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Abstract
This thesis presents Private Automatic Branch Exchange. It can make the connection between

external line and internal line telephone system. The calling can request the connection by pressing

the keypad from external line. This project uses the MCS-51 for main controlling.
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ORG

CLR
CLR
CLR
MOV
MOV
MOV
MOV
MOV
MOV
EXTERNAL
MOV
MOV
MOV
TONE
MQV
CLR
CLR
MOV
MOV
SWITCH OFF
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

0000H

P1.4
P1.3

70H,#7AH

 CLEAR AUTO ANSWER_1
: CLEAR AUTO ANSWER_2
: KEEP EXTERNAL CONNECT TO INTERNAL

71H,#0A7H ; KEEP INTERNAL CONNECT TO EXTERNAL

2EH,#0FFH ; CHECK INTERNAL TALKING

20H,#00H
21H,#00H
22H,#00H

26H,#00H
28H,#00H
2AH,#00H

2CH,#00H
OEH

58H
2FH,#00H
23H,#00H

RO,#80H
@RO,#0AH
RO,#81H
@RO,#1AH
RO,#82H
@RO,#2AH
RO,#83H
@RO,#3AH

; CHECK WHICH INTERNAL HOOK OFF
; CHECK WHICH DTMF_1,2 USING
; CHECK WHICH INTERNAL WANT TO CONNECT

; CHECK WHICH INTERNAL GIVED DIAL TONE

; CHECK WHICH INTERNAL GIVED BUSY TONE

: CHECK WHICH INTERNAL GIVED RING BACK

. KEEP WHICH DTMF_1,2 CONNECT TO INTERNAL

; CHECK USING EXTERNAL

; CHECK CALLED TELEPHONE HOOK OFF

: CHECK'WHICH INTERNAL GIVED RINGING TONE

; WHEN INT. HOOK ON / CHECK INTERNAL

; KEEP INT.CALLED TO INT_1

; KEEP INT.CALLED TO INT_2

; KEEP INT.CALLED TO INT_3

; KEEP INT.CALLED TO INT_4



CALL
MOV
MOV
MOVX

MOV
MOV
MOVX

MOV
MOV
MOVX

SETB
CLR

CALL
SETB
SETB

CLR
CLR
CLR
CALL

DELAY

A #90H : 8255_1 PORT A:INPUT,B&C:OUTPUT
DPTR,#8003H

@DPTR,A

A #9BH ; 8255_2 PORT A,B,C:INPUT
DPTR,#900CH
@DPTRA

A #88H : 8255_3 PORT A,B,C-L:OUTPUT,C-H:INPUT
DPTR,#0A030H
@DPTR,A

P1.6
(R T4
DELAY_1S
P1.6
BT

P1.0
Pz
P2
DELAY_1S



SETB P1.0

SETB P1.1

SETB P1.2
mmme e cene— o= —REGET MATRIC
SWilEie e =

MOV DPTR #8002H

MOV A #06H

MOVX @DPTRA

MOV A HOEH

MOVX @DPTR,A

MOV A #06H

MOVX @DPTR,A

MOV DPTR #0A020H

MOV A #06H

MOVX @DPTRA

MOV AHOEH

MOVX @DPTRA

MOV A #06H

MOVX @DPTRA
‘======z=======s======MAIN
PROGRAM===========S%==S=s=—=====fooos=-oza=

LOOP: MOV DPTR #8000H
MOVX A@DPTR
MOV 20H.A
W1: JB 00H.C_1  ; CHECK INT.1 HOOK OFF
SETB 70H
JNB 18H,W2

MOV A71H



ANL A #HOFOH

CJUNE A#O00H,G 1

MOV AH#OTH

CALL S1_DATA

CALL STRA_OFF

CALL HOOK_ON_EXT
G_1: MOV RO,#80H

MOV A @RO

CALL SW_OFF_1

CALL C_EXT_READ_PA

CLR 18H

CALL OFF_EXT

JMP W2
C_1.dMP C1Ld
Ww2: JB 01H,C_2 : CHECK INT.2 HOOK OFF

SETB 71H

JNB 19H,W3

MOV AT1H

ANL A #OFOH

CJNE A#10H,G_2

MOV A#1TH

CALL S1_DATA

CALL STRA_OFF

CALL HOOK_ON_EXT
G_2: MOV RO, #81H

MOV A@RO

CALL SW_OFF_2

CALL C_EXT_READ_PA

CLR 19H

CALL OFF_EXT

JMP W3

C_2: JMP c2.2



W3: JB
SETB
JNB
MOV
ANL
CJNE
MOV
CALL
CALL
CALL

G_3: MOV
MOV
CALL
CALL
CLR
CALL
JMP

C_3: JMP

W4:JB
SETB
JNB
MOV
ANL
CJINE
MOV
CALL
CALL
CALL

G_4: MOV
MOV
CALL

02H,C_3  ; CHECK INT.3 HOOK OFF
72H
1AH.W4
A71H
A, HOFOH
A #20H,G_3
A #27H
S1_DATA
STRA_OFF
HOOK_ON_EXT
RO,#82H
A@RO
SW_OFF-3
C_EXT_READ_PA
1AH
OFF_EXT
W4
c3.3

03H,C_4 ; CHECK INT.4 HOOK OFF

73H

1BH,WN

A71H

A #OFOH

A#30H,G_4

A#3TH

S1_DATA

STRA_OFF

HOOK_ON_EXT
RO,#83H

A @RO

SW_OFF_4



CALL C_EXT_READ_PA

CLR 1BH
CALL OFF_EXT
WN: JMP LOOP
C_4: IMP Cca_4
:=====zz==========SWITCH OFF
CONNECTION===========z================
SW_OFF_1: CALL S1.DATA
CALL STRA_OFF
MOV R0, #80H
MOV A@RO
CALL S_OF_RING
MOV R0,#80H
MOV @RO #0AH
CALL C_LR1_DTMF
CALL S_OFF_BUSY1
CALL S_OFF_RB1
CLR 30H
RET
SW_OFF_2: CALL S1_DATA
CALL STRA_OFF
MOV RO, #81H
MOV A@RO
CALL S_OF_RING
MOV RO #81H
MOV @RO #1AH
CALL C_LR2_DTMF
CALL S_OFF_BUSY2
CALL S_OFF_RB2

CLR 31H



RET

SW_OFF_3: CALL
CALL
MOV
MOV
CALL
MOV
MOV
CALL
CALL
CALL
CLR
RET

SW_OFF_4: CALL
CALL
MOV
MOV
CALL
MOV
MOV
CALL
CALL
CALL
CLR
RET

C_LR1_DTMF:
ANL

S1_DATA
STRA_OFF
RO,#82H
A@RO
S_OF_RING
RO #82H
@RO,#2AH
C_LR3_DTMF
S_OFF_BUSY3
S_OFF_RB3
32H

S1_DATA
STRA_OFF
RO, #83H
A@RO
S_OF_RING
RO, #83H
@RO #3AH
C-LR4_DTMF
S_OFF_BUSY4
S_OFF_RB4
33H

MOV
A#OFH



CJINE A#OCH,DTMF_2_1

CLR 08H
MOV A,60H
CALL S1_DATA
CALL STRA_OFF
RET
DTMF_2_1: CINE A#0DH,DTMF_N_1
CLR O09H
MOV A,60H
CALL S1_DATA
CALL STRA_OFF
DTMF_N_1: RET
C_LR2_DTMF: MOV A61H
ANL A#OFH
CJINE A#0CH,DTMF_2_2
CLR 08H
MOV A6 TH
CALL S1_DATA
CALL STRA_OFF
RET
DTMF_2 2: CJNE A #0DH,DTMF_N_2
CLR 09H
MOV AB61H
CALL S1_DATA
CALL STRA_OFF
DTMF_N_2: RET
C_LR3_DTMF: MOV A62H
ANL A#OFH
CJNE A#0CH,DTMF_2_3
CLR 08H

MOV A,62H



CALL S1_DATA

CALL STRA_OFF
RET
DTMF_2_3: CINE A #0DH,DTMF_N_3
CLR O9H
MOV A62H
CALL S1_DATA
CALL STRA_OFF
DTMF_N_3: RET
C_LR4_DTMF: MOV A,63H
ANL AHOFH
CJNE A#OCH,DTMF_2_4
CLR 08H
MOV A.63H
CAIlLL S1_DATA
CALL STRA_OFF
RET
DTMF_2_4: CJNE A #ODH,DTMF_N_4
CLR 09H
MOV A,63H
CALL S1_DATA
CALL STRA_OFF
DTMF_N_4: RET

i lB 78H,R_C_1 : CHECK RINGING COME TO INT.1
JB 70H,CO_N_1 : CHECK INT.1 TALKING
R_C_1: JMP W2

CO_N_1: JMP CON_1



C2:2:JB 79H,R_C_2 - CHECK RINGING COME TO INT.2

JB 71H,CO_N_2 : CHECK INT.2 TALKING

R_C_2: JMP W3

CO_N_2: JMP

CON_2

C3_3:JB 7AHR_C_3 . CHECK RINGING COME TO INT.3

JB 72H,CO_N_3 : CHECK INT.3 TALKING

R_C_3: IMP w4

CO_N_3: JMP

CON_3

C4_4:JB 7BH,R_C_4 : CHECK RINGING COME TO INT.4

JB 73H,CO_N_4  CHECK INT.4 TALKING

R_C_4: IMP
CO_N_4: IMP

CON_1: SETB
MOV
C.D1+JNB
JMP
C_BUSY1: JNB
CALL
JMP
C_RING_B1: JNB
JMP
DTMF_11:JB
JMP
DTMF_21:JB
JMP

LOOP
CON_4

18H
7DH #00H
30H,C_BUSY1
CHECK_T_D1
40H,C_RING_B1
C_EXT_READ_PA
W2
50H,DTMF_11
CHECK_T_R1
08H,DTMF_21
CON_T_DTMF_1
09H,SENT_BUSY1
CON_T_DTMF_2

