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MporpammMmmpyembie nornyeckue
MaTpuLbl, NporpaMmMupyemas
MaTtpuuHas noruka, 6asosble
MaTpuuHble KpUcTansbl

§ 7.1. BBogHble 3ameuanmnsa

B uncpposbie cHCTEMb 06paGOTKM MHGPOPMALLIH BXOMIT MPOLECCOP, TIAMSIT, rie-
pidepuiitibie yetpoficTsa w uHTepdeiicibie cXembl. TIpotteccop ABIAETCs CTan-
LaPTHBIM YCTPOJICTBOM — OH He M3TOTOBTAETCA [UIs KOHKPETHOM CHCTEMBI Mo
CrIEUMATLHOMY 3aKady, @ PelacT TPEGYEMyIo Salady NyTeM MOCIEIOBATENLHONO
BLITOTHEHIIS ONPENIEIEHHbIX KOMAHI W3 NPHCYILIEH My CHCTEMb! KOMaHA.

TIaMSITh TakKe PATHIYETCH CTAHIAPTHBIMH MHKpOCKEMaMH — ee yHKLM oc-
TAIOTCS OLHUMY H TEMi K& 15 ATHEIX CHETEM.

Cranzaprisie BUC/CBHC IManpylor 0 ypoBHio MHTEIDALliH, T. K. BbiCOKat
CTOMMOCTb TIPOEKTHPOBAHMA ONTHMHU3UPOBAHHBIX Mo mioTHocth BUC/CBUC,
JIOCTHrAIOIIast COTEH MILLTHOHOR JONIAPOR, OKAIBIRACTCA B AAHHOM CAYYaE MpH-
eMJIEMOH, NOCKONIBKY PAcK/abiBaeTest Ha GONbIIOE YUCNO MPOH3BOIUMBIX MHK-
pocxen.

Hapazly co CTAHIGTHHIMA B CHCTEME MPHCYTCTBYIOT H HEKOTOPBIE HECTAHIAPT-
Hble YacT, crieunduyHbe A1 JaHHOH pa3paboTkM. DTO OTHOCHTCH K cXeMaM
ynpaniieHisi GoKamH, obecriedenMs ix B3ammoneiicTsus i ap. Peanndauus He-
CTAHOAPTHOI YACTH CHCTEMBI HCTOPUYECKH GELTA CBA3HA C TIPHMEHEHHEM MUK-
pocXem Manoro  cpeasero yposiei uterpauni. Ipwererne MUC 1 CHC
CONpOROAAETEs PeaKitM POCTOM Hicna Kopriycon MC, yeloRHEHHEM MOHTAXa,
CHIKEHMeM HALEXHOCTH CHCTEMbI W ec GhicTponeficTas. B T0 Xe Bpewst 3axa-
3aTh JUIA CHCTEMBI CTieuHani3npoBanHble MC BBICOKOTO YPOBHS MHTEIPAaLMM 3a-
TPYIHHTENBHO, T. K. 3TO CHI3AHO C OdeHb GONBIUMMH JATPATAMH CPEICTB U Bpe-
wenu wa npoexTaponanie BHC/CBHC

Bosmukuiee npomusopeutie naw1o pazpeuienue Ha nymsx paspabomiu EHC/CEHC ¢
npoepaNMUpYeNOil U penpozpanupyemoll cmpyKmypoil.

TlepBLIMM IPEICTABUTENAMM YKA3AHHOTO HANPARNEHHS SBHTHCE NPOTPAMMHUPYE-
Msie norwseckse Matpuusi TUIM (PLA, Programmable Logic Array), nporpam-
Mitpyewas Matpuanas noruka M1 (PAL, Programmable Array Logic) 1 Gaso-
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Boe MatphuHsie kpucranbi BMK, HashiBaeMbie Taioke BeHTIIBHBIMI MATPHLA-
M BM (GA, Gate Array).

PLA  PAL B anriuiickol TepMHHOTOTHH OGBCIMHSIOTCH TAKKE TEPMMHOM
PLD, Programmable Logic Devices.

Passrie BUIC/CBHC ¢ porpaMyHpyenofi W perporpaMMpyeNoft CTpyKTypoit
OKA3AT0Ch HACTONEKO MEpCTIEKTHBHBIM HATARTERHEM, YTO IPHBEO K COBANHIO
HoBbiX ddeKTHBHbIX cpeacT paspagoTKH LH(GPOBbIX CHCTEM, TakkX kax CPLD
(Complex PLD), FPGA (Field Programmable GA) u SPGA (System
Programmable GA).

B paukax conpemenisix BC/CBHC ¢ nporpavmpyewoii 1 penporpanipye-
MOl CTPYKTYpOil CTana pewaTses M 3a1aya CO3TAHMS LUeNofl CUCTEMB! Ha OMHOM
xpuerane.

§ 7.2. Mporpammupyembie siornyeckne
MaTpuLbl ¥ NporpammMupyemas
matpuuHas noruka (MSIM n NMM)

Tiporpammmpyembie Norveckwe MaTPALS!
TIpOrpaMMHpyeMBie TOTIHECKHE MATPHILS! OABITHCE B Cepemtte T0-X roio.
OcHOBOM 1X CIYKHT NI0CTEAOBATE ILHOCTE MPOTPAMMHUPYEMbIX MATPHLL CMEHTOR
W w WM. B CTpyKTypy BXOIAT TaKe GAOKH BXOZHbIX H BBIXOLHBIX GychepHEX
xackazob (BBx u BBbix).

Bxonbie Gybepsi, ecit He BHIONHAIOT Golee CTOXHBIX AefiCTBii, MpeoGpasyior
onHOGA3HbIE BXOAHBIE CHIHATLI B NapadasHeie W GOPMUPYIOT CUTHATB HEOGXO-
MO MOUIHOCTH LTS IUTAHHS MATPHLIbI 3eMenToB Y.

BuixoHbe Gybepbl oGecriewiBalor HEOGXOIHMYIO HATYIONHYIO CTIOCOGHOCTS
BLIXOZIOB, PA3pENIAlOT WAK 3anpeiaior srixon TUIM Ha BHEWHME WHHEL C MO~
Mousto cursara OF, a HorIa BHNONHAIOT i Gollce COKHSIE ACHCTEHA
Octosnsnu napawempasu [1/IM (puc. 7.1) naasiomen ucao 6x0dos m, wucio mep-
w06 £ u wucno avcxodoa .
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Puc. 7.1. Basosas crpyxTypa MM
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Mepenenttibie XX MoaoTes vepes BBx Ha moms onementos H
(KOHBIOHKTOPOE), # B Marpuiie M ofpasyiorcs ¢ Tepwon. Tox Tepmom snech
HIOHHMACTCS KOWHIOHKILHS, CBAIBIBAIONIAN BXOTHBIE TIEPEMEHNbIE, MPEICTABTEH -
Hble B NpAMOii nau mBCpeHoi bopme. UHCIO (GOPMUPYEMBIX TEPNOB paBHO
HCTY KOHBIOHKTOPOB ILTH, UTO TO e CAMOE, UHCTY BHIXOI0B MATPHL M

Tepmst nogaiores awiee Ha Bxomst Matpuis MITH, 7. e. Ha BXOXM AUTbIOHKTO-
POB, (OpMUPYIOLLIX BIXOIHbIE BYHKLH. YHEAO AHTHIOHKTOPOB PABHO 4HCTY
‘BBIPAGATEIBAEMBIX (yHKLUH .

Taxum o6paom, TUTM peaniuayer THTbIOHKTHBHYIO HOpMATBHYIO dopyy (THOD)
'BOCTIPOHIBOMHMBIX hyHKILMi1 (1BYXypOBHEBYIO M0THKY). [LIM cnocodna peauso-
ams cucmeny n aoauneckucx yniuui om m apeymenmos, codepyeauyio ne Goaee !
mepmos. Bocnpoiapoumble (BYHKIH SBISIOTCS KOMGWHALMAMK 3 t0Goro
uMCAa TepMOB, (opMHpyeMbix MaTpuiieh M. Kakie MMERHO TepMbi GYAYT Bhpa-
GOTAMH 1 KKIE KOMOHHALIHH STHX TEPMOB COCTABST BBIXONHBIC (byHKLUH, OIpe-
nenserea nporpavposaniem TUTM.

Cxemorexsuka MM

Buinyckatores THIM Kak Ha OcHOBe GHAOTADHO TexHororK, Tak u Ha MOTT-
TPAHINCTOPaX. B MATPHULAX HMEIOTCS CHCTEMEI TOPHIOHTATEHBIX W BCPTHKATBHbIX
cBsseit, B yaNax MepecesehHs KOTOpbIX MPH NPOTPAMMHPOBAHHM COMIATES Wi
UKBHIMPYIOTCH DTEMEHTE! CBA3H.

Ha piic. 7.2, a B ynpouteiHom sutze (63 GybepHBIX SMEMEHTOB) NOKAANA Cxe-
MorexiHKa Gunonaproii TUTM KSS6PTI ¢ mporpaMMHposaHiteM nepexiranien
niepemsiuex. TToKasaH (PATMEHT [UIA BOCTIPOM3BELeHMS CHETEMSI yHKILH

Fi = X6\ Vi, = 4 VoV
TRV FEVR XX VX% = VMVt
Fy = xZVx%, = )\t
pasMepHocTbio 4, 7, 3. Mapamerpamu mukpocxemsi KSS6PT1 snnsiotes 16, 48, §

SnemerTamu csell b waTpiiie M CIYXAT THOIb, COCTUHAIONIHE TOPHIOHTAITH-
HblC W BEPTHKATLHBIE WIHHH, KaK IOKA3AHO Ha PHC. 7.2, 6, H30GPAXaIOLIeM temit
BHPAGOTKH Tepwa ;. COBMECTHO ¢ PEIHCTOPOM H WCTONHHKOM MUTAHHS Liemi
BHIPAGOTKH TepMOB 00pazyIoT oBt4HEIe voTHHE exeMbi M. Jlo MporpawMipoba-
HIS BCE EPEMbINKH UETH, 1 IHOSI CBA3H PAIMEILEHEI BO BCEX YaNaX KoOpli-
warwoii cerin. Tlpn i0GOi KOMGHHALIH APryMCHTOB Ha BHXOLC BYACT Hob,
T. K. HA BYOI CXEMbI MIOAI0TCH OLHOBPEMEHHO NPAMBIC U UHBEPCHBIE HANEHIS
aprywentos, a XX = 0. [Ipi TPOTPAMMMHPOBAHHH B CXEME OCTAIAIOTEA TONHKO
HEOBXOIHNbIE STEMEHTE CBA3H, @ HeHyKHbIE YCTPAHSIOTCA NEPERMIAHHCH re-
pembItek. B TaHHOM cTyHae 1A BXOX KOHBIOHKTOP IONGHB X, X 1 Xy. BhCoKHit
JPOBEHD BIXOIHOTO HATIDSKEHIA (TOTWHECKAs CAMHHIA) NOABHTCA TONBKO MpH
HAMUH BHCOKMX HATIPSXCHMI HA BCeX BXOLAX, HHIKOS HAMPAKEHNE XOTH Gbt
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Ha OLHOM BXOIE (HKCHPYET BHXOIHOE HATDSKEHHE Ha HUSKOM YPOBHE, T. K
OTKphiBaCTEs 10X STOTO BXONA. TaK BHTIOTHSETEs: Onepaunst M, B fawHow ciy-
4ae BHPACATHIBAETCA TEPM XXXy

—
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Pyc. 7.2. Cxeworextnra NVIM, peanaosaoit & 6umonspHo Texsonoriu (a),
1 3neMenTyl cesiaed 8 Matpuuax U (6) n UM (s)
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Bnementamu cs3u B matpuue MIIM ciyxar tpansucTopsl (puc. 7.2, 6), BKiio-
“eHHbIE Mo CXEME OMUTTEPHOTO MOBTOPHTEN OTHOCHTENSHO THHMH TEPNOB 1
obpasytountte cxemy MITH otHockTenbHo Bbixona (ropusoHTansHoi awsun). Ha
puc. 7.2, 6 nokasana suipabotka (ynkimu Fy. PaGota cxembi MJTH, peatuosan-
HOW B BHJIC MAPALTENLHOTO COEAMHEHMS IMUTTEPHBIX NOBTOPHTENEH, paccmompe-
na panee a § 1.2,

TTpH W30GPEXEHIH 3AMPOTPAMMIPOBANHEX MATPHLL HATHIME SEMEHTOB caacit
(ueibie MepeMBINKH) OTMEYAETCs TOUKO B COOTBETCTBYIOLIEM Y3e.

