT1 EQU OFCO3H ;CONTROL PORT OF USER PORT 2

TELA EQU 20H ;DATA OF TELEPHONE 1

TELB EQU 21H ;DATA OF TELEEHONE 2

TELC EQU 22H ;DATA OF TELEPHONE 3

TELD EQU 23H ;DATA OF TELEPHONE 4

TELE EQU 24H ;DATA OF TELEPHONE 5

TELF EQU 25H ;DATA OF TELEPHONE 6

TELG EQU 26H ;DATA OF TELEPHONE 7

TELH EQU 27H ;DATA OF TELEPHONE 8

TELA1l EQU 28H ;DATA OF TELEPHONE 9

TELB1 EQU 29H ;DATA OF TELEPHONE 10

TELC1 EQU 2AH ;DATA OF TELEPHONE 11

TELD1 EQU 2BH ;DATA OF TELEPHONE 12

TELE1 EQU 2CH ;DATA OF TELEPHONE 13

TELF1 EQU 2DH ;DATA OF TELEPHONE 14

TELG1 EQU 2EH ;DATA OF TELEPHONE 15

TELH1 EQU 2FH ;DATA OF TELEPHONE 16

JTRA EQU 30H ;JUNCTOR 1 BUFFER FOR
CHECKING

JTRB EQU 31H ;JUNCTOR 2 BUFFER FOR
CHECKING

JTRC EQU 32H ;JUNCTOR 3 BUFFER FOR
CHECKING

JTRD EQU 33H ; JUNCTOR 4 BUFFER FOR
CHECKING

JTRA1 EQU 34H ;JUNCTOR 11 BUFFER FOR
CHECKING

JTRB1 EQU 35H ;JUNCTOR 12 BUFFER FOR
CHECKING

JTRC1 EQU 36H ;JUNCTOR 13 BUFFER FOR
CHECKING

JTRD1 EQU 37H ;JUNCTOR 14 BUFFER FOR
CHECKING

DTMF1 EQU 38H ;DTMF 1 BUFFER

DTMF2 EQU 39H ;DTMF 2 BUFFER

DTMF11 EQU 3AH ;DTMF 3 BUFFER

DTMF22 EQU 3BH ;DTMF 4 BUFFER

JMEM1 EQU 3CH ;CALLER 1 JUNCTOR BUFFER

JMEM2 EQU 3DH ;CALLER 2 JUNCTOR BUFFER

JMEM11 EQU 3EH ;CALLER 1 JUNCTOR BUFFER

JMEM22 EQU 3FH ;CALLER 2 JUNCTOR BUFFER
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CHECKING

CHECKING

CHECKING

CHECKING

CHECKING

CHECKING

CHECKING

CHECKING

BUFFER

BUFFER

BUFFER

BUFFER

CHECKING

CHECKING

CHECKING

CHECKING

CALED1
CALED2
CALED3
CALED4
CALED11
CALED22
CALED33
CALED44

RING
RINGBCK

CALLER1
CALLER2
NUBUF

DIALBUF
RING1
RINGBCK1

CALLER11
CALLER22
NUBUF1

DIALBUF1
ADR1
ADR2
ADR11
ADR22
DIGITI1
DIGIT2
DIGIT11
DIGIT22
OUT1
0OUT2
OUT11
0ouUT22
JEXTA

JEXTB
JEXTC
JEXTD
CALEXT1
CALEXT2
CALEXT3

CALEXT4
JEXT1

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

40H

41H

42H

43H

44H

45H

46H

47H

48H
49H

4AH
4BH
4CH

4DH
4EH
4FH

50H
51H
52H

53H
54H
55H’
56H
57H
58H
59H
5AH
5BH
5CH
5DH
S5ER
S5FH
60H

61H
62H
63H
64H
65H
66H

67H
68H

; INTERNAL

; INTERNAL

; INTERNAL

; INTERNAL

; INTERNAL

; INTERNAL

; INTERNAL

; INTERNAL

CALLED

CALLED

CALLED

CALLED

CALLED

CALLED

CALLED

CALLED

;RINGING ADDRESS
;RING BACK TONE ADDRESS

;CALLER 1
;CALLER 2

BUFFER
BUFFER

BUFFER

BUFFER

BUFFER

BUFFER

BUFFER

BUFFER

BUFFER

BUFFER

BUFFER

FOR

FOR

FOR

FOR

FOR

FOR

FOR

FOR

;NUMBER UNOBTAINABLE TONE

;DIAL TONE BUFFER
;RINGING ADDRESS BUFFER
;RING BACK TONE ADDRESS

;CALLER 11 BUFFER
;CALLER 12 BUFFER
;NUMBER UNOBTAINABLE TONE

;DIAL TONE BUFFER
;KEEP NUMBER FROM
;KEEP NUMBER FROM
;KEEP NUMBER FROM
; KEEP NUMBER FROM
;DIGIT BUFFER
;DIGIT BUFFER
;DIGIT BUFFER
;DIGIT BUFFER

; SPECIAL MEMORY

; SPECIAL MEMORY

; SPECIAL MEMORY

; SPECIAL MEMORY

; EXTERNAL
; EXTERNAL
; EXTERNAL
; EXTERNAL
; EXTERNAL
; EXTERNAL

; EXTERNAL
;EXTERNAL

JUNCTOR
JUNCTOR
JUNCTOR
JUNCTOR
CALLED
CALLED

CALLED
CALLED

DTMF1
DTMF2
DTMF3
DTMF4

BUFFER FOR

BUFFER FOR

BUFFER FOR

BUFFER FOR

;JUNCTOR OF EXTERNAL CALLER
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CALLED

CALLED

CALLED

CALLED

JEXT2
JEXT3
JEXT4
CLLED1
CLLEDZ2
CLLED3
CLLED4
CLLED11
CLLED22
CLLED33
CLLED44
RINGEXT1

RINGEXT2

RINGEXT3

RINGEXT4

CALEE1l
CALEEZ2
CALEE1l1l
CALEE22
CLEl
CLE2
CLE3
CLE4

EQU 69H ;JUNCTOR OF EXTERNAL CALLER
EQU 6AH ;JUNCTOR OF EXTERNAL CALLER
EQU 6BH ; JUNCTOR OF EXTERNAL CALLER
EQU 6CH ; INTERNAL CALLED

EQU 6DH ; INTERNAL CALLED

EQU 6EH ; INTERNAL CALLED

EQU 6FH ; INTERNAL CALLED

EQU 70H ; INTERNAL CALLED

EQU 71H ; INTERNAL CALLED

EQU 72H ; INTERNAL CALLED

EQU 73H ; INTERNAL CALLED

EQU 74H ; RINGING ADDRESS OF EXTERNAL
EQU 75H ;RINGING ADDRESS OF EXTERNAL
EQU 76H ;RINGING ADDRESS OF EXTERNAL
EQU 77H ;RINGING ADDRESS OF EXTERNAL
EQU 78H ;CALLER BUFFER FOR EXTERNAL
EQU 79H ;CALLER BUFFER FOR EXTERNAL
EQU 7AH ;CALLER BUFFER FOR EXTERNAL
EQU 7BH ;CALLER BUFFER FOR EXTERNAL
EQU 7CH ; EXTERNAL CALLER FOR CHECKING
EQU 7DH ; EXTERNAL CALLER FOR CHECKING
EQU 7EH ;EXTERNAL CALLER FOR CHECKING
EQU 7FH ;EXTERNAL CALLER FOR CHECKING

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

. Kk Kk
’
. *k
’

START PROGRAM ,YOU WILL ENJOY *k;
WITH YOUR CONVERSATION BY SPC EXCHANGE *k;

l-******************************************************,-

MAIN:

PPI)

PPI)

START:

CHECK1:

ORG
LJIMP
ORG
LCALL
MOV
MOV
MOVX

MOV
MOV
MOVX

LCALL
MOv
LCALL
MOV
LCALL
MOV
MOVX
JNZ
MOV
MOVX
JNZ
LCALL
SJIMP
LCALL

0000H

MATN

0200H

DELAY

DPTR, #CPORT

A, #9BH

@DPTR, A ; CONTROL USER PORT 1(8255

DPTR, #CPORT1
A, #8BH _
@DPTR, A ;CONTROL USER PORT 2 (8255

CLEAR1

A, RING
SETTING4

A, RING1
SETTINGS5
DPTR, #PORTB1
A, @DPTR
CHECK1
DPTR, #PORTB
A, @DPTR
CHECK1
CLEAR1
START

KEY_ STD
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CHK1:

CHECKZ2:

CHK2:

CHECK3:

CHK3:

CHECK4 :

MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJNE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MoV
CJINE
MoV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
Mov
CJNE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJINE
MOV
MoV
MOV
ACALL
LCALL

DPTR, #PORTB1
A, @DPTR

RO, #00H
ACC. 0, CHK1

A, TELA

A, #00H, CHECK2
TELA, #01H

R2, #01H
CLR_ONHK

FO, CHECK2
TELA, #00H
CHECK?2

A, TELA

A, #01H, CHECK2
TELA, #00H

R1, #01H

R2, #01H

OFHK1
KEY_STD
DPTR, # PORTB1
A, @DPTR

RO, #08H
ACC.1,CHK2

A, TELB

A, #00H, CHECK3
TELB, #01H

R2, #02H
CLR_ONHK

FO, CHECK3
TELB, #00H
CHECK3

A, TELB

A, #01H, CHECK3
TELB, #00H

R1, #04H

R2, #02H
OFHK1

KEY STD
DPTR, # PORTB1
A, @DPTR

RO, #10H
ACC.2, CHK3

A, TELC

A, #00H, CHECK4
TELC, #01H

R2, #03H
CLR_ONHK

FO, CHECK4
TELC, #00H
CHECK4

A, TELC

A, #01H, CHECK4
TELC, #00H

R1, #08H

R2, #03H
OFHK1

KEY STD
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CHK4:

CHECKS:

CHKS5:

CHECK®6:

CHK6:;

CHECK7:

MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJNE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJINE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJNE
MOV
MOV
ACALL
JNB
Mov
SJIMP
MOV
CJINE
MOV
MOV
MoV
ACALL
LCALL

DPTR, #PORTB1
A, @DPTR

RO, #18H
ACC. 3, CHK4

A, TELD

A, #00H, CHECKS5
TELD, #01H

R2, #04H
CLR_ONHK

FO, CHECK5
TELD, #00H
CHECKS

A, TELD

A, #01H, CHECK5
TELD, #00H

R1, #10H

R2, #04H

OFHK1

KEY STD

DPTR, #PORTB1
A, @DPTR

RO, #20H
ACC. 4, CHK5

A, TELE

A, #00H, CHECK6
TELE, #01H

R2, #05H
CLR_ONHK

FO, CHECK6
TELE, #00H
CHECK6

A, TELE

A, #01H, CHECK6
TELE, #00H

R1, #20H

R2, #05H

OFHK1

KEY STD

DPTR, #PORTB1
A, @DPTR

RO, #28H
ACC. 5, CHK6

A, TELF

A, #00H, CHECK?
TELF, #01H

R2, #06H
CLR_ONHK

FO, CHECK?7
TELF, $00H
CHECK?

A, TELF

A, #01H, CHECK7
TELF, #00H

R1, #40H

R2, #06H

OFHK1

KEY_STD
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CHK7:

CHECKS :

CHKS8:

CHECK11:

CHK11:

CHECK22:

MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJIMP
MOV
CJINE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJINE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MoV
CJNE
MOV
MOV
MOV
ACALL
LCALL

DPTR, #PORTB1
A, @DPTR

RO, #30H
ACC. 6, CHK7

A, TELG

A, #00H, CHECKS
TELG, #01H

R2, #07H
CLR_ONHK

FO, CHECKS
TELG, #00H
CHECKS

A, TELG

A, #01H, CHECKS
TELG, #00H

R1, #80H

R2, #07H

OFHK1

KEY_STD

DPTR, #PORTB1
A, @DPTR

RO, #38H
ACC.7,CHKS

A, TELH

A, #00H, CHECK11
TELH, #01H

R2, #08H
CLR_ONHK

FO, CHECK11
TELH, #00H
CHECK11

A, TELH

A, #01H, CHECK11
TELH, #00H

R1, #02H

R2, #08H

OFHK1

KEY STD

DPTR, #PORTB
A, @DPTR

RO, #00H
ACC.0, CHK11
A, TELAL

A, #00H, CHECK22
TELAL, #01H
R2, #09H
CLR_ONHK1

FO, CHECK22
TELA1, #00H
CHECK22

A, TELA1

A, #01H, CHECK22
TELAL, #00H
R1, #01H

R2, #09H

OFHK2

KEY_STD
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CHK22:

CHECK33:

CHK33:

CHECK44:

CHK44:

CHECKS55:

MOV
MOVX
MOV
JB
MOV
CJNE
MOV
MOV
ACALL
JNB
MOV
SJIMP
MOV
CJINE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJNE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJINE
MOV
MOV
MOV
ACALL
LCALL

DPTR, #PORTB

A, @DPTR

RO, #08H
ACC.1,CHK22

A, TELB1

A, #00H, CHECK33
TELB1, #01H

R2, #0AH
CLR_ONHK1

FO, CHECK33
TELB1, #00H
CHECK33

A, TELB1

A, #01H, CHECK33
TELB1, #00H

R1, #04H

R2, #0AH

OFHK2

KEY_STD
DPTR, # PORTB

A, @DPTR

RO, #10H
ACC.2,CHK33

A, TELC1

A, #00H, CHECK44
TELC1, #01H

R2, #0BH
CLR_ONHK1

FO, CHECK44
TELC1, #00H
CHECK44

A, TELC1

A, #01H, CHECK44
TELC1, #00H

R1, #08H

R2, #0BH

OFHK2

KEY STD

DPTR, #PORTB

A, @DPTR

RO, #18H
ACC. 3, CHK44

A, TELD1

A, #00H, CHECKSS
TELD1, #01H

R2, #0CH
CLR_ONHK1

FO, CHECKSS
TELD1, #00H
CHECK55

A, TELD1

A, #01H, CHECK55
TELD1, #00H

R1, #10H

R2, #0CH

OFHK?2

KEY STD
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CHK55:

CHECK66:

CHK66:

CHECK77:

CHK77:

CHECKS88:

MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJINE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJINE
MOV
MOV
MOV
ACALL
LCALL
MOV
MOVX
MOV
JB
MOV
CJNE
MOV
MOV
ACALL
JNB
MOV
SJIJMP
MOV
CJNE
MOV
MOV
MOV
ACALL
LCALL

DPTR, #PORTB

A, @DPTR

RO, #20H
ACC. 4, CHK55

A, TELE1

A, #00H, CHECK66
TELE1, #01H

R2, #ODH
CLR_ONHK1

FO, CHECK66
TELEL, #00H
CHECK66

A, TELE1

A, #01H, CHECK66
TELE1, #00H

R1, #20H

R2, #ODH

OFHK2

KEY STD

DPTR, #PORTB

A, @DPTR

RO, #28H

ACC.5, CHK66

A, TELF1

A, #00H, CHECK77
TELF1, #01H

R2, #0EH
CLR_ONHK1

FO, CHECK77
TELF1, #00H
CHECK77

A, TELF1

A, #01H, CHECK77
TELF1, $00H

R1, #40H

R2, #0EH

OFHK2

KEY STD

DPTR, #PORTB

A, @DPTR

RO, #30H
ACC. 6, CHK77

A, TELG1

A, #00H, CHECKS8
TELG1, #01H

R2, #OFH
CLR_ONHK1

FO, CHECK88
TELG1, #00H
CHECK88

A, TELG1

A, #01H, CHECKSS
TELG1, #00H

R1, #80H

R2, #OFH

OFHK2

KEY STD
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CHK88:

BACK:

JrXX Kk kkkkkkkkk**OFF HOOK

OFHK1:

BACK1:

jRIF KAk kkkk kA *k*QFF HOOK

OFHK2:

BACK2:

MOVX
MOV
JB
MOV
CJINE
MOV
MOV
ACALL
JNB
MOV
SJMP
MOV
CJINE
MOV
MOV
MOV
ACALL
LJIMP

LCALL
Jz
LCALL
Jz
LCALL
Jz
LCALL
LCALL
RET

LCALL
Jz
LCALL
Jz
LCALL
Jz
LCALL
LCALL
RET

A, @DPTR
RO, #38H
ACC.7,CHKS8
A, TELH1

A, #00H, BACK
TELH1, #01H
R2, #10H
CLR_ONHK1
FO, BACK
TELH1, #00H
BACK

A, TELH1

A, #01H, BACK
TELH1, #00H
R1, #02H

R2, #10H
OFHK2

START
CHECKING 1*****************;
LOOK

BACK1
LOOKEXT1
BACK1
JUNCTOR1
BACK1

DIAL

DTMF

CHECKING 2*****************;
LOOK111

BACK2

LOOKEXT2

BACK2

JUNCTOR11

BACK2

DIALL

DTMF111

;***************CLEAR WHEN ON HOOK 1****************;

CLR_ONHK:

CNN:

LCALL
LCALL
JNZ
LCALL
RET

CLR_DTMF1
CLR_SUB
CNN
CLR_BUSY

;***************CLEAR WHEN ON HOOK 2****************;

CLR ONHK1:

CNN1:

LCALL
LCALL
JNZ
LCALL
RET

CLR_DTMF2
CLR_SUB1
CNN1
CLR_BUSY1

pRAKEAAAAFA X JUNCTOR CHECK & CONNECT SUB 1****kkkksksksk,

JUNCTOR1:

MoV
CJNE
MOV
ORL
LCALL
MOV

A,JTRA

A, #01H,J1
A, #40H
A,RO
SETTINGO
JTRA, RO
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Jl:

J2:

J3:

ENGAGE:

GO:

jrRHEHEA LXKk % JUNCTOR CHECK & CONNECT SUB 2* %k dkwkwkdk,

JUNCTOR11:

J11:

J22:

MOV
MOV
SJMP
MOV
CJNE
MOV
ORL
LCALL
MOV
MOV
MOV
SJMPp
MOV
CJINE
MOV
ORL
LCALL
MOV
MOV
MOV
SJMP
MOV
CJINE
MOV
ORL
LCALL
MOV
MOV
MOV
SJMP
LCALL
MOV
RET

