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ABSTRACT

This project is study about the “Private Automatic Branch Exchange for Apartment.”
(PABX) that can extend from one line to six lines to use in small office or apartment. By using
PABX, it can decrease the cost such as the installation. The user can directly contact to the other
users without an operator and contact one-by-one the internal line. The PABX is controlled by
microcontroller (MCS-51) . Thus, it will operate rapidly and can be easily develop. The function

can be applied by developing operation-controlled programs.
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Trunk cct. in Switching System  Interface  Signalling cct.
-48v E-Lead E <
Detector —
-48 v
X - :
M M-Lead
1 Detector -

a) Type 1 Interface ( Original E and M Interface )

-48 v E-L'ead E
Detector ‘ pair > ¢
5G
M _ | M-Lead
S pair Detecton el
B NNV
b) Type 2 Interface

zﬂﬁ 2.14 E&M Lead Interface Arrangements (type 1,2)
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.....
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Detector pair —
| % SG
M M-Lead
sk Ipaﬁ' Detector
SG VvV -48 v
c) Type 3 Interface .
48 v E-Lead| E
><
Detector -
M-Lead -48 v
M Detector — |
d) Type 5 Interface

21]‘71 2.15 E&M Lead Interface Arrangements (Type 3, 5)
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21]171 2.17 Common Channel Signaling (CCS)
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2.5.4 Receiver Off-Hook
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21]71 2.18 Loop or Dial Pulse Signaling



21

Tone Frequency (Hz) On time (Sec) Off time (Sec)
Dial 350 + 440 Continuous
Busy 480 + 620 0.5 0.5
Ring Back, Normal 440 + 480 2 4
Ring Back, PBX 440 + 480 1 3
: Congestion (Toll) 480 + 620 0.2 03
Re-order (Local) 480 + 620 0.3 0.2
Receiver Off-Hook 1400 + 2060 + 0.1 0.1
2450 + 2600
No such Number 200 to 600 Continuous, Frequency Modulated
at 1 Hz Rate
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zﬂﬁ 2.19 Telephone Exchange
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3.1 ﬂﬁ'ﬁvaaqumﬂ (Telephone Office Function)
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15231 -48 Volt DC.
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3.1.2 Over-voltage Protection
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3.1.3 Ring Trip

Central Office 3¢9 Ringing Voltage ligin3os InsdwiilofimsiSonld nsdwiiay
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3.1.6 Test
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3.3.1 Local Exchange Switch (LE)
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11]'7; Primary Switch %59 Secondary Switch .

3.3.2 Primary Switch Center (PC)
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3.3.3 Secondary Switch Center (SC)
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3.3.4 Tertiary Switch Center
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Carrier Equipment
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Fiow Fruc NO TOE Q4 Q3 Q2 Ql
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Tsunsumsihauveansesyumainssmiaunsaluia

SRR R R R RE R R R ER AR SRS EESEEE SRR RAE SRR RRE KRR R R R R R R Ak
FILENAME  EXT_INT.ASM

;DESCRIPTIONEXTERNAL PHONE CALL TO INTERNAL PABX SYSTEM
HARDWARE JAZZ-31 V2.0

;ASSEMBLER SXAS51

;START DATE 18/2/1997

:PROGRAMER MR.SUTI PANICHAKARN (B.IND TELECOMMUNICATION KMITL.)

« 3 o 3 3 3k 3 3 3 o o o 3k ke 3 3 3 o oK sk sk 3 ok oK 3 ok 3 3 3K ok ok 3 3 3K oK ok 3 3 3k 3K o 3K ok ok oK Kok ok ok ok 3 ok 3 ok ok ok ok ok ok e ok ok ok ok ok ok ok ok ok ok K K
>

ORG 8100H  ;ORIGIN ADDRESS

+ 3 3 3k 3 3k e 3k 3 3k ok 3 ook 3 e 3k oK 3K 3 ok 3 o sk e ok 3k 2k ok oK ok 2 2 3 ok ok ok ok o ok ok o ok o 3k ok e 3K 3k o o ok ok ok 3k ok 3K ok ok 8 ke 3 ok ok 3 ok oK ok 3 ok ok ok K
>

; ADDRESS PORTS (PPI 8255)
;*************************************************************************
PORTA_I EQU OFAOOH;PORT A 8255#1 (ADDRESS & CS :MATRIX SW.)
PORTB_1 EQU OFAOIH  ;PORT B 8255#1 (D3-DO:DTMF1 & DTMF2)
PORTC_I EQU OFAO2H  ;PORT C 8255#1 (CHECK EXT.,STROBE & DATA)

CPORT_1 EQU OFAO03H ;CONTROL 8255#1 (PORT A:OUT B:IN CL:IN CH:OUT =

83H)

PORTA_2 EQU OFEOOH ;PORT A 8255#2 (RELAY & OPERATOR)

PORTB_2 EQU OFEOIH ;PORT B 8255#2 (NOT USED)

PORTC_2 EQU OFEO2H ;PORT C 8255#2 (CHECK TEL.INTERNAL & STD DTMF)
CPORT_2 EQU OFEO3H ;CONTROL 8255#2 (PORT A:OUT B:OUT C:IN = 89H)

ADDRESS BUFFERS (EXTERNAL RAM)
H_STAT EQU 1000H ;HOOK STATUS

RE_STAT EQU 1001H ;RELAY & OPER. STATUS
HOLD_EXT EQU 1002H ;EXTERNAL HOLD(IST)
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HOLD_ON EQU 0003H ;EXTERNAL HOLD (2ND)

DTMF_EXT EQU 0004H ;KEYS CODE DTMF.2 FROM EXTERNAL TELEPHONE
HOLD_INT EQU 0005H ;INTERNAL HOLD (1ST)

INT_ ON EQU0006H ;INTERNAL HOLD (2ND)

DTMF_INT EQU 0007H ;KEYS CODE DTMF.1 FROM INTERNAL TELEPHONE
IN_STAT EQU 0008H ;NEW HOOK STATUS INTERNAL

IN_1ST EQU 0009H ;NUMBER INTERNAL TELEPHONE

INT I0 EQU 000AH ;INTERNAL-EXTERNAL HOLD

HOLD BUSY EQU  000BH ;BUSY HOLD INTERNAL. TELEPHONE

INT_HOLD EQU 000CH

START: LIMP B_MAIN

INIT_SYS: MOV DPTR,#CPORT_2

MOV A,#89H ;SET PORT A:OUT B:OUT C:IN

MOVX @DPTR,A ;SEND COMMAND TO ADDRESS CONTROL
8255#2

MOV DPTR,#CPORT_1

MOV A #83H ;SET PORT A:OUT B:IN CL:IN C}H:OUT

MOVX @DPTR,A ;SEND COMMAND TO ADDRESS CONTROL
8255#1 . )

MOV DPTR,#PORTA_2

MOV A,#10000000B  ;SET OPER OFF & CLEAR ALL RELAY OFF

MOVX @DPTR,A ;SEND DATA TO PORT A 8255#2

MOV DPTR,#RE_STAT

MOVX @DPTR,A ;STORE INITIAL RELAY & OPER. STATUS

MOV DPTR,#PORTA_1

MOV A,00000000B ;CLEAR ADDRESS & CS OFF

MOVX @DPTR,A ;SEND DATA TO PORT A 8255#1

MOV DPTR #PORTC_1
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MOV A, #00000000B  ;CLEAR DATA & STROBE OFF

MOVX @DPTR,A :SEND DATA TO PORT CH 8255#1

MOV DPTR#PORTC_2

MOVX A,@DPTR :IN INITIAL HOOK STATUS FROM PORT C
8255#2

MOV DPTR#H_STAT

MOVX @DPTR,A :STORE HOOK STATUS

MOV A #00H

MOV DPTR,#HOLD_EXT JINITIAL BUFFER HOLD_EXT
MOVX @DPTR,A

MOV DPTR,#HOLD_ON JINITIAL BUFFER HOLD_ON
MOVX @DPTR,A ‘

MOV DPTR#DTMF_EXT JINITIAL BUFFER DTMF_EXT
MOVX @DPTR,A

MOV DPTR #HOLD_INT :INITIAL BUFFER HOLD_INT
MOVX @DPTR,A

MOV DPTR#DTMF_INT JINITIAL BUFFER DTMF_INT
MOVX @DPTR,A

MOV DPTR#IN_STAT ;INITIAL BUFFER IN_STAT
MOVX @DPTR,A

MOV DPTR#IN_1ST ;INITIAL BUFFFER.IN_IST
MOVX @DPTR,A

MOV DPTR#INT ON ;INITIAL BUFFER INT_ON
MOVX @DPTR,A

MOV DPTR#INT 10 ;INITIAL BUFFER INT_IO
MOVX @DPTR,A

MOV DPTR #HOLD BUSY ;INITIAL BUFFER HOLD_BUSY
MOVX @DPTR,A

MOV DPTR #INT_HOLD

MOVX @DPTR,A
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RET

SUB_EXT1: MOV DPTR#HOLD_EXT
MOVX A,@DPTR
CINE A #00H,0UT1_EXT1
SIMP IN_EXT1
OUT!_EXT1: RET
IN_EXT1: MOV DPTR#DTMF_EXT
MOVX A,@DPTR
CINE A,#00H,0UT2_EXT1
SIMP EXT_1
OUT2_EXT1: RET
EXT_1: MOV DPTR#PORTC_1
MOVX A,@DPTR N EXT.CALL FROM PORT CL 8255#1
ANL A,#00000001B  ;CHECK EXT.CALL

JZ SW_OPER

MOV DPTR,#HOLD_EXT :NO CALL

MOV A #00H .HOLD OFF EXTERNAL (#00H)
MOVX @DPTR,A

MOV DPTR#DTMF_EXT
MOVX @DPTR,A
RET
SW_OPER: MOV DPTR,#HOLD_EXT ;YESCALL
MOV A,#0FFH :HOLD ON EXTERNAL (#0FFH)
MOVX @DPTR,A
MOV DPTRH#RE_STAT
MOVX A,@DPTR -LOAD RELAY & OPER. STATUS
ORL A,#00000001B :SET RELAY 2C2 ACTIVE
MOVX @DPTR,A :STORE RELAY & OPER. STATUS
MOV DPTR,#PORTA 2
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MOVX @DPTR,A :SEND ACTIVE RELAY 2C2
MOV DPTR #PORTA_l

MOV A #8BH :SET SW.X9-Y0 (OPERS.-EXT.)

