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TELEPHONE CONTROL ELECTRICAL DEVICE BY SEQUENCIAL SYSTEM

Suksawat Wongwarawanit

Santi Larpsamritpol
Sumolta  Puntusitseri
Polpadung Paduangkul Advisor
1996

ABSTRACT

This project is an application of the 8031 microcontroller . The objective is taking on-
off and checking the status of electrical devices on telephone line by using sequencing
techmque. The system can separate in five parts . First part is automatically handset telephone
line, second is simmulation telephone signal part , third is central control which has LCD display and
sound present for telling user what is going on in this time, forth is central processor is process
signal under the condition of software and fifth part is control each electrical devices . This

system is designed in order to control 127 electrical devices by only using one pair of signal line .
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852 1477 9 H 1 0 0 1
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2.1.5 1SD1400 Tedidatass
a5l ISD 1400
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#1) WWdyae High AN REC  msswuinwsmimswuszseiinissmnoiudensmniuiings
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1. 29vsusndauFalasia (SYNCHRONOUS SEPARATOR)
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3.1 mseenuuulesuildygnamieya (Data Generator )

signal
o '2}'\_1"1_1—1_17 . SIGNAL LINE
0 At a

o
1Q*>

d "
3191 3.1 ummsmseenuulsa Hadganadeya

AUIUNIAN R, N8 Q, ON

fmual, = 30 LA uay B = 100

Vi-Va Ve =0

5-IR, 0.7 =0
LR, =43V
o 43
b 305107
R, = 143.33KCD
a1 iflunismanss
R, = 100K

Q, luej 2N3904

038366
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32 miseennuesadedgyenadelasiia (Synchronous Generator)

Vin
gE m t R2
Vout 12
5l l !' R3
0 AVAVAY

Vee

P &

o — e AAA— Qi
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< o a o
1UR 3.2 usmamseenuiissaedygasa Inse
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R,+R,

12R,

10K +R,

R, =909 Q2 =~ 1kQ2

Vee =1
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AInuR

I = L
L = lmA
Vm'vczm'vm'vcc =0
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n o 63
‘o 1x107
R, = 63KQ2
Ml lun1snaaes
R, = 500 k(D
R,= 10 k€
R,= 1 KQ
R, = 68 KQ2

Q, weF 2N 3904
Q, wei 2N 3906

33 mIesnnuUI0sHIndyanalasliE ( Synchronous Separator)

Vin Vee
12
5
0
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5
o]
Vout
5
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o . a v .
7N 3.3 uemIniseenuuLIsIsHendyg s Inse
i R R, Iasdmuald v, = R
BV 107" R,+R,T ™
. R, = 10K(2
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Voo - IR, - 07 = 0
IR, = 43V
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n o 03
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A1l Flumsnanes
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R, = 10 KC2

R, = 43 KQ
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3.4 myesnuUYIesIandgaanioya (Data Detector )
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fMUIUNIAI R, R, N30 Q,ON
fmual, = 10HAuay B = 100
V.-V, -V, =0

1

5-L,R, 0.7 =0
LR, = 43V
__ 43
%7 T0x10°
R, = 430K
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IR, 92 14
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5-1R,-07 =0
IR, =43
YA
% 7 1x107
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R, = 43 KQ)
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{ START )

A
clear inberral RAM
seth 18,1
seth 1£2.
th (27
mov THO #1Ah.
mav TLO#AR
o P15
o P14
movy R2,432
mav CLK_NO0FTh
o TRO

Telephone o
ring |

! yes ;
no no
6 ring Qﬂam
oS
. e iyes

setb TRO
(gennerate ¢lock]

END
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sim equ
remote equ
comment equ
$if remote

STADDR equ
Selse

STADDR equ
Sendif

810Ch

;************************************

;  Telephone Contro! Electrical Device

;************************************

in_8870 equ
stb_8870 equ
CLK equ

DATA_PULSE equ

thumb_S equ
LCD equ
WRITE equ

thumb_IN equ

P1.0; P1.0-P1.3
P1.4 ; strobe 8870
P1.5; 0/

P1.6 ; ofp-ifp
P17

0C000h

0C002h

OFCO00h; port A

portB equ OFCO1h; port B
portC equ OFC02h; port C
portD equ OFC03h

, mode port

o 3 RN Rk K KERKRRRRIRKRK
; Internal Ram

org

STCLR1? equ

ad_datal: ds
org
ds

dev_DATA: ds
psw_DATA: ds

tmout_cnt: ds

i0h

$

16

20h

2 ; system flag
4

4

psw_NUM:
thumb_NUM:
psw_cat:
wrong_cnt:
dev_cnt:
ad_data2:

ENDCLR1

STCLRZ2

DI:

Dz2:

D3:

wait_cnt:
CLK_NO:
ENDINRAM
ENDCLR2

int_bit:
carry_bit:
psw_comp:
psw_bit:
work_mode:
manual_bit:

count_bit:

;************************************

INTERRUFT:

org

ds

&

&

ds

ds
equ
equ
org
ds
ds
ds
ds
ds
ds

ds

org
ljmp
org
{jmp
clr

2Ch
4 ; monitor flag
2

2

16

48h

I

STADDR
MAIN
STADDR+0BhA
INTERRUPT
TFO



gen_pulse:

continue:

push PSW

push  ACC
push B
cpl int_bit

job  int_bit,RETI

; check over 2 times

setb RSO
mov  AR2

; check blanking
jnz blank

jnb P1.5,gen_pulse

; check present P1.0

limp  gen_data loopl:
mov  AR>

cjne  A,#127 continue

; check clock 256 loap2:
clr P1.5

clr Pl.6

mov  R2,#32 gen_PI:

mov  CLK_NO,#0FFh

mov  RS5,#00

{jimp  RETI blank:
inc CLK_NO
mov  A,CLK_NO
job ACC.7,gen_P1

cjoe  A#128,12

ljmp  gen_P1
clr C

subb  A,#128
mov  RS5,A
dec A

mov  B,#8

gen_data:

div AB

add A,#ad_data2

mov  RO,A
mov AB
inc A
mov  R3,A
mov  R4,A

mov  DPTR,#pontC
movx A,@DPIR
mov  C,ACC.2
mov  carry_bit,C
mov  A.@RO0

Irc A

djinz  R4,loopl

mov  C,carry_bit
ric A

djnz  R3,loop2

mov. ~ @RO,A
setb  PL5
clr P16
fimp RETI
dec R2
limp  RETI1

mov  A,CLK_NO
jb ACC.7,11

; check 0-127 clock
mov  B,#8

div AB

; divide A by B

add A,#ad_datal
; address

mov RO,A



mov
inc
mov
mov
clr
loop0: nrc~
djnz
jne
setb
11: clr
Jjmp
RET1I: pop
pop
pop
$if sim

$else

Sendif
MAIN:
mov
mov
clr
clear_ram:
mov
inc
djnz
mov
mov
clr_ram?2:
mov

inc

AB

A

R3,A ; R3 = B+1
A,@R0

C

A

R3,loop0

11

P16

P15

RETI

ACC

PSW

R3#ENDCLRI-STCLR1
RO,#STCLR1

A

@RO0,A

RO

R3,clear_ram
R3,#ENDCLR2-STCLR2

RO#STCLR2

@RO0,A
RO

dinz
mov

mov

R3,clc_ram?2
SP,#ENDINRAM-1

TMOD,#22h

; timer0Q mode2

$if remote
setb
Sendif
setb
setb

setb

mov
clr
clr
mov
mov
setb
setb
cir
clr
3if comment
Jif sim
mainl: setb
jab
Icall
limp
Selse
sjmp
Sendif

EX1

IP.1

IB.1

IE7

THO,#1Ah ; 26 for count
TLO,#1Ah ; 26 for count
RSO

RS1  ; register groupl
R2,#32 ; blanking

P1.5

P1.6

CLK_NO,#0FFh ; clock
RS5,#00

count_bit

int_bit

manual_bit

RSO ; register group0

TFO
TF0,$
INTERRUPT

mainl



Sendif setb  manuai_bit

leall  initial limp  con_ring4

mov  DPTR,#portD alway: mov  DPTR,#portC

mov  A#91h movx A,@DPIR

; PA,PCL=i/p,PB0-6=0/p anl A,#02h

movx @DPTRA job ACC.1,ring_loop3

mov  DPTR,#portB ; check ring OFF

mov  A#3Fh ; hook OFF Icall  delay2

movx @DPTR,A lcall  delay2

Icall delay2 mov  wait_cnat,#6
ring_loopl: wail_rng:

mov  DPTR.#portC mov  tmout_cnt,#25h

movx A,@DPTR ; check NO.ring 10 sec

ani A #01h wait_mgl:

jb ACC.0O,tele ; tel. or man. mov tmout_cnt+1,#0

setb manual_bit wait_rng2:

ljmp  con_ring4 mov  tmout_cat+2,#0
tele:  lcall  delayl wait_rmg3:

mov  DPTR,#portC mov  DPIR,#portC

movx A,@DPTR movx A,@DPTR

ani A,#02h anl A,#02h

jb ACC.1,ring_loopl jnb ACC.1,con_ringl

; check ring ON dinz  tmout_cnt+2,wait_rng3

ring_loop2: djnz  tmout_cnt+1,wait_rng2

lcall  delay2 djnz  tmout_cnt,wait_rng!l

clr manual_bit mp  ring_loopl
ring_loop3: con_ringl:

mov  DPTR,#portC leall  delay2

movx A@DPTR Icall  delay2

anl A,#01h mov  tmout_cnt,#25h

jb ACC.0,alway ;tel. or man. ; check NO.ring 10 sec

leall  delayl



wait_rng4.:
mov
wait_rng5:
mov
wait_rng6:
mov
movx
an!
jb
djnz
djnz
dinz
ljmp
con_ring2:
djnz
con_ring3:
Ieail
mov
mov
movx
con_ring4:
leall
Icall
mov
job
mov
sjmp
alwayl: mov
alway2: movx
Ieall
Iecall

Iea#l

tmout_cnt+1,#0

tmout_cnt+2,#0

DPTR, #portC
A,@DPTR

A, #02h
ACC.1,con_ring2
tmout_cnt+2,wait_rng6
tmout_cnt+1,wait_rngs
tmout_cnt,wait_rng4

ring_loop2

wait_cnot,wait_rng

delay2
DPTR, #portB
A,#0FFh ; hook_reiay ON

@DPIR,A

initial

display_1
DPTR,#portB
manual bit,alwayl
A,#3Eh

alway2

A#7Eh ; sound0
@DPTR,A

delay3

delay3

delay3

Ieall
mov
job
mov
sjmp
alway3: mov
alway4: movx
leail
Icall

mov

delay3

DPTR,#portB
manual_bit,alway3
A,#0BFh

alway4

A,#0FFh ; no sound0
@DPTR,A

delay4

delay!

wrong_cnt,#2

; passward wrong 3 times

psw_loopl:

mov

wait_cnt,#2

; wait NO.psw 20 sec

Icall
leall
psw_loop2:
jb
mov
job
mov
sjmp
alway5: mov
alway6: movx
Icall
leall
Icall
Icall
mov
job
mov

sjmp

initial

display_2

count_bit,psw_loop3
DPTR,#portB
manual_bit,alway5
A,#3Dh

alwayé

A,#7Dh ; soundi
@DPIR,A

delay3

delay4

delay4

delay4

DPTR, #portB
manual_bit,alway7
A,#0BFh

alway$8



alway7: mov  A,#0FFh ; no soundl

alway8: movx @DPIR,A

leall  delayl

Icall  delay4
psw_loop3:

Icall  psw_read

jb psw_bit,psw_contl

; check press

cir count_bit

djnz wait_cat,psw_loop2

; check 20 sec

mov  DPTR,#portB

mov  A#3Fh ; hook_reiay OFF

movx @DPIRA

Icall  initial

leall  display_5

imp  ring_loop2

; check ring again
psw_contl:

Jjb psw_comp,psw_cont2

; check passward

clr count_bit

dinz  wrong_cnt,psw_Jloopl

; check 2 times
psw_Tfaill:

mov  DPTR,#portB

mov  A,#3Fh ; hook_relay OFF

movx @DPIR,A
fcall  initial
leall  display_5
limp  ring_loop2

; check ring again

psw_cont2:
setb
Jeall
Ieall
Ieall
mov
job
mov
sjmp
alway9: mov
alway10:
movx
feall
Icall
Ieall
Ieall
moyv
job
mov
sjmp
alwayll:
mov
alway12:
movx
Ieail
leall
setbh
ljmp
psw_read:
cir
mov

lcall

TRO ; allow interrupt
delayl

initial

display_3
DPTR,#portB
manual_bit,alway9
A,#3Bh

alway10

A,#7Bh ; sound2 ON

@DPTR,A

delay3

delay4

delay4

delay4

DPTR, #portB
manual_bit,alwayl1
A,#0BFh

alwayli2

A,#0FFh 0; sound2 OFF

@DPTR,A
delay1
delay4
count_bit

dev_loopl

thumb_S
B,#0h ; delay select

delay2



dinz B.S mov
mov  DPIR.#thumb_IN ; port A anl
movx A.@DPTR ; passward ¢jne
cpl A mov
mov  thumb_NUM,A ; numl,2 psw_nzero:
seth thumb_S mov
mov  B.#0FFh inc
dinz B.§ djnz
mov  DPTR.#thumb_IN ; port A
movx A.@DPTR ; passward mov
cpl A mov
mov  thumb_NUM+] A; num3.4 ani
mov  RO.#psw_DATA mov
mov  psw_cnt,#4 leall
: passward 4 values mov
psw_rdl: call
movy  tmout_cnt.#25h call
; check NO.key 10 sec swap
wait_stbl: mov
mov  tmout_cnt+1,#0 inc
wait_sth2: mov
mov  tmout_cnt+2,#0 ani
wait_stb3: mov
jb stb_8870,stb_actl mov
; check press feall
djnz  imout_cnt+2,wait_stb3 keall
dinz tmout_cat+1,wair_stb2 orl
dinz tmout_cnt,wait_stbl inc
clr psw_bit mov
ret an!
stb_actl: mov
jb stb_8870,$ : Pl1.4 mov

A,in_8870 ; P1.0-P1.3
AHOFR
A,#0Ah,psw_nzero

A.F#0 : 0=0Ah
@RO0,A

RO

psw_cnt.psw_rdl

; check 4 values

RO, #psw_DATA ; Ist
A.@RO

A#OFh

R5,A

initial

A#80h ;address DDRAM]I
isplay_4
elay2

A
psw_NUMA
RO : 2nd
A,@RO

A #0Fh

R5,4A

A,#81h ;address DDRAMI
display_4
delay2
psw_NUM,A ; puml,2
RO ; 3rd
A,@RO

A,#0Fh

R3,A

A,#82h ;address DDRAM]



Icall
feall
swap
mov
inc
mov
an!
mov
mov
display_4:

Ieall
orl

setb

display_4

delay2

A

psw_NUM+1,A

RO ; 4th
A@RO

A,#0Fh

R5,A

A,#83h

delay2
psw_NUM+1,A : num3.4

psw_bit

; complete 4 values

mov
cine
mov
cjne
setb
ret
psw_rd2:
clr
ret
dev_loopl:
setb
mov
dev_read:
jb
Ieall
feall
Icall

mov

A psw_NUM
Athumb_NUM.psw_rd2

A.psw_NUM+1

A,thumb_NUM+1.psw_rd2

psw_comp

psw_comp

TRO

wait_cnt,#2

count_bit,dev_loop2
delayl

initial

display_5

DPTR #portB

job
mov
sjmp
alwayl3:
mov
alwayl4:
movx
Ieall
Icalt
leall
leall
mov
Jjob
mov
sjmp
alwavls:
mov
alwayl6:
movx
feall
dev_loop2:
clr
clr
mov

mov

manual_bit,alway13
A#3Dh

alwayl4

A,#7Dh ; soundl ON

@DPIR,A

delay3

delay4

delay4

delay4
DFPTR.#portB
manual_bit.alwayls
A, #0BFh

alwaylo

A#0FFh ; soundl OFF

@DPTR,A
delayl

RO.#dev_DATA

dev_cnt,#4

; device 4 values

dev_readl:

mov

tmout_cnl,#25h

; check 10 sec

walit_stb4:
mov

wait_stbs:

tmout_cnt+1,#0



dinz B,§
mov  DPIR,#thumb_IN ; port A
movx A,@DPTR ; passward
cpl A
mov  thumb_NUM.,A ; numl,2
seth thumb_S
mov  B,#0FFh
dinz  B,§
mov  DPTR#humb_IN ; port A
movy A.@DPTR ; passward
cpl A
mov  thumb_NUM-~+1.A: npum3.4
mov  RO.#psw_DATA
mov  psw_cat#d
. passward 4 vaiues

psw_rdl:
mov - tmout_cat.#25h
; check NO.key 10 sec

wail_stbl:
mov  unout_cnt+1.#0

wajt_stb2:
mov  tmoul_cot+2,.#0

wait_stb3:
Jjb stb_8870,stb_actl
; check press
djnz tmout_cat+2, wait_stb3
djnz tmout_cnt+1,wait_stb2
dinz tmout_cnt.wait_stbhl
clr psw_bit
ret

stb_actl:

jb stb_8870,§  : Pl.4

mov  A,in_8870 , P1.0-P1.3
anl A,#0Fh
cjne  A,#0Ah,psw_nzero

mov  A,#D ;. 0 = 0Ah

DSW_nzero:

mov  @RO0O,A

inc RO

dinz  psw_cnt.psw_rdl

; check 4 values

mov RO #psw_DATA : Ist
mov  A@R0

ani A.#OFh

mev RSA

Ieall  initis}

mov - A#30h ;address DDRAN
call isplay_4

call afzv2

swap A

mov  psw_NUM.A

inc RO ; 2nd
mov A@RO

an! A#OFh

mov RS A

mov  A#81h :address DDRAM]I
Icall  displav_4
leall  delay?

orl psw_NUM,A ; numl,2

inc RO : 3rd
mov  A,@R0

anl A,#O0Fh

mov  RS5,A

mov - A#82h ;address DDRAM]I



dinz  B,S
mov  DFTR,#thumb_IN ; port A
movx A,@DPTR ; passward
cpl A
mov  thumb_NUM,A ; numl,2
setb thumb_S
mov  B.#0FFh
dinz  B.§
mov  DPTR#thumb_IN ; port A
movx A.@DPTR : passward
cpl A
mov  thumb_ NTUIM+1.A: num3.4
mov  RO.#psw_DATA
mov. - psw_cakfd
: passward + values
psw_rdl:
moy tmout_cnt #25h
; check NO.key 10 sec
walit_stbl:
mov  unout_cmi+1.#0
wail_stb2:
mov  tmout_cnt+2.#0
walit_stb3:
jb sth_8870.stb_actl
: check press
dinz  tmout_cnt+2,wait_sth3
dinz tmout_cat+1,wait_stb2
dinz tmout_cnt.wait_stbl
clr psw_bit
ret

stb_actl:

Jjb stb_%8870.5 : P1.4

mov
ani
cjne
mov

Dpsw_nzero:
mov
inc

djnz

A.in_8870 ; P1.0-P1.3
A,#0Fh
A,#0Ah,psw_nzero

AHO : 0 =0Ah

@R0,A
RO

psw_cat,psw_rdl

: check 4 values

mov

mov

mov
leafl
mov

call

swap
mov
inc
mov
ani
mov
mov
fcall
leail
orl
inc
mov
an{
mov

mov

RO,#psw_DATA : Ist
A@RO

A#OFh

R5A

initial

A,#80h ;address DDRAM1
isplay_+

elav?

T

A
psw_NUM, A

RO : 2nd
A.@RO

A#OFh

R34

A.#81h ;address DDRAM]
displayv_4
delay?2
psw_NUM,A ; puml,2
RO : 3rd
A@RO

A #0Fh

R34

A.#82h :address DDRAM1



dec
mov
jz
Ljmp
out: Icall
mov
mov
movx
setb
limp
check_status:
cjne
cir
mov
dec
210V
div
add
mov
mov
inc
mov
mov
loop3: rre
djnz
joc
working:
leall
Icall

mov

delavi

count_bit

walil_cnt

A.wail_cnt

out

dev_read

delayl

DFPTR.#portB

A, #3Fh ; hook_relay OFF
@DPTR,A
couwnt_bit
ring_loop2
A#0,again | check status
c

AB

A

B,#8

AB

A Fad_dara2

RO.4

R3.Ioop3

no_working

delay!
display_8

DFPTR. #portB

mov
alway22:
movx
fcall
Ieall
moyv

Jnb

mov

sjmp

10V
aiwayd:
movy
feall
seth
limp

no_workin

U]

fcall
feali
mov
jab
mov
sjmp
alway25s:
mov
alway2o:
movx

Ieall

manual_bit,alway21

alway22

A,#6Fh ; sound4 ON

@DPTR,A

delay3

delay4

DPIR, #portB
manual_bit,alway23

A#0BFh

afway24

AFOFFD ; sound+ OFF

DPTR. A
delayl
count_ it

dev_loopl

delayl

display_9

DPTR. #portB
manual_bit,alway25
A#IFh

2lway26

A,#5Fh ; sound3 ON

@DPTR.A

delav3



again: leall
clr
dec
mov
jz
fjmp

out: Ieail
mov
mov
mMOvX
setb
limp

check_ status:

cjue

moy
inc
mov
mov

loop3: r1rc
djnz
Jjne

working:
Ieall
Ieall

mov.

delayl
count_bit
wait_cnt
A.wail_cnt
out
dev_read
delayi

DPTR.#portB

A#3FR ; hook_relay OFF

@Dl 1 ax, K
count_bit

ring_loop2

A, #0,again ; check status

C
A

,#8
AB
A.#ad_data2
RC.A
A8

A

R3.A ;R3=PB+I

A@RO
A
R3,loop5

no_working

delay!
display_8
DPTR, #portB

jnb
meyv
sjmp
alway2li:
mov
alway22:
movx
leall
eall
moy
Jib
mov
sjmp
abwvaylZ:
1oy
alway24d:
7slaling
leall
serb
limp
no_working:
leall
icail
mov
job
mov
sjmp
ajway2s:
mov
alway26:
movx

lcail

manual_bit,alway21
A #2Fn

alway22

A#6Fh ; soundd ON

(@DPTR, A

delay3

delay4
DPTR.#portB
manual_bit,alwayz3
AAOBFh

alwav?e

AFOFFL @ soundd OFF

dev_ioopl

delay!

display_9
DFPTR.#portB
manual_bit,alway25
A #1Fh

alway26

A.#5Fh ; sound5 ON

@DPTR.A

delay3



Icall wr_i dinz  R6,disp2

mov  A,#01h ;clear display ret

Icall wr_i display_2:

ret mov  DPTRALCD
display_1: mov  A,#80h ;address DRAM]

moy  DPTRELCD movx @DPTR,A

mov  A,#80h ;address DDRAMI Ieall wait

movx (@DPTR.A cir RSO

lcall  wait clr RS1

clr RSO mov R6,#9

cir RS mov  R7,#00

mov  R6.#16 disp3: mov  DPTR.#inroduce3

mov  R7.#00 mov  A,R7
displ: mov  DPTR.Fintreducel move  A@A+DPTR

mov  AR7 leall wr_d

movce  A@A+DPTR nc R7

leall  wr_d dinz ~ R&.disp3

ine R7 mov ~ DPTR#LCD

djnz  R6,displ mov ,#0C0h

mov  DPTR#LCD :address DDRAM2

mov A #0CSh movx (@DPTR.A

;address DDRAM?2 feall wait

movx (@DPTR.A mov  R6,#16

leall  wait mov  R7.#00

mov  RG6.#06 disp4:

mov  R7,#00 mov  DPTR, #introduced
disp2: mov  DPTR,#introduce2 mov AR7

mov  AR7 move A@A+DPIR

move A,@A+DPTR Icall wr_d

Icall wr_d inc R7

inc R7 leall  wait

leall =~ wait dinz ~ RG6,disp4



ret

display_3:

disps:

disp6:

mov  DPTR,#LCD

mov  A.#80h ;address DDRAM]I

movx @DPIRA

Ieall walit

cir RSO
clr RS1
mov  RE.#I5

mov  R7.#00

a1V bPTR. Alotroduces
mov  AR7

move A,@A+DPTR
feall wr_d

e R7

dinz  Ré.disp3

mov  DPTR,#.CD

mov  A#0COh

;address DDRAM?2

movx @DPTR,A

Icail wait
mov  R6,#15
mov  R7,#00

mov  DPTR, #introduce6
mov  AR7

move A,@A+DPTR
Icallwr_d

inc R7

Icall  wait

djinz  R6,dispé

ret

display_4:

mov
movx
Ieall
mov
mov
move
Ieail
leall
mov
ret
display_35:
mov
mev
1OVY
feall
clr
clr
mov
mov
disp7:  mov
mov
move
Icall
inc

leall

DPTR#LCD
@DPTR, A

wait

AR5
DPTR.#introduce7
A.@A+DPTR
wr_d

wait

ARS

DFTR.#LCD

A.#85h ;address DDRAM!?

