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data0 ¢/en0
9.1 IoAvmieEn néow Towatdotatov Odnynrov: vent

datai > | &
v §1.5 eldape OtL oL MoAvTAEUTES amoTteloVV PaondTato dound Len2 | _Q,
MO0 TV YndLoxkdv ovotnudtov. Sy §4.9 eidaue mhe prdyveton data oo |
évag molvmhéxtng amd moAeg, evd oto melpapa 3.1 eiyape Oel évav Len3
moMTAEXTY  QTIYuévo e nAextoovopovs. Sto oxfuo defg  datald 0
daivetar wa dAhn viomoinorn mohvmhéntn pe dtoxdmres 1 diadpood
éxer wg eEng. N évav molvmhéntn n-oe-1, T0 ®UxAopo TOU 2= Q@
mepdpatog 2.1 déyeton logn e0d6dovg emhoyig, TG omoleg %ol ;’ ;’ i’ ;’
amormdxomolel  0TOVg 1 CUVOVAOUOUS TOVUG TIQOXELUEVOVL VA ggl
OTORATACTAOEL VY aydyLpo dopo peta&h g eE6dov xau plag ~ 75 ™) decoder
no povo €1o6dov. T évav (dlo mohvmhéntn n-oe-1, to rOxhwUA
0eELd déyetar n elo6d0vg emAoyng, en0, ..., en(n-1), oL omoieg TEEmEL
va. glvar 0N amoxmdromomuéves, ONhadt axolpong wio amd avtés data out
mpémteL va. ivon eveyn (1) now oL vrtdAoureg adpaveis (0).
‘Otav oL myég minodogudv, datal, datal, ®hst, Polorovror oyeTnd en +
poxQud m o plo omd v dAn, N oOtav  elvor emBupnti 1 data 0
mpoobadaigeon myDV ®aTd TN AELTOVQYIC TOU CUOTHUOTOS (TT.X. %
meooONnn véog xdETOog Of VTOAOYLOTY), TOTE 1 VAOmOINOM TOU o
TOAVTAEXTY] PEC dLarOoTTTMV elval TEOTIUOTEQN TNG VAOTONONg mom
puéow muhov. H modtn aution elvar to miiBog #aL 1o »O0TOC TV o
oL ToVpEVWY oVQUATWY: To ®O%Awpo pe mOAN OR amouwtel va %

ovAAeyoUv oL mAnpodogies ammd OAeg TG TYES Oe €vo ®EVIQWMO en

onueio, modyua mov yeerdletor tOoa olvouata 60Eg noL oL TNYES:

ovtifeta, To xirAwpo pe dtaxdirteg Aettovyel pe éva povo oUQUO IOV SLOTEEYEL TO OVOTIUOL AT
angn o' drom petadégovras nabe poed v mAngodoia thg dmolag TYNG KOG EVOLAMEQEL TN
oty exeivr. (O amormOLromom TS ®oL To. CVQUATO EmMAOYNG elval €éva. emuthéov ®O0TOG, GAAA
OTav VITaEYoVV TTOALATAG oo uaTa (bits) 0edopuEvwY TO ®OOTOG THG ETMAOYTNS ATTOOREVUTAL HETAED
Ohwv avtdv- emiong, vmdgyel mANBog edapguoydv Omov 1 emAoyn yivetor pe AGAhovg,
naTAveEPNUEVOUS TeOToUS). To deltego mheovénTnua TG TOAVTAEENS HEOW OLAROTTMV €lval )
guxolio mEooBMxNg vémv mydv minpodogios: edv ndbe myN €xeL EVOOUATOUEVO ROl TO OLrd
™G ooy €EGd0V, TOTE 1) TEOOOHNKYN avTH] Yivetaw pécw amifg ovvdeong CUQUATOV --TT.y. UE
TNV ELOOYWOYT IAS ®AQTOS OF AV VITodoyT)-meila.

H mogamdve Aoyt ovumegupod tng mmyns mhngodopiag pe tov dwaxrdmrn oty €Eodo
vhomoteltan otnv texvoroyia CMOS pe 10 ®UxAmpo 0V GOIVETOL 0TO RATW PEQOG TOV OYTIOTOG.
To wirhopo avtd umogel vor Gp€pel TV €E000 out o€ pict amtd TElg OLOPOEETIRES RATAOTAOELS:
unodév (0), éva (1), | "vymAin avriotaon" (HiZ - high impedance - vymAf] epmédnon). Adym Twv
TOUDV ROTAOTAOEWV TNG €E600V TOV, TO ®UXAWUA AUTO OVOUALETAL TOXATACTATOS 00N YNTIS
(tri-state driver). H xatdotaon 0 avtiotouwel oe evegyomomuévo Owoxdmtn (en=1) »ow o€
m\noodogia 0, omdte 1 £€E0dog moémer va odnynbetl oe youniny tdor, avéfoviag to transistor
NMOS. H xatdotoaon 1 avtiotolgel oe evegyomomuévo daxdmren (en=1) wou og mnoodogio 1,
omdTe M £E0d0g meémel va 00 yn0el o YN tdon, avafoviag to transistor PMOS. H xatdotaon
HiZ avtiotouyel oe adoavi) (opnotd) drandre (en=0), omdTe 1 £E000G TEETEL VO PEIVEL ALoVVOETT -
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-vo, unv tommobet el napio Mneddoia o avtiv, apfvovtag dhhes myég va TV odnynoouv- o€
QUTH TV TEQIITTMOoN TEéTEL ®a Ta. 000 transistors, NMOS »ow PMOS, va mogapeivovy opfnoté. Ot
moheg NAND, NOT, not AND mouv ¢paivoviar 6to oyfue meodpavag emtuyydvouv oxolpmg T
Aettovgylo auth) emiong eEaodpariCovv dtL og napia megimrmon dev avafouy Tautdyeova %ol Ta
OVo transistors, NMOS »ow PMOS, adpot »dt T€tolo o amgoodidgloty tdon eE60ov Ba £dive, na
vregPfolnd et pa teodpodoaoiag Ba Eddeve, nou vitegOéguavor Twv transistors Oa TQORAMOVOE.

"Eva. olgupo. oto omoio  ouvdéovtor TOAMATAOlL TOWMOTAOTATOL 0ONYNTES TQOXELWEVOU VO
vhomownOel mOAUTAEEN TV aviioTormv dedopévarv eloddov ovopdletal "Aempogog" (bus), 1)
"agTnota" 1 "diddoopog" () napd pod "dicvrog"). O navovag Aettoveylog was Aewdogov eivor
OTL, AVA TG00 OTLYUT], TO TOAD £vag artd TOUg 0O YNTES TTOV OUVOEOVTOL OE QLUTHV ETULTQETETAL VO
elval evegyomotpuévog: 0 odN YNNG autdg mEoodLoEilel TNV tdom (hoywi Tiun) g Aewdpdov.
‘Omote dev VIAEYEL ®AVElG €veQYOTTOMUEVOS 0dNYNThHS, M Aoywh Tl g Aewddoou eivar
amoodtéototy, dMhadn M TAngodogic mave Tng eivan "oxovmida" 7 "06QuPoc" (ot ednég
TEQUTTWOELS TEYVOAOYLMV WTOQEL VO €lvor TQOPAEYLUN 1 Tyu] avtf|, 6mmwg cvpPaiver ue tnv
"duvapuxi amodfxrevon mineodogios" (duvapuxi wviun) péoa oe chips texvoloyiog CMOS, dumg
ovtd dev adoolv 1o moEoV pddnua). Mio vdoavixi] avaloyia tg Aewdogov eivar €vag
owAMvag mov dtoteéyel mold dapegliopata, ®oL Tov omoto wroov va tpodpodotolv Polioeg
anod ndbe dapéoiopa. ‘Evag 1omatdototog odnyntig eivar ud amd ovtés tg Poioes, alld pe
Y WELOTO QopTvéTo Leatol nat xQUov veQol. I'd va petaddoouvpe minoodogia "0" avoiyoupe to
%©QUV0 QOUTVETO YA va peTadmdoovpe "1" avoiyovpe to Leotd yid va pun HETAODOOVUE TimoTaL,
apivovtag xamolov dAhov vo petadmoel, rhelvoupe evteddg rot to. dVo gopmvéta pog. Edv
petadidm tavtodygova xi eyd (my. "1") naw ndmolog dhhog (my. "0"), TOTE 0 cwhfvag Oa éxel
"yAMoQO" vepd, mov Oev elvow olte 0 olte 1- Omote dev petadider navelg mAngodoopia, M
Bepuonpaocio Tov cwinva elvar tuyaio, eEagtouevn and GAlovg maQdayovteg (Ty. YEWUWVOS/
nohOXOLQL).

H "apyitextovinf) Aewdogou" (bus) amoterel thv amhooteen HoQd1N dxtiov emuovwviog
(communication network), ®aL YQNOLUOTOLE(TOL €VEUVTATA, ONOTE 1) €mxOwwvia yivetor pe éva
"nowvoyENoTo" HEoo (shared medium). Tétolo ®oLvoyEMNOTO PECO UIOQEEL Vo elvor €va avoua (OIS
otV "xhaoowi)" pogdt) tov dixtvov "Ethernet" --OyL "switched ethernet"), plo gadroovyvotnTa oe
Oedopévr) meQLoym (T.y. To QAOLOTAEL pag OANG 1) ovvowriog, N pa omd T QAALOoVYVOTNTES TNG
wvNTNS thAedwviag), 1 magadoolondteQo UEoo Omwg To MYNTWwd xovuata oe wdv aibovoa
ovvediaomngs.

e Oha avTd, VAoV €100l ®avoves ("TEMTOROAO ermrOVMOVINS") YIG TO TOLOG raL TOTE
poet va "mtder To Adyo", dnhadr| pe moldv tedmo Ba eEaopaloTel 1) THENGN TOV RavOVa OTL TO
ol évag odnyntig (oAntig) pmoel vo elvar evepyog xdbe ¢opd. To nhooowod Ethernet
oxohovBel évo oD evOlapEéQov mEmTONOAO "ratavepnuévng droutnolog" yud to ToLdg 1oL TOTE
wAder, To omoio dev amatel 1EO0OETO (YWELOTO) péco petddoong (oloua): (i) Ogiletan péyioto
péyebog maxétov (1500 Bytes): (i) Kabévag mov BEAeL vo IUATOEL TTEQLUEVEL TTQWTA VO TEAEUDOEL
oVTOHG OV TMEA WAGEL (EAV nATOLOC UAGEL), ®aL apéows uetd ayiter vo wAder (iii) Tn otyun
0V 0 0LoodNmoTe ayiler va wAdeL, aroler TOVTOXQOVA TL VITGQYEL TAV® OTNV 0QTNHOlN
(Aewdp6Q0): €dv avtd MOV axoveL Oev CUMTITTTEL Ue avTO 7OV O (OL0g MeTad(dEL, onuaivel OTL
ovvERN "olryrgovon" --ummhoye now ®Amolog dAlog mou dyoe vo whder v B oTrypud.... (iv)
Mohg OwamotwOel Ot vEdoyel olyrQovor (TNV AUTOTOVOUV TAVTO OAOL OL OWAOUVTEC),
dLardTTOUV OAOL OL OAOUVTEG TN UETAOOO0T] TOUG, TEQLUEVOUV £€Va TUYalo xeovird didotnua
naBévag, ®ou PeTd meoomafoiv va Eavapetaddocouy, eqv v T petaEl 1 atnoia eivan elelBegn:
N mbavoTnTa va Eavayivelr ovyrgovon Tov wWimv glval uxr, Aoyn Tov tuyoinv diuotnudtov
OVAPOVTS, OV ouviBmg Ba etval dladpogeTind YLd Tov ®abéva amrd TOUG OUYRQOUODEVTECS.

