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Listing Program Pemancar

$mod51
;port definition
d0 mtequ p0.0
dl mtequ pO.1
d2 mtequ p0.2
d3 mtequ p0.3
angkatequ p0.4
rd mt equ p2.0
rsO_mt equ p2.1
wr_mtequ  p2.2
cs_mt equ p2.3
delay 3 equ 18h
delay 2 equ 1%h
delay 1 equ 20h
org 0000h
acall reset
ajmp start
org 100h
scanKeypad:
MOV P3,#11101111B
MOV AP3
ANL A #00001111B
CEK 1:

CINE A,#00001110B,CEK 2
MOV RO,#1
ajmp keluarScanning

CEK 2:

CJNE A,#0000110]1B,CEK 3
MOV RO #4
ajmp keluarScanning

CEK_3:
CINE A,#00001011B,CEK_COR

Lampiran 1



MOV RO#7
ajmp keluarScanning
CEK COR:
CINE A,#00000111B,CEK_BARIS2
MOV RO #14
ajmp keluarScanning

CEK_BARIS2:
MOV P3,#11011111B
MOV AP3
ANL A, #00001111B
CEK 4:
CINE A,#00001110B,CEK 5
MOV RO, #2
ajmp keluarScanning
CEK_S:
CINE A #00001101B,CEK 6
MOV RO #5
ajmp keluarScanning
CEK_6:
CINE A,#00001011B,CEK_MEN
MOV RO #8
ajmp keluarScanning
CEK MEN:
CINE A,#00000111B,CEK _BARIS3
MOV RO #0
ajmp keluarScanning

CEK_BARIS3:
MOV P3,#10111111B
MOV AP3
ANL A #00001111B
CEK 7:
CINE A,#00001110B,CEK 8
MOV RO #3
ajmp keluarScanning
CEK_8:
CINE A,#00001101B,CEK 9
MOV RO #6
ajmp keluarScanning
CEK 9;
CINE A,#00001011B,CEK_ATAS
MOV RO#9
ajmp keluarScanning
CEK_ATAS:



CINE A,#00000111B,CEK_BARIS4
MOV RO#15
ajmp keluarScanning

CEK_BARIS4:
MOV P3 #01111111B
MOV AP3
ANL A #00001111B
CEK_CAN:
CINE A,#00001110B,CEK_0
MOV RO,#11
ajmp keluarScanning
CEK_0:
CINE A,#00001101B,CEK_ENT
MOV RO,#12
ajmp keluarScanning
CEK _ENT:
CJINE A,#00001011B,CEK BAWAH
MOV RO#13
ajmp keluarScanning
CEK BAWAH:
CINE A,#00000111B,TIDAKADA
MOV RO, #16
ajmp keluarScanning

TIDAKADA:
MOV RO, #10

keluarScanning :

;PROGRAM TRANSMITTER
;PROGRAM LCD;

ret

>

;write_8888

wr_8888:
clr cs mt
mov rs0_mt.c
anl p0,#0f0h
anl a,#0fh
orl p0,a
setb wr_mt
clr wr_mt
setb wr_mt
setb rsO_mt

;cs active low,

;180 = 0, reg data, rsO=1, reg kontrol

; p1 = 00001111

;00001111 or 00001111 = 00001111



setb cs_mt ;tulis ke register kontrol
selesai

ret
;read_8888
rd_8888:
ori p0,#0fh ;11111111 or 00001111 =
11111111 =pl
clr cs_mt ;Cs active low,
mov 1s0_mt,c ;baca register
status
setb rd mt
clr rd mt
mov a,p0
setb rd mt
anl a,#0fh ;11111111 and 00001111 = 00001111 =a
setb rsO_mt
setb cs_mt ;baca register status
selesai
ret
;send_8888
sd 8888:
clr c ;send reg data
acall wr_8888
setb ¢
mov  a#01h ;kirim data (Tout)
acall wr 8888
acall delay500ms
setb ¢
mov  a,#00h ;Tout mati

acall wr 8888
acall delay500ms
ret

>

;receive_8888

;rc_8888:

clr ¢

;acall rd_8888
;setb ¢



jnb acc.2 esc_rc_8888 ;karena bit2 register status set=ada baru diambill
a,#04h ; IRQ =1 di register A

; MoV
;acall
;acall
;setb
;mov
;acall
;acall

rd 8888
delay500ms
c

a,#00h

rd 8888
delay500ms

;esc_rc_8888: ret

;init_B888

init_8888:

setb

acall
setb

mov
acall
setb

mov
acall
setb

mov
acall
setb

mov
acall
setb

acall
ret

;delay

delay500ms

delayl
delay2

c

rd_ 8888
c

a #0
wr_8888
c

a,#0

wr_ 8888
c

a,#08h
wr_8888
c

a#01h ;reg kontrol A burst disable
wr_8888

C

rd_88388

mov delay 3,#4
mov delay_2,#255
mov delay 1,#225
djnz  delay 1,%



delay_2,#200
delay 1,#250
delay 1,$

dinz delay 2 delay2
dinz  delay 3,delayl

ret

delay_2,loop_delay100ms

delay100ms: mov
loop_delay100ms: mov
djnz
djnz
ret
;procedure program
reset:
mov  a,#00h
mov  p0,#00h
mov  pl #00h
mov  p2,#00h
; mov  a#00h
; mov  r0,#00h
; mov rl #00h
R mov 12 #00h
ret
;org 4000h  ;inisialisasi lcd
;18 bit p2.5
;r'w bit p2.6

;org  00h

;jmp start

2

InitLCD:

acall delay4m
acall delay4m
acall delay4m

ACALL

Delay4m



acall delay4m

Mov a,#00110000B
ACALL CommandLCD
acall delay4m

Mov a,#00110000B
ACALL CommandLCD
acall delay4m

Mov a,#00110000B
ACALL CommandLCD

Mov a #00110000B
ACALL CommandL.CD

Mov a,#00111000B ;Function Set 8bit ;N=2Lines F=
5x8 DotMatrix

ACALL CommandLCD ;N =2 Lines ;F = 5x8
DotMatrix

Mov a,#00001110B ;Display On ; D=0n C=0On B=0ff
ACALL CommandL.CD ; D=0On C=0n B=0Off
Mov a,#00000001B ;Display Clear

ACALLCommandL.CD

acall delay4m

Mov  a,#00000110B ;Entry Mode Set ;I/D = Inc S=
No Display Shift (Off)

ACALL CommandL.CD /D =1Inc

;8 = No Display Shift (Off)

Mov a,#00000001B ;Display Clear
ACALL CommandL.CD
acall delay4m

Mov a #00001101B ;Display On ; D=0n C=0n B=0Off
ACALL CommandL.CD ; D=0n C=0n B=0Off
RET

CommandLCD:
MOV PLA

clr p2.5



setb  p2.7

nop
nop
nop
nop
nop
nop
cir p2.7
MOV R3,#100
DINZ R3,%
RET
WriteLCD:
MOV PLA
setb p2.5
setb p2.7
nop
nop
nop
nop
nop
nop
clr p2.7
MOV R3,#100
DINZ R3,$
RET
DELAY4M:
; push 03h
; push 02h
MOV R2,#255
DELA4AM: MOV R3,#255
DINZ R3.$
DINZ R2,DEL4AM
; pop 02h
; pop O3h
RET
WriteString;
CLR A
MOVC A, @A+DPTR

Iz EndWriteString

acall writelcd

INC DPTR

ajmp WriteString
EndWriteString:



Delay:

RET

push 07h
push 06h
push 05h
MOV RS #1H

delaylx:

MOV R6,#020H

Delay0:

Delay:

MOV R7#0ffH
DINZ R7,$

DINZ R6,Delay0
DINZ RS5,Delayix
pop O5h

pop 06h

pop 07h

RET

push 07h
push 06h
push 05h
MOV RS #4H

ldelayl:

MOV R6,#0ffH

DelayO:

go:

MOV R7#0ffH
DINZ R7$
DINZ R6,IDelay0
DINZ R5,1Delayl
pop 05h

pop 06h

pop 07h

RET

mov a#080h
acall commandlcd
mov  dptr,#commanl
acall writestring

mov  a#0cOh

acall commandlcd
mov  dptr,fficomman2
acall writestring



ret
oke:
ajmp oke

commanl: db 'TX System',0
comman2: db '"Press Menu!',0

H

;main program

3

start:

mov 1e#0
MOV SP,#60H
clr p2.6 TW

acall delay500ms
acall delay5S00ms
acall delayS00Oms
acall delay500ms
acall init 8888

acall Idelay
lcall  initled

Mov a,#89H
ACALL CommandLCD

Mov  a,#A'
;ACALL WriteLCD

mov  a,#080h

acall commandlcd
mov  dptr,#commanl
acall writestring

mov  a,#0cOh

acall commandicd
mov  dptr,#comman2
acall writestring



kirim:
acall delay5S00ms
;acall delay500ms
;acall  delay500ms
;acall delay500ms

scanlg:

acall scankeypad

cjne 10,#10,ada yg ditekan
sjmp scanlLg

ada_yg ditekan:

mov a,#80h
acall commandlcd
mov a0

add a,#30h
acall writelcd

cjne 10,#1 lihat 2
Mov a #00000001B
ACALL CommandL.CD
acall delay4m
mov  a,#080h
acall commandlcd
mov  dptr,#commanX
acall writestring
mov  a,#0cOh
acall commandicd
mov  dptr,#commanZ
acall writestring

