MeToauuHi BKa3iBKH
10 BAKOHAHHS CAMOCTIHOI po00TH 3 IMCIMILIIHA
«IIporpamoBaHi JOTi4YHi iHTEerpajJbHi CXeMH»
JJISE CTYICHTIB CIeliaJIbHOCTI

171 — «<EgekTponika»



MiHICTEPCTBO OCBITH 1 HAYKH Y KpaiHU
BinHULbKUN HalllOHAIBHUN TEXHIYHUN YHIBEPCUTET

MeToau4Hi BKa3iBKH
10 BAKOHAHHSI CAMOCTIHOI po00TH 3 IMCIMILIIHA
«IIporpamMoBaHi JIOTi4Hi iHTErpajbHi cCXeMu»
JJISE CTYJI€HTIB CIeliaJbHOCTI

171 — «<EaexkTponika»

Bianauis
BHTY
2020



PekomennoBano 1o Jpyky Meronuunoro Pagoro  BinHunbKOTO
HallIOHAJIBHOIO TEXHIYHOIO YHIBepcUTeTy MiHICTepCcTBa OCBITM 1 HayKu
VYkpainu (mpotokos Ne 3 Bix 21.11.2019 p.)

Peniensentu:
C. T. bapacs, kKaHIUaT TEXHIYHUX HAYK, mpodecop
0. C. I'opoaenbka, KaHauaT TEXHIYHUX HAYK, JOIICHT

MeTtoauyHi BKa3iBKH /10 BUKOHAHHS CaMOCTIHHOI pOOOTH 3 AUCIUILIIIHU
«IIporpamoBaHi JOT14HI IHTETpaIbHI CXEMU» ISl CTYJCHTIB creriaabHocTi 171
— «Enexrponika» / Ykman. b. I1. Kaumr. — Bimaung : BHTY, 2019. — 17 c.

Y MeToAMYHUX BKa3IBKax HABEJCHO OCHOBHI TEOpPETHYHI JlaHI JI0 BHUKOHAHHSI
caMoCTiitHOT poOotn 3 mucumiuiind  «l[IporpamoBaHi JOTiIYHI IHTETpajdbHI CXEMH» Ta
pPEKOMEHI0OBaHy JiTeparypy. MeToAuuHi BKa3iBKM PO3pOOJICHO BIAMOBIIHO J0 HaBYAIBHOT
nporpamMu AUCIHUIUTiHA «[IporpaMoBaHi JOT14HI IHTErPATbHI CXEMU»



3MICT

Tema 1. EnemenTna 0a3a TeXHIYHOI peani3allii JOr1YHUX IHTErPAJIbHUX CXEM ... 4
Tema 2. @yHKIIOHATBHI BY3/IM TIOCJI1IOBHOTO TUIY (aBTOMATH 3 MaM’ATTIO) ..... O

Tema 3. 3anam’siToByBaJibHI IPUCTPOi. OCHOBHI CTPYKTYpH
3amam’ ITOBYBAIIBHUX TIPHUCTPOTB ....uuvvvreeeinrrreeaessnrrereessasnnneeessasnnesessannnneeesssnnnnes 7

Tema 4. [nTepdeiicHi iHTErpanbHi CXeMH MIKPOTIPOILIECOPHUX KOMIIOHEHTIB...... 8

Tema 5. CyyacHi nepCcreKTUBHI IHTETPaJIbHI CXEMH 31 CKJIQAHUMU CTPYKTYpPaMH

FPGA, CPLD, FLEX, SOC ... ittt ettt e e et e e e e e e e eeans 9
Tema 6. VHDL monens 0noka mam’sati. VERILOG moxaesns 610ka mam’ ST ... 11

Tema 7. Peanizauis mudpoanropurmy RC-4 Ha nmporpaMoBaHuX JIOTTYHUX
iHTerpanbHux cxemax. VHDL-onuc aBromary RC-4. VERILOG-onuc

ABTOMATA R 4 .. oo e e e e e e et et e e e e e e e e e e e e e e e aeanes 12
Tewma 8. dyHKITIOHATEHA MOJIENTh MIKPOCXEMU JBOTIOPTOBOI CHHXPOHHOT

1160V 6 & DT 13
B ICTo o) Tz ): 1 021 < 02 (A 15



TEMA 1. EJJEMEHTHA BA3A TEXHIYHOI PEAJIIBAIIL JOTTYHUX
IHTETI'PAJIBHUX CXEM

MeTta: oTpuMaHHS 3HaHb LIOJ0 €JIEMEHTHOI 0a3M JIOT1YHUX IHTETrpaibHUX
CXEM Ta iX TeXHIYHOI peasizailii.

3aco0u mporpaMoBaHOi MaTPUYHOI JIOTIKM OTPUMAIM CBifl PO3BUTOK B
HaIMpsMKy MnporpamoBaHux Jjoriunux iHTerpanbHux cxem (IJIIC). 3pocTtanus
piBHS 1HTErpalii 1ae MOXKJIMBICTh PO3MILIYBATH HA KPUCTAJl CXEMH, CKJIAJIHICTh
SKMX BiAMoBigae niiuM cuctemam. Lli cxemu Maroth Ha3zBy «SOC» (System On
Chip — cucrema Ha kpucrai).

Cdepa 3actocyBanns I[IJIIC nHaa3BuuaifHO MmIHMpOKAa, HA HUX MOXKYTh
OynyBaTHCs HE TUIbKU BEJUKI OJOKU CXEM, ajieé 1 CUCTEMHU B IILJIOMY, BKIFOYHO
nam’STh 1 MPOIECOPH.