9.2 Molvpmtes Touratdotates Acwdogor (Buses):

Aewdogot (buses) Tou evog bit (Eva oloua) elvor xowég étov 1 amdotoon emrowvmviog elvol
onpavix]. [id uredteges amootdoels, .y. LEoa og éva xovtt 1] Tave og plo Thaxréta 1 péoa oe
éva chip, ouvihBwg yonowpomolovue Aewdpogoug molhamhawv bits, ONAadT Aewdpdoovg mou
petadpéoovv, xd0e pod, av oAdxinoen AEEN mAngodoping amoteho eV amd TOALG bits: Oha Tal
bits TG AEEMNC ovtfg mooégyovtar omd v O Ty, To oyfua (pavioaotelte to cov
ToLdLdotato), Oelyvel éva maQdderypo oLV YoV (Tels mhaxétes), nabeulo amd Tig omoieg £xeL
wé tetodumrn AEEN mAnoodopiag vo otethel. Zto emdvm PEQOS TOU OYNUATOS, N AEEN €EddOV,
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OUT, mpoxttel amtd évav TeTQaumto ToAVTAERTY 3-08-1- autdg asmoteleital, OGS eldaue oty
§8.1, amd téooeels Paorols (LOVOUmITOUS) TOATAEXTES 3-0e-1, dmov OlOL TOVg €XOUV %OLVAL
onpato emhoyng, sel.

S péon Ttou oyNuotog Qaivetor M

vhomoinon Tou (dlov  CUOTNUATOS € / / y /
TouratdotTatovg odnyntéc N AEEN €E6doV /
eudpaviCetor  mAVO  OTNV  TETQAMITLTY /
Aewdpogo BUS. ‘Olot oL TQHATAOTOTOL /
odnyntég g »vdbe wdg myng eréyyovia % i
(evepyomolovvial) amd €vo oo oo 7
eréyyou, ONAadn avépouv 1 offjvouv 6AoL Y }T’
po: otav hGeL wé YN ¥ v /
(mMhaxéta)uhdve Oha tng ta bits pali, to !
no0évo oto Owmd TOU Oloua  TOU \TI i

(moAbpumrtov) BUS, now #d0e Gpod puAdel
wian o povo wia nyn (mharéta). ‘Etot,
vadEyovV TOod onuata eléyyov, enl, enl,
en2, 60eg oL oL TNYES (TAOnETES), HOL TO
oA évol amd outd uwopel vo  elval
OVAUEVO OVA IGO0 OTLY L.

Avtdog o  1p06mog  oUvdEoNg RO
gmuowvoviag  "Ouyoatowm®dv  TAOKRETOV" S
(daughter boards) (ou 3 =xotoxndQUopEC Qp
moxétes oto  oynuae) mhveo og  pia QQQ O v
"untown mhaxéta" (mother board), fTav

A0 ovvnOwopévog oto  mpdodaTo

00eA0OV, oL TOQOUEVEL  axONd Arar4 4 4 4
OMuodIAilc ota cuoThuaTa Exelvo OV sel eno eni en2
emOLOROVY YOAUNAO %OOTOS oL O)L TG

vynrotegeg  dvvatég  emdooes. O HouT T BUS

Buyatouég TIMORETES ovyvé

"roupmdvouv" (umoivouv) oe edinés vmodoyés (sockets) (ooav moileg pe mohhéc emodég) mmov
vdEyovv mAvw otn pntow mhaxéta. H pntown mhaxéta éxer ) Aewdogo (bus) --cvoupota
Onhadn-- xow TG vrodoyés (sockets) --xow ouyvd now Tov xnevrowmod eneEepyaoti]. Tig Buyatounéc
TAAXETES LWITOQEL GUY VA O XENOTNG VO TIS ETUAEEEL AVANOYOL LE TIG AVAYHES TOV UETOED TOAMATAMDY
ETAOYMV, ROL VA TLG AYOQAOEL YMOLOTA AId TNV UNTOWHT] TAAKRETA, O RATOTUVO YQOVO T/%aL Amd
AMAOV NATAOKEVOOTY), ROL VO TLG OUVOEDEL 0TO oVOTNUA 1 VA TIG EVOALAEEL OmoTE TO emBUpel.
Tétolo dnMuodpiing AewPOQOg "MEQLHEQELORMDYV CUOREVHV" TQOCMIUXMV VITOAOYLOTOV NTOV T.Y. TA

nohoumtega poveéha "PCI" --uéy ot nou to PCI-X.

210 %At PEQOS TOV OYNUOTOS PAIVOVTOL TO CUVETTVYUEVA GUPPBOAA TwV d10 vhomooewv: ®G0e
TeETEAdN CLEUATWV OV peTapEQEL Ta 4 bits Thg (Oag MENS moLotdvetal pe éva ouQUa ®ow ud
TANGYLeL Yoauur] TIov LITOdEVUEL TO TAMGTOS TS AEENG To "mAGTog" Tou moAumAéxtn 1) TV
TOWATAGTATWY 0ONYNTOV TEOXRVITTEL EPUECWS Ttd TO TAATOS TV AéEemV ov avTol yerllovTat.
Ta ofpoto eléyyov, en0, enl, en2, pmwoget m.y. va to divel évag xevtowos "Atowtntic" (Arbiter),
otov omoio 1 ®d&Be YN mov Béher va Aioel otéhvel éva ofjpo "altnong" (request), naL oUTOG
aTOvVTa o€ o oo TLg atoVoEg NYES, w0 GoEA, ue éva onua "grant" (enable).

[[Tooawpetixntj, eyxvrdomaundixnt) maodyoapog, extos vAng uabijuaros:] Amd v aymn tov 21ov
oamva., oL Aemdpdgot (bus) Exouv apyioel otadiaxrd vo ydvouv £dadog, meog OGpehog cuVOEoUWV
pLovodirot odnynTh xar povadrot axgoati) (point-to-point links). Autd odeileton oe didpoga
NAentEnd mEOPANuaTO, OO %Al 0T YOUNAT addoon TV TEWTOROMWYV, OV gudaviCovial
otav 1 ouyvoTNTO AELTouQYiog TS AewdPpoOQov yivetar oM YnAf) o oyéon pe TO PAHOG TNG
Aew OO (1) EQLOO0G QOAOYLOU TNG AeWDOQOU YIVETUL OUYXQIOLUY UE TOV YEOVO IOV YoeLdLovTal
TO NAEXTQOMOYVITIXG ®UpoTo (710U TaEWeDoUY pe TV ToyiTYTA TOv GmTOS) Vo dLviooUV TO
punrog te Aewdogov). Ily., oto PCI, autd ovvéPr otav Bedoape 1 TayOTNTA TOU Vo AvEPEL TTOAD
ove atd to 100 MHz --téte avamtiyOnxre 1 mogailayh tov "PCI-Express (PCle)", ov dgv elvai
méov AewdOog (bus) ahhd o0vVOeOUOG point-to-point, xaw ofjueQa "teéyel" ovviBwg ota 2.5 1| 5.0
GHz. Opolwg to onpueowvd "Gigabit Ethernet (GigE)", mou "toéyel" oto 1 Gbit/s (1] oL TO ve®TEQO
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10GigE, ota 10 Gbits/s), xonolwomototv mhéov ouvdEouovs pe évov pudvo otabud mou uhdel
notevOeiav otov petaywyéa (switch) 1) dpoporoynth (router) --dMAadT| point-to-point-- o Oyl A
TOAMATAOUG 0TaABHOoUg cuVdEdeuEVOUS OAOUS 0To (Do olpua (bus). Ta moPAfpata mov 0d1 YoV
oe auth TV €EEMEN elvan Ta €ENg (Tov amautolv mod EOWMEVUEVES YVADOELS YLd TNV ®ATAVONOT)
TOVG): (i) OL AVOrAAOELS TOV NAEXTQOUOYVITLXDV KUUATWVY OTIS EVOLAUEDES eMapES 0 Eval oUQUAL
AewPOQOL- (ii) 0 verQog ¥EOVOS avaotodns ratevBuvong petddoong (turn-around delay) mov
TIQETEL VAL TTEQLUEVOU LE Y WOIS navEVaS va peTadideL, HeTd To TELOG TNG MeTAdoOoNS amtd Vol TTOUTO,
péxol va "adeidoel” M AewdOQog amd TO NAEXTQOMAYVTIXG RUUOTO TG METAOOONS QUTNG, XAl
OV |WT0QECEL VOGS VEOS TOUTTOC va UETOOMOEL otV ovtifetn ratevBuvon: (i) To mTEOPANUQ
"clock skew", ONAadf 1 dtapogomoinon oty TayxLTNTA peETAdooNS TV dladoQmV bits Ag AEENS
mov Takdetovv amd Owapopetinols dpopovs xabéva, amd Oedouévr mnyn oe Oedouévo
EOOQLOMO At (iv) M otabeen rabvotégnon tng dwutnoiog, mov xobogiletor amd ™) Guoixry
QITO0TO0N TWV CUVOAOUVIWV (ROL TO YQOVO TTOU YQELATOVTOL VO NAEXTQOUAYVNTIRE RUHOTO YIA
va, TNV OLavioouv), xol Ao OV EmMTAYVVETOL OTOV UEYOADVEL 1] CUYVOTNTA TOU QOAOYLOD UE TO
omoto dovlevel N AewPOQOG.

