3ansatue 12
3anomMuHawIIMe YCTPOUCTBA

bioku 3anoMuHaKOIMMUX YCTPOUCTB (3Y) ciyKar I 3allOMHHA-
HUSI OOJIBIIMX MACCHUBOB JIAHHBIX U CTAHOBSTCS Ba)KHEUIIIEH COCTaB-
JSIOIIEH YacThIO M(MPPOBBIX KOMITBIOTEPOB.

Cxembl 3Y MNOAKIKOYAKTCSA, KaK MPABWUIIO, K IIMMHHOW CHUCTEME.
bosblioe 4uCcao pa3nudHbIX 3Y MOXKET ObITh ITOJKIIOYEHO Mapai-
nenbHOo. CrcTeMa IWH TTO3BOJISET 3aIlMCHIBATH B OIPEICIICHHYIO
A4YEUKY 3Y WU CUMTBIBAThH U3 Hee. [Ipr 3TOM pa3imnyaror:

AJIpECHBIC IIINHBI

ApecHas IIMHA MOJKJIIOYACTCAd K Kaxaomy y3ay 3Y agpecos,
10JT KOTOPBIMH MOTYT XPaHUTHCS JAHHBIC WX IIPOBOJUTHCS MX IIO-
UCK.

YTIpaBJISOIIUE [ITAHBI

Ynpapisgroniass mrHAa COACPKUT BCE JIMHUH, HEOOXOJIMMBIC IS
YIIPABJICHUS CXEMHBIM y3J10M. K HUM OTHOCHUTCA JIMHHUS, 00ECIICUH-
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Baromasas BEIOOp y3JIa U coJep kalias BbIBOJ I BbiOOpa uuma (chip
select, CS).

[TOCKOJIbKY BCE€ y3/bl MOJKIKOUYEHBI K OJHOM U TOU XKE aAPECHOU
[IWHE, TO C MOMOIIBIO ATOM JUHUM HPOU3BOAUTCSI BBIOOP COOTBET-
CTBYIOIIETO y31a. C IOMOIIBIO JUHUHA CUYATHIBAHUE-3AIIMCHh MOKHO
OCYILECTBJIATh MEPEKIIOYCHUE MEKAY YTCHHEM M 3amuchio (read-
write, RD-W).

[HIuHBI JaHHBIX

[IlvHa JaHHBIX DOJAKIKYACTCSI KO BCEM CXEMHBIM y3J1aM. UTOOBI B
JIMHUSIX HE CO3JaBaJIiCh KOH(JIMKTHI, BBIXOAbI OJIOKOB 3Y, BIIHUSIIO-
€ Ha IIMHY JAaHHBIX, JOJKHBI ObITH BBIXOAAMHU THMa tristate («c
TpEMs COCTOSIHUSIMHU »). MIX AemaroT CBOOOJHBIMHU IJISI BKIOUECHHUS C
MoMOILBIO IMHUU output enable (OE, «pa3pemaroiuii BEIX0/1» ), BXO-
JSIIICH B YIIPABJISAIOIIYO IIIHHY.
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9.12.1. IlocTosinHoe 3Y (II3Y)

IToctostnaoe 3Y HazpiBatoT ROM (read only memory), 4To 03Ha-
gaeT 3Y TOJIBKO C YTCHHUEM.

ROM sBmserca cxemou 3Y, cojliepKaHHE JaHHBIX B KOTOPOM
ONPEACIIETC HW3TOTOBUTEIIEM C TIOMOIIBIO Macku. CoaepkaHue
JAHHBIX (DMKCHPOBAHO M WX MOYKHO TOJIBKO YMTaTh. 3allIOMHEHHBIC
JaHHBIE SBJISIOTCS dHEprouezaBUcUMbIMU. ROM-cxeMbl pazandaror-
Csl YUCJIOM OMTOB, KOTOpHIEC 3aOMHEHbI. OOBIYHO HMCIOJIB3YIOTCA 3Y
¢ umHaMmu cioB 1, 4, 8 u 16 out. B ROM otnenpuble sueiikun 3Y
pacmojoKeHbl B Bujae Marpuilel (puc. 13.1). Auenikn 3Y nexar B
TOUKaxX nepeceueHuil auHU. K HUM oOpalaroTcs, 1o1aB HaIpsKe-
HUS 1 Ha CTPOYHYIO JUHUIO U HA JIMHUIO CTOJIOIOB. CTPOUYHYIO JIH-
HHUIO Ha3bIBAKOT 4YUCIOBOM ImnHOM (word line), JTMHHIO CTOJIOIOB
Ha3pIBalOT INMMHOM AaHHBIX (data line). IlpenmyliecTBO JTaHHOIO
YCTPOMCTBA 3aKITF0YACTCS B SKOHOMHH mHH. JUtst N° staeek TpeGyercs
2N LIKH OPOTHB N° B IMHEHHBIX YCTPOMCTBAX.
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Pacnpenenenue umcioBbix muH (word line) mo aapecam ocy-
IECTBIISICT CTPOUYHBIN Ackoaep. CTOJOMEBON JEKOJIEP OCYIIECCTBIISET
BBHIOOD IIMH JAHHBIX U pa00TACT KaK MYJIbTHUILIEKCOP.