setb p0.4
mov  a#l
clr c

acall sd_8888
acall delay5S00ms
clr p0.4

symp scanl.g

lihat_2:

cjne r0,#2, lihat 3
Mov  a,#00000001B
ACALL CommandL.CD
acall delay4m

mov  a,#080h

;Display Clear

:Display Clear

;code data 1



acall commandlcd
mov  dptr,#{commanY
acall writestring

mov  a,#0cOh

acall commandlcd
mov  dptr,#commanZ
acall writestring

setb p0.4
mov  a#2 ;code data 2
clr c

acall sd_8888
acall delay500ms
clr p0.4

ljmp scanlLg

lihat_3:

mov

cjne r0,#3 lihat 4

Mov a,#00000001B ;Display Clear
ACALL CommandL.CD

acall delay4dm

a,#080h

acall commandicd

mov  dptr,#comman3

acall writestring

mov  a,#0cOh

acall commandlcd
mov  dptr,#commanZ
acall writestring

setb p0.4
mov  a#3 ;code data 3
clr c

acall sd_ 8888
acall delay500ms
cir p0.4

ljmp scanLg

lihat 4:

cjne r0,#4 lihat_5

Mov a,#00000001B ;Display Clear
ACALL Command.CD

acall delay4m



mov  a #080h

acall commandlcd
mov  dptr,#comman4
acall writestring

mov  a #0cOh

acall commandicd
mov  dptr,#commanZ
acall writestring

setb p0.4
mov a#4 ;code data 4
clr c

acall sd 8888
acall delay500ms
clr p0.4

ljmp scanLg

lihat_5:
cjne r0,#5 lihat 6
Mov a,#00000001B ;Display Clear
ACALL CommandLCD
acall delay4m
mov a,#08Ch
acall commandlcd
mov  dptr,#comman5
acall writestring

mov  a#0cOh

acall commandicd
mov  dptr,#commanZ
acall writestring

setb p0.4
mov a#5 ;code data 5
clr c

acall sd_ 8888
acall delay500ms
clrp0.4

ljmp scanLg

lihat 6:
cjne r0,#6,lihat MEN
Mov a,#00000001B ;Display Clear
ACALL CommandLCD
acall delay4m
mov a,#080h



acall commandicd
mov  dptr,#ficomman6
acall writestring

mov  a,#0cOh

acall commandlcd
mov  dptr,#commanZ
acall writestring

setb p0.4

mov a#b

clr C

acall sd_8888

acall delay500ms

clr p0.4

limp scanlLg
lihat MEN:

cjne 10,#12 lihat_7

:code data 12

secara:
Mov a,#89H
ACALL CommandL.CD
Mov a#A'
;ACALL WriteLCD
mov  a,#080h
acall commandlcd
mov  dptr,#commanA
acall  writestring
mov  a,#0cOh
acall commandlcd
mov  dptr,#commanB
acall writestring
;elr pl
ljmp kirim
puter:
ajmp puter
commanA: db 'Insert number',0
commanB: db 'option:',0

lihat_7:

;code data 6



cjne r0,#7 lihat 8

Mov a,#00000001B
ACALLCommandL.CD
acall delay4m

mov  a,#080h

acall commandlcd
mov  dptr,#comman7
acall  writestring

mov  a #0cOh

acall commandlcd
mov  dptr,#commanZ
acall writestring

setb p0.4

mov a#7

clr ¢

acall sd 8888
acall delay500ms
clr p0.4

ljmp scanlLg

lihat_8:
cjne r0,#8 lihat 9
Mov a #00000001B
ACALL
acall delay4m
mov a #080h
acall commandlcd
mov  dptr,#comman8
acall writestnng

mov  a,#0cOh

acall commandlcd
mov  dptr,#commanZ
acall writestring

setb p0.4
mov a,#8
clr C

acall sd_8888
acall delay500ms
clr p0.4

ljmp scanlLg

;Display Clear

;code data 7

;Display Clear

CommandLCD

;code data 8



lihat 9:
cjne r0,#9 lihat CAN
Mov  a,#00000001B ;Display Clear
ACALL Commandl.CD
acall delay4m
mov  a,#080h
acall commandlcd
mov  dptr,#comman9
acall writestring

mov  a,#0cOh

acall commandicd
mov  dptr,#fcommanZ
acall writestring

setb p0.4
mov  a#9 ;code data 9
clr c

acall sd_8888
acall delay500ms
clr p0.4

ljmp scanLg

lihat CAN:
cjne r0,#14 lihat 0
Mov a#89H
ACALL CommandLCD

:Mov a,#A'

;ACALL WriteLCD
mov  a,#080h

acall commandlcd

mov  dptr,¥commanHi
acall writestring

mov  a#0cOh

acall commandlcd
mov  dptr,#commanlLo
acall writestring

setb p0.4
mov a#l4 ;code data 14
clr C

acall sd 8888
acall delaySOOms
clr p0.4

ljmp scanlLg



ljmp scanLg

lihat_0:

cjne r0,#0,lihat ENT

Mov a,#00000001B ;Display Clear
ACALL CommandL.CD
acall delay4m
mov  a,#080h
acall commandlcd
mov  dptr,#comman10
acall writestring
mov  a,#0cCh
acall commandicd
mov  dptr,#commanZ
acall writestring
setb p0.4
mov a,#0 ;code data 0
clr c
acall sd_8888
acall delay500ms
clr p0.4
}jmp scanlLg
lihat ENT:
cjne 10,#15 lainlain
Mov a #00000001B ;Display Clear
ACALL Command.CD
acall delay4m
mov  a,#080h
acall commandled
mov  dptr,#commanE
acall writestring
mov  a,#0cCh
acall commandlcd
mov  dptr,#commanW
acall writestring
setb p0.4
mov a#l5 ;code data 15
clr c
acall sd 8888
acall delay500ms
clr p0.4
acall delay500ms



acall delay500ms

acall delay500ms

acall delay500ms

ajmp secara
lainlain:
lijmp kirim
commanX: db "Number 1',0
commanY: db Number 2',0
comman3: db ‘Number 3',0
command: db Number 4',0
commanS: db "Number 5',0
comman6: db "Number 6',0
comman7: db Number 7',0
comman8: db "Number 8',0
comman9: db ‘Number 9',0
commanlO: db 'Combination’,0
commanZ: db "Execute?(Y/N)',0
commanE: db 'Executing',0
commanW: db Please wait',0
commanHi: db "Insert Number '.0
commanlo: db 'Option:',0

end
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Listing Program Penerima
$modS1

apil equ p0.5
api2 equ p0.6
api3 equ p0.7
api4 equ p2.0
api5 equ p2.1
api6 equ p2.7
api7 equ p3.0
api8 equ p3.1
api9 equ p3.2
aptl0 equ p3.3

ledl equ p0.0
led2 equ p0.1
led3 equ p0.2
led4 equ p03
led5 equ p04
led6 equ p2.2
led7 equ p23
led8 equ p24
led9 equ p25
led10 equ p2.6

org  200h

mov  rQ,#00h
mov  p0,#00h
mov  p2,#00h
mov  pl,#00h

call clr_led
call  clr pemantik

start:
mov  a,pl
anl a,#0fh

cine  a,#01h,cekl



mov
call
clr

jmp

cekl:

cjne
mov
call
clr

jmp

cek2:

cjne
mov
call
clr

jmp

cek3:

cjne
mov
call
clr

jmp

cekd:

cjne
mov
call
clr

jmp

ceks5:

cjne
mov
call
clr

jmp

cek6:

cjne
mov
call
clr

jmp

cek7:

cjne
mov
call
clr
jmp

r0,a
cir_led
led1
cekl2

a,#02h,cek2
r0,a

clr led

led2

cekl2

a,#03h,cek3
r0,a

clr led

led3

cekl2

a,#04h,cek4
r0,a

clr_led

led4

cek12

a #05h, cek5
r0,a

clr_led

ied5

cek12

a,#06h,cek6
r0.a

clr_led

led6

cek12

a,#07h,cek7
r0,a

clr_led

led7

cekl2

a,#08h,cek8
r0,a

clr led

led8

cek12



cek8:
cjne  a,#0%,cek9

mov r0,a

call clr_led

clr led9

jmp  cekl2

cek9:

cjne  a,#00h,cek10 ;0
mov 10,a

call cir led
call  variasi led

jmp cekl2
cek10:

cjne  a,#0eh,cekl1
mov 10,a

call clr_led

jmp  cekl2

cek11:

cjne  a,#0fh,gak ada
JMP NYALAIN
gak_ada:

jmp  start

cek12:

MOV 50,A
CEKULANG:
call  delaylO
MOV APl
ANL A #0FH

CINE A50,EXIT
JMP CEKULANG
EXIT:

jmp  start

nyalain:
cine  r0,#01h,nyalainl
setb  apil

call  delay

clr apil

call CLR led

JMP  keluar

nyalainl;

¢cjne  r0,#02h,nyalain2
setb  api2

call  delay



clr api2

call CLR led

ljmp keluar

nyalain2:

cjine  r0,#03h,nyalain3
setb  api3

call  delay

clr api3

call CLR led

ljimp keluar

nyalain3:

cjne  r0,#04h,nyalain4
setb  api4

call  delay

cr  api4

call CLR led

limp keluar

nyalain4:

