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1.1.

1.2.

1.3.

1. AHHOTALIUS

Kpatkoe onmcanue conepkaHusi JAaHHOW JMCIUIUIMHBL B pPaMKax MaHHOW TUCIMILIHHEI
U3y4YalOTCs dTanbl HU(POBOrO MapuipyTa MPOCKTHPOBAHUS HMHTETPAIBHBIX CXEM H HUX
peanu3ais ¢ MOMOIIBI0 CUCTEM aBTOMAaTHU3UPOBAHHOTO IPOEKTUPOBAHUSI.

TpymoeMKOCTh B aKaJeMHUYSCKHUX KpeIuTax M dYacaX, (OpPMBI HTOrOBOTO KOHTPOJIS
(ax3amen/3auert); 3 kpen., 1084.-nek. 324., ip. 164., CP 54 4., 3auer.

B3anmocss3b AUCHUIUIMHBL C APYIrUMHU JUCHUTIIIMHAMU y‘-I€6HOFO IIJIaHa CIICNUAJIBHOCTHU
Kypc «Cunrte3 n ontumuzanys UU(POBBIX HHTEIPAIBHBIX CXEM» TECHO B3aUMOCBS3aH C

TaKUMHU JUCHHUIIIIMHAMH CIICHUAJIbHOCTH ((KOHCTPYI/IPOBaHI/Ie U TCXHOJIOTHA JJICKTPOHHBIX

CPEICTBY,

KakKk

(<9HCKTpOTeXHI/IKa U DOJICKTPOHHKAY,

«Cxemo-

n CUCTEMOTCXHHKA

AIIEKTPOHHBIX CPEACTBY, «[IpoekTrpoBanne MU(PPOBBIX HHTETPATBHBIX CXEMM.

1.4. B pe3ynbTaTe U3y4eHMs] JAHHOW JUCLIUILIMHBI CTYIEHT JIOJIKEH:

¢ 3HATh: OCHOB CHHTE3a U ONTUMH3AIMHU UPPOBBIX CXEM;
® yMeTh: aHAIM3UPOBATH U ONTHUMHU3UPOBATH LIU(PPOBHIE CXEMBI;
¢ BJajIeTh: HABBIKAMH aBTOMAaTU3UPOBAHHOI'O CHHTE3a IIU(PPOBBIX CXEM.
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2. YYEBHAS ITPOI'PAMMA

2.1. llenun u 3a1a9M TUCITUTIIAHBI

Lenpro AMCHUIIINHBI SBISETCS M3YYEHHE OCHOB CHHTE3a W ONTUMHU3AINU IUQPPOBBIX CXEM,
dbopMupoBaHUe HEOOXOAMMBIX TEOPETHUUECKUX 3HAHUN M MPAKTHUUECKUX HABBIKOB 0 aHATU3Y
XapaKTePUCTHK CUHTE3UPYEMBIX CXEM, HX B3aMMOCBSI3CH M IO METOaM CHHTE3a U ONTHMHU3AIAN
U (PPOBBIX CXEM.

2.2. TpynoeMKOCTh IUCHUIUIMHBI M BHUABI Y4eOHOH paboThl (B akageMHUYeCKHMX dYacax |

3a4ETHBIX €IMHUIIAX )

Bcero, B
Buabl yueOHol padoThI aKaj.
yacax
1.06mast Tpy10eMKOCTb U3y4eHUS 108/3xk.

AUCHMIJIMHBI 10 ceMecTpaM, B T. 4.:

1.1. AyautopHbI€ 3aHATHS, B T. 4.: 48
1.1.1.JTexuuu 32
1.1.2.IlpakTHyecKue 3aHATHS, B T. 4. 16

1.2.CamocrositenbHasi paboTa, B T. 4. 60

HTtoroBeiii KOHTPOJIb 3aueT

2.3. ConepixaHue JUCHUILIHHBI

2.3.1. TemaTHuyecKHUii NJIaH M TPYAOEMKOCTh ayIMTOPHBIX 3aHATHI (MOY/IH, pa3ae/bl

JMCIHUIUVIMHBI U BUAbI 3aHATHI) 110 padoyeMy yueOHOMY IJIAHY

Bcero | Jlekuuu | IIpakr.
Pa3neanl 1 TeMbl JUCHMILIMHBI (ak. (ak. 3aH. (aK.
4acoB) | 4YacoB) 4acoB)
1 2 3 4
Paznen 1.Jloruueckuii ciHTE3 MUPPOBBIX 16 12 4
HHTErpajbHBIX CXeM
Tema 1.1. Benenue.
Jloruveckuii cuure3. budanorexka
CcTaHAAPTHBIX HU(POBLIX s14eeK. IP-010Kku. 4 4
MapmpyT npoektupoBanusi uupposbix UC
Digital design flow.
Tema 1.2. YpoBHM JIOTHMYECKO ONTUMH3ALIIH.
OyHKIMOHANBHAS onTUMU3anus. OnTuMHU3anus 6 4 2
Ha yposHe Bentuiei (Gate Level Optimization).