JI71s BBIBOJT HAKOIUICHHOM MH(OpPMAIUM K BBIXOAY MEXIY KO-
IepOM M MaTpuied 3Y BKIIOYACTCS YCWIMTEIb CUMThIBaHusa. Ha
puc.9.33 nokazano ROM emkocThio 8x8. JlaHHBIE BBIBOJSITCS IIOCIIC-
JIOBATEIBHO MO curHairy yrenus RD.

[13Y wacro npousBogar B N-MOII —rexHonorun. Ha mepecede-
HUM JIMHUH CTPOK Y CTOJIOIIOB B MECTaX, COOTBETCTBYIOIINX CUTHAITY
«0» dopmupyror N-MOII tpan3uctopsl. B MecTax, COOTBETCTBYIO-
X CUTHANY «1», TpaH3UCTOPBI OTCYTCTBYIOT (puc.9.34).

B napyrom tume 113V 3anuce mH@OpMamuu MPOU3BOAUTCSA HPHU
IIOMOILM IOCJEAHEH ONepaluyd NPOU3BOJICTBA MUKPOCXEMbl — MeE-
TaJUIM3aui. MeTtamm3anus OpOU3BOIUTCS IIPU MOMOIIA MACKH, IO-
stomy Takue [13Y nonyunnu Hazpanue Maco4HbIx I13Y.
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Uncnosaga wimnHa

LLiInHa paHHbIX

AnNeMeHT namMaTn angd
«O»

B.A. Anexun. Dnekmponuka u cxemomexuuxa. 2016.

<

CcC

Uuncnosasa wWunHa

I

|

LLiInHa aaHHbIX

—

ArneMeHT namMaTn ansd
«1»



CTpOYHbIN LLInHa gaHHbIX

nekopep N
AO H1 Ymncnosasa wunHa
Al — o CTPOYHas
TNTUHUSA
A2 4 4
Bbixon
Yeunutenb _i{I} ROM |7
CcCYUTbIBaAHUA _i;% ? -
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Cton6uesoin | 01234567 _as 31_
— A7 —
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Ha mukpocxemax I13Y o6o3nauarot cumBosiom ROM.
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9.12.2. IIporpammupyemoe I13Y (II113Y), PROM
PROM cootBercTByeT 110 CTpyKType ROM, HO ¢ TEM OTIUYUEM,
4TO OHa Modcem npozpammuposamvcsa noJivzoseamenem. PROM
TaK)X€ BBIIOJHEHA B BHJE MaTPHIIbl, CO CTOJOLEBHIM W CTPOYHBIM
IEKOAEpaM IS aIPECHOTO JIEKOAUPOBaHUs. Bo3MOXKHas peanu3anus
MO>KET OBITh pa3zpadboTaHa Ha OCHOBE puc. 9.33. CTOKM TpaH3UCTOPOB
B sueiikax 3Y PROM MoryT OBITh 3aKOHTAKTHPOBAaHbI BMECTO CO-
CAUHEHUS TMPOBOIAIINMU JOPOKKAMU COCANMHEHUEM IUIABKUMU IIC-
pembrakamu (fusible link).
Vee Ecin g01KHO OBITH 3alIOMHEHO
GienoRas Wi f] cocrosHue H, mnaBkasg riepeMbluka
t IpU TPOrpaMMHUPOBAHUM PaCILIaB-
— |< nsgercs ToKoM.. IlmaBkas nepemMbruka
moJI00HA INIABKOMY IIPEAOXPAHUTE-
0. 3anMcaHHas uHQOpMaIys SBJIsI-
— €TCSI DHEPTrOHE3aBUCUMON. OTHAKIBI