B cxenax na MOIT-mpanaucmopax b Katectae 6a3osoil Jorueckoil sueiki e-
nonb3yior unseprupyioume (MIU-HE, U-HE). CooTserctsento 3toMy meHsi-
10TCs! 1 oepawK, peanuayemsie b nepsofi u BTopoit Matpitiax [UIM. B wactHo-
cth, a cxemotextike n-MOTT Gasopoit AeilKofi 00bI4HO cryxuT sueiika HIIH-
HE, a crpyktypa TUIM wwseer mun (puc. 7.3). Taxas TUIM snsercs nocredona-
TenbHocTbio a8y watpui MJM-HE, o1a W3 KOTOpHIX CTyXUT /U1 BHpAGOTKH
TEPMOB, APYras — JLIs BHIPAGOTKH BEIXOAHBIX (YHKIMHL.

Tepm t) B AaHHOM ciyuae paseH:

= XV = Xk,
a dynuns:
Fy = 0V

x

Matpusa

BBux
VnaHE k

Xy —]
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Puc. 7.3. Cxeworexska MM, poanuaosasHoi Ha MOM-TpanaucTopax

Ha OCHOBaHIH STHX BLIPAXeHMH MOXHO 3aKTIOSHTS, YTO WIBECTHAS CB3b MEXIY
OniepaIMAMM, BHpAXaewast 1paBiasm e Mopraka, roBOpHT 0 (bakTHsicCKoM coB-
AACHHH GYHKUNOHATBHEIX XapaKTEpHCTHK GurtonspHofi TIIM u TLIM wa MOTI-
TPAIIHCTOPAX: €CIH Ha BXOIbI MOCAEHEH MOZABATh APIYMEHTH, WHBEPTHPOBAIHbC
OTHOCHTETbHO apryweHTos GuronspHoii TUTM, To Ha BbiXole MonysmM peaynsTar,
oTHaiomHiics of Buxoza GunonApHofi UM TonsKo HHBEpCHeit

TloroTosKa 3aga4 K peweHMIo ¢ noMoLbio MM

Vimen b ouny nion6op TUIM MHIMATBHOM CAOXHOCTH, CIEAYET YMEHbLMHTE TTO
'BOIMOXHOCTH YHCIIO TEPMOB B AaHHOf CHCTeMe ryHKLMil. ColepKanen M-
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MH3AUMK DYHKUMI BYIeT MOMCK KpaTyaiilumx AMIBIOHKTUBHBIX (opm. Bectu
MOMCK MMHMMAIbHBIX 110 YHCIY TEPMOB TNPEACTARNEHMH 3anauu Crelyer 1o
JPOBI, KOTZA HHCIO TCPMOB CTAIOBHTCH PABHbIM £ — NApaveTpy Myelouxes
TUIM. [lanbHeiiwas munuMisaunst He TpeGyerca. Eciu pasMepHOCTh HMEIOIMX-
ca TUIM oBecrieunsaer peluenie 3a1adi B ee HCXOMHOH OPME, TO MUHMMHU3A-
umst He TpeGyeTcs BOOGILE, T. K. HE BeAeT K COKpalleHUHio 06opynosaHms.

Mporpammuposatine MM

Mporpasnuposaiiue TUIM, BHINOTHSEMOE MONB30BATENEM, MPOBOIHICS C M0~

MOLLBIO CMEUHATBHBIX YCTPOHCTB (NMPOrpaMMAaToOpoB) M CBEACHMs WIS HHX O

nannoit TUTM Romkist umeTs onpenenetnyio dopwy. Hueiores nporpawsato-

Phi, KOTObIC MpUHMMAOT B KatecTse WHGopmauui o MUIM Tabuuy dynk-

IMOHMPOBAHKA (MCTHHHOCTH), OHAKO YIOGHee 3AIABaTh CHENEHMS O CAMMX

repembiikax. CHMBON, WCTIONb3YeMbie NPU TAKOM 3ANAHWHK CReZeHMil wis

nporpammuposatins TUTM:

O H — niepemerHas BXOIHT b TEPM B MPAMOM BHLE, T. &. HYXHO OCTABHTD e~
70t MepeMBI4KY NPAMOTO BXOAA  MIEPEXeHD NIEPEMBLIKY HHEEPCHOTO BXOIA;

O L — nepementas BXOTHT B TEpM B HHBEPCHOM BHie, T. €. HYXHO COXPAHHTS
HEPEMBINKY Y HHBEPCHOTO BXOLA H MIEPEXEIh Y IPIMOTO;

O "—" — nepeMeHHAs He BXONMT B TepM W He JO/JKHA BAMSTb HA Hero, T.e.
HYKHO TEpEXetb MepeMBIiKi 0OMX BXOIOB.
Ocrannenue nepembiuek y 06ONX BXOLOB MEpPeMEHHO Kak Obi ycTpamseT u3
MATPHIIL coOTBETCTBYIOYI0 CXewy M, mockonbky B ciuty paseHcTsa XX = 0
BLUXOI STOfi CXeMt BCerna HYICBOR H He ATWSeT Ha pasoTy sarpuist WITH,
Ha BXoI KOTOpOHt MozaeTCH;

O A — yKkasbiBaeTcsl B BBIXOZHOM cTonGue (cTonbie (yHKUMK) W cBUeTENBCT-
Byer o comau makoi cxemsi M ¢ hxozom TUIM wepea matpuuy WIH. Me-
peMbitka JO/KHA GbiTh COXpaHeHa;

0 " — ykasssaer Ha 7o, wro mannas cxema M He noaKTouaeTen K BHXOLY H
OTXHA MMETh TIEpEAKEHNYIO TiepembidKy B maTpiue HIIH.

B npuisiToli cumoke s nporpammiposas TUIM BasToro pariee mpisepa
coereHy s GynyT sanasi TaGuieli (ra6n. 7.1).

Tabnmya 7.1
x X % X Fy F Fs
L L H - A A
- L - A . .
H - - L A . A
H L L - . A
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Tanuya 7.1 (okoranue)

X X2 X3 Xa Fu Fa Fs
H H - H . A
- H L H . A
H L - - - A

Ynpouentoe uaospaxenue cxem MM

Cxemi TUIM R0CTaTONHO TPOMOSIKH,  1O3TOMY H3OGPAKATH HX KEIATEsHO ©
MEKCHMAIbHO BOIMOXHBIN yIpOLLCHHeN. MCnonbsyioTes 3oGpaxeits, & KoTo-
Pbix MHOroBX0z0BHE nementst M, HIIH YCI0BHO 3aMCHAIOTES OTHOBXOLOBHINH
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PUC. 7.4. YNIDOLEHHOE UIOBPEXEHUS CXEMS MHOTOBXOADBOD NOTUNECKOrO.
snewenTa (a) u MM (6)

EAMHCTBEHHaS TMHUS BXONA TAKUX IEMEHTOB MEPECEKAETCS] ¢ HECKOTLKHMH -
HWAMM BXOIHMX MepeMeHHbIX. ECIH lepecederie OTMENCHO TOuKOM, Aamas
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TepemeHiiasi NONGETCA 1A BXON MIOGPAXACMOTO INEMEHTA, eC TOUKH HET, TO
nepemeHHas HA eMeNT He MonaeTest. TIpHMep MHOTOBXOLOBOTO KOHBIOHKTOPA C
BXozaMH X;%X; TIOKA3AH Ha pHC. 7.4, a. Cxewa pic. 7.2, @ B HOBOM YTIpOLIEHHOM
U30GPaKeHIH HMeET B, pHEETEHHbA Ha puc. 7.4, 6.

BocnpousaeeHne cKoouHbix opM

nepeKsliouaTenbHbIX chyHKUMIA

C nomousio TLIM MOXHO BOCTPOKIBONHTE He TOTHKO IMIHOHKTHBHHE HOP-
MatbHbie OPMbl NEpEKTIOUATENbHAX YHKIMH, HO W CKOGOMHHIE (OpMSL.
B 5ToM cryuae CHadasla MOAYAIOT BHPAKEHNS B CKOBKAX, @ 3ATeM OHM paccmar-
PHMBAIOTCS KK APryMeHTbl /LIS MONYYEHHs OKOHYaTeNbHOro pesynbTara. B cxeme
NoABIAIOTES OBPATHBIE CBIIM — MPOMEKYTOUHbIE PESYISTATH C BHXOLA BHOB
NOLAIOTEs! 12 BXOAH, IOTHYCCKAS IYGHHA CXEMBI YBETHSHBAETCS, ATEPXKA Bbi-
pabotku pesynsTata pacter. TlycTh, HANPHMEP, TPEGYETCA MOTYNHTH ByHKLHIO:

F= XV V%X ).
Iuis sroro caeayer npumenHTs Bimoseme TUIM no cxewe (phe. 7.5).

xR

x [ w] 5
1 T ‘E XV VR Ty

[EACESTY

Puc. 7.5. Cxema simovenun /M npn B0CTDOUSBEREHHH CKOBONMHX GOPM
~REPOKTIONATENLHbX DYHKLUA
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Puc. 7.9, Cxoma pacumpenus wcna
8x0208 MM a opuHiy

Mpoctan 3spucTHHeCkas meToauka pacumpenus MM no Bxonam, He npeTeayo-
L3R Ha ONTUMANEHOCT, NPeANOXena B pagoTe [31] u onucana Taioke 8 [37]

Tepasie oresceracnnsie TUIM Ghum shnymienst B cocrase cepun K556
(Mmkpoexewst PT1, PT2 exemotextonornu TIILLL ¢ nporpavposaHies npo-
Kurannem nepemsiiex). Hx pasmepHocTs 16 8X0n05, 48 Tepwos, 8 Bhixo0B, 3a-
ZepKa okono S0 He. Mukpocxema PT1 HMeCT BBIXOLb ¢ OTKPHTSIM KOLIEKT-
pom. Mukpocxena PT2 ideet BBIXOL ¢ TPeMsL COCTORHMAMK.

