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BBenenue

Hacrositiiee meTomuteckoe 1mocodme-mpakTUKYyM COJIEPXKUT OIMUCAHUE JTADOPATOPHBIX
paboT, HAIpABJICHHBIX Ha ITPUOOPETEHNE HABBIKOB TPOECKTUPOBAHUA ITU(PPOBBIX CXEM C UC-
MIOJTb30BAHUEM I10JTyIIPOBOTHUKOBOI 3j1eMeHTHOI 0a3bl. JlabopaTopHbie pabOThI COJIEPKAT
IPAKTUYECKHEe 33 IaHKs KaK 110 TPOEKTHUPOBAHUIO CXeM Ha HU3KOM yPOBHE, Ha Ha3e moJie-
BbIX Tpan3uctopoB u KMOII-yoruku, Tak u Ha 60/iee BHICOKUX YPOBHSX: HA BEHTUJILHOM
u yposHe perunctpoBbix nepegad (RTL-yposre). B pamkax pabor Takzke mpejraraercs
O3HAKOMUTBCs € MPOEKTHPOBAHUEM ITUMPPOBBIX CXEM C HCIIOJIB30BAHIEM MHUKPOCXEM ITPO-
rpammupyemoit sjoruku (ITJIVNC) u nosryunTsh 6a30Bble HABBIKA TECTUPOBAHUS M OTJIAKI
cxeM Ha peaJsibHOI amraparHoii mwardopme ¢ [IJINC. B npakTtukyme j1arorcs peKOMeH/1a-
1uu 1o paboTe ¢ HCTPyMEHTaJIbHBIM obecriedenreM pupmbl Xilinx u oT/18/109HO# 1171ATO#
Nexys 4 DDR (noBoe nassamnme — Nexys A7).

ﬂa6opaT0pHI>1e pa6OTbI OXBaTbIBalOT CJIeAYIOIIUE TEMbI:

1. Jlaboparopuas pabora Nel «Bsenenne B mpoekTupoBanue 1iudpoBbIX HHTEIPAJTHHBIX

CXeM».

2. Jlaboparopuass pabora N2 «Pazpaborka ammapaTHBIX yCKOpHTEIel MaTeMaThde-

CKHUX BBIUUCJIEHUN».

3. Jlaboparopuas pabora Ne3 «IIpoekTtupoBanme nudpoOBLIX CXEM C UCIOJIHE30BAHUEM
I[LJINC».

4. Jlaboparopuas padora N4 «IIpoekTupoBaHne BCTPOEHHBIX CXEM CAMOTECTHPOBa-

HUA».
5. Jlaboparopuas pabora Neb «IIpoekTupoBaHne KOHTPOJLIEPOB BBOAA U MHIUKAIIIT .

6. Jlaboparopunass pabora N6 «IIpoekTupoBanme KOHTPOJLIEPOB MepudepuitHbIX

YCTPOMCTB».

B kadecTBe 6azoBoro Habopa J1ab0PATOPHBIX PAOOT Ha CEMECTD IPeJIaraeTcsl UCIIOJIb-
30BaTh JlabopaTopHble paboThI 1moj HoMepamu 1, 2, 3, 4. B KadecTBe yC/I0XKHEHHOTO Ba-
puaHTa MOXKET ObITh IPEJI0XKEHO BBIIIOJHEHNE KOMILIEKCa U3 J1ab0paTOPHBIX paboT IO/
HOMepamu 1, 5, 6.

B npakTukyme IpuBOJISTCS OMMCAHNS 38/ IaHnil, TPeOOBaHU K OTYETaM, a TAK¥Ke KpaT-
KI€e TEeOpETUYIeCKNe CBEJCHUs 110 BBIMOJHEHHWIO 33 aHnil 1 paboTe ¢ MHCTPYMEHTAJIbHBIM
HPOIPAMMHBIM 00€CIIEIEHUEM.

[Ipu BbITIONIHEHUN JTAOOPATOPHBIX PAOOT HE IO TMOPSIAKY, JJIs JIydIIero MOHUMAaHUS
TpeOOBAHUN U PEKOMEHIyeMbIX CIIOCOOOB BBITIOJIHEHUsT PADOTHI, C/IeyeT 0OpaImaThcs K

MaTepraaM IPeJIbIIyINnX PadoT.



JlanHOE MeTOImUIecKoe ocobre PEeKOMEHIOBAHO sl IIPOBeIeHus J1abopaTOPHBIX 3a-
HaTuii crymenram Y HuBepcureta UTMO mo mucnmmmmae «DyHKIIMOHAIBHAS CXEMOTEX-
HUKa» B pamkax HarmpajeHuit moarorosku 09.03.01 «ndopmaTnka u BEIYUCIUTETbHAS
rexanka» u 09.03.04 «IIporpammMuas mHKeHEPUs».

JI1s1 BBITIOJIHEHNS JIADOPATOPHBIX PAbOT MPAKTHKYMa PEKOMEH/IYeTCs HCIOIb30BAThH

CJIEJTyIoNee MHCTPYMEHTAJIbHOE obecrieueHue:

1. LTspice (Bepcus IV umm HOBEE).

2. Vivado Design Suite (Bepcust 2017.4 nim HOBee).



1 JIaboparopHasi pabota Nel. BBejenue B IIpoeKTUpo-

BaHNe NN POBLIX NHTEIPAJIbHBIX CXEM

1.1 Bsenenue

Jlaboparopnas padora Nel mocssienHa pasBUTUIO HABBIKOB IIPOEKTUPOBAHUS CXEM Ha
YPOBHE TPAH3UCTOPOB U C UCIIOJIb30BAaHUEM BEHTHJIEH, paccMaTpUBaIOTCs Oa30BbIe TTPUH-
bl moctpoenns: cxem Ha KMOII-oruxke.

s mcenenoBanus pabOTHI JIEKTPUIECKIX CXeM WHIYKEHeP-TIPOEKTHPOBIINK MOYKET
CO3JIATH MPOTOTHUII YCTPOICTBA Ha MAKETHOI IjIaTe WM BOCIIOJIb30BATHCS PYUHBIMU PAC-
géramu Ha Oymare. O iHAKO 1pu pa3pabOTKe MHTEIPAIbHON MUKPOCXEMBI CO3/IAHIE TTPOTO-
THIIA MOKET OBITh KpaifHe JOPOTOCTOSIIIM U JIJTNTE/IHHBIM TporieccoM. CII02KHOCTb TaKUX
CXeM 3a49acTyIO He ITO3BOJIET IMPOBeCTH TpedyeMble pacdeTsl BpydHyo. [losromy mpu pas-
paboTke OOJILIIMHCTBA MUKPOCXEM, & TaKzKe CJIOYKHBIX MeYATHBIX IJIAT IIOBCEMECTHO MPU-
MeHseTCsd KOMIIbIOTepHOEe MojiesimpoBanne. Hambosiee m3BeCTHON CUCTEMON aHAJIOIOBOIO
Mojie/inpoBanus siBisiercs nporpamva SPICE un eé MmuorOUNC/IeHHBIE HACIETHUKT. HacTh
3ajlaHnil J1abopaTopHOil paboThl OyJIeT BBINOJHATLCS B cpeje MojenupoBanus LTspice,
KoTopas ornocutcd K Kiaaccy SPICE-110/100HbIX CHMYIATOPOB 9JIEKTPOHHBIX CXEM OOITEro
Ha3HAYEHUS.

B pamkax paboTbl TaKzKe IIPOU3BOIUTCHA 3HAKOMCTBO C IIPUHITUIIAMU TPOEKTUPOBAHUS
cXeM Ha BEHTUJBLHOM YDOBHE C WCIOJb30BAaHWEM $3bIKa OMMCAHUS ammnaparypbl Verilog

HDL.

1.2 Omnucanwme jgabopaTopHOIT pabOThI

Llean paboTwl

1. TlosyunTs 6a30Bble 3HAHWS O MPUHIUINAX TOCTPOCHUS MUMPOBBIX WHTEIPAJIHHBIX

cxeM ¢ mcnoJb3opanreM TexHosornn KMOITIL.
2. Iosnakomuthes ¢ rexaosorueit SPICE-momenmnpoBanns cxem Ha TpaH3UCTOPAaX.

3. IlomyunTs HABBIKE ONHCAHUSA CXeM 0a30BBIX OHEPAIOHHBIX 31eMeHToB (BOD) KoM-
OMHAIIMOHHOI'O THIIA HA BEHTUJIBHOM YDPOBHE C HCIOJIB30BAHUEM dA3BbIKa OHNHCAHUS

anmapatypbl Verilog HDL.



Yka3zaHus K BBIIIOJTHEHUIO PadOThI

JlabopaTopHas paboTa COCTOUT U3 JIBYX YacTeil.

[lepBast 9acThb MOCBsIIEHA ITPOEKTUPOBAHUIO MI(PPOBBIX BEHTHUIEH Ha ITOJIEBBIX TPAH-
3UCTOpaxX, IMOCTPOEHUIO cxeM Ha 0a3e BeHTH/el u 3HaKOMCTBY ¢ TexHosorueit SPICE-
MojiestupoBanud. IlepBas yacTb paboThl BBINOJIHAETCA B IporpaMMHoM makere LTspice.
[Ipr mocTpoennn cxem BeHTHIIEH HeoOxomumo uctosib3oBarh KMOII-Tpansucropsl ¢ mna-
pamerpamu u3 daiijia, IpeJoCTaBIeHHOro npenojasareseM (cM. pasjesn « OCHOBbI paboTbl
B cpegie LTspices ).

Bropas gacTh mocBdIeHa 3HAKOMCTBY € S3bIKOM ONMcaHusd ammaparyps! Verilog HDL,
U3y4IEeHUI0 OCOOEHHOCTEH €ro NCII0Ib30BaHNA /I OITUCAHUA CXeM Ha BEHTHJILHOM yPOBHE U
PUOOPETEHNIO HABBIKOB TECTUPOBAHUS TaKUX cXeM. Bropas 4acTb pabOThI BBIIOJTHSIETCS
c ucnosib3oBarneM Vivado Simulator, Bxomsiero B maker Vivado Design Suite (cm. pasaen

«OcHoBbl paborel B cpejie Vivado Design Suite» ).

Ilopsi/iok BbIOJIHEHUS PAabOTHI

Yactp 1:

1. ITocTpoiiTe B L'Tspice na Tpansucropax cxeMmy BEHTHUJIsSI, COCTABJISIIONIENO OCHOBY JIO-

IIYecKOro 0asmca COrjiacHO BAPUAHTY 3a/IaHUd.
2. CozpaiiTe cuMBOJI /11 pa3pabOTAHHOTO BEHTUJIST KAK MEPAPXUIeCKOro IJIeMEHTA.

3. C ucrnoJib3oBaHneM CO3JJaHHOI'O MePpapXUvIeCKOro sJjeMeHTa HOCTpOfITe CXeMy TeCTu-

pPOBaHuAd BEHTUJIA.

4. Ilposenure MojeMpoBaHne PAOOTHI CXEMbBI U OIIPEJIETTNTE 33/IePKKY PACIIPOCTPAHE-

HUA CUTHAJIA Yepe3 TeCTUPYEMbIil BeHTUJIb.

5. Onpenenure MAKCUMATBHYIO YaCTOTY U3MEHEHUsI BXOHBIX CHUTHAJIOB, IIPU KOTOPOI

IIOCTPOEHHAsI CXeMa, COXpaHsieT PaboTOCIIOCOOHOCTD.
6. ITocrpoiite BOY mHa 6a3e co3JaHHOIO BEHTUJIS COIVIACHO BAPUAHTY 3aIaHUS.
7. Coznaiire cumBoJI 111 mocTpoeHHoro bO9.

8. Ilposesure MojeiMpoBaHe PAOOTHI CXEMbBI U OIIPEJIEIUTE 38IEPKKY PACIIPOCTPAHE-

Hus curHasa depe3 BOD.

9. Ompenenure MAKCUMATBHYIO TaCTOTY W3MEHEHNUsI BXOIHBIX CHTHAJIOB, IIPU KOTOPOI

IIOCTPOEHHAsS CXeMa COXpaHsieT PabOTOCIIOCOOHOCTD.

10. CoctaBbTe oTUeT 1O pe3yJbTaTaM BBIIOJHEHUS 3aJlaHuil 1IepBoil YacTu J1abopaTop-

HO#t paboTHI.



Yacts 2:

1. Omummre Ha Verilog HDL #a BeHTHIIBHOM YPOBHE MOJTY/Ib, PEATU3YIONUiT (DYyHKITHIO

BOY B ykazanHom JiorndeckoMm H6a3uce COrIacHO BAPUAHTY 3a/aHUS.
2. PazpaboraiiTe TecTOBOE OKpYZKEHUE JIJIsI CO3JAHHOTO MOJLYJIS.
3. Ilposeaure MojieupoBanue PabOThl CXEMBbI.

4. CocraBbTe OTYET 110 pe3yJIbTaTaM BBIIOJIHEHUs 3a[aHNil BTOPOil 9acTh J1abopaTop-

HOIT pabOTHI.

TpeboBanus K oT4deTy

Order j1012KeH OBITH 0OOPMIJIEH B COOTBETCTBUN ¢ TPEOOBAHUSIMU, TIPEICTABIEHHBIMI

B [Ipunoxenun A.

OTuet J0JI2KEH BKJIIOYaTb:

1. TurynbHBII JTUCT.
2. e paboThI.
3. 3aJilanne B COOTBETCTBUU C BAPUAHTOM.

4. Oruer o0 BBINOJTHEHNN 3ajaHuil qacTu 1:
— cxema pa3paboTaHHOIO BEHTUJIS;
— CHMBOJI BEHTUJIA 1 CXeMa TE€CTUPOBAaHUA,
— BpeMeHHas JuarpamMMa IIpolecca TeCTUPOBAHUS BEHTUJI;
— pe3yJbTaT U3MEPEeHUs 3aJIePXKKU PACIPOCTPaHEeHUsI CUTHAJIA YePe3 BEHTHIIb;
— MakKCUMaJIbHas JacToTa pabOThl BEHTU/IS;
— cxeMa paspaboranroro 5OD;
— cuMBOJT paspaborannoro bOY u cxema TecTupoBaHUs;
— BpeMeHHas Jmarpamma mporecca TectupoBanns BOI;
— pesyJibTaT U3MEpEeHUs 3a/IeP:KKU paclipocTpaHeHnsi curHajia depe3 BOD;

— MakcuMmaJibHasg dactora paborer BOD.

5. Or4er 0O BBINOJHEHUN 3aIaHUi JacTU 2:
— KoJ1 pa3paboranHoro Moayiasa bOJ;
— KO/ pazpaboTaHHOIO TeCTOBOro okpyxkenns BOD;

— BpeMeHHas JauarpaMmma mpoiecca TectupoBanns BOD.

6. BoiBoswr o pabore.



3agaHus o BapuaHTaM

Ne papmanTa | Jlormyeckmnii 6azuc | BO9

1 NOR Hemynbruriekcop «1 B 4»

2 NAND [Tosublii YeThIpeXpa3psaIHbIil KOMIIAPATOP

3 NOR CxeMa MarKOPHUTAPHOIO KOHTPOJSI C H-TO
BXOJIAMH

4 NAND [Tozurnuonnstit mudparop «8 B 3»

5 NOR [Ipeobpazosares BCD-koma
B JBOMYHBIN KOJI (qucsia ot 0 10 99)

6 NAND [Tosumuonuslit gemmudpaTop «3 B 8

7 NOR YeTbIpexpaspsi/IHblil TBOUYHBINA CYMMATOP €
[IEPEHOCOM

8 NAND [MMudparop Koma I'pes g Tpexpa3psHOTO
JIBOMIHOT'O IHUCTIA

9 NOR Mysnbrutiekcop «4 B 1»

10 NAND Hermmmudparop TpexpaspstaHoro Koga ['pes

10




1.3 OcHoBbl pabothsl B cpene LTspice

1.3.1 O moznemmupoBanum B SPICE

SPICE (Simulation Program with Integrated Circuit Emphasis) — nporpamma jyist mMo-
JIeJINPOBAHUS MTOBEJICHUS NHTETPAJIbHBIX CXeM U CXeM Ha IeYaTHBIX IiaTax. V3HadaabHo
paspaborana B Kaymdopnuuiickom ynusepcurere B Bepkim B nagasie 1970-x rr. B nan-
HelllleM Ha ee OCHOBe OBLIM CO3JIAHBI JIPYTHE MPOTPAMMBI, OJTHON M3 KOTOPBIX SBJISAETCS
LTspice.

HeobxoumocTb Mojie TMpOBaHus BbI3BaHA TE€M, UTO CO3/IaTh JICHIEBbIN TPOTOTHUIT HHTE-
I'PAJIbHON CXeMbI TPAKTUIECKH HEBO3MOKHO — JIJISI 9TOT'O ee Ha 10 (haKTUIeCKN H3TOTOBUTH,
UTO SIBJISIETCs OUeHb 3aTpaTHbiM MeponpuaTuem. SPICE mo3sosisieT mpomoieimpoBath pa-
00Ty CXeMbl B pa3HBIX YCJIOBUSAX U BBIABUTH MIOTEHITUAJILHBIE TTPOOJIEMBI /IO TOTO, KAK OHA
OyJleT U3roTOBJICHA.

SPICE comepkut Mo/1e11 PAa3InIHbIX 9/IEKTPOHHBIX KOMIIOHEHTOB U 9JIEMEHTOB CXEM —
TPaH3UCTOPOB, PE3UCTOPOB, KOHJIEHCATOPOB, HCTOUYHNKOB HAIIPAYKEHN, YCUIATEEH U T.11.
CoeuHsst KOMIIOHEHTBI, MOYKHO ITOCTPOUTH IPOU3BOJILHYIO CXEMY, & 3aT€M IOJIBEPIHYThH
ee aHaJM3y OJHUM W3 TOJJIEPXKUBAEMBIX CIIOCOOOB: IepeaTounas (PyHKIUs, aHAJINU3 110

IIOCTOAHHOMY TOKY, aHAJN3 110 IIEPEMEHHOMY TOKY M JIP.

1.3.2 Orpannvenus objgactu npumenumoctn SPICE

Hecmotpst Ha To, uto SPICE Bo MHOTHX cilydasx MOXKET 3aMEHUTH MPOTOTHITHPOBa-
HUE, YacTO Pe3y/IbTAaThl MOJIECJTMPOBAHUSA MOI'YT OKAa3aTbCs HEJOCTATOIHO TOUHBIMH HJIH
Jlayke COBCeM He COBIaJaTh ¢ paboOToil peasibHON CXeMbl. PeasibHbIE 3JI€KTPOHHBIE KOM-
IMOHEHTHI ABJISIIOTCA CJIOKHBIME YCTPOCTBaAMM, PabOTa KOTOPHIX 3aBUCUT OT MHOYKECTBa,
napaMeTpoB. Pe3ybraTbl MOIEMPOBAHNSA TOYHBI HACTOJIBKO, HACKOJBKO TOYHBI MOJIETN
KOMITOHEHTOB.

Mogenu cxem B SPICE cBOOOHBI OT IIYMOB, ITEPEKPECTHBIX TOMEX, TAPA3UTHBIX €MKO-
cTeil U JIp., €CJIU TOJbKO OHU SIBHO HE BHECEHBI B MOJIE/Ib IIPOEKTHPOBIINKOM. Hampumep,
CUTHAJI CHJION B HECKOJIBKO ITHKOAMIIEP MOXKET KOPPEKTHO ympaBiaTh cxemoil B SPICE-
MOJIeJ U, HO B (pU3MIECKOM Mupe OyjeT MOJIHOCTBIO IOJIaBJIeH IIyMaMU U ITapa3sUTHBIMEI
HEIISIMH.

SPICE-momemmpoBaHmie He MOAXOANUT I UCCAEIOBAHUS M3JIYIAIONINX U IPUHIMAO-
mux cxeM (aHrenH). Jljist 3a/1a4 TAKOTO POJIa UCIIOJIB3YIOTCSI CUCTEMBI, TIOCTPOEHHbIE HAa
YUCJIEHHOM pellieHnn ypaBHenunit MakcseJiia.

SPICE He gBisiercs JIydIImM CpPeJICTBOM JJIsI IIPEJICKA3aHUA OJOMKH KOMIIOHEHTOB.

MoyiesimpoBanue He BBIIACT HUKAKOTO ITPEYITPEXKICHUS B CIydae, €CJIu OyIeT ITPEBBIIEHO
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MaKCUMAJIbHO JIOIYCTUMOE 3HAYEHNe TOKa WJIU HAIPIAXKEHUS JIJIT KAKOTr0-JIN0O0 U3 KOMIIO-
HeHTOB. Hampumep, TpoOeKTUPOBIIMK MOXKET He 3aMeTUTh TOKA B HECKOJIBKO aMIlep Ha
OIHOI M3 Ienell MpH MOJECINPOBAHUM CXEMBI, HO IIOCJIC M3TOTOBJICHUA TaKad CXeMa IIpU

BKJIIOYE€HUU CI'OPUT.

1.3.3 O mporpamme LTspice

Barpysutrs uporpammy LTspice moxuo ¢ caiita komnanuum Analog Devices 1o
ajpecy: https://www.analog.com/en/design-center /design-tools-and-calculators/
ltspice-simulator.html. Ilporpamma sBisiercs Oecriathoit. JlocTymHbI Bepcum 10
Windows u Mac OS, nozx Linux LTspice moxkuo 3amyctuth B Wine. Bepcus jurs Mac OS
UMeeT HEeKOTOpPbIe oTyimdns oT Bepcun it Windows.

LTspice nmeeT BCTPOEHHYIO CIIPABKY C OIICAHHEM OCHOBHBIX IIpHeMOB paboThl. Tak:ke
B MHTEPHETE MOYKHO HalTH MHOXKECTBO yPOKOB U cTaTeil 1o ucnoab3oBanuio LTspice.

B nabopartopubix paboTax Oy/IyT HCIIOIB30BATHLCS MOJIEN TPAH3UCTOPOB JIJIsI TEXIIPO-
riecca 90 HM, TOJIyUeHHBIe 1TyTeM MojeunpoBanusd. [ludpa B Ha3BaHUU TEXHOJIOTMH, KaK
[IPABUJIO, O3HATAET MUHUMAJIHHYIO JIJIMHY KaHAIa TPAH3UCTOpa. Tak Kak yBeIudeHue JIJ1i-
HbI KaHaJ1a TPAH3UCTOPa B IU(PPOBBIX CXeMax He JaeT HUKAKOTO TOJIOKUTETHHOI0 3 dek-
Ta, BCE TPAH3UCTOPHI B PAMKAX BBIITOJTHAEMbIX PA00T Oy/IyT UMETh JJINHY KaHaJIa, PABHYIO
90 M. MunuMmabHas JOMyCTUMAs MIMPUHA KaHaJa OOBITHO B JiBa pas3a O0JIbIle MUHU-
MaJIBHOM JIOMyCTUMOM JIJIMHBI, T.e. Jjid Texmporiecca 90 HM MUHUMAJIbHAS IMUPUHA KaHAIA,
paBHa 180 HM. YBejm4ueHue MUPUHBI KAHAJIA YBEJIUIUBAET €ro IMPOBOJUMOCTH U €MKOCTH

MeKAYy 3aTBOPOM 1 KaHaJIOM.

1.3.4 Co3gaHne MHBEpTOPa M MOAEJINPOBAHNE €TI0 PaboThI

PaccmoTrpum ocnoBuble nipuniiuiibl paboTst B cpefe LTspice u mosnakomumes ¢ KMOTI-

CXEMOTEXHUKOI Ha TpUMepe MPOCTeHInero mudpoBoro BeHTUIA — WHBEPTOPA.

IloaroroBka k padore

Coznaiite pabounii KaTaJor jisi coXpaHeHHs (ailjloB mpoekTa. 3arpys3ure daiir
90nm_ bulk.txt ¢ mapamerpaMu TpaH3UCTOPOB (IPEIOCTABIISIETCS MIPEIOABATEIEM) U CO-
XpaHUTE ero B CBoeM paboueM KaTajiore. B sTom ke KaTasiore cjaeayer COXpaHsSTb CO3/1a-
BaeMble cxeMbl (daitabr *.asc, *.asy).

Bamycture nporpammy LTspice. OkHO mporpamMmbr mpejcraBieHo na pucynke 1.1.

B mento Tools — Color Preferences Mo:KHO HaCTPOUTD IIBETa, B KOTOPHIX M300parka-
1oTcs pabodee mosie u cxema. Heobxommo BeIOUPAThH CBET/IbI (DOH U TEeMHBIE JIMHUU TTPU

II0IOTOBKE MJUIIOCTPAIAl K OTYeTYy.
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i LTspice IV - [Draft2.asc] = =
‘l: Eile Edit Hierarchy View Simulate | Tools Window Help - (& %
@g|n| i Copy bitmap to Clipboard F |E%E| 3 B M|a§|i$@$
— . Write to a .wmif file

L '? Control Panel

M2 Color Preferences
o B Sync Release
Export Netlist

Change Waveform and Schematic Colors

Pucynok 1.1 — Okno nporpammbr LTspice

Bxtounts orobpazkenue cerku B pabodeM Iojie MOXKHO ¢ mnomoribio View — Show

Grid.

COBﬂaHI/Ie n CUMYJIAIUA CXeMbI

Cozmaiire HoByto cxemy (File — New Schematic) u coxpanute ee daiisi B cBoeM pabo-
gyeM Karajore (File — Save As...). Jlobasbre Kk cxeme SPICE-mupekTuBy, M0 IK/II0YAIONLY 0
napamerpsl Tpar3uctopos (Edit — SPICE Directive, pucynox 1.2). IlomauTe, 9T0 TUpEK-

tuBbl SPICE maumnarorcst ¢ Toukn. Pasmecrure nupektuBy Ha cxeme (puCyHOK 1.3).

ir Edit Text on the Schematic:
How to netlist this best Jusztification Font Size
() Comment Left v 1.5(default]
— L Cancel
(®) SPICE directive [ Wertical Test

inchude 30nm_bulk. b

Type Chl- ta start a new line.

Pucynok 1.2 — OkHO BBOJA JUPEKTUBBI

include 90nm_bulk.txt
Pucynok 1.3 — /lupekTuBa, BcTaBIeHHAS B CXEMY

Ha pucynke 1.4 nmokasana cxema TeCTUPOBAHUSA WHBEPTOPA — IIPOCTEHIero nmudpoBoro
sertuiist. Cxema Briodaer: KMOII-unseprop u3 asyx tpamsucropos (PMOS u NMOS),
nCcTOIHUK nuTanus nasepropa (VDD1), nctounuk TecToBOro BxogHoro Hampsizkenus (V1)
u Harpy3ky Bbixoga nasepropa (R1 u C1). Harpyska HeoOxouMa, 9T00BI MOJETNPOBATE

peaJIbHYIO CUTYallliO, KOT'/la BbIXO/ MHBEPTOPa YIIpaBJId€T APDYTUMU BEHTUJIAMU.
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[Tocrpoiite cxemy. [Ls 3Toro m00aBbTe Ha CXeMy TPAH3UCTOPHI pmosd 1 nmosd, KOM-
HOHEeHTHI voltage, res, cap (FEdit — Component) u 3emuto (Edit — Place GND). Copuesn-
Tupyiite s/eMeHThl HyKHbIM o6pasoM (Fdit — Rotate w Edit — Mirror), a 3arem coejn-
uure nipoojamu (Edit — Draw Wire). [IpoBojam MOXKHO IpUCBanBaTHL UMEHA C TIOMOIIBIO
Edit — Label Net (Tonpko BBecTH uMsi, TUI opTa octaBuTh None). Ecju npucsonts 1Bym
IIPOBOJIAM B Pa3HBIX MECTAX CXEMbI OJIMHAKOBOE UMs, 3TO Oy/IeT IKBUBAJEHTHO UX COE/IU-
Hennio. Ha cxeme TecTupoBaHusi MHBEPTOpPA TaKUM 00pa30M COEJMHEHBI BCe (pparMeHThbI

npoBosa ¢ umeneM VDD.