S

@
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pacCIiluIaBJICHHAs IJIABKAsA IICPCMBIYKA HC MOIKCT OBITH BHOBH BOCCTa-
HoBjIeHA. IloaToMy mogoOHbBIE cxembl 0003HavarTcs kak OTP-ROM
(OTP — one time programmable), To ects kak ROM ¢ ofHOKpaTHBIM
IpOrpaMMUPOBAHUECM.

9.12.3. Ctrupaemoe nporpammupyemoe I13Y (EPROM)

EPROM o06o03HauaroT erasable programmable ROM, ctupaemoe-
nporpammupyemoe 113Y, CIIII3Y. EPROM no cBoeu CTpyKType CO-
orBeTcTBYeT ROM nnu PROM TONIBKO HA MECTE IUUIABKUX MEPEMBbI-
4YEK WA MPOrPaMMHUPYEMBIX C MOMOIIBI0 MAaCKH COCIMHEHHN HAXO-
IATCS «CTUPAEMBICY 3AIIOMHUHAIOIIMNE SJIEMEHTHI.

B KadyecTBE TakuX 3allOMHHAIOIIMX 3JIEMEHTOB HCIIOJIb3YIOTCS
MOII IIT ¢ nnaBatonum 3atBopom (puc. 9.36). Itu MOII IIT sBmus-
I0TCSI HOPMAJIbHO - 3aKPBITBIMU TPAH3UCTOPAMU C JIOMOJHUTECIbHBIM
3aTBOPOM, KOTOPBIM HE MMEET BHEIIHETO BHIBOJA M HA3bIBACTCS ILIa-
BAIOILIMM 3aTBOPOM.
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M3HagallbHO 3TOT 3aTBOP MMEET HYJEBOW IoTeHuuand. C 1momo-
IbI0 HABEJCHUS 3apsjia Ha IUIABAIOIIEM 3aTBOPE MOXKET OBITh OCY-
II[ECTBJICHA 3aIIMCh MH(OPMALIUH B SUYCHKH.

Uncnosasa wnHa

Ve

[TnaBatowmnm 3aTBop

LLiInHa npaHHbIX

IIpu oTCyTCTBUHU 3apsjia Ha IJiaBaro-
IIIEM 3aTBOPE TPAH3UCTOP (PYHKIIMOHU-
pyeT Kak OOBIYHBIM N-KaHAJIbHBIA TpaH-
3UCTOP HOPMAJIBbHO-3aKPBITOrO  THIIA.
JlocTaTOYHO OOJIBIIOE ITOJIOKUTEIBHOE
HanpsHKEHUE Ha 3aTBOPE BKIIIOYAET TPaH-
3UCTOP. ITO COCTOSIHUE BEAET K YPOBHIO
L Ha mMHEe NAaHHBIX B TOM Cllydae, €Ciu
NaHHas sdyerka 3Y BbIOpaHa YMCIOBOM
IIMHOM.

YToObl 3allOMHUTH ypoBeHb H, Ha
[JIABAIOLIEM 3aTBOPE JIOJKEH  OBbITh

HaKOIJICH OTPUIATEIbHBIN 3apsia. TpaH3ucTop Bcerga OylIeT 3amepT
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1 IIpU BBIOOpE SYCHKH C MOMOIIBI0 YHCIOBOM IIMHEI IIMHA JaHHBIX
ocraeTcss Ha ypoBHe H. OrpuuiarelbHbIN 3apsj Ha IUIABAIOIIEM 3a-
TBOPE CO3JIA€TCA 34 CUET TYHHEIMPOBAHHUS 3JIEKTPOHOB YEPE3 OKCHJ
IIPY TIOBBIIIEHHOM HAIIPSKEHUM MEXKIY CTOKOM M ITOJIOKKOW IOJIE
MEXY 3aTBOPHBIM 3JIEKTPOIOM U KAHAJIIOM JOCTUIAET BHICOKHUX 3HA-
YECHUM U 3a CUET JaBMHHOIO Npo0O0s Ha IJIaBarolleM 3aTBOPE HaKaIl-
JIABACTCS OTPULATEIILHBIN 3apsia. OH 3anupaeT TPaH3UCTOpP M COXpa-

