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Metaevotadn & Evotadn Inpeia Asttovpyiag
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MavéaAwrtég
(Latches)
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MoavdaAwtic Baolopévog oe MoAUTTAEKTN
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Xpoviopog MavéaAwtwv
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MoavdaAwtnc EAeyxopevng AvaocUlevéng

Ot D-pavéaAwteg (D-latches) elval kKukAwpaTa HvAUngG evaicbnta otn otabun
(tipn) Tou ofpatog pohoyov CLK. Xtn pia 0tdBun eivat Stadoaveiq kat n twun
™G €0660ou D mepvdel autopata otoug KOUPBoug Q Kot Q ToU KUKAWUOTOC.
Ytnv 6eUtepn otAOUN To KUKAWHA gUdavilel HvUn Kal oL ECWTEPLKOL KOUPBOL
Sev emnpealovrtal and tnv elcodo. H TR otov kopPBo Q sival n teAeutaia Tl
™G elcodou D mpLv To poAdL eykataleiPetl Tnv otabun Sladavelag.
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CLK uropel vor karapyndei.
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D MavéaAwtng Avaculeuéng (ll)
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D MavéaAwtn¢ AvaciUleuéng ()
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MoavdaAwtic pe Xprion MNuAwv AtéAsvong
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MetacgvotaBela - Metastability

‘Eotw Ottt ofjpata D kot D evepyomnololvtat oxeS6v oOyxpova pe To poAdL
CLK. Tote katd tn petdfaocn tou poloylol Ta onpata autd Ba Bpebouv
KATIOLOL XPOVLKN) OTLYUR va €XOUV TNV 8La T Tdong Petau Touc. Etol elval
mudavd Katd o TEAOG TNG METAROONG Tou poAoytol ot kopBot Q kat Q va
€XOUV TIOAU KOVTLVEG TLHEG, KOVTA 0TO KatwdAl petaBaong Vy, (T.x. Vpp/2)
Tou elval To petaguoTtabég onuelo Asttoupyiag. To amotéAdecpa givat OTL TO
KUKAwpa Ba xpelaotel peydAo xpovo yla va KAEWOWOEL OTNV TEAK TOU
KATAOTACON, EVW N KATAOTAON aUTr €&VOEXOUEVWG va €EapTatal amo
TUXaLloUG mapdyovteg Oomwg o BopuPoc!
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Noapapetpol MavéaAwtwv

— CLK

D J_ th;'/f_
S /

tocq

Hold Time (t,,4) = Xp6vog Zuykpdatnong

Setup Time (t.,,,) = Xpovog Evepyomoinong — Alokataotoong

setup.
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Flip-Flops
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D Flip-Flop Adévin-ZkAaBou

D-MavéaAwth¢ Ta Flip-Flop glvat akponupodotnta oToxela

Q pvAunG. AnA. eival gvaiobnta oe kamola

{>0 OKUA KAl OXL 0TN 0TABuUN Tou poAoyLou. TN

OUYKEKPLUEVN akpn To Oedopéva  otnv

|_a< eloodo mepvolv otnv €€odo, yeyovog mou

Sev unopel va cupPel og omoladnmote GAAN
XPOVLKN OTLyMN.
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\b AkoAouBiakr Aoyikr 17

Newtoupyia D Flip-Flop Adévtn-ZkAaBou
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D Flip-Flop pe MoAUTAEKTEG
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Noapapetpol D Flip-Flop

—bD Ql— Setup Time (t,e,,) = Xpovog Evepyornoinong — Anokardotacng

Hold Time (t;,4) = Xpdvog Zuykpdtnong
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Xpoviopog Noyiknc Baowopevng o Flip-Flop
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Xpovol Evepyormnoinong Kat ZuyKpatnong
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D Flip-Flop Muag @daon¢ MuAwv AtéAevong
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C2MOS D Flip-Flop Miag ®aong

Avvapko Flip-Flop
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D Flip-Flop NuAwv AtéAeuong Avo Dacswv

Auvvauko Flip-Flop 61 62
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Frevvntpla pn EmikaAuntopevwv Oaocswv

CLK
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D Flip-Flop Avo ®dacewv pe Entitpedn

Avvapko Flip-Flop

LD o, 62
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KOkAwpa
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Aopég Aoxéteuong (1)
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Napoyxn - Atavopury PoAoylov ()
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Napoxn - Atavopun PoAoyiou (I1)
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(Buffer)

P4| Movwrkn Babpisa
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Fevvitopeg PoAoyLov

Bpoyxot KAetbwpévng Avadpaong — Phase Locked Loops (PLLs)

X DA

e [éveon poloylol CLK udnAng cuxvotntog O€ CUYXPOVIOUO UE €vol POAOL
avadpopdg CLK e xapunAig ouxvotntog.
e H ouvoAwkn acadela tou poloylou CLK ival ion pe (jitter + skew).

A
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Napoxn - Atavopuny PoAoylov (lll)
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Clock Jitter — Clock Skew

Clock Jitter

Qg clock jitter ovopdfouvpe tTnv acddela Tou cHAtog poAoyLou n omnoia
odeileTan eyyevwe 0To CUCTN LA TAPAYWYNRG TOU poAoyLou (rt.x. PLL).

Clock Skew

Qg clock skew ovopdfouvpe tTnv acddela Tou GHUATOG poAoyLoU n omoia
odeiletan oto cUOTNHA SLAVOHUNG TOU poAoyLoU.

