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Annomayus — B jJaHHOH cTaTbe paccMaTpUBAIOTCS
001IeMeTO10/IOTHYECKHEe AacleKThl M npodjemMbl NpH
NPOEKTHPOBAHMM  JJIeKTPOHHONH  KOMIIOHEHTHOH  0a3bl
CHEUUAIILHOTO HA3HAYEHUS [JIsl OLEHKH PpPaIualOHHON
CTOIKOCTH, a TaK/Ke BO3MO:KHOCTH MX pellleHHs] HA OCHOBe

MeTooB 3D  MogenupoBaHMsi W MeTOJOB  CHHTe3a
BHPTYaJIbHOIl peaJbHOCTH.

Knrouesvie cnoea — MeTO/10J10T usl, cucreMa
ABTOMATH3HPOBAHHOIO  NPOEKTUPOBAHHUS, 3JeKTPOHHAs

KOMIIOHCHTHasA 6232, paananuoOHHast CTOIKOCTB.

l. BBEJIEHUE

B cooTBeTcTBMM C TPHIOKEHHEM 2 TIO Pa3BUTHIO
TEXHOJIOTHH TPOCKTUPOBAHUS PAIUOIIEKTPOHHBIX CHCTEM
n KomIuiekcoB B DenepalbHOM LIEJIEBOMl NporpaMme
(DLIT) «Pa3BuTHE SIEKTPOHHOW KOMIIOHEHTHOH 0a3bl U
PaInOdIIEKTPOHUKI HEOOXOIMMO pa3pabaThIBaTh
texHosorun  co3manus  CAIIP  mna paspaborku
panuosnekTpoHHbIX cucteM (POC) u xommiekcoB (POK).
OTO MO3BOJIAET PAa3BUTh TEXHOJOTHH OTEUYECTBEHHOTO
MPOTrpaMMHO-AIapaTHOTO  O0ECIeUeHuss W CpelcTBa
pa3paboTKH IIsI aBTOMAaTU3MPOBAHHOTO MPOEKTUPOBAHUS
CyOMHKpDOHHBIX ~ MHKpPOCXEM c HCTIOJIE30BaHAEM
Pa3INYHBIX TEXHOJOTHYECKHX IPOIECCOB, MOBBIIIAFOIINX
KagyecTBO M  COKpAIAIOIIUX  CPOKH  pa3paboTKu
PanMO3NEeKTPOHHON TPOMYKIMH, Pean30BaTh ITOJIHBIN
TEXHOJIOTHYECKUH MUK MPOCKTUPOBAHMSA, WCIBITAHUN U
NPOU3BOJICTBA YHU(DUIMPOBAHHOI BBICOKOA()(EKTHUBHOM,
UMIIOPTO3aMeIIAIOMICH, KOHKYPEHTOCIIOCOOHOM
anmmapatypel. Kpome Ttoro, B LIl onpenensercs
HEOOXOIUMOCTh Pa3pabOTKH TEXHOJIOTHH IOJYHATYPHBIX
U CTEHJOBBIX HCHBITAHUH CJIOXHBIX HH(GOPMAIMOHHO-
VIIPABIIAIOMINX CUCTEM, TTO3BOJISIOIHX:

CO37aBaTh METPOJIOTHYECKU aTTECTOBaHHYIO
YHU(DUUMPOBAHHYIO CTEHIOBYIO HCIIBITATEIBHYIO 0a3y ISt
NPOBEACHHUS HAyYHO-UCCIICNOBATENILCKUX W OIBITHO-
KOHCTpyKTOpckux pabot (HMOKP);

CHWXATh CPOKH pa3pabOTKHA W CTOMMOCTH HCIIBITAHUN

POC u POK;

CYyIIECTBEHHO MOBBIIIATH JIOCTOBEPHOCTh
nonayHatypHoro mozaenupoBanusa POC u POK;

o0ecre4uBaTh MaKCHMAaJbHYIO CXOJUMOCTb
PE3yIbTATOB C PE3yNIbTaTaM1 HATyPHBIX HCIIBITAHHH.

Il.  OCHOBHBIE ITPOBJIEMbI METOJ0JIOT UK
ITPOLIECCOB ITPOEKTUPOBAHU S DJIEKTPOHHOI
KOMIIOHEHTHOM BA3BI CITEITUAJILHOI'O HASHAUEHUS B
CAIIP

OcHoBHBbIe Po0sIeMbl MeTomooruy nporeccos CAITP
IIPY MIPOEKTHPOBAHUH 3JICKTPOHHOH KOMIIOHEHTHOW 0a3bl
(BKb) cnenuansHoro HasHaueHus (CH) gns oneHku
panuaoHHON CTOHKOCTH 3aKIIFOYArOTCS B CIEIYIOIEM:

cnoxkHocte 3D momenupoBamus B CAIIP
komnoHeHToB  (Momynerr) OKBb CH ¢ yuérom
BOCIPOM3BENICHNS] (PU3NUECKUX U XMMHUYECKHX IPOLIECCOB
Ha YpOBHE KPHCTAUNIMYECKUX DPEIIETOK MAaTepHANIOB IS
OT/EJBHBIX 3JIEMEHTOB H3/IEIIHS;

