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IN_USE
BY_CALL
IN_CALL
BY_BUSY
TEMP
SAVE_HOOK
SAVE_EX
COUNT
BUSY_STATI
BUSY_STATE
SUB_NUM
MARK_SUB

SPEECH_STAT

NOW_PATH
CTRL_SW
VAL_IC
VAL_2A
VAL_2B
VAL_3B
VAL_3C
FLAG2B
PATH_SUBI
PATH. SUB2
PATH_SUB3
PATH_SUB4
PATH_SUBS
PATH_SUBG6
PATH_SUB7
PATH_SUBS
CALL_IN

ORG

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
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0000H

20H ; STATUS IN USE EACH SUB

21H ; STATUS BY CALL EACH SUB
22H  ; STATUS IN CALL EACH SUB
23H ; STATUS BY BUSY EACH SUB
24H ; TEMP.

25H ; STATUS IN LINE

26H ; STATUS EX. LINE

27H ; COUNTER

28H  ; BUSY STATUSOF INT. LINE.
290H  ; BUSY STATUSOF EXT. LINE.
30H ; SUBI - SUB8

31H ; MRAK BIT

32H  ; SPEECH PATH STATUS

33H  ; SELECT PATH TO USE NOW
34H ; CONTROL IC SW.

35H ; VALUE OF PORT 1C OPE. CTRL
36H ; VALUE OF PORT 2A BUSY
37H ; VALUE OF PORT 2B DIAL & RBT
38H ; VALUE OF PORT 3B RINGING
39H ; VALUE OF PORT 3C EXT. BUSY
40H  ; FLAG SHOW NOW SEND DIAL OR RBT
41H ; PATH USE WITH LINE 1
42H ; PATH USE WITH LINE 2
43H ; PATH USE WITH LINE 3
44H ; PATH USE WITH LINE 4
45H ; PATH USE WITH LINE 5
46H ; PATH USE WITH LINE 6
47H ; PATH USE WITH LINE 7
48H ; PATH USE WITH LINE 8
49H  ; STATUS IN USE CALL IN



IN_RBT
WORDI1_CTL
CL:IN
WORD2_CTL
WORD3_CTL

EQU

EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU

WORDCTL1_PORT EQU

WORDCTL2_PORT EQU

WORDCTL3_PORT EQU

PORTIA
PORT1B
PORTIC
PORT2A
PORT2B
PORT2C
PORT3A
PORT3B
PORT3C

START:

MOV SP.#65H

MOV B#01H

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

DELAY!: MOV R1,#40H

DELAY2: MOV RO,#80H

DELAY3: DINZ RO,DELAY3

DINZ R1,DELAY2

DINZ B,DELAY1
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SOH ; STATUS IN USE CALL OUT
EQU 31H ;STATUS IN USE IN DIAL
52H ; CALL & RECIEVE
53H
54H
55H
56H ; STATUS IN USE RBT.
91H ; PORT A:IN PORT B:OUT PORT CU:OUT

89H ; PORT A:OUT PORT B:OUT PORT C:OUT
80H ; PORT A:X PORT B:OUT PORT C.OUT

. OE003H ; PORT CTRL OF 8255 IST

OE023H ; PORT CTRL OF 8255 2ND
OE043H ; PORT CTRL OF 8255 3RD
OEOCOH
OEQO1H
OEOO2H
O0E020H
O0E021H
OE022H
OE040H
OEO41H
O0E042H

; SET STACK POINTER

; DELAY FOR WAIT ANATHER
; DEVICE



MOV B,#40H ; # OF INTERNAL RAM USED
, MOV RO,#20H ; POINTER TO BEGIN ADDRESS
CLRRAM: MOV @RO,#00H ; CLEAR VALUE
INC RO ; NEXT ADDRESS

DINZ B,CLRRAM

3 %090 % %o % To % %o %o %% %o 0% % TEST  To% %% %% %o T % %o %o %o %o % %o

MOV A #0FH ;0000 1111

MOV SPEECH_STAT,A

MOV DPTR #WORDCTL1_PORT

MOV A#WORDI1_CTL ; SET CONTROL WORD OF 1ST
}}/IOVX @DPTR,A

MOV DPTR #WORDCTL2_PORT

MOV A#WORD2_CTL ; SET CONTROL WORD OF 2ND
MOVX @DPTR,A

MOV DPTR #WORDCTL3_PORT

MOV A#WORD3_CTL ; SET CONTROL WORD OF 3RD
MOVX @DPTR,A

MOV DPTR,#PORT1B

MOV A #00H ; INITAIL SW. PORT TO 0
MOVX @DPTR,A ;00000000

MOV DPTR#PORTI1C

MOV A #0EFH ; INITAIL STROBE PORT TO 0
MOV VAL_1C,A ; STORE CURRENT VALUE

MOVX @DPTR,A ;11101111

MOV DPTR #PORT2A

MOV A #0FFH ; IN"ITAIL. BUSY PORT TO OFF ALL
MOV VAL _2AA ; STORE CURRENT VALUE

MOVX @DPTR,A

MOV DPTR #PORT2B
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MOV VAL_2B,A ; STORE CURRENT VALUE
MOVX @DPTR,A ; INITAIL DIAL PORT TO OFF ALL
MOV DPTR,#PORT3B

MOV A #0FFH ; INITAIL RINGING PORT TO OFF ALL
MOV VAL_3BA ; STORE CURRENT VALUE
MOVX @DPTR,A

MOV DPTR#PORT3C

MOV A #0COH ;11000000
MOV VAL_3C,A ; STORE CURRENT VALUE
MOVX @DPTR,A ; INITAIL RINGING PORT TO OFF

;**************** CHECK INTERNAI LINE. kb sk sboode e de e deshe ok deoke e

LOOP: MOV A#00H

LOOP8: MOV SUB_NUM,A ; SUBI - SUBS
PUSH ACC
LCALL HAND_FUNC ; CALL INT. LINE PROCESS
POP ACC
INC A ; CHANGE NEXT LINE
CINE A,#08H,LOOPS8

: o 3 e dbe o e b S e she e e sbe e e e S CI—IECK EXTERNAL LINE 3k e e e e 3 e e sfe ok e ke e ke ok

MOV DPTR#PORT1C ; POINTER TO EX. LINE PORT
MOVX A,@DPTR ; INPUT STATUS

ANL A #03H

MOV SAVE_EX,A ; STORE STATUS

ANL A#O01H ; XXXX XXX

CINE A #01H,CHECK _EX2

;LCALL EXRING : PROCESS EXT. LINE 1
CHECK _EX2:

MOV A,SAVE_EX : LOAD STATUS
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ANL A #02H ; XXXX XX1X

CINE A #02H,LOOP
;LCALL EXRING ; PROCESS EXT. LINE 2
SJIMP LOOP ; IF NOT JUMP LOOP AGAIN

;*T************** HAND FUNCTION ek ek s destededfodede ke de ke ke de ke ke

HAND_FUNC:
MOV A,SUB_NUM
MOV DPTR #SUBSMARK_TAB

MOVC A,@A+DPTR ; LOAD MARK SUB

MOV MARK_SUB,A ; STORE MARK SUB

MOV DPTR #PORT1A ; CHECK HOOK STATUS

MOVX A, @DPTR

ANL A MARK_SUB ; MARK BIT

JNZ NOHOOK ; IF A <> 0 THEN NO HOOK

LIMP HOOK_ON ; IF A =0 THEN HOOK ON
NOHOOK: MOV A,BY_BUSY ; RECEIVE BUSY

ANL A MARK_SUB
CINE A#00H,BUSY_OUT ; YES JUMP

MOV A,CALL_OUT ; CALL TO EXT. LINE
ANL AMARK_SUB
CINE A#00H,0UT_OUT ; YES JUMP

MOV A,CALL_IN . CALL INT. SUB
ANL AMARK_SUB

CINE A#00H,IN_OUT . YES JUMP
;MOV A,IN_CALL . RECIEVE RBT
.ANL A,MARK_SUB
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;CINE A #00H,INCALL_OUT ; YES JUMP

MOV A,IN_DIAL ; RECIEVE DIAL TONE
ANL AMARK_SUB

CINE A #00H,DIAL_OUT ; YES JUMP
‘ MOV A,IN_RBT ; RECIEVE RING BACK TONE

ANL AMARK_SUB

CINE A #00H,RBT_OUT ; YES JUMP

RET

BUSY_OUT:

MOV A MARK_SUB ; LOAD MARK SUB

ORL VAL_2AA

MOV DPTR,#PORT2A ; POINTER

MOV A,MARK_SUB ; LOAD MARK SUB HAVE "1" | BIT

CPL A ; COMPLEMENT TO HAVE "0" | BIT

ANL BUSY_STATLA ; CLEAR BUSY STATUS "1" IS BUSY

ORL BY_BUSY,A ; CLEAR BUSY FLAG
RET
OUT_OUT:MOV RO #PATH_SUBI1 ; POINTER

MOV A,SUB_NUM ; LOAD SUB NUM

ADD A,RO ; POINTER

MOV RO,A

MOV A,@RO ; LOAD FROM TABLE

ANL A #7FH ;ANDWITH 0111 1111

MOV DPTR,#PORT1B ; POINTER TO SW. CONTROL PORT PORT

MOV A,MARK_SUB

CPL A
ANL IN_USE,A ; CLEAR IN USE FLAG
ANL BUSY_STATLA ; CLEAR BUSY STATUS
ANL CALL_OUT A ; CLEAR CALL OUT FLAG
RET

IN_OUT:MOV RO #PATH_SUBI1 ; POINTER

MOV A,SUB_NUM

; LOAD SUB NUM
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ADD A,RO ; CHANGE POINTER

MOV RO,A

MOV A,@RO ; LOAD VALUE FROM POINTER

ANL A #7FH ANDWITH 0111 1111

MOV DPTR #PORTIB ; POINTER TO SW. CONTROL PORT PORT
MOVX @DPTR,A ; OUT OFF SW.

LCALL SEND_STB ; SEND STROBE

MOV AMARK_SUB

CPL A ; COMPLEMENT TO HAVE "0" 1 BIT
ANL IN_USE,A ; CLEAR IN USE FLAG
ANL BUSY_STATLA " ; CLEAR BUSY STATUS
ANL CALL_IN,A ; CLEAR CALL IN FLAG
. RET :
DIAL_OUT:
MOV RO#PATH_SUBI ; POINTER
MOV A,SUB_NUM ; LOAD SUB NUM
ADD A,RO ; CHANGE POINTER
MOV RO,A
MOV A,@R0O ; LOAD FROM POINTER
ANL A#70H ;ANDWITH 0111 0000
RR A
RR A ; ROTATE RIGHT
RR A ; 4 BIT
RR A ;00000111
MOV DPTR#DIAL_CTRL ; POINTER
MOVC A,@A+DPTR ; LOAD FROM TABLE
CPL A
ORL VAL_2B,A ; OR WITH OLD VALUE OF PORT 2B
MOV A,VAL_2B ; STORE NOW VALUE OF PORT 2B

MOV DPTR#PORT2B
MOVX @DPTR,A ; OUT VALUE
MOV AMARK_SUB



CPL A

:ANL IN_USE,A
ANL BUSY_STATILA
ANL IN_DIAL,A
RET

INCALL_OUT:

MOV A,MARK_SUB
ORL VAL_2A A
MOV A,VAL_2A
MOV DPTR#PORT2A
MOVX @DPTR,A
MOV AMARK_SUB
CPL A

ANL BUSY_STATIA
ANL IN_CALL,A
RET

RBT_OUT:

