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ABSTRACT

This thesis will demonstrates the many application
of microprocessor to improve old mamual swithing tech-
nology which requires operators to operate. It will
decrease the cost of the implementation of this swit-
ching which the switching has the small size that can
be set on the table. It has been developed from the
switching that uses daily in the hotels,apartments and
mansions.The old switching uses the Jack plug-in which
is so expensive and need the man to operate. With the
thought to reduce the production cost by eliminate the
Jack plug-in that can’t be produce in the country,so I
came up with the idea to use the microprocessor to
control the same switching which will improve the per-

formance of the switching.
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I P

TRARRKAARARKKAKAARA KA A A &
P RECEIVE BCD-1n *

FAAARAARAR AR R K ARKARAAA A &

ie DEFILE-MENORY .«
e e
ORG 8000H
RAN EQU 9E00H
RING EQU RAL 1
CHECES EQU RAM+ 30
CHECK EQU RAN 70
SFRakn wa R R ERART AR b
e DEF [LE-PORT .
:8255(1)
STATUSI  EQU OEOH
STATUS2  EQU OEIH
STATUS3  EQU OE2H
CONT1 EQU OE3H
:8255(2)
RING1 EQU OEAH
RING2 EQU OESH
RING3 EQU OE6H
CONT2 EQU OE7H
;8255(3)
SWITCHI  EQU OEBH
SWITCH2  EQU OEOH
SIGHAL EQU OEAH
cont3 EQU OEBH
iB255(4)
SEG EQU OECH
SEGCOM EQU OEDIH
BCD_ 1IN EQU OEEH
CONT4 EQU OEFH

TARAKRAAARANRARAARAAAA AR &2 & #

HE START

PROGRAM A

TRRAKAARARAAAAKARA KA A KA KA & A A

ouT
LD
ouTt
ouT
LD

out

ou

LD

LD
our
LD

ou

SP,RAM+100 ;SET STACK

A, 9BH

(CONT1),A" ;IN ALL-PORT
A, 80H

(CONT2),A ;0UT ALL-PORT
(CONT3), A

A,080H

(CONT4),A ;A B OUT, C IN
A, 1L

(SIGNAL),A ;RESET 8816
A, 661

(SIGNAL),A ;SET 8816
A,OF8H

(SEGCOM) , A

A, 401

(SEG), A

TRAKARRAAAARARARAA AARAA A

By

- START - *

TRAARARARAANRAKARA KA AR A &

S_TART:

LD

LD
CALL
N
BIT
Jp
CALL

JP

IX, RING
1Y, CHECKS
R_SET

A, (STATUS3)
4,A

NZ, INN
R_OPR

CK_suB

INN: m A, (BCD_IN)
BIT  4,A
Jp NZ,START
CALL DELAY
Jp INN
START: LD IX,RING
LD 1Y, CHECKS
CALL R_SET JRESET IX, 1Y
LD IX,RING
LD 1Y, CHECKS
IN: LD B, 00
LD IX,RING
ITNNN: m A,(ncnvm) iRECEIVE KEYING
CALL  DELAY
AND  OFHl
INC B
cp 1
JR Z,DY
cp 2
JR 2,b2
CH 3
JR Z,D3
cp )
JR Z,Da
ep 5
JR 2,D5
cp 6
JR Z,D6
CP "3
JR Z,h7
cp 8
JR Z,Dh8
cp 9
JR Z,D9
CcP 0All
JR Z,Do
DI LD (IX),06H
JpP CRT
D2: LD (IX),5BH
Jp CRT
D3: LD (IX),aFn
Jp CRT
DA4: LD (1X), 6011
JpP CRT
DS LD (1X),6DH
Jp CRT
DG : LD (IX),7DH
Jp CRT
D7: LD (IX),07H
Jp CRT
D8 : L.D (IX),7FH
JP CRT
DO LD (IX),6FN
JP CRT
DO: LD (IX),3FH

PRARAAAR A AR AR A ARA AR & &

el - DISPLAY - *

TRNARANAAAAAAARAANANA A &

CRT: LD

A,B



cp 3 OUT  (SEGCOM), A

Jr Z,BB_3 LD A, (1IX)

cp 2 out (SEG), A

JPz,BB 2 CALL  DELAY2
cp 1 DJNZ  DISS1
JP z,BB 1

LD B,D
F2: LD E,(IX41) iSHIFT2 DJNZ DIS
LD (1X+2),E LD A,OF8H
Fl: LD E, (IX)

OUT  (SEGCOM), A
LD (IX+1),E

LD A, 0401

Jp INNN OUT  (SEG),A
BB_3: LD A, OFEN Jp Nu

OUT  (SEGCOM),A Li: LD A (IY431)  MARK TOT|

LD A, (1X+2) cp 1

OUT  (SEG),A Jp z,T2

CALL  DELAY2 Jp CO_L1 iTOT1 NO USED
BB_2: LD A,OFDH iGO CONMECT L1

OUT  (SEGCOM), A L2: LD A, (1Y+31)

LD A, (IX+1) cp 1

OUT  (SEG),A Jp Z,13

CALL  DELAY2 Jp Co_L2

BB_1: LD A,OFBH

;1ﬂnnxnkﬁAkkknn‘aﬁnhqﬁAnAAAAnknquﬂannl

out (SEGCOM) , A i»  CHANGE BCD TO NUMBER OF suB *

LD A, (1X)

e o LRI T W TN
OUT  (SEG),A
CALL = DELAY2 i(1X)  =BIT1

IN A, (BCD_IN) i (I1X+1)=BIT2

BIT  4,A i (1X+2)=BIT2

JP NZ,CK_BIT

NU: LD B,02 iCOUNT BIT

LD A,B NUM: LD A, (1X)

cp 3 cp 3FH

Jp NZ,CRT JR Z,A0

Jp DOWN cp 06H
CK_BIT: LD " a,B JR ZiAl

cp 1 cp 5BH

JR 2,r1 JR 2,A2

cp . cp AFH

JR Z2,F2 IR Z,A3
DOWN : LD B, o2 CP 661
DIS: LD D,B JR Z,A

LD B,OFoll cp ]|
iDISS: N A, (STATUS3) JR 2,A5

BIT 5,A cp 7DH

JpP NZ,L1 iCHECK LINE-TOT!1 JR 2,A6

CALL R_TOT1 cp 071
T2: BIT  6,A JR 2,A7

Jp Nz, L2 cp 7FH

CALL R_TOT2 JR Z,A8
T3: LD c,B cp GFIl

LD B, OFFIl JR 2,A9

LD D,B Jp S_TART
DISS1: LD A, OFEH AO: LD (1X),00

OUT  (SEGCOM),A Jp ST

LD A, (IX42) Al: LD (1X),01

OUT  (SEG),A Jp ST

CALL DELAY2 A2: LD (IX),02

LD A, OFDH Jp ST

OUT = (SEGCOM), A A3: LD (1X),03

LD A, (I1X+1) Jp ST

OUT  (SEG),A Ad: LD (1X),04

CALL  DELAY2 Jp ST

LD A,OFBH AoF LD~ (1%) ;05



AG:

A7:

A8:

ST:

RO:

_S1:

JP.
LD
JpP
LD
Jp
LD
Jp
LD
1Hnc
DJNZ
LD
LD
LD
RL
DJNZ
LD
LD
ADD
Cp
Jp
cp
Jp
cp
JP
Ccp
Jp
cp
Jr
cp
Jp

cp

Jp
cp

Jp

cp

Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
Jp
LD
LD

LD

ST

(1X),006

ST

(1X),07

ST 0_52:
(IX),08

ST

(IX),09

X

NUMH

IX,RING

B,04 0_s3:
A, (IX+1) iGET 4 BIT MSB
A

RO

B, (1X) (GET 4 BIT LsB

IX,RING

A,B

01 ’ 0 54:
Z,0_S1

02

Z,0_s2

03

2,0 83

04

@

08 0.S6:

2,0_59
101
2,0_s10
1

2,0 511 0_57:
121

2,0_s12

1311

2,0 513 )

14n

2,0_s14

15H O_SB:
2,0_s15

161

2,0_S16

171

2,0_s17

181

2,0_s18 0_S9:
100
2,0_s19
201
2,0_s20
IhN
(IX),01H  ;RING-S1
(IX11),0A011;0PR-S1

E, 1 iHARK 8816

0_s10:

LD
Jp
LD
LD
LD

LD

LD
JpP
LD
LD
LD

LD

LD
JP
LD
LD

LD

LD
LD
Jp

LD

LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
JP

LD

LD
LD

LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
Jp
LD

LD

D,1 SHARK PORT
c,00 {MARK BIT
i, 01 iMARK SUB-NUMBER
K

(1X),021

(IX+1),0A1H

(1X),0an

(1X+1),0A2H

(1X),08H

(IX+1),0A3H

(IX), 101
(1X+1),0NaH
£ 1

D, 1

c,04

1,05

K

(IX),20H
(IX+1),0A5H
E,l

D,1

C,05

H,06

K

(IX),40H
(IX+1),0A6H
E,1

D,1

C,06

1,07

K

(IX),80H
(IX+1),0A7H
E,1

D,1

c,07

H,08

K

(IX),01
(IX+1),0A8H
Eul

D,?2

c,00

,09

K

(IX),02

(IX+1),0A0H



0_S11:

0_S13:

0_S14:

0_S15:

0_S16:

0_sio:

LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD

LD

LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
Jp

LD
LD
LD
LD
LD
Jp

LD

E,1
D,2

c,01

1, 1on

K

(IX),04
(1X+1),0n0H
E.2

D,2

c,02

H,11H

K

(IX),08H
(IX+1),0A1H
E;2

D,2

C,03

H,12H

K

(IX), 100
(IX+1),0A21
E,2

D

C,04

H, 130

K

(1X), 2001
(IX+1),0A3H
B, 2

D,2

C,05

H, 1an

K

(1X), 101
(1X+1),0A4n
E,2

D,2

C4,06

H, 151

K

(IX), 801
(IX+1),0A5H
E,2

D,2

c,07

H, 16H

K

(IX),21H
(1X+1),0A0H
E,2

D,03

C,00

H,17H

K

(IX),220
(IX+1),0A71
E,2

D,03

Ce01

H, 18H

K

(1X), 240

LD (IX11),0A81

LD E,2
LD D,3
LD c,02
LD H, 101
Jp K
0_520: LD (1X), 281

LD (IX+1),0n01

LD Ey2
LD D,3
LD C,03
LD I, 200

TRARRARAAAAAAAA KA A A w
§ CHECK PORT

FTAARAARKA N R AR AR AN A

K: LD A,oADH
ouT (SWITCH!),A
LD A,D
CR. 1
JR Z,R1
cpP 2
JR Z,R2
LD A, (Ix)

OUT  (RING3),A
Jp Wi
R2: LD A, (1X)
OUT  (RING2),A
LD A, 200
OUT  (RING3),A
Jp W1
R1: LD A, (1X)
OUT  (RINGI),A
LD A, 20H
OUT  (RING3),A
R T TIPS o
i* WAIT SUB HOOK
PARRAA A A AR AR AR A nn
Wi LD B,0121
PPP: CALL  DELAY

CALL  DELAY

B * \AYH
cp 1
Jp Z,PA
cp 2
Jp Z,PB
IN A, (STATUS3)
Jp BITT
PB: IN A, (STATUSZ)
Jp BITT
PA: IN A, (STATUS1)
BITT: LD L,A
LD  aA,C
cp 0
Jp Z,B0
cp 1
Jp Z,B1
cp 2
JpP Z,B2
cp 3
Jp Z,B3
cp 4

Jp Z,B4

i BACK-0OPR

iRING TO sup

i RING-0sC

iWHEN D=3



cp
JpP
cp
Jp
LD
BIT
Jp
JP
BG: LD
BIT
Jp
Jp
BS: LD
BIT
Jp
JP
Ba: LD
BIT
Jp
Jp
B3: LD
BIT
Jp
Jp
B2: LD
BIT
JP
JB
B1: LD
BIT
Jp
Jp
BO: Eb
BIT
JA
Jp
W_1: CALL
DEC
Jp

Z,B6
AL

7,A
Z, 1
CON_sUB
AL

6,A
Z,W_1
CON_SUB
AL

5,A
Z,u_1
CON_suB
AL

a,A
Z,W_t

CON_suB

CoN_suB
AL

2,A
Z,M 1
CON_sUB
AL

1,A
Z,W_1
CON_suB
AL

0,A
ZM 1
CON_SUB
DELAY,

B

NZ,PPP

FRAARRRARARARARAKAA R A

i* OFF - RINGING »

TRARRRAAAARRRAAAA KA &

P: LD
cp
JR
Ccp
JR
LD
ouTt
Jp

RB: LD
our

ouT

RA: LD
out
out

OFF_S: LD
cp
Jp
cp

Jp

Z,RB
A,00
(RING3),A
OFF_S
A,00
(RING3),A
(RING2),A
OFF_S
A,00
(RING3),A
(RING1),A
AN

1

Z,s1

2

2,82

i IF NO HOOK WAIT

i IF HOOK CONNECT

520:

S19:

S

S16:

Sia:

S13:

S12:

S10:

S9:

S8:

S7:

Jp
CpP
Jp
Cp
Jp
cep
Jp

cp

Jp
cp
JP
cp
Jp
cp

Jp

Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jr
cp
Jp
cp
Jp
CALL
ap
CALL
Jp
CALL
Jp
CALL
Jp
CALL
Jp
CALL
Jp
CALL
Jp
CALL
Jp
CALL
Jp
CALL
Jp
CALL
Jp
CALL
Jp
GALL
Jp
CALL

Jp

10H
2,810
11y
2,511

12n

:TO OFF RINGBACK OPR



S6:

Sa:

S3:

S2:

VvV

CALL
JP
CALL
JpP
CALL
Jp
CALL
JpP
CALL
Jp
CALL
LD
LD
out
LD

ouT

BIT
Jp
CALL
IN
BIT
Jp
CALL
IN
BIT
Ji
CALL
DJNZ
CALL

JB

R_S6

B, OAll

A, 201
(SWITCH1),A
A, OACH
(SWITCH1),A
A, (STATUS3)
4,A

Z,Vvy

DELAY

A, (STATUS3)
4,A

Z,VVv

DELAY

A, (STATUS3)
a,A

Z,VVV

DELAY

BBB

R_OPR

S_TART

TRRARARARARARAR AR A AR

i * CONNECT OPR-SUB =

FRARARARKARAK KA A AR A A

CON_SUB:

RG2:

RG1:

CHN:

Ci:

LD
out
LD
cp
Jp
cp
Jp
LD
ouT
Jp
LD
ouT
ouT
JpP
LD
ouT
out
LD
cp
Jp
LD
ouT
CALL
CALL
JpP
Jp
LD

ouT

A, 2DH
(SWITCHI),A;OFF RING-BACK
A,D

1

Z,RG1

2

Z,RG2
A,00
(RING3),A
CNN

A,00
(RING3),A
(RING2) ,A
CNN

A,00
(RING3),A
(RING1),A
AE

1

Z;G1

A, (IX+1)
(SWITCHZ),A;CONNECT 0-S
SET1

SETO

S_TART ;HARK TEST OPR CALL SUB

CK_SUB;BEFORE JP S_TART
A, (I1X+1)

(SWITCH1),A

CALL
CALL
Jp
Jp

SET1 iset sub
SETO
S_TART

CK_SUB

TARAAARAAARRAAAA A AR

i CHECK - suB

*

TAXKAKARRRAARRAA A & &

CK_SUB:

Xa:

X6:

X7:

X8:

X10:

X11:

X12:

X13:

X14:

X15:

LD
IN
BIT
JP
CALL
BIT
Jp
CALL
BIT
Jr
CALL
BIT
NP
CALL
BIT
Jp
CALL
BIT
Jp
CALL
BIT
Jp
CALL
BIT
IR
CALL
IN
BIT
Jp
CALL
BIT
JpP
CALL
BIT
Jp
CALL
BIT
Jp
CALL
BIT
Jp
CALL
BIT
Jp
CALL
BIT
Jp
CALL
BIT
Up
CALL
IN
BIT*
Jp
CALL

1Y, CHECKS
A, (STATUST)
0,A
NZ,51_0
R_S1

1,A
NZ,52_0
R_S2

2,7
NZ,53_0
R_S3

3,A
NZ,54_0
R_S4

1,A

NZ,55_0

NZ,s8_0
R_S8

A, (STATUS2)
0,A
NZ,59_0
R_SO

1,A
NZ,S10_0
R_S10

2,A
NZ,S11_0
R_S11

3,A
NZ,S12_0
R_S12

4,A
NZ,S13_0
R_S13

5,A
NZ,S14_0
R_S14

6,A
NZ,S15 0
R_S15

7,A
NZ,516_0
R_S16

A, (STATUS3)
0,A
NZ,S17_0

R_S17

Is used



X18:

X19:

X20:

$3_0:

S4_0:

BIT
Jp
CALL
BIT
Jp
CALL
BIT
Jp
CALL

Jp

LD
Jp
LD
Ccp
JpP
LD
LD
LD
LD
LD
LD
LD
LD
LD
JP
LD
cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
cp
Jp
LD
LD

LD
LD
LD
LD
LD

2,A

NZ,S19 0

R_S10

3,A

NZ,520_0

R_S20

S_TART

A, (1Y rOBIL)

1

z,%2 iSUB 1S USED
iGO CK NECT

(1Y),0E0H ;BUSY-S|

(1Y+1),0F0H; RING-BACK s

(1¥+2),0A0H;0PR-51

(1Y+3),08011;L1-51

(1Y44),00011;L2-51

E,1 iMARK 8816-1
D,1 iHARK PORTA
C,00 iHARK BIT
H,o01 iMARK NUMBER
SUBB

A, (1Y+0CH)
1

X3
(1Y),0E1H
(IY+1),0F1H
(1Y+2),0A1H
(1Y+3),081H
(1Y+4), 0011
E71

D,1

c,01

H,02

suBB

A, (1Y+0DH)

1

Z,X4
(1Y),0E2H
(1Y+1),0F2nH
(1Y+2),0A21
(1Y+3), 821
(1Y+a),a2n
E,1

D, 1

c,02

H,03

suUBB

A, (IY+OEH)

1

Z,%5
(1Y),0E3H
(IY+1),0F3H
(1Y+2),0A3H
(1Y43),831
(1Y+a), 031
E,1

D,1

C,03

H,04

S7_0:

S8_0:

S9_0:

Jp
LD
cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
cp
JpP
LD
LD
LD
LD

LD

LD
LD
LD
Jp
LD
Cp
JP
LD
LD
LD
LD
LD
LD
LD
LD
LD
JB
LD
cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
cp
Jp
LD
LD
LD
LD
LD
LD

suUBB

A, (1YvoFn)
1

Z,X6

(1Y) ,0Ean
(IY+1),0Fan
(1Y+2),0Adn
(1Y+3),841
(IY+a), 04y
E, 1

D, 1

C,4

H,05

suBB

A, (TYe10m)
1

2. %7

(1Y), 0ESH
(IY+1),0F5H
(1Y+2),0A51
(1Y+3),85H
(1Y+a), 050
E,l

Byl

c,5

1,6

SUBB

A, (IY+111)
1

2,X8
(1Y),0E6H
(IY+1),0F6H
(1Y+2),0AGH
(1Y+3),80H
(1Y+4),96H
E,l

D, 1

C,006

u,o07

suBB

A, (IY+1210)

1

2,%9
(1Y),0E7H
(1Y+1),0F7H
(IY+2),0A7H
(1Y+3),871
(1v+a), 0711
E, 1

D, 1

c,07

1,08

SUBB

A, (IY+1311)
1

Z,X10
(1v),0E8H
(1Y+1),0F8H
(1Y+2),0A8H
(1Y+3),88H
(1vY+4),08H

Eil



S10_0:

S11_0:

S12_o:

S14_0:

LD
LD
LD
Jp
LD
cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
Cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
CP
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
cp
JpP
LD
LD

LD

D,2
C,00

1,00

SuBB

A, (IY+1alr)
1

Z,X11

(1Y), 0E0n
(IY+1),0F0N
(IY+2),0n01
(1Y+3), 801
(1Y+4), 901
E,1

D,2

c,01

H, 104

SUBB

A, (IY+151)
1

Z,X12
(1Y),0E0H
(1Y+1),0F0N
(IY+2),0A0H
(1Y+3), 801
(1Y+a), 901
E,2

¥

C,02

H, 111

sSuUBB

A, (1Y+16H)
1

e 13
(1Y),0E1H
(IY+1),0F1H
(1Y+2),0A11
(1Y+3),81H
(1Y+4), 0111
E,2

D,2

c,03

H, 121

SUBB

A, (1Y+17H)
1

Z %18
(1Y),0E2H
(IY+1),0F2n
(1Y+2),0A2H
(1Y+3),82H
(1Y+a),92n
E,2

D,2

c,04

H, 131

suUBB

A, (1Y+18H)
1

Z,%15

(1Y), 0E3H
(IY+1),0F3H

(1Y+2),0A3H

S15_0:

S16_0:

S17_0:

S18_0:

LD
LD
LD
LD
LD
LD
Jp
LD
cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
JP
LD
cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
cp
P
LD
LD
LD
LD
LD
LD

LD

LD
Jp
LD
Ccp
Jp
LD
LD
LD
LD
LD

LD
LD
LD
Jp
LD
cp

Jp

(1Y+3),831
(1Y+4),030
E,2

D,2

c,05

H, 141

SUBB

A, (IY+101)
1

Z,%16
(1Y),0EaH
(IY+1),0F4n
(1Y+2),0n4n
(1Y+3),84H
(1Y+4),0an
E,2

D,2

C,00

H, 151

suBB

A, (1Y+1Al)
1

Z,%X17
(1Y),0E5H
(IY+1),0F5H
(1Y+2),0A5H
(1Y+3),85H1
(1Y+a), 051
E,2

D,2

A g

H, 160

suBB

A, (1Y+1BH)
1

Z,X18

(1Y), 0EGH
(1Y+1),0F6H
(1Y+2),0A0H
(1Y+3), 801
(IY+4),00H
E,2

D,3

C,00

H, 171

SUBB

A, (IY+1CH)
4

Z,X19
(I1Y),0E7H
(1Y+1),0F7H
(1Y+2),0A7H
(1Y+3),8711
(1Y+4),971
E,2

D,3

c,o1

1, 18H

SUBB

A, (1Y+1DH)
1

2,X20



S20_0:

