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ABSTRACT

This thesis is designed for training a course of
Interfacing betwecn Single Board Microcomputor and LED: Dip switch,
Led seven Segment, Dot Matrix, Stepging Motor, DC Motor, Key Board
and Interrupt CPU.

This training program is used to study Software in Machine
Code and Assembly Language including 10 Experiments. .

This training is designed for studying a principle of
microprocessor and Interfacing technique which can be applied for

Industrail Control for today.
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nwovuxwoaqammwm1Unszn7n1sslwﬁﬁnuvvﬂuwuaﬁﬁﬁﬂ1ﬂuwﬁna
(wait) tDuyBumnacuonindisaoiin"o" WATT 1Tudnfimue
uamv:ﬁauan%ﬁuﬂﬁhuwsa ﬂuns&ﬁﬁuwn - tawﬁﬂn uiomiry
nvﬁua11ua7u1snsuaquaua1nnun WAIT aulUunanﬂﬂuﬁwu
ﬁvﬂ1nwaﬂnuaunsmauwntawnwnnnnkunﬂkulsaﬁwq
(interrupt request) 1qu10uwn uaﬂﬂwﬂduaaan "o"
INT 1Uuammwmnas1q5ua1naUnsmaunnlawnwn twaﬂaqnwsn
anaulﬂasswnanu ﬁwvaunwnwswsnaaauawmwwunn  adeiia
NSNTERIARE ASeuRRE B NISADUIUDN UBNAINISOULADY
swnawuwsnﬂvuqu1ﬂﬂ1ﬂﬁOWu17 AN LINADUL DS SHIT
WAUWADU  (IFF) n1ﬁﬂau1uav5utﬂa§§wﬁawtﬁmiﬁﬁhﬁbv
W BUSRQ 1uuanmﬂ1uaﬁwunauauavnﬁsau|masswn Bty
aSNANmoutsnsEa iy TORG SEwighe 19an T
NADUANDIADNT BN DS SIBENuL 16 3 iy
( nonmaskable interrput ) luuuwauwn naunsnuanﬁnuﬂu
URE VDUNATYIRY MISBUL RS EL Bhiy e WA AR
2 INT nAADINAE AUALDYIAE NS HMaIun TS (S Sn—
fan Ardeumumie 0066 H TAUIATUNA N15nSe TRATUNSENA
Wns i ﬁﬁgaz1ﬁud1iusunsutﬂwwﬁtﬂﬂ%lﬁu1{%uauﬂn (HoRs
TANAUTUR N M Ao a9 iun 5B mo TS
( reset) lﬁuUﬁSuqnﬁuaﬂﬁwﬁﬁuaDSn "0" NS 1YAM
N R Sa )

1. Ay PC {AIUN "0"

2. IFF 31A5UNTS Disable

3. $%mA0s 1 %:didn oon

4. §5awm05 R 3 ool

5. azﬁnwﬁlﬁnﬁulﬂﬂ%%ﬂﬁiuuﬂuwadﬁinuﬂ 0
svnvwenwssxﬁnawuuaﬂxnﬁauavauaau1ﬂsunwsns~n1ﬂnuﬂ1
auwumuﬁﬂvzwauunaanwnnﬁwy NN IUANRS 105U
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st Sudgmnaiueninnisd s gas 1 Aedy

BUSRQ ( bus request) 1ﬁuv15uwnﬁuaﬂﬁwﬁduaaﬁn "o" BUSRQ
xﬁuﬁmmwmﬁévuanﬁh%ﬁg 1ﬂaaﬁavn17ﬂﬁ%ﬁgﬂnuquﬁa nam
ADRDY NS MBIy UANTA néw1ﬁaﬁaqnwsﬂﬁ%ﬁgﬁwﬂﬁﬁauaﬂ
1ﬂsaua:ﬁaﬁh§aag1uan1uz5uﬁuﬂuﬁ§v ﬁaﬁbvnwsuun%ﬁgaan
RO

BUSAK (bus acknowledge) ’ tﬁuv’na'wﬂ*‘m UDAAWYLE RDAN
"0" BUSAK 1ﬁuﬁqqnmﬂauaﬁn%ﬁgi1%ﬁg1ﬁuunﬁdlaqaanawn
uDA L ATRURIAL TR | SuUTouIA

0 ( clock)  dwpnmniniasfouidnszuy -

1nazun$u11awuaeﬁﬁg

2-80 %ﬁgasﬁwe1uﬁuﬁhamzﬁu31uﬁﬁwﬁﬂﬂsznauﬁﬁu
“N75 L TYU-DIMMEIBAIINA
—nﬂslﬂuu-dwuqunséﬁuqn—lawﬂqn

NS ABUANDYADNTSOU L AD4 SN

o v v €o w - 7S
ANB N1 WL ARUSAUYINRANT. ¥y WRAITNINGY

k-7-3
JUL LU L L

T4 l T2 I‘TB l T4 T4 l T2 ' TS T4 l T2 l T3

< M1 > M2 > | M3 m———— >
op code fstch {Memory read) (Memory write)

< Instruction cycle >
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2.2 Z80O Nnu E)‘J'??q (192 li)’ijfsiq

MUBUIUNISN W IMYDNNIS  INTERFACE ﬂuﬁsuu1u1ﬂ71UStﬁalﬁa§ﬁu
ﬁﬂwwuﬁw1ﬁuaﬂweﬁqﬁazﬁaqﬁwn1sﬁméaﬁqun$&3u 0 IRNDUDN LW IMWNEAI N
i muNAse cpy ﬁhﬁﬂuwuiw1ﬁuﬁazﬁbqﬁwnwsdﬁuﬁagaaﬁnqunséﬁuqnuagévﬁaqa
aaniUanqUnsélawﬁqn AN L BoNRRIEWI N 280 1ﬁwﬁqun7& 1/0
(INPUT/OUTPUT DEVICE) HBNINEAENANANNISAS NN 1/0  (INPUT/OUTPUT

- DEVICE) #1 9 U audaunsdiuse Lnn  DISCRETE.

vuvunwsﬁuqnuastawﬁqn 1ﬁava1nn1sﬁﬂdaﬁﬁqunsé 1/0 e Tanvas
AAWARYAUNTSAARDNY  STATIC RAM 32 (WMINUUILNISRARDSEWIWCPU  AUSTATIC
RAM URENISAARDSEWINCPU NU qUns& 1/0 SNy AR

2.2.1 nuaunwﬁﬁuqnuaxxawﬂqnnav 280.

Ao IR WS sua g T e R 280 ﬁwnwsﬁwéaﬁhqﬂns&
1/0 L UsE NBUTAY JynneRanURtontas?  (ADDRESS BUS). 5mm1ma1nﬁaﬁa§a
(DATA BUS) WAty naIntidnauan (CONTROL BUS)

U 2.2.1A U3 2.2.1B WUAMUBON1ADE UNTUVBINITAN TDNAYUIA 8

o v [1 € a €a
UnﬁﬁﬂuqunﬁmlDﬁnqnuasSuﬁayaﬂﬂnqunsmauqn

CcPU OUTPUT PORT

DATA AT
8 BITS OUTPUT PORT

) R w—

¢ ¢
zU 2.2.14 : uaﬂwuﬁan1ﬂasunsunaqwaﬁn10wnqn.
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CcPU OUTPUT PORT i

DATA AT
8 BITS INPUT PORT

=

£ o
‘EU 2.2,1B : llﬂﬂ\lUgﬂﬂ‘lﬂD&‘llﬂ'iNUﬂ\lWD?VlDu“‘m.

2.2.2 MIINUDNAIUMINYDINOSN (PROT ADDRESS).

WS UVYDN 280 &uazﬂﬁauamtﬂsaag 16 15uuéazgn1§ﬂunwsﬁquanﬁﬁ
NN YD HDAN T/0 1T 8 Gty $eidn 280 amnsnazfeRofiy 1/0 yuA 8
UGBy 256 WasM (282256) Taufisz Ui UBN N YE KOS NiRE B0y | Tidnune
NNSINAY 170 WUUNIASI M ( STANDARD I/0 MAP) HRLUAREWOSY fDeFUDAIATN
L RUMUDA LA ABIUNSUIUBNANUI (1 UDAIASA = 1 WOSM) 1t uddn
N151R0NKOSN  UUU LINEAR SELECT I/0 Madsuoniasd 1 1&wdifon 1/0 1
WD{Hﬁ?vﬁWD{" 1/0 thuN 8 Hosn LINEAR SELECT 1/0 5luNWzﬁuszuuﬁﬁqunsﬁ
1/0 WU LY.

(WnB1uA WUNGRENANIAY /0 MAPPED 1/0 (W14 WIN18193015  BA
apnu 1/0 wdnse fudafias (unnsiaufies 81asnee s Bavady 9).

LBy NN TR 8D 1/0 URSUDNMUAIININIUSEUUYDY 280 A%
ﬁauaﬂtﬂﬁaqﬂuﬁuqﬁu WAASIUS 1971 JoS DN TORQ  (INPUT/OUTPUT
REQUEST) usndan3n MREQ (MEMORY REQUEST) NUINUE IS UM ST
i DudonitRUDRIASA 16 1Al (A0-A15) WSsuuvdy 1,0 Auisnfufidovad
AwioaiAsane 8 (Autduf fotae ity stuuiaensIdho 1/0 RN 5 Wam
A WUDAIASE 3 1AUAND  INSILRIBUBALASA 31 AU MNNSDU UBNA UM Fuan
Aniulane 8 dumi (23) usKaIN 1/0 fas RSNt s dtioniasate 8
LAULNIS0DATI L ANKDTN.

IFREHDIN 1/0  WNSEUUINIASIUS L331 B03 3L ADUALDY | RS AN | fit)
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(7] [-] s (4 d' €a ] t’.:
YONTEUUUALDAIASE (AD-AT7) AIUNUNYDINDTN 1/0 MNIASIUS 1 37 L BDTARRDATHNIU
a ' ¢ [ [ b1 ' 0 '
azgnlsun11 "WOINUDAIASE (PORT ADDRESS)" MU 1 AU OFFH
[4 o s Y a
lﬁuwa{nuaﬂtasauavqunsw 1/0 ZU 2.2.2 uaﬂﬂvvasnﬂﬁﬂunﬁsnaﬂsnalaanwa{nuaﬂ

[
1A98 OFFH M.

BAQ 1. U1
BA1 2 PORT SELECT LINE
BA2 N = '
- 7 ;
BA3 e 1
BA4 &
BAB 3
_EA%____‘H_ eselect code = FF16 N
BA 1 '
=3 74LS30

SUR 2.2.2 : UAANIVISADATHAINOAS NI PORT SELECT IAuimumi

PORT agﬁ OFFH.

IADEUNTUWNTY 2.2.2 i azlﬁuinxawﬁqnnw 8 Y0¥ IC 74LS30 el
apantiu "o" 1ﬁau15uqnuae GATE fawmii 17 Avinginiowmov 8
09 741830 ( PORT SELECT LINE) 3t Wdeinfinandn "0" (iotauonasaiaosn
Uinfusiavaenasmias (Ron it dwsui10879898 % PORT SELECT LINES 1@
fmfiaodn "o,

9HW1SHAW PORT SELECT LINE AWwns0fiacunnfnld Auyne 280 sl
davnsansaiy 1/0 Tl zﬂaqawnszuuuﬁaunkuﬁwﬂﬁﬁauaﬂtﬂsaqﬂtﬁsdﬁhszuuvav
1/0 thide uniasne iy ﬂunsﬁﬁ1uﬁﬂsius|ﬁaxﬁa§ﬁaqn1$ﬁazéwuﬁagaawnnﬁvu
ORI AC L IRee XXFFH, PORT . SELECT LINE Natudeanndayinst Uauon tasq
AO-A7 Wi OFFH Gemsefusiiuey PORT SELECT LINE  fiadesni{udioe
a%wqﬁmmwmﬂ1uqu§uu1 o 1 Sunnsieusninwes Siuias Tus 1981 dosBan1TRadaity
mNuMNRMse  1/0.

2.2.3 n1sa¥1q5qq1mn1uqu ToW tas TOR.

W 280 NSeMIBWIUNNSARABAY 1/0 ¥ TORG ¥dy 280 eWandn
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WR ASSERTED FOR AN OUTPUT WRITE OPERATION

10w !

L

PIN 6 OF OR GATE

zuﬁ 2.2.4B : WAAYIADEUNSNIIRIVDINIS L NANGYIN TOK.

#ugnens | Juunaan - (PORT WRITE) voNStuu 280 azgnﬁﬁtﬁuﬁmmwm
WRITE ENABLE STROBE uavwaéntawﬁwnﬁgnlﬁan Aunanas o srtas | Andud
RfD150 PORT SELECT LINE uar TOW uoafmwioufu (Fmadnifiu "o wioutu) &y
mwmnwslﬁvuwa§nvzlﬁuﬁwmwmﬁnszﬁuﬂﬁqﬁns&xawﬁqn%bﬁbgaawniuinsiﬂslﬁatﬁa§
1WHANT (LATCH) 1971) u%a|§uu§a§aaauuwa§nlawﬁqnﬁgnlﬁan
1RBEUNSHLIRIUSY 2 2.5 uaﬁvﬁwﬁbt1a1uao§ﬂm1mﬁUswngﬁuﬁuvnwﬁbua
nn1qaan1Uquasnnawnww ﬂuﬁUuavlnuvwnn “ ammwmunlvuammnm WR %t | Uudgnnn
ﬁvawﬂvauqunnnvuaunwsnﬂnanu 1/0 avauqﬂav ﬂvuua~tvuu1¢as1nﬂvsu 2.2.6
1qasuuamq15nuvnﬂvﬂun1saﬁwoammwmnwssﬁuuwasntnwuu
RS INTADE UNTHEDN N I M IIADH 1507 1§13 155N MDY
asﬁasﬁuuﬂﬁuﬂnﬂaiwmwmﬁnv q § 280 WifEbY (A unsofaraiwAgnn  PORT
STROBE 1Auistun Ad) '
) QﬂUssavﬁuavvqasﬁuzu 2.1.6 ADADYNISAAN  TROBE  S4upAfniinoA3n
"o" tﬁa CPU ﬁayn1$dq§a§31uﬁhwa§ntawﬁqnﬁqnﬁwnuﬂ 1u3uéssuuﬁhuaﬂlﬁsa
AO-AT7 xﬂuﬁuqnﬁv 8 1dUYDY NAND GATE %qtﬁu1qqsﬁnumz1ﬁuvﬁu1vqs1ugu 2.2.2
otauaniasan 8 1du (A0-A7) fRadnilu "1"  (S¥A1A0NNOINAD
OFFH) laﬁﬁwnvav NAND GATE 3tiino3ntiu "0" PORT SELECT LINE Har#io1ini
5uqnnﬁvvav 74LS32 OR GATE 51u§h5n5uqnnﬂvuau OR GATE &uuﬁaﬂnﬁwmwm
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AO~-A7 STABLE )
PORT SELECT STABLE

\ I

IORG OUTPUT FROM ZBO

WR OUTPUT FORM Z80

IOW ASSERTED

SN\, 77

PORT WRITE ASSERTED

guﬁ 2.2.5 ¢ WAAIADEUNSNIIRWAINITINANPYIN  PORT WRITE.

10K STROBE (NRASY 2.2.3) (iia TOR STROBE Simadnifiu "o W UINWII
CPU nwaqnsvnwnwsaqvaua1uuvwa$nxawnwn

ﬂvuun15ﬁmwm IOW A PORT SELECT LINE Wap3niln "0" wioufu
CPU ﬁazaeuauaﬂnwaﬁnxawnwnnnnlaan NISIRYYIN TOW uAE PORT SELECT LINE
4 OR GATE nlnvqwanauaswvammwm STROBE nsumuwasnxaﬁnwnnnnlaanﬂnnw
_nwssu10130ua1u amm1muq~tsun11 "PORT WRITE STROBE".

15n15nna110quxﬂuaﬁn1snuvﬂunwsas1vamw1m STROBE ﬂnwasnxaﬂnwn

suxawsuvaua1U1n1uu ﬁuﬁuUU1N7971U7lﬁﬂlﬁD?ﬂ?WUﬂNﬂ?”Qﬁﬁﬁﬂiﬂ171

BaQ PORT SELECT = FFH
Bal

EA2

BA3 1 :

‘ k=]

EA4 E

AB PORT WRITE STROBE

BAT——7°%°
A

Iow 2 ] A
432
SUR 2.2.6 : NARVINRSNISASNAGYIN  PORT WRITE.
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2.2.4 n7$a§1q5qq1mn1séwuna§n

navnawana1Uuawﬂnuwuuvunwsaﬁuuauaawnwaﬁnauwnvae 280 1ADL NN
NAINSY 2.2. uaﬂqawauuaqammwanswngvusuuvwvnuvunwsawuuanaawnwasn
auwn ﬂu1ﬂa~unsuuammwm IOR a°uanvnzﬁa1unuﬂwmwm 10W ﬂuvn&nnwnwsav
vagaiuwvnasntawnqn. | )

W UMISINAVNIGYIN RD %vuanvﬂusu 2.2.7 dugn RD URetIURS Y
Ao TOR Quunuwswuvsaauwasnauwn amwwmuaonwﬂutnﬂn1$tﬂaaun1vnauaqwn
wasnauwnlu11 280 15 RD (wABMARSNIN Ty 0" YOUAR NN SNBUIRE US I QU
S5UUURTONANAL IE0N  STROBE (81 MWME3A1A0TN WM (INTERNAL REGISTER)
vy 280 AYYAN RD NaeAduaniDuRodn "1 uuvunwstnsauﬁﬁuﬁbgaﬁazéuqﬂaq

STABLE
BAO-BA7Y

Xz

PORT SELECT BECOMES ACTIVE

IORG ACTIVE LOGICAL O, OUTPUT FROM ZBO

R

AD ACTIVE LOGICAL O, OUTPUT FROM 280

IOR ASSERTED /
PORT READ / 5
ASSSERTED /
TSB\\~7 /// '
PORT DATA PLACED ON PORT DATA REMOVED FROM
SYSTEM DATA BUS SYSTEM DATA BUS
a o 4 o ¥
‘EUW 2.2.7 : uam‘lﬂazunsunmuammwmmnﬂuu'lu’mtﬁgu 2.2.86.
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BAOD
BA1
BA2
BA3 1
Baa
BAB
BaASB
BAZ PORT READ

PORT SELECT = FF46

oy

juﬁ 2.2.8 : UAMININNISATWAWYIN  PORT READ.

ol
o L (Y .

U 2.2.8 uaAe 38ui IumaY T T LONT (A RET FOPI . S
awnléau1un1qaa$nﬁu3u A aztﬁuiﬁzu 2.2.8 5uﬁ1va7ﬂéﬁuﬁh1uasﬂu§u
2.2.6 uwnunnéweﬁuﬁﬁmwnm TOW UR: TOR (i PORT READ STROBE 3t UDANN
(Faosnidu 0" e z8o ﬁwnws%uﬁagaqwnwaénﬁtﬁan ko W OFFH
WY 2.2.9 uaaq1qasﬁaugs&ﬂun1saéﬁewa§h 1/0 wun 8 i 9 Tu

ﬂuﬁﬁﬁbéa1uv:né113cswuazxSUﬂuaqvuvunwstawﬁqnuasﬁuqnawnwa§n 1/0
2.2.5 1uqn1séﬁxﬁaguunzns:uaunwséqﬁaga1uﬁvna§ntawﬁvn.
1. UAUDAIASA  AO-AT7 aquﬁwuuﬁqiutawﬁqnn1uﬂéhﬁsﬂvuquuav
280 Bevne AU IUIANDR IASA AO-AT 0NNDASIIAIAYTISANISHIM  PORT  SELECT
LINE WU 2.2.9 10TMmyY 8 w0y 1C1(741530) axiimodntdu 0" 0
AO-AT TRNASYAUNITILOR L ASARAIILA (IUfiAD OFFH).
2. 180 azéQﬁagaﬁﬁaqnwsﬁqaanlﬁwéﬁaﬁaga DO-D7 WU 2.2.9 U0
yaazsaagﬁvnéuqn DO-D7 YDV I1C4 (74LS374 ; OCTAL LATCH).
3. v1 I0RQ vdv 780 azqnx%nﬂﬁﬁaaﬁntﬁu "0"  $er 1 Bunsveuan
17 7 80 Aoenshiashedaiy 1/0 5qm1m55¢nqﬁwv1§auni1azéuqnuuvunws
4. 97 R YOV Z 80 IONIINUADANI T "0"Ee g A gIN ToW
Ron1Dut0" Maefi PORT WRITE STROBE tuumaainitu "0" v ¥R wov
280 RnAUNTRDSNI TN 1" BnASUiN unzﬁﬁagauuﬁaﬁaga DO-D7  3:0N1TuuAL

[ « b4 [ “ ¢ 's
74LS374 oul Uilﬂ’]sauaﬂﬂ’ﬁa‘i {I‘Dl'lﬂ‘lUU‘J LR D-Wn;(n



GND

1 1
=t w—) 20
[ =]

— w—r <
-—r
[ =)
-

SW DIP-8

LED" x 8

3 g
CES s ~ N
o222 ® &
y J
Ot = - * - ~ ~ ~.
< ) P
DJPJJJJA 3 ~
mttL L \:Liﬂ ILtL (L ‘L
SO SONNN
N
i
Q
4
[C]

' 74L8S30

BA
8
BAZ
B
B

€ ¢ o ¢ o & oo '
EU 2.2.9 Uaﬂﬂ7033ﬂ”gﬁmﬂaﬂ Nﬂ?ﬂﬂuwﬂ/lﬂﬁnwﬂvuqﬂ 8 Un%@ﬁﬂﬂ““uﬂ 1/0

agﬁ OFFH

P, 7 o T



M5y 2.2.9 tUunwsuwuauauaqwasnlawnwwu11Um fa LED Dmiimosn
i "0" LED iuasiin Dmidaodnitu 1" LED sedy
2.2.6 uuvunwsé1uuagaaﬁnwasn§u§n
ﬁa1uazﬁawsmﬂvuvunﬁsdwuﬁauavav 280 awnwa%nﬁuwn ﬁhuamqﬂusu
2.2.9 SUMNMSFMIMGIE URNSE ARYN nunnsavvaua1uavwasnaawnwn un NN
RD ﬁuavnnﬁﬁunuammwm WR
. AN AO-A7 3LUSINDIUUMSTUUTANOAIATH 1C1 LNINISNDATHA
U1 8 tawﬁqnvav 11 IxHaadnitu "o" ﬁagadwq g vaqwaénﬁuqnazﬂhiﬁUswnguu
ﬁaﬂoya E$MNIINYYIN T0RQ URLNYYW RD (At unsDiunow
2. TORQ 3saniBnukiaodniTu "0" Ay z80 nISNTERT DNt Lon
WNSEUUIN 280 MDNNNSARARAY 1/0 1dmuaI
3. dygw RD azgn&%nﬂﬁﬁaa%n;ﬁu "0" Ay 280 %qqzﬁ11ﬁnﬁnﬁmmwm
ToR  Sulwssuy
4, tﬁaﬁmwwm 10R Usﬁﬂn%u1uinsﬁUstﬁa1ﬁa{azﬁ1nws§bﬁagaq1nwa§n
Buym 1winzi1e) RD 90 280 ¥RoAnitTUu "0" ¥) ENABLE (¥ 1.19) ®0y ICH
(74L5244) 3eoni@nifimodniiu “0" Andn "0" vub) ENABLE oy 74Lsz44mﬁ1
ﬂuunuauaaan (DATA OUTPUT) uuauaavaan1Uﬂusuuuuavoua 1uatuﬂn1$mnquuﬂu
lnmﬁuuauannn1ﬁnﬁnuavnﬁusanammwmnavﬂnnu 7415244 ﬁ@lUMUNlWDSﬂQuRQUONR
ﬂunuuavo§11311UWusaatﬂasnwuﬂu ¥ou 280
5. nwuaﬂnw RD wvnnlﬁnﬁnuaaqntUu il anﬂsvnuw nwuﬁmnwsnnUﬂu
vy 280 i ®D SAodnim "1 UDNR?WHWGSWGuWHnQ”ﬂﬂlﬂRDNUﬁUQWﬂ?uUUUNUD
YALIIE CPU vuvunwsdﬁuvagaqnnwasnauqnnauauqaaq
2.2.7 ‘a§Uvu1unwsdv5bgaaan1uﬁ§na€ﬁ|a1ﬁfn.
1. AO-A7 azgnt%nﬂﬁnsvﬁvﬁwuudvuowwaénﬁasﬁﬂﬁﬂﬁ?ﬂ
2. DO-D7 gnx%nﬂﬁhsvﬁhﬁhgaﬁﬁbvnwsévaan\u
3. IORQ 3eiAdINIUM "0"
4. WR dmodntlu “o"
5. WR wonigmuindunimeiniiu "1
2.2.8 a§Uuu1un17ﬁwuﬁbgawwnwa%ﬁﬁuqn
1. A0-A7 gnt%nﬂﬁﬂsqﬁuﬁwuuﬂqnavwagnﬁazdﬂuﬁaya

2. IORQ gnl%nﬁﬁﬁaaﬁnzﬁu o nwuﬂéhwanuquuav 780

> & e



—— [ [ a &
RD Qnt'zm’muaavmuu "o"

— @ v o o o [
RD in'dn‘mnamnuammuu "y
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2.3 z80 ﬁbnﬁsﬁutna§€Wﬁ

nws%ﬁqnu1u1ﬂsius1ﬁatﬁasuu aqnuvnuaanuuuswuuunaunaqawuqnvau
L 1BNAD lsaquavnwsautnassnw ﬂvuuﬂunwsn?uth011u1ﬂ77Usxﬁatﬁas1Uﬁﬁv1u
osneiiussfmBnmi 3091 udouiamid1a featudnee e A8n1sduinas
Syt Aufou ﬂuunﬁvzné11ﬁqﬁhumwuﬂz%ﬁnwsﬁu1na§€w5ﬂu1numﬁﬂe 1 YDy 280.

2.3.1 MSOUINDISMIYDY 280

qﬂuszavﬁvaqnwsﬁnvuaunwsﬁutna§€wﬁﬁﬁa NISMIIW CPU WNRINNASIN
CHIMTUSUNSIMANTAEIATY 1A INTE TR N WA MY WS KNS HiRD URND Y RN
¥DBUIMDSSHN (INTERRUPT SERVICE ROUTINE) 5uiﬂuﬁuﬁﬁﬁﬁﬂuaz1wunvaqnwsﬁu

v ¢
INDSINN

280
NMI 17
INT. 16
BUSRG 25
BESET 8

INTERRUPT INPUT

a‘ L Y3 ; d; ar o (u (
Ui 2. 3. 1dyen e atun s Sumas T

280 CPU 1AIANITaMIMSIMIIW 2 Anwee  @DnasBuimaTfiuut
($0M17  (NON-MASKABLE INTERRUPT) A5 UUUS 1§01y (MASKABLE INTERRUPT)
4 280 3LMINITROURUDIADNITYDBUI DTSR 2 tuy WwAn¥ne fnana e

4515801588 2 38 eaneeEndnnIdi Buns sy ot S 280 (gunu
AD DMA (DIRECT MEMORY ACCESS) uatr n1s51%wn.

SWSUINNS  DMA B (imun s AdouN R IANA NN T B ma Y
%wﬁuaznws%x%naguﬁn (Ha9 3TN DMA Smigeiani Z80 NI IARIUANAM
ﬁuﬁUsunsuﬁaéﬂuuaﬂlﬂsagu NAUNMA Z 80 wqﬂnﬁsﬁwqwuiﬁfﬁvnzuﬁq

2.3.2 nwsﬁu1na§§wﬁuuu\ﬁﬁt§au1v (NON - MASKABLE INTERRUPT).