CJI0KHOCTD 3D MOJIETTUPOBAHUS B CAIIP
xomnoHeHToB (Moxyineit) OKb CH u3-3a MHOromepHoCcTH
pemaeMbIX 3a/1a4, 9To TpeOyeT MEeTOJ0B CHIKCHUS TaKOH
Pa3MepHOCTH MPH PEIICHUH 3a]]a4 OLIEHKU PaguaiiMOHHON
CTOMKOCTH U3JICIIHIA,

CII0)KHOCTh BOCHPOM3BEICHUS (U3NUECKUX SBICHUI B
BHJIE BO3JEHCTBHUA KOCMHMYECKHX JIydei, B TOM 4YHCIE U
TSKENBIX SIEPHBIX YaCTHIl, HA COBOKYIIHOCTb 3JIEMEHTOB

9Kb CH wm3-3a HeoOXOOMMOCTH  OOBEIMHEHUS
CYIIECTBYIOIUX  TEOPETUYECKHX  MPENNOChUIOK W3
PA3IMYIHBIX IPEIMETHBIX 00IacTel 3HAHUIA;

CIIO)KHOCTh  BBIOOpa ONTHMAaJbHBIX cpeactB 3D
MOJICITUPOBAHUS c LEBI0 COTIPSTaEMOCTH c

cymectBytomumu CAIIP;

CJIOKHOCTb PCIICHHA 3aJa4 OLCHKU pa,IlHaHPIOHHOﬁ

CTOMKOCTM  M3JE€IMi  H3-3a  PAa3JIMYHOIO  YpPOBHS
WCTIONB3YyeMOM B~ HUX  TONOJIOTHH,  Pa3IM4ni
MPUMEHSAEMBIX TPH WX UW3TOTOBIEHHH TEXHOJOTHIA,

0COOCHHOCTEH HCIIONB30BAHUS CYIIECTBYIOIIUX WM HOBBIX
MaTepHajJoB M3TOTOBJICHUS W3MENNH, 3a4acTyl0 ¢ HOBBIMHU
rapaMeTpamu, KOTOPhIe TaKXKe OKa3bIBAIOT CBOE BIIMSHUE
Ha KOHEYHBbI pe3ynbTaT, a TaKXke CIOXHOCTh 3D
MOJETUPOBAHUSI  C  DJIGKTPUYECKHMMU  TlapaMeTpamMu
n3nemnit OKb CH.
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Kpome ToOro, TEOpeTHYECKMMHM IPEATIOCHUIKAMH JUIS
pewenust  npoOsieMbl  (opMupoBaHus  MeTonoB 3D
MOJIETIMPOBAHHS MPOCKTUPYEMBIX OOBEKTOB 3JIEKTPOHHOM
KOMIIOHEHTHOW 0a3bl Ha OCHOBE CHHTE3a BUPTYaJIBLHOM
PEaNbHOCTH SIBILTIOTCS] aHAIM3 BO3MOJKHOCTEH COBPEMEHHBIX
MHpOpMAIMOHHBIX 3D  TexHONOTMH, a TakkKe aHaIu3
CYHIECTBYIOIMX ~ METOJOB, QITOPUTMOB W  MOZEINCH
NPOEKTUPOBAHUS HA OCHOBE (DM3MYECKHMX IPOLIECCOB,
NPOUCXOIAIINX TPH  BO3ACHCTBHSX TSDKEIBIX  SACPHBIX
YaCTHILL.

[lo pesynbraTam NpPOBEAEHHOIO aHAIM3a MOSBISIETCA
BO3MOKHOCTh PEIIEHHS TpoOJeMbl 110  (OPMHUPOBAHHIO
Hay4yHBIX OCHOB JAJISl CHUHTE3a BUPTYaJbHOW PEATLHOCTH
MIPOEKTUPYEMON  paJMallUOHHO-CTOMKOM  3JIEKTPOHHOM
KOMITOHEHTHO# 0a3bl CTIeIIaIbHOTO Ha3HAYCHHUSI.

Ilpu »>TOM TaKke BO3HHKACT HEOOXOAMMOCTh
(opMHpOBaHUS METOIOB M alTOPUTMOB pPa3pabOTKH
koMroHeHTOB CAIIP, TO3BONSIONIMX CUHTE3UPOBATH
pa3NuvHBIe Cpelbl MPOSKTUPOBAHUS B BUJE BO3ICUCTBHA
KocMuueckux Jiyueit Ha anemenTsl DKb CH 1 ux orieHku B

BUJIE CTAaTUCTHUYECKHX 3aBHCHMOCTEH, aHAJOTHYHBIC
MPOBOJMMBIM HaTypPHBIM HUCIIBITAHUSIM.