9.3 Eoonteguxi) Ogydvmon Mvnuov SRAM

f=— 8 bits ——=

0000 — [ ] [ ] [] [ ] word000
0001 =
0010 o [ ][] [][] wordo001
0011 ©

@ | 0100 ©— [ [J [J [J wordot0

= | 0101

o o

1011 < 811?100001016 N UL L veon
(o]
2 ] 1000 i @+ [ ][] [] [] wordt00
1010 «— [ ][] [][] word101
1011 [0[1[1][0|1[1[0]O o
1100 :—> 1 ] [] [[] word110
1101
1110 — [ ][] [] [] word111
1111 } -~ - -
. 3 5 5 5 &
01101100
Smv §1.8 eldape v yevun .
WOéa ™me MW,]W]S £SM Write Data 16 ”

) , 16 @
emavohapPfdvoope  to 00O 8
oynuoto  amwd  exelvp v : %
evotnro. Ouunoeite Ot pvijpun o, > I word 0 | <
glvon  pia oepd omd Aéceic P 16 B
(words), Omov 1 xGOe AEEM S ~ #L e
amoteleltar amd ®Aumooa bits. < 2 :

Avtd eivor to dedopéva (data) L o T word 1 2

mov  elvor  omoBnrevpéva ot § o 16 {
uviun. Kabe pood, drafdlovpe  ~75 *| © #L 5

1 Yyoadovue ula xor uovo uia 1) | _g o
and  Tic MEac. Ta  va = > | word 2 = S
emAéEovue  TO  moud  MEEn = - p -
Béhovpe  va  daPdoovpe 1 #L s
voayoupe, d&ivovue Ta  bits s
Owevbvvons  (address),  mOv ] word 3 16
doalvovtor pe rOXALVO QDU ’ “

ota oynuoto. Ztnv §4.12 eidape write enable 16 g

LE TEQLOOOTEQES AETTOUEQELES
™ dopun wag pviune. Ed®m Ba dolue ouyrexolpéva mAéov Ty ecwtegurl] 0oyadvmon tng Mvung
Tvyolog ITpooméraong (RAM - Random Access Memory). @uowrd, 1 Wi €(val ®OTAOREVACTUEVT],
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TOMT ot OAa, artd oTouela uvnung --pavtalmtég (latches) tomou D, dmwg autol mov eidapue oty
§ 7.3 (O umoQOoVOE VO RATAOKREVOOTEL ®aL atd axporveodotnta flip-flops, dmwg g § 8.5, ahAd
%A Tétolo Ba nooTILE VIEQdLTAdoLa, dvey Aoyov). H diadpod amd tous notaymentés elvar 0TL )
pviun meguéyel ecwteQind moldés MéEels (oAhoUg raTaymwENTES), aAMA ewTeouxd epeig BEhovue
va PAémovpe, ndBe HoQa, uia uovo amd avtég tig MEelg —Oadogetint wdbe Gpoed, xou pe Tuyaio
o€elpd, €€ 00 raL 0 060G PV TVyaiag TEOoTELOONS —OLOTL dev Do urmogovoape va T PAETOVE
Oleg tovtOyQova: elvor mdgo mollés. INd va pmwogolpe va emAéyovue xor vo PAEmovpe
(OraPdovpe) pio orodnmote amd Tig TOAAES (exaTtoppiola!) AEEELS AS VUG, XOELALONAOTE TO
YVOoTod pog ®rixhopa emAoyNg —tov moAVaAEXRTY— OIS OElyVeEL TO EMOUEVO OYNUA HE TOAOLVO
yoopa. BePaimg, dev Eeyvhue Ot o molumhéntng €xeL pEOA TOU  HQUUUEVOV  Evav
QITORMWOLROTIOLNTH] — TOV aoxwdwomo T dievBivoemv avdyvoong (read address), ed0d. 210 (Lo
oYNUA GOLVETAL ®OL TO XURAWUO EYYQADTG, LE TTOQTORAAL YoMduUa Y& Ta Oedopéva eyyQadTS nal
LE HORULVO YoM YId T dlevBuvon eyyoadic (write address) xo Tov amoxmokomonti) Ts. Edd
elyape ymoroth diehBvvon avdyvoong xat eyyoadns —magaxrdtm Oa éxovue plav eviaio xow yid
Tig dU0 AertouQyleg, YIG OOVOWO OTOVG QTTOXMWOLXOTTOMNTES (LETQMVIAS RO EXEIVOV TTOV €Vl
NQUUUEVOG OTOV TIOAVTAERTY VALY VWONG).

Ze Wwd mQOYMOTIRY pviun, HE YMadeg 1) exortoppvolo AEEels, €qv o 5in m >
TOAVTIAERTNG OVAYVONG NTOV RATAOREVOUOUEVOS UE TLG HAOOOLRES TTOAES Ld

(6mwg oty § 4.9), 1ot Ba yoewlopaoTav e0mTEQRGE  YIAMADES 1)
EXOTOUNDQLOL ODQUOTA OO TOVS HAVTAAWTES OV TV AéEemV péyoL TO
onpeto ToOAOTAEENG, ®at auTd To TOOO TOMA oL TOCO poxQUd ohouoTa d

=
5
V

Oo x6oTCov vIegPolxnd. AV awTol, oL pviues dptidyvovian eowteond 410

UE TO LOOOUVAUO TWV TOWMOTAOTOTWV OodNyNTdV, Omwg eldaue oTig 5 m >
n@s)nyoﬂusv?g 61’)9 TOQAYQAPOUS, HaL (’)/J'wog delyveL To o?gf]ua f/)eELd./Zto d
oxfue avtd vmdoyovv 4 poviolotég, xaw o xabévag éyer évav  rdit
Towratdotrato odnynti) otnv €E0d6 tov. H mohlmheEn yivetow amid - m L

EVAOVOVTOS TLG €E000VG TMV TOHATAOTATWY 0dNYNTOV: G0 TOALOL %Al VoL
elval oL povtohmTES e TOug odNYNTES TOUG, 1 TOADTAEEN outoutel éva
uovov  (rotandQudo) ovguo. (Zto moaypotikd ruxhopota SRAM
(Zrotxi) RAM), o povtohotic polli pe tov towotdototo odnynth vhomoleltor pe 6 povov
transistors, pe éva oAl €Eumvo (MW-avoloyrd) xOrAWUPO 0V Oums Eedelyel amd ta mhaiow
ovtol Tov pabfuoatoc. Ztg uviues DRAM  (Auvvauxiy RAM), oavii yud  povtohoti
yonowpormoteltor €va uxd ¢oeTio amodnrevpévo mOvw oe €va WxEd TURVOTY] (RAL OV
yoeldletar avalmoydvnon (refresh) xG0Oe Aiyeg 0exddec millisecond) nou avti yud TOWMOTAOTATO
odnynti yonoipomoteital éva, povadird transistor).

210 oo edM €YoV EVaV UovoumTo TOMVTAERTY), OV emAéYeL 0TOo 1 bit €£600v Tov, Dout (Data
out), TO TEQLEXOUEVO VOGS amtd Tovg 4 pavialmtéc. O éheyyog Tov ooV amd Tovg 4 LavIAlmTES
(oLdv amd g 4 povoumuteg Aégelc) Ba duafdtovpe ndbe Ppod, yiveror amd Ta 4 ofjpota eléyyov /
gveQyomoinong g moAvmheEng / avdyvwong: rd00, rd01, rd10, rd11- Ta oo bits 00, 01, 10, 11 mov
epudaviCoviar og outd Ta OVOPOTA AVTLOTOLXOUV Oth Otevbvvony Tou bit (tng AEENG) mou
emAéyoupe rat drofatouvpe v ®aOe Gpod.

"Eva. povadird bit elvor ok "Aiyn" minoodooia yid va pog evoladpéeel va dtafdlovue povo 1600
®nabe Goed amd pio pvhun --ovviBwg Bélovpe vo dtoPfdlovpe meQLocoTEQM bits #dbe hod (doa
modapdnia 1 obouata dexduaote va €xel To chip g pviiung). Puowd, dev wrogolpe vor Tdpe
oUTe ®oL TNV GAAN Axen xow vo doPdlovpe Tavtdyeova dla ta (exatoppiola!) bits mov €xel
péoa TG G v --xdatL evoldpeco Béhovpe, my. 8,1 16, 1) 32, 1) 64 bits x40e poed. Onwg eimape
xnal oty § 1.7, to bits wov ta doefatovpe vabe dpood dha pali ta AMépe pia 1éEn (word). Zto
emopevo oyfuo, OeELd, Prémovpe pior pviun amotelotpevn amd 8 AéEels, dmov 1 »dbe pia artd
avtég TG 8 AEEeLg mepLéyel 4 bits: eivan, 6mwg Aépe, ud pvipn 8x4. Tig 8 AéEeig Tig oyedidllouvpe tnv
pior ®xaTm amd TV AAAT), o ta 4 bits Tng »dBe AEENC Ta oxedidlovpe to €va dimha oto dAlo.

e auth ™) pviun ou TeQLéyeL teTedumiteg AEEels, emAéyoupe wow drafdlovpe pio amd ovTég
n00e (ol YEMNOLWOTOLMVTAS Evav TETEAWMTO TOAVTAEXTY. OL TETEAUMTOL TOMUTAERTES
ommoteholvTar amd 4 povopmtovg molumhéxteg, Omwg eidape otnv § 8.1, nar outdg
noToo%eVALeTOL P TERATAOTATOVS 00N YNTES Omwg eldaue Taamdvw, oty § 9.2. Avuti) axopog
1 ®otooxevl] paivetor xor oto oyxfua edw: nabe pod, éva xal povov évo amd To ofuoTo
gmioyng, rd000, rd0O1, .., rdlll, elvor avopévo, €VEQYOTOLMVIOS TOUS 4 avTiOTOL(OUg
TOWOTAOTATOVS 0ONYNTES, OL omoioL adivouv Ta 4 bits Tg aviiotoryng AEENS va megdoouy £Ew
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Lab 9: Tri-State Buses, SRAM (U.Crete, CS-120) 16-11-13, 21:17

%noL v 00N YNoOoUY Ta 4 %OTOROQUPA CVQUOTOL -
-ta. 4 bits g Aewdpdoov dedouévmv, Dout3,
Dout2, Doutl, Dout0, dnhadny wdé tetodumey
Aewdopo. Avth elvar xow 1 Swdwmaocio  dO0T
ovaryvmong amd ouTi) T pvijun peyébovg 8x4.

