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[MPEJIHCJIOBHE

Hurterpa/bHne MHKpPOCXeMbl NAMATH — OfMH H3 HauGo/Mee BAXKHHX MO CBOEMY
YHKUHOHANLHOMY Ha3HAYeHHIO, WIHPOKO NPHMEHSEeMHX M JHHAMHYHO DA3BHBAIO-
LUHXCA BHJOB 2JIEMEHTHOH 0asnl BHLIYHCJHTEJbHHX CPENCTB M aBTOMaTH3HPOBaHHOR
annapatypn. [las coBpeMeHHOH HOMeHKJaTyphl MHXpOcXeM MAaMATH XapaKTEpHO
Goiblioe pasHooGpaske MX DHAOB M THNOB, OTJIHYAIOWMUXCA CXEMOTEXHHYECKHM M
KOHCTDYKTHBHO-TEXHOJIOTHYECKHM  HCHOMHeHHeM, (YHKIIMOHAJIBHHMH BO3MOXHOCTS-
MH, 3JIeKTDHYECKHMH XapaKTePHCTHKAaMH, OO6JacTbi0 NPHMEHeHUS,

Korna peubr 3axoaur o npumeHeHHH MHKpOCXeM naMATH, TO TpeXJAe BCEro
YKa3HBalOT Ha 006/1acTb BBLIYHCJHTENbHO TEeXHHKH. DTO 06YC/OBJEHO TeM, 4TO B
BBIYHCJIHTEJIbHBIX CHCTeMax NaMaTb 3anumaer ot 40 po 70Y% Bcero o6GopyaoBaHHs.
Ot napaMerpoB 3aOMHHAIOWAX YCTPOHCTB B 3HAYMTEILHOH CTENEHH 3aBHCAT TeX-
HHYEeCKHEe XapaKTePHCTHKH BbIYHCAHTE/bHBIX cpeacTs. OCHOBHAas (YHKUHS MHKPO-
CXeM NaMATH 3aKJIOYaeTCi B afpPecyeMoii 2ailHCH, CYHTLIBAHHH HH(QOpPMAuLHH H ee
xpaHeHuH. OZHAKO BO3MOMHOCTH MHKPOCXeM NaMsiTH H o6JacTb HMX NPaKTHYECKO-
ro HCMOJIb30BAHHA 3HAYHTENbLHO LIHpe.

BHHMaHHIO uHTATeNell OpeRJiOMellul CHCTEMAaTH3HPOBaHHBE CBeleHHA o6 ycCT-
poficTBe, pexHMax paboThl, GYHKUHOHAJLHBIX BO3MOMHOCTAX M 3JEKTPHYECKHX Na-
paMeTpax MHKpPOCXeM NaMATH, DeKOMeHAauHu no BuGopy MHKpocxem AJs uudpo-
BhHIX YCTPOACTB pPa3/HYHOrO Ha3HaUeHHA, pa3BepHYTHeE NpUMepbl NMPHMEHEHHS MHKPO-
cxeM NMaMATH B YCTPOMCTBAX C aHAJH30M CXeMOTEeXHHUECKHX pelleHHi no peanHsa-
LHH PeXHMOB YNpaBJeHHs MHKDPOCXeMaMH NpPH 3aMHCH, XPaHEHHH, CUHTHBAHHUH H
pereHepauiH HHQOpPMauMH, a TakXKe NPH HX NPOrpaMMHPOBAHHH M Nepenporpam-
MHDOBaHHH.

HanoxenHnifl B KHHre MaTepHasJ MOXHO Da3lielliTb Ha TPH OCHOBHLHIE YacTH.
B nepBoit mpeacTaB/eHH CcBefleHNst OOLIEro XapaxTepa O MHKPOCXeMax MNaMsATH:
KiaaccHpUKauus, CTPYKTYpu M ¢GVHKIMOHAJIbHblE Y37bl, CTATHYECKHE H JHHaAMu4Ye-
CKHe NapaMeTpnl, ycJOBHHe GyKBeHHble H rpaduueckdHe o603HadeHHS, KOHCTPYKTHB-
HOe O OpMJIeHHE.

Bropas wacTh cOAepMHT UMC/IeHHBle 3HaYeHHSI MApaMeTPOB MHKPOCXEM NaMs-
TH, XapaKTepHCTHKY PEXHMOB H YCJOBHE HX peanHsauud, TpeGOBaHHs K CHrHasaM
ynpaBJeHHA, a TaKXe PeKOMeHAALHH NPAKTHYECKOTro Xapakrepa no paboTe ¢ MHK-
pocxemMaMH 1npH Hx npuMeHeHwH. CucTeMaTH3auusA cBeleHHE o0 QYHKUHOHAMBHBIX
BO3MOXHOCTSX, 3JIeKTDHUECKHX MNapamerpax H pexHMax paloThl MHKpOCXeM pas-
JIHYHBIX CepHil OcylileCTBJeHa Ha oOclioBe HX OObeJAHHEHHS B TPYNMNH MO CXEMHO-TeX-
HOJIOrM4ecKOoMy NpH3HaKy. [ MHKpOCXeM OfepaTHBHBIX 3alOMHHAIOUIHX YCTPOHACTB
(O3Y) onpeneneHn 4eThipe HaHOojee 3HAaYyHMble TeXHONOrHYeCKHe rpynnu — Ha
komnaemeHtapubix MJIII-TpaH3HnCTOPHHX CTPYKTypax, Ha n-kaHajaphbix MJII-rpaH-
3MCTOPAX, Ha GHNOJAPHLIX TPAH3HCTOPaX M MOJSBbIX aPCeHHA-FalTHeBbIX TPAH3HC-
TOpHHX CTPYKTypax. JlJsi MHKpOCXeM IIOCTOSIHHLIX 3anoMuHalowux ycrpo#icts (I13Y)
onpefesieHH TPH OCHOBHbBIE TPYNIbi — MacOYHbLIE, [POrpaMMHpyeMbie MO0JIb30BaTENEM
no cnocofy nNepeXHraHHs MepeMuiyek M penporpammupyemuie. llesnecoo6pasiocTb
TAKOro MOAXOAA K OIMCAHHIO CBOICTB MHKPOCXeM NaMsaTH o6ycJOBJeHa TeM, 4TO
MHKpPOCXeMbl MaMATH OAHOR CXeMHO-TeXHOJIOTHUECKOfi IPynnbl HEe3aBHCHMO OT MNpH-
HalJIeXXHOCTH K TOM HJAM HHON cepuM HMeloT MHoro ofulero B ycCTpoficTBe, xapak-
TePUCTHKAX M PeXHMax ynpaBJieHHs HX paGoTOH, a TaKKe B NPHMEHEHHH.
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Tperbss uYacTh MOCBSINEHA ONHCAHKIO KOHKPETHWX CXeMOTeXHHYECKHX pelle-
HHA MO peajM3aUMH DAa3NHYHBIX 3IJNEKTPOHHBIX YCTPOACTB Ha OCHOBE MHKDOCXEM
MaMATH.

OcHoOBHOe HamnpaBJjeHHe NpHMeHeHK MHKpOCXeM NaMsaTH — Gioku O3Y u T3Y
MHKDOMPOLECCOPHBIX BHYHCANTEJBHHX H YNPaBJAIOUWMX YCTPOACTB — MPeACTaBIeHO
B KHWIe THMNOBHIMH CTPYKTYDHBIMH PelIeHHSAMH H JeTaJbHhiMH TpPHMEPaMH HX MNpak-
THYecKOft peaju3auuu. DTa 4YacTb MaTepHasla KHHIH MPH3BaHa ObITb NOJIE3HOH 4YH-
TaTeJsM 'NpeXae BCero MNPH aHaJu3e M MPAKTHYECKOM BOCMPOH3BENEHHH npogec-
CHOHAJbHHX Pa3paboToK GJOKOB MaMATH B CBOHX YcTpoHcTBax. 3HauHTe/bHOe BHH-
MaHHe y/eJeHO 3ajaye NMOCTPOEHHS YCTPORCTE YNPaBAeHH MHKDOCXeMaMH NaMATH
B coctaBe G6mokoB O3Y u [13Y. Ha npubeseHunix npuMepax MoOXHO ybGenutbcs B
pasHoo0pasuH BAapPHAHTOB CXeMOTEXHHUECKHX [OCTPOeHHH YCTPOACTB yNpaBJIeHHA
Bui6op Hau6onee pPalHOHAJLHOrO pellleH#st BO MHOrOM 3aBHCHT OT TOro, HacKoJb-
KO MOJHO YyuYTeHbl OCOGEHHOCTH TPHMEHEHHbHIX MHKPOCXeM NaMsATH H YC/OBUs pea-
JH33aUMH HX PEXHMOB. YKa3aHHbIMH cooGpaiKeHHAMH 0Oyc/OBJAeHa OPUHATAs B
KHHre CTefeHb [eTajH3auM¥ CBeJeHHIl O peXHMMax MHKPOCXeM mNaMATH, crocobax
(OpMHPOBaHUS YNPaBJSIOLIMX CHIHAJNOB, BapHaHTax conpsixenus OGaokos O3Y H
TI3Y ¢ MarucrpansiMH pasHbiX THNOB no MHTepdeiicy.

BuumaHue uyMTaTedeil o6paumicHO H Hu TeHJEHUHIO paclIHpeHHs o6JacTH Npak-
THUECKOrO MpHMEeHeHHss MHKPOCXeM MaMATH YCTPOIiC1BaMH [JISi BbIMOJIHEHHA pPa3HO-
o6pa3Hbix GyHKuHi no ¢opMHpoBaHHI0 H 06paGoTKe UH(MPOBHX H AHANOrOBLIX CHI-
HAJIOB, B TOM YMCJie TAKHX, KaK 3a7ep)KKa CHFHaJIOB, CHHTe3 CHIHaJIOB 3alaHHOR
¢dopMbl, (HOpMHPOBaHHEe aMINUTYAHO-BPEMEHHLIX JHArpaMM YNpaBJAIOUWHX CHIHa-
JcB, npeo6pa3oBalHe LHQPOBHIX KOLOB, cOMpsKeHHe UHPPOBHIX M aAHAJIOrOBHX
YCTPOHCTB H T, 1.

Jns npHMeHeHHA TaKoOro poja XapaKTepHbl HeTPAJHLHOHHLIE CXeMOTexHiye-
CKHe pellleHHsl, HeOGXOQHMOCTb TIUATeJBHOrO y4Yera CTATHYECKHX, AHHAMHYecKHX MNa-
paMeTpOB MHKPOCXeM NaMSATH W CXEMOTEXHHKH HX BXOAHHX H BBIXOLHHX LUened,
KOMIIVIEKCHPOBaHHe MHKDOCXeM MaMATH C pa3HOOOpa3HHMH MO cBoficTBaM H Xapak-
TePHCTHKAM LH(POBHIMH H aHAJOrOBLIMH MHKDOGXEMaMH.

Cnenyer cOrJaCHTbCSl € yXe YCTAaHOBHBIUHMCH MHeHHeM O TOM, 4To 3¢ dexTHB-
HOCTb HCMOJNb30OBAaHHA 3TOrO KJacCa MHKPO3JEKTDOHHHIX NPHGOPOB B 3HAYHTENbHOA
CTeMeHH 3aBHCHT OT 3HAaHHA, CXeMOTeXHHYECKHX HaBHKOB H TBOpYeckoro BooGpa-
¥eHHs pa3paGOTYHMKOB 3JIEKTPOHHBIX YCTPOIiCTB.

B KHHre 4eTKO BHIpaXKeH CXeMOTEXHHUYECkHil acneKT MPHMEHEHHS MHKpOCXeM
NaMATH C [eTajbHHIM ONMHCaHHeM (YHKUHOHAJbHHX CXeM 3JIeKTPOHHBIX YCTPOACTB
H aJropuTMoB HX paGoTH. [IpHBeleHHHe CXeMOTEXHHYECKHe DelleHHS cJefyeT pac-
CMaTpPHBaTh KaK NPHMEpHl, NO3BOJIAIOLIHE COPHEHTHPOBAThCS B Pa3HOOGPa3HHIX BO3-
MOXHOCTAX COBPEMEHHHX MHKDOCXEM MaMATH M NOJYYHTb NpeACTaBJeHHe O CMo-
co6ax peanH3alWH 3THX BO3MOXHOCTell B pa3jHu#nx OGNACTSX HX NPAKTHYECKOTO
NPHMEHEeHHS.

IIpu HanucaHWM MaTepuasa KHHIM HCNONb30BaHW NyGIHKALKH B OTeYeCTBeH-
HBX H 3apy6eXXHBX H3JaHHAX, CIIPaBOYHBle [aHHbE, a TaKXKe pe3yJbTaTHW HCcJe-
LOBaHHA M npakTH4ecKod paGoThl aBTOpa B 06JAacTH NPUMEHEHHS MHKpocxeM mna-
MATH. ABTOp Hajeercs, 4TO KHHra OyHeT noJesna paguoJIOGUTENsM, a TaKxe cre-
ILHAJIHCTAM CMEXHBIX C 3JIEKTPOHHKOH o0JsacTefi 3HaHHH, XKeJNaIOIHX O3HAKOMHTbLCH
C BOSMOXHOCTAIMM MHKPOCXEM NaMATH H BONPOCAMH HX NPAKTHYECKOro MPHUMEHEHHs.

5



CokxpallieHHss # MHeMOHHYeCKue 0603HaYeHHS

ALl — aHaJsoro-liippoBofi npeoGpasoBaTenb

BUC — GoablIag HHTerpajbHasf cXeMa

HUN — HHTEerpajbHas HHXKEKIHOHHAfl JIOTHKa

K3y -— KOHTPOJIJIep 3allOMHHAIOWLEro YCTPoACTBa

KMn — KoMnieMenTapuass MITI-cTpykTypa

JIN3MOI — CTPYKTypa «MeTanJ—oOKHceJ (KpeMHH)—NOoAyNPOBOAHHKS C
JIaBHHHOR HHXeKUHefl 3apsana

MAn — CTPYKTYpa «MeTayI—AH3JNeKTPHK—OJNYNPOBOLHHK»

nMN — crpykrypa MIII ¢ kaHanoM n-Tuna

pMIAT — crpykrypa MIII ¢ kauaaoM p-tTuna

MHoOI — CTPYKTYpa «MeTaJ/VI—HHTDHA KPeMHHAi—OKHCeJ KpeMHHA—
NOAYRPOBOIHHK (KpeMHHA) »

mnn — MarucTpaJjbHbfi ApHeMonepefaTIHK

MBP — MHOTOpeXHMHHA 6ydepHufi perucTp

MITH — MaricTpajbHHi nmapajJienbHHA HHTepdefic

O3Y(RAM) — onepaTHBHOe 3aNOMHHajollee YCTPONCTBO

03 — OTKDHITH 3MHTTEp

OK — OTKPHITHf KOJJIEKTOp

I3y (ROM) — MOCTOSIHHOE 3aNOMHHalollee YCTPOHACTBO

MII3Y — Macoyunoe [13Y

II13Y (PROM) — nporpaMMHpyemMoe (mosb3oBaTeaem) 13V

ITJIM (PLM) — nporpaMmHpyeMasi JIorHuecKasi MaTpHUa

INTIO—GaAs — apceHH-raJ/HeBHIi N0JeBOfi TpaH3HCTODP ¢ 3aTBopoM IloTkn

I13 — nJaBalIHA 3aTBOP

PII3Y(RPROM) — penporpamMmupyemoe I13Y

P11 — paspsilHas LIHHA

CIIN3Y (EPROM) — nporpamMmupyeMoe T13Y co cTupanueMm yabTpadHOMETOBHIM
(Y®) uanyuenueM M 3aMHCHIO 3/MEKTPHYECKHM CHTHAJIOM

TTN — TPAaH3HCTOPHO-TPAH3HCTOPHASA JIOTHKA

TTAI — TPAH3HCTOPHO-TPAH3HUCTOPHASA JOTHKa ¢ AHonaMH LlloTkH

YBB — yCTpo#CTBO BBOJAA-BHBOJA

yy — yCTpoiicTBO yrnpaBJieHUs

1TATI — UH)pO-aHasoroBeiii npeobpas3oBartelib

A — WIHHA ajapeca

g — LIHHA JaHHBIX

AL — wiuHa «Appec—Ilannne»

iy — IIHHA YNpaBJeHHA

e — WHHHLIH opMHpOBaTEND

a0 — 3JICMEHT NaMATH

3CJ — 3MHTTEPHO-CBA3aHHAN JIOTHKA

SCIIMN3Y(EEPROM) — nporpammupyeMoe I13Y co cTHpaHHeM M 3aMHCBLIO 3]eKTpH-
YeCKHM CHTHAJIOM

SiI1 — siucifiKa NMaMaTH

A Address — ajpec

AN Answer — oTBeT

BY Byte — Gafit

BHE Byte High Enable — paspellleHHe cTapluero Gafita
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Buffer

Column Address Select
Chip Select

Clock

Clock Enable

Cycle

Check/Form

Data

Data Input

Data Output

Data Serial

Decoder

Enable

Erasable PROM
Electric Erasable PROM
Error

Enable Write

Enable Reset

Enable Read

High

Inversion

Low

Memory Write Control
Memory Read Control
Multiplexer
Multiplexer-Selector
Output Enable
Programmable Logic
Matrix

Programmable ROM
Programming

Random Access Memory
Read

Read Only Memory
Register
Reprogrammable ROM
RewAddress Select
Ready/Block

Read—Modification—Write

Select
Synchronization
Transmit
Write

Write Byte
Z-State
Set—up time
Hold time
Valid time
Access time
Cycle time
Recover time
Refresh period

— Gydep

— BuGop ampeca croabua

— BHGOp KpHCTajAna

~— CHHXDOHHSallHs, TaKTHPOBaHHe

— paspellleHHe TAKTHPOBAHHA

— IHKJ

— nposepka/$popMHPOBaHHE

— NaHHHe

— BXOAHBE NaHHbe

— BHXOJHBE JaHHHe

— NocJe0BaTeJNbHOCTh AaHHBIX

— JewHppaTop

— paspelleHHe

— crupaemoe IIM3Y

— ¢ a3JeKTpHYeckHM cTHpanHem [I[13Y

— owHn6Ka

— paspellleHHe BanUCH

— paspellleHHe CTHPaHHA

— paspelleHHe CYHTHIBAHHSA

— BHICOKHR

— HHBEPTHDPOBaHHe

— HH3KHH

— CHTHaJ YNpaBJieHHs 3aMHChIO

— CHTHaJ YnpaBjleHHs CYHTHBAaHHEM

— MYJIbTHIJIEKCOP

— MY/JIbTHILJIEKCOP-CENEKTOP

— paspellleHHe BHIXOAA

— nporpaMMHpyeMas JIOrHYecKas
MaTpHUua

— nporpammupyemoe M3y

— NPOrpaMMHpPOBaHHe

— 03y

— CYHTBIBaHHe

— T3y c

— PerHcTp

— penporpaMmupyemoe 13y

— BLIOOp aZpeca CTPOKH

— rOTOBHOCTb/TIperpaxaeHHe

— CYMTHBaHHe—MoAH(DHKaLHA—I3ANHCD

— BH6OD

— CHHXPOHH3alHA

— nepejaBaThb

— 3anHch

— 3anuch Gafita

— Z-cocTosiHHe

— BpPeMs YCTaHOBJEHHUS

— BpeMs yjaepxKaHHA

— BpeMs COXpaHeHHsA

— BpeMs BHIGOPKH

— BpeMs HHKAA

— BpeMs BOCCTaHOBJIEHHSA

— NepHOA pereHepauHu



1. OBLLIASI XAPAKTEPUCTHKA MHKPOCXEM
[TAMATH

1.1. KaaccHdpukauna MHKpocxeM NnamsTH

MHuKpocxeM NaMsATH npeAcraBisiOT co60i (YHKUHOHAJIbHO- H KOHCTPYKTHBHO-
8aKOHYEeHHHle MHKDOIJIEKTPOHHLIE H3/€/iHs, MNpelHa3HayeHHbie [JIsl peajH3auuud 3a-
noMuHamouHx ycrpoficrs (3Y).

Ina mMuKpocxeM NaMSTH, BHMYCKaeMLiX OTEUeCTBeHHOf NpPOMbLILIJIEHHOCTbIO, Xa-
PaKkTepHH IUHPOKas HOMEHKJaTypa THNOB, pa3HooOpa3ue BaPHAHTOB KOHCTPYKTHB-
HO-TEXHOJIOTHYECKOr0 HCMOMHEHHA, Go/bWOA [OHAaMa3oH (YHKUHOHAJbHBIX BO3IMOX-
HOCTell, XapaKTePHCTHK M 3HAYEHHA NapaMeTpos, CylleCTBEHHLIC Pa3JIHYHA B PEXH-
max paboTh K npHMeHenHsx [3, 36, 49, 50, 67].

OO6wenpuHATOR ABAsieTCS KJAAacCH(HKAUMs MHKPOCXeM IaMATH MO CJERYIOUIHM
npH3HaKaM: (YHKUHOHAJIbHOEe Ha3HAYEHHe, cmocol XpaHeHWss HH(pOPMaUHH, cTeneHb
SABHCHMOCTH OT HCTOYHMKOB NHTaHHSA, CXEMHO-TeXHoJorHyeckoe HcnosnHewwe. Cospe-
MeHHBle MHKpOCXeMbl MaMfTH H3roTaBJHBAlOT METOLAaMH MNOJYMpPOBOAHMKOBOA TeXHO-
JIOTHH, HCNOJIb3Y5l B KadYecTBe HCXOLHOrO MarepHana B OCHosHOM KpeMuufi Si. B no-
cllefHHe ToAaW MPOMBIUIEHHOCTb AaKTHBHO OCBaHBaer apceHuj raiaus GaAs.

ITo ¢yHKuHOHANBHOMY Ha3HAYeHHIO MHKPOCXeMbl MaMATH NOAPA3AeNslOT Ha
MHKpocxeMn onepatuBhbix 3Y (O3Y) u nocrosHHuix 3Y ([13Y). OneparusHue
3Y npepHasHaueHbl ANs XPaHeHHs fepeMeHHOM HHpopMauHu: nporpaMm u npome-
XKyTOUHHIX pe3ysnbTaToB o6paGorku maHHHX. TakHe 3Y paGoraloT B pexumax 3a-
NHCH, XpaHeHHd H CYHTHBAaHHA HHQ)OPMAUHM H JAONYCKAIOT OMNEPaTHBHYIO CMeHY
cBoero HHdopMauHOHHOrO conepxaHHA. [Jocrosnube 3Y npepHasHaueHo A/ Xpa-
HeHHs HHboOpMaLHH, HeMeHsouleAcs B mpouecce paGoOThi YCTPOACTBA: CTaHAAPTHHIX
nporpaMM, TaG/JHYHHX NAHHHX, KO9(pdHIHeHTOB, KOHCTAaHT u T. n. TakHe 3Y pa-
60TaloT B peXHMAax XpaHeHHS H CUHTHBAHHUA HHGOPMalMH, KOTOpas 3aHOCHTCH B
HHX NpeiBapHTe/NbHO, HaNpHMep MPH HX H3rOTOBJIEHHH, H BO BpeMs palOTH He H3-
MeHsercs.

®yHKuHoHaNbHLE Bo3MoxHocTH O3Y, TakuM obpasom, wupe, sem [13Y: O3Y
Moxxer paGoraTb B KadectBe I[I3Y, T. e. B peXHMe MHOrOKPaTHOro CHYHTHBAHHR
sanucaiHoft HHbopmaunu, a [13Y B kavecrse O3Y wucnonb3oBaHO GHTbL He MOXeT,
TaK KaK He MOSBOJIeT H3MEHATb 3aHECEHHYIO B HEro HHGOpMauHio.

OcHoBHO cocTaBHOA w4acTblo CTPYKTYpw Ji060fi MHKpOCXeMH NaMATH sABJA-
eTcs MaTpHUAa HAaKOMHTe/d, NpeAcTaBisfoWlas cOGOA ONHOPOAHbLA MaccHB SJeMeH-
ToB naMaTH. Dnement namaru (3I1) Moxer xpauutb oauH 6ut (0 uau 1) uHudop-
mauuH, CXeMOTeXHHYECKHR TNpPHHUHMN NOCTPGEHHs SJeMeHTa MaMATH B 3HaqHTeJbHON
cTeneHH onpeneasier cnoco6 xpaHeHHs HHPopmauuwH B HaKonutene, [lo sTomy npR-
SHAKYy MHKpPOCXeMH NaMATH MOXHO pasfe/HTb Ha CTaTHYeCKHe H AHHAMHYECKHE,
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B mukpocxemax cratuueckux 3Y HHpOpMauUHA B PeXHME XDaHEHHA HENOABHNK-
Ha, T. 6. HAXOAHTCA B CTAaTHUYECKOM COCTOAHHH. B 9TOT K.nacc MHKpPOCXeM NaMATH:
Bxoastr mukpocxeMnl O3Y, y KOTOpPHIX 3/1eMEHTOM NAaMATH ABJIKETCA CTATHUECKHR
TpHrrep, H Mukpocxemu [13Y.

B wMmukpocxemax AMHaMHYeckKHX 3Y sanucanuas B HaKONHTeNb HHbOPMauHs B
pexHMe XpaHeHHsi MNEepPHOAHYECKH MNepes3aNnHCHBAETCA C LEeNbl0 ee BOCCTAHOBJIEHHS:
(perewepaunn). K sroMy Kiaccy MHKPOCXeM NaMATH OTHOCAT MHKPOCXeMbl HHHA-
mugeckux O3Y. DieMenTOM NaMATH B TakHx MHKpocxeMmax ssiasercs MJIIT-koH-
AeHcaTop, c(pOPMHDOBAHHKIA EBHYTPH mNOJYynpoBOAHMKOBOro KpHcraana. Hudopma-
uus, HMeiowas GOpMy YpOBHs HaNpsiKeHHus (3apsaa) Ha KoujeHcatope, H3-3a Ha-
JIHYHS TOKOB YTeYKH B o6beMe M Ha NOBEPXHOCTH MONYNPOBOAHHKOBOrO KPHCTalla
He MOXET COXPaHATbCA AJHTEJhHOe RpPeMs M MO3TOMY HYXJA8€TCH B [IEPHORHYECKOM
BOCCTaHOBJIEHHH,

MukpocxeMil anHamuueckHx O3Y HuMeioT GOJbLIYI0O HHOOPMAIHOHHYIO €MKOCTb,
q9eM MHKpocxeMbl cTatHueckHx O3Y, uto o0yc/oBJeHO MeHbLUIMM HHCJIOM KOMMO-
HEeHTOB B OAHOM 3JleMeHTe MnaMsATH H, CJleA0BATEJIbHO, 6osiee MJAOTHLIM HX pasme—
IleHHeM B MoJynpoBoaHHkoBoMm Kpuctaie, Oanako auHamHyeckde O3Y crioxHee
B NpHMeleHHH, TOCKOJbKY HYXAAlOTCH B OpPraHM3alMH TNpHHYAHTeJILIION pereiepa-
IiHH, a 3HAyuT, B AOMOJHHTENbHOM OGOPYAOBAHHH H B YCJOXHCHHH ycTpo#cTB
ynpasJieHus.

HOas xpaHeHHs HeGOJIbIWHX 0GbEMOB HHPOPMALMH WHPOKO MNPIMEHSIOT Perucr-
posue 3Y. B o6mupHOft HOMEHKNAaType MHKPOCXeM PerHcTPOB HEKOTOpasi HX 4acTb
COIEPKHT MHOTOPerHCTPOBWle CTPYKTYpPhl, KOTOpPHE MOXHO HCMOJb30BaTh AJsi OLHO-
BPeMEHHOr0 XpaHeHHA HEeCKOJLKHX cJ0B. B03MOXHOCTH TakHX MIKPOCXeM 3aBHCAT
OT HX CTPYKTYPHOrO NOCTpOeHHs H cnocoGa aapecauuu perucrpos. Hekoropuwe Ao-
nycKaloT ajpecHoe obpallleHHe K KaX/0My H3 PperucrtpoB (peructposhe ¢ahin),
Apyrue paGoTalOT MO NPHHUHIY <«MarasuHHoro» 3Y, 3anoJHssch uHpopMauuefl no
Mepe ee MNOCTyNJeHHs1 H 0cBOOOXAasCchL OT Hee B MOpPALKe ee MOCTyllJIEHHs Mo npa-
BHJY «nepBbiM Bolues — nepBuM Bbiwea» (FIFO — First Input-First Output) unan
B O6paTHOM MOPSiAKe <«MOCJTEeAHMM BolieJ — nepBuiM Builtens (LIFO — Last Input-
First Output). Marasuunne 3Y Hepeako Ha3biBaloT crekom (Stack — wraGesb).
CrekoBhie perHcTpoBhe 3Y WIHPOKO MNPHMEHSIOT B KaJbKyJasiTOpax, MHKponpolec-
COPHBHIX KOHTPOJJIepAaX H APYrHX BHIYHCJHTEJbHHX yCTPOHCTBAX.

B mukpocxemax [13Y ¢yHKuMM 3JieMeHTOB MaMATH BHIMOJHAIOT MepeMbIYKH
MeXNy JHHUSAMH CTPOK M CTOJGLOB B HakonuTese. DTH NMepeMbIYKH MPeAcTaBJisiOT
co6off NHG60 TOHKOMJIEHOYHLIe NPOBOAHHKH, JHGO AHOAW H TpaHsuctopn. Hannuune
nepemMbl9kH KomHpyercs 1, ee orcyTctBHe — 0, Bo3MoxHa H ob6paTHas KOAHPOBKA.

3anecenne HHpopMauuu B MHKpocxeMbl [I3Y, T. e. HXx nporpammHpoBamuHe,
OCYLIEeCTBJSAIOT B OCHOBHOM ABYyMA crnocob6amu. OfWH H3 HHX 3aKawyaercs B ¢op-
MHDOBAaHHH MepeMbHYeK B HAKOMHTesJe Ha 3aKJIOYHTeJbHOA CTAJHH H3rOTOBJIEHHS
MHKpPOCX€Mbl ¢ Hcrnosb3oBaHHem Tpacdapera (Mackd). Takue MHKpocxeMH MOJNYy4H-
JH HassaHue Macounux [13Y (MII3Y). Ipyroit cnoco6 COCTOMT B mepeXXHraHHH:
JIErKONJNaBKHX TOKOMPOBOASALIHX IlepeMblYeK B TeX TOYKAX HAKOlHTeas, rae Aod-
e ObiTb 3anucaH 0 WaM | B 3aBHCHMOCTH OT NPHHATOrO KORHPOBAaHHS COCTOSAHHRA
nepemuvek. IlporpammupoBanue MukpocxeM I13Y ocyuiecTsaser nosb3oBaTeNb €
NOMOLIBIO CrelHaALHOro yCcTpoficTBa — nporpaMmaropa.
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Mukpocxemn Macoannix II13Y H MHKpocXeMH NporpaMMHpyeMbX MNOJb3OBaTe-
Jeu T3Y (TM3Y) nonyckaooT ONHOKPaTHYI0 3anuch HH)OPMALHH, NMOCKOJbKY NpH
QPOrpaMMHPOBAHHH [POHCXOAHT HeoGpaTHMOe pas3pylleHHe COeHHEHHA B HAKO-
nutene. Cymecrsyer pasHoBHmHocTh [13Y, pomyckaiomass HeogHoOKpaTHOe Mpo-
TPaMMHDOBaHHe, T. €. NepenporpaMMHpPOBaHHe HJM, HHaue, penporpaMMHpOBaHHe.
OtuM cBofictBoM penporpammupyemue I13Y (PII3Y) o6namaior Gnaromaps Hc-
fI0Nb30BAHHIO B HHX SJIeMEHTOB MaMaTH Ha ocHoBe MJIIT-TpaH3HCTOPOB CReLHaMb-
HOM KOHCTPYKUHH, CMOCOGHHIX MepeXOAHTb H3 HeMpOBOASLIEro COCTOSHHA B MPOBO-
Aflllee H O6GpaTHO MNOJ BO3JAeHCTBHEM BHEUIHEro NPOrpaMMHPYIOLIEro HaMpsKeHH:,
npuyeM 06a COCTOSHHS MOTYT COXPaHSATbCA AJIHTe/]bHOe BpeMs (THCHAYH 4acoB) Ge3
HANPAMEHHA MHTaHHA.

ITo cnoco6y cTHpaHus HHpOpPManHH B HaKonHtele MHKpocxeMb PII3Y pasne-
JISIOT Ha ABa BHAA2, KOTOPHE Ha3LIBAalOT nporpaMMupyemMbhiMu [13Y co cTHpaHueM
sJeKTpHueckHM cHrHanom (ICIIT3Y) u ysnbrpaduoneroBum uanydennem (CIIII3Y).

Hapsapy ¢ nonynpoBonHHKOBhIMH MukpocxemamMu O3Y u TI3Y npomuiusen-
HOCTb BbIMYCKaeT MHKPOCXeMbl MaMATH Ha TOHKHX MAarHHTHLIX [JEHKaX, 3JeMeHTa-
MH NaMATH B KOTOPbIX SABJSIOTCA LMJHHAPHYeCKHe MarHuTHbie aoMennt (LIMIL).
MukpoHnHble pasmepnl LIMJ] no3sosisiioT pa3MecTuTb B TOHKOA MNJeHKe MarHHTHOro
MaTepHaja Ha JH3JeKTpHUeCKOH noanoxke paamepamu 100X 100 mMM? HakomHTes b
.C HHQOPMALHOHHOM eMKOCTbIO B JeCSTKH MHJJIHOHOB GHT. MuKpocxeMbl MaMATH Ha
LIMII npeana3uayeHul AJsi peaJiH3aliyH BHELUHHX 3aMOMHHAIOLIHX YCTPOINCTB, OT/H-
qaloLIMXCA OT YCTPOMCTB Ha MArHHTHbIX JeHTax H JAHcKax OoJee BLICOKOH Hajex-
HOCTbIO (YHKILHOHHPOBAHHS H OHcTpoxciicTBHeM O6sarofaps MOJHOCTbIO 3JIEKTPOH-
HOH CHCTeMe 3aMHCH M CUHTLIBAHHS HHGOPMaLLHH,

PaccMoTpeHHBle  pPa3HOBHIAHOCTH MHKPOCXeM MaMSiTH CHCTEMGTH3HPOBaHLI B
KJacCHQHKALHOHHON AHarpamme, ripuBefeHHofi Ha puc. 1.1. 3pech Ke MOKa3aHbI
MeXIAyHapoaHble GyKDBeliHble OGO3HAYEHHS] MHKPOCXeM MaMSTH Pa3JHYHHX BHAOB H
THIOB, KOTOpble MMOMELAIT Ha HX YCJOBHbLIX rpagHyeckHx HaoGpaxenusax [14].

[To cremeHH 3aBUCHMOCTH OT HCTOYHHKOB MNHTaHHs DPAa3JHYAOT 3SHEPro3aBHCH-
Mble H 3HeproHe3aBHcHMble 3Y. B repBbIX NpH OTKJIOYEeHHH M cOOAX MHTAHHA HH-
dopmauns paspywaerci. TakuMmu aBasiiotcss MHKpocxeMbl O3Y. B 3HepronesasH-
cHMbIX 3Y 3JeKTPOMHTaHHe HEOGXOQMMO TOJNbKO MNpPH 3amHCH H CYHTHIBAHHH, a B

pexuMe XpaHeHHsI OHO MoOXeT ObiTb OTkaoueHo, K Ttakum 3Y oTHOCATCA MHKpO-
cxembl [13Y.

MukpocxeMbl NMaMsATH Bbimyckailor cepusiMH, Cepusi npeicrasisier coGofi coBO-
KYMHOCTb MHKPOCXeM, HMeIOLIHX e/JIHHOe KOHCTPYKTHBHO-TEXHOJIOTHYeCKoe HCMOJHe-
HHe, COBMECTHMsle 3JJIeKTPHYECKHe, 3KCIUyaTaUHOHHble H HaJleXHOCTHble MOKa3aTte-
JM H OTJHYAIOWHXCA HHPOPMAUHOHHOH eMKOCTbio, GbICTPOJEHCTBHEM H HEKOTOPbIMH
APYTHMH XapaKTepHCTHKAaMH, HalpHMep HaJHYHeM [IOMNOJHHTENbHBIX BXOAOB JJf
cHrHaJloB ynpasJenus [17].

B ofwem ciyd4ae B CepHI0O MOrYT BXOAHTb MHKPOCXeMbi MaMATH PasHbHIX BHAOB,
HanpuMep MHKpocxeMol O3Y u [IIII3Y. Onunako GOJNBLUIHHCTBO cepufi HMeeT OJHO-
POAHbLI BHAOBOH COCTaB, T. e. COCTOHT H3 MHKpOCXeM OfHOro BHAa: au6o O3V,
au6o IIM3Y, an6o PII3Y. docTaToyHO WIMPOKO MHKpOCXeMbl MaMATH NpeacTaslie-
HH B COCTaBe MHOropyHKUHOHAJNbHbLIX CEpPHil Hapsly ¢ MHKPOCXeMaMH JIOrHYEeCKHX
S/IeMeHTOB, TPHITEpPOB, Koponpeo6pa3oBaTeieif, PerucTpoB, CYETHHKOB H [P.
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Puc. 1.1. KnaccHpurauus MuKpocxeM NamsTH

HnbopMaunio o0 NPHHAAJNEKHOCTH MHKDPOCXeMB K ONpEeLeJeHHOH CepHH colep-
XKHT ee ycJoBHOe OykseHHOe OGo3HauenHe. B cOOTBeTCTBHH ¢ NpHHSTOH cHcTeMoR
oGo3HaueHHe MHKpocxembi mnpeactasduer coGot undpobyxpeHHbli KOm, COCTOAWHHA
H3 caenyloliux gacreit [3]:

a) Tpex-, 4eThHIpeXxaHayHoe YHCJO, 0G03Haualolllee HOMep CEPHH, B KOTOpPOM mep-
Bas uH}pa yKasbBAeT Ha KOHCTPVKTHBHO-TEXHOJIOTHYecKoe HCMOJHeHHe MHKpOCXe-
Mu: 1,5,6,7 — nonynposonHukoBee, 2, 4, 8 — ruGpuauble, 3 — NJICHOYHBIE, Kepa-
MHYecKHe H TPOYHe; MocjefylollHe IBe-TPH UHGpPbl SIBJASIOTCH MOPSAKOBHIM HOMe-
poMm paspaGorTkH. IIpH YeThIpex3HAayHOM HOMepe cepHH BTopas LHdpa ykasbiBaer
Ha o6JacTh MPHMEHeHHS HJH Ha (YHKUHOHANbHOe NpeaHa3HayeHHe MHKpDOCXem Cce-
pun: 0 — GuiToBas paAMO3/JIeKTPOHHAs anmaparypa, |-— adajoroBasi TexiHka, 4 —
OnepalHOHHBE YCHJHTENH, 5 — uH¢poBas TexHHKa, 6 — 3anmoMuHAIOmHe YCTPOACTBA,
-8 — MHKpONpoOLecCOpHas TEXHHKA;

6) nByxGyKBeHHHIA HHJAEKC, B KOTODOM NepBas Gyksa 0003HagaeT MNOATpymmy,
a BTOpas — BHA MHKpOcXeMbl MO (DYHKLUHOHaJbHOMY Ha3HadeHHIO: PY — onepaTHB-
e 3Y ¢ ynpasienneM, PM — marpuun onepatusunx 3Y, PE — macounne I13Y,
PT — nporpammupyemuie I13Y, PP — penporpammupyemsie TI3Y co cTHpaHneM
HHGOpDMAauUHH 3neKTpHYeckKHM cHrHajoM (3SCIITI3Y), P® — penporpammHupyeMHe
TI3Y co crHpanuem undopmauuu yjabrpaduoseroBuim Hanydennem (CIIT3Y), PL —
sanmomuHaowHe ycrpoiicrea Ha LIMJI, HP — perucrpu;
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B) OAHO-, ABYX- HJIH TpeX3HayHHA Homep paspalOTKH MHKDOCXeMH cpelu el
noAOGHHX B AAHHOA CepHH;

r) GyKBa, yKa3HBaloLlasih THIOHOMHHAJ MHKPOCXEMH;

) NpH HeoGXOAHMOCTH B Havaje OyKBeHHOro 0GO3HaueHHsl pacrnoJaralorT IBYX-
GykseHHnA npedHKc, nepsasi Gyksa koroporo K o6o3Hayaer MHKpOCXeMHl LIHPO-
Koro (o6lieTeXHHUYECKOro) mnpUMEHeHHs, a BTOpPas — MaTepHal M THO Kopmhyca:
A — nnactmaccoBuét THna 4; B — GeckopnycHoe wucrnoJHeHHe; E — Merasonosn-
MepHufi THna 2; H — creknokepamuveckuit THna 4; M — KepaMuueckufi, MeTaano-
KepaMuueckufi THnma 2; H — kepamuueckufi THma 5; P — mnacrMaccosuwit THna 2;
C — crekJokepaMudeckHii tuna 2; @ — nnactmaccosbift noaruna 43. Bropas Gyxsa
B mpedHKce MOXeT oTcyTcrBoBaTh, THMb KopmycoB paccmorpesl B § 1.5. Mukpo-
CXeMH, TpeaHa3HayeHHble [JIsi 3KCNOPTa, HMelOT nepes HayaubHoli OykBoi K B yc-
J0BHOM 0603HayeHHH OyKBY D.

IIpumepbl yc/OBHBIX 0003HaYeHHH:

KP565PY6B — MHKpocxema oOlieTeXHHYECKOro NPHMEHeHHSt B IJIaCTMacCOBOM
Kopryce, TOJynpOBOAHHKOBas, cepHsi 565, oneparTusHOe 3alOMHHalollee YCTPOACTBO
¢ ynpaBseHHeM, pa3paborka 6, TunoHomHHan b;

KM1609PP11 — mMHKpocxema  oOlIeTeXHHYECKOro TNpPHMEHeHHss B MeTaJuio-
KepaMHYeCKOM KOpmyce, TMOJyNpoBofHHKOBasA, cepus 1609, pemporpaMmupyemoe
T13Y co cTHpaHHeM 3JIeKTPHYECKHM CHrHaJjoM, paspaGortka 11;

K573P®6A — Mukpocxema oO6UIETEXHHYECKOTO MPHMEHeHHs, TOJYyNpOBOAHHKO-
Basi, cepust 573, penporpamMmupyemoe TI3Y co crHpaHnem Y®-H3nyyenneM, paspa-
6orka 6, THIOHOMHHaI A,

Ilo ¢H3MKO-TEXHONOrHYECKOMY [PH3HAKy MHKPOCXeMbl MaMSTH MOXHO pa3je-
JHTb HAa ABa KJjacca: GUMONspHbie H YHHMOJsPHWe. [lepBLie H3roTaBJHBAIOT MO TeX-
HOJIOTHH GUMOJISIPHBIX TPaH3HCTOPOB, BTOpPble — MO TEXHOJIOTHH [0JIEBHX TPaH3HC-
TopoB, B ocHoBHOM MJIIT-TpaH3ucropos.

ITo cXeMHO-TeXHOJIOTHUECKOMY TNpPH3HAKy GHMOJspHbIE MHKDOCXeMbl OOHYHO
KJ1aCCHOHUHDYIOT Ha MHKDPOCXeMBl 3MHTTepHO-cBs3aHHOft Jorukn (DCJI), TpaHsuc-
TOpHO-Tpan3uctopHoii Jorukn (TTJI) u TTJI ¢ puomamu Ilorku (TTJILI), wum-
terpajbHoft HHXKeKuHoHHOIl JorHkH (MHJI). OGHYHHM siBAsieTCs NPHMEHeHHe KOM-
6unauMfi CXeMHO-TEXHO/IOTHYECKHX pelleHHH NpH NPOH3BOACTBE MHKDOCXEM MaMATH,
Hanpumep CJI 1 TTJIW uau TTJ u UWUJT u 1. .

Inst GunonsipHeIXx MHKpOcXem MaMsTH, B gactHocTH mas ICJI- u TTJILI-muk-
pOCXeM, XapaKTepHbl BBHICOKOe OHICTPOAENCTBHe, 3HAYHTe/bHAsi HarpysouHasi crno-
co6HOCTb, MOBHILEHHOe 3HepronorpebeHHe.

B knacce yHMMOJSADHBIX MHKPOCXeM mnaMsiTH HauGojee IIHPOKO NpeACTaBJIeHb
MHKpocxembl Ha MJII-TpaHancTOpax ¢ KaHasoM 7n-TiNMa M MHKPOCXeMbl Ha KOMIlJe-
meHnTapHbix napax MJIII-tpansucropos (KMII-Mukpocxemsl). Has nMIOIT-muk-
pocxeM NaMATH XapaKTePHO CPaBHHTEIbHO BHICOKOe ObICTPONEHCTBHE, COH3MEpHMOe
¢ Ouicrpoaeficruem TTJII-mukpocxem, a ans KMIII-MHkpocxeM — caMblii HH3-
KHfl ypoBeHb 3HepronorpeGneHHss H CNOCOGHGCTb (DYHKUHOHHPOBATb B YCJOBHAX
3HaYHTEeNbHBIX H3MEHeHHII HanpsKeHHA NHTaHHS.

B Hacrosiiee BpeMs aKTHBHOe DasBHTHe [0Jy4aeT CMellaHHAs BuKMIII-tex-
HOMOTHs, TMOo3BOJAIOmMAs OObeAHHHTL TMOJIOXKHTeJbHbe cBOACTBA OUmOJAspHOH H
KMJIII-texnosnornfi: BhicOKOe GHCTpoAeAcTBHe GHMONSDHBLIX 3JEMEHTOB M Manayior
norpeGasieMyio MoltHocTh sneMentoB KMITT-cTpyKTypH.
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Cpean HOBbiX pa3paloTOK MHKPOCXeM MNaMATH CJelyeT BHAENHTb MHKPOCXeMbl
Ma OCHOBe apCeHHAa raaiusi. AKTHBHHM NPHGOPOM B TaKHX MHKpOCXeMax sBJseTcs
mosieBoil TpaH3HCTOp ¢ ynpaBaswowkM satsopoM Llorku (ITTLI — GaAs). ApceHua-
rajjiHeBhie MHKPOCXEMhl INIaMSATH XapPaKTepH3yIOTCSi CaMbiM BbICOKHM ObicTpoaeficT-
BHEM, a TaKxe CaMblM 3HaYlTeJbHHIM YDOBHEM 3HEpromnoTpe6/eHHs MO CPaBHEHHIO
C KpeMHHeBLIMH MHKpocxeMami [1].

1.2. TunoBbie cTPYKTYPH H GYHKUHOHAJNbHbBIE Y3Jbl
MHKpPOCXeM MaMATH

I XapaKTepDHCTHKH MHKDOCXeMbl NMaMSTH Kak (DyHKUHOHAJILHOrO y3Jsa 3JieK-
TPOHHOM anmapaTypbl HeOGXOAHMO 3HATb TNpexJe BCEro pexHMbl PaGoTh, CHrHaJH
ynpasJieHHs!, cmoco6nl CONpsiXeHHA ¢ APYFHMH (GYyHKUMOHAJbHBIMH Yy3/J1aMH B ammna-
paType, CHCTeMy 3JIEKTPHYECKHX [1lapaMeTpPOB H HX 3HaueHHs. YKa3aHHHH Kpyr cCBe-
JeHHA Heo6XOAHM AJIsl TPAMOTHOTO NpiIMeHeHHsl MHKPOCXeM MaMsTH B pa3pa6orkax
9JIEKTPOHHBIX YCTPOACTB pPa3/IHYHOrO Ha3HayeHHs, a TaKxke AJas NPHOGPETEHHs yMe-
HHS H HaBBIKOB YTE€HHs (YHKLHOHA/JIbHBX H NDHHUHNHAJbHHX CXeM YCTpoHcTs, cO-
JepxKalliX MHKPOCXeMbl MaMSTH.

OGoGuieHHasi CTPYKTYpHasi cXeMa 3aMOMHHAIOWEro YCTPOACTBa, XapakTepHas
anss O3Y n II3Y, npeacrasiena Ha pHc. 1.2. Ona Bkao49aer chaeayouue ¢yHK-
LHOHaJIbHHE Y3J/bl: HaKomHTesb, AelrHppaTtop koga aapeca (L), ycrpoictso BBO-
Za-swBoaa (YBB), ycrpoiicTBo ynpasaenus (VV).

Hakonurear npeacraBisier co6Ofi COBOKYNMHOCTb 3JIEMEHTOB MNaMsiTH, 0oGbeaH-
HeHHHX B MaTpHuy. B matpuue DIl pasmelueHnl Ha MepeceeHHsIX TOPH3OHTAJbHHX
H BepTHKAaJbHBIX MPOBOJHHKOB, Ha3WBAEMbHIX COOTBETCTBEHHO CTPOKAMH H cTOJAG-
uamu. Kaxaw# OI1 moxer xpaHHTb oauH OHT (0 wam 1) HHpopmauuu, Ias xpa-
HeHHS N-paspsifHOro cjosa TPeGylOTCsi N 3neMeHTOB naMiTH. COBOKYMHOCTb 3Jie-
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Puc. 1.2. O6o6menHas cTpykTypHas cxema 3Y
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WMeHTOB MaMsTH, NpefiHasHaueHHad AJs XPAaHEHHS OJROr'O CJOBa, HaswBaercs sadef-
xoft namaru (SAI1).

Hakonurtenb MOXeT HMeTb OAHOPa3PSAHYI0 M MHOropaspsiHyio (CJIOBapHYO)
opraHHsauvio. MIx npHHuHnuaasHoe pas/H4yHe COCTOHT B cJieaywouleM. Ilpu oGpalue-
HHH K HaKOMMTENIO C ORHODa3PSIAHON OpraHu3almeHl B Hero MOXHO 3aMHCaTh HJIB
H3 Hero BBLIBECTH TOJNBKO OAHH OHT HH(pOpPMaUHH, T.e. OAHOpa3psinHoe cuoso. Ha-
KOMHTEJb CO CJIOBapHOH oOpraHusalHell no3sossier 3a OfHO oOpallleHHe K HeMmy 3a-
MUCaTb HJH CYHTAaTb N pa3psioB, cocTaBisoUHX cioBo. Ha puc. 1.2 npeacrasiena
CTPYKTYpPa MHKPOCXeMBl MNaMATH O CcJoBapHOA opranH3andesi. Kak BHIHO, OHa
HMeeT N MH(PODMAILMOHHLIX BXOAOB H CTOJIBKO XKe BLIXOAOB, YTO MNO3BOJSET 3alH-
CHBaTh H CYHTHBATb HHGOPMAUHIO N-pa3PAAHHM MNapaieNbHHM KOLOM. MHKpO-
cxeMa C ORHOPa3pSAHON OpraHu3auHeil HMeeT ORHH HH(pOPMALHOHHHIA BXOX H ONHH
BBIXON.

Opraunsauuss 3Y npeaycmarpHBaeT BO3MOXHOCTb o6pauleHns k JioGofi SIT
AJISt 3aMHCH MJH CYHTLIBAHHS uHpopMauuu. Jis 2TOl uHenH cayxHT AeluHdpaTop
(OI). On npeo6pasyer kox appeca Am—i..Aq B aKTHBHHI cHrHan BeiGopku SII.
Yucno SIT B Hakonurese paBHo 2™, rae m — 9HCJIO paspsiioOB B aJPecHOM KOAE.
Ecin 3Y ponyckaer BniGopky ao6oit SII1 B NpoH3BOMILHOM MOpsiaKe, TO ero Ha-
suBator 3Y ¢ npousposbHolt BuGopkoit (3YIIB).

YcrpoficTBo BBORa-BuBoAa (YBB) npennasHaueHo 08 ycHJIEHHS U HOpMaJiM3a-
UHH HHGOPMAUHOHHBLIX cHrHanoB Dn_y..D,, nomaBaembix Ha sxoam 3¥Y DI npn
32MHCH M CHHMaeMbiX ¢ BbIX0foB DO npH cYHTLIBaHHH. Muorue MHKpocxeMu HMe-
IOT COBMeilleHHble BXOAbI-BHIXOAbL. B Takmx MHkpocxemax YBB nonosnntenpHo BH-
nonHsieT H (QYHKUHIO pasjie/leHHs] BHYTPeHHHX Llenell NMpHeMa H BHJa4yH HHpopma-
unn. K YBB npeabsisisiercss Takxke TpeGoBaHHe CONpPsiKeHHs BXOAOB H BHXONOB
¢ BHEUIHHMH JIHHHSIMH repeAayH.

YcTpoficTBO ympaBJ/ieHHs ¢(OPMHDYeT BHYTPeHHHe CHrHaJjbl Al BO3JeACTBHs Ha
¢yHKUHOHaMbHEE Yy3/7b 3Y, COOTBETCTBYIOUEro BHEWHHM CHCHaJdaM YNpPaBJeHHs:
«3anuch/CunteiBanne» (WR/RD), «BbuiGop KpHcraasna (Mmuxkpocxemu)s (CS). Cur-
Hal WR/RD onpegensier pexum sanuch npu WR/RD=1 u cunTHBaHHA npH
WR/RD=0. Curaaan CS paspemaer npu CS=1 niau 3anpeuaer AocTyn K HaKOMH-
TeNl0 no HHGOPMAUMOHHBIM BXoJaM M BhiIxogam npu CS=0. Y Go/JblUHHCTBA MHK-
pocxeM namsTH cHrHan CS SBJIsieTCs OCHOBHBIM MJISi YCT3HOBJIEHHS MHKPOCXeMbl B
PeXHM XpaHeHHS He3aBHCHMO OT COCTOSIHHIf CHT'HaJIOB Ha APYTHX BXOAaX.

Ipununn pefictBusi H3oGpaxceHHOA Ha puc. 1.2 cxembl npHMeHuTeqnHo Kk O3Y
sakJioyaercs B chaeayiomeM. IIns sanmuck cioBa Dn_y..Do B 3apannyio SIT ero
Heo6xoaHMo mogaTh Ha HHGOpMauHOHHBle BXOAHW Dln-; .. DI,. OauoBpeMeHHo Ha
agpecHble BXoAbl Am-_;..Aq No/XeH O6bHTh mojaH Kox ajppeca BeiGupaemon SII, a
Ha BXOAHW ynpaBaeHHs — cHrHadn WR/RD=1 u CS=1. [locsie BbINONHEHHs 3STHX
onepauHii BxopHas HHbopMauHs depes YBB npofiner B HakonuTteap H 3anHILETCH
B BbIOpaHHyl0 siefiky namsTH. JIast oGecnedeHHsi pexHMa XpaHeHHs! NOCTATOYHO
nogath curHa’l CS=0. PexuM CUHTHIBAHHSI peasIH3yeTcsl aHaJOTHYHO DEXHMYy 3a-
MHCH, HO NpH SHayeHHH cHruala WR/RD=0.

TunoBast cxema II3Y oranuaerca or O3Y orcyrcreHem Bxomop ansi HHpopMa-
IHOHHBIX CHrHaJIoB,

Crnenyer 3aMeTHTb, Y4TO CHrHaJH Ha BXOQaX H BHXoAax Mukpocxem O3Y m
I3Y Moryr OHTb mnpeacTaBJeHH CBOHMH MNpsSIMHIMH SHAYeHHsIMH, KaK, HanpuMep,
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Puc. 1.3. Ctpykrypa mMukpocxems O3Y ¢ oaHOpaspsinHOR opraHH3auHeih

B BBIIENDHBEJEHHOM pPacCMOTPeHHH, Tak H HHBepPCHHWMH. B ciyuae HHBepcHore
MpeaCTaB/eHHs] CHrHa/la ero aKTHBHOe COCTOfHHe H3MeHsieTcsi Ha ofpaTHoe, Ha-
npumep, npu WR/RD=0 Gymer ocyuiectsieH pexHM 3amucH, a npn WR/RD=1—
DeXHM CUMTHIBaHHSA. AHAJOTHYHO NPH cHrHanze CS=0 Gyaer ofecneder goctyn K
MHKpOCXeMe, a mpH CS=1 MHKpocXema GOyleT HAXONHTLCS B DEXHMe XPaHEHHS.

CTpykTypn ¥ GYHKUHOHANbHBE Yy3JH MHKpocxem cTatHueckux O3Y. Bapuaur
TOCTPOeHHS1 MHKpocxeMbl cratHueckoro O3V ¢ onaHOpa3psiAHOA OpraHH3auHell NpH-
BefeH Ha puc. 1.3. Ilns npumepa BhiGpaHa CPaBHHTENbHO HECJOXHAss MHKpOCXeMa
K561PY2 emxoctbio 256 6ur. CTPyKTypHasi cxema BKJIOYaeT MAaTpHLY HaKOMHTeJs,
AelwHoppartopsl Kojga ajapeca cTPoK Aj.. Ay (Ao — maapwufi paspsan) u cronbuos
A; .. A,, xmoun BHGOpa cTon6uOB H YBB. PexuMOM MHKPOCXeMBb yNpaBJsiOT CHI-
naas WR/RD u CS.

Marpuna HakonHrens comepxut 256 3JeMeHTOB MaMATH, PACMOJOXKEHHbIX Ha
nepeceuenusix 16 ctpok u 16 cron6uos. Kaxawit OI1 npeacrasiser co6ofi craTH-
geckufi tpurrep Ha KMJII-tpansucropax (puc. 1.4,a): VT1, VT2 —c n-kananams,
VT3, VT4 —c p-xananamu. Tpurrep nmeer aBa napacdasHHX COBMEIleHHHX BXOAa-
Bbixofa. C paspsaanbivu wHHamu PII; u PII, Tpurrep coeanHeH uepe3 kJioyeBble
tpansucTopu VTS5, VT6. Ilo paspsaHubM IUMHaM K TPHrrepy NONBOAHTCH MpH 3a-
NHCH M OTBOAHTCS OT Hero NpH CYHTHBAaHMH HHPOpMalUHs B NapacasHoft ¢opme
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Upp Puc. 1.4, OyHkumoHasbHHe Yy3aB
KMJIII-mukpocxem O3Y:

a — 9/1eMeHT  NMaMSATH; 6 — BHIXORXHON
(224 YCHAHTENb-HODMHPOBaTENb; 6 — BXOAHOA
244 HHBepTOp

ﬁVTS LE r-l)}_lii_ri

24 vre
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npencrasiedns; no PII; — cBoum npsamuim 3Hauenuem, no PIlly — uxsepcHnm. Kato-
9eBHe TPAH3HCTOPH 3aTBOPaMH COefHHeHH c ajpecHoft muHOR (cTpokofi). B pe-
JKHMAX 3aNHCH M CYHTHBAHHA NpH BO36YyXIEHHH CTPOKH CHrHasoM BHGOpkH X;=I,
CHHMaeMBIM C BHIXOa JellHppaTopa afpeca CTPOK, KJlOYeBble TPAH3HCTOPH OTKPH-
B3IOTCA H NMOAKJIOYAIOT TPHITep K pa3psaHeiM wheaM. [Ipu curaane X;=0 kJove-
Bble TDAH3HCTOPHl 3aKPHITBl H TPHIrep H3OJIHPOBaH OT PA3PSAHBIX LIHH.

HOns coxpaHeHHs COCTOSIHHSI TPHITEpa H, CJELOBATeNbHO, 3aNHCAHHOA B Hero
HHOOPMALHH HeOOGXONHM HCTOYHHK MHTAHHS, NMOCKOJbKY CTaTHYeCKHA TpHITep SHep-
ro3aBHCHM. B o0fHO H3 1BYX COCTOSIHHA, B KOTOPHIX MOXET HaXOJHTbCH TPHITeD,
€ro NPHBOAAT CHTHAJbl, MOCTyMaiolllHe MO pPa3psSAHbLIM IIHHAM B DPeXXHMe 3aMHCH:
npu D=1 (PlI;=1, PlIy=0) rpausucropst VTl, VT4 orkpshal, a VT2, VT3 3a-
«puiThl, npy D=0 (PII,;=0, PIls=1) TpaH3HCTOPbl CBOH COCTOSIHHS H3MEHSIOT
H#a o6paTHHe. B pexxHMe CUHTHIBAHHA pa3psifHbHE WHHH TPHHHMAIOT MOTEHIHAJH
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BHIXOMOB TpHrrepa, MepefaBasi uxX 4epes YBB Ha Bmxos MuKpocxemn DO, DO. Ipn
CUHTHBAHHM HHGODMALHs He pa3pyllaeTcs, T. €. COCTOSIHHS TPHITEPOB He H3Me-
HAIOTCS.

OcoG6enHocts KMIIT-Tpurrepos 3akJjiouyaercs B TOM, YTO B peXHMe XPaHeHHf
OHH noTpebAAIOT HE3HAYUTEJIbHYI0O MOILHOCTb OT HCTOYHHKA MHTAaHHA, TAK Kak B
J1I060M COCTOSIHHM TDHITEPa B TOA HJIM APYrofl ero MOJNOBHHE OAMH H3 TPAH3HC-
TOpOB 3aKpHT. B pexHme o6pauieHusi K MHKpOcXeMe NpH 3aNHCH MJIH CYHTHIBAaHHH
TPaH3HCTOPH MepeKII0YaloTCH, Yepe3 HHX NMPOTEKAalOT TOKH, 4To 06yCJOBJHBaeT 3Ha-
9HTe/bHOE MOBHIIUEHHe moTpebJsieMoAi MouwHocTH. KpoMe TpHrrepoB B CTPYKType
MHUKpDOCXeMbl B DeXXHMe oGpallleHHS K Hefi mepek/aIoyaloTCs 3JEMEHTH JeluHdparo-
poB, YBB, nostomy ypoBenb ee 3HepronorpeGJeHHs Bo3pacTaeT Ha [ABa-TpH MO-
pAnKa.

B GosbumHcTBe MHKpocxeM namsitH YBB comepXHT BHIXOAHOA KJ/iO4eBOA YCH-
JiuTeNb-POpMHPOBATEIb, CNOCOGHHA NPHHHMATb TPH COCTOSIHHA: ABa (YHKIIHOHAJb-
HHX HH3KOro H BHICOKOrO YPOBHS H OQHO BBICOKOOMHOe, 0GO3Hauaemoe Z-COCTOSIHH-
eM. B 3TOM COCTOSIHHH BBIXOJ MHKPOCXeMB MNPAKTHYECKH OTKJIIOYeH OT BHeluHed
uenx. [Ipumep TaKoro ycHJHTeNss npuBeaeH Ha puc. 1.4,6. Ero cxema cocTour H3
HHBepTOpa Ha TpaHaucropax VTI, VT2, asyx kiioueBbix TpaH3aHcropos VT3, VT4,
o6ecrnednBaOLIHX DeaJiH3alHI0 Z-COCTOSHHSl BHIXOAa, a TaKXe JIOTHYeCKOro 3JeMeH-
ta DD2, Ha Bbixose Koroporo (opMHpyeTCs CHrHa/l ynpaBjeHHs peXKHMOM KJalouefi

CS+WR/RD. Tlpu CS=1 mm WR/RD=1 o06a KM09a 3aKDHTH H BHXOA HAXO-

mutcs B Z-cocrosiud. Tonbko npH ycnoBu CS=0 u WR/RD=0 KJIOYH OTKPHTH
H CXeMa BBINOJIHAET CBOH (YHKUHH HHBepTopa, nepeaasass Ha Bbixog DO MHKpO-
cxeMbl HH(ODMALHIO, CYHTAHHYIO- C BHIGPAHHOrO 3JIEMEHTa NaMsiTH. B HEeKOTOpPHX
KMIII-mukpocxemax, Hanpumep B KP537PVY3, B cTpPyKType BHIXOXHOro YCHJHTe-
aa-popmupoBarenss Bmecte ¢ MJIII-TpaHsucropamMn npHMeHeH GHNONSIPHBIA TPaH-
SHCTOD AJisl YBeJIHYEHHS Harpy3o9Hof CIocoGHOCTH BHXOAA.

Hannune y MHKpOCXeMBbl BhIXOAa ¢ Z-COCTOSIHHeM N03BOJeT OGbeNHHSTb ee
HHGODPMALHOHHBE BXOA H BHIXOJ H MOAK/IIOYATL HX K OOLlefi WHHE, Mo KOTOPOH
HHOOPMalHs NMOABOAMTCA K MHKPOCXeMe H BHIBOAMTCS M3 Hee, YKasaHHas BO3MOX-
HOCTb OCHOBaHa Ha TOM, YTO B JIoCOM peXHMe BXOJ4 H BHXOJ MHKDOCXeMH OKa-
3HBAlOTCS B3aHMHO DPa3BA3aHbl, Kak 3To cJjeayer H3 Taba. 1.1, H He BJHAIOT HA
COCTOSIHHA Apyr apyra. B ykasanHoh TtabJiHLe HCTHHHOCTH MHKpocxemn K561PY2

Ta6auna 1.1. Ta6aHua HCTHHHOCTH MHKpocxeMn K561PY2

cs WR/RD Ay...A, DI DO PexuM paGoTnl

1 X X X Z XpaHenne

0 1 A 2 3anuch AaHHBIX

0 0 A X D, D |CunthBanne naHHHX npsa-
MbIM H HHBEDCHHM 3Hade-
HHeM

MprMeyanue X — npoussonbHoe cocrosiame (0 mam 1).
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npHBeAEHH YCJNOBHA peajHSalHH PeXHMOB paloTH MHKPOCXeMbl: XpaHeHH#, Sanh-
CH JaHHBIX, CIHTHBAHHA AaHHHIX. )

Mukpocxemn Ha MJTII-tTpaHsucropax J060ro THma 4YYBCTBHTEJbHW K Bo3jef-
CTBHIO CTaTHYeCKOrO 3JeKTPHYECTBa H3-32 BHICOKOrO BXOAHOro conporTHsjeHus. [la-
XKe KpaTKOBpeMeHHOe MOBHIUEHHe HANMDAXKEHHS Ha BXOAe C HEJNOMYCTHMO BHICOKHM
YPOBHEM MOXeT BH3BaTb SJIEKTPHUECKHHA NpoGoA TOHKOro C/os MOASAaTBOPHOrO AH-
syeKTpHKa. [l 3alUHTH OT BPERHOrO BO3AEHCTBHSA mNepeHAaNpPSKEHH Bce BXOAL
MHKDOCXeM 3alHIIeHH HHOJAHO-PE3HCTHBHHMH UeNsMH, BCTPOGHHBIMH BHYTPb KPHC-
Taana (pHc. 1.4,6). 3aHTHHe UENH MOCTPOEHH MO CXeMe MOCJAeA0BaTeJbHOro CO-
eauHeHHs Asyx awogoB VDI, VD2 wu rokoorpaHuussalomero pesucropa R. Ot
BO3JeficTBHA BHICOKOrO MOJNOXHTEJbHOrO MOTeHLHaJa Ha BXOAe 3allHINaer XHOA.
VD1, koTopufi OTKPHBaeTcsi NpH NpeBHIIEHHH BXOAHHM MOTEHIHAJOM €ro MOpora
H QHKCHPyeT 3TOT MOTEHUHaJ] HAa AOMYCTHMOM AJI8 MHKPOCXeMH YPOBHe, T. e. H¥
YpOBHe HanpsKeHHs NHTaHHA. AHajloruuHo cpabarwsaer auox VD2 npu nossie-
HHH Ha BXOAe OTDHUATENBHOrO MOTEHLHAJla C yPOBHEM, MPEBHLIAIOLMM MOPOr OT-
nupaHua auopa. IIpH oTkpuBaHuu awox VD2 orpanHYHBaeT OTPHLATeJbHHR mno-
TeHuHas Ge3onmacHHM AJ1 MHKPOCXeMH ypoBHeM | B.

Ilpn oGpaumenHn x MHKpocXeMe AJA SamHCH OAHOro OHTa cjeayer MNOABECTE
BHopmanHoHHHA cHruan ko Bxoay DI, moaate kop ampeca AfA,... A;}, paspemaio-

muf carian CS=0 u curuan WR/RD=1. TIpn yKa3saHHHX COCTOSIHHAX CHCHAJAOB
ynpaB/ieHHs B NP4 HANHUHH CHTHAJIOB ajpeca B HakomHuTene Bo3ByxpaeTcss CTPOKS
X;, Bu6paHHas aewndpaTopoM Koja ajapeca CTPOK, H OTKPHBaer AOCTyn no pas-
PAAHBIM INHHAM KO BCeM 9/ieMeHTaM NaMATH AaHHOA cTpokH. OnHOBpeMeHHo BO3-
Gyxpaercss OaMH H3 BhxopoB Y; memnpparopa Kosa aapeca cron6uos. CurHan HS
STOM BHXOfe AemH(ppaTopa oTKphiBaer B Gaoke kmodefi BuGopa cronbua TpaHsHc-
Topal VTyo, VT H KOMMYyTHDYeET TeM caMuM BHGpaHHHA cTonben Ha YBB. Iloctym
K paspAfHHM IUHHAM 3TOro croJbua co cropoHn YBB o6ecneunBaer curuan CS=0,
xoTopuift oTkpuiBaer kamoun VTO n VTI. Hacrpofiky YBB Ha npuem nH$OpMaumoOH-
HOro cHrHaja co Bxoma DI ocymecrsaser curian WR/RD=1. OGpailienne k MHK-
pocxeMe AJIA CYHTHBAHHS MPOHCXOZHT AaHAJOrHIHO, HO npH cHrHase WR/RD=0.

Mukpocxemu crathyeckux O3Y c opHopaspsaHoRf opranu3audefi mpeoGaafaioT
B COBpeMeHHOM HOMeHKJaType MHKpocxeM naMsaTH. BMecte ¢ Tem Bce Goaburee
pa3BuTHe MoJayyaloT MHKpocxemMdl O3Y co chosapHoft oprannsauuef. IlpuHuum
MOCTPOEHHS TAKHX MHKpOcXeM paccMOTpHM Ha npumepe KP537PV8 (puc. 1.5).

Mukpocxema umeer opranndaumio 2KX8 6ur (6yxksoii K o6osnawator uHCJO;
paBHoe 2'°=1024) u, cJefoBaTeNbHO, AOMYCKAaeT 3aMHChb MJH CYHTHBaHMe HHGOP-
MallHH BOCbMHDA3pAAHHMH caoBaMH (Gaftramu). HHdopmauHOHHHe BXogn H BH-
XOAH COBMellleHH, [103TOMY COOTBETCTBYIOUIHE BHBOAH MHKpocxeMnl 006Jafaior
CBOACTBOM ABYHanpaBJieHHOA NPOBOXHMOCTH, JIpyras ocoGeHHOCTb MHKDOCXEMH CO-
CTOMT B HaJHYHH Yy Hee [NOMOJHHTEJBHOrO BXOAa AJSl CHI'HaJa YNpaBJeHHS COCTOSA-
HHem Buxofa OE.

CTpyKTypHasi cXeMa BKJIOYaeT MATPHIy HaKONMHTeas, cofepxaiwyio 128X128
9M1eMEHTOB MaMATH, DEerHCTPH AJsi BPeMEHHOro XpaHeHHs KORa ajapeca, neinudpa-
TOPH KOAOB ajpeca CTPOK H CTOJGLOB, YCHIHTeNH 3aMHCH-CIMTHBAHHSA, YCTPOACTBO
BBOJa-BHBOJAa H YCTPOACTBO ympaBJeHHA. DJEMEHTOM MaMATH SABJsETCH CTaTHYe-
ckufi KMITII-Tpurrep, cxema KOTOpOro npHBeaeHa Ha pHc. 1.4, 4.
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Puc. 1.5. Crpykrypa mukpocxemn O3Y co cioBapHoRt oprannsauxeft

Kaxpnas cTpoka HaKonuTens cOfepXHT 16 BOCbMHPa3pAAHHX sYeeK NaMATH,
9TO MO3BOJIAET B OAHY CTPOKY 3anucath 16 Gafr. BuGopka Il npoussoaurcs ax-
pecHHM KomoMm Ajg..Aq TaK, 9TO ceMb €ro crapuux pa3psinos Ay .. A, BuGHpaloT
CTPOKY, a ueTnpe MJAammHX Aj..A, BHOHpaloT sivefiky nmaMsATH B STOR CTPOKe.

Hudopmauns BOCBMHDA3PSAAHLIMH CJI0OBAMH 3aMHCLIBAGTCA H CYHTHBAeTcs NO
COBMellleHHHM JABYHanpaBJeHHHM BXoAaM-BuxoaaM, oGosHadeHHnM DIOy...DIO;.

Vnpasrenne pexMMaMH DaGOTH MHKPOCXeMbl OCYUIECTBARIOT CHrHanaMmH CS,
W_R/RD, OE B coorsercTBun ¢ Taba. 1.2. Curuan paspellienHs BHXOma, T. €. CUH-
THBaHHA, OE CylWeCTBEHHO pACHIHDSET BO3MOXHOCTH MO ynpaBJieHHI0O MHKpocxe-
mofi B mpouecce ee paGoTH. OT COCTOAHHS 3TOro CHrHaja 3aBHCHT peXHM BbHBOAA
HHOpMaUHH: npH OE=0 Buxoan OTKPHTH AJsl CIHTHBAHHS MHHODMAUHH B LIHHY

AaHHHX, npH OE=1 BHXOAW HaXOAATCH B Z-COCTOSHHH H, C/IEAOBATENbHO, HECMOT-
pA Ha HanHdHe Bcex HeOOGXOAHMHIX IJA CYHTHIBAHHA CHrHaloB HHQopMauus BhiBe-
ZeHa GHITb He MOXET.

AHaJIorHYHbHEe CTPYKTYPHHE CXeMbl HMelOT H MHKpocXeMh mnamsth Ha nMJII-
Tpanaucropax. MHoro ofwero y Mmukpocxem namsath Ha KMITII-rpansucropax u
nMIII-Tpansucropax B peanusauun ¢yHKuuoHanbHux ysnos. Ha puc. 1.6 npuse-
ZeHh CXeMOTeXHHUeCKHe pellleHHsi, XapakTepHe aas nMJIII-mMukpocxem craTHde-
ckux O3Y, B gacTHoOCTH, MHKpocxeM cepun K132,

VYcunurenp-unseprop (puc. 1.6,a) BKJIlOYeH B leMmH BceX BXOAOB MHKPOCXeMH
naMATH: HHGODMAUMOHHHX, aAPecHHX M ynpasasiowux. Ero cxema cocTOMT M3 HH-
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Ta6auua 1.2. TabAHUA HCTHHHOCTH MHkpocxemu KPS37PY8

cs OE WT?'/RD A Ay DIQ,...DIO, Pexum paboTm
1 X X X Z XpaHeHue

0 X A Do...D; |3anuch naunmx

0 1 1 A Z Urenue Ge3 Boiaayu
0 0 1 A Do...D; | CunrniBanue

Bepropa Ha aByx TpaH3uctopax VTI, VT2 H 3alMuTHOM pe3HCTHBHO-TPaH3HCTOPHOA
ueni R—VT3. Oxpaunueift Tpanaucrop VT3 CcBOHM nepexosoM CTOK—MOAJIOXKA
npegoxpaHser BxoJ TpaH3nctopa VTl or geflcTBHs cTaTHYecKOro 3JjekTpHyecTBa H
3alllHuUIaeT ero OT Pe3KHX OpPOCKOB HanpsieHHA csoeii BXogHo# emxkocTbio, 06pa-
syloweR ¢ peaucTopoM R HHTErpHpPYIOLLYIO LENOYKY.

Paccmorpennnit ycuantenp o6sagaeT BHICOKHM ObicTpofefictsuem 6Jaroaaps
Bu6OpY pauHOHa/NbHOro pexHMa ero paGoThl H BBefeHHIO CMEUICHHS [OAJIOXKH
©OTPpHLATEAbHBIM HanpsukeHHeM Ucu=—2,7 B. PexHM YCHJAHTens BO MHOrom ompe-
@meNeH COCTOSHHEM HarpysouHoro TpaHsucropa VT2, Hmeioliero BCTPOEHHHH 7n-Ka-
Hajl. 3TOT TPaH3HCTOP HOPMAJbHO OTKPHT, M NpPH BHKJ/JIOYEHHH TpaH3HcTopa VTI
OH NepexojHT B pPeXXHM reHepatopa ToKa, obecrneauBass OBCTPHA 3apAj BHXOAHOM
eMKocTH, [Ipn BKkaloveHun tpan3ucropa VTI ans BhiXOAHOM eMKoOCTH co3jaercs
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Puc. 1.6. ®yHkunoHaabuHe y3au nMITT-mukpocxem O3Y:
a — sxonnoft HHBEPTOD; 6 — sneMeHT NMaMATH, 8 — YCHJIHTE/b 3ANMHCH-CUHTHIBAHHN
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HH3KOOMHAs Liens pa3psia yYepe3 3TOT TPAHIHCTODP, HTO MO3BOJISET CYyLleCTBEHHO
COKDaTHTb W BpeMfl paspsaaa emkocTH. OTpHLATesbHOE HanpskeHHe CMelleHHA NOA-
JIOXKKH YMEHbUIaeT MOPOr BKJIOYEHHsl TPAH3HCTOPOB H CHHXKAET YPOBEHb TOKOB
yTeykH BHYTPH KpHcTaina. 3To HanpsxeHHe OPMHpYeT BCTPOEHHHA B KPHCTaAA
npeoGpa3oBaresib B3 HanpfAxeHHs nHranua 5 B.

DyHKUHMM 3/MeMeHTa NaMATH BLITIOJHsET CTaTHYeckHil rtpurrep (puc. 1.6,6) na
gerbipex TpaHaucropax VT1—VT4 n paayx kJlouesblx Tpausucropax VTS5, VT6, 3a-
TBODHl KOTOPHIX CO€JHHEHbl C AaAPecHOX UIIHOH, a CTOKH C Da3pAAHBIMH LIMHAMH.
[Ipu Xi=1 kJaioueBble TPAH3UCTOPHl OTKPHIBAWTCA M NOAKJIIOYAOT TPHITep K pas-
paaHbLIM WwuHaM. [IpH 3anMcH paspsmHble WIHHLI NEpPejaloT cBON MNOTeHUHaJa Y3Jo-
BbiM eMKocTsiM C M ofecrmedyHBalOT mnepekJIOYeHHe TPHUITEPa B COCTOsIHHe, COOTBET-
CTByWOllee 3anHchiBaeMoil HWHpopMauuH. AHanorHyHo o6pauwenue x III npoHcxo-
AMT M NPH CYHTHIBAIIMH, TOJbKO Temepb TPHITEp MepefaeT CBOA MOTEHLHan paspsal-
HBIM IIHHAM,

Oranuntenbuoit ocobennoctbio nMJTI-MHKpocxeM naMsATH fABASETCA HaJAHIHE
B KaXaoM cToabue ycHAHTENS! 3aNHCH-CYHTLIBAHHMSA TPHITepHoro thma (puc. 1.6, 8).
Yeuaurens ynpasssercs BHYTPEHHHM CHrHajdom F: npH ero noctynjieHHd TpPaH3HC-
Top VTS oTKphHiBaeTcs M ypaBHHBAaeT NOTeHLHAaJbl ABYX BXOAOB-BbIXOAOB TPHIrepa.
B 3TOM COCTOHT NMOArOTOBKA YCHAHTeAs K npHeMy HHpopmauuH. [IpH cuMTHBaHHH
HHpopmaunn c Bei6panHoro Il Ha paspagubix wuHax PII, w PII; cospaerca
aCHMMETpPHSI MOTEHLHAJNO0B, KOTOpas OKa3hiBaeT BO34efiCTBHEe 112 COCTOSHHe mJed
YCHJIHTeJS, MOAKJIOYEHHOrO K 3THM WIKHaM. B MomeHT cHaTHa cHriaaa F, koraa
TpaHauctop VTS5 3akphiBaercs, BHOCHMas LIHHAMH acHMMETDHS MNOTEHUHA/O0B oflpe-
Je/isleT COCTOfIHHE, B KOTOpOe Mepek/JIOUHTCs TpHrrep. B peayabrate caabuifi HH-
tdopMauHOHHBI CHTHAJ, ModyueHHbIA ¢ Bbixoga DII, ycuauBaeTcss W nepegaerca B
YBB.

Ycuautenb cocTaBAeH H3 TPAH3HCTOPOB, HMEIOUIHX MO CPaBHEHHIO € TPaH3HCTO-
pamu JI1 Gonee BbicOKHe YPOBHH AOMYCTHMHX TOKOB. OLHOBPeMEHHO C YyCHJeHHeM
CYHTHIBAEMOTO CHMHAJa TPHITep-yCH/AHTeNb MpPeAOTBpallaeT BO3MOXKHOCTb paspylle:
HHA HHPopMmauuy B BbiGpanHoM 3I1 TeM, YTO BocCTaHaBIMBAeT 3apaf y3JOBHX eM-
KocTeft TPHIrepa — 3JeMeHTa HaMATH.

B Hekotopblx MHKpocxemax, HanpuMmep B KP132PY6, KMI132PY10 u pnp., sxe-
MEHT MaMATH BHIMOJHEH HAa OCHOBe TPHITEPa, Yy KOTOPOrO BMECTO HAarpy3ouYHBIX
Tpan3ucTopoB copMHpOBaHH BhicokooMHbe (mo 10° Om) pesucropn. Ilpu Takoft
TeXHOJIOTHH yaaercsi obecneyuTb GoJsiee BLICOKHMH ypOBeHb HHTerpalHd H, cjenoBa-
TeJbHO, GOJbIIYI0 HH(POPMALHOHHYIO eMKOCTb MHKPOCXeMbl MaMATH MPH yMeHblie-
HHH noTpebsisieMOH MOUHOCTH B PeXHME XpaHeHHS.

Crpykrypa GHnoasipHeix MHKpocxeM O3Y cooTBercTByer pacCMOTPEHHOMY TH-
MHYHOMY BaPHAHTY MOCTPOeHHs. DJeMEHTOM MaMATH siBAsfeTcs B GONbLIHHCTBE MHK-
pocxeM CTaTHYeCKHR TpHrrep Ha deThipex TpaH3ucropax (pHc. 1.7,a), omuH H3 KO-
TOPHX B KaXAOM nape CIyXHT HHXKeKTOpOM 3apspa: Tpansucrop VT3 ans tpan-
sucropa VT2, a VT4 aaa VTI. JIByXaMHTTepHHIMH TPaH3HCTOPAaMH yNpaBJsIOT CHr-
Hanu, npHxoasuHe no aapecHofl X, u paspaaubim Plll,, PLI, wunam. Ilpn X,=0
TPHITED HaXOAHTCA B peXuMe XpaHehus, a npH X;=1, korpa 3akpuBaloTca o6a
SMHTTEPHBIX Mepexona, NOAKIIOYeHHBIX K ajpecliol LIMHe, COCTOAHHE TpPHrrepa cra-
HOBHTCS 32aBHCHMBIM OT IOTEHLHaJoB pa3psanHbix WHH., TakuMm obpasom II1 oka-
SHIBaeTCs MOATOTOBJEHHBIM JJS CYHTHIBAHHA HJAH 3amHCH Oura HHpopmauHH.

21



Puc. 1.7. OyHKUHOHANbHBEIE Y3/ GHNONADHHX MHkpocxeM O3Y:

a — snement namards HHUJI; 6 — snement namaty TTJI; 8 — HABEPTOP € TPEMA COCTONHHAMMH BH-
xo0na; 2 — sxonHoft GOpMHPOBATEND; O — HHBEPTOP C OTKPHITHIM KOJMJEKTODHHIM BHIXONOM

MNpx cunthiBaHMM 06e paspsfHble WHHH HMelOT HU3KHA noreHuHasn, IToaromy
COCTOAAHHS TPAaH3HCTOPOB H3MEHHTbCA HE MOTYT: TOT H3 HHX, KOTOPHAi OHJ OTKpPHT,
OTKPHTHIM H OCTaHeTCs, MOCKOJbKY HJA Hero yCJOBHA TOKOMpPOXOXJEHHS He H3Me-
aunnce. Tak cocrosuue I nepepaercs B paspsaHble WHHH U uepes HUX B YBB.

MNpu sanuch 6uT uHGOPMALHH NONBOAMTCA K TPHITEPY NO DA3PAAHHIM LUIHHAM
B napadaskofi ¢opme: no PILI, —cBoum npambniM 3HauenueM, no Pl — uusepec-
HBIM. ACHMMeTPHsl B NMOTEHLHA/aX WHH BHI30BET llepeKnioueHHe TPHITepa B COCTOSA-
HHe, oOnpejenseMoe MNOTeHUHAJaMH LWIHH: H3 AByX TpaHsucropos VTl u VT2 or-
KPOercsl TOT, LIHHA CO CTOPOHB KOTOPOro MMeeT HH3KHA MoTeHLHaJ.

Ipyrofi BapHaHT TpHrrepa, npHMeHfeMoro B GHMOJNADHEX MHKpPOCXeMax na-
wMATH B KadecrBe OII, npusesen Ha puc. 1.7, 6. Oco6eHHOCTbIO cXxeMbl ABJAfieTCA Ha-
JM9YHe HeNHHefHHX JHOJAHO-De3HCTHBHHIX Harpy3ok B NJedax TpHrrepa, obecmedH-
BAOUIHX NOBHLIEHHe ero GHCTpoAeACTBHS.

BxonHbne H BHXOAHBlE YCHAHTeNH-GODMHDOBATENH MOTYT OHTbL peasM30BaHH
na ocHose TTJI- uau TTJII-anementoB, a Takke ICJI-3ieMeHTOB HJAH KOMOHHA-
uun snementos SCJI—TTJI. Bapuant BXogHoro ycuiurteds co cxemoft SCJI-TTJI
npusefed Ha puc. 1.7,2. [IpeumyuiectBoM 3Tofi cxemn nepex cxemaMu Ha TTJI-
s/leMeHTax sABAAeTcss Gojiee BhHICOKOe OhicTpopeficTBHe, 0Oyc/oBJieHHOe OrpaHHYeHH-
eM HacHillleHHs TPaH3HCTOPOB H HCMOJIb30BAHHEM peXXHMa HX MNepekJIO4eHHs MO
ynpasJ/ieHHeM TOKa, 3HauyeHHe KOTOPOro He 3aBHCHT OT BHelUHEero CHrHaja.

Buixoaibie ycHAHTenH-popMHpOBaTesNH MoryT OBITb MOCTPOEHH Ha 3JeMeHTax
C ABYMS COCTOSHHAMH — HH3KOrO H BHICOKOI'O YPOBHf, C TpPeMfi COCTOSAHHAMH —
HH3KOro, BHICOKOrO ypoBHf H Z-coctosHueM. Ha puc. 1.7, ¢ nokasar TTJI-uxoa-
HOMl YCHJMTeNb C TpeMA COCTOAHHAMH. [lasa oOecnedenHs Z-COCTOSHHA B CXeMy
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cnoxHoro TTJ/I-nHBepTopa BkiloueHn AHoaw VD1, VD2 n 1pansncrop VT2. Buyr-
peHHuft curHan V, KoTopufl ynpaBisieT mepexoaOM cXeMH B Z-COCTOSIHHe, (OPMH-

pyerca suemnnmn curnasamu CS u WR/RD: V=CS-WR/RD =CS+WR/RD. Orcio-
JAa chaeflyeT, 9TO TOJBKO NMpPH HAaJHYHH CHTHaJa CS=0 u curnana WR/RD =1, IpH
Kotophx V=0 u TpaHsHcTop VT2 3aKpHT, BHXORHOR YCHJHTeJNb BHIMOMHAET (YHK-
aHio nmepenadn (¢ HHBepcHell) cHrHanoB co Bxopa Ha BmxoA. Ilpu apyrax xoMmGu-
HalHAX YKAa3aHHBIX CHrHAJNOB BHIXOJ YCTAHaBJHBAeTCA B Z-COCTOSIHHe, NOCKOJbKY
cHrian V=1 orkpuBaer auoan VDI, VD2 u tpaHaucrop VT2 M TeM camum IIyH-
THpyeT BXoAn TpaHsucropoB VT3 u VTS5, 3akpHBasg 3TH TPAH3HCTOPH, a 3HAYHT,
@ tpan3ucrop VT4,

B cxeMe BLIXOAHOrO YCHJIHTeNA ¢ OTKPHITHM KOJIJIEKTODHHM BBIXOAOM (pHC.
1.7,3) orcyTcTByeT Harpy3ka B LenH KoJJjekropa TpaHsHcropa VT3. Buxoan Muk-
POCXeMBl C OTKPHTHM KOJMIEKTODOM MOXHO COCNHHATh C MONKJIOYEHHEM K TOUKe
COeHHEeHHs , HaNPAXKEeHHA MHTaHHs depe3 TOKOOrpaHHW4YHBaloWluit pesncrop. Cheayer
OTMeTHTb H TaKoe MOoJie3HOe A/ MPAKTHKH CBOAICTBO OTKPHTOr0 KOJJIEKTOPHOrO Bhi-
X013, KaK Bo3MOXHOCThL conpsxenns Mukpocxem TTJI u KMIII npu ux cosmecr-
HOM NIDHMEHEeHHH.

Mukpocxemn namaTh Ha ICJI-3/eMeHTax MOryT HMeTb BBIXOAM C OTKPHTHIM
smuTTepoM. B GonbwnHcTBe cnydaeB Takoft BuXon o6pa3yer cxeMa 3IMHTTEpHOroO
fioBTOpHTe 1t Ge3 pesHCTOpa HArpy3kH. MuxpocxemaM ¢ OTKPHITHIMH 3MHTTepHBIMH
BLHIXOJlaMH MNPHCYLLH Te XKe OCOGeHHOCTH, YTO H MHMKPOCXeMaM C OTKPHITHIMH KOJ-
JIEKTOPHHIMH BHXOJ2MH.

CTpyKkTypnl ¥ GyHKUHOHANbLHBIE y3abl MHKpPOCXem AxHamuueckHx O3Y. Tunuu-
MHA BapHaHT peaiiH3aUHH MHKPOCXeMn AHHamudeckoro O3Y mpeficras/iieH Ha pHC.
1.8 cTpykTypHOfi cxemoil, mpHHaAnexallell MHkpocxeme KS565PY6 wuHpopmauuoHHoR
emkoctblo 16KX 1 6ur. B cxemy BXoAsT MaTpHua HaKomuress, cogepxawias 16 384
97IeMeHTOB NMaMATH, KOTOpHeE Pacno/joxeHH Ha nepecedeHHsX 128 crpok # 128 crtoal-
uoB, 128 ycuaHTenel CYHTHBAHHA H pereHepauHH, pewHppaTopH Koaa ajppeca
CTPOK H cToa6loB, ycTpoHCcTBO BBOJa-BHBOAA, YCTPONCTBO YNpaBJieHHA H ajpec-
auflt perHerp.

MartpHua HakonHMTens pasfiesieda Ha ABe 4YacTH no 64X64 JII1 B kaxnaoA.
Mexay HHMH pa3MellleHH YCHJHTeNH TaK, 4TO KaXAunf cTonGel OKa3nBaeTrcs coO-
CTOAMMM H3 JABYX CEKUHAl, MOAKJIOUEHHHIX K PasHHM NJjedaM ycHJautens, dparment
$YHKUHOHAABLHOM CXeMH MaTPHLH HAKONMHTe/s nMoka3aH Ha pHc. 1.9.

Onemenr namATH (puc. 1.10) cocTOMT H3 3anoMHHaioulero KoHgencatopa Ci H
xaiodesoro tpaHsuctopa VT Ilpn HanHuHH Ma aApecHOA IWIHHe CTPOKH CHrHaza
Xi=1 knioueBofi TPaH3HCTOD OTKPHBAaeTCA H MOAK/TIOYaer KoHAeHcatop C;; K pa3-
panHoit wuue. ITpenpaputenbuo emxoctH noiaywHH Cpya H C ;g 32pANKAIOTCA HC-
TOYHHKOM Hanpskenus U, 4epes oTkpbiThle TpaHsucropw VTS u VT6. Ipu ofpa-
flleHHH K HAKOMHTEMIO 3TH TPAaH3HCTOPH 33KPLIBAIOTCA M H3ONHPYIOT MOAYWHHW A,
# B, or HcrouHuKka HanpsKenus U,

3anomuHaouHA konnaencatop C; BuGpansoro 3I1 noakaiodaercs depes oT-
wpuThfi TpaHsucTop VT, k moaywmse A; H u3MeHser ee norenuuast. Oguako STO
H3MeHeHHe He3HAUHTENbHO, TAK KAK eMKOCTh KOHJAEHCATOPa MHOI'O MeHblle eMKOCTH
uiree. [ToaToMy AnA HHAMKAUHMH MadoOro H3MEHEHHs MOTEHUHA/Ja UIHHH MPH CYHTH-
8aHHH HHPOPMALUNH NPHMEHeH BHICOKOYYBCTBHTENbHWA au(depeHuHaANbHHA yCHIH-
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Puc. 1.8. CTpykTypa MHKpocxeMu gHHaMudeckoro Q3Y

TeNb TPHrrepHoro THna Ha rpau3ducropax VTI—VT4. Ycuaurenn nMelorcs B Kax-
AoM cTos6ue, H BKJIOYeHB OHH B CepefHHY paspfAAHHIX LIHH, KaK MOKa3aHo HA&
puc. 1.8 u 1.9.

Hakonurens nmeer B cBoeft cTPyKType ABe ONOPHHeE CTPOKH, MO ORHOA CTPOKe
B Kaxpaofi noaymatpuue. Ha mepeceueHnn onopHoft cTpokKM M Kaxpgoro crosnfua pas-
meileH onopHuift snemedT (30). OH ycTpoeH aHAJIOrHYHO 3JEMEHTY NMaMATH H Npef-
HasHadeH MOAMEPXKHBATL ONMOpHoe HampskeHHe Ug, ¢ KOTOPBIM YCHJHTENb CPaBHH<
BaeT MOTEHUHa] MOJNYUWHHH C BHIGPAHHBIM 3/JEMEHTOM MNaMATH. YPOBEHb OMNOPHOro
HanpsKeHHs HAXOAHTCA MeXAY YDOBHSMH, KOTOphie MO:XKeT HMeTb MOTeHuuaJa mno-
JAYWHHH [MOCJe CYHTHIBAHHA 3apsfla C BHIGPAHIOro 3aNOMHHAIOLIEro KOHAEHCATOpa.
IToaToMy npu cpaBHEHHH MOJYYHTCS PaA3HOCTb MNOTEHUHAJIOB MNOJOXHTEJIBHOro HJW
OTPHILLATEJLHOTO 3HaKa H B 3aBHCHMOCTH OT 3TOTO YCHJHTENbL-TPHITEP MNPHMET OJIHO-
H3 JBYX BO3MOXHBIX COCTOSIHHR.

B pexHMe CUMTHIBaHHs MPOLECCH B HaKOlMTeJle MPOTEKAOT B cJeayolledl mo-
cnepoBatenbHocTd. Ecau BuiGpana aas o6palleHHss CTPOKa BepXHeH MNOJyMaTpHLbE
Xi, To cHrHaa crapluero pa3psiaa Ag Koga ajgpeca CTPOK KOMMYTHPYET B CeJNEKTO-
.pe onopHoft crpokr (OC) uenb uepes tpanaucrop VTI2 aas curhana F; k OC,,.
pacnosioxeHHoff B HukHel noaymarpuue. TakiM o6pa3oM, K YCHAHTENO KaXAOro-
13 128 croabuos ¢ pasHux cTopoH noaxJioueHnt 1 B 0. TlockoabKy NOTEHUHAN
noayuwnHsl ¢ SI1 oT/iHYaeTCsi OT OMOPHOro, TO B MPOBOAHMOCTH TPAH3HCTOPOB pPas3-
HBIX MJled YCHJAHTe/NS-TPHITEpPA MOABJACTCS ACHMMETPHS, KOTOpas NPH BKJAIOYEHHR:
NHUTaHHA curHajoM Fs BH3biBaeT oOnpoxkHAWBaHHe TpHrrepa mno mnpeoGaapamouieMy
ypoBHio. B pesyabTaTe Ha Bxoaax-Beixogax A u B rtpurrepa dopmupyiorcs nosiHbe:
¥POBHH HanpsKeHHN, cCOOTBeTcTBYloUIHe cocTosHHAM Jor. 1 u Jaor. 0. Tor H3 cHr-
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Puc. 1.10. BneMeHT naMATH:
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Ha/loB, KOTOpHA OTpaKaeT CYHTHBaeMylo HHopMauuio (B npHmepe Ha pHc. 1.9 —-
9TO CHrHal ¢ mJieya A), KOMMyTHpyeTcss Ha Bxosx YBB uepes Ttpansucropm VT7,.
VT9, VTI0, otkpniBaemble cHrHastamu Ag, Fy u Y. OueBHfiiHO, cuMTaH MoXeT GHTb-
TONBKO OfHH CHrHaa ¢ BHOpaHHOro gemudparopom croabua: Yy=1. ¥ ocTa/lbHHX
cTon6uoB KJjlouesbie TpaH3HcTOpu VTI10 3akpulibl, CurHan F, 3aBucutT or HananuHsa

ciriana CAS (o6 3ToM cHrHaje peub moitleT HHXKE):
curiana Fy He ¢opmupyercs u tpausucrop VT9 3akphir.

CHrHa;nl Ha BXOAe-BHXOJe A YCHJIHTeJA-TPHITEpA BHINIONHSET Takke (YHKIHIO -
BOCCTAHOBJIEHHSl YDOBHA 3apsja 3anoMHHaloulero kKoHaeHcatopa Cij, T. e. ¢pYHKUHIO
pereHepaunn uHdpopmauun. [Ipuuem 3Ta omepauus acyllecTs/lfseTcs BO Bcex 3Je-
MeHTax NMaMATH BhIOPAHHOH CTPOKH OZHOBPEMEHHO.

Takum o6pa3oM, npH KaxAoM oOpalleHHH K MaTpHUe AJA CUHTHIBAHHA HHOD-
MaUHH aBTOMAaTHYECKH OCYLIECTBJSETCA pereHepauus COCTOAHHA Bcex 3JIeMEHTOB
NaMATH BLIGPAHHOM CTPOKH.

OnHofl ¥3 xapakTepHhIX ocoGeHHocTeli MHKpocxem AHnamuyeckux O3Y aBaa-
eTcs MYJbTHIVIEKCHPOBaHHE afpecHOro XoAa, ofyc/ioBJeHHOe OrPAHHYEHHBIM YHCJIOM’
BHIBOJOB Kopnyca. HampuMep, B paccMaTpuBaemoll MuKpocxeme K565PY6 aas BBO-
na l4-paspsaHoro koaa aapeca, Heo6xoAauMoro aag ajpecaudu 16K saemenros na-
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SATH, NpeayCMOTPeHH TOJBKO ceMb ajpecHhx BuBonoB. Kox axpeca B MHKpocxe-
#ly BBOAAT MO 9ACTAM: BHaYaJe ceMb MJaAWHKX pa3psaoB Aq..As conpoBoxaas
MX CTPOOHpYIOUIMM CHrHaloM RAS, 3aTeM ceMb crapummx paspsanos Aj..A;s O
«CTPOGHPYIOILHM CHrHAJIOM CAS. BHyTpH MHKpOCXeMH KOAM ajpeca CTPOK H CTOMG-
u0B depe3a MYJbTHIJIEKCOP SaHOCATCA B aApecHHf perHcTp (pHc. 1.8), satem nae-
«aunppupyloTces. [TonydeHHne Ha BhXxoAax JAellH(PaToOPOB CHrHaJAH BHGOHPAIOT ad-
pecyeMull 9/eMeHT NaMATH.

Has ¢opMHpoBaHHs BHyTpeHHHX cHrHanoB Fy..F ynpaBasiomux Bk/IIoOueHHEM
M BHIKJIIOYeHHeM B oNpejesieHHOM JIO0C/e0BaTebHOCTH (YHKIHOHAJIbHEX Y3J0B MHK-
spOCXeMH, B ee CTPYKType NpelyCMOTPeHO YCTPOACTBO ynpaBJjieHHS, AJA KOTOPOro
BXOJAHHMH ABJAITCA cHrHaan RAS, CAS, WR/RD.

Bsox u BHBOA opHoro OHTa MHdeopmauuH ocyulecTBiser YBB. B pexume 3a-
GIHCH BBOAHMBIR GHT (HKCHpyeTcA Ha TpHrrepe-3ailiesike. Bo Bcex pexHMax, Kpome
~CYHTHIBAHHSA, BHXOA HaXOAHTCA B Z-COCTOSHHH. _

MukpocxeMn AHHamuueckux O3Y HMeloT Gojiee CJ0XKHOe ynpaB/ieHHe, 4eM
‘MHKpOcxeMb craTHYeckHXx O3Y. 310 oObscHAeTcA HeOGXOAHMOCTbIO OpraHH3aLHH
fIPHHYRHTENbHOR pereHepallHH XpaHHMOA HHGOPMAUHH, ocyliecTBiseMofi ¢ mno-
‘MOILbIO CMELHaJbHO NpeaycMaTpHBaeMHX BHeEMHHX ycTpodcts. B pexume perene-
jpaLHH MHKDOCXeMa HeJoCTyNMHa AJs obpalleHHs K Hed mo HH(OPMALHOHHMIM BXO:
RaM H BBIXOfAM, TaK Kak pa6oTaeT OHa B 3TO BPeMSA TOJbKO Ha ce6s, CYHTHBAA H
3anHchiBas MO TOMY Xe ajipecy XpaHsllHecsi B HaKONHTesle AaHHHe. PereHepauus
S/IeMEHTOB TaMATH BCero HaxoMmHTeNs 3aHWMaeT npHMepHo 3% ofllero BpeMeHH
‘paGoThl MHkpocxeMnl, TakuM o06pa3oM, MHKpocxeMul AHHamudeckux O3Y paGoraior
8 pexXHMax 3anHCH, XpaHeHHs, CYHTHIBAHHA H pereHepauHH HHPOpMauHH. YCJOBHA
peann3alHl YKa3aHHLIX peXHMOB mpefcTasjeHn B Ta6a. 1.3.

l'lpu conocTtaBJ/JieHHH 1‘36}!"[.[ HCTHHHOCTH MHKpOCXeM CTaTHYeCKHX H JHHaMH-
qeckux O3Y MOXHO yBHAeTb pasjHyMe B COCTaBe CHrHaJoB ynpasJeHHsi. Y MHKpoO-

-cxem auHamudeckux O3Y et curHana C. Ero ¢yHkunn BhinosHsioT curHanm RAS
st CAS. Jloctyn K Hakonure/sio nNpH OGpaLleHHH K MHKpPocXeMe AJisl 3alHCH M CYHTH-

*BaHHA JNaHHHX OoOecneunBaiorcas npH RAS=CAS=0. IIpu pereHepauun MHKpOCXe-
‘M2 HaXONHMTCA B COCTOSIHHH HSOAAILKH OT MHGPOPMALMOHHOrO BXxoga M Bbixoga Gna-

ronapa cHriany CAS=1. B sroM pexume npy RAS=0 aapecyior TOJbKO CTPOKH,

Ta6anuma 1.3. Tabauua HCTHHHOCTH MuKpocxemn K565PY6

RAS CAS WR/RD A DI DO Pexnn paGotm
1 1 X X X 2 Xpauenue
1 0 X X X Y4 <
0 1 X A X z Perenepanus
0 0 0 A D zZ anuce
0 0 1 A X D CuHTHBanune
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flockosbKy HHbpopManus BoccTaHaBJiHBaeTcA Bo Bcex DIl CTPOKH OxHOBpEMeHHO,
TaK 4TO B ajpecamHH cTonbuoB HeT Heo6xoaHmoctH. IlepeGHpas aapeca CTpPOK,
sHelllHee YCTPOACTBO pereHepauHH obecneyHBaeT BOCCTAHOBJIEHHe HHGOpDMauUHH BO
8ceM HaKomHuTeJe.

Ycrpoficteo muxkpocxem MII3Y w MMN3Y. Mukpocxemu MII3Y usroraBauBaioT
no 6unoaspHoft TTJI-, TTJIl-rexnonoruu, a takxke no nMAOIl-, pMIOTI- u KMAOII-
rexHosMorHH. TIpHHUMN noCTpOeHHs GOJIBIIHHCTBA MHKDPOCXEM OJIHHaKOB H MOXeT
OHTL npeacTaBJieH CTPYKTypHoORt cxemoft Ha puc. 1.11. Ee OCHOBHBIMH 3/eMeHTaMH
fIBJIAIOTCA: MATPHLA HaKonHTrens, AemHdpatopu ctpox u croabuos (DCX, DCY),
ce/leKTOpH (K09 BHGOpa croabuoB) MS, .. MS,, aapecHuft dopmuposartean F,
yCHAHTeNH cunTHBanHA. Hakonureab cocrouT H3 MaccHBa nepeMbluek (pe3HCTHBHHIX,
AHOAMHX HJIH TPAaH3HCTOPHHX), cHOPMHPOBAHHHX Ha MepecedeHHAX CTPOK H CTOJNO-
uoB. [TepeMHYKH BHMOJMHAIOT (PYHKUHH 3/IeMEHTOB NAMATH: HAJHYHE MepeMHYKH CO-
oTBeTcTBYeT Jor. 1, ee orcyrcTBHe — Jior, 0.

IMporpammupoBanHe MukpocxeMn MII3Y ocyulecTs/isioT B npoliecce H3rOTOB-
JIeHHA MHKPOCXeMH nyTeM (OpMHPOBaHHSI MNepeMbHYeK B HaKOMHTeJle B Tex nepe-
CedeHHAX CTPOK H CTo/6LOD, B KOTOPHX HYXKHO 3amHcaTb Jor. 1.

Marpuua HakomuTtess B cxeMme Ha pHc. 1.11 coctout M3 32 cTpok u 32 croa6-
uoB. Kaxnasa crpoka o6pasoBaHa TPaH3HCTOPOM ¢ 32 9MHTTepaMH MO Yucay croab-
uoB. KoanekTopn Bcex TpaH3HCTOPOB COEJHHEHH ¢ BHIBOAOM /I MOAKJIOYEHHS
©CTOYHHKA NHTaHHA. Ba3n TPaH3HCTOPOB #ABAAIOTCA CTPOKaMH MaTpHun, OHH moa-
KJIOUeHn K BHXOA&M JelindpaTopa ajpeca CTPOK. IMHTTEPH MOTYT HMeThb COeAH-
HeHHe mnepeMHYKORf ¢ pa3psigHof wHHOA (cTOAGLOM) HAH He HMETL TaKoro COefH-
HeHHS.

Pagpaanue WHHE 00pasyioT 4eThipe rPynnu N0 BOCeMb IHH B Kazgofl, NoA-
KMOUeHHHX KO BXOAaM cedektopa. [lox ynpasiennem BHIXOQHOTO CHrHana nemnd-
patopa cronbuos DCY ceiexkTopn BHOHPAlOT OfHY H3 BOCBMH Da3psijHHIX UWIHH
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cBoedl rpynnbl M KOMMYTHDYIOT ee Ha Bhxol. Ha BHIXOAe KaXJOro cesexTopa BKJIO-
9eH yCHAHTENb CYHTBIBAHHS, ynpaBiseMmblfi cHrHasamu CS; H CS,. Ipu cocrostunn
STHX CHrHanoB Jior. 0 yCHAHTEAH OTKPHTH AJs CYMTHIBAHHS HHGOOPMaUHH, MpH JiO-
Oblx APYrHX COCTOSIHHSAIX YKa3aHHBIX CHIHAJOB ycHJAHTend OYAyT 3aKPHITH H HMeTb
Ha CBOHX BHIXOAAX YPOBHH Jor. l.

AppecHnifi ¢opmupoBatens F cilyXHT Adsi COrNacoBaHHA cXeM Ha KpHcTalie
€ BHeWIHUMH uensmMH. B Hero 3anHceBaercs aApecHHfl Koj, NMpexje 4eM MNOCTYNHTb
Ha BXOAH JeIIH(PaTOpPOB.