MOV
CJINE
MOV
ORL
LCALL
MOV
MOV
MOV
SJMP
MOV
CJINE
MOV
ORL
LCALL
MOV
MOV
MOV
SJMP
MOV
CJINE
MOV
ORL
LCALL

R3, #00H
R6, #01H
GO

A, JTRB

A, #01H, J2
A, #41H
A,RO
SETTINGO
JTRB, RO
R3, #01H
R6, #02H
GO

A, JTRC

A, #01H, J3
A, #42H
A,RO
SETTINGO
JTRC, RO
R3, #02H
R6, #04H
GO

A, JTRD

A, #01H, ENGAGE
A, #43H

A, RO
SETTINGO
JTRD, RO
R3, #03H
R6, #08H
GO
BUSY_SET1
A, #00H

A,JTRAl

A, #01H,J11
A, #40H
A,RO
SETTING1
JTRAL, RO
R3, #00H
R6, #01H
GOO
A,JTRB1

A, #01H,J22
A, #41H
A,RO
SETTING1
JTRB1, RO
R3, #01H
R6, #02H
GOO

A, JTRC1

A, #01H,J33
A, #42H
A,RO
SETTING1
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MOV JTRC1, RO

MOV R3, #02H

MOV R6, #04H

SJMP GOO
J33: MOV A, JTRD1

CJINE A, #01H, ENGAGE1

MOV A, #43H

ORL A, RO

LCALL SETTING1

MOV JTRD1, RO

MOV R3, #03H

MOV R6, #08H

SJIMP GOO
ENGAGEL: LCALL BUSY SET2

MOV A, #00H
GOO: RET
’-********************DELAY SUB**********************’-
DELAY: MOV RO, #0FFH
DELAY1: MOV R1, #0FFH

DJINZ R1,S

DJINZ RO, DELAY1

RET
;******************KEY CHECK SUB********************;
KEY STD: MOV DPTR, #PORTC1

MOVX A, @DPTR

JNB ACC.0,KEY1
Y1: MOVX A, @DPTR

JB ACC.0, Y1

MOV A,DIGIT1

CJINE A, #06,KK1

MOV R7, JMEM1

LCALL CLR DIAL
KK1: LCALL NUMBERIN1
KEY1: MOV DPTR, #PORTC1

MOVX A, @DPTR

JNB ACC.2,KEY2
Y2: MOVX A, @DPTR

JB ACC.2,Y2

MOV A,DIGIT2

CJINE A, #06,KK2

MOV R7, JMEM2

LCALL CLR DIAL
KK2: LCALL NUMBERIN2
KEY2: MOV DPTR, #PORTC1

MOVX A, @DPTR

JNB ACC.1,KEY11l
Y3: MOVX A, @DPTR

JB ACC.1,Y3

MOV A,DIGIT11

CJINE A, #06,KK11

MOV R7, JMEM11

LCALL CLR DIAL1
KK11: LCALL NUMBERIN11
KEY11: MOV DPTR, #PORTC1

MOVX A, @DPTR

JNB ACC.3,KEY22

Y4: MOVX A, @DPTR
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JB ACC.3,Y4

MOV A,DIGIT22

CINE A, #06,KK22

MOV R7, JMEM22

LCALL CLR DIALl
KK22: LCALL NUMBERIN22
KEY22: RET
;******************NUMBER IN 1 SUB******************;
NUMBERIN1: MOV DPTR, #PORTC

MOVX A, @DPTR

ANL A, #OFH

MOV R4,A

JB B.4, INTER1

DJINZ OUT1, INT111

MOV OUT1, #01H

SJMP INTRA1
INT111: MOV ADR1,A

CJINE A, #05H, INTRAAL

SETB B.4

MOV DIGIT1, #07H

SJIMP INTERA1
INTRAL: CLR C

MOV A,ADR1

SUBB A, R4

MOV ADR1,A
INTRAAL: DJINZ DIGIT1, GOS8

MOV R7,ADR1

MOV RO, CALLER1

MOV RS, #05H

MOV R6, JMEM1

LCALL NUM CHK1

JNB FO, GO6

MOV R3, DTMF1

LCALL CALL_BUF

SJMP GO6
INTER1: CLR C

MOV A, ADR1

SUBB A, R4

MOV ADR1,A
INTERAL: DINZ DIGIT1, GOS8

MOV R7,ADR1

MOV RO, CALLER1

MOV RS, #05H

MOV R6, JMEM1

MOV R4,CALEE1

LCALL JUNCTOR_EXT

JB F0, AMD1

LCALL SETTING2
LCALL NUM_CHK22

JNB FO, NATION1
LCALL CAL EXT
SJMP GO6
NATION1: LCALL NATION
LCALL SETTING2
SJMP GO6
AMD1: LCALL BUSY SET1

GO6: MOV CALLER1, #0FH
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GO8:

CLR
RET

B.4

’o******************NUMBER IN 2 SUB******************;

NUMBERINZ2:

INT2:

INTRAZ:

INTRAAZ:

INTER2:

INTERAZ:

NATIONZ2:

AMD2:
GO7:

GO9:

MOV
MOVX
SWAP
ANL
MOV
JB
DJINZ
MOV
SJIMP
MOV
CJNE
SETB
MOV
SJIMP
CLR
MOV
SUBB
MOV
DJNZ
MOV
MoV
MOV
MOV
LCALL
JNB
MOV
LCALL
SJIMP
CLR
MoV
SUBB
MOV
DJNZ
Mov
MOV
MOV
MOV
MOV
LCALL
JB
LCALL
LCALL
JNB
LCALL
SJMP
LCALL
LCALL
SJIMP
LCALL
MOV
CLR
RET

DPTR, #PORTA
A, @DPTR

A

A, #OFH

R4,A

‘B.5, INTER2

OUT2, INT2
OUT2, #01H
INTRA2
ADR2, A

A, #05H, INTRAA2
B.5

DIGIT2, #07H
INTERA2

c

A, ADR2

A, R4
ADR2, A
DIGIT2,GO9
R7,ADR2

RO, CALLER2
R5, #04H

R6, JMEM2
NUM_CHK1
FO,GO7

R3, DTMF2
CALL_BUF
GO7

c

A, ADR2

A, R4
ADR2, A
DIGIT2, GO9
R7,ADR2

RO, CALLER2
RS, #04H

R6, JMEM2
R4, CALEE2
JUNCTOR_EXT
FO, AMD2
SETTING2
NUM_CHK22
FO, NATION2
CAL_EXT

GO7

NATION
SETTING2
GO7
BUSY_SET1
CALLER2, #0FH
B.S

;****************NUMBER IN 11 SUB*******************;

NUMBERINI11:

MOV

DPTR, #PORTC
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MOVX
SWAP
ANL
MOV
JB
DJINZ
MOV
SJMP
INT11: MOV
CJINE
SETB
MOV
SJIMP
INTRAll: CLR
MOV
SUBB
MOV
INTRAAL1L: DJINZ
MOV
MOV
MOV
MOV
LCALL
JNB
MOV
LCALL
SJMP
INTER11: CLR
MOV
SUBB
MOV
INTERAI1L: DJNZ
MOV
MOV
MOV
MOV
MOV
LCALL
JB
LCALL
LCALL
JNB
LCALL
SJMP
LCALL
LCALL
SJMP
AMD11: LCALL
GO66: MOV
CLR
GO88: RET

NATION3:

;****************NUMBER IN 22 SUB*******************;

NUMBERIN22: MOV
MOVX
ANL
MOV
JB

A, @DPTR
A

A, #0FH

R4, A

B.6, INTER11
OUT11, INT11
OUT11, #01H
INTRA1l
ADR11,A

A, #05H, INTRAAL1
B.6

DIGIT11, #07H
INTERA11

C

A,ADR11

A,R4
ADR11,A
DIGIT11,GO88
R7,ADR11

RO, CALLER11
RS, #05H

R6, JMEM11
NUM_CHK2

FO, G066

R3, DTMF11
CALL_BUF1
GO66

C

A,ADR11

A, R4
ADR11,A
DIGIT11, G088
R7,ADR11

RO, CALLER11
R5, #05H

R6, JMEM11
R4, CALEE11
JUNCTOR_EXT
FO,AMD11
SETTING3
NUM_CHK11
FO, NATION3
CAL_EXT

GO66

NATION
SETTING3
G066

BUSY SET2
CALLER11, #0FH
B.6

DPTR, #PORTA
A,@DPTR

A, #0FH

R4,A
B.7,INTER22
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DJNZ
MoV
SJIMP
MOV
CJINE
SETB
MOV
SJMP
CLR
MoV
SUBB
MOV
DJNZ
MOV
MOV
MOV
MoV
LCALL
JNB
MOV
LCALL
SJMP
CLR
MOV
SUBB
MOV
DJNZ
MoV
MOV
MoV
MOV
MoV
LCALL
JB
LCALL
LCALL
JNB
LCALL
SJMP
ACALL
LCALL
SJIMP
LCALL
MOV
CLR
G099: RET
;***************EXTERNAL
JUNCTOR_EXT: MOV
CJNE
MoV
MoV
ORL
MoV
SJIMP
MoV
CJNE
MOV

INT22:

INTRA22:

INTRAAZ22:

INTER22:

INTERA22:

NATION4:

AMD22:
GO77:

J111:

OUT22, INT22
0UT22, #01H
INTRA22
ADR22,A

A, #05H, INTRAA22
B.7

DIGIT22, #07H
INTERA22

c

A,ADR22

A, R4

ADR22,A
DIGIT22,GO99
R7,ADR22

RO, CALLER22
RS, #04H

R6, JMEM22
NUM_CHK2
F0,GO77

R3, DTMF22
CALL_BUF1
G077

c

A,ADR22

A, R4

ADR22,A
DIGIT22,GO99
R7,ADR22

RO, CALLER22
RS, #04H

R6, JMEM22
R4, CALEE22
JUNCTOR_EXT
FO, AMD22
SETTING3
NUM_CHK11
FO, NATION4
CAL_EXT

GO77

NATION
SETTING3
G077

BUSY_ SET2
CALLER22, #0FH
B.7

JUNCTOR SUB****************;
A, JEXTA

A, #80H,J111
R3, #00H

A, #00H

A,R6
JEXTA, R4
ABC

A, JEXTB

A, #80H, J222
R3, #10H
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MOV
ORL
MoV
SJMP
J222: MOV
CJINE
MOV
MOV
ORL
MOV
SJMP
J333: MOV
CJINE
MoV
MOV
ORL
MOV
SJIMP
ENGAGE11l: SETB
SJMP
ABC: CLR
OEM: RET

A, #10H
A,R6
JEXTB, R4
ABC

A, JEXTC
A, #80H,J333
R3, #20H
A, #20H
A,R6
JEXTC, R4
ABC

A, JEXTD
A, #80H, ENGAGE11
R3, #30H
A, #30H
A,R6
JEXTD, R4
ABC

FO

OEM

FO

;***************CLEAR WHEN CALLED I8 BUSY***********;

NATION: MOV
CJINE
MOV
MOV
SJMP
JUNIORL: CJNE
MOV
MOV
SJMP
JUNIOR2: CJINE
MOV
MoV
SJMP
JUNIOR3: CJINE
MOV
MOV
JUNIOR4: RET

A,R4

A, JEXTA, JUNIOR1
JEXTA, #80H

A, #00H

JUNIOR4

A, JEXTB, JUNIOR2
JEXTB, #80H

A, #10H

JUNIOR4

A, JEXTC, JUNIOR3
JEXTC, #80H

A, #20H

JUNIOR4

A, JEXTD, JUNIOR4
JEXTD, #80H

A, #30H

;****************NUMBER CHECK SUB 1*****************;

NUM_CHK1: CJINE
MOV
MOVX
JB
MOV
MOV
LJMP
BUS: LJMP
NUM2: CJINE
MOV
MOVX
JB
SJMP
MHS: MOVX
JB
BJ: MOV

R7, #0EAH, NUM2
DPTR, #PORTB1
A, @DPTR
ACC.0,MHS
R2,#01H
R7,#00H
RINGING

BUSY

R7, #0F6H, NUM3
DPTR, #PORTB1
A,@DPTR
ACC.1,BUS

BJ

A, @DPTR
ACC.1,MHS1
R2,#04H
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MOV R7,#08H
LJIMP RINGING
NUM3: CJINE R7, #0DEH, NUM4
MHS1: MOV DPTR, #PORTB1
MOVX A, @DPTR
JB ACC.2,BUS
MOV R2, #08H
MOV R7, #10H
SJMP RINGING
NUM4 : CJNE R7, #0FCH, NUM5
MOV DPTR, #PORTB1
MOVX A, @DPTR
JB ACC.3,BUS
MOV R2, #10H
MOV R7,#18H
SJIMP RINGING
NUM5: CJNE R7, #0E4H, NUM6
MOV DPTR, #PORTB1
MOVX A, @DPTR
JB ACC.4,BUSY
MOV R2, #20H
MOV R7, #20H
SJIMP RINGING
NUM6 : CJINE R7, #0FOH, NUM7
MOV DPTR, #PORTB1
MOVX A, @DPTR
JB ACC.5, BUSY
MOV R2, #40H
MOV R7, #28H
SJMP RINGING
NUM7: CJNE R7, #0D8H, NUM8
MOV DPTR, #PORTB1
MOVX A,@DPTR
JB ACC.6,BUSY
MOV R2, #80H
MOV R7, #30H
SJMP RINGING
NUMS8 : CJNE R7,#0FFH,NUM_UN
MOV DPTR, #PORTB1
MOVX A, @DPTR
JB ACC.7,BUSY
MOV R2, #02H
MOV R7,#38H
RINGING: MOV A,R2

ACALL RINGING_SET1
ACALL RINGBACK SET1

SJMP GO2
BUSY: ACALL BUSY SET1
SJIMP GO2
NUM_UN: ACALL NUM UN SET1
GO2: MOV A, RO
ORL A,RS5
ACALL SETTINGO
GO3: RET
;****************NUMBER CHECK SUB l*****************;
NUM CHK11: CJNE R7,#0D3H, NUM222

MOV DPTR, #PORTB1
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BUS111:
NUM222:

MHS_S:

BB:

NUM333:

MHS_S1:

NUM444:

NUMS555:

NUM666:

NUM777:

MOVX
JB
MOV
MOV
MOV
LJMP
LJMP
CJINE
MOV
MOVX
JB
SJIMP
MOVX
JB
MOV
MOV
MOV
LJMP
CJNE
MOV
MOVX
JB
MOV
MOV
MOV
SJMP
CJINE
MOV
MOVX
JB
MOV
MOV
MOV
SIMP
CJINE
MOV
MOVX
JB
MOV
MOV
MOV
SJMP
CJINE
MOV
MOVX
JB
MOV
MOV
MOV
SJMP
CJNE
MOV
MOVX
JB
MOV
MOV
MOV

A, @DPTR
ACC.0,MHS_S

R2, #01H

R7, #00H

A, #01H
RINGING111
BUSY111

R7, #0DFH, NUM333
DPTR, #PORTB1

A, @DPTR
ACC.1,BUS111

BB

A, @DPTR
ACC.1,MHS S1
R2, #02H

R7, #08H

A, #04H
RINGING111

R7, #0C7H, NUM4 44
DPTR, # PORTB1

A, @DPTR
ACC.2,BUS111
R2, #03H

R7, #10H

A, #08H
RINGING111

R7, #OESH, NUM555
DPTR, #PORTB1

A, @DPTR
ACC.3,BUS111
R2, #04H

R7, #18H

A, #10H
RINGING111

R7, #0CDH, NUM666
DPTR, #PORTB1

A, @DPTR
ACC.4,BUSY111
R2, #05H

R7, #20H

A, #20H
RINGING111

R7, #0D9H, NUM777
DPTR, #PORTB1

A, @DPTR
ACC.5,BUSY111
R2, #06H

R7, #28H

A, #40H
RINGING111

R7, #0C1H, NUM888
DPTR, #PORTB1

A, @DPTR
ACC.6,BUSY111
R2, #07H

R7, #30H

A, #80H
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NUM888 :

RINGING111:

BUSY111:

NUM UN111:
GO02:

GOO03:

SJMP
CJINE
MOV
MOVX
JB
MOV
MOV
MOV
MOV
ACALL
ACALL
SJMP
ACALL
SJMP
ACALL
MOV
ORL
ACALL
RET

RINGING111
R7, #0E8H,NUM_UN111
DPTR, #PORTB1
A, @DPTR
ACC.7,BUSY111
R2, #08H

R7, #38H

A, #02H

R1,A
RINGING_SET1
RINGBACK_SET2
G002
BUSY_SET2
G002
NUM_UN_SET2
A, RO

A,RS

SETTING1

;****************NUMBER CHECK SUB 2*****************;

NUM_CHK2:

BUS1:
NUM22:

NUM33:

NUM44 :

NUM55:

NUM66:

CJINE
MOV
MOVX
JB
MOV
MOV
LJMP
LJMP
CJINE
MOV
MOVX
JB
MOV
MOV
LJMP
CJINE
MOV
MOVX
JB
MOV
MOV
SJIMP
CJNE
MOV
MOVX
JB
MOV
MOV
SJMP
CJINE
MOV
MOVX
JB
MOV
MOV
SJMP
CJNE

R7, #0E2H, NUM22
DPTR, #PORTB

A, @DPTR
ACC.0,BUS1

R2, #01H

R7, #00H
RINGING1

BUSY1

R7, #OEEH, NUM33
DPTR, #PORTB

A, @DPTR
ACC.1,BUS1

R2, #04H

R7, #08H
RINGING1

R7, #0D6H, NUM4 4
DPTR, #PORTB

A, Q@DPTR
ACC.2,BUS1

R2, #08H

R7, #10H
RINGING1

R7, #0F4H, NUM55
DPTR, #PORTB
A,@DPTR

ACC. 3,BUS1

R2, #10H

R7, #18H
RINGING1

R7, #0DCH, NUM66
DPTR, #PORTB

A, @DPTR
ACC.4,BUSY1
R2, #20H
R7,#20H
RINGING1

R7, #0E8H, NUM77
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NUM77:

NUMS88 :

RINGING1:

BUSY1:

NUM_UN1:
G022:

G0O33:

MOV
MOVX
JB
MOV
MOV
SJMP
CJNE
MOV
MOVX
JB
MOV
MOV
SJMP
CJNE
MOV
MOVX
JB
MOV
MOV
MOV
ACALL
ACALL
SJMP
ACALL
SJMP
ACALL
MOV
ORL
ACALL
RET