MOVX @DPTR,A

MOV DPTR #PORTC._1

MOV A #30H ;SET DATA & STROBE ACTIVE

MOVX @DPTR,A

MOV DPTR#RE_STAT

MOVX A,@DPTR ;:LOAD RELAY & OPER. STATUS
ANL A#01111111B  ;CLEAR OPER. ACTIVE

MOVX @DPTR,A ;STORE RELAY & OPER. STATUS
MOV DPTR#PORTA_2

MOVX @DPTR,A ;SEND ACTIVE OPER.

MOV DPTR,#PORTA_1

MOV A,#90H :SET SW.X0-Y1 (EXT.-DTMF2)

MOVX @DPTR,A

MOV DPTR#PORTC_1

MOV A #30H ;SET DATA & STORE ACTIVE

MOVX @DPTR,A

MOV DPTR #PORTC_2

WAIT_STD: MOVX A,@DPTR ;IN STD:DTMF2 FROM PORT C 8255#2

ANL A,#10000000B . ;CHECK STD ACTIVE

JZ WAIT_STD

MOV DPTR,#PORTB_1

MOVX A,@DPTR ;IN D3-30:DTMF2
ANL A, #11110000B ;CLEARLSB

MOV DPTR #DTMF_EXT

MOVX @DPTR,A

MOV DPTR,#PORTA_1

MOV A #90H ;SW.X0-Y1 (EXT.-DTMF2)
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MOVX @DPTR,A

MOV DPTR#PORTC_1

MOV A #10H :CLEAR SW.X0-Y1 OFF (CLEAR DATA OFF)
MOVX @DPTR,A

MOV DPTR,#PORTA _1

MOV A #8BH :SW.X9-Y0 (OPER.-EXT.)

MOVX @DPTR,A

MOV DPTR#PORTC_1

MOV A #10H -CLEAR DATA & SW.X9-Y0 (OPER.-EXT.)
MOVX @DPTR,A

MOV DPTR,#RE_STAT

MOVX A,@DPTR -LOAD RELAY & OPER. STATUS
ORL A,#10000000B  ;SET OPER. OFF

MOVX @DPTR,A :STORE RELAY & OPER. STATUS
MOV DPTR,#PORTA_2

MOVX @DPTR,A :SEND OPER. OFF

RET

SUB_EXT2: MOV DPTR,#HOLD_EXT

MOVX A,@DPTR
CINE A,#00H,IN_EXT2
RET

IN_EXT2: MOV DPTR #DTMF_EXT

MOVX A,@DPTR

CINE A #00H,A_1

RET

CINE A#10H,A_2

MOV RO0,#00000001B ;CALL INTEL.1

MOV R1,#00000010B ;STORE COMMAND RINGING INTEL.1

ARGUMENTS)

(ouT



A3

A 6:
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RET (
CINE A #20H,A 3

MOV RO,#00000010B ;CALL INTEL.2

MOV R1,#00000100B ;STORE COMMAND RINGING INTEL.2
RET

CINE A#30H,A_4

- MOV R0,#00000100B ;CALL INTEL3

MOV R1,#00001000B ;STORE COMMAND RINGING INTEL.3
RET

CINE A #40H,A_5

MOV R0,#00001000B ;CALL INTEL.4

MOV R1,#00010000B ;STORE COMMAND RINGING INTEL.4
RET

CINE A #50H,A_6

MOV R0,#00010000B ;CALL INTEL.5

MOV R1,#00100000B ;STORE COMMAND RINGING INTEL.5
RET

CINE A #60H,0UT_EXT2

MOV R0,#00100000B ;CALL INTEL.6

MOV R1,#01000000B ;STORE COMMAND RINGING INTEL.6
RET

OUT_EXT2: MOV DPTR#RE_STAT

MOVX A,@DPTR ;LOAD RELAY & OPER. STATUS

ANL A#11111110B ;CLEAR EXT. OUT OF SYSTEM (CLEAR RELAY 2C2)
MOVX @DPTR,A ;STORE RELAY & OPER. STATUS

MOV DPTR#PORTA_2

MOVX @DPTR,A :SEND COMMAND CLEAR EXT.(RELAY 2C2)
MOV DPTR#DTMF_EXT

MOV A #00H :NO KEYS CODE DTMF (#00H)

MOVX @DPTR,A
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MOV DPTR #HOLD_EXT
MOVX @DPTR,A
RET
SUB_EXT3: MOV DPTR #HOLD_EXT
MOVX A,@DPTR
CINE A #00H,IN_EXT3
RET
IN_EXT3: MOV DPTR #DTMF_EXT
MOVX A,@DPTR
CINE A#00H,IN1_EXT3
RET
IN1_EXT3: MOV DPTR,#HOLD ON
MOVX A,@DPTR
CINE A #0FFH,EXT3
RET
EXT3: MOV DPTR,#HOLD_ON
MOV A #0FFH
MOVX @DPTR,A
CALL CH_400L
ANL A,RO
JZRBT_RING ;CHECK HOOK STATUS
MOV DPTR #PORTA_1;HOOK ON
MOV A #83H ;SET SW.X3-Y0 (BUSY-EXT.)
MOVX @DPTR,A
MOV DPTR,#PORTC 1

MOV A #30H :SET DATA & STROBE ACTIVE
MOVX @DPTR,A

CALL DELAY_10S :DELAY 10 SEC.

MOV DPTR,#PORTA_1

MOV A,#83H ;SW.X3-Y0 (BUSY-EXT.)
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MOVX @DPTR,A
MOV DPTR,#PORTC_1
MOV A,#10H :CLEAR SW.X3-Y0 (BUSY-EXT.)
MOVX @DPTR,A
MOV DPTR#RE_STAT
MOVX A,@DPTR -LOAD RELAY & OPER. STATUS
ANL A#11111110B  ;CLEAR EXT. OUT OF SYSTEM (CLEAR RELAY 2C2)
MOVX @DPTR,A :STORE RELAY & OPER. STATUS
MOV DPTR #PORTA_2
MOVX @DPTR,A :SEND COMMAND CLEAR EXT. (RELAY 2C2)
MOV DPTR#DTMF_EXT
MOV A #00H
MOVX @DPTR,A
MOV DPTR#HOLD_EXT
MOVX @DPTR,A
MOV DPTR,#HOLD_ON
MOVX @DPTR,A
RET
DELAY_10S: PUSH PSW
PUSH 7
PUSH 6
MOV R7,#14H :20 LOOP
W0: MOV R6,#04H
W1: CALLDE_I
DINZ R6,W1
DINZ R7,W0
POP 6
POP 7
POP PSW
RET



DE _1:

Di:
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PUSH PSW ;DELAY 1 SEC.
PUSH 7

PUSH 6

MOV R7,#00H

MOV R6,#00H

DINZR7,$

DINZ R6,D1
POP 6

POP 7

POP PSW
RET

RBT_RING: MOV DPTR #PORTA_1  ;HOOK OFF

MOV A #84H .SET SW.X4-Y0 (RINGBACK-EXT.)
MOVX @DPTR,A

MOV DPTR#PORTC_1

MOV A #30H -SET DATA & STROBE ACTIVE
MOVX @DPTR,A

MOV DPTR#RE_STAT

MOVX A,@DPTR ;LOAD RELAY & OPER. STATUS
ORL A,R1 :COMMAND START RINGING FOLLOW NUMBER IN R1
MOVX @DPTR,A :STORE RELAY & OPER. STATUS

MOV DPTR#PORTA_2
MOVX @DPTR,A :SEND START RINGING SIGNAL (SET RELAY)

REC_OFF: MOV DPTR #PORTC_2

MOVX A,@DPTR

MOV DPTR #H_STAT

MOVX @DPTR,A

ANL A,RO

JZ REC_OFF

MOV ARI :HOOK ON



Rl
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CPL A ;COMPLEMENT NUMBER IN R1
‘MOV R1,A
MOV DPTR#RE_STAT

MOVX A,@DPTR ;LOAD RELAY & OPER. STATUS
ANL AR1 ;SET COMMAND STOP RINGING FOLLOW NUMBER IN
MOVX @DPTR,A ;STORE RELAY & OPER. STATUS ,

MOV DPTR #PORTA_1

MOVX @DPTR,A :SEND STOP RINGING SIGNAL (CLEAR RELAY)
MOV DPTR #PORTA_1

MOV A #84H ;SW.X4-Y0 (RINGBACK-EXT.)

MOVX @DPTR,A

MOV DPTR #PORTC I

MOV A #10H ;CLEAR SW.X4-Y0 (RINGBACK-EXT.)

MOVX @DPTR,A

RET

SUB_EXT4: MOV DPTR,#HOLD_EXT

MOVX A,@DPTR
CINE A#00H,IN_EXT4
RET

IN_EXT4: MOV DPTR #DTMF_EXT

B 2:

MOVX A,@DPTR

CINE A#00H,B_1

RET

CINE A,#10H,B_2

MOV R1,#85H ;COMMAND SET SW.X5-Y0 (INTEL.1-EXT.)
CALL S_COM

RET

CINE A,#20H,B_3

MOV R1,#86H :COMMAND SET SW.X12-Y0 (INTEL.2-EXT.)



B_3:

B_4:

B 5:

B_6:
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CALL S_COM

RET

CINE A,#30H,B_4

MOV R1,#87H .COMMAND SET SW.X13-Y0 (INTEL.3-EXT.)
CALL S_COM

RET

CINE A#40H,B_5

MOV R1,#88H -COMMAND SET SW.X6-Y0 (INTEL.4-EXT.)

