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ABSTRACT

-

This thesis presents the application of microprocess
sor control to a PABX ( private Automatic Branch Exchange )
system Usually , 8 PABX  control by linear .circuits is
very big in size , hard to improve, and inflexible To
overcome these disadvantages , we use 3 microprocessor
systea in stead of previous linear cirecuit to con@rol a
PABX of much smaller size , faster and eror free

operation , greater flexibility and adaptability
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cpPU "780.78BL"
HOF "BIN8"
- ORG 0000H

;Define memory
ram: equ 4000h
; Line interface

;: If hole line Li_X = "1
; If off line Li_X = "0"
Li_1: equ ram+l
Li_2: equ ram+2
Li_3: equ ram+3
Li_4: equ ram+4
Li_5: equ ram+5s
L1 6= equ ramté
Li_7: equ ram+7
Li_8: equ ram+8
Li_9: equ ram+9
Li_10: eqgu ram+10
Li_el: equ ram+ll
Li_e2: equ ram+12
Li e3: equ ram+13
;Status switch 0-95
sw_l: equ ramt+l4 ;next 120
;switch 1-9¢6
:Buffer data
0ld relay: equ ram+120
;ram+121
New_relay: equ ram+122
;ram+123
spl_use: equ ram+l24 ;4 byte for 4 SP
signal: equ ram+128
Count_key: equ ram+129 ;4 Byte for 4 SP
conver: equ ram+133
cancel_tbl: equ ramt+l4l
key: equ ram+160
sub_a: equ ram+16l
sub_b: equ ram+162
sp_new: equ ram+163
keyl: equ ram+164
key2: equ ram+165
time: equ ram+166
buff_bul: equ ram+168
buff_bu2: equ ram+169
timel: equ ram+170 :Timer delay for keydbell spl
time2: equ ram+172 :Timer delay for key&bell sp2
time3: equ ram+174 ;Timer delay for key&bell sp3
time4: equ ram+176 ;Timer delay for key8bell sp4
Key_1: equ ram+178 :Receive key spl
key 2: equ ram+179
key_3: equ ram+180
key 4: equ ramt+181
count_keyl: equ ram+182 ;Counter step program spl
count_key?2: equ ram+183
count_Kkey3: equ ram+184
count_key#t: equ ram+185
step 1: equ ram+186 ;Step work
step_2: equ ram+187
step_3: equ ram+188
step_4: equ ram+189
enablel: equ ram+190
enable?: equ ramt+19l

2naied: equ ram+19?



enable4: ' equ ram+193

sub_al: equ ram+194 -
sub_a2: equ ram+195
sub_al: equ ram+196
sub_a4: equ ram+197
sub_bl: equ ram+198
sub_b2: equ ram+199
sub_b3: equ ram+200
sub_b4: equ ram+201
use_extl: equ ram+202
use_ext2: equ ram+203
use_ext3: equ ram+204
extl: equ ram+205
ext2: equ ramt206
ext3: equ ram+207
intl: equ ram+208
int2: equ ram+209
int3: equ ram+210
enable_extl: equ ram+211
enable_ext2: equ ram+212?
enable_ext3: equ ram+213
step_el: equ ram+214
step_e2: equ ram+215
step_e3: equ ramt216
ext_inl: equ ram+217
ext_in2: equ ram+218
ext_in3: equ ram+219
time_extl: equ ram+300
time_ext2: equ ram+302
time_ext3: equ ram+304
ext_outl: equ ram+305
ext_out2: equ ram+306
ext_out3: equ ram+307
sangl: equ ram+308
sang2: equ ram+309
sang3: equ ram+310

S REXKRKXRKKRKKKKKK

;¥ Define PORT
P ERKREROORROKK KKK

;8255 (1) OUT all

P_signal: equ 040h

P_rl_e: equ 061h ;Relay bell 9-10
P_rl_i: equ 062h ;Relay bell 1-8
P_conil: equ 063h

18255 (2) IN all

P_M093: equ 070h

P 1i_e: equ 071h ;Line 9-10

P_li_i: equ 072h ;Line 1-8

P_con2: equ 073h

;Define DTMF port ‘
P_toel: equ 0l0h ;DTHF speech part 1
P_toe2: equ 020h ;BTHF speech part 2
P_toel: equ 030h ;0TMF speech part 3
P_toed: equ 040h ;DTMF speech part 4
P_test: equ 0f0h

p_busyl: equ Ob0h

p_busy?2: " equ 0coh

;*********‘*X*****t****‘****

;¥ Define code control X
DXERF KKK LK KK ERKKEAREK KK

RB _spl: equ 11111110b ;define for 8255 P_A



RB_sp2: equ 11111011b

RB_sp3: equ 111011L1b
RB_sp4: equ 10111111b _
DI_spl: equ 11111101b
DI_sp2: equ 11110111b
DI_sp3: equ 11011111b
DI_sp4: equ 01111111b

;l*****l******************

+x data timer walt key *
SRR REEE KRR KKK H R KK
timer: equ 2500
timer_ext: equ 300
SRXKAXTK KKK EF KKK KAK

;¥ Start main program X
IR IKRKR KK KKK KKK KKAK

begin: 1d sp,ram+1ffoh ;set stack
1d b,3
beginl: call wait
djnz beginl
1d a,80h
out (P_conl),a :set 8255 (1) OUT all
1d a,8bh
out (P_con2),a ;set 8255 (2)
1d a,o ;Clear relay
out (p_rl_i),a
out (P_rl_e),a
1d a,offh :of f signal
out (P_signal),a
out (p_busyl),a
out (p_busy2),a
1d (buff_bul),a
1d (buff_bu2),a
1d (signal),a ;set buffer signal empty
1d a,0 ;Clear relay:
out (p_rl_i),a
out (p_rl_e),a
1d (new_relay),a
1d (new_relay+l),a
1d (use_extl),a :use external line
1d (use_ext2),a
1d (use_ext3),a
1d (enable_extl),a ;for external line input
1d (enable_ext2),a
1d (enable_ext3),a
1d (enablel),a
1d (enable2),a
1d (enable3l),a
1d (enable4) ,a
call Clear_sp
call cl_cancel
call off_m093 :off all switch M093
call wait
ip main_prol2

;x*x*x*xx*x**xt*****xx*x*******x***

;% Program interupt receive KEY X
SRR RN XK ROR XXX KRR XXX KKK

ORG 0066h
push af
push bc
push de
push hl
push 1%

push 1y



key_end:

key spl:

key_sp2:

key_sp3:

key_sp4:

main_prol2:

S KHOORORKORK AKX K
;¥ Main program
S KRR RRIORR KX KKK
main_pro:

n
bit
jr
bit
jr
bit
jr
bit
jr
call
pop
pop
pop
pop
pop
pop
retn
in
and
1d
1d
inc
1d
ip
in
and
1d
ld
inc
1d
p
in
and
1d
1d
inc
1d
P
in
and
1d
1d
inc
1d
ip

1d
1d
1d
1d
1d
1d
1d
ip
X X X
X
XXX

call
call
call
call
call
call
call

a,(P_toel)
4.a
nz,key_spl
5,a
nz,key_sp2
6,8
nz,key_spd
7,48
nz,key_sp4
walt

iy

1x

hl

de

bc

af

a,(p_toel)

ofh

(key_1),a

a, (count_keyl)

a
(count_keyl),a
key_end
a,(p_toe2)

0fh

(key_2),a
a,(count_key2)

a
(count_key2),a
key_end
a,(p_toe3)

ofh

(key_3),a
a,(count_key3)

a
(count_key3),a
key_end
a,(p_toe4)

ofh

(key_4),a

a, (count_key4)

a
(count_key4),a
key_end

a,o
(ext_outl),a
(ext_out2),a
(ext_out3),a
(ext_inl),a
(ext_in2),a
(ext_in3),a
main_pro

check_sp
m093
sub_nl
sub_n2
sub_n3
3ub_n4
axt_nl

:process internal

-process external



main_prol:

externall:

externalll:

externalle:

externall2:

call
call
call
call
call
1d
out
call
1d
1d
1d
1d
cp
p
inc
inc
dinz
in
bit
call
call
bit
call
call
bit
call
call
ip

push
push
push
push
push
push
1d

cp

Jp

call
1d
1d
id .
inc
dinz

cp
ip
pop
pop
pop
pop
pop
pop
ret,
1d
1d
1d
1d
call
1d
1d
id
1d
1d

ext_n2
ext_n3
externall
external2
externald
a,0aah
(p_test),a
cancel
ix,11i 1
b,10

c,l
a,(ix+0)

1
Z,mark_new
ix

C

main_prol
a,(p_li_e)
2,a
nz,new_extl
Z,new_extrl
3,4
nz,new_ext?
z,new_extr2
4.,a
nz,new_ext3
z,new_extrd
main_pro

af
bc
de.
hl
ix
iy

a,(ext_outl)

0

z,externalle

line_int
a,(intl)
b,a

Pl,1i 1=1

hl
externalll
a,(hl)

0

z,externall?

iy
ix
hl
de

(use_extl),a
(ext_outl),a

(ext_inl),a

(enable_exti).a

;check new Number

;check external line

;bell external line
;No Bell external line

;program for check external 1



external?:

external?zl:

exterrdalze:

external22:

external3:

external3l:

external3e:

external i?2:

ip
push
push
push
push
push
push
1d
cp
jp
call
1d
1d
1d
inc
djinz
ld
cp
ip
pop
pop
pop
pop
pop
pop
ret
1d
1d
1d
1d
call
1d
1d
1d
1d
1d
ip
push
push
push
push
push
push
1d
cp
ip
call
1d
1d
1d
inc
djnz
1d
cp
ip
pop
pop
pop
pPop
pop
pop
ret
1d
1d

externalle
af

bc

de

hl

1%

1y
a,(ext_out2)
0
Z,external2e
line_int.
a,(int2)

b,a
hl,1i_1-1

hl
external2l
a.(hl)

0
Z,external2?
1y

ix

hl

(use_ext2),a
(ext_out2),a
(ext_in2),a
(enable_ext2),a
external2e
af

bc

de

hl

1x

iy

a, (ext_out3)
0
z,external3e
line_int
a,(int3)

b,a
hl,li_1-1

hl
externalll
a,(hl)

0
z,external3?
1y

ix

hl

de

b¢

af

a,(int3)
b,a

;program for chneck external 1

;program for check external 1



1d c,3

1d a,0
call on_ext -
1d a,o
1d (use_ext3),a
1d (ext_out3),a
1d (ext_in3),a
1d (enable_ext3),a
ip externalle
ext_nl- push af
push bc
push de
nush hl
push 1X
push iy
1d a,(enable_extl)
cp 0
Jjp z,ext_nle
call line_1nt -check 1nternal line for ext
1d a.(intl)
1d b.a
1d l,1i_1-1
ext_nll: inc hl
dinz axt_nll
cp !
jp z,ext_nl2 -internal up phone OkK..
ext_nle: pop iy
pop ix
pop hl
pop de
pop be
pop  af
ret
: Internal line up hook
ext_nl2: 1d a,(intl) :Hold line external
1d b,a
1d a,l
1d c,l
call on_ext
1d a,(intl) :cancel internal line
1d b,a
1d a,l
call mk_carncel
1d a,o
1d (enable_extl),a ;disable process extl
1d (ext_inl),a
1d a,l
1d (use_extl),.a
1d (ext_outl),a :set external line = OUT
1d a,o
1d (ext_inl),a ;diable INPUT
ip ext nle
ext_nh2: push af
push bc
push de
push hl
push ix
push iy
1d a,(enable_ext?)
cp 0
in 7.oxt_n2e

<Al Lipe_int scheck internal linz for axt



ext n2l:

ext_nze:

; Interhal line

ext n22:

ext_n3:

ext_n3l:

ext_nle:

;s Internal line

ext_n32:

T
ld
1d
inc
dinz
cp
ip
o]e )
pop
pPop
pop
pop
pop
ret,
up honk
Id
1d
ld
1d
call
1d
1d
1d
call
1d
1d
1d
1d
1d
1d
1d
1d
in
push
push
push
push
push
push
1d
cp
ip
call
1d
1d
1d
inc
dinz
cp
ip
pop
pop
pop
pop
Pop
Pop
ret
up hook
1d
1d
1d
1d
call

1, (in* 7
b,a
hl,1i_1-1
hl

ext _n2l

1

2. ext_n22
iy

i x

hl

de

be

+f

&,(1nt2)
b,a

a,l

c,2
on_ext
a,(int2)
b,a

a,l
mk_cancel
a,o

(enable_ext2).a
(ext_1inl),a

a,l

(use_ext2),a
(ext_out2),a

a,o

(ext_in2),a

ext_n2e
af
bc
de
hl
ix
iy

a,(enable_ext3)

0
Z,ext_nde
line_int
a,(int3)
b,a
hl,li_1-1
hl
ext_n3l

1
Z,ext_n32
iy

ix

hl

de

bc

af

Lnterndgl up phone ok, .

