di (Y] daa
1509 INIANTIAdN0a

Digital Telephone Handset

g

o @ o
HIY RIIN YIYN

Y Qo '
I YUNUVU DI1UIIAU

o 4
U, ANTNI GRRLATRIEAR

3,60, 72044
Sy e o 2

wanzduv.. 0139140 &
wudunuiiedel A0M9.0. 189

~

sd

Y ~ o) ] P = ) ~ o a ~
PygiiwusilidudiunilsveanmsinmmunangasImnssumanstiuma
Py ad a
IBRnnseting
Y] =t Y v as
an1umn Iulagwszssundudgunuisaiansey

| Unsfinui 2540

039140



o e

B Lt ]

A

- e B T el TUOE e TRV W T MO T R ek oo T

o AN Ty ST TR e G WeTT rmcTeomen e prw—

il (e v ww P

d'( [Y) daa
N30 NIANNAINeA

Digital Telephone Handset

snviilae
W 9195 iy 37014042
Wi gaundy w3t 37014007

ud. ANING gUIUINUT 37014314

210138715 AM

HAL QA UNINK

Usgyapniiwudatiufifudumievesin 0104401
YoM IANYINIUNANgAsIRINTsUMans aviBidnnseiind
auzdmnisumeni
aodumalulatwszsemndudigunmisaanssii

Usgdmaisoud 2 Unrsfinyl 2540



T

r— e s ——

e MYy

i WM oBE wnE 3 STEWR M N ST e T W e s

. e—— e —

A eRTTE ey v e s

4' o daa
InF0AINIANNAIALA

Digital Telephone Handset

darhlagy |
Wi s vigh 37014042
W ganss eianl 37014097

ua, SMINT qUICHIUUY 37014314

810138MUI

HAL IR UNIANN

¥ v
Tasenuiildsunisasieaoundmdoufisgiinisaspaoyld

.——/?/ ¢ et
P/, 210158 nYS e

2 (WAL A QUNIANN)

Sun 24,4 /‘7‘/



o ——— =

g #e g

N N L

iy T < T e———

T e v T VT T

-

-

A v daa
msaﬂmﬂwmwea

4
W 959 Vi
Wb sy 8wrdiand
ua. FNIWT UICUIMUR
Ja 12
219158751
MR IR JUNINK

-t P - 2
NANITIToUN 2 UMsANHT 2540

.74 1
UNAAYD
o as J& Pou] 6 o 1 P 0 o =] ° ~ o~
ﬂfaquuTmﬁwmmumufrWﬂnJaUNmniu‘vwﬂsmnu 1Aty tueuna lulatnia
- d Y 4 [} a 4 ° 9 4 a -
BusiEanseiindutioianszuunsdems  didszuumsfieasinimazainuasi
J5LANTNIINVUINTY
¥ A a - a o é
IlassruiifuaiosInsdniasaeadmsunsidamtu  Flianumusaly
o <A o o dq ¢y a ' a [ 4 1Y
asTunanuay Inssmyia Insesn syozinanld Aamusms Insdmn uauaadrauu
N 1 4 o
7-Segment  HATANWEDANIATBIANN uensmiudaannsatiunndoyaunsiniadinn
4' I'4 [ o Y o s wag 3k e & ° L' v o
Foynnaunziues Insdwd  udariinis Inseondaludf@lilniufl dsnsihaunonme 1é1in
- d -~ d o ~ v o -~ o
1995018 nnseilindunlFlunisasiasadygunia Iniamm Taol?luTnsnouInsamesiiu

ATAIVANNITTIINU



P S,

o

o oy r—————

-

——— o — A e

2 e T e

- W o e =

vt

Digital Telephone Handset
Mr. Jaturong Kwankhum
Mr. Chunhachai Achavivat
Miss Pattharaporn Sukayananont
Advisor

Assit.Prof. Suchat Khuntawecthep

Abstract

Telephones is wide used in everyday lifc, and has developed by Electronics [icld
for more efficiency in communication.

This project is a digital telephone, which can store tclephonce number, time in usc ,
calculate fee charge then display on 7-Segment, and printer. Moreover it can store and

search data (name and phone number) to call to.

It uses clectronic circuit to detect signal and controlled by Microcontroller.
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Mode
Timer0 Low-byte 8AH No
: Timerl Low-byte 8BH No

Timer0 High-byte 8CH No

Timerl High-byte 8DH No
| Timer2 Control C8H Yes

Timer2 Low-byte | CAH No

Capture

Timer2 High-byte | CBH No

Capture

Timer2 Low-byte CCH No

Timer2 High-byte CDH No
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#239e1m03 TMOD 13 maesAIUAN Timer uyeeonify 2 nqu nquaz 4 Ua lau 4 Tavuvziiiu
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ENDVEC
CLEAR
SCAND
SONG
DISBUF
SECRTC
MIN
HOUR
DAY
DATE
MONTH
YEAR
CONTL
HTOS
DTOH
HEXBUF
SCAN
UBEEP
INH
TABLE
SREC
SCANBF
SRECP
SRECPN
DPADD
NUMREC
BUFFO
BUFF1
BUFF2
TABCNT

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

Tolsunsumisrita

8000H
0036H
003CH
0096H
00A8H
0025H
9FF9H
S9FFAH
9FFBH
9FFCH
9FFDH
SFFEH
9FFFH
9FF8H
OOE4H
O0F3H
002DH
0093H
00ASH
009CH
0048H
2000H
18H

2006H
200CH
0054H
1AH

1BH

1CH

1DH

1EH

JERERREEE KRR KRR KRR KRR KKk ¥k

IECADD

EQU 0066H

PORTA EQU
PORTB EQU
PORTC EQU
CTRL EQU
DTSEC EQU

OFCOOH
OFCO1H
OFCO2H
OFCO3H
0042H

MOV A,#10001001B

MOV DPTR,#CTRL

MOVX @DPTR,A

MOV SP,#0FH

MOV IEOADD,#HIGH TELE
MOV [EOADD+1,#LOW TELE

TRERKEKERRXESTARTH XXX R KK %

START:

READ1:.

LCALL
MOV
MOV
MOV
MOV
MOV
MOV

LCALL
CJIJNE
LIMP

SETB ITO

CLEAR

DISBUF, #76H
DISBUF+1,#79H
DISBUF+2,#38H
DISBUF+3,#38H
DISBUF+4,#3FH
DISBUF+5,#80H

SCAN
A,#0OFH,READ1
MENU

;8255 PORT A,B O/P AND PORT C /P

; FALLING EDGE INT
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.