HSETCSA HECKOJIBKO JIET.
Ctupanue yiabTpaduoIeTOM.
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9.12.4. EEPROM jsJiekTpHYeCKH CTHPaeMoe
nporpammupyemoe I3y

Yepes EEPROM 0003Ha4ar0T 3IC€KTPUUECKH CTHPAEMOE IIPO-
rpammupyemoe [13Y, OCIIII3Y (electrically erasable programmable
ROM). Dta cxema 3Y 3JIEKTpUYECKH 3aIKUCHIBACTCS M DJICKTPUICCKHU
ctupaercsa. Enuandnas ssuerka 3Y takke kak 1 B EPROM, noctpoe-
Ha Ha omHoM MOII IIT ¢ mnaBaromumm 3atBOpoM. OJIHAKO OKCH/I
MEXKy IUIABAIOIIMM 3aTBOPOM M KaHAJIOM HMMEET MEHBIIYHO TOJIIIIH-
Hy. braromaps 3ToMy OKa3bIBa€TCS BO3MOXKHBIM, MPH ITOBBIILICHHOM
HaIpPsSKEHUW MEKAY 3aTBOPOM U KaHAJIOM, IIEPEMEIaTh AJICKTPOHBI C
3aTBOpa B KaHaAJl U 00paTHO. ITO MPOUCXOAUT 3a cUeT A(PdeKTa TyH-
HEJIMPOBAHUSI.

EEPROM co chnemumaibHbIMU gdeKaMu 3Y WHOIrJA Ha3bIBAIOT
flash-EEPROM («muraromee» EEPROM). Ouu ctuparoTcs HE TOJb-
KO IIOJTHOCTBIO,HO U ITOOJIOYHO.

Jlornueckuit cumBo1 EEPROM unentnuen cumBoiry ROM.
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9.12.5. O030p 3HepronesaBucuMbIX 3Y  Ta6uuna 9.7
OO0o3HaYeHUE IIporpamMmMmupoBaHue Crupanue
ROM (read only memory) | Macka | OpHOKpartoe HeB03M0KHO
PROM (mporpammupy- | 9. OnHoKparoe HeBo3mM0OKHO
emoe ROM), nporpam-
mMupyemMoe nmojaem ROM,
ogHokpatHoe PROM
(OTPROM)
EPROM (erasable On. | Muorokparnoe | YO obiyueHne
ROM) (20 MUHYT), BCE
cosepxkumoe 3Y
EEPROM (electrically | Da. | MHorokparHoe | DieKTpUUECcKOe,
erasable ROM) BCE COJICPIKHUMOC
flash-EEPROM 3Y

WJIU 110 OUTaM

(20-100 mc)
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9.13. OnepaTuBHbIe 3anoMuHawInue ycrpoiicrea O3y (RAM)

RAM sgBnsiercs cokpaiieHueMm i1 random access memory (To
ecTh 3Y ¢ Npor3BOJIbHOM BeIOOpKOM, 3YIIB). 910 cxema 3V, B KOTO-
POW MOKHO MPOM3BOJIBHO 3aMMCHIBATHL U U3 KOTOPOU MOMXKHO IPOU3-
BOJIbHO CUMTHIBATh MH(MOPMAIUIO. S4elKU ITaMsITH BEIOUPAIOT MO UX
aapecaM. B sueiikax XpaHUTCS 3anydcaHHas uHpopmanus. [[i1s1 BeIBO-
1a JAHHBIX SYEHMKH TAK)KE BBIOMPAFOT 110 ajipecaMm. CUMTHIBAHUE JIaH-
HBIX HE CTpUpaeT cojacpkaHue siueiiku. Ecnm mHbopmaiys O0oiblie
HE HY>KHa, OHa MOXET OBITh yJaJ€Ha, a B AYCHKY 3alrcaHa HOBas
MH(pOpMAIKS.