¢jne  10,#05h,nyalain5
setb  apiS

call  delay

clr apiS

call CLR led

ljmp keluar

nyalain5:

cjne  r0,#06h,nyalain6é
setb  api6

call  delay

clr apib

cal CLR led

ljmp keluar

nyalain6:

cjne  10,#07h,nyalain7
setb  api7

call delay

clr api17

call CLR led

limp keluar

nyalain7:

cjne  10,#08h,nyalain8
setb  api8

call delay

clr api8

call CLR led

ljmp keluar

nyalain8:



cjne  r0,#0%h,nyalain9
setb  api9

call delay

clr api9

call CLR led

lijmp keluar

nyalain9:

cjne r0,#00h,gak ada2 ;0
call  variasi_pemantik
jmp  keluar

gak ada2:

jmp  start
keluar:

call  delayl0O
MOV APl
ANL A#FH
CINE A, #0fh,exit2
JMP  keluar
EXIT2:

jmp  start
variasi_led:
call  delayl0
clr led1
call  delayl0
clr led2
call  delayl0
clr led3
call  delayl0
clr led4
call delayl0
clr led5
call  delayl0
clr led6
call delayl0
clr led7
call  delayl0
clr led8
call  delayl0
clr led9
call  delayl0
clr led10

call delayl0
ret



variasi_pemantik:

setb  apil
call delay
clr apil
setb ledl
setb  api2
call delay
clr api2
setb  led2
setb  api3
call  delay
clr api3
setb led3
setb  api4
call  delay
clr api4
setb  led4
setb  apiS
call  delay
cir apis
setb  ledS
setb  api6
call delay
clr apib
setb  led6
setb  api7
call  delay
clr api7
setb  led7
setb  api8
call  delay
cir api8
setb led8
setb  api9
call  delay
clr api9
setb led9
setb  apil0
call  delay
clr apil0
setb  led10
ret

CLR _pemantik:
clr  apil

clr api2



clr api3

clr api4
clr apis
clr api6
clr api7
clr  api8
clr api9
cir apt10
ret

clr_led:

setb  ledl
setb led2
setb  led3
setb led4
setb  ledS
setb led6
setb led7
setb led8
setb  led9
setb led10
RET

delay:

mov r3,#25

delayl : mov r2 #255
delay2 : mov rl,#225

dinz rl,$

djnz r2.delay2
djnz r3,delayl
ret

delay10:

mov r4,#4

delayll :

mov T15,#255
delayl2

dinz 17,%
djnz  15,delayl2
djnz r4,delayll
ret

end

mov

r7,#225
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Skema Rangkaian Utama
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MT8888C
Integrated DTMF Transceiver
with intel Micro Interface

Features

» Central office quality DTMF transmitter/receiver

+ Low power consumption

« High speed Intel micro interface

» Adjustable guard time

» Automatic tone burst mode
« Call progress tone detection to -30dBm

Applications

» Credit card systems
« Paging sysiems

» Repeater systems/mobiie radio

= Interconnect dialers
= Personal computers

ISSUE 6 March 1987
Ordering information
MT8888CE 20 Pin Plastic DIP
MT8888CS 20 Pin SOIC
MT8888CN 24 Pin SSOP
-40°C to +85°C
Description

The MT8888C is a monolithic DTMF transceiver with
call progress filter. It is fabricated in CMCS
technology offering iow power consumption and high
reliability.

The receiver section is based upon the industry
standard MT8870 DTMF receiver while the
transmitter utilizes a switched capacitor D/A
converter for low distortion, high accuracy DTMF
signalling. Internal counters provide a burst mode
such that tone bursts can be transmitted with precise
timing. A call progress filter can be selected allowing
a microprocessor to analyze call progress tones.

The MT8888C utilizes an Intel micro interface, which
allows the device to be connected to a number of
popular microcontrollers with minimal external logic.

Data —00
DIA Row and Transmit Data B

Converters Colurnn Register s —D01

Counters g Buffer o2

. Status — D3

Tone Burst Contro} Register Interupt
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;ﬁtl:: T | High Group Digital A ]
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and Code Control o S

L] Low Group Converter Register
L " Controt
Oscillator Filter B R
J Circuit T
RS0
Bias le)ntrol Steering Receive Data
Ciruit oo Logic Register
——] —
Voo VRrer Vss ESt SHYGT

o
Figure 1 - Functional Block Diagram
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VT8888C
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Pin Description

Figure 2 - Pin Connections

Pin#
— — | - »
i 20 | 24 Name Description
1 IN+ |Non-inverting op-amp input.
2 2 IN-  |Inverting op-amp input.
3 3 GS |Gain Select. Gives access to output of front end difierential amplifier for connection of
| feedback resistor.

4 4 Vret |Reference Veltage output (Vpp/2).

5 5 Vgg |Ground (OV).

6 6 | OSC1 |Oscillator input. This pin can also be driven directly by an external clock.

7 7 | OSC2 |Oscillator output. A 3.579545 MHz crystal connecled between OSC1 and OSC2 completes
the internal oscillator circuit. Leave open circuit when OSC1 is driven externally.

8 | 10 | TONE |Output from internal DTMF transmitter.

11 | WR {Write microprocessor input. TTL compatible.

10 | 12 | CS |Chip Select input. Active Low. This signal must be qualified externally by address latch
enable (ALE) signal, see Figure 12.

11 | 13 | RSO |Register Select inpul. Refer 1o Table 3 for bit interpretation. TTL compatible.

12 | 14 RD |Read microprocessor input.  TTL compatible.

13 | 15 | TRQ/ |Interrupt Request/Call Progress (open drain) output. In interrupt mode, this output goes

CP low when a valid DTMF tone burst has been transmitted or received. In call progress mode,
this pin will output a rectangular signal representative of the input signal applied at the input
op-amp. The input signal must be within the bandwidth limits of the call progress filter, see
Figure 8.

14- | 18- | D0-D3 |Microprocessor Data Bus. High impedance when CS=1orRD = 1.

17 | 21 TTL compatible.

18 1 22 ESt Early Steering oulput. Presents a logic high once the digital algorithm has detected a valid
tone pair (signai condition). Any momentary loss of signal condition will cause ESt to return
to a logic low.

19 | 23 | SUYGT |Steering Input/iGuard Time output (bidirectional). A voltage greater than Vg, detected at St
causes the device to register the detected tone pair and update the output latch. A voltage
less than Vg, frees the device to accept a new tone pair. The GT output acts to reset the
extarnal steering time-constant; its state is a function of ESt and the voltage on St.

20 | 24 | Vpp (Positive power supply (S5V typ.).

89 NC Neo Connection.
16,17
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Functional Description

The MT8888C Integrated DTMF Transceiver consists
of a high perfermance DTMF receiver with an
internal gain setting amplifier and a DTMF generator
which employs a burst counter to synthesize precise
tone bursts and pauses. A call progress mode can
be selected so that frequencies within the specified
passband can be detected. The Intel micro interface
atlows microcontrollers, such as the 8080, 80C31/51
and 8085, to access the MT8888C internal registers.

input Configuration

The input arrangement of the MT8888C provides a
differential-input operational amplifier as well as a
bias source (Vges), which is used to bias the inpuls at
Vpp/2. Provision is made for connection of a
feedback resistor to the op-amp output (GS) for gain
adjustment. In a single-ended configuration, the
input pins are connected as shown in Figure 3.

Figure 4 shows the necessary connections for a
differential input configuration.

Receiver Section

Separation of the low and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies {see Table 1). These
filters incorparate natches at 350 Hz and 440 Hz for
exceptional dial tone rejection. Each filter output is
followed by a single order switched capacitor fiiter
section, which smooths the signals prior to limiting.
Limiting is performed by high-gain comparalors
which are provided with hysteresis to prevent
detection of unwanted low-level signais. The outputs
of the comparators provide full rail fogic swings at the
frequencies of the incoming DTMF signals.

IN+
O F—Ananr —
c Rin
b &
Ry GS
Viet
VOLTAGE GAIN MT88838C

(Avi=Re /Ry
Figure 3 - Single-Ended input Configuration

DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF

R1=R4=R5= 100 kQ

R2 = 60k0, R3 = 37.5 k0

R3 = (RZR5){R2 + R5)

VOLTAGE GAIN

(Ay diff) - RS/R1

INPUT IMPEDANCE

Zypaiff) = 2¥ R12 + (V)

Figure 4 - Differential input Configuration

Fiow FrigH DIGIT Dy D, Dy Dy
697 1209 1 0 0 0 1
697 1336 2 0 0 1 0
697 1477 3 0 0 1 1
770 1209 4 o 1 0 D
770 1336 5 0 1 0 1
770 1477 6 0 1 1 0
852 1209 7 0 1 1 1
852 1336 8 1 0 0 0
852 1477 9 1 0 0 1
941 1336 0 1 0 1 0
941 1209 * 1 0 1 1
941 1477 # 1 1 0 0
697 1633 A 1 1 0 1
770 1633 B 1 1 1 0
862 1533 C 1 1 1 1
941 1633 D 0 0 0 0

0= LOGIC LOW, 1= LOGIC HIGH
Table 1. Functional Encode/Decode Tahle
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Foliowing the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging aigorithm protects against tone
simulation by extraneous signais such as voice while
providing tolerance to small frequency deviations
and vaniations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go fo an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state.