"‘CALL S_COM

RET

CINE A #50H,B_6

MOV R1,#89H :COCMMAND SET SW.X7-Y0 (INTEL.5-EXT.)
CALL S_COM

RET

CINE A,#60H,0UT_EXT4

MOV R1,#8AH :COMMAND SET SW.X8-Y0 (INTEL.6-EXT.)
CALL S_COM |

RET

OUT_EXT4: MOV DPTR #RE_STAT

MOVX A,@DPTR -LOAD RELAY & OPER. STATUS

ANL A#11111110B  ;CLEAR EXT. OUT OF SYSTEM (CLEAR RELAY 2C2)
MOVX @DPTR,A -STORE RELAY & OPER. STATUS

MOV DPTR #PORTA _2

MOVX @DPTR,A .SEND COMMAND CLEAR EXT.(RELAY 2C2)
MOV DPTR #DTMF_EXT

MOV A #00H -NO KEYS CODE DTMF (#00H)

MOVX @DPTR,A

MOV DPTR#HOLD_EXT

MOVX @DPTR,A

MOV DPTR,#HOLD_ON
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MOVX @DPTR,A

RET

S_COM: MOV DPTR#PORTA 1
MOV A,R1 -LOAD COMMAND SET SW. FOLLOW NUMBER INTEL.
MOVX @DPTR,A

"MOV DPTR#PORTC_1
MOV A ,#30H :SET DATA & STROBE ACTIVE
MOVX @DPTR,A
RET

SUB_EXTS5: MOV DPTR #HOLD_EXT
MOVX A,@DPTR
CINE A,#00H,IN_EXT5
RET

IN_EXT5: MOV DPTR #DTMF_EXT
MOVX A,@DPTR -LOAD KEY CODE FROM BUFFER RAM
CINE A#00H,C_1 ~
RET

C_1: CINEA#IOHC 2

C_I1: CALL CH_400L
ANL A,#00000001B  ;CHECK INTEL.1 (HOOK OFF)
JZC_10
RET

C_10: MOV R1#85H :SW.X5-Y0 (INTEL.1-EXT.)
CALL C_COM
RET

C_2: CINEA#20H,C_3

C_I2: CALL CH_400L ~

. ANL A#00000010B  ;CHECK INTEL.2 (HOOK OFF)

JZC 20
RET



C 20:

C 3
C_I3:

C 4
C I4:

C_40:

C._5:
C Is:

C_50:

C_6:
C_Ié6:

MOV R1,#86H
CALL C_COM
RET

CINE A #30H,C_4
CALL CH_400L
ANL A,#00000100B
JZC_30

RET

: MOV R1,#87H

CALL C_COM
RET

CINE A#40H,C_5
CALL CH_400L
ANL A,#00001000B
JZC_40

RET

MOV R1,#88H
CALL C_COM
RET

CINE A#50H,C_6
CALL CH_400L
ANL A #00010000B
JZC_50

RET

MOV R1,4#89H
CALL C_COM
RET

_ CINE A#60H,0UT_EXTS

CALL CH_400L
ANL A #00100000B
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;:SW.X12-Y0 (INTEL.2-EXT.)

;CHECK INTEL.3 (HOOK OFF)

:SW.X13-YO0 (INTEL.3-EXT.)

:CHECK INTEL.4 (HOOK OFF)

:SW.X6-Y0 (INTEL.4-EXT.)

:CHECK INTEL.5 (HOOK OFF)

:SW.X7-YO (INTEL.5-EXT.)

;:CHECK INTEL.6 (HOOK OFF)

-~



C_60:
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JZC_60

RET

MOV R1#8AH :SW.X8-YO0 (INTEL.6-EXT.)
CALL C_COM

RET

OUT_EXTS5: MOV DPTR#RE_STAT

MOVX A,@DPTR

ANL A#11111110B  ;CLEAR EXT. OUT OF SYSTEM
MOVX @DPTR,A

MOV DPTR#PORTA 2
MOVX @DPTR,A

MOV DPTR #DTMF_EXT
MOV A #00H

MOVX @DPTR,A

MOV DPTR #HOLD_EXT
MOVX @DPTR,A

MOV DPTR#HOLD_ON

MOVX @DPTR,A
RET
C_COM: MOV DPTR,#PORTA_1
MOV ARI ;LOAD ADDRESS SW.
MOVX @DPTR,A

MOV DPTR #PORTC_1

MOV A #10H .CLEAR SW. (CLEAR DATA PIN)
MOVX @DPTR,A

MOV DPTR#RE_STAT

MOVX A,@DPTR :LOAD RELAY & OPER. STATUS

ANL A#11111110B :CLEAR EXT. OUT OF SYSTEM

MOVX @DPTR,A :STORE RELAY & OPER. STATUS

MOV DPTR,#PORTA 2
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MOVX @DPTR,A -SEND CLEAR EXT. (CLEAR RELAY 2C2)
MOV DPTR #DTMF_EXT
MOV A,#00H :NO KEYS CODE DTMF (#00H)
MOVX @DPTR,A
MOV DPTR,#HOLD_EXT
MOVX @DPTR,A
MOV DPTR #HOLD_ON
MOVX @DPTR,A
RET
CH_400L: PUSH PSW
PUSH 7
PUSH 6
MOV R7,#04H
IN_NHOOK: MOV R6 #00H
MOV DPTR#PORTC_2
IN1_NHOOK: MOVX A,@DPTR
CINE R6,#0FFH,N1_CHOOK
SIMP IN2_NHOOK
N1_CHOOK: INC R6
SJMP IN1_NHOOK
IN2_NHOOK: DINZ R7,IN_NHOOK
MOV DPTR #H_STAT
MOVX @DPTR,A
POP 6
POP 7
POP PSW
RET
CH_400L1: PUSH PSW
PUSH 7
PUSH 6
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MOV R7,#1FH
IN_NHOOK1: MOV R6,#00H
MOV DPTR,#PORTC_2
IN1_NHOOKI: MOVX A,@DPTR
CJNE R6,#0FFH,N1_CHOOKI
SIMP IN2_NHOOK 1
N1_CHOOKI: INC R6
SIMP IN1_NHOOKI
IN2_NHOOKI: DINZ R7,IN_NHOOK]1
MOV DPTR,#H_STAT
MOVX @DPTR,A
POP 6
POP 7
POP PSW
RET
SUB_INT1: MOV DPTR,#HOLD_BUSY
MOVX A,@DPTR
CINE A #OFFH,INT_1
RET
INT_1: MOV DPTR#IN_IST
MOVX A,@DPTR :LOAD NUMBER INTERNAL(IST)
CINE A,#00,0_INT1
SIMP E_0 :NOT USED INTEL.
Q_INTI: RET ;USED INTEL.
E 0: MOV DPTR#H_STAT
MOVX A,@DPTR :LOAD HOOK STATUS
MOV R2,A
CALL CH_400L1
MOV R3,A

XRL A,R2
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ANL A,R3 ;HOOK ON INCREMENTS

MOV R2,A
E 1: MOV DPTR#DTMF_EXT

MOVX A,@DPTR ;:LOAD NUMBER DTMF EXTERNAL

CINE A #10H,E_2

MOV A,R2

ANL A #00000001B

JZO_El

MOV AR2

ANL A#11111110B  ;VARIATE HOOK INCREMENTS

MOV DPTR#IN_STAT

MOVX @DPTR,A :STORE VARIATE HOOK
O_E1: RER
E 2: CINEA#0HE 3

MOV AR2

ANL A #00000010B

JZ0_E2

MOV AR2

ANL A#11111101B  ;VARIATE HOOK

MOV DPTR#IN_STAT

MOVX @DPTR,A :STORE VARIATE HOOK
O_E2: RET
E 3: CINE A#0OHE 4

MOV AR2

ANL A #00000100B

JZ O_E3

MOV AR2

ANL A#11111011B  ;VARIATE HOOK

MOV DPTR#IN_STAT

MOVX @DPTR,A ;STORE VARIATE HOOK



O_E3:
E 4:

O_E4:
E_5:

O_ES:
E 6:
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RET

CINE A #40H,E 5

MOV A,R2

ANL A #00001000B

JZ O_E4

MOV A,R2

ANL A#11110111B  ;VARIATE HOOK

MOV DPTR#IN_STAT

MOVX @DPTR,A :STORE VARIATE HOOK
RET

CINE A#50H,E_6

MOV AR2

ANL A ,#00010000B

JZO_ES5

MOV AR2

ANL A#11101111B  ;VARIATE HOOK

MOV DPTR,#IN_STAT

MOVX @DPTR,A :STORE VARIATE HOOK
RET

CINE A, #60H,0UT_INTI

MOV AR2

ANL A ,#00100000B

JZ OUT_INTI

MOV A,R2

ANL A#11011111B  ;VARIATE HOOK

MOV DPTR#IN_STAT

MOVX @DPTR,A :STORE VARIATE HOOK
RET

OUT_INTI: MOV A,R2 ;NOT VARIATE HOOK

MOV DPTR#IN_STAT



MOVX @DPTR,A
RET
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;STORE HOOK INCREMENTS

SUB_INT2: MOV DPTR #HOLD_BUSY

INT2:

MOVX A,@DPTR
CINE A,#0FFH,INT2
RET

MOV DPTR#IN_IST
MOVX A,@DPTR
CINE A,#00H,0_INT2
SIMP INT 2

O _INT2: RET

INT_2: MOV DPTR#IN_STAT

F 2

F 3:

MOVX A,@DPTR
MOV R2,A

ANL A,#00000001B
JZF 2

MOV DPTR#IN_IST
MOV A #00000001B
MOVX @DPTR,A
RET

MOV A,R2

ANL A #00000010B
JZF 3

MOV DPTR#IN_IST
MOV A,#00000010B
MOVX @DPTR,A
RET

MOV A,R2

ANL A ,#00000100B

JZF_ 4

;LOAD NUMBER DTMF INTERNAL(USED)

;NOT USED INTEL.
;USED INTEL.

;LOAD INTERNAL HOOK

;CHECK INTEL.1

;YES. INTEL.1

;STORE INTEL.1 1ST(HOOK ON)

;NO. INTEL.1
;CHECK INTEL.2

;YES. INTEL.2

;STORE INTEL.2 1ST(HOOK ON)

;NO. INTEL.2
;CHECK INTEL.3



MOV DPTR#IN_1ST
MOV A,#00000100B
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;YES. INTEL.3

MOVX @DPTR,A :STROE INTEL.3 1ST(HOOK ON)
RET
F 4. MOV AR2 :NO. INTEL 3
ANL A,#00001000B  ;CHECK INTEL.4
JZE 5
MOV DPTR#IN_1ST ;YES. INTEL 4
MOV A,#00001000B
MOVX @DPTR,A :STORE INTEL 4 1ST(HOOK ON)
RET
F 5 MOV AR2 :NO. INTEL 4
ANL A,#00010000B  ;CHECK INTEL.5
JZF_6
MOV DPTR#IN_1ST ;YES. INTEL.5
MOV A,#00010000B
MOVX @DPTR,A :STORE INTEL.5 1ST(HOOK ON) ~
RET
F 6: MOV AR2 :NO. INTEL.5
ANL A,#00100000B  ;CHECK INTEL.6
JZ OUT_INT2
MOV DPTR#IN_1ST ;YES.INTEL.6
MOV A,#00100000B
MOVX @DPTR,A :STORE INTEL.6 1ST(HOOK ON)
RET
OUT_INT2: MOV DPTR#IN_IST ;NONE INTEL. HOOK ON
MOV A #00H
MOVX @DPTR,A
RET

