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Oépa 1 (3,0 povadeg)
Xpnowornowwvtag T flip flops Betikng axkprig rmupododtnong, oxedidote 10 AMAOUOTEPO KUKA®PIA TO ortoio rmapéxet otnv £§o60 Tou v
akoAoubia : 12, 30, 4, 21, 14, 12, 30, ...

To {ntoupevo KUKAGPA eival pa pnxavy) Moore 5 §1a@opeTikmOv Kataotaoewv, dpa Kat' edaxioto Ba anattmBouv 3 T FFs. Yrobetoupe ot
AUTEG Ol KATAOTAOES akoAouBouv duadikn HETPNOn, Apa TO AKOAOUO1aKO KOPHATL TOU KUKAGUATOS pag eivat évag mod-5 petpntng
guaypévog arntd 3 T-FF (armlomounpévo oxrjpa 6-13, ocedida 325 M. Mano). I'a v emiteuén tmg modulo pérpnong, priopoupe va
urtoB¢ooupe ouyxpovo kabapiopo ota FFs kat ernedn) n kataotaon 100 eivatr n povadikn pe 1 oto MSB va 1o Xpnotpornou)covpe ©g
onpa kabaplopou. ZNPelmote 0Tt Pe To TPOIo autd T0 KUKAMPA pag yivetat kat autodiopBoltpevo | Apa to akodoublakd koppdatt eivat to
axoAoubo :

Qo Qq Q;

CLK

I'a 1o ouviUaoTIKO KOPHPATL £XOUE TOUG akoAouboug mivakeg aAnfetag (ot pn ep@avi{opeveg KATaotaoelg eivat adlapopeg) :

Kataotaon ESobog
Q2 Q1 Q0 R4 R3 R2 R1 RO
0 0 0 0 1 1 0 0
0 0 1 1 1 1 1 0
0 1 0 0 0 1 0 0
0 1 1 1 0 1 0 1
1 0 0 0 1 1 1 0

AT 6mou mpokUITtouV R4 = Qo, R3 = ~Q1, Ro=1, Ri= Q2+~Q1Qo rat Ro= Q1Qo pe mpogavr) vAoroinon

Otpa 2 (3,0 povadeg)

Yxebraote 10 Aoyiko daypappa evog kataxeopnt-abpoiotr) 4-bit o onoiog napéxet 11§ akoAoubeg Asettoupyieg:

1. Awtpnon v anobnkeupévav dedopévav.

2. ®optwon v napdAAnAev dedopévav ercodou 1, 1o, Is kat I4.

3.  Avuotpoor) tev arobnkeupévev dedopévav.

4. TIlpdoBeon twv anobnkeupévav dedopévav pe ta rmapdddnda dedopéva €10660u Kal anobrikeuon tou abpoiopatog. Oswpeiote OTL O
RATaxXepntg-abpoiotrig Siabetel kpatoupevo €100860U Katl Kpatoupevo e§odou.

‘Exete otnv 61d6eo1) oag oroladrote mmUAnN Kat ardo KUKAQOPA (ArToKOSIKOIIONTEG, KOOIKOIIOUTEG, TIOAUTTAEKTEG, AOPO10TES, NIIaBPOoloTEg)

xpetadeote. Ma anobnkevtika otowxeia xpnowponoteiote D flip flops.
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Otpa 3 (1.5 povadeg)

Aidetal 1o KUKA®PA TOU MAPAKAT® OXIHATOG, OTO OTI0i0 :

e Ot R; kat Rz eivar Bstika arxpomupoborntor kataxepntes 4 duadikov yneiov napdAAning ewoodou — mapddAnAng e§odou, e
rabuotépnon addayng g £§66ou petd amno ) Osukr akprn Tou podoylou ion pe 4 ns, Xpovo mpoetotpaciag (setup time) 7 ns kat
Xpovo arokatdotaorng (hold time) 3 ns.

. O Rs eivat apvnura arxponupodotntog Kataxepntg 8 duadikov yneiev mapdAAnAng e100dou — napadAnAng e§odou pe kabuotépnon
aldayng g €§060U peETA Ao TNV aPVATIKY AKL) Tou poAoylou ion pe 12 ns, xpdvo mpoetotpaciag 9 ns Kat xpovo anoxkatdotaong S
ns.

e O moAAamnAaoclaotr)g ToU OXNuatog rnapouotddel péylotn kabuotépnon 61adoong orpatog, arod orotadnnote 10060 1pog orotadnote
£§000 tou, lon pe 67 ns.

Kaleiote va umodoyioete ) PEyiot oUuxXvotnta AETOUPYiag Tou orpatog Xxpoviopou (clk) yU’ autd 1o KUKAepa.
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Av 0Ao1 01 KATaxepPntég Aettoupyouoav pe v idta akpr tou poloylou, tote Ba énmpere va 1oxvet Tax = t1 + t2 + t3, 00U t1 1 KaBuotépnon
v Ri, R2 amno v evepyortoinon tou poloylol £€ag Vv £€§0do, t2 1 kKabuotépnon tou oAdarnAactaotr) Kat t3 0 Xpovog MPOoeToIaciag tou




Rs (Brapdveia 53 3o set Sragpavelmv). Apou o R3 Aettoupyei pe v apvnuikr) axkpr) kat ot R1, R2 pe ) Bgtikr), o naparndve turnog §i€net
mVv nuutepiodo tou poAoyloy otn Mepimmor) pag. Zuvenag ot rnepintoon) pag eivat Tax 2 2 x (4 + 67 + 9) = 160 ns => fux < 6,25 MHz.