:Hold line external

;cancel internal line

‘disable process extl

:set external line = OUT

;diable INPUT

;check internal line for ext

1internal up phone ok..

.Hold line external



ld a.(int3)

1d b,a

id a.l

call mK_cancel

1d a,o

ld {enable_ext3),a
1d (ext_in3),a
ld a,l

1d (use_ext3),a
1d (ext_out3),a
ld a,o

1d (ext_in3),a
ip ext_n3e

TREKIRKFEERF XKL KRR XKE KKK KKK KK KKK KRN X

;¥  Function for Bell external line
JERRRERRRE R KR KR IR XOR KKK X KX X

new_extl: push af
push bc
push de
push hl
push 1X
nush iy
1d bc,timer_ext
1d (time_extl),bc
1d a,(ext_inl)
cp 1
ip Z,new_extle
call search_int
1d a,l
call on_relay
1d a,b
1d (intl),a
1d a,l
1d (enable_extl),a.
1d (use_extl).a
1d (step_el),a
1d (ext_inl),a
1d a,o
1d (ext_outl),a
new_extle: pop iy
pop ix
pop hl
pop de
pop bc
pop af
ret
new_ext2: push af
push bc
push de
push hl
push ix
push iy
1d bc,timer_ext
1d (time_ext2),bc
1d a,(ext_in2)
cp 1
ip z,new_ext2e
call search_int
1d a,l
call on_relay
1d a,b
1d (int2),a
1d a,l

<cancel internal line

;disable process extl

;set external line = OUT

:diable INPUT

;set delay time for wait bell

;check first step

;search internal line bank
;on bell to internal line

;save internal lint to buffer

;set process bell from external

;external line 1 use

;set line 1 = INPUT
;disable line 1 to out

;set delay time for wait bell

;check first step

;search internal line bank
;on bell to internal line

:save internal lint to buffer



new_extze:

new_extl:

new_extle:

new_extrl:

new_extrle:

1d
ld
1d
1d
1d
1d
pop
pop
poR
pop
jolee}
pOP
ret
push
push
push
push
push
push
id
1d
1d
cp
ip
call
1d
1d
1d
call
1d
1d
1d
1d
1d
1d
1d
1d
1d
pPop
Pop
pop
pop
pob

pop
ret

push
push
push
push
push
push
1d
cp
ip
1d
dec
1d
or

JP

pop
pop
pop
pop

(cnable_ext2),a
(use_ext2),a
(step_e2),a
(ext_in2),a
a,o
(ext_out2),a
iy

1x

hl

de

bc

af

af

bc

de

hl

1x

iy
bc,timer_ext
(time_ext3) ,bc
a,(ext_in3)
1
Z,new_ext3e
search_int
a,b
{sang3),a
a,l

on_relay
a,(sang3)
(int3),a

a,l
(enable_ext3),a
(use_ext3),a
(step_e3),a
(ext_in3),a
a,0
(ext_out3),a
iy

ix

hl

de

bc

af

af

bc

de

hl

ix

1y

a,(ext_inl)

0

z,new_extrle
bec, (time_extl)
bc

a,c

b

z,new_extrll
(time_extl),bc
iy

ix

hl

de

;eet process bell from external
;external line 1 use

:set line 1 = INPUT
;disable line 1 to out

;set delay time for wait bell

;check first step

;search internal line bank

;on bell to internal line

;save internal lint to buffer

;set process bell from external
sexternal line 1 use

;set line 1 = INPUT
;disable line 1 to out

;check line 1if = input cancel

;check time line

; LF over time



new _extrll:

new_extr?:

new_extrie:

new_extr2l:

new_extr3:

new_extrde:

new_extr3l:

pop
pop
ret,
1d
1d
1d
1d
ld
1d
ip
push
push
push
push
push
push
1d
cp
Jp
1d
dec
1d
or
ip
1d
pop
pop
pop
pop
pop
pop
ret
1d
1d
1d
1d
1d
1d
ip
push
push
push
push
push
push
1d
cp
ip
1d
dec
1d
ot
ip
1d
pop
pop
pop
pop
pop
pop
ret
ld
1d
1d

bc

aft

a,o

(enable_extl),a ;disable process bell from external
(use_extl),a ;external line 1 not "use
(step_el),a .
(ext_inl),a :set line 1 = non

(ext_outl),a

new_extrle

af

be

de

hl

1%

iy

a,{ext_in2) ;check line if = input cancel
0

Z,new_extrle

bc,(time_ext2) ;check time line
bc

a,c

b

z,new_extr2l ;I over time
(time_ext2),bc

iy

ix

hl

de

bc

af

a,o

(enable_ext2),a ;disable process bell from external
(use_ext2),a ;external line 1 not use
(step_e2),a

(ext_in2),a :3et line 1 = non
(ext_out2),a

new_extrie

af

bc

de

hl

ix

iy

a,(ext_in3) :check line if = input cancel
0

Z,new_extrie

bc, (time_ext3) ;check time line

bc

a,c

b

zZ,new_extr3l ;1T over time
(time_ext3),bc

iy

ix

hl

de

bc

af

a,0
(enable_ext3),a ;disabl=z proccss bell from external
(use_ext3),a ;external line 1 not use



1d (step_e3),a

1d (ext_in3),a :set line 1 = non
1d {ext_outl),a
ip new_extr3e
mark_new: 1d a,c
1d (sub_a),a
call search_sp
1d a,c
cp 1
p z,mk_newl
cp 2
jp z,mk_new2
cp 3
Jp z,nk_newl
cp 4
ijp Z,mK_new4
1d a,(sub_a)
1d b,a
1d a,l
call on_busy
1d a,o
call mk_cancel
mk_newl: 1d a,l
1d (step_1),a ;set step 1
1d (enablel),a ;enable spl '
1d a,(sub_a) ¥
1d (sub_al),a ;save sub A
1d b,a ;cancel sub A
1d a,l
call mk_cancel
1d a,l son dial to sub A
1d c,l1
call on_dial
1d a,o ;set counter key to O
1d {count_keyl),a
1d bc,timer
1d (timel),bc
1d a,(sub_a) ;connect to spl
1d b,a
1d c,l
1d a,l
call connect
1d a,l ;mark spl use
1d (spl_use),a
jp main_pro
mK_newz: 1d a,l
1d (step_2),a
1d (enablez?),a
1d a,(sub_a)
1d (sub_az),a
1d b,a
1d a,l
call mk_cancel
1d a,l
1d c,?
call on_dial
1d a,o :set counter key to O
id - (count_key2),a
1d bec,timer
1d (time2),bc
ld a,(sub_a) sconnect to spl
1d b,a

1d c,2



mk_new3:

mk_newd :

on_ext:

1d
call
1d
1d
jp
1d
1d
1d
1d
1d
1d
1d
call
1d
1d
call
1d
1d
1d
1d
1d
1d
1d
1d
call
1d
1d
jp
1d
1d
1d
1d
1d
1d
1d
call
1d
1d
call
1d
1d
1d
1d
1d
1d
1d
1d
call
1d
1d
ip
push
push
push
push
push
push
1d
cp
ip
1d
cp
ip

a,l

connect

a,l imark spl use _
(spl_usetl),a

main_pro

a,l

(step_3),a

(enablel),a

a,(sub_a)

(sub_a3),a

b,a

a,l

mk_cancel

a,l

c,d

on_dial

a,o :set counter key to 0
(count_key3) ,a

bc,timer

(time3) ,bc

a,(sub_a) :connect to spl
b,a

c,3

a,l

connect

a,l :mark spl use
(6pl_use+2),a

main_pro

a,l

(step_4),a

(enable4),a

a,(sub_a)

(sub_a4),a

b,a

a,l1

mk_cancel

a,l

c,4

on_dial

a,o :set counter Key to O
(count_key4),a

bc,timer

(time4),bc

a,(sub_a) ;connect to spl
b,a

C,4

a,l

connect

a,l ;mark spl use
(spl_use+3),a

main_pro

af

bhe

de

hl

ix

iy
hl,new_relay+l
0
z,on_extl
a,c

1
z,0on_extol



on_exte:

on_extl:

on_extel:

on_extoz:

on_extod:

on_extfl:

on_extf2:

cp
Ip
cp
ip
pop
pop
pop
pop
pop
pop
ret
1d
cp
ip
cp
ip
cp
ip
1d
1d
1d
1d
call
1d
sett
1d
out
jp
1d

1d

1d
1d
call
1d
sett
1d
out
jp
1d
1d
1d
1d
call
1d
sett
1d
out
ip
1d
1d
1d
1d
call
1d
res
1d
out
ip

1d
1d
1d
call
1d

2
7,0n_exto?

“
~

z,0n_extod
iy
1X
nl
de
bc
af

(@]

,on_extfl
,on_extf2

,on_extf3
a,(intl)

o

3

(
a
1
6
n

O T NWMNRNNRED

conpect
a,(new_relaytl)
4.,a
(new_relaytl),a
(p_rl_e),a
on_exte
a,(int2)

b,a

a,l

c,7

connect
a,(new_relay+l)
5,a
(new_relay+l),a
(p_rl_e),a
on_exte
a,(int3)

b,a

a,l

c,8

connect
a,(new_relay+l)
7,4
(new_relay+l),a
(p_rl_e),a
on_exte
a,(intl)

b,a

a,o

c,6

connect
a,(new_relaytl)
4,3
(new_relayt+l),a
(p_rl_e),a
on_exte
a,(int2)

b,a

a,o

c,7

connect
a,(new_relaytl)



res
1d
out
p
on_extf3: 1d
1d
1d
1d
call
1d
res
1d
out
p

5,4
{new_relay+l),a
(p_rl_e),a
or_exte
a,(int3)

b,a

a,o

c,8

connect
a,{(new_relay+l)
6,8
{(new_relaytl),a
(p_rl_e),a
on_exte

SRR KR IORORK X KKK KK KRR OK KKK KKK KK X
;¥ Search bank lint exterpnal *

;% QUT = B (Line ext)

X

;*ttt***************************

search_ext: push
push
push
push
push
1d
1d
1d
1d
1d

search_extl: inc
1d
cp
p
inc
djnz
1d
1d

search_exte: pop
pop
pop
pop

pPop
ret

search_ext2: 1d
ip

aft

de

hl

1x

iy

e,cC

d,o
hl,use_extl
b,1

C,3

hl

a,(hl)

0
zZ,search_ext?2
¢
search_extl
c,e

b,0

iy

ix

hl

de

af

b,c
search_exte

SRR KKK R KRR KX KK
;¥ Search bank lint internal *

;¥ QUT = B (Line ext)

X

5 K FORK IR KKK KKK R XK KKK KKK KK XX X

search_int: push
push
push
push
push
call

search_int0: 1d
1d
1d

search_intl: ld
cp
p
inc
dinz

af

de

hl

ix

iy

line_int
hl,1li_1
b,10

c,l

a,(hl)

0
z,search_int2
C
search_intl

;check hook internal



search_int2:

search_int4:

search_inte:

search_int3:

3 RK IR AR K R XOR K KRR KK KKK KRR KKK KKK KKK KK

;¥ Sub rutine
3 KKK KRR KKK KKK KKK KKK KK KOOk XXX KX X

sub_nl:

sub_nle:

;wait keyl
sub_nll:

sub_nt12:

1d
call
cp
ip
1d
1d
inc
dinz
1d
1d
ip
Pop
pop
pop
pop

pop
ret

1d
ip

b,c
test_bell

0
z,search_int3
b,c
hl,li_1-1
hl
search_int4
a,l

(hl),a
search_int0Q
ly

1x

hl

de

af

b,c
search_inte

connect sub A - sub B

push
push
push
push
push
push
1d
cp
ip
1d
cp
ip
cp
jp
pop
pop
pPop
pop
pop

pop
ret

1d
dec
1d
or
ip
1d
call
1d
1d
1d
inc
dinz
1d
cp
ip
1d
cp
ip
1d

af

bc

de

hl

ix

iy
a,(enablel)
o
zZ,sub_nle
a,(step_1)
1
z,sub_nll
2
zZ,sub_nl2
iy

ix

hl

de

bc

af

be,(timel)

b¢

a,c

b

z,sub_nlll
(timel),bc
line_int
a,(sub_al)

b,a

hl,1i_1-1

hl

sub_nll2
a,(hl)

0]

z,5ub_nll3

a, (count_keyl)
1

z,sub_nllk
a,(count_keyl)