SETB EXO
SETB EA

"READX: LCALL CLEAR
MOV DPTR, #CONTL
MOV A,#01000000
MOVX @DPTR,A
MOV DPTR, #HOUR
MOVX A,@DPTR
MOV R1,A
LCALL BTOD
MOV HEXBUF, A
MOV DPTR, #MIN
MOVX A,@DPTR
MOV R1,A
LCALL BTOD
MOV HEXBUF+1,A
MOV DPTR, #SECRTC
MOVX A,@DPTR
MOV R1,A
LCALL BTOD
MOV . HEXBUF+2,A
LCALL HTOS
MOV DPTR, #CONTL
MOV A,#00000000B
MOVX @DPTR,A
MOV R2,#20
LCALL SCAND
LIJMP READX

INTR: CLR ITO
CLR EXO
CLR EA

CEERRKEERRRRMENUS S kX kX% %

LCALL
MOV
MOV
MOV
MOV
MOV
LCALL
LCALL
MOV
MOV
MOV
MOV
LCALL
CJIJNE
LJIMP
LCALL
MOV
MOV
MOV
MOV
MOV
LCALL
CJNE
LIMP
LCALL
MOV
MOV

MENU:

MEN1:

MEN2:

MEN3:

CLEAR

DISBUF+1,#37H
DISBUF+2,#79H
DISBUF+3,#74H

; INT 0 ENABLE
yALL INT ENABLE

D1SBUF+4,#0BEH

R2,#50H

SCAND

CLEAR

DISBUF, #0BOH
DISBUF+2,#77H
DISBUF+3,#5EH
DISBUF+4,#5EH
SCAN
A,#01H,MEN2
MADD

CLEAR
DISBUF,#0DBH
DISBUF+2,#71H
DISBUF+3,#30H
DISBUF+4,#74H
DISBUF+S5,#5EH
SCAN
A,#02H,MEN3
MFIND

CLEAR

DISBUF, #0CFH
DISBUF+2,#6DH
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LT 2 wmom e
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MENY4 :

MENS:

BACK:

TRRRKKERRKXXXXMENU

MADD:

GETN:

GET1:

DATAN:

" DATAN1 :

MOV
MOV
MOV
LCALL
CJNE
LJMP
LCALL
MOV
MOV
MOV
MOV
MOV
MOV
LCALL
CJINE
LIMP
LCALL
MOV
MOV
MOV
MOV
LCALL
CJINE
LIMP

LIMP

LCALL
MOV
MOV
MOV
MOV
LCALL
CJINE
LCALL

LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV

LCALL’

LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
CJNE
JMP
LCALL
MOV
MOV
MOV
MOVX
INC

DISBUF+3,#79H
DISBUF+4,#78H
DISBUF+5,#78H
SCAN
A,#03H,MEN4
MSET

CLEAR
DISBUF,#0E6H

DISBUF+1,#73H
DISBUF+2,#70H
DISBUF+3, #30H
DISBUF+4,#74H
DISBUF+5,#78H
SCAN
A,#04H,MENS

MPRINT

CLEAR
DISBUF,#0EDH
DISBUF+2,#79H
DISBUF+3, #6DH
DISBUF+4,#39H
SCAN

A,#05H, BACK
READ1

MEN1

ADD* ¥ #x k¥ x % %

CLEAR

.DISBUF+1,#74H
DISBUF+2,#77H
DISBUF+3,#37H
DISBUF+4,#79H
SCAN
A,#12H,MADD
CLEAR

GETKEY
DISBUF,A
SCAN
GETKEY
DISBUF+1,A
SCAN
GETKEY
DISBUF+2,A
SCAN
GETKEY
DISBUF+3,A
SCAN
GETKEY
DISBUF+4,A
SCAN
GETKEY
DISBUF+5,A
SCAN
A, #12H,GETN
DATAN
GETADD
R2,#6
RO, #DISBUF
A,@RO
@DPTR, A
DPTR

yRECORD IN SEGMENT CODE



e, s G

E =g

B

ADPH:

GETP:
GET2:

DATAP:

DATAP1:

GETP2:
GET22:

INC

DINZ
PUSH
PUSH

LCALL
MOV
MOV
MOV
MOV
MOV
LCALL
CINE

LCALL
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
MOV
LCALL

POP
POP
MOV

MOV
MOV
MOVX
INC
INC
DJINZ
PUSH
PUSH

LCALL
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV
LCALL
LCALL
MOV

MOV
MOV
I1CALIL

RO
R2,DATAN1
DPH

DPL

CLEAR
DISBUF+1,#73H
DISBUF+2,#76H
DISBUF+3,#3FH
DISBUF+4,#74H
DISBUF+5,#79H
SCAN
A,#12H,ADPH

CLEAR

SCAN
GETKEYT
DISBUF,A
SCAN
GETKEYT
DISBUF+1,A
SCAN
GETKEYT
DISBUF+2,A
SCAN
GETKEYT
DISBUF+3,A
SCAN
GETKEYT
DISBUF+4 A
SCAN

GETKEYT

DISBUF+5,A
R2,#20
SCAND

DPL
DPH
R2,#6

RO, #DISBUF
A,@RO
@DPTR, A
DPTR

RO
R2,DATAP1
DPH

DPL

CLEAR

SCAN
GETKEYT
DISBUF,A
SCAN
GETKEYT
DISBUF+1,A
SCAN
GETKEYT
DISBUF+2,A
SCAN
GETKEYT
DISBUF+3,A

DISBUF+4,#39H
DISBUF+5,#0FH
SCAN

; RECORD PHONE IN SEGMENT CODE



THeE

CINE
POP
POP
MOV
MOV
MOV
MOVX
' INC
INC
) DINZ
INC

DATAP2:

4
i

DATAP12:

LJIMP

MOV
MOV
MOV
LCALL
RET

ETADD:

S S —

— W W

“xkkkkkERXREMENU

MOV
MOV
MOV
MOV
MOV
MOV
LCALL
LCALL
MOV
MOV
MOV
MOV
LCALL
i CIJNE
FINDN: LCALL

FIND:

g

e AT W e

‘GETF:

———

LCALL
MOV
MOV
MOVX
LCALL

e

b LCALL

MOV

MOV

! MOVX
LCALL

xw

LCALL
MOV
MOV
MOVX

: MOV
i LCALL
X CJINE
i IJMP

MOV
MOVX
! MOV
' MOV

I FINDNAME:

¢

« CKYES:

A,#12H,GETP2
DPL

DPH

R2,#4

RO, #DISBUF
A,@RO
@DPTR, A
DPTR

RO
R2,DATAP12
NUMREC

:RECORD

MENU

A, NUMREC
DPTR, #SREC
R2,#16
TABLE

FIND THE RECORD ******* XX

DISBUF,#79H
DISBUF+1,#74H
DISBUF+2,#78H
DISBUF+3,#79H
DISBUF+4,#70H
R2,#100
SCAND
CLEAR
DISBUF+1,#74H
DISBUF+2,#77H
DISBUF+3,#37H
DISBUF+4,#79H
SCAN
A,#12H,MFIND
CLEAR

GETKEY
DISBUF, A
DPTR, #HEXBUF
@DPTR, A

SCAN

GETKEY
DISBUF+1,A
DPTR, #HEXBUF +1
@DPTR,A

SCAN

GETKEY
DISBUF+2,A
DPTR, #HEXBUF+2
@DPTR, A

DISBUF+5,#08H
SCAN
A,#12H,FINDN
FINDNAME

DPTR, #SREC
A,@DPTR
R1,A
TLO,R1

PHONE NEXT IN SEGMENT CODE
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P e

NEXTF:

NEXTF1:

NODATA :

MOV
MOVX
MOV
XRL
LCALL
INZ
MOV
MOVX
MOV
MOV
MOVX
XRL
INZ
MOV
MOVX
MOV
MOV
MOVX
XRL
INZ
LIMP
MOV
MOVX
MOV
XRL
INZ
MOV
MOVX
MOV
XRL
INZ
MOV
MOVX
MOV
XRL
INZ
LIMP
MOV
MOVX
MOV
XRL
INZ
MOV
MOVX
MOV
XRL
INZ
MOV
MOVX
MOV
XRL
INZ
LIMP

