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Abstract,

An  HONEST SONTRY is the automatic answering
telephone which is able to work by two modes. One is to
record the information in tapes and the other one is to
contact with his owner directly, He also works as an
alarm system which can be both security function and fire
alarm function. When alarm system works, he will inform
to post office and fire station then call his owner. The
working capability of two modes are the same but their
functions are different, Mode | is recording mode and

Mode 2 is contacting made,
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DATA BUS BUFFER
vdu  Bus ﬁ?ﬂ?unws%udoﬁaga § 3 Port,Port av 8 Bit 8p
PA@-PA7, PBO-PB7,PCo-PC7 Befidnmarifiu Bidirectional wawifu
3-state 1ﬁ5ﬂn¥u¥udqﬁaga 1uniﬂeqﬂn7& 170 fiy CPU
READ/WRITE AND CONTROL LOGIC
tﬁuﬁqmﬂmﬁauﬁnnuﬂﬂﬁdwuﬁagaLﬁ1 cPu wodvdioyaeonain cpru
1ﬂ§qﬂn7& 170 uarfifqy® Control @1y 9
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ABUDNWIUNIY Port (Hu1de CPU
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CPU @7un14 Port Lﬁﬂdﬂ?ﬁﬁﬂ?ﬂﬂ?& 1/0
A@,A1
Port Select @ Uatv Port Select 1 5qmﬂm Input Lwéﬁiqvqﬂ
Tanffudgga RD uardggra WR 14lun1987989 Port 9 3 Port ufe
tfiu contro1 wordifiol# Port  WrerumindseniT  Relaaunieess
tinfu Ae  uwar A1 fu - cpu TasfaraanuiadeluniTie ¢ 82554

Basic Operation)

8255 BASIC OPERATION

A, A, RD WR CS INPUT OPERATION (READ)
2 %) 2 1 2 PORT A => DATA BUS
%) 1 o 1 2 PORT B => DATA BUS

1 1% 2 1 2 PORT C => DATA BUS




A, | A RD | WR | CsS OUTPUT OPERATION (WRITE)
) ) ) DATA BUS => PORT A
i
0 ) ) DATA BUS => PORT B
1 ) ) DATA BUS => PORT C
1 0 ) DATA BUS => CONTROL
A, | A RD | WR | CS DISABLE FUNCTION
X X 1 DATA BUS => 3-STATE
1 1 o ILLEGAL CONDITION
RESET
wainlafuaniie  "HIGH" sginTeni Ananwiimiineguasin

Port Qn PortLﬁu Input Port

Port

Port

Port

A

B
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-
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CONTROL WORD

0; | Dg | Dy

0,

0y

0,

O

h

GROUP B

PORT C (LOWER)
1= INPUT
0« OUTPUT

PORT 8
1= INPUT

9= ouTruT

MODE SELECTION
0- MODE 0

1= MODE

GROUP A

PORT C (UPPER)

1« INPUT
0= OUTPUT

PORT A

1= INPUT
Q= QuTPUT

MODE SELECTION
3 00 - MODE 0

01 =« MOOE 1
1% - MODE 2

MOOE SET FLAG

1= ACTIVE

| - ADORESS BUS ]
— | —
{ - ; CONTROL BUS - )
( DATA BUS 1
3 0, D, AA, 1
=
8255

wody o ]
T o IF

Pe, 78,  rc,c, #c, P, PA A,
MoDET — B r*-“,C AT
o (] TTTT 38
P9, %8, CONTROL  cONTROL  Pa, P,

QR 1O QR I10
mooe2 —1 AT

CONTROL

COMNTROL WORD
0, | O Py ] 01D 0O o, o
. ]
{ X L ] < J
oorr
CARE

Basic Mode Definitions and Bus Interface

b

Q1T SET/RESET
1= SET

0« RESET

81T SELECT
01 1] 2]37d's

€
of1]01lof1]o]
0,011]1]g,0]1

1

tola oft]r

8IT SET/RESET FLAG
G ACTIVE

Bit Set/Reset Format

- 106 -
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MODE 0 CONFIGURATIONS

CONTROL WORD #0
0, D O, D, 0, O 0O,
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8265
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TurunTurowldein Mode Ha 3 @0

- Mode 0 ¢ Basic Input/Output (Port A, PortB, Port(C)

- Mode 1 ¢ Strobe Input/ Output (PortA, PortB)

- Mode 2 ¢ Bi-dirctional Bus

Tutiufifi 8255 QN reset 7N Port sefifnuue . fu input ¢ port
#9 3 (flu High impedance >lun17inun’ld Port Mr9ulu  Mode
lasrdosTisunsuiouTnads Data wute 8 bit ludruwmis 03 ca_=1,

A =1 Tagusiae Bit Sarlamauedil

Do Port C ( Lower PC' —PCa ) ﬁlﬁu Input ®%e
Out put Lﬁu 1 = Input, 0 aﬁu Output
DI :  Port B (8 Bit) gaifly 1= Input, @= output
p2 : 1% Port B Hr91ulu Mode 1n &1iflu @ = Mode @,
1= Mode 1
D3 H Port C ( Upper PC‘ — PC7 ) ﬁjtﬁu l.= Input ,
2= Output
D4 : Port A ¢ 8 Bit ) datflu 1 = Input, @ = Output
ps,06: 1% Port A fr91ulu Mode 1n tHuldfe 3 Mode
2 = Mode 0
21 = Mode 1
11 = Mode 2 ‘ '
07 :+  dedaidu 1 Goiduludfuaneinifiu control Word

Operating Mode
Mode @ (Basic Input / Qutput)
»

14 Mode § Port ufag Port lu 3 Port asrsiwualwtdu

M (- 1 d 1 ] Q
Input w39 output fAldudAliaurTarin Handshaking 1@dnwuruoq
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Input lu@u170 Latch ﬁaga15
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T4 Mode $avsl port filfiflu Data Bus 1&iflns 2 Port @0
Port A Waz Port B Tagavrineruldifgefanisides awrsoriifu
Handshaking ldlaald Port c lﬁuaﬂﬂﬁmmﬂmﬂao Handshaking
o Q a' v )

Ansaryoy Mode § ldun
- 14 pata Bus 1&i%iss 2 Port ¢ Port A Wat Port c)
-  WARE Port fY%NM 8 Bit WAt control Data Hn 4 Bit
4 - 4
- pPort 8 Bit 2 port § tflu output wFe Input Ald wav
- [+ P
au1Tafisy Latch ﬁaqa1ﬁno 2 nTh

- Port wulm 4 Bit 2 16 1ﬁﬁﬁw¥utﬁuﬁdﬂauquuauuaﬂqanauu

Yo IUAAL Port
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Data war Latch 13ud289% output (flu t1*1f0 sTB Herifu »ov
wararfiaifu von Lﬁaﬁmﬂm RD Alé¥uisnidu "o (Fulling edged

INTR(Interrupt Request)qun1ﬁnad Port A @@ PC’ Lae

o a ¢ 1
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N384 OUTPUT
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» o o s »
naonwfcuﬂuﬁagaaan1ﬂnwasn OBF F/F q¢ set 1%u1 WR (fu »1v

way 1¥dgqm ack (fu o

MODE ©® PORT DEFINITION CHART

A B GROUP A GROUP B
D4 D3 D1 D@ | PORT A PORT CA # PORT B ‘PORT C
(UPPER) (LOWER)
Q. d. 0 0 OUTPUT | OUTPUT (%] OUTPUT OUTPUT
o 2 2 1 OQUTPUT | OUTPUT | 1 OUTPUT INPUT
|78 0 1 o OUTPUT | OUTPUT 2 INPUT OUTPUT
9 2 1 1 OUTPUT | OUTPUT 3 INPUT INPUT
2 1 0 ) OUTPUT | INPUT 4 OUTPUT OQUTPUT
0 1 o 1 OUTPUT | INPUT 5 OUTPUT INPUT
0 1 1 ] OQUTPUT | INPUT 6 INPUT OUTPUT
o 1 1 1 OUTPUT | INPUT 7 INPUT INPUT
1 2 %] 2 INPUT OUTPUT 8 OUTPUT OUTPUT
1 Q /] 1 INPUT OUTPUT 9 OUTPUT INPUT
1 o 1 o INPUT OUTPUT 18 | INPUT OUTPUT
1 2 1 1 INPUT OUTPUT il INPUT INPUT
1 1 % 2 INPUT INPUT 12 | OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 13 | GUTPUT INPUT
1 1 1 0 INPUT INPUT 14 { INPUT QUTPUT
1 1 1 1 INPUT INPUT 15 | INPUT INPUT
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279397 bandpass filter

[
—{}
Ry
Gain, lzil
Vu
Aplb e e e Bandwidth
0.207A, oo -
o
Pt
] t ]
o
e
1 [ ]
P!
o fe fy Frequency
2“ i bandpass filter zﬂ % NAUDIADNE
zﬂﬁ 1 193%
ANTATLIAN
R1 = Q/2%f _CAF
R2 = Q/2+f_C (20% - AF)
R3 = Q/=f _C
AF = R3/2R1
Cd \‘, -
Q = £ BW

a/

2

(Jouly AF < 2a
31112997 (ot 71 lddaentT gain 19138l AF = 1
ﬁwwunqﬁ QA = 2.6 center ferquency = 400 H,

I c1 =c2 =c¢c  dinunli¥ c = 0.022 uf

s

R1 = 2.6/2* % 400 % 0.022 % 10 ~ * 1
= 47023
% Rt =47 K
R2 = 2.6/2* % 400 % 0.022 % 18 ° [2(2.6)> - 11
= 37585
I R2 = 3.3 K + 820 fialfusulale ¢ Addan
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<

