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Abstract

In the present ; we can found the kind of IC component. It was fitted in the e ectric
and electioni¢ circuits. Because of smaller and save area for fitted circuits. As replaced
mechanical with operation of IC.

So that, It is the important 1eason which we taked to design something to response
for increase of operate IC. That is “Logic Analyzer’ This tool used for analysis circuit and IC
logic which can checked TTL and CMOS IC gate. It can analysed equation from program in
IC PAL and used to mesurement logic signal (Low, High and High-Impedance state) more
24 channel with combined hardware for used maximum efficiency. In the differential

operation parts, software are operated. Which these characteristic used to corection and

B improvement, combined with development to electronics in the future.
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fisnsrmalthuralu PAL susaslugui 21.18
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-4 . A g J
Tuatheit PAL gnetadiuguinmobiunaemsonn 8 & 1 uscRsshdtyfammismdnenly
[ i
Tt HdaunmthwmaeSsmiuazsantzmidane Wufsasens PAL hlugmsanuumalsin

Yee
nowL 5y
.
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24082
> 20K 2 2 12051
l N 1 1200
ri———-—— 57 -
[ 290
O I 1 1200 |
» 1201
- —k}-r—w LI
)
u} 2900)
_—Id—':r‘lq— 1200
4

i 2118
¥ia lAuFeusenld PAL

PAL fdrmowawizarnulsmmenmesnunlsin  ivmiuhudielfuAesnnng
wilanhm flsinlaeilyl Mesmnsnnaneilbissmonilasrmmmmgs PAL

- Wrmlurmsunmiilsiness TTL shqly

- s maeiyreslefusshadanyemuay

- omlofranwaiulitouvignie 4 & 1

- Pumnus e AR BRI

- mweaspiin lafeninuussiinng 24 muss 20

- PG , ethamisnmi MU EfeOn 20 nS

- TihumsmaanaTiyues PROM

- Thunzsuaninm 3 soue

- SnwowRiemsfisnanTominenan [flasmIsenidauw gt

fnvnerimanmeimsiusglummasmakda e ussfissenTmmemanTngs &
dwitmmirndaduees PAL
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FolmiuasAifogudmaomsoanuiy PAL samolfummmmssimermmnemels d
fommpesiwinsenuuurensiuuimmemitnbinehanrowieediulily  PAL dwssny
mlundifesdiolfmindofamdandalrumdummasimemeeitess LS fodiuifaumme

PAL gRmasneemamintaenTangsi LST ynlfidawdnulunmessriu

maulfruutlacmay PAL

PALisua Wsnmzeaniumaslsinrmsiilen missomadaraunsiotigiu. mmanasla
Insseanstamalsan aesTINe T manTshees ST/ MST undlovilausclaleslines
wofredudiug 'lv.mm‘mhnmuqnﬁaamu%mﬁu’m‘lﬂﬁmﬂaumwim”ﬁum uavhadinly
sammsiumyuith 2 mudi PAL ngnmLﬁuaﬂaunaanuumwmmwmuuuﬂammwnga
g uesTIenen awhiae finm, PAL GafimieBewulamnausznmnazh mumqu
dunmdasinhnadenmainaonuniisau
nanIhAsANN

Toemmuastiinosnuuuumdinemsiadlsinhummanaeameladiidin  PAL
myieAMwMMTBLESA PC awieme PAL mie 20 mimnetrte mseminates i
maadn nefrmaenunnadeshunmadnmminiiidaonieiedm  dwnserarh
miovmemiamnmeniinde 1 vie 2 minld ussindenmafmaummmrhoedise
yrinls usrergBRRRTINATIIW

memgnsaiintesmi

aen PAL movnen i 90% memmmasieeigs TTL dien 25 dhw rmem
svthasnnansimmurmolilivh ussdamrmenmons fawhmeind, mmiinkafeadnies
e Wiiwremywdenenadli PAL uiliihudamemgnimedld TTL

anadags

amma PAL mymawadhiunsudamindavheiy welsanlubweaifiafign fimldme
denmammienilsindinniign  yiamuRuNaTimen %@ﬁmﬁnmw‘n”uiauwmnﬁnm
s setumanilalashinammaiwmerun PAL mummeaigrecioyaadon W
foecltlilonerulilohmenmedidin dmumnlitdumnsamummomsemandh,mud
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dos bilashinesafury NMOS ssnlufinsumemadionelatiinemgafunylulwad
filmmgiuuuman

anuhedsnmliunty
fenfnuasmsens PAL snmoltuniauashementld PROM anamgmanlisums

ffamaaiuresinesnuuuily PAL senmampiismiigaussmadaniumdunadifens wmon
wiismaaleinfienammasnuunlel faw FPLA daslmenuwainineanuw

anlaanditssdaya
o fY G A . ' -~ - 5

mifguifafissiorss PAL s WlisSassnollosmarudiensenaienedagn
v oam v v a a . % % .8 ~ 2
vhy Gfematlariuliiifenisen@euunehmasdoyals el PAL fenmsnmollumsld
tsegnaldom Sedaysachimantognlvsnmale flsoiulstathosanst
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sy 25 dhissemena PAL wasgumsimeladngadiumadanivisantnesnuaniu
nInssitesqUmnimlsinfisenunfifeniimmGaadussnmmariuslsineseaiaun,
mvindauaun uashedioma Wnmsenuuuwiussiisiogusn Shisnananiizsementunne
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Tauvedwt idiadmunimnaemesa [y wadunmmhmesmumisfusinausstidmw

wosawmsfmuaslummdusamaediuntd sasmumicBsauan lusmof 221

MTNT 22,1 LEANMTIRTULIINaE IS T S AL

200-20F
210-217
220-24F
278-2TF
2F0-2F7
2F8-2FF
300-31F
320-32F
378-37F
380-38F
3A0-3AF
3B0O-3BF
3C0-3CF
3D0-3DF
3B0-3EF
3F0-3F7
3F8-3FF

famunuiiig 8237A-5
fmugunsMmE NG 8259-A
et 6253

famueumata VO 8255
Ao Rawet

NMI

fould

sonly

shumusvatans

dmaeny

GReN1

sld

sty

ﬂa-fwém 2 (com 2)
ménhislaing
shumuguinda
whasRriLn
wa'wiiaes SpLC

sl

efmusmaRBmm/ iR
sonly
netmuARINaRaINILLIE/NTINAN
semly

wofmmunndanlain
wefaftaes 1 (com 1)

menmEvdaysn

Wo AN  IuMLEYR
s lae
Mendmmmmuosand
8080 1w IH AL 61 w
mIshueINwasa 61
shigiRsmat AL win
Faamrasatayuliy
wa'sw 61 fimas e
OUT 62 AL auiflunmiy
foymmidaned AL i
Wunivweda 61 o
FumivnaaTwa S,
BuwasRRzaLfi 000H-
01FFH. uatBnshuda
mumimatafiaguumio
e 0 Sanenumis 0200
H-03FFH
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malgnumiieanud

ssuuedauatisuisniseudoondu 2 e sauwia ROM(tead only memory)
LaE UsH ¥3n RAM (random acess memory) lnermasnsdisnumivuaeuniet 0F0000,,-OFFFFF;
ehuuTARETINGLIN 00000,-FFFFF, uchutanasnsilag 2 ffeslfmmlumndorony
an uasaailuaes SrssufnazagFumiauanieaei FB000, FDFFE, e 32 flalud uswsan
{unacnzatfumiuaninTei FE0OO, FFFFF, e 8 Alalud chumadmusainesimumia

v
04

UDAUATER 00000,-3FFFF, 113y 266 Al L Wk 00000, 9FFFF, undiemig 640 flalud
wdnmia e sRMEMUETR iR FmamnTadeRcnaEiWmes (display
buffer) Sifumisaniniai BooOO, BTFFF, (1wl uasuanieisel BSOO,-BFFFR, @/nTmiin)
suerinidinmumimemibemud 1 wnelud wilimmedn fiulimaneoimiasens
frviomam 1 wnsludenEndmiuliunasehe q wmedoadadiafnehulizmiy 38aum
(video ram) dwiusmanameemw saxwan(isunsimmnwdn) usstanlusaa(lisunsamy

. [ [ £
ANDTIMTNMUTITTIAWIT)
OKBYTE ™~
DOS & PROGRAM ,
T b
DOS & PROGRAM
640 KBYTE
VEDIO RAM 128 KBYTE
T68 KBYTE
ROM HARDDISH 192 KBYTE
960 KBYTE
ROMBASIC
ROMBIOS B4KBYTE
1024 KBYTE
MONOCHROME  HERCULIS CGA EGA
4 KBYTE 64 KBYTE 16 KBYTE 128 KBYTE
B0000 fEonr T R
fe00e SEEEEAES
3000 L ]

U 221 usmdhumianhsamad ussidlouws

nnqUf 221 sudiwhidieft 620 Alaluduan dushurssliunmanes usthiurmom
v 9 1 suaeaulisunanems (resident program) Seaniin 128 Alaludida 768 Alalud e
tadidlousy chmniEminusmomalibilasoam Witariue 4 fa 8 Alalusios7os) dufu
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minwniamde (hercules) Fousmansuusallulasy uasusmnmwinle wlfiiof 6 Alalud
(704-768 Alaluel) shums CGA (color graphic adapter) slidadt 16 Alalust (736-752R L)
uavtifiunie EGA (enhanced graphics adapter) a:lfifiafién 128 Alalusion snislousy
wBwndn 192 Alaluiliufidmiumizseminanlusesouniofsd chwdlofigaiean 960
Alaludfiuficmiumhemmrmanudn uastoxnlusssesu

00000H
RAM 64 KBYTE
OFFFFH

10000H RAM 256 KBYTE

3FFFFH
40000H

9FFFFH
ADOOOH

RAM 384 KBYTE

ADO0OH-BFFFFH = 128 KBYTE )

AFFFFH
BOOOOH

B3FFFH
B40COH > VIDEQ RAM
B7FFFH

B8000H

BBFFEH

BCOOOH

BFFFFH W,
C0000H ROM

FFFFFH

7t 2.2.2 ussmTenhEMNS YT I

CO0Q0H
C7FFFH
“TEO00H

ROM EXPAND
CBFFFH SYSTEM 192 KBYTE

CCTODOH

EFFEFH
FOGOOH

F5FFFH
~TFe000H

F7FFFH
FYUO0H

FOFFFH ROM BASIC
FAOOOH 32KBYTE

FBFFFH
FCO00H

FDFFFH
FEGOOH

ROM BIOS
( 8 KBYTE )
FFEFFH

UM 2.2.3 uresiuwymlanihens e

AU IREREYYINUITM
[ (4 . v % - v Yo o € [
sruugiuaiasiemldiuasdeedisygomimmntlaulifudqunmlussshuuem

veln dindndyanonimasledued s2s @t 224) swmdesonoundminelfaianes
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-~ LY - t - - ' 3 1t -~ 3
aanndud Teleiaramaam wiadmudaysemnisemad aelil Tw diedu e
Tmbmemnnderusine luneoumasiatalefia udluntdmbsmsduumiade  fana

fiivieT axdiaedl wait state ( Ui 22.7) Wishe
J—T1 —j¢—T2—pj¢—T3 —*-;-Tw—ok—T4 —

axes/ \/ / /S
ae —" N\

ADD X AD - A15 : X

“IoR, Iow N o

DATA < DATAO- 7 >
i 227 loiaendigif Tw

W7 wait state RavPpe@TIRERUSYY M VO CH RDY wehilsssusiynnoudiu 0
A ) - ‘. - X 4 - 4' -\
vinll wmindidie leaudurmsthedtygnos wait via Tw 1u 1 grusaiclaiiauie Winegagluenme
wait o amiwdiovan Tw ud Sepelofudyanns RDY n 8284 wieamautialsiianiu o

masnsruis

Tunmiemnisussdygumuny Sadeia fuadld 8288 (g 228) tisnoulm
ained uhmueivun § Sugn 7 & Taeldn 1 (0B) desmmmiiornon Tubum
FefaiuasaninToasmgenayi e 6288 Ialaelidon ZEN (waawe Sunds) fn 15 -
woR Wanganmiuees 8288 uéh sy ZENV avelrlin 1 1m0 7415138 (Us1) vl 74
L5138 lavhomsheuss 8237A-6 azenugpmeiinie vinsznums DMA dialt dymno 50,81,82
NNy asgnaatg 8268 Wethrnanswid uaxmuqué‘rurmm&u fiidtynnouenety Adudu
Wauri 8268 A AENBRD ¥1n 74LS176 (UB3) 1 2 Hleul¥ 8288 1 6 e Wenuqudtynmmuainm
89 8288 1 uardyqneu AENBRD fithaelubiun 7418373 (US,U7) (octal tranparent latches)
uag 7415244 (Us) (octal buffer) Snehay
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dyaiew RESET DRV elosinu 741504 (U18) Snemmim 11 éiendiwmifiu RESET DRV indh
moyamiisengaren B2 whimuimmialblemmimeedel FF 7415175 wumi
wEieTwasa 3B8,3BF uwaiien 6845 uuningan

CPU
8083 LS04

—11>010 . RESET DRV
Math
LZL Co Jr—t 74L8175

Us:
8087 3 10 S08
8284 LSu4 NMI
11 clock |10 13\ 12 13 &234 ®
POWER _
GOOD gen [RESET  oEcrrDRU
10 Time 8253
PP 1 T4LS175 >
T 82551 | ¢ vz
14| 74322
Us3

o

1a) TMA [ plepory 7474
a3 | f—‘“ =
KB RESET us2

LS244

31]'71' 2.2.5 dyqnoddigemn 8284 fudadmnauim

TnqUft 225 sxdunadiuhdlodiyanndmmnn 8284 s 74154 [U18) Fauaneeldend
wadustyg o m iaciolueRerWaLsoL 7ALSI76 (UB3.27) et 74LST4 (UB2) s
Syanu RESET DRV fana 7ALS04 (U18) Bndfarmiem 11 idiandwanifiu RESET DRV ik
symiisenngecen B2 udmudhhmniallilrmsinmiedes BF 7415175 mmromans
\erWaTn 3B8,3BF uaziiun 6845 uminshy

vanami @284 Sefwhilunmienyesdn s READY uey wait Wuriaiy soss Tnerh
Wiudhmmhemusadfgasund iidlaie vanede Suneussedmnodifieiuureedinmde
wasdasvquﬂnmuwmmwﬂ whemud uediiy dofumahmrediyuudaislads
fu ardnmlsmmhmuhiunsssygowiim 477 wn"tmmwﬂau'lqum 4 gneny
i Mmunsmesdygnonndm 1 gn theno 210 lwind asiulu 1 Telsfmarty 4210
Wl 840 wiliw) vialitsneadaud T1T2TS usy T4 (Tx=210 Wil ) diaquinadh
iRy bimnamonaumuss maneumalada va\niwq‘lm qunot
weniinfrseanTmsRssemiummhmn T1T4 S TS fanmfdudunide T
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(Time Wait) vh Wiialmiafistnamin 52210 whity 1.05 Wl 2997 Wait state finam

oififnnsasusniioLi 2.26

COLOR ADAST
(n]
0l -
R 1| LA
R2 { ' .
5108 %}umm
%Rt
READY 10 8088

YMEMR
AOYIWAIT

l.w‘.