MOXIIUBICTh CTBOPEHHS KOHKPETHOTO NPHUCTPOI0 Ha 0asi craHIapTHOI
IIJIIC 3a0e3neuyeThbcsi HASABHICTIO B HIM 0e3iui KJIHOYIB, SKI B MpoIECi
IPOrpaMyBaHHS MOXKYTbh CTaTH 3aMKHYTUMH a00 po3iMKHYyTHUMH. CTaHU KITFOYiB
33/1aI0Th TY YW 1HINY KOHIryparito cxemu, GpopMoBaHy Ha KpucTam. Yucio
nporpamoBanux kitouiB B [IJIIC 3anexuts Bif ii CKIQIHOCTI 1 MOXKE TOXOIUTH
no gekuibkox MuteHOHIB. Y  IIJIIC  BUKOPHUCTOBYIOTBCS TakKl BHIH
IPOrpPaMOBAHUX KITFOYIB:

- MIepeMHUYKH TUITYy antifuse;

- TPAH3UCTOPH 3 TUIABAIOYMM 3aTBOPOM;

- KJTFOYOBI TPAH3UCTOPH, SIKI KEPOBaH1 TpUTepaMu MaM’ sITi KoHDIrypartii.

[lepemuuku TNy antifuse 3a0e3medyrOTh OJHOPA30BE IIPOrpaMyBaHHS
TJTIC. Tlepemuuka yTBOPIOETHCS TPHUIIAPOBUM JICIEKTPHUKOM 3 UYEpPryBaHHSIM
mapiB «OKCHI-HITPUA-OKCHI» 1 B MOYATKOBOMY CTaH1 Ma€ Jy>K€ BUCOKHH OTMIp
(cTpyM, 10 TpoTiKae yepe3 Hei, ctaHoBuTh 10-15 A).

[IporpamoBaHuii IMIyAbC HAMpPyrw MTPOOMBAE TEPEMHUYKY 1 CTBOPIOE
MpOBiMHMIA KaHal. BenuuwmHa CTpyMy IMITylbCy MpOTpamMyBaHHS BIUTMBAE Ha
JiaMeTp TMPOBIMHOTO KaHAIYy, IO J03BOJISE YIPABIATH MapaMeTpaMH MPOBITHOT
nepeMuuku (CTpym 5 MA cTBoproe mepeMuuky 3 onopoM 600 Om, a 15 MA —
100 Om). IUIC 3 mporpamyBaHHSM Ha OCHOBI mepeMHyok antifuse
BUITyckaroThcs pipmamu Actel 1 Lattice Semiconductor.

TpamsucTopm 3 TmIaBalOuYMM 3aTBOPOM Y POJi  3amam’ ITOBYBaJIbHUX
€JIEMEHTIB B CXEMax pEemporpaMOBaHOI MmaMm’siTi TaKOX BUKOPHUCTOBYIOTHCS B
IUIC. ¥V mux cxemax B kopmyci IIJIIC mpo3ope BikOHIIE, 4Yepe3 sKe



BI/IOYBAa€ETHCSI ONMPOMIHEHHS KpHCTalla, BIACYTHE, TOOTO MOMJIMBICTh CTHUPAHHS
BIJICYTHSI.

PenporpamoBani IIJIIC Ha ochHoBi cxemorexHiku EPROM mnotpeOyroTsh
TpuBajgoro (0JM3bKO TOAMHU) CTUPaAHHS CTapoi KoHIrypamii mia BIUIMBOM
yinbTpadioneToBOro  BUIPOMIHIOBaHHSA. Yepe3 gerpagaiiii  BJIaCTUBOCTEU
MarepiaiiB MmiA J1€0 BHUIPOMIHIOBAaHHA YHUCJIO ULHUKIIB MpPOrpaMyBaHHS
oomexene. [Ipu nupomy HeoOxinuo Butsarysatd HBIC 3 mpuctporo. ¥V IIUIC Ha
ocHoBl cxemotrexHiki EEPROM cTupaHHs 3A1iCHIOETBCS €JIEKTPUYHUMU
CUTHAJIaM{, IO He MOTpedye BWIYYEHHS MIKpOocXeMu 3 mpucTtporo. Yac
CTUpaHHs cTapoi iHdopmalii 1 3aMcy HOBOi CTAaHOBUTH KUIbKA MUTICEKYHJ, a
yuciio Takux nukiiB — 104—106. OcranniM yacom B penporpamoBanux [1JIIC
BCE IIUPILIE BUKOPUCTOBYETHCS CXEMOTEXHIKA Ha OCHOBI €HEProHe3aleKHHX
KOMIPOK (heni-nam’siTi.

11i0 yac niocomoexu 00 yici memu HeoOXIOHO PO32NISAHYMU NOHAMMAL:

— TUIIC,;

— Bukopuctanus [IIC;

— TIepeMUYKH TUMy antifuse;

— TPAH3UCTOPH 3 MJIABAIOUYUM 3aTBOPOM;

— KJIFOUOB1 TPAH3UCTOPH, K1 KEPOBaH1 TpUT'epaMH Imam’ Tl KOHPIrypartii;
— penporpamoani [JIIC;

— ctupanHs iHpopmarrii B perporpamoBanux [TJIIC.

Pexomenoosana nimepamypa

1. 3otoB B. HO. I[IpoexTupoBanue 1udpoBsix yctpoiicTB Ha ocHoBe [TJINC
¢upmbr XILINX B CAIIP WebPACK ISE / 3otoB B. 10. — M. : l'opsiuas nunus
— Tenexom, 2003. — 624 c.