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time canstant driven by
ESt. A logic high on ESt causes v, {see Figure 5) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for
the validation period (lgp). v, reaches the threshold
(V1) of the steering logic to register the fone pair,
latching its carresponding 4-bit code (see Table 1)
into the Receive Data Register. 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, afier a short delay to allow the output latch to
settle, the delayed steering output flag goes high,
signalling that a received tone pair has been
registered. The status of the delayed steering flag
can be monitcred by checking the appropriate bit in
the status register. {f Interrupt mode bhas been
selected, the IRQ/CP pin will pull low when the
delayed steering flag is active.

The contents of the output latch are updated on an
aclive delayed steering ftransition. This data is
presented to the four bit bidirectional data bus when
the Receive Data Register is read. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
wilt tolerate signal interruptions (drop out) too short
to be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor
performance to meet a wide variety of system
requirements.
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R1

tora = (R1C1) In (Vpp / Vrsy)

lgrp =(R1C1) In Mpp / (Vpo-Vrsdl

Figure 5 - Basic Steering Circuit

Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the following inequalities
{see Figure 7):

trec 2 toPmaxttGTPmax - tpAmin

tREE < toPmin*teTPmin * tpAmax
tIE) 2 tD.l!umax'HGTAma)( = tDF'miI')
tbo = tpaminttaTAmIR - tDPmax

The value of tpp is a device parameter (see AC
Electrical Characteristics) and tgge is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 uF is recommended for most

torp = (RpG1) In Vpp / (Vpp-Vrsyl
tora = (R1C1) In (Vpp/Vrgy)
Rp = (R1R2)/ {R1 + R2)

<
(=]
Q

c1
SYGT
R1 R2
ESt
a} decreasing tGTP; ({GTP < tGTA)
tetp = (R1C1) In Vpp / (Vo Vsl
v tara = (RyC1) In (Vop/Vrsd)
oo O ] Re = (R1R2)/ (R1 + R2)
(03]
SUGT
R1 R2

b) decreasing tGTA; (tGTP > tGTA)
Figure 6 - Guard Time Adjustment
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applications, leaving R1 to be selected by the
designer. Different steering arrangements may be
used to select independent tone present {igyp) and
tone absent (igra) guard times. This may be
necessary to meet system specifications which place
both accept and reject limits on tone duration and
interdigital pause. Guard time adjustment also allows
the designer to tailor system parameters such as taltk
off and noise immunity.

Increasing {rec improves tatk-off performance since
it reduces the probability that tones simulated by
speech will maintain a valid signal condition long
enough to be registered. Alternatively, a relatively
short tgee with a long tpn would be appropriate for
extremely noisy environments where fast acquisition
time and immunity to tone drop-culs are required.
Design information for guard tme adjustment is
shown in Figure 6. The receiver timing is shown in
Figure 7 with a description of the events in Figure 9.

Call Progress Filter

A ca¥ progress mode, using the MT8888C, can be
selected allowing the detection of various tones,
which identify the progress of a telephone call on the
network. The call progress tone input and DTMF
input are common, however, caill progress tones can
only be detected when CP mode has been selected.

DTMF signais cannot be detected if CP mode has
been selected (see Table 7). Figure 8 indicates the
useful detect bandwidth of the call progress filter.
Fraquencies presented to the input, which are within
the ‘accept’ bandwidth limits of the filter, are hard-
limited by a high gain comparator with the IRQ/CP
pin serving as the output. The squarewave outiput
obtained from the schmitt trigger can be analyzed by
a microprocessor or counter arrangement to
determine the nature of the call progress tone being
detected. Frequencies which are in the ‘reject’ area
will not be detected and consequently the IRQ/CP
pin will remain low.

EVENTS | A | = | ¢ | o | = | -
ww | jm i fe o —fife *
Vin TONE #n SNE P N—
Est s = ]tGTP-’ b 150 T B
[ aTA
SUGT A 3 j 1F _/] ~ \] Vist

- ‘*— tpstRx

RXg-RX3 DECODED TONE # {n-1) M

#n )L #in+1)

- = tpoiba

03 | N

b2 | l I L
|

read I [l

Stalus |

Register

IRG/CP l I

-
Figure 7 - Receiver Timing Diagram
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EXPLANATION OF EVENTS

RETAINED UNTIL NEXT VALID TONE PAIR.

RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS
DTMF COMPOSITE INPUT SIGNAL.

A) TONE BURSTS DETECTED, TONE DURATION iNVALID, RX DATA REGISTER NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED N RX DATA REGISTER.
C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

D) TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.
E} ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION INVALID, DATA REMAINS UNCHANGED.
F) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

EARLY STEERING QUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
4-8|T DECODED DATA IN RECEIVE DATA REGISTER

DELAYED STEERING. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ACTIVE LOW FOR THE DURATION OF A

VALID DTMF SIGNAL.

INDICATES THAT VALID DATA IS IN THE RECEIVE DATA REGISTER. THE BIT IS CLEARED AFTER THE STATUS

REGISTER 1S READ.

Raice

INTERRUPT 1S ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS
CLEARED AFTER THE STATUS REGISTER IS READ.

trec MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.
trEe MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.
tin MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

TIME TO DETECT VALID FREQUENCIES PRESENT.
TIME TO DETECT VALID FREQUENCIES ABSENT.

GUARD TIME, TONE PRESENT.
GUARD TIME, TONE ABSENT.

Figure 9 - Description of Timing Events

DTMF Generator

The DTMF transmitter employed in the MT8888C is
capable of generating aill sixteen standard DTMF
tone pairs with jow distortion and high accuracy. All
frequencies are derived from an external 3.579545
MHz crystal. The sinusoidal waveforms for the
individual tones are digitally synthesized using row
and column programmable dividers and switched
capacitor D/A converters. The row and column tones
are mixed and filtered providing a DTMF signal with
low total harmonic distortion and high accuracy. To
specify a DTMF signal, data conforming to the
encoding format shown in Table 1 must be written to
the transmit Data Register. Note that this is the
same as the receiver output code. The individual
tones which are generated (f oy and fygy) are
referred to as Low Group and High Group fones. As
seen from the table, the low group frequencies are
697, 770, 852 and 941 Hz. The high group
frequencies are 1209, 1336, 1477 and 1633 Hz.
Typically, the high group to low group amplitude ratio
(twist) is 2 dB to com-pensate for high group
attenuation on fong loops.

The period of each tone consists of 32 equat time
segments. The period of a tone is controlled by
varying the length of these time segments. During
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write operations to the Transmit Data Register the 4
bit data on the bus is latched and converted to 2 of 8
coding for use by the programmable divider circuitry.
This code is used to specify a time segment length,
which will uitimately determine the frequency of the
tone. When the divider reaches the appropriate
count, as determined by the input code, a reset pulse
is issued and the counter starts again. The number
of time segments is fixed at 32, however, by varying
the segment length as described above the
frequency can also be varied. The divider cutput
clocks another counter, which addresses the
sinewave lookup ROM.

The lookup table contains codes which are used by
the switched capacitor D/A converter to obtain
discrete and highly accurate DC voltage levels. Two
identical circuits are employed to produce row and
column tones, which are then mixed using a low
noise summing amplifier. The oscillator described
needs no “start-up” ftime as in other DTMF
generators since the crystat oscillator is running
continuously thus providing a high degree of tone
burst accuracy. A bandwidth limiting filter is
incorporated and serves to attenuate distortion
products above 8 kHz. it can be seen from Figure 8
that the distortion products are very low in amplitude.
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7.y Marker Frequency = 6§97 Hz and

Scaling Information

10 dB/Div

Start Frequency = 0 Hz
Stop Frequency = 3400 Hz

1209 Hz

Burst Mode

In certain telephony applications it is required that
DTMF signals being generated are of a specific
duration determined either by the particular
application or by any one of the exchange transmitter
specifications cumrently existing. Standard DTMF
signatl timing can be accomplished by making use of
the Burst Mode. The transmitter is capable of issuing
symmetric bursts/pauses of predetermined duration.
This burst/pause duration is 51 ms+1 ms, which is a
standard interval for autodiailer and central office
applications. After the burst/pause has been issued,
the appropriate bit is set in the Status Register
indicating that the transmitter is ready for more data.
The timing described above is available when DTMF
mode has been selected. However, when CP mode
(Call Progress mode) is selected, the burst/pause
duration is doubled to 102 ms £2 ms. Note that when
CP mode and Burst mode have been selected,
DTMF tones may be transmitted only and not
received. In applications where a non-standard
burst/pause time is desirable, a software timing loop
or external timer can be used to provide the timing
puises when the burst mode is disabled by enabling
and disabling the transmitter.

Single Tone Generation

A single tone mode is avaitable whereby individual
tones from the low group or high group can be
generated. This mode can be used for DTMF test
equipment applications, acknowiedgment tone
generalion and distortion measurements. Refer to
Control Register B description for details.

