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ABSTRACT

* DTMF CONTROL DEVICES " s the one of wmicroprocessor
spplication for controlling . In this project wuses Z-B0 micro
processorcontrols small circuits. These small circuits sre 'DTMF
Decoder ','Speech Syntesizer','Telephone Line Interface Circuit'’
and 'Control Qutput Circuit’

The advantage of this project is B-channel electrical
controlling by pre;sing control code vis DTMF telephane system.
Project will work sutomatic if -it receive the right ringing pulse
compare with rotary sewitch setup., The man who is ¢alling needs

to know password to control cutput of the project.
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ﬂ' a ‘ 1]
zﬂn 0.2:9% block diagram Ya8TEVY Tﬂsuiﬂqusnawonwsavuanﬁ N80
A}
control board 73 280 194 cPU lwreatlferuadasinnonne 8255 2 ¢
d vy o [ Y - 1 L4
qwnzﬂqutnu1ﬂ11u analog SW. (Hufauionitumed cPU faenasly
2995iulm
\JoNdnnnn  ringing  RMI9IMNE9TELS 2997 line  interface
. . ° v v { [ v v ' . ad 9w
circuitasinInTIasevad  waddelildcry  dussninaeasumindwunael) ceu
Seavdedmnmifonldinawdonfuduan  orer Taedald uT se7o DTNF
Decocder ﬁ'N’N
#0"aDTHF  fiHunnng Decode (iuTia & bit avandeniulfe ceu Tu
v [ v N
1unoull CPU qeminissENIanaInTatug unnsislineelsfag
t (] | 4
{1U3Y4 ringing ﬁtﬁutaau1mn11n1@1xiaessnu na15a1n rotary SW.
- o [ ol \ N &
Tnedi 7 segment display uaﬂaawnna1§1nn11unsvxasaa

] v s e o b a av - )
FINITRANNY NIBUNIINN DIP SW. ﬂﬂ?l?faﬂlfuﬁu
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1.2 ﬁ&iﬁﬁ?&ﬁaﬁ1iﬂnai N80

HARDWARE

CPU

- 280 CPU 1191URRIIND 3.5795 ¥Hz (IC1)

ROX ,

- ROM 16K (uai 27128 ADDRESS DOOOH-03FFH (1C2)

RAN .

"~ RAM BK UB7 6264 ADDRESS 4000E-SFFFH (1C3)

~RA¥ 8K OPTION (U247 6264 ADDRESS 6000H-7FFFH & BATTERY BACKUP (IC4)

1/0

- 24 BIT PROGRAMMABLE 1/0 ADDRESS OCOH-O0C3H tugd 8255 ¢IC5)

RS-232C

-BUILT-IN RS-232C ﬁﬁ¢ﬁ§u' AUTO-BAUDRATE ?eizﬁsua#au BAUDRATE  TasprTuils
1aaﬂn§a=ﬁ1owu#avﬁulgvgcqéﬁa 9600 (P§)

POVER SUPPLY

- 45V 200mA (PD)

WIRE-VRAPPING ARFA

- 1.1“xe" u?auiaéaﬁwn?u ADDRESS BUS, DATA BUS, CONTROL BUS, I1/0, uar VCC
9 ’Juﬁ\)?.RP:BFT'IM;UQUH‘J&QWHH’IBHBD

DISPLAY

- Ser.LED @iy RESET(RED), INTERRUPT(YELLOW), HALT(GREEN), POWER(RED)

CORNECTOR

- POWER SUPPLY CONNECTOR 2 PIN (P0)

- EXPANSION CONKECTOR ZBOCPU PIN 40 PIN (P1)
- DATA BUS TERMINAL D,-D, 8 PIN (P2)

- ADDRESS BUS TERKINAL A,-A, 8 FIN (P3)

= C(ONTROL BUS TERKINAL 8-11IN (P4)

- 170 TERMINAL BPIN X 3 (PA,PB,PC)

- POWER TERKINAL 8 PIN (P54,P5B)
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"JUKPER ~ 7

- ifiaeawn RS-232¢ Twszm¥  PORT C, uar C, §viu JUSPER J1 uae J2 Se1dn
wiun1iea PORT C, uar C, 13WAWI933 RS-232C DRIVER Wnbaen131¥ PORT &4
Na17TWneR J1 uar J2 aan

DIMENSION

- 5"X7"

SOFTWARE _

- TUsunTndmIunNIiRUITEUY GAEN1IRRRD RS-2322C

- ﬁ1u11n§mu11ﬂ1un1ud1un1¢sngae'IBM PC #7508 ASSE¥BLY

- AIWITNRIIIFBUNIININILLEY  CPU  wazseuuleiesdratn lﬁaqawnﬁﬁeé§uéweq tfu
LINE ASSEMBLER, XEMORY DUMP & EDIT, REGISTER DUKP } EDIT, BRAKE POINT lﬁu;u

OPTION
- qﬂns&aﬁuﬁgud1eq (gu
REGULATED POYER SUPPLY 5V 1A-34&
VARIABLE REGULATED POWER SUPPLY 0-30V 1A-3A
PRINTER INTERFACE
CRT INTERFACE
KEYBOARD & DISPLAY INTERFACE
EPROX VWRITER HODULE‘
SWITCHING POWER SUPPLY
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N3 REMOTE MONITOR : - . .

K80 NTUsuniudmIugastunisiematsuuia RENOTE MONITOR TpanuuuiazieuiTes

- ar o & .'l 4 L .,3:’
UiEn RanTided 3ia ﬂ1§oa1eqn§ag1u REMOTE MONITOR N@vil

A (Assembler)
FORMAT : A [addr)

< . d v _v < e o ’ .
tdu Line Assenmbler xua?ug1ﬂ|nsu?ﬂsunvu1ﬂun1u1 Assenbly Tenun ueiciy

Aursaimuedusand wia Label Y& Tunsamitued Relative #1un3ndsdun
Address 18 TUsunivaznnisAmanitudn Relative % [addr] asiDusa Address 13w
fusaeTUIun Iy

L7889

-4 4000

4000:LD A, 33

4002:DEC A

4003:JR NZ,4002

4005:HALT

4006: ¢- na Enter

B (Brakepoint)

FORMAT ¢ B [addr)
. < . x v b, . . 4
tunisnvus  Brakepoint 1nTU7un1uu§anﬁcwu icﬁnvnuawxﬁuu1n1u B8O 1upy
30 MBD Mudmninnn Single step Tk3ekavifEFeiunda8%un7 debug unu [addrl fa

o » ' ' [ 0 . &9
Address nﬁa¢n191§1ﬂ1un1uu§a'nw?u?iﬁw [addr] 3ziiun1389u1 Brekepoint nie1y

#0819
-B 4003 (- #9A1 Brakepoint 7 4003
-B ¢- R3233Y Brakepoint
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C (Compare)
FORMAT : C [addri) [addr2) faddr3)

wia : C [addr1) faddr2) H [dd)

1ﬁun1501¥1un11tﬂ:aunnaunauai EHIY Address 2 dmdy nanaua?u Hemory ﬂe
ud [addri1l sufilv faddr2) iy [addr3) nu911u8111n1nu nsanaua?u Hemory ﬁcua
[addril fi¢ Caddr2l fiuR1 [dd) nananuaeeaanuﬁuuian1unanaunnnwonu1unvnaen1n
$78879
-C 4000 40FF 5000 <- Tun1@ [addr1] fi9 [2ddr2) fiv raddr3)
4p23:2 5023:34 )
4039:33  5039:44
-C 4000 40FF H 00 ¢- Tunif Caddr1) §9 Caddr2) fuda £dd)
40402
4041:
40FE:

D(Disg]ay)
FORMAT : D Caddril) [addr2)]

[ Y} 8 ] - » ® ) 4
lﬁun11u#aena£a1u Kenory #vu@ [addril iy [addr2) 011498 Caddr2) rR3avse
' (Y [y . N d .
%87 default R8 [addr2) tnafiy Caddrid 4 127 uazh218948 reddril 1a9aeRseqEdn

#xﬁu13§1qa

F18079

-D 4000

4600: 00 00 0D 0D 0D DO 0D 00 - 00 DO D0O.20 0D 0D 00 0D v.vvvevennnn veee
4010z 00 00 DO 00 00 60 00 00 - GO 00 00 00 00 00 00 00 veuereenennn. .
40202 00 00 0D 00 00 0D 00 00 - 00 0D 00 00 00 DO 00 00 ecuievuennnn. P
4030: 00 00 00 0D 00 0D 00 00 - 00 00 00 00 0D 00 00 00 veuvevevennennns
4040: 00 0D 0D 0D 0D ©0 00 OD - 00 0D OD OO 00 00 00 DD eeevevevcncanns .
4050: 00 0D DO 00 00 00 00 0D - 00 0D 00 0O 00 00 00 00 oeeueenennennn.
4060z 00 0D DO 0D OB 0O 0000 - 00 00 OO 00 DO 00 00 00 eeuveuveennnnns .

4070: 0D 00 DO 00 0D 00 0D OO - 0D OD 0D 00 00 00 00 OO0 -eeevueneuennnnnn
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E(Enter) o - o= -
FORMAT ¢ E [eddrl

tHun19dd 290 Kezory 10u Hex w3auf1sd tu Memory fumis Caddrl
#8879
-E 4000
4000:00 3E
4001:00 33

d o
40602:00 (- nR Enter 1uanau§1:uu

F(Fill)
‘FORMAT : F [addri) [addr2) [dd] .
(Husn set #1lu Mewors EouRdTuMMY Caddril R [addre) WiTudn £ddd Femue
#1881
-F 4000 AOFF FF

G(Go)
FORMAT : G [addr] ‘
Y . d.
tﬁun11§q1u CPU n19uR1Y Address nivueAs [addr)



H(Help)
FORKAT = H

N S . B aa .
nﬁunwvudee{nanicneuua?u Remote Xonitor visus1aduisuazifiEInsss

R22819

-5

A addr Asserbles

B [addrl

C renge saddr

[addril [addr2)
addr

renge byle
[addr)

port
[addr]

range addr

C range H byte
D
E
+F
G
H
1
L
¥
N

0 port

P range

R [reg valuel

S range byle ...(8)
T

U [N] [addril [&ddr2]
'V [var valuel

-

Brakepoint

Coepare block
Coepare byte

Display memory

Enter data

Fill memory

Go(Run)

Help

Input

dovnLload from terminal
Kove

New (Clear register)
Output

uPload to terminal
Register

Search

Terninate (Power off)
Unasserbler

Variable [RSTn3

23
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]1(Isput) - " e -
FORMAT : 1 port

v L e W .
1#1un111ua1na§aﬂ1n Input port &1y port nnanum

L(Load)
FOR¥AT : L laddrl

1un17  Download Eagaa1n19§ae PC w284  MBO éciagaasxﬁu1d51u Intel
Foreat #7 addr aziDuRr  offset 1ilaeaintuiudnity Intel Forrat HuarNgumis
address deuﬁgaaaéuﬁa . '
#8819
-L
vait for send file
(3N %80 3erin1tauivianiatas pC é¢§1?a=$a¢ﬁwn11éc1u511n XTALK &8}

- n& CTRL-A

- SE [SPACE] filenawe [Enter]

- aannunaeazuﬁa¢5a911u51ﬁ15¢£e1ﬁ53é

4 %

' & » o ¥
- nuaauqﬁn1zu7un11n11d¢1uaua1aan1uazuda¢uaacu

4.
4000 (- Address nn1nuau11u1ui

K(¥ove)
FORMAT : M [addr1] [addr2) [addr33
(1un13 copy Sagaawn addr1 T addrz 1159 addr3
#2889
-¥ 0000 OOFF 4000
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N(New)

FORMAT = X
\Jun17 Clear 1 Register FumuatMiiu 0 TestRTasazudevil Register Th

QUEERI CLEL R T

#8879

-N

PC =4000 SP =5F20 IF =0004 1X =0000 IY =0000

AF =0000 BC =0000 DE =0000 HL =0000

AF?=0000 BC’=0000 DE’=0000 HL’=0000 -

S=0 Z=0 H=0 PV=0 N=0 C=0

.

0(Output)
FORMAT ¢ O port dd

o 4
tﬁun11#o;aga dd aan1uEy port nRavnIg




P(uPload)
FORMAT : P [addri1]l [addr2]
v € _w y d

tunas Upload 1242310 K80 Thautiutdizaviaday PC 14 Intel Format
#2889 .
-P 4000 40FF
Delay 10 second for receive file

R a o 4 _we - v 4 YR 14

(80 3E11N1798 10 Juan xua?ug??naﬁsunwsnneﬂwulﬂsae PC TvuwiaunzzTulva)

[ YRS VR Y] - - x UH
(Tﬁﬂg?ﬁaxnaqnﬁn11su1U5aaa XTALK ®vu

- n# CTRL-A

- T CA [Space) filename [Enter]

‘ - t ¥4 o ¥ lg
- 1UBRTU 10 JunN K80 azéonaﬂaxﬁu Intel Format u184 PC ua:nagalnanuas
< 's

hninuaeTuiva
' d o« v [YR a ¢

- (NB198UIBBUAMNA CTRL-A UAazWuu CA OFF

- naQu [Enter) 80 3Izniunu#ay proept ag1¢ifu

R(Register)
FORMAT : R [reg) [ss)
tﬁun11x?sn§u?auﬁ1néw1u Register a7 Tunadnhifiimus reg KBO 3rriAnag
URRYA1DBIRegister (OCREEEEY DIMMUR reg ﬁa:u#a«uataunzﬁv&uq 01148 ss (ss
uuwaﬁ¢§aganu1a 8 wia 16 bit) nazidun1Ii muRfIReTY reg fun
£78879
-R BC 1234 (MR Register BC Tatitlu 1234H)
-R ZF 1 (fMmuaTH Zero Flrg tiu 1)



"~ "7 s(Search)
FORMAT- ¢ S .Laddr1) [addr2) [dd1] [(dd2)..(dds]
tfuns  search §a§a1uﬂ1e Address #euf addr1 T4 addr2 imasfivianm ddi..
dds AriuuatimTatd
#2a814
-S 4000 40FF 11 22 33 44
4020
4050

: . + A
(u#aq11uu§agaa«na11aen Address 4020 Was 4050)

T(Terainate) \
FORMAT ¢ T : -
'Y - 3 v - [ -~ .
1ﬁ1un11§u{anw1n1eﬁu 4aine CTRL-A uazwuw QU [Enter] naznaUt§1§ DOS

U(Unassenbler)
FORMAT : U [N] faddri1) faddr2l
9 N > d - ' ~
987un1in1  Disassemble naganag?u Memory Bas ¥80 ®vuR sddrl 3uny addr2

-, - 3 [ . d v
#714 OPTION N twm1fdwTu off display qudu address uar machine code 1walflu

4 £
n11xnuxﬁun1u1 assembly aviva

#28819

-U 4000 4004

4000: 3E 33 LD A,33H
4002: D06 22 . LD B,22H

4004: 76 HALT
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V(Variable)

FORMAT : V [nol [addr]
16uR1IAMURAY  interrupt vector #wYuda¥y RSTn Tas Cnol iy Restart

nusber 4az [addrl 11w vector f1iawiz1EY V §715B0Tun option rmusfielN

. -3 . o

disply &1y interrupt vector EELLERLY

828879

-V 38 4100 (MuBNvAMUATH RST 38H JUMP 1uR 4100H)



PN )

e e e e e MEMORY

LA

MAP

0000

16X

4000

BK

eo00

- 8K

TFFF

HONITOR ROX
& REMOTE MONITOR
27128 (IC2)

USER & SYSTEM RAM
6264 (1C3)

OPTIONAL RAM
6264 (IC4)
¥I1TH BATTERY BACKUP

X700 MAP

€3

8255 (1C5) PORT A-C
PORT C_,t TX (J1).
PORT C, : RX (J2)

A
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P ['4 w &
145979% 1807 LAt insfm

(LINE INTERFACE CIRCUIT)

Qﬂﬂzﬂﬁ 2.1Lﬁuﬁ1umae Telephone Line Interface Circuit ninﬁaﬁnﬁa
fufna ringing awndralnidun detect penaiiu pulses mwdmwawiayn
cinging Saesn Aol cru ufernimiifeuifeufudundieels  won ceu
NYIRTIRNETR ST Rard sdanaanunady  DTNF 1€ﬁwewnﬁadﬁuﬁquuﬁ1ﬁ1ﬂ€e
DTKF decoder

uanawniﬁoﬁwnwsnsaqaaunﬁ1t%nanﬁaxaaELQanﬂaeﬁunwk on  A19199

AT

2.1 ¥RANNITATS
y 2%y v w v » ] )
amsl bridge rectifier AL 3 LT MUANANE INTANNEANL §18188 IR
%0 ringing detector  Ingd 101 aR3zA tHudiFeuTgenncusedoetunng
L}
© o v v ¢ . .
Juniuvesda  fyl 5 ¥e9  ICt as1ﬁzﬂaquatﬁuuaaau (negstive going
pulses) n1u$aﬂosmaq ringing tone (duty cycle 0,25) ﬂﬂusﬂﬁ 2.2 ﬁai
L
y ' [} v v » v ¢
'a'\nuunN’Wn‘lws'\BTﬂa 1C7-a naumh ringing counter YUYINUIUWAE
' v . - ¢ ’ v v
¥ CPU WuI1 #ane ringing ATUANAILIUNR S 12 Nasd 4T e uuntiy
' vy o { ’ v 2 ] © a "
QL AR Tiad RYI navaasﬁvuntuaatiwnugﬂ Bridge rectifter musenull
»
318 19192937
o « z d o [] '3
wisifgItuly CPU fiaeiRontasn1Tnne uyos SPEECH SYNTESIZER lng
1] + « o « L] L ¥ ‘
iy 4066 CN0S SW. Avdymnmifssiiwnds 107-c irdarainadun
v »
Speech syntesizer NNN39AT9A W13 5 ¥99 Yumeul CPU ariden
1] av » [T 1 o~ 1] : ) » | J 1 [ ] -'
f89u3n Taanuaaawusaunaugqtssnaw . vuuunwuinnaqgnwsnwennuaenn:aoaau
I3 w va Y
Qaqﬂnsm1ﬂﬂ1anTuun TranasRasnu"
L56§t§snnauanaaTnSﬂﬁsnnsﬁadqu ICT-bAEN MUY BAGY W DTHF
nlaYou1 9192935 DTXF Decader
L 3
] v o ad v » p ¢ Py
70 CPU  wudnswarruntenunianeld (Tag DIp 8W.)  fiseidon