2. CyBopoBa E. A. IlpoexktupoBanme uudpoBbix cucrem Ha VHDL /
Cysoposa E. A. — CII6. : BXB — IletepOypr, 2003. — 576 c.

TEMA 2. ®YHKIIOHAJIBHI BY3JI1 HOCJIJOBHOI'O TUITY
(ABTOMATHU 3 TAM’ATTIO)

Meta: oTpuMaHHS 3HAaHb IMOAO0 (DYHKI[IOHAIBHUX BY3JIB IOCIiOBHOTO
THUITY, a CAaM€ aBTOMATIB 3 IaM’SITTIO.



By3nu 1 npuctpoi, fKi MICTATh €JIEMEHTH IaM’sTi, BIIHOCATHCA 10 KJacy
aBTOMATIB 3 MaM’SATTIO.

Hudposuit aBTOMAT — 11€ PUCTPIiH, IKUN 3A1ACHIOE TPUNMaHHS, 30epiraHHs
1 IepeTBOPEHHS JUCKPETHOI IHPOpMallii 3a AESTKUM aJITOPUTMOM.

AOGcTpakTHUM 1M(pOBUIl aBTOMAT A BU3HAYAETHCA CYKYMHICTIO M SATU
o0’extiB {X,S,Y,p, 2}, ne X={X} i elm — MHOXHHA BXiJHUX CHTHAJIB
aBromara A (Bximuuii andasir aBromara A); S={S;}, ] eln — MHOXHHA CTaHiB

aBTomata A (andasirt craniB aBromata A); Y ={Y, }, k €l,| — MHOXHHA BUXITHUX
CUTHAJIIB aBTOMaTa A (BUXiHUH andasit aBToMarta A); ¢ — QYHKI[IS IEPEXO/IiB

aBTOMara A, sika BijmoOpaxae (Xx S)—S , T00TO CTaBUTH y BIAMOBIAHICTH OY/b-
AKIA mapi eJEeMEHTIB J00YTKY MHOXHH (XXS) eleMeHT MHOXUHU S; A —
¢yHKIlis BUXO/IB aBTOMaTa A, sika 3ajae Bimoopaxenns (Xx S)—Y abo S -Y.

3a cmocobom ¢opmyBaHHS GYHKIT BUXOMIB PO3PI3HSIOTH Takl THIIU
aBTOMAarTiB: aBToMat Miii, aBTomat Mypa.

B aGctpaktHOMy aBTOMaTi Minmi QyHKIiSE BUXOAIB A 3aJla€ BiOOpa>keHHS
(Xx S)->Y.

ABTOMAaT M1l XapaKTEepU3Y€EThCs PIBHIHHSIMH:

y(t) = AL[s(t), x(V)];
s(t +1) = pls(t), x(1)] -

ABTOoMaTy Mypa BiINOBiAaIOTh PIBHSHHS:

y(t) = A[s()];
s(t +1) = g[s(t), x(t)] .

Cunre3 mudpoBUX aBTOMATIB 3 MaM’ ITTIO MOKHA PO3UTUTH HA TaKl €TaIu:
1) konyBaHHS;

2) BuOip eJeMEeHTIB 1aM’sTi aBTOMAaTa;

3) BUOIp CTPYKTYpHO-IIOBHOT CHCTEMH €JICMEHTIB (THITYy aBTOMATa);

4) moOymoBa piBHSIHB OyJIeBUX (YHKIIIF BHXOIIB 1 30y/PKEHHS aBTOMATa,;

5) moOymoBa GyHKIIIOHAIBHOT CXEMH aBTOMATA.

11i0 uac niocomoexu 00 yiei memu HeoOOXIOHO PO32NISIHYMU NOHAMMA.
— nu¢poBU aBTOMAT,

— apTomat Mini,

— aBTomMaT Mypa;



— eTany CUHTE3y HU(PPOBUX aBTOMATIB.

Pexomenoosana nimepamypa

1. CyBopoBa E. A. IlpoextupoBanue uu¢poBsix cucreM Ha VHDL /
Cysoposa E. A. — CIIO. : BXB — IletepOypr, 2003. — 576 c.

2. Cremenko B. b. TUIMC ¢upmer Altera: smementHas 0a3a, cuctema

MPOCKTUPOBAHUS M SA3bIKKM onucanus amnmapatypel / Cremenko B. b. — M.
Hompka — XXI1, 2017. — 576 c.

TEMA 3. BAITIAM’SAITOBYBAJIbHI TIPUCTPOI. OCHOBHI
CTPYKTYPU 3AIIAM’SAITOBYBAJIBHUX ITPUCTPOIB

Merta: OTpUMaHHS 3HaHb WIOJ0 3alaM STOBYBAIBHUX NPHUCTPOIB Ta
PO3TJIIHYTH X OCHOBHI1 CTPYKTYpH.

B cydacHiii nudpoBiii TexHimi, 30KpeMa 1 B OOUYMCITIOBaJIbHIA Ta
MIKpPOIIPOIIECOPHIN TEXHIIi 3HAYHO TOMIMPEH1 3amam’STOBYBaJIbHI MPHUCTPOI
(31I). BoHu, sk mpaBmiio, 00’ €IHYIOTBCS y OKpemy miacucremy mnam’sti. 311
pU3HauYCH1 Juig 30epiranHs JIBiHKOBO1 iHpopmarllii. OCHOBHUMHU OIepalisiMu Yy
nam’aTi € 3ammuc, 30epiranHs 1 BuOipka (umtanHs) iHGopmalii. CyKyIHICTb
oreparlii 3anmucy 1 BUOIPKU Ha3UBAETHCS 3BEPHEHHSM JI0 I1aM ’ATi.