PaccmarpuBaemas Mukpocxema MII3Y, kak # Bce apyrue Muxpocxemu [13V,
HMeeT cjoBapHylo opraHusauuio. Ee HakonHTenb comepxuT 256 ueTnpexpa3psaiHHX
fiteek namaTtH. Coaepxumoe xaxpofi JI[1 onpepensiercs Ha/JHuYHeM H OTCYTCTBHEM
nepeMbiYeK B ee 3JieMEHTaXx.

OGpautenne kK syefike NaMATH AJA CUHTHBAHHSA OCYLIECTBJSIOT BOCbMHpPa3psif-
HHM KOAOM ajpeca MNpPH HaJHYHH CHTHAJIOB pa3pelleHHs AOCTYNa K BHIXOAaM MHK-
pocxeMul C_S,=0 n CS;=0.

B mukpocxemax MII3Y, uarorosaennix no MIII-rexhnoJsornd, sneMeHraMu na-
maTH sBaalorcas MJTI-TpaHsucTopw ¢ KaHaloM n- uau p-tuna. TpaH3ucTOpH pa3s-
MellleHh Ha fepecedeHHSX CTPOK H cTON6LOB MaTpHUW HakonHTens. [Iporpammupo-
BaHHe TAKHX MHKDOCXeM OCYIIeCTBJASIOT Ju60 1o cnocoly (OpMHDOBAHHA Nepemhl-
YeK, KOrfla TPaH3HCTOP MofgKJIloYaercs K croibuy, JH60 no crnocoby ¢GOpPMHPOBAaHHSA
MIII-Tpan3ncTopoB ¢ ABYMsi NMOpOraMH OTNHPAaHHA: HHSKHM H BbicokHM. B Hako-
NHTENSX MHKPOCXEM, H3roTaBJHBaeMHIX [0 BTOPOMY crocoly, BCeé TDaH3HCTOPH CO-
e/lHHeHH C WIHHAMH CTPOK M CTOJNOLOB, KaK TMoKa3aHo Ha puc. 1.12, Ho HMelOT
Pa3HyI0 TOJUHHY MOA3AaTBOPHOIO AHIJEKTPHKA H, CJej0BaTeNbHO, pas3Hoe MOPOro-
BOe HanpsixeHHe: Gosee HH3Koe y TpaHaucropa VTI1, 4To cooTBeTCTByeT cOCTOSI-
Huio Jor. 1, H Gosee BhiCOKOe y TpaHaucropa VT2, uro cootsercrsyer Jjor. 0. Ilpn
BO36yXJAeHHH CTpokH X, HanpsKeHHeM CYHTHIBAHHS, 3HaueHHe KOTOPOro JIeXHT
MeXJ1y ABYMA MOPOroBHIMH ypoBHAMH, Tpan3ucrop VTl oTkphBaercs, a TpaH3HC-
Top VT2 ocraercs B 3aKpHTOM COCTOSIHHM. B pesysibrate Ha pa3paaHylo LWIHHY
PI; nepepaercs nmoTeHLHaJ BLICOKOro ypoBHsi, a cocTofiide wuHbl PIU, He H3Me-
HfercAa. DTo pasjHuyde B NMOTEHIHajax Pa3pAAHBIX IUMH BLXOAHbE (hopMHPOBaTeNH
TpaHcOPMHPYIOT B CTaHAApTHHE YDOBHH HanpsKewu#t Jor. 1 W Jjor. 0.

TporpamMupoBanne Mukpocxem MII3Y ocyuwectsasior ogHoKpatHo, OueBHAHO,
STH MHKpOCXeMH NaMATH 06NafaloT CBOACTBOM 3HEPrOHE3aBUCHMOCTH, MOCKOJBKY
cxeMa COEJHHEHH! HJIH TOPOTOBhle HanpsXKeHHS TPAaH3HCTOPOB He 3aBHCAT OT pe-
JKHMa MHTaHHA H paboTh MHKpocXeMH. Buaarosaps 3ToMy CBOACTBY MHKpOCXeMbd
MII3Y wmHpoKo MpHMEHSAIOT B KadecTBe HOCHTeJefi MOCTOAHHHX MPorpamm, Noanpo-
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rpaMM, Koaos (H3HYECKHX KOHMCTAHT, TPaHCJATOPOB, NOCTOAHHLIX Ko3ddHIHeHTOD
HT N

Mukpocxemu [I[I3Y no npuHuuny rocTpoeHHA M (pYHKUHOHHPOBAHHIO TMOXOXKH
na Mukpocxemn MII3Y, Ho umeloT pap orauuufi, oO6YyC/JOBJEHHHX TeM, YTO MPO-
rpaMMHPOBaHHe 9THX MHKPOCXeM OCYUIECTBJ/SIeT caM MOJL3OBATEND.

Tunuuubif BapHaHT peannsaunn Mukpocxemul [1[13Y npeacrasien ua pwc. 1.13.
Jns npumepa BhiGpana MHkpocxema K556PT4 emkocrtbio 256X4 6ur. Bo Bcex oce
HOBHHX 3JIleMEHTaX OHa MNOBTOpAET CTPYKTYpPy MukpocxeMnl MII3Y, o umeer Aao-
nonuutesbHule ycrpofictea F..F, a1s ¢dopmHpoBaHHs ToOKa nporpaMMHpOBAaHHA.

B HcxogHOM A4S NpOrpaMMHPOBAHHS COCTOSIHHH MaTpHLUa HAKOMHTeNs Cojep-
XKHT OAHOPOAHHA MAacCHB NMPOBOASLIHX NepeMblieK, COeAHHSIOUIHX CTPOKH H CTOJG-
UM BO BCceX TOYKaX HX mnepeceyeHHfl. [TepeMbluKH H3roTaBJAHBAIOT H3 JIerKomnJaBKHX
TOKONPOBOAALIHX HH3KOOMHMX MAaTepHasiOB: HHXPOMa, THTaH-BOJbpama (B MHKDO-
cxemax cepuu K556), nonukpucrannuyeckoro KpeMHus (B MHMKPOCXeMax cepHH
K541), cuinuupa naathHe (B MuKpocxemax cepud K1608) u apyrux martepuanos.

IMepemniuka B HaKonuTeJe BLINOJHAET YHKUHH 3JeMeHTa naMaTH. Haanaue
nepeMbIYKH COOTBETCTBYET COCTOSIHHIO Jior, 1, ecin BHIXOAHOR YCHJHMTEJb-HOpPMHPO-
BaTe/lb SBJASETCH NOBTOPHTesNeM. Y MHOTHX MHKPOCXeM Ha BBIXOAAX YCTAHOBJIEHH
popmHpoBaTesu-HHBepTOPH. B TakHX MHKpOcXeMax Ha/lM4Me NEPEMbIYKH COOTBET-
creyer qor. 0. CreposartenbHo, Mukpocxema [1T13Y go nporpamMuposauus B 3aBH-
CHMOCTH OT THIId BbIXOJIHOTO YCHJIHTeNs-HOPMHpPOBATeNss MOXKET HMeTh 3anoJHeHHe
Hakonuteass JHG6O HyAsaMH, AHOO eAHHUILAMH.

TlporpamMupoBalite MHKPOCXeMB 3aKJIONAETCS B TEPEeXHIaHWH nepeMbluek B
Tex 3JeMeHTaX HAKOMHTeNs, B KOTOPHX HeOBGXOAUMO H3MEHHTb 3HAUeHHe HCXOAHOrO
-6uTa HHboOpMauuH. DTO O3HayaeT, UTO B HAKONMHTEJb ¢ 3anojHeHiem Jjor, | nyrteM
NepeXHranHsi nepeMbiuek 3anMchialor Jor. 0, a 8 HakonHTesb, 3anoiHeHHu#t Jor. 0,
TlepeXXHraHHeM MepeMblueK 3aMHCHBAIOT Jor, 1.
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Prc. 1.14. CtpykTypa MmukpocxeMu ITJIM
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PaGora sanporpammHpoBakHoRt MHkpocxemb II[I3Y He oTanwaercs or paGoTH
mukpocxemn MII3Y.

PagHoBuaHocTblo MHuKpocxeM IIII3Y saBasOTCA nporpaMMHpyeMbie JOTHYECKHe
matpuun (T1JIM). Crpykrypa Mmukpocxemw ITJIM (puc. 1.14) Bkmowaer onepa-
UHOHHYIO H NpOrpaMMHupyioliyio 4acTH. OnepauHOHHAas 9acTb COCTOMT H3 MaTPHUGE
Joruyeckux ssaemenros H, Matpuun snornueckux ssiemeHtoB HJIH, BXOaHHX H BH<
XOAHHX ycHautened, I[TporpaMMHpyiolllass 4acTb COCTOHT H3 aApecHHX (opMHpOBa-
teneft FAl, FA2 u pewndpatopa koga aapeca nporpammupoBanis DCPR.

Ocunosy IIJIM (puc. 1.15) cocrasasior matpuun M n HJIM. Marprua H Bu-
NOJIHSAET ONepalHH KOHBIOHKUHH HaA 16 BXOAHBIMH nepeMeHHHMH M HX HHBeDCHHIMH
SHaueHHSIMH, KOTOPHe MOCTYNalOT Ha CTPOdYHble WIMHH MaTpHun. TpeGyeMmue JOrH
gecKHe npoussefieHHst (GOPMHDYIOTCA HA ILIMHAaX CTONGLOB NyTeM BHIXHIAHHA He-
HYXHHX NepeMHYeKk MeXAY CTPOKaMH H croabuaMH (Ha puc. 1.15 ocraBieHHne
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Puc. 1.15. ®ynknnonansnas cxeMa ITJIM
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nepeMHYKH YKasaHW TouKaMH). Uncao cronbuos paBHo 48, clepoBaTeNbHO, Ha BH-
xoae MarTpHuu M MoXHO nMoayuHTb A0 48 JNorHwecKHX NpoH3BeAeHHR, B Kaxjaoe H3
KOTOpHX MOXEeT BXOAHTb A0 16 nepeMeHHHX H HX HHBepCHIl.

Marpuua HJIHM BHinosHser onepauHio AH3BIOHKUHH Haj JIOTHYECKHMHM MPOH3-
BefleHHsIMH, COPMHPOBaHHBIMH Ha BhXoAax MaTtpHub M. UHcJ0 BHXOAOB MaTpHULS
HUJIH paBHO BOCbMH, cJeAoBaTeJbHO, OHa crnoco6Ha cpOPMHPOBATL A0 BOCHMH JIO-
THYECKHX CYMM, B KaXJyl0 M3 KOTOPbIX MOXeT BXOAHTb A0 48 JIOTHYEeCKHX MPOH3-
BeleHH#l. TakuM o6pasom, GyHKUHOHaJbHHeE BO3MOXXKHOCTH I1JIM MoXHO xapakre-
PH3OBaTh YHCJOM TOYeK KOMMYTallHH, B paccMaTpHBaeMOM NpHMepe 3TO YHCJIO-
paBHo 1920.

IlporpammupoBanne MuKpocxem IIJIM ocyluecTB/flOT B Tpd STana: BHavaje
nepeMHYKH nepexkHralor B MaTphue H, 3atem B Matprue HJIH u Ha 3akaiounTenn-
HOl CTaiHH — B CXeMaX BBIXOAHBIX YCHJHTeNeHl., DTH YCHJIHTEJH B 3aBHCHMOCTH OT
COCTOAAHHH mNepeMbldek MOryT MnepelaBaTh SHaueHHe BHIXOAHOR (QYHKUHH B npaMofk
HJH HHBepcHOH (opMe mpeacTaBJIEHHS.

ITporpammupoBanne mukpocxeM I1JIM, kak B mHkpocxem IIII3Y, BHnoaHsOT
OZHOKPaTHO C MOMOLIbI0 (PYHKUHOHAJBHHX Y3J10B, pa3MellleHHHX B KpHCTajJje B
cocTaBe NMporpaMMHpylolllel 9acTH, ynpaBaseMoRt cirianom PR.

Hlnpokoe npHMenenie noay4valor MHkpocxeMn IIJIM, mnporpaMmupyemne no
cnoco6y 3akasHoro ¢orowabioHa Ha saBofe-H3roToBHTele, Takue I1VIM sapasiotcs
PasHOBHAHOCTLIO MacodHux I13Y.

Ycrpoficteo mukpocxem PI3Y. OcHoBHasi OT.IHUHTe/bHas OCOGEHHOCTb MHKpPO--
cxem PII3Y aakiiovaercs B HX cnocoGHOCTH K MHoroxpatHoMy (ot 10 ao 10 Thc.)
nepenporpaMMHPOBaHHIO, KOTOpPOe OCYIUECTBJsSeT N0Jb30BaTejb. JTO CBOACTBO MHK-
pocxeMH HMeIOT 6Jarofapsi MPHMEHEHHIO S/1eMEHTOB NaMATH ¢ BO3MOXHOCTLIO Y-
paBasemofl nepeMbYKH, DYHKUHH TaKHX 9/1eMEHTOB NaMATH BHMNOJHAIOT TPaH3HC-
TopH co ctpykrypoit MHOIT (Meraan Al — Hurpun xpemuna SigN, — Okucesn xpeMm-
Hug  SiO; — [Tonynposoxnuk Si) HaM TpansHcTopw co crpyktypoit JIM3MOIIL
(Meraaa — Oxucen kpemuns — [loaynposognuk ¢ JlaBHHHOR Hnxekuuet 3apsga).

Mukpocxemn PII3Y noapaspensioT Ha ABe TpPyNnbl: CTHpPaeMblie 3J1eKTPHYECKHM
cHrHajoM (3CIII3Y) u cTHpaembie YO Haayuennem (CIIII3Y).

Mukpocxemn ICIIMN3Y comepxaT sJaeMeHTH naMatH THna MHOIl waw
JIM3MOIT ¢ aBofinuiM 3satBopoM. B mHKpocxemax CIIII3Y npuMeHeH Takxe
JIU3MOI1-3ieMeHT nNamMsaTH c ABOAHKIM 3aTBOPOM, OTJIHYAKOWHACA OT aHANOTHYHHIX
31 B mukpocxeMax ICIIN3Y 1eM, 9to TpebyeT AJjsi CTHpaHHA YO H3ayueHHe.

OneMeHT naMATH co cTpykrypot MHOII npeacraBaser co6ofi MOII-Tpansuc-
TOp C HHAYUHPOBAHHHM KaHaJOM n- HJIH p-THna (pHc. 1.16, @), HMelowH#A aBYyCIOR-
HBfi QHIJIEKTPHK moA 3aTBopoM. Bepxuuit ciofi copMHpoOBaH HS HHTPHIAA KpPeMHHS,
HHXHHA — H3 OKHCJIa KPeMHHA, NMPHYeM HHXHHA CJOH 3HAaYHTeJbHO TOHblle Bepx-
Hero.

Ecan K 3aTBOPY OTHOCHTEJbHO MNOAJIOXKKH MNPHJIOXKHTb HMIYJbC HanpfXeHHS
NOJIOXKHTeNbHOA mosspHocTH ¢ ammianTygoft 30 .40 B, To nox neficTBHeM CHJbLHOrO
S/JeKTPHYECKOrO MOJS MeXAy 3aTBOPOM H MNOAJOXKOA 3JeKTPOHb! noJydaT AOCTa-
TOYHYIO 3HEprHio, YToGbl NpPeofoJeTb TOHKHA AH3JeKTPHYeCKHH cJoft H monacTb H&
rpaHHuy pasfena ABYX AH3/eKTPHKOB, I10CKOJIbKY BepXHHA cJIofi HMeeT SHAYHTeJNb-
HYI0 TOJIIHHY, TO 9JIEKTPOHH He MOTYT cro NpoATH H HaKaIVIHBAIOTCS BHYTPH NOA-
3aTBOPHOrO CJIOA. .
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Puc. 1.16. daementnt namatu PII3Y:

4 —co cTpykrypoA MHOII; 6 — nepenatounas xapaktepucthka MHOII-Tpanaucropa; & — 3I1
co cTpyktypoft IUBMOIT ¢ nBofiubiM SaTBOPOM; & — pacnosoxenue SI1 B HaKonHTene

Haxkon/ieHHHIA noa 3aTBopoM 3apsj 3JJIEKTPOHOB CHHXaeT NOporosoe Hamps-
xkenHe MHOII-TpaHsHcTOpa ¥ TeM caMhM CMelllaeT NepefaTOYHYI0 XapaKTEPHCTHKY
Baeso (pHc. 1.16,6). Cocrosnne 31 ¢ 3apsaaoM noa 3aTBOpoM COOTBeTCTBYeT Jor. l.
Cocrosnne JI1 Ges 3apspa nop 3aTBopoM cooTserctByer Jdor. 0. B 3atom cocros-
HHH nepenaTouHas xapaktepuctHka MHOII-TpaHsHcTopa 3aHHMaeT MoJIOXKeHHe ¢
GoJlee BHICOKHM NMOPOroM OTMHPAHHS.

ITpouecc nporpammupoBanuss Mukpocxem DCIIII3Y npoxcxoaHT B ABa 3Tana.
Ha nepsoM srane crupator nHHpopMauHio Bo scex MHOII-aneMentax namstH, Ias
STOro0 HMMYJILCOM HanpsiKeHHs OTPHUATEJbHOA NOJAPHOCTH, NPHKJaabiBaeMbIM Ha
3aTBOP OTHOCHTeNbHO MOAMOXKKH, ¢ aMmintymoft 30 ..40 B snekTpoHn BHITecHsIOTCA
M3 NOA3aTBOPHOrO AH3JIEKTPHKA B MNOAJOXKy. CJreloBaTeNbHO, NPH CTHPaHHH HH-
<dopMauHH 3j1eMeHT namATH noJydaer coctosHHe Jor. 0. Ha Bropom 3Tanme npous-
BOAAT BEIGOPOUHYIO 3anHch B HyXHbie JIT jor. | HMNYJbCOM HanpsiXKeHHs NoJo-
KHTEJIbHOM I10JIAPHOCTH, MOAABARMBLIM Ha 3aTBOP OTHOCHTEJBHO NMOAJIONKKH.

Ha npakTHKe peXXHMBl CTHPAaHHl K 3aMHCH OCYLIeCTBJISIOT HanpsiKeHHeM ORHOM
NOJSAPHOCTH: orpHuatesbHot aas  pMHOII-aneMeHTOB H  MoJIOXKHTeNbHOA  AJA
nMHOII-3eMeHTOB naMaTH. 3Ta BO3MOXHOCTb OCHOBaHAa Ha HCMOJb3OBAHHH fBJe-
HMSl JIaBHHHOA HHXEKUHH 3JeKTPOHOB MOA 3aTBOP, KOTOPAasi MPOMCXOAHT NMpPH COEAR-
HEeHHH 3aTBOpa C MOAJNIOXKKOA H Mojade Ha CTOK H HCTOK HMIyJbca HanpsXeHHs OT-
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HOCHTE/bHO MOAJOXKH H 3aTBOpPa TAKOH MOJAPHOCTH, UTOOW mMepexoan Mexay MoA-
JIOXXKOA H CTOKOM, HCTOKOM OKa3alHchb moj OGpPaTHHMM CMellleHHeM. AMIJIHTYaa HM-
nyJbca AO/XKH4 OBITb [JOCTATOYHOM AJA BO3HMKHOBEHH B MNepexoaax 3JeKTpHue-
ckoro npoGos. TunHuHble 3HAYUEHHA HaNPSKEHHA NPOrpaMMHPOBAHHS JeXar B Tnpe-
aenax 20 ...30 B.

B pesysbrate 3nekrpHd4eckoro npoGost lepexoioB B HHX MPOHCXOAHT JaBHHHOe
pa3MHOXeHHe HOCHTe/efi 34pAila M HMHXKEKUHS 4acTH 3THX HocHTesed, o6aanalouHX
OCTATOYHOA KHHeTHUECKOW 3deprHefi, Ha rpaHHLy MeXAy CJ0SMH MNOA3ATBOPHOro
AHM3JIEKTPHKA.

Ilpu cuutbiBanMM Ha 3aTBop noparT HanpsikeHue Uy, 3HaYeHHe KOTOpOro Je-
XKHT MeXAy AByMs moporoBuMH ypoBHAMH. Ecan 8B MHOII-rpansucrop 3anucana
€lHHHIA, TO OH OTKPOETCA, a NPH HyJe OCTaHeTCs B 3AaKPHITOM COCTOsSHHH, B 3a-
BMCHMOCTH OT 3TOro, Kak BHAHO u3 puc, 1.16,e, B paspsaHoll wHHe nHGo Oyner
NpOTeKaTb TOK Ha BBIXOA, JHGO Her. YCHJ/HTeNb CHUHTLIBAHHA TpaHchOPMHpyeT cO-
CTOSIHHe WIHHLI B CHIHan ¢ ypoBHeM Jor. 0 HJH Jor. | Ha BHIXOAe MHKDPOCXeMH.

Mukpocxembl ¢ 3jemedTamH namsari Ha pMHOII-TpassucTopax uMeloT cpaBHH-
‘TeJbHO HH3KOoe OhlicTpoaeficTBHe, BbiCOKOe HanpfixeHHe nporpammupoBanns 30 ...
.40 B ¥ Tpe6yloT ABYX MCTOYHMKOB MHTAHMS. '

Oasa yayuwenns xapakrepHctHk MHkpocxem DCIIII3Y wmpoko npuMeHsioT Tex-
HoJloruio n-kaHadbHelXx MHOIT-cTpykryp. TaxHe 3JileMeHTH NaMsATH YCTPOGHW aHa-
JIOTHYHO PacCMOTPEHHBIM, HO HMelT o6GpaTHHHA THM NPOBOAHMOCTH MOMJIOKKH, CTO-
Ka H Hctoka, Mukpocxemb na nMHOII-tpansucropax o6aapair BTpoe npeBocxo-
usWHM OblcTpoaeficTBHeM, cHHXKeHHbM o 21 ..25B HanpskKeHueM nporpaMMHpoO-
BaHHS H paboTaloT OT OAHOrO HCTOYHHKA MHTAHHA.

OneMeHT namsaTH Ha TpaHaucrope JIHM3MOII ¢ asofiHbiM 3aTBOpOM TNOKa3aH Ha
puc. 1.16,8. On npencraBaser coGofi n-kauaabHuii MOII-Tpansncrop, y Kotoporo
B TNOA3aTBOPHOM OAHODOAHOM AH3JIEKTPHKe OKHCJa Kpemuusi c(pOpMHpOBaHA H30-
NMPOBaHHAsi NpoBoAfllas 06,acTb H3 MeTaslsla HJIH MNOJHKPHCTAJNJIHYECKOro KpeM-
HHE. DTOT 3aTBOp NOJYYH/ Ha3BaHHe <«NNABAIOWIHA», MOCKOJbKY NpPH HaBeJleHHH Ha
HeM 3JIeKTPHYECKOro 3apsiia ero MNOTeHUHAT MOXET H3MeHSATbCs B WHMPOKHX npeje-
nax, T. e, GHTb «NJ1aBAWOLIHM®,

B pexume fporpaMMHpOBaHHA Ha YMpPABJISIOULHA 3aTBOp, HCTOK M CTOK I110AA-
10T HMNYyJbC HaNpsiXKeHHs NpPOrpaMMHDOBAHHA NOJNOXHTENbHOM MOJNAPHOCTH C aMn-
autyaoft 21..25B. B o6paTHoCcMellleHHHIX NepexoAax CTOK—MOAJNOMKAa H HCTOK—
MOAJIOKKA BO3HMKAeT MpOoUecC JIABHHHOIO Pa3MHOMEHHs HocHTesefl 3apsAga M 4acTb
9/IeKTPOHOB HHXXEKTHPYeT Ha NJIaBalOIUHA 3aTBOp. B pesy/sbrare HaKOMNEHHs Ha
HeM OTpHLATeJbHOro 3apsila MepefaToYHasi XapaKTepHCTHKa TPaH3HCTOpa cMelllaer-
csl BnpaBo, T. e. B 00/1acTh GoJiee BHICOKOrO [OPOrOBOTO HaNpSKEHHs, YTO COOTBET-
CTBYeT 3alHCH B 3/J1eMeHT mamsartH Jor. 0.

CTHpanue 3amHCaHHON HH(GOPMALHH OCYILUeCTBJSIOT BHTECHeHHeM 3apsiia ¢ MJja-
Balolllero 3aTtBopa. Ty MNpoUeAypy BHINOJHAIOT A3YyMs cnoco6aMu: B MHKpOCXeMax
3CII13Y — uMnyJbcOM HanpsiXeHHsi Ha YNpABASIOLIEM 3aTBOpe NOJOKHTENbHOH
noJsipocTH, a B MHKpocxeMax CII[I3Y --c¢ nomowpio Y@ H3nyueHHs, noa Bo3jeft-
CTBHeM KOTODOTO B pe3yJsibTaTe YCHJIBHHA TeMJOBOro ABHXKEHHS 3JIeKTPOHH pacca-
CHIBAIOTCSA ¢ N/1aBaIOLLEro 3aTBOPA, nepeMeulasich B nmoasoxky. Cocrosune JIM3MOIT-
a/eMeHTa NaMATH Ge3 34psja Ha IJIaBaloUEM 3aTBOpe COOTBETCTByeT Jjor. l.
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B 3TOM COCTOAHHH TpaH3HCTOp HMeeT GoJiee HH3KWfi OPOrOBHA ypoBeHb, T. €. €ro
nepenaToyHas XapaKTepHCTHKA CMellaercs BJIEBO.

) B pexuMe CuHTHBaHHS Mukpocxembl PII3Y ¢ snemenram naMaTh Ha
JIM3MOIl-cTpykrypax paboralor Tak e, kak MHkpocxemn ¢ MHOII-31eMenTaMu
naMATH,

Muxkpocxemn PII3Y orTHocsiTess Kk rpynne 3HeproHe3aBHcuMbX. Ilpu oTcyTeT-
BHH JIOCTaTOYHO BBLICOKHX HanpsMeHHH, KakKHMH SuJSIOTCS HanpsKeHHs NMpOrpaMMu-
pOBaHHA, CoCTOSIHHA 3JjeMeHTOB namsAt™H Ha MHOII- u JIM3MOII-rpansucropax mo-
ryT OCTaBaThCfi HEH3MEHHLIMH AJIHTEeJbHOE BpeMs KaK NpH HaJHYHH NHTaHHH, Tak
H npH ero orcyTcTsMH. Hanpumep, aas mukpocxemw CII13Y K573P®6 rapanrii-
HHA CPOK COXpaHeHHS HHGPOPMauHH 6e3 NMUTAHHsA COCraB/iser NaThb JerT.

YcrpofictBo, npuHUHN pefictBus Mukpocxem CIIII3Y u ICIIII3Y u pexumbl
ynpaB/ieHHss HX paGoTOH BO MHOIOM aHaNOrHyHL. PaccMOTPHM NPHHUHN NOCTpoe-
s SCIII3Y Ha npumepe muxpocxemw KPI60IPP3 uA)OpMauHOHHON €MKOCTbIO
2KX8 6uT. B 9TOl MHKpOCXeMe 3JeMEHTAMH NaMSATH SBJAIOTCA  P-KaHaJbHhle
MHOII-TpansncTOpHL. .

CtpykTypHas cxeMa (puc. 1.17) coaepxur sce ¢yHKUHOHA/IbHBle y3Ji, HEOG6Xo-
auMble aas obecneyeHHss pabothl MHKpocxeMw B Kayectse II3Y: Marpuuy Hakons-
TeJisl C 97eMeHTaMH NMaMATH, AeWH(parTopu Koga ajpeca CTPOK H CTONGLOB, cesek-
Top (k/aoux BBIGOpA CTOJGLOB), YCTPOACTBO BBOAA-BWBOAA. B cTpyKType MHKpO-
CXeMH TNpelycMOTPeHH TaKkXe (YHKUHOHA/bHBE Y3/H, ¢ MOMOLLLIO KOTOPLIX OCY-
ecTBaseTcs NPOrpaMMHpOBaliHe, T. €. PealH3yloTCs PEeXKHMbl CTHPaHHs H 3alHCH
HHDOPMEUHMH: KOMMYTATOPH pexHMOB, (HDOPMHPOBATEJH HMIYJ/LCOB HanpsKeHu#
TpebyeMoRl aMMJHTYAN H AJHTeJbHOCTH. [as ynpasJjeuus paboToii MHKpOcXem

PII3Y npHMeHSIOT NOJHOCTBIO HJH 4YacCTHYHO cJedyiollde cHrHaaw: CS — seibop
mHKpocxemn, OE — paspewenne Buxona, PR — paspeliente nporpaMMHpOBaHHS,
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Puc. 1.17. Crpyktypa Mukpocxemun ICIITI3Y
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ER — crupanne. JInsi mporpaMMHPOBAHHS MHKPOCXEMH HYXJAI0TCH B AONOJHHTENb-
HOM HCTOYHHKe HanpsokeHHs Upg.

Hakonuresb ¢ MaTpHYHON QpraHHsaluHeH CONEPXHUT MacCHB SJEMEHTOB NaMSATH,
pa3MellleHHbIX Ha nepeceyenmsnx 128 ctpok u 128 croabuos. Bcero B Hakonurese
Haxoaurcsi 16384 sjemeHTa mnaMATH. YnpaBlieHHe HAKOMHTEJEeM OCYLLEeCTBJSIOT
ceMbl0 CTapliMMH paspsaaMH A, .. Ay agpecHoro koaa. MM BHOHpAOT CTPOKY,
B KOTOpO# Haxoautcs 128 3semeHTOB namsTH HAH 16 BOCbMHPA3pAAHBIX siyeek Mma-
mMatH. HMHdopMauuoHHble CHrHanbl, CYHTaHHble C 3JeMeHTOB NaMATH BbiGpaHHOMN
CTPOKH, NMOCTYNAalOT Ha BXOAbl CeNeKTOpa, Ha3HayeHue KOTOPOro COCTOMT B BhiGoOpe
oasoro 3 16 cnos (6afir). CenekTopoM ymnpaBJsiOT 4YeThipe MJaAIUHX paspsaa
Ao ... A3 aapecHoro xopaa. Bui6paHHOe CeseKTOPOM BOCbMHpa3psiiHOe CJOBO NOCTY-
naer B YBB H nasnee Ha BbIX0OA MHKDPOCXeMH.

YcrpoficTBo yrpaBaenHsi noA Bo3jeficTBHEM BHeLUHHX CHrHaJoB obecneyHBaeT
paGoTy MHKDOCXeMbl B OAHOM M3 CJeAyIOLIHX DPeXHMOB: XpaHeHHs, CUHTLIBAHHS,
CTHpaHHus, 3anucH (npH nporpammupoBaHHH). Muorue Mmmrkpocxemnt ICIIII3Y no-
nycKaloT H30HpaTe/ibHOe CTHpaHHe HHboOpMauuH (No aapecy).

Muxkpocxemun CITTI3Y uMelor aHaNOTHYHYIO CTPYKTYPHYIO CXeMYy C TeM HCKJIO-
yeHHeM, YTO B HHX HeT peXHMa CTHDAHHS 3JNeKTPHYECKHM CHrHaJoM H, ClefoBa-
TeJbHO, COOTBETCTBYIOIIHX (YHKUHOHAJbHBIX Y3JI0B M 3JeMeHToB. [las CTHpaHHs
mukpocxema CIIII3Y nomeuiaetcst B KaMepy ¢ HCTOYHHKOM YJbTPagHOJETOBOro H3-
aydennsi. Iasi npoHHKHoBeHHs VO syueit Kk KpHcTaasny B KpblIIKe KOpnyca HMeer-
¢ npo3payHoe KBapuesoe OKHo. Bpemsa crupanus cocrasaser 30..60 MHH. MHuk-
pocxembl ICIIII3Y uMeloT 3HauHTenbHO MeHbllee BpeMsi CTHPaHHs HWHGOPMAUHH,
COCTaBJISIIOULIEe [OJH CEKYHAH.

1.3. YcaoBHble rpaduyeckHe 0603HaYeHHA MUKPOCXEM NaMATH

MukpocxeMa naMsAiTH KakK j7eMeHT (QYHKUHOHAAbHBIX M MPHHUMIHAJBHLIX CXeM
3/leKTPHYECKHX YCTPOHACTB HMeeT ycJoBHOe rpaduyeckoe o603HaueHHe, BHA M cOAep-
XaHHe CHMBOJIOB Koroporo ompegesser crauaapr [OCT 2.743—82: Ha puc. 1.18
npeAcTaBJeHbl NMpHMepH TaKHX o6Go3HaueHH!l MHKpocxem craTHyeckoro O3V c¢ oa-
Hopa3psaHofi opraHusauHelt (puc. 1.18,a), co_cnosapHoil opraHuzauued H coBMe-
LleHHBIMH BXxoJaMu-BuixodaMu (puc. 1.18,6), mHKpocxembl AnHaMuyeckoro O3Y
(puc. 1.18,8), Mmukpocxembi MII3Y (puc. 1.18,2), TIN3Y (puc. 1.18,39), PII3Y
(puc. 1.18,¢e).

YcaoBHoe rpaguueckoe 0603HaueHHe COAEPKHT TpH Mnois. B cpepweM mnoJse
noMellleHo o603HayeHHe BHAA MHKPOCXeMbl NMaMATH M JaHHble O ee HHPOPMAIHOH-
HoM eMKocTH B GHTax, Ha seBom nose noMellleHH CHMBOJb, yKasnlBaloulue Ha Ha-
3HayeHHe BLIBOJOB M MOABOAHMBX K HHM cHrHasoB. Ha npaBoM mosie nomelieHbl
0603HayeHHst BHIBOJOB H COOTBETCTBYIOUIHX HM MOABOAHMBIX HJIH OTBOAHMBIX CHT-
HaJI0B, a TaKxe 0603HaueHHe THNA BHIXOA2 (BbIXOMOB):

~— BbIXOA C TpeMfd COCTOSAHHAMH;

<>

— BHIXOA C OTKPHITHIM KOJJIEKTOPOM (CTOKOM);

— BBIXOJ C OTKPHITHIM IMHTTEPOM (HCTOKOM). =

<> <>

35

<l



4o | Ran] O 21 45| kAN 3 L1 Ao | Rans| ©
_f,_ ; 256 <11 | oK\, 1| ek
7 52 g
gl 5 ] [ 1]
il o L 74 vy A o
7] 01_1 2] 5 y L B
a1 7 L 7 2 E 1
s 2], § HE Loras
22 17
=5 24 A
15 5 L g
ik v, ¥ —iecs 2 S o s
17 ov §t wPE 2 2 16
< pr i oV~ =g ov 3
aQ . 9 9
AL a1 Rom ? X ap | PROM| Q L1 40 |reron| Q.
Ay we|do|, K| ex|m|, 41| 6|70,
a ; 0o ¥ 4, o= Y 0 Fr
5 VR A gl 1 He
B7A NN 2 i 4 1 2 —}' 4 2 ";i
1 -
ﬁ A 'Z i L ; 22 4 g 7
A s 4 AN 5 5
] g sl 4 JEE Bl 5 HE
A I 7 VA1 9 2 4 7 17
A 1 Huw )y L
s 5V %8¢ U ¥  Locs Uy
o5 7r ¥l o s  Loor 2
ov _T av 3 2 ”Pﬂ oV¥—

5) 2 )

Puc. 1.18. YcaoBHue rpatdHueckie 0603HAUEHHS MHKPOCXeM MaMSATH:

@ — craThueckoe O3Y c oAHOpAaspALHOA opranu3anuefi; 6 — ctatHueckoe O3Y co cJjosapHOf
OpraHH3anHeff H COBMeIleHHbLIMH BXOLAMH-BRIXOAAMH;, 6 — NAHHaMHueckoe O3YV; 2 — macounoe
3Y; 0 — nporpammupyemoe I13Y; e — penporpaMmupyemoe [13Y

Ha npaBom nose Moryt ObiTb noMellleHbl BLIBOAW A/ MOAKJIOYEHHHA HCTOYHH-
KOB [MHTAHHA, HamNpsKeHHA [POrPAMMHDOBAHHA, oflueft wHHH (Kopnyca). TH H
nono6Hble HM BHBOAK 0603HAYAIOTCA KaK He HecyluHe JOrHueckofi HuHopMauHH

Bce BhIBOAH MHKpDOCXeMb, HMelOLHe ofpejcjedHoe (yHKIHOHAJbHOe Ha3Havye-
HHe, NO/DKHb 0003HAa4YaThcsl JIATHHCKHMH OVKBaMH, B3ATBIMH M3 AHTVIHACKHX CJOB,
oTpaxKalomux naHuoe (GyHKUMOHzAbHOe HasHavenHe. [Ipudem GykBeHHble CHMBOJIbI,
noMmellleHHble Ha JeBoe H NpaBoe Nojs, He NOINKHL HMeTb 3HaKa HHBEPCHH (4epTH
Hap o6o3HaueHHeM). MHBepcHble BXOAHbIE H BhiXOJAHBIEe BbIBOAH 0603HavalTCA Ipa-
(HuecKHM yKa3aTejeM HHBepcHH (KpyKKoM). B 3aBHCHMOCTH OT HA/H4Hs§ HJH OT-
CYTCTBHSI 9TOro rpadHu9eckoro 3HaKa ONpeiessercs aKTHBiBIA YPOBeHb COOTBETCT-
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Ryloulero curiana Hanpumep, cciH ykasaten» HHBepcun nomeuted Ha Bxoae CS,

TO COOTBETCTBYIOLWHIA 3TOMY BXOAY CHrHan ciaenyeT o603Ha4aTh KaK HHBepCHHIM CS.
B 3TOM 0603HayeHHH COZEPXKHTCA YKa3aHHe HaA TO, YTO AKTHBHBIM YPOBHEM CHIHa-
Jla, 1IpH KOTOPOM BHINOJIHSIETCA ONpejie/ieHHass GYAKIHA (B LaHHOM CJy4yae — BHGOp
MHKpDOCXeMbl), SBIAGTCH HH3KHHA ypoBeHb, COOTBETCTBYIOIMHMI JOFHYECKOMY COCTOS-
HHo 0.

[Tpu onpeneneHuu aKTHBHOrO YyPOBHSL CHrHana cJelyeT Yy4YHTHBaTh, Kakoe cO-
OTBETCTBHE YCTAaHOBJEHO MeX/Jy (H3HUeCKHM YypOBHeM cHrHana (HanpsiKeHus) H
JorHaeckuMH cocTosHHAMH O W 1. Crannapr I'OCT 2.743—82 bnpesenser Tak Ha-
3niBaeMble COTJALIEHHA MOJOXHTENbHON H OTpHuaTe/abHol JorkH. Ilo corsalienHio
NOJOXKHTEIbHOK JIOTHKH BbiCOKHA dH3HueckH#t ypoBeHb cHrHana (G6osiee NOJOXKH-
TebHbIl HAH MeHee OTDHUATENbHHI{I) COOTBETCTBYET JIOTHYECKOMY COCTOAHHIO 1, a
HH3KHA (MeHee NONOKHUTENbHHH MM GoMee OTpHIIaTE/bHBNA) — cocTosHHi 0. Bu-
cokHil ypoBeHb chrHana o6osxaualor 6yksofi H, a HH3KHiI — Gyksofl L.

B corsialueHHH OTPHLATENbHON JIOrHKH TPHHATO 0GPAaTHOEe COOTBETCTBHE MEMAY
(hH3HYUECKHMH YPOBHSMH CHrHala H JOIHYECKHMH cocTosHHAMY O u 1.

B nanHOM KHHre BCe C/yual WCNOJb30BaHHA 0GO3HaueHu# 0 u 1 cooTBeTCTBYIOT
COr/allieHHIo [OJIOXKHTeNbHOM JlordkH. Tam, rae 3To COOTBETCTBHe Hapyuiaercs,
Hclosb3oBaHbl ob6o3MaveHnss H # L ans yka3aHHs TOJbKO (PH3HYECKOrO YPOBHS
paccMaTpHBaeMbiX CHI'HAJIOB.

CHrHaAB M COOTBETCTBYIOLIHE HM BbLIBOAB MHKPOCXeM MOXHO [OAPa3fe/HThb
Ha ajapecHnle, HHPOPMALHOHHbBE H ynpasasiollHe, QO603HadeHHst CHIHAJNOB H BHIBO-
0B MHKpPOCXeM MaMsiTH, CcOOTBeTcTBylole feiicteylowtHM craiaapram TOCT
19480—89 u ['OCT 2.743—82, npusenennt s taGa. 1.4 [14,15]. B nanHofi KHure
HCII0/Ib30BAH BAaPHAHT MEXAYHapoAHHX 06O3HAYeHHH BBHAY €ro LIHPOKOro mnpHMe-
HeHHsl B TeXHHYEeCKHX M3NAHHAX, CNPABOYHOA .MTepaType H B HOPMATHBHO-TeXHHYe-
CKOW JOKyMeHTallHH.

1.4. TlapameTpbi MHKPOCXEM NaMSATH

Jns xapaKTepHCTHKH BO3MOXHOCTefl MHKpPOCXeM MaMATH NO HX (QYHKUHOHAMb-
HOMY [1pelHa3HaYCHHIO HCNOJb3YIOT TaKHe TMOKAa3aTeJH, Kak HHGODMAUHOHHAs eM-
KOCTb, pa3psHOCIb XPaHHUMbIX CJOB H ANPECHOTO KOJda, OPraHH3alUHs HAaKOMHTEJA
H MHKpOCXEMbi B I11€/10M, YHCJIO LHKJIOB TMepelnporpaMMHpPOBAHHR (ﬂ.ﬂﬂ MHKpOCXEM
PI3Y).

Paasiyanoro poua pacyeT H OGOCHOBAaHHS CXeMOTeXHHYECKHX pelleHHA NPOH3-
BOASIT C NOMOILBIO 3NeKTPHYecKHX mnapaMerpoB. [las KonHuecTBEHHOA OUEHKH 3KC-
NNYaTallHOHHWX CBOMCTB MHKPOCXeM C.JIyXaT HapaMeTPH, ONpeAeNsloillHe Haaex-
HOCTb H YCTOMYHBOCTb MHKPOCXEM K BHEIUHHM MCX3aHHYECKHM, 3HepreTHueckum H
KJHMaTHYECKHM BO3JeHCTBHSAM.

HudopmauHoHHYl0 eMKOCTb MHKPOCXeMbl NMaMATH ONpeAeNfloT UYHC/IOM eNHHHL
HHpopmauuu (6GHT), KOTOpOe MOXeT OZHOLPEeMEHHO XDaHHTb HAKONHTeJb MHKPO-
cxeMn naMATH. KonuyectBeHHO HHPOpMALHOHHYIO €MKOCTh XapaKTepH3yloT cJe-
AYIOWHKMH eAHHHUaMH: GHT, Gafit (ogun OGaHT pasen BocbMH OHraMm), K6ur (K=
=219=1024), K6aiir=1 KXx8 6utr, M6ur (6ahr), rae M:=2!°K=2% Ouesuano,
HHGOpPMALHOHHAS eMKOCTb MHKPOCXeMbl 3aBHCHT OT YMCJa 9/leMeHTOB NaMATH B ee
HAKOMHTENe. *
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Tab6anua 1.4. O603HaYEHHA CHIHAJIOB (BHBOAOB) MHKPOCXEM NAMATH

' ’ OGosraveRKe
HanmeHOBaHHe CHrHasa

MeXIYHapoaHoe oTeqeCTBEHHOE
Anpec A
TakToBu# C
Crtpo6 ST cr
BuiGop appeca croabua (KOJOHKH) CAS B.a.K
BuGop aapeca CTPOKH RAS B.a.c
Bu6op xpHCTaana (MHKpOCXeMbl) CS B. M
Paspeluenne E P
3anuch WR an
CuHTHBaHHe RD cq
3anuch-CauThiBaHHE WR/RD an/cy
Paspeltense BHXOA2 OE p. BHX
Hndopmanus (naHune) D H (n)
BxonHas HHbopMauHa DI BX. H
Buxoaxasi HHGopMalHA DO BHIX. H
Anpec-Hannne AD a.n
Anpec-JlaHHHe: BXOA-BHXOJ ADIO a. I. BX/BHX
Bxonuas-Buxonnas HHpopmauus ' DIO BX. H/BHX. H
Perenepauss REF per
ITporpamMmupoBatHe PR np
CrupanHe . ER —
Hanpsaxenue nporpaMMHpOBaHHR Upr Unp
Hanpsixkenue nutauus  ° Uecc Un
O6wui ov o6

PaspsaHocTe cjoB paBHa uncay ABoMuHbix uudp 0 M | B Koge naHHBIX, KOTO-
puift B napaJjsesnbHofi gopme npeacTaBieHHS MOXHO 3allHcaTth B AYeHKy [MaMATH
HAKOTMUTEN, XPaHHTb W CYHTHIBATEL. Pa3psaHoCTh CJ08, CJe0BaTesbHO, paBHa pas-
PARHOCTH siYefiKH MAMATH, T. €. YHUCNY COAepXHallHXcd B HeHl JeMEHTOB NAaMMATH,
a TaKkXe YHCy HHOODMAIHOHHBIX BXOAOB (BHIXOAOB) MHKPOCXEMH.

Hudpopmaunonnas eMKOCTb MOXeT OLITb onpeleseHa 4Yepe3 TNPOH3BejeHHe YHC-
Jla cJIOB, KOTOPOE MOMHO Pa3MeCTHTb B HaKOMHTese, Ha pa3psaHocTb closa. JlaH-
Hoe MpOHW3BefleHHe sBJSETCS NOKa3aTeseM, XapaKTepPH3YIOUIHM OPraHH3alMw MHKPO-
cxembl mamatH. Hanpumep, MHKpocxeMma cratHueckoro O3Y, npHBeneHHas Ha DHC.
1.3, umeer opraHusauuio 256X 1 GHT, 7. e. OHAa MOXeT XpaHHTb 256 OAHOPa3pAAHBIX
cnoB. MHKpocxeMa, Moka3aHHasi Ha pHc. 1.5, mmeer opranusauuio 2KX8 Gur, 1. e.
B Hee MOXHO 3aMHCaTh, XPaHHTb H H3 Hee BuiBecTH 2048 Gahr. EmkocTh aToR MHKDO-
cXeMH paanaﬁlﬁK OHT.
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PaspsaHocTb m aapecHoro kKoaa Ag..Am_; onpelesnser uHclo aapecyeMblx
AYeeK NaMsATH, pasHoe 2™ TakuM o6pasoM, 3Hasi pPa3spsALHOCTb ajAPecHOTO Koja m
H 4YHCNO HHGOPMAUHOHHBIX BXOAOB (BHXOZOB) N, HETPYAHO ONpeleJHTb HHpopma-
IIHOHHYI0 €MKOCTb MHKPOCXeMbl NMAMMTH H3 BbIpaXkeHHs: 2mXn.

DsieKTpHYeCKHe napaMeTpbl MHKpPOcXeM pa3fefsioT Ha CTaTHYeCKHe H JHHaMH-
yeckne. CraTHyecKHe napameTphl XapaKTepH3ylOT CBOHCTBA MHKPOCXeMbl B YCTaHo-
BUBIEMCH (CTaTHuecKoM) pexuMe. B .coctaB rpynnbl cTaTHYecKHX Tmapamerpos
EXOART: HaMpsiKeHHe MHTaHHs, BXOAHLIE H BHIXOJHble HanpsKeHHs (TOKH) BHICOKO-
r0O H HH3KOro yposHeif, norpeGaseMbie TOK H MOUIHOCTb, HampsixKeHHe NpPOrpaMMH-
POBaHHA H AP.

Hexoropble cratHyeckue napamerpnl HMeIOT [Ba 3HaYeHHs: OAHO OJs peXHMa

obpalleHHn, Apyroe AAs pexnma Xpaueus. TakMMM napaMerpaMi ABJSIOTCA Ha-
npaXKeHHe NMHUTaHUs, noTpelb sieMble TOK H MOLIHOCTh.
' TepmHHBl H GyKBeHHble 0GO3HAYeHHS JCKTPHUECKHX NAapaMeTpoBs, COOTBETCTBYIO-
utde cranaapry I'OCT 19480—89, npusepennr B Taba. 1.5, B pgaHHOA XHHre Hc-
MOJb30BaHbl MeXIyHapoaHble 0GO3HayeHHs MapaMerpoB, TaK KaK OHH LIHPOKO MpH-
MEHSIIOTCS B TEXHHYECKHX H3]aHHAX, CMNPaBOYHOII JIHTepaTtype H [OKYMEHTallHH,
a KpoMe TOro, 3THM JOCPHraeTrcs COOTBETCTBHe ¢ 0603HAaUEHUSIMH CHTHAJIOB H BHI-
BOAOB MHKDPOCXEM.

CraTtnyeckHe mnapaMerpul HmelorT ¢opmy npejcraBiaedusi Xg,m,n, rae X — Oyk-
BeHHoe o6oanauelHe napamerpa, K — HasHauenwe (BHA) napamerpa, M — pexum,
N — ponosnunrenvias Hudopmauus, HanpuMep yposeHp HanpsixkeHus (Toka). B o6o-
3HAYeHHH HEeKOTOpble M3 HHAEKCOB Moryt Ouitb ohywlenbl. ITpumep: leces — TOK (I),
notTpe6asieMulii MUKpOCXeMOR B pexiMe MNHTaHHA (CC) NpH XpaHeHHH HHPOPMALHU
(s).

3HgueHHs 3NeKTPHYECKHX N4PaMeTPOB YKa3biBalOT B CONPOBOXIACHHH NapaMer-
poB pexHMa. ITUMM NapaMeTpaMu ONnpefedsioT 3HAYEHISl TOKOB H HAaNpixeHHHd Ha
BXONl8X H BHXOAaX MHKPOCXeMbl, NPH KOTOPbIX H3Mepsfercss HJH DacCUHTHIBAeTCA
AaHubifl napamerp. Hanpumep, 3HayeHue napamerpa lccs MpHBOASIT BMecTe cO 3Ha-
YeHHeM HanpsKeHHs nuraHHs. O4yeBHAHO, MPH OTCYTCTBHH [JaHNLIX O PeXHMe MHK-
pocxeMnl HeJlb3sl C/e1aTh OGOCHOBAHHOTO 3aK/IOYEeHUA O COOTBETCTBMH ee Napamer:
pOB HOpMaM.

B cnpaBouHHKAax M TeXHHYeCKHX [OKYMeHTax oObIYHO MPHBOAAT TaKXe Tipe-
leIbHO AOMyCTHMME H MNpeledbHhle 3HaYeHH NapaMeTpPOB peXHMa: HamnpsXeHHH
THTaHHs, BXOLHWX H BLIXOAHHWIX HanpspkeHHidl (TOKOB), €MKOCTH HAarpy3kH H Ap.

Oranune npefeNbHO AONYCTHMBIX 3HAueHHil NapaMeTPOB pPEXHMa OT mpejeb
HbIX 3aKJIOYaeTcsl B TOM, YTO MPH 3THX 3HAYEHHSX 3JeKTPHYECKHe MapaMeTpnl MHK-
pocxeMbl He BHIXOAAT 3a nNpelesbl HOPMH, a NPH MpeAebHHX 3HAYEHHAX JIEKTPH-
YecKHe TapaMeTpbl He perJaMeHTHPOBaHbl, HO MHKpocxeMa paboOTOCNOCOGHOCTH He
TepsieT: NocJe CHATHA MPeAesbHOrO peXXHMa H YCTAaHOBJeHHs HOPMaJbHWX YCJOBHA
KCMJYaTalMH MHKPOCXeMa JOJXKHa UMeTh BCe NapaMeTphl B HOPMe.

TpuBesemM KpaTKyl0 XapaKTePHCTHKY HEKOTOPHIX NapameTpoB, o6paTHBIUHCh K
puc. 1.19, a.

HanpsikeHHe nHTaHHs yKasblBalOT HOMHHAJbHLIM 3HAaYyeHHMEM H JONYCKOM Ha
paa6poc B npoueHtax, Halpumep Ucc=5B*10%, uin B a6coMOTHHX 3HA4YeHHSX,
Hanpumep Ucc=4,5..55B. [l HeKOTOPHX THNOB MHKPOCXEM NaMATH MPHBOASAT
JBA 3HaYeHHA HANDSKEHHA NHTaHHA: NpH obpalleHHH H OpH XpaHednd, Hanpumep,



Ta6auuma 1.5 DreKTPHUECKHE NapaMeTpul MHKPOCXEM NAMATH

O6o3Havenne

Tep“uﬂ MeXNYyHapoaHoe OTeuyeCTBEeHHOe
Hanpskenne NATaHWS (B pexuMe XpaHe- Uce Un
HHA) Uees (Un.xp)
BxogHoe (BHXoaHOe) HanpseHHe HH3KO- Ui (UoL) U%, "
ro ypoBHs (U%ms)
Bxoaxoe (Buxommoe) HampskeHHe BHCO- Uik (Uon) Uy
KOro ypoBHR (Usux)
BxoaHof (BnxoaHoft) TOK HU3KOro ypoB- Iie(lod) 1%,
Hsl (1%uax
Bxoanod (BuxoaHo#f) ToK BHcokoro Lin(Ton) I'ax
ypOBHSA (I"anx)
ToKk yTeuku Ha BXoje (BHXoZe) Ii(Ivo) Ty ax(oun)
Hanpsikenue cYRTHBAHHA Urp Uey
HanpsikeHue NporpaMMHpOBAHHS Usrr Unp
Tox norpebnenns (B peXXHMe XpaHeHHs) Tee (Tecs) Tnor (Tnor.xp)
Motpe6asieMas MOIWHOCTL (B pexHMe Xpa- Pcc Puor
HeHHﬁ) (Pccl) Puor,xp)
Bxofnas (BmXonnas) eMKocTh Ci(Co) Cux (Caux)
EMKOCTb HarpyskH C. Ch
TMomexoycToRuHBOCTH M Unow
BpeMms unkaa tey ty
Bpems 3anack tevw tan
BpeMsi CYHTHBaHHN tevr tea
Bpems BHGOpKH ta ta
Bpems BrGopa tes tau
BpeMs yCTaHOBJeHUS tsu tyer
Bpems yaepxaHus tu ty
Bpems coxpaHeHHs tv tex
BpeMs xpaHeRHs tse txp
Bpems BoccTaHOBNeHHS trec taoc
TlepHon perenepauuu Trer Toer
JIIHTeNbHOCTh CHrHaMa tw T
TlepHoa CJENOBAHHS TAKTOBHX HMMYJbCOB Te T:
Bpems 3ajepkku pacnpocrpanenas cpen- teav tan.p.ep
Hee
BpeMs HapacTaHus CHrHaaa tr tuap
BpeMs cnajga cHrHana ty tea
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Puc. 1.19. K onpeleneHHIo cTaTHYECKHX MAapaMeTPOR MHKPOCXEM MaMATH

mHorne KMJIIIT-mrkpocxeMbl cMOCOGHH COXPAaHATh 3anHCcaHHY HHGOPMAUHIO NPH
noHHxkeHHoM a0 2 ... 3 B Hanpsaxenun nutauusg Uecs.

Hanpskenus BXOAHMX U BHXOAHWX cUrHanoB — HHpopMaunoukx  (Upy,
Ubo), aapecunix (Ua), ynpasasiomnx  (Ucs, Uwgr, Upg ¥ T. 1.), ykass-
BaIOT ANA ABYX JIOTHYeCKHX cocTostHHW O u 1, npuuem AMA CUrHanoB HH3KOro ypoB-
Hs (cocTosnune 0) NMpHBOAAT HAaHGONbIUHE 3HAYEHHH, a AJS CHFHAJOB BLICOKOTO YpOB-
HA (coctosiHHe |) — HanMeHbluHe Hanpumep, BXoAHBIE H  BHIXOAHHE CHCHAJH
TTJl-MuKpOCXeM HOMKHL HMeTh ClelylOllHe 3HAYeHHS HaNpsHKeHHH: UbiLmax=
=0»8 B; UDOLmax_—"O-4 By UDIHmIn=2By UDOHmIn=2'4B-

3HaHHe YKa3aHHLIX MapaMeTPOB TNO3BOJAET KOJHYECTBEHHO OLEHHTb TOMeXxo-
YCTOAYHBOCTD MHKPOCXEMBI MaMATH MPH HH3KOM M BHICOKOM YPOBHAX CHFHAJIOB Ha
KOHKDETHOM BXOHNe, HanpHMep WHDOPMALLHOHHOM, ¢ TOMOIUIbIO COOTHOWEHHA

Mt = Upitmax — ULmax

MH = UHmln - UDIH miny

rie ULmax, UHmin — HanGo/bllee 3HayeHHe HanpsKeHHA HH3KOTO YpPOBHs W
HaWMeHbluee 3HAYEHHE HANpPSKEHHA BHICOKOTO YPOBHH COOTBETCTBEHHO, KOTOpbie
¢OpPMHpYeT HCTOYHHK CHrHala Ha BXOje MHKpocxeMul. Ecau TakHM HCTOYHHKOM HB-
nsercs QyHKUHOHanNbHbR yien ¢ TTJI-BHX0aOM, TO yKasaHHble 3HAYEHHR DPaBHbI
04 u24B.

ITomMexoycTOR4HBOCTL MHKPOCXeMbl ONpefessieTci HaHOOJbUINM 3HadYeHHeM Me-
WaloWero HanpskKeHHs (floMexH) Ha BXoae, BO3JeHCTBHE KOTOPOro COBMECTHO ¢
NoJIe3HHM CHIHAaJOM ellle He BbI3HBAeT H3MEHEHHN COCTOAHHs Bhxoaa. B sauem
npumepe, rae B pacuer npudatre TTJI-ypOBHH CHrHanoB, AONYCTHMOe 3HAaYeHHe Ha-
NpsKeHHs NOMEXH Ha BXoAe MHKPOCXeMH paBHO MiL=Mu=0,4 B.

TIpHBeaeHHHe COOTHOILEHHS OKAa3biBAalOTCA NOJNEe3HbIMM H TPH OLEHKe CTelneHH
COBMECTHMOCTH MO BXOAHBIM H BHXOAHBIM CHrHAa/JaM MHKPOCXEM, NpHHaAJeMxallHx
K Pa3HHM THNaM 1O CXeMHO-TEeXHONOTHYeCKOMY TPH3HAKy, HampHMep MUKpocxeM
TTJ w KMATL

BonbluNHCTBO MHKpOCXeM naMfATH HMeeT BHXOAH ¢ Z-cocToswueM, Caeayer
HMeTb B BHAy, 4TO HanpsiKeHHe HA BbiXOJe B 3TOM COCTOSHHH He perJaMeHTHpo-
BaHO.
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3HayeHHs1 TOKOB YKasHBalOT N/ KOHKPeTHbIX BXOMAOB H BbIXOJOB MHKPOCXEMbI
B COOTBCTCTBMH C COCTOSIHHEM CHTH3JNOB Ha HHX, HaNpHMep: TOK HHSKOro (BBICOKO-
ro) yposnsi curiana suixomnoit unpopmauun Ipop(Ipon;), TOK HH3koro (BbCOKO-
ro) yposHa curiana sxomHoit uucbopmaud Ipyy (Ipiy), BxoaHOK Tok HH3KOrO
(ucokoro) yposus Iy (Iin), Tok cHinana appeca Ia # 1. A 3HaueHHss AAHHbIX
napamerpos HeoGXOAMMBI ANsi pacyeTa HArpy3ouyHoH crnocOGHOCTH MHKDOCXEMbl MO
KOHKPeTHOMY  Bbixoay, Hanpumep uudopmaunontoMmy (puc. 1.19,6) Ipopmin <<
& NliLmax,rae N —uucio BXon0B. MHKPOCXEM-HArpy3oK, MOAKMIOUEHHBIX K BBIXORY
NaHHON MHKpOCXeMbi NMaMsATH. 3HaHHe BXOAHLIX TOKOB MHKPOCXeMbl MO3BOJIseT pac-
cyHTaTh Harpy3ky N;Ix Ha BbiXox (OpMHpOBaTesss CHrHA.TOB afPeCHOro KOAa, KO-
TCpyW 06pa3dyioT N; o6beaHHCHHHX B MOAYJab MO OXHOMMCHHLIM aJPecHbIM BXO1aM
'MHKpPOCXeM NaMSTH.

[Mapamerpbl ToK I.. U MowHOCTh Pcc nmorpe6neHiss OAHO3HAYHO CBA3aHH: Pecc =
=IccUce. TToaToMy 06biuHO yka3wBaloT 3HaueHMe TOKAa noTpeGieHus mnpH orpeje-
JIEHHOM 3HAa4YeHHH HanpsKeHHs NHTaHuA. JlAsi MHOTMX MHKpOCXeM NaMATH NpPHBO-
AAT [Ba 3HAUEHHs YKAa3aHHHX NapaMeTpoB: AAs pexuma obpaiieHds lecc, Pcc H
pexxnMa XxpaHeHHR lccs, Pces. [Tapamerpnl Iccs, Pecs MO3BONAIOT OIEHHTb 3KOHOMHY-
HOCTb pexXHMa SHepronorpeGleHHS MHKpPOCXeM, HCMoab3yeMbix B yerpoiictse. Jlas
HEeKOTOpbIX H3 HHX, ocoGenHo aas KMJIII-MukpocxeM, XapaKTepHO cyleCTBeHHOe
(Ha HeCKOJbKO HOPSAKOB) yMeHblleHHe norpeC/isieMOfi MOLIHOCTH B peXHMe Xpa-
HeHHS MO CPaBHEHHIO C PEXKHMOM OGpallleHHs.

Mapamerp Upr onpenesisier 3HaueHWe HanpsiKeHHs CHrHaNa [POrpaMMHpPOBAHHA
ans Mukpocxem IMII3Y u PII3Y, npu xoropom obecneunBaercsi 3aHeceHHe HH(HOP-
MaLHH B HaKOMHTEJb.

JlMHamHyeckHe napaMeTpnl XapaKTepH3YIOT BpeMeHHble NpoLecchl B MHKpOcXe-
Max NamsaTH NPH 3aIHCH, CYMTBIBAHHH, NMPOrpaIMMHPOBAHHH, pereHepauHH. B cucre-
My AHHAMHYeCKHX (BPEMeHHUIX) napameTpoB BKMOYAIOT AJTHTEJILHOCTH CHLHANOB H
HHTEPBAaJIOB MeXAy HHMH (BpeMS BOCCTAHOBJIEHHS), B3aWMHbIN CABHI CHrHaJOB BO
BpeMeHH, Heo6XOaHMMLII Ans o6ecrnedenHs ycTOHUHBON paGornl MHKpocxemul. ITepe
YeHb QMHaMHYECKHX napdMeTpoB 3HayHTeJleH H pPa3HOOGpa3eH, MOCKONbKY B ynpaB-
JIEeHHH MHKpPOCXeMOli NaMATH 3a/eACTBOBAHO 11€CKOJbKO CHFHAJ0B, NMPHYCM COCTAB H
YHCJIO [1apaMeTpPOB CyIUECTBEHHO 3aBHCAT OT BHAA, a HHOrAAa H THHA MHKPOCXEMBI,
HanpuMep, MuKpocxema craTthyeckoro O3Y K561PY2 xapakrepusyercs BoceMbio
BpeMeHHKIMH TapaMeTpaMH, a MHKpocxema auhamuueckoro O3Y K565PY3 — tpua-
HaThIO YeThipbM.

IMpuBeaeM kpaTkHe XapaKTEPHCTHKH OCHOBHbIX AHHAMHUYECKHX i1apaMerpos, 06-
pamasch ANS HarJsgHOCTH K BPeMeHHBIM AuarpammaM Ha puc. 1.20, mamocTpHpyio-
IHM npoueccH B MHKpocxeme craTHyeckoro O3Y B anHaMuKe ee paGoTHI.

Ias o6o3HaueHHs BPeMeHHBIX NapaMeTPOB WCMOJIb3YIOT CJACAYIOUHA BHA 3ami-
ci: ty(p—c), rae Y — BHA napamerpa, B — ofoauaucnnc curnana, coctosiHHe KoTO-
poro H3MeHsercss mnepBuM, C— 06o3HaueHHe cHrHana, COCTOSIHHE KOTOpOro H3Me-
HAeTCA MOCJEAHHM, T. €. B KOHUE BPeMeHHAro MHTepBaJa.

IMpn Heo6XOAHMOCTH YKa3aHHble HHAEKCH MOryT OblTb AOTOJHeHbl 00O3Haue-
HHIMH HanpaBJieHHs nepexoaa curHana: LH — H3 cocTofiHH HH3KOro ypoBHs B
COCTOSIHHE BHICOKOro yposHsi, HI.— H3 cOCTOAHHA BLICOKOro YpDOBHfi B COCTOAHHE
HH3Koro ypoBHs, ZL, LZ — 43 Z-coCTOSIHHA B COCTOSIHHE HH3KOro ypoBHs H o6part-
Ho, ZH, HZ — us Z-cocTofiHHA B COCTOAIKHE BHCOKOro YPOBHA M 0G6paTHO.
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Puc. 1.20. BpemeHHble AHarpaMMb CHIHaJoB MHKpocxemu O3Y

Bce MHorooGpasne paccMaTpHBaeMblX MAPaMeTPOB MOXKHO CHCTEMATH3HPOBATb,
06belHHHB HX B HECKOJNbKO Tpyni.

1. [TapameTpH, xapakTepH3yiolllHe NJIHTeNLHOCTh CHrHana tw M HHTEpBana MeX-
Ay CHTHA/NaMH tgec, HanpuMmep, AAs chrHada CS yKasaHHBe NapaMeTpsl GyayT
HMeTb caenylomyio dopmy 3anucH: tw(csy. trec(cs)-

2. [TapameTpel, XapakTepHsyiolilHe B3aHMHHIH CABHI CHTHAaJIOB BO BPEMEHH:

a) tsu— BpeMsi YCTaHOBJIEHHS OJHOrO CHrHaJa OTHOCHTEJNbHO APYroro onpene-
NACTCH KaK MHTEPBAN BPeMeHH MeX1y HauaJaMH JBYX CHCHAJOB Ha pa3HblX BXOAAX

MHKPOCXeMH, HanpuMep tgy(a—cs) — BPEMS YCTaHOBJEHHS CHrHana CS orHocH-
TeNIbHO CHTHAJNOB ajpeca;

6) tu — BpeMs ynep>KaHHf OAHOTrO CHrHajla OTHOCHTEJNbHO APYroro onpeaens:
eTC KaK HWHTepBas BPEMeHH, B TeueHHe KOTOPOro CHrian yaepxuBaercs Ha 3anai-
HOM BLIBOjAe MOCJe aKTHBHOrO Mepexoaa CHrHajna Ha JApPYrom BbIBOAe; HanpHMmep,
tH(wr-DI) —'BpeMsi yAepxKaHHA HHGMOPMAUHOHHOrO CHrHasna Ha Bxoje DI ortHoO-
CHTesbHO CHrHasMa 3anHcH WR;

B) tv — BpeMs coxpaHeHHsi ONHOro CHrHaJa Iocfne APyroro onpegensercs Kak
HHTepBa/l BPeMeHH MeX1y OKOHYAHHAMH ABYX CHTHAJ0B HAa Pa3HBIX BXOAAaX MHKpO-
cxeMbl, HanmpuMep tfy(cs_a) — BPEMsi COXPAaHEHHA CHTHaJOB anpeca Tocje CHrhana
BbiGOpa CS;

r) ta —Bpema BbIGODKH onpenensieTcs HHTePBAaJNOM BpeMeHH MeXAY Mnoaavel
Ha BXOA MHKDOCXeMB 3aJaHHOrO CHrHasla H MOJyYeHHeM Ha BHXOAE CHrHasna HH-
(opMalUHH NpH YCJIOBHH, 4TO BCe OCTaJbHLIE HEOGXOAHMble CHTHAJLW MONAHBLI, HA-
npuMep tA(A)—npeMﬂ BLIOOPKH ajpeca. tA(cs)—BpeMn BLIGOPKH CHrHaJa cS
(3TOT mapameTp MONYYHN HalBaHWe «BpeMs BbhiGOpa» H oGo3HaueHHe fcs).

3. [Napamerpnl, xapaKTepHayjoulHe ONJHTENLHOCTb MPOLECCOB 3aNUCH (CYMTBIBA-
HHAA) MH(popMaUHH: tcy — BPEMS LHKJa onpejessieTcsi HHTepPBAaJOM BpPEMEeHH MeXAY
HayasaMH (OKOHYaHHSIMH) CHIHAJOB HA aApPeCHHX KJM OJHOM HS YMNpaBAAWILKX
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BXO#aX, B TeueHHe KOTOPOrO MHKDOCXeMa BHIOJHAET (yHKuMIO 3amucH  (teyw)
WM cunthBanHa  (toyg).

Ilna mukpocxem nuHamuuecknx O3Y BBeseH nononHWTeNbHbId napamerp Trer —
nepHoj pereHepaliHd, KOTOPHIH OlpejesseT MAaKCHMAaJbHbIll HHTEPBAN BPEMEHH MeX-
ny AByMf oOpallleHHAMH MO KAaXAOMy ajapecy AJs BOCCTaHOBJIEHHSH xpammou HH-
thopMauHH.

B nepedeHh BpeMeHHHIX napametrpoB MHKpocxeM PII3Y Bk/OueHH Takue na-
paMeTpel, Kak BpPeMsa CTHPaHHWs HHpoOpMaluH ter, BpemMs XpaHeHHS HHHOPMAUHH tsg
B 3aJ1aHHOM DeXHMe, KOTOpPhifi xapakTepuayer cnoco6HocTh MHKpocxemw PII3Y co-
XPaHATb 3aMHCAHHYI0O HHPOPMALHKIO AJHTEJIbHOE BpeMs.

O6paTumca K BpeMmeHHbIM anarpamMmaM na puc 1.20 u kpatko onHuwem pabory
mukpocxembl ctatuyeckoro O3Y (puc. 1.18,a) c ucnosb3oBaHueM BpeMmeHHbIX na-
pamerpos. Ilpr 3anuch MHdpopMaunm BHauane nomalT agpecHufi koa Ao .. A;, 3a-
tem curHan 3anuck WR/RD=1 u 6ur uudopmauwiu na sxox DI. Hoctyn k Hako-
NHTeNI0 OTKpHBAeT cHrHan CS=0, KOTOPH A0MKeH ObWTb YCTAHOBJAGH Ha BXOAC
CS cnycts BpeMa tgy(p_(cs) OTHOCHTEJIbHO MOMEHTa IIONAYH CHIHAJIOB KoAa an-
peca. IlaurenbHocTh curiana GS onpenensior napauerpom tw(cs), a AJHTedb-
HOCTb MHTepBa/a MeXIy CHTHalaMH CS-napamerpom trec(cs). CHraanu koma an-

peca HeoGXOAMMO COXPaHATb Ha BpeMst ty(cg_a) MOCAe CHATHA CHrHaJa CS.

B TeyeHHe Bcero UHKNA 3amHUCH tcyw BHIXOA MHKDPOCXEMW HAXONHTCA B Z-CO-
crosHud  Jlna cratudeckux O3Y ANHMTENBHOCTL UMKAA 3aMHCH  Onpefedsercs Kak
CyMMa JIIUTeNbHOCTH CHrHajla H HHTEpPBAaJa MeX/y CHCHANAMH:
—+ trec(cs).

B 1tukne cuuTHIBAHHA NMOPHLOK MOMAuM CHrHAAOB coxpaHsercs npn WR/RD=0.
Bpems nosenewus cHruana aaunux Ha Bhixoge DO onpejendercs nNapaMeTpaM
taca) M tcs, MeXRy KOTOPBIMH HMeeTcs CAeAyIOLLAs 38BHCHMOCTB: tya) = tcs +
+ tsua—cs)-

Hepeako yKasbBalOT NapaMeTpel, XapakTepi3yloliHe QJIHTEJbHOCTH (HPOHTOB
BO31eACTBYIOIUUX CHrHAJNOB: tg,tr — BpeMA HapacTaHHA M cNaja CcHrHana CoOOTBeT-
crBedHo. [lapamerp tr onpesensiercs HHTEpBaNOM BPeMeHM HapacTaHHs CHrHaja oOT
ypoBHa 0,1 no MomeHTa, OKraa BBIXOAHOW CHrHaJs MHKDOCXeMhl BMepBble JOCTHrHeT
3anaHHoro 3HaveHHs. [lapamerp ty onpeaensercss WHTepB4/1OM BpPEMeHH craja CHT-
Hana or ypoBHs 0,9 10 MOMeHTa, vorla BHIXOAHON CHrHan BNepBHe JOCTHTHeT 3a-
JaHHOro 3HAUeHHS.

K rpynne anHaMHueckMX napaMeTpoB OTHOCST TaKxe eMKocTH: Bxoguyio Ci,
suxogHylo Co, Harpy3kd EMkocTs Bxona (BhiX0oga) MHKpOCXeMH oOflpejensioT 4e-
pe3 OTHOlIeHHe eMKOCTHOH pPeakTHBHOH cocTaBJisiolieli BXOAHOro (BHIXOAHOTO) TO-
Ka K MpousBefleHHI0 KPyrosofi 4acTOTh Ha CHHYCOHAAJblOe BXOAHOe (BHXOAHOE)
HanpsiKeHHe [PH 3a1aHHOM SHAYeHWH 4acToTe cHrHada. Cieayer HMeTs B BHAY,
4T0 B OGUleM Cayuac eMKOCTM Pa3JHUHHX (YHKIKOHANbHHX BXOAOB H BHXOAOB He
COBMNAN3IOT, XOTH M TakKHe caydau Bcrpeyatorcs. [TostoMmy oO6biuHO B CIpaBOYHHKAX
NPHBOASAT EMKOCTH .AJf Pa3HbiX BHBOAOB MHKpocxeM. EMKOCTb Harpysku onpene-
JAIT KaK CyMMapHYI0O eMKOCTbh BHEUIHHX UerncH, NMOAKJIOYEHHLX K AAHHOMY BHIXO-
1y MHKDOCXEMH.

[Mpn H3MepeHHAX H pacyeTax BPEeMeHHIIX NMapameTpPOB 33aA3I0T NApAMETPH pe-
XKHMMa, TOCKOJbKY AJIHTEJbHOCTH CHTHa/NCB, HX B3aHMHble CABHIH, AJHTEALHOCTH
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UHKJIOB B 3HAYHTEJLHOA CTeneHW 3aBHCHAT OT HAIIPSAXKEHHA H TOKOB Ha BbIBOAAX
MHKpocxembl. HarnsguuM npumepoM Moxer clyXHrb 3aBHCHMOCTb OhicTpoAeficT-
BHaA KMJII-MHKpocxeM OT HanpskeHHs NHTaHHS: OHO yMeHbLIAeTCs NPaKTHYECKH
NpOMOPILHOHAILHO yMeHbUIEHHIO HaNpsi)KeHUsl NHTaHHA.

Cneayer NpHHHMaTb B pacdeT TAKKe 3HAYHTEbHYI0 3aBHCHMOCTL NapaMeTpos
MHKpPOCXeM OT TeMNepaTypw OKpyaiollefi cpeanl. OOGBYHO cHpaBodHLe AaHHbBE
NPUBOAATCA € YKasaHHeM TeMilepaTypPHOro AHanasoHa, B Npeaenax KOTOPOro OHH
COOTBeTCTBYIOT HOpMaM.

[pynny skcnnyaTauHOHHWX MNapaMeTpOB COCTABJAIOT AHANa30H paGoYHX TeM-
nepaTtyp, ycCTOMYHBOCTL K MeXaHH4eCKHM Bo3feficTBusiv (BHOpauun, yaapam, JH-
HeHBIM Harpy3kaM ¢ yCKOpPeHHeM), K KJHMarTH4eCKHM BO3AefCTBHSAM (BJaX»HOCTH,
aTmochepHOMYy AaBsieHHI0 H Ap.). Ilapamerpnl 3ToH rpynmnusl sBJSIOTCS OOWHMI AJS
BCEX 3/EMEeHTOB annaparypbl H TpeGuLaHHsi K HHMM 33aJalOT MCXOAsi 13 YCJOBHH
3KCMMIyaTalkH annapaTypal.

M3 napamerpoB, XapaKTepH3yiOUtHX HaleAHOCTb MHKpOCXeM, B ClIPaBOYHOM JIH-
TepaType OOWUYHO NPHBOAAT rapaHTHfilylo HapaGOTKy i rapaHTHAHuIi CPOK XpaHe-
uua. HHorza ykaswBaloT Hapa6oTKy B OGJeryeHHHX peXXHMax H B YCJAOBHAX 3KC-
nayaTauHH.

1.5. KoHCcTpyKTHBHOE 0popMIeHHe MHUKPOCXEM NaMATH

KOHCTPYKUHA MHKpPOCXeMhl NMAMATH COCTOH1 H3 ABYX OCHOBHHIX 4acTeit — KOp-
nyca H 3aK/IOYEHHOro B Hero MOJyNnpOBOJHHKOZOTO KpHCTAaMMA C 3JeMeHTaMH H
MexcoenHHeHHAMH. Kopnyc npeaHa3HayeH a/is 3alUMTH MHKPOCXeMH OT BHeLIHHX
BO3AeHCTBHA, ANA obecneyeHHs COeAHHeHHH C BHELIHHMH 3JIGKTPHUECKHMH LeNsMH
¢ MOMOILBLIO BHBONOB, a Tak¥e AJA OTBOAA Ten/a oT Kpucraana. Kopnyc B 3HadH-
TeNbHOM CTemeHH oOMnpeie/isicT HANAEKHOCTb MHKPOCXeMBl M TEXHOJIOTHIO ee MOHTaxa
Ha nevaTHyIO nJjary.

Hekoropas uyactb MHKpocxeM phinyckaercss B GeckopnycHoM HciojiHeHHH, das
3aUIHTH OT BO3AEHCTBHA CPeAW OHH SalllHIIeHbl cJl0eM KOMNayHma OTH MHKpO-
cxeMbl MpeAHa3HayeHW [JA YCTAHOBKH B MWKPOC6OPKH, MHKPOOGJIOKH H Jpyrie BH-
Abl H3JeJHi MQiYyJbHOrO THMNA.

CoBpeMeHHLHe MHKPOCXEMbl NMaMATH KOHC1PYKTHBHO O(QOpMJEHH B KOpilyca, BHA,
pa3Mepn H 0603Ha4eHHs KOTOPWX COOTBETCTBYIOT OJHOMY H3 TpCX CTaHQapTOB:
I'OCT 17467—72, ecnn kopnyc pa3paGoran po 1979 r., FOCT 17467—79, ecaw
Kopnyc paspaGorau ao 1989 r, u pe#icrviomemy craupapry ['OCT 17467—88 nns
KopnycoB, pa3pa6oraHHux rnocue 1.01.89 r. [16].

Kopnyca, cooTBeTcTByiollHe NEepBOMY K3 HA3BAHHBIX CTAHAAPTOB, pa3jeneHhl
Ha 4YeThpe THNA, COOTBETCTBYIOLIHe BTOPOMY CTaHAapTy — Ha nNATb THnos. B coot-
BeTCTBHH C AeACTBYIOUIHM CTaHAapTOM KOpnyca MHKpOCXeM MO KOHCTPYKUHH pa3s-
AeJieHH Ha lecTb THNOB, NPH 3TOM COXpPaHella NMpeeMCTBEHHOCTb CTAHAAPTOB B OTHO-
L'eHHH THMaXa KOPNYCOB B- TOM CMBICJe, YTO THNH KOPMYCOB HMEIOT OfHHAKOBOE
onpegeseHHe,

Kopnyc nepeoro THNa — npsaMOYroJbHuifi ¢ BHIBOAAMH, MEePlEHAHKYIAPHHMH
MJIOCKOCTH OCHOBAHHSl W pacnonoXKeHHWMH B mnpeaenax npoekudu Kopnyca. Kopoyc
BTOPOr0 THMAa OT/IHYAETCA TeM, YTO BLIBO/Ibl BLIXOASAT H3 GOKOBHIX CTOPOH H H30-
rHyTH MepneHAHKYNspHO naockocTH ocHoBauHs, (Kopnyc tina DIP — Dual Inline
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Ta6auia 1.6. Kopnyca uHTErpajbHbX MHKPOCXEM

Tun |rozmun| %o P %
OCHOBAaHHA
1 11 |[Mpsamoyrosbnas, IlepneHauKynsipHoe, B OAHH PAL
12 pue. 1.21 TepneHauxky/isapHoe, B ABa pAAa
13 [TeprienauKkynsipHOe, B TPH K GoJjiee psL0B
14 IMepnenankyasipHoe, N0 KOHTYpPY
15 [TepneHaukyasipHoe, B OAHH psafd Hiu B oTdop-

MOBAHHOM BHJie B nBa pAna

2 21 [IIpsmoyroabuas, [TepnenauxynsipHoe, B ABa pAAa
22 puc. 1,22 [Tepnennukysnaphoe, B uyeTHpe paja B MlaxmaT-
’ HOM MOpAAKe

3 31 Kpyraas, [MepneHanKyAsipHOE, MO OQHOM OKPYXHOCTH
23 puc. 1.23
OBanpHasn [MepnenankyaspHoe, Mo 0AHOA OKDVXKHOCTH
4 41 [IIpamoyroabuas, [TapanienbHoe, Mo ABYM NPOTHBOMOJOXHHM CTO-
puc. 1.24 poHam
42 Tlapannenbhoe, Mo 9eTeipeM CTOpOHAM
43 [Tapannensroe, B 0oTGopMOBaHHOM BHIe NO ABYM
NPOTHBOMOJIOXKHLIM CTOPOHAM
44 [Tapannenbhoe, B oThpopMOBAHHOM BHJe MO ue-
THIPEM CTOPOHaM
45 [MapaanenbHoe, oTdopMoBaHHHe MoJA Kopmyc Mo

YeThIpeM CTOpPOHAM

5 51 |IIpamoyroasuas, IMepnenankyiapHoe, ¢ GOKOBHMH BHIBOIHHIMH
puc. 1.25 MJIOIIaAKAMH MO YeThIpeM CTOPOHaM
MapannenabHoe, ¢ HHXHHMH BHBOIHHMH IIO-
aAKaMH
52 [MepneHAUKYARpHOE, ¢ GOKOBHMH BHBOAHBIMH

naoulaikaMH 1no ABYM CTOpPOHAM

6 61 KBaaparuas, Tlepnenankyasproe, B dernpe u 6ojee pAAOB
62 puc. 1.26 ITepneHanKyasipHoe, B ABa U 6oJjee DSLOB

Package). Kopnyc Tperbero THia HMeeT KPyr/yl HAM 0Ba/bHYIO GOPMY, aHAJOrH4-
Hyw ¢opme Tpanaucropos. Kopnyc uerseproro THna — npAmMoyrosbHei ¢ BhBOAA-
MH, DachoJIOXeHHBIMH Mapaine/bHO IJJOCKOCTH OCHOBAHMsA (llaHapHhie BHIBOAHI)
HJIH OTPOpMOBaHHHMH noa Kopnyc. Kopnyc natoro Tuna — npAMoyroJbHefi ¢ BH-
BOAAMH B BHJE JEHTOYHHIX INPOBOJHHKOB HJH B BHJe KOHTAaKTHHX mjoutapok. Ta-
KHe Koprnyca BBHAY HX HeGOJbWHX pa3MepoB H mnoJdydaiolefics OT HX NPHMEHEHHS
SKOHOMHH B IUIOLLAJH MOHTAaXa elue Ha3biBalOT MHKpPOKOpNycaMH. 3To HasBaHHe
OTHOCHTCS K HeKOTODHM DPa3HOBHAHOCTSM KOpIycoB uerseproro Tuna. Mukpokop-
nyca ¢ BHBOJaMH-nJollaflkaMH paRee o6o3Hadanuch Gyksamu H W M u HasuBa-
JIiCL KPHCTaJAOHOCHTENMH, Hanpumep, kopnyc H14.42 ¢ 42 BhBOAaMH OTHOCHTCH
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Puc. 1.21. Kopnyc tuna 1:  Puc. 1.22. Kopnyc tuna 2:  Puc. 1.23. Kopnyc.tuna 3
a — BAA ¢ GOKOBOft CTOpOHBI; a — BHA ¢ GOKOBO# CTOPOHbI:
6 — BHA CO CTOPOHBLI MJIOCKO- 6 — noatun 21; 8 — nmoaTHnN 22

CTH OCHOBaHHsi: mnoarun 11;
8 — TO Xe, noarun 12; 2 —
To ke, mnoarun 13; J —TO
Ke, noarHn 14; e —BHUL ¢
IBYX GOKOBBIX CTOPOH: TOA-
THn 15; 3amTpuxoBaHHas 06.
nacTb OAA  KaloYa Ha puc.
1.21,6—0 ycn0BHO mNOKa3aHa
CO CTOPOHBI MNOCKOCTH OCHO-
BaBHA; |—n — HOMepa TMO3H-
uHfA BHIBOJOB

K TakuMm kopnycaM. Kopuyc wecroro tHna — kBagpaTHoil GOpMLI ¢ MaTpHYHBIM
pacnosioKeHHeM BbIBOLOB, MEPMeHAHKYASPILIX NJIOCKOCTH OCHOBAHHS.

Kaxabii THn 1o ¢opMe NpPOEKUHH Te.a Kopnyca Ha MJIOCKOCTh OCHOBAHHS H
NO PacriofOXKeHHI0 BHIBOAOB MOAPA3/leNsieTCs Ha NOATHIB. THMABl M MOATHMH KOP-
MycoB MHKpocXeM IpuBeieHbl B TaGa. 1.6, a ux sug —na puc. 1.21—1.26.

Hubopmaunsi o MPHHAANEKIIOCTH KOPIyca K TOMY HJH HHOMY THMY H TOATHNY
COJepXKHTCH B ero ycJoBHOM oGoaHaueHuH. OHO cocTOHT M3 Mdpa THNOpa3Mepa
KOpIyca, BKJIOYAIOUIEro Koj MOATHNA W HOMep THMopa3mepa, UH(POBOro HHAEKca,
ONpEeAeAIOLIero YHCAO BLIBOAOB, MOPSAKOBOrO PerHcTpanHoOHHOro Homepa H 0603HA-
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Puc. 1.24. Kopnyc Tuna 4:

g -— NOATHOBI 41, 43; 6 ~- noaTHnbi 42, 44; 6 — noATHn 45
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Puc. 1.25. Kopnyc Tuna 5: Puc. 1.26. Kopnyc Tn-
a — noatan 61 (5101—5113); 6 — noatun na 6

61 (5114~—5136)

yeHHsi cranpapra. [IpuMep ycaoBHoro o6o3Hauenns: kopnyc 2107.18-5 T'OCT
-17467—88. 3pech ykaszaHo, 4TO KOpNyc BTOPOro THMA M noatHna 21 (cM. pHC.
1.22,6) c HomepoM Tunopa3Mepa 07, uMelowH# 18 BHBOLOB, ero perHcTpauHOHAH A
HoMmep 5, coorBercrByer crangapty OCT 17467—88.

YcnoBHble 0603HaueHHst KOpNycos, npHcBoeHHe WM no 1989 r., coxpaHsioTc.
Ins KopnycoB, COOTBETCTBYIOIIHX cTauiapiy 1972 r., B 0603HayeHHH OTCYTCTBYeT
yKasaHHe Ha MOATHN Kopnyca, Hanpumep, kopnyc 402.16—8 npsaMoOyrosbHHA 9er-
Beproro THna (c nsaxHapHbiMH BbiBoaamH) 02 Tunopa3mepa, umeer 16 BHBOROB,
€ro perHcTpalHOHHBA Homep 8.

YcranoB/ieHbl CsedylOliHe pa3Mephl llara MNO3MUHA BHBOAOB: AJA KOpNycOB
thna 1,2,6 —25 Mm (psa THnopasmepos noatHna 15 umeer war 1,7 mm); ans
KopnycoB TtHna 4 u 5 — 126 MM, ans xopnycoB noatHnos 42 u 52 — 0,625 MM,
AJs psjna THnopaamepos Kopnycos nogptiunos 42, 44 u 51 war pasen | MM.

HyMepauus BbIBOROB KOpfnyca HaylHaeTcs OT KJio4a, KOTOpHfi npeacrabJser
co6oft nMb0 OTMETKY Ha Kopnyce, JuGO APYryi0 KOHCTPYKTHBHYIO OCOGEHHOCTB, Ofi-
peaessiOlIYI0 NMO3HLHKIO BbIBOMA. 30HA KJIOYa OTMeYeHa Ha PHCYHKAaX 3alITPHXOBaH-
HOM 06nacTbio (Ha HeKOTOPbIX PHCYHKAaX, rAe NOKa3aH BHA Kopnyca co CTOpOHM
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NAOCKOCTH OCHOBaHHM, 30HA KJIOYa HaHeceHa YCJOBHO C TeM, UTOOH YyKasaTb MeCTO
ee pa3MelleHHs Ha Kpblllke kopnyca). Kmou ponked GHTb pacnojioXeH B 3alITPH-
XoBaHHOH o6nacTH Tak, 4TOOb NOC/Je YCTAHOBKH MHKPOCXeMH Ha MJary MOXHO
6LiJI0 ONpeaesqHTh NO3HUHIO NePBOTO BHIBOAA.

Jns oGecneyeHHs HaaexHofl paGoTbl MHKpPOCXeMbl HEO6XOAHMO OGeCMeYHTh OT-
BOA Temia OT KPHCTasJa uepe3 KOpPNyC B OKPYXawollyio cpeay, YTO6W Temmneparty-
pa KpHCTa/JJia He MpeBLILIAJsa onpefeledHoro 3HaueHns. Jio6yio MHKpocxeMy mno
TEMJIOBOMY  DeXHMy XapaKTepH3yloT TpeMsa (aKTopaMmiu: paccedsaeMoif Moll-
HOCTbIO, NpepesaMH 3Had4eHHH paGOUHX TeMMepaTyp, TemJIOBHM CONPOTHBJIEHHEM
Koprnyca. BHyTpeHHee Tenl0s0e cOMpoTHBJIEHHe 3aBHCHT OT pa3MepoB M MaTepHasa
Kopnyca, a BHelIHee — OT TJOLAAH NOBEPXHOCTH KCpnyca H crioco6a orsosa Ten-
na. Heob6xoguMo oGecnednTb BO3MOXHO GoOJslee HH3Koe TeMJIOBOE COMNpPOTHBJCHHE
Kopnyca, 9To6H YMeHbLIHTb HAarpeB KPHCTAM1a H 3a 3TOT CYeT HOBHICHTH HajeXx-
HocTb (DYHKIHOHHDOBAHHA MHKPOCXeMH.

[To ucnoab3yeMmbiM MaTepuanam A/ KOPRyca HX pasfiessiloT Ha MeTaslIocTeK-
AAHHBlE, MeTasJloKepaMH4YeckKHe, KepaMHYecKHe, CTeKJOKepaMHYecKHe H MJAcTMacco-
BHe. YKa3aHHe Ha MaTepHas KOPNyca COACPXKHT YCJOBHOE KO0J0BOe OGO3HAueHHe
mukpocxeMu (cM. § 1.1).

MerannocTek/siHHbIE KOPNMYCa COCTOAT M3 CTeKJAAHHOTO HJH MeTaJTH4ecKoro
OCHOBaHHA C H30JAlLHel BHLIBOAOB CTEK/JIOM H MeTasiH4yeCKo KpHIKH. OHH pacCiH-
TaHH Ha CPaBHHTe/IbHO HeBLICOKHE YDOBHM pacceHBaeMblX MolIHocTefl H M03TOMY
HaxoaAT MpHMeHeHHe AN KOHCTPYKTHBHOru odopMieHHs MHKDQCxem MaJjioli Moll-
HOCTH.

ITnacrMaccoBble Kopnyca ¢GOpPMHPYIOT B npouecce 3ampeccOBKH B [JacTMaccy
NMoNynpoBOAHHKOBOrO KPHCTasJla, NpeaBapHTeJ]bHO CMOHTHDOBAHHOrO Ha MeTaJlH-
geckoff paMKe ¢ BmBoaaMH. Hepeako BHyTpb Kopryca IOMelLalOT aJIOMHHHEBYIO
IUIacTHHY, KOTOpas BHIIOJHsSeT (YHKUKMH TeNJOBOro pacrekartens, CHHXaiollero
TenJoBOe CONMpOTHBJecHHe Kopnyca. Kopmyca u3 mJjactmaccw camble JellleBHe, HO
HeJl0CTAaTOYHO CTOMKHe K BO3efCTBHIO TeMnepaTypHHX mnepenanos H BJaarH, O6bu-
HO WX HCMONB3YIOT AJA MHKpOCXeM, NpHMeHseMmblx B oOJerdeHHbX TeMnepaTypHBIX
H KJTHMaTHIECKHX YCJIOBHAX.

MertanoKkepamuyeckHe KOpHyca COCTOSAT 13 KepaMHUeCKOro OCHOBAaHHA H Me-
Tan/HYecKoH KphilikH, KepaMHueckHe kopnyca H3roTaBJHBalOT TOJNBKO M3 KepaMH-
YeCKHX MaTepHaJoB., [l KOpIycOoB 3THX THNOB XapaKTepHO cyllecTBeHHo OGoree
HH3KOe TemJIoBOe CONPOTHBJIEHHE N0 CPAaBHEHHIO C MJIACTMAcCOBLIMH KOpPNycaMH, 4TO
06yC/IOBJIHBACT HX CMOCOGHOCTb PACCEMBATb 3HAYHTEJbHbie MOIIHOCTH (A0 HECKOJb-
kux Batt). [ToatoMy paHHble KOpNmyca IUHPOKO NPHMEHSIIOT AJI1 KOHCTPYKTHBHOrO
odopM/IeHHsT MHKPOCXeM MOBLILIGHHOrO YPOBHA HHTerpauUHH, B HYacTHOCTH, MHKpO-
cXeM MaMSATH, OTJHYAMOUIMXCA 3HaUeHHeM pacceHBaemoil MOLIHOCTH MNOPAAKa eQH-
Huu BaTT. HemocTaTKoM KepaMHYeCKHX KODNVCOB SBJIAAGTCH OTHOCHTE/NbHO BLICOKas
TeMnepatypa natiku (440°C) HuHelt W BepxHell yacTell Kopmyca, 4To MOXeT BH-
3BaTb JIOKaJbHble MOBPEXAEHHS OKHCHLIX H30JSUHOHHBLIX cnoes Kpucraaaa. Heno-
CTAaTKOM MeTaJllokepamHYeCKHX KOPMycoB sBJifeTcss 6oJiee CJAOXHasi TeXHOJOrHs
H3roTOBJIEHHsl, Heo6xoAHMOCTb B GoJlee JOPOTHX MaTepHasnax M, Kak CJeNCTBHe,
Gosnee BBICOKaA CTOHMOCTb. CTeKJOKepaMH4YeCKHH KOpMyc OT/Md9aeTcsi OT MeTaJJo-
KepaMHYecKOro HaJHYHeM KepaMHYeCKOH KPpHIIKH, COeJHHeHHOA ¢ OCHOBaHHeM C
NOMOLIbIO CTeKJa.
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KoHCTpyKTHBHHEe 0COGEHHOCTH MHKpOcXeM [Ha/judHe TrepMeTHYHHX BBOXOB,
49yBCTBHTEJLHOCTb K TeperpeBy coe/HHeHHH BBLIBOAOB KOPTyca ¢ KOHTAKTHBIMH MJO-
IagKaMH KpHCTaJsla, OTHOCHTEIbHO TOHKOe (JOJH MHJJIHMETpa) AHO KOpnyca, Ha
KOTOpOM pa3MelleH KpHcraan] onpegessiior psia TpeGoBaHuH, KOTOpHie HeO6XOAHMO
YIHTBIBATb NpPH YCTAHOBKE MHMKDOCXeM Ha MeydTHyl0 NJIaTy H NpH MOAroTOBKe HX
K MOHTaXy.

Kopnyca tunos 1,2,3 4 6 npeaHa3daueHs! A/ MOHTa)Ka Ha MeYaTHylo nnaarty
¢ orBepctHaMH. Kopnyca tHnmoB 4 u 5 ycTaHaB/iuBalOT Ha nedaTHyio nnary 6es
OTBEPCTHH C NPHMeHeHHEM MeTOAAa MOBEPXHOCTHOro MouTaxa. [TpeMMyuiecTsom 3TO-
ro MeTona fBJIfeTC BO3MOXHOCTb pa3MellleHHsi MHKpocxeM Ha oOeHx CTOpPOHAX
nAaTh.

B neficTByiolleM CTaHAapTe MOJYYHJIH Da3BHTHe THMNODa3Mepbi KOPIycOB, COOT-
BeTCTBYIOLU[He TPeGOBAHHAM TNPOrpecCHBHBIX TeXHOJOrHH MOHTa)Xa M oGecrneyHBaio-
1wHe GoJsiee palHOHaJbHOE HCMOJb30BaHHE MJIOUIAAH TNATHI 3a CYeT KBAaAPATHOH HJIH
No4TH KBaapaTHOA (OPMBI KOpryca H 4eTHIPeXCTOPOHHEro pasMelileHHs BbiBOJOB.
Hanny4wumuy xapakTepucTHKaMH B 3TOM OTHOLIEHHH 00s1afaioT Kopnyca MOATHNOB
42, 44,45 n 51.

MukpocxeMbl MaMATH KOHCTPYKTHBHO O(OPMJIEHH B OCHOBHOM B KOplyca BTO-
poro, 4eTBEPTOro M MATOro THMOB.

2. MHUKPOCXEMbBI O3Y U OCHOBbI UX
IMPHMEHEHHS

2.1. XapaKTepHCTHKH W peXHMbI MHKPOCXEM
cratuuecknx O3y

Cepny MHKpocxem crathueckux O3Y (ta6a. 2.1) o6pa3ylor AOCTaTOYHO mpen-
CTaBHTe/NbHbI HOMEHKNATYPHbHIH pAJ M XapaKTepH3yIOTCH 3HAYHTENbHM pa3Hoo6-
pa3HeM BXOAMILIHX B HX COCTaB MHKpPOCXeM KaK [0 TEXHOJOrHH H3FOTOBJEHHsA, TaK
H 10 OCHOBHHM (YHKUHOHAJbHHM MOKa3aTeNsaM: HH)OpMaLHOHHOH eMkocTH (ot 64
Ao 65536 6uT), opraHnsauuu (onHOpa3psZHas M CJAOBapHas C YHCJIOM pa3psnos
B CJOBe derbhipe, BOCeMb H LIECTHAAUATb), GHICTPONEHCTBHIO (BpeMsl CUHTHIBAHHS
HJIH 3aMHCH OT YeThIpeX HAHOCEKYHA A0 eJHHHI MHKPOCEKyHa), noTpeGaseMoi Moll-
HoctH (ot 20 MBt no 1,1 Br).

MukpocxeMul Bcex cepHil, npeacTaBJeHHHX B Ta6a. 2.1, ABJAIOTCA KpPeMHHEeBH-
mu. Hckmouenne cocrasisier cepus K6500, MHKpocxeMbl KOTODOil H3roTaBJ/iHBalOT
H3 apceHHna rajJusA Ha [0/eBbIX TPaH3HCTOPHHX cTpykrypax c Illotku-aatBopom
(INTUI — GaAs).

HaunGonbnm GuicTposeficTeHem o6ianaiotr Mukpocxembl cepud K6500 (npems
unkaa 4 ue) H ACJI — mMukpocxemb cepuit K500 u K1500 (Bpems unkaa 6 ... 40 He).
MuKpocxeMH yKasaHHWX cepHfi MOTPe6/ISIOT 3HAYHTE/IbHYI0 MOMIHOCTb OT HCTOYHH-
xa nutawua (0,6..1,6 BT) u TpeGyloT and NHTaHUA HanpsKeHUs OTpHUATE]bHOR
MONAPHOCTH, 9TO He [O3BOJSET TPHMEHATH HX € MHKPOCXeMaMu Apyrux TtHnos G6e3
ROTMOJHATENbHEX COrJacyloOlIHX MHKpPocxem — npeoGpa3osaresiet ypoBHed CJI —
TTJ, 3CJI — KMAI, TT/I —3CJI. ¥ GoablIMHCTBA MHKPOCXEM BHIXOA BHIMOJHEH
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Ta6nauna 2.1. XapakTepHcTHKH cepufi MMKpOcXeM craTHueckux O3Y

Cepns emi‘:f:sz,;l::zr::::m_} P I P e —
OuT
K6500 1KX1 4 4, —2.4 1600 |IITII—GaAs
K537 1Kx1, 4Kx1, 2Kx8,| 70...600 5 20... KM I
1K X4, 8KX8, 64K X1, L. 47
256X 16
K1603 256X 4 790 5 30 <« <«
K581 2K % 8 120 5 440 « <«
K176 256X 1 900 9 20 « <«
K561 256X 1 SO0 6...12 — €« <«
K188 2561 600 5 10 « <«
K132 1KX1, 4Kx1, 1Kx4,| 55...85 5 300... nMIII
4K x4, 16KXI1, 64K X ... 1000
X1, 2KX8
K1809 1KX16 880 5 700 « <«
K565 1IKX1 450 5 400 <« <«
K1500 164, 256X4, 1IKX1,I 6...35 —4,5 600.. . ACN
1Kx4, 4KX1, 16KX ...900
X1
K500 164, 641, 256X1,[ 20...40 —5,2 600... « <«
2564, 1KX1, 4KXx!1 ... 1100
K541 4K1Xl, 1Kx4, 16KX|[100...170 5 500 |UUJI—TTAN
X
K531 16X 4 40 5 600 TTJIM
K155 256%1, 1KX1 45....90 5 800 TTJ]1
K185 64%x1, 2566%1, 1KX1,| 45...500 5 300... TTJ
256 X 4, 64%X9 ... 1000
K134 1KX1 1000 5 600 |[UHUJI—-TTN
K589 164 35 5 60 TTJII

no cxeme ¢ OTKpbITHIM HcToKOM (K6500) n oTkpmithiM 3MurTepoM (K500, K1500),
4To 06ycJoBJAHBaeT HeO6XOAHMOCTh TILLATEJbHOrO pacuera HAarpy3kH BHIXOJAHHX Le-
nefi MHKpPOCXeM NpPH HX OGbeJHHEHHH MO BHIXOAAM M NPH NOAKJNIOUEHHH K MAarucT-
paJiH.

CpaBHHTenbHo BhicoKoe OGhictponefictBue umeior TTJI- u TTJIII-MHKpocxeMm
cepuft K531, K155, K185 u K589 (Bpemsi mukaa 35..90 HC) ¥ MHKPOCXeMH Ha -
KaHaJbHbix MITI-tpausucropax cepun K132 (Bpems umukaa 55..85 uc). Mukpo-
CXeMBl YKa3aHHbIX CepHA CPaBHHMBI MO MHOTHM TNOKasaTeasM: GhICTPOAEACTBHIO,
norpe6aseMofi MoIWHOCTH H Ap. HecMoTpsi Ha pasJiHuUHe B TEXHOJOTHH H3roTOBJe-
HHSl OHH COBMECTHMbI, MOCKOJbKY pabOTalOT NMPH OAHHAKOBOM HAMpPSXKEHHH INHTa-
Hust 5B H MMeloT OAHHAaKOBHE YDOBHH BXOJHBIX M BHIXOAHBIX CHrHaJos. Kpome TO-
ro, BHIXOAbLI MOYTH BCEX MHKPOCXeM, HCKJII0uas MHKpocxeMb cepHH K185, HMmeior
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Ta6anna 2.2. Mokasatean ocHOBHKX cepuit Mukpocxem O3Y

Cepust  Mukpocxem efx?égf":ﬁ:gg:f:u. 3an§gfu(gqu$:l§g:uu), Momrggzgemr:s:;:cxeu,

Gut HC Br
K6500 1K 4,0 1,6
K1500 64...16K 6...35 06...09
K132 IK...64K 55...85 03...1,0
K537 IK...64K 70...500 0,02...0,05
K541 4K... 16K 100...170 0,5
K565 | 4K...IM 230...500 0,1...05

[

NMpumevanue Bce cepuu, uckiawouas K565, COCTOAT H3 MHKpOCXeM CTaTHuecKkx O3Y.
Mugrpocxembl cepun K565 sBasiorcss avuamuueckumu O3Y.

CXeMy € TpeMs COCTOMHHSIMH, YTO CYLIeCTBEHHO YNpOLlaeT CXeMOTeXHHYecKHe pelle-
HHSi O HX NPHMeHEeHHIO B GJOKaX ONepaTHBHON MaMSATH 3JIEKTPOHHOH annapaTypH.

Ins KMIII-MukpocXeM XapaKTepeH caMbil HH3KHI ypoBeHb mnoTpeGiseMolt
MOIWHOCTH. JTHM CBOMCTBOM OTJ/IHYalOTCA MHKpocxemul cepuin K537, K1603, K188,
Mruorne KMJITI-MuKpocxeMbl MaMATH cMOCOGHB COXPaHSATb 3anHucaHHyw HHbopMa-
ILHIO NPH TMOHHXKeHHOM A0 2.3 B HanpsXeHHH NHTaHWsA, YTO MO3BOJSAET pealH30-
BaTb 3HeproHe3asucHMmble O3Y ¢ BCTPOEHHHM HH3KOBOJLTHHIM HCTOYHHKOM [HTa-
HHSL.

H3 conocraBnenust cepufi mo Hx (YHKUHOHAJBHOMY COCTasy BHAHO, YTO HaH-
Gosbillee pa3BuTHe noayuuan cepun K537, K132, K1500 u K541. ITapamerpn MHK-
pocxeM 3THX CepHfi MNepeKpHIBAlOT INHDOKHIA AMana3oH 3HayeHHH (ra6a. 2.2). He-
KOTOPHIe CepHH NO OTAEJbLHHIM MOKAasaTe/isiM AYGJHDYIOT APYr Apyra, NpeAcTaBAf
aJbTepHAaTHBHble BapHaHTH BbIGOpa HaHGoJee MOAXOAMLIMX W3 HHX [AJs pa3paba-
THBaeMOro ycTpoAcTsa.

OCHOBHbIMH pexxuMaMH pa6GoTsi MHKpocxeM O3Y s#BJAIOTCS 3aMHCh, CYHTHIBA-
HHe M xpauenue. Hekotopnie Mukpocxemb, HanpuMmep KPI132PY6, K537PY11,
K1809PY1, morytr pafotaTb B peXHMe «CYHThiBAHHEe — MOJH(HKALHA — 3aMHUCh?
(RMW), xkoropbifi copMellaer B cefe peXHMbl CUHTHIBAHHS M 3alHCH AAHHBIX 0e3
H3MeHeHHA Koja ajpeca.

ITo pexumy poctyna mukpocxeMnl craTHdeckHx O3Y MoXHO KJjaccHHLHPOBAThH
Ha TaKTHpYyeMble H HeTaKTHpyeMble (aCHHXDOHHHE).

Taxktupyemble Muxkpocxembl O3Y TpeGylOT npH KaxAOM ajpecHoM OOpallieHHH
nogaud cHrHana Ha Bxoa CS B ¢opme umnyabca. CHrHajbl 3aMHCH-CYHTHIBAHHUA,
paspellleHHs BbIXOAa MOrYT ObiTb MOJAHH YPOBHEM HJH HMNyJbcoM. [lopuepknem,
uTo TpeGoBaHHe WMNyJbcHOA ¢oOpMEl cHrHaja BbiGopa 0O6ycnoBJeHO Heo6X0dHMO-
CTbIO U3MEHEHHSI COCTOSIHHS 3TOrO CHrHazna AJf Mepexofa MHKpPOCXeMbl B aKTHBHHIf
PexXHM 3alHCH HJIH CUHTHIBaHHA. [lepexol MPOMCXOLHT MO MOJOXHTEJbHOMY mepe-
nany cHrHana sbiGopa, ecaH Bxoa CS npsamofl, HIH MO OTPHLATEJBHOMY IMepenapy,
ec/H BXOA HHBEPCHbIA,

Ha acuuxpouxvle Mukpocxembi O3Y ykaszaHHoe TpeGoBaHHe Kak 06s3aTesibHO
He pacrnpocTpaHserca. CurHan Bei6opa, a Takxe APYrHe CHTHaJb MOXHO MOAaBaTh
KaK ypOBHeM, TaK H HMIYJIbCOM.
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Oco6eHHOCTH YTpaBJeHus peXuMoM paGoTLl MHKpocxemb crainueckoro O3Y
CYILECTBEHHO 3aBHCAT OT TOr0, K KakKOH Tpynne, TaKTHPyeMbIX HJH aCHHXPOHHbBIX,
MHKPOCXeM OHa OTHOCHTCS.