SUBB:

SUBB11 :

Q3:

Qt:

SW1:

Q2:

Suut:

SWi1:

LD
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
cp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
LD
LD
cp

JP

Jp
CALL
LD
cp
JR
LD
RES
ouT
LD
LD
ouT
CALL
DJINZ
CALL
CALL
Jp
LD
RES
out
LD
LD
our
CALL
DJNZ
CALL
CALL
Jp
LD
out
LD
cp
Jp
LD
out
Jp

LD

(1Y),0E8H

(1Y+1),0r8H

(1Y+2),0A8H

(1Y+3),88H

(IY+a), 08y

E,2

D,3

Cc,02

I, 191

sSuBB

A,(IY!IEH)

1

Z,S_TART

(1Y),0E0H

(IY+1),0Fon

(1Y+2),0A0H

(1Y+3),8an

(1Y+a), 09n

E;1

D,1

C,006

H,20H

A (IY+1FH) ;check opr

1

NZ,suu1 iOPR NO 1OOK
iSEND RING

Q3

OFFRING

AE ;WHEN OPR BUSY

1

Z,SW1

A, (1V+1)

7,A

(swiTcH2 ) A;OFF RI NGBACK

B,015H

A, (1Y)

(SWITCHZ),A;BUSY—SUB

DELAY

Q1

SET1

R_suB iRESET suB

NECT i CKECK NECT-SuB

A, (1Y+1)

%3

(SWITCH1),A

B,015H

A, (1Y)

(SWITCH1), A

DELAY

Q2

SET1

R_SUB

NECT

A, 10H

(RING3),A iRING TO OPR

AVE

1

Z,SW11

A, (IY+1)  :BACK TO SuB

(SWITCHZ),A

w2

A (IY¥+1)  ;BACK TO suB

our

(SWITCH1) A

TAAKARRARRRARRAA A AR

i* WAIT OPR HOOK

*

PRAARNAARARARRAAAA A AR

we:

W3:

NECT :

XX2:

XX3:

XX4:

XX6:

XX7:

XX8:

XX9:

XX10:

XX11:

XX12:

XX13:

LD
IN
BIT
Jp
CALL
CALL
DJINZ
JP
LD
cp
JpP
IN
JP
cp
Jp
IN
JpP
cp
Jp
IN
Jp
cp
Jp
IN
Jp
cp
JP
n
Jp
cP
Jp

Jp
Cp
Jp
IN
Jp
cp
Jp
IN
Jp
Cp
Jp
IN
Jp
Cp
Jp
IN
Jp
cp
Jp
IN
Jp
cp
Jp
IN
JpP

Cp

B, IFIl

A, (STATUS3)
4,A
NZ,C_suB
DELAY
DELAY

w3

SUBB11

AH

1

NZ,XX2

A, (STATUSI)
X2

2

NZ,XX3

A, (STATUST)
]

)

NZ,XX4 -

A, (STATUST)
X4

4

NZ,XX5

A, (STATUS1)
X5

5

NZ,XX6

A, (STATUS1)
XG

6

NZ,XX7

A, (STATUS1)
X7

7

NZ,Xx8

A, (STATUS1)
X8

8

NZ, XX9

A, (STATUST)
X9

9

NZ,XX10

A, (STATUSZ)
X10

10H

NZ,XX11

A, (STATUS2)
X11

1

NZ,XX12

A, (STATUSZ)
X12

121
NZ,XX13

A, (STATUS?2)
X13

131



LD (1Y+7),0EH

TRAARRAARR AR AR AR R A A & &

Jp NZ, %X 14 i CHANGE TO NUMBER »
Tir A, (STATUS?) DAAR A AR AR R AR A A Ay
Jp X1a i(IX)  =BIT1
XX14+ cp ran i ((IX+1)=BIT2
P NZ,XXIS ((IX42)=p1T2
IN A, (STATUSZ) CK_NM: LD B,02 ;COUNT BIT
Jp X15 N_BER: LD A, (IX)
XX15:. cp 151 cp 3FH
Jp NZ,XX16 JR Z,A0
IN A, (STATUSZ) cp 0GH
Jp X16 JR Z,A11
XX16: cp 161 cp 5BH
Jp NZ,XX17 JR Z,A12
IN A, (STATUS?2) cp aFH
Jp X17 JR Z,A13
XX17: cp 171 cp GoH
Jp NZ,XX18 JR Zyh1a
IN A, (STATUS3) Cp . opn
Jp X18 JR Z,A15
XX18: cp 181 cp 7Dl
JP NZ,XX10 JR Z,A16
IN A, (STATUS3) cp o7H
Jp X19 JR Z,A17
XX19: CP 191 cp 77H
Jp NZ, XX20 JR Z,A18
N A, (STATUS3) cp GFH
Jp %20 JR Z,A10
XX20: JP S TART Al L (1x),00
ETTTTITTou N M Jp ST_N
i*  -CONNECT_ 4 All: LD (1X),01
PRRNAAARRAR AN AR AR AR Jp ST_N
C_SUB: LD A,00 Al2: LD (1X),02
ouT (RING3),A ;OFF OPR-RING Jp ST_N
LD AE A13: LD (1X),03
cp 1 Jp ST_N
JR Z,sU1 Al4: LD (1X),04
LD A, (IYe1) Jp ST N
RES  7,A AS: LD (1X),05
OUT  (SWITCH2),A;OFF RING-BACK Jp ST_N
LD A, (1Y42) AlG: LD (1X),06
OUT  (SWITCH2),A;COMNECT SUB-OPR - Jp ST_N
CALL SET1 AL7: LD (1X),07
Jp COILL Jp ST_N
Sut: LD A, (1Y+1) A18: LD (1X),08
RES  7,A JP ST_N
OUT  (SWITCH1),A AlQ: LD (IX),00
LD A, (1V+2) ST_N: INC  IX
OUT  (SWITCH1),A;CONNECT DEC B
CALL SET1 ;SET CONDITION Jp NZ, NUM

JpP colLL LD 1X,RING

TARARAKARKR AR A AR A A&

LD B,04

i TOT TO SUB » LD A, (IX+1) GET 4 BIT MsB
PRARAAAAAAR R AR A A AR ROTATE: RL A '
CO_Li: LD (1Y+5),01H ;MARK LINE DJNZ | ROTATE

LD (1Y+46),8FH ;BACK-L1 LD B, (IX) iGET 4 BIT LSB

LD (1Y47),BEI ;BUSY-L1 LD IX,RING

Jp CK_NN ADD  A,B
CO_L2: LD (1Y+5),02H cp 01

LD (1Y+G),0FH Jp z,01



O1:

02:

03:

cp
Jp
cp
JpP

cp

JpP

cp
Jp
cp
Jp

cp

Ccp
JP
cp
Jp
cp
Jp
cp
Jp
cp
Jp
CP
Jp
cp
JP
cp
JpP
Ccp
JpP
cp
JP
cp
Jp
CpP
Jp
Ccp
Jp
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD

Jp

02 01:
Z,02

03

2,03

04

z,04

Z,05

06 05:
2,06

07

Z:07

08

Z,08

09

Z,00

10H 0G:
Z,010

11H

z,011

i2n

z,012

131

Z,013

141 ]
Z,014

15H

Z,015

16H

2,016

171

2,017

181 08:
z,018

191

Z,019

201

Z,020

(IX),01H ;RING-SI

(IX+3),80H;L1-S1

(1X+4),00H;L2-S1 09:
E, 1 iMARK 8816

D, 1 iMARK PORT

c,00 iMARK BIT

1,01 iMARK SUB-NUMBER

KK

(1X),02n1

(1X+3),811

(IX+4),01H 010:
E, 1

D,1

c,01

1,02

KK

(1X), 041

(1X+3),82H

(1X+4),02H Ot1:
E, 1

D,1

c,o01

1,03

KK

LD
LD
LD
LD
LD
LD
LD
Jp

LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
or
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD

(IX),08H
(IX+3),83H1
(IX+4),9031
E,1

D,1

C,03

11,04

KK
(IX),10H
(IX+3),841
(IX+4), 041
E,1

D, 1

C,04

H,05

KK
(1X),20H
(IX+3),85H1
(IX+4),951
Eql

D, 1

C,05

H,06

KK
(IX),10H
(IX+3),86H
(IX+4), 901
E,1

D,1

C,06

H,07

KK
(IX),80H
(IX+3),87H
(IX+4),971
E, !

D,1

c,07

H,08

KK

(IX),01
(1X+3),88H
(IX+4), 981
E,1

D,2

C,00

1,09

KK

(I1X),02
(IX+3),80H
(IX+4),90H
E,1

D,2

c,01

i, 100

KK

(IX),04
(1X+3),80H
(IX+4),00H
E,2

D,2

C,02



o12:

O14:

[e]
2

016:

017:

018:

019:

LD
Jp
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
&I
LD
LD
LD
LD
LD
LD

JP
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
JpP
LD
LD
LD

LD

(IX),o08H
(IX+3),811
(IX+4),011
E,2

D,2

C,03

", 121

KK

(1X), 101
(IX+3),821
(IX+4), 021
E;2

D,2

C,04

H, 131

KK

(1X), 201
(IX+3),83H
(IX+4),031
E,2

D,2

C,05

H, 141

KK
(IX),a0n
(1X13),84H
(IX+4), 941
E,2

D,2

C,06

", 151

KK
(IX),80H
(1X+3),85H
(IX+4),05H
E,2

D,2

c, 0%

H, 1001

KK
(IX),21H
(1X+3),86H
(IX+4), 061
E;2

D,03

C,00

H, 171

KK
(IX),22n
(IX+3),87H
(IX+4),071
E;2

D,03

c,01

H, 180

KK

(IX), 241
(1X+3),881
(IX+a), 081

E,2

020:

KK:

R_NG2:

R_NG1 :

LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
Jp
LD
ouT
LD
cp
JR
cp
JR
LD

JR
LD
out
LD
out
Jp
LD
out
LD

ouT

D,3

C,02

H, 100

KK

(1X), 281

(IX+3),8911

(1X+4), 900

E,2

C,03

H,2ou

KK

A, (IY+G) ;RINGBACK-L1
(SWITCHT),A

A,D

1

Z,R_NG1 iPORT A

2

Z,R_NG2  ;PORT B
A, (IX) ;RING TO suB
(RING3),A

XX

A, (IX)

(RING2),A

A, 20H

(RING3),A ;RING-0SC
XX

A, (IX)

(RING1), A

A, 201

(RING3), A

PTARAKRARNAARR AR ARA AR

i* WAIT SUB HOOK

*

PARARARARARRA R A K& A &

XX

XX1:

PO_B:

PO_A:

BBT:

LD
CALL
CALL
LD
Ccp
JpP
cpP
P
IN
Jp
IN
Jp
IN
LD
LD
cp
Jp
cp
Jp
Ccp
Jp
cp
Jp
cp
Jp
cp
Jp

cp

B, OFFH
DELAY
DELAY

A,D

1

Z,P0_A

2

Z,P0_B

A, (STATUS3) ;WHEN D=3
BBT

A, (STATUSZ)
BBT

A, (STATUS1)
L,A

A,C

0

Z,B_0

1

Z,B_1

2

Z,B 2

3

Z,B_3



@
I3

B_4:

B_0:

Ww_2:

Jp
LD
BIT
JP
Jp
LD
BIT
Jp
Jp
LD
BIT
Jp
Jp
LD
BIT
Jp
Jp
LD
BIT
Jp
Jp
LD
BIT
Jp
Jp
LD
BIT
JP
Jp
LD
BIT
JP
8P|
CALL
DEC
LD
cp

Jp

Z,W_2 i IF NO HOOK WAIT

co_L i IF HOOK CONNECT

NZ,XX1

TARANKARARKAA & A& A A

i* OFF - RINGING »

TARKARKA AR AR AR R A & A&

RGG2

OF_SUB:

LD
cp
JR
cr
JR
LD
ouT
Jr
LD
out
ouT
Jp
LD
ouT
out
LD
RES
out
LD
out

Jp

A,D

Z,RGG2

A,00

(RING3), A

OF_sUB

A,00

(RING3),A

(RING2),A ;OFF RINGING-SUB
OF_SUB

A,00

(RING3),A

(RING1),A

A, (IX46)

7.A

(SWITCI1),A;OFF BACK-TOT
A, (IY+7)

(SWITCH1),A

S_TART

TRARKAARARARKAAAR A A

i* CONNECT TOT-SUB«

TRARKRAKAR AR AARA A A&

Co_L:

R_G2:

CON:

CHNI11:

CC1:

CHNZ21:

cp
Jr
cp

Jp

ouTt
Jp
LD
ouTt
out
Jp
LD
out

LD
cp
JPR
LD
cp
Jp
LD
ouT
LD

Jp

out
LD
Jp
LD
cp
JP
LD
ouT
LD
Jp
LD
out
LD

JP

A, (IY+G)  ;OFF RINGBACK_TOT
Tk

(OEBH) , A

A,D

1 iCHECK PORT OF RING
Z,R_Gl

2

Z,R_G2

A, 00 iR_G3

(OEGI) ,A  ;OFF RING-SUB
CON

A, 00

(OESI) , A

(OEGH) , A ;0FF-0sC

CON

A,00

(OEaH) , A

(OEGH) , A

A, (1Y+5)

AE 3 TOT2

Z,CNN11

A, (IY43);TOT1-SUB 1S CONNECTED
(OEOI) ,A  ;8816-2

(1Y+1FH), 01

CK_SuB

A, (1Y+3)

(OE8H),A  ;8816-1

(IY+1FH),01;MARK OPR 1S USED

AE s TOT1

Z,CNN21

A, (IY+4)

(OEQH) ,A  ;TOT1-SUB
(IY+20H),01;MARK 1S USED
CK_SUB

A, (1Y+4)

(OE8H),A  ;8816-1
(1Y+20H),01

CK_SUB

PARKAARARR AR AR R R AR R AR ARANA RN A AR AA R AR A &

i» CHECK LINE-TOT AHND BCD_IN FOR SUB »

PARKARKRRRRAARARRRARR AR AR AR AR A AR A AR A A &

COILL:

CL1:

iTOT22:

CALL
LD
IN
BIT
Jp
IN
BIT
Jp
LD
BIT
Jp
LD

CALL

DELAY
B,02FH

A, (BCD_IN); STROBE

4,A  ;CHECK SUB TO SUB
NZ,SB_SB ;GO SUB To SUB
A, (STATUS3)

5,A

NZ,CK_L1 ;CHECK TOT

(1Y+1FH),00
6,A
NZ,CK_L2

(IY+20H),00;MARK TOT2 NO USED
DELAY



CALL  DELAY

CALL DELAY

DJNZ cL1

IN A, (STATUS3)
BIT 4,

JP NZ,S TART

JP cKk_su

CK_L1: LD A, (IVe1FH)
cp 1
JP Nz, Ly
JP ToT22
CK_L2: LD A, (1v+200)
ce

JP o NZ,C L2

JPCKSUB  ;TOTi,2 BUSY
C_LI: LD AE

cP g

JP oz, L1t

LD A, (1Y+3) ;TOTi
OUT  (SWITCH2),A
LD A, (1Y42)
RES  7,A
OUT  (SWITCHZ),A;OFF OPR SUB
Jp ST_L1
C_Li1: LD A, (1Y+3)
OUT  (SWITCH1),A;TOT
LD A, (1Y42)
RES  7,A

ouT (SWITCH1),A;OFF OPR-SUB

P es1 1
C L2: LD AE
e _on

Jp Z,c Lz1
LD A, (1Y+4) ;L2 8816-2
OUT  (SWITCH2),A
LD A, (1Y+2)
RES  7,A
OUT  (SWITCHZ2),A
Jp ST L2
6 L2is LD A, (1V+4)
OUT  (SWITCH1),A
LD A, (1Y+20H)
RES  7,A
OUT  (SWITCH1),A
ST_L2: LD (1Y+201),01
Jp CK_SUB
ST_L1: LD (1Y+31),01
JP CK_suB
PRARAAARRR AR A AR
i START SUB SUB

TARRARARKA KA A KA AR

SB_SB: LD An
cp .
Jp Z,MK1
cp 2

Jp Z,MK2
cp 3

Jp Z,MK3

cp a
Jp Z,MK4
cp 5
Jp Z,HK5

MK2:

MK3:

HK4:

MKS:

MKG:

MK7:

MK8:

cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
Ccp
Jp
Ccp

Jp

cp
JpP
cp
JP
cp
JB.
LD
LD
LD
P
LD
LD
LD
Jp

LD

LD

LD

Jp

LD
LD

Jp
LD
LD
LD
Jp
LD
LD
LD
Jp
LD
LD
LD
JP
LD
LD
LD

Jp

6
Z,HKG
7
Z,MK7
8
Z,HK8
9
Z,MK9
1on
Z2,MK10
1iH
Z,HK1
12n
Z,HK2
131
Z,MK3
1an
Z,HKa
15H
Z,MK5
16H
Z,MKG
1710
Z,MK7
18H
Z,HK8
191
Z,1K9
200
Z,HK10
(1Y),oBoN ;CO1-s1

(1Y+1),0C0H;C02-51
(1Y+2),0D0H;C0O3-S1
SU_su
(IY),oB1H
(Iv+1),0CiH
(1Y+2),0D1H
Su_su
(1Y),0B2H
(1Y+1),0c2i
(1Y+2),0D2H
SU_su
(1v),0B3N
(1Y+1),0C3H
(1Y+2),0D03H1
SU_su

(1Y), oB4n
(1Y+1),0can
(1Y+2),0D4n
SU_su
(1Y),0B5H
(Iv+1),0C5H
(1Y+2),0D51
SU_su
(1Y),0B6H
(IY+1),0C6H
(1Y+2),0D6H
SU_su
(1Y),0B71
(IY+1),0C7H
(1Y+2),0D7H

SU_su



MK9:

SU_Su:

STORT :

INPUT:

DD1 :

DD2:

DD3:

DD4:

DDS:

DDG:

DD7:

DD8:

DDQ:

DDO:

LD
LD
LD
p
LD
LD
LD
CALL
CALL
LD
LD
N
CALL
AND
INC
cp
JR
cp
JR
cP
JR
cp
JR
cp
JR
cp
JR
cp
JR
cp
JR
cp
JR
cp
JR
LD
JP
LD
Jp
LD
Jp
LD
Jp
LD
Jp
LD
Jp
LD
Jp
LD
Jp
LD
Jp
LD

TRRARKARARRKAARARAAAR R AR

Pt i

DISPLAY - »

TARAARRKARAAARRARAR AR A& &

CRT1:

LD

cp

Jp

cp

JP

(1Y) ,0B8H cp 1
(1Y+1),0C8H R
(1v+2),op8i SFT2: LD E,(Ix+1)
SU-SU LD (IX+2),E
(1Y), 0o SFT1: LD E,(IX)
(1Y+1),0cai LD (IX+1),E
(1Y+2),0Don Jp INPUT
DELAY BT_3: LD A,OFEN
DELAY OUT  (SEGCOM), A
B,00 LD A, (IX+2)
IX, RING OUT  (SEG),A
A, (BCD_IN) CALL DELAY2
DELAY BT 2: LD A,OFDH
OFH OUT  (SEGCOM),A
B LD A, (Ixi1)
1 OUT  (SEG),A
Z,DD1 CALL DELAY2
2 BT 1: LD A,oFBH
Z,DD2 OUT  (SEGCOM),A
3 LD A, (IX)
2,bD3 OUT  (SEG),A
4 CALL  DELAY2
2,DD4 IN  A,(BCD_IN)
5 BIT  4,A
Z,DD5 JP NZ,CK_BT
6 LD A,B
2,DD6 cP 3
7 JP. NZ,GRT1
Z,Db7 JP MM
8 CK_BT: =) @, B
Z,0D8 & 1
9 JR  Z,SFT1
Z,DD9 c ¥
0AH JR  Z,SFT2
Z,DDo MY : LD  B,OFFH
(1X),06H DIISS: LD A,OFEH
CRT1 OUT  (SEGCOM), A
(IX),5BH LD A, (IX+2)
CRT1 OUT  (SEG),A
(1X),4FH CALL  DELAY2
CRT1 LD A,OFDH
(IX),60H OUT  (SEGCOM),A
CRT1 LD A,(IX+1)
(IX),6DH OUT  (SEG),A
CRT1 ) CALL  DELAY2
(IX),7DH LD A,OFBH
CRT1 ouT (SEGCOM) , A
(1X),071 LD A, (IX)
CRT1 OUT  (SEG),A
(IX),7FH CALL DELAY2
CRT1 DJNZ DIISS
(1X),GFH TARAARARRRARARARAA A A
CRT1 i+ CHECK LINE CO1-3s
(1X), arn PR A AR AR AR AR AR AR

LD A,OF8H

OUT  (SEGCOM),A

LD - A,40H
A,B out (SEG) ,A
3 LD A (1Y+221)
2,BT_3 cp 1
2 JP Nz,co1_s
2,BT 2 LD A, (1v+2311)

iSHIFT2

iCOl NO USED



cp 1
JP NZ,C0z_s
LD A, (Ive24n)
cP 1
JP - NZ,c03_s
Co1_s: LD L,1
LD (1Y+22H),01;MARK cO1 1S UsED
LD  AE
cp 1
JP z,cot1 s
LD A, (1Y) ON CO1-5
OUT  (SWITCH2),A
CALL R_OPR iOFF OPR-SUB
JP CHANGES
cotl_s: LD A, (1Y)
OUT  (SWITCH1),A
CALL R_OPR