311 Oynytorbest 3 aBomnosuiiiHux enemeHTiB nam’ati (EIT), koxkeH 3 skux
30epirae oauH Oir iH(opmarii. CyKynmHICTh JEKUIBKOX €JEMEHTIB Imam’ sTi
CTBOPIOIOTH KOMIPKY I1aMm’sTi, sKa TMpu3HadeHa s 30epirands Oarato-
PO3psAIHOT ABIMKOBOT 1H(OpMAIIil 1 3BEpHEHHS 710 €JIEMEHTIB K01 BIOYBAETHCA
onHovacHo. 3BepHeHHs 10 311 BigOyBaeTbcs 3a agpecHUM MPUHITUIIOM, SKAN
nependavae HASBHICTh Y KOXKHIM KOMIPKH TaM’sITi BIATIOBIIHOTO HOMEpa, IO
HA3MBAETHCS AAPECOM 1 KOTpUH HEOOXITHO SBHO YW HESBHO BKa3yBaTH IpHU
3BepHeHHI. KpiM aapecHux, BUKOPHUCTOBYIOTH acomiatuBHi 311, 3BepHEHHS 10
KOMIPOK SIKMX BIOYBA€ThCS 3a pE3yJNbTaTaMH aHANIZY JCSKUX PO3PAIIB
iHbopMmarlii, sika 30epiracThes.

KnacudixyBatn 1 mopiBHroBatu 3II MoxkimmBo 3a OaraThma pi3HUMH
KPUTEPISIMHU 3aJIEKHO Bij] TOTPEON KOPUCTYBada Ta TEXHIYHUX BUMOT 710 OY0BH
nam’aTi. OCHOBHUMH KPHUTEPISIMU, SKI BU3HAYAIOTh OYyZ0BY 1 (DYHKIIIOHYBaHHS
3[1, e ¢i3uynamit npuHOUN poOOOTH 3amaM’ SITOBYBAJIBHUX €JIEMEHTIB 1
TEXHOJIOTIS 1X BUTOTOBJIEHHS, JHOCTYI 0 KOMIPOK IMaM’siTi, MBHUAKICTb OOMIHY
iH(popMaliiero, crocid 30epiraHHs iHPopMaIlii TOIIO.



Tax, 3aexHO0 BiJ IpUPOAH (PI3UYHOTO CEPElOBULIA, Y IKOMY 30€pIraeTbCs
iHpopmaris, 311 po3aUIAIOTHCS HA HANIBIPOBIIHUKOBI, MPUCTPOI 13 3apsAI0BUM
3B’s13k0M (I133), MaruiTHi, ONTUYHI TOIO.

11i0 yac niocomoexu 00 yiei memu HeoOXIOHO PO32NISAHYMU NOHAMMSAL:
— 3amaM’ ITOBYBaJIbHI MIPUCTPOT;

— 3araM’ATOBYBaJIbH1 €JIEMEHTH;

— kacudikaris 3amnam’ iITOBYBaJbHUX MPUCTPOI.

Pexomenoosana nimepamypa

1. Cremenko B. b. IIJIUC ¢upmer Altera: smementHass 0a3za, cuctema
HPOCKTUPOBAaHUST U s3bIKM ommcanus amnmapatypbl / Cremenko B. b. — M.
Hompka — XXI, 2017. — 576 c.

2. TlonsxoB A. K. f3eiku VHDL u Verilog B nmpoektupoBanuu mudpoBoii
anmaparypsi / [Tonsiko A. K. — M. : Conosn-IIpecc, 2003. — 320 c.

TEMA 4. IHTEP®EVCHI IHTETPAJIBHI CXEMHU
MIKPOIIPOIIECOPHUX KOMIIOHEHTIB

Meta: oTpuMaHHS 3HaHb IOJI0 HAWOUIBII MOMUPEHUX IHTEPPEHCHUX
IHTETpaIbHUX CXEM MIKPOITPOIIECOPHUX KOMITOHECHTIB.

Hudponsi interpanbui mikpocxemu (IMC) xapakTepu3yloTbCs HMIHPOKUM
Jiara30HOM BUKOHYBaHUX (PYHKIIIHM Ta 6araTbMa BapiaHTaMHU KOHCTPYKTOPCHKO-
TEXHOJIOTTYHOTO BUKOHAHHS.

[Mudposi iuTerpanpHi Mikpocxemu, sk 1 aHanoroBi IC, BHIyCKarOTbCA
cepismMu. MikpocxeMu OnHI€I cepli MamTh OJHAKOBI HANpyrd KUBJICHHS,
CIEKTPUYHI Ta eKCIUTyaTalliiHI XapaKTepUCTUKH 1 y pa3l CyMICHOTO
BUKOPHUCTAHHS HE MOTPEOYIOTh JOJaTKOBUX EIEMEHTIB.

Hanexwnicte IMC nmo Tiei um iHmOI cepii Moka3yroTh B i yMOBHOMY
no3HadeHHi. Cepel BEIMKOI KUTBKOCTI Cepii BUIUISIOTHCS TaKi Tpymu: cepii
(GYHKITIOHAIPHO ~ TIOBHOTO  CKJamy; cepii, fKI CHOemiami3yloTbes 32
(GYHKITIOHATHPHAM MPU3HAYCHHSM; MIKPOTPOIIECOPHI KOMIUIeKTH Benukux IMC.
Jlo cepii QyHKIIOHATBHO TOBHOTO CcKiany Hajaexate IMC  pi3HOTO
(YHKIIIOHAJIBHOTO TPU3HAYEHHS: JIOT1YHI, TPUTEPHU, PETICTPU, JIYUIBHUKH,
nemudparopy, KoAoMepeTBOproBadl Tomo. YuM mupmui QyHKIIOHATBHUM
CKJIaa cepli, TUM Kpamie BOHa 3a0e3nedye BHUKOHAHHS BHUMOT JIO
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MIKPOEJIEKTPOHHOI ~ amapaTtypd, TakKuX, SK HaJIdHICTh, KOMIAKTHICTb,
€KOHOMIYHICTh, TE€XHOJIOTTYHICTh, 3pYYHICTh EKCIUTyaTalli Ta peMOHTY. Jleski
cepii cknagatotbea 3 100 1 Ourpme tumiB IMC. Taki cepii MOkHa Ha3uBaTH
yHIBEpCAJIbHUMHU, OCKUIBKM BOHU MalOTh IIUPOKY C(hepy BUKOPUCTAHHS.