RS1I

RG,#06

R7,#00

DPTR #introduce8
AR7
A@A+DPTR

wr_d

DPTR.#.CD
(@DPTR.A
wait

RS0



clr RS1
mov AR5
mov  DPTR.#introduce7

move A@A+DPTR

lcall  wr_d
leall  wait
movy  ARS
ret

display_7:

disp8:

disp9:

mov  DPTR#.CD
mov  A.#84h ;address DDRAM!
movx (@DPTR.A
Icall  wait

clr RSC

cir RS

mov  RA.#08

moy  R7.#00

mov  DPTR,#introduce9
mov.  AR7

move A.@A+DPTR
Icall wr_d

inc R7

leall  wait

dinz  R6,disp8

mov  DPTR#LCD
mov  AF#0C0h
;address DDRAM?2
movx (@DPIRA
Icall  wait

mov  R6,#16

mov  R7.#00

mov - DPTR.#introduce 10

mov  A.R7
meove  A,@A+DPTR
lcall wr_d
inc R7
feall  wait
dinz  Ré6,disp9
ret
display_8:
mov  DPTR#LCD
mov  A,#84h ;address DDRAMI
movx @DPTR.A
leall  wai
clr RSO
cir RS1
mov  R5,#08
mov.  R7.#00
displ0: mov  DPTR,#introducell
mov.  AR7
move A@A+DPTR
Icall wr_d
inc R7
lcall  wait
djnz  R6,dispi0
mov  DPTR,#LCD
mov  A,#0CO0h
;address DDRAM2
movx @DPTRA
lcall wait
mov  R6.#16
mov  R7.#00
displl: mov  DPTR,#introducel0
mov . AR7



move A.@A+DPTR
leall wr_d
inc R7
lcall  wait
dinz  Ré,displl
ret
display_9:
mov  DPTR#LCD
mov  A,#83h ;address DDRAM]I
movx (@DPTR.A
lcall wait
clr RSO
clr RS1
mov  R6,#11
mov  R7.#00
displ2: mov  DPTR,#introducel2
mov  AR7
move  A,@A+DPTR
Ieall  wr_d
inc R7
Ieall  wait
dinz  R6,displ2
mov  DPTR#LCD
mov  AF0COh
;address DDRAM?2
movx (@DPIR,A
lcall wait
mov  R6,#16
mov  R7,#00
displ3: mov  DPTR,#introducel(
mov  AR7
move  A@A+DFIR

Ieall wr_d
inc R7
leall  wait
dinz  R6,displ3
ret
introducel:
db 48h, 65h, 6Ch, 6Ch
db 6Fh. 2Ch, 57h, 65h
db 6Ch, 63h, 6Fh, 6Dh
db 65h, 0AOh, 74h, 6Fh
;(Hello, Welcome to)
introduce?:
db 538, 59h, 53h, 54h
db 45h, 4Dh
;(SYSTEM)
introduce3:
db 50h, 72h, 65h, 73h
db 73h, 0AOh, 74h, 68h
db 65h
:(Press the)
introduced4:
db 50h, 61h, 73h, 734
db 77b, 6Fh, 72h, 54h
db 2Ch, 50h, 6Ch, 65h
db 61h, 73h, 65h, 2Eh
;(Passward, Please.)
introduces5:
db 50h, 72h, 65h, 75k
db 73h, 0AOh, 74h. 58h
db 65h, 0AOh, 49h, 6Eh
db 75h, 74h, 0BOh

:(Press the Inst-)



introduce6:
db 72h, 75h, 63h, 74h
db 69h, 6Fh, 6Eh, 2Ch
db 30h. 6Ch, G5h, 61h end
db 73h, 65k, 2Eh
s(ruction, Please.)
introduce7:
db 30h, 31h, 32h, 33h
db 34h, 35h, 36h, 37h
db 38h, 39h, 0AOh, 2AH
db 23h
(00.1.2,3.4.3.6.7.8.9. *.4#)
introduces:
db 41h, 678, 61h, 69k
db 60Eh, 21h
(fAgain!)
introduce9:
db 43h, 6Fh, 6Dh, 70h
db 6Ch, 65h, 74h, 65h
;(Complete)
introduce19:
db 50h, 72h, 65h, 73h
db 73h, 0AOh, 438, 6Fh
db 6Eh. 74h. 65h, 6Eh
db 75h, 6Fh, 75h, 73h
;(Press Coatinuous)
introducell:
db 57h, 6Fh, 72h. 6Bh
db 69h, 6Eh, 67h, 21h
;(Working!)
introducel2:

db 4Eh, 4Fh. 0AOh, 57h

db 6Fh, 72h. 8Bh, 5%
db 6Eh, 67h, 21h

;(no Working!)
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MOTOROLA '
=1-SEMICONDUCTOR oe=emusmeg
TECHNICAL DATA

MC145412
Advance Information MC145413

Pulse/Tone Repertory Dialer MC145512
Low: Power Silicon-Gate-CMOS

The MC145412/13 and MC145512 are 'silicon gate, monolithic CMOS integrated circuits
which convert keyboard inputs into either pulse or DTMF outputs. They are packaged in a
standard 18 pin {0.3” wide) plastic DiP.

® 3 x4 or 4x4 Keyboard Compatibility Which Allows the Use of 2-of-7, 2-0f-8, or ! CASE 707
Form A Type Keyboards

® MC145413 Adds Keyboard Selectable Pause Switch Function Ordering Information

® Single Pin Switchable 8etween DTMF, 10 pps and 20 pps MC146 X X X X

® 500 Hz Tone Signal Output in the Pulse Dialing Mode T

® Memory Storage for Ten 18 Digit Numbers, Including Last Number Redial P Plastic

& Uses 3.575545 MHz Colorburst Crystat p————— 4 40/60 M/8 Ratio

® Telaphone Line Powered

5 32/68 M/8 Ratio
® Silicon Gats CMOS Technology for 1.7-5.5 V Low Power Operation

® Stand Alone DTMF Dialer/Stand Alone Puise Dialer
& Mute Output Used to isolate Recsiver from Dialing Qutput -

@ Memory Programming Options by Keyboard Configuration PIN ASSIGNMENT
vooll 1 @ 18 {JOTM™F OuT
totaf 2 17 JGPC
k: g a 16 JROWT
[ 15 [JROW 2
- eI s 14 NFEW3
Vs 6™ 13 {JRGW ¢
s 7 12 {104
0SCi, [] & w1 IMa
BLOCK DIAGRAM DSCW(E g 10 JMS
7 TONE OEBOUNCE COLUMA
S0 '{;;«B COUNTER | TONE GeN
oiA *_‘:L'-’ OTME OUT
10 CONVERSION ____J
m
s & MIXING =1
2 oW _
oL d == j, TONE GEN |\ o
GO T —— J —
U7+t xeveoaso 4 OAtA Y [ : ————l % -
=l N | ATCH FULSE L
0T -~ INTERFACE S - s J AND MUTE -
ROW 1 i AND aureyT 11—
AW A5, OECO0E wesic — N0

— 14 y RAM ~
W3 -t CONTAOL j - 1
oWE * '{ L0GIC =
RO & === T LATCH

AL SN AU

o 12 T
READIWRITE Yoo~ 1|
COUNTER CGUNTER tog=PiN §

[t

This inf on a new . it ang hecsin ars sudject to change without nodce.
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MC146412, MC145413, MC145512

ABSOLUTE MAXIMUM RATINGS {(Vgga0 W)

Parametsr Symbol Rating Unit
OC Suoply Voitage Voo -0.5tw0 +8.0 \4
Operating Temperaturs TA ~30to +80 °c
Storage Temperature k‘l -85t +150 |. °C
OC Current Drain Per Pin ‘ ! 10 mA
Maximum Voltage \'
On Any Pin Relative to Vgg Vini -0.5
On Any Pin Relative to Vpp Vin2 +0.5

ELECTRICAL CHARACTERISTICS {TA=-30 to 60°C, Vpp=2.5V, Vg5 =0V, Unlass Otherwise Noted)

Characteristics Symbol Min Typ Max Unic
OC Sioply Voitage Pulsa Mode Vpo 20 - 55 v
OTMF Mode 2.5 - 5.5
Operating Current Pulse Mods (MS =Vpp) loo - 0.28 0.7 mA
OTMF Mode (MS =Vgg) ~ 1.0 2.0
Memory Retention Voitage Vetby 1.7 - - A
Memory Retention Current {Vop=1.7V) Istby - 1.0 2.0 A
. (Vpp=2.5V}) - 1.2 2.5
Input Voltage, Row/Column/OH “0” Level ViL - — 0.2vpp v
"1 Level Vi 0.8 Voo - -
Row/Calumn input Impedance To Vop Zin - 100 - %Q
g To Vsg - 2 -
OH Puil-Up Resistance R .- 50 - xQ
Input Capacitance (All Inputs) Cin — 19 - of
MS Pin Input Impedance Zin 50 200° - P
Qurput Sink Current {Vpp=2.5V) TSO Pin oy 0.5 0.7 - mA
MO Pin 1.0 2.0 -
OPL Pln 1.0 2.0 -
{Vpp =4.0 VI MG Pin 3.0 - -
OPL Pin 4.5 - -
TSO Qutput Saurce Current (Vi 2.0 V) loH 0.5 0.7 - mA
Quput Leakage Current M0, OFT Pins g - - -~ 1.0 A
OTMF Qutput Level Refarencad to Vpo/2 Row Tone Vout 260 310 370 mV RMS
(Vpp=2.5104.0V, RL=600Q to Vpo! Column Tone 330 330 480
DTMF Qutout Tone Leakage (Vpp = 3.5, AL =400 0, 300 to 4000 Hz) = - -80 dBm
DTMF Qutput Tone Distortion (Vop=3.5. AL =600 8, 300 to 4000 Hz) - = 5 %
Pre-Emphasis ! 2 2.5 da
DTMF Qutput Leakage Current While Not Oialing Tones (Vpp=2.5 V) - = 1.0 A
OTMF Output Sink Current While Dialing Tones 20 - - 2A
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MC145412, MC145413, MC148512

SWITCHING CHARACTERISTICS (TA=25°C, Vpp=2.5 V, Osc. Fraq. = 3.579545 MHz, Unless Otharwise Notad)

Charsctsristics Symbol Min Typ Max: Unit

Row/Column Scan Frequency ! = 0 = Hz
Key Debounca Time- [o]:) 16 - 20 ms
DTMF Tone Duration for Keypad Dialing twl 60 78" - ms
DTMF Tone Duration for Memory Oialing w2 90 102 110. ° ma
Inter-Oigit Pausa-Time : DTMF (Memory Olaiing) o 90 99 10 me

Pulse 10 pps 08 | 1.0 1.2 :

20 ops 0.4 0.5 0.8 .

MS Pin Scan Rate tens - 1 - KHz
Make/Break Ratio MC145412/13 MBR - 40/60 - %
{MS = Open or Vpp! MC148512 - 2/68 - ’
Qutpulsing Rats MS =Open fopL - 10 - ops

MS=Vpp - 20 -
MUTE Output (MO} Qveriap Time t™MO - 2 - ms
TSO Output Frequancy frso - 500 - Hz
TSO Qutput Duration TS0 '35 - 40 P

DTMF Cycle Time {Memory Oialing) - ]
- - t
. g {Keypad Diafing) - 10 - ones/s

DTMF Frequency Deviation = - +1.0 %
Pradigit Mute MC145412/13 Pulse 10 pps d - 4 - ms

20 pps - 20 -

MC145512 Pulsa 10 pps - 2 -

- 20 pps - 16 -

OTMF - 1 -

PIN DESCRIPTIONS

VpD. V§s—POWER SUPPLY (PIN 1. PIN 6}

DC power is supplied to the part on these two pins, with
VpO being the most positive. Permissible ranges are from 1.7
w55V,

MS—MODE SELECT (PIN 10}

The MS pin is a three state input for switching between
DTMF, 10 pps, and 20 pps dialing modes. Mode selection is
done during the first key entry debounce period after the dialer
has completed a dialing sequence or has just come off hook.
When this pin is not scanned it is high impedancs.