- " o aw ' v » - [4
I REIY29N2 999 Speech Syntesizer ¥UBRINUIN "7““H1uQﬂﬂa§ Tﬂ?ﬂlaaﬂaﬁﬂ
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fun1ITNI9IN”
" - - (o IS 1- " u-'iv 0 » .
El7BnaﬁalﬂﬂﬂQ¢ﬂiuﬂ11ﬂ1§1u 1] 2_051Q aMmiangluue: CPU st

a a ¢ 2 - - ¢ q. {
owunwungntaan 1UnDuY iaavwnazgntianan-z iae /!9 "qﬂnsatﬂn" usg " Qﬂﬂ?ﬂ

‘. 1 1
ﬁﬂ"uaﬂaanwvzwaeqﬂnsmumaviac
{ o - Y a a v e v w ¢
amlseasnnanyay  1c4 AonsIsaaUI R AnnRoandiSen v akad
[ I »
1y interrupt CPU 1uaaoaaas1iqnnnsnwewu :1n1uuvaa1a1uuu1n€xssn§n
) J « .' ‘ v (7% 1 ‘.’
nwsTnnau(11aans)nuxﬂsaaaauquqﬂnsm1ﬂﬂwan7uunssnawa CPU  19N184N1T
¢ ¢t 1 0 sa € » -1- o:ooﬁ
CPU fi3£7908 1 Yuly Qaunqunstuwnw1n A 299583ty

LINE INTERFACE CIRCUIT tﬁutaiaunwednuvaeiquuawnawsTns

v v s :
ﬂuntingsuunﬂauquuutae

M— Wf _ RINGING

NEGATIVE PULSE
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3.5 Differential Input Configuretion

MT 8870 ﬁSuEﬂLﬂuﬁﬁﬂiﬁﬁﬂﬂﬂﬁﬂuuﬂﬂﬁﬁé Serluea = v Taed
' o ¢ ' ° [ ! v v 4
mneferndyamiomun 65 Tagar R ldewnsndfudasniseeneld

AMATEIERAIINLANATIIYDY NTBBT0 uaﬂa13ﬁozﬂ 3.6

o {?L .R" . MT8870
y VES - 1 >y
sz R4 I" %
o 1 LT 1
RS cs
%:3 J R2 N
. YRg?
U 3.6
y

3.8 Crystsl Oscil letorPSPB

ﬁq:ls’)m clock n'm‘lu‘ls'fma'm crystal 3.58 MHz ﬁdaq’mn’muan
LALADNIIYIIN 3.7 (Single Ended Input Configurstion) MT 8870 QNSaNUYY
L 4 L §
o © o { N v
a4 crystal oscillator HgeRaifign  1agiovunYos oscillstor g
A ]

o D' ) o ‘U A v ﬂ'
wsnanAdiaskn  cepscitor 30 pF i osc uaeqﬂnsmmvaﬂ1ﬂﬂazﬂn 3.7

° 7O 0SC of
t next 8870
0SC1 | . osSC2
[:]xt-l
0SC2 ]— il 0SCL
el H

Oscillator Connection

U 3.7



41

mn 4

- ()
Qiﬁiﬂilﬂi"ﬂllﬂﬂﬂgﬁ

( SPEECH SYNTESIZER )

4.1 MIM4TN
awnqaq11u2ﬂﬁ 4.1 uﬁﬂonﬁsdaqﬂﬂffdwcq ﬂﬂQ!ﬂﬁﬁlﬂSﬂeétaﬂﬁ!ﬁ
§ﬂ53£ﬂ1184L§80!ﬂ T6668  sednsaracnidnsena  Inlasinumnsled
wndlifulile  rax Tasdaldaoan 16 dos upewuan 128 Suilaenid
16668 @wnsniGendosiasiawmiosaldlngsary 1 15e 1Tl Thnaind: fudoutas
LaonYeenng fi mutnfiaiosar Sufives 0 "o afo1 Soeaandaatianansn

[) ' » [
L7n£u157ﬂan1ua1Lﬁuﬁaau1dq1nnweau3n\inuw Salnd1133RL 91 lugosl

[] ] »
tﬂsaaasgnniaounﬂnanunaoﬂiﬂTuunwrnqﬂ uavnw1€1ua1uﬁ7n1naugn

a vy ¥ y &
8u 1ﬂﬂﬁﬁ8ﬂ?ﬁﬂ1u100u81?ﬂ0

4.2 A1IoRLEnd
€S20 S,
4.2.1. feadnd swa  lifAuns on
a < - o a { A d
4.2.2. (RONAINNLIILUNNTOR  Naed  SWA,SWS M78aRANLTIAeER
Qeqilﬁﬂi15§ﬂtﬁuﬁ§ﬂ
4,2.3, (aenfadninInTonlng SW6-SWS
4.2.4. 0 SWitstart) u57%ﬂl§805ﬁ
4.2:5. (TgunaunaudainA  SW_(stos)  (HaweRinnsdn
Y T : N T c o 2
4,2.6, ITWTEILEIRITININTINALAI Pt AL LN BT P A P EA TR
ﬂ' ﬂ‘\' L] » L ]
4.2.6.1 yiRsuaintoncswa)r lifzats OFF wasnadnivg
4.2.6.2 R SW! (WD start DNRTY Was LED ﬁqn T6668 LD INULALY
tﬁaegﬂuaotswﬁﬁﬂtiwiﬂﬁcaanuw
4.2.6.3 @ w1n LED y99 T6668 ﬁuud1ﬁ§tﬁseqnaanunuaaoiwawqﬁiaﬁﬂ
va € .- a v
wan lun7 1 Ea3ndan an ﬂﬁiixﬂﬂTaaaaetuaau§a§aaaﬂu51ﬂan1ﬂ

D‘ » 1]
Gufute 1w



06 —-12V

220ur

.

v

25

sp

10nF

SYNTHESIZER
| AN =LY TR

80
(]

vo

SPEECH

October

-

Q
W0
O
g
l._

verkp

sidla xb&éf&hvs

i

:]: 100pF

i

OIRxT n

RAM2
41256

A
(v]

q-

? 8

anN
am

av

Qqr-

Y

MIC

bo
o1
o2
D3
Da

{od:3
Dé

.
an

100e

100nr-é1;

XaJ §

<o
kran

% L 1@&6&&575

bogn
txw

D7

J"

sleltBiittlelrls

31 le

ocument Number

2

[Title
[S1ze
Ate

2

12




43

4.3 n115a{55<194taéaaaauqugﬂn1£1ﬂi15ﬂ1uﬁﬁ

ﬁqnw15n5aﬁﬂzﬁux§7§a§ﬂ funoudol

1. 5ﬂ§aﬂkunﬂsuﬁoin?eniﬁﬁwﬁqﬁﬂdaﬁuLﬂéaoﬁvnquqﬂn7&1ﬂﬂﬂ5ﬂ7uﬁﬁ
AN " umsiﬁwuﬁwﬁqLiwénwsﬁﬁewumaaLaéanﬂauQuTnsﬁuﬁﬁmTuﬁﬁ Tdsanasia
i " e 1

2. 3019AI "1€adwuqnﬁaa ThsaiFonnamien fves 2

3, PATORIN "1iad1u1ﬁqniao" f¥0s 3

4. 3n¥8AINY "qﬂnsétﬁﬂ" fdog 4

v v i o1
5. ORYIAIY "Qﬂn7mﬂﬂ" NY89 5

93 cpU qsLﬁuét?sn1§iaﬂ71utndwﬁnwuﬂawutnu1uan
%
uc(nl

A1379 4.1 LARINIINIAINYLADNTDY

»
v v a d [
uss A3 4.2 uaﬂonWTﬂeﬂﬂlﬂaﬂﬁ71ut111uﬂﬁ70ﬂ

P DA Joh KBPS D, D,
o o 0 0 1 8 0 G
0 0 0 1 2 il 0 1
0 0 1 0 3 16 1 o
0 0 1 1 4 32 1 1
0 ] 0 0 5

0 3 0 1 6

o 1 1 0 7

¢C 1 1 1 § m197u 4.2

1 0 0 0 9

1 ¢ ¢ 1 10

1 0 1 0 11

] 0 1 1 12

1 3 0 0o 13

1 i ¢ 1 14

] 1 ] 0 15

] 1 1 1 16

M1918 4.1



44

T 5

¢ £
1ea1avuagaﬂn1utawn!g
T 9

(QUTPUT CONTROL CIRCUIT)

anzﬂ 5.1

1eas1uﬁauiﬁanws?n§qqﬁqun CPU nwintawﬁgaﬂaassuu (Relsys) dause
nauﬁiqﬁqﬁa 7415245 OCTAL BUS TRANSCEIVER 3-STATE ?uiaga DO-DT 31N
cPU wntudedelituanady LED display uaﬂaanwvenaetawﬁgnﬁo 8 1nsd
7415273 OCTAL D-TYPE FLIP-FLOP WITH CLEAR TWSARY

wheanty  Basnelufe uinzoos  Swuseduilelnidu 12v. drive ldf
relays ﬁﬁ 8 Qﬂ

o (I’l o o
LS373 ult LS245 Niﬁﬂﬁuﬂﬁiﬂﬂﬁﬁuﬂﬂzﬂ 5.2 4at 5.3

7 1
Pin A\ssignmonts (Top View)

= 2 L = = = = 2 P—— TV S ey W -t 3 - - - - - -
DI0'0 D 00 0SS B § T X i el fe fel[u} (el fu) fu}fo] fn
TR FY e
L Al AL V]
Tarengt rnam, . i .
Chwr= o8, L) l
- - -
|t 2 s
. . o | » ANYA
mithiomooo -] M |
= e e e e e e . - i
SreasTry 73 it . Da0s0a0s
sres SNT4L3I7I U, M) v wn A D STl 2 (Ia 0
u,n(‘fn ’", u' ~' N Sy - e & m & = & 9 - -
. SMs418248 ) SN74LS248 (), W)
’
=n, e
tRarpanguY LATCHEE
1 . -
oursst _IM -
" comtaoy m
w12 5
L o
a : LY
[ AS
‘x __rb—w
[ ]
l [ LA
L < j
q ;
o1 <
g
[ P w
w2 r 4
3
o %ﬂw
ol = 4
N gﬂ.
8 [ -]
UL > )
e .
-} ”
-l
9 .. Al ] "
teadid 19 .
. —1.>°-

92U 5.2 sU5.3



30 3884STOBGRT Y1 Kaenuwp 1w
-]
-DL SOGUNN JUSMMNDOG SX T
ITADUTD [OUIUOD INAING
2137
o TVIT
Z
3
s
4 = <
£ ZZzINZ 3 .
A p— aano oI
Ny 6u
- L vosbs »0SIvL
ul S
} 43INO v
» 83no
- Sine
- — ﬁ..lll ".H\ d fino
- TAM XA mwuw
ST P 00SIPe
HO 8 v
0W> 2
T30 T 11T =
LLLSIvL 114wl 78
470 by Wxa
H D¢y ®
z
@o ®a sa sy
b} 101 84+ 20 240 Hm.‘_ i8 20
po %Q ’d 9u
P44 50 g 4 59
L 4.4 +a 1 <1 [ 44
== -
D 9— To Ta oae ogs Ta v
< $ ¢ 3 <
3
) £ OZM T
=
* L | '
~
3 TN R

al 5.1



46

umn 6

a ¢
Ji8f

RELAYS
a ¢ a & \
Relays WunﬂsaenauquqﬂnsmTJJWLasaeu 14Retays 12v. 34. 7 ¥94

a o . a o {
anﬁacnuetﬁu Solid State Relays (3843700171597 1lyasatnsalvanely
4
© ‘ -' t') Y o
et autﬁugﬂﬂsuaaﬂvaetﬂsae Tasma luaa 1siiAn 3 a.

» d o H. ﬂ' (1) 1
ssrelafone onainaTivaeuutaslalngivien Relays d@alwnldaeaan

anenaso s 13 enenants Replace

1435 Solid State Relay wanolnnesin 6.1
L 3



47

e 1 TEEISTS LT RS AR GR ) REXS

: %)

3NN Jusundog #x T

SAUNIAN 3inLS QIN0S
2137y
¢
Isnad - . /o0
BOPSNYT o v
3n1no- oM\ I
HZZ
AQOr JuUOODT A ;
LPSO8 H 151
L §) To ; Te0MT
/Nl — WHO 48T N
. ! NN} 1O ANOD
Q90T L1
WHO 0071 = L M
oy
MY
Y LNINO-
Aoz NOO1
MCOT)> Hdw '
duET




48

wn?
8255 PIA

(Programmable Interfece Adspter)

7.1 J1gas198AL1A8INY 8255

{ '
8255 Lﬁuaﬁnsm LSi(Lerge Scale Integrated Circuit) ussaasﬁu
t L
Package 40 1uuy DIP(Dual In Line Package) wanlnguism INTEL &1
{qw v ¥ { 0 o a
winssanalfewlafulalesTisitaisediedsneg sauis 280 cry vaalassanus
o

1)

é o v o ' g av oa
7l 7.1 WRAIURON 1NBELNTN B255 FenuanyosunaruRonteins lufe



49

8255AJ8255A-5
PROGRAMMABLE PERIPHERAL INTERFACE
» MCS5™ Compatibls 825548 o Direct BIt SevResat Capabilty Easing
® 24 Programmabls VO Pins Control Application Intertsce
» Completely TTL Compatible @ 40-Pin Dus! In-Line Packags
» Flly Compatblewithlta Wico "« Roducen Spatom Package Gourt
& Improved Thming Characteristics o kmproved DC Drfring Capabliity
. ?ﬂtm:mimy:y;mh;:u:tﬁj;h?u::mumww:x

exde ROOE O, aach grong ol |3K>'hnm1hwhuuvlthuMM i MODE 1, the sacond
nac, aach §renp My B Prigrammed 16 heve § ket of inpurt o sviput Of the remaining € pine, 3 are vesd for hang-
Shaking ong Imemupt Comtrol signals The Shirg mode of eperstion MODE 2} is & b s mode which vees §
mu-mu.usmmwmnmm.bmm

——
—
———

1157

o
B
]
!
TUUTOY

21d

s

| ]

0
,'."."""'."'.".

!

[
for
)

i

—P arme » g

L

2 B W (S =0

llllll“crl_lr:.l!ll(

HUOUOUOoOUO U000 Y

1,,
i
I
&L
vole]
1

-~

4

o

<4 < ° (]
ZUYI 7.1 ua’mnaaﬂmasunwuasn'n?wmuwmmnm 8255.

< g < ~4’i"1§)’xdo 4 o v
LABANGHMIANL 313wuedivi WA vRandmau 4 vhen  Pagmebupiimas
% o Y & g

gl ?qazLﬁud1unsﬂaumannqﬂﬂﬁmnwauaﬂﬁuq Tesildns PAO-PA7, PBO-PB7  \ihs
] 'Y . (> I 14’1’ a ﬁu
mewpasiagRIrigininmeniy 8255 dsdgarwivamiasgnutivanny
¢ « & ¢ pi ¢ -
31/0 wainliunuadn A(PA), wain B (PB) uazwain C (PC)  uwpdmivaiudas
¢ }vd 4 - ¢ ' & g v o
wa7nﬁ1u11ntﬁu1ﬁn¢ua1n§uqnuastaﬂnqn uazuRAvUABN IR ERan Han Bafiuiid

Eaganﬁaqunac 8255.