4

LS04

X

1O CHADY
TR
M
3
DRCROE w13l N\ 8

2.6 N7 Wait state

[}
&
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1431818 wnudidusecfiamant inidawvadyanomdm 3 fygmude 0SC 1431818
mhz) CLK88 (447 MHz) uaw PCLK(2.386 MHz) fauligunroiiwamustn sufiuim 13 1o
8284 sinTdiRalindamnBmueitmen 1431818 Mz wnastdmaslu 810 Mz 1 13
doafl “1* dm RIR2 sweubiematvaeianannediuns SBedtyanown 8284 enud
1431818 MHz fisansnainm 12 #a 8284 ineradidengugmamuningend osc avlim
Furumiousasmmuiidudnamiin uasandwames 8264 1 8 fa CLK 477 Mz Jawliurt Sy
8088 WA Inluiaciaad 8087 8288 usk 74LS176 (U27) ustiewiwawn 74LS176 fomaiad 119318
wnudsad tawliurn dock 0.1.2 109 8283 (nafed) dynosmnsia 3 @ OSCPLCK uas
CLK88 axdiavsimudadiumu 27 Tovia turmdisssiarfuguncivemin

8088
CPU
8288
Bus
REIADY 8087 Control
Math
_XZ‘" 7 RESET Co 0SC
R1 B30
— 8284 , dkss’\/\/\/ 1.19318 MHZ
I:——‘ﬂidOCk PCLK var F 8253
gen 2 NV 74LS175
0sC DFF 14 TIMER
power L2 Wy 18
GQOD _L R2 15 Z 5 CLK
= 19 s8¢ B20
[ <
e 17474 5237
| rasus i WA DMA

use
2 08 RDY TO DMA
— /

UM 2.24 wsdgqnosnfneemruumiaws

&Yoo Power Good  axtlanliun 8284 o 11 usdyanou Power Good ﬁnﬂuﬁww
W 8284 awdtasliisindr 475 Tt wndyanoutienmafirme el soee dodmdimnlt
uri 8088 fhlWiadsneimeludiu 0 uas Cs (W) ssfiduminaneses  OFFFF,
duuannradadumrraniuoes dynnoduniacdollliun 82568087 829785 dhy Wanaus
JaeiussmMseumeliiutmetament  Tavoddedrnnodaniuriniimeey  uasiu
nafiaed

Ui 225 axanmiwindedtondannn 8284 s 741507 (U18) Faureeliand
vaidiuseynon RESET DRV astoliiefeiwarinestl 74LS175 (U83.27) ust 74LS74 (US2) uss
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CrPU
80838 3
+5V
8258 4
47K
1 MEME
8284 L5245 :2 oW
u22 _’_____:IIEIW
16 XIOR
74LS17 -
ues MBa
7453245,__
® > 1]74LS37$ +5V p——
u7 — MD7
I.ﬁ' DMACS
6—p 1745243 | T|7aLs43p— WIRCS
ue ust | tecs
L PPACS
xp Y J l—— xDo
P TTlras24q1 o 1{74LS37911 74 24— |
o1’ T us U4 — H
g —1 —— x07

U7 2.28 dyqnoimsiasnniduag 8288 tdnaulnainat

-

Iy 8268 ﬂ%’mﬁaej 7 n fa 1 8 dudygen MEMW (memory write
vaestynoudeumiieenad) n 7 Syanoe MEMR (memory 1ead Wadypntenumineenis
)N 12 WO wire Wiasmygnowdeu Suwaawivm) m 13 JOR (VO read Winfynmuemdu
waove lesfmoak 4 @ sweeidldn 0 ussdadty  74LSM5 (U22)
(éntieininasd) wwiwam 14 INTR (intterupt acknowage Yiasymnounmnauiuiwaetiw
augnelsliurt 8250 (ahunmadisdwnativ Tnedyanoil sududuanty 8250 Suffmmerrsums
waetiminndny dmnouewiwanldiumadenlariuuonnsuent Sussioyauscmaniimg
aaulmn f60i DI/R (data ansmit / reciver) 11t 4 189 8288 aufoaviorfimn 1 19 74
1.5245 (U2) Lﬁ'aﬁmrmm DT/R W 1 vaneMAIMNISRlRIMIRYM 7415245 (U2) ‘lﬂﬁ
Buwmaie Wiembhaenud witwndygno DT/R - i 0 wansemarh SRyrdssudaya
shw 7415245 (U2) whly Syooe ALE (wonassuend Suadie) sclilumsslamuuasiasemas 74
LS373 (U5,U7) dindtyqnosiideman 1= i o o POUMATDITY M ALE (gﬂfi 2.2.9) audu
M3 uantusnnIERMisusamIsNietoys (ADO-AD7) w8edfy dumausnuasiess (A0-A19)
uaxdnae (ADO-AD7) apnainiiu uddlasglusnisnasheums DMA uéh dyanmidtarivondiv



—T4—re—T1—dje¢—T2—He¢—T3—ol¢—T4—»|

AN ANV ANYA N ANV
52910 N\ T
—

—

AEN \

ALE [/ \

MEMR,MEMW
IORIOW \

Uit 2.29 valwiaeasdynnm ALE

érummqﬂﬁmﬁamdnﬁeﬁa oy DEN (vhdwndia) aveadhiiun 19 a9 7415245
U2 Tnurudunafneiiondusain sesdyqnoen 8288 riaw dyanodiasiudhiudialy
fayadoanie

1vsmunmailon 8288 (araulmase?) 4 wiwhiynm MEBVR MEMT,
IOR uex IOW foaran 8208 wsossm IC 7415246 (U22) & wonvimmifhusiynos
XMEMR, X0EMW , XIOR st XIOW whaskWuriguinmolens « ws Sadiuuade qunslynén
misdamoierived ot sclduamsdyno XMEMR, XIOR st XIOF oh
fu @oeddRgrsonmiey) Wlemaléfidyar MEMR MEMW JOR  wer TOW usie
wwihildygoe MEMR MEMW IOR  uay IOW qnéaaanma"naﬁaw’?q 8 meeriowrim
B11-B14 tashdyqrauiiliurhsrsbusating woginsiBuwmenmmmiaviis i 2210
weisnSyEUMLUAIRN 8288 BaNgTLL '




+V

.

s5o——dso  vec AL u—— ALE
—— 3
S1—— % peqti——>¢——— BEN
§2 —(82 - _
I'_N.?"I ]50 ,NTA DTIv\ o DTIR+5V +5V
CLK88——24CLK MCE | NC
AENBRB—SJAEN ()8 z2 z4
47K 4.7K
8288 12 _
iloB  Alowdb SIA gHs XMEMR
8
10anD AMWChH 2 LS245 18 XIOW
= owchl ___ Nc al yx us XMEMW
MWTh2 a 17_ XIOR
5 s TS DIR_G
CEN IORCHL 1] ﬁ
GNDMRDGPZ =
Jlo

7UA 2.2.10 uamsdynnouacugaaIn 8288 aengsauy



23 Edauriiuwa/aniwadmiy IBM PC

Tumsdinyaean (output data) uasiiiayaudh (input date) éhmits IBM PC win dufiusiag
fnwdidnmefindifexdadriy 1BM PC Aniunauduieriaaniinmiu slot tu IBM PC Fuilssuy

VO slot usTERMBERIILA 231 Uas 2.3.2 MNdAL

1112208 128800800

INTEL 8088
MICROPROCESSOR

110 SLOT

U 2.3.1 T VO slot 1M BM PC



Bt Al
GND 11 . ] VO CHCK
+RESET DRV +D7
+5V +D86
+RQ2 +D5
-SVDC +D4
+DRQ2 +D3
-12v +D2
RESERVED +D1
+12V +D0
GND +/O CH RDY
-MEMW +AEN
-MEMR +A19
-lowW +A18
-IOR +A17
-DACK3 +A16
+DRQ3 +A15
-DACK1 +A14
+DRQ1 +A13
-DACKOD +A12
CLOCK +A11
+RQ7 +A10
+IRQ8 +AS
+IRQ5 +A8
+|RQ4 . +A7
+RQ3 +A8
-DACK2 +AS
+T/C +Ad4
+5V +A3
+ALE +A2
+0SC +A1
+GND +AD
B31 A31

;ﬂﬁl 2.3.2 mdfnnoueten W 1O slot 1M IBM PC

msiaysaanussidayadiuiudoaidume Wiimudemh wefamor)  Seiinmin
srIhlsigauu fuamenst (address) funinan v‘t’qaahennﬁ'ﬂﬁﬁuammﬂ#liﬁmiaﬁuqﬂnmhu ‘
uenuu [BM PC usedmnTii 231 uasnmasanio (card ) deliaasiariy 1O slot usinaks
31]1‘/‘1 2.3.3 mushey



e 231 msinssunninsi [9Ansatuananlnueny B PC

Foufuamarmasgn VO
weputvn | 9 8 | 7 6 5 4] 321 0 |anmino
00-OF 00 | 000 Z | A3A2 A1AO0 | DMA CHP B327-2
20-21 00 | 0012 |2 2Z Z A0 | INTERRUPT 82504
4043 00| 010 2|2z Z Al A0 | TIMER 82535
60-63 00| 011 2|2z z Al A0 |PPIeossas
80-83 000|100 3Z]| Z z Al A0 | DMA PAGE REGS
AX 00101 NMI MARK REG
cx 00 {110 RESERVED
EX 00 |11 1 RESERVED
FSAFF | 1 1 | 1 1 1 1 | 1 A2 A1 A0 | TP RS-232C CD
30377 | 11| 1111 |0Aa2 a1 A0 |5” DRV ADAPTOR
2°62FF | 1 0 | 1111 |1 Z Al A0 | RESERVED
37837F | 11| 0111 |12 Al A0 | PARALLEL PRTR PRT
3D03DF | 1 1 | 1 1 0 1 |A3A2 A1A0 | COLOR/GRAPHIC ADAPTOR
27827F | 1 0 | 01 1 1.1 Z A1 A0 | RESERVED
20020F | 1 0| 0 0 0 0| A3A2 A1A0 | GAME /O ADAPTOR
3B0-3F | 1 1 | 1 01 1| A3A2 A1AQ | IBM MONOCHROME DISPLAY
PARALLEL PRINTER ADAPTER
ey, Z diu 1 n3a o Al
CONNECTOR
24 PIN
CARD FOR SLOT
24 LINES

7 2.2.3 midiiRendln 1O slot (PC-card)
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miawas umaBunaiawataguimeseBuatavaRImatonda Kt
1. 1v38wuda (enable circuit)
¢ ¢ .
2. WRTDWWALGMY (output latches circuit)
3. 2 TBunaiWiWe$ (input buffer circuit)

2.3.1 2esdundia

madasnameluanaisaiiimetons (data bus) Raduerirtayedoiu nmduasiy
foyn  Mbisddumismedunsiifbfhdhiibnur il Sdudsedimeusss
(address bus) Twmrimmsshumismelueesiine? wwAntueivias Wearldigiumelu
aaxfaadh dasdedayadionamanniciviadlmdugiostm

Tundfifmafemnyiugunoimevan  asfimenaemisuanarsimneisaurgunaet
Mamiu mmamﬁﬁtmﬂmﬁe’fm‘biﬁm‘:%%’auﬁuLmﬂm‘:ﬂmﬁamﬁuqﬂnﬁﬁmmz}nﬁqﬁu
Losusa [RBenIugUNTOiMEMANG WY IBM PC susmmussBuniummefl 231 S
uanipIslutha 280-28F (wegwidenn) Wiinnsld rRsmanonsemiuaniesldrunmdons
Tuthasionam wiellunsdeayraanussidayadhle

MInEATYALEATRBNTRENHE T (port select) 19 Heneuaauems A0-AS Sehwhriy
1010111111 (Manenst 703 Lﬁmﬁumpuﬁj) Jnidnunadenneialiasin 0 udmmviase
wisfudoyannenedayalet Fosimasiatiumy AEN (address enable) 209 IBM PC ¢y wmeld
safu nmdnetieysnnmetayseieniananald dnrodidnmdsnwasmiunens
(or) i AEN sxlflurmdunde 1dndafitoysfelimdetoymdeiitaysdiotn Teasdon
TSR 234

A23 A9
74L504 ] 714"500 signal of
r22 08— >0tz P— board

A-11 AEN
7aL532 74582

SIGNALIN , -
110 SLOT A25 A6 74LS04
A-26 A5 E{E‘; 7aLS32
MOM [ P sigiotpor
No.703 (decimal)

AWA — 8

A30 Al ————— 1
A3 AR

T 2.34 nwasdematannda



2.32 WINGWALART
madetoyceanld IC wed 74LS374 dwshuemddoyn misetoyaoandaeshumeans

faya DO-D7 uswinarinmaduwuia e

741500 ADDRESS = 703

AS 4LS )
A8 2 3
74L532
A7 D (3% signal of board
s s —
A
strobe signal
for latch dala
AEN l
low % |
AS _DJ____-DQ_‘ 3 11 2 _LDJ.__LDQ 4LS2
I I s Lp2
Sl'lgbgtl-o‘r A6 %3—‘ 87415378 ——-—}_-83 OUTPUT
A5 1 12 LATCH DATA
a4 D5 T __ps
A3 Dé 7 1 8
A2 D7 s 1

A 2.35 nessdsmeanawmauaat

uewitoyn HiiliRumwainamsnmdls dasfimefygndnmaniiaundndadte -low
(input/output write) mué’wmﬁﬁﬂaﬁn 0 Wafimadends out address, data Wumwuunifian
mdstoyeeen  aniudiiudaadarsamesynrosnemidibnsstnds  Wommusndiaya
28N THRKBLRIBNTIUTRIRILR 2356

mausmHaeoyseansnaTn 1 LED 8 M4 iudusowanntoys 8 Tn usmnmdad

77 2386

R=330 chm 1/2W 5%

LD

§ 8 BEEE

U 2.3.6 nusndeamwimesnadwauaadiu LED 8 ona



35

[
2.3.3 2esBunaimived
o v 2 9 e [4 ~ 3 } 74 . v v GV V) a -~

mmidayadhle 1C waf 741524 diwiiatuacdays nmidaysdidasimduida
A‘ . } 4 [ ] A [ - J Lol a;
wovayadmssnetoyatuin athalsimy dasienedmpednaneviiadniniedseie o
¢kveEm@Aa -IOR (input/output read) Seyrytuiingsdn 0 Wadims Wi A=INPladdress) lu
midn aniwdilwiaatesdemefygnaidiinastunds Nessbusrassauanei

237
Ag 74st [V - 4
A Syoudanuate
741,532
741530 |
A7 ————
A8 “—D"_
Ap ———————]
A4
A3
A2
Al
A0
AEN
-IOR
AQ+—] -
M CD1
Age+——— e 1
D2 CD2
ATe—— . —
D3 CD3
Ab+— RiEE— . S (o
Ag <Dt — l— CD4 Foysnireing 8 me
D5 CDb
Ad4e— -~
D6 CDs6
A-34—"'— ¢+——
D7 CD7
A2 L.
nékyaulu VO slot 7415244

U7 237 NussBumsBuymivined

angUft 237 fisumis CDOCD? Yra@aarioruALSiaS 8 ma (16 ) Wevnmi
find ON-OFF indoyadhwacusseiin (DO-D7) usmnmidadoquiit 238 Aewlesindidn ( ON )
Hoyefihg IC 7415284 ficefnuiiu 1 (wwzfu IC TTL : wansister-tansister logic) usidasind
fln (OFF) $oyafidhandiusedn 0 musey



36

g
AAAVATA VA RN

- [
16 malefiny GND

P 2.38 NunuBuemviafiieind 8 mefinevsBuwmie’



unyl 3

Tassadn msthouesssdaur Suasaansiuag

3.1 eriauas

Tuehwawﬁmﬁﬁ"mzﬁmanﬁqaé’m@ﬁm 2 chufp

1. Interface Card

2. WA
3.1.1 Interface Card

Tuehutas Interface Card &umﬂus’nu%wﬁﬁhnﬁﬁﬂviaﬁuaau‘?nmm‘uammé’n
Tﬂmzmﬁunﬁﬁaﬁmﬁn%%wmaﬂuaﬂmma%nﬂi'lunﬁﬁﬂdam 2 UBAATE IMELARMTELINAY
diwsmllunmdviehufirdammiens e limmdemalushuiindams
dndtacy givadimuisandmiuidenn Slihmandetineinlosmaresdodineg
Sygnasimianenn Fesnbisennluam o wifedtarludmmsadan bitais
siiriaumnsfiesio JUf 311 uARNEIIRY 1O Interface Card Fmfadimmnideudhriucdon
toaniBs PO/XT uss PO/AT Tnmdluticsumis (address bus), tiiaya (data bus), dkyoym
ugumIEuuastion, dygodunauasiaeiyg, Sygnodda wselmismmnieisa



po-p7 Y. [l

/| 74LS245

XD0 - XD7

DIR E
@ 1C5/4
JORD @ XIORD
IOWR :@ XIOWR
XRESET
) ..
P )i XEAQ
IC2 DIP-SW
Ad4-A11 74L.S688 Qo-Q7 Sesii m

rao|

IC4

AA8 ) 74Lse88

G

IC3 DIP-SW
AD-A3 >74L5688 co-as > sos3

Q2

d

=

U 3.1.1 USRNINIIAN Interface Card

mTHUALasIIE M TAEN IR TSRl
min Silaeialuarimmelifusens 2018 Sufuuossmensdweioms 8088, 80286, 008
use; 80486 wpmumaiimmsnoas il elaermi figneing Swamerefiori el
suthwonsoasini suuammavsinmiuennsmewitiagrinsndiiuduil
milsdsrmuaminasiidios U 31.2 usmmmrmsdnwnieamslituma

S

ON
OFF

BEEENEE WA

< So

AR

AT S ndnsasiagim

=200H

= 300H

UM 3.1.2 ussnmvuashwniauanass Wifumse

MIMNUYDINRT

YMeTteN Interface Card WUt 311 Wadfinmléeddunatoviaiomata aoml
Stynd VO READ %38 VO WRITE uped Fuvensdynnodiaeliuaninwiontu aikeld



AND GATE dwinnsadtynno 10 Swrlubmidelad 7415688 Lﬂ;amﬂzﬁauog'imammmh:a"nm
St iAaneiadvio thlinnfeslifidynpodudndaled 740528 St
uiieSenefienme snwifiemiasgimanndiyane: VO READ withuamiessiianenia
msiufiorivmaliasililed 741525 griwdia dyanodeyn DOD7 AmiMES ST
nenenudtygnos XD0-XD7 ustlumsdwndiale® 741.5245 i‘tazé’mmc‘fﬂﬁmmm AEN Taneny
delidvndno 10 Afetuiilildaennmnum DMA mnuessssssitias
14lo% 74L5688 aeeiafia 102 use 103 ToenmuBoudion AG-AN fudidoliianehntudin
endmmasiogin OR Ml 1Ca/1 a2idiudiynnon XEAO shwuonesemasdniiesldlod 7Lsess
(Ca) 1 102 Towsf 104 ol A0 snuBEwfioy uieh +6V snuBeudeuiuefrmed
Tudnehadum udnbiawina 102 ey IC 4 sn OR fuf 1ce2 Ioifudtygnon XEAT ehm
YNtk VO READ uaw VO WRITE swael 10511 way 1052 et ieidudtygnm xvo
READ usdynew XUO WRITE muaen daudtynnon RESET a1y 10874 utiineslididu
Syanow XRESET

3.1.2.3935Man

Nmé'ﬂf:am'smauﬁwéwéﬁrmaq 3 shude

12N TN

2197 /O

32997 Comparator
293ANRAWENS

qmﬁﬁaﬁm&néxfuamnﬁﬁﬁmﬁmhuﬁmmﬁaﬁmﬁnﬁaaq'luéqmm Interface Card
fanhenaudne IC1 74LS374 use 102 TALS138 it 2 ¢

METHTUYD RS

i 313 1C1 wimbuenifaysimunnnuanmesnl Taedymnu XEAO aui
agiun CLK # IC1 ﬁtymmﬁmtﬁmuam“lﬁuﬁﬁwm XDO-XD4 fyqes XDO uge XD1 1
lidwdynnoinueenaliiuled 8255 luchwrenssr 10 dudyon XD2XD4 aufu
cyanoudunn iivlegiafindnd 7415138 et idandudynodWivniudsled 825
biss 10 Teedpmabiimddoyaruuanescmsmd Foavh Wduqno XEAT useimidin
wevhl 1C2 grdwda