280 ILNINTVSATIINDUNRGIGEY NMI DYARDALIAY 1IN LURBUAN Y
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2NN "7 (Tu "0" (BALLING EDGE) 5ol  fmuiniinas udmuuaedendn
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3 TWIR ANNSINMUATATAYNAS TUSUNSHAY CONTROL WORD Tiifiu  8255) 25U
2.4.1 3% HMIWOIN © 543U7znauﬁﬁuwa§nuuwn 4 i 2 wosn nénwﬁqasgnﬂiuqu
/A8 GROUP A CONTROL uazﬁnnéuﬁﬁqaegnﬂvuquiﬂu GROUP B CONTROL

uﬁannéuqﬂﬁwuﬁaznéwuﬁo1ﬁud DATA BUS BUFFER A% READ/WRITE
CONTROL LOGIC $9uSonimiiias i fud uiitindant CPU , DATA BUS BUFFER e
4§uﬁﬂxﬂa§ﬂ§ﬁﬁﬁhﬁb§auaw CPU @ READ/KRITE CONTROL LOGIC @ I{drufinau
Quﬂﬁﬁbgaxﬁwn%aaanawn%%acma{nwuﬂu ﬁaﬁgnﬁbouasﬂutaawﬁlnnwzau

2.4.2 SIWWAL LDYANISIALSHNYUOY 8255

AN RSP U WAL YUY 8255 %qﬁagaludwﬁqsﬁUssiuﬁﬁﬂu
N5 1 Souo LIRS uulasY CcpU 51n§un135mu1uaﬂq1§ﬁuzuﬁ 2.4.1 SwWaziduA
BN AR SR

DO-D7 : tﬁuawuﬁagaﬁuwn / lawﬁqnuuuaaﬁﬁﬁan (BI-DIRECTIONAL BUS)
az1ﬁunwvdwuvovﬁagaszniwqwo%néwq 7 udy 8255 Nuliagayavoy 280

CS (CHIP SELECT INPUT) :(ﬂavwaﬁanvuzaaﬁnlﬁu "0" CPU azaﬂuwsnﬁaz
dwun%alﬁuuﬁbgaﬁh 8255 1A ’

RD (READ INPUT) : (iouniiinmeaointiu "0 uasdonn G5 faodnilu
"0" $OUAIIN 8255 asu$wng§szuuﬁaﬁb§a CPU ﬁasﬂwnwsndwnﬁbgaaan1u1ﬁ (s
nws%v%auavvwﬁqumﬁasﬁataﬂ CPU tUMidN)

WR (WRTIE INPUT) : (HayifiEn e aodn it "o uazw IRy €S HAaN
(i "o" 5h§aa1n$zuuﬁaﬁa§aasgntﬁuulﬁﬁiuﬁh 8255 10

v o a8 Lres o 3
AO-A1 (ADDRESS INPUT) : %2 (UMAININMANNS (RONISS 9719050 0MYDY

8255
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RESET : (4aviLidn e i "1" 8255 azagﬂuanwazgl%npn 7 Wosnyoy
8255 W01 InBd I TMIADUAN
PAO-PA7,PBO-PB7 : uwﬁwmwmlndwﬁazgnﬂﬁtﬁuwa{n I/0 Bu8 8 Un1gRD
tﬁwﬁuquns&n1uuan5u f
PCO-PC7 : unﬁdmwmﬁgnﬂﬁtﬁuwagn I/0 vua 8 Un 15u1AuIU  PAO-PAT
Rz  PBO-PB7 uénéuvavnwﬁmwwmludwﬁﬂwuwsnuﬂqaanlﬁu 2 Naw inuuﬁaenéuﬁv
A 4 iR NRINSNIL 1BAIVAN  PBO-PBT uaznéuﬁ 2 WATWAN PAO-PAT
2.4.3 MsAD 8255 187U 280
WNSAD 8255 13TUSEULYDY 280 L A 9 fAabues LHRoN
AUYUIUNSAARDAY T/0 1ABIEADY 197 APYIN A0-A7 31N 280 HNBASHALEOAY
fynnwiAonKoTn 1s15i0vaN 8255 T91 ADDRESS INPUT BENAY 2 ¥ (A0, A1) 3
ABUNANRITY AO, Al fRwR0 151 TABATIAY AO,A1 IMURUDALASH D 8255 Wi
MR MRINDRIATIIN 4 1 (22) dmdgninsn 6 YN (A2-A7) [z iunDe
S homdnemdan $x (CHIP SELECT) Min 8255
Wi AR 8255 ﬁwa%nuanxﬂsaagﬁ 10H,11H,12H URz 13H 958w

} 8 - ¢ . &
ﬁqnaﬁuﬁanznaasuawasnluaﬁu1ﬁ uaﬂviﬁﬂugu 2.4.2

A7 AB AB A4 A3 A2 A1 AD i
SELECT CODE = O O O 4 0O O X X
7415438
A4
AB GZA 8255
AS G2B |
AZ c Yo cs
A3
A2 A
Al A4
AQ AO
260 ADDRESS LINES *

o [ o ¢ oo s
EUN 2.4.2 : uﬂﬂﬂquqqsnjsnDWSﬂﬂﬂjﬁlsﬂﬂﬂaﬁnnﬂﬂﬂnu 8255

& )1 & o — o &« > - .Y
?anUn 2.4.2 qulMuﬁﬂvﬂauﬁn CS ?suaﬂnWﬂﬁalﬁD A7T-A2 WiNINU
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000400XXB (2 Endnasat i L 40N 1835 ARSI 4 i)

SufoTURRL D@D N1SADYY  RD UAr WR DY 8255 VudRAIUAN
TOR WA TOW 9DNSLUU NASHLIADYY RD 4R WR 151TABASY (NS IEWAI0HTN
ZnsnoRTIRE D193 LAANSAM AT-AD HAIASYAU  000100XXB earsinidiAnnTssu
ws1TuutDNANy 8255 AU LINBNNIS 1A 1un1suﬁﬂm1u155vﬂﬁﬁmmwm IORQ 3N

cpu amniidyge TOR uas Tow thouuniniunisAedany 1/0 Lidwiwennan

ﬁquaﬂvﬂuju 2.4.3

—8256
JORQ o 4 _ IoW —
— A - WR
7432
1 _ IOR ™
B0 o 2A 2 RD
432

zuﬁ 2.4.3 : uAAY38N15ABYY WR uae RD 1370USEULNDY 280
WN"SA0YY  RESET 04 8255 Beatupminiinadn "1" 1870Uu1 RESET
Y3y 280 Seupminiandn 0" WMIr#avls  INVERTER SHNaN (Ruriou
WNISAIRWIBYA DO-D7 ¥V 8255 197AUTE UUTRTDNRTDY St UUAE AMNG
1IN WasuulETLR 5v5u5¢awuwsnéaawvﬁmmﬁmluéﬁﬁxﬁﬁiﬂuwsoﬁuszuuﬁaﬂa
1A ﬁbuaﬂqncasaugs&vavnwsxgauéa 8255 19 MUSEULYDN 280 WU 2.4.4

2.4.4 8255 READ URY WRITE REGISTER.
"»o ’ Y] ]
sneilgiinisdn 8255 180N USUUDEY 280 UAY  UATUILANEINISTUS

y : a' , a ' o a'ao (4
UASHATN Y 8255 LHONILAMIINIUAINADINISIA 3¢ 1 SHAURISANNS IR LADS AU
[ 73 © w [ ¥3 ) L3 l‘:’ o 1] oo ( |5'
4 Moy 8255 A WSV WNNSNERTHAE  AwmivuoeIiF RS I 0YNDA LASH

¢ o da [3 N Yoo &
10H, 11H, 12H UK/t 13H %Q71838lDUﬂUBQ?QHlﬂBSlﬂajuuﬂﬂuaﬂ
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280
D7 -
DATA BUS D&
DS
LINES D4
p3
p2
D1
DO
ion RD
Iow WR
RESET 1 [a 2 RESET
A1 A4
7404
AQ AO
FORM 280 cs
280 Ag [ Y
| A6 _[e2A YO
ADDRESS A6 | .
G2B 10H, 11H, 12H. 13H
LINES
A7 _IC PORT SELECT CODE
AS B
A2 A

o o 3 3 . v
EUH 2.4.4 uaﬂﬂ”ﬂ1ﬂ@7a“ysmﬂa@ﬂjﬁl%DNﬂD 8255 lgjﬂU?SUUUBQ 780

DEVICE PIN
RD WR Al
1 0 0
0 1 0
1 0 0
0 1 0
1 0 1
0 1 1
1 0 1
0 1 1

AO

[en/ o - - O [

—
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REGISTER NAME

WRITE PORT A DATA
READ PORT A DATA
WRITE PORT B DATA
READ PORT B DATA
WRITE PORT C DATA
READ PORT C DATA
WRITE CONTROLA DATA
ILLEGAL READ REGISTER




¢ a oo [ [ o 3 aa ¢
WINNYDNS AT (ADTMNNDIRY 0-2 L ONNMUANNERE NITHN W NTINLADS
g6 (4 ; ] o da
wpiay 3 (33R1masAIvaN) zuﬁ 2.4.5 [LUAANSIVAL L DVAYDYUARE UNYDYS I
€ g- ] [V 3 L
|ADIAIUANIAD TU LNANMNANBAENITN W IMYDY 8255 N 3 MR UALAISTUSHNSH

. v
ﬂﬁbgﬂuﬁuuméwq 9 1anyADTUNAD

CONTROL._WORD
D?| D6| DS} D4| D3| D2} D1} DO

L"_J | > PORT _C (LOWER)
4 = INPUT

O = OUTPUT

GROUP B

PORT B
1 = INPUT
O = OUTPUT

MODE SELECTION
O = MODE ©
4 = MODE 1

GROUP A !

PORT C (UPPER)
4 = INPUT
O = OUTPUT

PORT A
4 = INPUT
O = QUTPUT

MODE SELECTION
00 = MODE O
04 = MODE 1
1X = MODE 2

MODE SELECTION
= ACTIVE

zuﬁ 2.3.5 uaﬂqswvaslﬁuﬂuﬁazﬁnuaqgﬁalﬂaéﬂvuquvav 8255

2.4.5 WA 0 : BASIC REGISTER 1/0.

MWNISITN 8255 ﬁﬁaéﬂuinuﬂ 0 gua:ﬁaqéuﬁwﬁhﬂvuqu (CONTROL
WORD) ﬂﬁuﬁ%%atﬂaéﬂvuquﬁau ﬁ1§qﬂﬁuquﬁazﬁwuumﬁnumxnwsﬁww1u1ﬁuﬁuéaxwa§
nudy 8255 ﬁﬁadwqMﬁvuavﬁwﬁhﬂuuquﬁqsdvﬂﬁ 8255 W WDLWINNA 1 f1dun

D7 D6 D5 D4 D3 D2 D1 DO

1 0 0 0 0 0 0 0

awnzuﬁ 2.4.5 3% 11410
Un D7 sﬁuﬁdﬁwnumiwmﬁuﬁwi\auuqu (CONTROL WORD)

& [ . ¢ o
UN D6 AT D5 NIMUATMNANISANIUYOY WOSW A D6,D5 fA1u "o"
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uaﬂqiwagﬁuiuuﬂ 0

o _ npn o » [4 - [4 (4
un D4 = "0 NINUATIY Woan A 1Uuwasnlaﬂnqn

a ® (4 o @ (4 (4
un D3 = "Q" 1BNNDSN C 4 UnuutUuwaintaﬁn@n
P [ ¢ ’ (4 v
un D2 = "Q" {TNIMNAYDIWDSN B IMNOSN B agﬂuﬁnuﬂ 0
o [ (4 ® (4 [
un D1 = "0" (TNNDSH B L UUNDSNLDINKD
%
o & (4 g a I 4 I'd
un DO = "O" LBNNBSN C 4 UnaWQlUuwasntawnqn

o

nnaqn1uquﬁasﬁﬂuuaﬂﬁwa§nﬁ§ 3 0y 8255 W MDHWTINA 0 ude
nﬁuwaén1awﬁqn%vaz1ﬁanuﬁmm1w%qa1uwsnﬁwﬁaﬁquns&nwuuan\ﬁﬁe 24 §0 Ade
o 280 Par (BNl 8255 DY WANYEE IR IR

LD A, 80J : l%nﬁwﬁhﬂvuqu

OUT (13H),A : éqﬁwﬁeﬂvuquﬂﬁ 8255

o 280 RIS EXECUTE Adieduud 8255 32001 U0 AN

nosn xﬁuwaéntawﬁwn UAZDHWINE 0 asaﬂuwsnéwﬁauaaaniuﬁqwsﬁnéwq 9
fuR de OUT YOY 280 FaEIN TN ABYNSAY 230 TUSwsen A , ATH Wy Ha Y

B Uny 73H 1UU!N03H C L AT 280 ﬂ?ﬂ?“iU?uﬂﬁNﬂﬂHmﬁﬂﬂu

LD A, 32H QL) |ﬁnﬁb§a1ﬁhasn A
OUT (10H),A :;dvﬂagaﬂﬁwa%n A
LD A, 41H : l%nﬁagaﬂﬁwagn B
OUT (11H),A : dvliauatinasn B
LD A, 73H : t%nﬂaqaﬂﬁwaén C
OUT (12H),A : éQ5agaQﬁwa§n C

»

nﬁqaﬁnﬁﬁwﬁqxuéwﬁgn EXECUTE WAIWBIN A,B Uat C %89 8255 At
HIBYAAIN 9 ﬁév1UﬂﬁUsﬁngn§

W IWIRER 0 B89 8255 LTI ANIINDINIOY 8255 | TuBiNN
u%alaﬁﬁqn1ﬁadwvtﬁu UMDSN A uAEWDS C lﬁuwagntaﬁﬁqnuazwa{n B 1UuN0aN
Brom qsﬁaqéoﬁwﬁqmvuguﬂﬁuﬁ%%a|na§éauquﬂuﬁnumzﬁv5§a

D7 D6 D5 D4 D3 D2 D1 DO

1 0 0 0 0 0 1 0

Mﬁbawnﬁévﬁwﬁhnauquﬂﬁud%%azﬂaéﬂuuquuéﬁ 8255 Q:Qﬂl%ﬂﬂﬁﬁﬁﬂ
WIENITHNIMNTY 2.4.6 e 1N éwuﬁayauwawnwaén B 1A

IN A, (11H) : dwuﬁbganwnwe%n B
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PORT A OUTPUT
8255 EXTERNAL

DEVICES

PORT B INPUT

IPORT C OUTPUT

CONTROL WORD [
82H

Euﬁ 2.4.6 : URDNIADEURSHIARIANENENISH N MUDY 8255 IR 0 AN
awndqﬁwﬁhnuuquﬂﬁ 8255 A2

ABE NS TN DT HEIIAY A RAansef e td e 0 udavly
U 2.4.7

2.4.6 MIBEWNITIBNM 8255 WINNA 0

hogeirendniiviiidunns 1BoudD  (INTERFACE) fEuosatindussuy
Yoy 280 TIASIUS LTALT0S B uoSafas Ransai iUsE noUR A NSILUNARAUAD YA
APAR (AINFLW POLW, SINGLE THROW) 5ha§ﬂu5hunmuaquunn%n5 (MATRIX ) DU
4%4 MUFANIUSY 2.4.8 azu1ﬁaﬂsmﬁsﬂuaz158ﬂuaqn17ﬁ1v1uﬁvﬁaiuﬁ

iPuii11d7  PBO-PB3 UDYWDIN B %vtﬁuwaéntawﬂqn 1uAB LRuIeD
%t (COLUMN) UDNROUDYR Uasiinion PAO-PA3 uDuM3N A %vlﬁuwaénﬁuqnéatﬂn
SUnis (ROW) vovhduage uaznn 0 SNUDNHOSN A PAD LIRS AovRBAI N
FunmuIn 10K AUTHUINTY (PULL UP) UNSATIIROUNNSNARE LD TauD e EaE
Woin B aunuaa%g won finetmeed

XXXX1110 ->  XXXX1101 ->  XXXX1011 -> XXXX0111 ->

AL A0
XXXX1110 ->..0venn

' 1 o o ) » 4 (3 (3 &« ° . ’
nauﬁasunqjluauuﬂjﬁagatawnqnuavwasn_B WOSH A NILNMINISDINYD

» ’ -] a € (4 b a 1 (4 o a 1
ﬂan51n1511uun1$nﬂﬂuuaimuﬁvﬂwn1éa1nnwsawuq1nwasn A 3l 4 UNAN



MODE § Configurations

L 8 T}

LSS
11efeloientionge

{__+L—mg
[}

(V'S
ST S

SPrTae mene o)
L B

CLLLL LT

f———— %, x,
0 G e/ 3 [

Al o,
L3 wa
72— wyon,
e e ———— .{
__qd—.q#‘
ot e,
[ ¥ ¥ ]

I L L L LY
st1olejrsjoles]e

-——,l'—.g.g‘
8, 0y e € l

+*.~

'Y ——_— ", n,

rTRm, wene ot
s T L WL N

nopooonn

ap—nt . 79

-

e v, o,
]

'_f"."_"l'\

L e e LY

$0ntagy wone o8
S K &8 s 5

CLLLELLL

| P —

8,8, cl
.__#.—‘I"
vt
e 3
LY
viojoefofofeloejr
al—l e vy on,
preeoy ., L]
ST I
% 8
Lty
.-—f_!_...a\
CIYRR. e of

& 8 8 8 %9

CLITLITT]

0

~-53-~



. -.-:-. * % s n

onponono;
apt—r— 0
—— S

- q
_,ti._*glu_
e L5y

Cont e, mpne o

CLTTEEED

'H—'—%’\

{_4;_-,_.,;.“
[ 3
SN

noooBonn

oy Rl IS

l VUSSR W o, %,

L
p—th o 0, o,

Doopoooo

sfe—rt vayre,

—_—
ammans NN
8y c{
-

Sy,

BoGEDOND

e nyen,

l‘—“——n.-t.

Lt

ot A,

.

L o, oa,
am—ci)
-

r'—-—s‘—.—. =, v,
TR

ot




[3 o 33 o v 48 'R - ] r-X ¢
(PAO-PA3) tUURD3IN "1" nuA nqutwswsuﬂkuﬂwunwuﬂquu1wuanagunn]unjsn@ﬂu
€ acd a¢ é Yy v & [y Y- N « 2 aa ' é a P ®
UDSARUIARNMIN IR TDNANE WIATE WAL 1" WAz AoNRimIanuiniaain D
L’y o ¢€o o 3 [V v € [ 3
"o" HQﬁ;nj_;alnﬁngnnﬂasnwﬂﬁﬁsa(ROW) NUADANM (COLUMN)  umeiuluyneh
¢ o v & o €a ° a o o [
WON B AUNUADAN "of,unﬁQHGQuuuﬂﬂa1nnﬁgnnﬁaznﬁﬁﬁﬁsvngnnnuaaantUu "o"
g ' § S (4 (4 a o
fY a:nswuq1ﬁuﬂngnnﬂ1ﬂunwsﬂs1aaaU11unﬂﬂuaqwaﬁn B WALYDUNDSN A  NADIN
[
tuy "o"
a . ad¢ ¢ o o vy o
U 2.4.9  uAMYTUSUNSHNSEMTRYAIINABUD SRR NITIADB UL T
4 r 1] “ gu . -] ? & ’ l;
WINAY D5 ISNAWTUSUNSIRON LIRSV MIASY A0 LRITUSINSINAS
I'K3 ¢ 2 . 3 . L& a + ’
ASIINOUNITNARYUDIAAN n17uu1vtvawtﬁa1uﬂﬁtnﬂn1$wﬂwa19ﬂun7$awuﬁayalﬁw

a e o
1N tyuau

------------------------------------------------------

299952999399 9939% 2933399939933 393733392 2999333339333

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

oooooooooooooooooooooooooooooooooooooooooooooooooooooo

729995393999 2)9292 2923392299299 9233999992393 3)r929INNY

; PORT B IS THE OUTPUT PORT
; PORT A BND C ARE THE INPUT PORTS
TIAIINI13300 3033053339333 395333 3335393959333 3)

0010 PORTA EQU 10H
0011 PORTB EQU 11H

10012 PORTC  EQU 12H

0013 CONP  EQU 13H

0099 CONKD EQU 99H

> ot wmoR@n .

1800 CODE 1800H ,o

H A8 V' TDPO\

1800 3E99 LD A,CONWD A\C’UA

1802 D313 OUT (CONP),A ;SET UP THE 8255
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1804 OE1l1 LD C,PORTB  ;CREG = PORTB ADD

1806 O6FE CLO LD B,OFEH ;COLUMN 0 ACTIVE
1808 ED41 COL1 OuT (C),B ;ASSERT ACTIVE COLUMN

180A D810 IN A, (PORTTA);READ THE ROWS

180C 2F CPL ; COMPLIMENT INPUT WORD

180D E60F AND OFH ;MASK OFF UNUSED BITS

180F FEOO CP OOH ;ANY BITS = 17

1811 C21F18 JP NZ,KEYIN ;IF YES THEN KEY PUSHED

1814 CBOO RLC B +SHIFT B LEFT, NEXT COL
ACTIVE

1816 78 LD A,B

1817 FEEF CP OEFH ;CHECK FOR LAST COLUMN' ACTIVE

1819 cC20818 JP NZ,COL1 ;NOT LAST, ASSERT NEXT COLUMN

181C (C30618 JP COL ;LAST, ASSERT FIRST COLUMN

; HANDLE A KEY PRESSER, NEED COLUMN AND ROW

181F 4F KEYIN LD C,A ;ROW POS = 1 IN C REG
1820 78 LD AH ;COLUMN POS IN A REG
1821 2F CPL ; INVERT POS BYTE

1822 E60F AND OFH ;UNUSED BITS = 0

1824 C9 RET

; RETURN FROM ROUTINE WITH
H A REG

n

COLUMN POS, 1 IN ACTIVE COLUMN BIT

n

; C REG = ROW POS, 1 IN ACTIVE ROW BIT

END

& ad ¢
EUYI 2.4.9 : &M TLHllﬂ‘iuﬂ'ﬁﬂ‘i')'Qﬂi]Uﬂ'ﬁﬂﬂﬂUUD'iﬂﬂ'IM'N 'Q?'IH'EU 2.4.8
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2.4.7 NS 8255 Twm 1.

SN NIMYEY 8255 wimea 1 5xﬁunﬁsﬁwqwuﬂuﬁnunwvaqnws
HANDSHAKE, WO9M A UREWOSM B astﬁuwaénﬁaga &N ¢ ﬁasgnﬂﬁxﬁuﬁmmnm
HANDSHAKE Mfiunasn B

YANNSSUANIBNAWIBN 15DV HANDSHAKE i ﬁanwsﬂﬁéuns&nwuuandv

JyIEAYANIE AN BNWINY 8255 AYURANIUSY 2.4.10

£25% PERIPHERAL DEVICE
STROBE DATA INTO 8260

/8 DATA BITS
INPUT BUFFER_FULL

(A)

PERIPHERAL DEVICE

L STROBE DATA QUT OF 8255
/ 8 DATA_BITYS
OUTPUT BUFFER FULL

(B)

Euﬁ 2.4.10 : UANIABEUNSHUAAYANEAE NISH N LMYDYANSARADSEWI N 8255
AUDUNSENUANWANYE HANDSHAKE

WU 2.4.104 5ﬁbuaaznnévaanawnaUns&nwuuanlﬁﬁé 8255 niowi
aunsmnwuuanauxuuuvaua1wun 8255 ayﬂaqunwsﬂsvaaau INPUT BUFFER  FULL
FLAG tdufiou 1 FLAG utUuasquaﬂqunuauaﬂuuwtwas 8255 uuq1unna1uiﬂu 280
R nauaawnaunsmnﬁuuanaquauaﬁunu 8255 A1 780 ue1u1ﬂaﬁulawvaua|v11u
WA FLAG ulUulnauanvvw 280 BIUTDNADDN KA aUnsmnwuuannauxuuuvauq
Wm 8255 19 uﬂ"lnaaunsnnwuuanluuuuauiﬂu 8255 a1 INPUT BUFFER
FULL ﬁ?»ﬂﬂuuﬁluu?ﬁﬁaﬂﬂﬁﬂuuﬂ

WsU  2.4.10B 8255 ?vnﬁﬁuﬁﬂlUuﬂﬁﬂvUauaﬁﬁnUﬂUﬂﬁmn1uanﬂOun
8255 azaqvauwﬂunuaUnsmnwuuanuuavﬂaqxﬁn OUTPUT BUFFER FULL FLAG IRY
nauxwauquanﬂqunsmnwuuanns1U11vnau 8255 ﬁﬁagaw%auﬁaxéqaan1ﬂﬂﬁuéﬂ i
BUNSANBUDNAAGINR  STROBE SU1DWayA 191 TUNRY INPUT BUFFER FULL FLAG
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at Lo i xﬁaﬁquanﬂﬁaﬂns&nwuuanfiwunzﬁiﬁﬂﬁagaagﬂu 8255 ,280 @1
S0 ToNATMIBON IV 8255 10

38n1si HANDSHAKE uuusviuﬁuuwnﬂunsmwaUnsmnwuuananwuﬁﬁnvw
ssuu1u1nsiﬂslﬁatﬁasn1u15nﬁsu1u1ﬂs1Us1ﬁa1ﬁnsa1uwsnnazauvagaﬂnnu 8255
NI BT RT uNII0NANTIH 8255 ONANDDNTUNAY 280 WIATIUS 1971909
$vazéqﬁagaﬂuﬁaan1Uﬂﬁ FOIURE RANS0NS WAL L3UAYDYNSIN  HANDSHAKE  UaN

4 2
8255 INNYU

Qe

o ° 1 @ ¢ ¢
U50ﬂ1ﬂauunsunuaﬂqﬂuﬁu 2.4.11 U nﬂuunﬂﬁwosn A TUUWSVIDM
wn uavwaﬁn B luuwaﬁnauwn (aqaﬁawvauﬂuanunmau | ﬂ1ﬂ) twaﬂu 8255 NN

TANEOE AINATIAEA Diﬁﬂﬂﬁ1ﬂﬂ7UﬂNunﬂ 8255 ﬂﬂu 10100110B eh) 0A3H

onel PERIPHERL DEVICE
QUTPUT BUFFER FULL
PC7
PCe ACK
FPAO—-PA7
PBO—-PB7
PCH
PC2 < STROBE DATA_ IN
sST8

a o a v ¢ ¢
EUH 2.4.11 : UARNUADNIADEUNSNYDY 8255 NIMKWDGN A tﬁuwa§n1a1nqn
¢ ¢ [V
uazwaﬁnauqnﬂuanﬂmt HANDSHAKE
Xy ¢ .
ﬂuguuﬁogalawnqﬂazaguuvw PAO-PA7 UDY 8255,0UTPUT BUFFER

o [V [ 4 o a va
FULL ogfi PC7 g ACKNOWLEDGE WNQUNSINMINAEDUN PCB, ﬁbgaauqnagn
PBO-PB7, INPUT BUFFER FULL ogﬁ PC1 uRsdpy I STROBE (WO 8255 Jutan
’ va a a ] PR (4 a
ﬁagan§11uogn Pc2 YR 2.4.12 UARYTIURE LBUAYDNUARE DNUDYXDIN C Tuumey

8255 NWAMMINNA 1.



ourt

PCC INTRB
PC1 1BFs
PC2 STBs
PC3 INTRa
PC4 STBa
PCS I1BFa
PC6 1/0
PCT7 1/0

IN
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{unwasn B 1Uﬁhquns&nwuuan1ﬁiﬂuﬁwun7vwaénuaanﬁsa 2DH (A0=1,A1=0 ;
PORT B DATA) A UR08 WA NSO 2 wa%nuaﬂeﬁqsuﬁ 2.5.6