.include 90nm_bulk.txt 8
s Z S s Z s = .
— PMOS 1=90n w=400n

N L L
}_ . .
M1

1: RSO RN Lt

“PULSE(0 1'1n 10p 10p 2n 4n) —— ,;[NMOS 1=90n w=200h"
Y ¥ 7~ IR A
~

Pucynok 1.4 — Cxema TecTHpOBaHMS NWHBEPTOPA

OrpemakTupyiiTe mapaMeTpbl KOMIIOHEHTOB B COOTBETCTBUU CO CXEMOIl Ha puUcyHKe 1.4.
st pelak THpOBaHUs TapaMeTPOB HEOOXOIUMO IMIEJIKHYTh HA KOMIIOHEHTE TTPaBOil KHOII-
KOH MBIIIIH.

[t TpaH3ucTOpOB HEOOXOAUMO BBECTH JITMHY U mmpuHy (1 m w) kaHaja B HAHOMET-
pax. 3amerbTre, uTo mupnna kanajga PMOS-rpan3uctopa B jiBa pa3a 60JIbIIe, 9eM IMUpUHA,
kanaga NMOS-rpanzucropa. 9T0 CBI3aHO C TEM, UYTO MOOMIBHOCTD JIBIPOK IMPUMEPHO B
JIBa pasa HUKe MOOMIBLHOCTH 3JIeKTPOHOB. CJ1e/I0BATEILHO, YTOOBI 00ECIIEYUTh OJIMHAKO-
BYIO IIPOBOJINMOCTD KaHaJ 0B, mupuany PMOS-kanasia Hy2KHO ¢J1e/1aTh B JIBa pa3a 00JIbIIIe.
Y100Bl BBIBECTH MApaMeTPhl TPAH3UCTOPA PSIJIOM ¢ KOMIOHEHTOM (Kak Ha pucyHke 1.4),
HEOOXO/IMMO HACTPOUTD BUJIMMOCTH TTAPAMETPOB KOMIIOHEHTA: TIPH 3axKkaToil Kirasurie Ctrl
MIEJIKHYTh [IPAaBO#l KHOIKOM MBIIIM HA KOMIIOHEHTE ¥ OTMETUTH crosber; Visible s moms
Value?.

g ucrounnka nutanus nasepropa VDD1 3ajaiiTe mocrossHuoe 3HadeHue HaIpsizKe-
uug 1 B. Jlg ucrounmnka nanpskerns V1 3a1aiite mapaMeTpbl, Kak MOKA3aHO HA PUCYH-

ke 1.5 (7151 9T0TO B OKHE ITApaMeTpoB HEOOXOAUMO HaxKaTh KHONKY Advanced). Vctounnk
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V1 renepupyer HpsMOYTOJibHbIE UMITYJIbCHI (depemoBanne «0» u «l»), KOTOpbIE OyIyT
[IOJIAHBI HA BXOJ[ MHBEPTOPA /I €r0 TeCTUPOBAHUSA. 3aMEeThTe, ITO OYKBBI TOCTE TUCETT
0603HAYAIOT TPUCTABKHM KPATHBIX U JOJIbHBIX BesimauH B cucteme CU (k — kwmio-, n —
HAHO-, p — HKO-, f — bemToO- U T.11.).

iF Independent Voltage Source - V1

Functions DC Walus
) [nane)

PULSEM1 %2 Tdelay Trize Tfall Ton Period Noycles)
() SINE[Woffeet ¥ amp Freq Td Theta Phi Noycles)

Fake this information visible on schematic: |+

(D EXPT W2 Td1 Tauwl Td2 Tau2] Small signal AC analysis[.AC)

() SFFM[off W amp Foar WD Fsig) AT Amplitude:

CIPwLI w1 1242 AL Phase:

) PWLFILE: Bromss take thig information visible an schematic:

Parasitic Properties

Vinitialv]: [0 Series Resistance[0]:
Waon[v]: |1

Tdelay[z]: | 1n
Trize[z]: | 10p
Ttalllz]: | 10p
Ton[z]:  2n

Tpenod[z]: | 4n

Meycles:

Parallel CapacitancelF ]

Make this information visible on schematic:

additional PwL Points
take this information visible on schematic: Cancel

Pucynok 1.5 — OkHO HACTPOEK MCTOYHUKA HAIIPSIZKEHHST

obaBbre Ha cxeMmy HACTPOWKHM aHaaW3a ImepexojHoro mporecca (Edit — SPICE
Analysis) ¢ mapamerpamn, KaK MoKasaHo Ha pucyske 1.6. Hactpoiikn 3aaor Bpemsi Mo-

JAeJIMPpOBaHU A 8 HC U 1mIar MO/I€JINPOBaHUA 1 nc.

ir Edit Simulation Command

Tramzient | AT Analpsiz | DC sweep | Moise | DC Transfer | DC op prt

Perform a non-linear, time-domain simulation.

Stop Time: | 8n

Tirme to Start Saving Data: |0

aximumn Timestep: | 1p

Start external DG supply voltages at Oy []

Stop simulating if steady state iz detected: [

Dion't reset T=0 when steady state iz detected:
Step the load current source: [

Skip Iritial operating paint solution; ]

Sentax: tran <Tprnt> <Tstops [<Tstarty [<Tmaxstep: ]| [<options [<option:]...]

dran 08n01p

Pucynok 1.6 — OkHO HACTPOEK MPOIEYPhl AHAIU3a TIEPEXOHOTO MIPOIecca
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Bamycrure cumyssnuio (Simulate — Run). [osgBurcss OKHO Jijisi BBIBOJIA BPEMEHHBIX

guarpamM. HaBejmre Kypcop MBIIIK Ha TTPOBO/L M€/l MHBEPTOPOM; KypCOp IIPUMET BU/T

nyna ocrmyiorpada. [leakanre HA TTPOBOJIE, YTOOBI JO0ABUTH BPEMEHHYIO JUATPAMMY

BXOZIHOT'O HalIPA2KEHN A MHBEPTOPa Ha I‘pa(bI/IK. AnaJsiornano ,ZLO6&BI)T€ AuarpaMMy BbIXO/I-

HOrO HampsiKenusi. ['pacduk jgo/KeH uMeTh BuI, Kak Ha pucynke 1.7. BeixojHoe nampsi-

JKeHUe MHBEPTOPA MIPOTUBOIIOJIOZKHO BXOTHOMY, & 3HAYUT, UHBEPTOP paboTaeT KOPPEKTHO.

1.0V

V(n001)

V(n002)

0.9V
0.8V
0.7V
0.6V
0.5V
0.4V
0.3V
0.2V
0.1V
0.0v

0.1V

T T T T T T T T T
0.0ns 0.8ns 1.6ns 2.4ns 3.2ns 4.0ns 4.8ns 56ns 6.4ns 7.2ns 8.0ns

Pucynok 1.7 — PesynbraTbl MOJIe/IMPOBaHUS 1IEPEXOHOTO IIPOIecca B MHBEPTOPE

1.3.5 Co3gaHane nepapXudecKmnx 3J1eMeHTOB

st pazpaborku 6oJiee CJI0KHBIX CXeM YJI00HO Oy/IeT UMeTh IOTOBBII HHBEPTOP B OUO-

JINOTEKE 1 BCTABJIATH €I'0O B HOBbLIC CXEMDbI KaK I/IepapXI/I‘{eCKI/II'?'I SJIECMEHT.

st cosmanns GubsmoredHoro siementa Tpebyercs coszgarh cxemy (File — New

Schematic) u cumout (File — New Symbol) ¢ omuHAKOBBIME UMEHAMHE, HAIIPUMED, inverter.

[TocrpoiiTe cxemy mHBEpPTOpaA, KaK MOKa3aHO Ha pucyHke 1.8.

VIN

N

(a]
Q
>

PMOS

T%

NM

Gt

M2

os
M1

Pucynok 1.8 — Cxema umuaBepTOpA



Ha cxemy momerrienbl mMeHOBaHHBIE TIOPTHI BBOJIA U BBIBOJIa ¢ TIoMoIbio Fdit — Label
Net u BbIOOpa THIIA TIOPTA.

Teneps npucTynmM K co3nannio cuMBosta saementa (File — New Symbol). B kauectse
CUMBOJIOB 3JIEMEHTOB CJIEJIyeT HUCIIOIH30BAThH OOIIENPUHATHIE 0003HAUEHUS SJIEMEHTOB I10
crauygaptam ['OCT, TEC unmu ANSI. Hapucyiite ANSI-cumBosr naBepTOpa, Kak mOKa3aHo
Ha pucyHke 1.9. Jlyisg pucoBaHust UCHOIB3YHTEe KOMaH bl 13 MeHio Draw. [lobaBbTe B cuM-
Bos1 opthl (Edit — Add Pin/Port) ¢ TakuMu ke Ha3BaHUSAMIE, KaK U B CXeMe JIeMeHTa.
[l1st mopra BeIOEpUTE, HAJIO JIU OTOOPAXKATH Ha3BaHUE, U €CJIH JIa, TO C KAKOH CTOPOHBI OT

Hero Oy/IeT 0ToOparkaThbCsl TOYKA JIEKTPUIECKOTO COETUMHEHMS.

Pucynok 1.9 — CumBoJ nuapepropa

Tereps nHBEPTOP MOXKHO BCTABJISITH B HOBBIE CXeMbI KaK OMO/IMOTeIHbIi d1eMeHT. [1o-
CTpOIiTe cXeMy TeCTUPOBaHUS MHBEPTOPA € MPUMEHEHHEM UePAapXUIECKOro CUMBOJIA (pH-
cynok 1.10). IIpomogenupyiite cxemy. PesyabraTsl JOKHBI COBIACTH C PE3YIBTATAMI

MOJIEJIMPOBAHUS PEIAbIIYIIENH CXEMBI.

.include 90nm_bulk.txt
tran08&n 0 1p '

V1 VIN

1.

P

R1 . ! o
100k 100f

© T SIZE=1

'PULSE(0 1 1n 10p 10p 2n 4n)
Q-
~_VDD1

Pucynok 1.10 — Cxema TecTHpOBaHUSI WHBEPTOPA C UCIOJIB30BaAaHUEM Pa3pabOTaAHHOIO
CUMBOJIA

Hactpoum orobpazkenue curuajioB Ha pa3HbIX KOOpUHATHBIX ceTKax. [Ilenknure mpa-
BOIl KHOIIKOI MBI Ha OKHEe BPEMEHHOI jJuarpamMMmbl U Bbibepure myHKT Add plot pane

(pucynok 1.11). Ha amarpamme mosiBUTCs IIyCTOe TI0JIe, Ha KOTOPOE HEOOXOIMMO IIepe-
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TalUTh OJUH W3 JIBYyX CUTHAJIOB. 719 3TOro, MEJKHYB 110 OKHY ITPaBOil KHOIKOW, HAJI0
BhIOpaTh M3 KOHTEKCTHOTO MeHIO NIyHKT Fdit — Move u BbIIEINTb KypCOPOM B OKHE
JIIarpaMMbl IPSIMOYTOJILHYIO 00JIaCTh, BKJIIOYAOILYIO0 Ha3BaHe TpebyeMoro curnasa (Ha-
npunmep, «V(n001)»). TTocsie Toro kak ob1acTh OyeT BblIeJIEHA, HA3BAHUE CUTHAJIA CTAHET
nepeMenarbca BMecre ¢ Kypcopom. IlegkHuTe 1o mycToit 0061acTH JuarpaMMbl, ITOOBI
JI00aBUTH B Hee BbIOpaHHbI curnaJl. s yanenus curaasia HeoOXoIMMO BBIOPATH U3 KOH-
TEKCTHOT'O MeHIO HHCTPYMeHT Fdit — Delete, a 3aTeM METKHYThH 110 HA3BAHUAM HEHY KHBIX
CUT'HAJIOB WJIN BBIJIEJIUTH UX. B pe3yibrare JI0/2KHA MOJYUIUTHCS UArPAMMA, TTOKa3aHHAd
Ha pucynke 1.12. Bosiee 1mogpobHO 00 yIipaB/ieHUU BPEMEHHBIMU JIMarpaMMaMi MOYKHO

y3uaTh B crpaske LTspice.

27 inverter_testl.raw EI@
1.0V V(n001) V(n002)
0.9V-| P
0.8V .
0.7V E‘ Zoom to Fit
0.6V~ L@ Autorange Y-axis
0.5V View v
0.4v— e
0.3v- 19‘,_;( Add Traces
0.1V
0.0V | Delete this Pane
0.1V T T T T |7 Sync. Horiz. Axes T
0.0ns 0.8ns 1.6ns 2.4ns 3.2 7.2ns 8.0ns
Draw L4

Pucynok 1.11 — /lobaBjienue JOMOJTHATEILHON 00IACTH HA BPEMEHHYIO JIMarpamMMy

LoV V(n001)

0.8V
0.6V
0.4V
0.2V
0.0v

1.0V

V(n002)

0.5V

0.1V T T T T T T T T T
0.0ns 0.8ns 1.6ns 24ns 3.2ns 4.0ns 4.8ns 56ns 6.4ns 7.2ns 8.0ns

Pucynok 1.12 — Bpemennas jmarpaMma ¢ pa3HbIMU 00JIACTIMU JIJIst OTOOPAXKeHUs
CUT'HAJIOB

OTrpenaxkTupyiite mapamMeTpbl HHBepTOpa. I 9TOTO MIEJKHUTE 110 CUMBOJIY IIpaBOii
KHOIKOM Mbiin 1 B crpoke PARAMS Bemure «T SIZE=4». Ilpomonenmupyiite cxemy
emie pa3. Jn1mrenbHOCTh MEPEXOIHBIX IPOIECCOB IIPH MEPEKJIIOUEHNN HHBEPTOPA JTOJIKHA,

YMEHBIIUTLCAA.
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1.4 OcnoBbl pabotThl B cpeae Vivado Design Suite

B namHoM pazjiesie ONUCAHbI IPUHIUIIBEI PAOOTHI B CHUCTEME aBTOMATH3MPOBAHHOIO
npoextupoBanust (CAIIP) Vivado Design Suite (mamee Vivado) dupmer Xilinx. Bepcust
WebPACK apisiercss GecriiaTHON U JAOCTYIIHA JIUTsT CKAYWBaHUS ¢ OPUIINATIBLHOTO cafita
Xilinx (https://www.xilinx.com/).

Vivado nipesinasnadena Jijist TPOEKTUPOBAHUS IIPOIPAMMHOI0 0OeCIIeYeHIsT MIKPOCXEM
nporpammupyemoit joruku (ILJIVC) dupmer Xilink. B pasmese onncan npumep mpoekTu-
posanus B Vivado Bepcun 2017.4. OuncasHHble PEKOMEHIAINN TaKyKe TPUMEHUMBI 1 JIJIsI
OoJlee paHHUX U TO3JHUX BEPCUil C y4eTOM HeOOJIBIINX PAa3J/Inddii BEPCUl B dJIeMEHTax

10JIb30BaTE/ILCKOTO UHTEeP(deiica.

1.4.1 Cxema cymmaTopa

YT100bI 03HAKOMUTHCS C IPUHIIAIIAMEI IIPOEKTUPOBaHus I PoBbIX cxeM B Vivado, pas-
OepeM IIpuUMep IMOCTPOEHUsT CXEMbI HEIIOJIHOI'O OJIHOPA3PSTHOr0 cymMMaTopa. labJymia uc-

TUHHOCTU PACCMaTPUBAEMOIl CXeMbl CyMMaTOpa IipejicTaBjieHa B Tadsmie 1.1.

Tabnuma 1.1 — Tabauna UCTUHHOCTHA HEMIOJTHOTO OJTHOPA3PSIHOIO CyMMaTOpa

[Toctpoum mannyio cxemy B 6a3uce -HE. /g 3Toro cnadasia 3amnuieM COBEPIIEHHYIO

JIN3bIOHKTUBHYIO HOpMaJibHyo dhopmy (CIH®) dbyrkimu cymmaropa:

a+b=a-bVa-b. (1.1)

Bosbmem jBoitnoe orpuiianue u npeodbpazyem CJIH® 1o npasuiam jge Moprana:

a-bVa-b=a-b-a-b (1.2)

Q|

B wrore ;s BBIIOJHEHUS] CyMMUPOBAHUS JBYX OJHOPA3PSIHBIX YUCE]T HAM TTOHAJIO-
ourca 5 nByxBxoj0BbIX demMenToB VI-HE. Cxema cymmaropa na I-HE npesncrasiena na

pucyske 1.13.
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Pucynok 1.13 — Cxema cymmaropa B 6asuce 1I-HE

1.4.2 Omnucanme cxeMbl CcyMMaTOpa Ha BEHTHUJIBHOM YPOBHE C WC-

nmoJib3oBanuem si3bika Verilog HDL

Paccmorpum tipumep ornmcanus cxembl, n300pakeHHO# Ha pucynke 1.13, Ha g3bIKe
Verilog HDL, a tak:ke mpumMep omucaHus TECTOBOTO OKPYZKEHUs JIJIsT 9TON CXEMBbI.

B nannom pazjiesie Mbl OyJieM OIKCBIBATH CXeMY Ha BEHTHJILHOM YPOBHE, TO €CTb HC-
MOJIb3yS TOJILKO NPUMUTHBLI BenTusei, jocrynubie B Verilog HDL.

Jlamm BceM JIMHUSAM CXeMbl 0003HAYEHUsI, KOTOPBIE 3aTeM Oy/IeM UCIOIb30BaTh B TEK-

CTOBOM OIIMCaHMMN CXEMDbI. AHHOTI/IpOBaHHaH CXEMa IIpEICTaB/IEHa Ha PUCYHKE 1.14.

a

not_a v

not b

Pucynok 1.14 — AunorupoBannas cxema cymmaropa B bazuce VI-HE

[TonHOE OnIMCanMe MOJTYJIst, peaau3yomiero (pyHKImoHaIbHOCTb cxembl Ha Verilog HDL,
pejicTaBjieHo B jyuctunre 1.1.

Moynb aBisiercs 6azoBoit enunauteit cxembl B Verilog HDL. Bea joruka u ctpykrypa
CXEMBI OMUCHIBAIOTCA BHYTPHU MOy Ieit. Moy MOryT BXOJUTH B COCTAB JIPYTUX MOJLYJIE,
obpazys IpHU 3TOM UEPAPXUIECKYI0 CTPYKTYpY IejieBoro ycrpoiicrsa. Momgyau B Verilog
obpamisitoTces KJroueBbiMu ciioBamMu module n endmodule B Havajie 1 KOHIlE COOTBET-
CTBEHHO. PekoMeH 1yeTcd OnuchbIBaTh KazKJIbIii MOJIYJIb B BUJIE OTJCIBHOIO (aiijia, XOTsd

9TO He ABJIAETCS 00A3aTeILHBIM.
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Jluctunr 1.1 — Onucanne moysts cymmaropa na Verilog HDL

‘timescale 1ns / 1ps

module adder (

input a,
input b,
output c

wire not _a, not b, yl, y2;

nand(not_a, a, a);
nand(not b, b, b);

nand(yl, not_a, b);
nand(y2, a, not b);

nand(c, yl, y2);

endmodule

B camom HauaJse ncxoaHOToO KojIa paciojaraercs upekTusa timescale, koTopas 3a1a-
er mar (1ns) u Tounocts (1ps) NpoJBUKEHNS MOJIETTHHOIO BpeMeHn. JlaHHast IUpeKTHBa He
sIBJISIETCsI 00sI3aTe/IbHOI, 1, UTOOBI OHa paboTasia, HeoOOXOIUMO, YTOOBI OHA ObLiIa OJIMHAKO-
Ba BO Bcex paitnax npoekTta. [Ipu sTroM manHas HACTpOiika MOYXKET OBITH IIepeolpeiesieHa
B HACTPOUKaX CUMYJIATOPA.

[Tocie kmogeBoro cioBa module 3anuckiBaeTcs YHUKAJIbHOE UM MOy . B Harmem
caydae nms Moy — adder. [lajee nier onpeiesieHne MopToB ¢ yKa3aHueM HallpaBICHUS
nepeadn JaHHBIX: BXOnHO# (input) mim BbixogHOi (output) mopr.

[To ymosrganuio TUII TIepeMEHHOI 1TopTa, ecji OH He yKas3aH, 3ajaercs Kak wire. B
Verilog Tak:ke CymecTByeT emé OJWH CHHTE3UPYEMBbII THII TepeMeHHBIX W TOPTOB — 3TO
reg. Korma ropopurcs, 4To JaHHas KOHCTPYKIMS SI3bIK& CUHTE3UPyeMa, TO IoJpa3yMeBa-
eTCsI, 9TO BCE, UTO OIMUCAHO C MIOMOIIBIO TAKUX KOHCTPYKIIHi, MOYXKET ObITh TPAHCIUPOBAHO
B KOHKPETHYIO g poByio cxemy. Hecuuresnpyemoe moiMHOKECTBO SI3bIKA UCIIOIB3YETCS
TOJIBKO JIJIT MOJIE/TMPOBAHNS, HAIIPUMED, 3a/[aHNsT BXOIHBIX U aHAJIN3a BBIXOIHBIX 3HAUE-
HUil, ¥ He MOKeT ObITh TPAHCIUPOBAHO B 3JIEMEHTHI ITU(POBOI CXEMBI.

[Iepemennbie wire HUCIHOJIB3YIOTCs JIjIsE ONMUCAHUS TOJBKO KOMOWHAIIMOHHON JIOTUKHU

(cxem 6e3 mamsarn). [lepemennble reg MOryT GbITH HCIIOIB30BAHBI s OIIMCAHUS KAK KOM-
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OUHAIIMOHHOM, TaK U MOCJIeJI0BATEIbHOCTHOM JIoruKu (cxeM ¢ mamsaTbio). [Tpu srom Tun
reg MOXKeT ObITh TOJIBKO Y BBIXOJHBIX ITOPTOB.

B pazbupaeMoM mipumMepe Mbl UCIIOJIB3YEM TOJBKO 3JIEMEHTHI KOMOMHAIMOHHOM JIOTUKH,
[IO9TOMY MOKHO OIPaHUYINUTBHCS UCIIOJIb30BaHueM Tuiia wire. B jmmctunre 1.1 onpegesieHbr
Jmaun not_a, not_b, y1, y2 B coorBercTBUM ¢ pucynkom 1.14.

Hanee ciemyer onucanme nabopa Bentuseit VI-HE nand. B Verilog noctynubr i
UCIIOJIb30BaHUs U JIpyIue BEHTW/IM, Takue Kak nor, or, and, not u xor. Ilpu onucanmm
BEHTUJIEH TIEPBBII apryMeHT 3a/aeT CBsI3b BBIXOIHOI'O 3HAUEHU C JIOKAJIBLHON IIepeMeHHOi,
OCTaJIbHBIE apI'yMEHTBI — 3TO BXOJHbIE 3HAYEHUSI.

[Ipu onmcanum BeHTMJIEH MOPSIOK MX 3aJaHs He mMeeT 3HadeHus. Creayer MOHM-
MaTh, YTO IIPU TaKOM OINUCAHUU OIHUCHIBACTCH CTPYKTYPa B3aUMOCBA3€H KOMIIOHEHTOB, a
HE TI0CJIE/IOBATEIbHOCTD JIEHCTBHIA.

[Toce Toro, Kak MOIY/Ib CyMMaTOpa T'OTOB, HEOOXOIMMO YIOCTOBEPUTHCA B €ro pa-
b6orocnocobHocTr. /s mnmpoBepkr pabOTOCIIOCOOHOCTU CO3/IaeTCsl CIEeIUaIbHbIN MOJLY/Ib
TECTOBOTO OKPYXKEHUs, B KOTOPOM OIUCHIBAETCs IOC/IEI0BATEIbHOCTh U3MEHEHUsT BXO/I-
HBIX U aHAJN3 BBIXOJHBIX 3HaYeHUil Harrero Mojay/s. Omucanue TEeCTOBOIO OKPYKEHUS
CyMMaTOpa MpeICTaBIeHO B JUCTUHTE 1.2.

Mo1ystb TECTOBOTO OKpYzKeHHUsI HE B3aUMOJEHCTBYET ¢ BHEITHUM MHPOM, ITIO9TOMY He
MMeeT MOPTOB BBOJA/BBIBOJA. B MepBOil 4acTu MO/ OMMCAHO IMOJKJIIOYEHNe pa3pa-
O0TaHHOTO MOJLyJId CYMMAaTOPa U OIPEJIE/IeHO MOJKI0UeHne ero mopToB. [lopThl MOKHO
MOJIKJ/IIOYATH IIPOCTHIM IIEePEUNCIEHIEM, 8 MOXKHO C BHBIM yKa3aHHEM HMEH IIOPTOB, KakK
U CIe/IaHO B IPUBEIEHHOM JIMCTHUHIEe. BTOpOoil BapmaHT MOAK/IIOUEHUS SIBJIAETCA 0OJIee
0e30IIaCHBIM, TaK KaK M3MEHEHHe IOPsJIKa CJIeJI0BAHUs ITOPTOB B MOJLyJIe CyMMaToOpa He
HPUBEJIET K OIMMUOKE B COEJIMHEHUH IIOPTOB B TECTOBOM OKPY KEHHHU.

[Iepemennble, 3aaroIue BXOIHbIE 3HAYEHHUSI, UMEIOT THII reg, Tak KakK Mbl JIOJ>KHbI
IMETh BO3MOXKHOCTH YJIEP:KMBATH TECTOBBIE 3HAUEHMUS HA BXOIAX MOIYJIA, 9TOOBI IIPO-
AHAJIM3UPOBATH €r0 BBIXOJ. YCJIOBHO MOXKHO CYHMTATbh, YTO BXOJHbIE MOPTHI CyMMAaTOpa
HOJIK/TIOYUAIOTCS K PerucTpaM, 3HaUeHusT KOTOPBIX Mbl OYJeM MEHSTh B IIPOIECCEe MOJIE/IN-
poBanus. [lepemennasi, K KOTOPOI TOIKIFOYAETCA BBIXOIHOM OPT MOJLYJIsA, MOXKET UMETh
TOJIKO TUII Wire.

[TocieoBaTE/IBHOCTD U3MEHEHUS BXOHBIX 3HAYCHUI 3aJ1a€TCs B MIPOIEyPHOM OJIOKE
initial. On BbI3BIBaETCS B caMOM HadaJie MPOIEcca MOJIECTUPOBAHNS U ITOCJIE BBIIIOJHEHUS
BCEX JIeiCTBUII TIOBTOPHO He BBINOJIHsIETCsI. Kcmm ornpeiesieHo HeckoIbKo 0J10KoB initial,
TO UX BBIIOJHEHHE HAUMHAETCS OJITHOBPEMEHHO U UJIET MapaJslIebHO, I HEBO3MOXKHO IIPE/I-
CKa3aTh TOYHYIO MTOCJICI0BATEIbHOCTD JACHCTBUN, TPUBA3AHHBIX K OJIHOMY U TOMY K€ MO-

MEHTY BPpEMECHU.
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Jluctunr 1.2 — Onucanne Moy it TECTOBOTO OKpy2KeHusi cymmaropa Ha Verilog HDL

‘timescale 1ns / 1ps

module adder tb;

reg a_in, b_in;

wire c_out;

adder adder 1(

integer i;
reg [1:0] test val;

reg expected val;

initial begin
for (i = 0; i < 4; i = i+1) begin
test val = i;
a_in = test val|0];

b in = test val[l];

expected val = “test val;
410
if (c_out — expected val) begin

$display ("The_adder_output_is_correct !!! _a in=%b,
b in=%b_c_out_=%b", a_in, b_in, c_out);
end else begin
$display ("The_adder_output_is_wrong!!!_a in="%b,_
b _in=%b_c_out_=_%b,_expected _%b", a_in, b_in,
c_out, expected val);
end
end
#10 $stop;
end

endmodule
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Ecmu nporneaypublit 610k initial ommchkiBaeT BbIIOJTHEHNE ITOCIEI0BATE/IHLHOCTH JIEii-
CTBUIA, TO 3Ta MOC/IEI0BATEILHOCTD JOJI2KHA OBITH OOpaMJIeHa KJII0UYEeBbIMU cJI0BaMu begin
n end. DTO BEPHO I BCEX MTPOTIETYPHBIX OJIOKOB.