MOV RO#PATH_SUBI1
MOV A,SUB_NUM
ADD A,RO

MOV RO,A

MOV A,@RO

ANL A #70H

RR A

RR A

RR A

RR A

MOV DPTR,#DIAL_CTRL

MOVC A,@A+DPTR
CPL A
RL A
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; COMPLEMENT TO HAVE "0" 1 BIT

; CLEAR BUSY STATUS
; CLEAR IN DIAL FLAG

; LOAD MARK SUB

; OR WITH OLD VALUE OF PORT 2A
; STORE NEW VALUE

; POINTER TO PORT 2A

; OUT NEW VALUE

; LOAD MARK SUB

; COMPLEMENT TO HAVE "0" 1 BIT
; CLEAR BUSY STATUS

; CLEAR IN CALL FLAG

; POINTER
; LOAD SUB NUM
; CHANGE POINTER

; LOAD FROM POINTER
ANDWITH 0111 0000

; ROTATE RIGHT

; 4 BIT
;00000111

; POINTER

; LOAD FROM TABLE

; ROTATE LEFT 1 BIT FOR RBT
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ORL VAL_2B,A ; OR WITH OLD VALUE OF PORT 2B
MOV A, VAL_2B ; STORE NOW VALUE OF PORT 2B
; MOV DPTR#PORT2B
MOVX @DPTR.A ; OUT VALUE
MOV A MARK_SUB

CPL A ; COMPLEMENT TO HAVE "0" 1 BIT
;ANL IN__USE,AI

ANL BUSY_STATLA ; CLEAR BUSY STATUS

ANL IN_RBT,A ; CLEAR IN RBT FLAG

RET

s HHHHHRAERARERERAAS PROCESS HOOK ON

HOOK_ON:MOV A,IN_USE ; LOAD BUSY STATUS
ANL A MARK_SUB ; MARK BIT
JNZ NOTDONE ; IF <> 0 JUMP NOTHING TO DONE
MOV ABY_CALL ; BY CALL STATUS

ANL A,MARK_SUB

JZ SEND_DIAL ; IF NO JUMP TO SEND DIAL

MOV AMARK_SUB ; LOAD MARK SUB

;CPL A ; COMPLEMENT TO HAVE "0" 1 BIT
ORL VAL_3B,A ; OR OLD VALUE WITH MARK SUB
MOV A, VAL_3B ; STORE NEW VALUE

MOV DPTR #PORT3B ; POINTER TO PORT 3B

MOVX @DPTR,A ; OUT TO STOP RINGING

MOV A,MARK_SUB ; LOAD MARK SUB

ORL BUSY_STATLA ; SET BUSY STATUS

MOV RO#XY1

NEXT: MOV A,@RO
ANL A #0FH

CINE A,SUB_NUM,NEXT2
SJMP OFF_RBT
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NEXT2: INC RO

SJMP NEXT
OFF_RBT:MOV A@RO
SWAP A

ANL A #07H

MOV TEMP,A

MOV RO,PATH_SUBI
ADD A.RO

MOV RO,A

MOV A,@RO

SWAP A

ANL A #07H

MOV TEMP,A

MOV DPTR #DIAL_CTRL
MOVC A,@A+DPTR
RL A

ANL VAL_2B,A

MOV A,VAL_2B

MOV DPTR #PORT2B
MOVX @DPTR,A
MOV A,@RO

ANL A #0F0H

ORL A,SUB_NUM
MOV DPTR #PORT1B
MOVX @DPTR,A
LCALL SEND_STB

; TNHNEHN@ NI (S@@H
NOTDONE:RET
HELP5: LIMP OTHER
SEND_DIAL:

MGV A,IN_DIAL ; NOW SEND DIAL ?
ANL AMARK_SUB



INZ WAIT_STB

MOV A,IN_RBT

ANL A, MARK_SUB
JNZ HELP5

MOV A,MARK_SUB
ORL BUSY_STATLA
MOV A,SPEECH_STAT
ANL A #0FFH

JZ HELP1

SIMP HELP2

HELP1: LJMP SEND_BUSY
HELP2: MOV A #00H
MOV DPTR #PATHS_MARK
NEXT_PATH:

PUSH ACC

MOVC A,@A+DPTR

MOV TEMP,SPEECH_STAT
ANL TEMP,A

MOV A,TEMP

ANL A #0FFH

JNZ CONNECT

POP ACC

INC A

SIMP NEXT_PATH
CONNECT:POP ACC

MOV NOW_PATH,A

MOV A,SUB_NUM

ORL A #80H

MOV CTRL_SW,A

MOV A,NOW_PATH

MOV: DPTR #PATH_CTRL
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; YES JUMP

; LOAD MARK
; SET BUSY FLAG

; LOAD SPEECH PATH STATUS

; CHECK PATH STATUS

; IF BUSY THEN JUMP TO SEND BUSY

; IF NOT FIND PATH

; FIND PATH

; POINTER TO TABLE PATHS

; PUSH ACC TO STACK
; LOAD PATHS

; MARK BIT

; IF = 1 JUMP TO CONNECT

; LOAD ACC FROM STACK
; CHECK NEXT PATH

; STORE NOW PATH TO USE
; LOAD #INT. LINES

; OR WITH SW. ON (CONNECT)

; STORE IT

; POINTER
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MOVC A,@A+DPTR : LOAD PATH Y
ANL A #70H : MARK BIT
ORL CTRL_SW,A :ORXAND Y

MOV RO#PATH_SUBI
MOV A,SUB_NUM
ADD A,RO

MOV RO,A

MOV A,CTRL_SW
MOV @R0,A

MOV DPTR #PORTI1B
MOVX @DPTR,A
LCALL SEND_STB
MOV DPTR #DIAL_CTR
MQV A,NOW_PATH
MOVC A,@A+DPTR
MOV DPTR #PORT2B
ANL VAL_2B.A

MOV A,VAL_2B

MOVX @DPTR,A

MOV A,MARK_SUB
ORL IN_DIAL,A

MOV DPTR #PATHS_MARK
MOV A,NOW_PATH
MOVC A,@A+DPTR
CPL A

ANL A #0FH

ANL SPEECH_STAT,A
WAIT_STB:

MOV A,SUB_NUM
MOV RO#PATH_SUBI
ADD A,RO

MOV RO,A

; POINTER SUB STORE PATH
; CURRENT SUB

; POINTER CURRENT SUB

; LOAD CONTROL SW.

; POINTER TO SW. CTRL PORT
; OUT CONTROL SW. WORD

; CALL ROUTINE SEND STROBE

; POINTER TO TABLE

; LOAD NOW PATH

; LOAD FROM TABLE

; POINTER TO PORT 2B

» AND OLD VALUE WITH VALUE FROM TABLE

; STORE NEW VALUE
; OUT NEW VALUE

; SET IN DIAL FLAG

; POINTER TO TABLE

; LOAD NOW PATH

; LOAD VALUE FROM TABLE

; COMPLEMENT TO HAVE "0" 1 BIT

i ANDWITHOO000 1111
; SET SPEECH PATH STATUS

; LOAD CURRENT SUB NUM
; POINTER
; CHANGE POINTER



MOV

A,@RO

ANL A #70H

RR A
RR A
RR A
RR A
MOV

NOW_PATH,A
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; LOAD VALUE FROM TABLE
;ANDWITH 0111 0000

; ROTATE RIGHT

; 4 BIT

;00000111

; STORE IT ON NOW PATH

MOV DPTR #PATHS_MARK ; POINTER

MOVC A,@A+DPTR
ANL A #OFH

RL A

RL A

RL A

RL A

MOV TEMP,A

MOV DPTR,#PORT2C
MOVX A,@DPTR

ANL A,TEMP

JNZ CHECK_Q
LIMP OTHER

CHECK_Q:

MOV A NOW_PATH

; LOAD MARK PATH
;0000 1111

; SHIFT LEFT IT

; 4 BIT

; POINTER TO STROBE INPUT PORT
; CHECK STROBE

; MARK BIT

; IF < 0 THEN JUMP TO CHECK Q

; LOAD TOE PATH

MOV DPTR#PATHS _MARK ; POINTER

MOVC A,@A+DPTR

ANL A #OFH

ORL A#0COH

ORL VAL_3C,A

MOV A,VAL_3C

MOV DPTR#PORT3C
MOVX @DPTR,A

MOV DPTR#DIAL_CTRL
MOV A,NOW_PATH

; LOAD MARK PATH

;0000 1111

;11000000

; STORE CURRENT STATUS OF PORT 3C

; POINTER TO TOE PORT
; OUT TOE
; POINTER TO TABLE
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MOVC A,@A+DPTR ; LOAD VALUE FROM TABLE

CPL A

ORL VAL_2B,A ; STORE CURRENT STATUS PORT 2B
MOV A, VAL_2B

MOV DPTR #PORT2B . POINTER TO DIAL PORT
MOVX @DPTR,A . SEND OFF DIAL
MOV DPTR #PORT2C
MOVX A,@DPTR
ANL, A #0FH ;0000 1111
; GET DTMF
GET_0: CINE A#0AH,GET_9 . PRESS "0" ? IF NO JUMP
MOV DPTR #DIAL_CTRL . YES, POINTER
" MOV A,NOW_PATH . LOAD NOW PATH
MOVC A,@A+DPTR . LOAD VALUE FROM TABLE
CPL A ; COMPLEMENT IT TO HAVE "1" | BIT
MOV DPTR #PORT2B . POINTER TO DIAL PORT
MOV VAL_2B,A ; STORE NEW VALUE OF PORT 2B
MOVX @DPTR,A . OUT FOR OFF DIAL
MOV A BUSY_STATE ; LOAD BUSY STATUS EXT.
ANL A #03H . AND WITH 0000 001 1
CINE A,#03H,HELP3 ; IF BOTH EXT. LINE BUSY JUMP
CINE A #01H,CONEXT2 ; IF EXT. LINE "1" BUSY JUMP LINE "2"

CONEXT1:MOV A,SUB_NUM ; LOAD CURRENT SUB

ORL A #0COH ;ORWITH1100 0000 (SW. ON)
MOV DPTR,#PORT2B ; POINTER TO PORT SW. CTRL
MOVX @DPTR,A ; OUT SW. CTRL WORD
MOV TEMP,A

LCALL SEND_STB ; CALL SEND STROBE SUB

MOV A#01H

ORL BUSY_STATE,A
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SIMP CONEXT?3

CONEXT2:MOV A,SUB_NUM ; LOAD CURRENT SUB
ORL A #0DOH ;ORWITH1101 0000 (SW. ON)
MOV DPTR,#PORT2B ; POINTER TO PORT SW. CTRL
MOVX @DPTR,A ; OUT SW. CTRL WORD
MOV TEMP,A
LCALL SEND_STB ; CALL SEND STROBE SUB
MOV A#02H

ORL BUSY_STATE,A

CONEXT3:

MOV A,SUB_NUM ; LOAD SUB_NUM

MOV RO#PATH_SUBI ; POINTER TO PATH_SUBI
ADD A,RO i ; CHANGE POINTER

MOV ROA

MOV A,@RO ; LOAD VALUE

ANL A #70H yANDWITH 0111 0000
RR A .