LCALL
MOV
MoV
MOV
MOV
MOV
MOV
LCALL
LIMP

DPTR, #HEXBUF
A,@DPTR
TL1,A
A,R1
ENDVEC
NEXTF
DPTR, #2001H
A,@DPTR
R1,A
DPTR, #HEXBUF+1
A,@DPTR
A,R1
NEXTF
DPTR, #2002H
A,@DPTR
R1,A
DPTR, #HEXBUF+2
A,@DPTR
A,R1
NEXTF

YESS

DPTR, #2010H
A,@DPTR
RO,HEXBUF
A,HEXBUF
NEXTF1
DPTR, #2011H
A,@DPTR
RO,HEXBUF+1
A,HEXBUF+1
NEXTF1
DPTR, #2012H
A,@DPTR

RO, HEXBUF+2
A,HEXBUF+2
NEXTF1

YESS

DPTR, #2020H
A,@DPTR

RO, HEXBUF
A,HEXBUF
NODATA
DPTR, #2021H
A,@DPTR
RO,HEXBUF+1
A,HEXBUF+1
NODATA
DPTR, #2022H
A,@DPTR

RO, HEXBUF+2
A,HEXBUF+3
NODATA

YESS

CLEAR

DISBUF, #74H
DISBUF+1,#3FH
DISBUF+2,#00H
DISBUF+3,#5EH
DISBUF+4,#77H
DISBUF+5,#78H
SCAND

MENU
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e

YESS:

¥Rk Exkxkxx*xMENU SET TIME AND DATE*x**xx%xx%

MSET:

SETH:

INC
INC
INC
INC
MOVX
MOV
INC
MOVX
MOV
INC
MOVX
MOV
INC
MOVX
Mov
INC
MOVX
MOV
INC
MOVX
Mov
MOV
LCALL
LCALL
INC
MOVX
MOV
INC
MOVX
MOV
INC
MOVX
MOV
LCALL
LIMP

CLR
LCALL

MOV
LCALL
MOV

MOV
MOV
MOVX
MOV
MOV
MOVX

DPTR
DPTR
DPTR
DPTR
A,@DPTR,
DISBUF,A
DPTR
A,@DPTR

DISBUF+1,A

DPTR
A,@DPTR

DISBUF+2,A

DPTR
A,@DPTR

DISBUF+3,A

DPTR
A,@DPTR

DISBUF+4,A

DPTR
A,@DPTR

DISBUF+5,A

R2,50
SCAND
CLEAR
DPTR
A,@DPTR
DISBUF, A
DPTR
A,@DPTR

DISBUF+1,A

DPTR
A,@DPTR

DISBUF+2,A

SCAN
MENU

SCANBF
CLEAR

R2,#76H
INH
HEXBUF,A

DPTR, #CONTL
A,#10000000B

@DPTR, A

DPTR, #9FFBH

A, HEXBUF
@DPTR, A
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SETM:

SETDAT:

SETMOUNT :

SETYEA:

SHOWDATE:

MoV
LCALL

MOV

MOV
MoV
MOVX
MOV
LCALL
MOV
MOV
MOV
MOV
MOVX

MOV
LCALL
MOV
MOV
MOV
MOV
MOVX

MOV
LCALL
MOV
MOV
MOV
MOV
MOVX

MOV
MOV
MOVX
LCALL
LIMP

LCALL
MOV
MOV
MOVX
MoV
MOVX
MOV
LCALL
MOV

MOV
MOVX
MOV
LCALL
MOV

MOV
MOVX
MOV
LCALL
MOV
LCALL
MOV
MOV
MOVX
MOV

R2,#37H
INH

HEXBUF+2,A

DPTR, #9FFAH
A,HEXBUF+2
@DPTR, A
R2,#5EH

INH

R1,A
HEXBUF+3,A
DPTR, #9FFDH
A,HEXBUF+3
@DPTR, A

R2,#0B7H
INH

R1,A
HEXBUF+4 ,A
DPTR,#9FFEH
A,HEXBUF+4
@DPTR,A

R2,#6EH

INH

R1,A
HEXBUF+5,A
DPTR, #9FFFH
A ,HEXBUF+5
@DPTR, A

DPTR, #CONTL
A,#00000000B
@DPTR, A
SHOWDATE
READ1

CLEAR

DPTR, #CONTL
A,#01000000
@DPTR, A
DPTR, #DATE
A,@DPTR
R1,A

BTOD
HEXBUF, A

DPTR, #MONTH
A,@DPTR
R1,A

BTOD
HEXBUF+1,A

DPTR, #YEAR
A,@DPTR
R1,A

BTOD
HEXBUF+2,A
HTOS
DPTR,#CONTL
A,#00000000B
@DPTR, A
R2,#200H
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MPRINT:

BTOD:

CHK1:
CHK2:
CHK3:
CHK4 :
CHKS5 :
CHK6:
CHK7:
CHKS8:
CHKO9:

ENDCK:

BTDO:

BTD1:

BTD2:

BTD3:

BTD4:

BTDS:

BTD6:

LCALL SCAND
RET

LCALL ENDVEC

MOV  RO,11110000B
ANL A,RO
MOV RO,A
CIJNE RO, #00H, CHK1
LIJMP BTDO

CIJNE RO, #00010000B,CHK?2

LIJMP BTDI1

CJIJNE RO, #00100000B, CHK3

LIJMP BTD2

CINE RO,#00110000B, CHK4

LIJMP BTD3

CJIJNE RO,#01000000B,CHKS

LIJMP BTD4

CJNE RO, #01010000B, CHK6

LIJMP BTDS5

CIJNE RO,#01100000B, CHK7

LIJMP BTD6

CJIJNE RO,#01110000B, CHKS8

LIMP BTD7

CJIJNE RO,#10000000B, CHK9

LIJMP BTDS8

CJIJNE RO,#10010000B, ERR

LJMP BTD9
RET

MOV A RI
ADD A, #00H
LIJMP ENDCK

MOV A, R1

SUBB A,#00000110B
LJMP ENDCK

MOV A, R1

SUBB A,#00001100B
LIJMP ENDCK

MOV A, R1

SUBB A,#000100108B
LIJMP ENDCK

MOV A ,R1

SUBB A,#00011000B
LJMP ENDCK

MOV  A,R1

SUBB A,#00011110B
LIMP ENDCK

MOV A ,RI1

SUBB A,#00100100B
LIJMP ENDCK
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BTD7: MOV A,RI1
SUBB A,#00101010B
LIJMP ENDCK