This pin is a combination input and wesk output. The input
circuitry has the capability to determine each of these three
states. When the pin is open the weak driver will be able to
clock the pin at 1 kHz. The relationship between pin input
voitage and operating mode is shown in Table 1 below.

Table 1. Mode Select Options

MS Dialing Mode
Voo 20 pps Pulse Dialing
Qpen 10 pps Puiss Dialing
Vss DTMF Dialing

OH-ON-HOOK {PIN 12}

Connecting the OH pin to Vpp, or ailowing it to float sets
the device in the on-hook mode. Connecting this pin 10 VS
selects the off-hook mode. When in the on-hook mode, rep-
ertory memory can be programemed without a dialing output.

TSO—TONE SIGNAL OUTPUT (PIN 7)

7SO emits 500 Hz tona signals after valid kay inputs are
accepted providing audio feedback for key deproasions, except
when DTMF tones are generated. This pin aiao outputs a tone
during on-hook programming.

DTMF OUT—DUAL TONE MULTIFREQUENCY
, OUTPUT (PIN 18]

When the MS pin is set to Vgg the DTMF QUT pin outputs
tones correspanding to the row and column of the key de-
pressed. Simultaneously depressing two or more keys in a
single row {or column) will generate the corresponding row
{or column) tone on 4 x 4 kaypad mode only,

In pulse dialing mode {MS =Vpp or floet) and during on-
hook programming this pin is high impedance. Whils output-
ting tones, this pin has a dc bias at (Vpp-Vgg)/2. DTMF
OUT is an open drain output requiring an extarnal puil-up to
VpQ. This puil-up resistor must satisfy the Instentuneous cur-
rent requirements of the intemnat feedback natwork in addition
to the load applied to the pin.

OPL—QUTPULSING (PIN 17)

This pin outputs puises at 10 pps (MS is opun) or 20 pps
{MS =Vpp). The MC145412/13 have a makn/braak ratio of
40/60, white the MC145512 has a make/break ratio of 32/68.
In the DTMF dialing mode {MS=Vgg), thia output is high
impedanca. During on-hook programming this pin will not
outputss. This pin is an open drain N-channal autput which
puils low to break tha loop current.

MO—MUTE OUTPUT (PIN 11)

The Mute Qutput is an open drain N-chunnal output that
pulis to Vgg during OPL outpuising and during ott-hook key
depressions and memory dialing in DTMF madu.
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MC145412, MC145413, MC14551Z

KEYBOARD INPUTS~(PINS 2, 3, 4, é,‘ 13, 14, 15, 16}

The keyboard inputs allow either a single contact (Class A}
keyboard, or a standard 2-of-8 or 2-of-7 keyboard with Vsg
tied to commom: A valid key entry occurs when either a single
row is tied to a single column, or 3 single row and column are
simultaneously connected to Vgg. Connecting pin 2, COL 4,
to Vpp sets the part to 3 x 4 keyboard mode. Keyboard mode
selection is performed during application of power.

Typical keyboard configurations are shown in Figure 1,

0SCin., OSCqye (PIN 8, PIN 8}

A 3.579545 MMz crystai is required as the frequency ref-
erence for the on-chip oscillator. Crystal biasing is accom-
plished by an internal resistor and capacitors.

CLASS A (5PST) STANDARG 2-0F-7 (DPST}
o—— (oL
(L——0 O——ROW vss
O——AROW
STANDARD 2-QF-7 {0PST) Voo _L—!— cat
VSS ast —_———
Oo——¢0L %
Yog ROW
O———ROW l
Vgg— — — ey

Figure 1. Keyboard Configurations

GENERAL DEVICE DESCRIPTION

The MC145412/MC145512 and the MC145413 provide usars
with switchable pulse and OTMF dialing functions. The
MC145412/MC145512 change dialing modes via the MS pin.
The MC145413 allows users to switch dialing modes via the
keyboard in addition to the MS pin. All davices have 10 mem-
ories, LNR (last number redial} inclusive, each 18 digits fong.

On application of power, thera is a 64 ms initialization period
during which the oscillator is enabled and the keyboard inputs
are disabled. During initialization COL 4 is scanned to set the
keyboard mode. If the-COL 4 input is high (Vpp) the dialer is
sat to the 3 X 4 keypad mode, otherwisa the 4 x 4 keypad mode
is selected. Changing modes is not possible after this initiali-
zation period.

During normal dialing, the oscillator starts when a key is
depressed. The key input is debounced for 32 ms. During this
debounce period the RAM and diang circuits are disabled,
the mode select pin is scanned to determine the dialing mode

{either 10 pps, 20 pps, or DTMF). After debounce, the keypad
entry is checked and the input is latched into LNR memory
followed by a stop code. This process continues untii 18 digits
have been entered. If a 1Sth digit is entered, it will over-write
the first digit and will be followed by a stop code. When disling,
the device fetches data from memory until a stop code is
encountered or 18 digits have been dialed.

During manual DTMF dialing, a minimum tone duration of
60 ms DTMF is output and will continuously output in 32 ms
increments as long as the key is depressed. The DTMF QUT
pin is designed to drive an external PNP transistor which can
be used to modulate iip and ring voltage at the DTMF
frequencies.

If the first key is for radial or recall, the device will respond
accordingiy, either-redialing the-last number entered, or re-
calling and dialing the number selected by a subssquent key
depression. Responses to dialing sequences for 4 x4 key-
boards are shown in Figure 2, and 3x 4 keyboard responses
are shown in Figure 3.

The MC145412 series can be configured with an extemai
battery to provide memory retention power and allow on-hook
programming of the repertory memory. If the part is in the
on-hock mode and a key is depressed, the oscillator will start
and the key entry will be stored in the last number redial
memory. Dialing outputs wiil not be activated whila the device
is in the on-hook condition. Dialing inputs will be stored in
last nurmber redial memory, as during off-hook operation. After
the number has been entered in the on-hook mode, it can be
stored in repertory memory. For the 4 x 4 keyboard, pressing
the STORE key (* for 3x 4 keyboard), followed by a digit (1
through 9) will store the number in the repertory memory
location specified by the digit.

The RECALL kay for the 4 x 4 keypad is used to recall and
dial numbers stored in the repertory memory. The digit im-
mediately following the RECALL key designates the memary
locadon of the number to be auto-dialed. For the 4x4
keyboard, a last number redial can be accomplished if the
RED/P key {COL 4, ROW 1) is the first key depressed after
an on-hook ta off-hook transition. Otherwise the
RED/P key will effect a 4 second pausa. If the pulse mode is
selected, sedial can be accomplished if the first key depressed
on a transition to off-hook is #. For the 3% 4 keyboard, redial
occurs if the first key depressed is *,0.

The PAUSE key (COL.4, ROW 2) for the MC145412/
MC145512 will cause a 4 second pause. The PAUSE/S key
{COL 4,"ROW 2] is a faature offered on the MC145413, De-
pressing this key will cause a 4 second delay, and will switch
dialing modes, PAUSE {and PAUSE/S) is stored in memory
for pauses {and mode switching) during auto-dialing..
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MC145412, MC145413, MC145512

1. MANUAL DIAUNG-OFF-HOOK  (PULSE OF OTMF MOOE)

Lor [ oz }[ 03 [-mmmf on ]

ALL CIGITS ENTERED WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING * 0R # WILL OIAL OUT THE DTMF SIGNAL IN TONE MODE ONLY.

2. MANUAL DIALIXG WITH AUTO ACCESS PAUSE-OFF-HOOK  (PULSE OR OTMF MODE).
I Y ] ----- I ON Hasmr][u'xj-'----m
I-D_l-l--OO-m W m" "'[T-] MC145412IMC145512 ONLY
m (e o Joeeee[or ] ruuse wooe oy

THE AUTO ACCESS PAUSE WILL NOT OCCUR OURING MANUAL DIALING IN OTMF MOOE. [T IS RETRIEVED BURING RECALL OR REDIAL.

J. STORING HUMBERS INTO MEMORY—-ON-HOOK/OFF-HOOK  {PULSE QR OTMF MOOE)

‘ 01 l---"l ON IISTORil A A=1-§ MEMORY AQORESS

THIS OPERATION TRANSFERS THE OIGITS 01 TO ON FROM THE LAST NUMBER REDIAL' REGISTER TO AN ADDRESS SPACE SPECIFIED BY “A™, DIALING OUTPUTS ARE
NOT ACTIVATED GURING ON-HOOK PROGRAMMING.

4. MEMORY REDIAL-OFF-HOOK  (PULSE CR DTMF MOOE)

RECALL E A=1-9  MEMOAY AOORESS

S. LAST NUMBER REDIAL-OFF.HOOK  (PULSE OR OTMF Mo0E)

0]

E PULSE MODE QNLY ‘

REDIALS THE NUMBER THAT WAS PREVIOUSLY ENTERED INTO THE LAST NUMBER REDIAL REGISTER.

8. PULSE-TO-TOME MOOE SWITCH—OFRHOOX  PULSE OR OTMF MOOE)

I—OIJ»“H[ 0X l [P-\USEEIFUX ]""'[ ar ] MC145413 ONLY

1. CASCADED DlAL'llGoOFNIOOK {PULST OR OTMF MOOE}

CASCADE MANUAL OLAUNG WITH RECALL
.....! ON 7///A|RECALL l A ! A= 1-8 MEMORY ADORESS.

[m'“l” s l’”’”‘[““‘ul[ 2 J iﬁof ﬁ?ﬂ?ﬂ;ﬁf‘fﬁum
(o] (] cRu o s o e

S/ WAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE SEEM SENT BEFORE SUBSEQUENT ENTRIES ARE MADE.
2. SIGNALING ® AXD # TONES—OFF-HOOK  (DTMF MOOE QMLY)

E QUTPUTS * TONE
E QUTPUTS 7 TONE

4% 4 KEY MATRIX
coL 1 coL 2 coL3 %
i 2

CO] 5] e won
rl ]l 5 }[ SJ [_PE] ROW 2 mti:;;mmﬂusﬁ&
OG0 G o
1 (7 ] [ema]  one

Figure 2. 4 x4 Kayboard Dialing Sequences
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MC145412, MC145413, MC145512

. MANUAL DIALING-OFF-HOOX  (PULSE OF DTMF M00E)

ALL KEY ENTRIES, EXCEPT * ANO 2, WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING * OR # WILL NOT OIAL OUT THE OTMF SIGNAL IN TONE
MODE. FOR SIGHALING, * OR # SHOULD 8€ PRESSED TWICE,

MAXUAL DIAUNG WITH AUTO ACCESS PAUSE—OFF-HOOK  (PULSE OR DTMF MOOE)

uL,j{ ox ]LD‘( ]
m PULSE MOOE ONLY

THE AUTQ ACCESS PAUSE WiLL NOT GCCUR ON MANUAL DIALING TN DTMF MOGE. IT CAN ONLY B8E RETRIEVED QURING RECALL OR AEDIAL,

~

™

STORING MUMBERS INTG MEMORY—ON-HOOX  (PULSE OR OTMF MODE)

s E E A=1-9  MEMORY ADORESS

THIS OPERATION TRANSFERS THE DIEITS D1 TO DN FROM THE LAST NUMBER REDIAL REGISTER TO AN ADORESS SPACE SPECIFIED 8Y “A“,

-

. MEMORY REDIAL--OFF-HOOX (PULSE OR DTMF MOCE} °

B E A=1-9  MEMORY ACORESS

. LAST NUMBER REDIAL-OFF-HOOK  (PULSE OR OTMF MOOE}

C1]

THIS OPERATION REDIALS THE LAST NUMBER ENTERED GFF-HOOK AND RETRIEVES OATA FAOM MEMORY ADORESS 0.

PULSE-TO-TONE AXD TOME-TO-PULSE SWITCHING—OFF-HOOX  (PULSE OR OTMF MO0E)

‘ 01 Il oK Hmnuu.swncn“ ox eeree| oy :

MOOE SELECT {MS} PIN HAS TO BE MAKUALLY SWITCHED TQ OETERMINE THE OIAUNG MOGE. DIALING MOCE SELECTION WITH MANUAL SWITCH IS NOT PROGRAMMED
INTQ THE LAST NUMBER REDIAL MEMORY.

o

~

CASCAOED DUALING—OFF-HOOK  (PULSE 0R OTMF MOOE)
: v CASCADE MANUAL DIALING WITH RECALL
mt”‘j [ ‘ l A A= 1-3 MEMOAY ADORESS
) CASCADE MEMOAY RECAULS
L ’T [ ) 1”//’/‘! : l l A2 ] A1, A2 = 1-3 MEMORY ADORESSES _

- CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL
g '”’”’i 1 { Am 1-9 MEMOAY AOORESS

/A/LZ/. WAT UNTL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT SEFORE SUBSEQUENT ENTRIES ARE MADE.