[Mprunaamu (opMupoBaHus METO/IOJIOTHH
aBTOMAaTH3MPOBAHHOTO  TPOCKTUPOBAHMS Ha  OCHOBE
CHHTE3a BUPTYaJlbHOM pPeEallbHOCTH, OIpEAEIsIoIeit
npobsieMy (GOPMHPOBaHUS METOJOB M alTOPUTMOB IS
Hay4YHBIX OCHOB IPOEKTUPOBAHUSA  yCTOWYMBBIX K

Bo3aecTBUAM TsokénbIX saepHbix yactuy OKBb CH,
SIBJISIIOTCSL:

1. CaoXHOCT W JOPOTOCTOMMOCTH IPOBEACHHS
HATYpHBIX OJKCHEPHUMEHTOB IO COOpYy CTATHCTUYECKHX
JAHHBIX M BBIABICHUIO PEIEBAHTHBIX XapaKTEPUCTHK
BO3JCHCTBUN TSDKENBIX SIEPHBIX YaCTHUL, OKa3bIBAIOIIMX
BIMsAHUCE HA QpyHKIMoHUpOoBaHHe >nemenToB Kb CH:

TpeOyIOTCS ~ 3HAUMUTENBHBIC  JCHEXKHBIE  3aTPaThl,
KOTOpBbIE MOTYT 3aHUMaTh Oonee 50% OT Bcelt cTOMMOCTH
HUOKP;

3HAYUTENNbHBIE BPEMEHHBIE 3aTpaThl 10 CPAaBHEHHUIO C
octasnbHeIMH 3TantaMu HUOKP (Taxoke camu m3mepeHus u
00paboTka pe3ybTaToB IKCHEPUMEHTOB MOTYT 3aHHUMAaTh
10 70% obmiero Bpemenn HMOKP);

OTPaHMYEHO KOJHMYECTBO MPOBEICHHUS
HKCIIEPUMEHTOB (HECKOJIBKUMU €IUHUIIAMH);

HaTypHBIX

IIPOBEPKA CXEM  OCYHICCTBIIACTCA  OTACIBHO UL
KaXXa101ro BHa paauanroHHOTO BO3JICHCTBHSA u

ocymiecTBisieTcss (Kak TpaBmiio) 0e3
MPOCTPAHCTBE  MOJIOKCHUS  IPOBEPSIEMOM
CIELHAIbHOIO HAa3HAYCHHS;

U3MEHCHUS B
CBHUC

OIpaHUYEHHUE PEAILHBIX YCTAHOBOK JI0 10 5B (BmecTO
pEAJIbHO CYIIECTBYIOIIMX YHEPIUM KOCMUYECKUX JTydel 10
20
107 sB).

2. CII0)KHOCTD MaTEMAaTHYECKUX MOJIETIEH,
ONUCBHIBAIOIIUX  TPOLECChl  BO3ACHCTBUH  TAKENBIX
SIIEPHBIX JaCTHII, OKa3bIBAIOIINX BIIMSTHHE Ha

¢ynxunonuposanue nzaenanii OKb CH nmpumenurensHo k
METOJlaM CHHTE3a BUPTYaJIbHOM PeaIbHOCTH.

3. MHuoxxecTtBeHHOCTH CTpYKTYp OKb 1 X aymemMeHToB.

4. HeobOxommMocTs y4€Ta CTPYKTYpHI MaTepHaioB
m3aenuit OKb CH Ha ypoBHE KpUCTAITHUECKUX PEIIETOK.

5. HeobxomumocTp yuéra (DU3HKO-TEXHOJIOTHIECKHUX
IpoueccoB Uit  (OPMHUPOBAHUS PE3YNIBTATOB BIMSHUIN
NPOLIECCOB  BO3AECMCTBUN  pa3aUMYHOM  MpUpPOIBl  Ha
anemeHTsI cTpykTyp OKb CH.

6. HeoOxomumocTth yuéra (HU3HMUYECKHX MPOLECCOB
BO3JCUCTBUNA U1 PA3JIMYHBIX BUJOB TSKEIBIX SACPHBIX
YacTHILl Ha 31eMeHThl cTpyKTyphsl OKb CH.

7. Heo6XxoauMocTh NPOTHO3UPOBAHUS TIOBEACHUA
paspabateiBaembix CBUC HOBOro moKoJeHHS IpH
pPasNMYHBIX BHJAX BO3ACHCTBHH TSDKENBIX  SAEPHBIX
YacTUI] YK€ Ha paHHUX CTaAuAX MPOEKTUPOBAHUSA
PaAnAIIIOHHO-CTOHKON AIIEKTPOHHOW KOMIIOHEHTHOH 0a3bI
CIELUAIIEHOTO Ha3HAUYCHHUS.

8. HeoOxommmocTh  mpencTaBieHUS  IIPOLECCOB
BO3IECUCTBUM TSDKENBIX SOEPHBIX YAaCTHUIl Ha OCHOBE
CUHTE3a BUPTYalbHOU peanbHOCTH B BUae 3D mozneneil.

9. HeobxoaumocTh yu€ra CTPYKTYPHBIX MOBPEKACHUI
IIPY BO3IEHCTBUAX TSKENBIX SAEPHBIX YaCTHII.

10. HeobxonumocTsb HCTIOJIB30BaHUS
nHpOopMammoOHHBIX 3D TexHomormit W aHanm3a
CYIIECTBYIOIIMX METOJIOB, QJITOPUTMOB U  Mojeiel

MPOSKTHPOBAaHUs Ha OCHOBE (PH3MYECKHUX TPOIECCOB,
MPOUCXOMSIIIUX TPH BO3MEHUCTBUSIX TSIKETBIX SAEPHBIX
YacTHIIL.