Jp CHANGES

coz2_s: Lb 1,2
LD (1¥4231),01;uARE 02 1S uskp
LD AE
cp 1

JP z,c021 s
LD A, (1Y)
OUT  (SWITCHZ),A
CALL  R_OPR
JP  CHANGES
co21_s: LD A,(1y)
OUT ~ (SWITCH1),A
CALL R_OPR
JP . CHANGES
co3_s: LD 1,3
LD (IY+24H),01;MARK CO3 IS USED
LD  AE
cp 1
JP . z,c031 s
LD A, (1Y) ;0N CO3-SUB
OUT  (SWITCH2),A
CALL R_OPR
JP CHANGES
CO31_S: LD A, (1Y)
OUT  (SWITCH1),A
CALL R_OPR
JP CIANGES
;nnana.nnaa-ngn.-aunnaanun»nnaanan«aan«
i* CHANGE BCD TO MNUMBER OF sSup

,aﬂaanAkkannankﬂnﬁnﬁlnnqﬂnnﬂlﬂknaannnnﬂ

i (IX)  =BITI
i (1X+1)=BIT2
; (IX+2)=BIT2

CHANGES: LD B,02 ;COUNT BIT
PUT: LD A, (1X)
cp 3FH

JR Z,NU_ o
cP ooH
JRZ,nu 1
cP - spi
JR. Z,nU 2
CP  4FH
JR Z,NU_3

cp GGH

HU_O:

HU_1:

HU_2:

HU_3:

HU_4:

NU_5:

HU_G:

NU_7:

NU_8:

ROTATET® :

JR
cp
JR
cp
JR
cp
JR
cp
JR
cp
JR
Jp
LD
Jp
LD
JpP
LD
Jp
LD
Jr
LD
Jp
LD
Jp
LD
35
LD
Jp
LD
s
LD
INC
DJN
LD
LD
LD
RL
DJNZ
LD
LD
ADD
cp
JP
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
Jp

Ccp

Z,NU_4
G6bH
Z,NU_S
7DH
Z,NU_6
o7
Z,Nu_7
77H
Z,Nu_8
GF Il
Z,hu_9
STORT
(1X),00
SST
(1X),01
SST
(1X),02
SST
(I1X),03
SST
(IX),04
SST
(IX),05
SST
(1X),06
SST
(1X),07
SST
(1%),08
SST
(IX),00
IX

PUT
IX,RING
B,04

Ay (IXe1)
A
ROTATE1
B, (IX)
IX,RING
A,B

01

2,J1

02

Z,J2

03
Z,J3.

04

2,J6
07
2,37
08
Z,J8
09
Z,J9
10H
Z,J10

11H

iGET 4 BIT MusB

iGET 4 BIT LSB



J1%

J2:

J3:

Ja:

J5:

JP
cp
JpP
cp
Jp
cp
Jp
cp
Jp
cp
Jp
cp
JP
cp
Jp
cp
Jp
cp
Jp
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jy
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD

27011
12H

2 J12

130

213

140

Z2,J14

150

2,J15

161

2,J16

171

z,J17

181

z,J18

190

z,J19

201

z,J20

PUT
(1X),0110  ;RING-sUB]
(IX+1),0BOH;CO1-5UB]
(1X+2),0C011;C02-50B1
(1X43),0D01;C03-5UB]
E,1

D, 1

C,00

1,01

SIIG
(1X),02n
(IX+1),0B1H
(I1X+2),0C1H
(IX+3),0D1H
B 1

D, 1

c,01

1,01

S1IG
(IX),04n
(IX+1),0B21
(IX+2),0c2H
(IX+3),0D21
E,1

Dl

c,02

1,03

SI1IG

(I1X), o081
(1X+1),0B30
(IX+2),0C3H
(IX+3),0D3H1
E,1

D, 1

c,03

11,04

SI1IG

(IX), 100
(IX+1),0Ban
(IX+2),0can
(1X+3),0D4n
E,1

D,1

JG:

J7:%

Js:

NEEE

Jiz:

LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
JP
LD
LD
LD
LD
LD
LD
LD
LD
JP
LD
LD
LD
LD
LD
LD
LD
LD
JP
LD
LD
LD
LD
LD
LD
LD
LD

Jp

LD
LD
LD
LD

C,04

I, 05

SIIG
(1X),20H
(IX+1),0B5H
(IX+2),0C5H
(1X+3),0D51
E,1

D,1

C,05

1,06

SI1IG

(1X), 401
(1X+1),0B6H
(1X+2),0C6H
(I1X+3),0DGH
E;1

D,1

C,06

n,07

SIIG

(IX), 801
(IX+1),0B7H
(IX+2),0C7H
(IX+3),0D7H
E. 1

Dl

c, 0

H,08

SIIG
(IX),01n
(IX+1),0B8H
(1X+2),0c8H
(1X+3),0D8H
E,'1

D,2

C,00

1,09

SI11G
(1X),02n
(IX+1),0BoN
(IX+2),0CcoH
(IX+3), 0001
E,1

D,2

c,ol1

", 1on

S1IG
(IX),04n
(IX+1),0BoN
(IX+2),0con
(1X+3),0D0H
E,2

D,2

c,02

H,11H

S1I1G
(1X),08H
(IX+1),0B1H
(IX+2),0C1H
(IX+3),0D1H

E,2



J13:

J16:

J17:

Jis:

J19:

LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD

. LD

LD
LD
LD
LD
LD
Jp

LD

LD

LD

LD
LD
LD
LD
LD
Jp
LD
LD
LD
LD
LD
LD
LD
LD
Jp
LD
LD
LD

LD

D,2

C,03

H, 121

S1IG

(IX), 101
(IX+1),0B21
(IX+2),0c2n
(1X+3),0D21
E,2

D,2

C,04

i, 131

SIIG

(1IX), 201
(IX+1),0B3H
(IX+2),0c3n
(I1X+3), 003N
E;2

D,2

C,05

H, 140

SIIG

(IX), 01
(IX+1),0B4H
(1X+2),0caH
(IX+3),0DaH
E,2

D,2

C,06

", 155

S11G

(1X), 801
(IX+1),0B5H
(1X+2),0C5H1
(IX+3),0D51
E,2

D,2

c,07

H, 161

S11G
(IX),021H
(IX+1),0B61
(1X+2),0CGH
(1X+3),0DGH
E,2

D,3

C,00

H,17H

S11G
(IX),0221
(IX+1),0B7H
(1X+2),0c711
(IX+3),0071
E, 1

D,1

C,00

1, 181

s11G
(1X),0241
(1X+1),0B8H
(IX+2),0c8H

(I1X+3),0p8H

LD E,I
LD D,1
LD C,00
LD H,19H
Jp SI11G
J20: LD (IX),028H

LD (IX+1),0BoH
LD (1X+2),0CoH

LD (IX+3),0D0H

LD E, 1
LD D,1
LD C,00
LD H,20H
Jp S1IG

TARARKRRAARARAAAAK A &

i* RINGBACK TO COx

TARARAAAARAAARAA A A &

SI1IG: LD AL
cp 1
Jp Z,c01
cp 2

Jp 2,02
LD A, ODDH
OUT ~ (SWITCH1),A; RINGBACK-CO3
Jp S11G1
Cco2: LD A, OCDH
OUT  (SWITCH1),A
Jp S1IG1
£ grpided LD A, OBDH
out (sercul),A
TRAARRANAKAAAARAR AR
i* CHECK - PORT

FAARKRRAKARAAARRAA A

SI1IGI: LD A,D
Ccbh 1
JR . Z,RR1
cp R
JR 2,RR2
LD A, (IX) iRING TO suB

OUT  (RING3),A
Jp C_CoL
RR2: LD A, (IX)
OUT  (RING2),A ;RING-0SC
LD A, 201
OUT  (RING3),A
Jp c_coL
RR1: LD A, (IX)
OUT  (RING1),A
LD A, 201
OUT  (RING3),A
PR AR R R AR R AR
ix  WAIT SUB HOOK »
PARRRA KA KRR AR A A AR AR
C_COL: LD B,0121
COLL: CALL  DELAY

CALL  DELAY

LD A,D
@R q| 54

api 2K
ol JERR

P~ Z,pB



ABG:

AB4:

AB3:

AB2:

AB1:

ABO:

CoL:

IN
Jp
IN
Jp

T: LD
LD
cp
JpP
cp
Jp
Ccp
JP
cp
JpP
cp
Jp
Ccp
Jp
cp
Jp
LD
BIT
Jp
Jp
LD
BIT
BP)
JpP
LD
BIT
Jp
JpP
LD
BIT
JP
Jp
LD
BIT
Jp
JpP
LD
BIT
Jp
9P
LD
BIT
JP
JP
LD
BIT
JpP
Jp
CALL
DEC

Jp

A, (STATUS3) ; WHEN D=3

BIT_T

A, (STATUS?2)

BIT_T

A, (STATUSI)

(IX+q),A

A, C
0

Z,ABO
Z,AB1
Z,AB2
Z,AB3
Z,AB4

Z,AB5

G

Z,ABG

A, (IX+4)
7,A
Z,CoL
Cco

A, (IX+4)
6,A
Z,coL
Cco

A, (IX+a)
5,A
Z,CoL
co

A, (IX+4)
4,A
Z,CoL
Cco

A, (IX+4)
3,A
Z,CoL
co

A, (IX+4)
2,A
Z,COoL
co

A, (IX+a)
1,A
Z,coL
co

A, (IX+4)
0,A
Z,CcoL
co
DELAY

B

NZ,coLL

FAARARAAARKARAAARA A &

Ry

OFF - RINGING

TRARRARARRRAAR AAAA AR

LD
cp

A,D

R2A:

RIA:

OouT:

i IF NO HOOK WAIT FOCO2:

+ IF HOOK CONNECT

Foco1 :

LOW:

LOWS:

cp
JR
LD
ourt
Jp
LD
our
our
Jp
LD
ouT
out
LD
Ccp
Jp
cp
Jp
LD
ouT
LD
ouT
LD
Jp
LD
ouTt
LD
ouT
LD
Jp

LD

LD
ouT
LD
JP
LD

CALL

- CALL

DJINZ
CALL
CALL

Jp

2
Z,R2A

A,00
(RING3),A
ouT

A, 00
(RING3),A
(RING2), A
ouT

A,00
(RING3), A
(RING1),A
AL

1

Z,FoCol

2

Z,F0C02
A,5DH
(SWITCII),A;OFF RINGBACK-CO:
A,0DCH
(SWITCH1),A;BUSY TO CO3
(IY+241),0
LOW

A, 4D
(SWITCHL),A
A,0CCH
(SWITCH1) ,A
(1Y+23H),00
LOW

A, 3DH
(SWITCH1) A
A,0BCH
(SWITCH1),A
(Iv+22H),00
LOW

B, OFH

DELAY

DELAY

LOWS

R_CO

SETI

S_TART

TAAARARAAAARRAR AR A &

i CONNECT SUB - SUBa

TARARARKAAARRAAAA K &

CO:

OFFR2:

OFFR1:

CAT:

LD
cp
Jp
cp
Jp
LD
ouT
Jp
LD
out
out
Jp
LD
out
out
LD

cp

A,D
1

Z,0FFR1

2

Z,0FFR2
A,00
(RING3),A
CAT

A,00
(RING3),A
(RING2),A
CAT

A, 00
(RING3),A
(RING1),A
AL

1



Jp Z,TTT1 Jp

2,R_CCoA
CPifn CALL R_co3
B2 TTT2 R_CCO4: RET
LD AE TAARRRARAAARAR AN AR
cp 1 .

P RESET-CO1 *
JpP Z2,T31

TARKAARNRARAAAAA A A &

LD A, 5DH iOFF RINGBACK-CO3 R_CO1: PUSH BC

OUT  (SWITCH1),A PUSH  AF

LD A, (1X+3) LD B,8

OUT  (SWITCH2),A;CO3-SUB 8816-2 LD A, 300

LD (1Y+24H),01 R_COO1 : ouT (SWITCH1),A

Jp SATART OUT  (SWITCHZ2),A

T31: LD A, 5DH INC A
LD A, (1X+3) DJNZ R_COO1
OUT  (SWITCH1),A LD A,3CH

LD (1Y+24H),01 OUT  (SWITGH1),A

JP SATART

LD A,3DH
TTT2: LD AE ouT (SWITCHL),A
cp 1 POP  AF
Jp Z,T21 POP  BC
LD A,4DH RET

OUT  (SWITCHL),A

PARARKARARNARRAR AR A A

LD A, (I1X+3) i RESET-C0Z W »

ouTt (SWITCH2),A

PRRKRARA A A KA KA AR A & &

LD (1Y+231),01 ) R_CO2: PUSH BC
Jp SATART PUSH AF
T21: LD A, 4DH LD B,8
OUT  (SWITCH1),A LD A, q0H
LD A, (IX+3) R_C002: OUT  (SWITCH1),A
OUT  (SWIICH1),A OUT  (SWITCH2),A
LD (IY+23H),01 INC A
Jp SATART DJNZ  R_COO1
TTT1: LD AE LD A, 4CH
CP 1 ouT (SWITCH1),A
Jp 2l 11 LD A, 4DH
LD A, 3DH OUT  (SWITCH1),A
OUT  (SWITCH1),A POP  AF
LD A, (IX+3) POQPY$BC
ouT (SWITCH2),A RET

LD (1Y+221),01

TAAAXARARARAR AR A A& &

Jp SATART ix RESET-CO3
Tadds LD A, 3DH TRAAARRRAAARARARAAA &
OUT  (SWITCH1),A R_CO3: PUSH BC
LD A, (1Y+3) A PUSH AF
ouT (SWITCHL1) ,A LD B,8
LD (IY+221),01 LD A, 500
SATART : CALL SETI R_C003: OUT  (SWITCH1),A
CALL SETO OUT  (SWITCHZ2),A
Jp CK_suB INC A

TRRAARRAARARAAA R A & &

DJNZ R_coo1

A RESET "- CcO * LD A, 5DH

ARAAARRARRAAR A A A A& A

out (SWITCH1) ,A

R_CO: LD A, (Ivs221) ‘ LD A,sci
cP 1 ’ OUT  (SWITCHI1),A
JP Z,R_cCo2 FOP  AF
CALL R_co1 POP  BC
R_CCOZ: LD A, (Iv+23m) RET
cp 1 TRRAAAARRARAAARRAAA R
JP . Z,R_cco3 i OFF - RINGING =
CALL R_C;Z TARARRAARAARRAAAAAR A &
R_CCO3: LD A,(Iv+2ai) OFFRING: LD  a,p

cp 1 CE 1



Jp Z,0FFRING1
cp 2
Jp Z,0FFRING2
LD A,00
OUT  (RING3),A
Jp OFF
OFFRING2: LD A,00H
OUT  (RING3),A
OUT  (RING2),A
Jp OFF
OFFRING1: LD A,00H
OUT  (RING3),A
OUT  (RINGI),A
OFF : RET
FARA KA AAA AR AAAR AR AR
i*  RESET IX IV

TRAARARAAARAARA A AR A R

R_SET: LD B, 1EH
v LD (1X),00
INC  Ix
DINZ v
LD B,25H
VVVV: LD (1Y),00
INC 1y
DJNZ  vyvy
RET

PRRAARAAAARAARAARA A &
i~ RESET RINGING»
TRARAAAANAARKAR A& A & &
R_RING: PUSH AF
LD A, O0H
out (RING1),A
out (RING2),A
out (RING3),A
poP AF
RET
TRRRRAAAAARKARRA & & %
i CLEAR - SUB1 »

TARARKAAARARAARA R A &

R_Si: PUSH AF
PUSH BC
LD B,08
LD C,10H
LD A,o00H

RE_SUBI1: our (SWITCHL) ,A
ADD A,C

DJNZ RE_SUB1

pop BC
popP AF
RET

TAARRRARARAANAAAAAA K
i* CLEAR - SUB2 »*

TRARRAKARARARARRAAA

R_S2: PUSH  AF
PUSH BC
LD B, 08
LD C,10H

LD A, 011
RE_SUB2:  OUT  (SWITCH1),A

ADD  A,C

DJNZ RE_SUB2

ropP BC

POP  AF

RET
TARARKARKAAARRAAAA A &
i* CLEAR - SUB3 «

FARARARKARARARAAA & A &

R_S3: PUSH AF
PUSH  BC
LD B,08
LD  c,ion
LD A,021

RE_SUB3: ouT (SWITCH1),A
ADD A,C

DJNZ RE_SUB3

poP BC
PopP AF
RET

TRARAANRAAARAAAAAAA &
i*x CLEAR - suB4 *

TARKAARKAARARAA A A A &

R_S4: PUSH  AF
PUSH  BC
LD  B,08
LD ¢, 1on

LD A,o0301
RE_SUB4: out (SWITCH1),A
ADD A,C

DJNZ RE_SUB4

POP  BC
POP  AF
RET

TRARRAAARAAARAAA A A
i CLEAR - suB5 *

TARKKARARRAA AR AR A A A &

R_S5: PUSH  AF
PUSH BC
LD B,08
LD C, 10H
LD A,04H

RE_SUB5: OUT  (SWITCH1),A
ADD  A,C

DJNZ RE_SuBs

PoOP BC
pop AF
RET

PARRRARARARAR AR A AR A
i* CLEAR - SUBS
PRARRAR AR AR AR AR A an
R_SG: PUSH AF

PUSH BC

LD B, 08

LD ¢, 1on

LD A,05H
RE_SUBG:  OUT  (SWITCH1),A

ADD A,C

DJNZ RE_SUBG

popP BC
pop AF
RET

TRARNAARARARARKRAAA R A&
HEd CLEAR - SUB7 =

TRARRAAARARAAARA A AR



R_S7: PUSH  AF

PUSH BC ADD  A,C

LD B,08 DJNZ RE_SuB11

LD C,10H popP BC

LD A, 0611 POP  AF
RE_SUB7:  our (SWITCH1), A RET

ADD  Ac PARRR RN AR R A An

DINZ RE_sup7 i CLEAR - SUB12 «

POP 1 PARARARAANARAA AN AR

POP  AF R S12: PUSH  AF

RET PUSH BC
TRARKARRARRRA RN AA A A R & LD B,08
i* CLEAR - suBg LD C, 101
PAARRR AR R AR AR AR AR LD A01H
R_S8: PUSH AF RE_SUBI2: OUT  (swITciz),A

PUSH  BC ADD  A,C

LD B,08 DJNZ RE_suBi2

LD c, 1o1 POP  BC

LD A,07H pop AF
RE_SUB8:  ouT (SWITCH1),A RET

ADD A, TLITTTY) , WOUEN

DINZ RE Sups i CLEAR - SUBI3

POP  BC TARARKRAAA AR A KA AR

Pop AF R_S13: PUSH AF

RET PUSH  BC
TARARRRAARAAARANA A ; LD B,08
i* CLEAR - SUBO LD c, 100
TRRRAAARAAARARA RN A LD A,02H
R_S0: PUSH  AF RE_SUB13: out (SWITCH2) , A

PUSH  BC ADD  A,C

LD B,08 DINZ RE_SUBI3

LD c, 101 POP  BC

LD A,08H FPOP  AF
RE_SUB9:  OUT  (SWITCH1),A RET

ADD  A.C S

DJNZ RE_SUB9 i CLEAR - SUB11 «

POP  BC TR AT R KEAR AN 2% A

FOP  AF R _Sl14: PUSH  AF

RET PUSH BC
PARARAAAR AR AR A A LD B,08
i* CLEAR - SUBIO « LD c, 101
PRRR RN AR ERR AR AR R LD A, 031
R_S10: PUSH AF RE_SUB14: OUT  (SWITCH2),A

PUSH BC R ADD  A,C

LD B,08 DJNZ RE_SUB14

LD c,10H POP  BC

LD A,00H FOP  AF
RE_SUB10: OUT  (SWITCHI),A RET

ADD  A,C PAARR KA RANAAAA AR AAA

DJNZ RE_SUB10 i CLEAR - SUBIS

POP BC TAAAKRAAKAARAR A A AR A

Pop AF R_SI15: PUSH AF

RET PUSH BC
PARRAAARRARARA N AAE LD B,08
i* CLEAR - SUBI1 LD c, 1oi
PAARAAAR KA AR AN A LD A, 04n
R Si1: PUSH  AF RE_SUB15: OUT - (swWITClZ),A

PUSH  BC ADD  A,C

LD B,08 DJNZ  RE_SUB15

LD c,10H POP  BC

LD A, 001 POP  AF

RE_SUBI1: OUT  (SWITCH2),A RET



PARRAAARRRAA R AR AR AR LD c, 101
i* CLEAR - SUBI6 LD A, 001l
;ﬁ!ﬂnﬂﬂﬂﬂﬂ!ﬂﬂﬂﬂﬂﬂ‘ﬁﬂ

RE_SUB20: OUT  (SWITCH2),A

R_S16: PUSH AF ADD A,C
PUSH  BC DJNZ RE_SUB20
LD B,08 pop BC
LD C,10H POP AF
LD A,O5H RET

RE_SUB16: out (SWITCH2), A

TARARARRAAARRAR AA A &

ADD A,C i* CLEAR - OPR *

DJNZ RE_SUB1G

FRARKRRAAKARAAAA R AR

popP BC R_OPR: PUSH AF

rop AF PUSH BC

RET LD B, 0AH
TARKARAAAARRA KR A% A £ # LD A, 200
i* CLEAR - SUB17 » RE_OPR: ouT (SwITCH1),A

FRARNAARRAAAAAARAA A & A

out (SWITCH2) , A

R_S17: PUSH AF INC A
PUSH BC DJNZ RE_OPR
LD B, 08 LD A, 2DH
LD C,10H ouT (SWITCH1),A
LD A, 0o6H

LD A, 20K

RE_SUB17: our (SWITCH2),A ouT (SWITCH1), A

ADD A,C pPoP BC
DJINZ RE_SuB17 poP AF
popP BC RET

FoP AF TARARRRAARARAARAA KA
RET

i* CLEAR - TOT1 =«
TRAARRARKARKAA KR A A & TAKRAARAARRAAA AR AA &

i* CLEAR - SUB18 «

R_TOT1: PUSH  AF
ETTTTIT oY A A PUSH  BC
R_S18: PUSH =~ AF LD B, 10
PUSH BC LD A, 00H
LD B,08 RE_TOT1: OUT  (SWITCHI),A
LD c, 101 OUT  (SWITCHZ),A
LD A,07H INC A
RE_SUBI8: OUT  (SWITCHZ),A DJNZ RE_TOT1
ADD  A,C LD A, ODH
DJNZ RE_SUB18 OUT  (SWITGH1),A
POP  BC LD A, 0CH
POP  AF OUT  (SWITCH1),A
RET POP  BC
PAARRARAR KRR R AR AN AR POP  AF
i* CLEAR - SUBIQ RET