Tema 1.3. Ontumuszanus ObICTPOACHCTBHS U
mwioniaau. Bpemennon ananus. Cratuyeckuil
BpeMeHHol aHanmu3 (Setuptime, Holdtime). 6 4 2
Bpemennbie orpannyenus. OrpaHu4eHus mno
mwiomiaau (area constraints).

Paznen 2. Dtanbl puznyeckoro

NMPOECKTUPOBAHUA UHTECIPAJIBHBIX CXEM 36 22 14

Tewma 2.1. IlnanupoBanue kpucrauia
(Floorplanning). 6 4 2
OueHnBaHue pazmepa OyayIlero Kpucrauia.

Tema 2.2. Pa3zmenienue 6JJ0KOB U CTaHIAPTHBIX
oubmmoreunsix sueek (Placement). 'mobansHOE 1

Tema 2.3. CuHTE3 IepeBa CUHXPOCUTHAJIA.
3ajepKKa CHHXpOCHUTHAJIA, IEPHO/T 6 4 2
CUHXpocurHaia. J[epeBo cHHXpoCcHUTHazia: oomue
IIOHATUA.

Tema 2.4. Onrumu3anus notpediasieMon 8 4 4
MOIIHOCTH.

Tema 2.5. ®uznyeckas BepupHUKaIUAL.

I[Tpouecc mpoBepKy MPaBUII MPOSKTUPOBAHUS
(DRC). CpaBHenue pa3pabOTaHHYO TOMOJIOTHIO C
npuHIUnuansHoi cxemont (LVS).

UTOoroO 48 32 16

2.3.2. Kpatkoe cogep:kaHue pa3/aejioB JUCHUIIMHBI B BU/Jle TEMATHYECKOI0 MJIaHA

Ocnoenule pazoenwi:
- Jlornueckuit cuHTe3 HU(POBBIX HHTEIPAIBHBIX CXEM
- BpemeHHbIe XapaKTepUCTHKHU HU(POBBIX CXEM
- TecTonpurogHoe NpOEKTUPOBAHNE
- Ortansl GU3NYECKOTO MPOEKTUPOBAHUS HHTETPATIbHBIX CXEM
- Ou3nyueckas BepupuKaus

Pa3nes 1. Jlorudeckuii cuHTe3 NM(PPOBBLIX HHTEIPAJBHBIX CXEM

Tema 1.1. BBenenue.

Jlormueckuii cuHTe3. BxonHble nanHbie cuHTe3a. [loBemeHueckoe ommcaHue cxembl. buOnmoreka
CcTaHJapTHBHIX IU(PpoBbIX stueek. [P-O6moxku. OCHOBBI onTuMH3anuu. B3anMoOCBsI3b mapaMeTpoB
IUTOLIA M, BPEMEHH U MOIIHOCTH. MapmipyT npoektupoBanus udposeix UC Digital design flow.
[IporpammHBIE CpeACTBa 3JIEKTPOHHOI'O ABTOMATU3MPOBAHHOIO NPOEKTUPOBAaHMS. Du3nueckuit
CUHTE3.



Tema 1.2. YpoBHU JOTHYECKON ONTUMHU3ALINY.

OcoOenHoctn  moBefeHYeckoro onucanus. Pasnenenume pecypcoB  (Resource  Sharing).
OynknuoHandpHas ontumusanus. Beibop peanmsanum (Implementation selection). OnTumuzarus
apudMeTHUeCKUX BhIpaKeHUI. BxonHbie ¢aiinpl morudeckoro cuHTe3a. ONTUMHU3AIMS HA YPOBHE
Bentwien (Gate Level Optimization). OnTuMuzaruss KOMOMHAITMOHHOW W TIOCIIEIOBATEIIHHOCTHON
noruku. TexHomorndeckuit gaiin.

Tewma 1.3. OnTumuzarust ObICTPOICUCTBUS U TUIOIIA/IH.