Cepii IMC, ski 00’enHyloTbcsi 32 (YHKIIOHAJBHUM MPU3HAYEHHSM,
XapaKTEepU3YIOThCS BY>KUOIO CIELiai3alli€lo.

Jlo MikpompolecopHUX KOMIUIEKTIB Hanexarb IMC, siki HEoOXIigHI ISt
noOyZ0BH  MIKPONPOLIECOPHUX OOYMCIIOBAIBHUX CHUCTEM Ta MPHUCTPOIB
kepyBaHHs. Cronu BigHOCATh Mikponpouecopu, IMC BBeaeHHs/BUBEICHHS,
TalimepH, renepaTopu, pizHi gonomixHi IMC.

11i0 yac niocomoexu 00 yiei memu HeoOXIOHO PO32NISAHYMU NOHAMMAL:
— IHTerpaibH1 MIKPOCXEMH;
— rpynu cepiit IMC.

Pexomenoosana nimepamypa

1. ITonsixkoB A. K. SI3eiku VHDL u Verilog B npoektupoBanuu nudpoBoi
anmapatypsl / [Tonskos A. K. — M. : Comon-IIpecc, 2003. — 320 c.

2. ConoBreB B. B. IlpoektupoBanue 1u(dpOBBIX CHCTEM Ha OCHOBE
nmporpaMMHupyeMbIx HHTerpaibHbIX cxeMm / ConoBeeB B. B. — M. : T'opsiuas
muaus — TexexkoMm, 2001. — 636 c.

TEMA 5. CYUACHI IEPCIIEKTHUBHI IHTEI'PAJIbBHI CXEMM 31
CKVIAJTHUMMU CTPYKTYPAMMU FPGA, CPLD, FLEX, SOC

MeTta: oTpuMaHHs 3HaHb IIOJI0 CyYacHUX mepcnekTuBHUX [C 31 cKirafHuMU
ctpykrypamu FPGA, CPLD, FLEX, SOC.

CimeiictBa IIJIIC FPGA 1 CPLD - me naBa HaWOUIBII TOIMMPEHI THIN
nudpoBux norivaux mikpocxeM. ITJIIC cimeiictea CPLD € aemo mpoMiXKHUM
pimennsm mixk tumamu TIJIIC Programmable Array Logic (PAL) ta FPGA.
Ockinbkn  chepa BuxopuctanHs [IJIIC mocCTiiiHO yHZOCKOHAIOETHCS, TO
BimminHOCTI Mixk CPLD 1 FPGA He € 3HaYHMMH, TOMY Ha ChOTOJIHI € JIesKa
miytanuHa cepea BuzHadeHb [1JIIC mo Toro, um iHmoro cimeicra. AJe i aBa
ciMelCcTBa MalOTh CBOi CTPYKTYpPHI Ta mapaMeTpuyH1 0COOJIMBOCTI.

FPGA MoxHa 3amporpamyBaTtu [Jisi 3A1MCHEHHS MNPAKTHUYHO OyIb-sKOI
noriuHoi Qynkuii. Apxitekrypa FPGA no3Bosisie kpuctany mMaTu JTyKe BUCOKY
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JIOTIYHY €MHICTh. BiH BHKOPHCTOBYETHCS B KOHCTPYKULISX, AKI HOTPEOYIOTh
BEJIMKOI0 YKCJIa JIOTTYHUX EJIEMEHTIB. AJle HEJOJIIKOM TaKOl BEIMKOI KUIbKOCTI
JOTIYHUX eNleMeHTIB € HemnependauyBaHi 3arpuMku. IIJIIC cimeiictBa FPGA
BBAJKAETHCA «APIOHOIO APXITEKTYpPOIO», OCKUIBKM MICTUTh 0aratro JOTIYHHX
0JI0KIB, KIIBKICTh AKuX Moxke gocsratd 0iam3pko 100000 ommaums. FPGA, sk
MIPaBUJIO, BUKOPUCTOBYETHCS JIi CTBOPEHHS Ta MPOEKTYBAHHS OUTbII CKJIaJAHUX
U (POBUX MPUCTPOIB.

CPLD Ouibll MiAXOAUTH [JIi HEBEJIUKUX KOHCTPYKIIA TMPOEKTIB, IO
po3pobIsitoThesa. OCKUTBKM 1I€ MEHII CKJIaJHa apXITEKTypa, TO 3aTPUMKU Yy
poGoTi Outbin mepeadauyBaHl. CPLD 4dacTo BUKOPHCTOBYETHCS AJISE MPOCTUX
JIOTIYHUX J0JaTKIB. BiH MICTUTH JIOT14HI OJIOKH, KUIBKICTh SIKUX HE MEPEBUILYE
KiTbKa THCSY oauHuib, ToMy CPLD posrasgatoTecss sIK OpUCTpId  TUILY
«BENUKOI apXiTekTypu», 1mo podoute CPLD O6utemr gemeBumu, Hik [IJIIC
cimerictBa FPGA. Takox BaXJIMBOIO BIAMIHHICTIO MDK ciMerictBamu CPLD Ta
FPGA € te, mo 1o CPLD BOy10BaHO €HEproOHE3AIC)KHY T1aM’ SITh.