RR A ; ROTATE RIGHT

RR A ; 4 BIT

RR A ;00000111

MOV RO#XY1 ; POINTER

ADD A,RO ; CHANGE POINTER

MOV RO,A

MOV A TEMP ; LOAD TEMP

SWAP A ; SWAP HIGH AND LOW NIBBLES
MOV @R0,A ; STORE CALL AND RECIEVE
MOV A,MARK_SUB ; LOAD MARK SUB

ORL IN_USE,A ; SET IN USE FLAG

LIMP OTHER

HELP3: LJMP SEND_BUSY
GET_9: CINE A,#09H,SHARP ; PRESS "9" ? IF NO JUMP
MOV DPTR#PORT2B ; YES
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MOV A #0FFH

MOV VAL _2B,A

MOVX @DPTR,A

MOV AMARK_SUB

ANL VAL_2A,A

MOV A, VAL 2A

MOV DPTR#PORT2A
MOVX @DPTR,A

MOV AMARK_SUB

ORL BY_BUSY,A

SIMP OTHER

SHARP: CINE A #0BH,STAR
SJMP OTHER

STAR: CINE A#OCH,INLINE
SIMP OTHER

INLINE: ANL A #0FH

MOV COUNT,A

MOV DPTR,#SUBSMARK _TAB
MOVC A,@A+DPTR

MOV. TEMP,A

MOV A BUSY_STATI

ANL A, TEMP

JNZ SEND_BUSY

MOV A,COUNT

DEC A

MOV DPTR,#SUBSMARK_TAB
MOVC A,@A+DPTR

ORL BY_CALL,A

CPL A

ANL VAL_3B,A

MOV A,VAL_3B

MOV DPTR#PORT3B

; PRESS "#" ? IF NO JUMP
; YES
; PRESS "*" ? IF NO JUMP
; YES

; PRESS "1" = "8"

; OUT RINGING
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MOVX @DPTR,A
MOV RO#PATH_SUBI
ADD A,RO

MOV RO,A

MOV A,@RO

MOV CTRL_SW.A
ANL A#70H

SWAP A

MOV TEMP,A

MOV DPTR#DIAL_CTRL
MOVC A,@A+DPTR
RL A

MOV DPTR,#PORT2B ; OUT RBT
MOVX @DPTR.A
MOV RO #XY1

MOV A,TEMP

ADD A,RO

MOV RO,A

MOV A,@RO

ORL A,COUNT

DEC A

MOV @R0,A

MOV A,SUB_NUM
SWAP A

ANL A #0FOH

MOV TEMP,A

MOV A,@R0O

ORL A,TEMP

MOV @RO,A

MOV A,MARK_SUB
ORL CALL_IN,A
ORL IN_RBT,A
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OTHER: RET
SEND_BUSY: ; SNED BUSY FOR INT. SUB
MOV A MARK_SUB

CPL A

ANL VAL _2AA

MOV A,VAL_2A

MOV DPTR,#PORT2A

MOVX @DPTR,A

MOV A MARK_SUB ‘
ORL BY_BUSY,A

RET

EXTERNAL LINE PROCESS =

RELAY

EXRING:

MOV A,SAVE_EX ; LOAD STATUS EX. LINE

RL A

RL A

RL A

RL A

iCPL A ; CHANGE TO ACTIVE HIGH FOR

MOV TEMP,A
MOV A,VAL_3C
ORL A, TEMP
MOV VAL_3CA

;ANL A #30H ; MASKBIT0011 0000
;ORL A #0COH ;11TXX XXXXMHOLD =1)
MOV DPTR#PORT3C

MOVX @DPTR,A ; CONNECT EX. LINE

MOV A,SAVE_EX

CJINE A#01H,0PE2

OPEl: MOV A#11001011B
MOV DPTR#PORT1B



MOVX @DPTR,A

LCALL SEND_STB

SIMP OPE3

OPE2:MOV A #110111008
MOV DPTR#PORT1B
MOVX @DPTR,A

LCALL SEND_STB
OPE3:ANL A #30H

RL A

MOV TEMP,A

CPL A

ANL VAL_IC,A

MOV A,VAL_IC

MOV DPTR#PORTIC
MOVX @DPTR,A

MOV RI1 #0FFH

DLY 10PE:MOV R2 #0FFH
DLY20PE:DINZ R2,DLY20PE
DINZ R1,DLY10PE

MOV A, TEMP

ORL VAL_IC,A

MOV A,VAL_IC

MOVX @DPTR,A

MOV A,SAVE_EX

CINE A #01H,EBUSY2
EBUSY1: MOV A #11001000B
MOV DPTR#PORTIB
MOVX @DPTR,A

LCALL SEND_STB

SIMP EBUSY3

EBUSY2: MOV A #11011001B
MOV DPTR,#PORT1B

80

;0XX00000

; ACTIVE LOW

; ON OPERATOR
; INITAIL BEGIN DELAY

; LOOP DELAY

; 64 mS.

; OFF OPERATOR
; SEND OPERATOR
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MOVX @DPTR,A

LCALL SEND_STB

EBUSY3: MOV A,SPEECH_STAT

ANL A #0FH ;00001111
JZ SEND_EBUSY

MOV A #00H ; FIND PATH

MOV DPTR #PATHS_MARK ; POINTER TO TABLE PATHS
EXT_PATH:

PUSH ACC ; PUSH ACC TO STACK
MOVC A, @A+DPTR ; LOAD PATHS

MOV TEMP,SPEECH_STAT

ANL TEMP,A : MARK BIT

MOV A, TEMP )

ANL A #0FFH

JNZ ECONNECT . IF = 1 JUMP TO CONNECT
POP ACC : LOAD ACC FROM STACK
INC A . CHECK NEXT PATH

SIMP EXT_PATH
ECONNECT:

POP ACC

MOV NOW_PATH,A ; STORE NOW PATH TO USE
MOV DPTR#PATH_CTRL
MOVC A,@A+DPTR
MOV TEMP A

MOV A,SAVE_EX

CINE A#01H,EPATH2
EPATHI: MOV A,VAL_3C
ORL A, #80H

MOV VAL_3CA

MOV DPTR,#PORT3C
MOVX @DPTR,A

SIMP EPATH3
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EPATH2: MOV A,VAL_3C
ORL A #40H

MOV VAL_3C,A

MOV DPTR#PORT3C
MOVX @DPTR,A
EPATH3:

RET

SEND_EBUSY:

MOV A,SAVE_EX
CINE A #01H BUSYE2
BUSYEL: MOV A,TEMP
ORL A #10001000B
MOV DPTR#PORTI1B
MOVX @DPTR.A
LCALL SEND_STB
SIMP BUSYE3
BUSYE2: MOV A, TEMP
ORL A #10001001B
MOV DPTR#PORT1B
MOVX @DPTR,A
LCALL SEND_STB
BUSYE3:

RET

— SEND STROBE SUB --eeeeeeceme
SEND_STB:

MOV DPTR#PORTIC
MOV A #0EFH

ANL VAL_IC,A

MOV A,VAL_IC
MOVX @DPTR,A

MOV B #00H
DLY_STB:DINZ B,DLY_STB



MOV A #10H
ORL VAL_IC,A
MOV A,VAL_IC
MOVX @DPTR,A
RET

e DELAY SUB

; DELAY 1/10 SECOND

:IN =R2

. REG = R2,R3,R4

SEC10: MOV R3,#179
SEC101:MOV R4,#0
DINZ R4,$
NOP
NOP
DJNZ R3,SEC101
DINZ R2,SEC10
RET
§ mmmm———— DELAY SUB
; DELAY R1 SECOND
; INF =R1
; REG = R1,R2,R3,R4
SEC: MOV R2#10
LCALL SEC10
DJNZ R1,SEC
RET

SUBSMARK_TAB: DB (00000001B

DB 00000010B
DB 00000100B
DB 00001000B
DB 00010000B
DB 00100000B

83

; MARK SUBI1
; MARK SUB2
; MARK SI'J'B3
. MARK SUB4
; MARK SUBS
; MARK SUB6
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DB 01000000B ; MARK SUB7

DB 10000000B : MARK SUBS
EXTS_TAB: DB 00000100B . EXT1 Y4

DB 00000101B . EXT2 Y5
SUBS_TAB: DB O00H . SUB1 X0

DB OIH . SUB2 X1

DB 02H ; SUB3 X2

DB 03H ; SUB4 X3

DB 04H : SUB5 X4

DB OSH : SUB6 X5

DB 06H ; SUB7 X12

DB O07H : SUBS X13

PATHS_MARK: DB 00000001B  ; MARK PATHI

DB 00000010B ; MARK PATH?2

DB 00000100B ; MARK PATH3

DB 00001000B ; MARK PATH4
PATH_CTRL: DB 00000000B ; PATHO YO

DB 00010000B ; PATH1 Y1

DB 00100000B ; PATH2 Y2

DB 00110000B ; PATH3 Y3
DIAL_CTRL: DB 11111110B ; PATHI

DB 11111011B ; PATH2

DB 11101111B ; PATH3

DB 10111111B ; PATH4

END
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1un3gUnIaivesya Tenledisined (Operator)

R1 27K
R2 330 Towu
R3 47K
R4 100
RS 2K
R6 1K
VRI1 47K
C1,c2 wiia luany 0.1uF
C3,C4 FUALFIIIA 100pF
C5,C6,C7,C11,C12  wiaIndomned 1uF
C8 wiia luaf 0.01uF
C10 wiadianlaslad 220uF
Q1 2N918

Q2 BC547

D1 IN4148

LED 1,2

X-TAL 650K
IC T6668

IC 4125

IC LM7805CT

IC LM386

MIC

SWITCH naaatasuau

3t 3 Aeu
emigUnicivesya PORT

1C7 MT8816

— b — W [\S) N — — — — — — —
3 3 [
..)e ..)e ._)Q ;.Je \..)e .Je .)( ._)e ..)e ..)e ..)e e [S)

—
3
L)Q

s —
u.)e .Jt

—
3
._)Q



IC8,IC9,IC10

IC11

IC12,IC13
IC14,IC15,IC16,IC17,IC18
CONNECTOR 40 1

R13 - R36

D7, D8

C

R

D

amsgUnsalyamenen

R1
R2
R3
R4
RS,R6

C1 : yiadian lns lan

2 yriadianlns lan

Cc3 ytiadian s las

o L4
C4 siin luans

BD1

MATCHING TRANFORMER

IC1
IC2
CONNECTOR
CONNECTOR
CONNECTOR

10 91

91

8255
7415138
ULN2803
74L8125

7.5K
1N4148
10uF
10K
IN4148

47K 0.5W.
K 0.5W.
47K 0.5W.
300K 0.5W.
IK  0.5W.
220uF 50V.
0.47uF 250V.
10uF 50V.
0.2uF

600V. 2A
600 Tovfu
4N26

NESS55

29

81

— N 8 —
= 3 3
“JQ ._)Q 3@ ‘_)E

—
2]
.JQ
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TemIgunsaiyamely

R7,R9,R11,R13,R15,R17,R19,R21
R8,R10,R12,R14,R16,R18,R20,R22
D1 - D16
C5,C9,C13,C17,C21,C25,C29,C33
C6,C7,C11,C14,C15,C18,C19,C22
C23,C26,C27,C30,C31,C34,C35
C8,C12,C16,C20,C24,C28,C32,C36
IC3,IC5,I1C6,IC7,IC8,IC9,IC10,IC11
IC4,I1C12

ZD1 - ZD16

RY1 - RY10

RY11,RY12

LEDI - LEDS8

nemgunialmasufiadya e

RIC,R2C
R3C,R8C,R11
R4C,R9C,R12
RSCR10,R13,R18
R6C,R14
R7C,R15
RI16,R17
C1,C6,C14
C2,C4,C7,09,C12,C15
C3,C8,Cl1
C5,€10,C13,C16
ICLIC2
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330 Teviu sW.
1K 1/4W.
IN4007

10uF 50V.
0.1uF

0.1uF
100uF/160V.
CNY 17-1
74LS14

1 CONTACT
2 CONTACT

300K
1.2K
3K
5.6K

270K

910K
IK
4.7TuF
0.1uF
0.47uF
10uF
NES556

8 A
8 A2
16 A7
8 A
8 M
787
8 A
8 67
267
16 917
10 7
28

8 A
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IC3,IC4 LMS555 2 a7
ICS MOC3020 167
IC6 UM66TXX 147
D1,D2,D3 IN4148 3
D4,D5 1N4001 29
TRIAC 142
Q1 Q4010L4 167
VR. 10K 147
1wM3gUnsel DTMF

IC1,IC2,IC3,IC4 MT8870 4 M2
R1,R2R11,R12,R17,R18,R23,R24 100K 8 917
R3,R13R19,R25 300K ) 447
R4 - R10,R14 - R16 1K 8 A7
R20 - R22,R26 - R28 1K 46
C1,C2,C4,C5,C7,C8,C10,C11 0.1uF 8 #2
C3,C6,€9 33pF 307

LED 12 A2
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External Line Internal Line H I]
1 2 2 345 6 7 8
0O DDDDDDDD
B Y 00
‘ | I
2 3 4

' v 4
14 2 Audhavesdunses

1. §a0A16UBN ATBIN 1 HAZIATEIN 2
' 4 A4 a4 4

2. feuniousn 1n5099 1 dunToan 8

3. AszuBAAINY
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Is0-cMos MT8816
8 x 16 Analog Switch Array

Features
® Internal control latches and address decoder
8 Short set-up and hold times
¢ Wide operating voltage: 4.5V to 13.2V
12Vpp analog signal capability
Row 65Q max. @ Vpp= 12V, 25°C
ARgn S10Q @ Vpp =12V, 25°C
Full CMOS switch for low distortion
Minimum feedthrough and crosstaik
Separate analog and digital reference supplies
Low power consumption ISO-CMQS technology

