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ADYISOR
ASSOC PROE. NIKORN SUKUTAMATANTI
FISCAL YEAR [997
ABSTRACT
Private Automatic Branch Exchange consist of 8 external lines and 16 internal lincs

with an automatic system . It is continuing project from fiscal year 1996 which have

proplems in hardware and software system , however we can make it possible to use scveral

internal numbers at the same time and conncct to an internal number by himself.

Privatc Automatic Branch Exchange help benefit an interested providing the relevant
information for study in the future Morcover , all the equipment used in the private

Automatic Branch Exchangc arc available domestically.
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; PABX PROGRAM

"Z80.TBL"
"B IN8 "

;*************** NAME PORT-& NUMBER dek ok ok ok ok ok hodkdk ok ok ok ok kh

INTERF A:
INTERF B:
INTERF C:
INTERF_COM:
SUB1_A:
SUB1_B:
SUB1_C:
SUB1_COM:
SUB2_A:
SUB2_B:
SUB2_C:
SUB2_COM:
TOT1_A:
TOT1_B:
TOT1_C:
TOT1_COM:
TOT2_A:
TOT2_B:
TOT2_C:
TOT2_COM:
SW1_A:
SWl B:
SWl_C:
SW1 _COM:
SW2_A:
SW2_B:
SW2 C:
SW2_CoM:
SW3_A:
SW3_B:
SW3 C:
SW3- CoM:
CTC:

;**************** CONTROL WORD OoF PORT hhhhhkhdkhhkhhbhhkdhdhki

INTERF:
SUB1:
SUB2:
TOT1:
TOT2:
SW1:
SW2:
SW3:

CPU
HOF

EQU O0H
EQU O1H
‘EQU 02H
EQU O3H
EQU 04H
EQU 05H
EQU 060
EQU 07H
EQU 08H
EQU 09H
EQU OAH
EQU OBH
EQU OCH
EQU ODH
EQU OEH
EQU OFH
EQU 10H
EQU 11H
EQU 12H
EQU 13H
EQU 14H
EQU 15H
EQU 16H
EQU 17H
EQU 18H
EQU 19H
EQU 1AH
EQU 1BH
EQU 1CH
EQU 1DH
EQU 1EH
EQU 1FH
EQU ODOH
EQU 81H
EQU 90H
EQU 90H
EQU 9BH
EQU 9BH
EQU 9BH
EQU 9BH
EQU 89H

;***************** DATA

SW_EXTO01:
SW_EXTO02:
SW_EXTO03:
SW_EXTO04:
SW_EXTO0S5:
SW_EXTO06:

EQU
EQU
EQU
EQU
EQU
EQU

SWITCHS **kdkhkhkhkdhkhkhkhhrdhhhhhrhhhrhh

000H
001H
002H
003H
004H
005H.

a3 T
ﬁmuumn'[utaﬂmmamnmtmqmnmmnm;:u«:
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SW_EXTO7:
SW_EXTO08:
SW_EXTO09:
SW_EXT10:
SW_EXT11:
SW_EXT12:
SW_EXT13:
SW_EXT14
SW_EXT15:
SW_EXT16:
SW_TOT1:

SW_TOT2:

SW_TOT3:

SW_DIAL:

SW_RING_BACK:

SW_BUSY:
SW_VOICE:
SW_CH1:
SW_CH2:
SW_CH3:
SW_CH4:
SW_CHS:
SW_CH6:
SW_CH7:
SW_CHS8:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

006H
007H
008H
009H
00AH
0OBH

'00CH

OODH
OOEH
OOFH
00C0H
010H
020H
030H
040H
050H
060H
080H
090H
OAOH
OBOH
OCOH
ODOH
OEOH
OFOH

;**************** DATA MEMORY AhhkhAhhkhkhkdhhkrbhbrrdhkhbhhkdrhbhkhrhkkhkh

SWITCH:
NUMBER:
CHANNAL:
CH_DEST:
TIME:
RING1:
RING2:

HOOKO1:
HOOKO2:
HOOKO03:
HOOKO4:
HOOKO0S5 :
HOOKQ6:
HOOKO07:
HOOKO08:
HOOKOQ09:
HOOK10:
HOOK11:
HOOK12:
HOOK13:
HOOK14:
HOOK15:
HOOK16:

DTMF_STO1:
DTMF_STO02:
DTMF_STO03:
DTMF_STO04:
DTMF_STO5:
DTMF_ST06:

EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU

EQU

‘8000H
8001H
8002H
8003H
8004H
8005H
8006H

8010H
8011H
8012H
8013H
8014H
8015H
8016H
8017H
8018H
8019H
801AH
801BH
801CH
801DH
801EH
801FH

8020H
8021H
8022H
8023H
8024H
8025H

L4 L d P
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DTMF_STO7:
DTMF_STO8:
DTMF_STO09:
DTMF_ST10:
DTMF_ST11:
DTME_ST12:
DTMF_ST13:
DTMF_ST14:
DTMF_ST15:
DTMF_ST16:

MAP_SW:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU

8026H
8027H
8028H
8029H
802AH
802BH
802CH
S02DH
802EH
802FH

8100H

JMAP SW =256 BYTE 8100H TO 81lFFH

;********************* INTERRUP SERVICE ROUTINE *hkhkhkhkhkhkhkhd

ORG
JpP

ORG

0000H
START

0038H

’-********** INTERRUP TIMER SERVICE hhkhkhkhkkdhkhbhkhbhbdkhbhdhbhhbhkhdthii

RST38_END:

PUSH
PUSH
LD
LD
INC
LD
CPp
JP
CALL
LD
ouT
ouT
LD
LD
OouT
LD
LD
ouT

POP
POP
EI
RETI

AF

HL

HL, TIME
A, (HL)
A
(HL) , A
0

NZ,RST38_END

SW_UPDATE
A, OFFH
(SUB1 C),A
(suB2_C),A
HL, RING1
A, (HL)
(SUB1_B),A
HL, RING2
A, (HL)
(SUB2_B),A

HL
AF

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

ORG
PUSH
LD
ouT
POP
RETN
ORG

0066H
AF
A, 66H

(INTERF_A),A

AF

0100H

START OF PROGRAM

e we we

~ b4 v -
amumalulagwszssmnangoumnimanszi



TN A oo

i

.

—— e —— ——

e e

- o

o

- .

ITVUYWNW PABX

v-4

CHK_HOOK:

NEXT HOOK:

ON_HOOK:

| DTMF_KEY1:

LD
CALL

CALL
CALL
CALL

LD
OuT
ouT

CHECK HOOK ON IN CHANNAL

CALL
CALL

LD

LD
CALL

LD
LD
CP
JP

LD
INC
Cp
Jp

CHECK TOT
CALL

JP

LD
LD
LD
CALL

_ CALL

LD
LD
OR
CALL
CALL
CALL

READ DTMF KEY

SP, 9FFFH
DELAY1

INIT_ PORT
INIT DATA
SW_UPDATE

A, OFFH
(SUB1_C),A
(suB2 C),A

LED1
READ HOOK

A,0

HL, HOOKO1
ADD HL A

B,A

A, (HL)

1
NZ,ON_HOOK

A,B
A
16

; SET STACK POINTER
; DELAY FOR POWER ON

; CLEAR MUST IN SUBCRIBER

~s

:OW*t DEBUG bhwkh

; A = EXT CHANNEL

NZ,NEXT_ HOOK

CHK-_HOOK

A,B
HL, CHANNAL
(HL) ,A
LED2

OUTA

HL, CHANNAL
A, (HL)
SW_CH1
ON_MSW
SW_UPDATE
ON_DIAL CH

TOT SERVICE

; KEEP CHANNAL TO MEMORY
;

je¥es DEBUG **¥vees
s¥¥wd DERUG *+%whsw

- ¥ q¥ Ud
sntumalulatiwszeounsungumninanizi
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CALL
CALL

(03
JP

RLA
RLA
RLA
RLA
AND
LD
LD
CALL
DTMF_KEY2:

CALL
LD
OR
LD
CALL

;——=— CHECK NUMBER CALL —----—

CALL.
CP
JpP

LD
LD
LD
LD
NEXT_NO_EXT:

LD
CALL
LD
cP
JP
INC
LD
Ccp
Jp
CALL
LD
CALL
CALL

’ JP
CALL EXT:

- CALL
LD
LD
LD
CALL
CALL
CALL
CALL
CALL
CALL
CALL

READ_DTMF_KEY
OFF_DIAL CH

9

Z,CALL_TOT ; CHECK CALL TO TOT

OFOH

HL, NUMBER
(HL) ,A
LED3

; KEEP KEY 1

;t*** DEBUG vhhthhd

READ DTMF_ KEY
HL, NUMBER
(HL)

(HL) , A

LED4

; KEEP KEY 2
s¥kvd DEBUG “+++++

CHECK_HOOK
1
Z,CHK_HOOK

HL, NUMBER
A, (HL)

/A
, 0

HL, NO. EXT
ADD HL C

A, (HL)

B

27 CATH (EXT

.

A,C

10H

NZ,NEXT NO_EXT
LEDS

A,B

OUTA

ON_BUSY,

;*ﬁlr* DEBUG (322222224
;i‘i** DEBUG Yo de de e bt e

;**iﬁ DEBUG deded bk kb bk

CHK_HOOK
LED6 skued DEBUG **vhdrddd
a,C

HL,CH_DEST
(HL) , A

LED7

OUTA
ON_RING_BACK_CH
SEND_RINGING
OFF_RING_BACK_CH
LEDS

SERVICE

;t**\l’ DEBUG etk de b b e

;(-ir*i— DEBUG dedede dede b W

shtkd DERUG *hdhkdawe

v v -
aoumaluladwszestnanngummmans=id
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CALL_TOT:

TOT_CANCEL_CHK:

Jp

LD
LD
OR
CALL
CALL
LD
OouT

CALL
cp
JP

LD
LD
OR
CALL
CALL
LD
ouT

JpP

JP

CHK_HOOK

HL, CHANNAL
A, (HL)
SW_TOT1
ON_MSW
SW_UPDATE

A, 10H
(INTERF C),A

CHECK_HOOK
1

N2, TOT_CANCEL CHK

HL, CHANNAL
A, (HL)
SW_TOT1
OFF_MSW
SW_UPDATE

A, 00H
(INTERF C),A

CHK_HOOK

START

END OF PROGRAM

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

TOT_SERVICE:

TOT CHECK & SERVICB *ohk ok ok kkhkokokhkokk ok ok okk

PUSH
PUSH
PUSH
PUSH

IN

LD
AND
Cp
Jp

LD
RRA
RRA
RRA
RRA
AND
Ccp
JP

IN

AND
CPp
JP

JP

AF
BC
DE
HL

A, (TOT1 C)

B,A
OFH

0

NZ,TS_IN TOT1

A,B

OFH
0
NZ,TS_IN_TOT2

A, (TOT2_C)

OFH
0 :
NZ,TS_IN_TOT3

TS_END

; READ RINGING AT TOT BD.1

; CHK TOT1 RING

: CHK TOTZ RING

; READ RINGING AT TOT BD.2

: CHK TOT3 RING

gonfunalulafiwszeaunmingummsmantiy
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TS _IN TOT1:
LD
LD
LD

LD
ouT

LD
OR
CALL
LD
OR
CALL
LD
OR
CALL
ouT
e i READ DTMFE KEY

TST1_DTMF KEY1:

CALL.

RLA
RLA
RLA
RLA
AND
LD
LD
CALL
TST1_DTMF_KEY2:

CALL
LD
OR
LD
CALL

i —=—— CHECK NUMBER CALL --~--

LD
LD
LD
LD
TST1_NEXT NO_EXT:
LD
CALL
LD
cp
Jp
INC
LD
CcP

A, OFFH
HL, CHANNAL ;
(HL) ,A ;

A,10H
(INTERF_C),A

A, SW_TOT1
SW_EXT16
ON_MSW

A, SW_EXT16
SW_CH1
ON_MSW

A, SW_VOICE
SW_EXT16
ON_MSW

(OFFH) ,A ; SAND. VOICE

READ DTMF_KEY

OFOH

HL, NUMBER

(HL) ,A : KEEP KEY 1
LED3 jhYerd DEBUG **+hix

READ_DTMF_KEY
HL, NUMBER

(HL)

(HL) ,A ; KEEP KEY 2
LED4 sevred DEBUG *vewex

HL, NUMBER
A, (HL)
B,A

C,0

HL,NO_EXT
ADD_HL C

A, (HL)

B
Z,TST1_CALL_EXT
c .

A,C

10H

v v -
donfumalulalwsseaunsunpammmansal
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TST1_CALL EXT:

TST1 SV _CHK_EL:

TST1_OFF_SW:

TS _IN_TOT2:

Jp
CALL
LD
CALL

Jp

CALL
LD
LD
LD

CALL
CALL

CALL
CALL
CALL

LD
LD
LD
LD

CALL

LD
LD
OR
CALL

-------- CHECK END LINK AT CHANNAL

CALL
CP
JP

CALL
LD
ouT

Jp

LD
LD
LD

LD
ouT

NZ,TST1_NEXT NO_EXT

LEDS
A,B
OUTA

TST1 _OFF SW

LED6

A,C
HL,CH_DEST
(HL) , A

LED7
OUTA

;t*.—* DEBUG LA a2 42 2d
;Qb*& DEBUG LA 2 2 LR 23

;tir** DBBUG Fhdd bl

;Gﬁi* DEBUG LA A2 S22

s¥v¥y DEBUG ***wwvw

;ﬁ(—*& DBBUG ek de b e de

ON_RING BACK_TOT
SEND_RINGING
OFF_RING_BACK_TOT

HL,CH_DEST
A, (HL)
HL, CHANNAL
(HL) A

LEDS

——————— ON SWITCH CHANNAL TO DESTINATION

HL,CH_DEST
A, (HL)
SW_CH1
ON_MSW

CHECK_HOOK
1

;‘v**ﬁ DEB{JG 22 X2 R

NZ,TST1 _SV_CHK_EL

SW_CLEAR
a,0

(INTERF _C),A

TS_END

TOT 2 SERVICE -—--

A,OFFH
HL, CHANNAL
(HL) , A

A, 20H

DEFINE TOT NON CHK HOOK

.
’

(INTERF_C) ,A

v .
gonthunalulafwsssaninangamwsmansie
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H READ DTMF KEY

TST2_DTMF_KEY1:

TST2_DTMF KEY2:

;i ——— CHECK NUMBER CALL

TST2_NEXT NO_EXT:

TST2_CALL_EXT:

LD
OR
CALL

LD
OR
CALL

LD
OR
CALL

ouT

CALL
RLA
RLA
RLA
RLA
AND
LD

LD

CALL

_ CALL

LD

OR

LD
CALL

LD
LD
LD
LD

LD

CALL

LD

Ccp

Jp

INC

LD

Cp

Jp
CALL
LD
CALL

Jp

CALL
LD
LD
LD

A, SW_TOT2
SW_EXT16
ON_MSW

A,SW_EXT16
SW_CH1
ON_MSW

A,SW_VOICE
SW_EXT16
ON_MSW

(OFFH) ,A

READ DTMF_KEY

OFOH

HL, NUMBER
(HL) ,A
LED3

READ DTME_KEY
HL, NUMBER
(HL)

(HL) ,A

LED4

HL, NUMBER
A, (HL)
B,A

c,0

HL, NO_EXT
ADD HL C
A, (HL)
B
Z,TST2_CALL_EXT
c
A,C
10H
NZ, TST2_NEXT_NO_EXT
LED5
A,B
oUTA

TST2_OFF_SW

LED6
A,C
HL,CH_DEST

(HL) , A

: SAND VOICE

; KEEP KEY 1

;tt&* DEBUG Yrdrded b

; KEEP KEY 2

;*i—ﬁ-* DEBUG L2 X 22 223

;**ﬁ* DEBUG AR R X 22

;*i** DEBUG L2 2 A2 2 24

IR A DEBUG Ye¢tt s

;**** DEBUG L2 4 XA RS

v v
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CALL
CALL

CALL
CALL
CALL

LD
LD
LD
LD

CALL

bt ON SWITCH CHANNAL TO DESTINATION

LED7
oUTA

ON_RING BACK TOT
SEND_RINGING

OFF_RING_BACK TOT’

HL,CH_DEST
A, (HL)
HL, CHANNAL
(HL), A

LEDS

e Ne N

sRred DERUG *ddrbhves

;**** DEBUG LA R X2 22

:Qiﬁﬁ DEBUG *bbdedeode e

DEFINE TOT NON CHK HOOK ,

LD HL, CH_DEST

LD A, (HL)

OR SW_CH1

CALL ON_MSW
o CHECK END LINK AT CHANNAL, —==-==-=—n=
TST2_SV_CHK_EL:

CALL CHECK_HOOK

cp 1

JP NZ,TST2_SV_CHK_EL
R OFF SWITCH TOT =-——=————==~——=——-
TST2_OFF_SW:

CALL SW_CLEAR

LD A0

ouT (INTERF_C) ,A

JP TS_END
e TOT3 SERVICE ~===--——=————me
TS_IN_TOT3:

LD A, OFFH

LD HL, CHANNAL

LD (HL) , A

LD A, 40H

OUT (INTERF C),A

LD A,SW_TOT3

OR SW_EXT16

CALL ON_MSW

LD A,SW_EXT16

OR SW_CH1

CALL ON_MSW

LD A, SW_VOICE

OR SW -EXT16

CALL

ON_MSW

v - N
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—————————— READ DTMF KEY

TST3 DTMF_KEY1:

TST3_DTMF_KEY2:

r

TST3 NEXT NO_EXT:

TST3_CALL_EXT:

; -—— CHECK NUMBER CALL

ouT

CALL
RLA
RLA
RLA
RLA
AND
LD

LD

CALL

CALL

LD

OR

LD
CALL

LD
LD
LD
LD

LD

CALL

LD

Ccp

Jp

INC

LD

Ccp

Jp
CALL
LD
CALL

JP

CALL
LD
LD
LD

CALL
CALL

CALL
CALL
CALL

LD
LD
LD

(OFFH) ,A ; SAND VOICE

READ_DTME . KEY

OFOH
HL, NOMBER
(HL) ,A ; KEEP KEY 1
LED3 ;#+++ DEBUG ¥¥++tws

READ. DTME._KEY
HL, NUMBER

(HL)
(HL) ,A ; KEEP KEY 2

LED4 s¥ree DEBUG *v¥wwtvw

HL, NUMBER
A, (HL)
B,A

c,0

HL, NO_EXT
ADD HL C
‘A, (HL)

B 4
%,TST3_CALL EXT
C

A,C

10H

NZ,TST3_NEXT _NO_EXT
LEDS seves DEBUG **waws

A, B :*"** DEBUG dhh bk
OUTA skk#t DEBUG #*vxss+

TST3_OFF_SW

LED6 ;*'*" DEBUG L2222 8 24
A,C
HL,,CH_;DEST
(HL) ,A
LED7 ;*"'*‘ DEBUG L2222 224
OUTA sewkt DEBUG d*%*vas

ON_RING_BACK_TOT
SEND_RINGING
OFF_RING_BACK_TOT

HI, CH_DEST
A, (HL)
HL, CHANNAL

s L v
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LD

CALL

——————— ON SWITCH CHANNAL TO DESTINATION

(HL) , A
LEDS se+ws DEBUG vhewses

LD HL,CH_DEST

1D A, (HL)

OR SW_CH1

CALL ON_MSW
;e CHECK END LINK AT CHANNAL —----—-=——-
TST3_SV_CHK EL:

CALL CHECK_HOOK

CP 1

Jp NZ,TST3 SV _CHK EL
R OFF SWITCH TOT ==-=—=—==——m———————
TST3_OFF SW:

CALL SW_CLEAR

LD A,0

ouT (INTERF_C),A

JP TS_END
TS_END:

POP HL

POP DE

POP BC

POP AF

RET
’-****************** ON DIAL To cHANNAL hhkhkhhhkhthkhbhrbhkrthkhkhhi
ON_DIAL CH:

PUSH AF

PUSH HL

LD HL, CHANNAL

LD A, (HL)

OR SW_DIAL

CALL ON_MSW

CALL SW_UPDATE

pPOP HL

POP AF

RET

4

;****************** OFF DIAIL TO CHANNAL % de ok de Kk k ok ok ok A ko ok ke ke ke ke

OFF DIAL CH:
- - PUSH
PUSH
LD
LD
OR
CALL
CALL
POP
POP
RET

AF
HL

HL, CHANNAL
A, (HL)
SW_DIAL
OFF MSW
SW_UPDATE
HL

AF

e 2
goiumnaluladwimaunsungumnsenanszds
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;****************** ON RING BACK TO CHANNAL khkhkkhkhhkkhkhkhhkhhkhkhkih

ON_RING BACK CH:
PUSH
PUSH
LD
LD
OR
CALL
CALL
POP
POP
RET

AF
HL

HL, CHANNAL
A, (HL)
SW_RING BACK
ON_MSW
SW_UPDATE

HL '

AF

;****************** ON RING BACK TO TOT hkhkhhkhkkhhkhbhkhkhhhkithk

ON_RING_BACK_TOT:
PUSH
PUSH
LD
OR
CALL.
CALL
POP
POP
RET

AF
HL

A, OFH
SW_RING BACK
ON_MSW
SW_UPDATE

HL

AF

;****************** OFF RING BACK'TO CHANNAL Ahkhhkhkhhkhhhkhhkhrhkhitk

OFF_RING_BACK CH:
PUSH
PUSH
LD
LD
OR
CALL
CALL
POP
POP
RET

AF
HL

HL, CHANNAL
A, (HL)
SW_RING BACK
OFF_MSW
SW_UPDATE

HL

AF

;****************** OFF ‘RING BACK TO TOT dhkhkhkhkhkhhkkkhkhkhkhhkhhk

OFF RING BACK_TOT:
PUSH
PUSH
LD
OR
CALL
CALL
POP
POP
RET

pREF Rk kk kK hkkrx CHECK HOOK IN

CHECK_HOOK:
PUSH

CALL
LD
LD
Cp
Jp

AF
HL

A, OFH
SW_RING BACK
OFF_MSW
SW_UPDATE
HL.