PosrasinyBn Bci ocHOBHI ocob6iuBocTi Ta Hepodiku cimeicTs [TJIIC FPGA
ta CPLD, MOXHa BUIIIATH TaKi:

1) FPGA mictuts 10 100000 moriunux 610kiB, Toai sk CPLD MicTuTh uiie
KIJIbKa TUCSY JIOTTYHHUX OJIOKIB;

2) 3 apxiTeKTypHOi Touku 30py, FPGA BBa)aroThCsl MPUCTPOSIMH «APIOHOT
apxiTekTypu», Tofi ik CPLD € mpucTposiMu «BEJIMKOT apXiTEKTYpH»;

3) FPGA € Ouibin eeKTUBHUMH TP MPOCKTYBaHHI Ta peajizallii CKiIaJHuX
mudposux mpuctpois, toai gk IIJIC cimeiictBa CPLD kpami n1s mpocTux
crienianizoBaHuX MU(PPOBUX MPUCTPOIB;

4) FPGA € nopoxunmu, a CPLD — nabaraTto aerieBmnmu;
5) 3aTpuMoK Tij] 9ac poboTH Oimbire mpu Bukopuctandi FPGA, mixk CPLD.

Pimenns npo Te, mo BukopuctoByBaty, [IJIIC cimeiictBa FPGA a6o CPLD,
pPO3pOOHMK TIOBUHEH OOMpaTH 3aJie’)KHO BIJ I[JICH TPOEKTyBaHHS Ta
MOXJTMBOCTEH CITEIiaTi30BaHOT0 IIU(POBOTO MPUCTPOIO, IO PO3POOIIIETHCS.

11i0 uac niocomoexu 00 yiei memu HeoOXIOHO PO3NSAHYMU NOHAMMNA.
— cimeiictso IJIIC FPGA;

— cimeiictso IJIIC CPLD;

— ocobOmuBocTi Ta Hepoaiku cimeiicts [TJIIC.
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Pexomenoosana nimepamypa

1. ConoBeeB B. B. IIpoektnpoBanue mIU(GPOBBIX CHCTEM HAa OCHOBE
porpaMMupyeMbix UHTerpaibHbix cxem / ConoBeeB B. B. — M. : T'opsuas
muHaus — TexexoMm, 2001. — 636 c.

2. Psa0Genbkuit B. M. OcHoBH nipoekTyBaHHs LH@ppoBux npuctpois Ha [TJIIC
| Psoenpkuii B. M. — K. : TIIT «Kopwiitayk», 2004. — 253 c.

TEMA 6. VHDL MOJEJIb BJIOKA ITAM’ATI. VERILOG MO/JEJIb
BJOKA ITAM’ATI

Meta: otpumanns 3Hanb 1ogo0 VHDL Tta VERILOG wmoneneit Omoka
maMm’ sITl.

3a nomomoror Mojaeni VHDL mpocrimie # mBuaiie BBECTH Ta MEPEBIPUTH
BenuKuid mpoekT. Jecstoma pankamu VHDL moxxna onucatu sik 1, tak 1 100000
TpurepiB. Mikpocxemy 3 iHTerpamiero Outbiie 10000 BeHTUIIB po3poOUTH
TUIBKMA 3a JIOTIOMOTOIO EJEKTPUYHHUX CXEM YK€ BaKKO 4epe3 TPOMI3JKICTh
CXEM.

[Ipoexr nHa w™omeni VHDL — o00’enHadHsS CTPYKTYpU 1 alTOPUTMY
dyHkiionyBanHs Omoka mnam’sari. Jms wmomemi VHDL OGnoka mam’sari
HEO0OOB’I3KOBO BHUKOHYBATH IEPEBIPKY MPaBHIILHOCTI HOro (PyHKIIIOHYBaHHS,
HAIIPUKJIIAJ, NUITXOM Horo MakeTyBaHHs. [1[00 BU3HAYMTH MPaBHIIBHICTH MOJIEII
noctatHbo VHDL-nporpamy 3amycTuTy Ha BUKOHaHHs B cuMyssitopi VHDL.

ITpoext Ha mogeni VHDL — camonmokymMenToBaHui, TOOTO BiH HE MOTpedye
JOJIATKOBOTO TEXHIYHOTO OMUCYy ab0 Omucy y BHIJIsAAI cxeM. HewiTkicTp 1
HEJ0ATICTh OMHUCY BHUKIIOYAIOTHCS, TOMY IO TMpoekT Ha wmoxeni VHDL
HECKJIAJTHO TEpPEeBIpUTH, aJpKe CHUHTAKCHYHUW aHaji3, MOJCIIOBAHHA W
KOMIIUISIIISA B JIOTTYHY CXEMY HIBUIKO BUSBIISIIOTH TOMUJIKH TIPOEKTY.

[TpoexT Ha moxeni VHDL — yniBepcansHuit mpoext. Po3pobienuit onun pas
0510k Tam’sATi MOKe OyTHM BUKOPHCTaHHMM y OaraThoX iHmMX mpoektax. [Ipum
IbOMYy 0arato CTPyKTypHHX 1 (DYHKI[IOHAJIBHHUX MMapaMeTpiB OJI0Ka MOXYTh
HAJAIITOBYBATUCH (TTapaMeTpH PO3PSAHOCTI, 0OCATY mam’sTi, eleMeHTHa 0as3a,
CKJIaJl 0J10Ka U CTPYKTypa M1K3’ €/ITHAHb).