R3 = 2.6/* % 400 % 0.022 % 10

= 94046
L 4
T R3 = 100 K
3N BW = f_/Q
avld BWw = 400/2.6 -~
= 153,84

J 1 N d -] [}
$old@1 R1,R2,R3 W@t C1,C2 uﬁanu11ﬂﬁ1011nﬂaaanadoasq

U71ng312997° 1% Amplitude geaaflsenin 400 H_inadufitTisenuu

: } ' o 1 &£ a ae
Taghinaubiifasniaudadani 400 H, Y% 9vd Amplitude NA1aARINN

Qe 22

o o 4 {
nraANaRYSuL 1N autuuWﬁaﬂngﬂ

1CH @@

~— B

1cz2  9/p

Tif 2 waroAluanla

G v _a o o v " = a 4
QanﬂQU‘“uQWﬂQQWUQWq 9 Amplitude Qvuaﬂuﬂlualwuﬂ11u3ﬂu

] U 4 a' a‘ [ K]
Tioa 9 aufiegn o uilsfifi Amplitude gefign 1Hos1uArIBRABuUNg
{ o (v} a" ﬂ.a. d +
s nginldseana 400 Hz vz L faafut T a2 i il UBnae Liuln
' - a8 a _do e '
Amplitude anA1ad uavitlotinlydnfifisanas t?ﬁQaazﬂ1ﬁaﬁ 29397

bandpass filter 4Qvl¥ Amplitude Qqqﬂﬁnkuﬁ center

L 4
'a - »y

frequency niaaAUuIM 400 Hz quLad TﬂﬂQVﬂOURuOOﬂ?ﬂu

47911088 usr 1 ufina
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avifiuinigor711d op-amp  (HaefiriTarlfdae slope ntny
un 1315915y op-amp (1 1UBndR07 93T ndouRuA LA (EalRAn
slope B8u uRA119e BW (hnLBuuaranidusodiniifiy

0714 op-amp 2 Fafifol#r9aTRotAuasRAIE 400 Hz 13T
Tagrsa7avin Miwafildnn g output  HAnBRld1lnd Aaafunanaf

d &
c¢enter frequency d1NYIYU
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71335 phase lock loop (PLL)

+475-9YVY
A pF .
faput o) - 10 k£
_5
RI 557 8 output
&
2t
c, czl cLey

(ol T199nUUY 2997 bandpass filter (Faufosudinoly 1711
g /3 o & & 4 o
fin19onuuY 1937 phase lock loop tHafINITAILANSNATIVLINBUN

aglufefy port (ol cru Endug ety

®aNN1To9NUUY
fo = 1.1/CIR1
c2 = Vi/fo (1078/BW)*
fnunli
fo = 400 Hz
Vi = 100 mV rms
BW = 12 (dofigud
fwun 1k
Cl =0.1u
(MTEastuar 14
fo = 1.1 /7C1R1
Rt = 1.1 /foCl
Rt = 1.1 /7400 % 0.1 % 10°°
= 27.5 K
asld R1 = 22K + 5K Gifelfufuaaad)
C2 = 100 * 10 /400 (1870/12)"
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= 1.98 uf

aeld c2 = 2.2 uf
c3 = 2C2
ald c3 =2 % 1.98 uf
= 3,96 uf
2eld €3 = 3.3 uf ,

(Holddn  R1,c1,02,c3 wdafhir o997 doumrnuddn o (dnd
inputyas PLL 9uild  output 1Hu nigh wiiFotfiuarndidaly
Fon 7 au output (UREulIN high 1 fu 10w udr¥nmrnEd
input q1ﬁﬂ11uﬁﬂ78uﬁmtﬁau 400 Hz weifgatutiivainudidludn
wari1f  output (URsusan  low luifu nigh ﬁnﬂaﬂuﬁq1ﬁﬂ11uﬁ
¥1NNIAae 2400 Hz liuanin

TunranButusionand@l¥  Input w0 9 svifindd outpur (fu
high (Joanmudluifos 0 asifusn output LUfeusan Kigh (fu
low Saudldsenan 400 Hz nir (FeanmrnuiiasluBnwuin
Output (UREuaIN low 1 fu high %ﬂﬂawuﬁq1ﬁdqu1aunm 400 Hz

Foagylsan 29979LNOUANDINAIING 400  Hz n?aaaﬁuﬁﬁqﬂ
center frequency 151391812939 PLL 1ﬂﬂ1uqu1qa1 bandpass
filter

4295 71 foumrndantorlinnawir 1% output  (UREueN
high flu 1ow kilu F1 (Hoifialudnmia ¥ uden 1ow (flu high
V¥ fu F2

1297 71 fouarndannunlufensudin 1% ~ Output LilRausan
high flu 10w IHiflu F3 (Hoanminaudludndal#cuden 1ow 1y

high ¥y Fa

loop lock range F2 - F4

loop capture range F3 - F1
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program  A1TN1IILUDILATDY

MAIN:

MAINL1:

MAINZ:

MN:

MN1:

PRG:

PRG1:

PRG2:

.280
ASEG

ORG
LD
CALL
CALL

LD

000CH
SP,47FFH
DY1s

INIT

HL%4000H

Al
(HL),A
HL

MAIN1
A, (CH)
7,A

Z,EN

SCAN

CEH

Z,PRG

, (4008H)

H
),A
CO08H

IO
Q-

AINZ
,0

T X T
g
N’

Nv » TN R-
b2

=

= o

e

>

NEAANZIP TAZ AT~
o~ F R ad]
B s T D>
= A RN
o -2

-

=X
=z

SCAN
OFFH
%,PRG

NZ,MAIN
SCAN
OFFH
Z,PRG1
OAH

NZ ,MAIN
SCAN.
OFFH
Z,PRG2
OAH

NZ ,MAIN
A, (4008H)
20H

(1),A
HL, 4000H
A,76H

;S/W ENSYS.

;K.OK.

;TIMER.

;1 SEC

;CLEAR TIMER.
;CPL LED

; SHOW HELLO



» 3FH ;0
LD (HL),A
PRG3: CALL SCAN
cp OBH ;KEY MEM
JR Z ,MEM
CP ODH ; MODE
JR NZ,PRG3
LD HL,4000H ; SHOW MODE
LD B,7
XOR A )
PRGA: LD (HL),A
INC HL
DJINZ PRGA
LD HL,4000H
LD A,33H ;(0011,0011)
LD (HL),A
LD A,27H ;(0010,0111)
INC HL
LD (HL),A
LD A, 3FH ;(0011,1111)
INC HL
LD (HL),A
LD A,5EH ;(0101,1110)
INC HL
LD (HL),A
LD A, 79H ;(0111,1001)
INC HL
LD (HL) ,A :
LD A,40H ; (0100,0000)
INC HL
LD (HL),A
INC HL
LD A, (400BH)
CcpP 0
JR NZ ,PRGA1
LD A,B
LD (4006H),A
JP PRG4
PRGAl1: LD A, 5BH
LD (4006H),A
PRG4: CALL SCAN
CP OEH ;0.K
JP NZ ,PRG4A
XOR A . ;CLEAR 7-SEGMENT
LD HL,4000H
LD B,7
PRG4A1: LD (HL),A
INC HL z
DJINZ PRG4A1l
JP MAIN
PRG4A: CP 1
JR NZ,PRGS5
XOR A
LD (400BH) ,A
LD A,B ;(0000,0110)
LD (HL),A
JP PRG4
PRG5: CP 2
JR NZ ,PRG4
LD A, 5BH ;(0101,1011)
LD (HL),A
LD A,OFFH
LD (400BH), A
JP PRG4
MENM: LD HL,4000H ; SHOW MEM.
LD B,7
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MEMA:

MEM1:

MEMZ:
MEM3:

MEM3A:

MEM3A1l:

MEM4:

HL
(HL),A
HL

MEM3A

HL

B,7

SCAN
OFFH
Z,MEM3A1
OEH
Z,MAIN
ODH
Z,MEM3A1
OCH

Z,MEM3A1
OBH

Z ,MEM3A1
(HL),A
HL
MEM3A1
MAIN
(HL),A
HL
MEM3
B,7

HL
MEM4
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;FIRE BUFF
;MOVE No FOLLOW TO 7-SEG.

;0.K

; MEM



BOSS:

POLICE:

EN:

EN1:

EN2:

POA:

POA1l:

POA2Z:

RINGA:

TAPE:

B,A
A, (4008H)
40H

~
[y
(v« N
e

;RING No 1
g ;RING No 2
5 ;ALARM POLICEA
A ;FIRE

EL,401AH ;FIRE

SL,4OOCH ; BOSS

A

(400AH),A

(42H),A

MAIN

ALARM 4
HL,4013H ; POLICE
NTG

HEK

0

Z,P0OA1

FIRST

SPKPO

HL,400CH

NTG

HEK
0
Z ,POA2
FIRST
SPKPO

A
(400AH), A

6,A ; TAPE



LD §4ODAH),A
042H) A
TAPEZ: LD B, 30
RINGA1: CALL DY1s
DJINZ EINGAI

LD (400AH),A
ouT (042H), A
JP MAIN
RM1: CALL  FIRST
CALL SPKIC
LD A, (400AH)
SET 5,A
RM1A: LD (400AH),A
OUT (042H), A
LD HL , 400CH ;BOSS
CALL  NTG
LD B, 0AH
RM2: CALL  HKB
CP 0 /
JR NZ,TAPEZ
DINZ RH2
XOR A
LD (4000H), A
OUT (042H), A
JP MAIN
RINGB: LD A, (400AH)
SET 5,A
LD (400AH), A
ouT (042H) A
LD A, (400BH)
CP 0 AT
JR Z,TAPE
RINGB1: CALL  FIRST
CALL  SPKIC
LD A, (4004H)
SET 4,4
LD (400AH), A
ouT (42H),A
LD HL, 400CH
CALL  NTG
LD B, 0AH
RINGB2: CALL  HK
o cp 0
JR NZ,TAPEZ
DINZ RINGB2
XOR A
LD (04004H), A
OUT (42H), A
JP MAIN
;RRkKkX INIT kkxxkx
INIT: LD HL,4000H
LD B,0
INIT1: LD (HL),B - ;CLEAR MEH.
INC HL
LD AH
CcP 47H
JR NZ,INIT1
LD A, 90H ;PORT1-
oUT (3),A
LD A,81H ; PORT2
OUT (043H),A
RET