. SIGNALING ® ANMO 7 TOMES—OFF-HOOK _ (DTMF MODE ONLY)

BE QUTPUTS * TONE
EDE QUTPUTS # TONE

3 x 4 XEY MATRIX
coL coL2 3

e -
[« ][ s | aow2
=0 -
I’ LU ? AQW 4

Figure 3. 3x 4 Keyboard Dialing Sequences-
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MC145412, MC145413, MC1465512.

. HooK SWITCH] OFF-HOOK™ ON-HOOK

XEY INPUTS l DIGIT 2% oIelT 1" I REDIAL, {

l Code
(m.stnuul ””"“"""”: 500 Hx "mlstﬂm ?]HIL&HHIIH

|
T oL | | TSo- | | nmhm
[ | | | |
2.579545 iz —p—+( | OSCILLATION ] D g OSGILLATION
1 | 2som | | I
COLSCAR | | ---“”l”“ ]“””””””“ _______
|| | ] | |
Row scaN | | ———”I“”“ [”“”””“”“ _______
| lﬁ/ | | I
i g | | | =
PSR el - | A%
|
|

FEaR | 1| L_J—L:rf—rm%"——i L]
I 1100 ms] k- tyaf | <E]

woteaur | |

—H—u | | |

|
|
!
!
]
| |
OTMF MODE  —»{ fe—1pg | | ] | | 100 ms llﬂﬂml
OTME QUT ( omve ) OTME + omuE OTME
|
i

MUTE OUT

Figure 4. Timing Diagram
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ISO%-CMOS MT8870D/MT8870D-1

Integrated DTMF Receiver

Features

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

Inhibit mode

Backward compatible with
MT8870C/MT8870C-1

Applications

.

Receiver system for British Telecom (BT) or
CEPT Spec (MT88700-1).

Paging systems

Repeater systems/mobile radio
Credit card-systems

Remote controt

Personal computers
Telephone answering machine

ISSUE 3 May1995

Ordering Information

MT8870DE/DE-1- 18 Pin Plastic DIP
MT88700C/DC-1 18 Pin Ceramic DIP

MT88700S/DS-1 18 Pin SOIC
MT88700N/DN-1 20 Pin SSOP
MT3870DT/OT-1 20 Pin TSSOP

-40 °C to +85 °C

Description

The MT88700/MT88700-1
receiver integrating both the bandsplit fiiter and
digital decoder functions. The filter section uses
switched capacitor techniques for high and low
grouo filters; the decoder uses digital counting
techniques to detect and decode all 16 DTMF tone-
pairs into & 4-bit code. External component count is
minimized by on chip provision of a differential input
ampiifier, clock oscillator and latched thres-state bus
interface.

PWON

VOO VSS VRef INH
! 4 |
Bias
Circuit VRef
Buffar 1
; ]
7 — Qat
Chip Chio G - -
Power Eias High Group _D" Digital Coda '—n
Filter Detection Canverter
Algonthm and Latch = Q2
N+ 1%’:'& Zero Crossing
IN Fiter Detectors | e Q3
‘o Low Groui [ |
és Filter 4 _D- &—-— Q4
> :C‘:’h% St. Steenng f E
Clocxs G7 Logic T
™ | l |
|
| | ' |
CSsCt osc2 SUGT ESt ST0 Tce

Figure 1 - Functional Block Diagram

is a complete DTMF ~



MT8870D/MT8870D-1 1SO%-CMOS

INe(] 1 4 18{7 voD INe[] 1 = 20{7vpo

IN-C] 2 1713 SvGT IN-[ 2 191 ] SYGT
Gs{] 3 1817 €st Ggsd s 18] est
VRet (] 4 15[ stD VRef (] 4 170 sto
INH[] 5 1417 Q4 INH(] 5 16{ ] NC
PWON[] 6 13{] Q3 PWON[] 6 1517 Q4
osci] 7 127 Q2 NC([] 7 140 qa
osca(] 8 1 at osci(] s 1302
vss(] 9 10{] TOE osca2{] 9 1205 a1
vss(1to 111 T0E

PIN ] - 20 PIN SSOP/TSSOP

Pin Description

Figure 2 - Pin Connections

Pin #

18 | 20 Name Description

111 IN+  [Non-Inverting Op-Amp (input).

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

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

4 | 4 Vret |Reference Voltage (Qutput). Nominally Vop/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, 8, C

‘ and D. This pin input is internally pufled down.

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

718 OSC1 |Clock (Input).

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

g |10 Vgs |CGround (Input). OV typical.

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

11-112-] Qi-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14|15 last valid tone-pair received (see Table 1). When TOE is logic low, the data outputs are high
impedance.

15 | 17 SID  |Delayed Steering (Qutput).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 SYGT falls
below VTSt‘

16 {18 ESt  |Early Steering (Qutput). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition wiil cause ESt to
return to a logic low.

17 119 | SVGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vrgt detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vg, frees the device to accept a new tone pair. The GT output acts to
reset the external steering time~constant; its state is a function of ESt and the voltage on St.

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

7, NC No Caonnection.
16
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ISO2-CMOS MT887OD/MT88700-1

Functional Description

The MT88700/MT88700-1 monolithic DTMF
receiver offers small size, low power consumption
and high performance. Its architecture consists of a
bandspiit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the low-group and high grouo tones is
achieved by applying the DTMF signai to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which carrespond to the fow
and high group frequencies. The filter section also
incorparates notches at 350 and 440, Hz for
exceptionat dial tone rejection (see Figure 3). Eacn
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detectian of unwanted low-level signais. The
outputs of the comparators provide full rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following 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 algorithm protects against tone
simulation by extraneous signals such as voics while

Voo
Voo T°
SVGT Ve
ESt e AAA——
R

S0

MT88700/
. tara=(RCNA(V o/ Vrs)

bl Q) tore=(RC)IA(Vop/( ‘Ioa'VrsJI

Figure 4 - Basic Steering Circuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination o:
immunity to talk-off and tolerance to the presence o°
interfering frequencies (third tones) and noise. Wher
the detector recognizes the presence of two valic
tones (this is referred to as the “signal condition” i
some industry specifications) the “Early Stesring’
(ESt) output will go to an active state. Any
subsequent loss of sighal condition will cause ESt tc
assume an inactive state (see “Steering Circuit”).

Steering Circuit

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

’ /1T X 7 . e e
10 | i/ AV Sy | xe3soHz
{ g W] Ymiz20 Hz
: OTMF TONES
. ] i
ATTENUATION { i\ | A=397 Hz
(@) { ¥\ Cui52 He
30 v O=341 Hz
’ ‘ 4 E=i1209 Hz
Fw=i3356 Hz
40 L . i 3'{;;;3 :z
’ ] b TN 1 N T
' Pttt ’
| 1kHz
X Y AB C D £EF G H
FREQUENCY (Hz)

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

Guard Time Adjustment

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

trec=tpp+tgre
tip=tpa+tGTa
The value of tgp is a device parameter (see Figure

11) and tggg is tHe minimum signal duration to be
recognized by the receiver. A value for C of 0.1 pF is

tarP=(AEC1iInVor/(Voo-Vrsy]
Yoo Oy \
co _L tora=(R1C:)In(Voo/Vrs)
¢ = Ron(R AR ~A2)

ESt

a) cecreasing tgrp: (taTa<tGTa)

tare=(R1CejInVo/Voo-Vrs)]
iGTa=(AeCy)In(Voo/Vrsy
- Rpm{ A AMA +A)

b) cecreasing (gra; (torp>tara)

Figure § - Guard Time Adjustment

4-14

Qigit | TOE | INH | ESt | Q, | Q, Q, Q
ANY | L X | H Z z Z Z
1 H X H ] 0 0 1
2 H X H 0 ] 1 0
3 H X H ] 0 1 1
4 H X H | o0 1 0 0
5 H X H | o 1 0 1
6 H X H ] 1 1 0
7 H X H 0 1 1 1
8 H X H 1 [) ‘0 o
9 H X H 1 ] 0 1
0 H | X H 1 0 1 0
. H X H 1 ] 1 1
2 | H X H H 1 ] 0
A H L H | 1 1 (e |
8 Ho| Lo} oH | o 1] 1 ] o
c H | L | 1 | 1] 1
0 | H L | H | o o | o 0
A H H | t
3 o H | U undetectgd. the output coce
wiil remain the same as the
c | H H | 'L Jprevious detected code
0 | H H | L

Table 1. Functional Decaode Table

L=LOGIC LOW. H=LOGIC HIGH, Z=HIGH IMPEZDANCE
X = OON'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 {tgya). This may be
necessary to meet system specifications which placa
both accept and reject limits on both jone duration
and interdigital pause. Guard time adjustment also
ellows the designer to tzilor system parameters
such as talk off and noise immunity. Increasing taee
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short tqec with
2 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 adijusiment is shown in
Figure 5.
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o

Power-down and Inhibit Mode

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

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

Differential Input Configuration

The input arrangement of the MT88700/MT88700D-1
provides a differential-input operational amplifter as
well.as a bias source (Vrgy) 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 '/aVpg. Figure 6 shows the
differentizl  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 Inout Configuration). However, it is possible
to configure several MT8870C/MT88700-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupied through & 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fasnion. 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.

o A~ MT38700/
¢ & IN+ MT88700-1
Lot =

—> -

Ditferential Input Amplifler
CiuComilnF

Ry =R =Rc=100 kQ
R=80kQ, R3=37.5 kQ

All resistors are =1% tolerance.
All capacitors are =5% tolerance.

e 2s_
ReFis

VOLTAGE GAIN (A, dith)= §s

Ay
INPUT IMPEDANGE

1 2
=2/ a2 (.
Zworrr) =2/ R, <wc>

Figure 6 - Difterential Input Configuration

To OSC1 of next
MT88700/MT88700-1

e

"W X-tal Yo
QscCt -—]- osc2
|
osca2 {1 ;} osct
Cc
C=30 pF

X-talm3.575545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 oF 4.984
Cc pF 37.315
am - 896.37
af % 20.2%

Table 2. Recommended Resonator Specifications
Note: Qmmquality factor of RLC moael, i.e., 1/2ITfR1C1.

2-15
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Applications —
RECEIVER SYSTEM FOR BRITISH TELECOM

SPEC POR 1151 tarp=(ReCrlinVoo/Vor-Vrs
The circuit shown in Fig. 9 illustrates the use of tara=(ACoin(Vpo/Vr,

MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as

the non-operate level. This condition can be Voo O———_]_ Rpa(RyA/A 1

attained by choosing a suitable values of Ry and R, Cy

to provide 3 dB attenuation, such that -34 dBm input -

signal will correspond te -37 dBm at the gain setting SYGT

pin GS of MT88700-1. As shown in the diagram, the

compaonent values of Ry and C, are the guard time

requirements when the total component tolerance is Ry Rz gme"s*:ax Q-
6%. For better performance, it is recommended to St g;:‘z’f’m axz
use the non-symmetric guard time circuit in Fig. 8. Cy=100nF = !

Figure 8 - Non-Symmetric Guard Time Ci

Voo N
Cy
otme O—1 =c,
Input R, MT88700-1
F—: Ne Voo [.——4
—1 IN- SYGT [o——
—1GS Est{ — Ry
Rz O Vau st [ F——trre—o0
C———]inH Q4 | et
O—————]PwDN QA 0O
< {Josc1 Q{+———-0 NOTES:
1 'l'»—{'_' osc2 Q0 Ry = 102KQ = 1%
A ves Toe 3 Ry = 71.5KQ = 1%
[ Ry =390KQ 21 %

C1Cy = 100 nF = 5%
Xy = 3.579545 MHz = 0.1%
Voo = 5.0V 25%

'

Figure @ - Single-Ended Input Contiguration for BT or CEPT Spec

4-18
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Absolute Maximum Ratings®

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

Parameter Symbol Min Max Units
1 | DC Power Supply Voitage Voo 7 \'
2 | Voltage on any pin Vi Vgg-0.3 Vpp+0.3 v
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Tsta -65 +150 °C
5 | Package power dissipation Pp 500 mwW
Exi

ceeding these vaiues may cause permanent damags. Functional operation under these conditions is not implied.

Recommended Operating Conditions - Vottages are with respect to ground (Vgg) unless otherwise stated.