rd000

rd010

To emduevo oyxnua, de€id, delyvelr To nindwpa
now TN Odwacio eyyoagrc otnv dlo auti
uviun peyéBoug 8x4. T'id va elvar x0BopodTeEQO
To oynua, edm Oeiyvoupe pOvVo TO RINADUA
eyyoads, xwelg Ta IEOoNYoLUEVA OVQUATO TTOV
yonoipevov — yi& v avayvoon.  Omog
Bupopaote amd v § 7.3, yu4 va yodpovpe o' rd101
évav povialowti) Tomov D avafovue to ofua

load enable Tou (x4tw €(00d0G OTO TETEAYWVO (4110
ovpporo). Ztic uviues, ®ébe mEAEN Yyivetow
v og pio, oAdxAnemn AEEN, wow pudvo: dmmg
otav 6L0t[3(’1§01)p£ duaPdlovpe mhvta /u’a Aéén,
£toL now 6tav yodgpouue, y@aq)ovps navto uia,
0AOxAnon MEN (nar poOvo). Aga, O6mwg deiyvel
nOL TO OyTua, To onpoto load enable Twv 4 bits
™G #G0e AEENG (0oLLoVTIAY) EVVOoVTOL PETOED
TOUG, EMOPEVIS TTAVTA Yoddovpe 1] o Oha 1) Din3 Din2 Din1 Din0
oe ravéva and to bits g ®dbe AéEng. Iag'

ot O poQoVoauE VO YOAPOUNE TAVTOYQOVE  wr0Q
oe molomhéc  AéEelg, natL  Tétowo  Ogv -
Bemeelton yEhHowo, axt dev To ®AVOUV OL 60
ovvnOwopéves pvhues. Emopévog, ta ofjuata >
ehéyyou / emhoyng AENS yid eyyoadi), wr000,
wr001, .., wrlll, axolovBolv AertovQyia
ovdhoyn pe exelvnv Ttwv onuatmv eréyyou
avayvwons: To moll éva amd auvtd avaper  wr0ll
%n00e Goed (0 Oumg elvar oVVNOLOUEVO ROl
QVOUEVOUEVO VO VITAQYOVY TOMES GOQES  wr100
OmoV xavéva oo TO. OT|UOTO VT OEV ElvaL
ovapévo, otav dev Oéhovpe va yodpouue
timota  wow  ;ouvBevd, mQoxeluEvov  va
dwatnonoouv Okeg oL AEEElG pviung T
(xonouua) meQLeXOUEVA TOUG).

rdo11

rd100

rdi11

[9999999%

EEERERE

RiEERERE

EiEEERE R

wr010

wri01

wri1Q

dAaadidiia
dAadidiiaa;
daddiiaa;
AR

Mapandvw ovinthooue Tov éheyyo / emhoyn  wriitl
Tov mote Ba yodpoupe xaL og mold AEEN Oa )
voayoupe. To emduevo mov pével vo xaboplotel eival to ¢ Ba yodyoupe. Apol xabe dpood mov
voadovue, yoddouvpe pio (terodumtn) AEEN, mEOodavdg mEETEL VA VTIAQYEL WA (TETQAUILTY)
eEmTteQnt] €(0000g OV va pog TEOoPpodoTEl pio (teTedummty) AEEN dedouévarv 1 omoio ®a TEETEL
va yoadtel ot AEEN exelvn tng uviung O6mov éxovue emiéEer (Léow Twv wr000, ..., wrlll) va
navovpe v eyyoadr. H tetpdumty avth eicodog eivar ta 4 notondouda ovouoto "Data In"
(Din): Din3, Din2, Dinl, Din0. Tnv tetodpumtn avti) tui v PAEmovV dleg ou AEEEIS TG Pviiung
otV €(00006 Tovg, aANG udvov 1 wia emheypévn (W€ow twv wr000, .., wrlll) AEEn v
mogohaufdver xow TV eyyodder péoa g --oL vTohoes AEEeLS TG uvhumg, ou €xouvv ofinotd ta
load enable Tovg, ATAGS THV Ayvoov.

Tooa mov rataldfope Thg AELTOVQYEL 1 AVAYVMON ROl TOG AELTOVQYEL 1] €yyQadT] QTtd oL 0TV
pvnun pog peyéboug 8x4 (8 AéEelg Tmv tecodpmv bits xabepia), To oxnua edm deEld fater poli ta
000 avtd ruxhopota, xol Oelyvel TNV OhOXANQWUEVY E0MTEQLXT] dopn] WAS Pviung. Zto OeELo
LEQOS TOV OYNUOTOG, TAVWD omd ®dbe AEEN megvdel évo ofuo eveQyomoiong avAayvmong, Tov
eAEYYEL TOVG TOMATAOTATOVUS 0ONYNTES OAVAYVIONG, ®oL ®ATw amd ndbe AEEN megvael éva onua
EVEQYOTOI(NONG EYYQOAPTS, WOV AéYyeL Ta onpata load enable Twv povaTaAwTOV TG AEENS. AeELd
otd »dbe otiAn bits megvder éva (TEXATAOTATO) CVQUO €EO600V dedOUEVIIV AVAYVOONG, %Ol
0010TeQd amd #dbe ot bits megvdel éva olpua e106d0v oV PpEQvel dedouéva Y (Tubaviy)
eyyoadt oe pio AEEN.
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Lab 9: Tri-State Buses, SRAM (U.Crete, CS-120) 16-11-13, 21:17

210 0Q1L0TEQO UEQOS TOU OYNUATOG
vdoyer o  Amoxwdwomomtiig
AtevBvvoewv  (Address Decoder).
I[Moodavig, Ta  yhddes (M
exatoppvola) (0QLLovIL) olouaTa
eMéyyou v g yuwddes (M)
EXTOULLOLOL) MéEelg éig
TOALYHOLTLRTG LVIIUNG, 0UTE Behoupe
00TE UTOQOVLE VA TO 00N YOUE ROL
eléyyxoupe Oha amd £Em amd to chip
™G UVIUNG: meodavmg BEhovpe va
ta Olvovpe xwdixomomuéva, o
€Ew, xaL va amoxmoxomolotvIaL
eomteQund --€tol, ral 1o mAN0og
TOUG UELDVETOL OQOUOTIXG, AL
eEaopariCovpe v WOOTNTA TOTE
vo unv avafer Tdvo oo éva oo
ovtd. 210 moQAdELyUd pog €dW,
tolo ovpuata AwehBvvong, Addr,
€Qyovtal oo ¢Ew, O
QITORWOLXOTTOLOVVTOL VL& VO UOLG
dmoovv to. 8 ofuoto  Tov

3

%Addr

S

000

G1e161616 91616
o [ (9T [

SR [ [ B[R (8 R

001

010

100

101

o
=
—

y—
—
—

daivovtar, pe TV OTNTO £val %o
povov Eva artd outd va elval éivto
OVOUEVO.

E R [ [ R [E ]

Write Dout3

OL €€000L Tov amormdLomoti) 00Myo v xatevbeiay to onuata eLEyoyov avayvmong (autd mov
elvan mdve amd v ®dabe AEEN). Autd onpaiver OTL dvTa avapel éva (roL povov éva) amd autd
To onpata, doa wdvra diofdlovpe pia (row povo pia) AEEN. Autod elval amodexTd: andua ®L OTav
dev yoelatopaote va dafdoovpe nopion AEEN, now axdpa %t 6tav 1 diehBvvon eivar "orovmide”
(Gyvmory, dxruen, havlaouévn), to va dwafdlovue pio Tuyaio --mbavotata dyyenoth-- AEEN elval
aflafés, Mhodn dev raTaoTEEPEL Rapia KON oL TTAnOodoQia.

Amd Ty GAAN peoud, ta mpdypata eivor dtadooetind Yid Tig eyyoapés: edm, AEN elvor amodextd
va yoddovue oe Ayvmotes / anveg / havOaouéves Béoelg (dlevBivoelg) tTg pviung, oot M
eYYQOPT RATAOTREDEL TO TTAAOULG TEEQLEYOUEVA THG AEENG Omov Yivetan. Emopévag, amarteiton évag
punyoviopos wov Ba adpavomorel (disable) tn Aettovgyta eyyQadic oe oAdoxAnon ) uviun, 6mote
Oev elpoote olyovgolr 6tL 1 devBuvon elvar oworti], 1 6mote 1 devBuvon alldler »al o
arorwOLROTIOLN TS 08V TEOAAPe andpa vo otabegomolioel Tig eE000UG TOV 0T VEX, OMOTH] TLUN
ToVUg, 1) 6ToTE 1) €l00d0g dedopuévwv (Din) Oev €xeL owoTés / xenotues Tués. Tn Aettovgyio avtig
™g adpavomoinong v emtehel 10 (OnrvO) ofjuot Write »al ov (xOxxniveg) moieg AND: Otav
Write=0, t6te 6l T ofuata ehéyyov eyyoadmng eival =0 (opnotd), aveEaQTNTMS TOU TL RAVEL 1)
AevBuvon xor 0 amormdromoTig, GQd xauid amd TS TANQodoies mov Pelorovial
oamoOnrevpuéveg otn pviun dev rataotpépetol. H omoti) yonon tov onuatog Write amaitet momta
va dmoouvpe owoth devBuvor (now dedopéva) eyyoadig, ot HeTd va avdnpovue to Write: dtov
Write=1, tote axopmg éva amd ta ofuota eAEYYOoV eyYQadng avdafel --exelvo oV oVTLOTOLYKEl 0T
owoTY ®ot 0tadeET) dledBuvoN eyyoadNc-- naL TOTE eYYQADOVTAL TA OWOTA OEQOUEVO OTY OMOTY
0¢on (MEEM) g puviuns. (Magatmenote 6tL N pvijun ovt) (yud amhdtyta oxediaonsg) advra
extelel Aettovpyla avayvwmong: Otav xdavoupe eyyoodt], tote OwPaler amd v dwa Oéom
(dtevBvvon) omv omolon xdvovue TV eyyoadt), emopévwg dwafdler tao véa dedopéva OV
voadovtal exel: autd eivor mbavoTata GyeNnoTto --ahAd not apAaPés).