MporpamMupyeman MaTpHdHas norMKa
Ono w3 BaxHbx mpumeneHuii BUC nporpauumpyemoit noruki — samena HC
MAIOTO W CPETHETO YPOBHA HHTETPALMi TPH PEATHIAIAM TAK HA3bIBAEMON MpO-
WIBONBHOM MoruKH. B STHX NpHMeHEHMAX JorHtecKas mowHocTs TUIM savac-
TVI0 UCKONbIYETCS HEMONHO. DTO MPOABIAETCA, B YACTHOCTH, NPH BOCHPOHIBE-
ICHWM THTMYHBIX LIS TIPAKTHKM CHCTEM NEEKMIOMATENBHBIX (YHKUMH, He
MMEROLLIX GONbILIMX TiEpecesetMii APYT ¢ PYTOM MO OIMHAKOBHM TepMan. B Ta-
KHX CAY4AAX BOIMOXHOCTS HCTIONB3OBAHHS BLIXOZOB JIIOGHX KOHBIOHKTOPOB 1f0-
GhiMH IMSbIOHKTOpAMH (Kak npenyemoTpeto B TUIM) CTaHoBMTCS HanHUIHMM
YenoxHesHen. OTKas OT 370/l BOSMOKHOCTH 03HAYACT OTKA3 OT NPOTPAMMHPOBA-
s Marpuist A W npusouT K crpyktype TIMII (PAL, GAL).

B TIMII (pic. 7.10) uixoxst snemenTon M (sbixonsi meppoif MATPHIb) KecTko
paciipenenens: mexay snewertavi MITH (sxonami warpuust WJIH). B nokasan-
Hoit TIMJI m BX0108, 1 BbIX01OB H 4n SnemenTos M, mockonbky kikiomy ane-
MenTy MJIM npuiaeTes 1o HeThpe KOHBIOHKTOpa.

B cpasnenuu ¢ TTM cxens TTMIT uneiom mensuyio dynxuuonassnyio 2ubiocms,
m. k. & nux mampusa HITH duxcuposana, no ux useomosaenue u ucnomsosaiue
npoue. Tipemyuiectsa TIMIT 0coBeHHO NPORBIIOTSE MK MPOCKTHPOBAiE He-
CHOXHBIX YCTPOFiCTB.

Tourotoska 3anas & peweniio Ha TIMJT umeeT MHOrO oGiiero ¢ MonXoToM K
pewenuio sanas wa TUIM, Ho ects u pastnsus. Ui TIMJT Baxio ymeHswkTh




[image: image10.png]368 Lucpposas cxemorextmka

wwCi0 3nemenToB M U1 KaXuoro Bhixona, HO ecan st TUIM crpemstes HeKath
npeacTannekme dyHKUM ¢ HAHGOTLIMM THCTOM OGULX TepMOB, To A TMJT
70 He TpEGYeTCs, NOCKOMKY 3MeMenTH Ml (DUKCHDOBAHBI MO CBOMM BHIXOIAM K
He MOTYT GHTh HCTIOT30BAHE! APYTWAM BLXONAMSK (T. €. LTSt KpYrHX hyHKLIHi).

x

F R

Puc. 7.10. Basosan crpykrypa VA

yHKuMoHanbHbie pasHosugHocTH MM u IMA

Pacemorpentsic crpykTyphi TUIM  TIMJ — G208, ¢ KOTOpbIX HaYan0ch pas-
BUTHE 3THX Hanpaprenmit. B nanpheifwem npoucxomuio oborautenne dyHKuMo-
HanbHbx BosmoxHocTeli TUIM u TIMIT ¢ OMoWWbi0 PAza MPHEMOB, B TepByi0
otepelts crenyiout.

CXeMul C NIPOTPaMMUpYEMbIM BLIXORHbIM 6Ychepom

B 3THX cXeMaX OGECIIEUMBAETCH BOMOKHOCT MONYHEHILS BHXORHBIX (yHKIMIT B
NPAMOM WM WHBEPCHOM Bitie. B Takoit cxeme (pic. 7.11) bupaboTaiibie war-
pruami dynkunn Fi”...F,” npoxons epes bbixonHol Gyep, paspsiiitbic cxeMs!
KOTOPOO BHITOAHEHbI KaK CYMMATOpBi 110 MOAY.TIO 2.

B 1OKa3aHHOii Ha PHCYHKE CXeMe BTOphIE BXOLb CYMMATOPOB 01y 4aioT HyneBbie
CHIHATL OT noTeHuAATa “sewnu’ Yepea miaskue nepesiukin M. Mpn 3tom
Fi" = F; W (hynKun ¢ Buixona MaTpuil niepesaiocs: vepes Gydpep 6ea Hameneniii
ECAH Mepexeth MEpEMBIYKY Y HIKHETO BXONA CYMMATOPA, TO OH MONYYHT CHIHAT
IOTHYECKOTi CNMHHMIIBL OT MCTOMHMKA MHTAHHA Hepea peauctop R. Ckiamupasich
10 wony1io 2 ¢ enumueii, dynkimn Fi' WisbeprHpyioTes. Cle1osatenbho, b -
HUAX C LETBIMH epeMLKaMH BYHKIMH TIPOXOLT Hepe3 Gychep HEHIMEHHBIMM,
@B SUHISX C OTCYTCTBYIOUIMMH NIEPEMBIIKAMH — HHBEPTHpYIOTH
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Puc. 7.11. Cxewa NporpamMuMpyemoro BxoaNoro Gybepa

Tlporpammupyembiii Gydep 1aeT AONONHUTENBHEIE BOIMOXKHOCTH LISl MHHHMU3a-
UMW YHC/IA TEPMOB B PEATH3YEMOH CHCTeMe. B MCXOnHOi cicTeMe MOXHO 3aMe-
HATH GYHKUMH MX MHBEPCHSMM, €CTH 3TO NPUBOIUT K YMEHBLIEHNIO YHCa Tep-
MOB. HUKAKHX MOCTEACTBUA B CMBICAE BBEACHWS NOMOIHUTENbHBIX CXEM 3TO He
BLI3OBET — BOIBPAT K HCXOIHOM CHCTeMe GyreT obecreder MPOCTO MPOTPAMML-
posaren 6yepa.

Mpumep
lycrs HyHo BOCTPOWIBECTH CHCTENMY 1O ABYX BYHKWW:
Fy = X%V Xox\iX X\ xsx %o
Fy = RafpxgV/ o Xy VX o \Vxgx o

KapTei KapHo s 3Tux hynKuuii (PHC. 7.12) NOKaISISEIOT KOHTYPH, COOTBETCTBYI0-
LME 8 PaITMUHbIM TEPMaM CHCTEMBI

XX, 1y = X5Txg, 4y = X%
90X, 7 = X5¥%, 1 = Xy¥i%g

Puc. 7.12. Kapru Kapo 16 npAMopa BOCTPOMIBRRGHAR dyKL
8 T1/IM © NpOrpaMMMpyeMbiM BbXOMNbIM BY(DEROM
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Liucpposas cxemorexsuka

IpW WABEPTHPOBZHWM YHILN SAMHLS! SBHAMAIOT B KGpTE KaPHO Te NS, Ko-
TOBI@ G HynAMA. BIHO, HTO DU MHBEPTHPOBRHIAN ORHOR KO DYWKWA NONYIAM
K@pTL1 KapHO G MEH5UAM KOTWMECTBOM PAJSIASHbIX TOPMOB. 1pU HNBEPTUPOBaHM,
WanpAMED, by Fz MONYAA KEDTY G KOHTYPAMM, NOKAIZHHBIMM WTPHXOBLM
IR, W CHCTENY YN

FL = %%/ Xsxaxg VXXV X%, % = 4V ViVt
Fo = %R%oV/ Xy  VxsXxgV xsxi%g = 4V/tsVes\tg,

8 KOTOPO BCETO NATH PAINMHHEIX TEPMOB. Bo3BPAT OT yHKuAM F2 K ynkumn Fz
OCYILECTBNRETCA NEPEXHTAHMENM NEPEMEINK B UHUM BbIXOAA F.

CxeMbi ¢ AByHaNpaBNEHHbIMM BBORANM
HenoMbayst SneMenTH! ¢ TPes coCTOSHHSMI BXOTA, MOXHO MIOCTPOHTS CXEMY,
B KOTOpOfi HEKOTOPHE BHIBOL MOXHO NPHCTIOCABANBATS L1 PABOTHI B KaueeTse
BXOOB WAM BHIXOIOB B SABHCHMOCTIS O MPOTPAMMHUPOBIHHS NEpeMbideK. B Ta-
KO¥i CXEME ONMH 3 KOHBIOHKTOPOB NMPeAHasHaueH IS YNPAaBTeHHs MEMEHTOM ¢
TpeMs COCTOAHUAMM Bhixoaa (pHc. 7.13). BhiXOL aeMelTa 0nHOBPEMEHHO CBA3AH
¢ matpuueit M xak xon.

Bxm —]

L

|

dl tx

t

-
——
0

BBux

Puc. 7.13. Crewa ¢ aeyHanpasnenssim Gyepo
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BoamoXHI eThipe pexiya pbipona Bx/BHX B JABHCHMOCTH OT TOTO, Kak 3a-

TIpOTPANMHPOBAHB BXO! KOHBIOHKTOPA K:

1. Bee mepembiukit HeTpoHYTL. B 3ToM pexuMe Ha Bhixone KowsionkTopa K oy-
ner Hyab, Gydep MMeeT TpeTbe COCTOSHME BHIXONA W BHIBOL (DYHKUHOHHpYeT
KaK BXo1L

2. Be TepeMBIiKil MepeXoKeithl, Ha BUIXOLE KOHBIOHKTOpA eiiLA, Gydep akTi-
Beit, BHIBO PAGOTAET KaK BHIXOA (€10 CHIHATMI He HCIIONB3YIOTCA B MaTpiite ).

3. Buixox ¢ 0BpaTHoii CEA3b0. BTOT PEXHM OTIMYACTCA OF NPEIBIYILETo TONHKO
Tew, “T0 CHIHATH BbIBOIA UCTIOAB3YIOTCA B MaTpHLE .

4. Vnpannsiembiii BLiXon. 3fech BXONb! KOHBIOHKTOpA mporpammupyiotcs. Tpi
3A1aHHOI KOMGHHALIMN BXONHbIX CHTHIOB KOHbIOHKTOp NpHoGpetaet e~
HUSHbI{L BBIXOIL, W BbIBOT CPABATHIRACT KaK BBIXOL

B cXeme C HEKOTOPHIM 4HC/IOM ABYHATpARICHHbIX BLBONOB MOXHO HIMEHATH

COOTHOWIEHHE YHCIA BXONOB-BbIXONOB. ECTH SHCII0 BXOIOB PaBHO M, YHCHO0 Bbi-

XOIOB 1 1 WHCIIO ZABYCTOPOHHHX BBIBOTOB P, T MOXHO MMCTb YHCIIO BXONIOB OT m

10 M+ P # WHCAO BHXOIOB OT N 210 1 + P TIPH YCIOBHH, HTO CYMMA “HC/a BYO-

0B H BHIXOOB He MPEBOCKOWHT M + 1 + p.

Cxembi ¢ namaTbio
DT CXEMBI MO3BOTSIOT CTPOHTH ABTOMATH HAWGONee YIOBHBIM COCOBOM, T. K.
MOMHMO KOMGHHALHOHHOI 4ACTH COZEPKAT Ha KPHCTAILIE TPHITepbl (PErucTpl),
oBbtuto Thma D (pie. 7.14). TUIM c NawsThio XapaKTepuayeTen eTsipist napa-
MeTpamu. Kpome Tpex oObI4HBIX MapaMeTpoB, OHA UMEeT W MapaMeTp I — YHCAO
aneMeHTOB MamsTh (paspanos pernctpa). CTpykTypa puc. 7.14 conanaer ¢ KaHo-
HuYecKot cxemoil asromara. Pesynstar nawHoro wiara obpaGotku urbopmMalmu
3ABUCHT B Hell OT PE3YIBTATOR MPENBLYILAX WATOR, YTO OBECTIeYHBACTCH OBPATHOI
cB3bIO ¢ perwctpa Ha bxon TUIM. MakeHMaibHOE WHCTO BRYTPHIIX COCTORHiE
aBToMaTa 21, ABTOMAT PACCMATPMBAETCS KaK CHHXDOHHHIH — NIET/A 06paTHofi chi-
3 AKTHBMIUPYETCS! TONKO 110 PASPENLIEHHIO TAKTOBIX ChTHaTon TC.