FeRIANAMADUAMIAI 3NN HANDSHAKE 09 280 uuQ"ﬂOQﬂﬁvﬂuﬂﬂARDY
iU ASTB (4M5U PORT A) usa BRDY NU BSTB (aﬁu$uwasn B) ﬁvﬂuiuuﬂ 0 u

ﬂ?ﬁﬂﬁﬂﬁuﬂﬁ RDY NY STR (UDQHQ 2 Wﬂﬁﬂ) 9:|Uuﬂvuaa

H imttnsuwa§'1 B 11U nmﬁi‘m y B/A=1, C/D =

UM DFi=0,D6=0

1500 3EOF LD A,OFH

1502 D32F OUT (2FH),A ; MNAWNAILANIIND

[ 3
; WO B

‘. ] ‘ ar ¢ [} €
; avﬁaga 54H ﬂﬁnuqunsmnwuuanwﬂunwvwasn B

s B/A=1, C/D =
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1504 3E54 LD A,54H
1506 D32D OUT (2DH),A ; Avfouarumwmasn B
(4 € '3
s TUSUNSUNDSY A tuutawnqn s B/A=0, C/D =
1508 3EOF LD A,OFH
150A D32C OUT (2CH),A dvﬁwﬁqnvuguﬂﬁﬁu
. WO A

N ’ res [4 ’ ¢
; dvlouA 90H WALAUNTAN MO M WD A

s B/A=0, C/D =
150C 3E90 LD A, 90H
150 D32C OUT (2CH),A ; doﬁbgadwuwaén A

zuﬁ 2.5.6 POUWTSUNTINTITNINIS LRONIRIANITH W WNSHLA 0

(1o 280 NINSAY TR NI PIO nguu%buu§7 Y71 RDY DV PIO a~ﬁaa%nxﬁu"1"
ua“quDUnsmnwuuan1ﬂsu3mm1mu navnwnwsauuauwawnwasn;awnwn (nnniusunsu
" ﬂuﬁﬁﬂanq PORT A U8z PORT B) Hﬂ”lMDDUﬂﬁmﬂ18u0001NUGHR¥7ﬂHD$HIDWHWH
A7 aUnsmnwuuannavaqaqmwm STE WU P10 1iia PIO 1AUAY STB 1AINae
¥ BDY 10w "0" swit pIo fasAy INT AU 280 (RORANISUOSI ND TS
eaei i 280 nswuiﬁqunsévséqﬂﬁﬁquns&nwuuanSn 780 ﬁasﬁwnwsdqﬁbgaaan
TUINIAURIM N PIO Usaniﬂazuﬂﬁuﬂugu 2.5.7 asuaﬂqﬁvnwsﬂﬁﬁaﬁaga RDY WQg
STB ﬁqunsénwuuan

FmSurTiee 0 SR wNTnRRE i PIO ﬁﬂﬁaﬁaaananwaénxawﬁqn TRy TN
HANDSHAKE 1A1aun st Wisefiuaoinfivn STB 10 17 $v07133si 18 iaun13tn(0n
¥ STB ¥0v P10 A0S AUTHIA IO UU (+5 V) (BoRusuindr PIO Raefanag

g

Y v & ¢ ¢ a . o
avﬁagaaan1uuuuaﬁayauaewasntawnyn 1waaouagaﬂﬁnu
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Z80 PIO MODE O (OUTPUT)

EXTERNAL
DATA OUTPUT
DEVICE
BDY > HANDSHAKE
ST8 LINES

RDY = 1 WHEN OUTPUT
REGISTER IS FULL

S§TE = O WHEN EXTERNAL DEVICE
HAS READ OR TAKEN DATA

guﬁ 2.5.7 URDNIADEUNSHUAMINAITISYN RDY
WA STB ﬁhquns&nwsuan -
quns&nwauaniﬂu1ﬁauﬂaiwquns&nwuuanazﬁwnws%uﬁagaaan1uw%aﬁh U8z PIO W
WINNSIOBUINDITNIAIN 280 MIBdMTUIADEUNTNIIAT (TIMING DIAGRAM) N5
M NWMYOY P10 WIMIA 0 1ﬁuaﬂviﬁﬁhzuﬁ 2.5.8

2.5.6 MSTUSUNTHURSMISNNIUYIN Z80-PIO WINNA 1.

0 pIo nniusunsuﬂﬁﬁwovuﬂuiuuﬂﬁ PIO a=ﬁ1owuﬂuinumzvaowaénﬁuwn
ﬂasuvouaawnaunsmnwuuan1ﬂ1wuvaunv1ﬂu1 awnsunwaqn1uauna~ﬁﬁﬂunwsiﬂsunsu
PIO ﬂnnﬁvﬁuﬂuinuﬂunﬂa 4FH (D7=0,D6= 1)1ﬂuaq1uuvwasnuaﬂtﬂ$ﬂ2EH w30
2FH (WOiM A W30 B CONTROL) dwsuiuiiiasfinodn B xuwwasnauwn Sothime
ADYAY YDA 4FH 1WHNHOSN 2FH TWSvnosn 2FH ﬁuiuuauvauaannaUnsmnnvuanau
AV P10 7y B7-BO vOY P10 (A7=A0 Munsfdidvo A :Uuwasnauwn) A

uaﬂ1ﬂu$Un 2.5.9

-74-



MODE O (OUTPUT) TIMING

&

WR

N

PORT OUTPUT i XS
(8@ bits)

READY

TN

STROBE

\

/

NAN
INT —&

WR RD CE C/D IORa ‘

guﬁ 2.5.8 1ADLUNSHLIRWAAINISNINOMYDY PIO Winug 0

WS UIFaNNTHRE Y HANDSHAKE Wwumt fotFeusi i BSTB 1ASURD
§n "0" $407139:111ATAEN199BY1 BSTE AU GROUND ¥ Suis v PIO %’uﬁ'mumv'i
DHUM B7-BO (W50 A7-A0) AU BSTB mnaumrﬁmuuan suﬁ 2.5.10 a
uwnﬁms‘msunw PIO WiWDIN A muwasmmnwn UAEWIN B |Uuwasnaum1 %4
1U7uﬂ7”u?"RQUGN\RQMDUWDﬁﬂ A Hﬂ”?UUBNR‘U?ﬂWQNﬂﬁﬂ B

Am3unsinaovnshes i HANDSHAKE Wit 928048y ASTE fu ARDY (71
wSUNDSN  A) war BSTB AU BRDY (A miunotn B) Whtae18u1 BSTE fu BRDY

: [ o o o G o v v o [ 3
iPYLiaYY BSTB uoAnn (1ASURD3N "0" PIO nfnﬁ*msmuﬁagaqwnuaﬁaqavavwasn
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b
S0 1 a & ¢ o & ac€a a 6w ¢ &
nﬂ'}uu.mluuymﬁﬂﬂuy‘m FLIUNUNAD B7-BO (M50 AT-A0 dIMSUNDIN A) U

[ 3
J7UY7 BRDY MU

PIO i

EXTERNAL

2
8.
L B5
—— B4
80| B3
——— B2 DATA INPUT
L.
L B0

‘ ! BSTB
Y " 4 THIS SIGNAL IS A

LOGICAL O WHICH

WILL ENABLE THE

DATA INPUT TO

THE B PORT )
ASTE WILL

- ENABLE DATA

INPUT TO A PORT

‘ v ¢
ZUﬁ 2.5.9 nﬁssUﬁagaawannsmnwuuanvaq PIO.

€ O 4 L3
S; TUSUNSIMOSN A WIUMND TN

1600 3EOF LD A,OFH
1602 D32E OUT (2EH),A ; éqﬁwﬁqnvuquﬁﬁﬁu
; WoIN B
’
¢ t & ¢ o
; TUSHASURDSN B UHUUNDINOUNH
1604 3E4F LD A,4FH
1606 D32F OUT (2FH),A ;ﬁQﬁﬂﬁQﬂ7UQuﬂﬁﬁu
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[4
; WDSN B

' . [ g [4 :
nwsavﬁagaaanuassuﬁaga1ﬁ1a1annsmn1uuaniﬂuwwuan

;
3 ¢

; WDSM A UALWOSN B ¥DN PIO

;

1608 DB2D IN A,(2DH) nwsdwuﬁagaawnwagn B
1604 D32C OUT (2CH) ; Msdvauaitunasn A

guﬁ 2.5.10 DI TUSUNSNITIUNTS LRDNNISHIN WYY PIO

TuIwNe 0 unegl

4 S50 v e ’ (4 [ 14
xﬁuuawnynnnnuuwnﬂunwsuaﬂv1ﬁqunsmn1uuannﬁwuvw INPUT REGISTER Y
w%buﬁvs%bﬁbgaéa1u15 (CPU 1ﬁﬁ1nwsd1uﬁagaﬂu INPUT REGISTER uﬁH)guﬁ

& Y —af v [4
2.5.11 QﬁHﬂﬂQUﬂDﬂ1ﬂDSuﬂﬁ”ﬂﬂﬁﬂDUﬂgﬂgau ,BSTB UKY BRDY nqunimnﬁuuan

280 PIOC MODE O (OUTPUT)
EXTERNAL
DATA OUTFUT
DEVICE
RDY N
7 HANDSHAKE
STB LINES

RDY = 4 WHEN OUTPUT

- REGISTER IS FULL

| STE = O WHEN EXTERNAL DEVICE
HAS READ OR TAKEN DATA

o & ' [y ¢
3Un 2.5.11 uRaNIADEUNSHNISAD PIO NU QUﬂ?ﬁDTUHDn.

; ¢ , - . . ° o o € ad
1ﬁaqun$mnwuuanaqiagaﬂﬁnu PIO UR7 PIO 3N INISUDIUINDSSMT (Tunsih
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P10 PN UAMENYNE AN HANDSHAKE 1 P10 A WMANISUOHINDTAIAIN  280)
dapinitivn  INT uoefn (uoRRniRDSN  "0") ntafiar 1 Sminfuoe Twsansuaoy
UM SU NS ST 280 éwuﬁauaaﬁnwaénﬁuwnuaq PIO (ﬂunsﬁﬁ%a YN
B) 1i0 280 awuuauaawnnasnauwnua1 PIO f3L¥1 MY BRDY ACTIVE (823N
"y lwanqwnWﬁnaUnsmnwuuannswu11 PIO wsauma~suvauaﬁﬂﬂuuna1 (aunﬁmnwu
uanauiun1nwsaquauaﬁnnu PIO 3WNI1UY BRDY ¥V PIO a.usunuaaantUu ")
aqwuunavﬂaqnwuvnvaa 1UsunsutaannWﬁanwuﬂuiuunuua1 LADNAINTTDM
uaan1n PIO AN xuaqa1nlua P10 nnsnﬁnuuvﬂ BRDY ?vnnnwﬂuluu "0" A
uunﬁsawuuauaqwn PIO fihofasinafivy BRAY us~ﬂuaaanqu " tiiag aquis
nmwunauanawunuwu1u4Uuuauan1u1uﬂq11a eIt AR 1uaqa1nn1n1$awuuauau

INOH'I'W'U’I BRDY uaaanum ol tmuu

MODE 1 (INPUT) TIMING

CLK __J—1_J—-L_I_}:J——L_f*l_I_T_J_"L_I_1_J_7__r_1_{2?__F_I_J_—L

STROBE

PORT INPUT

(e

READY

INT

RD
AQ »

bitse)

RD » CE . C/D - I0RG

ODE 1

LK

ORT I
8 bit

IEADY

(INPUT) TIMING (NO STROBE INPUT)

B Y N “‘I“J/’“rl__l“

AN V'
\A SAMPLE

:?UT \ DATA IN \ >,< NEW DATA IN

AO - RD « CE » C/D » IORG

3uﬁ 2.5.12 1ﬂazunsu11a1uaﬂqnwsﬁwqwunaq P10 Auinun 1.
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e o a fu €
2.5.7 MTWSUNSHAIINAIUANNTSOUINDIIM (INTERRUPT CONTROL WORD)
v o U A 4 va a aa o v a °
AWSUMY NN 18N ABNISIRE TUSUNSN PIO W1 8DNNASTe Wi
v ¢ ¢ ¥ o Cuv. ¢ Y
TR 0 M3 Tuum 1 WiNumasn A wip wosn B sumnsBuimatsiauie 2
a v v v d & 8 ocad a Cov ¢ 'Y a »o
TABNAY W YBIRE AN AEHAE TUSUNsNSBuLIEI S uas8nsihaeadiuns
b 4
NNIUYDY PIO WIVNA 0 Ut Twue 1 LBULAEINUNISRONTUNA THUSNIEADNIN
e oo (4 5 o W
nﬂséqﬁagaﬂunusaa1nasn1uqu (CONTROL REGISTER) IWoTUSUNSMN W IMMNY PIO
a [ d'- g ago & u. -9 © (YRS
( Hunou unﬁauanav1ﬂu LUUN D3-DO (Uu 011B ununae 1U8 11118 dwsuln
D7-D4 uua~nnﬂﬁﬂunwsﬁﬂsunsunﬁsnwo1uua PIO ﬂunwsaunnasswnua~tsunuauan
nnaoﬂunusaa:nasnvumuﬂuanumzuvw "INTERRUPT CONTROL WORD" SUn 7.13 ¢
UAR NS SN fivDY UeAY SUN INTERRUPT GONTROL WORD

INTERRUPT CONTROL WORD

p7 DG D& D4 D3I D2 D1 [0]e]
4 AND | HIGH | MASK (o] 1 1 1
OR LOW FOLLOWS ; :
USED FOR MODE 3 . BPECIFY INTERRUPT
OPERATION CONTROL EORD

MODE O, 1, 2
= ENABLE INTERRUPTS
= DISABLE INTERROPTS

guﬁ 2.5.13 N15NI5UNUNUM INTERRUPT CONTROL WORD.

Mn D7 vdY INTERRUPT CONTROL WORD ItM "1" 3:91% PIO wioufiaxyh
nMsBuImassm watin o7 5lﬁu "0" PIO % TRMNSORRE RN IO MDA
A WSUln D6-D4 L IAMEMISH WG 3 A WMSUIWIMNA 0 Ua: WA
1 999 PIO i SLAUNaNRIRUNNNS ENABLE W30 DISABLE nmisvadutmaddwduindi
dethunsfuoyimm 0 uae 1nuﬂ 1 AwDY Un D6-D4 aciﬁﬂuaéanwsvaﬁuuna%?hﬁ
¥2¥ P10 HADEINAR WNTEAE WON D6-D4 1M "0" A ﬂvuuvvuuaualwuv 2 7
nau|aanaqﬂunusaatnasn1ununa
87H § WU ENABLE INTERRUPT
074 §M3U DISABLE INTERRUPT
wnstiwonl P10 voBuinDEIHTIA (felbyA 87H W CONTROL



REGISTER) awiadoviniutusatuines  fwuadnos INTERRUPT VECTOR ﬁas
navdqﬂunu 280 WN3BuInasISmiuem 2 vav 280 #WSU INTERRUPT VECTOR i

AuNSOfaL A WY PIO 16 Tﬂuvsxﬂuanunnstaaniuumusannsiusunsu INTERRUPT
CONTROL WORD (WuNUAINIUNSAYEN INTERRUPT VECTOR SuAwoetn Do 9 (i
"0" (AIYDY INTERRUPT VECTOR QuﬂDQlUulRUﬂlwﬁuu) anususUuuuavunﬂwv “
UM INTERRUPT VECTOR azuaaqﬂqSUn 2.5.14 awnsusuun 2.5.15 thas s
1U1unsu1nwasn A 1Uuwasnlawnwnua~n1nws ENABLE  M3voduinassmivounasn
A SUMURIENISHAAY  INTERRUPT VECTOR WU PIO  Selunsiimmuniy
INTERRUPT VECTOR Hfi7 76 H

ZERO INDICATES

INTERRUPT

VECTOR-

v7 ve VB v4 va va vi vo

VECTOR TO BE PLACED ON DATA BUS WHEN AN INTERRUPT OCCURS

guﬁ 2.5.14 NI5IALSUNUNUM INTERRUPT VECTOR.

1700  3E76 LD A,76H ; INTERRUPT VECTOR
s = T6H

1702 D32E " OUT (2EH),A ; didU PIO

1704  3EOF LD A,OFH

1706  D32F OUT (2EH),A  ;JUsunsumosn a 1fu

3 (4
; WOSMIDNIWN

[ [ 4
; MSTUSHNSH INTERRUPT CONTROL WORD AIMSU Wosn A



170B
1706

3E87

LD A,87H

D32E OUT (2EH),A ; ENABLE N19Ud

o fu ¢
5 BUINDSIWN

3uﬁ 2.5.15 MDY WIUSUNSHNTEIUNTS ENABLE INTERRUPT UREAISey
w (4
INTERRUPT VECTOR SWWSU Wosn A

2.5.8 NS PIO TWIWNA 2 (BI-DIRECTIONAL MODE).
v
ﬂjﬁﬁjﬂﬁuﬂﬂi PIO qu1MNﬂHlﬁun7757NlDWRanEﬂWﬁﬂWQWRQu fuun 0
o a o o 8 ¢ o (4
WA TR 1 1Msiu AD AwNsonsedNaM PIO anwuuﬁunwwasnauqnuaswasw
¢ ) ¢ a Y v & ° & © & o o Yo o
LD MKNIATUNDSNIALINY  ANHMNNTSHY  HANDSHAKE — R1UunI A 1oliate 4
v o a » o % (e o » de o v o
(2 lﬁuﬂwusuauqnuasan 2 (AU mMAVIDIMN ) A RiRNI IS
° g o (3 a -n‘:d X °
N PIO WMIMNALIA I RUNWISN LA LN ZNITHaAY PIO  1ANIMUAIAIEN LA
¢ .3 D [4 .'i e v a -6‘ 2 v
ANIEHDTN A MM M B UNIIAE 18 Mo BINAINAE ADY N TUSUINTAH
+ o 0
DYWIMNA 3 (CONTROL MODE) 1#1iiu URLILADIMINISAY  INTERRUPT VECTOR
: ' ©w 0 < v P 3 (” '
AANA WAL 2 TUNINY PIO 9 INTERRUPT VECTOR ™ 2 IUNUAE1fN DA

k a ‘o o o [l
lﬂ?ﬂU041U7Uﬂ5Nﬂ0UNuDQﬂjsﬂul"Dﬁswnﬂqg TRyILMNITN

PIO wivua 2
4 ¢ vo ¢ o w ad & ¢ ¢
INTERRUPT VECTOR W 2 Tumiivnuwosn A (awusunsmntuutawnqn) IIRENDSN B

o w ao & o v
(RWMSUH?NHIUMDuwH) nﬁuéwnu

PORT A. MODE 2 (BIDIRECTIONAL) TIMING

CLK
WR T N___/ g
A RDY /T N\ /
—— 7
A STB ™~ /
PORT A DATA ATA_IN
DATA BUS
INT / \
B STB / A4
B RDY / . —_—
RO~ N—V

RD /
Z B0 OUTPUTTING DATA Z BO INPUTTING DATA

Euﬁ 2.4.16 '1ﬂazun'wtmﬁw%’ums%’uévz'fmda‘lu‘mnﬂ 2




’iUYl 2.5.16 muamm‘ma"unsunmvmn’muawauavav PIO
TWJWH Ei'lWiUU'lYl'l!f'luﬂ'l‘FWl HANDSHAKE UD\’NO‘WI A (ASTB, ARDY) uu avnn‘lnm

h-

wiunsiimotn A nwwunntUuwasnxawnwn IALYDINDIN B (BSTB, BRDY) dmSunsim
WosN A nwuuwnnUuwasnouwn
ﬂuuuuqvnwnwswnuwiﬂavunsutdawﬂuSUn 2.5.16 dii

1. 10 280 nwnwsavvouaﬂnnu OUTPUT REGISTER YONKDIN A PIO fasih
nwsav ARDY aan1UﬂMnUGUnsmn1uuan 1wauaﬂq1uqunsmn1uuanns1u11 PIO W3DN
wauauuaua%nnuaunsmnwuuanuav

2, tuaaUnsmnjuuaniﬂsu ARDY 370 PIO uaanasnwnwsao ASTB NALINW
PIO 18D PIO 44U ASTE uavnavaouauaaanuwn DATA BUS (AO-A7) uazaUnsm
nwuuannavsuvauaaan1u awnuuaUnsmnnuuannasnwﬂn ASTB (Uuanin 1"

3. wivNidNN ASTE (ulsuanandn "ot (u nyn (aunsmnwuuan1ﬂ
€U§a§a1Uu51) PIO Nasdy INT WY 280  1#aifunsuanein pro wiauhas $ui
NREATMIIAY

4, 51n§bns&ﬁauns&nwuuanﬁaqnwsﬁaquﬁbuaﬁﬁﬁb 780 1ﬂud1un10 PIO 4
BUNSRiMILHANAAEL i BSTB WY P10 uavnwnﬁsavvauaaanu1n A0-AT 1#0781 P10
nwnwssuvaualﬂﬁiUlwaavﬂunU 280 uavnua BSTE 1UAuMR0Sna N "0" 1y "p
(vourntu) P10 fiasdy TNT Aty 280 1fouRe 780 M5 i PIO RCRTGHT
a1naUnsmnwuuanua~wsaunavavuauaﬂunu 280 M

5. uaqa1nn PIO ¥N1SAY INT WINU 280 WA2 ¥ BRDY ¥0¢ PIO Kasnany
(e "o" nwaxUunwsuanﬂnnuaUnsmnwuuanns1u11 280 SUATUIDYAIN  PIO
URt  PIO uv1NW$aunazsuuaua WA iin 280 IMIBYARIN AN A ¥aY PIO Tt
PIO HRtdy BRDY aaniu%nnuvauanwuuannwauaﬂv11unwu PIO wsaunassuvauauav

1MAADEUNTNIIRWWAN 3L 1IN PIO minsie INT Wity 280 nn
ﬂsonaUnsmnwuuansuusaaqvauaﬂunuwasn A doli 303 s daeinag 280 manw
Ja¥uyn INT # PO aQ1Uﬂwnu 280 uulnﬂﬁuawnnsmﬂﬂﬁv15n1€1ﬂun71Unnan1nws
#N  INTERRUPT VECTOR numnmwwnuﬂunu 280 (280 nwnwsauunasswwquﬁnun 2)
Amsunsfiva P10 i AMNsORiIdTAEN s INTERRUPT VECTOR Wuansinefiu
I 2 o ﬂunu 280
nvuuluoaUnsmnﬁuuandqvauaﬂunu PIO, INTERRUPT VECTOR nauuuwas
n B naynnauaan1Uuu DATA BUS Wity 280 watifo pro  dvdo uaﬂunuaUnsmnwu
MON  INTERRUPT VECTOR nauuuwaﬁn A fszondeaiiiy zgo.
(93NN B ONTUSUNSHURINOW WG 2 D193 (RafanAR L oy



Hon INTERRUPT VECTOR "DUUNWD?” A ﬂ?“ﬂnﬂQQMﬂU 280.

luaeawnwasn B nniUsunsuﬂnnwvﬁuﬂuiuuﬂ 2 DW?Q”lﬂﬂNﬂWRWﬂINDQ
awnnnsﬁ141uvavwasn B n1ﬂ lNDﬂDQﬂUﬂ?WNNﬂWRWﬂN VQﬂ??HQu"?ﬂW? DISABLE
nwsvaaulnasswnvavwasn B 11”0“ anUsunsuﬂusUn 2.5.17 UU?WT?DﬂW”ﬂW?"
Qqu017?UNQ$UONR7oM7WQDUﬂ?WﬂﬁuuﬂﬂﬂU PIO lﬂﬂﬂu1ﬂDUTQﬂnﬂ0WHu DUﬂﬁmDWU

uDNIE ADNIINISANAYYIN ASTE Uat BSTH 1ﬂ1uﬂ1vl1a1nnnnavnau.

3

2700 OUTDAT EQU 2700H sMEM LOC FOR OUTPUT DATA
2701 INDAT EQU OUTDAT+1 ;MEM LOC FOR INPUT DATA
’

’

i THIS PROGRAM WILL SET UP PORT A AS AN 1/0 PORT

1800 3E8F LD A BFH ;THIS IS THE MODE WORD
1802 D32E OUT (2EH),A  ;WRITE MODE WORD TO PA
1804 3E00 LD A,00H - . ;INTERRUPT VECTOR FOR PA

1806 D32E ‘OUT (2EH),A  ;WRITE VECTOR TO PA
1808 3ECF LD A,OCFH yMODE WORD FOR PORT B
léOA D32F OUT (2FH),A  ;WRITE VECTOR TO PA
)

. MODE WORD SET UP PORT B IN MODE 3
H THE BIT DEFINITIONS FOR PORT B FOLLOW

; s

180C 3EFF LD A,OFFH ;ALL BITS ARE INPUTS
180E D32F OUT (2FH),A  ;WRITE TO PORT B
1810 3E17 LD A,17H ;PORT B INT CONTROL WORD

1812 D32E OUT (2EH),A  ;DISABLE INT, MASK FOLLOWS
1814 3EFF LD A,OFFH ;ALL BITS DISABLED
1816 D32F OUT (2FH),A yWRITE MASK TO PORT B




1818 3E02 LD A,O02H ; INTERRUPT VECTOR PORT B
181A D32F OUT (2FH),A  ;WRITE TO PORT B

181C 3E3A LD A,3AH ‘;SET VECTOR TABLE UPPER BYTE
181E ED47 LD I,A

i VECTOR TABLE IS AT LOCATION 3A00 FOR PORT A

;  AND 3A02 FOR PORT B

i THE ADDRESS OF THE SERVICE ROUTINES ARE FC81 FOR
;  PORT A, AND FDOO FOR PORT B.

-e

1820 ED5E IM 2 ySET INTERRUPT MODE 2
1822 3E83 LD A,83H ;ENABLE INT ON PIO
1824 D32E OUT (2EH),A  ;ENABLE PORT A

1826 D32F OUT (2FH),A  ;ENABLE PORT B

1828 FB EI ;ENABLE INT ON Z80

1829 C32918 LOOP JP LOOP ;WAIT FOR INTERRUPTS

SUR 2.5.17 §DENTUSINSILAMINISH YT PIO Hwwluinen 2

2.5.9 MU PIO WINNA 3 (CONTROL MODE)

nvsﬁwwwuﬁu1uumﬁax|ﬁunnsﬁwvﬁuﬁuﬁhunzﬁ1ﬁﬁnwsﬁ1 HAND-SHAKE
uavawunsnnaz1Usunsu1uunasunuavunavwasnﬂntﬂuauwn usatawnwnn1n nﬁu OR%)
3N BO,B3 WAt B6 1Uuauwnua~unntuaauaowasn B lUulawnwnniw uae iy
DﬂﬂU'NMﬁ\lﬂﬂD '1”1“”91“51“7?0":)8'"”‘05”"‘3 2 llUﬂﬂN“WDU"NDﬂ?S.