‘BTD8 ;. MOV A,R1
SUBB A,#00110000B
LIJMP ENDCK

BTD9: MOV  A,R1
SUBB A,#00110110B
LIJMP ENDCK

ERR: LCALL UBEEP
LIJMP ENDVEC

GETKEY: SETB SCANBF
LCALL SCAN

CKA: CJINE A,#1BH,CKB
LIMP DISA

CKB: CJINE A, #OCH, CKC
LJMP D1SB

CKC: CJNE A, #0DH, CKD
LJIMP DISC

CKD: CINE A,#O0OEH,CKE
LJIMP D1SD

CKE: CJNE A,#0FH, CKF
LIMP DISE

CKF: CJINE A,#18H,CKG
LIMP DISF

CKG: CJINE A,#19H, CKH
LIMP DISG

CKH: CJINE A,#08H,CKI
LIMP DISH

CKI: CINE A,#09H,CKJ
LIMP DISI

CKJ: CINE A,#0AH, CKK
LIMP DISJ

CKK: CJINE A,#0BH,CKL
LJIMP DISK

CKL: CINE A,#16H,CKM
LJIMP DISL

CKM: CINE A,#17H,CKN
LJIMP DISM

CKN: CJINE A,#04H,CKO
LIMP DISN

CKO: CINE A,#05H,CKP
LIMP DISO

CKP: CJINE A,#06H,CKQ
LJIMP DISP

CKQ: - CINE A,#07H, CKR
LIMP DISQ

CKR: CINE A,#14H,CKS
LJIMP DISR

CKS: CINE A,#15H,CKT
LIMP DISS

CKT: CJINE A,#00H,CKU
LJMP DIST

CKU: CINE A,#01H,CKV
LJMP DISU

CKV:. CINE A,#02H,CKY
LIMP DISV

CKY: CJNE A,#03H,CKSP
LIMP DISY

CKSP: CJIJNE A,#10H, ENDCCC
LJMP DISSP

ENDCCC: RET

. DISA: MOV A,#77H
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DISB:
DISC:
DISD:
DISE:
DISF:
DISG:
DISH:
DISI:
DISJ:
DISK:
DISL:
DISM:
DISN:
DISO:
DISP:
DISQ:
DISR:
DISS:
DIST:
DISU:
DISV:
DISY:

DISSP:

GETKEYT:
CKO:
CK1:
CK2:
CK3:
CK4:
CKS:
CK6:

CK7:

LJIMP
MOV
LJIMP
MOV
LIMP
MOV
LIMP
MOV
LJMP
MOV
LJMP
MOV
LIMP
MOV
LIMP
MOV
LJIMP
MOV
LIMP
MOV
LJIMP
MOV
LJMP
MOV
LIMP
MOV
LIMP
MOV
LJIMP
MOV
LJMP
MOV
LJMP
MOV
LIMP
MOV
LJMP
MOV
LIMP
MOV
LIMP
MOV
LJMP
MOV
LJMP
MOV
LIMP

SETB
LCALL
CINE
LIMP
CJNE
LIMP
CJNE
LIMP
CJNE
LJIMP
CJINE
LIJMP
CINE
LJIMP
CJINE
LIMP
CINE
LIMP

ENDCCC
A,#7FH
ENDCCC
A,#39H
ENDCCC
A, #5EH
ENDCCC
A,#79H
ENDCCC
A,#71H
ENDCCC
A, #7DH
ENDCCC
A,#76H
ENDCCC
A,#30H
ENDCCC
A, #O0EH
ENDCCC
A,#36H
ENDCCC
A,#38H
ENDCCC
A,#3TH
ENDCCC
A,#74H
ENDCCC
A, #3FH
ENDCCC
A,#73H
ENDCCC
A,#6FH
ENDCCC
A,#70H
ENDCCC
A, #6DH
ENDCCC
A,#78H
ENDCCC
A,#0BEH
ENDCCC
A, #3EH
ENDCCC
A,#6EH
ENDCCC
A, #00H
ENDCCC

SCANBF
SCAN
A,#00H,CK1
DISO
A,#01H,CK2
DIS1
A,#02H,CK3
D1S2
A,#03H,CK4
DIS3
A,#04H,CKS5
DIS4
A,#05H,CK6
DIS5
A,#06H,CK7
DIS6
A,#07H,CK8
DIS7
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‘CK8:

CK9:
CKSP1:
ENDD:
DISO:
DIS1:
DISs2:
DIS3:
DIs4:
DISS5:
DIS6:
DIS7:
DISS8:
DIS9:

DISSP1:

SSONG:

TELE:

CLR1:

CLR2:

DIGIN:

DIGINY:

CJNE A,#08H,CK9
LIMP DIS8

CINE A,#09H,CKSP1
LJMP DIS9 '
CJINE A,#10H,ENDD
LIMP DISSP1

RET

MOV A, #O0OBFH
LIMP ENDD
MOV A,#O0BOH
LIMP ENDD
MOV A,#0ODBH
LIMP ENDD
MOV A,#OCFH
LIMP ENDD
MOV A, #0E6H
LIMP ENDD
MOV A, #0EDH
LIMP ENDD

MOV A,#OFDH
LJIMP ENDD
MOV A,#87H
LJIMP ENDD
MOV A,#0FFH
LIMP ENDD
MOV A, #OEFH
LJIMP ENDD
MOV A,#00H

LIJMP ENDD

DB 25H,02H,0CH,02H,0EH,02H
DB 11H,04H,11H,04H,11H,04H
DB 15H,02H, 18H,02H
DB 1AH,04H,18H,04H, 15H, 04H
DB 11H,02H, 15H,02H
DB 13H,04H,11H,04H,0EH, 04H
DB OCH,02H,0EH,02H
DB 11H,04H,11H,04H,11H, 04H
DB 25H,02H
DB OFFH

PUSH ACC

PUSH DPH

PUSH DPL

MOV A,#01000000B ;SWITCH RELAY1 ON

MOV DPTR, #PORTB
MOVX @DPTR,A
SETB SCANBF
LCALL HOOKD

MOV RO,#10H
MOV R1,#31H
MOV @R1,#20H
INC R1

"DJNZ RO,CLR2

LCALL CKSTD ;READ TEL. KEY
LCALL MEMINI1 ‘

MOV R1,#32H

LCALL CKSTD1

LCALL MEMIN2

JMP DIGINI



CKTONE: MOV R2,#1 :DELAY 0.1 SEC

3 LCALL DTSEC y

! LCALL CKHOOK

MOV DPTR, #PORTC

MOVX A,@DPTR :READ TONE DETECTER BIT
JNB OE5H, CKTONE

TONE1: MOV R2,#1
' LCALL DTSEC
LCALL CKHOOK
MOV DPTR, #PORTC
: MOVX A,@DPTR
E JB OES5H,TONE1 :BEGIN OF 0

H
' MOV R7,#10 :SAMPLE AT 10 TIMES
TONE2: MOV R2,#1 :DELAY 0.1 SEC

; LCALL DTSEC
; MOV RO, #40H

MOV DPTR, #PORTC
: MOVX A,@DPTR

LCALL CKHOOK

ANL A,#00100000B

. RL A
i RL A
RL A
MOV @RO, A
‘ INC RO
f DIJNZ R7,TONE2
! MOV R1,#40H :40H-4AH FOR STORE SAMPLE BIT
| MOV R7,#10
H MOV A, #O0OOH
SUM: ADD A,@R1
: INC R1
! DINZ R7,SUM
CINE A,#04H,CKTONE :FOR 0 MORE THAN 6 TIMES TO RING BACK TONE
? JC RGBK :FOR 0 LESS THAN 4 TIMES TO BUSY TONE
BUSY: LCALL CLEAR :DISPLAY BUSY
: MOV DISBUF+1,#7FH
MOV DISBUF+2, #3EH
MOV DISBUF+3, #6DH
: MOV DISBUF+4,#6EH
: MOV R2,#200
' LCALL SCAND
BUSY1: LCALL CKHOOK :WAIT FOR HOOK OFF
| JMP BUSY1
RGBK:  LCALL RGBKD
RGBK1: LCALL CKHOOK
I MOV R2,#10 :DELAY 1 SEC