XDo Do/ Qo A

XDi ——RBU Q1 A1
XD2
X0 —B o | y
X2 7415347 8 ——
OE Q4 c IC2 b0V
5V | 745138 p—— Y3
XEAD —-‘F>cu< T LS O—A
E3
= Ei E2

" XEAT

U 3.1.3 usmnsesidlafingng

2999 /O

thutanas 10 sulwneulidanled s2s5 viodw 5 & sunafisndlslod 8255 sndls 5
%&wﬁmﬁa«nﬂﬁ'ﬁammﬁwwuaztmévmLﬂuﬁmviaﬁmmzmmqﬁ:Lé@ﬂ'li’la%ma% 8265 1
Lmzmuﬁrytmmﬁuwﬂuammévmﬁq 24 Wilrzudynnos TTL Sadlunmhelums e 8256 5u
o fNarnsAsanEw uan’-mi'rmé’emmmTﬂmnm‘lﬁLwiamafﬂLﬁuﬁuwmmmﬁﬂﬂ‘iﬁ U
thensrnlunaa i iubiuanelaie 3 Taue mhiiveslod 8255 uiassdudisnd o1 du
e iugUnaniismesey 102 dhuaiadvivenuesBeamainddinineflatues
74LS126 v?iauunﬁ’mmﬁuwﬂua:mﬁwﬂaammﬁu dm 103 ues ICa fwhidiuduwmiy
Synnouadimermass Comperator Whlthirsnass snvgiisasiBunmmnn 48 Tefidiasn
sonulRlEfuBunmmine 24 toe Tanluudoetasmmurmesermiudyonold 3 wiude
LOW, HIGH wss HIGH IMPEDANCE laausisstavadinaltunn 2 fntemeifieawaruns o
dwiulad 8255 dagmineiaHlumucmsmisranss Wi EMPTY BUSSY dhidu wanamit
dolfifwendaliinems R2R LADDER lunwrifidesrmlihosssnsnaoyfumesumsausidiu
THESHOLD ¢f

MIMOUERRS

é*lw%'umiﬁmuﬂamq{uazﬁ'mtﬁaﬁnﬁﬁwﬁagamuuaﬂmmmﬁﬁﬁ NI
wéndashmmusnuaneTe iimimpinsiesetumataessmeludeecled 6255 unuled
Mty uueneTmRI M mRsdmindasinmaBuiialad 8256 dfimdaammasiiess
#e  mbiminmivddeymrrneliumuasginaoimeentd onpld 314 Sy
RESET wnisiaseasnwiasissianyiom RESET 1edlod 8255 iievnmmededenfirmunidlu

fenala® 8256 Wiafims RESET firdsieanitoines



|
L
J!
L
L

ﬂylm-—l/lcz-—'/l%—/l@_\/m

8255 8255 8255 8255 8255

XRESET SET RESET RESET RESET RESET

» AD A0 A AD AQ

At 1 oS At I3 Al =3 Al s Al 3

Yo —— T T

Y1

Y2

Y3

Ya

i 314 yeRnaens VO

397 Comparator

ludutanns Comparator A lun IR e s rsuRe T dan Tmesey
Towsnanmousnssurausenild 3 il Sreademdnnzzes Window Comparator Susmeli
2 315 Falrneudelefiued LMase dundnfredtoniuastagmelu 4 gn Tnethuseiud
yormesawiushssuladndu LOW () 2msseusensemiedin 0 daresulsdnde HicH
(1) 2evausmsuadu 10" widnin HIGH IMPEDANCE Aevoudilalldsaruaslahrome
usssLsin “11° 2093 Comparator auiashiorovain 24 yauie Wenamnlitald 24 doe

4

Syaneu

MITIHLONIRT

yamsimnaudusstian 2 FfteridwaunBiuioy udugausiduibeeld
TnAuuRuiLnause RI-R4 SnsdadichmuRanmartan SadenliiemuRammn
1% eI lerusiudnddiigndaian shumeruavinsransmsionims Ful Up fiwme
osntunaiisasdumssumuen 47K iasmiiymseaiemliuunasenme
dn souiteblavnrioussduin 5 usom 7 someiiassdengomiusiud s iiadm
mamaaaogiiuledn - daitheriuqefidommmesey deeiudulaan 0 s
1 4 spriussunasaL e wrmasea s mndulsin 0 duusiiudiibein 7 s
ghusRunesaLin 6 wwaramaluaskelisnmadulein 1 witefineseudulsin -
uRFUSNBIN 4 wimiundunaseuin 5 wsatuaslidmesusmssmsdinlan 1
SUURFUT AN 7 fassnusiunasouiin 6 vniindveaseatuaificmmadulain o
s iilugi 315



R6 R7
4.7K 4.7K

OuUT 1

ouT 2

Vv

R4 120

U 3.1.5 uFM9T Comparator

D1 D3
1N 4001 1N 4001

220 VAC , D2 ¢ IC 7805
1N 4001 l
o el ) | o I
1A \"j 1000 UT 0.1 UFI 470 UFI 0.1 uFI

T 316 usansvTunaese




3.2 ZaWNuLs

MahussIgenwg

dinsanluliswaddaimajasiuliemmnania hardware fioannuuntyanlfuslemd
dweny 0 athe Taefinmal3de smmnsolowdin logic analyzer 6 (ansoinsmus
hi-impedance 1¢7) , iue3assmmdotioreiitatidululod PAL (uufilifl Registor mu
Tw) Fedwilfierllisunsn oM duntrslumstiensimaumsdniivis ussshugaiede
Wimedosamasoula® TTL uas cMOS luasenn 74 series Fsazamasauldiane basic
gate Walt) 1% AND OR NOR NAND NOT winin

Tudautas software % azusnmuasdunuaudslisunsauiiu 4 vdada

3.2.1 Main Menu
) + v []
Fuudrumm C vmfiiudderudmiullsunsuimaaliulswe fofilnmnin

nimeaslisunTadiglfl 321 (Mussdueraasyaznanlagsuduadnadolumi 4)

( Sadu )

2.
L

y

'?‘rqnii'\ﬂud'\
Fvoshisurms
wioli

AR Umueds

- €M o

VINEmM in

11 3.2.1 Mmminesslisunsu MAIN.EXE



3.2.2 Logic Analyzer
L4 AI . : [ . [} A [} A‘
Tumsldamniaadu logic analyzer % Nazuanmaiamsandu 2 du fa dwufl
v fismuasiutays uasdiufiimhifivssiians uasuanIneg Fasallrunssnissnachin
Aazuaas 13 lwmearwaniiemay
d e 3
3221 dmnmﬂﬁ'iﬂamuauﬁuﬁm_la
dauitdnllsunanfiniuataliiiu CLA.EXE (Computer Logic Analyzer) @iem
fumw Assembly fvannivitemasiida ssTudidedn 9 mm‘ﬂ{f UARYA M DE SR
v aAv 1 ¢ Y . v - * v G . v a
dyguiiarumanaivntoya 8255 ummwaﬁazdanmumm‘lﬂmmﬂu fle ¥oya @
LOGIG01.DAT 9 LOGIC24.DAT waz wanain file tavtpyaudrtiofl fie fillu config
(LOGIC.CFG) dmiufludrwuanlidnszananansiuinfifaysf channel laemzusmn

viemane 0 saliisunsaldu flowchart Fegilfi 322

initiel port 8255

v

UWHM? menu @R
darfud ¥

—»]
—
Y
Y
shudiayasn port
8266 A Hrimua

v

Bidayaficuld
aslumhsaud

N
fimuaane lu timebase
Y

Buaoyadtanld
Insiudndouaalng

v

Heu oconfig file

qu# 322 THede$mmaelusunss CLA EXE




45

initial 8255 axiudiurimmua control word iU 8266 usiazea wiaTan Wi
. " v o v a v P ' v v av v
fmuadidng q udfissanaseutaysfideeanly iayafidiaenlubimeaiudaysfifudun
S ¢ - . a 2 v 1 a- } T a2 (4 [ .
fusaviuaiasivmiemma vialiledaiedaadriurasiume’ Thunaufiesunmmim
5 .5 X ' ] H - U x J 4' H
Foudtumauil Srimmmansauui IMddmfiniilafaiosivtm usnruaiamian
WU

1 4 3

menu @adaivglf Iudmees menu % §l¥aedoadanindainiléf channel low
4% channel fifanasiinadarmafigegafiasimitald lauth@andmou channel
lozdmau channel fiBanaziinadasaufigigaiiiale Toudufenssinadacemadig

' 1 ] ) t 4

gafitalsl Taudufendmon chamnel sn ) enadigegenidalefiasias aviutgly
v v - & - va P . a v
FaamsTaenutige o Aenndenlifi 4 channel maflandman channel sarmmidanldie

v

0 4, 8, 12, 16, 20 uat 24 channel 4uaaudslUfifaidan time base IWnsmInenlunm
v v - A X ava %7 v vy
gmdayaumanniaifiele 49 time base Hazfilhidenldvionun 16 e dwnnglddaeme
Jadgonuenuiidn q fdessdandandnmgegatinen fugame neumstliem
1 3 & A J A 4' (v 5 -\ (Y v ] 1 73
fayafidia M3 set thieshold ImsamiadyqnofiirarTuiuilsesuusiwdnoile dulu
2937 logic 7 q 11 A1 set 13 +5v o set fiwe q aruudfadusolunmem
Foyalaudaniifi start snzFadiums start sefinmadediygno tigger Mfmenandae
%\1rﬁ‘l‘ﬁ'ﬂwmmﬁﬁmmwﬁﬂLﬂus‘f':ﬁdﬁ'ﬁuﬁuﬁqi'aqa\lﬁ Tnedoyo o tigger #as active 7
negative edge A9ufi 3.2.3

.' b A ] ) S
RNAdaUIBYya

N //

<4—— stan by —pi¢——— time base —————pie— stanby -—p

U7 3.2.3 nutusepasnyn i trigger

mIgmdayaan 8266  dnwowmismdaysszsmwdantiar 1 port laelu 1 port fasd
P A ]

ffoyjemianue 4 channel (fio9an 1 channel #pelf 2 bit umaunuanme 3 amme o

mTei 3.2.1

Hi Impedance 00,11

MIWA 3.2.1 uammpuﬂmﬁﬁmuﬂﬁmuﬂaﬁn



¥

46

A 1w v Yy & . v G ) . ‘. . v v -4 a
Luail’m‘tlilaﬂﬂﬂl’m?uﬁ’l nqsujﬂaﬂﬁanﬁN’“uqUﬂ’l']&m']‘[ﬂU1uumm1331mwalﬂaﬂ0ﬁ“ na

v v v v oa i Ay a A 9§ v v - ot a v
Foamsli cPU Wnaiudunaiidasiign e msmniadyoffionadig 4 18

7 65 4.3 2 1.0
bit7 | X |X{X|[X|X|Xx|Xx]|X
f cha | ch3 | chz | ot

bit 0

jUf 324 ﬂ"numﬂaoiaquﬁdm‘lﬁ 1 byte

-t ' - | A . ' X
muSuedayalnd G uedoyalmiieMlisunanlssnaneitléitu uanfiummuen

1 % L4 A‘ . [3 . Al -lz (YR}
'uasdaaanmtﬁu channel 'na\ﬂm‘nmuu LWE]W]N']LFI]JNI.{I%& file FIWHYUADUMTIALTLN

Hoyalnaidouanslu flow chart 317 326

O]

channel ¥

v
“

wnfiagld format waediayalnal alu 1 byte Wu wxfidayetes channel 1

1

n
<
U

i 4

Tnantioyaan
miuemaan

v

ia bit dayauns
A4 X
channel By ] ety

il

| Fuend irae lumineenas
g ludeuas file

+

Wasuamesdha
Hoya tumipemadh

» oA -
VHNAUDYRNTOEN

denweidasya

end

v

a3 channel (W daudaalugiii 326

JU# 325 MedmiavaamaiGendoya



47

»
»
~
~
>

G110 fch1tl | ch1t2 | ch1td
714 326 dnwoiwdiyalu 1 byte 189 channel 1

-4 X 4' L L. (] ] sl
config file gnEsuanaNadwhuanimlisunTnduuERIHa I MINtRe channel
alfomoils Tasaudiun binary file #9eefifing 1 byte wintu Aoaudwagm 16 1
wudwndndunisldem 4 channel infiaufiuseiadaf 4 1aeeie ASCH duds dtm

wanasina I config file

3.2.2.2 dmudnanationn

duidalisunaufinmuetefilu PULSE EXE deusumm C Andnmavinnue
IWeimadzif 327 Ao Susiuuwsnazem config file (LOGIC.CFG) Wianmasaufiumaly
JWA channel w&niuasihIamssaLingaw q 7ldlullsunty uaarssewd A8
foyasnmuemeladn (FUNCTXX.DAT) agasumsdman channel #ilfmwdali dwnning
10 Idnitslian Tﬂsumqummiﬁmuﬁuﬁ | diaarassulndGuuTouud isunsad

. 3 1 4 3 -: x 4' [

wihmrsmdayasmusmalsinfignaiviuloy CLA EXE iansegmeesminddoysn
[ [} [3 [ ~ [} ] [ 2', x .
Sulilumhzenmdn Tesssfuligiveshusge  wisfuudessouus) wdmminiai
Foyasmmemalsdndananiiiuliluiuge  avinsudsiduginrwiin - Aediu
Timing Diagram Wwiaslnufdayadiamuudiulzdufivaud Timing Diagram wufludas .
t 1. A
7w (Lifidudsng)



48

WS contig
rfmmﬁan‘im’m
channel 1.'31)‘114

dmlnddayalain
Aldniisunm

y

uEAINaU Timing

dudd
Agnldlusds

anluTunu
wiahi

R
anfdRLASY

niughlsunmu
nén

91 3.2.7 Tefe$amaslisunsy PULSEEXE

3.2.3 negwndadiaTnt Wsunsaeinled PaL

mswdsdemsillsuntnanled PAL ffesfinmautuanwiidiv 2 suda dow
ﬁﬁmﬁ'ﬁ‘idwm’fmdamn‘la% PAL wazdaufiiminfiaiemsinasmsaansn

3.2.3.1 midudioysain PAL

lundwdayean PAL fazademdnmationdding  Wiuduymodlad PAL wu
dufiulad PAL Aifl 16 Suwn fdnilauelituduymedlofionn 2'° dr via 66535 e



49

AaGNan 0000F - FFFFH (3admindl 16 Suwn udilfomuiug 4 Sunnfastlousnitudu
a“ - 4 , 4 . v . ;v a ¢ My X
ynvosladifise 2 f1 i linmioussimsdeaysuasmtiensisamainliisiam
udriinenassyifiduyudssaminamiymasiuiidufinacly famasaulameudan
-8 ¢ a  © -~ Y . i a v a ¥

yfilhomvmduladn «1* viniu (ugdeasfinmen) udnbhedupminfudy e faya
d a a o A 4 e v d o Xa u
wediensimannidnfinite Rliuntadimiifivaiias Tsunsn PLAEXE (Feudie
M Assembly) smmdnmisfiupmindu la% PAL #ltacdaliifl Register atjmaluéh
Wasnnbimashiminsonnuldianmvssduduesds  pindolimmnmienaiannsi
{Iu Sequence 1) flow chart myusaslisuntuusndlugUf 328

initial part 8266

v

UWHPN menu fR
starud

;

AMUAATMIFUNU=0 NITIIEDL
Turunsutioraslofudasnint
T
rie

soan input

N
UANFIMT soan
Y

WLUAINTS soen

WAAINTS soan

shatnddoyamu
FnTuEivm

v

it contig file

717 328 Tnedmiauamenaviueaslisunss PLA EXE




50

wydndaiigld dawnadnliom Jliedondonuefloiidan Fusnnmndontdfs
wua 8 waiseru An was 1618, 1614, 16L2, 14L8, 14L4, 12110, 12L6 uasiwe’ 1214
dindenwaiidamsifudgiifedandandmicnm  dasmnaanimeiudsusisny
flanuga lunmavioslaiviniu
msnmeaeylsunsutias Giaglimadeneslefussimuadnamianmuds i
start Tsunan |, Tsunsasiwesladdglfdanlus snnlusunsudasmaudsrniué
Sudunmhommalisunsaosmeniu
P17 scan inpup uALFUAININ output TymIuMIT scan input ueETUAIIN output fda
uaauuaiaefidumion input uae 1 output lxinvertu uenvmiulafnanmestilfniden
furimiafidureduymuananinn iliidosfimadan bit vasenm scan Weasaty input
vaslaftaudnzuatiiasdimadon bit fayafishoruly Febunnuasaning

mM3dadums scan feelimafineints scan Fufier 1 @1 udarsowrieiyn
din 1 wiolal SlufasRndBunriuin 1 udremacay output Il uatudin “1- Faudiu
feay input Aliariwndn 1 WuddaRuaims scan 1un 1 e udBadums scan
Tnd Toendio scan esuynewudafiasioen input il output fin -1 sndiewiin fle
finyolanfitods FUNCTXXDAT lasdwiawie 2 dufiuduenmansieseey function

#2910% Fam31TLem input usY output afigUuuunaTeedegii 329

\%
input E E output
A
i 16 1
2 ! ]
! | |
| | I
| PAL | I
| | |
| I |
] | |
! | |
| | !
| [w 1] ||
! ! vED
10

7UN 329 JuuumIGHemen Yo%
config file fdnwoinn Text file lonesufuwiniiwaivns fnunetastayg, Smaudunn
] v
WaE IMIUDIMYN F9aedl format Aok
- windweddan 1 WuiuenidieneidsaumInuuinmes wIsusnmen 1w
1 7 v « wAw * & 1 .‘.‘ 0 - lAItJ [3
TUNUSIBEITNNT T uay "A” mudey ( ud wlassemiaslfiiufinnonnaen winidam

v
wnninan B eeutdatasfumavam luawien )