TAKRARAAKRARRARARA A A TAAARKAARAARAARAAA K

R S19: PUSH AF i CLEAR - TOT2 =
) PUSH BC PRRRAAA AR AN AAN AR
LD B,08 R_TOT2: PUSH AF
LD c,1o1 ) PUSH BC
LD A,08H LD B,08
RE_SUBIO: OUT  (SWITCH2),A LD  c,ton
ADD  A,C LD A, 10H
DJNZ RE_SUB19 RE_TOT2:  OUT  (SWITCH1),A
POP uc_ OUT  (SWITCHZ),A
FOP  AF ADD  A,C
RET DJNZ RE_SUB20
PARAAARARAA AR AR AR LD A, 1DH
i» CLEAR - SUB20 « OUT  (SWITCH1),A
TRRARAAR RN AR AW A A LD A, 1CH
R S20: PUSH AF OUT  (SWITCHI),A
PUSH  BC POP  BC

LD B,08 pPOP AF



FARRRKXAAXAAR AR R AA A &

i* RESET - STATUS »

PRARAAR AR AR R AN AR

SETO: LD 1Y, CHECKS
I A, (STATUS1);CHECK sup caLy,
BIT  o0,A
JP NZ,cKk2
LD (1Y+0BH), 00
CALL R_s1

CK2: BIT 1,
JP Nz,cK3
LD (1v+ocn), 00
CALL R_S2

CK3: BIT  2,A

Jp NZ,Ccka

LD (1Y+0DH), 00
CALL R_s3
CK4: BIT  3,A

Jp NZ,CK5
LD (1Y+0EH), 00
CALL R_S4
CK5: BIT  4,A
Jp NZ,CK6

LD (1Y+0FH), 00

RET

PARKRARRRAAAR R AR AN
i DELAY1 *

TARARARARARA AR A A & & &

DELAY1 : PUSH  BC
LD B,02FH

DELL1 : LD c,B
LD B, 0AH

DEL1: PUSH 1Y
POP 1y
PUSH 1y
POP 1y
PUSH  AF
POP  AF
PUSH  DE
POP  DE
DJNZ DEL1
LD B,C
DJNZ  DELL1
POP  BC

RET

TAAKARAKAAARRAR A A AR A
Hr DELAY2 *

FARARRARKAAA A A AN A A &

CALL R_S5

CKG: BIT 5,A

Jp NZ,cKa

LD (1Y+101), 00
CALL R_S6
CK7: BIT 6,A

Jp NZ,Ccks

popP '8'4
PUSH  AF
FOP AF
PUSH DE
pOP DE
DINZ DEL2
LD B,C
DJNZ DELL2
pop BC
RET

TAAKARARARRKAAAA K & &
P DELAY *

TRARAARAR A AN KR AR A & & A&

DELAY: PUSH BC

LD B, OBFH

DELL: LD C,B

LD B,05FH

DEL: PUSH 1Y
pop 1y
PUSH 1Y
pop 1y
PUSH AF
poP AF
PUSH DE
popP DE
DJINZ  DEL
LD B,C
DJNZ ' DELL
FOP BC

DELAY2 : PUSIL BC
LD B,0IFH
DELL2: LDYY CB
LD B,oAn
DEL2: PUSH 1y
POP Iy
PUSH 1y
LD (1v+11m),00
CALL R_S7
CK8: BIT  7,A
JP NZ,CKe
LD (Iy+i2n),00
CALL R S8
CK9: IN A, (STATUS?)
BIT  0,A
JP NZ,CKi0
LD (1v+131),00
CALL R_So
CK10: BIT  1,A
JP NZ,CK1l
) LD (I1Y+141),00
CALL R_S10
CK11: BIT  2,A
JP NZ,CKi2
LD (IY+15H),00
CALL R_S11
CK12: BIT  3,A
JP NZ,cKi3
LD (1Y+16l1),00
CALL R Si2
CK13: BIT  4,A
JP NZ,cKia
LD (IY+17H),00
CALL R_S13
cK14: BIT  5,A
JP NZ,CK15
LD (1v+18H),00
CALL R _S14



CK18:

CK20:

CK21:

CK22:

CKK23:

CKK24:

BIT
Jp
LD
CALL
BIT
Jp
LD
CALL
IN
BIT
Jp
LD
CALL
BIT
Jp
LD
CALL
BIT
Jp

CALL
BIT
Jp
LD
CALL
BIT
Jp
LD
CALL
BIT
®»
LD
CALL
BIT
Jp
LD
CALL
RET

6,A
NZ,CK16
(1Y+101),00
R_S15
7,A
NZ,CK17
(IY+1All), 00
R_S16
A, (STATUS3)
0,A
NZ,CK18
(1Y+1BH), 00
R_S17
1,A
NZ,CK19
(1Y+1CHli), 00
R_S18
2,A
NZ,CK20
(IY+1DI), 00
R_S19

3,A

NZ,CK21

(1Y+1EH), 00

R

a,A

©n

20

NZ,Ck22

(IYOIFH),OO;OPR CONDITION

R_OPR
5,A
NZ,CKK23
(1Y+20i1), 00
R_TOT1

6,A
NZ,CKK24
(1Y+2111), 00

R_TOT2

TAXKRARARARARARR AR A AR A A

i* SET

CONDITION a

TRAKAKAKARARRARAAAAAA KA &

SET1:

SE2:

SE3:

SES:

SEG

LD
LD
cp
Jp
LD
cp
Jp
LD
cp
JP
LD
cp
Jp
LD
cp
Jp
LD
cp
Jp

LD

1Y,CHECKS
ALK

1

NZ,SE2
(1Y+0BH),01
2

NZ,SE3
(1Y+0CH),01
3

NZ,SE4
(1Y+0D),01
4

NZ,SES5
(1Y+0EH),01
5

NZ,SEG
(1Y+0FH), 01
6

NZ,SE7

(Iv+10H),01

i TOT1

i TOT2

SE7:

SE8:

SLEO:

SE10:

SELL:

SE13:

SE14:

SE15:

SEI1G:

SEI17:

SE18:

SE20:

cp
Jp
LD
cp
Jp
LD
cp
Jp
LD
cp
Jp
LD
cp
Jp
LD
cp
Jp
LD
Ccp
Jp

LD

Jp
LD
cp
Jp
LD
cp
ip,
LD
cp
WJP
LD
Cp
JP
LD
cp
Jp
LD
LD
RET

7
NZ,SE8
(IY+111),01
8

nz,seo
(1Y+1211),01
9

NZ,SE10
(1v+1311),01
101t

NZ,SE11
(1Y014"),01
1

NZ,SEl2
(1v+151),01
121

NZ,SE13
(1Y+16H),01
131

NZ,SE14
(1Y+1711), 01
141
NZ,SE15
(1Y+181),01
15H
NZ,SE16
(1Y+101),01
161
NZ,SE17
(1Y+1A1),01
171
NZ,SE18
(1Y+1BH), 01
1811
NZ,SE10
(1v+icu), o1
1oi
NZ,SE20
(1Y+1D11),01
(1¥+1EN),01

TARRKRRAARRARRRARAAR

i* RESET - suB

*

TARRAARKARARRARARAR

R_SUB:

QQ2:

0Q3:

QQ5:

QQ6:

LD
cp
Jp
CALL
cp
JP:
CALL
cp
Jp
CALL
cp
Jp
CALL
CpP
JpP
CALL

Ccp

AH

1
Nz, 002
R_S1

2
NZ,Q03
R_S2

3
NZ,Q04
R_S3

4
NZ,QQ5
R_S4

5

NZ, Qa6
R_SS



QQ7:

QQ8:

009:

QQlo:

QQt1:

QQ12:

QQ13:

QQl4:

QQ15:

Q016:

QQ17:

QQ19:

QQ20:

Jp
CALL
cp
Jp
CALL
cp
Jp
CALL
cp
Jp
CALL
cp
Jp
CALL
cp
Jp
CALL
cp
Jp
CALL
cp
JpP

CALL

Jr
CALL
cp
Jp
CALL
Cp
JpP
CALL
cp
Jp
CALL
Ccp
JpP
CALL
cp
JpP
CALL
Ccp

CALL

NZ,QqQ7
R_SG
7

NZ,Qq8

NZ,Q010
R_S0
10H
NZ,Qa11
R_S10
11H
NZ,Qq12
R_St1
121
NZ,0013
R_SI2
131
NZ,Qq14
R_S13
14K
NZ,0015
R_S14
1511
NZ,0016
R S15
16H
NZ,0017
R_SI6
171
NZ,Q018
R S17
18H
NZ,0Q19
R_S18
190
NZ,0Q020
R_S19
20H

R_S20
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: cMos MT8816
TEL | 150-CMOS
@ e - 8x16 Analog Switch Array

]
4
. . 9161-002-101-NA ISSUE 2 November 1988
Features ) Pin Connections
@ Internal control Iatchesiand address decoder S il i e L o6
@ Shortset-up and hold times AY2 |2 39 yv2 -
4 > . RESET C[3 38{1 DAT
° Wide operatlng. voltage: 4SV to 13.2V e ela - A
® 12Vpp analog signal capability AX0 C g 361 s
® Ron 650 max. @ Vpp =12V, 25°C X14 T 3501 Yo
- X15 €7 3417 NC
® ARpon =10Q @ Vpp =12V, 25°C X6 C|8 33% X0
e Full CMOS switch for low distortion X7 CJ9 323 x1
s X8 |10 31 X2
e Minimum feedthrough and crosstalk ; X9 Cf11 305 X3
® Separate analog and digital reference supplies X10 C}12 2917 x4
. X11 |13 8P X5
® Low power consumption ISO-CMOS technology NC C|1a 21H X1z 5
R :
T Vs AY1
Applications e z;% AYQ :
® Keysystems Cj18 231 Ax2
Ys C|19 22F7 Ax1
° PBXsystem.s VEE Cf20 215 va
© Mobile radio NC AX3 AY2 VDD DATA CS§
® Testequipment/instrumentation AX0 RST Y3 Y2 Y1
° An(ajl'og/c.jlgltal mul;}plexers B8 P2 o 224N 4140
e Audio/Video switching N E7 ] gg % ‘,]2
o X15 8 :
Description x6 09 LR 7 0 Xxo
The Mitel MT8816 is fabricated in MITEL's ISO-CMOS A= i el
technology providing low power dissipation and x9 12 34 1 X3
high reliability. The device contains a 8 X 16 array of X10 E }3 gg 511 )’gg
crosspoint switches along with a 7 to 128 line X,]é o 1s 31 1 X12
decoder and latch circuits. Any one of the 128 NC [ 16 STB =STROBE 30 I x13
switches can be addressed by selecting the y7 Qa7 28 HinC
appropriate seven address bits. The selected switch 1819202122232425262728
can be turned on or off by applying a logical one or v N, ik 3 Ak
zero to the DATA input. Vss is the ground refer- VSSYBSTBYSVE$4AXA}(Z"‘X)Y1NC
ence of the digital inputs. The range of the analog - - - -
signal is from Vpp to Veg. Chip Select (CS) allows the 0“’5;’231'22?"’8“‘?0%,"%’Eégﬁf c
i d ' n
:;o;;zic:;:t array to be cascaded for matrix MT8816AE 40 Pin PLASTIC DIP
P : MT8816AP 44 Pin PLCC
CS  STROBE DATA  RESET VDD  VEE  VsS
AX0
AX1
e 770 128 S
AX3 DECODER LATCHES SWITCH (,'_0 o
P ARRAY el
AY1
AY2
Yi 1/0(i=0-7) :

Figure 1- Functional Block Diagram



MT8816 1s0-cMOs

Absolute Maximum Ratings*.

Voltages are with respect to Veg unless otherwise stated.

Parameter Symbol Min Max Units
1 | Supply Voltage Voo -0.3 15.0 \%
7 Ve -03 Vpp+0.3 v
2 | Analog Input Voltage ViNa -0.3 Vpp+0.3 )
3 | Digital Input Voltage Vin Vgs—0.3 Vpp+0.3 \"4
4 | Currentonany /0 Pin I +15 mA
5 | Storage Temperature Ts -65 + 150 ‘C
6 |Package Power Dissipation PLASTIC DIP Po 0.6 w
CERDIP Pp 1.0 W

*Exceeding these values may cause permanentdamage. Functional operation under these conditions is not implied.

Recommended Operatmg Conditions - - Voltages are with respect to Ve unless otherwise stated.

Characteristics Sym | Min | Typ | Max | Units Test Conditions
1| Operating Temperature To —-40 | 25 85 C
2| Supply Voltage Voo 4.5 13.2 Y
Vss | Vee Vop-4.5] V
3 | Analog Input Voltage Vina | Ve Voo \
4 | Digital Input Voltage Vin Vs Voo \

DC Electrical Characteristicsf- Voltages are with resp

ect to Vg =V =0V, Vpp =12V unless otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1| Quiescent Supply Current lop 1 100 pA  (Alldigitalinputs at Vjy= Vs or
Vo
0.4 1.5 mA  |All digital inputs at Viy=2.4 +
VSS % VSS =7.0V
5 15 mA  |All digital inputs at Viy=3.4V
2| Off-state Leakage Current loFF 1 | 2500 nA [ivy— Vvil = Vpp—Vge
(See G.9in Appendix) See Appendix, Fig. A.1
3| Input Logic“0" level Vi 08+Vy| V  [Vsg =7.5V; Vge =0V
4| Input Logic “1" level Vin 2.0+ Vg V' |Vss =6.5V; Vgg =0V
5| Input Logic “1” level Vin 3.3 \
6 | Input Leakage (digital pins) ILEAK 0.1 10 BA - |Alldigitalinputs at Vi = Vg
or Vpp

' DC Electrical Characteristics are over recomm

DCElectrical Characteristics- Switch Resistance - Vpcis the external DC offset applied

ended temperature range.
! Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing.

at the analog 1/0 pins.

Characteristics Sym 25°C 70°C 85°C Units Test Conditions
Typ |[Max| Typ |Max| Typ | Max
1|On-state  Vpp=12V| Ron | 45 | 65 75 80 | Q [Vss=Vge=0V,Vpc=Vpp/2,
Resistance  Vpp= 10V 55 | 75 85 90 | Q |IVy-Vyjl = 0.4V
Vop= 5V 120 | 185 215 225| Q [See Appendix, Fig. A.2
(See G.1,G.2,G.3in
Appendix)
2 |Difference in on-state | ARgn | 5 10 10 10 Q  |Vpp=12V, Vss=Vg =0,
resistance between Voc=Vpp/2,
two switches IVxi-Vyjl = 0.4V
(See G.4in Appendix) See Appendix, Fig. A.2
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ACElectrical Characteristicst - Cross

Vee= =7V, unless otherwise stated.

point Performance voltages are with respect to Vpp =5V, Vg =0V,

Characteristics Sym | Min | Typ: | Max | Units Test Conditions
1 |Switch 1/0 Capacitance Cs 20 pF  |f=1MHz
2 |Feedthrough Capacitance Cr 0.2 pF [f=1MHz
3 [Frequency Response F34s 45 MHz [Switch is "ON"; Vina = 2Vpp
Channel “ON" sine wave; R = 1kQ
20LOG(Voyt/Vxj) = —3dB . See Appendix, Fig. A.3
4 |Total Harmonic Distortion THD 0.01 % |Switchis "ON"; Vina = 2Vpp
(See G.5,G.6 in Appendix) sine wave f= 1kHz; R.=1kQ
5 [Feedthrough FDT -95 dB  |All Switches "OFF"; Vina =
Channel "OFF” 2Vppsine wave f= 1kHz;
Feed.=20LOG (VOUT/VXi) RL: 1kQ.
(See G.8 in Appendix) See Appendix, Fig. A.4
6 |Crosstalk between any two Xtalk —45 dB  |ViNa=2Vpp sine wave
channels for switches Xi— Yi and ' f= 10MHz; R, = 75Q.
Xj—Yj. -90 dB  |ViNa=2Vpp sine wave
f= 10kHz; RL = 600Q.
Xtalk=20LOG (VYi/VXi)' —85 dB  |ViNa=2Vpp sine wave
. . f= 10kHz; R = 1kQ.
(See G.7in Appendix). —80 dB  |Vina=2Vpp sine wave
f= 1kHz; R, = 10kQ.
Refer to Appendix, Fig. A.5for
test circuit.
Propagation delay through tps 30 ns Ry =1kQ:; C =50pF
7 switch
Timing is over reccommended temperature range. See Fig. 2 for control and 170 timing details.

* Typical figures are at 25°C and ar
Crosstalk measurements are for PI

ACElectrical Characteristicst - Controland I/

Veg=—7V, unless otherwise stated.

e for design aid only; not
astic DIPS only, crosstalk v

guaranteed and not subject to production testing.

alues for PLCC packages are approximately 5dB better,

0 Tlmmgs Voltages are with respect to V=5V, Vs =0V,

Characteristics Sym | Min | Typt | Max |Units Test Conditions
1| Control Input crosstalk to CXtalk 30 MVpp|ViN=3V squarewave;
switch (for CS, DATA, STROBE, Rin=1kQ, R = 10kQ.
Address) See Appendix, Fig. A.6
2 | Digital Input Capacitance Cpi 10 pF |[f=1MHz
3 | Switching Frequency Fo 20 |MHz
4 | Setup Time DATA to STROBE g 10 ns |Ru= 1kQ, C_=50pF »
5 | Hold Time DATA to STROBE toH 10 ns R = 1kQ, C_ =50pF °
6 | Setup Time Address to STROBE tas 10 ns |R = 1kQ, C_ =50pF * nes)
7 | Hold Time Address to STROBE tAH 10 ns |RL= 1kQ, C =50pF =
8 | Setup Time CS to STROBE tess 10 ns |Re= 1kQ, C_ =50pF > Bo
9 | Hold Time CS to STROBE tcsy | 10 ns |Ru= 1kQ, C_=50pF :
10 | STROBE Pulse Width tspwy 20 ns [Ri=1kQ, C = 50pF *
11 | RESET Pulse Width tRpw 40 ns |R = 1kQ, CL:SOpF B
12 | STROBE to Switch Status Delay tg 40 100 ns [Ri=1kQ, C =50 pF 2
13 | DATA to Switch Status Delay to 50 100 ns [Re=1kQ, C =50pF >
14 | RESET to Switch Status Delay tr 35 100 ns_|Ry=1kQ, C =50pF » ]

' Timing is over recommended temperature range.
Digital Input rise time (tr) and fall time (tf) = Sns.
* Typical figures are at 25°C and are for d

> Refer to Appendix, Fig. A.7 for test circuit.

See Fig. 2 for control and 1/0 timing details.

esign aid only; not guaranteed and not s

ubject to production testing.
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tess —~i < —> =<ty
) - 2 1
&= sox Rl /

i
i ! .
] 9, o,
RESET i j 5°‘W
; i< tsew i : i : :
STROBE m; 7(50% i i
! = ! i i
b L i s |
1 5 e
: 1 T 1 i |
< _>: :<_tAH i i i
P - ! ! ! !
DATA son Y ! K son ; ! i
N 1 ; l i
tos = T ! i i i
5 :<—~&—”—>: i i i '
ON : q | ! 1 !
SWITCH* .f ; i ji=i!
OFF : 1 ma \ /]
o > Pt 4 1oty 1t

Figure 2 - Control Memory Timing Diagra
*See Appendix, Fig. A.7 for switching waveform

m

AXO0 AX1 AX2 AX3 AYO0 AY1 AY2 Connection*
0 0 0 0 0 0 0 X0 - Y0
1 0 0 0 0 0 0 X1 - Y0
0 1 0 0 0 0 0 X2 - Y0
1 1 0 0 0 Q 0 X3 - Y0
0 0 1 0 0 0 0 X4 - Y0
1 0 1 0 0 0 0 X5 - Y0
0 1 1 0 0 0 0 X12- Y0
1 1 1 0 0 0 0 X13-Y0
0 0 0 1 0 0 0 (X6 - YO
1 0 0 1 0 0 0 X7 - Y0
0 1 0 1 0 0 0 X8 - Y0
1 1 0 1 0 0 0 X9 - Y0
0 0 1 1 0 0 0 X10- Y0
1 0 1 1 0 0 0 X11- Y0
0 1 1 1 0 0 0 X14- Y0
1 1 1 1 0 0 0 X15- Y0
0 0 0 0 1 0 0 X0 - Y1,
4 t ! ! ! $ é ! !
i i i i i X15- Y1
0 0 0 0 0 1 0 X0 - Y2
| ! | ! 1 | 1 ! !
1 1 i i 0 i 0 X15- Y2
0 0 0 0 1 1 0 X0 - Y3
! ! 4 ! { | Eg { |
i i i i i i X15- Y3
0 0 0 0 0 0 1 X0 - Ya
! i ! 1 1 | 4 ! !
1 1 1 1 0 0 1 X15- Y4
0 0 0 0 1 0 1 X0 - Y5

4 ! 4 ! |
% % % i 1 é i X15- Y5
0 0 0 0 0 1 1 X0 - Y6
{ ! | ! | ! | i l
1 1 i i 0 i 1 X15- Y6
0 0 0 0 1 1 1 X0 - Y7
| ! ! ! ! | | ! |
i i i i i i 1 X15- Y7

Figure 3 - Address Decode Truth Table

*Switch connections are not in ascending order
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Pin Description

Pin #* 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 (Input): 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 Analog (Inputs/Outputs): these are connected to the X14 and X 15 rows
of the switch array. :
8-13 X6-X11 | X6-X11 Analog (Inputs/Outputs): these are connected to the X6-X11 rows of the
switch array.
14 NC No Connection
15 Y7 Y7 Analog (Input/Output): thisis connected to the Y7 column of the switch array.
16 VSssS Digital Ground Reference .
17 Y6 Y6 Analog (Input/Qutput): this is connected to the Y6 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 ofthe
STROBE. Active High.
19 Y5 Y5 Analog (Input/Output): this is connected to the Y5 column of the switch array.
20 VEE Negative Power Supply.
21 Y4 Y4 Analog (Input/Output): this is connected to the Y4 column of the switch array
22,23 | AX1,AX2 | X1 and X2 Address Lines (Inputs).
24,25 | AY0,AY1|Y0 and Y1 Address Lines (Inputs).
26,27 | X13,X12 | X13and X12 Analog (Inputs/Outputs): these are connected to the X13 and X12 rows
of the switch array.
28 -33 X5-X0 ' [ X5-X0 Analog (Inputs/Outputs): these are connected to the X5-X0 rows of the switch
array.
34 NC No Connection.
35 YO0 Y0 Analog (Input/Output): thisis connected to the YO column of the switch array.
36 csS Chip Select (Input): thisis used to select the device. Active High.
37 Y1 Y1 Analog (Input/Output): thisis connected to the Y1 column of the switch array.
38 DATA | DATA (Input): alogic high input will turn on the selected switch and a logiclow will
turn off the selected switch. Active High.
39 Y2 Y2 Analog (Input/Output): thisis connected to the Y2 column of the switch array.
40 vDD Positive Power Supply.