SUB_INT3: MOV DPTR #HOLD_BUSY
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MOVX A,@DPTR

CINE A,#0FFH,INT3
RET

INT3: MOV DPTR#DTMF_INT
MOVX A,@DPTR
CINE A#00H,0_INT3
SIMP INT 3

O_INT3: RET

INT_3: MOV DPTR#IN_1ST
MOVX A,@DPTR -LOAD NUMBER INTEL. (1ST)
CINE A#00H,G_1

RET
G_1: CINE A#00000001B,G_2 ;INTEL.1
MOV A#0AZH ;SET SW.X2-Y2 (DIAL-INTEL.1)

CALL DIAL_DTMF1
MOV A#0ATH ;SET SW.X1-Y2 (DTMF.1-INTEL.1)
CALL DIAL DTMF1

RET
G_2: CINE A,#00000010B,G_3 ;INTEL.2
MOV A#0B2H ;SET SW.X2-Y3 (DIAL-INTEL.2)

CALL DIAL_DTMFI
MOV A#0B1H :SET SW.X1-Y3 (DTMF.1-INTEL.2)
CALL DIAL_DTMF1

RET
G_3: CINE A,#00000100B,G_4 ;INTEL.3
MOV A#0C2H ;SET SW.X2-Y4 (DIAL-INTEL.3)

CALL DIAL_DTMFI

MOV A#0CIH :SET SW.X1-Y4 (DTMF.1-INTEL.3)
"CALL DIAL_DTMF1

RET
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G_4: CINE A,#00001000B,G_5 ;INTEL .4
MOV A,#0D2H :SET SW.X2-Y5 (DIAL-INTEL.4)
CALL DIAL_DTMF1
MOV A#0DIH :SET SW.X1-Y5 (DTMF.1-INTEL.4)
CALL DIAL_DTMF1

RET
G 5. CINE A,#00010000B,G_6 JINTEL.5
MOV A #0E2H :SET SW.X2-Y6 (DIAL-INTEL.5)

CALL DIAL_DTMF1
MOV A#0E1H :SET SW.X1-Y6 (DTMF.1-INTEL.5)
CALL DIAL_DTMF1

RET
G 6: CINE A,#00100000B,0UT_INT3 ;INTEL.6
MOV A#0F2H :SET SW.X2-Y7 (DIAL-INTEL.6)

CALL DIAL_DTMF1
MOV A,#0F1H :SET SW.X1-Y7 (DTMF.1-INTEL.6)
CALL DIAL_DTMF1
RET
OUT_INT3: MOV DPTR#IN_IST
MOV A#00H
MOVX @DPTR,A
RET
DIAL_DTMF1: MOV DPTR,#PORTA_1
MOVX @DPTR,A
MOV DPTR#PORTC_1
MOV A #30H
MOVX @DPTR,A
RET
SUB_INT4: MOV DPTR #HOLD_BUSY

MOVX A,@DPTR



I 14:
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CINE A #OFFH,] 14

RET

MOV DPTR #DTMF_INT
MOVX A,@DPTR

CINE A,#00H,0_INT4
SIMP IN4

O_INT4: RET

IN4:

INT4:
INT 4:

J It

J 2

MOV DPTR,#IN_IST

MOVX A,@DPTR :LOAD NUMBER INTEL. (1ST)
CINE A,#00H,INT4

RET

MOV DPTR#PORTC_2

MOVX A,@DPTR

ANL A#01000000B  ;CHECK STD DTMF1

JZ INT_4

MOV DPTR#PORTB_1;YES STD DTMF1 ACTIVE

MOVX A,@DPTR

ANL A,#00001111B  ;CLEAR MSB

MOV DPTR#DTMF_INT

MOVX @DPTR,A :STORE KEYCODE DTMF1 (INTERNAL)
MOV DPTR#IN_IST

MOVX A,@DPTR .LOAD NUMBER INTEL. (1ST)
CINE A,#00000001B,J 2 JINTEL.1

MOV A#0A2H :SW.X2-Y2 (DIAL-INTEL.1)

CALL C_DIAL DTMFI

MOV A#0AIH -SW.X1-Y2 (DTMF.1-INTEL.1)

CALL C_DIAL DTMFI

RET

CINE A #00000010B,J_3 JINTEL.2

MOV A,#0B2H -SW.X2-Y3 (DIAL-INTEL.2)
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CALL C_DIAL DTMFI
MOV A,#0B1H :SW.X1-Y3 (DTMF.1-INTEL.2)
CALL C_DIAL_DTMFI

RET
J 3:  CJNE A,#00000100B,J_4 ;INTEL.3
MOV A#0C2H ;SW.X2-Y4 (DIAL-INTEL.3)

CALL C_DIAL_DTMFI
MOV A #0CIH :SW.X1-Y4 (DTMF.1-INTEL.3)

CALL C_DIAL_DTMF1

RET
J 4. CJINE A,#00001000B,J_5 ;INTEL.4
MOV A#0D2H ;SW.X2-Y5 (DIAL-INTEL 4)

CALL C_DIAL_DTMF]
MOV A, #0D1H :SW.X1-Y5 (DTMF.1-INTEL.4)
CALL C_DIAL_DTMF1

RET
J_5:  CJINE A,#00010000B,J_6 ;INTEL.S
MOV A#0E2H ;SW.X2-Y6 (DIAL-INTEL.S)

CALL C_DIAL_DTMFI
MOV A #0E1H ;:SW.X1-Y6 (DTMF.1-INTEL.5)
CALL C_DIAL_DTMFI

RET
J 6:  CINE A,#00100000B,0UT_INT4 ;INTEL.6
MOV A #0F2H ;SW.X2-Y7 (DIAL-INTEL.6)

CALL C_DIAL_DTMFI1
MOV A,#0F1H :SW.X1-Y7 (DTMF.1-INTEL.6)
CALL C_DIAL_DTMFI
RET
OUT INT4: MOV DPTR #IN_1ST
MOV A #00H



MOVX @DPTR,A

RET
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C_DIAL_DTMFI1: MOV DPTR,#PORTA_l

SUB_INT5: MOV DPTR,#HOLD_BUSY

INTS:

INT 5:

MOVX @DPTR,A
MOV DPTR #PORTC_1
MOV A #10H

MOVX @DPTR,A

RET

MOVX A,@DPTR

CINE A,#OFFH,INT5
RET

MOV DPTR #HOLD_INT
MOVX A,@DPTR

CINE A #OFFH,INT_5
RET

MOV DPTR#DTMF_INT
MOVX A,@DPTR

CINE A #00HK 1

RET

MOV DPTR,#HOLD_INT
MOV A#0FFH

MOVX @DPTR,A

MOV DPTR #DTMF_INT
MOVX A,@DPTR

CINE A #01HK 2

CALL CH_400L

:LOAD NUMBER INTERNAL TELEPHONE
;INTEL.1

ANL A,#00000001B ;CHECK HOCK OFF

JZK_IRING
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CALL BUSY_INT ;HOOK ON
RET

K_IRING: CALL RBT_INT ;HOOK OFF

K 2:

MOV DPTR4RE_STAT

MOVX A,@DPTR

ORL A,#00000010B  ;SET RINGING SIGNAL TO INTEL.]
MOVX @DPTR,A

MOV DPTR #PORTA 2

MOVX @DPTR,A

RET

CINE A#02HK 3 JINTEL.2
CALL CH_400L

ANL A #00000010B  ;CHECK HOOK OFF
JZ K_2RING

CALL BUSY_INT ;HOOK ON
RET

K _2RING: CALL RBT_INT ;HOOK OFF

K 3:

MOV DPTR #RE_STAT

MOVX A,@DPTR

ORL A,#00000100B  ;SET RINGING SIGNAL TO INTEL.2
MOVX @DPTR,A

MOV DPTR #PORTA 2

MOVX @DPTR,A

RET

CINE A#03H,K_4 ;INTEL.3
CALL CH_400L

ANL A,#00000100B  ;CHECK HOOK OFF
JZ K_3RING

CALL BUSY_INT ;HOOK ON
RET
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K 3RING: CALL RBT_INT ;HOOK OFF

K_4:

MOV DPTR#RE_STAT

MOVX A,@DPTR

ORL A,#00001000B  ;SET RINGING SIGNAL TO INTEL.3
MOVX @DPTR,A

MOV DPTR,#PORTA_2

MOVX @DPTR,A

RET

CINE AH#04H,K_5 JINTEL.4
CALL CH_400L

ANL A #00001000B  ;CHECK HOOK OFF
JZ X_4RING

CALL BUSY_INT ;HOOK ON
RET

K_4RING: CALL RBT_INT ;HOOK OFF

MOV DPTR #RE_STAT

MOVX A,@DPTR

ORL A#00010000B  ;SET RINGING SIGNAL TO INTELA
MOVX @DPTR,A

MOV DPTR#PORTA_2

MOVX @DPTR,A

RET

CINE A #05H,K_6 JINTEL.5
CALL CH_400L

ANL A,#00010000B  ;CHECK HOOK OFF
JZ X_SRING

CALL BUSY_INT :HOOK ON
RET

K_SRING: CALL RBT_INT ;HOOK OFF

MOV DPTR,#RE_STAT



86

MOVX A,@DPTR
ORL A,#00100000B  ;SET RINGING SIGNAL TO INTEL.5
MOVX @DPTR,A
MOV DPTR #PORTA 2
MOVX @DPTR,A
RET
K_6: CINEA#06HK 9 :SET RINGING SIGNAL TO INTEL.6
CALL CH_400L
ANL A,#00100000B  ;CHECK HOOK OFF

JZX_6RING
CALL BUSY_INT :HOOK ON
RET

K_6RING: CALL RBT_INT -HOOK OFF

MOV DPTR#RE_STAT

MOVX A,@DPTR
ORL A,#01000000B  ;SET RINGING SIGNAL TO INTEL.6
MOVX @DPTR,A
MOV DPTR,#PORTA_2
MOVX @DPTR,A
RET

K 9: CINE A#09H,0UT_INT5 :EXT.
MOV DPTR4RE_STAT
MOVX A,@DPTR
ANL A,#00000001B  ;CHECK EXT. (USED)
JZ IN_EXT

OUT_INTS: CALL BUSY_INT ;USED
RET

IN_EXT: MOV DPTR#IN_IST ;NOT USED
MOVX A,@DPTR
MOV DPTRAINT 10O



X 2:

X 3:

X 4
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MOVX @DPTR,A

MOV A #00H

MOV DPTR,#HOLD_INT

MOVX @DPTR,A

MOV DPTR #DTMF_INT

MOVX @DPTR,A

MOV DPTR#IN_1ST

MOVX @DPTR,A

MOV DPTR,4RE_STAT

MOVX A,@DPTR

ORL A,#00000001B  ;SET RELAY 2C2 (USED EXT.)
MOVX @DPTR,A

MOV DPTR,#PORTA _2

MOVX @DPTR,A

MOV DPTR#INT_IO

MOVX A,@DPTR ;LOAD NUMBER INTEL.
CINE A,#00000001B,X_2

MOV A #0AOH ;SW.X0-Y2 (EXT.-INTEL.1)
CALL SCOM_IO

RET

CINE A,#00000010B,X_3

MOV A,#0BOH ;SW.X0-Y3 (EXT.-INTEL.2)
CALL SCOM_IO

RET

CINE A,#00000100B,X_4

MOV A #0COH :SW.X0-Y4 (EXT.-INTEL.3)
CALL SCOM_IO

RET

CINE A #00001000B,X_5

MOV A #0DOH :SW.X0-Y5 (EXT.-INTEL.4)
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CALL SCOM IO

RET

X _5: CINE A,#00010000B,X_6
MOV A #0EOH :SW.X0-Y6 (EXT.-INTEL.5)
CALL SCOM 10
RET

X_6: CINE A,#00100000B,0UT_IO
MOV A #0FOH ;SW.X0-Y7 (EXT.-INTEL.6)
CALL SCOM IO
RET

OUT _I0: MOV A #00H
MOV DPTR,#HOLD_INT
MOVX @DPTR,A
MOV DPTR #DTMF_INT
MCVX @DPTR,A
MOV DPTR#IN_1ST
MOVX @DPTR,A
MOV DPTR#INT _IO
MOVX @DPTR,A
MOV DPTR #RE_STAT
MOVX A,@DPTR
ANL A#11111110B  ;CLEAR EXT. OUT OF SYSTEM
MOVX @DPTR,A
MOV DPTR #PORTA 2
MOVX @DPTR,A
RET

SCOM_IO: MOV DPTR,#PORTA _1
MOVX @DPTR,A
MOV DPTR,#PORTC _1
MOV A #30H
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MOVX @DPTR,A

RET

BUSY_INT: MOV DPTR #HOLD BUSY
MOV A #0FFH
MOVX @DPTR,A
MOV DPTR#IN_1ST
MOVX A,@DPTR :LOAD NUMBER INTEL.
CINE A,#00000001B,L_2
MOV A #0A3H :SW.X3-Y2 (BUSY-INTEL.1)
CALL S BUSY
RET

L 2: CINE A,#00000010B,L_3
MOV A #0B3H :SW.X3-Y3 (BUSY-INTEL.2)
CALLS_BUSY
RET

L 3: CINE A,#00000100B,L_4
MOV A #0C3H :SW.X3-Y4 (BUSY-INTEL.3)
CALL S_BUSY
RET

L_4: CINE A,#00001000B,L_5
MOV A #0D3H :SW.X3-Y5 (BUSY-INTEL.4)
CALL S_BUSY
RET

L 5. CINE A,#00010000B,L 6
MOV A #0E3H :SW.X3-Y6 (BUSY-INTEL.5)
CALL S_BUSY
RET

L 6: CINE A,#00100000B,0UT L
MOV A, #0F3H ;SW.X3-Y7 (BUSY-INTEL.6)

CALL S BUSY
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OUT_L: RET

S_BUSY: MOV DPTR #PORTA 1
MOVX @DPTR,A
MOV DPTR #PORTC_1
MOV A #30H
MOVX @DPTR,A
RET

RBT_INT: MOV DPTR#IN_1ST

MOVX A,@DPTR ;LOAD NUMBER INTEL.

CJINE A,#00000001B,M_2

MOV A #0A4H ;SW.X4-Y2 (RBT-INTEL.1)

CALLS_RBT
RET
M_2: CINE A,#00000010B,M_3

MOV A, #0B4H ;SW.X4-Y3 (RBT-INTEL.2)

CALL S_RBT
RET
M_3: CINE A,#00000100B,M_4

MOV A #0C4H ;SW.X4-Y4 (RBT-INTEL.3)

CALL S_RBT
RET
M_4: CINE A,#00001000B,M_5

MOV A #0D4H ;SW.X4-Y5 (RBT-INTEL.4)

CALLS_RBT
RET
M_5: CINE A,#00010000B,M_6

MOV A #0E4H ;SW.X4-Y6 (RBT-INTEL.5)

CALL S_RBT
RET
M_6: CINE A,#00100000B,0UT_M
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MOV A #0F4H :SW.X4-Y7 (RBT-INTEL.6)
CALL S _RBT
OUT_M: RET
S_RBT:MOV DPTR,#PORTA_1
MOVX @DPTR,A
MOV DPTR #PORTC_l
MOV A #30H
MOVX @DPTR,A
RET

SUB_INT6: MOV DPTR #HOLD_BUSY
MOVX A,@DPTR
CINE A,#0FFH,INT6
RET

INT6: MOV DPTR,#INT_HOLD
MOVX A,@DPTR
CINE A,#0FFH,INT_6
RET

INT_6: MOV DPTR,#DTMF_INT
MOVX A,@DPTR
CINE A,#00H,N_1
RET

N_1: CIJNEA#0IHN_2

O_NI: MOV DPTR#PORTC_2
MOVX A,@DPTR
MOV DPTR#H_STAT
MOVX @DPTR,A
ANL A #00000001B
JZO NI .
MOV DPTR4RE_STAT



N_2:
O_N2:

MOVX A,@DPTR

,ANL A#11111101B

MOVX @DPTR,A
MOV DPTR,#PORTA_2
MOVX @DPTR,A
MOV DPTR#INT_ON
MOV A,#0FFH

MOVX @DPTR,A
MOV DPTR#INT_HOLD
MOVX @DPTR,A
CALL C_RBT

CALL SCOM_INT

RET

CINE A#02H,N_3
MOV DPTR #PORTC_2
MOVX A,@DPTR
MOV DPTR#H_STAT
MOVX @DPTR,A

ANL A ,#00000010B

JZO N2

MOV DPTR,4RE_STAT
MOVX A,@DPTR

ANL A#11111011B
MOVX @DPTR,A
MOV DPTR,#PORTA_2
MOVX @DPTR,A
MOV DPTR#INT_ON
MOV A #0FFH

MOVX @DPTR,A
MOV DPTR#INT_HOLD
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N_3:
O_N3:

N_4:
O_N4:
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MOVX @DPTR,A
CALL C_RBT

CALL SCOM_INT

RET

CINE A#03HN_4
MOV DPTR #PORTC 2
MOVX A,@DPTR
MOV DPTR#H_STAT
MOVX @DPTR,A

ANL A,#00000100B

JZO N3

MOV DPTR #RE_STAT
MOVX A,@DPTR

ANL A #11110111B
MOVX @DPTR,A
MOV DPTR,#PORTA 2
MOVX @DPTR,A
MOV DPTR,#INT_ON
MOV A,#0FFH

MOVX @DPTR,A
MOV DPTR,#INT_HOLD
MOVX @DPTR,A
CALL C_RBT

CALL SCOM_INT

RET

CINE A#04HN_5
MOV DPTR,#PORTC_2
MOVX A,@DPTR
MOV DPTR#H_STAT
MOVX @DPTR,A




N_S:
O_NS5:
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ANL A ,#00001000B

JZ O Né4

MOV DPTR4RE_STAT
MOVX A,@DPTR

ANL A#11101111B
MOVX @DPTR,A
MOV DPTR,#PORTA_2
MOVX @DPTR,A
MOV DPTR,#INT_ON
MOV A #0FFH

MOVX @DPTR,A
MOV DPTR,#INT HOLD
MOVX @DPTR,A
CALL C_RBT

CALL SCOM_INT

RET

CINE A #05HN_6
MOV DPTR #PORTC_2
MOVX A,@DPTR
MOV DPTR,#H_STAT
MOVX @DPTR,A

ANL A #00010000B

JZO N5

MOV DPTR#RE_STAT
MOVX A,@DPTR

ANL A#11011111B
MOVX @DPTR,A
MOV DPTR #PORTA _2
MOVX @DPTR,A
MOV DPTR #INT_ON




N_6:
O_Né:

O_NN:

C_RBT:
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MOV A #0FFH
MOVX @DPTR,A
MOV DPTR#INT_HOLD
MOVX @DPTR,A
CALL C_RBT
CALL SCOM_INT
RET
CINE A,#06H,0 NN
MOV DPTR #PORTC_2
MOVX A,@DPTR
MOV DPTR,#H_STAT
MOVX @DPTR,A
ANL A #00100000B
JZ0 N6
MOV DPTR,#RE_STAT
MOVX A,@DPTR
ANL A#10111111B
MOVX @DPTR,A
MOV DPTR#PORTA 2
MOVX @DPTR,A
MOV DPTR #INT_ON
MOV A #0FFH
MOVX @DPTR,A
MOV DPTR,#INT_HOLD
MOVX @DPTR,A
CALL C_RBT
CALL SCOM_INT
RET

MOV DPTR #IN_IST
MOVX A,@DPTR




P 2:

P 3:

P_4:

P_5:

P_6:
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CJINE A,#00000001B,P_2
MOV A, #0A4H

CALL CRBT

RET

CJINE A,#00000010B,P_3
MOV A #0B4H

CALL CRBT

RET

CJINE A,#00000100B,P_4
MOV A,#0C4H

CALL CRBT

RET

CJINE A,#00001000B,P_5
MOV A,#0D4H

CALL CRBT

RET

CJINE A,#00010000B,P_6
MOV A #0E4H

CALL CRBT

RET

CJINE A,#00100000B,0UT_P
MOV A #0F4H

CALL CRBT

OUT_P:RET

CRBT: MOV DPTR,#PORTA_1

MOVX @DPTR,A
MOV DPTR #PORTC_1
MOV A #10H

MOVX @DPTR,A

RET
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SCOM_INT: MOV DPTR #IN_1ST
MOVX A,@DPTR
Q_1: CINE A#00000001B,Q 2
MOV DPTR #DTMF_INT
MOVX A,@DPTR
R 2: CINEAM#O2HR 2
MOV A #0A6H
CALL SCOM
RET
R 3: CINE A#03HR 4
MOV A #0A7H
CALL SCOM
RET
R 4: CINE A#04HR_5
MOV A #0A8H
CALL SCOM
RET
R 5: CINEAH#05H,R_6
MOV A #0A9H
CALL SCOM
RET
R_6: CINE A#06H,0UT_R
MOV A#0AAH
CALL SCOM
OUT_R: RET
Q. 2: CINE A,#00000010B,Q 3
MOV DPTR #DTMF_INT
MOVX A,@DPTR
S 1: CINEA#01H,S_3
MOV A #0BSH