DPTR, #PORTB
A, @DPTR
ACC.5,BUSY1
R2, #40H

R7, #28H
RINGING1

R7, #0DOH, NUM88
DPTR, #PORTB
A, @DPTR
ACC. 6, BUSY1
R2, #80H

R7, #30H
RINGING1

R7, #0F7H,NUM_UN1
DPTR, #PORTB
A, @DPTR
ACC.7,BUSY1
R2, #02H

R7, #38H

A,R2
RINGING_SET2
RINGBACK SET2
G022

BUSY_ SET2
G022
NUM_UN_SET2
A,RO

A,R5

SETTING1

;****************NUMBER CHECK SUB 22*****************;

NUM_CHK22:

BUS1111:
NUM2222:

NUM3333:

NUM4444:

CJINE
MOV
MOVX
JB
MOV
MOV
MOV
LJIMP
LJMP
CJNE
MOV
MOVX
JB
MOV
MOV
MOV
LJIMP
CJINE
MOV
MOVX
JB
MOV
MOV
MOV
SJMP
CJINE

R7, #0DBH, NUM2222
DPTR, # PORTB

A, @DPTR
ACC.0,BUS1111
R2, #09H

R7, #00H

A, #01H
RINGING1111
BUSY1111

R7, #0E7H, NUM3333
DPTR, #PORTB

A, @DPTR
ACC.1,BUS1111
R2, #0AH

R7, #08H

A, #04H
RINGING1111
R7,#0CFH, NUM4444
DPTR, #PORTB

A, @DPTR
ACC.2,BUS1111
R2, #0BH

R7,#10H

A, #08H
RINGING1111

R7, #0EDH, NUM5555




94

MOV DPTR, #PORTB

MOVX A, @DPTR

JB ACC.3,BUS1111

MOV R2, #0CH

MOV R7, #18H

MOV A, #10H

SJIMP RINGING1111
NUM5555: CJINE R7, #0D5H, NUM6666

MOV DPTR, #PORTB

MOVX A, @DPTR

JB ACC.4,BUSY1111

MOV R2, #ODH

MOV R7, #20H

MOV A, #20H

SJMP RINGING1111
NUM6666: CJINE R7, 40E1H, NUM7777

MOV DPTR, #PORTB

MOVX A, @DPTR

JB ACC.5,BUSY1111

MOV R2, #0EH

MOV R7, #28H

MoV A, #40H

SJIMP RINGING1111
NUM7777: CJINE R7, #0C9H, NUM8888

MOV DPTR, #PORTB

MOVX A, @DPTR

JB ACC.6,BUSY1111

MOV R2, #0FH

MOV R7, #30H

MOV A, #80H

SJMP RINGING1111
NUM8888: CJINE R7, #0FOH, NUM _UN1111

MOV DPTR, #PORTB

MOVX A, @DPTR

JB ACC.7,BUSY1111

MoV R2, #10H

MOV R7, #38H

MOV A, #02H
RINGING1111: MOV R1,A

ACALL RINGING_ SETZ
ACALL RINGBACK_ SET1

SJMP G0022
BUSY1111: ACALL  BUSY_SET1
SJMP 60022
NUM_UN1111: ACALL  NUM UN SET1
G0022: MOV A, RO
ORL A,RS5
ACALL  SETTINGO
GO033: RET
;***************RINGING SETTING 1*******************;
RINGING SET1:  ORL A, RING
MOV RING, A
ACALL  SETTINGA4
RET
;***************CLEAR RINGING 1*********************;
CLR_RINGING: CPL A

ANL A, RING
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MOV
ACALL
RET

RING,A
SETTING4

;***************RINGING SETTING 2*******************’-

RINGING SET2: ORL
MOV
ACALL

RET

A, RING1
RING1, A
SETTINGS

;***************CLEAR RINGING 2*********************;

CPL
ANL
MOV
ACALL
RET

CLR_RINGINGL:

A

A, RING1
RING1, A
SETTINGS

;***************BUSY SETTING 1*********************;

BUSY_SET1: MOV
ORL
ACALL
CLR

RET

A, #47H
A,RO
SETTINGO
FO

;***************BUSY SETTING 2*********************;

BUSY SET2: MOV
ORL
ACALL
CLR

RET

A, #47H
A,RO
SETTING1
FO

;***************DIAL TONE CONNECTION 1 SUB**********;

DIAL: MOV
ORL
MOV
LCALL

RET

A,R6
A,DIALBUF
DIALBUF, A
SETTING2

;***************DIAL TONE CONNECTION 2 SUB**********;

DIAL1: MOV
ORL
MOV
LCALL
RET
5 Hkkokodk ok dok ok ok ok & %k *RTNGBACK
RINGBACK SET1: MOV
ORL
MOV
ACALL
SETB
RET
§ Ok kkodk ok dedk ok k% k%% *RTNGBACK
RINGBACK_SET2: MOV
ORL
MOV
ACALL
SETB
RET

A,R6

A, DIALBUFR1
DIALBUF1,A
SETTING3

SETTING 1% %% %k kokskkkkhkkhhsk,
A,R6

A, RINGBCK

RINGBCK, A

SETTING2

FO

SETTING 2******************;
A,R6

A, RINGBCK1

RINGBCK1, A

SETTING3

FO

jrRXAK A KA Ak F kR k**NUMBER UNOTAINABLE SETTING 1*******x;

NUM UN_SET1: MOV
ORL
MOV

ACALL

A,R6

A, NUBUF
NUBUF, A
SETTING2
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CLR FO

RET
jRAAKK KKK KXk k% *NUMBER UNOTAINABLE SETTING 2% * %%k ks
NUM_UN_SET2: MOV A,R6

ORL A, NUBUF1,A

MOV NUBUF1,A

ACALL  SETTING3

CLR FO

RET
;***************CLEAR BUSY 1************************’-
CLR_BUSY: MOV A, RO

ORL A, #07H

ACALL  SETTINGO

RET
;***************CLEAR BUSY 2************************;
CLR_BUSY1: MOV A,RO

ORL A, #07H

ACALL  SETTING1

RET
;***************CLEAR DIAL TONE SUB 1***************;
CLR DIAL: MOV A,R7

CPL A

ANL A, DIALBUF

MOV DIALBUF, A

ACALL  SETTING2

RET
;***************CLEAR DIAL TONE SUB 2***************;
CLR_DIALL: MOV A,R7

CPL A

ANL A, DIALBUF1

MOV DIALBUF1,A

ACALL SETTING3

RET
;***************CLEAR NU TONE l*********************;
CLR_NU: MOV A,R7

CPL A

ANL A, NUBUF

MOV NUBUF, A

ACALL SETTING2

RET
;***************CLEAR NU TONE 2*********************;
CLR NU1: MOV A,R7

CPL A

ANL A, NUBUF1

MOV NUBUF1, A

ACALL  SETTING3

RET
;***************CLEAR RING BACK 1*******************;
CLR_RINGBCK: MOV A,R7

CPL A

ANL A, RINGBCK

MOV RINGBCK, A

ACALL SETTING2

RET

. *
; sk %k de ke ke ok ok ek de ok ok ke ke CLEAR

CLR_RINGBCK1: MOV
CPL

RING BACK 2% %% ko ok ok ok ook sk ko ok ko
A,R7
A
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ANL
MOV
ACALL
RET

A, RINGBCK1
RINGBCK1, A
SETTING3

;***************MATRIX SWITCH SETTING O*************;

SETTINGO: MOV
MOVX
SETB
CLR
RET

DPTR, #PORTA1
@DPTR,A

P1.0

P1.0

;***************MATRIX SWITCH SETTING 1*************;

SETTINGI1: MOV
MOVX
SETB
CLR
RET

DPTR, #PORTAL
@DPTR,A

P1.1

P1.1

;***************MATRIX SWITCH SETTING 2*************;

SETTING2: MOV
MOVX
SETB
CLR
RET

DPTR, #PORTAL
@DPTR,A

P1.2

P1.2

;***************MATRIX SWITCH SETTING 3*************;

SETTING3: MOV
MOVX
SETB
CLR
RET

DPTR, #PORTA1
@DPTR, A

_P1.3

P1.3

;***************RINGING SETTING 1*******************;

SETTING4: MOV
MOVX
SETB
CLR
RET

DPTR, #PORTAL
@DPTR,A

P1.4

P1.4

;***************RINGING SETTING 2*******************;

SETTINGS: MOV
MOVX
SETB
CLR
RET

DPTR, #PORTA1
@DPTR,A

P1.5

P1.5

;***************CLEAR DTMF 1************************;

CLR DTMF1: MOV
CJINE
MOV
ORL
ACALL
MOV
SJMP
CJINE
MOV
ORL
ACALL
MOV
UMC: RET

MITEL:

A,RO
A,CALLER1,MITEL
A, #05H

A,RO

SETTINGO
CALLER1, #0FH
UMC
A,CALLER2, UMC
A, #04H

A,RO

SETTINGO
CALLERZ2, #0FH

;***************CLEAR DTMF 2************************;

CLR DTMF2: MOV
CJINE

A,RO
A,CALLER11,MITEL1l
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MOV A, #05H
ORL A,RO
ACALL SETTING1
MOV CALLER11, #0OFH
SJIJMP UMC1
MITEL]: CJINE A,CALLER22,UMC1
MOV A, #04H
ORL A,RO
ACALL SETTING1
MOV CALLER22, #0FH
UMCL: RET
JRAkokdkkokkkkkkkkCATLLED BUFFER SUB 1%k kskkkkkkdokkokshk .
CALL BUF: MOV A,R3
CJINE A, #00H,CAL
MOV CALED1,R2
MOV CLLED1,R7
SJMP CAL3
CAL: CJINE A, #01H,CALl
MOV CALEDZ,R2
MoV CLLEDZ2,R7
SJMP CAL3
CALl: CJINE A, #02H,CAL2
MOV CALED3, R2
MOV CLLED3,R7
SJIMP CAL3
CAL2: CJINE A, #03H, CAL3
MOV CALED4,R2
MOV CLLED4,R7
CAL3: RET
jRFEEKF AKX KAk Ak CALLED BUFFER SUB 2% ko sk ko ko kok ok kok ok
CALL BUF1: MOV A,R3
CJINE A, #00H,CAL111
MOV CALED11,R2
MOV CLLED11,R7
SJMP CAL33
CAL111: CJNE A, #01H,CAL11
MOV CALED22,R2
MOV CLLED22, R7
SJMP CAL33
CAL1l1: CJINE A,#02H,CAL22
MOV CALED33,R2
MOV CLLED33,R7
SJIMP CAL33
CAL22: CJINE A,#03H,CAL33
MOV CALED44,R2
MOV CLLED44,R7
CAL33: RET
;************EXTERNAL CALLED BUFE‘ER*****************;
CAL EXT: MOV A,R3
CJINE A, #00H, CALA
MOV CALEXT1,R2
MOV JEXT1,R6
MOV JEXTA, R7
MOV RINGEXT1,R1
MOV CLE1, R4
SJMP CALD

CALA: CJINE A, #10H,CALB
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MOV CALEXT2,R2
MOV JEXT2,R6
MOV JEXTB, R7
MOV RINGEXT2,R1
" MOV CLE2,R4

SJMP CALD

CALB: CJINE A, #20H,CALC
MOV CALEXT3,R2
MOV JEXT3,R6
MOV JEXTC,R7
MOV RINGEXT3,R1
MOV CLE3,R4
SJMP CALD

CALC: CJINE A, #30H,CALD
MOV CALEXT4, R2
MOV JEXT4,R6
MOV JEXTD, R7
MOV RINGEXT4,R1
MOV CLE4,R4

CALD: RET

;**************DTMF CONNECTION SUB l****************;

DTMF: MOV A,CALLER1
CJNE A, #0FH, DTM
MOV A, #45H
ORL A,RO
ACALL SETTINGO
MOV CALLER1, RO
MOV JMEM1, R6
MOV DTMF1,R3
MOV CALEELl,R2
MoV DIGIT1, #06H
MOV OUT1, #02H
SJMP DTM2

DTM: MOV A,CALLER2
CJINE A, #0FH, GOl
MOV A, #44H
ORL A,RO
ACALL SETTINGO
MOV CALLERZ2, RO
MOV JMEM2, R6
MOV DTMF2,R3
MOV CALEE2,R2
MOV DIGIT2, #06H
MOV OUT2, #02H
SJMP DTM2

GO1l: MOV A,R6
MOV R7,A

ACALL CLR DIAL
ACALL BUSY SET1

DTM2: RET
JRFFH A Ak Kk kk ok k¥ DTME CONNECTION SUB 2% %k kk ok ok kkk ok kok ok
DTMF111: MOV A,CALLER11

CJNE A, #0FH, DTM1

MOV A, #45H

ORL A,RO

ACALL SETTING1
MOV CALLER11,RO
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MOV JMEM11,R6
MoV DTMF11,R3
MOV CALEE]11l,R2
MOV DIGIT11, #06H
MOV OUT11, #02H
SJMP DTM3

DTM1: MOV A,CALLER22
CJINE A, #0FH, GO11
MOV A, #44H
ORL A,RO
ACALL SETTINGI1
MOV CALLER22, RO
MOV JMEM22, R6
MOV DTMF22,R3
MOV CALEE22,R2
MOV DIGIT22, #06H
MOV 0oUT22, #02H
SJMP DTM3

GO1l1l: MOV A,R6
MOV R7,A

ACALL CLR_DIAL1
ACALL BUSY _SET2

DTM3: RET
’-****************CONVERSATION SUB 1****************;
LOOK: MOV A,R1
CJINE A, CALED1, LOOK1
MOV R3, #00H
MOV R7,#01H
MOV CALED1, #OFH
SJIMP TALK
LOOK1 : CJINE A, CALED2, LOOK2
MOV R3, #01H
MOV R7, #02H
MOV CALED2, #0FH
SJMP TALK
LOOK2: CJINE A, CALED3, LOOK3
MOV R3, #02H
MOV R7, #04H
MOV CALED3, #0FH
SJMP TALK
LOOK3: CJINE A, CALED4, GO4
MOV R3, #03H
MOV R7, #08H
MOV CALED4, #0FH
TALK: MOV A,R1
ACALL  CLR_RINGING
LCALL CLR_RINGBCK
CONVERSATION: MOV A, #40H
ORL A,RO
ORL A,R3
LCALL SETTINGO
MOV A, #00H
SJMP GOS
GO4: MOV A, #OFH
GOS5: RET

jREEA KKKk kk Kk k* *CONVERSATION  SUB 2k # kokok sk sk hok ok sk ok ok
LOOK111: MOV A,R1
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CJNE
MoV
MoV
MOV
SJMP
CJINE
MOV
MoV
MOV
SJMP
CJNE
MOV
MOV
MOV
SJMP
CJNE
MOV
MOV
MOV
MOV
ACALL
ACALL
MOV
ORL
ORL
ACALL
MOV
SJMP
GO44: MOV
GO55: RET
’-************EXTERNAL
LOOKEXT1: ACALL
JZ
LCALL
Jz
MOV
ACALL
ACALL
MOV
ORL
ACALL
MOV
SJMP
GO004 : MOV
GO005: RET
;************EXTERNAL
LOOKEXT2: ACALL
Jz
LCALL
JZ
MOV
ACALL
ACALL
CONVERSATION_X1:MOV
ORL
ACALL
MOV

LOOK11:

LOOK22:

LOOK33:

TALK1:

CONVERSATIONI:

JEE:

TALKEXT:

CONVERSATION_X:

GOO005::

JEE1:

TALKEXT1:

GO00555:

A,CALED11, LOOK11
R3, #00H

R7,#01H

CALED11, #0FH
TALK1
A,CALED22,LOOK22
R3, #01H

R7, #02H

CALED22, #0FH
TALK1

A,CALED33, LOOK33
R3, #02H

R7, #04H

CALED33, #0FH
TALK1
A,CALED44,G044
R3, #03H

R7,#08H

CALED44, #0FH
A,R1
CLR_RINGINGI1
CLR_RINGBCK1

A, #40H

A,RO

A,R3

SETTING1

A, #00H

GO55

A, #0FH

CONVERSATION SUB 1**#***kkkss;
LOOKK
GO004
JUNCTOR1
GOO0O05
A,R1
CLR_RINGING
CLR_RINGBCK1
A,R6
A, R4
SETTING2
A, #00H
GOOOS
A, #OFH

CONVERSATION SUB 2% %%k kkkksak;
LOOKK
GO004 4
JUNCTOR11
GO00555
A,R1
CLR_RINGING1
CLR_RINGBCK
A, R6
A, R4
SETTING3
A, #00H
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SJMP
GO0044: MOV
GO0055: RET
s RH KKk kKK k**[OOKING WHEN
LOOKK: MOV
CJNE
MOV
MOV
MOV
MOV
SJIMP
CJINE
MOV
MOV
MOV
MOV
SJIMP
CJINE
MOV
MOV
MOV
MOV
SJMP
CJINE
MOV
MOV
MOV
MOV
MOV
SJMP
CLR
RET

LOOKEX1:

LOOKEX2:

LOOKEX3:

LKK2:

LKK:
LKK1:

GO0O055
A, #0FH

CALLEDR, IS ON HOOK™* %% % % % % % & % ;
A,R2

A,CALEXT1, LOOKEX1
R4, #00H

R7, JEXT1
RINGEXT1, $00H
JEXT1, #80H

LKK2

A, CALEXT2, LOOKEX2
R4, #10H

R7, JEXT2
RINGEXT2, #00H
JEXT2, $#80H

LKK2

A, CALEXT3, LOOKEX3
R4, #20H

R7, JEXT3
RINGEXT3, $00H
JEXT3, #80H

LKK2

A, CALEXT4, LKK

R4, #30H

R7, JEXT4
RINGEXT4, $00H
JEXT4, $#80H

A, $0FH

LKK1

A

;***************CHECK WHEN OFF HOOK SUB 1***********;

CLR_SUB: MOV
CJINE
ACALL
JB
MOV
CJINE
MOV
MOV
MOV
ORL
ACALL
MOV
MOV
MOV
MOV
ACALL
MOV
SJMP
CJINE
ACALL
JB
MOV
CJINE
MOV

MM1:

CLR1:

A, RO
A,JTRA,CLR1
CLR_CALLEREXT
FO,MM1
A,CALED1

A, #0FH, MM1
CALED1, #00H
R2,CLLED1
A, #47H

A,R2
SETTINGO
CLLED1, #0FH
R1, #00H

R7, #01H

A, CALED1
CLEAR11
JTRA, #01H
CNN11

A, JTRB, CLR2
CLR_CALLEREXT
FO, MM2
A,CALED2
A,4#0FH, MM2
CALED2, #00H




103

MOV R2, CLLED2
MOV A, #47H
ORL A,R2
ACALL SETTINGO
MOV CLLED2, #0FH
MM2: MOV R1, #01H
MoV R7, #02H
MOV A,CALED2
ACALL CLEAR11
MOV JTRB, #01H
SJIMP CNN11
CLRZ: CJINE A, JTRC, CLR3
ACALL CLR_CALLEREXT
JB FO, MM3
MOV A,CALED3
CJINE A, #0FH, MM3
MOV CALED3, #00H
MOV R2,CLLED3
MoV A, #47H
ORL A,R2
ACALL SETTINGO
MOV CLLED3, #0FH
MM3: MOV R1, #02H
MOV R7, #04H
MOV A,CALED3
ACALL CLEARL1
MOV JTRC, #01H
SJIMP CNN11
CLR3: CJNE A,JTRD,CLLR
ACALL CLR_CALLEREXT
JB FO,MM4
MOV A,CALED4
CJNE A, #0FH, MM4
MOV CALED4, #00H
MOV R2,CLLED4
MOV A, #47H
ORL A,R2
ACALL SETTINGO
MOV CLLED4, #0FH
MM4 : MOV R1, #03H
MOV R7, #08H
MOV A,CALED4
ACALL CLEAR11
MOV JTRD, #01H
CNN11: MOV A, #0FH
SJMP CLLR1
CLLR: LCALL ONHK_CALLED1
CLR A
CLLR1: RET
jrRAEF* xRk kkkkxk %k CLEAR WHEN OFF HOOK 1** %% %k kkkkhkkdk .
CLEAR11: LCALL CLR RINGING
MOV A, #00H
ORL A,R1
LCALL SETTINGO
MOV A, #08H
ORL A,R1

LCALL SETTINGO
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MOV
ORL
LCALL
MOV
ORL
LCALL
MOV
ORL
LCALL
MOV
ORL
LCALL
MOV
ORL
LCALL
MOV
ORL
LCALL
LCALL
LCALL
LCALL
LCALL
RET
H ***************CHECK
CLR_SUB1: MOV
CJINE
LCALL
JB
MOV
CJINE
MOV
MOV
MOV
ORL
LCALL
MOV
MM11: MOV
MOV
MOV
LCALL
MOV
LJMP
CLR11: CJINE
LCALL
JB
MOV
CJINE
MOV
MOV
MOV
ORL
LCALL
MOV
MM22: MOV
MOV
MOV
LCALL

A, #10H
A,R1
SETTINGO
A, #18H
A,R1
SETTINGO
A, #20H
A,R1
SETTINGO
A, #28H
A,R1
SETTINGO
A, #30H
A,R1
SETTINGO
A, #38H
A,R1
SETTINGO
CLR_BUSY
CLR_DIAL
CLR_NU
CLR_RINGBCK

WHEN OFF HOOK 2***************’-

A,RO

A,JTRAL, CLR11
CLR_CALLEREXT1
FO,MM11
A,CALED11

A, #0FH, MM11
CALED11, #00H
R2,CLLED11

A, #47H

A,R2

SETTING1
CLLED11, #0FH
R1, #00H
R7,#01H
A,CALED11
CLEAR111
JTRAL, #01H
CNN22
A,JTRB1,CLR22
CLR CALLEREXT1
FO,MM22
A,CALED22

A, #0FH, MM22
CALED22, #00H
R2,CLLED22

A, #47H

A,R2

SETTING1
CLLED22, #0FH
R1, #01H
R7,#02H
A,CALED22
CLEAR111
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CLR22:

MM33:

CLR33:

MM44;

CNN22:

CLLR22:

CLLR11:

MOV
SJMP
CJINE
LCALL
JB
MOV
CJINE
MoV
MOV
MOV
ORL
LCALL
MOV
MOV
MoV
MOV
LCALL
MOV
SJMP
CJINE
LCALL
JB
MOV
CJINE
MOV
MOV
MOV
ORL
LCALL
MOV
MOV
MOV
MOV
LCALL
MOV
MOV
SJMP
LCALL
CLR
RET

;***************CLEAR

CLEAR111:

LCALL
MOV
ORL
LCALL
MOV
ORL
LCALL
MOV
ORL
LCALL
MOV
ORL
LCALL
MOV
ORL
LCALL

JTRB1, #01H
CNN22

A, JTRC1,CLR33
CLR_CALLEREXT1
FO, MM33

A, CALED33

A, #OFH, MM33
CALED33, #00H
R2, CLLED33

A, #47H

A,R2

SETTING1
CLLED33, #0FH
R1, #02H

R7, #04H

A, CALED33
CLEAR111
JTRC1, #01H
CNN22

A, JTRD1, CLLR22
CLR_CALLEREXT1
FO, MM44

A, CALED44

A, #0FH, MM44
CALED44, #00H
R2,CLLED44

A, #47H

A, R2

SETTING1
CLLED44, #0FH
R1, #03H

R7, #08H

A, CALED44
CLEAR111
JTRD1, #01H

A, #OFH

CLLR11
ONHK_CALLED2
A

WHEN OFF HOOK 2***************;

CLR_RINGINGI1
A, #00H
A,R1
SETTING1
A, #08H
A,R1
SETTING1
A, #10H
A,R1
SETTING1
A, #18H
A,R1
SETTING1
A, #20H
A,R1
SETTING1
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s kR kR kR Ak *CLEAR
CLR _CALLEREXT:

XX1:

MAXIMI:

XX2:

MAXIM2:

MOV A, #28H
ORL A,R1

LCALL  SETTING1

MOV A, #30H

ORL A,R1

LCALL  SETTING1

MOV A, #38H

ORL A,R1

LCALL  SETTING1
LCALL  CLR BUSY1
LCALL  CLR DIAL1
LCALL  CLR_NU1
LCALL  CLR_RINGBCK1
RET

WHEN EXTERNAL CALLER OFF HOOK 1**%%%;
MOV A,R2

CJINE A,CLE1, MAXIM1
MOV A, JEXT1

CJINE A, #80H, XX1
MOV R2, JEXTA
MOV A, #478

ORL A,R2

LCALL  SETTING1

MOV JEXT1, #00H
MOV A, #00H

LCALL  SETTING3

MOV A, #00H

LCALL  SETTING2

MOV A, RINGEXT1
LCALL  CLR RINGING1
MOV JEXTA, #80H
MOV CALEXT1, #00H
SJMP XX5

CJINE A,CLE2, MAXIM2
MOV A, JEXT2

CJINE A, #80H, XX2
MOV R2, JEXTB

MOV A, #47H

ORL A,R2

LCALL  SETTING1

MOV JEXT2, #00H
MOV A, #10H

LCALL  SETTING3

MOV A, #10H

LCALL  SETTING2

MOV A, RINGEXT2
LCALL  CLR_RINGING1
MOV JEXTB, #80H
MOV CALEXT2, #00H
SJMP XX5

CJINE A,CLE3, MAXIM3
MOV A, JEXT3

CJINE A, #80H, XX3
MOV R2, JEXTC

MOV A, #474

ORL A,R2

LCALL  SETTING1
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XX3:

MAXIM3:

XX4:

XX5:
MAXIM4:
MAXIM5:

s * %k ok Aok k * CLEAR
CLR_CALLEREXT1:

XX11:

MAXIMI11:

MOV JEXT3, #00H
MOV A, #20H

LCALL SETTING3

MOV A, #20H

LCALL SETTING2

MOV A, RINGEXT3
LCALL CLR_RINGING1
MOV JEXTC, #80H
MOV CALEXT3, $00H
SJMP XX5

CJINE A,CLE4,MAXIM4
MOV A, JEXT4

CJINE A, #80H, XX4
MOV R2, JEXTD

MOV A, #47H

ORL A,R2

LCALL SETTING1

MOV JEXT4, #00H
MOV A, #30H

LCALL SETTING3

MOV A, #30H

LCALL SETTING2

MOV A, RINGEXT4
LCALL CLR_RINGING1
MOV JEXTD, #80H
MOV CALEXT4, $00H
SETB FO

SJIMP MAXIMS5

CLR FO

RET

WHEN EXTERNAL CALLER OFF HOOK 2%#**%%;
MOV A,R2

CJINE A,CLE1l,MAXIM11
MOV A, JEXT1

CJINE A, #80H,XX11
MOV R2, JEXTA

MOV A, #47H

ORL A, R2

LCALL SETTINGO

MOV JEXT1, #00H
MOV A, #00H

LCALL SETTING2

MOV A, #00H

LCALL SETTING3

MOV A, RINGEXT1
LCALL CLR_RINGING
MOV JEXTA, #80H
MoV CALEXT1, $00H
SJMP XX55

CJINE A,CLE2,MAXIM22
MOV A, JEXT2

CJINE A, #80H, XX22
MOV R2, JEXTB

MOV A, #47H

ORL A,R2

LCALL SETTINGO

MOV JEXT2, #00H
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MOV
LCALL
MOV
LCALL
- MOV
LCALL
MOV
MOV
SJMP
CJINE
MOV
CJINE
MOV
MoV
ORL
LCALL
MOV
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
MOV
SJMP
CJINE
MOV
CJINE
MOV
MOV
ORL
LCALL
MOV
MOV
LCALL
MOV
LCALL
MOV
LCALL
MOV
MOV
SETB
SJMP
MAXIM44: CLR
MAXIMS5: RET
;*************CALLED
ONHK_CALLED1: MOV
CJINE
SETB
SJMP
CJINE
SETB
SJMP
CJINE
SETB
SJMP

XX22:

MAXIM22:

XX33:

MAXIM33:

XX44:

XX55:

ON1:

ON2:

OFF

A, #10H
SETTING2

A, #10H
SETTING3

A, RINGEXT2
CLR_RINGING
JEXTB, #80H
CALEXT2, #00H
XX55
A,CLE3,MAXIM33
A, JEXT3

A, #80H,XX33
R2, JEXTC

A, #47H

A,R2
SETTINGO
JEXT3, $00H
A, #20H
SETTING2

A, #20H
SETTING3

A, RINGEXT3
CLR_RINGING
JEXTC, #80H
CALEXT3, #00H
XX55

A,CLE4, MAXIM44
A, JEXT4

A, #80H, XX44
R2, JEXTD

A, #47H

A,R2
SETTINGO
JEXT4, #00H
A, #30H
SETTING2

A, #30H
SETTING3

A, RINGEXT4
CLR_RINGING
JEXTD, #80H
CALEXT4, #00H
FO

MAXIMS5

FO

HOOK CHECKING 1##* %%k kkokokokokok .
A,RO
A,CLLED1,ON1
FO

ONb
A,CLLED2, ON2
FO

ON5
A,CLLED3,0N3
FO

ON5
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ON3: CJINE
SETB
SJMP
ON4: CLR
ON5: RET

pdkkkkkkkkkk**CALLED OFF
ONHK CALLEDZ2: MOV
CJINE
SETB
SJMP
CJINE
SETB
SJIMP
CJINE
SETB
SJIMP
CJINE
SETB
SJMP
CLR
RET

ON11:

ON22:

ON33:

ON44:
ONS55:

A,CLLED4, ON4
FO
ONS5
FO

HOOK CHECKING 2****kkkkkkkk,
A,RO
A,CLLED11,ON11
FO

ON55
A,CLLED22,0N22
FO

ON55
A,CLLED33,0N33
FO

ON55
A,CLLED44,0N44
FO

ON55

FO

j******CLEAR ALL WHEN IDLE & START PROGRAM SUB l***x;

MOV
MOV
MOVX
MOV
MOV
CLR
CLR
CLR
CLR
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

CLEARI1:

DPTR, #PORTAL
A, #00H
@DPTR, A

P1l, #0FOH

P1, #00H

B.O

B.1

B.2

B.3

CALLER1, #0FH
CALLER2, #0FH
CALLER11, #0FH
CALLER22, #0FH
CLLED1, #0FH
CLLED2, #0FH
CLLED3, #0FH
CLLED4, #0FH
CLLED11, #0FH
CLLED22, #0FH
CLLED33, #0FH
CLLED44, #0FH
JTRA, #01H
JTRB, #01H
JTRC, #01H
JTRD, #01H
JTRAL, #01H
JTRB1, #01H
JTRC1, #01H
JTRD1, #01H
JEXTA, #80H
JEXTB, #80H
JEXTC, #80H
JEXTD, #80H
RING, #00H
RINGBCK, #40H
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MOV DIALBUF, #50H
MOV NUBUF, #60H
MOV RING1, #00H
MOV RINGBCK1, #40H
MOV DIALBUF1, #50H
MOV NUBUF1, #60H
MOV CLE1, #00H
MOV CLE2, #00H
MOV CLE3, #00H
MOV CLE4, #00H
MOV CALED1, #00H
MOV CALED2, #00H
MOV CALED3, #00H
MOV CALED4, #00H
MOV CALED11, #00H
MOV CALED22, #00H
MOV CALED33, #00H
MOV CALED44, #00H
MOV CALEXT1, #00H
MOV CALEXT2, #00H
MOV CALEXT3, #00H
MOV CALEXT4, $00H
MOV RINGEXT1, #00H
MOV RINGEXT2, #00H
MOV RINGEXT3, #00H
MOV RINGEXT4, #00H
MOV ADR1, #00H
MOV ADR2, #00H
MOV ADR11, #00H
MOV ADR22, #00H
MOV TELA, #01H
MOV TELB, #01H
MOV TELC, #01H
MOV TELD, #01H
MOV TELE, $01H
MOV TELF, #01H
MOV TELG, #01H
MOV TELH, #01H
MOV TELA1, #01H
MOV TELB1, #01H
MOV TELC1, #01H
MOV TELD1, $01H
MOV TELEL, #01H
MOV TELF1, #01H
MOV TELG1, #01H
MOV TELH1, #01H
RET
END
,-********************************************************************
PRAAAEE THE END, THIS PROGRAM READ ONLY o
jREEEES FINISHED:  S5th MAY 1999

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

4 o @ '3
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2.R 240 Q
3.R100Q
4.R4.7KQ
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6. R 27KQ

7.R 12KQ

8. R 2000

9.R 1KQ

10. C 10 UF 63 V
11.C47 UF 50 V
12. 1N4002

13. Zener Diode 3.6 V
14. Relay 2 Contacts
15. TIP 126

16. TIP 121

17. TIP 110

18. BC 337

19. LED

20. niourlas 600-600 Q
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4.C220 UF 50 V
5. IN5401

6. UA 7812
7.UA 7912

8. UA 7805

9. UA 7905

2993M3aIny
1.R 150 KQ
2.R 10KQ
3.R20KQ
4.R82KQ
5.R22KQ
6. R 100 KQ
7.CA7 UF 50V
8.C2.2 UF 50V
9.C5.6 UF 50V
10.C 2.7 UF 50 V
11.C30PF 50V
12.C 10 UF 50V
13. TL 074
14. Switch Reset
15. Crystal 11.0529 MHz
16. UM 66T19L/S
17. 7805

113

4
51em39Unsel (fo)

THIU

e} L @

10

€
Pe] c.)e c.)e

‘_)Q

‘_)Q ‘_)Q ‘_)Q ‘_)Q ‘_)Q ‘_)E ‘_)Q ‘_)E ‘_)Q

=3
‘_)Q



MANUHIN D

= Y U d
51.?1?;13!6891‘1]6\1‘11?)33@!!@3@ﬂlﬂN‘lJﬂ‘U?NQllﬂim



115

CMOS MT8804A
E 8 x 4 Analog Switch Array

B RORE S RS S e e
Features ISSUE 2 Oucbar 1989
* Microprocessor compatible controf inputs Ordering Infarmation

« On chip control memory and address decoding MT8804AC 24 Pin Ceramic DIP

* Row addressing MT8804AE 24 Pin Piastic DIP

* Master reset MT8804AP 28 Pin PLCC

. . -40° to 85°C
* 32 crosspoint switches in 8 x 4 array

* 5.0V to 15.0V operation

¢ Low crosstalk between switches

¢ Low on resistance: 90Q (typ.) at 13V

* Matched switch characteristics

Description

The MT8804A is a CMOSALS! 8 x 4 Analog Switch

Amay incorporating control memory (32 bits), deco-

< Switches frequencies up to 40MHz der and digital logic level converters. This circuit has
digitally controlfed analog switches having very low
“ON" resistance and very low “OFF™ leakage current.

. . Switches will operate with analog signails at

Applications frequencies to 40 MHz and up to 15.0Vp-p. A

+ PABX and key sytems "HIGH" on the Master Reset input switches ail

< Data acquisition systems channels “OFF" and clears the memiory. This device
N oot mrfant:

«  Test equipmentinstrumentation is ideal {or crosspoint switching applications.

* Analog/digital multiplexers ’

AE 00 01 02 D3 V0O VEE VvSS
i 1 1
1 1
AD
Al 3to 8 L vo
Decoder Laiches {=0-7)
A2
8 32
MR 4 1O (i=0-3)

Figure 1 - Functional Block Diagram
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MT8804A CMOS

Ting 4 24 voo

ufjez 280G

tof]3 2207 14 LS
=H:  zpe B
olls 20[] 6

o1{]s 19w 2 MR
agz 18[] MR g:g
ozEa 17{7] AE B ne
{9 15 A2

03 (J10 15{] A1

BOn 14{] a0

vss [}z 13[] VEE

24 PIN CERDIP/PLASTIC DIP 28 PINPLCC

Pin Description

Figure 2 - Pin Connections

Pin & Name Description
1-3 (2-L0 |L2-L0 Analog Lines (Inputs/Outputs): these are connected to the L2-L0 columns of the
switch array. .
4 Do DO Data (input): Active High.
5 Jo JO Analog Junctor (Input/Output): this is connected to the JO row of the switch array.
6 (o]} Di Data (Input). Active High.
7 Ji J1 Analog Junctor (Input/Output): this is connected to the J1 row of the switch array.
8 D2 D2 Data (Input): Active High.
9 J2 J2 Analog Junctor (Input/Output): this is connected to the J2 row of the switch amay.
10 D3  |D3 Data (Input): Active High.
1 J3 J3 Analog Junctor (Input/Output): this is connected to the J3 row of the switch array.
12 Vgs |Digital Ground Reference.
13 Vee |Negative Power Supply.
14-16 | AG-A2 [A0-A2 Address Lines (inputs). )
17 AE  |Address Enable/Strobe (Input): enables function selected by address and data. Address
must be stable betore AE goes high and 00-D3 must be stable on the falling edge of the
AE, Active High.
18 MR Master RESET (Input): this is used to tum off all switches. Active High.
19-23 L7-L3 |L7-L3 Analog Lines (Inputs/Outputs): these are connected to the L7-L3 columns of the
switch array.
24 Vpo |Posltive Power Supply.