Figure 10 - Spectrum Plot

?ﬁ;‘l}’s OUTPUT FREQUENCY (Hz) %ERROR
SPECIFIED ACTUAL
L1 697 699.1 +0.30
L2 170 766.2 -0.49
L3 852 8474 -0.54
La 941 948.0 +0.74
Hi 1209 12159 +0.57
H2 1336 13317 -0.32
H3 1477 14719 -0.35
Hd 1633 1645.0 +0.73

?l'able 2. ActualjFrequencies Versus Standard

Requirements

Distortion Calculations

The MT8888C is capable of praducing precise tone
bursts with minimai error in frequency (see Table 2}.
The internal summing amplifier is followed by a firsi-
order lowpass swilched capacitor filter to minimize
harmonic components and intermodulation products.
The total harmonic distortion for a single tone can be
calculated using Equation 1, which is the ratio of the
total power of all the extraneous frequencies to the
power of the fundamental frequency expressed as a

percentage.
\/ VZZ’ * V23f + Vzdf + . Vznf

THO (%) = 100
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he Fourier companenis of the tone output
orrespond to V... Ve a5 measured on the output
aveform. The total harmonic distortion for a dual
one can be calculated using Equation 2. V_and Vy
orrespond to the low group amplitude and high
roup amplitude, respectively and V2 is the sum
f all the intermoduiation components. The internal
witched-capacitor filter following the D/A converter
2eps distortion products down to a very low level as
hown in Figure 10.

V3 + 2y + V2 eV e

V2 v Vi + Vg

4 V3 + V3,

Equation 2. THD {%) For a Dual Tone

THD (%) = 100

YTMF Clock Circuit

he internal clock circuit is completed with the
ddition of a standard television colour burst crystal.
he crystal specification is as follows:

requency: 3.579545 MHz
requency Tolerance: +H0.1%
lesonance Mode: Parallel

oad Capacitance: 18pF

faximum Series Resistance: 150 ohms
faximum Drive Level: 2mw

g. CTS Knights MP036S
Toyocom TQC-203-A-9S

 number of MTB8888C devices can be connected as
hown in Figure 11 such that only one crystal is
oquired. Alternatively, the OSC1 inputs on all

evices can be driven from a TTL buffer with the
)SC2 outputs left unconnected.

MT8888C MTag88C MT3888C

0SC1 0SC2 0SC1 08C2 0sC1 0SC2

Ly

3.579545 MHz
Figure 11 - Common Crystal Connection

licroprocessor Interface

‘he MT8888C incorporates an Intel microprocessor
terface which is compatible with fast versions (16
AHz)} of the 80C51. No wait cycles need to be
nserted.
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Figures 17 and 18 are the timing diagrams for the
Intel 8031, 8051 and 8085 (5 MHz) microcontroliers.
By NANDing the address latch enable (ALE) ocutput
with the high-byte address (P2) decode output, CS is
generated. Figure 12 summarizes the connection of
these Intel processors to the MT8888C transceiver.

The microprocessor interface provides access to five
internal registers. The read-only Receive Data
Register contains the decoded output of the last valid
DTMF digit received. Data entered into the write-only
Transmit Data Register will determine which tone
pair is to be generated (see Table 1 for coding
details). Transceiver control is accomplished with two
control registers (see Tables 6 and 7), CRA and
CRB, which have the same address. A write
operation to CRB is executed by first setting the most
significant bit (b3) in CRA. The following wrile
operation to the same address will then be directed
to CRB, and subsequent write cycles will be directed
back to CRA. The read-only status register indicates
the current transceiver state (see Table 8).

A software reset must be included at the beginning
of all programs to initialize the control registers upon
power-up or power reset (see Figure 17). Refer to
Tables 4-7 for bit descriptions of the two control
registers.

The multiplexed TRQ/CP pin can be programmed to
generate an interrupt upon validation of DTMF
signals or when the transmitter is ready for more
data (burst mode only). Aiternatively, this pin can be
configured to provide a squarewave output of the call
progress signal. The IRQ/CP pin is an open drain
oufput and requires an external pull-up resistor (see
Figure 13).

RSO WR RD FUNCTION
4] 0 1 Write to Transmit
Oata Register
0 1 0 Read from Receive
Data Register
1 0 1 Write to Control Register
1 1 0 Read from Status Register

e S ———————————
Table 3. Internal Register Functions

b3 b2 b1 b0
POE— — e ——
RSEL IRQ CP/DTMF TOUT

Table 4. CRA Bit Positions

b3 b2 b1 b
P et ————
C/IR S TEST BURST
ENABLE

Table 5. CRB Bit Positions
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BIT

NAME

DESCRIPTION

b0

TOUT

Tone Output Control. A logic high enables the tone output; a logic low turns the tone output
off. This bit controls all transmit tone functions.

b1

CPIDTMF

Call Progress or DTMF Mode Select. A logic high enables the receive cali progress mode;
a logic low enables DTMF mode. In DTMF mode the device is capable of receiving and
transmitting DTMF signals. In CP mode a rectangular wave representation of the received
tone signal will be present on the TRQ/CP output pin if IRQ has been enabled (control
register A, b2=1). In order to be detected, CP signals must be within the bandwidth
specified in the AC Electrical Characteristics for Call Progress.

Note: DTMF signals cannot be detected when CP mode is selected.

b2

IRQ

interrupt Enable. A fogic high enables the interrupt function; a fogic low de-activates the
interrupt function. When IRQ is enabled and DTMF mode is selected {control register A,
b1=0), the IRQ/CP output pin will go iow when either 1) a valid DTMF signal has been
received for a valid guard time duration, or 2) the transmitter is ready for more data (burst
mode only).

b3

RSEL

Register Selecl. A logic high selects controt register B for the next write cycle to the controi
register address. After writing to control register B, the following control register write cycle
will be directed to control register A.

Table 6. Control Register A Description

BIT

NAME

DESCRIPTION

b0

BURST

Burst Mode Select. A logic high de-activates burst mode; a logic low enables burst mode.
When activated, the digital code representing a DTMF signal (see Table 1) can be written
to the transmit register, which will result in a transmit DTMF tone burst and pause of equal
durations (typically 51 msec.). Following the pause, the status register will be updated (b1 -
Transmit Data Register Empty), and an interrupt will occur if the interrupt mode has been
enabled.

When CP mode (control register A, b1} is enabled the normal tone burst and pause
durations are extended from a typical duration of 51 msec to 102 msec.

When BURST is high (de-activated) the transmit tone burst duration is determined by the
TOUT bit (control register A, bG).

b1

TEST

Test Mode Control. A lagic high enables the test mode; a logic low de-activates the fest
mode. When TEST is enabled and DTMF mode is selected (controf register A, b1=0}), the
signal present on the IRQ/CP pin will be analogous to the state of the DELAYED
STEERING bit of the status register (see Figure 7, signal b3).

b2

Single or Dual Tone Generation. A logic high selects the single tone output; a logic low
sefects the dual fone (DTMF) output. The single tone generation function requires further
selection of either the row or column tones (fow or high group) through the C/R bit (control
register B, b3).

b3

CR

Column or Row Tone Select. A logic high selects a column tone output; a logic low selects
a row tone output. This function is used in conjunction with the S/D bit {control register B,
b2).

Table 7. Control I-Qegisterﬁ Description

4-97



AT8888C

BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRQ Interrupt has occurred. Bit one Interrupt is inactive. Cleared after
(b1} or bit two (b2) is set. Status Register is read.
b1 | TRANSMIT DATA Pause duration has terminated Cleared after Status Register is
REGISTER EMPTY and transmitter is ready for new read or when in non-burst mode.
(BURST MODE ONLY) data.
b2 | RECEIVE DATA REGISTER | Valid data is in the Receive Data | Cleared after Status Register is
FULL Register. read.
b3 | DELAYED STEERING Set upen the valid detection of Cleared upon the detection of a
the absence of a DTMF signal. valid DTMF signali.

e —— - -
Table 8. Status Register Description
L

8031/8051
8080/8085 MT3888C
AB-A15 | CS
A8 RSO
pr———t 00-D3
PO j—
RD RD
WR WR

MT8888C c3
N+ = voD [ = . ]}
c1 @y mr L m ooy 11
DTMF/CP SYGT
weur  OH ] N
_.E [y ESt
R2 =] vRet D3 [
{Jvss D2 [}
X-tal
/77 DI—E 0SCH D1}
0sc2 Do’}
== ToppP
DTMF [] IRQ/CP [}
OUTPUT 'R, [] Tone crH or uC
— L WR ROLD
R, "
I—-E Cs RSO |}
Notes:
R1, R2=100 kQ2 1%
R3=374 k{2 1%
R4 =3.3kQ 10%
Ry =10k Q (min.) * Microprocessor based systems can inject undesirable noise into the supply rails.
C1 =100 nF 5% The performance of the MT8888C can be optimized by keeping
C2=100 nF 5% noise on the supply rails to a minimum. The decoupling capacitor (C3) should be
C3 =100 nF 10%* connected ciose to the device and ground loops should be avoided.
X-tal = 3.579545 MHz
!

Figure 13 - Application Circuit (Single-Ended Input)
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MMD6150 (or
equivalent)

Ik

TEST POINT

O

TEST POINT

100 pF
MMD7000 (or
equivalent)

Test load for D0-D3 pins Test load for IRQ/CP pin

Figure 14 - Test Circuits

INITIALIZATION PROCEDURE
A software reset must be included at the beginning of all programs to initialize the control registers after
power up.The initialization procedure should be implemented 100ms after power up.
Description: Control Data
RS0 WR RD

Read Status Register 1 0

Write to Control Register 1

Write to Control Register 1

Write to Control Register 1

Write to Control Register 1

Read Status Register 0

TYPICAL CONTROL SEQUENCE FOR BURST MODE APPLICATIONS
Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones.