Applications

Key systems

PBX systemns

Mobile radio 3
Test equipment /instrumentation
Analog/digital multiolexers
Audio/Video switching

Description

The Mitel MT8816 is fabricated in MITEL'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 tc 128 line
decoder and latch circuits. Any one of the 128
switches can be addressed by selecting the
appropriate seven addrass bits. The selected switch
can be turned on or off by applying a logical one or
zero to the DATA input. Vsg is the ground refer-
ence of the-digital inputs. The range of the analog
signal is from Vpp to Vgg. Chip Select (CS) allows the

ISSUE 2 November 1988
Pin Connections
Y3 ‘j 1 u = Voo
AY2 J2 338 Y2
RESET i3 330 DATA
AX3 Tj4 370 1N
AXQ ~IS L S
X1&4 16 S5 Yo
X115 J)7 34 NC
X6 T8 33F xo
X7 39 RE x1
X8 T}10 NnE x2
X9 Zjt1 30F X3
X10 f12 29 x4
X1t Z]13 28F X5
NC 114 275 X12
Y7 Cj15 26 x13
vss 16 256 AWM
Ys 17 240 AYO
STROBE —{18 23F ax2
YSs 119 221 AX1
VEE Z]20 218 va
NC AX3 AY2 YOO DATACS
AXO RST Y3 Y2 VY1

e e e ey = ey

6 54 32 ¢ 4443424140
X14 X, 39 Y0
% RST=RESET 3 g X
X7 10 36 g X1
xs 11 s x2
xg (12 32 x3
x10 13 330 xa
x11 O 1e 2 xs
g 5 i
NC =
il sta=sTROBE 3 B 1t
1819202122 232425 26 27 28

[ g g e e gy e g

VSS STB VEE AX1 AYO NC
Y6 Y5 Y4 AX2 AY1

Ordering information -40° to 85°C

crossppint array to be cascaded for matrix m;gg;gﬁg 28 g:: ga?.:.fc DIP
expansion. MT8816AP 44 Pin PLCC
Cs  STROBE DATA  RESET oY ' VDD VEE  Vss< o
1 1
AXO .
AX1 .
AX2 7TO 128 8x16 X 10
AX3 DECODER LATCHES SWITCH . (i=0-15)
AYC ARRAY :
AY1 v
Av2 128 128 . 4
d N ... erenennenea]
¥ v
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150-cM0OS MiT8816

AC Electrical

Ver= 27V, untess otherwrse stated

{ Characteristics® - Crosspoint Performance.voiiages are witn respect te Vs = 5v, V.. = OV .

Jswitch

!

!
!
|

|

Characteristics i Sym '~ Min Typ: : Max i Units ! Test Conditions
14Swizcn 1/O Capacitance Cs | 20 of  f=1 MH:

2 iFeedthrough Capacitance Cs 0.2 ! of li=1 MH:

3 |Frequercy Response *Faaz a5 MHz [Swrten s “"ON"; Vi = 2VpD
fChanne! “ON" I jsine wave; R, = 1k{}

i ZOLOG(VOUT/V)‘;) = —3d8 . |See Appenc’:x, Flg. A.2

4 {Tota! Harmonie Distortion ¢ THD + G.01 bo% [Switchis "ON™; Vine = 2Vpp
(S22 G.5, G.6 in Appendix) ! : i sine wave {= 1kHz: R =1kQ

S jFeedthrougn FDT i —=95 dB |All Switches “OFF", Viya=
iChannel "OFF" * { 2Vpp sine wave f= 1kHz,
IFeed. = 20L0OG (Vou1/Vxi) ! } Ry= 1kQ.

{{See G.8 in Appendix) : | See Appencix, Fig. A.&

6 :Cross\alk between any two 1 Xeale ~45 dd  |Vina=2Vppsine wave
ichannels for switches Xi — Yi and f= 10MHz; Ry = 75Q,
'X"YJ' -90 dB  |Vina=2Vpp sine wave
: | §= 10AHz; R, = 6004
f Xralk = 20LOG (VY.'"Vx-)~ i -85 d8 |Vina=2Vepsine wave
{ : f= 10kHz; Ry = 1kQ
|( G.7 in Appendtx). —80 dB  |Vina=2Vppsine wave
} f= 1kHz; R = 10kQ.

i Refer.to Appendix, Fig. A5 for
: i test circuit.
Propagation detay tnrough ][ tos 30 ¢t ns 1 C_=50pF

" Timing s over recommenced temoerature range. See fig 2 for control and i/O timung detads
* Typizat figures are at 25°C any are for gesign aio ony; nos guarame" anc net subjecs 1o Sroguction tesung.

Crosstalk measurements are for Plastic DIPS only, crosstaix vatues for PLCC packages are aoproximately 5d8 better

*

AC Electrical Characteristics'- Control and I/0 Timings. veizages are with resnes 1o vaz = 5V, Vg, =0V,

Vez = =7V, unless ctherwise stited.
Characteristics Sym | Min . Typ: | Max |Unitst Test Conditions
T . Control lnput crosstatk 1o CXeaix 30 mv'\pl\/”\-— 3V squarewave;
i switch {for CS, DATA, STROSE, : [Rise = 1k, Ry = 10K Q.
| Azcress) ) i : ! ISee A,.pvn"r‘rx Fic. A8
2 ; Digitel Input Capacitance PG | 10§ oF [F=1MHz
3 ' Switcning Frequency Fo | 20 MHz|
& !Setup Time DATA1W STROBE ' 1n¢ | 10 | ns 1& = Q. C_=500f
S i Hoio Time DATA to STROEE ou | 10 : i ns tRo= 1kD, (_=30pF
5’ Setuo Time Acdress 10 STROBE | a5 . 10 i ns |R_= 1k C_ =3500F
7 i Ho!d Time AdGress to STROBS | <ap | 10 | . ns tRo= 1k, Co=3Z0pF -
§ Setuo Time CS5ic STROBE tess @0 10, | 1 ns jR.= 1k, C =30p7 -
¢ Hoid Time CS 1o STROBE Cologwe 100 ! ns {R_= k& C =50pF -
10 ' STROSZ Puise Width e | 20 " ns IR = ik(. C,=5CoF
1 LRESET Puise Widin Topas 4 40 : ns Ry= 1k, { =30pF "
12 ST =‘OBE to Swatan States Delay o 40 1 100 ns IRe= 1k T =50pF
13 DATA to Switen Status Deia. 5 50 110G ns ‘R.=1kQ, C_=S00F
12 RS SIT 10 Switch Status Dete- = i35 110 nsiR =inll C =3500pF ]
“Tunimg is ove’ recommenaes temoarats range  See Fig, 272- cenirc. ang "G Mtz oota.
D:g.izstasutrise ume (try ang % umz v = 3es.
*Tyorca! figures are 52 25°C aNc 272 TOF S€3IC % °C Crty, A GUETENIEES ANC NCI5UDELT 10 DrOSLIUSN 185158

Seferio Anosnam, g A7 Tor et crgunt
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Ab. olute Maximum Ratings®. voltages are witn respect 1c V:: unless otherwise statec.

i Parameter { Symbol Min ! Max ; Units
1 l Suppiy Vgltage ' Voo -0.3 H 15.C \
t Vs -0.2 I Vpp+0.3 %
2 ' Analog Input Vokage Vina -03 | Vpp=0.3 \Y
3 ! Digital Input Voltage Vin Vss—=0.3 | Vpa=02 | V
2 tCurrentonany /0 Pin ] ! i =15 | mA
S Storage Temperature i Ts —-65 I —=15¢G °C
€ Package Power Dissipation PLASTIC DIP Po l 0.6 W
CERDIP P~ 1.0 W
*Exzdesing these vaiues may cause permanent gamage. funcuonal cperation unger these congitions 1s not imolied,
Recommended Operating Conditions. Voliages are with respect to V;: unless otherwise stated, )

I

|

Characteristics - | Sym | Min | Typ ! Max | Units l Test Conditions
11 Operating Temperature To ~40 | 25 85 | °C
2! Supply Voltage Voo 4.5 13.2 \
! Vs | Ve Vpp~4.5] V .
3 1 Analog Input Voliage Vina | Vee Vop | V
¢ | Digital Inout Voltage I Vi, Vee | Van |V

DC Electrical Characteristics® Voltages are with respect 10 Ve = Ve =0V, Vs =12V unless otherwisa stated

] Characteristics l Sym | Min ! Typ* I Max | Units ; Test Conditions
i, Quiescent Supply Current oo 1 100 pA Al digitalinputs at Viy = Vg or
; ] Voo .
; 0.4 1.5 mA [All digital inputs at Viy=2.4 +
i Vs, Veg =7.0V
i S 15 mA |Alidigitalinputs at V= 3.4V
2| Ofi-state Leakage Current lose =i | Z500§ nA [Vyi— Vyji = Vpp = Ve
i(See G.9in Appendix) See Appendix, Fig. A.1
3 jinputiogic 0" ieve! Vi i 08=-Ve! V Vg =7.5V; Vzz =0V
< 1input Logic “1” level Vi [2.0=v | V. ]Vgs =6.5V; Vez =0V
S inputlogic“i’ leve! Vi 323 v o
6 Inpufleakage (digita! pins} fzak C.1 10 uA  jAl digralinputsat Vi, = Vs
[0" VAan

S Zeettrical Characterisucs are over recommended temoerature range,
F Tyoicai figures are a1 25°C ang ara for cesign aid only; not guaranteed and not subjecs 10 0roducuon tesung

DC Electrical Characteristics: Switch ResiStance - v.. is the exte-nal OC c=set aoomes 21 the 2nalog 140 oins

| Characteristics | sym | 25°c | 70°C 85°C !Unitsi Test Conditions
| l | Typ [Max [ Typ 1Max Typ | Max |
1 10n-state Vop= 12V, Ffoy | 43 85 | 75 1 i 8¢ i L IVeg=Vee =0V.Va- =\V5n'2,
Resistance  Vpp=TOV | © 3% 75 ! i &3 i 9C o !le,-Vv;n = 0.4V
Vop= 5V 12 I 183 ) 215 » 1235 | @ |ses Aodendix, Fig. A.2
i{SeeG.1,6.2,G.3in | a ; = :
i Agpendix] ! ‘ ' ! . f’
2 iDifference non-state | SRow 3 ¢ 10 . 0, R 0
resistance between | 5 i i : i !
. 1wO switches ! ; ; ; i ! i
' : i i ! ' )

1{See G.4in Appendix}
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H 1 ¢
Less —rt :4— — =l
[ ' 7
cs o0 £ ! sew /
- \ ' £
! Lo ! RPW i
& ! : f ] ! :
RESET - i iy, RS
! Low ' i
. ) ! ' |
. ' -
STROBE | L ey Fson ; f
. L !
“S—NE - ) : ! ! !
H i ! [} | ‘
. t
ADDRESS sk ﬂ@, , ! !
1
' 3 ’ ! i ] H
: oo, R
. ' — - aM 1 | [ ¢
t l i ! ' '
Tpg =31 ieae . ' ; : ;
ON ( : ! ey ot
SWITCH* : X = G\ Y
OFF : - T !
) ' 1 v et hq-‘—y-l
to [ ot 1t [ O
Figure 2 - Control Memory Timing Diagram
“See Aopendix, Fig. A7 for switching waveform
AXO | AX] | Ax2 AX3 AYQ AY1 i AY2 Connecion*
0 0 0 0 ] 0 0 X0 - Y9
1 0 0 0 o 0 6 X1 - Y2
5 i 0 0 c G 0 X2 - Y0
: 1 0 e 0 0 0 X3 -y
0 0 1 0 0 0 0 X4 - Y0
: 0 . 0 0 0 0 X5 - YO
o i 1 0 e o 0 X12- Y0
: i 1 o 6 o 0 X13.Y0
5 c 0 ] 0 e 0 X6 - YO
3 G 5 : o 0 0 X7 . Y0
¢ 3 o 3 e 0 0 X8 . v
1 1 o 1 o o 0 X9 . Y0
0 0 ) i o 0 0 X10- YO
: G i . 0 0 0 X11. Y0
e : 3 . 0 0 t 0 Xid- Y0
: ; 1 i o ! 0 ! 0 X15- Y6
3 0 0 0 i [ 0 X0 - Y}
: : . 3 i 5
i i i ; i 8 0 X15- Y1
¢ 0 ¢ 0 i ] 1 [} X0 - Y2
H . . N 3 1 4 i !
1 i 3 3 | 0 i 0 X15- Y2
3 0 0 0 i 1 1 0 X0 - Y3
. . . . . = i : ‘ .
i i i i : i L8 X:5-¥3
0 [ G [} ] 0 \ 5 ‘ i X0 . v:
. ! : : . .
3 i i 3 i & , ¢ ' 1 X135 ve
T G e [} i i : S ' 1 X0 - Y3
i * . i [}
. - - - f . ' - v . .
| i i : ] i : 0 ; i X15. v5
o G 3 [} : o ; B | 3 X0 - Y6
. R . . . . ' . . .
H : 1 ' ¢ i i i i X15- Y5
B G G [ 1 ‘: 3 3 X0 - Y7
1 . ]
: i 3 i J 3 ' i X15. ¥?