;XKKXk SCAN *Xkkx
SCAN: PUSH BC
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PUSH DE

PUSH HL

LD HL,4000H

LD DE, 100H

LD B,7
SCAN1: LD A, (HL) ; CODE

ouT (040H) ,A

LD A,D

ouT (C41H),A ; COMMON

RLCA

LD D,A

INC E

CALL DY1lms

IN A,(042H) ; KEY CLOSE

AND 03H

CP 3

JR Z,SCAN3

PUSH AF

PUSH DE

LD B, 10
SNZA: CALL DY1lms

DJINZ SNZA
SNZAl1: LD B,7

LD HL,4000H ;KEY OPEN

LD D,1
SNZA2: LD A, (HL

ouT (040H),A

LD A,D

ouT (041H),A

RLCA

LD D,A

CALL DY1lms

XOR A

ouT (40H),A

ouT (41H),A

INC HL

DJINZ SNZA2

LD A,OFFH

ouT -(41H),A

IN A,(42H)

AND 03

CP 03

JR NZ,SNZA1

LD B,10

SCZA3: CALL DYlms

XOR

ouT (40H),A

OuT (41H),A

popP DE

POP AF

BIT g,A

JR NZ,SCAN2

LD A,E
SCANZ: POP HL

POP DE

paopP BC

RET
SCANZ: LD A,E

ADD A,7

JR SCANZ
SCAN3: INC HL

DJNZ SCAN1

XOR A

ouT (40H),A

- ouT (41H),A
LD A,OFFH



JR SCANZ

;¥kkkk NTOLED *kkkx%
NTOLD: PUSH HL

PUSH BC

PUSH DE

LD DE,4000H

LD B,7
NTOLD1: LD A, (HL)

cp 1

JR Z,NTD1

CP 3

JR Z,NTD2

CP 3

JR Z,NTD3

cP 4

JR Z,NTD4

CpP 5

JR Z,NTDS

CcP B

JR Z,NTD8

cp 7

JR Z,NTD7

CcP 8

JR Z,NTD8

CP S

JR Z,NTDS

CcP OAH

JR 2 ,NTDA

XOR A
NTDZ : LD (DE), A

INC DE

INC HL

DJNZ NTOLD1

POP DE

PoP BC

POP HL

RET
NTD1: LD A,B

JR NTDZ
NTD2: LD A, SBH

JR NTDZ
NTD3: LD A,4FH

JR NTDZ
NTD4: LD A,66H

JR NTDZ
NTDS: LD A,6DH

JR NTDZ
NTD6: LD A, 7DH

JR NTDZ
NTD7: LD A,7

JR NTDZ
NTD8: LD A,7FH

JR NTDZ
NTDS: LD A,6FH

JR NTDZ
NTDA: LD A, 3FH

JR NTDZ

;XkKkKkKk ALARM Xokxkkox
ALARM: PUSH HL

LD HL, 400AH
LD A, (HL)
OR OBFH

LD (HL),A
ouT (042H),A
PgP HL

RET



NTG: PUSH - HL

PUSH DE

PUSH BC

LD DE,4021H

LD B,7
NTG1: LD A, (HL)

LD (DE),A

INC HL

INC DE

DJNZ NTG1

POP BC

POP DE

pPoP HL

RET

;kxkk%k No TOT.G. *X¥X%kkxX
NTTG: PUSH HL

PUSH DE

PUSH BC

PUSH AF

LD DE,4021H

LD B,
NTTG1A: LD A, (HL)

CcP 1

JR Z,NTTG1

CpP 2

JR Z2,NTTG2

CP 3

JR Z,NTTG3

CP 4

JR Z,NTTG4

Ccp S

JR Z,NTTGS

Cp 8

JR Z,NTTG6

CcpP 7

JR Z,NTTG?7

CP o\ ¢

JR Z,NTTGS

CP S

JR Z,NTTGS

CcP OAH

JR Z,NTTGA

LD A,78H
NTTGZ: LD (DE),A

INC DE

INC HL

DJNZ NTTG1A

pPOP AF

POP BC

PgP DE

POP HL

RET
NTTG1: LD A,71H

JR NTTGZ
NTTGZ2: LD A,72H

JR NTTGZ
NTTG3: LD A,74H

JR NTTGZ
NTTG4: LD A,B8H

JR NTTGZ
NTTGS: LD A, 6AH

JR NTTGZ
NTTG6: LD A,6CH

JR NTTGZ
NTTG7: LD A,58H

JR NTTGZ



NTTGS8: LD A, 5AH
NT

JR TGZ
NTTGS: LD A, S5CH
JR NTTGZ
NTTGA: LD A, 3AH
JR NTTGZ

skkkkk HOOK XXXXX
HOOK: PUSH BC

PUSH HL

LD HL,400AH

LD A, (HL)

RES 4,A

ouT (042H),A

CALL DY1s

SET 4,

ouT (042H),A

CALL DYls

LD HL,4021H

LD B,7
HOCK1: LD A, (HL)

OuT (2),A

INC HL

CALL DY100ms

LD A,78H

OuT (2),A

CALL DY100ms

DJINZ HOOK1

LD B,860
HOOK2: 1IN A,(0) ;H.S. (CHECKVALID)

BIT 1,A

JR Z ,HOOK4

XOR A
HOOK3: PQOP HL
POP BC
RET
HOOK4: LD A,OFFH
JR HOOK3

;kkkxk SPEAK ALARM *XXkkx
SPKAL: PUSH BC
PUSH DE
PUSH HL
LD B, 30
SKAL: LD 4008H)
AND
OuT
CALL
SET
OuT
CALL
RES
ouT
SPKAL1: IN

00AH)

AH),A
H),A



:XKKXX SPEAK  POLICE kXXX
SPKPO: PUSH BC
PUSH DE
PUSH HL
LD B,
SPKPO1: LD
AND
OR
ouT
CALL
SET
OUT
CALL
RES
OUT
SPKP0O2: IN

[t o N

TANDBPUNNDBARTANRDAOOD

WO
QEEOBROT M- v v -

RET

;kk%x%x% FIRST X%kXxxxk
FIRST: PUSH AF
PUSH BC
LD A, (4008H)
AND QEGH ;
OR
QuT
CALL
SET
ouT
CALL
RES
QUT
SPF: IN
BIT
JR
POP
pPOP
RET

; ¥¥%kx SPEAK TAPE X¥xxx
SPKTA: PUSH BC

o
"3
s

;CH OFH (FIRST)

G
O~
=}

0]

; START

e
. O
~ > a<33> ow
7]

[

;CHECK VALID

NN Do s B a

> N OB b O O~
o
=

[ 5 T TR = 1

PUSH DE
PUSH HL
LD A, (40089H)
AND OEGH
OR g2
ouT (1),A ; TUPP
CALL DY100ms N
SET 4,A s START -
ouT (1),A
CALL DY100ms
RES 4,A
ouT (1),A
SKTA: IN A, (0) ;OES (VALID = ‘H") -
BIT 6,A
JR Z,SKTA
LD A;71H ;T.G.Nol
ouT (2),A

I
(8]
w

!



2
N
- oot
>

CALL
LD
OuT
POP
POP

POP
RET

;Xkxxk SPEAK IC#(FOLLOWBOSS) *Xx¥xx
SPKIC: PUSH BC
PUSH DE
PUSH HL
LD A
AND 8]
OR 3
ouT (
CALL D
SET 4
ouT (
D
4
(
A
6
Z

PO IZIAARO
aQErN-

CALL
RES
ouT

SKIC: IN
BIT
JR
POP HL
POP DE
POP BC
RET

;xkkkk DELAY 1s k%kXX
DY1s: PUSH BC

PUSH AF

LD BC,0D3D2H
LOOPO: DEC BC

LD A,B

PUSH HL

PUSH DE

POP DE

POP HL

OR C

JP NZ,LOOPO

POP AF

POP BC

RET

;¥%k%xkk DELAY 100ms X¥kkx
DY100ms:PUSH BC

PUSH AF

LD BC,03A3EH
LOOPd1: DEC BC
LD A,B
OR C
JP NZ,LOOPd1
POP AF
PQOP BC
RET

;kxxkk DELAY 1lms XXXXxx
DYlms: PUSH BC

PUSH AF

LD BC,083H
LOOPd2: DEC BC

LD A,B

OR C

Jp NZ,LOOPd2
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POP AF
PoP BC
RET
HK: PUSH BC
PUSH DE
PUSH AF
LD HL,400AH
LD A, (HL)
RES 4,A
ouT (42H),A
CALL DY1
SET 4,A
ouT (42H),A
CALL DY1S
LD HL,4021H
LD B,7
HEK3: LD C, (HL)
HK1: LD A,
CP 0
JR Z,HK2
DEC C
LD A, (400AH)
RES 4,A
OuT (42H),A
CALL DY100ms
SET 4,A
OouT (42H),A
CALL DY100ms
JP HK1
HK2: INC HL
CALL DYls
DJINZ HK3
LD B, 30
HK4: IN A,C0)
BIT 1,A
JR Z ,HK6
CALL DY1ls
DJNZ HEK4
XOR A
HKS: POP HL
POP DE
POP BC
RET
HK6: LD A,OFFH
JR HKS
HRB: PUSH BC
PUSH DE
PUSH
LD HL,400AH
LD A, (HL)
RES 5,A
ouT (42H),A
CALL DYls
SET 5,A
OuT (42H),A
CALL DY1s
LD HL,4021H
LD B,7
HEKB3: LD C, (HL)
HEKB1: LD A,
cpP o
JR Z,HKBZ
DEC C
LD A, (4004H)
RES 5,A
ouT (42H),A



HKB2:

HKB4 :

HKBS:

HEB6:

DY 100ms
5,A

(42H),A
DY100=ms
HKB1

HL

DY1ls
HKB3

B, 30
A,(0)
3,A

Z ,HKBS
DYls
HEKB4

A

HL

DE

BC

A,QFFH
HKBS

...62...
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780-CPU
Z80A-CPU

Product Specification

MARCH 1978

The Zilog Z80 product line is 2 complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z80 and Z80A CPU's are third generation single chip
microprocessors with unrivaled computational power. This
increased computational power results in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU's are very easy to imple-
ment into 2 system because of their single voltage require-
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemented using an N-channel, ion implanted, silicon
gate MOS process.