. —— .
x Torseciue £
| warpuan
H Poructp

Puc. 7.14. Crpycrypa 1M ¢ namsTeio




[image: image14.png]a2 Lncbposan cxemorextuka

TIM ¢ paspenAeMBIMM KOHBIOHKTOPaMM

Hapsily ¢ MOTHGHKALIMAMH CXeM, PACCMOTPEHHbIMH BHIILIE, CYLIECTBYIOT 1 Crie-
unguieckue MoniduKalK, oTHOCAUecs Tonbko k TIMAL. K min ortocues
BADHAHT ¢ TaK HAIHBACMbIMH PASIEAAEMbIMH KOHBIOHKTOpaMH. TIpHeM "pasnerie-
KIS KOHTIOHKTOPOB' COCTOHT B CTEAyIOIEM. [LI% 1BYX CMEXHBIX STEMEHTOD
T oToonHTEs HEKOTOpOE KOMHAECTBO KOHBIOHKTOPOR (HATDHMep. 16), KoTo-
poe MoXeT GhiTb NMPOH3BOILHO PAINENEHO MEXKIY STUMH CMEXKHBIMHM MEMEHTa-
su. Jlpyrue onemenTl MITM HCTIONB30BaTh NaHHbi HAGOP KOHBIOHKTOPOB He
MoryT. Totoro nporpamsuposanis Marpiitsi WM stech ie nosmmkaer, Ho ace
Xe 372 MONHOHKALINA ABIAETCA WATOM B Hanparnekuy K TLIM.

BapHanT ¢ pastenseMbiMH KOHbIOHKTOPAMH CMATYGET HAHGOTEC OYEBHIHOE Or-
PpaHHtenme (hYHKUHOHATBHEIX BO3MOXHOCTeH npocThix (xectkix) MM — dik-
cupopantoe 4Hcro anemenTon M Ha pronax anewentos WM, Koroporo Moxer
He XBATHTB TP BOCTIPOH3BENEHMM CIOKHBIX yHKuuit. Mmes TIMJI ¢ pasnense-
MBINI KOHBIOHKTOpAMI # DAIMEUIAS CTOXHYIO GYHKINO PAIOM ¢ MPOCTOIl,
MOXHO M103AHMCTBOBATH 4ACTh OBLLETO HABOPA KOHBIOHKTOPOB Y MPOCTOI (yHK-
L B NO7b3Y CAOKHOM.

Yopas- | o
newe | o

3 =1

Puc. 7.15. Mpuwep peanusaluam pasnenenws 1epmos s MM
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BADHAHT CEMOTEXHINECKO/| PEATH3AINH PAIIETAEMOCTH KOHbIOHKTOPOB 1IOKa-
aan a pic. 7.15. B TIMJ1 MmeeTcs TonoHKTeNbHbif HaGop anemerTon HITH u
croxenust o moaymo 2 (MCKIIIOYAIOWIEE MJTH), ¢ nomowtsio Kotoporo
MOXHO KOMGHHHPOBATS CHIHAIbL BBIXOZOB 0GEMX OcHOBHbIX cxeM MM wis 06~
PajoBaHMs OKOHWATENbHBX 3HaveHiii GYHKUMA Fy u Fy. BBXOIB OCHOBHBIX
cxem HITH MoryT oGbeaMHATLCS MO OMEpaLIAsM AHTLIOKIIMH WWIH COKEHNS 110
MOIYINIO 2 W PACTIpENENATLEA 110 OCHOBHbIM Bbixonam Fi  F. Onepauns croxe-
HUS 110 MOLYMIO 2 Ja€T IONONHHTENbHbE DYHKUHOHATBHbIE BOMOXHOCTH. Xa-
paKTep No/y4aeMbiX (ByHKLATE SABUCHT O TOTO, KaKOfl M3 TPEX TPAHIHCTOPOB B
TIOKATAHBIX A8YX [PYIINaX GYIeT POBOSILAM.

NMA cepun K1556

Teppas oresectaernas TIMII nospitack b cepun KP1S56 (wirkpocxema XJI8, 3a
KoTopoit nociienosann UC XT4, XT16, XTT8). Mukpocxema XJI§ — MMJI ¢ asy-
HANPABICHHBIMH BHIBONAMH (BXOLaMU-BBIXONAMH), CTPYKTYPA KOTOPOH MoKasaHa
wa puc. 7.16. Ynero Brollon MOXeT HaweHsTbes oT 10 (mozsi, nokasammue ©
€8Ol CTOpOHbL MATPHUB) 10 16, ecnu Bee ABYHANpaBNeiKbie BbinoLb B2...B7
3ANPOrPaMMHpORAKHI KaK BX0b. UHCTO BLXOLOB HIMEHSETCA of 2 40 8. CyM-
MApHOE IHCIIO BXOTOR  BHXOIOB HE MOXET NpEBHILIATH 18.

— I
T 7 Nt ’} B
Ao Marpaa sl |
1

T e -
Al I - T e } )

ST

»—3 1

Puc. 7.16. Crpycrypa MM KP1556X18
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Beixoansie Gydepsi TTMJT nonysaioT paspettienme wiu 3anpeitienue pacorsi or
Marpiist M, Kak 6bu10 pacemotpero 5 npeninyien naparpade. Hatop onemers-
Ton MITH COCTONT #3 8 SMEMEHTOB C CEMBIO BXONAMH, T. €. Ha KaXabiH dnemeHT
WIM nipuxonutest no 7 KOHBIOHKTOpOB ¢ cioM 5xono0s or 10 10 16, Hexons ws
CKA3AHHOTO, MOXHO OLCHHTb M PA3MEPHOCTH MaTPHb M, conepxauteii 2043
yanos (64 x 32).

Matpna
1 warany B1 i

Kanany T1

Cxems, ananorssie
xanany 81
a—{'1 LI

Puc. 7.17. Crpyciypa VA KP1SSEX4

B mukpocxemax Tina XTT MMEIOTCH 3MeMeHTH MaMsT# — Tpurrephl THma D,
“HCI0 KOTOpHIX coBmanaer ¢ undpoit » oGoanasernu UC (4, 6 wau 8). Crpykry-
pa MC XT14 (pic. 7.17) ubeeT nepobift ypoReHb 1oTHKH, Ha KOTOPOM OGpa3yIOT-
C# TepMbl BXOIHEIX TiepemenHbIX, BTOpoil yposeHb — Matpiuia FUTH, coctotas
43 8 TUTHIOHKTOPOB (HETHPEX 7-BXOTOBHIX W “ETHIpex 8-pxonombix). Buixombic
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YCHTHTENU BUOTHEHb N0 CXEME C Tpems cocTosmHusMM. UeThipe D-Tpirrepa
UMEIOT YNIpaRleHHe OT MONOKHTENLHOrO (POHTA BHEWHEro cHixpocurHana C.
Curnax OF ynpaniact 6ycepanit, MOAKIIOUCHHBIMH K BHXO1AM TPHITCPOR.
Uueno mronos y TIMJI Tuna XIT — socens, wiero suixonos 8(4), 8(2) u § win
XT14, XI16 1 XII8 cooTReTeTREHNO, 3A1€PKKA MEXAY BHBEOTAMH BXOL-BHXOL He
Gonee 40 He, @ Mexty TAKTOBBIM CHIHAIOM W BHXOLOM He Goriee 25 te. Tlotped-
netme Toka — 180 MA.

FIpUMEp NOATOTOBKM 324K K PeLLIEHHIO C NoMOLLBI0 TMJT
Tycrs wa TIMJT KPISS6XTI4 TpeSyercs peanaonars 4-x paspsuusiti CHHXpOH-
Hulit CHETMK, BITOMHAIOLUH TOMMMO OEpALMH CHETa TAKKE OMeEpallHio Ma-
panIebHO/ aCHHXPOHHOI 3arpy3KH.

Jlnst peannsaunu yerpoiicrsa Ha ocsope TUIM w TIMIL ero dynKumn HyxHo
ONIpEMTL Kak CHCTEMY MICPEKTIONTEBHBIX YHKUMA.

B § 3.8 paceuompen cunxponnnil cuemux, nocmpoennsiii wa mpuzeepax muna JK,
Mech Xe B HAUIEM PACTIOPSKEHKH HMEIOTCS TPHITEpH! TUMa D, COOTBETCTBCHHO
BUIIOH3MEHAIOTCH 1 DYHKILWH BOSGYKIEHHS TPHITEpOD.

OB03HauHM BHIXON! PAIPSIOD CHETUHKA, HAYMHAA ¢ Mrawero, uepes Qp, Qi
Q2 Q3. Curnan acurxporHoit sarpyaku obosuaunm kax LE (Load Enable). 3a-
rpyxaemoe c1080 — AjArAiAg.

TPHITED WIGMIETO PASPAIA CHETAUKA NEPEKMIOUACTCA OF KIKIOTO BXOLHOTO
CHTHATA IpH OTCYTCTBMM CHIHATA SATYSKH H MPUHMMAET JHAYCHMC Ag Mpi 32-
IPy3Ke. CEIOBATEILHO, IS €10 BHIXONA B HOBOM COCTOHHH MOKHO JaIHCATS,

Qon = LE QpVLE Ay,
e nepsoe cnaraemoe oToGpaxaeT MpoLeECC MEPeKMOYEHHs TPUITEpa, a BTO-
Poe — napaebHylo 3arpYIKY.
CrlenyloutHil paspsii MEPEKTIONACTCS TONBKO MPH YCIOBHSX OTCYTCTBMS CHIHANA
SATPYIKU W CNMHHTHOM COCTOSHMM TPHITEPA Miauero paspana. Tpu Qp = 0
3T0T TpHITEp CONpAHSIET CBoe cocTosMe. JUIA Ero BHXONA MOXHO JaMicaTh:

Qun = LE Q;QpVLE Q,QpVLE A,

[1e MepBoe craraeMoe OTOGPAKAET MEPEKTIOCHHE TPUTTCPA, BTOPOE — COXDAHE-
Hite €ro cocTosms npi Qg = 0, TpeTbe — 3ArpyIKy.

TIpONOMKaR AHATOTHIHbE PACCYKICHHS, LA TIOCTEAYIOLIMX PAIPSIOR CHETUHKA
MOKHO TIONYHHTS COOTHOWEHNS

Qi = LE Q;Q,Q0VLE Q)Q,VLE QQpVLE Ay;
Quir = TE Q30,01 QV/IE Q;Q,V/ IE QiQ)VLE QQVLE Ay,
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I1e nepbe caraemble OTOGPAXAIOT Mpottece MepeKTiOYeHHA Paspina, moces-
Hile — MAAITENBHYIO 3ATPY3KY, A NMPOMEKYTOUHBIC — COXDAHEHHE COCTORHMA
TIpi OTCYTCTRIM YCAOBHI MEPEKTIOCHHS.