Figure3 - Address Decode Truth Table
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Pin Description

Pin & Name Description
1 boY3 Y3 Analog (Input/Output}): thisis connected to the Y3 column of the switch array.
2 | AY2 Y2 Address Line (input).
3 RESET | Master RESET (Input): thisis used to turn off all switches regardless of the condition
; of CS. Active High.
4,5 AX3,AX0 j X3 and X0 Address Lines (Inputs).
6.7 X14,X15 | X14 and X15 Analog (Inputs/Outputs): these are connected to the X14 and X15 rows
! of the switch array.
8-13 X6-X11 | X6-X11 Analog (Inputs/Outputs): these are connected to the X6-X11 rows of the
switch array,
14 g NC No Connection
15 Y7 Y7 Analog {Input/Output): thisis connected to the Y7 column of the switch array.
16 VSS Digital Ground Reference.
17 Y6 Y6 Analog (Input/Output): thisis connected to the Y6 column of the switch array.
18 STROBE | STROBE (Input). enables function selected by address and data. Address must be
stable before STROBE goes high and DATA must be stabie on the falling edge of the
STROBE. Active High.
19 YS YS Analog (Input/Output): this is connected to the YS column of the switch array.
20 VEE Negative Power Supply.
21 Y4 Y4 Anaiog (Ir;putIOutput): this is connected to the Y4 column of the switch array.
22,23 | AX1,AX2 | X1 and X2 Address Lines (Inputs).
264,25 | AY0,AY1 | Y0 and Y1 Address Lines (Inputs).
26,27 | X13,X12 | X13and X12 Analog (Inputs/Outputs): these are connected to the X13 and X12 rows
of the switch array.
28-33 | X5-XO |X5-X0 Analog (inputs/OQutputs): these are connected to the X5-X0 rows of the switch
i array.
34 | NC No Connection.
35 | Yo Y0 Analog (Input/Output): this is connected tc the YO column of the switch array
36 I cs 1 Chip Select{Input): this is used to select the device. Active High.
37 ] Y1 Y1 Analog (Input/Qutput): thisis connected to the Y1 column of the swiich array.
38 | DATA |DATA (Input): alogic high input will turn on the selected switch and a logic low will
turn off the selected switch. Active High.
39 | Y2 Y2 Analog (Input/Output): thisis connected o the Y2 column of the switch array.
40 | VDD Positive Power Supply.

* Plasuc DIP and CERDIP only
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Appendix: Analog Switch Array Measurements

MT8806/08/09/12/14/15/16 ANALOG SWITCH ARRAY FAMILY:
TEST CIRCUITS FOR KEY PARAMETER MEASUREMENTS

A.1  Off-State Leakage Current (loFf) Measurement
A2 Ron/ARQp vs. Vpe Measurements

A3 Frequency Response (F3gg) Measurement

A4 Feedthrough (FDT) Measurement

A5 Crosstalk (Xtalx) Measurement

A.6 ControHn;?ut Crosstalk (CXcaik) Measurement

A.7  Control Memory Timing Measurements
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Appendix: Anaiog Switch Array M:easurements

Xi Yj nA
f PR
Any “OFF —. yd
I Switeh ost Vpo = 12V, Vge = Veg = 0V
aem 12V + ‘ icanbeequaltoj
- All other switches are "OFF
| lofs is also measured on the Vpp side.
T v T Vs
Figure A.1 - Off-State Leakage Current (lors) Measurement *
Xi Y] mA
Any “ON" | Vpp =12V, Vge =Vgs =0V
Switch lon Vpc=+Vpp = voltage centred at the
. 2v——+ middle of the switch
V——_ ‘in ~VY5|=0'4V and is w.r.t. Vgg.
Ron = Vxi = Vyil= 0.4V
—_— lon lon
Voc Vac i can be equal to
Figure A.2 - Ron/ARgn Measurement *
Xi Yj
¥ ' A';y 70:" il Vop= 5V, Vss =0V, Vg = =7V
witc A =
Ry 500 ﬂ | 3dB = 20LOG| Vour
R = 1kQ DTVOU- Vxi
Vina=2Vpp & 3 :
N PP | @ ! ican be equalto]j
Figure A.3 - Frequency Response (F3qg) Measurement ¢
X Yi
— Ar;y %F‘F - Vpo= 5V, Vss =0V, Ve = =7V
wi £; - et
yeson || 1 FOT = 20006 |Vour |
T R = 1kD U?VW‘ { Vi |
Vina=2Vpp A @ | ) )
ez l . i Al other switches are “OFfF”
l ‘ i icanbeequalto]

figure A4 - Feedthrough (FDT) Measurement t
Netes:
* Tes: Conaitions for MTE809 and MT38:2 are resoectiveiy: Vaa = 12V, Vg = 0V anc Vg = 14V, Vg = 0V
1 Tes: Canortions for MT8809 ana MT38%2 are respectivers” Vpa =3V, Vo SOV Vee= 7V ana Voo = TV Voe =0V vy = -7V
Ak X: 212 Yy anaiog 170 pins car be intergnanged for a maasurements

anls.
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Appendix: Analog Switch Array Measurements

same integrated cireuit

( " R
X e ¥ X v Vv V, Vss =0V, V 7V
" “ 1 DO=5 , Vgg= , Veg = —
Any "ON ; i Anyother L - o =T
| Switch m Y__Jl “ON" Switch Crosstalk = 20L0G |Voyr
R¢= 500 { | — *————l
Y 5| |

I
gl
|

A
Vina I ~
= z\lv.

"

4
! v
Xi
r[Jhver I
|

+

Figure A.5 - Crosstalk (X;a)x) Measurement t

Digita! Contral Inputs Digital +3V
Input

Xi Y Y ov
~~{ Any“ON"

V
o el —'! patl - ~okzan 7 i

- _ i
R 10 D ALEIOKEL [T Vour Voo = 5V, Vss =0V, Vg = — 7V
icanbeequalto]j

Figure A.6 - Control Input Crosstalk to Switeh (CXpai) ¢

Voo Voo Digitat Control Inputs

{

—r
Digital Control Inputs !
| D xa X TS 70 TS Vi
Xi Y Y; Any Switch ,_"‘—1

f 1o L
]
|
I

Const |
—( AnySwith ,._l Vour KO l | sopr= Vour
SOpF—I_ T
—— -7V —— =7V 1
!
—— =TV
Lo — ity il — e to/tgity
(V. SV v \1 1%
Dugiral * i /T /i S 7 v
Inputs $1% h o 50% 1 0% )
s AN VA N\t g ]
(V) eV ' oY (V) ov ' T ' -
M - B Bl PYAOTA ! !
Iy Vog cerecnvinne PR
©5#) Vop i [ {ON} o0 /_—-‘—-—\I 90t
Vour N som Y b A son . \
e N LT i3 -
PRV VR TI Low D " o —7v : i —
3) Ry at Vpp b)Ry at ~ 7V

Von= SV, Vgg =0V, Vgz = ~ 7V
icanbe equaitoj
MT8809: Viu=5V, Vi =-7V
MTBB12: Vi =7V, Vi =-7V

Figure A.7 - Control Memory Timing Measuremenist
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G.1

G.2

G.3

G.4

G.5

G.6

G.8

G9

MT8806/08/09/12/14/15/16 ANALOG SWITCH ARRAY FAMILY:

TYPICAL GRAPHS FOR SELECTED PARAMETERS

On-state Resistance (Ron) vs. Temperature @ Vpp =5V, 10V, 12V

On-state Resistance (Ron) vs. DC Offset (Vpc) @ Vpp =5V, 10V, 12V @ 25°C
On-state Resistance (Ron) vs. DC Offset (Vo) @ Vpp = 12V @ -40°C, 25°C, 85°C
ARonvs. Temperature @ Vpp =5V, 10V, 12V

Totai Harmonic Distortion (THD) vs. Frequency

Total Harmonic Distortion (THD) vs. I/P Signal Amplitude (Vpeak)

Crosstalk (Xtaik) vs. Frequency

Feedthrough (FDT) vs. Frequency

Off-State Leakage Current (Ioff) vs. Switch Voltage
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Appendix: Analog Switch Array Measurements |

1

Ron {Q)
‘.50 IREEREBERERE] L ) LRI LIRS IR TTi¢T7 7171 T T PR SR BRI '-cv'- L > [t
- i i i : 1 '1
- ' R el i 4
130 : Vas =5V : - -
2 C ; i T 931 _’/" i 7 ! =
110 L { | T i i i .
EER Y + ]
o o ! | % i i .
90 P 1 ! ] ; -
il ! ' .
r ! Vog=tov _| 7
70 [ l , : et
50 - L — e —— |
F ! : b Vpe =32V | : | =
—— ]
30 lll'ii"ll‘l'l'lll" "l'l'llll'lll LI S 'J_LJ_lllll!'!'lI"‘ll"[lll!'l~

‘o> .50 -40 30 -20 -0 O 10 20 36 40 S0 60 70 8 90

G.1 On-State Rasistance (Roy) vs. Temperature

Ron (R) ‘
130 :I LB ) T 11T TrTT T ¥ . 'l T 1 0y o (¢ T LERERR L LA T T i LB [ LR BK1 L3N] lf:
110 E .7/ \ Vgp =5V i 3
=3 5
E_ Hf— L ! :
= . i 3
20 g/[ | : 3
1 i
70 E Voo =10V : 3
: AL D | x E
= :E J.—/‘/ I | ; é
50 = | T S — ‘1\‘\;‘
e : i Vpp =12V ] i C
30 E' J il l LI 2§ i 2t l L1 LLJ LI l | S . | ] LI I [ MV, LI N i b I N ) l L !5
vegvy 0 1 2 3 4 5 6 7 8 9 10 11 12
G.2 On-State Resistance (Ron) vs. DC Offset (Vdc) @ 25°C
Row (€2}

80 :' D i v T LS LR L LI L L ’ AERAREERE i T ¢ 1 7 LER LS ] ARSI I T 17 LA :
- | [ Lizsec | 3
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80 ¢ ! | | N ]
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30 o : i ] | , H =
£ i i | ! | i | ! . 1 3
20 ot IS : at AN W0 SLIS S SR W0 N I 3 L [ N P [EEN) i ' a1t 2
vexvy 0 1 2 3 4 5 6 7 g ¢ 2 11 12

.2 On-state Resistance (Rop) ve. DC Offsat (Vde) 12 Voo =92V
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MT8806/08/09/12/14/15/16 ANALOG SWITCH ARRAY FAMILY:

Analog Switch Array Applications

The analog switch array is shown in Figure A.8 as a switching matrix for a typicai key system. The system
shown below aliows connection of outside Central Office telephone lines to inside ext2nsion telephones.

oy
DTMFIN ! II:

il

-1
DTMF OUT
Ll

puBLIC

i
ADDRESS D{‘

CALL

PROGRESS
TONES

P

MICROPROCESSOR

f

KEYBOARD

1
1
1 1
t ¥

VOICE
SYNTHESIS

DisPLAY

P

-

TRUNK ¢

:

Y

L

TRUNK 2

TRUNK 3

ANALOG

SWITCH

o

¥

ARRAY

Y

ANALOG

SWITCH

ARRAY

i

Figure A.8. Typical Key System Application
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Is0?:cmas MT3879C/MT8870C-1
integrate e

b abaaies b ¢ &5 it out TU 2
Cufr e gt UELD s

tures

f2a
4 Complete DTMF Recoiver
* {owPawerConsumption
o Internal Gain Setting Amplifier
¢ Adjustable Guard Time
o Central Office Quality
¢ Power.down Mode
¢ inhibit #Aode

Apélications

* Réceiver System for British Talecom (BT) or
CEPT Spec (MT8879C- 1)

Paging Systems

Repeater Systems/Mobiie Radio

Cradit Card Systems

Remote Control

Personal Computers

Teiephone Answvering Machine

® & & & " O

Description

The MT8870C/MT8870C-1 is 3 complete DTMF
teceiver integrating both the bandsplit filter and
digital deceder functions, fabricated in Mitel's
doublie poly 1SO2.CMOS technology. The filter

Pr e et oy e v g o g

’ soe Tt e AR .
[ 47
2151.002 094.M4

1SSUE lovermber 1937

Pin Connections

IN . H y His O voo
w- {12 17 [J suGt.
as (] 16 [Jese
vRel (] 4 15 1 510
INH (] S 14 Q4
rwon (] s 1 ﬂo;
os<t 7 12 [J a2
oscz (s 11 got
vss 1 9 10 T0€

Hrdering Information
MTB870CE/MTB870CE-1 Plaftic DIP
MT8870CC/AMTEB70CC-1 Cerifip
MT8870CS/MT8870CS-1 * SOIC

—-40°Cto +85°C

high and. low grdup filters; the decoder uses
digital c'é’unting techniques to detect and decode
all 16 DTMF tone-pairs into a 4.bit code. Exterpal
companent count is minimized by on chip arovision
of a ditferential input amplifier, clock asciiiator 3nd
latched three-state bus interface.

tecticn uses switched capacitor techpiques for
’
VDO  Vs§ VRe! INH R
P
: |
rwon ¥— 81AS 2 l
cReur  p—— VRel
: BUFFER
L
CHIP  Chip oy HICH GROWP —
POWER 8IAS FILTER _U- ~ 01Gitay [€e]s]3 !>_ o1
{ 1 - ® | oerecnion COMVERTER :
MR — otaL ZERO CROSSING ALGORITHM | | AND LATCH L
" - _ TONE DETECTORS ‘ B_. a1
1 - fLTER L ;
GS$ LOW Gaoup -
FILTER -U- 1 l o4
3 I L
D(H égl:u ~l st $TEESING L [
: cLocxs 6T LoGIZ _ ‘ .
A } } j
Lad . S - - .
0s¢1 0sC2 SUGT ESt $TO TO¢

figure 1- Functional Block Diagram
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02-CMOS

Absolute Maximum Ratings'

Parameter Symbol Min ' Max Units
1] DCFowar Supply Vollage Voo 6 M
2 Voitage on any pin \ Vgg—0.3 Vpa +0.3 v
3] Cutrent at any pin (other than supply) h 10 mA
d Storage temperature Ts16 -65 + 150 o
3 Package power dissipation Po 1000 mw |

e wceeding these values may cause permanent damage Functionsloperation under these condrtions is net implied
Derate above 75 “C at 16 mW 7 °C  Allfeads soldered to boaro

Recommended Operating Conditions - voltages are with respect 1o greund (V) untess otherwite staied

Parameter Sym | Min | Typ' | Max { Units | =% Test Conditions
1 OC Powver Supply Voltage Voo | 8751 508 | 535 | V
2 Operating Temperature To - 40 + 85 C
3 Crystal/Clock Frequency fc 3.579545 PAH2 B )
| ¢ Crystal/Clock Freq.Tolerance Aafc 0.1 %

' Typical igurasare 31 35 C and ace lor design 3:d only. not guaranteed ond.qw subject to 0roduction teshing

ey

DC Electrical Characteristics - vog=50vs §%. Vs = 0V, 40°C 5 Tg 5 4 85°C, unless otherwite stated
1

Characteristics Sym " Min Typ' Max | Units Test Conditions

1] 3 |Standby supply current loog 100 pA | PWON=Vpp
—; ‘: Opersting supply current lpo 30 9.0 .| mA

3 ‘: Power consumption Po 15 S0 mW | f¢=3.579545 MH2

Y

4 High fevel input v | 35 vV {Vpo=5.0V
"5|  [Lowlevelinpyt voltage Vi 15 | V |Vop=5.0V B
i3 ,', input leakage current (i 0.1 1A | Vin=VssorVpo

7 :’ Pull up (source) current 50 7.5 20 pA ‘\I/OE‘(_pSinOLO)=0.
P I { -2 00 =

g] s [Pull down (sink) current Iy 15 45 uA [INH =50V, PWDN=50V,

Voo =5.0V

9 Input impedance (IN+,IN=)| Ry 10 MQ @ 1kH2

10 Steering threshold voltage | Vig, 2.2 2.5 V | Vpo = 5.0V

11 Low level output voltage Vot V4003 v |Noload

12 3 High level output voltage | YOH |Vpp-0.03 vV |{Noload
_li : Output fow {sink} current o 1.0 2.5 mA |Voyr=04V '

14| y |Output high (source) current| lon 0.4 0.8 mA |Voyr=4.6V .

15 ; Vaetoutput voitage Vet 2.4 2.7 V |{Noload, Vpo = 5.0V

15 Veei output resistance Ron 10 xQ

' Yyoriaitiquresare a1 25°C and are {or design a1d only  not guaranteed and not tubject to production testing



115

Pin Geseription

Pin e ; Name Descrintion T
t ] IN+ Non.inverting Op-Amp {Input). ]
3 N~ nverting Op Amp (input), ;
3 GS Gain Select. Gives access to cutput of front end differential amplifier for connection
of feedback resistor.

4 Viet Reference Voltage (Output), Nominally V72 is used to bias inputs at mid.rail (see
fig.2).

S INH Inhibit (Input). Logic high inhibits the detection of terag representing charactergs A, B,
Cand D. This pininput is internally pulled down. .

E P\YDON | Power Down (lnputl). Active high., Fowers down the device and inkikits the oscillatar
Thispininput is internally puiled down.,

7 0sC1 | Clock (Input).

8 0SC2 | Clock (Qutput). A 3.579545 MH2 ¢rystal connected between ping OSC1 and 0OSC2
completes the internal oscillator circyit,

Vg Negative Power Supply (Input).

10 TOE Three State Output Enable (Input). Logic high enables the ouiputs O1.Q4 This pinis
pulled up internally. - q ¢

11-14 Q1-Q4 |[Three State Data (Output). When enabled by TOE, provide ths Loga cocresponding 1o

the last valic tone-pair received (see Table 1) When T0€ is logidlow, the data outputs
are high impedance. —

15 S0 Delayed Steering (Output).Presents a logic highwhen a received tone-pawr has been
registered and the output fatch updated; réturns 1o logic low when the voltage on
SUGT falls below Vy¢, A

16 ESt Early Stearing (Output). Presents a logic high once the digital algorithm has Getected
3 valid tone pair (signal condition). Any momentary lcss of signal cendition will Cause
ESttoreturnto a logiclow. o

17 SUGT | SteeringInput/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 fatch, A veltage less than Visifrees the device to sccept s new tone peic. The
GT output acts 1o reset the external steering time-Constant; its state is a function of
€St and the voltage on St.

18 Voo FPositive power susply {Input).
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Hi e i Mame Description CSe
1 IN+ [ MNon-Inverting Gp Amp (Input).
l z IN - Inverting Op Amp (Input].
i 3 GS Gain Select. Gives access to output of front end differentia’ amplifier for connection
of feedback resistor,
4 Vet |Reference Yoltage {Output), Nominally Yppr2 is used 10 bias inouts at mid-rail fsee
fig.2)
S INH inhibit (fnput). Logic high inhibits the detection of tones representing characters A, 8
Cand D. This pininputisinternaly puliad down
6 PWON | Power Down (Input). Active high. Fowers dowr the cevice ar\d inhibrts the oscillater
This pininput is internally pulled down,
7 0sSCt | Clock (input).
8 052 | Cock (Outpul). A 3.579545 MHz crystal connected between ping OSC1 and 0$C2
completes the internal oscillator circuit.
Vs Negative Power Supply (Input).
10 T0¢ Three State Output Enable (Input). Legic high enables the putputs Q1-Q4 This pin s
} pulled up internally. — oY
11-14 Q1-Q4 | Three State Data (Output). When enabled by TOE. provide the ¢ode torresponding to
the lastvalid tone-pair received (see Table 1) When TOE ¢ vs loc-(low the data outpults
are high impedance. D
is StD Delayed Steering {Output).Fresents a logic highwhen 3 received tone-pair has been
i registered and the output fatch updated 18tuens to logic low when the voltage on
SUGT falls below Vi, L
16 €St Early Steering (Output). Presents a logic high once the digital algorithm has detected
y a valid tone pair (signal condmon) Any momentary loss of signal condition will cause
ESttoreturn to alogic low. :
17 St/GT [ Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg,
¥ detected at St causesthe device to register the detected tone pair and update the
outputiateh, A voltage less than Vyg frees the device to accept 8 new tone pait. The
GT output acts to reset the externalsteering time-Constant; its state is a function of
ESt and the voltage on St.
18 Voo  |Positive power supply (Input).
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1s0?.cMos MT3870C/ MT3370C-

3

| o
EVENTS | A L] ] C I € i ¢ { G
11 SR s orC ke -— -t 100 e
tone | tont
Vin ‘—J : 1 | 1ONE 8n Jntl ln:! —
Lh i ,

for —)‘. :4- LJL‘_‘ 04
£t f_JL N S N S B
Y, - -t
$UG — - _____,: e \ I

'H
A

“h - s HIGH IF4PEDANCE

Gy .C DECOCED TONE # (n-1) :XT P d(abt)
A | W

1
"4!5 *1' S :
10 =]0 St ——  W\..
P :4"-'9 r_-____.__.
ToE .
EXPLANATION OF EVENTS
A) TOME BURSTS DETECTED, ICNE DURATION INVALID, OUTPUTS 3“5' UPDATED.
L} TONE #nDETECTED, TOME DURATION VALID, TOME DECOOED AND LATCHED IN OUTPUTS,
Cl ERO OF TONE ¢n DETECTED. TOME ARSENT DURATION VALID, QUTPUTS REMAIN LATCHED UNTIL NEXT VALIO TONE,
[>}} QUIPUTY SWITCHED TO HIGH IMFECAMNCE STATE
&) TONE #n+ 1 DLIECTED, TONE OUNATION VALID, TOME DECOOLD aNo LATCHED IN OUTPUTS (CURRENTLY HIGH
IMPEDAMCE)
3] ACCEPTASLE OROFOUT OF TONE #n 4 1 TONE ABSENT DURATION INVALID, QUTPUTY AEMAIN LATCHED.
(]

ENO OF TONE Sa s \ DETECTED, TONE ABSENT DURATION VALID, OUTPUTS AEMAINLATCHED UNTIL NEXT VALIO TONE,

EXPLARATION OF STHA3OLS

Ve OTMF COMPOSITE INPUT SIGNAL
(43 EARLY STEERING QUTPUT. INDICAMY DETECTION OF VALIO TONE FREQUENCIES.
SUGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL AC TIMING CIACUIT.
Q.-Q, 4.917 0ECOOED TONE OUTPUT

$:0 DELAYEC STEERING OQUTIPUT INDICATES THAT VALID FREQUENCIES HAVE SEEN PRESENT/ASSENT FOR THE AEQUIRED
GUARD TIME THUS CONSTITUTING A VALID $IGMAL.