51

Cot o ~

- wimimaidiai 2 fiuduandmanduynea lefwatiimaliened

(Al' -

- wmfeiing 3 dudwandmananiymeslafuesfimaienst

Taswnmiwesudasasgnuansaniiusay space bar

UNFI0L Y config file A “1 16 8" flavmanuannd iumiteroilosdiv
wman (fuled PAL Al 16 Bunn uasdl 8 wwinn dudu

3.2.3.2 dawdienishnanms

davitarlflisunan oMEXE #aldiusnamadinens dullsunndd@odun
Toeindnmaniumaluladwazsosndmszuannio  loemogdarldiambing uas
PunAeulidfunmitouidasmstelisunasdsiutuminmes flow chart 31 3210

ging config

uNeNNEANaR

WRANHAANEA

-~ (3
UAaMNIENMT

anaaritu

Y

Seulwdanms

v

Genlihurmsusama

U7 3.2.10 uamlnsimineasdudiensioms




52

M8 config file SwuIn TSUNINALIMIEM config file WpATREALIT ULl
wrshiiiufiunan viaunnman (ufitanduamefinmen dfldnammud) wema
sorhftdmaudunuasiainneila dweritiululdwialy Aeduduefideund Tusmunm:
fazneoulimmy uassulisunsuss widufuenfidwlild Timunssfeluswingdoye
fignatroiulanlisunsn PALEXE ( FUNCTXX.DAT ) udriemstivemansne q T
Aordwmanbuiuiuldviolal (du ferfiunonda 3544 uadl Brwnine 11 Faedululailes
- wilwenadustaud liivhedansiamaduituld  uifidasinmiue ¥ioems
snysoh) dufinlulaldTusunssfiasudolivmuuessulisunay

manemsiaun  Sliferlsfianmelulnddoyn uaeig config Tisumafasims?
ensimeumreaninly Toeldlusunin OMEXE | Tsunssfiasduiafinsiemsin
gumannieidudldiusan Tsunsn PALEXE Tewandemdnnismes QM (Quine-
McCluskey method) @aiflundnmafiaslinastasuday function Tariuliniigadals
1hendagunaol w3a GATE udilasnnd function Agnlusunaaniu PAL wudllélion’
i Soldvmautlalilisunsimsdessifesiidn wihlfsmmesnindum
lasmasiuen @nnimasougaridaumsfiduniidauuy oM maind) deldemmaen
snudrfiasdauldifiu file equation (QMEQ)

maudasNa  wiswniiimaliensisamisenanifuds TlsunsaeellGenlusunmuen
weoans Tsunsuudmnaitanimasming QM EQ udnimnusnanalfifiuuueanm de
Tusunsu READ.EXE Towananmnlfijaignes Iu, a0, 418, 91 v Page Up, Page Down,
Home, End lumsdongaamsld

3.2.4 mansedeulad TTL use CMOS

Tihunsufirwirfiddslisunsn TTLEXE Towmaamsceuled TTL uex cMoS
Fuasdoniiuniena 74 series winin uazardaadulod logic gate ﬁupuﬁ"u q e
AND, OR, NOR, NAND, NOT &safimmiiudausnalu flow chart fegaiit 3211



53

initial port 8255

»
Yy

W&9N menu @R
siaftued 4

;

youmalthunstiasa
latudsza?

'

arrnanmedayiad

N
‘ UENNA fail
Y

UEPNNR pass
le

717 3.2.11 usnslWaimineselisunsuamaseuted TTL ues CMOS

wydarenugld  flfaedarhmawairedlefaiiduiivuefosls i Tusunmacams
sovhifoysmadlafieiivagviali &8 Fudelufeudunsimedasaailunmmmiog
nm i hddayaliladumoils Jasfunsenlofidhmamasey

lsunsueiouraclofudazwes  dosmnlofusiorwaiasfidumian input wag output '
anfin Sedaausnmariemwdusaslafudasued Weldiedemadenlusunsussantafio

wenalumadadayaluils input uar fu output a1 lodfdanisamasey



54

nsanswammagau{ad  winmslumInmaseudo wadldainmssedtdl¥ input
snalofudaniue? udiiue outpur figndasaalefiwadin q Feazfivdnmeamasous
ugedlu flow chart ﬁqﬂ 3.2.11

fimud address 123taYA

input WRY output
vheh input Tuemnmads
Wiuladfinesn

'

MM

:

Juh output nladsn
Wuufisutuenluama

o A [] N
@
Y

NN address input
WRY output

y
N -
set MUY effect=FF
Y

set MUY effect=00
le

Ui 3.2.12 wenw Iadmiamamdnnmiaraaouled

maudaswa  aeasgnneriuiauls offect Taufieidiu 00 usneirlaBdatud asusmwa
>
iu pass uadalu effect ifiu FF uanviloddnindy ssudeamadiu fail



Uy 4

MSRARILEZNTS 1HIT%

v
4.1 NSANAI

a © ¢ <
4.1.1 MIKK/KRIT1TANIG

Wenhehuidumia ( interface card ) @eusIY ISA slot fine lwrdninasfaines
whelaeuan comnector inimandeuaiameman EBaT) fitey cad connect laelwides
wainmeusniislfosumiand 138 Vde 1 A dudhiuierundas imdedadulyaehagn

¢849 LED Power UMNEDIINATILHA
- H4 & ['d
41.2 NM9ARRIYINYILIG

sl Install Iwrns@ings Bousin Install 2210 Mstall bat uering Logic.exe g (
Logicexe Haniutvdrilisunanlimmtmanaiisrommiusedoys) WHING nstall bat T
mrafesalatnafan Install <dive : > dive da FoledWidammesiluninluings wu
daarnadinean o C fifet Install C: Fazurmfiedelunmaimesddes ¢ Tulawansd
209 “LOGIC Saflormidnsadeianud axfiiwdliurmnivmueulaanss Logic &

- MAIN.EXE

- CLAEXE

- PULSE.EXE

- TTL.EXE

- PLAEXE

- QML.EXE

- READ.EXE

- FON.T

-+ (urmdesaiuasdnaiuii umdeaarinnm 12 MB diuindimasuasaoms

Bnthzanms 100 kb dmivinddayafegnidoumudaGen 4lisunm)



& a ¥ o [y N ~ =2 ' i ¥ o N o N
wnanstiduenansianubdmiunislsanuiionsfnwiniu lweygslmilulydsslesuaiunisen

lunnsallagiadu dnviamuiilvdauvaailent uavpesedsisatvesenarsynasanidnisiluly



wnanstduenansianuhdmiunislsnuiionisfnwimitu lweygslniluleyssloguaiunism

lunnsdilagnsdu Snvisnuiiludaudadilon waznotosdsiuaivaaenaisynasaninisiluly



wnanstduenansianuhdmiunislsnuiionisfnwimitu lweygslniluleyssloguaiunism

lunnsdilagnsdu Snvisnuiiludaudadilon waznotosdsiuaivaaenaisynasaninisiluly



wnansiiiwenasianubdmsunislynuienisnyiniiu lweygislmilulsyssleguaunisan

lnnsdilagnsdu Snvisnuiilusaudadiion waznotoedeisaivaaenalsynasaninisiluly



wnansiidwenasianubdmsunislynuienisnyimiu lweygislmilUlsdsslosununisen

lnnsdilagrsdu Snvisnuiilusaudadilen waznetondisarvadenalsynasaninisilvly



& a Yo [y N ~ =2 ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygnlmihlulsysslesuaunisan

lnnsdllagnsdu dnvamuiilndaudadiien wagnetonddisaivetenalsynasaninisilvly



wnansiidwenasianubdmsunislynuienisnyiniiu lueygislmihlulydszleguaunisan

lnnsdilagvisdu Snvisnuiilusaudadilen wazmetonsdsiuaivadenaisynasaninisiluly



wnansiidwenasianubdmsunislynuienisnyiniiu lueygislmihlulydszleguaunisan

lnnsdilagvisdu Snvisnuiilusaudadilen wazmetonsdsiuaivadenaisynasaninisiluly



wnanstduenansianuhidmiunislsnuiienisfnwimituy lweygslnilulysslesuaiunism

Lnnsdilagvisdu Snvisnuiiludaudadiion waznetosdsiuaivaaenaisynasaninisiluly



wnanstduenansianuhdmiunislsnuiionisfnwimitu lweygslniluleysslosuaiunism

lnnsdilagvisdu Snvisnuiiludaudadiion waznotonsdeiuaivadenalsynasaninisiluly



wnanstduenansianuhdmiunislsnuiionisfnwimitu lweygslniluleyssloguaiunism

lunnsdilagnsdu Snvisnuiiludaudadilon waznotosdsiuaivaaenaisynasaninisiluly



wnansiiiwenasianubdmsunislynuienisnyiniiu lweygislmilulsyssleguaunisan

lnnsdilagnsdu Snvisnuiilusaudadiion waznotoedeisaivaaenalsynasaninisiluly



wnanstduenansianuhdmiunslsanuiionisfinviniu lueygslnilulsdsslosuaiunisen

lnnsdilagrsdu Snvisnuiilusaudadilen wazmetondeisaivaaenalsynasaninisilvly



& a ¥ o [y - A = 'Y ‘ ) - € -
wnanstduenansianubdmiunislsanuiionsfinwiniu lueygslnilulydsslesuaiunisen

lnnsallagnsdu dnvamuillndaudadilen waznetodisaivesenalsynasaninisiluly



wnanstduenansianuhdmiunislsnuiionisfnwimitu lweygslniluleyssloguaiunism

lunnsdilagnsdu Snvisnuiiludaudadilon waznotosdsiuaivaaenaisynasaninisiluly



wnanstduenansianuhdmiunislsnuiionisfnwimitu lweygslniluleysslosuaiunism

lnnsdilagvisdu Snvisnuiiludaudadiion waznotonsdeiuaivadenalsynasaninisiluly



wnansiiiwenasianubdmsunislynuienisnyiniiu lweygislmilulsyssleguaunisan

lnnsdilagnsdu Snvisnuiilusaudadiion waznotoedeisaivaaenalsynasaninisiluly



wnansiidwenasianubdmsunislsnuienisnyimidu lweygislmilUlydsslosununisan

lnnsdilagrsdu Snvanuiilnsaudadiien waznetondisarvadenalsynasaninisilvly



wnanstiuenansianubidmiunislsnuiionisfnwiniiu lweygslnilulsdsslosuaiunisen

lunnsdllaensdu Snviamuiilvdaudasiiiont waznetensdeduaivedenarsynasaninisiiluly



& a Yo [ - - = 'Y . ¥ N Lo -
wnanstiuenansianubidmiunslsnuiionsfnwiniu lweygalnilulydsslosuaiunisen

lunnsdllansau dnviuiilvdaudasiiiont uaznatonddiarivedenarsnnasaninisiluly



wnanstduenansianubdmiunislsanuiionisfinwiniu lueygslnilulsdssloguaiunisen

lunnsdlaensau Snvamuiilvdaudasiiiont uaznetensdeduaivedenarsynasaninisiiluly



wnanstduenansianuhdmiunislsanuiionisfnwinitu lweygslnilulayssloguaiunism

lunnsdilagnsdu Snvisnuiiludaudadiion waznotosdsiuaivaaenaisynasaninisiluly



wnansiidwenasianubidmsunslsnuienisnyiniuu lweygislmilulsdsslesuaunisan

o ~ S a ¥ Y a9V & YooY A= ¥ & da ° -
13J’3’]ﬂim1®6]1/lﬂﬁu dnnauinannlasiilon LLaSG]@\‘iE]NENﬂQLﬁ]']”U@QL@ﬂﬁ’]ﬁ/‘]ﬂﬂiﬁﬂmﬂqilﬂiﬂiﬂj



wnanstduenansianuhdmiunislsnuiionisfnwimitu lweygslniluleysslosuaiunism

lnnsdilagvisdu Snvisnuiiludaudadiion waznotonsdeiuaivadenalsynasaninisiluly



wnanstduenansianuhdmiunislsnuiionisfnwimitu lweygslniluleyssloguaiunism

lunnsdilagnsdu Snvisnuiiludaudadilon waznotosdsiuaivaaenaisynasaninisiluly



wnansiuenansianubidmiunislenuiienisfnwimitu lweygslnilulyssloguaiunism

lunnsdilaensdu Snvianuiilndaudadiion waznotosdsiuarvaaenaisynasaninistiluly



82

théimmsenanltiunaling ENTER udne Y vdasnutoosnanisuninleleems

nedd E uae Y mudeny



i
Unn 5

a .1
a'a;ﬂuaz'mim

- malfamiiwiades Logic Analyzer

1. ({lasmn Hardware 2900304 dind lEnummen savinlucdineas Logic Analyzer 39
dumasoiedaseanmimaiomtaysnndygnadinlasns bifimeld Hadware felunsam
| %3 1 ' Xa . 1!/ a (£ ‘1‘1 ' d'dm oy ! .
foyaluciuil Fohmanmdienotidyauldludeasnligenneini @unmBemies
-~ L4 ‘l " -~ x 1w Pl L
Folamia) lnsmmdiggaficnansiiensildasiuagivmadondmau channel uavarsdaluns
MImtaneInaniine Ty

eI MIEanamwan channel fuamadigegeitialdloalfieiasmasiona’

A1 CPU wat 80486DX2-80 axldwasiammfi 5.1

16 40 kHz 18 kHz
20 30 kHz 15 kHz
24 25 kHz 10 kHz

TR 51 enwdaiudsswinnmiRendwam channel uemsdigegeficnansoia el

2. MIdendwan channel :nnIMI MR wwidenld 8 channel udlinuaTouiien
6 channel Wu channel Awdpsngndrygroiumuldussnmamisilu State mode faimanngm
& @ufle FFFRFFEF waowfiosndl channel fimdedin Hi Impedance) ot Tazsary
Tan 00 Wormmleld delissmdgonadsidum wsesnamosmenln State mode ¢

aLhgneiNBnenY



84

d -
- M lgnudhwaiasiienniaunts PAL

1. 0% PAL fienanmalfasdoadutssnni il Register agmeluriniu ussdpadinla
Fifdmausunnliiu 16 Suynde dasmllsunndansiaons samoiematidife 16
Buweriniu ua i

2. mudenilemsimasmnrmnauynadled awmbilden Minterm dmowsnn &
Tunmdemstasmasdadiamummnmumamniude - dnfutoussimswliunmily
PAL marvmemBuniawinimsdarimiu weimademoienmn@luamiunad

4
- malgnudluesasasasseulsd T/cMos
1. lofmmaseuldnedoaiuledleinnmtugm  uasluifumia open collector whiu

Wavnneans imnsannatharesi Hadware @9 somn ananiamssauliadleimmanunsdon

27 L 4
TRULY



18019819849

1. The technical taff of monolithic memores INC , Designing With Programmable Array
Logic , MC Graw-Hill Book Company

2. tinifin v , miourSlleeaiaimad s08s, 80086, 80386 , L EEagedu 1in
()

3. mefinmadansia IBM PC | WivdSeetu 4rin (o)

4. Herbert Schildt , C Power User's Guide , u“?‘ﬁ'ﬂ%@ﬂqmi"u DR ([yne)

5, sosnAmTIEimn Unmasm , madeugadfimn C | medmAmmmeafined
ALIFMNTINANGERT PRIENTOAYINeNSe

6. Ross P.Nelson , Microsoft's"80386/80486 Programming Guide , ud¥niingiedu 1%
()

7. Steven Holzner & Peter Notton , Advanced Assembly Language | uﬁ"n‘ﬁﬁﬂgmﬁ

NR (HNTH)



MNANKIN 1N.

4ATHAZANLNBILAYIITNT ALY



"] r~ 00O
0 — - X -t 0t e
- o a NN

oPU
on

é«?x*z
£

|

mMmm
-ttt
000
— et
~aa

NNN
-ttt

00O’

[ adeslandand

LiW DLW
TCOO
oann
QO o

et
XCRO
[ N.§.4. %

MMM
i -y
(1314}
—
a a a
NN
-t -
Qoo
==ttt

weree
xamo
oaaa
O s
mMmm

NaaO
0.0.4.0.

LM339

MHAKE 12 PART

NI Comparator



PXE8PIFNT

Aes

12 e———

. =
u:a«nn._m_ I
AST/4N0T . AsSz/4net
pia s Z
T T
9
SSS3N
Mv_oﬂ
O S016¢L
[
AS - dney . ¥ 8
= = 4N01
]| Mv::
L L b
+ =
O!lH! 5682 ﬂw Z118e
AS+
z i1
€
hER O
I
97
Ad0€
O- ANA—s
JAAB°ET IA . . | 81
=, VY VYT Teer1ou
_ %@mzu Az
ASZ/4Nn81
H3
€ZLHT
ns nn [:]
O s
(6T-010A _ [
idege ‘1 %

hS+

04
1d
(4
€4

¥q
Sd
94
q

Thershold

34)

“

FuLsIeUND NIDLTIOU

22990

)
-~

UFIUNUITBNNIAIN

(i



280k

60pF=

s

lc Ioc‘;‘IL

RESET
8-BIPASS
C INH

18 moNo-1IN

DECODE
0SC INH OuUT

INt

5=

WRTIPUNEMTD Time base

(Tushunilsranssven)



FaT : ) (4:P]
&8 : zad
ST T8d
{ad : ) . LL:P
637 : . 793
54 . - 397
23d T S¥d  11)1
€57 797
£33 : tvd
&34 793
93d ) Tod
¢ . —ﬁ £l [ jL\— ;

FOTTIBTH & O /u_mﬂ FIIThTad
§ETTIOTR _%_,\o o O TNJ%% SRR TS A
$8TTTOTA TRl -0 _ EAZAEII LT
L8 FI5Th i 1T O ERNG7PR TTZTA 504
37 TTETh -t —-O =1l FISTR 299
3T T N 5 7 J%; TR I9d
3T T | O TISTR AV @191
€37 FIETH _/N o —O n./~_ 3 TISTI ¥9d
FITTISIN —mex\n -0 «d//JUA& IS eyd
ST LI e, O )% YTV
sydTIEIn 3| 6 O , Sy 7T Ted
i 1 T ]

\
\ .