;dulﬂuunuﬁuﬁuumau 1 msheede pro Mt LMD
nwnwsavnwéﬁnaanTnun (MODE WORD) 1UUvsaalmasﬂvunuuavwasnnnavnws 1M
S tRantmadwiutmn 3 56 okl navawnn1ﬂn1n1s1Usunsu1aanTnunuuav
aznawnwnwsavuaga1unna1u%unu PIO TuhiAuf PIO asnavwvaga1unuzuwuayan



qﬁquﬂjsl83077Q8ﬂMUﬂqﬂUDQWD?WWQHiU?Hﬂ?Ni?lUHDNW"uauqHUHqﬂlUNIDWﬂWW 20)]
ﬂjUanUDQUDHﬂqu‘UWNlUH "o" ﬂuaﬂﬁ77ﬂﬂﬂﬂjquUnuUIUulBWHW” Uﬂ”ﬂjUWQWlUM
""" nuanqJﬁnavnﬁsﬂuunuuluuauwn lﬁuquﬂsmﬂﬂaﬁnjquWDT" B nﬁvﬁuﬂuiuuﬂ 3
HNoQMUﬂ B0,B3 U8z - B6 lUuﬂuwﬂnqsWDQQQUDHR‘U"HWGV?ﬂﬂWﬂQlﬂDﬂTMNﬂlUH
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2. n D5 ; (HIGH/LOW) : unuauﬂuawwsunwsaaananwasuannwnauwn
vov pro Aufiminiy 1v anwvuuannwnﬂaaaan "y unnwunutuu "o" AN
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3. NMUA INTERRUPT VECTOR (1M OBH
4. WsSunsN INTERRUPT CONTROL WORD SAUNINIS  ENABLE
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1. _#WN95ATAA (DECODE)

W IR Z - 80 WIsAIAN 74138 1AYINEDNNIAIMRDY

nwsﬁugu
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2. MWNIT BASIC INPUT OUTPUT UStnauday
IC U1 74373 WA WSU LED 8 mvinutmuaiii Sunosnivas po
1C U2 74373 Wdmiuiludum 3 DIP SWITCH euimual
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3. ®uway IC U3 8255 PIA uNaamiiu 3 wagn #91383 0 DO - D3
#00 WY DOT MATRIX
#D1 WAED2  HVU DOT MATRIX
#D2  (3,4) WU DC MOTOR
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4D3 (14 CONTROL WORD
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# FO 19U 7 SEGMENT
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# F3 14 CONTROL WORD
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JYsunsunndoy

JUSUNSNYU  LED

LD  A,FF
OUT (C0),A
usunsy  LED TeuSuliayaan  Dip sk.

IN A, (DO)
OUT (C0),A
awanﬁu1Usunsu7u§u 1ﬁa§uﬁa§aa1n *DIP SW. 10ARDALIAY

START : IN A, (DO)
OUT (CO),A
JR  START

TSUNSUYY 7 SEGMENT

[

L o v owoa g
IMNITIATAAATLRVURL AIMNTDAY Y

0 = 3F 9 = 6F
1 =06 A= 177
2 = 5B B=17C
3 = 4F C =39
4 = 06 D = 5E
5 = 6D E=170
6 =7 F=171
8 = T7F

WSHNSIIVIA 7 SEGMENT naavwaiiuiay o
'ﬁhﬂauuﬁnﬁv CONTROL WORD (BO)lﬁaﬁﬁﬂﬁ PORT A ,B Ut C Lo OUTPUT PORT
1% PROGRAM (#ORY CONTROL WORD i

LD 4,80

OUT (F3),A



v . ’ ’ ' J (3 ut‘:'
WA93INAY CONTROL WORD HA7 UDWIUSUNSNINDIN 7 SEGMENT HARNKAIUMIAY O Aell

LD A,3F
OUT (FO0),A
LD A,OF
OUT (F1),A : ;
fAoNn1S 7 SEGMENT #f 2 udavwatfmiay o itow Pﬁgg;AM dai
LD A,3F
OUT (FO0),A
LD A,OD
OUT (F1),A
AIFDNNTITWIHARIHA 2 AINTDNNY MY PROGRAM 74 LOOP
WA AITHIIE 7 SEGMENT it 1 Furow 4&239F 7 SEGMENT ¢t 2 An
ASUMAUTAUTIN RSN 19R TN RRAYHAL DY LRSI
PROGRAM |#H0#Y CONTROL WORD
LD A,80
OUT (F3),A
START: LD A,3F
OUT (F0),A
LD A,OE
OUT (F1),A
UM LIRUAON WA
LD D,FF
LOOP: DEC D
JR NZ,LOOP
G SEGMENT #fi 1-
LD A,OF
OUT (F1),A
SEGMENT $#i 2 UAANMALAY 1
LD 4,06
OUT (FO), A
LD A,OD
OUT (F1),A

—~OR-



W IR UAAYHA
Ay Segemnt ﬁ?ﬁ 2

1u§Uuaﬂvwa

JP START

JUSUNSUYY DOT MATRIX

3 DOT MATRIX ind1u commoN  ANODE
INNITHAADY 1ATHA
A=83 ED EE ED 83 B=00 B6 B6 B6 49
C=41 3E 3E 3E 5D D=41 3E 3E 3E 5D
E=00 36 36 36 3E . F=00 76 76 76 7TE
G=41 3E 3E 36 45 H=00 F7 F7 F7 00
I=FF 3E 00 3E FF J=5F 3F 3E 40 FE
K=00 77 6B 5D 3E - L=00 30 30 30 30
M=01 7E 01 SE 01 N=00 FE FD FE 01
0=41 3E 3E 3E 41 P=00 76 76 76 79
Q=41 3E 3E 1F 01 R=00 76 66 56 39
$=19 36 36 36 4D Z T=7E TE 00 7E TE
U=40 3F 3F 3F 40 V=60 5F 3F 5F 60
W=00 3F 43 3F 00 X 1C EB F7 ED 1C
) Y=FC FB 07 FB FC Z=1E A9 B9 BD BC
0=41 3E 3E 3E 41 1=FF FD 00 FF FF
2=1E 2E B9 3A BC 3=3E 39 39 39 00
4=FO F7 F7 00 F7 5=19 36 36 36 4D
6=4E 36 36 36 4D 7=1E 6E F9 FA FC
8=49 36 36 36 49 9=59 36 36 36 49

i
PROGRAM #9 CONTROL WORD ‘W IC U3 #8255 1ﬁunawﬁqn N 3 nosn
LD A,80
OUT (E3),A



AN Dot MATRIX UNANWALLMAISNYS A WAY B
LD B,08
LD 1X,1900
LD 1Y,1A00
LOOP1 : LD A,IX
OUT EO,A
LD A, (1Y)
OUT (E1),A
LOOP3 : LD C,FF
LOOP2 : DEC C
JR NZz,LOOP2
LD A,FF
OUT (EO),A
INC IX *
INC 1Y
DINZ LOOP1
LD C,02
LD A, (1X)
OUT (EO),A
LD A, (1Y)
OUT (E2),A
DEC C
JR NZ,LOOP3
JR START

JUSUNSN STEPPING MOTOR

CONTROL LD A,80
OUT (E3),A

TUSUNIN. START: LD B,04
LD D,10



CONTROL

LOOP1: LD A,D
OUT (E1),A
RLC D
DJNZ LOOP1
JR START

DC _MOTOR

nquﬁwu LD A,04

OUT (E1),A

MHMU?W LD A,08

OUT (E1),A
JUsuNSY SUBUDSH

wuNIUSUNSHoaN LY 2 dau
" at (s
1. duuEnuAtUaSe

2. AIUUIAINA
MW TUNSNLANUALUD SR
LD D,EE
LD 4,88
OUT (F3), A
‘Loop : LD A,C
OUT (F1),A
IN A,(F2)
CPL
AND FOH
CP 00
JR NZ,KEY
RLC C
JP LOOP
KEY : LD D,A



LD A,C

AND A,OFH

ADD A,D

DU TUTHNSNUFAYNA

LD HL,1900

LD D,00
LD E,A

ADD HL,DE

LD A, (HL)

OUT (FOH),A

LD A,FEH

OUT (F1),A

RST 38H

o a_w a €
TANIRIINNITURNUALDTA

C (39)-17
8 (7F)-27
4 (66)-47
0 (3F)-87

D (5E)-1B
9 (6F)-2B
5 (6D)-4B
1 (06)-8B

E (79)-1D
A (77)-2D
6 (7D)-4D
2 (5B)-8D
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F (71)-1E
B (7C)-2E
7 (07)-4E
3 (4F)-8E



O TUSsuNSuYeu
7_SEGMENT DISPLAY

Loop 2 : LD B, 10
LD IX,1A50
LD A, 80
OUT (F3), A
Loop 1 : LD A, (IX+d)
ouT (F0), A
LD A,FE
OUT (F1),A
LD D,FF
Loop 4 : LD E,FF
Loop 3 : DEC E
JR NZ,Loop 3
DEC D
JR NZ,Loop 4

LD A,00
OUT (FO0),A
INC IX
DJNZ LOOP1
JR LOOP2
1A50 = 3F 0
1A51 = 06 1
1A52 = 5B 2
1A53 = AF 3
1A54 = 66 4
1A55 = 6D 5
1A56 = 7D 6
1A57 = 07 7
1A58 = 7F 8
1A59 = 6F 9



1A5A
1A5B
1A5C
1A5D
1A5E
1A5F

"

77
7C
39
S5E
79
71

> I > B - B & T - - B 4
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InUsEANA
1. lﬁaﬁﬁtﬁwﬂanﬁnnjsl5avﬁuﬂunwsﬁhéaszni1v1u1ﬂ31Us1ﬁatﬁa§ﬁv
aUnsm OUTPUT WUW W
2. twaﬂnawuwsnaonuuuuavUsvnauvqastwa DECODE PORT ANABNNTS
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C (00) w»nnu11U1nU11ﬁuwu1un11ua1ﬁ1uwuq ﬁQS"U ADDRESS 0¥ REGISTER
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1802 D3 cCo OuUT (co), A
1804 FF RST 38H
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@, Q2, Qi, Qo MQRSQIURUMUDNRW ADDRESS 1801 IUM FO &7  EXECUTE
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Address Machine Code Label
1800 AF START :
1801 D3 CO
1803 06 08
1805 21 00 19
1808 7E LOOP :
1809 D3 CO
180B CD 20 18
180E 23
180F 10 F7
1811 18 ED
1820 11 00 40 DELAY :
1823 1B DELAY 1:
1824 7A
1825 B3

Operand

XOR A

OUT (C0),A
Lb B,08H
LD HL,1900H

LD A, (HL)
ouT (C0), A
CALL DELAY
INC HL
DJNZ LOOP
JR START

Comment

;CLEAR DISDLAY

; SET COUNTER

; START DATA
TABLE

; DISPLAY DATA

; NEXT TABLE

LD DE, 4000H ; DELAY =4000

DEC DE
LD A,D
OR E



1826 20 FB JR NZ, DELAY1

1828 c9 RET
1900 80 40 20 10 TABLE
1904 08 04 02 01

4.\ SuwiUsuns oAl LED ﬁﬂﬁumnuguuudﬁaiuﬁ
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4, Address Machine Code Label Operand Comment
1800 AF START : XOR A
1810 D3 CO OUT (CO),A ; CLEAR DISPLAY
1803 06 10 LD B,0BH  ; SET COUNTER
1805 21 00 19 LD HL,21900H; START TABLE
1808 7E LOOP: LD A, (HL)
1809 D3 CO OUT (CO),A  ; DISPLAY DATA
180B D 20 18 CALL DELAY
180E 23 , INC HL ; NEXT TABLE
180F 10 F7 DINZ LOOP
1811 18 JR  START
1820 11 00 40 DELAY: LD DE, 4000H
1823 1B DELAY1: DEC DE
1824 A LD A,D
1825 B3 ; OR E
1826 20 FB JR NZ , DELAY1
1828 09 RET
1900 01 02 04 08  TABLE
1904 10 20 40 80
1908 18 24 42 81
190C 81 42 24 18
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EXECUTE TUsunsy

1800 D3 EO  START : IN A, {EO0)

1802 D3 CO OUT (C0),A

1804 C3 00 18 JR  START
3.199uTUsunsuiauYE  DIP SW. fusn (LSB) LﬁaﬂduQNEUuuunwsﬁﬂﬁuvae LED
AWFUI WA

0000000 % LSB = 0 )

<
¥*0000000 LSB = 1
>
7 LSB = "0" LED A%van wiudy
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USUNSUAI PUSH BOTTON i Tt TOGGLE SK. HnAsiany

HWAUDY  LED TﬂUWﬁZUHUUUﬂQﬂﬂ?uﬂﬂvNaD%ﬂNZUUDQ BINARY COUNTER %Qﬁuﬂﬁﬁﬂﬂ

PUSH BOTTON uéasn%Qaz1ﬁunWStusﬂunwsﬁ1v1uuov COUNTER PONAUTUNAUNISE

#17¢ COUNT-UP NU COUNT-DOWN

Address Machine Code Label Operand . Comment
1800 1E 00 LD E,00
1802 16 00 LD D,00
1804 7A MM LD A,D
1805 D3 CO OUT (CO),A
1807 CD 50 18 CALL DELAY
180A DB EO IN A, (EO0)
180C CB 47 BIT 0,A
180E 28 01 JR Z,KK
1810 1c INC E
1811 CB 43 KK BIT 0,E
1813 20 03 JR NZ,YY
1815 14 INC D
1816 18 EC JR MM
1818 15 YY DEC D
1819 18 E9 JR MM
1850 06 FF DELAY: LD B,FFH
1852 1E FF BB : LD E,FFH
1854 1D DD : DEC E
1855 20 FD JR NZ,DD
1857 10 F9 DINZ ,BB =

1859 c9 RET
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2.8¢ CONTROL WORD (Wal¥i 8255 74 IUN INPUT UR¥ OUTPUT PORT
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PAO - PAT OUTPUT  PORT
PBO - PBT7 OUTPUT PORT
DCO - PCT INPUT  PORT

3.1504 FLOW CHART UAY PROGRAM 11075 LED §@fuai PATTERN 6o
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2.CONTROL _WORD IWoWi 8255 W1 Wi1UM INPUT URE OUTPUT PORT
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CONTROL WORD = 89

3.FLOW CHART
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INPUT PORT

NN

INITIAL B2585
PORT A, B OUTPUT

A

TABLE = 1Q00
COUNT = B

N

N/

DATA = (TABLE)

W

OUT DATA PORT A

4

DELAY

<z

TABLE = TABLE + 1
COUNT = COUNT - 14

N/

YES

TABLE = 1800
COUNT = B

-4
NN

DATA = (TABLE)

%
©

OUT DATA PORT B

A

DELAY

4

TABLE = TABLE + 1
COUNT = COUNT - 1

N/




Address Machine Code Label Operand comment

1800 3E 89 START: LD A, 89 ;INITIAL 8255 PORT A,B
; OUTPUT

1802 D3 C3 OUT (0C3),A

1804 21 00 19 LD HL,1900H  ;TABLE = 1900

1807 06 08 LD B,08H ;COUNTER =8

1809 TE LOOP: LD A, (HL)

1804 D3 CO OUT (0CO),A  ;DISPLAY TO PORT A

180C CD 30 18 CALL DELAY

180F 23 INC HL

1810 10 F7 DJINZ LOOP

1812 21 00 19 LD HL, 1900H

1815 06 08 LD B, 98H

1817 TE NEXT: LD A,(HL)

1818 D3 C1 OUT (0C1),A

1814 CD 3018 CALL DELAY

181C 23 INC HL

181D 10 F8 DJNZ NEXT

181F 18 DF JR START

1830 11 00 40 DELAY: LD DE, 4000H.

1833 1B DELAY1: DEC DE

1834 A LD A,D

1835 B3 OR E

1836 20 FB JR NZ, DELAY 1

1838 c9 RET

1900 01 02 04 08  TABLE

1904 10 20 40 80



1. PROGRAM lﬁ@%uﬁbgaawn DIP SWITCH TUNAAYKAN PORT A 1A¥ PORT B

Address  Machine Code Label Operand Comment
1800 3E 89 LD A,89 ; INITIAL 8255
1802 D3 C3 OouT (0C3),A
1804 DB C2 . LOOP: IN A, (C2) ;GET DATA FROM DIP SW.
1806 D3 CO OUT (C0),A ;OUT DATA TO PORT A
1808 D3 cC1 OUT (C1),A ;OUT DATA TO PORT B
180A 18 F8 JR LOOP

AOUAININIIYNSHARDY

1. ﬂunw:ﬂvowu INPUT UR¢ OUTPUT PORT HWDIDQRDQH 3 ﬂﬂﬁ”uﬂ?ﬂ?ﬂ
D FLIP FLOP ﬁvquqﬁNWWWWQWHTNTﬂﬁﬁUSl%?lﬁﬂ??UlUﬂlﬂﬂ?ﬁ IC 1N QBBDU
vavnwsﬂﬁvﬁuﬂuanvmzuﬂaLsavvavawuiu IC ﬁQDWQﬂOQ?ﬁWRWUﬂ?ﬂﬁﬁDQOWSMRWH
PORT ua~annwunwuuﬂanumunwsnwowuﬂuunnmﬁv1Ua1n749$lnunaanuuv11 8255
lUH LSI CHIP NUOﬂﬂ??HqﬁQWHQWU i PORT WWMNQOQ 3 PORT ﬂﬁu??ﬂlﬂﬂﬂ?URUU
nnsnwewuﬂuunau PORT quUH INPUT M?B OUTPUT ﬂTﬂ Tﬂﬂﬂﬁﬁﬂﬂﬁﬂuﬂﬁq
SOFTWARE ﬁvnvﬁnqwunanwsluauuuuao1qas uauavnvnﬂun1$1ﬁ01u

2.CONTROL WORD = 90




nineRath 4
1504 SEVEN SEGMENT LED INTERFACING
AUIEANA
1.8uN50189 M LED 7 SEGMENT |Tnounst ouTpuT 1A
2. AWASOASN CHARACTER GEN. (W LED 7 SEGMENT @AIthdnuse

ANADINIS
3.awuwsn1ﬁuuiUsunsucﬁaavuqunwsﬁquuvao LED 7 SEGMENT 1@

o

NNy
LED 7 SEGMENT‘tﬁuquns&uaﬂqwaﬁﬁuuﬂﬁuwnﬁwu%ﬁnwsuamqwauaq1u1ﬂs

o ¢ & o 3 ,
ADNWI LADTULIALANINSEAU SINGLE BOARD MICROCOMPUTER ﬂ?luﬂﬂﬂlﬁﬂﬂuﬁvﬁnﬂﬁ
NN 578700 A WADNITODNIUY ﬁnazgnﬂﬁﬂunnsuaﬂqwaﬁuﬁnuwzﬁalauu%aﬁv

SnusEuueIY  HUMLABNITYNUUY COMMON ANODE L% COMMON CATHODE TASYAS N

® o
LuAN U
a
+41 9 1o
s | l c
ntrry .p
d
48n7159357¢ CHARACTER GEN ‘WINU LED 7 SEGMENT
N15AD DATA BUS NU LED 7 SEGMENT
a8
+J o |¢b D7 o] (0] D4 fo}:] p2 | D4 Do
o | | - p g 1 ® d c b a
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d

f1a8W  AMaen1SIW LED 7 SEGMENT (COMMON CATHODE) fintUMIRY 3 Moy

1
Uou DATA i
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1

2.

(V)

+MPF-IB & SUPPLY

PROTOTBOARD

.1C 74L8373, 74244

4.1C 7404, 1C 74138

~N O

.DIP SWITCH
.LED 7 SEGMENT COMMON CATHODE
.CONNECTOR WSDMA1Y PAIR

8.

RESISTOR 1K

I
AIAUYUNITNANDY

1. WHINANSIA5IY CHARACTER GEN 875U DATA NFIAYUA O-F

2. U5ENDUN IS mwnzuﬁ 1

D7 | b8 | D6 | D4 |03 [ b2 | D1 | DO
o 1 o o 1 1 1 1
DATA = 4F

3. LYUUTUSUNSH I WDIW LED 7 SEGMENT

4.Usznauuvaslﬁulﬁum1uzuﬁ 2

/74L.8138

RN

7404

/74L83738
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T _

COMMON CATHODE
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1oy

s
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A—dB  v1
dc Y2

2

LK —de1  vs5
£d62a Y8

‘dez2B Y7
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[

nono
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5. 1904 PROGRAM SUBDLATIN DIP SKITCH uﬁvuuaqﬁogaﬁ§uiﬁaﬁn DIP

! a' :; o ( LY
SK. VIUNAAYKAR 7 SEGMENT 14 A Mnoniataosuaaeen ey 1c 7448 (BCD TO

SEVEN SEGMENT DECODER)

ANINNIUNISNARDY

1. MUnSam

LED 7 SEGMENT M%1UMIUY COMMON ANODE S%@avriinas

o a » Y '
LURLUHUAN S DUNTYDEISUN BEINLS




NRNINARN

NS85 CHARACTER GEN

HARACTER GEN.

3F

6B

4aF

- 66
L 8D
- 70
- 07

- 7E
I
!
- 6F
| I
% I
- 77 —
!
|
= 7C —

3g

BE

78

71

» v
3, TUSUNSNIWOM LED 7 SEGMENT URGN #71AUAYUR O-F

Address Machine Code  Label Operand
1800 21 00 sl18 START: LD HL,1800
1803 06 10 LD B, 10
1805 7E LOOP: LDA, (HL)
1806 D3 CO OUT (C0),A
1808 CDh 20 18 CALL DELAY
180B 23 INC HL
180C 10 F7 DJNZ LOOP
180E 18 FO JR START
1820 11 00 40 DELAY: LD DE, 4000H
1823 1B DELAY1: DEC DE
1824 7A LD A, D
1825 B3 OR E

Comment

; START TABLE

; GET DATA FROM TABLE
;DISPLAY DATA

; NEXT DATA



1826
1828

1900
1904
1908
190C

5. PROGRAM

20 FB
C9

3F 06 5B 4F
66 6D 7D 07
7E 6F 77 7C
39 8E 79 71

UAANWAN 7 SEGMENT

TABLE

JR NZ, DELAY]

RET

Address Machine Code _Label Operand
1800 21 00 19 START: LD HL, 1900H
1803 16 00 LD D,00
1805 DB EO IN A, (EO)
1807 5F LD E,A
1808 19 ADD HL,DE
1809 7E LD A, (HL)
1804 D3 CO OUT (co), A
180C 18 F2 JR START
1900 3F 06 5B 4F
1904 66 6D 7D 07
1908 7E 6F 77 7C
190C 39 5E 79 71

ADUAINY

%Uﬁbgaawn DIP SW. uﬁqu7ﬁb§aﬁ€U1ﬁa1n DIP SW. UMy

Comment

; START OF TABLE

;READ DATA FROM SW.

;GET DATA FROM TABLE
; DISPLAY DATA

1.9n50M  LED 7 SEGMENT n81UMIUU COMMON ANODE ¥2&09iinas

] 1 4
tURYW CHARACTER GEN v ¢NU

L p v IS [ g o o :,’
13U NINDINISIM LED ARIUMIAY 3 fOvN DATA o9l
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NISNARDY 1509 NISUHNM LED 7 SEGMENT (UMQUNSRID MMM (AD)
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o I ROANANNS0 L SULAUSUNSNIRD SCAN DISPLAY #IUM 7 SEGMENT 14l

NEANDHNSNARDY
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2.%91UM FLOWCHART UR& PROGRAM IWOTW 7 SEGMENT WdAYHA I

Avgu
e o [
N |
Address Machine Code Label . Operand Comment

1800 21 00 19 START: LD HL, 1900H

1803  OE FF LD C, FE

1805 06 04 LD B,04

1807  7E LOOP: LD A, (HL)

1808 D3 €O OUT (C0),A

1804 79 LD A,C

180B D3 EO OUT (EO),A

180D  CD 30.18 CALL DELAY

1810  CB 01 RLC C

1812 3E 00 LD A, 00

1814 D3 CO OUT (C0),A

1816  3E FF LD A, FF

1818 D3 EO OUT (EO),A

1814 23 INC HL

181B 10 EA DJNZ LOOP

181D 18 El JR START

1830 11 00 40 DELAY: LD DE, 4000H

1833 1B DELAY1: DEC DE

1834  7A LD A,D

1835 B3 OR E

1836 20 FB . JR NZ, DELAYI



1838 c9 RET
1900 06 5B 4F 66

dy I dl Y o U ¥ tﬂl = 1 g_jl 1 Y o ¥ 6 vV 1%
wnanstiluenansianulidgwiunmsldnuienisfinvmintu leygnlmhluldusslevisunisen

Lidnsdilaensdu Snvwvnuiilvidaudadiiont wazdesdeddiadivaaenarsynasaninisiluly



NISNARONN 6

1594 Z-80 INTERRUPT

AT AR

1. 1897999601515 INTERRUPT HUUATN 9

2. @NNEMNINAANIS INTERRUPT 1UNSY W6
nOBY

N5 INTERRUPT {UMMISHRSYMIENISH 009 CPU 13008 CPU N4sam
AN WA G N5 1 U AN TATI ML %vlﬁuﬁwmﬁmﬁ CPU 15U
awannsénwuuan i CPU 1SUdYN  INTRRUPT tas NS A Ao usung
INTERRUPT  dgnfi  CPU- mauduns INTERRUPT 11150747 INTERRUPT
ACKNOWLEDGE  fouii  cpu awnsw1mm1uw1ﬂ1av1un1uuuvnnnnwnuna1nnws
INTERRUPT ~ CPU 3t 1NUAWDY PROGRAM COUNTER (PC)  vaetmio i STACK
fou Feasinal CPU anuwsnnauuwanwumaawnununau1ﬂsunvs INTERRUPT 1nnn
AN @74 PROGRAM i CPU N5&IaRTURAS M |ua1nsuamm7m INTERRUPT  thu150n3n
INTERRUPT SERVICE ROUTINE

UsE L NMYDNAYYIN INTERRUPT

1.NON-MASKABLE INTERRUPT (UuAGO% INTERRUPT M wasnsasanis
MSHNMEaY  CPU 18TauNidoud tudo tio cpy 1RSUFYY I INTERRUPT  wiini
a7 CPU w:ﬁavwauauavﬁmwwmﬁqnm%% TAUNITNSEIARTURNY W ADDRESS 0066H

2.MASKABLE INTERRUPT (UMM INTERRUPT SNMUUMENRd AR
WIENISAW MDY CPU 1A uAigauiin cpu ﬂuumz5uasﬁavaé?uanjvzﬁuau€bn1s
INTERRUPT  (ENABLE INTERRUPT) ¥In CPU BYMWANE WiwdnSUNIS  INTERRUPT
(DISABLE INTERRUPT) SOy INTERRUPT Uﬁwﬁas1ﬁ1ﬁ%unwsmauauaoa1n CPU W
MSA IR CPU wansum3n Linans Uy INTERRUPT #ansnietdiay SOFTWARE
AORTAN ET (ENABLE INTERRUPT) WSp DL (DISABLE INTERRUPT)

LASHUNITNARDY

1.AnYINOBHYENNTS INTERRUPT %29 Z-80 CPU
2,134 MAIN PROGRAM WAt INTERRUPT SERVICE ROUTINE 3 ntigun
AUUATHNISTNARDY



3.ANB1I9SN15 INTERRUPT 90Y MPF-1B
M4 MPF-1B 5u§wm1m INTERRUPT U5¢ 1A NON-MASKABLE ngnﬂgimu
MONITOR  PROGRAM $NUMINNISNARDYE ILVARDNNIS  INTERRUPT  Nudpgn
INTERRUPT Ut i7M MASKABLE INTERRUPT 34Ul BOARD § KEY INIR AoBLNUY
16 (QQWD?QQ?) 14 MONITOR PROGRAM ﬁ?“ﬁﬁﬂ 0038H '%v:ﬁu INTERRUPT
SERVICE ROUTINE  CPU 9tN5samu i i
1.CPU MDUSUNIS INTERRUPT MODE 1
2.CPU NSERIANAY RST 38H
3.CPU MDUSUNTS INTERRUPT MODE 0 URsd INTERRUPT VECTTOR lﬂu
RST 38H TANUNAYDNAUN DATA BUS 3¢ (UM FFH
5IURL DUAYDY MONITOR PROGRAM M@ 0038H
LOC OBJ CODE SOURCE STAMENT
0038 RST38 ORG 38H
;Entry point of RST 38H (opcde FF) or
jmode 1 interrupt. Fetch the address
;stored in location 1FEE and 1FEF,
;then jump to this address. Initially,
; 1FEE and 1FEF are set to 0066. So
;RST 38 will have the same effect as
;software break. Fy changing the
;content of 1FEE and 1FEF, the user
; can define his or her own service
; routine.
;The next three instructions push
;the countents of 1FEE and 1FEF to

;stack without changing any registers.