BpeMmenHnsie gnarpaMmbl Ha puc. 2.1 nospossioT CpaBHHTb paGoTy aCHHXDOHHOR
M TaKTHpyeMoll MHKpocxem craTudeckoro O3Y npH 3anucH BXOAHOR HHPOPMALHH
DI. 3anuce B aCHHXPOHHYI MHKpocxeMy (pHc. 2.1,a) OCYLIeCTBJSAETCS HMIyJbC-
HbIM CHTHAJOM W—R/RD=0 AJHTENbHOCTBIO tw(wR) C 3a4aHHLIMH BpeMeHeM yCTa-
HOBJIEHHA OTHOCHTENbHO aJAPECHHX CHFHAJOB fgy(a-wR) H BPEMEHeM yZAepXKaHH:
OTHOCHTE/IbHO BXOAHBIX AAHHBIX 1(DI_wR). Hapapy ¢ ykazaHHbIMH napaMerpa-
MH 332I0T TakXe BpeMs COXpaHenHs aapeca {y(wr—a) H BpeMA COXpaHEHHR
HaHHHX ty(wRr_p|) OTHOCHTEJLHO CHIHAJa 3anilCH. JINHTeIbHOCTh HHKJa 3aMHCH
onpepensieTcsi BhlpaKeHHEM

tcyw = tsua—wr) + tw(wr) + tv (wr-a).
3anuch MaHHLIX B TakTHpyemyio MHKpocxemy O3Y (puc. 2.1, 6) mpOHCXORHT

N0 uMMyJabcHOMy cHrHany CS=0 AJMHTeNBHOCTHIO tw(cs) ¢ BPeMeHeM YCTaHoBJe-
HHRL OTHOCHTENBHO afipecHBIX CHrHaNOB tgy(a_csy H € BPEMEHEM YHAepXKaHHA OT-
HOCHTeJIBHO maHHBIX tyy(pi—cs). CHrHaJbl ajpeca M AaHHBIX AOJKHBL ObiTh coxpa-

HeHbl OTHOCHTenbHO cHrHana CS Ha BpeMa ty(cs—a), tv(cs—pi) COOTBETCTBEHHO.
Bpemsi uukaa 3anucH B 3TOM peXHMe MOXeT GObiTb OnpejeseHo BbipaKeHHEM

tcyw = tsu(a—cs) + twics) + tvics—a).

Ins TakTHpyeMOro peXHMa ROCTyNa K MHKPOCXeMe OJHHM H3 OCHOBHbIX mna-
pamMeTpoB ABJSETCS BPeMsi BOCCTAHOBJIEHHSI COCTOSIHHS MHKDOCXEGMHl MOCJe OKOHYa-
HHSL uMNyJbea tRec(cs). OTO BPeMss HEOGXOAHMO AN YCTAaHOBJEHHs MePexXojHBIX
MpOLECCOB B 3JIEKTPHUECKHX leNAX MHKpOcXeMbl, 06ycJOBJeHHHX HaJHYHEM EMKOC-
tefl. [lo 3Tofi npuynHe OGHIMHO BpeMsi UUKJAA 3anmHcH (CUHTHIBAHHSI) TAaKTHPyeMHIX
mukpocxem O3Y onpejeasior us sbpaxenns tcyw = twqcs) + trec(cs)

Iockonbky pusi  GonbwuHcTBa MukpocxeM O3Y cnpaBeasuBo COOTHOLIEHHE
trec(cs) & tsu(a—cs) + tv(cs—a), TO 06a npuBeseHHbIX BHpPaXeHHS AAs pac-
49eTa BpeMeHH IHKJa 3anucH (CYHTHIBAHHMA) JaAyT OJAHHAKOBbIi HAH GOJH3KHi pe-
syantaT. Xors B ofuleM cjayyae 3TOro paBeHCcTBAa MOXeT H He Obith, Onpenensio-
LIMM sIBJSETCS BTOPOe Bbipa:KeHHe.

Takum 06pa3oM, MOXHO 3aMeTHTb, YTO aCHHXpOHHas MHuKpocxema O3Y Mmoxer
paGoraTh B OGOHX peXHMaxX, a TaKTHpyemas — TOJbKO B OAHOM, Korja curian CS
nonaercs HMNyJbCOM.

CuynTbiBaHHe JaHHHIX H3 TakKTHpyeMoA MHKpocxeMbi O3Y NpOH3BOAMTCs MO
HMNYJbCHOMY CHrHaJy CS=0 (puc. 2.1, 8), xoropbifi noMmxKeH GbITh NORAH CMYCTA
BpeMs tgyya~cs  NOC/e YCTAHOBKH aAPeCHbIX CHrHanoB. CHrHan1 CUMTHBAHHA
WR/RD=1 posxeH OwTb yCTaHOBJIEH npejBapHTe]bHO B BHAe ypoBHs H Hanmps-
IKEeHHS.

BpeMs mosiB/IeHHS CUHTHIBAaeMbIX JAHHBIX Ha BHIXOJE€ OLEHHBAOT OGHIYHO ABY-
M napaMeTpaMH — BpeMeHeM BHIGOPKM ajnpeca tj(a) M BpeMeHeM BHGOpa. Mex-
Ay STHMH napameTpamiu cyllecTByeT CJeAylollasi BABHCHMOCTD: tA(A)=tSU(A_cs)+
+tcs.Bpema uukaa cuuTHiBaHMS onpefleNsieTCA BHPAXKEHHEM, AaHAJOTMYHLIM Bbipa-
XeHHI0 pexxuMa samich: tcyr = tw(cs) = trec(cs)-
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[MpH HanM4MH y MHKpPOCXeMbl BXoja AJs ynpasasioulero cHriana OE (paspe-
teHHe BBIXOAA) CJefyeT YYHTHBATb MPH pacdeTe BPeMeHH BbIXOJa CYHTHIBaE€MBIX
RAHHHX M Te BpeMeHHble MapaMeTpul, KOTOphle ONpelessioT MOMEHT MOA3uyH H CHA-

THSA 3TOro cHrHazna. TOJbKO MpH yCJIOBHH OE=0 BHxox 6yler OTKPHT AJS CYHTH-
BaeMmoit HHpOpPMaUHH, MNpPH ‘OE=1 Bbixoj NpHHHMaeT Z-cOCTOsHHe, B amarpamme
curian OE nojaeTcss M CHHMAeTCsi OJHOBPEMEHHO C aJPECHHMH CHTHANaMH, H MO-
9TOMY Ha BpeMsi BBIGODKH AAQHHBIX OH BJHSIHHS He OKa3blBaeT.

ITpu acHHXPOHHOM JOCTyMe CYHTHIRAHHe HH(MOPMAalUHH OCYLIECTBJSETCS MO CHr-
HaJy appeca. B 3TOM pexHMe CHrHaJjH CS=0 1 WR/RD=1 ycraHasiuBawTcs Ha
COOTBETCTBYIOUHX BXOAaX [0 MOCTYIJIEHHS aupecuux cHrHasnoB. Bpems BBHIGOPKH

ajpeca tpca) NPH YCJIOBHH OE=0 onpegensieT AMMTeNbHOCTh HHKJA CAHTHBAHHSA:

tcyr = ta(a). OuesunHO, BpeMmeHHOR CABHr cHrHana OE=0 OTHOCHTeNbHO axpec-
HbIX CHTHaNOB tsy(a—oF) CKAXeTcs Ha BpeMeHH BHGODKH aapeca tp ay==ta(oE) +
+ tsu(a—oE).

AcunxponHble MHKpocxemMbl O3Y NO3BOJSIIOT CYMTHIBATBH  JaHHble He TOJbKO aj-
PECHLIMH CHTHaNaMH, HO H CHLHAJOM BIGopa CS, ecau NOAATb €ro HMNyJAbcOM C
HeKOTOpO# 3aJepxXKKOoli OTHOCHTE/NbHO CHTHAJOB ajapeca.

Psn MukpocxeM cratHueckHx O3Y HMeeT BCTpPOeHHble BXOJHHe PperHcTphl —
«salllesIKn», cpaGaTLiBaiollHe OT nepenaga chrHana CS. K 5Toff rpymnme oTHocsTcs
mukpocxemn  KP132PY4, KP132PYy6, KPI132PY10, KI1809PY1, KP537PVY8,
KP537PY11, KM1603PY1. Hannune BXOAHBIX PerucTpoB MNpHIaeT 3THM MHKpoOCXe-
MaM psaj OcOGeHHOCTeN, Npexie BCero B peXxHMax ynpasJIeHHS.

s paccMoTpeHust 3THX ocoGeHHOCTeH OGpAaTHMCS K BpeMEeHHLIM AHAarpaMMaM
(pHc. 2.2) taktupyemoii mukpocxeMbl O3Y KP132PY6. OcHoBHOe OTJIHYUHe pexRHMa
ynpaBJieHHsi 3Tofi MHKpocxemoil npu 3anucd (pHC. 2.2,a) H CYHTHIBAHHM AAHHBIX
(pHc. 2.2,6) oT MHKpOCXeM, He HMEIOWIHX B CBOefl CTPYKType DPErHcTpoB, COCTOHT
B TOM, 4TO ajJpecHble CHTHaJbl NOAAIOTCS HAa BpeMs, Heo6XOAHMOe NJisi HX 3alHCH
B PerHcTpP M (HKCAUHH («3alleNKHBAHHSH») B pPerWcTpe oTpHuUaTenbhubiM mepenamoM
curiana CS. JIaHTenbHOCTB aJpecHbiX CHrHaJOB ONpejelsieTcss BpeMeHeM YCTaHOB-
JeHHsi CHrHana CS OTHOCHTENbHO aJPeCHbIX CHFHAMNOB H BpeMeHeM COXPaHeHHs al-

PecHOro Koaa OTHOCHTEJIbHO CHrHaJjia CS: tw(a) = tsua—cs) + tH(cs-A).

Cnycrsi BpeMsi ty(cs—A) COCTOSHHS 3JPECHBIX CHTHAJOB MOrYT GbiTh H3MeHe-
Hbl JJA cJeiylollero LHKJIa oGpallleHHs K MHKpocxeMe, DTH H3MeHEHHS He MOBJHSA-
10T Ha COCTOsIHHE MHKpOCXeMbl, MOCKOJIbKY BXOJHOH perHcrp, HMes IHHAMHUecKHA
BXO/L ymnpaBJelHs, OTKpoeTcs AJsf NpHeMa HOBOIl afpecHON KOAOBO! KOMOGHHAUHH
TOJMLKO B CJjefylolleM LHEJe NPH nocTymieHuH nepenaga H/L curHana CS.

B ocraibHOM mpolecchl B MHKpPOCXeMe NPH 3allHCH HJH CYHTHIBAHHW HH(pOpMa-
LHH TNPOTEKAalOT TaK e, KaK B TaKTHpPyeMbix MHKpocxeMax Ge3 BHyTpeHHHX pe-
THCTPOB.

Bpems uukna sanucu (CYMTHIBAHHA) OnpejfeJseTcss M3 BHpaXeHHs t{oy==

= tw(cs) + trREC(CS)-

Prc. 2.1. BpemeHHEe AuarpaMMH CHTHaJIoOB MHKPOCXeMH cTaTHYeckoro O3Y:

@ —3anHCh B peXHMe ACHHXDOHHOrO AocTyna; 6 — 3anMCh B pexHMe TAKTHPYeMOro AOCTYyma;
@ — CRHTHIBAHHE
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PaccmarprBaeMana MHKpocxeMa CPelH ADYTHX, Ha3BaHHbIX paHee, Moxer paGo-
TaTh B peXHMe «CUHTbiBaHHe—Moanbukauus—3amuce» (RMW). B srom pexume:
MPH HeH3MEeHHBIX aJpecHHX CHIHAJaX OCYLIeCTBJAETCs BHauasle CYHTHIBAHHE J1aH-
HBIX M3 BHOGpaHHO! aapecoM AYEHKH NMAaMATH, a 3aTeM 3aMHChb B 3Ty XKe suefiKy Ho-
Bofi uHdopMauun. BpemeHHHe AHarpaMmbi, HJJIIOCTPHpYIOUHe pexum RMW, npu-
BeAeHbl Ha pHc. 2.2, 8.

AnpecHoe o6paiueHHe K MHKpocxeme B pexihMe RMW npoucxoaurt aHaJOrHuHO-
OGHYHOMY PpexHMy oOGpallleHHs K Hell: BHadasle MOMAIOT ajpecHHt KOJA, CHrHajd

cauthiBaiuss WR/RD=1 u undbopmauuonuni curian, sarem Ha Bxog CS mocryna-

er nepenan H/L curiana CS u «3allesKMBaeT» afpecHbie CHI'HaJlbl Ha BHyTpeHHeM
perucrpe. Ilnsa HamexHoft ¢uKcauMH cHriajos Tpebyercsa yaepxaTb aapec Ha Bpe-
MA ty(cs—a). CuMTaMHas uKpoOpMaLMR noABIAETCA Ha Bbixoje uepes Bpems tcs

nocie nopaud cHrHasna CS. 3ateM NpH Tex #e aApecHHX CHrHaJax, 3adHKCHPOBAH-
HHX B peructpe, 4epes BpeMs tgycs —wR) MOCIe NOAaun cHrHana CS ycTaHaBaH-

Baercsi curHas 3anucH WR/RD =0 uMnysbcoM AJHTeNbHOCTbIO tw(WR) H B Ty Xe°
SiYelKy MaMsATH 3amHchiBaeTcA HOBOe cJoBo. JIJNA HajemHoOR 3anHCH JaHHbHIX HX
HEo6XOqHMO YJAepXKaTb Ha BpeMs tH(WR—DI) OTHOCHTEJbHO CHrHaNa 3allHCH.

HautensHocts umkna RMW  pasHa tey(rmw)= tw(cs)rmw +trec(cs). Oue-
BHAHO, B pexxnme RMW psaa BpeMeHHHIX napaMeTpoB, B YacCTHOCTH [JIHTEJbHOCTH
HMIyJbca CHrHana CS u BpeMA UHKJA, GoJblle, YeM B OOLIYHBIX peXXHMax 3amHCh
H CUHTHBaHHA.

2.2. KM II-Mukpocxembl ctatuueckux O3y

Ins paccMorpenns BhGpaHnl HauGosee u3BectHole cepud KMIIIT-MukpocxeM:-
crathdeckux O3Y K537, KM1603, K581, K188, K176, K561. OcHoBHbie mapaMeTpH
MHKDOCXeM Ha3BaHHHIX cepHfi npexacraBiedn B Taba. 2.3—25. [IpHBeneHHble 3Ha-
YeHUs] MapaMeTPOB XapaKTepH3yIOT MHKPOCXeMH B JHanasoHe pabounx TeMnepa-
typ —10... +70°C.

Ona KMIII-MukpocxeM NaMsATHA XapaKTepPHO CPaBHHUTENbHO HEBLICOKOe GbicTpO-
neficTeHe, omnpenessieMoe BpeMeHeM NHMKAa o6palleHHsi, paBHHM COTHSM HaHoOCe-
KYHJ, BHICOKas MOMeXOycTOAYHBOCTb, MaJsas norpebasieMasi MOUIHOCTh, CNOCOGHOCTD -
COXPaHATL 3aNHCAHHYI0O WHPOPMALHIO NpH HanpseHuu nHrauus 1,6 ..3B u npw:
3HAaYHTEJLHO MeHblleM YPOBHe 3HepronoTpeGJeHHs, 4YeM B pexHMe OGpalleHHS,
M BO3MOXHOCTb HCMOJb30BaHHSI HCTOYHHKA HH3KOBOJbLTHOTO pe3epBHOr0 MHUTAHHA'
Anst obecnedyenHst cBOACTBA 3HEProHe3aBHCHMOCTH.

Passurne cepnit KMIT-MukpocxeM B HanpaBJIeHHH NOBbIIIEHHS GLICTPOAEHCTBHS
(BpeMst uukna y mukpocxemn KP537PY19 chukeHo a0 70 Hc) M npucyliee HM
CBOACTBO MaJnoro mnorpe6JeHH MOWHOCTH OGYCJOBJHBAIOT MEPCNEKTHBHOCTb 3TOrO -
KJacca MHKPOCXeM NaMATH, B OCOGEHHOCTH [JIi NPUMEHEHHA B SJEKTPOHHLIX YCT-
poficTBax ¢ OrpaHHYeHHWM YHepropecypcom.

Puc. 2.2. BpeMeHHEe RHarpaMMH CHTHaJIOB TAaKTHPYeMOR MHKpPOCXeMBl CTaTHYecKOro
O3y KP132PVY6:

@ — 3anucCh; 6 — CYHTHIBAHHE;, 8 — CYHTHIBAHHe—MOAHHKAaUUA—3anHCh (™ — COCTOSAHHE CHrHaxa -
MoOXeT OnThb DPOM3BOJIbHBIM)
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Ta6nnuwa 2.3. Xapakrepuctnku KM II-mukpocxem cratuueckux O3y

Mukpocxema Euxocts, Froet™  tcy, ne 5‘1’5‘,' Dece: MBT Tun Kopnyca
Tyna npu U, npH U,
K537PY1A 1KX1 T 1300 14 05 — 4112.16-3
K537PY 1B 1IKX1 T 2000 | 14 0,5 — 4112.16-3
K537PY1B 1KX1 T 4000 14 0.5 — 4112.16-3
KP537PY2A 4Kx1 T 506 | 27 2,7 — 2107.18-4
KP537PY2b 4K X1 T 670 | 27 55 — 2107.18-4
KP537PY3A 4K X1 A 230 | 110 1,1 0,01 2107.18-4
KP537PY3Bb 4K X1 A 150 | 110 0,05 0,001 2107.18-4
K537PY4A 4K X1 T 320 55 0.55 — 4116.18-1
K537PY4B 4K X1 T 600 | 82 0,55 — 4116.18-1
KP537PY6A 4K X1 T 340 | 42 0,28 0.12 2107.18-4
KP537PY6b 4K x1 T 530 | 44 1,7 0,5 2107.18-4
KP537PY8A 2K %8 T 350 [ 157 52 — 239.24-2
KP537PY8b 2K %8 T 530 | 157 10,5 — 239.24-2
KP537PY9A 2KX8 T 400 | — 55 2 239.24-2
KP537PY9B 2KX 8 T 580 | — 11 - 4 239.24-2
KP537PY10 2K X8 A 220 | 367 5,2 6-10-* 239.24-2
KP537PY11A [256x 16 T 590 17 1,65 0,5 239.24-1
KP537PY116 |256X 16 T 590 50 4,4 1,32 239.24-1
KP537PY13A 1Kx 4 A 120 | 330 0,15 0.02 2107.18-1
KP537PY¥13Bb 1K X4 A 200 | 330 0,15 0,02 2107.18-1
KP537PV14A 4K X1 A 110 | 248 0,15 0,02 2107.18-1
KP537PY14B 4K X1 A 180 | 248 0,15 0.02 2107.18-1
KP537PY17 8K %8 A 200 [ 468 0,02 0,004 2121.28-4
KP537PY19 64K X 1 — 70 | 368 — 1,8 239.24-2
KP188PYy2A (2561 T 500 11 0,05 8-10-5 238.16-1
KP188PY2b (2561 T 1000 11 0,05 8-10-3 238.16-1
K176PYy2 2561 T 900 [ 20 4,5 — 238.16-1
K561PY2A 2561 T 800 | — 2,7 — 2106.16-2
K561PY2B 2561 T 1300 [ — 9,5 — 2106.16-2
KM581PY5b 2Kx8 A 120 | 440 82,5 — 2120.24-11
KM581PY5B 2Kx8 A 150 | 385 82,5 — 2120.24-11
KM581PY5T 2K X8 A 200 | 385 82,5 — 2120.24-11
KM1603P¥1 256X 4 T 690 | 30 1,1 0,03 210A.22-1
ITpumeuanusa: 1. B tabanue oGo3HaueHbl T — TaKTHpyeMble MHKDOCXeMbl, A — aCHH-

“XPOHHbIE MHKDOCXEMH.
2. Boixonnl BCeX MHMKpOCXeM MOTYT NPHHHMAaTh Z-COCTOSIHHE,
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Ta6auuma 2.4. Crarnueckue napamerp KMIII-mukpocxem O3Y

Tccp MKA Y, B Uy B 15 MA
‘Mukpocxema U B Ucesr Bl Ieer MA npu npu L H Ll H L "

UCC UCC!
K537PY1 510 % — | 25 | 100 | — | 04] 41{035 24| 05| 0,5
KP537Py2 5+10% — 50 | 500 —_ 11| 44| 0,4 24| 1,6/ 1,2
KP537PY3 | 510 % 2,2 |20 10 5 | 08 24| 04| 24| 48] 2
K537PY4 5:£10 % — 10 100 | — | 04 41| 04] 24| 1,6/ 25
KP537PY6 | 5+10% | 33 | 8 50 | 35 | —| — | 04| 24| —
KP537PY8 | 5+5 % — |36 IMA | — | 04f 41( 04} 24/ 16/ 01l
KP537PY9 | 5+10% 33 | — | ImA | 600 | 04] 4 | 04| 24| — | —
KP537PY10| 5%5% 2 70 1 03 | 04| 24| 04] 24]| 4 | 2
KP537PY11] 5+10% 33 | 31 | 300 | 150 | 1,1| 36| 04| 24 16] 1,2
KP537PY13| 5+10% | 2 |60 25 | 10 [08[ 2 | 04| 28| 4 (2
KP537Py14| 5+10% | 2 |45 25 | 10 | 08 2 | 04| 28/ 322
KP537PY17| 5+10% | 2 |85 A 2 |08 2 |04 24322
KP537PY19| 5+59 3 70 — {600 | —| —]04] 24| —|—
KMI1603PY]| 5%109% 2 5 200 15 | 08| 25| 04| 25] 2 |
K176PY?2 95 % — | 2 500 — | 09| 81]03| 821 |1
K561PY?2 6...12 — — | 300 — | o8| 727|005 84; 2 | 06
KM581PY5| 5+10% | — |80 | 15mA| — | 08| 22| 0.4 24| 4 |1
KP188PY2 | 5%10Y% i 15 | 2 10 lo.os 04| 4,1 0,4 4 1,610,08

Mpumeuanus: 1. 3naueHns napaMeTpos NpuBeleHH AN THNOHOMHHana A.

2. Ona MukpocxeMbi K561PY2 3HaueHusi nmapaMeTpoB YKa3aHbl A/si HanpsxeHus nutanus 9 B.

3. IlpenenbHble napaMeTphl: HanpsiKeHwe nuranda 6 B (K537, KM581), 7 B (KMI1603),
10 B (K176), 12 B (K561); BmixonHoft tok 10 MA (K537PY2, PY6, PY9; KMI1603, K561), 5 MA
(K537PY3, PY10, PYIl, PYI13, PY14, PY17; KI176), 4 MA (KM581PY5).

4. 3HaueHHS] TOKOB YTeYKH Y MHKpocxeM B mpefenax 1...10 MKA.

Crartuueckuit pexxum GosbmnHcrBa KMITI-Muxpocxem namsiTH, Kak c/eayer H3
Ta6n. 2.4, XapakTepH3yeTcsl eHHHIM HanpskeHuem mHranus 5B, 6iu3kuMu 3Hage-
HHAMH YPOBHelf BHIXOAHBIX CHTHAJIOB, CPaBHHTEJbHO HeGOJbUIHMH BbIXOLHbIMH TO-
KaMH, Ha/iMYHeM BBIXOAOB C TpeMs COCTOSHHSIMH, 3HaUHTeJbHON TNpeaesbHON eM-
KOCTBIO HarpyskH.

OT Apyrux 3Ha4yHTEJbHO OTJIHYAIOTCS CBOMMH IIapaMeTPaMH MHKpOCXeMbl CepHA
K176 u K561, koropble paGoTaloT npH HanpsikeHHsAX nutawus 9B (K176) u
6..12B (K561) M HMeIOT COOTBETCTBYIOLLHE 3THM HATIPSKEHHAM YPOBHH BXOAHBIX
H BLIXOAHLIX cHrHajos. KpoMme Toro, y MukpocxeMm >THX cepuft H cepun K581 ue
NpeycMOTPEH pPeXXHM XpaHeH#si NPH MOHHKEHHOM HAnpsXKeHHH IHTAHHUA.

BaXHBIM C TOYKH 3peHHs NPHMEHEHHs CBOMCTBOM JIOGOH MHKDOCXeMH, B TOM
YHcJle H MHMKpPOCXeM MNaMsTH, siBJsieTcsi CNocOGHOCTL patoTaTh COBMECTHO ¢ APYrH-
MH, HanpHMep uHTepreficHbIMH, MHKpocxemaMH. CXeMOTeXHHYECKasi COBMECTHMOCTDb
MHKPOCXeM Ppa3HbIX THIIOB IO TEeXHOJOrHYeCKOMY IDH3HAKY BO3MOXHa MpH YCJOBHH
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Ta6auua 2.5. Jdunamuueckue napamerpni KM T-muxkpocxem O3Y

Mukpocxema taa) He 1SU(|?<:_CS)' twics)r He tV(C:;A)' HOMH- = ::el-‘lenb-
HanbHaf Han

K537PY1A 1100 200 900 200 30 200
K537PY1B 1700 300 1400 300 30 200
K537PY1B 3400 600 2800 600 30 200
KP537PY2A 410 20 390 90 50 1000
KP537PY2B 580 20 560 90 50 1000
KP537PY3A 230 20 190 20 50 200
KP537PY3B 150 20 110 20 50 200
K537PY4A 270 50 220 50 30 500
K537PY4b 550 50 500 500 30 500
KP537PY6A 240 20 220 100 50 1000
KP537PY6B 420 20 400 110 50 1000
KP537PY8A 270 70 220 60 50 —
KP537PY8B 470 70 400 60 50 —
KP537PY9A 240 20 220 166 50 500
KP537PY9B 420 20 400 166 50 500
KP537PV10 220 30 160 30 50 500
KP537PV11A 480 20 440 130%* 50 500
KP537PY11B 480 20 440 130%* 50 500
KP537PY13A 120 20 80 20 50 500
KP537PY 135 200 25 130 45 50 500
KP537PY14A 110 20 70 20 50 500
KP537PY14B 180 25 130 25 50 500
KP537PV17 200 20 150 30 30 500
K176PY2 650 20 700 180 50 300
K561PY2A 620 26 600 180 50 500
K561PY25 1100 100 1000 200 50 500
KM581PY55 120 - 70 5 50 500
KM581PY5B 150 — 90 10 50 500
KM581PYST 200 - 120 10 50 500
KM1603PY1 500 50 450 200* 100 500

L4
YKa3aHo 3HaueHHe napamerpa tH(CS,—A)'

** YkasaHo 3nauenue napaMerpa tppc cs)
Mpumeuannusn: |, EMKOCTH BXOROB M BHIXOAOB MHKDOCXEM HMMEIOT 3HaYeHHS B AHANaso-
me 7...14 nd.

2. BpeMs ynepXaHHf anpeca OTHOCHTEJbHO CHTHala cs paBHO tH(CS_M-zo HC.




pexe BCEro COBMAfieHHA YPOBHeA HaNpsKEHHA CHTHAaJOB HAa BXOAAxX W BHIXOAAX.
Mukpocxemst Ha KMIIT-cTpyKTypax MOryT HMeThb pAasJIMuHble YDOBHH CHTHaJoB B
SaBHCHMOCTH OT HanpsKeRHa nHTaHHsA. Tak, npu HanpsokeHHH 5B ath yposHu 6aH3-
&1 Kk TTJI-ypoBHAM, NpH APYrHX 3HAUeHHSX HANpPAKEHHA MNHTAHHA YPOBHH CHrHa-
JIGB cyuiecTsenHo oTaudaiorcs ot TTJI-yposuefd. Ias onpesneieHHs ypOBHS Hanps-
JKeHHs CHrHana NpH 3aJaHHOM HarpsMXeHHH NMHTAaHHS MOXHO BOCHOJb3OBaThCs CJe-
AylolHmMy  npH6aHxKeHHBIMH cooTHoweHHAMH: UiL<0,1 Uee, Umn» Uce—2 B, UoL<
<0,05 Uce, Uon»0,9 Uee. .

Ha ocHoBaHHH paHHbLIX Ta6J. 2.4 MOXHO OLEHHTb CTeNeHb COIJIACOBAHHA IO
yposusm curianos KMJITI-mukpocxeM pasubix cepui ¢ MHKpocxemamu ICJI, TTJI
# TTJII, MIOMN. Yacte wmuxpocxeM cepuu K537 (PYI1, PY2, PY6, PY8, PVY9,
PY1l), a takxke MHKpocxembr cepnit K188, KM1603 no Beixoay coBMecTuMbl ¢
TTJI-MHKpOCXeMaMH H C MHKDOCXeMaMH, CHIHaJbl KOTOpbIX HMeior TTJI-ypoBHH.
Bxoanne curianbl ykasadHeix MHKpocxem otauualorcs ot TTJl-curaanos., ITostomy
AJISL COTNIaCOBaHHMA 3THX MHKpocxem no BxogaM ¢ TTJI-muxkpocxemamu Heob6xoaHMa
HeKoropasi MNOACTPOiiKAa YypOBHeH, KOTOPYI0 AOCTATOYHO NPOCTO OCYUIeCTBHTb, HMes
OTKPHITHIAI KoasekTop Ha Bbixofe TTJI-MHkpocxembl. Takas cxema BbXOZa NO03BO-
JIsleT ¢ FMOMOIIbIO BHEMIHEr0 pe3HCTOpa, BKJIOYAEMOTO B leNb MeXAy HCTOYHHKOM
fIHTAHHA H OTKPLITHIM KOJVIEKTOPHbIM BBIXOAOM, oOG6ecreyHBaTh HeOGXOLHMble AJS
KMITII-muxpocxeM namatH ypoBHH cHrHaqaos. OcTajbHue MHKpocxeMw cepud K537,
a Takxke MHKpocxeMb cepHH K581 cosmectumbl ¢ TTJI-MHkpocxemMaMu no BXoaaM
H BLIXOJAM.

Mukpocxemnl ceput K176 u K561 moryr coBMecTHo pa6oTaTh ¢ MHKpOCXeMa-
MH, HMEIOILMMH aHaJOrHUHbie XapaKTepHCTHKH.

Xapakrepuctnka KMIII-MHkpocxeM mo 2HepromoTpebjeHHIO TNpeAcTaBjeHa B
Tabn. 2.4 3HaueHHAMH TOKOB norpelJieHHA B pexxHMax obpauleHHs [c.c H XpaHeHHs
Ices npy HoMHHANBHOM Uce H NMOHHXKEHHOM Uces HanpsXXeHHAX NHTaHHA. HaumeHb
Y0 MOUIHOCTb B peXXHMe XPaHeHHA Pccs MOTPEOJAIOT OT HCTOYHHKA MHTAHHS MHK-
pocxemut cepuit K188 u K537 (PVY3, PY10, PY17).

CpaBuutb KMJIIT-MHKpocXeMbl NMO ObICTPOAEfCTBHIO MNO3BOJAIOT JaHHbe Tala.
23 u 2.5, B nepsofi TaGaHue NpHBEJEHO BpeMs LHK/AA 3aNHCH (CUHTHIBaHHA), & BO
BTOpOil — BpeMsi BBIGODKH ajpeca H paj APYIHX AHHaMHuecKdx napamerpos. H3
HHX HanOonee HH(ODMATHBHLEIM HABJAETCA BpeMs LMK/, NMOCKOJbKY OHO Onpejesiser
gactory obpalseHuit Kk MHKpocxeme. Bpemsa BbI6ODKH HO3BO/SeT OLEGHHTH peasbHOE
BpeMsl NMOJNYYeHHs AaHHBIX NpH o6paulenun Kk O3Y ans cuuTbiBanHA, [1JA TaKTH-
pyemuix MHKpocxeM O3Y Bpems nHKJa GoJjblile 3a CUeT BPeMeHH BOCCTAHOBJIEHHHA
nocne cHrHana Bbi6opa treccs), 8 A MHOTHX aCHHXPOHHBIX MHKpocxem O3Y 3TH
JBa TNlapaMeTpa HMelor OAHHAKOBOE 3HadeHHe.

Ipu mprumexennn KMIII-MHKpocxem naMsTH HeoG6XOZMMO c06J104aTh MOPAAOK
BKJ/IOYEHHsl (BLIKJIOYEHHS) HaNpsXKeuus NHTAHHA W TNOAAYH (CHATHsS) BXOAHBIX
curianoB. IIpn BkaoueHnn O3Y BHauase AOMKHO ObITh MOJAHO HaMpsiKeHHe NH-
TaHHs, a 3aTeM — cHrHaabl, Ilpu BeKaAoyeRHH O3Y BHauasne AOMXKHB GbITh CHATH
CHTHa/Nbl CO BCEX BXOJOB MHKDOCXEMbl, 3aTeéM OTKJIOYEHO HanpsXKeHHe NHTAHHA.

HanGosnee pasBHTHIM (DYHKUHOHANBHBIM cocTaBoM oGaapaer cepus K537, Ee
MecTO cpefd cepuii MHKpocxem O3Y BHaHo H3 Ta6a. 2.1 u 2.2, DyHKUHOHANbLHbI
cocraB cepHH BKJiouaer Gojee 20 THMNOHOMHHAJNOB MHKDOCXeM, OTJHYAIOLIHXCA HH-
-pOpMauHOHHOI eMKOCTbIO, OpranHsauHefi, GuicTpojefictBHeM H moTpebiseMoft MOLL-
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HOCTbI0. MIMeIOTC OTJIHYHA H B CHCTeMe YNpPaBJSAOUIHX CHIHAJOB, H B KOHCTPYK-
THBHOM oO¢opMJeHHH. HasHaueHHe BHIBOZOB MHKDPOCXeM CepPHH TMOKa3aHo Ha
pHc. 2.3.

O6wumH cBoficTBaMH MHKpocxeM cepuH K537 sBasiotcs: efHHOe HanpsAeHHe
nutanua 5B, TTJI-ypoBHH BXOAHHIX M RBbLIXOAHBIX CHTHAJIOB, BHIXOAbl C TPeMs cO-
CTOSIHHSIMH, BLICOKasi MOMeXOYCTOHUHBOCTb, 3HauHTe/NbHasi MpejesbHAas €MKOCTb Ha-
rpysku (200 ... 1000 n®), ueGonbiuoe 3HepromorpebieHHe, NMpPHYEM NPH XPaHEHHH Ha
NBa-TPH MNOPAAKAa MeHblie, YeM NpH oGpalleHHH, CMOCOGHOCTh COXPaHAThL 3anucaH-
Hyl0 HH)OPMAaLHIO NMPH MOHHXXEHHOM 1o 2..3 B HanpsXeHHH NMHTaHHA.

Muxkpocxemn cepun K537 paGoraior B pexkHMax 3anHCH, CUHTHIBAHHUA M Xpa-

Henuss HHdopMauuu. COCTOARHS CHTHANOB B HA3BaHHLIX pEeXHMax YKa3aHH B
Ta6ba. 2.6—2.12.
Ta6aunua 2.6. Tabauua ucTHHHOCTH MHKpocxeMm K537PY1
Cs | WR/RD ‘ Ag...Ay D1 l DO Pexxum paGoTnl
0 X X X z XpaHenHe
1 1 A D D 3anucs
1 0 A 7 X D CuHTHBaHHe

Ta6anuuma 2.7. Tabanua ncrHHHOCTH MHKpocxem KP537Py2, KP537PY3,
KP537Py6, KP537PY14

cs I WR/RD A ’ Dl DO Pexum paboTnl
1 X X X z XpaHenne
G 0 A D z 3anucs
0 1 A X D CunTHBaHHe
Ta6anua 2.8 Ta6iuua UCTHHHOCTH MHKpocxemn K537PY4
Cs ' WR/RD Ay... A, D1 ’ DO ‘ Pexxum paGoTnl
0 X X X Z XpaHeHHe
1 1 A D Z 3anucs
1 0 A X D CunThiBaHHe
Ta6aunma 2.9. Tabauua uctuHHocTH MHKpocxemm KP537PY8
CS,VCs, “WR/RD Ay...Ap DIO, ... DIO, Pexum paGorst
‘ .
1 X X Z Xpanenue
0 0 A Do N D7 3anuch
0 1 A Do...Ds CunTtHBaHue
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Ta6auua 2.10. Ta6auua uctuHocTH MHKpocxem KG537PY9, KP537PY10

cs OE WR/RD Ag... Ay DIO, ...DIO, PexuM paGoru
1 X X X z Xpaxenne
0 X 0 A Do...D; 3amuch
0 1 1 A Z 3amper Buxona
0 0 1 A Dy...Dy CuHTHIBaHHE

Ta6aunuma 2.11. Ta6auua ucrunHocry MHKpocxemn KP537PY13

cs ‘ ‘WR/RD Ay... Ay DIO, ...DIO, PexuM paGoTu
1 X X zZ XpaHeHHe
0 0 A Do...Ds 3anuch
0 1 A Do...Ds CuuTHBaHie
TaG6auna 2.12, TabaHua HCTHHHOCTH MHUKpocxeMn KB637PY17
Cs, cs, OE WR/RD |Ay...A,, |DIO,...DIO, PexuM paGoTs
M M X X X Z Xpanenne
0 1 X 0 A Do...D: 3anucn
0 1 1 1 A z 3anper Buixona
0 1 0 1 A Do...Dy CuuTHBaHHe

lNMpumMeuaHnHe M—nw06an KOMOHHaLHR COCTOSSHHA CHTHal0B C‘_S; u CS,, KpoMe KoM-
LT C—S;—O, CS,=1.

3HauyHTeNbHOe uHcao MHKpocxem cepux K537 HMeloT ciioBapHylo OpraHHsauHio:
KP537PY8, K537PY9, KP537PY10, KP537PV¥11, KP537PY13, KPS37PY17. Itu
MHKPOCXeMHl JOMYyCKaloT 3anHCh M CYHTHIBaHHe HHGOPMAUHH YeTbipexpa3paaHbiMH
(KP537PY13), 16-paspsanuuiMu (KP537PY11) u 8-paspaanbiMd  (ocTanbHble MHK-
pocxeMnl H3 yKasaHubix) caoBaMH. HuhopmanmHOHHbe BxoAbl H BBIXOAb B 3THX
MHKpOCXeMax COBMelleHL!, N03TOMYy 3anHchiBaeMas HHG)OPMAauUHs BBOLHTCH B MUK-
pocxeMy, a CYHTbIBaeMas BHIBOAHTCA H3 Hee 10 OAHHM JHHHAM, YTO OOYyCJIOBJHBaeT
MYJIbTHII/IEKCHH A peXHM HX PaGoTH.

Ilpyroft ocoGeHHOCTBIO HA3BAHHBIX MHKDOCXeM SABJASETCA HaJjHYHe y HHX AO-
NOJIHHTENBHOrO CHrHana ynpapfedns OE cocTosHMem BHXoAa. OH MoXer MOAa-
BaTbCA ONHOBPeMEHHO C CHrHajiom BhIGOpa TS um c HekoTopoli 3apepxkkofi. Or-
‘CyTCTBHE pa3pellaioliero COCTOAHHA 3TOTO CHrHaJja, Kak MOXHO BHAeTs H3 Tab6-
JIHU HCTHHHOCTH, He INO3BOJIAET BLIBECTH CUYHTAHHYI0 HHOOPMAUHIO M3 MHKPOCXEMHL
B 3T0oM pexHMe BbIXOAH HAaXOAATCS B Z-COCTOSHHH. [IpH HamuuMi BceX HEOGXOLH-
MbIX AJ5 CYHTHBAHHA CHTHAJIOB BHIXOAH MNepexoAdr B (YHKUHOHaJbHOe COCTOAHHE
TOJILKO T0 CHTHany OE=0. CuuThBaeMble AaHHHe NOSBATCA Ha BHXOAAX cnycTs
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Bpemsi BLIGODKH CHrHa/la paspelleHHs BbIXona. B pexHMe ynpaBlleHHs BHXOAOM
curuasom OE Bpems BWIGODKH ajpeca OTpeNe/seTcs U3 BhIpaXKeHHs taa)=
’=tSU(A—OE)+tA(OE)1U‘” ACHHXDOHHOIrO peXXHma AOCTyna HJH tA(A)=tSU(A—CS)+'
+ tSU(CS—OE)+tA(OE) AAs TAKTHPyeMOro peXHMa JOocTyna K MHKpocxeme, 3a-
MeTHM, 4TO BpeMs YCTaHOBJeHHH CcHrHaia OFE OTHOCHTeNbHO CHrHaza CS
tsu(cs—oE) He DernaMeHTHDOBAHO, TaK KaK ero 3HaueHMe yCTaHaBJHBAeTCR HC-
XORf H3 YCJOBHA pabOTH MHKPOCXeMbl B COCTaBe KOHKPETHOro YCTpPOIiCTBa.

Muxpocxemn KP537PY8 n KP537P¥Y 17 umeioT no aBa paBHO3HayHLIX CHrHasja
BHGOpa. Yc/oBMEM paspellleRHs JOCTYHAa K MHKpocxeMe msasieTc CS;=CSy=0
anss KP537PY8 u -(ﬁ,=0, CS;=1 pas KP537PY17. KpoMe TOro, Hamo y4HTHIBATh,
uto B MHKpocxeme KPS537PVY8, ornocsuiefica K rpynme TakTHPyeMbiX CTaTHYECKHX
O3Y, xon aapeca (uKCHpyeTCH mepenaioM ORLHOTO H3 CHrHaJoB BbIGOpa H3 cOCTOA-
HHS BBICOKOTO YPOBHHl B COCTOfIKHe HH3KOrO YPOBHSl HANpsiXKCHHA, NPHYEM TOro H3
CHMTI'HAJIOB, KOTODH i COBEPILUHT yKAa3aHHLIA Mepexoj NOCJeJHHM.

OcoGoe mecto B cepHd K537 3anwumaer mukpocxeMa KP537PVYI11 emxkoctbio
256 16 6ur (puc. 2.3,3). OcoGRHHOCTb MHKPOCXEMBl COCTOHT B TOM, YTO OHAa HMe-
€T BCTPOEHHBE B KDHCTAJ/1 CPEACTBA CONPSKEHHsl ¢ MAarHCTPaJbHBIM NapajielbHHM
muteppeiicom (MITH), onpenenennmm TOCT 26765.51—86. B uassanHoM uHTep-
defice 1pencTaBieHHe CHIHAJIOB NPHHATO MO COIVIALIEHHI0 OTPHUATENbHON JIOTHKH,
T. € HH3KHH ypoOBeHb CHrHaja L npHBeseH B COOTBeTCTBHe COCTOsIHMIO Jjor. |, a
BucokHit H —uor, 0. B 1aHHOR KHHre HCNOJMB3yeTCsA COrJallleHHe MOJOXHTelbHOR
JIOTHKH, N0 KOTGpOMYy (H3HUeCKHe YDOBHH CHrHaJa H €ro JIOTHYeCKHe COCTOSHHs
HaxoaTcs B OOGpPaTHOM COOTBETCTBHH., [Jo3ToMy B 0603HaueHHH CHrHanoB, AeHCT-
BYIOILHX Ha BXOAAX H BHIXOLAX MHKPGCXeMbl, BBeJeH 3Hak HHBepcHu [18].

Mukpocxema nmeer 16 BniBogoB ADIQg .. ADIOs, xotopsle ABAsIOTCA OGUIHMH
AJIfl CMTHAJIOB ajpeca H NAHHbBIX. DTHMH BhLIBOLAMH MHKPOCXeMY MOXHO Henocpen:-
CTBEHHO MOAKMIOUHTL K 16-paspsaHoii o6melt mude «Aapec — Hanusie» ADp... ADys
maructpaan MITH. ¥Ynpasnenue pexuMaMH paGOThHl MHKPOCXeMH OCYIIECTBJSIOT
cHrianamu: C — cHHXpoHH3auHs, WR — 3amuch, RD — cuuThHBaHHe, BY — 3aMHch
Gafita. Ha3saHHble CHrHasbl A8 MHKDOCXeMW SABJSIOTCA BXOAHBIMH, TaK KakK OHH
NOCTYMaloT M3 MarHcTpadH. B MHKpocxeMe npeaycMOTpeHO (OPMHpOBaHHe BHIXOX-
HOTO cHrHaja orsera AN, KOTOpHIt HH(OPMHDYeT NpOLECCOp O NMpHeMe AAHHBIX H3
MATHCTpaJH NpPH 3anHCcH H Bbijaye NAHHBIX B MAarHCTpasb MNPH CYLITHIBAHHH, YKa-
SaHHble CHIHaJbl Ha BbIBOAAX MHKDPOCXEMbl COOTBETCTBYIOT CHTHajlaM B IUHHe yNpas-
nenus MIIH: m—cuuxpomsauua ob6MeHa, WR — sanucsb AaHHHX, RD — uTenue
KaHHbX, WRBY — 3anuce Gafira, AN — oTBeT.

MHKpocxeMa HMeeT BCTPOEHHOe NpCTPaMMHpyeMoe ajpecHoe YCTPOACTBO, KOTO-
poe COCTOHT H3 perHcTpa AJA 3alHCH B Hero cOGCTBEHHOrO ajgpeca MHKPOCXEMEl
A 1 unbposoro koMnapartopa (cenekTopa ajapeca) AJA CPaBHeHHA ajpeca MHKPO-
CXeMbl C TeKyLIHM ajipecoM, MOCTYMHBWHM H3 MarHcrpaiH. Ilpu coBnajenun an-
PecHhIX KOLOB MHKpOCXeMa BblpabaThiBaeT BHYTPEHHHHA CHrHaJA AOCTyna K HaKOMH-
TeNI0 ANS 3aMHCH WIH CUHTHBAHHS JaHHHX. B ciyuae HecoBnaseHHs aqpecHHX KO-
JIOB NaHHBle, NPHUIEAIIHE C KUYXKHM» aAPecoM, 3alHCaHH GHTb He MOCYT.

KpoMe cenexkropa axpeca MHKPOCXeMa HMMeeT YCTPOACTBO AJIA NMPOrpPaMMHPOBa-
HuA pexxuMa npumeHenusa: O3Y uam I13Y. IlporpammupoBanHe ocyllecTislOT G6H-
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Ais | An | Ars | Arz Ay |0 | A0 | A5 | 47 | Ag | A5 |4y | 45 | 47 | 4 | 20

o 0 o0 o0 o0 o0 o0 o0 ¢ o0 o o 1 s 7 7/

Cmapuwud dSadm Mrnadwuud Saum

s | T | Zrs | Tz | Ty | To | 20 | Zp | D7 | Z6 | 25 | 20 | 25 | 2, | 57 |

Kod

P”XXXXXXXX

Kod adpeca wunpocxermss

Puc. 2.4. dopmaTH ajzpeca H NaHHHX NPOrpaMMHpOBaHHf MHKpocxeMn KP537PY1l

ToM npusnaka «Pexum npumeHeHHs» (PII): npu cocrosiHuu atoro Gura Jor. O
peanuayercs pexxum O3V, npu cocrosHuu Jor. | — pexum [13Y. B stoM pexume
GJIOKHpYeTCs 3aMHCh AaHHBIX H MHKDOCXeMa JONYCKaeT TOMbKO CYHTbIBaHHe Xpa-
HHMOMA HH(pOpMaIHH.

B MHKpOCXeMe MpHHATH ClelylollHe dopMaThLl KOAOB ajpeca H MAHHBIX:

A Ag—coﬁcraenuuﬁ aapec MHKpocxeMB Awe,

As.. A — anpec 16-paspanHoft suefikH MaMsTH,

Xo—anpec Gafita npH 3anHcu: 0 — MpH3Hak nepepayd crapwero Gafira, 1 —

MJIafILIEro; MpH 3aMHCH CJa0Ba Ko=l;

Dis ... Dg — cTapwnft GaAT paHHHX,

D;.. Do — mnanumnfi 6afiT faHHHX.

Ilpy KaxaOM BKJIOUEHHH MNHTAaHH B MHKPOCXeMy NO/KeH ObiTb 3amHcaH co6-
CTBeHHHIH axpec. DTa MpoueAypa COCTOHT H3 JBYX 3TanoB: BHauaJe NOjaercs aj-
pec nporpaMmupoBaHHusi (cay:KeGHBII anpec), 3aTeM J[aHHble MPOrPaAMMHPOBAHHA.
dopMaTtel agpeca H AAaHHBIX NPOrpaMMHPOBaHHs NpHBeneHnl Ha puc. 2.4. Ias npo-
rPaMMHDOBaHHsi MHKPOCXeMbl K Hell cjenyer OGPAaTHTbCA CAYXXKeGHBIM aJpecHbM
kopoM FFFO. IIns 3toro paspsabl A,a..A4 yCTaHaBJ/JHBAIOTCA B cocTosiiHe Jjor. 0,

a paspsaabl As..Ay—B cocrosnue Jor. 1. QopMmaT NaHHBIX NPOrpaMMHPOBaHHs CO-
JlepXKHT moje M Koma appeca Aue H paspsap Dg ans Gura PII. OcranbHble pas-
PANBI KOAA AAHHBIX MOT'YT HMeTb NMPOH3BOJBHOC COCTOSIHHE,

Hannuyne y MHKpocxeMhl ycTpoficTBa NpPOrpaMMHPOBAaRHs H CeJeKUHH ajpeca
noasoasier ¢HopMHpoBaTh Ha ee OCHoBe G/OKH 16-pa3psaaubix O3Y eMKOCTbio, KpaT-
Hof 256, no 32 KX 16 6MT HenmocpeACTBEHHBIM MOAKJ/IOYEHHEM MHKPOCXeM K MAaricr-
pajn 6e3 NOMOJNHHTEbHbLIX (YHKUHOHAJBHLIX Y3JI0B AJIS COMPSKEHHS.

[TpH MOAKJ/IOYEHHH K MAarHCTPajH HeCKOJbKHX MHKDOCXeM [MOABJseTcs Heo6Xo-
RMMOCTb Da3lieJIeHHA HX CJYXKeGHHX afpecoB, MOCKOJBKY y BCeX MHKPOCXeM 3TOT
aapec FFFO oanrnakos. Ilns peweHHs 3Tofi 3ajayn cjeayeT Buisoan ADIO; ..
..ADIOs MHKpOCcXeM MOAK/IOYHTL K pa3HHIM JIHHHAM IUHHH «Azapec — JlanHue»,
Hanpumep, kak moxazaHo Ha puc. 2.5, y muxpocxeMmel DDI, BrhiBogs KOTOpO#A mnoaA-
KJ109eHH K oaHOHWMeHHbim JHHusAM LA, anpecom nporpammupoBanus Gyaer FFFO,
a y MHkpocxemn DD2, suBoanm ADIO;.. ADIO; x0TOpOR NOAKJMIOYEHH K JIHHHAM
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Puc. 25. TToakmouenne mukpocxem KP537PYI1 k o6wef wune «Aapec—JlaHHues,
oGecneynBaioulee pasjiHuHe HX aJPecOB NMPOrPaMMHPOBAHHA

AD, u AD; cOOTBeTCTBEHHO, ajpec TNpOrpaMMHpOBaHHA H3MmeHHTcs Ha FFES.
Y Tperbeli  Mukpocxemsl aapec nporpammHposanua FFE4 sapnan coepuueniem
ADIO,=AD,, ADIO;=AD, n 7. &

Mukpocxema KP537PY11 moxer paGoraTh B pexuMax 3anucu 16-paspanHero
C70Ba, 3aMHCH OT[eJbHO CTapluero W MJjaalero GafToB AAHHBIX, CYHTHIBaHHMA 16-
paspsAmHOro cJ0Ba, a TaKXe CUHTHIBAHMS C.10Ba M 3alMHCH 1O 3TOMY Ke anpecy
APYroro c/1osa (PeXHM «CUHTbIBaHHe—MOAH(pHKANHA—3anuchy — RMW),

MukpocxeMa OTHOCHTCSt K TpyMfie TAaKTHPYeMbLIX, MOCKObKY (hDHKCALHst ajmpec-
HOrO KOJAa BO BHYTpPEHHEM pCTHCTDe NpOHCXOAWT npH nepenape H/L curnana cHH-

xpounsauui C. OGMeH NaHHBIMH C MAarHCTaJbio OCYIIECTBAAETCS B ACHHXPOHHOM
pexHMe. Bpemennvle  OHarpaMMu, HJJIOCTPHDYIOLIHe Tpoueccsl CIHTHBaHHA
(puc. 2.6,a) u 3amucu (puc. 2.6,6) HH(POPMALHH, CHAGMKEHH CTPENOYHLIMH Iepe-
XOJaMH, YKa3blBAIOULIMH HCTOUHHK, MPHEMHHK H MOCJEN0BAaTeNbHOCTh BO30yXKAeHHN.

JlnHaMHyecKHe mapaMeTpLl MHKPOCXeMbl B AHana3oHe temnepatyp —10.. +70°C
HMEIOT CJIeAYIOIHE 3HAYEHHS:

BpeMs uHKJAa tcy He Gosee 590 Hc;

BpeMs BLIGODKH CHrHAJa CuMTHIBAaHHS tpgp)y 440 HC;

BpeMs yNepKaHHS aapeca OTHOCHTeNbHO cHrHana C tyc_ay 20 Hc;

BPEMAl YCTAaHOBJEHHA CHIHAAa CUHTHIBAHWA OTHOCHTENbHO cHrHana C tsy(c—rp)
20 nuc;

AJIHTeNBHOCTh HHTEpBAJa MeXAy cHrHaiamu C trec(cy 130 He.
B pexnMax 3anHCH H CYHTHIBaHHA [AaHHLIX NocTynamouufi Ha BuBoAn ADIO, ..

... ADIOys appecunit xoa no nepenapny H/L _CHrHana c ¢GHKCHpyeTCA BO BHYTpeHHEM
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Puc. 2.6. BpeMeHHKe AHarpaMMH CHTHa/J0B mukpocxeMn KP537PY11:
a — CYHTHIBAHRE; 6 — 38MHCh; 8 — CQHTHBaHKe—MO)IHd)KK!ﬂHﬂ—SanHCb (. — COCTOMRAAE CHrHans

WK

MOXeT OMTb NPOHIBOAbHBIM)
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PerHCTpe H OMO3HAeTCA MyTeM CPAaBHEHHA ero CTaplUHX paspsanoB ¢ COGCTBEHHHM
aapecoM MHKpocxeMbl., IIpH COBNaldeHHH ajpecOB NPOH3BOAHTCA BHOOpKa appecye-
MO sdefikH HakonHTeas, 3anucas aapec, MHKpocxema (ODMHpYeT CHrHaJj OTBeTra
AN=1. OnHOBpEMEHHO ¢ KOAOM ajpeca MHMKDOCXeMa MOJydaeT CHrHan BY, koro-
puift HHbOpPMHpYET ee O pexHuMe npeicTosllero oCMeHa: NpH 3aMHCH BY=0, npu
canTHBaHUH BY=1.

B pexHMe CUHTLIBAHHSA RD=0 MmHKDOCXeMa BEHILAeT AaHHble B CONPOBOXNEHHH
curnana orsera AN=0. ITocae npHeMa MAaHHHIX BHEUIHHM YCTpoHcrsoM (mpouecco-

pOM) OHO CHHMAaeT CHrHaJja CYHTBbIBAHHA, NepeBOUsA e€ro B COCTOAHHE JOrT. 1, 4yTO AB-
JAeTCA NJf MHKDOCXeMbl MPH3HAKOM OKOHYAaHHA BbIIaYH NAHHbBIX H CHATHsA CHrHaJjAa

orBera AN, KoTopufi npuHHMaeT coctosiHHe Jjor. 1. BHelHee yctpofictso pearupy-
eT Ha H3MeHeHHe COCTOSIHMSI CHTHaJla OTBeTa CHSATHeM CHCHA.Ja CHHXDOHH3aUHH OG-

MeHa, nepeBOAA ero B coctosiue C=1 Ha BpeMa He MeHee tppc(c), B TeUeHHe KO-
TOPOro YCTaHABJHBAIOTCH NMPOLECCH BO BHYTPEHHHX Y3JaX MUKPOCXEMBHI,
B pexmnMe 3anicH npy nocTynneHHH ¢ MarucTpanu naHHbx Dlg..Dlys H cHr-

Hana 3anich WR=0 Mukpocxema NnpHHHMaeT faHiuble AJ8 3aMHCH CJAOBOM, €CJH HA
Jusny WRBY curian BY=1, uan Gafitamu, ecan BY=0: crapwui Gafit 3anuch-
BaeTCH NMPH HaJHYHH B ajpecHOM Koje npusHaka Ag—=0, a Maapwui — npu Ag=1.

Ilpuem MHKpocxeMoil maHHbIX KBHTHpyercs eio curuaiom AN=0. Ha 3ak.ountesn-
HOM 3Tamne IIHKJ 3aI'HCH NMPOTEeKaeT TaK e, KaK UHKJ CYHTHIBAHHA.

Pexum xpanenns oGecneunsaercst curHasom C=1. TIpH 3ToM BbIXOmBI NpPHHH-
MaIOT Z-COCTOSIHHE HEe3aBHCHMO OT COCTOSIHHil CHrHAJIOB Ha APYTHX BXOAAX.

B pexxume RMW (puc. 2.6,8) colbiTH NPOMCXOAAT TaK Xe Kak H B JPYTHX
pexXHMax ¢ TeM OTJIHYHeM, 4TO NMOCTe CHATHA CHTHAJ/a CYUHTHIBAHHA CMCHAJ CHHXDO-
HH3aHLHH COXpaHsAeT aKTHBHOE COCTOSHHE Ha MOCJeNYIOLIH HK 3aMUCH,

Muxkpocxembt namsath Ha ocHose KMIIII-TpaH3HCTOPHHIX CTPYKTYp B PeXHM®
XpaHeHHA NOTpe6/AIOr Ha JABA-TPH MOPSIAKA MEHLIUYI0 MOLIHOCTb, YeM B pPeXHMe
oCpallleHHs K HHM AJIsl 3aMHCH HJH CUATHIBaHHA WHopMauud. MoxHO B 3Tolt cBsi-
3H OTMETHTb, YTO AJis MHOTHX MHKDOCXeM ODYTHX CXeMHO-TeXHOJOTHYeCKHX THIIOB
MOUHOCTh NoTpelJieHHs B YKa3aHHEIX DEXHMaX OfHHAKOBA.

A1y ocobenrocrs KMJITII-MukpocxeM IUHPOKO HCIOAL3YIOT AAA NPHAAHHA
ycTpoficTBaM onepaTHBHON NaMsitH cBOHCTBAa 3HeproHe3aBHCHMoCTH. C 3TOH uesbio
B Gnoke cratHueckoro O3Y K BBIBOAAM MNHTAHWA MHKPOCXeM uepe3 KJIOY, HamnpH-
Mep IHOA HJH TPAH3HCTOP, MOAKJIOUAIOT pPe3epBHHH HH3KOBOJBTHHII HCTOYHHK MNH-
TaHHA ¢ HanpsikeHHem 3..5B. [Ipu HopMa/nbHOM pexHMe MNHTaHHA KJIOY 3aKpHT,
a MpH BBLIKJIOYEHHH OCHOBHOIO MHTAaHHA OH OTKPHBAeTCs H MOAKJ/IOYaeT K MHKDO-
CxeMaM pe3epBHbIi HCTOYHHK HampsKenHsa. B 3To Bpems HeodxoaHmo o6ecneydTb
M30/IALHI0 HAaKOMHTEJNs OT BHEWIHHX uened, 4TOGb He NOBPENHTb 3aNHCAHHYIO HH-
¢opmanuio. O6bLIYHO A/ist 3TOM 3aLHTH MPENYCMATPHBAIOT nNepexon cHrHala CS B
COCTOfIHHe, 3anpelialollee AOCTY K MHKpOCXeMe.

Hexoroptie MHKpocxeMbl crathueckux O3Y 3apy6exHoro npousBoacTsa cHaG-
JeHH BCTPOEHHbHIMH B KODPNYC TafbBaHHYECKHMH 3JIEMEHTaMH, KaK, HanpuMep, MHK-
pocxema MK48Z30 emkoctbio 32X8 Out, HMelOllas BCTPOEHHBE Ha KpHIIKe KOp-
nyca 1Ba JMTHeBWX Ta/JbBaHHYECKHX 3.7eMeHTa. B 3TOA MHKpOCXeMe Ha OAHOM Io-
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JNYNPOBONHHKOBOM KpHCTaJJe C 3JeMeHTaMH cTpyKTypw O3V HaroroBsewn ycrpoft-
CTBa HHAMKAUMH YPOBHA HaNpsXKEHHH -IHTAHHA H INepeK/NIOYeHHs NHTAHHA Ha pe-
sepBHoe. PacueTHoe Bpemsi COXpaHeHHS HHGOpMAUHM MPH NHTAHHU OT BCTPOEHHOrO
HCTOUHHKA COCTaBJfET AeCATKH JeT [7].

HH3KOBOMBTHHIA pe3epBHHIi HCTOUHHK NHTAHHA MOXHO HCMOJb30BAaTh TaKxKe
C leJbl0 CHHXeHHA ofulero 3Hepromnorpebienus Mukpocxem O3Y, npenycmorpes
BO3MOXHOCTb aBTOMATHYECKOrO INepeKJIOYeHH NHTAHHA MHKpPOCXeM T[pH nepexoje
HX B PeXHM XPaHeHHs C OCHOBHOFO HcrouhuKa 5 B Ha pesepsHuil.

M3 pannbix rtabn. 2.4 ciaepyer, YTO HAaHMEHbUIYI0 MOLLHOCTb MpDH MOHHMEHHOM
HanpfAXeHHH nNHTauHs norpebasior MHkpocxemnt KP537PY3b (1,1 wMmxBT),
KP537PY10 (0,6 mxBr), KP537PY17 (4 mxBr).

Mukpocxema KMI603PY! sBasieTcst TakTHpyeMofi MHKPOCXeMOH CTaTHYecKOro
O3Y emkoctoio 256X 4 6utr. CraTHYeckHe H AHHAMHYeCKHe NapaMeTpnl MHKpOCXeMHbl
npuBeneRsl B Tabn. 2.3—2.5, HasHaudeHHe BHIBOLOB Kopmyca — B TaGa. 2.13.

B ycrpoificTBe MHKpOCXeMbl MOMCHO BHIIENHTb pAR ocoGenHocrefi. Bo-mepBHX,
oHa WMeeT BCTPOEHHLIA B KPHCTaAn ajpecHblfi peructp, B KOTOPOM 1o nepenapy
CHrHa/la BhIGOpa (HKcHpyeTcss Kox aapeca. Bo-Brophix, HHOpDMaUMOHHbBIE BXOAW H
BHXOJAL pPa3fe/feHbl, YTO HETHNHYHO AJA MHKPOCXeM CO CJ0BapHOfi opranu3auHef.
B-Tperbux, nocTyn K MHKpocxeMe ofecnedyHBAalOT JABa CHrHaja BhiGopa CS) u CS;
npH ycaosuy CS =1, CS,=0. [Tpyn Bcex ApPYyrHX KOMGHHAUHAX 3THX CHFHAJOB MHK-
pocxeMa HaXOAHTCA B pexHMe XpaHeHHd, a ee BLIBOAM NDHHHMAIOT Z-COCTOSHHE.

PexHuMbl paGoThl MHKDOCXeMbl H YCJIOBHA HX peanu3alMH NpHBeleHh B Ta6J.
2.14. Y3 taGaHubl HCTHHHOCTH CJeflyeT, 4TO MHKPOCXeMa HMeeT 1Ba DexHMa 3afH-
CH: C KOHTpoJeM H 6e3 KOHTDOJA 3aMHchiBaeMOM HH(POPMALHH ¢ NMOMOILIbIO BHXOA-
HBIX NaHHLIX. B OGWYHOM peXHMe 3alHCH CHTHAl paspelleHHs Bmxona OE ycra-
HAaBJHBAeTCHA B COCTOSIHHE Jior. | H MO3TOMY BHIXOALW HAXOAATCA B Z-COCTORHHH,
B pexnMe 3anucu ¢ KoHTpodeM curHan OE Hmeer coctosmMe Jor. 0 H Ha BHIXOAAX
NOABJNAETCH 3aNHCLIBAEMas B MHKPOCXeMy HHbOpMauHA.

Mukpocxema, HMesi HanpsKeHHe nurtaeHs 5B, cnoco6Ha coxpaHsaTn uuHpopMa-
uHio npH 2 B, norpe6asia npH stoM MomHocTs 30 MxBT, uto Ha TpH mopsnka MeHb-
Lie, 4eM B pexxHMe obpalleHHs,

B pexume 3anucH (cuMThiBaHHA) Tpe6yerca cHrHaam BoiGopa CS; u CS; unn
OHH H3 HHX TIOaBaThb MMMyJbCOM, hanpuMep cHrhan CS, [lo nepemaay H/L sro-
O CHTHala B DEerHCTp 3aNMHCbIBAeTCA aJpPecHBblii KON H XDaHHTCA TaM B TedeHHE
BCero IHKJAa oOpalleHHst K MHKpocxeMe. [[1s HajexHo! ¢(HKCAUHM aAPECHBIX CHI-
Ha/l0B B perHcTpe TpebyeTca KOA ajpeca COXPaHHTb Ha BpeMs ty(cs,—a) =200 He.
Bpems Bbi6opa HMeeT cJeaylollye 3HAYeHHSA: tcs,=550 HC, tcs, =450 uc. Ilpu
noaade curiana CS; H-ypoBHeM. a cHrHana CS, HMAy/J1bCOM BpeMs BhlGopa Oyaer
onpenensith CHrHan CS; BpeMs BBOGODKM aapeca B 3TOM  cJyyae paBHO
ta(a)y=tsu(a—cs,) + tcs, =500 He, a Bpema unkaa tey = twcs,) + trec(cs) =
=690 He, rie tW(CS,) =450 HC, tREC(CS,) =240 nc.

[TpuBeseHHble naHHble CNpaBeAJHBbl MPH YCJOBHH, YTO B pEXHMe CYHTHIBAHHA
curian OF nomas HH3kuM ypoBHeM. ECH 3TOT CHrHan 3alaeTci HMNYJbCOM C 3a-

HepXKO#l YCTaHOBJEHHR OTHOCHTenbHO cHrHana CS, tsy(cs,-oE)»  TO BpeMs Bbl-
60pa COOTBETCTBEHHO YBEJHYHTCH.
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Ta6nuua 2.13. HasHauenne swiBopoB KM MI-mukpocxeM mamsiTh

YB*L“B“(')“;!; KP188PY2 K176PY2 K561PY?2 KM581PY5 KM1603PY1

1 As As A, A; A,

2 — A; A As A,

3' A, A Ax As As

4 Ay ov oV A, A,

5 Ao Uce Uce A, As

6 DI Ao As A, Ag

7 DO A, A, A A;

8 ov — — Ao oV

9 WR/RD Ag As DIO, DI,
10 A; As A D10 DO,
11 As A, A, DIO, DI,
12 As DI DI ov DO,
13 A, DO DO DIO; DI,
14 cs DO DO DIO, DO,
15 — WR/RD WR/RD DIOs DI,
16 Uce CS CS DIOg DO,
17 DIO, CS,
18 Ccs OE
19 Ap CS,
20 OE WR/RD
21 WR/RD Ao
22 A, Dee
23 As
24 Ukce

IIpumMevuanune 3HaK HHBepCHH Hak o0003HaueHHeM BBIBOZA YKa3WBaeT Ha TO, YTO BH-
‘BOZA HHBEPCHHA H Ha rpadHYeCKOM H306paXeHHH MHKPOCXeMBi ROJKeH GbiTb 0603HaweH KPYXKOM.

Ta6nuua 2.14. Tabauua nctuHHOCTH MHKpocxembl KM1603PY1

cs, | ¢s, | OE | WR/RD |A,...A, |DI,..Dl, [DO,...DO, PexuM paGoTu

M M X X X X Z Xpauenne

1 ] 1 \ A X 2 3amnper Bnixoa

1 0 1 0 A Do—Ds Z 3anuch

1 0 0 0 4 Do—D3s Do—D; |3anuch ¢ KOHTpO-
JaeM

1 0 0 1 A x | D¢—Ds  |CunTHBanHe

NMpumegsanune. M—noGas KOMOUHAUHMS CHFHAaNOB BHIGOPA, OTMHYHAS OT CS; =1, C.S—,-O.
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Mukpocxemnt KMS581PY5 (B—T') npeacraBasior co6ofi acHHXPOHHHe CTaTHYe-
ckie O3Y emkocTblo 2K X8 6HT. Paanuyuss THNOHOMHHAJOB MHKDOCXEM B OCHOBHOM
onpegeasitorcsst  GbicTpoAelicTBHeM M noTpe6asieMOA  MolIHOCTBIO (cM. Taba, 2.3).
JlauHble MHMKpOCXeMBl XapaKTepPH3ylO1Csi CPAaBHHTENbHO BHICOKHM OHICTPOAeficTBHEM
H 3HauHTeJbHBIM ypDOBHeM NOTpeGaseMOH MOU(HOCTH KaK B pexxHMe oOpalleHHsi, TaK
H B pexxHMe xpaHenHs. ITo Bxomam u BHXofaM onH coBMecTHMH c TTJI-MHkpocxe-
MaMH,

Ta6nuua HCTHHHOCTH aHajoruyHa Tta6i. 2.10 pas MHKpocxemn KP537PVY9.
KoHcTpykTHBHO MHKpocxeMbl odopmieHsl B koprnyc 2120.24-11, sasnaueHHe BHBO-
J0B KOTOPOro ykasaHo B Ta6j. 2.13.

2.3. MIATNI-mukpocxembl cratnueckux 03y

XapaxkTtepHcTHKH n-kKaHanbHeix  MII-mMukpocxem cratuueckux O3Y cepuft
K132, K1809, K565 npencrassieHn aaudbiMu B Ta6a. 2.15—2.18, a Ha3HaueHue BH-
BOJOB JaHo B Ta6a. 2.19. 3HayeHHs CTaTHUYeCKHX H [JHHaMHYeCKMX Mapamerpos
npHuBefeHH AJS TeMnepaTypHoro aHamasosa —I10 ... +70° C.

Ta6auua 2.15. Xapakrepuctaku MJLIT-Mukpocxem crarnueckux O3Y

Mukpocxema EL;‘::;C“' ;;2:;?: tcy ¢ | PoooMBT |P ., MBT Tun Xopnyca
KP132PY2A 1KX1 A 650 385 — 2103.16-6
KP132PY2b 1KX1 A 950 440 — 2103.16-6
KP132PY3A 1KX1 A 75 660 — 2103.16-6
KP132PY3b 1IKX1 A 75 550 — 2103.16-6
KP132PY4A IKX1 T 55 330 247 2103.16-2
KP132PY4b 1KX1 T 110 330 247 2103.16-2
KM132PY5A 4K X1 A 85 880 165 2104.18-1
KMI132PY5b 4K X1 A 120 880 165 2104.18-1
KP132PY6A 16K X 1 T 75 440 137 214010.20-3
KP132PY6b 16K X1 T 120 440 137 214010.20-3
KM132PY8A 1KXx 4 A 70 880 137 2104.18-1
KM132PY8b 1K x4 A 120 880 137 2104.18-1
KM132PY9A 1K x4 A 60 950 — 2104.18-1
KM132PY9b 1IKX4 A 110 950 — 2104.18-1
KM132PY10A [ 64K X1 T 75 460 165 2108.22-09.01
KMI132PY10b | 64K X1 T 90 460 165 2108.22-09.01
K565PY2A IKX1 A 450 385 370 2103.16-8
K565PY2b 1KX1 A 850 385 370 2103.16-8
K1809PY 1 IKX 16 T 880 630 600 2106.24-1
K1809PY1A 51216 T 1200 630 600 2106.24-1

Mpumensanusa 1. B rabaune o6o3nadennt T — TaKTHpyeMble MHKpPOCXeMbl, A — acCHH-

XPOHHBIE MHKpPOCXEMBI.
2. BuxoAnl BCeX MHKPOCXeM MOTYT NPHHHMATb Z-COCTOSIHHE.
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TaG6auua 2.16. Xapaxrepuctukn M II-Muxpocxem namsaTi

Mukpocxema E'gll:?rch. Laay HC [P, MBT | Peoy, MB? Tan xopnyca
KP132PY11A 2Kx8 150 770 —_ 2120.24-13.01
KP132PY11B 2KXx 8 250 880 —_ 2120.24-1301
KMI32PY12A 4K x4 50 770 275 2140.20-9
KM132PY12B 4K x4 70 770 275 2140.20-9
KM132PY13A 2K %8 55 880 275 2142.24-3
KMI132PY13B 2Kx 8 70 880 275 2142.24-3 ,
KP132PY14A IKx 4 60 550 150 2104.18-9
KP132PY14B 1K x4 80 550 150 2104.18-9
KP132PY15A 1KX 4 55 550 — 2104.18-9
KP132PY15B IKx 4 70 550 — 2104.18-9
KP132PY16A 4K X1 55 495 165 2104.18-9
KP132PY16Bb 4K X1 80 495 165 2104.18-9

HaunGosee pa3BHTHIM (YHKUHOHANBHBIM COCTaBOM OTJMYaeTcss cepus K132,
BKJo4amas okono 30 THNOHOMHHAJNOB MHKpocxeM. [l MHKpOcXeM CepHH Xapak-
TepHH cJejylollHe ofuUlHe CBONACTBA: CPaBHHTeNbHO BbICOKOe ObicTpojeiicTBHe (Bpe-
MA UMKJAa y GOJIbIIHHCTBA MHKDPOCXeM HMeeT 3Hayenne B npegenax 55..120 uc),
elHHOe HanpsixeHHe nuTaHus 5B, coBMectHMocTh no BXxogaM M Buixogam ¢ TTJI-
MHKpOCXeMaMH, HaJHYHe V BHIXOAOB TpPeX COCTOSHHil, eAMHAs CHCTeMa CHIHAJOB

ynpanJeHust (OCHOBHBIMH CHFHa/JaMH SIBJSIIOTCS CS u Wﬁ/RD), [IOHHIKCHHBIR B
3 ... 6 pa3 ypoBeHb norpe6asieMoil MOILhOCTH B pexKHMe XpaHeHHs.

Muxpocxemst cepun K132 paGoralor B pexuMax 3allHCH, XPaLCHHs, CUHTHIBA-
HHA. YcJoBUsA peasnH3auMH 3THX PeXIIMOB NpHBexeHul B TaGa. 2.20 u 2.21.

OtanunTeabHOl ocoGenHocTeI0 MHKpocxemMbl KP132PY2 saBisiercs BO3MOX-
HOCTb KOHTpOJS 3anHchiBaeMoil HHGOpMAalUH, MOCKOJIbKY B pexHMe 3anucH HHbOp-
MalHs, 3anHchiBaeMas B MHKDOCXeMy, MOSIBJSIETCS Ha BBIXOAe, KaK 95TO MOKa3aHO:
B Ta6J. 2.22, AHanorHuHelM cBOHCTBOM oGnanaer MHKpocxeMa K565PY2.

JlaHHoe CBOACTBO MHKpOCXeM He HO3BOJSCT OObefHHATb HX HH(OpPManKOHHLIE
BXOAh H BBIXOAH AJA MOAKMNIOUEHHA K LIHHE JaHHLIX.

[Ipu peannsauuu cXeM yNpaBjeHHsl PeXHMaMH MHKPOCXeM NaMATH HeoO0XOLHMO
YUHTHBaTh TpeloBaHHA K «opMe TPEJCTaBJEHHs CHTHAJOB Yipas/eHHs CS u
WR/RD. 3t Tpe6OBaHHA, KaK oTMeuajocs B § 2.1, pasnH4HH AJS TaKTHpyemblX
H acCHHXDOHHbIX MHKpocxeM craThHueckux O3Y. K wuHcay TakTHpyeMblX OTHOCATCS
Mmukpocxem KP132PY4, KPI132PY¥6, KMI132PY10. OcrasnbHhle MHKDOCXEMbl CepHH
K132 u3 npuBeseHHbx B Ta6a. 2.15 ABASAIOTCH acHHXPOHHBIMH.

Mukpocxemu KP132PY4, PY6, PY10 umelor BCTPOEHHble B KPHCTaJa peruct-
pH-«3allleJKH» BO BXOJAHBIX LENSX BCeX CHFHAJOB: aXpecHaX, HHGOPMAlLHOHHLIX H
yNpaBasIOIKHX. DTa OCOGEHHOCTh MHKpocxeM 06yc/ioBiHBaeT TpeGopaHHe K Bpeme-
HH yJepXaHHS ajPecHblX CHTHAJOB Ha BXOJAaX MHKPOCXeMH OTHOCHTeJbHO CHrHaja

Cs: tH(cs—a) =25..50 Hc (cm. puc. 2.2). 3aTeM ajpecHHe CHIHAAB MOryT MpH-
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Ta6auua 2.17. Crarnueckne napamerpst M II-muxpocxem O3Y
U, B U, B I,, MA

MuKpocxeMa U, B e Lo
L I H L l H L | H l lim MKA MKA
KP132PY2,PY3 | 5+10%| 0,4| 2,4| 04| 24 16 0,1 3,2 10 20
K132PV¥4, PY6, 510 %| 0,4]| 2,4| 04| 24 5,0 2 10 10 50
PY10

K132PY5,PY8, | 5+10%| 04| 24| 04| 24 | 80 |4 |to 10 | 50
PY9

K1801PY1 5x10%( 05| 2,4| 05| 2.4 3,2 0,08 | 5 20 20
K565PY2 5+x10%| 0,8/ 2 | 04| 24 2,1 0,1 (10 10 10

* ¥ mukpocxempl KP132PY5 npenenbHeft BHIXORHOA TOK Ig 1 =20 MA.
Mpumeuanne Ilpenenproe 3HaveHHe HaNpsiXKeHHR TNHTAHHUA Yy BCeX MHKpOCXeM

U =6 B.

cc Itm

Ta6auua 2.18. NunamHueckue napamerpnt ML I-muxpocxem 03Y

T e e DY Rl e l;oumagy'r%am
. Hada HaA
KP132PY2A 650 100 400 0 0 100 500
KP132PY2B 950 100 400 0 0 100 500
KP132PY3A 75 10 55 - — 100 500
KP132PY3B 125 10 55 — — 100 500
KP132PY4A 33 0 33 — 22 30 100
KP132PY4B 70 0 70 — 40 30 100
KM132PY5A 85 0 70 15 0 30 600
KMI132PY5B 126 0 105 15 0 30 600
KP132PY6A 45 0 45 - 30 36 120
KP132Py6B 70 0 70 — 50 30 120
KM132PYy8A 70 0 55 5 0 30 600
KMI132PYy8B 120 0 55 5 0 30 600
KMI132PY9A 60 5 50 | 5 0 30 600
KM132PYy9B 110 5 60 5 0 30 600
KMI132PY10A { 60 4 60 — 15 45 500
KMI132PV10B | 75 4 75 — 15 45 500
K565PY2A 450 20 300 130 0 100 600
K565PY2B 850 200 600 50 0 100 600
K1809PY1 400 75 805 — 75 100 —
K1809PY1A 400 75 1100 — 100 100 —

NMpumevannsa: 1. Pexum RMW wmukpocxemnt KPI32PY6A (B) xapakrepuayercs cJae-
AylomwuMu napamerpaMu: ty cq =110 (150) HC, ty wgy=30 (456) He, tgycs—wry=35 (50) nc,
tgy=140 (200) nc.

2. Bxonunle eMKOCTH MHKpocxeM paBHbl §...7 n®, suxoaHsie —7...12 nd.
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Ta6auuna 2.19. Hasnauenne suisopos MJLT-mukpocxem O3Y

Howmep K1809 K132 K565
priBoaA Pyl pyio | pvs | pvs |pys. pye |pvs pvs | Py py2
1 RD Ao As | Ao As CS A As
s AN A, A | oA As A, Ao |_Bs
3 T | oA | A A A A [WRRD W
4 ADIO, As As | As A, A, As A
5 ADIOs A, Ar | A Ao As A, A,
6 ADIO; Ag As | As A A A, As
7 ADIO;, A, Ay | DO| A, DO A, A,
8 ADIOs As DO |WR/ [ ov Ag A,
9 ADIO, | DO | WR [ RD
RD | qv oV As oV ov
10 ADIOy, {WR/RD | OV | CS |WR/RD As Uee | Uee
11 ADIOy, Y CS| Dl | DIOs A, DI DI
12 oV csS Dl | A, | DIO, Ag DO DO
13 ADIO; DI Aw| Aw| DIO, Ao [ Cs
14 ADIO, Ay An | Ay | DIO, |WR/RD A, Ao
15 ADIO, Ap Ap | A As DI A, As
16 ADIO, Az A | A, Asg Uee A, A;
17 ADIO;, A Ao | A A,
18 ADIOy; Ass Al | Ue Uee
19 ADIOw |  As A,
20 ADIO;s | A, Uee
21 BS A
22 BY Uce
23 WR
23 Uee

TMMpuMeuanue. 3HAK HHBEPCHH Hax o6o3HaveHHEM BBIBOAA YKA3LIBAGT Ha TO, YTO Bhi-
BOA HMHBEPCHBIA H NO/MKeH ObiTb O6O03HAYEH Ha YCJIOBHOM rpadHYeCKOM H300paXdeHHH MUKpO-
CXCMbl KPYXXKOM.

Ta6auua 2.20. Tabnnua ucTHHHOCTH MHKpocxem cepuu K132 (PY3, PV4, PV5,
PY6, PY10)

cs ‘ W/RD ‘ A | DI DO Pexum paboThl
1 X X X VA XpaueHue
0 0 A D Z 3anuch
0 1 A X D CuuTeBaHHe
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Ta6numa 2.21. Tabauua ucruHHOCTH MHKpocxem K132PY8, PY9

cs -\—N—R/RD Ag... Ay DIO, ...DIO, { PexxuM pa6oThl
1 X X YA XpaHeHHe
0 0 A Do...Ds 3anuce
0 1 A Do...Ds CuuThIBaHHE
TaGauna 2.22. Tabanua HcTMHHOCTH MuKpocxem KP132PY2, K565PY2
cs WR/RD Ag... Ay DI I DO Pexum paGoTH
1 X X X z Xpanenue
0 0 A D D 3anuch
0 1 A X D CYHTHIBaHHE

HHMAaTb NPOH3BOJIbHHE COCTOSIHHA, He Hapyuias paGoTy MHKPOCXEMH B TEKYIIEM LIHK-
ae. OcoGenHocTbio MHKpocxeMbl KP132PY6 sBasieTcsi HaJlHuHe y Hee AOMOJIHHTEJBHO
K OOGhYHWM Aas MHkpocxeM O3Y pexuMaM paGoTH peXHMa <«CYHTHIBAHHE —
MoaudHKaHa — 3anmuch». JTOT pexuM onHcan B § 2.1 u npomynodrpHpoBaH Bpe-
MEHHEIMH AHarpamMaMu Ha pHc. 2.6,8. IIns 3TOf Ke MHKPOCXeMhl TeXHHYeCKHMH
YCNOBHAMH OroBODeH MaJOMOLUHBIH peXHM XpaHeHHA, obecleuHBaeMbl NHTaHHEM
HakonuTens uepe3d Bxox CS nanpsikenHeM Uce. McTounnk nntaums npu stom noJj-
JKeH ObIThb OTKJIOYEeH OT BhLIBOAA IHTAaHHs MHKpPocXeMbl. B stom pexuMe MHKpoOcxe-
Ma nmorpeGasieT TOK MeHee 2 MA, 4TO COOTBETCTByeT MOTpel/sieMON MOLIHOCTH MeHee
11 MBr. Oto B 10 pa3 MeHblle, 4eM B peXHMe XpPaHEHHS NpPH HOMHMHANLHOM Ha-
NpsixKeHHH nHraHHsA 5 B.

B pexume cuuThiBaHHS Ha Bbixogax MHKpocxem KMI132PY5 u KMI132PY9 wmo-

XKEeT IOABHTBCA 1ICMeXa NocCJjJe NOoAAaYH HMMYJbCHOro CHrHaJzaa CS uau NpH H3MeHe-

HHH aJPECHHX CHTHAJOB, eciH cHrHan CS=0 nopau yposHem. IToMexa Ha BhXOxe
MOXeT BO3HHKHYTb [0 NOSIBJeHHs HHQOPMALHOHHOrO CHIHajna, T. e. B HHTepBaje
BpeMeHH He GoJsiee tcs. Bpems BO3HHKHOBEHHs MOMeXH OlNpejesseTcs NapaMeTpOM
tsu(cs—po) HJIU tsuca—poy. HanpuMep, y wurpocxemst KMI32PY9 snauenue
STOr0 napaMeTpa pPaBHO 5 Hc NpH BpeMeHd BHIGOPKH ajpeca 60 Hc. Kak BHAHO,
noMexa MOSIBJAETCH Ha BBIXOAE MHKDOCXeMbl 3HAUHTEJbHO paHbllle CHrHANA CYHTH-
BaeMbiX JAAHHHX.

Mukpocxema KMI132PVY10A(B) emkoctbio 64K GHT HMeeT HecKOJIbKO MOAHGH-
Kaluu#t (THMOHOMHHAJIOB) C MeHblleil HHpopMauHoHHo#l eMKocTbio 32K. 1o MHKpO-
cxemi KM132PYI101A(B) u KMI132PY102A(B). CraTHueckHe H QHHaMHYeCKHe MNa-
paMeTphl ITHX MHKPOCXeM HE OTJHUAlOTCH OT MNapamMeTpon 6a3’oBofi MHKDOCXeMHI.
ITockosibKy eMKOCTb MHKPOCXeM BABOe MeHblle, TO NMPH HX YCTAaHOBKe Ha MJaTy Ha
BHBOJ CTapIIero paspsja ajgpecHoro Koia A;s HeoGXOAHMO MOAATb HaNnpsiKeHde C
yposHeM Jor. 0 y mukpocxemu KMI132PY10! u sor. 1 y mukpocxemu KM132PY102.

CocraB cepHn K132 pacinpsercsa 3a cuer MHKPOCXeM ¢ YeTHpPex- H BOCbMH-
pa3psiaHofl opranusaumed M Gosee BBICOKHM OhictposeficrBHem (ta6ua. 2.16).

Mukpocxemn K1809PY1 (1KX16 6ur) K1809PY1A (512X 16 6ut), K1809PY 1B
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(256X 16 6ur) HMeloT BCcTpoeHHHH HHTepdefic, ODHEHTHPOBAHHHA Ha COBMeCTHOe
npHmMeHeHHe ¢ Marnctpasbio no I'OCT 26765.51—86. DaekTpuueckHe napaMeTphl
MHKpOCXeM NpHBeleHn B Ta6n. 2.17 u 2.18, a HasHavende BHBoaoB Aas K1809PVYI
Aano B Ta6a. 2.19.

Mukpocxemn: KI1809PY1A u KI809PVY1B Buinyckaiorcss B ABYX BapHaHTax, OT-
JHYapowHxcs  paboyelt  ob6aactbio HakonHTeas: KI809PY1A00, KI1809PY1A10 =
K1809PY 1500, KI1809PY1B510. B 3THX MHKpOCXeMaX 4YacTh aJpecHHX BXOLOB He
HCToIb3yeTcsi B Ha HHX HeOGXOAHMO OOecleuHTb CJeAyIllHe YPOBHH HampsiKeHHM:
B MukpocxeMax PYI1A00 A;p=0, PY1AI0 Ap=1, B mukpocxeMax PVYI1B00 Ag=
'=A10=0, PY1BI11 A9=A10= l, PY1B01 A9=1,A10=0, pYI510A9=0,A10=1 Cratu-
9eCKHe M AHHAMHYECKHe napaMeTphl MHKpOCXeM-MOAH(GHKanuil OZHHAKOBH C mapa-
smerpamu Mukpocxem KI1809PY1A u KI1809PVY1B.

Cucrema ynpasJisiolUiHX, HH)ODMALHOHHKIX M aAPeCHbIX CHLHAJ0B MHKpPOCXEeMbl
K1809PY1 u ee moauduKkauuii, a Take aaropHTM ee (QyHKUHOHHPOBAaHHS OTBeda-
#07 TpeGOBaHHAM YKAa3aHHOrO paHee CTaHAApPTa K CTPYKType MAarHcTpaju H [mpa-
BHJIaM B3aHMOJeACTBHA C Helo. B 3TOM OTHOMIEHHH paccMaTpHBaeMas MHKpPOCXeMa,
#iMes1 cBOH ocobeHHocTH, GnH3ka K MHKpocxeMe KP537PVY11 (cm. § 22) u no uH-
TepdeACHBIM XapaKTepHCTHKAM COBMECTHMA C Helo.

Mukpocxema umeer 16 suBogos ADIOg.. ADIOj; ansa moakaiodeHHs kK O6uieH
wuHe «Anpec — Haunsies ADg ... ADys marucrpanu. Ilo 3tum BbiBOgaM MOABOASTCSH
K MHKpOCXeMe CHrHaJbl afipeCHOro Koia H 3afHchiBaeMblX AAHHBIX M OTBOAATCS OT
Hee CHrHaJbl CUHTHIBAEMBIX [AHHBIX. YNpaBieHHe paboTol MHKPOCXeMbl OCYLIeCTB-
ASOT CcHrHanaMH: C — CHHXpOHM3auMsi, WR — 3anuch, RD — cunThBanne, BY —
NpH3HAK 3anHCH Gailta. DTH CUTHAJM SIBJSIOTCS BXOAHBIMH. [lnsi OTBeTa MHKpO-
CXeMbl O MpPHHATHH AAHHHX AJIS 3aMHCH HJH BBIAAaue JAHHRIX TNPH CUHTHIBAHHH

npefycMOTpeH BalXOAHO# cHrHan AN — orseT. [ns oGecneueHus oGMeHa MHKpoOCXe-
Mbl ¢ MarHcTpaJbl0 YKa3uHHRIMH CHTHalaMH OHAa MOAKJIOYAeTCs COOTBETCTBYIOLIHMH
STHM CHTHaJiaM BHIBOAAMH K OJHOMMEHHBIM JHHHSIM IUHHE yNpaBJeHHs MarHCTpaJH.

B pasBoske BbIBOAOB MHKDOCXeMbl HMeeTCs OfHAa OcOGRHHOCTb, KOTopasi cOr
CTOHT B TOM, YTO BbIBOX 21 cOejHHeH C KDHCTa/IOM, HaXOASIUIHMCHA MOR Hampsike-
HiHeM cMetleHHs 1,8 B (na3HaueHHe cMellleHHs paccmoTpedo B § 1.2). Ilpu ycra-
HOBKe MHKpPOCXeMbl Ha NJjaTe peKoOMeHAYeTCcs BhIBOA 2] nNOAKJIOUHTL 4Yepe3 KOH-
neHcatop emkocTbio 1000 nd k Kopnycy.

B crpyKTypy MHKpPOCXeMH BCTPOEHO NpOrpaMMHpyeMoe ycTPOACTBO B BHAE
NATHPA3PAAHOrO perHcTpa H cenektopa ajapeca. B 3To ycrpoficTBO nmpeaBapHTENbHO
3aMHCHIBAGTCS KOA COGCTBEHHOro ajpeca MHKpPOcXeMbl Awc. AApPeCHbll ceseKTop,
peann3oBaHHHIA B BHAe LHGPOBOrO KOMMapaTopa, BHINOJHSAeT (YHKUHIO HAEHTHDH-
KaluHH TIPHXOASILEro ¢ MAarHcrpaJdu anpeca. Kpome ykasaHHoro ycrpoficTBa MHKpO-
cxeMa HMeeT (DYHKILHOHAJNbHHI y3ea A/ NMPOrpaMMHPOBAaHHS pexHMa paGorh: O3Y
uan TI3Y. B cocraBe MHKpOCcXeMbl HMeIOTCS Takxe fABa 16-paspsifiHeix perncrpa
AJsl XpaHeHHsl KoJa ajpeca H KOAA JaHHHX.

AnpecHble CHrHaAbl H CHIHaJbl JAHHBIX [IOABOAATCA K MHKpOCXeMe Mo OaHOM
16-pa3psigHofi mIHHe B MYJBTHIVIEKCHOM peXHMe: BHayajle NOCTYMAIOT CHUTHAalH aj-
peca, 3ateM — faHHble, OThe/bHHeE pa3psiibl KORa ajpeca HMeIOT chaejyiollee Ha-
.8HaYyeHHe:

Ajs.. Ay — cobcTBeHHH A agpec MHKDOCXeMH,
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Ay ... Ay — aapec siueflkH NaMATH,

Ao — anpec Gafita: Ap=0 — npH3HaKk nepenauH crapmero G6afita ganHux (Dis...
... Ds), Ao=1 — Mmaaamero Gaftra (D7...Do); npu nepepave caoBa paspsa A, MoO-
JKeT HMeTb [IPOH3BOJILHOE COCTOSIHHE.

Cienyer oGpaTHT, BHHMaHHe Ha TO, YTO NPH OMHCaHHH MHKpocxeMH GOyjeM HC-
NoJb30BaTh KOAHPOBaHUWe (M3HUECKHX YPOBHel CHrHaJoB — HH3KOoro L u Bhlcokoro
H, npuHstoe B nosoxHTenbHOH JorHKe: L-ypoBeHb COOTBETCTBYeT JIOTHUECKOMY CO-
crosnuio 0, H-yposenb — JsiorndeckoMy cocrosiHnio 1. Ilockosabky MHKpOcXeMa OpDH-
eHTHpoBaHa Ha HHTeppefic MITH, B KOTOpOM CHrHajan HMeIOT HHBepCcHOe MpPenCTaB-
JieHHe, TO HeoGXOAMMO BBeCTH B OGO3HayellHsi CHTHAJOB H COOTBETCTBYIOUIHX HM
BbIBOLOB 3HAaKH HHBEPCHH.

Ecan MHKpocxeMa HaXOAHTCA B cocraBe Gioka O3V, To npH KaXAoOM BKJOHe-
HHH MUTaHHS B MHKDPOCXeMY JMOJKeH GhTb 3anHcaH ee COGCTBEHHH ajpec Aec.
Hns sToro K Helf mpoM3BOAHTCs olpallleHHe MO ajpecy NporpaMMmHpoBaHH#a (cay-
xe6uomy azpecy (FFFO) 3anuce B 1ecTHaguaTepHYHOM CHCTeMe CYHCJEHHA), T. e.
ycTaHaBAMBAIOT paspaabl Ays..A; B cocrosiHHe Jgor. 0, paspsiabl As..A;—pB co-
crosinve Jor. 1. 3areM no 3TeM XKe JHHHAM oOweill WHHL nojaior 16-paspaanbf

KOJ AaHHHX, B KOoTopoM pa3spsaant Dis..Dj comepxar colcTBeHHBt agpec MHKpO-
cxeMbl, a Djp— 3HayeHHe GHTa NpH3HAKa peXHMa PaBoThl (peKHMa NPHMEHEHH:A):

npu D=0 MHKpocxeMa paGoraer B pexkume O3V, npu D=1 8 MHKpocxeMe G6n0-
KHPYIOTCSL LeNH 3alHCH, H OHa MOXeT paboTaTb TOJbLKO B peXHMe CYHTHIBAHHA 3a-
MHCaHHLIX paHee AAHHLIX, T. e. B pexxHMe [13Y. 3HaueHHs ocra/bHBIX pa3psiAoB Kola
JaHHbIX MPOrPaMMHDPOBAHHA MOTYT GbITh NPOH3BOJbLHBIMH.

Hanuune y MHKpocxembl NSAITHPa3psiiHOrO MPOrpaMMHDYeMOro ajipecHoro YcT-
poficTBa H ceseKTOpa ajineca TMO3BOJfET NOAKNIOYATh K MarHcTpaid 6e3 JOMOJHH-
TeNbHLIX ycTpoiicTB A0 32 MHKpocxeMm aasi olpasoBanus Gjaoka crathueckoro O3Y
eMkocTbio a0 32K X 16 Gur. TIpu nOAKMIOYEHHM K MarucTpanu HECKOJbKHX MHKpO-
cXeM BO3HHKaeT HeoOXOAMMOCTb pasjesleHHs CAyXeGHbIX aApecoB  MUKPOCXeM.
B nporHBHOM csyyae BO Bce MHKpocxemul Oyler 3amucaH OAMH aapec Awe, NO-
ckoabky cayxeGublii agpec FFFO y Bcex MuHkpocxem omHHakoB. J/isi pelleHHst »To#t
3aja4yl MOXKHO HCIIO/Ib30BAaTb pasjiHuHble CXeMul MOAKJIoueHHs BuBoaos ADIO; ..
..ADIO; u ADIO,.. ADIO; k nunusm wmaructpain AD;..AD;. Hanpumep, noa-
kJoueHne BoiBoga ADIO; k sauuuH ADy, a BuiBosma ADIO, k auHun AD; H3MeHHT
cayxeCGHHRt  appec MHkpocxembl ¢ FFFO Ha FFES8, nmpu cxeMme nOAKNIOYUeHHS
ADIO,=AD,, ADIO4=AD; noaywum aapec FFE2, npu cxeme ADIOs=ADs;,
ADIO;=ADg — aapec FFD8 u t. a.

Mukpocxema Moxer paGoTarth B CJEAYIOUWIHX peXHMaxX: 3anHCh H CYMTHIBAHHE
16-paspanHoro csi0Ba, 3allHChb OTAEJbHO CTapliero W MJaaallero Gafita AaHHHIX, a
TakXe B peXHMe <«CUHThIBAaHHe — MoaHHKauus — sanucb» (RMW) 16-paspsinHoro
cnoBa. MuKpocxeMa OTHOCHTCA K rpynne TakTHpyemblX. QHKcalus ajgpecHoro Kojaa
B peructpe ocymectnasercs no mepenaay H/L cuuxpochrHasa C. O6MeH AaHHBLIMAR
C MAarHCTPaJblo NPH 3aNHCH H CYHTHIBAHHH TNIDOHCXOAHT B AaCHHXDOHHOM peXuMe,

Aaroput™ (YHKUHOHHDOBaHHS MHKpocxeMn KI1809PY1 cooTBercTByer mnpoue-
AypaM aznpecHoro oOpallleHHS K NaMATH, 3aMNHCH M CYHTHBAHHS AaHHBIX, npeiyc-
morpeHHbM 'OCT 26765.51—86. OnHcanne pexuMoB nJs MHKpocxemn K537PV11,
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JZaHHOe B § 2.2 H NPOHANIOCTPHPOBAHHOE BPEMEHHHIMH AHarpaMMaMH Ha puc. 2.6,
NpPHMEHHMO H AAs MHKpocxemn K1809PY1.

B nonosHeHHe K aaHHHM Ta6a. 2.18 npuBeaeM 3HaueHHs AHHAMHYECKHX mapa-
metpoB MHKpocxem KI1809PY1, KI1809PYIA u KI809PYIbE B auanasone Temnepa-
Typ —10.. +70°C (B cKkoGkax yKasaHH 3HaueHHAa napamerpos KI809PYIA w
PY1B, oriuuatomuecs: or napamerpos K1809PVY1):

BpeMs uukaa sanHcH (cunThBamus) tey, e . . . . . . . 880(1200)
Bpemst UHMK/A2 «CUHTHBaHHE—MOANGDHKAUMA—3ANMHCBY, MKC . . . 1,7(2,4)
BpeMs BLGOPKH cHrHana Citacy . . . - 325
Bpemst yaepxaHHs anpeca OTHOCHTENLHO CHI‘HaJla cnuxpoauaaunn C

tH(C—A), HC . . . . . . . - 25
BpeMsi ycTaHOBJeHHs cHrHasna CYHTHIBAHHS OTHOCHTeJNbHO cHrHaja C

tsuic—roy, HC . . .. . . . . B0
JnutenbHOCTD cHrHana CUHTHBAHHS tw(RD). We .. . ... 625(950)
InutenvHocTe curHana samucd twwry, & . . . . . . . 700(750)
. InurenbHocTb Hm'epsana Me)x;xy CHrHaJlaMn CHHXpoHH3auuH C

tREC(C), HC . . . . . . . . . . 75(100)

BpeMﬂ COXpaHeHHs CHTHaJa C 1nocje CHUrHaJioB 3allHCH H CYHTHBA-
HHA, HC:

tyiro—cy - . . . . . . . . . . . . . . 130(100)
tvwr-cy . . . . 0(100)
JnutencHocTs MHTepBana B pe)xmwe RMW Me)K}xy CHFHAJaMH RD H
‘WR trecro—wr), HC . . .o (240)
Bpems ycraHOBAHHA B pe»mme RMW CHTHana WR OTHOCHTEJIbHO
curHana C tsuc—wry HC . . . . . . . . . . . . 900

Bpemss unkna ofpalleHHss K MHKpOCXeMe AJs CUHTHIBAHHA (3amMcH) omnpene-
JSIeTCA H3 BblpaXKeHHH

tey = twc) + trec(c)s

rac tw(c)rp = tsu(c—rpy + twwp) + tv(rp—c) wam tw(cywr =
= tsuc—wr) + tw(wry) + tv(wr—c).

Bpemsa nuxkna B pexnMe RMW Moxker 6biThb paccudTaHo H3 CJelyiOllero BH-
paKeHHs:

tevrmw) = tsuc—wryrmw + twwryrmw + tv(wr—c) -+ trecc)-

Mukpocxema KI809PY1 3/ieKTpHUECKH H KOHCTPYKTHBHO COBMECTHMa C MHKpPO-
npoueccopusiMi BHC cepun K1801. Ha ocHoBe 3Toru MHKpPOMpPOLECCOPHOro KOMI-
JIeKTa CO3JaHbl OfHOMMaTHbe MHKPODBM cemelictBa «D/ieKTpoHHKA-5», B YaCTHOCTH
MHKDOKOHTpOJJIepbl «DneKTpoHHKa Ch-41», B koTopbix Ha Mukpocxemax K1809P¥Y1
peanusoBaHo crarideckoe O3Y emxoctbio (8..12) KX16 6ur. Ilpumep npumeHe-
HHS MHKpocxeMbl B 6iioke ctaTHueckoro O3Y npusenen s § 4.1,

Muxpocxema K565PY2 emkoctbio 1KX1 GHT — eaHHCTBEHHas MHKpocxema CTa-
tuaeckoro O3Y B cepuu MHKpocxem AnHamHueckHx O3Y K565. Mukpocxema oT-
HOCHTCSl K rpynfle acHHXpoHHhX. Ee napaMerpn npuseseHsi B Tabu. 2,17 u 2.18,a
HazHaueHHe BHBOAOB — B Ta6n. 2.19. YcnoBusa peannHsaunHH pexHMOB paboTH yKa-
8aHH B Taba, 2.22,

OtMeruM aBe OCOGEHHOCTH MHKpocxeMhl. Bo-mepBhX, HMess BHX0L c TpeMs
COCTOSIHHSIMK, MHKPOCXeM3a He JOomycKaeT OObeAHHeHHs HHGOPMAaIlMOHHHX BXORAa H
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BHXOAA [JA MOAKNOYEHHs K oOfuUledl IIHHe Mepejayd AaHHHIX, 3rta 0COGEHHOCTh
OGBACHARTCA TAM, YTO B MHKpPOCXeMe NpDeAyCMOTPeH Mnepexoj BhXoda B Z-COCTOS-

HHe TOJIbKO NPH 3amnpellalollleM COCTOSHHH cHrHaja BoiGopa CS=1. Iloatomy B pe-

xHMe 3anucH, Korga CS=0 u WR/RD=0, Ha BhXoje MNOsBJSETCHA 3anuCHBaeMas
MHOODPMALHs, YTO NO3BOJAET OCYLIECTBJATh KOHTPOAb NPaBHJBHOCTH 3alHCH.

Bo-BTOpHIX, NpU OTpHuAaTelbHOM Mepenafe cHrHala CS WM mpu cMeHe ajpec-

HhIX CHrHa/uoB, ccin CS=0, Ha BHIXOLE MHKDOCXeMB! [0 TOSBJEHHsS CYHTHBAEMOrO
‘CHrHana B HHTepBaJie BpeMeHH He Gonee tcs MOXeT BO3HHKHYTb CHTHAaJM MOMEXH.

[To ypoBHsiM BXOAHHX H BBIXOAHLIX CHIHaJOB MHKpOCcXeMa coBMecTHMa ¢ TTJI-
MHKPOCXEMaMH,

2.4. bunoaspHble MHKpOcXeMbl cTaTHYeckHx 03Y

XapaKkTepHCTHKH GHNOJNADHHIX MHKpocxeM craTHueckHx O3Y WIHPOKO H3BeCTHHX
cepuii mpeacraBjeHn B Ta6a. 2.23—2.25, a HasHayeHHe BLIBOLOB KOpIycOB MpHBe-
JAeHo B Taba. 2.26,

Miukpocxembn namaTH cepuit K500, K1500 narorosnenn mo 3SCJI-TexXHOJOFHH,
Onun xapakTepH3YIOTCS BBICOKHM GnicTpojieficTBHeM (BpeMs uukaa 9..45 Hc), cpas-
HHTeJbHO HeGosbuioH, no 16K 6ut, HH(OpMaLHOHHON eMKOCTbIO, NOBbLILIEHHHMM 3Hep-
ronotrpeGnenneM 0,5..1,1 Br, npHueM ypoBeHb MOILHOCTH MNOTpelJieHHst AJSI PeXH-
MOB OGpallleHus, T. e. B AKTHBHOM COCTOSIHHH, H XpaHeHHs OAHHAKOB.

Ilo pexuMy AQoCTynma K HaKONHTENIO MHKDOCXeMhl OTHOCATCS K rpymnme acHH-
XPOHHHIX. BbiXoa MHKpocxeM BHIIOJHEH MO cXeMe C OTKPHITHIM 3MHTTepoM (0OJ).
Takoil BEIXOA MOXHO HENOCPEeACTBeHHO MOAKJIOUATh K JIHHMM Nepejaud auGo Ha-
TPyXaTb BHEIUHHM DE3HCTOPOM ¢ conporuBieHHem 50 OM, BKJIOYasA ero MexAay
BLx040M OD H ROMOJHHTENLHHM HCTOYHHKOM HanpsikeHus —2 B,

Miukpocxemu cepun K1500 npeacraBasior coGoit BTopoe mokoseHne DCJI-MHk-
pocxem. IlepBuiM Oblno nokoseHHe MHKpocxem cepuit 100 u K500. YkasaHHwie ce-
PHH XapaKTepH3YIOTCS AOCTATOYHO pPAa3BHTHIM (YHKUHOHAJbHBIM COCTABOM, BKJIO-
9alOlHM MHKPOCXeMbl pa3HbiX BHAOB, B TOM 4YHCJe H MHKPOCXeMbl MaMsaTH MHKpo-
cxembl O3Y cepun K1500 oGnagator Gojee BLICOKHM OHCTPOAEfiCTBHEM, UeM MHK-
pocxemMn cepuH K500, npn oxuHakopofi moTpeGnsieMOll MOLIHOCTH, a Tak¥e 00Jb-
el HHOOPMAUHOHHOH eMKOCTbIo. HecMmOTps Ha pa3/iHUHA B HANpSKeHHH MHTAHHA
MHKpPOCXeMBl pacCMaTpHBAeMHX CepHfi MOFYT MNPHMEHSThCS COBMecTHo Ges cmeuH-
a/bHbIX CPEeACTB COMpSXKEeHHS.