* Plastic DIP and CERDIP only



MT8816 1so-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
columns 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 1/0 when turned on and provide a high
degree of isolation when turned off. The control
memory consists of a 128 bit write only RAM in
which 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 CS (Chip
Select) and STROBE inputs are high and are latched
on the falling edge of STROBE. A logical 1"
written into a memory cell turns the corresponding
crosspoint switch on and a logical “0” turns the
crosspoint off. Only the crosspoint switches
corresponding to the addressed memory location
are altered when data is written into memory. The
remaining 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
memory locations to logical “0” turning off all
crosspoint - switches regardless of whether CS is
high or low. Two voltage reference pins (Vss and
Vee) are provided for the MT8816 to enable
switching of negative analogsignals. The range for
digital signalsis from Vpp to Vss while the range for
analog signals is from Vpp to Vee. Vss and Vge pins
can be tied together if a single voltage reference is
needed.

Address Decode

The seven address inputs along with the STROBE
and CS (Chip Select) are logically ANDed to form an
enable signal for the resettable transparent latches.
The DATA input is buffered and is used as the input
to all latches. To write to a location, RESET must bes
low and CS must go high while the addressand data
are set up. Then the STROBE input is set high and
then low causing the data to be latched. The data
can be changed while STROBE s 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.



Appendix: Analog Switch Array Measurements

MT8806/08/09/12/14/15/16 ANALOG SWITCH ARRAY FAMILY:

TEST CIRCUITS FOR KEY PARAMETER MEASUREMENTS

A.1  Off-State Leakage Current (Iorr) Measurement

A2 RonN/ARoN vs. Vpc Measurements

A.3  Frequency Response (F3gg) Measurement
A.4 -~ Feedthrough (FDT) Measurement

A5  Crosstalk (Xtalk) Measurement

A.6 Control Input Crosstalk (CXta1x) Measurement

A.7 = Control Memory Timing Measurements -



Appendix: Analog Switch Array Measurements

Xi Yj nA
Any “OFF"
Switch lors Vpp =12V, Vgg=Vss =0V
— i can be equal to
ee - All other switches are “OFF"
lorr is also measured on the Vpp side.
TV T Vs
Figure A.1 - Off-State Leakage Current (lggg) Measurement *
Xi Yj mA
Any “ON" Vpp=12V, Vegg=Vss=0V
switch 1oy Vpc=1Vpp = voltage centred atthe
. & middle of the switch
AT Iin—VYj|=0-4V and isw.r.t. Vgg.
Ron ={Vxi = Vyjl= 0.4v
lon lon
Voc Voc i can be equal to j
Figure A.2 - Ron/ARon Measurement *
Xi Yj
AfSW '.'0:“1" Vop= 5V, Vss =0V, Vgg = =7V
witc L =
Rs=500 3dB = 20LOG VVQ! T
Xi
Vina=2Vpp T . :
i1k icanbe equal toj
Figure A.3 - Frequency Response (F3gg) Measurement t
Xi Yj.
Af;y !tOEFI' Vop= 5V, Vss=0V, Vgg= -7V
witc = —
Rg=500 FDT = 20LOG \L\/@&
Xi
Vina=2Vpp T
@1kHz All other switches are " OFF”
icanbe equal toj
Figure A.4 - Feedthrough (FDT) Measurement t
Notes:

* Test Conditions for MT8809 and MT8812 are respectively: Vpp =12V, V=0V and Vpp = 14V, Vg = 0OV.
t Test Conditions for MT8809 and MT8812 are respectively: Vpp =5V, Vpc =0V, Vgg= —7V and Vpp = 7V, Vpc =0V, Vi = -7 V.
All Xiand Yj analog I/0 pins can be interchanged for all measurements.
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Appendix: Analog Switch Array Measurements

same integrated circuit

Xi Yi X Yj
Any “ON" Any other Voo = 5V, Vss=0V, Vege= =
Switch "ON" Switch Crosstalk = 20LOG [Vour
Rs=50Q : Vxi
Re Ry Re fVOUT o
VINAT b=
=2V,
Figure A.5 - Crosstalk (X(ax) Measurement
Digital Control Inputs Digital +3Vi. i
L Input
Xi o Yj g
Any ON Vour
Switch
Rin=1K9 R0k Jhve,, Vop= 5V, Vss =0V, Vgg = — 7V

ican be equaltoj

Figure A.6 - Control Input Crosstalk to Switch (Xgan) t

Digital Control Inputs

Any Switch

1KQ 50pF (Vour

-

—p 14— to/tg/tg

1
(Vi) SV %j : i Vam
50% ] 50%

(Vi) oV it

1
1
| §
T
4 tp/tg/ty !
U
1
!

(ON) Vpp veevvninn, FI—
I
1

1
1
I
1
1
1
1

(ofn -7V
a) R at Vpp b)R_at -7V

VDD: 5V, V55= ov, VEE ==-7V
icanbeequaltoj
MT8809: Vi =5V, V| =-7V
MT8812: Viy=7V, V) =-7V

Figure A.7 - Control Memory Timing Measurementst
Notes:

tTest Conditions for MT8809 and MT8812 are respectively: Vo = 5V, Voc =0V, Vgg= ~7Vand Vg, = 7V, Voc=0V, Vgg = =7V,
All Xiand Y] analog I/0 pins can be interchanged for all measurements.
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Appendix: Analog Switch Array Measurements

MT8806/08/09/12/14/15/16 ANALOG SWITCH ARRAY FAMILY:

TYPICAL GRAPHS FOR SELECTED PARAMETERS

G.1 On-state Resistance (Ron) vs. Temperature @ Vpp =5V, 10V, 12V

G.2  On-state Resistance (Ron) vs. DC Offset (Vpc) @ Vpp =5V, 10V, 12V @ 25°C
G.3 On-state Resistance (Ron) vs. DC Offset (Vpc) @ Vpp= 12V @ -40°C, 25°C, 85°C
G.4  ARgnVs. Temperature @ Vpp=5V, 10V, 12V

G.5 Total Harmonic Distortion (THD) vs. Frequency

G.6  Total Harmonic Distortion (THD) vs. I/P Signal Amplitude (Vpeak)

G.7  Crosstalk (Xtalk) vs. Frequency

G.8  Feedthrough (FDT) vs. Frequency

G.9  Off-State Leakage Current (loff) vs. Switch Voltage
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Ron (Q)
150 _Illl TTTT NET E TTTT TTTT TTTT TTTT TITT TTTT TTTT rTTT rTTT lll.l =
[ I f—" ]
130 Voo =5V /_/
- — =
e
= / -t
110 e ]
L ] ]
90 [—— ]
70 E Vpp =10V 7]
b L"——_—————-— -}
50 - "1 ___—a-—-l"————.‘ -
o Vpp=12V ]
30 T 1 L1 Ld Loy | 111l 1111 L L Bl L) L)L) T llllIlllllllll L. ) 1111 1111

t3® 50  -40 -30  -20 ‘—10 0 10 20 30 40 50 60 70 80 950

G.1 On-State Resistance (Roy) vs. Temperature

Ron ()
130 »—]l][ T TT TTTT v\ L T T ] I T T T 1T a LT T TTT ™™ T T T3 k4 TT T B
ff =X e z
- A\ =
0 £/ :
1 :
70 E Vop =10V E
E Toac) s
"] Vpp= 12V 3
30 Ellll .0 I\l 1 Ui - L1 A A K11 lllllllll L 1 : S o IlllE
vdVv) 0 1 2 3. 4 5 6 7 8 9 10 11 12

G.2 On-State Resistance (Roy) vs. DC Offset (Vdc) @ 25°C

Ron ()
80 L | Tl W TTrIT 0 e T T TT LT 7T rTrTT 1 BN TTTT A G T Ill]_
E /J135°c .
70 F P g ]
60 F L s Baw 0
s — — —r
5o T —"] T T~ s ]
40 bt " //_\\'\.Limc .
- T T T
30 ;N " -55°C [\
20 : 1.1 1 . | B | L. L1 4 E 1111 1111 EAEA Lt | 1111 L1111 llll:
vde(V) 0 1 2 3 4 5 6 7 8 9 10 1" 12

G.3 On-state Resistance (Ron) vs. DC Offset (Vdc) @ Vpp=12V
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Ron (Q)
11 TEELD TTTT T TTT TTrTT TTTT TTTT Y ¥ 3 TTTT T A | TTrTT TTTT TTrTT TTTT P L T4
L
= Vpp =5V //‘._/ o
8 I l/‘ il
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e
il ,.——"“’é 4
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e .50 -40 -30 -20 -10 . 0O 10 20 30 40 50 60 70 80 90
G.4 ARgn Vs. Temperature
THD (%)
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015 | o J L2t ]
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Freq.(Hz) 0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000
G.5 Distortion (THD) vs. Frequency
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Appendix: Analog Switch Array Measurements

ANALOG SWITCH ARRAY MEASUREMENTS (continued)

X:alx (dB)
'30 S N B N | 1T T B R R LI T T T T 3 37 T 1T T 1T P ] ﬁ
= | — B
E — 3
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70 E i / ]
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=
/ 3
_1 10 > P | L_Lgl 1 11 1 | N I | e | B o | : N R . ) S S ¢ L I
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G.7 Crosstalk (Xtalk) vs. Frequency
FDT (dB)
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G.8 Feedthrough (FDT) vs. Frequency
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G.9 Off-State Leakage Current (Iog) vs. Switch Voltage



Appendix: Analog Switch Array Measurements:

MT8806/08/09/12/14/15/16 ANALOG SWITCH ARRAY FAMILY:

Analog Switch Array Applications

The analog switch array is shown in Figure A.8 as a switching matrix for a typical key system. The system
shown below allows connection of outside Central Office telephone lines to inside extension telephones

DTMFIN >
T

L e )
S— - KEYBOARD ;! .
——>
VOICE DISPLAY
PUBLIC MICROPROCESSOR SYNTHESIS L e
ADDRESS < :i

CALL
PROGRESS
TONES

TRUNK 1 D > L ¢
>
TRUNK 2 4> ANALOG ANALOG

b

SWITCH SWITCH
TRUNK 3 l ARRAY ARRAY
a u LI |
| Bl |

Figure A.8. Typical Key System Application
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1S02-cMos MT8870B/MT8870B-1
Integrated DTMF Receiver

@ MITEL

9161-002-051-NA December 1987
Features .

. Pin Connections
® Complete DTMF Receiver

® Low Power Consumption N+ o 1 Iy —
e Internal Gain Setting Amplifier IN- [ 2 17 [ st/GT
e Adjustable Guard Time Gs [ 3 16 [J ESt
e Central Office Quality wx(ce'f E ‘; :Z % SQ?
Ict OJ e 130 Q3
Pnbliafion % npe
@ Receiver System for British Telecom (BT) or ; QNG ? w H vaE

CEP1 Spec (MT88708B-1) * Connectto VSS

@ Paging Systems
® Repeater Systems/Mobile Radio Ordering Information -40°C to + 85°C
® Credit Card Systems :
: g‘-‘momlccon“o' MT8870BE/MT8870BE-1 Plastic DIP
ersongfgomputers, »= MT8870BC/MT8870BC-1 Cerdip
Description

counting techniques to detect and decode all 16

The MT8870B/MT8870B-1 is a cémplete DTMEF DTMF tone pairs into a 4-bit code. External

receiver integrating both the bandsplit filter and
digital decoder functions, fabricated in Mitel's
double poly 1S02-CMOS technology. The filter

component count is minimized by on chip provision
of a differential input amplifier, clock oscillator and
latched three-state bus interface.

section uses switched capacitor techniques for high
and low group filters; the decoder uses digital

VDD VsS VRef
=1
BIAS J
CIRCUIT VRef
BUFFER
P — Q1
HIGH GROUP
CHIP ' CHIP
POWER BIAS FILTER | _H- DIGITAL CODE 5
DETECTION CONVERTER Q
st DIAL ZERO CROSSING ALGORITHM | | AND LATCH
B TONE DETECTORS Q3
. FILTER
Gs LOW GROUP i
FILTER 11 Qa
{><»L L St STEERING
SEOCRs ~«— GT LOGIC
F— A "A—————
L | L iﬁ
osc1 0sC2 SUGT ESt STD TOE

Figure 1 - Functional Block Diagram



MT8870B/MT8870B-1 1502-CMOS

Absolute Maximum Ratings'

Parameter Symbol Min Max Units
1| Powersupply voltage Vpp-Vss 6 Y
2| Voltage on any pin Vgs—0.3 Vpp+0.3 \Y
3| Currentatany pin (other than supply) 10 mA
4 | Operating temperature Ta —40 +85 2C
5| Storage temperature —-65 +150 °C
6 | Package power dissipation 1000 mW

'Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Derate above 75 °Cat 16 mW / °C. All leads soldered toboard.

Recommended Operating Conditions - Voltages are with respect to ground (V) unless otherwise stated.

Characteristics Sym | Min Typ: Max | Units Test Conditions
1 Positive Supply Voltages Vop 5 V[ Vss=0V
2| Oscillator Clock Frequency fc 3.579545 MHz
3] Oscillator Frequency Tolerance | Afc +0.1 %

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

DC Electrical Characteristics- Vop =5.0VE5%, Vs =0V. Voltages are with respect to ground (V) unless otherwise stated.

Characteristics Sym | Min Typ! Max | Units Test Conditions
1| S |Operating supply voltage Voo 4.75 5.0 525 "
z ‘,f Operating supply current Ioo 3.0 9.0 mA
3 t Power consumption Po 15 45 mW | f=3.58 MHz; Vpp = 5V
Y
i | High level input Vin 3.5 \"
5| N |Low level input voltage ViL 15, \
6 | S Input leakage current /I 0.1 . uA | ViN=Vssor Vpp
Rd ; Pull-up (source) current Iso 2.5 15 uA | TOE (pin 10) =0V
8 Inputimpedance (IN+, IN—=)| Ry 10 MQ | @ 1kHz
_9 Steering threshold voltage | Vys; 2.2 245 Y
10 Low level output voltage Vo Ve+0.03] V| Noload
11| 8 High level output voltage Von Vpp-0.03 V | No load
_‘I___Z— ; Output low (sink) current lot 1 2.5 mA | Voyur=0.4V
13| u |Output high (source) current| Igy 0.4 0.8 mA | Voyr=4.6V
14 z VRef Output voltage VRef 24 2.7 V | Noload
15 VRgef Output resistance Ror 10 kQ

* Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
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> 2%

15S0%-cM0s MT8870B/MT8870B-1

Operating Characteristics' - Voltages are with respect to ground (Vss) unless otherwise stated

Gain Setting Amplifier

Characteristics Sym | Min | Typt | Max | Units Test Conditions
1| Input leakage current N 100 NA  [Vss< Viy =Vpp
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 60 dB | 1kHz
5 | Common mode rejection CMRR 60 dB |-3.0Vs V)y =3.0v
6 | DCopen loop voltage gain AvoL 65 dB
7 | Open loop unity gain
bandwidth fc 1.5 MHz
8 | Output voltage swing Vo 4.5 Vpp | RL=100KQ to Vg
9 | Maximum capacitive load (GS) '€ 100 pF
10 | Maximum resistive load (GS) Ry 50 KQ
11| Common mode range Vem 3.0 Vpp | No Load
"Vpp=5V, V= 0V, To=25°C
*Typical figures are at 25°C and are for design aid only: notguaranteed and not subject to production testing.
MT8870B AC Electrical Characteristics’ - Voltages are with respect to ground (Vsg) unless otherwise stated
Characteristics Sym Min Typ | Max Units Notes
s | Valid input signal levels -29 dBm 123,569
1l (each tone of composite PN mVrms | 1,2,3,5,6,9
c |E
N | signal) ne dBm  [1,2,3,56.9
i 869 “fe-PVrms 1 1,2,3,5,6,9
2 . Positive twist accept 10 dB 2,3,6,9
3| O [Negative twist accept 10 dB 2,3,6,9
—1 N
4| o |Freq.deviation accept +1.5% % 2Hz Nom. 2,3,5,9
5 ; Freq. deviation reject +3.5% Nom. ?.3,5,9
6 C') Third tone tolerance -16 dB 2,3,4,5,9
7 '; Noise tolerance -12 dB 2,3,4,5,7,9,10
8 Dial tone tolerance +22 dB 2,3,4,5,8,9,11
'"'Vpp=5V,Vg=0,To=25°Cand fc=3.579545 MHz using test circuit shown in Figure 2.
NOTES
1.dBm= decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones
3. Tone duration= 40 ms, tone pause = 40 ms.
4. Signal condition consists of nominal DTMF frequencies
5. Both tonesin composite signal have an equal amplitude.
6. Tone pair isdeviated by +1.5% + 2Hz.
7. Bandwidth limited (3KHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 Hz) +2%.
9. Foran error rate of better than 1in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. For guard time calculation purposes.
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MT8870B-1 AC Electrical Characteristics' - Voltages are with respect to ground (V) unless otherwise stated

Characteristics Sym Min Typ | Max Units Notes
Valid input signal levels -31 dBm 1,2,3,56.9
1 s (gach tone of composite 21.8 mVems | 1,2,3,5,6,9
| |signal) +1 dBm 1,2,3,56,9
ﬁ 869 | mVams |1.2,3.56.9
[ 2 f Input Signal Level Reject -37 dBm 1,2,3,5,6,9
| | 10.9 MVrms | 1,2,3,5.6,9
3| O | Positive twist accept dB 2:3:6.9
7 g Negative twist accept dB 2,369
5| ; Freq. deviation accept +1.5% + 2Hz 2,3,59
| 6] | [Freq. deviation reject +3.5% 23,59
__7~ ';‘ Third tone tolerance -18.5 dB 2,3,4,59,13
8 Noise tolerance -12 dB 2,3,4,57,9,10
| 9] [Dial tone tolerance &7 d8 23458911

"' Vpp=5V,Vgg= 0, Ty=25"Cand f.=3.579545 MHz using test circuit shownin Figure 2.,
DD ss A C
NOTES

1.dBm = decibels above or below a reference power of 1 mW into a 600 ohm load.
2. Digit sequence consists of all DTMF tones

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

4.5ignal condition consists of nominal DTMF frequencies

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

6. Tone pair isdeviated by +1.5% * 2Hz.

7.8Bandwidth limited (3 kHz ) Gaussian noise.

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

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. For guard time calculation purposes.

13.Referenced to Fig. 10 Input DTMF Tone Level at-25 dBm (-28 dBm at GS Pin) Interference Frequency Range between 480-3400Hz.
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AC Electrical Characteristics -

- Voltages are with respect to ground (Vss) unless otherwise stated

Characteristics Sym | Min | Typ* | Max | Units Conditions
1 Tone present detect time top 5 1 14 ms | Note 12
2 Tone absent detect time toa 0.5 4 8.5 ms | Note 12
— T -
3| I |Toneduration accept tRec 40 ms | User adjustable
b —— M 5
4] ) [Toneduration reject tRec | 20 ms | User adjustable
5| G |Interdigit pause accept tip 40 ms | User adjustable
6 Interdigit pause reject tpo 20 ms | User adjustable
7 Propagation delay (St to Q) tpq 8 1 ks | TOE=Vpp
8| o | Propagation delay (St to StD) tpsip 12 us | TOE=Vpp
— 9 -
9 ; Outputdata setup (Q to S$tD) tQsio 3.4 pns | TOE=Vpp
10 lTJ Propagation delay (TOE to Q ENABLE) tpTE 50 ns | R =10kQ
s C =50pF
1 Propagation delay (TOE to Q DISABLE) | 1o 300 ns. | RL=10kQ
¥ CL=50pF
12 Crystal /clock frequency fc 13.5759|3.5795(3.5831| MHz
13 'E Clock input rise time tiheL 110 ns | Ext.clock
14| o |Clock input fall time tHicL 110 ns | Ext.clock
15 E Clock input duty cycle DCc, 40 50 60 % Ext. clock
16 Capacitive load (0SC2) Clo 30 pF

' Voo =VS.OV,V55:0V, Ta=25°Cand f. = 3.579545 MHz, using test circuit shown in Figure 2.
* Typical figuresare at 25°C and are for design aid only: not guaranteed and not subject to production testing.