TlocKkobky HCKOMBIE DYHKLIMH COLEPXAT He GOTee MATH KOHBIOKIIHI, BOINOXHE
1X HerlocpelcTBerHast peaTuaas Ka Mukpocxee XTI4 (p 3Toif MMKpoCKeMe Uic-
10 anemerton M Ha pronax anewertop WITH coctamnser 7 win § 115 pasHbix bbi-
Xoow). [lodpodee npunep npoexmuposanua ua ocuoae IIMJI paccwompen o § 9.2,

Mpu npoekTWposakuw yCTpoRcTs Ha ocHose MM u MIMJT nomayioTca noAcHCTEMa-
1MW GBTOMATUIALUM NPOSKTUOBAHWR, T. K. PYNHaR MOROTOBKA SANAWM MOKET OKa:
3ATCA HENPUEMTIEMO POMOIAKOM. [lns MOACHCTEMs! ABTOMATUSAPOBAHHOTO MPOBK-
TMOBaHWA NOATOTOBKA AAHHGIX NPOBOAWTCA C MCTIONIOBAHMEM BXOIHOTO S3biKa
TaGAAL WK CHCTOM GyNesbix ypaBHeHsJ, SAMMCAHHbIX B NPERYCMOTPEHNOR SIIKOM
bopve. [laNbie N NOTAMMATOPA, NEPEXHTAIOLLETO MEPEMbINKA, NOMYNAIOTCS
‘asTomarweck

B NIOAOGHLIX NIOACHCTEMAX UMEIOTCA TakoKe PEXWUNSI BXORHOTO KOHTPONSH UC., Npo-
BPAIOLIETO LENOCTHOCTL Nepembiuex UIC 10 NPOTPAMMMPOBANWS: BBOAS AHHLIX C
TANOKa, T. . YK€ 3ANPOTPAMMMPOBaHHOR UIC, YCTHOBNEHHOR B CrIEUMANbHYIO CO-
EAUHMTENbHYIO PO3ETKY; CaBHEHHA AaHHEIX O NDOTPAMIMAPOBAHIH, HXOARLIAXCR B
"NBMTA NOACHCTEMbI, C COCTORHWEM Nepemeiiek UG U p.

B sapy6exnoli cxemotextuke TIMJI nonysunn_umpokoe paciipoctpanerie.
TIDHMEpOM MOXET CAYXHTH Mitkpockema PAL 22V10 (6yksa V nossitnach or
cnoa Versatile — rubKuil, nommixibii). Y 51oit MuKpocxembi 10 Bbixonon, pas-
MHAIOUIXCA HCTIOM MIONKTIOUCHHLIX K HHM KOHBIOKKTOPOR. PasHible BLIXORHI
HMEIOT OT 8 110 16 KOHbIOHKTOPOD. BLiXoIHBIE BEAHUMHBI BupabaTHbaOTCH He
NIPOCTO [UITHIOHKTOPANH, a Gollee CTOXHBIMM CXEMAMH, HA3DIBACMBIMI MAKPO-
S7leMeHTaMH (MaKposdeiikan).

Cxema makpoonewenTa PAL 22V10 conepxut tpurrep Tina D ¢ uenami taxru-
POBAHMS, ACHHXPOHHOTO cBpoca AR 1 cHHXpOHHO# yctanosku SP! (puc. 7.18).
Mynstinsiekcop "4—1" paboraer Ha BeixonHoii Gydep, MyTbTTICKCOp "2—
nepenact cHrHATh OGpaTHON CoA3H B Matpy M. Llemi ¢ maasKiMi nepemi-
Kawi POrpaMMHUpYIOT MYIbTHILIEKCOpbi. Ha BXo MynbTimiexcopa "4—1" no-
HAlOTCA TPAMOIi M WHBEpCHbIll CHIHANH OT TorMuecKol wacti MMIL, a Takxe
PETHCTPOBLIi BLXON (C TPITEPA) M €ro MuBepcHs. CHHUI OBpaTHOl CBAIM
MoxHO BasTh ¢ Bhixota TIMIT wik ¢ Bbixona Tpurrepa. TIpu ycTaHoBKe Bhxo1-
HOFO 6Y(epa b TpeTbe cOCTORHHE BHEUIHMH BHIAOI MOXET GHITh HCTOMKIOBAH Kak
Bxon. Takim 0Bpasom, 11060it u3 10 NPOTPAMMHPYEMBIX BIXOAOR MOXET GbiTh
AMGO BXONOM, HGO KOMGHHALLHOHHbIM WM PETHCTPOBSIM BbixoioM Mpi H-
AKTHBHOCTH W L-aKTHBHOCTH BHIXONHOTO CHHATA.

MaKposieiiKi, OI0GHbIE MAKpOITeMERTaM MUKpocKemst 22V10, mmeioTea Tak-
XC B UIMPOKO HIBECTHBIX cxemax THiia GAL dupmbi Lattice Semiconductor

! Curnanst AR i SP BHIPAGATHBAIOTCA CTIELHANSHBINI TEPMAMH MaTPHLE 1.
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E

B matpauy U

Puc. 7.18. Crewa makposnementa PAL 22V10

Tipumep 6onee crioxHof cTpyKTyps! PLD

Ha puc. 7.19 nokasawa cTpykTypa (Matpua M u omus u3 12 Makpooiiementon)
BHC, uiTepeckas Tem, 4T, Gyly4i TpOCTOM, CoueTacT B cebe, TeM He MeHee,
HeCKOIbKO THMHIX 1% PLD NpUEMOB NOBbIILICHHS (BYHKUHOKATHHOM HBKo-
CTH: BOSMOXHOCTh PAICCHHA TEPMOB MEXIY COCEAHMMH MAKPOIICMEHTAN,
NIPOIPAMMHPYEMOCTS  TIOIHPHOCTH  BHIDAGATHBAEMOll  JIOTINecKolt  yHKIIH
(peanusyemocts F win Fy), nporpammupyemocts tuna tpurrepa (D win T), pos-
MOXHOCTS BHGOpA KOMGHHALMOHHOTO IIH PETHCTPOBOTO BHXON, ABYHANpas-
JEHHOCTS BHELIHETO BHBOTa.

Exunas Matpuua M uueer 32 BX01a Ui NONANH BXOLHBIX TIEPEMEHHbIX 1 182
BXO1a 1A TIONANH CHIHATOB OGPATHON CBAIM C BHXONA MYTBTHIIEKCOPA  He-
NI016305aHHSI BHELLIHETO BHBOIA MAKPOSMENKH B KaUeCTR BXOLa PH YCTAHOBKE
BHXOIHOTO GY(pepa p TpeThe CoCTOsHIHe.

KOHbIOHKTOPLI, HMeloLtie N0 68 BXO10B, BHIpAGATHIBAIOT TepMB, KOTOpbLE Mofla-
o7es Ha onewentst MM (o WeThipe Tepwa Wa Kaxabiii 13 ABYX S1eMeHTOB
WITH). CronGew u3 WeThipex MPOTAMMHPYEMBIX MYISTHILIEKCOPOB pealuayer
DAJETHEMOCTS TEPMOB, NI03B0SA TaHHOMY MAKPOIIEMEHTY He TOTbKO HCMOMh-
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30BaTh TEpMbI OT CBOMX KOHBIOHKTOPOB, HO  MONYYaTh TepMbi OT COCENHX
MAKPOOTIEMEHTOR (ITpH TIDOTPAMMMPOBAHIA MYBTHILIEKCOPOB | 1 4 Ha Nepenasy
GHHLIX OT BEPXHMX BXOIOR) WIH OTIABATH CHOM TEPMb COCEIAM C BHXOLOB e
THPEXEXOTIOBLIX ZH3HIOHKTOPOR

OKoHuaTEbHbil HAGOp TEPMOB (HOPMHPYETCH IHTHIOHKTOPOM, HA BXOIb KOTO-
POTO NOCTYMAIOT BHIXOLHHE CHTHATH MYTBTHILIEKCOpOB CTOTG1A. TTporpanipo-
BaMe MyTBTHIUIEKCOP HA MEpEAaty JAHHBIX OT HIKHETO BXOIA HCKITIONaCT M10-
cTynalole Ha Hero TepMbl 3 GOPMHPYEMOro HaGopa.

BupaGoranias oriseckasn QYHKUHA MEpelaeTcst B AQTbHEHIUHe HacTH Makpo-
OMeMENTa epea CyMMATOp N0 MOLYINO 2, Ha BTOPOIl BXON KOTOPOTO TpH Mpo-
IPAMMUPORAHHH MOKET GHTh MOIAHA IOTHECKAR EIMHMIA WIH JOrHYecKii
Hollb. B iepnom ciiyuae, NpoxolLa Yepes aremeHT M2, byHKuA WHBepTHPYeTCS,
B0 BTOPOM — He H3MEHAETCA. BbiXol oemeHTa M2 MOIKTIONeH K MyNSTHTCK-
copy, HHQOPMALLHOHHBIE BXOIbi KOTOPOro MometeHs! Gyxpawu D u T. Fenw stor
MYISTHILIEKCOp 3ATIPOTPAMMHPOBAH HA Nlepelaty CHIHaTa of Bxona D), To Tpur-
Tep NpOCTO MoJyYACT CHIHAT 1 (BYHKIMOHUDYET Kak Tpurrep Tuna D. Ecau xe
MYTTHILIEKCOP 3ATIPOTPAMMHpOBAN Ha Nepeaaty cHrHana or mxona T, To Tpur-
Tep epes OGLIHEI JEMEHT CTOKEHHS MO MOIYTIO 2 3AMKHYT B NIETMO 00paT-
Ho# cosai. TIph ITOM HyTeRoe HAYEHHE CHIHATA HA BEDXHEM BXOLE 0BBIYHOTO
(e porpaMmupyeMoro) anemenTa M2 obecneuHBaeT nepenaty Ha pxoll TpHITEpa
CHTHATA €70 TEKYWIETO COCTORHIA Q, T. €. NpH NIOCTYICHAH TAKTOBOTO UMIYTb-
€A COCTORHHE TPHITEpa COXAHNTCS. EAUHHUHOS JHAYCHHE CHTHATA HA BEpXHEM
Brozte anieenTa M2 IPUBOIUT K CIOKEHHIO BEMMIHHE Q C eaiiLed 10 Moxy-
0 2, T. e. K MOMate Ha BXOX TPHITEpA Yepes MYISTHILIEKCOp BeHIHE Q, To
BEeT K MepeKioueHiio TpUrTepa. BuHO, uTO B 9TOM Clyuae TpHITEp padoract
KaK CHHXPOHHbIi TpHTTep Tuna T, mpitiem pomb carHara T Wrpaer curwan Ha
BHXOZE IPOTPAMMHDYEMOTO SeMeHTa M2.

MyabTHILIEKCOp, MHOPMALMOHHbIE X0 KOTOPOTo noMesiebi Byksami R (or
Registered) u C (o1 Combinatorial), ocylleCTBHET B 3aBHCHMOCTH OT NPOrpav-
MUPOBAHMS BHIGOP THIIA BHXO/IA MAKPOSNIEMEHTA — B BHIE JANOMHHAEMOTO CHI-
Hana Q OT TPHITEPA Wi HETIOCPENCTBEHHO KOMOHHAUMOHHOR yHKWII O -
Hum C, waymeii B obxon Tpurrepa. UYepes Gydep ¢ Tpems COCTOSHMSMH Bbixox
MaKpOSTEMEHT. CBA3AN C KOHTAKTHOM MIOWIATKOH (BHEWHUM Bbinonow). Ectn
Gyep HAXOLUTCH B TPETBEM COCTOSHHM, KOHTAKT MOKET HCIIONB30BATHCA KAK
BXOIHOIA, C KOTOPOTO CHrHA mocTynaeT B Matpiuy M.