Y 3CJI-MukpocxeM pasHbIX cepufi MHOro ofliero B yCTPOACTBe W B DeXHMax
pa6oTh. Boublag uyacTe MHKpOCXeM HMeeT OJHODa3psJHyl0 OPraHH3alUHIO H TOAb-
KO HEKOTOpble MHKpOCXeMbl — YeThpexpa3psaHyio. Bce MHKpocxemn pa6oTaioTr B
PeXHMAaxX 3aMHCH, CYHTHIBAHHA H XDaHeHHs1 HHOOPMAUMH NDH OAHHAKOBHX YCJNOBH-
fIX peasM3alHH 3THX pexxumon (raba. 2.27).

Mukpocxemn K500PY148 u K500PY410 umeloT coOTBeTCTBEHHO paBa H TpPH

BXOAAa AJI1 CHFHaJOB BHOGOpa CS. [lns AoCTyNa K HAaKOMHTEASM STHX MHKPOCXeM
Heo6XOAHMO o6ecneynuTb NPHCYTCTBHe Ha BceX Bxogax CS cHruanos ¢ aKTHBHBIM
ypoBHeM. TIpH HapylIeHHH 3TOrO YCHOBHS MHKpOCXeMa MepPeXOAHT B DEXHM Xpa-
HeHHsl, 4 Ha ee BHIXOAe YCTAHaBJHBAeTC HanpskeHHe ¢ ypoBHeM Jor. 0.
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Ta6auuna 2.23. XapakrepucTHkn GuUnojasipubix MuKpocxem O3Y

Mukpocxema EMKOCTb, GHT f:c):(;:a teys HC P, Bt Tun Kopnyca
K500PY 145 164 A 20 0,8 238.16-2
K500PY 148 64X1 A 24 0,65 238.16-2
K1500PY410 2561 A 40 0,73 238.16-2
K500PY415 1KX1 A 40 0,8 238.16-2
K500PY470 4KX1 A 40 1,1 2107.18-3
K1500PY073 164 A 9 1 4114.24-3
K1500PY415 1KX1 A 28 0,7 4106.16-4
K1500PY 470 4K X1 A 45 0,7 4116.18-3
K1500PY474 1K X4 A 20 0,9 4114.24-3
KP1500PY480A 16K X1 A 35 1 239.14-2
KP541PY1 4K X1 A 155 0,5 2107.18-1
KP541PY2 1KX4 A 140 0,5 2107.18-1
KP541PY3 16K 1 A 170 0,6 2118.20-1
KP541PY31 8KX1 A 170 0,6 2118.20-1
KP185PY1 641 A 330 03 201.14-2
KP185PY3 64x1 T 430 0,3 201.14-2
KP185PY4 256X 1 T 400 0,5 238.16-2
KP185PY5 1KX1 A 400 0,36 238.16-2
KP185PY7 256X 4 A 45 0,84 2108.22-3
KP185PY9 64 X9 A 45 1,05 2121.28-4
K134PY6 1KX1 A 1000 0,42 4112.16-2
K155PY5 2561 A 90 0,74 238.16-2
K155PYy7 IKX1 A 45 0,74 2108.22-1
KP531PY8 16X 4 A 95 0,58 201 16-16
KP531PY9 16X 4 A 95 0,55 201.16-16
KP531PY11 164 T 45 0,58 2104.18-2
K589PY01 16> 4 A 50 0,55 238.16-2

Mukpocxembr cepuu KP185 BbInmosHeHb! ¢ TMpHMeHeHHEM THPHCTOPHbIX TpHrre-
pos (KP185PY2, KP185PY3, KP185PY4) u TpurrepoB Ha 3/eMeHTax HHXEKLHOH-
noit soruku (KP185PY5, KP185PY7, K185PY9) B crpykrype Hakonuteas u TTJI-
3JIeMeHTOB B CXeMaX BXOAHLIX, BHIXOAHBIX H YNPaBASAIOWHX (YHKIUHOHAJBHBIX Y3-
nos. ITo3ToMy BXOAHLIe M BBIXOIHBIE CHIHAJB MHMKpocxem 3Tof cepuu umetor TTJI-
ypoBHH u coBMecTHMbl ¢ TTJI-MuKpocxemamH.

BosbIIHHCTBO MMKDPOCXEM CepHH HMeeT CPaBHHTEJNbHO HeBbicOKoe OncTpoxedcT-
BHe (BpeMs uukaa pasHo 400 Hc), 3HauMTeNbHOe 3Hepronorpe6GJeHHe, COH3MepHMOe
¢ 3CJI-MHKpocxeMaMH, BHIXOAHM C OTKPHITHIM KOJIIEKTOPOM, PacCUHTaHHble Ha 3Ha-
YHTeJbHYI0 Harpy3ky (mpegenpHnil BhIXoAHOA ToK 10 ... 20 MA).
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Ta6anma 2.24. Cratnyeckne napamerpsl GHNOJsPHBX MuKpocxem O3Y

U, B U, B I, MA
Mhukpocxema Ue. B I MA L n L H L H Hm
K500PY145 —52+5% | 150 [—1,6 [—1, |—1.86|—1,07] — [ — 27
K500PY 148 ~—52+5% [ 122 [—16 [—1,1 [—162[—1,02] — | — 27
K500PY410 —52+5% | 140 [—1,6 [—1,i |—1,56|]—1,07] — | — 27
K500PY415 —52+5% [ 150 [—1,6 [—1,1 [—1,6 |—1,04] — | — 27
K500PY470 —52+5% | 210 [—1,631—06 [—16 [—1,04] — | — 27
K1500PY073 —45+5% | 220 [—1,6 |—1,16[—161(—1,03] — | — 30
K1500PY415 —45+59% [ 150 [—1,46|—1,16|—1,62|—1,02 — | — 30
K1500PY470 —45+59% | 150 |—1,46|—1,16|—1,62|—1,02| — | — 30
K1500PY474 —45+59% | 195 [—1,65|—1,47(—1,61(—1,03( 24 | — 30
KP1500PY480A | —4,5+5% | 220 |—1,62|—1,02(—1,61(—1,03] 30 { 52 40
KP541PV1 5+x5% [ 95 08| 2 0,45| 24 8 | 52 18
KP541PY?2 5+59% | 100 08| 2 0,45 2,4 8152 18
KP541PY3 5+5% [ 110 08| 2 0,45 2,4 8152 18
KP185PY3 5-10% | 56 | 04| 24| 04| 24| 502 6
KP185PY4 5+10% [ 90 04| 24 04/ 24 5102 6
KP185PY5 5+10% | 65 04| 24| 04 24| 10{ 0,2 20
KP185PY7 5x5% [ 160 08| 21 0,45 2,4 8| 52 20
KP185PY9 5+5% | 200 081 21| 051 24 8101 10
K134PY6 5+10% | 80 08 2 03| 24| 16005 | 20
K155PY5 5+5 % [ 140 0a| 24| 045 241 20} 005 | 20
K155PY7 5+5% | 140 | 0a | 24 | 045 24| 16| 005 [ 20
KP531PY8 5+5% | 110 08| 2 045 24| 16] 65 20
KP531PY9 5+5% 105 | 08| 2 045 24 ] 16| 01 20
KP531PY11 5¢5% | 110 | 08| 2 05| 24| 16] 52 20
K589PY01 5+5% | 105 08 [ 2 05| 241 10} 0 12

Bce MukpocxeMmul cepHH paGoTalOT B acCHHXDOHHOM peXHMe 3afHCH H CHYHTH-
paHus. Hck/iodeHHe cOCTaBASIOT MHKpPOocXeMH TakTHpyemMix O3Y KP185PY3 n
KP185PV4. OcoGennocroio MHkpocxem KP185PY2 u KP185PY3 sBasiercs HasaudHe
B CTPYKTYpe MX KPHCTaJNJ03 pe3HcTopa HarpyakH (BHBOX 12) ¢ cONpOTHBJICHHEM
3,4 xOwm, nogkmoyenHoro Mexay BoiBogamu 14 (Uee) u 12, Ias uciionb30oBaHHA
STOr0 pe3ncTopa Heo6xogHMO BHBOA 12 coeadHuTh ¢ BHBOAoM 8 (Bmxoa DO).

¥ wmukpocxem KP185PY2, KP185PY3 u KP185PY4 orcyTcTByeT BXOA CHrHaia
3anucH-cuuTHBaHHs WR/RD, Ho uMeercs napacdasubiit mEdopmauuonHm#t Bxox DI,

DI. 3anucy ocymecrsasercs curuasom CS NpH YCJNOBHH, 9TO TPEABApHTENBbHO MO-
JAaHb ajpecHHe CHrHaJH H HHOOPMAaLHOHHHA CHrHAJ CBOHM NpPAMBIM H MHBEPCHLIM
3HaYeHHeM. 3anpeluaeTcsi nmoaaBaTh Ha HHGOPMalMOHHble BXOAbI CHTHAJH C COCTOS-
HueM Jor. 1. CUMTHIBaHHe peasiH3yeTCsi B TOM 2Ke PeXXHMe, HO NMpH YC/NOBHH, 9TO Ha
06a HHPODMAUHOHHHX BXOAa NOXaHHW HyJaH. B pexumax 3anucu M XpaHeHHs Ha
BHX0/1aX MHKPOCXeM YCTaHaBJIHBAeTCs CHFHaJ C ypOBHeM JoOr. 1.

Jns uckaouenHs QyHKUHOHANbHEIX c6oeB B paloTe MHKpPOCXeM Ha MAaKCH-
MaJbHBLIX 9acToTax o6paleHHsi, paBHHX 1/tcy, AJMHTENbHOCTH (DPOHTOB BXOAHHX
CHTHAJIOB He RO/KHBI npeBHWaTh 30 HC.

Mukpocxema KP185PY7 umeer Bhxoa ¢ Tpemsi cocrosiHusMH, a KP185PY9 —
nuBepcHue Buxoaw TTJI —OK. Ha Buxoge Mukpocxemn KP185PY5 B pexume
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Ta6auma 2.25. JuHamnueckHe mapameTpnl OunoaspHbix Mukpocxem O3Y

MuKpocxema La(a) HC tSU‘:;WRV tw(“:{':" ’v<w;:l:/n- CLon® Gy 0@
K500 10...35 5...10[ 10...30 5 33 150
K1500 15...35 5...10[ 18...30[ 5...10] 11...30 —_
K1500PY073 6 2 5 2 30 —
KP541PY1 120 45 60 50 30 200
KP541PYy2 120 50 60 30 30 1000
KP541PY3 150 60 60 50 30 200
KP185PY3 200 0 230 200* 80 120
KP185PY4 200 0 230 170* 80 120
KP185PY5 350 150 250 0 80 200
KP185PY7 45 10 30 5 15 100
KP185PYy9 45 5 35 5 30 100
K134PY6 700 200 550 250 100 400
K155PY5 90 10 30 5 30 200
K155Py7 45 — 30 — 30 200
KP531PV8 35 35 25 35 30 100
KP531PY9 35 35 25 35 30 100
KP531PY11 40 25 — 20 30 200
K589PY01 35 15 35 10 30 150

* YVKasaHb 3HaueHHs UapaMetpa tppc(cs)-
Mpumevanusa |. BxolHbe eMKOCTH HMeEIOT SHavYeHHs B npexmenax 5...8 n®, smxom-

Hple — 11 ...33 n® nas muKpocxem cepuft K500, KI1500, 3...15 n® gnsm MHKPOCXeM OCTans-
HBIX CcepHA.

2. Ina rtaktHpyeMnix mukpocxem O3Y KP185PY3 u KP186PY4 sHaueHHS mnNapaMerpos B
cronbuax 3...5 rpuBeneHnl AAs curHana peiGopa CS.

CYHTBIBAHHA NpPH mnojade HMMYJbCHOro CHrHasma CS Hax npH H3IMEHeHHH ajgpecHHX

curHanos, korga CS=0, MOryr BO3HHKHYTb NMOMEXH MJHTeJbHOCTBIO He Gojee Bpe-
MeHH BoiGopa tcs. Ha Bmxope mukpocxemn KP185PY2 BoaMOXHW KpaTKOBpeMeH-

Hble TIOMeXH B PeXHMe 3alHCH B MOMEHT MOJauH cHrHana CS.

Ilorpe6nsiembie MHkpocxeMaMH cepur KP 185 MommnocTH B pexkHMe XpaHeHHs B
1,5... 3 pa3a MeHblue, yeM B pexxHMe oOpalueHHs.

Mukpocxemsr O3Y cepun KP531, nsroronennnie mo TTJIII-rexHosnoruu, xa-
pakrepHaylotcsi (Taba. 2.23) cpaBHHTeNbHO BLICOKHM GHCTpogeficTBHeM (BpeMs BH-
GopkH ampeca 35..40 Hc), 3HaUHTeNbHHIM 3Hepronorpebienvem (ao 0,6 Br), He-
GonbiioRt HHpopManHOHHOA emkocThio (16X4 6uT).

Mukpocxemst KP531PY8 u KP531PY9 Bo MHOroM aHajoOruuHbl, BKJOYas H
pa3Boaky BHBoXOB (TaGa. 2.26). Mx pasanune cOCTOHT B TOM, YTO y MHKPOCXeMHI
KP531PY9 Buxoas TTJ/I—OK uuBepcHnie, a y KP531PY8 — npsimsie ¢ Tpems
cocrosinusiMH. O6Ge MHKPOCXeMB OTHOCATCS K Tpyfnne acHHXPOHHHX H paGoraioTr B
THMHIHOM pexHMe ynpapieHus (ta6s. 2.28) sanHchio, CUHTHIBAHHEM M XpaHeHHeM
HNaHHHX.

Mukpocxema KP531PY11 umeer psn ocoGenHocred. Bo-nepswix, oHa paGoraer
B TaKTHPyeMOM DeXHMe MNpH 3aNHCH M B aCHHXDOHHOM peXHMe TNpPH CYHTHIBAHHH.
Bo-BTOpHIX, B ee CTPyKType NPHMeHeHH BXOJHbe WENH, CTPOGHpyeMble MOJOXKH-
TeJbHBIM NepenajgoM TakToBoro cHrHana C, H BHXOXHOA 9eTHpPexpa3psAHHA pe-
FHCTP ANl XPaHEHHA CUHTHBaeMBIX NaHHLIX neped BHBOAOM HX M3 MHKPOCXEMH.
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TaGauua 2.26. HasHaueuue sniBoaoB GunoaspHnx MHKpocxem O3Y

K1500 K1500, K500 K500 KP541
Homep f
BLIROAA| py(73 |PY474 [PY480 | PY470 |PY415 |PY145 |PY148 |PY410 PY3 PY2 PY1

1| po,| ov | DO| DO| DO|DO,| OV | A | DO| As | DO
2 DO, | DO. A, Ao Ao DO, Ao A, A, As Ao
3 TS DO, A Ay A, [y Ay A, As A, Ay
A oL | A | A | A | A | DI |CSi | As | A | As | A,
5| Dlo | A | As | As | As | DL, [CS, | CSi | Aw| Ao | As
6 — A, — A A, Ao A, | CS, An A, A,
7 — As — As As A As C_Sa Ay A, As
8 | Ao | Ad| Ad| As | Ue | Uee | Uee | Uee | Ais| CS| As
9| A | As | As | U | As | As | Av| A | As | OV | OV
10| A | — | As| A7 | Ar | As | As | As | OV |WR/RD| A,
11 | Uc Ag A; Ag As | DI — Ag As |DIOs | As
12 A; | U Uece A, Ay DI, |WR/RD| A, A, |DIO. A,
13 | A¢| Ar | As | Ao |VR/RD|WR/RD| DI | DI | A, [DIO; | Ap
14 As Ag A, Ay CS | DO, — |WR/RD| A, |DIO, Ap
15| — | As| Aw [#WR/RD| DI | DOs| DO | DO [ A | As [WR/RD
16 | — |WRRe| A, | S| ov | OV | ov | ov | A | As | CS
17 — | CS| An| DI DI A; | DI
18 | DI; | Dle | — | oV CS | Uee | Uke
19 DI, DI, —_ WR/RD

20 [WR/RD| DI: | Aps Uece

21 | DOs | D1 |[WR/RD
22 | DO, | DO, | CS

23 | ov | DO, | DI
24 | ov | ov | ov

25

26

27

28

n PEHMEUaHHeE. 3Hak HHBEePCHH Hanx 0603HaUYeHHEM BbiBONAa YKa3bliBaeT Ha TO, 9TO Bb!

€xeMbl NoaXeH ObTb 0603HaYeH KPYMKKOM.
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K531 K155 K185 K133 | K589
PY1l PY9 PY8 PY5 PY7 PY9 PY7 PY5 | PY4|PY3 |PY2 PY6 PYO)
DL| Ao | A | A | CS| As | A | A« | CS| A A| TS| A
Dlo| CS| CS| A | A | Ad| A | As | Ao| A A A | CS
Ao |WR/RDWR/RD| A, | Ay | As | As | Ac | Ai| As| As| A, [WR/RD
A:| DI DI, A, Aq DI, A, A; Ax | Ad| As A; DIlo
As| DO, | DO, [ TSi | As | DL | As | As | As| As| As| A, | DOo
Ailpy | DL |CS: | Ad|DI.| A | A [DO| CS|CS| A, | DL
DOs| DG, | DO, | CSs | DO | DIs | A, | DI | —| OV| OV| DO | DO,
DO[ ov | OV | OV | OV | DI, | OV | ov [ OV(DO|DO| ov | oV
o0V | DO, | DO, | DI As | DI; | DI, | DO | DI| DI| DI| A, | DO,
DO:| p1, | DI, |WR/RD| A, | DI, | DO, |#WR/RD| DI DI| DI| A, | DI,
DOs | DO, [ DOs | DO | A; | DI, | DI | €S| A| —| —| As | DOs
O_E Dls DIs A, As Dls DO, A |—| R K A; DIs
RD As A, As As |WR/RD| DI, A, As | Aol Ao As As
€| A | A | As [WRRD| ov | DO, | A, | As|Uce| Uec[WR/RD| A,
WRI A | A/ | A, | DI | CS|DL | A, | A Dl | A
DIs | Uee | Uee | Uee | Uee | DOs | DOs | Uee | Uce Uee | Uee
DL DO, | CS
Ucc 565 ﬁ

DOs | CS.
DO, |WR/RD
DOs | Ao
DO, | Uee
DO,
DO,
Ao
A
A,
Uee

BOX (BXON, BBIXOA) SBJAAETCS HHBEPCHHIM H HA YCNOBHOM rpadHuecKoM H3OGpaXKeHH:H MHKpPO-
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Ta6auuna 2.27.Tabanua ucruaHoctH ICJl-mukpocxem O3Y

s W/RD A DI DO PexHuM paGoThl
1 X X 0 XpaHeHHe
0 0 A D 0 3anuch
0 1 X D CuHuTHBaHHe

Ta6nuua 2.28. Tabanna uctuHHocTn mMukpocxemnl KP531PY8

cs WR/RD Ag...A, DI,...DI, | DO;...DO,| Pexum paborm
1 X X X YA XpaHeHHe
0 0 A Do...Ds Z 3anuch
0 1 A X Do...Ds CuHTHIBaHHe

B-TpeTbHX, MHKDOCXeMa JONycKaeT pa3fesbHOe YNpaBJeHHe 3anHCbio M CUHTHIBA-
HHEM, OCyluecTB/sieMOe MO COOTBeTCTBYylOUHM chrHasamM WR u RD. IIas ynpasie-
HHR COCTOAHHEM BbIXOAA NpenycMOTpeH curhan OE.

B pexume 3amHCcH Ha BXOAb MHKDOCXEMH TMORAIOT aApecHble CHFHAMbBI, CHTHAJ
sanuch WR=0 u panunie Do..D;. 3atem nocrynaer nosoxHTenbHbIA HMMyJbc TaK-
TOBOro cHrHana C, MO MOJIOKHTEJbHOMY fepenagy KOTOPOrO MNPOHCXOAHT 3amHChb
AaHHbIX. B 3TO BpeMs BBLIXOAbI MOrYT HaXOAHTbCSl B OLHOM H3 CJAEAYIOUIMX COCTOS-
HH:

a) npu OE=1 B Z-cocrosinuu;

6) npy OE=0, RD=1 B COCTOSiHHH, ONpefejeHHOM KOIOM, CUHTAHHbIM B mpe-
ABAYLIEM LHKJIE,

B) npp OE=0, RD=0 B Hauaje LHK/IA 3anNHCH B COCTOSIHHH, ONpeLeNsiCMOM
CYMTaHHbIM paHee KOJAOM, a B KOHUe LHKJIA 3aMHCH B COCTOSIHHH, OlpeiesiseMOM
SaIHCaHHLIM KOXOM.

B pexxume cuHTBIBaHHS cocTosiHis cHrHanosB C M WR Moryt GbiTb JIOGHIMH,
TIOCKO/IbKY COCTOSIHHSI DBIXOJ0B onpeaensior curHansl RD u OE: a) npu OE=0 H
RD=0 Bbixoab! OTKpbITH Aas HHdopmauuu; 6) npy OE=1, RD=0 Bbixoab Haxo-
AATCS B Z-COCTOSIHHMSX, a HH(OPMAlHsi U3 BbLIGPAHHON sYelKH HAKOMHTENsi 3amHCH-
BaeTcsi B BbIXOAHON DEerHcTp H BpPeMEHHO HaXOJAHTCS B HeM; NpDH H3MeHEHHH B Io-
crenytoulem coctosiHHs curHana OE=0 Ha Bbixofe uepe3 BpeMsi ta(oe) MOSBHTCA
HHQOpMalHs, BpeMellHO XpPaHHMasi B perHctpe; To 06CTOSTENbCTBO, YTO BpeMs BH-
Gopku cHrHana OE MeHblle BpeMeHH BHIGOPKH aapeca taa), MOXHO HCMOJb30BATh
LISl yBeJHUEHHS OMeparHBHOCTH CUHTHIBAHHSA ZaHHBIX H3 O3VY.

PexxHM xpaHeHHs oGeCreyHBaeTCsi CTaTHUeCKHM COCTOsIHHeM cHrHala C B Te-
deHHe BCero BPeMEHH XPaHeHHsl He3aBHCHMO OT COCTOSIHHSI 3TOrO CHrHana.

Mugpocxema K589PVY01 emiroctbio 16X4 6ur wusrorosneHa no TTJIII-rexno-
JIOTHH, HMeeT BLIXOAH C OTKPHTHM KOJJEKTOPOM, MpHYeM BbLIXOAH HHBepcHHe. Pe-
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Ta6aununa 2.29. Tabanua ucTuhHoctn mukpocxemn K156PY56

Cs, Cs, CS, WR/RD (A, ...A, DI l Do Pexum paboThi
M M M X X X 1 Xpauneuue

0 0 1 0 A D | 3anucs

0 0 1 1 A X D CunTBIBaHMe

lIprmewanune M-—np06as KOMOHHAUHA COCTOSHHR CHrHaNOB, OTJAHYHAsu OT C_Sl.-O,
TS, =0, CS,=1.

Ta6nuuma 2.30.Tabanua ncruanocTn mMukpocxemst K165PY7

cs ‘WR/RD Ay... A, D1 ' DO Pexum paGoTh
1 X X X Z XpaHeHHe
0 0 A D Z 3anuch
0 A X D CuHTHIBaHHe

JKHMAaMH paGoThi MHKPOCXeMbl YNpPaBASIOT MOCPEACTBOM cHrHanoB CS # WR/RD
N0 THNHYHOMY aJrOPHTMY ACHHXPOHHOrO AOCTYNA K HAKOMHTEJIO.

Mukpocxemnl cepun K155 usroroBsenn no TTJI-TexHONOrHH, HMEOT BBIXOAH C
OTKpLITIM KosdektopoM (KI155PY5) u ¢ Tpems cocrosuusmu (K155P¥Y7). OGe

MHKpOCXeMbl OTHOCATCS K Tpyfnne acHHXPOHHBIX. YNpasJ/siolllHe CHrHaJbI CSi, CSa,
CS; y mukpocxembnl KI155PY5 oTKpLIBaloT AJOCTYN K HAKOMNHTeNI0 TpPH YCJOBHH
CS,=0, TS;=0, CS3=1. ¥ muKpocxemsl KI155PY7 ympaBienHe [ocTynom ocy-
WeCTBARCTCS OAHHM CcHrHadoM CS. MHKpocxemH pa6oTaloT B pexKHMax 3allHCH,
CUHTHIBAHHA, XPaHEHHs, YCIOBHS peajH3allHH KOTOPHX NpHBeZeHo B Taba. 2.29 H
2.30.

Cepus KP541 Bralouaer MHKpocxeMbl cTaTHaeckHx O3Y acHHXpPOHHOro THNA,
H3roToBJeHHble N0 TexHosorH HHJI—TTJILI, emkoctbio 4K, 8K u 16K 6ur, o6-
Jlagamollne cpeHHM GHCTPOAEACTBHEM,

ITo cpasHenuio ¢ MHKpocxemMaMH cepuH K132 mukpocxemun cepun KPb41 ume-
10T Gosee BLICOKHII ypoBeHb mnoTpebJseMON MOLIHOCTH TMNpH CPaBHHMOM OHICTpO-
JeflcTBHH, npuueM OHH He 06,1aZalOT CMOCOGHOCTBIO CHHXKAaThb NOTpef/ieHHe MOILHO-
CTH OT HCTOUYHHKA MHTaHHS B peXHMe XpaHeHHs. MuKpocxeMbl pa6oTalT B pexH-
Max 3aMHCH, XpaHeHHS H CYHTHIBAHHSA C THIHIHBIMH YCJOBHSIMH DCaJH3aLHH 3THX
PeXHMOB, aHAaJOTHYHBLIMH ApelcTaBleHHHM B Ta6n. 2.30.

Miugpocxemn KP541PY31 — KP541PY34 sBasoTcs MOAHDHKALMAMH MHKPO-
«cxemul KP541PY3, HMelollHMH HAeHTHuHble ¢ HeHl TMapaMeTpbi, HO BXBOe MEHbUIYIO
-eMKocTb, [IpH npHMeHeHHH 3THX MHKDOCXeM CJeAyeT 3a(HKCHPOBAaTb COCTOSIHHE
BXOJAa OXHOrO M3 ABYX CTapLIHX pa3psAfoB ajgpecHoro Koga: A;;=0 (P¥31), Ap=1
(PY32), Ai3=0 (PY33), Ajz=1 (PY34).

Mukpocxema K134PY6 emkoctbio IKX1 GHT H3roTaBiHBaeTcCsi N0 TEXHOJNOTHH
UHNJT — TTJ1I, xapakrepHayeTcsi HeBBICOKHM OHICTPOASACTBHeM H CpPeXHHM 3HEpro-
qiorpeGnenHeM (BpeMs BHOOpkH agpeca 700 Hc npH NOTpe6aseMOfl  MOLIHOCTH
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0,45 Brt), nmeer Buxox TTJI — OK. MukpocxeMa paGoTaeT B pexHMax 3alHCH,
CYHTHIBAHHA H XDaHEHHS, NPHYeM MNPH XpaHeHHH HH(opmauun norpebisemas Mold-
HOCTb CHH)XAeTCA BABOE. YCJOBHS peaNH3aUHH DPEeXHMOB 8HAJOTHYHH MPHBEJEHHHIM
B Ta6a. 2.29 ¢ yverom toro, uro K134PY6 umeer oauH BXox AJs CHTHana BuG6oO-

pa CS.

2.5. Mukpocxembl perucTpoBuix 3Y

Perdctp kxakK ¢yHKIHOHANBHHIA y3en WIHPOKO NpHMeHsiercss B KauecTse f'efiKH
HAH HaGopa sndeek naMATH. Hanpumep, perHcTpn HMelOTCH B CTPYKTYpPax MHKPO-
npoueccopos, MHKPOCXeM MaMATH W MHOTHX ADYFHX YCTPOWCTB ANsl XpaHeHHsI KO-
HoB ajgpeca, KaHHBIX, KOManA. MHKpPOCXeMH DerHcTpos BXOASIT B cocTaB GOJLIUHH-
cTBa CepHil, B TOM uHc/le H B MHKponpoueccopHuie koMmmaektot BHC B kauectse
peructpos ofluero Ha3HaueHHs, MHOropeXXHmHbIX Oyhepnux perucrpos (MBP),
GydepHoro 3Y Mexay AByMs UH(OPOBBIMH YCTPOHCTBAMH C PAa3JHYHOH CKOPOCTbIO
nepeaays H npueMa KaHHBIX H T. A.

3anoMHHalollHe YCTPOACTBA Ha perucTpax MOryT OblTb [MMOCTPOCHL € HPOH3-
BOJLHHIM HOCTYNOM (BBGOPKOfi) H c InocJaeaoBaTelbHHM JHocTynoM. PerHcrposbie
3¥ ¢ npoussosbHoft BHGOpKOR (perHcTposbie (hailil) no3soasIOT anpeconarti Bee
perHcTpnl H o6paTHTbCA K JIO60MY H3 HHX AJS1 3aNHcH HAH CUMTBIBAHHS HHGpopma-
uuH. B ornmyne ot unx perucrposhe 3Y ¢ nmocjiepOBaTeNbHBIM AOCTYMOM AJsi 00-
palleHHss K HyXHOA suefike TpeGyloT nepeGopa agpecoB B CTOPOHY HX YyBeJH4YeHHS
HJIM yMeHblleHHs Ko Tpefyemoro asnpeca. Te H ApyrHe THnLl perHcrposuix 3Y pea-
JH3YIOTCA HA& MHKPOCXeMaxX perHcTpoB.

HauGosee noaxoaflliMH AJsi NPHMeHEHHs B PerHcTPoBuix 3Y SBJIAIOTCA MHK-
pocxeMBl ¢ MHoroperncTpoBof ctpykrypoft. CpeaH TakHx MHKpocxeMm (Ta6a, 2.31)
3aMeTHO 3Ha4yHTeJbHOe pa3HooGpa3He B VCTPOACTBe, B CHrHAJaX H peXHMax ynpas-
JIeHHs HX paGoToR.

Mukpocxema KP1802HP1 sBasercs AByxagpecHWM perucTpoBuiM 3Y eMKOCTbIO:
16 X4 Our. CTpykTypa MHKpocXeMbl (pHc. 2.7) cOCTOHT H3 MaTpHUB ¢ luecTHan-
LaThl0 PErHCTPaMH 110 YeTbipe pa3psafa (TpuUrrepa) KaXAabfi, KBYX HC3aBHCHMbBIX
ycTpoficTs BBOAA-BLIBOAA: KaHana A M KaHana B Ha dvertnipe paspana  Kaxau#,
ABYX AewigpaTOpPOB KOAOB ajpeca siyeeK MaMATH (PCrHCTPOB) H ABYX YCTPOHCTB
ynpanJeHHsi. B cHCTeMY CHrHAanoB BXOAAT: Aag .. Aas, Aso.. As; — afpecHule clirHa-

Ta6auua 231. Mapamerpnl MHKPOCXeM perHcTposnix 3¥Y

Mukpocxema Emkoctb, 6uT teys HE P... MBT Tun swixona | Tun xopnyca
KP1802HP1 16X 4 55 990 TTJI-3 2120.24-2
K555 P26 44 43 250 TTJI-3 2103.16-2
K555UP32 4X4 30 100 TTJI-OK 238.16-2
K1002HUP1 32X8 500 20 KMAOIT-3| 4118.24-2
K561 HUP11 8x4 450 4 KMan 239.24-1
K561H1P12 4x4 6000 3 KM/III-3 239.24-1
K1800PT16 329 19 1800 aCN 2207.48-1
K555 P30 8x1 34 180 TTN 238.16-2
K1815UP1 8%4 118 750 TTN 4119.28-1
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Pue. 2.7. CrpykTypa MHKpocxeMu peructpoBoro 3¥Y KP1802MP1

A, oGecrieyupaoulde He3asHcHMOe olpallleHHe K PeTMCTpaM MaTPHUH MpH yCIOBHH,
9YTO KOABI He JOJXKHBI OhThb OAMHAKORLIMH; RD\, RDB——CHI‘HaJ'IbI CYHTHIBAHUA HH-
dopMauun no xaxanam A u B cooTsercTBCHHO; WRa, WRe — cHrHanu 3anHcu HH-
¢dopmanuu B kanaaw A u B; CEa, CE,-— pa3pemenue oGmena ¢ Kananamun A u B.
Bce BxoAs ynpaBJisOUIMX CHrHAaJOB — HHBEPCHBIE, CJIEO0BATE]bHO, AKTHBHBC CO-
CTOSIHHSI Ha3BaHHLIX CHrHajoB coorBerctByloT Jor. 0. MHdopMauuio 3anucusaior B
PerHcTpLl MaTPHLLI M CUHTHIBAIOT ee yepe3 cOBMCUleHHHE BXOJABI-BLIXOAL KaHajna A
(DAo..DA;) u xanana B (DBy..DBs). VYerpofictBo BBOA2-BHIBOA2 COCTOHT H3
yCH/HTeNled CYHTLIBAHHS, WUMEIOILHX BBLIXOALI C TPeMS COCTOSIHHSIMH, H ychHautenefl
3anHcH,

MHKpocXeMa NOX ympasjeHHeM cHrianos RD, WR, CE Moxer paGotaTb B
CJefyIOUIMX PeXHMAaxX: 3amuch MO KaHaiy A, sanuch 1o kauanay B, onHospemeHnas
3anHch no kaHanam A u B, cunTuBanue no xamany A, cuMThiBaHHe no kawaay B,
OXHOBpEMeHHOe CUHTHBaHHe Mo Kanalam A u B, sannce no ogHOMy u3 KaHanos #
O/IHOBDEMEHHO CYHTbIBaHHe mo apyroMmy. IlpH oTcyTcTBuM paapellieiins obMeHa noO
kaHany, 1. e, nph CE=1, BWXOZM JaHHOTO Kanaia HaXOAATCA B Z-COCTOAHMH.
CHrHaJH ynpaBJeHHs MOAAIOTCA yPOBHEM HAMpPAXEHHS,

Mukpocxemn K555MP26, K555MP32 (puc. 2.8,a) cocrosiT H3 4eTnpex perncr-
pOB MO ueThpe pa3psafda B KaxZoM. Bce perucrpu aapecyeMmul, npxueMm NpeAycMOT-
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§ |Aa | p& |24l 9 Puc. 2.8. MukpocXeMbl € MHOroperscTpoBoft

0-5 | g229 |p9 K> CTPYKTypoO#t:

a — K555UP26, K555HMP32 (Bmixox OK); 6 —

éﬂ Ag 75| .9 K561HPi1; 8 — K561UP12; 2 — KI800PTI6

0-5 0-8 F>
—=GTF; 1979 ] peHa pasfiesbHas ajpecalus DPerHcTpop npH
—xgogg g’;ig sannch  (AWoAW|) H  npH  CUMTHIBaHHH
- “;’[Fg 4EQo—n (ARoAR;). Hudopmauuio 3anucHBalOT YeTH-

A 52V h—— pexpa3psiiHbiM KoaoM no Bxomam DlIy...
: 5;;9/' oV ... DI3, npenBapuresnbHO YCTaHOBHB KoL aA-
-0 £, oV —m peca W nopas cHrHaa 3anucu WR=0. [Ipu

WR=1 10CTyR K perucTpaM s 3amHcH 3a-
3) KpbiT.  CHrHa’asl  ymnpaBjleHHss  NOAAOTCA
YPOBHSIMH HanpsXeHHs,

CunTbiBaHHe HHGOpMalUHH NPOH3BOAST MO YCTAaHOBJEHHOMY ajpecy MNpH HaJH-
aMH cHrHana paspelueHHs Bbixoga OE=0, Ipu OE=1 pocTym K perHcTpam A/
CYHTHIBAHHH 3aKPHIT, BBIXOABI HAXOASATCS B BHICOKOOMHOM COCTOsiHHM, Pasgenenue
ajpecHHX CHrHaJOB TMO3BOJISIET ONHOBPEMEHHO 3aMMCHIBaTb M CUHTHBATL HHpOpMa-
iMI0, aApecysl pa3Hble PerHCTpHI.

MukpocxeMn MoryT paboTaTh B DPEXHMax 3aNHCH HeTbipexpa3psifiHOro Kopa B
Mo6oft H3 PerHcTpoB, CUHTHIBAHHS KOAA M3 J1060ro perHcTpa, OAHOBpeMeHHOM 3aflH-
CH M CUMTHIBAHHS KOZOB MO PA3HHIM ajpecaM, XpaHeHHs np WE=OE=1.

Mukpocxemnl K555HP26 u K555MP32 oranualorcss cxemoff Bhixoma: y mep-
BOH — BHIXOL C TpeMsi COCTOSIHHSIMH, Yy BTOPO# — C OTKpHITHIM KoJJeKTopoM, Muk-
pocxeMbl JOMycKaloT o6beXHHeHHe OZHOMMEHHHX BXOJAOB H BHIXOAOB AJs HapallH-
BaHHSA YHC/1a PErHCTPOB H HX Pa3pAAHOCTH. 3ajauya o6beAMHEHHSs MHKpPOCXeM peila-
€TCsl HemocpeACTBEeHHBIM coenuHenHeM BbiBogoB y KB555HP26, a y Mukpocxem
K555MP32 npu o6besuteHHH BHIXOLOB HeOGXOLHMO HCMOJb30BaTh BHICOKOOMHHIA
pesucrop, BK/OYaeMbii MeXAY TOUKOA COeJHHEHHS BHIXOXOB H HCTOYHHKOM MHTA-
HHSL.

Mukpocxema K561HPI1 (puc. 2.8,6) cOCTOHT H3 BOCbMH 9YeTbipexpa3paaHHX
azapecyembix perucrtpos. Hudopmauuio B MHKpocXxemMy 3anHCHIBAIOT MO BXOA2M
DIy ... Dl;, cunThBaloT 1o BLIXOAAM JABYX YeThlpeXpa3psiAHbX KaHaloB A H B:
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DA, ... DA;, DBy ... DB;. AnpecHble CHrHaJbl AJia 3anMcd M CUMTHIBAHHS pPasfelieHbl:
pas 3anuch AWy ... AW,, nas cunthiBaHdst ARay... ARap; 1o kanany A, ARso.. ARss
no kanady B. Curnan CE pa3pewaer naH 3ampelllaeT JOCTYN K MHKpocxeMe. Bxon
9TOr0 CHrHaja — MpSAMOW AHHAMHYeCKHA: TOJbKO NpH TMOJOXHTEJIbHOM Mepenase
9TOr0 CHrHaja OCYUIeCTBJSETCH 3aMHCb HJIM CYMTbIBaHHe HHGOPMalUHH, MPH APYTHX
‘COCTOSIHHSIX CHTHaJa HOCTY!l K PerucTpaM 3aKphiT, B 3TO BPeMs Ha BbIXOAaX MpH-
-CyTCTBYIOT KOAbl, CYHTBIBaeMble 1O CHATHS pa3pelIeHHs.

Mukpocxema moxer paboTaThb B pexKHMax XDaHeHHs, 3alHCH Kouna B OQHMH H3
PErHCTPOB, CYHTHLIBAHHS KOJOB H3 ABYX DerHCTPOB OJHOBPEMeHHO. 3amucbhb H CYH-
ThiBaHHe HHGOPMalUHH NPH Pa3HHX aapecax OAHOBPEMEHHO HeBO3MOXKHhI, MOCKOJb-
Ky TNpH 3anmHCH KO& ajgpeca BHOGHpaeMOro perHcTpa Mojaercs Ha Bce TPH TPYNNH
aapecHHX BXOJOB. 3anuchiBaeMan HHGOPMALHsl NOSABJSETCS Ha BbIXomax 06oHX Ka-
HaJIoB CNYCTS HEKOTOpOe BpeMsi mocje nocTynsieHHs Ha Bxos CE nosmoxurenbHoro
nepenaga sTtoro cHrHasna. ClienoBaTesbHO, MHKpPOCXeMa NO3BOJISIET OCYLIECTBJIATH
KOHTPOJIb 3amucH. [IpH CUMTHIBAHHM Ha aapecHble BXOAL! 3aMHCH JOMKHA GHITb IMO-
AaHa HyJeBas KOMGHHAaUHs CHTHAaJOB, a Ha ajpecHble BXOAMW CYHTHIBAHHS — KOIH
ALpecOB DPETrHCTPOB, H3 KOTOPHX HH(MOPMAalHs NOMKHA OHITh CUHTAHA MO0 KaHalam
A u B. Ha Bbixozax KaHajoB cuyHThIBaeMas HH(OpMauus MOSBHTCH CNYCTH BpeMs
‘BHOGOPKH cHrHasna paspewenHs noctyna CE. Pexum xpaHeuus obGecneuusaercss NpH
Jo6om coctosiHuu cHrHana CE, kpoMe LoJsicXKHTeNLHOTO ero nepenazga.

IlpH HapalUMBaHHH YHCJIA perucTpos Heo6XoAHMO OOBeJHHHTb HECKOJbKO MHK-
pocxeM OLHOHMEHHBIMH BHIBOLAMH, HckJiouHs Bxoasl cHrdana CE. Ilpu atoM cie-
AyeT YYMTHIBATb OTCYTCTBHE Yy BBIXOAOB TPETbero COCTOSIHHS, 4YTO He MO3BOJISET
'HEMOCPeACTBEHHO COeJHHATH ONHOHMEHHble BbIXOAbl. JJsi oGbegHHEHHs MHKpOCXeM
N0 BHIXOAaM HEOGXOAHMO HCMOMb30BaTh MyJabTHMIeKcop. OObeqHHeHHble MHKpoOCXe-
Mbl LOJKHbl ObITh JOMOJNHEHbl AewH(ppPaTopoM Koma BbHIGOpa MHKPOCXeMbl, BLIXOIHI
KOTOPOro COeJHHSIOT co Bxoaamu chrHana CE.

Mukpocxema K561MP12 (puc. 2.8,8) copepxHT uyeThipe YeTHpexpa3paiHBIX
pernctpa. ¥ sTofl MHKpocxemm MHoro o6uero ¢ K561MP11 B opraunsauun u pe-
XKHUMax paGoTbl, HO eCTb H CYLUECTBEHHble OTJIHYMA: BHXOAH HMEIOT TPH COCTOSHHS,
‘BBEJleHH NOMNOJHHTe/NbHble CHrHadel ynpasienHss — WE <«Paspewenne 3anucus», OEa
# OEp «Pagpew.eHne Bhixogas no kaHanaMm A m B coorsercrsenno. [Ipn OE=0
BLIXOIH COOTBETCTBYIOLLEr0 KaHaja NMPHHHMAIOT Z-COCTOSHKe.

MuKkpocxema MoxeT paGoTaTh B DeXHMax XpaHeHHs, 3alMHCH B OLMH H3 pe-
THCTPOB, CYUMTHIBAHHS M3 ABYX DEricTpOB OZHOBPEMEHHO, 3alHCH H CUHTBIBAHHS NPH
PasHHIX agpecax B OLHOM LHKJe OGpallleHHs.

B pexHme 3anucH Heo6xomMMo nomaTh Kop agpeca, curinan WE=1 u mnouo-
sutenbHblit nepenan curkHasa CE. Brixoan B 3TOM peXXHMe MOryT HaXO4HTbCS JH-
60 B Z-cocTosiHHH, echH OE=0, 160 B COCTOSIHHH KOHTDOJSI 3aNHChHiBaeMON HH-
dopmauun, ecan OE=1. PexuM xpaHeHHs oGecrneyHBaeTcsi OTCYTCTBHeM mepenaja
curuana CE.

Hasuuve BEHIXOZOB C TpPeMsi COCTOSIHHSIMH MO3BOJIsieT MPH HapallliBaHHH €MKO-
CTH COe[HHATb ONHOMMEHHbIe BXOAbl M BHIXOAH MHKPOCXeM HeNocpeicTBeHHo. Pe-
KOMEHJYeTcs TOYKY COeJHHEHHS BHIXOXOB COeNHHATh C KOPNYCOM 4epe3 BLICOKOOM-
Helfi pesnctop [41].

Mukpocxema KI1002UP1 (puc. 2.9) npencrasiasier coGofi 3Y o6GparHoro mara-
SHHHOrO THNAa MJH, MHave, 3Y C opraHH3auHeH <«mnepBHI BOLIeJ — MEPBLHIA BHILIEN»

91



e Puc. 29. C'rgyk'rypa
19 /i MuKpocxeMu 3Y Ma-
20 : RE (— ---— R [—---— X ,Bﬂﬂa Ta3HHHOTO THOIA
s J sz| |: K1002U1P1
o1 — — o * 70;
or, < — - 2_pg,
Yempoiembo ynpalpesus - erp
L rwr

4 7 8 6
W/R RD OF ER

(FIF0) emxocrbio 32X8 6ur. OHa comepxuT 32 BOCBMHDPa3psHhX perucrpa, co-
€I HHEHHBIX TaK, YTO MapaJJesnbHble BHIXOABI MPeAbIAYLICrO COeJHHEHHB C COOTBETCT-
BYIOLIMMH BXOJZaMH nocsepyiouiero. Bxoasl nepBoro perHcrpa SIBASIOTCS H BXOAAMH
mukpocxeMbi Dlp..Dl;, a Beixogsl nocnenHero — BeixogaMu MHKpocxemsl DOy ...
... DO7. Buixoabl MOryT NpHHUMATb TPH COCTOSIHHS.

YcrpoiictBo ynpasJsienust BuiMoJHAeT pAA (QYHKUHI, B 4aCTHOCTH, aBTOMAaTHYe-
CKH CIOBHraer 3alHCaHHLIH B MepBBIl perHcTp 6alT K BHXOAY 4epe3 Bce MPOMexy-
TOYHBIE DPErHCTPbl TaK, YTO nepBbiil 3anHcaHHbI GaliT pa3meliaeTcs B rnocaeiHeM
perucrpe, BTOpoit -— B mpeanocjeademM u T. a. OnepalHio 3anHCH BBINOJHSIOT C MO-
molbio curiana WR B ¢opme umnynbca. CoofuieHHe O TOTOBHOCTH MHKPOCXeMHl
MPHHATL IJs 3aNmHCH caepylolnii 6aiit ¢opmupver Buixox EWR B ¢dopme curnana
¢ cocrosHueM Jsor, 1. OuepenHo#t curHan WR nepeBOZHT BHIXOL TFOTOBHOCTH B CO-
crosuue Jor. 0, H, Koraa 3anucaHHblil Gaitr OyaeT mepemelleH BO BTOPOH perucrp,
Ha BHXoZe rotoBHOCTH yc1anosHtcsi EWR=1. Ilpu nosxoM 3amosnennn 3Y cHrHaz
FOTOBHOCTH NpHHHMaer cocrtoshue Jor. 0. [IpeaycMoTpeHa BO3MOXHOCTb CTHPaHHS
uudpopmanuu 8 3Y curianom ER=1.

CunrhiBaHHe HHQOpPMalLMH OCYLIECTB/IAIOT MOC/AEAOBATENLHO BO BPEMEHH C BbI-
BOJOB MOC/ENHEro pericTpa NpH CHrHalde paspelieHus Beixoga OE=0 u no cHr-
Haay cuHutbiBaidss RD=1. CoollueHHe O rOTOBHOCTH BbLIXOJA K CUHTHIBAHHIO CJe-
Aywoutero Oaifita MHKpocxeMa ¢opMHpyer B BHAe cHriasna Ha Beixoge ERD c¢ co-
crosiiuem Jor. 1. Ilpu mocTynjenuu ouepeilloro CHrHaja cuHThiBaHHs Bbixog ERD
nepexogHT B cocrosHue Jor. 0 M mocne nepeMmelllcHHss HHGOPMALKH B moC/JeqHHA
perHcTp Ha HeMm ycraHanauBaercs Jor. 1. [Ipm orcyrcrBHH B MHKpocxeMe HHGOP-
mauHn Ha Beixoge ERD npucyrersyer sor. 0.

[Ipn nopaue curuana OE=1 (cocTosiHHe «DBJIOKHDOBKa») BLIXOABl MHKPOCXeMB
DOy ... DO; 1 EWR npunumalor Z-coctosiiue, Bxog RD Guaokupyercs u MHKpocxe-
Ma MepexonHT B pexHM pPaGOTH, AOMYCKAWOWH{ TOJNLKO 3anmHch HHpOpMauHH.

PerucrpoBrie 3Y Mara3WHHOro THNA, aHaJOTHYHble PAacCMOTPEHHONl MHKpocxeMe,
MoryT GhiTh 3((PEKTHBHO NMpHMeHeHbl NMpH peanu3aunu CydepHnix 3Y aas corsaco-
BaHHA ycTPOACTB ¢ HePaBHOMEPHON CKOPOCTbIO MepefayH JaHHbIX.

Mukpocxema K1800PII6 npencrasaser coGo# aByxagpecHoe 3Y ¢ opraHusaumeft
32X9 Our. CTpyKTypa MHKpPOCXeMbl COCTOHT H3 ABYX 4acTell ¢ He3aBHCHMOH ajpe-
caideil, 4YTO MO3BOJ/IET HCMOJbL30BaTh ee KAK ABYXKaHaJbHYIO CHCTeMY JAJsf paGoThi
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Ha fABe He3aBHCHMble MarMctpajad aapecoB H RaHHHMX. Jna obecneueHHs sToro pe-
JKHMa B MHKDOCXeMe NpeayCMOTPeH pPfAA CXeMOTeXHHYeCKHX pelleHHM, HCKJIO4alo-
wHx cO6on K ownOGKkH B pabore. MartpHua pasgesneHa Ha JBa MaccHBa ¢ OJHHAKoO-
BOA opranusauneft 32X9 GHT, KaxXAbIA H3 KOTOPHIX HMeeT HeoOxogHMHe (yHKUHO-
HaJlbHble Y3Jh AJS ajApecaudd sueeK NMaMATH, 3aNHCH H CYHTHBaHHA HHGbOpMalHH
53]

Ha ycaosioM rpaduueckoM oGo3HaueHWH MHKpocxeMbl (puc. 2.8,2) mnokasana
cHCTeMa afpecHbIX M YNpPaBJSIOWIHX CHrHAJOB: [JIA ajpecaudu no Kauaay A
(Aa1...Axs) u no xauany B (Api..Aps), 445 npoBepkH Ha 4yerHocTb Aap H Asgg,

paspewenus sanucH WE,., WEg, paspewenns Beixoga OEx m OEs, TakToBBHIE CHI-
Hann CA n CB, o6ecneuxBaiollye BLIXON CYMTLIBAeMOfi HHGOPMALHH NpPH HaJHYHH

paspellleHHs: BbIXOAa, T. €. OE=0.

BBox M BHIBOA HHGOPMAW{H OCYLIECTBJsIETCS depe3 ABa HeBATHPA3psiAHBHIX ABY-
HanpaBJieHHbIX BXoma-sbixona DA, DB. I[lpu OE=1 BbIXOibl HAaXOAATCS B COCTOSA-
HHH Jor. 1. Pa6ora MHMKpocxeMbl CTPYKTYpHO OpPraHH3osaHa Tak, 4yTo o6a MaccHBa
MaTpHIbl JOCTYNMHb AJNS oOpauleHHs K HHM no o6OHM Kanajam, Mexny co6oit mac-
CHBbl CBfI3aHBl TaK, YTO eCJH HH(POpPMallusf 34MHCHIBAeTCA B OAHH H3 HHX, TO aBTO-
MaTHYeCKH OHa 3amnuchiBaetrca H Bo Bropo#f. [Tostomy BHemrHe MuKpocxema ¢yHK-
LHOHHPYET KaK perHcTpoBoe AByXKaHaJbHoe 3Y ¢ opraHudauueir 32X9 6ur c npo-
H3BOJIbHONA BHIGODKOMA [/ 3aMHCH H CYMTHIBAHHS MO ABYM KaHajlaM OAHOBDeMEeHHO.

CyutecTBeHHONl OCOGEHHOCTBIO MHKpOCXeMbl SIBJISETCA ee CnocOGHOCTh BHIAABAATH
owH6GKH B KOjJe ajgpeca M JaHHBHX No Meroay KourtpoJss 4erHoctH. OmMH pa3psn B
KOle ajpeca fIBJAfETCS KOHTPOJNLHBLIM. DTy Ke poJb Hrpaer AesATHi OuT B KoOAe
JaHHBIX. B cTpyKTypHOIl cxeMe HMelOTCS y3Jbl KOHTDOJIsSI YeTHOCTH ajpeca MW AaH-
HhIX H (OpDMHpDOBaHHA CHrHaJoB OWIHOKM B Kauaae A (E—RA_) n B (ERB), a rax-
e CHTHAaNa MpefynpexaeHHss O BOIMOXHOCTH OWHGKH AEQ mnpH coBnajenuu ag-
pecoB. [Ipn BHIsIBNeHHH OWMHOKH B KOAe NAaHHBIX MHKPOCXeMa HX He NpHHHMaer H
He BbIJAeT Ha BbIXOJ, MPH CYHTHLIBAHHH, CONpPOBOXAAas 3TH OMEPalHH CHrHaJaMH—
TpH3HaKaMH OWHKGOK Ha COOTBETCTBYIOLUHX BHIXOAAX.

MukpocxeMa Bbinosndena no ICJI-rexHosorwH, o6jamaer BHICOKHM ObicTponefi-
<cTBHeM. [lns CHHXeHHs BJHSHHA HAaBOLOK B LeNAX MHTaHHS TNpPelyCMOTPeHn B
KOHCTPYKLUHH MHKpOCXeMb' JiBe OGLIHe 10UKH C HyJesbiM I[IOTEHLHAaJIOM, OAHA H3 KO-
TOPBLIX TNpelHa3HaueHa AJs BHIXOAHbIX 3MHTTEpHBLIX NoBTOpHTeNel. PyHKUHOHAJb-
‘Hble BO3MOXKHOCTH MHKPOCXeMbl MO3BOJISIOT NMPHMEHATb ee B KayecTBe Oydepa naH-
HBIX MeXAy ObiCTpOAefiCTBYIOUWIHM TnpolleccOpoM H GoJiee MeRJIEHHBIMH mnepHpepHi-
‘HBIMH ycTpoiiciBaMH. OHa MoxeT GbiTh HCNOJB30BAaHA TaKKe B KayeCTBe CTeKa HJH
6aoka csepxoneparusHoro O3Y. MoaudukauHei MHKpocXeMbl SABJSETCH MHKpOCXe-
ma KI1800PIT16, y koTopoit 3a cueT HCK/IOYEHHsi B3aHMOCBA3H MeX1y AByMs Mac-
CHBaMH MaTpHib HHQOPMalLHOHHAs eMKOCTb yABOeHa M paBHa 64X9 Gwr.

Muxkpocxema KI1815MP1 (puc. 2.10), sBbinoanennas no TTJII-rexnosorun, co-
BepXHUT MaTpHuy ObICTPONEHCTBYIOLINX pPErHCTPOB CABHra eMKOCTbio 8X4 G6HT.
Kaxnaniit ssement Matpuusl (phc. 2.10,5) npencrasiaser co6o#t D-tpurrep c¢ nHHa-
MHYECKHM YynpaBJeHHEM H C ABYXKaHaJbHbIM MYJbTHIJIEKCOPOM Ha BXxome. BnGop
KaHala OCyllecTBJAsIOT CHrHasoM SL. MaTpHua CcOCTOHT H3 4eThpex <«CTPOK» H
BocbMH «cTON6u0B». HHbOpMalHOHHBE BXOAM pa3aeleHH Ha Aase rpynns: Dlag ...
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Puc. 2.10. MuoropernctpoBas mukpocxeMa KI1815HP1 ¢ maTpuuHoft cTpyKTypo#:
a — ycnoBHOoe o6O3HaueHHe; 6 — CTPYKTYpHas cxema; 8 — sneMeRT (3) maTpuunl

..DIag u Dlgg...Dlg;. Ananoruuno pasgeneHnl W BoIXoxbl, Kaxnabli sJeMent mar-
PHLB YMpaBAfeTCs NMOJOXHTEJbHLIM NepenajgoM TaKTOBOro cHrHaia C H CHCHAJOM
BHGOpa KaHana SL (Ha pHCyHKe MaTpDHIM CHrHaJH He NMOKa3aHH).

[MIpn SL=1 MarTpHua npHHAMaeT KOH(HrypauHio <«BOCEMb 4YeTHIPeXpPas3pALHHX
perucTpoB caBHra» (CABHr mno crosnbuam). BBoa naHHHX ocyluecrsifercs yepes
Bxog Dlgg...DIlg;, BmBOg —uepes Buxogw DOspg..DOs;. 3Ty KoH}Hrypanmuio
MaTpHIB MOXHO pacCMaTpHBaThb KakK pernctpoBoe 3Y MarasuHHoro THma 4X8 GuT
(veThipe BoCbMHpa3paaubie suefikH MaMATH) ¢ napasienbHofi nepepavel GafiToB.

[pn SL=0 matpuua npeoGpasyeTcsi B KOHHrypauHio «d4eTHpe BOCbMHpPAaspsl-
HHIX perHcrpa casuras» (caBHr mo cTpokaM). Bsoa uHbopMauuu ocyllecTsiasior no
BXofaM Dlag...Dlas, BHBOX —depe3 BHXOAW DOag..DOa;. MaTpuua Takoit koH-
¢Hrypanus MoXer BHIOMHATL QYHKUHHM perHctpoBoro 3Y eMkocTbio 8X4 (BOCeMb
YeTHIPeXpa3pANHEIX fueeK NMaMATH) C MapajjelbHo#l Nepenadedl YeTHPeXpaspAAHHX
KOJOB OT BXOAa K BBIXOAY.

MukpocxeMa MOXET OCyUIeCTBAsATh NpeoGpa3oBaHHe MapaJ/ielbHOTO KOja B
noc/ienoBartesbHEIT H HaoGopot. Bpems wikaa perncrposoro 3Y cocrasiser 118 me,
Bpems BuGopkH churiana C — 40 Hc.

Mukpocxema K555MIP30 cogep:HT BOceMb aapecyeMHX TpHrrepoB. B srom
3akJoyaercs cBoeo6paaHe MHKpocxeMbl. AJpecHbll Koj HMeer TpH pa3spspa. [Ias
3amHcH HHGOpPMauHH H ANS ee CYATHBAHHA MNPEAYCMOTpPeHn HHGPOPMALHOHHHE BXOX
H BHXOX. PeXHMOM MHKPOCXeMbl YNpaBJfIOT C MOMOIIbIO CHrHaja 3aMHcH WR.
Takum oOpasom, MHKpocxeMa mpegcraBaser coGoit craruyeckoe O3Y c opraxusa-
nueit 8X1 6ur.

2.6. Apcenupu-rajinesbie MUKpocxeMbl namstu cepuu K6500

MukpocxeMH Ha oOcHOBe apceHHA-raJuHs (GaAs) BuIMycKalOT B COCTaBe He-
MHOTOYHCJIEHHBIX CepHA, B uacTHocTH cepun K6500. B ykasaunyio cepuio BXogsT
JIOTHYeCKHe MHKPOCXEMH, TpDHITepH, CYeTYHKH, PerucTpsl COBHIa H CTaTHYeCKoe
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Puc. 2.11. Jlorudeckn#t sneMent ITII—GaAs:

a — QyHKnHOHANbHAA cXxeMa; 6 — NDHHUMMHAAbHAs cxema (6es dopmuposaTreneft)

O3Y emxoctsio 1KX1 6ur. Cepus pasBuBaeTcs, ee pacUIHpeHHe NpPeAyCMaTpPHBAET
BHITYCK HOBBIX MHKDOCXeM: TPHIrepoB, (opMHpOBaTesell CHIHAJOB, MYJIbTHILIEKCO-
poB H MHKpocxeM mamsaTH [1].

B ocHoBe CXeMOTEXHHKH MHKPOCXEM CEPHH JIeXXHT MOJeBOf TpaH3HCTOp C YM-
pasasiownm Illorku-satsopom (TITIH), u3roToB/eHHHR B KpHCTasJe apceHHaa rai-
aua. Tpausuctop o6napmaer BHCOKHM OHcCTponefcTBHeM, NOCKOJNbKY apceHHj rad-
JIMS XapaKTepH3yeTcs 3HAuYHTeNbHO Gojiee BLICOKOM NOABHXKHOCTBIO HOCHTesell 3a-
pana, ueM kpeMHHA. KpoMe TpaH3HCTOpPOB B MHKpPOCXEMax HCMOJb30OBAHH ITHOLW M
peaucTopn Ha ocHoBe [ITIl. JlorHueckHe M TpHrrepHsuie 3JeMEHTH MNOCTPOCHH Ha
NPHHIIHIE HCTOKO-CBS3aHHOM JIOTHKH M JIOTHKH TOKOBHX nepek/iouartesefl. Opnu H3
OCHOBHHX BapHaHTOB peasH3alHM Jordueckoro 3jaeMeHra [1TIl npuBegen Ha pHC.
2.11. B cxeMme JorHueckoro sjemeHTa (puc. 2.11,a) umeiorca sxoauue Fy, F; u BH-
xonHo#t F; dopMMpoBaTesH CHrHajloB M JorHueckas cxema (puc. 2.11,6), peasnso-
BaHHAad Ha OCHOBe Nepek/oYaTeJss TOKa Ha TpaHaHcropax VTI—VT4 u aByx ucro-
KOBHX moBTOpHTesell Ha Tpauaucropax VTS5 u VT6. Ouoaw Morku VDI, VD2 n
tpansucropst VT7, VT8 B uensx HCTOKOB BHIXOAHHX TPAaH3HCTOPOB HEOOXOMHMbI
AJIA COrJIacoBaHHs co BxogoM (opmHpoBarenss F3 M craGH/H3auHH YPOBHA BHXOZA-
HOoro HampspkeHHs. IluranHe Jorudcckoro 3jemeHra M (opMHpoBaTesell OCyLLECTB-
JIeHO OT OBYX HMCTOYHHKOB HanpskeHHs:: Ucey=4 B+5%, Ucca=—2,4%5%, npuuem
uegy nutaHna Uec, BbixomHoro ¢opmupoBatens F; M ocraJbHOR 4acTH cxeMbl pas-
JeNeHH.

Baszoswf normueckuii snement (Ges cdopMupoBaTeneft) XapakTepHayercs cie-
ayownmn napaMmerpamu: Uon>»0,9 B, UoL<0,1 B, Pc.c=5 MBTt, cpennss 3agzepxka
pacnpocTpaHeHHs CHrHala teav=0,15 uc. dopmuposartesu F), F, cornacyior yposHH
BHEIUHHX CHTHaJIOB H JIOTHYeCKON CXeMH Xi, Xo. BHelllHHe CHCHAJE HMEOT YDOBHH
or 0 no 1B, a Buyrpennne +0,5B nas npambix xi, xe # —0,5B n/1a HHBepCHHX
X1, Xz 3HauernA. CXeMB BXOLHBIX ¢ opMHpOBaTeJel OAHHAKOBH H AHAJIOTHYHH JIOTH-
qeckoft cxeMe Ha puc. 2.11,6, HO HMelT ogMH HHGOPMALHOHHBI Bxox AJA BHel-
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dero curiana X. Ha apyroft Bxol TOKOBOro nepekjiodarenss NMOJAHO OMNOPHOe Ha-
apsikenne 0,5 B, dopmupyemoe BHYTPH KpucTaasia. Bxopuo#t ¢dopMupoBaTenb mpe-
o6pa3yer BHeIUHHA CHrHaJ c JOrHYecKHM TNepenaioM npHMepHo 1 B B napadasnuit
CHrHaJ X, X ¢ ypOBHAMH +5 B,

BuxonHo#t ¢opmupoBaTesnb Fj, Takxe IOCTPOEHHHII Ha OCHOBe MepeKJIIOYaTeNs
TOKa H MOLIHOrO KJIOUeBOro 3JeMeHTa, obecrneunBaeT mnpeoGpa3oBaHHe YpoBHefl

BHYTPEHHHX CHTHAaJOB y, Y B yPOBHH BHEIUHHX CHCNAJIOB, a TaKke MOBLILIEHHe HA-
rpy304HOH CnoCOGHOCTH JIOTHYECKOro 3JeMeHTa. BoixonHolt Tok npeoGpasoparens
paeen 10 MA, a ero npenessHoe 3HauenHe — a0 30 MA.

B mukpocxemax cepun K6500 BEixOoabl BBINOJHCHBI C OTKPLITBIM HCTOKOM. Hast
nepexona OT MaJIOMOUIHHIX BHYTPEHHHX ueme# ¢ TokaMu A0 | MA K MOLIHOMY BbI-
XOQHOMY TPaH3HCTOPY H [Ji OOeCHeyeHHs peXHMa ero nepekJIOYeHHs ¢ 4acTOTOH
Gosee 1 I'Tu Tpe6Gyercs BK/MIOYHTb MeXAy BHyTPeHHell JIOrMUecKOH CXeMOH M BH-
XOAHLIM (opMHpOBaTeseM [Ba-TPH KacKafa YCHJIEHHS MOUIHOCTH. DTHM OOGbACHA-
€TCSl 3HAYHTeJbHhIl ypoBeHb mOTpe6GasieMON MOIHOCTH MHKDOCXeMaMH CEepHH —
or 0,5 1o 1,7 BT B 3aBHCHMOCTH OT CJIOXHOCTH MHKDPOCXEMBI,

KpoMe ormeuennelx ans MHKpocxeM cepHu K6500 xapakrtepHn clenylouine
-0COGEHHOCTH:

a) cBepXBHICOKOe OhICTpOZeiicTBHE, XapaKTepH3yeMOe YaCTOTOH nepeKJIoYeHHs
undpoBbix MHKpocxeM Gosee | [T

0) npHMeHeHHe B KayecTRe MeXXCOeJHHeHH{t H JIHHHH mepenayd MHKDOMOJOCKO-
BHX H KOaKCHaJbHBIX JIHHH ¢ BOJIHOBHIM conpoTHBJeHHeM 50 OM ¢ BKJ/IOYeHHeM
Ha KOHIaX Pe3HCTOPOB HAarpy3kH conpoTHaJeHHeM 50 OM;

B) cyllecTBeHHasi 3aBHCHMocTb Ha vacrote | I'Tu ypoBHs BLIXOZHOrO Hamps-
JKEeHHS OT eMKOCTH MOHTaXd M Harpy3KH B He3HaUHTeJbHHIX lipefesnax ee H3MeHe-
#usgs —or | no 4 nd.

r) Heo6XOAHMOCTb MPHMEHeHHs KOPNMYCOB C XOpOlleil TemJONpOBORAHOCTbIO, Ha-
npHMep KepaMHYeCKHX H MeTaJlJIOKeDAMHYECKHX KODNycoB THna 4 B COYETaHHH C
BO3[YWIHBIM OXJaXKJe€HHeM HJH ¢ HCIONb30BaHHEM MeTa/NIHUeCKOro pacceHBaTest
BHIIEJIIEMOr0 TemnJa.

Mukpocxema K6500PY! saBasercs craTHueckHM acHHXpOHHHIM O3Y eMKocTbio
1KX1 6ur (puc. 2.12). OHa oGJsamaer caMbiM BBLICOKHM ObiCTpOaeficTBHEM CpelH
mukpocxem O3Y, umes Bpems BbIGOpPKH agpeca He Gosee 4 Hc. OgHako y Hee BHI-
uie APYyrux H yposeHb norpe6isieMoft MowHocTH — ao 1,6 BT,

Ina pa6Gotbl MHKpocxema TpeGyeT aBa HCTOYHHKA MHTAHHS HAaNpsDKEHHAMH
4B+5% n —2,4+5%. BuixogHo#t TOk pasen 2 MA. Bxosbl OueHbL UyBCTBHTeEJBHbI
K BO3NEHCTBHIO CTATHYECKOrO 3JeK1PHYECTEa, HONMYCTHMBI NOTeHLHaJ KOTOporo He
Gosee 30 B. [Mo nutanuio H ypOBHSM CHCHAJOB MHKPOCXeMa COBMECTHMa C MHKpO-
cxemaMH cBoeit cepud K6500. YpOBHH cHrHaJIOB Ha BXOAaX H BbIXOAaX MHKPOCXeMH
HMeIoT 3HaveHHs: He Goaee 0,1 B pas cocrosHus sor. 0 m 09..1,2B ana cocros-
HHA Jor. 1. Beixox MMeeT cXeMy C OTKPLITHIM HCTOKOM.

Mukpocxema paGoTaeT B peXXHMax 3aMHCH, CYMTHIBAHHS M XpaHeHHs HHboOpMa-
LHH. YCJIO0BHA peasiM3allAH PeXHMOB, Kak M nass MukpocxeM DCJI, onpepenenn B
tabn. 2.27, Jlonyckaercsi HaJHYHe CHrHAJNOB HAa BXOAaX MpPH BLIK/TIOYEHHOM TNHTaHHH.
MukpocxeMa KOHCTPYKTHBHO odoOpMJieHa B MerasJjoKepaMHuecKH#t kKopnyc 4118.24-1
[3].
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Puc. 2.12. Apcenna-rannnesbie MHKpocxeMu cepHH K6500:

a — cratuyeckoe O3Y K6500PY1; 6 — peBepcHBHBIf peructp casura K6500UPl1; 8 — peructp
capura K6500H1P2

Muxkpocxemu K6500MP1 — yeThipexpa3psiHOro peBEPCHBHOrO perHcTpa CABHra
(puc. 2.12,6) n K6500MP2 — BocbMHpa3pagHOro perucrpa casHra (puc. 2.12,8)
MOTYT BHIMOJHATL CJelyloliHe (GyHKUHH: 3aMHChb W CUMTHIBAHHE NAHHBIX B MOCJENO-
BaTeNbHOR H mnapaJsienbHoH ¢opmax npeacraBieHHs BO BPeMeHH, CABHr KOJLOBOHA
KoMGOHHauHK, xpaHeHHe. O6e MMKPOCXEMBl BBINOJHSIOT yKa3aHHble QYHKUHH MO OT-
puuaTe/bHOMY nepenajay TaKroBoro cHrHasa C. Yacrora c/enoBaHHS TaKTOBHIX
curHanoB — 1o 1 I'Tu. YpoBHH BXOAHBIX H BHIXOLHBIX CHI'HAJIOB HMEIOT Te e 3Ha-
9eHHs, 4TO H B MHKpocxeme K6500PY1. [lorpeGisiemble MHKpPOCXeMaMH MOLIHOCTH
pasubl coorsercrBenHo 1,7 u 2,6 Br.

MukpocxeMbl paccyHTaHbl Ha paGoOTy B COIVIacOBalHLIX JIHHHAX Mepejauyd c
BOJIHOBHIM conpoThBieHHeM 50 OM. OcolGeHHOCTbIO MHKPOCXeM SBJSeTCS pasfelib-
Hoe mHTaHHe (YHKUHOHAJNBHHX Y3JIOB, PacnoJIOXEHHBIX BHYTPH KpHcraJana (co6ere
BEHHO peructpbl) u mno nepudepHH (BXoZHble H BHIXOAHbie ¢(opmupoBartesn). [lpe-
AYCMOTPeH TaKXe BbIXO1 AJs onopHoro HanpskeHus U,1=0,5B, dopmupyemoro
BHYTpPH KpHCTaJJa,

Mukpocxema K6500MP1 wnmeer uwernipe uHbopMaunonHnix Bxoma DIy..DI; u
getsipe Beixoga DOg... DO;, Bxoan ansa mocienosaTeNhHON 3aMHCH AAHHLIX CHABUCOM
B cTOpPOoHy crapuero DS, nian maagwero DS; pa3psina, BXogn TaKTOBOro CHrHaJja
C, cHrHaja R ycTaHOBKH HyJs H BXOAH CHrHaJoB BHGopa pexuMa SL,, SL;. ¥Ycio-
BHSl peaJIH3allMH PeXKHMOB cjeaylollHe:

a) npu SL;SLo=00 3anucy naHHHX cO CTOPOHbI Bxoaa DSy u CABHr B CTOPOHY
CTapliHX paspsjioB;

6) npu 01 3anmuch co cTopoHu BxoZa DS; H cOBHr B CTOPOHY MJailHX pas-
pALOB;

B) npH 10 3amuch mapajsieslbHHIM KOAOM;

r) pexXHM XpaHeHHS.

ConpoTtHBJieHHss Harpy3kH He MNOMKHH npeBuinath 50 OM., MHKpocxeMa BH-
nyckaercs B kopnyce 4118.24-1,
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Mukpocxema K6500MP2 umeer BoceMb HH)OPMAUHOHHHX BXOLOB H BOCEMb
BuXxonoB, Bxos DS, aas sanucH nocnegoBaresNbHOro Koja, Bxoa E aas  curaana
paspelueHHs cABHra, Bxol R AAA curHasia ycTaHOBKH perucrpa B HyJeBoe COCTOf-
Hue BeixopoB, Bxox SL pas curhana Bui6opa pexuma: npu 0 3sanMch mocsenoBa-
TeJIbHOTO KOZa H CABHT B CTOPOHY crapliero paspsga, npH | cABHr Koma B pexHMe
KOJIbLIeBOT'O periHcTpa, BXOA4 AJA TaKToBoro cHrHasa C H BHXOA MOJdycyMMaTopa
DOgs.

[TapannenpHylo 3amuch B perHcTp OCYLIeCTBJSIOT B 1Ba 3Tana: BHa4aje CHI-
HajoM R Bce paspsiibl perHcTpa YCTaHABJIHBAIOT B COCTOSIHHE HyJs Ha BHXORE,
3atem kogoM DIo ... DI; BoagefictBylor Ha BXxoAW S yCTaHOBKH paspsaaos B .

PexHM caBHra ofecneuHRaeTcs OTpPHUATEJbHWMH NepenajaMu cHrHansa C npw
HaJu4uK curHana paspeiwrennss E=1. Ipn stoM Heo6XOZHMO HMeTh Ha Bcex BXOJAax
DI curuaan ¢ coctosuueMm Jor. 0. B 3aBucumoctn or curuasna SL peructp paGo-
TaeT B pexxHMe JHGO noc/eOBaTeNbHOH 3anHCH cO CTOPOHB Bxoza DS, morakTHHM
nepenBHIKeHHeM JAHHBIX B CTOPOHY cTapuiero paspsja, JHG0 [HKJIHYeCKOro ABH-
JKEeHHA 3aNHCAHHOrO KOJA MO KOJbILEBOMY PerHcTpy.

B MHKpocxeMe HMeeTcsi MOJyCyMMaTop, Ha BXOAbl KOTOPOro MOCTOSHHO MOAA-
HH CHTHaJbl C BHIXOAOB MATOrO H WIECTOro paspsnoB perucrpa. [lonycymmarop mo-
3BOJIAET peaJH30BaTh TIeHepaTop MceBAOCAYYaHHOA nOC/IeN0BaTeNbHOCTH — AJHHOR
27—1 OuT npu coegHHeHuH ero Buixona DOus co BxogoM DSy, peructpa.

KoHcrpykTHBHO MHKpOcXeMa ogopmieHa B kopnyc 5130.42-1.

2.7. Mukpocxembl nuHamuueckux 03Y

B MuKpocxeMax naMATH NHHAMHYECKOTO THNA (DYHKUMH 3JeMEHTa NaMsATH BH-
MOMHSET  3JIeKTPHUECKHH KOHAeHcarop, o6pasosanHbifi BHyTpn MJITl-cTpykTypH.
B rakoM osemenrte namath HHbopmauus (ogHH GHT) mpeACTaBJseTcs B BHie 3a-
pana (HanmpsKeHHR): HaJHuHe 3apAfa B 3aMOMHHAOLIEM KOHIEHCaTOpe COOTBETCT-
ByeT HyJIO, ero orcyTcTBHe — equHHue. [TocKosbKy BpeMsi cOXpaHeHHs 3apsiia KOH-
JAeHCATOPOM OrpaHHYeHOo, NpelyCMOTPeHO NepHOAHYeCKoe BOCCTaHOBJeHHe (pereHe-
pauHsl) COCTOSIHHsI KOHAEHCaTopa H, CnejOBaTeJbHO, 3amHcaHHON B Hero HHQOpMa-
1HA, B 3TOM COCTOMT OZHA H3 OTVIHUHTEJBLHLIX OcOGeHHOCTeil MHKPOCXeM IHHaMH-
yeckux O3Y. Kpome Toro, ansi obecneueHHss ux paboThl HEOGXONHMBI CHIHAJbI CHH-
XPOHH3allHH, KOTOpble BHYTPH KpHCrasIa (opMHpYIOT TpebyeMyio NOc/iefoBaTelb-
HOCTb YNpPaBJAIOLIHX CHIHAJOB.

Ina wmaroroBneHHs: MHKpocxeM AHHamMueckKHx O3Y npHMeHSIOT B OCHOBHOM
n-xananpHylo MJIII-TexHoJlorHio, KOTOpas [03BOJISeT MOBLICHTb ObLICTPOLEACTBHE K
ypOBEHb HHTEerpal{H MHKpDOCXeM, OGecredHTh MaJjble TOKH YTeYKH H 3a 3TOT cYeT
YBEJHYHTb BpeMs COXPaHeHHsl 3apsila Ha 3aNMOMHHAIOUIEM KOHAEHCaTope.

Mukpocxemnl nHHamuueckHx O3Y npencraBnens cepuefi K565, Koropas BKJIO-
qaeT MHKpPOCXeMbl NMaMSATH, OTJHMYalollHecs He TOJBKO CBOHMH NapaMeTpaMH, HO R
CTPYKTYpHHM nocTpoeHHem. [lapaMeTpnl MHKPOCXeM CepHH NpHBeleHnl B Taba, 2.32,
a UX ycJoBHHe rpadHYeckHe o6o3HaueHus — Ha puc. 2,13, a—0.

Bxognue n BuxoaHne cHrianas HMeloT TTJI-ypoBHH, MOITOMYy MHKpOCXeMH Cce-
puH coBMecTHMH ¢ TTJI-MHKpocxeMaMH. 3HaueHHS BHXOJHbLIX TOKOB B HOPMAaJbHOM
pexHMe SKCnJyaTalHH He npeBbaloT 4 MA, a B npefe/bHOM DeXHMe MOTYT AO-
crdrats 30 MA.
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Ta6auma 232. Mapamerpu MHKpOcXeM aHHaMHueckux O3Y

Mukpocxema E‘;::c"" teys HE Uceo B |P.. MBT :g_:' Tun Kopnyca
KP565PY1A, b 4KX1 | 500,900 f 12; =5 400 20 210A.22-3
K565PY3A-T 16KX1 |510..370| 12; 5 460 40 201.16-17
K565PY55- 1 64K X1 (230...460 5 250...160] 21 2103.16-8
K565PY5 /11, 12 32K X1 460 5 160 21 2103.16-8
K565PY5]13 16K X1 460 5 160 21 2103.16-8
K565PY5/14 16K x 1 460 5 160 21 2103.16-8
K565PY6b- 1 16Kx1 [230... 460 5 150... 120 20 2103.16-2
K565PY7B-1 256K <1 [340... 410 5 350 35 2103.16-13
K565PY8A-T 256K x 1 |100...200* 5 350 — 238.16-1
KP565PY9B, I IMXx1 |150,200* 5 400 — 2107.18-1

* Mpubeneno 3HauyeHHe BpeMeHH BHIOOPKH CHrHana RAS tA(rRAS)

B wMuKpocxemax anHamuueckHx O3Y aas 3anucH M CYHTHIBAHHA HHQOpMALHH
HCNOJBL3YIOTCS MNpOLecCh Nepe3apsigikKH eMKOCTeil 3anmOMHHAIOLIHX KOHAEHCATOPOB H
paspsAAHbLIX IIHH KPaTKOBPEMEHHHMH TOKaMH Yepe3 TPaH3HCTODHHE YCHJIHTeNH 3a-
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Puc. 2.13. Mukpocxemn guHaMAgecknx O3Y éepml K565
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Ta6anua 233 Tabauua MCTHHHOCTH MHKpocxem cepun K565

RAS CAS | WR/RD A D1 DO PexnM paGotst

| 1 X X X 2 XpaHeHHe

1 0 X X X Z .

0 1 X Mepe6op X YA Perexepauns

azpecoB

0 0 0 A D y/ 3anucs D

0 0 1 A X D CynrhBanne D
1

NMHCH-CYUTHIBAHHA. B peXXHMMe xpaHeHHs 3TH TOKH He NPOTeKAalOT NOTOMY, 4YTO, BO-
NepBEIX, €MKOCTHhle LeNH HAXOANTCA B YCTAHOBHBLIEMCS pexXHMe H, BO-BTOPHX,
CHHMaeTcs IHTaHHe ycHJHTeJel. IToatoMy n.1a MHKpocxeM aHHaMuyeckux O3V xa-
PaKTepHO CYlleCTBEHHOe CHHXKeHHe [OTpPel/isieMOfi MOILHOCTH B peXHMe XpaHeHH:
MO CPaBHEHHIO C AKTHBHBIM pexxHMoM (cM. TaGa. 2.32).

Mukpocxembl pa0oTaloT B CJAEAYIOUHX pPeXHMax: 3aNHCH, CYHTHIBAHHA, CYHTH-
BaHHs—MoaH(pHKauHH—3anucH (RMW), cioroBoit M cTpaHHYHOll 3amHcH, CJOTOBO-
To H CTPAaHHYHOTO CYHTHLIBAHHS, DereHepallHH, XpaHeHHs C pereHepauueft. PaccMor-
PHM HAa3BaHHbIE PEXHMbl M YCNOBHA HX peaansauHH (tabna. 2.33) npUMeEHHTeJIbHO K
mukpocxeMe K565PY3. AHasorHuHo npoluecch NpoTeKkalOT H B APYrHX MHKpocXeMax
AnnaMugeckux O3Y.

Ilpu o6pauenun K MHKpocxeMe OJS 3amHcH HHPOPMAUHH HeoOXOAHMO MOAATh,
KaK MOKa3aHo Ha pHc. 2.14,a, xox ampeca cTPOK Ag.. Ag H OJHOBPEMEHHO ¢ HHM
HJIH C HeKOTOpoH (He HOPMHpyeMoO#) 3agepxKoil cCHrHax RAS, satem ¢ 3aJepKKOH

Ha BpeMsl y@epKaHHs ajgpeca CTPOK OTHOCHTEJLHO cHTHana RAS tH(RAS—A) HA
STH e BBLIBOAL MOCTyNaeT KOX ajpeca croa6uos Az..A;s M ¢ 3afepXKOA Ha Bpe-
MA tsy(a—cas) [NOAAETCA CHLHAJ CAS.

K Momenty mnogaun koma ajapeca cTosnGuoB Ha Bxoa D! noxsomar 3anuchiBae-
Mblit GHT HH(OpPMAUMH, KOTOPHIi curuanoM WR/RD TIpH HaJHYHH CAS=0 ¢uxcupyer-
Cs Ha BXOAUOM TpHrrepe-aauleske, CHrHas 3anucH MOKeT OBITb NMOAAH yPOBHEM HWJH
HMNYJIbCOM RJHTEbHOCTBIO tw(wR). EC/IH STOT cHrHal mojaH ypoBHeM, To (HK-
CalHI0 BXONHHX HAHHBHIX TPHITep-3allieslka MPOH3BOAHT M0 OTPHLATEJbHOMY nepe-
nany curHana CAS npH HajHuuH CHrHasa RAS B akTHBHOM cocTosinHu, [1o OKOH-
YaHMH 3aMHCH NOMKHA GbITh BHIAEPNKAHA May3a MeXAy CHrHalaMu RAS AJs BOC-
CTaHOBJIGHHs] COCTOSIHHS BHYTPeHHHX Uenefi MuKpocxembl. JJHTelbHOCTh HHTEpBaNa
BOCCTAHOBJIEHHS ONpele/ieHa MapaMeTpoM trec(ras)-

B pexuMe cunthiBauus (puc: 2.14,6) nopsAmoK cAelOBaHWA aAPecHHX H ynpas-
JISIOUWHX CHTHAJIOB aHAJOTHYeH DacCMOTPEHHOMY, HO NpPH HAJHYMH CHrHaJja CYHTH-
Banusi WR/RD=1. Bpems NOAB/eHHs BLIXONHOrO CHrHaja MOXHO OTCUMTHIBATH OT
MOMEHTa NMOCTYNJICHHs CHrHaJjoB ajpeca — BPeMa BHIGODKH ajapeca tp(ay, AM6o oT

MOMeHTa TNOCTYyIJIeHHs CHrHana RAS — BpemMst BHIGOpKH cHrHana RAS tA(RA_§_)'
an6o oT MOMeHTa HOCTymJieHuss cHrHama CAS — ppems BbiGopkH cHrhana CAS
t A(CAS)- Ha3sBanHble napaMeTpnl CBS3aHb COOTHOILeHHEM tA(RAS) S tA(CAS) +
=+ tsu(ras—cas).
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Tab6auma 234, [lHHAMHYECKHE NapaMETPhl MHKPOCXEM CEPHH K565

K666PY3 . K565PY5, K565PY6 K565PY7
Mapamerp, nc | 4 5| g r B B r hil B r I

tey 510 | 410 370 230 280 360 460 340 410 500
tev(rmw) 670 | 520 420 310 380 460 600 410 490 610
t*cy 370 | 275 | 225 150 180 250 320 120 140 180
tw(ras) 300 | 250 200 120 150 200 250 150 200 250
tREC(RAS) 200 150 120 100 120 150 200 180 200 240
tw(cas) 220 | 165 135 70 90 120 150 75 100 125
tsucras—cas) | 100 | 85 | 65 | 30 | 35 | 55 | 75 | 50 | 60 | 60
trcras—ny 60 | 45 | 25 | 15| 20 | 40 | 60 | 20 | 25 | 45
tu(cas—a) 100 75 55 25 35 45 60 55 70 90
tw(wR) 120 75 55 35 45 80 120 40 65 90
tu(cas—or) 100 75 55 45 55 80 120 55 70 90
t*w(cas) 140 | 100 80 70 80 120 160 60 70 125
tGas 200 | 165 | 135 | 70 | 90 | 120 | 150 | 75 | 100 | 125
50* | 60* 70*

Trer, MC 2 2 2 2 2 2 1 8 8 4

* YKa3aHO 3HAYeHHE NapaMeTpa B CJOroBOM pexume ans K565PY7 u B cTpaHHuHOM —
AN _OCTalbHbIX MHKDOCXEM.

3l';p HMeyaHHsa L. OautennHoctb ¢poHTa M cpe3a CHrHasn0B AJAS BCEX MHMKpOCXeM OT 3
no HC.

2. MlpenenbHas emMKocTb Harpysku 200 n® (mas K565PY7 — 100 nd).

Ins oueHKH GBICTPOACHCTBHS MHKPOCXeMbl NAMATH B pacuer HEOGXOAHMO MpH-
HHMaTL BPeMsi UHKJIa 3anucH (cudruiBanua) tcoyw, tcyr. MHKpocxeMbl NHHAMH-
geckix O3Y xapakrepH3yloTCsi HaGOpOM BPEMeHHBIX MapaMeTPoB, perJaMeHTHpYIo-
IUX AJHTENTbHOCTH MMMYJbCHBIX CMTHAJIOB, HHTEpRaJbl MeXAY HHMH, B3aHMHHRA
CABHr BO BpemeHH. [lepeueHb mnapameTpoB BKJOUYAaeT [AeCATKH HaHMEeHOBaHHA.
B Ta6n. 2.34 npHuBefeHbl OCHOBHbIE H3 HHX.

Ins oGecneyeHHs] HafeXKHOro COXpaHeHHs 3alHMcaHHOf B HaKonHTene HHGOP-
MauHH MNpejyCMOTPEH peXXHM NPHHYAHTeNbHOIl pereHepauHH, KOTOpOH NojBepraercs
KaX/blil 3/leMEeHT MaMATH B HHTepBaJe BpEMeHH, olipe/iesiseMOM mnapaMeTpoM Tgrer.
PereHepaiisi BLIMOJHSAETCS aBTOMATHYeCKH [1Jisi BCeX 3J1EMEHTOB MaMsATH BbIGPaHHOR
CTPOKH NpPH KaxXa0M OOpalleHHH K HAKOMHTENIO A 3afMHCH HJH CUHTHIBAHHS HH-
dopmanun. [Tockonbky obpaleilHe K pasHLIM CTPOKaM NPOHCXOAHT C Pa3JHYHbIMH
HMHTEDBAaNaMH BpeMeHH, DAaCCYHTHIBATL TOJNbKO Ha AaBTOMATHYECKYIO pereHepaiHio
HeNb3f, YTO M OOYCJOBJHBAeT HeOGXOAHMOCTb OPraHH3alHH CreLHaJbHOro pexHMa
NPHHYAHTENbHOA pereHepalHH.

Luka pereHepauHi COCTOMT H3 In obpallleHHi K MaTpHLue, re M — YHCJAO CTPOK,
nepe60poM ajfpecoB CTPOK C TOMOLIbIO BHELIHEro CYeTYHKA LHKJIOB OGpallleHHR.
OGpaleHHe K HaKOMHTeNIO AJS pereHepauuH Moxker GblTh OPraHW3oBaHo Mo J1060-
My H3 DPEXHMOB: 3anHCH, CUMTLIBAHHS, CUHThIBAHHS—MOAH(DHKAUHM —3anHCH, a
TakXe MO CMelHaJbHHIM peXHMaM pereHepallHH: JHGO <«CHTHAJOM RAS>, 6o
«CAS — nepen — RAS».

IMpn opraHM3auHH NPHHYAHTEJbLHOR pereHepauHH HaHGosee LieslecOO6pPa3HbIM H
yAOOHHM AJsi peaNH3allMH ABJISETCA PeXHM pereHepaliHH CHrHaJoM RAS. Bpemes-
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HBle AHarpaMmbl AJs 3TOrO peXHMa NpeacTaBjieHs! Ha pHC. 2.14, 6. PereHepanus
OCYLIECTBJISeTCA MyTeM Nepe6Opa aapecoB CTPOK € CONPOBOXACHHeM KaXixoro aA-

peca curHasoM RAS npu naccuBHOM cocTosHHH cHrHana CAS=1. B atom pexHme
pereHepalHu MHKpPocXeMa MOTPe6/iseT HaHMEHbIIYIO MOLIHOCTD.

[Mpunyautenbhyo pereHepaunio B pexuMe «CAS — nepex — RAS» mMoxHO ocy-
IecTBHTL npH paGoTe ¢ MHKpocxemoit KS565PY7. OcoGeHHOCTh peXXHMa COCTOHT B
TOM, YTO ajpecHble CHFHAJH He M3MEHSIOTCH, X COCTOAHHE MOMXeT GhTb NPOH3BOJb-

oM. HMameneuuio nogaexar curHaisl CAS H RAS, npuuem HMnyanc curHana CAS

omepexaer HMMmyJbc cHrHasa RAS  Ha  Bpems tsu(cAs—Rras)» pasioe 50
(K565PY7B), 70 (K565PY71"), 95 uc (K565PY¥7]1). B sToM pexHMe aapeca CTPOK
¢opMHpyeT BHYTPEHHHH cUeTUHK, cpabaThbiBaIOIHA OT CHrHaJja RAS. Conepxumoe
€YeTYHKA YBEJHUHBAETCS Ha eNMHHIY B KaXJOM TaKTe pereHepalHH.

Y muxpocxemnt KS565PY] pexuM pereHepauMH OCyLIeCTBJSIOT MO LHKJAY CUYH-

THBAHHA MM CUMTHIBAHHA—MOAHDHKALHH—3AMHCH MPH BHINONHEHHH ycioBHA CS=1,
o6ecneyHBaiolero GJIOKHDPOBKY HH(pOPMALHOHHBIX BXOAOB H BBIXOL0B MHKPOCXeMH
H BO3MOXHOCTb paboTaTh el «Ha ce6Gs». Buixoa MHKpPUCXeMbl B 3TO BpeMs Haxo-
JHTCA B Z-COCTOSTHHH.

B pacuer BpeMeHH pereHepalHH cJjeayeT NPHHHMaTb BpeMs LHMKJIA, YMHOXeH-
HOe Ha 4YHCJO CTPOK B HakonHrtesne. Hanpumep, Ha pereHepauuio HHoOpMauHuH B
SseMeHTax NaMsaTH ORHOX CTPOKH MHKpocxembl KG565PYS5B B pexxume RMW
TpeGyerca 310 nc, a ans pereHepalHH 3JeMeHTOB naMsatH Bcex 256 cTpoK Heo6XO-
aaMo 80 Mkc, uto cocraBaser 49% spemeHu paGoThl MHKpocxembl. IIpH perenepauHH

B pexkMe Nepe60pa ajpecoB CTPOK H H3MeHellHss TOMbKO CHrHana RAS ofiuee
BpeMs pereHepalHH yMeHbllaercss A0 62 MKc, uto cocraBaser 3% BpeMeHH paGoOTH
MHKpOCXeMbl.

MuxkpocxeMnt cepun K565 nonycxarmoT npHMeHeHHe DeXHMOB YCKODeHHOl 3anH-
CH H CUHTHIBAHHS AAHHBIX — CTPAHHUHOrO M CJIOTrOBOro pexUMOB. CTpaHHuHHIil pe-
JKHM 3anHcH (CYUHTBIBAHHA) OTJHYAeTCA TeM, YTO B Mpollecce 3anHcH (CYHTHIBAHHA)
H3MEHAI0TCA TOJbKO azpeca CTOJNGLOB B CONPOBOXKAEHHH CHrHaJOB CAS, 7. e ocy-
1ecTBaseTcss NepeGop aapecoB 3JE€MEHTOB MaMATH BHODaHHOH cTPOKH. B KaxnoMm
TakTe AOJKHO ObiTb H3MEHEHO H COCTOSHHe CHTHa/ja 3aMHCH—CYHTHIDAHHS.

C/oroBuift pexkHM 3anHCH (CYUHTBIBAHHA) [03BOJseT YCKOPEHHO 3anHCHBATL H
CYHTHIBATD MaHHble YETHIpeXpa3psAHBIMH KOLAMH (cJoramH). 3TOT DeXHM peaJH-
syem B MHKpocxemax K565PY7, K565PY8 Giaronaps Ha/iHuHI0 B HX CTPYKType pe-
THCTPA M YeTHpeX YCHJHTeJell, BHIGHDaeMBX CHIHAJIOM CAS no BHYTDEHHHM ajpe-
caM A3Ag, a Taxxie cueTdHKa, obecneuHBamollero nepe6op 3Tux aapecos or 00 no
11 B UHK/JHYecKOM pexHMe. BHellHH! aapec 3amaeTcsi MOJNHOCTbIO, NPHYEM Pa3pAAB
A3Ag conmepxaT anpec nepsoro GHTa B cnore. 3aTeM NpH AKTHBHOM COCTOSHHH CHr-
nana RAS NPHUXOAAT MOCJIEAOBATENbHO 4eThiDe TaKTa cHrHana CAS. B KakioMm H3
STHX TAKTOB KOJ BHyTpeHHero anpeca AjAg nosydaer efuHHYHOe npHpaiyenue, Han-
‘Hble 3aNHCHBAIOTCA HJAM CHYHTHIBAIOTCA NOGHTHO NOC/eAO0BATeIbHO BO BDEMEHH, NpH-
'9eM CHTCHaJ 3anHCH—CYHMTBIBAHHS OCTaeTCs HeH3MeHHbHIM B TedeHHe BCero IHKJA
sanucH (CYHTHIBaAHHA). ’

BucTpoaeficTBHe MHKPOCXeM B CTPaHHYHOM peXHMe noshwaercs s 1,5—2 pa-
:3a, a B cJ0roBoM — B 2—3 pasa, Kak MOXHO,BHAeTb H3 Taba. 2.34.
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Kaxapifi tHn muxpocxeM cepun K565 umeer noarunsl (THNOHOMHHAJIB), OTJIH-
"aolilHeCss JHHAMHYECKHMH napaMeTpaMH, a y MHKpocxeMu K565PY5 — u nudop-
MalUHOHHOR eMKOCTbIO, UTO BHAHO H3 Taba 2.32. [lo 3JeKTPHUECKHM XapaKTepHCTH-
KaM H pexXHMaM paGOTH MHKPOCXeMB CEDHH MOJHOCTbIO COBMECTHMbI, YTO MNO3BO-
JIfieT NepPeXOoqHThb OT ONHHX MHKDOCXeM K ADYrHM, HanpHMep K MHKpocxeMam G6oJb-
me#t HHOPMAlHOHHON eMKOCTH, Ge3 NPHHUMMHAJNBLHLIX H3MEHEeHHil CXeMOTeXHHye-
CKHX peLleHHH.

Mukpocxema K565PY6 cosmectHma ¢ mukpocxeMoit K565PY3 no asekrpHue-
CKHM mnapaMeTpaM, Da3BOAKe BBIBONOB, MMeeT Ty e HHGOPMAUHOHHYIO €EMKOCTb,
HO OTJHYaercsi GoJiee BLICOKHM ObiCTpONeHCTBHeM, MeHblllel norpebiasieMoit MollHo-
CTbIO H Tpe6GyeT a/s paboOTHl ONHH HCTOYHHK NMHTaHuA Hanps:keHHem 5 B. ITostomy
NpHMeHeHHe 3TOH MHKPOCXeMbl NpefNovTHTENbHEe.

Tlpu 3KcosyatauMu MHUKDOCXEM ¢ HEeCKOJbKHMHM HCTOYHHKaMu mnurtaHus KS565PY1
A K565PY3 crenyer yuyHTHBarh TPeGOBaHHS K TNOCJAeAOBaTENbHOCTH BKJIOUEHHS B
BHIK/TIOYeHHs HCTOUHHKOB NHTAaHHs: TMePBHIM MNOAK/MIOUAIT Hanpsikeine — 5B, a or-
KJIOYalT ero nociefHHM. DTo TpefoBaHHe O06GYyCJIOBJEHO OMNAaCHOCTbIO TeINJOBOro
npo6os Mexay nopsioxkoi B MIII-ctpykrypaMiu B 06JacTH H3OJHDYIOUHMX 3.eKT-
POHHO-ILIDOYHBIX NEpPEXOAOB. YKa3aHHOe HamnpsikKeHHe TNONAETCA HAa TOMJIOXKKY
(KpHCTaJ), H eCJH €ro He IOAKJNIOYHTHL TNepBHM, TO MOX BO3AeficTBHEM, npaxe
KDPaTKOBpeMeHHH M, HanmpsXeHHX ABYX APYTHX HCTOUHHKOB 5 u 12 B moxer npou-
30fiTH B KpHcTaJJe Tensosoil npo6oit. TIopsAfOK BK/IIOYEHHS H BLIKJIOUEHHs APYTHX
HanpsKeHUN NUTaHHSA MOXeT GhiTh JOOHM.

ITosesHo NMOMHHMTH TaKXKe O YYBCTBHTENBHOCTH MHKpOCXeM K BO3JefiCTBHIO CTa-
THYECKOro 3/eKTPHYecTBa, NpejesbHOe 3Ha4yeHHe KoTtoporo He npesuiuaer 30 B.

Iocne BK/IIOYEHHS NHTAHHA HOPMAaJbHLIH pexHM (YHKUMOHHPOBAHHs YCTaHAB-
JHBAGTCA UYepe3 HECKOJIbKO DalOUHX LHKJIOB, HanpHmep, y mHKpocxeM K565PY1
K565PY3 wepes BoceMb 1Hkmi0B, y K565PY5 — nocsnie nayss B aBe MHJHCeKYHIH H
nocaeaytomux 16 uukaos, y KS65PY6 nocie takofi ke nayaw H 8—16 uHkjJoB pa-
GoTbl B JIOGOM pexHMe.

M3 conocrasieHHst mapaMeTpoB MHKpPOCXeM CTaTHYecKHX M aHHaMHyeckux O3V,
npeiacTassiedHblX B Taba. 2.2, MOXHO BHAETb, YTO MHKpocxeMsl cepun K565 ycry-
MaloT CTaTHYECKHM MO OLICTPOJefiCTBHIO, CPABHHMLI C HHMH no notpeGasemoit MoLl-
HOCTH H 3HAYHTEJNbHO NPEBOCXOAAT N0 HHPOPMALHOHHOA eMKOCTH.

JanbHefilee pa3sHTHe MHKpoOcXeM aHHaMuHyeckHx O3Y cBsi3aHo ¢ MOBHILUGIHEM
HHPOpMAaLHOHHON eMKOCTH, OLICTPOAEHCTBHSA, a TakXkKe ¢ OCBOeHHeM CTPYKTyp, B KO-
TOPHX YCTPOKCTBO NHHAMHYeCKOH NaMATH COBMeIleHO Ha OJHOM KpHCTaie ¢ YCT-
poiictBoM pereHepauuH. Takoe nuHamHueckoe O3Y HMmeer A/ nosb3oBaTens cBOR-
cTBa craTHYeckoro O3Y ¥ MNO3TOMy ero Ha3biBalOT KBA3HCTAaTHYECKHM. DJIeMEHTH
BCTPOGHHLIX CPEeACTB pereHepauHH yiKe HMeIOTCS B COBPEMEHHbIX AHHAMHUECKHX
O3Y, nanpumep B MHkpocxeMme KS565PY7. OcobeHnocTbio 3TOH MHKpPOCXeMHl ABJSA-
eTcsi yBesqHUeHHBIT f0 8 Mc nepHop pereHepauHH, HaJHyHe BCTPOEHHOro CUETYHKa
aJpecoB CTPOK, MO3BOJSIOLIEr0 HCIIONb30BAThH PEXHM aBTOpereHepaudd. B naHHOM:
pexxnMe nepeGOp aApecoB CTPOK OCYyINeCTBJAeT BHYTPEHHHHl CUETUHK, CYIULECTBEHHO-
YCKOpAs BHINOJHeHHe TPOUEAYPbl pereHepauHH 3aNHCaHHOA B MHKpOcXeMy HHGpOp-
MauHH. PeXuM aBropereHepauHH INO3BOJAET TaKXKe YNPOCTHThb YNpPaBJeHHe MHKpO-
cxeMOH.
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3. MUKPOCXEMBI I13Y 1 OCHOBBI
X MPUMEHEHU{

Mukpocxemn I13Y no cnocob6y nporpaMMHpOBaHHs pasfeqsloT Ha TPH FPynimH:
MII3Y (macounwe I13Y), TITI3Y (nporpammupyemuie I13Y), PII3Y (penporpam-
mupyemble TI3Y). Vcrpoficto mukpocxem II3Y Ha3BaHHLIX TIpynnm paccMOTPeHC-
B § 1.2. O6wumn ans Bcex MHkpocxem II3Y cBofictBaMH ABJAAIOTCSA: CcloBapHas:
OpraHH3alHsA, HaJHYHe DPEXHUMA CUHTHIBAHHS KaK OCHOBHOTO peXHMa pabotwi, step-
rOHe3aBHCHMOCTb, BMecTe C Te€M y MHKPOCXeM pa3HHX TPYNI eCTb CyulecTpelHhe
pas/JHuHs B cnocofe NpPOrpaMMHPOBAaHHA, DPeXXHMax CUHTHIBaHHA, B obpaluenun ¢
HHMH NPH NpPHMeHEHHH, B 06JAcTAX NPAaKTHYECKOro HCNosb3oBaHHA. [Tostomy uede-
coo6pasHoO PaccMOTPETh KaXKAYI0 IPyNNmy MHKPOCXEM OTAesbHO.

Muxkpocxemst 13V BHINycKaloTcs KaK CAMOCTOSITENbHLIMH CEPHAMH C OLHOPOA-
HBIM COCTaBOM, TaK H B KOMIJEKTe C MHKpPocxeMaMHM ApyrHx BHpoB. Hanpiwmep,
cepusa K556 cocrour Tosbko u3 Mukpocxem IIT13Y, a cepus K573 — n3 Mukpocxem
PII3Y u IITI3Y. Mukpocxemn II3Y HMelOTCs H B cepHAX MHOrodyHKIHOHAJIbLHOIC:
cocraBa, Takux kak K155, K555, u B cepusax MHkponpoueccopiux BHUC, nanpumep-
K1801, K1809, K588 u ap. HesansncuMo oT npHHaAJeXHOCTH K TOH HJM HUOf cepHH
MukpocxeMbl [13Y onHOf TexHOJOrH4ecKoR rpynne HMelOT MHOro ofliero B YCTPO#H«
CTBe, PEXHMdX ylpaBaeHH» HX paGoroff U B npuMeHenusx. ITostoMy B ocHoBy pac-
cMoTpeHnss MHkpocxem [I3Y nosoxeHa HX KJacCHOHKAUHA [0 TEXHOJOTHYECKOMY
NpH3HAKY.

3.1. MukpocxeMbl macounbix I3Y

Mukpocxemn MII3Y nporpaMMHpYIOT Ha 3aBOJE-H3rOTOBHTEsNe NO 3ajaHHUIO
3aka3uynka. OAHAKO 4acTb MHKPOCXeM 3TOil TFPymMmbl BhinycKaercst Ansi o0uiero npH-
MeHeHHS B 3anporpaMMHpOBAaHHOM BHAe, T. €. C 3alHCAHHOH TNPOrpaMMOH TaKoro
THNA, KaK KOABl Pa3/IHYHBIX CHMBOJIOB, 3HAYECHHS LIMPOKO MPHMEHAEMBIX MaTeMaTH-
decKHX (YHKUUH, CTaHAAPTHble NMPOrpaMMbl, MOANPOrpaMMH H T. A. 3anporpaMmu-
poBannbie MHKpocxeMn MII3Y B cBoeM yc/ioBHOM 0603HaUeHHH HMEIOT HOMOJHH-
TeJbHbI 1HPpoBok HHaexkc, Hanpumep KPS68PE1-0309. 2toT MHaekc He Hecer
HHKaxod apyroft HHOpMauHH, KpOMe TOH, YTO MaHHAsi MHKDOCXEMa COJEpPKHT Ka-
KHe-TO CBelleHHs, T. €. OHa TOTOBa K NpHMeHeHHIO N0 Ha3HaueHHio. KoHKperHas
MHKpPOCXeMa MOXeT HMeTb HeCKOJbKO MOAH(HKauuf, cCHabXKeHHbX CBOMMH wundpo-
BHMH HHAeKcaMH. B wacTHOM caydae, korza ycaoBHoe o6o3HaueHHe 3aKpemnJeHo 3a
MHKDOCXeMOH Onpele/eHHOro Ha3HaueHHs He HMeiolleli MOAHGDHMKAUMH, MONO.THH-
Te/NbHbIA HHIEKC MOXET OTCYTCTBOBATh.

Tlapamerpni mukpocxem MII3Y HauGosee H3BECTHHX, IWIHPOKO NPHMEHSEMbIX,
a TaKXe NePCNEeKTHBHHIX CepHA MpeacTaBjeHH B Ta6a. 3.1, a Ha3HaueHHe BLIBOJOB
KopnycoB 3THX MHKpocxeM — B Tta6a. 3.2 [3, 49, 50].