;Check enable

;wait recaive key

;wait Bell sub b

;over time

;check hook sub A

; 1T sub A down hook



cp 2

jp z,sub_nll4 sreceive key OK..
ip sub_nle
time over

sub_nllk: 1d a,o
1d c,l
call on_dial ;off dial
1d a,(key_1) ;¥xxx*x check code
cp 9
ip z,con_linel
cp 1
jp nz,sub_nllil
jp sub_nle

sub_nill: ld a,(sub_al) :on busy to sub A
1d b,a
1d a,l
call on_busy

sub_nll3: 1d a,(sub_al) :not connect sub A from spl
1d b,a
1d c,l
1d a,o
call connect
1d a,o ;mark spl bank
1d (spl_use),a
1d (enablel),a :not enablel
ip sub_nle

; key OK..

sub_nll4: 1d a,(key_1) :check sub 8
1d (sub_bl),a
cp 11
jp nc,sub_nlll :key error
call line_int
1d a,(sub_bl)
1d b,a
1d hl,1li_1-1

sub_nil15: inc hl
dinz sub_nli15
1d a,(hl)
cp 1
ip z,sub_nill :sub B use
1d a,(sub_bl)
1d b,a
call test_bell ;test sub B use bell
cp 1
jp Z,sub_nill
1d a,2 ;inc step
1d (step_l1),a
1d a,(sub_bl) ;on relay sub B
1d b,a
1d a,l
call on_relay
call mk_cancel ;mK cancel because send bell
1d c,1
call on_ring :on ring back te sub A
1d bc,timer :load time for wait bell
1d (timel),bc
ip sub_nle

con_linell: 1d a,(extl)
1d (intl),a
1d b,a
1d a,l
1d c,b
1d c,é



con_linél2:

con_linel3:

con_linel:

call
call
call
call
call
call
call
call
1d
sett
1d
out
1d
1d
1d
ip
1d
1d
1d
1d
1d
call
call
call
call
call
call
call
call
1d
sett
1d
out
1d
1d
1d
ip
1d
1d
1d
1d
1d
call
call
call
call
call
call
call
call
1d
sett
1d
out
1d
1d
1d
ip
1d
1d
1d
1d
call
1d

connact,

walt

wait - —
wait

walt

wait

wait

wait
a,(new_relaytl)
4.3
(new_relaytl),a
(p_rl_e),a
a,l
(use_extl),a
(ext_outl),a
sub_nll3
a,(extl)
(int2),a

b.a

a,l

c,7

connect.

walit

wait

walt

wait

walt

wait

wait
a,(new_relaytl)
5,a
(new_relaytl),a
(p_rl_e),a
a,l
(use_ext2),a
(ext_out2),a
sub_n113
a,(extl)
(int3),a

b,a

a,l

c,8

connect

wait

wait

wait

wait

wait

wait

wait
a,(new_relay+tl)
6,a
(new_relaytl),a
(p_rl_e),a
a,l
(use_ext3),a
(ext_out3),a
sub_nll13
a,(sub_al)
(extl),a

b,a

a,l
mk_cancel
a,(sub al)

;not connect sub A from spl



1d b,a
1d c,l
» . 1d a,0
call connect
1d a,0 ;mark spl bank
1d (spl_use),a
1d (enablel),a ;not enablel
call search_ext
1d a,b
cp 0
p z,sub_nlilt
cp 1
ip Z,con_linell
cp 2
ip z,con_linel?2
cp J
Jp z,con_linell
: Wait bell
sub_nl2: 1d bc, (timel)
dec bc
ld a,c
or b
jp Z,sub_niz1 ;over time
1d (timel),bc
call line_int
1d a,(sub_al) ;check hook sub A
1d b,a
1d hi,1i 1-1
-sub_nl22: inc hl
djnz sub_n122
1d a,(hl)
cp 0
ip Z,sub_nl23 ;IT sub A down hook
call line_int
1d a,(sub_bl) ;check hook sub A
1d b,a
1d hl,li 1-1
sub_nt2a: inc hl
dinz sub_nlz2a
1d a,(hl)
cp 1
ip z,sub_nlz24 ;1T sub B up hook
ip sub_fle
; bell over tinme
sub_nl2l: 1d a,(sub_bl) ;off relay
1d b,a
1d a,o
call on_relay
1d c,l
call on_ring ;off ring back
. ip sub_nlll
sub_nl23: 1d a,(sub_bl) ;OFf relay
1d b,a
1d a,o
call on_relay
1d c,l
call on_ring ;off ring back
ip sub_nl13
sub_ni24: 1d a,(sub_bl)
1d b,z
1d a,o
call on_relay

ld C,I



call
1d
1d
1d
1d
1d
1d
1d
call

ip

on_ring

a,o
(enablel),a
a,(sub_al)
d,a
a,(sub_bl)
e,a

a,l
mk_conver
sub_nle

;off ring back

;K spl on

;xxxxnutx*x**x**xxxx**xxn*****x****t*x

connect sub A - sub B
DRRRERX IR KR K KOO KRR R KRR KKK

;% Sub rutine

sub_n2:

sub_n2e:

;wait keyl
sub_n21:

sub_n212:

;  time over
sub_n21kK:

push
push
push
push
push
push
1d
cp
ip
1d
cp
ip
cp
ip
pop
pop
pop
pop
pop

pop
ret

1d
dec
1d
or
ip
1d
call
1d
1d
1d
inc
djnz
1d
cp
ip
1d
cp
ip
1d
cp
ip
ip
1d
1d
call
id
cp

af

bc

de

hl

1x

iy
a,(enable2)
0
z,sub_nZe
a,(step_2)
1
z,sub_n21
2
zZ,sub_n22
iy

ix

hl

de

be

af

bc, (time2)
bc

a,c

b
z,sub_n211
(time2),bc
line_int
a,(sub_a2)
b,a
hil,li_1-1
hl
sub_n212
a,(hl)

0
Z,sub_nz213
a, (count_key2)

,sub_n2l1k
, (count_key?2)

NN

zZ,sub_n214
sub_n2e

a,o

c,?2
on_dial
a,(key_2)
9

*

;Check enable

:walt recalve key

:walt Bell sub b

;over time

:check hook sub A

;:1f sub A down hook

;receive key OK. .

;of f dial
s #4%% check code



jp z,con_line2

cp 1
ip nz,sub_n2l1
jp. sub_nz2e
sub_n21i: 1d a,(sub_a2) ;on busy to sub A
1d b,a
1d a,l
call on_busy
sub_n213: 1d a,(sub_az) ;not connect sub A from spl
1d b,a
1d c,2
1d a,0
call connect
id a,0 ;mark spl bank
1d (spl_use+l),a
1d (enable?),a :not enablel
jp sub_nze
;. key OK..
sub_n214: 1d a,(key_2) :check sub B
1d (sub_b2),a
cp 11
ip nc,sub_nz2ll ;key error
call line_int
1d a,(sub_b2)
1d b,a
1d hl,1li_1-1
sub_n215: inc hl
dinz sub_n215
1d a,(hl)
cp 1
jp z,sub_n211 ;sub B use
1d 4,(sub_b2)
1d b,a
call test_bell ;:test sub B use bell
cp 1
ip z,8ub_n211
1d a,2 :inc step
1d (step_2),a
1d a,(sub_b2) son relay sub B
1d b,a
1d a,l
call on_relay
call mk_cancel :mk cancel because send bell
1d c,2
call on_ring ;on ring back to sub A
1d bc,timer ;load time for wait bell
1d (time2),bc
Jjp sub_n2e
con_line2: 1d a,(sub_az)
1d (extl),a
1d b,a
1d a,l
call mk_cancel
1d a,(sub_a2) :not connect sub A from spl
1d b,a
1d c,l
1ld - a,0
call connect
1d a,o :mark spl bank
1d (spl_usetl),d
1d (enable2),a snot enablel
call search_ext
1d a,b

cp 0



jp
cp
ip
cp
ip
cp
Jp
;. Wait bell
sub_n22: 1d
dec
1d
or
ip
1d
call
1d
1d
1d
sub_n222: inc
dinz
1d
cp
ip
call
1d
1d
ld
sub_n22a: inc
djnz
1d
cp
ip
ip
: bell over time
sub_n221: 1d
1d
1d
call
1d
call
i ip
sub_n223: 1d
1d
1d
call
1d
call
ip
sub_n224: 1d
1d
ld
call
1d
call
1d
ld
1d
1d
1d
1d
1d
call
ip

C R HACK R AR OO K AOKOK ROCEOR R K KRR KK Rk KR K

z,sub_nill

1
z,con_linell
2
z,con_linel?
3
z,con_linel3

bc, (time2)
bc

a,c

b
z,sub_n221
{(time2),bc
line_int
a,(sub_a?)
b,a
hl,li_1-1
hl
sub_n222
a,(hl)

0
z,sub_n223
line_int
a,(sub_b2)
b,a
hl,li_1-1
hl
sub_n22a
a,(hl)

1
Z,sub_n224
sub_n2e

a,(sub_b2)
b,a

a,o
on_relay
c,2

on_ring
sub_n211
a,(sub_b2)
b,a

a,o
on_relay
c,2

on_ring
sub_n213
a,(sub_b2)
b,a

a,o
on_relay
c,2

on_ring

a,o
(enable?),a
a,(sub_a2)
d,a
a,(sub_b2)
e,a
a,l
mK_conver
sub_nZe

over time

:check hook sub A

;1T sub A down hook

;check hook sub A

;If sub B up hook

;of f relay

;off ring back

:of f relay

;off ring back

;off ring back

;mk spl on



;% Sub rutine connect sub A - sub B *
3 EAORRRK KKK AR XK KRR X KRR R KR KK KKK X €KXk

sub_n3: push af
push bec
push de
push hi
push 1x
push 1y
1d a,(enableld) :Check enable
cp 0
ip z,slb_n3e
1d a,(step_3)
cp 1
jp z,sub_n31 ;walt recaive key
cp 2
ip z,sub_n32 ;wait Bell sub b
sub_n3e: pop iy
pop ix
pop hl
pop de
pop bc
pop af
ret
;walt keyl
sub_n31: 1d bc, (timed)
dec bc
1d a,c
or b
h]s) z,sub_n311 ;over time
1d (time3) ,bc
call Jdine_int
1d a,(sub_a3) :check hook sub A
1d b,a
1d hl,1i_1-1
sub_n312: inc hl
dinz sub_n312
1d a,(hl)
cp 0
jp z,sub_n313 :If sub A down hook
1d a,(count_key3)
cp 1
ip z,sub_n31k
1d a, (count_key3)
cp 2
ip Z,sub_n314 ;receive key OK..
ip sub_n3e
; time over
sub_n3lk: 1d 3,0
1d c,3
call on_dial ;of f dial
1d a,(key_3) ; ¥¥x% check code
cp 9 :
ip z,con_line3d
cp 1
jp nz,sub_n311
ip sub_n3e
sub_n311: 1d a,(sub_a3) ;on busy to sub A
1d b,a
1d a,l
call on_busy
sub_n313: 1d sub_a3) ;not connect sub A from spl

1d
Ld

O WM~

a’
1d b,
<,
a,



call connect

1d a,o ;mark spl bank
1d - (spl_uset+2),a
1d (enablel),a ;not enablel
ip sub_n3le
; key OK..
sub _n3l4: 1d a,(key_3) :check sub B
1d (sub_b3),a
cp 11
ip nc,sub_n3ll ;key error
call lire_int
1d a,{(sub_b3)
1d b,a
1d hl,11i_1-1
sub_n3l5: inc hl
djnz sub_n315
1d a,(hl)
cp 1
ip z,sub_n3ll :sub B use
1d a,(sub_b3)
1d b,a
call test_bell ;test sub B use bell
cp 1
ip z,sub_n311
1d a,z2 <inc step
1d (step_3),a
1d a,(sub_b3) son relay sub B
1d b,a
1d a,l
call on_relay
call mk_cancel :mK cancel because send bell
1d c,3
call on_ring :on ring back to sub A
1d bc,timer :load time for wait bell
1d (time3),bc
jp sub_n3e
con_line3: 1d a,(sub_a3)
1d (extl),a
1d b,a
1d a,l
call mk_cancel
1d a,(sub_a3) :not connect sub A from spl
1d b,a
1d c,l
1d a,o
call connect
1d a,o ;mark spl bank
1d (spl_uset?),a
1d (enablel),a :not enablel
call search_ext
1d a,b
cp’ 0
ip z,sub_nlll
cp 1
ip z,con_linell
cp 2
ip z,con_linel?2
cp 3
ip 7,con_linel3
; Wait bell
sub_n32: 1d bc, (time3d)
dec bc
1d a,c

or b



sub“n3i2:

sub_nl2a:

: bell over time

sub_n321:

sub_n323:

sub_n324:

ip
1d
call
1d
1d
1d
inc
dinz
1d
)
ip
call
1d
1d
1d
inc
dinz
1d
cp
ip
ip

1d
1d
1d
call
1d
call
ip
1d
1d
1d
call
1d
call
ip
1d
1d
1d
call
1d
call
1d
1d
1d
1d
1d
1d
1d
call
ip

z,sub_n321
(time3) ,bc
line_int
a,(sub_a3)
b,a
hl,li_1-1
hl
sub_n322
a,(hl)

0
Z,sub_n323
line_int
a,(sub_b3)
b,a
hl,li_1-1
hl
sub_n32a
a,(hl)

1
Z,sub_n324
sub_nle

a,(sub_b3)
b,a

a,o
on_relay
c,3
on_ring
sub_n311
a,(sub_b3)
b,a

a,o0
on_relay
c,3
on_ring
sub_n313
a,(sub_b3)
b,a

a,o
on_relay
c,3
on_ring
a,0
(enablel),a
a,(sub_a3)
d,a
a,(sub_b3)
e,a

a,3
mk_conver
sub_n3le

;**X************************************

:¥ Sub rutine connect sub A - sub B

X

;******************X*********X***#******

sub_n4:

push
push
push
push
push
push
id

cp

af

bc

de

hl

ix

iy
a,(enable4)
0

;over time

;check hook sub A

:1f sub A down hook

:check hook sub A

-

:1f sub B up hook

;of f relay

;off ring back

;off relay

:of f ring back

:off ring back

;mK spl on

;Check enable



sub_nde:

;wait keyl
sub_n4l:

sub_n412:

; time over
sub_n41lk:

sub_n4ll:

sub_n413:

;. kKey OK..
sub._n4l4:

ip
1d
cp
ip
cp
jp
pop
pop
pop
pop
pop

pop
ret

1d
dec
1d
or
ip
1d
call
1d
1d
1d
inc
dinz
1d
cp
ip
1d
cp
ip
1d
cp
jp
ip

1d
1d
call
1d
cp
p
cp
ip
ip
1d
1d
1d
call
1d
1d
1d
1d
call
1d
1d
1d
ip

1d
1d
cp
ip

Z,sub_n4e

a,(step_4)

1

Z,8ub_n4l :walt recaive Key
2

Z.,sub_n42 ;wait Bell sub b
iy

ix

hl

de

bc

af

be, (time4)

bc

a,c

b

z,sub_n4l1l ;over time
(time4),bc

line_int

a,(sub_a4) ;check hook sub A
b,a

hl,1i_1-1

hl

sub_n4l?

a,(hl)

0

Z,sub_n413 ;I sub A down hook
a,{(count_key4)

1

zZ,sub_n41k

a,(count_key4)

2

z,sub_n41l4 ;receive key OK..
sub_n4de

a,o

c,4

on_dial ;off dial
a,(key_4) :x¥xx check code
9

zZ,con_line4

1

nz,sub_n4ll

sub_nde

a,(sub_a4) y ;on busy to sub A

sub_a4) ;not connect sub A from spl

a, ;mark spl bank
(spl_use+3),a
(enabled4),a ;not enablel

sub_n4e

a,(key_ 4) .check sub B
(sub_bl),a

1L

nc,sub_ndll 1key error



sub_n415:

con_line4:

;  Wait bell

sub_n42:

sub_n422:

call
1d
1d
1d
inc
dijnz
1d
cp
ip
1d
1d
call
cp
jp
1d
1d
1d
ld
1d
call
call
1d
call
1d
1d
ip
1d
1d
1d
1ld
call
1d
1d
1d
1d
call
1d
1d
1d
call
1d
cp
ip
cp
ip
cp
ip
cp
ip

1d
dec
1d
or
ip
1d
call
1d.
1d
1d
inc
dinz
1d
cp

L]

line_int

a,(sub_b4)

b,a :
hl,li_1-1

hl

sub_n415

a,(hl)

1

Z,sub_n41l ;sub B use

a,(sub_b4)

b,a

test_bell ;test sub B use bell

1

z,sub_n411

a,? :inc step

(step_4),a

a,(sub_b4) ;on relay sub B

b,a

a,4

on_relay

mk_cancel ;mk cancel because send bell
c,4

on_ring ;on ring back to sub A
bc,timer :load time for wait bell
(time4),bc

sub_nde

a,(sub_a4)

(extl),a

b,a

a,1

mk_cancel

a,(sub_a4) ;not connect sub A from spl
b,a

c,1

a,0

connect

a,n ;mark spl bank
(spl_use+3),a

(enable4),a ;:not enablel
search_ext

a,b

0]

z,sub_nlll

1

z,con_linell

2

z,con_linel?2

3

z,con_linel3

bc,(time4d)

bc

a,c

b

Z,sub_n421 ;over ‘time
{(time4),bc

line_int

a,(sub_a4) ;check hook sub A
b,a

hl,1i_1-1

hl

sub_n422

a,(hl)

0

Tk 47 P A



1d a,(sub_b4) ;check hook sub A

1d b,a
1d hl,li_i-1
sub_n42a: inc hl
djnz sub_n42a
1d a,(hl)
cp 1
ip z,sub_n424 :1f sub B up hook
ip sub_n4e
: bell over time
sub_n421: 1d a,(sub_b4) ;off relay
1d b,a
1d 3,0
call on_relay
id c,4
call on_ring ;off ring back
ip sub_n4ll
sub_n423: 1d a,(sub_b4) ;of f relay
1d b,a
1d a,o
call on_relay
1d c,4
call on_ring ;of f ring back
ip sub_n413
sub_n424: 1d a, (sub_b4)
1d b,a
1d a,o
call on_relay
1d c,4
call on_ring ;off ring back
1d a,0
1d (enable4),a
1d a,(sub_a4) :nk spl on
1d d,a
1d a, (sub_b4)
1d e,a
1d a,4
call mK_conver
jp sub_n4e
S KKKKRKFOKK XK KK
;¥ Mark cancel X
:x IN = A (on/foff) *
5 X B (Number) *
S XEXREAEAKKTRRTKRK KKK EAK
mk_cancel: push af
push bc
push de
push hl
push ix
push iy
1d hl,cancel_tbl-1
mk_cancell: inc hl
djnz mk_cancell
cp 0
ir z,mk_cancel?
1d a,l
1d (hl),a
mk_cancele: pop iy
pop ix
pop hl

oop de



mk_cancel?2:

pop
pop
ret
1d
1d
ip

be
af

a,0
(hl),a
mk_cancele

;********i***X***X*************

;¥ On Busy signal x
:* IN = A (ON="1",0FF="0Q") %
D ¥ = B (Number of line) *
KOO KRR KOO0 ICR X KKK X
On_Busy: push af
push bc
push de
push hl
push 1xX
push iy
; cp 0]
; jr z,0n_busy?2
; 1d a,l
;0n-_busyl: 1d c,5
; call connect
1d hl,buff_bul
cp 1
ip Z,0n_busy3
1d a,b
cp 1
ir z,bul
cp 2
jr z,bu2
cp 3 -
ir z,bu3
cp 4
jr z,bu4d
cp 5
jr z,bub
cp 6
ir z,bué
cp 7
jr z,bu?
cp 8
jr z,bu8
inc hl
cp 9
jr z,bu9
cp 10
jr z,bulo
on_busy3: 1d a,b
cp 1
jr z,bel
e s) 2
jr z,be2
cp 3
ir z,be3
cp 4
ir z,be4
cp 5
ir z,bes
cp 6
ir z,beé
cp 7
jr z,be7
cp 8



jr z,bes

inc hl

cp 9

jr z,be?

cp 10

jr z,bell
on_bhusy_e: 1d hl,buff_bul

1d a,(hl)

out (p_busyl),a

inc hl

1d a,(hl)

out (p_busy2).a

Pop iy

pop 1X

pPop hl

pop de

pop be

pop af

ret
;On_busy2: 1d a,o
: jr On_busyl
bul: sett. 0,(hl)

ip on_busy_e
bu?: sett 1,(hl)

ip on_busy_e
bu3: sett 2,(h1)

p on_busy_e
bu4: sett 3,(hl)

ip on_busy_e
bus: sett 4,(hl)

ip on_busy_e
bué: sett 5,(hl)

ip on_busy_e
bu?: sett 6,(hl)

ip on_busy_e
bus: sett 7,(h1)

ip on_busy_e
bu9: sett 6,(hl)

ip on_busy_e
bul0: sett 7,(hl)

ip on_busy_e
bel: res 0,(hl)

ip on_busy_e
be2: res 1,(hl)

ip on_busy_e
bel: res 2,(hl)

ip on_busy_e
be4 : res 3,(hl)

ip on_Busy_e
bes: res 4,(hl)

ip on_busy e
beé: res 5,(hl)

ip on_busy_e
be7: res 6,(hl)

ip on_busy_e
be8: res 7,(hl)

ip on_busy_e
be9. res 6,(hl)

ip on_busy_e
bell: res 7,(hl)

ip on_busy_e

5 RRKKKK KK F KK KKK KRR KKK KK
¥ Oy oring hack signatl x



;¥ IN = A (ON="1",0FF="0") x
D% = C ( Number of SP ) «x )
S KORRR KKK KR KKK KKK KKK KKK K K
on_ring: push af
push bc
push de
push hl
1d hl,ring_tbl
jr On_dialo0
ring_tbl: dfb 11111110b,11111011b,11101111b,10111111b
dfb 00000001b,00000100b,00010000b,01000000b

S KRR ORI OK RO OK KK KKK XOR KKK X K
;¥ On dial signal
;¥ IN = A (ON="1",0FF="0") x
;¥ = C ( Number of SP ) «
2 HOKKK KKK KKK KOO KKK KKK KKK KK X KKK

On_dial:

On_dialoQ:

On_diall:

On_diale:

On_dial2:

Dial_tbl:
Dial_tbll:

3 HOKIOKK KKK XK KK

;¥ Check SP x
T RKKKHKK K KEKK

check_sp:

chack apl:

push
push
push
push
1d
1d
dec
inc
dinz
cp
jr
1d
inc
ine
inc
inc
or
out
1d
pop
pop
pop
pop
ret
1d
and
jr
dfb
dfb

push
push
push
push
push
push
call
1d
1d
1d
1d
1d

cl

*

af

bc

de

hl
hl,dial_tbl ;table dial
b,c ;point sp
hl

hl

On_diall

1

z,0n_dial?2
a,(signal)
hl

hl

hl

hl

(hl) -
(P_signal),sa
(signal),a
hl

de

b¢

af

a,(signal)

(hl)

On_diale
11111101b,11110111b,11011111b,01111111b
000006010b,00001000b,00100000b,10000000b

af

bc

de

hl

ix

1y

Line_int
ix,spl_use
ly,conver
de,cancel _tbl
b,4

c,l :SP
a,(ix+0)



check_spe:

check_sp?2:

check_sp3:

chk_spne:

check_sp31:

check_sp32:

check_sp3e:

check_sp33:

cp
call
call
inc
inc
djnz
pop
pop
pop
pop
pop
pop
ret
1d
1d
inc
inc
ret
push
push
1d
cp
jp
cp
ip
cp
ip
cp
ip

1d
1d
1d
inc
inc
djnz
1d
1d
1d
cp
call
1d
1d
1d
inc
inc
dinz
1d
1d
1d
cp
call
inc
inc
pop

pop
ret

push
push
push
1d
1d
1d
1d

C

z ,check_sp?2
nz,check_sp3
1x

c

check_spl
iy

ix

hl

de

bc

af

(iy+0),0
(iy+1),0
iy
iy

af

bc

a,c

1

z ,chk_spnl
2
z,chk_spn2
3
z,chk_spn3
4
z,chk_spn4

hl,Li_1-1

de,cancel _tbl-1

b, (iy+0) ;check Sub A
hl

de

check_sp31

a,l scancel sub A
(de),a

a,(hl)

0

7 ,check_sp33 ;if Down hook
hl,Li_1-1

de,cancgl_tbl~l

b,(iy+1)"~

hl

de

check_sp32

a,l

(de),a

a,(hl)

0

7 ,check_sp34

iy

iy

bc

af

af

bc

de

a,o :Not cancel
(de),a

(ix+0),a -Set sp to bank
b,(1iy+0)



check_sp34:

chk_spnl:

chk_spn2:

chk_spn3:

chk_spné:

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

cl_cancel:

cl_cancell:

;***X******#*********************

cancel:

call connect ;release sub A
1d b,(iy+l)
call connect ;release sub B
1d a,l

1d b,(iy+l)
call On_busy

pop de

pop bec

pop af

ret

push af

push bc

push de

1d a,o

1d (de),a

1d (ix+0),a :Set sp to bank
1d b, (iy+l)
call connect

1d b,(1y+0)
call connect ;release sub 8
1d a,l

1d b,(iy+0)
call On_busy

pop de

pop be

pop af

ret

1d a,(enablel)
cp 1

ip z ,check_sp3e
ip chk_spne

1d a,(enable2)
cp 1

jp z ,check_sp3e
ip chk_spne

1d a,(enabled)
cp 1

ip z ,check_sp3e
ip chk_spne

1d a,(enable4)
cp 1

ip z ,check_sp3e
ip chk_spne
push be

push hl

1d c,0

1d b,10

1d hl,cancel_tbl
1d {(hl),c

inc hl

djnz cl_cancell
pop hl

pop bc

ret

push af

push bc

push de

push hl

push 1x

push iy

call Line_int



1d ix,ti_1

1d 1y,cancel_tbl
1d c,l )
1d b, 10
cancel_1: 1d a,(iy+0)
cp 1
call z,cancel_2
inc 1x
inc 1y
inc o
djnz cancel 1
pop 1y
pop ix
pop hl
pop de
pop bc
pop af
ret
cancel_2: push bc
1d a,(ix+0)
. cp 1
ir zZ,cancel_3
1d (iy+0),0 ;return of cancel
1d a,o
1d b,c
call On_busy
pop bc
ret
cancel_3: 1d (ix+0),0
pop bc
ret

5 JOKNOK KA KKK K 3K XK K K K K K K K K K KKK KKK KX K

;¥ HMark conversesion X
;¥ IN = A ( ON="1",0FF="0" ) «x
3 = C ( Number of SP ) X
;X = D ( Number of Sub A ) *
;X = E ( Number of Sub B ) *
S KRR KKK KKK KKK KKK KKK K KKK KKK KKK
Mk_conver: push af
push bc
push de
push ix
push iy
1d b,c
1d ix,conver—2
Mk_converl: inc ix
inc ix
dinz Mk_converl
cp 0
jr z ,Mk_conver3
1d (ix+0),d
Ld (ix+1),e
push aft
push bec
push de
1d a,1 ;connect sub A,sub B
1d b,d
call connect
1d b,e
call connect
1d iy,cancel_tbl-1 rcancel sub A,sub 8

1d o.d



HMk_conl:

Mk_con2:

Mk_converd:

Mk_con3:

Mk_con4:

Mk_converé:

Mk_conver2:

MKk_conversS:
Mk_convere:

inc
djnz
1d
1d
1d
inc
djnz
1d
pop
pop
POD
jr
1d
1d
push
push
1d
1d
call
1d
call
1d
1d
inc
djnz
1d
1d
1d
inc
djnz
1d
pop
pPop
1d
1d
inc
dinz
cp
jr
1d
ir
1d
POop
Pop
pop
pop
pop
ret

;X**************X***

% Clear connver X
S RKKKREK KKK KKKKEK KK

Cl _conver:

Cl_converl:

push
push
push
1d
1d
1d
1d
inc
dinz
pop
Ppop
POR

iy

MK _conl
(iy+0),1
iy,cancel_tbl-1
b,e

iy

Mk_con?2
(iy+0),1

de

bc

af
Mk_converi4
(ix+0),0
(ix+1).0

af

bc

a,0

b,d

connect

b,e

connect
iy,cancel_tbl-1
b,d

1y

Mk_con3
(iy+0),0
iy,cancel_tbl-1
b,e

iy

Mk_con4
(iy+0),0

be

af
ix,spl_use-1

b,c

ix
Mk_conver?2
0

Z ,Mk_convers5
(ix+0),1
Mk_convere
(ix+0),0
iy

ix

de

bc

af

af

bec

hl
hl,conver
a,o

b,8
(hl),a

hl
Clear_spl
hl

bc

af



ret

;*X*******#*************

-¥ (Clear speech part ¥
;*****************X*****

Clear _sp: push af
push bc
push hl
1d hl,spl_use
1d a.o
1d b,4
Clear _spl: 1d (hl).a
inc hl
dinz Clear_spl
pop hl
pop bc
pop af
ret

;x********x**xxxx*****xx**x**x*******
;% Search SP bank X

sx OUT = A ( Number of SP bank ) X
,*$****Y*****************************

search_sp: push af

push de

push hl

1d a,0e0h

out (p_test),a

1d e,b

1d hl,spl_use

1d c,l

1d b,4
search_spl: 1d a,(hl)

cp 0

jr z ,search_spe

inc hl

inc c

dinz search_spl
search_spe: 1d b,e

pop hl

pop de

pop af

ret

L XE KOO OOOORRR KKK XXX
;¥ Test Bell *
:x IN = B (number) *
% oUT = A (on="1"/off"0" *
LKA K KRR KKK KK KKK KK KKK KKK K

test_bell: push bc
push de
push hl
push 1x
push iy
id hl,new_relay
\d a.b
cp 1
ip z,test_bl
cp 2
ip z.,test_b2
co 3

1P z,west_b>



cp 4

ip z,test b4

cp )

ip z,test_bS

cp 6

ip z,test b

cp 7

ip z,test_b7

cp 8

ip z,test_b8

inc hl

cp 9

ip z,test_b9

cp 10

ip z,test_bl0O
test_belle: pop iy

pop 1X

pop hl

pop de

pop bc

ret
test _bl: bit 7,(hl)

ip z,test_bbl

ip nz,test_bb2
test_b2: bit 6,(hl)

Jp Z,test_bbl

ip nz,test_bb2
test_b3: bit 5,(hl)

jp z,test_bbl

ip nz,test_bb?2
test_b4: bit 4,(hl)

jp z,test_bbl

jp nz,test_bb2
test_b5: bit 0,(hl)

ip z,test . bbl

ip nz,test bb2
test_bé6: bit 1,(hl)

ip z,test_bbl

ip nz,test_bb2
test_b7: bit 2,(hl)

jp z,test_bbl

ip nz,test_bb2
test_b8: bit 3,(hl)

ip z,test_bbl

jp nz,test_bb2
test_b9: bit 0,(hl)

ip z,test_bbl

ip nz,test_bb2
test_blO: bit 1,(hl)

ip z,test_bbl

jp nz,test_bb2
test_bbl: 1d a,o0 )

ip test_belle
test_bb2: 1d a,l

‘ip test_bells

LR KRR KRR KKK R ORRXIRR XK
;¥ Control Relay X
sx IN =a (70" = off,"1" = On) X
o B (Number of relay) x
;*****t***x******xx*xx*x*xx**t*x***x*
On_relay: push af

push be

push cle



push hl

push 1x

push 1y

1d hl,new_relay
; push af
; 1d a,o
; 1d (new_relay),a
: 1d (new_relay+l),a
; pop af

cp 0]

p z,0ff_rl
Oon_rl: 1d a,b

cp 1

jp z,0n_relayl

cp 2

ip z,0n_relay?

cp 3

jp z,0n_relay3

cp 4

n z,0n_relay4

cp 5

p z,0n_relay5

cp 6

jp z,0n_relayé

cp 7

jp z,0n_relay7

cp 8

ip z,0n_relay8

inc hl

cp - 9

jp z,0n_relay9

cp 10 -

jp z,0n_relayl0
off_rl: 1d a,b

cp 1

ip z,0f_relayl

cp 2

ip z,0f_relay2

cp 3

ip z,0f_relay3

cp 4

ip z,0f_relay4

cp 5

ip z,0f_relay5s

cp 6

ip z,0f_relays

cp 7

ip z,0f_relay7

cp 8

ip z,0f_relay8

inc hl

cp 9

jp z,0f_relay9

cp 10

ijp z,of _relaylQ
On_relay_e: 1d a,(new_relay)

out (P_rl_i),a

1d a,(new_relay+l)

out (P_rl_e),a

pop iy

pop ix

PR hl

ooen e



pop bc

pop af

ret
On_relayl: sett 7,(h1)

ip On_relay_e
On_relay?2: sett 6,(hl)

ip On_relay_e
On_relay3: sett 5,(hl)

ip On_relay_e
On_relay4: sett 4,(hl)

ip On_relay_e
On_relay5: sett 0,(hl)

ip On_relay_e
On_relayé: sett L,(hl)

ip On_relay_e
On_relay7: sett 2,(hl)

ip On_relay_e
On_relay8: sett 3,(hl)

ip On_relay_e
On_relay9: sett 0,(hl)

ip On_relay_e
On_relayl0O: sett 1,(hl)

ip On_relay_e
of_relayl: res 7,(hl)

ip On_relay_e
of_relay2: res 6,(hl)

ip On_relay_e
of _relay3: res 5,(hl)

jp On_relay e
of _relay4: res 4,(h1)

ip On_relay_e
of_relay5s: res 0,(hl)

ip On_relay_e
of _relayé6: res 1,(hl)

ip On_relay e
of _relay7: res 2,(hl)

ip On_relay_ e
of_relay8: res 3,(hl)

ip On_relay_e
of_relay9: res 0,(hl)

ip On_relay_e
of_relayl0: res 1,(h)

ip On_relay_e

KOO RR KK KRR K
;¥ Check line interface

;¥ OUT = (Li_X) x
SRR OOOROROR K KR KOKKRX KKK
Line_int: push af
push bc
push de
push hl
push 1x
push 1y
1d ix,Line_tbl
in a,(P_1i_1)
1d b,8
Line_intt: bit 0,a
call nz,lLine_int?2
call z,Line_int3
rrca
dinz Line_intl
in a,(P_li_e)

bit 0,3



call nz,Line_int2

call Z,Line_int3
bit l,a
call nz,Line_int2
call z,Line_int3
Line_int_e: pop iy
pop ix
pop hl
pop de
pop bc
pop af
ret
Line_int2: 1d e,l
jr Line _int4
Line_int3: 1d e,0
Line_inté4: 1d 1,(ix+0)
1d b, (1x+1)
1d (hl),e
inc ix
inc ix
ret
Line_tbl: dwl Li_5,Li_é6
dwl Li_7,Li_8
dwl Li_4,Li_3
dwl Li_2,Li 1
dwl Li_9,Li_10

S KKK KRR XRK KKK KOKK KK KKK KKK KKK KK KR
;¥ Connect line internal to speech part *

;¥ IN =aA (ON="1", OFF = "0" ) X
X = B { Number of line internal ) x
ik = ¢ ( Numbar of speech part ) x
3 RXORKKORKKKKOK KO RK KKK KKK KKK KKK KKK KKK
Connect: push af

push bc -

push de

push hl

push ix

push iy

1d ix,sw_1-8
Connect_1: inc ix

inc ix

inc ix

inc ix

inc ix

inc ix

inc ix

inc ix

dijnz Connect_1

1d b,c

dec ix
Connect_2: inc ix

djnz Connect_2

cp 1

jr z,Connect_3

cp 0

jr z,Connect_4
Connect_e: call M093

pop iy

pop X

pop hl

pop de

pop be

pop at



ret

Connect_3: 1d (ix+0),1
jr Connect_e
Connect_4: 1d (ix+0),0
jr Connect_e

SLETTIEL LRSS L
;¥ Switch M0O93 X

SRR RRIORR K KKK K
M093: push af

push bc

push de

push hl

push ix

push iy

1d ix,sw_1

1d b,0 sAX

1d d,12 ;count AX
M093_1: 1d e,8 ;Count AY

1d c,0 ;AY
M093_2: 1d a,{ix+0)

cp 1

call z,M093_3
call nz,M093_4

inc ix
inc c
dec e
jr nz,M093_2
inc b
dec d
jr nz,M093_1
MO93_e: 1d a,(signal)
out (P_signal),a
1d a, (buff-bul)
out (p_busyl),a
1d - a, (buff_bu2)
out (p_busy2),a
pop 1y
pop ix
pop hl
pop de
pop bc
pop af
ret
M093_3: push af
1d a,l
call con_m(93
pop af
ret
M0O93_4: push af
1d a,0
call con_m093
pop af
ret
S KHIKKXRRKKKKKK
;x  Off M093 X
3 KKK IR KA KKK X
Ooff_m093: push af
push bc
push de
push hl

1d a,08h ;reset MOO3



out (P_rl_e),a
call delay

1d a,o
out (P.rl_e),a
1d a,o
1d b,0 s AX
1d c,0 1AY
1d e,8

off_m093_1: 1d d,12
1d b,0

off_m093_2: call con_m093
inc b s INC aX
dec d
jr nz,off_m093_2
inc c :INC AY
dec e
jr nz,off_m093_1
1d hl,sw_1
1d b,96
1d a,o

off_m093_3: 1d (hl),a sClear buffer SW.
inc hl
dinz of f_m093_2
pop hl
pop de

4 pop bc

pop af
ret

S RRERKKKKK KK KKK KKK KKK KKK KKKk X

;¥ Control M093 x
;¥ IN =A "ON = 1,0FF =0 x
;X = B (AX) 3
X =C (AY) x
EERXXRTIRXXLTITLIARXLRRRRER KKK
con_M093: push af
~ push bc

push de T

push hl

push ix

push iy

inc b

inc c

1d e,a

1d hl,ax

dec hl
con_m093_1: inc hl

dinz con_m093_1

1d a,(hl)