O3Y BBINYCKAIOT B BUJIC MHTETPAIBbHBIX MHUKPOCXEM. Paznuyaror
cratndeckue RAM u nunamuyeckue RAM (DRAM). B cratnueckux
RAM B KadecTBE siY€EK NMaMATH IIPUMEHSIOT TPUITEPHI. CXEMBI C BbI-
COKOM CTEIECHBID MHTETPAIUU Pa0OTAIOT B OCHOBHOM C MCIIOJIb30Ba-
HHUEM JIMHAMMYECKOTO 3alIOMHUHAHUS MH(pOpMAIMM B KOHJIEHCATOpaX,
YIIPABJIAEMBIX OJTHUM TPAH3UCTOPOM.
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T VDD

Puc.9.37. Suenky 3V tuna RAM,

63_,: |) (l :,_E} BBIITIOJIHCHHAA 110

Q T. T, T, 5 KMOII-TtexHoaoruu

- i Jlnst  BoiOOpa siuelKM Ha

LLinHa gaHHbIX
LLinHa gaHHbIX

YUCJIOBYKO MMKUHY Tmojaercs H.

T Ts
- (= BcenencrBue storo Ts u Tg cra-
! HOBSITCS HU3KOOMHBLIMHU. B 1ipo-
= honosaaumna T [[eCCE€ 3alWiCU MOYHO, II0JaB

DL o.'  ypoBeHb H Ha ImMHY IaHHBIX

DL, 3anucats H B 3Y. B Takom
ciny4dae T3 Oyzet oTKphIT, a T4 — 3akpsIT. [IpaBbiii HHBEPTOP BHIAACT
L. Ilocae storo Oyaer HacTtpoeH Ha H meBbiii mHBEpTOp. CXEMa pa-
Ootaet kak Tpurrep. TouHo Takke MOHO 3anucath L B 3Y, nogas H
Ha [IWHY JAHHBIX DL. [IpW CUMTHIBAHWM STUE€MKA BHOBH BBIOMPACTCS C
MOMOIIBIO YMCIOBOM IMIMHBI. Ha MIMHAaX JaHHBIX MOXKET ObITh CUMTaH
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3alIOMHCHHBIN OUT.

JI1d CUUTBIBAaHMS ¢ O0CUX IIWH JAHHBIX HMCIIOJb3YETCS OJUH CHM-
METPHUYHBIA YCUIIMTEb CYUTHIBAHUA. MIMeEeTCs TakKe yCUIIMTEID 3a-

ITNCH.

9.13.2. Tunamuueckue O3Y (DRAM)
DRAM (munamuueckoe RAM) npeacraBisieT coO0OM 3HEpro3aBu-
CHMOE€ IMOJYIIPOBOJHUKOBOE 3Y, B KOTOPOM HMH(pOpMAIIHS 3alIOMHHA-

7 |\

| Q)%

LLiInHa gaHHbIX

Uncnosaga WwnHa

€TCsi B KOHAEHcaropax. biaromaps O4YEHb
IPOCTOM CTPYKType sueiiku 3Y MmoaoOHbIE
DRAM wumMmerT o4deHb OOJBIIYI0O HH(pOpMa-
IIMOHHYI0 €MKOCTh. JanoMuHaromui DRAM
3JIEMEHT ITOKa3aH Ha puc. 9.38. I[IpunoxeHue
H x 4WCI0BOM JIWHHM MO3BOJSCT BbIOpATh
adyerky 3Y. Toraa HaKOIUIEHHBIM HA KOHJICH-
carope 3apsAd MOXKET CTEKaThb MO [IMHE JIaH-

B.A. Anexun. Dnekmponuka u cxemomexuuxa. 2016.



HbIX. Hanmuuue 3apsga o3Hadaer cogepxkumoe 3Y co 3HaueHueM H, a
3HAYEHUIO L COOTBETCTBYET OTCYTCTBUE 3apsja. UTeHue paspyuiact
HAKOIUICHHBIM 3apsji, TaK YTO IIOCJ€ Ka)XKIOrO0 CUMTBIBAHMS 3apsil
JIOJ’KEH OBITh CHOBA BOCCTAHOBIICH (PEreHUPUPOBAH).

Bce 3allOMHEHHOE COIEPKUMOE JOJDKHO MEPHOIUYECKH PEreHe-
PHUPOBATHLCS C IIOMOIIBIO IIPOIECCa CUUTHIBAHUSI.

[Toxazana cxema DARM emkocthio 4M x 4 Out. JlaHHBIE B KaXK-
oW stuerke 3Y JOJDKHBI PET€HEPUPOBATHCS KaXIble 64 MC.