Mukpocxemn KIS55PE21 — K155PE24 naBHO M IUMPOKO H3BECTHH KaK 3HAKO-
reHepaTOpH, 3anporpaMMHpoBaHHHe KomaMu pycckoro (PE21), naruuckoro (PE22)
anpasuToB, apHpMerHuecknx 3HakoB H uudp (PE23) m gono/HeHHA K yKa3aHHBIM:
cumBosnam (PE24). Tlpu coBMecTHOM mNpHMeHEHHM 3TH 4YeTHpe MHKpocxeMn o6pa-
3yI0T 3HaKoreHepatop 96 cHMBOJIOB co 3HaKoBOit MarpHueft 5X7. ®opmar MaTpHub
dopmupylor 35 aapecyeMbix 3/eMEHTOB OTOGpaXKEHUS — «TOUEKS, PACMOJOKEHHBIX:
Ha nepeceyeHHAX NATH CToJ6LOB H CEMH CTPOK.
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Ta6auua 3.1. XapakTepHcTHKu MuKpocxem MII3Y

L o R I N B [
K155PE21 256 X 4 60 5 650 |TTJI-OK TTJ 238.16-2
K155PE22 256 X 4 60 5 650 [TTJI-OK TTN 238.16-2
K155PE23 256X 4 60 5 650 |TTJI-OK TTJ 238.16-2
K155PE24 256X 4 60 5 650 |TTJI-OK TTN 238.16-2
K555PE4 2K X8 | 110 5 850 | TTJI-3 TTJLI 405.24-2
K541PE1 2K X8 | 150 5 1000 | I'TJI-OK | UUJI—TTJI 405.24-2
K596PE1 8K X8 | 350 A 640 | TTJI-3 TTJ1 4131.24-3
KP588PEI 4K X 16] 450 5 10 | TTJI-3 KMAI 239.24-2
K563PE} 8Kx8 | 330 5 50 | TTJI-3 KM —

K563PE2 32Kx8 | 300 5 20 | TTJ-3 KM AT 5133.48-1
KP505PE3 5128 (1500 |[5;—12] 500 [ TTJI-3 pM TN 405.24-7
KP568PE1 2K X8 | 450 5 12| 410 | TTJI-3 nMTIT 2120.24-3
KP568PE2 8KXx8 | 350 | 5; 12| 470 | TTJI-3 nMIIT 2120.28-5
KP568PE3 16K x8 | 550 5 270 | TTJI-3 nMIOIT 2120.28-5
KM568PE4 8K X8 | 350 5 330 [ TTJI-3 nMII 2120.28-6
K568PES 2K X8 | 400 5 425 | TTJ1-3 nMTI 2120.24-3
K1801PE1 4K X 16| 400 5 260 | TTJI-3 nMJIIT | 2105.24-1
K1801PE2 4K X 16( 420 5 300 | TTJI-3 nMIOTI 239.24-1
K1809PE1 4K % 16| 300 5 406 | TTJI-3 nM/I1 2105.24-1
KA1609PE1 2K X8 | 450 5 05 | TTJI-3 KMIT 4118.24-2
KM1823PEl 2K X8 | 450 5 45 | TTJI-OK | UMJ—TTJI| 2105.24-3
KP1610PE! 2Kx8 | 340 5 280 | TTJI-3 nM I 2120.24-3
KMI1656PE! 2K X8 80 5 925 | TTJI-3 TTJ 239.24-2
KMI1656PE2 2K X8 80 b} 925 | TTJTI-OK TTJII 239.24-2
KMI1656PE3 | 5128 60 5 775 | TTJ-3 TTJIII |214010.20-2
KP1656PE4 8K <8 55 5 925 [ TTN-3 TTJ1U 239.24-2

3HakoBass MaTpHUA CHMBOJIOB OAHOH rpynnsl cpOpPMHPOBaHa B HAaKOMHTEAsX
ABYX MHKDOCXeM — OCHOBHOH M [ OMOJHHTENbHOM, HanpHMep, B MHKpPOCXeMax
K155PE21 u KI55PE24 comepxaTcs KOAW MaTpHUM CHMBOJIOB — GYKB pYyCCKOro
anpasura, B MHKpocxeMax KI155PE22 u KI155PE24 — Gyks naThHcKoro andgasHTa,
B Mmukpocxemax KI155PE23 u KI155PE24 — apudMerHyecknx 3HakoB M uudpp. Koan
geThipex CTONGLOB MaTpHLL! 3aHeCeHbl B HAKOMHTEJIH OCHOBHbLIX MHKDPOCXEM, a Mmf-
TOro CTO/6LA MaTPHLUbl CHMBOJIOB BCEX TPeX TPynn — B HAaKOMHTENb [OMOJNHHTEJNb-
Hoft MukpocxeMul K155PE24,

Ias orobpaxceHHs CHMBOJMAa Ha HHIHKatope HEOGXOAHMO C BbIXOLOB 3HAKO-
reHepaTopa NOJYYHTb MOC/IeNOBATENbHOCTh CEMH KOLOBBIX KOMOHHALMM, Kaxpaas H3
KOTOPbIX BKJIOYaeT NATb GOHT, CHHMaeMblX napaJjjenbHo. MHKpPOcxeMh HMeOT No
‘geTbipe Bbixoga. IIaTei Bhixon moGassisier MHKpocxeMa K155PE24.

3anHcaHHble B MHKPOCXeMBl CHMBOJB COOTBETCTBYIOT CEMHPaspsifHOMY KoAY
KOH-7 no TOCT 13052—74 (ra6a. 3.3). BuiGop CHMBOJA OCYIIeCTBJSIIOT ajpec-
‘HbiM KonoM KOH-7, B KOTOpPOM nsiThb MJajlUMX PaspsaoB, Kak NMokasaHo B Ta6a. 3.3,
-BbIGHPAIOT CHMBOJ, a ABa CTapIUHX as3g BHOGHPAIOT TPYNNY CHMBOJOB: NMPH KOMGH-
Hauun 11 — 6ykBn pycckoro anacdasura, 01 — narunckoro, 10 — uudpu U apudpme-
“THYECKHe 3HaKH.

Kaxnass H3 paccMaTpHBaeMBIX MHKPOCXeM HMeEeT BOCeMb ajpPecHHX BXOZOB
\Aqg..A7 W 1Ba HHBEPCHBIX BXOla AJs CHFHAJOB Bb60pA CSj, CSy. TpH MAaAlINX Pa3-
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Ta6anua 3.3. Cumpoanl, coorsercreyiomne KOH-7

agaga,

838,8:8, 016 on 100 101 110 1
0000 Sp ) @ p 10 n
0001 1 1 A Q A 9
0010 < 2 B R B P
0011 # 3 C S n, o
0100 o 4 D T I T
0101 % 5 E L E v
0110 & 6 F \ ) X
0111 , 7 G w T B
1000 { 8 H X X b
1001 ) 9 it Y U bl
1010 * : J Z 5] 3
1011 + , R [ K m
1100 , < L \ ) 3
1101 = - M ] M 11,
1110 ) > N ~ H y
1111 / : o) b 0 DEL

K155PE23 K155PE22 K155PE21
Mukpocxema|  gi55pEoy K155PE24 KI55PE24

IMpumenanue. SP-—npoGen (Space), DEL — crupanue (Deletion).

psaga aapechoro Koaa AgAjA, npenHa3HaueHH A/ Da3BePTKH CHMBOJA, a NATh
cTapwux pa3panoB As..A; — 44 ero BHGOpKH. Ha 3T BXOAH AOMKHH GhiThb MO-
JAaHbl CHTHaJbl NMATH MJAALINX Pa3psfoB ap.. a4 koga KOH-7. Ha Bxoan BbIGOpA
MHKpOCXeM INOAAOT ABa CTaplux pa3psapa asas KOH-7, o c¢ yuerom Toro, uro
BXOAHN BHGOpa HHBEpCHHe. DTO Yc/0BHe NpHMeHHTENbHO K MHKpocxeme KI155PE21
03HayaeT, YTO CHTHaJbl as, 8 JOKHbI GLITH HHBEPTHPOBAHHI.

MukpocxeMH HMEIOT OTKDHIThle KOJJEKTODHble BBIXOABI, TO3TOMY KOZh CHMBO-
JIOB CUHTHIBAIOTCS B HHBEPCHOM IPE[CTaBJIEHHH.

TMosichuM npHHUMN PaBOTH MHKpPOCXeM B KauecTBe 3HAKOreHepaTopoB, BbGpaB
ans npumepa MHKpocxemy KI55PE21. CrpykTypa MHKpPOCXeMH TNpHBEJ€Ha Ha
puc. 3.1. 3pech ke nokasaHa MHKpocxema KI55PE24 B ToA ee wacTH, KOTO-
pasi CcAyXHT ponosHenvem K MukpocxeMe KI55PE21. Hakonutenr MuKpocxeMbh
K155PE21 copepiuT 32 MaTpuun cuMBOJIOB ¢opmara 4X7 (BocbMas CTpoKa He HC-
noib3yercsi). B KaXnoft MaTpHue 3aKOjHpOBaHa 4YacTb CHMBOJA, KOTOpas yMe-
uaeTcs B yKasaHHOM ¢opmare. CHMBOJMH cooTBeTcTBYIOT Ta6a 3.3 (aByM ee mnpa-
BEIM KoJOHKaM). Hanpumep, B marphuy 1! 3aHeceHH KOIW ueThpex CcTO/G1O0B
6yksn IO, B matpuuy 2 — Gyksm A, B MarpHuy 17 — Gyksw Il u T. A. 3anuchk
KOJOB OCYUIECTBJSIOT (OPMHPOBAHMEM NepeMBYeK MeXKAY JHHHAMH CTPOK H croJ6-
LIOB B HAKOMHTeNe B TeX TOUKAX HMX nepeceueHHf, rae AoaxkHa Outhb Jor. 1. Matpu-
B HaKOMHTENs [OAKMIOYEHH K MyabTHimiekcopy MUX 32-1 ueThpexnpoBORHBIX
KaHaJ0B. MyJbTHIIEKCOD yNpaB/seTcs NATHPAa3pAAHHM aJPeCHHM KOAOM ag.. 84
(20— MiapmuA pa3psd, KOTOPHM ONpeiessieTcss cXeMa COeNHHEHHs omHoro us 32

108



Al Mampuya 7 MNampugya 52
bg Ao 7
2
4,4 7
A
44 |5
7
pal
po 3
a, As 7| v .
a4 _ 7 70
2, s MUX 32(4)~7(4) =
g oy
4 ¢
a5 — cS/
25— S, KISSPEF2/
25— ¢s, KISEPE24
25— 5 Az
2,
As
a
s a5 MUX 32-7 X, ..
a A b
/ /33 J
4
ANEA
|z }
s 4
4 f
o1 B4
4 H—4
— |
Lononnenue x PEZS

Puc. 3.1. YnpoueHnsie CTPYKTYPH H NPHHUHMN NpHMeHeHHs MHKpocxem MII3Y cepuu
K155 B KayecTBe 3HaKOreHepaTopa

9eTHPEXNPOBOAHHX BXOAOB Ha dYeThlpexnpoBoaHbii BhXoA V..V, Hanpumep,
Koa 00000 oGecnewnBaer noaxmioueHHe martpuusl 1 x BeixomaM Vi ..V, T. e. BHGOD
CHMBOJA, pasMellleHHoro B 3Toft Martpuue. Kox cuHMBosa cuHTHBaercss NOCTPOIHO
MPH NOCJENOBAaTeNLHOM nepefope CeMH aJPeCHHX KONOBbIX KOMGHHauuft bobibo
or 001 (xomGuHauus 000 He Hcmoaws3yercss) ano 111, Tem caMuHM oGecnedHBaercs
pa3BepTka CHMBOJIA BO BPEMEHH W B NPOCTPaHCTBE, Kak NoKasaHo Ha pHc. 3.1.

Kon anpeca crpoku MaTpuusl bbb, nocrynmaer na Bxoam Ao, Af, Az MHKpO-
¢XeMH, KoJ BHGODKH CHMBOJA ao..a; — Ha Bxoan As..As kKox BHGopa rpynms
CHMBOJIOB 858 — Ha BXOAW CS; # CS, BHGOpP2a MHKDPOCXEMH.
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B Hakonuresb mukpocxeMsl KI155PE24 3aHeceHn Kkoaw nstoro crosnbua Bcex
32 cumBosioB MHKpocxeMn KI155PE21. Hanpumep, B 3jeMeHTax nepBoro cTos6ua
3anucaH Koj jonoJHeHHs kK Gykse IO, kak mnokasaHo Ha puc. 3.1. Myabruniek-
cop 32-1 nop amefictBHeM Kola ap..a, KOMMYTHpYeT BHIOpaHHHIi cTOJGelu Ha BH-
xoa Vs. ITockoJbKy MHKPOCXeMbl OO6beJHHEHH OJHOHMMEHHbLIMH ajfpPecHHIMH BXOAAMH,
TO KaxXjoH MaTpHle 3HaKa B HaKOMHTeNe OCHOBHOX MHKPOCXeMhl COOTBETCTBYeET
cTonben, ¢ monoviHeHueM B MHKpocxeMe KI155PE24.

AnaJsornyHo B Haxkonurtese MHkpocxeMnl KI15S5PE24 BhimosHeHw [OmnoJHeHHs K
CHMBOJIaM, cOlepXXalwuMcs B ABYX APYrHx MuxpocxeMax. Kaxkmas o6sacTe HaKo-
nuTesist Yepe3 MyJbTHNJIEKCOP BHIXOAHT Ha cBolt Buixoa: DOy (BmBoa 10), DOy (BH-
Boa 11), DOy (BmBOx 12). OnHOHMeHHble anpecHble BXOAB MYJbTHIIEKCOPOB 06b-
elHMHeHH, [103TOMY NpH J1060M ajgpecHOM o6paiieHHi K MHKpocxeme KI155PE24 Ha
ee BbIXOJaX MOSBJSIOTCS COOTBETCTBYIOLIHE ajpecy KOAW JonosHeHuH. Ias BmGOpa
ogHOro M3 Tpex BmxonoB MHkpocxeMn KI155PE24 ciyXuT MyJabTHRJekcop, ynpas-
JsieMHA cTaplIMMH pa3psgaMH aapecHoro kopa KOHW-7 asag, koropbiMu BhGHpaercs
H OCHOBHas MHKpocxema (cM. pHuc. 4.29). Hexorophie BapHaHTH CXeMOTEXHHYECKHX
pellleHHAi 10 MOCTPOEHHIO 3HAKOTEHepaTOPOB Ha PacCMOTPEHHHX MHKpOCXeMax MNpH-
BeaeHnl B § 4.11.

Mukpocxema K555PE4 emkoctbio 2KX8 GHT peanuayer (yHKUHIO 3HaKOreme-
paropa 160 CHMBOJMIOB pYCCKOro M JIaTHHCKOro an¢asHTOB, UHGP H apH(PMETHUECKHX
3HakoB ¢ MarpHuelt 7X11. Kox BHGOpKH cHMBOJA COOTBETCTBYeT BOCbMHpa3psif-
HoMy xoay o6Mena uudopmauuned KOH-8 no TI'OCT 19768—74. Ilpu ¢opmare
7X11 maTpHubl CHMBOJAa B MHKpPOcxeMe HeOGXOAMMO HMeTb 12 ajapecHHX BXOAOB,
H3 KOTODBIX BOCEMb HYXKHBI AJIsi CHTHAJIOB BHIGODKH CHMBOJIA, a YeThipe — AJs CHI-
HanoB BHGOPKH CTPOKH, T. e. AAf pa3BepTKH cuMBosa. [IpH 3TOM moJyyaercs
3HauHTeNbHas H36bTOuHOCTh [13Y, nockoabky 28>160 u 24>11. Ilns yMeHblueHHs
9TOR H3OBITOYHOCTH B MHKpPOCXeMe NpeaycMOTPeHH TOJbKO 11 ajpecHBX BXOZOB.
Hns o6Gpa3oBaHHsi NBEHAAUATOrO aApPECHOro CHrHaJa MNPHMEHSIOT AOMOJHHTEeJNbHOE
I13Y, nanpumep, Ha muxpocxeme IIII3Y K556PT4. rto II3Y BHnosHser ¢yHKUHH
koaonpeo6pa3onartesia. Takoi BapHaHT Hcnosb3oBaHHs MukpocxeMbl KS555PE4 pac-
cmorpeH B § 4.11.

Mukpocxema KS505PE3 nMeer 3HaunTenbHylo o6aacTb npHMeHenHs 6saroaaps
MHOr'OYHC/IEHHBIM H Da3HOOGDa3HBIM MOAM(pHKALHAM €O CTaHAapTHOA HHpopMauHed.
PaccmoTpuM HekOTOpHE H3 HHX.

JlBe coBMecTHO npHmeHseMble MHkpocxem KOS05PE3-002 u K505PE3-003 co-
AepXaT KoAwm OyKB pyCccKOro H JarHHckoro ajcgasHToB, uudp H apHbMeTHYECKHX
3HaKOB M 00pa3yloT 3HaKorenepatop 96 cumBosoB ¢opMarta 7X9 c ropHaoHTanbLHOR
(mo crpokaMm) passepTKoft cuMBosoB, Moandukauuu KS05PE3-0059 u K505P E3-0060
HMEIOT TO e Ha3HaueHHe, HO reHepHPYIOT cHMBOJH (opmaTta 5X7. Psanx MHKpo-
cxeM-MonHdHKauufi coxepKHUT Koan 3HayeHHR (yHKuuH cuHyca oT 0 mo 90° ¢ mme-
kperHocTeio 107 (K505PE3-0061, K505PE3-0052), or 0 mo 45° (KS505PE3-0068,
K505PE3-0069) u or 45 mo 90° (K505PE3-0070, KS505PE3-0071) ¢ puckperHo-
cteio 5’. Mnkpocxemn K505PE3-0040—K505PE3-0049 comepkat koaw ko3ddu-
LIHeHTOB I/ Guicrporo npeoGpasosauus Pypnre, a Mukpocxempl KS505PE3-0080,
K505PE3-0081 — xonbt 3nauenuft pyukuun Y=X? qas X=1 .. 128.

Cepuss KP568 Bkuouaer nsaTh THnos MukpocxeM MII3Y emkoctnio 16K ... 128K
OHT, OPHEHTHDPOBAHHLIX Ha COBMECTHYI0 PaboOTy C MHKpPOCXeMaMH MHKDOMpOLEeCccop-
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Horo kommiekta K580. Ha ocHoBe 6a3oBhx Mukpocxem cepun KP568 usrorasmu-
BalOT MHKPOCXEMHl C 3aMHCaHHOA cTaHAapTHON HHopMauHed:

KP568PE1-0001, KP568PE1-0002 — MexayHapoausii Tenerpaduufi kox Ne 2
COOTBETCTBEHHO C BePTHKAJbHLIM (110 €TO6LAaM) H FOPH3OHTAJBHHIM (MO CTPOKaM)
pasJioxXeHHEM CHMBOJIOB;

KP568PE1-0003 — koan 128 cumBosios, u3 Kotophix 96 coorsercrsyior KOH-7,
a 32 ABJAIOTCS MaTeMaTHYECKHMH H CrellHaJlbHbIMH 3HaKaMH;

KP568PE1-01111 — koam cumBoJioB, cooreercrByiomux KOU-8;

KP568PE1-0301 — KP568PE1-0308 — nporpaMMHoe  o6ecnedeHne  MHKpoDBM.
«dnektponuka Kl1-10» B cocraBe peaakropa Tekcros, AccemGJepa, onepauuoHHOR
cueremsl MOC-2;

KP568PE1-0309 — koabt 1024 16-pa3psinHbix 3HaueHHH (GyHKUHH «cHHyC X»;

KP568PE1-0310 — nporpaMMu ABeHagUaTH TeCTOB [Js KOHTPOJS IpPaBHJbHO-
cTH ¢yHKUHOHHpoBaHHa npoueccopa K580BMS80 u asyx TectoB ans Konrtposs O3Y
emkoctbio 1K Gaiir;

KP568PE2-0001 — koAnl CHMBOJIOB MeXIYHapOAHHX TenerpadHeix komoB Ne 2
(angaBHTL pyccKHH, JaTHHCKHA, apaGckuil, rpedeckuft, kopefickufl, snoHckuA) 1 Ne 5
(andaBHTH PYcCKHMA, JATHHCKHA H SMOHCKHHA);

KP568PE3-0002 — nporpamMHoe oGecnedenHe MHKpoDBM «3nexktponnka K1-10»
B COCTaBe pejakTopa TeKcroB, AccemG6nepa-1I, omepauxoHHo#i cucTembl. J[laH-
Has MHKpPOCXeMa BHINOJHseT ¢GYHKUHH BocbMH MukpocxeM KP568PE1-0301 —
KP568PE1-0308 u oTiMuaerca TOMLKO TeM, 4To nporpamMma AccemGiep 3aMeHeHa
nporpamMmoft Accem6aep-II.

Ilpu skcniyataunn Mukpocxem KP568PEl Heo6xozHmo HMeTh B BHAY, 9TO
OCHOBaHHe KOPIyca MHKPOCXeM HMeer OTPHUATeJbHLIA NOTEeHUHaJ, NO3TOMY NpH
HCMOJIb30BaHHH TEMJVIOOTBOAA HeJb3s MONKJIOYaTh ero K ofmeRl wHHe, HMelouief
HyneBoft noTeHunan. IIpu MOHTaXe MHKpOCXeMH Ha NJary Heo6XOAHMO NOAKJIO-
9HTb MeXAY BbIBOAOM 22 (HanpsKelHe cMeLeHHs KDHCTaNJa-NOMJOXKH) H BLIBO-
AoM 7 (HanpsiXeHHe NMHTaHHs) KOHAeHcaTop eMkoctbio 10 000 md.

Mukpocxema KP1610PE1 emkocTbio 2K X8 6uT co cTaHRapTHHIMH NpOrpaMMaMH
BHNyckaeTcs B caenyioltnx Moaudukauusx: KP1610PE1-0100 — KP1610PE1-0107,
conepxaimux nporpaMmHoe oGecnenedHe DBM «Hckpas. JlaHHash MHKpocxeMa B pe-
JKHMe CYMTHLIBAHHS B3aHMo3aMeHseMa B amnmapaType ¢ Mukpocxemamu PII3Y
K573P®2 n K573P®5.

Mukpocxema KAI603PEl emxoctbio 2KX8 Gur B cBOell cTPyKType HMeer pe-
FHCTP aapecHoro kopa. [103TOMy B pexHMe CUMTHIBaHHS KOJ ajpeca yaepxkHBaeTcs
Ha BXONAX MHKDOCXeMbl Ha BpeMsl, HeoOGXOAHWMOe .1Jis ero HaJeXHoN 3amHCH B pe-
FHCTP, OCYyIeCTB/AseMON OTPHUATeNbHHIM Tepemanom curkada CS. Jlasee anpecHult
KO MOXeT ObiTh H3MeHeH, MOCKOJIbKY nocjenymioumas pa6ora ¢yHKUHOHAJBHBIX y3J0B
MHKPOCXEMH NPOHCXONHT NMPH aJApecHHX CHrHAaNaX, XpaHMMbIX perucrpoM. dro mno-
3BOJISIET HCKJIOYUTb BblAady JIOXKHOA HHGOPMAIHH NpH HeNmpaBHJLHOR CMeHe HINW
c60e ajpecHbIX KONOBLIX KOMOHHaUHA.

Ilpu BKJIIOUEHHWH MHKDOCXEMBl CJeAyeT BHadaJse MOAaTh HaNpsiXKeHHe NUTaHHS,
3aTeM — BXOJHHe CHTHAJH, a NPH BHKJIOUEHHH BHadaje HeOGXOLHMO CHATb BXOA-
HHe CHTHa/bl, 3aTeM — HanpsiKeHHe nHTaHus. [loaToMy pexkoMeHAyercss npH pas-
paboTke CXeM COEIHHEHHRA HCKJIOYHTb BO3MOXHOCTb OGpPHIBA B LeNsX BXOAOB MHKPO-
cxeMH. JIns STOro Ko BXOAaM MOAKJIOYAIOT PE3HCTOPH compoTHBJeHHem 0,1..1,0
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MOM TtaK, 4TOOH OOecneuyHTb HaJHiHe YPOBHEN JIOrHYeCKHX COCTOSIHHA Ha Bxomax
.8 ciayvyae ofpniBa UenH. PekoMeHayercss TakiKe A/ HCKJIOYEHHS NPEBHILUEHHS B
‘MOMEHT MNePeKJIoYeHHs MHKpOCXeMhl HamnpsXeHHs Ha ee BXoJgax HajJ HanpsiKeHuem
NHTaHHA NOAKJMIOYATL KOHAeHcaTop eMkocTblo 0,033 Mk®d Mexay BuBsogaMu 24 (Ha-
npsixKeHHe NMHTaHHA) H 12 (o6was Touka — KOpmyc).

MHorde MHKpPOCXeMbl HMEIOT HEeCKOJIbKO BXOZOB YNPABJCHHS, B YaCTHOCTH, BXO-
noB CS cHrHajaos BHGOpa, MPAMBIX M HHBEPCHHIX. B TakMX MHKpocxeMax yc/oBHEM
AOCTYNa K HAaKOMHTENIO sIBASETCA HaJHYHe Ha BXOLAaX CHrHa/JoB BbIGOpa ¢ aKTHB-
HbIMH cocTOosiHHsiMH. Ecau 3To ycsoBHe He OyieT BHINMOJHEHO XOTa Obl AJS OXHOTO
CHrHagaa BbiGopa, TO AOCTYN K MHKpPOCXeMe [/ CYHTHBaHHA GyAeT 3aKpHT.

OcHOBHEIM AHHAMHYeCKMM napameTpoM MHKpocxem MII3Y sBsseTcss BpeMs Bbl-
Gopku aapeca. ITpu Heo6XOAHMOCTH CTPOGHPOBAHHA BHIXOAHBIX CHTHAJOB Ha ynpas-
JasomHre Bxoasl CS cHrHajsn sbi6opa nofgaloT Tak, YTOOB OAHH H3 HHX HMea ¢opMmy
HMNyJbCA, a OCTaJbHble — YPOBHSI HanpsikeHHs. B 3Tom cilyyae B pacyeT BpeMeHH
CYHTBHIBAHMA HAJ0 NPHHHMaTbh BPEMsi ycTaHOBJeHHs cHrHajsa CS OTHOCHTEbHO CHr-
Ha/lop azpeca H BpeMs BbGopa: 1p(a) == tsua—cs)+ tcs. Y HEKOTOPHIX MHKpO-
CXeM [MpeayCMOTPEH AOMOJHHTENbHBIA BXOA A/ CHUrHaja ynpaBJeHHs COCTOSHHEM
sBuixoga OE. Hasuuue 3TOro CcHrHaja nNo3BOJISeT PeaJiH30BaThb DEKHM 3anpelieHHs
BHIBOAA CUHTHIBA€MONl HH(GOpPMalUHH NPH NPHCYTCTBHH Ha BXO4aX MHKDOCXEMH BCeX
HeoOGXO/HMbIX CHTHaJIOB, ecau curHan OE He MMeeT aKTHBHOTO COCTOSIHHS.

Buixoanwe curHajiu MHkpocxeM MII3Y wumetor TTJI-ypoBHH. Bhixoabt 6oJb-
UIHHCTBA MHKPOCXEM MOTyT NPHHHMAaTh TPH cocTosiHHA. Jlasi cHHXKeHHs nortpebiase-
MOl MOLIHOCTH WIHPOKO NDHMEHAIOT CMOcOo6 HMMYJLCHOTO NHTaHHS, MNPH KOTOPOM
Ha MUKDOCXeMy TMOJaeTCsl HanmpsiXKeHHe NUTAaHMs TONbKO Ha BPeMsi CYHTHIBAHHS HH-
¢opmanuy. BapHaHT peaJsiH3alHH HMIYJbLCHONO NMHTaHHsA paccmorped B § 3.5.

YetofiunBasi TeHAeHUHst K (YHKUHOHAJbHOMY YCJOXKHEHHIO MHKDOCXEM NaMATH
nposiBasercs H B MuKpocxemax II3Y: B MX CTPYKTypy BcTpauBalT HHTepdeficHHe
y3J1bl, NO3BOJSAIOUHe OGBEJHHATb HECKOJbKO MHKPOCXEM B MOAYJb CNOCOGOM HeMo-
‘CPEACTBEHHOTO MOAKJIOYEHHS K JHHHAM MarucTpasu 6e3 AONOJHHUTEJLHBIX yCTpORCTH
conpsiKeHHst H ynpaBJeHus. Psp MHKpocxeM cHaGeH BCTPOEHHBIMH YCTPOACTBaMH
CaMOKOHTPOJIA H HCMpaBJeHHS OUIHGOK.

Mukpocxemsl co BerpoedHbiM uHTepdeficom KIB0IPEIL, KI80IPE2 (pnc. 3.2, a),
K1809PE! (puc. 3.2,6), KP588PE! (puc. 3.2,8) oTaxuawTcs OT APYFHX HaJHYHEM
B CTPYKType aJApecHoro yCTPOACTBa C 3anHCaHHBIM COGCTBEHHBLIM agpecoM Ay,
ceJeKTopa anpeca, PCTHCTPOB ajgpeca H AaHHBIX, ycTpoficTBa (OPMHPOBAHHS CHr-
Hasla oTBera B mpouecce B3aWMOAEACTBHS C MAarHCTpasbl0. YKasaHHbIe MHKPOCXEMH
NOCTPOEHH! Ha Tex JKe MpuHHuHMnax, 9ro ¥ Mukpocxemu O3Y KP537PY11, K1809PV1,
-1 ODHEHTHPOBAaHH Ha MarHCTpa/bHLIH mnapaeisHui  uHHTepdeiic no T[OCT
26765.51—86. BuBoan DOy, ADOj ... ADOs sBAAIOTCS BHIXOAAMH IJS CYHTHIBaeMbBIX
nanubix Do..Djys (BeBog DO, sBasieTcs BHIXOAOM MJajlIero paspsina AaHHLIX)
H BXOJAMH AJisi CHTHAJIOB afpecHoro koga Aj..A;;. DTHMH BHIBOJAMH MHKDPOCXEMb
MoAKJIoYaloTest K obwef wHHe «Anpec — JlaHHble» MarucTpasH, mo KOTOPOA ajppec
H JaHHbe TNepefaloTcs C BPEeMEHHHIM pa3fieJeHHeM: BHauaJe K MHKpOCXeMe MOABO-
AATCS ajpecHbie CHrHaJb, 3aTeM M0 3THM XKe JHHHSM NepefaloTcs CHCHAJB JaHHBIX.

Agnpechoe ycrpofictBO M ceneKTOp ajpeca NPH KaXKIOM anpecHOM o6pauieHHH
K MHKpOCXeMe NPHHHMAlOT H HIAEHTHOHUMPYIOT TPH CTapIlHX paspsaga agpecHoro
wona, H NpH coBNageHHH kKoAa Ajs..Ajs C KOZOM COBCTBEHHOro ajgpeca MHKpO-
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Puc. 3.2. MukpocxeMu Macournx 13V

cxeMn A,c, KOTODHA 3aHeceH B aapecHoe yCTPOACTBO, MHKpOCXeMa BblpabaThiBaer
CHMrHaJ NPHHATHA ajgpeca AaHHbIX An:Ajp... Ay B aapecHnft perucTp W pocTyna K
HAKOMUTEMIO AJi BuGOPKH nanubix. [Tpuem M samoMHHaHHe ajzpeca A, perycrp mnpo-
M3BOAMT NO OTpHuaTeJbHOMYy nepemaay H/L curnana C.

BuixogHee (OpPMHPOBATEIH MHKDOCXEM MOCTPOEHHM NO CXeMe C TpeMsl COCTOs-
uuaMa y KI801PEI, KI802PE2, KI809PEl H ¢ OTKPHITHM KOJJIEKTOPOM Y
KP588PE!L. ITocsie nmpHeMa aJApecHOro KOAa BHIXOAW MePeXQAAT B Z-COCTOfHHe HIH
B coctosinue Jor. | (y KP588PE!). CuuThiBaeMoe cJOBO 3amHCHBAercss BO BHYT-
PeHHHA perucTp H NOMABJIseTCS HA BHIXOAAX NPH HAJHYHH Ppa3pellalollero CHr-
nana RD=0. OnHoBpeMeHHo Ha Buixoge AN ¢Qopmupyercsi cHrHan orera ¢ ypoOB-
HeM Jor. 0, conpoBoxpalomHfi BHXOAHHEe JAaHHHe. [locse CHATHS TAKTOBOroO

curhana C BBIXOLHOM DErHCTD MHKPOCXEMH BO3BPAlLAeTCs B MCXOAHOE COCTOSIHHE.

B peXHM XpaHeHHs MHKDOCXeMa nepexoiuT npH yciosun C=1 man CS=1.
HOns muxpocxemnt KI1809PEI, y Koropoil oTcyTCTByeT BXOA CHrHaJja CS, Bumos-
HA€TCS TOJIBKO YCJIOBHE C=1.

Ycl0BHA peasnHsalMH PexHMOB pPaGOTH MHKDPOCXeM NpHBeAeHH B Tabn. 3.4
n 3.5.

PaccMOTpeHHBle MHKPOCXeMbl OTHOCATCS K TpyMe TaKTHPYeMbIX, NO3TOMYy He-
06X01HMO B LHKJe OOpallieHHs NpPeAyCMOTPeTb BpeMsi BOCCTaHOBJEHHS
Bpems uukna onpenensiercs BHpaXeHHEM toy = twc) + trec(c)-

Hannuue BcrpoeHHoro HHTepdefica n03BOJMSET HEMOCPEACTBEHHBIM MOAKJIOUE-
HHeM MHKDPOCXeM K JHHHAM Marictpasu obpasoBniBatb MoaysH I13Y emkocTbio
no 32X 16 6ur. B pexHMe CUHTHIBAHHS MHKPOCXEMbl MO H3a3HAYEHHIO BLIBOJOB H
CUrHanaM ynpasJieHuss cOBMecTHMH ¢ MuKpocxemoRt PII3Y K573P®3, noatomy ux
MOXHO NPHMEHATb BMecTe AJIs nocrpoemm 3V, a rakxkKe NpH OTJIAfKe MPOrpaMM-
Horo oGecneueHus.

8172

trec(c).
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Ta6aunma 3.4. Tabanua KCTRHHOCTH MHKpocxemn K1809PE1

Paspaam ADO
c RD AN 5O, g2 T " Pexum paGoTu
1 1 2 YA 2 z Xpanenue
1/0 1 { X A . BBox aapeca
0 0 0 Do D| e Dn D|3 e Dls C‘lHTHBaHHe

Mpumesanne. A, —anpec nauamx, A . — anpec HOMepa MHKPOCXeMH.

Tab6auua 3.5 Tabanna ucthHHocTh mMuxpocxeM K1801PE1, K1801PE2, KP588PE1

Pa3paant ADO
o) cs RD AN r:’—CTo 1—12 13—15 Pexum paboTnl
X 1 X 1 Z(1) Z(1) Z(1) XpaHneHue
1 X X 1 Z(1) Z(1) Z(1) «
1/0 0 1 1 X _Ax | Awe BBsoa aapeca
0 0 0 0 o D;...Di2| Dia...Dis| CuurniBanue

MpaxMedsanne B cxo6xax yKxasaHo cOCTOfiHHE BHIXORAOB MAKpocxeMms KPS588PEI.

Mukpocxema K563PE2 emkoctbio 32KX8 O6HT HMeer BcTpoeHHHle ycTpofcTBa

CaMOKOHTPO/NA H HCMPaBJNeHHS OAHHOYHBIX OWHGOK C MOMOWbIO Koaa X3MMHHra.
+ Kourposb TI3Y npoussoautcs B KaXAOM IHKJe pabodero pexuma. 3TH ycTpoOd-

crBa npH ycaoBHH Kp=1 obecneyHBaloT oOHapy:xeHHe H HCNpaBjeHHe ONAHHOYHBIX
omnGOK B CYHTHIBAEMOM KOAEe C YCTaHOBJIEHHEM CHrHaJjia — MpH3Haka ¢ ypoBHem |
Ha Buxone K, (puc. 3.2,2). Koppektop OWHGOK MOXHO BHIKJIIOYHTb CHTHa-
goM K;=0. B sToM pexnme naHHHe GyAyT CYHTHIBATLCH 6€3 HCMPaBJEHHS OUIH-
6ok.

B cTpyKType MHKpOCXeMH HMeeTCA MAOMOJHHTeNTbHAss MaTpHua A/ 3aHECeHHs
B Hee TECTOBHIX KOAOB, NpeiHa3HAYEHHHLIX, HAnMpHMep, AJs1 NPOBepKH paborocno-
co6GHOCTH YycTpoficTBa OGHAapyXKeHHS W WCNpaBJeHHs owHOOK. EMxocTh aomnoJH-
TesbHOR MaTpHUW paBHa 32X8 O6HT. AxpecHoe ofpalueHHe K siuefikaM MaTpHIH
NPOH3BOAAT NPH ycaoBHH Ksy=1 gacTbio pa3psaoB Ao .. A4 aapecHoro koaa.

BeTpoeHHne B MHKpPOCXeMy BCMOMoOrareJibHbhe ycTpOACTBa HCMOJb3YIOT AJsS MNO-
BHINIEHHS BHIXOAA TOAHHIX MHKpOCXeM, AJs or6opa Ge3nedeKTHHIX MHKpOCXeM MpPH
OTOPAKOBOUHMX HCMLITAHHAX, [/ MNOBLIUIEHHA HANEXKHOCTH (YHKIHOHHPOBAHHA
nay.

Conocrasnss napaMerpsl MHKpocxeM, BuimosHeHHHX no nMIIT- u KMIII-rex-
HOJIOTHH, MOXHO BHAerb npenmyuectso KMIIT-mMukpocxem no GuicTponeficTBHIO H
3HepronorpebieHHIO.
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3.2. Mukpocxemb nporpammupyembix M3Y

Mukpocxembr III3Y no npuHuHMy nocTpoeHHs H (YHKUHOHHDPOBAHHS aHaJIo-
rHaHb MacoyHnM II3Y, HO WMelOT cyluecTBeHHOE OTJHYHE B TOM, 4TO AONYCKaloT
nporpaMMHpOBaHHe mnoJb3oBaTeseM. YcTpoficTtBo MHkpocxem [III3Y paccmorpeno
B § 1.2. Onepaunss nporpaMMHPOBAaHHSA 3aKJIOYaeTcs B pa3pylleHHH (nepelHraHuH)
MJIaBKHX TNepeMbliek Ha MNOBEPXHOCTH KPHCTaJsla HMMYJbCaMH TOKA aMIJIHTY-
goi 30..50 MA. TexHHYeCKHe CpPeACTBAa AJA BHIIOJHEHHS STOA Omepauu# HMeloT
JBa BapHAaHTa HCMOJHEHHS: B BHAEe aBTOHOMHOrO H MOAYJLHOrO MPOrpaMMaTOpOB.
[TepBoe ycTpoiicTBO mnpeacTaBaser co6of caMOCTOsATENbHbIA NPHGOP NPOMBIILLIEH-
HOro mnpoussoactsa. [IporpamMmarTopu MoryT GOHIThb peajiH30BaHH MO CPaBHHTEJbHO
MPOCTHIM CXeMaM CaMHMH noJb3oBaTensiMH. MoaysbHeii nporpammaTtop paGoraer
noa ympaBJjeHHeM nepcoHanbHofi DBM u npeacrasiaser coGofi cneuxasH3HpOBaHHOE
ycTpoRAcTBO, conpsikeHHoe ¢ naHHoi 3BM. Takofi nporpamMMaTop B COYeTaHHH C
3BM wu nporpaMMHHM oGecrnieyeHueM oOpasyeT CHCTEMY aBTOMAaTH3HPOBaHHOIO MpO-
rpamMupoBaHus MukpocxeM ITTI3Y [2, 44).

BuinyckaeMue npoMuIeHHOCTbIo MHKpocxemun ITII3Y (ta6n. 3.6) wuaroros-
JeHn B ocHoBHoM nmo TTJIII-rexxonorun. Cpean HHx npeo6agaioT MHKPOCXeMbl

Ta6aunua 3.6. XapakrepucTuku mukpocxem IMN3Y

Mukpocxema EM;::“’ fay Mol Pee MBTi Bb::::la c?cct’:):l::i? Kopmye
KP556PT1 [1JIM 50 850 |[TTJ—OK| 1920* 2124.28-1
KP556PT2 1M 70 850 | TTJI—3 1920* 2121.28-1
KP1556XJ18 1JIM 46 900 | TTJ1—3 2048* 2140.20-4
KP556PT4 256X 4 70 690 |TTJI—OK 0 238.16-2
KP556PT5 512X 8 50 .893 [ TTJI—OK 1 239.24-2
KP556PT6 2K X8 80 920 |TTJI—OK 0 239.24-2
KP556PT7 2K X 8 60 920 | TTN—3 0 239.24-2
KP556PTI1 256X 4 45 680 | TTJI—3 0 238.16-2
KP556PT12 1K x4 60 735 |[TTN—OK 0 2104.18-5
KP556PT13 1K X2 60 735 | TTJI—3 0 2104.18-5
KP556PT131 1K x4 35 735 | TTII—3 0 2104.18-5
KP556PT14 2K X 4 60 735 | TTJI—OK 0 2104.18-5
KP556PT15 2K X 4 60 735 | TTJI—3 0 2104.18-5
KP556PT16 8K X8 85 998 | TTJ1—3 0 239.24-2
KP556PT17 512X 8 50 998 | TTJI—3 1 239.24-2
KP556PT18 2K'x 8 60 900 | TTJ1—3 0 239.24-2
KP556PT20 1Kx8 30 920 | TTJI—3 0 239.24-2
K541PT1 256X 4 80 500 [TTJI—OK 0 402.16-21
K541PT2 2K X8 80 770 | TTJI—OK 0
KP573PT5 2K X8 450 500 | TTJ1—3 — 2120.24-3
KP573PT6 8K x8 450 600 .| TTJI—3 — 2121.28-5
KP565PT1 1Kx4 | 300 13 | TTI1—3 —_ 210A.22-3
K1608PT2 512%8 35 920 | TTI—3 0 2108.22-1
K1623PT1 2Kx8 | 200 — | TT1-3 —

K1500PT416 256X 4 20 670 | 3CJI—03 1 4112.169
K155PE3 328 70 550 | TTJI—OK 0 238.16-2

* Yucno nepeMmueX (TOYeK KOMMYTAaIHH).
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Puc. 3.3. Mukpocxemn nporpammupyemux I13Y

O

cepun KP556 (puc. 3.3). ®yHKUHOHaJbLHHA COCTAB CEPHH BKJIOYaeT MHKDPOCXEMHb
emkocTbio 1K ... 64K GHT co cioBapHOM ueThHIpex- HJIH BOCbMHPa3psALHOA oOpraHusa-
nxeft, BpemeHeM BHGOPKH 30 ... 85 HC M ypoBHeM noTpebasiemol MouiHocTH 0,5 ... 1 BT,
TunuuHble 3HaYeHHs BXOAHBIX M BLIXOJIHBIX TOKOB NPH CHrHajax ¢ ypostewm Jor, 0
pasHu 0,25 u 15 MA cooTBeTcTBeHHO. JlomycTHMoe HanpsiXXeHHe CTaTHYECKOro 3JeK-
TpudectBa He npesnmaer 30 B, uto o6ycinoBiaHBaeT HEOGXOAHMOCTb MPHHATHA Mep
3aLHTH NPH paboTe ¢ MHKPOCXeMaMH.
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He6oJabluass 4acTb MHKPOCXeM BBHIMOJHEHAa N[0 ApyrdM TtexHosorusm: HHJI
(K541), nMIOIT (K565), 3CJI (K500, K1500), KMIIT (K1623). MukpocxeMul ce-
pun K1623 oranyaloTcs caMHM HH3KHM ypoBHeM 3HepronoTpebienus, HO no GicTpo-
NefCTBHIO OHH CYUIECTBEHHO YCTymaloT MHKpocxeMmaM cepun K556,

Ins muxpocxem I3V Bcex cepufi, xpome K500, K1500, K565, xapaxrepuu
Takue CBOACTBA, KakK ejHHOe HanpsikeHWe nuTaHusa 5B u eaunnie TTJI-ypoBHH cHr-
HanoB B cocrosiuusax Jor. 0 (0,5B) u nor. 1 (2,4 B) u, crepoBaresnbHO, NMOJNHAS:
COBMECTHMOCTh MHKDOCXeM, HaJHYHe OAHOTHNHBIX BHIXOMOB: JHGO C TpeMs coOCTOf-
HuaMa (TTJI—3), au60 c oTKpuTHM KoJuekTopoM (TTJI—OK). MukpocxeMm c
suxogamn TTJI—OK rtpe6yloT NOAK/IOYEHHS K HHM BHELIHHX PE3HCTOPOB H HCTOY-
HHKa HanpsKeHHs MHTaHus A GOPMHPOBAHHS BHIXOAHOrO CHrHaJa.

B HCXOLHOM COCTOSIHHH nepej JIPOrPaMMHDOBaHHeM HAKOMHTENb COAEPIHT OA-
HOPOAHLIA MacCHB A€rKOMIaBKHX MPOBOASIIHX MepeMbueK, COSAMHSIOLIHX 3MHTTEpHl
(MCTOKH) TPaH3HCTOPOB C IUHHAMH CTOAGUOB. [lepeMubIUKH ycTaHaBAMBAlOT B BHAE
HHXPOMOBHIX H THTaH-BOJb)pPaMOBHX INJEHOK y MHKpocxem cepuu KP556, nienok
H3 NOJHKPHCTaJNIHY4ecKOro KpemHHs (cepuss K541), W3 cumHuupa niaTHHe (ce-
pus K1608) u npyrux MarepuasoB. HaiuHe NepeMbliKH COOTBETCTBYET elHHHIE,
€Cc/AH BHIXOAH MHKDOCXeMH INpAMHE, HJH HYJMO, eciH BLIXOAH HHBepcHbe. Ciego-
BaTeNbHO, MHKDPOCXeMa B HCXOAHOM COCTOSIHHH, KaK ee BHINYCKaeT 3aBOJ-H3roTo-
BUTEJb, MOXET HMETb 3anoJHeHHe MaTpHUu JHOGo |, au6o 0. B rta6a. 3.6 undop-
MalMs O HavaJlbHOM 3aNMOJHEHHH HAKOMHTeNs MHKDPOCXeMH MOMellleHa B KOJVIOHKY
«Hcxonunoe cocrosnues.

B npouecce nporpaMMHPOBaHHA MNepeXHranHe MepeMuUeK MPOU3BOAAT B Tex
TOYKaX HAKOMHTeNs, B KOTOPDHIX HEOGXOLHMO H3MEHHTh JOrHYecKoe COCTOsIHHe, Ha-
MpHMep, MPOrpaMMHPOBaHHE MHKPOCXEMB C 3arfOJHEHHeM HYyJsMH COCTOHT B mnepe-
XHraHUH nepeMbYeK B TOYKaX, KyAa CJeLyer 3aNHcaTh eNHHHLY.

B npouecce nporpaMMHpOBaHHs He BCE MHKDOCXeMH MOrYT OhlTh NPHBEAEHH
B pafouee COCTOSIHHE, TaK KaK B TaCTH W3 HHX He yaaeTcs Mepexeyb NEPeMbUKH.
Jnst konMuecTBeHHOA OLEHKH UYHCJa TAKHX MHKpOCXeM BBeleH crenHanbHHI ToKa-
3aTesb — KO3()(HUHEHT NPOrPaMMHPYEMOCTH, ONpejessieMHft OTHOLICHHeM 4YHCNA
NPaBHJILHO 3aNPOrpaMMHDPOBAHHHIX MHKPOCXeM K OOILIEMY THCIY MHKDPOCXEM, MOZ-
BEprUIMXCS NPOrPAMMHPOBAHHIO. 3HAUEHHS 3TOro Ko3b(GHUHEHTA AJA MHKPOCXEM
cepun KP556 usexar B npemenax 0,5..0,75 npu o6beme naptum jgo 100 wr,
0,65 ...0,85 npn ob6beme mapTHu zo 1000 wr., 0,7 ..0,95 npu o6beMe napruu Gouee
1000 mt. I[lpeanpuATHE-H3TOTOBHTENp MOMKET - MOCTaBJAATL Mukpocxemm [ITI3Y,
HMeIOIliHe HayaJbHYI0 HHQOPMALHIO B HEKOTOPOM dHcJe Siueex HaKOmHTeNs. DTH
f9efiKH YKa3hLBalOTCH B CONDOBOAHTEJNbHOM ROKyMeHTe. IIpn 3amucu (nmporpammu-
poBanun) HHdopmaunn B II[I3Y HeoGxomHMO yUHTHIBATL HaJHYHE sAYEeK C H3Me-
HeHHHM COCTOAHHeM M BHOHPaTh TAKYI0 MpPOTPaMMy, B KOTODOR 3anucHBaemas B
9TH sveAKH HHbDOpPMauUHs COBNajaer ¢ HayaJbHOA.

Yupasneune Mmukpocxemamu [ITI3Y ocymecTBasioT cHrHanaMu BL6Opa, KOTO-
puX MOXeT OHTb HECKOJIbKO, CUHTHBANMS H paspelleHus Buxoga. [as poctyna
K HaKOTHTENIO HeOGXOAHMO Ha BXxoah BeI6Opa NOAAThb CHrHaJs (CHTHAJBl, eCJH TAKHX
BXO[OB HECKOJbKO) C aKTHBHWM cocrosuHeM. Hampumep, ans mocryna kK MHKpo-
cxemam KP556PT5 u KP556PT17 (cM. puc. 3.3, 8) curHazn BHGOpa NONMHH HMETh

caenymne coctosnns: CSym1, CSy=1, CSy=0, CSi=0. Hapymenne storo ycio-
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BHA XOTS Obl AJIi OAHOTO BXOAA HCKJIOY3aeT AOCTYN K HAKOMHUTE/IO AJIS CYHTHIBAHHA
uudopmauun. B 3atoM ciyuae mukpocxema GyAeT HaXOAHTbCA B COCTOSIHHH XpaHe-
HHSl, B KOTODOM BLIXOAH NPHHHMAWT Z-COCTOSHHE HJIH YCTaHaBJHBAlOTCH B COCTOS-
HHe Jior. | (A3 BHIXOAOB C OTKPHITHIM KOJJIEKTOPOM).

OO6LiyHO BXOAB A/ CHrHaJOB Bbi6Opa HCMOJBL3YIOT B KAauyecTBE AOMOJHHUTENb-
HHIX aAPecHHX BXOAOB NPH yNpaBJEHHH HMH B cocTaBe Moayns I13Y.

CunTbiBaHHe HHGDOPMAUHH MOXKET OCYWECTBJATbCA B AaCHHXPOHHOM HJH TakK-
THpyeMOM peXume. Te MHKDOCXeMbl, KOTOphle COAEpIKaT B CBOeA CTPyKType TaKTH-
pyembie ¢GyHKUHOHaJbHHE y3Ju, Hanpumep KPS556PT20 (puc. 3.3,3) KI608PT2,
TpeGylOT NOAAYH B KaXAOM UHKJIe TakToBoro cHrHana C. Takue MHKpocxeMBl Mo-
ryT paboraTh, OYEBHAHO, TObKO B TaKTHpyeMoM pexume aoctyna. Opnako 60Jb-
IIHHCTBO MHKPOCXeM JOMYCKAlOT npHMeHeHHe OGOHX pexHMoB. [IpH CUHTHIBaHHH
aapecom OnicTpoaeficTBHe MHKDOCXEMH! OLEHHBaeTcss BpeMeHeM BBIGOPKH ajapeca,
3HaveHHe Kotoporo ass MukpocxeM [I[13Y npuseseno B Ta6s. 3.6. Ilpu cunthiBa-
HHH CHrHajJoM BbI6Opa GHICTPOJEHCTBHE OLEHHBAIOT BpeMeHEM LHK/Ja, DaBHHM
CyMMe AJHTeJbHOCTH HMMNYJbCa CHrHasla BHGOpPa M WHTEpBaJja BPEMEHH MeXAy CO-
CelHHMH CHrHajmaMn BHIGOD2: tcy = twecs) + trRec(cs). BPeMs BHGOPKH B 3TOM
peXHMe CUHTHBAHHS OMpEle/seTcsi BHIPAaXeHHeM fa(s)= tsyia-cs) + tcs. Ove
BHIHO, NaHHOe 3HaueHHe BpeMeHH BHIGOPKH aapeca Gyaper OoJibllie, YeM NPH CYH-
THIBAHHH B 8CHHXDOHHOM pEeXKHMe.

Pasuosuanocteio IIII3Y sBAAOTCA nporpaMMHpyeMble JIOTHYECKHE MAaTDHLbI
(T1JIM). Muxpocxemn I1JIM KPS556PTI u KP556PT2 HMelor HAeHTHYHbie Xapak-
TePHCTHKH H KOHCTDYKTHBHble NMapaMeTpHl, HO OT/IHYAIOTCA THNOM BHIXOAA: Y MHKpO-
cxemnt PTl Buxon ¢ OK, a y PT2—c tpema cocrosHusmn. OGe MHKpPOCXeMbl
npefHa3HaYeHH JAJ8 peasHsalliH KOMGHHALHOHHBIX YCTPOACTB, BBINMOJHSIOIHX JIO-
THYECKHe OflePallHH HAJ BXOAHBIMH NEPEMEHHLIMH H HX HHBEpPCHAMH npu cobuarope-
HHH TIPHCYLIMX MHKPOCXeMaM OrpaHHYeHHA Ha YHCJO NMepeMeHHbIX, YHCIO KOHDBIOHK:
uuf u AusbloHkudft. Jlanwwe muxpocxemn ITJIM paccuutann na oGpasopanue
BocbMH OyHKuUMA OT 16 BXOHHX nepeMeHHHX Ag..Ays, WHBEPCHH OT KOTOPBIX
GopMHpYIOTCST BHYTPH MHKpOCcXeMH. YcrpofictBo MmuKpocxem IIJIM paccMorpeno
B § 1.2

QyHKIHOHANbHEIE BOSMOXHOCTH MuKpocxeM [IJIM MOXKHO OLEHHTb CJBAYIO-
_ I(HMH JaHHBIMH: KaXK1ass U3 BOCBMH BHIXOAHHIX (YHKUMA npeacrasisier coGof JOrH-
9ecKyl0 CyMMy MNPOH3BeIEHHA dHCJIO KOTOPHX Moxer OhiTh A0 48, B Kaxnoe mpo-
H3BeleHHe (KOHDBIOHKIUHIO) MOXKeT BXOAHTb A0 16 mnepemeHHHX H HX HHBEpCHA.
Takum 06pasoM, HeTPyAHO MOACYHTATb OOlIee YHCJIO TOYEK KOMMYTALMH, KOTOpHIe
cogepxar matpHunl M u HJIH: ‘ato uucno pasHo 1920, us wux 1536 B marpuue U
u 384 B marpuue HUJIH. '

Mukpocxemsr T1JIM xapakrepH3yloTCs CJAEAYIOMIHMH CTaTHYECKHMH mapaMer-
paMH: HanpsikeHWe nuraHHs 5 B45%, ypoBHH BXOAHHIX H BHIXOAHHX CHTHalOB
He Gosee 0,5B ans cocrosHus Jor. 0 W He MeHee 2,4 B ana cocrossus Jor. 1,
BXOAROA H BLIXOAHOA TOKH HH3KOTrO ypoBHsi coorBerctBeHHo 0,25 u 9,6 MA, npe-
AesbHas eMKocTb Harpy3kH 100 nd, ponycTHMoe 3HadeHHe HamnpsXEHHs CTaTHue-
CKOro 3JieKTpHuecTBa He Gosiee 30 B.

ITporpammupoBanne Mukpocxem I1JIM 3akniouaercss B nepeXXHraHHH nepeMH-
yeKk B TeX CBA3sX, KOTOphle HEOGXOAMMO HMCKMOYHTb., JIJsi BHINOJHEHHS 3TOA one-
PauUHH CAyXKaT BCTPOEHHble B MHKDPOCXeMy Y3JH NPOrpaMMHpylollled 4acTH, ynpas-
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AseMule curHasoM PR. B pexxumax XpaHeHHUS H CYHMTHIBAHHMS CHrHa/l Ha 3TOM BXoje
aoJkeH umerb coctosnde nor. 0. IlporpaMmupoBaHHe OCYLIECTBASIOT B TPH 9rana:
BHaiase nporpaMMupylor MmatpHuy M, satrem marpuuy WJIM u BHXOAHHE yCHJH-
TeqH., MeToaHKa nporpaMMHPOBaHHs H3JoXeHa B § 3.4.

Ilns ynpasiemust ZOCTYNOM K MHKDOCXeMe HCINOJIb3yeTcs CHrHas Bmbopa CS,
HaJIH4YHe KOTOPOro MO3BOJISET HAPAaIHBAaTh YHCJIO BXOAHHX MEPEMEHHHX H BHXOA-
HuiX GYyHKUHA oGbenHHeHHeM HECKOJbKHX MHKDOCXEM.

Muxpocxemn I1JIM nenecoo6pasio HCnosb3oBaTh AJs PeaH3ALHH JOrHYECKHX
¢yHKUHH, npeo6GpasosaTeneidi KoaoB, (opMHpOBaTesefi YMPaBJAFIOWIHX CHTHAJOB
# 1. f. Ocobeyno adexruBHn Mukpocxemun [1JIM B Tex caywasix, koraa Heo6xo-
AMMO fI0/1y4YHTbh HeGoJiblioe KOMHYecTBO (GYHKUHA OT MHOrHX nepemeHHuX [37]).

Cepus  KP1556 cocrour wu3 TTJII-mukpocxem I1JIM koMGHHauHoHHOro
{KP1556XJ18), nocneposarensHoro (KP1556XI[18) # «oMGuHauUOHHO-nOCIEAO-
BateqbHocTHoro THmos (KP1556XI14, KP1556XI16). OcoGeHHOCTH MHKPOCXeM CepHH
COCTOAT B TOM, 4TO, BO-nepBHX, B oTanyHe or KPS556PTI u PT2 mukpocxemn ce-
puu KP1556 HMeloT TO/MBKO OAHY CTyneHb nporpaMMHpoBaHHs — matpuuy H, a ma-
tpuna HWJIM peanusoBaHa B BHAe HaGopa Jsoruueckux 3jementoB MJIM ¢ nocrosn-
HoOft cxemofi coeniHHEeHHA,; BO-BTOpHLIX, YacThb BHIXOAOB o06JajaeT CBOACTBOM JABYyHa-
NPaB/eHHOCTH W HMEIOT COefHHeHHe N0 uemsM o6paTHOM CBA3H CO BXORAMH
maTpuun M, uto nossosisieT moJy4aTh KOHDBIOHKUHH He TOJBKO OT BXOAMHIX, HO H
OT BHIXOAHKX NepeMeHHHX; B-TPeTbHX, YKa3aHHhIe MHKPOCXeMH, HcKJIodas
KP1556XJI8, B cBOoeft CcTpyKType HMelOT BCTPOEHHHle B BHIXOAHMe uend D-tpur-
repnl, YTO NO3BOJNFET HAa OCHOBE 3THX MHKPOCXeM CHHTE3HPOBaTh NOGMNe0BaTesb-
HocTHhle QYHKUHOHaJbHHE UH(POBLIE Y3IH.

Mukpocxema KP1556XJI8 (pHc. 3.4,a) umeer crpykrypy I1JIM kuMGHHauUHOH-
HOrO THMa, cocTosAmylo W3 Marpuuw M (64 crpoku, 32 croabua), matpHun HJIHU
(8 noruveckux snementos MJIM ¢ cembio nxonaMH KaxAbfl) H BOCBMH BbIXOMHBIX
ycnauteneft ¢ tpems cocrosxusimMy. lllects BuxogoB B;.. By no uensm o6partHoft
CBA3H COelHHeHW ¢ MaTpHuef M Tax, 4TO CHrHaJBl ¢ 3THX BHXOAOB NMOCTYNalOT HAa
BXOAbl MAaTPHILH.
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Puc. 3.4. Mukpocxema I1JIM KP1556XJ18:
@ — ycaosroe rpadpuuecxos oGosHauenne; 6 — CTPYKTYDHAS CXeMa
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Puc. 3.5. Mukpocxema ITJIM KP1556XTI14:

a — ycaoBHoe rpadpudecKoe oBo3HaueHHe; 6 — CTPYKTYpHas cxeMa

Mukpocxema pea/iH3yeT BOCeMb BbIXOAHHX ¢yHkuu# B;..Bg or 16 nepemeH-
HBIX, B YHCJIO KOTOPHX BXOAAT AECATb BXOAHHIX NepeMeHHHX Ap..Ag H IecTb
BHXOAHHX B, .. B;. Kaxnaa BuXxoaHas yHKUHS MoxKeT BK/IOYATh A0 56 KOHDBIOHK-
unft. Konbvlonkuun ¢opmupyer marpuna K. dra mgrpuua copepxut 64X32 maas-
KHX THTaH-BOJIb(PAMOBHIX IJIEHOYHBIX MepeMbiyeKk (TOUeK KOMMYTalHH), mepexurae-
MHIX [pH NpOrpaMMHPOBAHHH B TeX TOYKax, Kyaa Heo6xoaHMo 3aHectH Jor. 0.
Hasnune nepeMbiykH cooTBercTByer Jor. 1.

MukpocxeMa MoxKeT pabOTaThb B peXHMax XPaHEHHs, CYHTHIBAHHS, NPOrpaMMH-
poBaHHA H KOHTpossi MaTpHum M. Pexnm xpaHeHwus oCyluecTBJAAIOT noaadefl Ha
ajpecHble BXOIH ONpeleJeHHOro KOAa, NMoj KOTOPHA B MaTpuue M 3anporpammu-
poBaHH cOeaHHeHHs, obecneyHBalolide ¢(OPMHpOBalie HAa BLIXOAAX MaTPHUH
M;, Mg, My7, ..., Mg; (pHc. 3.4,6) BHYTpeHHHX CHTHaJoB ¢ cocTosHuem Jor. 0. DTHMH
CHriia/laMH BBIXOAH MHKDOCXeMbl [epeBOAATCS B Z-COCTOSIHHE. B pexHMe CUHTHIBA-
HHS YKa3aHHBIC CHFHAJB Ha BHXOAaX MaTpHusl M AOJXKHH HMeTb cocTOosiHHS Jor. l.
CyuThiBaeMble NepeMeHHbie HMET HHBEPCHYI0 (ODMYy NpeACTaBJeHHS.

Mukpocxema KP1556XI14 (puc. 3.5) peanusyer Bocemb ¢yHKuH#A ot 16 mepe-
MEHHHX M HX HHBEPCHA, cpeaH KOTOPHX BOCeMb BXOAHBIX MepeMeHHbX Ag... A7
H BoceMb BbixoAHbiX By ..Bs, T;..T, OcoGeHHOCTb CTPYKTYPHOrO NOCTPOEGHHS MHK-
POCXeMH COCTOHT B Ha/JHYHH [ABYX THNOB BLIXOAOB — KOMOHHAUHOHHbX By ... By
u tpurrepunix Ty .. T, BuiXoaHble TpHrrephl TaKTHpyloTcsi cHriajsamu C. Buixoxu ¢
TPHITEPaMH SBJISAIOTCS OAHOHANPABJIEHHHIMH H MOIYT NPHHHMAaTh TPH COCTOSIHHS.
Jlns ynpaBJjieHHSi 3THMH BBIXOJAMH CJYXHT curnan OE. Ipn OE=1 Ttpurrepune
BbIXOABI NMPHHHMAIOT Z-COCTOSHHE, npuﬁzo OHH HaXxOAfATCA B (YHKIHUOHAJIbHOM
pexuMe H O6ecneyHBAalOT Nepefady Ha BBHIXOAbBI MHKPOCXEMH CYHTbIBa€MBIX CHTHa-
noB B HHBepcHOR ¢opme npeacraBienuss (pHC. 3.5,6). C HHBEPCHHIX BHIXOAOB TPHr-
repoB CHTHaJH MO uensiM o6paTHOM CBA3M NOCTYNalOT Ha BXOAW MaTpHun H.

Buxoaw B .. By sBasloTCs AByHanpaB/eHHHMH KOMGHHAaLHOHHBIMH H HHBeEpC-
UbIMH. B peXHMe XpaHeHHs OHH NPHHHMAIOT Z-COCTOfIHHe NOR BO3/eACTBHEM BHYT-
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PeHHHX cHrHanoB ¢ MatpHun M, dopmupyeMuix elo npH onpenejJeHHOM aApECHOM
Kozne.

Mukpocxemu KP1556XTI6 n KP1556XI18 pasnnualotcs uncioM KOMGHHAUHOH-
HHX W TpHUrrcpHHX Bhixogos: KP1556XI16 umeeT 1ecTb TPUrrepHbIX H ABa KOMOH-
HaUHOHHHX Bbixoaa, a KP1556XI18 — BoceMb TpHrrepHbiX BhHIXOHNOB.

CratHdecKHe H JHHaMHueckHe napamerpn MHkpocxem cepun KP1556 opuua-
KOBH: HanpsxkeHHe nutauus 5B, TTJI-ypoBHH BXOAHBIX H BBIXOAHBIX CHIHAJIOB,
BPeMA 3aJepXKKH pacnpocTpaHeHHs CHrHajla uepea MHKpocxemy 40 Hc, notpebase-
Mas MourHocTth 0,9 Bt

Mukpocxemu [1[13Y noTpe6asioT 3HAYHTENbHYIO MOLIHOCTb OT HCTOYHHKA MNH-
tanns. [ToIToMy uenecoo6pasHo B NMPAKTHUECKHX pa3paGoTKax MCNOVB3IOBAThL HX
cBOHMCTBO pa6oTaThb B DpEXHMe HMIYJbCHOrO MHTaHHA. B 3TOM pexuMe nuTaHue
Ha MHKpDOCXeMy MNOAaeTcs TOJbKO Ha BpeMs IHKJa cuHrthbiBaHHA. [IpH 3ToM crnocole
MUTAaHHS H3-32 HHEDUHOHHOCTH TDOLECCOB KOMMYTAlHH LENH MHTAaHHA BpeMs BHI-
Gopku aapeca yBenHuHBaercs B 2—3 pasa. OgHako NpPH 3TOM CYIIECTBEHHO CHH-
XKaercs ypoBeHb 3IHepromorpeGnenus. Caeayer ydYHTHBaTb TaKXe BO3MOMKHOCTDb
NMoMex Ha BHIXOAaX MHKpPOCXeMbl, 4T0o Tpefyer CTpPOGHDOBAaHHS CHYHTHIBAEMHIX AaH-
HHIX.

BapHaut cxeMoTexHH4ecKoil peaJiM3alHH crnocoba WMMYJbCHOTO MHTAHHA MHK-
pocxem ITIM3Y paccmorpen 8 § 3.5.

3.3. Mukpocxemm penporpammupyembix N3¥Y

Bcio HOMeHkJaTypy BHmyckaeMbix MukpocxemM PTI3Y MoxHo pasgenurb Ha nBe
rPYNMH: OAHY H3 HHX COCTaBJAIOT MHKPOCXEMH C 3alHCbl0 M CTHPaHHEM JAaHHLIX

snekTpuyeckuMu curianamu (SCIITI3Y). apyrywo rpyniy — MHKPOCXeMbl C 3aMHCbIO
3/MeKTPHIECKHMH CHrHAJNaMH H CTHDaHHEM yJbTpadHOJieTOBHM H3nyyeHueM (CIITI3Y).

Mukpocxemn ICIITI3Y sunyckawotes B cocrase cepuii KP558, KP1601,
KM1609, KPI611, K1624, K573PP2, wmuxpocxemu CIIII3Y — B cocrase cepufi
K573 u KC1626. ITapamerpu mukpocxem PII3Y ykaszaHHHX cepuit npeacrabieHn
B Taba. 3.7, a ux ycxaosHble rpaciueckHe o603HaueHHs — Ha puc. 3.6 n 3.7.

HoMenkaatypa mukpocxem PII3Y MHoro mwHpe npepcraBieHHoli B Ttaba. 3.7
3a cuer HaJHYHA y MHOTHX MHKpOCXeM MOAH(HLUHDOBAHHLIX BapHAHTOB, OTJHYAIO-
muxca MeHblled HHDoOpMauHOHHOR eMKoCcTbIO. B yc/lOBHOM 0603HauYeHHH MHKpO-
cxem-moaudukauuf noGasnen urdposoft HHaekc. Hanpumep, Mopucduxaunn 6a3o-
BoAi muKpocxemn KPS558PP2A o6osnaualorcs caeayiomnm ofpasoM: KPS558PP21A,
KP558PP22A, KP558PP23A, KP558PP24A. Aunanornudbie 0603HaueHHs HMEIOT MO-
auduxanu mMukpocxemn KP558PP2B.

Mukpocxemu-Moaudnkauny ICIIT3Y npexcrasiaesn B Ttaba. 3.8, a Mukpo-
cxembl-Moaudukauun CIITI3Y — B Taba. 3.9.

IMosBsenne MoaHdHKAUHA MHKpOcXeM OGYC/IOBJIEHO CTpPEMJIEHHEM HCHOJIb3OBAaTh
KPHCTaJ//IH, Yy KOTOPHX HaKOMHTeNb OKa3aJcfi roaHhM yacTHuHo. OTcloga H MeHb-
mwasi HHOPMALHOHHAS eMKOCTb MHKpOCXeM-MoaHdHKauull no cpaBHeHHIO ¢ HX Gaso-
BBIMH MHKpocXeMaMH. [TapaMeTpH M KOHCTPYKTHBHOe O(OpMJIEHHe MHRPOCXeM-MOIH-
¢ukauuft Te ke, uto M y 6a30BhIX MHKpocxeM, HMX ocHOBHoe BHellHee pa3fHdue
COCTOHT B YMEHbUIEHHH pa3pAXHOCTH RaHHHX (BMEeCTO BOCHMH HH(OPMAaLHOHHLIX
BHBONOB HCTOJIL3YIOTCH UYETHDPe) HJH paspAAHOCTH aApecHOro Koja, IpHYeM Ha
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Ta6auuna 3.7. Xapakrepuctukn mukpocxem PM3Y

Muxpocxepa F’M;:::Tb' t:’(:g’ Pee(Pecs) MBT| Ucoo B{Upp, B| tgp, © Kopnyc
¢ [

KP558PP1 256 X 8 5,0 307 5, —12| —30 10,0056 405.24-7
KP558PP2* | 2Kx8 0,35 600 5 18 |1 405.24-7
KM558PP3 | 8KX8 0,4 440(110) 5 24 126 2121.28-6
KP558PP4 8K X8 0,4 440 5 24 | 20 2121.28-5
KP1601PPI | 1KX4 1,8 740(420) |5, —12| —32] 0,2 2120.24-3
KP1601PP3 | 2KX8 0,9 837 5 —12] —36( 02 2121.28-5
KM1609PP1| 2KX8 0,35 525(190) 5 21 10,02 2120.24-1.02
KM1609PP2*% 8K X8 0,3 525(190) 5 21 10,02 2121.28-6.03
KMI1609PP3¥ 8K X8 0,25| 525(190) 5 21 | 0,02 2121.28-6.03
KP1611PP1 | 8KX8 0,3 890 5 22 — 2121.28-5
K1624PP1 |32KXx8 0.4 420(105) 5 — — 4119.28-6.01
K573PP2 2K 8 0,35 600(300) 5 22 10,05 2120.24-1.02
K573Pd1 1K X8 0,45 1155 5 =12 26 | 30 Mun 2106.24-5
K573P®2 2K X8 0,45| 525(183) 5 25 | 30 MuH 2106.24-5
K573P®3 4K X 16 0,12 | 445(210) 5 18 | 30 MuH 2106.24-5
K573Pd4* 8K %38 0,3 367 5 21 | 30 Mun 2121.28-6.04
K573P®5 2Kx 8 045 | 525(130) 5 25 | 30muu | 2106.24-5
K573d6* 8Kx8 0,3 787 (262) 5 21 | 30 Mun 2121.28-6.04
K573P®7* |32K X8 0,25 | 500(200) 5 12,5 | 30 mun 2121.28-6
K573P®8* |32K X8 0,35| 525(130) 5 25 |30 Muu 2121.28-8
KC1626P®1* 8K X8 0.2 165(5,5) 5 12,5 | 20 mun 2121.28-13

* MHKpocxeMa BbilycKaercs ABYX THNOHOMWHaNOB — A W B, pasnuuaiomuxcs OGuicTposmefict-
BHeM. 3HaYeHHS MapaMeTpoB NpuUBEAEeHbl AJA MHKPOCXeM THrOHOMMHana A.

lMpumevanne, Tun osaemenra namatu: pMHOIT y KP558PPI, KP1601; n MHOII y
KP568PP2, PP3, PP4, KI611PP1; JIU3MOIl —y ocTanbHBIX MHKpOCXEM.

HeHCrnoJb3yeMblfi ajpecHbfi BbiBOA [0J/XKeH ObiTh NMOCTOSHHO TNOAaH JHGO BbLICOKHA
(nor. 1), 6o uu3kuit (aor. 0) yposens Hanpsikenns. Mudopmaliio o6 Hcronb-
30BaHHH anpecHbiX H HHGOPMAUHOHHbBIX BHBOAOB MHKpOCXeM-MOAHdHKauu#t co-
nepxat rta6bn. 38 u 39 B konoHkax «Hcnonbayembie BbiBoabi: Appec, IlaHHbie».

Mukpocxemn: SCIIIN3Y u CIIMN3Y uMeloT psa cyllecTBeHHHIX OTJHYHA, OCHOB-
HBIMH H3 KOTOPHIX SIBJISIOTCSA CJGRYIOULHe:

a) mukpocxemn JCIIII3Y monyckaior mepenporpaMmiupoBaHHe 6e3 H3bATHS H3
KOHTaKTHoro ycrpoficrsa, a mukpocxemn CIIII3Y nepenporpaMMHpyIOT B creuHaJb-
HOM YyCTpOHCTBe — 1porpaMMmarope, NpHuYeM MPEABAPHTENbHO OHH AOJIXKHH OHTb
o6nyueHnl YO H3nyueHHeM AJI CTHPaHHS HHGOPMAUHH;

6) mukpocxemn OJCIITI3Y HMeloT 3HAauYHTeNLHO MeHbllee BpeMs CTHPaHHs
(0,02...20 c), uem mukpocxemu CIIII3Y (20 ..30 mun);

B) MHKpocxembl SCIIII3Y wHekorophix cepuA momyckaloT H36upaTe/bHOE cTHpa-
HHe M KoppekuHio HHdopmauun, Mukpocxemn CIITI3Y pexnma H3GupaTeNbHOro
CTHPaHHA He HMeoT,

r) muxkpocxeMn ISCII[13Y 3HauntenbHo npesBocxoast MHkpocxeMu CIIII3Y no
9HC/Yy LHKJOB NEepenporpaMMHPOBAaHHA: y MNePBHX 9TO UYHCJIO JIEXKHT B npejenax
100..10% a y Bropnx —25..100; Takoe passHuHe 0O6YyCJIOBJNEHO CTapeHHeM HH-
anextpuka B. MHKpocxemax CIIII3Y noax sospeiictBHem Y H3JjydeHus u, Kak cief-
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Puc. 3.6. Mukpocxemu penporpammupyemux [N3Y rpyrinm 3CIIN3Y

CTBHE, YXyAIIEHHEM ero H3OJAUHOHHHX CBONACTB, 9TO MNPHBOAMT K YMEHbIUEHHIO
BpEeMEHH COXPaHEeHHs 3apsiia 3JEKTPOHOB Ha «MJaBaiolleM» 3aTBODE;

n) muxkpocxemb CIIII3Y KOHCTPYKTHBHO odopMJeHH B KOpnyca C KBapUEBbIM
OKHOM B KDHIIKe A/ NMPOMycCKaHHs Y@ H3JyueHHS K KPHCTaMIy; TOCJe MpOorpam-
MHpDOBaHHs1 TpeGyeTcs 3aUIHTa OT OCBEUleHHs, B MPOTHBHOM CJy4yae BO3MOXHO
cayyafiHoe cTHpaHHe HH(GODMALHH;

e) Mukpocxembn CIIII3Y wuarorasauBaloT no Gosee MPOCTOH TEXHOJOrHH, mO-
3TOMy OHH paeweBsae MHKpocxem ICIIII3Y.

[Mepeuncnientne pasangnsi Mukpocxem ICIIII3Y u CIIM3Y obycnosnenn B
OCHOBHOM HX YCTPOACTBOM, THIOM 3JieMEHTa NaMATH H NPHHUHIOM (YHKUHOHHPO-
Banua. [Togpo6Ho yctpofictBo MuKpocxeM PII3Y paccmorpedo B § 1.2
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Puc. 3.7. MukpocxeMun penporpaMmupyemuix I3Y rpynnu CITM3Y

OcCHOBHHIMH pexXHMaMu pa6oTh MHKpocxeM PII3Y saBisioTCA: CUMTHBaHHE, Xpa-
HeHHe, CTHpaHHe, 3alHCh, KOHTPOJb. TPH MOCJAEAHHX DEXHMa BXONAT B NPOLEAYDPY
NporpaMMHpPOBaHHS MHKPOCXeMH. B peasH3auHH 3THX PEXHMOB y MHKPOCXeM pa3i-
JHYHLIX THMOB HMeloTcs OTJHYMA. Hanpumep, y Mukpocxem ICIIII3Y crupanne
OCYLIECTBJ/IAIOT 3JIEKTPHYECKHM cHruasoMm, y MHkpocxeM CIII3Y — nytem oGayue-
HHA KDHCT&JMa yJbTpadHOJETOBHMH JyuamH. EcTb CylllecTBeHHHe pasiHdus B
OCYLIECTBJEHHH DeXHMa NpPOrpaMMHPOBAaHHA H y MHKPOCXeM OQHOrO BHAA, HANpH-
mep 3CIIII3Y: HekoTOpHE MHKPOCXEMH JAOMYCKAIOT MOCTPOYHYI KOPPEKTHPOBKY

124



Ta6nauna 3.8 Muxkpocxemn-moandukanun 3CHNN3Y

Moanduxkanus ' Hcnonb3ayeMble BbLIBOABI
Muxpocxema Tun EMKOCTb, Azpec Mannue
6uT
KP558PP1 PP11 256 X 4 Bce 7, 8,9, 10
KP558PP2* PP21 IKX8 Bce, kxpome A;o=0 Bcee
pp22 1K X8 Bce, kpome Ajo=1 <«
PP23 2K X4 Bee 11, 13, 14, 16
PP24 2K X4 < 10-11, 13, 14, 16
KP1601PP1 PP11 512X4 Bce, kpoMe Ap=0 Bce
PP12 | 512X4 Bce, kpome Ap=1 «
KP1601PP3 PP31 1K X8 Bcee, kpome A;0=0 «
PP32 1KX8 Bce, kpome Ajo=1 «
PP33 2K X4 Bee 4, 5,6, 7
PP34 2K X 4 < 9, 10, 11, 12
PP35 2K X4 <« 4,5,9, 10
PP36 2K x4 <« 4,5, 11, 12
PP37 2K X4 « 6, 7,9 10
PP38 2K X4 < 6, 7, 11, 12
KMI1609PP1 PP11 1KX8 Bce, kpome Ajo=0 Bcee
PPI12 1K X8 Bce, kpoMe Ajo=1 «
KM1609PP2* PP21 4K %8 Bce, kpome A,;=0 «
PP22 4K X8 Bce, kpome Ajz=1 «
K573PP2 PP21 1KX8 Bce, kpome A;o=0 <
PP22 1KX8 Bce, xpoMe Ajo=1 <

* Muxpocxema H ee MOAHGHXALHH BLINYCKAalOTCA ABYX THNOHOMHHanNoB A u B, pasanvamw-
uHxca OLICTPOREACTBREM.
MpumedaHHe MHKpocxeMbl-MORKGHKALHA WMEIOT NapaMerpnl 6a30BHX MHKPOCXEM.

sanutanHof HHbODMaLHH BIJIOTb A0 nepe3anucy HHGOpMauHH B OAHOA cTpoke Ges
H3MeHEeHHA COCTOSHHS OCTa/bHLHIX SYeeK HAKOMHTeJs, y APYTHX MHKPOCXeM A
3TOro Tpebyercs creperTh Bclo HHGOpPMAUHIO, 3aMHCAHHYI0O B HAKOMNHTEJb, H SaTeM
3anHcaTh HOBYIO.

Miukpocxemu PII3Y ynpasuasiotcss curianom CS — BH6Opa MHKPOCXEMH: NPH
nojauye 3TOTO CHTHaJa C aKTHBHWM ypoBHeM (aia CS — c ypoBHeM Jjor. 1, anis
CS —c yposHeM Jor. 0) OTKpHIBAeTCA OCTYN K HAKOMMTENO AJS 3aNUCH HIH COH-
ThiBaHHA HHGopMamuH; cHrHajoM OE uan RD — paspeleHHst Bhixona (CUHTHIBA-
HuA); curHajsoM ER — paspemenue cTupanus uHdopmauuu (y mukpocxem ICIIT3Y)
H curiajom PR — paspemenne nporpaMmnpoBanus. s BHNOJHEHHS NpouEAypH
NpoOrpaMMHpPOBAaHHA MHKDPOCXEMbl HEOGXOAWM HCTOYHHK TOCTORHHOTO HJH HMIYJbC-
HOro HanpsikeHus nporpammupoBanus Upgr. Ilns nmpoBepkH NpOrpaMMHPOBAaHHSA Y
HEKOTOpH X MHKpocxeM, B yacTHactH y KP558PP3, npeaycmorpen curian PGM.

BuBox HH}oOpMauuH npH CIMTHIBAHHH R ee BBOA NPH NPOrpaMMHPOBAHHH OCY-
IECTBJISIOT 4epes COBMelUleHHHEe BXOAH-Bbixoan. Buxoaw y MHkpocxem PII3Y mo-
ryT NMPHHHMATb TPH COCTOSIHHA.

CrartuueckHe napamerpu MukpocxeM PII3Y oGoux THNOB HMeEOT npHMepHO
OIHHAKOBHE 3HAYEHHA: BXOAHNWE H BHXOAHHe HanpsikKeHus Jor. O n sor. 1 — coor-

125



Ta6auuna 3.9. MukpocxeMu-mopuduxkauun CIMN3Y

MoaupHKauua Hcnoabsyemnie BRIBOAM
Mukpocxema Tun Emg::rb. Anpec Nanuue
K573Pd1 PDI1 | 512X8 Bce, kpome Ajo=0 Bce
P®12 | 512X8 Bce, kxpome Ajo=1 «
P®13 1K x4 Bee 11, 13, 14, 16
Pd14 1K X4 < 10, 11, 13, 16
K573P®2 P®21 1K X8 Bce, kpome Ajo=0 Bce
P®22 1K %8 Bce, kpome Ajo=1 <
P®23 | 2KXx4 Bce 11, 13, 14, 16
P®24 | 2K X4 < 10, 11, 13, 16
K573P®3 P31 2K X 16 Bce, kpome Ajp=1 Bce
P®32 2K x 16 Bce, xpome Aj;=0 «
P®33 1KX16 | Bce, xpoMe Ajp=Ay=1 «
P®34 | 1KX16| Bce, kpoMe Ajz=A; =0 «
K573P®4* PO4 4K X8 Bce, kpome Aj2=0 «
P®42 | 4K X8 Bce, kpome Ap=1 <
P®43 | 8Kx4 ) Bcee 13, 15, 16, 18
' P®44 | 8KXx8 « 12, 13, 15, 18
K573P®8* P8l [ 16Kx8 Bce, xpome Aj4=0 Bce
P®82 | 16K %8 Bce, kpoMe Aj=1 «
KC1626P®1 PO11 4K X 8 Bce, kpoMe Aj2=0 «
POI2 | 4Kx8 Bee, kpome Ajz=1 «

* MuKpocxeMa H ee MOAHQHKAUHHM BBLINYCKAIOTCA ABYX THMNOHOMHHaNOB A H B, pasausapo.

uHXcH GbicTpoaeRcTBAEM,
Mpumeyanue MHKpocxeMbl-MOLHGHKALHA HMeEIOT NapaMeTphl Ga3oBBIX MHKDOCXeM.

Ta6auua 3.10. Pexkxumn paborei Mukpocxem cepun KP558

Mukpocxema CHrran CrHpaHue 3anuch CYHTBLIBAHHE XpaHenue
KP558PP2 cs 1 1 0 1
2K %8 OE 0 J 0 X
MHOI1 Upr, B 18* 18* 5 5
10* nukaos tw, Mc 108 10 350** nc —
KP558PP3 cs 0 0* 0* 1
8K %8 OE 1 0* 0 X
MHOI1 ER 0 1 1 X

PGM 5B 5B 5B 5B
100 uuknoB Upg, B 18 24 0 X
tw, McC 2.104 5 430** HC —

* CHrHan ¢ yXasaHHHM YDOBHeM IeRCTBYeT B TeueHHe BpeMeHH ty,.
** Bpems BHOGODKH anpeca tMM.
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BercrBenHo 0,4 u 2,4 B, suxonnue Toku Jgor. 0 1,6...3,2 MA, sor. 1 — 0,1 MA, nony-
CTHMOe HamnpsiXKeHHe cTaTHyecKoro ssekrpuyecTBa 30 B (y HEKOTOphiXx MHKPOCXeM
po 100 B).

Cepuss KP558 Bxmwouaer 3ICIIII3Y — mukpocxemst KP558PP1, KP558PP2A,
KP558PP2B, KP558PP3, KP558PP4 n ux Moandukauus. HasHaueHHe BLIBOLOB
MHKpOCXeM. yKasaHo Ha pHc. 3.6, a—as.

MukpocxeMn Moryt paboTaTh B peXKHMe CUMTLIBAHHSA, xpallemm oGuiero cTH-
pPaHH H 3anHCH, YCJOBHS pPeaJH3allHH YKa3aHHLIX DEXHMOB [ MHKPOCXeM
KP558PP2 u KP558PP3 npusenenst B taba. 3.10.

Mukpocxema KP558PP2 (puc. 3.6,6) npu cuutbiBaHHHW HHOpMaunu paboTaer
B aCHHXDOHHOM peXXHMe J10CTyNa K HaKOMHTe/0: CHrHajin CS H OE nonyckaercs
noaaBaTh MNOCTOSAHHHM YpoBHeM. Clle0BaTeJIbLHO, CYUHTHIBAHHE OCYlLlecTBISieTcs aj-
PecHEIMH cHruHasaMu W OuicTpoAciicTBie MHKPOCXeMbi ofpejessier BpeMsi BbIGOPKH -
anpeca.

PexuM XpaHeHHs ofecneunBaercsi cHranom CS=I. Buixoam NpHHHUMaIOT Z-CO-
croaaHe. Ha Bxon Upgr B paccMOTpPeHHBIX ABYX peXHMax Heo6XOJAHMO moAarth Ha-
npsXeHHe HCTOYHHKA nHTaHHs 5 B, ’

PeXHM nporpaMMHpOBAaHHS OCYLIeCTBJASIOT B ABa 3JTana: BHayaje NPOH3BOAAT
e€THpaHHe HHpOpMauHH ,BO Bcex fAyeikaXx NaMATH OJHOBpEMEHHO (pexuM oliuero
CTHpPaHHA), 3aTeM 3aNMHCHIBAIOT HHpopMaunio GalTaMu, nepe6GHpas ajapeca sAueeK
naMsATH.

B pexume uporpammupoBaHHss Ha BXog Upp M0AQIOT HMAYJbC HalpSXKeHHS
NporpaMMHpPOBAHHA NJIHTENbHOCTBIO | ¢ mpu cTHpanHH H 10 Mc npH 3anucH HHGOP-
Mauuu. PekoMeHayeTcs He NpeBHLIATb yKa3aHHHE BpeMeHHble HHTEpBa/H, YTOOH
HCKJIIOUHTb neperpeB MHKpocXeMul, [IpH CTHpaHHH CHrHAa/NH Ha ajpecHHX H HHOp-
MAaIHOHHHX BHBOAAX MOTYT HMeTb NPOH3BOJbHHE cocTosiHHsA. Ilocne Bo3nedcTBHA
uMnyabca Upg B s4efiKH HAaKOMHTEJsi 3aNHWYTCH eAHHHIH.

B pexnme 3anHcH Ha HHpOpMauHOHHble BHIBOAL M0AaeTCH 3alHCHBaeMblli BOCb-
MHPaspAaHLIA Koa NaHHBIX, @8 Ha ajpecHHe BXOAH — KOA ajapeca s4eAKH MaMsATH.
HisMeHsIOTCA cOCTOSIHHA Tex syeek, B Kotopble 3anuchiBaerca 0. ITocse sanuch BO3-
MOXHAa 4YacTHYHasi KOPPEKIHS 3anHcaHHOR HHQOPMAauHH, HO TNPH YC/IOBHH, 4HTO
H3MEHEHHIO TNOAJIEXKHT COCTOSHHe suefikH, B KoTopylo 3anucaHa 1. CocrosiHie siuefikH
C SamHCAaHEBIM B Hee HyJeM H30HpaTe/bHO H3MEHHTb Heap3s. B caywae Heob6xonn-
MOCTH TOYHOH KOppeKUHH, NMPH KOTOPOR HEKOTOphle pa3psiib HYXHO nepeBecTH
u3 0 B 1, npoussoasT ofilee cTHpaHHe Bceit MHPOpPMauHH B HaKOMHTeJe H 3aTeM
3anuch HOBOH HHGOPMAauHH BO BCe SYEAKH NMaMsATH.

ITocne nporpaMMHpOBaHH MHKPOCXeMH [IOJ/IKHO Gbirh MPOBENEHO OLHOKpaTHOE
CUHTHBaHHe HHGODMalHH H3 BCceX siYeeK HAKOMHTeNs 6e3 HCMNOJb3OBAHHA CUHTAHHON
HHpopManHH. BMecTo cuMTHBAHHS MOXKHO HCMOJIb30BaTh BHAEPXKKY MHKPOCXEMH B
TedeHHe OAHOA MHHYTH NPH OTKJIOYEHHOM NHTAHHH W OObeAHHEHHH BceX BbIBOJOB
¢ obuwefl WHHORA.

JTHTeNbHOCTL HHTEpBasa BPEMEHH MeXAY DeXHMaMH 3alNHCH H CYMTHIBAHHSA,
CTHPAHHA H CUMTHIBAHHS, CTHPAHHA H 3aMHCH A/ YCTAHOBJIEHHS COCTOSIHHS BHYT-
peHHHX (DYHKIHOHAJbHHX Y3JI0B NOJKHO OHTb He MeHee 5 McC.

Muxkpocxema KP558PP3 (pHc. 3.6, 8) OTHOCHTCA K rpynme CHHXDOHHHIX: CYHTH-
BaHHe OCYLIeCTBJSIETCS HMNyJabcoM cHrHana CS, KoTopufi nepenagom H/L «3auies-
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KHBaeT» BO BHyTPEeHHEM PerucTpe ajpecHHi KOJ, 4TO NOoGBOJseT OCBOGOAHTH aapec-
HHe BHBOAH AJS CHrHAaJOB CJENYIOWEro UHK/Aa o6palleHHs. YcaOBHEM HaNeKHOI
¢GHKcauMM aApecHHX CHrHaJoB B perucrpe sBjsieTcss yAepXaHHe aapeca OTHOCH-

TenbHo curiana CS Ha Bpems tcs—a) =120 He.
Bpems BHGOPKH aapeca ONpeaessieTcss CyMMOA BPEMEHH YCTAHOBJIEHHS CHI-

Hana CS OTHOCHTE/bHO afAPeCHHX CHTHAJOB H BpeMeHH BHOOPa ta o)== tsy(a—cs) +
+ tcs <430Hc. BpeMms uHK/ia cuHTHIBaHMA paBHO tcyr = tw(cs) <+ trec(cs)™
500 HC. YKa3aHHHE COOTHOLIEHHS CMpaBeAJHBH TNpPH YCJIOBHH HaJHYHsA CHrHaja
paspellleHHst BHIXOAa OE=0. Ipu OE=1 BHXOAW NMPHHHMAIOT Z-COCTOSIHHE.

B pexxum xpaHeHHsi MHKpOCXeMa MEPEXOAMT IIPH CHrHaze CS=1. Buxoasl mpH-
HHMaIOT Z-COCTOSHHEe He3aBHCHMO OT cocTosHHs curiana OE. B stom pexnme mno-
TpebJisieMasi MOLIHOCTb yMeHbluaercs B 3—4 pasa.

[IporpaMMHpOBaHHIO MHKPOCXeMH TNpEALIECTBYET PeXHM CTHpaHHs paHee 3anH-
CaHHOH B Hakonutenb MHpopMmauuH. CTHPaHHE OCYUIECTBJ/ISETCH NPH CHrHazle ER=0
B ABa 3Tana: BHauaje Ha HAaKOMHTeJb Bo3jaeHCTBylOT HanpsKeHHem Upr=24 B B Te-
yenne 5Mc, 3atem K BuBoay Upr noasoasT Hanpsikenne |8 B na ppems 20c.
Bpemsi crupanus cocrasaser 20 c. CHrHan CS=0 B pexnMe CTHPaHHA HMeeT (oOpMY
ABYX MOC/e10BaTe/NbHBIX HMIYJbCOB, NMEPBHA NOCTYNAaeT NPH HANPSAXKEHHH NPOrpaM-
mHpoBaHus 24 B, Bropofi — npu 18 B. ITocne crupanus BO Bcex sueiikax HaKOMH-
TeJsl ycTaHaBJHBAaeTCs HU3KHA ypoBeHb, T. €. cocTosihHe Jor. 0.

B pexume samucu Ha Bxoj Upg nopalor HanpskeHue 24 B. BuiGop suefiku
NaMATH OCYLIECTBJAIOT aAPecHHM KOAOM, KOTOPHI «3alileJKHBaeTcs» no nepe-
nagy H/L curuana CS B perucrpe ampeca. 3anuchBaeMble JaHHLe MOCTYNAlOT Ha
uHGbOpMauHoHH e BLBOAW H nepenagom H/L curnana OE «3awenkupaorcs» B pe-
rHCTpe NaHHHX. BpeM}t yaepxaHHs NaHHHIX OTHOCHTebHO cHrHasa OE cocrasaser
tH(0E—D) >200 He.

B 3Toft MukpOocxeMe H3MeHseT CBOe COCTOsIHHe siYefika, B KOTOPYIO 3alHCHI-
Baercsa 1. BoaMoxKHa KOppeKUHs 3aMHCAaHHOTO KOAa AaHHBIX B Tex s4efiKax, rae
Heo6xonumo 0 3amenuTb Ha 1. O6paTHas 3aMeHa BO3MOXHA TOJbKO NpPH MOBTOpE
Bcefi rnpoueaypn NpPOrpaMMHPOBAHHS MHKpOcXeMbl. JIJIHTE/bHOCTb UHKJA 3aMHCH
pasHa 5 Mc. CriepoBaTesbHO, AJIsi 3aNHCH HHOPMauHM BO BCe fueAKH HAKOMHTENs
Tpebyercs 4l c, a ansg NporpaMMHPOBaHHS MHKPOCXeMbl C Y4eTOM BpPeMEeHH CTHpa-
HHS Heo6XoaHMa OAHA MHHYyTa.

Yucno uuxnoB nepenporpaMMupoBaiHs y MHKpocxemMn KP558PP3 3HauHTesb-
Ho MeHbwe (g0 100 uMKJOB), WeM y ABYX APYyrHX MHKpPOCXeM 3ToH cepuH (40
10 THC. uHkNOB).

Muxpocxema KP558PP! (puc. 3.6,a) n ee MoaHdHKalHH HMelOT psia 0COGEH-
HocTe#: TpeGyloT AByX HaupskeHHfi nutaHua 5 u —12 B, Hx Kopnyc HaxomHTCs Mo
HANpsSXKEeHHeM M He [OJIKEH COMPHKacaTbCA C UENSMH TNHTAHHA, CUHTbIBaeMas HH-
¢opmanns HHBepCHAa MO OTHOLUEHHIO K 3anMHCaHHOH, HHHOpPMAaUHOHHHE BHBOAH CJe-
AyeT NOAKMOYaTb K HCTOYHHKY HamnpsikeHHs — 12 B uwepes peancropm comuporHsie-
mueM 6,8 KOM. MukpocxeMa paGoraer B peXHMax oOLLero CTHPaHHs, 3anHCH,
CUHTHBAHHA H xpaHeHHs. Jas paGoru ¢ TTJI-MHKpocxemMaMH Heo6XOAHMbI CXEMHl
CONpAXKEHHU.
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Ta6aunua 3.11.

Pexxumbt pa6oTni Mukpocxem cepun KP1601

Crupanune
MHEKpocxema CurHaa obwee 1o anpecy 3anuce CunTniaHne |XpaHenue
KP1601PP1 CS 1* 1 1 1 0
1Kx 2 _RD o 0 0 T X
MHOIl PR 1 o* 0* 1 X
104 uukyoB ER 0* 0* 1 1 X
Upr, B —32 —32 —32 5 X
DIO X 1 1 0 Z
tw, Mc 200 200 50 1,8** MKc —
KP1601PP3 cs 0* 0 0 0 1
2K x8 “RD 1 S 0* X
MHON PR \ ot | o 1 X
104 nuxsoB ER 0* o* | 1 X
Upg, B —36 —3 | —36 —12 X
DIO X 1 [ 1 z
tw, Mc 200 200 ‘ 20 0,9** mkc —

* CurHan C yXasaHHbIM YDOBHEM IefiCTBYeT B TeueHHe BpeMeHH ty.
** Bpema BLIGOPKH ajlpeca tMA).

Cepus KP1601 cocronTr u3 aByx Mukpocxem JSCIIII3Y KPI1601PPI,
KP1601PP3 u ux MoanbHKauu# (tabn. 3.8). [lapameTpn MHKpOCXeM CepHH MpH-
BeleHn B Ta6a. 3.7. HasHaueHHe BHBOAOB MHKpPOCXeM yKa3aHo Ha puc. 3.6,d,e.
MiukpocxeMn A0MycKaloT H36HpaTeNbHOe NMOCTPOYHOE CTHpaHHe, T. €. CTHpaHHe IO
agpecy CTPOKH, M TOJHYIO KODPEKTHPOBKY 3amHcaHHOA B si4efikKM NaMATH 3Tofl
cTpoKH HHbopmauuu, T. e, 3ameHy 0 Ha | u HaoGopor Ge3 H3MeHeHHS COCTOSHHA
sl9eeK MaMATH APYTHX CTPOK HAKOMHTEJS,

MukpocxeMn MoryT paGoraTh B NATH pexXuMax: ofliero cTHpaHHS, H3GHpa-
TeJIbHOro (MOCTPOYHOrO) CTHPAHHS, 3aNHCH, CYHTHBAHHA, XPaHeHHS. YCJOBHA peaJiH-
SallHH peXHMOB NpHBeaeHH B Taba. 3.11.

B pexXuMe cuuTHBaHHA curiaa RD=1 (PP1), RD=0 (PP3) nopaercs HMIYJb-
com. MHbopManns Ha BHXOAAX MOSABHTCH deped BpeMs tacay =tsua—Rrp) +
+ ta(rDy.

O6uiee crHpaHHe HHGOPMAUHH OLHOBPEMEHHO BO BCEM MAacCHBE Y€K HAKOMH-
Tesi ocymecTBaA0T HanpskeHHeM Upgr NPH HMNyJabCHOM Bo34eACTBHH CHrHaJsoB
ER=0 u CS=1 (PPl), CS=0 (PP3). Curianu ER n CS (CS) nonaior onmospe-
MeHHO H Ha ofHHAaKoBoe BpeMs. Ilas mukpocxemn K1601PP3 ponyckaercs nogasath
curian ER=0 nocenoBaTenbHOCTbIO HMNYJRCOB AJHTENLHOCTBIO He meHee 10 Mc H3
TaKoro Hx uHcsa, 4roOn cymMapHoe Bpems cocraBuio 100..200 mc. Tlocae crtupa-
HHS BCe SJieMEeHTH NMaMATH HAKONHMTENs HAaXOAATCH B COCTOSHHM Jor. 1.

H3bupatennnoe CTHpaHHe OCYMIECTBJAIOT MO afpecy cTPokKk A, ..A, (PPl),

Aq..Ay (PP3), npr STOM COCTOAHHA OCTAJNBLHBHIX Pa3pAAOB aAPECHOrO KOAA MOTYT
GHTL MPOH3BOJbHBHIMH.
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Ha uHdopMauHoHHHE BXOAH NMOAAIOT CHFHAJH C BLICOKHM yYpPOBHeM, T. e. Jor. l.
Curian CS nopaercs OAHOBPEMEHHO C aAPECHHIMH H HMEeT TaKYIO XKe IJHTEJbHOCTD.
B sTtom pexume cTHpaercss 16 WHpOpMaunHOHHHX cl0B — deThpexpaspaauux (PP1)
H BocbMHpa3psaHux (PP3).

B pexuMe 3anmucH Ha HHGOPMauHOHHbe BXOAL MOAAIOT 3aMHChIBAEMble JaHHHE:
DI,..DI; (PP1), DI,..DI; (PP3), a ua agpecHble BXOAW — Koj ajapeca sueiKu
NaMATH, B KOTOPYIO 3aNHCHIBAlOTCA AaHHble. 3anHch HHOOPMaUHH NPOHCXOAHT MO
HMIYyJIbCHOMY CHrHaJ/ly nporpaMMHpOBaHHS PR=0 panrensHoctbio 50 Mc (PP1) u
20 mc (PP3). CnenoBaTenbHo, AJii 3aNHCH HHGOPMALHH B HAKOMHTeNb B aBTOMAaTH-
geckoM pexume norpebyerca S5lc (PPl) u 41c (PP3). MukpocxeMn p0OmycKaoT
PexXHM HMImyJabcHOro nuranus —12 B.

Ilpu skcnayataunH MHKpOcxeM HeOoGXOAHMO NpeRyCMOTperbh cJaefylollylo nocie-
AOBAaTeNbHOCTh BKJIOYEHHA M BHIKJIOYeHHH HaNpsXKeHHA THTAaHHA H NpPOrpaMMHpO-
BaHHA: NpH BKJIOYEHHH BHa4ase mopalor 5 B, 3arem —I12 B u nocnegHHM — Hanpsi-
JKeHHe NpOrpaMMHPOBaHHsi, NpPH BHIKJIOYEHHH T[OCHEL0BATEILHOCTh MeHSeTCs Ha
o6paTHylo. MoXHO Bce TpH HanpsikKeHHs BKJ0O4aThb (BHIKJIIOYAaTb) OAHOBPEMEHHO.

BpeMs xpaneHHs1 uHOpPMAauUHH NPH OTKIIOUEHHOM NHTaHHH cocrasiaser 5000 g,
noj HanpsiKeHHeM cHuxkaercs no 500 4, npH HenpepHBHOM CUHTHIBAHHH — Ao 250 u,.
nocJe d4ero HeoGXOAHMO NPOH3BOAHTbL Mepe3amucb HHpOpMauHH. MHKpocxeMH ce-
puu KP1601 nonyckaior po 10 THC. UHK/IOB mepenporpaMMHpPOBaHHS.

Cepuss KM1609 Bkawouaer 3CIII3Y — mukpocxeMu KM1609PP1, KM1609PP2;
KMI1609PP3 u ux MoaH(pHKauHH.

Mukpocxema KM1609PP1 (puc. 3.6,) MoxeT pa6oTaTb B CJHEAYIOUWIHX PeXH-
‘Max: ofuiee cTHpaHHe, CTHpaHHe Nno aapecy sYefiky nMamsTH, obllas 3anHCh, 3aMHCh.
Mo ajppecy suefKH NaMsATH, CYHTHIBaHHe, XpaHeHHe. YCJOBHS peaJiH3auHH YyKasaH-
HHX peXHMOB npHeemeHs B Taba. 3.12.

Ta6auma 3.12. Pexumn paGoTsi Muxpocxem cepun KM1609

CrtupauHe | 3anucs
CuuTHIBa-
Mukpocxema Curnan ofuee |no aapecy |o6mans [no ampecy Kne Xparenue

KM1609PP1 [ o [12B] o 0 1
2K %8 OE 12 B 1 1 1 0 X
JIN3MOTI Upr, B 21* 21* 21* 21* 5 5
104 uukJ0B DIO 1 1 0 DI DO Z
tw, Mc 12 12 12 12 0,3** Mxc —_

KM1609PP2 [} 0 _ - 0 0 1
8K x8 OE 12 B — — 1 0 X
JIN3MOTI PR 0* — — 0* 1 X
104 uuknoB R/B 0 — — 0 1 1
Upr, B 21 — — 21 21 21

DIO 1 — — DI DO Z

tw, MC 20 — — 20 0,3** Mkc —

* CHrHan ¢ yxasaHHHM YDOBHeM QNeACTBYeT B TeUeHHe BPeMEHH fy,.
** Bpemn BmOopKH anpeca t, ,,.
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B pexume nporpaMMHpDOBaHHs, T. e. NpH cTHpaHuH M 3anucH, Upr=21B no-
AaeTcss HMNYJabCOM AJHTeJbHOCTbIO 12 Mc. IIpH CYHTBIBAHHH H XpaHEHHH Ha BH-
soa Upgr MopaioT HanpsikeHHe nutanus 6 B.

PexXxuM xpaHeHHs, a TakXe 3anpeT NPOrpaMMHPOBAHHA OCYLIECTBJSAIOTCA IpH
ycnosun CS=1. B 3THX peXHMax BHLIXOAB NPHHHMAIT Z-COCTORHHE,

PexuM crupaHus MoXeT OLITb OCYILeCTBJIEH MO BapHaHTaM o6uiero H H36GHpa-
TeJbHOro CcTHpaHHA. IIpH ofuem cTHpaHWM BO3JEHACTBHIO MOABEPraloTCA OQHOBpE-
MEHHO Bce sUeAKHM MaMATH HAaKOMHTeNs H uepe3 |2 MC B HHX YCTaHaBJHBAercs CO-
crosiiue Jor. 1. B pexnMe H30HpaTeNbHOrOo CTHPAHHS NOJAIOT aApEecHble CHrHaJH
BHOGOPKH AuYeHKH MAMATH, TaK YTO CTepeTb MOXHO OAHO CJOBO, T. e. GaHT HH}Op-
MallHH,

PeXHM 3anHCH MOXHO OCYIIECTBHTb 110 aHaJOrHyHbiM BapHaHtaM. [Ipu obuieh
3aNHCH Bce fAYefiKH NaMATH NepeBOAATCA B cocTosinHe Jor. 0. B pexume nsGupa-
TeJbHOM 3anHCH AaHHble 3aHOCAT B BhIOpaHHyl0 sueflKy HakonuTeJs. Bpems 3amucH
paBHo 12 Mc. B KaXaOM uHMKJe 3aMHCH MOXHO OCYIIECTBHTb KOHTPOJb, Nepedas K
PEXHMY CYHTHIBAHHSA.

PexuMy 3anHcH npealiecTBYeT peXHM CTHpaHusa. MMnyjabc HanpsiKeHus npo-
rpaMmmHpoBaHHa Upr A0J2KEH HMeTb NOCTENEHHO Hapacraiouyio (GopMy C AJHTENb-
HocTbio ¢ponTa 0,450 ... 1 Mc.

MukpocxemMa MOXeET COXPaHATb 3aMHCaHHYI0 HHGODMAUHIO NMOA HanpsKeHHeM
NUTaHusl B TedeHHe He MeHee 5000 4, a NpH OTK/IIOYEHHOM MHTAHHH — He MeHee
5 ner

Mukpocxema KMI609PP2 (puc. 3.6,3) cyuiecTBEHHO OTJIHYAeTCA OT pPaccMOT-
PEeHHOM NO CTPYKType, CHTHaJaM yNpaBJeHHs, pexuMmMaM paGoth. B crpykrypy
MHKDPOCXEMBI BCTPOEHbI DEerHCTpPH ajpeca M [AaHHLIX, YNpaBJseMble NepenajgaMH
CHrHana nporpamMmuposanus PR. Kpome Toro, cama MHKpocxeMa ¢opMHpYeT Bpe-
MEHHYI0 AHarpaMMy CHrHaJoB nporpamMmupoBaHus. [TosToMy HanpsikeHue nporpam-
mHpoBaHHA Upr=21 B nNOCTOSHHO NMPHJIOXKEHO K MHKpOCXeMe KaK HanpsiKeHHe BTO-
poro ucrouHHka nuraHus: Ucc;=5 B, Ucce=21 B.