LCALL DTSEC

MOV DPTR, #PORTC
MOVX A,@DPTR

JB OESH,RGBKI1
MOV R2,#10
LCALL DTSEC

MOV DPTR, #PORTC
MOVX A,@DPTR

JB OE5H,RGBK1

[

;
TIMEIN: LCALL COUNT yRECORD TIME
| LCALL RECIV :DISPLAY RECIEV

CKMEM: MOV DPTR, #4000H
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MOVX A,@DPTR —
INC A ;s NUMBERS OF RECORD

MOVX @DPTR, A ; INCREASE REC.NO.
MOV R2,#16 :SIZE OF RECORD
MOV DPTR, #4001H :BEGIN TABLE
LCALL TABLE ;FIND START RECORD AT DPTR
MOV RO,#31H
MOV R1,#13
REC1: MOV A,@RO
INC RO
MOVX @DPTR, A
INC DPTR

DJNZ R1,REC1

EDD: MOV DPTR, #PORTC ;FIND ENDED TIME
MOVX A,@DPTR
JNB* OE6H, EDD

LCALL COUNT
MOV DPTR, #4000H
MOVX A,@DPTR
MOV R2,16
MOV DPTR,#400EH
LCALL TABLE
MOV RO, #3BH
MOV R1,#3

REC2: MOV A,@RO
INC RO
MOVX @DPTR,A
INC DPTR
DJNZ R1,REC2
LCALL CKHOOK

COUNT: LCALL CLEAR ; RECORD DATE/TIME
MOV DPTR, #CONTL
MOV A,#01000000
MOVX @DPTR,A

MOV DPTR, #HOUR
MOVX A,@DPTR
MOV R1,A

LCALL BTOD

MOV HEXBUF, A
MOV 3BH,A

MOV DPTR, #MIN
MOVX A,@DPTR
MOV R1,A

LCALL BTOD

MoV HEXBUF+1,A
MOV 3CH, A

MOV DPTR, #SECRTC
MOVX A,@DPTR

MOV R1,A

LCALL BTOD

MOV HEXBUF+2,A
MOV 3DH, A

LCALL HTOS

MOV DPTR, #CONTL
MOV A,#000000008B
MOVX @DPTR,A

MOV R2,#200
LCALL SCAND



RECIV: LCALL CLEAR :DISPLAY RECIEV
MoV DISBUF, #70H
MOV DISBUF+1,#79H

f MOV DISBUF+2,#39H

MOV DISBUF+3,#30H

MOV DISBUF+4,#79H

MOV DISBUF+S,#3EH

MOV R2,#200

LCALL SCAND

: RET
H RGBKD: LCALL CLEAR :DISPLAY WAIT
{ MOV DISBUF+1,#0BEH
i MOV DISBUF+2,#77H
f MOV DISBUF+3, #30H
MOV DISBUF+4,#78H

l MOV R2,#200
! LCALL SCAND

i RET
HOOKD: LCALL CLEAR :DISPLAY HOOKON
i MOV DISBUF, #76H :
. MOV DISBUF+1,#3FH
| MOV DISBUF+2,#3FH
; MOV DISBUF+3, #36H
; MOV DISBUF+4 ,#3FH
MOV DISBUF+5,#74H
. MOV R2,#200
; LCALL SCAND
f RET
' MEMIN1: MOV RO, #31H
MOV @RO, A
RET
{ MEMIN2: MOV @R1,A
i INC R1
E RET
4

CKSTD: LCALL CKHOOK
MOV A,#01111111B :SET 0 TO TOE AND WAIT DIGIT
MOV DPTR, #PORTA

! MOVX @DPTR,A
* MOV DPTR, #PORTC :READ D STATUS
¥
§
]
[

MOVX A,@DPTR
JNB OE4H,CKSTD :WAIT FOR Q=1 (PUSH NUMBER)
' MOV A, #OFFH +SEND 1 TO ENABLE TOE AND READ DI

MOV DPTR, #PORTA
MOVX @DPTR,A

§ DIGIT: MOV DPTR,#PORTC ;READ DIGIT IN
MOVX A,@DPTR
ANL A,OFH ;LOW BYTE STORE DIGIT

RET

¢
; CKSTD1: MOV R6,#50 : FOR COUNT 5 SEC

} CKSTD2: LCALL CKHOOK

, MOV A,#01111111B :SET O TO TOE AND WAIT DIGIT
| MOV DPTR, #PORTA ’

;

MOVX @DPTR,A
MOV R2,#1 1DELAY 0.1 SEC

; LCALL DTSEC
DEC R6
b MOV A,R6

] Ve et LT QU THEN QEND PO CHECK TONE
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DIGITO:

CKHOOK:

HKOFF:

MOV DPTR, #PORTC
MOVX A,@DPTR
JNB OE4H,CKSTD2
MOV A, #OFFH

MOV DPTR, #PORTA
MOVX @DPTR,A

MOV DPTR, #PORTC
MOVX A,@DPTR
ANL A,OFH

RET

JB P3.2,HKOFF
RET

MOV A, #0OH

MOV DPTR, #PORTB
MOVX @DPTR,A
POP DPL

POP DPH

POP ACC

LIJMP INTR

RETI

END

;READ D STATUS

:WAIT FOR Q=1 (PUSH NUMBER)
;SEND 1 TO ENABLE TOE AND READ DIGI

;READ DIGIT IN

; LOW BYTE STORE DIGIT

{SWITCH RELAY1 AND RELAY2 OFF
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aunsadeniuesae 9 18420 JUMPER vuuesa uaziiniida
ANNUIAN qﬁaﬁv

U2 Ae dauiidlu PROGRAM MEMMORY 0000H - 7FFFH (Un@eg
{1 MONITOR ¥B4UBIR)
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USER PORT

PORT1 -

(RESET ¢ BREAK) Admarilldienisfleudeyasii g
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o d o

AN 28

26 swaon lauaseiy 8255 PORT aaufd RESET 9zAoinfuseuy

RESET 484 80C31 dIUAUBREAK 92@0id U471 INTI 484 80C31

a & o o w A
fi® PORT 41417 26 PIN finonn 8255 Aifu idmiud1dlavns e

v
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DPADD (DPTR = DPTR+R2,R3) §M3un1502nf1 DPTR A28 R2,R3
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SEMICONDUCTOR

ANHUID V-

MOTOROLA
TECHNICAL DATA

6-Pin DIP Optoisolators

Transistor Output

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

¢ Convenient Plastic Dual-In-Line Package
® High Current Transfer Ratio — 100% Minimum at Spec Conditions
® Guaranteed Swilching Speeds
e High Input-Output Isolation Guarantesd — 7500 Volts Peak
¢ UL Recognized. File Number £54915 Q)
¢ VDE approved per standard 0883'6.80 (Certificate number 41853}, with additional
approval to DIN IEC380 VDE08O6, EC435 VDEO8OS, IECE5 VDE0B60, VDEDY 10b,
covering all other standards with equal or less stringent requirements, including
IEC204-VDE0113, VDEQ160, VDEORI2, VDENE33, etc.
® Meets or Exceeds All JEDEC Registered Specifications —— 863
Special lcad form available {add suffx “T* 1o part number) which satisfies VDE0883/
6.80 requirement for 8 mm minimum creepage distance between input and output
solder pads. .
® Various lead form options available. Consuh “Optoisolator Lead Form Options” data