50

C: ! ar [ 8
uaannqunauw1§un GROUP A CONTROL Wav GROUP B CONTROL TN3%
FY I -] a (] 3 4 <l oy © 4 1 -
ViR mueRnsEnTiteMEaehe 3170 wadn (8255  I¥mmanTRNnSuAna i
pg 3 Tvua FwT0n e 1 lean1s lWsunTuads  CONTROL WORD Wiy 8255 Tvsy

' Y - [ ' 4 :l’ £y} s <
NANEY nEMEY) 3N 7.1 Wi uadn C Nasbsnaviamvadnmune 4 In 2

' ' < «f Y b

wain  nawlvasgnaduanlas GROUP A CONTROL uazEnnAAivaEnA LAY o

» ] <o ar
GROUP B CONTROL éﬁﬂiuLquauuqsna11n01uﬂwanaﬂ

viannaugatinafiasnanafeliun  DATA BUS BUFFER uaw  READ/WRITE

y < o & oda o X
CONTROL LOGIC Twuianiwamiszifuduteessiiy CPU, DATA BUS BUFFER  wav
ar Vesr or 4
Lﬁuuwswa§1wnuuﬁ§aganaq CPU 4 READ/WRITE CONTROL LOGIC 3 udnd

‘lvu 2 - <l [ ‘l v < [ ‘l <
FWUF}N Mnaa‘{aLn'mmaamrm'sﬂsfma'sma U mngneme U L@ minuiesy

7.2  FIBAE1A86N1TIELIBINNEY 8255.
1 BS v o ' . v M
Tudmit 7133 TV Da T UAAYINTEY 8255 TeHBuALvaiasiTY
9
Tanst lunvsi dausat Erfuseriidoay | CPU ﬁww?un11%an1uahq1%1uzﬂ# 7.1 978ay
<t [ du’:l’d
L DEANDSLARE T BENUARD
v - r's -
DO-D7 : Lﬁuawanagaauqn/ta1nqnuuuﬁacnﬁhﬂq (BI-DIRECTTONAL
' 0 & o e
BUS) qsLﬁunwow1uﬁaga1znawqwasnﬂweq 189 8255 nunﬁiaganao Z80
4‘ gd - ﬁu""

CS (CHIP SELECT INPUT) ¢ iusruidnnzasant 0" CPU “=# W15
4 L ar t ¥
nnasaﬁun?asiauiagaﬂu 8255 14

: X -

RD (READ INPUT : iflapmbidamneasiniih "o" uasdm oS fan

Imiu "o" foyaan 8255 Iwhnggdiviniiaiogm  CPU ﬁ?sd1u11nﬁ1uﬁagaaan
v z 4 Y o
WiE ClunaeBarasmfposiaeiiatan cpu 1 Thandim
: X -
WR (WRITE INPUT) : \Napmildnmaniniii "o" usszdnw CS Jan

Inidu "o” ﬁagaawnszuuﬁaﬁagaﬂzgntﬁﬂu1ﬂﬁq 8255 1%



51

WR (WRITE INPUT) : \iiamigidomaniniihs "o uassdmme CS
fan3nithy "o" Foyavnreindidtanaszgn . iou v lusie e2s5 1

AO-AT (ADDRESS INPUT) : axiihEanwmanitifan 3 ad aadnnslunae
8255 T9ANA123EAL L 3ER unEMRY

RESET : tﬂanwﬁfﬁhwussﬁu "1" 8255 qsaéquahﬂvz?tﬁnqﬂquaénnao
8255 ~qn i inlieg u Tmadam

PAO-PA7-,PBO-PB7 : nwﬁmywmsnénﬁqsgnTExﬂuwa%n 1/0 tu@ 8 In
Tidatﬁﬂﬁuqﬁnsénnauanguq

PCO-PC7 3 nwﬁhmﬁmﬁgnTELﬁuwaén I/0 twm 8 Im  iduwiesafiy

/

PAO-PAT uaz PBO-PB7 udnéunacnﬂﬂymﬁmsnénﬁawuﬂsauﬁeaanLﬁu 2 naw Tasudaz
nguliowe 4 Inld  nauuanalAavan  PBO-PBY uaznéuﬁ 2 Wawmn  PAO-PAT

(FeRenanIneIt8az L Dge lumanaw)

7.3 n18a 8255 t¥Ifu  Z80.
] vV e 3 1 Jﬂg -
lun1sda 8255 1EfuTEILIDEY 280 i Fonnosinen NuiaTuse Lwlauiy
- oV UJ L t ) 4 t 2

mAIRAAeTY  1/0  #sNiRsna1IMuRY el 3 lagashisiandnn A0-A7

ud’u - 'S [ uq! -
39 Z80  #10BATHN L WAFT 1SRN AENWATN ¥ 8b:f aw udiiiaean 8255 Aw
: - Y ¢ v -
ADDRESS INPUT gu&7 2 11 (40,A1) TelRaUneuaIm A0, A1 Waveai B lasaTeiiy
A0, Al INTLDALATA  Wuna 8255 wiviTar lfawaimuaataTany 4 A1 (25)
dwdgaan 6 1w (AZ-A7) awih lunaasitdi Mand i 8anBw  (CHIP  SELECT)

“Bun 8255.



52

¥ -t 1 1a) .
Tt 313odund 3 8255 ﬁwa%}uaatﬂiﬁagn 10H, 11H, 12H uav

X US| - é . X
13H 3013Mu0ﬂﬁﬂu1TﬂﬂznﬂﬂiﬂﬁuﬂinLMﬁ?ﬁ‘ﬁ uaﬂ0151uzu 7.2

7415138 - Ar i AaAAD
{ SELECTCORE =000 1 00 XX
M o
TAS____ JG2A ‘
s Jes _ p2ss
[ S | - B
m______ s
e Ianb s:ts
1\| ¢
A1 e {a
AD ] wi

4 [ 4 o '3 JQ ! e
?qﬂzﬂﬂ 7.2 ua'ﬂ\i&l\r)\!?fﬂ'l‘iﬂﬂﬂ’iﬁﬁﬂ'ﬂtaﬂﬂ‘b}ﬂ?ﬂﬂﬁﬂﬂﬂﬂﬂ 8255,

« 1 & s &1 ‘.
nnph 7.2 0 widman Cs IWUBATMARD LD AT-A2  inafiy

000100x¢B (2 Tmanesz \Hi e fen Wadiaasne i 4 6

.’.’:: 4 t V) o <4 (] ‘ vV e
tusa ML 313siiaemAa n1veiany RD uas WR 1a9 8255 B
J "y
Spwaaugu IOR uas IOW  mavsEu AMTNMTT e RD uax WR 1Hqlas
- 1 < af | 93 4‘#’ - dﬂ' «f 1 Y
A9 LWTE U819 BN 1I00ARDAL T BRI anTan  AT-A0 SRRy
000100XXB %qazﬁ11ﬁsﬁﬂﬂ11dﬂuﬁ?atﬁauﬁagaﬁu 8255 lag Ligaen e ‘lunns
i 74 .
whihprilisdelEfnm TorRQ 3n cPU wwimibulyrw IOR uar IoW i

sandndunstesatiy 170 Lildwmizsarwiy ﬁvuah41u3ﬂ 7.3



53

55
' l=Ts]
g W - :’eawn
w |1
OR scﬁﬁ
RO
U 7.3

2 3 4 < ar
1Mﬂ17ﬁﬂn1 RESET 1pas 8255 T9azipamwnasan  "1"  t¥dfunn

5 o - L o} - '
RESET 789 280 DoudaTwhagan "0" iuazéiay INVERTER @unaividanau

1un11éaaha§a§a DO-D7 ®Aay 8255  iinfivisuiiaayanavizinian

bl * ’ 4 -

eaunian billnns bmamaifafisya  Hibe 373vdmnndsa e va 1L E Taaa ey
ar (v 4 q . v e

sruuiiafiayn  SwasIvaTauysinasnITIBeNds 8255 1 EAusvuumes 280 gy

7.4

7.4 8255 READ ua WRITE REGISTER
4'1’ ‘tﬂ;a [ L e Py [ \1
i3 imnnada 8255  (Bafiussuunes 280 uwRa @a li313eRnen
i 0 < < v duia
7N lEe e 8255  1uanay e e i3 8een T B Az SubutienmnI I
s - - ar [ [ ¥y 2’: ] ] <o
lﬂaﬁﬂﬂﬂqu 4 @7 1ay 8255 3ww1u1umaaﬂﬁqﬂﬂ1naa1ndnaqt1ﬁu AILVUNTAITIR

's sl - ' .yu
\wafazagiuaniatd  10H, 11H, 12H uaw 13H Feimar L FeaavIIq L 60T A B

-
uaa



8255

D7
De
o :
DATA BUS oo
LINES
D2
D1
Do
Bﬁ{ -a KD
KW - WR
RESEY —o RESET
At
FROM Z80 Al
<‘° AD
——q T3
10H
(M v\ el
a0 —02 son ) SELECT
znoz A o jgLT -
ADDRESS ) YO
UNES | o >
A3 8
v o A
1]
U4 7.4
o

54

< - s [ [ 4
Mﬁ‘]ﬂﬂa\ﬁ?ﬂl aadilelan 0-2 qsgnﬂmanmszﬂ'rm’wﬂm'm"ﬁa’t GIEJ“S'

P ¢ o ] - 4
WIElan 3 (?ﬂﬁtmasﬂouqu) 7 7.5 CUFANTINAY L BEATAWARSINTBNT LD T

X J - e L4 3
ﬂ?ﬂﬁuﬁma1ﬂs7qasnaﬂ1neannwsn17n1¢1unaq 8255 fiv 3 &  uasn1s lWuan i

v
a8 W s e 1&a9mn L@



7 55

Os §D« D3 |02 Ds

GROUP B

r—-‘?
L
9%

PORT C (u
1 = INPUT
0 = OUTPUT

POATE
1 = INPUT
0 = OUTPUT

MODE SELECTION
> 0« MODE O
1= MODE 1

GROUP A

PORT C (UPPER)
> 1 = INPUT
0 = OUTPUT

PORTA
1 « INPUT
0 = OUTPUT

MODE SELECTION
| 00« WMODEO

"1 01.mMODEY

: 1X « MODE 2

\

o | MODE SET FLAG
1= ACTIVE

) < '
zﬂﬁ 7.5 udaﬁsﬂﬂaztﬁsﬂuaazﬁnnaq?ﬂataavﬂvuqunac 8255

7.5 v 0 : BASIC REGISTER 1/0
[% v © o
lun1918n 8255 qwaéquﬁﬂuﬂ 0 Wit 313xiia A AT 9AIAN  (CONTROL
[YRERY N I's J o ) 4‘:1’ [ o o Y} Pd
WORD) Tnunsthaa1nznqunau awﬁqnauquuqsnwnuaanumznﬁ1n1qwuﬂnunuaaswa1n

- [ ] Q’ o ¥ 4 & v o g U L]
nay 8255 mdaﬁ1¢nuqnaqnﬁiqaauqunasﬁqﬂn 8255 nwwwuaéTuTuuﬂ 0 % ldun
D7 DG D5 D4 D3 D2 D1 DO
ﬂﬁnzﬂﬁ 7.5 131310

in D7 tﬁuﬁdﬁwnumi1tﬁuﬁwﬁoavuqu (CONTROL WORD)

[ o 'S '
D6 uary D5 ﬂm‘{mﬂﬂ'l‘iﬂ'\\?'!unﬂ\i wain A DB, D5 ﬁﬂ']

5)



v "o uah061a§1uTnua 0

imn D4 =
im D3 =
imn D2 =
im D1 =
im DO =

"O"

"O [ 1]

"0"

"o"

"0 ”

56

i B wadn & idhwadnianim

1 Emaadn CA-ﬁnnuxﬁuuaéntaﬂﬁqn
(Bnhmanaswain B Thiadn B ag luhwa 0
\Bmiadn B Hhamdniatm

vBruadn ¢ Wi 4 Inadvsidhwadniafm

o o -1 ° ¢« Y o
ﬂﬁaQWQUﬁﬂﬁ?gﬂqmqﬁwa'innﬂ 3 a9 8255 n']\i']uﬂé‘luﬁmﬂ 0 uab’lﬁu

» U < ¢ AN ‘ o U
wani a1minde e i wandedaiiuginalimmen (589 24 dha @remas

780 Taz1Snl 8255 ﬂéquﬁnamxﬁqnéwq1ﬁuﬁ

1D A, 80H

ouUT (13),A

L%ﬂﬁwﬁonauqu

ﬁdﬁW%ﬂﬂ?UﬂNqﬁ 8255

e o o o 's
118 780 "IN17 EXECUTE enasieiuis 8255 ngnt%ﬂ1ﬁuasn

'4 £ wr 4 .
Qnuaén Lﬁuuaintaﬂnqn uasaéquTuuﬂ 0 L7ﬂqsﬁ1uﬂ1nﬁqﬁagaaaﬂ1ﬂavuainmﬂaq

16famdde  out mEe Z80 #aadreidu 13dasnaTdy 23H  WHewadn A, 41H

- (%) r's i3] -] ar [v] -1
Tudewain B wax 730 luflewain ¢ 197380l 280 thau Tusuntadnuaesa

1D A, 32H
our (10W),A

LD A, 41H

our (11, A

1D A, 73H

ouT (12m, A

L%nﬁagaﬂﬁwaén A

dqﬂagaﬁﬁua%n A

L%ﬂﬁagaqﬁuaéh B

Aebaua lien B
L |

t%nﬁagaqﬁuaén C

"

: deﬁagaqﬁuaén c



87

o o o « N 4
naqaﬂnnﬂwiotnaﬁﬁqn EXECUTE u&7Main A,B Uas C may 8255 3w
¥ 4 v L
fBayad19n nde ol ngas
} 4 i 0
Tunrafenbme 0 pae 8255 uasarRelmainnae 8255 tEhiaun
[ 4 . s 'S 4 '
A ldagitulivedn A uavwadn C 1ﬁuwasntaﬂngnuazua1n B ifhwain B3 i
¢ v o a ‘lv oy 4 fl o -
WAAMEN 1313 HBNANATEIA AN N3 IdL Aa TR uan uRnusdiiRe
D7 D6 D5 D4 D3 D2 D1 DO

1 0 O o o o 1 0

o a4y o & < s o~
naqunndQW1ﬁ0ﬂauqu1ﬁuﬁ?ﬁdtmasnauquuﬁa 8255 ngnc%nqﬁﬁanums
o o o o " W '3
nTine ey 7.8 L9713 1 HdEe IN aMBBYANTIINWEIN B 18

IN A, (11H) : dﬁuﬁagaqwﬂua{p B

[= 8255

e

PORT A @
SYSTEM PORT 8 INPUT DEVICES
PORT COUTPUT

—  CONTROL WORD

4 [ ] o ar [] V
gﬂn 7.6 ¢ nﬁaﬂ1ﬂazunTuuaaqannmsnﬂ1nwoﬁuuaq 8255 TuTwa 0 WAIIMNAIAVAY
ﬂ?ﬂﬂuqﬁ 8255 Ui7

ar o L 4 Q
NN IMEaWE TR Tt e B luTme 0 udaely



58

MODE 0 Configurstions
LN -:‘:.:';.-.t.l-s
aponnnnn ganpoong|
Ai—.l-‘—.n,.~ [} o T
. '{ et =, " ‘{ -t 0,
-, )
e, [ S S
GOV WPAD o) S TR, s 03
%% A oo LN LS
gopoonn fefe o1
b, . e 2,
€0, e cl NN nu-——o/ (‘ RN
-t e, . l e e,
[ PN [ e s NN
v, wesy o0 asmrrem e
L L L LS 5 e as e
e ole . . el [ ] L ] [ A . L[] .
B e ] e N
= —na - L .
fmm— et b epy 0
ae, :{ s 8 e -{
e oy, e,
St e, ot
ey, ey = L X ¥4
e ase 8 L Y
goponoen CLTTI-T-T T
1Y e e N o,
Swad . —_—
[——v— x,%, bt w0,
XS cl b .0, .'
-, %, e
\ L e LY '-—‘f'—ﬂ.'\
U 7.7
Y
7.6 #ad w1 iEem 8255 ilwe 0
o ¥ . E-1 % ' '3 4 a
9!‘)3!51\3m="ﬂa’l'ﬁml. ﬁuﬂ'n’ liﬂuﬂa (INTERFACE) .ﬁ‘ﬂUﬂTﬂ t .ﬁ.’lﬂmsw

ey 280 lav W irAiTed

Ry

SPST (SINGLE POLE,

-4
aay

P | -

. .,&' Y ~ 4 -
ATANL TITWITIUN N TSN LA I8 INTULLINGRA

SINGLE THROW)

- ar IA
aaaé?uanumsnaquunn?ﬂﬁ



59

(MATRIX) mw@e 4x4 ﬁoua’m‘luzﬂ 7.8 l7'!'381]'1?(3'1‘ml'1‘ﬂtla¥lﬁﬂﬂﬁﬂ\!ﬂ"l‘iﬁ’]\ﬂu

D

U

U 7.8

+5
Jr o
PAD
|48
8255 10K
' PAY i
‘ +5
10K
PA2 \
5
10K
PA3

o £, 3 r's 's ] ar
Temitian PBO-PB3  mawwadn B iwtﬁuwa1ntaﬂnqn luin e Brfiiuun

/1

AN DA

o—o0—
DM MM
o—o0—g—
a2 U 2 U
oK o—
MMM

./

o o r's I’ o r's 5 'S
ABRN.  (COLUMN) madafiuade uasiiial  PAO-PA3 1DNWATN A ictﬁuwasnﬁu

1 (v ( ( ( Jl ar
qnmatﬁwnnuu3711 (ROW)  mavRduade uasnn Insawain A Yot B 1973

] - I's 4
Faveaamimnmmuie 10K fubhonld Uil e lumTessdeuniinendusd

2

a
'S - -
@IpgL TR N B dunuaadn "0"  Tavimien

XXXX1110 -> XXxX1101 -> XXXX1011 -> X{X0111 -5

XXXXlllO -> te e e

. | ]Elu U4 Vs £ < e [

syl ufsudtisyaiarhmoeswain B wadn A fisvinsauiia

v UM d((y-J‘lﬁ ] P4 4 - 3

galnﬂuwn11unn11nnﬂaua1auaqnﬁn MATAMIIMMEIN A sl 4 Imaa

zv a . e ¢

(PA0-PA3) iihuasin 1" wua  Hediwsedarwdmnudeinbinnaguatiiniinafa
{ ad oy el 3 o 6] & < -

na1&3awﬁqu51§a§ana1ulﬁqz1u§ﬂ1tﬁu "1"  ymgssliaeiinm lanmaisiaaaniie  "o"

3 g ~ fJ © a [ % -~ 4 4
muw'mzshnﬂngnnmsn'\‘lﬂﬂ (ROW) mmaami (COLUMN) uazmi ‘lunm:mwa'm B



60

w € ¢ ] o S
funuaadn "0" aaauunaaaaﬁnngnnﬂwzanﬁqungnnaﬁaaﬂntﬁu "o" &g
t I'g 1 - 's -
l1ﬁ?sn7WU?ﬂaﬂqﬂQﬂﬂQTﬂﬂﬂﬂ7ﬁ17?ﬁﬂn1ﬁunqﬂnB€Wﬂ1n B uarmaemain A NasIniihu

"0" ,

~ ' s 4
M 7.9 udﬂqTﬁsunsuﬂqsaﬂuﬁagaw1nﬁaua7@awuﬁTﬁaﬁu1sT%u571uﬁﬂw
' 1 v.; ' ° - -
s ag e Tumwasmds Waunsen WlEsm a3y HaamnTusunsuniiasas

<l ¢ {d v [ < Ny = - [ I -
FBLNINAASLDIAF Y ﬂ11“u70l?aﬂlWﬂ1N1MLﬂﬂﬂﬁ?ﬂﬂﬂﬂﬂﬂquﬂqﬁﬂ?uﬁﬂealﬂ?ﬂﬂﬂﬂ

habi

.~

PROGRAM FOR DETECTING A KEY PRESS ON THE KARDWARE
SHOWN IN FIGURE 6.8

PORT B 1S THE OUTPUT PORT

PORT A AND € ARE TYHE INPUT PORTS . !

i
i

L O AR et TR A A e T R T TR SO 1 3 ¥ i

H [

0010 PORTA EOU 30OM i

0011 PORTB  ECU 11K

0012 PORTIC EQU  12M

0013 CONP  EQU  13H

0099 CONWD EGU S9H

:

1800 CODE 1500H

A

1800 3eo9 LD A,CONVD .