Parameter Sym | Min Typ* | Max | Units Test Conditions
1 | DC Power Supply Voltage Vpop | 4.75 5.0 5.25 \
2 | Operating Temperature To -40 +85 °C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freq.Tolerance Afc +0.1 %

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

DC Electrical Characteristics - vop=5.0v+ 5%, Vgg=0V, -40°C € Tq < +85°C, unless otherwise stated.

Characteristics I Sym Min Typ~ Max Units l Test Conditions
1 S Standby supply current | 'ooa 10 25 uA | PWDN=Vpg
P |Operating supply current loo 3.0 9.0 mA |
P
3 | L |Power consumption Po 15 mw {fc=3.579545 MHz
Y
4 High level input Vin 3.5 V. |Vpp=5.0V
5 Low level input voltage Vi 1.5 Vnp=5.0V
6 | | |Input leakage current I/l 0.1 rA  Viy=Vggor Vgp
7 | N IPull up (source) current Iso 7.5 20 ®A |TOE (pin 10)=0,
P
u N VDD=5.0V
8 ; Pull down (sink) current Isi 16 45 1A | INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ {@ 1 kHz
10 Steering threshold voltage Vst 2.2 2.4 25 v !VDD = 5.0V
11 Low level output voitage VoL Vgs+0.03| V !Noload
12 8 High level output voltage Von |Vpp-0.03 V. iNo load
13 | T |Output low (sink) current loL 1.0 25 MA  {Vour=0.4V
P
14 1 u |Output high (source) current | loy 0.4 0.8 mA Voyr=4.6V
T
15 | 5 |VRes GuUtput voltage Vget 2.3 2.5 2.7 V  [Noioad, Vpp = 5.0V
16 Vges OUtPUL resistance Ror 1 kQ |

T Typical figures are at 25°C and are for cesign a«d only: not guaranteed and nat sudject t0 production tesung.
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Operating Characteristics - vop=5.0vi5%, Vsg=0V, 40°C < Tg < +85°C ,uniess otherwise stated.

Gain Setting Amplifier

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 | Input leakage current N 100 nA | Vggs VNS Vpp J
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 daB 1 kHz
5 | Common mode rejection CMRR | 40 dB | 0.75V<V|ys$4.25V biased
atVges=2.5V
6 | DC open loop voitage gain AvoL 32 das
7 | Unity gain bandwidth fo 0.30 MHz
8 | Output voltage swing Vo 4.0 Voo | Load 2100 kQ to Vgg @ GS
9 | Maximum capacitive load (GS) Cy 100 pF
10 | Resistive load (GS) Ri 50 kQ
11 | Common mode range Veum 2.5 Vo | No Load

MTB8870D AC Electrical Characteristics - vpo=5.0v £5%, Vgg=0V, 40°C 5 To < +85°C , using Test Circuit shown in

Figure 10.

] Characteristics ! Sym Min Typ™ | Max | Units Notes* J

N g i P T —
27.5 869 | mVpus | 1.2.3.5,6.9

2 | Negative twist accept | 8 dB | 2.36.9,12
3 | Positive twist accept | | 8 8 | 236,912
4 | Frequency deviation accept | £1.5% £2 Hz 2,3,5,9
5 | Frequency deviation reject +3.5% 2,3,5,9
6 | Third tone tolerance -16 daB 2,3.4,59,10 J
7 | Noise tolerance | -12 d8 |234,5,79,10
8 f Dial tone tolerance ! +22 dB 2,3,4,5,8,9,11

*NOTES
1

. dBm= decibels above or below a referance power of 1 mW into a 600 ohm load.

OENO? AN

10.

. Digit sequence consists of all OTMF tones.

. Tone durations 40 ms, tone pause= 40 ms.

Signal condition consists of normnat DTMF frequencies.

Both tones in composite signal have an equal amplitude.

Tone pair is deviated by 1.5 %= 2 Hz.

. Bandwidth limited (3 kHz ) Gaussian noise.

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

Referenced to lowest level frequency component in DTMF signal.

11. Referenced to the minimum valid acceot level.

12. Guaranteed by design and charactenzaton.

T Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
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MT8870D-1 AC Electrical Characteristics - vyp-5.0v25%, Vegmov, 40°C < To < +85°C, using Test Circuit ;hown in

Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
4 | Valid input signal levels (each -31 + dBm | TestedatVpp=5.0V
tone of composite signaf) 21.8 869 | mvpyg | 23569
. . -37 dBm | TestedatVpp=5.0V
2 | Input Signal Level Reject 1,2.3.5.6.9
10.9 mVRMs IR
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 2,3,5,9
8 | Frequency deviation reject g £3.5% 2,359
7 | Third zone tolerance -18.5 a8 2,3,4,5,9,12
8 | Noise tolerance -12 dB 2,3,4,5,7,9,10
9 | Dial tone tolerance +22 d8 | 2,3,4,5,89,11
+ Typical figures are at 25 °C and are for design aid only: not guaranteed and not subject to production testing.
*NOTES

1. d8ma= declbels 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 pauses 40 ms.

4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in compasita signal have an equal amplitude.
6. Tone pair is deviated by 1.5 %% 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. Referencad to lowest lavei frequency component in DTMF signal.
11, Referenced to the minimum vaiid accept level.

12. Referenced to Fig. 10 input DTMF tone level at -25d8m (-28dBm at GS Pin) interference frequency range between 480-3400Hz.

13. Guaranteed by design and characterization,
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AC Electrical Characteristics - vpy=5.0v£5%, Vgg=0V, -40°C < To < +85°C , using Tast Circuit shown in Figure 10.

Characteristics Sym | Min Typ* | Max | Units Conditions
1 Tone present detect time top 5 11 14 ms |Note 1
2 | 1 |Tone absent detect time toa 0.5 4 8.5 ms [Note 1
3 ,& Tone duration accept taec 40 ms [Note 2
4 | \ |Tone duration reject * e | 20 ms {Note 2
5 | G |Interdigit pause accept tio 40 ms |Note 2
6 Interdigit pause reject too 20 ms [Note 2
7 Propagation delay (St to Q) teq 8 11 us |TOE=Vpg
8 | o |Propagation detay (St to StD) tpsto 12 16 us |TOE=Vpp
9 l1J- Qutput data set up (Q to StD) tasio 3.4 us |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | tprg 50 ns - |load of 10 kQ,
T 50 pF
11| S Propagation delay (TOE to Q DISABLE)| tpp 300 ns |load of 10 kQ,
50 pF
12 | P 'Power-uptime toy 30 ms |{Note 3
13 vz/ Power-down time tpp 20 ms
14 Crystal/clock frequency fo 3.5759 | 3.5795 | 3.5831 | MHz
15 CLJ Clock input rise time ttHoL | - 107°| ns |Ext clock
16 | 0 |Clock input fall time thieL _ 110 ns |Ext. clock
17 2 Clock input duty cycle BCc | 40 50 60 % |Ext. clock
18 Capacitive load (OSC2) Ciwo 30 pF
+ Typicat figures are at 25°C ana are for cesign aid only: not guaranteed and not suoject to producton testng.
*NOTES:
; 'Lrjrs;:ge'.ot:sgeura;gm:::b?:lg:ﬁtrir?gzgrg.p:rs:z::néyévice soecifications. The adjustable settings of these minimums and maximums

are recommendations based upon network requirements,
With valid tone present at input, tay equals time from PDWN going taw until ESt going high.

Voo )
Cy
Io’rms O—i ‘[Cz
e i MT8870D/MT88700-1 T
-—-C IN+ u VDD j"—‘"
=] iN- SYGT [ As
S L as Est{ —
2 T Vau st F—4——0O
O———————_]INH Q4 (D)
O] rown B0
] osc a2 3—+—0 NOTES:
X-tal | ii T osc2 a1 B—t—u0 Ry,Ry=100KQ = 1%
e ToepS R3=300KQ £ 1%
| — C.C,m100 nF = 5%
77 X-tale3.579545 MHz = 0.1%

Figure 10 - Single-Ended Inout Configuration
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. | o |
EVENTS A | B l (o] l [ I F l G
3
tﬁg&-»{ :4- _.1' trec [~ :-d- tio -»: -—: too :<-
| ' TONE TONE
Vln | l TONE #n et Snet e
P’ = | i fe=lpa
I .
st Tl ] L] l
DS = le=tgra
. : P N e Ve
SVGT Pz Pz |V N |
1
tra --l |
1-a=tasip
el HIGH IMPEDANCE
Q,-Q, DECODED TONE #(n-1) | X | #n )——_@
! |
tesio -»! Io- | |
=y —— ¥ |
StD
o e\
EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TONE DURATION INVALID, QUTPUTS NOT UPDATED.
8) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS
o) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMIAN LATCHED UNTIL NEXT VALIO
TONE.
0) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
g) TONE #n + 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE). .
F) ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ABSENT DURATION INVALID, CUTPUTS REMAIN LATCHED.
@) END OF TONE #n + 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.
EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.
Est EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
SYGT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL AC TIMING CIRCUIT.
QQ, 4-8IT DECODED TONE GUTPUT.
Sto DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ]
TOE  TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q-Q, TO ITS HIGH IMPEDANCE STATE.
e MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID
thec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION
- MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.
too MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.
top TIME TO DETECT THE PRESENCE OF VALID OTMF SIGNALS.
toa TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS.
tarp  GUARD TIME, TONE PRESENT,
tgta  GUARD TIME, TONE ABSENT,

Figure 11 - Timing Diagram
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MC145388

DUAL PRECISION RETRIGGERABLE/RESETTABLE
MONOSTABLE MULTIVIBRATOR

The MC14538B is a dual, retriggerable, resettable monostable
muitivibrator. It may be triggered from either edge of an input puise, and
produces an accurate output pulse over a wide range of widths, the dura-
tion and accuracy of which are determined by the external timing compo-
nents, Cx and Rx.
® Unlimited Rise and Fall Time Allowed on the A Trigger-input
® Puise Width Range = 10 usto 10's
@ Latched Trigger inputs
@ Separate Latched Reset (nputs, .

@ 3.0 Vdc to 18 Vdc Operational Limits
® Triggerable from Positive (A Input) or Negative-Going Edge (B-input)

@ Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range

° -Pin-for-pinbompaliblo with MC145288 and CD4528B (CD4098)

® Use the MC54/74HC4538A for Pulse Widths Less Than 10 us with
Supplies Upto 6 V. -

MAXIMUM RATINGS® (Voitages Relerenced to Vgg) y

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

DW SUFFIX
18 Klelle)
CASE 751G

ORDERING INFORMATION

MC14XXXBCP - Plastic
MC14XXXBCL  <Ceramic
*MC14XXXBDW SOIC

+ Ta = —55°to 125°C lor ail packages.

Symbol Parameter Value Unit
Vpp |OC Supply Voltage -0.5t0 +18.0 v
Vin. Yout] inptt or Qutput Voltage (DC or Transient) -0.5to Vpp +0.5 v
fin» lout | input or Output Current (DC or Transient), per Pin =10 mA
Po Power Diasipation, per Packaget 500 mwW
Tat. Storage Temperature -6510 + 150 *C
T tead Temperature (8-Second Soldering) 260 *C
*Maximum Ratings are thoes vaiues beyond which damage 10 the dewics may ocous.
$Temperature Derating: Plastic P and D/OW™ Packages: - 7.0 mWFC From 65°C To 125°C
Ceramic “L” Packages: — 12.mW/°C From 100°C To 125°C
ONE-SHOT SELECTION GUIDE
100ns 1ps 10ps 100us 1ms 10ms 100ms 13 103
uctas288 | o1 l
MC145388 * X 23
MC145388 a3 ﬁ+
MC145418 | . N 3 § min.
MCAS38A" 4+__q

*LIMITED OPERATING VOLYAGE (2-6V)
Total Output Puise Widtty Range ¢——————
Recommended Pulse Width Range Y——————X

BLOCK DIAGRAM

Cx Rx
hv—dwv—ov DD

B L

4
ai———o06
5 Gip———o7
Reset
R |
Cx

_g;—)hv—m—o\log
_ _=r]15 e

10

Resat

13

Ry and Cyx sfe externsl componsnts
Voo = Pin 16
Vgs * Pin 8, Pin 1, Pin 18

6-365

“Consult factory for poseible "0~ suffix SOIC Case 7518.




MC14538B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

timing network (Rx, Cx)

It = (1.25x 107

) RxCxi-+ 12Cxf + 3x 10~ 5CL
where: I in uA (one monostable switching only),
Cyx in uF, CL in pF. R in k ohms, and
f in Hz is the input frequency. .