4N35
4N36
4N37

6-PIN DIP
OPTOISOLATORS
TRANSISTOR
ouUTPUT

sheet for details. CASE 730A%2
PLASTIC
MAXIMUM RATINGS (Tp = 25'C uniess otherwise noted)
Rati Symbol Val Unit
L i |_svmbo RS SCHEMATIC
INPUT LED
Reverse Voltage VR 6 Volts
Forward Current — Conlinuous Ig 60 mA .
LED Power Dissipation @ Tp = 25'C Po 120 . mwW 1 p———0 §
with Negligible Power in Output Detecior i
Derate above 25°C 1.4% mw-C '
20— »
OUTPUT TRANSISTOR 5
Collector-Emitter Voltage veeo 30 Volis 4
- 30—
Eminer-Base Voltage VEBO 7 Volis
Collector-8ase Voltage veso 70 Volts
Coliector Current — Continuous * Ic 150 mA
Detector Power Dissipation (n Tp = 25°C Po 150 mw
with’Negligible Power in Input LED
Derate above 25°C 1.76 mwrC
TOTAL DEVICE 11ES av00E"
T 2 150 CATROOE
Isolation Source Voltage (1) Viso 7500 Vac ING
(Peak ac Voltage, 60 He, 1 se: Duration)
Total Device Power Dissipation t: Tp = 25°C Po 250 mw b
Derate above 25°C 2.94 mw-C 6 East
Amuient Operating Temperature Range 1‘ Ta - 5510 + 100 c
Storage Temperature Range i Tore -55to - 150 °C
Soldering Temperature {10 sezonds, 1 1¢ from case) ! - 260 'C

N}isolation surge vohage is an interna! device Zelectie breatdomn rating
For this tesy, Pins T and 2 are commaon, and Pat &, 8 and § sre common

W 1y uaasswazBomiioafun uasauanine 9 18q IC 4N35

.
'
1
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4N35, 4N36, 4N37

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

r ) Characteristic Symbol l Min l Typ ] Max I Ualt l
INPUT LED
Forward Voltage (i = 10 mA) TA = 25°C VE 0.8 1.15 15 v
Tp = -55°C 0.9 1.3 17
Ta = 100°C 0.7 1.05 14
Reverse Leakage Current (VR = 6 V) IR - — 10 pA
Capacitance (V = 0V, { = 1 MKz) Cy —_ 18 - pf
OUTPUT TRANSISTOR -
Collector-Emitter Dark Current (Veg = 10V, To = 25°C) ICEo - 1 s0 nA
. (VCE = 30V, T4 = 100°C} - - 500 HA
Collector-Base Dark Current (Veg = 10V)  Tp = 25°C IcBo - 0.2 20 nA
Ta = 100°C — 100 —
Collector-Emirter Breakdown Voltage {Ic = 1 mA} V(BRICEO 30 4% —_ A
Collector-Base Breakdown Voltage (¢ = 100 uA) V(BRICBO : 70 100 — v
Emitter-Base Breakdown Voitage (ig = 100 pA) V(BRIEBO ? 7.8 - v
OC Current Gain {Ic = 2mA, Vcg = §V) hrg H - 400 - -
Collector-Emitter Capacitance {f = 1 MHz, Vg = 0) Gée |r — 7 - pF
Collector-Base Capacitance {f = 1 MHz, Veg = 0) Ces — 19 - pF
Emitter-Base Capacitance (f = 1 MHz, Vgg = 0] Ces | — 9 — pf
COUPLED
Output Collector Current Ta = 25°C I 10 30 - mA
{lF = 10 mA, Veg = 10V) Ta = -55°C 4 = LY
Tp = 100°C 4 - . ¥
Collector-Emirier Saturation Voitage {Ic = 0.5 mA_Ig = 10 mA) VCErsat) - 0.14 0.3 v
Turn-On Time ton — 7.5 10 us
Turn-Off Time lle = 2mA Ve = 10V, ot — 5.7 10
Tise Time RL = 100 N, Figure 11} Y - 3.2 -
Fall Time Y - 4.7 -
Isolation Voltage' if = 60 H2.t = 1 sec) Viso 7500 - - Vac(pk}
Isolation Current {V|.g = 3550 Vpk} 4N3S so — -_ 100 #A
V.0 = 2500 Vpk) 4N36 ™) - 100
(V.0 = 1500 Vpk} 4N37 - 8 100
Isolation Resistance (V = 500V} RiIso 101t — - l
Isolation Capacitance (V = QV,{ = 1 MHz) Ciso — 0.2 2 pF
TYPICAL CHARACTERISTICS
2 & W ==
FT T TT { g S :
== = = =~ PULSE ONLY ~ ,.) : Pz = i
@ 18— PULSE OR DC 754 = [ g =1mA T 1]
3 4¥] z ‘ [RR T
= I y; 3 = ' 0 LA
s ZANE g =
g EAy e g T e e
§ X‘!I I7/ v i O 84 /I Tiy
T < : T
€ paftli.ayd g — Z o
§ —~1 | P17 =0 : e Iy d=pubad
Ty = ~$5CILT ¥ 3 = =
FEY 4T T ] 4 | et — T
> 8¢ LA A 2 —5 4
M 3 21 H1
N30 - b wall Tl
1 1 100 1000 (1) [ 1 ? $ 0 X 0

1p LED FORWRRD CURRENT imAl I, LED IN2UT CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current Figure 2. Output Current versus Input Current
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4N35, 4N36, 4N37

= 10
» | g,
S
] ™ 10 mA— <
Pl z ¢ NORMALZED 70 T = 75°C —
g = =]
£ ] =
= T £ 2
& " &
é // 5 mA——] 2
1 = g
2 2 / — 507
é V. ;0.5
b ! S I
¥ 21mA—J Y]
/ 1 mA —— é
o I o 01
e 1 1 31 ¢ s 6 1 ®¥ 3 W0 T8 -0 -2 0 0 & & 8 10
Ta. AMBIENT TEMPERATURE (°C)

Vg, COUECTOR-EMITTER YOLTAGE (VOLTSH

Figure 3. Collector Current versus Figure 4. Output Current versus Ambient Temperature

Coliector-Emitter Voltage

100 - —
= 12 1 T 1
E - s - 1 11
z NORMALLZED TO: @ Voo v
= Veg = WV - T
S w Ty = 25°C : I
2 = == 0 '
p= =T = | 1
== ~ <t 3- Ry = 1000} "
o 1 = L i ol
EEN g 10 =sssis
z2 = = -
g é F=Veg = 30)!;’ = 5 = JJ: H} IV\A
=== e TN S e
87 y N
<] !
‘3 =10V 2 |\,‘_\ K s
8 { | il l
at 1 1 . A1) |
0 20 @ 8 0 100 0t 02 05 Va2 H 0 0 0 100
Tp, AMBIENT TEMPERA™CAE (CI 5 If. LED INPUT CURRENT imA}
Figure 5. Dark Current versus Ambient Temperature Figure 6. Rise and Fall Times !
|
0 - T H 1% ; o x
10 t T 10 Ve - 10v
% rHt-Vec = 10V % S
71 |
) LA = voc0 ] ) -
¥ 1 5 Ml Ry = 1000 _—/
S TH ! I =X 11T
g v SR g S==an
5 N 2 H e —ee—
3 NS % 10
™
2 ll .‘.\\ ‘ ]
HIISNAR
! i l |
ot 02 0507 v 2 s TN 2 %0 20100 oy 02 _ 05071 7 5110 0 $0 70100
. 1f. LED INPUT CURRENT (mA)

g, LED INPUT CURRENT [mA)