AF

CHANNRAL, **k*kdkhhhhkdkkk

HL ; CHECK HOOK IN CHANNAL
: INPUT CHANNAL := EXT TO CHECK

READ_HOOK ; OUTPUT A’ := O [ ON HOOK ]

HL, CHANNAL : t= 1 { OFF HOOK }

A, (HL)

OFFH

Z2,CH _NON_CHK

XL "
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LD

CALL

LD

Jp
CH_NON_CHK:

LD
CH_END:

POP

RET

HL, HOOKO1
ADD HL A
A, (HL)
CH_END

A, 0

HL

;******************* SERVICE CONTROL TRAFIC************************

SERVICE:
PUSH

PUSH
PUSH

LD
LD
OR
CALL

——————— ON SWITCH CHANNAL TO DESTINATION

AF
BC
HL

HL,CH_DEST
A, (HL)
SW_CH1
ON_MSW

R et CHECK END LINK AT CHANNAL -----==—--~

SV_CHK_EL:
CALL
CP
Jp

——————— OFF SWITCH CHANNAL

LD
LD
OR
CALL

LD
LD
OR
CALL

CALL

POP
POP
POP
RET

pRx Rk kKKK KKk kkkdkkk SEND RINGING TO DESTINATIO

SEND_RINGING:
PUSH

PUSH
PUSH

CHECK DESTINATION IS BORADi#1 OR BOARRD#2

CHECK_HOOK

1
NZ,SV_CHK_EL

HL, CHANNAL
A, (HL)
SW_CH1
OFF_MSW

———————— OFF SWITCH DESTINATION —-=---======—<

HL,CH_DEST
A, (HL)
SW_CH1
OFF_MSW

SW_UPDATE

HL
BC
AF

N khkdkhkhkhkhkkhkhkhkkhkhk

AF
BC
HL

o -
antumaluladwrRsmnaningarmImans=ul
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LD
LD
cp
Jp

e it SEND RINGING BOARD

LD’
SR_Bl CHK: :
cp’
JP
RRC*
DEC .
Jp
SR_SENDL1:
LD
LD
LD
LD
LD
ouT .
call
Jp

Fmm e SEND RINGING BOARD

SR_BOARD2:
SUB
LD

SR_B2_CHK:
cP
Jp
RRC
DEC
JP

SR_SEND2:
LD
LD
LD
LD
LD
OUT
Jp

P e CHECK ON

SR_CHK_HOOK:
CALL
cP
JP

CALL
LD
LD
LD
CALL
LD
cp

HOOK TO OFF RINGING

HL,CH_DEST
A, (HL)

8

P, SR_BOARD2

Z,SR_SEND1
B

A
SR_B1_CHK

A,B

HL, RING1

(HL) ,A

HL, RING2

(HL), O

(suBl _B),A

outa ;
SR_CHK HOOK

* %k ke k DEBUG **%+*

Z, SR_SEND2
B
A
SR_B2_CHK

A,B
HL, RING1
(L), 0

HL, RING2
(HL) ,A
(SUB2_B),A
SR_CHK_HOOK

CHECK_HOOK
1
Z,SR_END

READ_HOOK
HL,CH_DEST
A, (HL)

RL, HOOKO1
ADD_HL_A
A, (HL)

0
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JPp

LD
ouT
ouT
LD
LD
LD
LD

POP
POP
POP
RET

NZ, SR_CHK_HOOK

—————————— CLEAR RINGING SIGNAL ——=--——===——===

R0
(SUB1_B),A
(suB2_B),A
HL, RING1
(HL) ., 0

HL, RING2
(HL), 0

HL
BC
AL

;********************* ON BUSY TONE TO CANANAL******************

ON_BUSY:
PUSH
PUSH

R ON BUSY TONE ~----

LD
LD
AND
OR

CALL
ke CHECH OFF HOOK

OB_CHK_HOOK:
CALL
cp
Jp

LD
LD
AND
OR

CALL
poP

POP
RET

AF
HL

HL, CHANNAL
A, (HL)

OFH

SW_BUSY .

ON. MSW

CHECK, HOOK
‘s
NZ,OB_CHK_HOOK

HL, CHANNAL
A, (HL)

OFH
SW_BUSY

OFF_ MSW

HL
AF

;******************.*** READ KEY DTMF khkhkhkhkhkrbhhkhkhhkhrbhhkhkrhbhhhhhi

READ DTMF_KEY:

RDK_CPK:
CALL

Ccp
Jp
CALL

; CHECK PASS KEY

CHECK_HOOK
1
Z,RDK_END

LED]_Z_ ; wwE*+DEBUGHE**+

- * " -
anumalulabwsvantnangummsmansziy
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IN A, (SW3_C) ; *Y¥¥SDEBUG tv+v
5 CALL OUTA ; CHY*DEBUG *vr+
3
CALL CHK_STB1
CcpP 1
Jp NZ,RDK CPK
CALL LED13 ; *uvevee DEBUG *A v
}
: IN A, (SW1_A)
AND OFH
PUSH AF : SAVE A (DATA KEY)
! RDK CBK: ; CHECK BUSY KEY
] CALL CHK_STB1
CP 0
E Jp NZ, RDK_CBK
1 POP AF : LOAD A (DATA KEY)
H RDK_END:
¢ RET

;********************** ADD HL’A E‘UNCTION***********************

ADD_HL_A:

-

: PUSH AF

{

. ADD A, L
LD % /2

6 LD A, 0

] ADC A,H

| LD H,A
POP AF
RET

R

;********************** ADD HL'B FUNCTION % Kk ke odeodedeokodkok ok ok ok kok ok ke ok kk ok ke ok

ADD HL B:

S

PUSH AF
| LD A3
' ADD B

LD L,A

LD A,0

ADC A H

LD H,A

POP AF

RET

;********************** ADD HL,C FUNCTION kkhhkrhAhkhhhhhrhkrrdhkhhhdhhi

ADD HL C:

TR T Parlf! | eI, T Merliolon gy T T

PUSH AF

LD
i ADD
LD
LD
ADC
LD

y Eppop
PxoptHQn

POP

~ - -
amtumaluladwisamnengamnimensiy
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RET

. LEE S S 2 R R &SRR R 2
,*********************** READ HOOK dkok ok kokhkkkk ok %k %k kK

READ HOOK:

RH__ﬁLSl :

RH_LS2:

PUSH
PUSH
PUSH

IN
CALL
LD
LD
LD

LD

LD
RRC
ADC
LD
INC

DJINZ

IN
LD
LD
LD

LD

LD
RRC
ADC
LD
INC

DJINZ

POP
POP
POP
RET

HL
AF
BC

A, (SUB1_A)
OUTA

C.A
a,0
B, 8

HL, HOOKO1

HL, HOOK09

A0

C

A,A
(HL) , A
HL

RH_LS2
BC

AF
HL

sevkt DERUG w*hdwrwds

: C := DATA BIT HOOK

; A := DATA ADD CARY FLAG
: B := LOOP FOR 8 EXT
; HOOK EXT 01

; SUB2 EXT 09 TO EXT 16

; HOOK EXT 09

;******************* CHECK DTMF STROBE (CHANNEL 1)***************

CHK_STB1:

CS_STB:

CS_END:

IN
BIT
Jp
LD
Jp

LD

RET

A, (SW3_C)
0,A
NZ,CS_STB
A0
CS_END

Al

; O/P IN A = 0 NO STROBE
= 1 GOT STROBE

v

. hhkhhkhhhhhhhhhhkhhhhhhkdhkhhid
,********************** ALL ON SWITCH

ALL SW_ON:

PUSH

HL

antunaluladwszsauinanNngammsmanszus
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PUSH
LD
) LD
ASO NSW:
- LD
CALL
DEC
JP
POP
POP
RET

AF
A,OFFH
HL, SWITCH

(HL) , A
ON_SW

A
NZ,ASO_NSW
AF

HL

;********************** ALL SWITCH CLEAR *hkhkhkhkhhkhkhkhkhkhkdhkhkrhhhbhhddhhi

SW_CLEAR:
PUSH

PUSH

LD

SC_NSW:
CALL

DEC
JpP

POP
POP
RET

HL
AF

A, OH
OFF_MSW

A
Nz, SC_NSW

AF
HL

;********************** ON SWITCH *hkhhhkhkbhhkhkhhkrhbhkhhrhkrhhrhhkhhhkhh

ON_SW:
PUSH
PUSH
OUT

CALL:

LD
ouT

CALL.

LD
OUT
CALL
LD
ouT

CALL.

LD
OouT
CALL
ouT

POP
POP
RET

HL ; INPUT.SWITCH IN.A
AF
(SW3_A),A
DELAY F
A, 1l
(SW3_B),A
DELAY F
A,3
(SW3_B) (A
DELAY_F
PAvpwl:
(SW3_B),A
DELAY F
A,0
(SW3_A),A
DELAY F
(SW3_B),A
AF

HL

;********************** QOFF SWITCH ****xkkkhhhhhhhhhhhhhhdhhhhhrhhd

OFF_SW:

PUSH
PUSH

ouT

HL ;INPUT SWITCH IN A

AF
(SW3_A) ,A

-~ » v -
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CALL
LD
ouT
CALL
LD
oUT
CALL
LD
ouT
CALL.
oUT

POP
POP
RET
;**.*********************
INIT DATA:
PUSH
PUSH
PUSH
LD
LD
LD
ID_SW:
LD
LD
DJINZ

LD

LD
ID_DATA:

LD

LD

DJINZ

POP
POP
pPOP
RET

PR T L R
SW_UPDATE:
PUSH
PUSH

PUSH.

LD
LD
SU_NEXT_SW:
LD
LD
CcP
JP
LD
CALL
, JP
SU_OFF_SW:
LD
CALL

DELAY F
a,0
(SW3_B),A
DELAY F
A,2
(SW3_B),A
DELAY F
A,0
(SW3_A),A
DELAY F
(SW3_B),A
AF

HL

INITIAL DATA khkhkdkhbhbhbhkibhhbhdhkhbhkhhhbhbrdhbhhbrht

AF
HL

BC

B,0
HL,MAP_SW
A,0

L,B
(HL) , A
ID SW

HL, 8000H
B,0O

L,B
(HL) ,A
ID_DATA

BC
HL
AF

SWITCH UPDATE TO HARDWARE **#*¥¥kk*kkddkdkdkk

AF
HL

BC

HL,MAP SW

B, O0H

L,B

A, (HL)

1
NZ,SU_OFF_SW
A,B

ON_SW

SU_END

A,B

OFF_SW

gniumalulainszannaingommsmanszl
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SU_END:

DJNZ

POP
POP
POP
RET

SU_NEXT_SW

BC
HL
AF

;********************** ON MAP SWITCH IN MEMORY Je %k vk Kk ek ok odkok ok k ok ok ke k ok

ON_MSW:

PUSH
PUSH
LD
LD
LD
LD
POP
POP
RET

AF
HL
HL,MAP_SW
L, A

Al

(HL) ,A

"~ HL

AF

;s INPUT .IN. A TO ON MAP SW

;*****'k****'k*******‘k*'k OFF MAP SWITCH IN MEMORY khkhkhkhhkrhkhkhkhkhhkhrhh

OFF_MSW:

PUSH
PUSH
LD
LD
LD
LD
POP
POP
RET

AF
HL
HL,MAP_SW
L,A

A,0

(HL) ,A
HL

AF

;INPUT IN A TO OFF MAP SW

. k% ke kK kK khkkkhkhhkhkhkhkhkhbhhdhhkhkhhihhkhkhhkhdhhi
'************** * % % INITIAL PORT ?

INIT PORT:

PUSH

LD
ouT

LD
ouT

LD
OouT

LD
ouT

LD
ouT

LD
ouT

LD
ouT

LD
ouT

A

AF
A, INTERF
(INTERF_COM)
A, SUB1
(SUB1._COM) ,A
A, SUB2
(SUB2_COM) , A
A, TOT1
(TOT1_COM),A
A, TOT2
(TOT2_COM),A
A, SW1
(SW1_COM) ,A
A, SW2
(SW2_COM) , A
A, SW3

(SW3_COM) , A

Y "
goiumalulatinmmaunmungunmmImansis
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e G PSRN T T ol e W EETTEWR e

LD A, 0

oUT (INTERF_B),A
LD A, 80H

ouUT (OB3H),A

LD A,10001001B
OuUT (OBOH) ,A
OUT (OB1H) ,A
ouUT (OB2H) ,A

DI

LD A,10100101B
OUT (CTC),A

LD A, OFH

OUT (CTC),A

LD A,0

ouT (CTC) ,A

M1

EI

POP AF

RET

;********************* DELAY TIME hhkhkhkhkhhkhkhkhkhbikhhhkhhkhhhhkhkhkhhrhikd

DELAY1:

PUSH BC

LD B, OFFH
LOOP1:

DJINZ LOOP1

POP BC

RET

;********************* DELAY TIME Ahhhkkhk*rhhkrhkhhbhkhhhhhbhbhhbhhkrhhhhkd

DELAY F:
PUSH BC
LD B, OFH
LOOP_F:
DJINZ LOOP_F
POP BC
RET

hkhkhkhkhkkkhkhkhkhhhrhhkhkkhkhhkhhkhhkt

;********************* LONG DELAY TIME

DELAY2:
PUSH BC
LD B,OFFH
LOOP2:
CALL DELAY1
DJNZ LOooP2
pPOP BC
RET

- v -
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;*kok ok kkokdkkkkkk ko kkk ik LONG DELAY TIME
DELAY3:

PUSH BC
LD B, OFFH
LOOP3:
CALL DELAY?2
DJNZ LOOP3
POP BC
RET
;*************** DEBUG PROGRAM TO RUN ****************************
LED1: .
PUSH AF
LD A,l
ouT (INTERF_A),A
POP AF
RET
LED2:
PUSH AF
LD A,2H
ouT (INTERF_A),A
POP AF
RET
LED3:
PUSH AF
LD A4
oUT (INTERF_A),A
POP AF
( RET
LED4:
PUSH AF
LD A,8
OUT (INTERF_A),A
POP AF
RET
LEDS:
PUSH AF
LD A, 10H
ouT (INTERE_A),A
POP AF
RET
LED6:
PUSH AF
LD A,20H
ouT (INTERF_A) ,A
POP AF
RET
LED7:
PUSH AF
LD A,40H
ouT (INTERF_A) ,A
POP AF
RET
LEDS:
PUSH AF
LD A, 80H
ouT (INTERF_A),A
PoP AF

khkhkhhhkhkhkhkrkhkhkhhhhkhkrhkhkhkhhd
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I RET
} ‘OUTA:
" ouT (OBOH) , A
¢ RET
| LED12:
i PUSH AF
| LD A, 3H
i oUT (INTERF_A),A
POP AF
! RET
f LED13:
' PUSH AF
I LD A,5H
f OUT (INTERF_A),A
) POP AF
| RET
¢ LED14:
' PUSH AF
1 LD B, 9H
oUT (INTERF_A),A
| POP AF
' RET
* LED15:
PUSH AF
} LD A, 11H
ouT (INTERF_A),A
E POP AF
i RET
I LED16:
} PUSH AF
LD A,21H
ouUT (INTERF_A),A
POP AF
i RET
| LED17:
} PUSH AF
' LD A,41H
; OUT (INTERF_A),A
: POP AF
; RET
i LED18:
| PUSH AF
' "LD A, 81H
ouUT (INTERF_A),A
; POP AF
P RET
i LED23:
t PUSH AF
E LD A, S5H
i ouUT (INTERF_A),A
POP AF
i RET
LED24: .
¢ PUSH AF
' LD A, OAH
| ouT (INTERF_A),A
E POP AF
! RET
*  LED25:

v v ™
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PUSH
LD
ouT
POP
RET

AF
A,12H

(INTERF A),A

AF

- y : * Kk Kk kK kK Kk okk kokok ok ok ok ok kkohk
'*************+***** DATA TARLE * * %k k% ok %k

NO_ EXT:

DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
‘DFB
DFB

011H
012H
013H
014H
015H
016H
017H
018H
019H
010H
021H
022H
023H
024H
025H
026H

,-*************************THE END ***********;*************

END

v v -
gaviumaluladwrmannaunnamwsmanssys



T T e %

—— o v e W m—— s

—— s e wr Wevwm omemwn s e

TEMUYUIT PABX

¢

. DATA voswilnsandnn

TulassnufSaaniinus.

v v
anfumn TuTainszsomnausigummiroannizs



—omEE o e —

R ]

it I S N s ———

Lk . .

Co T S e e p—

B e e

T - W

e T o it

y pecy
ﬁ' ™
fa PU .
Zilog INSTRUCTION SET oI
ADCHL,m  Add with Carry Reg. pair s to HL OINZ +
ADCA,s Add with carry operand s to Asc. Bl
ADO A, n Add velue n o Ac=, ak(sn HL
ADDA,r Add Reg. r to Acc. X ($P), 1X
ADD A, (HL)  Add location (ML) to Ace. EX (SP), 1Y
ADD A, (IX+d) Add locstion [1X+d} to Ace. ex o
ADO A, (1Y+d) Add focation (1 Y+d) to Ace. i
ADOHL m  AddReg pairmto HL g EXDE, HL
ADDIX,pp  AddRegpeirpptolX e
. . EXX
ADO 1Y, rr Add Reg. pair rto 1Y -
ANDs “Logical ‘AND*of operand s and Acc.
BITH,(HL)  Tast BIT b ot location (KL) T WA
BTH(IX+)  TeBiboflocaton(ixed .. . M0
BITh, {IY+d) TestBIT bof location (1¥+d) ™~ * M3
BITb,r - TetBITbofRegr N M2
CALLecc,nn  Calt subroutioe st location na if "j‘""(“’
condition e if tva . o I
CALL an U Gtonsl coll saPOuting 8t INe, (C)
location nn
CCF Coc:lpium'turryﬂlg INC HL)
CPs 3 Corrpare operand s with Acz, u«‘: 1x "
cro Compers fozation (HL) and Acz. INC (Xt
decrement KL and 8C INC LY
cPOR Compars locstion (HL} and Acz. §Y .
decrement HL and BC, repest ING (iY+e)
until BC=0 INCe
cot Comgpare location (HL) and Ace. e
P HL and & 8c D
CPIR Compare locazion {HL) and Acs, -
increment HL, decrement BC
repest untd 8C=0 A
CPL Coimplement Acc. (1°s compl A
DAA Decimal adjust Ace. oy
DECm Decremment operand m : miz
DEC 1X E

Decremant 1X ¥

Cecrement 1Y
Dezremont Reg. pair 53
Disedle interrupts

Decrement B and Jumop
veladve if 80

Ensble intarrupts

Wﬁnlﬁﬁeﬂ(m ond HL
Excimnge the location (SP} and 1X
Exchangs the locstion (5P} and 1Y

Exchange the contents of AF
and AF°

Exchange the contents of DE
ond HL

Exchenge the contants of 8C, DE,"
HL with contents of BC’, DE’, HL*

‘respectively

HALT (wait for interruptor reeed - ...
Sat interrupt mode 0
Set lvtarrupt mode 1
Sat Interrupt tode 2
Losd the Ace. with nput from

- devies »

Load the Reg. r with Input from
davice (C)

tncrement location (HL)
Increment 1X
lmulcadonilxw
Increnwat 1Y

Increment location (1 Y+d)-
Increment Reg. ¢
incroment Rey. peir 3

Loed location (HL) With input ~
from port (C), decrement HL
and 3

Load location (HL) with input
from port (C), decrement HL and st
decrement B, repeat until 8=0-

Load location (HL) with input
from port (C); 20d increment HL
and docrement B =

fdr g
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INIR

JP (HL)
»®{i1X)
v
JPcc, on

;9P an
1

f.ch.c
ia-

!
dPNC, e
JRNZ, o

JRZ,.

‘LD A, (BO)...:

LD A, (DE)
‘AL -
LD A, {nn)
LD A R
LD (BC), A
LD (0€), A
LD (KU, n
LD dd, nn
LD HL; (an)
LD (HL), ¢
bLa
-LDIX, nn
LD IX, {an)
LO (IX+d}, n
LD (IX+d), r
LD1Y,an
LO Y, (na)
LD (iYed), n
LD (1Y+d), ¢

Load location (ML) with inout
from port(C), increnent HL
and decrsment B, repeat unti
8=0

Unconditional Jump to (HL)
Urconditional Jumg to (1X}
Unconditonal Jump to {1Y)

Jump to lccation nn i
condition cc is trus

Unconditional jump to location
an

Jump relative to PCte it carry=1

Uncanditional Jumg relative
to PC+e

Jumpnhu‘v.tol‘cfﬁfatry-o

Jumgp relative to PGte if non
Zero (2=0)

Jumgp reistive to PC+e if zero {Za1)
: Loed Acc. with location 180 i
Load Ace. with location (DE)

" Losd Ace. with |

l.o-dAam'thk;clﬁ:nm
LOMAGS.;\!M!MR j

Load location {8C) with Ace,
Load tocation {DE) with Ace.
Load location {HL) with value n
Load Reg. pair dd with vehse na
LocdHLMmbaﬂon(n;ﬂ
Locdloadoq(HL)ﬁt!\Ru.t
Load § with Acc,

Load IX with value nn

Losd IX with location {nn)
Losd location (1X+d) with vaiue n
Load location (IX+d) with Reg. ¢

- Lo 1Y with value nn

Load 1Y with location {an}
Load location (1Y+d) with value n
Losd location (IY+d) with Reg. ¢

LD {na), A

LD (nn), dd

LD (nnl, HL
LD {na}, I1X
L0 (an), 1Y
LOR,A

LD s, (HU)
LD v, (1X+d}
L0 ¢, (1Y+c)
Dr,a
W, r

LD SP, HL
Lo sp,i1x
Lose,ly
Loo

LOOR

LDIR

NEG

ORs
OTOR

OTIR

ouT(Cl, ¢

OUT {a), A
ouTD

ouTt

Load locatian (nn} with Ace.