S_3:

S_4:

S_5:

S_6:

CALL SCOM
RET

CJINE A,#03H,S_4
MOV A,#0BTH
CALL SCOM
RET

CJNE A,#04H,S_5
MOV ‘A,#OB8H
CALL SCOM
RET

CJNE A,#05H,S_6
MOV A,#0B9H
CALL SCOM
RET

CINE A,#06H,0UT_S
MOV A#0BAH
CALL SCOM

OUT_S:RET

Q_3:

T 1:

T 2:

T 4:

CINE A,#00000100B,Q_4
MOV DPTR#DTMF_INT
MOVX A,@DPTR

CINE A#01H,T 2

MOV A,#0CSH

CALL SCOM

RET

CINE A #02H,T 4

MOV A #0C6H

CALL SCOM

RET

CINE A#04H,T 5
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T S:

T_6:

OUT_T:
Q4

U_3:
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MOV A,#0C8H
CALL SCOM
RET
CINE A#05H,T 6
MOV A #0C9H
CALL SCOM
RET
CINE A,#06H,0UT_T
MOV A #0CAH
CALL SCOM
RET
CINE A ,#00001000B,Q 5
MOV DPTR,#DTMF_INT
MOVX A,@DPTR
CINE A,#01H,U 2
MOV A #0D5H
CALL SCOM
RET
CINE A,#02H,U_3
MOV A,#0D6H
CALL SCOM
RET
CINE A,#03H,U_5
MOV A,#0D7H
CALL SCOM
RET
CINE A,#05H,U_6
MOV A ,#0D9H
CALL SCOM
RET
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U 6: CINE A#06H,0OUT_U
MOV A #0DAH
CALL SCOM
OUT _U: RET
Q 5: CINE A,#00010000B,Q_6
MOV DPTR,#DTMF_INT
MOVX A,@DPTR
V_1: CINEA#0IHV_2
MOV A #0E5H
CALL SCOM
RET
V 2: CINE A#02H,V_3
MOV A #0E6H
CALL SCOM
RET
V_ 3: CINE A#03H,V_4
MOV A#0ETH
CALL SCOM
RET
V_ 4: CINE A#04H,V_6
MOV A #0ESH
CALL SCOM
RET
V_6: CINE A#06H,0UT_V
MOV A #0EAH
CALL SCOM
OUT_V: RET
Q 6: CINE A,#00100000B,0UT_Q
MOV DPTR #DTMF_INT
MOVX A,@DPTR
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W_1: CINEA#O0IHW 2
MOV A,#0FSH
CALL SCOM
RET

W 2: CINE A#02H,W 3
MOV A #0F6H
CALL SCOM
RET

W_3: CINEA#03H,W 4
MOV A #0F7H
CALL SCOM
RET

W_4: CINE A#04H,W 5
MOV A, #0FSH
CALL SCOM
RET

W_5: CINE A#05H,0UT_W
MOV A,#0F9H
CALL SCOM

OUT_W: RET

OUT_Q: RET

SCOM: MOV DPTR,#PORTA_1,
MOVX @DPTR,A
MOV DPTR #PORTC_1
MOV A,#30H
MOVX @DPTR A
RET

SUB_INT7: MOV DPTR,#HOLD _INT
MOVX A,@DPTR
CINE A,#00H,INT7



INT7:

INT_7:

INT_71:

0_71:
Q_1I:

R_22:

R_33:

R_44:
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RET
MOV DPTR#INT_ON
MOVX A,@DPTR
CINE A #00H,INT_7
RET
MOV DPTR#DTMF_INT
MOVX A,@DPTR
CINE A#00H,INT_71
RET

CALL CH_400L1
MOV R2,A
MOV DPTR#IN_1ST
MOVX A,@DPTR
CINE A,#00000001B,0_71
ANL A R2
1ZQ 11
SIMP INT_72
MOV DPTR,#DTMF_INT
MOVX A,@DPTR
CINE A#02H,R_33
MOV A #0A6H
CALL CCOM
RET
CINE A #03H,R_44
MOV A#0ATH
CALL CCOM
RET
CINE A #04H,R_55
MOV A,#0A8H
CALL CCOM
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RET
R 55: CINE AH#OSH,R_66
MOV A #0A9H
CALL CCOM
RET
R_66: CINE A#06H,0UT_RR
MOV A #0AAH
CALL CCOM
OUT_RR: RET
INT_72: CINE A,#00000010B,0_72
ANL A,R2
1ZQ 22
0_72: SIMPINT_73
Q 22: MOV DPTR#DTMF_INT
MOVX A,@DPTR
S_11: CINE A#01H,S_33
MOV A,#0B5H
CALL CCOM
RET
S 33: CINE A#03H,S_44
MOV A #0B7H
CALL CCOM
RET
S 44: CINE A#04H,S_55
MOV A #0B8H
CALL CCOM
RET
S_55: CINE A#05H,S_66
MOV A #0B9H
CALL CCOM
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RET

S_66: CINE AH#06H,0UT_SS
MOV A #0BAH
CALL CCOM

OUT _SS: RET

INT_73: CINE A,#00000100B,0_73
ANL AR2
JZQ 33

0_73: SIMP INT_74

Q_33: MOV DPTR#DTMF_INT
MOVX A,@DPTR

T 11: CINE A#0IH.T_22
MOV A,#0C5H
CALL CCOM
RET

T 22: CINE A,#02H,T_44
MOV A #0C6H
CALL CCOM
RET

T 44: CINE A#04H,T_55
MOV A #0C8H
CALL CCOM
RET

T _55: CINE A#05H,T_66
MOV A #0C9H
CALL CCOM
RET

T 66: CINE A#06H,0UT_TT
MOV A,#0CAH
CALL CCOM



OUT_TT: RET

INT 74: CINE A,#00001000B,0_74

0_74:
Q_44:

U 22:

U_33:

U_55¢

U_66:

ANL A R2
JZQ 44
SIMP INT_75

MOV DPTR #DTMF_INT

MOVX A,@DPTR
CINE A,#01H,U_22
MOV A #0D5H
CALL CCOM

RET

CINE A#02H,U_33
MOV A #0D6H
CALL CCOM

RET

CINE A,#03H,U_55
MOV A #0D7H
CALL CCOM

RET

CINE A#05H,U_66
MOV A #0D9H
CALL CCOM

RET

CINE A,#06H,0UT_UU

MOV A #DAH
CALL CCOM

OUT_UU: RET

INT_75: CINE A,#00010000B,0_75

ANL A,R2
1ZQ 55
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0_75: SIMP INT_76

Q_55: MOV DPTR#DTMF_INT
MOVX A,@DPTR

V_11: CINE A#01H,V_22
MOV A#0ESH
CALL CCOM
RET

V_22: CINE A#02H,V_33
MOV A,#0E6H
CALL CCOM
RET

V_33: CINE A#03H,V_44
MOV A #0E7H
CALL CCOM
RET

V_44: CINE A#04H,V_66
MOV A #0ESH
CALL CCOM
RET

V_66: CINE A#06H,0UT_VV
MOV A #0EAH
CALL CCOM

OUT _VV: RET

INT_76: CINE A,#00100000B,0_76
ANL A,R2
JZQ 66

0_76: RET

Q _66: MOV DPTR#DTMF_INT
MOVX A,@DPTR

W_11: CINEA#OIH,W_22
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MOV A #0F5H
CALL CCOM
RET

W_22: CINE A#02H,W_33
MOV A #0F6H
CALL CCOM
RET

W_33: CINE A#03H,W_44
MOV A #0F7H
CALL CCOM
RET

W_44: CINE A #04H,W_55
MOV A #0F8H
CALL CCOM
RET

W_55: CINE A #05H,0UT_WW
MOV A #0F9H
CALL CCOM

OUT_WW:  RET

CCOM: MOV DPTR,#PORTA _1
MOVX @DPTR,A
MOV DPTR,#PORTC 1
MOV A #10H
MOVX @DPTR,A
MOV A #00H
MOV DPTR #HOLD_INT
MOVX @DPTR,A
MOV DPTR,#DTMF_INT
MOVX @PPTR,A
MOV DPTR #IN_STAT
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MOVX @DPTR,A
MOV DPTR #IN_1ST
MOVX @DPTR,A
MOV DPTR #HOLD BUSY
MOVX @DPTR,A
MOV DPTR #INT_ON
MOVX @DPTR,A
MOV DPTR#INT_HOLD
MOVX @DPTR,A
RET

SUB_INT8: MOV DPTR,#HOLD BUSY
MOVX A,@DPTR
CINE A,#00H,INT 8
RET

INT_8: CALL CH_400L1
MOV R3,A
MOV DPTR#IN_1ST
MOVX A,@DPTR
CINE A #00000001B,L_22
ANL AR3
INZ O_L11
MOV A #0A3H
CALL CBUSY

O_L11: RET

L_22: CINE A,#00000010B,L 33
ANL A,R3
INZ O_L22
MOV A #0B3H
CALL CBUSY

0_L22: RET



L 33:

O_L33:
L_44:

0_LA44:
L_55:

0_L55:,
L_66:

CINE A,#00000100B,L_44
ANL AR3

INZ O_L33

MOV A #0C3H

CALL CBUSY

RET

CINE A,#00001000B,L_55
ANL A,R3

INZ O_La4

MOV A,#0D3H

CALL CBUSY

RET

CINE A #00010000B,L_66
ANL A,R3

INZ O_L55

MOV A#0E3H

CALL CBUSY

RET

CJINE A,#00100000B,0UT_LL

ANL AR3
JNZ OUT_LL
MOV A, #0F3H
CALL CBUSY

OUT LL: RET

CBUSY:

MOVX @DPTR,A
MOV DPTR #PORTC_|
MOV A #10H

MOVX @DPTR,A
MOV A,#00H

MOV DPTR,#PORTA 1
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MOV DPTR #HOLD_INT
MOVX @DPTR,A

MOV DPTR #DTMF_INT
MOVX @DPTR,A

MOV DPTR#IN_STAT
MOVX @DPTR,A

MOV DPTR,#IN_1ST
MOVX @DPTR,A

MOV DPTR,#HOLD_BUSY

MOVX @DPTR,A
MOV DPTR#INT_ON
MOVX @DPTR,A
RET

SUB_INT9: MOV DPTR#INT_IO

INT_O:

Y Ol:
Y 2

MOVX A,@DPTR

MOV R5,A

CINE A,#00H,INT_9
RET

CINE A,#00000001B,Y_2
CALL CH_400L

ANL AR5

INZY_O1

MOV A, #0A0H

CALL CCOM_IO

RET

CINE A,#00000010B,Y_3
CALL CH_400L

ANL AR5

INZY_O2

MOV A,#0B0OH
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Y 02
Y 3:

Y 03: -
Y 4:

Y _O4:
Y 5:

Y _05:
Y 6:

Y_06:

CALL CCOM_IO

RET

CINE A,#00000100B,Y 4
CALL CH_400L

ANL AR5

INZY_03

MOV A #0COH

CALL CCOM_IO

RET

CJINE A,#00001000B,Y_5
CALL CH_400L

ANL AR5

INZY_O4

MOV A,#0DOH

CALL CCOM_IO

RET

CJINE A #00010000B,Y_6
CALL CH_400L

ANL AR5

INZY_O5

MOV A,#0EOH

CALL CCOM_IO

RET

CINE A,#00100000B,0UT_INT9
CALL CH_400L

ANL AR5

INZ Y_06

MOV A,#0FOH

CALL CCOM_IO

RET
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OUT_INT9: RET
CCOM_IO: MOV DPTR #PORTA_!
MOVX @DPTR,A
MOV DPTR,#PORTC_1
MOV A ,#10H
MOVX @DPTR,A
MOV DPTR,#RE_STAT
MOVX A,@DPTR
ANL A#11111110B  ;CLEAR EXT. OUT OF SYSTEM
MOVX @DPTR,A
MOV DPTR,#PORTA_2
MOVX @DPTR,A
MOV DPTR#INT 10
MOV A,#00H
MOVX @DPTR,A
RET
B_MAIN: CALL INIT_SYS
R_TURN: CALL SUB_EXTI
CALL SUB_EXT2

dALL  suB_INTI
CALL SUB_EXT3

p_Tuen)
CALL SUB_EXT4 ST1P

£ENp

CALL SUB_EXTS
>~ PR N Nl o

CALL SUB_INTI
CALL SUB_INT2
CALL SUB_INT3
CALL SUB_INT4
CALL SUB_INT5
CALL SUB_INT6
CALL SUB_INT7
CALL SUB_INT8
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CALL SUB_INT9
SIMP R_TURN
END

ok ke ke ok ok ok 3k 3 3 ok o ok 3 3K 38 3 3 o oK 3K 3K 3k ok ok 3K ok 3K 3 3k ok ok ok 3K ok ok o o o o 3 3 K ok ok 303K 3 o o 3 sk o 30k o ok e 3 o 3ok ok ok ok ok ok ok K k3
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digital ¢Gunting techniques to detect and decode
31l 16 DTMF tane-pairs into a 4-bit code. External
combonent count is minimized by on chip arovision
ol a ditferentialhinzut amplilier, clock asciiiator 3nd
latched three.state businterface.
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Abtisolute Maximum Ratings’

Fatameter l Symbol | din | Max } Unnts
1] OCFowar Supply Valtage | Vee ! 6 VooV
) Vcitage on any pin i A [ Ve —0.3 Von+03 + Vv |
2| Current at any pin (other than supply) i | 10 mA
e Storage temperalure Ts16 l ~55 | -+150 C
s Patksge power dissipation Py | I 1000 mw |

Esceeding these valuss may caurs permanent damage Tunctignslcpsratran unde: tners conditions i nctimplied

Oeeate 2b0-e 1S Cat 16 mwW £7¢  Allleadytolcerediat

2.1 ]

Recommended Opera ling Cenditions - Voliaget are wath tespect 1o ground IV () unlesi cthenvite staied

l : Parameter l Sym | Min | Typ* l ‘Max | UniuJ =*'Test Condilions )
| ! OC Fosver Supply Voltage | Voo | 475 ] se | $.25 i v i
2 Cperating Temperature I Ta -20 =351 "¢ | :
g Crystal/Clock Freauency [t 3 57eses brars | I
| 4l  lcrysaliClock Freq.ioterance | oie | 0.1 ) o !
fTysecalitguizsace 2125 Cond are loraesgn ad anly, not quirsnters 274 A1 subrecs 10 DrSRUCL0n Tnling
L I
DC flectrical Characteristics - vowsovs s-;,v,,.-cv,f;o'c 5 3g % « 85°C. unlett othewite stated
Characteristics Sym " Min Typ' Max |Units Test Condition
11 % [Standby supply curfent . looa ' 100 pA [PWON=Vpo
Kl ‘: Operating supply current loo 1.0 9.0 , | ma
3 : Power consumplion Po 15 s0 mw | ¢=3.579545 MHz
Y
4 High level input NEMEEE vV |Vpo=5.0V
s Low level inpyt voltage Vi 1.5 V }{Vpo=5.0V .
5 .‘, input leakage current hytly, 0.1 #A | Vin=Vgsor Voo
71’ ipull up (source) current Iso 7.5 20 pA | TOE (pin 10)=0,
Y s Vgp=50V
TZ| s {Pell down (sink) current I 15 | 25 | pA |NH=50V,P\WON=S5CV,
. Voo =5.0V
° Inputimpedance (IN+,IN=)| Ry 10 M0 | @ 1kHe
10 Steering threshcid voltage | Vg 2.2 2.5 Voo = 5.0V
1 Low level output voitage Vou | Ve+0.03] vV |Noload -
12 3 Highlevel output valtage | YoH |vpp-0.03 VvV [Hoload
13 : Output low (sink} current 1ot 1.0 2.5 A {voupy=04v - '
14} y |Output high {source) current| gy 0.4 0.8 mA [Voyr=4.6V .
13 ; Vet output voltage Vaet 24 2.7 VvV |Noload, Voo = 5.0V
15 \i/-:youtpu( resistance Ron 10 Q0

P Teneiaitqueet are 30 25°C and are for Ceiign aid onlv ROt Guarantred 3nd not tubject 10 Crocuct.on testing




Fin Ceseriotion

%in s Ii Mame I Oesceintien jl:‘
P 3
' I N4+ |Non.nvenina Op-Ams {Inouy), ;
N N~ Inverting Op Amp (tnput), :
3 GS Gain Select. Gives access to cutput =f frent end ciifecental amphifier for roanecs0r
of fesaback resisior, - ;
& Voot Reference Voltage (Ouvrput), Nominally Vag:2 ic usa2 1o biasinguts a:-.--d-rm'_(see
: fig.2). .
S INH Inhibit (fnput). Logic high inhibits the dotecticn of to~2 tepresenting chacaciert A, £,
Cand O, This pininout is internally pulled down . -
3 PVON [ Pcwes Down (Input). Active high. Fowees down tna Zevice and h-'-.ﬁ;-(.-, the osciitaty:
This pininput is in(evna”y pulled down, B
3
1 0sC1 | dock (tnput). . -
8 05C2 | Clock (Qutput). A 3.579%545 MH7 ¢rystal connectad titveeen pins OSCY and 25C3 i
tompletes the internal ogeillatae cirguit, i
e &
3 | vy Negative Power Supply (Input).
30 10¢ Thrze State Output Enakle {inpet). Logic high enatles tha puiput; O1.02 This piais
pulled up internally, Y Y
11.14 Q1-Q4 |[Three State Data (Qutput). When enabled by TOE, previge the foda careesponding g
the last valid tone-pair received (see Table 1) WhenTO£ s Logillow, the data Quizuls
ace high impedance. -7
18 13{s} Delayed Steering (Output).fresents 3 logic highwhzn a received tone-pan has been
-{registered and the output lach updated: rdturns to icgic low when the voltage cn
SUGT falls below Vyg, A
% ESt Early Steering (Qutput). Presents a logic high once the digital algorithm has detecied
a valid tone pair (signal condition). Any momentary foss of signal cendition will cause
£Stto retuen to a logic low. i
* 17 SUGT | Steering Input/Guard time {Output) Bidirectional. A veltage greater than Vi,
detested 3t Stcauses the device to register the detected tone pair and updats the
outputlatch. A veltage less than Vo frees the device tc accepl a new tone paic, The
GT output acts te reset the external steering time-conssant; its state is a functian of
€5t and the voltage on St, )
13 Voo | Fositive power supply {Input).




in Sascription

Fi
: .. : - N H
l Tin e Mame | . Descriztion . Sost
] ] IN4 ton-lnverting Gp Amp (lnput).
I z - Inverting Op Amp (Input).
i J G3 Gain Select. Gives access 12 output ol front end diflerentia’ amplilier {or connection
of feadback resistor. .. _
-~ 4 Yaet feference Yoitage {Output), Mominally Vpa! Zn uu-f' o biagincuts at mig-rail ltee
fig.2) - R
M INH tahibit {tnput). Logic high infubas thae detetticn of tonesrepretonting characterss 8, H
. Can< D Thispininputisinternad, pyliad dewr .
—— aan - —d

8 PAWON jPower Down (Inputl Active high, Fowery dowe the ceviee a=g intubits the oscillater
This pin input is internally pulleg down,

7 ] osc1 |Clock (lnput).

3 0522 ! Clock (Output) A 1579545 &tHz crystal connecteg E2tween ping OSCH 2nd O3(7
compietes the internal oscillater circuit,

3 Vs Negative Powser Suppiy (Input).

10 0% Three State Qutput Enable (lnput). Legic high ev-?c 's "*- ouizuts Q1-02 This piaas
pulled up internally. P

AR C1-Qé | Three State Data (Output). “When enabled by TOE, zrsvide'the {ode <ouuoom.i—\g to
the last valid tcne-pair received (see Table 1) \When 7OZ 's loqv(IOw the data ou'pun
are high impedance.