Figure 7. Turn-On Switching Times Figure 8. Turn-Off Switching Times
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»
[— I
=0 I IS B lg = 7ph 1 ET et Citp |
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N
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4 WA 3 AL
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2uA 4 =
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0
085 o1 02 (I s 10 20 %

2 4 1] ] 0 1 w oo M2
Vg, COLLECTOR-EMITTER VOLTAGE (VO.™Ss

Figure 9. DC Current Gain {Detector Only)

¥, VOLTAGE (VOLTS)

Figure 10. Capacitances versus VoRage

, TEST CIRCUIT
vee = WV
E) R = 1000
-
INPUT - o.TPUT
INPUT CURRENT ADJUSTED ==

TO ACHIEVE L = 2mA

WAVEFORMS

INPUT PULSE

QUTPUT PULSE

Figure11./Switching Times
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TECHNICAL DATA

m SEMICONDUCTOR S

1N4001
thru
1N4007

purpose low-power applications.

GENERAL-PURPOSE RECTIFIERS

... subminiature size, axia! lead mounted rectifiers for general-

LEAD MOUNTED
SILICON RECTIFIERS

50-1000 VOLTS
DIFFUSED JUNCTION

*MAXIMUM RATINGS
18 8/§|8|8
Rating Symbot | 2 z z z z z z Unn
Pes\ Repetetve Reverse Vo'tage VARAL
Working Pean Reverwe Voltage Vapa | 501 100{ 200| 400 600( 800| 1000} Voits
DC Bloching Voltage Va
Nen Repenitrve Pean Reverse Voliage VRgye | 60 { 170§ 240) ¢so] 720| 10001 1200| Vours @
nathwave, 1ongte phate, 60 Hr1 ' l
—— B
ANS Reverse Vottage VRiang | 38 10 | 140| 28C| 420] 560] 100 Vot
Average Aectihec Farward Current
fungle phane renstive 10, o 10 Amp
60 M. 10e Figure 8, To - 75°C)
Non Repetitive Peat Surge Current
(31geRDDINd 31 T3120.1080 o trgm dfmesasmnn. 30 o1 1 cycre) mmamminsma| amp | w = =D
T T T |ee— 65104175 —————| °C | F
Temperature Range 1 A
*ELECTAICAL CHARACTERISTICS -1 ’
Chorscierninc and Conditions Symbet Tre Men Unet -F|
Maaernum Instantsneous Forwerd Vo'tage Orop g 093 11 Voin K
tip + 1O Amp, Ty 259C) Fugure t
Masimum Fult-Cycle Average Forwara Voliage Droot  Vejay - o8 Veit |
g« 10 Amp, Ty = 759C, 1 inch tesar) i
Manimum Reverse Cursent Ira1ed de vottsgel 1 uA J
T, 25% 005 10
T4 200°C 10 %0
Manmum Full-Cycie Average Raverse Current tajav) - 30 uA NOTES
1o = 10 Amo, Ty + 75%C, 1 wnch leads 1 AL RULES ANG NO'ES ASSOCIATED WITH
JEOEC DO-43 OUTUNE S4ALL APRLY,

*incwares JEOEC Rogriterna Deata
2 POLARITY DENOTED BY CATHODE BAND

3 LEAD DIAMETER NOT CONTROLLED WiTriN “F*

ot T S S

T J—
- T - e T i

oo DM VESTEER m

MECHANICAL CHARACTERISTICS
CASE: Transfer Molded Plastic

MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C. 3 8™ from

case for 10 seconds 21 5 Ibs tension

FINISH: All external surfaces are corrosion-resistant, leads are readily solderable

POLARITY: Cathode indicated by color band
WEIGHT: 0.40 Grams [approaimately)

D'VENSION

WMILLUMETERS | INCHES

DIM | MIN .« MAX MN T MAX
Al a0 . 520 - Cre0 0708
B ] 206 an__gos 010
D1 on'cw elo
F - AT - 009
X108 - VWi -

CASE 5303

DO
PLASTIC

U7 2-4 ueraas weBuanuEAA1I 9 183 IN 4001
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1S02-cMOS MT8870D/MT8870D-1
Integrated DTMF Receiver

ey

? (oA A LSO Al P N S R o L ORI I 3 a3 g ML S LT (Lt
R R T R iR

{

tw’;&fé&%ﬁfmﬁ'“ i %{ﬁéﬁﬁmﬁmg Y SERIES Forriant
Features ' ISSUE 3 May1995
«  Complete DTMF Receiver Ordering Information

MT8870DE/DE-1 18 Pin Plastic DIP

- Low power consumption
MT8870D0C/DC-1 18 Pin Ceramic DIP

- Internal gain setling amplifier
- . MT8870DS/DS-1 16 Pin SOIC
. Adjustabl time
justable guard U : MT8870DON/DN-1 20 Pin SSOP
Central office quality MT8870DT/DT-1 20 Pin TSSOP

- Power-down mode -40 °C to +85 °C

« {nhibit mode

+ Backward compatible with Description .
MT8870C/MT8870C-1

. . The MT8870D/MT8870D-1 is a complete DTMF
Applications receiver integrating both the bandsplit fiter and
+  Receiver system for British Telecom (BT) or digital decoder functions. The filter scction uses

CEPT Spec (MT8870D-1) switched capacitor techniques for high and low
; group filters; the decoder uses digital counting
Paging systems . - techniques 1o detect and decode ail 16 DTMF tone-
* Repeater systems/mobile radio pairs into a 4-bit code. External component count is
+ Credit card systems minimized by on chip provision cf a differential input
+  Remote control arnplifier, clock oscitlator and lalched three-slate bus

H
. Personal computers interface.
+  Telephone answering machine
vboO VvSS VRef INH
—t ey Bias l :
PWDN Circuit _—/Vﬁel
Buffer
‘ ‘ |— g—-v- Qi1
Chip Chip .
Power Bias 0. SR Oigital Code 1
iiter Detection Convaerter
Algorithm and Laich - Q2
IN + Dial .
Tone Zero Crossing } |
IN- Filter ) Deteclors ' 1 >—= 3
—] Low Grouo |
Gs Filter —&—-b- [oF]
DC gh?g St Steering
Clocks GT Logic
AAA—
0SC1 0sc2 SUGT ESL STO TOE

Figure 1 - Functional Block Dlagram

517 3-v uaaaswaziduAanuIRuANAUTAAIN q Y93 IC MT8870

Kl
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MT8870D/MT8870D-1 1S0?-CMOS
INe [ 1 = 18] vOD IN+ [ 1 =l 20 ] von
IN-[] 2 171]) SvGT IN-[] 2 1917} suGT
Gs(] 3 1617 Est Gs(]3 18] €St
VRef{] 4 18] st0 VRel [} 4 171] S0
INH{] 5 1417 Q4 INH (] 5 16{ ] NC
pwON[] 6 13[] a3 PWON(] 6 151] 04
osc1(] 7 12[] 02 NG[] 7 RV e
osca2(] 8 ng o osci(] s 13102
vss(] o 10[] TOE osc2{] 9 120 o1
vss(] o LREER {ol5
18 PIN CERDIP/PLASTIC DIP/SQIC 20 PIN SSOP/TSSOP
Figure 2 - PIn Connections
Pin Description
Pin #
18 | 20 Name Description
111 IN+ Non-inverting Op-Amp (input).
IN- Inverting Op-Amp (Input).