* Plastic DIP and CERDIP onty
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CMOS IVl BBU4A

Functional Description

The MT8804A is a CMOS/LS! 8 X 4 Analog Switch
Amay incorporating an 8 X 4 analog switch array,
address decoder, control memory, and digital fogic
{evel converter.

The analog switch array is amanged in 8 rows and 4
columns. The row inputfoutputs are referred to as
Lines (LO-L7) and the column input/outputs as
Junctors (JO-J3). The crosspoint analog switches
interconnect the lines and junctors when tumed “ON"
and provide a high degree of isolation when tumed
“OFF". Interchannel! crosstatk is minimal despite the
high density of the analog switch array. The control
memory of the MT8804A can be treated as an 8
word by 4 bit random access memory. The 8 words
are selected by the ADDRESS (A0-A2) inputs
through the on chip address decoder. Data is
presented to the memory via the four DATA inputs
(DO0-D3). This data is asynchronously written into the
control memory whenever the ADDRESS ENABLE
(AE) input is HIGH. A HIGH level written into a
memory cell tums the corresponding crosspoint
switch “ON" while a LOW level causes the crosspoint
1o turn “OFF™.

Only the crosspoint switches corresponding to the
addressed memory word are affected when data is
written into the memory. The remaining switches
retain their previous states. By establishing
appropriate pattems in the control memory, any
combination of lines and junctors may be
interconnected. A HIGH level on the MASTER
RESET (MR) input retums ail memory locations to a
LOW level and tums ali crosspaint switches “OFF"
effectively isolating the fines from the junctors. The
digital fogic level converters aflow the digitat input
levels to differ from limits of the analog levels
switched through the array. For example, with

[
i {
L Yao——vee-t 4
| 4 L +—TT
g [
2 .
ig {
5 i
ivegavtrqus ¥
maE i |
] 1
L ] ' 1
-l -1 L] -» -5 - -
tarrsTong - °C

Flgure 3 - On Resistance vs. Temperature
(lnput Signal Vottage=Supply Voltage/2)

Vpo=5V, Vgg=0V and Vge=-6V, the control inputs
can be driven by a 5V system while the analog
voltages through the crosspeint switches can swing
from +5V to -6V.

5
i s : o -WEm2 by
. [}
i ' ™
E‘! “..: ' \
Eo ,
" g v - W =%
- : -
H
-§ <4 =3 -7 -¢
15001 SSndl rRTeAE -y

Figure 4 - On Resistance vs. Input Signal Voltage

8x8 Analog/Digital Switch
Two MTB8804s configured as shown, implement
an 8 x 8 analog/digital switch, The swith capadty
can be expanded to an M x N array of inpts/
outputs. Expansion in the M dimention is as
shown with the MT8804A fines (LO-L7)
commoned. €xpansion in the N dimension Is
accomplished by replicating the circuit shown and
connecting the MTB804A junctors (JO-J3) in
common. The address and data control inputs of
the MT8804A’s can be connected in common for
any size and switch provided that the address
enable (AE) inputs are driven Individually, A
particular signal path Is connected by setting up

taken high, disconnects afl signal paths.

the appropriate signats or the address and data Teanéa

fines and taking the comesponding address ™ M
enable input high. The master resst (MR), when eKiLam

Sy OCHOOTA_ B T TRATRANS
WEPAOASAL W b MATLONPUTE
110 r——
| M e i
H o A naa 1Y
byt sl oy
& WETAL
wud u Lt
[t a L]
(v 1 | OrrampanLy
(L u Na
(5, " yTe
—— u ML v ] oThe
| H
-
priam &
at

Figure § - 8 x 8 Analog/Digital Switch
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Absolute Maximum Ratings- - votages are with respect to Vge unless otherwise stated.

Parameter Symbol Min Max Units
1 | Supply Voltage Vpo-Vss -03 16 v
Vpo-Vee 0.3 16 v
Vgs Vee 0.3 16 v
2 | Analog Input Voitage Vina Vee0.3 Vpp+0.3 \
3 | Digital Input Voltage Vin Vgg-0.3 Voot+0.3 v
4 | Cument on any Logic Pin { 10 mA
S | Storage Temperature Ts -65 +150 °C
6 | Package Power Dissipation PLASTIC DIP Pp 0.6 w
CERDIP Pp 1.2 w
* Excesding these vakies may cause permanent damage. Functional operation under these condiians is not implied.
Recommended Operating Conditions - vottages are with respect 1o Veg unless othorwise stated.
Characteristics Sym Min | Typ Max | Units Test Conditlons
1 | Operating Temperature To -40 25 85 °C
2 | Supply Voltage Voo-Vss 5 S 15 v
Voo-Vee 5 10 15 \
VssVee | ¢ 5 10 v
3 | Analog Input Voltage Vina Vee Voo A
4 | Digital Input Voltage Vin Vss Voo v
DC Electrical Characteristics? - votiages are with respect to Vee=Vgg=0V.
Characteristics Sym | Min | Typt | Max | Units Test Conditions
1 | Quiescent Supply Current loo 1 100 BA | Vpp=15V. All digital inputs at
Vin=Vsgs or Vpp
2 | Off-state Leakage Current loee 20.1 | £500 [ nA | Vpp=13V, Switch is ‘Off’
(Any line to any jUndOf) 'in - Vul = VDD - VEE
3 | Input Logic “0” {avel ViL 3.0 v Vpp =10V
1.5 v Vpo=5SV
V'NA=VDO :hmugh 1kQ
4 | Input Logic “1” level Vi 7.0 v Vpp =10V
35 \Y Vpp=5V
VINA=VDD through 1kQ
§ | Maximum current through lpax +8.0 mA | Vpp=13V
Crosspoint Switch

1 OC Bectrical Charactedstics are at ambient temperature (25°C).
 Typical figures are for design aid only; not-guaranteed and not subject o production testing.

DC Electrical Characteristics- Switch Resistance - vy is he extemal DC offset applied at the analog VO pins.

Characteristics Sym 25°C _| 70°C | 85°C | Units Test Conditions
Min | Typ | Max | Typ | Typ
1{ On-state  Vpp=13V Ron 60 90 | 108 | 105 110 Q Vss=Veg=0V,Vpc=Vpp/2,
Resistance Vpg=10V 105 | 160 | 120 { 125 Q Vg - Vyl=0.6V
Voo= 5V 290 | 650 | 320 | 325 Q
2| Difference in on-state
resistance between
two switches
Vpo=13V ARoy 20 20 20 Q Vss=Vee=0V,Vpc=Vgp/2,
Vpp=10V 30 30 30 Q V5, Vil = 0.6V

36




119

CMOS MT8804A

AC Electrical Characteristics! - Crosspoint Performance vy is the extemal GC ottset appiied at the anaiog
VO pins. Vottages are with respect 1o Vpp=10V, Vgg=Vee=0V unless otherwise stated.

| Characteristics Sym | Min | Typ* | Max | Unhts Test Condltions
1 | Switch Line Capacitance Cis 5 pF
2 | Switch Junctor Capacitance Cos 20 pF
3 | Feedthrough Capacitance C 0.2 pF
4 | Frequency Response Fasn 40 MHz | Switch is “ON"; Vpe=5V,
Channel “ON° Vina=5Vpp sinewave
20LOG(Vout/ Vina) = -3dB f=1kHz; R =1kQ
5 | Total Hanmonic Distortion THD Switch is “ON"; Vgg.Vgs=0V
Voo=15VVpe=7.5V 0.1 % | Vina=SVpp sinewave
Vpo=10VNpe=5V 02 % f= 1kHz;
Vpo=5VNpc=2.5V 1.0 % | R =10kQ
6 | Feedthrough FOT . -0 dB | All Switches “OFF™; Viya=
Channel “OFF SVpp sinewave {= 1MHZ;
Feed.=20L0G (Vour/ Vina) A= 1kQ Vpe=5V
7 | Crosstalk between any two Xeak -40 dB | Vina=2Vpp sinewave
channels for switches Ui - Ji and f= 1.0MHz; Ry = 600Q
- Ji.
-90 dB | Vina=2Vpp sinewave
Li - Jiis “ON* f=3.4kHz; R| = 6000
Lj - Jj is "OFF"
VDC = 5V
X1alk=20LOG (V.V).
8 | Propagation delay through tps i0 s C =50pF
switch

t AC Electrical Characteristics are at amblent temperatusre {25°C).
$ Typleal figures are for design aid ondy; not guaranteed and aot subject o production testing.

AC Electrical Characteristics! - Control and VO Timings- vottages are with respect 1 Vss=Vee=0V unless

otherwise stated.
Characteristics Sym | Min { Typ* | Max | units Test Conditlons

1 | Digital input Capacitance Coy S pF | Vpog=10V

2 | Setup Time D0-D3 to AE tos 150 ns | Vpp=10V
200 ns | Vpp=5V

3 | Hold Time DO-D3 to AE ton 120 ns Vppo=10V
300 ns V00=5V

4 | Setup Time Address to AE tas 0 ns | Vpp=10V
S0 ns VDOﬁV

S | Hold Time Address to AE tan 120 ns. | Vpp=10V
300 ns VDD:5V

6 | AE Pulse Width tacw | 100 - ns | Vpp=10V
250 ns | Vpp=5V

7 | AE to Switch Status Dela: 200 300 ns Vpp=10V

o e 650 | 900 | ns |vogsv ~ SeeNotet
8 | DATA to Switch Status Delay tpLH 250 | 400 ns | Vpp=10V See Note 1
9 | MR to Switch Status Delay tun 250 | 400 ns | Vpp=10V
500 | 600 ns | Vpp=5V See Note 2

MRR 200 | 350 as | Vpo=10V

500 | 750 | ns | Vpo=sv

t AC Electrical Characisristics arg at amblent tempecature (25°C).
$ Typical figures are fot design ddody:notguaran!eedandnamueanpmdwﬁontesﬁng.

Note 1
Note 2

= =50pE
e e

Digttal tnput rise time (ir) and falf time (tf) = Sns.
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Features

+ Intemal control latches and address decoder

* Short set-up and hold times

+  Wide operating voltage: 4.5V to 13.2V

* 12Vpp analog signal capability

* Ron 65Qmax. @ Vpp=12V, 25°C

* ARon<10Q @ Vpp=12V, 25°C

= Full CMOS switch for low distortion

¢ Minimum feedthrough and crosstalk

* Separate analog and digital reference supplies
* Low power consumption ISO-CMOS technology

Applications

* Key systems

* PBX systems

* Mobile radio

* Test equipment finstrumentation
* Analog/digital multiplexers

* Audio/Video switching
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1ISO-cMOs MT8808
8 x 8 Analog Switch Array

tSsue 2
Ordering Information
MT8808AC 28 Pin Ceramic DIP
MT8808AE 28 Pin Plastic DIP
MT8808AP 28 Pin PLCC
-40° to 85°C
Description’

The Mitel MT8808 is fabricated in MITELs 1SO-
CMOS technology providing low power dissipation
and high reliability. The device contains a 8 x 8 array
of- crosspoint switches along with a 6 to 64 line
decoder and latch dircuits. Any one of the 64
swilches can be addressed by selecting the
appropriate six address bits. The selected switch can
be tumed on or oft by applying a logical one or zero
to the DATA input. Vgg is the ground reference of
the digital inputs. The range of the analog signal
is from VDD to VEE'

STROBE OATA AESET VOO VEE  vss
I
1 ’
‘ e
AX0
AX1 .
AX2 6 to :
A Latches Pl oaw
AYO : (=0-7)
AY1 :
AY2 Lad -

Yi YO (=0-7) l

Figure 1 - Functional Block Diagram

3-15



122

MT8808 I1SO-CMOS

8
| < 0O
Avz] 1 2ﬂgm :mz&;sg
sTROBE(] 2 2717 Avo Sa>ux<x<
“vee(@ 2 26 }Ax2
DATA[] 4 25 ] axt aNTENS
vss(]s 24{ ] Ax0 3 AX1
x0{] e 23]x1 B Ax0
x2{{7 2{]x3 1 X1
x4( s 21[9xs gg
x6(}9 20{1x7 B x7
RESET ({10 190 1vpo R VDo
73 u 18] vo
v6 ({12 178 vt
vs([13 6{1v2
Y4114 15(3Y3
28 PIN CEROIP/PLASTIC DIP 20 PINPLCC

Pin Description

Figure 2 - Pin Connections

Pin# Name Description
1 AY2 |AY2 Address Line (Input).
2 STROBE [STROBE (Input): enables function selected by address and data. Address must be stable
before STROBE goes high and DATA must be stable on the falling edge of the STROBE.
Active High.
Vee  |Negative Power Supply.
4 DATA |DATA (Input): a logic high input will tum on the selected switch and a logic fow will tum off
the selected switch. Active High.
5 Vss |Digital Ground Reference .
6-9 X0, X2, X0, X2, X4 and X6 Analog (Inputs/Outputs): these are connected to the X0, X2, X4 and
X4, X6 |X6 rows of the switch aray.
10 RESET

Master RESET (Input): this is used to tum off all switches. Active High.

11-18 Y7-Y0

Y7-Y0 Analog (inputs/Outputs): these are connected to the Y0 - Y7 columns of the
switch array.

19 Vpo |Positive Power Supply.
20-23 X7, X5, {X7,X5, X3 and X1 Analog (Inputs/Outputs): these are connected to the X7, X5, X3 and
X3, X1 {X1 rows of the switch array.
24-26 AX0- |AX0-AX2 Address Unes (Inputs).
AX2

27,28 | AYQ,AY1

AY0 and AY1 Address Lines (lnputs).
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ISO-CMOS M i 8B8UB

Functional Description

The MT8808 is an analog switch matrix with an array
size of 8 x 8. The swilch ammay is arranged such that
there are 8 columns by 8 rows. The columns are
referred to as the Y inputs/outputs and the rows are
the X inputsfoutputs. The crosspoint analog switch
array will interconnect any X VO with any Y /O when
tumed on and provide a high degree of isolation
when tumed off. The control memory consists of a 64
bit write only RAM in which the bits are seiected by
the address inputs (AY0-AY2, AX0-AX2). Data is
presented to the memory on the DATA input. Data is
asynchro-nously written into memory whenever the
STROBE input is high and is latched on the talling
edge of STROBE. A logical “1” written into a memory
cell tums the comesponding crosspoint switch on
and a logical “0" tums the crosspoint off. Only the
crosspoint switches corresponding to the addressed
memory location are altered when data is written into
memory. The remaining switches retain their
previous states. Any combination of X and Y inputs/
oulputs can be interconnected by establishing
appropriate patterns in the control memory. A
logical “1” on the RESET input will asynchronously
retum all memory locations to logicat “0" turning off
all crosspoint switches. Two vottage reference pins
(Vss and Vgg) are provided for the MT8808 to
enable switching of negative analog signals. The
range for digital signals is from Vpq to Vgg while the
range for analog signals is from Vpg 10 Vgg. Vss
and Vee pins can be tied together if a single voltage
reference is needed.

Address Decode

The six address inputs along with the STROBE are
logically ANDed to torm an enable signal for the
resetiable transparent latches. The DATA input is
butfered and is used as the input to all latches. To
write to a location, RESET must be low while the
address and data are set up. Then the STROBE
input is set high and then low causing the data to be
latched. The data can be changed while STROBE is
high, however, the corresponding switch will tum on
and off in accordance with the DATA input DATA
must be stable on the falling edge of STROBE in
order for correct data to be written to the latch.
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MT8808 1S0-CMOS

Absoiute Maximum Ratings - vetages sre with respact 1o Veg uniess othonwiss staisd.

| Parameter Symbol Min Max Units
1 | Supply Voltage Voo -0.3 15.0 \%
Vss -0.3 Vpp+0.3 v
2 | Analog Input Voltage Vina -0.3 Vop+0.3 v
3 | Digital Input Voltage Vin Vss-0.3 Vpo+0.3 v
4 | Cument on any /O Pin ! =15 mA
5 | Storage Temperature Ts -65 +150 °C
6 | Package Power Dissipation PLASTIC DIP Pp 0.6 w
CEROIP Po 1.0 w
° Exceedng thase values may cause permanent damage. Functional opecation under these conditions &s not implied.
Recommended Operating Conditions - voragss are with fespact 1o Veg unless otharwise stated.
Characteristics Sym | Min | Typ Max Units Test Conditions
Operating Temperature To -40 25 85 °C
2 | Supply Voltage Voo | 45 132 v
Analog Input Voltage leA VEE ] Voo \%
Digital input Voltage ViN | Vss | Voo v
DC Electrical Characteristicst- Voitages are with respect 10 VgeaVsg=0V, Vpp =12V unless otherwiso siatad,
Characteristics Sym | #in | Typ* | Max [ Units Test Conditlons
1 | Quiescent Supply Current oo 1 100 #A | All digital inputs at Vin=Vgg or
Voo
04 1.5 mA | Al digital inputs at Vi=2.4 +
Vss : Vsg =7.0V
5 15 mA | Al digital inputs at Vip=3.4V
2 | Off-state Leakage Current loer =1 +500 nA | V- Vyjt = Vpp - Vee
(See G.9 in Appendix) See Appendix, Fig. A.1
3 | Input Logic 0" level Vi 9.84Vgg v Vsg =7.5V; Vge=0V
4 | input Logic “1" level Vig | 20+Vgg v Vs =6.5V; Vge=0V
5 | laput Logic *1” level Vin 33 v
6 | Input Leakage {digital pins) fizak 0.1 10 pA | All digital inputs at Vi = Vss
orVpp

1 OC Blecirical Characteristics are over recommended tamperatuce rangs.
3 Typical figures are at 25°C and are for design aid onty; not guarantead and not subject 1o production tosting.