0038 E5 PUSH HL
0039 2AEE1F " LD HL, (IM1AD)
003C E3 EX (SP),HL



;The top of the stack in now the
;address of user defined service
sroutine. Pop out this address then

;branch to it.
003D C9 RET

390 PROGRAM  (IM1AD) 3s0NAMuAI MG W 1FEE URe 1FEE  Siueinds
LD HL, (1M1D) 5@1ﬁunnsﬁﬁﬁbnaﬁwuuﬂv IFEE Uaz 1FEF WAV REGISTER
PAIR HL l???»WU?W PROGRAM uﬂﬁMNﬂ ﬂﬁ”uﬁﬂlHUQHWIDWUONRHDUqHﬂjﬂﬁHQ 1FEE
Q¢ 1FEF tUumwuwuonaunﬁvﬁﬂﬂ1Un101u ﬁqinUUnn vauaﬂunwunuq 1FEE lRg
1FEF  2:iAi0u 00 une 66 Fvifusumivuoy PROGRAM INTERRUPT UStinm
NON-MASKABLE ﬂvutuanswnUanuuaHawuﬁwunuq5§ AR xﬁuﬁagaﬁwunﬁo
INTERRUPT  SERVICE ROUTINE V197104 CPU NRsd 5005 A0S 1Waun
INTERRUPT SERVICE ROUTINE ¥a¢15718 (40164Un15 INTERRUPT fMNAI
ﬂunwsnmaavﬁazﬁwnwsnﬂaaq INTERRUPT 4 MODE 1 7@&375ﬁ KEY
INTERRUPT ﬁﬂaq

¥am1558 Y9 un15 1 JuuTusunsy |

1.9¢A0VANIS SET MODE WAZWINTS ENABLE NS INTERRUPT i MAIN
PROGRAM

2.A0NMINTS (AUAWBY. REGISTER AW * B934 MAIN PROGRAM 343¢
AN MR IDUMIYBY INTERRUPT SERVICE ROUTINE

»
RAVTUNITNARDY

1. fingmnuiuas AMoBuIsn1snARDY Wiae tBua

2. 1 Buutusunsud Upwso vl

Jmuw....mavn1$1nu1mvwan SEGMENT %DV MPF-IB nqun 1 uAE LA
ﬁUuuuvaqnwsuaﬂvwa|UunosUn 2 lua1wsuammwm INTERRUPT  UR2 3¢ NAUTULAAYIA
ﬂQSUn 1 anﬂsvuﬁqtua1ﬂsun11 INTERRUPT WAdeR0In niAD MINTURAYHA
aaunuiUuwmquuuunv 2 nnﬂsv o 1d3uns INTERRUPT navnauna~unﬁstuﬁnu

-4
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Address Machine Code Lahel Operand

1800 ED 56 START : IM 1

1802 . 21 EE AF LD HL, 1FEEH
1805 2A 50 18 LD (HL), 1850H
1808 DD 21 00 19 LD 1X, 1900H
180C F3 . LOOP : DI

180D CD 24 06 CALL SCAN1
1810 FB El

1811 18 F9 JR, LOOP
1850 3E 00 LD A, 00

1852 D3 01 OUT (01), A
1854  0OC OA LD C, OA
1856 21 CO 00 LD HL, OCOH
1859 CD E4 CALL TONE
185C FB El

185D 21 20 19 LD HL, 1920H
1860 34 INC (HL)

1861 CB 46 BIT 0,(HL)
1863 28 05 JR 7, PATT2
1865 DD 21 10 19 LD 11X, 1010H
1869 €9 RET

186A DD 21 00 19 PATT2 : LD IX, 1900H
186E C9 RET

1900 B3 A3 A3 AD 00 00

1910 00 00 1F 85 8F 37

1920 00

Comment

; SET INTERRUPT MODE 1
; SET INTRRUPT SERVICE
; ROUTINE ADDRESS

;SET FREQUENCY
; LENGTH OF FREQUENCY
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AN15Y0 INTERRUPT M7 INT
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3.470v PC onifutiun STACK
4.2-80 3NS5 IAATURN M ADDR 0038H
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Lﬁgi STEPPING MOTOR
qﬂUSznqﬁ

1. {hoinENEAE NS0 1793015 R N MYdY STEPPING MOTOR

2.xﬁaﬂﬁﬁnﬁnuwnwuwsn15uuﬁUsunsut%aﬂnuqunwsﬁwqwuuaq STEPPING
MOTOR jﬁ
nnwd

Stepping motor |UMIDIADTIHHIMUURIAY S ifotioun pc Adiuua
Stator ¥ INAKSYWANAD rotor MY electromagnetic force azﬁwﬂﬁuaxmo%uqu
AINATYDN step angle UWQQ$Q|$1%Ql%ﬂﬂNDlﬂD{uUUﬁdﬁ Pulse motor
Stepping motor uuuﬁﬂﬁﬁuévuuwnﬁag 3 ¥lin D

1.MUU Variable Reluctance (VR) ANBOZYDY  rotor lﬁuuuu
gear-shaped UAYNNENY IHANGDY

2.1lUU Permanent Magnel (PM) rotor RERY) permanent magnet N
W INA holding torgue U398 1IINNS excitation

3.4UU hybrid iy inaannigsan 2 éhvnwusnlﬁwﬁquﬁuqunéi
(571 SUNRULITIY Step-Sync ANERE NS IMAITNRIESE I N Torque fum i
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ey (T step UANYAENTLASOUTENAT stepping motor 3IWIATUNITINNUGE
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STEP Ql Q2 Q3 Q4

] 1 0 0 0
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V%P +24V
PAOD D4
PA1 D2
PA2 5
PASB D4 ]

Q1-Q4 ¢ MJUE3OBSL, 2SD313
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R1-R4 41.6K
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QUnsénWSnmaaq

1.MPF-1B & POWER SUPPLY

2.1C 8255

3. WWIINIS DRIVER

4.DIP SK.

5.STEPPING MOTOR

6.POWER SUPPLY + 24V

2.tﬁnuiUsunsuﬁmuéﬁﬁbgaawn DIP SW. fi PORT C lﬁaﬂauqunwﬁnqu
¥0u STEPPING MOTOR AUUM PCO AIUANIN STEPPING Wyun30Whunt PC1  AIUAM
RANNNTSY FORWARD, REVERSE

3. ﬂﬁ‘UHRn']'inﬂaﬂ\l




NANTNARDN

INITIAL 8258 TO MODE ©
PORT A, B=>0/P, PORT C->1/P

READ DATA
FROM SW

OUT DATA TO
MOTOR RUN FORWARD

OUT DATA TO
MOTOR RUN REVERSE

FLOWCHART FOR STEPPING MOTOR.




Comment
;INITIAL 8255 MODE 0
;PORT A,B OUTPUT
;PORT € INPUT

yCLEAR OUTPUT PORT
;READ DATA FROM PORT C
;IF BIT O OF DATA 1S ‘1’
;MOTOR START OTHERWISE

; GOTO MAIN

;IF BIT 1 IS ‘1’ MOTOR FORWARD
;IF BIT 1 IS '0’ MOTOR REVERSE

;LOOP FOR MOTOR RUN REVERSE

;LOOP FOR MOTOR RUN FORWARD

AMUA 8255 MW MODE 0 A% FORT A WAt PORT B 1iu 0/P

Address Machine Code Label Operand
1800  3E 89 LD A, 89H
1802 D3 C3 OUT (C3),A

1804 AF XOR A
1805 D3 CO OUT (CO0),A
1807 DB €2 MAIN : IN  A,(C2)
1809 CB 47 BIT 0,A
180B CA 07 18 JP  Z,MAIN
180E CB 4F BIT 1,A
1810 20 OC JR NZ,FFD
1812 06 04 LD B,4
1814 3E 08 LD A,08H
1816 D3 CO0 REV: OUT (C0),A
1818 CB 3F SRL A

1814 10 FA DINZ REV
181C 18 E9 JR MAIN
181E 06 04 FFD: LD B,4
1820 3E 01 LD A, O1H
1822 " D3 CO LOOP:  OUT (CO0),A
1824 CB 27 SLA A

1826 10 FA DINZ LOOP
1828 18 DD JR MAIN
ﬂﬁ.UNﬂﬂTmﬂRD\!

PORT URt

PORT C UM 1/P PORT 1Auas STEPPING MOTOR BORD ﬁéagﬁﬁ PORT B



tA¢ PODRT C €iNU DIP SW, mﬁauéu RUN PROGRAM CPU 3£874 DATA %90 DIP
SK. WALASIINOUIN BIT O (the "1" w30 tiw "0" A1iUn "1 fARenduludn
DATA T 3UN37 BIT 0 a8 (ih "0" WuAs73Aou BIT 1 At "1 Agetuin
¥ LOOP  ¥D¥N1S9 CONNOL FORWARD RV "o" AN N LOOR ¥D¥NN9
REVERSE NISH N MMIARE LOOP ¥DNNTS FORWARD UR¢ REVERSE W ew SHIFT
PHASE 199 STEPPING MOTOR A 4 PHASE LRI Ragau LooP  wAIAvIuinas

0714 DATA 970 DIP SW. M

a5
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FLOW CHART

FLOW CHART " DC MOTOR *

INITIAL B25S5S
MODE O PORT A, B ~> O/P

PORT C

=> 1/P

READ DATA

FROM DIP SW,

l

ouT

T0 CONTROL MOTOR ]

Gt

Address Machine Code Label
1800 3E 89
1802 D3 C3
1804 DB C2 MAIN:
1800 D3 C3
1808 18 FA

NN NN

Operand
LD A,88H

OUT (C3),4
IN A, (0C2)

OUT (0C3),4

JR MAIN

Comment
; INITIAL 8255 MODE O
PORT C-1/P

; PORT A,B

;READ DATA FROM SW.

;OUT DATA TO CONTROL
;MOTOR |

;GO BACK TO GET NEW DATA

AU 8255 MMM MODE 0 TAU7% PORT A UAt B 1f4  OUTPUT

PORT PORT C lﬁu INPUT PORT #0154 RUN PROGRAM CPU 3¢@7 M DATA 370 DIP

SW. WRsdY DATA Uy 8255 PORT A twaavﬂnvqas DRIVER ﬂ?UﬂNHﬂHWQD??MNH

Y0¥ DC MOTOR mwunnwnuﬂ11ﬂu1U3unauu QuﬂTQWNlUN LOOP WNUﬂ73QUﬂN ﬂDIHD

READ DATA Qjﬂ DIP SW, NWHR?Q»RQ DATA 1Uﬂ1UﬂM MOTOR

DATA ﬁnuanlﬁuulsau 91U

UAMMALIA  READ



NISYARINN 9
1508 DOT MATRIX LED
qﬂusxaqé

1. 1 ROINANY IR INISOAS N CHARACTIOR GEN. @ W5u DOT MATRIX

LED 8
2 RO ANE IR NS0 L DUNTUSUNS I HORAADAY DOT MATRIX LED 1@
3. (RO WIINANYIAWISNDONUULINITL (WD INTERFACE NU DOT MATRIX
LED 18
N8

N193579 CHARACTOR GEN @M5U DOT MATRIX LED

i .
JMSUN19NAADY Y DOT MATRIX LED COMMON ANODE ¥41@ 5 x 7
#70879 CHARACTOR GEN. AIMSURI0NYS A

De
a].]
D4
Ds
D2
D1
Do

DATA = EO DB BB DB EO

BAREAR

EO DB BB DB EO




I

TN99ATWYDY DOT MATRIX LED

g

1.2 lﬁuﬁﬂﬁﬂaiﬁivﬂﬂ DOT MATRIX LED COMMON

Nsun

13 H

1.1

COMMON ANODE

CATHODE lIng

ROW?

ROWs

ROWS

ROW4

ROW3

ROW2

ROW1

FIG 1.1

DOT MATRIX LED
COMMON CATHODE

ROW?7

RAOWS

ROWS

ROW4

ROW3

ROW2

ROW1

FIG 1.2

DOT MATRIX LED
COMMON ANODE




Qunsﬁnwsnnaaq

1.MPF-1B & SUPPLY

2.DOT MATRIX LED

3.1C 74L5245

4. CONNECTOR
frdutunananay

1.U$znaU1va$ﬂwu3Uﬁ 2

24 pao |2
% g_, ;ﬁé 5 DOT MATRIX
3 PAS f
D4 PAS4 52 LED
[8].] PAB e
D8 PAS o
D7 PA?

5 18
=& 1R PBO I
—=5 PB4 [

AO PB2 53
o A4 PB3 |5 -
22 EESET PB4 [£F
- Pos [2a-
PB7
14
PCO |-
PCY g
PC2 (45
PCS Hf
82656 R
PCB 5
PC7

FIG 2

2.85N CHARACTOR GEN. 8 MSUAISNNS A - Z WAy 0 - 9

3. 13UMTUSUNSY 1HDM DOT MATRIX UAAYHALULGIONYS A
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Address Machine Code  Label
1800 3E

1802 D3 C3

1804 21 00 18 NEXT:
1807 OE 01

1808 06 05

180B 7E LOOP:
180C D3 CO

180E 79

180F D3 C1

1811 Ch 30 18

1814 CB 01

1816 3E FF

1818 D3 CO

1814 3E 00

181C D3 C1

181E 23

181F 10

1821 18

1830 11 00 40 DELAY:
1833 1B DELAY1:
1834 7R

1835 * B3

1836 20 FB

1838 c9

1900 TABLE
ATUHANITNARDY

Operand
LD A,89H

OUT (C3),A
LD HL, 1S00H
LD C, 01
LD B, 05
LD A, (HL)
OUT (CO0),A
LD A,C

OUT (C1),A
CALL DELAY
RLC C

LD A, FF
OUT (CO0),A
LD A, 00
OUT (C1),A

*INC HL

DJNZ LOOP

JR NEXT

LD DE, 4000H
DEC DE

LD A,D

OR E

JR NZ,DELAY1

RET

Commenti

;INITIAL 8255 PORT A,B
;OUTPUT

37NNTSNARDY 1509015 INTERFACE NU DOT MATRIX LED 32 1IN



4MIMDOT MATRIX LED UNAVKAIUNAYIAUMSDMONESIA 2 A0N S DATA v 5 BYTE
"luﬂiﬁlﬂﬂ\l DOT MATRIX YW@ 5 x 7 %\!llﬁnﬁiW@ﬁUﬂ’l‘Suaﬂ\lNN(g{')U LED 7 SEGMENT
S DATA (Fwe 1 BYTE WNMSUARSEISNYs 1 60 uesonitoninvas DOT
MATRIX LED i1 7wufu 7 SEGMENT @ DOT MATRIX AunsauaneiEny T IAING
HRE ARV NI

9NN NARDN T SIS L B DOT MATRIX (HONISUARAIENETHID

$0AMNNNNTTY 1 FONYS IR




NMSNARDNN 10
INTERFACE KEYBOARD DISPLAY

[}
Laa

N5 INTERPACE SEWIN KEYBOARD & DISPLAY i 1snowunan nna 3%
%gﬂ"ﬁ SCAN q\l?ﬂ?ﬁn‘lﬁquﬂjﬁﬂﬂﬂﬂ\‘u 1'3’]'"5 8255 IUH Uu?;m lgﬁi;nmaw '('N?']?J
At 1DUARIY M YN 8255 lﬁﬂTﬁﬂdﬁﬁW%ﬂumauﬁuuaq@ﬁatéuﬁu511uvqasﬁ ERNENE
wuAi 8255 BUIM MODE O PORT C 11 137Wimm0sn Amsy SCAN  SEGMENT i
ACTIVE HIGH "1" PORT A 10M OUTPUT PORT #WM3U SCAN DIGIT # ACTIVE LOK
"o" # PORT B 15 INPUT PORT A wsunnss il % CONTROL wWORD MAdiAn
(WU 089H

N5 _SCAN DISPLAY

N9 DISPLAY URAHATHEA NADANNYINAIN PORT € NS
SCAN SEGMENT 1npA% 1C 74D244 1DufWiWB3ADSEWIIN PORT C UAY  SEGMENT
¥DY DISPLAY WAAEA? UAZUARE  SEGMENT  N3r@d5aNfufU SEGMENT A vdN
DISPLAY #1fi 2,3,4,5 UIRe 6 $4@ MY UALNTSHD SEGMENT U DATA DY PORT

c Asu
1]

':a SEBMENT  DATA(BITY) |
g [I®

—3
Ao the

— oP
d

vTo40000n
h)
0
b

o TANRINNAT I amwwmn:vuﬁ SCAN SEGMENT' i ACTIVE HIGH "
oty A {57PBYA15W DISPLAY u1ﬂa|Uum11an "o" ammwmnaquw SCAN B
@DV SEGMENT a,b, 1d,e WA £ 1B "1 vonsuidu "on %9ar1d DATA 1
#u 3F a5 nwaehar 15umisieuoe DATA Be3ed pispLaY  uAmemniusndnes
008 F
AI0NYS DATA
0 3FH
1 06H



2 - 5BH
3 4FH
4 66H
6DH
7DH
07H
7FH
6FH
77H
7DH
39H
5FH

(<2 B > B @ B « « - N Vo B « « = T 2]

79H
F 7T1H

WN5 L FUUTUSUNSHEE 157 LRSI BB W 158095
ﬂﬁuaﬂkulﬁuguaz1s AR 1 DARS NWNEAM AT 1AIBN 18T DATA 3NN

MUAIUAKIANAITNNIS  SCAN SEGMENT TUMAY  (5INAWNSARMUATH
DISPLAY FVAUEAYHAN 16 1ﬂunﬂsdvimm1mnﬁn port A A WIS scan digit
w8 1c 74244 1 TNTWINOS 1EuRY Weasin1sAE DISPLAY 6 DIGIT  feifits
8 data 990 port A IR 6 bil (Wi B0 BIT 0 B¢ BIT 5 NS  SCAN
DIGIT 1 3LuDARN LOW 0" Auiain 15 fovnAs DIGIT 3 UAAYHAIUMIAY "5"
AiIATaun IS W PoRT C diflowr il 6DH uar PoRT A fifowatdu 111110118 (FBH)

NS0 KEY

WINATHISIAWNGORD KEY 169 24 KEY (6x4) usimis1ndtmastiis
WiKoY 20 key AT WNASIADU key 11 finsnaniotine Ardiauandy
data 370 port A ﬁﬁﬂﬂﬁ Scan digit (active low) #1 scan "N column YN
key board Mat column IAU15N3N column MWBIWBADU WA 1/P (11U
"N PORT B uﬁv:gauﬁa¥a1Un1quvw 1 tm uﬁvmsnaaaugiw i carry w5010 0
carry UAANITWIINASNARD WA carry UAMYIIIATSNA key dotudae iU
UNSH AIIIFIBUINTN key A0 UAIULTAAS W IWBAIWA (FD197  data 40
HARYHA %uﬂqwuawuwsnuaq1qasﬁ§uagﬁu WsunsHREEIwi s war 1BuRee 9 vov

i N
WSUNSH DSV LIIIIDINATININ
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a2s5s
PPL

PCO
PC1
PC2
PC3
PC4a
PCE
PC8
PC?7

PAO
PA1
PA2
PA3
PA4
PAS

PA?7

PBO
PB1
PB2
PB3

|

2 1A1  1v1 28
2112 1v2 M
84 1A3  1Y3
4 1a4  1v4
11d2a1  2v4
18 12a2 2Y2
15243  2vs
244 2Y4
od 2 b c d
L = 74ar5244 s l - - -
[ I TS SR I I B 1 |1 1
- - - -— -—
[ I TS D B I R | I |
- ® -n cmn ° - ® -— [
W M _
1A1 Y41 =
41142 1v2 6
B mE
A 11 244 2v4 2
R Y R\ ———
} 1i12A3  2y3 [—2-
_ 2A4 2v4 [
1G
26
=  74L3244
|
, vee
= . %
G ; ( / LD AK x 4
= : oA oA (1A ‘24 "8/ \,. :
¢ VA aA A A 14 A
4 A ed oA aA sA A
\ /&._> CA DA EA. FA A

INTERFACE KEY & DISPLAY CIRCUIT
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(e )

e

/

INITIAL 8255 MODE O
PORT A, C = O/P
PORT B = I/P

/
DISPLAY BLANK

CALL BCAN

CALL DISPLAY
PATTERN

CALL SHIFT




SCAN

LOOP HL POINT TO KEYTAB
FOR DEBOUNCE = 4

HL+KEY
CALL SCAN1 POSITION CODE

A=INTERNAL CODE

N KEY

PRESS
?

RET

LOOP = LOOP-—1

LOoOP =0

CALL SCAN1%

*KEY"




8CAN 1

SET CARRY FLAG N N/
4 v N
i AY
INITIAL Y/
POSITION CODE
7 N v
N N
DATA FOR
SCAN DIGIT=1111 1110 B SAVE KEY POSITION GET
AND CARRY TO AF* ORIGINAL DATA
- IS _
LOOP FOR
SCAN COLUMN = g RESTORE DATA FOR
INCRESE KEY KEY POSITION TO A
POSITION 1 AND CARRY TO F
4 Vs
SCAN DISPLAY
ONE DIGIT ROW = ROW-1 . RET
~ N
READ KEY IN
N
<z S
N
ROW = 4
4 Y
NI/
SAVE STATUS OF 4 KEY NEXT DIGIT

TGO REGISTOR D

T

COLUMN = COLUMN-1

ROTATED 1 BIT RIGHT




DIsSPP

HL POINT TO
START SEGMENT TABLE

FIND A DISPLAY
PATTERN

A = DISPLAY PATTERN

RET




SHIFT

DATA SHIFT = 8

POINT TO ORIGINAL

OLD DATA REPLACE

BY NEW DATA, AND

OLD DATA SAVE TO
A REGISTER

POINTER
TO NEXT DATA

DATA SHIFT
DATA BHIFT - 4

DATA BHIFT=O

C

RET

)




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

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

; ¥k PROGRAM FOR CONTROL KEY BOARD AND DISPLAY. *x

sk

3

PROGRAM BY CH.SAROT *¥

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

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

.
H

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

;¥-WHEN EXECUTED THIS PROGRAM,DISPLAY WILL BLANK.WHEN USER

;* PRESS ANY DEY OF KEY 0-F DISPLAY WILL SHOW SAME THE KEY~ *

;% PRESSED.IF PRESS ANOTHER KEY DISPLAY BILL BLANK. ¥

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

ORG
LD
LD
OUT
MAIN: CALL
Cp

JR
CALL
BACK: CALL
JR
SPACE: LD
JR
;
CTRL EQU
DIGIT EQU
SEG EQU
KIN EQU

1800H ;ORIGINAL ADDRESS.

IX,BLANK ;DISPLAY BUFFER POINT TO BLANK.
A,82H ; INITIAL 8255 MODEO, PORTB-1/P.
(CTRL) .A i PCRTA AND C ARE OUTPUT.

SCAN ; CALL SUBROUTINE SCAN.

10H ;1F KEY WAS PRESSED NOT KEY-

;OF 0-F GOTO SPACE.

NC, SPACE

DISPP

SHIFT

MAIN

A,OH ; SET DISPLAY BLANK.
_BACK

0C3H ;8255 CONTROL PORT
0coH ;8255 PORT A

0C2H ;8255 PORT C

0C1H ;8255 PORT B

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



; FUNCTION SCAN: FOR SCAN KEY BOARD AND DISPLAY UNTIL AND KEY-

;WAS PRESSED.THIS SUBROUTINE SAVE KEY CODE TO REGISTER A.

;CALL SUBROUTINE SACN1

SCAN: LD B,4 ; LOOP FOR DEBOUNCE KEY WHEN
;ANY KEY IS DETECT.

SCNX: CALL SCAN1
JR NC, SCAN
DJNZ SCNX

SCLOOP: CALL SCAN1

JR C,SCLOOP
; CONVERT THE KEY-POSITION-CODE RETURN BY SCAN1 TO KEY INTERNAL
;CODE.THIS 1S DONE BY IABLE LOOK-UP., THE TABLE USED IS KEYTAB.

LD HL,KEYTAB
ADD A,L

LD L,A

LD A, (HL)
RET

R T T e e P P A T e

; FUNCTION SCAN1: THIS FUNCTION FOR SCAN KEY AND DISPLAY ONE TIME
;1F KEY WAS DETECTED BETWEEN SCAN CARRY FLAG IS ’0’. IF NOKEY-
;CARRY FLAG WILL SET '1’

;DISPLAY RIGHTMOST POINT BY IX, AND DISPLSY LEFTMOST POINT BY-
31X = 6

;THIS FUNCTION SAVE KEY POSTION TO REGISTER A.

SCAN1:SCF ;SET CARRY FLAG
EXX
EX AF,AF:
LD C,0H ;INITIAL POSITION CODE,
LD E,11111110B ; SCAN FROM RIGHTMOST.
LD H,6 ; LOOP FOR SCAN COLUMN.

KCOL: LD AVE



ouT (DIGIT),A ;ACTIVE ONE COLUMN.

LD A, (1X)

ouT (SEG), A

LD B, 201

DJINZ $ ;DELAY-1.5 ms PER DIGIT.

XOR A

OUT (SEG),A ;DEACTIVE ALL DISPLAY SEGMENTS.

LD AE

ouT (DIGIT),A

LD B,4 ;EACH COLUMN HAS 4 KEYS.

IN A, (KIN) ;NOW BITO-3 OF PORTB CONTAIN
;THE STATUS OF 4 KEYS IN THE
;ACTIVE COLUMN.

LD D,A ;STORE A TO D.

KROW: FF D ;ROTATE D 1 BIT RIGHT,BITO OF

;D WILL BE ROTATE INTO CARRY.

JR C,NOKEY ;SKIP NEXT 2 INSTRUCTIONS IF
;THE KEY 1S NOT PREXXED.
;THE NEXT 2 INSTRUCTIONS STROE
;THE CURRENT POSITION CODE
;INTO A AND RESET CARRY FLAG
;OF F REGISTER.

LD A,C ;KEY-IN,GET KEY POSITION.

EX AF, AF’ ;SAVE A&CARRY INTO AF’.

NOKEY:1NC c ; INCREASE KEY CODE BY 1.

DJNZ KROW ;LOP UNTIL 4 KEYS IN THE ACTIVE
;CALUMN ARE ALL CHECKED.

INC 1X

LD AE

RLC A

LD E,A



)
)
’

D

DEC H

JR NA,KCOL .
KD DE, -6

ADD IX,DE

EXX

EX AF,AF’

RET

fkkkkkrkokkokokkokkokkok ok ok ok ok ook Rk kk ok kok ok ok dok ok ok ke kkokkokokk

FUNCTION DISPP:THIS FUNCTION FOR CHANGE THE KEY CODE TO
THE DISPLAY PATTERN.

