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OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTyaabHOCTh _TeMbL. [lpomomkaromeecs Ha IPOTSDKEHHH IIOCHEAHUX JIET
MacIITabMpOBaHNE TEOMETPUYECKHX Pa3MEpoOB  IIOJIYIPOBOJHUKOBBIX  HPHOOPOB
uHTerpasbHBIX cxeM (MC) 1 9KCoHeHIInaIbHOE BO3PACTaHUE INIOTHOCTH pacipeaeIeHus
3Tux 3nemeHToB B MC mpuBenu K 3HAYUTEIBHOMY IIOBBIIIEHHIO (DYHKI[MOHAIBHBIX
CIOCOOHOCTEH MHUKPOINEKTPOHHBIX CXEM, YTO, B CBOIO OYEpE/lb, BBI3BIBAET CIOKHOCTU
IpU  MPOEKTHPOBAHMM  CXEM  HHU3KOTO  »HepromotpeOneHus.  PasznuuHbIMU
HCCIIeNOBATEIMH TIPEAJIarajics s METOJIOB yBEIHMUYEeHHUs sHeproskoHoMuaHocty MC. K
HUM OTHOCSITCS MHOTOBOJIbTHOE NHTAaHWE, M3OJHPYIONIHE BEHTHIH, IpeoOpa3zoBaTenn
YPOBHSI HaPsDKEHUS, TMHAMIYHOE MacIITabHpOBaHUE HANPSDKEHUSI H paboduell 9acTOTHI,
nenenre MC Ha cHHXpOOOJIaCTH € Pa3HBIMH CHHXPOHU3HPYIOMIMMH 9aCTOTaMH H T.1.

[epenatomue Mexay co00H MHPOPMAIMIO CHHXPOOONACTH MO OTHOIICHHIO APYT K
IpYTy AaCHHXPOHHBI, BBHAY 4Yero TaKHEe CHUCTEMbl HA3BIBAIOTCS IJIOOATBHO-
ACHHXPOHHBIMH, JIOKaJTbHO-cHHXPOHHBIMU (I"AJIC) MHTETpaTbHBIMU CXEMaMH.

H3-3a HEemocTOsSHCTBA MPOM3BOACTBEHHOTO MPOIECCa, HAMPSIKEHHUS U TEeMIEPaTyphI
(TTHT) uadopmanns [1, 2], nepenaBaemas MeXIy CHHXPOOOJIACTSIMHU, MOKET HAapyIIUTh
BpEMEHHBIE OTpaHMYEHMs] KpaeBBIX TPUITEPOB IPHHUMAIONIEH CHHXPOOOJIACTH,
yCTaHaBIMBas Ha BBHIXOAAX IIOCIENHUX YPOBEHb HANPSDKEHMS, HE COBIAJAIOIIUA C
ypoBHsAMHM Jorudeckoil 1 wmmm 0. DTOT ypoBEeHb HAIpPSKEHUS Ha3bIBAETCS
MeTacTaOMIBHBIM, a SBICHHE BIIQAEGHHA CHCTEMBI B TaKOE€ COCTOSHHE —
MeTacTaOMIBHOCTBIO.  MeTacTaOMIBbHOCTE  —  BEPOSITHOCTHOE  SIBIEGHHE,  IIpU
BO3HUKHOBEHHH KOTOPOTO CHTHAI B TEUEHHE HEONPEIETIEHHOTO BPeMEHH (QIyKTyHpyer
BOKDYT 3HA4YEeHUs HANpsOHKCHHSA, NPHUOIM3UTENFHO pABHOTO IIOJNIOBUHE HAMPSDKEHUS
HUCTOYHMKA THUTaHWA. Takoe TOBEJNCHHE CUTHAla IPUBOAUT K HEUCIPABHOCTH
HHTETpalbHOM MHUKpOcXeMbl. Bo u30exaHue MOsBICHUS MeTacTaOMIBHOCTH TII00aIbHO-
aCHHXPOHHBIE  CHHXPOOOJAaCTH  COIJIaCYIOTCSI €  TIOMOLIBIO  CIICILMAJIBHBIX
CHHXPOHH3UPYIOIINX CXEM.

CoBpeMeHHBIE METO/IbI COTJIACOBAHMSI — TPUTTEPHBIE CHHXPOHH3ATOPBI, HHTEP(EHCH
Ha OCHOBE Ouepefel M T.1., CIOXKHBI B HCIIOJHEHHN U HE YAOBIETBOPSIOT HBIHEIIHHM
TpeboBaHMsIM K ObicTponeiicTButo MC, mMes 3alepkKy, paBHYIO TBOWHOMY 3HAYCHHUIO
MIepHO/Ia CHHXPOCHUTHAIA.

BemmenepeuncieHHbple METOABI COTJIACOBAHUS HE YAOBIETBOPSIOT TPeOOBAHMSAM,
MPeIbSIBISEMbIM K OBICTPOJCHCTBHUIO, 3aHUMAaeMOil Ha MOJYIPOBOIHUKOBOM KpHCTaJLIe
IUIomaan u sHepronoTpednenuto VMC, Tak Kak HCIOIb3yeMble METOJbl CHHXPOHHM3AINU
OCHOBaHbl Ha BHECCHHH [OIOJHHTEIBHOH 3aJepKKH W YMEHBIICHHH BEPOSTHOCTH
TIOSIBJICHUS] METACTaOMIIBHOT'O COCTOSTHHSI.

C nenbio obecrieueHNsI HY)KHBIX 3HaYeHUH MaKpoXapaKTepUCTHK coBpeMeHHbIX MC
BO3HUKJIA ocTpast HEOOXOJMMOCTb TPOEKTHPOBAHHS CIIOCOOOB CHHXPOHH3AINHI
U(POBBIX cXeM, HMEIOMNX pa3Hble CHHXPOHU3HUPYIONINE YaCcTOTHI, KOTOPEIe NMeNn OBl
MEHBIIYIO 3aJIeP>KKy CHHXPOHH3AIMU 3a CYET HE3HAYUTEIHHOTO YBEIMUYEHHS IUIOLIAMN,
3aHMMaeMO¥l Ha MOJYIIPOBOTHUKOBOM KPHCTAJLIE.

JuccepTaiust MOCBSIIEHa PEIICHHUIO BOIIPOCOB, KACAIOIIMXCS METOJIOB COTIaCOBAHUS
1 OCHOBAHHBIM Ha HUX CPEACTB CUHXPOHU3AIIUHU.

Ob6bekT uccaenoanus. [IpobneMsl, BOo3HMKAOMIME BO BpeMs KOMMYHHUKALUH
U(POBBIX CXEM C Pa3HBIMH CHHXPOHU3UPYIOIMMHI YaCTOTAMH, METOJIBI CHHXPOHHU3AIHI
CHHXpOOONacTelf, HX OCOOCHHOCTH ¥ TPHUHIOUIEI IPOEKTHPOBAHUS  CPEJICTB
COTJIaCOBaHUSL.
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Ilenbio auccepTanMOHHON pPaGoTHI SBJAsieTCsl: pa3pabOTKa M HCCIIEIOBAaHHE
METOJOB CHHXPOHM3aIIMM C HACKOJNBKO BO3MOXKHO MEHBIIEH 3alepKKOH W
HE3HAUUTENbHBIM  YBENMYCHHEM  3aHUMaeMoW  IDIOMagW, HEOOXOAMMBIX Ui
cornacoBanus HHGpacTpykryp mudpossix VIC ¢ pasHBIMH CHHXPOCHUTHAIAMH C LIENBIO
obecredeHns YeTKOH U HeMIPephIBHOI KOMMYHUKAIIUH MEXy HUMH.

MeTtonbl uceaenoBanus. B nponecce uccienoBanust ObUTH UCIIOIb30BAHBI TEOPHUS
MOCTPOCHUST IU(MPOBBIX CXeM, OCOOEHHOCTH KOMMYHHUKALUH ACHHXPOHHBIX CX€M, HX
pa3paboTKa s3bIKAMU ONMCAHHUS ammaparyp, MeETOABl CO3JaHUsl IPOTPaAMMHOTO
obecriedeHus ¢ HOMOIIBIO 00bEKTHO-OPHEHTHPOBAHHBIX S3BIKOB.

Hayuynasi HoBH3HA pa0OTHIL.

1. ChopmymupoBaHbl TpeOOBaHUS, TPEBSIBISEMBIE K METOJAM COTJIACOBAHUS
IU(POBBIX CXeM TaKTHPYEMBIX C pa3sHBIMH YacTOTaMH, YAOBIETBOPEHHE KOTOPHBIX
obecrieunBaeT HeoOXomuMoe OBICTpOJECHCTBHE M IUIOMIAAb, 3aHHUMAeMyl Ha
MOTYTIPOBOAHHKOBOM KPHCTAILIE.

2.Co3maH MeTOJ| COIJIACOBAaHMS C PACHO3HABAaHHEM METacTaOMIBHOCTH CHTHANA U
BOCCTAHOBIICHHEM €r0 HOPMAIbHOTO COCTOSIHUSI, TPH pealH3alii KOTOPOTro
Onmaromapsi pereHepanyy IIepPEeJaHHOTO CHIHAJla OOeCleudBaeTCs yMEHBIICHUE
3aJepXKKH COTJIACOBAHMS II0 MEHBIIEH Mepe B JBa pa3a 3a CUeT YBEIMYCHHUS 4HCla
JIOTUYECKUX BEHTUJICH, HE MpeBbIaroero 8%.