SENT_BUSY1: CALL BUSY_TO_1

CALL

C_EXT_READ_PA



JMP

CON_2: SETB
MOV
C_D2: UNB
JMP
C_BUSY2: JNB
CALL
JMP
C_RING_B2: JNB
JMP
DTMF_12: JB
JMP
DTMF_22: B
JMP

SENT_BUSY2: CALL

CALL
JMP

CON_3: SETB
MOV
C_D3: JNB
JMP
C_BUSY3:JNB
CALL
JMP
C_RING_B3: JNB
JMP
DTMF_13: JB
JMP
DTMF_23: JB
JMP

SENT_BUSY3: CALL

W2

19H
7DH #10H
31H,C_BUSY2
CHECK_T_D2
41H,C_RING_B2
C_EXT_READ_PA
W3
51H,DTMF_12
CHECK_T_R2
08H,DTMF_22
CON_T_DTMF_1
09H,SENT_BUSY?2
CON_T_DTMF_2
BUSY_TO_2
C_EXT_READ_PA
W3

1AH
7DH #20H
32H,C_BUSY3
CHECK_T_D3
42H,C_RING_B3
C_EXT_READ_PA
W4
52H,DTMF_13
CHECK_T_R3
08H,DTMF_23
CON_T_DTMF_1
09H,SENT_BUSY3
CON_T_DTMF_2
BUSY_TO_3



CALL C_EXT_READ_PA

JMP W4
CON_4: SETB 1BH
MOV 7DH,#30H
C_D4: JNB 33H,C_BUSY4

JMP CHECK_T_D4

C_BUSY4: JNB 43H,C_RING_B4
CALL C_EXT_READ_PA
JMP LOOP

C_RING_B4: JNB 53H,DTMF_14

JMP CHECK_T_R4

DTMF_14: JB 08H,DTMF_24
JMP CON_T_DTMF_1

DTMF_24:JB 09H,SENT_BUSY4
JMP CON_T_DTMF_2

SENT_BUSY4: CALL BUSY_TO_4
CALL C_EXT_READ_PA
JMP LOOP
CON_T_DTMF_1: SETB 08H
MOV 2FH,#0CH
MOV A, 7DH
JMP W_TELEPHONE
CON_T_DTMF_2: SETB 09H

MOV 2FH,#0DH
MOV A,7DH

JMP W_TELEPHONE



W_TELEPHONE: CINE

JMP
GO_2: CINE
JMP
GO_3: CINE
JMP
GO_4: CINE
JMP
GO_N: JMP

SENT_D_DTMF_1: MOV

ADD
MOV
CALL
CALL
MOV
CALL
CALL
SETB
CALL
JMP

SENT_D_DTMF_2: MOV

ADD
MOV
CALL
CALL

SENT_D_DTMF_1
A#10H,GO_3

SENT_D_DTMF_2
A #20H,G0_4

SENT_D_DTMF_3
A #30H,GO_N

SENT_D_DTMF_4
LOOP

A, 7DH
A2FH

60H,A
S1_DATA
STRA_ON
A#O9H
S1_DATA
STRA_ON

30H
C_EXT_READ_PA
W2

A,7DH
A2FH

61H.A
S1_DATA
STRA_ON

A #00H,GO_2



MOV A#19H

CALL S1_DATA

CALL STRA_ON

SETB 31H

CALL C_EXT_READ_PA

JMP W3
SENT_D_DTMF_3: MOV A,7DH

ADD A2FH

MOV 62H.A

CALL S1_DATA

CALL STRA_ON

MOV A#29H

CALL S1_DATA

CALL STRA_ON

SETB 32H

CALL C_EXT_READ_PA

JMP W4
SENT_D_DTMF_4: MOV A, 7DH

ADD A2FH

MOV 63HA

CALL S1_DATA

CALL STRA_ON

MOV A #39H

CALL S1_DATA

CALL STRA_ON

SETB 33H

CALL C_EXT_READ_PA

JMP LOOP



CHECK_T_D1: MOV

A,60H

CALL CK_W_DTMF_CON_INT
JNB 58H,T_W1
CLR 58H
CLR 30H
CLR 28H
CJNE A #01H,C_NUMBER_91
CALL S_OFF_DIAL1
“ CALL BUSY_TO_1
T_W1: CALL C_EXT_READ_PA
JMP W2
D_W_1: CLR 10H
CALL C_EXT_READ_PA
JMP W2

C_NUMBER_91: CINE

A#09H,CH_W_INT1

CHECK_QT_EXT

SETB 10H
CALL
JMP D_W_1

CH_W_INT1: CALL

CHECK W_ICALLED"

WH_11: JNB 68HWH_12
CLR 68H
CALL C_EXT_READ_PA
JMP W2

WH_12: JNB 69H,WH_13
CLR 69H
CALL READ_CHAND_OFF
JNB 01H,ST_RB1_RG2
CALL S_OFF_DIAL1
CALL BUSY_TO_1



CALL C_EXT_READ_PA
JMP W2
ST_RB1_RG2: CALL S_OFF_DIAL1
CALL RINGB_TO_1
CALL RINGG_TO_2
MOV R0,#80H
MOV @RO #01H
CALL C_EXT_READ_PA
JMP W2
WH_13: JNB BAH,WH_14
CLR BAH
CALL READ_CHAND_OFF
JNB 02H,ST_RB1_RG3
CALL S_OFF_DIAL1
CALL BUSY_TO_1
CALL C_EXT_READ_PA
JMP W2
ST_RB1_RG3: CALL S_OFF_DIAL1
CALL RINGB_TO_1
CALL RINGG_TO_3
MOV RO, #80H
MOV @R0,#02H
CALL C EXT_READ_PA
JMP W2
WH_14: JNB 6BH.WH_15
CLR 6BH
CALL READ_CHAND_OFF
JNB 03H,ST_RB1_RG4
CALL S_OFF_DIAL1
CALL BUSY_TO_1

CALL

C_EXT_READ_PA



JMP W2

ST_RB1_RG4: CALL S_OFF_DIAL1
CALL RINGB_TO_1
CALL RINGG_TO_4
MOV RO,#80H
MOV @RO0#03H
CALL C_EXT_READ_PA
WH_15: JMP W2
CHECK_T_D2: MOV AB61H
CALL CK_W_DTMF_CON_INT
JNB 59H,T_W2
CLR 59H
CLR 31H
CLR 29H
CJINE A#02H,C_NUMBER_92
CALL S_OFF_DIAL2
CALL BUSY_TO_2
T_W2: CALL C_EXT_READ_PA
JMP W3
D_W_2: CLR 1MH
CALL C_EXT_READ_PA
JMP W3
C_NUMBER_92: CJNE A #09H,CH_W_INT2
SETB 11H
CALL CHECK_QT_EXT
JMP D_W.2
CH_W_INT2: CALL CHECK_W_ICALLED
WH_21: JNB 68H,WH_22

CLR 68H



CALL READ_CHAND_OFF
JNB 00H,ST_RB2_RG1
CALL S_OFF_DIAL2
CALL BUSY_TO_2
CALL C_EXT_READ_PA
JMP W3

ST_RB2_RG1: CALL S_OFF_DIAL2
CALL RINGB_TO_2
CALL RINGG_TO_1
MOV RO, #81H
MOV @RO #10H
CALL C_EXT_READ_PA
JMP W3

WH_22: JNB 69H,WH_23
CLR 69H
CALL M_OV_PA
JMP W3
WH_23: JNB 6AH,WH_24

CLR 6AH
CALL READ_CHAND_OFF
INB 02H,ST_RB2 RG3
CALL S_OFF_DIAL2
CALL BUSY_TO_2
CALL C_EXT_READ_PA
JMP W3

ST_RB2_RG3: CALL S_OFF_DIAL2
CALL RINGB_TO_2
CALL RINGG_TO_3
MOV RO,#81H
MOV @RO #12H

CALL

C_EXT_READ_PA



JMP W3

WH_24: JNB 6BH WH_25
CLR 6BH
CALL READ_CHAND_OFF
JNB 03H,ST_RB2_RG4
CALL S_OFF_DIALZ
CALL BUSY_TO_2
CALL C_EXT_READ_PA
JMP W3