Voo &
G
pDTMF  O—] 4
Input Rt MT8870B/MT88708-1 2
IN+ I—-I 7o L=
IN- St/GT [1— N
GS Est [1— 3
R Viet st [ I——O
—] Ic Qs [——oO
] ic Q3 ——0
0SsC1 Q [ FH——O
X-tal Em—‘: 0sC2 Q1 P——O
' TOE D—J
/77

NOTES:

Ry, Ry=100kQ 1 %
R3=300kQ 1%

€y, C,=100nF5 %

X1 = 3.579545 MHz+0.1%

Figure 2 - Single-Ended Input Configuration
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Pin Description

Pin # Name Description

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

2 IN-— Inverting Op-Amp (Input).

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

4 VRef Reference Voltage (Output), Nominally Vpp/2 is used to bias inputs at mid-rail (see
Fig.2).

5 IC Internal Connection. Must be tied to Vss.

6 IC Internal Connection. Must be tied to Vcs.

7 0scC1 Clock (Input).

8 0SC2 | Clock (Output). A 3.579545 MHz crystal connected between pins 0SC1 and OSC2
completes the internal oscillator circuit.

Vss Negative Power Supply (Input).

10 TOE Three State Output Enable (Input). Logic high enables the outputs Q1-Q4. This pinis
pulled up internally.

11-14 Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to
the last valid tone-pair recejved (see Table 1). When TOE is logic low, the data outputs
are high impedance.

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

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

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

18 Voo Positive power supply (Input).
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| D l
EVENTS A B | ¢ | ¢ | F | &
W i < i thec 14 3'4—‘ - i too ¢
D .
v I | TONE TONE
in I I TONE #n #n+1 #n+1 P

<

Est M1 gt ed LT L
3

St/GT N :l/E L I o I——Vm

! HIGH IMPEDANCE
Q1.Qq DECODED TONE # (n-1) X1 #n )ﬂ
L L,
" st Py \} E
1 T
StD % ] l l ot i tere
L

1
= T

TOE

EXPLANATION OF EVENTS
A) TONE BURSTS DETECTED, TONE DURATION INVALID, OUTPUTS NOT UPDATED.

B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS. -
Q) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT VALID TONE.
i D) OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.
E) TONE #n+ 1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY HIGH
IMPEDANCE).
F) ACCEPTABLE DROPOUT OF TONE #n+ 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATCHED.

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

EXPLANATION OF SYMBOLS

Vin DTMF COMPOSITE INPUT SIGNAL .

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

St/GT  STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

Qq-Qs 4-BIT DECODED TONE OUTPUT.

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

TOE TONE OUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q4-Q4 TO ITS HIGH IMPEDANCE STATE.

tRec  MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

tkec  MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.
to MINIMUM TIME BETWEEN VALID DTMF SIGNALS.

tbo  MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

top  TIME TO DETECT THE PRESENCE OF VALID DTMEF SIGNALS,

toa  TIMETO DETECT THE ABSENCE OF VALID DTMF SIGNALS.

tgrp  GUARD TIME, TONE PRESENT.

tata  GUARD TIME, TONE ABSENT.

Figure 3- Timing Diagram

3-47



MT8870B/MT8870B-1 1502-cMOS

Functional Description

The MT8870B/MT8870B-1 monolithic DTMF receiver
offers small size, low power consumption and high
performance. Its architecture consists of a bandsplit
filter section, which separates the high and low
group tones, followed by a digital counting section
which verifies the frequency and duration of the
received tones before passing the corresponding
code to the outputbus.

Filter Section

Separation of the low group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the
low and high group frequencies. The filter section
also incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection (see Figure 4). Each
filter output is followed by a single order switched
capacitor filter section which smooths the signals
prior to limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals.
The outputs of the comparators provide full rail
logic swings at the frequencies of the incoming

. DTMF signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone

simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence
of interfering frequencies (third tones) and noise.
When the detector recognizes the presence of two
valid tones (this is referred to as the “signal
condition” in some industry specifications) the
“Early Steering” (ESt) output will go to an active
state. Any subsequent loss of signal condition will
cause ESt to assume an inactive state (see “Steering
Circuit”).

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred

to as character recognition condition). This check is

performed by an external RC time constant driven by
ESt. Alogic high on ESt causes v¢ (see Figure 5) to rise
as the capacitor discharges.Provided signal condition
is maintained (ESt remains high) for the validation
period (tgyp), V¢ reaches the threshold (Vrs) of the
steering logic to register the tone pair, latching its
corresponding 4-bit code (see Table 1) into the
output latch. At this point the GT output is activated
and drives v to Vpp. GT continues to drive high as
long as ESt remains high. Finally, after a short delay
to allow the output latch to settle, the delayed
steering output flag (StD) goes high, signalling that
a received tone pair has been registered. The
contents of the output latch are made available on
the 4-bit output bus by raising the three state
control input (TOE) to a logic high. The steering

circuit works in reverse to validate the interdigit

>
<

A B CD
FREQUENCY (Hz)

0 —
/ "N\ / ~ < FI;F:IEE'TSSNES
" , Y | s
l 7\ DTMF TONES
ATTENUATION ? I I \ PN
o / / \ 5=sa1 1
30 E=1209 Hz
1 [ \ - F=1336Hz
I ‘ G=1477Hz
40 AN | — H=1633 Hz
1T »
50 \/ L A 1 \
booMAML R )
1kHz
1‘ E F G H

Figure 4- Filter Response
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Flow | Fmen | NO. | TOE | Q¢ | Q; | Q, | q

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

697 [1209 | 1 | H | o | 0 | 0 | 1
697 | 1336 | 2 | H | o | 0 | 1 | o
697 | 1477 | 3 | H | o | o | 1 | 1
770 (1209 | a4 | H | o [ 1] 0| o
770 1336 | 5 | H | o | 1] o | 1
770 | 1477 | 6 ol 1] 1fo
852 | 1209 | 7 0 LT | 1
852 | 1336 | 8 110 |o0|o
852 | 1477 | 9 100 |1
941 | 1336 | o 110 | 1] o0
941 | 1209 | = a-T" 14

941 | 1477

—_
&k
2R Y=
o

697 | 1633

852 | 1633

JT I T [T IBRIT /|||

#
A
770 | 1633 B
C
D

941 | 1633 0 0 0 0

- - ANY L Z z Z Z

L= LOGICLOW, H= LOGIC HIGH, Z = HIGH IMPEDANCE
Table 1. Functional Decode Table

pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
will tolerate signal interruptions (dropout) too short
to be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor
performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 5 is applicable. Component
values are chosen according to the formula:

tRec=top+taTp
tib=tpa+tgra

The value of tpp is a device parameter (see Figure 3)
and tgec is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uF is

Voo
——— C
Voo
St/GT ve
ESt
R
StD
MT88708/ fora =(RO) In (Voo / Vrsy)
MT8870B-1
tare =(RQ) In[Vpp / (Vpp-Vrsy)]

Figure 5- Basic Steering Circuit

Different steering arrangements may be used to
select independently the guard times for tone
present (tgrp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise immunity. Increasing tgec
improves talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal condition long enough to be
registered. Alternatively, a relatively short trec with
along tpp would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone dropouts are required. Design
information for guard time adjustment is shown in
Figure 6.

Differential Input Configuration

The input arrangement of the MT8870B/MT88708-1
provides a differential-input operational amplifier
aswell as a bias source(Vger) which is used to bias the
inputs at mid-rail. Provision is made for connection
of a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 2
with the op-amp connected for unity gain and Vgef
biasing the input at 1Vpp. Figure 7 shows the
differential configuration, which permits the
adjustment of gain with the feedback resistor Rs.
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tore=(RpCy) In [Vpp / (Vpp-Vise)l

tora=(RyCy) In (Vpp / Vigy)

Rp=(R4Ry) / (R, +R,)

Voo O
G
St/GT
Ry R, a) decreasing tgrp: (tgrp <tgra)
ESt

tere =(RyCy) In [Vpp / (Vpp-Visy)l
tora =(RpCy) In (Vpp / Vigy)
Re=(RyR,) / (R, + Ry)

St/GT

Ry

b) decreasing tgra: (tgrp > tora)

Figure 6- Guard Time Adjustment

Ry

ESt

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 2 (Single
Ended Input Configuration). However, it is possible
to configure several MT8870B/MT88708B-1 devices
employing only a single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 8
for details. The problems associated with
unbalanced loading are not a concern with the
arrangement shown, ie; precision balancing
capacitors are not required.
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MT8870B/
¢ R, IN+ MT8870B-1
—o—}F
— o _
IN—
o F=AnAy °

[

GS

R3
R,
VRet

DIFFERENTIAL INPUT AMPLIFIER

Cy=Cy=10nF

Ry=Rg=Rg=100kQ

R,=60kQ,R;=37.5kQ
R, Rs

R24+Rs

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

R3=

VOLTAGE GAIN (A, diff)= Rs
Ry

2 B2
R,+‘w—c'

INPUT IMPEDANCE

(ZinoiFe) =2

Figure 7- Differential Input Configuration

To OSC1 of next
MT8870B/ MT88708-1

3 : A

NS

ol 0sC2

X-tal
|
052 l.' }__ 0sC1
C

C=30pF
X-tal=3.579545 MHz

Figure 8- Oscillator Connection
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APPLICATION

RECEIVER SYSTEM FOR BRITISH TELECOM SPEC POR
1151

The circuit shown in Fig. 10 illustrates the use of
MT8870B-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be
attained by choosing a suitable values of Ry and R,
to provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870B-1. As shown in the diagram, the
component values of R3 and C; are the guard time
requirements when the total component tolerance
is6%. For better performance, itis recommended to
use the non-symmetric guard time circuit in Fig. 9.

terp=(RpCy) In [Vpp / (Vop-Vrsy)]

tara=(RyGy) In(Vpp/ Vg

Rp=(RyRy) / (Ry+R,)
Voo O
C
StGT O ' Notes:
Ry=368KQ +1%
Ry Ry
ESt R;=2.2MQ +1%

C,=100nF +5%

Figure 9 - Non-Symmetric Guard Time Circuit

o
Voo X
Cl
DTMF  O—f
Input Ry MT8870B-1 G,
IN+ L..I e 4—o
IN- StGT JI— .
GS g prm 3
X ® VRet sto JJ—F—O
"y 0 € Q4 P——0O
e e Qa3 p——O
0sC1 Q@ P10 NOTES:
X1 Y] osc2 Qo P—1——0 Ry=102KQ *1%
] Vs ToE [ R,=71.5KQ 1%
Ry3=390KQ +1%
77

Cy, C,=100 nf £5%
X;=3.579545 MHz +0.1%

Figure 10 - Single-Ended Input Configuration for BT or CEPT Spec
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Proe ct Specification

Z80180
Z180 MPU

FEATURES:
® Operating Frequency to 12 5 Mtz

® On-Chip MMU Supports Extended Address Space
® Two DMA Channels

¢ On-Chip Wait State Generators

® Two UART Channels

® Two 16-Bit Timer Channels

On-Chip Interrupt Controller

On-Chip Clock Oscillalor/Generator

Clocked Serial /0 Pont

Code Compalible with Zilog Z80 CPU

Exlended Instructions

6 MHz Version Supports 6.144 MHz CPU Clock
Operation

GENERAL DESCRIPTION:

Based on a microcoded execution unit and an advanced
CMOS manufacturing technology, the Z80180 is an 8-bit
MPU which provides the benefils of reduced system costs
andlow power operation while offering higher performance
and maintaining compatibility with a large base of industry
standard software written around the Zilog Z80 CPU.

Higher performance is obtained by virtue of higher operat-
ing frequencies, reduced instruction execution times, an
enhanced instruction set, and an en-chip memory manage-
ment unit (MMU) with the capability of addressing up to 1
Mbyte of memory.
Reduced system costs are obtained by incorporating
several key system functions on-chip with the CPU. These
key functions include 170 devices such as DMA, UART, and
limer channels. Also inciuded on-chip are several "glue®
wdd T RN

o

3

b ifod g b} i

280180

D

surig
aTATalnlaTalalaTaTRIRInIATnln oTaIRIEIa TE (SIETaTe:

JaTTalATa)
LICTWT T WU EIeT
o LS pie s

L

Figure 1. 64 Pin DIP

functions such as dynamic RAM relfresh control, wait state
generalors, clock osdillator, and interrupt controller.

Natonly does the 280180 consume a low amount of power
during normal operation, but it also provides two operating
modes that are designed to drastically reduce the power
consumption even lurther. The SLEEP mode reduces
power by plading the CPU into a “stopped” state, thereby
consuming less current, while the on-chip I/0 device is still
operating. The SYSTEM STOP mode places both the CPU
and the on-chip peripherals into a “stopped” mode, there-
by reducing power consumption even further.

When combined with other CMOS VLS devices and
memories, the Z80180 provides an excellent solution 1o
System applications requiring high performance, and low
power operation.

wLi8

rrep

280180

ARG LY

rrrrrrd
404

L

Figure 2. 68 Pin PLCC
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PIN DESCRIPTION:

Ao-Ats. Address Bus (Output, active High, 3-state). Ao-A1a
form a 20-bit address bus. The Address Bus provides the
address for memory data bus exchanges, up lo 1 Mbyte,
and I/0 data bus exchanges, up to 64K. The address bus
enters a high impedance state during resel and extemal
bus acknowledge cydes. Address line A1g is mulliplexed
with the output of PRT channel 1 (TOUT, selected as ad-
dress output on reset) and address line A | is not available
in DIP versions of the Z80180.

BUSACK. Bus Acknowledge (Output, active Low).
BUSACK indicates the requesting device, the MPU ad-
dress and data bus, and some control signals, have
entered their high impedance state.

BUSREQ. Bus Request (Input, active Low). This input is
used by external devices (such as DMA controllers) to re-
quest access lo the system bus. This request has a higher
priority than NMI and is always recognized at the end of
the current machine cyde. This signal will stop the CPU
from executing further instructions and places the address
and data buses, and other control signals, into the high im-
pedance state.

CKAo, CKA1. Asynchronous Clock 0 and 1 (Bidirectional,
active High). These pins are the transmit and receive
clocks for the synchronous channels. CKAq is multiplexed
with DREQo and CKA{ is multiplexed with TENDo

CKS. Serial Clock (Bidirectional, active High). This line is
clock for the CSIO channel.

CLOCK. System Clock (Output, active High). The outputis
used as a reference clock for the MPU and the extemal
system. The frequency of this output is equal to one-half
that of the crystal or input clock frequency.

CTS0-CTS1. Clear to Send 0 and 1 (Inputs, active Low).
These lines are modem control signals for the ASCI chan-
nels. CTST is multiplexed with RXS.

Do-D7. Data Bus (Bidirectional, active High, 3-state). Do~
D7 constitute an 8-bit bidirectional data bus, used for the
transfer of information to and from I/O and memory
devices. The data bus enters the high impedance state
during reset and external bus acknowledge cycles.

DCDo. Data Carrier Detect 0 (Input, active Low). This is a
programmable modem control signal for ASCI channel 0.

DREQo, DREQ1. DMA Request 0 and 1 (Input, active
Low). DREQ is used o request a DMA transfer from one
of the on-chip DMA channels. The DMA channels monitor
theseinputs to determine when an external device is ready
for a read or write operation. These inputs can be
programmed to be either level or edge sensed. DREQo is
multiplexed with CKAo.

E. Enable Clock (Qutput, active High). Synchronous
machine cycle clock output during bus transactions.

EXTAL. External Clock/Crystal (Input, active High). Crys-
tal osdillator connection. An external clock can be input lo
the Z80180 on this pin when a crystal is notused. This input
Is Schmitt triggered.

HALT. Halt/Sleep Status (Output, active Low), This output
is asserted after the CPU has executed either the HALT or
SLP instruction, and is waiting for either non-maskable or
maskable interrupt before operation can resume. it is also
used with the M1 and ST signals to decode slatus of the
CPU machine cycle.

{NTo. Maskable Interrupt Request 0 (Input, active Low).
This signalis generated by external /O devices. The CPU
will honor this request at the end of the current instruction
cyde as long as the NMi and BUSREQ signals are inac-
tive. The CPU acknowledges this interrupt request with an
interrupt acknowledge cycle. During this cycle, both the M1
and IORQ signals will become active.

INTy, INT2. Maskable Interrupt Requests 1 and 2 (Inputs,
active Low). This signal is generated by external /O
devices. The CPU will honor these requests at the end of
the currentinstruction cycle as long as the NMi, BUSREQ,
and INTo signals are inactive. The CPU will acknowledge
these interrupt requests with an interrupt acknowledge
cycle. Unlike the acknowledgement for INTo, during this
cyde neither the M1 or TORQ signals will become active.

IORQ. /O Request (Output, active Low, 3-state). TORQ in-
dicates that the address bus contains a valid /O address
for an /O read or I/O write operation. TORQ is also
generaled, along with M1, during the acknowledgement of
the TNTo input signal to indicate that an interrupt response
vector can be placed onto the data bus. This signal is
analogous to the TOE signal of the Z64180.

M1. Machine Cycle 1 (Output, active Low). Together with
MREQ, M1 indicates that the current cycle is the opcode
fetch cycle of an instruction execution. Together with
TORQ, M1 indicates that the current cycle is for an inter-
rupt acknowledge. It is also used with the HALT and ST
signal to decode status of the CPU machine cycle. This
signal is analogous to the LIR signal of the Z64180.

MREQ. Memory Request (Output, active Low, 3-state).
MREQindicates thatthe address bus holds a valid address
for a memory read or memory write operation. This signal
is analogous to the ME signal of the Z64180.

NMI. Non-maskable Interrupt (Input, negative edge trig-
gered). NMI has a higher priority than TNT and is always
recognized at the end of an instruction, regardless of the
state of the interrupt enable flip-flops. This signal forces
CPU execution to continue at location 0066H.
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RD. Read (Output, active Low, 3-state). RD indicates that
the CPU wants to read data from memory or an I/O device.
The addressed I/O or memory device should use this sjg-
nal to gate data onto the CPU data bus.

RFSH. Refresh (Output, active Low). Together with
MREQ, RFSH indicales that the current CPU machine
cyde and the contents of the address bus should be used
for refresh of dynamic memories. The low order 8 bits of
the address bus (A7-Ao) contain the refresh address.

This signal is analogous to the REF signal of the Z64180.

RTSo. Request to Send 0 (Output, active Low). This is a
programmable modem control signal for ASCI channel 0.

RXAo, RXA1. Receive Data 0 and 1 (Inputs, active High).
These signals are the receive data to the ASCI channels.

RXS. Clocked Serial Receive Data (Input, active High).
This line is the receiver data for the CSIO channel. RXS is
multiplexed with the CTST signal for ASCI channel 1.

ST. Status (Output, active High). This signal is used with

the M1 and HALT output to decode the stalus of the CPU
machine cycle.

Note that the output from M1 is affected by the status of the
M1E bitin OMCR register. Table 1 shows the status while
MIE = 1.

ST |HALT | M1 Operation
[¢] i [¢] CPU operation
(1st op-code fetch)
1 1 (o] CPU operation
(2nd op-code and
3rd op-code fetch)
1 1 1 CPU operation
(MC except for op-code fatch)
X 1 DMA operation
0 0 [¢] HALT mode
1 0 1 SLEEP mode (including
SYSTEM STOP mode)
NOTE X: Don't care

MC: Machine cycle

Table 1. Status Summary

TENDo, TENDy. Transfer End 0 and 1 (Outputs, active
Low). This output is asserted active during the last write
cycle of a DMA operalion. It is used to indicate the end of
the block transfer. TENDo in multiplexed with CKAj.

TEST (Output): This pinis for test and is lelt open

TOUT. Timer Out (Output, active High). TOUT is the pulse
output from PRT channel 1. This line is multiplexed with
Aig of the address bus.

TXAo, TXA1. Transmit Data 0 and 1 (Outputs, active High).
These signals are the transmitted data from the ASCI
channels. Transmitted data changes are with respect to
the falling edge of the transmit dlock.

TXS. Clocked Serial Transmit Data (Output, active High).
This line is the transmitted data from the CSIO channel.

WAIT. Wait (Input, active Low). WAIT indicates to the MPU
that the addressed memory or I/O devices are not ready
for a data transfer. This input is used to induce additional
clock cycles into the current machine cycle. The WAIT
input i sampled on the falling edge of Tz (and subsequent
wait states). If the input is sampled low, then additional wait
stales are inserted until the WAIT input is sampled high, at
which time execution will continue.

WR. Write (Output, active Low, 3-state). WR indicales thal
the CPU data bus holds valid data to be stored at the ad-
dressed /0 or memory location.

XTAL. Crystal (Input, active High). Crystal oscillator con-
nection. This pin should be left open if an external clock is
used instead of a crystal. The oscillator input is not a TTL
level (reference DC characteristics).

Multiplexed pin descriptions
A1g/TOUT During RESET, this pin is initialized
as A,, pin. If either TOC1 or TOCO
bit of the Timer Control Register
(TCR) is set o 1, TOUT function is
selected. I TOC1 and TOCO bits are
clearedto 0, A, function is selected.

CKAo/DREQo During RESET, this pin is initialized

as CKAp pin. If either DM1 or SM1 in
DMA Mode Register (DMODE) is set
to 1, DREQo function is always selec-

ted.

CKA{/TENDo During RESET, this pin is initialized
as CKA{ pin. If CKA1D bitin ASCI
control register ch 1 (CNTLAT) is set
to 1, TENDo function is selected. If
CKA1D bitis setto 0, CKAy function

is selected.

RXS/CTS4 During RESET, this pin is initialized
as RXS pin. If CTS1E bit in ASCI
status register ch1 (STAT1) is set

to 1, CTS1 function is selected.