ISPP:LD HL, SEGTAB
ADD A,L
LD L,A
LD A, (HL)

kkkkdokkkokkkokkkkkkkkkkkkokkkkkkkdokkkokkkkkkkbkkkokkkkkkokkkk k¥

FUNCTION SHIFT : FOR SHIFT THE DISPLAY PATTERN WHEN KEY IS

: DETECTED.
SHIFT:LD B,6 .LOOP FOR SHIFT DATA 6 BYTE.
LOOP: EX AF, AF’ :SAVE NEW CODE.
LD A, (1X)
EX AF, AF’ .RESTORE NEW CODE, SAVE (IX)
LD (1X),A :SAVE NEW DATA TO (IX).
EX  AF,AF’ :SVAE (IX) INTO A.
INC 1X '
DINZ LOOP
LDD DE, -6
ADD IX,DE ;GET ORIGINAL 1X
;
KEYTAB:
KO DEFB  20H :NOT USED

K:

DEFB 21H ;NOT USED -



K2
K3
K4
RS
K6
K7
K8
K9
KOA
KOB
KOC
KOD
KOE
KOF
K10
K11
K12
K13
K14
K15
K16
K17

’

SEGTAB:DEFB

DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB

DEFB
DEFB
DEFB
DEFB
DEFB
DEFB
DEFB

22H
23H
03H
07H
OBH
OFH
02H
06H
OAH
OEH
O1H
05H
09%H
ODH
OH

04H
08H
OCH
24H
25H
26H
27H

3FH
06H
8BH
4FH
66H
6DH
7DH
07H

; NOT USED
; NOT USED
yHEX-3
; HEX-7
; HES-B
;HEX-F
; HEX-2
;HEX-6
yHEX-A
;HEX-E
;HEX-1
yHEX-5
;HEX-9
; HEX-D
s HEX-0
;HEX-4
sHEX-8
yHEX-4
; NOT USED
;NOT USED
; NOT USED
;NOT USED

«'N?
H ¢,

;)6,
;’7!



DEFB 7FH ;'8°

DEFB  8FH ;79

DEFB  77H ST

DEFB  7CH ;"B

DEFB  39H ;7c?

DEFB  5EH ;'D’

DEFB  79H '’

DEFB  T71H ;'F?
BLANK: DEFFB  OH

DEFB ~~ OH

DEFB  OH

DEFB  OH

DEFB OH

DEFB  OH

END

NN N MBDNTUSUNSH KEY & DISPLAY

A0 MuAW - MMM MODE O PORT A WAs C tUM O/P PURT PORT B
(UM 1/P PORT iAMMMI PORT A 1UM O/P §WSU SCAN DIGIT PORT C (UM 0O/P
§M3U  SCAN SEGMENT WAt PORT B \UM 1/P § MU M REY CODE o1 RUN
PROGRAM DISPLAY 9t BLANK @2(30fin1n@ KEY 94 KEY ﬁﬂﬁqwuag fioy  KEY
(UM KEY O-F KEY 1A KEY uﬁqgnnﬂ DISPLAY 113 URANSULUUAW KEY %gnnmuaz
IN1SNA KEY lﬁuuﬁﬁuﬁWMQEUuuuuau KEY qztﬁwuwunu53Uuuunﬁw NRE FUNUY
(1R92 (BOUEIIY WA NISUARIHAYDY DISPLAY Wzl%uuﬂmqawnnﬁnnwvvdwqﬂ ¥

¢
NISH W MYDNIARE FUNCTION 3NRN700 Ul

' v
SCAN -FUNCTION 9t 1580 FUNCTION SCAN1 UR¢# DELAY TIME a7 msu
v
DEBOUNC S/W FUNCTION ¥ 3tWIn15 SCAN KEY BOARD 3uNI13¢iNIGNA KEY Uas
35 1DIANSHAVDNA UMY KEY HnA W1O8I390 FUNCTION SCANI  HIMUAY [ UAISHTA

MuIMYDY KEY Wn@ uA11nUt1 14 REGISTER A.



SCANI -1Un FUNCTION A W%U SCAN KEY nas DISPLAY 1 S0U 010579
RBUIAIWINISNA KEY CARRY FLAG %% (i "o UANTINIINA KEY CARRY FLAG g
Wi "1 fwniniinisne key ﬁauanﬂwuaqnwuuuv KEY natiay [REGISTER 4.

DISPP -1l FUNCTION HiuSuuen s¥aniyay 0N KEY finm Rfutia
REG.A (UM DISPLAY PATTERN ud1ifuiiay REG A.

SHIFT -1l FUNCTION dwsu |aauﬁwuuuquaqnwsuaﬂeuaaan1u 1
AN luansaaaauwukunﬂsnn KEY

SPACE  -%1iWi DISPLAY PATTERN BLANK (i KEY ﬁgnnmiﬂﬂﬁ KEY
0-F
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qnnnwsnmaava%wqqﬂ INTERFACING TECHNIQUE 317 fand1unns 1 Sun
nwsaauﬂvnuﬁhgﬂs anuw%uwﬁwé@gv (UIF.) WNAUQUA 3371 1nalAanIS B noS | WA
‘llJ‘iﬂSﬂDNﬁ’Jlﬂaﬁ! ( Micro computer. Interfacing techique ) TRV MUSE
nauwaaxa§U1ﬁuﬁb§ﬁb|§Uaon1§uddu " fiime

o o o ¢
1 (RUINUSLUUNIS DULNDST L WA

4ﬁava1ntﬁuszuuﬁusnuﬂunws INTERFACING AU SINGLE BOARD
MPF I-B SV@0NuuuMiuiy P.C.B uuunﬂ1anawuwanSﬁaavﬂuuwvaqnsunuwanqu
YOV MPF-I 10waf Naninsunavnﬁsnﬂaaeaanéuuwﬂﬁc1uu$wngwanqu
1.1 1MINSNARDNFBUAINAN I 10 Tades
- BASIC INPUT/OUTPUT PORT
- NS48 8255 104 INPUT/OUTPUT  PORT
- SEVEN SEGMENT LED INTERFACING
- 7-80 INTERRUPT
- STEPPING MOTOR & DC MOTOR
- DOT MATRIX
- KEY BOARD AND DISPLAY
HANTSHARDY | DL ma R ANNEWNEUSENBUNNS L Suun S ou
2 1ﬁuvﬁuaUns& DRIVER WIN MOTOR SNANADNTE PROTO BOARD NMunon
NWﬂD?Q?SIWNlﬂN ﬁvuqtquatauuavsvuuaunasunwswmuwmaWU
3 |nu1nuuu1ﬂnnuoﬂuau aUnsm DOT MATRIX , SEVEN SEGMENT
uawuvuuaunaniUﬂvs1wu1wuﬂuu1nn11uasluunwsuﬂﬂvwanavawnnws
RUN PROGRAM 18301 3uin
4 3NYA INTERFACE RECRE P S INTERFACE WUURI ¢ dnidu
nwsmsaaaauﬁwmwm%vﬁuua:ﬁu (HAND SHAKING) N5 1 S9uR0uUURGY
( SERIAL TRANSMISSION ) uaxnwsﬁhﬁbnwsnﬁu§1u|1a1
( COUNTER/TIMER ) %vwsﬁavﬁwﬁwéaiuqﬁauys&ﬂsaunqutﬁauwmwuﬁ
nﬁﬁaﬁ%uuﬂﬂu10n1a601u
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54245 /74245 Octal Bus Transceivers with 3-state Outputs
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'54373/74373 Octal D-Type Transparent Latches and Edge-Triggered Fl'llp-Flops'r': o i
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8255A/8255A-5 . i Rl
PROGRAMMABLE P_.ERIPHER AL INTERFACE?:;”“ e &
u MCS-85™ Compatible 8255A-5 » Direct Bit Se/Reset Capablliity Easing * -
« 24 Programmable /O Pins Control Ap_?llca!lon Interface . i
; = Reduces System Package Count

» improved DC Driving Capabllity

- @ Avaliable In EXPRESS
. —S8tandard Temperature Range
» Improved Timing Characteristic : —Extended Temperature Range

u Completely TTL Compatible

= Fully Compatible with Intet® Micro-
processor Famllies p”

The Intel® B255A is & general purpose programmable VO device designed for use with Intel® microprocessors. It has *
24 VO pins which may be individually programmed |n 2 groups of 12 and Used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 VO pins may be progremmed In sets of 4 1o be Input or outpul. In MODE 1, the second
mode, sach group may be programmed to have 8 lines of input or output, Of the remalning € pins, 3 are used for hand-:
shaking and Interrupt contro! signals. The third mode of operation (MODE 2)Is & bidirections! bus mode which uses §
lines for a bidirectional bus, and § lines, borrowing one from the other group, for handshaking.
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Figure 1. 5285A Blook Diagram ~ Pigure'2. Pin Configuration’
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8255A FUNCTIONAL DESCRIPTION {RD)

General

The 8255A Is a programmable peripheral interface (PPI)
device designed for use In Intel* microcompuler
systems. Its function is that of a general purposs IO
component 1o interface peripheral equipment to the
microcomputer system bus. The functional configura-
tion of the 8255A Is programmed by the system soflware
30 thal normally no external logic is necessary to Inter-
face peripheral devices or siruclures.

Data Bus Buffer

This 3-stale bidirectional 8-bit bulfer Is used lointerface
the B255A 10 the sysiem dala bus. Dala is transmitled ot
received by the buller upon execution of input or oulpul
Instructions by the CPU. Conlrol words and status infor.
malion are also transferred through the data bus buller,

Read. A “low" on this Inpul pin enables the B255A to
send the data or status Information to the CPU on the

" dala bus, In essence, it allows the CPU to “read from"

the B255A,

(WR)
Write. A "low" on this input pin enables the CPU to wrile
dala or conltrol words Into (he B255A,

(Ao Iﬂd“|)

Port Select 0 and Pori Select 1, These inpul signals, in

conjunction with the RD and WR Inpuls, control the
selection of one of the three ports or the control word
registers. They ars normally connecled 1o the least
signilicant bits of the address bus (Agand A,).

8255A BASIC OPERATION

Ay | Ag | AB | WR | &5 | INFUTOPERATION (READ)
Read/Write and Control Loglc 0 L] 0 L O | PORT A~ DATASUS
0 ) 0 1 0 | PORY B =DATA BUS
The function of this block is 10 manage all of the internal 1 ) ) 1 © | PORT C~ DATA BUS
and external transfers of both Data and Control or Status OUTPUT OPERATION
words. It accepts inputs from the CPU Address and Con: (WRITE)
trol busses and in turn, issues commands 1o both of the 0 ? ' : 0 DA;A BUS = PORT A
0 1 © | DATANUS = PORT B
I 3
ramrat Brofios " [ 0 ] % | 0 | 0| DATABUS= PORTC
1 1 1 0 © | DATA BUS = CONTROL
E DISABLE FUNCTION
(CS) X X X X 1 | DATABUS = 3-STATE
Chip Select. A “low" on this inpul pin enables {he com- ) ' 0 ' 0 | ILLEGAL CONDITION
muniction belween the B255A snd the CPU. x| X ) ' 0 | DATA BUS = 3-STATE
[ e
&N . -l
—_—— - & ‘
b (D ) i
ot o -
e
: ]
-0
D = KV i o
 Shitimmei &
57
= K~
=" j—
=
-
' TR 6 e
“—_— o ey 1 ) are
§ — bt
e ‘[ L) =

Figure 3. 8255A Block Diagrem 8howing Data Bus Butfer and Read/Write Control Loglc Fupctions
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PROGRAMMABLE PERIPHERAL INTERFACE

w MCS-85™ Compatible 8255A-5 » Direct Bit SetUReset Capablilty Easing
» 24 Programmabls 1/O Pins Control Application Inierface .

= Reduces System Package Count

= improved DC Driving Capabliity

u Avallable In EXPRESS
—Standard Temperature Range
» Improved Timing Characteristics —Extended Temperature Range

s Completely TTL Compatible

a Fully Compatible with Intel® Mlicro-
processor Famllies

The Intel® B255A Is 8 general purposs programmable VO device designed for use wilth Inlel® microprocessors. Il has
24 10 pins which may be individually programmed In 2 groups of 12 and used In 3 major modes of operation. In the firet
mode (MODE 0), each group of 12 O pins may be programmaed in sels of 4 1o be Input of oulput. In MODE 1, the second
mode, sach group May be programmed to have 8 lines of Input of oulput. Of the remsining 4 pins, 3 are used for hand-
shaking and Interrupl control signals. The third mode of operation (MODE 2) is 8 blidirectionsl bus mode which uses 8
lines for e bidirectioha! bus, and 5 lines, borrowlng one from the other group, for handshaking.
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Figure 1. 82335A Biock Diagram Figurs 2. Pin Configurstion
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8255A FUNCTIONAL DESCRIPTION

General

The 8255A is a programmabie penipheral interface (PPI)
device designed lor use in Intel” microcomputer
systems, 1ts tunclion is that of a general purpose VO
component (o interface penpheral equipment o the
microcompuler system ‘bus. The functional configurs:
tion ol the 8255A Is programmed by the sysiem sollware
50 that normally no exlernal logic is necessary to inter-
face peripheral devices of struclures.

Data Bus Buffer

This 3-statle bidirectional 8-bit bufler is used tointerlace
the 8255A o the system data bus Dala s lransmitled or
received by the butier upon execution of input or outpul
instruclions by the CPU. Conlrol words and stalus infor-
malion are also translerred through the data bus bulter.

(RD)
Read. A “low™ on this inpul pin enables lhe B255A to
send the data or slatus information to the CPU on the

data bus. In essence, Il aliows the CPU to "read lrom"
the 8255A.

(WR)
Write. A “low" on this Inpu! pin enables the CPU to write
dals or control words into {he B255A.

(Ap and A,)

Port Select 0 and Port Select 1, Thase input signals, in
conjunctlion with the RD snd WR inputs, control the
sslection of one of the three ports or the control word
regisiers, They are normally connecled 1o the least
significant bils ol the address bus (Ap snd A,).

8255A BASIC OPERATION

: Ay | apg | AB | WR | &3 | 1NPUT OPERATION IREAD]
Read/Write and Control Loglc 0] o [) D 0 | PORY A - DATA BUS
[ \ 0 1 0 | PORT 8 = DATA BUS
The function of this block is 10 manage all of the internal 1 0 o 1 0 | PORT C~ DATA BUS
and external transfers of both Duta and Control or Status OUTPUT OPERATION
words, It accepts inputs from the CPU Address and Con- g IWRITE]
ol busses and 1n turn, 1ssues commands to both of the 0 0 i (4 0 | DATABUS -~ PORT A
Control Groups 0 [ 1 0 0 | DATA BUS~PORY S
Pt [ N 0 | O | DATABUS<PORTC
[ A\ 1 (4] o DATA BUS = CONTROL
—_ DISABLE FUNCTION
(CS) X | x X X \ | DATABUS=— 3-STATE
Chip Select. A “low' on this input pin enables the com. ! ' 9 ' 0 ILLEGAL CONDITION
muniction balween the B255A and the CPU. X1 x ! ' O | DATA BUS = 3-STATE
onie i) [ P,
et py < e
Sams <:_:> " v, 0n,
= te Ko 2
—
‘ ]
s
Ke— = rC:;"“\.:T.‘. 4
), o et
st twmay Bots B . ! "
EEE titieg: 1.\t Sohabrn i et e,
e e
v B
C—= it (=<0
I e
-
wepe [
- M s
sem K=+ k=
T —

Figure 3. 8255A Block Diagrem Showing Data Bus Butfer and Read/Wrile Control Logic Fupctions
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(RESET)

Al
Reset. A “high” on this input clears the conirol registier
and all ports (A, B, C) are set! lo the input mode.

Group A and Group B Controls
The funclional conliguralion ol each porl is program.
med by the systems soflware. In essence, the CPU "oul-
puts” a control word to the 8255A. The control word con-
tains information such as "mode”, “'bit sel”, “bil resel',
elc., that initiatizes the functional configuration of the
8255A.

Each of the Control blocks (Group A and Group B} accepts
"‘commands’ Arom the Read/Write Control Logic, receives
“control words™ from the internal data bus and issues the
proper commands to its assoclated ports.
Control Group A - Port A and Port € upper (C7-C4)
Control-Group B ~ Port B and Port C lower (C3-CO)

The Control Word Register can Onlz be written into, No
Read operation of the Control Word Register is sliowsd.

Ports A, B, and C

The B255A contains three 8-bit poris {A, B, and C). Al
can be conligured in 8 wide variety of functional charac-
teristics by the system software but sach has Its own
apecial leatures or “personallly” to lurther enhance the
power and lexibllity of the B255A.

Port A, One 8:-bit data oulpul lstch/buller and one 8-bit
data input lalch,

Port B, One 8-bit data Input/output latchibulfer and one
8-bit data Inpul buller,

Port C. One 8-bit data output latch/bulier and one 8-bit
data Input butler (no lalch for input). This port can be
givided Into two 4-bit porls under the mode control,
Each 4-bit port contalns & 4-bit latch and it can be used
tor the control signal outputs and ststus slgnal inputs in
conjunction with ports A and B.

PIN CONFIGURATION

sasds N Wb
-.,c. =) eas
rai(s Mal™
‘1 vas (o )lgtu
L1 ]a Y na
- i W & -_E_,-uu
oy Gyl 00, g2 »Ds
T = B K Sy — - A nde,
-t - Nl »l)e,
) B »Ds,
T o fu A LDy,
L ¥s ] [ Je 1)
— - {0 n")o:
ol ey e e ol
e [ —EE i
I e IS r&l:.ﬁ - Y o
o — " o} see
S o % = 4 2
T e KD APEL i ee
' “ j— e L 2l )rer
il
b PIN NAMES
T es ol ke o v
I —— T s K——> 'z' KD it ., ., DATA UL 181 DINICTIONALY
P - T ROBT WPt
e -[ (2] €= STLiCT
J wET ®TAD syT
K. waIT et
“_ a1 PORT ADOR I
I LYl PORY & (BIV)
" -—-—— CY) soat o thivy
8 RIe RORTE ity
v it
'_?o-‘o » voL Ve

Figure 4. B225A Block Diagram Showing Group A and

Group B Control Functions
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8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can be select.
ed by the system software:

Mode 0 Basie tnput/Quiput
Mode 1 Strobed taput/Qutput
Medde 2 BirDirectional Bus

When the resetinpul goes “high™ all ports will be sel to
the inpul mode (1 e, alt 24 hnes will be in the high im.
pedance state) After the resatas iemoved the 8255%A can
temain in the input mode with no aydhlional initialization
required. Duning the execution of the system program
any ol the other modes may be sclected using a single
outputinstruction. This allows a single B255A 10 service
a vanely of peripheral devices with 3 simple sollware
maintenance ouline

The maodes {or Port A andd Port B can be separately detined,
while Port C s divitded into Iwo pottinns as requnred hy the
Port A and Port B detinibions All of the outpul registers, in.
clueling the status Thp-tlops, will be reset whenever the
mode s chunged, Modes may he combined, so that their
funclionst definition can be “tailured’ to almost any /O
structure, For instance, Gioup B can be progrommed in
Mode 0 1o monitor simple switch closings or display compu-
tational results, Group A could be progremmed in Mode 1
10 monitor a keyboard or tape reader on an interrupt-driven
basis.

— - . _ADhATAiais )

]
T % o

", oom, ", o, ~, %, A, a,

<

P R T AT

S 1T 1T 3%

e re,  ROWMINOL contany  ea, P
BLEY ] o 1o

oD 3 —-T%‘ "l—l-"']--c‘—-—l——lﬂ A7
) l(‘!‘lo l I l 8 DIRICTIONAL
PI;'/I‘ o \-—'CTN—;_._OT-—J 'l,".

Figure 5. Basic Mode Delinitions
and Bus Inlerface

[ CONTROL WORD

o,|0o |0 {0 ]51e |0 {0,

e §

FORY C (L OwiR)
—— (RN 1Y) 4
0. OutPYY

MORT B
1oyt
0+ Outrut

~ODE 3LICTION
0. &0U{ ©
Ve mObL

GROWF A

PORY C tLro LR}
1 - INeyT
6. oUTrUY

PORT A
1 e INPUT
4. DUTIUT

w0ODL SILECTION
o0 » MODL ¢
91« ODL Y
1% - MODL T

MO0t S17 1LAS
Ve ACTIVE

Figure 6. Mode Definliion Format

The mode definilions and possible mode combinalions
may seem conlusing at lirst but afler a cursory review of
the complete device operation 3 simple, togical /O ap-
proach will surlace, The design of the B255A has laken
into account things such as eflicient PC board layoul,
conirol signal dellnition vs PC layoul and compiele
lunctionat {lexibility to support almosl any peripheral
device with no exlernpl fogic. Such design ropresents
the maximum use of the available pins,

Single Blt SeUVRese! Feature

Any of the eight Ints of Port C cun be Set or Reset uning 2
single QUTput ansttuction Thas feature reduces soliware
recpuirements in Control-based apphications
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CONTROL wWORD

o, 1o, | D |0, ] B, | ¥ | Pq D
‘[ [ ] ST BEI/MINY
et oo hesr
DON'Y
CAns
(R 11814)
' 1 7]7]3]e]8]8] 7}
S e annnononn
- res me R UL AT ERLT
B & S
LORTRY IRATR NN U]
- e ACHIVE

Figure 7. Bit SetVReset Format

When Port C is being used as status/contro! for Port A or B,
these bits con be set or reset by using the Bit Set/Reset op-
eration just as il they were dats output ports,

Interrupt Control Functions

When the 8255A is programmed 10 operate in mode 1 of
mode 2, conlrol signals are provided thal can be used as
interrypt request inputs 1o the CPU. The interrupl re.
quos! signals,‘genoratod ftom port Clcan be inhibiled o
enabled by selling or resctting the associated INTE Hip.
tlop, using the bit sel/reset function-ol port C.

This tunction allows the Programmer to disatlow or sllow a
specilic 1/0 device 10 interrupt the CPU without atfecting
any other device in the interrupt structure,

INTE flip-flop delinition:
AT S INTE wSET  Intertupt enably
{BIT-RESET) - INTE is RESET ~ Intcrrupt disable

Note: All Mask flip-flops are sutomatically reset during
mode selection and device Reset. '

Operaling Modes

MODE 0 (Basic Inpul/Output). This functional configura.
tion provides simple input and outpul operations for
odch ol the three ports, No “handshaking” is roquired,
dala is simply written to or read from a specified port.

Mode 0 Basic Functional Definitions:

e Twao Bbit ports and two 4-bit ports,

® Any pott can be input or output,

o Qutputs are latched.

® Inputs are not Iatched.

® 16 dilferent Input/Output conligurations are possible
in this Mode,

tua -
1) 3( j[
’ A - tua - |
e j j
‘an ‘n—?
8. av, a0
o,o,.———.——.———-———.—--( y }.——_
tap tor
MODE 0 (Basic Input)
r_- . e - o]
a \\. JF
o ~ts
0,0, ) (
= ("%

——

outryY

e - USRI

MODE 0 (Basic Oulpu|)
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MODE 0 Port Delinition
A s GROUP A GROUP B
o | o3| 0y | O | PORTA FORT C v | PORTS FORT €
uPrER) {LOWER)
o o | o | o | ourrur | outrur | o | outrur | oureut ’
o | o | o | v | outrur | outeutr | 1 | outeut | Ineur
o | 0 | 1 ] 0o | outrur | ouTruT | 2 | INPUT oUTPUT
6 | 6 | 1 v | outeut | oureur | 3 | ineuT INPUT
o | t | 0 | 06 | ouTPUT | INPUT 4 | OUTPUT | OUTPUT
© | ' | 0 | v | outeuT | INFPUT 5 | OUTPUT | INPUT
o | v | 0 | outeut | iNrPUT ¢ | InvUT oUTPUT
L R 1 | outeut | ineuT 7 | aneuT  TTineut
v | o | o {e ['ineur T oureur |7 [TouteUr | outrut
" 170 o | v | ineur ouTPUT | ® | ouTPUT | inPUT
1 1o |1 | o | nveur ouTPUT | 10 | InveUT ouUTPUT
1T Y | aneur ouTPUT | 11 | INPUT NPUT
. v | v [0 | o | INUT INPUT 12 | OUTPUT | OUTPUT
) \ ) v | INPUT INPUT 13 | OUTPUT | INPUT
O N O A L INPUY va | INPUT OUTPUT
AT T o INFUT 18 | INPUT INPUT
MODE 0 Conflgurstions
CONTROL WOAD ¢ § 4 CONTROL WORD #3
o, o &, 0, 5, 5, & o, B, b, b, 0o,

CTTLL LT

[F3Y Y

N e — c{

' .__./'_. 4, 24,

e pe, 2,

A, 2,

o o,

Llefeledefel ]}

7

A

L 11¥)

7’

.___,L'-—— "A, P4,
TSI LI )
A ey 2,

oyt e, 00,

CONYROL WORD #9
5, o, b, 0, b, Db,

(I T LTl

]

I DT R,

__/‘_._. "<, <,

B L)

1Y FRRL IR 4

CONTROL WORD 03
% 0, 6 o O

[LTLLLLT)

il

————{———‘. 'A'-'~
| e, e,
e ey,

'——f—". aiiadha Y
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CONTROL wONh »e
% © © o, 0, D,

[LTLLITT)

A i A, bay

(2217
[ e 0,
¢

Dy Dy = —or e e

.“'ﬁ“.—’ "3, e,

CONTADL wORD o
% b o o o, o o o,

(LI TLTLT]

’ [y EEe L v,

K1Y
e ac, 5,
0,0, *——me—u 3 !
/. ", ",

) S

CONTROL wORD o3
® © © o o 0, b,

nonpoonn

a —/'—-. PA, Ay

(21773
—rt— e,
L — ¢ -[

—r aTte

'“+“"1"'\

CONTADL wORD #9
% B 0o, D, b5 o

CLETEE

af—ypt a2,

A

{ A w5,
c

&0,
o,

'—f"——"‘v"‘c

CONTAOL WORD o8
% b 5 o b, o b D,

DoDnnnon

A s—"_. PA,PA,

02554
e 2L ae ¢
£ .

ST Sy
. '_‘-/‘!—' e, 2,

CONMTROL WORD 71§
® ® 8 o D0 Db b 0

LTI

A -o—,l'_ va, 2a,

WA

—+~ <, ",

[4
{—,‘.—-. ", rc,
] e N2

CONTRODL WORD »}
® o 8 o © 5 b o,

LTI T

afb—pt . ';,J~
LI1YY
o/ S 0, ¥,
By e - -] t l
S

L) SO Ly

CONTRDL WORD o1y
o b, b o0 b b © O,

ooDonnnn

Y —.'l'_ ra,ra,

L2117Y

—— e w2,

oAt a2,

Y e et ¥
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CONTAOL WORD # 12
© 0y B O 0

goppopnn

'y -—-—-1L!—~—-Il,'l‘

1754A

.-___1L:____ ",
€
l “"—7L:“"" Lo

] ____.+'__. v, P8,

CONTROL WORD ¢ 1§
o, b © O D, O B O

ooonuann

. -—f———. 'l"~

0, D, =

{ —_——
[4
Y S

[ FEL IR

CONTROL WORD #13
o, o, b, O, B,

noopooon

A .—,‘L— A, Ph,

b
.
e ¢, ¢,
0,6. -——ed [

ey

CONTAOL WORD #1§
® o B o O,

O LI L)

a .._.,l_'— va, 08,

(F1VY
.
oraegl—— ¥C, 5,
By Dy > g.[ C

i e,

T—"_' ", o,

Operating Modes

MODE 1 (Strobed Input/Outpult). This tunctions! con-
tiguration provides a means for translerring4AfO dats to
or from a specified port in conjuncilion with stirobes or
~handshaking” signals, In mode 1, port A and Port B use
the lines on porl C to generate of accept these “"hand.
shaking’ signals.

.