1202 0313 QUT (LCKF) A ;SET UP THE B25S

1806 OE11 L0 C,PORTE ;CREG = PORTS ADD

e -~

1806  0&7E coL Lb B,0FEN JCOLURN O ACTIVE

1808 €041 coL1  ouT (£),B ;RSSERT ACTIVE COLUMN

1808 0810 IN &, (PORTA) JREAD THE ROVS

180 2f cPL sCORPLIMENT INPUT WORD

1800 E40F &ND OFH sRASK OFF UNUSED BITS

180F  FEOD t» 00M SANY BITS s 17

1811 C21F18 JP NI,KETIN s1F YES THEN KEY PUSHED

1814 ¢BDO RLC © JSHIFT B LEFT, KEXT COL ACTIVE

1816 78\ | v,

1817 fEEf P OEFR JCHECK FOR LAST COLUAN ACTIVE

1819  €20E18 -~ JP Wz, C0L1 SHOT LAST, ASSERT NEXT COLUNN

181C - 30618 JP oL SLAST, ASSERT FIRST COLUMN

H
7 HANDLE A KEY PRESSED, NEED COLUMN AKD ROW
;

;ROM POS = 1 IN € REG

121F &F XKEYIN LD C,A .

1820 78 LD AH sCOLURN POS 1IN A REG
1221 2F CPL SINVERT POS BYVE
1822 E6DF AND OF M SUNUSED B1TS = C
1224 co RET

RETURK FROM ROUTINE WITHM
A REG = COLUMN POS, 1 IN ACTIVE COLUMN BI1Y
€ REG = ROW POS, 1 1IN ACTIVE ROV B1IY

[YETE YRV YR Y

END

- [ LX) 3 Q N
sUyn 7.9 @ uﬁﬂ#lﬁ%uﬂﬁuﬂﬂ5ﬂ313ﬁﬂunﬁiﬂﬂﬂUUDSQHﬁnﬁ0%%lU?ﬂ 7.8.
v




61

7.7 a1vldem 8255 Tulwm 1.

74
<

nIeMEeY 8255 e 1 W ihnainem e rasnas
HANDSHAKE, wa9n A uazwain B qzsﬁuwa%n'ﬁmda- dauwadn C ﬁqsgn‘lﬁ‘tﬁuﬁmm
HANDSHAKE , ugn A uaswafn B '-mﬁwa’fn’ﬁagaa"mwa%n c ﬁqsgn’l’n’nﬁuz‘:‘mw
HANDSHAKE Tz 4 Tm wmmziihifone HANDSHAKE  Witwadn A uay 4 Tmaneae
iusinnn  HANDSHAKE  Tifnadn A uar 4 Dnaqeawithidonoe HANDSHAKE Uiy
wain B

winn173uavliaualwiin1imes  HANDSHAKE of Aan1s Hiaunatiniauanas

fopouesanazamwian Uiy 8255 ﬁqua‘m‘luzﬂ 7.10

B255 ) PERIPHERAL DEVICE 8255 PERIPHERAL DEVICE
STROBE DATA INTO 8255. STROBE DATA OUT OF 8255
8DATABTS . ! 8 DATA BTS
7 T 7 Ld
INPUT BUFFER FULL = OUTPUT BUFFER FULL [
1
(a) . ()

“‘ [ (4 . a [ ’ .
iﬂﬂ 7.10 kaﬁﬂ?ﬂ?'ﬂnﬁvuﬁﬂﬂﬁﬂumUﬂﬂﬁﬂﬁﬂﬁﬂﬂﬂ@ﬂﬁﬁﬂﬂﬂﬂﬁ!ﬂ?%4 3205

- 4 o
ﬂU?ﬂﬂﬁﬂﬂﬂUUBﬂ?UﬂﬂBm! HANDSHAKE.

gyl 7. 104 ﬁﬁagaqsgndqaanq1ﬂqﬂmrfmauant’ﬁ':zj 8255 n'auﬁqﬂmn’s
mauan’-mﬁzxuﬁaga‘lﬁufi 8255 Av@avNn1IAII9EBY  INPUT BUFFER FULL FLAG
\Renaw  B1 FLAG ﬁtﬁm’:\:ua@qiﬁaga‘luﬁuma-f 8255 ﬁﬁ’qunémTaa 280 @B
Fauasngunadinisuandsiaua iy 8255 i 280 ebilddmiaBaum ¥ ly i
FLAG it ihiifisudaein 280 amdinuanan ks ansdnmeiantiae Sautaua bl
8255 & ua:tﬂaqﬁnmﬂmmmiauﬁnga‘lﬁ 8255 Wi INPUT BUFFER FULL fiae

;) 0]
adumL Thia3eina¥ ot



L]

62

3 < o Ve s ' y
1u3ﬂ 7.10B 8255 qsnﬁwﬁﬂnLﬁumqdqﬁagaTnﬂuqﬂnsmnﬂauannauﬁ
Iy e s ¥ Y]
8255 qsdqnagaﬂunnqﬂn1mnﬂauanuuwzmaqsﬁn OUTPUT BUFFER FULL FLAG (3X®
1 'n' s ' X < [y
ﬂausﬁaueuanqﬁqﬂnsmﬂﬂﬂuaﬂn11uaﬂnmzﬁ 8255 ﬁiﬂgau%ﬂunqsdqaﬂniﬂTnuﬁv
\lagunadmavendeify e STROBE Fuladayacinli¥s  INPUT BUFFER FULL

i o 4 '4 [ VI
FLAG  azitasumthufa Lﬁaueuanqﬁqﬁn1mnwauan§1wnmz§1uﬁﬁagaaéﬂu 8255,

780 ﬁ1u11ﬂﬁﬂﬁﬂ§aqwﬁﬂaﬂ1ﬂqﬁ 8255 14

- -] . '”4 (-] 1]
390131 HANDSHAKE ﬁﬁﬂssTaﬁﬁunﬂqun1mnqﬂnsénﬁauann1q1u§1n11
1suu1u7917ﬂ1Lﬁd;ﬁﬂ%ﬁ?ﬂ%ﬁﬂﬁiﬁlu7h11ﬂ1Lﬁatﬂa§a1u11nﬁasdvﬁa§a1ﬁﬁu 8255
]
ud7 L ndu 1y wnifawameaTs 8255 Qndqaan1ﬂu§1 780  luTatlsios

&= ] [V ] -1 - ]
Lﬁaﬁqqwxdqﬁaga?nuaan1ﬂ1wma1ﬂﬁL11qsw?11m111sazLﬁamnaanﬂinwcﬂu

: L
-

HANDSHAKE 12y 8255 Lwuni

3 < X e Y ¢ ¢ ¢
uaan1aasun1unuﬁaw1ugﬂ 7.11 % fivue Bwadn A tﬁuwain:aﬂnqn

¢ ¢ a 5 4 3 -1
waruain B tﬁuwa1n§uqn (iﬂaﬁaazaé1uanumzﬁuqﬁTﬁ) ol 8255 gt

10100110B %Win OA3H.

8255 PERIPHERAL DEVICE
OUTPUT BUFFERFULL |
ACK

/ Aot [y
. \\l :
B v (]

WPUT BUFFER FULL
PC1 >
ETROBE DATA 1N
PC2 =
STB

- c algy ¢ [ 3 3
‘Elh’l 7.1% : uﬁnwaan‘lnazunsuum BZSS nirussn A muuaﬁma'um;mum

€ - 0O v
UEI‘S'HEJ‘U\‘JYI luanuu s HANDSHAKE.




€3

‘lugﬁ’ﬁagamr‘ngmsaguum PAO-PAT D89 8255, OUTPUT BUFFER

*
! 1] 4 ] ]
FULL agh PC7, yyw ACKNOWLEDGE AnginIksuanavagnsuanavagn  PCs,
o . .
L d of
j HayaBuynagh PBO-PB7, INPUT BUFFER FULL agfl PCl wawiyna STROBE i
« el < + - 4
‘4 8255 -m;mﬁagmﬁﬂﬂagn Pcz it 7.12  udavinmaviBanavawaasinaswain
Jd .
¢ Tuoaeh 8255 mrewluTvm 1
ouT N
* PCO INTRs INTRs
PC1 1BFs OBFe
PC2 ETBe ACKe
PC3 INTRA INTRA
P4 STEx R sﬂ?: 7.12 3 ua‘m‘s‘uuan%‘unumnﬁ']#
PCS 1BFa 10 v . ]
! ' vy B RZRa uaeus;mu'wuwa'fn ¢ Tufwe 1.
PC7 [Te} OB8Fa
|
13
1 s dalo 3 a ar ' -
! fa W3 RstRsdaia i I8 8255 te s lusmseedenat ludinag
> [ i
- fo ( & '3
paviT Ay B lHnTsuinadswiuese i 8255 uteasaTisdavRn e naNEin ¢ ume
1 4 o ¥ N
< 3 7.13 A uwasgl 7.13B ey laesunuiaatii detusuenisiusds luouounae
HANDSHAKE.
| WA
FROM 280
7 )
E'L 13 A -
PC7 OF FIGURE 6.11 \\ /../
|
=
menh&'oausmues
THIS STROBE ™
| =T
PC2 OF FIGURE 6.11
tﬂ 7.13 B SUPPLIED BY
EXTERNAL DEVICE
u |
-
1BF
PC10OF FIGURE 6.13
e %

RD
280 WILL READ THE INPUT DATA




64

qun17da§agaaan1uﬁqqﬁn7ﬁnﬂauan 8255 3I¢fiawwIINEEY  OUTPUT
BUFFER FULL (PCT) Jileiaasnti "1" wialu %ﬁﬁﬁ1ﬁjﬁﬂﬂﬁiﬁﬁu§agalﬁﬂuﬂnﬂq
wadn ¢ Tasl#éde INPUT Hnin D7 mawwadn ¢ Faadnidu "¢ ﬁud@eiﬂqﬁﬂsﬁ
meuan [65uianfaaan 8255 TuKauar 280  asdmindiaua bnilit 8255
u@hnim D7  wawwadn C daminuiu "o" ?suanqiﬂﬁagaﬁaéqu 8255 EvTﬁgﬂqﬂﬂsé
asuandmaan l, 280 3 Lideiaya wisan laundnin D7 saewadn C LAmMATN

ap3n "o" ik "1v

e e - s o
lusastim D7 wawwein ¢ HasAniih "o” aUnwinauanazuL a1l

+

A3 8255 lesn1iavdyyw STROBE ACK ‘Wiulm D6 sawain C uaxiilalinng

- - ‘ 1 4 ar
7ULa1§a§aaan1ﬂu§1un D7 mawadn C asLiRsuteduasdnaan "o Hu "1v

< i, & o Tioce &
G9TIM 7.14  udEaY WA IABEINNINIY MSNNR T uazzu 7.15 uda WaunIunig

M TUEINAT

Py
P

1
l READ POAT CtMJAA:]

NO
! BT 7=
w&/
* JSFULL
X, -DANOT serD
+. "NEW DATA LOUTPUT DXIA TO PORT A]
-

| R

1 3
- c ¢ 3 v [oa < a,
Qﬂn 7.14 ldniiﬁsnu#neuudunwsnﬂsdeuagnaanlﬂuauasn A R iy 4

[ad [ 4 & v . J'
UNUUYR VDN C_ L ULRIY N _HANDSHAKE 2]

2¢e8 ODATA EQU 24EBK JABDRESS OF QUIPUT DATA

H

;

1800 CODE 1800M

se00 .pR12 BACK  IN A, C12W) sREAD PORT C DATA

1802 CB7F o11 7,4 ITEST 81T 7 = 1

1804 CADO1S JP 7,88CK INOT @i, XEEP READING PORT C
1807 3agd24 Lt A, (0DATA) 26ET OUTPUT OATA IN A RES
1804 0310 OUT C10M) 4 JOUTPUT DATA 0 PORTY A

180¢ (9 xed

END

o~ - v v ¢ ¢
sin 7.1S ¢ udneﬁdsunﬁunﬁannaaenvidaaiﬂsn7u3d 7.14.




65

3 v ] 0 o I's
@ WL 5132670 Z80 '-asa'mnagaa‘mqﬂﬂ'snmzxuaﬂaanumn'rs
[ o 3 ] e - 's
HANDSHAKE <aufiu 8255 loafnels nauh 280 as‘sutmﬁagaﬂﬂwamﬁwﬂt'ﬁm
8 [} I's . [}
Tﬁuu’-zsﬁaﬂﬂawﬁagaﬂ'mwa'm C tﬁam'ma’aug'z'vﬁn p1 dasanmitherls B waedn
[ I’ o
e 1 udmnqﬂmnmauan‘lﬁdqﬁtym STROBE i 8255 'smm’ﬁaga‘huﬁ'z
] e r's < ] <
Tesima1sfonnm STB (In D2 mawadn ©),280  Hasdu 1908 miBuaanuainay
114] )

o o Y - 4 <
wgnTﬂzﬂ'n’mﬁ‘ws IN 1787 INPUT BUFFER FULL (iim D1 mawuadn C) 3ziiasuaa
- g ) L] 4 ar )

It "o tﬁanan‘lnqﬂn-s:fmﬂuan’:;'n 8255 u’s’aumsmtmﬁaga‘lwuuﬁ'uwﬂzﬁa
' v o o P ¢, &
YaLnn 780 Road WMEINIEY  (Read) gﬁn 7.16  UFAAN WRI¥IIATASIUMUNNT

AHINRTD uaza"m'rsnLiamﬁﬂmunsu‘lﬁﬁqﬂ 7.17

Y
READ PORT C DATA
NO BIT
/)( Dle1
DATA HAS NOT BEEN YES
STROSED IN BY THE
PERIPHERAL DEVICE
\ m T e mr,
T4
4
READ PORT B DATA

-
gﬂn 7.16 ¢ ldnaﬁﬁsvuﬂnouuvunﬂsnwsuﬂuuauna:naﬂﬂsmn»uuuntvxun
ueuasn B lﬂU?ﬂ 4 unv»euaouasn c luu HANDSHALE .

1800 op12 BACK IN A, C12H) SREAD PORT C

1802 CB4F BI1T 1,4 STEST BIT 1s 1 .
180¢  CADD13 JP 2,BACK ;OATA KOT STROBED IK YET
1807 bB11 IN A, C19K) sDATA READY READ IT
1809 €9 113

. END
\ i

- c - -V v € €
iﬂn 7.17 : uﬁnelﬂsunsnndaﬂnaaonuldajiﬂsmqugﬂ 7.16.




66

7.8 mTlgem 8255 Tulwa 2.
pstemeas 8255 Wwhmm 2 thawi i EenludneneTiedn A

tﬁuua%nﬁagauuudaqﬁﬁnﬂe (1D 8255 gﬂTﬁiun1uqﬁwa§n A a§1u7hu@ 2 U

4 [y o [ <
LL':QJ'JWEWY] A ?553?‘]3{“&‘5?‘!7THW‘J'TW'INUaBﬂ\lGIﬂzuﬂTNIﬂn 7.18

r--——=—-7—77 T o
| 7 -
| 1 ATK <
| I
| }
| i .
! |
INTERNAL
DATA BUS | 1
] |
l I PAO-PA7
8 BITS «———
| |
| {
i ]
—
! \ T s
| |
| e
| ]
IR SN S, (28278 J
PORT A IN THE 1O MODE
.ll 3 =3 " . € [ .
:;‘Un 7.18. 1 URDN 19D LASULERSNISIAVIUYE sWosn A U lKue 2.