3. Pa3paboTaH MeTO AMHAMHYHOTO COTJIIACOBAHUS CHHXPOCHTHAJIOB, KOTOPHIH 3a CUeT
HEOONBIIOrO YBEIWYEHHWS YHCIA HCIOIb3YEMBIX BEHTHJIEH, M  CIOXKHOCTH
UCTIONHEHUsT ~ o0ecredWBaeT  3aJEep)KKy  COIVIACOBAHHMSA  MEHbBIIE  IepHOAa
CHHXPOCHTHAJIA.

4.IlpenmoxeH Tpomecc MPOSKTUPOBAHMSA CPEACTB  COTJIACOBAHHSA, KOTOPBII
obecreyrBaeT 3HAYNTENFHOE YMEHBIICHNE 3aBUCUMOCTH HOCIETHAX OT OTKJIOHEHHH
ITHT u yny4nraer cTaOMIIBHOCTb CHCTEMBI B IIETIOM.

IIpakTHyeckasi IEHHOCTH PpaboThl. BHeapeHue CpeicTB CHHXPOHH3AINY,
MOCTPOCHHBIX Ha OCHOBE pPa3pabOTaHHBIX NPHHIMIOB M METOJOB CHHXPOHH3ALMU C
MOMOIIBIO  pa3paboTaHHONW mporpammel SmartSync, 3a CYeT HPOCTOrO0 M yJOOHOTO
rpapuueckoro  mHTep(eiica mociemHero,  oOecmedMBaeT — COKpalleHHe  Cpoka
MIPOEKTHPOBAHUS O MAIUTETBHOCTH OT HECKOJNBKHX CEKyHA 10 HECKONbKO MHHYT.
CunxpoHmanusi cuaxpoobnacteir B mporeccopax OpenSPARC T1, OpenSPARC T2 u
ORCA Oputa TpouW3BEeNEHAa  MPEUIOKEHHBIMH  METOJAMH  COTJIACOBAaHHS  C
pacno3HaBaHHEM METacTaOMJIBHOCTH CHUTHaja M pereHepanueil ero HOPMaJbHOTO
COCTOSIHUSI, a TAKKe M3BECTHBIM METOZOM OCHOBaHHOM Ha ouepensx. Buenpenne B MIC
CHHXPOHM3UPYIOIINX CXEM, MOCTPOSHHBIX Ha OCHOBE MEPBOTO MPEIUIOKEHHOTO METO/a,
10 CPaBHEHUIO C METOJOM ouepened, oOecreynBaeT YMEHBIICHHE 3aJepIKKU
cormacoBanus Ha 70...74% 3a cdyeT yBeNWUCHUS] KOJIMIECTBA JIOTHUECKUX BEHTHIICH Ha
7,1..7,74%, a mpuMeHeHUEe METOAa AMHAMHYHOTO COTJIACOBAHHS CHHXPOCHUTHAJIOB, IO
CPaBHEHHIO C pe3yiJbTaTaMH TOTO € MeTofa oduepeseil NPHBOIUT K YITyUIICHHUIO
ovicTponeiicTBuss  cuHXpoHm3aTopa Ha 80..81% 3a cuer yBeNMYCHUS YHUCIA
HCIIOJIb30BaHHBIX BeHTunen Ha 1,13...3,7%.

JlocTOBepHOCTL  HAYYHBIX  TOJOKEHMIl  IOATBEP)KAACTCS  COTJIaCOBaHHEM
CHHXPOOOJacTell C HCIOJb30BaHHEM pa3pabOTaHHBIX CPEACTB COIJIaCOBaHHS B
Hpoleccopax MMEIOUIMX O0MbIIoe MpaKTHIeckoe npuiioxkeHue. [lonydeHHble ToKa3aTenn
OBICTPOJEHCTBUSL ATUX CPEACTB IOTHOCTBIO COBMANAIOT C OXHUAAeMBIMH 3HAYCHUSIMHI
TEOPETHIECKUX aHAIN30B.

© National Library of Armenia



Bueapenne. IlporpaMmmHOE HMHCTPYMEHTAIBHOE CPEACTBO SmartSync BHEIPEHO B
3A0 “Cunoncuc Apmenus”. SmartSync UCHOIb3YyeTCs sl COINIAaCOBAHUSA MEPEAOINX
MeXIy coboit mHbOpManuio cuHXpooOiacteil B ObicTpoaeiicTByromux HMC, xorma
HeoOxomuMo obecrreunTs wWHBapuaHTHOCTE K IIHT oTkiIoOHeHMAM ©  HEKoTopoe
YBEINYEHUE TUIOMIAAN CXEMBI IPUEMIIEMO.

OCHOBHbBIE 10/10;KeHHs], BLIHOCHMbIE HA 3AIIMTY:
1. TIpuHIMIBL pa3pabOTKH METOJ0B CUHXPOHU3ALMH LU(PPOBBIX CXEM TAKTUPYEMBIX C
pa3sHBEIMH 4aCTOTaMH.
2.Merton coriacoBaHMsi C pPacliO3HABaHHEM METacTaOWIBHOCTH CHTHAJIA U
BOCCTAQHOBJICHHEM HOPMAJIEHOTO COCTOSIHUIS.
3. Meto TMHAMHUYHOTO COTJIACOBAHUS CHHXPOCUTHAJIOB.
4. ITpouecc pa3paboTKH CPEACTB COTIACOBAHUS CHHXPOOOIAaCTEH.

Anpodanusi  pa6orbl. OCHOBHBIE Hay4YHbIE M TPAKTUYECKUE PE3yIbTATHI
JMCCEPTALUH TOKIIaJbIBATHCH Ha:
» 9-it Mexnynaponuoit koudpepenuuun "EWME: European Workshop on
Microelectronics Education" (I'peno6iis, @pannus, 2012r.);
» 9-it  MexnyHaponHoid — koHdepeHium  "Semiconductor  micro  and
nanoelectronics" (EpeBan, Apmenus, 2013r.);
» 57-it Mexnynaponnoit kondepenimu "Electronics, Telecommunications,
Computers, Automation and Nuclear Engineering" (3matu6op, Cep6us, 2013r.);
» 13-it Mexnaynaponuoit koHpepenuun "EWDTS: East-West Design & Test"
(barymu, ['py3us, 2015r.);
»  14-it Mexnynaponuoii koHpeperuun "EWDTS: East-West Design & Test"
(EpeBan, Apmenus, 2016r.);
» HayuHbix cemuHapax 3AO “Cunoncuc Apmenus” (EpeBan, Apmenwus, 2015-
2017 rr.).
Iy6ankanun. OCHOBHBIE TIOJIOXKEHHS JAWUCCEPTALMM IPEJCTaBICHBl B CEMH
HaYYHBIX ITyOJIUKAIHIAX, CIIICOK KOTOPBIX MIPUBOANTCS B KOHIlE aBTOpedepara.
CTpykTypa M 00beM padoThl. Jluccepramms COCTOMT W3 BBEACHUS, TPEX TIJIaB,
OCHOBHBIX BBIBOJIOB, CITHCKA JIUTEPAaTypsl H3 155 HaWMEHOBaHMI M dYeTHIpeX
npwioxeHni. OCHOBHOH 00BEM AMCCEpTAIM COCTaBisieT 124 cTpaHwmIry, BKIodas 79
pucynka u 13 tabmun. O6umii 00seM paboTHl BMECTE C MPUIOKEHUAMH — 148 cTpaHHUIIBL.
Juccepraiyis HaIMcaHa Ha apMSHCKOM SI3bIKE.

OCHOBHOE COAEPKXAHUE PABOTbI

Bo BBeennu 060CHOBaHa aKTYaJIbHOCTb TEMBI, C(HOPMYINPOBAHBI IIEJIb 1 OCHOBHBIE
3a4a4d HCCIIENOBAHMS, H3JIOKEHBI H3ydaeMble OOBEKTHI M MOJENH, IIPEICTaBICHBI
Hay4YHasi HOBH3HA, NPAaKTHIECKOe 3HaUEeHHE PaOOTHI U OCHOBHBIE HAyYHBIE TOJIOKEHUS,
BBIHOCHMBIE Ha 3aIIHTY.

B nepBoii r1aBe 060cHOBaHa HEOOXOANMOCTh Pa3pabOTKU METOIOB COTIACOBAHUS
o6moxoB VC, wmMeromux pasHble CHHXPOCHTHAIBI. [lOKa3aHBI OCHOBHBIE METOJBI
KOMMYHHKaIIMK aCHHXPOHHBIX cxeM. IIpencraBiieHbl OCHOBHBIC 3aJaddl U MPOOJIEMBI
COIJIAaCOBaHMA CHUHXpooOsiacTeli W MX Bo3zeiicTBus Ha Makpoxapakrepuctukun HC.
HM3yueHbl 0OLIETTPUHATHIE METOBI CHHXPOHU3ALNH, HX OCOOCHHOCTH U HEJJOCTATKH.
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CoBpeMeHHBIE LU(POBBIC HHTETPANBHBIC CXEMBl SIBISIIOTCS  CHHXPOHHBIMH
CHCTEMaMH, B KOTOPBIX JIOTHYECKHE BHIYUCIICHHS BBIIOJHSIOTCS B IUCKPETHBIC MOMEHTHI
BpPEMEHH, NPOANKTOBAHHBIE KOHTPOIUPYIOINM CHHXPOCHUTHAIOM. DHEpPromorpedieHne
SIBIISIETCSL OMHUM M3 CaMBIX KPUTHYECKHX Makpomnapamerpos 3tux MC. U3BecTHO, 9TO B
nepuos paboTbl MUKPOAJIEKTPOHHOI CXeMbI pa3HbIE €€ MOACXEMbI ISHCTBYIOT C Pa3HBIMU
Harpy3kamMmm # TpeOYyloT pasHele paboune dacToThl. C [enbl0  yMEHBIICHHS
SHEPTrONOTPEONCHU KAXKAYI0 CTPYKTYpY CHHXPOHM3HPYIOT HEOOXOIMMOHl a1 Hee
4acTOTOM, pa3lielisis TaKUM 00pa3oM CHCTEMY Ha TaK Ha3bIBaeMble CHHXpooOsacTu (puc.