CHcTeMa ynpaBJIsIOIUHX CHTHAJOB NONOJNHEHAa CHCHAaJOM NMPOrpaMMHpOBaHHsi PR,
a TaKxke MpPeiycCMOTPeH BbIXOXHON CHrHaJ TOTOBHOCTH MPOrPaMMHDOBAHHA R/B.
Hasnauenne curnana PR cocront B obecnedeHHu AOCTyna K HaKOMHTeNIO Hampsike-
HHS NPOrpaMMHPOBAHHS B DeXMMaX CTHDPAHHA M 3aMHCH NPH YCJI0BHH PR=0.

Curian R/B HeoGXOAMM AJ17 M3BEIIEHHs BHEWIHHX yCTPOACTB, HaNpHMEp MHKpO-
npoueccopa, O TOM, 4TO B MHKPOCXeMe NDOXOAHT NPOLECC CTHPAHHA HJM 3amHCH
R/B=0 u, c/leqoBaTenbHO, AOJKHE GHTb GJOKHPOBAaHW Bce LEMH BO3AeACTBHS Ha
MHKpDOCXeMY CO CTODOHH BHEIUHEero ycTpoficrsa.

Yca0BHeM TOTOBHOCTH MHKDPOCXEMH K ClelylolleMy LHKJAy NpOrpaMMHpOBaHHS
HIH K CTHDaHHIO HHOOPMaLHK sBJseTCH HaJHuHe Ha BmBoge R/B curnana c cocros-
HueMm Jor. 1.

MukpocxeMa MoXer pa6oTaTh B pexumax oflIero CTHPaHHS, 3aHCH MO ajpecy,
CUHTHIBAHHA M XPaHEHHA. YCJOBMS peaNH3alMH 9THX DEXHMOB NpHBENEHH B
Taba. 3.12.

PexnM XxpaHenHs, a TakXe SanpeT Ha NPOrpaMMHPOBaHHe H ofllee CTHpaHHe
o6ecrneanpaiotcst curiajsom CS=1. B stom peXHMe BHIXOAM MPHHHUMAIOT Z-COCTOS-
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HHE He3aBHCHMO OT COCTOSHHMA CHrHa/oB Ha Bxojax MukpocxeMul. IloTpeGisemas
MOLIHOCTb B peXHMe XpaHEHHs yMeHbllaeTcsi B 2—3 pa3a 0 CPaBHEHHIO C peXH-
MOM ofpalleHHs,

CuntniBaHHe HMHQOPMAUHH MOXKHO OCYIIeCTBHTb aADECHHMH CHrHajaMH (npH
CS=0; OE=0) 3a Bpems BuGopkH agpeca ta(a) =0.3 Mkc. Bo3MOXHO CYHTHIBaHHE
curnaiom CS (mpH HaJHYHH ajpeCHHX CHCHAJOB H (')f=0) u curnasom OE (npm
HAJHUHM afpECHMWX CHrHatoB B CS=0). BpeMs BHGOPKH anpeca B ITHX pexHMaXx
Gyner onpeaesaTbCs CAEAYIOLHMH BhIDaXKEHHAMH: taca) = tsuqa-cs) + tcss
taca) = tsu(a—oE) + tacoe). Tlpn ycnosuu OE=1 BHXOAM YCTaHaB/HBAITCH B
Z-coCTOsIHHe HE3aBHCHMO OT COCTOfIHMH CHIH2J/I0B Ha BXOJaX MHKPOCXeMH (pexHM
OTKJIIOYEHHSI BBIXOAOB). 3aMeTHM, YTO AHAJIOTHYHO OCYIIECTBJSETCS PEeXHM CUHTH-
BaHUsl H Aua MHKpocxeMu KMI1609PP1.

B Mmukpocxeme KMI609PP2 oTCyTCTBYIOT DeXHMH H3OHPaTe/JbHOrO CTHPAHHsA
H ofulell 3anucH. B peXuMe CTHPaHHS K BRIBOJAaM MHKDOCXEMHB AOJIXKHH OHTb MOA-
Be/leHH CHTHaJIH, yKa3aHHble B Ta6J. 3.12, H mogaH HMMyJbe PR=0 na spems 20 mc.
Hauasio cTHpaHusi HHAHUMDYeTCs nOsBJeHHeM Ha Brixoge R/B curmana c cocros-
Huem Jor. 0. [lo 3aBeplieHHIO CTHpaHHf, KOTrj4a Bce 3JEMeHTH NAMATH NepefAfyT
B COCTOSIHHe JIOT. |, cMrHajs Ha BuIXoje R/E BO3BpPAaTHTCA B COCTOsIHHe JoT, I,

B pexuMe 3anucH MNOgaHHBIl ajpecHbl KOA «3alleJKHBACTCS> BO BHyTPEHHEM
aapecHoM perucrpe no nepenaay H/L curnana PR, a KOA AaHHHX «3aLIEJKHBAETCH>
B peructpe AaHumx nepenagom L/H curmana PR. C NOCTYRJIeHHeM CHTHaJja PR=0
HayuHaeTcsA (GOpMHPOBAHHE BPeMEHHOH AHarpaMME! NPOrpaMMHPOBAHHSA BHYTDH MHK-
pocxemun. Ha Bbixone R/B noseasercs CHruan c yposHem Jor. 0. Yepes Bpems
aanucu 20 mMc curian R/B NpHHUMAaeT YPOBeHb JIOT. |, UTO CBHAETENLCTBYET O 3aNHCH
Galita B BHIG6paHHYl0 fuefiKy HaKonuTeJs.

[locsie 3anmcH nmo KaxAaoMy aapecy JHGO nocje MPOrpaMMHPOBAHHS BCEro Ha-
KOTHTE/ISl NPOU3BOAAT KOHTPOJIb NPABHJBHOCTH 3anucaHHoH uHpopMauuu. KoHTpoJb
OCYLIeCTBJISIIOT B PeXHMe CYHTHIBAHHS.

MuKpocxeMa coxpaHseT 3aNnHCaHHyi0 HHDOPMALHIO NMOA HANMpPSAMEHHEM NHTAHHA
B TeueHHe 15 ThiCc. 4, a B BHIKJIOYEHHOM COCTOSIHHM — He MeHee 1§ uer.

Mukpocxema K573PP2 (puc. 3.6,2) H ee Moaupukauuu paGoTaloT B peKHUMax
ofillero ¥ H36HpaTebHOro CTHpaHHsA, o6well W H36HpaTeNbHON 3aMHCH, CYHTHIBAHHA
H XpaHeHHs. YCJOBHA peaH3alH¥ YKa3aHHBIX PEXHMOB NpHBeAeHH B Ta6a. 3.13.

B peXHMe CUHTHIBAHHs CHrHaim CS M OE fomyckaercs MOAaBaThb ypOBHeM HJIH
HMOyabcoM. BHcTpoaeficTBHe MAKpPOCXeMH MOXHO OLEHHTH 1O BpeMeHH BHGOpKH
anpeca ta(4)=0,35 MKC npH UTEHHH aJApeCHWMH CHTHAJaMH, KOTAA CHTHAJH CS=0,

OE=0 nogaHbl OfZHOBPEMEHHO ¢ AAPECHHIMH HJH IPEABaPHTENbLHO.

B pexuMe NpOrpaMMHPOBAHHA, T. €. NPH CTHPAHHH M 3aNKCH HUHPODMALHH, Ha-
npsxeHHe NPOrPAMMHPOBAHHS JOJKHO OhiTh MOAAHO HMIYJbCOM AJHTENbHOCTHIO
50 mc u BpeMeHeM Hapacrauus 0,45 .. 0,75 mc.

PeXHMBl CTHPAaHHS H 3alHCH Yy JaHHOM MHKDOCXeMH M Yy MHKPOCXeMH
KM1609PP1 (ta6Gn. 3.12) ocymlecTBAAIOT B aHAJNOTHYHHIX YC/IOBHSX H NPH OAHMHA-
KOBOM mopsAKe BosfeRcTBHA cHrHanmamu. Ilpoueaypa nporpaMMHpOBaHHS MHKpPO-
cxemu KMI1609PP1 6nsa nmoapoGHO omucaHa NpH paccMOTpeHMH cepun KM1609.
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Ta6anua 3.13. Pexumn paGornt ICIIM3Y — mukpocxemn K573PP2

CrHpaHue 3anuceh

CyuThiBaHHe XpaHeHHe
Curnas oGutee no ampecy obuas no aapecy

CS 0 0 12B 0 0 1
OE 12B 1 1 | 0 X
Upr, B 29% 29+ 22+ 29* 5 5
DIO 1 1 X DI DO Z

tw, Mc 50 50 50 50 0,35** mKc

* CurHan B dopMe uMnynbca AJNHTENTbHOCTBIO ty,.
** Bpemsi BbIGODKHM anpeca t .
MpumeyaHnune YUCNo HHKIOB nepenporpaMMuponanus 104,

Miukpocxema K573PP2 crnoco6Ha coxpaHsATh 3amHCaHHyI0 HHGOpMAalHIO NMOA Ha-
npsiXKeHHeM MHTAaHHA H NMPH BHIKJIOYEHHOM NMHTAHHH He MeHee 15 Thic. u.

B rpynne wmukpocxeM CII[I3Y npeo6Grapaiouee nonoXKeHHe 3aHHMaeT CepHs
K573, umeromas pa3suThifi ¢hyHKuHOHaJbHBIA coctaB (taba. 3.7), xoropblfl paciuH-
peH 3a cuer MopHdHKauull 6asoBbix MHKpocxeMm (ta6n. 3.9). Hasnauenne BbIBOAOB
mukpocxem CIITI3Y ykasaHo Ha puc. 3.7.

B ycrpofictee u pexumax pa6orsl MHKpocxem CIIII3Y MHoro ofuiero ¢ MHKpO-
cxemamu JCIITI3Y. HckioueHHeM sBISETCS DEXHM CTHPAaHHSA, AN peasiH3alHH KO-
TOpOro Heo6XoAHUM HCTOYHHK Y@ uanyuenus. IIns crHpanus 3anHcaHHolt HHbopma-
LHH MHKDOCXEMY H3BJIEKAlOT U3 KOHTAKTHOro YyCTpoRcTBAa H MNOMEILAIOT MOX HCTOd-
HHK Y@ uanydeHus. V3BredeHHe M YCTaHOBKA MHKPOCXEMbH B KOHTAaKTHOe YCTpOfi-
CTBO AONYCKAETCH TOJNbKO MPH OTCYTCTBHH Ha BBIBOAAX HanpsIKEHHN MHTaHUS H
BXOAHBIX cHrHajoB. CTHpaHHe MOJKHO OCYLIECTBHTb, He H3BJeKass MHKPOCXeMYy H3
KOHTAaKTHOTO YCTPONCTBA, HO TOTAa HAaAO OTKJIOUHTb HaNpsiKeHHe NMHTAHHA H CHATh
CHTHaJHI, a TaKXe MNPefyCMOTPeTb BO3MOMHOCTb HCMOJb30OBAHHA YHNOGHHIX nepeHoc-
HHX cpeacTB Aas Y@ obnyueHHs MHKpocxeM. THMOBHE HCTOUHHKH CTHPAIOLIEro H3-
JIydeHHsi — AyroBble PTYTHblE JIaMNbLl H JAMNB ¢ NMapaMH PTYTH B KBapuesuXx 6aJ-
nonax: IIPT-220, OPT-375, [B-8, IB-60 u ap. BpeMs crHpauus HHdOpMALHK
paBio 20 ..60 muH. Paccroswue or kopnyca no 6GajnjoHa JaMnbl JOMKHO ObITh
3 cm ana namm thma IIPT u 0,5 cM ansa aamn tuna JIB. Ouesnano, Heo6xonumo
ofecneanTh YHCTOTY CTeK/Ja B KPHIUIKe KOPNyca, Tak Kak B NPOTHBHOM C/ydyae CTH-
paHne Oyner HeNOJIHLIM.

IMocne cTHpaHus NPOH3BOAAT NPOBEPKY: Bce 3JeMEHTH NaMATH HAKONMHTEVIS
ROJIXKHE HMeTh cocrosinue Jor. 1. JlaHHoe Tpe6oBaHHe OTHOCHTCS KO BCEM MHKPO-
cxemam CIITI3Y. IMposepky ocyluecTBASIOT MyTeM nepe6opa BCEX aApecoB B peXHMe
CUHTHIBAHHS.

Crarnueckne napaMerpn mukpocxem CIITI3Y umeior crenyioiHe sHageHHs:

BXOoAHOe Hampsaxeuwe Jor. 0 u Jgor. 1 — coorsercreeno 0,4 u 24B (ansa
K573P®1 — 04 u 4 B);

BHIXOJHOe HampsixeHue jor. 0 u Jor. | — coorsercrBenHo 0,4 .05 u 2,4 B;

BEIxOaHOA Tok Jor. 0 u Jor. 1 — coorBerctBenno 1,6..3,2 MA u 0,1 ...0,4 MA.
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[To BxoaHMM H BHIXOAHHIM CcHrHajaM MHKpocxemMn cepuHn K573 u KC1626
copmecTuMu ¢ TTJI-mukpocxeMaMH (3a HcKiloueHveM K573P®1, koropas coBme-
cruma ¢ Buxogamu TTJI—OK).

Mukpocxemn CIII3Y HMmeloT BHXOAH C TpeMs COCTOSHHAMH, Jlas HHX mpe-
ZAeJbHON ABJIieTCA eMKOCTHas Harpyska 100 n®.

Mukpocxemn CIITI3Y MoryT pa6oTaTh B CJAEAYIOUIHX PeXHMax: 3anucH (npo-
rPaMMHDOBaHHs), KOHTPOAs 3anHCcaHHOM HHMDODMALHH, CUHTHBAaHHS H XpaHelHsd,
Yc/I0BHS peaJiH3allHH Ha3BAHHBIX DPEXKHMOB AJsi MHKpocxeM cepHu K573 npuBeseHnt
B Ta6a. 3.14.

3anuch HHGOPMAUHH B HAKOMHTENb, T. €. NPOrPaAMMHDOBAHHE MHKDOCXEMH,
MOXHO [NDOH3BECTH B aBTOHOMHOM NporpaMMaTrope HJH 6e3 H3BJeYeHHS M3 KOH-
TAaKTHOrO YCTDOACTBA Ha MJaTe C MOMOLIbIO BCTPOEHHOro MPOrpaMmupyiouiero ¢yHK-
UHOHAJBHOrO y3/1a. Bo BTOpOM ciyyae HeOGXOAHMO NMpeAyCMOTPeTb MephHl MO 3allHTe
uwenporpammupyemuix CIITI3Y-mMHKpocxeM, B YacCTHOCTH, YCTaHOBHB HX B pEXHM
sanpera nporpammupoBaHHs. [Ipu 3anucH HHPOpDMALKH NPEABAPHTENBHO IOJIKHH
ObITb noaaHbl ajgpecHble CHrHaJbl A4 nﬂﬁopa SlYeHKH HAKOMUTEeNd H CHI'HAJK
Ranubix. HanpsixxeHue nporpamMmupoBanus Ha MukpocxeMnt K573P®2, K573P®5,

Ta6auua 3.14. Pexumn pa6ora CITN3Y — mukpocxem cepun K573

MHKpocxeMa Curuan 3anuch Kourposn CuurbiBanne | XpaHenue
K573P®1 CS 12 B 0* 0 1
1K X8 PR 26 B* 0 0 X
100 uwnkJ08B DIO DI DO DO 2

tw 1 Mcx 300 <1 MKc 0,45** MKC —

K573P02 CS I* 0 0 1
100 unks0B OE 1 0* 0 X
K573P®d5 Upr, B 25 25 5 5
25 UHKJIOB DIO DI DO DO 2
2K <8 tw, MC 50 <1 Mkc| 0,45** MKc —
K573Pd4 Cs 0 0 0 1
OE 1 0* 0 X

(K573P®6) PR 0* 1 1 X
8K <8 Upr, B 21(19) 21(19) 5 5
25 1uHKJIOB DIO DI DO DO Y
tw 1 Mc X 45 <1 Mkc 0,3** Mkc —

(1mMc X 25)

K573P®8 cS o 0 0 1
32K <8 OE 1 o* 0 X
25 UHKJOB Upr, B 18 18 5 5
DIO Dl DO DO 2

tw, McC 1 Mmc x50 <1 mkc [0,35** mkc —

* CHrHan c yKa3aHHbIM YpOBHeM AeACTBYeT B TedeHHe BpeMeHH ty.

** BpeMs BHBGODKH anpeca ‘A(A)'
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K573P®8 nopaloT MOCTOSHHWM YPOBHEeM, Ha ApYrHe MHKPOCXeMB 3TO HanpsiKeHHe
mocrynaer B ¢opme HMnyabca. To Ke MOXKHO cKasarTb ¥ o cHrHajgax CS u PR,

s MHOTHX MHKPOCXeM pPOeKOMEHJOBaH aJaNTHBHHLIA pEXHUM NPOrpaMMHpOBA-
HHs, NPH KOTOPOM NO KaXAOMY AaApecy NORAeTCA CEepHA NPOrpaMMHDPYIOLIHX HM-
nyJabcoB anureasbHoctbio 1 mc. [Tocie KaXaoro HMNyJabCa NMDOH3BOAHTCA KOHTPOJb
sanHcaHHOR uHpopMauuH. Eciu He Bce 3JIeMEHTH NaMATH OKa3WBAalOTCA 3anporpam-
MHDOBAaHHHIMH, TO NPOAOJVIKAIOT NOAABAaTh HMNYJLCH A0 TeX MOp, NMOKa BO BCe
9JIeMEHTH nNaMsrd He Oyaer 3ankcaHa TtpeGyemas HHpopmauus. OpHako yHcaO
HMNyJbCOB NpPOrpaMMHPOBaHHA He AoyxHO mpeBnwmath 300 ana K573P®I1, 45 ans
K573P®4 u P®7, 25 ana K573P®6, 50 ans K573P®8. AnropHTm ajanTHBHOrO
NPOrpaMMHPOBAHHA [O3BOJIAET CYIIECTBEHHO COKPaTHTb BPEeMs NpPOrpaMMHPOBAHHS.

KoHTpo/Ib NPaBHJILHOCTH 3aMHCH HHGOPMAalUHH OCYUIECTBJAIOT JHG0 MO LHKJIY
CUHTHIBAHHS, JAHGO MO LHKJY KOHTPOJSA, OTJHYAIOUErocH TeM, 4YTO HanpsxeHHe
NpOrpaMMHPOBAHHA OCTaeTCs TeM Ke, UTO H NPH 3alHCH. '

[Tocne KaXaoro KOHTPOJBLHOTO CHYHTHBAHHA NDH MNOJOXKHTEJNLHOM pe3yJbTaTe
N0 3TOMY Xe ajpecy DeKOMEHAYyeTCs MoAaTb NPOrpaMMHpPYIOUIHA HMNYJbC Tpex-
KpPaTHOM JJIMTEJNbHOCTH AJS 3aKpenJIeHHsl 3aNHCH.

PexxuM 3anpera nporpaMMHPOBaHHS NPHMEHsAeTCs MAJIS 3alHTH MHKpPOCXeM B
cocrase moanyns [I3Y, o6beaHHeHHHX OAHOMMEHHHIMH BHBOAaMH. Ecau oaHa u3
TaKHX MHKDOCXEM YCTaHOBJIEHa B DEXHM 3allHCH, TO Yy OCTaJbHHX AOJXKeH OulTh
ofecneued peXHM 3anpera TNPOrpaMMHDPOBaHHA. DTO JOCTHraeTrcs mnopaueil CHr-
Haaa OE=1 W cHrHana BHGOpa, HHBEPCHOTO N[O OTHOUIEHHIO K €r0 COCTOSHHIO B
pexnme samucu: CS=0 ans K573P®2, P®5, CS=1 ans K573P®4, PO6, POS.

CuntniBanve Hupopmauuu u3 CIII3Y-MHKpocxeM NPOM3BOAHTCH B aCHHXPOH-
HOM pexXHMe A0CTyna K HAKOMHTE/IO, NPH KOTODOM CHrHajsl Ha Bxoahl CS u OE
NOJAIOTCA yPOBHAMH. DBricTposeiicTBHe MHKpOCXeMbl oOnpeaessieTcsl BpeMeHeM BHI-
Gopku aapeca. MoXHO yKasaHHHe CHTHaJH YNpaBJeHHS MOXaBaTbhb B GopMe HM-
myabca. B aTom cayuae Bpemst BHOOPKH ajgpeca Gyaer 3aBHCeTb OT BpEMEHH ycTa-
HOBJIGHHS] 3THX CHTHAJIOB OTHOCHTEJLHO ajfipeca M BPEMEHH HX BHGOPKH:

taca) = tsua—csy+tcs mpr OE =0,

tacay =tsua-oe) + tacogy 1P CS=0.

B pexume cunrniBanua Ha Bxox Upg c/leAyeT MoaaTh Hanpsxenue 5 B.

Cpean muxpocxem cepun K573 Bupensietcs Gosnee clOXHO# cTPyKTypoft H pac-
WHPEeHHHMH (YHKIHOHAJIbHBIMH BO3MOMHOCTAMH MHKpocxeMa K573P®3 eMxocThio
4KX16 6ur (puc. 3.7,6). Ee 0cOGeHHOCTb COCTOHT B TOM, YTO OHa HMeeT BCTPOEH-
HHe CPeICTBA CONPsKEHHA C MarucrpaJgbio no uHrepdeiicy, onpepenennomy [OCT
26765. 51—86. Kpome TOro, MHKpOCXeMa HMeeT BCTPOEHHOe MDOrPaMMHpyeMoe Tpex-
pa3psaHoe YCTPOHCTBO AJIA 3aMHCH cOGCTBEHHOrO ajpeca (HOMepa) MHKPOCXEMMB
A,c ¥ cxemy cpaBHeHHs AJIi ONO3HAaBaHHS CBOErO afpeca B MOTOKe aiPECHHX KOAOB,
MOCTYNAIOUIHX H3 MarucTpas.

Mukpocxema HMeer cOBMellleHHHle aapecHBle M HH(ODMALHMOHHHE BHIBOAH, KO-
TOPHMH ee NMOAKMoOYalOT K obuleit muHe «Azxpec— Ilanuunie» maructpaau. Kop an-
'peca COCTOMT M3 nByX w9acrefi: Ajs..A;s— Koxm ajapeca MHKpocxeMbl; Ajz..A; —
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Koj anpeca BHGHpaeMofi suefikH maMsATH; paspan Ao B afipeCHOM KOAe MOMXeT HMeTb
MPOH3BOJILHOE 3HaUeHHe.

ITH XKe BHBOAL HCMOJBL3YIOTCH AJS BBOAA JAAHHRIX NPH NPOrpaMMHPOBaHHB
Dlo..Dl;s u BuBosa cuuthBaeMunx aanubix DOp..DO;s. Koan agpeca M gaHHHIX
pa3jieieH BO BpEMEHH.

Jns ynpaBaenuss paboTofi MHKDOCXeMB! C/AYXXAT CJAEAYIOUIHe CHTHAJBI C — cun-
XPpOHH3aIlHA, C_S'——Buﬁop MHKDOCXEMH, ﬁ—nporpammupoaa}me (3amucsp); OE —
paspellleHHe BhixoAa (cuHTHBaHue). HasBaHHble CHIHa/ Wl SBJIAIOTCA BXOAHBIMH A%
MHKPOCXEMH! H BHIIOJIHAIOT clefylomde GYHKUHH (B peXXHMe CYMTHIBAHHSA): NO CHr-
Hanty C (COOTBETCTBYET CHrHaJy SYN JMHHHM ynpaBiieHHs) HAauHHAETCHS OOMeH.
nHdopmaunedt [13Y ¢ MarHcrpaJibio, cHrHaJ OE (cooTBETCTBYET CHTHaJMy RD) onpe-
flensieT MOMeHT nepenaud faHHmx ot [13Y B MarucTpaas, curHaa CS OTKpHBaer
ROCTY K MHKpOCXeMe.

B pexuMe CUMTHBAHHS MHMKpOcXeMa (DODMHpyeT cHrHai otBera AN, KoTopuf
CONpOBOXJAaeT BHAaBaeMble B MAaruHctpaJsb AauHnle, COCTOSHHS CHrHAJ 0B ynpasde-
HHA B Da3/JHYHHIX peXHMax paboTH MHUKPOCXeMHl NpuBeseHn B Taba. 3.15.

Ipun peannzauku ynpasieHHs HeoGXOAKMO HMeTb B BHAY, YTO COBMelleHHHIE
aapecHsle M HHbopMauHoHHHe BHBoAH ADIO paGoraioT B MyJBTHIJEKCHOM pe-
JKHMe: BHayaJle Ha HHX NMOCTYNAlOT aJpecHble CHIHAJBI, 3aTeM BHIBOAATCA (NMpH uTe-
HHH) CHrHaJW Koaa AaHHbX. [lpouecc ajgpecHoro oGpauieHHs NMPOHCXOAHT B cJe-
AyloweM nopsike. BHauane Ha BXOAW MHKDOCXEMH MOCTyMaeT Koi ajpeca A, ..As
W curian CS=0 (puc. 3.8). B MukpocxeMe NDHHATHN C aApeCHON WIHHW KoZj
Ais... Ass cpaBHHBaeTcs C COOCTBEHHWM aipecoM Ay H NMDH COBMajeHHH C MOCTYMN-
nennem cHrHana cunxponusaumn C (SYN) kox aapeca A, ..Ays 3anuceBaetcsi BO
BHyTpeHHHA peructp. Jas HaaeXHoOR 3anHCH HeOGXOAHMO aJpecHhle CHIHAJH CO-
XpaHATb OTHOCHTesbHO nepenasa H/L curhana C ua BpeMs tyc—a) =50 Hc. [locse
9TOrO ajpeCHHe CHTHAJbl CHHMAIOTCA H BbIBOAH MEPEXOAAT B Z-COCTOSHHE B OXH-
NaHHH BHAAYH JaHHHX B MarucTpaib. CHHTaHHBle H3 HAKOMHTENS JaHHLe pasMe-
IAI0TCA BO BHYTPeHHEM DErHCTpPe AaHHBIX H MNOABJSAIOTCA HAa BLIXOAAX MO CHT-

nany OE=0 depes BpeMsi t(oF).

TaG6auua 3.15. PexxuMn pa6oTei mMuxkpocxemn K573P@3

CurHan 33"";5 alpeca 3anHch KaHABIX CuuThiBaHHe XpaneHue
MC
_C_ 0 0 0 1
c$ 0 1 0 1
"OE 1 1 0* 1
PR 1 0 1 0
Uer, B 18 Rt _ 5 5
ADIO As.. K A A A ... K X
___ Dlo... Dlis DO, ...DO0:s
AN 1 1 0 1
tw, MC 50 50 0,45 MKc —
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Puc. 3.8. BpeMenHtrie auarpaMmul curianos MukpocxeMst CIITI3Y K573P®3

B pexuMe 3anMCH AaHHLIX NpH mporpaMmHpoBanun (puc. 3.8) aapecHoe obpa-
LEeHHe OCYLIeCTBJISAIOT aHAJIOTHIHO peXHMy CUHThiBaHHA. [IpH MOCTYNJIEHHH 3amHCHI-

BaeMOro Kojaa AaHHHX cHrHas CS npuHHMaer cocTosiHHe Jor. 1. DTOT peXum ocy-

LIECTBJAIOT MPH CHrHaJle PR=0.

IOna 3anucu kona Ay Heo6xoaumo Ha BuiBoan ADIOy.. ADIO;s noaarts cur-
Hajbl KOAa Ajs..Ays, a TAKKe CHHaJH YNPaBJEHHS B COOTBETCTBHH C puc. 3.8.

Hasnnune nporpaMMHpyeMoro aapecHoro ycTpoficTBa H ceJieKTOpa aapeca no-
3BoJisier Ge3 AOMOJIHHTEJbHOro OGOpyAOBaHMA OOBESHHATH A0 BOCBMH MHKpOCXeM
nyTeM MX HENoCpejCTBEHHOTO MOAKJIOYEHHST K MarucTpasiu. MukpocxemMa coBMe-
CTHMa Mo pa3BojKe BHIBOJAOB M CHrHasjam ¢ MHKpocxemMamun KP537PV11, K1809PV1,
K1809PE1, K1801PE]l, K1801PE2, KPS588PEl, uro nenaer BO3MOXHHBIM CO31aHHe
yHHBepcaslbHHX Moaysell 3Y Ha ocHOBe CTaHAapTHOro napaJileJbHOrO MAarHcTpaJb-
Horo HHTepdefica ¢ o6befHHeHHON IUHHOMA ajzpeca H JAaHHBIX.

Mukpocxema KC1626P®1 (puc. 3.7,e) u ee mogndukaunn KCI1626P®11 u
KC1626P®12 moryt paloTaTh B pexHMax 3alNHCH MPOrPpaMMHPOBAHHSA, KOHTPOJS,
CUHTHIBAHHA, XPaHeHHs. YCJOBHf peasH3aluHH Ha3BAHHHIX DEXHMOB NpPHBEAEHH B
Ta6a. 3.16.

Ta6auua 3.16. Pexxumn pa6oTel Mukpocxemnl KC1626Pd1

Curuan 3anuch KoHuTpoan CuHTbIBaHHE XpaueHue
cS 0 0 0 1
OE 1 0* 0 X
PR 0* 1 1 X
Upg, B 12,5 12,5 5 5
DIO DI DO DO 2
tw 1 McXn <1 MKc 0,2** MKc —

* CHrHa/ ¢ yKa3aHHBIM COCTOSHHEM NefACTBYeT B TeueHHe BpeMeHH ty.
** BpemMs BIGODKH anpeca.
MpuMedanune n=3.,.75 — YHCAO NPOrpaMMHPYIOIMHX HMNYJAbCOB.
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3anmuch NPOM3BOAST MOAAaYel HMNYJbCOB NPOrpaMMHDOBAHHS JJIHTEIbHOCTBHIO
1 Mc B koauuectBe oT 3 no 75. HanpskeHue nporpaMMHMpOBaHHMs MOCTOSHHO H
pasio 12,5 B. OfHako MOXHO ero MoAaBaThb HMNYJbCAMH, MPH 3TOM ROJKHO GHTBH
BHIIONHEHO YCJIOBHE: BPeMs YCTAaHOBJEHHS CHTHAaJa PR OTHOCHTENbHO uMnyabca Upg
u Bpema coxpanenuss Upg Noc/ie OKOHYAHHS CHPHAJa PR JOMKHO GHTbL He MeHee
2 mxc.

B pexuMe CUHTHBAHHS CHrHAJH CS u OE MoXHo noaaBaTb YPOBHEM H CUH-
THBaTb aApECHHIMH cHrHalaMH. MHgopmauHs Ha BHXOAaxX MOSABHTCA COYCTA BpeMst

BuGopkH aapeca. Ilpn umnyJabcHoR ¢dopMe CHrHaJj0B CS u OE Heo6xoaHMO 3HaTb
BpPEeMSl YCTaHOBJICHHsi O[HOTO CHFHaJa OTHOCHTEJbHO APYroro H BpeMs BEIGOPKH.
B o6uieM cayuae BpeMst BHGODKH ajpeca paBHO tA(A)_—_ tSU(A-—-CS)+
+ tsu(cs—oE) + ta(or)-

Muxpocxema KC1626P®1 nonyckaer ao 100 uukJOB mnepenporpaMMHpPOBAaHHS.

Mukpocxemnt CIIII3Y cepuft K573 u KC1626 cnocoGHbl coXpaHSTb 3aMHCaH-
Hylo HHpOpPMAUHIO NOA HanpsAXKeHHeM NuTaHHA B TevyeHue 15..50 TuCc. 4, OpH oOT-
KJIOYeHHOM MHTaHHH — 5 ... 15 Jer.

I s HCKMOYeHHS noTepH HHGODMAUHH NMPH ee AJHTENbHOM XPaHEHHH OKHO KOp-
nyca MHKDOCXEMbl NPH 3KCIIyaTalHH AOJNKHO GHITH 3aUIHILEHO OT BO3AEACTBHA
yAbTpadHOIETOBOrO ¥ CBETOBOro 06/JydYeHHs, HanpHMep, CBETOHeNpPOHHUAeMOR NJeH-
Kof.

Ilpn paspaboTke M peaJsM3auHu yCTPOHCTB MaMATH Ha MHKpocxemax CIIII3Y
clefyeT MPeAyCMOTDeTh MHTaHHE MHKPOCXeM NaMATH H YCTPOACTB YNpaBJIEHHS OT
OJHHX HCTOYHHKOB HaNpsKeHHS.

3.4. NMporpamMmupoBanue mukpocxem M3y

[Tpoueaypy npeaBapureabHoit 3anucH uHdopMauuu B Mmukpocxemy III13Y nepex
YCTaHOBKOHA Ha MeyaTHYIO NJATy HAa3WBAIOT ee NPOrpaMMHpOBaHWeM. JTa Onepauus
ABJISETC COCTaBHON 4YaCThi0 pEIUeHHs JIOGOH NPaKTHYECKON 3a4aud MO MPHMEHEHHIO
mukpocxem [ITI3Y.

B ucxoanoM Ans NMpOrpaMMHpPOBAaHHA CcOCTOsSIHHH MHKpocxeMa [II13Y B csoeft
MaTpHUE HMeeT BCe MePeMbLIYKH, YTO COOTBETCTBYET HAJHYHIO BO BCeX 3JeMeHTax
naMatE O HaM 1 B 3aBHCHMOCTH OT XapaKTEPHCTHKHM YCHJHTENA CYHTHIBAHHS
(cMm. § 3.2). TIporpaMMHpoBaHHe MHKpPOCXeMH npejacraBasieT coGoft npouecc nepe-
Kuranus nepemunyek B Tex DII, rae tpeGyerca uamenuts HHopmauuwo. DTy one-
PalHio BHIOJNHAIOT C MOMOUIbIO YCTPOACTBA, HAa3nBaeMOro NPOrpaMMaTopoM, B pyd-
HOM HJIH aBTOMAaTHYEeCKOM pexuMe.

[Mepexnranne nepeMbluek MPOH3BOASAT MO OAHOM MOCJELOBATEJIbHO BO BPEMEHH,
qro6WM He HapyllaTh TeMnepaTypHHIl peXHM MHKpocxeMbl. [IpHHUMN nporpaMMupo-
BaHHS TOACHHM ¢ NMOMOLUIbIO pHC. 3.9, HA KOTODOM MOKa3aHH 3JeMeHTH NpOCTefLIero
nporpaMmaropa: ycTpoACTBO AJs ()ODMHDOBAHHA KOAa ajpeca, YCTPOACTBO KOHT-
‘POAsA, reHepaTop OAMHOWHBIX HMMYJbCOB, rpynmna nepekJiouatenefl SA1—SA4 H KoH-
rakroB peqe Kl1.1—K1.3, oGecneuuBaiomiHx KOMMYTauHI0 uenmefl npu [OpOrpaMMHpPO-
'BAHHH MHKPOCXEMHI.

Ha 3Tanme nmoaroroBKH MHKpOCXeMy MpOBepAIOT Ha Haauane Jjor. 0 Bo Bcex 3II,
ToaaBasi Ha BXoAH Ap.. A; BCe aapecHhle HaGOPH U KOHTPOJHPYS COCTOSTHHE BHIXO-
ZOB ycrpoficTBOM KOHTpoJd. Hago HMeTb B BHAY, YTO NPEANPHATHE-H3rOTOBHTENb
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Puc. 3.9. Mpocrefiuuit nporpammarop Mukpocxem I1I13Y

ocTaB/ifeT 3a coGoit npaBo nocraBaaTb Mukpocxemun [III3Y c navaawHoR uHoOp-
MauHe#l B HEKOTOPOM KOJIHYeCTBe fi9eeK NaMATH, oOW4YHO He GoJee uerbipex. [IpH-
9HHOM TaKOro fBJEHHA MOrYT ObITh HCNBITAHHA MHKPOCXCM Ha NpOrpaMMHPYeMOCTb
npu ux Buinycke. [IpumenntesbHo k mukpocxeMe K556PT4 sro osmauaer, yro psp
fYeeK NaMATH MOXeT coaepXaTb Jor. 1. Sluefikn c HauasibHOt MHopMauuell yka-
SLIBAIOT B CONMPOBOAHTeNbHOM JOKyMeHTe. IIpH nporpamMmuHpoBaHHH Hago JHGO Hc-
KJlo4aTb H3 ofpauleHHs syeflKH ¢ HavaabHO#t HHPopmauuedt, aH60 3anMHCHBaTh B
HHX HH}OpMaANHIO C ydeTOoM HMelouwuxcs B HHX Jor. 1. [lo okoHYaHHH KOHTpOJ#
HAYaJbHOTO COCTOSIHHSI MHKpPOCXeMbl K.atouaMH SA1—SA4 sakopauHBaioT ee BHIXOAH
¢ xopnycoM. YnpasasiomHe Bxoan CS1 u CS2 TakkKe coefHHEHN C KODMNyCOM.
3aMerHM, 9TO NpH NPOrpaMMHPOBAHHH MHKPOCXEM ¢ HAYaJbHBIM 3anoJHEeHHEM
Jor, | BHXOAH COENHHSIOT He C KOPONYCOM, a C HCTOYHHKOM HanpsxenHs 5B. Ha
9Tane NPOrpaMMHPOBaHHA KOAOM ajpeca BHIGHPAIOT s9efiky MaMATH, B KOTOPYIO
Heo6xoqHMO 3aHecTH Jor 1. 3aTeM pa3MHKalOT KJI04 TOr0 BHIXOAA3, KOTOPOMY MpH-
HajJexHur mporpamMmupyeMuft I, ¥ 3anyckaloT reHepatop OAHHOYHHIX HMIYJbCOB.
Pesie K1, nmepek/iouHB CBOH KOHTAaKTH, KomMMyTtHpyerT Ha BhiBogH CS2, Uc # BH-
Gpannoro Bhixosa DO mnanpsxenxe 12,5B Ha koporkoe BpeMs. Bpems nporpammH-
POBaHHA B HalleM NpHMepe ONpejesfeT AJHTENbHOCTb YAEPXKAHHA pesie BO BKJIO-
9eHHOM COCTOSHHH. OOblaHO AJISA MepeXXHraHus nepeMuukd aocrarouso 100 ... 300 mc,
C uayajoM NpPOrpaMMHDOBAHHS B CTPYKType MHKpocxeMu (pHc. 1.13) orxkpuBaercs
<¢opMupoBaTeab BHOPAHHOTO BHXOAA, HanpuMmep F; W co3naercs HH3KOOMHas LeNb
Zaa toka OT Uc=12,5B uepes OTKpPLITHA 3MHTTEpHHA NepexoA TpaH3ucTopa i
CTDOKH H BTOpOro cToJGua dYepe3 OTKpHWTHA kaiod VT2 H Buxox F,; Ha kopnyc,
Tlporekarouiufi gepe3 nMepeMulYKy HMMYJbC TOKA 3HAUHTEJbHOM AMIJHTYAH MEpeXH-
raer ee. B 3to Bpems ¢opMHpOBaTeNH APYrHX BHIXOAOB 3aKPHTH, MOCKOJLKY Bce
KMo4H, Kpome SA2, 3aMkHyTtH. B caepylomuft uHk.a nporpammupyiot apyrofi SI1
9TOA XKe sfYeflKH MaMsATH H TaK A0 TeX NOp, Moka He GyayT 3aHecenn Bce | B gaH-
Hy10 sd9efiky. 3aTeM HIMeHeHHeM ajpeca BHGHpaeTCsl COCEAHAR AYEAKA M UMK 1O-
BTOpAETCH.
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[ocne nporpaMMHpDOBaHHsI CJeAyeT NPOBEPHTb COCTOSHHE BCeX sYeeK NaMATH
# npu HeOGXOAMMOCTH MOBTOPHTL MNporpamMMHpoBanue. Heo6xonHMOCTb MOBTOPEHHs
nporpaMMHpPOBaHHe TOJBKO YaCTH BHITyCKaeMHX MHKpocxeM. DTy dacTb OroBapH-
BIOJHE BepOATHA, TaK Kak MNpeANpHsATHEe-H3TOTOBHTEAb TapaHTHPYeT HaleXHoe
NporpaMMHpPOBAHHE TOJBKO YacTH BHINYyCKaeMbiX MHKpocxeM. 3Ty dacTb OTOBapH-
BaloT B TY Ko3$ODHUHEHTOM NpPOrpaMMHpOBaHHA, 3HAYEHHE KOTOPOro AJA Da3sHHX
THnoB MukpocxeM IIII3Y Jaexur B mpepenax 0,65..09. Hanpumep, ana paccmar-
puBaeMofi MHKpocxemb KP556PT4 koadduument. mporpammupoBanus paseH 0,65.
3to o3Hauaer, yto u3 100 MHKpPOCXeM, NMOABEPTHYTbIX NPOrpaMMHPOBAHHIO, TOJBKO
y 65 rapanTHpoBaHbl npaBuabHAs 3anuch HH(OPMALHH H COOTBETCTBHE HX 3JIEKTDH-
9eCKHX NMapaMeTpoB YCTAHOBJEHHHM HOpMaM.

BoJsee HafeXHHM sBJIfieTCH NPOrPaMMHDOBAaHHe NMyTeM MOJAYH TPeX CEpHA HUM-
nyJabcoB (Ha BXOA yMNpaBJieHHs, Ha BHXOA NMHTaHHA H Ha BLIGPAHHBIR BHXOA) AJH-
TeabHoCTbI0 25..50 MKc kaxabift co ckpaxuocthio 10 u ¢ponrom 03..3 Mxe
Takoft pexxHM NMPOrpaMMHPOBAHHA MOXeT ObITb peajH30BaH CXeMOR NMporpaMMmaTopa
C aBTOMAaTHYeCKHM (HOPMHPOBAaHHEM NPOrpaMMHPYIOUIHX HMIYJbCOB,

IMpu nporpammupoBanHn Mukpocxem I1[13Y Hago yuHTHBaTH BO3ZMOMHOCTb BOC-
CTaHOBJIEHHS NPOBOAfALIER NEPEMBIYKH CO BPeMeHeM H3-3a SBJIEHHS MHIDaUHH 3JeK-
TPOHOB. YCTAaHOBJIEHO, YTO €CJH [epPeKHraHHe MPOHCXOAHT NPH HMIyJdbce C KPYTHM
¢GpOHTOM, TO OHO HOCHT XapaKTCD MHKPOB3PHBA C HHTEHCHBHON OKHCJHTEbHOR
peakuHeX Ha Kpasx pa3peiza. B Takom ciyuae BO3MOMKHOCTb BOCCTaHOBJIEHHS mepe-
MBIYKH CYILECTBEHHO YMeHbluaercsi. [IpakTHaeckH orcyrtcrByerT 3¢¢dekT BOCCTaHOB-
JIeHHl NOoc/e MepeXXHraHHs nepeMBlYeK H3 NOJHKPHCTAJIHYECKOro KpeMHHs (ce-
pus K541) u cunnmuuna naatuem (cepus K1608).

TexHonorust nmporpammupoBanus Mukpocxem [III3Y npeaycmarpusaer TpH pe-
JHMa: HopMaJbHblfl, dopcupoBaHHHA H monoaHHTeabHHR. Bontee noapoGHo Bompoc
nporpaMmupoBanua MukpocxeMm [IIII3Y paccmorpen B [22] 3aech JHIIB 3aMeTHM,
4TO YKa3aHHble PEXHMBl OTJHYAIOTCH AJNHTENBHOCTBIO NPOTPAMMHPYIOLIHX HMMYJb-
COB H HX KoJjuuyecTBOM. HampuMmep, ecqii B HOPMaJbHOM DeXHMe AJs MHKPOCXEM
cepun K556 ofuiee BpeMs 3amucu He j0/KHO mpeswiunath 400 Mc, To B ¢opcHpo-
BAHHOM peXHMe 3TO BpeMs yBesHuHBaloT a0 1,5c. EciH nocie ykasaHHHX peXHMOP
nporpaMMHpoBaHHs HH(ODMauUHIO 3amHcaTb He yAaeTcs, TO MHKpocxeMy OpaKyior.

IOns BuisBAeHHs cnabbix MeCT B 3anporpaMMHPOBaHHOM MHKpocxeme ee Moj-
BepraloT 3JIeKTPOTEPMOTPEHHPOBKe B TedeHue He MeHee 168 wacoB npH Temnepa-
Type 126°C ¢ nocieayiollHM KOHTDOJIeM NpPaBHJBLHOCTH 3anmHcaHHOM HHdopMauuu
H 3JIeKTpHYeCKHX napaMerpoB. B ciydae HapylleHHs 3amHCaHHOR HH(bOpPMauuH no-
BTOPAIOT WHKJ NPOrpaMMHPOBAHHS M 3JeKTPOTepMOTpenHpoBKy. IIpn nosTopHOM
HapylueHHH uHQOpPMAUHH MHKpocxeMy OGpakyior. [Ipu NporpaMMHPOBaHHH MHKpO-
CcXeM ¢ NepeMbIYKaMH H3 NOJHKpPHCTaJnHuecKoro kpemHHs (cepHs K541) u ua cu-
guuuga maatiibl (cepust K1608) 31eKTpOoTepMOTPEeHHPOBKY MOMHO He NPOBOJHTB.

BapHauTh npOrpaMMaTOpPOB, PAcCIUTAHHHX Ha PYYHOA PeXHM NpPOrpaMMHpo-
BaHHA M YAOOHLIX AJIA MPaKTHUYeCKOR paboThl B JIOGHTENBCKHX YCJIOBHSX, NpHBE-
naeHn Ha puc. 3.10 u 3.11. dyHruuoHajabHas cxema nporpammaropa (puc. 3.10)
COCTOHT H3 reHepaTropa OAHHOYHHIX HMMOYJbCOB JJHTENbHOCTBIO 50 .. 100 Mc, no-
cTpoeHHOro Ha suemeHrax DD2.1—DD24 u ynpasnsemoro kHonko#t S6, ¢opmupo-
BaTeNs Koja ajapeca Ha mneperJiiodarensx S1—S5, anekrponuoro kioua VTI—VT4
C BpeMeHeM KOMMyTaUMH MeHee | MKC AJs nofgayH Ha BHOpaHHHA nepekJiouare-
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Puc. 3.10. Tlpunuunuansuas cxema nporpammatopa Muxpocxem IIII3Y. (sapmnanr 1)
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Puc. 3.11. Mpunnunuansuas cxema nporpammaropa mukpocxeM I3V (sapuant 2)

JaeM S7 Buixoa muxpocxemu ITII3Y DDI u ua ee BuiBon Ucc Hampskenus nporpam-
mupoBanus Upr=10 B, ycrpoficTBa KoHTpoJa 3amucu Ha amomax VD4, VD5.

Jannut nporpamMmarop Jerko NPHCOOCOGHTL AJS PaboOTH C MHUKPOCXEMaMH
TIN3Y Goabme#t emkoctH, ueM KISSPE3, pacluupus azpecHoe ycrpoficTso.

B ucxoaHoM cocrosHHM MaTpHma Mukpocxembl KISS5PE3 sanosneHa HyJsiMH.
‘Yro6u NpOBEPHTb 3TO, HEOOGXOAHMO MOCJENOBATENbHO OGPATHTHCH NMPH YCTAHOBJIEH-
HoM nepekJiouaTeasiMu S1—S5 anpece k KaXI0My 3/JeMeHTY NMaMSATH NepekJIodYa-
Tesem S7. Ecarn B pannoM DIT nepeMbigka uena, 1. e. TaM Haxoaurca 0, To csero-
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auon VD5, samynTHpoBaHHum auogoM VD4, roperb He Gyzer. Ilpm HapyweHnn
nepeMHuKkH, 4To cooTsercTByer 1 B panHom III, cserogHon 3aropurcs. 3ty npo-
Ueaypy MOBTOPAIOT AJs Bcex 32 afpecoB MHKDOCXEMbI,

[TporpaMMHpOBaHHe OCYL1ECTBJSIOT B COOTBETCTBHH C KapTOH NpoXHra B cJje-
AylolleM nopsake: HaGupator appec SI1, nepek/mouarenem S7 seGHpator I, B Ko-
TOpHI caenyer 3anucatb 1, H KHonkod S6 samyckaior reneparop. Ilpu stom ¢op-
MHpyeTCsl CHrHaJ | paspelleHHss NpOrpaMMHpOBaHHs, KoTophifi ¢ Bbuixoga DD2.2
nocrynaer Ha Bxoj CS mukpocxemun IIII3Y. Ha Brixome DD2.4 nosiBasiercs OTpH-
uaTeJbHBIH HMIYJbC, AJHTEJNbHOCTb KoToporo 50 ... 100 Mc 3apaer uenouka R6CI.
Tpansucrop VTI 3akpmBaercs, a VI2—VT4 orkpniBaloTcs H KOMMYTHPYIOT Hanps-
xKeHne 10 B na Buipog nutanuss DDI yepes R8, VD4 u Bu6paunnii S7 suxon DDI
gepe3 R9, VD3. Ilocse orXaths S6 aBTOMAaTHYeCKH OCYLIECTBJSETCH KOHTPOJIb:
ecad auon VDS saropescs, TO 3anmucbh ypadack. [IpH HeoGXOQHMOCTH NOBTOpa pe-
XKHMa 3anucH (koa¢p¢HuHeHT nporpaMMupyemoctH y KISS5PE3 pasen 0,3) pexo-
MEHAyIOT YBeJHYHBATb HaNpsKeHHe NPOrpaMMHpoBaHHsi cTynedsMu no 0,5 no
14 B [51].

AHajoryyHoe no HasHaueHuio ycrpoiictBo ans Mukpocxem CIIIN3Y onxcano
B [40].

[Tporpammarop (puc. 3.11) paccuutan Ha muxkpocxemy II[13Y K556PT4 [30]
Ho npr HekoTOpOii MopepHH3aUHH OH MoXeT ObITb npHcnocoGJeH H AJAs Nporpam-
MHDPOBaHHsI APYrHX MHKpocxem cepun K556.

CxeMa mporpaMmaropa BKJioyaer HaGop nepekJiouarenefi SA1—SA8 mas dop-
MHpOBaHHs Koja aapeca, nepekmodyarteab SA9 BeiGopa paspsina, moaJsexallero npo-
rPaMMHDOBAHHIO, TreHepaTOp OJHHOYHBIX HMMyJbcOB Ha MHKpocxeMe DDI
(K155J1E1), tpausucropuett kmou VT1 (KT815A) u peae P3C-10 (PC4.524.304)
B LEMH ero 3MHTTepa, WHAHKAaTOp pe3yJabTaTa nporpaMMHpoBaHus — cBerogHon HLI
(AJ1307).

[Tepen mporpaMMHpOBaHHeM yCTaHaBJIHMBAlOT MOVIOKEHHS nepekaiouarteneh
SA1—SA8 u SA9. Ilpu HaxXaTHM Ha KHONKy «3amucbh» cpabaTbiBaeT reHepaTop
OMHOYHOTO HMMNyJbca W Ha ero Buxome (DD1.4) dopMupyercs HMNyJbC AJIHTENb-
Hoctbio 100 Mc. DtorT uMnysabc oTkphiBaer Tpahsuctop VT, u B pesyabrate npo-
HCXOAHT KDPaTKOBpeMeHHoe cpabaThHBaHHe peJsie. 3aMblKAHHeM €ro KOHTAKTa Ha BHI-
BoJ nuTanHs Mukpocxembl [1[13Y wu nporpaMmupyemblf pa3psa nopaercs Hanps-
xkenue 10... 15B. IlporpammupoBanne MuKpocxeMbl K556PT4 cocToHT B mnepexH-
raHHy JIErKOMJaBKHX MepeMblYeK B TeX MEeCTax MaTpHUH, Kyaa TpeGyercs 3amucathb l.
Ecnn 5Ta omepauust BHIMOJHEHAa ycnemlHO, TO 3aropaercs MHAHKATOPHHI CBETORHOA.
Ecnu nepembuka He paspyllieHa, TO CllefyeT NMOBTOPHTH ONEPaLHIO 3aMHCH, MOBHIIAS
HanpskeHHe ¢ 10 no 15B.

BeinyckaeMble NMPOMHIUJIEHHOCTbIO MPOrpaMMaToOpHl, nNpegHa3HayeHHHe p#Js aB-
TOHOMHOrO NMPHMeHeHHs, MO3BOJAIOT MporpaMMHpoBaTh MHKpocxembl [1[13Y u PII3Y
B [OWIaroBOM W aBTOMAaTHUECKOM peXHMaX C KOHTpOJeM 3alMHCH H MNpefBapHTeb-
HBIM pelaKTHPOBaHHeM 3aHOCHMOR B MHKpocxeMy HHpopMauuH. TakHMH BO3MOX-
HOCTSIMH DacloJiaraioT, B YaCTHOCTH, cepHfiHble MpOrpaMMHpYIOILHe YCTPOACTBa THNA
AVIII, 815, Y3I1-80 u ap. [67].

AKTHBHO pa3pabaTHBAIOTCS H BCTPOEHHBlE CPEACTBA MPOrpaMMHPOBAHHS, OPHEH-
THPOBaHHLHIE Ha KOHKpeTHhe MHKDODBM, nanpuMep «diexTpoHuka-60» [44], «Dnekt-
pounka K1-20» [46], «dnektponnka J13-28» [24], «Paxno-86PK>» [39] u np. ITep-
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Puc. 3.12. YcTpoficTBO aBTOMAaTHYECKOro MporpaMMHpoBaHus MHKpocxem [1I3Y:

@ — CTPYKTypHasi cxema; 6 — NOAK/IIOYEHHE NPOrpaMMHPYeMOR MHKDOCXEMBl; 8 — BpeMeHHbe NH-
arpaMMBbl HaNPSIXEHHA MPOrpaMMHPOBAHHS

CMeKTHBHHIM [AJI NPAaKTHKH SBJSETCS HanpasjeHHe CO3NaHHA YHHBepPCaJbHHX MpO-
rpaMMaTopoB aas Bcex Mukpocxem III3Y u PII3Y, cnoco6Hnix Kk GeicTpol
nepeHacrpofike NpH W3MeHeHHH THma MukpodBM [38, 32].

TakHe nporpaMMaTOpHl MAOJIKHE HMeTb TPH NPOrpaMMHpyeMbIX HCTOYHHKA C
HanpsaxeHHem or 0 mo 26 B, ¢ TokamMu HAarpysku A0 COTeH MHJIHAMMED H 3J€K-
TPOHHHE KJIOYH C BpeMeHeM nepekmodeHusi MeHee 0,6 Mxc. BapuaHT cTpyKTypHOro
MOCTPOGHHs] MPOrpaMMaTopa BCTPOGHHOrO THNMAa npeacrasieH Ha pHe. 3.12,a. Kon-
CTPYKTHBHO NpPOrpaMMaTop MpeACTaBjseT coOOR MonyJb, KOTOPHIR HMeeT cpeacTsa
CONMpSXKEHHUs] C CHCTEMHOR MarucTpajpio 4Yepe3 y3eq NpOMeXyTOuHoro uHrepdefica
B c wmukpocxemoft ITII3Y, PII3Y, kortopas moaxkHa GHTb 3anpOrpaMMHpPOBaHa.
B cTpykTypy Moaysas BXOAAT G6JOK NPOrpaMMHDyeMbiX HCTOYHHKOB HampsiKeHHH,
KOHTpOJJIep 3Toro G6J0Ka, GydepHHE PerHcTpH afpecoB H NAHHHIX, y3esl NPOMexy-
TOoYHOro HHTepdefica u y3en CONMpSKEHHS C NPOrpaMMHpYeMOR MHKpOCXeMof.
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OcHOBHOe Ha3HaueHHe MOAYyJell NPOrpaMMHPOBAHHS COCTOMT B NMpeobpasoBaHUH
~CHTHAJIOB B TOH WM HHON CHCTEMHOM MAarHCTpalH B CHIHaJb, HeOOGXORHMHle AJsi
nporpaMMHPOBAHHS MHKDOCXeMH KOHKpPeTHoro THna. HanpuMep, MuKpocxema
K556PT5 noaxaiouaercs K MOAYJIO MO cxeMe Ha puc. 3.12,6 U ee NporpaMMupo-
BaHHe OCYWECTBJAAIOT CHIHaJbl TIeHepHPYEMBIX MOAYyJeM aMIVIHTYLHO-BpEMEHHEIX
JAMarpaMM, nokasaHHux Ha pHC. 3.12, 6.

KoMmnuiekT MozxyJeit mporpaMMHPOBAHHA H Y3J10B CONDSKEHHS A8 MHKPOCXeM
TIM3Y, PII3Y Bceil HOMEHKJAaTyphl NpHBeneH B paGorax [23, 62].

[Tpr nporpamMmuposannn MukpocxeM CIIII3Y okasmizaercs HeoOGxonHMofi ome-
pauHs KOHTPOJA YPOBHS BLIXOAHHIX CHIHAJOB, MOCKOJbKY MNPH HELOCTATOYHOM 3a-
pAne HocHTesell, HAKaNIHBaeMOM Ha «nJaaBalowem» 3arsope JIM3MOII-Tpansucropa
B mpolecce NPOrpaMMHPOBAHHS, ero coCTOSIHHe He OYNeT COOTBETCTBOBATh (H3HYe-
CKOMYy YDOBHIO BHIXOAHOro Hanpsixenus 2,4B u Goaee. AHasornyHo Moxer oGHa-
PYKHTBCA NMPH CTHPaHHH HecooTBercTBHe cocTosinus JIM3MOII-Tpan3nucTopa HU3KOMY
YypOBHIO HanpsixeHHust, paBHomy 0,4 B uiu MeHee, H3-32 OCTaTOYHOro 3apsAna HOCH-
TeJefl Ha «/aBaloOLiEM» 3aTBODE.

Insi KOHTPOIA YPOBHS BHIXOAHBIX CHrHaJoB Mukpocxem CIIIN3Y npu wucnosb-
SOBaHMH aBTOMATHYeCKHX NPOrpaMMaTOPOB MOXHO INDHMeHHTb YCTpPOACTBO, NpHBe-
nexHoe Ha puc. 3.13 [4]. VYcrpoficTBo paccuHTaHO Ha MHKpocxeMul K573P®2 u
K573P®d5, Ho oHO MoXeT OHTb NpHCNOCO6JEHO H AJS KOHTPOAS APYrHX MHKpO-
cxeM cepun K573.

B cxemy ycrpofictBa BXOAAT BOCbMHKaHAJbHHA aHAJOroBHA MYJbTHIJIEKCOD
DD2 (K564KI12) u aBa aunasoroBnx kommaparopa DD3, DD4 (K554CA3). Bxoan
MYJbTHIJIEKCOPA COENHHEeHbl C BHIXOAAaMH KOHTpPoaHpyeMofi Mukpocxemn DDI1. Onun
H3 KOMMapaTopoB HacTpaWBaercda Ha moporoBuft yposenb 0,4 B, apyroft — Ha mopo-
rosHH yposeHb 2,4 B ¢ momowbio noreruroMerpos R1 u R2.

Ecau npu KoHTpoJe Ha Beixogax of6oHx kommaparopos A H B nosBHTCS cHrHax
¢ coctosnueM Jor. 0, To 3TO O3Ha4Yaer, 4TO B KOHTPOJNHDYEMHII 3/eMEHT NaMsTH
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Puc. 3.13. YeTpoficTBO KOHTPONA YPOBHS BLIXOAHOrO HanpsixeHus Mukpocxem I3V
fIDH ¥X NpPOrpaMMHPOBAHHH
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Puc. 3.14. Yposuu nporpaMmupyemoit joruxu ITJIM

sanHcaH (, ec/u NMOSIBATCS CHTHAJ JOT. 1, TO, ClefloBaTe/NbHO, B 3JeMEeHT MaMATH 3a-
nucana 1. CocTosiHHe KOHTPOJHDYEMOro 3JeMeHTa NaMsATu Oyaer HeonpeaesieHHHIM,
ec/H Ha BHIXOfe OAHOrO H3 KoMnapatopoB nosBHTcs Jor. 0, a apyroro—Jor. l.

PaccMOTpHM aaropdTM nporpammHpoBaHusi MmukpocxeM I[IJIM u cpeactsa ero
peasiH3aLHH.

Crpyrrypa IIJIM Bkmowaer (cM. puc. 1.14, 1.15) marpuuy W, marpuny HJIH,
BXOJHHE HHBEPTOPH, BHIXOAHbIE YCHJMTE]H, KOTOPHIM MOXHO INepeXKHraHHeM mnepe-
MblYeK NpUAaTh CBOACTBA MOBTOPHTeJeR W/IH HHBEPTOPOB. B cOOTBETCTBHH CO CTPYK-
Typoi Mukpocxema IIJIM uMeer TpH cJjos mporpamMupyeMoft soriku (pHe. 3.14).
Tlepsuit cntoft Bx/IIOYaer Habop H3 48 koubloHkTOpOB (MarpHua H), sropoit — naGop
u3 8 pusbloHkropoB (Marphuua HMJIM) wu Ttperuht cioft 3 8 BhIXOAHHX ycHiauTeseh
¢ nmporpaMMHpyeMofl XapaKTePHCTHKOR MepenavH.

Kamasifi KOHLIOHKTOD 4Yepe3 MJABKHE NePeMbiuKd {dm, ayy), i=047, m=0,15,
COENHHEH CO BXOAHLIMH MepeMeHHbLIMH, MPEACTaBJEHHHIMH CBOHMH MPSIMEIMH H HH-
BEepPCHLIMH 3HaUeHHAMH Am, Am. Buxonuast yHKuus KOHDBIOHKTODAa HMeeT BHA

15
PI = “ (;;.mAm + ;'-lm—/_\m)

m=0

Hannude nepeMbiukH Qm==1 HaH a,‘mzl 03HauaeT MOAKJIOUeliHe KO BXOJLY KOHBIOHK-
TOpa mepemeHHOM Am WA Ap cooTeTcTBenHo. [IpH nepexuranun o6eHX MepeMHIYeK
COOTBETCTBYyIOIlas BXORHAsA MeDPEMEHHAs OTK/IOYaercs OT AAHHOrO KOHBIOHKTOPA.
ITepeMbakH He3aneACTBOBAHHHIX B NPOHSBEJ€HHH NepeMeHHhX HEOGXOAHMO mepe-
JKedb, B MPOTHBHOM cJydae npousseneHue P, Gyaer uMeTh HyJeBoe 3HadeHie.

Takum o6pa3oM, nporpaMMHPOBaHHE CJOA KOHBIOHKTOPOB (MaTpHun W) 3akJio-
9aercs B NEpPEeXHraHHH BceX MepeMblueK, KPoMe TeX, KOTOPhHe OTHocsATcS K 3ajefl-
CTBOBAHHHM NMePEeMeHHBIM.

Ko BxogmaMm xaXaoro AH3BIOHKTOpA uyepe3 mepeMulaku {B}, j=0—,7, i=0,47, noa-
BegeHn Bce 48 mpouspepenuft {P}. [ToaToMy BHXOAHas (QYHKUHA HMeeT BHJ

47
Sj = 2 pjlpl'
=0

I'IporpaMMHponaHHe CJ10d AH3'BIOHKTOPOB 3aKJ/IOYaeTCA B IePeXXHraHHH JIHUWHHX
nepeMuYeK Tak, 9T06H KO BXOJaM KAaXnoro AH3BIOHKTOpA OLlJIH  MOAKJIOUEHH
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TOJMLKO T€ KOHDBIOHKTOPH, BHIXOAHHE (YHKUMH KOTOPHIX BXOAAT B JIOTHYECKOE BH=-
paxenue cymmu {S)}. .

Tpetuft chaoft skiouaer sneMeHTH <«Hckaouawomee UJIH» u ycuaurenn. Ilepe-
MblYKka Yy; MNPHAAeT BHIXOLHOMY KacKaly CBOHCTBAa NOBTOPHTe/s, ee OTCYTCTBHE
npeo6pa3yer BHIXOAHOH KacKaa B HHBeprop. COCTOSIHHeM BBIXOAA YMpPAaBJAET CHI-
nan OE: npu O BHIXOX OTKPHT AJs CUATHBAHHA, NPH | — 3akpuT. Buxoguas ¢yHk-
UHs HMeeT BHA

Pewenne 3agaun no npuMeHenuio MHkpocxemn [1JIM cocTouT H3 aByx uacrefi:
BHayaje ONpefe/sioT JOrHyeckHe BhIpaKeHHs, CBH3bIBalOlHe BXONHhE MepeMeHHbe:
{Am, Am), m=0,15, c BHIXOAHHIMH (yHKUHSMH (curHanamu) {DO,}, j=(-),_7. 3TH BH-
paxeHHs: HeOGXOQHMO NMDPHBECTH K NH3IBIOHKTHBHOA HOPMaJbHOHR ¢opMe, T. e. mpea-
cTaBHTb HX B 6a3uce 1 — HMJIH. 3atem onpepensior cogepxanHe KaXAoA AH3BIOHK-
uun {S;} u xaxnof KoHbloHKUHH {P;} H no pesyJbraTaM COCTaBJSIOT KapTy Npo-
JXKHra.

BTropas uyacTb pelleHH 3aJa4y# COCTOHT B NPOrpPaMMHPOBAHHH MHKpOCXeM
[1JIM. dtor mpouecc aHaJOTHYEH MO CBOEMY XapaKTepy NMPOrpaMMHDPOBaHHIO MHKpPO-
cxem TITI3Y, Ho orauuaercs GoJblled CJIOXKHOCTbIO, OGYC/OB/JEHHOR MHOroyposHesol
CTpyKTypoft mporpammupoBaHus. [Iopsfok NporpaMMHPOBaHHS pPacCMOTDHM Ha oOC-
HOBe METOIHKH, NnpejJjoxeHHOA B pabore [64)

B HCXOZHOM COCTOSIHHH Bce NepeMbiykH ueJsb, noatomy P;=0, S;=0, DO;=0.
B 3troM MoXHO yGemHTbCS HauaJbHHIM KOHTDOJIEM MHKDOCXeMbl, KOTOPHIA COCTOHT
H3 MOCJeJ0BaTe/NbHHIX 3TaNOB KOHTPOJS COCTOSSHHA MaTpHubl M, cJ0f HHBEpTOpPOB,
matpuusl HUJIW. 3BT pexuMsl 6yAyT paccCMOTPEHH BMeCTe C peXHMaMH nporpaM-
MMpOBaHuUA.

[MporpamMupoBanne Mukpocxemu I[1JIM pekoMeHayeTcs NPOBOAHTb B CJELYIO-
melt noc/aenoBaTe/NbHOCTH: CJIOA BHIXOAHBIX KacKajoB, CJIOA KOHBIOHKTOPOB, CJOR
JAH3BbIOHKTOPOB. [Ipoueaypsl MporpaMMHpPOBaHHsI CJOEB OTJHYAOTCA APYr OT Apyra.
KpaTtko paccMOTpHM Hx copepxaHue,

IlporpaMmHpoBaHHe cJOSI BHIXOAHHIX KacKaioB: Ha Bce BXOAW Ap..A;s mo-
natb 1, HanpaxeHnue nutaHus U..=0B, OE=1, PR=0; na au6pammfx Buxox DOj
MonaTh HMNyJbc HanpsxXeHHs 17==1 B paurenbHoctbio 25 .. 100 Mkc ¢ ¢poHTOM
He Gosee 20% OT AJHMTEJLHOCTH HMMYJIbCA.

KOoHTPO/Ib COCTOsIHHS MepeMHuKH Yy;: Ha Bcex BXomax Ap..Ap=1, Uce=
=85..9B, OE=0, HHOHuHpyercss cocrosihiHe DO;; ecan 1, to y;=0 (mepeMuuka
yaanena), ecniu 0, To nepemhuka uena). B 3toM caywae onepamHs npoxHra Io-
BTOpsieTcs.

ITporpamMMHupoBaHHe CJIOS KOHBIOHKTOPOB (MaTtpuum H):

1) Uee=5B, OE=1;

2) k BuBogam DO,.. DOs noasecTH cHrHajabi Koga BHIGpaHHOrO AJst IpPOrpaM-
WHPOBaHHA KOHbIOHKTOpPa (DOjs — crapmnit paspsn);

3) Ha Bce Bxomnl Ag.. Ajs, KpoMe nporpaMMupyeMoro Ay, mogats 10 B;

4) k nporpamMHpyeMoMy BXOoAy Am NpDHJOXHTb HanpsxeHHe «l», ecqH yna-
Jsercs nepemblyka a,'m, «0», ecau ynansercss Qim:
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5) na sxox PR mopath Hanpsikerde 17x1 B ¢ aauTeabHOCTBIO 5 ...25 mKc (ToK
Harpyskd go 300 MA);

6) na Bxox OE noparts ummyasc nHanpsxenns 10B (mo 5 mA) AaHTENbHOCTBIO
25 ... 100 mkc;

7) cHATb HanpskeHue ¢ BuBoaa PR;

8) Ha Bxome Am BOCCTAHOBHTb YPOBEHb 1;

9) cHaTb curHaau koda ¢ BuBosoB DOy ... DOs.

KOHTPO/b COCTOSIHHS NepEeMbIYeK Gum, €, MPOBOAAT B TOM Xe pexXiiMe Bo3nef-
ctBuft, uTo W npu nepexuradud, Ho nph PR=0. Ko Bxopny Am npHKIaAHBAKT
Hanpsikenns | # 0 M GHMKCHPYIOT ypOBeHb Hanpsenus Ha soixoge DOr: ecin
DO;(A,,.)—-DO7(’*.,,,) =1, 1o ynajeHbl o6e nepemblukH, eciu 0, obe mepeMbIUKH ueJlbl
ecan DO;(Am) = Am, yaaJeHa nepeMmblika Qim, NpH DO7(Am) =Am nepeMnuxa alm,

Ipoueaypy moBTOpsIOT HAsi KamAol nepexuraeMoft nepemuiuku. Ilporpammu-
poBaHiie caos AH3BIOHKTOpOB (MaTphun WJIH):

1) ycranosuts DOy ... DO;=1, OE=1, U.=0, PR=0;

2) Ha Bxoab Ap..As nopaTb KOA, afpecyiollHii nepexuraeMyw nepeMbiuky Bi;

3) noBbICHTb HampsixkeHHe muTaHus po 8,5..9 B;

4) x BHIXOAY NMporpamMHupyeMoro aHabloHKropa DO; npHaoxHTs 10 B;

5) na Bxog PR momaTh nepenaj HanpsixeHus 17 B ¢ ganreqasHoctsio 5 ... 25 MKc;

6) na Bxog OE nogarb mMnyabc Tak, 4ToOn O6ecnewnTh pesyJbTHpylollee Ha-
npsixxenre 10 B Ha Bpems go 100 Mxc;

7) cHaTh HanpsikeHus c¢ BusogoB PR, DO;, U...

KoHTpoab cocTOsAHHS MepeMblYKH f;, OCyLIECTBJAAIOT MO aJrOPHTMy NPOXKHra, HO
npy PR=0 u uMmnyJabce OE. O cocTosHuH nepeMblukH Py CyAAT MO CHrHaly Ha
Buixofte DO, ¢ yyeroM HaJHYHS NepeMbIYKH y). BO3MOXKHLI cleayouiHe KOMOHHALHHK:
ecan yyj=1, 1o DOy=0 ykasmBaer Ha TO, YTO nepeMblyka f; ynaJjena, npx
DOj=1—uena; ecan y;=0 (yaaneHa), TO NPH3HAKH YyHoaJeHHS NePEeMBYKH Me-
HAIOTCA MECTaMH.

Hudpopmauuio, 3aHecenHyio B [1JIM, MOXKHO DefaKTHPOBaTh H H3MEHSIThb, HC-
noJb3ys ocraBllnecst cBOGoaHHE KOHBIOHKTOPH. [IpaKkTHKa nokasblBaeT, 4To 48 KOHBb-
IOHKTODOB [OCTaTOYHO AJs GoabliHHCTBA fipHMeHeHHA. Ias Hapawwusanus [1JIM,
ecJM Takas Heo6XOQMMOCTb BO3HHKHET, CJEfyeT BOCMo/b3oBaThcs BuBoaoMm OE.

3.5. UmnyabcHoe nutaHue Mukpocxem N3y

Mukpocxemn IIII3Y u PII3Y nortpeGasior mownocts 0,8..1 Br Ha kopmyc.
Iast cHHXKeHHs YyPOBHS 3Hepronorpe6/eHus HCMOAB3YIOT CNOCO6 AHHAMHYECKOTrO MH-
TaHH#A, BADHAHT peaJH3alHH KOTOPOro npuseieH Ha pHc. 3.15 [60].

CxeMa JNHHAaMUUECKOrO MNHTaHHA BKJIOYaeT pemnppaTop BHO0OPa MHKpPOCXeM
DD17, tpansucropubie kaoun VT1—VTI16. Hewndparop DDI7 noa Bospeficrauem
CHTHAJIOB CTapIUHX Pa3psAAoB Koja aapeca Ay .. A, ¢opMHDyeT Ha OZHOM M3 CBOHX
BHX0A0B yposeHb 0 H obecneurBaeT OTKPLIBAHHE COOTBETCTBYIOLIErO TPAH3HUCTODA.
Yepes OTKPHITHA TPaH3HCTOD Ha BHIBOJ MHTAHHA MHKDOCXeMH NaMSATH NOCTymaer
HanpsKeHHe NHTaHUS M NpPHBONHT ee B paGodee cocTosHHe. OcTajbHBE MHKPO-
CXeMH NaMsTH, He WMes MHTaHHA, HAXOAATCH B BHIKJIOYEHHOM COCTOSHHH. Takum
006pasoM, cxema JHHAMHIECKOro MHTaHHs MOMHMO cBOeft OCHOBHOR (yHKUMH pean-
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Puc. 3.15. CxemMa uMny/abcHOrO mutaHus MukpocxeM [13Y

syeT JIOTHKY BHi6Opa MHKpocxeM namsaTH. Ilpu OTcyTcTBHH oOpalieHHss K O6JOKY
namatH Ha Bxoje C peimdpparopa DDI7 npucyrcTByer yposeHb 1, mpH KOTODOM
Ha Bcex BBIXOAaX YCTaHABAHBAIOTCH | M NMOAAEPKHBAIOT TPAH3UCTOPHHIE KJIOUH B
8aKDHTOM COCTOAHHH. [IpH 3TOM BCce MHKPOCXeMH NaMSATH BBIKMIOYEHH U He Mo
TPeGASAIOT TOK OT HCTOYHHKA MHTAHHA. i

Ipu ucnonb3oBaHHM AHHAMHYECKOTO MHTAaHMS CYLIECTBEHHO CHHXKaeTcs noTpeS-
AsieMast MOLIHOCTb, HECKOJbKO YBEeJHYHBACTCH AJHTEJbHOCTb UHMKJAA OOpallleHHs K
MUKpPOCXeMaM MaMSATH OJIS CYHTHBAHHS H CHHXXaeTCs HanpsKeHHe NMHTAaHHA Ha Be-
AMYHHY NafeHHS HanpsKeHHS Ha OTKPHTOM TpaHsucrope. [IpH HepONycTHMOCTH
CHHJKEHHST YPOBHSI HaNMpPSIXKEHHS MATAHHA HeOGXONHMO MpelycMOTpPeTh MHTaHHe 6J0Ka
NaMsaTH OT OTAEJbHOr0 HCTOYHHKA C HampsixkeHweM 5,5 B.

AHa/OrHYHYIO CXeMy NHHAMHYECKOTO NMUTAHHS MOXHO NDHMEHHTb M AJsi GJIOKa
Ha Mmukpocxemax PII3Y [63].



4. 3JIEKTPOHHBIE YCTPOHCTBA HA
MHKPOCXEMAX ITAMATH

4.1. Bnoku cratnyeckux O3y

Baok O3Y Bkaiogaer Mopysab O3Y, cocrasieHHbH H3 MHKpPoOcXeM NaMATH,
n koHutpoisep O3V, a Takke NpH HeoGXOAHMOCTH CPeACTBAa CONpsXKeHHA C MarH-
CTpaJsbio, peann3yeMble Ha OCHOBe HHTep(efiCHHX MHKPOCXEM.

3HauyuTe bHOE BJHSAHHE Ha CXeMy H XapaKTeDHCTHKH KOHTpoJsJepa H YCT-
POACTB COMpsiKEHHS OKasbiBaer THN HHTepdeiica, NMPHHATBIE B MaHHOH MHKPOMpO-
teccopHoii cHcreMe. dusnueckuit HuTepdelic npeacrasaser co0oil YHHPHUHPOBAHHYIO
MarucTpanb H3 JIMHHA nepelayd CHrHajoB, (QYHKIMOHAJAbHO OOBEIMHEHHLIX LUHHOA
agpeca IIIA, no koropoli nepesaloT aipecHoie CHrHajbl, WHHOHA AaHuHWx LM, mo
KOTOPORA oOCyllecTB/sioT OOMEeH NaHHBIMH, H WHHOH ynpasneuus LY, mo kortopok
PacnpoCTPaHAIOTCA CHIHAJBl yNpaBJeHHS.

Inst nocTpoeHHS MHKDPOINDPOLLECCOPHBIX BLIYHMCIHTEIbHBIX H YNPaBJsOLIMX Ma-
IUHH IUHPOKO TNpHMeHSI0T HHTepdedichl caeaylomnx Ttanos: WK1 — pas yerpoiicts
Ha Mukponpotleccope K580BM80, H4]1 — nas ycrpoficrs Ha ocHose 16-paspsanoro
MHKponpoueccopa K1810BM86, B uacTHocTH ns MukpodBM cemefictsa CMI1810
H pp., MITU — ans cemefictea 16-paspsiannix MHKpoIBM «dnekTponuka-60», «dnek-
TpoHuka HII-80» u JIBK, «3nexrponnka C5» u ap. [43].

Maructpanp HMKI1 Briwouaer 16-paspaanyio 1A, 8-pazpsapuyio IIJ u wHHY
ynpapJesns, u3 KoTopolt ans G6moka O3Y HCNOJb3ylOT JHHHH cHraanos MWTC

(MEMW) — «3annce B 03Y», MRDC (MEMR) — «urenne H3 O3Y» [59].

Marucrpaas H41 Bkmouaer 20-paspsaanyio LA, 16-paspsanyio LI w LY c
AuHHAME curHagoB: MWTC, MRDC, XACK — orser «noarsepxpeHune oGMeHas,
TNH1 — «zanper O3Y» (3anpewaer O3Y pearuposath Ha anpec), BHE — «paspe-
wenne crapuwero Gafira» (ykasaHue o aByxOafitoBofl nepenave paHuuix [47]).

Marucrpans M41 pomyckaer nopkioueHue K Hefl BOCbMHDa3psiiHHIX ycTPOACTB,
TaK Kak MoxeT paGoraTb B peXHMe ¢ GafiraMH. AxpecHbie NDH3HaKH BLIGODKH MJaf-
wero L- # crapmero H-Gafira comepxart curnais A, n BHE cootsercrsenso. 31o
06CTOATEJLCTBO OOYC/NOBNHBAET COBMECTHMOCTb yCTPOJICTB Ha MHKpONpoueccopax
K580BM80 u K1810BM86 npu ux obGbeaunenun nurepdeficom H41.

Marucrpane MITH napaaneasbroro unrepdeisica mo I'OCT 26765.51—86 Bkao-
vaer coBMelleHHYI0 16-paspsaanyio wwuHy «Appec — Haunpie» IHIAIL («OG6uias

IUHHA») W WHHY YNPABJAEHHs C JHHHAMH CHFHAMOB SYN — «CHHXDOHHM3aUus 06MeHa»
(HanHuyge cHrHana o3Havaer, 4TO HAeT OOMeH no KaHany); RD — «uTeHWe LaHHBIX>
(yKkashBaeT Ha peXHM CYHTHBAHHA NaHHHX M3 3Y MHKponpoueccopoM); WR —
€3aMHCL HaHHBIX» (3amuch RaHHHX B 3Y); WRBY NpH3HAK «3anHch — 6afT»;
AN — «otger ycTpoRcTBa» (BHIXOLHOM CHrHa/l CONPOBOXKAEHHA AaHHLIX). Bce Ha-

3BaHHBle cHTHambl, kpome AN, spasiores aas O3Y BxogHumH. CHraan AN ¢dop-
MHpyer O3Y u Hanpasiser B JIHHHMIO WHHH ynpaBjeHHs. CHIHAJW YNPaBJAEHHS B
ykasaHHHX uHTepdeficax nepefaloTCs B HHBEPCHOM Koje, YTO H OGYCJIOBJHBAeT HX
0603Ha4eHHs co 3HaKoM uHBepcHu [18].
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PaccMOTpHM psii BapHaHTOB NOCTpoeHHs 6soka craTHueckoro O3Y, o6paTHB
NpH 3TOM OCHOBHOE BHHMaHHe Ha NDHHUHIL CXEMOTEXHHYECKON peaju3alHH OCHOB-
HHX (YyHKUUOHAJbHHIX Y3/10B. DTH e BOMNPOCH MPHMEHHTEJbHO K AHHAMHYECKOMY
O3Y paccmorpens B § 4.3.

MMpuuunnHajabHass cxeMa G6aoka cratHyeckoro O3Y c pasfenbHHIMH JTHHHAMH
BBOJla M BHIBOAA [AaHHHX npHBefeHa Ha puc. 4.1. Buaok O3Y cocroHT M3 Moaynd
O3y ua mukpocxemax DD1—DDI16, kourpoasepa DDI17, DD23 u cpeacrs comps-
xeHuss DD18—DD21. Baok O3Y emxkoctbio 8KX8 OHT nocTpoeH Ha MHKpOcxeMax
KP537PVY14, ob6benunenHnx B gBa cy6moayns nmo 4KX8 6ur kaxpni. BuGopky
CyGMOAY/S OCYLIECTBASIOT CHTHAJAaMu BhOGopa CSI n CS2, KoTopue ¢dopMHpyeT
aemndparop DDI7 nox Bo3peficTBHeM CTapuIMX paspsfoB ajApecHOro Koaa
AjAjsA;;. B paccmaTpuBaeMoM MpHMepe 3ajeficTBOBaHn aBa Bbixoaa DDI7, Ha
KOTOPHIX CHTHaJn ¢ ypoBHeM Jor. 0 nosBasioTcs npu BXoaHux kopax 000 u 001.
B nepsom ciysae oTKpHT nocTyn K cy6monyaio DD1—DDS8, Bo BropoM — kK cy6Mo-
aymo DD9—DDI16. OuepupHo, ocTaBliHecst wecTh Buxoaos DDI17 nossossiior yse-
JuyHBath eMkocTh O3V elne Ha wecTs aHaJdorH4Helx cyOmonyJefi, t. e. no 32K 6aitr,
AH60 HMCNOJAb3OBATb YaCThb BHXOAOB AJs MOJAKJIWOYEHHS K HHM MoayJeRr I3V,

Takylo opraHH3aUHIO NaMsiTH, KaK Ha pHc. 4.1, HasbBaloT cTpaHHYHOM, a Cy6-
MoyJb — cTpaHHUell. BO3MOXHO H3MeHeHHe ajpeca CTPaHHUbl, T. € ce NOJOXKEHHS
B alpecHOM NPOCTPAaHCTBe, MOAKJWYeHHeM Bxofa CS K HYyXHOMy BHX0Ay Aeluu¢-
patopa DDI7.

Crapmuit paspsn Koma agpeca Ajs HCNMONb30BAH AJS pasfiesleHHs] aJiPecHOro
npocrpancTea emkoctblo 64K Ha pgBe paBHbie uwactH. [lpn A;s=0 pewndppatop
DD17, uMes Ha ynpasasiouleM BxoAe V1 paspewaiowuft carHan c yposHeM Jor. 0,
obecreunBaeT (GoPMHPOBAaHHe Ha CBOHX BBIXOJAaX CHIHajNOB BeIGOpa CTpaHuu. [IpH
Ais=1 pewndpatop DDI7 GrokMpOBaH, ero BHIXOA NPHHHMAET COCTOSTHHs Jor. 1,
H TeM caMHM o6ecneyHBaercsl 3ampelleHHe aoctyna k crpanuuam O3Y. Bropas
NOJIOBHHA afpecHOro npocTpaHcTBa eMKocThio Ao 32K Gadr Moxer GHITH HCMOJbL-
S0BaHa AJd aipecauHH ycTpoHcTB BBOAa-BbiBoaa. [IpH HeoGXOAMMOCTH cyule-
CTBEHHOro YBEeJIHYeHHS eMKOCTH MNaMATH HCNOJAb3YIOT YeThiDe CTaplINX pa3pana
Kojga agpeca Ajp..Ajs. B Takom cayyae MOKHO npuMeHHTh AemHdpatop K555H 3,
HMeomuft 16 BHXOAOB, YTO MO3BOJHUT NOJYYHTb MOAYJb NaMATH €MKOCTbIO A0
64 K Gafr.

Peructput DD20, DD21 BunoaHsior ¢yHKuHH 6ydepos anpecHoft wHHH. Byde-
pH3allHs WIHH HeoOXoA¥Ma [Js MNOBHILIEHHS HX HAarpy3oyHoft CHOCOGHOCTH MO TOKY
n eMmkocTH. Hanpumep, snuuun IITA muxponpoueccopa KP580BMS80A umeior peny-
cTHMble 3HauyeHHs Toka 10 1,8 MA u emkocth po 100 nd. Yuurbisasi, 4TO 3HaUeHHe
€MKOCTH KaX/JO0ro ajpecHoro BXola MHKpocxeM namsaTe cepuH K537 pasno
5..10 n®, nonyuaem B cxeMe Ha pHC. 4.1 eMKOCTHyl0 Harpy3ky kaxaoft aunuu LA
Gonee 100 nd, uto obycaoBanBaer HeoOXORHMOCTb BKJIOYeHHs Oydepa.

Tlpumenenue peructpos KP580MP82 B kauectBe Oycdepa yBesHuYHBaeT Harpy-
309Hyi0 cnocoGHocth JHuul IIA po 32wmMA u 300 nd. OguH H3 paspsgoB pErHcTpa
DD20 (sBuBoam 5, 15) wucnoaszoBan aas OydepusauuH JuHun cHriana MWTC,
KOTODHI ynpasJ/isieT PEXHMOM 3aMHCH-CYHTHIBAHHsT MHKpocxem O3V,

3anuch unpopmaunn B peructp KP580MP82 ocywecrsasior no curaaay CE=1.
CunTeBanHe WHOPMANHH BO3MOXKHO TpH HaiMuwk cHrHana OE=0. Ilpn OE=1
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BHXOAW NPHHHMAIOT Z-cocTOsiHHe. Paspelnaloliee 3HaueHHe CHrHaJja OE ¢opmu-
pyer Joruyecku# anemedt DD23 npu noctynseHun xotsi Obl Ha OAHH H3 €ro BXOAO0B
cHrHaza c¢ yposHem Jor. 0. Creposartenbdo, npH obpauleHHs K moaymo O3Y, Koraa
OLHH M3 CHIHAaJOB BHGOpa CTPaHHUW CSI manm CS2 umeer cocrosiiue Jor. 0, Ha
Buxose DD3 ¢opmupyercs curian ¢ yposHeM Jor. 0, OTKpniBalollHf AJIS YTEHHS
pervctpn DD20, DD21. Ilpn yBesHueHHH KOJHYeCTBAa CTPaHHL Heo6XOAHMO 3aiel-
CTBOBAaTb JONOJIHHTeNbHBE Bxoan DD23.

Ona 6ydepusaunn IIA MOXKHO HCMO/B30BATb TaKXe MHKDOCXEMBl MarucTpasb-
HBlX TpHEMONepeaTYHKOB H IUHHHHIX ¢(opMHpoBatesell. Cienyer 3aMeTHTb, YTO pe-
rictpa DD20, DD21 B crpykrypy 6aoka O3Y wmoryT He BXOAHTb. OGHYHO OHHK
OTHOCHATCS K HHTepdefiCHHM CPEeACTBAM MAarucTpaJH H MO3TOMY SBJSIOTCA OOLIHMH
Kak ans 6aokoB O3Y, I13Y, tak u ans YBB. B naHHoM npHMepe perHcTpsi BbiMOJ-
HAIOT ABe (YHKUHH: GopMHpylOT IWHHY ajpeca aas O3V, (HKCHPYIOT KOA aapeca
[0 CHrHaJjy OE=0 u nepepalor ero k moayaw O3Y. Ecan obpaTHTbCS K MHKPO-
cxemaM O3Y co BcrpoeHHmM HHTepdeficom KI1809PY1, KP537PYIl wu ap.
(cM. § 2.2), TO MOXHO yBHAETb CXOACTBO CTPYKTYPHOrO NOCTPOEHHS YKAa3aHHBIX
MHKpocxeM ¢ ¢YyHKUHOHA/NBHO cxeMol paccmaTtpuBaemoro Giaoka O3V, B ToM
4UCle H B OTHOIIEHHH (GYHKUHA BXOAHBIX aAPECHbIX PErHCTpOB.

ComnpsixenHe Moayas O3Y ¢ WHHOA AaHHHIX peasM30BAaHO Ha MHKpOCXeMax
wHHHHX dopmuposarteset K589AI116 (DD18, DDI9). MukpocxeMa yKa3aHHOro
BHAA MMeeT 4YeTbipexpa3psiiHbie BXoaHOM W BeiXomHOR Kawann DI, .. DIy,
DO, .. DO,, uernpexpaspsanHuf AByHanpaBjeHHuf kawan DB, .. DB, [lepenaua
HHdopMalun obecneansaercsi NpH chrhade CS=0, npu CS=1 Bce BhIXOAM mepe-
xoasT B Z-cocrosuue. Curuan CS cHHMaercs ¢ shixoga DD23.

Hanpassienne nepenaun HHdopMauuu 3aBHcHT oT cHrHasa MRDC, nopasaemoro
Ha Bxog WR/RD: npu O undpopmauns nepepaercs co sxonos DI Ha Bmxoaw DB,
npu 1 —co Bxogos DB Ha Buxoast DO. Cuemosarensro, mpy MRDC=0 unpop-
Malus C BHXOAOB MHkpocxem O3Y mnocTynaer B IIHHYy AaHHWX, npu MRDC=1—
H3 IIHHB NAHHBHX Ha BXoan Mukpocxem O3Y.

HOns OydepHsaunu IUHHH RAHHHX MOXHO HCIOJB30BAaTh TaKXKe MHKPOCXCMbL
WXHHBIX (GopMupoBaTesiet npyrux cepufi, HanpuMep KB555AI16, marucTpaibHHe
npueMonepenatunkn K580BA86, K580BA87 (c uHBepcHhMu Bhixonamu), K588BAI
H Ap.

Ipyrofi BapHaHT mnocTpoeHHss G6joka cratHueckoro O3Y emkoctbio 8K 6aiir
npHBeaeH Ha puc. 4.2. Baok BK/owaer aBa cyb6Moayns cTpaHuus namsath DD1—DD8
u DD9—DDI16 no 4K OGaiitr xaxabit, 6ybep wHHb appeca DDI8, nporpammupye-
Moe aapecHoe ycrpodctBo DD17 u sornueckue snemedTnt DD19 as1s ¢popMupoBaHHS.
CHrHanoB Bbi6Opa CTPaHHL.

Cy6MonyH TMOCTPOEHH Tak e, Kak Ha pHC. 4.1, HO ¢ TeM OTJHYHeM, 4TO Y
KaXpoft MukpocxeMbsl HHbopmauHoHHhe Bxojn DI u Beixoqy DO coeaHHeHH H BhHI-
BelleHH Ha oaHy Junmio LI,

HOns o6ecneyeHHs: HWMNYJbCHBIX CHrHAJIOB CS1 u CS2 B cxeme Gioka O3Y
NpefiycMOTpeHo CTpob6upoBaHHe snementoB DDI19.1 u DDI9.2 umnyabcoM, KoTopufy
tdopmupyer ysen DD22.1, DD22.2 npr uMnyabcHOM BO3aeHCTBHH Ha ero BXOAbY
curdanoB MWTC npu sanuch H MRDC npu cuntniBaHHM MHpopMauud. HMMnysasc-
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Puc. 4.2. Bnok cratHyeckoro O3Y ¢ OGWIHMH JIHHHSAMH BBOJa-BHBOAA JAaHHBIX
et [ '

Has ¢opMa CHrHaJOB BHGOpPa NO3BOJISIET NPHMEHATb KaK TaKTHpyeMble, TaK H aCHH-
XPOHHHe MHKpocXeMbl craTtHueckHx O3V.

s BuGopa oaHo#t u3 aByx crpaHun O3Y wucnoab3osaH paspsg A, Koga an-
peca: npu O BmiGHpaercsi crpauHua DDI1—DDS8, npu 1 — crpaniua DD9—DDI6.

Bydepusauns U1 peannsoBana Ha MHKpocxeMe DDI18 MarucTpasibHOro npuemo-
nepenatunka (MIIIT) KP580BAS86, koropufi npeacraBisier coGofi BOCbMHPa3psiHbR
ANBYHanpaBJeHHbi GOpPMHpOBaTesNb, obecneyuBalOmWHA TOK Harpy3kn po 32 MA m
eMkocts 300 n®. Mukpocxema HMeeT ABYHanpaBJeHHHH KaHal A, noakmodaeMmuft
K MarucTpaJjH, M AByHanpaBJeHHbAl KaHan B, nopkmouaemuft k O3Y.

Buxoal 06GOMX KaHaJOB HMEIOT TPH COCTOSIHHA. KaHaJb ynpaBAslOTCS CHrHa-

MaMM HanpasJeHHs nepefaun nankex WR/RD M otkmouesns CS. [lepepaua Hudop-
MallH¥ pa3pellleHa NpH CS=0, npuuem ecin WR/RD=1, To nanpas/ienne nepepawn
oT kaHaia A x xaHaay B, ecin WR/RD=0, to nepepaua ocyluecrsnsercs or B k A.
Ipu CS=1 BHIXOAH KaHAaJOB NePEXOAAT B Z-COCTOSHME. 3aNepXKa Nepefaud HH-
cdopmaunn Mukpocxemoft MIIIT pasua 30 Hc.

B paccMarphBaeMoM BapHaHTe O6beiHHeHH HHGOPMALHOHHBIE BXOAB H BHIXOABE
MHKpocxeM O3Y onHoft BocbMHpaspsiavof wWwHHOA. IlepeksioueHne HanpapJieHHs ne-

penaun DDI18 ocywecrsaser curian MRDC. B 3ToM e KauecTBe MOXHO HCHOJb-
soBath curHas DBIN c Bmxoaa Mukponpoueccopa KP580BMS80A, npegsaputensHo
HHBEDTHPOBAB €ro.

OcoGennoctelo paccmatpusaeMoro G6soka O3Y sBJsercs NpHMeHeHHe NporpaM-
mupyemoro aapecHoro ycrpofictea DDI17. Ono npeacrasiaser co6ofi cxemy cpaBHe-
HHS ABYyX TpexpaspsisiHHX KogoB. OmopHufi koa B,;B;B,, ycranasnupaemu#t nepe-
MHukaMu S1—S3, sBasercs aapecom aanHoro G6moka O3Y. [pu coBnageHnH xoxa
¢ mHuHH aapeca Ajs..A;s ¢ OMOPHHM KOAOM CXeMa CpaBHeHHsi (oOpMHpyeT CHrHaX
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Ta6auua 4.1. Pexumu paGoru Gaoka O3Y

BHE A, A,—Ay MWTC MRDC Pexum

0 0 A 0 1 3anuch cnoBa

0 0 A 1 0 Yrenne ca0Ba

1 0 A 0 1 3anuch L-6afita

1 0 A 1 0 Yrenue L-6aiiTa

0 1 A 0 1 3anucs H-6afita

0 1 A 1 0 Urenne H-6afira

X X X 1 1 Baokuposka (OTKM0YEHO)

pa3speweHus AJas perucrpos DD20, DD2! u mar#cTpajbHOro npHeMonepenaTyHka
DDI18. Ilo stoMy cHrHamy Kox agpeca A, ..Ay nocrynaer Ha ajpecHHe BXOAH
moayas O3Y, a ero HHGOpMaLHOHHEIE BXOAH H BHIXOAH KOMMYTHPYIOTCS Ha LIHHY
naHHuX. [TpH oTCyTCTBHHM cHMrHasa paspelreHHss Ha Bxoge DDI17 moayan O3V or-
KJI049aeTcsi OT LIHHBI ajpeca H LIHHH AaHHHIX,

ITpumep nocrpoenns 61oxka O3Y c¢ 16-paspsgHOfl IUHHOA JQaHHKX, OPHEHTHPO-
BaHHOro Ha HHTepdefic M41, npusepen Ha puc. 4.3. Moayas O3Y cocToHT U3 ABYX
-6aHKkoB nmaMaTH eMkoctbio 2K Gaiit kaxawf. Bank L (DD1) xpauwur mnagwne 6afi-
Th, 6aHk H (DD2) — crapuwse 6afite. MudopMmauuonune smsoani DD! noaxJio-
YeHh K MJaajuM JHHHAM Dg..D; wMHH paHHHX, a BHBoAn DD2 — K cTapuinm
JD& ..,D15.

YnpassieHue AOCTYynoM K GaHKaM H PEXHMOM HX PabOTH OCYLIECTBJISAIOT CHI-
Hasamu MWTC, MRDC, BHE, Ay B coorserctBHH ¢ Ttaba. 4.1. Baok O3V, kak
c/ieAyeT M3 TaG/JHILb, BHIOJHSAET ONepalHH 3allHCH H CYHTHBaHHA KakK 16-paspsa-
HOrO CJIOBa, TaK H Jio6oro H3 ero AByx GafitoB. CHrHanan BeG6Opa 6aHKOB (HOpMH-
PYIOT JorHdeckHe ajeMeHTH DD5.1 u DD5.2 B 3aBHCHMOCTH OT 3HA4YeHHS CHrHa-

J08B Ao. BHE ® npH HanMuHM cHrHaJa pa3spelleHHsi, CHHMaeMoro ¢ BHxoja aewnc-
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Puc. 4.3. O3Y Ha MHKpOCXeMaX NMaMsATH CO CJIOBapHOR opramu3anueft
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patopa DD3 B pexume oOpamenus x O3V, koraa ko Ajs..A;p cooTsercrayer
suaeeHHol aas 610ka O3Y obnacTH agpecHOro nNpoCTPaHCTBA.

TMockonpky Mopysir O3Y peasnsoBaH Ha MHKpPOCXeMaxX NaMSTH TaKTHPYeMOro
tHna K537PY8, neo6xoaumo cHrHaim BhGopa GaHKOB ¢(HOPMHPOBaTb B (OpPME HM-
nyJbca npH Kaxaom obpaumennH k O3Y. C 3Tofi 1esbl0 HCNOJb30BAHB CHIHAJB
MWTC u MRDC, o6besnHeHHHe JIOTHYeCKHM 3JeMeHToM DD4, xorophle cTpoGH-
pytor Brixogq DD3 B kaXaoM uHMkJie obpalleHHs K NaMATH AJsf 3aNHCH HJIH CHYHTH-
BaHHS HHO)OPMAIIHH.

Muxkpocxemn K537PY8, xak n K537PY9, PY10, KM581PY5, nmeior Bxos OE
JJsl CHIHAaJa ynpasJjeHHs BHX0AoM. [103TOMYy NpH HCNONB30OBAaHHH YK23aHHHX MHK-
pocxeM NaMATH OTCYTCTBYeT HEOGXOLHMOCTb B JIOTHKE YNpPaBJEHHs PeXHMOM 3aIHCH

‘H CYHTBHIBaHWA: curHaa 3anHck MWTC nopaercs Ha Bxon WR/RD, a curuaa cuu-
THBaHusA Ha Bxoa OE.

Ha puc. 4.3 He nokasaHw Oydepa WIHH aapeca H AaHHBIX, HO TpeAnoJaraercs,
9TO WHHH Oydepusosann. B kauectBe OydepHbHx DErHCTPOB ajpeca A/ MYJIbTH-
JIJIeKCHPOBAaHHsl afpecHOM MarucTpasnH MHKponpoueccopa KMI1810BM86 ncnoabsyror
sukpocxemn K580MP82 uan K580MP83 (c uHBepcHHIMH BhixogaMmu). usa GydepH-
SalHH INHHH JaHHHX npHMeHsioT MHKpocxems KP1810BA86 nin KP1810BAS7,
a TaKXe aHaJIOTHYHBE HM MarHcTpaJsbHble ¢opMHpoBarenH cepun K580. Tlprmep
BKJIOYEHHS MHKPOCXEMH MarHCTpaJbHOro GOpMHpOBATe/s B INHHY AAHHHX NOKa3aH
#Ha puc. 4.2. Oas 16-pa3psaanofi WHHH aHHBIX Tpe6yloTcs ABe TAaKHE MHKPOCXEMHI.

TIpH HcnoJb30BaHHH MHMKDOCXeM NaMsATH, He HMEIOWHX CrelHaJbHOro BXOA2
AJS CHTHaJa ynpaBJeHHS BBIXOAOM, HECKOJbKO YCJIOXKHSeTCS cXeMa YCTpoAcTBa
ynpasJieRus. BapuaHT nocrpoendss 6ioka O3Y Ha TaKHX MHKpOCXeMax MNpHBeaeH
#a pHC. 4.4.
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Puc. 4.4. O3Y Ha MHKpOcXeMax MaMATH ¢ OAHOpPa3psAHOA opranusauuef
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Monyns O3Y Ha Mukpocxemax KP537PV3 cocToMT H3 aByX 6aHKOB NaMsTH,
HHPODMALHOHHLE BXOAH H BHIXOAW KOTOPHX CoedHHeHB ¢ 16-pa3psanoit mHHOR
naHHBIX yepe3 MHKpocxeMn K589AITI6 (mo aBe Ha KaxAawh 6ank). IIpHHUHNHAJB-
Has cxeMa MOAK/IOYEHHS YKa3aHHOro INMHHoro ¢opmuposatens K O3Y u kK MarH-
CTpaJiH MOKasaHa Ha pHc. 4.1

Cesiekrop aapeca DD17 u sornueckne snemedtn DD18.1—DDI183 npu obpa-
weHHH K 610Ky O3Y ¢opMHpyIOT cHrHas BH6Opa AN MHKpocXeM NaMsTH u Oyode-
poB WHHH AaHHWX DD21—DD24. [Tpuuem curnan sni6opa anas moayas O3Y crpo-

6upoBaH curHanaMu MWTC uwin MRDC, Tak 4TO AJs MOCTPOEHHS MOAYJSR MOXKHO
NPHMEHATh KaK TaKTHPyeMHe, TaK H aCHHXDOHHble MHKpocxeMu craruueckux O3VY.

CHrHaJel yrnpaBJeHHs pPEXHMOM 3allHCH M CYHTHIBAHHA AJs MHKpocxem O3Y
tdopMupyloT JorHdeckue sjemedtst DDI19, a ana 6ypepos LI Jnornueckue adje-
menTn DD20, o6ecneunBas paGory 6moka O3Y B coOTBeTCTBHH ¢ Tabu. 4.1. B pe-

XKHMe 3amucH cHrHar MWTC=0 nocrynaer Ha Bxoas WR/RD nn60 oGoux Gaukos
naMsaTd yepe3 saeMeHThl DDI19, n1H60 OgHOro H3 HHX B 32BHCHMOCTH OT 3HAa4YEHHS

carnanos BHE, A,. OpuospeMeHHo 3neMeHTnl DD20 dopmupyior curHal WR/RD=1
AAs OfHoro HJAH o6oux Gydepos IIJI, korophMm obecneunsaeTcsi HanpaBJEHHe ne-
penauH uHpopmaunH oT KaHana DB k kanany DO, T. e. U3 UIHHB JaHHBIX B MO-
ayas O3Y.

B pexume cunthBanus chrHana MWTC=1 uepes snementsl DD19 oTkpriBaer
ANsl uTeHHs JaHHBX o6a Ganka namatH. Ognako B IIJ undopmauus moxer no-
CTyMHTb TOJBKO uepe3 Te Oydeph, KoTopHe Oyayr HMeThb Ha Bxogax WR/RD
CHrHam. _IT&_R_D—C—=0, oGecneyHBalowufl HanpasJleHHe nepegadH or kaHaaa DI k ka-
Haay DB, T. e. ¢ BhxogoB Moayas O3Y B WHHY AaHHbIX. ITOT paspeluaioulif
cuutwBaHue ganHwx B LIJI curaan cdopmupylor anemenrn DD20.2 1 DD20.4 B 3a-

BHCHMOCTH OT 3HadeHHi curHanos BHE, A,

Ilpu orcyTcTBHM obpaiteHuHst x G1oky O3Y, korpa curHaaw Ha Bxomax CS
MHKpocxeM naMaTH H Oydepos IIIJ] HMeloT HeaKTHBHOe COCTOsiHHe, paBHoe Jor. 1,
6ok O3Y OTKJIIOYEH OT MarHCTPaJiH.

Tepefinem k paccMoTpeHHl0 ocoGeHHocTell nocrpoenus G6aokos O3Y npH He-
nonb3oBaHud Marucrpann MITH. Bapuant peanusauun Onoka crathueckoro O3Y
Ha MHKpocxeMmax naMmarun KP537PY3 npuBesen Ha puc. 4.5.

Moayns O3Y noctpoeH no CTPYKTypHOR cxeMe ¢ aByMsi GaHTOBBIMH GaHKaMH:
L — na mukpocxemax DD1—DD8 u H — na mukpocxemax DD9—DDI6,

Bank cocTOHT H3 BOCBMH MHKPOCXeM, Y KaXAOH H3 KOTOPHIX O6befHHEHL HH-
¢opmannonnnft sxox DI u BHxos DO opHoi aunnedl. Takum o6pasom y 6aHKOB
06pa3opaHO MO BOCEMb CCBMCILEHHBIX BX0moB-BhixogoB DIO, koropule coenHHEHbE
C COOTBETCTBYIOUIHMH JIHHHAMH IUHHB [JAHHHX. 3aMETHM, YTO NPHMEHEHHEC MHKpPO-
cxem namsatd THna KP537PY8, PVY9, PVY10, umeouwHx G6aidToBbie COBMEILEHHHE
HHO)OPMAIIHOHHHE BXOAH-BBIXOAM, CyLIECTBEHHO ynpouiaer cxeMy O6Joka O3Y =
YMEHbIIaeT KOJHYeCTBO MHKpocXeM B HeM. Kpome TOro, ykasaHHble MHKPOCXeMH
HUMEOT BXOJA JJIS CHIHa/Ja YTeHHs, 9TO [03BOJsSeT HCNOJb30BaTbh 6oJee NPOCTYIO
CxeMy ynpaBJIeHHs pexHMaMH paGoTe mopyas O3V.

OnyouMeHHBlE aapecHbe BXOAH GaHKOB OGbeJHHEHH H BHIBEJeHH Ha LIHHY
anpeca. Tpu crapumx pa3spsga aapecHoro koaa AjsApAjs HCnoJb30BaHH AJs aape-
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caunn Ggoxa O3Y. OHM noaBeleHH K ajipecHoMy YycTpoficTBy (ceneKTopy aapeca)
DD17, HasHaueHHe ¥ paGoTa KOTOPOro OHJIH pPacCMOTPEHH panee.