DC Electrical Characteristics- Switch Resistance - Ve & the extemat OC oftset applied at the analog ¥0 pins.

Characteristics Sym 25°C 70°C 85°C Units Test Conditions
Typ | Max | Typ | Max | Typ | Max

1 |On-state VDO=12V RON 45 65 75 80 Q VSS=VEE=OV'VOC=VDD/Z

Resistance Vpo=10V 81 75 85 90 Q  |IVigVyl =04V
Voo=5V 1201 185 215 25| Q {See Appendix, Fig. A2

(See G.1,G2,G3in
Appendix)

2 |Ditference in on-state ARony | S 10 10 10 Q  |Vpp=12V, Vgg=Vge=0,
resistance between two Voc=Vpo/2,
switches lerV\q’ =04V
(See G.4 in Appendix) See Appendix, Fig. A.2

3-18
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ISO-CMOS  MT8808

AC Electrical Characteristics® - Crosspoint Performance vorzgss ere with repsct © Vpg=3V, Vgs=OV,
Veg=-7V, nloss otherwise stated.

Characteristics Sym i Min I Typz [ Max | Unlts Test Conditions
1 | Switch /O Capacitance Cs 20 pF f=1 MHz
2 | Feedthrough Capacitance Ce 02 oF | f=1 MHz
Frequency Response Fasp 45 MHz | Switch is "ON"; iy = 2Vpp
Channel “ON" sinewave; R = 1kQ
20LOG(Vout!Vxg)=3dB See Appendix, Fig. A.3
4 | Total Hamonic Distortion THD 0.01 % | Switchis “ON™; Viya =2Vpp
(See G.5, G.6 in Appendix) sinewave f= 1kHz: R =1kQ
5 | Feedthrough FOT -95 dB | All Switches “OFF; V=
Channel “OFF 2Vpp sinewave {= 1kHz;
Feed.=20LOG (Vour/Vx) R.= 1kQ
(See G.8 in Appendix) See Appendix, Fig. A4
6 | Crosstalk between any two Xean 45 dB | Vina=2Vpp sinewave
channels for switches Xi-Yi and f= 10MHZz, R = 75Q
X-Yj. -90 08 | Vpa=2Vpp sinewave
f=10kHz; A= 600Q
Xtalk=20LOG (Vyy/Vy). HL_
-85 dB | ViNa=2Vpp sinewave
{See G.7 in Appendix). f=10kHz; R_= 1kQ.
-80 dB | Vina=2Vpp sinewave
f= 1kHz R, = 10k
Refer to Appendix, Fig. A5
for test circuit.
7 | Propagation defay through tps 30 ns | Ry=1kQ; G =50pF
switch

t Timing is over recommended temperture range. See Fig. 3 for controt and YO timing dataits.

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

Crosstalk measuremants are for Plastic DIPS only, crosstalk values for PLCC packages are approximatety SdB bettar.

AC Electrical Characteristicst - Control and 1/O TiMINgGs- Votages are with respect 1o Vog=5V, Vgs=0V,
Vee=-7V, unless othervse stated.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 | Control Input crosstalk to switch CXea 30 mVpp | Vin=3V squarewave;
(for CS, DATA, STROBE, . Rin=1k, R =10k
Address) See Appendix, Fig. A6
2 | Digital Input Capacitance Coi 10 pF f=1MHz
3 | Switching Frequency Fo 20 MHz
4 | Setup Time DATA to STROBE tos 10 ns R =1kQ C(=50pF o
5 | Hold Time DATA to STROBE ton 10 ns Ri=1kQ C=50pF o©
6 | Setup Time Address to STROBE tas 10 ns Ri=1kQ C =50pF ©
7 | Hold Time Address to STROBE tan 10 ns R=1kQ C(=50pF 0
8 | STROBE Pulse Width tspw | 20 ns Ri=1kQ C=50pF ©
9 | RESET Pulse Width tapw | 40 ns Ri=1kQ C =S0pF @
10 | STROBE to Switch Status Delay ts 40 100 ns R=1kQ, C=50pF 0
11 | DATA to Switch Status Delay ip 50 100 ns Ri=1kQ C=50pF @
12 { RESET to Switch Status Delay ta 35 100 ns B=1kQ C=50pF O
1 Timing is over dad tem, 9. Seel—'ag.:!breontmlandllOﬁningdeﬂls

P ran
Digital input rise time (ir) and fall fime () = Sns.
3 Typical figures are at 25°C and are for design aid only; not guareateed and not subject 10 production testing.
@ Refer to Appendix, Fig. A.7 for test circuit.
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Table 1. Address Decodg Truth Table
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n the ATB9CS1 is executing code {rom external pro-

grém memory. PSEN is activated twice each machine
cytle. except that two PSEN activations are skipped during

‘each access to external data memory.
]

s
EANpp

Extérnal Access Enable. EA must be strapped to GND in

ocger to enable the device to fetch code from external pro-
gram memory locations starting at 0002H up to FFFFH.
Note. however, that if lock bit 1 is programmed, EA will be

msgnally latched on reset.

EA should be strapped to V¢ for internal program execu-

tk%ns.

This pin also receives the 12-volt programming enable volt-
aée (Vpp) during Flash programming, for parts thal require

12'VO“ Vpp.
© XTALT

‘lnput to the inverting oscillator amplifier and input to the

internal clock operating circuit.
T XTAL2

Output from the inverting oscillator amplifier.

[

Oscillator Characteristics

XTALT 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 2 quartz
crystal or ceramic resonator may be used. To drive the
dev;ce from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.

here are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
|s through a divide-by-two flip-fiop, but minimum and maxi-
mum voltage high and low time specifications must be

observed.
k

fd!e Viode

In idle mode. the CPU puts itself to sleep while all the on-
h(p peripherals remain active. The mode is invoked by
soitware. The content of the en-chip RAM and all the spe-
ial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled

i"nlerrupl or by a hardware reset.
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{t should 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 lo two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To efiminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
)| e | XTALZ
A
3
C1 T
o) ——8--— XTALS
¢ | GND

Note: C1,C2 =300pF =10 oF for Cryslals
= 40 pF * 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

NC —--———--—| XTAL2
EXTERNAL
OSCILLATOR -~~~ — xTALS
SIGNAL
,—— &NO-
i

:Status of External Pins During ldle and Power Down Modes

| Mode :Program Memory ALE | PSEN | PORTO | PORT1 ! PORT2 . PORT3

e nteral o4l D% Daa | Data , Oaa
L oyt Fea | Dam | Addess | Dala
Power Do::v_r\.‘m“___._lﬁl_effll_-_" 0‘ _‘ kE _ Data ‘ ___Data _,:____9‘:‘_“_3; _“‘ A_Eata

i Rower Down : External o 0 ' Float 1 Data 4‘ Data = ‘Data




SRR TR T TR ———

128

Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction 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 Vee is
restored to its normal operaling level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpre
grammed (U) or can be programmed (P) to obtain the agc
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA p
is sampled and latched during reset. I the device is pov:
ered up without a reset, the latch initializes to a randor
value, and holds that value until reset is activated. lt is nec
essary that the latched value of EA be in agreement wit:
the current logic leve! at that pir in order for the device
function propery.

Program Lock Bits ! Protection Type
] H T
LB1 | iB2 ;| LB3
1 T : U : U . No program lock featu(es.
i T 1 i 1
2 . P Jy . U MOVC instructions executed from external program memery are disabled from fetching code
t ’ ’ 3 . Faret}
bytes from internal memory, EA is sampled and latched on reset, and further programming of the
. |r ‘ e Flashis dxs‘.a_tLe«_j. .
3 , P P , U | Sameasmode 2, also verily is disabled.
3 i
4 : O ' P | Same as mode 3, also extemal execution is disabled.

Programming the Fiash

The AT89CS51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vce) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
ATB9C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

i ! Vpp =12V | Vpp= 5V ll
: Top-Side Mark . ATB9CS 1 " AT89CS1 ]
i XXXX XXXX-5 i
.‘ yyww L yyww }
! Signature ' (030H)=1EH ! (030H)=1EH i
' " (031H)=51H ! (031H)=351H ,
| | (O32HI=FFH ' (@32t)=05H |

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. 7o program any non-
blank byte in the on-chip Flash Memory. the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the

ATB9C51. the address. data and control signals should be

set up according to the Flash programming mode table anc

Figures 3 and 4. To program the ATB9C51, take the follow-

ing steps.

1. Input the desired memory location on the address
lines.

2. lInput the appropriate data byte on the data fines.
3. Activate the correct combination of control signals.

4. Raise EANVpp to 12V for the high-voltage programming
mode.

5. Pulse ALE/PRGG once to program a byte-in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT39C51 features Daig Polling to indi-

cate the end of a write cycle, During a write cycle, an

attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

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

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
iow after ALE goes hign during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.
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The AT3SCS1 provides the following standard features: 4K

Yles of Flash, 128 bytes of RAM, 32 /O lines. two 16-bit
umer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip osciliator and clock cir-
c;ilry. In addition, the ATBICS1 is designed with static logic
1qr operation down to zero frequency and supports two
software selectable power saving modes. The idle Mode
slops the CPU while allowing the RAM, timer/counters.
sbrial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but {reezes
tHe oscillator- disabling all other chip functions until the next
hhrdware reset.

Pin Description

cC
Supply voltage.

i
GND
Ground.
P'ort Q
Port 0 is an 8-bit open drain bidirectional 1/0 port. As an
output port each pin can sink eight TTL inputs. When 1s
are written tc port 9 pins, the pins can be used as high-
impedance inputs.
Port 0 may also be configured to be the multiplexed low-
o'rder address/data bus during accesses to external pro-
gram and data memory. in this mode PO has internal pul-
1aps.
onrt 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
uon External pullups are required during program verifica-
tlon.

Port 1

F"ort 1 is an 8-bit bidirectional VO port with internal pullups.
he Port 1 output bufters can sink/source four TTL inputs.
hen 1s are written to Port 1 pins they are pulled high by

:!-ne internal pullups and can be used as inputs. As inputs.
ort 1 pins that are externally being pulled low wiil source

durrent (L) because of the internal pullups.

Port 1 also receives the low-order address bytes during

élgsh programming and verification.

Port 2

Port 2 is an 8-bit bidirectional /O port with internal pullups.

The Port 2 output buffers can sink/source four TTL inputs.

When 1s are written to Port 2 pins they are pulled high by

Lhe internal pullups and can be used as inputs. As inputs.
ort 2 pins that are externally being puiled low will source

current (f; ) because of the internal pullups. .

f’ort 2 emits the high-order address byte during fetches

Erom external program memory and during accesses to

external data memory that use 16-bit addresses (MOVX @

DPTRY). In this application it uses strong intecnal pullups

! R
f
{

T o e o o
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when emitting 1s. During accesses {0 external data mem-
ory that use B-bit addresses (MOVX @ Rl), Port 2 emits the
contents of the P2 Special Function Register.

Poct 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port3

Port 3 is an B-bit bidirectional VO port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
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 externally being puiled low will source
current (1, ) because of the pullups.

Port 3 also serves the functions of various spécial features
of the AT89CS1 as listed below:

Port Pin : Altemate Functions

P3.0 : RXD (serial input port)

PE; 1 : TXD (serial output port) ]
—P3j2 B m:(_(—)ﬂi;;t_ernal interrupt 0) T
P3.3 —.! W(exte_rnal imerrup‘l_{)-_- j
P3.4 L : TO (timer 0 external input) e

P3.5 o T1 (timer 1 external input) B
P3s l WH (external data me.t—'n—o'ry virite slro't-);)'

P3.7 : %(exlemal cala memory read strobe) «

Port 3 also receives some control signals for Flash pro-
gramming and verification,

RST .

Reset input. A high on this pin for twc machine cycies while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency. and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
puise is skipped during each access to external Data Mem-
ory. -

If desired, ALE operation can be disabled by setting bit 0 of
SFR location BEH. With-the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pullec high. Setting the ALE-disable bit has no
efiect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to extemal pro-
gram memory.
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ISO%-cMCS MT887G0L/MT8870D-1

Integrated DTMF Receiver

Features
»  Compiete DTMF Receiver

¢+  Low power consumption

- internal gain setting amplifier

* Adjustable quard time
+ Central ofiice quaiity
+ Power-gown mode

« Inhibit mode

+  Backward compatibie with

MT8870C/MT3870C-1

Applications

*  Recewer system ior British Telecom {BT) or

CEPT Spec (MT8£700-1)
« Paging systems

- PRepeater systems’mobile radio

- Credit carc sysiems
+  Remote controt
« DPersonal computers’

+  TJeiephone answering macnine

iSSUE 3 Mav1995

Ordering Information
MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DC/OC-1 18 Pin Ceramic DIP
MT88700S/DS-1 18 Pin SOIC
MT88700N/DN-1 20 Pin SSOP
MTB8700T/DT-1 20 Pin TSSOP

-40 °C to +85 °C

Description

The MT8B70D/MT8870D-1 is a complete DTMF
receiver integrating both the bandspht fiter znd
digital decoder. functions. The filter section uses
switched capacitor technioues ‘or nigh and low
group lilters: the decucer wuses digital counting
techniques to detect and deccde zit 16 DTMF tone-
pairs inta a 4-bit code. Externai compenent count is
Tinimized by on chip provision of z gifierential input
zmplifier. clock osciilator and latches three-state bus
interface.

¥00  VSS YAef iNH
._1\
. Bias
P'HON Circut —__{/ VRet
Sutier .
[ ’]
A | — 1> Q1
Thip  Chi .
Power Sias —| HehGrouwp | | 1o Digitat Coce
e Detection Cenverter o
. Algorithm anc Latch Q2
‘N - Dial .
2ero Crossing Fl
;f'l’"e Detectors Q3
N - | iter V
3 Low Group —
S Finer _D— - Q4
. { . l
——|>O‘—~ S St Steering Zx
T .Clocks GT Logic
“AAA v IS
238Ct osc2 SYGT st sTo TOE

Figure 1 - Functio

nal Block Diagram



132

—— — r ——— . -
MT8870D/MT8870D-1 1S02-cMOS
INe ] 1 18] vpo wNe [0 U 2003 voo
IN-T] 2 17{2 suGT IN-T] 2 153 syGT
G6s{] 3 161 ESt 6sd 3 183 Est
VRef (1 4 15{3 si0 VvRel (] 4 173 s10
NH(] 3 1475 Qe INH(] 5 16 nC
PWON{] & 130 a3 PwoN(] 6 155 Q4
osci(j 7 120 Q2 Nne( 7 140 as
oscz(] s g Qs osci({s 1302
vss{d 9 10f] TOE osc2{] g 12{] q4
vss {10 1= 1oe
18 PIN CERDIPPLASTIC DIPISQIG 20 PIN SSOPISSOP

Pin Description

Figure 2 - Pin Connections

{
Pin &
D ipti
18 } 20 Name : escription
1 1 IN+ !Non-lnverﬁng Op-Amp (Input). ’
212 IN- flnverting Op-Amp (Input).
31({3 GS !Gain Select. Gives access to output of front end difterential ampiifier for connecticn of
i 'feedback resistor.
4 ;4! VRet gﬁeference Voltage (OQutput). Nominally Voo/2 is used to bias inputs at mid-rail (see Fig. 6
! iand Fig. 10).
5{5 % INH ltnhibit (Input). Logic high inhibits the detection of tones iepresenting characiers A. B. C
.and D. This pin input is internzlly puiled down,
6; 6 PWDN EPower Down {Input). Active high. Powers down the device and inhibits the osciflator. This
: :pin input is intemally puiled down.

7 18] OSC1 |Clock (lnput).

8:i9 OSC2 iClock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internat oscillator circuit,

9 ;10 i Vgs [Ground (Input). OV typical.

10 : 11! TOE iThree State Qutput Enable (Input). Logic high enabies the outputs Q1-Q4. This pin is

i ; ;putied up internzlly. ‘

11-112-] Q1-Q4 iThree State Data (Output). When enzbled by TOE, provide the code cofresponding to the

141 15 ilast valid tone-pair received (see Table 1). When TOE is logic fow. the data outputs are high

limpedance.

15 17 StD §Delayed Steering (Output).Presents a iogic high when 2 received tone-pair has been

| iregistered and the output latch upaated: returns to lagic fow when the voltage on SYGT falls
below VTS!‘

16 | 18 ESt  |Early Steering (Output). 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
retum to a logic low.

17119 | SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vyg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than }/TSt frees the device to accept a new tone pair. The GT output acts to
reset the extemal steering ime-constant; its state is a function of ESt and the voltage on St.

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

7. NC No Connection.
16
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Functional Description

The MT83700/MT8870D-1  monolithic DTMF
receiver ofiers small size. low power consumption
and high performance. Its architecture consists of a
bandsplit filter section, which separates the high and
fow 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. '

Filter 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
filtars. the bandwidths of which correspond to the low
and high group irequencigs. The fiiter section aiso
incorporates netches at 350 and 2440 Hz for
exceptional dial tone rejection {see Figure 3). Eacn
filter output is followed by 2 single orcer switched
capacitor filter section wnich smooths the signals
grior to limiting. Limiting is periormed by nigh-gamn
comparators whicn are provided with hysteresis tc
prevent detection of unwanted low-levei signals. The
outputs of the comparators provide full rail iogic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
gigital  counting techniques to Jdetermine the
frequencies of the incoming tones anc to venfy that
they correspond to standard DTMF irequencies. A
complex averaging algorithm protects agzinst tone
simulation by extraneous signals sucn as vcice while

Voo
gy of
Voo
SVGT A
€St L AAA—
AR
S0
e .
lorm=(ACHRVo Vg Vs

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum ccmbination of
immunity to talk-off and toierance to the presence of
interiering frequencies (third tones) znd 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 l0ss oi signal condition will cause ESt to
assume an inactive state {see “Steering Circuit"),

Steering Circuit

Before registration of a decoded tone pair, the
feceiver 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 iogic high on ESt causes v, (see Figure 4) to
fise as the capacitor discharges. Pravided signal

PRECISE
DIAL TONES

e i e

. tf
o /

\Vi <

X=350 Hz

A

“ Y=440 Hz

20

OTMF TONES

A

ATTENUATION

A=69T7 Hz

@8}

B=77Q Hz
é \ C=852 Hz

H

E=1209 Hz

/

- /

/
/
I

oL,

40

F=1336 Hz

\ 0=941 Hz
‘ G=1477 Hz

H=1633 Hz

NS

—

17
ﬂ 4

i

Y
P,

AB C D
FREQUENCY (Hz)

E

7
!