Mode 1 Basic Functional Definitions:

.@ Two Groups (Group A and Gros.;p 8)

o Exch group contalns one 8.blt dats port and one 4-bit
control/dats port,

® The 8-bit dats port can be sither input or output.
Both inputs and outputs are latched,

® Tha 4-bit port is used for control and status of the
8-bit dats port,
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Input Control Signa! Definltion

$TB (Strobe Input). A “low" on this input loads data into
the input latch. ’

1BF (Input Bulfer Full FIF)

A high™ on this output indicates 1hat the data has been
loaded into the input latch;in essence, an acknowledgement
1BF s set by STB input being low and is reset by the rising
edge of the RD input. '

INTR (Interrupt Request)

A "high™ on this output can be used 10 interrupt the CPU
when an input device is requesting service. INTR is set by
the §TB is a “one”, IBF is 3 “one" and INTE is a3 “one”
It is reset by the falling edpe of RD. This procedure allows
an input device to request service from the CPU by simply
strobing its dats into the port,

INTE A
Controlled by bit set/reset of PC,.
INTE B
Controtlnd by hit ant/rent nl.PC,.

“ODL 1 (POAYT A)

Pa,ra, []
CONTROL wORD
©, 0, ©, 5, D, b, b, b, e -
<1 : wry : o, o 1Y
o .
XX i
", , j — s,
e iwpyy
= OUTPYY

~,
e
l ~, Ntm,

N

D e of

MODL 1 {PORT &)
SN e

) f——m,

CONTROL WORD
©, 0, & o, 0,0, b, 0, r--

h
(IR I ;]“_-'ii

< |m— s,

—_—

Oyl ra,

Figure 8. MBDE 1 Input

wra

L1

Ut rRON
LYY
Rant DI SIPTRI S WP NI SV —

Figure 9, MODE 1 (Strobed input)
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Output Control Signal Delinition

OBF (Output Butler Full F/F). The OBF output will go
“low™ to indicale that the CPU has written dala oul to the
specitied port The OBF F/F will he sel by the rising edge
of the WR input and reset by ACK input being low.,

ACK (Acknowledge Input). A "low” on this'inpul informs
the B255%A that the dala from port A or port B has been
accepled. In essence, a8 response from the pernipheral
device indicaling that it has recieved the dala outpul by
the’CPU '

INTR (Interrupt Request). A "high” on this output can be
used to interrupt the CPU when an outpu! device has
accepled data transmitied by the CPU. INTR is set when
ACK 1s a“one”. OBF is a "one”. and INTE is a “one”, It is
resetl by the falling cdge of WR

INTR (Interrupt Request). A “high” on this oulpul can be
used to interrupl the CPU when an oulpul device has
accepted dala lransmitted by the CPU INTR is set when
ACK s a"one”, OBF is a“onc™. and INTE s a “one”™ this
reset by the falling edge ol WR

INTE A
Controlied by bit set’/resel of PCq
INTE B

Controlled by b sei/resel ol PC,

SODE t (PORTY A

.
CONTROL WORD
o, b, B, O, b, B, B, O,

’a,ra, z:>

2000 foptme

MODT 1 PO T §)

vie|rfelm
i
Ve vruY
o - oUTPUY
[, pa——
CONYADL WORD

O, 0, B, D, by b, D, B,

[+ DXXIXIX] [+ D]

N —y

Figure 10. MODE 1 Output
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X
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Figure 11. Mode 1 (Strobed Output)
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Combinations of MODE 1

Port A and Port B cen be individually defined as input or
output in Mode 1 to support a wide variety of strobed 1/0
applications,

A, 24, @

CONTAOL WOAD

®, 5, 0, 0, 0, 0, D, O ",

LY O T S

Kl,l
[
0 OUTPUT 5120 Z>
R ——aCy P fmm 6.“'.

oy ——mra,

FOAT A - 13YROBLD INPUT)
PORT D . (DYROSID OUTPUTH

va, A, I>

WK ——q <y b ONF,
o lo—o IR,

CONTROL WORD
o, ©, B, ®, B, B, O, D, ¢, foreme TR,

Cle]felaleie X ", o v

LN
1= eyt
0. ouTRuY lalid ] @
£ ——af ) lom— 'v‘.

< f——

<, | i,

PORT A - (BTROSID OUTPUTE
FOAT § - tSTROSLID WPUT)

Figure 12. Comblinations of MODE 1

Operating Modes

MODE 2 (Strobed Blidirectionst Bus 1/O). This functional
configuration provides » means for comr'nunlccllrm with
a peripheral device or structure on a single 8-bit bus for
both transmitling and recelving data (bidirectional bus
110). “"Handshaking™ signals sre provided lo maintain
proper bus flow discipline in a similar manner to MODE
1. interrupt generation snd enable/disable functions are
als0 avaliable.

MODE 2 Basit Functional Definitions:

® Used in Group A only.

® One 8.bit, bi-directions! bus Port (Port A) and s 5-bit
control Port {Pon1 C),

e Both inputs and ocutputs sre latched.

® The 5.blt control port (Port C) Iy used for control
and status for the B-bit, bi-directional bus port {Port
A},

Bidirectionsl Bus WO Conirol Signal Detinition

INTR (Interrupl Request). A high on this output can be

used to interrupt the CPU lor both input or output opera-
tions,

Output Operations

OB8F (Output Butler Full), The OBF output will go "low” to
indicate that the CPU has written data out to port A,

ACK (Acknowledge). A “low" on lhis Inpul enables the
tri-sfate oulput buller of port A to send oul the dals,
Otherwise, the output buffer will be In the high Im.
pedancs siste.

INTE 1 (The INTE Flip-Fiop Assoclated with OBF). Con-
trolied by tzll sel/reset of PC,.

Inpuj Operations \

STB (Strobe Input). A “low” on this input loads data into
the input iatch,

{BF (Input Butfer Full FIF). A “high™ on this outpul In
.dicstes thal data has been losded Into the input latch,

INTE 2 (The INTE Flip-Flep Associsted with iBF). Con-
trolled by bit seUresst of PC,.
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CONTAOL WORD
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jo———— KR,

o 3,

PO ) Ky |——r— w0

Figure 13. MODE Control Word Figure 14. MODE 2

DATA 7ROM
7 CPVUTO e288A

ob \ 11' / !
—

—ilypgle— .| i, l._

nn::‘-'lnn___________,______<L _..._.4 -—— - - -
/ DN P ;

DAYTA FAOM ' 414 PRON
PERIPHNERAL TO 22684 2534 TO PLAWHERAL

SAYA PROM
SIH44 T0 ol

Figure 15. MODE 2 (Bidirectional)

NOTE Any swoueance whers WA occurs belore ACR and STB occurs before B o permissible,
UNTA » 18F . WASK « §TB « RD + OBF + MASK + ACK + WA |
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' WODE 7 Alvls MODL O (INPUT! MODT 2 AND MDDE 0 tOUTPUT!
", - i, ~, - win,
"a,ra, . va,ra, <_0_>
Y B | — &,

COMTROL WORD
B, B, 0 D, By B, O, O,

"<,

o,

"re

e KX,

PUNESS—

e
"wr,

i

“®, 0, B, D, B, B, 0,8

CONTROL WOAD

[ [ DX

§ o PUT
9+ OUTRUY

KD e G
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MODE 2 AND MODE 1 lOUTPUT)

CONTAOL WORD
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(LA

",
;L'OA‘
<

<,

<,

.
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e IE,

MODE 2 AND MODE 1 INPUT)

COMTAOL WORD

b, O, B 9 8 0 & %

T I X

"<, e,
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L) w,

¢, fo——— 7Ry

c, f—— 7,

Figure 16. MODE % Comblinations
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Mode Definition Summary

MODE 0 MODE 1 MODE 3
IN ouY IN ouT OROUP A ONLY

PAg IN our IN ovr -
PAy IN ouTt IN ouT b e
PAy IN out N our D
PAy IN our N ouv ———
(TW IN our IN ouT -—
PAg N ouT AT -oUT —
PAg N our IN out T
PAy N out N ouT -y
Pso N ouT N out ]
rs, N out N out —_—
rs, N out IN out —
rey IN ouT IN ouT —_— MODE O
(IR IN our N out e |- OR MQDE 1
rag IN our IN ouT §= ONLY
*eg IN out N out o
", N out N our —_—
PCo N ouT INTRy INTRg e
rcy IN our 18Fg 1] 1.1 o
rcy N out T8, Atk 1o
)y IN ouT lﬁTﬂA INTR o INTR
<, W out £TY. 1o 1. 31 7Y
rcy N out TN o | - & 18F,
ree N out 7.} ATKp- ATK
’cy N out o 1N (LI

éoclll Mode Combination Considerations . °

There are saveral combinations of modes when not all of the
bits in Port C sre usad for control or status. The remaining
bits can be used as follows:

11 Programmed s Inputs =

All input lines can be sccessed during 8 normal Port C
read, .

I Programmed as Outputs —

Bits in C upper (PCy-PCq) must be individuslly accessed
using the bit set/reset function,

Bits in C lower (PC3-PCq) can be accessed using the bit
set/reset function or sccessed 85 8 threesome by writing
into Port C.

Source Current Capabliity on Port B and Port C

Any set of sight output 'bufhrl. selected randomly from
Ports B and C cen source 1mA at 1,8 volts, This feature
stiows the 8255 to directly drive Darlington type drivers
snd high-voltage displays that require such source current.

Reading Port C Status

In Mode 0, Port C transfers dats to or from the paripheral
device, When the 8255 is programmed 10 function in Modes
1 or 2, Port ¢ penerates or sccepts “hand-sheking” signals
with the petipherst device. Resding the contents of Port C

\

eliows the programmer to test or verlfy the “'status” of sach
peripheral device and change the program fiow sccordingly.

There Is- no spaecisl instruction to resd the stetus informe-
tion from Port C.:A normsl read operstion of Port C s
sxecuted o perform this function, ’

SPUT CONPIBURATION
», 5 8 8 8

wo | v o JroeJoen o T e

onowr & PYRYY

OUTRUT CONTIOUR ATION
5 o B

] :]_.'.l IEAECA

v A
SALr & GROW &

Figure 17, MODE 1 Status Word Format

© o, © o, © b D,

CAEDEAGRER OO

—_— W AU P

SAOW A t o QROLP D
—
IBEPINED DY MOOT # OR MOOE 1 BELECTION?

Figure 13. MODE 2 Status Word Format
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INTERALFY
APPLICATIONS OF THE 8255A ntouts '_‘]
The B255A is a very powerlul tool for Jdnterfacing ¥ e, n,
peripheral equipment to the microcomputer system, It - L
tepresents the oplimum use of avaiiable pins and Is flex- rA, LN :vuy
ible enough 1o inferlace slmost any /O device without 'y % dtveoaRD
the need lor addltional external loglc. . A, "
. '~ L}
Each peripheral gevice in a microcomputer sysiem novon 1 A -
usually has a “'service routine” associaled with it. The s, conraoL
rouline manages the software interface belween the .
device and the CPU. The functional delinition of the ] sravat
8255A Is programmaed by tho 1O service roullne and L™ Ack
becomes an extension of the sysiem sofiware. By ex: .
amining the VO devices interface characleristics for
both data transfer and liming, and matching this infor- ™ .
mation to (he examples and tables in the delalled opera- ,,: s,
tional description, a control word can easily be devel: y », . wul'ouous
oped to initialize the B255A 1o exactly “fit" the applics- v, s, ':,fv'm"
tion. Figures 19 through 25 present 8 few examples of ", . ’
typical applications of the B255A., . ",
ouTPUT) q *e, SACKBYACE
”, cLtan
’c, DATA READY
., acg
p ", SLANKING
1::;?_1 x, L2, CANCIL wORD
(Y Mlllw!___] ~
: i e Ny atouts?
o d R it Figure 20, Keyboard snd Dispisy Interface
s, p—dt ——
oay |—oi S
worn | 1 — &
", — F < namt R
rod stLave Wit
o, o] Ds12 BIADY o oSy
ey fo——ryact —
o, p——|rorenvate  —edt TS .
\\ <, || r0awsap/miy oo ’
TAA e ", .,
oy} - p———t ”, l, .
., fm—- ! p— woot + | *4 Y ercanio
”, vty | ea, a, Siveosss
-, o . i 0214 81DV . " !
Fl‘ - ey poramet AL 8 "' e
o0l ., p—— ——— A 08
L alal) ~, — -] POOmARD/ALY ra, tonteoL
", oo p——n- | n 0000
ptet CARMIADE SO <, AL 1]
o, p——={bat4 ntaDY "<, ALUNOwL FOSI
[} b Kl "<, sy At
<, "<, LY
I ComTROL 1 BOK AND DRIVIAS T v -~
L ARLTIV 4] . TIpmINAL
atouvesy ", ‘TN apOATM
", T~
wooi ¢ | " . _\
ooyt | o, o >
" LY
- Figure 19, Printer Interface o, >
- T een
<

Figure 21, Keyboard and Termins| Address
Interfacse

~—,
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Figure 22, Digltal to Analog, Analog to Digltal

Figure 23, Baslc Floppy Dlisk interface

wrraaY wriaawy
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4, " CRT CONTROLLIA va, a,
va, L * CMARACTEA 0N [ 79 TN Y siEviy
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", ", sewaree.
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Figure 24, Basic CRT Controlier Interface Figure 25. Machine Tool Controller Interface
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias. . ... ..., 0°C to 70°C
Storage Temperature . . ... ... v.....—85"Cto+150°C
Vollage on Any Pin

With RespeettoGround . ., ., ...... . =0.5V 1o +7V
Power Dissipation . .. .....ovven e 1 Watt

*NOTICE: Stresaes above those listed under “Absolute
Maximum Ralings™ may cause permanent demage (o the
device. This Is & stress reting only end functional opera-
tion of the device si theze or any other conditions above
those indicéted In the operstions! sections of this speclfi-
cation Is not implied. Exposure to absolute maximum
rating conditions for extended periods may stfect device
rellabliity.

D.C. CHARACTERISTICS (Ta= 0°Cto70°C,Vee = +5V £10%,GND = OV) *

Symbol Psrameler I Min. | Max. | Unlt Test Conditions
Vie Input Low Volitage . 1-05] 0.8 v ’
Vin Input High Voltags 20 | Vee \Y
Voo (DB} | Output Low Voltage (Dats Bus) 0.45°F V log = 2.5mA.
Voo (PER) Output Low Voltsge {Peripheral Port) 0.45°| V toL = 1.7mA
Vowr(DB) [ Dutput High Voltage {Dsts Bus) 24 \ fow * -400uA
Vou (PER]| Output High Voltage {Peripheral Port) | 2.4 \Y lon = ~200uA
Ipanlt! | Dartington Drive Current <10 | -40 { mA Rext = 7500 Vexr= 1.5V
lee Power Supply Current 120 | mA i i
e | \nput Load Current 210 | ‘BA Vin = Vee to OV
lory Output Float Leakage 110 | pA Vout = Vce to 45V
L 4.0 )
1. Asihable on sny B pins trom Port B and C.
CRPRCITANCE. (%2 20C. Ve = GND = OV)
Symbol . Psrameter Min, Typ. Max. Unlt Test Conditions ,
Cin Input Capacitance 10 pF fc = 1MH?
Ciro 1/0 Capacitance 20 pF Unmaessured pins teturned to GND

A.C. CHARACTERISTICS

Bus Parameters

(Ta> 0°C10 70°C. Vg = +58V 210%,GND = OV} *

READ
$255A S288A.8
Symbol Parameter Min, Max. WRin, Mex. Unit
tAn Address Stabls Before READ 0 0 ne
tRA Address Stable After READ -0 0 ns
tRr READ Pulss Width 300 0 ns
tRp Data Vslid From READI 280 200 ns
tpr | Dats Float After READ 10 180 10 100 ns
tay Time Between READs and/or WRITEs 850 850 nt
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A.C. CHARACTERISTICS (Continued)

WRITE ~
8255A 8285A.5 ~
Symbol Parameter Min, Max. Min, Mex. Unit '
taw Address Stable Before WRITE 0 0 ns .
wa Address Stable After WRITE 20 20 nt
T w WRITE Pulu Width . 400 300 nt
tow Data Valid to WRITE (T.E.) 100 ’ 100 n
wp Dats Valid Afier WRITE . 0 { 3 ns .
OTHER TIMINGS :
8255A | 8255A.5
Symbol ‘Parameter Min, Mex, Min, Max, | - Unlt
twa WR = 1 to Outputt ' 30 350 nt
tn Peripheral Data Before RD 0 0 4 ns
MR ’ Peripheral Datas After RD 0 0 ns
tax ACK Pulse Width 300 300 ns
tsy ST8 Pulie Width = 500 500 ns
tpg Per. Data Before T E, of STB .0 (4] ns
trm Pec. Data After T.E. of STB 180 180 ns
taDp ACK » 010 Output! ! 300 300 ns
10 ACK * 1 10 Dutput Flost 20 250 20 250 nt
‘wou WR « 110 OBF » 0! 8% . 650 1 ng
1AD8 - ACK = 010 OBF =1 3%0 380 ns’
tsip STB = 0to IBF.= 111! -300 00 ns
his RO 110 1BF = 0! 300 . X0 ~
Ry RD = Oto INTR + 0/ (400 400 n
tay ST8 ~ 11to INTR = 1il ' 300 300 ns t
A ACK = 110 INTR = 111 | s 350 m ] \
“twir WR = Oto INTR = 0!}.3} 450 450 s
NOTES: ’ .

1. Test Condlitions: C_ = 150 pF. .
2. Period of Aeset puise must be st feast S0us during or after power on. Subuquoménol pulse can be 500 ns mﬁ\_)
3. INTR] may occur as sarly o3 WR], \ -

* For Extended Temperature EXPRESS, use M8255A elecirical parameters.

A.C. TESTING INPUT, OUTPUT WAVEFORM . A.C. TESTING LOAD CIRCUIT

NPUTIOUTPUY

* " ” sy L o1
> TERY POINYS < " € 159 pf -l. .

a0 TUBIWC WPUTS ARL DAIVENAT 22V IR 4 LOGIC ¢ AND D SV FOR Wy ey 18 BET AT VARIOUS VOLYAGES DURING TESTING YO OUARANTER THE
s100C |~m&:_l lolull MENIS ART MAD] AT 20V FOR 4 LOOK ¢ l”l:wr.'mo‘u C, PICLUDED 40 CAMECITANCE
anD 0 dv IR & L OG0 4

—O Vyse*

PR
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WAVEFORMS

MODE 0 (BASIC INPUT)

e

ey

CLav a0 )L

=i}

.,,.,,__.____._______'.__( : ¥

lap 1Y)
MODE 0 (BASIC OUTPUT)
. r._ \V_ P8
w“oo X L
tow bo——i
T X X
ere B e s - '“ S = — ‘.

€110 X

><..1L ]
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WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

——‘-ll———ﬂ

po—tn 1 .
uvr'lo-_......ﬁ o o S e o G - e —— -~ - -
PERSIEAAL ( % 3

LY

MODE 1 (STROBED OUTPUT)
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

DAYA FROM
9000 Y0 B4

"—\%'TF\J

-\

" L._A\

w/"

A

DAYTA FhOM
HRIPHIRAL YO 0308

NOTE:
(INTR = i8¢ » KA3R « §T8

)

GATA FROM
s 10 PERIMERAL

A ‘whare WR belere ACR and STB eceurs befors KD Is permiuible.
TR 18P KIKER « §T8 « KB + BWF « ATK - KCX + WA |

DAVA FROM
394 Y0 Sos

'X—

<

< - e LYY

.-\'u)' ~lprte -
1

WRITE TIMING READ TIMING
} -
e — e C
l- an . ..' "‘{‘Nl‘- ; [ ‘e
DATA DS z N I L1
foe e e '
DaTA BULIT T WG e DANCE

.,"',/-a VLD Iwiaw many BANCE
+ z




‘28400
Z80° CPU Central
Processing Unit
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Product .
Specitication

April 1983 ' .

URES

instruction set contains 158 instructions. The 78
uctions’ of ‘the BOBOA are included as a subeet;
DA software compatibility is maintained,

t MHz, 8 MH2, 4 MHz, And 2.5 MHz clocks for the
H, ZBOB, ZBOA, and 280 CPU result in rapid
uction exscution ' with oomoquenl high data
Jghput,

exdensive instruction set includes string, bit, byte,

word operations. Block searches and block
rlors, together with indexsd and relative addressing,
mhhmodpomduldmhmdlngcapnbnmm
nicrocomputer lnduury

Z80 microprocessors and uaoclaled family of
pheral controtiers ars linked by a vectored interrupt
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o s Ve
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et CLK . 8 form—— sus
et ¢ § ¥ By po————
— OND » fo——e

#; fo——e )
. PFigure 1. Pin Functions

D

system. This sysiem may be elsy-chained 10 allow
implementation of a priority Interrupt scheme. Little, if
any, additional logic is required for daisy-chaining.

® Duplicate sets of both generel- purpose and fiag registers
are provided, easing the.design and operalion “of
system software through single-context swilching,
background-foreground programming, and single-lavel
Interrupt processing. In eddition, two 18-bit index

" tegisters faciiitate progrem processing of tables and
arrays.

s

B Thets sre three modes of high speed lnlmupt

* processing: 8080 similar, non-Z80 peripheral device,
and 280 Family peripheral with or without daisy chain,

® On-chip dynamic memory refresh counter.

Y N 1 1 ” An
aaf]s =0
Ay 3 ” N
" lnE 4 il &
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Figure 28, 40-Pin Doal-In-Line Package (DIP)
Pin Assignments -
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INSTRUCTION SET

The Z80 microprocess: has one of the most powertul and
versatile instruction sels available in any B-bit micro-
processor. It includes such unique operations as 8 block
move for fast, efficient data translers within memory, of

between memory and I/0. It also aliows operations on any .

bit in any location in memory.

The following is & summary of the Z80 instruction sat which
shows the assembly language mnemonic, the operation,
the flag status, and gives comments on each instruction. For
an explanation of fiag notations and symbols for mnemonic
tables, see the Symbolic Notations saction which follows
thess lables. The Z80 CPU Technica! Manua! (03-0029-01),

O Rotstes and shifts

O Bit sat, resel, and lest operations
O Jumps

o Calls, returns, and restarts

D Input and output operations

A varisty of addressing modes are implementsd to pormit
efficient and fast data transier between various registers,
memory locations, snd input/output devices. Thass
addressing modes Include:

he Programmers Referance Guide (03-0012:03), and Immediats
Assembly Language Programming Manual (03-0002-01) D Immediate extended
contain significantly more delails for programming use. o M odified page 2610
The inslructions are divided lf\!othe following categories: O Relative .
O 8-bitloads O Exiended
O 16-bitloads 0. lobkued
O Exchanges, biock transters, and searches O Register
s} 8-b'tun'hmehcund logic operations O Register indirect
D General-purposs arithmetic and CPU control o Impli od
O 16-bi arithmetic operations o Bit
8-BIT LOAD GROUP 7
Symbolic Y No.of ‘No.of M No.of T *
Mnemonic  Operstion H PANN C 78 B43 210 Hex Dytes Cycles States Comments
Lot r—-r e o X o X o o o O 1 1 b 1 . 4 ' Rep
Loun r—n e o X o X o o o 00 1 110 2 2 7 000 B
. —n- . 001 C
LO 1 (HL) 1+ (HL) e o X o X o o o 0} ro 110 1 2 7 010 O
LO(X+d) 1=(IX+0) e o X e X e o e 11 011 101 OD ] 19 o1y E
01 ¢ 10 . 100 H
- Y . 101 L
LDLUY+d) t=(¥sd) o © X e X oo @ 11111 101 FO 3 ] 19 11 A
(9] ¢t 110
-
LD (HL). ¢ (HL) =1 ¢ o X o X o o ¢ 01 110 1 1 2 . 7
LO(Xed)r (Xeg)=r o * X o X o o o U 011 101 DD S 19
. 0y 110 ¢
LOQY+d)t (Yed)=r o o X * X o o o 11 111 101 FD 3 ] 19
o1 10 1«
Ll - R .
LOHL. A (HL=n e o X ¢ X e o o 00 110 110 38 2 3 10
—p-
LO(iX+d).n {Xed)*>n e ¢ X o X o o ¢ 11 011 101 s/0] 4 ] 19
00 110 110 3¢ .
L d

- -



8-BIT LOAD GROUP (Continued)

Symbolie Flags Opoode No.of No.ofM No.of T
Mnemonic Operstion 8 2 -H PNN C 78 843 210 Hex Bytss Cycles Sustes Comments

LO@Y+d)l.n (Y¢d)=n o o X o X & o & 11 111 101 FD ‘4 5 19
00 110 110 38

-d-

. Ladl 1 Bnd
LDA.(BC) A~ (80) ¢ X e X o e o 00 001 010 OA "% 2 7
IDA,.(DE) A+ (DE) * ¢ X o X o o s 00 011 010 1A 1 2 7
DA ()  Ae(nn) * e X o X o o o 00 111 010 3A 3 4 13
—p—
O-n-o
D(@®C).A  (BC)—-A e o X e X s s o 00 000 010 02 1 2 7
D(DE).A (DE)=~A ® o X » X o s o 00 010 010 12 1 2 7
D), A (an)=A ¢ o X s X e o ¢ 00 110 010 32 3 4 13
-
~-n-
DA,I A=l t 1 X 0 XIFFO o 11 101 101 ED 2 2 ]
01 010 111 57
DA.R A=-R t 4 X 0O XIFFO e 11 101 101 ED 2 2 9
‘01 011 131 SF
DI A I-A . * ¢ X o X o e o 11 101 101 ED 2 2 ®
. 01 000 111 47
DR, A Re-A’ ¢ e X o X e e o {1 101 101 ED 2 2 ]
01 001 111 4F
OTE; IFF, the content of the inlerrupt enable fip-fop, (IFF 3), is copied into the PV Rag.
8-BIT LOAD GROUP
Symbolic Flags . Opcode No.of No.ofM No.of T
nemonic Operation 8 2 H  PNVN C 76 843 210 Hex Bytes Cycles States Comments
Ddd,nn . dd=nn * ¢ X o X s o o 00 640 001 3 S 10 o P
' -ne 00 BC
, - nee 01t  DE
D IX, nn IX = nn o o X o X o o o {1 011 .10y DD 4 4 14 10 HL
. ' : 100 001 21 IRL I
-n-. .
- .-nlb
DIY, nn IY = nn ® o X o X o o s 11 111 101 FD « 4 14
' 100 001 21
.-n-.
.-n-’
DHL,(nn) He(nnel) o o X o X o o o 00 101 010 2A 3 3 18
L =(on) “n=
.-rn-.
)0d.{hn)  doy=(nnsl) e o X o X e e o 11 101 10% ED ] ¢ 20
dd, — (nn) R 01 ddt O

-

- -

ITE: (PAIR)y. (PAIR)_ refer 10 Ngh orGer #nd low order sight bits of the register pair reapeciively. 8.0.. BC, ~ C,AF = A



16-BIT LOAD GROUP (Continued)