[TpoexT Ha moneni VHDL — mopratuBHuit mpoekt. Po3pobienuit mis omaniel
€JIEMEHTHO1 0a3u, MPOEKT JIETKO MEPEHOCUTHCS Ha THITY €JIEMEHTHY 0a3y.

[Ipoext na mogeni VHDL — mpoexr, mo goBro »xwuBe. EnexkrpuuHa cxema
3aBXKAM  PO3pOOJIAETHCS MM KOHKPETHI €JIeMEHTHY ©Oazy U iHTepdeiic.
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BianoBigHo 10 TOro, 1o ejxeMeHTHa 0aza 3MIHIOEThCS 3a mepiojy 2—5 pokKiB, 3a
el ke Mepioj 3acTapiBaloTh 1 €JIEKTPUYHI CXE€MH, IO ii BHUKOPUCTOBYIOTb.
VERILOG mopaens 610ka mam’siTi MOKe OyTH MOBTOPHO BUKOpPHCTaHA yepes
KiIbKa pokiB. ['apHe TexHIYHe pillleHHs (HampuKiIaja, BUHAX1Z), OMUCAHE Yepe3
VHDL mopaeinb, Moxxe OyTH KOPUCHUM MPOTATOM JECATUIITh.

11i0 yac niocomoexu 00 yiei memu HeoOXIOHO PO32NISAHYMU NOHAMMSAL:
— VHDL monens 610ka mam’ STi;
— VERILOG monens 610ka nam’ ATl.

Pexomenoosana nimepamypa

1. PsaGenbkuii B. M. OcHoBu npoekTyBaHHs u@poBux npuctpois Ha [TJIIC
| Psoenbkuii B. M. — K. : TIIT «KopHiitayk», 2004. — 253 c.

2. CucteMbl aBTOMATHU3MPOBaHHOTO mpoekTupoBanus (upmer ALTERA /
[Komomos JI. A., Mansik P. A., 300euko A. A., ®ununmos A. C.]. — M. : UII
PAJUOCODT, 2002. — 352 c.

TEMA 7. PEAJIIBAIIIA IIUPPOAJITOPUTMY RC-4 HA
ITPOTPAMOBAHUX JIOTTYHUX IHTET'PAJIBHUX CXEMAX. VHDL-
OIINC ABTOMATA RC-4. VERILOG-OIIUC ABTOMATY RC-4

Mera: oTpuMaHHsA 3HaHb IMOJ0 peanizamii mudpoanroputMy RC-4 Ha
IJIIC, a takoxx VHDL- ta VERILOG-onucis aBromata RC-4.

Rivest Cipher 4 (RC-4) — nmoTokoBuii mudp, 10 MHUPOKO 3aCTOCOBYETHCS B
PI3HHUX CUCTEMaXx 3axXHCTy iH(opMaIlii B KOMI IOTEPHUX Mepekax (HampuKiIad, B
nporokonax SSL 1 TLS, anropurmi 6e3nexu 6e3apotoBux mepexx WEP 1 WPA).
OcHoBHI mepeBard muUdpy — BHCOKA MIBUAKICTH POOOTH 1 3MIHHHMHA PO3MIp
kimoua. RC-4 nocuth ypa3nuBui, SIKIO BUKOPHUCTOBYIOTHCS HEBHMAJAKOBI a00
OB’ s13aH1 KIFOU1, OJJUH KJIIFOYOBHH MOTIK BUKOPUCTOBYEThC ABivi. Li dakropw,
a TaKOX CMOCi0 BUKOPUCTAHHSI MOXYTh 3pOOUTH KPUNITOCUCTEMY HEOE3MEUHOIO
(manpukman, WEP).

['omoBHUMM (pakTOpamu, 110 COPHUSUIM IIMPOKOMY 3acTocyBaHHI0O RC-4, €
MIPOCTOTA WOTO amapaTHOi ¥ MPOrpaMHOi pearizailii, a TaKOK BUCOKA IIBUIKICTh
poOOTH aIrOpuTMy B 000X BUTIAIKAX.
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11i0 yac niocomoexu 00 yiei memu HeoOXIOHO PO32NISIHYMU NOHAMMSAL:
— peanizauis mudppoanroputmy RC-4 na IJIIC;

— VHDL-onuc aBromata RC-4;

— VERILOG-onuc aBromara RC-4.

Pexomenoosana nimepamypa

1. Cucrembl aBTOMAaTU3UPOBAaHHOTO mpoektupoBanust ¢pupmbr ALTERA /
[Komonos [I. A., Mansik P. A., 300enko A. A., ®ummmmos A. C.]. — M. : UII
PAJNOCODT, 2002. — 352 c.

2. KodanoB B. JI. IIpoekryBanns uudpoBux npuctpoiB Ha ocHoBl CAIIP
Quartus 1l : npaktukym / Kodanor B. JI., Ocamuyk O. B., I'aBpinos /1. B. —
Binaung : BHTY, 2009. — 164 c.

TEMA 8. ®YHKIIOHAJIbHA MOJIEJIb MIKPOCXEMMH
JTBOINOPTOBOI CHHXPOHHOI MAM’ATI

Meta: oTpuMaHHS 3HaHb I10J10 (GYHKI[IOHAIBHOT MOJENl MIKpPOCXEeMHU
JIBOITOPTOBOI CHHXPOHHOT TTaM ’SITi.

JlunaMmidyHa omepaTUBHA MaM’Th — OJIUH 13 BUJIB KOMII IOTEPHOI TaM’sTi 13
noBUIbHUM JocTynioM (RAM), HaliuacTiiie BUKOPUCTOBYETHCS SIK OTIEpAIliAHUAM
3amaM’ ATOBYBAJIBHUIM IIPUCTPIN B Cy4aCHUX KOMII IOTEpax.