Lozd tocation {nn) with Reg. pair dd

Load locatian {nn) with HL
Load location {nn) with 1x
Load lacation (nn) with 1Y
Load R with Acz, )
Lpad Reg. r with location {HL)
Load Reg. ¢ with location (X +d)
Load Reg. r with location {1Y+g)
Loed Reg. r with value n
Load Reg. r with Rag. ¢
Loed $P with HL
Load SP with IX

“Load SP with 1Y

Load location (DE) with locath
(HL), decrement OE, HL snd BC

Load location {DE) with & {
(HL), decrement DE, HL and BC;
- repest until 8C=0

. Laed locatien (DE} with focsti

{HL), increment DE, HL,
decrement BC

Loed location {DE) with locat
{HL), increment DE, HL,

decrement 8C and repeat until
BC=0

Negate Acc. (2's complement)
No operation

Logicat ‘OR’ o operand s and Acc,
Load output port (C) with tocation
(HL) decrement HL and 8, ‘repuat
until 8=0

Load output port {C) with location
(HL), increment ML, decrement B,
fepest until B=0

Load output port (C) with Reg. r

Load output port (n) with Ace.
Load output port (C) with location
(HL), decrement HL and 8

Load output port (€} with locazion
{HL), in HL angd ¢
8

1o
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_POPIX Load IX with top of stack
‘POPIY Load 1Y with top of stack

POP gq Loadﬂoq.w‘coqwhhmpohud(
PUSH 1X Lzad 1X onzo rexck

PUSH 1Y Load 1Y onto smek

PUSH qq Load Reg. pair oq onto stack

RES b, m Resat 8it b of operand m

RET Return from ubrouting

RET e Return from mibroutine i condition

cs is true

RETI Retum from interrupe

RETN Retum from non maskable interrupt
Rim RemlcﬂM@qnWm
RLA Rotate teft Ace. theough ey

RLC (ML) Rotate location (KU left circuter
RLC (X4} Rotate location {1X+¢) left eircuter
RLC (1Y+d) Rotats location (1Y+d} left circuripe
RLCr Rotste Reg. r lett circular
RLC.A Rotate feft circuler Ace,
aLD " . Rotate digit left and right between

Acc. and location (HL)
':~*~T~a »

s

B ‘—“—“"-":* - ’T‘-'-a:
AR m Retata right lm-.\u’h c8rry cperand o,
RRA Fiouu tight Ace, through carry
RACm Rotste cperend m rght cirerlor
RACA Rotate riche sireular Acs,
RROD Rotaee digit riqi{: ard 'a¥t batweoa
Az, snd location (HL}
RSTp Restart to acation p
SECA,s Subtract aperand s from Acz, witn
ey
SECHL, m Subtract Reg. paic s from HL with
carry
§CF 1t carry flag (C=1)
SETB, (ML) SetBith of locatian {HL)
$ET b, {1X+d) Set Bit b of locetion (iX+d) . ~ .
SET b, {IY+d)  Set Bit b of Socatica {iY+d)
SETHr  SeSithofResr
SLtAm —Si:ih cgerind m ieft arithmatic
SRAm Shift operscd m right asithmatic
SALlm . Shift operand m right togicat K
sUBs ) Subrract operand s from Al_:. -
XORs Exchusive ‘OR’ 0nsrand ¢ 898 Ace,
e
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TATION

SOURCE
EXT,
IMPLIED REGISTEY AEG INDIRECT INOEXED 1ADOR | snaseg
1 L3 A 3 < ] [ H 3 L} 18C) | (D€) UX + gHUY » @1] 1) L]
. . 1 0] (] 34 x
A £ [3+] T¢ e g ke d A 7 x 1 n (1Y 1A 7€ b{4 a L]
57 S5F g d d L)
00 FD
8 « «° “ Q£ < “ 45 28 a8 46 o
¢ a 3
[~ L]
< L4 48 8 44 48 ac 40 4€ 4€ L13 ot
o [ -
oo FO
REGISTER | D 2 83 81 82 83 54 8% ] 8 85 "
4 - 4 [
3 0o £
€ S¥ £2 L ] A $3 SC 0 € 1 8e "%
d L) "
3 oo | fo
H (74 .6 [} « « o« [ " L] L] 2
d d »
o0 O
L o & [ « [ 8 (2] (13 113 13 ki3
L) L ”
[OTY] LA ST BN AT AR - K Y (VR »
-
RES
womect | 18 £
o8 ”
00 =2 oo co 0o 0o ©0 35
tixe) il nln2ialalis :
¢ ¢ d d ) ¢ ¢ n
INDEXZO
5] FD FD | fD D FO FO 25
hWy-d} ” 70 71 2 73 % 75 2
3 d d 4 ¢ [ d a
k-1
EXT.ACSR I (mn) -
L]
] ED :
47
[ g 8011 0
R [+
5F
- % * 8BIT LOAD GROUP
:LD: R
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SOURCE
IMM. | EXT. | REG.
REGISTER EXT. § ADODR.] INDIR,
AF 8C OE HL se (34 1Y nn [C] {sP)
AF - FY
01 ED
. 8C " CO I I
-n n
B 11 1 ED
R | pe .n 53 | ;o
E n n
G i 2
:s KL L 21 2a | €1
DESTINATION T W ®
E n n
R e oo | o} 31| 59 .
F9 F3 | n n
b " o n
co | 0D ~
1X 2t 2A 00
n n €t
n n
FO FD
N4 21 2A FD
< a L -1
] n
€D €0 €5 | 0O FO
EXT. | () 43 53 73 22 2
ADOR. n n n [ n
L1 n n n n
PusSH —o|rEG [ 121 | &7 s | D5 | &5 o0 | FO
INSTRUCTIONS IND. . ; E5 €5

NOTE: The Push & Pop Instructions adjust
the SP sfter avery execution

16 BIT LOAD GROUP

ILDO

‘PUSH’ AND ‘POP’

}

POP
INSTRUCTIONS

. IMPLIED ADORESSING
aF lecoeam’| ne | oix Y
aF | o8
8C,
OE
09
mpPLIED] &
pueuient &
DE S€3] -
REG. | (sP) g3 | oo | o
INOIR, . €3 €3
EXCHANGES
‘EX’ AND ‘EXX’

o
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DESTINATION

SOURCE

REG.
INDIR.

{HL)

REG.
IND1R.| {DE}

€D ‘LOI* ~ Load (DE be— {1}
A0 loc HL & DE, Dec 8C

ED ‘LDIR, — Load {CE)~—(HL}
80 Ine HL & DE, Dee BC, Reoeat unsil 8C = 0

ED ‘LDO’ — Load (D€ je— (1)
A8 Dec HL & DE, Oec BC

€0 ‘LDOR’ ~ Load (OEi~—{NHL}
e8 Oec HL & DE, Dec 8¢, Repeatunst 8C= 0

Reg KL Points to source

Reg DE Points to destination

Reg EC is byte counter

BLOCK TRANSFER GROUP

SEARCH
LOCATION
REG.
INDIR.
(HL)
-| ED eer
Al Inc HL, Dec 8C
€0 ‘CPIR’, Inc HL, Dec BC
81 “tepeat until BC = 0 or find match
Eg "CPO’ Dec HL & BC
ED ‘CPDR’ Dec HL & BC
89 Repeat until BC = 0 or find match ~

HL points to location in memory
o be con d with

tants

con
BC is byte counter

BLOCK SEARCH GROUP
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SOURCE

N REG.
REGISTER ADODRESSING INDIR, INDEXED IMMED
A 8 ¢ O |{-¢ H L | HL [axs) | (tyeat| =
op |fo
-ADD" o 8 18 |32 [ & | s |35 |es les |es cs
. d d a
Do FD
ADO wCARRY| 8F ez 8 | 3a | @8 & | 80 lse |ee 8E ce
‘ADC’ -] d n
o0 |Fo
SUSTRACT 97 90 }--91 92 [ ] 4 | 95 )os |gg o6 08
‘SuB’ : ¢ é n
’ DD FD
SUBwCARRY | 9F 9 |- | oA | ¢8 o | 0 |oe e 9E De
‘sac’ . d d A
: 00 |[FD
‘AND” A7 AD | AL L A2 | A3 | M| A5 [ Aas Jas fas E6
d d’ n
. g Do |{fD
XOR’ AF A8 A9 AA A AC AD | AE AL AE EE
. d d L]
o]2] FD
oR’ 87 B0} 81 | B .83 | 8¢ | 65 [BS |BS |eg F6
d d i~
DO {FD
COMPARE BF es | Bo 8A |-B8 | Bc | B0 |ec fBE |ge FE
<P L d d L
oo |#f0
INCREMENT a o0 foc | 14 [.ac 24| 20 {3a |34 34
NG’ : d d
oo |ro
DECREMENT 30 o5 co 15 10 a5 20 I 3 3s
‘DEC’ Y ] d

8 BIT ARJTHMETIC AND LOGIC

Decimal Adjst Ace, TAA'

o4
Complemant Ace, ‘CPL’ 2F .
Negate Ace, 'NEG* €0
s complement), &4
Complement Cairy Fig, °CCF* | 2F
LT Iy
Set Carry Fiog, SCF° ”

GENERAL PURPOSE AF OPERATIONS




1 -8

b

z £a 8n |8
[o]
= 38 8a| 8s
& | 8 | 38|28 | 8%(8x |8 |8
2|8 8s(8u|a |8
y| 8| 2 |82|8=2(8%|8x|=n |=
g
21 2 | 8 |82|es|85|8v|s |2
S B O - I I
H L
4 w
3 18 | |°
v | &,
(X >8 | 1 -
@ cy | 2 3
«< w S
8 13,[2.13
8 m& 4 g
E3|EI|S |2
o) 2T | 8| 2 o
2 3 | 8%
< <n | do
Z
]
f
<
z
=
“
w
Q
e ean e ek R hioe M. Wi s s - E o

18 BIT ARITHMETIC «

o
i
& I
I
y Fl
| R B I IR
1 el
- B i ks B asoar b |
‘ Fd W,;_ _ )
wee | | e e
4 .
” ol -
o S, ; m m, m ' [} R .
] 1 n
| PA S |3 |e s Lo -
s |a ¥
S FERERE “
o
-2
VA B Koy olom Jodl e ' g
: £ 038 a.u*;u.uaa-u*&-a:u-xmmni m“
P 3 3
e e e o e S S g
& ™
2 |es|Bs| 82 {oe s |ns|nncn! e 2
- |88 |gg|8ejce (88|88 i , ;
M x |Ca|on]|B2 |82 |oe |812] 8K .
M « (88 (88|82 182|8n|8=]sn
817 os [03 | 80 | 0% | on |83 | 53 '
v |Bs|Bz|Bz|8218x |82 !8n m
« |88 |88 |32 (3=2]82 |8z |ax
« |35 iB3| B0 En o] 8
N N . . P P N b
ALEERINEREAENERE "
LR
bagsd
B A e i - ® v o e —— .




g ¥ lesosjen.xlen.afon s nu.%u& 28.2/28.2(28.3/28.%|25.8 ma.u_mu.... 28,1/28.3123+2/28.5(28.5108.3/28..5]25.2[28.1]28. 208 2
LR 0 N NV R N SR N N A P A FUN NN M 83.2133.3(88.5{88.285.5(8.2{28. 88.2[38.
9512, |oe |0y |os|ox|0s|0s|ee|ox|ox|0x|on|oz|0t |00z |0z | onlas 02| 83838z 2|82
» |89 698202 84|83 |5 |80 (8082 (08 (8852|0262 03] as| 8] 065] 53] 02]as]8:|se
* |83 )8y|83|a% |83 |0s |82 |82 |8a|0% |02 8% 82|08y |83 6|05 08|82] 88|82 0u|0:]0e
m v |8v|8%|3a|62 |80 62 8r|on |83 (6s|0n 82|82 |07 |8s o2 6088|583 02]0a]0s] 8|82
W © |8v|83|83858c |83 o0 08u|0s|8u 83|62 83003 s0]25|6s] 05| 080]8s]8e]as
m o | 85|87 |85 |83 |65 |88 |6< 5% |85 |02 |8s |08 (82|82 0:|02|065|08|05]08]05]03]0z]0e
» |89[87)|0% 82 08|88 |02|8n 08|08 |82 88|02 87|82 |82 88|08|88|08]52|0z]82]se
< {838y 85|85 (85[8s |8x|0x 0585 |85|0s|83(08%(8:{85|85|8s|s5]08s]8c{ss 8z | B
Sle |- f~ o [v e e |n o lelau o le o e |~ ol o |[o |vw ta e |~
B et ks

-
g i e i amiiemadain —ctnma Sk S aa
. - PR At it o ik e VA Wi s 4 Sacca o - -
o ey e e e s e mamds g e me

BIT MANIPULATION GROUP
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CONDITION

UN- NON NON {PARITY P,
COND. (‘.ARRY_ CARRY| 2EROC | ZERO EOEL 0:7?;" -szGON §‘OGSN :Eg
. . €3 | pa 02 | ca | c2 | ea | &2 F F2
JUMP 9P IMMED, na n n n n n [ ] nA [
EXT. a n n n n L) n n n
Jume 4R RELATIVE| PC+s | 18 38 30 28 [ 20
- «2 -2 *2 2 *2
Jump  ypr MU | B9
Jume  gp’ REG. ux) | po
INDIR. ° E9
Jume g uy) | fFo
=]
Cs | £C .| €4 | pc | -Fa:r
‘CALL’ IMMED. | nn ST LR EFSE DA Beaey
EXT, Rkt L I A BT n
DECREMENT 8,
JUMP IF NON | RELATIVE | PC+e 10
ZERO DINZ’ : "2
RETURN REGISTER | (sP) |- o e 0
‘RET” INDIR., (sP+1) b
RETURN FROM | REG. | tse)
INT’RETI” .| INDIR. (sPe1) £ iy
RETURN FROM E
NONMAskasLe|NEQ.  fis8) C | €D otoh
INT/RETN' | INDIR 0] 4 ) N I
* NOTE~CERTAIN :
FLAGS HAVE MORE R
THAN ONE PURPOSE.
REFER TO SECTION
6.0 FOR DETAILS . JUMP, CALL and RETURN GROUP
A
< RST 16"
L
L
A “RST 24° .
o
o
B &l ‘rstaz
g : ey
“RST 40°
0030, :‘Béq ‘RST 48’
IS
o038, ~FF ‘RST 56"

i RESTART GROUP
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INPUT
DESTINATION

PORT ADDRESS

IlMME D,

REG.
INDIR,

(n}

)

D8

ED
78

ED
40

INPUT “IN*

EO
48

€D
50

£0
58

OZ=VWrmDOO>» Omx

¥

ED
60

ED
>}

‘INI® ~ INPUT & T
Inc HL, Dec B

‘INIR’=INP, Inc ML,
Dec B, REPEAT IF 840
ec ReG, | o

INOIR
‘IND’~INPUT &
Dec HL, Dec B

‘INDR’~INPUT, Dec HL,
Dec B, REPEAT IF B30

€D
A2

ED
82

ED
AA

ED

BLOCK INPUT
f COMMANOS

BA' )

INPUT GROUP

1-11
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SOURCE
REG.
* REGISTER IND.
) A 8 c 3} E H L (HL)
IMMED| (n}) 03
ouT :
REG. | (¢} €D ED €D €0 ED ED €D
IND. 79 41 49 51 59 81 [
‘OUTI — QUTPUT REG. | (C) €D
inc HL, Decd IND. A3
‘OTIR® — OUTPUT, Inc HL, REG. | (O €0
Dec 8, REPEAT IF B0 IND, B3
‘OUTD’ — OUTPUT REG. | (c} €D
DecHL& B IND, AB
‘OTOR’ — OUTPUT, Dec HL | REG. | (0} ED
& B, REPEAT IF 80 IND, 88
N
PORT
DESTINATION
ADDRESS
OUTPUT GROUP
‘NOP* 00
HALT 76
DISABLEINT (DI}’ | F3
ENABLEINT(El)' | FB
-2
SETINT
€ '|Mgﬂ,° DEo Eg 8080A MODE
NT MODE
ST '..M,' 1 53 CALL TO LOCATION 0038y,
SET INT MODE 2 &0 INDIRECT CALL USING REGISTER
w2 33 1AND 8 BITS FROM INTERRUPTING
DEVICE AS A POINTER, °

MISCELLANEQUS CPU CONTROL
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Z80 INSTRUCTION CODES

ANOD

(The literal dis shown as 05 in the object code.)
(o1:1] SOURCE ceJ SOURCE
CODE : STATEMENT Co0E STATEMENT

8&- ADC  A[HL) €620 AND n
DD8E0S ADC A (1X+d) c84s BIT 0,{HL)
FDBEQS ADC A{lY+d) DOCB0S46 8IT 0,(1X+d}
8F ADC  AA FOCBOS46 - BIT 0,(1Y+d)
g8 ADC  ASB c847. BIT 0.A

89 ADC  AC C840 8IT 0.8

gA ADC  AD CB41 8BIT  oc

88 ADC  AE CB42 81T 0.0

8c ADC  AH cB43 8IT 0.€

80 ADC AL CB44 81T 0.H
CE20 ADC An c845 8IT o.L
ED4A ADC HL,B8C CB4E : 8IT 1.{HL)
EDSA ADC  HL,DE DOCBOS4E  BIT 1,{1X+d)
EDSA ADC HLHL FDCBOS4E 8IT 1,41Y+d)
ED7A ADC HLSP CB4F 8IT 1.A

-] ADD  A,((HL) c843 BIT 1.8

008605 ADD  A(IX+d) C849 ar 1.C
FDE60S ADD  A(iY+d) CB4A 8IT 1.0 :
87 ADDO  AA CB48 8T 1,€

80 ADD AB cB4C 8IT 1.H

) G ADD AC c840 81T 1L

82 ADD AD c8ss 8IT 2,(HL)
& ADD A€ DOCBOSSS  BIT 2(1X+d) -
84 ADD  AH FDCB0558 BIT 21y +)
8s ADD AL css? 8IT 2.A
C520 ADO An €850 8T 2.8

09 ADD  HLSC cBSs1 8IT 2.c

19 ADD  HLDE c8s2 BT 2D

29 ADD  HLHL c8s3 8IT 2,

a9 ADD  HLSP cas4 BT 2,H
D009 ADD  IX,8C cBss 8IT 2L
0019 ADD 1X,0€ C8SE ) 8T 3.(HL}
0029 ADD 1,1 © DDCBOSSE 8IT 3,(1Xed)
D039 ADD 1X.5P FDCBOSSE 8IT 3,{1Y+d)
FDO3 ADD  IvsC CesF T  3A
FO19 ADD  IY,DE cass 8T 38
FD29 ADD  HYQY €859 BT  3C
FD39 ADD  IYsP Cas5A 8T 30
AS AND  (HU css8 8IT  3.E
DDAS0S AND  {IXéd! €85C 8IT 3H
FDAG0S AND.  ({IY+d) c8so 8T 3.t

A7 AND A cees BIT 4,(HL)
A0 ~AND B DOCBOSE6  BIT 4,{1X+d)
Al AND c FOC80566 8IT 4,(1Y+d)
A2 AND D cas7 8IT 4.A

A3 AND € Ccg6d 8IT 48

A4 . AND H [o-4 ] 8IT 4C

AS L €862 BIT 4,0

@a-13
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o8y SOURCE oed SOURCE
CODE STATEMENT coos STATEMENT
cBS3 8IT 4E " EDB!Y CPIR
cees BIT 4H EDA1 cet
cass 8T 4L F cPL
CB6E 8IT 5,{HL) 27 DAA
DDCR055E 8IT 5IX+d) 35 DEC (HL)
FDCBOSGE  8IT 5,(1¥+d) - DD3SCS. OEC  (IX+d)
CBEF BT SA F03505 DEC (1Y+d)
csss BIT 5.8 30 DEC A
cBss9 BIT  SC 0s cec 8
cs5A BIT 5D o8 DEC  BC
c868 BIT  SE 0o bec ¢
casc BIT  SH 15 OEC D
ca60 8BIT 5L ',Bo gg‘é 25
c876 8IT 6.(HL) 28 DEC iy
DOCeOS7S 8IT 6.1X+d) 22 oee HL
FDCEO0S576 BIT 6.(1Y+&) 3
c877 8IT 6.A 0028 DEC IX
cs70 BIT 68 Fozs OEC ¥
ca7 8T 6.C 20 DECAN
y 38 DEC sP
c872 8IT 6.0 7 o1
€873 817 6.8 102E ODINZ ¢
cB874 81T 6.H F8 £l .
€875 BIT 6.L €3 EX {SPIHL
CB7E BIT 7.(HU DOE3 €X (591X
: DDCBOS7E  BIT 71X+ FOE3 EX (SPLIY
_ FDCBOS7E 8IT 7.05Y+d) c8 3 AFAF
C87F 8IT 7.A €8 EX DEHL
c878 BIT 78 09 EXX
€879 8IT 7.c 76 HALT
CB7A BIT 7.0 ED46 M 0
c878 8IT 7.6 EDS6 ™M 1
c87¢ 8IT A EDSE M 2
€870. BIT 7L €078 IN AlC}
DC2405 CALL C.on ED4O IN 8.10
FC8405 CALL Man ED48 N c.ic)
048405 CALL NCra EDSO N 0.(C}
CA8405 CALL NZ.m EDS8 IN T B0
F4840S CALL P.n ED6O IN HAC)
ECB3405 CALL PEan ED63 IN L.
E48405 CALL - PO.an 34 INC (HL)
€C8405 CALL  Zan 003408 INC {1X+d)
€D84C5 CALL nn FD3405 INC {HY+d)
3F CCF 3c INC A
BE. cP {HL} 04 INC 8
DOBECS cP (1X+d) 03 INC ac
FDBEOS c? {1Y+d) oc INC c
BF cp A 14 INC (o]
es . (] B8 13 INC o€
39 cp c 1c INC E
A ce o 24 INC H
18 c? £ 23 INC HL
C cP H 0023 ~. INC tX
o) cr L FD23 INC 4
E20 cpP n 2¢ INC L
JA9 CPD 33 INC sP
)89 CPOR 0820 IN A.ln)

f1-14
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08J SQURCE iy cBJ SOURCE

CoDE STATEMENT i coog STATEMENT
EDAA IND " DD7£05 LD Al1Xed)
Egﬁ; :3?’* FO7EDS LD AlY+d)

JAB4AGS Lo Alnn}
€082 INIR 3¢ Lo AR
c384Cs » . ‘D AB
E9 » 79 LD AC
‘F’DDS: 'J’: 7A L0 AD
DAB40S w» 78 Lo A€
7c Lo AMH

FAB40S ol £D57 Lo Al
028405 P 70 Lo AL
C28405 Je 2820 Lo Arn
F23405 » EDSF LO - AR
EAB405 P 48 LD 8.(HL)
€28405 e 004605 LD 8,(1X+d}
CA8405 Jp FD46C5 Lo B.(1Y+d)
382¢ JR a7 Lo B.A
302€ JR 40 LD 8.8
202€ JR 41 Lo 8.C
282€ JR 42 LD . 80
182€ JR 43 L0 B.E
02 L0 44 Lo 8.H
12 . Lo 45 Lo 8.L
77 Lo 0620 10 8,0
70 Lo £0488405 Lo 8C.lnn)
71 L0 018408 Lo 8C.nn
72 Lo 4E \ Lo C.(ML}
73 LD CO4EQS Lo CliXed}
74 LD - FO4ECS Lo CliYed)
78 LD 4F LD CA
3620 Lo 48 Lo cs
007705 Lo A 49 ‘LB cc
007005 Lo {1X+d1,8 = . 4A LD c.0
DD7105 Lo (iX+d) Cin. - Lo C.£
007205 L0 (1X+1,0 -. 4C Lo CH
DD73CS Lo (IX+d)E 40 Lo cL
007405 Lo (IX+d) M - GE20 Lo Ca
007505 Lo (1Xedh L €8 | LD 7~ 0.IML)
DD360520 Lo (1X+d) " DCS6d5 Lo D,1Xeg)
FO7705 LD 1Y+ AL FDS835 L0 0,11v+d)
FD7005 JLp:  livea s> ? Lo D,A
FD7105 10 {iysdigs G Lo 0.8
FD7205 Lo (1Y+d) D 3 Lo [+ X
FD7305 Lo 52 LD 0.0
FD74CS Lo s Lo D.E
FO75CS L0 54 Lo O.H
FD360520 Lo s5 LD DL
328408 LD 1520 L D.n
"ED438405 LD ECSERLCS LD DE.(nn)
EDS38405 LD 118405 L0 . CE.nn
223405 LD 5 - Lo - EgNLY
D0228405 Lo nosees Lo E (1X+g)
FD22840S LD FOSEDS Lo EALYed)
ED738405 LD eF LC EA
0A LD g2 Lo ze
1A Lo 8¢ LG 2.0
7€ Lo AiHLLEE €a LD 20

oreay

5e

7



e oy S . ——

e e we v v yr———— ——

o vy e Trw X =P P T SR e

- e y—

o —

b R

cBJS SOURCE 08J. SOURCE
COUE ‘STATEMENT .COODE STATEMENT
58 LD E.E gDes3 OTIR
5C Lo EH ED73 ouT  (C1A
50 Lo EL EDA41 ouT (1.8
1520 LD En €D49 out e -
63 Lo H,IHL) €051 ouUT  (C1.D
006505 LD H.(1X+d) €059 ouT  (CLE