Takum 00pa3oM, ynpouméHHOE MPEACTaBICHHE ITANOB
MPOEKTUPOBaHUs paananuonHo-crorikoi Kb CH moxer
OBITH TIpEICTAaBIICHO Ha pHC. 1.
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Puc. 1. YnpoménHoe npeacTaBjieHue 3TaNoB NPOEKTUPOBAHNSA PAJUALIIOHHO-CTONHKOI 3JIEKTPOHHOI KOMIIOHEHTHOI 6a3bl
CHEUATBLHOI0 HA3HAY CHUS

CrnenoBarenbHO, paccMaTpUBaeMylo MpoOiemy U
CXeMy HCCIICIOBaHH JaHHOH pabOTHl MOKHO CXEMaTHIHO
NPE/ICTaBUTh B BUJIC PUCYHKA 2.

Hcxons W3 3TanmoB NPOEKTUPOBAHUS BIEKTPOHHOU

cunte3a u aHamuza OKb CH, sBnseTcss BO3MOXKHOCTH
¢opmupoBanust 3D CTpyKTyp TeX MarepualioB, U3
KOTOPBIX COCTOSIT OTHAEJbHBIE SJIEMEHTHI C y4ETOM BHUIOB
KPHUCTAJLTMYECKIX PemEToK, pannycos aTOMOB
XUMHUUECKUX DJIEMEHTOB, MEPHOJa PEHIETKH, OCHOBHBIX

KOMITOHEHTHOM 0a3bl HncC. 1 JIst a3paboTKU o
(pu ), A pasp aTpuOyTOB JJIeMEHTa  TIePHOANYECKON  TaOIHITBI
CTPYKTYPHO-TOIIOJIOTUIECKON CXEMBbI HCO6XO,HI/IMO ) o
ONDENONSATh A3MEDbI AEMEHTOB HX OCHOBHBIC Mengeneena: aTOMHOIO HOMEpa, AaTOMHOM  MaccChI,
pent p p o nepuona, TPYIIIIBL, pannyca aapa, COCTOAHUA.
MaTEpHraJIbl. Oco0EHHOCTBIO MOZCJIEH, IPEIara€MbIX IJIs
OBBEKT OBOCHOBAHHE TIPHHITHIIOB PASPAEOTEA H . BEIEOP
HCCIIEQOBAHHA HCCHIENOBAHMA IJIA HCCIENCE AHHME MOIENEH, KPHUTEFHEE,
TPOEKTHPOBAHIA ANTOPMTMOB H METOIOB OLEHK 4
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Puc. 2. CxemaTnuHoe npeacTaBJieHUe HCCJIeAyeMoii Mpo0JieMbl U cxeMa eé B3auMOCBsI3ei

[Mpenno)xeHHbIE XapaKTEPUCTHKU SIBISIFOTCS OCHOBOM
IpU  B3aUMOJCHCTBHM MX C TSDKENBIMH  SAEPHBIMU
YacTHLIaMH B BHJE SAEPHBIX PEaKIHUH, YTO B KOHEYHOM
uTOre BIMAET Ha paguannoHHyio ctoiikocte OKb CH n
3JIEKTPUUYECKHE MTapaMeTpbl TOTOBOTO W3EIHSI.

Tak kxak OCHOBHBIMH DJIEMEHTAMH COBPEMCHHBIX
Cy6MI/IKpOHHLIX HUHTErpaJbHBIX CXEM SABJIAKOTCSA
TpaH3UCTOPBI, TO HeOGXO,I[I/IMO OIPCACIINTL UX COCTABHBIC

as1eMeHThl. K HUM OTHOCSATCS: METalIbl, OIYIPOBOJHUKI
(p ¥ n TUIIOB), a TaKoke AUAIEKTPUKHU. Clle0BaTENbHO, ITO
HeoOxoanMo YUUTHIBATH pu TIPOEKTHPOBAHUH
CyOMHMKpDOHHBIX  MHTETPAlbHBIX CXEM Ha  YpOBHE
KpHCTaJUTMYeCKnX pemérok. OOO0OIIEHHBIH  aJIrOpUTM
(bopMHUpOBaHHs CHHTE3a BHPTYaIbHON pEaJbHOCTH MJIst
00BEKTOB MPOEKTUPOBAHUS paAHAlMOHHO-CcTOMKOW OKb
CH npencrasnen Ha puc. 3.
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Puc. 3. O6001ménnbIii a1ropuT™ GOpMHPOBAHUS CHHTE32 BUPTYAIbHOH PeaJbHOCTH VISl 00bEKTOB IPOEKTHPOBAHMA
PaaualOHHO-CTOHKOI 3JIEKTPOHHOIl KOMIIOHEHTHOI 6a3b1 CIeNMATBLHOI0 Ha3HAYEHHUS