N

o . pe s ¢

AT lw Muesiaa 11T lHwadn A Lﬁuﬁuqnuastaﬁnqnuanﬂtaﬁnqn
<o < » 1Y C’ U4 [ EY)
uanﬁ (OUTPUT LATCH) nﬂﬁﬂﬂﬁnﬁ1tnntaﬁnaga11Lua1aqﬂn1mn18uan7utaﬁnagaﬂan
- & - ¢

1y ﬁuuaugnuanﬂ (INPUT LATCH) uuwaﬁqnqs1nnﬁaganqﬂnsmnwauanﬁq;ﬁnuq

: ® ) ] © 4 -
(MBI CPU amibly aa1ﬂt11@3%@11m1n11n1q1unavuaaa1aasun1uaezu

" -~ P 4 '
7.18 uasﬁnvﬁd1qsﬁn11vuu?adeﬁaganuqﬂn1mnnauan1ﬁaa1Q11



67

P 4 ¥ o X e
‘lunwziﬁaga‘lﬁqﬂnmmuanuu TRBULIININATUIAE CPU  axbiagdy
s % °
fiaya likend (Flhawain A BesemWi ouTPUT BUFFER FULL (OBF) aniEnli e
- 31’ ‘lu 4 ) T 4’1' s <jas ' Y] Y
339 Sraniaruen Anadnnauenyimustivain A unagaaguasuan'lv; CPU %
v 4 3 as 1 L]
nasdanawa'fn A na’\a‘hﬂﬁuuae‘lugnqﬂnvtfmmuanmuaanh qﬂnsﬂ%nauanqzﬁam
} 7 g
2 e VL d
dpw ATK  (ACKNOWLEDGE) iy 8255 #amwiissiihinns ENABLE Titayah
ag"luwa%r- A @mEnlUEY PAO-PA7 waxiuniiii$n opF viat thansieuan i
Y Y «f r's I's ' Vv Y]
CPU 21'.ua§anagnﬂa‘luuasn A gnaUnIunsuanamaan (tuis uazmm-mdqnaga

IluBradn & 189n

‘1um's":'nﬁagaﬂﬂqﬂﬂ1tfmmuaﬂ&u qﬁn*m‘imauanéz’amn%iaua’muznm
INPUT BUFFER FULL (IBF) (Renaufn IBF #apdniths "1" udaviimasiwadn A
ifeyang  cru Heliliamioymitaly uafotaadnidhe wor usavi bififayasy
Tuwadn a qﬂm:{mauamsa‘qﬁﬂgauasﬁmw STROBE (STB) i 8255 &mm‘i
z?q‘lﬁﬂnﬂﬁmda‘lwaﬁlﬂwa%n A uastEnli 1R Hhdlmame i thiade  uas
CPU awes733dudnenay  IBF Tﬁﬂam'sdmﬁagaﬂmﬁn cifin IBF  Tan
'umﬁu'a’w.mriﬁifagaﬁu’s’auﬁaz‘lﬁ cPU smamnly 8 cpu s mbayanan Ll

- 4 ? %4
IBF asisauvasant i "o u,azqﬂﬂ'smmauanmuﬁna‘eifaga‘lmn’n”mﬂm

j
Tunrldewubme 2 Thafn ¢ a1 T udasan iz ra sinnaanaa

LLR‘.‘.:‘I']E!'&I‘J.58@!18\1“6;3831!?33?{6]\35\121] 7.19

AV PORT C LINE DEFINITION
- PCO 0
PC1 vo
PC2 vo
PC3 INTRa
PCa ETBa
PCS 18Fa
PCE ATRa
PC? -1
- b N < iy (A3
In 7.19 & LERISIURT LOURNTDINGREYIVDINDST C Tumrs W snalutivam o




nTIlTena

1 ' a Y o ve
‘BB’JEUQQB'W'Wanﬂ'lu‘luﬂ'm'Jﬁ'm'ﬁ'lﬂQﬁﬂ'lQa‘ﬂﬂ'\'ﬂﬂf‘nl ﬂ15ﬂ'{ﬂl']1“ﬂ1
° ¥y v ¥ » 'K s o
HuzuY  ganinig ﬂagﬂQﬁvﬂqaﬂaﬁﬂ‘ﬂﬂTWmW\"‘ aﬂqﬁlﬂﬂ‘la
a  an o  a,. s 4 v as v v a
ﬁaﬂaﬂqmluauqﬂﬁ')ﬂl“aﬂquﬂﬂ‘f‘!f!'\uﬂuﬁﬂﬂﬂuﬂuu'\‘lﬂ 'ﬂaﬁﬁmﬁuﬂﬁ'}nﬂaﬁ
ownlalinnaels

o o o s v a v ' ' o ar v
ﬂaﬂqmﬂﬂ‘ﬂﬁqﬂiﬂauuaf‘muu ﬂiﬂﬂ?}ﬂaﬂ'\iuﬂeﬂ TQ”ﬂQﬂ'Wﬁﬂﬁ'ﬂllaﬂqﬂu

| 4
uRIuAae

68



69

VITTWIUNTY
_——

1. JANET McNABB, GENE ROGER, "PHONLINK", Radio Electronics
1988 )
2. HENRY  WURZBURG,"VOLTAGE  REGULATOR  HANDBOOX",Motorols
Semiconductor Products Inc,Third Printing, 1976
© ;.a a v n,j CID a {
3. ff8 suInaisia, als wasadedal, *malienu zsor, Ydndivuines
a ¢
NTNIN
aa £ a { o a { a s da ¢
4 AN RGN, "ERILATIERLASINA",AIANILADT DLAANTONRALIAN
112 , w11 21-26
old 4 Y /4 ity \y o P
5. TigngiAfy , "AdD  ITisuiwes 1a31TL *, 19081 AT, Vunad s 4,
2521
v v - Py a v ¢ a ( M
6.  w.n.879¥8 139187 . "inalulaBinadmT, w2000 anuNed, aden 2

y 2531



NNAaRUwIN 1

CCIRCUITS)



70

Jo 1284al0QeY 'Y RNaknud X X1

L]
Hequny juswniog ax s

weuse T waolg
#1371

990¥%
DO UMY

‘M

qiwg #DTOA

BUT] SUOMdBIB}L ®D® jiBIUT
N auTy
SUOHAED IS L

o9 1N

suTesuTYy

o

“nS AwLOM jjﬁ/

mmW WIATHO
AYIdSIQ

AwldsTP JUuauses ¢

N
P3s
<opoDaq aMia lllhﬂmu
04861K
uunmwu.n.
02d—£9.
$ad
g
(o] P [ 27 AT |
NAS ‘a3
HOI3dS S5Z0
SN YIvy

<

v pawOg
1043U0D




71

42 o8y Ji84T 1 _KJienuwp 303
[ J
L SOGUINN JUMNIOG #X Y
<“opoeg AMiQ
a13Y

L¥Od
55<¢0
[+ 2}

Par o Y LSAUD h..w
pe £0 ZOSO EHMBLS £
.Mm‘ zo T
To TO80
304 43uA
aLs $ VAA
153 - EFJ.S?'ITAH%
__TL.UE?H . ot

4MQ0T




72

FIS) I#9QORET ' KaenuEr — :Bje
1]
L dequny juswnaog ez ys]
<Sapod>ag 4W1Q
2137

CYLDICALIDE) ULDY BUTBEIUDIP (D

CYLDIILIDI) 1D} BSUTIRRLIDAP (%

-0 383 0383
t 4"}
T Ty
Iﬁ -0 3918 O 3D3s
1o %0
|l—|l <O QA l.—lllllllbOO)
ASe A%
pa ] »o
1280d o £o
ST LS | A
o4 10
thv 0¢0u. - Onv 301
<55} ais
di® da oy
3+ 3= 3 K _ m m ” i1S¥
INAWNLISALGY INIL QuUNd (® 1 FH&W.HHUlHﬂl
49007




40 3884l 0BGT. '1. Raenulp Tie
v
ﬁDL GBGQUNN JUSINDO BX Y
e3ep D280 UOTIDBUULOD JOIRITTISO
213Y
7950 | H 550
1%3X D ’
TOSO ] TO80
04088 3Ixeu % °
4O 580 o012 ~
L2110
zy £
Y
TU/SH = CJATA AUINIUD ADULTIOA
—_—AA ““ 0 AS/E-~LUN0IZTY
" v €0 SYNeZA/GUTH = £
. MHOOT = SY¥ = Y ® T
2 Y
44Y0Y = O = 1D
[+ FX 1:-FU ]

VITITTNSHNG LNINT WILNIVISIIO
T 79




74

[
30!L alLs 163 191 2250 1290
- _ - ___mm ot
) H t a | AAAA :
MN 53001 19 —* Quaﬂw .
" f%_m
¥IL .
0 dNOYD MO $O
r : ¥3L4 : .
HO)LYT1ONY WHLIH0OTY INOL *NI
‘o ¥ILHIANOD NOILD1L14 oz_mwzoo«wuw%_w mi
3002 11191 ! * NI
. dNOYD HOMH sv1g diHd
A a H
¥14iN8
:xx : 11N241d
) 114A . SsA aan




75

IZHEE9L =H
THLLYL =D
IHO9EEL =4
IH 6021 =13
IH1v6=Q
ZHSZ8 =D
IHOLL=1
ITHL69=V

SINOL4WI1Q

IHOVPY = A
IHO0SE > X

SINO!L VIa
3510134d

(TH) ADNIND 34
3 g D 8 v A

WA

>

Y

[

//4—-::

/7 \.3,\ [

~—

/
s of

|
\ J

/
\
P —

0s

ov

of

ot

ot

{ap)
NOILVNNILLY




76

ol
: Aldy i [I°
3ld, > ' :
- \ Q1S
NPE : [l <4015y .
| ]
(L+u) # \i/ A T .x_ (1-1) # INOI Q300130 O D
IDNVQIdWI HOIH a2
\ Q150 - .
|
J/ _ : | V'
1S1a (7 \
T __ M 1208
Vi - &o,ut <
_ 1S3
. VA - - < 40
L+ up | +uw v INOU 4 Ul
INOI INOI
\ ' ) an ' ' 1 ' 1
e R el S SUREE ST - o
5 | 4 _ 3 | o ] 8 v SINIAI




17

JO vtiiﬂbhhH b1 Ausnuef

»lw

fo¥e | DBPUNN  }USWNIO.

L4

FFNOGTD [0UIUOD JNEINO

.NHJ
o137

TSAST™IT

“NmeNnerD

T zzzzNe

W

Ny &M

254
TSAST TIT
LLES 1Y,
712 by
¢ 'y
AVGvy
Tyre @0 ®a
%] 20 2a [
%o 94 &
{ s0  %d
vo  va
£o &4
Zo za
ens To Ya
N T <
ou £u 0Zu JTu
T N
» » |
- w e ﬂ

eyne

[}

oga

<7l
k13

08 IVL *0SIve

]

0057 Ive
v

¥Ia ) .
°
ca ov
—34 268 Y
< 98 9v
4 sa sv
va o
b~ £8 £U
za ze
&3 va  To
»0STIPL
IWH
*OSIvL
v
2100 )




78

b5

1 22 3 EEXTTS ISTONS S T IV S=10) Yiw
T 9
A3 MOPUNN _ JUSMINDIOg ex ¥
S3ZISIHINAS HDIIALS
LIRS I
Z
f @ 17y f 4 f
3 4 g 3 8 § &
0TZLpS9,.8 mmw 0TZErS92L8 68 z o«umvmw.m mm 2521w o«Nnvmo@m mwm
952Yp : 9SZTe 9SZTY
vy | PP0 00660 h.w.u ol accmcwc@c hmm Znuy | VYOO BObY &bm Iwoy | PYObUBObO }
S ’| % 3 5 H
AR o Q<7 | el aukGLCCRRIRER SePiailas] e
1 1 |
> " -
= H g =
A 4 494Q0T | . -
kﬂDOﬁH m X =N hllN woor IWW-
mn _ s 3u0
p .L
_ _ <22
- T _ | . G ¢
Y 3 S P € Z YT ¥ U 4 4 Aine T
TESSEEAIILti 553
noqQT 8 Y [~ S
neq & 2232 x A S S IVNEPS
|ew o - T
T |ew 2 ¢a
T |9v 2 949
<% 89991 =9 sa
[~ |vo »Qy »a
b w w . £Q £4
1 LY ]
r4-) ~ e ° N < Zq
i) P 9 € 7790 1 > 2 7 ¥ Ta
PZ 1T SOOI 1 Aaggil ez 1 1
$__ A KW KN & 3 4 459 Y N3 35 W op oaq
NASe > e
any 4_ 12} Sry "wee * 4nY OIn
AZT— 90— In 2 oa ASe o an _ .
EDY: P4 o) I _A ~ o
3 w4 Ofg




79\

B3Engegenppannbisiat E’ E E
[ﬁ 1 g]v B8

1 SEALRARANLA N 1T
Iiggi!!l;a:lt!li:lli [ 10K

7-J= deua

» e
TN I

¥ =
| B Avi

ERVEBR2E SxER-aBRiERrLR:Y -

e EadiEs:

Briss— RAJ Z:5BLRRRLEEZR
L g 3 5
Blaas =3 B

F -

I\ =l : 'lf'i:’] :
t47

PSSOV 5 g M i

RESS 2:2BBRRLIEEZE

L
emn
oce
"y
BEIEWL
/%0

20
€1

! 58 = 3
'IIJ —0§ FEEE as8rE82E
)
&3t o5
gg syzreRse _ff “!!!l”l”q
g g ” RGN pi3SESEETELEE
>
o 2 g3 8 E 131917 E b
> oR % s38TER2E
m TYY
; = : : mﬁﬁﬁ
> §3§ = | 1= A Eaeinze .
c|of8 , : : i U
= w = II}_%\ - 03 BERRRARE LT
- ? = § 9 g g
w o)
w| > we) 3A2IB2T AFPRARAP 2R RE2E
817 | 8 [ a—{ e i
ol s Rg | )
g 3 . b AERRRS XTI ®
o| 3B [iha e M
m 10O N
m — B S
o |- .
2 | B s | a8
o 0l ] :
|8 | 3| jdith,
S 1o =225
TR
g 3
| [ | ]




80

P
1 40
At
At w 0 ww
A13 -0 0]
At4 4 37
A1S 5 36
. 610 oI35
i 7 o34
03 ] o3
0% 9 32
06 10 P 31
_— 1 30
02 2] o 29
P 132 28
o 14 27
o) 15 26
m 16 oTes
i 17 24
aq ‘m -w
v 19 7]
Toro 2002 T3
EXPANSION
X-TAL
|
—
4MHz
R6
1K
1C9/C -
5 5
741504 0.0%uF

IC6/A 1C6/8
. 21 a Yo wl? A Yo pi%
7
»mo LR Y1 Y13 8 v1 pik
»w Y2 v2 pi%
AB
A8 o & 3 pIx 155 & Y3 po—
K]
»m 7415139 7415139
A
: 4 r
GND )
i tov
RESET
o
o +5v
WA
R W_ﬂo R12 R14
330 330 330
RS LED1 A1 SZLED2 S R13 SZLED3
1K “| RESET < 1K “| Nt 1K “| mCT
A1 Tx TR2 ol TR3
241504 " BC558 I\ Bchse I\ BChs8
) - - 15v
¢4
™~ 15pF cs c7 ca cg
0.1uF |0.1uF |0.1uF {0.1uF

74L.S04




81

AGH ASH L
6ELSTIVL BELSIPL
41D Haayv viva
59 €A 2 Pt %79 EA 9 P
°||QI 135H 15— Ly o~ (4} #5 2
qeE |oey (e :
B0l | opy—ev | o wt ey (I
Sre— b = e — 20 & v
oTE =1El
O-— YD ol ov | ol o0 | oo 40 |2
~ . o 8/921 v/901
P
icB .
- 082
. *‘ e
ov T+ % Nk
y sa
© Y . ™ s vQ A2Y$09 P
50 [ 2 vy bg2g o wmpep
o o2 \\ »929 g2kee 20 e
¥0 Io¢ ~A A P53 0 p 00 .
€0 1% /] a0 1S 230 & o ™
- —
20t < rmuu Po: 132 Pz Shy AT b& )
0 [ A (F; W o iy *
N N €Ly
e wE ) R=ne ] L Rl S I
N ovy 2 N0 g orv FEEN N oy LI *
N 5o v Mt N__—o 09 w< —J s+t R 50 ovy o
N9 ¢o ov 2N N9 o0 oy 2N N e &y WA pgs
(m 20 o PR N LTE P o N NS+ 5 o -
1o ov FE—) —Eb] 1o gv |-£ \ ﬁ U ww ov s pez
Wl 00 sy N2 00 oy H— ! ov i
ov |2 ' ML m o N 1] 00 R i
) o o A - vy Qa0 or— A
i SN v [N v g
1353 b2 vy {9 e v )
5 =3 o j 1Y | 8 VY
R|R|[S
I 72¢4)¢ €31 44} 3¢} W
. ) z 1
A stilvh]e
voS L -
w/enry




82

o
PA
Ic4 I1C5 L]
- 2 |PA9 R24
o - /3 (a2 4.7k
— A1 L35 ) peser ::?i—/ PA3 1,0
A2 : mz_,_/ Bﬁg
—1 43 79 W PABM o | pAR
¥—5 :; 00 B A0 PA4 39 6__° PA7
-~ ;4 8 % FF—\ Al PAS is/‘ﬁ__)
—Q N o2 (2 Y PB
— 5o A2 03 (42 Q : ]
— A8 04 P80 15 ; Pgo
+5v 210 05 N P81 =2 P81 R23
Q?x-‘“ 06 T o5 <% | PR3 4.7k
~ A12 07 e PR 2 8131.1/0 \
e A=t =il
! Eam : 4 b2 :g 5 8 N gag
22 G2 5 o g‘a L8\ ag - 'ME o
f 28
r 6264 7 201 06 m:glpc 2l e+ EIS
D 27] 0 A TN\ | BLO - F — _|
P N\~ | PC3 INA148 | 4oF
(& pes IO\ |PE3 170 (? v P6 r’ﬂ
J PC7 uls £ ; 584 S
5 —
82554 o | pgg
P2 P3
‘ 0o w—Ho| ax
D4 o At — IRt
B2 —Ho | w—3le| mr
03 —p1—0 A3 -0 pe)
04— A4 — I
eguaing B 1 g B
07 o | a—Blo| gesar
DATA ADDR
+5V 45V
D4 f
1N4448
§R17 R18 §nzo
LED4 1K 1K s 10K +5Y 45v +5v
15
H p 2 N 167 PSA Cf P58
50 7| PoneR '
21y 3 ¥§ Vz
B/ v VS
R16 201 ‘ I+ e &N
= R1S = c3 SH \ enp
3.6v 330 2.vs 1.2k qLM3t 1uF ESET Ni eNd
15V — —
- - POWER - POWER -

1]



SESIWL
2ESWL

v/831

10K z
10K 3
oK E
10K 2

;

2
2

082

el

Fgans

()
24

410 Py
4

> > >

SEETERZE ::za:gii’letb’B 2

EeitEs 11

+5Y
0

IBEN Bl

&lwilulslelelilcheds

S

RRZ

z
~

gaiLe

SZZEBLBEILKZE

SEBERRSE -

231

b

i

X3
m

L

=3

v929

ng; IIIEELEBILALE

SE8RBR28

€31

Jjjj‘w

$929

SBESERZSE

L)

BRI O
g

Lo la

[30) ¢

;

A+

v0SIPL
Y/631

S eiepiale

IIE:

Y5628

SBETERZ2E

ZBEBEE

[=d
Q
o

83



84

.@. o c1ca C2 XTAL N_z_._No RST INT IZ.H _uozmm GND [0 +5V

OOOOOOOOOOOOOObOOOOOU

8]]