ST_RB2_RG4: CALL S_OFF_DIAL2

CALL RINGB_TO_2
CALL RINGG_TO_4
MOV RO,#81H
MOV @RO,#13H
CALL C_EXT_READ_PA

WH_25: JMP W3

CHECK_T_D3: MOV A,62H

CALL CK_W_DTMF_CON_INT
JNB 5AH,T_W3
CLR 5AH
CLR 32H
CLR 2AH
CJNE A#03H,C_NUMBER_93
CALL S_OFF_DIAL3
CALL BUSY_TO_3

T_W3: CALL C_EXT_READ_PA
JMP w4

D_W_3: CLR 12H
CALL C_EXT_READ_PA

JMP

W4



C_NUMBER_93: CJNE A #09H,CH_W_INT3

SETB 12H
CALL CHECK_QT_EXT
JMP D_W_3

CH_W_INT3: CALL CHECK_W_ICALLED

WH_31: JNB 68H,WH_32

CLR 68H
CALL READ_CHAND_OFF
JNB 00H,ST_RB3_RG1
CALL S_OFF_DIAL3
CALL BUSY_TO_3
CALL C_EXT_READ_PA
JMP W4

ST_RB3_RG1: CALL S_OFF_DIAL3
CALL RINGB_TO_3
CALL RINGG_TO_1
MOV RO,#82H
MOV @RO,#20H
CALL C_EXT_READ_PA
JMP W4

WH_32: JNB 69H,WH_33

CLR 69H
CALL READ._CHAND_OFF
JNB 01H,ST_RB3_RG2
CALL S_OFF_DIAL3
CALL BUSY_TO_3
CALL C_EXT_READ_PA
JMP W4

ST_RB3_RG2: CALL S_OFF_DIAL3
CALL RINGB_TO_3

CALL RINGG_TO_2



MOV RO,#82H
MOV @RO#21H
CALL C_EXT_READ_PA
JMP w4

WH_33: JNB 6AH,WH_34
CLR 6AH
CALL C_EXT_READ_PA
JMP W4

WH_34: JNB 6BH,WH_35
CLR 6BH
CALL READ_CHAND_OFF
JNB 03H,ST_RB3_RG4
CALL S_OFF_DIAL3
CALL BUSY_TO_3
CALL C_EXT_READ_PA
JMP w4

ST_RB3_RG4: CALL S_OFF_DIAL3

CALL RINGB_TO_3
CALL RINGG.TO_4
MOV RO, #82H
MOV @RO0,#23H
CALL C_EXT_READ_PA

WH_35: JMP W4

CHECK_T_D4: MOV A 63H

CALL CK_W_DTMF_CON_INT
JNB 5BH,T_W4
CLR 5BH
CLR 33H
CLR 2BH

CJINE

A #04H,C_NUMBER_94



CALL
CALL
T_W4: CALL
JMP

D_W_4: CLR
CALL
JMP

C_NUMBER_94: CJNE

SETB
CALL
JMP
CH_W_INT4: CALL
WH_41: JNB
CLR
CALL
JNB
CALL
CALL
CALL
JMP

ST_RB4_RG1: CALL

CALL
CALL
MOV
MOV
CALL
JMP

WH_42: JNB
CLR
CALL

S_OFF_DIAL4
BUSY_TO_4

C_EXT_READ_PA
LOOP

13H
C_EXT_READ_PA
LOOP

13H
CHECK_QT_EXT
D_Ww_4

CHECK_W_ICALLED

68H.WH_42
68H
READ. CHAND_OFF
00H,ST_RB4_RG1
S_OFF_DIAL4
BUSY_TO_4
C_EXT_READ_PA
LOOP
S_OFF_DIAL4
RINGB_TO_4
RINGG_TO_1
RO, #83H
@RO #30H
C_EXT_READ_PA
LOOP

69H WH_43
69H
READ_CHAND_OFF

A#09H,CH_W_INT4



JNB 01H,ST_RB4_RG2

CALL S_OFF_DIAL4
CALL BUSY_TO_4
CALL C_EXT_READ_PA
JMP LOOP

ST_RB4_RG2: CALL S_OFF_DIAL4
CALL RINGB_TO_4
CALL RINGG_TO_2
MOV R0,#83H
MOV @RO,#31H
CALL C_EXT_READ_PA
JMP LOOP

WH_43: JNB 6AH,WH_44

CLR B6AH
CALL READ_CHAND_OFF
JNB 02H,ST_RB4_RG3
CALL S_OFF_DIAL4
CALL BUSY_TO_4
CALL C_EXT_READ_PA
JMP LOOP

ST_RB4_RGS3: CALL S_OFF_DIAL4
CALL RINGB_TO_4
CALL RINGG_TO_3
MOV RO,#83H
MOV @RO0,#32H
CALL C_EXT_READ_PA
JMP LOOP

WH_44: JNB 6BH,WH_45

CLR 6BH
CALL C_EXT_READ_PA

WH_45: JMP LOOP



CHECK_T_R1: JMP C_CA_HOFF1

R_TR1: CALL C_EXT_READ_PA
JMP W2
C_CA_HOFF1: MOV RO, #80H

MOV A@RO
CALL CHECK_W-IHOOK
JNB 58H,R_TR1
CLR 58H
CLR 50H
CJNE R7,#08H,SHORT _1
CALL S_OFF_RB1
MOV RO,#80H
MOV A@RO
CALL S_OFF_RING
MOV A#70H
CALL 2. DATA
CALL STRB_ON
CLR 70H
CALL C_EXT_READ_PA
JMP W2

SHORT_1: MOV RO,#80H
MOV A@RO
CALL S_OFF_RING
CALL S_OFF_RB1
MOV RO,#80H
MOV A@RO
GALL S1_DATA
CALL STRA_ON

CLR 70H



CALL C_EXT_READ_PA

JMP W2
CHECK_T_R2: JMP C_CA_HOFF2
R_TR2: CALL C_EXT_READ_PA
JMP W3
C_CA_HOFF2: MOV RO, #81H

MOV A@RO
CALL CHECK_W_IHOOK
JNB 58H,R_TR2 ;EQUAL TO CHECK_T_R1
CLR 58H
CLR 51H
CJINE R7,#08H,SHORT_2
CALL S_OFF_RB2
MOV RO,#81H
MOV A@RO
CALL S_OFF_RING
MOV A#H7T1H
CALL S2_DATA
CALL STRB_ON
CLR 71H
CALL C_EXT_READ_PA
JMP W3

SHORT_2: MOV RO,#81H
MOV A@R0
CALL S_OFF_RING
CALL S_OFF_RB2
MOV RO, #81H
MOV A@R0O
CALL S1_DATA
CALL . STRAON
CLR 71H

CALL C_EXT_READ_PA



JMP W3

CHECK_T_R3: JMP C_CA_HOFF3
R_TR3: CALL C_EXT_READ_PA
JMP W4
C_CA_HOFF3: MOV RO,#82H

MOV A@RO
CALL CHECK_W_IHOOK
JNB 58H,R_TR3
CLR 58H
CLR 52H
CJNE R7,#08H,SHORT_3
CALL S_OFFIRB3
MOV RO, #82H
MOV A@R0
CALL S_OFF_RING
MOV A#72H
CALL S2_DATA
CALL STRB_ON
CLR 72H
CALL C_EXT_READ_PA
JMP W4

SHORT_3: MOV RO,#82H
MOV A@RO
CALL S_OFF_RING
CALL S_OFF_RB3
MOV RO,#82H
MOV A@RO
CALL S1_DATA
CALL STRA_ON
CLR 72H
CALL C_EXT_READ_PA

JMP W4



CHECK_T_R4:JMP ~ C_CA_HOFF4

R_TR4: CALL C_EXT_READ_PA
JMP LOOP
C_CA_HOFF4: MOV RO,#83H

MOV A@RO
CALL CHECK_W_IHOOK
JNB 58H,R_TR4
CLR 58H
CLR 53H
CJINE R7,#08H,SHORT_4
CALL S_OFF_RB4
MOV RO,#83H
MOV A@RO
CALL S_OFF_RING
MOV AH#73H
CALL S2_DATA
CALL STRB_ON
CLR 73H
CALL C_EXT_READ_PA
JMP LOOP

SHORT_4: MOV RO,#83H
MOV A@RO
CALL S_OFF_RING
CALL S_OFF_RB4
MOV RO,#83H
MOV A@RO
CALL S1_DATA
CALL STRA_ON
CLR 73H
CALL C_EXT_READ_PA

JMP LOOP



CHECK_W_IHOOK: ANL A#OFH

MOV R7.A
T_PR1: CJNE R7,#00H,T_PR2
MOV R4 #OFFH
H_T1: CALL M_OV_PA
JNB 0O0H,T_H1
SETB 58H
RET
T_H1: DINZ R4H-T1
RET
T_PR2: CINE R7,#01H,T_PR3
MOV R4, #OFFH
H_T2: CALL M_OV_PA
JINB 01H,T_H2
SETB 58H
RET
T_H2: DINZ R4,H T2
RET
T_PR3: CJNE R7.#02H,T_PR4
MOV R4, #0FFH
H_T3: CALL M_OV_PA
JNB 02H,T_H3
SETB 58H
RET
T_H3: DINZ R4H_T3