1).

HNC  Cunxpootnacts 1

Cunxpoobnacts 2

i Tlepeceuenne cuuxpoodnacTi

Cunxpocurnan 1 Cunxpocuruan 2

Puc. 1. Pazgenennas Ha cuaxpoo6aactu VIC

Ludposas cucrema, copepkamas HECKOJIBKO CHHXpooOiacTed, Ha3bIBaeTCS
rI100aTbHO-aCHHXPOHHOM, JIOKaTbHO-CHHXpOHHOH cuctemoit (I"AJIC). [ns obecniedeHus
4eTKkol u Oecriepe0oiHON mNepenayd CHTHAJIOB MEXAY CHHXPOOOJIACTSIMHU MOCIETHHE
JOJDKHBL OBITH  COTJIACOBAHbBI, 4YTOOBI CUTHAT TMOSBISUICS Ha BXOJAE TPUITEPOB
MIPUHMAMAIOIIEH CHHXpOooOJIacTH, coOIo1asi BpeMeHHbIe OrpaHHdeHus nocnenHero. Ecmu
CHTHal TepeKIIoYMiICs Ha BXOJE MNPHUHHMMAIOIIEr0 €ro TPUITepa IMOCIe BPEMEHH
YCTaHOBJIEHHS WM PaHBIIE BPEMEHH YICp)KaHHMS, TO BBIXOJ] YCTPOMCTBA BIAHaeT B TaK
Ha3bIBa€MOE METAacTaOMIBHOE COCTOSIHHUE, T.€. KOTJa yPOBEHb HAPSUKEHUS (GIyKTyHpyeT
BOKPYT 3HAa4YCHHsS MOJIOBUHBI HANpPSDKCHHS HCTOYHUKA NHTaHUS. MeTacTabMIbHOCT
SIBISIETCS.  BEPOSITHOCTHBIM ~ SIBICHHEM,  CJIE[IOBATE€IbHO, CTAHOBJIEHHWE  CHTHANa
MeTacTaOMIBHBIM U BOCCTAHOBJICHHE €r0 HOPMAIbHOTO COCTOSIHHS OCYIIECTBISIFOTCSI C
KaKoi-TO BepOSATHOCThIO. CHIHAI MOXET HaXOAMUTHCS B 3TOM HECTaOMIBHOM COCTOSIHUH
B TEUCHHE HEOIPEeJICHHOr0 BPEMEHH, a IPU BOCCTAHOBJICHUH HOPMAJIBLHOTO 3HAYCHUS
OH MOXET MNpPHUHATH JHOO MpeKHee 3HaueHHe, JUO0 HOBBIA JIOTMYECKHH YpPOBEHb.
INepenadta MeTacTabMIIBHOTO CHTHANA Ha BXOMBI IMOCIEAYIOMINX CXEM MOXKET IIPUBECTH K
HapyIICHNIO paboThl BceH cHCTEeMBI. V3 BBINIECKAa3aHHOTO CIIEAyeT, 4To pa3paboTka
CPE/ICTB COTJIACOBAHMSI CHHXPOOOIacTe! SBIAETCS OJHHUM U3 BaXKHEHIINX (haKTOPOB IS
obecniedenuss HOpMaIbHOH padboTs! ¢ poBex ['AJIC cuctem.

HccnenoBanne CyIIECTBYIOMIMX METOIOB CHHXPOHHU3ALUH TTOKa3bIBaeT, YTO BCE OHU
CHIDKAIOT BEPOSITHOCTh BO3HMKHOBEHMSI METacTabMJIBHOTO COCTOSIHHSL 32  CYeT
JOTIOJIHUTENBHOM 3aJepKKU M yMEHbIIeHUs OblcTponeicTBs cucteMbl. COBpeMEHHBIE

6
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CPEACTBAa CHHXPOHHM3ALUM pPAa3JeISIOTCS Ha CIEAyIONe TPYNIsl — TPHUITEpPHEIS
CHHXPOHM3ATOPHI M HHTEP(]EICH coriacoBaHMUsI.

TpurrepHble CHHXPOHM3ATOPHl M MX Pa3HOBUAHOCTH XOPOIIO HM3YYEHBI Pa3HBIMH
uccienosateniMu. Hambosee pacrpocTpaHeHHBIMH TPHUITEPHBIMH CHHXPOHH3aTOPaMU
SIBJIAIOTCS CHHXPOHM3aTOp YPOBHS, IETEKTOp (POHTA CHTHANA M CHHXPOHM3ATOP
TeHEPUPOBAHHS UMITYJIBCOB.

Cunxponmzarop ypoBHa (CVY) (puc. 2) cOCTOMT M3 [IBYX IOCICIOBATECIBHO
COEJMHEHHBIX TPUTTEPOB, CHHXPOHU3UPYEMBIX OJHUM CHHXPOCHTHAJIOM.

Bxom . S 8 Brxon

O— Q o

QN QN

TaKTOBBI
curgan [

Puc. 2. CuaxpoHn3aTop ypoBHS

[punmun padorer CY ocHOBaH Ha TMpHOABICHHM AOTOJHHUTEIBHOW 3aJCpKKH Ha
BXOJ€ MpPUHUMAIOIEH cHHXpooOmacTu. IIpM BO3HMKHOBEHHHM METacTaOMIBHOCTH Ha
BBIXOJI€ INIEPBOTO TPUITEpAa CHUTHAIY, JO TOTO0 KaKk OH IEPEeAacTCss Ha BXOA BTOPOTO
TpUITEpa  CHHXPOHHM3AaTOpa  IPEACTABISIETCS  JONOJHUTENBHBIA  Iepuox  Ha
BOCCTaHOBJICHHE HOPMAJIbHOTO cocTosiHMA. OCHOBHOHM HenocTaTok CY COCTOUT B TOM,
YTO JeaeTCsl MPEAOI0KEeHUEe, YTO CUTHAI CMOKET BOCCTAHOBUTHCS B TEUCHHE OJHOTO
neprosia cMHXpocurHana. OIHAaKO HET HUKAKOH YBEPEHHOCTH B TOM, 4TO 3TO BCerja
Oyzer uMeTb MecTo. TakuM 00pa3oM, CHIDKAeTCs YCTOWYHMBOCTH CHHXpoHH3aTopa. C
nomompio CY CHHXpPOHM3HPYIOTCS B OCHOBHOM OJHOOHTHBIE KOHTPOJIHPYIOIINE
CHUTHANBI, TaK KaK MPHU COTJIACOBAHMH MHOTOOMTHBIX CHTHAJOB €CTh BEPOSTHOCTH TOTO,
9YTO HEKOTOpBIE OWTHI, TOMajasi B METACTaOMIIBHOE COCTOSIHUE, IMOCTYISIT Ha BXOJ
MIPUHAMAIOIIUX TPUTTEPOB MO3XKE IPYTHX, TEM CaMbIM HCKaXasi CUTHAJL.

CunxpoHnuzarop, aerekrupyroumii ¢ppont curnana (CADC) (puc. 3), B 3aBUCHMOCTH
OT WCIIOJIb30BaHHOM B HEM KOMOMHAIMOHHOW JIOTMKH, MOXET JAeTeKTHPOBATh
TIOJIOKUTENIBHBIA WIIM OTPULATENBHBIH (POHT BXOAHOrO CHTHAJAa M TEHEpPUPOBaTh Ha
BBIXOJIE, COOTBETCTBEHHO, AKTWBHBIH WIIM TACCHUBHBIM CHTHAJI. DTOT CHHXPOHH3ATOP
nMeer Te ke HepgoctaTkd, uro y CY — 3amepkKy B ABa MepHOJa CHHXPOCHTHANA U
MIPEANONOKEHNE O JUINTENIbHOCTH BOCCTAaHOBJICHMS CHTHama. I TpaBHIBHOTO
(YHKIIMOHUPOBAHUS JTHTENFHOCTh BXonHOTO mMmiynsca CAPC nomkHa OBITH Oombine
NepHo/ia CHHXPOCHUTHAJIA.

Brixon
Bemon S S 8 — 0
= Q Q Q
P p & ‘ g W p R QN
TakToBRIH
curHan [

Puc. 3. CunxpoHu3aTop, IeTeKTUPYIOMUHA (GPOHT CHUTHAIA
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CHHXpOHHM3AaTOp TEHEPHPOBAaHWS WMIYIbCOB (puc. 4) mnpu O0OHapyKEHUH
NEPEKIIOYCHUS] BXOJHOIO CHIHala BBIAAET MMIIYJIbC MJIUTENBHOCTBIO B IEPUOJ
CUHXPOCUTHA/a M HMMEeT TE€ JKE€ HEJOCTaTKH, 4YTO JBa MPEIbLIYIIUX TPUTTEPHBIX
CHUHXPOHU3ATOpA.

Brixon
Bxon S S S
- Q) Q Q)
R R R
TaKTOBEBI
curHan [

Puc. 4. CuaxpoHH3aTOp TeHEPUPOBAHUS UMITYTHCOB

ITepecekaromye CHHXPOOONACTH CHTHANbl, KaK IPaBHJIO, MHOTOOHMTHBIC, IS
CHHXPOHHM3AIMH IIepeaadyn KOTOPBIX HCIIONB3YIOTCS CHHXPOHHU3UPYIOIINE HHTEPdEHCHI.
EcTb Tpu OCHOBHBIX BU/Ia THX HHTEP(EHCOB:

®  C IIpephIBAHHEM CHHXPOCUTHAJIOB;
®  C IIOTPaHUYHBIM COTJIACOBAHHEM;
® OCHOBaHHBIC Ha OYEPEHsX.