{ 6ND ] vee ] O
(CXeXeYoXoYoXoXo B

o{ R -0 coooooo QO ARZI-O0(0

0 A5 w 0000000 & _ 0O o . . . ~ PO
~ R4 .
ORI -0 @m ICS O—{ A8 }-0 mE mom LED3 ¥ .

- N P6
CLRLOME0 VERSIONLD TR 0 T TR s
1 G_ocCs G_ocCs G- OC7 o—{Ri600-{R3T-0 .
0l40 o) 7 o) O—- RSO - O-{ R10}~0 O~ R22}-O TR4 quxo
(o) o IC1 lo (o) ~ o O ~ 0O O 7 O O—-R11}-0 O—R12 00— R23 O
o) o) 0 o IC2 |o of IC3 lo o IC4 |© o-{R13-0 oO-{A14}-00—Rea -0
o) o) 0o o) 0O O O O O o-Joi}o odzmi[}oo A25 -0
o o) o) 0 O O O O O O—- AR50 O R1I7FOO-{ID3 }O
o) o) O o) O O O O o) O0—R18 00402 O nk_
o) o) e} o o O O O () , O-—{R18 lw
(o) o) o o) o O S|= = e O—{R20 |~
o o o o o 0 o 0 o LY o~o O mmqwz
0 O o o o O o 0 o} BATTERY ol 15 PCO PC7
o) o e} o) o O O O (0) +3.6V olIc7la m m
o o) e} o) 0O O O O (@) . o o @ .0,
o) o e} o) D0 O O (o) _
o) o) e} o) O O O O o)
(o) 0 e} ol - O O O oOf- o)
o) 0 o
w w w 0000000 00000000
SERIAL NO.
o o) e} IC8 IC6
Ol 21 o) o)
0000000 00000000
m KT.Imnu_HHTT. Q «~~nMmT LD
O NAOTUVOMN O NMOHITUOM™ dZZTooowwn L L o L
oQo ooaoaono L L L L L L L < O=Z g QA aoaaao
P2[0O0C0O00C00] P3[00C0O0OO0OD 0] P4[00OC0O0000 PADOOOOO
1 5 10 15 20 25 30 35
yr--"=""A-~-=--- r-=-—--- (el A T = =\~ - T = — A% T - = - - T - ettt s Bl e 19 P5B
I ! | | I ] I 4 i | ! { i ——
| I [ | | | [} i | | | 1 | ﬂ
' | ! ! t ! ! ! ! t I i L OIS
| | 1 [ 1 1 ! | | 1 } ! 1 IOlle
Se o _oJ_____ Lo e e 1o R TR Lo e Lo o e e e e 15 o
61 ! ! 1 ! I ! I ] ! | | 16 o[
| | I | [} I | { | | | | | OnNJ
| | | ! [ | | I | { ] | |
I | | | | I | | i | | | | WU
t | i 1 { 1 | t 1 | | { | 4=l
AM.W_ ) _ i ‘1 1 ! _ i _ 1 ! _mo
L T I U S S . e - - - LR e T lom om s o e e e - o - O

DDDDDDDD 00000000 LOOO00O0000O0 &




NNARNIULEIN 2

C(DATA SHEETO



v

- —‘I ~0——-a TOALL Y STEERING
- CHiP
. . oS GYT tOGIC

85

1s02-cmos MT8870.
Integrated DTMF Receiver

S

* S—— TR RTINS
T L s s B
’ . . 9°€:.002-C31-NA $SUE 2 angary T9BS
! 3 )
Fea.tu €s Pin Connections
e Complete DTIF receiver
® Lov. power consumption
o Internal gain setting amplifer . we O 1 Wi P voo
e Ad:ustoble guord time w ]2 17 %S:r(;'[
o Ceniral Office Quality 6 [13 w6 jdEst
. veer (a0 s 3 s
K []s 12 2 Qe
Aoolicati . e [l w %o;
ications . owy 111wl
PP oses 118 1 17 o
RUSHE ISR TR BT

® Pacing sysiems
e Re-eztersystems'mobile radio tronneit Vs
o Credit casC sysiems

e Remcte Control

o Personal Computers

Ordering Information

IMTEB702E 18 PINPLASTIC

Description 1.788703C 18 PIN CERDIP

The M.78870 is 2 complete DTMF receiver technigues to cetect and decode all 16 DIMF tone-
integraling both the bandsplit filter and digital pairsinto a &-bit code. Externdi (omponent count is

decoder functions, febricated in Mitel's double poly minimized by on chip provision of a diflerential
1502-CV OS5 technology. The fitler section uses input amptifier, clock ostiliator and latched 3-state
switched capacitor techniques for high ord low bus interfoce. . :

group fiters; the cecoder uses digital counting

VoD »t__sm vss, 1 VREF g
A\ Aot ] -
* g:as
CRCUIT N T | VREF
BUFFER
1 l CHIP
cHp Bias HIGH GROUP : |
PCWIR FILTER *_'.T
e et DIGITAL [qe)s] 3
2LRD CROSSING DETECTION CONVIRTER

ALGORITHM AND LATCH

- TONE OLTLCTORS
. Innm
GS l____..v LOw GROUP
. FLTER |

|

' ] : |

-
. osc - osQ SUGY €St STO 108

Figure 1. Functional Block Diagram .357
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Absolute Maximum Ratings’

Parameter Symbol Min Max Units
1] Pov.ersupply voltage Vpp-Vss 6 v
2] Voitage onany pin Ves-0.3 Van«03 v
3| Currentatany pin 10 mA
4| Operating temperature -40 -85 C
5| Stcrage temperziure -65 + 150 “C
€, Pacioge power Cissipation 1000 mwW

"[-:e-:.v 15038 V310 May 3.8 DE manent duraye Fu 0N OReTetr Lhse’ iheve (ONU-1LONY 1 NOt imDlied
S ) S
De-at€ eSove 78 "C ot 1E mw 1 °C 41 icacs solderec 10 buard

DC Electrical Characteristics

Characteristics Sym | Min | Typt [ Max [ Units Test Conditions®
T ; Operating supply voltage N 275 | 50 | 525 | W <
5 \" perating supply current oo 3.0 90 | mA
' :_3- ¢ Power consumption Po 15 | 25 | mw |f=3 SBH2; Vop = 5V
Y .
: & High level input Vi 3S . \Y
s| 1 Jlow'evelinput voitage M, 15 v
T ': irput feakage current Lnflg 0.1 #A V= Vsgor Vnp
| I }r-' Pull up (source) current ko 7.5 15 ;A {TOE (pin10) = OV
8] 4 linputimpedance (IN+  IN-) R 10 MQ @ VkHz
9 Si2ering thieshold vo'tage Voo | 22 25 v
10 iow level ouiput voltage Vou 0.03 V |Nolcad
_Tl- 8 High leve! output voliage Vow | 297 V  |Noload
.12 : Output fow (sink} current o 1 25 mA [Vogr=0av
131 u | Output high (source) current lou c4 cs mA [Voyi=46V
E ; Vze: Output voltage Vzet 24 28 v %o load
15 Vzae: Output resistance Ron 10 K

. rypaotfigores are a125°Cand ore for cesgradonly
VDo = $V 2 5%, Vgg =0V . Voltages are with respect to ground (Vgglunless Giterwise siated

ol Guaranieed ang Not tudpe(l 1o productior testing.
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\ .
Operating Characteristics® - Voizages ate watk respect 10 ground (Vigi uniess otherane styted : :
Gain Setting Amplifier :

" Characteristics Sym | Min | Typ? | Max | Units Test Conditions
11inpus teakage current I 100 nA Vs S VgV

2| irput resistance ) Ry 10 0 \

3| Input cffset voliage ] Vos 25 mv

& | Power suply rejection PSR 60 ¢g. fikdz- v

5| Common mode re;ection CWVRR 60 dB [-30VE Vg \OV

6| DC open loop voliage gain Ao 65 ¢B \

7 { Openloop unity gain \
bandwidth fe 1.5 NHz K
Output vo'tage swing Vo 45 Vpo (R.2100KQ 10 Vg
NMeximum cepacitive lcad (CS) €, 100 pF

10 | Mzximum resistive load (GS) R, 50 KQ) ‘_]
11 | Comon mode range Virr 30 Vag | Noload

TVvpseSV.Vege OV. T2 225°C
Typital fig.res are a1 25°C and aze fordesign o 0BTy’ ROt Gooranieed 90 MO s yect 1C rodution testing

AC Electrical Characteristics’ - votagess-e otk respect 10 ground (V) uniess othermme stated .
N - Characteristics Sym Min Typ! { Max | Units Notes
s |Validinputsignal levels | . -29 dBm [1.23569
1 é (.each tone of composite 27.5 MV |1.2,3,5,6,9
n [renah - . 1 | dam (123569
-: 883 { mVamg |1.2.3,5.69
2 c Positive twist accept = 10 ds 2,369
3| o | Negdtive twist accept 10 d8 23,69
& S Freq deviation accept £15% & 2H2 Nom 2359
S ; Freq Ceviationreject T s3% D, Nom. 12359
-__6_- (') Third tone tolerance -16 dB 23,459,110
_7_ '; Noise tolerance : -12 d8 23,45.79,10
8 Dizl tone tolerance +22 d8 234589.11

T Voo e SV.Vggs 0.7, 25 Cang fg= 3575555 MKz vung test Grcunt shownan Figure 2

NOTES
1 ¢8m e cecdels above 01 beiow a reference pocwer of T mw/ into o 600 ohm load.
2 Dig:t seguence COmssts Of 31 DTV tones ’
3 Tone cureior s £0ms, tone pauie e S0 My,
£ Signal condition tonssts of nomiral DTIAF freguenses
$ Both 1ones o (OMPDstE wgral Fove an oawam.pmude
6.Tone carudeviatedby £15%2 2Hz.
7 Bancwidth hmited (3KH7 } Govssan nomse.
8. The precse digl tone frequencies are (350 Hzand 8202} 2 2 %
§ Foran ¢rr0r rate of better than Tin 10.000
10 Referenced 10 lowest ievel frequency component s DTMF wgnel
1_Referented 10 the minimum vohd accept level ™ g
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AC Electrical Chyracteristics - votages aze with resoect 10 ground (Vgs) unless otherwise stated

/ Characteristics Sym | Min | Typ: | Max | Units | Test Conditions
1 Tonepresent detect time top S 1 14 ms [seefigure3
2 . s£ne sbsent Cetect time s 0.5 4 &8s ms [seeFicire 3
3| 1 |Toneduration accept tagc ] ms | User acjustable
P ?"Tone duration reject tage | 20 ms | User adjustab!
S| ¥ |irterdigit pause accept to 40 ms | User adiusiable
-_—‘—1 interdigit pause reject too 20 ms | User adjusiable
_7_] Propagztion celay (5110 Q) ta0 - 8 "o ps [TOE=Vop
8] o | Prepagztion Celzy (St 1o 51D) 15620 12 ks |TOZ=Vpp
_;‘\ :TJ Output data set up (Q to $1D) 50 3.4 ks |TOE=Vpp
10| Y. | ropacation delay (10E 10 Q ENASLE) | terg 50 ns | RC=10KQ
RE > N / | Cl=50pF
11} |Prépagation delay (TOE 1oQ DISASLE) | 1D 300 ns |RL=10KQ
' Cl=50pfF
EAE Crystal /clock frequency fc  135759;3 579513 5831 WiH2
;27_! f. Clock input rise time Lucy 110 ns (&3t clock
28 9 | Clockinput fall uime tiice 1190 ng | Eat clock
29, x | Clock input_duty cycle DCe | 40 | SO | 60 | % |zatclock
|_32_ Capacitive load (05C2) Co 30 pF

TVE)»SV. Vsg s OV T @ 25 Cand I # 3 5793258242, using test curcust o Fagure 2.
3 Tometfipresace 9125 Cordare for dessgn ad Coly” ant guarantead 3rc nnt 45,281 20 procduttion “esmng.

]
/

- Voo |74
» l
otwr O—
input Rl MTBE70 —Q
) —-5 INe U VoD ’.3—‘1
T IN- $1G1
an——] s st y
B2 veer 0 —0
qc ot p—/———O
1ic Q3 —0
L——-: osC1 [o}) —O
Xl osca Y —0
T vss 10£
. [17

NOTES:

Ri,R2« 10041 1%
R2=30001%
€1.C2200nF 5%
XY= 3579525 MHz

Figure 2. Single Ended Input Configuration '
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Pin Description

\

\

Pin # Name Description

1 IN+ [Non-nverung'op-amp irput.

IN- Inveriing op-amp input

3 GS Galrselect Gives access 10 output of lront end different.al omplifier for connect.on,
of feedback resistor. )

4 Vaee Reference voltage oulput, nominally Voo/2 is used to biasinputs at mud-rail (see

: fig 2).

5 1c Internal connection. Must be tied to Veg.

6 IC Intes=al ccnnection. Wiust be tled to Vgs.

7 05C1 [Clock input.

8 05C2  jClock output. A 3.5795 MKz crystal conrecied belveen OSCY and O5C2 completes
the internal osciitztor circuit.

9 Vgs  {Negative power supply input.

10 TOE  |3-s:2te output enable (:~pul) Logic high enables the outputs Q1-Q4.interrai pull
vp. .

1114 Q1-Q4 [3-si5%e Caia oulputs. When ensbled by TOE, pros.de the coce corresponding o the
Iastvalid tone-pair rece sod (see Fig S)

15 StD [ Delsyed sieering outlpui Presents 3 10g:¢ hugh when d recerved tone-pair hos been
registered and the output laich upcated; returns to logic fow v hen the voltage on
SuGt folls below Vige

16 €St | Earlysteering ootput. Presents a fogic high once the dig:ta! a'gorithm has detecied @
vaiid tone pair {s:gnal condition). Any momentary loss of signal condition will cavse
EStioreturnic & logic low.

19 VGT  |Steering input/guard tune output (bi-directional) A voitage g-edter than Vis,
detectad o1 St ¢auses the device 10 register ihe detecied tone pair ond upCote the
output 1a1ch. A voltage less than Vg lrees the Cevice 10 accept d new LoNe pdir. The
GT output acts (0 resel the external sieering Lime-constant; its sizte isa function of
£Stand the voliage on St.

18 Vpp |Fositive poveer supply input.
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gvents | A | 8 ] ¢ ] ¢ | ' | ¢
REC ' e e - &> -+ 100 e
iCsp, | -+, *REC wp
V. TONE 10
"n Wt en sre el
S
ESt T J——— I : ] L] I
"‘_ ; ?—-G:A
SUGT 1 — J =
1 AL DK Ko I

wIGm 1P DaNCE

Q1.Qs DECODED TONT o (a1} .x. en )___@

Y []

14 .
195D~ H e
. . N . ]
510 J I——J i e PTE
TOE i I I

EXPLANRTION OF EVENTS 2

A) TONE BURSTS DETECTED, TONE DURRTION INVALID, OUTPUTS WOY UPDATED

8) TONIénODETECTED. SONEDURZTIDRVALD TONE DECODED ANDLATIHED IN OLTPUTS

U ENSOFTONE en DiTECTED, TONE &RSTII DURATION VALID QUIPHTGRLIAIN S 3704 D 1101 NEXT V2LID TONE

) QLIPUTS SWICHED TO HIGR MePEDANLE $TATE

E) TONEen«)DETECTED, TONE DURSTION VALID, TONE DECODED END LATCHED IN OUTPUTS (CURREINTLY WIGH
1WAPEDANCE)

F)  ACCEPTAB.E DROPOUT OF TONE dne 3, TONE LZSENT DURLTION WVALID OUTUTS RECIAIN LLTCED

G) ENDODFTONE#n« YDETECTID.TOXE LTSENT DSRLTION VALID, QUTPUTSREAW AN LATCRED URTIL HEXT VALID TONE

EXPLANATION OF SYMBOLS .
Vin DIMF CONPOSITE INPUT SIGNAL . . .
ESt EARLY STEERINGOUTFUT INDICATES DECTECTION OF VALID TONE FREQUENTIES

St CT STEERING INPUTIGUARD TIVE OUTPUT DRIVES EXTERNAL RC TIMING GRCUIT

0Q1-Cq £8:1 DECODEDIONE QUTPUT - .

1D OFLAYED STEERING OLUTPUT. INDWCTES THAT VALID FREQUENCIES HavE BETN PRESENT/ABSENT FOR tHE REQUIRED
GUARD TIME THUS CONSISTUTING & VALID SIGNAL.

TOE °  VONE OUTPUTENABLE (INPUT) A LCW LEVEL SHIFTS Q1-Qg 7O 1TS HIGH IMPEDANCE STATE.

tREC MEXIMUM DTWF SIGNAL DURLTION NOT DETECTED AS VALID
tReC NNIMUM DTWF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.
tp . WEVIMUM TIME BETWEEN VAlfD??MF SIGNALS,

D0 MIXIMUM ALLOWABLE DROP DUT DURING VALID DTMF SIGNAL

TALE TO DE Té CT THE PRESENCE OF VALID DTMF SIGNALS

top
t0a r,gg O DETECT THE £BSENCE OF VALID DTWVF SIGNALS
tors  RsARD TIE VOWTPRESENT
9
GTa GUARD TME, TONE ABSENT
; ¢

-

Figure 3. Timing Diagram .
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Functional Description

The MTBB7C monolithic DTMF receiver offers small -
size, low power consumplion and high
performance. Its 2rchitecture consists of a bandsplit
filter section, which segecates the high and low
groap tones, followed by a digital counting section
which verifies the frequency and cduration of the
received tones before passing the corresponding
code 10 the output bus.

Filter Section

Seperation of the lon-groop and high group tones
is achleved by applying the DTNF sigral 10 the
inputs of two sixth-order swiiched capaciior band
cass fiters, the bang-wicths of which cortespond to
the low and high grocp freg-encres. The lilter
seclior also incorporates notches at 350 anc 440 H2
for exceptiondl diai tone reject.on (see Fig &) Eoch
filter output is folioned by a single order svuiched
cepadiior filter section which smootihs the signals
prior 1o limiting. Limiting is performed by h.gh-gain
comparators which are provided wath hystesesis 1o
orevent delection of unwanted foa-level signals.
The ouiputs of the cormparaices prev-ce full rail
logic swings at the frequencies of the incoming
DTMF signals.