15 S0 Dslayed Steering (Output).Fresents a log:c H.gh when 3 received tone-pait has be-t‘
cegisteced and the output latch updated tdturns te logic low when the voltage on
SUGT {alls below Vi R

16 €St tarly Stesring (Output). Presents a logic high once the digial algorithm has detected
7 walid tone pair (signal condition). Any momentary loss of signal condition will cause
EStto return to 2 logic low. :

17 SUGT | Steering Input/Guard time (Qutput) Bidirectional. A veltage greater than Vig;
detected 3t St causes the device to register the detected tone pair and update the
output fatch, A voltage less than Vi, frees the device (o actepta new tone pair, The
GT output acts to reset the external steering time-Cansiant; its state is 2 function of
£S5t and the voltage on St. :

18 Vg | Positive power supply (Input).

5



IsSG.CrAGSs MT3S

7STIMTES7C

Op-—.’rating Cha:acteris&ics “Uag B SOV SN, v, w3V, 2T € Ty 2 ¢ 25 Clunle cthermise stated,
Gain $2ting Amplifier

H i Characteristics Vsym | i | Type | atax ]Uni(sl TéstLonditizny
1linputleakage current bee | ’ 100 AA | VYesS Vi Voo
2{lnput resistance R 10 M
2 jInput offset voitage Vos 125 mV
4] Powar supply rejection PSAR ) } d8 | txHz2
5 | Ccmmon mada rsjection MAR w0 | .43 =3.0VE V330V
5{DC czanloco voltage qain AvaL 32 d8
7 1Usity @un banawncth fc" 0139~ MH:

8 | Qutput voltagde swing ) Vo | 4 | Voo |[lead 2100%Q o Vg

9 | Maximum capaative Izad (GS) C 100 pF )

10 | Maxzimum resistive load (GS) Ry 50 |

11} Common moda range Vera 2.3 ] V.o INoloed !
z G

- . . . N - '
:AT8870C AC Electrical Characteristics™. Voo =30Y S5% Vi mOV,-40°C £ Ty 5 + 83°C. using T431 Cigeuit thawa in
o

4

Figuee 2 .4
Charactaristics Sym [ Min Tyg:;' Max | Units - HNotes*®
. Validi . . l .29 R d8m 1,2,3,58,9
| i e SN I3 M Loy (VLT
tignal) ’ . . +1 d3m 1.2,3,5.6,°
, 869 | mVams | 1,2,3.5.6.9
_2— Nagative twist accept -] dg8 2,3,6,9
_T Positive-twist 3ccept 5 da 2.3.6,8
E frequency deviation accept 21.5% = 2H: . o {2.3.5.9
S fraquency deviation reject +3.5% - 2,359
6] [ Third tone tolerance ~16 68 ]2,3.4,5.9,10
7] Noise tolerance ~ -12 d8 2,3,4,57,9,10
5| | Oial tone tolerance . 22 a8 |2,3.4,5.8.9,11

*Typecai figures are 2t 23 "Cand are lor Cesign a.d only” not guara~teed and ot subject to production testing.
*norts
1 ¢Sma deabais above or Belnw 1 relerence cower of 1 v inig 2§09 ohen 10ad
1 Diget sequence contists of alt STMF teaqd.

-

fone duraticn x 40 M1, tDone paute = & ms

& §ignal condition centart of maminsl OIMF froquengret
S Sothtanetincompoute ugnilhave 4n ecusl ampitude
§ Tons gacesndeviatedby 2 19°4 & 24g.

? Sandwedth timited (] ¥41 ) Cautsisn norte,
§ Theorecradisttone fiogusnciet are (IS0 M and 44Q Mgl + 2%
§.feranenror care ol betrer than 1.n 10,000,
10 Nglerenced 19 lawert tevel froquency camonnaent in OTMS ngaar
Vi Relerenced 1o the mininum valid scceatievel

12 for

Juaid Tme eateulatinn poyepaces.
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EXPLANATION OF EveNTs . . -
a) TONE BUPSTS CLTECTLO. IGNE DURATION INVALID, O1 1urs edruroateo.
LH TONE 70 OETECTIO, TOME DULATION vALID, TONE DECOOED AMO LATCHED 1M OUTAUTS,
Q) (1] OF TONE 4n OETICTED, TOME ARSENT DURATION ‘/u]o.ourr‘urs REMAIN LATCHEO UNTIL NEXT VALIC TONE.
[+}] OQUIPrUIS SWIrCHED 10 MIGH WIPLCANCE STATE,
(3 TONE £1 41 0LIECTLO, TONE OURANCKH VALID, TONE 0£CO0L0 ANOD LATCHED IN OUTPUTS (CUARINTLY HIGH
IMPEDANCE L ' ' . .
)] ACCEPTARLL OROPOUT Of TONT Zn 41, 10ME AlSEHT OURATION INVALIO, QUTPUTS AL MAIN LATCHEO,

] ENO OF TONE S+ 1 OCTECTED, TONE AISENT DURAT:ION VAUC, OUTPUTS REMAINLATCHED UNTR NEXT VALIO TONE,

.o

ETIANATION OF SYMIO(S .

Ve OTMrCOviOmIEINPUTSIGNAL .

E51 BARLY STEERING QUTPUT. 1MDICA NS OETECTION Of VAUID TONE FREQUENCIES.
SUGT  STEERING INPYTIGUARD TIME QUTPUL: DAIVES EXTERNAL RC TIMING CraCUIT.

'Q.-0, kmroecootoroneguiryr | | ’

$:2° DELAYED STELUNG QuTPYT, INDICATES THAT vaALD tisocgncnzs HAVE SEEN PRESENTIASSENT FOR THE 2EQUIRED
GUALO IIAE THUS CONSTIIU ING A YALID BiGHAL, -
TOME QUIrYT EnagLt §eUT) ALOW LEVEL SHISTS O, 0, 1O 115 MiGH IMPEDANCE STATE.
. A

e

Wz MAXIMUMOIME SIGRAL QUSATION NOT QETECTEO as VALID .
farg  MINIMUM DTMF SIGNAL OURATION REQUIRED FOR VALIO AECOCNITION.
e MINIMUM MME BETWIEN VAUIO OTMS iGNALS )

*an MAIMUM ALLOWASLE DROF OUT cuUnnG vaLe DfME siGNAy

lne THAE TO OETECT THE PRESENCE OF VAU O fMrF SIGHALS .t .
‘3 TIMETOOETECT THE AISENCE.CF VALID OIS SIGNALS

1315 GUARD '€, TOME PoESENy | g -

Sacim o GUMBO TIME, TONE Aasgnr L N

’ Figure 3. Timing Diagram .
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P MIIETEC/MTASION S maantinic DI%MF receren
il'size, tow £T2e2r teniumplign and h;,,'-,
2. M5 arrhiteciure conginyg of 2 Eandspy,
. whith samaateg the high ang 1.
§799R A2, loilowad &y 5 cigital coyn
WAITh yarilisg the fregys
received 1ones befora -} ]

¢cce to the output bus.

Fiites Laczicn

$223cation of Lhe lew-gravz ang high groy
2CRiavad by ecplying the DINIF signal ¢g ¢
f two sizth-order twitehed C2pacitor &

S.
——————
fepma Dy SYUITECUS ©I00I0 IR 5h curp weaTty
2roviding lolesvngs o smali .’m::u':?ry .-,:--,-.e;::..:
4 and vanations. This Jvecrging »lgorittm “ag raan
Y crveioged 10 nSUC AR CTNMLM (6ME magiza af
t immunity 12 120 and tolerancs 10 the praqargs

4

ling section
"¢y and duration of the
ssing the <onesponding

Stenes iy
e inputs
andpass

filters, the tandwidths of which <orrzspond to the

fow aad high groun Teequencies
3150 inccrporates notches 33

£rCenticnat Jiai tone tejaclicn (sae Figure &), fach
[ d

. The fiiter section
350 and 449 w4, for

‘ilter cutput is foliowed Ly 2 singi® erder switched

tapacitzr fiiter seqion which $mooths the signals

2fios te limiting. Limiting 3 performeq by high.cain

iT™carators which are provided with hysieresis to
r2vent detection of cnwanted low-level signals,
2 outputs of the tLOmparators provide full rail
OGi¢ swings at the frequencies of the incoming
OTMF signals.

iy

IS

Decoder Section

Follawing the filter section is 3 cecoder employing
Zigital counting techniques to determine the
fraguencies of the incoming tones and tg verify thet
they correspond to standard DTMF frequencies. A
complex averaging 2lgorithm peotects against tone

"

cf inferfsring freguencies {thitd tones: 223 acure,
When the detacior secognizet the presence of v
calid tcees (this is referred tc 23 tha “tigral
<onditian” in some induttry specificatizng the
“Early Steering” {E5%) outtut vall gg 10ar acive
state. Any subsegquent Icss of signai coadition wais
c2use ESl'to 255uUr™e A0 iNaTlive slalte fgee
Cirewit™).

P .
Zippetmn
Jspyrng

Steering Circuit )
Selore recisicaticn of 2 decoded tone sair, tea
receiver thecks for 3 valid sicnal duration {refer-es
{0 as sharaciar teCcSaition ¢oncitign), Thie Chacr
petliormedtyan ez:re'rnal AClme contianrt 2rive - S
€5t Alogit high on E5t Causega: (122 Figurs 3} 0 e
3¢ the capacitor dit(.‘:u:_.-!s. Providesd gi=ns
condition is maintained. (231 ramaing high) for 14,
valigation pedod (ig15). v, reachas the threshoid
{V151) of thastezring lcgic to register the tone pair,
l3tthing its coicesponding &.bit code (sae Table 1
trlo the output latch, At this point the GT outowt i

-

i+ 3ctivated and drives v, to Voo. GT continues to drive

’

high as long-as ESt remaing high, Finally, afipe 5
shoct’Gelay 20 2flow the output latch (o settle, the
delayed stsering output flag (StD)' goes high,
signalling that 3 received tone pair has been
Tegistered. The contents of the output latch are
made availsble on the 4.k cutput bus by raiing
the three siate control input (TOE) to 2 legic higs,
The steering circuit works in reverse 1o vafidats

7 T X N
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frgure §- Guard Time Adjustment
Crystal Osciilator

The internal clock circuit is ampleted with the
acdition of an erternal 3.§79545 MH7 crvstal and is
notmally connected 25 shown in Figure 2 (Single
inged Input Cenfiguration). However, it it Sossible
to ccnligure several MTES70C/MT2870C 1 Sevices

,e65E0 R w2 440 T atzacacitces ace T $ % tolerance
¢ -
e St

1.

g e
at

YOLTAGE GAIN (A, i) =

,

INPUT IMPEDANCE

Tmcnr =2 a2}
dinciss) = 2 \/.\’a(——
* \uc'/

Figure 7- Dillerential Input Conliguration
employing caly a single cscillater crystal, The
oscillator output of the first device in the chain is
ccupled through 8 30 pF casacitor to the oscitlator
input (OSC1) b7 the-nert device. Subsegquent devices
are connected in 3 similar fashion Aeler to Figure &

“far details. The problams associated with

unbalanced loading 3re aot 3 ccnceen with the
arcangement shown, ie; precision balancing
capacitors are not required,

To OSC1 of next
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figure 8- Osailator Connection
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