I BuGopa pexuma paGoTh ¢ GaHkamu cayxar curHaan A, u WRBY, a pe-
MHM 3alHCH W CUHTHIBAHHS 3a4al0T CHrHaJoM WR NDH BHIOJHEHHH YCIOBHR o6pa-
menuss Kk G6noky O3V, xorza Ha Buxolde DDI7, dukcHposaHnoM nepeMuiukofi Sl,
nosBJsAeTCA CHrHaJ ¢ ypoBHeM Jor. 0.

Jlornka ynpaBJeHHs peasn3oBaHa Ha 3jeMentax DDI18, DDI9. Kmou DD26
HOPMaJIbHO OTKPHT AJsi CHrHalJioB BhiGopa GaHkoB. OH 3aKpHIBaeTCSt TOJMLKO MPH
OTKJIIOUEHHH MMM cGOsiX NMHTaHHst U (GOPMHPYeT Ha CBOHX BHIXOZAaX CHTHAJH C ypoOB-
HeM Jor. 1, 3anpeliaiolie AocTyn K 6aHkaM. DTOT KJIO4 BMecTe C YCTPOACTBOM
noaxaoueHHs 6ydepHoro HcTouHHKAa nutaHHs GBl K MHKpocxemaMm mamsATH ofecne-
quBaer coxpaHeHHe HWH¢opMauHH B GaHKax TNpH OTKJIOYeHHH nHTaHHa. Cheayer
o6paTHTb BHHMaHHe Ha TO, ur0 GydepHHA HCTOYHHK NHTAaHHA depes auoa VD3
noaKModeH K BHBOAAaM NHTaHHA BCeX MHKpocxeM naMatH W kKmowa DD26. Tlpn
nponagaHHu HanmpsikenHs 5B amox VD3 oTkphiBaercss W yKa3aHHbe MHKPOCXeMH
oka3nBaloTcs nop HanpsixkenHeM GBI, mocTaTouHHM AN cOXpaHeHUs HHGpOPMaiHH.

Paccmorpum paboty Moayas O3Y B pasnHuHHX pexumax. [lpw akTHBHOM

sHayeHHH cHrHajsa WRBY peanusyercs pexxum paboTh c GafitamH, a BhGOp 6aHKa
OCYWIECTBJSIOT CHrHajoM Ag: npH 0 orkpuBaercs pgoctyn K L-Ganky, mpu | —
k H-6anky. Ecau curian WRBY NpHHHMaeT HeaKTHBHOE COCTOSIHME, TO He3aBHCHMO
OT COCTOSIHMSl CHrHajaa A, OTKpHBaeTCs AOCTYN K OOOHM OaHKaM A/ 3aNHCH WJIHA
cuHTHIBaHHs 16-paspsigHoro cjosa.

Jns 3anHcu HeO6XOZHMO HMMeTb aKTHBHOe COCTOsiHHe cHrHasa WR, Kotopoe
snementoM DDI19.1 nepenaercs ua Bxogn WR/RD oGoux GaHkoB. CUHTHBaHHe OCy-

ILECTBJIAETCR MPH HEAKTHBHOM COCTOSHHM curHana WR.

ConpsixeHHe afpecHOM WIMHH H LIMHK JaHHHX ¢ o6wWwek wHHOA «Ajpec — JlaH-
Hble» ocywecTsasior perwctpu DD20, DD21 u wMarkcrpanbHHe (OpMHPOBaTeNR
DD22, DD23. Bybep DD24 Heo6xoauM AJsi NOBHIIEHHS HArpy3ouHoft cnocoGHOCTH
JuHuft ynpasneHus. C BuxogomM DD24 cuumaior 6ydepH3OBaHHbHE CHTHaJH Ynpas-
JeHHs GYHKUHOHA/NbHEIMU y3naMH Giaoka O3Y.

BaanMogefictBie o6lell WHHH C BHYTPHMOAYJbHBIMH OCYIIECTBJISETCS CJEAYIO-
wHM obpasom. Koa azpeca ¢ukchpyercs B perncrpax DD20, DD2I1, umetomnx
pa3pellaiolie COCTOAHHA CHrHaMoB Ha Bxogax CE u OE. Curnan BSY dbopmupyet
mukponpoueccop K1801BMI1 na Bech uuks obpallleHHSt K NaMSTH.

Bo3aMoxeHn BapHaHT moakmoueHHs Bxoga OE K TOuKe ¢ HyJEBHIM MOTEHLHa-
JqoM. B TakoM ciyyae BHXOJ DErHCTpPa NOCTOSAHHO OTKDHT RJsS CYHTHIBAHHA,

K BHIX0ZaM pDerHcTpOB NOAKJIIOYAIOTCS JHHHH LIHHE ajpeca, No KOTOPHM nepe-
NaloTCS CHrHaJH Kojga ajapeca GaHKOB maMsTdH Aj.. A, 6Joka maMatH Aj.. A,
BbI6Opa GaHka naMsithH Ao,

JlanHue B ofllell IUMHe A/ 3a0HCH HX B NMaMATb MOABAAIOTCA NOCTE KOmA aj-
peca H NOCTYynajoT Ha BXOAHW KAaK perucTpos, Tak H Gydepos IIMI. Bxoaw perucr-
POB B 3TO BpeMs 3aKpbIThi AKTHBHWIM 3HaueHHeM CHrHama SYN, Tak uTo Boagehi-
CTBHE JaHHbHe OKa3hBalOT TOJNLKO Ha Bxoan Oydepos DD22, DD23. Hanpasnenue
nepenaud OycdepoB onpenesnsier CHrHaJ RD, KOTOpHA NpPH 3anHCH HMeeT YypOBeHb
qor. 1. CnegosaresbHO, JaHHBHe NepefaloTCss OT KaHasa A B KaHal B u pnanee B
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auHn LI, B peXHMe CUMTHBAHHA AaHHHX H3 Moayas O3Y B o6liyl0 IIHHY CHr-

Han RD C aKTHBHHM COCTOSHMEM TNEePeK/NouaeT HanpaBleHHe nepenaan Gydepos
oT Kanana B k kanaay A. Bydepn OTKPHTH npu O6palieHHH MHKponpoueccopa K
610Ky O3Y, Koraa CHrHaJn RD uan WR uMeloT aKTHBHHE COCTOSIHHS H B pe3yJib-
Tate (GOPMHPYIOT C noMouwnio 3aemedToB DD25.1 u DD25.2 curnan nocryma k 6y-
tdepam.

Bypep DD24 paGoraer B pexXHMe nepeaay or kKaHana A K kKanaay B Gmaro-
Adapsi noaksodeHHio K ero Bxoay WR/RD HanpskeHHs BHcoKoro ypoBHs. OnHako-
3TOT DEXHM peasjH3yeTCsi TOJBKO NMpPH OOpallleHHH MHKponpoueccopa K 6aoky O3V,

Korna curian BSY, geficTBylowHf Ha Bxoa CS Oydepa, npHHMMaeT aKTHBHOE CO-
CTOSIHHe,

Jpyrofi BapHaHT NoCTPoeHHA OsoKa craruueckoro O3Y, OpHEHTHPOBAHHOroO Ha
untepdefic MIIY, npeacraBien npuHHUHNHaAbHOR cxemofi Ha pHc. 4.6 [11, 67). Mo-
AyJb naMsTH peajH3oBaH Ha MHUKpocxeMax K537PY3 B BHae AByx GaHKOB NaMsTH:
L —Ha wmukpocxemax DD6—DDI3 u H —Ha wmukpocxemax DD14—DD21 ewmxko-
ctoio 4K Gaft kaxabfl. OTJHUHTENBHOM OCOGEHHOCTbIO O6JI0Ka SBJSETCS HaJH4He
kourposepa 3Y (K3Y) DD23, peannsosanHoro Ha MHKpocxeme K588BI'2 u npen-
Ha3HaueHHOro AJIA BHINOJHEHHs BCEX YNPaBJAOWMX GYHKUKMA.

Jpyras oco6eHHOCTb paccMaTpHBaeMo#t cxeMn 6s0Kka O3Y COCTOHT B npHMe-
HeinH KMJITI-mukpocxem cepun K688 ans peanmsauun Bcex HHTepdeficHbix (yHK-
uuft. BHyTpuMoayabHylo WIHHY aapeca dopmupylor perncrpn K588HMP1 DDI, DD2.
Iluny aaHHbix GOPMHPYIOT [ABa MarucrpajpHhiXx npHemonepesaTuuka K588BAI
DD4, DD5. HanpasieHne nepegaus onpeneisioT CHrHaJH Ha Bxogax AB u BA,
HanpuMep, npi AB=0, BA=1 nepegaua naHHHX OCyIIECTBJAsfeTCs OT KaHala A K
Kanany B. TIpu AB=BA=1 BHXOAH KaHAJOB NEPEXOAAT B Z-COCTOSHHE.

Konrponsep 3Y npeanassauen as1s opranHzauuu 6jokos O3Y u TI3Y emko-
croio He MeHee 4K ciuoB. B crpykrypy K3V Bxoaur aapecHoe ycTtpoficTBo, npo-
rpaMmupyeMoe mnepeMuukaMu S1—S3. CurHann Ajs..A;s ¢ obuefi WHHH aape-
cyior K3Y. IlIpn ux coBnageHHH C aApecHHIM KOAOM, YCTaHOBJEHHHM NEPEMbIYKAMH,
K3Y ocyuecrBaseT oquH U3 ueTHpex peXUMOB oO6MeHa Marucrpanu c 6Jgokom O3Y
B 3aBHCHMOCTH OT COCTOSHHAl CHTHaJIOB ynpasJeHHsi M CHrHajaa A, aapeca Gafira
(rabn. 4.2).

Has cornacosauns K3Y ¢ MHKpocxeMaMH NaMSTH N0 BpPEMEHHBIM NapaMerpam
cayxatr RC-uenn, noarswouaemble K BeiBogaM RCR u RCW. IMocrosiHHble BpeMeHH
RC-uenefi onpenensior 3aJepxKy BHIAUH CHrHaja TOTOBHOCTH AaHHHX AN OTHo-

cutenbHo curianoB CSO y CSI1 npu cuurnsanuu (RIC1) u 3anucu (R2C2) panubix

Ta6auua 4.2. Ta6auua KCTHHHOCTH KOHTpoasepa O3Y

SYN | WR | RD | WRBY Ao Cso csl1 Pexnm O3Y

YreHHe caoBa
3anuch caoBa
3anHchy L-Gafira
3amucs H-Gafita
BaokHpoBKa

—-—-00O0O
Hooo-
Mmoo MM
—_——eo0o
—__o—=OoO0

xr—»—-—-o
Hoo— —
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8 O3Y. IMapamerpn RC-uenmeft moaGupalot Tak, 4ToGH mpH RD=0 orsernuft cur-
uan AN He onepexkan swgady aaHuux w3 O3Y ma LUI, a npu WR=0 ofecneu-
BaJ 3amuch AaHHLIX B MoayJab O3Y.

Illuna «Anpec — Jlauuoe» pasgeneHa perucrpamu DDI, DD2 u MIIIT DD4,
DD5 ua IIA u IIJ, K KOTOPHM MOAKJIOYEHH COOTBETCTBYIOUIHE BHIBOAM MOAYJA
o3Yy.

BydeprupoBaHHble NHHHH ynpaBJAAIOIHX CHCHAJIOB SYN, RD, WR, WRBY noa-
kmodednt k K3Y, ko Bxogam CS peructpos (_S:W)- u Bxogam WR/RD wMukpocxeM
namaty (WR), a Takke Ko BxOAaMm ympasjeHHs HanpaBJjeHHem nepenayd MIII]
(RD, WR).

B pexume o6pamenus k 6goky O3Y Ha wuHy AJl momaloT kox aapeca. [lo
CHrHaay SYN=0 ero 12 paspanoB A;p—A; 3anHcwiBalotcs B perHctpu DDI, DD2,
a crapiude paspsagm A;s—Ajps M pa3psa Ap nocrynaior B K3V, rae nponcxoaHt
cpaBHEHHe TOCTYNHBIIErO KOXA C YCTAaHOBJEHHHM nepeMuukamu S1—S3. [lpu co-
BOAZEHHH KOJOB M B 3aBHCHMOCTH OT CHrHaJ/IOB ynpaB/eHHs (GOPMHPYIOTCS CHCHAJH
BHGopa CSO # CS1 B cooTBeTcTBHH ¢ Talu. 4.2, OTKPHBAIOUIHe NOCTYN AJA 3AMHCH
BJIH cuHTHBaHHA K Mmoayaio O3Y u MIII DD4, DD5.

B pexXHMe CYHTHIBAHHA NPH (HOPMHPOBAHHH CHrHA/NOB BHGOpa HanpsXKeHHe Ha
supone RCR cHHXKaercs 00 HH3KOrO YpPOBHS M 3aTeM HAapacTaer ¢ MNOCTOSHHOM
spemen RICI. TIpH noCcTHXeHHH 35THM HANpsKeHHeM onpefe/ieHHOro YPOBHA W C
NpNXOJOM CHrHana RD=0 K3Y¥ dopMmipyeT cHrHax AN CONpPOBOXKACHHS [JaHHHX,
cunThiBaeMuix 3 O3Y B marucrpans uepes MIIIl DD4, DDS5, otkpuThle B Hanpas-
nennn BA cursanom RD. Ilpu RD=1 cursasn CSO u CS1 NepexoAsT B COCTOSHHE
aor. 1 u BuGopka O3Y npekpamaerca. Buxoan MIIIl nepexogsar B Z-cocTosiHHe.

B pexume 3anucH no curany WR=0 u B 3aBHCHMOCTH OT COCTOSHHS CHIHa-
08 WRBY u A, (ta6n. 4.2) ¢dopmupyiores chrnaim BmGopa CSO, CSI. Yepes
MIII1 DD4, DDS, orkphithie B Hanpasiennn AB, naunue nocrynaior B O3Y. Ilpu
STOM Hanpskenue Ha BuBose RCW npuHuMaeT HH3KHt ypoBeHb W 3aTeM HapacTaer
¢ mocrosHHoN BpeMeHH R2C2, BH3nBas c ompefesnenHoft 3agepxkoft curias AN=0.
Ipn WR=1 subopka O3Y npexpamaercs. Lluka o6pawenns k O3Y 3asepiuaercs
npu nepexose curana SYN B cocrosmue Jor. I. Ilpu stom BxoaHo# perncrp K3¥Y
OTKpHIBAaeTCH A4S NPHEMa KOAA ajpeca B CAEAYIOIEM HHKIe obpallleHHst K GAOKY
03Y.

Ipumenenne koutponnepos K588BI'2 nossonser mogkmouaTh K CHCTeMHOR Ma-
FHCTPAJH 10 BOCbMH OGJOKOB, aHAJOrHYHHX pPacCMOTPEHHOMY, 4TO obecneuHBaer
paclIHpeHHe eMKOCTH namsaTtd po 64K Gapr.

Ilna coxpaHeHHs! NaHHLIX NPH OTK/IOYEHHH HANpSAXKeHHA NMHTaHuA B Gnoke O3Y
NpeaycMOTpeHn pe3epBHHIA HCTOUHHMK Hanpskenus GB1 u ycrpoficTeo ero moakamio-
wenus (VDI, VD2, R3, R4) x MHKpocxeMam maMsaTH NpH c6OSX B MHTaHHH,

PaccMorpennbie BapHaHTH NMOCTPoeHHs G610koB O3Y nokasHBaoT, 4To AN CO-
npsxenus moayas O3Y c MarucTpanbio TPeGYIOTCH NOMOJHHTENbHHE MHKDOCXeMH,
KOTODHE BHMNOJMHAOT GYHKUHH MyJbTHINEKCHPOBAHHA JHHMA MarHCTpPaJH, pewmH-
tdpaknus KogoB ajapeca, yBeJHUYeHHs HAarpy3oqHoft CMOCOGHOCTH MIMH. Kpome Toro,
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caM Moaysas O3Y cocroHT u3 GOJMBIIOrO YHCAA MHKPOCXeM MaMATH, ocobenHo npmw
HCMOJIbSOBAHHR MHKDOCXeM C OAHOpaspsiHOR opraHu3amuef.

Bce 5T0 06YCJOBJHBAET 3HAaUMTEJbHHE paiMephl GIOKOB NMaMATH, TPYROEMKOCTH
HX H3rOTOBJEHHA M 3aTPYAHSAeT Pa3paGOTKy KOMMAKTHBIX BCTPAHBAaEMBIX 3JIEKTPOH-
HHX YCTPORACTB C NaMATHIO.

3HayuTeAbHYI0 4YaCTh YKa3aHHHX 3aTPYAHEHHA MOXHO CHATb, NPHMEHHB OILHO-
KPHCTa/bHHeE G6JOKH NMaMATH CO BCTPOEHHbBIM HHTepdeficoM, K KOTOPHM OTHOCATCSE
mukpocxema cratuueckoro O3Y KI1809PY1 emkoctbio 1KX16 GHT H MHKpocxeMa
KP537PV¥11 emxoctbio 256X 16 6uT. XapakTepucTHKa MHKDOCXeM H OlHCaHHe pe-
JKHMOB UX paGoTH npusexeHs B § 2.2 u 2.3.

Miukpocxema K1809PY1 opuentHpoBana Ha marHcrpasbr MIIU u umeer 16 BH-
BOMOB [/ MOAK/MIOUEHHs JHHHA WHHH «Axpec — JlaHHHe» H 5 BHIBOLOB AJisi CHT-
HaJIoB ynpasJieHHA. BerpoeHHuft HHTepdefic o6ecneddBaeT BO3IMOXHOCTb NOJKJIO4E-
HHA K cHcTeMHofi maructpaan MIIHM no 32 BUC 6e3s nomoinHTe/bHHX MHKPOCXeM.

Bapuarr nocrpoenus G6aoka O3Y emxoctbio 6KX16 OHT Ha MHKpocXeMax
K1809PY1 npusener Ha pHc. 4.7 [54]. JIunun o6uiel muHu ALl pacnpefesieHH cJe-
AylownM o6pa3oM: npu nepenade Koxa agpeca no JHHHAM ADys ... ADy; Mukpo-
CXeMHl MPHHHMAIOT COGCTBEHHBI anpec Aye, N0 JHHHAM ADj, ... AD; — agpec suefixm
namsaTH, no JHHHH ADg— GHT mpusHaKa nepenadd naHHux (ADy=1 crapwero Gail-
Ta, ADy=0 — Mnaawero Gafita, npH nepejade CJ0OBa COCTOSIHHE JHHHH MOXeT OHTb
npoussoapHuM). Ilpu nepepase (npueMe) naHHEX HCMOB3YIOT JHHHH ADys .. ADsg
Ans paspsapos crapwero Gafita, JuHuH AD; ... ADo — ans paspsnoB MJiazauiero
Gaitra.

B cTpykType MHKpPOCXeMH TNpPEAYCMOTPEHH HHTepdeficHNe y3ah: NaATHpaspaf-
HOe nporpaMMHpyeMoe ajpecHoe yCTPOACTBO H ceseKTop azapeca. Bce Mukpocxemur
K1809PY1 umeloT eauHunft agpec nporpaMmupyeMoro ycrpofictea — FFF0 (B mect-
HapuatepuuHoft cucreMe cuHcnenusa). [lostomy nans 3anHcH coGCTBeHHOTO an-
peca Auc B KaXAyw MHKpocxeMy B Gsoke O3Y Heo6xoaHMoO pasaenuTh aapeca HX
nporpaMMHpoBaHHA. 310 TpeGoBaHHe peaJH30BaHO NOAKJIIOYEHHEM MJAALIHX JH-
Hufi IIIAJ] x passmm BuBogam ADIO wmuxpocxeMm. Hanpumep, y mukpocxemn DDI1
agpec nporpamMMupoBaHua FFF0, nockonbKy ee BBBOAB NOAKJIOYEHHl K COOrBET-
crBytomuM JauHHaM IUAJl a y apyrux MukpocxeM aapeca HaMeHeHn: y DD2 ycra-
HoBusH aapec FFF8, Ttak xak BuiBog ADIO; coeamnen ¢ amuueit ADy, a BbiBOR
ADIO, —c aunueft AD;; y DD3 agpecoM nporpaMMHpoBaHHA G6yner koMGHHa-
uua FFE4, aro onpeneneHo cxemoft coepwnenus ADIO,=AD,, ADIO,=AD; u 1. &.

[lpy xaxXAOM BKJIOYEHHH NHTaHHA MHKpocxemMn O3Y pOMKHBH GbiTh 3anpo-
rPaMMHpPOBAaHbl NATHPA3PALHBLIM KOAOM coGcTBeHHOro anpeca Awe. [as 3toro Ha
DAl noaalor Kom ajpeca NPOrpaMMHPOBAHHS AN KaXAON MHKPOCXEMH, CJENOM
33 KOTODHM — KO [AaHHbIX NpOrpaMMHDOBaHHsA, comepxaiinii Awc. IToapoGHo 3TOT
pexxum paccmorped B § 2.2 nna mukpocxemw KPS37PYI1 u B § 2.3 pas MHKpo-
cxemu K1809PVY1.

B Gaoke O3Y mukpocxeMu paGoTaloT B PeXHMAX 3aMHCH, XpaHeHHS M CUHTH-
BaHHA B COOTBEICTBHH C airopHtMaMu craugapra MIIM (cm. § 2.2, 2.3).

MOXHO OTMETHTb W TaKyl0 OCOGEHHOCTb MHKPOCXEM CO BCTPOEHHHM HHTephefi-
COM, Kak BO3MOXHOCTb NPOrPpaMMHPOBAHHA pexxuMma oOMeHa: OHH MOryT OuiTh yCTa-
HOBJeHH JHGO B pexxuM O3V, nuGo B pexum I3V, nonyckas ToJbKO MHOrOKparTiioe
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Puc. 4.7. O3Y Ha MHKpocxeMax NaMfTH ¢ BCTDOeHHHM HHTepdeficom

CUHTHBaHHe HHMOpManHH. YCTaHOBJEHHe DeXHMa OCYLIEeCTBJAAIOT o6pallieHHeM IO
anpecy NpOrpaMMHpOBAHHA C nepenadef B Koje RaHHHIX OHTa NpH3HAKa pexHMA
o6MeHa: NpH Dio=0 pexxum O3Y npa Djo=1— pexum [13Y (Grokuposka sanmucu).

4.2, Cratnueckoe O3Y 6oabluoii eMKOCTH

Bapuaur ¢yHkuHonanpHoRt cxemw Moayns O3Y emkoctbio 1M 6ur (128K X
X8 6ur) npuseseH Ha pHc. 4.8. K MOCTOHHCTBAM NaHHOTO CXEMOTEXHHYECKOro pe-
WIeHHs cJelyeT OTHEeCTH CPaBHHTE/JbHO HH3KHA ypOBeHb 3HepromorpebjeHHs 3a cuer
npumenenus KMJIII-MHkpocxeM naMsaTH, sHeproHedasHcumocTh O3Y, pauHoHaabHYIO
CXeMy [JOCTYNa K HaKONHTeNI0 H YNPaBJEHH DeXHMaMH MOAYJ/s, BO3MOXHOCTb
HapalHuBaHHA eMKOcTH 10 IMX8 6ur myrem oGbesnHeHHss MoayJefi 6e3 HSMeHeHHS
HX CXeMbl.

Crpykrypa Moayns O3Y BKJIIOYaeT: HaKOMHTeNb, CXeMy YNpaBJeHHS, y3JH CO-
NpAXKEHHS HAKOMHTeNs C IIMHAMH MarHcTpajH, cxeMy o6ecneyeHHs 3HEProHesaBH-
cumocru O3Y.

Hakonureap cocrour us 64 muxpocxem namatu RAM; ... RAMg, o6bennnen-
HHX B MaTPHUHYIO CTPYKTYpy H3 BOCBMH CTPOK H BOCBMH CTON61OB. [las npumepa
Bu6pana KMJIIT-mukpocxema cratwueckoro O3Y K537PY8A emxocthio 2KX8. dta
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MHKpOCXeMa HMeeT ABa paBHO3HauHeix Bxoga CS;, CS, ang curHa/ios BhGopa.
YcaosueM mocTyna Kk MHKpPOCXeMe MO aApecHBIM H HHGOPMAUHOHHHIM BXOAaM $B-
JseTCs PaBeHCTBO HYJIO YKa3aHHbIX cHruanoB. IlpH mMo6ux ApPyrix KoMOGHHAUHAX
HX 3HayeHHIl MHKpOCXeMa He NpDHHHMMAaeT ajpecHuli KOA, a ee BBIXOAL MEPEXOAAT
B Z-CcOCTOsIHHE,

B KaxAa0M CTPOKe MaTpPHUBLI MHKPOCXeMhH OGbeIHHEHH MO OJNHOHMEHHHM BXO-
naMm CS; u CS, Ilo nunuun CS; obGecneunBaercss BHOOP MHKDOCXEM CTPOKH CHrHa-
Jom CS=0 c OQHOrO H3 BHXOLOB ajApecHoro aeinpparopa DD3, a no aunun CSg,
NOAKJIOUEHHOH K cxeMe o6ecneueHus 3HeproHedaBHcHMocTH O3Y,— 610KHpOBKA
MHKpOCXeM MO BCeM BXOAaM NpH c6OSIX HAH OTKJIOYEHHH OCHOBHOro nurauus 5 B.

B kaxpgom cronbue MHKPoCcXeMH OOGbeAMHEHH MO HH()OPMAUHOHHBIM BXO-
aaMm-BuixogaM H BxogamM WR/RD.

OnpHouMeHHHe ajfpecHHe BXOAB BCeX MHKPOCXEM HAKOMuTesqs OOGbeAHHEeHW B
elHHYIO afipecHyl0 IUHHY, no KoTtopoi nocrynaer ll-paspsaaHbiit kox Ai..A; ¢ BH-
xona perucrpa aapeca DDI uepes 1l-paspsianyio rpynny ycuautesiei DD2. Moxer
0Ka3aTbCsl HEOGXOAHMBIM pa3je/ieHHe aApecHOM IUHHBI H3-3a HEBO3MOXHOCTH obec-
NeYHTb ynpaBJieHHe aApecHHMH BXO4aMH BCeX MHKPOCXEM C MOMOLIbI0 OAHOH rpynnu
YCHJIHTE/IbHBIX 3/1eMEHTOB, MOCKOJNbKY €MKOCTb ORHOrO BXOfAa MHKDOCXEMbl NaMSTH
paBHa 5.. 10 n®, a Ha OAHH BHXOA YyCHJAHTeNs npHXoauTcs 64 BXxoma, uTO COCTaB-
JNfleT €MKOCTHYI0O Harpy3ky ao 640 n®. B TtakoM ciyyae o6beqHHSIOT OZHOHMEHHBIE
afpecHnle BXOAbLI MHKPOCXeM INOCTPOYHO C NOAKJIOYeHHeM ajpecHOfl WIHHH Kaxpoft
CTPOKH K cBoeft 1l-paspsgHofi rpynme yCHAHTEJbHHX 3JeMeHTOB. OgHOHMEHHHE
BXOJAH BCEX YCHJIHTeJeli obbenHHeHbl B OOLIYI0 ajpecHylo IIHHY H MOAKJIOYeHH K
BHIXOlaM afPeCHOro perHcTpa.

Cxema ynpasieHHs BKmodaer agpecHnff peructp DDI, ycuauTean mwHHH ap-
peca DD2, anpecHnie aemndpatopu BhGopa crpokH DD3 u cron6ua DD4 c soru-
yeckoft cxemoft DD7, nmewndpatop BuiGopa Moayis DDS. Peructp DDI1 cayxur
A1 BPeMEHHOro XpaHeHHs Koxa aapeca Ap... Ay, 3alHCh KOTOPOro OCyLIeCTBJsSeTCS
cHrHanom Ha Bxoge C c¢ uwactoroft fa. PerHcrp ¢opMmupyer HecKONbKO BbIXOZHBIX
afpecHHx WHH: 11-paspsagHyo A;..A;; K MHKpOCXeMaM HaKOMHTelIs MJA Koja
afpeca suefilkH NaMsiTH, TpexpaspsigHyio Aj,..A; k pemudpatopy DD3 ansa
KOla ajpeca CTPOKH, Tpexpa3psaHyio Ajs..A;; k aemndpatopy DD4 ans kopa an-
peca croanbua u TpexpaspsaHylo AoA;gAjg K JorHeeckoMy y3any DDS nna kona
anpeca MonyJas AjgAy M JHHHIO Ans Guta Ao, onpepensioero OpraHH3alHIO No-
GafitHoft BHIGOPKH NAaHHHX.

K JIorHueCcKOMy 3y DD5 nopBemeHH TaKKe CHTHAa/NH YMNpaBJeHHS 3alHChbIO-
canthiBaem WR u RD. Ha Bmixomax DD5 dopMupylOTCA TPH CHrHAJNa: CHrHan [
BuGopa moayas, cHrHaa CS <-WR u ero uHBepcHoe 3HaueHHe 'CS—WR AJs ynpaBe
JieHHsi HanpaBJieHHeM nepefadd naHHHx B Oydepax BF,..BFs u B Gydepe muuu
nauenx DD6 cooreercrsenHo. Jlormueckas cTpyktypa DD5S Bx/io9aer 3JeMeHTH,
peannayiomue ¢ynxkunn (WR@RD) (AgAgy) Ao=CS, CS-WR, CS”WR. Ilepsoe
Bblpa)KeHHe OTHOCHTCS K aJpPecCHOMY CEeJeKTOpy, BCTPOGHHOMY B CTPYKTypy y3-
na DD5. B 3aBucuMocTH OT 3HaueHHt paspanosB Koma AjgAjp NpH HANHYHH CHrHAJA

ynpasJjieHHs WR uam RD cesieKTop (OpMHpPYeT CHrHaa CS BoiGopa MOAYJs, KOTO-
puM oTkpuBaloTcs Aelndpatopst DD3, DD4 1 Gydep wHun paunux DD6.
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ChaepoBaTe/IbHO, pacCMaTpPHBaeMblfi MOAY/Ab MOXeT OLITb AONONHEH TpeMs HieH-
THUHHMH MOAYJSMH AAS NojyueHHs O6noka namatin emkoctoio 0,5M OGaitr. Pas-
pAL A, nosBoaser CTPOHTL 6ok nmaMatH B IM Gafit, coctoswnft u3 aByx GafTOBHX
GauKoB, kKaXjauf emkoctoio a0 0,56M Gafir.

Bydepn muHn naHHex DD6 u mmH cron6uos BF,..BFy npegHasHaueHw ans
ofecneyeHus AByHanpaBJeHHOro o6MeHa MJAaHHHMH MeXJy BHelUHefi IUHHOA pnaH-
Hux LIl B HakonuTesleM, a TaKXe AJs CONDSIKEHHA LUIHHH JaHHHX C MHKpO-
CcXeMaMH HaKonuTes no Harpyske. B kauectse GydepoB MOryT OHTb HCMOJb3OBAHH,
KaK nokasaHo Ha pHc. 4.8, wuuHbe ¢opmupoBatean tuna K580BA86 (TTJI) wnam
K1834BA86 (KMIIT). 3TH MHKPOCXeMH-aHAJNOTH HMEIT [Ba JABYHANpaBJIEHHBIX
BocbMHpa3psaaHuX KaHana DA u DB, Bxox an1a cHrHana paspeumleHus OE u Bxoa T
AJS CHTHa/la YNpaBjeHHs Hanpas/eHHeM nepefauyd AaHHuX: npH T=1 paHHue
nepenaiorcs or DA x DB, npn T=0 naoGopor. Curnan OE onpegenser cocTosHHe
Boixoxos: npu OE=0 BHXOIW HAXOLATCH B (PYHKUHOHAJNLHOM COCTOSHHH, MDH
‘OE=1— B Z-cOCTOAHHH.

Curnann paspemtenns OE, ... OEg dopmupyer pemndparop DD4 BuGopa cronb-
ua: oyeBHAHO, GyAeT OTKPHT A/18 Nepefayd NaHHHX TOT G6ydep, KOTOPHA NONYdHT
Ha ceoft Bxox OE curran c cocrosunem Jor. 0. OcranbHhe Gydepw Oyayr Ba-
KPBbITHL.

Curiansl T ynpasneHus nanpaBieHneM nepenauu GydepoB (opMHpYyeT JoTHue-
ckuit ysen DDS.

Cxema ofecneueHHs 3HeproHesaaBHCHMOCTH O3Y COCTOHT M3 UeNH HHAUKALHMH
Ha/IHYHA OCHOBHOro mutands 5 B: pesucropm R, R2 u unBepropn DD8 no opnomy
Ha CTPOKY HAaKOMHTEJs H MONONHHTE/BHOro (pPe3epBHOr0) HCTOYHHKA HANpPSXKEeHHS
Upes=4,4 ... 5B, noakmoueHHoro yeped auox VD2 k BhBOmaM HanpsiKeHHs NHTa-
Hust Ucc MuKkpocxem namsth RAM;; ... RAMys 1 unsepropos DDS.

[lpn Ha/H4UH OCHOBHOrO NHTaHHS Ha Bhxonax Musepropos DD8 mpucyTcTByeT
HanpsiXKeHHe HHU3KOTO YPOBHA, YTO OCeCneyHBaeT AOCTYNl K MHKPOCXEMAM MaMATH,
NOCKoMbKY CS,=0. IIpn OTK/OYEHHH OCHOBHOrO NMHTaHHS 3TOT yPOBEHb NOBHILIAETCA
M 3aKPHBaeT AOCTYN K HAKOMHTENIO MO aApecHOH H HHMOPMAUHOHHON IIMHAM, NO-
cxonbky CS,=1. Turanue MHKPOCXEM naMmaTH H HHBepropos DD8 noaaepxkupaercs
OT HCTOYHHKA DPe3epBHOrO HAnpsXKeHHs dYepe3 OTKPHTHA auon VD2, B peayabrate
9ero COXpaHAercs COAepXKallasicsd B HAKOMHTesJe HHPOpMAalHs.

BuGopka HyXHOA suefiky naMsATH HauWHaercsd C BHOOpPAa KoZoM AgAj;sA;y Mo-
AyJsi: NpH COBNAajEHHH 3TOro KOAa C COGCTBEHHHIM aipecoM, «3aIUUTHM» B JIOTHdUe-
ckylo cxemy DD5, Ha Buxope yana DD5 dopmupyercs cHran smGopa CS=0,
OTKPHBAIOWIHA AOCTYNM ajpecHOMy KOAY K JAewHndpatopam crpok DD3 u cronb-
uos DD4. Ha oxgnom #3 BbIXOROB Kaxporo aemHndparopa ¢opMHpyeTCs CHrHaJ
BHGOpa cTpokH CS, H cronbua ﬁ,. Curnan CS, oTKphHBaer 6ydep LIMHH AaH-
Hx DD6 u goctym ko BceM MHKpocxeMaMm NaMsTH BBIGPaHHOM CTPOKH

RAM, ..RAM,, a curnan OE;—k wmHe BHGpaHHOro cTon6ua uepes 6ydep BF).

[lpu 3amHcH AaHHHX, KOraa W'R:O, curiansl CS-WR=1 u CS-WR=0 o6ec-
neuyusalnT nepenawy Aanenx or IIJ no BmGpaHHO# MukpocxeMn RAM,; uwepes
6ydep DD6 or DB k DA u uepes 6ydep BF, or DA k¥ DB. Curuan sanuce npu-
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cytcrByer Toabko Ha Bxose WR/RD mukpocxem BuOpaHHoro cronbua, nockoveKy
TOVILKO Ha BHIXOAE OLHOro sJjemeHra M3 rpynno DD8 6yner 0. OcraibHbie MHKPO-
CXeMbl HaKOIHTeld Ha 3TOM BXO/Ae HMeloT |, 9TO COOTBeTCTBYET peXMMy CUHTbIBA-
sng. Onnako uHboOpMauus ¢ BHXOROB 3THX MHKpocxem B IIIJI nonacTb He MOXer,
Tak Kak 3aKpuiTel OydepH WwHH cTon0m0B.

Ilpu CUMTHBaHWH AaHHHX, Koraa WR=1, cur#ain CS-WR=0 u CS- WR=1
#3MeHAIOT HanpaBJieHHe ilepenaun Gydepos or mHKpocxem namatH k LI, wa Bxome
WR/RD Bcex MHKpocxeM Hakonuresds (HOPMHPYETCs CHTHAJ CHHTHIBAHHSA WR/RD =1,
Ho panunle B LIJl nopnamaloT TO/bKO ¢ BHIXOAOB BhIOpaHHOM MHKpocxeMn RAM
qepe3 OTKPHITHA Oydep wHHH croabua BF).

PexHM XpaHcHHs oGecneunBaercsi curiasom CS=1 Ha Bexoge DDS.

Onucannnft Moaysb O3Y moxer GuiTb peasnnsosaH Ha MHkpocxemax K537PYS8A
(RAM), 533UP8 (DDI), 533M14 (DD3, DD4), 533/1IH1 (DD?), 533J1JI1 (DDT7),
533J1I15, 533/1A4, 533JIEl, 533/1I11 (DD5), 765J/IH1 (DD8), K580BA86 nau
K1834BA86 (DD6, BF, ... BFs).

Buimosnennnft B BHae MHKPOCGOPKH MOAYJb HMeeT cjleayloliHe XapaKTeDHCTHKH:
eMkocth 128K X8 6ur, LIJ] nsynanpasnendas 8-paspsanas, muna agpeca 20-pas-
pAAHas, MHHHMaJbHMI UHKA 3anicH-cuHTHBaHMA 350 Hc, BpeMs BHGODKH ajpeca
250 Hc, norpe6uisieMasi MOUIHOCTb B peXHMe ofpalledHs He Gosnee 6 BT, npu uc-
M0/Ih30BAHHH IUMHHBIX ¢opMHpopatenel cepun KI1834 norpeGaseMas MOUIHOCTH
cHHxaercs g0 2 Br, Ttemneparypumfi agHanason paGorocnocobuoctn O3Y —
10 .. +70°C, uucao BHemHHX BHBOXOB 36. MHKpocGOpKa BLINOJNHEHAa HA HHTPHA-
KpCMHHEROR [0AJI0XKKe, o6saapaoouleft xopolweRt Ten/1onNpoBOAHOCTbIO, pa3MepoM
85 85X 1 mM. [lognoxkka monTHpyercs B ajioMHHHeBnfA kopnyc. Biok O3Y emko-
<tbi0 0,5M Gafit cocTOMT H3 uerhlpex nNapaJe]bHO BKJIOHCHHHX MHKPOCGOPOK H
nMeer pasmepn kopnyca 130)X110X35 mm [33].

4.3. bAOKH naMATH Ha MUKpocxemax AauHamuyeckux O3Y

Iast mocrpoeHsi 6/M0KOB OMEPAaTHBHOH [AMATH AHHAMHYECKOTO THNA MNpHMe-
HAOT MHKpocxeMbl AHHaMHyeckHx O3Y. XapakTepHCTHKAa 3THX MHKPOCXEM NpHBe-
AeHa B § 2.7,

Mukpocxemn auHamH9eckHX O3V umelor psg ocoleHHOCTed, CyUIECTBEHHO OT-
JHYAIOUHX HX OT MHKpocxeM cTaTHueckHx O3Y: MyJbTHNIIEKCHPOBAHHE ajpecHOro
Koja, GoJiee CJ0XHBle BpeMeHHble QHarpaMMbl CHIHAJIOB YMpaBJeHHs, pereHepauHs
XxpanuMoft HHGOPMAUHH, 3HAYHTEJNbHOE pAacCOIacoBaHHe BXOAOB H BHXOAOB C
‘TTJI-AMHHAMH MO COMPOTHBJEHHIO H BO3MOXHOCTb [I0ABJIEHHA MOMeX THMA OTpa-
Xeuuft, K KOTOPHIM RHHAMHYIECKHE MHKDOCXEMBl BechbMa HyBCTBHTCJbHEI,

YkasaHHble OCOGEHHOCTH MHKDOCXEM NaMATH OKa3HBAIOT 3SHAYHTEIbHOE BJAHA-
HHe Ha CTPYKTypHBle H CXEMOTEXHHYeCKHe DelleHHS MPH NOCTDOEHHH AHHAMHIECKHX
©O3Y, a rtakxe Ha pexHuMmb ux paGoru. Kak u s cratHyeckux O3V, 3agada
peannsanun nHHamudeckix O3Y wMmHoroBapHaHTHa. Iloatomy crnocoGul ee pelueHHs
PAcCCMOTPHM HAa HEKOTOPHIX NMpHMEpax, o6paTHB OCHOBHOe BHHMaHHe Ha MNpHMeHeHHe
MHKpDOCXeM MaMATH H PeXXHMH YNpaBJeHHs HX paboroi.

Ha puc. 49 npusenena cTpykTypHas cxema G6Joka auHamudeckoro O3Y emxo-
<thio 64K Gafit aas 8-paspAAHHX MHKPOMPOLECCOPHLIX yCTPOACTB, peasu3OBaHHBIX
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Puc. 4.9. Ctpykrypa auHamuueckoro O3Y

na xomniektre BUC K680. BapnanTn peasu3auMH ¢yHKUHOHAJBHKX Y3/10B NpHBe-
neHul Ha puc. 4.10 u 4.11 [34].

Monyab namari (puc. 4.10) DDI—DD8 nocrpoen Ha Mukpocxemax K565PYS5
nyTeM COeNHHEHHS HX ONHOHMEHHHIX BHIBOAOB, KpoMe HH($OpMaUHOHHHX. CHrianu
RAS u CAS dopmupyer koutpomrep O3Y CLM (puc. 4.11), curhan MWTC ¢
WKHE ynpabJeHus nonaH Ha Bxoa WR/RD. [Ina CHHXeHHsi CTeneHM paccor.jacoBa-
uusa ¢ TTJl ynpaBasiolluMu 3jeMeHTaMH Lenecoo6pa3HO MOAK/IOYeHHe BceX aapec-
AHX M YNpaBJsIOHX JHHHA KO BXOJaM MHKPOCXEM NaMSATH OCYILECTBJATL Yepes.
pesHcTophl conporusienueM 20 ... 30 Om [29].

Bydep suixoaunx nawunx DDI13 peanusosan Ha napaisensHoM 8-paspsaHom
peructpe K580MP82. On moxer OHTh NOCTpOeH TaKXKe Ha APYFHX MHKpocxemax
PerscTpoB H MArHCTpaJbHHX TNpHeMonepenartunkos, Hanpumep KS80BAS86. Curuann
ynpaBaeHHA perHcTpoM BupaGaTeiBaer KoHTpoisnep O3Y. CurHan OE ynpasaser
BHIXONAMH: NDH OE=0 suxons OTKPHTH A/ CYHTHBAHHA, NPH OE=1]— nepexoant
B Z-cocrosiune, curHan CE ynpasnser Bxoxmamu: npu CE=1 OHM OTKpHTH A%
sanucH, npy CE=0 — 610kHpoBaHH,

B paccmaTpuBaeMoM BapuaHTe peanu3auHMH 6aoka O3Y 6ydepH3OBaHH TOJIBLKO
ero BHXOLHble JHHHH. Bo3MOXHH W Apyrue cnocobul coesuHenHs wmoaynas O3Y
¢ wuHOR naHHBIX: 4Yepe3 Gycdepel BXOAHBIX H BHIXOAHBIX HH(MDODMAUHOHHBIX JHHHA,
Kak Ha pHC. 4.1, HIH 4Yepe3 MarucTpaibHufi mpueMonepenatyuk TtHna K580BAS6E
¢ o6bennHeHHeM HHGMOPMALHOHHHX BXOAAa M BhHIXOAA KaXAOM MHUKDOCXeMH, KaK Ha
puc. 4.2.

Myaprunnekcop DD9—DD12 oGecneannaer nocnenoBaTenbHHA BO BpeMeHw
BBOX ajpecHoro koma cTpok A«{Aq..A;} u cronbuos Ay{As..A;s} 8 moayss O3Y.
Anpecubie curiann nocrynaior na Bxoan K1, K2 u K5, K6 mMHKpocxem MyJbTHIJeK-
copoB (pHc. 4.10) M KOMMYyTHDYIOTCA Ha BHIXOAW MOA YMPaBJeHHeM cHruana
(Avy/A,) wua Bxome A npu HaNHYHM Ha ApyroM ynpasasouem Bxole B(REF)
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Puc. 4.11. Cxema KoHTpoanepa auHaMH4YecKoro O3Y

yposist 0. YcnobHs KOMMYTALUHH ajpeCHHX CHrHanoB: npH Ay/Ax=0 k Bmixoaam
noak/moualorcss kanaan Kl, K5 u, cinemosarensHo, Ha agpecHwe Bxoan O3Y no-
ctynaer agpec ctpok Ax, npu Ay/Ax=1 K BhxomaM moakmoualorcs kanasu K2, K6
u k O3Y Hanpasasiercs Koa ajpeca croa6uoB Ay.

IOas yupasieHHa MyJbTHI/JIEKCOpAaMH KOHTpoJJep BoipabarbiBaeT CHrHajn
REF — npusnak pexuma pereHepaudu u Ay/Ax — CHrHa; MyJbTHIJIEKCHPOBAHHA Ka-
Hajnos. B pexume perenepauun REF=1 MyabTHR/IEKCOD KOMMYyTHpyeT Ha BHIXOAH
npu HaMmeHenHH Ay/Ax kaHanw K3, K4 n K7, K8 Ho Tak kak yKa3aHHBle KaHalbl
MONapHO COCAMHCHH, TO Ha pe3yNbTaT KOMMYyTauHH cHrHan Ay/Ax He BJHsAer: npy
JoGLIX ero 3HaueHHAX HA BRIXOAH MyJbTHIJIEKCOPA MOCTYNaloT alpeca pereHepa-
uun Ag, BupaGatwsaeMmbe cuerynkoM DD19, DD20 konTpoanepa. 3TH CcHrHa W
afpecyloT TOJbKO CTPOKH, CHPHAJBl afpeca CTOJIGLOB B STOM peXiMe Ha aJApecHHX
BXOJaxX OTCYTCTBYIOT.

Onsa peanusaunn MyabTHniekcopa kpoMme KI155KI12 moryr 6HTbL HCnosb3oBaHM
mukpocxemn KO555KI12, KB555KII12 Ges H3meHehHs pa3BoOnKH MOCaJOYHOrO MeCTa
Ha nevatHoft naare [8).

Kourponnep O3Y (puc. 4.11) Bkaouaer ysen DD14—DDI18 ¢opmupoBaHus
CHrHAMOB ynpas/eHHs Moayidem O3Y u MyabrunjekcopoM agpeca H ysen DDI9,
DD20 ¢opmuposaHia 8-pa3pAfHOrO afPecHOro Koia pereHepauud Aro—Ags.

BpemeHHEle anarpaMMe  (ODMHPYEMBIX KOHTPOJJIEPOM CHTCHAJIOB yNpaB/ieHHs
apHBeleHB Ha puc. 4.12. 3ajaloWMMH SBJAIOTCA BHIXOAHLIE CHrHAJNH reHepaTopHoft
muxpocxemn KP580T®24 OSC ¢ uacroroft 18 MI'u u @2 ¢ neprogom 0,5 mxc. Bxoa-
HHIMH A5 KOHTpOJJiepa sABAAIOTCA TakXe cHrHaaw MWTC, MRDC, INHI, koropue
MOCTYNAIOT M3 UIHHH YMpPaBJeHHS,

CHrHa/ie ynpaBjeHHA MyJbTHnJekcopom ¢opmupyer perHctp DDI4 H cxema
ynpaBieHHA pexuMoM obpaileHuss k momy/mo O3Y ua 3nemenrax DDI5, DDI6.

170




as¢_FUUUULUUTUULUULLU LU UL
258 e W D N e
R,

nwiC L
/?[F:{_—‘

m— L L
AY/AX_\_TAM A Vo 2 a2 L | T4, 4,
7 Pezenepa- L T pecenepa-

oz | Obpawenue quq

Puc. 4.12. BpeMeHHEle [HarpaMMBl CHrHaJIOB VIIpaBJeHHS AHHaMHueckoro O3Y

Ipu obpauwennn k O3Y nHa Buixoge DDI6.1 nosBasercss curHaa ¢ yposHeM Jor. 1,
Kotopufi mo ¢poury @2 samuckipaercs B DDI15.1 u nosBasiercs Ha BHXOZe 3TOro
Tpurrepa. Bropoft Tpurrep DDI15.2 coxpaHser cBoe HyJIeBOe COCTOSHHE, UMes Ha
uypepcHoM Buixofe 1. TToatomy Bmxox DD!6.4 nepexoaur B cocrosuue Jor, 0
H obecneunBaer REF=0, npH KOTOPOM MyJIbTHNIIEKCOP KOMMYTHPYeT Ha aJpecHhe
sxogu O3V agpeca cTpox Ax M cron6uoB Ay. Bsox aTHx aapecoB B MHKpOCXeMy
TIPOH3BOAAT curmans RAS u CAS, KoTopuie ¢opmHpyloT perHerp DDI14 wu soru-
geckne onemedtnt DDI17.1, DDI8,1 Tak, 9To6m OHJIO BLINOJIHEHO Tpe6oBaHHE NO
BpeMeHHOMY caBury curHana CAS orHocurenso RAS: tSU(RAS—CAS). SHAUEHHA
9TOro napaMerpa B 3aBHCUMOCTH OT THMOHOMHHasja Mukpocxembl K565PY5B —
K565PY51 nexar B npegenax 30..75uc (rabu 2.34).

ORHOBpPEMEHHO C YK3a3aHHLIMH CHrHaJaMy B pexXHMe obpalleHns ¢opMHpylOTCS

curiany CE=1 u OE=0 (npu MRDC=0), o6ecneunsaiome o6Men Mopyas O3Y
 wHHOM uepes Gycdepuu perucrp DDI13 nam sanucu B O3Y (CE=1, OE=1, Bu-
xon DDI3 oTkmouen) n cunrmpanus us O3Y (CE=1, OE=0) HHOPMALHH.

B koHue uukna obpamenns k O3Y, kax BrAHO u3 puc. 4.12, Kourposnep ¢op-
mupyeT curHaa peredepaiin REF=1, koTophlii uepes MyJNbTHMJIEKCOp KOMMYTHpYyeT
Buxoas cyerunka DD19, DD20 na agpechne Bxoaet O3V u Takum o6pa3om obecne-
qHpaeT pereHepaunio Hadbopmaunu B DI agpecyeMofl CTPOKH Kaxaofi MHKpPOCXeMH
namsatH. [lo oxowuanwu curuana REF cuerunk apgpeca pereHepauuu nepexogHT B
coceniHee COCTOSiHHE H (OPMHpYeT Ha CBOHX BHIXOAaX ajpec clenylouef CTPOKH.

Ilpn orcyrcrBun ofbpamenus k O3Y MWTC=1, MRDC=1 Han npu HaJH4HH
-curdana sanpera INHI=0 G6mok O3V paGoraer TONBLKO B peXHMe pereHepallHH.

C kaxnaum takrom @2 Koutposnep dopmupyeT curianm RAS, REF u xox agpeca
‘OYepefHOR CTPOKH H HMHHIUHMHDYeT paGOTy MOAY/IA MaMATH MO LUMKJIY pereHepauHH.

IMpouecc pereHepaunn npexpamaercs npH obpallieHHH MuKpornpoueccopa k O3V,
'H KOHTpOJlep ofbpaGaTmBaer TpeGOBaHHe MHKponpoueccopa. B koHue uukaa ob6pa-
1eHHsT KOHTpoJuiep nepeBonHT 6ok O3Y B pexxuM pereHepauuu, NpojoaXas 3TOT
fpouecc ¢ aapeca, Ha KOTOPOM OH GHJ MpepBaH.

Perenepanus, ocyulecTpiaseMas MO ONHCAaHHOMY aJrOPHTMY, MOJy4YH/a HasBaHHe
«IIpO3pavuHOfi»: OHa He3aMeTHa AJsi MHKDOIpOLEeccopa H He CHHXKaeT CKOPOCTb 00-
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paGoTku nporpaMM. YCAOBHEM I/ NPHMEHEHHS 3TOro cnocofa sBJAETCH HAJIHUHE
BPEMEHHBIX HHTeDPBAJIOB MeXAy ABYMs JIOOMMH OOpallleHMsIMH MHKpONpoLeccopa
k O3Y, AOCTAaTOYHHIX /IS NPOBENEHHS OJHOrO LIHKJAa pereHepauHH, T. €. pereHe-
pauuu npu oGpauennd K moayaio O3Y no oanoMy azpecy.

AnroputMoM paboTe MHKpompoueccopa K580BMS80 rtakme wunrtepsasim npeay-
CMOTPEHB: MHHHMaJbHBI UHKJA MeXAy ABYMSA JIOGLIMH OGpaleHHSMH K NaMATE
COCTOMT M3 TpeX TAaKTOBHX mnepHomoB cHrHasa ®2. Ilpn HoMHHaJbHOM uacToTe
18 MI'n reneparopa K580I'®24 panrenchocts takta P2 pasna 0,5 Mkc. Ecan
yuecTb, 4TO Ha BhINOJHEHHE OJHOrO LHKJIA pereHepauun MHKpocxem K565PY5D —
K565PY5]1 tpebyercst Bpems 230 ... 460 uc (ra6a. 2.34), TOo OueBHIHA BO3MOXHOCTb
peasn3alMH B MHKDONpOLECCOPHBIX ycTpoficTBax Ha koMniekre BHC K580 cnoco6a
«1pO3pavyHofi» pereHepaluy.

Ilpu stom crmocoGe Bpems nosHoRt perenepaunn O3Y emkocrnio 64K caos, pac-
CIHTAaHHOE C yYeTOM TOrO, YTO AJIAl PereHepauHH MO OJHOMY ajpecy B CHCTeMe OT-
Beflen OfMH TakT @2, cocrasuT okoJyio 200 MKkc. 3TO BpeMA MHOro MeHbile AOMYyCTH-
MOr'o nepuojia pereHepanuu Mukpocxem cepun K565.

CrpykrypHas cxema Onoka O3Y ewmkoctbio 128K Galitr Ha MHKpocXeMmax
K565PY5 npuseseHa Ha puc. 4.13, a BTOpOH BapHAaHT peasH3aLHH KOHTPOMJepa
CLM nokasan ua puc. 4.14 [25]. Crpykrypa Gnoka O3Y opuenrHpoBaHa Ha 16-pas-
pAnHHA HHTepdefic H41 H Bkiaouaer aBa GafATOBHX O6aHKa NAHHBIX, HMEIOLIHX
paspeibHHE BXOAB YNpaBJeHHS pPEXHMOM W/R. nsa 6ycdepHBIX perscrpa ¢ pas-
AGNbHHIM yTpaBJeHHeM paspellenus Bwxoaa OF, MYJIbTHNJIEKCOP H KOHTPOJIJIEp.
Myuabrunaekcop, cybmonyau O3Y (6GaHkH), GydepHble PerucTpH aHaJOIMYHH IpH-
BegeHHniM Ha puc. 4.10. Kourpoanep (puc. 4.14) oranyaercs oT BapHaHTa Ha
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Puc. 4.13. Iraamuueckoe O3Y ¢ unrepdeficom H-41
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Pnc. 4.14. Cxema KoHTpoasiepa aas 6aoka O3Y Ha puc. 4.13

A

puc. 4.11 npexne Bcero HaaHuueM ¢opMHpoBaTesefi CHrHAaJNOB ympaBjeHus GaHKaMH
03Y W/RL 1 W/RH n 6ydepunmu peructpamn OEL n OEH.

Ipn peannsanun KOHTpOJJEpa Mo cxeMe Ha pHC. 4.14 HeOGXOLMMO NpPeLyCMOT-
perb conpsxenve BuixogoB KS561HME10 co sxomamu TTJI-MHkpocxeM ¢ mnomoulibio
GydepHoro kackapa, Hampumep, Ha MuKpocxeMmax K561T1V4.

Heckonbko HHaue noOCTpOeHH CXeMHl ()OPMHPOBAHHA H JAPYTHX YyNpaBJsIOLHX
CMrHaNoB, HO 3TH OT/IHYHS He HMEIOT NPHHUHMHAJLHOrO 3HAYEHHsA, 3 BBENEHH AJ1A
PacCImIMPEeHHsi KOHKPETHHX MPHMEPOB CXEeMOTEXHHYeCKHX pellleHufi no peasH3alHH
Koutpossepa O3Y. IpyroA BapHaHT KOHTpOJUIepa C aHAJOTMYHBIMH (YHKUHAMH
paccmorpen B [20].

Pexum obpawenus k Moaymo O3V wuunuuupyercs curianamue ENRAM (pas-
pewenns o6pamenns Kk O3Y), ALE! [sapepxanubift ua 60 uc curHan ALE — cTpo6
cbeMa ajpeca C WIHHBI ajapeca cHcreMHo# marHcrpaau], AMWTC (curian ynpas-
NleHuss peXHMoM 3anHcH aaHHnX B O3V, ynpexpaowufi Ha TakT aHaJOrHYHHA mo
Hasuavenuio curian MWTC), MRDC (cHrHan ynpapeHMss YTEHHEM AaHHHX M3
0O3VY). TakroBwe uMnyasct CLK reHepupyer mukpocxema KP1810I'®44 c wacro-
roft 5 MI'n.

Pexum agpecauHH sdyeek MoOayJs onpepensioT cHrHanw BHemHHe CLK, ALEl
m opmupyemue kontpoarepom RAS, Ay/Ax, REF (puc. 4.15). C npuxomom ALEI
rpurrepst DD2.1, DD2.2 ycTaHaBIHBAaIOTCH B eIuHMHYHOE COCTOSIHHE, YTO BHI3WBaeT
‘nosiBNeHHe Ha HHBepcHoM BLixoge DD2.2 REF=0 (3amper pereHepauuH) M Ha BHI-
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Puc. 4.15. BpeMennke anarpaMMel cHrHajioB ynpabJieuus G6ioka O3Y na puc. 4.13

xone DDI1.6 curnana Ay/Ax=0 nepemaun Muaaawero G6afita A,..As axpeca Ha
aapecHHe BXoaW Moayas O3Y. 3aMeruM, 4TO ajgpecHHft Koi Aop..Ajp H cHraan
BHE sanucaun B GygepHble DerHCTPH CHCTEMHOM MarMCTPaJH M BHCTaBJeHH Ha
auunn IIA n LIV ctpo6om ALE. B kontpoanepe (puc. 4.14) cursan ALEI Bumoa-
HseT TakXe poJb cTPO6a: OH OJHO3HAYHO YCTAHABJHBaeT cocTosHHe Tpurrepos DD2,
(HKCHDYS TeM CaMBM HaYajo HuKJIa o6MeHa. CuarHe cHrasa ALEl pasGiokupyer
Tpurrepst DD2, B pesyabrare Ha Bhixoge DD2,1, paGoraiouwero B CYeTHOM pexHMe,
chopMHpyercs CHrHana RAS, o6ecneunpaoliuft BBOL B moayas O3Y azmpeca crpok
Ax{A, .. As). Ha puc. 4.15 nokasaHo BpemMs yAepXaHHA ajppeca Ax OTHOCHTeJbHO
curiaza RAS, oHo ofecneueHo snementom DD1.6 u MyJbTHIVIEkcopoM DD9—DDI12
(puc. 4.10) H mocraTouHo 471 ¢HKCaUMM ajpeca CTPOK Ha BXOLHOM DeErucrpe B
cTpyKrype MukpocxeM namsaTH. C nepekmovennem DDZ2.1 curwan Ay/Ax npHHuMaer
cocTosiHHe JOr. 1 M Ha BBIXOAW MYJLTHIJIEKCOPa TNepenaercA ajpec crosibua
Ay{Ay .. Asg), KoTOpHit BBOZMTCH B Moayib O3Y crpoGupylommum cHrHatom CAS,
dopmupyembim aneMentTom DD3.2.

C okonuanueM curuana CAS rpurrep DD2.2 nepexoaHt B HyJeBoe COCTOSHHe,
Ha ero HMHBEPCHOM BHIXxole ¢opmupyercs curHan perenepaund REF, nepexsouaio-
MR Ha BHIXOABl MYJLTHNJIEKCOpPA afpecHHi KOA pereHepauMu Agi ... Ars, GOpMH-
pyemuft cuersnkom DDG6 ¢ wacroToft cieposanus curdaios RAS. [lpu perenepaunm
BBOJHTCA TOJBKO ajPec CTPOK, MOSTOMY B 3TOM pexknme CAS=1.

Pexum nocryna k moaymo O3Y u ynpasieHns ero paGoToft 06eCnedHBAIOT
curwanw BHE, A,, AMWTIC, KoTopuie ¢opmupyloT Ha Brixogax DD4.1 u DD4.2
CHTHaJW ynpaBJeHHs peXuMoM Gankos O3Y ansf 3amHCH-CYHTHBAHHA CTaplIero
6aAra W/RH, mnammero Gaiira W/RL nin nsyxGaitrosoro crosa W/RH=W/RL.

Curnaan ENRAM, MRDC smecre ¢ BHE, A, ¢opMupylor Ha Bhixogax DD5.1,
DD5.2 curnanm ynpasjieHHs BHXOZaMu Gy(epHHX PErucTpoB AJs BHBOAA B pexuMe
urenHs Gafira ms L-Gamka OEL=0, us H-6anka OEH=0 uin obonx GaHnkos OIlHO-
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ppeMedHo OEL=0EH=0. YcioBHeM BHNOJHEeHHAs peXnuma ofMeHa SABJISETCA HaJH-
yue cur#asa CE paspewenus bxoaa OydepHoro perucrpa. JToT CHrHaa (opmHpyer

DD5.3 u3 curnana CAS.
Kak Buaum, BHGop GaHKa naMATH Npou3BoasAT curiasw W/R. YHacro ¢ 3srofb

UeJbI0 HCNOJAB3YIOT cHrHadn CAS, ¢opMHpyeMule aewndpaTopom CrapliHX pa3ps-
/OB aJIpecHOro Koaa.

Ipu orcyrcrsuu obpawenuss k moaynio O3Y oH paGoTaeT TOJNLKO B pexHMe
perenepanuy. KoHTposnep (opmHpyer ampeca pereHepaumu, curHanu RAS, REF
H Ay/Ax.

Perenepauus Gyner NpoOH3BOAHTbCH RO OYepefHOro obpalieHHs K 6iaoky O3V,
korga ALEl=1 1 KoHTpoasiep Ge3 3a/iepKKH NepexoiHT B pexuM obMeHa.

B paccmotrpennom Moaysne O3V peasnu3oBaH cnoco6 «Ipo3payHoil» pereHepa-
unH. Hcnonb3osanne aanHOro cmoco6a pereHepalHH CyLUIeCTBEHHO 3aTpyAHEHO NpH
NOBHIIEHHH TaKTOBOM YacTOTH MHKPONpOUeccopa HJH NPH KOHBeflepHOR OpraHu3a-
UHH BHOODKH KOMaHA, KOrja JAJIHTEJbHOCTb HHTEPBAJOB MeXAy OOpallleHHAMH X
NaMATH HEJOCTAaTOYHA IJIA UHKJa pereHepallni. B Takux c/ydasx peajiH3ylOT ajro-
PHTMB «llaKeTHOM» HMJHM yallle Bcero pacrnpejeneHHoli pereHepailud. AJIrOPHTM «ma-
KeTHOR» pereHepalMH MpexnoJaraer BLIMOJHEHHe NOJHOR pereHepalHH MHKPOCXeMbd
B HenpepHBHOM HHTEepBaJe BpeMeHH H BHBOJ, TaKHM oGpasoM, 6ioka O3Y wus pe-
JKHMa oOMeHa B KaxKAH NMepuoj pereHepauud Ha 3HauuTeNbHOEe BpeMsA. B sTom co-
CTOHT OCHOBHOR HeLOCTaTOK crocoBa [29].

Cnoco6 pacnpeaefieHHOMt pereHepauHH COCTOHT B TOM, 4TO Mocje oOpalleHHs
A pereHepaluM MO OJHOMY aJpecy MHKPOCXeMaX OTKpHIBaeTcs AJs pexuma oGme-
Ha. TakuM o6pasoM NOBHIIAETCA CTeNeHb ¢npospauHocTu» 6aoka O3Y ans MHKpoO-
npoueccopa.

PaccMoTpeHHHMe BapHAHTH MNOCTPOeHHs aMHaMudecknx O3Y noxaswBaoT, 9TO
Haubosee TpyNOeMKOH sBJseTcss 3ajaua pa3paboTku KouTpoanepos. IlosToMy uene-
coo6pa3sHO HCMOJNL3OBATh yXKe rOTOBHE YCTPOMCTBA2, H3roTOBJsEMHE B BHAE MHKpO-
cxeM. B uactHocTH, aas ynpaBinenHs auHamudeckum O3Y, peanu3oBaHHHIM Ha MHK-
pocxemax K565PY3, K565PY6, npepnasnauen kouTtpoanep KI1801BIT1-030. 3ra
MHKpPOCXeMa BHINIONHAET ONepauHH NpHeMa, XpaHeHHA M mpeo6pa3oBaHHA ajpeca
nas O3V, perenepaunu Moayas O3V, ocyuiecrsiser cssb moayas O3V u Gydepa
JIaHHBIX ¢ MarHcTpasabio MITH [26].

Hekoropoe ynpollerne KOHTpPOJJIepoB ofecMeuHBalOT BCTpaHBaeMble B KpH-
crann guHamudeckoro O3Y ¢yHKUHOHA/BHBIE y3Jab, o6ecrneunsalollHe NpOBENEHHe
perenepaunn. Hanpumep, B Mukpocxeme K565PY7 BCTpOeHHBIi CY9eTYHK reHepHpyer
ajgpeca pereHepauud. Jns ynpaBleHHss S5THM CUYETYHKOM HCMOMB3YIOT DEXKHM

«CAS — nepen — RAS». Takum 06pa3oM, KoHTpoasep 6aoka O3Y Ha MHKpoCXeMax
K565PY7 wmoxeT OHITb NOCTPOEH MO DPAacCMOTPEHHHM CTPYKTYDHBIM pelIeHHAM C

pereHepauuedi curHanioM RAS myTeM HX HEKOTODOrO YCJIOXHEHHA: YBE/IMueHHs Da3-
PALHOCTH CUeTUHKA PEreHepaUHM H YHCJO KaHanoB MyJbTHniekcopa [28]. Ou moxer
6HTL MOCTpoeH H no Gonee NPocTOA CXeMe C HCNOMB3OBAHHEM pexrma «CAS —
nepen — RAS» u BcTpoenworo B xpucranan K565PY7 cuerumka anpecos pereHe-
pauuH,
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4.4. Baok namsatn Ha mukpocxemax PII3Y

Pellenne npakTHYecKHX 3ajad Mo NpHMeHeHHIo Mukpocxewm [13Y (MII3Y, IIII3Y,
PII3Y) BkalOYaeT 3Tanm MX NPOrpaMMHPOBAHHA W 3Tam BCTPAHBAaHHA B NPHHUM-
NMHaJbHYI0 CXeMy pa3paGaThiBaeMoro ycrpofictBa. IIpH HCNONb30BaHHH MHKDOCXEM
MII3Y u II[I3Y nporpaMMHpOBaHHEe OCYIIECTBJSIOT MpeJBapPHTENbHO, TaK 4YTO B
yCTPOHCTBE 3TH MHMKPOCXeMH DPaGOTalOT TOJNBKO B PEXHMAX CYHTHIBAHHSA H Xpa-
HEeHHs W AJA ynpaBjeHus HMMH AOCTAaTOYHO HMETb BXOA AJIS CHrHajJa BHOOpa MHKPO-
cxeMel, MHorue muxpocxemsl I[T[I3Y uMeloT HecKOJbKO TaKHX BXONOB, 4TO N03BO-
JIfieT NMOBBLICHTh FMGKOCTb yNpaBJIeHHS.

MukpocxeMn PII3Y HMeloT GoJsee CcJ0XHOe YynpaB/eHHe, AONycKawllee HX
fIporpaMMHpOBaHHe B COCTaBe yCTpoicTsa. DTH 0COGEHHOCTH CKA3WBAIOTCH HA CTPYK-
Type KoHTpoJepa I[13V.

PaccMorpum Bonpoch npuMeHeHHst MHKpocxeM PTI3Y ans nocrpoenus G6ioka
nporpammupyeMoro [13Y, opueHtHpoBaHHOro Ha HHTepdeiic M4l [25]. Crpykrypa
‘6noka (puc. 4.16) Bxmouaer Moayar PII3Y emkocrbio 32K 6afir DD10—DD25 u
KOHTpoJIep, obecrmeunBaloHi ynpaBJieHie MORYJEM.

Moayap PII3Y Ha Mmuxpocxemax K573P®5 opraunsoBan B Buae 16 crpanmu,
Kaxnas H3 KOTODHX COCTOHT H3 AByX G6alTOBHX OGaHKOB MAHHHIX: L coaepXHT
mragmue G6afttoi, H — crapmue. EMKOCTp KaXjoro GaHKa onpeje/seHa MHKPOCKeMOH
u paBHa 2K GafiT.

ITpH nocTpoeHHH MOAYJS COeAHHEHH ONHOMMEHHhle ajpecHble BXOAM H BBIXOZLI
nporpaMMHpoBaHus (BHBoA 21) y Bcex MHKpocxeM, Bxoanl CS y MuKpocxeM B
Kaxaofl cTpaHHWLE M OAHOHMeHHble HHPODMALHOHHHE BBLIBOAH Yy MHKPOCXEM, OTHO-
CMMXcA K OAHOA rpynne GaHKOB, KaK MoKa3aHO Ha puc. 4.16. AapecHne JHHHH
coeauHens c JuHHaMH LA Ag.. A, [IpHuem KaxXpgas JHHHA IWIHHH Harpyxesa
16 Bxomamu, 4TO oGycsoBJHBaeT Heo6xomuMocTb Gydepuposanus IIA. Sror Bompoc
moapo6Ho paccmorpeH B § 4.1. B naHHOM ciyyae OH pemraercs aHaJIOrHYIHO.

HHudopMaunoHHble BLIBOAB COEJHHEHH ¢ ONHOMMeHHbIMH JHHHAMH I no
cxeMe: BBIBOAH MHKpocxeM Bcex L-6aHkoB ¢ JauHHAMH Dy ..D; munm, H-6Gankos
< nunuaAMHA Dy ... Dys.

BuiBogh CS MHKpOcXeM KaXKAoff CTpaHMUM MOAKJIOUeHH K Aelmdparopy DD7,
suBogn OE MHKpocxeM L-6aHKOB mnoak/aioueHH K BmxoaaM jnelitH¢patopa DDS,
a Mukpocxem H-6ankoB — Kk Bmxomam pewndparopa DD9. Hemndpatopst DD7,
DD8 u DD9 npeoGpasywor appecHmi kox Ajs..Ajs B CHrHaJH BHGOpa CTPaHHIH
npu cuuthiBauHH cnoBa DD7, L-6auka DD8 u H-Ganka DD9 npu sanucu) nporpam-
MHDOBaHHH).

KpoMme ykasanHbix fnemHbpaTopoB B CTPYKTYPYy KOHTpoJ/lepa BXOASAT ajpec-
#oe ycrpofictreo DDI, DD2 n ycrpofictBo ¢dopMHpoBaHHA yNpaBJSAIOUIHX CHTHAJIOB
ans pexuma sanich DD3—DD6, VTI.

Baok namaTH MoXer pa6oTaTh B DeXXHMaX XpaHeHHs, CUMTHIBAHHA H MPOrpam-
MHpoBaHusA. Tpe6oBaHHA K YNMPaBJAIOIWHM cHrHanaM MukpocxeMh K573P®5 B na-
SBaHHLIX peXHMax mnpHBedeHH B Ta6a. 3.14. CrupaHHe uHpOpMAaUHH NPOM3BOASAT
0o6ny9eHHeM KpPHCTaJlla MHKpocXxeMH Y@ Jydamu c cobaosennem TpeGoBaHuf, yka-
saHHbX B § 3.3.

Ins obpawmenus k G6aoky PII3Y HeoGxonumo coBmajeHHe Koja azxpeca 6JoKa,
ycTaHOBJIeHHOro nepeMudkaMH S1—S4, H koma Ajs... Ays, npuHsTOoro ¢ aunnf LIA.
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BuinonHenne STOro ycJoBHS KOHTpoviHpyer Komnapatop DDI, Ha sumxoae Kotoporo
npH CoBMajeHHH KopoB mnossiasercs 1. daement DD2 anasusupyer yposeHb CHr-
nansa EPROM2 paspewenus ofpawenus k II3Y w npy EPROM2=1 dopmupyer
cHrHan paapewenus ajas DD7 u apyrux ysjoB KOHTpoJuIepa.

B pexume cyurniBaHHa npy MRDC=0 DD7 pubupaer cTpanuuy, (hopMHpys
cHrHan 0 Ha OQHOM M3 CBOMX BLIXOLOB, coorBercTsyiolleM koay Ajz..A;. B 3t0
speMs Bbixoan Aewndpatopos DD8, DD9 uaxoasrcs B cocrtosinnn O H3-3a GNOKH-
pytowero aefictBus curiana | Ha HX Bxoaax. dror curnaa ¢opmupyer DD3 npu
AMWTC=1 n EPROMI=0 (sanpewenue oGpawennss k Gaoky PII3Y aasn npo-
rpammuposanns). Hannune 0 na Bxopax OE Bcex MHKpOcXeM O3HayaeT, YTO OIlH
NOArOTOBJEHH K CYHTHBAHHIO HHGOpMauHH no BucTassieHHomy Ha [IJA anpecy.
Ho nepexoasit B pexXHM CUHTHIBAHHA TOJbKO ABE MHKpDOCXeMbl BuGpaHHOW cTpa-
HHUBL,

Baok PII3Y Haxoautcs B pexHMe XPaHEHHS NPH OTCYTCTBHH oOpalleHHs,
koraa DD7 3akpuT H uMeeT | Ha Bcex BbXoxax.

Pexum nporpaMmupoBanus oGecneyupaior chrhaas AMWTC=0 u EPROM[=1
NpH BHIMOJHEHHH yCJOBHA obpawenis K 61oky PII3Y. Kourpoasep B 3TOM pexime
GhopMHPYOT CHFHAJNB ynpaBJieHHS, TPCOOBaHHA K KOTOPWM NpHBeACHW B Taba. 3.14.
Ha Buxoze DD3 ¢opmHpyercs oTpHuaTenbHbili HMNyJabc AJaHTeNbHOCTbIO 50 Mc, 3a-
NasaeMoft BpeMs3ajaloWHMH sJeMeHTaMH R2, Cl. dror umnyawc 6:okupyer DD7,
oGecneuHBasi TeM caMhiM Ha Bxoaax CS Bcex MuKpocxeM ypopelib I, H OTKpuBaceT
aocryn k DD8, DD9 uepes anementss DD4.1 u DD4.2 curhanam BuGopa GaHKoB:
Ao H B‘—H-E

Ipu Ao=0 n BHE=0 pewndparops DD8, DD9 orTkphirei asi hopMuposanis
curianios OEL=1 u OEH=1 Ha onHom u3 cBoux Buxopon. Ecan pamen 0 omun ua
CHTHAJIOB, TO Ha BBIXOAE COOTBETCTBYIOWEro AewHdpatopa nossures | u Oyner,
caen0BaTeNbHO, BLIOPAH A/ 3anHCH OAHH H3 GaHKOB.

3anucwBaeMoe cJ10BO HJAH GafT nocTynaer Ha HH(POPMAILNOHHLIE BLIBOJLI MHK-
pocxeM no aunuam LIJl. 3anucuiBaioTcs Bce pa3pAnbl OAHOBPEMEHHO B BHMGpaHHble
aewndparopamn DD8, DD9 MHKpocxeMb NpH NOCTYMJICHHH Ha BXOJA NPOrpaMMH-
posanusa Upg Hanpaxeuus 25B. DTo HanpsxeHHe KoMMyTHpyeT Ha Rxoanl Upg
BCEX MHKpOCXeM NnpH 3akpurtoM Kiloue SBI tpansucrop VTI, orkpuiBaeMum# cHrHa-
nom EPROMI uepea snement DD6. Huox VDI neo6xoaum ans pa3psisku ueneft
HanpsixkeHuR nutanus 5B W nporpammupoBanHf. 3anuch asaurcs 50 mc. [das 3a-
NepXKKH Npoueccopa Ha STO BpeMsl KOHTpPOJJIep Hanpasasier eMy cHrhaid RDY! nus-
KOrO YpOBHS ANsl MOATBEpAKAEHHA o6MeHa.

Takum o6pasom, nporpammupoBanue O6soka PII3Y BeTpoennuMH cpemcrsamu
ocyuiecTnisierci B oOHYHOM 1HK/Ie O6pallleHHs ANA 3aNHCH, HO C YAJHHEHHEM AJIH-
TEJbLHOCTH UHKJA,

Paccmorpennnit 6ok T13Y MoxeT OuiThb CYWECTBEHHO YNpOULleH, CCJH € KOH-
TpoJlepa CHATL (QYHKUHIO BCTPOEHHOro nporpammatopa. BosMoXHu AapyrHe Ba-
pHAHTL KOHTPOJEPOB, B TOM uHcJie npuMeneHie Mukpocxemu K588BI2 v cnocoby,
nokasaHHOMy Ha pHc. 4.6 [2]].

Hamenenne emkoctn G6noka I3Y B cropony ee yMeHvluenus He TpeGyeT Hame-
neHuR B cxeme Koutpoanepa. ITpu npuMeHenun Mukpocxem PII3Y apyrux THnos
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TaKHe H3MEHEHHH HeOOXOAHMH, I10CKOJbKY CYULECTBYIOT PA3JHYHR YNDPAaBARIOLIKX
CHrHAJIOB B DeXHMe NPOrpaMMHPOBAHHA.

HanGoubwnit 3¢p¢ext npu peannsausd nepenporpaMMHpyeMoil SHeproHe3asH-
CHMOA NaMATH C MHHHMA/JbHbLIMH allNapaTHHMH CPEACTBAMH [103BOJIAET MNOJYHYHTb
mukpocxema KO573P®3, npeacrasasiomlas coGofl OfHOKpPHcTaAbHHR 60k PII3Y
emkoctblo 4K)X16 6ur., [locTaToyHO cKa3aTb, YTO 4YeThpe TaKHE MHKPOCXeMbi CIHO-
COGHH MOJIHOCTbIO 3aMEHHTbL YCTPOWCTBO NaMATH, NpHseneliHoe Ha pHc. 4.16, koto-
poe aas csoedt peannsauuu tpeGyer GoJsiee 23 MHKpOCXEM.

MukpocxemMa B cBoeil CTPYKType COAGPXHT BCe (YHMKUHOHAJbHHE y3JH, KOTO-
phe HMeer paccMorpeHHuit 6ok PII3Y. Berpoenune wunrtepdeficnuie cpencrsa
OPHEHTHDOBAHW Ha NOAKJOYeHHe K 16-paspasiol markctpasn MIIM Gea nononuu-
TeNbHBIX 9JeMEHTOB conpsxcHHi. BeTpoenHoe aapecHoe ycTpoflcTBO, 3KBHBAJIEHT-
Hoe mno BunoJHsemofi ¢ynkuru DDI1 nHa pHc. 4.16, HO nporpaMMHpyeMmoe H3BHe
3/IeKTPHYECKHMH CHFHAa/NaMH, NO3BOJIET MOAKJIOYaTh K MAarHCTPajH A0 BOCbMH MHK-
pocxem # GopMHpOBaTL TAKHM 06pPa3oM GJOKH NaMATH eMKocTbio f0 64K Ga#r.

Csofictpa u xapakTepuctHkn MHkpocxeM K573P®3 npueeachn B § 3.3.

4.5. BuictpopeficrByiouiee 6ypepuoe O3Y

Peanusauus GydepHoro O3Y Gonbluofi €MKOCTH H BLICOKOrO OHICTpOAeACTBHS
AJIS yCTPOHCTB DPErHCTPALHH CHFHAJIOB CONPAMEHA C TPYAHOCTSIMH MPHHUHMHAJbLHOTO
Xapaktepa, OGYC/IOBJCHULMH HELOCTAaTOMHWM OHCTpOJeficTBHEM H CPAaBHHTENbHO
HeGoJ/blWON eMKOCTLIO COBpEMeHHLX MHKPOCXEM NaMATH, KOTODHeE XapaKTepH3YITCR
CeAYIOULHMH 3HAUYCHHSIMH 4acTOThl OGpallClits K HHM AJS 33aMHCH HJH CYHTHBAHHA:
mukpocxemn ICJ1 — He Gowce 100 MI'u, nMI1O — 15 MI'u, TTJIIU — 10 .. 15 MI,
KMIIT — 8 MI'u. VkasaHHbe AaHHbie ONpejeseHl KaK BeJHYHHL, o0paTthbie Bpe-
MCHHM UIiKJa 3anHcH (CYHTHIBAHHA) MHKPOCXEM I1aMHTH pa3HbX THMNoB. PeaJbHoe
GuictposchcTene Oydepuoro O3Y Gyner HHXKe H3-32 3aA€pHKEK CHIHAJOB B CXeMax
ylpasJeHHs.

ChnenobatenbHo, 118 mNocTpoeHHs OGydepHoft naMAaTH ¢ uacToToft oGpalleHHS
ACCATKH Mmerarepu HanGonee npHroahbt 3CJI-Mukpocxembnt O3Y. OnHako HX npH-
MeHeHHe CONpSKENO CO 3HAYHTEJhHWM DAacXOAOM MOULHOCTH HCTOYHHKA [HTAHHA
H ¢ HEOGXOAHMOCTBIO COIVIACOBANHA C MHKPOCXEMaMil APYTHX THIIOB [0 Hanpsixke-
HHAM NHTAHHA H JIOTHYCCKHX CHTCHAJIOB.

B paGote [42] nokazana BO3MOXIIOCTb NOCTPOCHHA OhicTpoaeAcTByOWHX Oy-
¢epruix O3Y na KMIOIT-MHKpocxeMax namaTH, KOTOPbe XapakTEPH3YIOTCS CpaBHH-
TeJLHO HeBLICOKOR wacToTOft o6pauieHHsa H HM3KHM YPOBHeM S3Hepronorpe6seHus.
B uacrioctn, npusemeHn napamerpn OydepHoro O3Y ans uudposoro perucrpa-
Topa eMkoctbio 24KX12 6ur c wacrotroft o6pawenns 50 MIu, noctpoenHoro Ha
mukpocxemax K537PYI14A, nonyckaowmnx aapecHoe obpalieHHe ¢ 4actoTof He Go-
nee 9 MI'n.

B ocHoBy cTpykTypHoro moctpoedHs O3Y nosoxes MpHHLMN ¢ro pachapaJJe-
JIMBAHHA Ha HECKO/IbKO KaHasoB. YHc/IO KaHaloB onpenensieTci B OCHOBHOM 4Hacro-
Toft fr noctynnenns naHHHX, paBHOR wactore npeoGpasoBanns AL, u Bpemencm
uMkna 3anucH (cYMTHBaHHA) MHKpocxemn O3Y, BHGpaHHOA Ans noctpoenus Gy-
¢epuoRt namath: L=[frtwg]. ITonyueHuuft pesysbrar cieayer oKpyrauth go Gau-
xaftwero Gosiblwero uedsoro wucna, Takum o6pasoM, Gydephwoe O3Y ¢ uacroroft
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obpawenus 50 MI'u Ha MukpocxeMax K537PY14A (BpeMmsi sanucu 110 HC) AOMKHO
HMeTb LIeCTHKaHaJbHYIO CTPYKTYpY.

Ykasaunwfi cnoco6 nocrpoedus OSydephbix O3Y BLICOKOro GLICTPOAEACTBHA Ha
MHKDPOCXeMax NaMATH C HU3KOA 4acToTORA oOpallleHHA MOJMKET OKAa3aTbCA [10JIe3HHM
AN MHOTHX NPAaKTHYeCKHX npuiaoxenult. [TostoMy paccmMoTpum ero moxpobHee Ha
npuMepe 3anaud nocrpoewus OGydeprioro O3Y emkoctbio 16KX8 Gur ¢ vactoroft
3anHcH  (cyuTiBaHHs) He MmedHee 30 MIu, [as  peanusaunmn O3Y  suGepem
KMITI-mukpocxemy namath K537PY14A. TpeGyeMoe uHcao xanados O3Y pasHo
L=110 He - 30 MT'u=4.

dyHukunoHaMbHAA cxeMa ycrpofictBa (pHe. 4.17), cocTaBjieHHas 10 aH8JAOTHH
co CXeMOH, omncaHHOA B [42], coaepMHT cJ/iefyloliHe OCHOBHLIE Y3JbW: MOAYJb na-
miaTH DD24—DD55, uernipexkanaibuifi TpakT s3anuch DD7—DDI14, TpakT CHHTH-
sauun DD16—DD23 u Monysb ynpasaenus DDI—DD6.

Monyas naMsaTh noctpoen Ha 32 mukpocxemax K537PYI14A no BoceMb MHKpo-
cxeM B KaxaoMm KaHaje. ITockosbKy eMkocTb ofHOA MHkpocxemb 4K X1 Our, TO cae-
NOBaTeJbHO, B 0JHOM KaHane, MoXceT GbiTb saiHcaHo 4096 BocbMHpPaspsAAHWX KOAOB
nanHubix Dy .. Dg a B vernipex kamasax — 16K komos. ¥ Bcex MHKpPocXeM NaMsTH
ONlIOMMeHHble aapechbie BXoanl Ao ... Ay H BXoaw cHrHajsoB ynpasaenus CS, WR/RD
COeAMHEHI H BMBefeHb Ha OOULHe WHHH.

Tpakr 3aiHCH HMeeT 4YeTHPEXKaHa/bHYI0 CTPYKTYpYy, KOTOpasi BK/IO4aer [0
YeThlpe BOCLMHpa3pafHwix perHctpa B nepsoff DD7—DDI0 u so sropo#t DDI1l—
DD14 crynewax Ttpakra. TakHm oGpasoM B KaxaoM kanane O3Y nmeerca 2 pe-
rHictpa # 8 wmukpocxeM namsth. PerncTpw nepsoft cTyneHH npeAHa3HAYCHH AJS
3amicH BXOAHHIX AaHHbX D). Dg DTH perHcTpu OTKpLIBAIOTCA ANA 3ATMHCH CHCHA-
namu C, ... C, nocnepopatenbHO BO BpeMeHH: BHauase nepsufi perctp DD7, aatem
sropot DD8 u 1. A. Ykasaunas noc/1eAOBATE/NbHOCTb 3AlHCH AQHHBIX B PErHcTphbi
onpeaesneda BpeMeHHOR auarpammofn curnasos C,..Cy (pHc. 4.18), dopmupyeMux
MOAYJIEM ynpan/eHHA H foJyyaeMblx ¢ Buixogos DD2.

Perscrpu sTopoft crynenn ssasoTca GydepnidMH I npeanasiiaueHu AJsS npHeMa
JaHHHIX O/IHOBPEMEHHO H3 BCEX HeTLPeX BXOAHLIX DErHcTPOn MO eAHHOMY CHr-
naay Cs, popmupyemomy DD5. [locae 3annen pannuix n Gydepuile PerHcTP BXOA-
Hble PerHcTPH MOryT NPHHHMATbL HOBYIO HidOpMaLHIO.

TpakT CuHTLIBAHHA BKJIO4aeT BoceMb MyJabTHnaekcopos DD15—DD22 u Bu-
xoauoft BocbMipaspaaHufA pernctp DD23. Umucio MyabTHRMeKcopos omnpeaensiercs
paspagHocTbio Koaa aaHuux Dj.. Dg, 8 4HCAIO BXOAOB KaXAOro MyJibTHNJEKcopa —
YuCJAOM KaHasoB L.

CoexnnHelHe BXOAOB MYJbLTHMJIEKCOPOB C BLIXOLAMH MOAYJS MaMATH OCYLLeCTB-
JIeHO TakK, YTO Ha BXOAHW MEPBOro MyJbTHINEKCOpa NOCTYyHAloT nepsnie pa3paaw Dy
KOAOB MAHHHWX BCeX KaHAJOB, Ha BXOAL BTOPOr0 MYyJLTHMJEKCOpA — BTOpHE pas-
paa Dy u 1. n. OnnHouMeHHLe ajzpecHbie BXoaw Aj, Ap Bcex MyJbTHIIEKCOPOB CO-
eAHHeHH ofuleRt WIHNOA.

Pa3psinHocTb BBIXOAHOrO perHctpa xpalieltns onpefe/sieT pa3pALHOCTb CYHTH-
Baemoro koaa. Peructp umeer nunamuuecku@ Bxox ynpasienus C AJS HCKAIOYEHHS
c60eB H3-3a ObICTPOfl CMeHB CHrHAJIOB HA €ro HMHGOPMAUHOHHLX BXOAAX.

Monyab ynpaB/ienns BKJIIOYaeT cAefyloline 3MeMEHTH H (YHKUHOHAJbHHE Y3Jh:
¢opmuposarens DDI1, DD2 curnasos ynpasnenns C;..C, pAst peructpos nepBoft
CTYNeHH TPAKTA 3AMHCH H aApecHuX cHrHanoB Ay, Ay AJs MyJbTHNNIEKCOPOB TPaKTa
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TH(#, . Puc. 4.18. Bpemcuupsie anarpam-
Mbl cHrHasoB Gydepuoro O3Y

JJanucs”

W/R
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cuuTHBahuA, Gopmupobatens DD3, DD4 aapecunx curnanon A .. A, aaa moayas
namsaTH; dopmupopateab DD5 curuwanos ynpasnenuss Cs; ans GydepHuX PEricTpos
TpaKTa 3aMucH, CS u -W—R/RD—AJISI Moay/fi naMaTH, R — ans npusenenHs B Hy-
nesoe coctosHHe cuerankos DDI1, DD3; snement sanepxku DD6 TakTOBBIX HMNYJb-
cos (TH) c wacrotoft fr B uenu ynpasnenns BbixoaHsim peructpom DD23.

QopMHpOBATEAbL CHIHAJOB yNPaBJACHHT DBXOAHWMH PEerHcTpPaMi NOCTPOCH Ha
ABonyHom cuerunke DDl wn nemndparope DD2. Cuerunk paboraer c wactorolt
TH fr u npoxoaur nocnegoBatenbHo uernpe cocrosnua or 00 ao 11. 3t cocros-
HHA mpeo6pa3yloTcs aewinppaTopoM B cepHio ciriiaios Ci..Cy ¢ npocTpaHcTBEHHO-
BpeMEeHHHM pasfeneHHeM. LNHTENbHOCTb KaXAOro H3 CHIHANOB pasHa nepHoay
cnenoBaHuf TH. C BHXOAOB cYeTYMKa CHHMAeTCH JBYXpa3pAAHHA aapecHull Kon
ANA MYJIbTHNJIEKCOPOB, Mo Bo3aeficTBHEM KOTOPOro NPOHCXOAHT KOMMYTalUus TOro
WAH HHOTO BXOXA MyJbTHNAeKcopa Ha ero Bxod. [ockosbky cMena aapecHoro
Koaa onpeaenserca 4actotoft fr, To kK OHCTpoaeiicTBHIO MYJNbLTHNNEKCOPOB caeayeT
npeABLABHTh TPeGOBAHHE HCXOAS H3 YCJOBHSA, YTOGW 3aA€PKKa B MOABNEHHH HHPOP-
MallHOHHOrO CHrHa/ja Ha BbIXO4e C MOMEHTa MOCTYyMJ/eHHs AAPECcHOro kKoaa He npe-
BHIuana Bpemenu 1/fr,

[Ipn peanusauun ¢dopmuponatenss Heo6XOAHMO YHeCTh TAKKC 3HAUHTENbHYIO
Narpy3ky Ha BhXxoan cuetduka DDI1 wu3-3a ofbeannenHs OAHOHMEHHWX aAPECHBIX
BXOAOB BCEX MYJbTHN/NEKCOPOB. BoaMmoxHo, norpebyercs BKJIOYCHHe Ha BHIXOAC
cYeTYHKa AonoNHHTeNbHOro Gydepa c NOBHUICHHOA HAarpy3ouHof cnocoGHOCTHIO.

QopMHpoBaTeNh aapecHOro Koaa AJA  MOAYAs NAaMATH COCTOHT H3  cuer-
yuka DD3 u G6ydepa DD4. Cueruuxk HMeeT pa3psLHOCTb, PABHYI PA3PALHOCTH
aapecHoro koaa MHKpocxeM O3Y. B uyacTHOCTH, AAA BuIGpPaHHOR MHKPOCXeMH
KP537PY14A Heo6xoaum 12-paspaaunii kop aapeca Ay ..A.. BxopHbie cHrHann
CYeTYHKa CHHMAIOTCH C NOCNeAHEro BHXOAA AeliHdpaTOpa H NOITOMY HMelOT 4a-
crory cnenoBanus, pasuyio fa=fr/L, 1. e. B Hawem npumepe 7,5 MI'u. Ipu nepe-
NOJHEHHH CYETYHK BHpaGaTHBaeT cHrHasa nepeHoca P, korophm uepes ¢opmupo-
patens DD5 ocywecrsasercs nepeson OydepHoro O3Y H3 pexuma 3anucH B
PeXHM CUHTHBAHHA HM3MeHeHHeM 3HaueHns curnana WR/RD c O na 1. Onmospe-
MEHHO ocyulecTBAseTcs O6HyJseHHe cvuerynkoB DDI1, DD3 curuasom R.
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Bydep DD4 cayxut a4s cornacosanus aipecHof WHHL C BLIXOA2MH CHETYHKA
Mo CMKOCTH W TOKy Harpysku. HeoGxomumocts B Gydepe ofycsosneda ofbennte
HHCM OJHOMMCHHHX AADECHHX BXOJOB MHKDOCXeM MaMATH H SHaUHTEJLHLM YBeJH-
YCHHEM BCAGACTBHG 3TOr0 HAarpy3KH HAa BLIXOAM CHETHHKA.

dopmuposatens DD5 BHMOJHAET HECKOALKO ¢YHKUHA: BO-MEPBLX, OCYUIECTR-
nseT sanyck ncero Gygepioro O3Y no curkany «3anuck», ¢ nonaueli koToporo
o6uyaniotea cuetynkn DDI1, DD3 u dopmupyerca curHan 3anucu WR/RD=0 Ha
AJHTEALHOCT) HCEro UMKAA 3aNHCH; BO-BTOPHX, GOpMHpyer curHan ynpasaesus C5
ANA GydepHiix DErHCTPOB € YacTOTOR CACAOBaHHS fa (puc. 4.18), B-Tperbux, ¢op-
MHpYeT cHruaj CS B KaxnoM nepuoae caefnosanHs cHrHanoB Cs, B-ueTBEPTHIX,
nepesonut Gydepuoe O3Y B pexHM CUHTHBAHHA N0 OKOHYAHHH ULHKNA SAMHCH,
T. e. npu 3asepuicunu nepebopa cuerunkom DD3 Bcex aapecos MOAy/s MaMATH.

Bhxoaw (GOPMHpOBATENs NOJKHB HMETb AOCTATONHYIO Harpysounyio cnoco6-
HOCTh, YTOGL OOECcneduHTh ylipasJjeHHe OOGDBEAMHEHHLIMH BXOJAaMH MHKpOCXeM na-
maty W/R u CS. ’

Bydepnoe O3Y paGoraer chenyioluum obpa3oM. C nocryniennem HMnysbca
«3anicb» yCTpPONiCTBO NepeBOAMTCH B pexcuM 3anucH. Mudopmauus B BHae koaa
nannx D .. Dg mnocrynalomas c Buxogos ALl c wacroroft fr, nocrenosartensHo
3aMHCHIBACTCH BO BXOAHBIE perucTph. 3arteM cHrHanom Cs OTKPHBAIOTCA AJA HH-
dopmauun Bce Gydepinie PErHCTPH BTOpOA cTyneHH. [lanee HHGOPMAUHA NepenHcH-
Baercsl B MOJYJab NaMATH.

[lukan sanucu onpepensercs nepeGOpoM BCeX alpecoB AYCEK NAMATH W HMeeT
aauTeabiocts Twr=twg -+ 2™, rae twr— AJHTEALHOCTb LHKJA 32NHCH AAHHHX B
MHKPOCXeMy [aMATH M0 OAHOMY ajapecy, M — pa3paAHOCTb AAPECHOro Koaa Mo-
ayns namath. B nawem npumepe twp=110Hc, m=12 u, crenosarensio, Twr=
=13 MKc.

[To okonwauuu nukaa sanicH ¢opMupyerca cHrHan nepesoca P u dopmupo-

Batesib DD5 nepesoaur O3Y curianom \VRI‘RD-’I B PeXHM CYHTHBaHHA. Moay.nb
ynpan.nemm B ILHKJEC CHYUTHRAINHA paGorneT TAK M€, KAK B UNHKJAe 3afHCH. KO}I!:I
NaHHBX Yepe3 MYAbTHNICKCOPHW MOCTYynaloT B BHXOAHOA perHcTp ¢ uvactotoft fr.

[TockonbKy 4acToTa aapecoBaHHs MOAYJAst NMaMATH MeHblue, YeM fr, Ha wucno
L=4, 10 3a oaun uutepBas OOpalleHHR K MAMATH B TPaKTe 4TeHHA OCYULECTR-
JASIeTC MyJbTHIJIEKCHPOBaHKE BCeX derbipex KaHanoB. JiMTe/IbHOCTb UHKNA CYH-
TWBAHHA paBHa JUVTHTEAbHOCTH WHKJIA 3aMHCH,

Takum oGpazoM, Gydepuoe O3Y, nocrpoeHHoe Ha MHKpPOCXeMaX NaMsTH C Ha-
croToft obpaulenHs He Oosee 8 MI'u, ponyckaer 3anuch H CYMTHBAHME AAHHBIX
¢ yacrotof Gosee 30 MI'u. IyreM HeaHauuTenbHHX H3MeHeHHA B cxeme ycTpoficTsa
MOXHO ofecneynTb CUHTLIBaHHe AAHHWX ¢ Oosee HH3KOR uacTroTofl, 4eM uacrtora
3anHCH, YTO MOXeT OKa3aTbCA HeOGXOAMMBIM TpPH CONpPAXKEHHH OunlcTpoaeAcTBylo-
mero ALl u mHkponpoueccopa ¢ HeBHCOKHM GHCTpoaeACTBHEM.

Cxema OydepHoro O3Y o6nanaer cBOACTBOM HapaUlHBaHHA PAa3PAAHOCTH ny-
TeM 1068BJCHHA MHKPOCXEM NMaMATH B KaXAOM KaHaJje W COOTBETCTBYIOLLEro YHcJa
MYJILTHIIIEKCOPOB, a TaKXe YBEAHYEHHS Pa3pALHOCTH BHXOAHOTO DErucTpa.

Ilns nosuilleHHs uYacTOTH ofpawenus K GydepHomy O3V cieayer yBeJHUHTH
YHCIO KaHaJOB B COOTBETCTBHH ¢ cooTHowenuem L=fr/f,. Hanpumep, o6pawascs
K 3apave cosnanua Gydeproro O3Y c wacrorofi ofpaumenus no 150 MI'u, moxHo
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caenaTh CleAyOUIHe OLeHKH BO3MoXHOCTefi 1o peaansaunu takoro O3Y Ha cospe-
MeHHbIX MHMKpocxeMax namatH, Ecan apumenuts 3CJI (cepus K1500) MHKpocxeMbl
c BpemeneM oGpawmenns 10..15nc, To noHano6urca ycTpoAcTRO naMsith ¢ ABYX-,
TPEXKaHaJbHHM TpakToM 3anucH. [Ipu wucnonb3osauun KMJIIl-mukpocxem c¢ Bpe-
meHem o6patenus 100 He (cepun K537) u MIIT-mMukpocxem ¢ spemcHem oGpauieHHs
50 e (cepus K132) Ttpakt 3anucH aoJuked umetb 14 W 7 Xauanos COOTBETCTBEHHO.

TakuMm 00pasoM, npHUMeHeHHe MeTOAAa pacnapanaCiHBaHHA TPUKTA 3ANHCH AaH-
HHX NO3BOVIAIET peanusoBats Oydepnoe O3Y c wactotoit oGpausenus o 150 My
H GoJiec Wa COBPEMEHHLIX OTEYeCTBEHHHX MHKPOCXEeMAaX MaMsTH.

4.6. bBydeproe O3Y c nepemenHol cTPyKTYpO#

IOns conpsxeHust YCTPOACTB MO CKOPOCTH f1€peaayd u MPHCMAa AAHHHX MOXHO
ucnonb3osats OypepHoe O3Y, koTopoe CNOCOGHO H3IMEHSTh CBOIO CTPYKTYPY B
3aBHCHMOCTH OT peXXHMa paGotu. Hanpumep, Gydepnoe O3Y Mexay HCTOUYHHKOM
MHGOPMALMH, BLAAIOWAM AAHHHE B 110CJE/0BATCJBHOM KOe ¢ YacToToit fj, u npHem-
HHKOM HudopMauki ¢ TakToBoft wacrorofi npHema famnux {2»Kfy, npeacrasaenunix
TaKXe MocneaoBaTeNbHLIM KOAOM, MOXeT OhTb pealu3oBaHo Ha ocHose 6s0ka na-
MATH W BhixoaHoro K-paspsaanoro napannennbHo-nocaefoBaTeNbHOro — pCrucTpa
(puc. 4.19,a) [42]

B/OK NaMATH “UMeCT OAHOPa3pAAHYIO OprauH3auHio 8 pexume 3anucH u K-pas-
pfiaHylo B pexume cuntuBanus, rae K=1{2/fl. Ynpannenne crpyxrypo#t Gnoka na-
MATH OCyulecTBASIOT cHrhanom WR/RD. B pexume sanincH npw WR/RD=0 nocae-
NOBaTeNbHHA KOA AaHHHWX noctynaer Ha Bxoa DI ¢ wacrorolt creponanus curna-
nos fi. B kaxnoMm takre aauresnbHoctbio 1/f; uamensercs kopx aapeca Ao...Am-y
u Ha ero Bxoa DI noctynaer anm 3anucH oauu 6ut uudopmannd. Emkocth 6/10Ka
NaMATH paBHa 2™X 1 OHT, rae m — pa3pAAHOCTh aAPCCHOrO Kona.

B pexume cuMTHIBAHHA NpH WI'Q/RD==1 opraun3auusa 6J0Ka nNaMsTH lpeobpa-
syercs B K-paspsaanyio. Uacrora aapecHoro ofipalileHHs AJs CUMTHBAHHA WHOOP-
MallHH COXpaHRAETCH TOR XKe, 9To H npH 3anHcH, T. c. f;. Oanako uHdoOpMAUHA CYH-
ThBaetca B Bufe K-paapaauoro ciona DO, .. DOx. TpeGosanue k GuicTponeficTRHIO
610ka naMsATH onpenensercs cooTHowmeHueM tey< 1/f).

Peructp casura nmeer K paspsanos, K BXOa0B AJia 3anucu napananennioro Kopa
JNlaHHBIX H OAHH BHXOA AJIA CUMTBIBAHHS AAWHBLIX HOCJEeAOBATENbHHM KoaoM. Bxoam
PerucTpa COeAHHEeHHW C BhHXoaaMH GnoKa naMAaTH. Buxoa perucrpa saBnsercs BHXO-
aom Gydeproro O3Y. 3anuch B perHcTp ocyliecTsafloT curhianamu F,, mocrynawo-
utumu Ha Bxogq WE c uacroroft f;, a cuuTepanne — curnanamn F, ua sxoae C pe-
ructpa c vactortoft cnenosanus fy, B K pas Govec sbicokoft, uem wactota 3anucy fi.
Orciona BuTekaeT Tpe6oBaHHe K GOLICTPOAEACTBHIO DPerucTpa: cpeanss 3aaepiKkKa
pacnpocTpaHeHHR CHTHANa Yepe3 OAHH Pa3pAA AOMKHA OWTh MeHble AJHTCALHOCTH
TAKTa CYMTHIBAHHA, T. e. tpav<1/fs.

®yHKuHoOHaNLHaA cxeMa OydepHoro O3Y npuseneHa na puc. 4.19,6. Baok na-
maTH coctour M3 K moayneft O3Y RAM, .. RAMi, nemndparopa DDI u mynabTn-
naexcopa DD2. Caerunk DD3 cayXuT ans ¢pOPMHPOBaHHA aapeCHHX CHrHAJOB MJIA
6soka maMATH noj Bo3nefAcrBuem cHrHanoB F| ¢ wactroToft cnenosanus f).

Yuciao moayned O3Y ponxuo O6mth paswo K. Kaxawft H3 Hux MoxXer ObiThb
nocTpoeH Ha ofHOR HJH HECKOIbKHX MHKpPOCXeMax naMaTH TaK, 9To6w ofuias
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Puc. 4.19. Bydeproe O3Y c nepeMeHHOR cTpyKTypoil:

a — CTPYKTYpHag cxema; 6 — GYHKUHOHANBHAN CXEMA

HHPOPMALHOHNAN EMKOCTL MOAy.iA Obina ne meubwe Mg,y /K, rae Mgy — Hugop-
MallHoOHHaa eMKocTb OydepHoro O3Y, 3apaBaeMas cpeAH HCXORAHHX nokasaTesnef
st paspaGoTkH.

Hudopmanonubie Bxoan Moayneft o6beanHenn B oaud DI, Tak uto panHbe
NOCTYNaloT HA BCe MOAYJH oaHoBpeMeHHo. CoelHHeHH TakXe BXOAb JUIs ynpas-
As1OWHX curHanos WR/RD M OfHOMMeHHHe BXOAW aAPECHWX CHTHanos. CHrHAAH
suGopa CS GopMHpYIOTCR AJa Kaxaoro moayas aewudparopom DDI appechuix
cHruanoB Ao ... Arj, COCTaBJNAIOUIHX Tpynny H3 r MAAAlIMX Pa3pfAioB Koaa ajapeca
G6ydeproro O3Y. HndopMauHoHHHA BHXOA KaXAOro MOAY/NS COEAHHEH C COOTBET-
CTBYIOLLHM BXOAOM perucrpa casura DD4.
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IpcoGpasonanne CTPYKTYpu 6J0Ka NaMaTH ocyuiecTRineT MyabtHnaekcop DD2

noa BoaneficteHeM curHana WR/RD. MyasTHnnexcop Moxer ObiTb NpeacraBieH
AByXKanasulioh crpyktypofi ¢ K paspsaaMH B kaxmom kanane u c K-paspaanum
pwxonoM, T. e. 2(K)—1(K). PasHo3Haunmm Oyaetr npeactasieHHe ¢yHKUHOHANb-
Horo yana DD2 B Buae K aByxkaHaJbHBX MYJAbTHNICKCOPOB ¢ o6uiuM BXoaoM V
ANA CHrHaNa yNpaBieHHs, KaK nokasaHo B QYHKuHOHanbHOR cxeMe Gydephoro O3Y.
Ilpn V=0 Ha BLIXOA B KaXIOM My.LTHMNEKCOPE KOMMYTHpyeTcs Kawaa |, a npu
V=1—«kanan 2. K nepeoMy karany noakaiouen Buxoa acwuppatopa DDI, ko
BTOpPOMY —— Kopnyc.

B pexuMe 3anucH curnasoM WR/RD=0, nopabaeMuM Ha BXOA MyJbTHRJEK-
"copa, phxoanw aewudpatopa DDI noakaouatotcs ko pxoaam CS Moayaell naMaTh.
I1pn nepe6ope aapecos Ag..Ar.; OT HYJCBOr0 A0 KOHEYHOro HOOYEPEeAIl0 OTKpPLI-
BaIOTCA AJIA 3anHCH nepBWf Moaysb, 3aTem sTropoft i T. A. Bxoanas undopmauus
IPH 9TOM 3aHOCHTCA B MOAYJAH MOGHTHO Tak, YTO ABa COCEAHHX Pa3psina BXoaHOH
KOQOBOH [l0C/Ie10BaTeJbHOCTI PAa3MEULAIOTCA B COCEJHHX MOAYJAAX B 3I/JEMEHTaX
NIaMATH C OLHHM aapecoM.