Ny
P o Y

¢

WIHTIOTIIN

o

]
aa

ah
an)

v

adle

Shumeminne
SHUNTITBATH

(1w

Winasa

N



[2]:]
Al
C

1C9

bpiep]

NM+L6ON-

N
D
[-4-4-1-1-1-7-1.}

O~ NMTLON W

[~Y-Y-Y-Y-Y-7-T-

e 347W_1

Xbo
D4

EA®

EfA}

1

€

awem

' BYINYIVAN)

NYINDATELY
Uiy

(iu



D] o N ol

- il o ululal NENEN TN

@ = NMPIOO B NMELOON DN BOMN
CECTECTCTCCT aoammaad QOO00000L0
aacaaaaaa daaaaaao cacasadaaa

-
W
- 124 w
Y D NME WO e @ s uihn
Ogoooooooo =X 42 3]

v bl vl

BN

~ W .
w
bt .
. k tor.
o OV et oo o @ NP oM
- N vr\ —-v-rl NESINEN [ « Npte '[ L
O =MDV B—=MMTUON DwNMTWON O NMTIDON B—MMTOON D NMEIBON
CCCCCTCCC QOOAAAADAM LGLOOVOLVQ CCCCCCCE MMMDIOADA VOOOLLOO
G.adacaaa aA0a0ddad caocdada ancaaaad aadodcoad cadadaad
- -
w w
Dl W iy w
L0 D e M P DO 10z @ — WA i @M TV -
ot P2 Y-Y-1- 701 € T ap O anccnnss <<
O N
- ol
. m M NG m M
\\k\ 220000 (L .
N /
o4 I
w w
[z [
b : 5 b 5
oppR| opd \ «jo)o o) O obhRE-Nm - PN
- M NN NN - M ™ M
| { it [ [
D= NMLWLON O =NMEPVON D= NMTWON Q= MNMPLON D NMTVBON D NMELON
CCCCCCCC OAMOADTTTAD CROVOOVOO CCCECCCECT DODAAODA OOOLOOVOO
an.aaaa6d oaaaddcadc daacadooa c.adoaaaa aagaacac asgagdad
- -
W w
o] w — D w .
U D NMTDOn~ 026 —~iud U QuNMeLON e iy
3gaooooooo <c<Tx ggnoooococ «cCx
MNPl v ko ro -~ wpo o
MmN N m M| nrn.. N m ™
P LLLLL
k a4 Z LLLL
——
w
[
-
[ Ly
NN Y
+ ok fadom
- - % s schqaiadx

AT 8256 1/0

(ushunitiaesrsvdn)



Ict

X[O/R

XRESET

X[0/N

1 13
12
JC4/4 I

L -ty

- a

¥ 18

)

- - ™~
~ T ~ ~

w o M ¥ 34
o o o
— — "

+
10;§i
N {

I

6
—
I
3
Z
T
T

SU-DIP12
—
— e
—

N T
N\
N
N
N\
4,
(

oo
vTRODRN®
NHovoome

~rerereee

SNM 00N
ooLoLLLO

St et 0t Gt 0t 2t g

N

O—=NMTLOIN
acaccaocaacqca

o

o

~ Loto -8

1

[C4/1
f——\
L/
__N\

Lol
0

o
-
']

~N
n o
[

O~“NMITVON O—NMTL O
aaonc00n COCOOAOS o

m
i
-

OANMYLOVD @Mt IsON

fnooancAG COCSOTGO ko

e

o] Mo afefolo| -
194 ot I _

cttelopolamiapel mish b ivielofn|

- -

L

IC8/s2

I¢c?s2

Ao

1C6/4

7 Interface card



wnansiidwenasianubdmsunislynuienisnyimiu lweygislmilUlsdsslosununisen

lnnsdilagrsdu Snvisnuiilusaudadilen waznetondisarvadenalsynasaninisilvly



wnansiiduenasianubdmsunslvnuienisnyiniiu lweygslmilulsyssleguaunisan

lunsdilagnsdu Snvianuiilvdaudadiion waznotoddiaatveaenarsynasaninisiluly



wnansiidwenasianubdmsunislynuienisnyiniiu lweygislmilulsdsslesuaunisan

lnnsdilagnsdu Snvianuiilusaudadiion waznotoedsdisaivadenalsynasaninistiluly



wnansiiduenansianubidmsunslvnuienisinwiniiu lweygslmilulsdsslesuaunisan

lunsdilansdu Snvavnuiiludaudadiion waznotoeddaaivaaenaisynasaninisiluly



wnansiiduenansianubidmsunslvanuienisinyiniiu lweygnlmilulsyssleguaunisan

o ~ S a Y a9 & YooY o= ¥ & da ° -
bLll’?!’]ﬂiihﬂfﬂ6]‘!/]\‘16‘“4 dnnaullnanulasiilon LLaSG]EN@’NENﬂ\‘]Lﬁ]’]‘UENL@ﬂﬁqiﬂﬂﬂiﬂﬂmﬂqiuﬂﬂiﬂ



wnansiiiwenasianubdmsunislynuienisnyiniiu lweygislmilulsyssleguaunisan

lnnsdilagnsdu Snvisnuiilusaudadiion waznotoedeisaivaaenalsynasaninisiluly



wnansiiduenansianubidmsunslvanuienisinyiniiu lweygnlmilulsyssleguaunisan

o ~ S a Y a9 & YooY o= ¥ & da ° -
bLll’?!’]ﬂiihﬂfﬂ6]‘!/]\‘16‘“4 dnnaullnanulasiilon LLaSG]EN@’NENﬂ\‘]Lﬁ]’]‘UENL@ﬂﬁqiﬂﬂﬂiﬂﬂmﬂqiuﬂﬂiﬂ



wnansiiiwenasianubdmsunislynuienisnyiniiu lweygislmilulsyssleguaunisan

lnnsdilagnsdu Snvisnuiilusaudadiion waznotoedeisaivaaenalsynasaninisiluly



wnansiiduenansianubidmsunslvnuienisinwiniiu weygslmilulsyssleguaunisan

lnsdilagnsdu Snvavnuiiludaudadiion waznotoededsaivaaenaisynasaninisiluly



MANWIN 9,

Data Sheet



LM723/LM723C voltage regulator

general description

The LM723/LLM723C is a voltage regulator design-
ed primarily for- series requlator appiications. By
itself, it will supply output currents up to 150 mA;
but external transistors can be added to provide
any desired load current. The circuit features ex-
tremely .low standby current drain, and provision
is made for either linear or foldback current limit-
ing. Important characzeristics are:

o 150 mA outout current without external pass
transistor

a Qutput cuerents in excess of 10A possible by
adding external transistors

®  Input vo.iége 40V max

s Qutpul voltage adjustabie from 2V to 37V

® Can be used as either a linear or a switchix
regulator,

The LM723/LM723C is also useful in a wide ra-¢

of other aoplications such as a shunt reguisior ,
current regulator or a temperature controller,

The LM723C is identical to the LM723 excex
that the LM723C has its performance guaraniee:
over 2 0°C to 70°C temperature range, instead ot
~55°C 0 +128°C.

schematic and connection diagrams*
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absolute maximum ratings

Aune Vollage from V° 10 V7 (50 ms) sov
Corinuous Voitage from V™ 1o V© R WOV
1ngut Gulput Voitage Oitferential 40V
armum Amolitier Imput Voitage {Either Input) 1.8v
doaumum Amphilier Input Voltage (Diflerenual) sV
Corent from Vp 5 mA
Cotrent fr0m Vaugy 1SmA
taternat Power Oumpacion Metal Can iNote 1) 8500 mW
Cavity DiP {Notwe 1) 900 mwW
Moided DIP {Note 1} 560 mW
Oper2ung Temperature Range LM723 -55°Cto #125°C .
LM723¢ 0°Cto+70°C
Siovage Temperature Range Metal Can -65°C 10 +150°C
oip -53°Cta #125°C
Leva Temperature {Soidering, 10 sec) ~ 300°C
electrical characteristics (Note 2)
M723 LM723¢C
PARAMETER CONDITIONS = UNITS
MIN | T TYP MAX MIN TY?P MAX
Line Regulation < | Vin®12Vi0 v,y 1SV . 01 a.1 01 0.1 % Vour
-55°C< Ta < -125°C 03 % Vour
0°'C<Tag - 20°C a3 % Vour
Vi ® 12V 10 V), * 4OV .02 02 ot as % Vour
Loac Reguiation ILaimAtal *SOmA .03 |, 018 .63 0.2 % Vour
-55'C<Ta < 128°C Y XV our
0'c<T, < v l0°C 06 Y ot
fusote Repection {50 HZ o 10%HZ, Cagp # 0 74 74 P
t= 50 H2 10 10kHZ Cagp * Suf 8 8 a8
Average Temonrature -55°C< T, g 128 002 .01§ %/ C
Couthcientof Outout Voiags | goc 7, < o70°C . o3| o5 wc
Short Creuit Cucrent Limit Rge = 10{L Vour 0 [+ 1} mA
-~
-
Aeterence Voltage N 695 | 215 1.35 680 | 7.15 1.50 \'
Ouctout Noise Voltage 8W = 100 Hz to 1G kML, Cagp = 0 20 20 2Vems
BW = 100 H2 to 10 kH2, Cqep = SuF 28 25 HVrms
Long Term Stability ot Q.1 %/1000 hrs
Siar 2y Curtent Ormn Iy =0 V.4 30V R 1.3 1S t3 4.0 mA
Input Voitage Range 9.5 40 9.5 40 v
Outbur Voitage Range . 20 7 2.0 37 v
Inout-Output Voltage Ditferential a0 8 kX 38 v
————

Note 1: See derating curves for maximum power rating agave 25°C,

Now 2: Uniess otherwise specified, Ty = 25°C, vy = vt . Ve = 12v, V™ = 0, Vourt = SV,
I » 1 ma, Rgg = 0. Cy = 100 pF, CREr = O nd cimder impedance as seen by error amplitier
S 10 w{2 connected as shown in Figure 1. Line and load reguistion specihcanons are given for the
fendition of constant chip temperature. Temperature dnfts must be Ghen INto sccount separately
Yor high gisnpstion conditions,

Vete 3: Ly s 40 turms of No. 20 enameted copper wre wound on Ferroxcube PIE/22-387 pot core
& tquivalent weth 0.009 in, ar gap.

New 4: Figures in perentheses may be used f R1/A2 dinder 1s glaced on 0ppOsite input of error amp.
Nete 5: Repiece R1/R2 in figures mth divider shown in Figure 13,

Vote §: v munst be connected 10 8 +3V or greater supply.

Note 7: For metal can aoghications where VZ is caquired, an external 6.2 volt zener diode 1hou:!d be
9nnected in saries wath VOUT.



maximum power ratings

Lm723

Power Dissipation vs
Ambient Temperature

LM723C
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Ambient Temperature
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Your =i ¥ =

rA8LE ) RESISTOR VALUES k%) FOA STANDARD QUTPUT VOLTAGE
POSITIVE APPLICABLE o“u::gT ADﬂx;LE NEGATIVE APPLICABLE O:.:T:UDT Asotll?:frl'::i
ouf®e { VOLTAGE F.IGIJRES 5% 210% (Note 5) QUTPUT VOLTAGE FIGURES - 10
{Now &) R1 a Rl ”n R2 At R2 L1 ”n A2
- ae 1569, {412 01|18 | as| 12 100 ? 1s7fwr a2 fi0 | o
=16 . IsT | 165{ 1§ 11 1§ +250 ? .57 | 255 22 |10 240
-50 .15 499 281 98 22 -8 {Naote 61 300 187 243112 05 .15
60 s | & o] oS Qs 7 -9 - 3110 Jag 536( 1.2 a5 20
60 .87 118 s el 22 -12 110 .57 8a5( 1.2 as 33
-12 487 218t 20 10 Ja -15 . 168 ns 12 2.5 43
-1% 187 T15) 23 191 Jo -28 310 A57 | 243 12 0.5 10
.
3 210 ALY ] X} 2.0 43 3 157 ] 412 |22 |10 1n
-45 7 157 1487 22 |10 13 -100 8 157 | 976 22 |0 9
.78 H 357 (78 [ 22 {0 53 -250 a 357 { 249 22 [0 0
TABLE i FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES
Ouiputs rom <210 +7 vols Outputs iram ~4 10 +250 voirs Cusrent Lumining
£y 4 H ?
-Fguies 1,8.6,9, 12, (a1 {Figure 7} Hry # Veense
. R2 Veee  A2.R1 Age
Vour * tVags ¥ Are Al .sz x 1.R3= R4

Quiouts from~7 to +37 voity

Outouts tram —§ 1o -250 voits

Foldback Current Limeting

IFigures 2, 4,13.8.9, 1) {Fose 3.3, 10] , [ Your A3 Vsrwgg (A3~ ﬂtl)
) AT+ A2 Vags . A1-R2 T Ry Ra Ryc Ae
Vour® iVags 3~ Veur "1 =3~ X —37—1.R3+ Re
(Vsense A3+ R4
lsmomrcer ! TRy T A !
typical applications-
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typical applications{con’t.)

-
»
IR, r——- -—
Pars e
-’ fpoid a
-—reR
al «
- e -
i. TTJ = 1
o - :
5 7 1._ TYRCAL PERFORMANCE
TYMCAL MERSDAMARCE Arpiewd Ovtomt Yarwge v
Ropriwid Griser Vel wge “v Une Ropuizmas L1V, * 1V} ey
Line Ragdarmas (5Y,,, * IV 2y Lol Ropivnes {24, = 10 md) tmy
N Lont Roywissme L34, + 1A} Sav Buert Coronat Carvouy h Yy
FIGURE 5, Positive Voltage Regquiator FIGURE &, Foldback Current Limiting
{External PNP Pass Transistor)
‘ Y -
oY -
AN I T 1.
- S S—e S|
P "
e L T " ~—
ety YRR T ) - M = N
- .
. :ﬁ ‘ s
. T3 o 'J = = - f: . I = 'Lﬂ..
{ wemins 1 -
P ——
* TYRCAL MERFOAMANCE TYRICAL PEAFORMANCE
fopinnd Gutout Vorup -y Ropdrnd Oucont Yoluge -1oa¥
Lrne Avguivans LAV, » 7TV) S uy Lime Ropuisoes LY, = 25V) Ny
Lot Aopivane (23, + 50 ma} Mav Lot Ropiomue L1t + 108 mA) May

FIGURE 7. Positive Floating Ragqulator

FIGURE 8. Negative Floating Requlator

-~
” "
- . . .
o — B
%e -~ M L e
_] =t =~ o5
. - 2 - —
- I af—td i _—
af O pum
L | L. ] S
L 7 I o T
i
I - 3 * s
- - TYRCAL PERFORMANCE TYRCAL PERFOAMANCE
Aoguivnsd Ovtywt fowitet Ovom Ydaw -15¥
Ling Aryuivase (Vpy = V) s Lot Arpelenae 2V e * 20V1 tav
Lomt Aryuivase Lily = 1A} say Load Arguivase (2« 28) Smy
FIGURE 9. Positive Switching Regutator FIGURE 10. Negative S hing Requi

'I_L > w—ame
=l
mj

<
TYAICAL MAFORMANCT

Aom- Cormer et rrerm et owry e Aepisnd Ovtrut Yo
el ot Gy W Pner 1 Gprraat Lme fopmawe (37, « IVF [§]
Sevtneg & @t wved Cmt Roguions (Y, * 68 @) 13
FIGURE 11. Shuyto Regui wth

- ¥

Current Limiting

-
E-
-
wtmone
—t—
i -
w
»
- - Ao n
e -
rm @
n
ab— ?
- .
~
-

=

TYPICAR PEAPORMANCE

-“v e L “v
-y, Lo Avpastors (o ¥y + 16V) ey
v Lomd Ropmaetion dy » 10 mA) 1§ m¥

FIGURE 12, Shunt Reguistor FIGURE 13. Output Voit®

Adjurt {See Note 5}



MOTOROLA LM139’ A
S EM'COND UCTOR T e — LM239’ A LM2901.
TECHNICAL DATA LM339, A MC3302
QUAD SINGLE SUPPLY COMPARATORS
These comparators are designed for use in level detection, low-
levet sensing and memory applications in Consumer Automotive QUAD COMPARATORS
and Industrial electronic applications.
@ Single or Split Supply Operation SILICON MONOUITHIC
® Low Inpyt Bias Current — 25 nA {Typ} INTEGRATED CIRCUIT
® Low Input Offset Currant — =5.0 nA {Typ)
® Low Input Offset Voitage — =1.0 mV-(Typ LM139A Series)
® input Common-Mode Voltage Range to Gnd
® Low Output Saturation Voltage — 130 mV (Typ) @ 4.0 mA
® TTL and CMOS Compatble N. P SUFFAX
. PLASTIC PACKAGE
MAXIMUM RATINGS CASE 848
Rating | symbot | value Unit
Power Suppiy Voltage  LM139, ALM239, A/ Vece =-360r =18 vde
LM339A71M2501 J, L SUFF
MC3302 ! -3or =15 CERAMIC PACILALE
Input Ditferential Voitage Range VioR Vde CASE 622
LM139, A7LM239, A LM339, A LM2901 36
MC3302 30 0 SUFFIX
Input Common Mode Voitage Range i VicR -0.3t0 Vee Vdc @ PLASUT'SC_P?:"ZAGE
Output Short-Circuit to Gnd (Note 1) | se Continuous o {SS-M)
Inout Currant (V;, < 0.3 Vde} {Note 2) I kn 50 mA
Power Dissipation @ Ty = 25°C Pp
Ceramic Package 1.0 Wans
Oerate above 25°C 8.0 mwrC PIN CONNECTIONS
Plastic Package 1.0 Watts \/ [_ o
Derate above 25'C 8.0 ! mWieC °“';“' E ] ‘":‘"
Junetion Temperature T I oc Outpn —
Ceramic & Metal Package 175 “: ) E - T )
Plastic Package 150 —
v o H
Operating Ambient Temperature Range Ta ‘c el '—2’1‘“
LM139, A -55t0 +125 input ) Ingut
LM239, A -25t0 +85 v & 1L S
MC3302 ~d401t0 »8S nout — toour
LM2501 ~40t0 - 105 - B TR e
LM339, A 0to +70 gt E 3 thout
Storage Temperature Range Tst -65t0 +150| °C - 3
1noul r-1— ™ (LY "y
2. [ ad B
FIGURE 1 — CIRCUIT SCHEMATIC (Duagram shown s tor 1 comgarator) {Taz View)
Q Q Q
Veel T’ Inout . "‘W‘l {Outaut ORDERING INFORMATION
,—L - Temperature
; [ f ! [ Oevice Range Packsge
, L. J 4 P M1, AJ -55'Cto - 125°C Cerarme OIP
J £ — 13 LMZ2390, AD SO-1¢
B f 5 i . LM233J, AJ -25Co -85°C | Ceramc CIP
' F[ | i x | x ! LM2I9N, AN Pasue OIP
P ; i LM3290, AD so-14
; I L 3 i -"'*{-._: =t LMI33U, AJ @Cw -70C Ceramic O1P
i = i ] —— LM339N, AN Plastic Q1P
S Paad LM29010 ] SO-14
¢ : d * . . LMZ90IN 4C o -108°C Plastic OIP
MCI302L N Cerarmic OIP
L 3 Gea MCI302¢ i0Cto -85°C | e OWP

MOTOROLA LINEARINTERFACE DEVICES
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Q LM139,A, LM239,A, LM339,A, LM2901, MC3302

FIGURE 2 — INVERTING COMPARATORWITH HYSTERESIS
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FIGURE 3 — NON-INVERTING COMPARATOR WITH
HYSTERESIS
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TYPICAL CHARACTERISTICS
{Vee = *15 Vde, Ta = +259C leach camparator} unless otherwise noted.)