[punmun paGotel uHTEpdeiica ¢ MpepblBaHWEM CHHXPOCHTHAIOB (puc. 5)
CIICIYIOLINI: B Cllyyae, KOrJla Hepearoiias CHHXPOOOIacTh TOTOBA IepeaTh CHIHAI,
OHa oOpamraercs K OJIOKY ACHHXPOHHOTO PYKOIIOXKaTHsl, KOTOPBIH MPHOCTaHABIHBACT
TCHEPAIMI0 CHHXPOCUTHAIOB 00enx cuHXpoobnacteil. Jlanee nHpOpMaMOHHBIE OUTHI C
MIOMOIIBIO  YNPABISIEMOTO  YPOBHEM TpHITEpa IepejaloTcs B IPHHUMAIOLIYIO
CHHXPOOONACTh, IOCIEe 4Yero MOociHeqHuil oOpamaercss K OJOKY acHMHXPOHHOTO
PYKOIOXKaTHs1, KOTOPBIH BOCCTAHABIMBAET IeHEPAINIO CHHXPOCHTHAJIOB.

Cunxpoobnacts 1 Cunxpoobnacts 2

JIAHHBIE

BBIX}
BX

—

¢ Brox
BoixH brnox i
> I—. ACHHXPOHHOIO ACHHXPOHHOIO Q—J
PYKOIIOKATHA PYKOIIOKATHA BBIX
D>
[ Cunxpocutnan | Ten. Ten. Cupixppcurnan 2
cuHxpocurHana | CHHXpOCHTHana 2

Puc. 5. Untepdeiic ¢ mpepriBaHrEM CHHXPOCHTHAIA
Brnaromapst NpPHOCTAHOBICHHIO CHHXPOCHUTHAIOB BEPOSTHOCTH BO3HHKHOBEHHUS
MEeTacTaOMIHLHOCTH OTCYTCTBYET, W HET Ol'”paHI/I‘leHl/Iif'I Ha COOTHOUICHHUE MEKIAY
yacTotaMu Wi (a3amu cuHxpoobnacteil. OfHAKO M3-3a KapIHHAIBHO YMEHBIIECHHOTO
OBICTPOJCHCTBUSI ATOT METO/ HCHOJIB3YETCs PEJIKO.

8
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B mpunnoxenusx, He TpeOylomux OOJIbIIEro OBICTPOAEHCTBHS, YAaCTO HCIOIB3YETCS
uHTepelC TOTPaHUIHOTO COTTIacOBaHUs (pHc. 6), KOTOPHIN pearn3yeT deThipexda3Hblil
IIPOTOKOJI PYKOTIOXKATHSL. DTO CPEACTBO CHHXPOHU3ALNH NMEET 3aJIePKKy, PaBHYIO TpeM
NeproilaM CHHXPOCHTHAlla, W OYEHb MAJICHBKYIO IPOM3BOMUTENIBHOCTh — Kakaas
cremyiomasl Hepefada CUTHajda BO3MOXKHA JIMIIb uepe3 12 mepuooB mocie
MIPEeBIAYIIETO.

Tepenaronmi [TpuanMaronmit

Komana
nepeiaun

B BRIX[T|B BBHIXFTTY

Flepc;l(a:mnm | — p— [prmaromnit

p KA

.

[lepenaroumii
peructp JIAHHBIE

l

I ——
Puc. 6. UnTepdeiic morpaHMYHOTO COTJIACOBAHHUS

B npunoxenusx, rae TpeOyeTcss OTHOCHTENBHO OOJbIIas IPOU3BOAUTENHHOCTS,
UCTIONIb3YeTCsS OCHOBAaHHBIM Ha odepensx HHTepdeic (puc. 7), KOTOPBIA COCTOHUT W3
LUKIMYHON OYepeay XpaHeHUs] HHPOPMALUK U COIIacyeTcsl 000MMH CHHXPOCUTHATIAMH.
Takum o0pazoM, QyHKIHM 3amMCH B OYepeAb M YTEHHWsS W3 Hee BBINOJIHIIOTCS
H30JIMPOBAHHO JPYT OT JpYyTa.

TMpraIMaionIHi
perucTp

Hepenatowwmii —I [Tpunnmatommii
1 JletexTop
- HATOIHEHHS
bnok
nepeayn
Iy \)
C
Hanie v [MamsTh odepeH v Jlammre
" CuuxpocurHan 2
Cunxpocuruan |

baok 1
noayqyeHus
. ! [}
JleTekTop nmycTeHHs [ 1

Puc. 7. Unrepdeiic, o0CHOBaHHBII Ha OYePEnsIX
[IpeumymectBoM  5TOoro  uHTepdeiica  SABIAETCS  OTHOCUTENBHO  OOJbIIAs
MPOU3BOAUTECIBHOCTh, OAHAKO OH UMEET CyLl_leCTBeHHbIe HEOOCTAaTKH.

e 3ajepxkka paBHas 3..4 mnepuoAaM MNPUHUMAIOUIEr0 CHHXpOCUTHama. B
OBICTPOJCHCTBYIOIIMX ~ CHCTEMax  3TOT  HEJIOCTaTOK  3HAYHUTEIBbHO
OrpaHUYHBaACT pa60Ty CHCTCMBI,

® COOTHOIIGHHE MEXKIy I[eperarouieili W  NpUHHMAIOIIEH  YacToTamMu
COTJIACYIOIIUXCS CHHXPOOOJAcTeil He MOXET NPEBBICHTh TPEX pas, 4YTo
cyxaeT 00JacTh HCIOJIb30BaHUS ATOr0 HHTEpdeiica;

® OTHOCHUTEJBHO OoJbllIas IUIOLIAAb, 3aHUMaeMasi Ha IIOJyIPOBOJIHUKOBOM
kpucrtaute. [Inomaae yBeInunBaeTcs ¢ BO3pacTaHUEM MaMSTH OYEPEan;

© National Library of Armenia



® eCTh BEpOSTHOCTb NPOHMKHOBEHUS METACTaOMIBHOTO CHUTHAla BOBHYTpb
Jorukd  uHTepdeiica, UYTO  MOXKET TIPUBECTH K  HApYyLIEHHUIO
(YHKIMOHAIBHOCTH TTOCIIETHETO.

Bo BTOpoii riaaBe pa3paboTaHBl W W3Y4YEHBl METOABI IIOCTPOCHHS CPE/ACTB
CHHXpOHM3anu i ucnonb3oBanuss B ['AJIC cucremax. PaspaboraHbl MeTOJBI
pacmo3HaBaHHs MeTacTaOWIBHOTO curHaia [3] M BOCCTAHOBJIEHHS €r0 HOPMAaIbHOTO
cocrosnus [4]. IlpeanoxeH MeTox OHHAMHYHOTO COTJIACOBAHUS CHHXPOCHTHAJIOB [5].
Co3nan mporecc pa3paboTKH CpeicTB CHHXpoHu3anuu [S5]. Bee npemioskeHHbIe METOIBI
obecrieunBalOT  OBICTPOACUCTBHE U dHepromorpebiieHHe [6], COOTBETCTBYIOIINE
MPAKTUUECKUM TPeOOBaHUAM, IPEABSIBIsAEMBIM K coBpeMeHHbIM VIC.

Pazpaboran MeTox pacrio3HaBaHMs METacTaOMIBHOTO CUTHAIA M BOCCTAHOBIICHUS €T0
HOPMaJILHOT'O COCTOSIHHSI.

[udposas crcrema, OCHOBaHHAs HA 3TOM MeTofe (pUC. 8), COCTOUT U3 CICTYIOIIHX
0A0JIOKOB:

e npueMHHK nepenaBaemMoro curnana (I1I1C);

e xommaparop curHainoB (KC) Ha BeIXomax mepenaronield W MpHHUMAOLICH
CHHXPO0O0OIaCTeif;

® JIETEKTOp YMPABIAIOMIET0 (PPOHTA NPUHUMAIOIIETO CHHXPOCUTHANA,

® HHBEPCYIOMHUH OJIOK;

e BRIOMpArOIIas CXeMa.