Sequence:

RS0 WR
1) Write te Control Register A 1 0
(tone out, DTMF, IRQ, Select Control Register B)

2) Write to Control Register B 1 0
(burst mode)

3) Write to Transmit Data Register 0 0
(send a digit 7)

4} Wait for an interrupt or poll Status Register

5} Read the Status Register 1 1

-if bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 0 0
(send a digit 5}

-if bit 2 is set, a DTMF tone has been received, in which case....
Read the Receive Data Register 0 1

-if both bits are set...
Read the Receive Data Register 1 X X
Write to Transmit Data Register 0 0 0

NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ms (2 ms) AFTER THE DATA IS
WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (+ 4 ms).
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\bsolute Maximum Ratings*

—

Parameter Symbol Min Max Units
1 | Power supply voltage Vpp-Vgs Vop 6 v
2 | Voltage on any pin V) Vgg-0.3 Vpp+0.3 \
3 | Current at any pin (Except Vpp and Vss) 10 mA
4 | Storage temperature Tt -65 +150 °C
5 | Package power dissipation Pp 1000 mw

Exceeding these values may cause pennanentdamage._!?unctional operation under these conditions is not implied.

Recommended Operating Conditions - volages are with respect to ground (Vgg) uniess otherwise stated.

Parameter Sym Min Typt Max Units | Test Conditions
! 1 | Positive power supply Voo 4.75 5.00 5.25 v
2 | Operating temperature To -40 +85 °C
3 | Crystal clock frequency fowk | 3.575965 | 3.579545 | 3.583124 | MHz

| Typical figures are at 25 °C and for design aid only: not guaranteed and not subject to production testing.

)C Electrical Characteristics! - vgg=ov.

Characteristics Sym | Min | Typ? [ Max | Units Test Conditions
'_1_‘ < | Operaling supply voltage Voo | 475 | 50 | 525 | V
2 u | Operating supply current ‘oo 7.0 11 mA
3| 7 | Power consumption Pe 578 | mwW
4 | | | Highlevel input voltage Vio | 3.5 V| Nole 9
N {OSC1)
5 | S Low levet input voltage ViLo 1.5 v Note 9*
+ | (0sc1)
6 | S | Steering threshold voltage | Vs | 2.2 | 2.3 | 25 V | Vpo=5V
7 Low level output voltage No load
B (0OSC2) VoLo 0.1 v Note g*
8 u High tevel output voitage No load
T | (0SC2) Vouo | 49 V | Note 9
IER 3 Output leakage current
T | {IRQ) loz 1 10 pA | Vou=2.4V
10 | S | Vges output voltage Vet | 24 | 25 | 26 | V | Noload, Vpp=5V
11 | Vref OULput resistance Ror 1.3 kQ
12| D | Low level npul vollage ViL 08 | V
13 ]g High level input voltage Vin 20 v
14| | ['Input leakage current iz 10 | pA | V=Vss to Vpp
a
)
15 Data | Source current lon -14 | -66 mA | Voy=2.4V
16 | Bus | Sink current oL | 20 | 40 mA | Vg =0.4V
17 | ESt | Source current on -05 3.0 mA | Vgu=4.6V
18 | ey [ Sink current low | 2 4 MA | Vo =04V
19 @/ Sink current o 1 4 | 16 mA | Vo =04V

| Characteristics are over recommended operating conditions unless otherwise stated.

Typical figures are at 25 °C, Vpp =5V and for design aid only: not guaranteed and not subject to production testing.
See “Notes” following AC Electrical Characteristics Tables.
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Electrical Characteristics

Gain Setting Ampliﬁer - Voltages are with respect to ground (Vgs) unless otherwise stated, Vgg= OV,

Characteristics Sym | Min | Typ Max | Units Test Conditions
1 |input leakage current hN 100 nA Vg5 < Vin<Vop
2 |Input resistance Rin 10 MO
3 |input offset voltage Vos 25 mv
4 | Power supply rejection PSRR 50 dB 1 kHz
5 | Common mode rejection CMRR | 40 dB
6 |DC open loop voltage gain Avor 40 dB CL=20p
7} Unity gain bandwidth BW 10 MHz C_L=20p
8 | Cutput voltage swing Vo 05 Vpp05f V R =100 kQ to Vgg
9 |Allowable capacitive load {GS) C 100 pF PM>40°
10 | Allowabie resistive load (GS) Ry 50 kQ Vo =4Vpp
11 {Common mode range Vem 1.0 Vpp-1.0f V R = 50kQ

Figures are for design aid only: not guaranteed and not subject to production testing.

Characteristics are over recommended operating conditions unless otherwise stated.

MT8888C AC Electrical Characteristics’- Voltages are with respect to ground (Vgs) unless otherwise stated.

signal)

Characteristics Sym Min Typt | Max Units Notes*
R Valid input signal levels -29 +1 dBm 1,2.356
1 X (each tone of composite 275 869 Wems | 1.2.3.5.6

= Voltages are with respect to ground (Vgg) unless otherwise stated. f-=3.579545 MHz

1 Characteristics are over recommended operating conditions (uniess otherwise stated

AC Electrical Characteristics’

using the test dcircuit shown in Figure 13.

Characteristics Sym Min Typ* | Max | Units Notes*
1 Positive twist accept ds 2,3,6,9
2 Negative twist accept dB 2,3,6,9
3 Freq. deviation accept +1.5%+ 2Hz 235
4 E Freq. deviation reject +3.5% 23,5
5 Third tone tolerance -16 dB 2,34,59,10
6 Noise tolerance -12 dB 2,34.57.9,10
7 Dial tone tolerance 22 dB 2,3,458,9

t Characteristics are over recommended operating conditions uniess otherwise stated.

1 Typical higures are at 25°C, Vpp = 5V, and for design aid only: not guaranteed and not subject to production testing.

* *See “Notes” following AC Electrical Characteristics Tables.
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ectrical CharacberisticsT- Call PI’Ogl’ €SS - Voltages are with respect to ground (Vgg), unless otherwise stated.

Characteristics Sym | Min | Typ¥ | Max | Units Conditions
ccept Bandwidth fa 310 500 | Hz | @-25dBm,
Note 9
ower freq. (REJECT) fir 290 Hz @ -25dBm
pper freq. (REJECT) Tur 540 Hz @ -25dBm
all progress tone detect fevel (total -30 dBm
ower)

-
taristics are over recommended operating conditions unless otherwise stated
figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject to production testing

ectrical Characteristics’- DTMF Reception - typical DTMF tone accept and reject requirements. Actual
e user selectable as per Figures 5,6 and 7.

Characteristics Sym | Min | Typt | Max | Units Conditions
Idinimum tone accept duration trec 40 ms
laximum tone reject duration treE 20 ms
finimum interdigit pause duration LTH) 40 ms
faximum tone drop-out duration top 20 ms

I:teristi(,."s are gver recommended operating conditions unless otherwise stated
figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject to production testing

ectrical Characteristics' - Voltages are with respect to ground (Vgg), uniess otherwise siated.
.

Characteristics Sym Min Typ?* Max | Units Conditions
;1; Tone present detect time top 3 " 14 ms |Note 11
N |Tone absent detect time toa 05 4 85 ms Note 11
© IDelay Stto b3 st 13 us |See Figure 7
r:1 Delay St to RXy-RX3 tesirx 8 pus |See Figure 7
| Tone burst duration tasT 50 52 ms |DTMF mode
Tone pause duration pg 50 52 ms |DTMF mode
Tone burst duration {extended) tesTE 100 104 ms | Call Progress mode
T {Tone pause duration (exiended) tese 100 104 |- ms [Call Progress mode
S High group output level Viout -6.1 -2.1 dBm |R;=10kQ
E lLow group output level Viout -8.1 -4.1 dBm R =10kQ
8 Pre-emphasis dBp 0 2 3 dB (R =10k
T |Output distortion (Single Tone) THD -35 dB |25 kHz Bandwidth
R =10kQ
Frequency deviation o +0.7 +1.5 % |[f=3.579545 MHz
Output load resistance Rt 10 50 kQ
Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz
# Clock input rise and fall time teLRF 110 ns |[Ext clock
? Clock input duty cycle OCc 40 50 60 % |Ext. clock
Capacitive joad {OSC2) Cio 30 pF

s over recommended temperature & power supply voltages.
figures are at 25°C and for design aid only: not guaranteed and not subject to production testing.
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\C Electrical Characteristics!- MPU Interface - voitages are with respect to ground (Vsg), unless otherwise stated.

Characteristics Sym Min | Typt | Max | Units Conditions
1 | RD/WR clock frequency feve 40 MHz | Figure 16
2 | RD/WR cycle period teve 250 ns | Figure 16
3 | RD/WR rise and fall time tr te 20 ns | Figure 16
4 | Address setup time tag 23 ns Figures 17 & 18
5 | Address hold time tan 26 ns Figures 17 & 18
6 | Data hold time (read) tour 22 ns Figures 17 & 18
7 | RD to valid data delay (read) topr 100 ns | Figures 17 & 18
8 | RD, WR puise width low tewL 150 ns | Figures 16, 17 & 18
9 | RD. WR pulse width high tpwn 100 ns Figures 16, 17 & 18
10 | Data setup time (write) thsw 45 ns Figures 17 & 18
11 | Data hold time (write) toHw 10 ns Figures 17 & 18
12 | Input Capacitance (data bus) Cin 5 pF
13 | Output Capacitance (IRQ/CP) Cout 5 pF

I Characteristics are over recommended operating conditions unless otherwise stated
Typical figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject 1o production testing

OTES: 1

2
3

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

7
8

Bandwidth limited {3 kHz) Gaussian noise.