FIGURE 4 — NORMALIZED INPUT OFFSET VOLTAGE
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LM133,A, LM233,A, LM339,A, LM2901, MC3302

FIGURE 8 — SQUAREWAVE OSCILLATOR
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FIGURE 7 — DRIVING LOGIC
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APPLICATIONS INFORMATION

also recommended.

It is good design practice to ground ail unused input
pins.

Ditferential input voltages may be larger than supply
voltages without damaging the comparator's inputs.
Voltages more negative than —300 mV shouid not be

These quad comparators featurs high gain, wide
bandwidth characteristics. This gives the device oscil-
lation tendencies if the outputs are capacitively coupled
to the inputs via stray capacitance. This oscillation man-
ifests itself during output transistions (VoL to Vog). To
alleviate this situation input resistors < 10 ki) should

be used. The addition of pasitive feedback {<10mV) is used.
FIGURE 8 — ZERO CROSSING DETECTOR FIGURE 10 ~ IERO CROSSING DETECTOR
{Single Supply) {Split Supplies)
cisy ViNmen 204 V pesa tor 1% phese drstortion (amt.
Vin ViNmn
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~ - 4 e
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L
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MOTOROLA
,SEMICONDUCTOR
TECHNICAL DATA

EIGHT-8IT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTER

. designed for use where the outout current is a linear product

of an eight-bit digital word and an analog input voltage.
¢+ Eight-8it Accuracy Available in Both Temperature Ranges
Relative Accuracy: =0.19% Error maximum
{MC1408L8, MC1408P8, MC1508L.8)
» Seven and Six-8it Accuracy Available with MC1408 Designated
by 7 or 6 Suffix after Package Suffix
Fast Settling Time — 300 ns typical
Noninverting Digital Inputs are MTTL and
CMOS Compatible
Output Voitage Swing ~ 0.4 V1o -5.0 v
High-Soeed Multiplying Input
Slew Rats 4.0 mA/us
Standard Supply Voltages: +5.0V and

-50Vio-18V

MC1408
MC1508

CONVERTER

EIGHT-BIT MULTIFLYING
DIGITAL-TO-ANALOG

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFRIX
PLASTIC PACKAGE
CASE 648

g L SUFAX
ooy ,\‘ CERAMIC PACKAGE
! !n ,W\' CASE 620

. rE

T oteman

1 DUTSUY Cumaga,

FIGURE 1 - D-to-A TRANSFER CHARACTERISTICS

FIGURE 2 - BLOCK DIAGRAM
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TYPICAL APPLICATIONS

Tracking A-to-O Converters

Successive Approxwmation A-to-0 Corvarters
2 1/2 Digit Panet Memn ang OVM's
Waveform Synthens

Sample and Hold

Pask Detector

Programmatie Gan ang Attenuation

CART Character Generanon

Audic Oigitizing and Decoding
Progremmable Power Suopliss
Ansiog-Oigial Multiolication

Oigi @i-Oigrcal Multiplication
Anslog-Oigetat Civision

Oigicdl Addition and Subtraction
Soeech Compression and Excansion
Steooing Motor Orive

MOTCROLA LINEAR'INTERFACE DEVICES




MC1408, MC15C8

MAXIMUM RATINGS (T4 = +25%C unless otherwise noted.]

Rating Symbot Vaiue Unit

Power Supoly Voltage Vee +5.5 Vdae
Vgg ~16.5

Digital inpus Voltage Vg thry Vyg 0to +5.5 Vdc
Aoplied Output Voltage Vo +0.5,-5.2 Ve
Raferance Current 14 5.00 mA
Refsrence Amplifier Inpurts ViaVis Yee.Vee Vac
Operanng Temoerarure Range Ta oc

MC1508 ~55 to +125

MC1408 Series Oto+75
Storage Temperature Range Tirg -5 ta +150 °c

Vref

ELECTRICAL CHARACTERISTICS (Vee = +5.0 Ve, Vgg = -15 Vde, iz " 2-0mA, MC1508L8: Ty = -559C 10 +125%,
MC 14C3L Sertes: T4 = 0 to »75%C uniess ohverwise noted. Al digitad inputs at high logic level.}

Charscterstc Figura Symbol Min Typ Max Una
Ralative Accuracy (Error retative o full scale g} 4 E, [
MC1508L8, MC1408L8, MC1408P8 - - 1019
'\MC1408P7, MC1408L7, See Note 1 - - +0.39
MC 1408P6, MC1408L5, See Note 1 - - 20.78
Settting Timme 1o withm :1:2 LSBlincludes oy j{T 52+ 25°CISee Nate 2 5 5 - 300 -
Prooagation Delay Time S PLHPHL - 30 100
Ta = +259C
Ouout Fult Scaie Current Orift TClo - -20 - L I
Digitat tnout Logse Levels IMSB) 3 V&
High Level, Logic “1° Vin 2.0 - -
Low Level, Logic "0 Vie - - 0.8
Digrwal Input Current IMSB) 3 mA
High Level, V4 = 5.0V Tim - 1} 0.04
Low Level, V)08V T8 - 0.4 08
Ratecerce tnout Bias Current {Pin 15) 3 s - -1.0 -5.0 »h
Qutdut Current Range 3 loR mA
Veg=-5.0V o 20 2.
VEE * ~15 V, Ty = 25°C 0 2.0 2
Ouut Current 3 o mi
Viet = 2000 V. R14 = 1000 N 1.9 1.99 2.1
Quut Current 3 1O(min) - 0 4.0 A
{All bits low}
Ouut Voltage Comotiance [E, < 0.19% at T4 « +259C) 3 Vo Vee
Pin 1 grounded - - -0.55, «0.4
Pin 1 coen, VEE below =10 V - - -5.0, +0.4
Reference Current Slaw Rate 6 SR I g¢ - 4.0 - mAlp
Guiout Current Power Supoty Sensitvity PSRRI~} - 0.5 2.7 wAY |
—
Power Supply Current 3 Icc - -13.5 -22 e
(251 bity low) ieg - -7.5 -13
Pawer Suoply Volrage Range 3 Veer -4 5 -5.0 +5.5 Ve
(T4 = -259%) VEER -5 -1§ -16.5
Power Cusioation 3 Pp o
Ail Bats low
Veg = -5.0 Voe - 105 170
Veg ® -15 Vae - 130 305
All bits high
VEE = -5.0 V& - 90 «f -
YEEg = 15 Vae - 160 -
Note 1. All current swetcnes are tested (o quarantee at Jeast 50% of rated outDUT Current.
MNote 2. Al bits smatchea
e
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MC1408, MC1508

TEST CIRCUITS
FIGURE 3 ~ NQTATION DEFINITIONS TEST CIRCUIT
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MC1408, MC1508

TEST CIRCUITS {continued)

FIGURE § ~ REFERENCE CURRENT SLEW
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MC1408, MC1508

FIGURE 9 -~ MC1408, MC1508 SERIES EQUIVALENT
CIACUIT SCHEMATIC
DIGITAL INPUTS

us8 Ls8
s0A1 60A2 7(TA3 8QAs 9045 10046 11047 12048 Acr
: 17 1 ka.s " sk " 8« iﬁ 1% -
- Lo Lol Lol
i
N N
! 1
i wa bed
e i
ek e
CURRAENT
- . SWITCHES

800 800 800- R-2A
LADOER
400 . 400° 400. 400 400 400
et e cmm et RtelItA e e - U
1 o fmnere - e s e o mae - o meeem . s e e -
cco R‘
REFERENCE - v l)’
CURRENT . 25 - R
14 AMPLIFIER . 2S¢ - . ;
ol A oH Y
Y wh T2
r ¥
x ¥ v
9
by . 81as
CIACUIT
FIS 3 4 ¥ f3
180 130 l: Jn Jz
COMPENSATION Vg1, Veg OUTPUT GNO
RANGE
CONTROL

CIRCULT DESCRIPTION

R .;"' MC1408 conssrs of » referenca current emolifier, an
*" 3der, and eight high-rpeed current swilcnes. For many
:‘lﬂ'oﬂt. only » referenca rasator and referance voltage need
a.
I.'::::mchn 3w nominverting in operation, therslore a hign
. ® 1CUt Rurns on the wecified ourdut current comoonent.
™ wnich uses curtent steening for high eed, and a terminadion
:‘:':' comining. of an sctive lasd gain stage with unity gin
By "‘- The termination amolitier holds the paresitic caoacitance
$30er 3t & comstant voltage during switchiog, and provices

4 low impedance termination of equal voitage for all legs of
e ladder.

The A-2R lacder divides the rafsrence amplifier current into
Yinarilyrelated components, which are fed 10 the switches. Note
Nat there is Aways 2 remainder current whech is equsl to e
least significant it This current is shuntad (o ground, and e
maximum oumut current is 255/256 of e reference ampifier
current, or 1.992 mA lor 2 2.0 mA reference amplifier current
if the NPN current source pair 1s pertectty marched.

MOTOROLA LINEAR/INTERFACE DEVICES



MC1408, MC1508

GENERAL INFORMATION

Reterence Amplitier Deive and Compensation

The reference amplifier pravides a voltage at pin 14 for cone
verting the referance voltage to & current, and a wrn-around circuit
or current mirror for feading the ladder. The refersnce smotifier
inout current, 114, must always Hlow into pin 14 regardless of e
tup method or relerence vol tage polarity.

Connections for apositive reference voltage are shown in Figure
7. The raference voitage source supplies the full current 114, For
bipolar reference signaly, as in the muitiplying mode, R1S can be
tied to a negative voltage corresponding ta the minimum input
level. It is possible to eliminate R1S with only’s small sacrifice
in accuracy and temperature drift. Another method for bipotar
inputs is shown in Figure 2S.

The compensation cacacitor value must be increasad width in-
creases in R14 to maintain proper phass margin; for R14 values
of 1.0, 2.5 and 5.0 kilohms, minimum capacitor values are 15,
37, and 75 pF. The cacacitor should be tied to VeE a8 this in-
creases negative suoply rejection, .

A negative referance voltage may be used if R14 is grounded
and the reference voltaze is soplied 1o R15 as shown in Fiqure B,
A high input impedance is the main scvantage of thiv mezhod.
Comgensation invoives a caoacitor to Vgg on pin 16, using e
values of the previous parsgraoh. The negative reference volage
must be at least J.0-volts above the Veg woaoty. Bipoter inout
1ignals may be handied by connecting R 14 (o a positive reference
valtage equal to the peak positive input level at pin 15.

¥hen a dc ralerence voltage is used, cacacitive bypass to ground
is recommenced. The $.0-V logic suoply is not recommended as
3 relerence voltage. |f a well requiated 5.0-V suopty which Crives
logic 13 to be used as the reference, A14 should be cecoupled by
connecting it to =5.0 V Hirough another resistor and bypassing
the junction of the two resistors wath Q.1 uF 1o cround. For
referance voltages grester than 5.0 V, a clamo diode is recommen-
ded berween pin 14 and ground.

It pin 14 is driven by a high impedance such as 3 transistor
Current source, none of the above comoensation methods aooly
and the amplifier must be heavily compensamd, decreaung the
overall bandwndth.

Qutput Volitage Rangs

The volug- on pin 4 is restricted (0 a range of -0.55 o +0.4
volts at +*25°C, due to the current switching Y
in the MC1408. When a current swatch is turned “ott”, tve posi~
tive voltage on the ouDut trminak can wrn “on” the cumut
diode and increase the outDUt current levei. When a current switch
is turned “on”, the negtive outut voltage range is restncted,
The base of the wrmination circuit Darlington transistor is one
diode voitage below ground when pin 1 is grounded, 50 » negative
voltage below the soecilied safe level will crive the low current
devics of the Darfington into taturation, decrsming the outout
current level.

The negative outbut voltage compliance of the MC1408 mey
be 2xwnded to -5.0 V voirs by opening the circuit at pin 1. The
neganve supply voitage must be more negatve than =10 voits
Using a fuil scate current of 1.992 mA and load resistor of 2.9
kilohms between pin 4 and ground will ywid a volage outout
of 256 levets becwwen O and —4.980 voits. Fioating pin 1 does
not affect the converter soesd or povwer dimtioetion, However, the
value of the load retistor determines the twitching tume due to
increased voltage swing. Values of Ry, up 1@ SO0 ohms do not sig-
nificantly affect performsnce, but a 2.5kilohm losd incresses
“worstcass” settling time to 1.2 us (when #il bits are switched on).

Refer 10 the subsequent taxt section on Sertting Time 1o ~.

details on Quut loading. *
If a power supply value between -5.0 V and ~10vi

a voitage of detween 0 and -5.0 V may be 2pplied to Dinl 1,

vatue of this voitage will be the maximum sifowabie n.‘,.,_.:

put swing.

Output Current Range

The outout current maximum rating of 4.2 ma m,, b e
only for negative supply voitages typicatly ma:e Negline au
-8.0 voits, due to the increasec voltage drop across the 219
resistors in the reference currant ampiifier,

Accurscy

Absotute scturacy is the memure of ssch outout CUL AT lowgr
with resDect to its intended value, and is deoendent unon -
accurecy and full scale curment critt.  Relative acsurscy » ae
measure of ssch cutout current fovel as a fraction of me ko xas
current. The refative sccurscy of the MC1403 i etentan,
constant wnth temperature Cus tu the exceilent MO eratwe bwe
ing of the monalithic ressior ladder. The relerence currmt ma
drift weth tempersture, causing a change in the ateolute scowe,
of output current. However, the MC1408 has & very low he
scale current dnft with temoerature,

The MC1408/MC1508 Serias is guaranteed accurste 1o mm
in £1/2 LSB at +25°C at a full scale output current of 1 997 aa
This corresd>oncs to a relerence amolitier CUDUL CUITEAT e 1a
the ladder network of 2.0 mA, with the lots of one LS3 « 3.0,a
which is the ladder remander thunted 10 ground. The inout carres
to pin 14 hes 2 R value of b 1.9 10 21 ma
alowing some mismawch in the NPN current source Pat, The
accuracy test circuit is shown in Figure 4. The 12-bet comveten
is calibrated for a tuil scale ouut current of 1.992 mA. Ta e
n ootional step since the MC1408 scturacy is essennsey pe
ame between 1.5 and 2.5 mA, Then the MCT4CE cirawn’ hit
Kale current is trimmed 1o Me 1ame vaiue with R 14 50 that 2 rvs
value 200¢8rs 2t e error amotifier cutdut. The counter is achvere
ind the error band may be diolayed on sn oscillorcooe, orikmé
by conmoarators, or stored in a pesk deteetor.

Two 8-bit D-to-A converters may not be used to contoct »
16-bit accurata D-10-A converter. 16-bit sccuracy imols a s
error of £1/2 of one part in 65, 538, or +0.00076%, which o meh
more scaulis than the 20.19% pecification prowvded be re
MC1408x8.

Mulitiolying Aecursey

The MC1408 may be usad in the muitiplying mode ms
eight-bit sccuracy whan the reference current is varied over (9~
of 256:1. The maor sourca of error is e bise current of W
termination smplifier. Under “worst cee’” cOncisigns, e e
amplifiers can contribute & total of 1.8 uA extra current m I’
output terminal. i the reference current in the multiyies me®
ranges from 16 pA t0 4.0 mA, the 1.6 uA contribuws s wre
ot 0.1 LSB. This is wall within exght-bit accuracy refervnced 2
40maA,

A monotanic converter iy one which supglies an incrvew »
current for esch incrament in the dinsry word. Typicsty. P
MC1408 x monotonic for oif values of reference currem #o=
0.SmA. Therecommended range for operation with a dc referre®
current is 0.5 t0 4.0 mA.