1d b,c

1d hl,ay

dec hl
con_m093_2: inc hl

djnz con_m093_2

or (hl)

1d d,a

1d a,e

cp 1

ir z,con_m0%3_3

cp 0]

ir Z,con_m093_4
corn_m093_e: 1d a,d

cut (P_m093),a

in a,(P_rl e)



sett 2,a

out (P_rl_e),a

call delay

res 2,a

out (P_rl_e),a

pop 1y

pop 1x

pop hl

pop de

pop be

pop af

ret
con_m09%93_3: sett 7,d

jr con_m09%3_e
con_m093_4: res 7,d

jr con_m09%3_e
ax: dfb 0,1,2,3,4,5,8,9,0ah,0bh,0ch,0dh
ay: dfb 00,10h, 20h,30h,40h,50h,60h, 70h
2 XK OR KRR KR KRR KKK KKK
delay: push bc

1d b,2h
delayl: dijnz delayl

pop bc

ret
2 KX KRR KKK KRR KRR KRR KRR KK
wait: push bc

1d b,0ffh
waitl: 1d c,0ffh
wait2: dec c )

jr nz,wait2

djnz waitl

pop be =

ret
test_rl: 1d a,l

1d b,10
test_rll: call on_relay

inc a ’

call wait

call wait

dinz test_rll

ip test_rl

END

push af

push bc

push de

push hl

push ix

push iy

pop iy

pop X

pop hl

pop de

pop be

pop af

ret
test_sp: 1d a,0aah

out (p_test),a

1d a,l

1d c,4

1d d,2

1d e,3



test _sp:

call
call
call
call
ip

mK_conver
check_sp
cancel
mo93
test_spl
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ADVANCE DATA

N-CHANNEL 12x8 CROSSPOINT SWITCH WITH CONTROL MEMORY

¢ LOW ON RESISTANCE: 75 @ AT Vpp=12V

e iINTERNAL CONTROL LATCHES -,

e 2 Vpp ANALOG SIGNAL CAPABILITY

e LESS THAN 1% TOTAL DISTORTION AT 0 dbm

e LESS THAN -95db CROSS-TALK AT 1 kHZ 1Vpp

[

The SGS MO08S3 contains a 12 x 8 array of crosspoint together with a 7.to 96 line decoder and latch circuits.
.Anyone of the 96 switches can be addressed by selecting the approptiate 7 input bits.
The selected switch can be turned on or off by appliing a logical one or zero to the data in.
A reset signal can be used to turn off .all the switches together.
WIS SravatiabidFiT o &7 lead doaF il plistt-amd ceramit’ packafes”

ABSOLUTE MAXIMUM RATINGS

Vop DC Supply voitage -0.51 18-V
Vin Input voitage range ~0.5 10 Vpp+0.5 V
i DC input current (analog input} . +10mA
Pyot Power dissipation 1w
Tep Operating temperature range - 01070 °C
Toe Storage temperature range -50 10 125 °C

'
| Swezses zbove those listed under ““Absolute Maximum Ratings” may cause permanent camage 1o ‘the device. This 15
+& svess raung only and functional operation of the device at these or any other conditions sbove those indicated in

e operational sections of this specification is nct implied. Exposure to absolute maximum reting conditions for
t sxiended periods may atiect device reliability.

.0RDERING NUMBERS: M093B1 for dual in-line plastic package
’_.‘ MO93F1  for dual in-line ceramic package, frit seal. -

Dimensions in mm




BLOCK DIAGRAM

Y3 J Voo STROBE  DATAMY 3;5:1
. D LAt BOO00O00,
- 0 {_ CDODDO0G
ax0 e . ninlulisinisinlw;
< o i DoDoo0o0G
HC - NC H
x8 #B) x0 - ! D"-DD DDD DD
x on . ' || CODOODOC
X2 1 X2 - - - .
s I S ) & g ooDooDooion
0 290 xe ?o—-— gl D"DDDDDDD
2 |
o gl - DoooDoooo
NC 27 NC :
v ) w S ooooDook
. o L ERRQEAOD
STROBE ) axz L_‘-g—s—___,l_____m
h¢] D ax N V'\i’\r—u
vee b ov Yo WPUTS 10Ty —
- Se4248
TRUTH TABLE .
Address Connections
AXO AX1 AX2 AX3 AYD AY1 AY2
0 0 0- 0 0 0 0 X0 - YO
1 0 0 0 0 0 0 X1 - YO
0 1 0 0 0 0 0 X2 - YO
e 1 1 0 0 0 0 0 X3 - Y0
i 0 0 1 0o . 0 0 0 X4 - YO
= 1 0 1 0 0 0 0 R X5 - YO
] [0 1 1 0 . 0 0 0 no connection
g =1 1 1 0 0 0 0 no connection
8 0 0 0 1 0 0 0 X6 -'YO0
5~ 0 0 1 0 ] 0 X7 - Y0
® 0 ] ] 1 ] 0 0 X8 - YO
1 ] 0 1 0 0 0 X9 - YO
0 0 ] 1 0 0 0 X10- YO
1 0 ] ] 0 0 0 X1-Y0
0 0 0 0 1 0 0 X0 - Y1 i
1 0 0 0 1 0 0. X1 -Y1 5:
0 0 0 0 0 1 0 x0-Y2 2
1 0 1 1 1 1 1 xi3-v7__%
* Ax=0110 and Ax = 1110 are not allowed z“

L)



Fig. 1 - Address stable: Propagation delay from strobe
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Fig. 3 - Propagation delay from data in
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STATIC ELECTRICAL CHARACTERISTICS (Tams 0 to 70°C), Vpp =14V

} Parameter J Test condition I Min. ] Typ. ] Max l Unit ,
CROSSPOINT

lop 20 mA

On' resistance 75

R on between any 2 switch 20

Off leakage All switches off +100* nA
CONTROLS:

Vi 0.8 v

VIN . 24 v

Input leakage Vpp = 14V 100 nA
* This vailue s determined by the minimum t feasible with ic test

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb=25°C)

=

[y

S

T
[ Parameter I Test condition ] Min. ] Typ. l Max I Unit ]
CROSSPOINTS
tHL, tpu4  Propagstion Delay Time Vpp=14V Vpg= 5V 30. ns
switch on
;&mmm Antiopaamy &l puens SN - = a Ml o o
20 log Voyt/ViN= —3db) sine wave input

* | Sine Wave Response (distorsian) Vpp=14V Vpe= 5V Odbm 1 %

7{ Feadthrough (all switches off) Vop=14V Vpem 5V - -80 db

<} % Capacitance Vpp=14 20 pF

7| Ya Capacitance Vpp = 14 kL pf
#CONTROLS

e Vpp=14V C_=50pF 1 | ns

~ Scube to Qutput Delay

"o tey Vpp=14V C( =50pF 200 ns

. _ﬂﬂm Out‘. Delay

2} ¥z {tum on) Vpp= 14V C(=50pF 180 ns

¢} Adress 10 Out Delay

2§ vz, (um off) Vpp =14V Cp = 50pf 20 ns

. r,\\_‘io‘" Delay

1 3% tine (Data In 10 Strobe, Address) - | Vpp=14V Cy=50pF 0 B0 | s |,
,-'-" l.zwm in t0 strobe, address) Vpp=14V C_ =50pF 70
£ L Seram s1robe putse width 200




MOTOROLA
1 SEMICONDUCTOR isasis
TECHNICAL DATA

6-Pin DIP Optoisolators

Transistor Output

i
These davices consist of a gallium arsenide infrared emitting diode optically coupted !
10 8 monoithic silicon phototransistor detector. 6-PIN DIP
Coi ient Plastic Dual-in-Line Packag OPTOISOLATORS
High Current Transfer Ratio — 100% Mi .8t Spec Conditi TRANSISTOR
G Switchine S oUTPUT

High input-Output Isolation Gusrantesd — 7500 Volts Poak

UL Rucognized. File Numuer £54915 %

VOE approyed per stuncard 0833/6.60 (Certificate number 41853), with additional
upprovai to DIN tEC380/VDEN806, IECA35VDEQBOS. IECE65VDEOBE0, VDEO110Db,
covenng all other standards with equal or less stringent requiremaents, including
1EC204VDED113, VDED160, VOED832, VDEDR3], etz.

Meets or Exceeds All JEDEC Registered Specificauons *—— 983

Speciai lead form availabie {aad suffix “T* to part number} which satisfies VOE0BBY/
6.80 requirerment for 8 mm mini cr d
solaer pads.

Various leaa form options avaieble. Consult “Optoisolator Lead Form Options” data

g input and output

sheet for details. CASE 730A-02
PLASTIC
MAXIMUM RATINGS (T4 = 25°C uniuss otherwise notad)
i X Rating | Symbal Veiue I Unit j SCHEMATIC
INPUT LED
| Reverse vottage { VR & Volts
Forward Current — Continucus f '3 80 mA
LED fower Dussipation tg Ta = 25°C + ) 120 mw 1 ﬁ s
. vath Negugibie Power in Output Detector '
Deorate aoove 25C ' 1.4 mw- C j‘\
OUTPUT TRANSISTOR ? §
Coliector-Emitier Voitage . VCEO 30 ]r Volta ‘_c ¢
M il Toheps 3 © 0 4 e vy wied o
P 5
Callector-Base Voitage I vceo 70 Volts
Coliector Current — Continuous ! ic 150 mA
Getector Power Dissipation @ 74 = 25°C Pp 150 mw
with Negligible Power in input LED .
Oerats above 25°C ' 1.76 mwWrc
TOTAL DEVICE 1.LED ANGDE
L LED CATHODE
lsolation Source Vortugs (1) ' visp 7500 vac 1KC
(Posk ac Voltage, 50 hz, 1 sec Dusation} ! £ EMITTER
Tota Device Power Dissipaion @ Ta = 25°C ! Pp 250 mwW 5. COLLECTOA
" Derats above 25°C | . 2.94 mwr e 6.845€
D [« ing Temp: Range Ta "=5510 ~100 <
Storuge Temperature Range . Tag ~-5510 150 <
Soldenng Temperature (10 saconas, V16 from case) | — 260 *C

1V 1n0letion surQe vOMLige 16 AN INWINAl OEVICE CIgLECINC DISAKIOWN FaTNG.
For thie tess, Ping 1 ana 2 ard common, and Pins 4, 5 angd 6 are common,




S

4N35, 4N36, 4N37

ELECTRICAL CHARACTERISTICS (T4 = 25°C unioss otherwise noted)

i Cowsacrantic Symool | Min | 19 Mac | unh |
INPUT LED
Forward Vohage (IF = 10 mA) Ta = 25°C Vg o8 .18 1.5 v
Ta = ~55C 0.9 1.3 7
Ta = 100°C 07 1.05 14
Aeverse Leaksge Cutrent (VR = 6V) R -— - 10 .
Copuciance (V = OV, 1 = | MHz) Cy - 18 - pF
OUTPUT TRANSISTOR . )
Cotiacior-Eminier Dark Current IVCE = 10V, Ty = 25°%) Iceo bl 1 50 nA
(VCE = 30V, T4 = 100°C) - — 500 WA
Coliecior-Buse Dark Current Veg = 10V Tpa = 25°C \CBO -— 0.2 20 nA
. Ta = 100°C - 100 -
Colivcror-Eminer Breskdown Voage {ic = 1 mA) VIBRICED ) 30 45 — v
Coliecior-Base Breskaown Vouage (i = 100 uA) VIBRICBO 70 100 - v
Emmer-Base Broakdown Voitage (i = 100 uA) V(BRIEBO 7 28 -— v
OC Current Gain {ic = 2 mA, VCE = §V) | nge - 420 - H -
Coecror-Eminer Capacitance (f = 1 MHz, Vep = 0} i Cee - 7 -_ | pF
Coltecior-Basa Capacitunce If = 1 Mz, vep = T 'L“iﬂl = “w - e -
Einmioninee Copicramce (1 « 1 Mz, VEB ~ 0} 4 Cep -~ | ] - of i
COuPLED
Output Colecror Curren: Ta = 25°C i 's 10 30 —_ A
W = 10mA Vee = 10 V) Ta = ~85C | < - -
Ta = 100C a - -
Coliecror-Eminer Saturanion vohage {ic & 5 mA, If = 10 mAy* VCE(sar} -— 0.34 [+ 3]
Turn-On Time ] ton - R
Turn-0t! Time fic = 2mA. vee = 10V, off — €7 | 10
Fuse Time Ay = 100 0, Figure 11) v —_ 32 — '
Fall Vime Y —_ 4.7 -— i
lsolation Vonage it = 60 4z, 1 » % sec) viso 7500 i - - ! Vacipat [
tsoluon Current (vy. = 3550 vpk) ANZE 119} - - 0e A
V.0 = 2500 Vph) anN3: | - - 00
(V1.0 + 1500 vpk} 4N3? | - [] 100
Isoievion fesistance IV = 560 V) ) 101l — - £
Isolation Copaciiance iV = 0V, f » 1 MHzj ! Gso — 0.2 2 of