94 Meyalvtepes Mvijueg, votaoxrevaoueves and worhamha Chips

IToA0 ouyvd, 0éhovue va ¢tdEovpe wd pviun mod ueyddn o' 600 évo chip pviung mov
Boioxovue étoo va ayopdoovpe. ‘Etot, v xataoxevdlovpe amd molamhd chips pviung. H
ovvolxY pviun £xel mEopavmg ywenTrdTNTA o€ bits (01 e To ABQOLoUN TWV YWENTIXOTNTWV, OE
bits, TV chips ot T 0TOl0L RATAOKREVALETAL: OUWGS, TTOLE E(VOL 1] 0QYAV®ON TNG CUVOMXKNG UVAUNG
--1100eg MEEELS, TV TOOWV bits nabeuia, now TS wAve oL ovvoluég dievBivoels; Elyoue pelethoet
T0 MEOPANHO aVTd BewENTKG otV § 6.1, 0L TO OO €dD TO OelyVeL pe €va maQAadeLypa. 210
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Lab 9: Tri-State Buses, SRAM (U.Crete, CS-120) 16-11-13, 21:17

oynua. €dm, Eewwvape pe vmotbéuevo  chips contents at address 00001

pvipng xoenuxoémtag 8 AéEewv xabéva, xow contents at address 01110: ZZZZESSSY
0éhovue va ptidEouvpe wd pviun 32 AéEewv. I'd contents at address 10011: EZZzZZESsss3

T0 AOyo avtd Patovue 4 chips "to éva mavw oo

4 " ’ ¢ ‘ ¢ word 00000 — | 000 000
T0 qk)\o , /(xq)ov oL 32 /keEstg elvan TECOEQELS word ooliE o e
ontddes AéEewv. Emmiéov 1 ndbe AEEN ot word 00010 —» | 010 g | 010
pviiun mov Béhovpe vo dprdEovpe €xel Oumhdolo  word 00011 —» | 011 o | 011
, . V2 . . . . word 00100 —» | 100 21100
min0og bl'[S, ar 6oa el 1 %nG.0¢ 7\/8%1] TV chips word 00101 101 S| 101
mov pog dtvouv --my. Béhovue pviun 32x16 32 word 00110 —» | 110 110
MéEeis, nabepio Twv 16 bits), xow pog éxovv dmoer  word 00111 —» | 111 111
chips peyéBovug 8x8 (8 AéEeig, nabepia twv 8 bits).
I to Moyo avtd yeewolopaote "Cevydolo omd m:g 8188? ’ 88? 88?
chips", dimha-Simha petad Tovg. I'd va to molpe word 01010 —» | 010 5 | 010
md emonua, ov w To TAATOS TOv %A0e chip, worg 81?%% %8 @ %(1)
, , , _ . wor — Re:
Gskovwa/(mv/o)\mn v 32 x 2w = 64w bits |0 01101 101 S | 101
ovvolxd. Td va tv dptidEovpe pe chips Tov 8 X word 01110 —» | 110|222 110 |y
w = 8w bits xaBéva, Oa yoelaotope 8 chips, doty  word 01111 —»= | 111 It
8 * 8w = 64w. Ta 8 avutd chips mpémer va o 000 000
; / ' / wors —
ogyavweov/v oav 4 yooappes nad' Uypog eml 2 word 10001 001 001
otnheg notd TAATOG. word 10010 —» | 010 2| o010
word 10011 —» | 011 |EZZZA1| | , | 011 [E5S3
; 4 ¢ : word 10100 — | 100 21100
210 Oxfpat,  TO. %OLQE Y%QLC'QO/ OQGOY(D/VLO word 10401 101 S| 101
moorotavel éva chip pvhung. E¢' 6cov 1o %dbe word 10110 —= | 110 110
chip éxeL 8 AéEeic péoa tovu, maigvel dieBuvon 3 word 10111 —» | 111 111
bits: autég oL devBivoelg twv 3 bits Gpaivovian
uéoo oe ndOe chip, dimha oe 8 novtduio. mOU ag:g Hgg? > 88? 88?
ovpPoliCouv tig 8 AéEelg Tov #dBe chip. Adov 1 word 11010 —» | 010 = | 010
ovvohluxn] pviun mov Oa ¢tidEovue Béhovpe va worg H%é% %8 Q %é
/. /. / , / WOor — o=
éxet 32 ks%ag, avti) 0a maigvel 6L8/U6'UV08L§ TV /5 word 11101 101 S | 101
bits: avtég Qaivovtar 0To oYU  AELOTEQA.  word 11110 —» | 110 110
AvuiotoryiCovpe, Omwg oto oyfua, Tig 32 word 11111 — | 111 111

devBUvoels TG ouvolxrng pwviung, 00000, 00001,
.., 11111, ot 4 chips xow otig 4*8 = 32 AéEelg TOoUg, UE TOV TEOYDAUVT) TEOTO WOV GaiveTaL 0TO
oyfue. Onwg mapatneotue, emedn To mhbog MEewv oe xdbe chip elvor dOvoun tov 2, xat AMoyw
™™g Owaipeong Oud dhvaun tov 2 mou eiyaue mel oty § 6.1, Ta 2 0QLoTEQEG bits ThHg GUVOAMKRNG
devOuvong (onuelwuéva pe %x{TOo 0TO OYNUC) OVILOTOLKOUV axQPp®ds otV aibunon twv
T€00GQWV chips, amwd 00 émg 11, xow Tta 3 deEd bits g cuvolxrfg deOvvong (ONUELWUEVO e
y®tCo 070 oYNuUa) avIloToL oUV axQPMg ot diedBuven mov Ba €xel M aviiotolyn AEEN uéoa oto
chip oto omoio Ba PoeBet.

IMegautéow, N ®AOe AEEN TS ouvolirng puviung €xel Outhdiolo AdTog (7. 16 bits) amd v ndbe
AEEM evog chip (y. 8 bits). ['ld To AdYyo avtod, "woPovpe" Tig eEmTepunéc AéEeLS 0TO aELOTEQD GO
no To OeELd oo, rat TIg amodnrevovue, xobeuia, WoM oto aQLoteQd chip xou ot oto deELo.
‘Omote dafatovpe, o dafdlovpe amd éva Eevydor chips, to éva dimha oto dhro. To mod amd
ta 4 Cevydola, pnag to Aéve ta 2 agLotepd bits tng (eEwtennc) dievBuvong. Zto #ndbe chip am
omov dwaPdlovpe, mov mepLuével d dievBuvon 3 bits yud va dovdéper, Bo ddroovpe ta 3 deEd bits
™g eEwTepurilc dlelBuVvVong, YA Vo TO Y ENOoLHoTIoLoeL ooy ecwTteQrt] dtevOuvon. To née chip Ba
dwaPdoer »ar o pog dwoer T N amd T AEN mov Yayvoupe eueig, eEwtegund, Oa
avaouvvOéoovue ™ MEN mov Béhovue amd Ta dvo wod g, Otav yoddovue, opoing Oo
voayouue og éva Cevydou chips, 0to apLoteQd TNV aQLoTeE ot AEET, xatl oto 0eELd v deELd
ot AMEN. Zto oyfuo ¢aivovtal emdvm teels "eEwTeQnés" AEEELG, M WITAE, 1 ®OXKLVY), ®OL M
oLV, %L TG omoieg Béhovpe va. tomobeticovue avtiotoya otig dtevBvvoeg 00001, 01110, xou
10011 to oyfuo delyvel péoo oe mold chips xow o molég Béoelg péoo oe ®éBe chip Ba tomoBetTnOel
7010 ®opdTL woLdg AEENG.

9.5 Aud¢idgona Pins Aedopévov oe Towwaraotores Aewpogovg xar 6e SRAM:
Ta olopata 1oV 001 YoUVTOL ATtd HAAOOIRES (OYL TORATAOTOTES) TOAES ExOUV HovOdgoun hoed

00Ng g TANEodopiag (unidirectional wire), amd v €000 g 0dNYNTOLOG TTOANG QOGS TIg
€L0000Ug MoV ouvdEovTaL oto ovoua (§3.5). Avtifeta, oL ToWaTAoTOTES AeMPOQOL EMTEEMOVY
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oundidgoun (bidirectional) petadopd mngopoglas: 1 rotevBuvon pmoel va adidlel »dbe dpood
ov aldler o evepydg odnyntihs. Thv W™ Ta QuTh TNV EXUETOALEDOVTOL Ol CUOREVES TTOU
emBupotv vo emnovovolv audtdoopa (dhhote ammootoli] xor dhhote Apn ThngodpogLdv) ue
ahheg ovonevéc péom mohumhéntn-iewdpogov. Edv n emrowwvio yiver pe nhooowrég miheg,
yoerdtovral xweLotd clQuaTa €L0000V xoL XWELOTA clouota €E6d0V, OIS OTN KVAUN TOv
oynuatog 7-27 touv Piiiov (oeh. 370) oav OumS 1 EmMKOLVOVICL YiVEL PECH TOLHOTAOTOTNG
AewdpOQov, TOTE 0ExeEl 1) ovonrEVT VO eTXOLVOVEL He TOV €Ew HOOUO PECW TOU €VOS, HOVOOLROD
oUQUATOG avd bit TS Aewdpdoov. Qg apdpidgopa, Ta olguaTa avTd VY VA ovopdtovtal oclQuaTa
"£16000v/eE000V" (input/output - I/O).