RET



T_PR4: CINE R7 #03H,T_PRN

MOV R4, #OFFH

H_T4: CALL M_OV_PA
JNB 03H,T_H4
SETB 58H
RET

T_H4: DINZ R4H_T4

T_PRN: RET

CHECK_W_ICALLED: CJNE AHOTH,T_P_2

SETB 68H
RET

T_P._2: CINE A#O2H,T_P_3
SETB 69H
RET

T_P_3: CINE AHO3H.T_P_4
SETB 6AH
RET

T_P_4: CINE AH#O4H T_P_N
SETB 6BH

T_P_N: RET

CK_W_DTMF_CON_INT: ANL A, HOFOH

CK_1: CINE A#OOH,CK_2
CALL CHECK_QT_1
RET

CK_2: CINE A#10H,CK_3



CALL CHECK_QT_2

RET

CK_3: CINE A #20H,CK_4
CALL CHECK_QT_3
RET

CK_4: CINE A #30H,CK_N
CALL CHECK_QT_4

CK_N: RET

CHECK_QT_1: MOV A,60H  INT_1
ANL AH#OFH
DT_MF11: CJNE A#OCH,DT_MF21 ; DTMF_1
CALL RE_AD_QTC
JB 60H,C_LR_QT11
RET
C_LR_QT11:CLR 08H

CLR 60H
SETB 58H
MOV R4, #0FH

QT11: MOV A60H
CALL S1_DATA
CALL STRA_OFF
DJINZ R4,QT11
CLR P1.0 ;RESETIC 7474
CALL DELAY_1S
SETB P1.0
CALL RECIEVE_N_DTMF_1
RET

DT_MF21: CJNE A#0DH,DT_MF31 ; DTMF_2



CALL RE_AD_QTD

JB 61H,C_LR_QT21
RET
C_LR_QT21: CLR 09H
CLR 61H
SETB 58H
MOV R4 #0FH
QT21: MOV A,60H
CALL S1_DATA
CALL STRA_OFF
DJINZ R4,QT21
CLR P1.1 ;RESET IC 7474
CALL DELAY_1S
SETB P1.1
CALL RECIEVE_N_DTMF_2
DT_MF31: RET
CHECK_QT_2: MOV A61H JINT_2
ANL A#OFH
DT_MF12: CJNE A#OCH,DT_MF22 ; DTMF_1
CALL RE_AD_QTC
JB 60H,C_LR_QT12
RET
C_LR_QT12: CLR 08H
CLR 60H
SETB 59H
MOV R4,#0FH
QT12: MOV A6TH
CALL S1_DATA
CALL STRA_OFF
DJINZ R4,QT12

CLR P1.0 ;RESETIC 7474



CALL DELAY_1S

SETB P1.0
CALL RECIEVE_N_DTMF _1
RET
DT_MF22: CJNE A#0DH,DT_MF32 ; DTMF_2
CALL RE_AD_QTD
JB 61H,C_LR_QT22
RET
C_LRi@T22: CLR 09H
CLR 61H
SETB 59H
MOV R4 #0FH
QT22: MOV AB1H
CALL S1_DATA
CALL STRA_OFF
DJINZ R4,QT22
CLR P1.1 ; RESET IC 7474
CALL DELAY_1S
SETE Rl |
CALL RECIEVE_N_DTMF_2
DT_MF32: RET
CHECK_QT_3: MOV A62H #IINT8
ANL A#OFH
DT_MF13: CJNE A#O0CH,DT_MF23 ; DTMF_1
CALL RE_AD_QTC
JB 60H,C_LR_QT13
RET
C_LR_QT13: CLR 08H
CLR 60H
SETB 5AH

MOV R4 #0FH



QT13: MOV A,62H

CALL S1_DATA
CALL STRA_OFF
DJINZ R4,QT13
CLR P1.0 ;RESETIC 7474
CALL DELAY_1S
SETB P1.0
CALL RECIEVE_N_DTMF_1
RET
DT_MF23: CJNE A#0DH,DT_MF33; DTMF_2
CALL RE_AD_QTD
JB 61H,C_LR_QT23
RET
CILR_@F23: @[ R 09H
CLR 61H
SETB 5AH
MOV R4 #0FH
QT23: MOV A62H
CALL S1_DATA
CALL STRA_OFF
DJNZ R4,QT23
CLR P1.1 ;RESETIC 7474
CALL DELAY_1S
SETB =y
CALL RECIEVE_N_DTMF_2
DT_MF33: RET
CHECK_QT_4: MOV A,63H D INT_4
ANL AH#OFH
DT_MF14: CINE A#O0CH,DT_MF24 ; DTMF_1
CALL RE_AD_QTC

JB 60H,C_LR_QT14



RET

C_LR_QT14: CLR 08H
CLR 60H
SETB 5BH
MOV R4 #0FH

QT14: MOV A63H
CALL S1_DATA
CALL STRA_OFF
DJNZ R4,QT14
CLR P1.0 ;RESET IC 7474
CALL BPELAY_1S
SETB P1.0
CALL RECIEVE_N_DTMF_1
RET
DT_MF24: CJNE A#0DH,DT_MF34 ; DTMF_2

CALL RE_AD_QTD
JB 61H.C_LR_QT24
RET

C_LR_QT24:CLR 09H
CLR 61H
SETB 5BH
MOV R4 ,#0FH

QT24: MOV A63H

CALL S1_DATA
CALL STRA_OFF
DJINZ R4,QT24
CLR P1.1 ;RESET IC 7474
CALL DELAY_1S
SETB P1.1
CALL RECIEVE_N_DTMF_2

DT_MF34: RET



RE_AD_QTC: MOV R4 #0FH

R1_T: CALL RE_AD_PORT_C ;8255_2
ANL A#00010000B
CJINE A.#000100008,R_T1
SETB 60H
RET
R_T1: DINZ R4R1T
RET
RE_AD_QTD: MOV R4,40FH
R2_T: CALL RE_AD_PORT_C ;8255 2
ANL A#001000008
CJINE A.#00100000B R_T2
SETB 61H
RET
R.T2: DINZ RAR2T
RET
RE_AD_QTE: MOV R4,#0FH
R3_T: GALL RE_AD_PORT_C  ;8255_2
ANL A #010000008
CJNE A,#00000000B,R_T3
SETB 62H
RET
R_T3: DINZ R4,R3_T
RET
‘========oo======-————=====DTMF_3 FOR



RE_AD_QTF: MOV R4, #0FH

R4_T: CALL READ -PORTIC 825512
ANL A,#10000000B
CJINE A #10000000B,R_T4
SETB 63H
CLR P12
CALL DELAY_1S
SETB P1.2
RET

R_T4: DINZ R4R4A_T
RET

CHECK_QT_EXT: JB P1.5,INT1_T_EXT
CALL ST_BSY_INT
RET
INT1_T_EXT: JNB 10H,INT2_T_EXT

CALL HOOK_OFF_EXT
MOV 71H,#07H
MOV A#O9H
CALL S1_DATA
CALL STRA_OFF
CALL DELAY_1S
MOV AHOTH
CALL S1_DATA
CALL STRA_ON
CLR 70H
SETB OEH
RET

INT2_T_EXT: JNB 11H,INT3_T_EXT



CALL HOOK_OFF_EXT

MOV 7TIHH#1TH
MOV A#19H
CALL S1_DATA
CALL STRA_OFF
CALL DELAY_1S
MOV A#1TH
CALL S1_DATA
CALL STRA_ON
CLR 71H
SETB OEH
RET
INT3_T_EXT: JNB 12H,INT4_T_EXT
CALL HOOK_OFF_EXT
MOV 7T1H,#27TH
MOV A#29H
CALL S1_DATA
CALL STRA_OFF
CALL DELAY_1S
MOV A#27H
CALL S1_DATA
CALL STRA_ON
CLR 72H
SETB OEH
RET
INT4_T_EXT: JNB 13H,INTS_T_EXT
CALL HOOK_OFF_EXT
MOV 71H,#37H
MOV A#39H
CALL S1_DATA

CALL STRA_OFF



CALL DELAY_1S

MOV A#3TH
CALL S1_DATA
CALL STRA_ON
CLR 73H

SETB OEH

INTS_T_EXT: RET

HOOK_OFF_EXT: CLR P1.6
SETB 1T
RET

HOOK_ON_EXT: SETB P1.6
CLR P1.7
CALL DEEAY 18
SETB P1.6
SETB Diler/
CLR OEH
RET

ST_BSY_INT: JNB 10H,BSY_TO_2
CALL BUSY 1@ 1
RET
BSY_TO_2: JNB 11H,BSY_TO_3
CALL BUSY_TO_2
RET
BSY_TO_3: JNB 12H,BSY_TO_4

CALL BUSY_TO_3



RET
.BSY_TO_4: INB 13H,BSY_TO_N
CALL BUSY_TO_4
BSY_TO_N: RET

RECIEVE_N_DTMF_1: MOV R4,#0FH
RD_1: MOV DPTR, #9000H
MOVX A@DPTR
ANL A HOFH
DINZ R4.RD_1
RET
RECIEVE_N_DTMF_2: MOV R4 #0FH
RD_2: MOV DPTR,#9000H
MOVX A@DPTR
ANL A HOFOH
SWAP A
DINZ R4,RD_2
RET
RECIEVE_N_DTMF_3: MOV R4 #OFH
RD_3: MOV DPTR,#9004H
MOVX A@DPTR
ANL A OFH
DINZ R4,RD_3
RET
‘m==—================DTMF_3 FOR



RECIEVE_N_DTMF_4: MOV R4, #0FH

RD_4: MOV DPTR,#9004H
MOVX A.@DPTR
ANL A #OFOH
SWAP - A
DJNZ R4,RD_4
RET
RECIEVE_N_DTMF_5: MOV R4, #0FH
RD_5: MOV DPTR,#9008H