TOE  TOME QUTFUTENABLE {INPUTI ALOW LEVEL SHIFTS O, O, TO TS HIGH IMPEDANCE STATE.
K T

<

Nre MAXIMUM OTMS SIGNAL DUAATION NOT DETECTED AS VALID

are MINIMUM DTMF SIGNAL OURATION REQUIRED FOR VALID RECOGNITION,

te MINIAUM TIME JETWEEN VALID OTMF SIGNALS

nn MAXIMUM ALLOWASLE DROF OUT DURING VALIO DIMF SIGNAL |

toe TIME TO DETECT THE PRESENCE OF VALIC DTMS SIGNALS

*oa TIME TODETECT THE ABSENCE OF VALID DTHAF $IGNALS

1265 GUARD IIME, TOMNE PSESENT ap )
tgede + QIIARD TIME, TONE ARSENT

Figure 3- Timing Diagram '
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MiTS3T0C/MTR3700-1 i50%-CW0S

Funclionz! Description

The MTER2CCIATAS70C- 1 moanoiithic DTMF receiver
orf'ers small size, low povvar consumption and high
perfcrmance. Its architecture consists of 3 bandspht
filter spcticn, which separates the high and low
group toney, followed by a digital counting section
which verifies the frequency and duration of the
received tones befcre oassing the corresponding
ccce to the output bus.

Filter Sacticn

Separation of the low-group and high group tones is
2chieved by applying the DTMF signal to the inputs
2f two sixth-order switched capacitor bandpass
fi’te_rs, the bandwidths of which correspond to the
low and high group frequencies. The filter section
aisd ircorporates notches at 350 and 440 Hz for
exceptionsl disi tone rejaction (see Figure &), Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
Prio: te limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
pravent detection of unwanted low-level signals.
The outputs of the comparators provide full rail
logic swings at the frequencies of the incoming
DTAAF signals.

Decoder Section

following the filter section is a decoder employing
digital counting techniques to determine the
frequancies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone

timulating by extraneous srgnals such os rcice wri'e
creviding tolerance to small fisquency ceviationg
and variations, This averaging algorithm “as beer
deveioped to ensure an cptimum como-raticn of
immunity to tatk-off and toleranc2 to the presence
of interlering frequencies {third tonesi and ncuse.
When the detector recognizes the presence of twao
valid tones (this ic referred to 8s the “signal
condition” in some industry specifications) the
“Early Stesring” (ESt) output will go to an active
state. Any subsequent loss of signal condition wili
cause ESt to assume an inactive state {see “Steering
Circuit”).

Steering Circuit

Belore registration of 2 decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recogni itipn condition). This chack i
perfoshed by an external RC time constant driven gy
ESt. Alogic high on ESt causeyx (sze Figure 5) to ris2
as the capacitor dischargéds. Provided signaf
condition is maintained.{ESt remains high) for the
validation period (tgre), v, reaches the threshold
iVig) of thasteering logic to register the tane pair,
I3&hing its corresponding 4.bit code (see Table 1)
1nfo 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
shoct'delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signatling that a received tone pair has been
registered. The contents of the output fatch are
made available on the 4.bit output bus by raising
the three state cantrol input (TOE) to 3 logic high.
The steering circuit works in reverse to validate

.‘\
° .
— PRECISE
/ W\ P ~ DIAL TONES
7
' \ A N o] X=30H:
- ] Y= 440 Hy
™
7 \ DTM? TONES
20
A=697Hz
ATTENUATION 7 f \ ] 8=710H:
g8 ) ] \ C=852H1
30 o= Sr05 v
7 i F=1136 H:
] G=1477 He
w0 A H H=1633 Nz
1 \ / \>
L2 ]
S0 .\/ \ '
P4t |
b 1‘,.,(,
X Y A s CO 3 G H
FREQUENCY {Hr) .

Figure 4. Filter Response
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4t T T -
1 78870C/MTS870C-1 1s02-cMOs
Voo o lF—ArA- MT8370C/
<, e IN+ M12270C-1
) +
—— Lo =
— oo™ -
Ven ./
IN -
SUGT fm———————t o F—AAn-
€51 '%'\;’\‘v—' C, f,
3
510 | ———— - * (13 I
tora = 2CHn (Van 1V, ) 3
M18570C/ Ga onfVey 5, 2 L
MTL870C 1 ] % %,
Voo
lger T (ACHIN [V 1 (Vg -Vog, I .
DIFFERENTIAL INPUT AMPLIFIER

figure 5. Basic Steering Circuit

tore = (R,C ) 1n fvaa / (\'°°~V-\.)I

Lea=(®,C)in (Vap ? Vig,)

Rz (A,R,)/(R,+R,)

i

b L didecreating toyy: (tgre < tara)

£st

tore = (R Cyd tr [V 7 (Vg Ve )]
tors ={RCH N (Vg I Vigy)
ﬂ,:(l‘ﬂ,) (R4 8,)

R { e b)decreasing ‘cui.(‘cr">‘cu)

Figure §- Guard Time Adjustment
Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MH; crystal and is
normally connected 25 shown in Figure 2 {Single
Epded Input Configuration), However, it is possible
to configure several MT8870C/MTB870C-1 devices

[ =(, = 10 nf
Ry=R,=R,=100%0 Alltesittorsare 21 % tolerance, .
R,260%0 R, = 37540 7« AllCopacitonare 294 folerance

Ry= _l.LlL
Ry Rg
VOLTAGE GAIN (A, diH) = %z
1

INPUT IMPEDANCE
oo <2 ()’
£l = -,
INCIF R4 \wc>

Figure 7- Differential Input Configuration
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through 8 30 pf capacitor to the oscillator
input (OSC1) bf the-next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 8
for details. The problems$ associated with
unbalanced foading dre not & concern with the
arrangement shown, ie; precision balancing
capacitors are not required.

To O%C1 of next
MTBE70C/ MTER70C-1

— i
\J/

QosCh osc2

X.tat
o}
osc2 __-E_I t_—'" osct
<

tal = 179588 My

figure 8- Oscillator Connectior.



121

~\

oaos SAT3IZT70C/ MTB870CT

APPUTATION

RECIMVER SYSTEN FOR SRITISH TELEZOM SFECPOR
1isf

The Zrcuit shown in Fig, 19 lustrates the use of
MTESTOACE device ina typical receivar system, 8T
Soec Jefines the fnpur signaic lags than -34 d3m as

the rcn-cneratz taval  This zundition 2an be
attanad by choosing 3 suitatle values of Ry and R,
to prvde 2dB attenuation, such that 34 SBminput
sigratb wili correspond 19 .37 ¢8m at the gain setting
min 25 af MTBE70C. 1. Asshown in the diagram, the
cemponent values of Ry and €y are the quard time
requirements whan the total component tclerance
is 8% . Forbatter performance, itis recommended to
use tne non-symmetric guard time circuit in Fig. 3.

tors =1,C iRl vay VagVall

tora TLRC TR Vet Vg

T-m,R,0 (3,03

SIGT 0_7__£_ ) Netes
o
Ry = 385K 2149
", R,
ESt 2, =27M0G

Cy=100nF 2 5%

Figure 9 - Non-Symmetric Guard Tima Zircuit

Voo

Cy

orme O—

Input

T .

A

R, MT8870C-1

NOTES

Ry 210280 £ 1%

5,271 5K0 214

v, 219080 £1%

C.C =100 0F 253
X,=3157954¢ MMz 20 14
Vag = SOV £5%

Figure 10 - Single-Ended Input Configuration for 8T or CEPT Spec
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‘ REQTORICLA

LN2801
ULK2802
ULKR2802
ULN2804

OCTAL HIGH-VUOLTAGE, HIGH-CURRENT
DA&RLINGTON TRANSISTOR ARRAYS

The e:ight NPN Daringion-connected transistors in tnis iamiiv of
arrays are ideally surted {2 intertacing between low togic levei
digitai circuntry (sucn as TiL, CMQOS or PMOS ‘NMOS; and tne
rignercurrent/voltage requirements of lamps, relavs, printe’
hammers or other simiar :0acs for a broad range of computer
industrial. and consumer 2pplications, All devices feature coen-
collector outouts ana free wheehing clamp arodes fo- transignt
suppression.

The ULN2801 1s a generai purpose device for use witn CMCS,
PMOS or TTL logic. The ULNZ802 contains a zener diode 3na resistor
in series with the inpu: to limit input currents and assu<e comgmﬁ-
Dility with 1410 25 volt PMCS logic. The ULN2803 1s designed o be
compatible with standard TTL {amines while the ULN2804 i3 opui-
mized for € to 15 volt hugn levet CMOS or PMOS

& -0 ¢

MAXINMUM RATINGS (T4 = 25°C anc rating eppiv to any one device in the
| package unless otherwise ncted.
‘Rning Symbol Value { Unit
Gutowt Venzos Vo 50° Eata
Inout Voltage (Exceot ULN2801 v) i 3 | v
Coltector Curcen: — Cenunuous ic ; 500 i ™A
Base Current — Conunuous ig I 25 | ma
Qperating Ambien: Tempersiure Ranje Ta ‘L Cwe-7C | °C
Storape Temoerature Range Tstn 1-5510 -1 5oi T
Jungiion Temperature Ty ' 125 ; g
RAJA = 532 W\
i Do net exceec maxumum Syurrent
} oer driver
1
. . . 3
tugher voliage seiection avaiiatie See vour local reoresentative.
i
‘
ORDERING INFORMATION
% lL CHARACTERISTICS i
! 4 INPUT : . i
| DEVICE | COMPATIBILITY [ vegtmaxizigimaxi | Ta g
P uln2edta | Genersi Purcose cMTS. Prass SIVEOO ma i D10 -70°C
U.n28024 | 14225 von PMOS i 50v B3 ma | 0wo-72C
'TTL 50V EMOS ) 82V 500 ma S -707CH
| 8-15VeMOE PMOY : 3LV 00 ma
L

OCTAL
PERIPHERAL
DRIVER ARRAYS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

A SUFFIX
PLASTIC PACKAGE
CASE 707.02

PIN CONNECTIQNS

{ v
—— S
f; . — 581

1 S
iz : 7]
= Lt
R T
i ! 25
1at 5}

"

LAl
Il

REN

1] L]

YYYYYYYYS

z,i:
—12
’..’5‘..; -
gy
— b !
— R —
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ULN2801, ULN2802, ULN2803, ULN2804

TEST FIGURES

{SEE FIGURE NUMBERS IN ELECTRICAL CHARACTERISTICS TABLES}

FIGURE 1

FIGURE 2

v
Open '"i | ] Ic
O '[ v) @
L vee T \I
Open Ve Qoen
t FIGURE 3 ° FIGURE 4

IGURE 6
FIGURE § 4 2
x Qpen ]
e
.
TR
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DuUT 1
~ FIGURE 7 o ouT -
= /“\ l e g Oper 4
= \ =
via AV v v
n [ 1
L L
- - s = = ‘ ‘ ,J\l'-'
T ORIy
4 H
1 Ve
> | )
[ {D > ‘

Open
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ULN2801, ULN2802, ULN2803, ULN2804

s
REPRESENTATIVE CIRCUIT SCHEIAATICS
+
178 ULN280Y 70V 1/8 ULN28OL
- NOw e
y— e —fp———D PG . 168 = e———Pp———OPins
O J ' ' b |4 |
L tag A o
L Sere — = . 1ie3 ) e ®
E Poaoe | ' , ] ! 2.0«
—— A AN e & —_———
. '
| e i — Cmemm- - -

1/8 ULN2804

D SESE——— e O
7 ' h "
2.7 V'J ¢——Pp————O Pin ¢ 10.8 « v Pin g

Cr———— AN .

1 [ r ) i i '\_._:) .

t 7.2% [ Y, = ! 7.2x | - - E

! i 20k ; i . | 3.0¢ '

| - : -

Lo mmmmm == -4 N X
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ULN2801, ULN2802, ULN2803, ULN2804

Ig, COULECTION CUARENT (mA)

liy. INPUT CURRENT (mA)

TYPICAL CHARACTERISTIC CURVES — Tx = 25°C
{uniess otherwise noted)

OUTPUT CHARACTERISTICS

FIGURE 8 — OUTPUT CURRENT versus
SATURATION VOLTAGE

FIGURE § — OUTPUT CURRENT versus

INPUT CURRENT

1 T T s —
P P i |
i i ; i ; - { ‘ | i i
600 - - L % 500 d ! d i
by i g A i
I N P z ! ! :
. H = [ . 1 il
l Al Types / ' ; H € + Al Types i i H
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oo T i l e I T
| ; ! ! ) 5 - ‘ i i :
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206 - ! € 10 . i i
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1 gl 4 1 i Y i | ! .
T ) ' . ' / ] T
8 | ‘& # i i f | ) 0 i ! ! ! } |
o 0 19 15 2.0 ) 260 400 630 802
VeEqsatn SATURATION VOLTAGE (VOLTS: . INPUT CURRENT (uA)
INPUT CHARACTERISTICS >
FIGURE 10 — ULN2802 INPUT CURRENT FIGURE 11— ULN2803 INPUT CURRENT
versus INPUT VOLTAGE versus INPUT VOLTAGE
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T v 1 i |
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FIGURE 10 — Ty = 70°C w/STAVER V.7
HEAT SINK {27.8 °C/W)
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FIGURE 12 ~ TA = 50°C w/STAVER V-8
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ELE_CTRICAL CHARACTERISTICS (T4 = 25C unless otherwise nolec.