1

G

S
AN
!

Figure 3 - Filter Response
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condition is maintained (ESt remains high) for the
validation period (lg7pj. v, reaches the ihreshoid
(Vysy) of the steering logic to register the tone pair.
iatching its correspcnaing 4-bit code (see Table 1)
into the outlput latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
nigh as long as ESt remains hign. Finally, after a
snort delay to ailow the output fatch to settle. the
delayed steering cutput flag {StD) goes high.
-Signailing that a received tone pair has. been
registered. The contents oi 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 beltween signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signa! intecruptions (dropout)
*co short to be considered a velid pause. This facility,
togetner with the capability ci selecting the steenng
time constants externally, allows the designer to
tailor periormance 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
sircuit shown in Figure £ is applicable. Component
values are chosen accora:ng to the formula:

‘rec=lprtigre
lo=lpa#ic2
The value of tpe 1S 2 device parameter (see Figure
11) and tgcs 1s the minimum signat duration o de
recognized by the recetver. A value for C cf 0.1 uF s

l57o=/R=CjinVportYop-Vrs)]
5N CHintVoo Vrsy
T Hﬁ(ﬂcﬂzy(ny' ;}

5m=tR.CNaNVo (Vpo-Vrs)f

Voo O—“_L (671=TACHAVpoVrs)
C

Ve Ao=(RLAMR Ay
SVGT

I

b) decreasing tgta: (laTp>gTa)

Figure 5 - Guard Time Adjustment

Digt | TOE | INH | ESt { Q, | Q, Q, Q,
ANY | L X H | 2 Z iz )z
IIEE: H 0 o ' o oo

2 P M ox H 0 -0 ' 1 ¢ g
3 i H X i H o - 32 'y

i M i X {Hio: 10, o]
s H X { H o U

5 H x | w o {1 3 o
7 | H X H i 0 I
8 | H X i OH o1 9t 0 ! 9
g | H X H 1 0 0 ! 1

0 H X H 11 0 1,0

- H X H v {0 1

: H X H o1, 0 Mo
A H L H I

8 H L H o 1 R
c H L uo| 1 10
0 H Lt | H o | o0 2 | 9
A H H | L

8 H o : L iunce(ec!ec. the >utput ccce

-~ ; ‘wiltl remain 1he :ame 3s the

< i H H {1 L orevicus detectec code

o iHA P H 1oL

Tabte 1. Functional Decode Table

L=LOGIC LOW. H=LOGIC HIGH. Z=HIGH IMPECANCE
X = 0ON'T CTARE

recommended for most applications. ieaving R (o be
selected by the designer.

Different steering arrancements may be used to
select independently the guard times for tone
present (tgp) and tone absent (tg1a). This may be
necessary to meet system specifications wnich place
Soth accept and reject limits on both tone durztion

* and interdigital pause. Guard time adjustment also

adows the designer to tailor system ozramelers
such as talk off and noise immunity. Increasing tqec
improves talk-off performance since it reduces the
probability that tones simuiated by speech wili
maintain signal condition long enough to be
registered. Alternatively, a relatively shert toee with
3 fong lpg would be appropnate for extremely naisy
environments where iast 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) will 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 MT88700/MT88700D-1
prevides a differential-input operational amplifier as
well as a bias source (Vp() which is used to bias the
inpuis at mid-rail. Provision is made for connection of
& feedback resistor to the op-amp output {GS) for
adjustment of gain. in a single-ended configuration,
the input pins are ccnnected as shown in Figure 10
with the op-amp cennected jor unity gain and VRet
btasing the input at ‘iVng. Figure 6 shows the
ditierential  configuration. which permits the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internzl clock circuit is completed with the
adaition of an extarnal 3.579545 MHz crystal and is
normally connected as shown in Figure 10 {Singte-
Enced Input Cenfiguration). However, it is possible
to configure several MTBB70D/MTB8700-1 devices
employing only a single oscillator crystai. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the osciilator
input (OSC1) of the next device. Subsequent devices
are connected in & similar fashion. Refer to Figure 7
for details. The problems ' assaciated with

unbalanced ioading are not a cancern with the

arrangement shown. ie..
capacitors are nat required.

precision  batancing

——
o MT88700/
c, R, iN<+ MT838700-1
2 +*
IN-
O A -
¢, R,
Rg GS
>
RJ
Rz
Vaer

Difterential lnput Amplitier
C|=C2=1O af
Ry=R,=Rc=100 k()
A,=60k0). R4=37.5 kQ
R,Rs

Ra+Rg

All resisiors sre £17% iolerance.
All capaciors are =5% tolerance.

Ry=

R

VOLTAGE GAIN (A, cifn=

INPUT IMPEDANCE

A 2
2inotEs) = 2 —
(ZinotFr) = 2 R.2. (,_Jc>

Figure 6 - Differential Input Configuration

To OSCi of next -
TSET00MMTE87CD-1

N4 Ny
TSC1 j_ 0scz2
=2
osc2 —L.I ’—— 0OscC1
C
C=30 oF

X-1at=3.579545 MHz

Figure 7 - Osciliator Connection

Parameter Unit Resonator
R]1 Ohms 10.752
Lt mH 432
C1 pF 4.984
Co pFE 37915
[ am - 89637
af ' % =0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model. i.c.. 121fRICT.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151 l5r2=(ReC J)infVpolVpp-Vrs)/
The circuit shown in Fig. 9 dlustrates the use of
MT88700-1 device in a typical receiver system. BT
Spec defines the input signals iess than -34 dBm as

the non-operate level. This condition can be Voo O—:L Ap=(ALRYAR, +Ry)
attained by choosing a suitable values of Ry and R,
Ay

Gra=(R,Cjln(VepVis)

to provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm &t the gain setting
pin GS of MTB870D-1. As shown in the diagram, the
component values of R3 and C, are the guard time

requirements when the total ccmponent tclerance is Noles:

. A - R.=368K 0 =z 1%%
%. For better periormance, it is recommended to ESt Rziie;g::%
use the non-symemietric guard time circuit in Fig, 8. : " Ci=100nF = 5%

Figure 8 - Non-Symmetric Guard Time Circuit

Voo
c.
orme O— Lo
Input a. MTB8700-1 T
—-: N+ Voo [ —A
11 IN- SUGT [
va-—: GS ssiG——d Ry
A2 ) Vau so 3 —0
O—ine Qs——
O——— {1 pwon al—0n
OsC 1 RIT—O NOTES:
X E{Et—C osc2 a1 n Ry = 02KQ £ 1%
I.-_—_C Vss TOE {3 Ry =71.5KQ + 1%
Ry = 390KQ 21 %
777 C1.Cy = 100 0F £5%

X, =3.579545 MHz + 0.1%
Vpp = 3.0V £5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratings?

‘ Parameter ; Symbol : Min } Max , Units
1 : OC Power Supply Voltage ; Voo ; ; 7 .V
2 | Voltage on any pin Vi i Vgs0.3 Vppt03 | v
3 ¢ Current at any pin (other than supply) & ; 10 mA
4 ; Storage temperature Tste ; -85 +150 ' °C
35 Package power dissipation ! Py 500 ; mw

1 Sxceecing these values may cause permanent damage. Funclional operation uncef these conditions is not impliec.
Derate above 75 °C at 16 mW /°C. All teads soldered to board.

Recommended Operating Conditions - Voltages are with respect 10 grouna (Vggj unless ottienvise stated.

i Rarameter Sym : Min |. Typ: ‘ Max : Units 5 Test Conditions
1 | DC Power Supply Voltage Voo | 475 | 50 | 525 v
2 ! Operating Temperature To ; -40 ' +85 ; *C
3 : Crystal/Clock Frequency ' ic % ! 357855 P MHz
4 : Crystal/Clock Freq.Tolerance HEt ot : P01 %o ;

1 Typwal figures are at 25°C and are for cesign aid only: notguaranieea and not subject ta procuction testing.

DC tlectrical Characteristics - Vpo=3.0V= 5%. Y5g=0V. -40°C = T5 £ +85°C, unless otherwise staieo.

: Characteristics i Sym " Min Typ: Max ; Units Test Conditions
1 |'s iStandby supply current lMooq i 10! 25 | LA [PWDN=Vpo
g i Operating supply current lop ! 30, 9.0 mA |
' z :Power consumption Fo _ IS . mwW {1c=3.579545 MHz
A : i ; :
4 | [High levelinput Vg | 35 | ! ! {Vpo=3.0V
5 ' ;Low level input voltage Vi ; L] § Y iv00=5.ov
61, glnput leakage current oy ;0. ; WA | Viy=Vesof Voo
7 ;‘ "Pull up (source) current , leo ;15 20 A .. TOE {pin 10)=0.
b i : ’ , | Vpp=3.0V
87 gPull down (sink) cirrent ls; I 15 i 45 ! vA ixx\;m:_ss.g\\/,_ PWDN=5.0V.
s ; ! : i Vpp=5.
9 i Input impedance (IN+, IN-) Ry ! 10 MQ 1@ 1Ktz
10 Steering threshold voltage | Vog, | 2.2 24 { 25 1 v lvpgg=50v
11 ELow tevel output voitage VoL i Vgs+0.03| VvV  INo toad
12 S'High tevel output voltage Vou |Vgo-0.03 vV |No load
131 T { Output low (sink) current lo. | 1.0 2.5 MA  (Vour=04 V
14 5 Output high (source) cumrent on 0.4 0.8 MA  {Vour=4.6 V
15 ; VRaet OUtput voitage Vaet 2.3 25 27 \Y No load. Vg = 5.0V
16 Vet Output resistance Rog | 1 «Q

4 Typical figures 2re 2t 25°C and are for design aid saty: notguarnieed and not subrect 10 production testing.
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Operating CharacteristiCs - vpp=5.0v25%, Y520V, ~0°C < Ty 5 +35°C .unless othervase stateq.
Gain Setting Amplifier

i Characteristics f Sym ’ Min g Typ? } Max { Units ‘ Test Conditions

1 | Input leakage current NV i 1100 | nA  Vggs Vi€ Vg

2 ! Input resistance Ry | 10 | MQ

3 | Input ofiset voltage Vos ! 25 mv |

4 ; Power supply rejection ‘ PSRR : 30 'dB 1 kHz

S ! Common made rejection : CMRR 10 d8 0.7S V<V <425V biased
i H ; at Ve =2.5 V

6 | DC cpen loop voltage gain i Aol | 32 dB

7 | Unity gain bandwidth P loso MHz | ,

8 | Output voitage swing Vo |40 | : Voo | L0ad 2 100 kQ to Ygs @ GS

9 | Maximum capacitive load (GS) i C : 100 pF

10 | Resistive ioad (GS) [ R | [ so | ko

" ‘ Common mode range . Yeu f 2.5 : ! Voo ' No Load

MT8870D AC Electrical Characteristics - vpp=5.0v +5%. vgg=0v, 40°C < To < +85°C . using Test Circuit shown in

rigure 10,

g Characteristics i Sym : Min : Typ~ : Max l Units ‘ Notes*

! Valid input signal levels {(each -29 ' ' +1 | dBm + 1.2.3.5.6.2
1 !:one cf composite signai) : 27.5 i 869 , MVaus : 1.23.5.6.3
2 | Negative twist accept ; ! 8 ' 98 | 2.369.12
3 | Positive twist accept : ‘ ' 8 | @ ‘236912
4 | Frequency deviation accept o £1.5% =2Hz : 2.35.3
S | Frequency deviation reject f =3.5% i ; 2.3,5.9
6 ! Third tone tolerance i ; -16 | 98 |23459.10
7 : Noise tolerance ‘ Lo ! 9B 23.4573.10
8 | Dialtone tolerance . f | s22 { dB ;234539.11

+ Typical figures are a1 25 *C and are for design aid only: not guaranteea and not subject fo production testing.

“NOTES

1. cBm= decibels above or below a reterence power of 1 mW into a2 600 ohm loao.
2. Digit sequence consists of all OTMF tones.

3. Tone duration= 40 ms. tone pause= 40 ms.

4. Signal conoition consists of nominal OTMF irequencies.

5. Both tones in composite signal have an equal ampliluae.

S. Tone pair is deviatled by =£1.5 %= 2 Hz.

7. Banawidih limited (3 kHz ) Gaussian noise.

8. The precise dial tone frequencies are (350 Hz and 440 Hz) = 2 %,
9. For an error rate of betler than 1 in 10,000.

10. Referenced to lowest level Irequency component in DTMF signal.
11. Referenced to the minimum valid accept tevel.

12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - Vpp=5.0V23%, Vgg=0V. -40°C 2 Ty, £ +85°C . using Test Gircuit shown in

Figure 10.
T : ! . H
i Characteristics ! Sym Min : Typ? | Max ; Units | Notes*
; ! Valid input signal levels {each -31 +1 1 dBm ! TestedatVpp=5.0V
itoneofconmositesigna() 3 21.8 869 | mVRMSE 1.2.35.6.9
T ; :
| ‘ . 37 . d8m | TestedatVpp=5.0vV
"2 | Input Signa! Level Reject — i I 1 1.2.3.5.6.9
] i 10.9 i ! MVayg 1T
H { ’ i i 1
3 | Negative twist accept : 1 ¢ 8 I é8 °236.9.13
4 | Positive twist accept l , i B : d8 1236913
5 | Frequency ceviation accept } . +1.5%= 2 Hz ; : 1 2.3.5.8
5 Frequency deviation reject ; +3.5% : "l ' I 2.3.5.9
7 g Third zane toterance ’ ' 18,5 l o8 : 2345912
8 Noise taterance ' ; -12 ; : a8 2.3.4.5.79.10
9 f Dial torie tolerance : ’ +22 ; a8 5 2.3.4.5.8.9.11

¢ Typecal figures are a1 25 *C ano are for design aid only: not guaranteea and not subject to praduction testing.

“NOTES

1. d8m= cecibeis aoove o7 below a relerence power ¢i 1 mW into a 600 chm load.
2. Digit sequence consists of ail DTMF tones. .

3. Tone curalicn= 40 ms. !one pause= 10 ms.

4. Signal concition consisis of nominal DTMF Irequencias.

S. Both tones in composite signat have an equal amplituce,

6. Tone pair 1s geviatea by 1.5 %= 2 Hz,

7. Banowictr: limirec {3 kHz ; Gaussian noise.

3. The precise cial 'cne i*equencies are (350 Hz ana 240 Hz) = 2 "a.

2, For an errer ~3ie of betier than + i 13.000.

1C. Relerence? ‘o lowest revel frecuency compornient 'n DTMF signal.

11. References to the muimum valig accep! level.

12, Referanced ta Fig. 10 input DTME tone level at -23c8m -28¢8m a1 GS Pin) interference irequency range >etween 480-3400Hz.
13. Guaranieed by 2esicn and characterization.
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ISO2-CMOS  MT8870D/MT8870D-1

! o l
EVENTS | A 8 | ¢ | ¢« | F | &
1
PEC"‘: :—n— _..’ 'ggc rq_ —— !,0 -.-: —— ‘DC + ——
l ] _ TONE TONE :
Vi, | TONE #a P ONE
op ——— e i _...a ‘.._ s
_ 1 ]
est NIt [ L L L
lgrp—e! L — ety
1 N ! [[~T"""\
- , Vst
SvGT A1 A 7 L / ]
pQ !
T o leso IGH IPEDANG
8o HIGH (MPSCANCE
01-Q, DECODED TONE # (1) { X | P Xﬁ_@
pso el | ) :
PS‘O-’- - v
i b
} |_J
) .
- —~ vz
TOE , '™ —
, L 3

EXPLANATION OF ZVENTS

A)
B8)
<)

0)
£

TONE SURSTS DETECTED. TONE DURATION INVALID. OUTPUTS NOT iJPDATED.
TONE #a SETECTED. TONE DURATIGN YALIO, TONE DECCDED AND LATCHED IN CUTOLTS

SND CF TONE #n DETECTTED. TONE ABSENT DURATION VALID, OQUTPUTS 2EMIAN LATCHED UNTIL NEXT VALID
TONE. v

OUTPUTS SVYATCHED TO HIGH iMPEDANCE STATE.

TONE #n «*- DETECTED. TONE DURATION VALIO. TONE DECQODED AND LATCKED N OUTPUTS {CURRENTLY
HIGH IMPEDANCEL

ACCEPTABLE 2R0POUT OF TONE 2a — 1 TONE ABSENT DURATION (MVALID. QUTRUTS REMAIN LATCHED.

END OF TONE =n «~ 1 DETECTED. TONE ABSENT DURATION VALID, CUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin
£St
SvGT
Q,Q4
SiC
TOES
‘RES
lngc
i
‘oo
op
:DA
ey
GTA

DTMF COMPOSITE INPUT SIGNAL.

EAALY STESRING QUTPUT. INDICATES GETECTION OF vaLID TONE FREQUENCIZES.

STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIECUIT.

4-BIT DECODED TONE OQUTPUT. .
DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSZNT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TCNE QUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q,-Q, TO ITS H!GH IMPEDANGE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALIO DTMF SIGNALS.

MAXIMUM ALLOWABLE OROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VAUD DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGMALS.

GUARD TIME, TONE PRESENT.

GUARD TIME. TONE ABSENT.

Figure 11 - Timing Dlagram.
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MT8870D/MT8870D-1 1SO2-CMOS

AC Electrical Characteristics - vpp=5.0v25%. Vg5=0Y. -40"C 1 To ¢ +25°C . using Test Circuit shown in Figure 1.