OcHoBHa TiepeBara maMm’sTi IIbOI'O THITY IOJSATAE€ B TOMY, IO i1 KOMIpKH
yMaKoBaH1 IyXe NIUTbHO, TOOTO B HEBEIMKY MIKPOCXEMY MOYKHA YIaKyBaTH
Oarato OITiB, a 3HAYHWTh, HA iX OCHOBI MOXXHa MOOYAYyBaTH MaM’ ATh BEIUKOI
€MHOCTI.

VRAM (anrn. Video Random Access Memory ) — Tum Komm IOTEPHOI
EHepro3aje)kHOI TaM’sATi JJIT TUMYacoBOTO 30epiraHHs 300pakeHHs (Oydep
Kazpy), copmMoBaHOTO BigEOaMANTEPOM 1 MEPEAAHOTO HA BiEO MOHITOP, €
JIBOTIOPTOBOIO TaM’STTIO — MOXXE OJIHOYACHO 3alUCyBaTH JaHl IS 3MIHH
300paK€HHS B TOW 4Yac, KOJW Bifeoamantep Oe3MepepBHO 3YUTYE BMICT IS
MIPOPUCOBYBAHHS MOr0 Ha €KpaHi.

11i0 uac niocomoexu 00 yiei memu HeoOOXIOHO PO32NISIHYMU NOHAMMA.

— IWHAMIYHA ONlepaTUBHA 1aM’ STb;
— VRAM;
— (yHKI[IOHAJIbHA MOJIEIb MIKPOCXEMHU JIBOIIOPTOBOT CHHXPOHHOI Mam ATi.

13



Pexomenoosana nimepamypa

1. YVrpromoB E. II. udposas cxemorexuuka / YrpiomoB E. II. — CIIO. :
BXB —Ilerepoypr, 2004. — 528 c.

2. PaGenbkuit B. M. HudpoBas cxemoTexHika : HaBY. MOCIOHMK /
PaGenbkuii B. M., KyiikoB B. ., I'ymuit B. JI. — JIsBiB : HoBuit cBit — 2000,
2009. — 736 c.
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TecToBi 32aBIaHHA

1. Tlepemuuku Ttumy antifuse yYTBOPIOIOTHCS TPHUILIAPOBUM JIEIEKTPUKOM 3
YyepryBaHHsIM IIapiB:

(?) HITPUA-OKCUI-OKCHT;

(1) okcua-HITPUI-OKCHU;

(?) okcHa-OKCHI-HITPHUI.

2. 3a nomoMoror 4oro ctupaHHs iHopmarii B penporpamoBanux I[IJIIC
Bi/1I0YyBa€THCS MIBUIIIIE?

(1) eneKTpUYHUX CUTHATIIB;

(?) ynbTpadiosieToBOro BUMPOMIHIOBAHHS;

(?) iH(pauepBOHOTO BUIIPOMIHIOBAHHSI.

3. Ilpuctpiii, sKkuil 3xaliicHIOE mnpuiiMaHHs, 30epiraHHd 1 TEPEeTBOPEHHS
JTUCKPETHOT IHPOpMallii 3a AESIKUM aJTOPUTMOM — 1I€:

(?) aBTromat Miri;

(?) aBTOMaT Mypa;

(1) nmudposwuii aBTOMAT.

4. 3a sIKUM TPUHITUTIOM BiI0yBa€eThes 3BepHEeHHs 10 3117
(?) paaxoBuwm;

(1) anpecHum;

(?) mpocTopoBuM.

5. IlpuctposiMu «apiOHOT apXITEKTYPH» BBAKAIOTHCS
() FPGA,;

(?) CPLD;

(?) CPLD ta FPGA.

6. [IpucTposiMu «BEIMKOT apXITEKTYPH» BBAKAIOTHCS:
(?) FPGA,

(1) CPLD;

(?) CPLD ta FPGA.

7. Yomy mpoekt Ha moaeni VHDL — yHiBepcaibHmiA TPOESKT?
(?) crpykrypHi enement VHDL Moneni MaroTh BUCOKY MOOUTBHICTB;
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(?) apxitexktypa mas moxaeni VHDL wmae Oinmblie nepeBar MOPIBHSAHO 3
ananoriunoro ais moaem VERILOG;

(1) po3pobrnenuii oguH pa3 070K maM’sTi MOKe OyTH BUKOPUCTAHUN Yy OaraThbox
THIINX TPOEKTaX.

8. SIki ronoBHi ¢pakTOpHU MHUPOKOro 3acrocyBanua RC-47

(1) mpocroTa amapaTHOT i mporpaMHOi peaiizaiii Ta BUCOKA MIBUAKICTh pOOOTH
aNrOpUTMY,

(?) mpocToTa anapartHoi i porpaMHOI peaizaii;

(?) BUCOKa MIBUAKICTH POOOTH aJITOPUTMY.

9. st yoro BUKOPUCTOBYIOTH RAM?

(1) sk omepariiftHu# 3anam’ ATOBYBaJIbHUN TPUCTPIH;
(?) sk mocTiliHUE 3amaM’ A TOBYBaJIbHUMN TPUCTPIH;
(?) nis TpaHCIOBaHHS iHpOpMAIIii.

10. /st goro BukopuctoBytoth VRAM?

(?) nns TpancoBaHHS iHGOpMAIIT;

(?) nnst 30epiraHHs Bijeo;

(1) n1s TMYacoBoro 36epiraHHs 300paskeHHs.
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