Figure 1 is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six general purpose
registers that may be used individually as 8-bit registers or
as 16-bit register pairs. There are also two sets of accumu-
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex-
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

multiple level interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-
lation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The | register is used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the Jower 8 bits of the
pointer. An indirect call is then made to this service address.

FEATURES

® Single chip, N-channel Silicon Gate CPU.

& 158 instructions—includes all 78 of the 8080A instruc-
tions with total software compatibility. New instruc-
tions include 4-, 8- and 16-bit operations with more
useful addressing modes such as indexed, bit and relative,

® 17 internal registers.

e Three modes of fast interrupt response plus a non<
maskable interrupt.

e Directly interfaces standard speed static or dynam:c -

memories with virtually no external logic. ™
- 1.0 us instruction execution speed.

e Single 5 VDC supply and singte-phase 5 volt Clock.

e Qut-performs any other single chip microcomputer in
4-, 8-, or 16-bit applications.

o All pins TTL Compatible

¢ Builtan dynamic RAM refresh circuitry,
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780, Z80A-CPU Pin Description
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280, ZBOA CPU PIN CONFIGURATION

Ag-Ais
(Address Bus)

Cycle one)

MREQ

(Memory
Request)

I0RQ
(Input/
Qutput
Request)

RD
(Memory
Read)

WR -
(Memory
Write)

Tri-state output, active high. Ag-Ajs5
constitute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data

exchanges and for 1/O device data exchanges.

Tri-state input/output, active high.

D - D7 constiture an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and 1/O devices.

Qutput, active low.-LTl indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds a valid address for a memory
read or memory write operation.

Tri-state output, active low. The 10RQ .
signal indicates that the lower half of the
address bus holds a valid 1/O address for
2 1/O read or write operation. An IORQ
signal is also generated when an interrupt
is being acknowledged o indicate that an
Interrupt response vector can be placed
on the data bus.

Tri-state output, active low. RD indicates
that the CPU wants to read data from
memory or an 1/O device. The addressed
1/O device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output, active low. WR indicates
that the CPU data bus holds valid data to

be stored in the addressed memory or 1/O
device.

RFSH .
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
(Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus '
Acknowledge)

Output, active low. RFSH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dvnamic
memories and the current MREQ signal
should be used to do a refresh read 10 all
dynamic memories.

Output, active low. HALT indicates that
the CPU has executed a HALT software
instruction and is awaiting either a non-
maskable or a maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP’s to maintain memory refresh
activity.-

Input, active low. WAIT indicates to the
Z-80 CPU that the addressed memory or
1/O devices are not ready for a data
transfer. The CPU continues to enter wait
states for as Jong as this signal is active.

Input, active low. The Interrupt Request
signal is generated by 1/0 devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled.

Input, active low. The non-maskable
nterrupt request line has a higher priority
than TNT and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
flip-lop. NMI automatically forces the
Z-80 CPU to restart to location 0066y.

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers 1 and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
2 high impedance state and all contral
output signals go to the inactive state.

Input. active low. The bus request signal has
a higher priority than NMI and is always rec-
ognized at the end of the current machine
cycle and is used to request the CPU address
bus, data bus and tri-state output control
signals 10 go to a high impedance state so
that other devices can control these busses.

Output, active low. Bus acknowledge is

used to indicate to the requesting device

that the CPU address bus, data bus and
tri-state control bus signals have been set

to their high impedance state and the
external device can now control these signals.



88171 ALU

16-BIT ARITUMETIC

GP ACC. & FLAC

MISCELLANEOUS

ROTATES AND SHIFTS

Mnemonic Symbolic Operation Comments Mnemonic | Symbolic Operation Comments
CPs A-s s=r,n(HL) «| BT b.s Z-5 Ziszero flag
INC d d-d+t (IXte), (IY+e) ZISETh,s  fg -1 s =1 (HL)
d=r (HL) —{ RESbH,s 5 =0 (IXte), (IY+e)
X+e), (IY+ =
DEC 4 ded-1 (IXre). (IYve) INA (1) [ A= _
. ING(C) ¢ ~(C) Set flags
ADDHL,ss | HL «HL + s INI (HL) ~(C).HL «HL + ¢
' = 8C, DE B-B-I
ADCHL.ss | HL ~HL +ss+CY 5= 0%
. .P Rl N —
SBCHL,ss | HL ~HL-ss-CY AL-3 INIR G - (OHL ~HL
ADDIX,ss | IX+~IX +3s :;(ES?’C DE, Repeat until 8 =0
. i IND HL) ~{C),HL ~HL - |
ADDIY.ss | IY (Y #5s ss = BC, DE, ik gjs -(1)
1Y, sP 2
% =N HL) —(C).HL ~HL -
INCdd | ddedd+i w=ac.pe, | EIMOR NN L - HL -1
DEC 4 HL.SP, IX. IY g Repeat unti B = 9
d dd - dd-1 g‘:_*sgcb?i-\( 21 0UT(n), A |(n1~-A
Srairey § OUT(C),r  [(C)+¢
DaA Converts A contents into Op.erands must Z| ouTy (Cy~(HL), HL « HL + 1
packed BCD following add | be in packed B+~B-1
D tor
of subtract. . BCD tormat OTIR (C)o=(HL). HL = HL + |
- B~B-1
CPL A<A Repeat until B =0
NEG A~ 00_—A oUTD (C)«(HL),HL «~HL - |
CCF CY «CY B-B-1
SCF | CY -1 OTDR (C) < (HL), HL~HL -1
Ny B-B-1
NOP No operation .
Repeat until B =
HALT Halt CPU : G
DI Disable [nterrupts P nn . |PCem NZ PO
£l Enable Interrupts JP ce, nn If condition cc is true Z PE
i PC « nn, else continue CYNC P
MO Set interrupt mode 0 80804 mode s c M
M1 Set interrupt mode } Cail to 0038y . v . rC '-P(_:_+ ¥ { : ’
M2 Set interrupt mode 2 Indirect Cail 3] Rkkye (£ condition ik s true w { NZ NC
= PC « PC + ¢, else continue zZ C
RLCs .14_‘;. JP (ss) PC —ss ss =HL, IX, IY
. / DINZ ¢ BeB-1.ifB=0
RLs continue, 2lse PC «~PC +e
5
CALL un (SP-1) = PCy NZ PO
RRC s L= " (SP-2) = PC[. PC ~nn Dl
3 ; CALL cc, nn | If condition cc is false ¢ SNe p
RR (o — ,-( 7 ] v continue, efse same as C M
s : S & CALL nn
SLAs % T e s s=r, (HL) 5 RSTL (SP;:)"PCH
s (Xt (IYre) | & g"-’:”cx;"cu -0
SRAs = £ L
s RET PCy ~(sP),
SRL's Tl PCy = (SP+1) -
s | RETcc If condition cc is false NZ PO
. 2 continue, else same as RET Z Pt
RLD G dJ [ Jou 2 . CCYNC P
A b =1 RETI Retura from interrupt, ( \
— E same 1s RET ’
RRD TG O e RETN Return from non-
A maskable interrupt
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Timing Wavéforms

INSTRUCTION OP CODE FETCH

The program counter content (PC) is placed on the

address bus immediately at the start of the cycle. One hatf
clock time later MREQ goes active. The falling 2dge of
MREQ can be used directly as a chip enable to dynamic -

.

L]

memories. RD when active indicates that the memory 0-a

data shouid be enabled onto the CPU data bus. The CPU
samples data with the rising edge of the clock state T3,

Clock states T3 and T4 of a fetch cycle are used to refresh
dynamic memories while the CPU is internally decoding
and executing the instruction. The refresh control signal

lng‘agi

RESH indicates that a refresh read of all dynamic memories e~ a7

should be accomplished. . o

MEMORY READ OR WRITE CYCLES

[Hustrated here is the timing of memory read or write
cycles other than an OP code fetch (M| cycle). The MREQ "
and RD signals are used exactly as in the fetch cycle. in -
the case of 2 memory write cycle, the MREQ aiso becomes

“oav 1ooa

active when the address bus is stable so that it can be used

directly as a chip enable for dynamic memories. The WR
line is active when data on the data bus is stable so that it

L
can be used directly as a R/W pulse to virtually any type of -
semiconductor memory. = or

INPUT OR OUTPUT CYCLES

Niustrated hese is the timing for an 1/O read or /O writs

operation. Notice that during {/O operations a single wait ~ v, aa =4

state is automatically inserted (Tw*). The reason for this is w - T

that during 1/0 operations this extra state allows sufficient /1)

time for an [/O port 1o decode its address and activate the
WAIT line if a wait is required.

o8- 07

it

——

0007 et

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

Lt Craw

The interrupt signal is sampled by the CPU with the T e

rising edge of the last clock at the end of any instruction.
When an interrupt is accepted, a special M| cycie is

S e W

"t e

S -

¥ -

generated. During this M| cyele, the IORQ signat becomes

active (instead of MREQ) to indicate that the interrupting

[ I

device can place an 3-bit vector on the data bus. Two wait

states (Tw*) are automatically added to this cycle so thata

Ill

i—

npple priority interrupt scheme, such as the one used in the

Z30 peripheral controllers, can be easily implemented.