Ag yonowomomoovpe ooav moddetyuo to chip otatilc RAM (SRAM) tou mapdvtog
goyootneiov: mooxertal Y& to chip "PD43256BCZ" (tng etvowpeiog NEC) mov eivar pioc SRAM
peyéboug 32Kx8- éva hoywd dudryooppo vipnhot emsédov tou chip daivetor oto oyfiuo, ®al
TEQLOOOTEQES T\npodoieg 0 ouTto pmogeite val Pogeite 0T0:
http://www.downloads .reactivemicro.com/Public/Electronics/Static%20R AM/
NEC%20uPD43256B %2032k %20x%208bit%20SRAM %20Datasheet.pdf . To chip avtd éyer pia
povodgoun,  dexomevrapmrn  elcodo  dievBuvong,  ToElS Addr
LovOOQoues €L0O00VG eAEYYOV, %ol pia apudidgoun, ornTaumTn 15 PD 43 256 B
el00d0/éE000  dedopévarv. Ta tehevtaion auvtd 8 olouata
7eooQllovtal va ouvdebolv oe pio hewdpogo dedopévav. Otav
Béhovpe va YQAWPYOUUE 0T UV, TQETEL RATOLA AAAT] CUOKELT
va odnynoer ™ Aewdpdgo, Phloviag exel to dedopévo mou
0éhovpe va eyyoadolv:  pvAun duafater ta dedopévo amd Ta
obopota oVTd, ®a To amobnxeber otnv embuunth A£En. Otoav
0éhovpe va dwofdoovue amd TN UVNUN, EVEQYOTOLOUUE TOUG
TOLRATAOTOTOVG 0dNYNTES IOV €YEL PEoa Tou To chip, omdte avtd
yivetal o odnynThg Tng Aewdogou xow tomobetel exel ™ AEEN mov
ToV {nthoape va dtafdoer amd exet, T AEEN avth) O TV Tdovv e
oL dAloL "axpoatéc" mov ovvoEovTal TAVW 0T AeMPOQO. >
Cs’

15-t0-32K decoder

|l
I
|l
= 32Kx8
|l
]

dataOut

write
» dataln

Amo dmoyr xeoviopov, 1 Aettovyia tov PD43256B éyel g €Efg.
H avédyvoon omd to chip wropel va Oewonbel ocav xabagd %M
ouvvdvaotinf] mEAEN: pmogolue va  daviaotolpe OtL €vog ]
peydhog, ontaumtog mohluvmiéxtng 32K-oe-1  ¢pégver  otov Data I/O 18
eowteQnd ®ouPo "dataOut" to meQLEXOUEVO NG AEENC exelvng TV !
omoio. emAéyouv ta 15 bits tng delOuvone pohg orrdEer M devBvvon, petd amd Aiyo
(roBvotégnon avayvoons) olhdCouv xan T dataOut wow yivovion (o pe To meglexdueva TG vEag
0éong pviung (n moayuotirl ecmteQuxi] Aettovgylo dev eival €tol, oAl ovtd dev pag adoed
edm). H eyyoadn, amd v &dAin peold, moémeL vo YiVeEL TQOCEXTIROTEQA: TQMTO TQETEL VO
tomoBeTnOetl | emBupunTh deBvvom eyypadnc otnv elcodo dEVOVVONG, ®oL HETE A AVTO KL
HOVO TRETEL VO avAeL TO E0wTeQLRO oo "write". ‘Oon da eivar avapévo To oo write TEémeL
n OievBuvon va mogauéver otabeptf »ab' OAN avtf) ™V OEa, M emAeyouevn AEEN pvhung
Aettovyel oov povialmtig: 0,11 dedouéva vIaoyouv dve otig e.06dovg "dataln" eyyoddovia
0T AEEN --mpodhavmg, To TeElevTaia TéTola dedopéva mLv ofifjoel To ofjua write o mapapelvouvy
otnv emieypévn AEEN pviune. H eloodog dieliBuvong emtpémetor va arldEel povov adov offfosel
TO OO Write.

H eEwteoun ovpmepupoed tov chip mpoodiogiletal amd ToUg TOQATAV® ROVOVES RO ATTO TA TQIAL
onuata eréyyov, WE', CS', natr OE', o0pudwva e 1o Aoyind OLdyQouuo Tov Gpailvetol 0To oyuo.
Kot ta tolo ofuota ehéyyxou €xouv aovnTiny TOM®OTNTA: EVEQYOTOLOUV T1] AeLtTovYyio TOovg, TO
nobéva, otav etvar undév (0). To ofua CS' (agvnund Chip Select) evegyomolet 1) adoavomolel
0AO®ANQEO TO chip: mEooitetal yid xofon étov GpTidyvovpue wd peydin pviun omd mworld chips,
Y& va emhéyovpe oe mold chip amevBuvopaote xdbe Gpoed. Otav CS'=0 (evepyod chip), To ofpa
WE' (apvntind Write Enable) evegyomoiel tnv eyyoadi], ONradt avafer to write, 6mote yiveTa
undév (0). Téhog, 6tav CS'=0 (eveQyod chip), to ofjua OE' (apvnuxd Output Enable) avdfer Toug
Toratdotatovg odNyntés g Aewdogou €E6dov, dtav WE'=1 Onhadi otov Oev xndvoupue
eyyoadm (doa ndvovue avdyvoaon), ue dilo Aoywa 6tav BEhouvpe 1 AEEN mov drafdlovue va Pyet
€Em 0td To chip, ot AewPpdo dedopévmv.

2to emoOpevo oynuo, OeEld, dpaivetar éva mapdderypa, mog pe 8 chips cav ta magamndve o
GTIayvape wa peyalTegn pviun, peyédous 128 K x 16. Emeldn) 128 K = 4 * 32 K, yoeiolopaote 4
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oelpés ("0QodPoug") amd chips Twv

. ; L ) Address (17 bits i
32 K MEewv, 1) pic. 0e10é méve omd ( ) 128K x 16 Memory, made of 32K x 8 chips

™mv GAAn. Emedn) to embuuntod A WE+—---------- WE~—qrite
mGroc 16 bits = 2 * ta 8 bits mov  M° » 15"8 Ts mAddr | =5 T|hddr

divel To ®GOe chip, yoewalopaote 2 > Lj

othieg amtd chips, yud va dpTLdyvouv - o)
Cevydola, to éva dimha oto dAho. CS | | —CS

Emeldn n ovvolnt) pviun €xer 128 8l < - -« '8

K A€Eeig, o devBivoels yid authv WEl— || =, |
0o éyovv 17 bits (27 = 128 K). D ader | ot —{Adr
Eme1d1) to »a0¢ chip €yl eomteound

32 K M\éEewg, yoevdletan 15 bits Lj w, L L w
devbvvon (21° = 32 K). Aoa, ta 2 \ CS | ~—CS
oLoteed (MS) bits g eEwteoung 00 e e «>18
devBvvong emAéyouv éva amd to 4 B |01 WE~ | | WEl~
Cevvdoua (oelgég, 0QOdOLE) chips: | 8 |10 B ladar | - > Addr

avtd To xdvouv péow  EVOg a 11 15
OITTORWOLROTTOLNTH) 2-0e-4  TOV LYUJ._ 7777777777 L w
omoiov ot ¢éEodot 0dnyotv Ta Chip- ses | 9] s | ©
Select (CS) twv chips --xaBeuia to 8 . . 18

CS twv dvo chips tou Tevyogov

™g (Y1 amhotto edm, Oewoolue 15 WE—--f WE~—
T ofuata  ehéyyov  Ostuxig mAddr [ TAddr
molxdTTag, SMhadh avimoda amd L jm .

TO TL ®GVOUV TO TEAYMATIXG chips o[ "~ )
oto eQyaotioo). Ta 15 deEid bits ‘CSS ””””” IeS 8

™g eEmteQurilc delBuvong pog = ‘8 8‘ - i
Mve mod  MEW  wéoa  oro

emAeyuévo  chip  Oéhovpe  va
dwafdoovpe 7 va yodpoupe. Aga,
ta 15 avutd bits dievBuvvong Ba Ta = —'_r<—
dwoovue xat ota oxtd chips oav S |

(ecwteQuri] Toug) devbuvon: ta 6

oo ta 8 chips mov dev emAéyovran

(CS=0) PAémovv avti TV (TAaopatky) OevBuvon, ord v ayvoolv emewdn elvau
adovomomuéva (CS=0)- ta 2 emmAeypéva amd ta 8 chips (ov €xouv CS=1) xONOLLOTOLOVY CWOTA
ovtr ™ detBvvon YId vo emmAéEouv péca Tovg T emmbuunti Nw-AEEN (8 bits To xabéva, Y1 va
dTLaEovV TV eEmTeQun AEEN TwV 16 bits).

16 bits)
Arbiter

Ta 8 (appidgopa) data pins Twv 4 aQLote@®Vv chips, T cuvdEoupe PeTaED Tovg (rAGbe TETEAdA
ovtitoywv pins), ®ote vo oynuotioovv wdav "ogioten" (Mui-) Aewddgo. Opolwg, to 8
(appidgopa) data pins twv 4 deEudv chips, Ta ovvdEoupe PETAED TOVE, MOTE VA OYNUATIOOUV TH
"deEld" (mui-) Aewdogo. H aguoteph] (oxtdumtn) u-Aewdo0os kot 1 OeELd (Emmiong onTaumTy)
Nu-Aempdog, Bewotpeves nat ov d0o pali (PA. ®dtw PéQog Tov OYNUATOC) oYMuaTiCovv ™V
OexeEapmtn Aewdogo dedouévov mov pag Tnenbnre (oot pag Tneibnxe wd pvhun pe
0QYavmon "x16"). AAAOL 00N YNTES Ol OXQOOTES (TT.Y. O EMEEEQYAOTHS, TEQUPEQELORES OVOREVES)
uwoel vo. ouvdéovial oe vt TN AewdOo (adnonuéva oyedlacuévol oto %ATw UEQOS TOU
oynuatog). H eEaoddiion tov navova tng Aewpogov ("évag now povov évag uhder xabe otiypn")
yivetow wg €Eng. O dwwtntig (arbiter, ndtw OeEid) emhéyer now evegyomolet pion omd Tg 3
VIOTIOEUEVES OCLVONEVES (TT.Y. EMEEEQYAOTNG, TEQUHEQELOKD, 1] TN UVUN HOG). Av emAéEel GAAN
ovoxrevn (L ™) pviun pog), tote diver undév (0) oto OE (Output Enable) »ow twv 8 chips g
LVAUNG pog, Ao ravévo amd ovtd dev wAdel amd Tovg TEWMATACTATOUS 00NYNTES TOV, AdOU
wAder G ovorevh) v ot Aewdpoo. ‘Otav o dtotnThg eMAEYEL TN UVAUY HOG VLG VO AN OEL
(avayvmon), tote avaper To ofjua wov Teododotel ta 8 OE twv 8 chips pag. ‘Ola to chips pog
pAémovv OE=1, aAlG 6 amd autd éxovv CS=0, dga AEN avdéfouv Toug Tomatdotatovs odmnynTég
Tovg O10 amd Ta chips pog (Eva aguoteed now évo 0eELd) Exouv CS=1 (06 TOV aToRMIKOTOTT),
aga autd, Prémoviag walr OE=1, avafouvv Toug ToiraTdotatovg 0dNyNnTég Toug, xat TomofeToV
To ®n00éva ta 8 bits mov dafaoe v otV nobepio NU-AewdHOQO, ETOPEVIS OL AMAESC GUOKEVES
v 0T AewdOO (Y. 0 emeEepyaatic) PAémovy T (16-pmtn) AEEN mov Belape va dafdoovpe.
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H eyyoadi) Aertovoyel avdhoyo pe ta mponyolbueva. Otav dev Béhovpe va yodypovue, OAa Ta
chips PAémovy Write=0 xai dev yoddpovv. Otav 0Ehovue vo yodapovue, xdmola dAAn cvoxrevn (..
o emeEeQyaotig) avdfer Toug odnynTés tov xan PAler mave ot Aewdpogo ) AEEN (data) mov
Béhovpe va yodpoupe (now diver nan T dtevBuvon eyyoadrc). Metd, avdpouue to Write=1, ou
10 PAémovy now ta 8 chips ™G pviAung. Ouwg, 6 amd to 8 chips elvan pn-emAeyuéva (CS=0), Goa
éxeL adpavomown0el ecmTeQd TOUG N eYYQAPT), %L EMOUEVIG OEV ®AvouV Timota. Ao amd ta 8
chips (éva aplotepd %L éva deki) elvan emAeypéva (CS=1), wow avtd, PAémovtag ol Write=1, Oa
yodpouv ta data mov PAETOUV TAVD 0T AewdOQO (7T.y. amtd Tov emeEeQyaoti)) otn devBuvon mov
Toug didetal To aELoTeRd emheyuévo chip Bo yodel Ta 8 aQuotepd bits Twv data, ®ou to OeELO
emieyuévo chip Oa yodapel ta 8 deELd bits Twv data.