If CTS1E bit is set to 0, RXS function
is selected.
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ARCHITECTURE:

The 280180 combines a high performance CPU core with
a variety of system and /O resources useful in a broad
range of applications. The CPU core consists of five func-
tional blocks: clock generator, bus state controller (includ-
ing dynamic memory refresh), interrupt controller, memory
management unit (MMU), and the central processing unit
(CPU). The integrated I/O resources make up the remain-
ing four functional blocks: direct memory access (DMA)
" control (2 channels), asynchronous serial communications
interface (ASCI, 2 channels), programmable reload timers
(PRT, 2 channels), and a clock serial I/0 (CSIO) channel.

Clock Generator. This logic generates the system clock
from either an extemnal crystal or clock input. The extemal
clock is divided by two and provided lo both intermal and
external devices.

Bus State Controller. This logic performs all of the status
and bus control activity associaled with both the CPU and
some on-chip peripherals. This includes wail state liming,
reset cycles, DRAM refresh, and DMA bus exchanges.

Interrupt Controller. This block monitors and prioritizes
the variety of internal and external interrupts and traps to
provide the correct responses from the CPU. To remain
compatible with the Z80 CPU, three different interrupt
modes are supported.

Memory Management Unit. The MMU allows the user to
“map” the memory used by the CPU (logically only 64K)
into the 1M Byte addressing range supported by the
Z80180. The organization of the MMU object code com-
patibility with the Z80 CPU while offerring access to an ex-
tended memory space. This is accomplished by using an
effective "common area - banked area” scheme.

Central Processing Unit. The CPU is microcoded to
provide a core that is object code compatible with the Z80
CPU. It also provides a superset of the Z80 instruction set,
including 8-bit multiply and divide. This core has been en-
hanced to allow many of the instructions to execute in
fewer clock cycles.

DMA Controller. The DMA controller provides high speed
transfers between memory and I/O devices. Transfer
operations supported are memory to memory, memory
tofrom 1/O, and IO to I/O. Transfer modes supported are
request, burst, and cycle steal. DMA transfers can access
the full 1 Mbyte addressing range with a block length up to
64K bytes, and can cross over 64K boundaries.

Asynchronous Serial Communications Interface
(ASCI). The ASCI logic provides two individual full-duplex
UARTs. Each channelincludes a programmable baud rate
generator and modem control signals. The ASCl channels
can also support amulliprocessor communications format.

Programmable Reload Timer (PRT).This logic consisls
of two separate channels, each containig a 16-bit counter

" (timer) and count reload register. The time base for the

counters is derived from the system clock (divided by 20)
betore reaching the counter. PRT channel 1 provides an
oplional output to allow for waveform generation.

Clocked Serial I/0 (CSIO). The CSIO channel provides a
half-duplex serial transmitter and receiver. This channel
can be used for simple high-speed data connection to
another microprocessor or microcomputer.

OPERATION MODES:

The 280180 can be configured to operale like the 64180.
This is accomplished by allowing the user to have control
over the M1, IORQ, WR, and RD signals. The Operation
Mode Control Register (OMCR) determines the M1 op-
tions; the timing of the IORQ, RD, and WR signals; and the
RETI operation.

[orfoe[os [ [=]-[=[=]
L"@io_c'(l:va Reserved

MITE (W)
MI1E (RW)

Figure 4. Operation Mode Control Register
(/0 Address = 3 EH)

MIE (M1 Enable): This bit controls the M1 output and is set
toa 1 during reset.

When M1E=1, the MT output is asserted LOW during the
opcode fetch cycle, the INTo acknowledge cycle, and the
first machine cycle of the NMI acknowledge. This will also
cause the M1 signal to be active during both fetches of the
RETIinstruction sequence, which may cause corruption of
the external interrupt daisy chain. Hence, this bit should be
set to 0 for the Z80180. When M1E=0, the MT output is
normally inactive and asserted LOW only during the
refetch of the RET! instruction sequence and duringthe
INTo acknowledge cycle.

Ty T2 Ty T T2 T3

| 3=

Write into OMCR Opcode Fatch

Figure 5. M1 Temporary Enable Timing
MITE (M1 Temporary Enable): This bit controls the tem-
porary assertion of the M1 signal. It is always read back as
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a 1 andissetto 1 during reset. This function is used to
*arm” the internal interrupt structure of the Z8OPI1O. When
a control word is written to the Z80PIO to enable interrupts,
no enable actually takes place until the PIO sees an active
M1 signal. When MTE=1, there is no change in the opera-
tion of the M1 signal and M1E controls its function. When
MITE=0, the M1 output will be asserted during the next
opcode fetch cycle regardless of the state programmed
into the M1E bit. This is only momentary (one time) and the
user need not reprogram a 1 to disable the function (See
Figure 5).

TOC: this bit controls the timing of the TORQ and RD sig-
nals. Itis setto 1 by reset.

When 10C=1, the TORQ and RD signals function the same
as the Z264180.

Figure 6. I/0 Read and Write Cycles with10C =1

When TOC=0, the timing of the TORQ and RD signals match
* the timing required by the Z80 family of peripherals. The
JORQ and RD signals will go active as a result of the rising
edge of T2. This allows the Z80180 to satisfy the selup
times required by the Z80 peripherals on those two signals.

Figure 7. 1/0 Read and Write Cycles with 10C =0

For the rest of this manual, it is assumed that M1E=0 and
JOC=0. The user must program the Operation Mode Con-
trol Register before the first I/O instruction is executed.

TIMING:

This section explains the Z80180 CPU timing for the fol-
lowing operations:

Instruction (op-code) fetch timing.

Operand and data read/write liming.

1/0 read/write timing.

Basic instruction (fetch and execute) timing.
RESET timing. i
BUSREQ/BUSACK bus exchange timing.

The basic CPU operation consists of one ormore "Machine
Cycles® (MC). A machine cycle consists of three system
clocks, T1, T2, and T3 while accessing memory or I/O, or
it consists of one system clock (T1) during CPU intemal
operations. The system clock is half the frequency of the
Crystal oscillator {e.g., an 8 MHz crystal produces 4 MHz
or 250 nsec). For interfacing to slow memory or
peripherals, optional wait states (Tw) may be inserted be-
tween T2 and T3.

Instruction (op-code) Fetch Timing. Fig. 8 shows the in-
struction (op-code) fetch timing with no wail states. An op-
code fetch cydle is externally indicated when the MT output
pinis LOW.

In the first half of T1, the address bus (Ao-A19) is driven

from the contents of the Program Counter (PC). Note that
this is the transiated address output of the Z80180 on-chip
MMU.

I_n_lhesecondhall of T1, the MREQ (Memory Request) and
RD (Read) signals are asserted LOW, enabling the
memory.

The op-code on the data bus is latched at the rising edge
of T3 and the bus cycle terminates at the end of Ta.

Op-code fetch cycle

T, T2 Ta T T2

" ! (| e S /] (S
Ao—An X vIPCl “X_PC*+1
Do—-D> Op-code
7.1y Y TR s
N
MREQ "
RD ' S\

Figure 8. Opcode Fetch timing (Without Wait State)
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Fig. 9 illustrates the insertion of wait states fTw) into the
op-code felch cycle. Wait states (Tw) are controlled by the
external WATT input combined with an on-chip program-
mable wait state generator.

At the falling edge of T2 the combined WAIT input is
sampled. I WAIT input is asserted LOW, a wait state (Tw)
is inserted. The address bus, MREQ, RD and Mi are held
stable during wait states. When the WAIT is sampled inac-
tive HIGH at the falling edge of Tw, the bus cycle enters
T3 and completes at the end of Ta.

Op-code fetch cycle

Flgure 9. Opcode Fetch Timing (With Walt State)

Operand and Data Read/Write Timing. The instruction

operand and data read/write timing differs from op-code
fetch timing in two ways. First, the M1 output is held inac-
tive. Second, the read cycle timing is relaxed by one-half
clock cyde since data is latched at the falling edge of Ta.

Instruction operands include immediate data, displace-
ment, and extended addresses, and have the same timing
as memory dala reads.

During memory write cycles the MREQ signal goes active
in the second half of T1. At the end of T, the data bus is
driven with the write data. '

Atthe start of T2, the WR signal is asserted LOW enabling
the memory. MREQ and WR go inactive in the second half
of T3 followed by disabling of the write data on the data
bus.

Wait states (Tw) are inserted as previously described for
op-code fetch cycles. Fig. 10 illustrates the read/write
timing without wait states (Tw), while Fig. 11 illustrates
read/write timing with wait states (Tw).

Reed cyce Wrts cyche =i

T Ty T T T, Ty [
# o L P e e e

Flgure 10. Memory Read/Write Timing (Without Wall.
State)

Figure 11. Memory Read/Write Timing (With Wait
State)

/0 Read/Write Timing. I/O instructions cause data
read/write transfers which differ from memory data trans-
fers in the following three ways:

1. The IORQ (I/0 Reguest) signal is asserted LOW in-
slead of the MREQ signal.

2. The 16-bit I/O address is not translated by the MMU.

3. A1s-A1g are held LOW.

At least one wait state (Tw) is always inserted for VO read
and write cycles (except intemal I/0 cycles).

Fig. 12 shows /O read/write timing with the automatically
inserted wait state (Tw).

LO read cych 'O wnte cycle

NOTE Aw—Aw = 0O for LO cycies

- Flgure 12.1/0 Read/Write Timing
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Basic Instruction Timing. An instruction may consist of a
number of machine cycles including op-code fetch,’
operand fetch, and data read/write cycles. An instruction
may also include cydes for internal processes which make
the bus idle.

CPU nremat
18 c0code  2nd cocode Daplacwment  OPeston Mermony Nat matction
o o
; fateh cycle ;_v.m crew | reed cyce BT wnte crcle | lotcn cycia
T T T

L L LT

L LT, T, T,

DD 0= 71 d 9

BT AN G T O\
= N TSN
Uochea Crete
— . L rremsreedl Yommyy I
wor T ucz U wcy wcamcsmcs  wmer

NOTE ¢ = olacement
9= rgutw comtenrs

Figure 13. Instruction Timing

The example in Fig. 13 illustrates the bus timing for the
data transfer instruction LD (IX+d).g. This instruction
moves the contents of a CPU register (g) to the memory
location with address computed by adding a signed 8-bit
displacement (d) to the contents of an index register (IX).

The instruction cydle starts with the two machine cycles lo
read the two byte instruction op-code as indicated by M1
LOW. Next, the instruction operand (d) is fetched.

The external bus is idle while the CPU computes the effec-
tive address. Finally, the computed memory location is
written with the contents of the CPU register (g).

RESET Timing. Fig. 14 shows the Z80180 hardware
RESET timing. If the RESET pin is LOW for six or more
than six clock cycles, processing is terminated and the
280180 restarts execution from (logical and physical) ad-
dress 00000H. '

RESE™ Stam

OF coe tetch cyeie

. RESET
mE e e Bes
R O (N (S e Y (S s 0 O
s 6 0r move than § clocks
~- S S TP
414

Figure 14. Reset Timing

BUSREQ/BUSACK Bus Exchange Timing. The Z80180
can coordinate the exchange of control, address and data
bus ownership with another bus master. The alternate bus
master can request the bus release by asserting the BUS-

REQ (Bus Request) input LOW. After the Z80180 releases
the bus, it relinquishes control to the alternate bus master
by asserting the BUSACK (Bus Acknowledge) oulput
LOW.

The bus may be released by the Z80180 al the end of each
machine cycle. In this context, a machine cycle consists of
a minimum of 3 clock cycles (more if wail states are in-
serted) for op-code fetch, memory read/write, and I/O
read/write cycles. Except for these cases, a machine cycle
corresponds lo one clock cycle.

When the bus is released, the address (Ao-A19), data (Do-

D7), and control (MREQ, 10RQ, RD, and WR) signals are
placed in the high impedance state.

Note that dynamic RAM refresh is not performed when the
ZB0180 has released the bus. The aiternate bus master
must provide dynamic memory refreshing if the bus is
released for long periods of lime. '

Fig. 15 illustrates BUSREQ/BUSACK bus exchange
during a memory read cycle. Fig. 16 illustrates bus ex-
change when the bus release is requesled during a
280180 CPU internal operation. BUSREQ is sampled at
the falling edge of the system clock prior to Ta, Ti and Tx
(BUS RELEASE state). It BUSREQ is asserted LOW at the
falling edge of the clock state prior to Tx, another Tx is ex-
ecuted.

BuSOf) -
BUSACY o’ GLAY P A S —
e s
Figure 15. Bus Exchange Timing
CPU et ngera Bus reane cycle i
T ] ' ' 1 t '
1§ 1 F= == rw )

@ -0 L Lo fed e £ id L L
S
04-0r
HREQ
e R Y
RD WR s
8US _ —
USREQ —

Figure 16. Bus Exchange Timing
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WAIT State Generator

To ease interfacing with slow memory and I/O devices, the
Z80180 uses wait states (Tw) to extend bus cycle timing.
A wait state(s) is inserted based on the combined (logical
OR) state of the external WAIT input and an intemal
programmable wail state (Tw) generalor. Wait states (Tw)
can be inserted in both CPU execution and DMA transfer
cycles.

When the external WAIT input is asserted LOW, wait
state(s) (Tw) are inserted between T2 and T3 lo extend the
bus cycle duration. The WAIT input is sampled at the fall-
ing edge of the system clock in T2 or Tw. If the WAIT input
is asserted LOW at the falling edge of the system clock in
Tw, another Tw is inserted into the bus cycle. Note that
WAIT inputtransitions must meet specified set-up and hold
times. This can easily be accomplished by externally
synchronizing WAIT input transilions with the rising edge
of the system clock.

Dynamic RAM refresh is not performed during wait states
(Tw) and thus system designs which use the automatic

refresh function must consider the affects of the occur-
rence and duration of wait states (Tw). Figure 17
shows WAIT timing.

T Ta Tw Tw Ty T,
s LI LSl
WA VAR AV

Figure 17. WAIT Timing
Programmable Wait State Insertion. In addition to the
WAIT input, wail states (Tw) can also be inserted by
program using the Z80180 on-chip wail state generator.
Wait state (Tw) timing applies for both CPU execution and
on-chip DMAC cycles.

By programming the four significant bits of the DMA/WAIT
Control Register (DCNTL) the number of wait states, (Tw)
automalically inserted in memory and /O cycles, can be
separately specified.

HALT and Low Power Operation Modes

The Z80180 can operatein 4 different modes. HALT mode,
I0STOP mode and 2 low power operation modes - SLEEP
and SYSTEM STOP. Note that in all operaling modes, the
basic CPU clock (XTAL, EXTAL) musl remain active.
HALT mode. HALT mode is entered by execution of the
HALT instruction (op-code = 76H) and has the following
characteristics }

(1) The intemal CPU clock remains active.

(2) Allinternal and extemal interrupts can be received.

(3) Bus exchange (BUSREQ and BUSACK) can occur.

(4) Dynamic RAM refresh cycle (RFSH) insertion con-
tinues at the programmed interval.

(5) 1’0 operations (ASCI, CSI/O and PRT) conlinue.
(6) The DMAC can operate.
(7) The HALT output pin is asserted LOW.

(8) The external bus activity consists of repeated "dummy”
fetches of the op-code following the HALT instruction.

Essentially, the 280180 operates normally in HALT mode,
except that instruction execution is stopped.

HALT mode can be exited in the following two ways.

RESET Exit from HALT mode. If the RESET input is as-

serted LOW for at least 6 clock cydes, HALT mode is ex-

" ited and Ihe normal RESET sequence (restart at address

0C000H) is initiated.

Interrupt Exit from HALT mode. When an internal or ex-
ternal interrupt is generated, HALT mode is exited and the
normal interrupt response sequence is initiated.

Ifthe interruptsource is masked (individually by enable bit,
or globally by IEF1 state), the Z80180 remains in HALT
mode. However, NMI interrupt will initiate the normal NMi
interrupt response sequence independent of the stale of
IEFy.

HALT timing is shown in Fig 18.

i HALT mode 1
T I

Ty T T, T, T T, T

HALT op-code fatch cycla

Y, W
Ac—An HALT op-code sodrass ( HALT op-code address + 1

L5 U
& / \

MREQ / X

L]

Figure 18. HALT Timing

SLEEP mode. SLEEP mode is entered by execution of the
2 byte SLP instruction. SLEEP mode has the following
characteristics.
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(1) The intemal CPU clock stops, reducing power con-
sumption. .

-

(2) The internal crystal oscillator does not stop.
(3) Intemal and extemal interrupt inputs can be received.
(4) DRAM refresh cydes stop.

(5) /O operations using on-chip peripherals continue.

(6) The intemal DMAC stop.

(7) BUSREQ can be received and acknowledged.

(8) Address outputs go HIGH and all other conlrol signal
output become inactive HIGH.

(9) Data Bus, 3-state.
SLEEP mode is exited in one of two ways as shown below.

RESET ExMt from SLEEP mode. If the RESET input is
held LOW for at least 6 clock cycles, it will exil SLEEP
mode and begin the normal RESET sequence with execu-
tion starting at address (logicai and physical) CO000H.

Interrupt Exit from SLEEP mode. The SLEEP mode is
exited by detection of an extemnal (NMI, INTo-INT2) or in-
temal (ASCI, CSI/O, PRT) interrupl.

In case of NMI, SLEEP Mode is exited and the CPU begins
the normal NMi interrupt response sequence.

In the case of all other interrupts, the interrupt response
depends on the state of the global interrupt enable flag
(IEF1) and the individual interrupt source enable bit.

If the individual interrupt condition is disabled by the cor-
responding enable bit, occurrence of that interrupt is ig-
nored and the CPU remains in the SLEEP state.

Assuming the individual interrupt condition is enabled, the
response to that interrupt depends on the global interrupt
enable flag (IEF1). If interrupts are globally enabled

AcAw SUP 2nd oo-code sddrwss X_

(IEF1=1) and an individually enabled interrupt occurs,
SLEEP mode is exited and the appropriate normal inter-
rupt response sequence is executed.

If interrupts are globally disabled (IEF1=0) and an in-
dividually enabled interrupt occurs, SLEEP mode is exited
and instruction execution begins with the instruction follow-
ing the SLP instruction. Note that this provides a technique
for synchronization with high speed external events
without incurring the latency imposed by an interrupt
response sequence. '

Figure 19 shows SLEEP timing.

IOSTOP mode. IOSTOP mode is entered by setting the
IOSTOP bit of the I/O Control Register (ICR) 1o 1. In this
case, on-chip /O (ASCI, CSI/O, PRT) stops operating.
However, the CPU continues to operate. Recovery from
IOSTOP mode is by resetting the IOSTOP bit in ICR 10 0.

SYSTEM STOP mode. SYSTEM STOP mode is the com-
binalion of SLEEP and IOSTOP modes. SYSTEM STOP
mode is enlered by setting the IOSTOP bit in ICR to 1 fol-
lowed by execution of the SLP instruction. In this mode,
on-chip I/O and CPU stop operating, reducing power con-
sumption. Recovery from SYSTEM STOP mode is the
same as recovery from SLEEP mode, noting that intemal
110 “sources (disabled by IOSTOP) cannot generate a
recovery interrupt. 1

SLP 2nd op-code Op-code fetch or nterupt

fatch cycle | SLEEP mode | scknowiedge cycle
A €1, I 0 s e Ts ff 7. T, T
L0 g R o S O O O e
W, "M R

FFFFFH ) &

Trap and Interrupts

The Z80180 CPU has twelve interrupt sources, 4 extemal
and 8 internal, with fixed priority. (Reference Figure 20).

RACT
T
Figure 19. SLEEP Timing
Hgher (1) TRAP fUndefmad Op-code Trap) .. .. Internal nterrupt
Proaty  (2) KR (Non Maskabe lnterrupt
(31 WT: Maskable interrupt Level O) External Interrupt
1d)  INTT Maskabie nterrupt Level 1
(5)  WT; Maskabie interrupt Level 2)
(6)  Tumee O
(7 Timer 1
(8)  DMA channel O
8] DMA channel | Internal Nnterrupt
(10)  Clocked Sensi VO Port
Lower  {11)  Asynchronous SCI channel O
Pronty  (12)  Asynchronous SCI channel 1

Figure 20. Interrupt Sources
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TRAP Interrupt. The Z80180 generates a non-maskaable
TRAP interrupt when an undefined op-code fetch occurs.
This feature can be used to increase software reliability,
implement an “extended"” instruction set, or both. TRAP
may occur during op-code fetch cycles and also if an
undefined op-code is fetched during the interrupt acknowl-
edge cycle for INT_ when Mode 0 is used.

When a TRAP interrupt occurs the 280180 operaleé as fol-
lows.

(1) The TRAP bit in the Interrupt TRAP/Control (ITC)
register is set to 1.

(2) The current PC (Program Counter) value, reflecting
location of the undefined op-code, is saved on the stack.

(3) The Z80180 vectors to logical address 0. Note that if
logical address 0OOOH is mapped to physical address
00000H, the vector is the same as for RESET. In this case,
testing the TRAP bit in ITC will reveal whether the restart
at physical address 00000H was caused by RESET or
TRAP.

External Interrupts. The 280180 has four external
hardware interrupt inputs.

(1) NMi- Non-maskable Interrupt

(2) INTo - Maskable Interrupt Level 0
(3) INT1 - Maskable Interrupt Level 1
(4) INT2 - Maskable Interrupt Level 2

NMi, INT; and INT2 have fixed interrupt response modes.
iNTo has 3 ditferent software programmable interrupt
response modes - Mode 0, Mode 1 and Mode 2.

NMI - Non-Maskable Interrupt. The NMlinterruptinput is
edge sensilive and cannot be masked by software. When
NMi is detected, the Z80180 operales as follows.

(1) DMAC operation is suspended by the clearing of the
DME (DMA Main Enable) bit in DCNTL.

(2) The PC is pushed onto the stack.

(3) The contents of IEFy are copied to IEF2. This saves

the interrupt reception state that existed prior to NML.

(4) IEF is cleared to 0. This disables all external and in-
ternal maskable interrupts (i.e. all interrupts except NMI
and TRAP).