Characteristic Symbol | \oo Zs5e e 1ze Unit
r
4 vde [“un | Max | Min | Typ# | Max | Min | Max
Output Voltage “0" Level 5.0 - 0.0 -— 0 0.05 —_ 0.0
Vin = Vpp or 0 VoL 10 — | 005 —_ 0 005 | — | 005 | Vde
15 —_ 0.05 —_ 0 0.05 —_ 0.05
“1" Level 50.| 495 - 4.95 50 _— 495
Vin = 0or Vpp VOH 10 | 995 | — 9.95 10 — | 985 | — | vde
15 14.95 14.95 15 - 14,95
Input Voitage “0" Level
(Vo = 450r05 Vdc) Vv 5.0 1.5 225 1.5 _ 1.5 vde
(VO = 9.0 or 1.0 Vdo) L 10 - 3.0 - 450 30 | — | 30
(Vo = 1350r 1.5 vdc) 15 4.0 -— 6.75 4.0 — 4.0
“1" Level
(Vo = 050r45 Vde) 5.0 3.5 —_ 35 278 — 35
(VO = 1.0 0r 8.0 Vdc) Vi | 0 | 70 | = | 70 | sso | — | 10| — vde
(Vo = 150r 13.5 Vdc) 15 11 - 1 8.25 —_— 1" -
Output Drive Current
(VoH = 2.5 Vdc} Source 5.0 -3.0 —_ -24 ~4.2 - -17 —_—
{VOH = 4.6 Vdc) 10H <o | —064| — | -0s1| -088 | — |-036| — |mAdc
(VOH = 9.5 Vdo) w0 | -16| — 13| -228 | — | -09 | — |
{(VOH = 13.5 Vdc) 15 | -42 | — -3.4 -8.8 —_ | -24} —
(VoL = 0.4 Vdc) Sink 5.0 0.64 0.51 0.88 - 0.36 -
(VoL = 0.5 Vde) oL 10 16 — 1.3 225 - 0.9 — | mAde
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 -
Input Current, Pin 2 or 14 lin 15 — +0.05 — =+0,00001{ =0.05 _ =0.5 | pAdc
Input Current, Other inputs lin 15 —_ =0.1 — +0.00001{ =0.1 —_— =1.0 | pAde
Input Capacitance. Pin 2 or 14 Cn — —_ —_ 25 — — - pF
Input Capacitance. Other lnputs Cin - -_ —_ — 5.0 7.5 - —_— pF
(Vin = 0)
Quiescent Current Ipp 5.0 - 5.0 - 0.005 5.0 -— 150 | pAdc
(Per Package) 10 — 10 —_ 0.010 10 -_ 300
Q = Low, Q = High 15 —_ 20 — 0.015 20 —_ 600
Quiescent Current, Active State (Both) |  IpD 5.0 20 — 004 | 020 | — 20 | mAde
(Per Package) 10 - 20 - 0.08 0.45 - 20
Q = High, Q = Low 15 -4 2.0 —_ 0.13 0.70 -— 20
**Total Supply Current at an extemnal I 5.0 IT = (35% 107 2) RxCxf + 4Cx! + 1x 107 5cuf
load capacitance (C) and at external 10 It = (80x 10‘2)l RXCxi + 9Cxf + 2% 10-5 Cit

#0ata labelled “Typ" is not to be used for design purposes but is

intended as an indication of the IC’s potential performance.

**The formulas given-are for the typical characteristics only at 25°C.

guard a
voltages or elec
tions must be taken to
any voltage higher than maximum
voitages to this high-i

constrained to
Vout) < VOD-

Unused inputs must always be tied to an ap-
propriate
or Vpp)-

logic voitage level (e.g.. eithe:
Unused outputs must be left

This device contains protection clrcuitry to
gainst damage due to high static
tric fields. However, precau-
avoid applications of

rated

mpedance circuit. For
proper operation, Vin and Vgyt should be
the range Vgg < (Vin O

rVgs
open.




MC14538B

SWITCHING CHARACTERISTICS® (C; = 50 pF, To = 25°C)

Al Types
Voo
Charscteristic Symbel Vde Min Typ # Max Unit
Output Rise Time trLn ns
3 tTLH = (1.35as/pF) C_ + 33 ns 5.0 - 100 200
tTLH = (0.60 ns/pF} Cy + 20 s 10 - 50 100
tTLH = {0.40 ns/pF) Cy_+ 20 ns 15 - 40 80
Output Fall Time TTHL ns
tTHL = (1.35ns/pF) C +33 ns 50 - 100 200
tTHL = (0.60 ns/pF) C L + 20 ns 10 - 50 100
tTHL = {0.40 ns/pF) C_+ 20 ns 15 - 40 80
Propagstion Deisy Time PLH. ns
Aor8toQord PHL
tpLH. tPHL = (0.90 ns/pF) Cy_ + 255 s 5.0 - 300 600
tpLH. WPHL = (036 ns/pF1C + 132 ns . 10 - 150 300
: tpLH. tPHL = (0.26 ns/pF} C_ ¢ 87 ns 15 - 100 220
Aesetto Qor @ e ns
1PLH. tPHL = (0.90 ns/pF1 C_+ 205 ns 5.0 - 250 500
tpLH. tPHE, = {0.36 ns/pF) Cy + 107 ns 10 - 125 250
PLH. tPHL = (0.26 ns/pF) C_+ 82 ns 15 — 95 190
input Rise and Fall Times e ¢ 5 — 15 ns
Reset 10 - — 5
15 — 4
B Input 5 - 300 1.0 ms
10 - 1.2 0.1
- 15 —_ 0.4 0.05
A Input 5 - —_
10 No Limit
15
Input Pulse Width tWH, 50 170 85 - ns
A, B, or Reset twi 10 90 45 -
15 80 40 -
Retrigger Time ter 80 (] - - ns
10 0 - -
15 0 - -
Outout Pulse Width — Q or & T s
Refer to Figures 8 snd 9 198
Cyx = 0.002 uF, Ry = 100 k2 50 210 230
%) - A 10 200 212 232
15 202 214 234
Cy = 0.1 uF, Ry = 100 k2 5.0 8.3 9.86 10.5 ms
10 9.4 10 10.6
15 9.5 10.14 10.7
Cyx = 10uf, Ry = 100 k0 5.0 0.91 0.965 1.03 s
10 0.92 0.88 1.04
15 0.93 0.99 1.08
Pulse Width Match between circusts in 100(Ty —~ T9) 50 - =1.0 =5.0 %
the samae package. . T 10 - =1.0 =50
Cx = 0.1 uF, Ry = 100 k2 15 - =1.0 =50 |,
*The tormulas given are for the typical characteristics onty st 25°C. #Data {abelled “Typ™ is not to be used for design purposes but is
asan ot the iC's per
DPERATING CONDITIONS
Externs Timing Resistance Ry - 50 - . kQ
Externat Timing Capacitance Cx - 0 - No uF
| = - - Limitf
* The ! usable resi e Ryisaf ion of the loab of the itor Cy., | ge of the MC 145388, and leskage due
to board layout and surface S bility to lly induced noise signals may occur for Ry ™ 1 MQ.
t 1f Cx™ 15 pF, use discharge protection diode per Fig. 11.
L
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Voo ¢ voo FIGURE 1 — LOGIC DIAGRAM:
! - {1/2 of Devics Shown} .
A . ﬂ P
x ~‘,
1
—- 208 Enabie
[}
ey o= Veet ! L] ap———o06 (101
x 3 (18 retl Ensule Output
L. _‘ R Latch
U»— . ! s a0 @
AR Vss Control —F
5 (11} 1 )
o ar q h P Note: Pins 1, 8 and 15 must
Aeset &~ s eset Latc R : . us!
. be externally grounded
FIGURE 2 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORMS
Voo
0.1 uF
500pF A 'o I Cersmic
Ax :E Ax’
<
ves © Cx’
H b | vss
Vin - Cx/Rx d
(s A
—o——{ 8 af—o———— ]
== [-1% 20 ns ‘-—— —1 r— 20 ns
- —O0—1 Resot a V& o I v
c L\ 90% oo
. __o__.ll‘ N
c -
. —0]:- 1 Vin 0% oV
cL =]
:_L Duty Cycle = 50%
/i FIGURE 3 — SWITCHING TEST CIRCUT
Voo
INPUT CONNECTIONS
ag! CHARACTERISTICS | Resst A 8
Ax & S Ax
< < *Cy = 80 pF tpLH: tPHL, TTLH, STHL| v
cx wl ex - T, twH, WL oo | ret oo
vesg l H — tPLH: WPHL TTLH: T
= = LH: PHL TTLH: TTHLU
= = v v, X
. Cx/Rx T, . tWi oo ss pGz
Pulse o—iA tPLH(R). CPHLIR) rG3 rG1 G2
Generat v =" . -
@ 'u or . a TWH. SWL
- . A - _| - cL 1 JE—
Puise Resst a . l 1: v,
Seneraer o—i A’ a —o—-jc" I ) *includes capacitance of probes. ot -—J_‘_—
[-1% = wiring, and fixture parasitic. ) __.L_J——-
Pulse o— ¢ &7 :__l:- NOTE: Switching tast wavetorms re2=
Generstor t_° J— S for PG1, PG2, PG sre shown
0—1 Reset - in Figure 8. rG3 | l




MC14538B.

FIGURE 4 — SWITCHING TEST WAVEFORMS -

A—AE\ 9?;5 T /_\ 50:4{_—\ Voo

—— I—— tWH tTLH ——‘ :‘THL
. TTHL ] |- =f [ 1TLH |

. Y sox 90% K Voo
10%
— [‘WL ‘. {

——— tPHL
Reset = L

TYLH

T tPLH - TTHL

wi e t
tPHL —’i L‘ trr

tpHL  tPHL

50%

FIGURE 5 — TYPICAL NORMALIZED DISTRIBUTION FIGURE 6 — TYPICAL PULSE WIDTH VARIATION AS
OF UNITS FOR OUTPUT PULSE WIDTH A FUNCTION OF SUPPLY VOLTAGE Vpp
N AY YA g =T 1 -T-1 |-
2 | —PRx=1t000 0% POINT PULSE WIOTH —j w> T T
g | cx=01uf . Vpp = 50V.T =98ms _| B fi = 100 K0
3 ~ vpp = 10V.T = 10ms = Cx = 01 uF
g 1o FAAN Vpp = 1V, T = 102ms ™ 222
+ =
5 T\ A S\ 1
X ] < a P
E [[ \\ l ‘1 ;'5‘ [ I ///
té o6 l \ i 1 ;=J-§ ; //‘
g (W g2 |
=04 -8 2
= / 8 22 .
< =0
g / \ g=
0 / \ ;
a2 2 0 2 ¢ E % 7y 9 w o no12ou3ouoa
T, QUTPUT PULSE WIOTH It 4 Vpg. SUPPLY VOLTAGE (voust = ®
FIGURE 7 — TYPICAL TOTAL SUPPLY CURRENT
versus OUTPUT DUTY CYCLE
1000 =
; — e
t — - FUNCTION TABLE
L Ay = 100 k2, C( = 50 pF .
- ONE MONOSTABLE SWITCHING ONLY el Inputs - Qutputs
z T Reset A - B Q Q
z ZAE T | £ H T
2 K/ 1] ~ .
s voo = 18V I T i H L Ju r
Fsov ;
3w 10V L 2Ll A H el W L - Not Triggered
g Z 3 H- H |- Not Triggered
> -+ .
a // , 1 H L, Ho O\ ~ H |: -Not Triggered .
= y ! H ¢ L L H, k. NotTriggered
10 2 1 L. X X L .H
H NS X X Not Triggered
i T -
4 - - , - .
4 ¥e . R
0.1 A .
2.001 01 ] 10 100

QUTPUT DUTY CYCLE (W
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FIGURE 8 — TYPICAL ERROR OF PULSE WIDTH
EQUATION versus TEMPERATURE

FIGURE 9 — TYPICAL ERROR OF PULSE WIDTH
EQUATION versus TEMPERATURE

||
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TYPICAL NORMALIZED ERROR

TYPICAL NORMALIZED ERROR
WITH RESPECT TO 25°C VALUE ATVpp = 10V (%)
&
8 \\
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w o
o o
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THEORY OF OPERATION

FIGURE 10 ~ Timing Operation

0] ® @
2 {4 I L) I
&)
: ®
= LI
"Vret 2 Vet 2 Vreet 2 Veat 2
Cx/Ax

Vret 1

YR P A G s B |

e et

@ Positiye edoe trivger
@ Negative edge trigger
(@) Povitive edom trigoer

TRIGGER OPERATION

The block disgram of the MC145388 is shown in
Figure 1, with circuit operation following.