MOTOROLA LINEAR/INTERFACE DEVICES
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GENERAL INFORMATION (Conrimed)

satthng Time

The “wOrst case™ swarching condition ocours when ail bits are The test circuit of Figure S requires & smailer voltage swing for
weiched 'ON", which corresponds to 3 low-10-hugh transition tor. the current swiiches cue 0 nisernal voliage clamping in the AIC.
# tits. This ume is cypicaity 300 ns for setding to wethin 2 1/2 1408. A 1.0-kilohm lcad resistor from pin 4 to ground gives
156, for 8-bit accuracy, and 200 ns to 1/2 LS8 for 7 and 6-bit 3 typrcdl settling time of 400 ns. Thus, it is voltage swing and not
noutacy.  The turn oft is typically under 100 n1. Thesa times the output RC time constant that determines settling tine for
oty wnen Ry <500 ohms ang Cg < 25 pF. most applications.

The siowest single swatch iy thae least significant bit, which turns Extra care Musi De tauen in doard layout since this 1s usually
on” and settles in 250 ns and turns “oft” in 80 n1. In woplica the dominant factor in satisfactory test results when measuring
ey where the O-t0-A converter funchions in » DOsitrve-going sttding ume.  Short leads. 100 kF supply byvpassing [or tow fre-
i mode. the "worst casa™ switching condirion does not occur, quencies, and mmimum scooe tead lengtn are 3l mandatory.,

¢ b setthing nme of less than 300 ns may be redlized. 3it A7
weas o0 " in 200 ns and “oft” in BO ny, white et AB turng “on™
. 150 ns and “oft*" in 80 ns.

TYPICAL CHARACTERISTICS
Ve = 5.0 V. Vgg » -1S V, T4 » +259C untess sthecwise noted.)

FIGURE 11 ~ TRANSFER CHARACTERISTIC versus TEMPERATURE

H'CURE 10 - LOGIC INPUT CURRENT vermus INPUT VOLTAGE {AS thru AB thresholds lis within range tor A1 thry A4}
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TYPICAL CHARACTERISTICS (continuea)
IVCC * 5.0 V. Veg # -15 V, Ta » +259C uniess otherwise noted.)

FIGURE 14 -~ REFERENCE INPUT FREQUENCY RESPONSE
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APPLICATIONS INFORMATION
FIGURE 17 = QUTPUT CURRENT TO VOLTAGE CONVERSION
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APPLICATIONS INFORMATION (continued)

Voltage outputs of 8 lsrger magnitude we obtsinsble with tis
crewit which uses an external operational smplifier as s current
i voitage cOnverter. This configuration sutomatcally keeps the
wiout of the MC1408 at ground potentisl and tMe operstional
puhlrer CaN GENArSLE 8 POSitive volitage limited only by its positive
wogly voitage. Frequency response snd settling time sre orimaniy
et rined Dy the characeristics of the operationat ampiifier, In
Li3iion, the operational smplifier must be d for umty
g0 2, o0 in SOME CIsET Over ion may be

Natr that this configuration results in 2 positive ou tput voltage
iy 1he magnitude of which is dependent on the digital inout

The ‘ollowing circuit shows how the MLM301AG can be umd

w lerztforaard mode resuiting in a full scale settling time on
s 2w 0f 20us,

FIGURE 18

e om 4
£ ¥C1503L8)

A= vierrative method is to use the MC1529G aad input com-
wn01. Response of this circust is 3is0 on the order of 2.0us
‘"~13¢0la Applicanon Ngte AN-489 for more detais on thes

e

FIGURE 19

CIBVE s

The positive volitage range may be extended by cascading the
output with & high deta common bass transistor, Q1, 83 shown,

/ FIGURE 20 — EXTENOING POSITIVE
VOLTAGE RANGE

tAwsistor ana
@oge conona
we texn)

The output voltage renge for this cwrcuit is O voits to 3Ycgg
of tha transistor. I an 1 is left Ocen, the transistor bewm may be
grounded, elimnating both e resistor and the diode. Variatiom
in bets must be conudered for wide empersture range Joplica-
tions. An mverted cutput waveform may be obtamned by using 8
load resistor from a positive reference woitage to the collector of
the ransistor. Aho, high-speed Operauon is posubie with a large
QuIput voitsge swing, bacause pin 4 is held at a constant voitage.
The rmiscor {R) to VEE meintsing the ranustor emitter voltage
when i bits are “off” and insures fast turn-on of the lesst
significant bit,

C. d Cutput A ifier and Voitage Reference

For many of its apolications the MC1408 requires » reference
voltage and an coerational amolifier. Normally the cperanonst
amgplifier is used 35 2 current to voltage converter and i ourdut
need only Q0 positive: With the pogular MC1723G vol tage regula—
tor both of these functions are provided in & single package with
the added tonus of up to 150 mA of output current. See Figure
21. The MC1723G uses Both ¢ pasitive and negative power wpaly.
The referenca voltage of the MC1723G is then developed with
re0ect (0 he Negtive voltage and sopesrs as & common-mode
ngnal to the reference amplifier in the O-10-A convarter. This
diows use of ix cuut amplifier a1 a classic current.tovoitage
converter with the non-inverting input groundsd.

Sincs 215 V and ~5.0 V are normally evailabie in a combine-
tion digitai-to-anaiog system, only the ~5.0 V need be develcoed.
A revistor divider is sutficiently accurate sinca the allowable range
on gia 5 is from -2.0 to -8.0 voits. The 5.0 kilohm puildown
resistor on e amplifier output is necessary for fast negative
trensitions.

Full scals cutDut may be incressed 10 as much as 32 voits by
increasing R and rainng the +15 V supply voitage to 35 V menr-
mum, Tha resistor divider should de altered to comply with the
maximum limit of 40 volts scross the MC1723G. Cq mey be
dacreased 10 maintain the same RQCQ product if maximum soeed
is desired.

"MOTOROLA LINEAR/INTERFACE DEVICES
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APPLICATIONS INFORMATION (continued!

Pragrammable Power Supply FIGURE 22 — SIPOLAR OR NEGATIVE OUTPUr

The circuit of Figure 21 can be used #s a digitally programmed VOLTAGE QRCUIT L. C-
power supply by the addition of thumdwhesel switches and 2 8CO-
1o-binary converter. The outout voitage can be scaled in several
ways, inctuding 0 10 +25.5 votts in O.1-voit increments, = =805 voit:
or 0 to 5.1 voltsin 20 mV increments, 210 mV.

FIGURE 21 ~ COMBINED OUTPUT AMPLIFIER and
VOLTAGE REFERENCE CIRCUIT

35 5%
Ve ss v Co 1S50f
#
13
-3y ;
yss 1 J -—— .
ared &g myiine
s Vee
A2
Al J
3
e MC1408 Serien v A1 a2 23 a4 a3 y
as ol MC19C8 Vo - —".'u-QA — et o o — .. A’ e v_"‘uog
o Ate ERCR R TR M vl T-apryt ay
At
JURL) : lLo_,
A8 U 18 4 ! H
Lse " 2 ! 1 FIGURE 23 - BIPOLAR OR INVERTED NEGATIVE
“{ SR IE) H i OUTPUT VOLTAGE CIRCUIT
bt EL LI PRTYy
IR | ;
[ . I a
s | h
P ——
]
18 %101 urt E "‘3’"’“‘0"“0"; "y
Licmea 7T { 1. 41 11
! AT .
Vgg -1V
"o umm’;n- 4 2
Vo Ve = [A Mcl
Soxcting time for 3 10.vort step A 1.0 us T uc:vuc leve
or BQum
[HT 35
Ne < For 4 = 00008
?_E DIt condiguisten
Flt R ns | VQ Vet
i
l : g , For 025.0 vour ewrms sew
TO by T Vgt * -3.00 veoer
vee Ligv 3 Ala = Aige 2900
v Ve C = 37 0F (mw
Bipelar or Negative Qutput Voitage o - 8rd
The circuit of Figure 22 is a varlation from the standard voi -
g¢ oumut circuit and will produce bigolar oumut signalt A Oecresse Ry 10 2.5 8{2 for 8 0 10 ~5.0-voit outout rangs
pomntive current may be sourced mw the summing ~ode 1o otfset This proveder lowar soeed, o proviowdy
he output voltage in the nega irecti For le, if discussad in the Quiput Voltage Aange section of the Gene®
woroximamty 1.0 mA is used 2 bipolar outdut 5ignal remits woich Intormanon.
mMay be described as a B-bit *1°s"* complement offset Binary, V,of
may De used as this auxiliary reference.” Note that RQ nas been
doubled to 10 xdohms becauss of the anticipated 20 Vip-p)
oumuL range.
et
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APPLICATIONS INFORMATION icontinued)

setanty Switching Circuit, B-Bit Magnitude

Plus Sign D-10-A Convertsr Panet Meter Rsadout

fip 22 OU DV s May 330 De cbtsined by using 3 pdlarity switch- The MC1408 can be used to read out the status of BCD or
g cxCUL. The circuit of Figure 24 gives 8-bit magnitude plus Dinary registert o counters (n a digrtal control sysiem. The current
win bt 10 this configuration the operari ief is twitched outout can be used to crive drectly an analog panel merer. Ex-

ternal mefer thunts muy be necassary 1t & meter of less nan 2.0

eiween 8 gain of +1.0 and -1.0. Although another operstional
mA full scale is used. Full scate calibration can be done by adyust-

J~ailee is reQuired, NO MOre S0CE is taken when 8 dual operational
pmqulier such 23 the MC1SS8G is used. The ransistor should be ing R1d ar Vg
rocird lOr & very low voltage and red

. FIGURE 26 — PANEL METER READCUT CIRCUIT
FIGURE 28 — POLARITY SWITCHING CIRCUIT
{8-81t Magnitude Plus Sign D-ro-A Converter) Dwrtas Wora From Counte or Meguiter

MgQ ———— g

B 19199414
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{emreon Bet s Paoe ayues vee vol1age mwengt.
= = = Vee
, ‘ ti .
rowammable Galn Amplifier ar Digitt Arrenustor FIGURE 27 — OC COUPLED DIGITAL ATTENUATOR
When used in the muitiplying mode te MC1408 can de and DIGITAL SUBTRACTION
=xed 3t 2 digital attenuator. See Figure 25. One advantage of
“n *=vmque 13 that if Rg = SO0 ohms, no compensation caoactor
s nersed  The small and farge signal bandwidihs are now identicat ver Vee
»t: e :hown in Figure 14, p c e
—K— Ry
ine best frequency i ined by not sllawing 114 = 8 E
iemh zero. H , the high node, pin 16, is Y 2164 1
~“prd (0 Dravent saturation and inzure fast recowery when the Vit 2 14l MC1741G
rren, :rfmug\bﬁu goes to zera. Rg can be sex for 2 21,0 mA ";‘;‘;’7—°‘ MC1408 Sanes or taure
renon in relation to ly4. 114 Q0 never be negatrve. n wCison
Ths 2utduL currentis slways unicotar. The cuiescant de output 192 gs ‘oz -
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. T dd o Ddd e
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APPLICATIONS INFORMATION (continued)

FIGURE 36 —~ TWO-OIGIT BCD CONVERSION
vee sh
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.
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Two 8-bit, 0-t0-A converters can be used to build a two digit
3CO O-t0-A or A-10-O convertar. f both cutduts {sed the virtual
ground of an coerational amolifier, 10:1 current scaling can de
achieved with a registive current divider, If current outout 1s ce-
sired, the units may be ocerated at full cale curcent tevels of

may be usea for tne least signilicant word.

FIGURE 37 ~ DIGITAL QUOTIENT OF TWO ANALOG VARIABLES
or ANALOG-TO-OIGITAL CONVERSION

Vin Cloex Rewrr
"o I
Veet | J* 8.8t Binary
y Coumer
= Comperstor
A}
R1s 12
Vgt @ immnsem—y 11
R1S 14 10
1 13 | MC1a Senes |3 {
2= VCC g ) i i
13 MC1508 5 I
Veg ool 3 T
c=x3
1 5 ]
Ot
1§
The Croust sPROwn 13 3 UMOle counter- l% 2$ LS8 l J MS8
ramo canverter An UP/DOWN counter = - Y e
ING Cual VEEhAIS COMOMBIOr Can Oe c
umd 10 orov:de (atter OO At0ON 38T CON-
t1AuOus converwon - ViwRo
Ve A14

MOTORQLA LINEAR/INTERFACE DEVICES

4.0mA and 0.4 mA with the cutDULECONNECTd 10 SUM (he Surrsn
The error of me D-to-A converter hancling the feast wpnra e
bits will be scaled down by a factor of ten and thus an MCIEBW
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PROGRAMMABLE PERIPHERAL INTERFACE
m MCS-85™ Compatible 8255A-5 u Direct Bit Set/Reset Capability Easing
u 24 Programmable 1/0 Pins Control Application interface
% Completely TTL Compatible & Reduces System Package Count .
m Fully Compatible with Intet x. Improved DC Driving Capabliity

Microprocessor Familles ® Available in EXPRESS

n !mproved Timing Characteristics —Standard Temperature Range

— Extended Temperature Range

® 40 Pin DIP Package or 44 Lead PLCC

(See inied Paciageng Order Nuroer. 231369) .
The Inial 8253A is a general purpcse programmaie I/0 device designed for use with Intel microprocessors. it
has 24 i70 pins which may be indvidually programmead in 2 groups of 12 and used in 3 major modes of
operatior. in the first mode (MODE 0}, each grouo of 12 I/C pins may be programmed in sets of 4 1o be input
or dutpat. In MOODE 1, the second mode, each group may be programmed to have 8 lines of input or output. Ot
the remaming 4 pins, 3 are used for handshaking and interfupt control signals. The ud mode of operation
{MOQE 2} is a bidirectional bus mode which uses 8 lines tor a bidirectional bus, and § fines, borowing one
{rom the other group, tor handshaking.

EE—
handit P '( D ‘:"( D e ~d- -l
F bkt ~r Py
o -~ e
1 -d- o
1 od e
— a a(Je el )
N e v == =S =
e m e — - -E' =
w ) s K ﬁ, (g S285A wig=
- p ~w =
T = oty emumm T N =
I (- wi{Je
- o3 "~
*—1 o <t
THE I e ey Tl o T =
——e] o -J ~ Cr —— —g- : :
R ] 231308-2
’ Figure 2. Pin
Configuration

231308-1
Flgure 1. 8255A Block Diagram

Segrenber 1847
Oroer Number: 23 1304002



intgl®

8255A/8255A-5

8255A FUNCTIONAL DESCRIPTION

General

The 8255A is & programmable penpheral interface
(PPt} device designed for usa in Intel microcomputer
systema. Its function is that of a general purpose /0
component to interface peripheral equipment to the
microcomputer system bus. The functionai configu-
ration of the 8255A is programmed by the system
software so that normally no external logic is neces-
sary to interface pericheral devices or structires.

Data Bus Buffer

This 3-state bidirectional 8-bit butfer is used to intexr-
face the 8255A o the system data bus. Oata is
trangmitied or received by the buffer upon execution
of input or output instructions by the CPU. Controt
words and status information &re a'so transfemed
through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of
imemal and extemal transfers of both Oata

the
and
Controt or Status words: It acoepts inputs from the

CPU Address and Control busses and in turn, issues
commands to both of the Control Groups.

(3)

Chip Select. A “low” on this input pin onables the
communicahon batween the 8255A and the CPU.

(RD)
Read. A “low” on this input pin enables the 82554
10 send the data or statys information to the CPU on

the data bus. in essence, it aliows the CPU to “‘read
from™ the 8255A.

(WR)
Write. A “low” on this input pin enables the CPU to
write data or control words imto the 3255A.

(Agand Aq)

Port Select 0 and Port Salect 1. These input sig-
nats, in conjunction with the RD and WR inputs, con-
trol the selection ot one of the three ports or the
control word registers. They are normally connected
to the least significant bits of the address bus (A
and Aq)

[ i
==Y - C:l’ 2 : K o
r.—- Y - -
]
- ;_: G Y o,
T —= =t =<~
t
I
L —— ]
e - —
N = == o ) e I
— :
}

221200-3

Figure 3. 8255A Block Dlagram Showing Data Bus Butfer and Read/Write Control Logic Functions
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8255A BASIC OPERATION
Ay} Ag | RD | WR [ TS | Input Operation (READ)

00} 1 0 | PortA — DataBus
1{0} 110 |Poxt8 — DataBus
1100 1|0 |PotC — DataBus
Output Operation
(WRITE)

Oata Bus — PotA
Data Bus —» Pont8
Data Bus — PortC
Data Bus —» Control

o

-

-—
o|jojlo|o
.OOOO

Oisable Function
X| X} X{ X | 1{0atadus — 3-State
1 0 llegal Condition
XiXxX|p i1 Data 8us —» 2.State
(RESET)

Resst. A “high” on this input clears the control reg-
ister and all ports (A, B, C) are set to the input mode.

Group A and Group B Controls

The functional configuration of each port is pro-
gnmmodbymosystmsofmmassm the

“outputs™ a control word to the 8255A. The
conuolworﬂeontaumnformnoonsudta “mode”,
“bit set”, "DR reset”, etc., that nitaiizes the fune-
tional configuration of the 8255A.

Each of the Control blocks (Group A and Group 8)
accepts “commands” from the Read/Write Control
Logic, receives “control words™ from the intemal
data bus and issues the proper commands to its as-
sociated ports.

Controt Group A—Port A and Port C upper (C7-C4)
Control Group B—Port 8 and Pont C lower (C3-C0)

The Control Word Register can Only be written into.
No Read operaton of the Control Word Register is
allowed.

Poits A,B,and C

The 8255A contains three 8-bit ports (A, B, and C).
All can be configured in a wide vaniety of functional
charactenstics by the system software but sach has
its own speciai {aatures or “personality” to further
enhance the power and flaxibility of the 8255A.

Port A. Ona 8-dit data output laich/butter and one
8-bit data input latch,

Port B. One 8-bit data input/output latch/butter and
one 8-bit data input butter.