[IpoBuKeHE MOJIEIBHOTO BPEMEHH OCYIIECTB/ISETCS C IMOMOIIBIO sIBHONO YKa3aHUs
3aJIEPKEK, IpeiBapseMbIX cuMBoioM #. [lo ymomdanuio 3ajepKKi yKa3bIBaIOTCS B Ha-
HOCEKYHJIaX (HC). DTO MOXKeT ObITh [IEPEOIpe/IeJIeHO ¢ TIOMOIIBIO AUPEKTHBHI timescale
WA C TIOMOIIBIO HACTPOEK CUMYJISATOPA.

B smuctunre 1.2 B Tese 6710Ka for 3ajaercs mocseoBaTeIbHOCTh U3MEHEHUsT BXOIHBIX
3HAYEHUN U ITPOU3BOJIUTCH aHAJN3 BBIXOJHBIX. Pe3ysbrar aHa/n3a BBIXOJIHBIX 3HAYEHU
[Ie9aTaeTC B KOHCOJIb CUMYJIATOPa ¢ IIOMONIBLI0 BeTpoennoit dynknnn $display. Berpo-
ennble pynknun B Verilog npenpapsiorea cumposom gosutapa $. B konne 6s0ka initial

BbISbIBACTCA CbYHKLLI/IH $St0p, KOTOpasd OCTaHaBJIMBACT MOAECJINPOBaHUE.

1.4.3 Cozmanne npoekTa B Vivado Design Suite

Cozmaaum B Vivado mpoekT st cXeMbl CyMMaTOpa, OIMUCAHHON B IPEJIbLIYIINX pPa3-
nenax. s samycka Vivado HAXoanM COOTBETCTBYIOINIHMIA 3HAYOK Ha pabodeM crose (pu-

cyrok 1.15) u mieskaem jBa pasa.

&

-

Vivado

Pucynok 1.15 — lkonka mporpammaoro komiuiekca Vivado

B orkpbiBiiemcst oKpyzkenun seibupaem File — New Project (pucynok 1.16). B or-
KpbIBIeMcst okHe HaxkuMaeMm Nezt (pucynok 1.17). 3ajaeM uMsi IPOEKTa U HAYKIMAEM
Next (pucynok 1.18). Beibupaem RTL Project u naxxumaem Next (pucynox 1.19).

B kadecTBe MHKPOCXEMBI MPOTPAMMEUPYEMOIl JIOTUKH, I10JI KOTOPYIO OyJIeT BECTUCH
paspaborka ycrpoiictsa, Bbibupaem XCT7A100TCSG324-1 u maxumaem Next (pucy-
Hok 1.20). /lamnas mukpocxema ycraHoBjeHa B oriaajgodnoil miare Nexys A7 (https:
/ /store.digilentinc.com /nexys-a7-fpga-trainer-board-recommended-for-ece-curriculum/),
KoTOpas Oy/ieT B JaIbHENIeM UCIIOIb30BaThCA B paboTax.

B nocrieqaemM auasioroBoM OKHe HaxKuMaeM KHOIKY Finish (pucynok 1.21). ITocie

CO3JIaHUs IIPOEKTa OTKPOeTCsl OKPYzKeHue, IOKa3aHHOe Ha pucyHke 1.22.
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File  Flow Tools Window Help

Hew Project...
Qpen Project...
Open Recent Project k

Open Example Project...

Open Checkpoint...

Mew IP Location...

Open IP Location...

Pucynok 1.16 — IIynkT MeHto co3jianusg HOBOI'O IIPOEKTa,

L8 New Project =

V|VADO’ Create a New Vivado Project

HLy Editians This wizard will guide you through the creation of a new project.
To create a Vivado project youwill naed to provide a name and a location for your project

files, Next, you will specify the typa of flow you'll be working with. Finally. you will spacify your
projerct sources and choose a default part.

& XILINX

MERAMMABLE

s
2) ~ Bach Cancal

Pucynok 1.17 — /ImaioroBoe 0KHO CO3/IaHUS HOBOTO MPOEKTA
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N New Project

Project Name

Enter & name foryour project and specify & directery whers the project data files will be stored. ’
Project nama: |iab1| |
Project location: |fhome/bsv |:|

¥ Create project subdirectory

Project will be created at: fhome/bsvlabl

Cancal

Pucynok 1.18 — OkHo BBOJIa UMEHU ITPOEKTa

N New Project —

Project Type
Specify the type of project to create. ’

» BTLProject

‘You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis,
Implementation, dasign planning and analysis,

+'| Do not specify sources at this time

Post-synthesis Project: You will be able to add sources, view device resources, run design analysis, planning
and implementation.

1it Planning Project
Do not specify design sources. You will be able to view part/package resources,

Imported Project

Create a Vivado project from a Synplify, XST or ISE Project File,
Example Project

Create a new Vivado project from a predefined template.

Einish Cancal

Pucynok 1.19 — Okuo BbIOOpa THUIIA TTPOEKTA
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. & New Project =

Default Part
Choose a default Xilinx part or board for your project. This can be changed later. ’
select: | @ Parts | B Boards
~ Filter
Produgt category: | General Purpose - Speed grade: | -1 s
Eamily Artix-7 ~ Temp grade: | All Remaini., <
Package: csg3z4 “
Search: | O~ v
10 Pin  Awvailable  LUT Block Ultra Gh GTPE
iz Count  10Bs Elements Elpkinpa RAMs  RAMs 2l Transceivers  Tran
@x-:?alStcsg‘BQ:l-] a324 210 10400 20800 25 1] 45 a [a]
@;{17335[(89324-1 324 210 Z0800 41600 30 o a0 [v] 0
8 xc7a50tesg324-1 324 210 32600 65200 75 ] 120 [¢] 0
@x:?a?StcsgSQtl-l 224 210 47200 24400 105 o 180 4] 4]
| @ xc73100tcsg324-1 324 210 63400 126800 135 0 240 4] 0
72 Y
\'_’" MNext = Finils Cancel

Pucynok 1.20 — OxHO BBIOOpa 11€/1€BOIl MUKPOCXEMBI ITPOIPAMMUPYEMOT JIOTHKH

n New Project T

VIVADO' New Project Summary

HLx Editions
@ A new RTL project namead 'labl' will be craated.

@ The default part and product family for the new project:
Default Part: xc72100tcsg324-1
Product: Artix-7
Family: Artix-7
Package: csg324
Speed Grade: -1

-
i‘ XI LI NX To create the project, click Finish
A

Cancal

Pucynok 1.21 — OkHo ¢ undopmariyeii 0 co3/1aBaeMOM ITPOEKTe U KHOIKON 3aBepIIeHUs
CO3/IaHUs HOBOI'O IIPOEKTA
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s nobaBiieHnsT HOBBIX MCXOAHBIX (pailioB HaxkuMmaeM Ha Add Sources B J1eBoM Bepx-

HeM yriry pabodero oKpyzkeHust (TOIIepKHYTO KPacHBIM Ha pHCYHKe 1.22).

File  Edit Flow Tools Window Lavout iew  Help -4
=, > B & =
PROJECT MANAGER - 261
~ PROJECT MANAGER i
£ Settings
Add Sources

Sources
Qlz|s|+
Design Sources
Language Templates "
? Constraints
iF |P Catalog v = Simulation Sources
sim_1

Pucynok 1.22 — Knonka 111 100aBIeHIsT NCXOAHBIX (DAlIOB B IIPOEKT

B orkpsoiBimiemcsi okue BoiOupaem Add or create design sources m maykumaem Next

(pucynok 1.23).

A Add Sources

\”\ADO‘ Add Sources
HLx Editions This guides you through the process of adding and creating sources for your project

Add or create constraints
® Add or create design sources

Add or create simulation sources

£ XILINX

R MMABLE

ALL PR

Pucynok 1.23 — Okno BbIOOpa THIA J00AB/IIEMbIX UCXOTHBIX (PailioB

B orkpriBiiemcst okue Boeioupaem Create File n 3ajgaem nms daitty, B KOTOpoM Oyiem

OnmChBaTh (BYHKIMOHATIBHOCTH CyMMaTopa (pucyHok 1.24).
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] Add Sources s

Add or Create Design Sources

Specify HDL, netlist, Block Design, and IP files, or directories containing those file types to add to your project. Create
a new source file on disk and add it to your project.

=

Fl
& Create Source File - ox

Create a new source file and add it to
your project.

(B File type: w8 Verilog W bw
File name: |adder |
File location: | & <Local to Project= ~

@ -

Pucynok 1.24 — Okno ¢ noJjieM BBOJ[a UMEHU JIJIsT CO3/IABAEMOI0 IIPOEKTHOrO (haitia

Haxkumaem Next u mepexojiuM K OMUCAHUIO TOPTOB MOyJist (pucyHOK 1.25). JlaHHbIi
mar MOXKHO IPOIYCTUTh, HaxkaB OK, u gBHO ompeaeaunTh mHTepdeiic Momyias B (daiiae

MOy /.

- & Define Module - o x

Define a module and specify /0 Ports to add to your source file,

For each port specified:
MSE and LSB values will be ignored unless its Bus column is checked. .
Parts with blank names will not be written,

Module Definition

Module name: |adder1

I/O Port Definitions

e

Port Name  Direction Bus MSB LSB
input

f
| 7
\Z) QK Cancel

Pucynok 1.25 — OkHO 1151 cO3/IaHus TIOPTOB BBO/Ia/ BBIBOJIA HOBOI'O MOJLYJISI

[Tocste coznanust HOBOro (haiijia OH OTKPOETCs Jisi PeJlaKTUpoBanust (pucyHokK 1.26).

obasum onmcanne mMoysst (pucyHok 1.27).
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Teneps y HAC eCTh TPOEKT U ONUCAHUE MOJTy sl cymMMaTopa. [lajee HeobxouMo co3maTh

TECTOBOE OKPYZKEHNe /I pa3paboTaHHOTO MOIYJIS.

Project Summary x| adderv x 200

fhome/bsvilabl/labl.sresfsources_linew/adder.v ®

Q s B B J B Q o

1 . “timescale 1ns / 1ps ~
2 [ fIEEieeery

4

s

&

19 £

20 (S ST BT8R T E L L E LT 8T fii e iid i fe il diddiid iid
21

22 E

23 [ odule adder{

24

25| )i

26 |- endnodule

a7,

Pucynok 1.26 — Buj B pejtakTope cojiep:KuMoro aiiia Moy MOcIe COo3/IaHus

Project Summary x| adder.v 200
fhomefbsvlablilabl srosisources_linew/adderv x
Q « » X% B H|H/E O hd
1 : “tinescale lns / lps |
e module adder(
4 input  a.
5 0 input b.
B ! output ¢
0
8
g wire not_a, not_b, yl, y2;
16
15 nand{net_a, a, a);
12 nand{net_b, b, b);
13
14 nand{yl, not_a, b);
35 nand{y2, a, not_b);
16
17 nandfe. yl. y23:]
18 !
19 = endnoduls
200,
¢ >

Pucynok 1.27 — Buji B pejtakTope 11€71€BOr0 OIMCAHUS MOJTLYJIsT
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1.4.4 MoaeaupoBaHue CXeMbI

s cosmanust (aiiyia TECTOBOIO OKPY:KeHUsI BHOBL HaxkumaeM Ha Add Sources B Jte-
BOM BEepXHEM yTIJIy pabodero oKpyzKeHus (MOJIUYEPKHYTO KpacHbIM Ha pucyHke 1.22). Te-

nepb Beibupaem Add or create simulation sources (pucynok 1.28).

A Add Sources i

\AVADO' Add Sources

HLx Edtians This guides you through the process of adding and ereating sources for yeour project

Add or creats constraints
Add or create design sources

'® add or create simulation sources

& XILINX

ALL PROGR

P

Pucynok 1.28 — Okno mobasieHus (haityioB s OKPYZKEHUsT TECTUPOBAHUST

B orkpoiBmiemcst okne Boibupaem Create File u 3amaem nMs daiiay, B KOTOpoM Oyaem

OnUCHIBATH (BYHKIMOHATIBLHOCTH TECTOBOIO OKPYZKeHus cyMmaTopa (pucynok 1.29).

files, or directories containing HOL files, to add to your project. Cre:

roject.  IEg Create Source File _ o x

Create a new source file and add it to

im 1 your project,

File type: B Verilog w
File name: |adder_tb |
Filz location: | &0 =Local to Project= w

]
i

Add Files | | Add Directories | | Create File |

Pucynok 1.29 — Okno BBojia uMmenu ¢aiijia TeCTOBOIO OKPYKEHUs
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[Tocsie cosmanus daiia TeCTOBOrO OKpYyzKeHHs, HamoHsAeM ero (pucyHok 1.30).

Project summary x| adder.v x| adder_tb.wv x s
fhomejbswlabl/labl.sresisim_linew/adder_tb.v x
Q - & B N N B 9 &

~N

fn

E “tinescale 1ns / Ips

EVN]

[=] madule adder_th:

reg a_in. h_in:
wire c_out;

o LN b

adder adder 11(
.ala_in),
.bib7in),
.clc_out)

¥

integer i;
reg [1:0] test_val;
reg expected_val;

initial begin
for(i =0; 1 = 4; 1 =1+1) bagin
test_val =1
a_in = test_vallol:

b_in = test_vallll:
expected val = “tast val;

#10

if(c_out == expected_val) begin
$display ["The adder output is correct!!! a in=%b, b_in=%b c_out = %b",
a.in, b_in, c_out);
end else begin
$display ("The adder output is wreng!!! a in=%b, b_in=%b ¢ _out = %b, expected sb",
a_im, b_in, c_out, expected_val);
end
end

#10 gstop|

and

11 (- endmodule

Pucynok 1.30 — Buy B pesrakTope cojiepkuMoro gaiijia TeCToBOro OKpyKeHust

,HJIH 3allyCKa TeCTOBOI'O OKPY2KCHUA Ha BbIIOJJIHCHUE H606XO,ILI/IMO B JIeBOII NaHeJn

BIOpaTh Run Simulation m B OTKpBIBIIEMCS BbIMajaoneM MeHioo - Run Behavioural

Simulation (pucysok 1.31).

v SIMULATION

Run Simulation

. RILANALYSIS Run Behavioral Simulation
» Open Elaborated Design

v SYNTHESIS
P Run Synthesis

> Open Synthesized Design »

Pucynok 1.31 — Knonka s 3alrycka MO/IeIMPOBaHUS Ha MMOBEJEHIECKOM YPOBHE
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[Tocste 3amycka mporece MOAeJIMPOBaHUSA OCTAHOBUTCS HA MOMEHTE BBbI30Ba (DYHKIINN
$stop. dna npocmoTpa pesyabTaToB MOJEJNPOBAHUS HEOOXOAMMO IEPEKIIOUUTHCA Ha

BKJIAJIKY C Ha3BaHueM, HaduHaomumMes ¢ Untitled (pucynok 1.32).

adder.v x adder_tb.v = IUntitIed 3

fhome/bswilabl/flabl srcsfsim_1l/new/adder thwv

Q - x B B N E Q

“timescale lns / lps

[

module adder tb;

reg a_in, b_1in;
wire c_out;

S [ o s I =y V]

g8 . .+ adder adder_1{
o ' .ala_in),
bib_in),
cclc_out)

ferly [

1 !
T2 | ) I
&

Pucynok 1.32 — Bkutajika ¢ pesyabraTaMu MOJI€JIMPOBAHUS

IIo YMOJI9aHUIO BpEMEHHad JualrpaMMa uMeeT MaCHITa6, KOTOprfI He II03BOJIAET IIPO-
CMOTPETH BECh IIpOoHeCcCc MOJJCJINPOBaAHUA. Yrobbl YBUOETDH IIOJIHYIO JIUal'DaMMYy, H€O6XO,ZLI/I—

MO HazKaTh Ha KHONKY Zoom Fit (pucynok 1.33).

Pucynok 1.33 — Knonka 11 TpocMOTpa MOJTHOM BPEMEHHOMN JTuarpaMMbl

Ha pucynke 1.34 npejcraBieHa BpeMeHHas JuarpaMma BCEro MPOoIecca MOJeTUPOBa-
Husd. MOKHO BIJIeTh BCe KOMOMHAIIMU BXOHBIX CUTHAJIOB, 3HAUEHUE BBIXOIHOTO CUTHAJIA,
a TaK>Ke BBIBOJT Pe3y/IbTaTOB aHaAJIM3a BLIXOIHOI'O 3HAUEHH S CXEMbI B KOHCOJIU CUMYJISITOPA.

CTOI/IT OTMETUTDb, YTO IIpU IIPOBEACHUN OIIMCAHHOI'O BBIIIE ITIOBEJCHYECCKOI'O MOIEJ/IN-
POBaHUSA CXeMbl HUKAK HE yUINTBIBAIOTCS 33/IePKKN PACITPOCTPAHEHWS CUTHAJIOB depe3

BEHTUJIN.
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SIMULATION - Behavoral Simufation - Functienal - sim_1 - adder_th

Scope Soulces — = objects T _BOX addar.y adder th.y x| Untitied 3 *
QIE|w #|Q ® QW 8 [X o K| +
Mame Design Unit walue Data.. ™
~ @ adder_th adder_th 1 Logic
@ adder 1 addar - 4 Logie
@ gibl atbl o Laale & an 1 i B
> #iE:0] 4 Array bt el 1
> #testwalll., 3 Array heor fo —
 enpected, o Logic » WI[31:00 | 00DO0DO: EEECERIN EEEREAET OREECEG 2 EEGEERGR BANEIA
> Wtest..0f 3 ] g z
I =xp,val] 0
< » < Fow < ¥
Tl Console = Mo Lof » _ 0O
QA E|sn =/ E o
k.
[ # run 1906ns
| The addar output is correctl!! a_in=0, b in=0 ¢ out = @
[ The adder output is correct!!! a_in=1, b in=0 ¢ out =1
| The adder output is correct!l! & _in=G, b in=1 ¢ out = 1
zarract!l] a_in=l, b in=l ©_out = B

[ The addar autput 15
| INFD: |LSF-XSin-06]
[ INFD: |USF-XS1n-07]

i=in conpletad  Design snapshot “esdder th behay' Toadad
¥Ean sinulation ran for 1998ns

Pucynok 1.34 — OkHO ¢ pe3ysibTaTaMu MOJETHPOBAHUS CXEMbI
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2 Jlaboparopuasa pabora Ne2. PazpaboTka anmapaTHBIX

yCKOpUTeJIEd MaTEMATUYECKNX BbIYUCJIEHUN

2.1 BBenenne

Jlaboparopnast pabora Ne2 rocssiena pa3zpaboTke MuGPOBBIX CXeM YCKOpUTEIei Ma-
TeMaTHIeCKUX Olepallnii Ha yPOBHE PEerucTpoBbIX mepeiad (register transfer level, RTL)
¢ WCIOJIb30BAHMEM $3bIKa, onucanus armapatypbl Verilog HDL.

B pabore mpeiaraercss paspaborarh mudpPoBOil OJIOK €O CJIOXKHOM JIOTUKON padOThI
JIJIs BBITIOJTHEHUS 33/[aHHOM BapraHTOM apudMeTnydeckoil onepamun. Pazpadborka nomkHa
OCYIIECTB/IATHCA C YIETOM YCTAHOBJIEHHBIX OI'paHuYueHuil Ha (hOpMaT BXOJHBIX U BBIXO/I-
HBIX JIAHHBIX, & TaKKe Ha UCIO/Ib30BaHNe DA30BLIX apu(pPMETUIeCKIX OJIOKOB CJIOXKEHUSA 1
YMHOYKEHUSI.

B nporiecce peasmsarun ajropurMa padoThl pa3zpadaTbiBaeMoro 6JI0Ka Pa3BUBAIOTCH
HABBIKYM [TPOCKTUPOBAHUS IUMPPOBLIX CXeM KOHEYHBIX ABTOMATOB. KOHEUHBIE aBTOMATHI
UCIIOJIB3YIOTCS JIJISI PEeAM3aIlii YIIPABJISIONeil JIOTUKY OJI0OKA W CUHXPOHU3AIMH ITAroB

BBIYHUCJJIMTEJILHOI'O IIPpOoIeccCa.

2.2 OrmnucaHue JJadopaToOpHOI padoThI

Llenp paboThbl

HOJIy‘II/ITb HaBBIKN OIIMCaHMA apI/I(i)MeTI/I‘{GCKI/IX OJIOKOB Ha, RTL—ypOBHe C HCIIOJIB30-

BaHUEM s3blKa onucanus armmaparypbl Verilog HDL.

VYKa3aHns K BBIIIOJTHEHUIO pa60TbI

JlabopaTopHas paboTa MOCBAIIEHA 3HAKOMCTBY C TEXHUKAMU OIMUCAHUS CXeM apudme-
tdecknx 06/10koB Ha RTL-yposhe ¢ ncnonbzosanmem s3bika Verilog HDL. Pabora Bbimos-

usgerca B Vivado Design Suite.

IlopsigoK BBIMOJIHEHUST PAOOTHI

1. Paspaboraiite u onummmre #Ha Verilog HDL cxemy, Boraucisioniyo 3HadeHne hyHK-

o1 B COOTBETCTBUU C 3aJaHHBIMU OI'PaHUYCHUAMMN COIVIACHO BapHUAHTY 3a/aHUd.

2. Ompenenure 00/1aCTH JTOMYCTUMBIX 3HAYEHUH (DYHKITHIH.
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3. PazpaboraiiTe TecToBOE OKpYy2KeHME I pa3paboTanHoil cxeMbl. TecToBoe OKpyZKe-
HIE JOJI?KHO IIPOBEPSTH pabOTy cxeMbl He MeHee, ueM Ha 10 pa3/jInmIHbIX TECTOBBIX

BEKTOPaX.

4. TIposeaure MojeaupoBaHne PabOThI CXEMbl W OIPEJIE/INTE BPEMsS BBIYUCICHUS pe-

gyjbraTa. CxeMa JI0/KHA TAKTUPOBAThCA OT curHasia ¢ dyacroroit 100 MI'm.

5. CocraBbTe OTYET 110 PE3yJIbTaTaM BBITOJIHEHUS PabOTHI.

TpeboBaHus K oT4eTy

Otder j1o17KeH OBITH 0OOPMIIEH B COOTBETCTBUN C TPEOOBAHUSIMU, TIPEICTABIEHHBIMI

B [Ipumoxennn A.

OTuet J0JI2KEH BKJIIOYaTb:

1. TurynbHbIl JACT.
2. Ilesnp paboTsl.
3. 3ajiaHne B COOTBETCTBUU C BAPUAHTOM.

4. Cxemy (pHCYHOK) pa3paboTaHHOTO GJI0KA BEIYHCIeHNsT (DYHKIINM, 33/ JAHHON BapHaH-
TOM, B TepMHUHAX 0a30BbIX OMEpaluoHHbIX 3jeMenToB (BOY) (T.e. ucnonb3ys Myiib-
TUIJIEKCOPBI / IEMYJIBTUILIEKCOPDI, UMD PATOPHI /A PaTopbl, KOMIIADATOPHI, Pe-

IUCTPBI, CIETUUKU U JIP.).

5. Ommcanne paboThl pa3pabOTAHHOIO OJIOKA, HAUMHAS C IMOJAAYN BXOIHBIX JAHHBIX U

3aKaHIMBas MOJyIEeHUEM Pe3yJIbTaTa.
6. OO6J1acTb JIONYCTUMBIX 3HAYCHUI J1j1d pa3paboTaHHOro OJI0KA.
7. Pesysnbrar TecTupoBaHus pa3paboTaHHOrO 6JI0KA (BpEMEHHbIE JUAIDAMMBI).
8. Bpems«a Bbramciienud pesysbraTa Mpu 9acToTe TakToBoro curnajia B 100 MI'm.

9. BwiBommsl 1o pabore.
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3agaHus o BapuaHTaM

Bapuanr DyHKIUA OrpannveHus
1 y=a’+ Vb 1 cymmarop u 2 yMHOXKHUTEJIA
2 y=a®+ Vb |2 cyMmaTopa u 1 yMHOXKATE/b
3 y=+a2+ b2 | 1cymMmaTop n 2 yMHOKHTEIs
4 y=va+ Vb |2 cymMmaTopa u 1 yMHOXKUTE/Ib
) y=3a+2-vb | 1cyMmaTop i 2 yMHOKHTEIS
6 y=a-b+a® | 2cymmaropa n 1 ymMHOMNKHTEH
7 Yy=a- Vb 2 cymmaTopa U 2 yMHOXKHUTEJs
8 y=ua-vb 1 cymmarop u 2 ymHOXKUTES
9 y=a+ Vb |2 cyMmaTopa u 1 yMHOXKUTE/Ib
10 y=+Va+ Vb | 2 cymmaropa n 2 yMHOKHTEs

KomMmeHTapum K 3a/laHUSM

B kagecTBe BXOIHBIX JaHHBIX HEOOXOIMMO HCIIOJIL30BATH Ie/Ible OE33HAKOBBIE UHCIa C

Pa3PSTHOCTHIO 8 OUT.

PazpsaocTs BBIXOIHOTO 3HaYEHUS BHIOMPAETCH B COOTBECTBUU € O0JIACTHIO JIOITYCTH-

MBIX 3HaYeHUl pyHKImu. Pe3yibrar BbIYuc/IeHi He JOJIXKEH BbIXOUTH 38 IPAHUIIbI (hOop-

MaTa IIpeJcTaBJICHNA BBIXO/JHOI'O SHaYCHUA 6J10KA.
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Orpannvennsi HAKJI/IBIBAIOTCS Ha KOJIMIECTBO UCIIOJIb3YEMbIX OJIOKOB CyMMUPOBAHUS
n yMHOXKeHud. B pazpaborannoii cxeme JI0/I2KeH ObITH UCIIOIb30BaH OJIOK YMHOYXKEHUS, pe-
AJIM3YIOMTUI [TOC/IeIOBATETBLHBIN aJrOPUTM YMHOXKEHUS «B CTOJIONK». B KauecTBe OCHOBBI
MOXKHO B34Th peaju3allio, IpeJICTaBJIeHHY0 B pas/esie 2.4.1.

CyMmMaTop peasinzyercs ¢ HOMOIIBIO BCTpoeHHOro B Verilog oreparopa CyMMBI «+».
CaBuru peaju3yroTcs ¢ ITOMOIIBI0 BCTPOEHHBIX OMEPATOPOB CABUTA «<<» M «>>>>».

[l BEIMUCTIEHNS KBAIPATHOTO U KyOMYeCKOro KOPHeil MOT'YyT HCIOTb30BATHCS aJIro-
PUTMBI, TIPEJICTaBJIEHHBIE B pazjese 2.4.

[Ipu BbINOJIHEHNY 3a/1aHIIT HEOOXOMMO UCIIOIL30BATh 0E33HAKOBYIO IEJI0YUCIIEHHYIO

apudMeTuKy.

2.3 Pazpaborka mudpoBbIX cXeM KOHEYHBIX aBTOMAaTOB

Koneunnie apTroMarsl B ¢ POBOIl CXeMOTEXHUKE NCIOJIB3YIOTCA JJIs peaTu3allui JI0-
UKU ylpaBjeHus (pyHKIHOHAIbHBIX 0/I0KOB. C IOMOIIBI0 KOHEYHBIX aBTOMATOB 3aa-
eTcs aJITOPUTM pabOThl (PYyHKIIMOHAJIHLHOIO OJI0OKa ITOCPEJICTBOM OIIPEICJICHUS COCTOSTHUI
B aJI'OpUTME YIIpaBJIEHUA U YCIIOBI/HU/I mepexoaoB MezKy COCTOAHUAMMU. ABTOMaTbI pea-
JIN3YIOTCSI B BUJE NU(POBBIX AIllapaTHBIX OJJOKOB M BBIOJHSIOT (DYHKIUHA yCTPOHCTBA
yIIpaBJIEHUSI B cOcTaBe (PYHKIIMOHAIBHBIX Y3JI0B CXEMBI.