14

L.
——

|58
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8-BIT LOADS

16-B11 LOADS

P XCHANGES

Z80, Z80A Instruction Set

The following is 2 summary of the Z80, Z80A instruction

set showing the assembly language mnemonic and the sym-
bolic operation performed by the instruction. A more de:
tailed listing appears in the Z80-CPU technical manual, and
assembly language programming manual. The instructions
are divided into the following categories:

8-bit loads Miscellaneous Group
16-bit loads Rotates and Shifts
Exchanges Bit Set, Reset and Test

Memory Block Moves Input and Output

Memory Block Searches Jumps

8-bit arithmetic and logic Calls

16-bit arithmetic Restarts

General purpose Accumulator  Returns
& Flag Operations

In the table the following terminology is used.
b = abit number in any 8-bit register or memory

d = any 8-bit destination register or memory location

dd = any 16-bit destination register or memory location

¢ = 8bit signed 2's complement displacement used in .
relative jumps and indexed addressing

L = 8 special call locations in page 2ero. In decimal
notation these are 0, 8, 16, 24, 32, 40, 48 and 56

n £ any 8-bit binary number

nn = any 16-bit binary number

r = any 8-bit general purpose register (A, B,C, B, E,
H.orL)

s = any 8-bit source register or memory location

sp = abitina specific 8-bit register or memory location

ss = any 16-bit source register or memory location

subscript “L” =
subscript “H™

0 =

the low order 8 bits of a 16-bit register
the high order 8 bits of a 16-bit register

the contents within the () are to be used asa
pointer 10 a2 memory location or I/O port number

location 8-bit registers are A.B,C, D, E,H. L, 1and R
¢c = flag condition code 16-bit register pairs are AF, BC, DE and HL
NZ = nonzero 16-bit registers are SP,PC, [X and IY .
Z = zero
NC = noncarmry Addressing Modes implemented include combinations of
C = cary the following:  Immediate Indexed
PO = Parity odd or no over flow . Immediate extended  Register
PE = Parity even o7 over flow Modified Page Zero  Implied
P = Positive Relative Register Indirect
M = Negative (minus) Extended Bit
Mnemonic Symbolic Operation Comments Mnemonic | Symbolic Operation Comments
LDr,s r+s s=1t,n,(HL), LDI (DE) — (HL). DE — DE+}
(1X+e), (IY+e) ; HL ~ HL+{, BC — BC-!
LDd.r det d=(HL).r & LDIR (DE) «~(HL).DE ~ DE+1]
(IX+e), (IY+e) W HL «~ HL+{,.BC -~ BC-!
LDd,n nL d=(HL). -8 Repeat until BC=0
(IX+e), (IY+e) | 2| LDD (DE) -- (HL), DE ~ DE-1
LDA,s Avs 5= (BO).(E). | % HL = HL-1,BC ~ BC-!
(nn), I.R ‘2| LDDR (DE) - (HL), DE ~DE-1
. E
LDd, A d«A 4=(BC).(DE).| = HL —HL-1, BC - BC-1
(on).1,R Repeat untit BC = 0
LD dd, nn dd < nn dd =BC, DE, « | CPI A-(HL).HL — HL#1
HL, SP, IX.IY ::: BC - 8C-1
LD dd, (nn) | dd - (nn) dd=BC,DE, " | | CPIR A-(HL), HL = HL+1 A-(HL) sets
HL.SP,IX. Y 3 BC — BC-1. Repeat the flags only
LD (nn).ss (nn) < ss ss = BC. DE, : until BC =0 or A =(HL) A is not affected
HL,SPAX.IY | 21 cpp A-(HL). HL ~ HL-1
LD SP.ss SP —ss ss=HL, IX, 1Y | . BC — BC-1
= = .
PUSH ss (SP-1} —=ssyyt (SP-2) —ssp [ 8= BC, DE. % CPDR A-(HL}. HL = HL-1
HL. AF.IX.IY z BC — BC-1. Repeat
POP dd dd; —(SPy:ddy —(SP+1) dd = BC. DE, until BC=0 or A = (HL)
HL.AF.IX. [Y
ADDs A—~A+s )
EX DE.HL | DE ~HL ADCs | A-A+s+CY CY is the
EX AF,AF" | AF - AF' 3| suBs A=A-s carry flag
EXX BC\ /BC’ =| sBCs A=A-s-CY $=1.n,(HL)
DE }-| DE' Z| ANDs A-AAs (IX+e), (1Y+e)
HL HL _ ORs A—-AVs } .
EX (SP).ss | (SP)wss; . (SP+1) = sspy ss = HL, IX, 1Y XOR s A—ASS




A.C. Characteristics Z80-CPU

Ta =0°C 10 70°C, Ve = +5V £ 5%, Unless Otherwise Noted.

Signel Symbol Pasametrer Min Max Unie Tost Conditien
I Chwck Petund A (1] uy 1123} oy, . -
. T Clock Pulse Width, Chonk thgh % T | e € oM e Tt
Lo 1LY Click Pulse Wadth, Click Lovw L K nsec N
() Cliwk Ruse and Fall Tane ) sy
D (AD) Address Ouiput Detay 148 LLd
[} Detay 10 Float 110 niec
F (A
Lem Address Siable Privt 1n MRFO (Menwory Cyciet Y LCTE P .
Aoas | Address Stable Prs 1o TORD. B v WR 11/0 Cyvle) T ] CL 7 SOOF 1ty ™ tuqoy * 1 75
[ Address Subte vom TD, WR, ot MREQ ™ mes
at Address Stable From RD o WR During Fluat IEY S 12}ty #1180
1D Dotz Output Delay - 230 | mev BB 1, "ty Yy - 40
[P Delay 1 Float Duning Write Cycle Y [
156 (D) Data Setup Time 1o Riang kdge of Clock Dunag M1 Cydle T neen 1 o tuery * 4 -%0
DD~7 13 (D) Dai3 Setup Time te Falling Edge of Click Duting M2 10 M5 o0 nseL CL = S0pF
aem Duta Stable Prise 10 WR (Memory Cycle) i1 N, I8t l‘m“=~2’o
[ Deta Stable Prior 11 WR (1/0 Cycle) Tor e,
tedf Data Stable From WR ki 8] 145 = tyqapy*t,-210
M Any Hutd Tine for Setup Time o ety M 1 4= o)ty -30
1pL MRy | MREQD Delay Frum Falfing Edpe of Clock. WRED Luw 100 | nsec -
DHO (MR) | MREQ Deisy From Riung Edge of Clock. MREQ ttigh 0G| s
WREG DHE (MR) |  MREQ Drlay From Falling Edge of Clock, WRE'] Migh T e | €= 50F
\w (WRL Pulse Width, MREQ Low T3] hec at .
v (URL LR SVITREL
ty (MEH) Pulse Widih, WREQ Hgh ToT 3
pu— 191 »y *1-30
iDLe(ir) | TORD Delsy From Ruumg Edge of Clock, IORO Low %0 | me WMRH) et T
0} DLE(IR) TORQ Detay From Falling Edge of Clock, IORG Low 19 nes ¢, = S0pF
| tDHe (1R) | TORO Drlay From Rising Edgs of Clock, TORQ High TO0 1 nwec 8
[ 1R TORQ Delay From Fallng Edge of Clock, IORQ High T | e
(aR)
tpLe (RD) | KD Delay From Ritig Edge of Clock, RD Low u;r naec
1DL® (RD) RD Detay From Fatling Edge of Clock, RD Low )] naec .
L 1DHe (RD) |  RD Deisy From Rising Edge of Clock. RD High M T e el
1pH(RD) | KD Detay From Falling Edgs of Clock. KD High TIO | nsec |
tDLe (WR) | WR Delzy From Risng Edge of Clock, WR Low g nsee
10U (Wi} WR Delsy Fiom Falling Edge of Clock. WR Low nseg 3
- \DHE(WR) |  WR Delsy From Falling Edge of Clock, WK High U e
to (WRLY Pulse Width, WR Low . 100 3
— — L] Tw(WRL) = 1c - 40
o DL (M1) M1 Delay Frum Riung Edge of Clock, M Low 130 N 6w 50pF
tDH (M1} M1 Delay From Riung Edge of Clock, M1 High TS0 mec | -L"7P
DL (RF} RFSH Delsy From Rimng Edgs of Ciock. RFSH Low . 180 nsec
FES | \O(RF) | FFEH Delay From Raing Edge of Clock, RFSH Hgh T | eec ] CL ® S07F .
WATT 4 (wT) WAIT Setup Time 1o Falling Edge of Clock n nsec
AALY 1D (HT) HALT Delay Time From Falling Edge of Cluck 300 | nac €y = SOpF
INT Wity | TNT Setup Time 10 Rising Edpe of Cluck (] naec
L e (RML) Pulse Width, NN Low LY et
BUSRD % (BQ) BUSRQ Setup Tame 10 Rising Edge of Cluck 0 nsec
. DL (BAY BUSAR Detay From Rasng Edge of Clack. BUSAR Luw 130 | msec .
LU it Ay | BUSAR Daisy From Falling Edge of Clock, BUSAR High Tio | e ] CuLT30F
RESEY | 4 (pgy RESEY Sesup Tume 1o Rismg Edge of Cluck %0 nses
i) Detay 1o Fiual (WREQ. IORQ. KD sna W) *7 ¢ : 100 | e
g M1 Suable Prior tu TORO (Interrupt Ack.) "ni fses Tt ® 20 g g * 1= 80
NOTES,
A Data dustd be enabled onve tiie CPU dsia buy when RD s acave During mrerrupe sckmowiedge date
Ahsuld b enahied when @1 snd IORO sre buh active, r=frriegs
v
B. Al contn ugnale are itcrnalty svachromized. w Iney may be totally asynchronous watn bepect .
e vk
¢ The RESET upnat must be active b s mnnnum of J uuck cycies *

Ouiput Detsy v Lowded Capactiame
TA=70°C  Vece oSV 253
Add 10nsec delay for each S0pf increase in load up to a maximum of 200pf for the data bus & 100p{ for
address & control lines Load circw for Ourpat

Attbough stan hy design. cesang guarantees |, gy of 100 psec mazimum

-



Absolute Maximum Ratings

Temperature Under Bias

Storage Temperature -65°C 10 +150°C

Voliage On Any Pin 03VioeTV
with Respect 10 Ground

Power Dissipation 1.5w

Speaified uperaung range.

*Comment
Stresses above those lined under “Absoluie
Maximum Rating™ may cause permanent
dsmage 10 the device. This 1s a stress rating
only and functional operation of the dewce

Note:  Fou ZSO-CPU ot 4C an DC charactensince remaln the

e for the mdnan gede pary except 'er'

e " 00mA

at these or any other conditian above those
indicated m the operational sections of this
pecification is not implied. Exposure 10
absolute maxumum raung conditions for
extended periods muy affect device reliability.