Symbolic Fiags Opcode No.of No.ofM No.of T
Mnemonic  Operstion - L] PV N 76 343 210 Hex Bytes Cyocies States - Comments
LOIX. (An) Xy = (Ane 1) T S 11 011 101 DD ] ¢ 20
IX, = (nn) 00 101 010 2A ’
-
-—ne
LDIY.(hn) 1Yy = (nn+ 1) « X o o 11 111 101 FD ] (] 20
1Y = (nn) 101 010 2A
.-n-O
unuo
LD(hn).HL  (nne 1) =H X o 00 100 010 22 3 3 16
(nn)=L -n-
.-n-o
LD(nn).dd  (nn+ 1) = ddy * X o o 11 101 10t ED 4 6 20
(nn) = do, 01 ddo 011
=ine
o-n-o
LO(nn), IX  {Ane 1) = IXy o X o o 11 011 101 DD 4 6 20
{nn) = IX, 100 010 22
—%
.—n-‘
LO(nn). IY  (nn+ 1) =1y X o 0 11 111 101 FD 4 s 20
(rn) =Y, 100 010 22
.-n‘
&"O.
LDSPHL  SP=HL o X o o o 11 111 001 F§ 3 1 s -
LDSPIX &P -IX e X o 11011 10¢ DD 2 2 10
11 111 001 F9
LOSPIY SP 1Y ® X o o o 1T 111 101 FD 2 2 10 )
11 111 001 FP qq_ Pair
PUSH qq (SP-2)=qq, X o o 11 qgd 101 1 3 11 00 B&C
(SP - 1) - qan ' 01 DE”
) SP-SP -2 10 KL
PUSH IX (SP-2) = IX X o o 11 011 101 DD 2 4 15 11 AF
(SP - 1) = IXy 11 100 101 ES
SP~SP -2 . .
PUSH IY (SP-2)=1v, o X o o 11111 101 FD 2 ] 18
(SP=1) = IYy 11 100 101 ES
SP-SP -2
POP qq ‘qan = (SP +1) * X o o 11 g0 001 1 3 10
Qql = (SP)
SP—SP 42
POPIX Xy = (SP + 1) * X o o 11 011 101 DD 2 4 1«
1X, = (SP) 11 100 001 €1
SP—=5SP +2
POPIY Yy = (SP+ 1) * X o o 11 111 10V FO 2 4 1"
1Y, = (SP) 11 100 001 E1
SP—~SP «2

NOTE [PAIR),. (PAIRY_ refer 10 gh orGer and low order eight bits of the register pair tespectively, 0.9., BC = C.AF = A



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

symbolie Flags Opoode No.of No.of M No.of T
Mnemonic  Operation $ Z ] PNVN C 76 843 210 Hex Bytes Cycles Sistes Comments
EXDE.HL DE=HL e o X o X o o o 11 101 ON1 EB 1 1 4 ’
EXAF, AF' + AF = AF'. ¢ ¢ X e X o o o 00 001 000 08 \ 1 4
EXX BC = BC' « o X o X e o o 11 011 001 D9 1 1 4 Register bank
DE - OE’ o and suxilisry
HL = HL' register bank
: exchange
EX(SPLHL He(SP+1) ¢ o X o X e o o 11 100 01 E3 1 s v
L~ (SP) .
EX(SPLIX  [Xy=(SP41) ¢ ® X o X e ¢ e 11 011 101 DO 2 s 23
1% (SP) 11100 011 E3 )
EX(@PLIY Ny=(SP+1) o ¢ X o X o o ¢ 11 111 100 FO 2 8 23
T YL = (SP) ® 11 100 01t E3
Lo (DE)>=(HL) ¢ ¢ X O X ¢ 0 o 1% 101101 ED 2 4 18 . Load(HL)inlo
DE~DE+1, 10 100 000 A0 (DE), Increment
HL~HL+1 the pointers and
BC-BC-1 . decrement the
L d \ byts counter
® ’ (8C)
LOR (OE)j=(H) ¢ o X 0 X © 0 ¢ 11 101 101 ED 2 [ 21" #BC#O
DE~DE«+1 10 110 000 BO 2 4 18 HBC=D0
HL=HLe+ 1t :
BC—BC-1
© Repeat until ’ . K
¢ BCe0
. 0. :
LoD OB~ ¢ o X 0 X & O e 11 101 101 ED 2 . 4 - 18
DE «~DE -1 . 10 101 000 A8
HL—HL-1 3
BC~8C-1 ©
LDOR OE)=(H) ¢ ¢ X 0 X 0 O o 11 101 101 ED 2 s 21 #BC#O
DE «- DE -1 10 111 000 B8 2 4 18 HBC =0
HL-HL-1 ’
BC~BC-1
Repeat until
BC =0 ®
crPl A = (HL) ¢ 1.%X ¢ X ¢ 1 e 11 101 01 ED 2 4 16
HL=HL+ 1 10 100 001 At
BC—8BC-1

NOTE: 8 PV fag is O K the resuk of BC - 1 = O, otherwiss PV = 1,
P Rag s 0 oty al completion of Instruction.
Q@ Zragh1KA « HL otherwise 2 = 0.

add 08X



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued)

Symbolic . Flags Opcode No.of No.of M No, oW
Mnemonic  Operation s Z H PVN C 76 8543 210 Hex Bytes Cycles Siztes Comments
©) 0}
CPIR A - (HY) t 1 X & X 1 1 e 11 101 101 ED 2 s 21 HBC¥Oand
. A ¢ (HL)
HL = HL+1 10 110 001 Bt 2 4 16 UBC =Oor
BC~BC~1 ' A (HL)
Repest uniil
A = (HL)or
BC =0 o
®
CcPD A - (HL) $ 0t X t X ¢ 1 e 11 301 101 ED 2 4 18
HL-HL-1 .10 101 00 A9
BC~BC-1 ¢
. ® OF ‘ ;
CPDR - A= (KL $ 8 X ¢ Xt v.oe 11 101 101 ED 2 [ 21 HBC¥Oand
) . CA#(HL)
HL=HL=-1 10 111 001 BY 2 ] 18° HBC =0
BC+-BC-1 Y A= (HL)
Repeat uniil .
A = (HL)or ™
BC=0
NOTE: (D PV MaguOltihe resut of BC~ t = 0, otherwise PN = 1,
@ PN fagis 0 only at completion of instruction.
@ ZraglatiA = (HL), otherwise Z = 0. L
8-BIT ARITHMETIC AND LOGICAL GROUP
Symbolic . Flags Opcode No.of No.ofM KNo.of T
Mnemonic  Operstion $ 2 H PVN C 78 3543 210 Hex Byics Cycles Sistes Comments
ADDA. ¢ A=Ay t 1 X 1t X Vot 10 ' 1 1 « Reg.
ADDA.n  A=Asn t 4 X X vo-t 11 [009 10 2 7 000 B
—ne * 001 [+
010 DO
ADDA (HL) A=As+(HL) + ¢ X ¢ X V 0 ¢ 10 110 | 2 7 o011 E
ADDA (IX+c)A~A+(X+c) ¢ ¢ X ¢ X V 0 ¢ 11° 01v 101 DD 3 5 19 100 H
10 110 107 L
—d- 11 A
ADDA. (IY+d)A=A+(IY+d) ¢ ¢ X & X V. 0 ¢ 11 111 101 FD 3 5 19
10 110
.-d-.
ADCA8s  A=A+3+CY L ¢+ X 8 X V O ¢ [%1) sisanyolrn,
SUBs A—A-3 t X 1t x Vvt [619) (HL). (X + 0),
SBCA.s A—A-s-CY{§ ¢ X ¢t X V 1 ¢ % (IY+d)as
ANDs A=A>s t 1 X1 XP OO shown for ADD
" ORs A-A>s t 1 xoxeo0o0 - {110 Instruction. The
XORs A+ Aes t + X0 X P OQ % lnc::atodblh
- 1t Xt XV repisce the
CPs A-s ) nve

ADD set sbove,



8-BIT ARITHMETIC AND LOGICAL GROUP (Continued)

No.o! No.ofM No.of T

. . Symbolic Flags Opoode .
Mnemonic Operstion 8 I ] PAN C 78 B43 210 Hex Byles Cycles Stsles Comments
INCT re-r41 t 4 X ¢ XV DO e r %) 1 1 4
INC (HL) (HL -
(HL)+ 1 saxcxvo-oono[i@ 1 3 1
INC(X+d) (Xed)> { t X § XV D0 e 11 011108 DO 3 ¢ 23
‘ X+ )+ o0 110 [i%9)
-d-.
INC(Y+d) (Yed) = { ¢ X & XV O e 11 111.101 FD 3 6 23
. (IY+c)+? oo 110 (%) '
. -d=
DECm mem=1 totox X V 1 e fod”

NOTE: mis sy ot (HL),

(IX + &), (1Y + ) a3 shown for INC. DEC same lormal and sisies a8 INC. Replace wih in opcode

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Symbolic Flags ° Opcode No.of No.otM No.of T
Mnemonic Operation ] }] PN C 76 843 210 Hex Bytes Cycles States Comments
DAA' o $ 4 Xt X P e ¢ 00 100 W11 27 1 1 4 Decimal adjust
. accumulator,
crl A=A e o X 1 X e 1 e 00 101 W1 2F 1 1 4 Complement
sccumuistor
(onel
3 compliement).
NEG A=0-A ¢ ¢ X ¢ X V.1 8 11 101 101 €D 2 2 8 Negale acc.
’ 01 000 100 44 wo's
{ complement).
CCF cY-CY e ¢ X X X ¢ 0t 00 %11 M1 3F 1 o1 4 Complement
> wry‘uol.
§CF cy-1 e ¢ X.0 X ¢ 0 1 00 110 111 37 1 1 4 Set carry fag,
NOP Nooperatioi ¢ ¢ X ® X @ ‘e e’ 0070007000 00 1 T ‘ -
HALT CPUhaned o o X & X o @ e ‘01 110 110 76 1 1 4
Olw’ IFF =0 e o X o X o o o 11 110 011 F3 1 1 4
Ele IFF o1 e o X o X o o o 11 ur O FB 1 1 4
MO Setinterrupt ¢ X ¢ X e e e 11 101 101 €D 2 2 g 8
mode 0 01 000 110 48
M1 Sotinterrupt  ® ¢ X ¢ X o e & 11 100101 ED 2 2 ]
. mode 1 . 01 010 110 58
M2 Sotinterrupt  © ¢ X o X o ¢ o 11 101 101 €D 2 2 (]
mode 2 01 Ott 110 SE

NOTES: @ corwerls sccumuiaior content inlo
(EF incicaten the interrupt enabie Mp-hop.

CY indicates the carry Kip-flop,
« Incatas inlerrupts are not sampied st the end of

pachad BCD folowing #8d o subtredt with packed BCD operands:

Elor D1,

ndd 082



16-BIT ARITHMETIC GROUP

lymbo'lic

No.of No.ofM No.of ¥

Mnemonic Operstion 8 B PNVN C-76 343 210 Hex BDyiss Cycles Sisiss Commenis
ADDHL.s¢ HL+=HL¢st * X X X * 0 00 se 001 1 3 M s Reg
00 BC )
ADCHL,ea  HL+ ot . DE -
HL+ss+CY | 8 X X X V 0 11 10t 101 ED 2 ‘ 15 .10 HL
. 01 a1 010 . R 1" s
SBCHL.as HL~ - . '
HL-0a-CY X X X V1 11101 101 ED 2 4 15
. 0t 100 010
ADDIX,pp IX=IX¢pp o X X X o0 11 011 01 DD 2 4 15 pp_ Reg
01 ppt 001 00 BC
01 DE
or; .10 X
1 8P
ADDIY, 1 iY=IY4rr . X X X o 0 11 11t 101 FOD 2 4 15 4 R:Q.
00 ni  00% 00 BC
INC ss Be-assl o X ¢ X o o 00 80 O1f 1 1 .8 01 DE
INC IX XeIXe1 o X o X o o 11 011 161 DD 2 2 10 10 I
00 100 Oft 23 ’ 1 s
INCIY IY—fYel o X o X oo 11 111 101 FD 2 2 10
00 100 011 23’
DECss ss—-gs-1 o X o X o o 00 =31 011 1 1 ]
DEC iX IX=1X-1 o X o X o o 11 011 101 DD 2 2 10
00- 101 O11 28 -
DECIY WelY-1 o X o X o o 11 111 101 FD 2 2 10
00 101 013 2B
ROTATE AND SHIFT GROUP ,
Symbolic Flags Opoode No.of No,otM No.efT
Mnemonie Opersilon s H. PNVN 76 543 210 MHex Bytes Cyeles S$tstes ‘Comments
[ 4 i .
RLCA = . X 0 X ¢ 0 00 000 111 07 1 1 & Roistslsh
’ cireutar
sccumulsior,
RLA _ 7=} ) o ¢ X 0'X e 0 4 00 010 111 17 14 1 4 FRoselen
accumuiaior.
RRCA -—- . X 0 X o0 00 001 111 OF 1 4 Rolteright,
' ciroular
RAA @@ . X 0 X o 0 1"y IF 1 1 4 Roteteright

‘00 011

socumulstor,



" ROTATE AND 8HIFT GROUP (Continued)

Symbolic Flags (o] . ‘No.of No.ofM No.otT
Mnemonic Operstion $ 2 H PNVN C 78 B543 210 Hex Byles Cycles States Comments
RLC . t 1 'X 0 X P O*t 11 001 011 CB 2 2 8 Rotate let
00 {000] r circular
register t.
RLC (HL) t £ X0 X P Ot 11 001 DIt CB 2 ‘ s Reg.
00 000 110 000 ° B
o C
RLC (IX + 0) t ¢t X 0 X P O ¢ 11 011 100 DD ¢ 6 23 010 D
L{HL).(1X + d).(Y + &) 19 00V 011 CB 011 E
. —d- 001 H
oo [ 110 100 L
1M1 A
RLC(QY+0) $ $ X 0 X P D ¢ %1 111 107 FD ¢ 6 23
11 001,011 CB .
~d- Instruction
[— r—— ] 00 110 format and
RLm blr—=r - b x 0.X P O # (11 "statos are a8
me(HLOX+ DAY + ) X shown for
' » RLCs. To form
nnCm"a'oxoxroo =1 Pew 0pCoce
meHU.0X+ )Y+ 0) . repiace [D00)
) ‘ ; o RLCq with
b ¥ il
RRm ctxoxroo [313]
metHL(X+d),0Y+d) <
siAm [E—{T=i}+t ¢t X 0 X P 019 (1]
*me f(HL),0X+ 0).0Y + 0)
SAAm 1 4 X0 X POt (ELD)]
me L(HL.0X + d).(Y + o)
salm T—= =) 1 4 X 0 x.P 0 1 0
mer(HL).0X + 0).0Y + )
RLD !4 X0 X PO e 11 101 101 ED 2 [ 18 Rotte digh
i 01 101 111 OF left and
right between
the sccumu-
Iator and
— . . location (HL).
RRD - ¢ X0 X P O ¢ 11 101 101 ED 2 5 18 The content
. . 01 100 111 67 of the upper
hall of the
sccumuiator

is unafiected.

odd 082



BIT SET, RESET AND TEST GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Opamstion H PNV N 78 543 210 Hex Byles Cycles Stales Comments
BITb.r Ze1y 1 X X0 11 odby o1t CB 2 2 8 t __ Rep.
o1 b 4 000 B
BITH.(HL)  Z= (Kl 1 X X0 11 001 011 CB 2 3 12 o001 C
ot b 110 010 -0
BITb(IX+d)p 2+ (X+Dp 1 X X0 11 011 101 DO 4 5 20 o011 E
11 001 011 CB 100 H
-d- 101 L
- 0ot b 110 1" A
. b B Tested
BITL. (IY+dp Z=(IV+ ) 1 X X0 11 111 101 FO 4 s 20 000 0
11 00t 011 CB 00t 1
T.oed- 010 2
01 b 110 0118
SETb,t (el o X o o 1 001 01t CB 2 2. 8 100 4
0 b 101 8
SETD,(HL) (HLp =1 e X o o 11 001 o111 CB 2 4 15 110 6
' 0 b 1o "7
SETb, (X +d) (IX+dp =1 « X e o 11 011 101 DO 4 [ 23 o
11 00t 011 CB
i b 10
SETD,(Y+d) (Y+dhp=1 o X o o 11111 101 FD 4 .8 ‘23
11 001 011 CB
L+ Rad
M o 110
RESb,m mp =0 ¢ X o o [410)] Yo form new
. mwr, (HL), opcode replace .
(X +0).(Y+d) ol SETD.#
with (10] Flags .
andtme
sistes for SET

ipstruction.

NOTE: Tre rotation my, Indicates location m, bt b (010 7).



JUMP GROUP

Symbolic Flags Opoode No.of Ne.ofM No.of T

Mnemonic Operstion 8 Z H PNYNC 76 843 210 Hex Bytes Cycles Ststes Comments
JP nn PC=nn o o X o X o o 11 000 OV C3 3 3 10 cc Condition
. Ll 1 ad 000 NZ (non-zero)
) ~f 001 Z(zero)
JPoc,nn Hoondilonoe ¢ ¢ X o X o ¢ o 11 oc 010 3 3 10 010 NC(non<amry)
is true PC=nn, . -n- 011 Clcarry)
otherwise ~—n- 100 PO (parity odd)
. continue . 101  PE (parity oven)
JRe’ PC~PC4e © o X o X o o o 00 011 000 18 2 3 12 110 P (sign positive)
. ~e-2= - 111 M (sipn negative)
JRC, e HC=0, e s X o X o o o 00 111 000 38 2 2 7 If condition not met.
continue Q-2 . ' ’ g
HC=1, 2 3 12 ) condition is met,
PC=—PC+e
JRANC,0 IFCe1, ¢ o X o X o o o DO 110 000 30 2 2 7 I condition not mat.
continue -—9~-2
HC=0, 4 : 2 3 12 If condition is met.
PC=PC+e ’
.JPZ.. HZ=0 N & X o X o o o 00 101 000 28 2 2 7 1f condition not met,
continue -0-2~
HZ=1, . 2 3 12 it condition is met.
PC=PC+eo ! =
JANZ. e HZ=1, e o X e X o e o 00 100 000 20 2 "2 7 i condition not met.
oontinue —e-2~
HZa0, . 2 3 12 1f condition is met,
PC=PCs+e
JP(HL) PC = HL e o X o X o o o 11 101 001 ES 1 1 4
JP (IX) PC=IX e ¢ X o X o o o 11 011 101 DO 2 2 8
.41 101 OOt E®
JP(Y) PC 1Y o o. X o X » o o 11 111 10t FD 2 2. 8
11 "101 001 £
DUNZ,e B<B-1 o o X o X o ¢ o 00 010 000 10 2 2 [] ##B8=0
#H8=0, —g~2- N
‘continue .
' B#O, . 2 3 13 11Bw0.
PC~PC+o

NOTES: ¢ represerts the extension in the relative addressing mode.
oIt 8 ¥ignal two's complernent number Inthe range < - 128, 129 >,
o-ZhNopcodoMmmm‘-dpeobnfchmmby?pdumh.dalbndo. -



CALL AND RETURN GROUP

Symbolle Plags Opoode No.of No.ofM No.of Y | .
Mnemonic Operstion 8 K PNN 76 8§43 210 - Hex  Bylss Cyoles Staies Comments
CALLAn  (BP-1)-PCy ¢ X o X o o 11 001 101 CD 3 6 17

BP-2~PC, —ne '

PC = nn, - ..

CALL cc.nn i condition . X o X o o 11 e 100 3 3 10, Heclelnine,

ccls tales et 15

continue, -n= 3 L 17 7 Hechatroe, o

otherwiss .

same as

CALL An
RET PCL~(SP) » X o X o o 11 00 001 C® 1 3 10

PCHy~—{SP+1)

RETcc If condition . X o X o o 11 ¢ 000 1 1 L3 ilec s false,

ccis false ’

conlinue, 1 3 11 lecistrus,

otherwise z

same as RET cc  Condition

000 NZ (non-2er0)
001 Z(zer0)
010 NC (non-cerry)
RETI Returnfrom e X o X o o 11 101 101 ED 2 4 1 011 Clcarry)
interrupt 01 001 101 4D’ 100 PO (parity odd)
RETN! Retutnfrom » X o X o o 11 101 10 ED 2 4 14 101 PE (parity oven)
non-maskable 01t 000 101 45 110 P (sign posttive)
interrupt { 111 M (sign negative)
RSTp (SP=1)=PCy & » X o X o o £ B IR R KX 1 3 11 p )

BP-=-PC 000 OO

PCH =0 001 O8H

PCL=p 010 1QH

011 18K .
100 20H
101 28K
110 S0H '
’ 111 38K

NOTE: 'RETN loads {FF = IFFy



INPUT AND OUTPUT GROUP

Symbotlio Flags Opoode No.of No.efM No.of T
Mnemonic Operation 8 2 H PNNC 78 B43 210 Hex Bytes Cycies Strtes Comments
NA()  A=(n) e e X o X oo 11 o011 01 DB 2 3 11 noAg~Ay
-n- ) ' Acc.to Ag ~ Ay
INLE) 1= (©) 14 X1 XPO 11 101 101 ED 2 3 12 ClAg~Ay
Hre= 110 only ’ 01 r 000 . BloAg~Agg
the flags wit
be flected ®
iNI (HU={C) X ¢ X X X X 1 11101 101 ED 2 4 18 CoAg~Ay
B-B-1 ' 10 100 010 A2 BioAg~Ags
Hi=HLet @ .
INIR HO=(C X 1 XXX X1 11101 101 ED 2 5 21 CoAg~Ay g
B~B-1 10 110 010 B2 (1Be0) BloAg~As
. HL=HL+1 . 2 ] 18 : S
Repeat unti (18=0)
B-0 ©
IND HU=©) X § XX XX\ 11 10Y 101 EO 2 ] 18 CloAg~Ay
. B-B8-1 . 10 101 010 AA BioAg~Ayg
. HL=HL-1 @
INDA HY=(©) X 1t X XX X1 11 101 101 ED 2 5 21 CloAg~Ary
. 8-B-1 - 10 1311 010 BA (1 B#0) BioAg~Ag
HL e HL=1 2 4 16
Repeat untl (18=0)
8-0
OUT(n): A ()= A o o X o X8 0 11010 o011 D3 2 3 11 nAg~Ay
-h= . Ac.loAg VA T
OUTEC) 1 (C) =1 e o X o X o o o 11 101 101 ED 2 3 12 CwoAi~Ay '
® 0y ¢ 001 BoAg~Agg
oUm, @ =(HL) X ¢ X X X X 11X 11 101 101" ED 2 4 16 CioAg~Ay
. B-B-1 10 100 011 A3 BloAg~Agg
Hi-HL+t @ )
OTIR C)=MH) X 1 X XXX 11 101 W01 ED . 2 ] 21 CoAg~Ay
B-8-1 .+ 10 110 011 B3 (1 B#0O) BloAg~Ass
HL = HL+1 2 ] 16
Ropeat until ' (1B=0)
B=0
. ‘ ©)
OUTD (=L X § X X X X 1 11 101 101 ED 2 ] 18 * CloAg~Ay
8-B-1 10 101 011 AB BloAg~ Ayg
HL = HL=1
OTDR  (C)=(HL) xea)x XX x 19 101 101 ED 2 s 21 CloAg~Ay
B+-B-1 10 111 01 (11 8#0) BloAg~Ayg
HL = HL=1 . o 2 4 16
. Repeat untit ) ’ " (MB=0)
B=0 .

NOTES: (D Hitharesut of B~ 1 is 2er0, he 2 hsg s vet; Mnlhmﬂ

@ 2t e set upon lnetruction completion only.



CPU TIMING

TthaOCPUmculuMuwombyprocudmlhrough
& specific sequence of operations:

B Memory read or write '

= VO device read or wiiis

® interrupt acknowiedoe

Thobulcdockpododbvdwod\onuwmootwdo,md
Wuorrnondeumnkauplmnd\lmwdc(Ml.Mzu
M3 for instance). Machine cycles can be extended either by
the CPU sutomatically inserting one or mors Walt states or
by the insartion of one or more Wait qnlocbythguur.

T L1} To®

instruction Opoode Fetoh, The CPU places the contents  °
dthoProgmnCwnw(PC)on!holddnubmlhm ’
dwu%%(nwnawmuywmw
later, poos active. When active, AD indicates that the
memory data can be snabled onlo the CPU data bus.

The CPU-samples the WATY input with the talling ecge of
clock state Ty. During clock states Ty and T, of an cycle,
dynamic RAM refresh can oocur whils the CPU starts
decoding and exacuting the instruction. Whan the Refresh
Control signal becomes active, relreshing of dynamic'
memory can taks place, '

T

o[- f.ii@ L = /’ \ / \J’ \
L O - - e 3
Ag-Agp o :’:‘ aaraes asen
e 21 : :
RXrS N o’ / y :
] ® \ -@-1
xS > 4
oot |
P ot
ey
-® =
'1__\ S e 4'. )
— [‘—@ ® ‘J}‘@

YALD DATA k Ly

*Tw » Wak oysle abdad when nesssadry kv tlow sreiiilary Soviees,

Figurs §, Instruction Opoods Fetch



Jemory Read or Write Cyoles. Figure 6 shows the tming
lmymdawrhqduwwwanopoodomh-
asin
also

) oycle. The HIEG and RD signals function exact!
e fotch cycle. In & memory write wdo.ﬂREa

Tw

becomes active when the address bus is stable. The WH line
is active when the data bus is stable, 30 that k can be used
directly as an RA pulse 10 most semiconductor memories.

0L 08X

’ \ ' - A1)
CLOCK -« _‘/_‘ . \ ) \—
B U AN UV N W W
Ag-Aqp ) ;’A’I..IO‘ADDIIIC N
jad "<~)"
—] - @ e
RIS E e ¢ w,
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. @-\1% | o T[®
wxY =y \
B i‘@ @
u .' vy .
orm"‘r'u:: — =@ @-.1 ,Hq*, 3
p— oy [ ] :
seor T 31— . D
. - -l®
1‘0 &
bl ‘ ' l’k—# . ~@-
orenaTION ~—®—
Be-by j‘ BATA OUT




Input or Output Cycles. Figure 7 shows the timing for an  exira Walt state aliows sutficient time for an /O port 1o

11O read or (/0 write.operation. During VO operations, the  decode the address from the port address lines.
CPU automatically inserts & single Wait state (Tya). This ’ . .
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Figure 7. Input or Output Cycles



Interrupt  Requsst/Acknowledge Cycle. The CPU
sampies the interrupt signal with.the rising edge of the last
clock cycle al the end of any Instruction (Figure 8). When an
interrupt Is accepted, a special M1 cycle ls generated.
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During this M1 cycle, TORQ becomes active (instead of

) 1o indicate that the interrupting device can place an
8-bit vecior on the data Bus. The CPU automatically adds
two Walt states to this cycle.
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Figure 8. interrupt Request/Acknowiedge Cycle



Non-Maskabile Interrupt Requost Cycle. N is sampled |

af the same time a3 the maskabie interrupt Input TR but has-

higher priority and cannot be disabled under software
ocontrol. The subsequent timing 1s similar to that of & normal

memory read opsration exoept that data put on the bus by
the memory i ignored. The CPU Instesd exscutes 8 restant
(RST) operation snd jumps 1o the NMI sarvice routine
located at address 0088H (Figure 9).
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) ngut/k:kn_owlodgc Cycle. The CPU samples tos high-impedance state with the rising 8dge of the next
J with the rising edge of the last clock periodofany  clock pulss. At that lime, any external device can lake

achine cycle (Figure 10). it BUSRED Is active, the CPU  control of these lines. usually 0 transfer data betwesn
ts s address, Cata, and ,TORG, AD, and WRlines  memory and I/O devices.
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Figure 10. 2-BUS Request/Acknowiedge Cycle
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Hatt Acknowledge Cycle. Whenthe CPU receives a HALT  active and remains 80 until an interrupt is received (Figure
instruction, it exacutes NOP states until either anRTor NHT  11). INT will also force a Halt extt.
input is received. When in the Halt state, the HALT output is
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Loter than The rlaing sépe of the closk sysle Mwumdwmwﬁd .

ngunﬂ.Nnnmcycb

Reset Cycle, RESET must be active for st least thres clock internal T cycles are consumed belore the CPU resumes
cycies for the CPU 1o properly accept #, As long as RESET normal processing operation. RESET clears the PC registar,
remnains active, the address and dats busas fioat, andthe .80 the first opcode fetch will be 10 location OOOOH
control outputs are inactive. Once RESET poes insctive, two (Figure 12).
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Figure 12, Resst Cycle
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