Heigapa 9.6: Towardoratn Aswpogog ue Mvijueg SRAM

Koataoxrevdote now ehéyEte 10 nimhopa mov dpaivetor oto oyfua. Eivar ogyavopévo yoom amd
wé oxtdpmtn Aewdogo, BUS. X' avtfv ovvoéovror toelg mnyés mhingodpogiag: 000 (ORTAUTTOL)
SRAM chips (UECOV) 0OV AUTA TTOU PEAETIOCUE TOQATAV®™, ®oL pio Tyt oXTAUmMTOY 0QLOUMV
(emévo) mov moopilovrar cav dedopéva eyyoadng otig uvipes. Kébe chip pviung éxer 32K
(ontdpumreg) MEEELS, doa 15 bits dlevBuvong: OGS, Aoy TEQLOQLOWMYV OTO GUQUOTO ROL TNV TNYT
devBuvoemv, eueic Bo yonowwomotoovpe pOVO TG TOWTES 256 AéEelc oto ndBe chip,
petapdrovrog povo ta 8 (LS) bits amwd ta 15 bits dievBuvong, now xoatdvTag T vdAowta 7 bits
otafepd oto 0. Toododotoue v duo devBuvvon xow ota dVo chips. Zav myn TOOO
devBivoemv 600 oL dedopévorv Ba xONOLULOTOLoETE TO TANUTEOAOYLO (§8.3) T pev 8 MS bits
tou (In[15.8]) Ba yonowwomowoete oav mnyn OevBuvong, ta de 8 LS bits tov (In[7..0]) Oa
yonowpomooete oov Iy dedopévov. Otav mAnrtgoloyelte
éva véo TeToapfidro dexaeEadnd aoBpd, ta dvo agwotepd — FromKbd: In[7.0] 8
Yndio Tov Oo meoodiopitovy T véa dietOuvon, xou to do  IN[15.8] [%
0gELd Yndia tov Ba meoadlopitouv ta véa dedouéva (yid vo. 8 O(LCS’ A
oMGETe pdvo to éva amd ta 000 --0edouéva 1) dleOvvon--
. , , , SRAM#0
TRETEL QUOTUY WS VO SavortAnutooloynoete »al to dGAlo,

o
S5 8
OUETAPANTO). | i;>7f—> Addr

2 AewdOQo ouvdEeTOL EMONG KAl £VAG ARQOATHG, 1] 000V M-WE;
VYWV nQUOoTAAWV (LCD) (y1d tnv oxifeia povo to 8 LS bits

™Q), YLd va mogoxorovBolpe T Aoywi T Tng Aewdogov. 8
AdPete vt 0Y1 oag OTL TO ®OHAWUO ELGOdOV TG 00OVNG ExEL O(LCS’

Data

L OF' g
8

aobBevels avtiotdoelg xobBélnvong: O6tav éva bit mwou Tov 2
. P . » ~ ~ . S SRAM# @

ouvdéovue eivar "owwgotpevo" (floating - HiZ - aolvdeto - sZ 45

ovowtd xinlopa), tote outh 1 avtiotaon xadéirnvong to §>+>Addr

dégvel oe younin tdom, e €ror M 006vn deiyver 0+ STav

. . , , . . ~ WE! OF' &

1AITTOLOG (TEIHOTAOTATOS) 0dNYNTHS 00N YToEL avTd TO bit e 0 N-WE; Data P~

N 1, tote 0 odnyntiig avwtds vmeguoyver ™g (aoOevoig) g

oavtiotaong xabélxwvong, xor GEQVEL TO bit otV TAON TOU -

avtog embupel. Aga, 6mote 1 AewdOQOg PEVEL VOO YNTY
(dnradn 6lot o Teratdotatolr 0dNYyNTéES TG Elvol ofinoToi),
otnv 006vn Ba PAémete "00" (deraeEadind) ota d0o deEud
ynota mge. (Ta dvo agotepd Yndla s 0086vng avtiotoryovv ota bits Out[15..8], mov elvou
aovvdeta, doa, yud tov idlo magandvm Adyo, avtd Ba delyvouv mévta "00").

\
To Display: Out[7..0]

H Aertovgyio tov xvrhdpatog éxel mg eEng. EmAéyovpe wd diebOuvvon wou pio AEEN dedopévav
PECW TOV TAN®TQOAOY(OU. 2T OUVEXELD, TOTAUE TO JLArOTTT) A YIG VO EVEQYOTOL|COVUE TOV
EMAVM TOWOTAOTOTO 0ONYNTN: 1 AEEN dedopévmv mémeL va epudavioTel Tavm ot AemdOQo %al
™V dovue oty 006vN. Me matnuévo to dandmn A, avdfovue xal oty ovvéyelo offvovue évov
o6 Tovg dtandTteg M 1) N, OTe Vo EVEQYOTOLOOVUE THV €YYQadT| og pia amd Tig 000 UviueS:
edv 10 v0xhwpo Aettoveyel ocwotd, ta dedopévo amd ™ Aewdogo Bo mEEmEL TMEO Va EYouv
voadtel otnv emmAeypévny diehOuvon g uviung authg (Yodyte ¢' éva yaoti t) diehBuvon o ta
dedouéva Y emohnBevon apyodtepa). AMNGCouvpe ta dedopéva ol evegyomototue to WE' tng
AMANG pviung: to véa dedopéva Oa meémeL va YoddTnrav oty emleyuévr diebOvvon exeiving tng
pvhung. AAAGZovue »atl t) detOvvon xow ta dedopéva, xor emavorapPfdvovue ™) dtodraocio
00TWg MOoTE Vo Yodpouue poxabogiopéves (ror dradpogetinéc!) MéEelg oe nGumooes ammd Tig 256
nooomeldoiues AéEels nabeuds amd tig dvo pviues. Tlpoooyn: tn otiyw g arloyng g
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dlevOuvong va unv eival evepyods xovévag amd tovg dwaxdmtes M 1 N. Ztn ovvéyewa, adpol
"veulooe" (0YKOTTOLNOOUE) TIg Pviues, dofdlovue Ta meQLeXOUeEVA TOUS YA VO SLOTILOTO OOV UE
av glvol T owotd: emAéyoupe (LECW TOV TANKTQEOAOYIOV) Tig dleBUvoels oTig omoleg yodnpape (Ta
dedouéva amd To TANKTEOAOYLO TMEO dev B pémeL va éxouv emidoaon), nat yid ®déHe diehBuvon
oTdpe TEMTO TO dLoxomTN B yid va dtofdoovpe amd v ot wvhun, xot petd to duandrren C
Y& vo drafdoovpe amd T deteen v xdbe poQd, meémer va epdaviCovror otnv 006vn Tl
dedouéva mov elyope yoder mohadteQa o€ exelvn T dtevBvvor exelvng Tng wviung (ov elval
oxOmpo vo elvor dlapoeeTind HETAED Toug, dladogeTndt amd ta dedopéva AAmV devbivoewy,
1ol OLapoeTInd oo To TmELVE dedopéva Tov TANxTEOoloyiov). Duond, moté dev mpémel va elva
TOTNUEVOL TOUTOYQOVA TEQLOOOTEQOL amtd évag amd Touvg dwaxdmres A, B, C, oL omoiol
EVEQYOTOLOTV TOUGS TEE(S dLoPOEETIROVG 0dNYNTES TNG AePOQOU.

Ta chips pviung etvar axPpd, ot yi' avtd dev oag €xouvv dobel ywolotd oe xabévav, oto
"ooxunovhaxL" g §3.3- y1d tov (010 axrgPmg AOYOo, va. el0TE TOAD TROGEXTIXOL VO UV TO ®AWETE/
yoldoete! Oa ta Peeite Etolpa (0AAG aovdeTa) Tavm oty mhoxéta ovvoéoemv (breadboard), xo
otav teElELmoete adote T emions mhvw oty mhaxréta, yweic va ta Pydiete, yid va unv
dBeigovtan (otQafdvouvy) ta modagdxio Tovg (Pydhte povo Ta CUQUATA OOG, %ol TO Ord OO
chip, 74573). Ta pins Tng SRAM ¢aivovtol 0To

WE’ OE’
oynuat. Ta  pins  debBvvong mov  Ba 0
yonolpomotjoovue euels eivon ta 3 éwg 10- ta EH lgﬂ E%—‘ EL\ IZL\ E%\ 19 fis fi7 g A5

vohouto. 7 pins deBuvvong, mov Oev Ta ) S gata IO
xonowomowotue, moémer va ouvvdebov oe | S other e FEE
oo otafeph) thom (). va yeiwOoiv ) address ~_PD 43256 BCZ: 32K x8 SRAM
(Moywd  0)), dOTL ahhowbg, ov  peivovv bits 2
aovvdeta (awwgovueva - floating) umoel va 7" address (8 LS bits) “data /O™ o

nolgvouv Tuyaieg (vat petapforopeveg!) Tiuéc. Lﬁ—‘ %J L;'J L?-‘ L?-‘ L? \—?J L?J \1—3 h—f‘ “-F‘ “—F‘ ;Lﬁ
Toa. pins dedopévarv (eLl06d0v/eEHGOOV) elval Ta
11, 12, 13, %ﬁ 15 é¢wg now 19. Téhog, oL 3 A7 A6 AS A4 A3 A2 A1 AO

gloodol eléyyov Polorovtor ota pins 20, 22, *ep0 [id [ig [17 [16 [15 {4 [{3 {2 [1]
now 27. Zov TOIRATACTOTOVS 00N YNTéS YId T Q

dedopéva eyyoadrg, ¥MNOLUOTOL|oTE T 8 bits >

evog chip povrohotov "74573" 6mwg outd )
IOV YENolpwomooate  ota 2 tehevtaio
goyaothola. Omwg elyape mel, Ta chips avtd

éxouv towatdotateg €E6dovs. Td  va 12 sl 1a] ] 6] 7] (8] 18] m—ﬂb
yonowwosotjoovpe  udvo  tovg  odNYyNTég,

YWOIg TOVG HovTalmTég, aExel va ovvdéoovue povipws oto 1 to onua poépTwong (pin 11): toTE,
4,11 vIdEYEL OTIS EL00J0VS "eyyoddeTal" ouveymg nat apéoms xal epdaviCetor otig eE6dovg. H
€(0000g €vEQYOTOINONG TV TOATAOTOMY 0dNYNTOV elvar To pin 1, naw elval agviTixig Aoyxigc:
gvegyomotel Toug 00N yNTég pe 0, xow Toug adoavomolel pe 1.