Decoder Section

Following the filte: section is 2 deccder employing
digital counting technigues 1o Cetermine the”
f-equencies of the incoming tones and to verify that
they correspond 10 stancard DTIMF frequencies A
complex averaging aigorithm protects against tone

simulation by ealraneous signals such as voice while
previding tolevance 1o small frequency deviations
and var:alions. This averaging aigerithm has been,
developed to ensure an optimum combination of
immunity to t1atk-off and tolerance to the presence.
of interfenng frequencies (third tores) and ~oise..
VWhen the cetector recogn.zes the presence of two
valid tones {this is referred to as the “s.gnal.
ccndition” in some industry specifications) the

_"Early Steering” (£S5t} output will go to an active,

stzte. Any subseguent joss of signal condition will
cause ES to assume an inactive state (see "Steering
Circuit”).

Steering Circuit

Se’cre regui-ztion of a cecoced tone pa.-, the
recever checks for 2 vahid signal duration (relesred
10 as character recognition tondition) This check s
performed by an external RC lime constant criven
by ESt. & fogic h.gh on ESt causes v, (see Fig. 6) to
rise as the capacitor discharges. ‘
?Provided signal condition is mainiained (ESt
remains high) for the volication period (tg1z). v¢
reaches the threshoid (Vig,) of the steering logic to
regisier the 107e poir, latching its corresponing 4-bit
code (see Fig. 5} into the ouiput latch. At this point
the GT output is activated 378 drivgs v to VDD. GT
contirues 1o drive high as jong 25 ESt remains high.
Firally, after z short Cefay tc aliow the output fatch
10 seitle, the Celayed steering output flag (5tD)
goes high, signalling that a received lone par has
been regisiered. The contents of the output latch
ate rmade availsble on the &-bit output bus by
raising the three state control input (TOE) to 3 iogi¢
high. The steering Circuit works in reverse (o

° - N —rL 'R(CISE
/ D 7 ~ DiaL TONES
7
1t \ 3 L X s 350 Hz
Y d YetiQH2
7 THFTONES
20 Il l \‘ £ €57 M2
ATTENUATION :- z;g z:
t 3
fee) - l ‘ O x5 Hz
k1 l N L=1205 Hz
] #a023¢hz
G= 47T HE
e ’ P { He 1633 M2
/ Y .
S0 ]\Ii 2 ] \

FREQUENCY (H2)

Figure 4. Filter Response
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Frow | fugn | v {108 | 0 '03 oo valicate the interdigit pause  between signals.
Thus, 25 well as rejecting signa’s too short 100 be
considered valid, the receiver will tolerate signal

697 |1208 |1 H 0 0 0 ! mierruptions (drop out) 1oo short 1o be cons.dered

697 {13362 H {0 0 1 0 3 valid pause. This facility, togelher with the
2pability of selecting the sieerng time constants

697 114773 H |0 |0 1 1 externzlly, 2llows the designer to tailor

770 (1209 |4 H lo 1 o lo perfc?rmante to meet @ wide variety of system
requirements.

770 11336 |5 [H |0 1 0 1 .

: Guard Time Adjustment

770 {1477 |6 H |0 1 1 0

852 1120917 |H 0 ] 1 1 in mony situations not requiring selection of tone
dordtion ong interdigital pause, the simple sieering

852 {13368 H 1 0 0 0 Greuit shown in fig. 6 is opplicable. Component

852 (1477 |9 H 3 0 0 3 vdlues ore chosen occording o the formula:

941 (1336[0 |H {1 fo |1 Jo trec = tor + te1p

tp = tpa + tgr1a
941 1209 | * H 1 0.1 1
- “The value of typ is o Cevice parameter (see 1able)

941 |77 1# [H |1 1 0 |0 and tzgc 13 the minimum signal duration 10 be
recognized by the receiver. Avalue for Cof 0.1 pF is

697 | 1633 |A H ) ; 4 1 recommenced for most spplications, leaving R 1o be

770 {1633 (B IH 1. {1 1 10 selectec by the designer. !

' ' Dilferent steering arrangements may be used to

852 {1633 |C H 1 i 1 1 select independantly the guard times for tone

sa1 {1633 (D [H 0 0 0 0 present (tg::) and tone absen‘x'(b;.u). This may be
necessdty 1o meet sysiem specifications which place

-7 - e Lz 1z 12 both acceptand reject imits on both tone duration

Lr WS LOW, s LOCT MIGH, 2a BIGH IMEDANCE
Figure S. Functioral Decode Table

Vo0
C
vOo -
AT ve
ESt ”
St
- tGTR = (RQ) In (Voo /vrsa) .
MTEEYO :
1GTP = (R} in (VDD 7 (VOD-VTSY))

Figure €. Basic Steering Circuit

ad inerdigeal pause Gusrd ime adivsimang a'so
atiows the cesigner to ta:or system parzrelers
such 25 1alk off and noise immunity. Increasing tage
improves ta'k-off performance since it reduces the

. probability that tones simulated by speech will

maintain signal condition fong enough to be
reg'stered Alternatively, a relatively short tr; ¢ withr
aiong tyg would be sppropriate for extremely
noisy environments where fast aguisition time and
immunity 10 tone drop-ouls are required. Design
wformation for guard time adjustment is shown in
Figure 7

DifferentialInput Configuration

The input arrangement of the MT8870 provides a
differential-input operatiorat amplifier as well 25 a
bias source(Veg) which is used to bias the inputs at
mid-rail. Provision is made for connection of a
feedback resistor 10 the op-amp output (GS) for
2¢justment of gain. In a sing'e-ended configuration,
the input pins are connected as shown in Fig. 2 with
the op-emp tonnected for unity gain and Vagy
biasing the input at }Vpo. Fig. B shows the
dilferential configuration, which permits the
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1GTF 2 PpClin [VOD 7 (vOD.VISY)]
lﬁ!&a(ﬁl(l]lf.(\/ool\,’ys{)

. R; « (RIR2) /(R R2)
VDD O - ] .
a

$:GT

R1 Q
£5t -

a}decreasing tGTP; (1GTP <tGTA)

1GTP e (RC1FIn VDD S (vDD-v IS

tCl2 = (RpC1}In (VDD “V1ge)

voD O Rz « (RIR2) 7 (R1+ R})
[}
StGT

R1 2

bldecreasing 1GTA; (1GIP> 1GTA)

DIFFERENTIALINPUT &AMPLIFIER
Cy =Cy = 10:F

Rys R aRgs100xN Alresniorcate 2 1N 10 ence
Prabdx1) R3a 375K 2% 0a522110%0 2% 2§ 10 EnCe
R3 » _Li" 8 )

Ry. as

VOLTAGE G2IN (&g ditf)e 23
: P~

INPUTINPEDENCE

2 e
(A Al digd (’.:?) 4

Figure 8. Differential input Configuration

Figure 7. Guard Time Adjusiment

adjusiment of gain with the feedback resistor R,

Crystal Oscillator

The internal clock circuit is completed with the
addition of an exterral 3.58 WHz crystal and is
normally connecied as shown in Figure 2 (Single
Enced Input Configuration). However, it is possible
to configure several MT8870 cevices empioying
only 2 singte osciliator crystal. The osciliator output
of the first device in the chain is coupled through a
30 pF capacitor 1o the osaliator input.{OSC1) of the
next device Subsequent devices are connected in a
similar fashion. Refer to fig. 9 for details. The
probiems 2ssociated with unbaldnced loading are
not a concern with the arrangement shown, 1e;
precision balancing capacitors are'not required.

To OSCt of
next EB70

i

Y4 Xt
osc1 (=
o)
o .
osc2 _T_.”_— osa
C

Cs W)y 8
Xtola 1 SE MIHZ

Figure 9. Oscillator Connection
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Powe: Dissipation As Low As
—Operating . . . 275 mW (Typ)
—Standby ..., 12.5 mW (Typ}

RAS-Only Refresh Mode

Hidden Refresh Mode

‘gescription

Tne "425€ and ‘4257 ere high-epeed, 262,144 -bit dynemic rendom-sccess memories, orgenizedes 262,144
words of ote bit esch. They employ siptc-of-the-srt SMOS (scaled MOS) N-chennel double-level
polysificon/polycide gate technology for very high performence combined with low cost and improved

reliability.

- TH'S4256, TMSA257
! 262,144-L1T DYRAM.IC PANDOM-ACCESS MEMORIES
? MAY Y95 - RIVISID WOVIIAET P 1968
@ 262,144 X 1 Orgenization A PACKAGE -
H {TOP VIEW)

P ¢ Single 5-V Supply (10% Tolerence)
¢ JIDEC Standardized Pinout s
. . D L2
¢ Upward Pin Compatible with TMS41€4 ;:;E 1
(64K Dynamic RAM) w25 e
@ Performence Ranges: aods
n2(ds
ACCESS ACCESS READ a
TME ML or vpo 08
DENCE /OW COLUMN WRTTE
ADDRESS ADDRESS CYCLE .
IMAX) (VAX) hun) FM PACKAGE
TMSE256.12
15425712 120 ns 60 ns 232 ns
TM5£256.15 . ,,_.
ShS2257.18 150 ns 75 ns cET ny
TALL256 20 200 ns 120 ns 33T ns v.
*1154257-20 X Fig
‘ NC
¢ Llong Refrash Perdod . . . 4 ms (Rax) AD
@ Low Relfresh Overhesd Time .. . As Low As a2
1.2% of Tota! Refresh Period
@ On-Chip Substrate Biss Generator
¢ Operstions of the TN:S4256/TW.54257 Can
Be Controbed by Ti's THCT4502 Dynamic A
RAM Controfier =\ NOMENCLATURE
AC-AB dress |
@ Al Inputs, Outpurts, end Clocks Fully TTL == ::w::: ::::' Srobe
Cempstible o ~ Dait in
® 3-Siste Uniatched Outpunt nC Ko Connection
. ) (o} Dste Ot
o Common 'O Capebllity with ‘TEerly Write*” T Bl S 0ress Strobe
Festure Voo §\ Supply
@ Page ['4256] o+ Nibble -Mode ('4257) Vss Ground
Optiors for Feste: Access Operstion w Wiite Enable

® CAS-Bofors-RAS Rsiresh Mode

@ Avsiizble with MIL-STD-8E38 Processing
eand L{0°C to 70°C}, E(- 80°C to 85°C}, or
S{~55°C t0 100 °C} Temperature Ranges

[ od

L3
e
g
o«
L

E

&

£

>
o]

94




et

NI

O
<
S
&
3
o
L
>
2
m

TV.54256, TMS4257
262,144 BIT DYNANIC RANDOR-ACCESS MENORIES

Y]
These devices fenture maximum FAE e-ceoe times of 120 ns, 150 ng, of 200 ns. Typics! power dissipation
is as low 8s 275 mW operating snd 12.5 mW gtandby.

Hew SMOS technology permits operat.on from. & sinple 5-V suppiy, reducing system powet supply and
decoupling requirements, and easing beard lzyot. Ipo peak.s are 125 mA typical, snd s - 1-Vinput voltage

undershoot can be tolerated, minimizing system noise cons.eralions.

Al inputs snd outpuls, including clocks, 8re compatible with Series 74 TTL. All p3d:ess snd date-in lines
sre istched on chip to simplify system design. Date out is unlaiched 1o silow greater systern Gexibility.
The ‘4256 and 4257 ere oHered in 1€-pin plastic cual-inding and 18-lead plastic chip cemier pashages.
They are guersnteed {or operation from 0°C 10 70°C. The dutl-in-line pecisge is designed for insertion
in mounting-hole rows on 7.62-mm (300-mli centers.

operation

sddress (A0 through AS)

Eighteen eddress bits we requi-ed to decode 1 of 2€2.144 storage cek locetions. Nine row-pcdress bits
are set up on pins AO through AB anc laiched ontu the chip by the row-sddress stiobe (RAS). Then the

* pine column-pddress bits sre se1 up on pins AD through AE 8nd 1tched onto the chip by the column-sddress

strabe {CAS). Al sddresses must be stable cn o before the faliing sdges of RAS a2 CAS.RAS is similer 10
» chip enebie inthat it sctivates the sense amplifiess &S weil as the row gecoder. CAS is useCes e chip select
sctiveting the column decoder and the input and output buffers.

write enable ™

The read of write mode is selected through the write-erable (W] input. A togic highon the W inpunt selects
the read mode and 8 logic fow selects the write mode. The write enable terrning’ can be driven from standard
TTL circuits withoul & ¢ puli-up resistor. The data input is dissbied when the read mode is seiected. When W
goes kow prior 10 CAS. data out will remein in the high-impecance staie for the entire cycle permitting
common IO operation. .

éota in (D)

Date is written during e write or read-modify-write cycle. Depending on the mode of operation, the faliing
edge of CAS or W suobes date into the onChip dats Iatch. This tstch cen be driven from stendard Tit
circuite wi:ho_u_t_i put-up resistor. in an esrly write cycie, W is brought low priot 10 E;Ts' and the data is
strobed in bv_gis with setup and hoid times referenced 1o this signal. In s glayed-wn‘le or read-modify-
write cycle, CAS wi slready be low, thus the daia wili be strobed in by W with setup 8ngd hold times

referenced 1o this signal.

dsta out {Q)

The three-state outmat bufler provides direct TTL compatibility (no pull-up resistor required] with 8 far
out of two Series 74 FTL tosde. Date out is the same polarity es dets in. The outputis inthe high-impedantt
{fiosting! state untit CAS is brought low. In s read cycle the output goes sctive efter the access time intent'
15(C}) thet begins with the negative transition of CAS as long as (R} is saxi_sf_-ed. The output becomes
vehid efier the sccess tine hazs elapsed and remsins velid while CAS is low; CAS going high returns it
8 highdmpedance siste. in 8 read-modify-write cycle, the output wiil foliow the sequence for the read eyt

refrosh

A refiesh operation must be performed at fleast once every four milliseconds to retain date. This cen be
schieved by suobing each of the 265 rows (AD-A7). A norma' read o write cycle wil refresh all £iis ir
esch row that is sefected. & RAS-only opesation can be used by hoidingf:—t@ st the high (inactive] leve'
thus conserving powes as the oulput butfer temasins in the highdimpedance stete. '

- N
.
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: TMS4256, TMS4257
262,144-BIT DYKAMIC RENDOMACCESS NEMODIES

oam—

EES before-RAS refrash .

The TEE-bifore RAS refresh is wtilized by bringing CAS low earlier then BAS (see parameter 1CLRL] and
he'ging it low afier RAS folis (see pe-ameter 1R, CHR). For successive CAS-before FAS refresh cycles,
CES can remzin low while cycling RAS. The eaternal address is ignored and the sefresh address is

peneraied internally.

hidden refresh

Higden refresh may be performed while msinteining valid data e1 the output pin. This is sce omplshed by
holding CAS 81 Vi efter 8 resd operation and cycling RAS sfte: e specified precharge period. simila: to
s "RAS-only"” ref:esh cycle. The externe! address it alsc ignored during the tidden reficsh cycles,

page mode (TMS4256)

Page-mode operation sliows effectively faster memory access by keeping the same row sddress end strobing
randem column sddresses onto the chip. Thus, the time requied to seiup and strobe sequential row
sdcresses for the same poge is eliminated. The maximum number of columns that can be addressed is
determined by tw(RL). the maximum RAS kow pulse duretion.

nibbe mode (TM.S4257)

Nibble-mode ope:etion sfiows high-speed seris! tead, write, or reaZ-modify-write sccess of 119 £ bits of
dsie. The first bit is eccessed in the norma! manner wih read date coming ot 8t tg(Cy time. The next
sequeritial nibble bits can be resd or written by cycling CAS white RAS remeins low. The first bit is

1e:mined by the row and column sddresses, which need to be supplied only for the first access. Column
&8 snd row AB (CAB, RAB; provide the two binery bits for inftia! selection of the nibble addresses.
Theresfier, the talling edge of TAS will sccess the next bit of the circula: £-bit nibble in the following

sequence:

r—a(0.0) —&- 10,1} — —- (1,0} - {1.11—

Ir. nibble-mode. 87" normal memory operstions (read, write. of ready-modify-write] may be performed in
any desired combination. >

’ower-up

To achicve proper device operation, en iitie! peuse of 200 us is required after power up followed by s
minimum of eight inftislzstion cycles.
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28400
Z80° CPU Central
Processing Unit

Zilog

Product
Specification

April 1985

CONTROL

CONTROL

FEATURES

m The inslruction sel contains 158 instructions. The 78

instructions of the BOBOA are included as a subset,
BO80A software compatibility is maintained.

Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz docks for the
280H, 2808, Z80A, and 280 CPU result in rapid
instruction execution with consequert high data
throughput.

The exiensive instruction set includes string, b, byte,
and word operations. Block searches and block
transfers, together with indexed and relafive addressing,
result in the most powerhd data handiing capabities in
the microcompuler industry.

The 280 microprocessors and associated family of
peripheral controllers are finked by a veclored interrupt

3

sysvem {

3 ADDRESS
sue

rrrrrrr2rr

IIRINNINERRIN
T T

cru 4
CONTROL

cru
sus (

\ Y37
sus

PPYPYPF P

Figure 1. Pin Functions

system. This syslem may be ai}sy«chained to allow
implementation of a priority interrupt scheme. Little, i
any, additional logic is required for daisy-chaining.

® Duplicate sets of both general-purpose and lag registers
are provided, easing the design and ogeration of
system software through single-context switching,
background-foreground programming, and single-level
interrupt processing. In addition, two 16-bit index
registers facilitate program processing of tables and
arrays.

® There are three modes of high speed interrupt
processing: BOB0 similar, non280 peripheral device,
and ZB0 Family peripheral with oc without daisy chain.

® On-chip dynamic memory refresh counter.