MOVX A.@DPTR
ANL A#OFH
DJNZ R4,RD_5
RET

BUSY_TO_1: MOV A #OAH
CALL S1_DATA
CALL STRA_ON
SETB 40H
RET

BUSY_TO_2: MOV ~AH#IAH
CALL S1_DATA
CALL STRA_ON
SETB 41H
RET

BUSY_TO_3: MOV A#2AH

CALL S1_DATA



CALL STRA_ON

SETB 42H
RET
BUSY_TO_4: MOV A #3AH

CALL S1_DATA
CALL STRA_ON
SETB 43H
RET

S_OFF_BUSY1: MOV A #O0AH
CALL S1_DATA
CALL STRA_OFF
CLR 40H
RET

S_OFF_BUSY2: MOV A#1AH
CALL S1_DATA
CALL STRA_OFF
CLR 41H
RET

S_OFF_BUSY3: MOV A #2AH
CALL S1_DATA
CALL STRA_OFF
CLR 42H
RET

S_OFF_BUSY4: MOV A#3AH
CALL S1_DATA
CALL STRA_OFF
CLR 43H

RET



RINGB_TO_1: MOV A #0BH

CALL S1_DATA
CALL STRA_ON
SETB 50H
RET

RINGB_TO_2: MOV A#1BH
CALL S1_DATA
CALL STRA_ON
SETB 51H
RET

RINGB_TO_3: MOV A #2BH
CALL S1_DATA
CALL STRA_ON
SETB 52H
RET

RINGB_TO_4: MOV A, #3BH
CALL S1_DATA
CALL STRA_ON
SETB 53H
RET

RINGB_TO_EXT: MOV A#7BH

CALL S1_DATA
CALL STRA_ON
RET

S_OFF_RB1: MOV A #0BH

CALL S1_DATA



CALL STRA_OFF

CLR 50H
RET

S_OFF_RB2: MOV A#1BH
CALL S1_DATA
CALL STRA_OFF
CLR 51H
RET

S_OFF_RB3: MOV A#2BH
CALL S1_DATA
CALL STRA_OFF
CLR 52H
RET

S_OFF_RB4: MOV A#3BH
CALL S1_DATA
CALL STRA_OFF
CLR 53H
RET

S_OFF_RBEXT: MOV A#7BH
CALL S1_DATA
CALL STRA_OFF
RET

RINGG_TO_1: MOV A#OFH
CALL S2_DATA
CALL STRB_ON
SETB 78H
RET

RINGG_TO_2: MOV A#1FH



CALL S2_DATA

CALL STRB_ON
SETB 79H
RET

RINGG_TO_3: MOV A#2FH
CALL S2_DATA
CALL STRB_ON
SETB 7AH
RET

RINGG_TO_4: MOV A #3FH
CALL S2_DATA
CALL STRB_ON
SETB 7BH
RET

S_OFF_RING: ANL A#OFH
MOV R7.A

S_OFF_R1: CJNE R7,#00H,S_OFF_R2

S_OFF_R1X: MOV A#OFH
CALL S2_DATA
CALL STRB_OFF
SETB 78H
RET

S_OFF_R2: CIJNE R7,#01H,S_OFF_R3

S_OFF_R2X: MOV AH#IFH
CALL S2_DATA
CALL STRB_OFF
SETB 794
RET

S_OFF_R3: CJNE R7#02H,S_OFF_R4



S_OFF_R3X: MOV A#2FH

CALL S2_DATA
CALL STRB_OFF
SETB 7AH
RET
S_OFF_R4: CJNE R7,#03H,S_OFF_RN
S_OFF_R4X: MOV A#3FH
CALL S2_DATA
CALL STRB_OFF
SETB 7BH
S_OFF_RN: RET
S_OF_RING: ANL A#OFH
N_J1: CINE AH#OOH,N_J2
N_J1X: CLR 78H
MOV AH#OFH
CALL S2_DATA
CALL STRB_OFF
RET
N_J2: CJNE A#01H,N_J3
N_J2X: CLR 79H
MOV A#1FH
CALL S2_DATA
CALL STRB_OFF
RET
N_J3: CINE A#O2H,N_J4
N_J3X: CLR 7AH
MOV A#2FH
CALL S2_DATA

CALL STRB_OFF



RET

N_J4: CINE AH#O3H,N_JIN
N_J4X: CLR 7BH
MOV A #3FH
CALL S2_DATA
CALL STRB_OFF
N_JN: RET
S_OFF_DIAL1: MOV A#O9H
CALL S1_DATA
CALL STRA_OFF
RET
S_OFF_DIAL2: MOV A#19H
CALL S1_DATA
CALL STRA_OFF
RET
S_OFF_DIAL3: MOV A#29H
CALL S1_DATA
CALL STRA_OFF
RET
S_OFF_DIAL4: MOV A #39H
CALL S1_DATA
CALL STRA_OFF
RET
S1_DATA: MOV DPTR,#8001H

MOVX @DPTRA



RET

S2_DATA: MOV DPTR,#0A000H
MOVX @DPTR,A
RET

1,23 4=======================coo===
S_O_CLR: MOV A21H :NOT USE

ANL AH#1FH

CALL S2_DATA.A

CALL DELAY_1S

MOV A#TFH

CALL S2_DATA_A

RET
‘=====s==zz=ms————c=so===GWITCH ON & OFF
8616_1R=m=——=d AHN "KL

STRA_ON: MOV A #05H
MOV DPTR,#8002H
MOVX @DPTR,A
MOV A#07TH
MOVX @DPTR,A
MOV A,#05H
MOVX @DPTR,A
RET

STRA_OFF: MOV A #O4H
MOV DPTR #8002H
MOVX  @DPTRA
MOV A, #06H



MOVX  @DPTRA

MOV A, #04H

MOVX  @DPTRA

RET
-========================SWITCH ON & OFF
8816_2===========================

STRB_ON: MOV A #05H

MOV DPTR #0A020H

MOVX ~ @DPTRA

MOV A HOTH

MOVX  @DPTR.A

MOV A #05H

MOVX_ = @DPTRA

RET

STRB_OFF: MOV A#04H

MOV DPTR #0A020H

MOVX ~ ~@DPTR,A

MOV A #06H

MOVX  @DPTRA

MOV A #04H

MOVX @DPTRA

RET
m—==================GENT 8§255_3
PORT:A===============================

S2_DATA_A: MOV DPTR,#0A010H . NOT USE
MOVX @DPTRA

RET



C_EXT_READ_PA: CALL CHECK_EXT

CALL M_OV_PA
RET
M_OV_PA: MOV DPTR,#8000H

MOVX A@DPTR

MOV 20H,A

RET

READ_CHAND_OFF: MOV DPTR,#8000H
MOVX A@DPTR
MOV 20H.A
RET
RE_AD_PORT_-C: MOV R4 #0FH
R_D_C: MOV DPTR,#9008H

MOVX A@DPTR

DJNZ R4,R_D_C

RET

CHECK_EXT: JNB 0EH,C_QT_EXT
RET
C_QT_EXT: MOV R4 ,#0BH
C_Q: UNB P1.5S_AUTO_ANS1
DJUNZ R4,C_Q

RET



S_AUTO_ANS1: MOV

CALL
CALL
CLR
CALL
SETB
MOV
EXT_D1: MOV
EXT_D2: MOV
DJINZ
R_A_TF: CALL
JB
DJINZ
DJINZ
CLR
CALL
CALL
RET
C_INT_USING: CLR
CALL
MOV
T_PHONE1: CIJNE
CALL
JNB
SETB
CALL
CLR
CALL
CALL
RET

S_RG1_RBT: CALL

CALL
RET

AHT8H
S1_DATA
STRA_ON

P1.4
DELAY_1S
P1.4
R7 #3FH

R6,#0FFH

R5,#0FFH
R5,R_A_TF
RE_AD_QTF

63H,C_INT_USING

R6,EXT_D2
R7,EXT_D1

P1.4

S_OFF_ANS
HOOK_ON_EXT

P1.4
RECIEVE_N_DTMF_4
R3A

R3,#01H,T_PHONE2
M_OV_PA

00H,S_RG1_RBT

P1.3
DELAY_3S

P1.3

S_OFF_ANS
HOOK_ON_EXT

S_OFF_ANS
S_RG1_RBEXT



T_PHONE2: CINE R3,#02H,T_PHONE3

CALL M_OV_PA
JNB 01H,S_RG2_RBT
SETB P13
CALL DELAY_3S
CLR P1.3
CALL S_OFF_ANS
CALL HOOK_ON_EXT
RET

S_RG2_RBT: CALL S_OFF_ANS
CALL S_RG2_RBEXT
RET

T_PHONES: CINE R3#03H,T_PHONE4
CALL M_OV_PA
JNB 02H,S_RG3_RBT
SETB PI=3
CALL DELAY_3S
CLR Plss
CALL S_OFF_ANS
CALL HOOK_ON_EXT
RET

S_RG3_RBT: CALL S_OFF_ANS
CALL S_RG3_RBEXT
RET

T_PHONE4: CINE R3#04H,T_PHONES
CALL M_OV_PA
JNB 03H,S_RG1_RBT
SETB R1:3
CALL DELAY_3S

CLR P1.3



CALL S_OFF_ANS

CALL HOOK_ON_EXT
RET
S_RG4_RBT: CALL S_OFF_ANS
CALL S_RG4_RBEXT
RET
T_PHONES: CALL S_OFF_ANS
CALL HOOK_ON_EXT
RET
S_RG1_RBEXT: CALL RINGG_TO_1