(5) Execution commences at logical address 0066H.

The last instruction of an NMI service routine should be
RETN (Return from Non-maskable Interrupt). This restores
the stacked PC, allowing the interrupted program to con-
tinue.

INTo - Maskable Interrupt Level 0

The next highest priority external interrupt after NMI is
TNTo. INTo is sampled at the falling edge of the clock state
prior to T3 or T1 in the last machine cycle. I INTo is as-
serted LOW at the falling edge of the clock state prior to T3
or T1 in the last machine cycle, INTo is accepled. The in-
terrupt is masked if either the IEF1 flag or the ITEO (Inter-
rupt Enable 0) bit in ITC are reset to 0.

The iNTo interrupt is unique in that 3 programmable inter-
rupt response modes are available - Mode 0, Mode 1 and
Mode 2. The specific mode is selected with the IMO, IM 1
and IM 2 (Set Interrupt Mode) instructions. During RESET,
the Z80180 is initialized to use Mode O for INTO. The 3 in-
terrupt response modes for INTo are:

(1) Mode 0 - Instruction fetch from data bus.

(2) Mode 1 - Restart at Ilogical address 0038H.

(3) Mode 2 - Low byte vector table address fetch from data
bus.

TNTo Mode 0.

During the interrupt acknowledge cycle, an instruction is
fetched from the data bus (D0-D7) at the rising edge of T3.
Often, this instruction is one of the eight single byte RST
(RESTART) instructions which stack the PC andrestart ex-
ecution at a fixed logical address. However, muttibyte in-
structions can be processed if the interrupt acknowledging
device can provide a multibyte response. Unlike all other
interrupts, the PC is not automatically stacked.

Note that TRAP interrupt will occur if an invalid instruction
is fetched during Mode 0 interrupt acknowledge.

INTo Mode 1

When TNTo is received, the PC is stacked and instruction
execution restarts atlogical address 0038H. Both IEF 1 and
IEF2 (lags are reset to 0, disabling all maskable interrupts.
The interrupt service routine should normaily terminale
with the EI (Enable Interrupts) instruction followed by the
RETI (Retum from Interrupt) instruction, to reenable thein-
terrupts.

INTo Mode 2 .

This method determines the restart address by reading the
contents of a table residing in memory. The vector table
consists of up to 128 two-byle restart addresses stored in
low byte, high byte order.

The vector table address is located on 256 byte boundaries
in the 64K byte logical address space programmed in the
8-bit Interrupt Vector Register (). .

During the INTo Mode 2 acknowledge cycle, the low-order
8 bils of the vector is fetched from the data bus at the rising
edge of T3 and the CPU acquires the 16-bit vector.
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Next, the PC is stacked. Finally, the 16-bit restart address
is fetched from the vector table and execution begins at
that address.

Note that external vector acquisition is indicated by both
M7 and TORQ LOW. Two wail states (Tw) are automatical-
ly inserted for external vector fetch cycles.

INTy, INT2

The operation of externalinterrupts INT1 and INT2is a vec-
tor mode similar to INTo Mode 2. The ditferenceiis that INT
and INT2 generate the low-order byte of vector table ad-
dress using the IL (Interrupt Vector Low) register rather
than fetching it from the data bus. This is also the interrupt
response sequence used for all internal interrupts (except
TRAP).

Internal Interrupts. Internal interrupls (except TRAP) ise
lhe same vectored response mode as INT1 and INT2.
Internalinterrupts are globally masked by IEF1 = 0. Individ-
ual intemal interrupts are enabled/disabled by program-
ming each individual /O (PRT, DMAC, CSI/O, ASCI)
control register. The lower vector of INT, . INT, andintemal
interrupt are summarized in Table 2.

LS Fixed Code
br be by

Interrupt Source Pnonty.

o
o
S

wNT Highest

Wi,

PRT channel O
PRT channal 1

DMA channsl O
OMA channel 1
CSio

ASCi channel O
ASCI channel 1

~|ojojolo|olo|o|o|T
o|l=|-|~|=lo|lolofo

of={=lolo|=|=|o]o
ol«lo|l-lo|=|o|=|o]|T
ololole|ofo|ofo]o

Lowest

* Programmable
Table 2. Veclor Table

RETI Instruction Sequence:

When the EDH/4DH-sequence is fetched by the Z80180,
it is recognized as the RETI instruction sequence. The
280180 will then refetch the RETI instruction with 4 T-
states in the EDH cycle to allow the Z80 peripherals time
lo decode that cycle (See Figure 21). This allows the inter-
nal interrupt structure of the peripheral to properly decode
the instruction and behave accordingly.

The MIE bit of the Operation Mode Control Register
(OMCR) should be set lo' 0 so that MT signal is active
only during the refetch of the RETI instruction sequence.
This is the desired operation when Z80 peripherals are
connected to the Z80180.

LTLL L LT 1177rr,v,7,v.
LT ] )

AR AR

As-aaa) Y PC T pcer ( PC )
~ €K 40K ) 40¥
e B e (T

i (are=1)
Towe=0 — [ 1L
MREQ | ML L L

LT U S I S e

st T LT

Figure 21. RETI Instruction Sequence

The RETI instruction takes 22 T-states and 10 machine
cydes.

Interrupt Control Registers and Flags. The Z80180 has
three registers and two flags which are associated with in-
terrupt processing.

Eunction Name Access Method
(1) Interrupt Vector High | LDAland LD,
A instructions
(2) Interrupt Vector Low IL 1/0 instruction
(addr=33H)

/0 instruction
(addr=34H)
Eland DI

(3) InterrupTrap Control ITC

(4) Interrupt Enable Flag IEFy,IEF,
1.2

Interrupt Enable/Disable Operation

Two flags, IEF, and IEF, are used to signal the Z80180
CPUinterrupt status. IEF, controls the overall enablingand
disabling of all internal and external maskable interrupts
(i.e. all interrupts except NMI and TRAP).

ILIEF1 = 0, all maskable interrupts are disabled. IEF; can
be reset to 0 by the DI (Disable Interrupts) instruction and
setlo 1 by the El (Enable Interrupts) instruction.

The purpose of IEF2 is to correctly manage the occurrence
of NMi. During NMI, the prior interrupl reception state is
saved and all maskable interrupts are automatically dis-
abled (IEF copned to IEF2 and then IEF cleared to 0). At
the end of the NMi interrupt service routine, execution of
the RETN (Relurn from Non-maskable Interrupt) will
automahcaily restore the interrupt receiving state (by copy-
ing IEF2 1o IEF1) prior to the occurrence of NMI.

IEF2 state can be reflected in the P/V bit of the CPU Stalus
Register by executing LD A, | or LD A, R instructions.
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T

CPU Operzton €. [ REMARKS
RESET o [ Inhors the ntermup* excert N ang
TRAP
N 0 5. Copms tha contents of I€F - to KF
RETN xF, rot attacted | Retums 1rom the NAAL service routne

ntemupt ercept
R g TRAP

o

et tha mteuo! ercent RIF and
TRAP

RET! not aHected not atected

ot e | oo s

T . .

Ot 0 0

LD A not atfected not attected Transters the contents of KF; 10 PV

fag
LDAR not sHected not aHected Transters the contents of €F, 10 P V.
Table 3. State of IEF, and IEF,

Internal /O Registers

The 280180 intemal /O Registers occupy 64 I/O addres-
ses (including reserved addresses). These registers ac-
cess the internal /O modules (ASCI, CSVO, PRT) and
control functions (DMAC, DRAM refresh, interrupts, wait
state generator, MMU and VO relocation).

To avoid address conflicts with external /O, the Z80180
internal 1/0 addresses can be relocated on 64 byte boun-
daries within the bottom 256 bytes of the 64K byte /O ad-
dress space.




Internal /0 Registers

By programming IOA7 and I0A6 in the 1/0' control register, internal I/0 regis-
ter addresses are relocatable within ranges from 0000H to 00FFH in the I/O address

space.
REGISTER l MNEMONIKCS | ADDRESS REMARKS
ASCI Control Regrster A Channel O oo )
: CNTLAO bit MPE | RE | TE |ATSD | grn [MOD2 [MOD1|MOOO
during RESET | O 0 0 1 |nvaid | 0 0 0
RW AW | RW | RW [ AW [ RW |RW [ RW | RW
MODE Selection
Muhi Processoc B Recerve/
Erroc Flag Resat
Request To Send
Transma Enabie
Recove Ensbis
Muhi Procsssor Enable
ASCI Control Regater A Channel 1 omi
: CNTLAY
bt wee | pe | e cxain| e |map2 Moot [Mobo
during RESET | 0 0 0 1 |ovald | © 0 0
RW v | Aw [ RwW [ RW [ RW | RW | RW | AW
[ LMODE Seiecton
Mutt Processor Bt Recerve/
Error Flag Reset
CKA1 Dissbie
Transmit Enabie
Recorve Enabla
MuM Processor Enable
MOD2, 1. 0
000 Stat+ 7btDaa+ 1Stop
001 Stet+ 7btDaa+ 2Stop
010 Stat+ 7btDaa+ Panty + 1 Stop
011 Stat+ 7btDsta+ Pacty + 2 Stop
100 St + 8baDsta+ 1Stoo
101 Start + 8 bit Data + 2 Stop
110 Start + 8 bt Dsta + Party + 1 Stop
Tl Start + 8 bt Data + Party + 2 Stop
IASCI Control Register B Channel 0 02 (47
T CNTLBO bit MPBT | MP | 70" | PEO | DR | SS2 | 551 | SO
durng RESET |nvakd | O . 0 0 1 1 1
RW RW | AW | AW | RW [ RW | RW | AW | AW

Clock Source and
Speed Select
Dwde Rato
Party Even or Odd
Clear To Send/Prescale
Mutt Processor
Muhi Processor Bt Transmit

TTS : Depending on the conditon of CTS Pin

PS : Clesrsd to O.

110 be contrusa)
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REGISTER ] MNEMONICS

ASCI Satus Regrster Channel O

IASC! Status Regrster Channel 1

ASCI Control Regater B Channel 1
CNTLB1

REMARKS
MPBT | MP PS PEQ DR §S2 | SS1 Sso
nvahd [ 0 4] 0 1 1 1
RW | RW [RW |RW |RW | RW | RW | RW
L Clock Source and
Speed Seiect
Dnde Rato

Panty Even or Odd
Ciear To Send/Prescale
Mum Processor
Mutt Processor Bt Transmit

PS=0 PS=1
{onide rano=10) {ovide rato = 30)

DR=0 (X 16) | DR=1 (x 64)| DR=0 (X 16) |DR=1 (x 64]

¢+ 160 d+ 640 6+ 480 |eé+ 1920

+ 320 + 1280 + 860 + 3840
+ 640 + 2560 + 1920 + 7680
+ 1280 + 5120 + 3840 + 15360
+ 2560 +10240 + 7680 + 30720
+n.5120 + 20480 + 15360 + 61440
+10240 + 40960 +30720 + 122880

Extemnal clock (frequency < ¢+ 40) "

RORF |OVRAN | PE FE RiE | DCDO | TORE | TE

:STATO

0 o 0 0 0 3 = 0
R R R R RW R R RW
Transma
Interrupt
Enabie
Transmnt Data
Regrster Emoty

Data Camer Detect
Recervs interrupt Enable

STAT1

Framing Emoc
Panty Error * CiScPn| TORE
Over Aun Error T T
L_Rocene Dats Regsster Fut
* BTD:  Depending on the condition of DCDs P H 0
RDRF | OVRN | PE FE RE |CTS1E| TORE TE
0 [ 0 0 0 0 1 0
R R R R RW | RW R RW
Transmit
Interrupt
Enable
Transmat Data
Regater Empty
CT81 Enable
Recerve Interrupt Enable
Framing Eror
Party Error
Over Run Eror

L Recerve Dotz Regmster Full




REGISTER lwawoucs ADORESS REMARKS
ASC! Transmat Dsts Reguter Chennel o8
o
: TORO .
ASCl Transmit Data Register Channel | 0 7
1
: TOR1
ASCI Receve Dsts Register Chennel | 0 8
0
: TSRO
ASC! Recerve Dats Regester Channel o9
1
: TSR1
CSVOICanY Ragawr aml 22 bt e [EE [ Re | TE | - |ss2]sst[sso
! duingRESET[ 0 | 0 | 0 | o 1 1 \ \
AW R | RW | RW | RW AW | AW | RwW
[ Speed Seiect
Trenamd Enable
Recerve Enable
End nterrupt Enabis
£nd Fag
55210 | ssdre | 55210 | Bowdhowe
000 ¢+ 20 100 . | ¢+ 320
001 + 40 101 + 840
010 + 80 110 + 1280
011 +160 111 |Extemal
{troquency < + 201
CSVO Trnsma/Recarve Dsta o8B
Rega ter
: TROR
Trner Dats Reguter Channel OL ocC
: TMOROL
Tener Data Reguter Channel oD
. TMOROH
Timer Reload Registar Channel O 0E
RLDROL
Timer Reload Register Channal OH oF
- RLDROH
Timer Control RegaRy N 0 bt 1 | TF0 | TET | €O [TOCT [TOCO [TDET | TDEO
duwngRESET[ 0 | 0 | 0 | 0 | 0 | o | 0o | o
RAW R R AW | RW | YW | YW | R'W | R'W
LTIT\-DM

Count Enable 1.0
Timer Output Control 1,0

Tiner Interrupt Ensbie 1.0

Timer Interrupx Flag 1.0

fo be

contrued]
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1H
S WARTH

REGISTER {WWS ADORESS
Twner Data Regutar Channel 1L 14
: TMORIL
Timer Data Register Channel 1H 15
: TMDR1H
Timer Retosd Register Channel 1L 18
S RLDRIL
Timer Relosd Regesster Channel 1H 17
: RLDR1H
Free Running Counter 18 read only
FRC
DMA Source Address Register 20
Channel OL
: SAROL
DMA Source Address Register 21
Chennel OH
: SAROH
OMA Source Adcrees Regirter o Bas 0-2 (3) are used for SARCB
Chennel 0B Aw'. Aie A A | DMA Transfer Request
SSARCH <, | X SR Y40 GREQ, (ertomad
X X 0 1 RDRO (ASCXO
X X 1 o ROR1 ASCIT}
OMA Destinstion Address Regiater 23 X X 1 1 Not Usad
Channel OL
+ DAROL
CMA Destination Address Register 2 4
Channel OH
: DAROH
DMA Destinaton Address Ragister =5 Bits 0-2 (3) are usad for DAROS.
Channel 08 A’ A A, A | DMA Transtfer Raquest
< RS S SRR DREQ, lextomsd
X X o] 1 TORO (ASCIO
& X X 1 o TOR1 (asCI)
DMA Bym Count Register Channel 2.8 } . 4 1 1 Not Used
o
: BCROL
DMA Byts Count Regester Chanoel 2 7,
OH
- BCROH
DMA Mamory Address Ragister 28
Channel 1L
: MARIL
DMA Memory Address Register 29
Channsl TH ’
: MARTH
DMA Memory Address Register 2 A Bits 0-2 (3) »rs used for MAR1B.
Channei 18
: MAR1B
DMA VO Address Register Channel 28
w
T ARIL
DMA VO Address Register Channel 2cC

* n the R1 and Z Mask, these DMAC regsters are expanded from 4 brts to 3 brts in the package version of CP-68

and FP-80.

0 be contrusd)
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REGISTER

MNEMONIKCS

REMARXS

DMA Byts Count Regster Channel
n
BCRIL

DMA Byt Count Regster Channel
1H

BCR1H
DMA Status Regrster

DSTAT
DMA Mode Register

DMODOE

bt DE! | DEO |DWE! [OWEO | DIET | DEO | — | DME
dunng RESET | 0 0 1 1 0 0 1 0
RW RW | AW | W w | RW | RW R
L:)MA
Master
Enable
= MA nterrupt Enable 1.0
L—DMA Ensbie B4 Write Enable 1.0
L DMA Enable ch 1.0
bat - — [ DM1 | DMO | SM1 | SMO [MMOD| —
dunng RESET [ 1 1 0 0 0 0 0 1
AW AW [ RW |RW [RW | RW
L e
| MODE
Select
Ch O Source
Moda 1.0
Ch O Desonabon
Moca 1,0
OM1. 0 Destination| Address SM1, 0 | Source | Addrmss
00 M DARO+ 1 oo0| M SARO+
01 M DARO— 1 01| M SARO— 1
10 M DARO fixed 10 M SARQ fixed
11 Vo DARO fixed + 1| YO | SARO fixed
MMOD

Cycle Steal Mode
Burst Moce

fto be contrued)




REGISTER MNEMONCS | ADORESS REMARXS
OMA/WAIT Control Regrster 32 bit MW [MWO | Wit | W0 [omS T [oMso | omt | Do
SoeN durng RESET | 1 1 1 1 0 ) ) )
RW RW [RW [RW [RW [RW |RW | RW | RW
[DMA Ch1
VO Mamory
Mode Sedect
OREQ Setsct i = 1.0
VO Wart nsernon
L— Memory Wad hserson
The number of The number of
MWI1,0 wan states M0 wad states
00 o 00 )
01 1 01 2
10 2 10 3
1" 3 11 4
OM1.0  |[Transiec Mode| Address increment Dacremant
00 M—10 MAR1+ 1 AR fixed
o1 M—V0 MARY— 1 IAR1 fxed
10 Vo—M AR tixed MARYI+1
11 Vo—M AR fusd MARY =1
terupt Vector Low Regster (Y o v s | 1s [ 2 ~ . B -
)
oumgRESET| 0 [ 0o [ o [0 [0 [0 [o | o
RW AW [RW | RW |
mem Vector Low
NT/TRAP Control Regrster 34 bt TRAP | UFO [ _ — = Me2 | mMe1 | mMe0
.m
3 during RESET | 0 o [t 1 1 ) 0 1
AW RW [ A AW [AW |Rw
T Ensole 2,10
Undefined Fetch Object
TRAP
Retrash Control Regmter 38 b REFE |REFW | = 3 - - |cver [eveo
{RCR
durng RESET | 1 1 1 1 1 1 0 0
RW AW | RW AW | AW
L;h Cycie Seiect
fresh Wat State
Refrash Enatie
cycio interval of Refresh Cycle
[e]e] 10 States
01 20
10 40 1
1 80

fto be conbrusd!
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REGSTER MNEMONCS [ ADDRESS - REMARXS

MMU Common Base Regater
: CBR

MMU Bank Base Rags tar

MMU Common/Bank Arsa Registar
: CBAR

Oparabon Mode Control Regrster
OMCR

VO Control Regwster
: ICR

a8 bit C87') CBS | cas | ca4 | ca3 [ caz | ca1 | coo

am'nisno[oooo[ooo

H/WRMFVWR/WNWR/WWWR/WR/W

MMU Common Base Regrster

39 bt 87"| 886 | 885 | ass | 83 | 882 | sat | eeo |
GmgRESET | 0 | 0 | 0 [0 | 0 ] o o [ o]
W Rw [ rw | AW [RW [RW | AW | AW | AW

LMMU Bank Base Register

34 b4 ca3 [ caz [ car [ cao [ 8a3 | saz [ 8t [sa0
dunng RESET 1 1 1 1 (0] 0 0 ]
AW RW RW | RW | AW RW
LWU Bank
Area Regster
MMU Common
Area Rogs tac

0T s N R
g A ) M g Y, W
A AP A T ion DN A | W

LO Compatiuty
M1Temporary Ensole
1 Enable

3F
b1 0a7 Joas Joste[ = | - [ =TH [ -]

dumg RESET| 0 | 0 | o L S TW [

Aw Rw [ rw [ Rw | | ]

L LUO Stop
VO Address

These MMU regsters are sxparded hom 7 bits 1o 8 bits i e PLCC package
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Memory Management Unit (MMU)

The Z80180 has an on-chip MMU which performs the
translation of the CPU 64K byte (16-bit addresses 0000H
to FFFFH) logical memory address space into a 1024K
byte (20-bil addresses 00000H to FFFFFH) physical
memory address space. Address translation occurs inter-
nally in parallel with other CPU operation.

Logical Address Spaces. The 64K byle CPU logical ad-
dress space is interpreted by the MMU as consisting of up
to three separate logical address areas, Common Area 0,
Bank Area, and Common Area 1.

Asshown in Fig.22, a variety of logical memory configura-
tions are possible. The boundaries between the Common

and Bank Areas can be programmed with 4K byte resolu-
tion.

Common A 1] [Common Area 1

- 4 Common Ares 1
:

Bok Arse Common Ares 0
ommon Ares 0|

Figure 22. Logical Address Mapping Examples

Whether address translation takes place depends on the
type of CPU cyde as follows.

(1) Memory Cycles

Address Translation occurs for all memory access cycles
including instruction and operand felches, memory dala
reads and writes, hardware interrup! vector fetch, and
software interrupt restarts.

(2) /0 Cycles

The MMU is logically bypassed for VO cycles. The 16-bit
logical I/0 address space corresponds directly with the 16-
bit physical /0 address space. The four high-order bits
(A16-A19) of the physical address are always 0 during I/O
cydes.

LAy LAo
Logrca! Address
PAR 1 PAw PAL, . PA:
I Physcal Agdress

Figure 23. 1/0 Address Translation

(3) DMA Cycles

When the Z80180 on-chip DMAC is using lhe external bus,
the MMU is physically bypassed. The 20-bit source and
destination registers in the DMAC are directly output onthe
physical address bus (A0-A19).

Physical address translation. Fig. 24 shows the way in
which physical addresses are generated based on the con-
tents of CBAR, CBR and BBR. MMU comparators classify
an access by logical area as defined by CBAR. Depend-
ing on which of the three potential logical areas (Common
Area 1, Bank Area, or Common Area 0) is being accessed,
the appropriate 8-bit base address is added to the high-
order 4 bits of the logical address, yielding a 20-bit physi-
cal address. CBR is associaled with Common Area 1
accesses. Common Area 0, if defined, is always based at
physical address 00000H.
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