CymeCTByeT MHOZKECTBO BUJ0B KOHCYHBLIX aBTOMATOB. Ha IIpaKTUKE IJId peaJin3alln
GYHKIIMOHATBHOCTH OJIOKOB yIPaBJIEHHS Jallle BCEro MCIOJB3YIOT b0 aBTomar Mypa,
Jimbo aBromar Mutu.

O6obmennas cTpyKTypHas cxeMa aBromara Mypa npejicraBiena Ha pucynke 2.1.

state_next

INoruka
dopmMrpoBaHMS
BbIXOAHOTO
3Ha4YeHNs

INoruka
dopMUpoBaHUA
crnenyoLlero

COCTOSAHUSA

data out

Pucynok 2.1 — Obobiennas cxema apromara Mypa

I/I3 CXEMbI BUJHO, 9TO BBIXO/JHOE€ 3Ha4Y€HUE aBTOMaTa 3aBHCUT TOJIBKO OT TEKYIIEI'O
COCTOdAHUA aBTOMaTa WM HE 3aBUCUT HaIIPAMYIO OT BXOIHBIX 3HAYECHUI. Pa60Ta aBTOMaTa
CUHXPOHU3UPYeTCs 10 TakToBOMY curnaty clk. Ha kaxkmaom takre clk mpoucxoauT 3amnuch
HOBOIrO cocrosinus state next B permctp cocrosinus. «Jloruka dpopmupoBanus ciemyio-

mero COCTOAHUA» U «JIOI'HKa d)OpMI/IpOBaHI/IH BbBIXO/JHOI'O 3HAYCHUA» ABJIAIOTCA KOMOuHa-
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OUOHHBIMHU CXeMaMH, TO €CTb HE UMEIOT ITaMATHU — UX BBIXOJ U3MEHACTCA IIPU U3MEHCHUUN
BXOJHBIX CHUI'HAJIOB.

[Ipumep rpada mepexojioB aBromaTa Mypa mpejcraBieH Ha pUCYHKe 2.2.

rst X0

Pucynok 2.2 — IIpumep rpada nepexooB apromata Mypa

B rpade kpykkamu 0603HAYAIOTCS COCTOSIHUA, & JiyraMu — mepexojnl. [lepexos ocy-
IIECTBJISICTCS, €CJIM 3HAYEHNE BXO/Ia aBTOMATa PABHO 3HAYEHUIO, YKA3aHHOMY HaJI JIyTOil.
B npeacraBienHoM npuMepe BXoJ aBTOMaTa Ha KayKJIOM TaKTe paboThl MOYKET IPUHUMATD
OJIHO 3HAYEHUE U3 MHOXKECTBA {Tg, L1, T2, T3}

HauamsubiM cocTosiamem siBisiercsa S0. B Hero aBromar mepexoanT u3 JHOOOr0 COCTO-
sAHUA TIPU aKTUBHOM 3HAYEHUM CUTHAJa cOpoca rst u hopmMupyeT Ha BBIXOJIE 3HAUCHUE 1.

[Ipumep Tabiunbl mepexoioB aBromata Mypa mnpescrasiien B Tadbsuie 2.1.

Tabmuma 2.1 — IIpumep Tabaunnsl nepexoaoB apromaTta Mypa

S/rst,X | rst T 1 T T3
S0 | S0/yo | S1/yr | SO/yo | SO/yo | SO/yo
S1 S0/yo | S1/y1 | S2/ya | S1/y1 | S1/m
S2 | S0/yo | S2/y2 | S2/y2 | S1/y1 | SO/yo

B mepBoit crpoke TabIHIbI IEpEeUNCIeHbl 3HAUEHNsT BXOAa aBTOMAaTa, BKJIOYAsl CUTY-
aIfIo ToJladu CUrHasia coOpoca rst Ha aBTOMAT, a B IEPBOW KOJOHKE MEPEYUC/IEHbI BO3-
MOXKHBIE COCTOsiHMA. B sueiikax TaOJIUIbI YKa3aHbl 3HAUEHUs CJIEIYIONIEr0 COCTOSTHAS 1
BBIXO/Ia, aBTOMATa IIPU YCJOBHUH, YTO B JAHHOM COCTOSHUU Ha BXOJ aBTOMAaTa OBLIO IIe-
pelaHO COOTBETCTBYIOIIee 3HadYeHne. Hampumep, ecain aBTOMAT HAXOIMJICSI B COCTOSHITH
S0 m emy Ha BXOJI OBLIO TIEpeIaHO T, TO OH Iepeiijer B coctosaue S1 u chopmupyer
Ha BBIXOJIC 3HAUEHME Y1. DTO 0003HAUEHO B Tabsmile Kak sdeiika S1/y; Ha mepecedeHnn
CTOJIONA XTo U CTPOKH Sj.

Peanmuzanusa asromara Mypa na a3bike Verilog HDL mnpejcrasiena B juctunre 2.1.

B JymmcTunre ABHO BBIJEIEHBI CTPYKTYpHBIE YacTH, 0oOO3HadeHHble Ha pucynke 2.1. Ha
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[IPAKTUKE BO3MOXKHO OOBEIMHEHUE PA3HBIX CTPYKTYPHBIX YACTell B PAMKAX OJIHUX U TEX

JKe TIPOTIETYPHBIX OJIOKOB.

Jluctunr 2.1 — Onucanne aBromara Mypa na Verilog HDL

module moore (
input wire clk

input wire rst

input wire [1:0] x,

output wire [1:0] y

localparam SO0 = 0, S1 = 1, S2 = 2;
localparam X0 = 0, X1 =1, X2 = 2, X3 = 3;

reg [1:0] state;
reg [1:0] state next;

JIOTHUKa (I)OI)I\IHI)()B‘(LHHFI CJaeayromero COCToAHnA
always Qx
case(state)
S0: state next = ?7 S1 : SO;

( X0)
S1: state mnext = (x =— X1) 7 S2 : S1;
( X2)

S2: state mnext = (x — ? Sl
(x = X3) ? SO : S2;
default: state next = state;

endcase

JIOTUKa (1,)01)1\IHI)OB‘(LHH?[ BBIXO/ITHOI'O SHAYCHU A

assign y = state;

'/ PETUCTP COCTOSHULA
always Q(posedge clk)
if (rst) begin
state <= SO;
end else begin
state <= state mnext,

end

endmodule
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O06o0bIeHHas CTPYKTYypHasI cxeMa aBroMara Mun mpejcraBiieHa Ha pUCyHKe 2.3.

X, Toruka staie_next | data out state Norvka data out | Y
dopMUpOBaHUA thopMUPOBaHNS
cnedywLllero REG BbIXOOHOIo REG
COCTOAHWA 3Ha4YeHWA
—>c|k —{>clk
— rst — st

Pucynoxk 2.3 — O6obmiennas cxema apromara Muu

B aBromaTe Mujn BbIXO/IHOE 3HAYEHUE aBTOMATa 3aBUCUT HE TOJILKO OT TEKYIIEro CO-
CTOSTHUSI, HO M OT BXOJIHBIX 3HadeHwuii. [Ipumep rpada nepexomsos apromara Mwuau mpe/-

cTaBJIeH Ha pucyHkKe 2.4.

rstlyg Xo/Y1

Ehe

Pucynok 2.4 — Ilpumep rpada nepexooB apromarta Mujm

Kaxkprit nepexon aBromara Muin aHHOTUDYyeTCs 3HAUEHHEM, KOTOPOe aBToMaT (hop-
MupyeT Ha Bbixojie. Hanpumep, mepexos u3 cocrositiust S0 B S1 mpoucxo/uT, ecjin Ha BXO]T
aBToOMaTa IOJaHO 3HadeHue ro. llpm 3ToM Ha BBIXOJE popMuUpyeTcs 3HadUeHue y;. FKcam
JKe aBTOMAT MEPEXOJUT U3 COCTOAHUs S2 B cocroguue S1 mpu HATUYIUHM HA BXOJIE Tg, TO
Ha BbIXOJIe (hopMuUpyeTcs 3HavUeHue ys3. Takum oOpa3oM, B OJHOM U TOM 2Ke cocTogHuu S'1
aBTOMAaT MOYKET UMETh JIBa PA3HBIX 3HAYEHUS Ha BBIXOJE, & UMEHHO Y WIH Ys3.

[Ipumep Tabsmipl mepexofoB asToMara Munmm mpejcraBien B Tabmuie 2.2. Yprey —
9TO 3HAYEHME BBIXOJ/Ia aBTOMAaTa Ha IMPEJIBIIYIIEM Iare B COOTBETCTBYIONIEM COCTOSHUM.
Takum obpazom, B aBromare Munm HEBO3MOXKHO y3HATH BBIXOJHOE 3HAYEHUE TOJHKO I10
TEKYIIEMY COCTOSTHUIO aBTOMATA.

Peammszamusa aBromara Munim ma sa3pike Verilog HDL npencraBiena B smctunre 2.2.

B JsmmicTunre ABHO BBIJIEJEHBI CTPYKTYpHBIE YacTH, 0OO3HadeHHbIe Ha pucynke 2.3. Ha
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[IPAKTUKE BO3MOXKHO OOBEIMHEHUE PA3HBIX CTPYKTYPHBIX YACTell B PAMKAX OJIHUX U TEX

JKe TIPOTIETYPHBIX OJIOKOB.

Tabmmna 2.2 — [Ipumep Tabsmuiibl mepexo 0B apromaTta Mun

S/rst,X | st To T T T3
S0 S0/yo S1/y S0/ Yprev | S0/ Yprev | SO/Yprew
S1 So/yﬂ Sl/yprev 82/y2 Sl/yprev Sl/yprev
S2 | S0/yo | S2/Yprev | S2/Yprev | S1/ys | S0/ya

Jluctunr 2.2 — Onucanne aBromara Mumm na Verilog HDL

module mealy (
input wire clk ,

input wire rst

input wire [1:0] x,
output reg [2:0] y
)
localparam SO0 = 0, S1 = 1, S2 = 2;

localparam X0 = 0, X1 =1, X2 = 2, X3 = 3;
localparam Y0 = 0, Y1 = 1, Y2 = 2,
Y3 = 3, Y4 = 4;
reg [1:0] state;
reg [1:0] state next;

reg [2:0] y_ next;

JIOI'Ka Cb()pl\[ﬂp()ﬁaﬂﬂﬂ cjaeayromero COCToAHuA
always Qx

case (state)

SO0: state mnext = (x = X0) 7 Sl SO ;
S1: state mnext = (x = X1) 7 S2 : S1;
S2: state next = (x = X2) 7 Sl
(x = X3) ? SO 525
default: state next = state;
endcase
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/ noruka hOPMHUPOBAHUS BBIXOIHOIO 3HAYEHUST
always @Qx begin
y_next = y;
case (state)
SO: if (x = X0) y next = Y1;
S1: if (x = X1) y_next = Y2;
S2: begin
if (x = X2) y_next = Y3;
y_next = Y4;

_
="

w
|
&

end
default: y next = y;
endcase

end

PErucTp BBIXOJHOT'O ITOPTa y
always @Q(posedge clk)
if (rst) begin
y <= YO0;
end else begin
y <= y_next;

end

'/ PErucTp COCTOAHNA
always @Q(posedge clk)
if (rst) begin
state <= S0;
end else begin
state <= state mnext;

end

endmodule

ApTomar Mum MoxkeT OBITH OJIHO3HATHO ITPeobpa3oBaH B apToMar Mypa, 1 Hao60poT.
Ha pucynke 2.5 npejcrasiien rpad mepexojioB aBromara Mypa, peanusyionmii pyHKIN-
OHAJILHOCTDH aBToMaTa Mum, nzobparkenHoro Ha pucyHke 2.4. Tabsuma 1mepexo10oB moJIy-
quBIIerocd apromara Mypa mpejicrasiena B Tabduie 2.3.

Kak BugHOo u3 pucynka 2.5, 4T00bI n36€KaTh HEOTHO3HAYHOCTU B OIPEJIC/IEHUH BbI-

xojia, ucxogabie coctosinng S0 m S1 ObLtm paszdutsl Ha gpa: S0.1, S0.2 u S1.1, S1.2
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rst

X0

X3

Pucynok 2.5 — I'pacd nepexojioB aBromara Mypa, sxkBuBasenTHoro apromary Muiin,
IIpe/ICTaBJIEHHOMY Ha pUCyHKe 2.4

Tabmuma 2.3 — Tabauna nepexonos apromara Mypa, skBuBajieHTHOrO aromary Mun,
IpeICTaBJIEHHOMY Ha PUCYHKe 2.4

S/rst, X rst Zo T T T3

S0.1 | S0.1/yo | S1.1/yx | SO.1/yo | S0.1/yo | SO.1/yo
S0.2 | S0.1/yy | S1.1/y1 | S0.2/ys | S0.2/ys | SO.2/ys
S1.1 | S0.1/yo | S1.1/yx | S2/yo | S1.1/y1 | S1.1/3s
S1.2 | S0.1/yo | S1.2/ys | S2/yo | S1.2/ys | S1.2/y;
S2 | S0.1/yo | S2/ys | S2/yy | S1.2/ys | S0.2/y4

COOTBETCTBEHHO. Terephb BBIXOAHOE 3HAUEHHIE aBTOMATA IOJTHOCTBIO OIIPEIE/ISIeTCs €ro Co-
CTOSTHUEM, KaK MOKa3aHo B Tabsmie 2.3.

Takum obpazom, rpad nepexojioB apromara Muan nmeer 6ojiee KOMIAKTHBINA BUI 110
cpaBHenuio ¢ rpacdom aBromara Mypa, HO BMecTe ¢ 9THM 0oJiee CJIOXKHYIO JIOTUKY (hOop-
MUPOBAHUA BBIXOJHOIO 3HAYEHUA, TaK KaK HEOOXOIUMO YUUTHIBATH HE TOJIBKO TEKYIIEee

COCTOdHHE aBTOMaTa, HO U SHAYCHUE €I'0 BXOIA.
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2.4 AjaropuTmMbl MAIIMHHON apudMeTnKn

B miudposoit rexnuke 6oJiee cI0KHbIe apudMeTHIeCKHe OlePAIUN, TAKIE KaK YMHOZKe-
HIe, JleJIeHne, N3BJIeYeHne KOPHS U JIP., CBOJATCS K O0Jiee MPOCThIM (CJIOKEHUTO, BHIUUTA-
HUIO U CJIBUTY ) U PEAU3YIOTCs € MTOMOIIBIO 6A30BBIX OMEPAIMOHHBIX 9JIEMEHTOB b POBOi
CXEMOTEXHUKH.

B nannom pa3ziesie Oy/iyT pacCMOTPEHBI aJITOPUTMbI YMHOYKEHUS, U3BJICUCHUS KBa/l-
paTHOro n Kyomdeckoro kopueii. [lonnManue JIaHHBIX aJrOPUTMOB OyJ1eT HEOOXOIMMO JIJI
YCIIEIITHOT'O BBITIOJIHEHUS 3aJIlaHusd J1abopaTopHoil paboThl. g ajropurmMa yMHOXKEHUS

Oy/eT IpUBEJIEH IIPUMED €ro peasu3alii B BUJIe alllapaTHoro 0JIoKa.

2.4.1 AnaroputM yMHOXKEHUS

Paccmorpum  asiroputm  yMHOXKEHUST «B cTOJIONK». [Ipumep ymHOXKeHusi jBYX 4-

pa3psAIHBIX OE33HAKOBBIX YHCEJ IIPUBEJIEH HA pucyHKe 2.0.

Pucynok 2.6 — [Ipumep yMHOXKEHUST «B CTOJIOMK»

B npumepe nepemuoxkatorcsa auciaa 1011y = 1119 u 0110, = 619. IIpoussenenne mo-
sgyuamioch paBabiM 1000010, = 664¢. B mporecce Bhraucienusi pesyabraTa BbITOJTHIIOCH
YMHOXKEHHe KazKJI0T0 pa3psija BTOPOro ollepaH;ia Ha MEPBBIN ONepaH/l U CJIOKEHNEe JacT-
HBIX pe3y/bTaToB. Y MHOXKeHHe Ha 0 u 1 BBIIOJIHSETCA MPOCTEHINM 00pa30M: pas3psiIbl
BTOPOI'O OIlepaHa MOYXKHO pacCMaTpUBaTh KaK YCJIOBHUE, OIpeIesitolee HeoOX0IMMOCTh
CJIOZKEHUs TIEPBOTO OIEPaH/Ia C TOJYIEHHBIM Ha MPEIbIIYIIUX Marax 4acTHbIM Pe3y/IbTa-
ToMm. Kaxk ioe ciioykeHne BBITIOJTHAETCS CO CJIBUTOM Ha OJIMH pa3psi/i OTHOCUTETLHO TPE/IbI-

JIYTIEro Imara.
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Baxkno, uTo j1j151 coxpaneHust pe3ysibrara Tpedyercst OTBOUTH PErUCTp, MOt pa3-
PSTHOCTD BJIBOE OOJIBIIYIO, Y€M Pa3psTHOCTH OMEPAHIOB. JTO HEOOXOIUMO, 9TOOBI n3be-
JKaTh MeperojHennst hopMaTa u MOJIyIeHUusT HEBEPHOTO PE3Y/IbTaTa.

Cxema aJIropuT™M yMHOXKEHUS «B CTOJIOUK» IpeJCTaB/IeHa Ha PUCYHKe 2.7.

[ an [/

v
ctr=0
v
part_res =0

FALSE

v

result = part_res
FALSE v

/ result /
C oo >

part_res +=a <<cfr

Y
ctr = ctr + 1
|

Pucynok 2.7 — Cxema ajnropurMa yMHOXKEHUST «B CTOJIOUK»

Ha pucynke 2.7 cumposiom N obo3HaveHa pas3psa HOCTH omepaHoB a u b. HacrHas
CyMMa Ha KaXKJIOM IIare ImoMeInaeTcs B mepeMennyio part res. Ilepemennas ctr mcrmoib-
3yeTcs KaK CUeTdrK Imaros aaropurma. C momonipio blctr] obosnauaercs BeiGopKa Oura ¢
HomepowMm ctr uz Broporo onepanja b. Hymeparus 6uros naunnaercs ¢ 0. B konre pacuera
pe3yJIbTaT IIOMEIIaeTCs B IIepeMeHHyo result.

Temepb crupoekTupyeM ammaparTHblii 00K yMHOXKeHHsI. CHadaja OIpeae/nM HHTep-
deiic 610ka. Tak Kak BBIYUCIEHHUS BBIIOJIHSIOTCS 3a HECKOJbKO IaroB, TO HEOOXOIMM
CUTHAJI, 110 KOTOPOMY OJIOK JIOJIZKEH HAaYaTh BblUuc/eHus (start 1), curnas, onpesessio-
muii 3aHATOCTH OJI0Ka BhIYHCIeHusMU (busy o), a Takxke curnaj copoca (rst i) u Tak-
ropblii curaas (clk i). TakTOBBIA CcHrHAJ WM CHIHAJ CHHXPOHHU3AIMH HEOOXOMM JIJIst
peau3alliy MOIIaroBOr0 aJropuT™Ma — KarKJIbIil Imar OyJIeT BBIMOJHATHCSI C ITPUXOI0M
0YepeTHOTO TOJIOKUTEIBHOr0 (DPOHTAa TAKTOBOTO curHaJja. Ilomumo sroro, monao0sT-

sl BXOJIHBIE TUHBI JIAHHBIX JIJIs [Iepejiadn 3HadeHnit onepamios (a_bi u b bi) k 670Ky,
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a TakyKe OJ[Ha BbIXOjHas mmuHa (y bo) jyis nepejadn pe3yjbTaToB BbraucjeHuit. Jlist
puUMepa IMPUMeEM, YTO OTEPAHJIbI ITPEJICTABIECHBI 0€33HAKOBBLIME 8-Pa3PsiIHBIMU 11E/TBIMHI
qucaaMi. BBIXOmHasd IMWHA JAHHBIX IPU 3TOM Oy/JeT WMeTh paspsIHOCTh B 16 O6uT, TO
€CTh BJIBOE DOJIBIIYIO, YeM Pa3psIHOCTL onepanoB. nrepdeiic npoekTupyemoro 6Ji0ka

Ipe/ICTaBJIeH Ha pUCYHKe 2.8.

clk_i y_bo
rst_i

a_bi Bnok busy_o
b_bi YMHOXEHWNS

start_i

Pucynok 2.8 — Untepdeiic anmaparHoro 0J10Ka yMHOXKEHU

yCTpOfICTBO yipaBJICHHUA XOJAOM BBLIYHUCJIUTEJIHLHOI'O IIPOIECCa y,HO6HO BBIIIOJIHUTD KaK

KOHEUYHBIH aBTOoMaT Musu, rpad mepexojoB KOTOPOro MpeCcTaBIeH Ha pucynke 2.9.

rst_i/0,0 (start_i == 1)/y_bo,1 (ctr!=7)/y_bo,1

(ctr == 7)/part_res,0

Pucynok 2.9 — I'pad nepexogoB aBromMaTa ycTpoiicTBa yipaBjieHus O6JIOKa yMHOKEHUS

Yupasisionmit aBromar nmeer asa cocrosuus: oxunanue (IDLE) u paora (WORK).
B cocrostnuu IDLE 610k oxKujiaet npuxojia ypasJ/sionero curiaia start i m nepexoaut
K HavaJly Bbruucsennii. Bee maru anropurma peasusyiorcd B cocrogunn WORK.

B npejacrasiennom rpade Ha | KarXKIbIM IIEPEX0I0M yKa3aHO YCJIOBHE MEPEXo/ia U e-
pe3 KOCYIO 4YepTy 3HadeHUe BBIXOJHBLIX CUTHAJIOB Y _bo u busy o. Tak, nampumep, Ie-
pexon u3 cocrosiausi IDLE B cocrosame WORK miponsBouTest 110 BBITIOJTHEHUIO YCIOBUST
(start i ==1). Ha Boixojie y b0 IIpu 9TOM COXpaHSAETCs PEJIbLILYIIee 3HAUCHNE, 8 CUTHAJ
busy o npunmmaer 3uHaueHue 1.

Peamuzanusa anropurma yMHOXKeHHS «B CTOJIOMK» Ha sa3bike Verilog HDL npemcras-
JleHa B JiucTHHTe 2.3. B mpemcTaB/ieHHOM ONUCAHNN JIOTHKa (POPMUPOBAHUS CJIETYIONIETO
COCTOSIHUSA, PETUCTP COCTOSAHUSA U JIOTUKA (POPMUPOBAHUS BBIXOIHBIX 3HAYEHUIT aBTOMATA,

Muymn o6beuHeHbl B OJIMH IIPOIE/LY PHBIN OJIOK.
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Jluctunr 2.3 — Onucanne 6/i0ka ymaoKenus: Ha Verilog HDL

module mult (
input clk i,

input rst_ i,

input [7:0] a_bi,
input [7:0] b_bi,

input start i,
output busy o,

output reg [15:0] y_ bo

localparam IDLE = 1’b0;
localparam WORK = 1’bl;

reg [2:0] ctr;
wire [2:0] end step;
wire [7:0] part sum;

wire [15:0]| shifted part_ sum;
reg [7:0] a, b;
reg [15:0] part_res;

reg state;

assign part sum = a & {8{b[ctr]|}};

assign shifted part sum = part sum << ctr;
assign end step = (ctr = 3’h7);
assign busy o = state;

always @Q(posedge clk i)
if (rst_i) begin
ctr <= 0;
part res <= 0;
y_bo <= 0;

state <= IDLE;

end else begin
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end

endmodule

case (state)
IDLE:

if (start_ i) begin
state <= WORK;

a <= a_bi;
b <= b_bi;
ctr <= 0;

part _res <= 0;

end

WORK:

endcase

begin
if (end step) begin
state <= IDLE;
y_bo <= part res;

end

part res <= part res + shifted part sum;
ctr <= ctr + 1;

end

2.4.2 AjaropuTM m3BJIeYEeHUS KBaJPAaTHOTO KOPHS

B JaHHOM pas3zeJie IIpeaCcTaB/IeH IleJIO‘{HCHeHHbIﬁ AJITOPUTM U3BJICHEHUA KBaJApPaTHOI'O

KOPHSI C OKPYIJICHHEM JI0 OJIMKAMIIero MeHbIIero 1mejaoro 9uc/ia.

y = |Vz]

Oxkpyriienue j10 OJIMKAHNIIEro MEHBIIEro 9HCJIa O3HAYAET, YTO €CJIM Mbl U3BJIEKAEM
KBa/[PATHBIII KOPEHb U3 YHUCJIa, JIjIs KOTOPOTI'O0 KBa/IPATHbBI KOPEHb HE dBJISAETCS IEJIBIM,
TO B KQ4eCTBE pe3ysabTraTa bepeTcs HanMeHbITasd 1ejiasd 9acThb. Hanpumep, npu nu3pjaedeHun

KBaJipaTHOro KOopHd u3 10 mosxydum 3,16, 1 B KadecTBe pe3y/abTrara OdepeM 3.

V10| = |3,16] = 3
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Cxema ajropurMa BbIMHUC/IEHUsT KBaIPATHOIO KOPHS C UCIIOJIB30BAHUEM TOJIBKO Olepa-
NI CJIOYKEHUS, BBIYUTAHWS, CDABHEHUS U CJIBUTA TIpeJicTaB/ieHa Ha pucynke 2.10. B cxeme

ajiropuTMa cuMBOJIOM N 0b03HaYeHa Pa3PsIHOCTDh BXOIHOTO ONEpaH/Ia X.

FALSE

y=y>>1

FALSE

TRUE

X=x-b

y=y|m

|3

m=m>>2

Pucynok 2.10 — Cxema ajropurma BBIYUCICHUS KBaIPATHOIO KOPHS
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2.4.3 AxaropmtMm u3BJiedYeHUs KyOMIe€CKOTro KOpPHSsI
B jannom paszjiesie mpejcTaBiieH MeJJOUUC/JIeHHBIH aJrOpuTM U3BJICUeHUS KyOMIeCKOro

KOpHA C OKpPYyIJIEHUEM J10 OJImzKaiero MeHbIero neJjioro 4mciia.

y = V]

CxeMma aJI'OpUTMa BbIYMCJICHU A KY6I/I‘IGCKOI‘O KOpHA C UCIIOJIb30BaHUEM TOJILKO OIlepa-
ILI/IfI YMHO2KEHU, CJIO2KCHM A, BbIYMTaHUA, CDaBHEHUA U CABUTa IIpEJACTaBJ/IeHa Ha PUCYH-

ke 2.11. B cxeme aiaropurma cumsosiom N obo3HaUeHa pa3psiTHOCTh BXOIHOTO OIIEpaH/Ia X.

FALSE
v
/ y /
FALSE
TRUE
X=x-b
v
y=ylm
¥
m=m>>2

Pucynok 2.11 — Cxema ajropurma BBIYUC/IEHHA KyOUIeCcKOro KOpHs
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3 Jlaboparopuaga padora Ne3. IIpoekTupoBanue mudpo-

BbIX cxeM c mcnoJsib3oBanueMm I1JINC

3.1 BBeaenme

Jlaboparopnas pabora Ne3 rocssimena 1Moy IeHUIO0 HABBIKOB IIPOTOTUIINPOBAHMS T~
POBBIX YCTPOICTB € MCHOJIB30BaHUEM MHUKpOcxeM mporpammupyemoii joruku (ITJIVC).