£D LD H.{1Y+d) ED61 oUT (CLH

67 L0 H.A ED63 ouT  (CLL

69 LD HB 0320 OUT  (alA

61 Lo H.C EDAB ouTo .
62 LD H.D EDA3 ouTI

63 Lo H.E F1 poP AF

&4 Lo HH c1 POP  BC

2620 Lo H.n £1 POP HL
2A840§ LD HL,(B'\’ ODEs POP IX
213405 Lo HLan FOE1 -poP v

€047 Lo LA €5 PUSH  AF
DO2AB40S LD 1X,{nn) cs PUSH 8C
00218405 LD 1X.nn 05 PUSH OE
FD2A84CS Lo 1Y, (on) €5 PUSH  HL
FD218405 LD 1Ym0 DODES PUSH X

6E LD LML) FDES pUSH 1Y
DO6EDS LoD L (1X+d) cass RES 0,{HU)
FDBEDS LD LitY+d) 0DCBOS8S  RES 0,(1X+d) -
67 LD LA FDCACSEs RES 0.(1Yed)
68 LD L8 cBes? RES 0.A

69 s} t.c €830 RES 08 -
“6A Lo L0 €881 RES 0.c

€8 Lo L.E ces2 RES 0.0 -

6C Lo LH 'c883 RES 0E -~ -
€0 Lo Lt~ cag4 AES OH

2820 LD L cBss RES  OL
ED4F D RA C88€ RES  1,(HL)
ED783405 Lo SP,(nn} DCCBCS3E . RES 1.(1X+d} -
F9 Lo SP.HL FOCBOS3E  RES 1{1Yed)
DODF9 Lo SP,IX CB8F RES A -
FOF9 Lo se 1y cess RES 1.8
318405 Lo $?.nn cs89 RES 1.0
‘EDAB LoD c88A RES 1,0
:gi% tg?"‘ cs8s RES  TE

; c8sc RES 1H .

oL cuo o L

0o NOP cBs6 RES 2.HL
DO86GS OR  (IXsa) FDCBOSSS  RES  21Yed)
FDB60E OR  UiYsdl ceg? RES 24

87 ‘CR A c8g0 RES 28

80 oRrR 8 cast RES 2.c

31 OR c c892 RES 2D

83 o] € cas4 RES 2.H

” oR H c8ss RES 2L

es oR L cage RES 3.(HL
F§20 oR o DOCBOSSE  RES 311X+
€088 OTOR FOCBCS9E  RES 317+

fi-16
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o8y SOURCE o8J SOURCE
CODE STATEMENT ) cooe STATEMENT
CB9F RES 34 €040 RETI
cB98 RES 38 ED4S RETN
€899 RES ic cB16 RL (HU
C89A RES 3,0 DDCBOS1E  RL {1X+d)
cB898 RES 3.E FDCBO516 AL 1Y+
cssc R=s aH c817 AL A
c8ID RES 3L ¢810 RL - B
CBAG RES 4,HL) cs11 RL c
DDC80SA6  RES 4,(1X+d) c812 RL )
FDCBOSAS  RES a{1Y+d) cB13 RL 3
CBA7 RZS 4A ca14 AL H
C8A0 RES 48 c81s AL L
CBAS RES ac 17 RLA
CBA2 RES 4,0 c8c6 ALC (HL)
08A3 RES 4€ 0OCB0OSC6  RLC {(1X+d)
CBAS RES aH FDCBOS06 RLC (1Y +d}
CBAS RES 4L ceoz? RLG A
CBAE RES S.{HL) c800 ALC 8
ODCBOSAE  RSS 5,(1X+d) c8o1 RLC ¢
FOCBOSAE  RES S.(1Y+d} €802 ALC o
CBAF RE 5.A €803 RLC €
CBAS RES 5.8 ca04 RLC ~ H
CBAS RES s.C c80s ALC L
C8AA RES 5.0 07 RLCA
CBAB RES S.E ED6F RLD
CBAC RES 5.H CB81E RR {HL)
CBAD RE s.L OOCBOSIE RR {1X+d}
c88s6 RES 6,IHL) FDCBOS1E RR (1Y+d)
0DC80SB6  RES 6.11X+d) C81F AR A
FDCBOS86 RES 6,(1Y+d) ce18 AR 8
ces? RES 6A - cexd b lo L
€880 RES 6.8 c81A RR o
ces1 RES  6.C cs18 RR E
c882 RES 6.0 cs1c RR H
ca83 RES  6.E fg"’ 2:;‘ L
g::‘; :Z: :": CBOE RAC  (HL)
d DOCBOSOE RRC  (1X+d)
cB88E RES 7.4HL) Foc0s08 R 40
DDCBOSBE  RES 741X +d) P e e A
£DCBOSBE  RES 7.01Y+d) €803 RR¢ 8
c8se < RES IA 2600 Bre ¢
cB88, RES 7.8 : GTOR RRe D
c88g RES 1.C. 308 RRe  E
. CBBA RES 7.0 caoe RRC
c8ss RES 7.E 800 ARG L
C88C RES 7.H Of RACA N
c88D RES 7L ED67 RAD ,
9 ‘RET c7 "RST  QOH
D8 RET ¢ cF RST 08H
F8 RET M o7 RST-  10M
0o RET NC - DF asT 184
co RET NZ E7 RST 204
Fo RET P EF AST 28H
€8 RET  PE £7 RST  30H
0 RET ™ PO FF .+ RST  38M
s RET 2 DE20 s8C An
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o8y SOURCE oBd _ SOURCE
copEe STATEMENT coope STATEMENT
9€ sec AHL} OOCBOSES  SET 4 (iX+d)
00SE05 sac AlIX+d) "FOCBOSES  SET 4,(1Y+d)
* FDYEDS . sac AY+d) csey SET 4.A
9F s8C AA CBED SET 48 -
58 sac AB o33 SET 4.c
99 sac AC CBE2 SET 4D
9A $3C AD caes SET 4E
98 sac AE cae4 SET 4H
9C SBC AH caes SET 4L
90 sac AL CBEE SET 5.(HL)
£042 sac HL BC DDCBCSEE  SET 5,.(1X+d)
€052 $8C HL,08 FOCBOSEE  SET 5.(1Y+d}
ED62 $8C HLHL CSEF SET S.A |
€072 sac HL,SP CBES SET 5.8
3?7 SCF C8€E9 SET 5.C
CBCS SET 0.{HL) CSEA SET 5.0
DDCaCsCs SET 0,{1X+d) CBES SET 5.
FDCBO5CS SET 0,{1Y+d) CBEC SET 5,
csc? SET 0.A CBED SET s.L
csco SET 0.8 CBF§ SET 6.1HL)
csct SET . 0C DOCBE5F5  SET 6,(1%+d)
csc2 SET 00 FOCBCS5F5  SET 8.{1Y+d)
C8C3 SET 0.E C3F7 " SET 6.A
cac4 SET OH C8FO SET 6.8
C8CS SET o.L casel SET 8.C
CBCE SET 1,(HL) CBF2. . SET 6.0
DOCBOSCE.  SET™. . -A{iX+d) “ca¥s SET  6.E
FOCBOSCE  SET 1.(1Y+d) ot L Y
CBCF SET 1A CBFS SET 6.L
cscs SET 18 C8FE SET MU
cscs SET ¢ DOCSOSFE  SET  7.{1X+d)
csca SET 1.0 FDCBO5FE  SET 7.01Y+q)
cacs SET 1.E C3FF SET  7A
cscc SET 1H CBF8 SET 7.8
C8CD SET 1.L CB87F9 SET 7.C
(o107 SET 2.{HL) CBFA SET 7.0
0OCBOSD6  SET 21X+d) csr3 SET 7.E
FOCB05D6  SET 2(1Y+¢) c3Fe SET 7.H
c8o? SET 2A C8FD SET 7L
c800 SET 2.8 cg2s SLA {HL)
€BD1 SET 2C 0DCBOS26  SLA {1X+d)
Cc802 SET 2,0 FDCBO526 SLA {1Y+d)
c8D3 SET 2,€ c827 SLA A
c8D4 SET 2H c820 SLA 8 -
c805 SET 2.L c821 SLA c
€308 SET 3.3 ca22 SLA (o]
CBDE SET 3HL) cs23 SLA 3
DDCBOSOE  SET 3,(1X+d) c324 “SLA H
FOCBQSDE SET 3.(1Y+d) c825 SLA L.
C8DF SET 3A c82¢ SRA (HL}
€809 SET 3c DDCBOS2E  SRA (I1X+d)
C8DA  *  SET 3.0 FDCBOS2E SRA (1Y+d)
csos SET 3.E ca2f SRA A
.CBOC SET 3H cazs SRA 8
.éso0. SEY I 3 I £829 SRA. c
CBES SET 4,(HL) C82A SRA (o}

w-18
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ceJ SOURCE
coDE STATEMENT
cs22 SRA €
cs2 SRA H
csz0 SRA L
ceaz SAL (HL)
O0CROS3E SRL {1X+d)
FDC8053E SAL (1Y +d)
C83F SRL A
ca238 SRL 8
c839 SRL c .
ce3a SRL D
csz28 SRL E
cs2c SAL H
c830 SRL L
96 sus tHL}
DCS605 sus (1X+d)
FDSE0S sus {1Y+d)
97 sus A
90 sus 8
91 sus ‘C
92 sus [»]
.93 sus €
94 sus H
95 sUB - L -
0620 sus n
AE XOR  {(HUL)
DDAEGS XOR {1X+d)
FOAEOS XOR  ({1Y+d)
AF X0R ., A
A8 X0R 8
AS XOR ¢
AA X0R D
A8 XOR 13
AC XOR H
AD XOR L
EE20 a -
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Instruction CiZ ﬁ/ SINIB [ Comments

ADD A, 5. ADC A 5 $sivisiof: 8-bit add or add with catry

SUBs:SBC A,s,CPs, NEG evitiils 8-bit subtract, subtract with carry, compare and

| negate accumulator

AND s 0j¢IP|%lo]1 Logical operations )

ORs; XOR's 0[¢IP[210]0 [ Andsers different flags 1. )

INCs *(3[vit1oft | 8bitincrement :

DECm o tivisii|s 8-bit decrement

ADD DD, ss ${ele]e 0|X 16-bit add

ADC HL, 25 HEIVII0[X | 16.bit add withcanry

SBC HL, s FEIVIEIIX [ 16bit subtract with carry

RLA; RLCA, RRA, RRCA $[(ele(ef0[0 [ Rotate accumulator -

RL m: RLC m; RR m; RRC m $¢/P1t]010 | Rotate and shift location's &

SLA m; SRAm;SRL m \ . X

RLD, RRD e tiP{tlojo - Rotate digit left and right

DAA $13|P[¢]els | Decimal adjust accumulator

CPL ®(®l®f®|111 | Complement accumulator”

SCF l{ejelefo|0 Set carry :

CCF $lejejejolx Complement camy L] ==

INz,(C) ®(${P1210]0 | Input registerindirect »° i

INL; IND; OUTI; OUTD olt]Xix[1]x }Blockinput amdoutput . -

INIR; INDR; OTIR; OTDR e HXIXj1fx ZBOI{B*Oo(hetwiseZ-,l

LDI,LDD ¢1X[%1X1010 1] Block transfer Instructions ™ n

LDIR, LDDR - eiXioixjofo PN-IIfBCﬁO.oduM;ePN-O

CPI, CPIR, CPD, CPDR | $131X1 11X | Block search instructions e
Z-llfA-(HL).odxerwiseZ-'O
P/V-lifBC'#O,othenwisePlV-O

LDA,LLDA,R ®$IFF${0]0 | The content of the interrupt enable flip-flop (IFF)
is copied into the P/V flag -

BITb,s of¢|XIXi0l1 The state of bit bof locatig?n is copied into the Z flag

NEG $itivisial g 5

The following notation is used in this table:

Negate accumulator

Symbol Operation .
[+ Carryflink flag. Cef if the operation produced a carty from the MSB of the operand or result.

4 220 flag. Z=1 if the result of the operation is zero. . 3

s Simﬁs;.S-HfﬂstBormemuthom. e

BV it

Pasity or overflow flag. Parity (P) and overfiow (V) share the same Oeg. Logical operations affect this flsg
with the parity of the result while adthmedc Openations affect this

flzg with the overfiow of the result, If /v

holds pagty, F/V=1 if the result of e operation is even, P/V=0 if result is odd, If P/V holds overflow, PfVs]
if the result of the operation produced an overflow. > S

H Half-<carry flag. Hey it the 2dd or subtract operation Pproduced s carry into or bo:rov‘l'mm into bit 4 of the accumulator,
N AddISul':tnct fag. N=1 if the previous cperation wis & subtract. e

qudNammussdin junct

(DAA) topmpuly ootrect the re-~

5 with ust in
sult into packed BCD format following 2ddition of subtraction using operands with packed BCD format.

Any one of the CPU registers A, B,C, D, E, H, L,
Any 2-bit location for all the addressing

B EHRER"N W~ Os e

affected according to the overflow result of the operation.
P/V flag affected accordirig to the parity result of the operation,

28 modes allowed for the particular instruction.

Any 8-bit location for al the addressing modes allowed for the particular instruction, o A

+
F‘

Any 16-bit location for all the modes allcwed for that instruction, ?:

Any one of the two index registers IX or IY, %
Refrech countez, . 2 <
&bit value in range - <P, 255> ;g -
16-bit value in range <0, 65535> ;
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10 — Internal CPU Cparation
MR -~ Memory Read . ODL — Operand Data Read of Low Byte
MBRH -~ Memory Read of High Byte PR — Port Read
MRL - Memory Read of Low Byts PW — PortWrite
MW  — Memory Write SRH - Stack Read of High Byte
MWH — Memory V/rite of High Byte SRL -~ Stack Read of Low Byte
MWL — Memory Write of Low Byte SWH — Stack Write of High Byte
OCF — Op Code Fetch SWL — Stack Write of Low Byte
ODH — Operand Data Read of High Byte () — Numberof T-States in that Machine Cycle
.Z80 INSTRUCTION BREAKDCWN BY MACHINE CODE .
MACHINE CYCLE
INSTRUCTION R ]
TYPE BYTES M1 M2 M3 M4 M5
Lor,s 1 OCF {4)
LD, n 2 OCF (4) 00 (3)
LD, (HL} 1 OCF (4) MF. (3)
LD (HL), ¢ OCF (4) MW (3)
LD, (1X+d} 3 OCF (4)/OCF {4) 00 (3} 10 {5} MR {3)
LD (1X4d), ¢ OCF (4)/OCF (4) 00 {3) 10 (5) MW (3)
Lo (HLL n 2 OCF {4) 00 (3} MW {3} . v
8C
LD A, (DE} T 1 OCF ({4) MR (3}
0 (%%, OCE (4) MW (3)
Lo Einn) 3 OCF [4) OoDL (3) ODH (3) MR {3}
LD{nn) A OCF (4) ODL (3) ODH (3) MW {3)
wal 2 | ocFumocks)
L]
LDR' A
LD dd, nn 3 OCF (&) 0DL (3) O0H (3)
LD X, nn 4 OCF (4)/OCF (4) oDL (3) ODH {3}
LD HL, (nn) 3 OCF (4) O0L (3) ODH (3) MRLU (3) T MAH (3)
LD {nn}, HL OCF {4) ooL (3) ODH (3) MWL (3) MWH (3)
LD &d, {nn} 4 OCF (4)/OCF (4) OoDL (3) OODH (3) MRL {3} MARH {3)
LD (nn), dd OCF (4)/OCF {4) OoDL (3) OOH (3) MWL (3} MWH (3}
LD X, {nn} OCF {4)/CCF (4) oDL {3) . ODH (3) MRAL {3} MAH (3}
LD (nn), 1X OCF (4)/CCF (4) oDL (3) OCH {3} MWL (3) MwH (3}
LD SP, HL 1 OCF (6}
LD sP, IX 2 OCF (6)/OCF (3}
PUSH qq 1 OCF (5) SWH(3) | SWL(3)
, sP-1 SP-1 N
PUSH IX 2 OCF (4)}/OCF (5} SWH (3) SWL {3)
sP-1 se-1 o
POP qq. 1 OCF {4) SRH {3) SRL (3)
§P+1 SP+1 .
POP IX 2 OCF (4)/OCF {4} SRH (3} SRL (3}
SP+1 L sPH
EX DE, HL 1 | ocra
EX AF, AF’ 1 OCF (4]
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MACHINE CYCLE

INSTRUCTION BYTES | M1 M2 M3 T s
TYPE .
EXX 1 OCF (4)
EX (SP), HL 1 OCF (4} .SRL{3) ayy | SPHE SWH (3) SWL (5)
. il L SP1 L o>
EX (SP), 1X 2 OCF (4/OCF {4) | SRL(3) SRH {3 SWH (3) SWL (5)
Lo 2141,
L1 2 OCF (4)/OCF (4} | MR (3} MW (5)
L0D
cel
cpo
LOIR 2 OCF (4)/OCF (4 | MR (3 MW (5) 10 (51° _
_ LDOR
CPIR ®oaly it.8C 40
CPOR
ALUA ¢ 1 OCF {8}
ADO ADC
SUB 58C
AND OR
- XORCP \
_ALUAn 2 OCF (4} 00 (%)
" ALUA, (HU 1 OCF {4) MR (3)
ALU A, {iX+d) 3 ocF (iocF (@) | oo 10 (5) MR (3)
OEC
INCt 1 OCF {4)
DEC
INC (HL) T OCF (4) MR (4) MW (3)
o€ec .
INC (1X+D) 2 OCF (4)1/0¢F (6) | 0D () 10 (5) MR (4} MW (3)
DAA 1 OCF (4)
cPL
CCF
SCE
NOP
HALT
ot
€1
NEG 2 |} OCF(4)/OCF (4)
IMO
M1
M2
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. MACHINE CYCLE

INSTRUCTION
TYPE

BYTES

M1

M2

‘M3

-

ADD HL, ss

ADCHL, 83
SBCHL, s
ADD 1X, pp

INCss
DEC &

DEC X
INC IX

RLCA
RLA
RRCA
RRA

SRL

RLC (HL)
RL

- RRC

RR

StA
SRA
SRL

RLC (iX+d)
RL

RRC

RR

SLA

SRA

SRL

RLD
RRD

8ITb, r
SET
RES

OCF (4)

OCF (4)/OCF (4)

OCF (6)

OCF (4)/OCF (€)

OCF (4)

OCF (4)/OCF (4)

OCF (4)/OCF {4)

OCF (4)/OCF (4}

OCF {4]/0CF {4)

OCF (4)/OCF (4}

10 (4}

{0 (4)

MR (4)

0D ()

MR{3

10 (3)

10 (3}

MW (3)

10 (5}

10 (4)

i n

LR, e e el s

MR {4)
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Absoiute Maximum Ratings :

Temperscure Undar Blas Seecified operating range. “Comeaent

Tanpecaiun 45°C to +130°C -
;Mo:"::ym P ASH Sm-u.»wlbgc::nw Absglste
,..u,g:.cm 15w Gamags 10 the devior. This is ¢ stress rtmg

extonded peniods may affect device rellabilicy,

Nosw: For Z00CT ol AC aad DC charscosoneries romaia 26
-fu.-*ymmwl‘.

I ® X mA

Z80-CPU D.C. Characteristics Cagagtance
Tp 20°C 10 70°C. V.. @5V 2 5% uslem otherwoe spacitied TA-ISC:(,;: o d to ground
Sywbel | Prsmeter T | %a [ Trp | Mex | Gakt | Tot Contiiog Srebel | Parameor sex. | Uak
Viie | Clok tapu Lurw Voltage <3 s | v el oain s |w
Vine | Chock tnput High Veltuge Ver3| ¥ A Tl G | temConnen [ s [ e
Vi et |... Voliagr. as v n Cour | OumtCopsatance [ 10 | p#
Vin Input High Voltage f 1 Ve | ¥
VOL Qutput Low Veltage , -2} v lu-lm y
Vou | Output High Veltage N ED V | oo -250A Z80-CPU
e | Foversoomr oo - 1 A Ordering Information
u tput Liakoge Curront 10 [ ua | vyonv, - ::‘:‘ o
Ton | THState Oupet Levkage Currenta Font 10 | sA | Vogrranv, el M-l LAY
oox ‘_M%.wcq-m T I oy l—lllmx'pﬂ-“‘bl!fc
o | Deta Bus Leskage Current ln taput Mude 20 fma | acvyyav,
- " Capacitance
Z8)A-CPU D.C. Characteristics . -
TA“O'CITOCY 23V 2 57 sobow wiberarme gotfied o T*'uclr':n: Mz, 410 ground
Symbel | Prameser . ; Mo | Typ [ Mes | Usit| TewtCondicion “{ Symbet | Porameter x| Unis
Viee | Ot tuput Luvw Vidtage ~{ a1 s | v s Ct Compame | 35 | pF
Ve | O Lapu Hhgh Vdtage Ve -4 Yat3| V- S | MemCranme |5 | pe
Vie | Inewt L Viduage R o |V Cotr | OwepeiCopmamns | 10 | 2%
[ Tt Lingh Voltage 20 v l.w
Yot Output Liws Vuitage 4. L2 ‘v oy 3mA .
Vour | Outpun tigh Vdiage = v | ez Z80A-CPU .
x| P Surtly Coreent Gl Ml Mol e Ordering Information
N input Leakage Cerrent - 10 | 2A Vinto v, € = Corsmic
hoit To-Stare Outpet Leakpe Curreme m Flems | o 10 | #A | Voupetdwy ;:mﬁmﬂ'-m
oL Te-State Outpur Lazkage Cstrent m Flust <10 | mA | Voure04v .
Wy | vt Bun Leokage Currom on logus se | - © 20 | ua | ocvyav,
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'MACHINE CYCLE
NSTRUCTION BYTES | Mt M2 M3 M4 ™S
TY?E
ITb, (HL) 2 OCF (4J/OCF (4) | MR (%)
T b, (HL) 2 OCF (4)/OCF (4) | MR (4} MW {3)
39
T b, (1X+d) 4 OCF (4)/OCF (8){ CO (} 10 (51 MR (4)
Tb, {1X+d) 4 OCF (4)/OCF (4} | ©O{3) 10 (5) MR (4) COMW(3)
iS
nn 3 OCF (4) 00L (3) -ODH (3}
cc, nn
¢ 2 OCF (4) Q0 (3) 10 (5)
Se 2 OCF (4) 00 (3} 10 (5)°
c NG, e * If condition is met
’,e
iZ, e
HL) 1 OCF (4) 1
X) 2 OCF {4)/OCF (&)
Le 2 OCF (5) 00 (3) 10 (5)°
*itefo
Lon 3 OCF (4) ooL (3) OOH (4) SWH (3}- SWL (3) -
,Ce, nn §P-1 §P-1 -
¢ true {
¢c, nn 3 OCF (4) oDL (3) OOH (3)
cc faise
1 OCF (%) -l s’RL(3) - SRH {3) )
N $P+1 :
1 OCF (5) SAL (3)° SRH (3)° )
*ifccis true
SPe1 - -
2 OCF (4)/OCF (4} | SRL(3) SRH (3) R
. SP+1 N
1 OCF (5) SWH (3) SWL (3)
$P-1 L g

25
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MACHINE CYCLE

INSTRUCTION BYTES | M1 M2 M3 *@- <1 s
TYPE P
INA, (n) 2 OCF (4) 00 (3) PR (4)
INC, (c) 2 OCF (4)/0CF (4} | PR{4)
INI 2 OCF (4)/OCF (5] | PR (4) MW (3)
IND .
INIR 2 OCF (4)/0CF (5) | PR (4) MW (3} 10 (5} E
INDR .
OuT (n}), A 2 OCF (4) 00 (3) PW (4) -
ouT (C), r 2 OCF (4)/OCF (4) | pw(4) :
ouTi 2 OCF (41/OCF (5) | MR (3) PW (4) A
ouUTD i
OTIR 2 OCF (4)/OCF {5} | MR (3) PW (4) 10 (5)
OTOR
INTERRUPTS
NML S OCF(5)° | SWH (3) SWL (3)
sP.1 SP-1 u
L ol .,},
INT I 13-
MODE 0 - INTA {6) o0L (3) OOH (4) SWHE) | i swL(a
{CALL INSERTED) 123 N IO .2 B R
& INTA (8) SWH (3) SWL (3)
(RST INSERTED) A
sP.1 seal
MODE 1 INTA (7) SWH (3) SWL (3) -
(RST 38H - -
INTERNAY 1 i
sp.y ™ $o-1 A
. - > = R
MODE2 * - INTA (7) SWH (3) SWL (3) MRL() £ [ 4 MRH(3)
(VECTOR ’ B
SUPPLIED) *
sP.1 - §P.1 -~ RS
"
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Features

High Gain Version MH88511

Compatible with popular MH88500
Operates with a wide range of battery voltages
Constant current battery feed

Dry line compatible

Overvoltage and short circuit protection
Ringing feed

Off-hook detection and LED indicator drive
Dial pulse detection

Ring trip filter with auto ring trip

Relay driver

Transformerless 2-2 wire conversion

Low power consumption

Mute of incoming audio

few external components

e o & o & » o

e & & & & & @

Applications

Line interface for:

S-

et
'

{20

w0

- MH88510/11
Subscriber Line Interface
Circuit (SLIC)

ISSUE 3 January 1934

Ordering Information
MHB88510 20-Pin SIL Package
MHB88511 20-Pin SIL Package
0°C to 70°C
Description

The Mitel MH88510/11 Subscriber Line Interface
Circuit provides a complete interface between the
telephone line and a speech switch requiring only
a single bidirectional switch per crosspoint. The
functions provided by the MH88510/11 include
bidirectional differential to single-ended
conversion in the speech path, line battery feed,
ringing feed and loop and dial pulse detection.
The device is fabricated as a thick film hybrid
which incorporates various technologies for
optimum circuit design and very high reliability.