JList yNpaBneHis TPHITEPOM MOXHO BBIGPaTs C MOMOLBIO MYITBTHILIEKCOPA CO
BXONaMH A 1 S 1160 CHHXDOHHBI BAPHAHT (T. €. TAKTHPOBAHHE OBLLNM CHHXPO-
CHTHAIOM BCEH MHKPOCXEMBbI), IGO0 acCHHXPOHHBbIH (T. e. ¢ BHIPAGOTKON cirHata
TAKTUPOBAHHA OT OTICALHOTO TEPMA, WHate [OBOPH, PAIPEIUEHHEM NPHHATILS
HOPMALIMH NIpH TIOABTEHMI OMPEENENHON KOMGHHALIH BXOLHBIX CHIHATOD
sarpuust H).
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CoBpeMeHHble U NepcnekTUBHble
BUC/CBUC co cnoXHbiMu
nporpaMMmpyemMbiMm

1 penporpammupyembimMu
ctpykrypamu (FPGA, CPLD,
FLEX, SOC u gp.)

§ 8.1. O6wue ceepeHus

Mukpocxessi TUIM, TIMJT u BMK, paccuompennsie ¢ 21. 7, nonoxum nasaio
BYM OCHOBHBM BETBAM ZATHHEHILIETO PA3BTHS TOTHICCKHX CXEM C MPOrpAMH-
pyeofi 1 penporpamMpyemoii cTpyKTypan. Tponomkerues iy TIMII cra-
au BUC/CBUC CPLD (Complex Programmable Logic Devices), a ammi
BMK — FPGA (Field Programmable Gate Arrays). Crpemerie oGbeansiTs
RocToMHCTBa ofenx mummil npuseno k cossammio BUC/CBHUC cwewantoft
(KOMGHHMPOBAHHOI) APXHTEKTYDBI, ILTAl KOTOPBIX ELLE He BHIPABOTAHO OBILENpi-
waoe Hassanne (bupma Altera nonssyercs wassamwem FLEX (Flexible Logic
Element MatriX) — rubkue). PocT ypoBHs MHTErpaUMK Nal BOIMOKHOCTb pas-
MEILIATS Ha KpHCTAIE CXEMbI, CIIOXHOCTS KOTOPBIX COOTBETCTBYET LE/biM CHCTe-
Maw. i cxensi umenylorest SOC (Systems On Chip).

Crasannoe mimoctpipyetes puc. 8.1, rie noa MPGA nommmaiores Mask
Programmable GAS (BeHTITbHbE MATDHIIS C MACOYMBIM TPOTPAMMMPOBAHHEN
1wt BMK), @ OCTatbHbE TEpMHHbI YAE 0BBACHENb.

HoB434a Tes, KOTOpOR NOCAILEHa ST FNaBA, CONPOBOXARETSS OTCYTCTaMEM yC-
TaHOBMBLLEACA TEPMAKONOTHM, OGOGEHHO B PYCCKORISNHOR NTEPATYPE, (20 WHo-
728 ORHA W TE Xe TepMMHY OBOMBNIOT PasHbIE Bewlw. [INA HEKOTOPLIX TepNIAHOR
PYCCKH GHATOTM e HE ONPeAGTMMCS. BBAAY CKASGHHOTO HIKE WCTOMbIYIOTCS
PCUMYLIECTBCHHO BHTIACKE TEPUWH W GBOPOBUATYDS, STO, KCTATH 1080PS,
XBpAKTEPHO TaKKE AT CABONHOR NHTEPaTYPb) M AOKyMENTaN CATP.

OBuiee nassanwe, oGsemMIsIOIEE COBOKYMHOCTs MC, paceMaTpHBACMbIX B 7O
tase, T.c. "BMC/CBUC c nporpaiipyemoii (1160 penporpasinpyemoit)
CTPYKTYPOIi" CAMLIKOM [POMOSIIKO, N09TOMY /IS KPATKOCTH GyJeM Mob3oBaTkest
oGoamasenten “CBUC TUI" (CBHC nporpamsipyeoit Jloritki), B KoTopom He
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pasensiiotes nowstiss BUC it CBUC (11 Hac 3T0 passieneHHe HecyiliecTsenHo)
M He OTpaXAeTCs ONHOKPATHOCTh WM MHOFOKPATHOCTH NPOTPAMMUPYeMOCTH
MHKPOCKEMBL

epaoe | ocneayoue
oaoms oxanen
PLD L]
(PAL, GAL) oo
=
wren

1 cevcn

Puc. 8.1. Baaumocanas nokonexuii CBIC NDorpammupyeof norui

B paspadorke CBUC T yuacTayior yXe MECATKH GMHpM, Beyuumi cpemit Hix
smsuotes Xilinx, Altera, Actel, Atmel, AMD (Vantis), Lattice (sce CLUA) u He-
KoTopsie Apyrite. [lepeuiciientbie (UPMBI AOCTATOMHO MOTHO NPEACTABIAIOT
cnexp nponykuwin 8 o6macru CBMC T, xots u we ucuepnmisaior ee. Moce-
Iylollee HATOKEHHE TeMbi OPHEHTHPOBAHO B OCHOBHOM Ha PA3paABOTKH (PN
Xilinx, Altera u Actel.

Copepa npumenerss CBUC T upespbitiailio WHPOK, Ha HHX MOTYT CTPONTSCA
HE TONKO KpYIHBIE GIIOKM CHCTEM, HO W CHCTEMBI B LETOM, BKIIONAS NAMATS 1
npoweccops. OGnacti npumenenus CBUC TUI yrounsiotes 5 manseduen,
NPEABAPHTENBHO OTMETHM BAXHOCTH TAKMX NpUMEHEHMH, Kak ompaGomka npo-
momunos cucmes TipH UX MPOCKTHPOBAHWH, JaXe €CTH KOHEWHs PeaTH3aUus
CHCTEM paccuMTaHa 1 [pyrite CPELCTBA, M CO30aHwUE MATOMUPANCHHX U3denuil Gbl-
CTPBIMI 1 3(MEKTHBHBIMI CTIOCOGAMH,

CBMC M1 KiaccHpUUMDYIOTCS 110 HECKOMBKHM TPH3HAKAM.

KnaccuchuKaLyus 1o KOHCTPYKTUBHO-T@XHONOTUHECKOMY THIY
NPOrPAMMUDYeMbIX NleMeHTOB

Knaccuduxauns CBMC TUI 10 KOHCTPYKTHBHO-TeXHOMOMHYECKOMY THITY OKa-
3aHa Ha puc. 8.2. TIPOTPAMMHDYEMOCT, T. €. PEATH3YEMOCTh KOHKPETHOO Mpo-
ekta Ha crammaptHoii CBUC, ofecrieuiBaeTcss HATiuMeM B Heil MHOXECTBa
BYXHIOMIOCHHKOB, IPOBOIMMOCTS KOTOPBIX MOXET GbiTh Ja1aHa NON3OBATE/CN
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60 OueHb MAIOf (3TO COOTBETCTBYET PAIOMKHYTOMY Kill04Y), /GO A0CTATOMHO
60O (3TO COOTBETCTBYET 3aMKHYTOMY Kmiouy). CocTosiHus Kilovet 3anaor
Ty win uuyio KonbHIypaLMio cxeme, hopMUpyemoil Ha kpcTate. Yieno npo-
IPAMMIPYCMBIX ABYXTIONIOCHHKOB  (TPOTPAMMHpYeMbiX Todek cosan TTC) B
CBMC TUJ1 3aBMCHT OT ee CIOXHOCTH M MOXET JOXOMMTb [0 HECKONBKHUX M-
nonos. L conpementsx CEMC TI1 xapakTepHsi creayioute Bits: mporpas-
Mitpyebix Kaioseit:

) nepemsiuki T antifuse (pyccKuii TepuuH oTCyTCTBYeT);
O JIN3MOI Tpan3ucTopsl ¢ ABOiHBIM 3aTBOPOM (CM. pHC. 4.16, 6 M TekeT K
Hewmy

O KTIoYEBbIE TPAHSUCTOPH, YNpARISEMBIC TPUITEPAMH MAMATH KOHGHrypaumi
("TerepbM” 3Y).

caucn
Opvorpaio R
nporpawpyeuse | | PerPOPaMMIpYeULe|
C nepemeriamn CYo-cTupamon
‘runa antiuse (EPROM)
[C nporpammmpos: C anextpmiecim
em “nasaoue crupannem
samoopos (EEPROM, FLASH)
(EPROM-OTP)
C rpwrrepron
nawsTLO
ondurypaun . cou
[ i Puc. 8.2, Knaccudurauns CEUC N

10 TNy (1POTPAMMUPYEMBIX INEMEHTOR

TIDOTpaMMHPOBAHHE C TIOMOILLBIO NEpeMbiex Muna antifuse SBISETCS OHOKPAT-
HBM, BHCOKOKAMECTBEHHLE Mepembiiki dupMbl Actel (pue. 8.3) KomnakThbi,
HMEIOT OMCHb MATble TOKH B MEBOHAMATHHOM (HEMPOBOLALLEM) COCTORHIM
(oKono omHoro demToammepa, | hA = 10°15 A). Tlepemsika obpasopana Tpex-
CTIOMHBIM IMOMEKTPHKOM C ‘EDENOBaHHEN Cr0eB "OKeHI-HHTPia-okema”. Coot-
BeTCTBeHHO YepenoBatmio croes Oxid-Nitrid-Oxid nepeMbiiKH Taioke HA3BiBAIOT
nepemstxavy THna ONO.

TIpOrpaNMHpYIOUtHTt HMMYbe HANPSKEHWS MPOGHBAET NEPCMbIAKY H co3racT
MPOBOSLINIY KAKAT 13 MIOTMKPEMHIA MEXIY HEKTPONaMH (OMMH SIEKTPON Mo~
HKpeMHHeBbIH, pyTol — AHAysHONHAS 06TACTs n*). BeMmmuiKa Toka, codtia-
BAEMOrO MMMYILCOM MPOTPAMMMUDOBAHIS, BIHSET HA AHAMETP MPOBOIAILETO Ka-
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A, NTO MOIBOIAET YIPANIATH MAPAMETPAMH NIPOBONAMEH MEPEMBKH (TOK
5 MA COJIGET NEPEMBINKI CO CPETHHM 3HAYEHHEM COPOTHBICHHS 600 OM, ToK
15 MA — 100 Om). Paswep £ 3aBHCHT OT TONOOMINECKOI HOPMbI TIDHMEHSCMOM
Textonorui (130K K He). TIapasuTHas EMKOCTH NEpEMBI4KH 1UTs TOMONOMHYe-
cxoit HopMbl 1 Mk Metiee 10 GO, TlapaveTpsi 0GOUX COCTORHMI TepeMbidKi
OTKHBL COXPANATLCA OKOIO 40 set.