Capacitance

Tao=25°C.0=1 MHz,
unmeasurzd pins returned to ground

Z80-CPU D.C. Characteristics

TA*0°C1070°C. V. » 5V 2 §% unless otherwise specified

Symbol | Parameter Min. ! Typ. | Max. | Usit | Test Condition Symbol | Parameter Mar. | Unin
ViLe Clock Input Luw Voltage 0.3 0.45 v Co Chwk Capacitance 35 oF
VIHC Chk Input High Vultage Ve -6 vec"’ v CIN Input Capacriznce 5 pF
Ve Input Low Voltage 0.3 08 v . COUT Ouiput Cnp.‘:lm 10 F
Vi nput High Vuitage 20 Vee v
VOL Oulput Low Vuliage 04 v IOL'ISHIA -
Vo Outpui High Valiage 24 v Iy = =250uA ZE u CPU
) I r .
l(-(- Power Supply Current O 150 mA Orde g 0 ahon
I Input Leskage Current 10 | wA Vint0to Ve ﬁ :::::h
] S - Standard 3V £5% 0" 10 70°C
S oM - | TorSiare Guiput Leakuge Cusrent in Flust 10 | uA Vour= 410 Ve £ - Extendod 5V-15% —40° 1085°C
M - Military SV £10% -$5° t0 125°C
Lol Tr-State Outpus Leakage Current in Floar =10 | wA Vour™o 4V
o Dats Bus Leakage Curreni in tnput Mude t10 A 0<V NSV, :
-
= Capacitance
Z80A-CPU D.C. Characteristics 4
. . Tp225C £ MHz,
Ty 2 0°C070% Voo " 8V 2 8 unlew iherwne speiined unmeasuced pinas returned to ground
Symbol | Parameter Min. { Typ. | Max Unmt | Teut Condition Symbol | Parsmeter Mav Unit
Viwe Clush fnput Low Voltage 03 043 v (4 Chnch Capatanee 38 p
Vi Clnk 1nput Hedy Vabiage V“ ' V“'_J v O fuput § apacitanee < ot
Vi Input Low \oidigge .3 On A Cot Output { spanciame | 1V pt
Vit nput High Vot age ML A v
\'()l Output Lim Valtage 04 v IOL'I amA .
Son Output Hugh b diage M Vo eyt ot Z80A-CPU
Yy Powe Supph Cunrens %0 00 | ma . Orderi.ng lnformation
) 1nput § eahage Cutiem L R AT TS € - Ceramue
T . N P - Paux
Yor 1 TSt Ouipat Lestage Currem i Floss W ea | VgrpTide v, S - Standard 5V £5%.0° 10 70°C
Lo Trefuare Quiput | eakage  wraent in Flagt -1v uA Vour=u 4y
Wn Dats Bus Leakage Cureent an Input Muode siv uA VeV SV,




A.C. Timing Diagram

Timing measurements are made at the following

voltages, unless otherwise specified: b “0"
CLoCK V. -6V a5V
OUTPLT 20V gV

INPUT ov av
& FLOAT av t0S5V
e
©
e 144y
Av-ats
‘0 a0y
N\,
Ao- 18
' [ YE O =] e
---‘\ I’—- - N ’ll
& s ) R DX H
P = k7 a0 1A N .
v 15IP e
~ ] T s .
AL >
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‘o oK tun— i-—- Yt
w xL {0 /F 5 ]
ik oM (RF) Tt
oL {RFI—y .
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ey N LB i —
N A { My - 4 Tt .
< LT o1 O RO}t t,r.; (A} =] :-\
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A.C. Characteristics Z80A-CPU

T4 =0°C 1o 70°C. Ve = #5V & 5%. Unless Otherwise Noted,

Signai Symbat Parnwstar Min Max Unit Test Conditivn
te Clock Nrod 18 1121 Pl 12] .= + e
. (o (#H) Clock Puse Width, Clock High 110 {76 | e 13 e twotn * oy "t
1o 19L) Cock Puise Widih, Clock Low 110 2000 ey
[ Clock Rise snd Fall Time 0 nuec
tD(AD) Addrext Output Delay 1o nsec
2 (AD) Detay to Floss niec
g taem Addsess Suble Préor to NREQ (Memocy Cycle) LEL] 3 C
] Ga Addren Suable Prior to [ORT. A or ¥R (1/0 Crcie) 24 3 L* %F [ tyom * tuqar) * tr= 68
L Address Stadle from KBWLMWMB (3 Asec
taf Address Stable From RD or WR Durng Flost Tar 3 21 tg=r =70
'94D) Outz Curpus Detay 150 nsec 3 v = +t.-50
(D) Detay 10 Floas During Wre Cycle T a™on
'S8 (D) Dats Setup lime to Rinmg Edge of Clock Duning M1 Cyule 33 3 (G L] tagdl) Y- 3S
Doz s$(D) Deta Setup Time 10 Falting Edge of Cluck During M2 10 S 50 mec 1 Cy = SOpF
‘dem - Daua Suatle Prior o TR (Memory Cycle) (5T asec 51 tyem =t - 170
t4a Outa Stavie Prior to WR 11/0 Cycter Tol Asec
tedf Duts Stavie From VR T 61 tg=tyqer) * 4 - 170
H Any Hold Time for Setup Time 0 nsex : {n 'W-"U(OL)HI"’O
'DLF (MR) | MREG Dutay From Falling Edge of Clock, WRED Low 85 | reec
'DHo (MR) | MREQ Delay From Rising Edgr of Clock, WREQ High 35 Asec
"NFEG IOHS (MR) |  WREQ Detzy From Falling Edgs of Clock, WREG High 85 [ naec | € = SopF
'y (MRL) Pulse Width, MREQ Low nsec s MRL) * '~ 30
B WAL
L (MRH) Puise Wideh, MREQ High 1] 3
[L]] u—“‘n - *y- 0
'OLO (1R) IORG Octay From Riung Edge of Clock, IORD Law 75 | nsec ~ et
R OLS (1R) TORQ Dutay From Faling Edgs of Clock, iORG Low 85 T hwe ] o Lgopp
D@ (IR) [ORQ Detay From Rising Edg of Clock, IORQ High 85 nec L
IDHS (IR) iORQ Detay From Fulling Edge of Clock, IORQ High 85 asec -
'DLo (RD) | RO Oelay From Rising Edge of Clock, D tow 85 | nme
i 'DLS (RD) RD Oulay From Faiting Edge of Clock, RD Low 25 24 ¢ 50pF
-] toHe (RD) | KD Detay From Rimag Edge of Clock, RD Migh 3 3 L
toHF RD) | D Oelay From Faitimg Edge of Clock, RD High 85 | nwe
1OLe (WR) g Deiny From Rimng Edge of Clock. ":I_Lc- 65 [
‘DLE(WR) Deixy From Falling Edge of Clack, WR Low 30 naec .
= \DHE (WR) | VR Delay From Falling Edge of Clock, Wi Hign o e ] CLF
e (WRL) Pulse Wdth, TR Low (L] 3
- 00t gy "t -30
- UMty | M Cetay From Rinag Edpe of Cock, BT Low 100 | e [ o0 )"e
10K 1) W Detay From Rising Edge of Clocx, W1 Hign 100 | neec | L 0P
Fige DL (RF) RESH Detay From Rising Edge of Clock, RFSH Low 130 asec .
'OH (RFY RFSH Detay From Rising Edye of Clock, RFSH High T2 | mee] CL " 500F
WAt s (WT) WAIT Setup Time ta Failing Edgs of Clock mn nsec .
AACT ‘D HT) HALT Drlay Time From Falling Edge of Clock 300 | nsec Cp = S0oF
INT HYan TNT Setup Time 1o Rising Edge of Clock 0 asec
wr tw (L) Pulse Width, ¥M1 Low 80
BERG | 4aq). BUSRO Setep Time 10 Rising Edye of Clock 0 ec
TR | 'OL(sA) SUSAR Deiay From Rising Edge of Clack, BUSAR Low 100 | asec .
*® | tom(eay | BUSAE Detay From Falting Edye of (locs, BCSAR High 100 | mewe ] CL°SF
RESEY | e TESET Serup Time o Rising £4g8 of Clock 0 nwc
F(Q) Oetay 10 Float (WREQ, {ORQ. RD and W) 80 | nsec
e M1 Siaole Arror to FORQ (lnsevrupt Ack.) tn nuec ny '-'hc"'(m"f'“
v
NOTES: o TESY POy qezran
A. Data shouid be enabled onta the CPU tata bus whea # acrva. Dunng mtermupt acknowledpe data
90uld be enstied when U ind IO wre both active, —tr
8. All zontrol ugnals are internaily tynchronited, 10 they may be totally 1rynchronous with repect
10 the clock. s o~
C. The RESET ugral must de sctrve for & munemurm of 3 dock cyclen I
D. Ouiput Orlay . Loaded Capacrtance *
TA=70°C  Veco oV 5% -
Add 10n3ec delay for esch S0pf increase in load up (o maximum of 200pf foe data bus and 100pf for
1ddress & control lines, Load arcut for Owipwe

E Although statc by dengn, texting quanantees LoqoH) of 200 uarc maximum



TCM5087 -
TOKE ENCODER

13
TROCOTURIINETR AGED BLy i OTTREIS 6t

S

t 4 Low-Cost TV Color-Burst Crysta! Sine-Wave

! I-not Predaces Hizhly Accurate and Stable

{  Tones vep Ly Use[JTone cut

! XMITTER SW (2 15[] SINGLE-TONE ENABLE
cot1]a 1] JROW 1

) . cot 2{}« 2[1ROW 2

Keyboard or Electronic Input Capability coLalds :[JROW 3

K DUALAN-LINE PACKAGE
(TOP VIEW)

Device Powered Directly by Telephone or
Small Batteries

-

¢ Duzl-Tone and Single-Tone Capability vss[e 1 [JROW ¢

. oscwm{dr  re[Imute out
¢ Minimal Standby Power Regquirement osc out e o{JCOL 4
¢ Tota!l Harmonic Distortion Meets EIA »

St1andard RS-470
¢ PEP3 Processing Available

Wwide Supply-Vohage Range

¢ Minima! Parts Required

¢ Single-Tone Production Can be inhibited

¢ Ausiliaty Switzhing Outputs: One Bipolar -
Transistor and One CMOS Gate e
(2]
¢ Desigred to be Interchangeable with Mosteh . ‘S"
MK5087 o
R

» \ Cavtion, These devices have imited buitan g2te protection. The leads should be shorted together or the device
,L_b» placed n conouctve foam during storage or handling 1o prevent eiectrostasic camage to the MOS gates,

¢escription
The TCMS0E7 tone encoder is a CMOS integrated circuit designed specifically 1o generate the cial tones
ysed in dual-1cne teleghone dizling sysiems. It requires 2 sine-wave 1nput normelly supplied by a low-cost
. TV coior-burst crystat at 3.579545 MHz 1o generate eight ditferent audio sinusoidal freguencies. With
this input the encoder generates dial tones that are very low in total harmonic distortion and comply with
standard Dual-Tone Multi-Frequency (DTMF! specifications without any need for frequency adjustment.