B pabore npemjiaraercst 3amycTuTh udpoBoii OJI0K YCKOPEHUS MaTeMaTUIeCKIX Olle-
paruii, pazpaboTaHHbIi B JabopaTopHoil pabore Ne2, nHa oragounoii miare Nexys 4 DDR
¢ IIJINC XC7A100T-1CSG324C. JIjist yCIenHoro 3amycKa MpoeKT JIOJXKEH ObITh HAITMCAH
Ha CHHTe3UpyeMoM mnojamHoxkecTBe s3bika Verilog HDL u cojepkaTh KOppeKTHBIE Ouca-
HUsi 0A30BBIX OTEPAIMOHHBIX 3JIEMEHTOB IN(POBOIl CXEMOTEXHUKH.

B mporiecce BBITIOJIHEHUS CTYIEHTHI y9aTCs CBA3BIBATH TPOEKT € PeabHBIM BHEITHUM
OKDPY?KEHUEM IOCPEJCTBOM IOJIKJIIOYEHIsS [TOPTOB BBO/A/BBIBOJIA MTPOEKTA K PeAThHBIM
noxkkam MukpocxeMmbl [IJIMC. Takum 06pazom, CTy1€HTHI [TOJIy9ai0T Oa30BbIe HABBIKU Pa-
GOTBI C JMCKPETHBIMU [IOPTAMHU BBO/[A,/ BBIBOJIA, TOJKJIIOUEHHBIMI K CBETOJIHO/IAM, JIBUZK-

KOBBIM II€pEeKJII0oYaTe/IdAM 1 KHOIIKaM Ha HCHOJ’IBSyGMOfI OTJI&,ZLO‘{HOI;)I IiaTe.

3.2 Omnwucanue JadbopaTopHOii paboThI

Llenp paboThbl

[TosryanTh HABBIKK pa3pabOTKU MUMPOBBIX YCTPONCTB Ha Ha3e MporpaMMUPYEMBbIX JI0-

rudeckux uHTerpasbubix cxem (ILJINC).

VYKa3aHns K BBIIIOJTHEHUIO pa60TbI

Pabora Bommosnnasierca B Vivado Design Suite u ¢ ucrosb3oBanuemM OT/Ia[0MHON ILTa-
ol Nexys 4 DDR (noBoe nassanme Nexys A7). Ilpumep cosmanusi u 3arpysku daiiia

koudurypanun (npormsku) [IJIVC onucan B paszzene 3.4.

IlopsigoK BBIMOJIHEHUST PAOOTHI

1. JlopabotaiiTe cxemy pyHKIIMOHAILHOTO OJI0Ka, pa3pabOTAHHOIO B JJaDOPATOPHOI pa-
6ore N2, B coorBercTBHE ¢ pucyHKOM 3.1. Heobxonmo 100aBUTH BO3MOXKHOCTD pPa-
6OTBI ¢ BJIOKOM TOCPECTBOM JIMCKPETHBIX MTOPTOB BBOJIA/BBIBOJIA, TTOIKIIOUEHHBIX

K TepeKIIovaTesIsIM, CBeToIMolaM 1 KHomkaM 1aThl Nexys 4 DDR:
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— 3HAYEHWs! OIEPAHJIOB JIOJI?KHBI BBOJUTHCS C MIOMOIIBIO 1epekrouareseii (SW);

— pes3ysbTaT J0JZKeH BhIBOIUThC Ha cBeTonnonsl (LEDS);

— C IeJIbIO HOBBIIEHUA YI00CTBa PabOTHI IOJIB30BATESA JOIYCKACTCA HCIOIb30-
BaHUe JOIOJHUTEILHBIX KHOIIOK, IePeK/IIoUaTe/eil U CBeTOIIOIO0B;

— unTepdeiic MoIb30BaTes JOIKEH 00eCIIeYnBATh BO3SMOKHOCTH MHOIOKPATHO-

r'o IIPOBEJIEHUsT BBIYUC/IEHUIT €3 ITOCTOSIHHOINO HaxKaThsl Ha KHOIIKY cOpoca.
2. PazpabotaiiTe TecTOBOE OKpYyKEHHUE U IIPOBEIUTE MOJCTUPOBAHUE.

3. Ilposeaure cunre3 u pasmerrenue cxeMbl st [LJINC XC7TA100T-1CSG324C, Bxo-

Jadmeit B coctas oTiiagounoit mirarsl Nexys 4 DDR.

4. Orupejiesinre KOJIMIECTBO U THIT UCIIOJIb3yeMbix pecypcoB [IJINC nocste pazmenienus

CXEMBI.
5. IIposepbre paboTocnocobHOCTHL cxeMbl Ha oTa04uHoil maate Nexys 4 DDR.

6. CocraBbTe OTYET 10 Pe3yJIbTaTaM BBITOJTHEHUS PabOTHI.

Y
A

SW[15:0] LEDS[15:0]

osclck DEVICE

Y

BTN St

Y

Pucynok 3.1 — Cxema conpsizkeHnst pyHKIIHOHAJIBHOIO OJI0Ka ¢ IUCKPETHBIME ITOPTAMU
BBO/Ia/BbIBOJIa U UCTOUYHUKOM cuHxpocuraaia: SW — nepeksouaresm, LEDS —
cBeroanonnl, BTN — takroBas knonka, OSC — remeparop CHHXpPOCHTHAJIA,
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TpeboBanus K oT4deTy

Order j1012keH OBITH 0OOPMIJIEH B COOTBETCTBUN C TPEOOBAHUSIMU, TIPEICTABIEHHBIMI

B [Ipunoxenun A.

OTuet J0JI2KEH BKJIIOYaTb:

1. TurynbHbIl JIUCT.
2. Hens paboThr.
3. 3aJilanne B COOTBETCTBUU C BAPUAHTOM.

4. Cxemy (PHCYHOK) CONMpsi?KEHUsI pa3pabOTaHHOTO GJI0OKa U yCTPOWCTB BBOJIa/BBIBOIA
(nepeksiouareieif, CBETOANONOB, KHOMOK u jp.). Konmposanue cxembl u3 3aj1amust
He gomnyckaercd. Ha cxeme JOKHO ObITh YKa3aHO aKTyaJIbHOE KOJIUIECTBO UCIIOJIb-

3yeMbIX YCTPONCTB BBOJIA/BBIBOJIA.

5. Onucanne ajropurMa pabOThI TOJib30BaTesd. [IpuBoauTCs cxema ajaropurva u
KpaTKOe OIICaHue MOPS KA B3aUMOJIEHCTBUS MTOJIb30BaTENId C YCTPOUCTBOM, TO €CTh
yKa3bIBaeTCsl, KaKne KHOIKH /TIEPEKJII0UATe/ I B KAKOl MOC/IeI0BATETbHOCTH HAZKH-

MAaTh /IePEKJII0YATh, IJIe CMOTPETh U KaK WHTEPIPETHPOBAThH PE3y/IbTaT PaboThI.
6. Pesynbrar TecTupoBanus 6J10Ka B CUMYJISITOpE (BpEMEHHbIE JIMArPAMMBbI).
7. Tabmuiy ¢ ganabiMu 00 ucnosib3oBanuu pecypcos [LJINC.

8. BuiBopwr 1o pabore.

3.3 ApxwmurekTypa U NPUHIUI PabOThl MIKPOCXEM ITPO-

rpaMMUPYyEMOI JIOTUKN

[Iporpammupyemas sormdeckasi narerpaiabias cxema (IIJIVC; anri. programmable
logic device, PLD) — 310 uHTerpaibHas cxeMa ¢ KOHQUIYPUPYEMOIii JIOTHKO pabOThI.

B orimame oT 0OBIYHBIX MUMPOBBIX MuUKpocxeM, Jioruka paborsl ILJIVIC ne ompe-
JieJIsieTCs TIPU M3TOTOBJIEHUU, & 3aJIa€TCs IOCPEICTBOM TporpammupoBanus. [Ipu srom
I0/T TIPOTPAMMOIl TOHUMAETCsl He TI0CJIe0BaTe/IbHOCTh WHCTPYKIIHNi, KOTOpPbIE HAJI0 WC-
MIOJTHUTD, a KOH(UTYpAIUS PeaKkIni BHYTPEHHUX JJOTHIECKUX JIEMEHTOB Ha M3MEHEHUS
BXO/THBIX CUTHAJIOB, & TAaKyKe CXeMa COeIMHEHUI STUX JJIEMEHTOB.

Jist mporpaMMHUpOBaHUsST MCHOJIB3YeTCs CIelUaIbHOe ammapaTHoe (IporpaMmaTop)
U IporpamMMHOe ObecIiedeHre, MO3BOJIAIONIEe 3a/1aTh KeJaeMyl CTPYKTYPY HudpoBOro

yCTpOfICTBa B BHUJEC CXEMbI MJIN OIIMCaHMA Ha CIEIHUaJIbHBIX A3bIKaX OIMMCaHUA allllapaTy-

por: Verilog, VHDL u ap.
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B anrmogseranoit gureparype s mukpocxem [IJIVC cymecTByer jaBa pa3indHBIX
TepMUHA!

— CPLD (Complex Programmable Logic Device) — pazuosugaocts ITJIVC, B KoTOpBIX

KOH(PUTYPUYIOTCA COEJIMHEHUS MEK/LY JIOTUIECKUME 9JIEMEHTaAMU C y2Ke OIPe Ie/IeH-
HO¥ (DYHKIIMOHAJIBHOCTHIO;

— FPGA (Field-Programmable Gate Array) — passougaocts IIJIMC, B KOTOpBIX
KOH(PUTYPUPYIOTCSA COSJIMHEHUSA MEXKTy JJOTMIECKUMU dJIEMEHTaMH U (PYHKITHOHAb-
HOCTb CAMUX 3JIEMEHTOB.

B macrosmiee Bpems rpanuma Mexxy CPLD u FPGA Bcé 6ombiie crupaercs. Heko-
topeie cemeiictBa CPLD u FPGA ornuyatorcst b BO3SMOXKHOCTBIO XPaHEHUsT KOH(DU-
rypaiun B 3Heprouesasucumoii mamsatu. Mukpocxembl CPLD 06b141HO cotepKaT MeHbIIe
JIOTUYIECKUX 3JIEMEHTOB, U (ail/l KoHUrypamun 3aHIMaeT MEeHbBIIUH 00beM IMaMATH, 9eM
koHpurypanus mukpocxem FPGA. [Tosromy mHTEerpanust KoHGUTYparioHHON TaMsITH Ha
kpucrar Mukpocxembl CPLD gBisiercss He odeHb 3aTpaTHOl 10 pecypcaM, a MAKPOCXe-
Mbl FPGA Tpebytor BHemHel maMsiTi JI/1st XpaHeHus cBoeil Konduryparmn. Bo3sMoKHOCTH
KOH(UTYypUpoBaHusi (PYHKIMOHAJTBHOCTH JIOTHIECKUX DJIEMEHTOB IIPH 9TOM IIPUCYTCTBY-
eT U TaM, U TaM, XOTs UMEIOTCS MCK/IIoYeHns. Kpome 3Toro, HEKOTOpbIE TPOU3BOIUTETN
Mukpocxem FPGA maTerpupyor Ha KpucTa/l KOHPUTYPAITMOHHYIO TAMATE JJIsT MUKPO-
cxeM cpejiHeit emkoctu. Hampuwvep, Xilinx tak moctynasta B ciaydae cBoeit muneiitku FPGA
Spartan-3AN, HO 9TO He IMKMPOKO PACIPOCTPAHEHHASA CUTYaIlUsI.

Haunee, rosopst o ITJIMC, Mmbr Oyzem mnogpasymeBaTh Mukpocxembl Tuiia FPGA, rak
KaK OHM dallle UCIOJIB3YIOTCs JJIsl Peasin3alliil CJIOKHBIX TH(POBBIX YCTPOHCTB (IIpo-
I[IECCOPOB, allllapATHBIX ycKopuTeseil u np.). BazoBbivu ssmementamu Mukpocxem [TJINC
ABJISTIOTCS:

— KoH(pUTrypHUpyeMble JIoTudeckue OJIOKU WM MaKpOsUIeiiKu, peajn3yroriue Tpedye-

MYIO JIOTHYECKYIO (PYHKITHIO;

— TIporpaMMUpyeMble JIMHUU CBA3U MEXKJIy MaKpOsdelKaMu;

— TporpamMmupyembie GJIOKH BBOJIA/BBIBOJIA, OOECIIEUNBAIOIINE CBA3b BBIBOJIA MUKDO-
CXEMBI C BHEIITHUM MHPOM;

— OJIOKU TIaMSTH;

— amnnaparubie [P-gapa (Intellectual Property core, IP-core) — oruvueckue 6s10ku nm
OJIOKH JIAHHBIX, KOTOPBIE PEATTH3YIOT 3aKOHICHHYIO (DyHKIMOHAJIBHOCTE (IIPOIECCO,
Ethernet-konrpoJutep, kourposuiep PCle u np.); Takzke MOryT OBITH IPOrPAMMUPY-
eMBIMH 1 KOH(UTYPUPYEMBIMHA.

[Ipumep cTpykTypsl Mukpocxembl ILJIVC npencrasien wa pucynke 3.2. Ha pucynke

upejicrapiera [IJIVMC ¢ kondurypupyeMbIMu MakposiieiKaMu, BCTPOEHHBIM IIPOIECCOP-
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HBIM s/1poM, Omokamu namsatu BRAM, DSP-6si0kaMu 111 ObICTPOro BBIIIOJIHEHUS OLlepa-
[T YMHOXKEHHUS U CJIOXKEHUS, BBICOKOCKOPOCTHBIMI ITPUEMOIIEPEIaTIMKAMIA.

Annaparubie IP-6/10ku KOHTPOJLIIEPOB BBOJIa/BBIBOJIA OOBIYHO BKJIIOYAIOTCA B GoJiee
jgoporue ycrpoiictBa [LJIMC. D10 1mo3BOJIsIET COKOHOMUTH PECYPChl KOHMUTYPUPYEMbBIX
MaKpOsgIeeK M HCI0JIb30BATh yKe T'OTOBBIH OJIOK JIjIsI OpraHU3allid B3auMOJIEHCTBHUSI C
BHEIITHIMHI YCTPOCTBAMA.

CrpyKTypHas cxema KOH(MUTYPUPYEMOil MaKpOSIeKy pecTaB/IeHa Ha PUCYHKe 3.3.

MopTe BECOA/BRIBONA
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MopTe BECOA/BRIBONA

Pucynok 3.2 — Ilpumep crpykrypsl Mukpocxembr [LJINC

BrayTpenHsis cTpyKTypa MaKpOSUYEHKH OIpeaesercs (UpPMOR-TIPON3BOIATEIEM
[IJINC n MoxkeT BKIIOYATH PA3JIMIHbIC KOMIIOHEHTBI. MOYKHO BBIJE/IUTH OCHOBHBIE KOM-
MOHEHTBI, IPUCYIIHE OOBIMTUHCTBY BUJIOB MAKPOSIEEK:

— LUT - Look-Up Table (tabsmma npeobpasoBamusi);

— D-tpurrep (FF, flip-flop).

C nomompio LUT-g9eek peanmsyercs komObunarnuonuas joruka. CTpyKTypHas cxema
LUT npencrasiiena Ha pucynke 3.4.

LUT npencraBiser coboit cxemy U3 PErUCTPOB U MYJIBTHUILIEKCOPOB. BX0bI KaxK 10~
r0 MYJIBTUILIEKCOPA TOAKIIOYAIOTCA K OMHOPA3psiIHbIM peructpam Dy, Dy, ... D1u pe-
TUCTPBI XPaHAT 3HAYEHUs, KOTOPble OyyT IMOJaHbl Ha BBIXOJ IPHU OMpeJeTeHHON KOM-
ounaruu yrpasJsionux curnaysoB. Bxoast LUT gpisiorcs ynpaBisdionuMu CUrHAIAMEI
BHYTPEHHUX MYJIbTUILIEKCOPOB. Takum 0Opa3oM, rmepe3anuchiBast COJAEPAKIMOe PEFUCTPOB
Dy, Dy, ..., Mbl MoxkeM MeHATHb peaknuio LUT na 3HaveHUs: BXOTHBIX CUTHAJIOB M TEM

CaMbIM peaJIM30BbIBaTh Pa3/INYIHBbIC 3JIEMEHTDLI HH(prBOfI CXEMOTEXHUKH.

o6
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Pucynok 3.3 — Cxema kondurypupyemoit Makposiaeitku
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Pucynok 3.4 — Cxema BHyTpenHero ycrpoiictsa Tpexsxojosoro LUT
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[Ipumep peauzanyi KOMOMHAITMOHHOMN cXeMbl ¢ uctob3oBanueM Tabdymisl LUT mpes-
cTaBJIEH Ha PUCYHKE 3.D.

C momortpio D-TpurrepoB peasimsyercst 1Moc/ie/10BaTEIbHOCTHAS JIOTHKA, TO €CTh dJIe-
MEHTBI C TAMATBHIO: PETUCTPhI, KOHETHBIE aBTOMATHI, caeTIuku u Ap. OHOOUTOBBIE peru-
cTpbl KoHburypamuun Ry, Ry HeobxoauMbl Jijisd coejannenns Bbixoja LUT ¢ tpurrepamu.
CHur”aJibl ¢ 9THX OJHOOUTOBBIX PEFUCTPOB ITOCTYIIAIOT Ha YIIPABJISIIONINE BXOIbI KOMMYTa-

IMUOHHBIX MYJIBTHUIIJICKCOPOB.



Pasznbie mukpocxembr [IJINC ormmaatores apyr ot apyra kosmdectBom LUT u Tpur-

repoB B Makposdeiike, a TaKKe KOJIMIecTBOM BX0/0B Kaxkoro LUT.

[ror]
1 =100
Tabnuua

WMCTUHHOCTHK
b
y = (a&b) | lc il Bl Il [+ froro
o|lol0|1

Pucynok 3.5 — [Ipumep xkondurypanuu LUT na BbinosHeHne pyHKITIN
KOMOMHAIIMOHHON CXeMBbI

Ha ceromgmsiiiamii 1eHb MOXKHO BBIJIEJNTH JIBe OCHOBHBIE apxuTeKTypbl ILJIVC: ocr-

poerast (island-style win mesh-based FPGA) u nepapxuveckasi.

OctpoBHast apXUTEeKTypa IIpeJicTaB/IeHa Ha pucyHke 3.6 1 xapakTepHa Jjisi OOJIbINTIH-

cra [IJINC.
Ha pucynke 3.6 ucosb3yrorcs ciiegayonme 0003HaIeHNsT:
— CLB (Configurable Logic Block) — kordurypupyemast Mmakposideiika,
— CB (Connection Box) — 310 Ha60p MPOrpaMMUPYEMBIX MYJIBTUILIIEKCOPOB, MOJIKJIIO-
JaIOIIUXCsl HEIIOCPEJICTBEHHO K BXoJaM 1 Bbixogam Oj0koB CLB, a Tak:ke mopram
BBOJIa,/ BBIBOJIA;
— SB (Switch Box) — 910 Ha60p mporpaMMUpyeMbIX MYJIbTHILIEKCOPOB, MO3BOJISIIOIINX
HACTPOUTH CBsA3b MexK 1y Osiokamu CB.
Takum obpazom, 6m0ku CB 1 SB 1103BOJISIIOT HACTPOUTH CcoequHEHne KOH(MUTYypUpye-
MbIx 6s10k0B CLB.

B ocrpoabix [IJIMC Bce Makposiaeiikn paBHO3ZHAYHBI U COEIMHEHBI OJIMHAKOBBIM CIIO-
coboM. OHHE paccMaTpUBAIOTCs MTOJOOHO OCTPOBaM B OKeaHe KOH(MUI'YPUPYEMBIX Y3JI0B
kommyTarmu (6soku CB n SB) u munmii esisu (qmann, coenunsiiorme CB 1 SB). Orciona

7 Ha3BaHUE — «OCTPOBHAsS apXATEKTYpPay.
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MopTbl BBOAA/BbIBOAA
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CB
Pucynok 3.6 — Ocrpopnas apxurexktypa [LJINC

OcTpoBHasg apxuTekTypa xXapakTepHa st MukpocxeMm dupmbl Xilinx, a Takxke ce-
meitcrs Cyclone u Stratix dupmbr Intel (6piBras Altera).

Uepapxuueckas apxuTeKTypa IpeJicTaBieHa Ha pucyHke 3.7. B Heit cmenan pacder
Ha TO, UTO, paclojiarasg IacTo OOMEHUBAIOIINEC TAHHBIMUA OJIOKN OJIUKe JIPYT K JIPYTY,
MOKHO BBIUTDATh B KOJUYIECTBE HUCIIOIH3YEMBIX PECYPCOB U MPOM3BOIUTETHHOCTH CHCTE-
Mbl. Beé mpocTpancTBo KOHMUTYpUPYeMbIX GJIOKOB JIEIUTCS HA KJACTephbl (KOMHATHI).
BuyTpu kiacrepoB KOH(MDUTYpUPYEMbIE sT9€fiKU COEUHEHBI TECHOM CETHIO JIMHWUI CBA3U U
V3J7I0B KOMMYTAIIAN, & MEXKIy KJIACTePAMU CBI3b OPTaHU3YeTCs C MOMOIIBI0 HEOOJIBIIIOrO
KOJIMYECTBa KOMMYTAIIMOHHBIX y3/10B. TakmMm oOpaszoMm, Hawaydlras CKOPOCTh Hepeaadn
JIAaHHBIX O0OECIIeUNBAETCsI TaM, TJe 9TO HEeOOXOIMMO, TO €CTh BHYTPH KJIACTEPOB. A mpn
OpraHU3AINH CBI3W MEXKLY CAMUMU KJIACTEPAMHU YIAETCs COKOHOMUTH PECYPChl KOMMY HU-
KAIIMOHHON WHMPACTPYKTYPHI.

Uepapxuueckast apxuTeKTypa xapakTepHa s crapbix cemeiicts Flex10K u APEX
dbupmbr Intel (6biBuias Altera).

Nudopwmaruio o tune apxutektypsl [IJINC MoxKHO HaliTH B JOKYMEHTAIUU HA COOT-
BETCTBYIOITYI0 MUKpocxemy. OHaKO Ha3BaHUA OJIOKOB OJMHAKOBOI'O HA3HAYTEHUS] MOTYT

OBITH pa3HBIMU U3-32 MaPKETUHTOBON MOJMTUKHA (DUPM-TIPOU3BOIUTEIICH.
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Pucynok 3.7 — Uepapxudeckas apxurektypa [1JINC

3.4 Ilpumep co3panus m 3arpy3ku aiijia koudurypa-

muu IIJINC B cpene Vivado Design Suite

B nanHOM pasjese onmuchiBaeTcs mporecce co3aanus daiiia KoHburypaun (poris-
ku) s [IJIMC XC7TA100T-1CSG324C, Bxogsiieit B cocta 0Tia09HOl mwiarbl Nexys 4
DDR, a takke mociieytornias 3arpy3ka gaiisa B yerpoiicto ¢ nomoripio Vivado Design
Suite.

[Iporece cozmanus daiia kouduryparuu st [IJINC B obmem ciydae BKIOUaeT
CJIeTyIOIIe OCHOBHBIE STAITBL:

— JIOTUYECKUil CUHTE3;

— orobpaxkenne cxembl Ha pecypcbl [IJINC, dusndeckoe pasmerreHue;

— renepanus (aita.

Nuorma Bech mporiecc HA3BIBAIOT TEPMUHOM «CUHTE3» MJIN «KOMIUJIAIIA», HO HEOOXO-
JIIMO MTOHUMATD, YTO OH COJIEPYKUT MHOIO IIIaroB, KOTOPbIe HEJb3s MyTaTh. B cucremax
PA3HBIX [IPOM3BOIUTE/IEN ITH IIATH MOI'YT HA3BIBATHCS IO-PA3HOMY, HO CYTh OCTAeTCs TI0-
9TH OAUHAKOBOI.

[Tepeiinem k cozmanmio mpomuBKu. [Ipenmonaraercsd, 9To MPOEKT yCTPOICTBA yKe CO-

3/1aH 1 OTJIazKEeH B CUMYJIATOPE. CJIe,ZLyIOHII/IM IaroM sIBJISIETCA JOTUYECKUI CUHTES CX€MBbI,
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B IIporiecce KoToporo onucanue Ha s3bike Verilog HDL nepeBoguTces B 6a3uc jioruvecknx
IPUMUATHBOB (6A30BBIX OMEPAIMOHHBIX 9JIEMEHTOB, BEHTHJIEH U T.I1.).
Js1 3amycKa JIOornaecKoro cuHTe3a HeobxonuMo B JieBoi nmanesn Vivado Design Suite

HaXKaTh Ha KHONKY Run Synthesis (pucynok 3.8).

1]
v
~

Flow Navigator
~ PROJECT MANAGER
£ Settings
Add Sources
Language Templates

<LF P Catalog

¥ [P INTEGRATOR

Create Block Design
Open Block Design

Generate Block Design

~  SIMULATION

Run Simulation

¥ RTL AMALYSIS

» Open Elaborated Design

v SYNTHESIS

P Run Synthesis

Open Synthesized Design
Pucynok 3.8 — Knonka 3alrycka mporiecca CUHTe3a,

[Tocsie HazkaTHsT HA KHOTIKY TIOSIBUTCS JIHAJIONOBOE OKHO C HACTPOWKAMHU CHHTe3a (pH-
cyHok 3.9). B okHe HACTPOEK MOXKHO yKa3aTh, B KAKOE KOJUYECTBO MOTOKOB (jobs) Gymer
IPOU3BOAUTHLCA cuHTe3. JJIst IpoIoJIKeHnsT CHHTe3a HeoOxoauMo HaxKaTh OK.

[Tocste 3aBepiieHns CUHTE3a OTKPOETCA JIMAIOTOBOE OKHO ¢ BBIOOPOM CJIEJIYIOIIEro Jieii-
creust (pucynok 3.10). Ilpu mepBoM BBITIOJIHEHUN CUHTE3a HEOOXOJNMO OTKPBITh CHHTE3H-
POBAHHBII TPOEKT, 9TOOBI YCTAHOBUTH COOTBETCTBUE BUPTYAILHBIX IOPTOB BBOJIA/ BBIBO/IA,
UMEIOIUXCcs B poekTe, peayibHbiM rmoptam [IJIMC. Jls 9Toro B OTKpBIBIIEMCS OKHE Bbi-
oupaem Open Synthesized Design n naxkxumaem OK.

YT00B! IEpEiiTH K pe/IaKTHPOBAHNUIO HA3HAYEHUs TIOPTOB, HAJIO B IIPABOM BEPXHEM YTITy
OTKPBIBIIIErOCs OKHA CHHTE3MPOBAHHOIO IIpoeKTa Bhibparh pexkum [/0 Planning (pucy-
HOK 3.11).

B pexxume I/0 Planning HeoGXoauMo 3a1aTh COOTBETCTBHsI MOPTOB B HIDKHEH YacTn

OKHa TIpoeKkTa (00JIACTh BbIjeIeHa KpacHbIM Ha pucyHke 3.12). Jljist Bcex JUCKpPETHBIX
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#  Launch Runs >

Launch the selected synthesis orimplementation runs.

Launch directory: | k0 =Default Launch Directory= A

Options

#® Launch runs on local host:  Mumber of jobs: | 2 A

Generate scripts only

Dont show this dialog again

Pucynok 3.9 — /IuasmoroBoe 0OKHO HACTPOUKHM CUHTE3a

Synthesis Completed ¥

o Synthesis successfully completed.

Next
Run Implementation
@ Open Synthesized Design

View Reports

Dont show this dialog again

Pucynok 3.10 — /InajioroBoe OKHO OTKPBITUSI CUHTE3UPOBAHHOI'O TTPOEKTA

[IOPTOB BBOJIA/BBIBOJIA (IIEPEKITIOUATEIN, CBETOINObI I KHOIIKI) HEOOXOANMO B KAueCTBe
snavenns mapamerpa [0 Std 3amaBars «LVCMOS33».