+ PABX
* Intercom
« Key Telephone System ¢
T e CONSTANT
CURRENT/VOLTAGE
g ORIVE 1 CONTROL
2-2 WIRE MUTE
l HYBRID June
—] otmace RNG TP
[ sENSING FILTER
RING RING SHORT LINE RELAY
RE PROTECTION SUPERVISION [ | DRIVER
gy e
VBAT AGND VDD VEE SHK .(ED RRC ARD VRLY RGND
Figure 1 - Functional Block Diagram
9-45
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MH88510/11

|

A

-
o

1C aemCT) 21
VOO emal "] 12
AGND =] 13
VBAT e} 14
1

]
"] 1€

RRD e} 17
-] 18
M amnii]
—_1 20 2

Pin Description

Figure 2 - Pin Connections

Pin | Name Description
1 TIP Tip Lead. Connects to the “Tip” lead {A-wire) of the telephone line.
2 vDD Positive Power Supply Voltage. Normally +5V. This provides curren: for both
irternal circuitry as well as the loop. Not internally connected to Pin 1Z.
3 KING Ring Lead. Connects to the "Ring” lead (B-wire) of the telephone line.
a RF Connects to Ring Relay contact see Figure 5.
S TF Leave open circuit.
6 VBAT Battery voltage supply. Normally -24V or .48V. Not internally connected to Pin 14,
7 AGND Analog ground. Supply and battery ground. Internally conne:ted to pin 13. For
optimum performance connect pin 7 to Pin 13.
8 VEE Negative Analog Supply Voltage. Normally -5V
9 LED LED Drive Output. Drives an LED directly. (Off-Hook cordition, logic low).
10 - | SHX Switch Hook Detect Output. A logic low indicates Off-Hook condition.
11 |IC Internal Connection. This pin is connected internally.
‘{12 |voo Positive Power Supply Voltage. Normally +5V. This provides current for both
internal circuitry as well as the loop. Not internally connected to Pin 2.
13 | AGND Analog ground. Supply and battery ground. Internally connected to pin 13. For
optimum performance connect pin 13 to Pin 7.
14. | VBAT Battery voltage supply. Normally -24V or -48V. Not internally connected to Pin 6. |
15 | MUTE Mute Input. A logic fow will mute signals coming fom TIP-RING to the JUNC.
16 | JUNC Receiveftransmit audio speech path. (Referenced to OV GND).
17 [RRD Ring Relay Drive Output. Connects to the ring relay coil. A logic low activates the
] relay.
18 | RGNO Relay Ground. Return path for relay supply voltage. Normally connected to AGND.
19 | RRC Ring Relay Control Inptst. A logic high activates the Ring Relay Drive (RRD) output.
20 | VRLY Relay Positive Supply Voitage. Normally +5V. Connects 10 the relay coil and the
relay supply voltage. An internal clamp diode from VRLY to RGND is provided.
9-46
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MH88510/11

Functional Description

The BORSH Functions

The MH88510/11 performs all of the BORSH
functions of Battery Feed, Overvoltage Protection,
Ringing, Supervision and Hybrid (2-2 wire).

Battery Feed
The MHB8510/11 powers the telephone set with

constant DC loop current for short lines and
automatically reverts to constant voltage for long

" lines. Since the TIP drive is powered down from

the Vyo supply, loop current flows through both
the Vg, supply and the VDD supply.

Overvoltage Protection

The MH88510/11 is protected from short term
(20mS) transients (+250V) between TIP and RING,

TIP and ground, and RING and Ground. However,
additional protection circuitry may be needed
depending on the requirements which must be

met. Nerally, simple external shunt protection as
shown in Figures 5 and 6 is all that s required.

Ringing

The ringing insertion circuitry has the capability to

provide ringing voltage to the telephone set by

simply adding an external relay, ring generator
and a3 20002 limiting resistor. The internal relay
driver switches ringing voltage onto the line via
the externali ring relay. The SLIC provides two
internal 30002 battery feed resistors through which
the ringing current will flow. A clamp diode is
included which suppresses voltage transients
during relay switching caused by the relay coil. In
addition, the circuit prevents connection of the
ringing source during off-hook conditions. See
Figure 5 for typical application.

MHE8S10/11
3 75Q
[
THe Tl 16 A
JUNC U
RING ~——— RING
CROSSPOINT
SWITCH
MH88510/11
-1 50
TP st TIP
3
RING —eed RING CROSSPOINT
SWITCH

Figure 3 - SLIC and Crosspoint Switch Connection

TRANSHYBRID

10 -
Loss
(¢s) 20
30 }-
49 |-
50 }-
€0 1 1 1 1 ! 1 1 1 L
550 600 €50 00 730 800 89S0 %00 950

LOAD IMPEDANCE ON JUNCTOR (00}

Figure 4- Return Loss VS Junctor Load Impedance
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MH88510/11

Supervision

The loop detection circuit determines whether a
low enough impedance is across TIP and RING to
be recognized as an off-hook condition. When an
off-hook condition occurs, the SHK and 3)
outputs toggle to a logic low level, These outputs
also toggle during incoming dial pulses. The SHK
output has low drive capability while the (%)
output can drive an LED directly. The detection
circuit engages a ringing filter during applied
ringing. The ring trip detection circuit also
prevents false off-hook detection due to the
current associated with the AC ringing voltage as
well as current transients when the ringing
voltage is switched in and out.

Hybrid

The 2-2 wire hybrid circuit converts the incoming
balanced signal at TIP and RING of the telephone
line into a ground referenced output signal at
JUNC of the SLIC, and converts the ground
referenced input signal at JUNC of the SLIC into a
non-balanced output signal at TIP and RING of the
telephone line.

Return Loss at TIP-RING

To maximize return loss, the impedance at TIP-
RING should match the SLIC's impedance (630Q).
However, the SLIC's input impedance is dependent
on the JUNC termination resistance. For a 600Q2
SLIC input impedance, the JUNC must be
terminated with 754Q.

Figure 3 illustrates a typical connection between
two SLICs through two crosspoint switches.
Optimum return loss occurs when JUNC is
terminated with 754Q. Since the JUNC input/
output impedance Is 604Q and the crosspoint
switches resistances are 75Q + 750, this
configuration gives optimum return loss as shown
in Figure 4,

MUTE

A logic low at the MUTE input results in muted
signals coming from TIP and RING to the JUNC
terminal while allowing signals from the JUNC
terminal to TIP and RING to be transmitted.

TIP-RING Drive Circuit

The audio itiput ground referenced signal at JUNC
is converted to a differential output signal at TIP
and RING. The output signal consists of the audio
signal superimposed on the DC battery feed
current. The TIP- RING drive circuit is optimized for
good 2-wire longitudinal balance.

9-48

In addition, the TIP-RING Drive Circuit has the
capability to drive a dry line (a line with no DC
current flowing); the AC Electrical Characteristics
apply (except for longitudinal balance), evan when
the loop current drops to zero. Therefore, the
MH88510/11 has the capability to drive a line
much longer than 20000 providing the user is not
concerned with loop current, SHK detection or
ringing generator current.

Short Circuit Protection

The MH88510/11 is protected from long term
{(infinite) short circuit conditions occuring between
TIP and RING, TIP and AGND, and RING and AGND.

Line impedance

The MH88510/11's TIP-RING (Zin) impedance is
fixed at 600Q. For correct SLIC impedance, JUNC
must be appropriately terminated. See AC
Electrical Characteristics.

Transmit and Receive Gain

Transmit Gain (JUNC to TIP-RING) and Receive Gain
(TIP-RING to JUNC) are fixed. For correct gain, the
SLIC input impedance must match the line
impedance and JUNC must be appropriately
terminated. In the case of the MH88511, this gain
has been optimised for Dry line applications.

Trunk Interface Applications

The MH88511 can be used as a trunk interiace.
See Figure 7. The 600Q transformer provides the
DC isolation between the Central Oifice and the
system interface. Tc use the MH88511 as the trunk
interface and the MH88510 as the line interface,
the system will meet the loss level plan of the
Chinese standard. See Figure 8a and 8b.
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ne .
¢ Ovtion une U6 AupIO
Ppemen | 3 O \wputroutrur
RING O RING
— [15 MUTE CONTROL
/77 MUTE O \npur
€arth Ground
SR 10 SWITCH HOOX
a O ourrur
L ne
—_—1 , A
Kl feomm LED L} OFf-HOOK LED
R1 —‘1 Ds1
s 19 RING CONTROL
g 4 Rc s INPUT
RINGING RRD
GENERATOR
90Venn e X1
20Kz VBAT
6 20
VALY .
asv
VEE AGND VOO RGND

IHE 2{1218
il

-5V C‘l; $Q0.sv J

Notes

R1 « 2000, 1/4W, 5%

K1 & Relay M SV, 1 form €
€1, Q = 0.1pf, 50V, Ceramic

- B s e R

Figure 5 - Typical Application Circuit

;lotos

AV1, 2, 3 = 17SVAQ 225VAC, 154

GE VIZ75LA2 o similar

PROTECTION CIRCUIT MHE8S10/11
1
nr O— —O— 1w
.
RV 3
RING
’v3
rivs
RINGD-
AGND
/;J ?
S
EARTH SYSTEM
GROUND GROUND

Figure 6 - Typical Application Circuit
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Absoluté Maximum Raﬁngs* -Voltages are with respect to AGND,
parameter Symbol | Min. Max. Units
1 | DCSupply Voltages Voo -.03 15 v
Vee . )1 03 -15 v |
2 | DCBattery Voltage Vaar 0.3 -60 v
3 | DCRelay Voltage Vay -0.3 20 \
4 | ACRing Generator Voltage 150 Vaus
S | Storage Temperature Ts -55 125 c
* Exceeding these values may cause permanent damage. functional operation under these conditians is not implied.
DC Electrical Characteristicst
Characteristics Sym | Min [ Typz | Max |Units| Test Conditions
1 Supply Current : Open Loop 50 15 { mA Rmop=0pen
f 15 | mA
laat 15 | mA
Normal Loop | lgq 43 | mA | Ryqq,=1000Q
lee 15 | mA
laaT 43 | mA
Short Loop loo 43 | mA RL°°p=OQ
leg 1S | mA
[ | lgat 43 | mA
2 Power Consumption®
Open Loop PC 830 | mW R“mp = Open
Normal Loop | PC 2360 | mW RLOop = 100002
Short Loop PC 2360 | mW | Ry =00
37| sak | Low Level Output Voltage® Voo | -3.0 Vv foL = 2HA
High Level Output Voltage Vou | 3.0 v low = 2BA
4| (g0 | Sink Current, LED to AGND? lop | 0.6 mA | Vg =-1.5V
Sink Current, LED to VDD ok 2.5 mA | Vg =3.25V
S| ®Rb | Sink Current, Relay to VDD o, | 100 mA | Vg =035V
Clamp Diode Current leg | 150 mA
6 | rre | High Level input Voltage? Viw | 35 v Iy = 1.0mA
7 {moie| Low Level Input Voltage? Vi 08.{ V fy = 0.5mA
t OC Electrical Ch ristics are over recc ded operating conditions with Voo at + 5.0V 25% and Vg al-5Vz5% unless otherwise

stated.

3 Typical figures are at 25°C with nominal =5V suppfies and are {or design aid only.

@ supply Current and Power Consumption characteristics aro over recommended operaling conditions with Voo at 5.0V, Veg at 5.0V
and Vp,7 at -48.0V, Note that loop current flows through both the Vg, supply and the Vg supply.

D SHK cutput consists of a I0CKA resistor In series with an op-amp with a minimum output voltage swing of £3.25V.
UED output consists of a 2.5k resistor in series with the SHK op-amp output.

Q RRC input consists of a 5k resistor in series with the base lead of the relay dnver transistor (grounded emitter).

@ The MUTE input is intemalty pulled up. With no lnput connection, the voltags level at the MUTE input is typicalty at 1.5V.

9-50
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AC Electrical Characteristicst
Characteristics Sym [Min |[Typ: |[Max |Units Test Conditions
1 | Return Loss at 2-Wire - 20 |. 30 d8 | Reference 6000 @ 1kHz
2 | Impedance at Junctor 604 Q
3 | Longitudinal to Metallic Balance 50 | 60 d8 | 40Hz-4kHz
4 | Longitudinal to Junctor Balance SO | 60 d8 |" 40Hz - 4kHz
S | Signal Output Overioad Level %THD<5%
at 2-Wire 35 dBm | Reference: 6000
at Junctor 3.5 dBm | Reference: 75402
6 | Total Harmonic Distortion THOD Input 0.5V 1kHz
1 at 2-Wire 10| %
: at Junctor 1.0 | %
7 | idle Channel Noise N¢
| at 2-Wire 12 |dBmC| Reference: 60002
. at Junctor 12 |dBmC| Reference: 7540
18| power Supply Rejection Ratio at PSRR Ripple 0.1V 1kHz
2-Wire and Junctor Vg 25 ds
: Vie 25 ds
Vaar 25 ds
9 | Mute Attenuation 30 ds Input 0.5V MUTE = 0.0V
@ 1kHz
AC Gains Table - MH88510
Characteristics Sym |Min [Typ: [Max |Units| Test Conditions
1 | Gain 2-Wire to Junctor 1.05( 1.12 | 1.19 | VWV | Input 0.5V 1kH2
0.42 1 0.98 | 1.51 | dBV | Input 0.5V tkHz
2 { Frequency Response Gain -0.3 03 | d8 200Hz - 3400H2 T
(relative to gain at 1kHz)
3 | Gain Junctor to 2-Wire 0.96 | 1.00 | 1.04 | ViV | Input 0.5V 1kHz
-0.351 0.0 | 0.35 { d8V | Input 0.5V 1kHz
4 | Frequency Response Gain -0.3 0.3 | dB8 | 200Hz - 3400H2
(relative to gain at 1kHz)
AC Gains Table - MH88511
Characteristics Sym |Min |Typt [Max |Units| Test Conditions
1 | Gain 2-Wire to Junctor .15} 1.19 1 1.22 | VW | Input 0.5V 1kHz
121 ]| 1.50 1 1.72 | dBV | Input 0.5V 1kHz
2 | Frequency Response Gain -0.3 0.3 | dB 200Hz - 3400Hz
(relative to gain at 1kHz) ]
3 | GainJunctor to 2-Wire 1.04 | 1.08 | .11 { V& | Input 0.5V TkHz
0.34 } 0.67 | 0.91 | dBV | Input 0.5V 1kHz
4 | Frequency Response Gain 0.3 C.3 | dB | 200H2 - 3400Hz
(relative to gain at 1kHz2)

t AC Electrical Characteristics are over recommanded operating conditions unless otherwise stated.

t Typical flgures are at 2
Note 1: All of the above test con

uniess otherwise stated.

Note 2: All of the above test conditions use 200Hz to 6400Hz unless otherwise stated.

$°C and are for design aid only: not guaranteed and nat subject to production testing.
ditlons use 7540 connected between JUNC and GRD, and 6000 connected between TIP and RING

9-51.
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MH88510/11
Recommended Operating Conditions
Parameter Sym | Min | Typ | Max |Units | Test Conditions
1 | DC Supply Voitage . vpo | 475} 5.0 | 7.35 \
VEE | -4.75] -5.0 | -8.40 \Y
2 | DC Battery Voltage VBAT| -23 | -48 | -56 \
3 | DC Relay Voitage VRLY 5.0} 15 \
4 | AC Ring Generator Voltage 90 | 105 |VRMS
Ringing Generator Frequency 17 33 Hz
g | Operating Temperature TOP 0 70, | °C
-5V

MH88511

o

COMPONENTS
01,02 « 84732

D3. D4, 08, D6, 07 » 1840803
.08 a A4S

09 « tNS2468

VARY, VARZ, VART s VI3OLAZ0A
C1, C3 = 10yt 6OV, $%

Qs L2YF 100V, S%

C4 = 8.1pF, 100V, 5%

S = 0.01y%, 200V, S%

C6 « 0.33y#, 200V, $%

1w LMW, 1%, 638

R2, RS = 14W, 10%, 10¢

<

Q
UNE SEIZE ~———— VN

P os

m t

= 4]

R!L
|
Rig —a :L“ s R’
4 D3 13
4
Q1 3 L
g ,

C6 =
| Q2 ) T
=

K3 1IW, 175,500

R4 = 174W, 10%, 620

R6 = 174W, 10%, 100k O

R7 = 1AW, 10%, 1k

RE R9 = 1/IW, 10%, 10 Q

Qt n MPSAS2

QY= INSTYE

Q3etQ3s

T1 = FAILTRAN TPF712 (OR EQUIVALENT) [7- JtiR]
TR111 = OFTO ISOLATOR

RING
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Figure 7 - MHB8511as a Trunk Interface Application
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[ Rl i)
1 f 0.53 2 0.02
1 147 20.5
: X T s 10 1S 20 { (147 205
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Side View front View
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(132005) (0.5120.13) [(2.5420.13)

Figure 9 - Mechanical Data
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150-cM0OS MTB816

8 x 16 Analog Switch Array

Fe'atu res
4 Internal control latches and address decoder
Short set-up and hold tinies
Wide operating voltage: 4.5V 10 13.2V
12Vpp analog signal capability
RQN 650 max, @ Voo= 12V, 25°C
ARon S 10Q @ Vpp =12V, 25°C
Full CMOS switch for low distortion
Minimum feedthrough and crosstalk
Separate analog and digital reference supplies
Low power ¢consumption ISO-CMOS technology

il il B e B B Ol

Applications

Key systems

'PBX systems

Mobile radio

Test equipment /instrumentation
Analq'gldigital multiplexers
Audio/Video switching

™ et i e 8T O

Description
The Mitel MT8816 is fabricated in MITEL's 1SO-CMOS
technology providing low:power dissipation and
high reliability. The device contains a 8 X 16 array of
ctosspoint switches along with 2 7 to 128 line
écoder and latch circuits. Any one of the 128
itches can be addressed by selecting the
appropnate seven address bits. The selected switch
c3n be turned on or off by applying a logical one or
,.Ero to the DATA mpu( Vgs is the ground refer-.
{\ce of the digital inputs. The range of the analog
signalis from Vpo to Vge. Chip Select (CS) allows the
<{osspoant array to be cascaded for  matrix
expansxon

T "’m Tty E&

&A&%ﬁ"&r—é
916\-002-|0|-NA . ISSUE?2

Pin Connections

Y3 C|t LJ 40 |9

AY2 (f2 3911
RESET (]2 381
AX) Cl4 3743
AX0 Cls 513
X14 Cls Ish
Xis C§? R

X6 C|8 3N

X7 Cl9 nph

Xt Cj10 np

X9 ' Cj 11 305

X10 C]12 90
X11 C|13 280 .

NC C1s 70

Y7 cl1s FI35)

vss Cl16 25H

Y6 Cj1? 245
STROBE (|18 23D
-¥s Cli9 2pH

VEE C|20 Np oYL

NC AX3 AY2 VOD OATACS
AXO RST Y3 Y2 Yi

[l nlal el el wEakalalaled

6§ 5 4 32 e 24443424140
g2 1 39D Yo
E : RST=RESTT 3 :g] he
g o 35 X1
g 15 x2
g2 340 x3
g1 1 X¢
g4 32 XS
Qs n X12
s 30 x13
a4 ST8=STROSE 9D N

18192021222334252627128

S et S Bt bt Gt Bt it Vb Wy

VSS ST8 VEE AX1 AYO NC

YS YS Y4 AX2 AY1

Ordering Information -40° to 85°C

MT8816AC 40 Pin CEROIP
MT8816AE 40 Pin PLASTIC DIP
MTB816AP ° 44 Pin PLLC

' ¢S STROBE P
i o sTRes DATA  RESET VOO VEE  VsS
| by
. y

| AX0
I AX1

AX2 I 770’128 . 8x16 © ..