. 1 . 1 : oo
i Characteristics ! Sym ! Min ; Typ* Max I Units | Conditions
1 - M t t
1 ' i Tone present detect time Plop i 05 : 11 l 14 | ms Note 1
I - ; : : : . ;
2 | 1 :Tone absent detect time ;i 'a ! 05 : 4 ¢ 85 : ms |Note
F . i 1 H H
3im ;Tone duration accept ! tpec ' ; i 40 ms  {Note 2
4 1:1 iTone duration reject itmec ! 20 ‘ ms iNote 2
5 i G linterdigit pause 2ccept " to i ! 40 ! ms iMoe2
g < 1 ¥ 1
5 - Interdigit pause reject ! oot 20 ! | ms iNote 2
7 | ieropagation delay (St to Q) P tpg ! 8 I 1! s TOE=Vgg
A ! o iPropagation delay (St to StO) tesio | i 12 116 | s [TOE=vgg
— iy H . H H
9 | 7 iOutput data set up {Q to SiD) 15510 | © 34 1. oL ws (TOE=Vpg
> — — — — - : $ -
10 i ; {Propagation detzy (TOE to Q ENABLE) * tprg | - 1¢ © ns  load of 10 kL
T : % : ; 150 pF
S . J i ! H R
11 1 7 ‘Propagation detey (TOE to Q DISABLE)i terp , 1300 | ! ns iload of 10 kQ
{ . B N ' H
H H - : H H i ESO oF
12 7 \Power-up time Ctey | T . ms .Note32
o : , : 7
i3 i w |Power-down time ¢ tep ;207 . . oms
N ‘ : ‘ i : i
14 . |Crystalfciock ireouency ! fe 35759 {35795 {3.5831| MHz |
15 i € iCleck input rise time ey | . 110 . as 'Ext. clock
- L s - -
16 ; O |Clockinput fail time tucy - ) 170 ns  Ext ciock
C - T 5 T n
17 | k 1Clock input duty cycie "DC¢ ! 40 ; 350 | 60 * % {Ext clock
18 {  Capacitive load (OSC2) Cro : ‘ 30 | pf
= Typical figures are at 25°C anc are for cesign aid only: not guaranteea ang nol subject o preauction tesiing.
“NOTES:
1. Used for guard-time calcuisticn surposes only.
2. These, user adjustable parameters. sre nol device specifications. The acjustable setlings of thasa misimums 313 maximums
are recommendations baseo upon anetwork requirements.
3. With vaiid tone present at input. in(; equals ume from POWN going low uatil ESI gaing high. -
Voo
Cy
OTMF O—d b -
lnput ¢ < 2. =2
? MT88700/MT88700-1
| - P Yoo{
Ty SyGT|[+ A
k./;l/\/\———-{: GS gsi———nnnd
2 v sO——0
O——— O wH Qait— O
O——( Pown 3 ———0
losc1 e —O NOTES:
X-tat “—{: 0sC 2 a1 R.8R,=100KQ £ 1%
q Vss Toz[> R3=300KQ £ 1%
! . C,.C,=100 nF 5%
/ X-al=3.579545 MHz £ 0.1%%

Figure 10~ Single-Ended Input Contiguration
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8-Bit .
Microcontroiier
with 4K Bytes
Fiash

AT89C51

Features

¢ Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

* 128 x 8-Bit Internal RAM

* 32 Programmable {/O Lines

* Two 16-Bit Timer/Counters ‘
* Six Interrupt Sources

* Programmable Serial Channel .

+ Low Power Idle.and Power Down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasabie Read Only Memory (PEROM). The
device is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instructicn set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with

Flash on a monolithic chip, the Atmel ATBSC51 is a powerful microcomputer which

provides a highly flexible and cost effective solution to man

y embedded control applii-

cations. .
(continued)
" . -
Pin Configurations : POIP
PN
LRI e <0 = vce
P11 32 IR [T Po v (ADU)
P12 33 33 %01 (aD1)
P13 cf« 37 [~ Po.z (AD2)
Py a]s 36 = 203 (AD3)
Pr.s e 35 {= %0 4« (AD4)
P67 3¢ = 20 s (aDS)
rr 7 s 33 [C 20 & (AD6)
RST ol a 321z 2071 (AD7)
WRXD; P30 10 31 - gXivee
PQFP/TQFP ‘TXD) r3.1 o 11 33 [T ALE/FRUG
sooo ATH) P32 092 29 |- FSENR
2329 (NTT) Pp3ariag 28 C P27 (Avs)
rTr<x {To) P3.4 14 V[ 22,6 (Ar14)
:_N_pex P, . (T1) P3. s s 26 7 22,5 (A3
CCRNER o~ 3 s
sess ‘WAl P36 16 25 (= 224 tAav2)
—wRA tRD} Pa 7 ~{r7 [T 323 (A1 y
L] KTALZ *Tf 1A 2T 222 (A
37 7us XTALY ] 19 W P21 (A9}
frs A3 29 ¢ (AD4) CNO ] 2¢ 2T 22 u (A4
Ptd 2 A2 1= P0.5 {ADS)
DR B B I PO S (ADE)
AST J « A0 {ZP0 7 (ADT) PLcC
(RX0y P30 s 2 - garvee aa
NC s 26 I NC ca
LTX0) Pa 1 7 27 [z aLe PG ‘ <z
GNTE Puz e 26 = PEEN CTOEX
AT paa e 28 j=P2 Y a1y TORNER a2
1761 P24 Jra 24 [ P2 4 (A1a) 22
T oras W =P A a Y
12' N e e 20y ":9&:?0.-‘ (A03)
;’IL"‘ i 38{3P0.5 (ADS)
e I70P0.¢ (ADE)
oL 16[1P0.7 (A07)
—_— isfa€avee
e 2z Ja{aNC
FARS <ex IS A_EFHDU
120PSEN
St ze2 7 aavsy
5P ¢ (A13)
4 191292 5 (A1)
18 20" Y22 28

X1aLz;
RlaLy,
Giv g

IWHY P
ROy P37
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Speed Power
{MHz) Supply Ordering Code Package Operation Range
24 SV +20% AT89C51-24AC 44A Commerciai
AT89C51-24JC 444 (0°C 10 70°C)
AT89C51-24PC 44P6
AT89C51-25QC 44Q
AT89C51-24Al 44A industrial
ATB9C51-24Ji 444 {-40°C to 85°C)
AT89C51-24P] 44P6
AT89C51-24Q1 44Q
Package Type
J4A 44 Lead. Thin Plastic Gull Wing Cuad Flatpack (TQFpP)
4g4J 44 Lead. Plastic J-Leaded Chip Carriur (;’LCC)
40P6 40 Lead. 0.500" Wide. Plas'ic Dual Inline Package (PDIP)
44Q 44 Lead. Plastic Gull Wing Quad Flatpack (PCFP)
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]
!Ordering Information
Speed | Power
{MHz) Supply Ordering Code ) Package Operation Range
12 " sV+20%  AT89C51-12AC i 44A Commercial
f ' areacsiaizc U e (0°C 10 76°C)
; : AT89C51-12PC : 40P6
) . ATB9C51-12QC ;. 44Q
‘ © ATS9C51-12Al . 44A Industrial
! ' areacst-rau Y 4wy (-40°C t0 £5°C)
_' : AT89CS51-12P1 ' 4ops
: 1__ ATB9C51-12Qt i 44Q
| | AT89CS51-12AA | 44A Automotive.
AT89C51-12JA 44) (-40°C to 105°C)
! ! AT89CS1-12PA L sope
! I AT89C51-12QA ! 44Q
16 1 5V 2 20% 1| AT89C51-16AC . 44A Commercial
! | ATSIC51-160C e (0°C to 70°C)
AT89C51-16PC . 40P
E ! AT89CS1-16QC ‘ 44Q
1 i I T ===
= | ATeSCSI-t6Al L A : Industrial
‘ | AT83Cs1-164 e (-40°C 5 85°C)
i . ATBICS1-16PI . 40P6
. .. ATBICs1-16Ql ' _44Q
) . ATBIC51-16AA . 44A Autornotive
: : ATBIC51-16JA a4 (-40°C 10 105°C)
! ,  ATBICSI-i6PA | 4ops
) . ATBYCS1-16QA © a4Q
20 ! T5v20% l AT89C51-20AC A Commercial
| | AT89C51-204C Y (0°C 10 70°C)
| [ AT89CS1-20PC . 40P6
: . AT89C5:-200C ___4Q -
1 . AT8IC51-20Al L 44 Industrial
5 1 AT89C51-20J1 L a4 {-30*C 0 85°C)
| ATBIC51-20P 40P6
, ' AT89C51-20Qt 14Q
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! (Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF: Load Capacitance for all other
J outputs = 80 pF)

External Program and Data Memory Characteristics

5]

, | Symbol i Parameter % 12 MHz Oscillator : ) 16 to 25£Hz_(2_5f:illa\or _ Units
! i Min. Mayx i Min Max '

i ”}CLCL : Oscillator Frequency B “; o N A __MHz
e f ALE Pulse Width e DZaat s
taviL ‘ Address Vafid to ALE Low 43 —_ . lece13 ' ns
lax : Address Hold After ALE Low 48 : M tereL-20 : —j ns ) ]
v ; ALE Low to Valid Instruction In D o3 TG U e
el | ALE Lowto PSEN Low w8 a3 | T e
toLpn | PSEN Puise Width S . 20 ! s
teLiv ; : PSEN Low to Valid Instruction In f : 145 : I . ns §
texix ; Input Instruction Hotd After PSEN : 0 0 ns
toxiz Input Instruction Float After PSEN - 59 , B : ] -;\s_- !
toxay . PSEN to Address Valid R " e —: s

taiv . Address to Valid Instruction In T D Stgass | as

|tz ' PSEN Low to Address Float ; : 10 ; j 10 ns |

 taen __; ROPulsewidh L _l___ 400 ‘L  Bigyc 100 : s
- " W Pulse Width 400 ] Btcyc-100 ! s
tacov ' * D Low to Valid Data In N ! ST T Stey o -90 ‘ as |

tarox ___, DataHoid After D __ R '“——‘"_—_T._WT._"! T
tRHoz * Dala Float After RD L ) 97 ' 2t o128 ns 1}

T e S N S P S
oy Address to Valid Data {n L . 585 ) Slcic 185 . as

bl ALE Low to RD or WR Low ' 200 ' 300 tereL-30 3te o +50 ‘ n?

'_?_‘};)’_’5 L Acdress to RD or WR Low“ B _ '_ 3 __ZOi_j: e : dic 75 o L ns

[lowux _Oata Veld o WA Tansilon B el lma®
tovwH Data Valid to WR High 433 7ICLCL-120 : . os

e e S

[z ADLowlo Address Float e : S I
twHLH RD or WR High to ALE High ‘ 43 123 e oot ¢ . ons




iAbsaolute Maximum Ratings*®
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Operating Temperature

Storage Temperature

Voftage on Any Pin
with Respect to Ground

Maximum Operating Voltage

OC Output Current............

-55°C to +125°C

-65°C to +150°C

‘NOTICE:

|
DC Characteristics

Stresses beyoad those listed under ~Absolute
Maximum Ratings™ may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Expasure to absolute maximum rating
conditions for extended periods may affect device
reliability.

T =-40°C 10 85°C, V¢ = 5.0V + 20% (unless otherwise noted)
Symbot Parameter Condition Min . Max Units
Vi, 1 Input Low Voltage (Except EA) 05 " 02vee-0a v
- Vot EA 5 ‘ ]
Vit ; lnput Low Vollage (EA) . _ P '-_O.a — 9.2 Vcc_"_?':’_ e V
Vi ! Input High Voltage (Except XTAL1, RST) 02Vec+09  Vee+05 v
Vit Input High Voltage ! (XTAL1, RST) 0.7 Ve Vec+05 . v
N — e e ]
Vo ; Qutput Low Voltage!*! (Ports 1.2,3) I o= 1.6 mA . 0.45 ! v
- i + —-— - I e e
Vous . Output Low Voitage("! Piou=32ma : : .45 v
' (Port 0. ALE, PSEN) ]
1 i P ° e 7
Vou Output High Voltage low = -60 uA. Ve = SV £ 10% i 24 v
| (Ports 1,2.3, ALE, PSEN) i R 1 i e T e
i i lorn =-25uA I 0.75 Ve ; . v i
: lon=-10yA 0.9 Ve ; v
i — o ——n
| Vous . Output High Voltage " Ion =-800 pA, Ve = 5V £ 10% - 24 . v
’ * (Port 0 in External Bus Mode) i - - — AR
é . lon =-300 pA ; 0.75 Ve v
. § 7 -
: i ok =-80 A 0.9 Ve A
I _ Logical 0 Input Cumrent (Ports 1.2.3)  Viy = 0.45V ' -50 . pA
1 H N 1
L ’ Logical 1 to 0 Transition Current Vin =2V, VCC =5V £ 10% -630 ! pBAS
+ (Ports 1.2.3) . {
P e . = e e v ———— -- ...- ...,,l . om e mer e e - e e m—— - - _ - - 3 .
M input Leakage Current (Port 0. EA) 0.45 < Vyy < Ve 10 HA
RRST { Reset Pulldown Resistor i 50 300 KQ
i T T e e e - ' : .o aree
Co . Pin Capacitance Test Freq. = 1 MHz, T, = 25°C - 10 pF
- — - - e——— T e et bt e e —— e — e . s 0 | et e X —— -t e
lec " Power Supply Current Active Mode, 12 MH2 20 mA
: . Idle Mode, 12 MHz + 5 mA
, Power Down Mode'?! :_vcc =6V J[ 100 HA
1 h T e e e i e vt e . ———— - .E - ———
'  Vge=3v 40 HA
Notes: 1. Under steady state (non-transient) conditions. loL must be externally fimited as foflows:

Maximum lg_ per port pin: 10 mA
Maximum I per 8-bit port:

Port 0:

26 mA

Ports 1,2, 3: 15mA

Maximum total Ig_for all output pins:
if lo_exceeds the test condition, Vg,
than the listed test conditions.

Minimum V¢ for Power Down is 2V.

71mA°
may exceed the related specific

ation. Pins are not guaranteed to sink current grealer
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‘Flash Prograhming and Verification Waveforms - High Voltage Mode (Vep = 12V)
__PROGRAMMING _ VERIFICATION

P1.0 - P17 PR Syt s SR e D S 2
SOUS R -, p— T ——
P20 - P23 i— ADDRESS  —? :
! e === tavoy
L RS
PORT 0 ;oo ot DATA N e o DRTAOUT b e
[ - s i : —— T
L T lover tolox ot
tavar -+ == {GHax
ALE/PEGE SO S I -‘ SRRSO KU A —
shaL teren __,“*’l toust
S ST T S Ve = 1To 1| N s
EANge ] R S (Ko c] (03] S B
— - g . . . “ - e—
P2.7 ' o e " 'l i
(ENABLE)  _ ! , q__,l/_
o =+ H—
P3.4__ S __I | e
(ROY/BSY) ... 8usY READY
! e -

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)

P10 - P17 i PROGRAMMING ) . VERIFICATION
PO —_————— ADDRESS S ADDRESS  >—————
P20 - P23 i e a8
Comm Me— by
. O T J—
PORT 0 — DATA IN ;————————_ DATA OUT p—————
e tovar  tarox Fil
tavsL ~ Lonax
ALE/PROG T A
fsua 1 ——togn
"’ 1 LoGIC 1] .
EAN e i R vy £ o c | o3 N NN D
' - tg L ;
_p27_ | - oy = e
(ENABLE) /i E
GHaL -
P34 - e . .______I B
(ROY/BSY) c BUSY ] READY
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Figure 3. Programming the Flash

E
|
1
|

Figure 4. Verilying the Flash

+5V +5V
AT89C51 o AT89CS1 o
; aoon, LA oy Vee . aoon, A0 AT0 5, Ver |
! OOOOH'OFFr:a'-T: P20 - P23 PO f— HOM OOOOWOFrFZB.—MT P20 - P23 PO |- ZUSSEEE?
- —+l P26 -—+ P26 )
l SEE FLASH : -——] P2.7 ALE ~—— PROG SEE FLASH . ——] P27 ALE
PROGRAMMING -+ PROGRAMMING —
~ MODES TABLE ! ~—~% P36 MODES TABLE , ——*| P36 .I v
m——»] P37 ] P37 | ™
| e ] XTALZ EA fe-— V., S ot XTAL EA [€=ne—
.
3-24 MHz _ ~— 324 MHZ _
- = ! To=
Lo
——e- —-—;:— XTALL RST e— v,, e v RST fe— - - V,,
1 —_— RN
;— GND PSEN —1 : GND PSEN ——L
Flash Programming and Verification Characteristics
Ta=0°Clo 70°C, Ve = 5.0 + 10%
] Symbol : Parameter : Min Max Units
Vol : Programming Enable Voltage : 115 12.5 \'
1eplV : Program'ming Enable Current T ; N 1.0 m:‘\ T
feLc : Osciliator Fi rrequenc" o : 2 24 MHz
) tavaL : Address Setup to PROG Low ' 48t oL T
1 toHax T : Address Hold After ﬁé—“——m ST l 48{CLCL TR et
- omasawwPragon T g T e
GHOX : Data Hold After PROG 48t o ‘ ' T
s ' P27 (ENABLE) Highto Ve ! 48tci L T ' o
oo B "'_v;'p SewpPROGLow . 0 TS
e vppﬁ&é’,&&; PROG T T T
loLt PROGWidth IR
Cwar " Address to Data valid T e, T
v ':' ENABLI Low to Data Valid T T T e, T T T
twaz . DataFloatAter ENABE - L e A
e PROGHGNWBUSYLw T g
twe , Byte Write Cycle Time i 2.0 ms
Note: 1. Only used in 12-volt programming mode. -
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;
]
Program Verify: If lcck bits LB1 and LB2 have not been

programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
‘achieved by observing that their features are enabled.
Chip Erase: The entire Flash array is erased electrically
by using the proper combination of contro! signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
jocations O30H,

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values retumed are as follows.

149

{03CH) = 1EH indicates manufactured by Atmei
{031H) = 51H indicaies 89C51

{032H) = FFH indicates 12V programming
{032H) = 0SH indicates SV programming

Programming Interface

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

All major programming vendors ofie: worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

| Mode

ALE/PROG

EANG, + P26

| RST ' P27 . P36 : P37
“Write Code Data H L ' Hii2v L H H H
N A
: ; 5
Read Code Data H L ' H H eoboL g 1
. ) _i . ; y
Write Lock Sit- 1 H L H/12V H ! H H ! H
. i S - et N
Bit - 2 H ! L Hf12V H ' H Lo L
A N I
. : i |
Bit- 3 Ho L f ~ L 2y H L n T
' . . ;
z | : |
Tl Rk NSNS SR SR R
Chip Erase H ! L :  Hhay H . L i
: m : Lot
; CONT S
—_— R - i i : : —
Read Signature Byte H L l H ' H L ' L ' L

Note: 1. Chip Erasé requires a 10-ms PROG pulse.
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