As shown in Figure 1 and 10, before an input trigger
occurs: the monostable is in the quiescent state with the
Q output low, and the timing capacitor Cx compietely
charged to Vpp. When the trigger input A goes from
Vgg to Vpp (while inputs B and %esef are heid to VpD)
a valid trigger is recognized, which turns on comparator
C1 and N-channel transistor Nt (. At the same time
the output latch is set. With transistor N1 on. the capaci-
tor Cx rapidly discharges toward Vgg until Vref1 is
reached. At this point the output of comparator C1
changes state and transistor N1 turns off. Comparator
C1 then turns off while at the same time comparator C2
turns on. With transistor N1 off, the capacitor Cx begins

@ Positive edge re-trigger (pulse Ic'nqth-nlnn)
@ RAesst (pulse shortening)

to charge through the timing resistor, Ry, toward Vpp.
When the voltage across Cx equals Vyef 2, comparator
C2 changes state, causing the output latch to reset (Q
goes low) while at the same time disabling comparator
C2 (®. This ends at the timing cycle with the
monostable in the quiescent state, waiting for the next
trigger..

In the quiescent state, Cx is fully charged to Vpp
causing the current through resistor Rx to be zero. Both
comparators are “off” with total device current due only
to reverse junction leakages. An added feature of the
MC14538B is that the output latch is set via the input
trigger without regard to the capacitor voltage. Thus,
propagation delay from trigger to Q is independent of
the value of Cx, Ryx. or the duty cycle of the input
waveform,

R.270




MC14538B

RETRIGGER OPERATION

The MC145388 is retriggered if a valid trigger occurs
@ followed by another valid trigger (@ betore the Q
output has returned to the quiescent (zero) state. Any
retrigger. ater the timing node voltage at pin 2 or 14 has
begun to rise from Vyef 1, but has not yet reached Vref
2, will cause an increase in output pulse width T. When
a valid retrigger is initlated @), the voltage at Cx/Rx
will again drop to Vyef 1 before progressing along the
RC charging curve toward Vpp. The Q output will re-
main high until time T, after the last valid retrigger.

RESET OPERATION

The MC14538B may be reset during the generation of
the output pulse. In the reset mode of operation. an in-
put pulse on Reset sets the reset latch and causes the
capacitor to be fast charged to Vpp by turning on tran-
sistor P1 (§). When the voitage on the capacitor
reaches Vyef 2, the reset latch will clear. and wili then be
ready to accept another pulse. if the Reset input is held
low, any trigger inputs that occur will be inhibited and
the Q and O outputs of the output latch will not change.
Since the Q output is reset when an input low level is

FIGURE 11 — USE OF A DIODE YO LIMIT
POWER DOWN CURRENT SURGE

soaona R

Cx. Voo

Vss —m——]

o o

Reset

detected on the Heset input, the output pulse T can be
made significantly shorter than the minimum pulse width
specification.

POWER-DOWN CONSIDERATIONS

Large capacitance values can cause problems due to
the large amount of energy stored. When a system con-
taining the MC145638B Is powered down, the capacitor
voltage may discharge from Vpp through the standard
protection diodes at pin 2 or 14. Current through the pro-
tection diodes should be limited to 10 mA and therefore
the discharge time of the Vpp supply must not be faster
than (Vpp). (C)/(10 mA). For example, if Vpp= 10 \
and Cx= 10 pF, the Vpp supply should discharge no
faster than (10 V) x (10 uF)/(10 mA) = 10 ms. This is
normally not a problem since power supplies are heavily
filtered and cannot discharge at this rate.

When a more rapid decrease of Vpp to zero voits oc-
curs, the MC14538B can sustain damage. To avoid this
possibility use an external clamping ciode, Dx, con-
nected as shown in Fig. 11.

PIN ASSIGNMENT
S

1 —Vss Voo 16
2 —{Cx/RxA Vgs 5
3 C3Reset A Cx/RXB[D 14

acqAaa Reset 81 13
s c8a ag— 12
6 CJQa g V!
73084 QgD 10
dess GgfF3 9
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TYPICAL APPLICATIONS

FIGURE 12 — RETRIGGERABLE
MONOSTABLES CIRCUITRY

Rising-Edge
Tngger, 8

B=Vpp

A= Vss

Faling-Edge
Tngger

Reset = Vpp

&

VDD

Q

p————0

X

Reset=Vpp

FIGURE 13 — NON-RETRIGGERABLE
MONOQOSTABLES CIRCUITRY

Cx Ax
CH—w—
= Vop
Rising-Edge- , —Q
Tngger 8 a_
o S—
ﬂTsel =VpD
Cx Ry
.
= Voo
A Q
Falling-Edge 8 b——3
% Trigger

Reset=Vpp

FIGURE 14 — CONNECTION OF UNUSED SECTIONS
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MOTOROLA

B SEMICONDUCTOR 5 s A S oy iess
TECHNICAL DATA

H11AA1
6-Pin DIP Optoisolators thru
AC Input/Transistor Output H11AA4

These devices consist of two gallium arsenide infrared emitting diodes connected in
inverse-parallel, optically coupled to a monolithic silicon phototransistor detector. Thay §-PIN DIP
are destgrjed for ap.phcano.ns r.equmng the detection or monitoring of ac signals. OPTOISOLATORS
e Convenient Plastic Dual-in-Line Package AC INPUT

® Built-in Protection for Reverse Polarity TRANSISTOR OUTPUT
e High Input-Output Isolation Guaranteed — 7500 Voits Peak
L]
*

UL Recognized. File Number £54915 Q1)
Various lead form options available. Consult “Optoisolator Lead Form Options” data
sheet for details.

J CASE 730A-02

PLASTIC
MAXIMUM RATINGS (T = 25°C unless otherwise noted)
[ Rating Symbol Value Unit SCHEMATIC
INPUT LED
Forward Current — Continuous (RMS) Ig 60 mA
LED Power Dissipation @ Ta = 25°C Pp 120 mw
with Negligible Power in Qutput Detector
Derate above 25°C 1.41 mwWrC 10~ 1 -0 6
4 x
OUTPUT TRANSISTOR 2 - s
Collector-Emitter Voltage VCEO 30 Volts )
Emitter-Base Voltage VEBO 5 Volts 3o 4
Collector-Base Voltage veBo 70 Volts N
Collector Current — Continuous lc 180 mA
Detector Power Dissipation @ TA = 25°C Pp 150 mw
with Negligible Power in Input LEDs 1 INFUT LED
Derate above 25°C 1.76 mwrC ; :‘:UT LED .
TOTAL DEVICE & SMITTER
Isolation Surge Voltage (1) Viso 7500 Vac 5. COLLECTOR
{Peak ac Voltage, 60 Hz, 1 sec Duration) 6. BASE
Total Device Power Dissipation @ T = 25°C P 250 mw
Derate above 25°C 294 mwreC
Ambient Operating Temperature Range TA —-55to - 100 °C
Storage Temperature Range Tstg ~55to - 150 °C
Soldering Temperature {10 sec, 1/16 from case) Tsol 260 ’C

{1) Isolation surge voltage is an internal davice dislectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, 5 and § are common.
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H11AA1 thru H11AA4

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

r Characteristic Symbol Min Typ | Max ‘ Unit ]
INPUT LEDS
Forward Voltage H11AAL34 VE* - 115 1.5 Volts
(I = 10 mA, either direction} H11AA2 - 1.15 1.8 |
Ta = ~55°C  All devices - 1.3 —_
Ta = 100°C  All devices — 1.05 - |
Capacitance (V = 0V, f = 1 MH2) Cy - 18 — pF !
QUTPUT TRANSISTOR
Collector-Emitter Dark Current H11AA1,34 Iceo — 1 100 nA
(Veg = 10V) H11AA2 — 1 200 nA
Ta = 100°C All devices - 1 — 778
Collector-Base Dark Current (Vcg = 10 V) IcBO - 0.2 —_ nA
Collector-Emitter Breakdown Voltage {ic = 10 mA) V(BRICEO 30 45 - Voits
Collector-Base Breakdown Voltage {ic = 100 pA) V(BRICBO 70 100 - Volts
Emitter-Collector Breakdown Voltage {lg = 100 pA) V(BRIECO 5 7.8 - Volts
DC Current Gain {Ic = 2mA, Vcg = 5V) heg = €00 —_ -
Collector-Emitter Capacitance {f = 1 MHz, Vog = 0 V) Cce — 7 il pF
Collector-Base Capacitanca (f = 1 MHz, Vcg = 0 V) Ccs - 19 - pF
Emitter-Base Capacitance {f = 1 MHz, Vgg = 0 V) Ces - 9 - oF
COUPLED
Qutput Collector Current H11AAY Ic 2 5 - mA
(lf = =10 mA, Vcg = 10V) H11AA2 1 2 —_
H11AA3 5 ic —_
H11AA4 10 15 -
QOutput Collector Current Symmetry {Note 1) H11AA1,34 - 0.33 - 3 —
Icatlg = +10mA, Veg = 1ov>
Icatlg = —10mA, Vcg = 10V,
Collector-Emitter Saturation Voltage (Ic = 0.5 mA, Ip = =10 mA) VCE(sat) — 0.1 0.4 Volts
isolation Voltage {f = 60 Hz, t = 1 sec) Viso 7500 — —_ Vaclpk)
Isolation Resistance {V = 500 V} Riso 1011 — - Q
Isolation Capacitance (V = 0V, f = 1 MHz) Ciso — 0.2 —_ pf
Note 1. This specification guarantees that the higher of the two ¢ readings wiil be no mare than 3 times the lower 8t Ig = 10 mA.
TYPICAL CHARACTERISTICS
T 1 { T =
24 = === PULSE ONLY = . T
- PUSEoRDC o= i 7 INPUT CURRER
z 18 — < 7| WAVEFORM
3 § \ X
= 08
&
R
2 MAXIMUM
5 _gs PEAK QUTL
z , \ \ CURRENT {1
£ 18 -
. — N MINIMUM
-2 B AT N TN I TR pesoures
-7 | i CURRENT I
~ 1000 - 800 -200 9 poal 600 1000

iF. INSTANTANEQUS INPUT CURRENT (mA)

Figure 1. Input Voltage versus Input Current
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H11AA1 thru H11AA4-

3 J s 10
i &
u ¢ = 10 mA—| E
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pung 20 7 =
Z = 2 2
o Wl
< 16 — 4
§ 5 mA— 3 1
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=1 / ] 5
= o 05
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¢ 1 2 3 & 5§ & 1 8 9 10 T80 -4 -0 o0 20 4 6 8 0
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Figure 3. Collector Current versus Figure 4. Output Current Ambient T t
ColleomrEmtey Maltaye g . Outp rrent versus Ambient Temperaturs
20 T
/ L | L
= =310 ! 18 Ce
7 NORMALIZED TO = i {180 f= 1Mz
= Veg = WV T 16 \\ s
S w Th = lzs"c = = 0| ceaNLHH
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E&u ‘ E NN
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% = : ; =
b : 1
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1] 0 40 &0 80 100 005 01 02 05 1 2 g 10 0 50
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Figure 5. Dark Current versus Ambient Temperature Figure 6. Capacitances versus Voltage
OUTLINE DIMENSIONS
-} HOTES:
— STEE: 1, DIMENSIONING AND TOLERANCING PER ANSI
o o PN 1, LED 1 ANODEILED 2 CATHOOE VIASM, 1982
=~ CONRGURATION 2,LED 1 CATHODEAED 2 ANOCE 2 CONTROLLING DIMENSION: INCH.
3N 1 DM L TO CENTER OF LEAD WHEN FORMED
(N 4 EMTITER PARALLEL .
7 5 COLLECTOR
T 8. BASE
¢ L il
X r_ _.1. (w WN_| MAX | W [ MAX
1 | | A {813 | 889 | 0320} 030
s 1 610 | 680 | 0200 [ 6
= { ¢ {253 | so8 | G16 {000
5 | o4l | 050 | 0016 | 0020
s ; N £ (102 | 177 [ oo | om0 |
! G 48 .60 8SC
G \/ el an 3021 l 0X0 | o008
Hoznes® |7 W A® K 0.3¢ 254 | 0015 | 000
£ M (e [[s0]10)] L 18 85C 0.500 8SC
Dn Wl | 1w | o 118
onomm® 11| A@[8®]  CASE 730A-02 {25 §am ] o0 018
PLASTIC
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