B DRAM nns BeIOOpKH CTOJIOIOB HCIIONB3yeTca 10 OUT u mjd
BBIOOPKHU CTPOK 120uT. /)11 BBEACHUS CTPOYHBIX aJApEeCOB HUCIIOJIb3Y-
eTcsa KoHTakTHas mmromanka "RAS (row address strobe, BrIOOpKa
CTPOYHBIX aJPECOB), a AJI1 BBEACHUS CTOJOIECBBIX apECOB KOHTAKT-
Hag mromanka “"CAS (column address strobe, Beibopka cTOIOIIECBBIX
afgpecoB). C MOMOIIBIO YCHIIMTES 3alUCH U CYUThIBAHUS BBOJISITCS U
CUUTBIBAIOTCS CJIOBA UTMHOU 4 OuTa.

DRAM pabotaeT B pexxumax: CUUTBIBaHUE, 3alIUCh, pEreHeparysl,
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XpaHeHue. I KaXIoro pexxuma 3aJaHbl BPEMEHHBIE JUarpamMmbl
BbIJIAYY AJIPECOB U YIIPABJISAIOMIAX UMIYJIBCOB. JTU AUArpaMMBbl HAJI0
COOII0JaTh IIPU MPOCKTUPOBAHUN YCTPOMCTB C ONEPATHBHOM ITamsi-
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YCHIIHTENE D QD

S ::>
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CTPOYHBIA 3
anpecHBIH CTPOYHEIH
Gydep fleronep
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9.14. IIporpammupyemMbie JJOTHYECKHE CXEeMBbI
JI1s BBINOJIHEHMS CIEHAIbHBIX 3aJ1a4 TPEeOYIOTCS MHTErpajlbHbIC
MHUKPOCXEMBI C PA3IUYHBIMU (PYHKIHUSAMHU aiareOpnl jJoruku (DAJI).
Pa3paboTaHbl MHKPOCXEMBI, KOTOPbIC MPOTPAMMHUPYIOTCS IPOU3BO-
JUTEJIEM UJIA CAMUMH I10JIb30BATEIIAMU.

9.14.1. Jloruyeckue cxeMbl, IPOrPaMMHUPY€eMbIe H3rOTOBHTEIEM

CxeMbl ¢ OOJBIINMH JTOTHUYECKUMH CTPYKTYpaMy Ha3bIBAKOT HPO-
rPaMMHUPYEMBIMHA BEHTWJILHBIMU MATPUIIAMH. JTO CXeMbl- nOIyphao-
puxkamepl. VIMerompecss Ha HUX BEHTHJIM MOTYT OBITh COCIUHCHBI
IPYT C APYTOM HO HCeaanuro nojibzosames. JIMHUNU CBSA3U MPOU3BO-
T MaCKaMHM -3TO CTEKJISIHHbIC (POTOIIA0JIOHBI, HA KOTOPHIC HAHECE-
HbI (pOTOrpa)MuECKH YMEHBIIICHHBIC JJOTHYECKUE CTPYKTYphl. Macku
IIEPEHOCAT HA IOJIYIIPOBOJHUKOBBIEC IUIACTUHBI, UCIIOJIB3YS MPOIIECC
(oToauTorpaum, U TaKOE HPOZPAMMUPOBAHUE HA3BIEAIOM MACOU-
HbIM.
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MaTtpuyHble KpUCTaAJLJIbl, 0A30BbIC STYCMKHU U CXEMbI, OPUECHTHPO-
BaHHBIC Ha 3aKa3zunka — 3T0 pazHoBHUAHOCTH ASIC muxpocxem (Ap-
plication Specific Integrated Circuit). MukpocXxeMbl BCTpaHBalOT B
KOPITyC, KOTOpBbIM uMeeT OT 16 10 144 BbIBOIOB. OCOOECHHO BBICOKYIO
IJIOTHOCTh Pa3MEIICHUS BEHTWIEH MOXXHO JOCTUTHYTH ¢ N-MOII
TEXHOJIOTHUEM.

9.14.2. JloruyecKkue cxeMbl, IpOrpaMMupyemMbie MOTpeduTe1eM

Jlornueckue cxembl, MPOrpaMMHUPYEMbIC IIOTPEOUTEIIEM, Ha3bI-
BaroT PLD (Programmable Logic Devices) — nporpaMmmupyeMsie J10-
TMYECKUE YCTPOUCTBA.