Tlepenatomas n — TTpuunMaromas
HBEPCHPYIOLIHI
CHHXpO0OIAcTh Tpremunk peupyiont CcHHXpo0OIacTh
cHrHana Buox
BriGupatommii
O/10K
bBnox
KOMMaparuu

Jerekrop

tponta
cHrHAIA

Cunxpocursan 2

Puc. 8. [puHIMNHaNBEHAS CTPYKTYpa MPEIOKEHHON CHCTEMbBI CHHXPOHHU3AIHH

TIpuHIMIT PaGOTHI STOH CUCTEMBI CIIETYIOIHA:

e TpHHUMAas CHTHAI mepecekaommii cuuxpoobmacty, IIIIC wm3ommpyer
NPOHNKHOBEHHE U IIPOTPECCHPOBAHHE METACTAOMIBHOCTH K BXOAY
NPUHUIMAIOIIEH CHHXPOOO6IIacTH;

e KC pacmo3HaeT pa3HHUIy MEXIy BBIXOIAMH Iepearonieil CHHXpooOIacTi 1
IIIC, 49ro MoXeT HMeTh MeCTO B CIEAYIONIMX CIIydasx: a) Korja
MepefaHHblil CUTHAN IEPeKIIOYMICS, OAHAKO (POHTA MPHHHMAIOLIETO
CHHXpOCHUTHana He Obu1o. B 3TOM cilydae Nepexiovalolmuics CHrHal U
(GpOHT  CHHXpOCHTHala  JOCTAaTOYHO  OTHAJCHBI, M  BEPOSTHOCTH
METacTa0MIBHOCTH ~ OTCYTCTBYeT; ©) Korja TIepefaHHbIi  CHIHAl

10
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MEPEKITIOYMIICS, YIPaBISIONIMNA (POHT CHHXPOCHTHANIA HMENT MECTO,
onHako  Beixox IIIIC  He mepexmoumscs. Takoe  moBeneHHe
CBUJICTECIHCTBYET O HAIMYUM METACTAOWIILHOTO COCTOSHHS Ha BBIXOJC
TII1C;
e JneTekTop (pOHTa CHHXPOCHUTHANIA OMO3HAET CIIy4ail METacTaOWIBHOCTH U3
BBIIICTICPEYUCIICHHBIX CITYYacB;
e mpH pacmo3HaHWu MetacTabmipHOCTH BhIXON [IIIC wuHBepTHpyeTcs ¢
MOMOIIBIO COOTBETCTBYIOMIETO OJIOKA, BBIXOJ KOTOPOTO TEpenacTcs Ha
BXOJI IPUHUMAIOIIEH CHHXPOOOIACTH;
e BpIOWparomas cxeMa, B 3aBHCUMOCTH OT HaJNW4YUs WJIA OTCYTCTBHSA
METaCcTa0MIbHOCTH Ha BXOJ| NPHHUMAIONICH CHHXPOOOIACTH, IepeaacT
1100 BEIXOJ MHBepcHpyomero 61oka, smbo IITIC.
Ha ocHoBe ommcaHHOW BbIIE CHCTEMBI ObuIa pa3paboTaHa COOTBETCTBYIOLIAs
cxeMma (puc. 9).

DIIeMEHT cpaBHEHHUS!
[TpueMHHK cHrHATA e

JlerexTop ponta cHHXpOCHTHATA

Puc. 9. Cxema npeyio’)keHHOr0 METOa CHHXPOHU3AIUU
3ajepiKka Mepeaadn CUTHajIa OT BXO/1a CHHXPOHHU3HPYIOIIEH CXEMBI K €€ BBIXOY IPH
OTCYTCTBHH METaCTa0MJIBHOCTH W €€ BO3HHKHOBEHHH BBIPAKACTCSI COOTBETCTBEHHO
dbopmynamu

td1—dz = TI:I’.'I-B;J:MI—EI-I- tgz + Trome (D
tdi-gz = TI:FJ-:}.]:I::F_'I'I-:E..I-I- Cromg 2)

TIe gy g7 — 3/IEPKKA MEKIY BXOZOM M BBIXOJIOM CXEMBI CHHXPOHH3AINH; oo rirear
— IepHOJ IPHHUMAIOIIEr0 CHHXPOCHIHANA; gy — COOCTBEHHAs 3aliepiKKa TPHITepa, a

Eynns — 3a€PKKA KOMOMHALMOHHOH TOTHKH.
OueBuHO, YTO YUCIIEHHAs PAa3HULA MEXAy ABYMs 3aJ€pPKKaMU PaBHa COOCTBEHHOM
3ajepxkke Tpurrepa. Ilpm MeTacTaOMIBHOCTH — 3a/lepKKa MEHBIIE, IOCKOJBKY

BOCCTAHOBJICHHBIH IIPHCYTCTBYET Ha BBIXOJIE TPHUITEpa 2.
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BrimreonucanHbBlii  METON  CHHXPOHM3amMM  00ECHEYMBAEcT  KBa3HOIMHAKOBYIO
3a7epXKKy NPH BOSHUKHOBEHHU W OTCYTCTBHU METACTAOMIEHOTO COCTOSIHUSI CUTHANA, YTO
3HAUUTENIFHO YBEJIMYNBACT YCTOMYMBOCTH CHCTEMBI M IIO3BOJSIET HPHUMEHHTH €ro Ul
COTJIACOBAHMUS Iepeadd MHOTOOMTHBIX CHUTHaJOB. BakHO MOJUEepKHYTH, 4TO JaHHOE
CPEICTBO  COIVIACOBaHWA INPUMEHUMO K  JHOOBIM  YacTOTHBIM  COOTHOLICHHSAM
CHHXPOOOJIACTeH TIPU YCIOBUH, YTO NEPEAAIONINI CHHXPOCHTHAN AODKEH UMETh YacTOTY
MEHBIIYI0, 4YeM NpUHUMAOUHA. VccnenoBaHus MOKA3aiM, 4YTO pasHULA 3aAepiKeK
COIVIACOBAaHUS IPU BO3HMKHOBEHHH M OTCYTCTBHM METacTaOWJIBHOCTH CHTHala He
npesbimaeT 1% (tabu. 1).

Tabimma 1
OmueHka 3a/1ep>KKU PEATI0KEHHON CXeMbl CHHXPOHHU3AINH IIPH BOSHUKHOBEHUHI
MeTacTaOMIBHOCTH U €€ OTCYTCTBUH

Hepeparomas | Ilpunumaromas | IIepHOd | tuops tuer Pazuunga, %
CHHXpOOOJIACTE | CHHXPOOOIACTh (1C)
(MI'n) (MTI'm)

330 467 2,14 2,24 2,23 0,44
330 568 1,76 1,86 1,84 1

330 735 1,36 1,46 1,45 0,6
330 870 1,15 1,25 1,24 0.8
330 1064 0,94 1,04 1,03 0.9
330 1408 0,71 0,809 0,808 0,12
330 1724 0,58 0,675 0,67 0,74
330 2080 0,48 0,578 0,575 0,52

Bo BTOpOM mpeIOKEHHOM METOJe CHHXPOHH3AIMH CHHXPOCHTHAIBI CXEM
COTNIACYIOTCS ~ JUHAMHUYHBIM ~ oOpa3om. a3a TPHHUMAIONIETO CHHXPOCHTHAIA
MOZBEPraeTcss pPasHBIM CJBHTaM, M3 KOTOPHIX BBHIOMpaeTcst CHABUT, Hamboiee
coBnaaoIui ¢ Ga3oil nepenaroIero CHHXPOCHIHAA.

Ha ocnose 3Toro merosa Obu1a pazpaboTaHa IuQpoBast CUCTEMa COTIACOBaHUs (PHC.
10).

© National Library of Armenia



CornacoBaHHbIii
ComnocTaBnAromui CHHXPOCHTHAJI
[Ipuemunk oK —
Cunxpocursan 1| CHHXPOCHTHAA
Cuaxpocuraan 2
Casurartens (a3 HHBEpTOp ¢)ag

Puc. 10. [IpuHnunuanbsHas CTpyKTypa CHCTEMBI COTJIACOBAHMSI CHHXPOCHTHAJIOB

Cnsuratens (¢as3pl reHepupyeT N paBHBIX CHBHTOB 110 (paze NPHHHMMAIOIIETO
CUHXPOCUTHAJA, KOTOPBIC CHUHXPOHM3UPYIOT COOTBETCTBYIOIIME YacTU IPUEMHHUKA
nepefaroIlero cuHxpocursana. IlocieqHuil cOCTOMT M3 TPUITEPOB, BXOJOM KOTOPBIX
SBIICTCA Nepelarolliuil cuHXpocurHaia. BeIXxogamum 3TuUX yCTpOICTB ompenensercs
(a3oBbIid cABUT [7] MPUHUMAIOIIETO CHHXPOCUTHANA, KOTOPHI Hanbojee COTIacoBaH C
MepeJalouM CHHXPOCHTHANIOM. [l oOecrieueHnss MaKCUMyM OJHOTO MEeTacTaOHIBHOTO
BBIXOJa B MPHEMHHMKE CHHXPOCHTHAlA BPEMEHHOE PACCTOSHHE MEXKAY COCETHHMH
CABUTaMH JIOJDKHO yIOBIIETBOPSITH CIEAYIOMIEMY YCIOBHIO:

12t < At < 23— ta) 3)

rle tygpy — 3aNpeTHBId [ TIEPEKIIOUEHMs] CHTHAJIOB TPOMEXYTOK BOKpPYT
MPUHUMAIOLIET0 CHHXpOCUTHaNa, T — nepruoi MpUHUMAIOIIET0 CHHXPOCUTHAA;
IIpu TpexkpaTHOM BBIOOpPE 3HAYCHHS MEPEIAIONICTO CHHXPOCUTHAA BO3MOXKHBI
cJeyollue ecTh BapuaHToB (puc. 11).
M 1 1
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Puc. 11. TpexkpaTHBIi BEIOOp ITepeIaroIIero CHHXPOCHTHATIA
Ha pumc. 11 o6o3HaueHne M  yka3plBaeT Ha METACTaOMIBHBIA  BBIXOJ
COOTBETCTBYIOLIEro Tpurrepa. BriOpaHHOe 3Ha4yeHHWe, paBHOE HYJIIO, O3HAa4YaeT, YTO
CHHXPOCHUTHAJIBI CABUHYTHI 1O (ase Oomee uem nHa 180 rpamycoB. CdhopmupoBana
Tabnmma paboTs! MPUEMHHUKA CHHXpOCHTHAIIA (Tabu. 2).