6) The tone pair is deviated by * 1.5%+2 Hz.
The precise dial tone frequencies are 350 and 440 Hz (+2%).

dBm=decibsts above or below a reference power of 1 mW into a 600 chm load.
Digit sequence consists of all 16 DTMF tones.
Tone duration=40 ms. Tone pause=40 ms.

4) Nominal DTMF frequencies are used.

9) Guaranteed by design and characterization. Not subject to production testing.

10) Referenced to the lowest amplitude tone in the DTMF signal.
11) For guard time caiculation purposes.
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Figure 17 - 8031/8051/8085 Read Timing Diagram

Figure 18 - 8031/8051/8085 Write Timing Diagram



iIso2-cmos MT8870D/MT8870D-1
@ MITE': Integrated DTMF Receiver

Features ISSUE 5 March 1997
» Complete DTMF Receiver Ordering Information

* Low power consumption MT8870DE/DE-1 18 Pin Plastic DIP

- Internal gain setting amplifier MT8870DS/DS-1 18 Pin SOIC

- Adjustable guard time MT8870DN/DN-1 20 Pin SSOP

o [}
+ Central office quality <40 °C to +85°C

» Power-down mode
* Inhibit mode

= Backward compatible with
MT8870C/MT8870C-1

Description

The MT8870D/MT8870D-1 is a complete DTMF

Applications receiver integrating both the bandsplit filter and
* Receiver system for British Telecom (BT) or digital decoder functions. The filter section uses

CEPT Spec (MT83870D-1) switched capacitor techniques for high and low
- Paging systems group filters; the decoder uses digital counting

techniques to detect and decode all 16 DTMF tone-
] pairs into a 4-bit code. External component count is
« Credit card systems minimized by on chip provision of a differential input
»  Remote control amplifier, clock oscillator and latched three-state bus
- Personal computers interface.

» Telephone answering machine

+ Repeater systems/mobile radic

vDD VSS

High Group Code

Filter Converier
and Latch

Zero Crossing

Detectors

Low Group
Filter _ﬂ-

Figure 1 - Functional Block Diagram
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N[ 1 18[] voD N+ [ 1 20 % VDD

iN-[] 2 171 ] syGT N-[] 2 19 sveT
csl}s 181 ] ES1 csth3 181 ] ESt
VRef(] 4 15{ 1 StD VRef[] 4 17{] sto
INH[] 5 1417 Q4 INH[] 5 16 % NC
PWDN[] 6 131 @3 PWDON[] 6 157 qa
osci] 7 12[1 Q2 NC[]7 “4{la3
oscz2] s 111 Q1 0scil}s 123 0az
vss[]o 16[] TOE oscz[] 9 120

10

igure

scription

;- Name Description

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

IN- inverting Op-Amp (Input).

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

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

INH  (inhibit {input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulied down.

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

OSC1 [Clock {Input).

OSC2 {Clock {Output). A 3.579545 MHz crystat connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

l Vgs Ground (input). OV typical.

TCE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pin is
pulled up internatly.

-1 Q1-Q4 |[Three State Data {Output). When enabled by TOE, provide the code corresponding to the

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

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

l ESt Early Steering {Output). Presents a logic high once the digital aigorithm has detected a
valid tone pair {signal condition). Any momentary loss of signal condition wilt cause ESt to
return to a logic low.

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

| Vpp |Positive power supply (input). +5V typical.

NC No Connection.

]
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-unctional Description

The MT38870D/MT8870D-1 monolithic DTMF
eceiver offers smail size, low power consumption
nd high performance. lts architecture consists of a
yandsplit filter section, which separates the high and
ow group tones, followed by a digital counting
ection which verifies the frequency and duration of
he received tones before passing the corresponding
‘ode to the output bus.

“jlter Section

Separation of the low-group and high group tones is
ichieved by applying the DTMF signal to the inputs
f two  sixth-order switched capacitor bandpass
iiters, the bandwidihs of which correspond fo the fow
aind high group frequencies. The filter section also
ncorporates notches at 350 and 440 Hz for
yxceptionatl dial tone rejection (see Figure 3). Each
iter output is followed by a single order switched
apacitor filter section which smooths the signals
yrior to limiting. Limiting is performed by high-gain
omparators which are provided with hysteresis to
revent detection of unwanted fow-levet signals. The
utputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Jecoder Section

~ollowing the filter section is a decoder employing
Jigital counting techniques to determine the
requencies of the incoming tenes and to verify that
hey correspond to standard DTMF frequencies. A
somplex averaging algorithm protects against tone
simulation by extraneous signals such as voice whiie

Sto

MTB8700D/
MT8870D-1 teTA=(RC)INVpp/ Vs

lgTP=(RC)In{Vpp/(Vpp-Vrs]

igure 4

providing folerance to small frequency deviations
and variations. This averaging algorithm has been
develcped to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones {this is referred to as the “signal conditicn” in
some industry specifications) the “Early Steering”
(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

Before registration of a decoded tone pair, the
receiver checks for a valid signat duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 4) to
rise as the capacitor discharges. Provided signal

PRECISE
DIAL TONES

X=350 Hz

Y=440 Hz

DTMF TONES

ATTENUATION

A=697 Hz
B=770 Hz

(dB)

C=852 Hz
D=841 Hz

E=1209 Hz
F=1336 Hz

G=1477 Hz
H=1633 Hz

I

AB € D

It

E

FREQUENCY (Hz)

tlter

esponse



BTODIMT8870D-1 ISO2-CMOS

n is maintained (ESt remains high) for the
n period (lgtp). v, reaches the threshold
f the steering logic to register the tone pair,
its corresponding 4-bit code (see Table 1)
output tatch. At this point the GT output is
d and drives vc lo Vpp. GT continues to drive
iong as ESt remains high. Finaily, after a
2fay to allow the output latch to seftle, the
steering output flag (StD) goes high,
g that a received lone pair has been
xd. The contents of the output latch are
railable on the 4-bit output bus by raising the
ate control input {TOE) to a logic high. The
circuit works in reverse to validate the
t pause between signals. Thus, as well as
| signals too short to be considered valid, the
will tolerate signal interruptions {dropout)}
t to be considered a valid pause. This facility,
- with the capability of selecting the steering
nstants externally, allows the designer to
rformance to meet a wide variety of system
ents.

[ime Adjustment

/ situations not requiring selection of tone

and interdigital pause, the simple steering
hown in Figure 4 is applicable. Component
re chosen according to the formula:

lrec=tIppticTP
Lp=lpattcia

1e of tpp is a device parameter (see Figure
trec s the minimum signal duration tc be
red by the receiver. A value for C of 0.1 pF is

et (ReCiInVop/(Vop-Vrsd]
teTa=(R1C)IN{Vpp/Visy
T Rp=(R1Ra)(Ry+R3)

a) decreasing terp; (loTP<igTA)

tere=(R1CInVppiVop- Vsl

O c | tera=(RpC Jin(VppVrsy

' Rp=(RiRMR1+R2)
™Q

Digit | TOE | INH ESt Q4 Q3 Q, Qy

ANY L X H z z A Z
1 H X H 0 0 0 1
2 H X H 0 0 1 0
3 H X H 0 0 1 *
4 H X H 0 1 Q 0
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H a 1 1 1
8 H X H 1 1] 0 1]
g H X H 1 o] 0 1
0 H X H 1 0 1 0
* H X H 1 0 1 1
# H X H 1 1 0 0
A H L H 1 4 0 4
B H L H 1 1 1 0
C al L H 1 1 1 1
D H L H 4] 0 ] 4]
A H H L
B H H L undetected, the oulput code

will remain the same as the

c H H L previous detected code

D H H L

Table 1. Funct onal Decode Table

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

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

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

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin 5 (INH}. It inhibits the delection of iones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vggs} which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output {(GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vg
biasing the input at /,Vpp Figure 6 shows the
differential  configuration, which permits the
adjustment of gain with the feedback resistor Rg.

Crystal Oscillator

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

MT3870D/
MTB8870D-1

.

B:E%r:%tba;’ gpput Amplifier

Ry=R,=Rs=100 ka2
R =60k0Ro3T B ka2

All resistaors are +1% tolerance.
All capacitors are £5% tolerance.