When generating a duzl-tone signal, the encoder generates one column tone and one row tone 2nd adds
them for its output. The tabie beicw presents the frequencies produced by the tone encoder veith the
3 £79545-MHz TV-arystal signa! input. Any deviation in this frequency will be refiected in the frequency
output. The tolerance of the crysta! is normally 0.02%.

Telecommunications C

DTMF ENCODER ERROR
TONE STANDARD OuTPUT® FROM STANDARD®
{Hz} {Hz) %)

Hcv\‘l €697 701.3 +0 62
Row 2 770 7714 +0.19
fow 3 852 857.2 ~0.61
Aow 4 941 9251 -0.€3
Colume 1 1203 1215.9 +0.57 .
Column 2 1336 1331.7 -0.32 .
Column 3 1477 1471.9 -0.28 7
Column 4 1633 ° 1645 -0.73

SUsng an mput signel from @ 3.579545-MHz crystai.

.

PRCRUCTION DATA dezwments cantsin . Copyng™t T 1982, Texas Instruments InCorporates
xfermalien correns as o

mc;m cvelarm 12 specid TEXAS 2-181
o -

v J;lyl:-l” :ue:u(:'ng foet a8t secesarily lNSTRUMENTS

i 149 of off parametars. POST OFFICE 83X 375012 @ DALLAE TEXAS 78285



TCK.5087
TGKE ENCODER

eperation

heyboard and electronic inputs
The specihic 1one or tones generated are determined by inputs designated ROW 1 through ROW 4 and
COLUNN 1 through COLUNN 4. Tre inputs ere normail, teceived from a 2-of-8 DTMF (OPST) keyboard,
a Class A ISFST) keyboard, or an electionic circuit Un ke dynamic or scanned inputs, the stetic inputs
of the TCM5057 do not gene-aie nose. See function table for input and cutput description.

CLASS A XEYBCARD (SPST) 201-£ DTMF KEYBOARD (OPST)
_J__ a r———‘ A COLUMN
av
COLUNN @———24 A ____p ROW L(;:PENE —4} e
LA & mow

single-tone enakie input
This input inhibits the generation of single tanes vehen taken low. Al other chip functions remain uncharged.
It the input is high or left open, single-tone cperaticn is enzbled.

transmitter switch output

This output is at high impedance when one or more of the column inputs are active and is high when aii
column inpuss are inactive. The output is the emitter of a bipolar trensistor whose collector 15 at VpD.

®  mute output
@ - .
o The mute output is high when cne or more column inpuis are aci've and is low when ali column inputs
! o are inactwe. .
3
Dd
3 funcrional block diagram
c -
(7 N 1]
osC N o— 0s¢ ouT
20
Y (A1} o “
o Vpo » VDD
= < 5’ 4’ 1: SrROY X
5 128 O
3 Fow 2 ‘,2' —f k~4843;
© AoW 3 :": - xee176}
o 5w a %3828
- —>
3 - o N
c -,
- voo e
@ S—
i Voo
e 112!
ENASLE 1
) P 18! rone cut
— - v
N T 20
.1
ZEI CTROIVK 1
(13 {
- . XVMITTER SW .
COoLuUmMS gl N> ' H -
COLUMN 2 1K-2658!
COLUMN 3= K=e27; oy
COLUMN ¢4 — 1K=2176; ——-ID—MU’YE our
b3
- 3 :» 3 b3 R a
vss vss

Ttwﬁs*?
INSTRUMENTS

POST OFFICE BOK 22907 & TALLAS TEXAS 7e26t

82

X}
e



TCA:5087
TOME ENCODER

TONE ENCODER FUNCTION TABLE

INPUT YOhE OUTPUT TRANSPMITTER SW!TCH
- - MUTE OUTPUT
COMENATIONS? PIN 15° OPEN PIN 15° AT Vgg ouTPUT
Crowns
s 0 0 L H
0 columns
1icw
Faw B coumn Row a~d column “ Hi-Z
1 colamn
2 or mote »
¢ or mererond column 0 H H-Z
1 cohwrnin
1
row Fom o H H 2
2 o more olumng )
- .
< o mone rgwes o (o] H H Z
Z of more colomns
G rcws
Coyre 0 H Hi-Z
Y coTn
Crows
[e] [+] H Hi 2
2 ¢ more celuT s
1o moee rews
4 0 0 L H
C ¢ olumng

TRow Nputs w Le 8CTove (00! when 19 mput voltaae 15 81 a low leve! (V) £ Vil and column inputs a'e active 2t & high input level.

uUnger heybzasc control, connesing 2 row input 10 a column input activates both,
P 18y tre single tome d sadie inout

absclute maximum ratings over operating free-air temperature range (unless otherwise noted}

Supply voltage Vpp {see Note 1)
input voltzge range
Output vOItage fan@2 . ..ttt i e it AV

Continupus power dissipation at 25°C free-air temperature {see Note 2)

Operating free-air temperature range
Storage temperature range

NCTES:

1. Ak vo'tage values a7e w-h respect 1o the Vgg termunal. “
2. For operatuon above 25 °C free-air temperzture see the Dissipation Derating Curve.

DISSIPATION DERATING CURVE

1200

.

P,

1000

\.\

400

Maximum Continuous Dinsipstion—-mW *

as

45 85

65 7% es

TA-Free-Air Temperature—"C

'

1Z]
-t

ircui

135V
-0.3VtoVpn + 0.3V
-0.3VitwoVpp + 03V
1150 mW

-30°C t0 70°C
-55°C to 150°C

Telecommunications C

74

{i’
TeExas
INSTRUMENTS

PCST OFFICE BOX 225012 © DALLAS TERAS 75265
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TCh.5G87
TONE ENCCGER

recommended cpearating conditions

MIN KON MAX | UNIT |
Selitoveledt VoD 3£ 1y N
Matrs of o
frgtieve mpLt oy Nigge. Vi Sow wpurs fotf) 0.5 vop *D0 v
. A oinet arputs C7 Vnp \oc
1 -~ uty (off .
Low feved i gt velizge, Vi Cc.' amT ity (0fh) Vss O01vnp v
A ather 1y Veg C3ven
Contart sesantomir Betwet rove 3nC colume anpute . 100 o
Von - bV 7 @
Tene putput luad tesmtance Ry no €2e
Voo -5V 332 @
Overaning ‘e o tomperatee Ta | - 30 70 «L
electrical characteristics over operating free-air temperature range {unless otherwisé noted)
:f PARLMETER TEST CONTITIONS MIN  TYP RAX T UNT
! Cuoetr sy @ fun 195l e 1pol 0 [¥%
f S s tane enalile apat 184 seanld 16 VED Frs¥Fo . 2C oG v
- .!'_.,_. VoD 2 1OH 02 ma, 2
o MNute outpint =
_..“13" v Hute b 1put volt Vpp T 10V, 154 - 05 mA 9 N
: wit leved output vo! 3
PRI S B 5 e W U Transmter sweich Voo 25V, ign T =15mA 1.8 2.5
_‘ cutput Vpp - oV, toy = - 40 mA 1]
Voo = 3V, io: - 0.2 mA C.9
.m— ‘o Lo lo.e! uinut voltage. mute outpul [222) 01 : Y
e vou LE S G S ma oS
8 ! oL Ut glete current iranLrLiter SWICH Cutpal Vpoy = 1V, Vg ~ OV L wo
3 l Stanab ] " i Lot Vop - 38V 025 00}
. aniby tup rrent W 1huts unla,
§ DD« y  Standby fupply Current with outputs u Voo 10V - 55 o0t "
Voo =~ 25V, Set Note3 1 v 2
[ Opeeat A3 cutent mA
c 15 TR <A & & VoD - 10 V. | Sec Now 3 5 10
3
o \ ', s 3
g operating characteristics over recommended ranges of operating free-air temperature agd supply. voliage
o {unless otherwise noted}
a PARAMETER TEST CONDITIONS' MIN  TYP MAX | UNIT
o . FRow tone RL = 330010 1 &L, 217 400 800 "
1 1 rms volia
. Q| Tt volese Cotum 1one Ta - 25°C 386500 €30
3 Preemphas's Ica'umn 1ome 1C 10w 10n€! 1 H 3| 93
[ Ous 1one o2inut distortien tsec Note &) Vpp 2 4V * -20] eB
= Quescent 1one-culput pawer - 80 | a8~
v Ture vulew! rse trme tsee Nicie & 3 €| ms

N

TUnless otherwise noted, test concitions are: Ry = €20 € for VOop < § Vor Ay = 330 {1tor Vpp > 5 V. Crysta! parameters are the
fol'ow:ng: = 3 578545 MH» 20.02%, Rg « 100 0. C = 18 pF. Cpg = 0.C2 pF, Cy = € pF, Lpy = 96 mH.
NQTES: 3. Operating cutient is measured weth oll outpuls unloaded, one row INput connected 1c one column input, and norral oscitlator

nout.