CALL RINGB_TO_EXT
MOV R7 #58H

T_RX11: MOV R6 #0FFH

T_RX12: MOV R5#0FFH
DJNZ R5,R_IHK1

R_IHK1: CALL M_OV_PA
JB 00H,S_OF_1
DJINZ R6,T_RX12
DJINZ R7,T_RX11
CALL S_OFF_RBEXT
CALL N_J1X
CALL HOOK_ON_EXT
RET

S OF-1CALL S_OFF_R1X
CALL S_OFF_RBEXT
MOV A#70H
CALL S1_DATA
CALL STRA_ON
SETB OEH

MOV 70H,#70H



RET

S_RG2_RBEXT: CALL RINGG_TO_2
CALL RINGB_TO_EXT
- MOV R7 #58H
T_RX21: MOV R6,#OFFH
T_RX22: MOV R5,#0FFH
DJNZ R5,R_IHK2
RIHK2: CALL  M_OV_PA
JB 01H,S_OF_2
DJNZ R6,T_RX22
DJNZ R7.T_RX21
CALL S_OFF_RBEXT
CALL N_J2X
CALL HOOK_ON_EXT
RET
S_OF_2: CALL S_OFF_R2X
CALL S_OFF_RBEXT
MOV A #71H
CALL S1_DATA
CALL STRA_ON
SETB OEH
MOV 70H.#71H
RET
S_RG3_RBEXT: CALL RINGG.TO_3
CALL RINGB_TO_EXT
MOV R7 #58H
T_RX31: MOV R6,#0FFH
T_RX32: MOV R5,#OFFH
DJNZ R5.R_IHK3
R_IHK3: CALL M_OV_PA

JB 02H,S_OF_3



DJNZ
DJNZ
CALL
CALL
CALL
RET
S_OF_3: CALL

CALL
MOV
CALL
CALL
SETB
MOV
RET

S_RG4_RBEXT: CALL

CALL
MOV
T_RX41: MOV
T_RX42: MOV
DJNZ
R_IHK4: CALL

JB
DJINZ
DJINZ
CALL
CALL
CALL
RET
S_OF_4: CALL

CALL
MOV
CALL

R6,T_RX32
R7,T_RX31
S_OFF_RBEXT
N_J3X
HOOK_ON_EXT

S_OFF_R3X
S_OFF_RBEXT
A#HT2H
S1_DATA
STRA_ON
0EH
70H,#72H

RINGB_TO_EXT
R7,#58H
R6,#0FFH
R5,#0FFH
R5,R_IHK4
M_QV_PA
03H,S_OF_4
R6,T_RX42
R7, T_RX41
S_OFF_RBEXT
N_J4X
HOOK_ON_EXT

S_OFF_R4X
S_OFF_RBEXT
A#73H

S1_DATA

RINGG_TO_4



CALL STRA_ON

SETB OEH
MOV 70H#73H
RET

NTERNAL=========— =~
OFF_EXT: MOV A70H

ANL AHOFH
MOV R3A
CJNE R3#0AH, IN_1
RET

IN_1: CINE R3,#00H,IN_2
MOV A HT0H
CALL S1_DATA
CALL STRA_OFF
CLR 78H
CLR OEH
CALL HOOK_ON_EXT
RET

IN_2: CINE R3.#01HIN_3
MOV A HTIH
CALL S1_DATA
CALL STRA_OFF
CLR 79H
CLR 0EH
CALL HOOK_ON_EXT
RET

IN_3: CJNE R3,#02H,IN_4
MOV A H#72H

CALL S1_DATA



CALL STRA_OFF

CLR 7AH
CLR OEH
CALL HOOK_ON_EXT
RET
IN_4: CINE R3,#03H,IN_5
MOV A #73H
CALL S1_DATA
CALL STRA_OFF
CLR 7BH
CLR OEH
CALL HOOK_ON_EXT
IN_5: RET
S_OFF_ANS: MOV AH#718H
CALL S1_DATA
CALL STRA_OFF
RET
DELAY: MOV R7 #0FFH
D1: MOV R6,#0FFH
DJINZ R6,$
DJNZ R7,D1
RET
DELAY_1S: MOV R7 #1FH
D2: MOV R6,#0FFH

D3: MOV R5,#0FFH



DJINZ R6,03

DJINZ R7,D2

RET

DELAY_3S: MOV R7 #3FH

D4: MOV R6,#0FFH
D5: MOV R5,#0FFH

DJINZ R5%

DJINZ R6,05

DJINZ R7,D4

RET



— ZARLINK

SEMICONDUCTOR

Iso-cMOS  MT8816
8 x 16 Analog Switch Array

Features

« Internal control latches and address decoder

- Short set-up and hold times

- Wide operating voltage: 4.5V to 13.2V

- 12Vpp analog signal capability

+  Ron 65Q max. @ Vpp=12V, 25°C

«  ARgn £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

ISSUES3 March 1997

Ordering Information

MT8816AE 40 Pin Plastic DIP
MT8816AP 44 Pin PLCC
-40° to 85°C
Description

The Zarlink MT8816 is fabricated in Zarlink's ISO-
CMOS technology providing low power dissipation
and high reliability. The device contains a 8 x 16
array of crosspoint switches along with a 7 to 128
line decoder and latch circuits. Any one of the 128
switches can be addressed by selecting the
appropriate seven address bits. The selected switch
can be turned on or off by applying a logical one or
zero to the DATA input. Vgg is the ground refer-ence
of the digital inputs. The range of the analog signal
is from Vpp to Vge. Chip Select (CS) allows the

+ Test equipment/instrumentation crosspoint array to be cascaded for matrix
« Analog/digital multiplexers expansion.
« Audio/Video switching
CS STROBE DATA RESET VDD  VEE VSS
T S
Y y L 3 s o
AX0 > 1 /. e
AX1 £
AX2 > 8 x 16
7 to 128 > {
AX3 >
Decoder Latches Switch aq: 0|{(135)
AY0 — Array
AY1 >
AY2 > 128_ 128
o il 2 i
l Yi /O (i=0-7) l

Figure 1 - Functional Block Diagram
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MT8816 1SO-CMOS
U c% 0. B
o m o
D D $3Zzx9S¥35 8
RESET [ 3 38 [0 DATA AUT0007JUUULL
AX3 [] 4 37 O Y1 6 5 4 3 2 14443424140
AXo O] © 36 ]CS X143 7 39 Yo
X14 []6 351 Y0 X152 8 38 NC
x5 7 34 [ONC X639 37 X0
x6 18 33 [1 X0 x7 = 10 36 X1
x7 L]9 32[1X1 X8 =3 11 35 X2
x8 [] 10 31 [0 x2 X9 = 12 34 X3
x9 [ 11 30 [1X3 X10= 13 33 x4
x10 O 12 29 [0 x4 X113 14 32 x5
x11 ] 13 2811 X5 NC = 15 31 xq2
Nc [ 14 27 [Jx12 NC = 16 30 x13
y7 ] 15 26 [1x13 Y72 17 29 nC
vss [ 16 25 [ AY1 18192021222324 25262728
ve L] 17 24 L1 AY0
IRl
ys ] 19 22 [ AX1 BEm>w>xx>>9
VEE [ 20 21 [va > 8 2 g << <
l._.
40 PIN PLASTIC DIP g PIN PLCC
Figure 2 - Pin Connections
Pin Description
Pin #
Name Description
PDIP PLCC
1 1 Y3 Y3 Analog (Input/Output): this is connected to the Y3 column of the switch array.
2 AY2 |Y2 Address Line (Input).
3 3 RESET |Master RESET (Input): this is used to turn off all switches regardless of the
condition of CS. Active High.
4,5 4,5 AX3,AX0 | X3 and X0 Address Lines (Inputs).
6,7 7.8 X14, X15 |X14 and X15 Analog (Inputs/Outputs): these are connected to the X14 and X15
rows of the switch array. _
8-13 9-14 X6-X11 |X6-X11 Analog (Inputs/Outputs): these are connected to the X6-X11 rows of the
switch array.
14 6,15,16 NC No Connection
15 1174 Y7, Y7 Analog (Input/Output): this is connected to the Y7 column of the switch array.
16 18 Vgs |Digital Ground Reference.
17 19 Y6 Y6 Analog (Input/Output): this is connected to the Y6 column of the switch array.
18 20 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.
19 21 Y5 Y5 Analog (Input/Output): this is connected to the Y5 column of the switch array.
20 22 Vge  |Negative Power Supply.
21 23 Y4 Y4 Analog (Input/Output): this is connected to the Y4 column of the switch array.
22,23 | 24,25 | AX1,AX2 [X1 and X2 Address Lines (Inputs).
24,25 | 26,27 | AY0,AY1 |Y0 and Y1 Address Lines (Inputs).
26,27 | 30,31 |X13, X12|X13 and X12 Analog (Inputs/Outputs): these are connected to the X13 and X12
rows of the switch array.
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ISO-cMOs MT8816

Pin Description (continued)

Pin #
Name Description
PDIP PLCC
28 -33 | 32-37 X5-X0 |X5-X0 Analog (Inputs/Outputs): these are connected to the X5-X0 rows of the

switch array.