Nudopmaruio o Hazanun peasibubix HOkeK [LJIVIC u o Tom, K 9eMy OHU TOJIKJIIO-
YeHBbI Ha ILJIaTe, MOYXKHO B3AThb U3 OMUIMAIBHON JIOKyMeHTalun K miare. [lojakouenne
JINCKPETHBIX [MOPTOB BBOJIa/BHIBOJIA IIPEJICTABIEHO Ha PUCYHKe 3.13.

[Tocie 3aBepieHnsi pelaKTHPOBAHUSA ITPUBA30K HEOOXOIUMO COXPAHUTH U3MEHEHU.
9TO0 MOXKHO cjenarb kombuHanmeir Kiapuin «Ctrl+S». [Ipu nepBoMm coxpanenun Oyjer
[IOKA3aHO OKHO C IIPEJJIOYKEHUEeM BBECTU HMMs JIJIsi BHOBb CO3/IaBAeMOro aiiia orpaHu-
YeHHil, B KOTOPOM Oy/IyT COXpaHEHbI YCTAHOBJIEHHbIE HACTPONKM MOPTOB (pUCYHOK 3.14).

Beosum nms u coxpansiem orpanudenus B ¢aitan XDC.

62


https://reference.digilentinc.com/reference/programmable-logic/nexys-a7/reference-manual

— x

Synthesis Complete </

95 Default Layout w

19 Default Layout

‘25 1/O Planning

55 Floorplanning

5 Debug

55 Timing Analysis
Save As Mew Layout...
Reset Layout F5

Pucynok 3.11 — Beibop pexkuma [/O Planning
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Pucynok 3.12 — Mnrepdeiic peakTupoBanus NMPUBI3KU [OPTOB,/BBOJIA BBIBOJA

BalaHHBIE OTPAHNYEHUs] MOXKHO ITPOCMOTPETHh B TEKCTOBOM BH/IE, IEJKHYB JIBaYKIbI
Ha HasBaHuU (ailia B MaHe n UCXOIHbIX (hailioB npoekTa (pucyHok 3.15).

Ham meobxoanmo Tak:ke J100aBUTh OrpaHHYeHNe Ha JacTOTy TaKTOBOro curraJa. Ha
pucyske 3.16 HeoOXouMasi CTPOUKa BbIJIeJIeHa 1IBeTOM. BhicTaBjisieM orpaHUYueHre Ha, I1e-
puox B 10 He, gaTo coorBercTByer 100 MI'. Dra madopmanusa weobxommma Vivado st
MIPABUJILHOT'O BPEMEHHOT'O aHAJIM3a, CXeMBI 1T0cjIe pasmMelrennsd eé kommnonenTos Ha [1JIVC.

Ecniu Bpemennbie orpanudenus e OyayT cobsoiatbes, Vivado BbIIACT IpeIyipesK/IeHue.
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Pucynok 3.13 — Cxema mojk/IioueH sl JIMCKPETHBIX TOPTOB BBOja,/BhiBosa 1LJINC
XC7A100T-1CSG324C na mare Nexys 4 DDR

[Tocse 3ajanus orpannydeHuit HEOOXOUMO TIEPEHTH K ITAIY OTOOPAXKEHUsI CXEMbI Ha
pecypebt [IJINC u dusudeckoMy pasMenieHno. ITHU MIArd 3aIyCKATCs HayKaTueM Ha
Run Implementation B neBoii wactu nnTepdeiica npoexra Vivado (pucynok 3.17).

[ocste ycnemmuoro pasmertennsi cxembl Ha [IJIVMC Oymer mpeiioxkeHo BBIIOJIHATD re-
Heparuio daita npommeku. Beibupaem Generate Bistream u naxkumaem OK (pucy-
HOK 3.18).
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#  Save Constraints

Select a target file to write new unsaved constraints to.
Choosing an existing file will update that file with the new ‘

constraints.

® Create a new file

File type: EER(a]e: v
File name: config
Filg location: | @ =Local to Project= A

=zelect atarget file=

Pucynok 3.14 — JInajoroBoe OKHO COXpaHEHUsI OTPAHUYCHUI ITPOEKTa,

@
€

¢ test_ctr - [Di/trnp/test_ctr/test_ctraxpr] - Vivado 20174

File Edit Flow Tools  Window Layout  Miew  Help Q- Quick Access
=, -« B X ® b B X O 8 & X ¥
Flow Navigator e B SYNTHESIZED DESIGN - xc73100tcsg324-1 (active)
v PROJECT MANAGER - - ] -
Sources ¥ Netlist Device Constraints ? _0O0O Package
£ Settings
Q =& + o
Add Sources
. T at w Design Sources (1) -
anguage Templates .
Wb test_ctr (test ciry)
LF IP Catalog w Constraints (1)
~ constrs_11(71)
v P INTEGRATOR 4 jconfig.xde (target)
Create Block Design A Simulation Sources (1)
_ ) ~ sim_1171)
Open Block Design -~ H®f ] e e ~|
Generate Block Design Hierarchy | Libraries  Compile Order
Source File Properties x Clock Regions ? - il
~  SIMULATION pe - o)
Run Simulation B4 config.xde - o
+'| Enabled -
v RTLAMALYSIS | SooooosoomoTooooe e
General Properties
» Open Elaborated Design

Pucynok 3.15 — Pacnosioxkenue aiisia orpanndeHuil mpoekTa

[Tocse ycrmemnroit rerepariun haityia MPOIMIUBKA OTOOPA3UTCS OKHO C MPEJIOKEHUEM
OTKDBITh MPOEKT T0CIe pasmenenns (pucynok 3.19). Moxkuo naxkars Cancel. Tloka Ham

He TpedyeTcss BHOCUTDH u3MeHenus B pasmerienue na [LJIC.
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set property PRCERGE FPIN V17 [get ports [leds[5]}]
set_property PRCERGE PIN Ul7 [get ports {leds[g&]}]
set property PRCERGE FPIN Ulé [get ports [1leds[7]}]
set_property IOSTANDRARD LVCMOS33 [get peorts clk]

set_property PRCEAGE PIN E3 [get ports clk]
create clock -add -name clk -pericd 10.00 -waveform {0 5] [get ports [ clk }]:I

set property PRCERGE_FIN P13 [get ports rst]
set_property PRCERGE FIN J15 [get ports sw]
set property IOSTRANWDRRD LVCMOS33 [get ports rat]
set_property IOSTANDRRD LVCMOS33 [get_ports sw]

]

Pucynok 3.16 — Comepxumoe daiiia orpaHndeHnit mpoeKkTa

& Report Power Tel Con

1 Schematic Q
Mame
~ IMPLEMEMNTATION v @A
P Run Implementation y g
» Openlmplemented Design r &

~ PROGRAM ANMD DEBUG

J5 Generate Bitstream

Pucynok 3.17 — Knonka 3amycka mporiecca 0ToOpaskeHnsl U PasMelleHnsT CXeMbl Ha
pecypcax ILJINC

Implementation Completed *

” Implementation successfully completed.

Next
Open Implemented Design
@ Generate Bitstream

View Reports

Dont show this dialog again

Pucynok 3.18 — Okno ¢ npesoxkennem rerdeparuu nporusku [1JINC
@aiis1 mpomMBKY UMeeT paciiuperne *.bit u pacrosaraercst B Katajiore ¢ pe3yJbTaTa-

MU pa3MelieHns mpoekTa. Mbl MOXKeM MPOCMOTPETh KOJTUYIECTBO PECYPCOB, 3aHUMAECMbIX

npoektoM Ha [IJIMC B nanenu Design Runs (pucynox 3.20).
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Bitstream Generatiocn Completed

o Bitstream Generation successfully completed.

Next
@ Open Implemented Design
View Reports
Open Hardware Manager

Generate Memory Configuration File

Dont show this dialog again

Pucynok 3.19 — OkHO ¢ 1pejijioyKeHrneM OTKPBITUS ITPOEKTa MOCJIe PAa3MEIeHIs

~ | Enaoied

Location: D:tmphest_ctritest_ctr sres/constrs_Tinew '
~ 44 end

General Properties

Reports | DesignRuns X Package Pins | /O Ports

TciConsole | Messages | Log

Q = = + %

MName Constraints ~ Status WNS TMS WHS THS8 TPWS Total Power FailedRoutes LUT FF  BRAMs URAM DSP

~ of synth_1 constrs_1 synth_design Complete! 46 40 0.00 1] 0
o impl_1 constrs_1 write_bitstream Complete! 5229 0000 0266 0.000 0.000 0.098 o 46 40 0.00 0 0

Pucynok 3.20 — Nndopmanus no 3annumaeMbiM pecypcam TTIJINC

Tak>ke nHMOPMAIIIO O Pecypcax MOXKHO ITPOCMOTPETb, HayKaB Ha CHMBOJI CYMMBI B

BepxHeil nacTpyMenTasibHoil nanesm Vivado (pucyrok 3.21). OTkpoercs oTder 06 ueoib-

30BaHUU PECypcoB (pUCYHOK 3.22).

0] o Z
"a100icsg324-1 (active Project Sum

yut-of-date. Newer Synthesis results
Pucynok 3.21 — Knonka mpocMmoTpa oTdera 110 3anuMaeMbiM pecypcam [LJINC

Jls ipoBepKu paboOTOCIIOCOOHOCTH CXEMbl HEOOXOIUMO 3arPy3UTh HOJIYUIEHHYIO MPO-
muBKy Ha [IJIMC. D10 MoxkHO caenars ¢ momombio Hardware Manager, Bxojsiero B
cocraB Vivado. Takxke MOXKHO 3arpy3uThb IpOIUBKY ¢ momorisio npuioxkerus IMPACT,

Bxojsriero B coctas ISE Design Suite — npemmecteenruka Vivado. /lamee Oymer ommcan

HPOIIECC 3arpy3KH MPOHuBKU ¢ rmomorpio Hardware Manager.
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Incremental compile:

MNone

Package x | Device X | test_ctrv x | config.xdc »  Project Summary X
Sualeyy. VIVAUD DYIINIESIS Le1auns DudEgy. VIVAUD IMPIETIENEUON UEIEUIS
Report Strateay: Vivado Synthesis Default Reports Report Strategy: Vivado Implementation Default Reports

Setup | Hold | Pulse Width

Implemented Power Report

DRC Violations Timing
Summary; 1 warning ‘Worst Megative Slack (WNS): 5229ns
Implemented DRC Report Total Negative Slack (TNS): 0ns
MNumber of Failing Endpoints: 0
Total Number of Endpoints: 43
Implemented Timing Report
Utilization Post-Synihesis | Postdmplementation Power Summary | On-Chip
Graph | Table Total On-Chip Power: 0.098 W
Junction Temperature: 254°C
Resource Utilization Available Utilization %
Thermal Margin: 596°C(129W)
LT 48 63400 0.07
Effective SJA: 4,6 °CW
FF 40 126800 003
Power supplied to off-chip devices: 0W
[le] 1 210 5.24 i
BUFG 1 32 313 Confidence level: Medium

Pucynok 3.22 — Orver no 3anumaembim pecypcam [IJINC

s orkpoitust Hardware Manager neooxoanmo waxkars vHa Open Hardware Manager

Ha JjieBoil manesm Vivado (pucynox 3.23).

¥ PROGRAM AND DEBUG

I5 Generate Bitstream

v Open Hardware Manager

Open Target

Program Device

Pucynok 3.23 — Knonka orkpbiTus pexkuma mnpormmusku [LJINC

[Tocne orkpoiTua Hardware Manager meobxoiumo nogkaountsb miaty Nexys 4 DDR

K KOMIILIOTEPY U BKJIIOYUTDH IIUTAHUE ILJIATHI. 3arTeM HaXKaThb Ha KHOIIKY aBTOOIIpE€IC/ICHU A

HOJIK/II0YeHHOro yerpoitcrsa — Auto Connect (pucyHok 3.24).

st_ctrftest_ctraxpr] - Vivado 20174

Window  Layout  View  Help Q- Quick Access

X » B & T ¥

Tools

Lup

H HARDWARE MANAGER - unconnected

Desi - 0 Mo hardware target is open. Open target
esign

| & Auto Connect
Hardware

Open Mew Target...

i ¥
st_ctrd
| -

Pucynok 3.24 — Knomnka asroomnpeesienus miarst ¢ [LJINC
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[Toce ycrertaoro onpenesenust ILJITNC neodxoanmMo mieIkHy Th IPaBOit KHOIIKOM MBITII-

KW Ha Heil u BeiOpaTh Program Device (pucynok 3.25).

¢ test_ctr - [D:/tmp/test_ctr/test_ctrxpr] - Vivado 2017.4
File  Edit Flow Tools Window Layout View Help Quick Access
I=.‘ - [ = b‘ I « SN )3 Dashboard ~

Flow Navigator ’ HARDWARE MANAGER - localhostiiling_tcfiDigilent/2102927 106404

@ There are no debug cores. Program device Refresh device
Generate Block Design

Hardware ? _0O0O X test_ctrv X configxde X
» SIMULATION - -
Q = ¥ o D:tmptest_cirftest_ctrsrcs/sources,
Run Simulation
Name Status Q - X B
~ B localhost (1) Connecled T
v RTL AMALYSIS 17 0
~ @& xilinx_tcfiDigilent2102927106..  Open 18 !
> Open Elaborated Design © @ xc7a100L 00 E—— q !
5 XADG (51 Hardware Device Properties...

~
SYNTHESIS Program Device
P Run Synthesis Verify Device.. c_otr(
tlk,
~ Open Synthesized Design C'  Refresh Device

Est,

Constraints Wizard EL
Add Configuration Memary Device reg [7:0] 1e

Edit Timing Constraints 3 Boot from Configuration Memaory Device

A SetlUp Debug Hardware Device Prope Program BER Key.. crr;
© Report Timing Summary & xcTal00L0 Clear BBR Key

sedge clk)
Repon Clock Metwarks Program eFUSE Registers.. | begin
4 is <= 07
Report Clock Interaction Name et Export to Spreadshest b <= 0:
Report Methodalogy Fart xcrali0t | INE end Else begin

3 if(sw) begin

Pucynok 3.25 — Mento nporpamvuposanus [IJINC

[Tocne nakatuss Ha Program Device 0OTKpoeTcs JUajioroBoe OKHO C BbIOOpOM aiiia
nporuBky. Eciim Hardware Manager 3amyckaeTcsd U3 TEKYIIEro MpoeKTa, KakK B JAHHOM

puMepe, TO MyTh K ailly IPONUChIBAETCS aBTOMaTUYecKu. [l mporpaMMupoBaHuUs

HaxkumaeMm Program (pucynok 3.26).

Select a bitstream programming file and download it to your hardware device. You can optionally
select a debug probes file that corresponds to the debug cores contained in the bitstream ‘
programming file.

Bitstream file: D:otmptest_cirtest ctrrunsfimpl_1test_ctr.bit E'
Debug probes file: E'

+' Enable end of startup check

z) Program Cancel

Pucynok 3.26 — Oxuo BbIOOpa haiiia mpoIrmBKu

[Tocue ycrenraoro 3aBepiieHust Mporecca MporpaMMUPOBaHUsT MOYKHO YBUJIETh Ha LA~

Te pe3yJIbTaT PAbOThI CIIPOEKTUPOBAHHON CXEMBI.
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4 JlaboparopHasa pabora Ne4. IIpoekTupoBaHue BCTPO-

€HHbIX CXeM CaMOTeCTUPOBaHNIIA

4.1 Bseaenme

Jlaboparopnas pabora Ne4 mocssiena Borrpocam pa3paboTKN BCTPOEHHBIX CXEM CaAMO-
tecrupoBanus i npoektos Ha [IJINC.

B mporiecce MojemmpoBaHus CXeMbl B CUMYJIATOPE HEBO3MOYKHO TOYHO YYECTb peasib-
Hble BpeMeHHbIe 3aJIePXKKH, a MOJIeJTMPOBAHNE CEKYH Il }KU3HI CUCTEMbBI MOXKET 3aHIMATh
MUHYTBI U 9aChl peajJbHOTO BpeMeHu. B ¢BaA3M ¢ 9TUM BO3HUKAET POO/IeMa TeCTHPOBAHUS
CUCTEMBI C peaIbHbIMU 3aJ€PKKAMU ITPOXOK/IEHUS CUT'HAJIOB Y€Pe3 DJIEMEHTHI, a TaKyKe
epebopoM Bcex HeOOXOMMBIX TEeCTOBBIX BEKTOPOB 3a MUHUMAJBHOE BpPEMs. DTO BO3-
MOXKHO OCYIIECTBUTH C TOMOIIBIO BCTPOEHHBIX OJIOKOB CAMOTECTHPOBAHUS, TAK KaK OHU
paboTaioT B peasibHOM OKPYKEHHH U B PEAJLHOM BPEMEHU.

BJioku camorecTupoBaHus O3BOJISIOT IIPOBEPUTH CUCTEMY 0e3 IMOIKII0UCHIUST K BHEII-
HEMY OOOPY/IOBAHUIO, M UX HAJIMIHE AKTYAJIHHO Ha BCEM ITPOTIKEHUH IKCILTyaTallud CUCTe-
MBbI. B mporiecce skcruryaTanyum n3-3a BO3IEUCTBUS PA3INIHBIX (haKTOPOB OKpPYIKaIoIIeit
cpejibl (HAIpUMep, Ieperpesa, MOBBIIEHHON BJIAsKHOCTH, IPUCYTCTBHUS 3JIEKTPOMATHUT-
HOT'O U3JIyYeHUs U IIP.) MOXKET [IPOMCXOJUTD Jierpajaliust SJIeMeHTHON 6a3bl yeTpoicTBa,
YTO MPUBOIUT K cOOAM B paboTe cucTeMbl. PeryJispHbIil 3aIlycK IIpoIecca CaMOTeCTU-
pPOBaHUs MOYKET TTOMOYb BOBPEMsI BBIIBUTH HAPYIIEHUs PAOOTOCIOCOOHOCTH CUCTEMBI U

06e301aCUTD OKpYy2KeHue oT HOCJIG,ILCTBI/Iﬁ cOoeB.

4.2 Omnwmcanue j1abopaTopHoii paboOTHI

Llenp paboThbI

[MosryunTs HaBbIKKM pa3paboTKU BCTPOeHHBIX cxeM camorectupoBanus (BIST, built-in
self-test) suist uPOBBIX YCTPONCTB, peaJM30BaHHBIX Ha Oa3e MPOrpaMMEUPYEMbIX JIOTH-

wqecknx naTerpastbubx cxem (ILJINC).

Yka3zaHust K BBIIIOJTHEHUIO PabOThI

JlabopaTopHast paboTa IMOCBsIIEHa 3HAKOMCTBY ¢ OCOOEHHOCTSIME Pa3spabOTKU BCTPO-
EHHBIX CXeM CaMOTECTUPOBaHUs JIjis I POBBIX YyCTPONUCTB, PEAIN30BAHHBIX HA 0a3€ MUK-
pocxem ILJIMC. Pabora Beimosasiercss B Vivado Design Suite n ¢ mcmnosib3oBannem oTia-

nounoii maarsl Nexys 4 DDR (noBoe nazsamnme Nexys AT).
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Ilopsi/iok BbIOJIHEHUS PabOTHI

1. Jlopabotaiite cxemy pyHKIIMOHAJILHOTO OJI0Ka, Pa3pabOTaHHOTO B J1aDOPATOPHOIT pa-

6ore Ne3, B coorBercTBum ¢ pucynkom 4.1. Ha pucynke manubiit 6,10k 0603HaUEH KaK

DUT (Design under Test). Heobxonnmo q06aBUTh B CXeMy BO3MOXKHOCTbD BBIIOTHSTH

caMOTeCTUpOBaHHuEe 110 BHENTHEN KOoManae — 110 CbaKTy HaxkaTna KHOnKu. Cxema ca-

MOTEeCTUPOBaHUA JOJIZKHa YAOBJIETBOPATH CJICIYIOHNIUM Tpe6OBaHI/I§IMI

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

BXO,ZL 1 BBIXO/I U3 PEKNUMa CaMOTECTUPOBaHU:A JTOJIZKEH BBITIOJIHATLCA 110 CbaKTy

nazxkaruga kaonku BTN.

Mogyins «BIST control logics» mosken ynpaB/isTh KOMMyTalldeil CUTHAJIOB B
peKuMe TecTupoBaHusd. /[aHHbIE MOITY/Ib TaKKe JIOJIZKEH XPAHUTH KOJIMYECTBO

IIepexoa0B B PE2KUM CaMOTECTUPOBaHUA C MOMEHTa 1102491 IIMTaHUA Ha CXEMY.

JomkHa OBITH MO IepyKana BO3MOYKHOCTD 110aBaTh BMECTO OIEPAHI0B (DYHK-
MU 3HAYEHUsI C PErucTpOB CJBUTa C JIMHEHHOH obparnoil caspio LEFSR
(Linear-Feedback Shift Register). Perucrper LESR 6ysyT BbiniosisaTh dbyHKIMN
reHepaTopoB IceBaocaydaitubix uncesi. [lomunomer, Ha 6a3e KOTOpPbIX paboTa-

ot peructpbl LESR, onpenensiorcss B BapuaHTe 3a aHNA.

Buauenue BuIxoJa dyHKImonaabaoro osoka (DUT) B peknume rectupoBanus
JIOJIZKHO TPOXOJIUTH Yepe3 MOJY/Ib pacdeTa IMUKJINYEeCKOr0 U30BITOYHOrO 8-
6urroro koga CRC8 (Cyclic Redundancy Check). Ilo snauenunto CRC8 B KoH-
Ile TECTUPOBAHUS OLPEJIEJIETCsE KOPPEKTHOCTH paboThl cxeMbl. Mcnonb3oBanme
TAKOT'O ITOJIX0/[A TIO3BOJISET COKOHOMUTD HAMSTH JIJIsE 3aIlUCH UCTOPHU TECTHPO-
BaHUA 1 JJId CIINCKa 9TaJIOHHDBIX 3HA4YEHUA Ha, Ka)K,[LOﬁ urepanuu TeCTUPOBaHUA.

[Tomurom iyt CRCS onpeieisiercss B BapuaHTe 3a/IaHUS.

Pesynbrar paboTh! 6JI0Ka B pexKnUMe CaMOTECTUPOBAHUS JOJIKEH IIPEICTABISATh
coboit 3nadenne kojga CRCS8 mocie 256 nrepanuit rectuposanust. OgHOM nTe-
palyeil TeCTUPOBaHUsT HA3bIBAETCS pacdeT pe3ysabTaTa Ha OJHON KOMOWHAIINN

BXOZHBIX OII€EPaHIOB.

B pexxknme TecTupoBaHus Ha CBETOANOIbI JOIXKHO BRIBOANTHCs 3Hadenne CRC8
1 KOJIMIECTBO TIEPEXOJIOB CXEMBI B PEXKUM CAMOTECTUPOBAHMS C MOMEHTA, 110/1a~
91 MUTAHUS Ha cxeMy. B pe:kmMme HOpMaJbHOM PabOThl HA CBETOJMO/IBI BHIBO-

JUTCS pe3ysbrar pacdera dyHKIponaabroro 6iaoka (DUT).

2. PaspabotaiiTe TecToBOE OKpYyKEHHUE U IPOBEIUTE MOJenpoBaHue cxembl. Orpeje-

JINT€ KOPPEKTHOE 3HAa4Y€HUE CRCS8 B KOHIIE IIPoIleCcCa CaMOTECTUPOBaHNA, TO €CTb

rocJie 256 urepanuii cMeHbl BXO/IHBIX OTIEPAHJIOB.
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3. Ilposemure cuaTe3 u pasmerierne cxembl g [LJIMC XC7A100T-1CSG324C, Bxo-

Jasiieit B coctaB oTiagounoil mwiarkl Nexys 4 DDR.

4. Ormpesiesure KOJMIECTBO U THIT UCTIOIb3yeMbix pecypcoB [IJIMC mocte pasmenienns

CXEMBI.

5. IIposepbre padborocmocodbHOCTH cxeMbl Ha oTaa04uHoil 11ate Nexys 4 DDR B Hop-

MaJIbHOM pe€KMME 1M B pe2KHMe CaMOTECTUPOBaHUA.

6. CocrtaBbTe OTYET 110 Pe3yJIbTaTaM BBITIOJTHEHUS pabOTHI.

—>

test BIST [~ LFSR1 |~
BTNp---- > control "~
|ogic F--->» LFSR 2

—>
b LA

DUT

LEDS

Y

test_mode_ctr [7:0]

Pucynok 4.1 — Cxema, conpsizkeHusi (pyHKITHOHAJIBHOIO OJIOKa CO CXEMO# TeCTUPOBaHUS:
BTN — rakroBas knonka, LEDS — ceeromgmosr, DUT (Design under Test) — momysb u3
naboparopuoit paborsr Ne3, LESR 1 u LFSR 2 (Linear-Feedback Shift Register) —
PerucTphl ¢BuUra ¢ JuHeitHoi obpaTHoil csa3bio, CRC8 (Cyclic Redundancy Check) —
MOJIYJIb pacyeTa MUKJIUIECKOr0 U30BITOYHOTO 8-OMTHOIO KOJIa

Ha pucynke 4.1 unrepdeiicsl BBoja/BbiBosia 6y1o0ka DUT nokasanbl yupomienHo. Biiok

DUT nosmken nmerh mHTEP@EHCHI, aHAJOTUYHBIE TeM, 9TO ObLIN B J1aDOPATOPHOI pado-
Te Ne3.

TpeboBaHus K oT4eTry

Otder j1o17KeH OBITH 0OOPMIIEH B COOTBETCTBUN C TPEOOBAHUSIMU, TIPEICTABIEHHBIMI

B [Ipunoxennn A.

OTueT JI0JI>KEH BKJIIOYATh:
1. TwurynbHbBII JTUCT.
2. Ilesnp paboThl.
3. 3ajiaHne B COOTBETCTBUU C BAPUAHTOM.

4. Cxewmsbl (pucynkn) ycrpoiicra 6s10ka «BIST control logic», perncrpos LFSR u mo-

nysist pacaera CRCS.
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5. Pesysbrar TectupoBanusi 6Ji0Ka B CUMYJIsiTOpe (BDEMEHHBIE JIMAPAMMBI ).

6. Bpemsa MojetMpoBaHus pexKMMa CAaMOTECTHPOBAHUSA B CUMYJISITODE.

7. I'pacbuk ¢ IJIOTHOCTBIO pacrupejeeHus 3HAYCHUl OlepaH/IoB, KOTOpbIe Iepedupa-

I0TCd B pezKUMe CaMOTECTUPOBaHUA, C YKa3aHUEM obacTn JOIIYCTUMBIX 3HAYEHNI.

8. HpOHGHT KOJINYEeCTBa 3HAUYEHUIA OIl€EpaH/J0B, KOTOPLIE IIOIIaJIN B 00J1aCTh JOIIyCTH-

MBIX 3HQYEHUI.

9. Tabymmiy ¢ ucnosiblyembiMu pecypcamu [LJINC.

10. BeiBomsr o pabore.

3agaHus o BapuaHTaM

Ne Bap.