Tabnuma 2
Tabnuia COOTBETCTBHUS CITY9ar0 BEIOOPOB M CHH(A3HOTO BHIOOpA
Cryuaii # Bri6op 1 Be16op 2 Bei6op 3

1 M 1 1
2 1 1 M
3 1 M 0
2 M 0 0
5 0 0 M
6 0 M 1

3aIITPUXOBaHHbIC IO IPEJCTAaBISAIOT BBIOOPHI, COOTBETCTBYIOIIMEC aHHOMY
ciydaro. ClielyeT OTMETHTD, YTO NPH ONPE/eTICHHBIX 3HAYCHUSIX BBIOOPOB, KOMOWHALINH
OHTOB pa3HBIX CIy4aeB MOTYT COBIIA/IaTh, OJHAKO BHIOOp CHH(A3HOTO CHHXPOCHUTHAINA,
BBINIOJTHEHHBIH COIIOCTABIIIOIINM YCTPOHCTBOM, MOXKET OTiIHYaThes. st obecrieueHns
OJIMHAKOBOTO BEIOOpA IpUM KOMOMHAIMAX C 3KBUBAJCHTHBIMH OyJIEBBHIMHU 3HAYCHUSIMHU
ObL1a chopMyITHpoBaHa 00BbEeAMHIIONIAs Tabmmma (Tadi. 3).

BockimiarensHelii  3HaKk B TaOnume  ykasplBaeT Ha  HYJEBOE  3HA4YCHHE
COOTBETCTBYIOIIETO BHIOOPA.

Cxema, BbpIOMparoIas CHBHT MPUHUMAIOIIETO CHHXPOCHUTHANIA CHH(A3HOTO C
MePEAIOIINM, TIPE/ICTaBIACT COOOH TPYNIy JOTHMYECKUX BeHTWIIeH U, BXOIbI KOTOPBIX
COEJIMHEHbI C BBIXOIOM COIOCTABIISIONICHT CXeMbI M TeHepaTopa CIBUIOB. BIXOIbI Bcex
BEHTHUJICH COEIUHSIOTCS B BeHTHiIs UJIN.

Tabmnuua 3
CooTBeTCTBHE BEKTOpA BEIOOPOB CHH(A3HOMY BBIOOPY
BexkTop BBI0OpOB Cundasublii BEIOOD
111 BBIOOD 2
011 BEIOOD 3
110 BBIOOD 1
100 BHIOOD 3!
000 BEIOOD 2!
001 BEIOOD 1!

Orenka 3G GEeKTUBHOCTH pa3paboTaHHOrO Meroaa (Tabi. 4) MOoKas3bIBaeT, YTO IS
M000r0  COOTHOIICHMS YAacTOT Iepejarollell M MNpHHUMAoUled CHHXpooOmacTel
MaKcHMallbHas 3aiepkka He npeBblaeT 80% yacTOThl CHHXPOHU3ALUY.

Tabnuua 4
OreHKa YHEPronoTpeOIeHNs M 3aIePKKU MPEIUI0KEHHOTO METO1a CHHXPOHH3AIUHI
YacToTa CHHXPOHHU3AIHH 3anepikka OHeprus
(MI'm) (1e) (uB1)
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467 1980 0,5
568 1500 0,6
735 1200 0,75
870 1125 0,894
1064 920 1,14
1408 700 1,4
1724 564 1,85
2080 480 2,23

B Tperbeii riaBe Ha OCHOBE pa3pabOTaHHBIX B JHCCEPTALlMM METOAOB pa3paboTaHa
IIPOrpaMMHOE MHCTPYMEHTAIBHOE CPEICTBO SmartSync Iuisi CHHXPOHH3AIMU IU(GPOBBIX
CXEeM C Pa3HBIMH CHHXPOHHM3HPYIOIIMMH YaCTOTHBIMH CpPEIICTBAMH, Pa3pabOTaHHBIMU Ha
OCHOBE METOJIOB, IPEUIOKEHHBIX BO BTOPOH TIiiaBe. IIporpamMma MOXKET NPOHM3BECTH
CHHXPOHHM3AINIO CXeM Ha ()YHKIMOHAJIBHOM WM BEHTHIFHOM ypoBHE (puc. 12).
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Kondurypaunonusiii
(hailr CHHXPOCHTHATIOB

—_—

YreHue BXOTHBIX
(aiinos

Verilog onucanue
Kondurypaumonnsiii daitn —— CXEMBI

CHHXPOHH3ALHOHHBIX CXEM

[Monek cunxpoobnacreii

[Tonck
CHXPOHH3HPOBAHHBIX
CHTHAJIOB

Mowuck
NEPECEKAROIIHX
CHHXPOOOIACTH

CHTHAJIOB

l

Buidop cpencrs
CHHXPOHH3ALMH

|

Brenpenne cpencts
CHHXPOHH3ALIHH

[

Puc. 12. lnarpamma paboTsl mporpammel SmartSync

[IporpamMmHBbIil MHCTpYMEHT SmartSync HMeeT CHIEeIYIONyl0 MNPUHLIUNUAIBHYIO
CTPYKTYpY:
e  0OIOK OOHApY)KEHUSI CHHXPOOOJIACTH M CHHXPOCUTHAJIOB;
®  AHANMM3MPYIONHH OIOK;
e  0OI0K BEIOOPA COOTBETCTBYIONIETO CPEACTBA CHHXPOHU3AINH;
e  (JIOK peanu3alyy COrjacoBaHUs CHHXPOOOIacTeil.
C momMombi0 KOHQUTYpanWoOHHBIX (aiioB, copepkamux wuHGOpMaNHMIO O
CHHXPOCHTHAJIaX, SmartSync oOHAapyKHBAaeT CHTHAIBI, KOTOPHIE CHHXPOHU3HPYIOTCS
HMH, U BO BHYTPEHHEH NMaMATH CO37[aeT COOTBETCTBYIOINE OOBEKTHI (puc. 13).
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Synchronized )
signal

Puc. 13. Mmmtoctpanus CBsA3M CUHXPOCUTHANA C CHHXPOHU3UPOBAHHBIMH CUTHATIAMH

Ha ocHoBe nHpOpMaIUK 0 YaCTOTaX CHHXPOCHTHAJIOB IIPOU3BOINTCS BBIOOP HYKHOM
cXeMbl CHHXpoHM3amuu u ee BHeapeHue B MC. Jlana ouneHka sddexTuBHOCTH
MIPOTPaMMHOTO MHCTPYMEHTa SmartSync Ha MpUMepe COTIacOBaHUs CHHXpooOyacTeil B
nporeccopax OpenSPARC T1, OpenSPARC T2 u ORCA (tabm. 5 u 6).

Tabmuma 5
OueHKa 4HciIa BEHTHICH MPOLECcCOPOB MPY CHHXPOHU3ALMH MTPEIUI0KCHHBIMH 1
CYIIECTBYIOIIMMHU METOJIaMH COTJIACOBAHHS

Cxema Mertog, Merog 1 Merog 2 Merog 1- Metox 2-
ouepezeit Mertoz ou. Mertog ou.
OpenSPARC T1 48867 52350 50030 7,1% 2,38 %
OpenSPARC T2 50850 54785 51427 7,74 % 1,13 %
ORCA 63150 67830 65490 7.4 % 3,7 %
Tabnuia 6

OL[eHKa 3aJICPKKU CXEM CUHXPOHU3allUHU B IIpOoLECCOpax Mpu CUHXPOHU3alluN
TMPCIJIOKCHHBIMU M CYHICCTBYHOIIMMHU METOJIaMH COITaCOBaHUSL

Cxema Meron Meron 1 Meron 2 Meron 1- Meron 2-
ouepenen (1e) (uc) Metoz ou. Merox ou.
(He)
OpenSPARC T1 1,73 0,45 0,34 73 % 80 %
OpenSPARC T2 1,14 0,3 0,22 74 % 80,7 %
ORCA 0,8 0.24 0.15 70 % 81 %

Hcnonp3oBaHie MPOrpaMMHOTO cpeacTBa SmartSync 3HauUTEIbHO COKpaIlaeT BpeMs
BCETro Ipoliecca NPOeKTUpoBaHus. VcblTaHHe NPOrpaMMHOTO CpelcTBa SmartSync Ui
COTJIACOBAHMS CHHXPOOOJACTEll CBHIETENBCTBYET O €ro BBICOKOH 3((eKTHBHOCTH, Tak
Kak ObIcTpozelicTBHe coriacoBaHust ysenmumiock Ha 70..80% 3a cuer yBenmueHHS
3aHUMaeMOH Ha TOYIIPOBOJHHKOBOM KpHCTasUIe uromaau Ha 1,13...7,74%.
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OCHOBHBIE BbIBOJIBI IO JUCCEPTAIIMOHHOM PABOTE

CcopmynnpoBaHsl TpeOOBaHHUS, NPEIBSIBISEMBIE K METOJaM COTJIACOBAHHUS
mUQPOBBIX ~ CXeM C  pa3sHbBIMH  CHHXPOHIM3HPYIOIIMMH  9acTOTaMH,
YIOBJIETBOPEHNE KOTOPHIX OOecrednBaeT HEOOXOIMMoe OBICTpOAeHCTBHE H
[UTONIA/1b, 3aHUMAEeMYIO Ha MOJYIIPOBOIHUKOBOM KPHCTAILIE.

Co3paH METO/I pacro3HaBaHUsI MeTacTAOMIBHOCTU CHTHATa U BOCCTAHOBIICHUS
€ro HOPMAJIBHOTO COCTOSIHHS, C HCIIOJIb30BAHHEM KOTOPOro Ojaromapsi
pereHepanuy MepeaHHOrO CHrHana 00eCreYrBaeTCsl YMEHBIICHNE 3aJCPKKH
COTJIacOBaHMS IO MEHBIIEH Mepe B IBa pasza 3a CUEeT YBENMUYCHHUs YHCIa
JIOTHYECKHX BEHTHIIEH, He IpeBhImatomero 8%.