3 GS Galn Select. Gives access to output of front end differential amplifier for connection of

feedback resistor.

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

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

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

7 OSC1 [Clock (Input).

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

10 Vss Ground (Input). OV typical.

iC| 1 TOE |Three State Output Enable (Input). Logic high enables the oulpuls Q1-Q4. This pin is
pulled up internally.

11-]12-] Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14115 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

1517 StD  |Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on SVYGT falis
below Vyg.

16 | 18 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signa!l condition). Any momentary loss of signal condition will cause ESt to
return 1o a logic low.

17 | 19| SVGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output fatch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts 1o
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

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

7. NC No Connection.
16
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Absolute Maximum Ratings?

Parameter Symbol Min Max Units
1 | DC Power Suppfy Voitage Voo 7 v
2 | Voltage on any pin Vi V35-0.3 Vpo+0.3 v
3 | Current at any pin (other than supply) b 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Po 500 mw

Derate above 75 °C at 16 mW / °C. All leads soldered to board.

t Exceeding these values may cause permanen! carnage. Functional operation under these conditions is not wnphed.

Recommended Operating Conditions - voltages are with respect to ground (Vgs) untess othenvise stated.

Parameter Sym Min Typ? Max | Units Test Conditions
1 | DC Power Supply Voltage Vpp | 4.75 5.0 5.25 \
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MH2
4 | Crystal/Clock Freq.Tolerance afc 0.1 %
1 Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics - vpy=5.0v: 5%, Vgg=0V. -40°C < Tg 5 +85°C, unless otherwise stated.

Characteristics Sym Min Typ* Max' Units Test Conditions

1 | S | Standby supply current looo 10 25 p#A  [PWDN=Vgp

g Operating supply current oo 3.0 9.0 mA
3 i Power consumption Po 15 mW  |{c=3.579545 MHz

Y
4 High level input Vi 3.5 VvV |Vpp=5.0V
5 Low level input voltage ViL 1.5 V. {Vpp=5.0V
6 | Input leakage current /i 0.1 ,,T Vin=Vgg0r Vpo B
7 '; Pull up (source) current 150 7.5 20 #A | TOE (pin 10)=0,

U Vpop=5.0V
8 ; Pull down {sink) current Ig) 15 45 nA I\5\1H=5.0V. PWDN=5.0V,

p0=5.0V

9 Input impedance {IN+, IN-) Rin 10 MQ @ 1kHz
10 Steering threshold voitage Vg 2.2 24 ., 2.5 Vgp = 5.0V
11 Low level output voltage Vou Vgg+0.03| V  |Noload
12 8 High level output voltage Von |Vpp-0.03 V  |No load
13| T {Output low (sink) current lot, 1.0 2.5 mA  [Vgour=0.4V
14 S Output high (source) current | oy 0.4 0.8 mA |Vgyr=4.6V
15 ; Vget Output voltage VRet 2.3 2.5 27 V  INoload, Vpp = 5.0V
16 VRet OUtpUL resistance Ror 1 kQ

$ Typical figures are at 25°C and are lor design aid only: not guaranteed and not subject to production testing.
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-

Operating Characteristics - vpor5.0v25%, Vg0V, -40°C £ To < +85°C unless otherwisa stated.

Galn Setting Amplifier
Characteristics Sym Min Typt Max i Units Test Conditions

1 | Input leakage current Iin 100 nA VgsSVin<$ Voo
2 | Input resistance Rin 10 MQ

3 | Input offset voltage Vos 25 mV

4 | Power supply rejection PSRR 50 dB 1 kHz

5 | Common mode rejection CMRR | 40 dB 0.75 V< V|ys4.25V biased

atVger=2.5V

6 | DC open loop voltage gain AvoL 32 dB

7 1 Unity gain bandwidth fc 0.30 MHz

8 | Output voltage swing Vo 4.0 Vg | Load2100kQ 10 Vgs @ GS
g | Maximum capacitive load (GS) CL 100 pF

10 | Resistive load (GS) Ry 50 kQ

11 | Common mode range Veu 25 Voo | NoLload

MT8870D AC Electrical Characteristics -

Vpp=5.0V £5%, Vgg=0V, -40°C S To < +85¢C , using Test Circuit shown in

Figure 10.
Characteristics Sym Min Typ‘ Max Units Notes*
. :g:ig;r;%tgr:ié;é\;:ées\‘/igl:a(lc)aach' -29 +1 | dBm 1,23,56,9
27.5 869 | mVpms | 1.23.5.6,8
2 | Negative twist accept 8 dB 2,3.6,9,12
3 | Positive twist accept 8 dB 2,3.6,9.12
4 | Frequency deviation ac—cept +1.5% + 2 Hz 2,359
5 | Frequency deviation reject £3.5% 2,359
6 | Third tone tolerance -16 dB 2,3,4,5,9,10
7 | Noise tolerance -12 dB8 2,3,4,5,7,9,10
8 | Dial tone tolerance +22 (o}<] 2,3,4,58,9,11

*NOTES
1. dBm= decibels above or balow a reference power of 1 mW into a 600 ohm load.

2. Digit sequence consists of all DTMF tones.

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

4. Signal condition consists of nominal DTMF frequencies.

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

6. Tone palr is deviated by £1.5 %z 2 Hz.

7. Bandwidth limited (3 kHz } Gaussian noise.

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

10. Referenced lo lowest level {requency component in DTMF signal.
11. Referenced to the minimum valid accapt level.

12. Guaranteed by design and characterization.

t Typical figures are at 25 °C and are for design aid omy: not guaranteed and not subject to production testing.
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Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
| e ots o T | 05588
¢ 21.8 4 869 | mVams
’ -37 dBm | TestedatVpp=5.0V
2 | Input Signal Leve! Reject 123569
10.9 mVams | 0
3 | Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept 8 dB 2,3,6,9,13
5 | Frequency deviation accept £1.5%+ 2 Hz 2359
6 | Frequency deviation reject +3.5% 2,353
7 | Third zone tolerance -= -18.5 dB 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 dB8 2,3,4,5,8,9,11
C and are for design aid only: not guaranteed and not subject to production tesling.

$ Typical figures are at 25
*NOTES

1. dBma= decibels above or below a reference power of 1

2. Digit sequance consists of alt DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signai condition consists of nominal DTMF lrequencies.
5. Both tones in composite signal have an equal amplitude.

6. Tone pair is deviated by £1.5 %2 2 Hz.

7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial lone {requencies are (350 Hz and 440 Hz) £ 2 %.

9. For an error rate of better than 1 in 10,000.

+10. Relerenced to lowest level frequency component in DTMF
11. Referenced to the minimum valid accept lavel.
12.°Referenced 10 Fig, 10 input DTMF tone leve! at -25d8m

13. Guaranteed by design and characterization.

signal.

mW into a 600 ohm load.

(-28¢Bm at GS Pin} interference frequency range batween 480-3400Hz2.
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