Characteristc

| Fig. ! Symbot i Min 1 Typ . Me» Unit
Output Leakage Current | 1 ! lezx ? l us
(VO =50V, T4 = +70°C) All Types ! - - 100
(*Vo = 50 V. Ty = »25°C) All Types - — 50 |
VO =50V, Ta=+70°C, V1260V ULN2802 oo - 500 !}
"V =50V.Ta=+70°C.V 10V} ULN2804 | - - 500 |
Coitector-Emitter Saturatior Voltage 2 VeEsar ! v
(ic = 350 mA, Ig = 500 uA! Al Types - 1 1€ |
{Ic = 200 mA. I1g = 350 yAl All Types - 0.95 13
(1= 100 mA, Ig = 250 wA All Types — 1 ooss | 1y |
i tnout Current — On Condmion ¢ hon ! boma
Viz17 V) ULN2802 e 0.82 1.25
Vy=3.85V) ULN2803 - 0.93 1.33
V=50V] ULN2804 - 03 | 05
V=12V ULN2804 = 10 1.45
Input Voitege — On Condition s Vitom) . ]' v
(Vg = 2.0V, Ic = 300 mA) ULN2802 - - 13
{VCE = 2.0 V.1 = 200 mA) ULN2803 L = 24
(Vee = 20V, Ic = 250 mA) ULN2803 - 3 2.7
(VCE = 2.0V, Ic = 300 mA) ULN2803 - - 3.0
IVEE = 2.0V, I¢ = 125 mA) ULN2804 - - 5.0
(VCE = 2.0V, I¢ = 200 mA) ULN2804 A - 6.0
(Veg = 2.0V, I = 275 mA) ULN2804 - = 7.0
(VCE = 2.0V, Ic = 350 ma) ULN2802 - - 8.0
fnput Current — OHf Condition All Types 3 litoth) 50 } 100 - wA
{Ic = 500 uA, T = -70°C) !
OC Current Gain ULN280} 2 nEE 1000 | —_ - -
Veg = 2.0V, i = 350 mAl |
tnput Cacacitance & - f 18 I 2z , oF
Turn-On Detay Time fon e I 0.28 1.0 | us
{50% E; 10 50% Eg) ; l
Turn-Off Detsy Time 3 to# - ; 0.25 i 1 C i s
{50% Ej ¢ 50% Eq) i 1 1 i
Clamp Diode Leaxage Currens Ta==25°C é ] - - I 5C i owA
(VR =50V} Tg = -70°C H i 100 !
Clamp Dioce Forwarg Voltage 7 vz | = i 15 2.C l v
g = 350 may 1 | i i

*“hgner voltage serections avausoie CONECT your t0CS! representative
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MOTOROLA
= SEMICONDUCTOR
TECHNICAL DATA

4N35

6-Pin DIP Optoisolators 4N36
Transistor Output 4N37

These devices consist of 2 gallium arsenide infrared emitting diode optically coupled
10 a monolithic silicon phototransistor detector.

6-PIN OIP
Convenient Plastic Dual-In-Line Package OPTOISOLATORS
High Current Transfer Ratio — 100% Minimum at Spec Conditions TRANSISTOR
Guaranteed Switching Speeds QUTPUT

High Input-Output Isolation Guaranteed — 7500 Volits Peak

UL Recognized. File Number 54915 QY

VOE approved per standard 0883/6.80 (Certificate number 41853}, with additional
approval to DIN 1EC380/VDE0N806, IEC435/VDENSAS, IECS5/VDEDSE0, VDEQ110Db,
covering all other standards with equali or less stringent requirements, including <

IEC204/VDED113, VDED160, VDEDB32, VDEOB33, etc.  /4Va\ @

® Meets or Exceeds All JEDEC Registered Specifications = 883

& Special lead form available {add suffix “T"* to part number) which satisfies VDEQ883/

6.30 requirement for 8 mm minimum creepage distance between input and output

* 9 0 o 9.0

solder pads.
e Various lead form options available. Consult “Optoisolator Lead Form Options™ data
sheet for details. CASE 730A-02
PLASTIC
MAXIMUM RATINGS (T4 = 25°C unless otherwise noted}
N 1

) Rating Symbal | Vaiue | Unk | SCHEMATIC
INPUT LED
i Reverse Voltage VR 6 ! Voits

Forward Current — Continuous 13 &0 | mA

LED Power Dissipation @ Ta = 25°C Po y 120 mw H 5
% with Negligible Power in Quiput Detector _l
; Derate above 25'C 1.41 mwrC - I~
OUTPUT TRANSISTOR L=t
! Collector-Emirter Voltage VeEo 30 Volts [pa— Y}

A jo—

! Emitter-Base Voltage Vego 7 Volts
{ Collector-Base Voltage Veso 70 Voits
: Collector Current — Continuous Ic 150 mA
¢ D Power Dissipation @ T = 25°C Po 150 mw
| with Negligible Power in Input LED
| Derate above 25°C 1.76 mwrC
= 1, LED ANQOE
‘IOTAL DEVICE 2 LED CATHODE

isolation Source Voitage (1) Viso 7500 Vae INC
I , (Peak ac Voltage, 60 Hz, 1 sec Duration) 4 EMITTER
z Totat Device Power Dissipation @ Ta = 25'C Pp 250 mw :SISLEECTO“
i Derate above 25°C 294 mwrC
! Ambient Operating Temperature Range TA -55t0 +100 c
2 Storage Temperature Range Tsig -55t0 +150 C
. Soldering Temperature (10 seconds, 1/16” from case) — 260 °c

{1) \solation surge voltage is an internat device dieleciric breakdown rating.
For this 1est, Pins 1 and 2 are common. and Pins 4, S and § are common.
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ELECTRICAL CHARACTERISTICS (:l'A = 25°C unless otherwise noted)

l Characteristic l Symbol l Min J Typ l Max I Unit
INPUT LED
Forward Voitage (if = 10 mA) . Ta = 25°C VE 0.8 1.15 1.5 v
Ta = -55C 0.9 13 7
. Ta = 100°C 0.7 1.06 1.4
Reverse Leakage Current (VR = § V) -] —_ —_ 10 HA
Capacitance (V = 0 V,{ = 1 MHz) Cy -— 18 —_— 13
QUTPUT TRANSISTOR
| Coliector-Emitter Cark Current (VCg = 10V, T = 25°C) ICEO - 1 50 nA
(Vg = 30V, Ta = 100°C} - b 500 wA
Collector-Base Qark Current {Vgg = 10 V) Ta = 25°C Icso - 0.2 20 nA
Ta = 100°C - 100 -
» Collector-cminter Breakdown Voitage {I¢ = 1 mA) V(BRICEQ 30 45 - v
jr Collector-Base Breakdown Voltage (I = 100 pA) V(BRICBO 70 100 - v
| Eminer-Base Breakdown Voltage {iz = 100 uAl V(BRIEBO 7 7.8 — v
i. OC Current Gain lIc = 2mA, Veg = 5V) heg | - 400 - -
i Collector-Eminter Capacitance (f = 1 MHz, Vcg = O) Cce | - 7 —_ pF
rCoNecxor-Base Capacitance (I = 1 MHz, Vcg = 0) Ces i — 19 - pF
i Eminter-Base Capacitance (f = 1 MHz, Veg = Q) Cep [ - ] - pF
COUPLED
Quzput Collector Current Ta = 25°C ic i0 30 - mA
(il = 10mA, Vcg = 10V) TA = ~55°C 4 - -
Ta = 100C 4 — -
Coitector-Eminter Saturation Voltage (Ic = 0.5 mA, (g = 10 mA) Vegisay || — 0.14 0.3 v
Turn-On Time ton | " d 7.5 10 ey
Turn-Off Time llc = 2mA, VCF =10V, totf —_ 5.7 10
lais& Time Ry = 100 02, Figure 11) te —_— 3.2 -
Falt Time tf — a7 —
Isolation Voitage (f = 60 Hz, t = 1 sec) i viso 7500 - - Vacipk)
Isolation Current (Vi.g = 3550 Vpk) 4N35 Yso —_ — 100 BA
(V1.9 = 2500 Vpk) ¢N38 - - 100
(Vi.0 = 1500 Vpk} 4N37 — 8 100
Isolation Resistance (V = 500 V) RiS0 1011 -_ —_ n
Isolation Capacitance (V = 0 V. { = 1 MHz) i Ciso _ 0.2 2 of
TYPICAL CHARACTERISTICS
TT T 4 g 0 o |
SRERRIRE ] A1 g
K === PULSE ONLY i A AE 2 o NORMALZED T ——— ==
Z1s— PULSE OR OC iV g e lOmA it 1Tl T
] 11 /|y I g PRI T N N L T T
= 74 = T TR ] { K !
3 ! AV s ! g
216 v T T g :
<] ! d AL S T fr T T4 ? {;[;Li
i Ay v ) g [ IR I S Ll
2., Ll LAY = : o o
z T ; ﬂls‘é / l,'ﬂ Ll’ :i -:,-' 3] : . i e JLaum'—zé&
= =1, = =t e a e
& Lo Al TR.: — :
> H T I 2 ¥ IR SR B <
= ! ZS'C—H\’/“/(‘ 1 il g ™ — T
Y — ™ L p. ARl TR T L] T
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!5, LED FORWARD CURRENT ImA)

Figure 1. LED Forward Voitage versus Forward Current

if. LED INPUT CURRENT {ma)

Figure 2. Output Current versus Input Current




tan. TURN ON TIME 1pes)

Ic£0. COLLECTOREMITIEN DARK CURRENT
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130

4N35, 4N38, 4N37

1=
x T = 10mA—
E*o —— 1
2
= P
=
£ 1 -
: § mA e
en —
2 4 e
=1 ~
g 34
S s I |
~ 4 ﬂ l 1 2rnlA_
<= | mA—]
0 : . e
¢ 1+ 12 3 4 5 & 1 T

Veg, COUECTOR-EMITTER VOLTAGE (VOLTS)

Figure 3. Collector Current versus
Collector-Emitter Voltage
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Figure 5. Dark Current versus Ambient Temperature
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Figure 7. Turn-On Switching Times

w3

ic, OUTPUT COLLECTOR CURRENT {(HORMALIZEDI

” 1 1
; NORMALIZED TO T4, = 25C —
T L
[ i i
1 1 ||
! 1
"% -@ -® 0 0 4 6 & 10
Ty, AMBIENT TEMPERATURE {C)

Figure 4. Output Current versus Ambient Temperature

100 ; —
= Tt = T *
L] - - =, Ve = 10V
[ 1 1
i
] r
ps i
S 1 RL = 1000} . —iaa | Y
S — e :
- s T +
£ A - 1ol ———T T
1 STt n Ml
RN
4 i "N N\
LT
1 [ i A
6y 02 as 1 2 H 10 2 0 100
If. LED INPUT CURRENT imA)
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Figure 8. Turn-Off Switching Times



Ic. TYPICAL COLLECTOR CURAENT (mA)
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Figure 9. DC Current Gain {Detector Only)

V, VOLTAGE (VOLTS]

Figure 10. Capacitances versus Volage

TEST CIRCUIT

Veo = 10V __J t—‘

E) AL = 1000
=
INPUT ]-' s QUTPUT
INPUT CURRENT ADJUSTED =

TO ACHIEVE I = 2mA.

WAVEFORMS

INPUT PULSE

Figure 11. Switching Times -
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