Plommpemi

Botyonnas ] ponaerpme { = 3
s e
. “
Puc. 8.3. MporpamMmupyemsie nepembixy Tuna ONO A0 (a) v Nocne (6) NpOrpaMMiuposakis

Onemenmu EPROM u EEPROM (Flash) 1a JIA3MOI Tpansictopax ¢ nnasaio-
LM 3ATBOPOM HCTIOTB3YIOTCS B CXEMAX TIDOTPAMMHPYEMOR AMSITH 1 paccuom-
penst & 21. 4. Touro Tax Xe ucnonsayiores oni u 5 CBUC LI M3 oneventos ¢
V-cTupanyem BHUEMAICH BAPHAHT BOOGILE 63 BOIMOXHOCTH CTHPAHILS 1aH-
Hbix — papuant EPROM-OTP (OTP, One Time Programmable). Ecnn & oGbi-
Hoix EPROM CTHpaihe N8HHBIX MPOMIBOLMTCA OGAYMEHMEM KDHCTATIA eped
NpoIpatHoE OKOWKO B Kopmyce, To B cxemax OTP oporocrosuutit Kopiye ¢
OKOWLIKOM 3aMEHEH Ha NelleBbill Ge3 OKOLLK, T. €. BOIMOKHOCTH CTHDAHHS He-
KiouaeTes.

He noBropsis MOpOGHOCTEii, HAOMHMM OCHOBHuE CBOFCTBA OfIEMEHTOR
EPROM u EEPROM.

Penporpawnipyemsie CBHC TUT a ocose cxemotexwitki EPROM Tpe6yior
UIHTEBHOTO (OKOTO 'aca) CTHPaHKA CTapOi KOHGHTYPAIIMH M0X BoMECTREM
YILTPadHONCTOBOrO Mnyenus ¢ Wanederuem CEHC u3 yCTpoftcTsa u orpait-
{eHHEM YNCIA MPOTPAMMHPOBARHI H3-32 IETDANALINN CROAICTD MATEpHATOR Mon
aeicranem YO-u3nyues. Mamsto kouburypaumn ¢ EEPROM, cripacwas
SMEKTPHIECKUMH CHIHATAMM, U1 OGHOBIEHIS He TPEBYET HIBNUCHIS MHKPO-
CXeMbI M3 YCTPOIICTBA, JONYCKAET HOCTATONHO GOBILIOE YHCO LIMKIOB CTHPAHISL
(10%...109), cTupane cTapoil 1 3amkch HOBOI HHGOPMAIUIH JAHUMAIOT Bpews:
nOPIKA MILTHCEKYHA. B T Xe BpEMs IOWALL 3ATIOMMHAIONETO SEMEHTA ¢
SUEKTPUIECKHM CTHPAHHEM BHAYATE Gbina MPHOTHSHTENBHO BlBOE GOMbLLE, e
Iowans oneenta ¢ YO-cTupasmem. B MocieIdee Bpems cxeMoTexHHKa
EEPROM cOBepllieHCTBYeTeA  Bce GOMbilie BLITECHSET CXeMOTeXHitky EPROM.
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TPARSICTOpHSIT Ka10w, yrpasisetbil mpuceepom IGNSITH KOHDHTYPAUMI, TIOKAIAH
Ha puc. 8.4. Kiniouesoil Tpau3nctop T2 JaMBIKAET Wik PAIMbIKAET V4ACTOK ab B
3ABUCHMOCTH OT COCTORHMS TPHTTEDA, BBIXOX KOTOPOTO MOTKTIONEH K JATOPY
Tpansictopa T2. Tpn NPOTPaMMHPOBAHIN HA THHMIO BHIGOPKIA NOLAETCH BICO-
Kuit notenuman, u tpansuctop Tl BruiouaeTest. C IMHMN JANUCK-YTEHUS noxa-
eTesl CUrHA, YCTAHABNMBAIOWHI TPUITED B COCTOSHME Joruueckoi 1" win "0"
B pabosiem pexine Tpananctop T janept, TpHITEp COXPAHSIET HEUIMERHOE CO-
cTotue. Tak KK OT TPHITEA NAMATH KOHQMIYPAUMH HE TpeGyeTcs BhICOKOE
BBICTPONEHCTBHE, OH NPOEKTHPYETCS C ONTHMM3AUMEH NO NapaMeTpaMm KOMNaKT-
HOCTH M MaKCHMATBHO! YCTOMMMBOCTH CTABHIBHBIX cOCTOAHMI. [omexn B He-
CKOTHKO BOMST LIS TAKOTO TPHITEPA He BIMAIOT Ha €10 COCTOSHME. CXeMbl C
TpHrrepHoli nawsThio konurypawn (SRAM-based) Briepssie paspaboraisi
upmoi Xilinx.

T owiG0pH
a
hi)
5L w2,
Tonrep T
Puc. 8.4. Crema kniosesoro Tparancropa,
T §  ynpaanaeworo Tourrepom namarh
anuonenns KoHGHTYpaUAN

3arpy3Ka COOTBCTCTBYIOUINX AHHUX B NAMSTh KOHGHIYPAIH NporpamMupyet
CBMC TUL BHCTpbiii MPOLIECC ONIepaTHBHOTO MpOTPAMMHPOBAHHA MOXCT Mpo-
WIBONHTECS HEOIPaHHseHHoe wHCo pas. B CBUC LI ¢ Tpurrepiofi naMaThio
KOHGUIYpaLIs PASPYLIAETCA TIpH KAKIOM BHKTIOEHHH miTais. TTpi Bove-
HIH THTARHS HEOGXOMAM ApOLeCe MpOcpasMUpORGHUR (UNUKUGRISGKL, KONPZY-
PUPOGAHIA) CXeMbI — 3ATPY3KA TAHHBIX KOH(HIYPALMM M3 KAKOH-1HEO SHEprole-
3aBUCHMOH MaMATH, YTO TpeGyeT BpeMeHu MOPSIKA NECATKOB W aXKe COTEH M-
HCeKYHAL, €U peds He MIeT 0 cneumarbibix CBUC TUI ¢ Tak Hasbisaebin
MHAMMYCCKIM OMIEPATHEHbIM PETIpOrPAMMUPOBAHHEN.

Tpurrepsl namaTH KopUrypauuu pacnpesenerbi no scemy kpucraitry CBHC
BIIEDEMELLIKY C SEMEHTAMH CXEMB, KOTOPHIE OHH KOHGHTYDHDYIOT.

Kriouesoit Tpan3ncTop T2 (B aHIIMACKOM TePMUHONOHH Pass-transistor) MOXHO
Ha3BaTh NpOrpAMMHPYeMoil Toukoft casisn TTC. B anrauiickoit Tepmitonorni
uenonsayetes Hassare Programmable Interconnection Point, coxpautettio PIP
Penporpamuposariue CBUC TUI ¢ TpuIrepHoi MawsThio KOHDMIYpalit npo-
WIBOIUTCS B TOM Xe PEXHME, WTO it PACONHTT PEXHM, MYTEM JAMHCH Kou0Bofl
TOCIIEN0BATENLHOCTH B UEMOUKY TpHITepos. CTiparie MHGOPMALMH KaK crew-
<hideckuil npollece BOINEHCTBHA HA 3AMOMMHAIOUIME SNIEMEHTHI, TpebyiowLiit
OTHOCHTEIbHO ATHTEbHBIX ONepaukii, Boobile yerpaneno. Hecwotps Ha mopbi-
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WICHHYIO CAOKHOCTS JATOMHHAIOULETD STEMEHTA H €10 HEPrOSABUCHMOCTS B CH-
Ny yKazaHHBIX # AYTHX (PACCMATHBACMbX Hike) noctomncts, CBUC Tl
TPUITEPHOI MAMSTHIO KOH(UTYPALMH 3AHKMAIOT BAXHeliLIee MECTO B HOBBIX Ba-
puantax FPGA 1 CPLD.

Tosops 06 o6ux ceojicrsax CBMC T, caenyeT oTMeTHTs, 0 Graronaps pe-
IYASIHOI CTPYKTYDE OHM Peanlisyiomes ¢ YpOSHeM UHMeepaul, GAUIKUM K MOKCli-
anohomy. TAK KAK WIS CPEACTB NPOTPAMMHUPOBAHMUS MEXCOETMHEHMIT TpebyloTes
3aTpars! AononkMTeNbHOR N0 kpHeTana, CBUC T o yposiio uHTerpa-
i yerynaior BMK, Ho B niocrieanee spews bce GOfee YCEIIHO HX AOTOHSIOT.

B otune ot BMK, CBHC T sunyckaioTes KaK MOIHOCTEIO FOTOBbIC, B HHX

PCATHIOBAHLL YKE HE TONLKO JIOTHHECKHE OMIEMCHTSI, TPUTTEPSL i T. ML, HO i
Mexcoemutenus. Motpedutens CBMC TL1 e oGpautaeTcs K WX H3rOTOBHTENO

19 BLMOTHEHHS KAKWX-THGO 3ABEPUIAIOUIAX ONEPALIMIA, T. K. MPOrPAMMUPOBA-
Hie BHNONHSET CaMOCTOATenbHo. Imo daem ocuoeanus omuecmu CHC ILT k
cmandapmoil npodyKIL, “TO CONIPOBOXIAETCS! MIBECTHBIMI NPEHMYILIECTRAMMH —
MACCOBOCTBIO OHIBOICTE H CHIKEHHEM CTOMMOCTH.

Kak  pH paspaGoTKe IpYTIX MHKPOCXEM BHICUISTO YOBHS HHTETpauMit, B cay-
yae CBUC T1J] 60/bioe BHUMAHHE YIETSCTCA BOTIPOCAM MOHUXCEHUA nompeGine-
woit monocmu. C poctom croxiocti CBUC moTpeGiseMas MOWHOCT cTano-
BiTest HauGoiee KpUTHHeCKiM (GakTOpoM. Tak KaK MOLUHOCTh NIPONIOPUHOHATHHA
KBapary Hanpsxenist nutanits Uge, €10 CHIDKEHMNE 12€T 3HAUMTEAbHbIT e,
ECciu AIMTENLHOE BEMS TTIOBbIM HATIDAKEHHEM MUTAHIS MHKPOCXCM i B ToM
uneae BUC/CBUC TUT 610 5 B, T0 celiuac 5T0 MOTYT GbiTh Hampskeiiis
3,3B; 2,7 B; 1,8 B u naxe 1,5 B,

TlocKONbKY NEpENatia CHIHATOB HH3KOTO YPOBHS 110 BHELIHHM CBA3AM HEMpHeM-
JEMa H3-32 MATON MOMEXOYCTOHHBOCTH TAKNX CHTtAT0B, 4acTo B CBUC He-
NIOTB3YIOTCA B2 HAMPKEHNS MATAHWS: NOBHIICHHOE AT CXEM BRON3/BHBOIA
JAHHHX W MEHbLICE U1 MHTAHIS OCHOBHBIX IOTHHECKIX CXEM  HaKomuTeIIcii
nawsTh. COOTBETCTBCHHO STOMY [1st padHBIX 0ONACTENt KPHCTAIA MOTYT Mro-
TOBTATLCR TPRHIHCTOPS! C PASHHIMH TOPOTOBBINI HATIDKEHMSMH.

L5t GHICTPONEHCTBYIOUIHX HHIKOBOTSTHBIX CXeM Pa3pabaTHiBAETES IYGOKO Cy6-
MukporHas Textonorka KMOTT i BO3pOAIIETCA CTapast WIEs MOCTPOCHHS Cxex
Tuna "kpemsmil Ha auanekTpuke” (SOI, Silicon On Insulator), B kaTopbix yerpa-
HEHbI MHOTHE MAPASHTHSIE CXEMHBIE SNCMEHT. B CXEMax 0COB0 HHIKOBOMSTHOI
JOTUKH  AOCTHIAETCA OMeHb MATAs  MOLIHOCTH SIEMEHTOB,  HANDHMCP,
4,3 uBt/bentia/MIu. Tlpu 5TOM 1IOTHOCTS YNAKOBKM TAKOB2, 4TO AOCTHAIMA
CXeMHAA CIIOXHOCTS 10 40 MIH BewTIIE (0KOMO 100 MAH TPaHIHCTOPOB).