AX3 DECODER LATCHES SWITCH ; ’("_ . 015)
| e . ARRAY R
l AY1 .

128 128 )

AY2 Lo S E——
; _—
k. 1 -
i '1...........'..'.....}
L ) = § =1
h Y1 40 (i=0-7)
.-
I
k

: Figure 1- Functional Block Diagram
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MT8816 150-cMOS

Absolute Maximum Ratings*

« Voltages are with resoect to Vg unless otherwise stated.

Parameter Symbol Min Max Units
1 | Supply Voltage Voo -0.3 -15.0 v
i . < \Z -0.3 Voo +0.3 Vv
2 | Analog lnput Voltage Vina -0.3 Vpp+0.3 Y
3 | Digital Input Voltage Vin Ves—0.3 Vpo+0.3 v
4 | Currentonany l/0O Pin l +15 mA
S | Storage Temperature . T ~65 + 150 *C
6 | Package Power Dissipation PLASTIC DIP .Po 0.6 w

. CERDIP Pn 1.0 W
*Exce

eding these valuex may <ause permanendt damage. functional opeuuon under these conditions is not imolied.

Recommended Operatmg Conditions - Voluguuewuh respect to

t¢ unless otherwise stated.

Characteristics “Sym | Min | Typ | Max | unis " Test Conditlons
1 | Operating Temperature To ~40 | 25 85 ‘C
2| Supply Voltage Voo | 4.5 13.2 V.
: Vss | Vee Voo-4.5| V
3 | Analog Input Voltage Vina | Vig Voo v |
4 | Diaital Inout Voltage Vi V¢g Vaon \4

DC Electrical Characteristicst volages are with resp

€Ctlo Vg = Vi = 0V, Voo = 12V unless otherwise stated.

I Characteristics Sym- | Min | Typt | Max | Units Test Conditions
1{Quiescent Supply Current loo 1 100 BA Al digitalinputs at Vi, = Vg or
. 3 Voo
0.4 1.5 mA Al digitalinputs at Vi ="24 + -
VS$:VSS =7.0vV )
5 15 mA |All digitalinputs at V,y = 3.4V
2| Off-state Leakage Current lors L1 | £500| nA Jivg-— Vyjl = Voo —Veg
(See G.9in Appendix) See Appendix, Fig. A.1
3 HInput Logic™*0” level ViL 08+Vis] V. |Vgg =2.5V; Vee =0V
4 | Input Logic *1” level Vin |20+ V. |Vss =6.5V; Vge =0V
51InputLogic "1 level . Vin 3.3 v .
6 | Input Leakage (digital pins) eeax 0.1 10 BA _|Alldigitalinputs at Vi = Vg

or Vnn

T OC Electrical Characteristics are ov
! Typical figures ace at 25°C and are

DT Electrical Characteristics-

e¢ recommended temperature range.
lor design aid only; not guaranteed and not subject to production testing.

Switch Resistance - Vocis the external OC offset applied at the analog ¥O pins.

Characteristics Sym .| 25°C 70°C 85°C Units Test Conditions
. " [Typ [Max|Typ |Max Typ | Max .
1 |On-state Voo=12Y| Rox | 45 | 65 75 80 0 Vgs=Vee =0V, Vpe =Vpo/2,
Resistance  Vgg= 10V SS 1 7S 8s 90 Q| WVy-Vyyl = 0.4V
Voo= SV 120 { 185 215 225 Q1 [See Appendix, Fig. A.2
(See G.1,G.2,G.3in .
Appendix) : )
2 |Difference in on-state [ARoy| 5 | 10 10 10 1 Vpo=12V,Ves=Vee =0,
resistance between Voc=Vpo/2,
two switches . Vyi-Vyjl = 0.4V
{See G.4in Appendix) ) See Apoendix, Fig. A.2 _
2-52
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AC Electrical Characteristicst - Crosspoint Performance voltages are with resaect 10 Voo = SV, Vg =0V ,
Vie = ~7V, unless otherwise ftated.

Characteristics Sym | Min | Typ' | Max’| Units Test Conditions
1 |Switch 1/0 Capacitance * Cs 20 pf |f=1MH2
2 |Feedthrough Capacitance Ce 0.2 pf |f=1MH2
3 |Frequency Response Fygs 45 MHz |Switchis "ON"; Viya = 2Vpp
Channel "ON" sine wave; Ry = 1k
20L0G(Voyt/Vy;) = —3dB . See Appendix, Fig. A.3
4 {Total Harmonic Distortion THD 0.01 % |Switchis "ON"; Viya = 2Vpp
(See G.5, G.6 in Appendix) sine wave f= 1kHz; R = 1k
S |Feedthrough FDT -95 dB JAll Switches "OFF™; Viya =
Channel “OFF” 2Vppsine wave f= 1kHz;
Feed.=20L0OG (Vour/Vxi) . Ry= 1kQ,
(See G.8 in Appendix) See Appendix, Fig. A.4
6 |Crosstalk between any two Xialk -45 d8 Vina=2Vpp sine wave
channels for switches Xi-Yiand .| * f= 10MHz; Ry = 75Q,
Xi—=Yij. -390 dB  |Vina=2Vpp sine wave
. f= 10kHz: Ry = 6000,
Xtalk"—: ZOLOG (VYiIVXi)- J 85 d8 VINA zvpp “ne wave
- . f= 10kHz; R = 1kQ.
(See G.7 in Appendix). ~80 B |Viea= 2Vpp sine wave
f= 1kHz; Ry = 10kQ.
Refer to Appendix, Fig. A.S for
test cireuit,
Propagation delay through tps 30 ns Ry =1k C =50pF
7 |switch :

! Tim

ng is over recommended temperature range, See Fig. 2 for control and 170 timing details,
' Typlcal figuresare 2t 25°C and are for design aid only; not guaranteed and not sudject 1o production testing.
Crosstalk measurements are for Plastic DIPS only, crosstalk values {or PLCC packages are approzimateiy 543 better.

AC Efectrical Characteristicst- Control and I/0 Timings. + Voltages are with re1pect to Voo = SV, Vyg =m0V,
Veg® =7V, unless otherwise stated,

Characteristics Sym | Min | Typ' | Max |Units Test Conditions ]
1| Control lnput crosstalk to CXearx 30 mVpp|Vin=3V squarewave;
switch (for CS, DATA, STROSE, Rin= 1k, Ry = 10k,

Address) . |See Appendix, Fig. A.6

2 | Digital Input Capacitance Col 10 pf |f=1MHz

3 | Switching Frequency Fo 20 |MHz o

4 | Setup Time DATA to STROBE tos 10 ns |Ry= 1%Q, { =50pF ¢
S | Hold Time DATA to STRO8E or 10 ns R = 1k, C =S0pF*
6 | Setup Time Address to STROBE | tasg 10 as |Ry= 1k}, C =50pF
7 | Hold Time Address to STROSE tan 10 ns |Ry= 1kQ, C =50pf *
8 | Setup Time GS to STROBE tess 10 ns |Ry= 1%Q2, C_=S0pF >
9 | Hold Time CS to STROBE . tes 10 ' ns |Ry= k0, C_ =SO0pF :
10 | STROBE Pulse Width tspw | 20 ns R = 1kQ, C_=50pF
11 | RESET Pulse Width tapw 40 . ns |Ry= 1kQ, C =S0pF*
12 | STROBE to Switch Status Delay tg 40 100 | ns |Ry=1kQ, C =SO0pF*
13 | DATA to-Switch Status Delay to S0 100 ns JRy=1kQ, (¢ =50pF*
14 | RESET to Swritzh Status Delay tp 35 100 ns (R =1kQ. C =500F >

! Timing 1t over recommended tempetature tange.

Digital Input rise time (tr) and [all time (tf) = Sng,

' Typnal ligures are 2t 25°Cand ace for deugn aid only; not 9uannteed and not subject to production testing.
% Refer 1o Appendix, Fig. A.7 for test cirquit,

See Fig. 2 for control 3nd 170 timing detaits,

N
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3 t
tesg =t :-*- —-: i=—Lesn
1ot i i
Cs sex L i ! sox \
i k %L / L farw
i . i :
HE | v H
RESET H . o R
. Pl tew i ! ¢
o P ! : :
. b4 ] . 1]
! . N o 1 L. " .
smost |} e e P 5
t H [ i i i
A‘—.—: : i . H ; . ;
. v [] ks ! ] ] 1
A_D.QRESS — ;X_; !*X o ! ' !
i ! o t - '
N o et 1 ! '
~ i i i
t i ! . : .
DATA sou & : %o-.\ i ' i
tog i i ; i i i
Poilom i i i i
OoN = g >4 P ' : i 1
SWITCH® ' ' \ i /
OFfF L X ‘K 3 2 {
L GOAY:N eloearl, i 2 i
1o y gy 1 [ PR thog
Figure 2- Control Memory Timing Diagram
“See Appendix, Fig. A.? for switching waveform \
AXO0 AX1 AX2 AX3 AYO0 AY1 AY2 Connection*
0 [ [} 0 o 0 0 X0-Y0 -
t 1] 0 0 0 0 0 X3—Y0
0 1 -0 0 0 (4] 0 X2 *~Y0
1 1 ‘0 0 0 0 0 X3 . Y0
0 ] ] 0 [} 0 0 X4 . Y0
: ° 4 0 e 2 g X5 - 10
] 1 1 [} 0 0 0 X12. yC
1 i 1 0. 0 0 0 X13.Y0
0 0 0 1 0 0 0 «X6 - Y0
1 0 0 1 0 0 0 X7 - Y0
0 1 [] { 0 [¢] 0 X8 ..Yo0
1 1 0 1 0 0 [ X9 - Y0
0 ] 1 1 0 ] -0 X10. YO
] 0 ! 1 ] 0 [} Xit. Y0
0 1 1 1 .0 0 0 X14. Y0
1 1 1 1 0 [ 0 X15. YO.
0 0 0 [ 1 7] 0 «X0 . YV,
| | I { } 3 { { {
1 1 1 1 0 X15. Y1
0 0 0 [} 0 1 [} X0 - Y2
{ { I 1 i { l {
1 1 1 1 0 1 0 X15- Y2
0 .0 0 0 1 ] 0 X0 - ¥3
{ ] { ! | | 8 { |
1 1 1 1 1 1 X15- Y2
0 0 0 0 0 0 ] X0 : Y4
{ ol { { & . ! { ! i
1 \ i 1 0 1 X15. Y4
1] 0 0 0 1 0 1 X0 - ¥$
! $ { { { i { l !
1 1 1 1 1 0 1 X15- Y$
0 [ 0 0 0 1 1 X0 - Y§
l N { { 1 { - ! {
] 1 ] 1 0 1 1 X15- Y8
Q Q [ ] ] 1 1 X0 . Y?
{ ! { ! { { $ ! 1
\ \ 1 1 1 1 1 X15. Y7
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Figure 3 - Address Decode Truth Table

*Switch connections are notin ascending order
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array.
f 34 NC No Connection.
s Yo Y0 Analog (input/Output): thisis connected to the Y0 column of the switch array,
£ 36 cs Chip Select {Input): thisis uséd to select the device. Active High,
1 7 Y1 Y1 Analog (Input/Qutput): this is connected to the Y1 column of the switch array.

e e o e P

E _ : ISO-CMOS MTB8816

B

Pin Description

Pinz* l Name

Description

1 Y3 Y3 Analog (Input/Output): this is connected to the Y3 column of the switch array.
2 AY2 | Y2 Address Line (Input).
3 RESET | Master RESET {lnput): this is used to turn off all switches regardless of the condition

of CS. Active High.

4,5 AX3,AX0 | X3 and X0 Address Lines {inputs).

6.7 X14, X15 | X14 and X15 Analo
- | of the switch array.

. eGSO e et

g (Inputs/Outputs): these are connected to the X14 and X15 rows

b 8-13 X6-X11 | X6-X11 Analog (Inputs/Qutputs): these are connected to the X8-X11rowsof the
E

switch array, = .
E 14 NC No Connection ; .
‘ 15 Y7 Y7 Analog (Input/Output): this is connected to the Y7 column of the switch array.
18 Vss Digital Ground Reference . .
17 Y6 Y6 Analog (Input/Output): this is connected to the Y§ column of the switch array.

18 STROBE | STROBE (Input): enables function selected by address and data. Address must be

stable before STROBE goes high and DATA must be stable on the falling edge of the
STROBE. Active High, )

o W, T S o

19 Ys Y5 Analog (lnput/Qutput): this is connected to the Y5 column of the switch array,
' 20 . VEE | Negative Power Supply. b
E 23 Y4 Y4 Analog (Input/Output): this is connected to the Ya column of the switch array.
E 22,23 | AX1,AX2 | X1 and X2 Address Lines (Inputs). ’

24,25. | AYO,AY1|Y0 and Y1 Address Lines (Inputs). .

26,27 | X13,X12 | X13 and X12 Analo
.- of the switch array.

28-33 X5-X0

g {Inputs/Outputs): these are connected to the X13 and X12 rows

e

X5-X0 Analog (Inputs/Outputs): these are connected to the X5-X0 rows of the switch

"1 38 | DATA |paTa (Input): alogic high input will turn on the

selected switch and a logiclow will
urn off the selected switch. Active High,

m——

39 Y2 Y2 Analog (Input/Qutput): thisis connected to the Y2 column of the switch array,
o 40 VDO | Positive Power Supply.

. * Plastic DIP and CERDIP oniy

R

e e R R TR T Evwemmpe s
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' MT8816 1s0-cMOS

Functional Description

The MT8816 is an analog switch matrix with an
array size of 8X16. The switch array is arranged
Such that there are 8 columns by 16 rows. The
tolumns are referred to as the Y inputs/outputs and
the rows are the X inputs/outputs. The crosspoint
analog switch array will interconnect any X 1/0 with
.any Y I/O when turned on and provide a high
. degree of isolation when turned off. The control
memdry consists of a 128 bit write only RAM in
hich the bits are selected by the address inputs
(AY0-AY2, AX0-AX3). Data is presented to the

memory on the DATA input. Data is asynchronously.

written into memory whenever both the ¢S (Chip
Select) and-STROBE inputs are high and are latched
on the falling edge of STROBE. A logical =1~

ritterrinto a memory cell turns the corresponding
crosspoint switch on and a logical "0° turns the

rosspoint off. Only the crosspoint switches
gorresponding to the addressed memory location
bre altered when data is written into memory. The
temaining switches retain their previous states. Any
combination of X and Y inputs/outputs can be
interconnected by establishing appropriate
patterns in the control memory. A logical "1~ on
the RESET input will asynchronously return all
fnemory locations to logical ~0” turning off all
rosspoint  switches regardless of whether CS is
‘high or low, Two voltage reference pins (Vss and
g’ss) are provided for the MT8816 to enable
switching of negative analog signals, Tha tange for
digital signals Is from Vpp to Vgs while the range for
inalog signals is' from Vpg to Vge. Vs and Vee pins
€an be tied together if a single voltage reference is

feeded.
P,

4
i

m o mm em o

L

-

2-56

Address Decode

The seven address inputs along with the $TROSE
and CS (Chip Select) are logically ANDed to form an
enable signal for the resettable transparent latches,
The DATAInputisbulfered and is used as the input
to all latches. To write to a location, RESET must be,
low and CS must go high while the address and data
are set up. Then the STROBE input is set high and
then low causing the data to be latched. The data
¢an be changed while STROBE is high, however, the
corresponding switch will turn on and off in
accordance with the DATA input. DATA must be

stable on the falling edge of STROBE in order for
correctdata to be written to the latch.
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: 1502-cM0OS MT88708/MT88708B-1
Integrated DTMF Raceiver

.
]

o3 S e
S LI varns.

WAl o e

Jszemoer 327

reatures
o Comopiete DTMF Receiver Pin Conneczions
¢ Low Power Co.nsufnotnon e o Ui O voo
o Internal Gain Setting Ampiities w- 1 G suat
& Adiustabie Guard Time a3 33wl
o Central Office Quality VRe! 12 15 L5
e 18 1 C oo
- . 2 ds ulos
Appiications 0s¢: o7 nia
. Qsd2 = 3 n .L__ 9‘.-
-4 Ascewer System for Sritish Terecom (3T) or 8= N\ 7
£325% 5022 (MT88708-1) *Connzutto VS3
+ PFaging Systems
o Rsnsater Systems/Mobdiie Racto Gegaring information -40°C ¢ —35°C
o Creditare Systams . !
: ::;:::\;lcé’:::;‘m MT387032/MTS87025.1 Prastiz 33
oT ! MT38703C/MT83703C-1 Jercic i
Description .
counting tacamicu2s 1¢ getect ans I2csce 3l i
The MT35708/MT38708-1 is 2 zcmoiete DTMF OTMF tone Daifs 1nts a -0 I8
recawvar integrating both the oanesoiit {ilter anc comoonent Count i3 muaImizeg dy on
digizas decoger functions, faonzated in Mitels of 3 differentia: :nsut amciiiter, Qocx <
suote ooty i$03-CMOS technsiogy. The fiter latcneg 1nrse-siate Susateriaca.

e
secion uses swilcned Laoactior tecnnicuss ior hien
anc tow group filters; e decocer uses dicnai

ves vsS$

R

‘
s |

!
i
cacutT T,

' ! 31AS
1
t

——————————

T ~. = e

: L. P uiGHGROUP | ¢ . §—_—
I2oWER  SIAS T oA ,'—_‘T S oEan o O0E N o
. ; ' / pEichoN 1 CONVARTER T 1 O
oat | 150 caossiG | ALGOATHM  jamoutew  ——
ToNE[ ) DETECIORS : _>__; 23
lmrsm I \ __~ | a—
Gs 5___._.—-'—' i 1 towgaour | N ’ . LN o

ALTER | E‘/ o :
A S : Sy

!
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| > o - R
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—

i —_—

] CLOCKS : 1 T
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R - R 3 - R R _ 3
osc: asc? SUGT £t $7C tot

figure 1 « Functional 8lock Oiagram
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MT8B870B/MT88708-1 1502-cMOS

Absolute Maximum Ratings'

H Parameter

! Svmbpol | Min | Max i Units ’
i1 Power supoly voftage Vgp-Vss } ! i 5 Poovo|
2’ VYoiiage on any oin 1 i Vg3=83 } Vap=03 i V !
3: Current at any oin {other than suasiv) ! : 10 ¢ ma |
<. Ooerating temoeraturs i Te : ~40 +83 i ¢ {
5. Storage temoerature ! ; -35 P =13¢ i T

5+ Package power dissioation

' 100¢ iomwW

“Ex¢2eding tnese values mav cause permanent Aamage. FuNCUoNdl 82er3LON UNTEr Ihete CONAMICAS 1§ NOL IMDites,
Derate aoove 7S *Lat 16 mwW 7 °S, Allleaas soloersa to poarc.

Recommencjed Operating Conditions «Voltaces are witn reszect to sround IV

(3i Untess otnerwite slates,

I Characzeristics : Sym ¢ Min | Tyor i Max ¢ Units ! Test Concitions |
| it 1Positve Suzoty Voltages “ Vpp ! ' 3 Vo 1V =0V i
-

| 2 ! Oscillator Ciocx Frequency ic 12.373535. Mpz )
| 3. ICscillator2requency Tolerance  dic tozohs k) i
1

Tyoscat frgures are 2¢ 25°C ano are for Oef1gN 240 SAINT NOL TUIFINLL20 3RO AT LUD22t 10 SrCTuCiioN testing,

DC Ziectrical Characiaristics- Voo #5.0VIEN, Vg; =0V, Vortages aes with resoect 12 sround (Vyq) uniess 2:nsmwrte seatec.

l : Characteristics ESy.-n' Min Tyo Max  iUnns. © Test Conditions ﬁl
' .S 10oeraung suooty vottage | vps +  4.73 5.C 538 4 v |
2 ;’ !Oseraung suaoiv current  *} isp ! 338 96 mA !
-_3.- 2 |Power consumation i B 113 23 W iz 353 MEI Yas = 5V
b 5 ; \ '
2 . ihigniever nous TV - S g’ !
1B {Low ievei inout voltace i Ve @ i L2 T N
3 ,: linout leaxage current Ligadios s i 0.t | u4A 1ViemVesorVag
__Z; ; 1Pull-up (source) current i ise ! i 2.5 15 1 uA iTOZ {oin 10} =0V
3: linoutimoesance IN=+,IN=)} Ay * TERY MG 1@ 5 xk:
_§- ISteering tnresnoid voltage | Vg, 2 ! A3 1 v o
16 iLow ievei outbut voltage | Voo . ) . Wy—2.03 Y INoicad
Ex ? IHion tevel outoutvoltags | YOH {V,.-0.03 1 i % INoioac
(12 > 10utbutiow (sinki current | iq. itas | mA 1Vgur=0.2V
—53— ¢ !Outbut nigh isource) current’ inuw i 0.4 | 0.3 i mA IVoyr=448V
(12 I [Vegroututvorage [Vagr: 22 | 7 ¥ INorac
15 IVges outout resistanze | Roa ! | 10 i Qi

! Tyoical figures are 23 25°C ana are iof gesign aso oAty NOt QUACaNteT 20T NGE SUDIECT 1D DFOTUCIION testing.

(¥Y]
!
(Y]
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1-.46

Operating Charactaristics' - Vortages are watn 12102 13 F10UNG (Vyg) uAIess 2 =2 =iy (2a12g

Gain Setting Amolifier

i Characteristics ! Sym i Min i Tyor t Max | Uans Test Canditions
1 Hinoutieakage current o | 100 TmA tMeis Vy SVgp
2 linout resistance T 10 (lel
1 linout ofisetvolzage i Vos i i3 -
< i Power suoiy reieciion i PSAR 56 . .22 %Rz
5 - Common moae rejection TCMRR - 3¢ ©oTE -.20vs vy, £3.0V
6 : 0C open 1000 voltage gain | Avoy i : 83 . -t
7! 0oeni0co unity gain l i i : :
i handwicth g | \\.5// XTI
8 1 Qutout valtage swing - | Ve I 5 Vas R Z100KD 20 Vg
9 ! Maximum caoaciuve icad (GS) | *C, | 100 sF
: Re ¢ v ! ==

10  Maximum resistive load (G53). | R
]

| i1 ' Common moas sange :

Nor=3V,Vym 0V, 7,225

fiyoicat figuret are a2 25°C 3na are tor oesign 210 only: A0t QUArANIELS ANT ACT Judes: ID 2res

nse

MT88708 AC Siactrical Cnaracieristics’ - vonagses ars witn resnect 1o greuns ey uniets ctneawise 1iated

I : Characieristics ! Sym i Min i Tyo © Max YUans Notes !
;3 VVaiid inoutsignal ieveis ! s ; I N I
1, . lieacz tone oicomposite } AN LS E Vs
iy isienal) i ! : - g et
‘ ‘_‘ . i i i 388 TVapg !
[ 2. . [Positive wwist accant 1 i R 2
1. ‘f:"iNegatlve twist accant E i 38 22 i
B : ifrec, geviauion aceent i =ks nd - Nem
3 . iFres. cewiation rerec: : Lo omizw DY o 4 i
z o -Thig {one torerance : : Poeid 2
T1 % :Mowse woterance i : vl =2
I_;' " {Dialtons toisrance ! : v -2 =3 [

TVaamEV.N e 0T =25 T ana 1. =3.579545 MH2 ustng test 1eguit thown 1a .‘-éu:e :

HOTES - :
t.23m=m gecioes aTOve OF 2¢10w 2 refecence power c! I mW into 2 580 onmicas,

1. rgrt secuence ceansts of 3l OTME tones

Tone suratien = 30 me, tone dause = 30m;,

. $1gnai condition ¢2ny;sts of nominal OTMF freaquencies
50t 19nes 1n comootite fignal nave an equat amontuae,

.Tone dawsoeviatez av =0.8% 2 M3 -

1. 22ncw10th rnctea (3KR 2 ) Gaussiah noste.