4 Distortion is enpressed as the rato of 1212f cut-of-band powe: relative 1o the 1otal fundamenta! power for the dual tone.

§. This 1s the ume required o5 output to charge {rom its quiescent vaiue to 90% of its hna! rms vatve.
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TCM5087
TONE ENCODER

output waveforms
Typica: row and column siairstep approximations of-sinusoidal outputs are shown in Figures 1 and 2. The
row and columr outputs are added 1ogether resultingine typical dual-tone waveform as showh in Figure 3.
Spectra! analysis of this dual-tone waveform shows that all hasmonic and intermodulation distoruons are
typica'ty 30 dB below the strongest column-tone fundamental.

0.5 Vidiv
0.5 Vidiv
0.5 V/div

0.2 ms/div 0.2 mafdyy

0.2 mudw

FIGURE 1 FIGURE 2 FIGURE 3

distortion considerations o
The {ohowing formula is used to calculate the 10ta! harmonic distortion of a single row or a single column: g
- Q
W22 + va2 1 Va2 + VstZ + ...+ Vni? =
THD = * 100%
Vit

where V¢ is the second harmonic of the fundamental frequency V1{ waveform and so on. The dual-tone
1ctal harmonic distortion is:

V@Z +V3p2 + ...+ Vo2 + V2c2 + .. .Vnc2 £ Vimp? < 100%
JVERZ + Vrc2

where VgR and VEC are the row and column fundamenza! {requency waveforms, and V2R and V2(., etc.,
are the corresponding harmonics.

THO =

-

The 1012l intésmodulation distortion is:

Telecommunications. C

- ( N . - .
Vip2 = (ViR + Vici2 + (ViR - VICI2Z + ... + (Vor + VaCl2 + (VaR - VnCi2

A relatively simpie method of distortion measurement uses 3 spectrum analyzer to relate the harmonics
10 the fundamenta! frequency wavetorm. The tone encoder spectrum indicates the harmonics and
intermadulation distortion at least 30 dB down relative to the columa tone.

Another method for distortion measurement of the dual-tone waveform is 10 compare the total power in
the fundamental érequencies with the total power in the various harmonics plus intermodulation on a signal
ana'yzer. The enccders provide an output distortion of — 20 dB maximum when operated beiween 3.5 velts
and 10 volis. If operated between 3 volts and 3.5 volts, some clipping occurs at the output caysing the
distoruon 10 exceed the — 20 dB level. '
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TCNMEDRBT
YONE ENCODER

TYPICAL APPLICATIONS DATA

1

COLUMN @A & — P ROW

CLASS A KEYBOARD ISPST)

" 16! TCN5037 CULASS A KEYSOARD
v 114 e
ROWIE— 1| 21 3] A
. : et
aowzf X sl stele E
1 112} b’
H Rovizp— 7 | 8} 8] cC
) TONE 1 -
1 \ OUTPUT ROW&pP—] « | O | = 1 O ¢
: ! cot 12 T"
. 1
s I Voo oy 2 !
: : 15) !
! cot 2 [
1 ! SBving e |
t 1 gg’:.ELE RNy~ -
1 t . 0s
S mute Wil L
l - ! % ! 2| TRaNSMITTER 0O xtac
© ; ! SWITCH (8)
| = ' SuTPUT  OSC)
o 1 1 QUTPUT
i ) ! N XTAL PARAMITERS:
o] ) 1 Cpy = 0.02 pF
3w : 1 TYPICAL VALUES LM L o5 m:
3 i B ' €1.0001uF cr-Spr
c t ! Ry =82 01 {or 10 k2 # opteonal tranisior i used] { =.3.579545 MHz
- L J R’ = 150 {1 cotions! .
o SIDLTONE BALANCE  D1,D2, D3, Da = 1Na004
2 NETWORK DS = 1IN2743 {13 volt)
=]
=3
w
O
= \\ <. "I NEEALTTRAIETY U= ==17
(¢] v — {
= \ l
-
» I, B w . o
e L L ]
ran) l
!
I
______ BALANCE NETWORK _}
-
FIGURE 4. TYPICAL APPLICATION USING HYBRID COIL SIDETONE-BALANCE NETWORK,
ELECTRONIC SWITCHING, AND LOW-COST (CLASS A} KEYBOARD
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N Consumer Circuits

LMS567/LME67C tone decoder
general description

The L2557 and LMEETC are guenera! purpose tone
decoders oesigned 10 provide 2 satusatec transistor
switch 10 ground when an rput signai 1s preset 4
w.thin the passhand The cicuit consisis of an !

and Q detector driven by 2 velizge controlled
oscilizzor which determines the center frecaency

of the denod- Erviving' components are used 10
independe~ily  set center frequency, banc s idth
and cutput delay.

features

& 2016 1 frequency range with an external resistor

® Logic compat ble outpat with 100 mA current |
smhing capabihy

B Egndwiath adjustable from 0 10 14%

High rejection of out of band signals and noise
Immunity 1o talse signats
Highty stable center {requency

Center frequency adjustable from 0.01 Hz 10
500 kHz

applications

Touch tone decoding

Precision osciliator

Frequenty monitoring and conthiol
W.de bang FSK demedulauion
Ult-asomé controls

Carrier current remote contiols

Commumications paging decoders

schematic and connection diagrams
Melai Can Pachage

P

= me

Order Number LMSETH or LMSE7CH
See Package 11

Dual-In-Line Pachage
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Order Number LMS67CN
See Package 20
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LMS567/LM567C

absclute maximum ratings

Supily Voltax Pin .
Powe- Dussipation {Note 1}

Storaz: Temperature Rangs

electrical characteristics witmcn

10V

300 m\W

i5v

-1cv

Vg * 0.5V

-€5°C 10 -189°C

A

7% €V - R

Leas? LMCTC LMLETCN
FRENETERS CONDITIZAS e T AN o T~ ey unITS
b ormr S onry Mottt Bange &t ic 80 47 50 0 v
Vo tage v Liien e Dt
Q. ruert 6 [ 7 10 mA
Poomes Luinty Canerr K o2
bgtivae " k] 12 15 mh
4ot e, etange X0 20 [+
St Drrasiath Ince’ Vo ae DERE LY AR 70 28 2 .r. mvims
Logme N GurDut 19t Va'tage WO me et 10 " 1 15 Vi
Largrit Semwllanewus Gu 150nC Sgna- 1¢ Intend Signat Rato € [ cB
B o= 1apo Sigaa 12 Madesad Ao Rats B. v 165 4M2 -6 £ o
Larges: Deactic~ Bandun dth 12 14 6 10 14 11 %otty,
Larges: Detect:on Bartetr Shew 1 2 2 3 Sott,
Lomges Derect:on Bongwdin Vara-on wnth Temoersture 01 =01 e
Larges Ovtect.on Badm=t \ orustor w ™ Supp'y Voliag- i 22 22 v
mgaess Canter Froquency 100 500 100 T 00 Mz
Comte Ereonsency Stan e 0<T.20 ¥1e0 35160 pom™C
55 < T, <125 35+ 340 352 14D pon C
Carmier Frmiengy She't wntn Supy’y Vortage 05 - 10 o4 0 %V
Fonert T OF F Coct o Raie . 1,70 1,720
Cutinst Loos sge Curronst Vg - 15V 001 |2 oo | uA
Owizast So'r o100 Vo'ioge e ISrV, 02 X 02 (1] v
1y = A
€ 29"V, (3] 10 -08 10
Iy * 100 mA .
Gutpat F8° Time 30 o n
Guront B Tume . 150 ) 150 -

Nots 17 The musimum junct-on 1empe-ature 0! the LM567 15 15C°C, wie that of the LMS67C and LM5E7CN i 100°C.

Fee Osersting at elevaled tempe-atures devices m the TO

153 CAY, juaction 19 ambret or 45 CW, junct-on to case.
1

reustance of 187 C/W, juaction 13 ambient,

5 package mus: be derated based on 2 the-mal resstance of
For the TIP the device must be derated based on & therma!
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typical performance characteristics g
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LM567/LM567C

typicel applications

Touch-Tone Decoder

Py
-

Companont wive {tvp!

Oszihiator with Quadrature Dutput

zh L

r—

1.

;l‘ 4 *

.
%

3—% g

i

=e
L

1h—

Conner: pue 110 7 BV v snvret wwtout

Csedlsivr with Double Frequency Output

LA P RTRE1Y
[N
"o
1 Cidew
0 trmtegy
£ lamety R
e, — o) - N __Iﬂf": | e
ac test circuit applications information
/ The center frequency of the tone decoder is equal
v to the free running frequency of the VCO. This is
given by .
! l : 1
= f —
L = o = R‘ c, N
) ] The bzndwidth of the filter may be found from
the 2pproximation
’ 2 3 ‘
1.6 f v .
- ) el & E BW = 1070 \\ E—C—z inXocff,
T T swhar v ’ Where: *
ineyr
1100 uhs o8 Vi = Inputvoliage {volts rms), V; < 200 mV
“New Aaps: tor 3 ¢ 300tk
- C, = Capacitance at Pin 2 (uF)
5-70 B
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ULN 2001AN, ULN 2002AN
ULN 2003AN, ULN 2004AN
high-voltage high-current darlingfon transistor arrays

DUAL-IN-LINE PACKAGE (TOP VIEW) ® futﬂﬁﬂ‘lﬁ‘l'a J 500 mA

w1 [w] (] [a] [a] [n] [o] (3] o mutsduaanidgady so Taarf
e o Ulalaadatfoaiulimeludmiviviiadiday
j j ' j j __* ® ULN-2001 sanfuduwnuuy TTL, DTL, CMOS
A | @ULN 2002 smiuduwniuia 14-25V
’, NsblaBe 0 eilal e ULN 2003 §1niuduwniuy TTL wia CMOS 1uia 5V

y ; ‘0 ULN 2004 §1niudunn 1mia 6-15V
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