34 28,29, NC No Connection.

38

35 39 YO Y0 Analog (Input/Output): this is connected to the YO column of the switch array.

36 40 CS Chip Select (Input): this is used to select the device. Active High.

37 41 Y1 Y1 Analog (Input/Output): this is connected to the Y1 column of the switch array.

38 42 DATA |DATA (Input): a logic high input will turn on the selected switch and a logic low will
turn off the selected switch. Active High.

39 43 Y2 Y2 Analog (Input/Output): this is connected to the Y2 column of the switch array.

40 44 Vpp |Positive Power Supply.

Functional Description

The MT8816 is an analog switch matrix with an array
size of 8 x 16. The switch array is arranged such that
there are 8 columns by 16 rows. The columns are
referred to as the Y inputs/outputs and the rows are
the X inputs/outputs. The crosspoint analog switch
array will interconnect any X I/O with any Y 1/O when
turned on and provide a high degree of isolation
when turned off. The control memory consists of a
128 bit write only RAM in which the bits are selected
by the address inputs (AY0-AY2, AX0-AX3). Data is
presented to the memory on the DATA input. Data is
asynchronously written into memory whenever both
the CS (Chip Select) and STROBE inputs are high
and are latched on the falling edge of STROBE. A
logical “1" written into a memory cell turns the
corresponding crosspoint switch on and a logical “0"
turns 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/outputs can be
interconnected by establishing appropriate patterns
in the control memory. A logical “1” on the RESET
input will asynchronously return all memory locations
to logical “0” turning off all  crosspoint
switches regardless of whether CS is high or low.
Two voltage reference pins (Vgg and Vgg) are
provided for the MT8816 to enable switching of
negative analog signals. The range for digital signals
is from Vpp to Vgg while the range for analog signals
is from Vpp to Vgg. Vgs and Vgg pins can be tied
together if a single voltage reference is needed.

Address Decode

The seven address inputs along with the STROBE
and CS (Chip Select) are logically ANDed to form an
enable signal for the resettable transparent latches.
The DATA input is buffered and is used as the input
to all latches. To write to a location, RESET must be
low and CS must go high 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 turn 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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MT8816 1SO-CMOS

Absolute Maximum Ratings*- Voltages are with respect to Ve unless otherwise stated.

Parameter Symbol Min Max Units

1 | Supply Voltage Voo -0.3 16.0 \

Vss -0.3 Vpp+0.3 v
2 | Analog Input Voltage ViNA -0.3 Vpp+0.3 v
3 | Digital Input Voltage Vin Vgg-0.3 Vpp+0.3 Vv
4 | Current on any I/O Pin | +15 mA
5 | Storage Temperature Ts -65 +150 °C
6 | Package Power Dissipation PLASTIC DIP Pp 0.6 W

* Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - Voltages are with respect to Vge unless otherwise stated.

Characteristics Sym | Min | Typ Max Units Test Conditions
1 | Operating Temperature To -40 25 85 °C
2 | Supply Voltage Vpbp 4.5 13.2 \Y
Analog Input Voltage Vina | Vee Vpop \Y
4 | Digital Input Voltage Vin | Vss Vbp \
DC Electrical Characteristics*- Voltages are with respect to Veg=Vss=0V, Vpp =12V unless otherwise stated.
Characteristics Sym Min Typi Max | Units Test Conditions

1 | Quiescent Supply Current Ipp 1 100 pA | All digital inputs at Viy=Vgg or

Voo
0.4 8 mA | All digital inputs at Viy=2.4V +
VSS; Vss=7.0V
15 mA | All digital inputs at V|y=3.4V
2 | Off-state Leakage Current lorr + +500 nA | IV - Viyjl = Vpp - Vee
(See G.9 in Appendix) See Appendix, Fig. A.1
3 Input LOgiC “0” level V|L 0.8+Vg V Vss=7.5V; VEE=OV
: S

4 | Input Logic “1” level Vig | 20+Vss \Y Vgg=6.5V; Vgg=0V

5 | Input Logic “1” level Viy 3.3 V

6 | Input Leakage (digital pins) ILeak 0.1 10 pA | All digital inputs at Vy = Vss
or Vpp

+ DC Electrical Characteristics are over recommended temperature range.
t Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

DC Electrical Characteristics- Switch Resistance - vy is the external DC offset applied at the analog /O pins.

Characteristics Sym 25°C 70°C 85°C Units Test Conditions
Typ | Max | Typ | Max | Typ | Max
1 |On-state VDD=1 2V RON 45 65 75 80 Q VSS=VEE=OV1VDC=VDD/2'
Resistance Vpp=10V 55|75 85 90 Q |IVyi-Vyjl = 0.4V
Vpp= 5V 120 | 185 215 225 Q |See Appendix, Fig. A.2
(See G.1,G.2,G.3in
Appendix)
2 |Difference in on-state ARon| 5 | 10 10 10 Q  |Vpp=12V, Vgg=VEe=0,
resistance between two Vpc=Vpp/2,
switches lVXi_VYjI =04V
(See G.4 in Appendix) See Appendix, Fig. A.2
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ISO-cMOS MT8816

AC Electrical Characteristics’- Crosspoint Performance-voltages are with respect to Vpp=5V, Vss=0V,
Vgg=-7V, unless otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 | Switch 1/O Capacitance Cs 20 pF | f=1 MHz
2 | Feedthrough Capacitance Ce 0.2 pF f=1 MHz
3 | Frequency Response Fads 45 MHz | Switch is “ON”; Viya =2Vpp
Channel “ON” sinewave; R = 1kQ
20LOG(VoyT/Vxi)=-3dB See Appendix, Fig. A.3
4 | Total Harmonic Distortion THD 0.01 % Switch is “ON”; V\ya = 2Vpp
(See G.5, G.6 in Appendix) sinewave f= 1kHz; R =1kQ
5 | Feedthrough FDT -95 dB | All Switches “OFF"; Viya=
Channel “OFF”" 2Vpp sinewave f= 1kHz;
Feed.=20LOG (VOUT/VXi) RL= 1kQ.
(See G.8 in Appendix) See Appendix, Fig. A.4
6 | Crosstalk between any two Xialk -45 dB | V|na=2Vpp sinewave
channels for switches Xi-Yiand f= 10MHz; R = 75Q.
X-Yi. -90 dB | Vina=2Vpp sinewave
Sl hioe vt f= 10kHz; R = 600Q.
Lelk=20LO0 (V) -85 dB | V\ya=2Vpp sinewave
(See G.7 in Appendix). = 100\ Ry = 1ka.
-80 dB Vina=2Vpp sinewave
f=1kHz; R, = 10kQ.
Refer to Appendix, Fig. A.5
for test circuit.
7 | Propagation delay through tps 30 ns R =1kQ; C =50pF
switch

1 Timing is over recommended temperature range. See Fig. 3 for control and I/O timing details.
+ Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
Crosstalk measurements are for Plastic DIPS only, crosstalk values for PLCC packages are approximately 5dB better.

AC Electrical Characteristicst- Control and I/O Timings- Voltages are with respect to Vpp=5V, Vgs=0V,
Veg=-7V, unless otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions

1 | Control Input crosstalk to switch | CXia 30 mVpp | V|N=3V squarewave;

(for CS, DATA, STROBE, Rin=1kQ, R =10kQ.

Address) See Appendix, Fig. A.6
2 | Digital Input Capacitance Cpi 10 pF f=1MHz
3 | Switching Frequency Fo 20 MHz
4 | Setup Time DATA to STROBE tps 10 ns R.= 1kQ, C_=50pF 7
5 |Hold Time DATA to STROBE T ] ns |R.=1kQ, C =50pF ©
6 |Setup Time Address to STROBE | tag 10 ns |R.=1kQ, C =50pF ¥
7 | Hold Time Address to STROBE | tay 10 ns |R.=1kQ, C =50pF ¢
8 | Setup Time CS to STROBE tess | 10 ns |R_=1kQ, C =50pF ®
9 |[Hold Time CS to STROBE tcsH 10 ns R = 1kQ, C =50pF D
10 | STROBE Pulse Width tspw | 20 ns |R.=1kQ, C =50pF @
11 | RESET Pulse Width oW | 40 ns |R=1kQ, C =50pF ®
12 | STROBE to Switch Status Delay | tg 40 | 100 ns |R.=1kQ, C =50pF ¥
13 | DATA to Switch Status Delay tp 50 | 100 | ns |R.=1kQ, C_=50pF ®
14 | RESET to Switch Status Delay tR 35 100 ns R = 1kQ, C =50pF =

1 Timing is over recommended temperature range. See Fig. 3 for control and I/O timing details.

Digital Input rise time (tr) and fall time (tf) = 5ns.