3. The precise atat tone treauenctes are (3S0 Mz anc 220 M3y = 2%

9. tot an error rate of oetter tnan 110 10,000

10, Aeterencec 10 10wesltevel ireauency comoanent 1n OTMF Lignas.

11, Reterenced (O the Mrntmum vand acceot tevei.

12, For Quara time CaICu13 110N DUrDOSES.
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I MT38870B-1 AC Electrical Characteristcs’ -vonragss are witn repes: *3 2round (¥ (ol UNI25% OTAarwite ttated
' " . e . . . . ——

‘ i Characteristics ! Sym | Min i Tyo ' Max ! Units | Notes I
' A TR . X - ! PP
v % | vaiid inout signal leveis ! ! 3 1 ! d8m 1122559 |

Vi s | 12ach tone of comoosite | I 21.3 ] i P MVems ' 1.5.2.5.8.9 {

H M .

i peenal : ! P b=ty odsm 1123559 i
| R ’ ’ 1 385 i mVews 1103559 |
: 2! T finzutSignal Lavel Reject S T ; . a8m 1 i33:3 !
} . 5 i 10e . l i mVaws §5.2.0.5.59 i
i 31 O I Pasitive twist accent f | i 1 & | d8 !

~ s r

f 4! o {Negauve twist accent i ] . T i

o | - o - -

} 5% - |Frec. deviation accest i 1= 15% = 2H2e ! : '
- | 8% . t#rex.aeviation rejec: 1 o=23% : : :

" 7i s‘ ! Thirg tone toierance i | -18.3 N i i ds ;
4 3:  lMese oisrance i ' IS b 38 [1.3,25732.10 i
$ 9: !Diaitonetolerance : i i =i2 ¢ ds i2,3.8532.0 i

' VepaSV Ve 8,7, a5  Jang {5 & 2579525 MHZ NG test CircuIt 1nown en Frgure

NOTES 1

i.38m= gezine's 300ve Or Deiow a referencs oower of 1 MW 1nta 3 580 onrm 10ace,
2. Diant tecuencs conusts of all DTMPE tonag

3. Tone curatior = 20 m1, i0ne sause= S0 mt,

<, Signai conzitizn consists of nominal DTMF irequencies

5. 3o tones in camoonite sicn3al have an ecuat amotiiuce

3. Tone sawrceviated By = 1.5% 2 M2,
T.3anawrcin imited (3 k) Gaustian nosse,

T ke o

" 3.The zrease 213t tone {requencies are {350 M2 ang 249 M2 = 2 %,
3.%oran error rate of betier :nan 1.n $0,0C3.

.

. 10, Reterencec 12 1awest tevel frsauency comoonent in DTME nignal.

. Aeterences 12 1ne auntmum vang accestievel,
.

13 fer SUIIS 11T LAICUIANON Durholes,

o

s

RIS ———

13, Aeterencen 1o 30 101n0UL DTMZ Tone Lavet 31.2503m 1.22 ¢3m 3t G$ Senlintenerence




’ ; 15S0%-cM0s MT8870B/MT88708B-1

r - AC tiectricai Characteristics . + Voltages 4re with respect 10 Qround {Vyg) untess einerwate lated
4
E

| Characteristics | Sym i Min | Typ? @ Max i Units ! Conditions ]
y 1{ |7Toneorssentgeteciume | toe ST I R R P ms | Note 12 : i
[ 2! _[Tonsaosentgeteciume !t 03 0 & £33 ms INoteil |
3! 1 |Toneduration aczeot i taee ] - &8 ms 1Useradiusiaole ]
e M N B B
<t {Toneaquration retacs i o X : . ms jUseraciusiaote |
e M -
51 9 {Interdigit oause acceot Iy - ! HER ms !Useraciusiatre |
&1 . linterdigit oause retecs P oo+ 20 { i ms 1Useraciusiacie !
7% | Peopagation aetay (Stto Q) l 0 — iy, B 1TOE=Vog
S
I o1 ! . . i 3 T O : ps 1TOE=Vaa
8] o Prooagationdeiay{Stte St0) I toseo AL o pwve=hz
U i ] 2 L . |, TAZ =
9! 7 |Outoutdatasetwa( Q050 . { toswo : P 3E uso jT0E=Vae
i i A) K PPN
10! ¥ |propagation delay (TOZ 10 Q ENA3LE} l torz : 5C i o0 R =10k
EEE ~ = : 1€, =50 of
1 . - AC4Hd, : 5 - T = 10k’
H! IProoacauoncelay(uO:toQOlSAaL:)! le1o K LI
R S ‘ ;i 1C. =50 <7
121 1Cerysiaifaoex irscuency ‘ 1 e ; !
131 ° | Ciock inout rise ume ! e . i a5 lix.cioa :
14+ ¢ 1Ciock tnous iall me Y Wi as 1 Ixtouces ;
15} ¢ !Ciocxnout cuty tvaie | OCr  2C 5¢ 33 i Ixl oex !
15814 Laoaciuve 10ad (L5322 ' Go © e 2f :

Vas w80V, Vi mOV, T = 25°Canzt, = 1577545 Mg, using test gt shownan frgure 2
Tyorcal figures are 38 25°C anc are 107 0€31CN 210 ONTY: ACT FUATANTELS INA NOL 4uD1eL2 1S SraZuilisn tatling,

{ois arqoolnes

t
[-
&
J

3 i 3
() { .
otmr C—it— o
3 =c.
Inout 3™ 44738708/M733703-1 ! :
s - . . ' N~ u ""‘9 :l:.—-%
g IN - 3t:GT L 3
~Ml\-.——j G3 £5: C-———-wm- H
f =y, si0 C— -
1 0: T 2
. q 01 — -
: o8¢t = z ]
: . = R 3210001 K
p FoT300%21%
! Z.2;=100AF5 %
K Xt = 1.579545 MH2=2.0%
-~

Figure 2 - Singie-2naed lnput Configurauen
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MT8870B/MT88708B-1 isc-cmOs

. Pin Descriotion

Pinz [ Name | Descriotion {
1 | IN= |Non-lnvering Oo-Amo {inouz). '
2 | IN- [inverting Oo-Amo (Inout). 1
3 G5 | Gain Seiec:. Gives access 19 outout of iront end cifierenuat amasiiirer forczanecuon |

10f ieedpacx resisior, f
4 Vaet | Reference Voitage (Outoutl, Nommauy Vgor2 15 usez 0 Dias 1maye oAt mngecaii g

| Fie.2). ’
5 1 1€ linternal Connection. Must oe tied to Vs;. |
6 | IC llnternal Connecion. Must 5e tiea to Vs, : . |
7 | 0s¢: |Clock(inoutl. i
8 osQ2 |Clock (Outoutl. A 2,579545 MH2 crystal connesiec detween oins O52- anc 0sZoi

| compietes the internai oscillator circuss, |
9 | Vss | Negative Power Suooty linout), !
10 | TOZ |Three State Outout Znaoie {inout). L0g12 hign 2naotes ine outouss Ci-TL. Thrs ain o

[ | oulied uo interrai,

11-14 | Q1-Q+

iThre: State Daia (Outouil. “When enaoied Oy TCZ, orovice ine 4088 220

g2 e ine 2irasseonging oo
{ the1ast vaiic 19ne.D31r recetved (see Vanie 1), Wnen 702 5 i0gIc 10w, 1
{are high :mnegance.

N ‘C@/I |

| Deiayed Stesring (Ouiouil.Presents a iogic hugn waena r°<-|v=" isne-sair b

Raj ceenj
fregisterec ans tae cutsul iaten uos ateq: retu:as 16 i0g1iow waar tne volage aj
!SUGT faits oerow Vvg, :

16 . 25t ! Zarty Steering {Outoull. Presents a 10C1Z NIGN 0a<2 tne Sigital argsriinm
i 2 vaiid tone oar isignar coadiuonl. As ¥ momerniary iass of signar s2as
125310 return to a 1ocIc iow,
71 su t Steering :nout/Guarz ume (Outout) Sidireciicnal. & vQilage greai2
icetectes at §: zauses tne sevice o r::xste.' :ne 2etzciec lone sawr an
:
1oUtdut ialih. & voitage 1255 tnan Vg, ¢ <% 15 2¢Lest 2 naw
| | GV outout acts 15 reset sne externa s\esnnc tme-consian i3 sate
! {33tanc tma voitage on 5o :
18 - Vep  1Positive nower sussiv linpesl,

346
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SUGT [ S [~ N

Q:.Qu

Stb

TOZ

Dz A / T Ry 4 o

HIGH IMPEDANCE
DECODED TONE # (n-1) X el 4 >___L '

EXPLARATION OF SVENTS

Al TONE 3URSTS DETITTED, TONE DURATION INVALID, CUTPUTS MOTUPDATIC

3} TONE vn OETECTID, TOME DURATION VALID, TOME DECCTI0 ANO LATCHED (M CUTAUTS,
1 ZMD OF TONZ on DITITTEO. TOME ASINT DURATION VALD, SUTMITS RENAR LATIHED UNTILNEXST VALID TONE,

b QUTPUTS SYATCHED TO HIGH IMPEDANCE STATE.

3 TONE sa<=1 DETICTID. TONZ DURATION VALID, TONE DECCOED AND LATCRED IN QUTPUTS (CURRENTLY HIGH

IMPEDANCE),

b3 ACCEFTABLE DROPCUT CF TONE #a=1, TONZ A2SEHT DURATION IMVALD, CUTFUTS RIMAIN LATIHED,

Gi END OF TONE en~=1 DETILTID. TONZ AZSENT DURATICH VAUS, SUT2UTS 3351 LATCHED UNTIL NEXT YALID TONE.
EXPLANATION OF SYMSOLS

Ven DTMF COMPOSITE INPUT SIGNAL.

a5t ZARLY STESRING CUTPUT. INDICATES OZTICTION OF VALID TONE FAEQUENTIES.

SU/GT  $STEEAING INPUTI/GUARD TIME QUTAUT. DARIVES eXTIRNAL AL TIMING JIACUT.

QS 23T DECCOED TONE QUTPUT.

$to DELAYED STEZAING OUTPUT, INOICATES THAT VALIDO FREQUENCIZS AAVE 2224 2ASSENTIALSENT 7OR THE AEQUIRED

GUARD TIME THUS CONSTITUTING A vaLiD SiGNAL

TOZ  TONE QUTPUT IMNAZLE (INPUTY. A LOW LEVEL SHIFTS Q-G vO TS HIGH MPIDANCI STATE.

T MAXIMUM DTAF SIGNAL DURATION HOT DETECIED AS VALL,

tage MINIMUM DTMS SIGHAL DURATION REQUIRED FOR VALID AELSTHITION

2o MINIMUNM TIME 3ETWEEN VALID OTMF SIGNALS.

00 MAXIMUM ALLOWASLE DROPOUT DURING VALID DTMF SIGHAL,

tos TIME TO OSTECT THE PRESENCE OF VALID OTMF SIGHALS.

toa TIME TO OZTECT THE ABSENCE OF VAUD DTMF SIGHALS.

terr  GUARD TIME, TONE PRESENT.

teta

GUARD TIME, TONE ABSENT.

figure 3- Timing Diagram
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MT8870B/MT8870B-1 1502-CMOS

Functional Description

The MT8370B/MT88708-1 monoaiithic OTMF recetver
ofiers small size, lcw power consumotion and nign
pericrmance. 1ts architecture consists of a banasoint
fitter section, which separates the high and tow

grous tones, followed by a digitai counting section
whicn' verifies the freauency and curation of tne

receivec tones defore passing tne corresponding
€002 (0 the outout bus.

Filter Secion

Seoaration o the low grouo and high grous tones is
acnieved by aoolying the DTMF signal to the induis
of two sixth-order switched capacitor 5andoass
filiers, tne tandwidths of which corresoond to the
iow anc nign group frequencies. Tne filter section
aiso 'ncorporates notches at 350 anc 440 Mz icr
excesiional dial tone rerection (see Figure d4). 2acn
filter outout is iollowed by a singte oraer switcned
capac:itor filter section whicn smootns the signars
oror %0 fimiung, Limitng 1s derformed oy hign-gain
comgcarators «vhich are arovioed with aysterests i
oreven: geteciion of unwantec low-ievel sicnats.
The 2{ ne comparators srovide {ull cai

T ———

stmgiauon

""OV:C::‘.C

3% 1XLTANTOUS SICTAlS SUCH a5 VOICe wniia
e 273222 0 smail reguency deviaiiang
anc vartaucns. This averaging aigeriinm has zeen
gsveisoes ¢ 2nsure an cottmum c¢ambinatizs o
wmmuaty 10 1a1e-35 and torerance 10 the oragana
of mtarfening *r22uenzieg ('"-r" tonest

ai2 S 087 ang -~ .
“Wner ine ceI2CIs] r220CNI es tNe Sresence 3P g
v3iiT 1cney 7y v referres ¢ 25 the

coagiuon” = ;:.-19 mncusiry $o
- 1227 U250 outout will 22 0 an s

uent 1088 ¢f slcna. andiusn
2 3N inaclive siate ises ©

i a decadec izne zar.

Sefcre ceguirglicn of 1ae
recave” Ineces 127 2 VaiiC sIgnat guratisn trefer-ac
10 as lnaracier recscation conciticn:, This casca o
oeriCrTes 3V an 2xi2 r-\al RC ume consiant crive= 2w
IsuLAccgichign oo I3t causes v, (see Foura 5D in e
2 '.ne 1223Cir Di3Inargces. 2 eo 08 iRl ¢InCIioA

15 Taniaines 1230 r2mains highi for tne vaiizas:

.
T22Ines NS nresneis Vygr o0 1ne
Ed

~n
foia)

Derniss gl
» £ the 12ne sar, atenin: ot

»
e = 8
A e E

s ‘el

cuduls 3 = 1522 Tac:e i) ins ina2
io i: SWINGs a1 ine freguencies of tne tNCOMING  SUISU1.232a, A tRis 201t Ne T oulsulls acuvataa
DTM gnats. ang crives v, 1 was. GO con:::ues 1S crive Argr g
1enz 25 I3 remains hugn. Finaiiy, afte 2 shon zauav
Decoder Section 1 aiizw tne 2utzul {3tch to saitie, tne oeiavas
sieeseng duizul f 2z I5D) goes mugh. siznailing tr2t
folioving tne filter seciion 15 2 decsoer emoioving 2 “2c2vec ftone S217 Aas Seen reeigiarec. —-=
gigira counting tecnnmicuss o Setarming A2 (341270 Of tRs AUIDuliaten ars macs availacie sn
freauzncies of the incoming tones anc to verify that  as Z.2:% guizut sus oy faistng 02 tnree jizte
they <orresoond to stanaard OTM? irecuencies. A ¢ gt YOI W 2 1012 mon. The st2eccns
comoiex averacing: !lOOfl..‘\ﬂ orotesss a _.ams: ions Qrisil eIy, & C2versa 0 sadicate cae lﬂi..‘:".‘-i
0 i
: i 1 - " 3 .
i N ol N\ Y. QA Sl
i 1 ] [/ 1\ PN ! :
1 ] H . .
1ot I \ 2 g . - H
oo I | e : :
: | i /; . t 7 ; DTMITONES
mf . t ' \ .
K N A=$3T 4y 3
ATTINUATION : ; : Z : ’ A : 2279 h: i
198 i i i : . 3 . S=i3%he i
!Ol ! P ! { \ . : d=221H:
i ' ! l ) ] [ \ ) ] =109 Mz
i ] i . ‘ i 2= t3)5 Hy
~ - PRI
: . . . 3 $TH2
40’ ‘ ! , I 7«.,'.‘ [ \ R ! PoM=1313 Mz
NN VAN
h - 7 LI :
ol NIV 1 T V - Ny
TSN
XY A1 CoO S H
. FREQUENCY {M2)
Figure 4« Filter Resoonse
K
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; L ISO=-Cmes MT8870B/MT88708B-1
. - o ———
- - = recommences {or mest asoiications, teaving R 10 pe
Fiow | Fuan | NO. : T0¢ |*q, I o | & | a serecied By tne sesigner, ) :
697 [1209f + fu]o oo} )
18971336 2 {H|olo]1]o ‘
897 11477 : 3 i M o | Ot |1 —_—— - ¢
{770 [1209; ¢ | w|o| i ]o0lo0 a2y :
= - - - - ST, i
{¥0 013360 5 [ Hjo | ]o|] =] '
T :
72016775 5 [ Mo | v ]| o (o) &
! e
8s2ii209 ! 7 | w o] 1| v I\,
. MT$8723: | fota BIAOIA (Y 5 7 Vgl
852 {13360 s 1w !l v | o] o]o MT3EIIEe |
852 §1477 , s | w | 1 {0 |0 | | faee 12TV [ on f M pare ey )
941 {1236, 5 w1t }oj1]o
- _ - - figure 3. 32s:2 Steenng Circuis
9u|'.209'-,q1110|1!1 :
941 | 1477 ¢ =} 4 | [ ! o] o U may oe usec i3
—— : t¢ times ior tonz
697 11632 A w11 l \ I 0| 1 {igrai. This may o2
770 11833 0 2 i o= 0 : 3 | i | oo ~: . ca(:ons wenicn stage
: < 2 < N 20tAh (Sne gquraticn
852 11833 ; 2 | 5 i i . H { 1 : 1 angd nt2rcicita. sause. Svars ume adiusiment ase
——— i ! altows ina cesizner iz :ax:-:svsxam sarameters suc
Satj1s33; 21w jolotleto as taiw ¥ anc morne iTmmuawy. ingraasing aa,g; -
S I N I wmorovas 'au-:.':::-:c--'anco sunce it fetuces tne
. , : I

orogaciiily 1n2 iSner simuidtad ov soesch wiil

L= LCGICLOW, = = LTSIZ MIGH, I = HIGH IMPEDANCE mamniain gn ::::'.:.::3.. xong 2nough 0 D¢
Vable %. Funciionai Decoae Tabie recisteral, Ail2enativen. 2 ra1atively SNOM gz WL ’

: X 310ng g wCUTS D 20372003t {of extremeiv nosy
Sause detween uignas, Thus, as well as rejecting  envirenTani; waere (25t acsuisiiion time anc
signals 100 ShO 1€ D¢ Consiaerea vaiic. the receiver  tMMuAMy 12 13°% Sr223ut are recurrnc. Desicn
will toierate signaiinterruonuons {arooout) too shor  informatise {s- suars Uma adiusimens is snown 1o
10 be'consicerec 2 vaiic Dause. This {acility, togetner  Figure d
witn ine caoabiiity of seiecting the steering time
constants externauy, aitows tne aesigner to taiior
oeriormance to Ties: 2 wiae vartety of system
requirsments. -
i . The incut arrangamans 38 tne MT33708/M783705-1
Guard Tims Adjusiment sroviges 2

1a1-Cut operauona: amoiifie:
aswell 252 Si2g 55urzalte g winich s us22 10 bias tne
ln many sitbations no: recuiring seiection of tone  tnouts 21 mic-rai. Prowinca 13 made jor connection

duration and intargizizai sause, tha simoie steerning of a fes=zacx ~ee:3227 12 tne 0o-amo ouduz (G3) iof
gircurt snown 1n Figure 3 is aooiicable. Comoonent  aciusimenisi za:iniia 2 ingte-2naec tonfigurauon,
vaiues are chosan azzording to ine formuia: T ine INdUl 2in3 are connecies as shown in Figure 2
{ ’ WwiIta (ne 32-a:m ldaneciac {0f unity sain and Vi,
1 tRec=10p + 15T dlasing ine insul at $Vap. Figure 7 shows tne
; tio=1DAa*1G7A difierenuai (c.‘::‘s;u.at:..... which permits the

acdjustment of camn witn tne isadback resistor Rs.
The value of tos is a device parameter (ses Figure 3)
and tagg is tne munimim signal durauon to de
recognized by the receiver, A value for C of Q.1 pf is
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MT8870B/MT88708-1 1S02-CMOS

tgrr3{ReSy) 10 (V55 1 VooVl
.
tora (R T 1n Voo I Vgl
~ RemlR R Ry 2R
Voo v i
¢ =
suGT -
. A
Ry L laecreanng Lores (torr Sigral
—~
3 {
1 =RZNi0 [Vgn / (Vag-Viyel
1
Yra =RT 00 (Vo I Vig)
~ Re=tR. A (Ry =Ry
Voo i
G =
i
SUGT i .
T <
: il
R, 3‘“3 2 Sotueanns Ll >ien)
~
<
ESt C

Crystal Qsciltator

The internai ciock circuit is comoieteo with tne
addinon of an external 2.578545 MHz crysiai and is
normaliy connected as snowvn 1. Figure 2 {Sinqie
£nded nout Configuration;, Rowever, 1t 15 o0ssibie
1o configure several MT33708/MMT837G5-1 cevices
emotoying only a singis osciliator crystai, The
oscillator outout of tne first device in the cramn is
couoiec through a 30 of capacizar 0 tne osciiiator
input (OSC1) of the next device. Suosequent aevices
are connected in a simiiar fashion. Refer to Figure 8
for details. The problams associatec with
unbalanced loading are not a zoncern with the
arrangement shown, te: pracision dalancing
capacitors are not cequired,

-

3-50

o 'F—VVV\"“"—-‘*‘ . MT28708/
MT83708-1

DUFFEREINTIAL INPUT AMPLIFITR
Zo=8, = 10nF

Remi =2Re= 10010

R, =80tQ.R, 232,50

s ARy
=

All resistors are = %5 iorerance,
All¢aoacrtors are =5 °%

R P
Raady

YOLTAGE GAINIA, dith= At

INPUT P EDANCE

tcrerance.

erensial Inout Configuration

70 OSCH of nex:
MT38703/ MT33703-

o
L ad
5'\

-

[0} Py BRSNS 3

Q
s
(3]
..

"n

<=z300F
Xotate= 1,579545 Mh

figure 8- Oscillator Connection

*h
(]



oy

-

-

—

o —— T

o —— e LRI

o —— —

e e T T ew—

" pin GS of MTBB708-i. As shown in tne diagram, the

1s02.cMos MT8870B/MT8870B-1

APPLICATION .