Oépa 4 (2,5 povadeg)
Aidetat 1o akoAoub1aKO KUKA®}IA TOU OXI)HATOG ITOU AKOAOUBEel :

Xo X1 X2 X3

s s J
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oto ormoio urniapxouv 4 SR flip flops, 1 D flip flop, moAurdékteg 2 oe 1 edeyxopevol ard 10 ONpa S Kal ArtAég AOYIKEG TTUAEG
(aroxAelotikng S1aleuéng kat avriotpogeig). To akodouBiakd autd kKUkAewpa dwabéter poAot (CLK) kat aovuyxpovo orjpa kabapilopou
(CLEAR). H Aettoupyia tou KUKA®PATOg ouviotatat aro ta £§ng frpata :
1) Evepyonoinon g e100860u kKabaplopol Katl akoAoubrn) arevepyoroinor) mg.
2) Odnynon tou onjpatog S oto 0 kat ng aptnpiag e10odou X[3:0] pe ta ermbupnta dedopéva e100dou.
3) Mia evepyoroinon tou poAoylou.
4)  Odrynon tou onpatog S oto 1.
5) Téooepelg EVEPYOITOU)OELS TOU POAOYLOU.
6) Avayveon tev dedopévav e§d66ou anod v aptnpia Q[3:0].
Zntovuvtatl va :
. €8N YI|0€TE TTO1a OUVAPTNOL EITtteAel AUTO TO KUKAGUA.
. vdornorjoete v 1d1a ouvdaptnon pe pla EEPROM. H antavinor) oag Oa nipénet va neptdapPavet :

o0 To péyebog tng EEPROM nou Oa xpetaoteite.

0 Ta nepexopeva kdOe B¢ong g EEPROM.

0 Eva oxnupauxod diaypappa, rou Ba Seixvel 1 Ba ouvdebel oe kaOe ypappr) dieubuvoewv tng EEPROM kat oe 1oteg ypappeg

6edopévav g Ba rIPokUYPoUV ot {NTOUNEVEG CUVAPTHOELS.

Ta SR FF tou oxrnpatog Xpnotporotouviat oty ouoia oa D FF agou R =~S. Ag mapakolouBrjcoupe TG TpEG TV €000V KAOe @opd 10U
petaBaidoviatl ota apandve Prpata, oupPoliifoviag wg Q v £§odo tou D FF:

Brpa 1: Q=Q3=Q2=Q1=Qo= 0

Brjpata 2, 3 & 4: Q=0, Q3= X3, Q2=X2, Q1=X1, Qo=Xo

Brjpa 5, 105 xUkAog Q= X3, Q3= X2, Q2=X1, Q1=Xo, Qo=X3

Brjpa 5, 2° kUkAog Q= Xa2, Q3= X1, Q2=Xo, Q1=X3, Qo=XzDX>

Brjpa 5, 3°s kUkAog Q= X1, Q3= Xo, Q2=X3, Q1=X3BX2, Qo=X2®X
Brjpa 5, 4°s kUKA0G Q= Xo, Q3= X3, Q2=X3®X2, Q1=X2®X1, Qo=X1®Xo

Zupriepatvoupe 0Tl To KUKA®PA UAoriotel ) dratetaypévn terpada ouvaptr|oemv
(Q3(X3,X2,X1,X0), Q2(X3,X2,X1,Xo0), Q1(X3,X2,X1,X0), Qo(X3,X2,X1,X0)) = (X3, Xs®X2, Xo®DX1, X1®Xo) IOU oTtnv oucia eivat 1 PEIATPOIT| TOU
dravuopatog XsX2X1Xo oty wooduvaprn katda Gray kKe@dikoroinor).
Ia wmv vldonoinon pe EEPROM rmapatnpouUpe ott 6e Xpewadetal va uvdorotrjooupe T ouvaptnon Qs agou eivat ion pe Xs. T'a tug
UTIOAOUTEG OUVAPTIOElS €XOUPE Tov akoAloubo mivaka aAnbeiag rmou Oa mpoypappaticoupe evidg g EEPROM (n mpotn ypapprn tou
niivaxka Oa npoypappatiotet ot 10 6¢on pvrpng g EEPROM, Koxk) :

X3X2X1Xo Q2 Q1 Qo

0000 000
0001 001
0010 011
0011 010
0100 110
0101 111
0110 101
0111 100
1000 100
1001 101
1010 111
1011 110
1100 010
1101 011
1110 001
1111 000

Zuvenog Ba xpetactoupe plia EEPROM 16 B¢oswv tov 3 duadikev ywneieov oe kaBe B¢on, 6nAadr 48bit EEPROM. H ulormoinon pe
EEPROM ceivat nj akoAoubn :

X3 X2 X4 Xo

——

ADDRI[3] ADDR[2] ADDR[1] ADDR[O0]

EEPROM 16x3

Data[2] Data[1] Data[0]

—
Q3 Q Q4 Qo