Bpemennoit ananus. Kputuueckuil myTb. BpeMeHHble mnapaMeTpbl CHHXPOCUTHAJA: 3aepikKa
pacnpocTpaHeHUsl CHUTHajla, MpeneiabHO JOMyCTHMas 3a/epiKKa CHUTHalla, BpEeMs IEepPeXO0jI0B.
OrpanudeHuss CUHXPOCHUTHAJIA, KOMOWHAIIMOHHOW Joruku. MonenupoBanue. (CraTudeckuit
BpeMmenHoi aHanmu3 (Setup time, Hold time). CocraBnenue (aiiia MPOEKTHBIX OTrPaHUYECHHUH.
Bpemennsie orpannuenus. OrpaHUdeHUs 1O TUIOMIAIH.

Pazgen 2. Itanbl GU3NM4ECKOro NPOEKTHPOBAHUSA HHTETPAJIbHBIX CXeM

Tema 2.1. Ilnanuposka kpucramia (Floorplanning).

OunenuBanue pasmepa Oyaymiero  kpuctamia. Pa3MemnieHue  OJIOKOB MO KpHUCTaJlly.
[IpenBapuTenbHas MWIOTHOCTH dNieMeHTOB. CuHTe3 ceTku nuTanus (PNS - power network synthesis).
Tewma 2.2. Pa3memenne 0J0KOB U CTaHAAPTHBIX OnOIMoTeuHbIX stueek (Placement).

[onkmouenne mnuranus (Special Routing). Pasmemienne mnepudepuifHbIX Koyiel MHTAHUS |
OCHOBHBIX OJIOKOB, IIOCTPOCHHE KOJICIl MHUTaHHS BOKPYT OJOKOB. [7o0anmbHOE W JeTalibHOE
pasmenienre. ONTUMU3ANNS pa3MeICHHs U Jieranu3anus sueek. CoKpaiieHue JITUHBI POBOTHUKOB
3a CYeT ONTHUMAJIbHOIN OpHEeHTaluu sueek. BrlpaBHMBaHNE MUHOB U IPAHUIl Y€K MPU JETaTbHOM
pasMenieHnn u jgeranu3anuu. OnruManbHoe pa3merneHnue [P-610koB.

Tema 2.2. Cunte3 nepeBa cuaxpocurnana (Clock tree synthesis).

Tema 2.3. TpaccupoBka Mexcoeaunenuit (Routing).

['moGanpHas u nmeranpHas TpaccupoBKa. [locTpoeHne nepeBa CHHXpOHHU3AIMU. TpaccHpoBKa Bcex
MEKCOECTUHEHNUI B COOTBETCTBUU C HETIIMCTOM.

3anepkka CHHXpPOCHUTHANA, MEPUOJl CHUHXpOCUTHaja. JlepeBO CHHXpOCHTHajia: OOLIue MOHSTHS.
Cunre3 nepeBa cuHXpocurHana. ['eHeparus cuHxpocurHana. ONTUMHU3ALKS CTPYKTYPBI JepeBa
CUHXPOCHUTHAJIa C IIeJIbI0 YJIYYIIeHHUS BPEMEHHBIX MapamMeTpoB paldoThl cxembl. OKOHYATEIbHBIH
BUJI IepeBBI CHHXpocurHana. Bxonueie daiiner s nepenaqn B IC Compiler II.

Tewma 2.4. OnTumMuzarus noTpeOIIeMOil MOIITHOCTH.

OCHOBHBIE HCTOYHHMKH TMOTpeOsieHuss 3Hepruu. lIpocThle METOABl ONTUMHU3AIUU MOIIHOCTH.
Jlunamuueckoe H3MEHEHHE HampsbkeHus. TpeboBanus A OUONMMOTEKM CTaHOAPTHBIX SYEeK:
CHEIUANIbHBIC STYCHKH, TYCHKU ¢ Pa3HBIM MOPOTOBBIM HampshkeHneM. OmeHKa 001Iero, modI09YHOro
U KpUTHYECKOro sHepronorpedsieHus. CTraTudeckuil M JUHAMHYECKUM aHallu3 CETKU MUTaHUS.
YuuduuupoBanusii  popmar nutanus (UPF). Onrtumumzanuss ITUHAMHYECKOH MOIIHOCTH.
OnruMuzanus moTpedacHus 3Hepruu ¢ momoinsio Design Compiler.

Tema 2.5. ®usnueckas BepupuKaIus.