Kak Buzmno Ha puc. 3 CAIIP Cadence Design System
UMeeT BO3MOXHOCTh CONPSDKEHHS C IMOMOIIBIO Mopeien
Ha ocHoBe Monynei MATLAB u Ha ocHOBe OIOKOB,
omucaHHBIX Ha s3blkax C/C++/SystemC, ¢opmupoBats
komnoHeHTsl CAIIP 1y omeHku paauaniOHHO-CTOMKOMN
OKb CH. Ilosromy mepBeIM IIaroM ajaropurma
(hopMupOBaHKs CHHTE3a BUPTYaIbHON pEaJbHOCTH IS

00BEKTOB MIPOEKTUPOBAHUS paaralOHHO-CTOMKON
SJIEKTPOHHONH  KOMIIOHEHTHOM  0a3bl  CIenuaibHOTO
Ha3HAYCHHUS SBISIETCA  BO3MOXKHOCTb  HCIIOJIB30BAaHUS

s3pika VRML u cornacoBanust co3gaHHbIXx B HEM 3D
00bexToB ¢ mMoxeasmMu SIMULINK (miar 2) u StateFlow
(mar 3). Mcxonms w3 TOro, 4To YpPOBEHb JeTaTU3aIllUU
npoeKTHpPYeMbIX 3D 00BEKTOB pas3iudeH, IelIecoo0pa3Ho
HCIIOJIb30BaTh OOBEKTHO-OPHEHTHPOBAHHBIN MOAXOM JUIS
(opmupoBanus 3D CTPYKTYyp KpUCTALUTHUECKUX PEHIETOK
MaTepUaioB TOJYNPOBOJHUKOBBIX JJEMEHTOB, Ha HUX
OCHOBE ITEPEXOIUTh K YKPYITHEHHBIM MOJIENISIM OTACTBHBIX
3D snementoB DKb CH, a 3areM 00beIUHATL OTAEIbHEIE
3D snmeMeHTHl B WX COBOKYITHOCTH JJISI MOJCIHPOBAHHS
CYOMHUKPOHHBIX MHTErpalIbHbIX MUKpocxeM (uiaru 4, 5, 6,
COOTBETCTBEHHO). Tak Kak BO3MOXKHOCTH si3bika VRML He
JIOCTaTOYHO  IIMPOKH, TO pa3pabOTaHHBIE MOJENN
1eNecoo0pa3Ho PacHIMpPUTh € MOMOIIBIO BO3MOKHOCTEH
s361k0B  C/CH++/SystemC, c¢Bs3aB ux Mexay coboit ¢
HCTIOJIb30BaHUEM JIOTIOJTHUTEITbHBIX KOMITOHCHTOB
MATLAB (maru 7, 8, 9, COOTBETCTBEHHO, IJIS KaXKJO0TO
YpOBHS JeTanu3anuu). Takxke, HCIOIb3ysS BO3MOXKHOCTH
s361k0B  C/C++/SystemC, Heo0X0oauMoO CO37aTh MOJCITH
MPOIIECCOB PACIIPOCTPAHEHUS TSIKEIBIX SICPHBIX YaCTHI] B
KOCMHUYECKOM IIPOCTPAHCTBE C Y4ETOM HMX BEPOSTHOCTEH
MOSIBTICHUST ¥ BO3MOXHBIX dHepruit (mar 10). [Tocae aToro
HEOOXOJUMO CBSI3aTh STH MOJEIH PACIPOCTPAHCHUS C
nmapaMeTpaMHu MoJieeld pa3IMdHON JeTanu3alluil Kak B
OJIHOM HaIIpaBIE€HUU, TaK U B apyroM (maru 11, 12, 13 n
13/ , 12/, COOTBETCTBEHHO). Ha OCHOBe B3auMOICHCTBHIA
BCeX pa3pabaThIBacMbIX Mofeiei (HhOopMHUpYETCs MOJENb
onleHkn paananuoHHoi croiikoctm DKb CH (marm 14,
14-1, 14-2, 14-3), xotopast OyHeT SABIATHCS KOMIIOHEHTOM
CAIIP nnst ONEHKH pajWalMOHHO-CTOHKOW 3JEKTPOHHON

KOMITOHEHTHOH 0a3bl clienuanbHOro HasHaueHus (mar 15)
JUId  JadbHEHIIero BKIIOUEHHS €ro BO BCTPOCHHYIO
OHOIHOTEKY 0JIOKOB SPW2000 CHUCTEMBI
aBTOMAaTH3MpOBaHHOTO HpoektupoBanus Cadence Design
System. Ha puc. 3 xEnThIM I[BETOM OTMEYEHBI OJIOKH,
¢dopMupylomue MPOMEKXYTOUYHBIE MOJEIH, 3€IEHBIM
IBETOM OTMeueH 00k popmupoBanus komrnonenta CAIIP
JUTsL OLIeHKH paauauroHHo-croiikoit 9Kb CH. Kpome Toro,
MYHKTUPHBIMH JIMHUASIMH TTOKa3aHbl 3Tarbl (pOpMHUPOBaHUS
CHHTE3a BHPTYaJbHOM pEaATbHOCTH JJIsi  OOBEKTOB
MIPOEKTUPOBAHMS  PaJUALMOHHO-CTOMKON  3JIEKTPOHHOM
KOMITOHCHTHOM 0a3bl CIEMAIFHOTO HA3HA4YCHUs, a
LWITPUX-IIYHKTUPHOX JIMHUEH IIOKa3aH 3Tall BCTpauBaHUs
KOMIIOHEHTOB B OmbOmmoTeky O0mokoB SPW2000 cuctemsl
aBTOMaTH3MpOBaHHOTO TpoektipoBanus Cadence Design
System.