Jlorndeckue CBsI3U JHOOOM CXE€MBI MOTYT ObITH BhIpak€HbI B Co-
8epULeHHOU Ou3vbioHKmueHou Hopmaavuasa gopme (CIAHD). CJIHD
MOXHO peajn30BaTh, UCHOJIL3Ys Jiorhueckue 3iaeMeHTsl M u WJIN,
COCJIMHEHHBIC OINPEACICHHBIM 00pa30M C IIOMOIIBIO npozpammupye-
moiu noeudeckou mampuywl (11JIM).
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Cxema I1JIM ¢ TpeMs1 BXOJHBIMM CUTHAIAMM X1, X2, X3 U JIBYMS
BEIXOJTHBIMHU Y1, Yo.

y1:|31—|—P2—|—|33:7172Y3—|—X1X3—|—X1X2
Y, = Pz _|_P4 = X X3 + X X, X

o TR []
x‘}_x ¥ ! '
T il
N [_}_? I [ NV

Pri p2i pai opgi

s

s

MepeceyeHne Teepaas lMporpammupyemMbiin
NVHWN, HET CBA3N  HeuaMeHHasl  Yy3er, 3aKpbITbIf, HE
CBA3b npoBoOAUT

+E

%

Mporpammupyemsliin
y3en, 3aMKHYT,
npoBoanT
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JlJIe  coXpaHE€HUs BBICOKOI'O
MOTECHI[AAJIAa HAa BEPTUKAIBLHOU
muHe Matpulbl M1 HeoOxomu-
MO, YTOOBI BCE€ JIMOJBI ATOM IIIH-
Hbl OBUIM 3aIlepThl, T.€. HA BCEX
BXOJax OblIa jJorudeckas «1».
Takum 00pa3oM Ha BEpPTUKAJIb-
HBIX IIMHAX peaan3yeTcs oIepa-
uust M oT apryMeHToOB, IOMEYCH-
HBIX KpPECTHKaMH, B KOTOPBIX
TUOBI  OEHUCTBYIOT. Marpuily
M1 nazpiBaroT marpuneu .



Konbtonkuuu P;, Py, P3, oOpa3zoBanHble Ha BbIXOAax Mmarpuibl U,
HA3bIBAIOT TEPMAMHM.

B marpune M2: OTKpbITHE JIHOOOTO TPAH3UCTOPA NPUBOJUT K MOSBIIC-
HUIO Ha TOPU3OHTAJIBHOW IIWHE y MOTEHIHMANA «1», TO3TOMY HAa HEU pea-
muzyetcs pyHkius MJIM oT BXOAHBIX epeMEHHBIX Pl1, TOMEUYEHHBIX Kpe-
cThuKaMmu. Tak Kak KaxJ;as u3 nepeMeHHbIx P; peanusyer pynkuuto M Han
aprymenramu x, To B urore I1IJIM ocymectBisier peanuzanuio CJIIHD 1o-
THYE€CKUX (DYHKIIMH.

[1JIM MOTryT BBITIOJHATHCS KakK Ha OMNOISAPHBIX, Tak 1 HAa MOII- Tpan-
3uctopax. lIporpammupoBanue I1JIM 3aknrouaercs B nepeKUraHuU mepe-
MBIYEK, COCIUHSIOIINX TOPU30HTAIbHBIC U BEPTUKAJIbHBIC IIMHBI MATPMUII,
KOTOPOE BBIMOJIHIETCS B MPOrpaMmMaTopax.