RECZIVER SYSTEM FOR BRITISH TELECOM SPECPOR
1151 ’

Tae circuit shown in Fig. 10 illustratas the use of
MTBB705-1 device 1n a typical receiver system. 87
‘Spec defines tna tnout signals less than <34 d8m as
the non-operats tevei. This condition Zan de
attained by choosing a suitabie vaiues of Ry and R;
to provide 3 d8 attenuation, such that-34 d8minout
signal will corresoond to -37 dBra attne gain setting

component values of Ry and C; are the guard time
requirements wnen the total comocnent toierance
is 6%. for better nerformance, itis raccmmended 10
use the non-symmetric guard time circuit in Fic, 2.

o
“
b

igre = (Rali) 10 [Van S (WaneVeyii

terd 2R TIN50 F Vi

Re=lRA0 7R, =3,

Notes:
A, =]53K0 2 1%
Re=I12MO 21K

ComiCond 28%

Figure 9« Nan-Svmmetric Guarc Time Cireunt

Yoo
¢
otvMF C—H— - oy
bk g R, MT85705-% =
; '—i w- U Vag t—‘
: . s1e7 B * 4
aa~——1 G5 257 ":—-—vvw
?-: —: Vet ) C :
;——‘——: 1Ic e i
—T 25 De—C
! —] os<: o: O =
| * =il ose: g b—=C
i ] Vi 102 —
/ /7

Figure 10 . Singie-Ended lnput Configuration ier 57 or CZ7T Soec
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% INFORMATION
I *4 STORAGE

DEVICES

PAELIMINARY DATA SHEET

ISD1200/1400 Series
Single-Chip Voice Record/Playback Devices

10-, 12-, 16-, and 20-Second Durations

GENERAL DESCRIPTION

information Storage Devices’ 1SD1200/1400 ChipCorder™
Series provides high-quality, single-chip record/ playonck
solutions to short duration messaging applications. The

:CMOS devices include an on-chip oscillator, microphone .
“pre-amplifier, automatic gain control, antialiasing filter,

smoothing filter, and speakeramplifier. Aminimum record/
playback subsystem can beconfigured with amicrophone, a
speaker, several passives, two push-buttons, and a power
source. 4

Recordings arestored in nonvolatile memory cells, providing
zero-power message storage. This unique solution is made
possible through ISD's patented Direct Analog Storage
Technology (DAST®), whereby voice and audio signals are
stored directly, in their natural analog form, into EEPROM
memory. Direct analog storage allows natural voice
reproduction in a single-chip solid-state solution.

1SD1200/1400 SERIES SUMMARY

Minimum Maximum
Part Duration | InputSample | Upper Pass
Number (Seconds) Rate (KHz) ‘| Band (KHz)
1SD1210 10 6.4 27
Jsp1z |~ 12 53 23
IsD416 | | 16 8.0 34
1SD1420 20 64 |, 27

FEATURES

+ Easy-lc-use single-chip voice record/playback
solution
~ No external 1Cs required

- Minimizes external components

* High-quality, natural voice/audio reproduction
< Push-button interface

- Pla‘yback can be edge- or level-activated
+ Zero-power message storage

- Elimirates battery Eackup dircuits
J ‘100-year message retention (typical)
+ 100 K record cycles (typical)
* On-chip clock sousce.
+ No programmer or development system needed
+ Fully addressable to handle multiple messages
+ Automatic power-down mode

- Enters standby mode immediately (ollowing

a record or piayback cycle
- Standby current 0.5 uA (typical)

* Singie power supply

"| + Available in DIP, SOIC, and die form fof Chip-

on-Board (COB) Module assembly

1SD1200/4400 SERIES BLOCK DIAGRAM
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1SD1200/1400 SERIES

DETAILED DESCRIPTION
Basic Operation

The 15D1200/1400 ChipCorder Series devices are
controlied by a single signal, RET, and either of two

S

push-button control playback signais, PLAYZ (edge-

activated playpack), and PLAYL (level-activated piay-
back). The ISD1200/1400 parts are configured for
simplicity of design in a single-message application.

Using the address lines will allow multiple message -

applications. Device operation is explained on page 4.
Speech Quality .

1SDs patented DAST technology provides natural record
and playback. The input voice signals are stored
directly in nonvolatile EEPROM cells, and repro-
duced -without the synthetic efect often heard with
digitalsolid-statespeechsolutions. Acompletesample
is stored in a single cell, minimizing the memory

. necessary to store a recording.of a given duration.

Automatic Power-Down Mode

Atthe end of a playback or record cycle, the 1SD1200/
1400 Series devices automatically return toa low-power
standby mode, consuming typically 0.5 pA. During a
piayback cycle, the device powers down automatically
at the end of the message. During a record cycle, the
device powers down immediately after REC is released
HIGH. 3

Addressing (optional)

_In addition to providing simple message piayback,

the 1SD1200/1400 Series provides a full addressing
capability. )

The 1SD1200 Series storage array has 80 distinct
addressable segments, while the ISD1400 Series

storage array has 160 distinct addressable segments,
providing the following resolutions.

PRELIMINARY DATA SHEST

Part Number Resolution
1SD1210 125 ms
IsD1212 150 ms
ISD1416 100 ms
1SD1420 T 15ms

1SD1200/1400 SERIES PINOUTS

a1 . T3 Ve
At 2 =R IAE
A2 3 26 xoux
A4 3128 AEcLEo
At s =R 2R VT
AS & 23 PLATL
w1 1501200 B3 e
[T . ‘£5 21 anaoUT
PYSR | 1ISD1400 520 avam
A7 10 19 aGC
NS U . ) 18 MC REF
Vesp 12 fan RV
Vesa 1 ) 18 Veea
$9. W Dl se-

DIPISOIC
Nole: NC means Must Not Connes!

PI.N DESCRIPTIONS

Note: Tite REC, PLAYL. and PLAYE siguals aze ali debounced for
50 ms. on the rising edge to prevent a faise retriggering from a pusi-
button switch.

Record (REC)

. TneRECinputisanactive-LOW record signal. Tne device

records whenever REC is LOW. This signal must remain
LOW for the duration of the recordine. REC takes
precedenceovereither piayoack (PLAY= or PLAYL) signal.
1f REC is pulled LOW during a playback cycle, the
playback immediately ceases and recording begins.

Arecord cycle is completed when REC is pulied HIGH.

.An end-of-message marker is internally recorded,

enabling a subsequent piayback cycie to terminate
appropriately. The device automaltically powers down to
standby mode when REC goes HIGH.

Playback, Edge-Activated (PLAYE)

When a LOW-going transition is detected on this input
signal, a playback cycle begins. Plavback continues until
an end-of-message marker is encountered or the end of
the memory space is reached. Upon completion of the
playback cycie, the device automaticaliy powers down
into standby mode. Taking PLAYE HIGH during a
playback cycle will not terminate the current cycle.

Playback, Level-Activated (PLAYL)

When this input signal transitions from HIGH to LOW, a

plavback cycle'is initiated. Playback continues until
YL is pulled HIGH, an end-of-message marker is

detected, or the end of the device space is reached. The

device automatically powers down to standby,node.

upon completion of the playback cycle.

Note: In playback, if either P(LAYE or PLAYL is held LOW
during EOM or OVERFLOW, the device will still ‘enter
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standby and the internal oscillator and timing generator
willstop. However. therising edge of PLAYE and PLAYL
willnolonger be debounced and any subsequent falling
edge present on the input pins will initiate another
plavback. -

Record LED Qutput (RECLED)-

The output RECLED is LOW during a record cycle. It
can pe used to drive an LED to provide feedback that a

record cycle is in progress. In addition, RECLED pulses
LOW momentarily when an end-of-message marker is
encountered in a playback cycle.

Microphone Input (MIQ)
The microphone is usually AC-coupled to this pin viaa

series capacitor. The user-selectable value of the input -

series capacitor (together with the 10K ohm resistance
internal tothechip) determinestheiow-frequency cutoff
for the 1SD1200/1400 Series passband.

Micophone Reference (MIC REF)

WhenMICREFisACcoupled tothemicrophone ground,
the recorded noise levél is significantly reduced.
Ground noise is referenced to the preamplifier. If this

pin is not used, it must NOT be connected to any signal
or voltage. It must float. _

Analog Output (ANA OUT)

The microphone signal is amplified and is output to the
ANA OUT pin. The voltage gain of the preamp is
defermined by the voltage level at the Automatic Gain
Control (AGQ) pin. The preamplifier has a maximum
gain of about 24 dB for small input signal levels.

Analog Input (ANA IN)
The extemal,capadtoi connects ANA IN to the ANA

" OUT pin. The value of the external capacitor, together

with the 3 KQ input impedance at ANA IN, can be
chosen to give additional cutaff at the low-frequency
end of the voice passband. The ANAIN pin may aiso
be used o input alternative sources of analog signals
(instead of the microphonesignal) throngha coupling

.capacitor.

Automatic Gain Control (AGQ)

The purpose of the AGC is to’dynamically adjust the
preamplifier gain. and therefore extend the range of
input signals which can be applied to the microphone
input without causing distortion. The AGC can
considerably extend the range of recordablesound from
whispers to loud voices. To use the ACC feature, an
external resistor and capacitor should be connected in

PRELIMINARY DATA SHEET

1SD1200/1400 SERIES

parallel "between the AGC pin and Ground.
Recommended values are 470 KQ and 4.7 uF. The
“attack” time of the gain control is determined by the
source resistance (5 KQ) and the external capacitor. Tre

- “reiease” time is determined by the external resistor and
capaditor. For AGC voltages of 1.5 Volts and beiow, the
preamplifierisatits maximum gain of 24 d 8. Reduction
in preamplifier gain occursforvoltagesof approxdmately
1.5 Volts. [f the AGC function is not desired. the AGC pin
<an be tied to Ground and the preamplifier gain will be
held at its highest level of approximately 24 dB.

I£ operating at voltages 2bove 55 V, insert a 5.1 KQ
tesistor in series with the capaditor from pin 20 to pin2]
to minimize distortion.

Speaker Outputs (SP+, SP-)

The SP+ and SP- pins provide direct drive for
loudspeakers with impedances as low as 16 ohms. A
single output may be used, but, for direct-drive
loudspeakers, thetwooprosite-poiarity outsuts provide
an improverient in output power of up to four times
over a single-ended connection. Furthermore, when
SP+and SP-are used, a speaker-coupling capacitar is
not required. A singie-ended connection wiil require an
AC-~coupling capacitor between the SP pin and the
speaker. The speaker outputs are in a high-img&dance
state during a record cycle, and held at Vgs, during

Power Down.

Optional External Clock (CLK)

This signal is normally fied to ground in agpiications
dreuits. If, however, greater timing précision is desired,
(intemal clock has #2.5 % tolerance over temperature
and voltage range), the ciip can be'externally clocked
through this pin. If the XCLK is not used, this input
should be connected to ground.

Vcc\ and ch

Analog and digital circuits internal to the 1SD1200/
1400 Series use separate power buses to mininize
noise on the chip. These power buses are brought oui to
separate pins on the package and should be tied
togetherasclosetothesupplyas possible. Itisimportant
that the power supply be decoupled as ciose as possiole
to the package.

VSSA and Vsso (Ground)

Similarto Vecaand Veep. theanalog and digital circuits
internal to the ISD1200/1400 Series use separate
ground busesto minimize noise. These pins should be
tied together as close as possible to the device.

Daveminr, 1949)
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1SD1200/1400 SERIES

are latched by the falling edgeof PLAYE,

TABLE 1. OPERATIONAL MODES

PRELIMINARY DATA SHEET

Address Jointly*
Crl. (HIGH) Function Typical Use Compatible

A0 Message cueing Fast-forward through messages Ad

AT Delete EOM markers Position EOM marker at the end of the last message | -A3.Ad

A2 Unused

A3 Looping Continuous playback from Address 0 Al

Ad .Consecutive addressing Record/Play multiple consecutive messages A0, Al

A5 Unused

* Indicates additional operational modes which can be used simullancously with the given mode.

Address Inputs (A0-A7)

The Address Inputs have two functions, depending upon
the level of the two Most Significant Bits (MSB) of the
zddress.

If eithar of the two MSBs is LOW, the inputs are ALL
interpreted as address bits and are used as the start address
for the current Record or Playback cycle. Trie address pins
are inputs only and do not output internal address
information as the operation progresses. Address inputs

TPLAYC or REC.
OPERATIONAL MODES

The ISD1200/1400 Series is designed with several built- .

in operational modes provided to allow maximum
functionality witha minimum ofadditional components,
described in detail below. The operationzl modes use the
address pinson thelSD1200/1400devices, butaremapped
outside the valid address range.. When the two Most
Significant Bité (MSBs)are HIGH, the remaining address
signals are interpreted-as mode bits and NOT as address
bits. Therefore, operxuional modes and direct addressing
are not compatible and cannot be used simultaneously.

There are two important considerations for using
operational modes. First, all operations begin initidlly at
address 0, which is the beginning of the ISD1200/1400
address space. Later operations can begin at other
address locations, depending on the operational mode(s)
chosen. In addition, the address pointer is reset to 0
when the device is changed from Record to Playback.
Playback to Record, or wheit a Power-Down cycle is
executed., ’

Second, an Cperational Mode is executed when any of
the control inputs, PLAYE, PLAYL, or REC, go LOW and
the two MSBs are HIGH. This Operational Mode remains
in effect until the next LOW-going control input signal,

at which point the current address/mode levels are
sampled and executed.

(Note: “The two MSBs are on pins 9 and 10 for each
1SD1200,/14CC Series member.)

OPERATIONAL MODE DESCRIPTIONS

The Operational Modes can be used in conjunction witk
a microcontroller, or they can be hard-wired to providz
the desired system operation..

AD— Message Cueing (PLAYE or PLAYL oniy)
Message Cueing allows the user to skip through
messages, without knowing theaciual physicai addresses
of each message. E2ch control input LOW pulse causes
the internal address pointer to skip to the next message.
This mode should be used for Playback oniy, agd is
typically used with the A4 Operational Mode.

A1 — Delete EOM Markers (REC only)

The Al Operationai Mode aiiows sequentiaily recordec
messages to be concatenated into a single message with
only oné EOM marker set at the end of the combined
message. When Lhis operational rode is configured.
messages recorded sequentially are played back as one
continuous message.

A2 — Unused

A3 — Message Looping (PLAYE or PLAYL only)

The A3 Operational Mode allows for the automatit.
continuously repeated playback of the message located
at the beginning of the address space. A message CAN
completely fill the ISD1200/1400 device and will loop
from beginning to end. .

A4 — Conseculive Address{ng

During normal operations. the address pointer will reset
when a message is played through to an 20M marker.
The A4 Operational Mode inhibits the adrress pointer
reset, allowing messages tobe played back consecutively.

AS ~— Unused
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ISD1200/1400 SERIES

APPLICATION SCHEMATIC
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Nale: ISD Application Notes and Design Manual etailable

FUNCTIONAL DESCRIP"{'ION EXAMPLE .

The following example operating sequence demon-
stratesthe functionality of the ISD1200/1400Ssries devices.

1. Record a message filling the address space.

Pulling the REC'signal LOW initiates a record cycle from
the beginning of the messagespace. IfREC is held LOW,
thé recording continues until the message space has
been filied. Once the message space is filled, recording
ceases. The device will automatically power down after
RECis pulled HIGH.  * : .
2 E:dge-activaled playback. g
Pulling the PLAYE signal LOW initiates a playback
cycle from the beginning of themessage space. The rising
edge of PLAYE has no effect on operation. If a recording
has, filled the message space, the entire message’ is
- played. When the device reaches the end of the message
space. it automatically powers down. A subsequent

falling edige on PLAYE initiates a new play cycle from the
start address,

3. L:evel-aclivaled playback.

Pulling the PLAYL signal LOW initiates a playback
ycle from the beginning of the message space. If
;b(? L remains LOW, the device plays through to the

end of the messageand subsequently enters the power-"
down mode.

4. Level-activated playback (truncated), .

IfPLAYLis pulled HIGH any time during the play- back
cycle, the device stops playing and enters the power-
downmode. Asubsequentfallingedgeon PLAYLinitiates
a new play cycle from the start address.

5. Record (intesrupting playback).

The REC signal takes precedence over other operations,
Any LOW-going transition on REC initiates a new yecord
operation from the beginning of the start addféss,
regardless of any current operation ir: progress.

* 6. Record a message, partially fiiling the address space.

A record operation need not fill the entire message space,
Releasing the RECsignal HIGH before flling the message
space causes the recording to stop and an end-of-
message marker to be placed. Thedevice powersdown
automatically. .

7.Play back a message, partially ﬁlfing the address space.

Pulling the PLAYE or PLAYL sigral LOW initiates a
playback cycle which is then completed when the end-
of-message markeris encountered. Playbackceasesand
the device powers down.

8. RECLED operation.

Theﬁtﬁboutputpinpmvidesanactlve—LOWsignal
which can be used to drive an LED as a “record In.
progress” indicator. It returns t6 a HIGH state

¥ when the REC pin is released HIGH or when the
recording is compieted cue to the message space
! being filled. . :
£
g :
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'1SD1200/1400 SERIES

APPLICATIONS NOTE

Some users may experience an unexpected recording
taking place when their drwiit is powered up, or the
batteries are changed and Ve tises faster than REC. This
undesired recording prevents playback of the previously
fecorded message, A spurious End Of Message (EOM)
marker appears at the very beginning of the memory,
preventing access to the original message, and nothing is
played. ‘

To prevent this occurrence, piace a capaditor (approx.
3001 pF) between the control pin (REC) and Vi This pulls
p .

PRELIMINARY DATA SHEST

the control'pin voltage Gp with Ve as it rises. Once the
voltage is HIGH, the pull-up device will keep the pin
HIGH until intentionally puiled LOW, preventing the
false EOM marker. !

Since this anomaly is dependent upon factors such as the
capaditance of the user’s printed drcuit board, not al]
dircuit designs will exhibit the spurious markes. It is
recornmended, however, that the capaditorisincluded for
design reliability. A more detailed explanation and
resolution of this occurrence is described in the ISD
Application Notes and Design Manual.

fBSOLUTE MAXIMUM RATINGS - {ISD1200/1400 SERIES -~ PACKAGED) -

Value

‘Condition ] s

‘Ternpenture under bias -65°Cto+125°C

Storage temperature range -65°Cto+150°C
Voltage'applied to any pin (Vss-03V)to (Ve +03 V)
Voltage applied to any pin (Input qurrent fimited to +20mA) | (Vg-1.0Vto (Ve +1.0V)
Lead temperature (soldering - 10 seconds) 300°C

"Ved-Ves .' -63Vio+70V

Strasses above those listed may cause permanant damage lo the device. Exposure to the absoluie maximuun ratings may agect device relingility.

bC PARAMETERS. (1SD1200/1400 SERIES - PACKAGED),
Operating Conditions: Ty = 0° 10 70° C, Voo = 4.5 V 10 65 V™M, Vg = 0 V @, unless othenvise noted

.Symbol Parameters "] Min

Typ® | Max | Units | Conditions
Vu Input Low Voltage 0S8 \
Viu | InputHigh Voltage 2.4 v
You Output Low Voltage 3 04 v lor=4.0mA
Vou Outpist High Voltage . 24 V | log=-16mA
tec Vee Current @ 5.5 V (Operating) 15 30 mA Veeu 535V, Regypes 8!
e+ | VeeCunment @65V (Operating) 15 33 MA. | Vee=65V, Rpgque
lss__. [ VecCurrent (Standby) 05 10 pA | we
- | InputLeakage Current +1 BA wa -
lieo Input Current HICH w/Pull Down 130 HA _Force Ve 61D
Reer Qutput Load impedance 16 Q Sceaker Load
Raic Preamp In Input Resistance 10 KQ Pins 17,18
ﬁm,\ In | AnainInput Resistance 3 KQ
Apger Preamip Gain 1 24 dB | AGC=00V
Aprpr Preamp Cain 2 -45 -15 dB AGC =25V
Aage Ana I to SP+/- 2 dB
Race AGC Output Resistance 5 KQ
lerent Preamp Out Source -2 mA @Vour=tlov
Terer Preamp [n Sink 0s mA @Vour=20V
N"?;G-' L. Vec = Veea = Veen. 5. REC. PLAYL. and PLAYE must be Vecp . ‘

LV mViamVeen. - .
3. Tupical tulues B T4 & 25° Canl 50 V.
4. Veca st Voep anmatod totleer,

6. lin 26.
7o Applics andy 10 ISD1200 amnd ISD134X! futtere tvrsint (0 puge 13),
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\C PARAMETERS (ISD1200/1400 SERIES - PACKAGED} .
Opernating Conditions: Ty =0*t070°C, Vee = 4.5 Vo 65V 0 Yeg = 0V H; unless otherwise noted

1SD1200/1400 SERIES

Natzs: 1. Ve = Veea = Veeo-

2 Vesm Vgepm Vecp.
3. m;mtl trlucs @ TA a 25°C, 50 V,aml 62 KHz smple nm:.
4. With 12 K82 scrics nesistor at ANAIN.

8. Lote~froficcncy cutoff depends upunt tlue of external mpmlors (sc¢ Pin Deseriptions).
6. Tv;m’al ool @ Ty = 25° Caml 50V,

Symbol | ‘Characteristic Min | Typ®™ | Max | Units | Conditions

THD Total Harmonic Distortion 1 o @1 KHz

Tieot RECLED ON Delay 5° psec

Tum ‘RECLED OFF Delay 486 msec

Ts A3 Loop Setup Time - 300 nsec.

TH A3 Loop Hold Time 0 nsec

Treup Record Power-Up Delay 32° msec

Trroo Record Power-Down Delay 32 msec

Trevo Play Power-Up Delay 32 msec

Teroo Play Power-Down Delay 8.1 msec

Pout Speaker Output Power - 122 mW | Rog=16Q

Vout Voltage Acoss Speaker Ping 125 25 | Vpp | Rexr=60002

T Vea MIC Input Voltage 20 mV | Peak-to-Peak ¥

Vea ANA IN Input Voltage k> mV | Peak-to-Peak

AC PARAMETERS
ISD- | ISD- | ISD- 1 1SD-

Symbol | Characteristic 1210 | 1212 | 1416 | 1420 | Units Conditions
Fs ‘| Sampiing i’rea_uenc/ (max) 6.4 53 8 .| 64 | Ktz Internal Osdilator
BW Bandwidth (max) 27 23 34 27 | KHz 3 dB Rall-Off Point &
Triny Record Pulse Width (max) 10 12 16 20 sec.

Tear | Plavback Duration (min) 10 12 16 20 sec.

Tiepe | RECLED OFF Delay 436 | 583 | 389 | 486 | msec @
Treup | Rec. Power-Up Delay- * 32 39 26 32 | msec ®)
Trroo | Ree Power-Down Delay 32 | 3 2% 52 | msec 16
Teruo | Play Power-Up Delay 32 39 26 32 | msec 16
Teroo | Play Power-Down Delay. 8.1 97 | 65 | 81 | msec @

haensing 1t
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