74573

GND

Mow ¢tdoete oto €QYNOTNOWO ®AVIE £€va TANQES OYedLAyQappa ouvdeouoloyiag, OelyvovTag
oxQUPOS moLd pin tivog chip moémel va ovvdebel mol, dmwg éxovue NON met molhéc dpogés. Emiong,
voayte ¢' éva yatl To "medyoauua eAEyxwv" oog (test plan): oe molég dievBUvoels Oa yodete,
no L (Qapopetind) dedopéva oe nobepio, oto ndbe chip. XTo €0YNOTIOLO, ROTAOKEVAOTE TO
rOxhopo xow ehéyEte T Aettoveyia tov. ‘Otav offjvete v tGon TeoPpodoaiag, Tt yivovral To

TEQLEYOMEVT TG UVAING;
Aoxnon 9.7: Mvijun Awthaciov 'Yyoug (AéEewv)

To #0®AOUO TOU TQOTYOUUEVOU EQYOOTNQIOV WITOQEL, ue EAAYLOTES OAAAYES OTA OUATA EAEYY OV,
va, yonotpomo0et oav wia peydin pvihun pe duthdolo apd AéEewv ar doeg MEEeLs €xel To ®A0e
chip (1] xonowpomoloUpe epels 0to ®AOe chip), dMradi wd pviun dumhaciov "0poug" (Bewemvtog
OTL To "0pog" avtioToyEel ot AéEels Tng uviung xot to "mAdtog" ota bits thg xGbe AEENG). Ag
TOLQOUEIVOULE TTQOG OTLYUNY OTLS 256 Hdvo AéEels avd chip Tov monyovuévou melpduatog (uovo 8
bits dtevOvVvong ota chips): tOTe M "ovvolxrn" pwviun Oa éxer 512 AéEeig, doa 9 bits devOivongs.
Bemoemote 6t 10 £vvato bit dletBvvong eivor o dtaxrdTTNg M- ENOLUOTOLNOTE TOV YA Vo, EAEYETE
notdhMAnia to ofjuoto. CS' twv chips, dL0TL £tol metvyaivete "W éva oumdoo dvd TEUYOVIA":
0.0QAVOTTOLTTE TOUTOYQOVA ROL TLG EYYQODES HOL TIG AVOYVMDOELS 0TO EXAOTOTE U eTAEYUEVO chip.
‘Otav 10 ®@vete 0woTd avTd, WITOQE(TE 0T OLVEXELD VoL 00N YHOTE QIO WAV (D, xowvi| (0000 Ta
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dvo ofpoto WE' twv 800 chips, ®ot ommd udv dhhr, emiong xowvi) €icodo ta dvo ofuata OE' nal
twv V0 chips. Kdvte to oyedidyoappo Touv ®UrADGUOTOS 0TV 0vapOoQa TOV €QYAOTNEIOV 0OG,
nol eENyNnote ev ovviopia 1o yotl. Av éyete yoOvo, dOXLUAOTE TO ROL OTO €QYOOTNQLO (TT.Y.
odnynote ta do WE' and tov dtandmen B', wow ta 0o OE' amd tov diandren C).

Edv ot Aewdogo dev vmdioyel novévag GAAog 0d1NyNTi|G, TOTE WTOQOUUE VAL ATTOGACIOOVUE OTOTE
dev ndvovpe eyyoadrn vo ndvovpue maviote avdayvmon. I[log Oo yonowwomolotoate tOTE TOV
danome) A xol povo (pe tig dvo ovumAnowuatikés tou €E6dovg, A xrar A') Y4 vo eléEte
natdAAnia not Tov exdvo Tewotdotato odnynti xot ta WE' twv oo chips, xou ta OE' twv 600
chips, 6ha povo amd tov A; (Ag motue 6TL "A ehe10eg0g" onuaiver "avayvwon", xou "A maTnuévog”
onpaiver "eyyoadn"). Kdvte to oyedidrygopupo Tov *urAOUOTOS 0THV avodoQd TOU €QYAOTNEIOV
0ag, »aL EENYNOTE €V OUVTOUIOL TS ®aL YLOLTE dOUAEDEL CWOTAL.

Téhog, ag adfoovue »otd PEQOS TOV TEQLOQLOMO Y& 8 uodvo bits dietBuvong, dNhadn 256 povo
MéEels avd chip. Oewonote to mifoeg "0Yos" (fabog) Tou ®aGOe chip, Tov 32K AéEewv. Tote, 1
"ovvolxN" pog puvAun etvar 64K AéEels, nau yoewdleton 16 bits devOvvong. AeiEte o' éva
oyxedidyoappa wa dexaeEdumey devbuvon va pmaivel, kol wodg ovth] o Teododotioel TO
HORADOUA LOG VI8 VA CUUTEQLPEQETAL AVTO OV pia peydin pviun 64K x 8.

Aoxnon 9.8: H Oton tov bits Aedouévov xar Agvdivoemv

(1) Zro mapamdvw metpopo 9.6 dev dmoape onpocio oto mowd modadxt Tov chip ftav to LS bit
TV dedOUEVMV, TTOLO TO ETTOUEVO, %.0.K. VUGV e TO €YYELQLOL0, TO pin 11 TOv chip paiveton va
etvar to LS bit tov dedopévmv, xal 1o pin 12 10 emdUEVO.

i. Zyxedudorte ta 8 flip-flops (8 wovtania) puudg AENG Tg pvhung (.. g 13), now Bewenote OtTL
voadoupe exet mg dedopuéva tov 0ud F9, éxovtag ouvdéael omotd to LS bit BUS[0] oto
m0dadxt 11 Tov chip, To emdpevo bit BUS[1] 610 modagdxt 12, n.0.x. Fodte péco oe vdbe
flip-flop (rovtdnt) To cwoTod bit, 1 11 0.

ii. @emwpnote OTL 0ITtO TO TAEATAVW ®IrAwa (1) daPfalovue TV Tapamdve AEN (ag molue
v 13). ITowog 0pBpds Ba eppaviotel oto BUS;

iii. "Eotm tdea 6Tt oto xixhwua (i) ovvdéoape avdmoda to LS bit BUS[0] oto modaodut 12
#ow o bit BUS[1] oto modagdut 11, evd ta vwohouta bits apapévouy 6mwg mwy. 'Eotw 6t
méh yoddouvpe otn AEN 13, éxovtag tov agOud F9 mdvem oto BUS. Toga, Tt bits Ha
pmotve péoo oe xGbe novtdnl TS AEENG ot pviun; --oxedidiote O6mws oto (i). IToldg
0LOpOg Ba vote naveic 6tL elvon ovtog, edv pmogotoe va "del" péoa oto chip;

iv. 'Eotw 6t ammd to véo ("avamodo") wixhwua (iii) dafdalovue v maoastdve MEEN, 13.
ITowdg aeBpos Ba epdoviotei oto BUS; Eivar avtds idlog pe tov agbpd mov o voute
rnawvelg av pwrogotoe va "del" péoa oto chip, 1) (dlog pe Tov apldpd mov "yedpapue" amd To
BUS; INati; Tu ovpmépaopa Pydlerte;

(2) Mio avtiotouyn pe TV TOQOITAvVe TeQimttwan cupPaivel xot pe Ta bits dieBvvong! Oeswonote
OTL ypadovue ot AEEN 0 Tov apBud 10, oty 1 tov 11, oty 2 tov 12, »aL otnv 3 tov 13. Zxedidote
QUTES TG 4 TEMTES AEEELS TG UVIUNG, TNV Wit ®ETw amd v dAln, xouw yodapte uéoa oe xabepio
TO TTEQLEXOUEVE TNG. 2T oVVEYELD OewEnote OTL, natd AaBog, ndmolog cuvédeoe to LS bit Addr[0]
™G OlevBuvong oto modadnt 9 Tov chip mou eival To bit "Al", now To emduevo bit Addr[1] g
dteBvvong oto modadxt 10 Tov chip wov elvor to bit "AQ" (evd 6la To vITdAoLTO bits OLeBvvong
elvar owotd ouvdedepéva). Eavaygddpovpe otn dievBuvon 0 tov abpd 10, oty 1 tov 11, otnv 2
tov 12, naw otnv 3 Tov 13- oL dtevBuvoels avtéc avtiotolyolv oto Tt "owotd" divel To Addr, evid To
chip ta PAémer ahloung ota pins Al, AO. Zyedidote thoa Tig 4 mmdTeg AEeLS TG Uvung, %ot
voayte péoo oe nobepio To TeQLEXOUEVA TG elvan "avoxatepéva; ZTo (9o avTd nORADUA, LE TO
avamoda modagdxia 9 xow 10, dwafdalovpe amd g devbuvoeg 0, 1, 2, xou 3+ »or wAM, oL
OLevBUvoels auTég avilotolov oto T Olvel To Addr, evd To chip Ta PAEmeL allowbg ota pins Al,
AO0. Tuv dedopéva dwofdoape amd tn devbuvon 0, T amd ™v 1, T amd v 2, 1L amwd TV 3;
MouéCovv AdBog 1 owotd; Nati; Tu ovpéoaopa Bydlerte;
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