R 4= RZRS
Ra*Rs

R
VOLTAGE GAIN (A, diff)= R—5

1
INPUT IMPEDANCE

1
=2 2, e
Zinoiee) R, +(mc

] To O8C1 of next
cl T8870D/MTB870D-1

C=30 pF
X-tal=3.579545 MHz

igure >onnection
Parameter Unit Resonator
R1 Ohms 10.752
| mH 432
C1 pF 4984
co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model, i.e., 1/2IIfR1CA.
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cations

VER SYSTEM FOR BRITISH TELECOM
POR 1151 tarp=(ReC I pp/(Vpp-Vrs)]

‘cuit shown in Fig. 9 iflustrates the use of -

0D-1 device in a typical receiver system. BT toram(RiCIIN(Voo/Vis)
efines the input signals less than -34 dBm as
--operate level. This condition can be attained Re=<(RiRzM(Ry+Ry)
osing a suitable values of Ry and R; lo
3 dB attenuation, such that -34 dBm input
will correspond to -37 dBm at the gain setting
of MT8870D-1. As shown in the diagram, the
1ent values of R3 and C; are the guard time

ments when the total component tolerance is 1;01?355:84(9+ 19%
or better performance, it is recommended to R;=2.2Mﬂt— 1%

» non-symmetric guard time circuit in Fig. 8. C{=100nF £ 5%

MT8870D-1

IN+ u Vool —e
IN- SYGT
Gs ESt
Viet StD
INH Q4

o
o] | —
O—-—-—-——L__ PWDN Q3 j"—
j—
gu—
o]

Ahdih

NOTES:

Ry = 102KQ + 1%

R, =T1.5KQ £ 1%

R, =390KQ 21 %
C4.C, = 100 nF £ 5%

Xy = 3.579545 MMz 0.1%
Vpp = 5.0V 5%

0SC 1 Q2
X4 0SC 2 Qi

] | Voo TOE
r7

igure ingle-Ended Input Configuration tor pec
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\bsolute Maximum Ratings’

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 \Y
2 | Voltage on any pin Vi Vgg-0.3 Vppt0.3 \
3 | Current at any pin (other than supply) b 10 mA
4 | Storage temperature Ts1o -65 +150 °C
5 | Package power dissipation Py 500 mw

Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
erate above 75 °C at 16 mW / °C. ~ All leads soldered to board.

tecommended Operating Conditions - voltages are with respect to ground {Vsg) unless otherwise stated.

Parameter Sym | Min Typt | Max | Units Test Conditions
1 | DC Power Supply Voltage Vpo | 475 5.0 525 Vv
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Ciock Frequency fc 3.579545 MHz
i Crystal/Clock Freq.Tolerance Afc 0.1 %

Typicat figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

JC Electrical Characteristics - vyp=5.0v+ 5%, vgs=0V, -40°C < T, < +85°C, unless otherwise stated.

Characteristics Sym | Min | Typt | Max | Units Test Conditions
L S Standby supply current lbpa 10 25 BA | PWDN=Vp,
2 | P |Operating supply current Ibp 3.0 9.0 mA
T E Power consumption Po 15 mW  {fc=3.579545 MHz
i

7 High level input Vi 35 vV |Vpp=5.0V
—’-jm Low level input voltage Vi 1.5 V  {Vpp=5.0V
E 1 Input leakage current ha'he 0.1 HA [ Vi=Vsg O Vpop

7 ': Pull up {source) current ls0 75 20 HA I/OE—(SPEV1O)=O‘
v on=5-

8 é Pull down (sink) current s 15 45 pA [ INH=5.0V, PWDN=5.0V,

Vpp=5.0V

9 | Input impedance (IN+, IN-) Ry 10 MQ (@ 1kHz
W Steering threshold voltage Vst 2.2 24 25 V.  {Vpp=50V
| 11 Low level output voltage VoL Vg5+0.03 VvV |No load
E 8 High level output voltage Vou |Vpp-0.03 V  INo load

13 | T |Output low (sink) current oL 1.0 25 mA  [Vg,1=04V
—1-4— S Output high (source) current | oy .4 0.8 mA  [Voyr=4.6V
15 | § |Vperoutput voltage Vret | 23 | 25 | 27 V  |Noload, Vpp = 5.0V
_1; Vet Oulput resistance Ror 1 kQ

:LTypical figures are at 25°C and are for design ai

id only: not guaranteed and not subject to production testing.
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1g Characteristics - v;,=5.0vt5%, Vgg=0V, 40°C < To < +85°C ,unless otherwise stated.
ing Amplifier

Characteristics Sym | Min | Typf | Max | Units Test Conditions
it leakage current N 100 nA Vgg< VN < Vpp
ut resistance Rin 10 MQ
Jt offset voltage Vos 25 mv
ver supply rejection PSRR 50 dB 1kHz
nmon mode rejection CMRR | 40 dB 0.75V<Vy<4.25V biased
at Ve =2.5V
open loop voltage gain Avor 3z dB
ty gain bandwidth fe 0.30 MHz
tput voltage swing Vo 40 Vpp | Load 2100 kQ to Vss @ GS
ximum capagcitive load (GS) Cy 100 pF
sistive load (GS) R 50 kQ
mmon mode range Vem 25 Vpp | NoLoad

D AC Electrical Characteristics - vyo=5.0v £5%, Vgs=0V, -40°C < T < +85°C , using Test Circuit shown in

Figure 10.

Characteristics Sym Min Typt | Max Units Notes*
5 input signal levels (each -29 +1 dBm 1,2,3,5,6.,9
 of composite signal) 275 869 | MVems | 1.2.3.569
ative twist accept 8 dB 2,3,6,9,12
itive twist accept 8 dB 236,912
juency deviation accept +1.5% +2Hz 2359
juency deviation reject +3.5% 2,3,5.9
d tone tolerance -16 dB 2345910
se tolerance -12 dB 23457910
tone tolerance +22 dB 23458911

ures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.

scibels above or below a reference power of 1 mW into a 600 chm load.
juence consists of ail DTMF tones.

ation= 40 ms, tone pause= 40 ms.

ondition consists of nominal DTMF frequencies.

es in composite signal have an equal amplitude.

r is deviated by 11.5 %t 2 Hz.

jth limited (3 kHz ) Gaussian noise.

cise dial tone frequencies are (350 Hz and 440 Hz) £ 2 %.
rror rate of better than 1 in 10,000

ced to lowest level frequency component in DTMF signal.
ced to the minimum valid accept level.

teed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - v;;=5.0v5%, Vgg=0V, 40°C < Tg < +85°C , using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
| e
21.8 869 | mVgpys
2 | Input Signal Level Reject 37 dBm I?zs':,?%aat \ngD=5.OV
10.9 MVeus PSS
3 | Negative twist accept 8 dB 2,3,6,9,13
4 | Positive twist accept 8 dB 2,369,113
5 | Frequency deviation accept $1.5%+ 2 Hz 2359
6 | Frequency deviation reject +3.5% 2359
7 | Third zone tolerance -185 dB 2345912
8 | Noise tolerance -12 d8 2,3,4,579,10
9 | Dial tone tolerance +22 dB 2,3,4,5,89,11
T Typical fgures are at 25 TC and are Tor Gesign aid onty. not guaranteed and not SBJeCt 5 proaUCHOn 1BSENg.
*NOTES

1. dBm= decibels above or below a reference power of 1 mW into a 600 chm 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 slgna! have an equal amplitude.
6 Tone pair is deviated by *
Bandwidth limited (3 kHz ) Gaussian nol
B The precise dial tone frequencies are (350 Hz and 440 Hz) +2 %.
9. For an error rate of batter than 1 in 10,000.
10. Referenced to lowest level fmq'uency component in DTMF signal.
11. Referenced to the minimum valid accept lavei.

12. Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin) interference frequency range between 480-3400Hz.

13. Guaranteed by design and characterization
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ectrical Characteristics - vp=5.0v15%, Vgg=0V, 40°C < To < +85°C , using Test Circuit shown in Figure 10.

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

Tone present detect time top 5 1 14 ms |Note 1

T |Tone absent detect time tpa 0.5 4 8.5 ms |Note 1

w |Tone duration accept trec 40 | ms |Note2

r|J Tone duration reject tree 20 ms |[Note 2

G linterdigit pause accept to 40 ms |Note 2
Interdigit pause reject too 20 ms [Note 2
Propagation delay (St to Q) teq 8 11 us |TOE=Vpp

o |Propagation delay (St to StD) tesip 12 16 us [TOE=Vpp

Y [Output data set up (@ to StD) toso 3.4 us  |TOE=Vpp

L [Propagation delay (TOE to Q ENABLE) | tere 50 ns |load of 10k

T 50 pF

% |Propagation delay (TOE to Q DISABLE)| terp 300 ns |load of 10k,

50 pF

l; Power-up time teu 30 ms |Note 3

Lv Power-down time tep 20 ms
Crystal/clock frequency fc |3.57593.5795 | 3.5831 | MHz

E Clock input rise time tHoL 110 ns |Ext clock

0 |Clock input fall time tHicL 110 ns |Ext. clock

ﬁ Clock input duty cycle DCq | 40 50 60 % |Ext. clock
Capacitive load (OSC2) C.o 30 pF

;i-ﬁs;uresamatZS C and are for design aid only: not guaranteed and not subject to production testing.

3

Ised for guard-time calculation purposes only.

These, user adjustable parameters, are not device specifications. The adjustable settings of these minimums and maximums
are recommendations based upon network requirements.

With valid tone present at input, i) equals time from POWN going low until ESt going high.

il

MTE870DMTEB70D-1
e | IN+ o Vop
e ] IN- SYGT Ry
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NOTES:

R¢,Rz=100KQ + 1%
R3=300KQ + 1%
C,.Co=100 nF £ 5%
X-4al=3.579545 MHz + 0.1%
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EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS

C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL. NEXT VALID
TONE.

D) QUTPUTS SWITCHED TO MIGH IMPEDANCE STATE.

E) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

F} ACCEPTABLE DROPQUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, QUTPUTS REMAIN LATCHED.

G) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, QUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL.

ESt EARLY STEERING QUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
SYGT STEERING INPUT/GUARD TiME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
Q4-Q 4-BIT DECODED TONE OUTPUT.

DELAYED STEERING OUTPUT. INDICATES THAY VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL.

TONE QUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Qq TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.
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