1 Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.
@ Refer to Appendix, Fig. A.7 for test circuit.
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| 1 I 1
tcss —’l |<—“ | |‘—‘ tesH
sl ' e
50% 50%
cs I | ):‘ / L e o)
] ey I I
ey ; 50% 7‘ * 50%
RESET —
tspw
o e ] | I I
i | | i 3]
STROBE f 5% 50% 7|»r50% | |
lie=s
tas = = 5] | I l
ADDRESS 50% ¥ | | ¥ s0% ! ! I
B B f f f
! ! —D-I |<— tAH | l I
s | | | |
DATA 50%4* : X?)O% | l I
T |
tps —> o | | | |
-
- t/ ey W | i
SWITCH* ' X [ X | [y
OFF i 1 T i i | |
| . -
' 8 I8 T (tro ¢ tR o1
Figure 3 - Control Memory Timing Diagram
* See Appendix, Fig. A.7 for switching waveform
AXO0 AX1 AX2 AX3 AYO AY1 AY2 Connection*®
0 0 0 0 0 0 0 X0-YO0
1 0 0 0 0 0 0 X1-YO
0 1 0 0 0 (0] 0 X2-YO0
1 1 0 0 0 0 0 X3-YO
0 0 1 0 0 0 0 X4-Y0
1 0 it 0 0 0 0 X5-YO
0 1 1 0 0 0 0 X12-Y0
1 1 1 0 0 0 0 X13-Y0
0 0 0 1 0 0 0 X6-Y0
1 0 0 1 0 0 0 X7-YO
0 1 0 1 0 0 0 X8-Y0
1 1 0 1 0 0 0 X9-Y0
0 0 1 1 0 0 0 X10-Y0
1 0 1 1 0 0 0 X11-Y0
0 1 1 1 0 0 0 X14-Y0
1 1 1 1 0 0 0 X15-Y0
0 0 0 0 1 0 0 X0-Y1
i ! 1 ! L i i 2]
1 1 1 1 1 0 0 X15-Y1
0 0 0 0 0 1 0 X0-Y2
if i} il i} S I i i
1 1 1 1 0 1 0 X15-Y2
0 0 0 0 1 1 0 X0-Y3
l 1 1 1 ) ¢ 1 A
1 1 1 1 1 1 0 X15-Y3
0 0 0 0 0 0 1 X0-Y4
l l i l 1l S l Ll
1 1 1 1 0 0 1 X15-Y4
0 0 0 0 1 0 1 X0-Y5
) ¢ ] ! ! l l 1l
1 1 1 1 1 0 1 X15-Y5
0 0 0 0 0 1 1 X0-Y6
{ g i 1 1 4 i L
1 1 1 1 0 1 1 X15-Y6
0 0 0 0 1 1 1 X0-Y7
I A5 ¢ 1 ! | l il
1 1 1 1 1 1 1 X15-Y7

Table 1. Address Decode Truth Table

* Switch connections are not in ascending order
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ISO2-CMOS MT8870D/MT8870D-1

PPt 5N
MITEI—O Integrated DTMF Receiver

~
Features ISSUE 5 March 1997

Complete DTMF Receiver
Low power consumption
Internal gain setting amplifier
Adjustable guard time
Central office quality
Power-down mode

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

Receiver system for British Telecom (BT) or
CEPT Spec (MT8870D-1)

Paging systems

Repeater systems/mobile radio
Credit card systems

Remote control

Personal computers

Telephone answering machine

Ordering Information
MT8870DE/DE-1 18 Pin Plastic DIP
MT8870DS/DS-1 18 Pin SOIC
MT8870DN/DN-1 20 Pin SSOP

-40 °C to +85 °C

Description

The MT8870D/MT8870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
group filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillator and latched three-state bus
interface.

VDD VSS VRef INH
A
3 Bias
PWDN "l Circuit VRef
Buffer
— > Q1
Chip Chi :
Powar - Bioy High Group _[]— Digital Code ‘
Filter Detection Converter I:l/\ Ly 2
Algorithm and Latch Q
i TDojg:a Zero Crossing
N Filter Detectors > Q3
] Low Group o]
on Filter _D_ $—-> Q4
—Do——» o of st Steering 4&
Clocks < GT Logic -
A/
v v
0oscC1 0sCc2 StGT ESt STD TOE

Figure 1 - Functional Block Diagram
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MT8870D/MT8870D-1 1sO%-cMmOS

0DOOLO
=g N

OONO O WN =
I
SOENO b WN =

I o

PIN PLASTIC DIP/SOI

Figure 2 - Pin Connections

Pin Description

Pin #
18 | 20 Name Description

1514 IN+ Non-Inverting Op-Amp (Input).

2|2 IN- Inverting Op-Amp (Input).

311153 GS Gain Select. Gives access to output of front end differential amplifier for connection of

feedback resistor.

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

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

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

7018 OSC1 |Clock (Input).

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

9 |10 Vgs |Ground (Input). OV typical.

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

11-112-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the
14 | 15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

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

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
return to a logic low.

171 19| SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

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

1; NC No Connection.
16
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1so2-cmos MT8870D/MT8870D-1

Functional Description

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

Filter Section istronl
MT8870D-1 teTa=(RC)In(Vpp/V1sy

teTP=(RC)In[Vpp/(Vpo-Vrsi]

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 Figure 4 - Basic Steering Circuit
filters, the bandwidths of which correspond to the low

and high group frequencies. The filter section also  providing tolerance to small frequency deviations
incorporates notches at 350 and 440 Hz for  and variations. This averaging algorithm has been
exceptional dial tone rejection (see Figure 3). Each  developed to ensure an optimum combination of
filter output is followed by a single order switched ~ immunity to talk-off and tolerance to the presence of
capacitor filter- section which smooths the signals  interfering frequencies (third tones) and noise. When
prior to limiting. Limiting is performed by high-gain  the detector recognizes the presence of two valid
comparators which are provided with hysteresis to  tones (this is referred to as the “signal condition” in
preVent detection of unwanted low-level Signals. The some industry Speciﬁcations) the “Ear[y Steering"
outputs of the comparators provide full rail logic (ESt) output will go to an active state. Any
swings at the frequencies of the incoming DTMF  sybsequent loss of signal condition will cause ESt to

signals. assume an inactive state (see “Steering Circuit”).
Decoder Section Steering Circuit
Following the filter section is a decoder employing = Before registration of a decoded tone pair, the

digital counting techniques to determine the  receiver checks for a valid signal duration (referred to
frequencies of the incoming tones and to verify that a5 character recognition condition). This check is
they correspond to standard DTMF frequencies. A performed by an external RC time constant driven by
complex averaging algorithm protects against tone ESt. A logic high on ESt causes v, (see Figure 4) to
simulation by extraneous signals such as voice while rise as the capacitor discharges. Provided signal

PRECISE
o [ DIAL TONES

10 X=350 Hz
¥ 1 Y=440Hz

DTMF TONES

L™

20
ATTENUATION I B770 He
(dB) ! =
C=852 Hz
30 D=941 Hz
E=1209 Hz
F=1336 Hz |

o ‘| G=1477 Hz
—_ -\ H=1633 Hz
G

50 <

I
i
1kHz
XiaY. AB. C D E

FREQUENCY (Hz)

Figure 3 - Filter Response
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condition is maintained (ESt remains high) for the
validation period (tgTp), V¢ reaches the threshold
(V1st) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are
made available on the 4-bit output bus by raising the
three state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

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

trectopticTr

tip=tpa*tcTa
The value of tpp is a device parameter (see Figure
11) and trgc is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 puF is

terP=(RC1)In[Vpp/(Vpo-V71sy]

V
oo O | teTa=(R1C1)In(Vpp/VTsy)
C4

Rp=(R1RIR1*R2)
steTO)

R4

O a) decreasing tgrp; (toTP<toTA)

terp=(R1C)In[Vpp/(Vpp-V1s)]
Yoo teTa=(RpC1)In(Vpp/VTsy

C
! Rp=(R1R/(R1*R2)
StGT(O)

b) decreasing tgra; (teTP>teTA)

Figure 5 - Guard Time Adjustment
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undetected, the output code
will remain the same as the
previous detected code
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Table 1. Functional Decode Table

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

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

Different steering arrangements may be used to
select independently the guard times for tone
present (tgtp) and tone absent (tg1a). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off and noise immunity. increasing trec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tggc with
a long tpg would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

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

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). However, it is possible to
configure several MT8870D/MT8870D-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated  with
unbalanced loading are not a concern with the
arrangement shown, i.e., precision balancing
capacitors are not required.

MT8870D/
MT8870D-1

L

Rz

Differential Input Amplifier
C1=Cz=1 0nkF
R1=R =R5=100 kQ
Ry=60kQ R3=37.5 kQ

RaRs

Ro*Rs

All resistors are +1% tolerance.
All capacitors are +5% tolerance.
R3=
: Rs
VOLTAGE GAIN (A, diff)= "
1

INPUT IMPEDANCE

1 2
(ZinoirF) =2/ R4%+ (’R)

Figure 6 - Differential Input Configuration

_I I—-——ﬁ To OSC1 of next

C T8870D/MT8870D-1
N4

0SsC2

C=30 pF
X-tal=3.579545 MHz

Figure 7 - Oscillator Connection
Parameter Unit Resonator

R1 Ohms 10.752
L1 mH 1432
C1 pF 4.984
Co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2IT1fR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained
by choosing a suitable values of Ry and R; to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Rz and C, are the guard time
requirements when the total component tolerance is
6%. For better performance, it is recommended to
use the non-symmetric guard time circuit in Fig. 8.

teTp=(RpC1)In[Vpp/(Vpo-Vrsy]

tera=(R1C1)In(Vpp/Vrsy)

Rp=(R1R/(R1+R2)

el

Cq

Notes:
R1=368KQ+ 1%
Ry=22MQ + 1%
C4=100nF + 5%

Figure 8 - Non-Symmetric Guard Time Circuit

MT8870D-1

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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