CLK / \ /

\b AkoAouBiakr Aoyikr
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AnAnc-®aonc Xpoviopoc Flip-Flop

‘Oplo kUKAou poloyLol

Eicodot E EfoBoL
— %
2
cK [
. Te
tpcqi KUkAog PoloytoU tsetupi ;tskew
- ! ! H
. Tlogic :

AtaBO£oog Xpovog TG AOYLKAG yLa UTIOAOYLOUO:

Tlogic =Tc - tpcq - 1:setup —toew = Tc — Toverhead
- Y
Toverhead
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AuAng-Paonc Xpoviopog MavéaAwtwv |

Mvriun pavbedwe oo 0! ‘Oplo kKUKAou poloyLol
= r
Eicodot | S 2 E€oSoL
BN ki
JAN
CLK |
CLKB

Tc, KUkAog Poloytot

tsetupf Etskew

; R A Tn onover! o |
; HE ' ap
CLKB : /AN N

Tlogic oo Tlogic
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AumAnc-®aong Xpoviopoc MavdaAwtwv Il
Mvriun pavsewth oto O! ‘Oplo kUKAou poloyLol
Eicodot E % g _;EEOGOL
— 5 K &
AN JAN
CLK [ N L
CLKB ‘ B P
: Tc : :
: 1 Kokhog Pohoytod; | i
I e e
/4 AR\ P /2NN
i Tnon :\Ief a : : i E : i i
ae " V=
Tlogic . . Tlogic
AtaB£0110G XpOVOG TNG AOYLKAG YLOL UTTOAOYLOMO:
Tlogic = TC - thdq = TC - Toverhead
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‘Opto kUkAou poloylou

Xpoviopog NaApkwv MavéaAwtwv

AkoAouBiakr Aoyikr

. 5 b ‘E§oSoL
Ewo&ou._’ E 5 —
CLK | 1
T
tpcq KUkAog Poloytol
:" tsetupl i :tskew
“_ /M /™
i Tlogic :
AwaB£opog Xpovog TnG AOYLKAG yLa UTIOAOYLOO:
Tlogic =Tc - 1:pcq - tsetup =Tc = Toverhead
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NORA-CMOS Zxebiaon (I)
VDD VDD VDD VDD
cLK L? ClK CLK E
N1 I:T N3 _
1 CLK
pMOS Na
nMOS network nMOS ax
network network —|
CL_K ) N2
CLK g g CLK
— Gnd — Gnd — Gnd Gnd —
NORA Aoyikn C2MOS Latch
Noywn MavSaAwtnig —~ —
CLK=0 Mpoddption Mvrun CLK Mepoxn
CLK=1 YroAoyLopdg Awadavela
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NORA-CMOS Zxediaon (ll)
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CLK=0  YmoAoylopog Alodavela

\b AkoAouBiakr Aoyikr 41

Aopég Aroxétevuong NORA-CMOS

-+ = [T == [T —=> [ = -

CLK CLK i

YroAoyLopog : MNpodoptnon : YTOAOYLOHOG

Aladpdavela : MvrAun : Awaddvela
Mpodoptnon : YTOAOYLOpOG : Mpododptnon

Mvriun i Aladdavela i MvAun
i i
< -

YroAoylopog i MNpodoptnon i YTOAOYLOHOG

Awadpdavela : Mvriun : Awadpdvela
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ZuyXpPOoVIoUAG PoAoylwv (1)

MpoPAnuata cuyxpoviopou €€ attiag:
e moAamAwy, OladopeTikwyY, pPOAOYLWV O EEXWPLOTEG
TLEPLOXEG TOU OAOKANPWLEVOU
® 00UYXPOVWV OXESLOOUWV
® LEKTWV OXESLAOUWY OE €va OAOKANPWHUEVO
X
To mpoPAnua eival mo €ViOVOo OTL TIEPUTTWOEL; OXESLAOUWY
CUOTNUATWY o€ €va OAOKANPWUEVO (system on a chip - SOC) 6mou
KUKAwpota TupnAveg (cores — IP blocks) amo Siadopetikoug
oXeOLAOTEG, PE SLOPOPETIKEC OVAYKEG XPOVIOHOU (poAoylwv),
TIPEMEL  va  ouvduaoToUV KAl va  OUVAEltoupynoouv (va
Sltaouvdebouv) oto i6lo oAokAnpwuEvo.
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ZuyXpoviouag PoAoywv (I1)

o1 D2

o1

~
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D2 | B a— --'»,—\.
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ZuyXpoviouag PoAoylwv (l11)

P-1 iIP-2 P-1 i 1P-2

o1 §¢z| o1 éd)z

AVokoAn n amoduyr TNG KATACTPOTAYNONG TWV TEPLOPLOUWV
O0TOUG XPOVOUG amokatdotaong (setup time) kal cuykpdtnong
(hold time) kot katd ouvémelwa NG epdavions ¢Gawvopevwy
METAOTAOELAG OTO OTOLXELO UVANG KATA TNV EMLKOWWVIO HETOED
TwV 600 KUKAWUATWV.
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Zuyxpoviouog PoAoylwv (1V)

IP-1 : IP-2
o1 MUX

, , Delay
MBavn avilpeTwnion: 2] NS
* Avixveuon cuudacikwv l/

poAoyLwv. D1 \

e Avval detypatohndia pe i AvixveuTiig
kaBuoTepNUEVO PoAOL D2. L D2 ®dong /
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