PaccmoTpum mporiece GopmupoBanus mojeneir 3D
KPUCTAITMYECKUX CTPYKTYp MaTepuasioB JUTSt
(GhopMHpOBaHUS  3JCKTPOHHONH  KOMITIOHEHTHOW  0a3bl
CHEIMATBFHOIO Ha3HAUYEHUSI.

[Mpexne yem Hayath (OPMUpPOBAHKHE MOAEINEH cHHTE3a
CTPYKTYpBI KPHUCTAJUIMYECKOW PEIIETKH MaTE€pUaNoB I
npoextupoBanusi OKb CH, nenecoobpazHo 00OCHOBATH
BBIOOp TOAXOIOB TIPH pEIICHWH 3ajad pa3paboTKu
KOMIIOHEHTOB ~ JUII ~ CHCTEM  aBTOMAaTH3HMPOBAHHOTO
npoektupoBanus DKb ¢ yueToM cymiecTByromed OUeHKU
PaaualMOHHOM CTOMKOCTU 3JIEKTPOHHOH KOMIIOHEHTHOMH
6a3kl.

CornacHo 0000LIEHHOMY AJITOPUTMY (OPMHPOBAHUS

CHHTE3a BHPTYaJbHOH pEaNbHOCTH [UII  OOBEKTOB
MIPOEKTUPOBAHUS  PaJUALMOHHO-CTOMKON  3JIEKTPOHHOM
KOMIIOHCHTHOH  0a3bl  CHENMAbHOTO  Ha3HAYCHUS,

MPEJCTaBJICHHOMY Ha pHUC. 3, JOCTHXKCHHE IOCIETHErO
stama (mara 15) BO3MOXKHO TpPH YCIOBHM BBITOTHEHUS
BCEX OMHUCAaHHBIX IIaroB (maru 1-14). OgHako, mepen TeM
KaK MPHUCTYIHWTh K BBIIOJIHEHHIO ITOCIEI0BATCIBHOCTH
maroB no cos3ganuio komrnoHeHToB CAIIP miua oneHkn
paauauoOHHO-CTOMKOM 9Kb CH, HEOOXOIMMO



OIIPENIENITh  PEJIEBaHTHBIC IapaMeTpbl  (PU3MYECKHX
IPOLIECCOB, MPOUCXOJSIIMX Ha YPOBHE pPaJHallMOHHOTO
BO3JICHCTBHS, U TEXHOJOTHH (OPMUPOBAHNS KOMIIOHEHTOB
CYOMHUKpPOHHBIX HMHTEIpajbHBIX cxeM. Tak, Hampumep, B
paborax [1, 2] OBUIH CTPYKTYPHUPOBAHBI BUIBI H3ITYICHUH,
B3aUMOJICHCTBHH, npuCyIHe UM s deKThl,
CYLIECTBYIOIINE MOJCIHPYIOIINE YCTAHOBKH M UIMHUTaTOPEI

(puc. 4).
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Puc. 4. CTpyKkTypHAasi cxema B3aUMOCBsI3eil BUI0B
M3Jy4YeHUi, B3auMojeiicTBUil, npucymmx um 3¢ dexros,
CyIIeCTBYIOIMX MOAEIMPYIOIIHNX YCTAHOBOK, HMHTATOPOB

(1]

[MpumenuTenpHO K JaHHOW paboTe ClienyeT clenath
BEIBOJ] O HEOOXOJUMOCTH ONIPEACIICHUS:

BUIOB M3JIy4eHUM M  (DUBHUECKMX  IMIPOLECCOB
BO3IEHCTBUMN, TIPOMCXOIAIINX [IPU ITUX M3TyIEHHAX (ISt
¢dopmuposanus maros 10, 11 u 14) [3];

BUJIOB B3aUMOJICHCTBHSI B 3aBUCUMOCTH OT YCJIOBHH
ncnonp3oBanus OKb CH (ms popmupoBanms maros 7, 8,
9, ataxke 11, 12, 13);

3¢ HEeKTOB, MPUCYIINX YCTPOUCTBaM, OCHOBAaHHBIM Ha
MOJTyNnpoBoAHMKaxX (st opMupoBanus maros 14, 14-1,
14-2, 14-3) u yka3aHHBIM Ha pHUC. 4.

OcCOoOeHHOCTH ~ METOJIOB  CHHTE3a  BHPTYaJbHOMN
PEaNBbHOCTH TAaKXXE OIPEACISIOT HEOOXOOUMOCTh B ydETE
TEXHOJIOTHH U3TOTOBJIEHHS CYOMHUKPOHHBIX HHTETPAIBHBIX

MHKPOCXEM, TEOPETHYECKHX MOIAXOJOB B OIHCAHHUU
MPOLIECCOB  B3aUMOJEHCTBUS HA pPa3IMYHOM YpPOBHE
neranmsamun  komroHentoB  CAIIP gt omeHKH
panuannonno-croiikoit Kb CH, xoTopble IOMKHBI

6a3npoBaThcsl HA CYMIECTBYIOIIMX METOJAX U TOAXOJAX
9TOi1 oueHkH (A7t popMupoBaHus mara 15).