>
Im
LI T

4
n

28400
esv 1 ZoccCPU

YHEBY UYRYY AP BBYHEYRY R
4

Figure 2a. 40-PIn Dusl-in-Lins Package (DIP)
Pin Assignments
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Figure 2b. 44-Pin Chip Carrier Pin Assignments

GENERAL DESCRIPTION

The 280, ZBOA, Z80B, and 280H CPUs are third-generation
single-chip microprocessors with exceptional computa-
tiona power They ofter highet System throughput and more
eHicient memory utiization than comparable second- and
third-generation microprocessors. The internal registers
contain 208 bits of read*write memory that are aczessible to
the programmer. These regisiers include two sets of six
general-purpose registers which may be used indidually
aseither 8-biiregisters or 25 16-bit register pairs. Inaddtion,
there are two sets o azcumulator and fag registers. A group
of "Exchange” instructions makes either get of main or
aliernate registers sccessible 1o the programmer. The
ekernale set allows operation in foreground-background
mode or it may be resecved for very fastinlerrupt response,

A
IRSTROCTION INSTRUCTION
DECODER REGISTER
Y =
CND i ! l
CLOCK o
cru cry
TIMING
CONTADL j Tisina

U

SSYSTEMS S$CPY
AND CPU  CONTADL
CONTAOL  INPUTS
ouTPUTS

The Z80 also coritains a Stack Pointer, Program Counter, two
index repisiers, a Refresh register (counter), and an
Interrupt register The CPU is easy 1o incorporate into a
Sysiem since # requires only a single + SV power source. Al
oulput signals ere fully decoded and timed to confro!
standard memory or peripheral circuits: the CPU is
supporied by an exiensive family of peripheral conirofers.
The infernal block diagram (Figure 3) shows the primary
functions ol the 280 processors. Subsequent fext provides
more Detail on the Z80 /0 controller family, registers,
instruction set, inferrupts and daisy chaining, ang CPU
timing. - .

o3y
SATABUS

DATA BUS
STERFACE

ALY

REGISTER
ARRAY

i

ADDRESS
LO0IC AND
BUFFERS

16817
ADDRESS BUS

Figure 3. 280 CPU Block Diagram
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54245 74245

Oclal Bus Transceivers with 3-state Oulputs
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54373 /74373 Octal D-Type Transparont.Lﬂches and Edge-Triggered Flip-Flops -
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e No. 1777 CD54/74HC4066, CDSd/.74HCT4056

IMUM RATINGS, Absolute-Meximum Values:

-2 SPLY-VOLTAGE, (Vee):

101

" reges 16ference s 16 ground)

o T 7 2 T R tedsansasccesesnsansrroresaatieten 05107V
57 L2 T .. ceedcesaniacacns veeesess =05 1005V
smPUT DIODE CURPENT, tu (FOR Vi< -0.5VOR V> Ve =05 V) ... ceeereees.. =20 MA
oW 1 TCH DIODE CURRENT, los (FOF Ve <-08 vV OR Ve > Ve =08 V)... .. o220 mA
(tthCH CURRENT. I¢, (FORV, > -0.SVOR V. K Ve ~ 05 V)..... . . L. 225 mA
«vze CR GROUND CURFENT (lee).......eueee ereieen i, . frereesesenenes veees. . =50mA
MER DISSIPATION PEF. PACKAGE (Pp):

s Ta®r £01c ~6)°C (FACKAGE TYPEE) ........... e 590 mwW
s Ta= ~601c <85 C (FACKAGE TYPEE)........... Derste Linearly 816 nW/' C 10 303 mW
23 Ta® <5510 <100°C (PACKAGE TYPE F, H) 505 mW
2o Tas 2100109325  C(PACKAGE TYPE Fo#) ciirin it iieiaetiinearessnnnnenns vee...Derzte Lineerly 8t € mW/ C to 300 mW
20 Ta s 201070 C (FPACKAGE TYPE M) . iiiiiiiiiiiiiiiiiiieriiieiitaiiaeisseteassosernseesnnessaanuossssorensesssns 4075 mW
22 Ta® 97010 =125 C (PACKAGE TYPE M) 4 .viivuivenenaeinnransssroeeensasanenns e rrense iy Derate Linearly 816 mW/*C 1070 mW

SATING-TEMPERATURE ﬂANGE (Ta): - )

»CK&GE TYPEF. H.oi i trrieaad® o e e s ned 4L € ns" s ne e eessessnactioatinessrrsanarna -5510 =125°C
SACRAGE TYPEE M ..~401c ~85°C

=LGE TEMPERATURE (Ta).... . . ... commmr ) mmmre (v w5 s o oo J o o e P07 G o vsows [ 5505 a 0o oo M Whe e 0o a0 -£510 «150°C .
2D TEMPERATURE (DURING SOLDERING): N Y

peisiance 164 1/32in. (1.5¢ = 070 mmj from c2se 101 108 MBX +.evvvnninnnnnnns o £ -.... A N, YRR -265°C
Fiinserted intc 8 PC Boerd (min thickness 1,16 in., 1.6 mm)

«300°C

with, solder contacting Je2C 1P ONlY coiivee v rienneenncnns R 57 § o piSbe o o R S . . A o o S Ny,

=7°n epplicetions, the externz! loag-resistor Current mey incide Soth Ve and sipnal-line components. To avoid drawing Ve cutrent
- seitch Cutrent 1lows inic the 1re nsmassion gate inputs, {1esminals 1,4, 8 8no 11} the voltape Orop aTross the bidirections! swilch must
-esceec € volt (calcuiete fiom Re. vatues showrin the Etectrica! Characteristics Chan). No Vec curren'wllmow through R, Ifthe switch

s flows intc terminals 2, 3, @ anc 10.

= AV,
tre—t —Vcc |
- 1
12—2 £2 4
22— 31—-:
v —2 y—-—av
b2 e A1
e —3 2 - .
~ 8 »
a4 Y T -
]
crnp— 5 3v

sicy rees

TERMINAL ASSIGNMENT
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CD54/74HC4066. CD54/74HCT4066 File No. 177"
RECOMMENDED OFERATING CONDITIONS. For maximum reliabliity, nominal operating conditions shoule be selectey
{hal operation is always within the following ranges: so

LIMITS Nl
CHARACTERISTIC UNITS
) M.IN. MAX.
Supply-Voiiege Fenge (For To = Full Pachege-Ten.pereture Renge) Vee!® e
CD5¢:74HC Types 2 10 N
CD52 T4HCT Types 4.5 55 Voo s
DC Input Volizge. Ve, anc Ana'og Switch Voltage, V.o 0 Vee e
Opeszuing Termperzture Ta: -
CD74 Types .40 -85 i
CD54 Types -55 <125 *C
Input Rise ang Fall Times 1, 1, (Control Inputs) A !
at2v 0 1000 R
gl45V v . 500 ns ':‘ i.'
216V . 0 250 1.
‘Unless othe-wise specifig?, all'voliages are referenced 1o Ground. -
STATIC ELECTRICAL CHARACTERISTICS .
CD74HCADEE -COSEHCADEE CD7aHCT4066:CLTAMCTA068 ¥
I
! - TEST 74HCseMC | Tanc | saMc TEST 74WCT/SEMET | T4HCT | senTT S bl
CONDITIONS TYPES TYPES | TYPES CONDITIONS TYPES TYPES | TYPES
CHARACTERISTIC
CON- | tw. 40/ 457 | CON- [sw- 40/ 58/
. -25¢C “25°C
TROL [ITCH Ve | - -8s'C |-125°C | TROL [rrCH [V -25°C | -128°C
v, Vo {V : v, v |V | -
v V‘ Min {Typ Wax (Min iMar [Min {Mes v v Min [Typ Mas {Min {Mar i Min a2
) High-Level . 2 (18 )=~ |1s|~ {1s}- as
Input Votiage Vi - — le& B3| — |= [315]— {395} ~ 74 =~ dwo]2{-1- 2 j-121]- . .'.' -'
€3]~ |~ l63]~ |63 |— 58 T
Low-Level 2 = {—jts{— [os]~ {os s
Input Voltage Vi - — 1485 {— |— N3S]~ 1280 113¢ - - 10 |~ |— {0E |— (OB {— JOS
o {— |=J27]- |27 )= {27 £s
Input Leatage 4oy _-'
Cumrent Ve. TINagt :
{AnyControl] &, | o - Jwol-{- Lb‘l — Jar = {21 |Bewmeen) = [s5[—= |~ ko1f~ Jar |- |22 4‘/._'
Gno Ve & i ISF
G"‘d »-;: .
OF-Swach - Ve - | veer ) -
Lesiage V. orfw - - kos|= la1 = [22] w or |sel— | loaf - |=3]- {2 A
Current . h Gng & ) Gnz
~On™ Vee (€8] — |25 Jen | — [0} — [a2¢ f Ve les = (25 180 |~ 11001~ ia7E
Resrisiance i‘u or 6 {~— 120 |75 |~ 182 |~ [993 Vee of — === === 1~
e 1mA Gre [0 [ — [ j60 |~ |78 ]— |¥s J1Gre = = |- |- |=|=~|- (|-} .
(Fig 2) A.. Vee (¢85 ] — [35 (e | — f1e|— [z Vee |8 ] — [as jor | — Jase]— {ecz A
Vee to & | — j2¢ [B2 |~ [105] - [22€ Vee [T _— ==} l=1l=-1- -
Groje J— [v€ef70 ]~ joa]—~ o e [= [ l=1=-[=1=-1=
“On” Res'stance . e85 { — 1 (1=~ |=1=]- |- . 45 | ~ 1 |{—-f{=f{~1—- - F: :,:
Belween Any Tmo Vee - € |— o728~ | =}~ J~ {~ Ve - -_=-l==-]-{~ |- |- - _,-*
Swilches  £R.. o |— [os -I-1-1-1=-1=-1=1=1 1=
Ouiescent ~ Vee 6 |—[—|2 |- {20!~ [4D Vee '_A
Device or — [w]=—-1w]—- Ies}— [320] or - fss|=|—-|2 |- |2o]- |®a]. °~ :
. Cuirent e | .Gnao Gng ’ kL
£0dionst ] g
o Quiescen: Dewce - LR R Y
Curren per - - -t =l= == =)= ] = ] Va2 - 10 | — {100]36D] — {a50] - [a0d : -i
tnput Pin ) 58 R f:’
VUnitLosd  Llec” ) frid
,;a-.

* FOr CuB™SupF’) Sys1t s 1HeOretch wOrst case (Vo * Z€V, Ve s 58 V) soeziticationss 1 € mA
ot

- 3.
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* Unit lo2d is Blcc limit specified in Static Characteristic

Chasrt, e.g., 360 p& max. @ 25°C.
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: PS
¢WITCHING CHARACTERISTICS (Vec =5V, Ta=25°C, Inputt, 1, 6ns)
—
TYPICAL
CTHARACTER!ISTIC C. UNITS
pF HC HCT
S
Pjopegation Delay Time: towr
15 4 4
Switch i to Out toun .
— ns
Switch Turn Otf tonz. tr2 15 12 14
Switch Turn On To2m, trze 18 B8 <]
Fower Dissipation Capacitance® Cro - 25 38 pF

Po= CroVec? §.% 5 {Cy + Cs) Vee” L where:

*Crp is used 10 determine the dynpn';ic power consumpfion, per packege.

{ = inpul frequency

C, = lozd capacitance

Vee = supply voliage -

SWITCHING CHAARACTERISTICS (C. = 50 pF, input 1,4 = € ns)

1, = output fre'quer-Cy
Cs = swilch.capacitance

25¢C -40°C 1o +B5°C -55¢C 10 -125°C
CHARACTERISTIC E Voo | HC Het. | vamc | 74meT | s4HC | S4HCT UNITS
- Min. [Wsx. (Min. (Mex. Mln.]h’.ax. Mln.]h'.u. Min. [Max. Min. Max.
! Propagation Delay Time  trum P R T N N B 7 e e e - I
SwitchintoOut /' tma |45 — |02 | = |12 [= [18 [~ 5| — 8|~ |
) g l=l=]=I]j=]=|—-|3}|=]-
SwitchTurn On Delsy  traw Y N e e ) el e Il A Rl e
v g Jes | {20 |- 2 |— 25| |30 “ {30 |~ |38 ] ns
g l-luzl—-—-1={5]|—|—|—[8{— |-
Switch Turn Off Delay — lwspf—|—]— [100}{—)— |~ |225]|— |—
tatra |45 ] — |30 ] — {35 ] — |38} — |44 |— j45 ] — |53
| o |l—joafl—{—-1—Jfao}—-}—-|—|36]—1—
Input (Controt) :
Capacitance C ol et BLE A L B wl—-Jjwo|[—{w0]— [0} oF
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-3
v,

ANALOG CHANNEL CHARACTERISTICS - Typical Values 8t T¢ = 25'C
Vv ).
CHARACTERISTIC TEST CONDITIONS \;c HC HCT UkHTs—4
Switch Freguency Resporse Bendwidth Fig.3 N
4.5 200 200
2:-3¢8 (Fig 12) Note: 1 8 2
Cross Telh Betv.een Any Two Switches Fig. 4
45 -72 -72
(Fig 13) Notes 268 3
Tota! Harmonic Disionion 1 KHz, Vie = & Vpp 45 0022 0023
Fip.5 Vie = B Vpp ] 0.008 N/A
Contiol 10 Switch Feecthrough Fig 6 45 TBE TBE
Neise 8 TBE TBE
Switch "OF F " Signe! Feecihrough Fig 7 )
45 -72 =72
(Fig. 13) Notes 28 3
Switch Input Cepacilance Cs — - 5 5
. Notes 1. Adsust input level for 6 6Bm st output, 1= 1 MHz, - 2 Vi is centerec 8t Vee/a.
r 3 Adjustinputfor0cBmat Vis
Ty =28
sor c‘;;:- :v
e _
g i i PRLA L -1 4 . -
: 4.0V PN
jod
-« -
& - ) i
s 0t .
C. = T % Vees BY.PINITD Y
) "—__,/\\ s ——
§ ol
Al 1 1 3ie D20y o ' 3 ! 3
[ ‘- 2 3 4 ap & ] ? 8 1 ] 0w
NPT BICNAL VOLTAGE (Vg }-V s2s-38009
Fig 2- Typical "ON"resistence vs irpul sigris! voliape. ;
ANALOG TEST CIRCUITS >3
. vee
Vig v :
y © W -‘--'vx"
ves— 2l —«1—«&1 vy T =5
" 3
ey i . c -::é_
ot = T _;;.
MLTER vee X £ "'5.-;;;': S Wl waAvE
l vees? h ¢ ; b ." .
. Fig 3. F:equency tesponse tes! circuit. L .
Vee :’v__{ SWITCH  vmes '
] : " Vi vig — ors - —-—l 081y - .
ting L vee? l— B
—_— =3 é l‘ J -
vos ] 4 ) e
veen 2,
.3%
DIIOSTION -3
. veen v Fip. € - Crossiall be!w €T two Swilc hes 165L.corc il "_';5'
[T ATTLVR [ATITH _l ’:z_‘_
Fig §- Tots! harmonic dissortion 1est circwit. : 5
: L0 Vee Ve s vy =
vee ﬁ_f}:i Cret __I__ Ge 2 YW $INT 'uv!:i'
- Ve . i ez 0} '
wel"_'—_‘lswncu— oo ¥ Y] w1 o '°“] cevoer
A ALTERNITING Yos— a a c -
r | onawnors ‘I‘ T
*z vee? L.hse 200 X [ . 4 oF
bons =+ oo ;[ O veen veerz - v
3 & DUTY
cveet vwend - scot
1. lI{U~)'l‘°'
-5, Fig. 7- Swich off segna’ feeJihrough.

Fig 6- Conliol-10-swuch feeciheouph ndise tes1 &Nrc uit.
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- ty,=€ns ty=6ns

' ‘-l r-m'mu*r LEVEL
,=86ns : fyy= 6ns \ 7 E -\ --;:D%
o !" i --t_—-;.oom‘{— ce EL | Ve -~ —-10%

wiieHiebuT - I N 50 % toLz —T tPzL,

------------- 10 -
_I _, T GND OUTPUT _/—lﬁ\::so *
LK tPHL LOW TO OFF “---10%
r ]—- tPHZ — tpzy

WITCH OUTPUT

Fig 8- Switch propegation - 0elsy times waveforms.

I

-~ P0% l
ouTPUT -

SWITCH ON —te—— SWITCH OFF ——+=— SWITCH ON
$20S 3862

Fip.§ - Switch turn-on and turn-ofl progegstion delay times
waveforms.

54/74HC S$4714HCT

{npuil Level

Vee 3v

Switching Voltage, V,

50% Vee 1.3V

GND FOR 'Pll AND ipzl
VCC FOR fpﬂz AND tp o

inkn

IN( )-—-1 l—l—wv-( YOUT . .
C‘ 50 pF 3 )y .
Fig 10- Switch on/of!f propsgation Oelay time test circuil,

. ] 1% 09'

VCC FOR lp‘_z AND P2t
GND FOR 1p; AND tpz

82CS-99637

LR ad

£ ) Wi

LN BN 1 T "L ¢ e CEIEE .-
L mmﬁ HLEIRIEE
H li w;;f I it
: - I ik ]
§ It I
g ol H ! i
g -] I |
?, - ” ‘{é_ ‘A"‘:"
! I e
. I W oies
'“ 3 '4 1}‘..[!6; - “.ﬂ t ] . 01‘.' 1] o o0
. PREDVI WCY (1] = tas

oxy. ey

f:g 32- S-vm:h froequency nsponn Vecs 45 V.

s - - Fig. 11 - Swilch-infc swilch-out propagetion deliy time testcircvil. -

9205~ 35538

H ﬂ“ “'ﬂ 1 i lur T I !
Y IXEX
l € \ -»L '
l‘%"” AP .‘—'
H #.’
;5™ I
C -0
.“..g i {
; m
3 ] | 1 ik
: | S T I
el 1 LTLAR: FIE T VTR | TR
s e e 2 e 00 o 60 ? a0 »
wt "’ sob w? w0
PRIDUf WYt s N
ALAERRIT
Fip. 13 - Switch-o!fsignalfesothrough and crossietkvs. frequenty,
V“' ‘.5 V.
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