Pazpaboran MeToJ JMHAMIYHOTO COTJIACOBAaHMSI CHHXPOCHTHAJIOB, KOTOPEIH 32
cYeT HeOONBIIOr0 YBEMUYEHHS YHCIIAa UCIIOJIB3YeMBIX BEHTIIICH N CIIOKHOCTH
HCTIOJIHEHUsT 00eCreunBaeT 3aJePXKKy COIJIACOBAHMS MEHbLIC IepHoja
CHHXPOCHUTHATIA.

IpemnoxkeH  mpolecc  MPOSKTUPOBAHMS  CHOCOOOB  COTJIACOBAHWUS,
obecrneYrBaoNIMil 3HAYMTEIPHOES YMEHBIICHHE 3aBHCHMOCTU MOCICIHEr0 OT
MepEeMEHHOCTe! Mpoliecca, HANPsHKEHUS M TEMIEpaTypbl M yJIydlIAlOLIMii
CTaGYUIBHOCTD CUCTEMBL B I[€JIOM.

BHenpenne cxeM CHHXPOHM3AIMH, MOCTPOCHHBIX HAa OCHOBE pa3pabOTaHHBIX
MPUHLUIIOB ¥ METOAOB CHHXPOHH3AIMA C [OMOIIBI pa3paboTaHHON
mporpaMmbl - SmartSync, 3a CYeT NPOCTOr0 H yAOOHOTO TpaduuecKoro
uHTepdelica mociIeaHero 00eceYnBaeT COKpaIleHHe CPOKa IPOSKTUPOBAHUS
O JUINTENBHOCTH OT HECKOJBbKHX CEeKyHJ IO Heckoiabko MuHYT. C
HCTIOJIb30BaHUEM MPEIUIOKEHHOTO METO/a PacIo3HAaBaHUS MeTacTabHIBHOTO
COCTOSIHMSI C pereHepaiueil MmepeJjaHHOTO0 CHIHAJA U METOJa JAWHAMHYIHOTO
COTJIACOBAHUSI CHHXPOCHTHAJIOB npou3BeeHa CHUHXPOHH3AIHS
cuaxpoobnacreit B mporeccopax OpenSPARC T1, OpenSPARC T2 u ORCA.
Buenpenne B WC CHHXpOHH3HMPYIOIIMX CXeM, IOCTPOEHHBIX Ha OCHOBE
MEPBOT0 M3 NPEUIOKEHHBIX METOJIOB, 10 CPAaBHEHHIO C METOJOM Ouepenei,
oOecrevnBaeT yMEHbIIICHHE 3aJepKKku coriacoBanus Ha 70...74%, 3a cyer
YBEJIMYCHUS KoJinuecTBa BeHTWied Ha 7,1..7,74%, a mpuMeHeHHE MeTojaa
JMHAMHYHOTO COTJIACOBAHHUSI CHHXPOCHUTHAJIOB, [0 CPaBHEHHIO C pe3ysIbTaTaMu
TOTO K€ MeToJa oOuepesei, MPUBOAUT K YIYYIICHUIO OBICTPOACHCTBUS
cuaxpoHn3aropa Ha 80..81% 3a cueT yBenWYeHHs YHCIIA HCIIOIb30BAHHBIX
pertwiei Ha 1,13...3,7%.

© National Library of Armenia



OCHOBHBIE PE3YJIbTATHI auccepranuu 0Hy6J’II/IKOBaHBI B CJICAYHOIINUX pa60Tax:

1.

Gevorgyan A., Baghdasaryan A., Avagyan D., Khazhakyan T., Milic M.
Thermal Aware Task Scheduling for 3D ICs // International Conference on
Electrical, Electronic and Computing Engineering.- Zlatibor, Serbia, June 3-6,
2013. EL3.7.1-5.

Babayan E., Khazhakyan T., Melikyan N., Beglaryan N. High PSRR
Bandgap Reference Circuit Based on SAED32/28nm EDK // International
Conference on Semiconductor Micro & Nanoelectronics.- Yerevan, Armenia,
May 25, 2013.- P. 187-189.

Khazhakyan T. Research of metastability timing characteristics for threshold
voltage and process-voltage-temperature variations // East-West Design & Test
Symposium, October 14-17, 2016, Yerevan, Armenia.-P. 84-87

UG hpjut 4., hwduwljuwt S, Suwhutpnjul S,
UwiinLjjwit U. Swppbp hwSwhuwywunrp)nilblUbnpny
nwyunwdnpdnn pdw hU upuGdwubph hwJwé w UGgUwl
Gnwbwy # 3IR QUU b UM wtnGlYwaghp. SGhiuhywywl
ghwnLreynrblubph ubphw.-2016.- Jwwnp 69, N4, ISSN 0002-
306X.- E9 381-392:

Melikyan V., Babayan E., Khazhakyan T., Manukyan S. Analysis of the
impact of metastability phenomenon on the latency and power consumption of
synchronizer circuits // East-West Design & Test Symposium, Yerevan,
Armenia, October 14-17, 2016.- P. 100-102.

Goldman R., Bartleson K., Wood T., Melikyan V., Babayan E.,
Khazhakyan T. Experience of low power design teaching // European
Workshop on Microelectronics Education.- Grenoble, France, May 9-11, 2012.-
P. 141-144.

Melikyan V., Sahakyan A., Hekimyan A., Trdatyan D., Shishmanyan A.,
Khazhakyan T. Low power duty cycle adjustment simple method in high
speed serial links // East-West Design & Test Symposium, Batumi, Georgia,
September 26-29, 2015.- P.43-46.

© National Library of Armenia



uvonouahn

dtpohtt nwuphukpht, htnbgpu) ubdwitpnud (PU) wnlw Jhuwhwnnpnsuwght
uwppbkph Epypuswthwlwt swthbph owpniwljwljub thnppugnidu nt wyn mwppkph
unbnupuoidwtt  junnipjutt  Epuyntbiughw] wép  hwbgkgpl; G PU-bkpoud
dnilighntiuy httwpwynpmipinibibph tuljut dkdwgdwi, husp wyn hwdwlwupgkph
gusp Lukipquuuyundwi wywhnddwb hwdwp inp wkuwyh pupynipniittp £ unwy
ptipt: PU-bph Eubkpqujubugnnnipiniip pupdpugubine hwdwp wy hinhtwlubph
Ynnuhg wppku dpwljyly G Up owpp dkpnnpubp: dpuighg ki puqUuuinignidught
dbpnnp, dbiniuwginn thwljwiibph dkpnnp, dwjwupnulughtt mbnutnhhsubph
Ukpnnp, nhtudhl jupiwt b hwdwwuimpul  dwupnwpadnpoudp, BU-h’
wnwppkp hwdwjunipjniiitipny wnwlnuynpynn kupuljwnmgusplbph’
uhuppnunppnypubph pudwidwb dkpnnp b wyj:

bPU-Epnud, hpwp hbkn  hwunnppuygynn  uhbuppnunhpnypubpp dhujutg
uuwnidwdp wuhlippnt B, hush wwwndweny wyn hudwlupgbpp §nsynid Eu gnpuy
wuhtppnt  wmbknuyhtt  uptppnt (RUSU) hunbqpuy  upjubdwbbp: QYpubg
wnwybjmpnibubphg b imppwbowndwt wnunijutph b LEjunpudwuqthuuljun
hunbpdbptughuyh  wjuqbgnudp:  ¥npw)  uhtppnwgqnuibpwb  sniikgnn  wyu
hudwlwupgbpp, vwfuyl, niukh dh pupp Jupbnp vwhdwbwhwlnidubp: Uuhtppnt
Eupwhwlqnygubph  hwdwduwjiugdwt  dbppubinddwt  wpdwbwgpnipnitibphg
wuwhwbigynud k dbnwljunmbmpjut tjundwdp pupdp hniuwhnipnil, pwupdp
wpununpouljuinipnit b htwpwynphtiu thnpp Uninp-tp hwywnnud: Fnjnp tpkp
wuwhwbeltphtt Yhwdwdwbwly pujupupbip hpkuhg ubpuyugind b swihwquig
pupny  hughp: Uyp hu  wywwndwnny AbppubnUuwt  wpdwbwgpnipjut
wpnituybnmpiniuip npnpymd B nfjuyyp upubdugh hwdwp wowetugh
wuwhwbolbnht  pwjwpwpbnme  mbwlmpjudp,  hsp  junspunnunud k&
hudwdwyubguws upjubdwubph hwdwyhunwih twhwgsdwt tppnint dywljdwp:
Zudwyuwunuwupwd  dkppubniuwt wpdwbwgpnipmit dowlbine  jutinhpp
uhuppninppnypubph puwbtwlh wsh htn wykh E puppuinud: Uhttngt dudwbwy,
rhy wuhtppnt upbdwubph hwdwidwinipjudp dknpubnudwb wpdwbwgpniput
Yhpwrnudp didwgunid | hwdwlupgh punhwinip dwljtptut ot Eubipquuyuenudp b
ujuqtiginid wpuqugnpdnipinip:

Uhtuppnunppnypubph  dhett  thnjuwtgynn  wqnubpwbtbpp, Juwunwpbng
uhippninppnyph  hwwunwd, gnpdplpwgh, (wpdwt b ohipdwunhdwuh (L)
tnhnjuwuwinipmnittiph - wwwdwnny, Ywpnn o juwjuonb] pungniing
uhppnnppnyph  pugnitinn  wiphgbpubph hwuwnwndwt B/jud - guwhywidwh
dudwimlubpp hwiqkghtyny Jkpehibphu bphph npudwpubwlu «» b «l»
Jhdwljukphg wwppkp Jhdwlh’  dhnwluniimput:  Ukinwljuymbnipnop
huwjwbhwlwbwjhtt tptinyp b, nph phypnid wqnubpwip winpny dwudwbwlnyg
Yuwpnn t wpudwpwbulut dwwuppulyubphg wwppbp wpdbp punnil), husp
hwugkginid  E  hwynpynn  hwignygutph  $niljghntiy  ppwhwbidwb:
Uhuppnunppnyph  hwndwt  dudwbwl  dbnwluyniinipjnithg  juntuwdbyne
tyuwunwlny ppuwiwgynid k uhippninppnypitph huwdwdwjiignud. Jipghtutphu
vhotir ubpypynid ki hwnnly ujubdwbn:

20

© National Library of Armenia



Uhuppninppnypubph  hwdwdwyubgdwt qnmipimit niukgnn Jbkpnnubpp sk
pujupupnid BU-tph dwlpnpimpwgpbpht’ wpuqugnpénipyubp, dwljkpuht no
Eubpquuyundwit wpwewnpynn wwhwgubpht, pwih, np gpubg hpuljuwiwugdwl
uljgpniipp  hpdudws t  hwybpjwy wwpplph hwpdhtt jpugnighy hwwywunnid
uhpUnstine b Jbnwlumb  Jhdwlh  wpwowgdwt  hwwbwlwbnipniip
ujuqtgubynt Ypu:

dJudwbwlwyhg PU-Ephtt  wpwownpyny  wwhwbettph  pwjupupdwi
tyuwunwln] wrwowgk] t wwuppip hwdwpmpnibubpng nuljunuwdnpnn pydughe
upubdwbpnud uhippninhpnyputph hudwdwjubgdwt dhgngubph dpwljdwb juhuwn
withpudbonmpinil, npnbp poy; Junub Wwugkgit] hudwiwjibgdul hwwyunnudp'
upubduygh dwljkpkuh ny buwb wdkjwgdut hwoyht:

Quunpyl) o wwppip  hwdwpnmipmibibpny  wwliunuwynpyny  pYught
ujubdwibph  uhtppnuppnyputph  hwdwdwjubguut  Uhengubkphtt wnwewnpynn
wuwhwbelbtpp, npnug pwdwpupnudt wwyuwhnynd £ htnbqpuy  upubdwbph
withpwdton wpwqugnpdnipinit nt Jhuwhwnnpnsughtt poiptinh Jpuw qpunbgpus
dwybpbu:

Unwowplyty E dbnwluynitt Jhdwljh huyntwpbpdwdp b ptwljuint Jhdwlh
Jhpujubqududp hwdwduwyubkgdmtt dbpn, nph ghwypnd  wqnubywbh
Ykpupnqupluut sinphhd wyywhndymu b hwdwdwyibguwi dthengh hwuniwl
wniuqlt 2 wbqud jwhnud, oquuugnpddws wpudwpwbwlut thwlwbubph
putuljh’ 8 %-p sqhpuquiignn wkjugdwh hwpht:

Uowljyty Lt uhuppnwqpuiowth ghtwdhl bhwduyunuupuibgdudp
uhppninhpnyplbtph hwdwdwyubgudw dbkpnnp, npl oquiugnpdjud
npudwpwtwlut thwlwbiubph pwtwfh dEdwgdwt b hpujwbwgdwt npnyulh
pupnnipjul hwoyhtt wywhnynwd k punniting uhippnuqnuiiowth wwppbpnipemniup
sqipuquignn hwdwdwjibgdw hwwywunnud:

Unwowplyt) b huwdwdwjutigdwt dhgngutph twpiwgddwu gnpépupwg, npu
wwwhnynud £ Jbpehliibphu’ gnpéplpugh, jupdwh b ghpdwunhgwbh ajundundp
qquyniunipju buljut tJugbgnid bt hwdwdwjukgyus hwdwlwupgh juyniinipend:

Uwnbkiwjpnunipniinid dowljyus uljqpniipubph b dbpnnutph hhdwt Jpw
YJurmglws hudwdwjibgiut dhongkph SmartSync spugpuyghtt gnpshph Uhengny
ubpnunudp, Ypohtthu wwupgq b hwpdwpwybn htnbkpdtjuh sunphhy wwywhnynid L
twhugstwl  dudwbwlh  snpuhbjh  Ypdunnd  wyih hwugubim] Jp  pwth
Juyplyuithg dhsh vh pwbh pnyt mbnnnipjui: OpenSPARC T1, OpenSPARC T2 L
ORCA wpngtunpiubpnid uptippninhpnyputph hwdwduwjubgnidt ppwjuwtugynid L
wnwowplqus  dbnwluyniinipjut  hwynbwpbpdwdp nt ptwfwint  Jh&wlh
JEpujubqududp b uhippnuqpuipwbbph nhtwdhl hwdwywnwuwibgdudp
Ubpnnubpny ni hwjnth hbppwhbtup dvhongny: SmartSync spwqpuyhti qnpshpny
wnwowplqus wrwehtt dkpnnny hwdwdwjubgdwi junnmguspubph ubpnunudp,
htppwhbip hwdwdwjubgdwt dkpnnh hpujuwtugdwt hwdbdwwn, oquuugnpddwus
thwlwbubph pwtwyh 7,1 - 7,74 % wjkjugdwut hwoyyhtt wwywhnynmd E
hwdwdwjubgdwt hwyundwb 70 - 74% ujuqbtgnid, hulj uhuppnwgnuipwitph
hwdwyuwnuwupwikgdut Ukpnnny hwdwduwyibgdwt nkwypnud, hkppwhbkiup dkpnnh
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hwdbdwwn 1,13 - 3,7 % wdkh owwn thwlwbubp oquuugnpstnt wwpwquynid
wwwhnyynud £ 80 — 81 %-ny thnpp hwdwdwyukgdwi hwywnnid:
TIGRAN RUBEN KHAZHAKYAN

DEVELOPMENT OF SYNCHRONIZATION MEANS FOR DIGITAL
CIRCUITS WITH DIFFERENT SYNCHRONIZATION FREQUENCIES

SUMMARY

In recent years, the continuous scaling of geometrical dimensions of semiconductor
devices in integrated circuits (IC) and the exponential growth of their distribution density
have led to essential increase in the functional abilities of the system. Because of these
changes low power design has faced a new type of challenges and complications. Many
different low power design methods have already been proposed by various authors.
Among them are the methods and means of multiple supply voltage, isolations cells,
level-shifters, dynamic voltage and frequency scaling, division of IC into multiple clock
domains, etc.

In ICs, communicating clock domains operate asynchronously, due which they are
called globally asynchronous, locally synchronous (GALS) integrated circuits. The
reduction of switching noise and electromagnetic interference is one of the advantages of
those systems. GALS systems have many essential limitations. Handshake protocols used
for synchronization of asynchronous sub-blocks should have high degree of
trustworthiness, high throughput and as small as possible latency. Satisfaction of all three
is a very complex design problem. For that reason, the effectiveness of handshake
protocol is measured by its ability to satisfy primary requirements of a certain system,
which makes it harder to develop one universal design flow for synchronization circuits.
Development of the required handshake protocol becomes complicated with the
increasing number of clock domains. At the same time, handshake protocols increase
overall circuit area, energy consumption, and decrease performance.

Because of process, voltage and temperature (PVT) variations, signals that cross
clock domains, may violate setup or hold times of the receiving flip-flops by setting their
outputs at a voltage level different from logic 0 and 1 called metastable state.
Metastability is a probabilistic phenomenon, in case of which for an unknown duration,
signal may reach an unknown voltage value. This may lead to a functional fail of the
whole system. For the purpose of avoiding metastability communicating clock domains
are being synchronized, i.e. special circuitry is inserted between them.

Existing synchronization methods do not satisfy the performance, energy
consumption and area of occupation on semiconductor wafer requirements of modern IC,
because they operate by a principle of inserting additional delay and decreasing
probability of matastability occurrence.

A critical necessity of clock domain synchronization means’ design has aroused to
meet the requirements of the latency of synchronization in modern ICs, at a price of
slightly increased semiconductor area.

The requirements presented to the clock domain synchronization means have been
formulated. Meeting those requirements ensures achieving needed synchronization
latency and semiconductor area.
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A method of metastability detection and normal state recovery has been proposed.
Due to the fact of state recovery the method ensures two times improvement in
synchronization latency, at a price of increase in number of logic gates for up to 8%.

Clock domain synchronization method with synchronization of clock signals has
been developed. The method ensures synchronization latency less than a clock cycle of
the receiving domain at a price of slightly increased number of logic gates and
implementation complexity.

A synchronization means’ design flow has been proposed which ensures reduction
of synchronization circuit dependency on PVT variations and stability of the
synchronized system.

The integration of the synchronization circuits designed based on the proposed
methods and principles is done by the SmartSync software tool, due to the user-
friendliness of which reduction of the design time from a few seconds to minutes have
been ensured. The synchronization of clock domains found in processors OpenSPARC
T1, OpenSPARC T2 and ORCA has been performed by the developed means of
synchronization and the known FIFO-based synchronization method. Synchronization
performed by SmartSync implemented by using the method of metastability detection and
normal state recovery in contrast to the FIFO-based method has shown improvement in
latency by 70...74% at a price of increasing number of logic gates by 7,1...7,74%. The
usage of clock signals’ dynamic synchronization method ensures 80...81% improvement
in latency by increasing number of used logic gates by 1,13...3,7%.
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