[IpeutoKeHHBI aNTOPUTM  SBISICTCS AHATU30M IS
nanpHelero cuHte3a kommnoHeHToB CAIIP, Bximrouas
stamsl 1, 2, 3, 4, 5 u 6. Takum oOpa3omM, 1ierIecooOpa3zHO
onpeneNuTh 3MeMeHTsl 3D MojenupoBaHusS OOBEKTOB
BHPTYaJbHON pEaTbHOCTH NPUMEHHUTEIFHO K OIICHKE
panuaunonunoi croiikoctu Kb CH.

[IpumeHHUTENbHO K JaHHBIM HCCIeIOBaHUSIM puc. 4
LeNecoo0pas3Ho MPeICTaBUTh B ClieyrolieM Buae (puc. 5).
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Puc. 5. CprKTypl—laﬂ cxeMa B3aHMOCBsI3eit NPUMEHUTEJIBbHO K METOAaM CHUHTE3a BﬂpTyaJIbl-lOﬁ PeaIbHOCTH

I1l.  BBIBOJBI

Taxum 06pa30M, MOXHO CA€NAaTh CICAYIOLINEC BHIBOIBI:

JUI CHHTe3a BHPTyaJbHOH peanbHocTH (marum 10, 11
Ha pHc. 3) ¢ 1enbio (OPMUPOBAHMS POLIECCOB U3ITYUECHUS
HEOOXOINMM YpPOBEHb MPOTOHOB, HEHTPOHOB M TSDKENIBIX
SJIEPHBIX YacTHUI] (C yYETOM HX CBOWCTB B COOTBETCTBHH C
mapaMeTpaMn XHMHYECKHX JJIEMEHTOB IE€PHOIUYECKON
cucremsl Menneneesa J[.11.);

HUCXONs W3 OCHOBHBIX MATEpPHAIOB  CTPYKTYp
CyOMHMKpDOHHBIX  MHTETPAJbHBIX MHKPOCXEM U  HX
OCHOBHBIX DJIEMEHTOB, JUISI JAJBHEHIIEr0 OIMCAHUS
B3aUMOJICHCTBHI IIeJIecO00pa3HO CcO3AaTh MOJAETH Ha
YpOBHE CHHTE3a CTPYKTYp KPUCTAJUIMYECKUX PEIETOK
MaTepI/IaJ'IOB JJIsL HpOCKTI/IpOBaHI/IH SHCKT'pOHHOﬁ

KOMIOHEHTHOM 6a3bl (waru 4, 7 Ha puc. 3) [4-7, 11];

B JaJbHEHIIeM B3aUMOACHCTBUH MEXKIY OTACIbHBIMHU
Tunamu peméTok B Buae 3D mozpenei ans anemenros OKb
CH (pa3nuuHble BUABI TPAH3UCTOPOB M T.II.) TIPH CHHTE3E



BUPTYaJIbHON PeabHOCTH HEOOXOUMO COUETATh IIPUHIIUI
it (GOpPMHUpPOBaHMS  KPUCTAUIMYECKUX  PEIETOK
3JIEMEHTOB TPAH3UCTOPOB CYOMHKPOHHBIX HHTETPAIBHBIX
MHKpPOCXEM C HUX MacliTabMpyeMbIMH MOJEISIMH Ha
ypoBHE TexHosmornuecknx matepuanos [9, 10], mostomy
Ha OTUX OJTamax CcjleayeT  yAelsiTb  BHUMaHHUe
TEXHOJIOTHYECKUM TpeboBaHMsAM B coorBercTBUH ¢ OCT
«ObecrieueHne kadecTBa B mporecce paspaborku» u OCT
«TexHndeckne  TpeOOBaHMA K  TEXHOJOTHUECKOMY
npoueccy», IZleé  MOXHO  ONPEIENHTh  HapaMeTpel
otenbHbIX aemMentoB DKb CH (maru 5, 8 Ha puc. 3);

JaTbHEHIee B3aUMO/ICHCTBHAE MEXKTy JIEMCHTAMH TIPU
0o0BEIMHEHNHN WX Ha OCHOBE compspkeHus B 3D monmenn
OKB (waru 6, 9 Ha puc. 3) [13, 14];

MozenupoBanne 3()(EeKToB A Pa3IMIHBIX YPOBHEH
MmaciitabupoBanust 3D aneMeHTOB ¢ y4€ToM (hakTOpOB IO
O0OBEMHBIM W JIOKQJIFHBIM HOHH3AIMOHHBIM 3 QeKTaMm
(MOImHOCTH  [03bI), MO TOBEPXHOCTHBIM  (JI030BBIM)
pammanoHHEIM 3(p¢dekTaM, 10 3PdekraM cMemeHus
(CTPYKTYpHBIX TIOBpEXACHHUIT) coriacHo paborte [1] (maru
11,12, 13, 13, 12) [12-14];