ITonusom LFSR 1

ITonnsoMm LFSR 2

ITosnuaom CRCS8

—_

y=1+z+2°+a*+a°

y=1+a"+2°+a°+2°

y=1+a"+2°+a" +2°

y=1+a"+a2" +2°+2°

y=1+z*+2°+2" +2°

y=1+z"+2°+2" +2°

y=1+2%4+2* 4+ 2° +2°

y=14+z+ 23+ 2%+ 28

y=1+az*+2°4 2" +2°

y=1+z+z°+2°+2°

y=1+2>+2°+2"+2°

y=1+23+2°+2"+2°

y=1+a’+2°+a"+2°

y=1+a"+2°+a" +2°

y=1+a"+2°+a°%+2°

y=1+xz+a2"+2"+ 2"

y=1+a"+2" +2°+2°

y=1+a"+az" +a"+2°

y=1+az"4+2°4+ 27 +2°

y=1+z+a°+z"42°

y=1+234+ 25+ 2% + 28

y=1+2%+2"+2°+ 28

y=1+2°+2°+ 2" + 28

y=1+z+2°+z2" +2°

O OO | O O =] W| DN

y=1+2°+2°+2"+2a°

y=1+z+z3+2°+2°

y=1+z+a’+z*+2°

—_
()

y=1+a"+2°+2"+2°

y=1+a" 4+ +2°+2°

y=1+a"+2°+a°%+2°
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4.3 YcrpoiictBo n npuHIiun paborel pernctpoB LFSR

LFSR (Linear-Feedback Shift Register) — peructp ciasura ¢ juHeiiHON 0OpaTHON CBsI-
3p10. OCHOBHOE Ha3HAYEHHUE JIAHHOI'O PEruCTPa — MeHePUPOBAHUE TICEBIOC/Yy YalHbIX 3HA-
gernii. Ctpykrypuyio cxemy LFSR moxkno yBujers wa pucynke 4.2. Kak mokazano na
pucyske 4.2, nj1g paboThl JIAHHOTO PErUCTPa HEOOXOIMMbBI CJIBUTOBBIN PErucTp U (DyHKITUS
obpaTHOil cBsI3u. BXOHBIMEU HTaApaMeTpaMu Jijisd aJrOPUTMA T'€HEPAIIH TICEBI0CTY YaHBIX
3HAYEHUN SBJIAIOTCS HaYabHOE COCTOHUE CIABUTIOBOIO PETMCTPA U 3HAYMEHHE TTOPOXK A0

mero mosmHoMa. O6obienHas dhopMa moJmHOMa TIpejcTaBieHa B hopmyste (4.1).

P=c sxal+ . +eoxa®+cexat+1 (4.1)

CaBUroBeIR perncTp

] DyHKUMA obpaTHON CBA3N

Pucynok 4.2 — Crpykrypras cxema LFSR-peructpa

Kaxk mokazaHo Ha pucyHKe 4.2, 3HAYeHne MJIAJIIero Ourta CIBUTOBOIO PErHCTpPa OIpe-
Jensercs pyHKIpei 06paTHO CBA3KM 1 3aBUCAT OT 3HAYCHHUN BCeX OMTOB PErHCTPa J0 UX
capura. Ilepes pacuerom 3HadeHust byHKIUE 0OPATHON CBSA3M 3HAYCHUS GUTOB CIIBUTOBO-
IO PErucTpa yMHOXKAIOTCA Ha KOI(PQUIUEHT €, KOTOPbIi MOXKeT IpUHAMATH 3HadeHus ()
win 1 (3amaercs moamaoMOoM). [Tpu sroM Ko bUIIEHT [7TsT MIIAJIIIEro pa3psijia Beeria
pasen 1. Jlasee mosryauBiecs KO3 UITUEHTHI TOMAIAI0T Ha (PYHKIUIO 0OPATHON CBs-
3u. B kadecrBe dynknun obpaTHON CBSI3M HanboJee YacTO MCIIOJIL3YETCs CJIOXKEHUE I10
mozymio 2 (XOR) mim ero sormaeckas nasepenst (XNOR). Ha pucynke 4.3 npencrasiie-
Ha CTPYKTYpHAasl CXeMa peasm3anuu 6JI0Ka 0OpaTHOI CBA3M ¢ MCIOJIb30BaHIEeM (DYHKIHN
XOR.

TakuMm 00pa3oM, HOBOE 3HAUEHHE MJIAJIIIETO Pa3psijia CIABATOBOIO PErUCTPa MOXKHO

paccunrarh 1o dopmyiie (4.2).

w0 = (0 * co) P (21 % 1) @ (a2 * ca)... P (wr-1 % cr1) (4.2)
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DyHKUMA obpaTHOW CBA3K
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Pucynok 4.3 — Crpykrypnas cxema LFSR-perucrpa u 6710ka obparnoit cssa3u na XOR

[To dopmyse (4.2) MOXKHO yBHJIETH, YTO KOJMYECTBO ammaparHbix daeMerToB XOR
OyJeT ompeaeaaThCad KOJTMYECTBOM KO3 duimenTos, paBubix 1. Koaddurmentsr, B cBOIO
odepeib, 33/1al0TCS B OMHAPHOM TIOJIMHOME.

B dopmyiie (4.3) npejacraBiien npuMep 5-paspsiHOrO MOJIUHOMA.

P=1x2"4+0%2* +1x2° 4+ 02> + 0x ' +1 =2+ 2% +1 (4.3)

Taxum obpazoM Jijis JTAHHOTO MPUMEPa JOCTATOYHO OYJET HMCIIOJIb30BATh BCETO 3 all-
napatabix XOR, mockoibky KoaddunmenT ¢, paBHbIil 1, ycTaHOBIEH TOJIBKO I 5, 3 U
0 6GUTOB CABUTOBOIO PETUCTPA.

Ha cerogusmrauit 1eHb CymecTBYIOT gBa BapuanTa peaausaiun perucrpa LFSR: Brer-

Huii (external, pucyrok 4.4) u Buyrpennuii (internal, pucynok 4.5).

ARV ERY
PN

© @

—> Xo > X4

A
VAR

-
=

0

(

Y

X2 F— . > X1

Pucynok 4.4 — Buermnuit (external) LFSR-peructp
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Pucynok 4.5 — Bayrpennnii

1

-

—~

internal) LFSR-peructp

Jlnsa suermaero LESR-peructpa pesynbrar hyHKINM OOpATHON CBSI3U 3aIIUCHIBACTCS B
MJIQIIITHAI pa3psiJi CABUTOBOIO PETUCTPA, & B OCTAJIbHBIE PA3Psi/ibl 3aIIUChIBACTCS 3HATEHNE
npeabaymero outa. Takum obpaszom, Bremauil LEFSR peammsyer cieaytorniyto moceno-
BaTEJIbHOCTH JENCTBUIA:

1. YcranoBuTh HadajIbHOE 3HAUYECHUE CABUI'OBOI'O perucTpa.

2. IlpousBecTn yMHOXKEHME KarKJIOTO Pa3psiia CIBUTOBOIO PETHCTPa Ha 3a/IAHHBIA KO-

s durmenT c.
3. Paccuurarh 3HadeHne HOBOro OMTa Ha OCHOBE (DYHKITMH OOPATHON CBS3M.
4. IlpousBecTu CABUT PETUCTPA.

5. B ocBobouBmiics: pa3psi/i 3amnucaTh HOBOE 3HAYCHUE, MOy IeHHOe Ha Iare 3 (B pe-

3yJibrare OyJIEeT MOJIyYeHO HOBOE IICEBJIOCTY YaifHoe Yucio).

6. IloBTopaTh maru 2-5 Jjid MOJIyHYeHU HOBBIX IICEBIIOCTYYaHBIX YHCEI.

B ciyuae BayTpennero LFSR-perncrpa HOBoe 3HaUYeHHE KarKIOTO pa3psijia sBIISIETCS
PE3YALTATOM OIEPAINN CJIOXKEHHUsS 10 MOIY/II0 2 C Pe3yJbTaToM yMHOXKEHHS CTapIlIero

pa3pdia Ha KOSCb(i)I/IHI/IeHTbI IIOPO2K/Iaro1iero 1oJInHoMa.
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4.4 AnaropurMm pacuera koga CRCS8

CRC (Cyclic Redundancy Check) — ruk/inaeckuii n30bITOUHBIN KO, KOTOPBIIT ITpe/IHA~
3HaYEH JjIs IpoBepKu TejocTHocTn danubix. CRCS sBisiercs ofHON U3 pa3HOBUTHOCTEIH
koma CRC. Anropurm pacaera CRC8 mogpasymeBaer, 9T0 BBIXOIHAT KOHTPOJIbHAS CYM-

Ma 3aliuchiBaeTcsd B 8-paspsiinblii peructp. 3uadenne CRC MoxKeT OBITH paccanTaHO 110
dbopmyie (4.4).

R(z) = P(x) * 2¥modG(x), (4.4)

rie R(x) — muorownen, npejcrasisionuii 3uadenne CRC; P(x) — muorowien, kosd-
burmenTH KOTOPOro MPEJCTAB/ISIOT BXOAHbIE janHble; G(X) — MOpOoXKIAIOMuUil OJTMHOM;
N — cremens MHOrOYJICHA.

Bnagenne CRC gBisieTcss ocTaTKOM OT JIeJIEHNsT MHOTOYJIeHa, COOTBETCTBYIOIIEr0 BXO/I-
HBIM JIAHHBIM, Ha (PUKCUPOBAHHBINA MOPOXKIAIOMNIA MOJUHOM. [lopOoXKIaronuii momHoM

npejicraBiieH B popmyite (4.5).

G)=cr*at +. . +epxa?+erxa' +c¢ xa° (4.5)

rJie C ABJIAeTC KO PUIMEeHTOM, KOTOPBIt MOXKeT TpuHUMAaTh 3Hadenus 0 uin 1.
s pacuera CRC8 ucroyib3yoT BOCbMUPa3PsiIHbIN CABUTOBBIH peructp. Ha pucyn-

ke 4.6 mpescrasiena cxema serauciaenna CRCS ¢ mommuomoMm 28 + 2% + 2t + 1.

CABWroBbIi perncTp
BxogHble

7 6 5 4 3 2 1 0 AaHHble

P 9

Pucynoxk 4.6 — Cxema pacuera CRCS8 ¢ mopoxmaromumm nommaoMoM 28 + 2% + 2t + 1

o

A

B nporecce pacuera CRC8 B BocbMUPa3PsiIHBINI PEMUCTP HOOUTOBO MOCTYIIAIOT BXO/I-
HbIE JIAHHBIE CO CTOPOHBI MJIAJIIIEro pa3psiia. Ecmn BeiBuraemslii (crapimnmit) 6ur pasex 1,
TO IIPOUCXOUT CJIOYKEHUE 110 MOLY/IIO 2 KOI(PDUIMEHTOB MTOPOKIAIONIEr0 TTOJTMHOMA U CO-
JEPKUMOr0 PerucTpa.

st 06paboTKM JTAHHBIX 10 CJIOBAM B 8 OUT, TO €CTh 1MOOANTOBO, MOYXKHO BOCIIOJIL30-

BaThCs CJIEAYIONNAM aJITOPUTMOM:

1. YcranosBurh HavaabHOe 3HaYeHne CRC.

2. 3arpy3urh yKasaHHOE CJIOBO B PETUCTD JAHHBIX.
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3. IlpousBecTn omneparyio CJI0KEHUs MO MOJIYJIIO 2 CO 3HAYEHNEM PETruCTPa JIAHHBIX U

tekymum 3uadernnem CRC.
4. 3arpysuTb pe3yabTaT B CABUTOBBIN PErnCTp.
5. IIpomsBecTn c/IBUT TAaHHBIX B CTOPOHY CTaPIINUX Pa3paIOB.
6. Eciu BeraBuayTHIN OUT paeH 0, nepeiitu K mary 8.

7. HpOI/ISBeCTI/I olrepanuio CJIOKEHHA 110 MO/LYJIIO 2 3HAYEHUST CABUI'OBOI'O perucTpa C

KO3 durmenTaMu moJTMHOMA.
8. Barpysurhk pesyiabrar B peructp CRC.

9. IMoroputs maru ¢ 3 mo 8 (KOJMYECTBO IOBTOPEHNU{T PABHO JIJTHHE CJIOBA, TO €CTh 8
pas).

10. IToBroputrs 1maru ¢ 2 10 9 (KOJUIECTBO MOBTOPEHUN PABHO KOJUYECTBY CJIOB).

[TockonbKy 3HadYeHue MojMHOMa U HadasibHoe 3Hadenne peructpa CRC mam m3Bect-
HBI, I 9TU JAHHBIE HE MEHSIIOTCS CO BPEMEHEM, TO MOYKHO 3apaHee PacCUNTaTh 3HaYEHHe
CRC 1s1 BXOIHBIX JAHHBIX U COXPAHUTDH 3TH 3HAYEHUS B MMaMsTh. TakuM obpa3oM, aj-
roput™m pacdera HoBoro 3Hadenus CRC cBomuTcs K YTEHMIO JaHHBIX W3 HMAMSTH, T/
BXOJHOE€ 3Ha4YCHUE 6y,HeT BBICTYIIaTb B POJIKX aJipeCa JJId AOCTYIIa K ITaMATH. HpI/I 9TOM
CKOPOCTH pabOThl JAHHOIO AJITOPUTMa OTPAHUIEHA CKOPOCTHIO OIEePAIlNy UTEHHSI JaHHBIX
u3 namatu. Tabaudanbiiit MeTos OyaeT paboTaTh 3HAUUTEILHO ObICTPEE, HO IIPU 9TOM OyJ1eT
TpeboBaTh OOJIbIIE PECYPCOB MTaMATH Ha KPUCTAJLIE.

st peam3aruu TabJIUIHOTNO METO/a HEOOXOINMO BBITIOJHUATE CJICIYIONLYIO TIOCIEI0-

BATEJbHOCTD JIEUCTBUN:
1. YcranosuTh navasabHoe 3Hagenue CRC.

2. 3arpysurhb CJIOBO JIaHHBIX B PETUCTD JIaHHBIX.

3. HpOI/ISBeCTI/I olepaluio CJa0KeHuA 110 MOIYJIIO 2 3HaYCHUSI perucrpa JaHHbIX U Te-

kytero 3uadenus CRC.
4. Tlosy4eHHblil Ha mare 3 pesyJbraT M0JIaTh B Ka4ecTBe ajipeca sTIeiKi maMsITH.
5. Coxpanuth cantanHoe u3 namsaTn 3uadenne B peructp CRC.

6. ITorropuTk maru ¢ 2 1o 5 (KOJIMIeCTBO MOBTOPEHUH DABHO KOJIMYECTBY CJIOB).
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4.5 JIpebe3r KOHTAKTOB 1 BapMaHT OJIOKa 3alIUTHI JIJIs

ero yCTpaHeHUd

Jlpebe3r KOHTAKTOB — dBJIEHUE, BOZHUKAIOIIEE B SJIEKTPUYECKUX U IJIEKTPOHHBIX ITe-
PEKJII0YATEISIX, IPU KOTOPOM OHU BMECTO HEKOTOPOIr'O CTAOMJIBHOI'O CUT'HAJIA BBLJIAIOT Ha
BBIXO/IE CJIyYailHble BHICOKOYACTOTHBIE KOJIeOaHUS.

[Ipuunna Bo3HUKHOBEHUS JApebe3ra 3aK/II0YACTCAd B MEXaHUICCKONH KOHCTPYKITUU KHO-
[IOK U TIepeKJIIovaTesieil, KoTopas He IMO3BOJIeT MIHOBEHHO 3aduKcupoBaTh KOHTAKT. Ha
pucynke 4.7 mokazaH IpuMep BPEMEHHBIX JUarpaMM UJIeaJbHOTO U PeaibHOTO HaXKaTHil
Ha KHONKY. Kak BMJIHO U3 juarpaMm, Ha PeajbHOM OOBEKTE MOXKET BO3HUKATDL XaOTUY-
HOE M3MEHEHUE COCTOAHUS BXOJHOrO curnaja. [Ipu nenpaBmibHO 00pabOTKe HaxKaTHd
KHOITKM ITPOTpaMMHas JIOTHKa MOYKeT BOCIPUHUMATDL JIAHHOE TIOBEJIeHNe KaK MHOTOKpPAaT-
HOE HayKaTue KHONKHU. TakuM oOpa3oM, JIjisi HOpMaJIbHOM paboThl CXeMbl CUTHAJ IIPE/IBa-
pUTETHLHO HeoOXo MO obpadoTarh. [Ipu nmpoekTupoBannm cxem oOpabOTKH HEOOXOTUMO
MOHUMATh, YTO JIpe0e3T MOXKET BO3HUKATH KAaK B MOMEHTBI ITEPEKJIIOUCHUsT KHOITKU WJTH

IepeK/IIodaTe/ s, TaK U BO BPeMS yJIePyKaHUS.

MpeanbHbIA curHan PeanbHbI curHan
. P —— ~ Proas
T - v -
KHonka HaxaTa Opebear

Pucynok 4.7 — Bpemennble quarpaMMbl HazKaThs HA KHOIKY

B syrleKTpoHUKe OTHOM U3 CaMBIX TPOCTBIX U PACIIPOCTPAHEHHBIX CXEM JIJIS YCTPaHEeHMs
o106H0r0 posa nomex spistercs RC-bunbrp Hmkanx gacror (LPF, Low Pass Filter),
KOTOpBII TIpeJicTaBiieH Ha pucynke 4.8. /lannas cxeMa 3a cYeT 3HAYUTETHLHOIO BPEMEHHU
3apAJIKU U pa3psaIKu KOHJIEHCATOPa Mpeodpa3yeT TUHAMUYECKN U3MEHAIONINIICSA BhICOKO-
YACTOTHBINA CUTHAJ B TOCTOSHHOE 3HAYEHUE.

Ha Bepxwueit wactu pucynka 4.9 nokazan sxoauoit curnan (LPF input), mocrynatommit
ua RC-dunbrp, Ha HmkHelt gacti — BoixoaHo0i (LPF output). Kak BumHo u3 pucynka 4.9,
HA BXOJIHOM CHUTHAJI€ UMEIOTCS BBICOKOYACTOTHBIE TIOMEXH, HO WX IEPHUOJi 3HAYUTETHHO
MemnbIte octoganoit Bpemern RC-menu. [losToMy Ha BBIXOIHOM CHTHAJIE JAHHBIE TIOMEXU
He HaOofaoTcd. Takum oOpasoM, Jiisi KOPPEKTHON pabOThI 9TOH CXeMbl HEeOOXOINMO

MIPABUJILHO 110/100paTh MOCTOsIHHYI0 Bpemenu RC-tiernn.
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Pucynok 4.8 — RC-bunbrp HUKHAX 9aCcTOT

15
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LPF input
[=]
[}

_l |} n (ETETETETRETATET ALLLLEARARARLAY ALALLLALLLERLS ATETATNTATN AT
- PEURTTPRANTRInT TRTRRR RN IRy CETRERTANRTRTAny PRTRTRRRRRTRVATY

0.0 0.2 04 06 0.8 10

LPF output

0.0 0.2 04 06 0.8 10

Pucynok 4.9 — Bpemennsie quarpammvbl RC-duibTpa HUKHIX 9aCTOT

AnamormgHbiil (GUIBTP MOXKHO HCIIOJIB30BAaTh W I OOPAOOTKU COOBITUS HAYKATHS
kHONKK B mpoekTax Ha ocHoBe [IJIMC. Takum obpasom, 3amada 0OpabOTKM KHOIIKU CBO-
JIATCS K peann3anun GUIbTpa HUKHIX 9acTOT C UCHOJIb30BAHUEM DJIEMEHTOB UG POBOIA
cxemorexuuku. CTPyKTypHasi cxeMa JJAHHON peajim3aliuu mnpejcraBieHa na pucyuke 4.10.

Kak BujHO M3 pucyHka, BXOJHOW CUTHAJI MIOCTYHAET HA TPUITEP, IOCJIE Yero Imepexo-
JIAT Ha KoMIitapaTop. Ha KoMmapaTope nmponcxouT ero cpaBHEHHE ¢ TEKYITUM BbIXOTHBIM
curnajioM. Ecim BXojiHoe 3HaUYeHUEe OTJINYAeTCAd OT BBIXOJHOIO, TO CYUTAETCs, UTO ITPO-
M30I1LI0 cOObITHE (KHOIKY HazKasau Win oTiycTrin). C 9T0ro MOMEHTA yCTAHABIMBACTCS
CUTHAJI pa3pelieHnst CYeTUYnKa, IIPU ITOM CUYETUHK OyJ/IeT M3MEHATH CBOE 3HAYEHHE ITPHU
KaxK/I0M (PpOHTE TAaKTOBOI'O CHT'HAJIA. B IMPOTHBHOM cilydae CUYeTYUK HAXOJIUTCS B COPO-

[IIEHHOM COCTOAHUN. 3HAUYCHUE CUETUYUKA IIOCTyIIa€T Ha BXO/[ €IIe O/IHOI'O KOMIIapaTopa,
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Pucynok 4.10 — Peanuzanus ¢puibTpa HUKHAX YACTOT Ha MUMPOBBIX dJIeMEHTAX

KOTODBIil IIpoBepsieT ero 3uadenne Ha paBeHcTBO KoHcTanTe K. Snavenune K, anasorud-
HO TocTOsAHHON Bpemenn RC-1iernu, mogdoupaeTcs s Kayk10# 3a/1a9u B COOTBETCTBUU C
0CODEHHOCTSAMHE JIaHHOM 3ajiaun. [Ipu paBeHcTBe cueTumka 3HadeHuio K ycranapimBaeT-
csI CUTHAJI paspelenns OOHOBJIEHUS JAaHHBIX Ha BBIXOJIHOM Tpurrepe. HoBbiM 3HavUeHMEM
BBIXOJIHOI'O CUT'HAJIA SIBJISETCS €r0 UHBEPCHOE 3HAYUEHUE.

Pazpaborannasi cxema uMeeT OJMH OOJIBIIION HEJOCTATOK — OHA HEe YIUTHIBAET, UITO CO-
ObITHE HAXKaTUA KHOIIKHU T10 OIIPEJIE/IEHUIO ABJISI€TCSI ACMHXPOHHBIM 110 OTHOIIEHUIO K BHYT-
penneii joruke, peasmsoBannoii Ha I[IJIMC. Cmena jormyeckoro coctosHusi Ha BXOJIHO
Hoxkke IIJIMC mokeT coBmacTb ¢ MOMEHTOM II€PEKJIFOUEHUsT ITPUHUMAIOIIEro TPUrrepa,
U €CTh BEPOSITHOCTH, UTO TPUITEP OKAYKETCs B METACTAOMILHOM COCTOSTHUU. DTO MOYKET
IPUBECTH K HEIpecKasyeMbiM pesyiabrataM. Cjre10BaTebHO, HEeOOXOMUMO M30aBUThCS
OT HOTEHIMAJIBHO BO3MOYKHOI'O METAaCTaOUIBHOIO COCTOAHUS. JI0OUThCA 9TOr0 MOXKHO 3a
CYeT UCIOJ/Ib30BAHUA CXeM cuHXpoHu3anmu. [Ipocreiimeil cxemMoil CHHXpOHU3AIUU MOTYT
CIIY2KHUTD JIBa TOCIE0BATE/IFHO MOJIK/IIOYEHHBIX TPUITEPa, TAKTUPYEMbIE OT OJIHOTO TaK-
ToBoro curtaJia. /Jlopaboranuyio cxemy (uabTpa MOKHO yBHjIeTh Ha pucyHke 4.11. Kak
BHUJ/IHO HA PUCYHKE, BXOJHOW CUTI'HAJI CHAdYasa MOCTYHAeT Ha BXOJ IEIW CUHXPOHU3AINH,

COCTOSIIIEN U3 JIBYX TPUITEPOB, U TOJIBKO IIOCJIE 3TOTO IMOCTYIAeT Ha BXOJ (PUILTPA.

CurHan ¢

CHHXpOHK3aTOP B DUNLTP L

HHOMKW

clk clk clk RST clk

Pucynok 4.11 — IIporpammuast peasuzaiius (pujIbTpa HUKHUX 9ACTOT CO CXEMOI
CUHXPOHU3AIIAN

Tak:xe B psijie 3a/1a9 HEOOXOIMMO BBIJIEIATH MOMEHT HaXKaTHsl WU OTIYCKAHUS KHOII-
k. Heobxoaumoro roBejieHnsT MOXKHO JIOOMTBHCsI IIyTeM II0Jadi CHUTHaJa out Ha cxemy

BbIJICJICHUST MOMEHTa u3MeHeHus curHasa. Ha pucynke 4.12 mpejicraBiieHa cxema Bbljie-
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JIeHHs Tepejinero ppoHTa CUTHAJIa, a Ha pucyHke 4.13 mpeicrapieHa cxeMa BBIICICHUsT
sajHero ¢dponta (craga). Ha pucynke 4.14 mpencraBiieHa cxema BbIJIETEHHsT MOMEHTA

JI000I'0 M3MEHEHUS CUTHAJIA.

rise_edge
E DATA >— D Q ~D07

2 Gk >——p

Pucynok 4.12 — Cxema BbljiesieHust epeiHero ppoHTa CUTHAJIA

—>

E DATA > D Q
2 oKk >—

Pucynox 4.13 — Cxema BbliesteHns 3a/1Hero (hponTa (craja) curaaia

E DATA  o— D Q
S wO——p

Pucynok 4.14 — Cxema Bbljie/IeHUs] MOMEHTa, M3MEHEHUs CUTHAJIa
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5 Jlaboparopuas pabora Ne5. IlpoekTumpoBaHme KOH-

TPOJLJIEPOB BBOJiAa U MHIANKAIIAN

5.1 DBsenenne

JlaboparopHuast pabora Neb 1ocBsiiieHa pa3BUTUIO HABBIKOB pabOTHI C JUCKPETHBIMU
IOpTaM#u BBOJIA, IMOJKJIOUYEHHBIMUA K IIEPEK/I0oYaTe/IIM M KHOIIKaM, & TaKyKe OCBOEHHIO
IPUHIIATIOB B3aUMOJIECTBUS C IPOCTEHIINMEI YCTPOHCTBAMIA WHINKAIIUNA — CBETOINOaMU
U CEMUCEIMEHTHBIMU UHIMKATOPAMHU.

B pabore npejiaraercs pazpaboTaTh yCTPOMCTBO allllapaTHOTO KOHTPOJLIEpa BBOJIA U
UHIMKAIUN ¢ UCIOJIb30BaHEM si3bIKa omucanus annaparypbl Verilog HDL. ITocse sToro
HEOOXO/IMMO BBINIOJIHUTH ITPOTOTUIINPOBAHUE YCTPOMCTBA Ha OTJIaI0uHON 1tare Nexys 4
DDR ¢ IIJINC XC7A100T-1CSG324C.

s yeremnoro 3amycka mpoekta Ha [TJIMC Heobxo1uMo nCIoIb30BaTh CHHTE3UPYe-

Moe o/ IMHO2KecTBO st3bika Verilog HDL.

5.2 Omnwucanme jabopaTopHoOii pabOThI

Ileab paboThl

Ocpoenne paboThl ¢ GA30BBIMHU JIUCKPETHBIMU JIEMEHTAMU BBOJIA,/ BBIBOJIA: CBETO/MO-

JAbl, KHOIIKH, ITIO3UIIMOHHbBIC IT€peKJ/IIoYaTe/In, CEMUCEI'MEHTHBIEC NHINKATOPLI.

Yka3zaHns K BBIITIOJTHEHUIO PadOThI

Pabora Boimosnsiercs B Vivado Design Suite u ¢ ucnosb3oBanneM OTJ1a0qHOM TLJIATHI

Nexys 4 DDR (noBoe nazpanue Nexys AT7).

IlopsigoK BBINOJIHEHUSI PAOOTHI
1. PaspaboTaiiTe apXuTeKTypy YCTPOICTBa, YKa3aHHOI'O B BapHAHTE 3a/IaHUSI.
2. Omumure RTL-mozens yerpoiicrBa ¢ ucnosb3oBanueM s3bika Verilog HDL.

3. PaspabotaiiTe TecToBOEe OKpyXKeHME W ILJIaH TecTHpoBaHusd paszpabdborannoit RTL-

MOIECJIN.

4. IIpoemure ornaaky u rectuposanue RTL-monenmun B cumymnsarope.
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5. Bemosaure cuate3 RTL-momenn yerpoitcrBa Ha ammaparabie pecypebl 1LJIC
Artix-7 XC7A100T-1CSG324C.