Port C. One 8-bit data output lalch/butler and one
8-bit data input butlar (no latch for input). This port
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains @ 4-bit latch and R
can be used for the control signal outputs and status
signal inputs in conjunction with ports A and 8.
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Figure 4. 8225A Block Diagram Showing Group A and Group B Control Functions
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Pin Names
Dy-0y Oeta Bus (8i-Directional)
RESET Resat Input
(o] Chip Select
RD Read Input
WR Write Input
AD, At Port Address
PA7-PAD Port A (BIT)
PE7-PBO Port 8 (BIT)
PC7-PCO Port C (8IM).
Vee +5 Voits
GND 0 Voits

8255A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operstion that can
be selected by tne system soliware:



- °
lntel 8255A/8255A-5
Mode 0—Sasic Input/Output
Mode 1—Strobed input/Output "b["l"l l.' .'J..]
Mode 2—8i-Directional Bus IR
When the resst input goes “high” all ports will be set
to the input modea (Le., all 24 fnes will be in the high
impedance stats). After the-reset i3 removed the oy
8255A can remain in the input mode with no adc-
tional initakzation requrred. Ouring the execution of reiid-sonnd
the systern program any of the other modas may be Mt
selected using a single output instruction. This al- onts
lows a single B255A 10 service & variety ot peripheral i
devices with a simpie software maintenancs routine.
‘ OO M LTS
The modes for Port A and Port 8 can be seperately {9geeH]
defined, while Port C i3 divided into two portions as
required by the Port A and Port B definitons. ARl of
the output registers, including the status fiip-fiops,
will be resat whenever the mode i changed: Modes aara
may be combmned so that thew functionsl definition ot € nerm
can be "taiored™ to almost any /0 struchure. For 33l
instance; Group 8 can be programmed in Mode 0 to
monitor simple switch closings or display computa- ronta
onal results, Group A could be programmed in i
Mode 1 to monitor a keyboard or 13pe teacer on an
interrupt-criven basis. s
LB - 3]
1X « M 3
L 2008 (30 B
— 11
{
- CONTROL BB - :‘_"'_ﬂn"-“
S4TA nE .
8 U D1308-7
o S Figure & lode Deflnition Format:

—
T i @.

o A )

0et-=f & ___e— A T

=111 1M1

T RR me e

@wlm LY

L ¢

yay
210848

Figure 5 Basic Mode Definttions and Bus
Interface

The mode definiions and possible modes combina~
tions may ssem condusing at first but after & cursory
review of the: compiets device operation & simpi.
logical 170 approacty wik sixface.: The desigr of thee

" B2S5A has taker nto sccount- things: such as» effe-

clent PC board layout, control signal definition ve PC.
layout and complete functional- flexdbility” tor support:
ahncst.nyp«vhuddmﬁmnomlooc
Such design represerts the maximunT use of the:
available pins

Single Bit Set/Resat Feature:

Any of the eight bits of Port C can be Set or Reset
using a singler OUTpet instruction. This featrs re-
duces software requiremernts in Controi-based appii-
cations.
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Figure 7. Bit Set/Feset Format

When Port C is baing usad as status/control for Port
AotB.!hosobi‘rsanboutorns«byusingmeeﬂ
ScVRmtop«aﬁoaitmuﬂmqmdaumm
ports.

Interrupt Control Functions

Whonm.&SSAi:progmumbop«:uhm
1 or mode 2, controt signals are provided that can be
used as inteupt request inputs 1o the CPU. The in-
termupt request signals, generated from port C, can
bohhibitodotmb@odbyscﬁqorrmtﬁnqw
associsted INTE flip-fiop, using the bit set/reset
function of pot C.

MOOE 0 (BASIC INPUTT

This function allows the Programmer to disallow or
allow a specific 1/0 device 1o interrupt the CPU with-
out affecting any other device in the interrupt struc-
ture.

INTE flip-flop definition
(BIT-SET)—INTE is sat—interrupt enable
(BIT-RESET)—INTE is RESET—Intemrupt disable

NOTE:
All Mask flip-iops are sutomatically resat during
mode selection and device Reset.

Operating Modes .

MOOE 0 (Baslc Input/Qutput). This functional con-
figuration provides simp'e mput and output opara-
tions for sgch of the three ports. No "handshaking”
is required, data is simply written 10 or read from a
specified port

Mode 0 Basic Functional Definitions:

¢ Two 8-bit ports and two 4-bit ports..

¢ Any port can be input or output.

¢ Outputs are latched.

¢ Inputs are not latched.

¢ 16 different Input/Output configurations are pos-
sible in this Mode.

« * 7
=t i
- .G )&
R e Hl—',

& a1, 58
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MOOE 0 (BASIC OUTPUT)

231308-10
MODE 0 PORT DEFINITION
A 8 Group A Group B
o | Dy | Dy | 0o PortA (G;::) ’ Port B (E::.f)
0 0 0 o | outrut | outrut | o OUTPUT | OUTPUT
0 0 1 OUTPUT | ouTPUT 1 OUTPUT INPUT
0 0 o | outrut | ourrutr | 2 INPUT | OuTPUT
0 0 1 1 OUTPUT | OUTPUT | 3 INPUT INPUT
0 1 0 o | outeuT INPUT 4 OUTPUT | oOuTPUT
0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT
0 ; 1 o | outeur INPUT 6 INPUT OUTPUT
0 1 1 1 OUTRUT | ineuT ? INPUT INPUT
1 0 0 0 INFUT | ouTPUT | 8 OUTPUT | ouTPUT
1 ) ) 1 INUT | ouTPUT | 9 OUTPUT | INPUT
1 0 1 0 INFUT | OUTPUT | 10 INPUT | OUTPUT
1 0 1 1 INPUT | OUTPUT | 11 INPUT INPUT
1 \ 0 0 INPUT INPUT 12 | outeutr | outPut
1 1 ) ) INPUT INPUT 13 | outPuT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OuTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
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MODE CONFIGURATIONS
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CONTROR, BORD o8
% % X 9 8, B, 5 B
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CONTROL wORT #12
% 0 & 0 0o 0, 0 o

[T LT

CONTROL WORD o34
% & & 8, o 8, b o

[TLLLTLL

A IA'IA.
E298A
—t e,
oo f
SL I
s,
TNXN-25
Operating Modes

MGOE 1 (Strobed Input/Output) This functional.
conﬁg:nﬁonprwidesamwbrh‘anﬂm 7]e]
data to or fromr a specified port in- conjunction withs
stroboeor"hmdshddng"sigus.lnmodel.mA
and port B use- ther ines orrport C to generate or-
accept these “handshaking” signals.

Mode 1 Besic Functionsl Definitions:.

* Two Groups (Group A and Group B}

¢ Each group contains one 8-bit data port and one-
4-bit control/data port.

. mmmmmummwo\m
Soth inputs and outputs are latched,

* The 4-bi portis usad fer control and status of the
8-bit data port.

Py S LI N U rayoa,
-9 [~ 7%
[ —r et e, e,
85, cd . oo :{
Lt e, e, 2,
) e e e
231308-23 31208-24
CONTADL WORE 213 CONTROL RORD #18-

% 9% & 9 ©, 8 0 q

[TLLLTLL]

A + Pay A,

=t
{-+-m&
c

0y,
et 2,

st oy n,

22130028

Input Control Signal Definition

STE (Strober input). A "low™ on: this input loads:
data into the input latch.

IBF (Input Butfer Fuil F/F)

A “high™ orr this outpat indecates that the data hes:

been loaded into he input latchs in essence, an sc-
} I8F is sat 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 to interrupt the
CPU when an innut device is- requesting service.
INTR is set by the STB is a “one”, IBF is & “one”
and INTE is a “one”. it is reset by the falling edge of
FRD. This procedurs allows an input device to fe-
Guest serce from the CPU by simply strobing its
catz into e port.
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INTE A. INTE B
Controiled by bit set/reset of PC,. Controlied by bit set/reset ot PC,.

MOOE 1 (PORT 4) LIOCE t (PORT B

“'”'@ COnTRCL mORD m*‘.@
Oy 3y Oy 8, 0y 0y 0, O, :;;'1'—‘-_ . o,n,-o.
'T‘.J - :
< < up,
et Dd—
-

e — B
!
oy [

CONTROR, WORO~
2 fm— T8,

e

L}

721308-2F Z21308-28

Figure 8. MOOE 1 Input

m \

T IO, -____<
Lol e L1

}_—.———_——-—_-—--— B T p—

2108-29~

Figure 8. MODE 1 (Strodbed Input)
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i 2 devica has accepted data lransmitted by the CPU.
Output Control Signal Definition INTR is set when ACK s a "one". OBF 1 3 ~one™

OBF (Output Butter Full F/F). The OBF outpust will  and INTE is a “one™. It is resel by the faliing edge of
go “low"” to indicate that the CPU has written data WR.

out {0 the specified port. The OBF F/F will be set

the rising edge of the WH input and reset by A INTE A
input deing low.

ACK (Acknowledge Inputh. A “low” on this input
informs the 8255A that the data from port A o port
B has been accepted. in essence, a tesponsa from INTE B
the peripheral device indicating that it has received .

the data output by the CPU. Controfled by bit set/raset of PC,.

INTR {interrupt Request). A “Nigh” on this output
can be used o interrupt the CPU when an output

Controiled by bit set/reset of PCq,

MOOE 1 (FOAT A} MOOE t (POAT 8)
] laa2a 1 K3
CONTROL mR0 CINTAGL WORT:
S % 0 0, 9 0, 9, O, O Oy & 0, 0, 0, 0; B
[ [eT= —= CXOCL

)

1= owuT
0 s OUTMVT
[ TR,
[ — [ Yo——
?
Tis
231308-20 23108-31

Figure 10. MODE 1 Output

r_—"'—“'f

]

L——-..—-.s.__u.,.__‘-

DI1X08-32

Figure 11. MODE 1 (Strobed Output)
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Figure 12 Combinations ot MODE 1

Combinations of MODE 1

Pm-AandPor'.BcanbemdivimwydeModnsin-
put or output n MOOE 1 1C suppert 2 wice variety of
strobed /0 applications.

Operating Modes

MODE 2 (Strobed Bidirectional Bus. 1,0). This
functional configuration provides a means for com-
nuﬁcaﬁngwﬂfrnp&ﬁ:he.'a.'deviceotsuucmmr
singie 8-bit bus loe both- transmittng and.
da:a(bidncﬁomk-busI/O).' signgls:
mptvvidedbnnintzhpropuhnﬁowdsc'pﬁnir
& similas mannem-lo MODE 1. InterTupt generation=
lmmble/dsabbhn:ﬁomuomwaﬂaug

MOOE 2 Basic. Functionas Definitions—
* Used in Grop A-onty:

L] Onoa-utbi-drocﬂorwhaPon(PmA)amns-
bit control Port (Port C).

. Gomirwuandatautsarelame

. ThoS-bneontrolm(PonC)isuseuacorw
amsunslormos-bitbi-dncﬁoum;:oﬂ‘
(Port-A),

Bidirectional Bus 1/0 Control Signat
Definition

INTR (Interrupt Rmest).Ahighmhiswmc:n
beusad!oinlenupth?Uforbominpmorm.w
cperations.

Output Operations.

OBF (Output. Butter Full). The UBF output wit [
“lowd’ t0 indicate that the CPU hes written data our
o port A.

W(Acmmmge)./mormﬁsmm
moa%smcambwordmA o sand.out the-
dztzomwisa,nwamm-rwﬂlbohmhign
impedanca state.

INTE 1 (The- INTE Fllp-Fiop Associsted withr
0BF). Controlled by bit set/reset ot PCq.
Input Operations

5T (Strove- Inputy. A “low™ on this inout loacs
data into the input jatch,
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IBF (Input Buttar Full F/F). A “high™ on this output INTE 2 (The INTE Flip-Filop Associated with IBF).
indicales that data has been loaced inta the input Controlled by bit set/reset of PC,.
fatch.

COWTROL WORD
% 0 % D0, B 0 © o

[T XXKTE]

L

I il
&> OutruT

e wrare
Vo moyT
0 -ouTRuT

——————— CROUF § S04
0= mo0d &
TemOOe T ]

baLk e ThE

Figure 13. MOQE Control Word 23+308-26
Figurs 14. MOOE 2

OATA ACw
CPU TO tsda

/ = /
o / j
OATA Focae BATA Fuce
PFORSYERAL TO S2MA- b 1O UMD /
S4Ta FrmOm
CMATC -

NOTE:
saquence wheve WH occurs before AT ara STH occurs before AT is permessitie,

Any
INTR « I18F ¢ MASK * 573 « AD -~ J3F » MASK » ALR « WF)
Fligure 15. MOOE 2 (Bidirectional)
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o et
Ly M-y 2  f—— &,
@'mm‘ g‘—a‘ [l ~, j————— ACK,
% 5 8 0,0, 900 % 0, % 9, 0, 0, &, B,
O Ong <—m (ORI N —
s - - S
o QuUTIIT . &= OUTFUT .
Rpo fropirmne vy LY S Sy
| - R — K —eeeef
'v'.(:’o_—} ~ S
) e o]
a138-38 231308-39
WOOE 2 ANG MODE 1 OUTPUT) MOCE 2 AND MCOE 1 (INPUT)
= -,
<y wr,
S == —
""\
<l &,
CONTROL mo8c: w = o p——— &,
% 0, 80,8000 CONTASK oW 2y fmme——e i,
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L e
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B Y ey
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Fiqure 16. MODE Y, Combinstions.
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Mode Definition Summary

MODE 0 ] MOOE 1 MOOE 2

IN | ouT IN our GROUP A ONLY
PAy | IN | oOuT IN out —
PA, IN out N out —
PA; [ N | ouT IN our —
PA; [ IN | OUT IN out —
PAc | v | our IN out —
PAs | IN | oOuT IN out —
PAs | IN | ouT IN out —
PA; | IN | ouT IN ouT —
PBs | IN | ouT IN out —_—
P38, | N | our IN out —
PS; | IN | ouT IN out —
P3; | IN | ouT IN out — MOOE o
PB. | IN [ oOuT IN out - CR MOOE 1
P8s { IN | ouT IN our - ONLY
PSs | N | ouT N out —
P8y | IN | ouT ] ouT _
PCo | N | our INTRg | INTRg 70
£C,y IN ouT 18F3 () 170
PC,y IN out $78q ATKg 110
PCy IN ouTt INTR, INTR, INTR,
PCe IN ouT STEA 170 WA
PCs | IN | ouT 18F) o] 1BFa
PCs IN ouT 70 ATK,, ACKq
PCy N out 170 A OBF, .

Special Mode Combination
Considerations

Thmuomeanbimmolmodumnnot
anotmobifs-hPonCanusodbreamaorm
Thoromain’ngbitsmbeusodulolows:

if Programmed s Inprstge—-

A»iamlimsmbcaccassodd:hgano:w%n
C read.

It Programmed.as Outputs—

Bitsin C uoper (PC7-PC,) must be incividually ac-
cessad using the bit set/reset functon.

Bits in C lower (PC3-PCo) can be accessed using
mcbi:soumfuncﬁono(nmedasathme-
soms by writing into Port C..

Source Current Capabliity on Port B
and PortC

Any sat of eight output butters, selacted randomly
from Forts 8 and C can source 1 mA at 1.5 voits,

This feature atiows the 8255 to directly drive Daring-
walypcdﬁv«:whigh-vonagcdisalaysmtro-
quire such source current.

Reading Port C Status

In Mode 0, Port C transters data to-or fronr the pe-~
fipheral device: Whemr the. 8255 is. programmed to~
function in Modes 1 or 2, Port'C"generatas. or ac-
Capts."hand-shaking™ signals with the peripheral de~
vico.ﬁudingm.motponcmmw-
grammer 1o test or verify the-"status™ of.each pe-
fipheral- device end change- the- program Now ac-
cordi

g

Thera is no spacial instruction to read the status in-
formation from Port C. A normal read operation of
Port C is executed to pecform this function.
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WPUT CORFICURATION
& 8 o 0, o0 0 0 0

Lol

GAOU” 3

SROW A

OUTPUT CONPIGURATION
8, 9% 8 O O 0 08 0

[0 Jore] 0 | vo Joem ], o]

CAOS B
21308-59

CAOWP A

Figure 17. MODE 1 Status Word Format

9 O 0, o 0 o 0

EEEIEE 00N

SRoUP A — caou 8
DIFED §¥ MOOL § OA S00E 1 STLECTION
3120842

Figure 13. MOOE 2 Status Word Format

APPLICATIONS OF THE 8255A

The 8255A is & very powerful tool loc interfacing pe~
ripheral equipment to the microcomputer system. It
represents the optimum use of avaiable pins and is
flexible enough to interface almost any 1/0 cevice
without the need for additional externai logic.

Each peripheral devica in & microcomputer systsm
usually has a “service routine” associated with it.
Thes routing manages ther software- interfaca be-
tween the device and the CPU. The functional defini-
tiorr of the 8255A s programmed by the1/0 service:
routing and becomen arv extension: of ther systerm
softwere:. By examining ther /0. devices imertacs-
characteristics forc bottr data transfee and timing; and
matching this- information to thes examples and ta-
bles in the detailed operational description; & contr
word canveasily be developed-o initlalize tha 8255A
10 exactly- “fit” the epplication: Figures 18 through™
25 rapresent & few examples of typical apgiications
ot tha 8255A.
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Figure 19, Printer interface
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Figure 20. Keyboard and Dispisy interface
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Figire 24. Basic CRT Controler Intertace
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Logic Diagram PAL16L6-
INPUTS (0-39)

¢t 123 LI 180t 1wy wn an LR ] nAaENnN noEs npgpaw

- — b —F - —— e e

t s g2

L O N N N I T ST L T ) LR an »n R B 2 O8N NUNS




PAL Family

PROPUCT TERMS (0-p3)
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PROPUCT TERMS (0-63)
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PAL Family

Logic Diagram PAL12H6
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