TYPICAL CHARACTERISTICS

B Em——
TT T 11 I 7T £ =

PULSE OMLY 7T E
2 u— PULSE R DS rar, §
8 ] | 14/ } g
- | 1 Fr ) H
g sl 11| Hy g
'§ Hl Z &
2. i 4711 }' §
E t AT LA it £
£ st -
£ ¢ 1T =gl T i 2
W e [ BHT ! | ! f;

) I 0 o

If, LEO FORWARD CURRENT tma)
Figure 1. LED Forward Vohage versus Forward Current

&, LED INPUT CURRERT wmty

Figure 2. Output Current versus Input Current

P
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. 2, 0C-1
@ MITEL I502.cM0s MT8870C/MT887

integrated DTMF Receiver

9161.002-094-NA ISSUE 1 November 1987

Features

. | i . .
Complete DTMF Receiver Pin Connections

¢ Low Power Consumption
¢ internal Gain Setting Amplifier :
o Adjustable Guard Ti?ne ::i E ; U:; %‘5'3&
e Central Office Quality GS E 316 [JoEst
e Power-down Mode ' g v,‘:f,: ] ; :i H :;‘D
o Inhibit Mode PWON (] 6 13 % Q3
osci [J7 mnpa
Applications sads npa ,
® Receiver System for British Telecom (BT) or

CEPT Spec (MT8870C-1)
® Paging Systems : < t
® Repeater Systems/Mobile Radio Brdering Information

¢ Credit Card Systems .
t Card Syster L MABRI0CEAATEAINEEL, Plaltie D
& et Cortror MT8870CC/MTBB70CC-1 Cerdlip

¢ PersonalComputers :
70CS/ 70CS-1 - SOIC
¢ Telephone Answering Machine MT8870CS M18480 95:0 -‘G-BS?’C

Description high and, low grébp filters; the decoder uses
a digital €dunting techniques to detect and decode
The MT8870C/MTB870C-1 isa complete DTMF all 16 DTMF tone-pairs into a 4-bit code. External

ds

receiver integrating both the bandsplit filter and companent count is minimized by on chip provision
digital decoder functions, fabricated in Mitel's of a differential input amplifier, clock-oscillator and

double poly 1SO2.CMOS technology. The filter latched three-state bus interface.
section uses switched capacitor techniques for .

vDD  VS$ VRe! INH e s
' l hJ
o ] .
CIRCUIT VRef
BUFFER
—
HIGH GROUP -
CHip CHIP ]
POWER  BIAS FILTER — -U- DIGITAL ) CODE
DETECTION | | CONVERTER
IN+ e PN I .
| oAt ZERO CROSSING ALGORITHM:|.* | AND LATCH
N- TONE . DETECTORS hd .
FILTER .
(13 LOW GROUP . —: .
FILTER _U- . '

>0-—> ot >l e STEERING
<« 6r tosic

CLOCKS

L R L

[ 14] 0sQ2 SUGT ESt sSTD

Figure 1 - Functional Block Diagram



MT8870C/MT8870C-1 1502-CMOS

Pin Description

Pin # Name Description A
1 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.
4 VRef Reference Voltage (Output), Nominally Vpp/2 is used to bias inputs at mid-rail (see
Fig.2).
5 INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B,
C and.D. This pin input is internally pulled down. .
6 PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator.
' This pin input is internally pulled down.
0SCY | Clock (input). .
8 05C2 | Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.
9 Vs Negative Power Supply (Input).
10 TOE Three State Output Enable (input). Logic high enabes the putputs Q1-Q4. This piniis
‘ puiled up internally. - n
11-14 Q1-Q4 | Three State Data (Output). When enabled by TOE, provide the<ode corresponding to
the last valid tone-pair received (see Table 1). When TOE is lqgi(low, the data outputs
are high impedance. o
15 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; réturns to logic low when the voltage on
St/GT falls below Vg v
16 ESt Early Steering (Output). Presents a logic high once the digital algorithm has-detected
a valid tone pair (signal condition). Any momentary loss of signat condition will cause
ESt to return to a logic fow. i -
17 . | 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 e
outputlatch. A voltage less than Vyg 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 Voo Positive power supply (Input).




rs

Is02.cMos MT8870C/MT8870C-1

AC Electrical Characteristics . vy =5.0v£5%, Vi =0V, -40°C = To s +85°C, using Test Clrcuit shown in Figure 2.

Ohd

Characteristics sym | Min | Typt | Max | Units |  Conditions
1 Tone present detect time toe 5 1" 14 ms | Note 12
2 ; Tone absent detect time toa 0.5 4 8.5 ms | Note 12
3 ’IA Tone duration accept trec 40 ms | User adjustable
4 "‘ Tone duration reject tReC 20 ms | User adjustable
S| G |Interdigit pause accept tio 40 ms | User adjustable
6 Interdigit pause reject too 20 ms | User adjustable
7 Propagation delay {Stto Q) trq 8 " ns | TOE=Vpo
8| , |Propagation delay (Stto StD) tpsip 12 16 us | TOE=Voo
v -
9 ! Qutputdatasetup (Qto 5tD) tqsto 34 ps | TOE=Vpp
10| ¥ | Propagation delay (TOE to Q ENABLE) | tere 50 ns '5003;’:' 10ka,
S S i
1 Propagation delay (TOE to Q DISABLE) | P10 T 300 ns é°;dF°' 10kQ,
_ S0p
12 Crystal /clock frequency fc 13.57$9(3.5795(3.5831 MHY’
13 f Clock input rise time ML 110 | ns |Ext. clock
14| o jClock input fall time thicL . 110 ns | Ext.clock
15 E Clock input duty cycle DCc | 40 | sO 60 % | Ext. clock
16 Capacitive load {05C2) Co'l'. 30 pf

t Typical figures are at 25

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

)

oTMF O—1

tnput Ry

Ry Veer

[m ELY

O

O——] PowN

‘:—C 0sC
X-tal m——r_‘ 0$C2

Vi

]

J.C
MTB870C/MTB870C-1 !
ot N+ U Voo 1 .
—{] N- suGT | R
L ] as gse [0 )
L] ——0Q

st0 | 1—

Qs p——0O
qs p—4——0
 p——©0
q1 p—t+—0
TOE

NOTES:

R, R =100k £1%
R, =300k £1%
€).Cp=100nF 5%

X-tal

=357I54SMHI £0.1 %
1

Figure 2 - Single-Ended Input Configuration



1soz-cMos MT8870C/MT8870C-1

B A
evenrs | A | o | ¢ ] ¢ | ; | @ F
L I VI i tarc 14~ 54-' > —»itoo M- :
o]
v, TONE Tont ’
n TONE #n M st
'D' > 4 ""L :'4' 'DA

£t 1Tl '

e 4 L1 L
H

. — re4-tara

SQ/G l 4 1. I J : \‘. v,

A A . r: ] v ]— " l
{ Vot
B ¢ "ano HIGH IMPEDANCE l
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EXPLANATION OF EVENTS o

A) TONE BURSTS DETECTED, TONE DURATION INVALID, outrursngr UPDATED.

8) , TONE #nDETECTED. TONE DURATIONVALID IDNEDECODED AND LATGHED I4,OUTRUTS.

Q) ERO OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.

0) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

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

] ACCEPTABLE DROPOUT OF TONE #n + 1, TONE ASSENT DURATION INVALID, QUTPUTS REMAIN LATCHED,

a) END OF TONE #n+ 1 DETECTED, TONE ABSENT DURATION VALID, OUTPUTS l!MAm‘lAtcHto UNTIL NEXT VALID TONS,

- !
i

EXPLANATION OF SYMBOLS

+ Via OTMF COMPOSITE INPUT SIGNAL .

BSt  EARLY STEERING OUTPUT. INOICANES DETECTION OF VALID TONE FREQUENCIES.

SUGT  STEERING INPUT/GUARD TiME OUTPUT, DRIVES EXTERNAL RC TIMING CIRCUIT.

Q,-Qq 4-81T DECODED TONE OyTPUT.

$to DELAYED STEERING QUTPUT, INDICATES THAT VALID FREQUENCIES HAVE 8EEN PRESENT/ABSENT FOR THE REQUIRED f
GUARD TIME THUS CONST"UI’ING A VALID $IGNAL,

TOE TOME QUTPUT EMNABLE IINPUT) A LOW LEVEL SHIFTS Q,-Q, TO ITS HIGH IMPEDANCE STATE,

<

e MAXIMUM D MF svc.NAL DURATION NOT DETECTED AS VALID.

tere  MINIMUM DTME SIGNAL DURATION REQUIRED FOR VALID RECOGNITION,
to MINIMUM TIME BETWEEN VALIO DTME SIGNALS.

toa MAXIMUM ALLOWABLE DROP QUT DURING VALIO DTMF SIGNAL,

tos TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

toa  TIME TODETECT THE ABSENCE OF VALID DTMF SIGNALS.

tafi  GUARD TIME, TONE PRESENT,

toedr '+ QUARD TIME, TONE ABSENT

Figure 3- Timing Diagram .

e



MT8870C/MT8870C-1 1502-CMOS

Functional Description

The MT8B70C/MTB870C-1 monolithic DTMF receiver
offers small size, low power consumption and high
performance. Its architecture consists of a bandsplit
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 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. The filter section
#lso incorporates notches at 350 and 440 H2 for
exceptional dial tone rejection (see Figure 4). Each
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

T STORT T Wit Ty terssis -

prevent detection of unwanted low-level signals.
The outputs of the comparators provide full rail
logic swings at the frequencies of the incoming
DTMF signals.

i

1.

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 voice wl:xdé'e
providing tolerance to small frequency - devnatrons
and variations. 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 to an active
state. Any subsequent loss of signal condition will
cause ESt to assume an inact:ve state (see “Steering
Circuit®).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signa!l duration (referred
to as character recognltrpp condition). 'This check is
perfasmed by an externa! RC time constant driven by
ESt. A logic high on ESt causes o (see Figure 5) to rise
as the capacitor dischargés. Provided signal
condition is maintained.(ESt remains high) for the
validation period (tgrp). v. reaches the threshold
(Visy) of the steering logic to register the tone pair,

Il3tthing its corresponding 4-bit code {see Table 1)
info the output latch. At this point the GT output is
activated and drives v, to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
shott'delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that & received tone pair has been
registered. The contents of the output latch are
made avanlable .on the 4-bit output bus by raising
the three state contro! input (TOE) to a logic high.

The steering circuit works in réverse to validate

- -
o A
—— PRECISE
/ N 2 ~ DIAL TONES
[ 4
10 \, ’ N | xeasom:
- x “l v=aagH:
-
I ,\ DTMF TONES
20 1 \ A=897 Hz
ATTENUATION 8=770 Hz
) I \ 2h)
30 £=1209 Mz
l ‘ F=1336 H2
l G=1477 Hz2
a0 e [ . H=1633 Hz
o | \J v 1 N
50 2 ' i ' ] \{ .
t
IR
X v ABCOD t F G H
FREQUENCY (Mz) . 4

Figure 4. Filter Response
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1Is02.cmos MT8870C/MT8870C-1

Digit | roe | [ esT | Q. [ @y | @, | a

ANY L X - b4 b4 4 4
1 H L H 0 [} 0 1
2 H L H 0 0 1 0
3 H L H 0 [} 1 1
4 H L H [ 1 0 0
H H L H 0 . ! 0 1
¢ H L H 0 1 1 0
? H L H 0 1 1 1
8 H L H t [} 0 0
9 H L H 1. 0 0 1
L] H L H 1 0 1 0
M H Lt H 1 1} 1 1
L 4 H L H 1 t 0 0
A H L H 1 t 0 1
8 H L H 1 t 1 ]
C H L H 1 1 1 1

/ { W K " ) S W Y S S W Y U R PN

1 H H H 0 0 0 1
2 H H H ] 0 1 0
3 H H H 0 0 ] 1
] H H H 0 1 0 0
] H H H 0 1 0 1
6 H H H 0 1 1 {0
7 H H H 0 1 1 1
8 H H H 1 0 [ 4]
9 H H H 1 0 0 1
0 H H H 1 0 1 0
M H H H t 0 1 1
» N, H H 1 1 [ 0
A H H L { undetected, the output
[ H H L | code will remain the same
C H H L as the previous dgteqed
o H H L code

L=LOGIC LOW, H=1L0GIC HIGH, 2 = HIGH IMPEDANCE
Table 1- Functional Decode Table

he interdigit pause between signais. Thus, as well
“as rejecting signals too short fo Be considered valid,
the receiver will tolerate signa! interruptions
{dropout) 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.