Ecnu aprymMeHT He y4acTByeT B (popMupoBaHuU nepeMeHHon P, mepe-
KUTAKOT JIBE€ MEPEMBIUKH, & €CJIM YUYACTBYET — IMEPEKUTAIOT OJHY U3 Mepe-
MBIYEK JUISI TIPSIMOTO WJIM MHBEPCHOTO 3HAYCHUS apryMeHTa. Ecim  mepe-
MeHHas P BXOAUT B PyHKIHIO Y, TO NEPEMBIYKY COXPAHSIOT, a €CJIM HE
BXOJUT — MIEPEKUTALOT.
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9.14.3. Pa3HOBUHOCTH NPOTrPAMMUPYEMBbIX JOTHYECKHUX YCTPOMCTB
«IIporpaMMupyeMBbI€ JTOTUYECKUE HHTETPAJIBHBIE CXEMBI
(I1JINC), naoctpanHoe Ha3zBanue PLD.
lIpoepammupyeman mampuunas noecuxka — IIMJI (Programmable
Array Logic — PAL). B IIMJI (puc. 9.41) BeIxoabl 351eMeHTOB U 1ep-
BOM MAaTpPHUILIbl XECTKO PAaCIOJOXEHbI MEXay aiementamu KMJINU
(Bxomamu marpuisl MJIN).
JI1s M BXOA0B U N BBIXOAOB TpeOy-
i@ ercss M mHBepTOopoB, N cxem UJIN u 4n
: aneMeHToB WM. Ilo cpaBHenuro ¢ I1JIM
3Ta CXEMa HMEET MEHBIIYIO (PYHKIIMO-
HaJIbHYIO0 THOKOCTh, HO €€ M3TrOTOBJICHUE
1 M HCIOJb30BAHUE MPOIIIE.
[IporpaMMupoBaHHE IEPEMBIYEK.
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Joeuka na d6asosvix mampuunwvix kpucmaniax GAL (Genetic Ar-
ray Logic). GAL- cxeMbI ObIIIH CIIPOSKTUPOBAHBI C IICNIBIO YIYUIIHATh
HEKOTOPBIC U3BECTHBIC HeAoCTaTKU PAL-cxeMm.

GAL-cxeMbl sBIISIOTCS 1OJHOCTBIO EPLD (cTupaembie yiabTpa-
¢uonerom Erasable PLD) wam EEPLD (ctupaembic smekTpuduecku
Electrical Erasable PLD). 1x moxxHO mporpaMmupoBaTh 0ojiee cTa
pa3. GAL-ucnonap3yroT nporpamMmmupyemMyro M-matpuily, a MaTpuiia
NJIN ¢puxcupoBana.

[Ipocpammupyemvie noavzoeamenem GeHMUIbHbLIE MAMPUYDBL
FPGA (field-programmable gate array) coxepkar 0J0KM yMHOXKe-
HUS-CYMMHUPOBAHMS, KOTOPHIEC IMIUPOKO IPUMEHSIOTCS IpHU 00padOTKE
CUTHAJIOB, a TaK)KE€ JIOTUYECKHE DJIEMEHTHI (Kak OpaBHIO, Ha 0ase
TaOJINI] IEPEKOJUPOBKU — TAOJIHI] HCTUHHOCTH) U UX OJIOKH KOMMY-
tauuu. [Iporpamma st FPGA XpaHUTCA B pacnpeaca€éHHON ITaMSITH,
KOTOpasi MOKET OBITh BBHINOJHEHA KaK Ha OCHOBE PHEPro3aBHCHUMBIX
sdeek cratudeckoro O3V (B 3ToM ciaydae mmporpaMma HE COXPaHSICT-
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Csl IIPY MCYE3HOBEHUHU JJICKTPOIUTAHUS MHUKPOCXEMEI), TAK M Ha OC-
HOBE DJHEProHE3aBUCUMBIX sA4eeKk flash-maMsaTn wiaM nepeMbIYEK
antifuse (B aTux ciydasx mporpamMma COXpaHSICTCS HPH HCUYC3HOBE-
HUH SJICKTPOIUTAHUS).

CHhUC cucmema na kpucmanne (CHK — cucmema-na-kpucmaine) ,
(SoC — System on Chip ), uaTerpanbHas cxemMa, cojeprkamias KOMIIO-
HEHThl KOMIOBIOTECPHBIX MM HHBIX AJICKTPOHHBIX CHCTEM Ha OJHOM
KpucTajie. MoxeT BKIIIO4YaTh B ce0sl HM(PPOBYIO, aHAJOIOBYIO U pPa-
AM0YacTOTHYHO (yHKIUKU. COCTOMUT, KaK MPaBUJIO, U3 TOTOBBIX DJICK-
TPOHHBIX KOMIIOHEHT - crnenuanu3upoBaHHbix CBUC (ASIC), nomy-
3aka3Heix UC (IIJIMC, BMK), UC cpennern u Manon CTEIIEHU WHTE-
rpaliiy, a TakKe AUCKPETHBIX JIEMEHTOB, Pa3MEIIEHHBIX HA OJHOM
MOJJI0KKE UHTETPAJIbHONU CXEMBL.
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