6. IIposemauTe nporoTunupoBanue pazpabOTAHHOrO YCTPOWCTBA Ha OTJIAI0YHON ILIaTe
Nexys 4 DDR.

7. CocTaBbTe OTYET IO pe3yJjibTaTaM BbIIIOJIHEHU A pa6OTbI.

TpeboBanusa K oTdeTy

Otder j1o17KeH ObITH 0OOPMJIEH B COOTBETCTBUU C TPEOOBAHUSIMU, TTPEJICTABICHHBIMU

B [Ipmtoxkenun A.

OTuer JOJI2KEH BKJIIOYATb:

1. TwurynbHbBIN JTUCT.
2. lenb paborol.
3. 3ajianue B COOTBETCTBUU C BAPUAHTOM.

4. Crpykrypuyio cxemy RTL-momenn pazpabarsiBaemoro ycrpoiicra. CTpyKTypHYIO
CXEMY COITPOBOJIUTH KOMMEHTAPUSAMHE, TOSICHSIONIUMEI AJITOPUTM PAOOTHI YCTPOii-

CTBA.
5. Onucanne CTPyKTYypbI TECTOBOI'O OKPYZKEHUS U IIJIAHA TECTUPOBAHUS.

6. Bpemennble JuarpaMMbl, JIOKa3bIBAIONINE KOPPEKTHOCTH PAOOTHI PazpabOTaHHOIO

ycTpoiicTBa. BpeMennbie uarpaMMbl COPOBOIUTH KOMMEHTAPUSIMU.

7. BwiBospbl 110 pabore.
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3agaHus o BapuaHTaM

Bapuanrt 1

PeanmmzoBaTh Mo/ yJib yIIpaBiieHus: TpeXIBETHLIM cBeToinogoM LD 17 oTiaiounoit mia-
ol Nexys 4 DDR.
CBeTo/Ino 1 JT0JIKEH B HEIIPEPBIBHOM PEzKUMe 0TOOPazKaTh CJIEYIONLYIO IBETOBYIO aHH-

MAaIIHIo:
1. B meuenme 1 ¢ miaBHO 3aropaercs KpacHBI CBETOINOJ, U OCTAETCSI B AKTHBHOM
COCTOSIHU.

2. B Tmeuenne 1 ¢ miaBHO 3aropaeTcd CUHUI CBETOIUO/ U OCTACTCA B AKTUBHOM COCTO-

AHUN.

3. B Teuenme 1 ¢ mmaBHO 3aropaercs 3eJIeHbII CBETOANO] U OCTAETCsI B AKTUBHOM CO-

CTOSIHUU.
4. B Tedenue 1 ¢ maaBHO racHET 3€JI€HBIH CBETOIMO/L.
5. B Teuenne 1 ¢ maBHO TracHEeT CUHHUII CBETOIUO.
6. B tedenne 1 ¢ miaaBHO racHeT KpacHBI CBETOINO.
[larn 1-6 HeNpepbIBHO MUKJIMIECKN ITOBTOPSIIOTCS.
[I1aBHOE BKJIIOUEHME-BBIKIIOUEHNE HEOOXOINMO Peajn30BaTh € HUCIOJIb30BaHUEM

mupoTHO-uMITY IbcHOM Momysnuu (IIINM) curnasna, mojgaBaeMoro Ha CBETOIMO/I OIpe-

JCJICEHHOT'O IIBETAa. HpKOCTb CBETOANOAa BapbUPYETCA U3MEHCHHNEM CKBa2KHOCTHU CUI'HaJIA.
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Bapuant 2

PeanuzoBaTh MOTY/Ib CBETOIMOTHON WHIMKAIINN, BHIBOJIAIINN aHUMAIIIIO 110 38/IaHHO-
My aJropuTMy Ha JuHeiKy n3 16 cBeTomonos otianounoil mratel Nexys 4 DDR. Kaapsr

AHUMAIIU TIpeJIcTaB/IeHbl B Tabmmie H.1.

Tabaumna 5.1 — Onucanne KaJapoB aHUMAIIN BapuaHTa 2

Kanap Cocrostane smHeiikn cetonoos LED([15:0]
1 0/0{0]010]0]0O]O|O0OJ0O]0O0]0O]OJO]0O]O
2 1/0/0(0{0]010]0|0]0]O0OJ0]0]0]O0]1
3 1/1(0/0]0|0|O[O0O|O[O]O]O|O]|O|1]1
4 111]1/0]0{0]010]0]0]0O]OJ0|1]1]1
5! 1/141}1{0]010]0|0|0]OJ0O]1]|1]1]1
6 1(1(1}1)1{0(0]0Oj0O]OjO|1 |1 (1T]1]1
7 1y1y1}1}(1j140j0(0|0O]1 |1 }j1]|1]1]1
8 11111 (1|j1j0(0}1 1|1 }1|1]1]|1
9 111111111 j1j1y1{1{1)1}1
10 oj1r(1j1rj1y1{1y1|j1y1|j1j1y1j1}1]0
11 o(o(1}j1ry1j1{1j1y1ry1}j1{1j1417071]0
12 ojofojrj1yr{1y1|1ry1|j1j1y1j041010
13 ojojojoy1rj1{1j1y141}1{17040470710
14 ojojojoyo0j1{1j1414171{0]01070710
5 |0(0j0O|O|O[O|1|1|1]1/0[0O[0]|O]O]O
16 0/0{0j010]0|0O]1210]0]0]0OJ|0O]07]O0

Kasipbr 1-16 HEenpepbIBHO IUKJITIECKH TOBTOPAIOTCA. JLOJI2KHO OBITH peau30BaHO de-

ThIpE pe2KUMa CKOPOCTU CMEHDbI Ka/IPOB:

1. SW[1:0] = 0 — aHEMAaIs OCTAHOBJICHA, OTOOPAYKACTCS TIOCTICTHUI KA.
2. SW[1:0] = 1 — cmena xaxzapie 1000 M.
3. SW[1:0] = 2 — cmena kaxapie 500 M.

4. SW[1:0] = 3 — cmena raxpie 200 Mc.

Pexum cKOpPOCTH aHUMAIMN 3a/1a€TCsl ¢ TIOMOIIBIO BYX nepeksodareneir SW|1:0].
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BapwuanT 3

PeanuzoBaTh MOTY/Ib CBETOIMOTHON WHIMKAIINN, BHIBOJIAIINN aHUMAIIIIO 110 38/IaHHO-
My aJIrOpuTMy Ha JuHelKy n3 16 cBeroanonos otiaiounoil miatel Nexys-4 DDR. Kagapsr

AHUMAIIU IIPEeJICTaB/IeHbl B TabHIe H.2.

Tabaumna 5.2 — Onucanne KaJapoB aHUMAIIIN BapuaHTa 3

Kanap Cocrostane smHeiikn cetonoos LED([15:0]
1 0/0{0]010]0]0O]O|O0OJ0O]0O0]0O]OJO]0O]O
2 1/0/0(0{0]010]0|0]0]O0OJ0]0]0]O0]1
3 1/1(0/0]0|0|O[O0O|O[O]O]O|O]|O|1]1
4 111]1/0]0{0]010]0]0]0O]OJ0|1]1]1
5! 1/141}1{0]010]0|0|0]OJ0O]1]|1]1]1
6 1(1(1}1)1{0(0]0Oj0O]OjO|1 |1 (1T]1]1
7 1y1y1}1}(1j140j0(0|0O]1 |1 }j1]|1]1]1
8 11111 (1|j1j0(0}1 1|1 }1|1]1]|1
9 111111111 j1j1y1{1{1)1}1
10 111 j1y1j1(1j0j0|1 (111 (1|11
11 1y1y1}1}(1j140j0(0j0O]1 |1 }j1]|1]1]1
12 1(1(141{170|0]0(0O]OJO]1]|1|1T]1]|1
13 1/141}1{0]010]0|0|0]OJ0O]1T]|1]1]1
14 1/1/170(0]010]0|0|0]O0OJ0]0O]1]1]1
5 |1(1]0/0[0[0|0O]O|O[O|O0O]O|O|O|1]1
16 110/]010]0|0]0OJ0]0]0]0O]OJ0]0]0]1

Kasipbr 1-16 HEenpepbIBHO IUKJITIECKH TOBTOPAIOTCA. JLOJI2KHO OBITH peau30BaHO de-

ThIpE pe2KUMa CKOPOCTU CMEHDbI Ka/IPOB:

1. SW[1:0] = 0 — aHEMAaIs OCTAHOBJICHA, OTOOPAYKACTCS TIOCTICTHUI KA.
2. SW[1:0] = 1 — cmena xaxzapie 1000 M.
3. SW[1:0] = 2 — cmena kaxapie 500 M.

4. SW[1:0] = 3 — cmena raxpie 200 Mc.

Pexum cKOpPOCTH aHUMAIMN 3a/1a€TCsl ¢ TIOMOIIBIO BYX nepeksodareneir SW|1:0].

87



BapuanT 4

Paspaborars Momysb TaiiMepa ¢ oToOparkeHWeM 3HAYeHUN Ha JUHeKe CeMUcerMeHT-
HBIX WHINKATOPOB.

[Ipu peanmuzanum TaiiMepa HCIOJB3YIOTCSI YeThIPe CEMUCEIMEHTHBIX HHINKATOPA JIJId
oTOOpaXKeHUsl MUHYT, JIBa WHJIUKATOPA JIjIs OTOOParKeHusi CEeKyH/I, JBa WHINKATOPA JIJIsi
0TOOpaXKEHU MUJITUCEKYH/I.

[IpemycMoTpeTs BO3MOXKHOCTE cOpOca 3HAUEHUs TaiiMepa 1o paKkTy HayKaTusl Ha KHOII-

ky BTNC.

BapuanT 5

Pazpaborars kKoHTpOJLIED Oeryieii CTpOKH ¢ OToOparkeHueM aHUMallui Ha JIMHeKe
CEMUCEIMEHTHBIX MH/IUKATOPOB.
Ha cemucermenTHbie HHIMKATOPDI J0J2KHA BBIBOINTHCsI cTpoka HELLO o aaropurmy,

[IpeJICTaBJICHHOMY B TabJmiie 5.3.

Tabaumna 5.3 — Onncanne KaapoB aHUMAIIN BapuaHTa H

Kamp CocrosiHust MHIUKATOPOB
1 - T-T-T-T-71T-T-
2 O -1|--1-1-1-1-+-
3 LIO|-1|-1]-1]-1]-1-
4 LILIO|-|-1]-1|-]-
5 EILIL|O|-1|-1]-]-
6 HIE|LILIO|-]|-]-
7 -|H|E|L|L|O|- |-
8 -|-|H|E|L|L|O]| -
9 -/ -|-|/H|/E|L|L|O
10 -/ -]-|-|H|/E|L|L
11 -|-|-]-|-1H|E|L
12 -l-1-1-1-1-|HJE
13 -l -]1-1/-1-1-1-1H

Kazpoer 1-13 HernpepbIBHO MUKINYECKH MOBTOPsOTCA. IIperycMoTperh BOZMOXKHOCTD

cbpoca aHMMAIMY B HavaJs0 1o ¢gakTy Haxkarus Ha kHonky BTNC.
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6 Jlaboparopuaga padora Ne6. OcHOBBI MPOEKTUPOBAHNS

KOHTPOJLJIEPOB IepudepuitHbIX YCTPOMCTB

6.1 BBeaenme

Jlaboparopnast pabora N6 HalnpaB/ieHa Ha Pa3sBUTHE HABBIKOB ITPOEKTUPOBAHUS KOH-
TPOJIJIEPOB TIOCJIEJIOBATE/IbHBIX MHTEP(hENCOB BBOIA/BBIBOJIA, & TAKZXKE allllapaTHBIX 0JI0-
KOB 00pabOTKY JIAHHBIX ¢ BHEIIHUX JaTYNKOB U YCTPOICTB BBOJA/BhIBO/IA. 7151 pasBuTHst
6a30BBIX HABBIKOB CTYJEHTAM IIPEJJIAaraeTcsi pa3padoTaTb KOHTPOJLIEPHI JJIs TaKUX WH-
repdeiicos, kak SPI, UART, 12C, PS/2, a takxke amnmaparabie 6,10ku 06pabOTKHU JaHHBIX
¢ JATYNKOB TeMIIEPATyPhl, OCBEIIEHHOCTH, IPUKOCHOBEHMIA, JI?KOMCTHKA, MBI U KJIABU-
aTyPHhl.

Paspaborantble TpoeKThl HEOOXOIMMO TPOTECTUPOBATH U OTJIAUTh C UCIOJIH30BaHU-
em ornagounoii mwiaarel Nexys 4 DDR ¢ IIJIMC XC7A100T-1CSG324C u HeoOX0IuMbBIX

YCTPOICTB BBOJIA,/ BBIBOJIA.

6.2 Omnucanue jJadbopaTopHOii paboThI

Ilemn paboThl

1. 3HAKOMCTBO C IIPUHIUIIAME PAOOTHI [IOC/IE0BATEIbHBIX HHTEPdEicOB BBOIA/ BBIBO-

na SPI, UART, 12C, PS/2.

2. Nzydenme ocHOB pa3paboOTKKM amlmapaTHbIX KOHTPOJIJIEPOB  IepudepuitHbIx

YCTPOWCTB.

3. Nzydenne ocHOB pabOTHI ¢ MU(MPOBLIMA JTATIMKAMU.

VYKa3aHns K BBIIIOJTHEHUIO pa60TbI

Pabora eermosnasiercs B Vivado Design Suite u ¢ ncnosb3oBanneM OT/1a09HOM TLIATHI

Nexys 4 DDR (noBoe nHazsanne Nexys A7) ¢ HeOOXOMMBIMHI yCTPOCTBAMI BBO/IA/ BEIBOJIA.

Ilopsimok BbIMOJIHEHUS PAbOTHI

1. PazpaboraiiTe apXxuTeKTypy yCTPONCTBA, yKa3aHHOT'O B BapuaHTe 331anus. Heobxo-

JINMO Pa3JIeIUTh KOHTPOJLIED uHTepdeiica n O6JIOK MPUKJIaTHON JIOTUKU.
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2. Omnumure RTL-mozens yerpoiictBa ¢ ucnosbzoBannem sizbika Verilog HDL. Kon-

TpoJuiep uHTepdeiica JTOMKEH HAaXOIUTHCA B OTJIEJIHBHOM MOJLYJI€.

3. PaspabotaiiTe TecToBOEe OKpyXKEHHE W ILJIaH TecTUpoBaHusd paszpadborannoit RTL-

MO/IEJIN.
4. IIposeaure ornagky n rectupoanne RTL-monenn B cumymnsarope.

5. Bemosmaure cuare3 RTL-momenn yerpoiicrBa Ha amnaparabie pecypebl 1LJINC
Artix-7 XC7A100T-1CSG324C.

6. IIpoBeauTe mpoTOTHIMPOBaHNE Pa3PaAbOTAHHOIO YCTPONCTBA HA OTJIAI0OTHON TIaTe
Nexys 4 DDR.

7. CocTaBbTE OTYET IO pe3yJjibTaTaM BbITIOJIHEHU A pa6OTbI.

TpeboBanns K oTvdeTy

Otder joKeH ObITH 0OOPMIIEH B COOTBETCTBUU C TPEOOBAHUSIMU, TTPEICTABICHHBIMU

B [Ipmioxkenun A.

OTuer JOJI2KEH BKJIIOYATb:

1. Twury/ bHBII JUCT.
2. Henu paboThL.
3. 3ajianue B COOTBETCTBUU C BAPUAHTOM.

4. Crpykrypuyio cxemy RTL-momenn pazpabarsiBaemoro ycrpoiicra. CTpyKTYypHYIO
CXEMY COITPOBOJIUTH KOMMEHTAPUSAMHE, TOSICHSIONIUMEI AJITOPUTM PAOOTHI YCTPOii-

CTBa.
5. Onucanne CTPYKTYDPBLI TE€CTOBOI'O OKPY2KCHUA U IlJIaHa TeCTUPOBaHUA.

6. Bpemennble juarpaMMbl, JIOKa3bIBAIONINE KOPPEKTHOCTH PAOOTHI Pa3zpabOTaHHOIO

ycTpoiicTBa. BpeMennbie imarpaMMbl COIPOBOJIUTH KOMMEHTAPUSIMU.

7. BwiBosbl 110 pabore.
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3agaHus o BapuaHTaM

Bapuanrt 1

Paszpaborars KOHTPOJLIED, B3ANMOIEHCTBYIOIINI ¢ JaTIuKOM Temieparypbl ADT7420.

KonTpomiep /1o/mKeH peann3oBeIBaTh cieayonme (OyHKIIT:

1. IomnepkuBaTh OOMEH JAHHBIMU C JATIYUKOM TEMIIEPATYPbl IMOCPEJICTBOM HHTED-

detica 12C.

2. BoiBojuTh Ha JIMHEHKY CBETOJMOOB OJHO W3 JIBYX 3HAYCHUII B 3aBUCHMOCTH OT
TEKYIIEro CoCTosTHuUA epekodaresis SW/0]:
— 0 — ID ycrpoiicTBa jaT4unka;

— 1 — rekymasa TeMieparypa B rpajycax Llembcns.

BapmanT 2

Pa3pa60TaTb KOHTPOJLJIED, BSaHMOﬂeﬁCTByIOHIHﬂ C JaTYMKOM  OCBEHICHHOCTHN

PmodALS. Kourposutep j0/2KeH peaan30BbIBATE CJIELYIONUe (OYHKITIN:

1. Iommep:xkuBaTh OOMEH JIAHHBIMU C JIATIYUKOM OCBEIEHHOCTH IIOCPEJICTBOM HHTEP-

detiica SPI.

2. Tlpu 3nauenun nepeksmouarens SW[0] = 0 nokasbiBarh (akT HaJUUus CBETA B
aypuropun ¢ nomoribio cserouoaos: LED[15:0] = O0xFFFF — cBer BbikjIOUEH,
LED|15:0] = 0x0000 — cBer BkitodeH. Takum oOpazom, Bce CBETOAMOMIbBI JOJIZKHBI
3aropaThCsd, KOIJIa CBET B ay/IMTOPUU BBIKIIOYAECTCS, U TACHYTh — KOIJIA CBET B ay -

TOpHUU BKJIIOYECH.

3. Ilpu 3uavenun nepeksodarens SW[0| = 1 mokasbiBaTh Ha CBETOAMOIAX TEKYIIee

3Ha4YeHrne OCBCINEHHOCTU, CHUTaHHOE C JaTYUKa.

BapwuanT 3

Pazpaborars KOHTpOJLIEp, B3aUMOJCHCTBYIONUN € JATIYUKOM ITPUKOCHOBEHUA

PmodCDC1. KouTpoiep g0/2KeH peaan30BbIBaTh CJeIYIONe (DyHKITNN:

1. Tlognep:xuBarh 0OMEH JAHHBIME C JATYUKOM IIPUKOCHOBEHHUs IIOCPEICTBOM HHTEP-
deiica 12C.

2. BbeiBomuTh Ha JIMHENHKY CBETOIMOIOB OJIHO M3 UeThIpex 3HAYeHUl B 3aBUCUMOCTHU OT
TEeKYIIero cocrosguns mepexovareseit SW|1:0|:

— 0x0 — xoncranTa 0x00;
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0x1 — TekyIee 3HaYeHe MHTEHCUBHOCTHU TIPUKOCHOBEeHUsT K KHOIKe BTN1;
0x2 — TekyIee 3HAYEHNE THTEHCUBHOCTU TTPUKOCHOBeHUS K KHONKe BTN2;
0x3 — BeiBOIUTH Ha cBeToanon LED|0| dakr npukocnosennst Kk kuorke BTN1, a
na cserouoj; LED[1] — dakr npukocuosenus k kuonke BTN2 (npukocnoBernune
€CTh — COOTBETCTBYIONINI CBETOINOJ, TOPUT, IIPUKOCHOBEHUS HET — CBETOJIMO]

He TOPUT).

Bapwuant 4

Paspaborars koHTpOIEp, B3ammojeiicTByomuit ¢ xoiictukoM PmodJSTK. Kon-

TPOJLIIED JIOJIZKEH PeAJIM30BbIBATH CJIE/IyIOIIe (OyHKIIUNU:

1. Ilomuep:kuBaTh OOMEH JAHHBIMU C ILJIATON JIXKOWCTUKA IIOCPEJICTBOM HHTEepdeiica

SPI.

2. BuBojuTh Ha JUHENHKY CBETONOJOB OJIHO U3 YEThIPEX 3HAYCHUN B 3aBUCUMOCTH OT

TEeKYIIero cocrosguus nepexodareseii SW|1:0|:

0x0 — xoncranTa 0x00;

0x1 — TekyIee cMelneHne JXKONCTUKA 110 KOOpIMHATE X;

0x2 — Tekylee cMeleHne JIXKORCTHKA 110 KOOpJuHaTe Y

0x3 — BbIBOUTH Ha cBeTo o bl LED|2:0| 3HaueHnst KHONOK ILIATHI JZKOHCTHKA,
na LEDI3] — dakr nepememnienns jpKoiictuka Beepx, Ha LED[4| — BHuU3, Ha
LED|5| — BaeBo, na LEDI[6] — BupaBo (mepemernenne ectb — COOTBETCTBYIONTHIT

CBETOJIMOJL, TOPHT, TIEPEMEITIEHNsT HET — CBETOJINOJ HE TOPUT).

Bapmant 5

Paspa60TaTb KOHTDPOJLJIED, BBaHMO,ILeﬁCTByIOIHHfI C KOMIIBIOTEPOM IIO ITIOCJIEJIOBATE/Ib-

nomy uaTepdeiicy UART. Konrposuiep 10:KeH pean30BbIBATh Ceayione yHKIIT:

1. MomaepxuBaTh 06MeH JaHHBIME ¢ KOMITbIOTepoM 110 nHTepdeiicy UART (ckopocTs

9600 6uT/c, 6e3 KOHTPOJIsT YeTHOCTH, OJIMH CTOI-OUT, JJINHA CJOBA BOCEMb OUT).

2. TIocTOSIHHO BBIBOJUTD TIOCTIE/HEE TIPUHSITOE CJIOBO Ha cBeroauobl LED|7:0].

3. Paborarh B JIByX peKUMax B 3aBUCUMOCTH OT COCTOsTHUS Tepeknodarens SW]0:

0 — pexkum «3x0» (mpunsitoe 1o UART ciioBo ornpasiisiercst 0OpaTHoO);

1 — ¢ nepuogumunoctsio B 1000 mc ornpasisercs crpoka «Hello worlds.
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BapwuanT 6

Paspaborarh KOHTpPOJLIED, B3AUMOIEHiCTBYIOIII ¢ KIaBruaTypoii o narepdeiicy PS /2.
Kontposiep mozken peam30BbIBATh Cliejiylonue hyHKIUI:

1. TlomnepkuBarh 06MEH JaHHBIMU C KJIaBUaTypoil o uarepdeiicy PS/2.

2. BniBomuTh Ha CBETOMUOABI CKAH-KOM IIOCIEIHEN HAXKATON KJIABUIIIL.

3. I/I3M6HHTB COCTOdHHNE CBETOAUOI0B KJIaBUATYPHI IIPHU HaKaTUM KHOIIOK Ha OTJIaJ04-
Hoit wiare (BTNL — Num Lock, BTNC — Caps Lock, BTNR — Scroll Lock).

4. 3MeHaTb COCTOsSIHUE CBETOAUOJO0B KJIaBUATYPbI IIpU HaXaTHW COOTBETCTBYIOIINX

KHOIIOK Ha KJlaBUaType.

Bapuant 7

Paspaborarh KOHTpOJLIED, B3AaUMOIEHCTBYOIIUIA ¢ MbIIIbio 110 nHTepdeiicy PS /2. Kon-
TPOJLJIED JIOJIZKEH PEeaM30BbIBATD CJIEJIyIoNne (PyHKITUN:

1. IlomnepkuBaTh 0O6MEH JAHHBIMU C MBIIIBIO 10 nHTEpdeiicy PS/2.

2. KoudurypuposaTh MBIIIb B TOTOKOBBIH PEXKUM Iepejiadn JIaHHbIX (stream).

3. Ilpm snadenun nepexsodaresns SW|0| = 0 BeiBoguTs Ha cBetouo 161 LED|7:0] citoBo

craryca Mbimm (1 6aiiT mHOOPMAIMOHHO} TOCHIIKN OT MBIIIIH).

4. Ilpu 3uavenun nepexsrodaresis SW[0] = 1 BBIBOAUTH HA CBETOINO/IBI TIOCTIE/IHEE CMe-
menne MbImu 10 ocaM X n Y. CMmemenne 1mo ocu X oToOparKaeTcst Ha CBETOINOIAX
LED|7:0], cmemmenue no ocu Y — wa LED[15:8].
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10.

TpeboBanusa Kk opopMJIEHIIIO OTYETOB IO J1abopaTop-

HBIM paboTam

OT4yer BLIIOJIHAECTCA B BHJie CaMO/J0CTaTOYHOI'0 JOKYyMEHTa. MaTepI/IaH, N3JI02KCH-
HBII B oT4eTe, J0JI2KEH OBLITL IIOHATEH Oe3 JOIIOJIHUTEJIbHBIX KOMMEHTapueB CO CTO-

POHBI UCIIOJTHUTEJICH.
OTuer BBINOHAETCH KaK TEKCTOBBIH JIoKyMeHT B coorBercTBuE ¢ 'OCT 2.105-95.

Pasmep mpudra ocnosroro tekcra 12-14 pt (Times, Calibri nim anamorndnsrii),

MEXKCTPOYHBII MHTepBaJI 1-1,5, 11oJ1g ¢ Kpaes JIUCTa He MeHee 2 CM.

JIncTel oTyeTa JOJIZKHDBI OBbITD IIPOHYMEPOBaHbl, KPpOM€ TUTYJIbHOI'O JILCTA, KOTOprfI

CUUTACTCA IIEPBbIM.

Ecmn order comepKuT OOJBITIOE KOJUYECTBO JIMCTOB, PEKOMEHIYETCS J100aBIIATH

JIACT C cojiepKaHueM oTdeTa (pas/iebl i HOMepa JINCTOB).

Ha turysbHOM JiMCTE yKa3bIBaeTCsl CIeIyoIias HH(QOPMAaIIUs:
— Ha3BaHWe yHUBEPCHUTETA,;
— Ha3BaHHe (HaKyJIbTeTa;
— Ha3BaHWE JUCIUILINHEI;
— HOMep U TeMa JabopaTOPHOI pabOTHI;
— BapHaHT JabOPATOPHOI PAbOTHI;
— aMuIMg, HHUIUAILI 1 HOMED I'PYIIIbI KazKJI0r0 UCIOJIHUTEIS;
— daMuIng U THAIHAJIBI TTPEIoaBaTe/Is;

— TEKyLIUi roJ,.

Obga3aTe/IbHBI HyMepalyd 1 IIOJAINCHA K PUCYHKaM 1 Ta6JII/IHaM, a TaKz>Ke CCbIJIKH Ha

HHUX B TEKCTE OTYEeTAaA.
CxeMbl u BpeMeHHbIC JuarpaMMbl JOJIZKHBI OBITH TEMHBIMHU Ha CBETJIOM (bOHe.

B paciiedaTadHOM OTYeTe JIMHMH Ha CXEMaX WM BPEMEHHLIX JuarpaMMax J0JI2KHDbI

OBLITH YETKO BUJHBI.

Ha BPpEMEHHBIX JHalrpaMMaXx HE JOIIyCKaeTCd HaJIO2KEeHUE Fpa(bI/IKOB CUT'HaJIOB APYyT
Ha ApyTa, €CJIi 3TO MellaeT UX OJHOZHAYHOMY BOCIPDUATHIO. B rakux CJIydadXx CHUI-

HaJIbl JOJIZKHBI ObITH Pa3HeCCHbI Ha OT/AECJ/JIbHbIC KOOPDJANHATHLIEC CETKU.
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