[Tponiecc mpoBepku npaBun npoektupoBanus (DRC). CpaBHenne pa3pabOTaHHYIO TOIMOJOTHIO C
npuHunuaabHoi cxemoit (LVS). IloekTupoBaHue ¢ y4eToM NPUTOAHOCTH JUISI TPOM3BOJCTBA
(DFM)

[IpaBuna DFM. IlocTpoeHne mogHOTO CHMCKa COeTMHEHUI U U3BJIeUeHHE (haiiia 3aJepKeK C LEeblo
OCYIIECTBIICHUSI BCECTOPOHHEN MPOBEPKU PabOTOCIIOCOOHOCTH TOIMOJIOTUH YCTPOUCTRA.

2.3.3. Kparkoe comep:kaHHe CeMHHAPCKHX/MPAKTHYECKUX 3aHATHIA/JIa00PATOPHOIrO
NMPaKTHKyMa



B TedeHne npakTUYECKHUX 3aHATUN CTYJEHTAMU M3Yy4arOTCS HHCTPYMEHTHI KOMIIAaHUHA Synopsys s
U(POBOro MapuIpyTa MPOSKTUPOBAHUS MHTETPAIBHBIX CXeM. BBINOIHIETCS JTOTHYECKUH CHUHTE3,
¢usznyeckoe NPOEKTUPOBaHMUS U BepU(UKALMS TOJYyUYEHHBIX IIOCJIE KaXJIOTO W3 JTaroB

pe3yJIbTaToB.

2.3.4. MarepuajabHO-TeXHHYECKOE o0ecrevyeHue TN CINITIMHBI

AynuTopust Asl IPOBEACHUS MPAKTHUECKUX 3aHATHI oOecrieueHa MepcoHaTbHbIMU KOMIIBIOTEpaMH
C YCTaHOBJICHHBIM Ha HHX HEOOXOJWMBIM IaKETOM IMPOTPaMMHBIX HHCTPYMEHTAPHEB KOMITAHUH
Synopsys: VCS, Design Compiler, PrimeTime, Formality, IC Compiler Il, StarRC, IC Validator.
Heobxoaumas yueOHO-MeTOIMUECKast IUTepaTypa JOCTYITHA B OMOIMOTEKEe Yy4eOHOTO IIEHTpA.

2.4. MoayJabHass CTPYKTYpa IMCHUILUIMHBI

¢ pacmpeiejieHHeM BecoB 10 (opmam

KOHTpoOJIei
Bec dopmbl Bec dbopmbl Bec urorossix Bec onenku
TEKYLIEro KOHTPOJIS MIPOMEKYTOYHOT O OILICHOK pe3yAbTUpYIOLIEH
B pE3yIBTUpPYIOMIEH KOHTPOJIS U MIPOMEKYTOTHBIX OIICHKH
OIIEHKE TEKYIIIero pe3yIbTUpPYIOIIEH KOHTpPOJIEH B MIPOMEKYTOTHBIX
KOHTPOJIA OIIEHKH TEKYIIIEeTO pe3yIbTHpYIOIIeH KOHTpOJIEH 1
KOHTPOJISI B UTOTOBO# OIICHKE OIICHKH
OIICHKE MIPOMEKYTOTHOTO HUTOTOBOTO
MIPOMEKYTOTHOTO KOHTPOJIA KOHTPOJIS B
KOHTPOJIS pe3yAbTHPYIOIIEH
OIICHKE UTOTOBOTO
KOHTPOJISI
Bua yueOHoii
Pa0oThI/KOHTPOJIA M1 M2 M3 M1 M2 M3
KonTponsHas pabora 1 1
JlabopaTopHbIe pabOTHI
YcerHbiii onpoc
Bec pesynbrupytromei
OIICHKH TEKYIIEro KOHTPOJIS
B UTOTOBBIX OIICHKAX
MIPOMEKYTOUHBIX
KOHTpOJIEH
Bec urorosoii onenku 1-ro
MPOMEKYTOYHOT'O KOHTPOJIS
B pPe3yJIbTUPYIOLIEH OLIEHKE
MPOMEKYTOUHBIX
KOHTpOJICH
Bec urorosoii oneHku 2-ro
MPOMEKYTOYHOI'O KOHTPOJIS
B pPe3yJIbTUPYIOLIEH OLIEHKE
MPOMEKYTOUHBIX
KOHTpOJICH
Bec utorosoii oneHkH 3-T0
MPOMEKYTOYHOTO KOHTPOJIA
B PE3YJIbTUPYIOLLEHN OLIEHKE 1

MIPOMEKYTOUHBIX
KOHTpPOJIEH T.1I.