B cxemax CBMC TU1 Hepeako HCTIONSIYeTcs HEpADXHS PEXHMOB NOHMKEHHS
MouHoCTH.

B akTHBITbIX PEXHMAX HACTO NP MPOTPAMMMPOBAHHK MCTIONBIYETCS TAK HAdbi-
Baewiil Typ00-Gum, ¢ TIOMOLLbIO KOTOPOTO BHIBDAETCSE ONHH U3 BYX PEXIMOB.
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Suauenue ON 3T0r0 GUTA YRHNHBIET CKOPOCT, PAGOTHI CXEMSI DK Orpaiiiic-
HUIL MOLIHOCTH JOMYCTHMGIM atiaderinen. Tpu coctoum OFF oTor GuT aaet
DEXIM YMEHbUICHIST MOLIHOCTH (CO CHUAEHHEM CKOPOCTH),

s peanisainm pexina ¢ TypBo-GHTOM HCTIOTE3YIOTCS CTIEWHATLHHE CXEMb Bhi-
SNeHHS (AKTOB HIMEHEHHS BXOZHBIX CHIHATOB. KaXIbiil BXON CHabXaeTes He-
ClOXHOM cxemolt, conepKauteit anewenTsi MITH, M2 n anewen sanepxki. JTioGoe
MIMEHEHHE BXOIHOTO CHIHATA BHSISETCH H BISMBAET MOIAYY HA CXeMY HOP-
MATLHOTO TIHTAHHS, HEOBXOMUMOTO LTt GHICTPOTO MPOTEKAHMS B HeWl Mpolieccon
TepeKIOUenHs. 3Tem ABTOMATHIECKH TIHTAHME CXEMBI CHIKAETCA, TOKM MEPEXo-
AT K2 MKPOAMIIEPHHIE YDOBIHH, W MOTPEGTAEMAs MOIWHOCT, MATAET 10 HA%AT
HOBBIX TICPEXOIHBIX TIPOIIECCOB 13-32 HOBLIX HIMEHEHItil BXOTHBIX CHIHATOB.
CxeMa BHABIEHHS MEPETIALO BXOIHBIX CHTHATOB YBCAHUHBAET SATCPAKY Ha fy-
T "sron-seixon” CBHMC Ha 30..40%. Mporpammupyemsiii Typ6o-GHT naeT 503-
MOXHOCTS MOTb30BATENO TIPEAMONECTs M0G0/ H3 BAPHAHTOB PABOTH CXEMbl —
Gosee CKOPOCTHOfi I Goflee SKOHOMMNHBIH 110 TOTPEBAAEMOT MowHOCTH. Typ-
Go-GUT BKI0YEH B haitn MporpampoBars CBMC.

Pexim Standby Power (MOIHOCTH B DEXMME OXHIAHIS) HCTONLIYETCH, KOTAA
BCE BXOIHBIE NIEpEMEHHbIE COXPAHSIOT HEMSMEHHBIE 3HaueHus. Tpi STom cxema
COXPAHSET TOTOBHOCT K NEpeXony B paGoumit pexu. MoryT mpmensTees it
DEXHMbI 21y00K020 HOHUDKEHUS MOWHOCTIU C OMEHb MATHIN YPOBHEM €& oTpeBe-
Huts. B STHX PEXHMAX CXEMa COXPAHSET CBOE WHAOPMALIHONHOE COCTORHME, HO
JUT NIEpEXOa B paGOuMIt PEKMM C OOBIHBIMI NAPAMETPAMH BHCTpOTEHCTBHS
TpeByeTCs OMpeeNentoe Bpens

Adexruocts CBUC TT cTuMyIHpyeT GhicTpbiit pocT cooTaercTByiolelt o~
PACIH TPOMBILLTCHHOCTH W OGbEMOB HX NPOU3BOICTE, 4 TAKKE Hay'IHbiX HCCTe-
HOBAHMI O PASBUTHIO WX XHTEKTYD, CXEMOTEXHMKM, AITODHTMOB peleHits
NIPaKTHYECKUX 3124,

§ 8.2. Mporpammupyemble nonb3osarenem
BeHTUNbHbIe Matpuubl (FPGA)

TIporpammipyembie nombsopateniem beHTWAbHIE Matpius: (TITTBM win FPGA)
TomonIorKHECKH’ CXOHH ¢ KakanbHeiMi BMK. B MX BHyTpemmeii obnacth pas-
MELIAETCst MHOXECTBO PETY/SPHO PACTIONOKEHHBIX HICHTHUHBIX KOHDUIYPHpYE-
Mbix noriseckix 610kon (KITB), Mexity KOTOpHIMH MPOXOIAT TPACCHPOBOHEIS
Kanans, @ Ha nepicEpKH KPUCTALTA PACTIONOXEHE Bl0KH BBona/Butbona (BBB
wan 10B, Input/Output Blocks). Takum o6pasow, apxurexrypy MITBM MoxHo
NIPECTABTY PHCYHKOM, NOAOGHAIN PHC. 7.21, @, 0, ECH BMECTO HaMMeHOBaHHS
“Gasoas uelika” umeTh b iy Hanvenosanue KIIB, a smecto "nepudepuitiioit
seiiki” — BBB.
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K HauGonee ussectiibivt FPGA ornoesres BHC/CBHC ceefiers XC2000, XC3000,
XC4000, XCS000 # Spartan (upwst Xilinx, xotopas 5 1985 r. prieppbie BunycTiua
FPGA ¢ TpurrepHoii namsieio konpurypauun. Cpenn FPGA ¢ nepembrukamn Tina
anifuse crenyer oTeruTs cemeriersa ACTI, 1200XL, ACT3, 3200DX dupoi Actel,
WCROML3yeNsie, B HACTHOCTH, B KocMideckoft anapatype CLIIA.

Cooiicmea u sowoxcuocmu FPGA saaucsm a nepayio ovepeds om xapaxmepa ux
KJIB u cuemenes meccoedunenui.

Tlorwseckue 6noku FPGA

B xauectoe KJIB (zaree 118 KpatkocTH mpocto JIB — sorieckme 61okk) ie-

nonbayioTCH:

) TpasncTopHite Napsi, MpocTie norwdeckie sentwnn U-HE, WIM-HE u
. n. Taxie JIB nassisaior SLC — Simple Logic Cells;

O JOrHuECKHE MOYIH Ha OCHOBE MYILTHIUIEKCOPOB;

0 norweckue Monyau Ha ocHobe nporpammupyensix M13Y, Takie B nasbisaior
LUTs — Look-Up Tables.

BaxHoii xapakrepuctukoii JIB simisieres ux “sepuucmocms” (Granularity). dpyroi

BaXHON XapaKTEpHCTIHKOR cunTaeTcs "dyniuuonatsnocms” (Functionality).

TlepBoe CBOVICTBO CBATANO C TeM, HACKONBKO "METKUMMH" GYAYT Te HacTH, U3 Ko-

TOPHIX MOXHO "COGHPATH" HYAHHIE CXEMBI, BTOOE — C Tew, HACKOTbKO BeHKi

noruseckie osmoxHoctu JIB.

Tpuniepon HaGonee meakosepuucmozo Moxer ciyxuts JIB dupmsi Crosspoint

Solutions (pHc. 8.5, a). BIOK CONEpXHT UENOMKM TPANHIUCTOPOB C p- W n-

KaHazai (Ha pHCYHKE HCTIOTH3OBaHEL AMEPHKAHCKHE OBOSHACHIS TPAH3HCTO-

PoB, Goiiee npocTsie, e oTesecTaentibic). J1B — napa W3 TPaH3HCTOPOB pastioro

THNA MPOBOAMMOCTH (BBITENENHbIIl MPAMOYTOTbHMK). MeXay werouxamin Tpai-

SHCTOPOB UMEIOTCA TPACCHPOBOUHHIE KAHATH, B KOTOPHIX MOTYT GbITh peaHaona-

HEL HEOGXOMUMBIC MEXCOEIMHEHHS JTEMEHTOB.

M A A A A

TranancTops ¢ prcamanom

Traccupososm kaman

Toansucrop ¢ n-xaanon

[ = ! !

PwG. B.5. CxoMa MENKOIEHACTEIX NOTUMECKINK 6710K08 (a)
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Puc. 8.5. (0Konuanie) Peaniaausn MEXcoenuHenwi AT BOCTOUIBEAEHUR GYHKLIM
Xi¥\/xgxs (6) w NORCHEHMA K OTOM poanKaAM (s, r)

Ha puc. 8.5, 6 NOKasaH MPUMED MEXCOSTMHERHH, 110X PEATH3AINO yHK-
i F = Xpo\/x3%. Tlapsi TDaHSHCTOPOB B MPAMOYIOTGHIKIX M3 LITPHXOBHIX
MMMt MMEIOT TAKHE MOCTOSHHHE HATIDAXEHHS HA 3ATBOPAX, YTO OKA3BIBAIOTCH
SANEPTHIMK. ITH NaAPI PAAIETAIOT LENOYKH A 4ACTH, UIOTHPOBIHHBIE ADYT OT
apyra. B Tpex ceumsx cobpaHbl cxemsl Tuna pic. 8.5, ¢, T. e. sueitku U-HE
GurHoro 1 cxemotextikit KMOTT Tuna. D1 seiikit coeanHeHbl Mexay co-
6010 KaK 110KA3aHO Ha pii. 8.5, 2, “TO 1 PHBOLMT K HyKHOMY pe3yTaTy.

Menoseprmcrocrs JIB BezeT k GOMsiiieii rHOKOCTH HX HCTIONB30BAHIS, BOIMOX-
HOCTAM PeaTH3oBaTh BOCTIPOIBOAMMBIE hYHKIHH PAIHBIMU CHIOCOBAMHU, NOAY-
a pasHbie BAHANTH B KOOPIHATAX "ILIOWIALS KPHETALIA — GHICTPOCIICTEM
B To e BpeMS MenKosepHHCTOCTh JIB YCTOKHAET CHCTEMY MeXcoeaHHEHMiL
FPGA b cafi3 ¢ GOTbUIMM HCTOM IPOTPAMMMPYEMBIX TOUEK CBA3I
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He Bce mepeuwcientble PASHOBIIHOCTH CBASCH BCTPEYAIOTCH OLHOBPEMCHHO B
onvoit FPGA. Cpsian obliero Haswasenwsi nmerotcsi y scex FPGA, a npamsie
CBA3H, HATIDHMED, HE Y BCEX.

Casizw obutero HasHauerwst FPGA XC4000E nokasaibt puc. 8.10, . B 51oft cuc-
TeMe NepeKTTIOUATEbHbIC GTOKM (TEPEKTIOYATENbHEIE MATPHUL) PACTONOXeHE!
Ha MepeceucHMi TOPHIOHTATLHEX M BEPTHKATHHBIX TPACCHPOBOYHBIX KAHATOB,
KaXai 13 KOTOPLIX MMEET BOCEMb AMHHMA
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Puc. 8.10. Crema cosaei OGLIGTO HAIHASOHWR C NMHASMW OAUHADHOR A (a)
1 Cxema nepeKnIoNaTensHoro Gnoka (6) FPGA cewelictsa XCA000E