- Gdare-Hime Adjustrment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering

circuit shown in Figure 5 is applicable, Component
values are chosen according to the formula:

trec=tor+tgrp
tio=tpa+tcTa

The value of tpp is a device parameter (see Figure 3)
and \tpec is the minimum signal duration to be
reco}nized by the receiver. A vatue for Cof 0.1 uF is
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 (tgrp} and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise immunity. Increasing tgsc
improves tatk-off performance since it reduces the
profatrility figae tones-sinTutstéd 67 speech will™*
T™aintain signal condition long enough to ‘be
vegistered. Alternatively, a relatively short tpec with
along tpo would be appropriate ,fb!’extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required, Design
informatian for guard time adjustment is shown in
Figure 6.’

Power-down and Inhibit Mode

Pt
A logic high applied to pin 6 (PWDN) will power
down the device to minimize the power
consumption in a stendby 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 detection of tones
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 MT8870C/MT8870C-1
provides a differential-input operational amplifier
as well as a bias source(Va.f) 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 2
with the op-amp connected for unity gain and Vpes
biasing the input at §Vpp. Figurd 7 shows the
differential configuration, which permits the
adjustment of gain with the feedback resistor Rs.
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MT8870C/MT8870C-1 1502-cMOS

tgre = (RC) In Vg / {Vpp-Vag)]

Figure 5. Basic Steering Circuit

teva = (R Cy) In (Vpp / Vig,)

Ro=(R,R,) 7 (R, + R,)

a) decreasing tor: (toy <tora)

tore = (RyCy) 0 [V 7/ (Vg Vigy))
]
tora = {RpCy) In (Vo / Vygy)

Rp =(RyR;) / (Ry + Ry)

b) 9“’9“""9 toral (tore > tora)

€St

¥

' « . figure 6- Guard Time Adjustment
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 2 {Single
Ended Input Configuration). However, it is possible
to configure several MT8870C/MTB870C-1 devices

DIFFERENTIAL INPUT AMPLIFIER
C| =C7 = 10nf

Ry=R=Ry= 100 k0 Altresistors are £ 1 % tolerance. \_
l,=5llk'ﬂ‘ Ryw37.5k0 "+ Alicapacitorsare £ 8 4 tolerance.
?m.’:: ﬁ:‘

’:
Ry Rg

s/
7

VOLTAGE GAIN (A, diff)= %’1’
1

INPUT IMPEDANCE

TH

“Cwore) =2 AR
! wC

LR
Voo o AN~ MT8870C/
Y N+ MT8870C.1
+
—_— Lo -
Voo
St1GT v, o —Aan
C R
————AAA——] 2 4
£St .
10
= (RC}In (Vpy / V. <
MTES70C/ tora ™ (RCHIn (Vo / Vg,) R, <
MT8870C-1 ]

-
3

.

Figure 7- Differentialinput Configuration
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pt capacitor to the oscillator
input (0SC1) bf the-next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 8
for details. The problems associated with
unbalanced loading are not 8 concern with the
arrangem&nt shown, ie; precision balancing
capacitors are not required,

To OSCt of next
MT8870C/ MTB870C-1

___c__”,..__;

\ve X-tal
osCt -—J o8¢z
D
0sC2 __T__“_-. osc1
1
(d

C=30pf
X-tal=3 579545 MHr

Figure 8- Oscillator Connection

&4



1Is02.cMos MT8870C/MT8870C-1

APPLICATION

RECEIVER SYSTEM FOR BRITISH TELECOM SPEC POR

1151 tors =(RyCy} In [Vpo / (Vpp-Viy )

s

The circuit shown in Fig. 10 illustrates the use of tora =Ry Gy} in(Vpp f Vig,)
MTB870C-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 v ()-ﬁ A= MR TR 4R
attained by choosing a suitable values of Ry and R, e

to provide 3 dB attenuation, such that -34 d8m input c,

signal will correspond to -37 dBm at the gain setting StGT Notes:

pin GS of MT8870C-1. As shown in the diagram, the -

component values of Ry and C; are the guard time R,=368K0 +1%
requirements when the total component tolerance R, Ry

is6%. For better performance, it is recommended to Est Ry=2.2MD +1%
use the non-symmetric guard time circuit in Fig. 9. .

Cy=100nF £5%

Figure 9 - Non-Symmetric Guard Time Circuit

/ [
VOD o LAl
4 J I
G L
DTMF O—f -
- d
’nput R| MT887SC 1 RN 2
m R U’"@/;o [1—
N —C IN. 1, StGT j— R
—{] Gs g5t [0 ’
B2 Qv sio P—4——O
O—————11mnn o p——0O
O——————(] pwoN o b————0
osci q {3I——O NOTES:
X Gm——c osc2 o1 P—4—0 Ry=102K02 £ 1%
Vi Toe Ry=71.5K0 +1%
Ry=390K0 1%
N . ' €, Cy=100.nF £5%
Xy =3.579545 MMz $0.1%
' Voo = 5.0V 5%
L Lo

Figure 10 - Single-Ended Input Configuration for BT or CEPT Spec
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MT8870C/MT8870C-1 1502-CMOS )

o
o
MT8870C-1 AC Electrical Characteristics' . voo=5.0v45%, vy =0v, -40°C < To < +85°C, using Test Circuit
shown in Figure 2.
Characteristics Sym Min Typ' { Max | Units Notes*
Valid input signal levels -3 +1 dBm |Vpp=5.0V
1 (each tone of composite : 1,2,356,9
signal) 21.8 869 mVRM;
~37 dBm | Vpp=5.0V
2 Input Signal Level Reject 109 MVams 1,2,3,5,6,9
3 Negative twist accept ’ 6 ds 2,3,6,9
4 Positive twist accept 6 dB 2,3,6,9
5 Frequency deviation accept +1.5% % 2Hz 2,359
6 Frequency deviation reject +3.5% 2,3,5,9 )
7 Third tone tolerance © .88 d8  12,3,4,5, 9,13
8 Noise tolerance -12 + | +-dB 2,3,4,5,7,9, 10
9 Dial tone tolerance A T 422 dB 2,3,4,5,8,9,11
"Youul figures are a1 25 °C and are for design aid only: not guaranteed and not subject to production tej}lng
NOTES - Vi
1. d8m = decibels above or below a reference power of 1 mW into s 600 ohm load. Kd
2. Digit sequence consists of sli DTMF tones,
3. Tone duration= 40 ms, tone pause = 40 ms. .
4, Signal condition contists of nominai DTMF frequencies. 1
$. 20th tones in composite signal have an equal amplitude. o
6. Tone pair is deviated by +1.5% + 2 Hz.

~

Bandwidth limited (3 kHz ) Gaussian noise,

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

10 Referenced to lowest lev!l frequency component in DTMF signal.
1.4

12, For guord nme ca'culltton purposes.

13. Referenced to Fig. 10 input DTMF tone level at -25d8m (-28d8m at GS Pin) ln(edtven.c‘e frequency range between 480-3400Hz.

———®

.
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Absolute Maximum Ratings’
Parameter Symbol Min Max Units
11 DCPower Supply Voltage Voo 6 v
2| Voltage on any pin Vi Vgs—0.3 Vpp+0.3 v
3| Current at any pin (other than supply) Iy 10 mA
“a Storage temperature Ts1g ~-65 + 150 °C
5 | Package powet dissipation Po 1000 mw
'htnding these vaives may cause permanent damage Functional operation under these conditions is not implied.
Derate sbove 75 “Cat 16 mW /°C All leads soldered to board
Recommended Opefating Conditions - Voltages are with respect to ground (V) unless otherwise stated.
Parameter Sym | Min | Typ' | Max | Units:} **'Test Conditions
__1 DC Power Supply Voltage Vpp | 4.75 5.0 | 5.25 Vv .
2 Operating Temperature To | —40 +85 | °C Al
3 Crystal/Clock Frequency fc 3.579545 .| MHz v
,,,TL capStystaliClodk Eregalolorance. | Al b it ‘W 1

* Typical figures sre at 25°C and are for design a1d only: not guaranteed .nd'r,pt subject to production testing.
! .‘l.‘

DC Electrical Characteristics - v, =s0v+ 5%, Vg =

"
0V, -40°C = To 5 + 85°C, unless otherwise stated
e

Characteristics Sym| Min | Typ: | Max |Units Test Conditions
1] 5 [Standby supply current lopg 100 nA | PWDN=Vpp
2] l,’ Operating supply current Ibo 3.0 9.0, mA
_3 : Power consumption Po 15 S0 | MW |{c=3.579545 MHz
Y
4 High level input Sy 3 V. |Vpp=5.0V
T Low level inpyt voltage Vi 1.5 V | Vpp=5.0vV ]
6| ,I, Input Jeakage current hu/ly 0.1 1A Vin=VgsorVpp
7] l’: Pull up (source) cu.rrent lso 7.5 20 pA | TOE (pin 10)=0,
L1 1 <% Vpp=5.0v
8| s |Pull down (sink) current Iy 15 45 pA [ INH=5.0V, PWDN=5.0V,
Vpp=5.0V
_9_ Inputimpedance (IN+,IN~)| Ry 10 MQ | @ 1 kH:
10| Steering threshold voltage | Vg, | 2.2 ' 25 V | Vpp = 5.0V
11 Low level output voltage Vou Vss+0.03] V  |Noload
12 bﬁ' High level output voltage VoH {Vpp-0.03 V |Noload
13 : Output low (sink) current lot 1.0 2.5 mA |Voyr=04V
V4 | u |Output high (source) current| 1oy 0.4 0.8 mA {Voyr=46V '
E s [Vaeroutput voitage Vaet | 24 27 | V_[Noload,Vpp = 5.0V -
16 Vgef OUtpuUt resistance Rca 10 kQ

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

R
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Operating Characteristics - voo=5.0vE5%, Ve 0, -40°C 5 T, € +85°C unless otherwise stated.

“Gain Setting Amplifier - <+

~

MT8870C AC Electrical Characteristics: ..

Charjcteristics Sym Min Typ* | Max 4 Units Test Conditions
Y iinputieakage current in 100 nA | Vsss Viy SVpp
2 | Input resistance Rin 10 Y] ma
3 | input offset voltage Vos 25 | mv
4 | Power supply rejection PSRR 50 ) dB | 1kH2
& [ Common mode rejection CMRR| 40 dB | -3.0Vs Vg s3.0V
# | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fc 0.30 MHz
8 | Output voltage swing Vo 4.0 Vpp |Load =100kQ to Vss
9 | Maximum capacitive load (GS) CL 100 pF
10 | Maxirum resistive load (GS) R S0 kQ
11 { Common mode range Vem 25 Vpp | Noload

; 4.'1 b

< 7 - .
Mg -1 5 er Va0V ABIC.m- T RS2 mk:-yt-u&:e!gewem»
Y

Figure 2,
Characteristics Sym Min Typ' | Max | Units < Notes*
i . -29 . f dBm ]1,2,3,58,9
L] [ainoun gt eves 35 [ O [ 123569
!‘ . sighal) +1 dBm }1,2,3,5,6,9
'’ 1869 | mVame | 1,2,3,5,6,9
g 2 Negative twist accept 6 ds 2,369
E Positive twist accept 6 d8 {2,369
5_'44 Frequency deviation accept +1.5%+ 2 Hz . 12.3,5,9
I Frequency deviation reject +35% - 2,35,9 )
4 6] [Third tone tolerance ~16 d8  2,3,4,59,10
‘5—7- Noise tolerance ~ -12 d8 12,3,4,57,910
3] [Dial tone tolerance . +22 48 12.3,4,5,8,9, 11

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

*NoTES

1.d8m= decibels above or below a reference power of 1 mW into 3 600 ohm load.

' Digit sequence consists of all DTME tonef,
- 3. Tone duration = 40 ms, tone pause = 40 ms,

4.3ignal condition consists of nominal DTMF frequencies.
5.Both tones in composite tignal have an equal amplitude.

6. Tone pair is deviated by + 1.5 % + 2 Hz.
1..8andwidth limited (3 kHz ) Gaussian noise.

!the precise dial tone frequencies are (350 Hz and 440 Hz) + 2%,
9.

or an error rate of better than 1 in 10,000,

10; Relerenced to lowest level frequency component in DTME signal.
11. Relerenced to the minimum valid accept level,

12.¥0r JU41d Bife cafculation purposes,

A