Bec pesynbtupyromeit
OIICHKHU TPOMEKYTOYHBIX

KOHTpOJIEH B

PE3yNbTUPYIOILEH OLIEHKE

HUTOTOBOI'O KOHTPOJIA

3aveT(oneHka

HTOTOBOI0 KOHTPOJIfA)

x=1 x=1 x=1 x=1

3. Teoperuyeckuii 0,10k (ykazvliearomca mamepuanvl, He0OX00UMble NI 0CBO0CHUA YHeOHOU

npozpammul OUCUUNIUHDL)

3.1. Marepuaisl 1o TEOpPETUYECKON YacCTH Kypca

3.1.1. Y4eOuuk(u)

1.

V. Tarate “Digital Logic Design Using Verilog: Coding and RTL Synthesis”,
Springer, 2016

L. Lavagno, I. Markov, G. Martin, L. Scheffer “Electronic Design Automation
for IC System Design, Verification and Testing”, 2016

P. Bricaud “Reuse Methodology Manual: For System-on-a-Chip Designs”,
Springer, 2" edition, 2013

D. Papa, I. Markov “Multi-Objective Optimization in Physical Synthesis of
Integrated Circuits”, Springer, 2012

P. Khatri “Advanced Techniques in Logic Synthesis, Optimizations and
Applications”, Springer, 2010

Design Compiler “User Guid"”, Synopsys, 2010

4. ®oHABI OULEHOYHBIX CPEACTB (YKA3bIGAIOMCA MAMEPUAbl, HE00X00umvle 0711 NPOBEPKU

YPOGHA 3HAHUIL 6 COOMBEEMCMEUU C COOEPHCAHUEM YUEOHOU RPOZPAMMbBL OUCUUNTIUHDL).

4.1. Ilmanpl MpaKTUYECKUX U CEMUHAPCKHUX 3aHATUH

1. I/ICCJIC,Z[OBaHI/Ie JIOTUYCCKOT'0 CMHTE3a MHTCTPAJIbHBIX CXCM.

S g ks w

HccnenoBanue Gpru3nueckoro NpOEKTHPOBAHUS HHTETPAIBHBIX CXEM.
HccnenoBanne MeTo10B BeprUpUKALUN TPOSKTUPYEMBIX CXEM.
['enepanys OTYETOB M X aHAJIU3.

N3y4yeHne MeTo10B ONITUMU3ALINN.

Pabota ¢ orpaHu4eHUsIMH.




Bo BpeMs mnpakTUYECKHMX  3aHATUW  MCIHOJB3YIOTCA  CIEAYIOUIME  MPOTrpaMMHBIE
uHcTpyMeHTansHbIe cpenctBa: VCS, Design Compiler, PrimeTime, Formality, IC Compiler
Il, StarRC, IC Validator.

Metoanuyeckuii 010K
5.1. Mertoauka npenogaBaHus

5.1.1. Meroauyeckue peKOMEHIAIMU JI CTYACHTOB IO TOJATOTOBKE K CEMHUHAPCKHM,
MPAKTUYCCKUM HJIA JTAOOPATOPHBIM 3aHSITHSIM, 10 OpraHU3allid CaMOCTOSTEIIBHON
paboThI CTYIEHTOB IIPU U3yUYEHUH KOHKPETHOW AUCIUTUINHBI.

e YpPOBHH NMPOEKTUPOBAHUS. MapuipyT JJOTHUECKOTO B (PU3NIECKOTO CHHTE3a,
aHaliu3 Pe3yJIbTaToB.

e Jlornueckuii cuaTe3. ONTUMHU3ALKSA BPEMEHHBIX MAPAMETPOB U TUIOIIA/IN.
OrpanunueHus.

e CuHTE3 CXeM C HU3KUM SHEPronoTpeOIcHHEM.
CuHTe3 cxeM ¢ HU3KUM 3HepromnoTpediaeHneM ¢ ucnoiabzoBanueM UPF.
®uznueckuit cuaTe3. ONTUMHU3AIUS PA3MEILICHHUS.
[TocTpoeHue epeBa CHUHXPOCUTHANIA U CETKU ITUTAHUS.
JletanbHas TpacCUpPOBKA.
[IpoekTupoBaHue ¢ y4eTOM MPUTOAHOCTH JJIsI IPOU3BOJICTBA.

Y4eOHas nporpamma onodpeHa
Kadeapoii MUKpPO3JIeKTPOHHBIX CXeM M CHCTEM

3aB. kadeapoii:Meauksan B.111.

(noonucw)