Ui (DOPMHUPOBAHUS MOJCTH OICHKUA PaTHAIlHOHHON
croiikoctu OKb CH cnemyer yuuteiBate ['OCT
«TpeboBanus CTOHMKOCTH K paavalMOHHBIM
Bo3aciictBusaM», I’ OCT «MeToabl OLIEHKM COOTBETCTBHUS
paaMalMOHHBIX BO3JICHCTBHIY, OCT «MeTtoapl
UCIBITAHUM MHUKPOCXEM Ha PaJUALUOHHYK) CTOMKOCTBY»
(miarm 14, 14-1, 14-2, 14-3 na puc. 3) [8, 12, 15].
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ABSTRACT

This article presents the general methodological
aspects and problems of the electronic components design
for special purpose to assess the radiation resistance, as
well as the possible solutions based on 3D simulation
methods and synthesis techniques of virtual reality.

The main problems of the CAD methodology are the
following:

e the complexity of 3D CAD simulation of the
components taking into account the reproduction of
physical and chemical processes at lattice level of the
material for the separate element;;

e the complexity of 3D CAD simulation of the
components because of the multidimensionality of the
solving tasks that require methods for reduction of
such dimension to resolve the radiation resistance
problems duly;

o the difficulty of the reproducing the physical
phenomenas in the manner of influence cosmic rays,
including heavy nucleus particles. There is a need to
join theoretical factors from different branches of
knowledges;

e the difficulty choice of the 3D model optimum
facilities for the reason interfacing with existing CAD;

e employment different level of electronic component
basis topologies;

o employment different technology for fabrication of the
microchips;

e employment new material with new parameters which
influence upon final result.

e Theoretical factors for designed object electronic
component basis based on syntheses to virtual reality
are an analysis of the methods information 3D
technology as well its are based on the methods,
algorithms and models to simulate effects of the
physical processes of the heavy nuclear particles.
There are many reasons of the creation to

methodologies. For example:

- Natural experiment is over specified and expensive;

- Natural experiment has significant expenses of time.

- The number of natural experiment is limited.

Checking the schemes is realized apart for each type of
the radiation exposure.

Natural installations have a smaller power than power
cosmic rays.

Mathematical models, describing processes influence
heavy nucleus particles, are difficult.

Electronic component basis and its elements have
multiplicity of the structures.

There is needed to take into account structure at lattice
level of the material.

Physical and technological processes must be taken
into account.

Different types of the heavy nucleus particles must be
taken into account in physical process to influence on
elements of the structure.

Radiation resistance of the microchips must be
forecasted for different type influence on early stages of
the designing electronic component basis of the special
purpose.

Influence processes of the heavy nucleus particles must
be introduced on base of the syntheses to virtual reality in
the manner of 3D models.

Structural damages from influence of the heavy
nucleus particles must be taken into account.

Information 3D technologies must be used in methods,
algorithms and models of the designing with account
external influences.

Thus sizes element and their main material are defined
to develop structured-topological schemes. Structured-
topological schemes form crystal lattices with account
atomic radius of chemical elements, lattice spacing, atomic
number, atomic mass, period, cell structure, nuclear radius,
state.

In relation to this work we must conclude that we need
a definition:

types of radiation and physical processes of the impacts
that occur when these radiations;

types of interaction depending on the conditions of use
of electronic components;

effects, inherent to the
semiconductors;

Features methods for the synthesis of virtual reality
also determine the need in taking into account the
manufacture technology of submicron integrated circuits,

devices based on
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theoretical approaches in the description of interaction
processes at different levels of detail of the CAD
components for assessment of radiation-resistant electronic
component basis, which should be based on existing
methods and approaches of this assessment.

The proposed algorithm is the analysis for further
synthesis of CAD components.

Thus, it is advisable to determine the elements of 3D
modeling virtual reality objects with reference to
evaluation of radiation resistance of electronic component
basis

Thus, we can conclude the following:

for the synthesis of virtual reality for the purpose of
formation processes of radiation required level of protons,
neutrons and heavier nuclear particles (including their
properties in accordance with the parameters of the
chemical elements of the periodic  system
D. I. Mendeleyev);

based on the basic structures of submicron integrated
circuits and their main elements, for further description of
interactions, it is advisable to create a model at the level of
synthesis of structures of the crystal lattices of the
materials for the design of electronic components;

further the interaction between different lattice types in
the form of 3D models for items of electronic components
(various kinds of transistors, etc.) during the synthesis of
virtual reality it is necessary to combine the principle for
the crystal lattices formation of submicron elements
MOSFETSs integrated circuits with scalable models at the
level of process materials.

Therefore, these stages should pay attention to the
technological requirements of «Quality Assurance in the
development process» and «Technical requirements for
technological process», where you can define the
parameters of the individual elements of electronic
component basis;

further interaction between the elements when
combining them based on the pairing in the 3D models;

modeling the effects of different zoom levels with 3D
elements based on the factors for volumetric and local
ionization effects (dose rate), for surface (dose) of radiation
effects, the effects of displacement (structural damage);

to build the model of estimation of radiation resistance
of electronic components for special purposes should be
considered «Requirements resistance to radiation impacts»,
«Methods of conformity assessment of radiation impacts»,
«Methods of testing circuits for radiation resistance».
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