B pexuMe CYMTHIBAHHA CHTHAJ WR/RD=1, nopausut na sxoa V MYJIbTH-
njekcopa, KOMMyTHpyer Ha Bxoan CS Bcex MoayJael Hyaesoff noreniuasn, obecne-
yugasl TeM CaMbIM AOCTYNl K HHM JJA CUHTLIBAHNSA JakHWX no scem K Buxonam
OJIHOBPEMEHHO.

CyHThBaeMne AaHHLIC 34aNHCLIBAIOTCA B BLIXOAHOHR perHcTp no curHanam Fy
¢ TakTosoft uwactorofi f;. 3ateM OHH CUMTLIBAIOTCH C BBIXOA2 pPErHCTpa MOGHTHO
nocneaoBaTesbHO BO BpeMeHu no cirdanam Fp ¢ takrosoft yacrortoft f,=KI;.

Anpecnuii m-paspaaunfi koa Oydepuoro O3Y Ag..Am-, pasacicu Ha aBe
YacTH: I MJanluHx paspaaos Ao .. A, aapecyior Moayau RAM,..RAM¢, a m—r
cTapliux pa3panos A ..Am-; aApeCylOT 37CMCHTLI NAMATH B MOAYJC.

PaGoraer Gydepuoe O3Y B ABYX pexHMax: B pexXHMC 3alUCH Koaousofi nocae-
AOBATC/ABHOCTH NHPH nepeGope aapCCcOB 1B GCTCCTBCHHOM MOPSIAKE HX CJ/ELOBAHHA C
TaKTOBOA uactoToli f, A0 3anonHeHHst HakonuTesefl Bcex MoayJelt H B pexKHUME
CYMTHIBAHHA 3TOfl 110CAECAOBATENBHOCTH ¢ TakToBOH uactotoh f,. CuntwBanne ocy-
LeCTBJACTCA B ABA 3Tana: BHAayaJc AaHHLE CYHTBIBAKOTCA C BLXOAOB 6JoKa na-
MATH napanieabinimM K-paapsaHitm KoaoM ¢ TakToBofl yactotol f; B peructp cABH-
ra, 3aTeM 3anHCaHHL{i B PErHCTP KO4 CUHTLIBAETCR ¢ ero ubixoaa ¢ uacrorofl fy. Ocno-
GOMACHHBIAI PErucTp B CJACAYIOUICM IIHKAE appecHoro o6palleHHs K ONOKy NaMSTH
BHOBb 3anoJHserca K-pa3paannM KoaOM AaHHbIX, KOTOPLA 3aTeM CYHTbIBaeTcs
¥ T. A. 10 OCBOBOXIACHHA HakonuTedcl Moaynefi naMaTH.

Ouesnano, B of6uieM cayvae TpeGonaHHe nepe6opa aapecHHX KOAOB B ecTe-
CTUEHHOM HOPAAKE HX BO3DaCTaHHs He ABJfeTcs 06s3aTe/bHHIM. OAHAKO AJS HEKO-
TOPHX NpHUMeHeHHR 3To TpeGORAHHC BHIIOJHACTCR, HANPHMEP MPH peanH3auHH NoJ-
HOrpaHYECKHX CpeNCTB OTOGpaKeHHs HHGOPMaHHH TeJeBH3HOHHoro Tuna. B Gy-
¢deproe O3Y Takux cpeacTB HHGOpPMAUHA 3aHOCHTCR MOOGHTHO AAA KaXAON TOUKK
HHGOPMAUHOHHOTO NOJAR H B TAKOM XK€ MOPSAAKE CYHTLIBAGTCS, 1OCTYNas Ha BXOA
BHAEOYCHNHUTENIA KaHana.

[Mocnenosarenbhocts paspabotkn Gydepuoro O3Y c mnepemcttoft cTpykrypoft
BKJIOMAeT CACAyIOlLHe ITANM:
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1. ®opMHpOBalHe HCXOMHWX AAHHBIX, B HAaCTHOCTH, OnNpepcJeline HipopMalHon-
HOA eMmKocTH Oydeproro O3Y Mgiy, 4acTOTH MNOCTYNJeHUss BXORHON mnoc/ienosa-
TeAbHOCTH RanubX f;, yacToT f; CYHTLIBAHHA BWXOAHOR nOCEAOBATEJLHOCTH RaH-
HBIX.

2. [penBaputenpHuil pacuer cTpyktypHoh cxemMwm O3V:

a) onpeaeneHHe 4YHC/JAa MOAyJaeH nNaMATH pasps/IOCTH  BLIXOAHOIO pericrpa,
yncsna BHXOAOB AcwHgpaTopa H MyabThnaekcopa: K=1{y/f;

6) pacuer HHPOpMaUHOHHOH €MKOCTH OAHOrO MOAYJA HaMATH: Mpam=M 3y /K;

B) ofipeaevieHHe pa3pAAHOCTH ajApPECHOrO Koaa M €ro COCTaBHWX vacTefl:
m-=log; My,y, r=log; K, m—r=Ilogs Mganm.

3. BuiGop MHKpOCXEM MaMATH H Pa3paboTka MOLYAA HAMATH'

a) onpepeseniie TpeGoBanHi K CMKOCTH M BpEMeHH WHKAa oOpauenus: Muc<
<Mgpam; tev< /iy

6) BLIGOD MHKpPOCXeM CTATHYECKHX HJH AMKamHueckHX O3Y no 3HaucHusM oc-
HOBHBIX MapaMeTpOB: BPEMEHH I[HKJA, eMKOCTH H noTpebiseMofil MOULHOCTH,

B) pacyer 4Hcsa BhGPaHHWX MHKpPOCXeM MaMsuTH B oakoM wmoayqe O3YV:
KM("‘"MRAM/MMC;

r) pa3pabotka cxemnl Moayns O3Y. npu Heo6XOAHMOCTH ero MNOCTPOCHIS Ha
HECKOJIbKHX MHKpOCXeMax MaMsATH;

A) onpeneneHHe aaropHTma pabotnl Moayas O3Y B peXumax 3anuMcH H CHH-
THIBAHHA.

[To nannoMy 3rany uenecoofpasio caenaTh HekoTopble nosichenHs. [1pH suGope
MHKPOCXEM MaMATH CACAYET MPHHATH BO BHHMalHE, HTO MOAYJH IIaMHTH MOTLYT OWTDL
peann3oBauil Ha MHKPOCXEMax CTaTHUeCKHX H AHHaMmuuyeckux O3Y. Ilpu ucnosbso-
BaHHH MHKpocxeM AHHamuyecknx O3Y cieayer yuntniaTh OCOGEHHOCTH YyiipabJe-
HHA PEXCHMOM HX PpaGoThi: MYJbIHIVIGKCHPOBAlHe d/PECHOTO KOAa, HAJHYHe ABYX

CTPOGHPYIOWHX CHrlIaNO0B RAS u CAS, obecneunsaiounx ROCTYN K MHKpOCXeM2 1o
aapecHiM BX0AaM, BO3MOXHOCTh HCIOJIb30BAaHHA CHrHana RAS B KkavecTne cHrHana

BWGOPAa MIKPOCXEMbI, aHAJOrHYIOFO MO 3HAYEHHIO CHrHAMa CS MHKPOCXeMi CTaTH-
yeckoro O3Y, neo6xoaumocTb obecnedeHHs perenepauMn xpaHumofi uudopmauuu B
TeuenHe ONPCAENEHHOTO TeXHHYECKHMH YCJOBHSMH BPEMEHH -— ICPHOLa pereHepa-
uHH. YKasanHue OCOGEHHOCTH OGYCJAOBJHBAIOT YCJOXHCHHE PacCMOTPEHHOTO CXEMO-
TexHHueckoro peiuchisi (pHc. 4.19, 6), OPHEHTHPOBAHHOrO HA MIIKPOCXCMBl CT4TH-
yeckux O3Y. Ho Haao uMeTs B BHAY, YTO HH)OPMAUHOHHAH €MKOCTbL MHKpOCXEM
Aunamuueckix O3Y 3naunTeNbHO Bbite, YeM MHKpocxem cratiueckinx O3Y  (cm.
taba. 2.2), 1 nostoMmy npu noctpoeH O3Y ¢ Gosblio#h HHPOPMAILKOHHOR €MKO-
CTbIO HM OTAAIT NpeanouTeHHe.

Mpu BuiGope MHKpocxem craTHyeckux O3Y 11ago yydTwBaTh PEXHM JOCTYNa
K HMM: ACHHXPOHHHA HAN TakTHpyembil, DTOT nompoc noaApoGHO DACCMOTPEH B
§ 2.1. 3a6ch YMeCTHO HANIOMHHMTb, 4TO NPH ACHHXPOHHOM aocTyne curian srbopa CS
MOXHO 110A3aBaTb KAK YPOBHEM, TaK H HMMYAbLCOM, a MpPH TakTHpyeMOM JocTyne —
TOABKO HMNyAbcOM. [IpakTHyeckH tlloc/eaHee yc/qOBHE O3HAa4aeT, 4TO LPH KaXAOM
aapectioM o6pallelHH A0MKHO OLTh OfecncyeHO H3MeHeHHe COCTOAlMA CHrHana Ha
Bxoae CS Muxpocxemuw namsth. OGpaTusuiich k ¢GyHKuHOHaabHOR cxeme Oydep-
woro O3Y (puc. 4.19,6), 3aMeTHM o STOMY NOBOAY, YTO B Hel yKa3aHHoe yc/OBHe

BHNOJNHEHO, MOCKOJNbKY CHFHaau BuGopa CS aewndparop DDI1 dopmupyer npn
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H3MeHEeHHH MJAALNX Ppa3panos aapecHoro koaa. TToaToMy npH BO3MOXKHOCTH peaJi-
3aHAH MOJYJS HA OAHOW MHKpOCXeMe MaMATH OHAa MOXeT OuiTh BWOGPaHa Kak H3
rpynubl aCHHXPOHHNX, TaK H H3 FPYNNLW TAKTHPYeMbIX MHKpocxeM cTaTHueckHx O3Y
(taba. 2.1).

[pu nocrpoennn MoayJis Ha HECKOJIbKHX MHKPOCXEMax MOABJACTCA HeoGXOAH-
MocTh B AcwHppatope BuOOpa MHKpPOCXeM, Ha BXOALW KOTOPOrO MOAAIOT MJailliHe
I/IN CTapilHe pa3paanl ajJpPecHoro Koaa Moayas.

Yucno suxonos acwHdpaTopa onpedensiercs HHCAOM Kuc MHKpOCcXeM MaMsATH
B MOAYJe, a2 YHCNO BXOAOB — BhipakeHHeM logz Kue. IlnA conpsixeHns moayas co
cxemoit ynpapseHus Gydpeproro O3Y, T. e. ¢ My.abTHekcopom DD2 u newndparo-
pom DDI, newndparop Bnlopa MHKpPOCXeM NaMATH AoJXKeH HMeTb Bxoa E naas
CHTrHasa ynpasJeHHs, BuinonHsomufi ¢ynxuuu Bxoaa CS ana curwana pocrtyna K
MOAY.IIO.

4. Buibop MHKpocxeM aeliHdpaTopa, MYJ/bTHIVICKCOPA, PerHCTPa CABHra:

a) npu BHGOpe MHKPOCXEMH JAeWHdpaTopa cjeayer YYHTLIBATL TPe6OBAHHA
K 4Hcay BxoaoB r H BuixoaoB K, kK ¢opmc npcacransennss BHXOAHWX CHTHAJOB
(npsMas MAH WHBEpPCHaA) B 3aBHCHMOCTH OT Tina Bxoaa CS MHKpPoCXeM IHaMATH,

6) npu BWOOpPE MHKPOCXEMHW MYJbTHIIEKCOPA HAAO YYHTHBATb, YTO AAA pac-
cmatpuBaemMux O3Y TpeGyloTcs ABYXKaHaJibHbie MYJIbTHIJEKCOPL, YHCIO KOTOPWIX
onpenensierca 4HCIOM MoayJeit mamatH K, n03TOMYy XKeJaTebHO HMeTb MHKPO-
CXeMy, COAepKalilyl0 HECKONbKO TaKHX MYJsTHR/ICKCOPOB; HanpHMep, B COCTaB MHO-
FHX CepHAi BXOASIT MHKPOCXEMbHl ABYXKAHAJBHBIX MYJIbTHIIEKCOPOB C 9YeTHpexpas-
PAAHBIMH KaHasaMH, T. e. 2(4)—1(4). Takas MHKpocxeMa MoxeT OWTb NpeACTaB-
JleHa KaKk COAepXKaluas YeThipe ABYXKaHaJbHBIX MYJbTHNJEKCOPA C OAHOPA3PAAHKMH
KaHanaMmH, T. e. 4(2—1);

B) npH BLIGOPC MHKPOCXEMB perHcTpa Haso HCXOAHTb H3 TpeGoBaHHA K ero
paspsiaHocTH K, OwcrpomeficTBHI0 tpav<<l/f2, kK cTpykType (napannenbno-nocneno:
BaTEJLHOTO THMa) H K COBMECTHMOCTH C MHKPOCXECMaMH NaMATH.

4.7. Ycrpo#icTBO 3aaepKKM LMPPOBBIX CUIHANOB

MuKkpocxeMbl NaMATH CTAaTHYECKOrO H JHHAMHYECKOro THAA ¢ OAHOPa3pAaHOR
opraHH3alHe#i MOXHO 3((HeKTHBHO HCNOAB30BATh AAA BHMOJHEHHA GYHKUKH 3a-
RepXKH UHPPOBLIX cHruanon, [IpHHUMN nocTpoewns TakOro ycTpOACTBA Ha MHKPO-
cxemax auHaMuueckoro O3Y uanoctpupyer phe. 4.20.

Co6CTBEHHO 3J€EMEHTOM 3aAepXKKH ABAAETCA MHKpocxeMa O3Y HaH HecKosbKo
MHKpOCXeM, OOGBEeIHHCHHBbIX ANA yBeaHyeHHs eMKkocTi. [nas obecnedeHnsa paGorul
MHKpPOCXEMI MaMATH HeOOXOAHMB reHepaTOp TAKTOBWX HMNYJILCOB, ABOMYHBIA CueT-
YHK H APYrHe y3Jju AAA (OPMHPOBAHHS AAPECHHIX H YNPaBAAIOUIHX CHrHAJOB.

['enepaTop H ABONYHLIA CHETUHK (OPMHPYIOT NOCJENOBATEABHOCTb ajpecibX
KonoB ¢ Takrosoft uactoTod F W, caexoBaTenbHOo, ¢ NEPHOAOM HX CJefOBaHHA
T=1/F. CHHXpOHHHO ¢ aApecHHM KOAOM (OPMHDYIOTCA CHIHAa/JIKl ynpaBJeHHA. MHK-
pocxeMa AO0MXKHa paboTaThb B PeXXHMe «CYUHThIBAHHE — MOAHGHKAUHA — 3aMHCL», NPH
KOTOPOM MO OAHOMY aApecy CYHTHBAeTCA OHT HHHOPMAUHH H 33TeM NPOH3BOANTCH
3anucb HOBOro GHTAa, MOCTYNHBIIEro Ha BXOA MHKpocxembl. Takum o6pasom, uud-
poBWle CHrHAJH, 3anHcaHHbie B HAaKOMHTe/b MPH OAHOM nepeGope Bcex aapecoB 2M,
rae m — pa3’psAHOCTb aApecHoro koaa, OyAYT CYHTZHH H3 Hero NpH caeaylolieM
nepeGope anpecos. Bpems 3anonHeHHs Haxonuteas 2™ .Tg M cocraBiseT BpeNs
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Puc. 4.20. YcrpofictBo 3anepxkH uHpo- F

m
BHX CHICHAJOB Ha MHWKPOCXeMax JAHHAMH- r Cyemuun A | FaM
yeckoro O3y o™
L7
gy RAST
451
el
Bxod “l 7 Bsixod

3a/epXKH LHGPOBLIX CHrHAJIOB MHKpocxeMmoil namsru. BpemeueMm sufepXki MOXHO
yupasifTb, H3MEHsS €MKOCTh HAKOMHTEJis H TAKTOBYIO HACTOTY.

Bapuaur peasmsanmuu yctpofictsa 3aaepXKKH Ha MHKpocxeMax KBHGSPY6 npu-
seaen Ha puc. 4.21 [10, 56). Uernipe mikpocxemu naMath DD15-—DD18 obmennen
B MOAYJbL eMKocTblio 64K 6uT. Moayan MoxeT OuiTh 3aiporpaMMHpoBaH HA deTuipe
3HauCHUSI BPEMeHH 3aAepXKH ¢ nomouibio jewwndpartopa DDI4 npyx crapunx pas-
psJlOB ajipecHoro Koaa Ay, A u nepekaionarens SAL

QopMmHponanie aapecHBIX CHrHajoB Aj.. A ocymecrsaseT ABOHYHWHA cuer-
yuk DD6—DD9, npnyeM B 3aBHCHMOCTH OT 110JIOXCHHA nepekJiouatenss SAl spa
CTapIIUX Pa3pARa MOCYT [PHHHMATh Pa3JHYHLIE 3HAUYEHHN: MPH NOJOKCHHH 4 cdeT
YHK (opmupyeT nNoOJAHWA HaGop KoMGunauk#t 16-paspapnoro aapecHoro xoaa.
B srom pexume acuwndpatop DDI4, umes ua cBoux nxogax A, B Bce sozmoxhue

KOMGHHAINK cHrHaaoB Ajs, A, (‘bopMpreT Hoc/ef0BAreNbHO  cTPOGIN (_,Tb ana
BceX 4eThlpex MuKpocxeM naMaTH. Takum o6pa3soM HCNONL3YeTCA BCH CMKOCTb MO-
ayis O3Y u Tem camuim ofecneunBaercsa HauGoJibllast AJHTEJIBHOCTL 304epPHKN
cHrHanos. B apyrom Kpafiiem nonoxenuu | nepekJiouaTesis agpeciiie  CHIHAJM
A5, Ajg HMEIOT HyJleBHE 3HAYEHHA H He YMacTBYIOT B ¢OPMHPOBAHHI aApecHLIX
konos [lostomy cHrhan nuiGopa MukpocxeMul (DOPMHPYeTcs TOJILKO HAa OJHOM BH-
xone pewndparopa DDI4 (BuwBog 7). CnepoBatenbHo, B (OPMHPOBAHHH AJUTEJDb-
HOCTH 3aJePXKKH y4yacTByeT TOJNLbKO O0AHAa MHKpocxema naMatH DDI15 emxoctbio
16K 6ur. ITpomexyrounue nosoxkennss 3 u 2 nepekmouatens SAl oGecneunsaio?
BKJIIO9eHHe B peXHM (OPMHPOBAHHA 3alePXKH Tpex H ABYX MHKPOCXCM COOTBET-
CTBEHHO.

Teneparop Ha asnementax DDI.1 u DDI1.2 dopmupyer konebanusa ¢ 4acro-
Tof 4 MI'n, koropue cuerunkom DD2 mnpeoGpasyioTcs B uYeTHpe noCJieA0BATENb-
HOCTH HMOyancoB ¢ wacroramu 2; | Mlu; 500 u 250 xI'u. [TocseposatenbHocTb
HMnyJabco8 ¢ uactotoft 250 k'y sABaseTcs BXoaHoR ans aapecHoro ¢opMHpPOBa-
tens DD6—DD9 u ¢popMmuposartesns curnata RAS na R5, C3, C4 u DD4.1, 3anep-
xKannoro Ha 200 HC OTHOCHTe/ILHO CHIHAJMAa TAKTOBOM dacroT aas obecrneyeHHs
HafeXXHOR 3anucH anpeca B MHKpocxeMy naMaTH. Ilpu Hcnoab3oBaHHH APYTHX
MHKPOCXEM B paccMaTpuBaeMulx GYHKIMOHAJbHHX y3/JaX HeoOXOAMMO B pacueT 3a-
AEPXKH cHrhHana RAS npuHuMath Tpe6yeMoe 3HaueHHe BPEMEHHOT'O NApaMeTpa
ti(ras—-a) MHKpOCXeMW namsti (Tabu. 2.34).

Hmnyaschnie nocaeposarensioctn 250 u 500 kTu Henoswaylotes ans ¢opMu-
posanns curnana WR/RD (DD4.2, DD3.4, DD4.3) u raktoBoro curHana ajs BHXOA-
Horo GydepHoro tpurrepa DDI17.

AnpecHnf KOA MNOABOAHTCE K MHKPOCXeMaM NaMATH 4epe3 MYJbTHIIEKCOp
DD10—DD13.1, ynpaBasemnft cHrhajaMu, Kotopble (OPMHPYIOT 9aeMenTw DD3.3
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u DDI13.2. Brayane B MHKpOcXeMb NaMsiTh BBOAHTCA aapec cTPokn A, ... Az, conpo-
BoxAaaeMuft curHasiom RAS, satem appec cronbua As.. Ay, conposoxpaemulii cur-

nanom CAS npu akTHBHOM ypOBHe CHIHana RAS. Curnan CAS apech ssaserca
CHrHa/ioM Boi6Opa MHKPOCXEMHL,

Perenepauns conepXHMOro MHKpOCXeM MaMSTH [POHCXOAHT B KaXKAOM UHKJe
obpautenns. Ilsutenbhocts unkaa 4 mkc. CaepoBaTe/blio, aapecalust Bcex CTPOK
MHKpOCXeM ocyllectisieTcsi 3a speMst 0,5 Mc, 4To 3nauHTeNbHO MelblIe MAaKCHMaib-
HO AOMYCTHMOrO NepHoja pereHepaukH, paBHoro | HAM 2 Mc B 3aBHCHMOCTH OT THNa
MHKpocXemn (Ta6a. 2.34).

BosMoxiocTH paccMoTpeHHOro ycrpofictsa 110 3ajlepXKe UH(POBLIX CHTHANO0B
ollpeleNIAlOTCA nosoXKenHeM nepekJiouatens SAl n cocrasasior 65,5; 131; 196,6;
262 Mc npu nojoxcHuax or 4 o 1 coorsercrseHHo. OHEBHAHO, 3Tl BOIMOXHOCTH
MOryT OHITL JIEPKO pacLIHpCHLl YBeJHYeHHEM uiHcJAa MHKPOCXeM NaMaTH H BBeae-
HHEM COOTBETCTBYIOWIHX M3MEHEHHfl B CXeMy KOHTPOJJIEpa: yBesJHYeHHCM Ppa3psa-
HOCTH cueTunka-(opmHponaTens aapecos, acwHbparopa DDI14 u uncna nosuuuil
nepekJioyatenss SAI.

[TpuMenenne onucanuoro yctpofictsa ocobenno 3phekTHBHO npH HeobxoaHMoO-
CTH (hOPMHPOBAHHA AJIHTE/IbHLIX 3a/€PIKEK, KOraa NPHMEHCHHEe pErucTpoBux uened
CTAHOBHTCS Hellesecoo6pa3HbiM 110 PSAY MNPHYHH, B TOM uHCJe H3-32 nonbillleHHOA
onacHocTH c6oeB. [leficTBHTeNBHO, AJS BBINOJIHEHHA (YHKIMA onucaunoro ycrTpofi-
cTBa NOHANOGsiTCA perHcTponbie JHHeAKH, cocTosulHe H3 Oosee uyem 65 Thic. pas-
paaos,

CpenH BO3MOXIBIX NpHMEHEHHt nporpaMMHpyeMbHIX YyCTPOACTB 3alepXKKH Ha
MHKPOCXEMax NaMsiTH HHTEPCC MOXET NPeACcTaBHTL peasH3auHs Ha HX ocHoBe 3¢-
‘(bekta pesepGepaitkin 3Byka [10].

4.8. MHoropa3psaHble PErHCTPbI CABHra Ha
mukpocxemax O3y

Mukpocxemu crathyeckux O3Y, nmeloliiie CJ0Baplyl0 OpPraHM3auHio, no3so-
JHI0T noaydath 3pQeKTHBHbe pellleHHs MO0 peasu3auHH GyHKIHA MHOrOpaspsiaHbIX
peructpos casura. HanGosee noaxoasiuumMu anst 3TOR uUeTH ABJSAIOTCA MHKPOCXeMbl
O3Y ¢ TakTHpyeMOR 3anuCbi0 H ACHHXPOHHLIM cUMTHIBaHHeM, Takne Kak KP531PYI11.
OcHoBHule cBOficTBa 3TOA MHKPOCXeMb paccMoTpeHn B § 2.4. 3aech JHIIb OTMETHM,

4TO 3amuch AaHHHX npH WR=0 NPOHCXOAHT MO NOJOKHTENbHOMY nepenaay TakKTo-
sBoro curHana C. CnycTs BpeMs yAepXKaHHA a[PeCHbIX CHIHAJNOB OTHOCHTENLHO CHr-
Hana C tuc-a)=15HC OHH MOryT GbLITb H3MEHEHH.

B pexume cuntiBaHua npH RD=1 Bubopka ucTuhipexpa3psiaHOro c/iosa npo-
H3BOAHTCA aJPECHHM KOAOM MPH HAJMYHH CHrHaJa paspelleHns Buxoga OE=0.
Curnaast WR u C B 3TOM peXHME MOTYT HMETh [POH3BOJIbHBE COCTORHHS.

INpununnnanbias cxema unpposoro yaia ¢ ¢yukuuamu 64-paspsanoro iocie-
AOBaTeNLHOrO0 perHcTpa cABHra npuseaeHa Ha puc. 4.22 [54]. Ona BkJAOMaeT MHKPO-
cxemy namatd DD1 (KPS531PY11) ¢ opranusauuefi 16X4 GHT, cuerynk-opMHpoBa-
Tenp agpecioro koga DD2 (KS555UEI9) w nuseprop DD3 (K555JTHI). Buixoam
muxkpocxeMn O3V coegHHeHn C ee HHGODMAUHOHHWMH BXOA8MH NO cXeMe:
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2o/ Puc. 4.22. MHoropaapsaauufi pe-

I'HCTP cAaBura Ha MHKpOCXQMﬂX
craTHyeckux O3y
V73
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DOy=DI,, DO;=DI,;, DO,=DIs. Bxogom perucrpa asaserca Bxon MitkpocxeMsi DIy,
a ero BuxoaoM — DOy, Kpome ocHoBHOoro Bhxosma B ycrpoficTse MOryT OHTb HC-
110/1b30BAHK NpoMexXyToyHue puxoasl DOy, DO,, DO, pasmeuieHibie no cTpykrype
IKBHBAJIEHTHOro perHcrpa uepes 16 paspsgos. MMnyancw caBhra (rakroBhe HM-
nyasct TH) noaator Ha Bxoag C. OAHOBPEMCHHO 3TH HMNYJbCW BO34EHCTBYIOT HA
Bxoa cyetynka DD2, oGecneynBasi uuk/JndeckH#i nepeGop aapecinx koaos. MHKpo-
cxema O3Y ycranossacHa B PEXHM, AONYCKAIOWHA 3anHCb H CYHTHBAHHE ABHHHIX:

WR=0, OE=0, RD=1. [TosToMy npH 3anHcH QaHHWX MO yCTaHOBJIENIIOMY dipecy
OHH 4epe3 uspeMs BHOOPKH ta(a) MOABATCA HAa BLIXOAAX MHKPOCXEMLI.

Aaroputm paGoTul uHGPOBOro vaja NOCTPOEH Ha Pa3fesNCHHH BO BPeMEHH LUHK-
JOB 3alHCH H CYNTHIBAHHA JAHHLIX 33 CYET 3aJEPHKKH (OPMIPOBIHHA OUCPE/LHOIO
agpecHoro Kopa cuerynkom DD2 orHocHTesbHo MomeHta nocrymsenuss TH. Has
MOSICHEHHA PACCMOTPUM TIpPOLECCH B CXEMe Yy3J/ia Ha HeCKOJbKHX TaKkTaX ero pa-
6oTh.

JonycTHM, 4TO B HCXOAHOM COCTOSHMH Bce AuelKH Hakonurens OGHYJEHM, Ha
BbiXOoflax MHKpocxeMd DD1 pnanHue HMewoT cocTosHue Jor. 0, Ha aapecHux Bxoaax
npucyrcToyer aapecHnft koa neppoft SIIT Hakonutens A;.. Ap=0000. Ha Bxox pe-
FHCTPa MoaaH nepsuwf OHT aaHHWX Dj, cnepoBaTesbHO, Ha MHHOPMaIlHOHHHX BXO-
nax DIy... DIy mukpocxemn DDI1 naxoautcs xox D;000.

C npuxoaom nepsoro TH B nepsyio SII1 3anucuBaercs ykadaHHuR KOA AAHHKX,
3aTeM CNycTs BpeMs 3afepXKH nepekJioueHHs cuerynka KSS55MEI9 100 Hc Ha Bu-
xonax DD2 nossasercs caeayiowas koaosas komGuHauusa 0001, axpecyiotas BTO-
pyo SII1. TMockonsky B stoft SIIT HaxoasTcs HysH, TO Ha BHxoge DDI nosssarcs
cHrHaan c cocrosiHeMm Jor. 0. OTmeTHM, 4To no 3aBeplueHHlo 3anucu D, cnycra
BpeMa tcyw=45Hc nocne nmopaan TH Ha Bxoa perHcTpa aosKeH GHTbL nogaH BTO-
poh Gutr D,.

C npuxopom sroporo TH Bo sropyio SAIT sanucuBaercs komGunauus Dz000.
3arem Ha Buxopax DD2 dopmupyercs aapec tperbefi ST u Ha BuXOae nosABisercs
ee conepxumoe: 0000. K sToMy MOMeHTY Ha BXOA perHcTpa NMOCTYNHT TpeTHR Out
aaHHHX Dy u 1. A,
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OnHcaHHbIA npouecc NPOAOJINKAETCH A0 MOMEHTa MNOCTYMJIEHHA LWeCTHaAuaToro
TH, koraa 3akaHyHBaeTCH 3anonHeHHe Bcex 16 syeek HAKOMHTEAR KOAAMH AaH-
HBIX, B MJAAlMX Pa3psfax KOTOPHIX pa3MellcHL? GHTL BXOAHOM KOLO0BOH nocjeno-
sateabHocTH D, ... Djg. C okonuanuem storo TH cuerynk DD2 nepexoanT B HauaJb-
Hoe cocrosiHe n ¢opmupyer aapec nepsoft I, rae samucan xoa D,000. ITosromy
Ha Buxogax DDI nosBasiorcss 3TH naHuble H nepsuft 6T D; MOXHO CHATHL C BH-
xona DOy 310 3KBHBAJICHTHO [POXOX/EHHIO 3THM GHTOM ILEeCTHAaAUaTH pa3psaoB
peructpa. C upHxonoM cJaenyloulero, cemuaauatoro, TU s nepsyio SI1 3anuwercs
koa D,;;D;00, a Ha Buxogax DDI nossurca koa D000. B soceMHaguaToM Takte
Bo Bropywo SAI1 Gyaer 3anucan koa D)gD:00, a Ha Bmxomax DDI nossutcs coaep-
xkHMoe Tperbeft SIIT, 1. e. koa D3000, u 1. n. Ha 32-M Takte Ha Buxoam DDI Oyner
BuBeaeH kog D;;D,00, uto skBHBaseHTHO nepeMellelHio 6uta D, yepes caeaytouwine
16 pa3psanos perucTpa H ero nosBJEHHIO Ha BTOPOM NpoMexyTouHoM Buixoge DO,.

[Tpononxkenne ana/iu3a paGotu UHGPOBOro yana IMpPHBEAET K CJedyOLLHM De-
3yabTaTaM: na 48-M TakTe Ha BbixoAax nossutcs koa DysDyD\0, na 64-m takTte —
Ko DyDg3DysD,. Takum oGpasom, nepsmi#i Gut D; Bxoanof konosoft nocsenosa-
TEeJNbHOCTH npofiaer Bech «perucTps uyepes 64 TakTa M okaxeTcs Ha ero suxoge DOj.
CneaoM 3a HHM Ha Bhixoae pernctpa nossurcs Dy, 3atem D3 H T. 4.

Bucrpoaefictsne perHctpa onpeaensercss MHHHMaAbHOR [JIHTEJLHOCTBIO TAaKTa
tw = tpav(pp3) + tPav(DpD2y + ta(a)y [IPH YCJOBHH, YTO BpeMs 3anHCH tcyw
MeHbuwe 3aaepxek cpabarmsauds DD3 u DD2. Ilpu peanusauun paccMorpeHHOro
yana Ha wMukpocxemax cepuH K555 u KPS3IPYIl muHHMa/ibHas AJIHTENBHOCTb
TakTa pasHa 150 He, 4To cooTBercTBYyeT HauGoabluefi uyacrore caepoBaHua TH
6 MI'u.

Jlns npHMeHeHHs B KayecTBe PErHCTPOR CABHra MOXHO BMOHpaThb TakxkKe MHK-
pocxemu crathueckux O3Y, ne uMelouwne ocoGennocrelt Mmukpocxemu KPS31PVYII,
HO jonyckalolllie KOHTPONbL 3anichBaeMofi WHbopmauwu. Takum csofictBoM o6ana-
AaloT, Hanpumep, MHkpocxembl KP132PY2 u K5H65PY2 emkoctuio 1KX1 6ur. Has
1nepeBoAd BLIBOAOB 3THX MHKpocXeMm B Z-cocTosinHe Tpe6yeTcsi CHATb pa3pcClualoiliuh
cHrHas BlGopa CS. CJIe10BATC/IBHO, B PEXKHME aAPeCcHOro OOAILIEHHAA AAA 3ATHCH
BHIXOAbI He MOI'YT NPHHATL Z-COCTOANHA. JTO MO3BOJAET HCNOIL30BAaTh YyKa3aHHblE
MHKpocXeMb Kak 1024-paspsanuie perHcTpul CABHra ¢ NOC/EA0BAaTe/bHBIM BBOAOM
H BLBOAOM AaHAWX. C 110MOUWLID TaKOro IHGPOBOro y3da MOXHO peanH3oBaTh
ycTpoiicTBa 3a4epXKKH 1LGPOBBIX CHrHANOB, 11006Hble paccMOTPeHHHM B § 4.7.

4.9. YcTpoiAcTBa XpaHeHHss H HHAHKAUHH KOAOBBIX
nociaenposaresbHoCcTeH

MHukpocxeMul 11aMATH ¢ OAHOP43PHAHOR OpraHH3aUHef WHPOKO NMPHMEHAIOT AN
3aMHCH, BPEMCHHOIO XPAHCHHA H BLIAAYH JIS PCPHCTPAauHIl MM HHAHKAUNI KoJo-
BLIX nocaeaopaTesbHocTed.

[Tpunuun peficTeis TakUX YCTPONicTH OCIOBAH Ha 1HOCICAOBATEILHOR BO BpE-
MeHH 110pa3pAAHOA 3aNHCH KOAOBOA NOC/EAOBATC/JLHOCTH B HAKOIHTENh MHKPOCXEMb
upH uepeGope agpecos ¢ HyaeBoro A0 KoHewnoro. 3anicaHnas nHpopmanus Moxer
COXpaHATbCH H 3aTeM 1O TpeGOBalHIO BLIBOAMTCH TaK JKe, K4dK 3anHcHBangch,
T. €. M0C/1e0BaTC/AbHO BO BPEMCHH NOPa3paiHO MO Mepe H3IMeHelWHs aapecos. B or-
JHYHe OT ycTpoficTBa 3aj4epXKH 34echb HeT HeolXOAHMOCTH B PeXHMe «CYMTHBA-
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HHe — MOAH(HKaUHA — SANNCL> H MOYTOMY CHHMaeTCA OrpaHHuYCHHE HOMEHKJATypH
MHkpocxem O3Y, npHUrodHbX AJs HPHMEHEHHS B ycTpoficTBax.

[ipumepom ncnosb3oBanna Muxpocxemul O3Y B Kauectse Gy(eploll uaMATH
KOAOBBX MOCJ/IeA0BATE/NLHOCTEH MOXKeT CJYMHTb aHaJIOro-undpoBoe yCTPUHCTBO AJS
HCC/IEAOBAHHA M PEerHcTPaUHH 3JEKTPHYECKHX CHrHajos [31].

YcrpofictBo (pHc. 4.23) BKJIO4aeT aHanoro-uHgposod npeobpasosatens (ALLII)
DAL, DD5—DD8, 6y¢epuyio namats DD3, myabtunaekcop DD4, cuerunk-¢popMmu-
poBateab aapecob DD2, renepatop rtakToBHX HMnyabcoB DDI. AnaJsoro-undposoit
npeoGpa3oBaTesib peasH3OBAH NO NPHHILHIY MOPA3PAAHOrO YpPaBHOBEIIHBAHHA HA
mukpocxemax komnapatopa DAl (K521CA3), peructpa noc/efoBarenbHOroO IlIpH-
6anxenns DD5 (K155HP17), Gyoepuoro perncrpa DD7 (KIS55TM7), ungpo-ana-
Jorosoro npeobpasosateas (LLAIT) DD6 (K572I1Al).

Mikpocxema cratHyeckoro O3Y nmeeT eMKOCTb 2™ OHT, TAe M -- PA3pAAHOLCTD
aapecHoro Koaa. ['enepaTop H cueTYHK GOPMHPYIOT aipCcHBE KOA B CTAPTCTONHOM
WJH HelpephiBHOM peXxxume. TakToBas 4acToTa, € KOTOPOA MPOHIBOAHTCA AHCKPETH-
3allHA BXOAHOro aHagoroBoro cHrHaja U,, 3@BHCHT 0T AHHAMHYECKHX HapaMeTpos
anemeHtToB ALIIl, rnaBHuM o6pasom or BpeMeHH ycranosgenns LIAIT DDG6.

Ilpn BHOOpe MHKpPOCXeMH NaMATH HEOOXOAHMO OOCCIIEYHTb COOTBETCTBHe ee
6ucrpoaeRcreua TakToBOA dacrore.. B pabore [31] mncnosb3oBana MHKpocxeMa
K565PY2 emkoctbio 1K 6HT. BMecTo Hee MOMHO npHMEHHTb JIOGYIO APYFYyI0 MHKpoO-
cxeMy, Hanpumep KP537P¥3 emxoctbio 4K 6HT (m=12), HMecOUlylo Melbliee 3HCP-
ronorpebneHHe M OAHH HCTOYHHK muTaiunA. Ienepatop DDI u cucrunk-gopmupona:
Tesqb appeca DD2 moryr OWTb peasiH30BaHW MO cxeMam Ha puc, 4.21 ¢ HaMeHeHHeM
fllapaMeTpoB BpeMs3ajalollefl uend reHepaTopa A4S 1OJAYUCHHA HYXHON TaKTOBOH
48CTOTH.

YcrpoicTBo MOXeT paboTaTh B PeXHMAX HiMepeHHs, XPAHEHHS H3IMEPHTeAbHOM
HHpOPMAUHH H ee BHBOAA AJA HHAHKAUHH HJH PerucTpauHH B nudposod u aua-
Aorosoft Gopme npeacTaBIEHHA.

IMpu nanuuun na Bxome «Hamepenne» curuasia | ALUT ¢ wacroroil TakTOBHX
HMIYyALCOB BHIOHpaeT SHa4eHHSi HaNpPAXKEHHs aHasorosoro curiana U, u npeoGpa-
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syeTr MX B BochbMHpa3paaHwft uudpposolt kox, cuumaemufi ¢ Bhixona OydepHoro
peructpa DD7. MHKkpocxeMa NMaMsTH BKJIOWeHa NMapaiienibHO UenH npeo6pasoBaHHR
M HaxoauTcs B peXuMe 3anucH. LludpoBwe cHrHanw ¢ Bwxona DAl noctynaior Ha
BXOJ MMKPOCXEMH NaMATH H MOPa3pPANHO 3aMHCHIBAIOTCA B HAKOMHTENb MO Mepe
Hamenenns aapecon. IIpu nepeGope ncex aapecoB B MHKpocxeMy eMmxocTbio 4K Gur
MOXHO 3anucaTh UHppoBHe Koawm 512 BuiBopok. 3ta uHbopMaluHa Moxer OhTh
coxpaHeHa 3ajaHioe BpeMs NMPH CHATHH pa3pellleHHs co Bxojaa «HUamepenne». Muk-
pocxeMa B 3TOM CJydae HAXOAMTCA B PeXXHMe CIHTHBAHHA, HO MyabTHnAekcop DD4
MPH OTCYTCTBHH CHrHaNa paspelleHHs «BhiBoA» 3aKpHiBaeT ee BHIXOA AN CYHTH-
BaHHS.

B pexume Bweoga DD3 Bkawouena wepes DD4 B uenn npeo6pasomranus CuH-
THBaEMHX C ee BHX0Aa MO Mepe BO3PACTAHHA ANPeCOB CHrHANOB B BOCLMHPAs-
paawuf napannenvhbit kon Ha Buxone DD7 u B coorsercrsylouinft eMy aHanoro-
Bl ypoBeHb Hanpskenns Ha Boixoge I[IATT DD6. BhixogHwe cHTHalW MOXHO
nmoaaTh Ha PErHCTPHpylollee YCTPOACTBO M HHAHKATOp, HATMPHMEP Ha IKPaH OCUHA-
norpadpa. B pexume BHBON2 H3IMePUTeNbHOR HHGDOPMALHH H3 HAKOMHTENS MYJHTH-
naekcop DD4 wuckaovaer H3 1enu npeo6pasoBanus koMmnapatop DAl wu, creposa-
TeNMHO, H3IMCHEHHS ero COCTOSIHHS noA Bo3deficTBHeM cHrHana Ha Bxoae U, He
BJIHUSAIOT HA BHWBOA HHGOPMaUHH.

BpeMs 0onHOrO H3MepeHHS PABHO AMHTENLHOCTH YCTAHOBJNEHHS Ha BWxoge DD7
undposoro kona, orobpaxcaionlero 3HAYEHHsi AMMJHTYAW BHGOPKH BXOQHOro CHr-
wana U, Jlna dopMmHpoBanus Kona HeobxoamMu Bocemb Taktos. Ilpu Takromoft
yactore 100 k' Bpenss onHoro mamepeHus pasHo 80 Mkc. CJen0OBATENLHO, ANA M3Me-
penus curiana B 512 pmBopkax (Toukax) HeoBxoaumo spems 41 Mc.

Ecan B cxeme Henoan3opath Ouctponeficryiomne LIATI, wanpumep KI1118MAIL
uan TTA2 ¢ BpeMenem ycTaHomsieHus meHee 100 e, komnapatop K521CAl, To moxHO
MOBHCHTL TaKToBylo 4Yactoty A0 3 Ml W cHH3INTL BpeMs HsMepeHHs CHrHana B
512 rtouxkax no 1,2Mc. B takom ycrpoficTBe MOryT GHTb NPHMEHEHH MHKPOCXeMb
cepuft K132, K541 u muorne na cepun K537.

Veenuuenue eMkocTH GydepHOR MAMATH MOXHO OCYIULGCTBHTH COEAHHEHHEM He-
ckonbkux Mukpocxem O3Y n MOAYAL U MRefeHHEM B CXeMy VNpanneHHs aeuinpa-
Topa BHBOpa MHKpOCXeM.

Ha pHc 4.24 npusenena cxema yctpoficTsa, o6naaaioulero 61aroxaps HaJgHIHIO
B €ro CTPYKType MHKpocxeMn crathieckoro O3Y DDI17 Ha6opom npakTHYeckH
nonesunx BoaMoxHoctell [36]. OHO nossossier dOGHTHO 33HOCHTL MHGBOPMALHIO MO
TpefycMoMy aapecy, Habmionath Ha SkpaHe ocuuanorpada CoOnePRHMOE KaXKOro
9/IeMEHTA NAMATH MaTPHUB HAKOMHTENS, NPOBEPATh MCMPABHOCTD MHKPOCXEMbW Ma-
MATH CMOCOBOM 3aHeCEHH H CYHTHWBAHHA O U | B Becb MACCHB SJEMEHTOB MAMATH
MOCTPOYHO MAH no cTonbuaM B pasHHX BapHaHTax coweraHnf Temuwx (3IT sanon-
Henw 0) u cpernbix (311 3anosHeHw 1) BEPTHKALHHX M FOPH3OHTAMBLHLIX MOMOC
B MaTpHue c HabmonenHem STofl KapTHHM Ha 3KpaHe ocunmiorpada. [Mpwvew ans
oto6paxeHts HHHOPMaUUH MOXKET GuiTh HCNMONHIOBAH CepHAHLA ocuuniorpadp no-
Goro THna, uMeiowuf sxon Z.

YeTpoficTRO MOXKHO HCMONB30OBATH B KavecTBe COCTABHOR YacTH nporpaMmaropa
mukpocxem ITMN3Y u PII3Y, Tak kak OHO NMO3RONAET B peXHMe pyuHoro HaGopa
sanporpaMmuponath ‘MaTpHuy O3Y ¢ KOHTpONeM Ha SkpaHe ocuH/norpacda Bceft
MATPHOW H C BOSMOXHOCTbIO NMOGHTHOR KOppeKnMM WHpOPMAUHH. 3aTeM 9Ta HH-
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Puc. 4.24. YorpoficTRO ANR 3anncH, XPAHCiis KOAOBHIX NOCACAOBATENLHOCTEN | Bh-
Jlaun HX Ha 3KpaH ocuuanorpada
.

KI15571A2

hOPMalHA B PEXHME MOGUTHOrO CUHTHIRAHHA NOJKHA ORIl lHepeaaHa Ha BXOM
mikpocxemn TTM3Y wau PII3Y.

Criepyer o6paTHThb BHHMaliHe M 112 BO3MOXIIOCTL NCIIOABL3OBAlINY  ycTpoficTBa
B yueOHHX UeJAAX AJA [IOCTPOEHHA MAKeTOB JJISt H3YUCHHA MHKPOCXeM NaMATH A
PEXKHUMOB HX palboTH.

B cTpyKTypHylo cxemy ycTpoficTBa BkJioucHn reHepatop DDI w cueruuk-dop-
MHpoBaTeab ajapecHuix Kogos DD2---DDI3, na6opioe none SA0O—SAIl ans pyu-
Horo waGopa ajapeca, ¢opmHpoBaTesb curiasa 3aiucy DD14—DDI6, nonapaemuii
ta Bxol WR/RD samukanueM kuonkw SB2, ama nmnppo-anasorosnix npeoGpasosa-
tens (LLAIT) DAI, DA2, ¢opMupyouiHx HanpsxeiHs pa3BepTKH AAS OCUHJNO-
rpada. OnH Moryr ObTb peaqH3oBaHH Ha pPe3HCTOPAX, COCAHHEHHBIX B MATPHUY
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R—2R, HO B 5TOM cJydae HYXHO oTOGpATh PEIHCTOPH C MaJibiM AONYCKOM Ha pa3-
8poc conpoTusaennt.

Cxemu IIAIl nossossiioT noayuaT, Ha 9Kpane ocuH/Iorpada pactp, cocTos
mui #3 4096 Touek, pacnoviokeHihx B Gopme MaTpuum 64X64.

Cxema DAl npeo6pasyer cHrHa/ih IWECTH MJALLUHX Pa3paaoB  aapeca B
64 Towku cTpokd. Kaxpoft TOuke cooTseTcTBYET ORUH WAr (PHPALICHHS HANPSKE
nust Ha suixoge DAL, Tloka ¢opmupylotcs 64 TOUKH CTPOKH, HAanNpsKeuHe Ha Bbi-
xone DA2 nenaMeHHO, Tak Kak Ha Bbixoaw 3Toro LIAIT nopanw crapuike paapaan
KOoaa ajapeca, KOTOpHe MPHMYT odepelloe COCTOSHHC TOJLKO nocae Beex 64 koM-
G6unanuft Maaawux pas3panos. C KaXKAKM [PHPAILEHHCM HAUPAKEHHA HA BLIXOAC
IIATl DA2 ¢opMupyemMas cTpouKa nepemelllacTCs BHH3 HAa OAMH LlIar W TaKHX [ua-
roB 1pH nepeBope Bcex KOMOHHauu#A crapwux paspsanos 64, Uacrora cmenn aape
COB JOCTATOUHO Bhicokas, Hanpumep 100 klu, Tak 4TO BCACACTBHE NpOSIBIEHHHN
pdekTa AHHAMHYCCKON HHAHKALHH Ha 3KpaHe OTOOPAXKACTCA MATPHILA, COCTOANLAN
n3 4096 Touek.

Onuako TOYKa HAa IKPAHE —- ITO TOMBKO YKA3ATCJL DACNONOKCHHA 3JIeMEHTA
1aMATH B MatpHue Haxkonuteas. Ecan ymeubwntbh sapkocts Jsywa ocuiiorpacpa, T
H3o6paxenne MaTpHuL HcdesneT. JIng oroGpaXKeHHs Ha IKpaHe COACPKHMOro HaKo
IIHTEJS BLIXOA MHKPOCXeMB NMaMATH HENOCPeACTBEHHO, Kak Ha puc. 4.24, uan uepes
pepaBapuTebHuil popMHpoBaTEaL NOAAIOT HA BXoA Z ocuHanorpada. '

MukpocxeMa naMaTh paboTaeT NOCTOAHHO B PEXHME CUHTLIBAHHS 110 Helpe
pHiBHO nepeGupaeMbiM anpecam. lapyuignHe 3TOro peXuma Bi3IHBAIOT KPATKOBpE-
MeHHble HaXaTHA KHonkn SB2 st 3anMcu MHbOpMauum » DyunoM, Korja nepe-
kaodatess SB3 naxoautcs B nosoxeHnu «P», uAll B aBTOMATHYECKOM PEKHME,
korna SB3 nepesenen B nosioXeHHe «A», ’

CudThisaeman nHdopMauna oToOpalxacTcs Ha KPaHE B BHAE CBCTAIIMXCH TO
YeK, ecsii GHT HMeeT 3HauyeHHe |, H TEMHBX MeCT, ccyiH 3HaucHHe 0.

Ilan 3anucH OuTa unudopmauun HeoO6XoaAHMO nepekaiouatesn SB3 nepesecrti
B nonoxeuHe «P» u HabpaTb agpec 37eMeHTa HAMATH HEPEKJIOYATEJIAMH HAaGOPHOro
noas. 3aTeM KPaTKOBPeMEHHHM HaXaTHeM KHOnkH SB2 B MuKpocxemy namaTtH no
HabpaHHOMY ajapecy BHOCHTCH OWT, paBHLft O Wi | B 3aBHCHMOCTH OT 1OJIOXKEHHS
nepekaouatens SBIl. 3aHocHMbIfl OGHT aBTOMaTHUECKH HCPCHOCHTCH N IKpAHHOP
H300paxKeHne MaTpHUW Hakonutens. HMabupartenbnas aapecauus obecliedeHa e
wudpparopom DDI14—-DDI16, ua Bhxoge koToporo (opmupyercss CcHrHaAJA 3aruch
WR/RD=0 TOMbKkO B MOMEHT HOSBJEHHA HA BHXOAAX ANPECHOrO CYCTYHKA KOAQ,
cooTseTcTBylolLero Ha6paHHOMY.

B asToMaTHyeckoM pexume (SB3 B nonoxeHHn <«A») curHana sanucH dopmi-
pyercs B KaXAoM TakTe. [103TOMY MOXHO 3aHECTH B HAaKONHTOIbL HAH Bce |, M
nce 0, HJH uYepeaylOLIHECA TEMHble H CBET/IWC CTPOYKH JHOO CTONOUH, ecan
Bxon DI coeaHHHTb ¢ BHXOAOM cueTdHKa A, uaH As coorBercTseHHo. ITosock Mo-
ryT 6uTh 6o0Jiee WHPOKHMH, €CNH HCNONB3OBATH CHIHAJK C APYTHX BLIXOROB ajgpec-
HOro CYyeTYHKa.

[lpu HCOOGXOAHMOCTH MOXHO BBOAHTH HH(POPMAalLHIO B MHKPOCXEMY NaMATH ¢
TeserpadHOro KJlo4Ya, penakTHPOBaTb ee H 3aTeM RWBOAHTb Ha nepeaauy. Ycrpoif-
CTBO TaKOro THNAa AJA BbIMOJHEHHA QYHKUHII aBTOMAaTHYECKOro TeserpagHoro Kot
¢ CeJIeKTHBHOA naMaAThbio onHcaHo B [52].
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Ha ocuoBe paccMOTpeHHOro cnocofa fPaKTHIECKOro HCNOJb3OBAHHA MHKpOCXeM
0O3Y moryT GuITh NOCTPOCHNW Gonee cJOXKHHE yCTpocTBa HHAHKAUHK aManoro-uud-
posoft 1 rpaduueckoh HHDOPMALIHH, TpeHa3HauCHILE ANA COBMECTHOA paGoTH ¢
MHKponpoueccopamu [48].

4.10. ®opmupoBatean UHGPPOBLIX H aHAJNOTOBHIX
CHrHanoB Ha Mukpocxemax MMN3Y

Ipimenenne Mukpocxem TII3Y nossonser shdekTHBHO pewaTts, 3anaid no
paspaboTke JOrHYECKHX Y3/JIOB C MeHbUWHMH 3aTpaTaMH annapaTHWX CpPeACTB no
CpaBHEHHMIO € HX anajoraMi Ha KOMOHHAIlHORHMX MHUKpocxeMax [37, 65, 66]. 3ro
cpoficteo muxpocxeM [1I13Y wWHPOKO NHPHMEHRIOT NMPH MOCTPOSHHH AewHdpaTopon,
¢dopmupoBaTenell ynpaBAfIOWNX CHFHANOB, Koponpeo6pazopartenefl, ycrpoficTs co-
NPAXEHHA, 3HAKOTeHepaTopoB H T. A.

Crneayer o6paTHTL BHHMaHWe M Ha To OOGCTOATENbCTBO, YTO MHKpocxeMbr 13V
MOryT OHThL 38NPOrpaMMHPOBAHH NOJALIOBaTENeM 104 KOHKperHylo 3anawy. Hwmen
B CROEM PacNOPAIKEHHH HEeCKOJTbKO «4HCThix» MukpocxeM [IT13Y, pa3paGoruuk Mo-
KET Ha OCHOBE OAHOro THMa MHKPOCXEMN! DPEann3oBaThb pPa3fHuYHHe ¢YHKIHOHAMD-
Hore y3ap, CnocoGbl u peXXHMH nporpaMmuposadns MukpocxeM I1I13Y paccMmorpenn
B § 34.

3TH XKe 321390 MOXHO PellHTb H ¢ moMolubio MHKpocxeM PII3Y, npHuem naxe
¢ ene Gonee BHCOKOR 3ddEKTHBHOCTHIO, MOCKOVILKY OHH AONYCKAalOT HEOAHOKPaTHOe
iporpamMupoBatite. Oanako uaule npHmenslor MuKkpocxeMn [I[13Y: onu newense,
apolle B NMpOrpPaMMHPOBAHHH H 06sanaloT Gonee BHICOKHM ObiCTpOAEACTBHEM.

PaccMmorpum paa npuMepos npumeHenus mukpocxem TMM3Y ans Bunoanenus
thyHKUHR nOo GOPMHPOBAHHIO CHrHANOB,

Ha puc. 425 npuBeneHa cxeMa MyJbTHIJIEKCOPA ajAPecHHX CHrHAJOB, pean-
soBanHoro Ha Tpex MHRpocxeMax KP536PT5, koropwft 3aMeHser anaioruyHoe yct-
pofictso Ha uerhipex Mukpocxemax KIS5KTI2 (puc. 4.10) » koHTpomnepe aHHamHu-
qeckoro O3V.

Mprakpocxemn DD1, DD2 npeanasHauemw AAA nepenayd Ha ajfpecHHe BXO-
AW MAKpocxeM auHaMmHuyeckWx O3Y appecos crpok Ax{A,.. A;} u ctonbuon
Av{As ... Ajs), nocTynaioimHx ¢ NRHKA IWHHN afpeca: JHHHK Ax MOABENeHW KO BXO-
aam DDI, mumun Ay — ko Bxopam DD2. MukpocxeMa DD3 cayxkur anm nepenaun
appecoB pereHepauHi Arp—Agrs, KoTOpHEe HOPMHPYET CHYETUHK pPEreHepaluH.

Bce Mmukpocxemur [ITI3Y 3anporpaMMHpoBaHN OAHHAKOBO: B KAXKAYIO syeflky
MHKPOCXeMbl 3aHecedl Kon azapeca 3Itoft auefiku. Takum o6pazom, npu obpalueHnH K
MHKpOCXeMe MO ONpeneNeHHOMY ajapecy NOJNY9HM HA BHXOAAX KOI 3TOro ajapeca.

Ipu o6veauHeHHH MHKPOCXeM B MOAYAb Y4TEHO, 9TO OHH HMEIOT OTKPWTHIC
KOJITeKTOPHLI® BHXOAL. [ToSTOMY ANA CcOENHHEHHS OAHOHMMEHHHX BHIXOQOB HPHMe-
HeH cnoco6 «MoHrtaxuoe WJIMs ¢ noaknodenHeM k HHUM HAnpsKeHHs MHTAHUS
yepes HarpysodHnle pe3ucTopH. CONPOTHRICHHS PEIUCTOPOB BLIGPaHLI U3 YCNOBHS
OrpaHHueHHs HAHGO/bIIErO BHIXOAHOrO TOKAa JoGO# MHKpOCXeMhl npegefbHo A0MY-
CTHMBIM 3HAYEHHEM.

Ynpasnsomue curiamu Ay/Ax u REF nopann ua Bxoam CS1—CS4 mukpo-
cxem TakK, 4yro6m ofecnedHTb SafaHHHA pemHM HX paGoTH. B pexume ob6meHa
Maructpann o O3Y curian perenepaunn REF=0 Gnokupyer muxkpocxemy DD3,
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Puc. 4.25. Mukpocxemn TTI13Y B KadecTBe My/bTHM/ICKCOpPA afpeca AAR JHHAMMHueC-
koro O3Y

Y4TO [MPHBOLHT ee BbLIXOAW B cocTosiHHe Jor. |. Mukpocxemu DDI, DD2 curna-
JoM Ay/Ax noouepeano OTKPHBAIOTCA H NEpeaaloT Ha anpecHhe BXOAB Gioka O3Y
curHalel anpeca crpok npu Ay/Ax=0 u ctonbuos npu Ay[Ax=1.

B pexume perenepaunn cyrian REF=1 Guokupyer Mukpocxemw DDI, DD2
H OoTKpniBaer MHkpocxemy DD3 aas nepenaan B 6aok O3Y aapecoB cTpPOK
ARO'_AR7~

Ha ochnose Mukpocxem [II13Y MoxHO uoCTpoHTL M ApyrHe (yHKIlHOHa/IbHHE
y3Jid KoHTpoJsrepos O3Y u [13V.

[TpuMep peannsanun GOpMHpOBATENAs YNPaBJSIOUIHX CHPHAJIOB lipefcTaB/eH Ha
puc. 4.26. Ycrpoficrso nocrpoeHo Ha Mukpocxeme DDS5, B xoTopyio npeasapnTesbHO
J4l0CAT KOAW 3aJaHHLIX BPEMEHHLIX rocJ/enoBaTesbHocTeR curnanos. Jas noaro-
TOBKH TaGJIHLII [IDOrPaMMHPOBaHHA (KapThl NPOXHra) HEOOGXONHMO KaXAOMy KOAY
anpeca, HayHHas C HyJeBOro, MOCTABHTL B COOTBETCTBHE BHXOAHOR KOA4, KOTOPHfA
onpeae/neH BHAOM BpeMeHHHX AHarpamM.

3apaowxi rewepatop DD u cuetunk DD2—DD4 ¢opmupyrot koa aapeca.
B HenpepusHOM pexuMe paloTn STHX ya/noB Ha aapecHux pxogmax DDS npoucxo-
AuT nepebop aapecoB OT Hy.neBOro A0 KOHeyHoro ¢ uactoroft Fo, B pesynbTate Ha
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Puc. 4.26. ®opmupoBatesb CHIHaJIOB ynpaan\euun ¢ nporpaMMHpyemo#l BpeMeHHOA
jinarpaMMoft

BLIXOAAX ITOH MUKPOCXeMb (JOPMHPYIOTCH 3aNPOrpAMMHPOBAHHHIC BpeMeHHHe aHa-
rpaMmbl. B3auMHBA  CABMP CHFHAJIOB Ha BHXOAaX KpaTeH AJHTENLHOCTH TakTa
Ty=1/Fp. 3T0 HALO YYHTBIBATH NPH OUEHKE BO3MOXHOCTH HCNOJIb3OBaHHA TUKOroO
cnocoba peasusallHu reiepatopa ynpasiasioulHx curnanos. Hanpumep, ans mukpo-
cxeMul KP556PT5 MHHHMaAbLHAR AJHTENBHOCTL Takra onpefensiercsi BpemeHeM IL1KAa
CyHTHBaHHA W pasHa 50 nc, CsuepoBaTesbHO, 4AacToTa CMEHM aapecoB Ha ec BXO-
nax Fo He pomxna npeswimats 20 MIu. Hcxoas 13 3toro BHGHPAIOT MHKPOCXeMbl
i cnoco6 peannsaiun redepatopa DDI H cuerynka aapecos.

Hanpumep, npu pacyere OGuicrpogefcTBH#  ycTpoACTBa, [IPHBEREHHOrO Ha
puc. 4.26, cuaeayer HCXOAHTL H3 TOIO, HTO C yYyeTOM BpPeMeHH YCTAHOBJEHHS cyeT-
uika DD2—DD4, pasHoro 200 Hc, MHHHMa/abHAas AJHTENLHOCTb TaKTa T, He MoXer
6niTh MeHblwe 300 He, a HanGonbwas dacrora Fo, caenoBaTeNbHO, He JOJXKHA npe-
sBuwatbh 3 MIu. Ecan npHHATL B pacder MakcHManbHble 3HaYeHHs BPEMEHHbIX napa-
MeTPOB, TO YacToTa Oyler elle HHXKe,

ITpn Hanuyuu ug BHXOAe cXeMh MyJbTHOAekcopa DD6 ycrpofictBo MoxHO
HCIIO/Ib30BaTh B KauecTBe OAHOKAHA/NbHOrO (OPMHPOBATE/]S KOAOBLIX MOC/E10BA-
TesbHOCTEA 3a1aHHOrO BHAA C BO3MOXHOCTHIO H3MEHATL BHA Moc/eqoBaTesbHOCTER
B (BTOMATHYECKOM peXKHMe, Kak nokasano Ha puc. 4.26, Han noa Bo3achcTBHEM
yupamJsioulero koaa Ag ... A;, nonasaemoro na DD6 or Apyroro HcTo4HHKa.

IMpu AyA)A,=000 na Bxog DD6 KOMMyTHpyercs mMoCNeQOBaTeNbHOCTb, NOVY-
yaemasn ¢ suxoga DO, Mukpocxemuni DD5, npun kome 100 — nocsenoBaTesbHOCTh ¢
suixona DO, w 1. 1. B aBTOMaTHYecKOM pexHMe 3TH MOC/JeA0BATEILHOCTH LHKJIH-
YyeckH yepeaylores ¢ nepHogom B 512 takros. Tpurrep DD7 neo6xoaHM AJf HCKIO-
4eHHS BJAHAHHUA TIPOLECCOB YCTaHOBJIEHHS KOJAOB CYETUHKA Ha BLIXOAHOM CHrHaJ.
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Puc. 4.27. ®opMHpoBaTesib aHAJOTOBHX CHFHAJOB 3ajaHHON GOPMB

Bxoaw C u CS pacwHpsioT BOIMOXHOCTH ycTpofictBa B OTHOLIEHHH THOKOCTH
ynpaBaeHus ero paGorofi, Hapauusauus emkoctH [1I13Y u 3a cyer sroro ysesH-
9elfHA KOJIHYeCTB8 BAaPHAHTOB KOAOBLIX NOCJAefOBaTe/bHOCTER.

Jns yMeHbLICHHA NepHOAA NOC/eAOBaTeNLHOCTE! MOJKHO OrpPaHHYHTL HCMOJb-
syemoe ajapecHoe npocrpakcrBo Mukpocxemnl [II13Y, cokpatus paspsaHocTb H3Me-
HAEMOro afIpeCHOr0 KOAA H COOTBETCTBEHHO Pa3pSAHOCTb cYeTYHKa-GpopMHpOBaTeNs,
B Takom caydae uenecoo6pasHO Hcmoab3oBaTh MHKpocxemy IIII3Y wmeHbue#t em-
KOCTH.

Hekotopoe BHOOH3MeHeHHe PAaccCMOTPeHHOR cXeMBH NyTCM 3aMeHh MYJbTHIJIEK-
copa ux$po-aHasoropuM npeobpazoparteseM NO3BOASET NOJYYHTb reHepaTop aHaso-
TOBLIX CHTHAJIOB C 33JaHHLIMH XaPaKTePHCTHKaMH.

Ha puc. 4.27 npusenen ¢parMeHT CXeMnl CHHTE3aTOPa aHAJOrOBHX CHrHaJoB,
nocTpoeRHuft Ha ocHose MHKpocxeMu I3V KS556PE3. ®opmHpoBaTens aapecHuX
KOAOB B STOM ycTpoficTBe MOXeT ObiTb BHINOJHEH no cxeme Ha pHc. 4.26. Mukpo-
cxema DDI1 copepxHT KomoBhe koMOuHauHu, onpeaeasioutde GopMy aHanNOrosoro
CHrHana, KoTopufi ¢opmupyer uudpo-aHajoroshfi npeoSpasosatens DAl npu no-
caepoBaTenbHoM nepe6ope aapecos DD1. OnepaunoHHLfl ycHIHTeAb Ha Buxoge DA2
oGecneunsact GopMHpOBaKHHe ypoBHed Hanpsxeuwus B Axanasode 0..10,24 B. 3a-
MeTHM, 4TO NpH HeOoOXONHMOCTH MOXHO BBECTH CXeMy YINpaBJIeHHs SHaueHHeM H
NOJIIPHOCTBIO ONOPHOrO HaMPSIKEHHS M NoJaydaTh GHNOJNAPHbIE BLIXOAHHE CHTHAJIH.

TouHocTs samanHs cuHTe3sHpyemolt ¢YHKUHMH 3aBHCHT oT paspsaHoctH [III3Y
B LIATI u onpepenserca 3naueHHeM MJaflIero pa3psiga uHbpPOBOro Koaa ¥ wwKajoff
npeo6pasosanna LIAIl. B paHHom npumepe ona pasHa 40 MB. [ToswueHue Tou-
HOCTH 33faHHA (YHKUUH NOCTHraeTcsl yBesaHdeHueM paspsaaHoct IIMI3Y u 1IAIL

LlenTpasbHbim  9seMeHTOM yctpofictBa ssasercs [II13Y, koropoe npesBapu-
TeJIbHO nporpaMmHpyercs UHpPOBBIMH KojaMH 3agannoft dyukuun (curuana). Has
COCTaBJEHHA KapTH NpPOXHra Heo6XOAHMO HaATH Ha OAHOM nepHOje H3MeHeHHs
cuHTesupyemoft dyHKUMM, PaBHOM 2™ TakTaM, rae m — paspsaHocTs koma TIII3Y,
ee 3HadeHuss B 2™ Toukax orcyera: no oanoft B KaxaOM TakTe, B MacuraGe
or 0 xo 2", rae n— paspaanocts LIAIT. B paccmarpusaemoM npumepe m=5, n=8,
3atem sHaueHMe Kaxkaoft BLIGOPKH OTOGDAXKAlOT BOCHMHPA3PAAHHM KONOM, YUHTH-
Bas NpH STOM, 4TO HaHGoJsbiuee sHaveHHe ¢GYHKUHH COOTBETCTBYET eJHHHIHOMY
HaGopy paspanos koana. Homep orcuera sBnsercsa appecom sdefiku [TII3Y, kyna
Tpebyerca 3anecTH unpposofi koa naHHOA BHOOPKH GYHKUMH.
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Ha ocHoBe paccMOTPEHHOIO NPHHUHNA MOLYT OWIThb DPEaJsIH30BAHB TeHepaTopH
CTHMYJHPYIOLIHX BO3AEACTBHA B WUSMEPHTeJbHBIX CHCTeMaX, B TOM WYHCJC reHepa-
Topu c ynpaBasemofi ¢dopMoft kose6aHHM, reHepaTOphl TOHA B ILHGPOBLIX 3JEKTpO-
MY3bIKaJbHBIX HHCTPYMEHTax H T. X

Takoe ycTpOACTBO MOXKHO NPHMEHHTb JAJif 8BTOMATHYECKOrO YNpaBJeHHA HC-
noanuTeJbHHM NpHOOpPOM (nepekJioyaTeseM, peryasropom # T. n.). Torxa B Mukpo-
cxeMmy [IM13Y HeoOXoaHMO SaHECTH nporpaMMmy, COOTBETCTBYIOULYI0 KOAa Ynpas-
asowero Bo3acHicrsus Ha Bxoaax DDI. Tlpu oObeanHeHHH HECKOJNBLKHX MHKDOCXeM
¢ ucnosnb3oBaHHeM Bxona CS nosBJjsercs BO3IMOXXHOCTb CHHTE3HPOBAThb ICCKOJILKO
¢&yHKuMA, 3anHcaB npeaBapHTENbHO HX KOAW B MHKpocxemu [II13Y.

Moxer npeacTaBHTb HHTepeC AJS MHOTHX NpHMEHeHHA BAPHAHT HCNOJb3OBaHHA
Mmukpocxemu T1I13Y, npupenennnfi Ha pHc. 4.28. YcTpoAcTBO aHANOTHYHO paccMorT-
peHHOMY NO NPHHUHNY NOCTPOeHHS, HO HMeeT GoJiee IUMPOKHE BO3MOMCHOCTH MO
CHHTE3y CHrHanos, 4to o0yc/ioBJjieHo ypennueHHeM eMkoctd IIII3Y u cxemoft ynpas-
aenus. Tpurrep DD3 noa sosneficteHeM BxoaHoro uupoBoro cHrHaja ¢opmupyer
Ha BbIXOJ4e CHFHAJ yNpaBJeHHs CTapIllEM pa3psAnOM Koja aapeca Ajy MHKpOCXeMH
MIMN3Yy DD4. Takum cnoco6om azpecHoe npoctpaHcrso DD4 pa3neneHo Ha npe
CTPaHHUL, B KaXJyi0 M3 KOTOPHIX 3aHOCAT KOAM pasHuX (yHKIHA.

IMpn paGote ycrpofictea Ha Buixone LIAIT (cM. puc. 4.27) Gynyr ¢opmupo-
BATbCA CHrHAJBI, COOTBETCTRYIOLIHEe ORHOR W3 ABYX GYHKUHA, a UMEHHO TOH M3 HHX,
KoTopas BhGpaHa 3HaueHHeM cHrHasa Ha Bxoge DD3. Ycrpofictso moxer OuTh
HCMO/b30BAHO, Hanpumep, ANA Npeo6pa3obBaHHs ABOHYHOTO CHTHAJA B JBYXTOHAJb-
HHA cHrHaa 3BykoBoft wactoTh. Iy peasHzauHH 9TON BO3MOMKHOCTH cJelyeT OAHY
cTpanHuy, coorsercTBylomylo Ajp=0, 3anporpammHpoBaTh dyHKuHeHd cHHyca c ne-
pronom T,;=1/F;, a BTOpylo, cooTBeTcTBywOIlyI0 Ajo=1,— pyukuneft cuuyca ¢ rne-
pronom Tp=1/Fs, rae F;, Fo— BuGpanunie gacroth. Jlasee Hago onpepenuTb, Kax
PaA3MECTHTL B aJipECHOM NpOCTpaHcTBe crpaHuu koan ¢yHkuuft. [TorpeGyeM, urobu
GYHKUHH yKNaABBaJHCh B aAPecCHOM TPOCTPaHCTBe UeJbM wHcaoM nepuoaos IT;, Iy
cooTpercTBeHHO. Toraa H3 paBeHCTBAa aJApeCHOrO NPOCTPAHCTBA CTPaHHLL cJeayer
ﬂ,T,=n2T, HJIH Fz/F['-nz/nL

Ons npumepa BuGepem Fy=1400 'y, F;m=2100 'y, torna IT,/T1;=3/2, T. e. non-
MLt uHKka nepeGopa aapeca AJIA NEepBOAl CTPAaHHIUL COOTBETCTBYET ABYM NEPHORAM
wacrotu 1400 I'u, a ans Bropoft — Tpem nepHoaam wactorst 2100 I'u.
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IAna cocrasieHHs KapThl NpPOXHra Heo6xoaumo Hafity 3HaueHus 1024 swGOpox
Ha HHTepBaJe ABYX NepHonoB nepsoft ¢yHxuuu aas crpanuun [I3Y npu Ajp=0
M Ha HHTepBaJe TPeX NepHOAOs BTOPOA (YHKUMH /A CTPAaHHUL Ajp=1. YunThBas,
YTO HOMep BbIGOPKH aBJserca aspecoM sauefixu [I13Y, sanecTH B KapThH nepsof
n Bropofi crpanuy ITI3Y 8-paspsaannie koan BHGOPOK GYyHKUHA.

ITpH BO3MOXHOCTH CHH3HTb TPeGOBAaHHS K TOYHOCTH 3ajaHHA GYHKUHA MOXKHO
HCMO/Bb30BATL MHKPOCXEMb MeHbUIER eMKOCTH, Hanpumep ase mHukpocxemn K155PE3,
0o6beAHHHB WX ONHOHMEHHLIMII BLIBOJAMH M Hcnoabsys sxos CS ans cHraana aa-
peca cTpaHHL.

Hanpotus, ecnu Tpe6oBaHHs K TOYHOCTH 3aflaHHs (YHKUHA MOBHILEHH, TO CJe-
AyeT NPHMEHSATb MHKpOCXeMhl c Gosblieft eMkocTbio. JlJisi CHHTE3a CHHYCOMAAJbHHX
KoneGaHuA uesecoo6pasHo HCnosab3oBaTh Mukpocxemhl MII3Y co cranmapTHHMH
npowxsKaMu cHHyc-byHkuufA (cm. § 3.1).

B paGoucm pexume ycrpofictsa Ha pHc. 4.28 nepekmouenne crpanun IITI3Y
NpOX3BOAHT cHrHas Ha Bxoge DD3: npu 0 Ha Buxopge LIATI yctpofictBa nosmasercs
curHaa c vactrotof F;=1400 'y, cuutwsaemut ¢ neppofft crpanuum, npy | — cHr-
Han F,=2100 'y, cuuTmBaemuft co BTopofi crpauuun. HauGosnbuwas dacrora CHH-
Te3HpyeMulXx KoseGaHHA onpejnenserca npejpenbHOff 4acTOTOA ONEepPauHOHHOro YCHJH-

Tens, spemeHeM ycraHosseHHs LIAIT w BpemMeHeM uHK/Ia CYHTHBAaHHA MHKPOCXeMb
nay.

4.11. 3HakoreHepaTopbl Ha MHKpocXemMax MII3Y

3uaKoreHepaTophl npeiHa3Hayeunl A [peo6pPa3oOBaHHA KOAOB OYKBEHHO-UH}-
poBofi HHGOpPMauUHH B 3JEKTPHYECKHE CHrHa/b, HeOGXOAHMHIE I/ MOJYYeHHSA BH-
3yasibHOrO H306PaXKCHHUST CHMBOJIOB C NMOMOILbIO CPeiAcTs oToOpaKeHns HHPOPMALHH,
IOns xkoaupoBahHst GYKBeHHO-IN(POBLX CHMBONOB (3HAKOB) HCNOJIL3YIOT CTaHAApT-
Hble Koahl orobpaxcenus HHpopmauun KOHU-7 (cemupaspagumit) 1 KOHU-8 (socbmH-
pa3psanuifi).

HauGosbillee pacnpocTpaneHHe MOJNYYHJIH 3HAKOreHepaTOphbl, pPeasM30BaHHLE HA
ocHose MaTpHu-Hakonurenef I13Y, B koropeix xpaHuTCA nudopMauMs o HauepTa-
HHH Bcex 3Hakos aJsgapura. Ilpumepamu mukpocxeM MII3Y ¢ 3anucauuniMu KonaMu
Gyxks pasuuix andasBHTOB, UHGP, MaTeMaTHYECKHX H MHEMOHHUYeCKHX 3HAKOB fIB-
asorea: KIS5PE21 (6ykanm pycckoro asadasura), KISS6PE22 (6yksw saTuHckoro
andasura), KI55PE23 (apndmerHueckne snaku u uucdpu), KI155PE24 (ponosnenus
K CHMBOJIaM B yKa3aHHmMX MHKpocxeMax), K555PE4 (6yksnw pycckoro M slaTHHCKOro
andaBHTOB, NPONHCHLIE H CTPOYHWE, UHGPH H apHdMeTHUECKHe 3HAKH, BCero —
koan 160 camsonos), KS05PE3, KP568PEI, KP568PE2 u ap. Onucausie uaspanu-
HBIX H HM NOJOGHKIX NO Ha3nawenuio Mukpocxem MII3Y npusepeno s § 3.1

PaccMOTpUM psii  CXEMOTEXHHYECKHX pelleHME NOo NpHMEHEHWI0 MHKpOCXeM
MI1I3Y B 3HakoreHepaTOpax.

Tunuunuif BapHaHT peanu3auu¥ 6/10Ka NaMATH 3HAKOTGHEPATOPA HA MHKPO-
cxemax cepuu K155 npusensen Ha puc. 4.29 (5, 35]. Mukpocxemn MII3Y DD1-—DD4
ofbeHHeHH OJHOMMEHHBMH aJpDeCHHMH BXOJAMH M BLIXOAAMH, NpHuem obbeaHHe-
HHe Bhxonos OK BunosHeHo no cxeme «Mourtaxuoe HJIHU» ¢ noaksouenuem
HHM HarpysouHLIX De3HCTOPOB H HCTOYHHKA HanpsieHHs NuTaHus. Bxoawm CS He-
MoNbL30BaHH A/ BHOOpa HyXHOf H3 MHKpPOCXeM CTapIIHMH paspaaaMH Koaa aj-
peca ag, as. '
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DD KIS5AKH!
Puc. 4.29. 3uakoresepatop nHa Mukpocxemax MII3Y cepun K155

Buxonn Mukpocxemsl KIS5PE24 npeacrasasior coGoft nonosienus K BHIXOAAM
TPeX OCHOBHHIX MHKPOCXeM H pacnpeneseHsl cjelylomuM o6pasom: suixon DO,
" (suBoa 10) oTmocutca k wmukpocxeme KI55PE21, mmxon DO, (BmBom 11) —
x KI155PE22, smxon DO, (sniBoa 12) —x KIS5PE23. KoMMyTauuio BHIXONOB B
COOTBETCTBUH C YKa3aHHWM pacnpefiefieHHeM OCylIecTBAseT MyJbTHniekcop DDS,
yrnpaB/iseMbi KOJOM asas: NPH Kode 11 Ha BEIXOA MYJbTHNJIEKCOPAa KOMMYTHpyeTcs
DO,, stum Xe xomoM BuGupaercs MHKpocxema KIS55PE21 (DDI1), npu xome 10
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KoMmyTHpyerca DO; H noakJiouaercs K yeThlpeM BLIXOA4M BbIGPaHHOA MHKpOCXeMBl
KI166PE22 (DD2), npu kome Ol xommyripyercs DO, B RonosHeHHe K BbixogaM
mukpocxemn KI155PE23.

Baok namsitH HMeer aecATb aApecHHX BXOUOB bg, by, bs, ag..ag W nATL BHIXO-
aoB V,..Vs. Hanomuum, uro B I13Y 3Hakoreneparopa HCIO/Mb3yeTcs ABYXKOOPAH-
HaTHBIA npuHuHn agpecautn (cM. § 3.1).

[Mepsoft appechoit koopAHHaToff sBJseTcs KON 3Haka, BTopoft — xox HoMepa
cTpoku matpuul. [pumenuresbHo k mukpocxemam MII3Y cepuu K155, B kotophix
3HAKH (CHMBOJHI) 3aKOAMPOBAHW B COOTBETCTBHH c ceMupa3psaauuim kogoM KOM-7
(tTa6sn, 3.3) u umeior ¢opmar Marpuunl 5X7, aapecHule BXOALI HMeEIOT cieayollee
pacnpenenenue: bo, by, by — Ana  cHrHanos BLIGODKH CTPOKH MATpPHUM, ag... 3¢ —
nast curianos koga KOHW-7 BmGopKH 3Haka, H3 HHX CHrHaJu ABYX CTapluWx pas-
PANOB asds MNpEeNHA3HA4eHH AN BHOODKM MWKPOCXEMH, a [AThb MJAAIIHMX —
a9 .. 3y — A/ BWOODKH CaMOro 3Haka B MHKpocxeme. 3aMeTHM, YTO Ha aApecHHe
BXOAB MHKpOcXeMul Ag.. Az nocrynalor curuasu bp ..bs, nma Bxoam A;...A; — cHr-
HaJb ap..a,. CHTrHa/ W asag NOCTYNAlOT B NMPSMOM HJM HHBEPCHOM MpPEACTaBJEHHH
Ha Bxoaw CS, u CS; MuxkpocxeM, obecneunnasi BHOOp OAHON H3 HHX.

Ha Buxonax V,..Vs GopMHpPYIOTCE CHrHaJNbI HU3KOro yponHs, oroGpaxaiollHe
cuuTwBaeMnft cHMBOJ B MaTpuyioM dopmaTe H3 NATH cTOAGUOB H CCMH CTDOK,
T. e. 3HaK pa3BopauHBaerca 3a ceMb oOpauicHufi no agpecy bsbibo, kak noxasano
Ha puc. 3.2 na npumepe BuGopku Gyksn 1O.

IMockonbky kampmas H3 Tpex MuKpocxeM Bmecre ¢ jonoanennem KI155PE24
sanporpaMMuHpoBaHa Ha 32 cuMBoJa, TO o0liasi eMKOCThb 3HAKOreHepatropa Ha oc-
HOBe paccMOTpenHoro G6JIoKa naMaTH cocrapiaser 96 cumsonos ¢opmara 5X7.

CxeMa conpsikeHHst GJOKa NaMsITH ¢ YCTPOACTBOM OTOGPAXKEHHS 3aBHUCHT OT
THna yctpofictea. Hanpumep, conpsxeHue C MaTPHYIIBIM UHAHKATOPOM MOXHO
peasu3oBaTh Tno cxeme, upHeaenHofi Ha pmuc. 4.30. Ilpeacrassen 3HakoreHepaTop
32 apndMeTHYECKHX 3HAKOB ¢ OTOGPAXKCHHEM TeHEPUpPYEMuIX CHMBOJIOB Ha MaTpHy-
HOM HHAHKaTope ¢opmata 5X7 tuna AJIC340A. Huaukarop npeacrasaser coGof
(puc. 4.31) MaTpHUy CBETOAHOAOB, pPacCNOJOXEHHLIX Ha nepeceyeHHsX CToA6UOB
C,..Cs (Column —cronbeu) u cemMu crpok R;..R; (Row — ctpoka). B unauka-
TOpe npeaycMoOTpen BuBOA AJAA cHrHasna tTouku P (Point — Touka).

Bnok namsati  cocront w3 Muxpocxem MII3Y KIS5PE23 u KISSPE24.
Onr Moxer OuiTb pacliupeH A0 NOJHOM cXeMbl, Kak Ha pHc. 4.29. dopMmupoBaTess
kona pu3sepTkH bobyby Bumonnen na rpexpaspspiom cueruuxke KISS5HUES. Coraa-
coBaHHe BLIXOAOB MHKpocxemM MII3Y ¢ wuijiHKaropoM OCYLICCTBNGHO € [IOMOUIBIO
uHBepropos H Tpansucropos KT3I5T, neoGxoaumux anst ycuiennsi Toka. OOGLIYKO
npexycMaTtpupaloT noakmovenne poixonoe OK uepes pesuctopul K UCTOYHHKY MHTa-
Hua. Ecau GeicTpomeficTniic e HMeeT CYILCCTBENNOro 3HAUCHHS, KAK B AaitHoMm cay-
Yyae, TO PE3IHUCTOPH MOXHO He Hcnoan3onath. Jewndparop KISSMI10 obecncuu-
BaeT MyJIbTHIVIEKCHOE ympapJeile CTPOKaMH MHAHKATOpA.

CuurbiBaemuft cumBoa onpepenser kom Ap..A,, KOTOpLIf NMOCTYNaeT Ha BXoAH
mukpocxem MII3Y. Bui6upaemuie 3THM KOJAOM CHMBOJM NOKasaHw B Ta6u. 3.3. Isa
crapumux paspana kona KOH-7 asas 3zech He Hcnosb3opambi, NOCKO/bKY HeT Heol-
XOAHMOCTH B BHOOpPE MHKPOCXEMHI,

Cuerunk HMES non BsoageitcTBHeM TaKTOBHX MMNYJbcoB ¢ uyacTotrofi F (cOTHH
repu) nepeGHpaeT agpeca CTPOK B €CTeCTBEHHOM MopsjfKe HX cJaenoBanns. [le-
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aundpatop MI10 nox AeficTBHeM aapecHHIX CHIHAJNOB 11a CBOHX BXOJAX AKTHBASH-
pyeT HHIKHM YDOBHeM CTPOKH MATpHUL TaK, 4TOOHW uepes CBETOAHOAW BHIGPAHHBIX
TPaH3KCTOpPaMH CTONGUOB MPOTEKas] TOK OT HCTOYHHKA NHTAHHA Uec.

BuGop crTon6uoB HHAHKATOPA ONPENENSATCH COCTOSHHEM BBIXOAOB MHKpOCXeM
MII3Y: npu nor. 0 (aKTHBHOE COCTOSHHE) COOTBETCTBYIOWIHA HHBEPTOP 3aKPH-
BaeTcs, a TPaH3UCTOP Ha ero BLIXOA® OTKphBaercs, obecneyHBas TOK uepes ORHH
CBETORHOA MATPHLH.

Ecan Buxoam Mukpocxembi PE23 u PE24 Haxoasitcs B BHICOKOOMHOM COCTOS-
HHH, TO MOAKJIOUEHHLIA K 3TOMY BHLIXOAY HHBCPTOP OTKPHIT, a TPAH3UCTOP 3AKPHIT.
B pesysbTaTe uenb OT HCTOYHHKA MMUTAHHA K CBeTORHOAAM 9TOro crosifua paspH-
BaeTcs.

AKTHBM3aUHA CTPOK MaTPHUM HHAHKATOpPa ACIWIHGPATOPOM NPOHCXOAHMT CHH-
XpoHHO ¢ nepeGOpoM COAEpXKHMOro oGJIACTH NaMATH, OTBEACHHON NOA OAHH CHMBOJ
H onpenensieMofi KOAOM ap.. a,. CHHXPOHH3M ofecncyeH TeM, 4YTO KOA ajApeca
€TpoK bobib, mocrynaer onHoBpeMeHHO Ha jAcliHPpPATOpP M HA MHKPOCXEMH NaMATH.
Iss MHKpOCXeM NMaMsATH KoAwl BHGOpa CHMBOJI@ W €ro pa3BepTKH COCTaBJSAIOT elH-
HHA aapecHHif Kop Aj.. Ao, TPH MJaWHX pa3psaa koroporo AjAA; sBasiorTcs
KOJOM Da3BepTKH, a NATb OCTaJbHLX Aj.. A; — Koaom BhiGopa cHMBOJIA.

[px ucnonb3oBanuu AnA oToGpakeHHA HHGOPMaUHMH 3KpaHa AHCHJeRs napad-
JeqbHHA KoA, cHHMaeMuft ¢ BuixopoB V;..Vy Gnoka namstd, Heo6XoauMo npeoG-
Pa3oBaTh B MOCJEAOBATEJNLHOCTb CHIHAJOB. PelHTh 3Ty 3a4auy MOMXHO C NOMOWILIO
MYJIbTHNJIEKCOPa HJH NapaJilesbHO-NOC/AeN0BaTe/IbHHX PErHCTPOB CABHrA.

3HaKoreHepatopil MOryT GLITb MOCTPOCHI C MEHBIIHM YHCJIOM MHKpocxem na-
MATH M MexcoelMHeHHA Ha mnJaTe, eciM HCnoJb3oBaTb MHKpocxemy KS555PE4,
B Haxonutese MHKpocxeMn coaepxuTcs 160 cumsosos ¢opmata 7X11: nponHcuule
# cTpouHnie GYKBH DYCCKOrO H JIATHHCKOro angaBHTOB, uHpPH H apHMeTHYeCKHe
snakd. OnHako ee nNpHMeHeHHe OKA3hLIBAETCR BO3MOXHLIM NpPH YCJA0BHM npeoGpa-
soBaHua BHelunero |2-paspsanoro aapecHoro xoana B |l-paspaanHnfi xoa appeca
MukpocxeMu. TIpHYHHLI, KOTOPHIMH BLI3BAHA YKa3aHHAas HeOGXONHMOCTb, NOAPOGHO
paccmoTpeHn B § 3.1.

Ons pewenus 3TOR 3anauM MOXKHO HCNOJIB3OBATh NPeABapHTENbHO 3aNpPOrpaM-
muposaniyo mitkpocxemy [III3Y, nanpumep KP556PT4, noaknaouus ee BHXOAW K
onpenefiieHHHIM aApecHnM BxonaM MukpocxeMw K555PE4, Kak nokasano Ha
puc. 4.32 [54].

Bueunnit Kon ajzpeca coctouT H3 yetnipex paspsioB bo..b; Koma pa3sepTKH
3HaKa MO CTPOKAaM MAaTpHUL H BOCbMH Dpa3psioB a..a; kopa KOH-8 pas Bu-
Gopxn 3Haka u3 Hakomurens MII3Y. Yacts paspsanos aapecHOro Koma, a8 HMeHHO
87a5a5bsbob;, nopalotres Ha sxoam IIM13Y coorsercTbenHo As..A, u B npeoGpaso-
BaHHOM BHJle NOCTYNaloT Ha aapecHne Bxoaw KS5S5SPE4.

CooTBeTCTBHE MEXAY KOAAaMH Ha BXomax A=a;agaghybsb; H Beixonax DOm
=DO3;DO;DODO; mukpocxemu IIM3Y npeacrasneno B 16-puunoft cucreme uc-
qucseHus B Taba. 4.3,

IIpn coveranuu aByX paccMOTPEHHLX MHKPOCXEM MNOJy4aeTcst MOAY/Ab MaMATH
8Hakoreneparopa, coaepxauuft 160 cumsonos ¢opMara 7X11, BH6HpaeMBX BOCh-
MupaspagubiM kofoMm KOH-8 a;..a, u passepThBaeMbIX 9qeTHpEXPaspAAHHM KO-
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Puc. 4.32. 3uaxorenepatop Ha Mukpocxeme K555PE4

noM bsbsbibo. Tpy cTaplunx paspsina Koma 3Haka a;agas ONpPenessIOT AeJeHHe Coacp -
Kauuxcs B MHKpocxeme K555PE4 cuMBoJIOB Ha rpynnm:

001 — uu¢ppu H apHUpMeTHUECKHE 3HAKH;

010 — nponucHule 6YKBLI JJaTHHCKOro aJjdasuTa;

011 — crpounnle GyKBHI JJATHHCKOro aJihaBHTa;

110 — crpounnlie 6yksH pycckoro asndasHTa;

111 — nponuchue OykBH pycckoro angabHTa.

Tlpumep peanusauun Ha ocHoBe Mukpocxembl [1I13Y KI155PE3 npeoGpaznna-
TeJsl JABOHYHO-AECATHYHOrO KOAA B CEMHIJEMEHTHBIl AJIA ynpasielHs HHAHKATOPOM:
npuBeaeH Ha pHc. 4.33.

Ta6anuwa 43. CooTBeTcTBHe MeXAy KOAAMH HA DBXOAAX W BHIXOAAX MHKPOCXEMbd
MNN3Y B 16-pHuHOA cHCTeMe HCUHCAEHHS

A DO A Do A DO A DO
OB 0 12 5 1C 6 | 36 i
09 2 13 5 1D A 37 1
08 3 14 4 1E B 38 1
OA 3 15 8 IF 1 39 E
0oC 2 16 1 30 1 3A F
on 0 17 1 31 C 3B P
OE 1 18 0 32 D 3C E
OF 1 19 6 33 D 3D B
10 0 1A 7 34 C 3E 1
11 4 1B 7 35 9 3F 1
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Puc. 4.33. Tlpeo6pasoBaTtesb ABOHYHO-AECATHYHOrO KOAA B CCMHIJNEMEHTHHA Koa ym-
paBJIeHHS HHAHKATOPOM

Il nOCTPOCHHS PA3NIHYHLIX JOFHYECKHX yCTpOACTB, oco6eHHO ycTpoficTB ynpas-
JIeHHsl C HeperyJsipHOft JIOTHKOA (h)OPMHPOBAHHS BLIXOJAHWIX CHTHAJIOB, Lenecoo6pasHoO:
npuMenars Mukpocxemn ITJIM [66]. -

Xapakrepucruka Mmukpocxem I[TJIM npusesena B § 3.2. Crnocobul HX mnpHMeHe-
HHA B ycTpofictBax aHanorHuun MukpocxemaM ITI13Y wmarpuunoro tThna. OcHoBHO®
OTJIHYHE COCTOMT B peXHMax NMPOrpaMMHPOBAaHHA. AJICOPHTM H PeXHMhl NporpaMmH-
poBaHus mMukpocxem ITJIM n3noxenw B § 3.4.

5. MUKPOCXEMbBI TIAMATH HA LHWJIHMHIAPHYECKHX
MATHHTHbIX JOMEHAX

Jast noctpoeHHs BHewHHX 3Y c nopulueHHHM ObicTpoiacficToHeM H C NOJHO-
CTbIO 3JIeKTPOHHOM cHcTeMOR ynpasJselHs, BBOAOM H BLIBOAOM IiH(OPMAuHH MOTYT
GLITh HCNOJIb30BAaHK MHKPOCXeMH NaMATH Ha UHJAHHAPHUYECKHX MAarHHTHHX JOMe-
Hax (LIMI): K1602PLL1 (90K, 64K, 32K 6ur ans moaudukauu#t A, B, B coorser-
creenno), K1602PLI2 (266,5K 6mr), KI602PLI3 (1,067M 6ur). YKasanHhe MHKPO-
cXxeMbl IIOCTPOEHB NO aHAJOTHYHLIM MPHHIHKMAM, HMEIOT B OCHOBE CBOHX pPEeXHMOB
OJIMHaKOBLle (PH3HYECKHe SABJIEHHS, XapakTepH3yloTcs OAHOR cHcTeMofl napameTpoB
H ynpaBJsioUlHX BO34eACTBHA H, HaKOHel, HSFOTOBJEHH MO AHAJOTHYHBIM KOHCTPYK-
THRHLIM PeLIeHHSIM,

LInnuuApHYecKHA MarHHTHHA JOMeH — 3TO 06/1acThb UMJIHHADHYECKOR OpMbI B
TOHKOR MOHOKpDHCTaJIIHYeCKOR MariuTHOA nJIeHKe, HMelollas HaMarHHYeHHOCTb B
HanpasJieHHH, TMPOTHBONOJOXHOM HaMarHH4YeHHOCTH OKpyXaioliefi MarHHTHOR cpeabl
(puc. 5.1) [19]. Tomuuna naewkd u pasmepnt LIMI cocrasasior 1 ...3 mMxM. Iaenky
GOpMHPYIOT METOLOM 3NHTAKCHAJILHOTO HApallHBaHHA HA AHSJEKTpHYecKoft nox-
aoxke. [IpH ee H3roToBNeHHH oGecnedHBAlOT HanpasJeHHE OCH aHH3OTPONUH, nep-
NEHAHKYASPHOe NMJIOCKOCTH NJeHKH. CleaoBaTesIbHO, BEKTOpP HAMAarHHYHBAaNHA MoXeT
OHTbL HanpaBjieH BEepPTHKa/NbHO BHH3 MJAH BBepx. Haauuve Hau orcyrctsne LIMI B
onpeneNeHHHIX TOYKAX MArHHTHOM nueHkH (HHGPOPMAUHOHHOR cpeabl) oToXKAeCTs-
JIfeTCs C ABOMYHHIMH 3HaueHHAMH OuTa HHopmauuu | u 0.
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Puc. 5.1, LInAuHAPHUCCKHA MATHHT-
HHfl JoMen

TOWKQR Maewumwas
anenna

OcHOBHLIM (D aKTOPOM, ONpefensioUiiM YCJOBHA BO3HHKHOBEHHH, CyUlECTBOBAHHA
H HncdesHopenus LIMJL, spnsiercst BenHYMHA HANPAXEHHOCTH MATHHTHOTO noOJiA, Nnpo-
“HH3LIBAIOWETO B NCPICHAMKYIAPHOM HANpasJeHHH TOHKYIO MarHHTHylo njenky. Ilpn
MaJhX HanpsXKEHHOCTAX TMOAS AOMEeHH HMelT NpoH3BOJbHYI0 ¢opMmy. C nosuille-
HHEeM HanpsiKeHHOCTH OHH mnpHoGperaior Bua LIM]I, npudyem HX JaHameTp TeMm
‘MeHbllie, YeM GoJviblleé HanpsXeHHocTb nosisA. [IpH JOCTHXKCHIH HEKOTOPOro KpHTH-
9ecKOro 3HayeHHst HANPAMKEHHOCTH noJe yHuutoxaer (aHHHruaHpyer) LIMJI. Takum
o6pa3oM, H3IMEHsIA HaNpPAXEHHOCTb NMOJIA B OTAeJbHMX YYaCTKaX MArHHTHOA NJEHKH,
MoXiio reHepuponatb LIMJI] u yuuutomars ux. CyuecTByer onpcac/exubili auana-
30H 311a9cHHA HANPAXKEHHOCTH MarHHTHOrO MNOJA, B KOTOPOM CO3RAIOTCA B NJCHKE
Hauayuwue ycjosHs anaa cyuecrsosanus LIMIL. PaccMorpenubifi duanyeckuft dak
TOp JIEXHT B OCHOBEC NpHHUHMna acficTBHs snementos 3Y wa LIMJ.

Mopo6uo tomy, kak O3Y u TI3Y B annaparype crposarcs Ha BHC nawmsaru,
OCHOBHOR KOHCTPYKTHBHOR H dyHKuHOHaJbHOA uacTbio 3Y Ha LIM]L sBasercs MHK-
pocxema 3Y Ha LUMI. Ona Bkmouvaer ILIMJI-kpHcTasl, fBa MHHHATIODHLIX NMOCTOSRH-
HHX MarHHTa, ABe€ KaTYWKH C OPTOrOHa/JbHBIMH OOMOTKaMH. 3Ta KOHCTPYKUHS TO-
MelllcHa B Kopnyc pasmepaMu npumepHo 3X3X1 cm.

LIMJI-kpucraan npexcrapasier coGofi NOANOMKKY H3 [HIJNEKTPHKA, Hanpumep
rpanata, Ha Kotopoft chopMHpOBaHa TOHKAsh MarHHTHas naeHka (deppHT-rpaHara)
-C MepnelaHKYJASPHLIM HanpaB/icHHEM OCH MariiMTHOli aHH30TpOnHH. dra IJeHKa H
fBAseTcs JAoMmeHocoaepxaileR cpeaoft. Ha nosepxnoctu LIMJII-Kpucrania ¢opMu-
pylor snemeHTn ynpanacuus LIM]JL ¥ o6beauHsior HX B GyHKUHOHabHYIO cxemy 3V.
B ynpoulenHom BapuaHTe 3Ta cxeMma npeacrtasicna Ha puc. 5.2. OHa BkJIOYaeT:
redepatop LIMJ, BunoaHsiomHl ¢yHkuuio ysna spona Hudopmauuk B 3Y (ysna
sanucli), perucTpii BBOAA-BHBOAA ¥ XpaHEeHHs HHGOPMauHH, NepekJioyaTesb BBOAA-
BLIBONA, pensinkaTop-awHuruaarop LIMJII, nerekrop LIMII. Bce nasBanHuhe siaemeH-
Tw ynpassenus LIMJI u3roraB/iHBAlOT Ha NMOBEPXHOCTH KPHCTajasJa B BHAE TOHKO-
NJIEHOYHLIX anMJHKauufA H3 MeTasja ¥ nepMaJios.

[MocTosHKble MarHUTH HEOGXOAHMHW MJISi CO3NAHHA MACHHTHOTO MOJS CMelleHHs
¢ HanpsaxeHHoctblo Hew, NocraTounoft ans coxpanenus LIMJI. Karywku ¢ oproro-
HaJMbHLIMK OOMOTKAaMH pacnosaraloTCsi CHapyXH KPHCTaJsna M NPH NOABEAEGHHH K
‘HHM TICPCMEHHOrO TOKa C B3aUMHO cABHHYTOR Ha 90° ¢asoff co3naloT Ha nosepx-
'HOCTH MAarHHTHOf mNJIeHKH Bpalllalolleecs MarHHTHOe noJe, Heo6xoAaHMoe AR Npo-
.asuxenus LIMI no noBepxHocTH kpHcTasia (B o6beMe MAarHMTHOM MJeHKM).
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no/ie neTiH YaCTHYHO KOMIMEHCHPYyeT noJe CMelleHHA H GJaroaaps STOMY co3jaer
yciosuft ania BoaHukHosenus LIMJI. Ilpu custhu toka LIMJL coxpansercss nojem
cmewtennn. Tak sanucuBawr 8 KpHcraaa |. Ilpn HeoGxoanMoctd sanucath 0 B coO-
OTBETCTBYIOLIEM TaKTe HMIYJbC TOKa B NMET/IO He NOJAETCA H, caejoBaTesbHo, LIMI
He obpasyercs.

Penankarop upennassauen aas aetedHs LIMI Ba aBa, a TakXe aAs BBOAA
AOMEHAa B DErHCTP XPaHEHHN H BHIBOAA H3 HCro. YCTpoeH DPElIHKaTop aHaJOrH4HO
reHepaTopy H npeacrasaserT co6Of TOHKOM/IEHOUHHIA NPOBOAHHK Ha MOBEPXHOCTH
nnenkd. Ecan 4epea pensHkaTop NpONycTHTb TOK ¢ aMNAHTYAoR I, B ykasanHom
Ha DHCyHKe HampaBJIeHHH, €r0 MarHuTHoe noje ocnabasier noje cMclleHHs B oG-
JACTH NJICHKH MeXy reHepaTOPOM H PeNJHKAaTOPOM, YTO MPHUBOAHT K YBEJNHUYEHHIO
pasmepoB aoMeHa Ao noJiocoBo#t KoHdurypauud. [Ipu sToM uacTHYHO AOMeH 3axo-
AHT nop pensHkatop. Ecii 3aTeM yBeNHYHTb aMIJNTYQy TOKa A0 3HaueHHA l;, TO
NOMEH HayHHaeT CKHMaTbCA H B 3aBHCHMOCTH OT PCXKHMa reHepaTtopa Moxer JHGO
NOJHOCTBIO, OO YacTHUHO MepeATH B pensnkaTop. B nepsom cayyae npoHCXoaMT
nepeMellieite J0OMeHa H3 OAHOro y4acrtka NicHKH B aApyrofl. TakuM o6pasoM ZoMeH
BBOAHTCA B peructp. Bo BTOpOM cillydae aoMeH AenHTCs Ha anc 4acTH. Tak MOXKHO
OCYLLeCTBASATEL CYHTHIBaHHe HHGOPMAUBH H3 pericTpa Ged ee paspylucHHsA, YcTpoft-
CTBO YnpaBJeHHs BBOAOM-BHBOgoM LIMJII B perHcTpbl XpaHeHHA M M3 HHX noay-
YHJIO Ha3BaHHe «repeKJiovaTeab BBoja-BuBoaa LIMII».

AHHHTHASTOP — yCTPOACTBO, NPCAHA3IHAUCHHOE 1A YHHYTOXEHHS foMeHop, Oxo
MOXeT OLITL COBMENICHO C PENJIHKATOPOM H BLINONHATH CBOIO (YHKIHIO NpH Npo-
NyCcKaHHH uepes MET/I0 TOKa ¢ aMmnantyaoft Is, npH koropoft cosnasaemoc moa
neTaeft MAarHUTHOE MoJie HMCECT HaNpSKEHHOCTh, NPEBHILAIOULYI0 KPHTHYECKOC 3Ha-
deHne, Korga LIM]JI ucucsier (aHHHrHAMpYyeT).

PerucTpbl MOCTPOGHLI HA NepMamIoesBbix anminkauHax T-o6pasHoft H noso-
ckosoft ¢opmul (puc. 5.3,6). dopma annauxkauuf Moxer OwTh Apyroft, Hanpumep
«UICBPOHHOM», HO NPHHUHN PaGOTH perHcTpa OAHHAKOB. ANMAHKAUHH BHNOJHAT
GYHKIIH  NPOABHralollHXx 3neMeHToB. OO6A3aTe/LHLIM - yC/AOBHEM peXHMa MPOABH-
xkenua LIMJ1 saBasercs HaJHYHe BPAlAIOUIErOCH MATHHTHOrO MOJIA Ha NOBCPXHOCTH
MJIEHKH, KOTODOEe €034aloT ABE KATYIIKH C OpPTOroHaJbHLIMH OOGMOTKAaMH, NHTaeMue
nepeMeHHLIM TOKOM ¢ 4acToTof npumepro 100..200 k'l H ¢ B3aHMHO CABHHyTOR
tdaszoft. o Mose HAMArHHYHBAeT aNNAHKaUHH, NMPHAABas WM cBoficTba 3JeMeHTap-
HBX MAarHMTOB C NOJNOXHTEJbHLIM H OTPHUATeJbHbIM noniocoM. [Ipuuem xapakrep
HaMarHHYeHHOCTH amnMJHKauuit H3IMEHAeTCH 1O Mepe BpalUeHHA BEKTOPAa HanpsXKeH-
HOCTH, ynpapjsioliero npoasHieuwem noas Hy, kak noxkasano Ha puc. 53,6 nam
YeThIpex NoJoXeHHA yKa3aHHOTO BeKTOpa.

Hasoaumbte Ha annjukauusix TiepecMclualoulHecsi MarlHTHLe MoJochi copep-
Hble «+» H I0XHble «—» TNPHTACHBAIOT MJIH OTTAJKHBAIOT NOMCHW, KOTOpbie MOTYT
paccMaTPHBATbCA KaK 9JEMCHTapHble MAarHHTHKH C PachioJOXEHHBIMH BBEpXY — HOXK-
HBIM, @8 BHH3y — CCRBEPHbIM noJiocaMH. B pesynbrate uHAHHADHYECKHRA NOMEH CKad-
KoOGpasHo nepeMellaercss MOA ANMIHKAUHUAMH, BTATHBAACH KaXAbic ueTBepTh 06o-
poTa ympaBJsiolero noas Mop OGJaHXKaMWHA MoNOXKHUTENbHWA noJsloc, HaBefeHHLIR
B STOT MOMEHT B amnmJHKauHAX. 3a oAHH o6OPOT YnpaBJsAlOlLLero Mojsi LOMEH mepe-
MelllaeTcs Ha OAMH IUAar NpoABHramolieA cXeMbl, KOTOPHIA MOXHO YiOLOGHTh pas-
psny perncrpa caBHra.
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OOHYHO PerHcTpH BHINOAHAIOT B BHAE 3aMKHYTHX KOHTYPOB, COCTaBJIEHHHX HS
NPOABHrAIOIHX 3JEMEHTOB pacCMOTpeHHOro tuna. B TakoM perucrpe, KaK BO BCS-
KoM KoJsblesom perucrtpe, LIMJI] nepemeliaercs no KoJjbly nop Bo3aeHcTBHeM Bpa-
walomerocss noas. Ha stom npuHuune paGoraloT PerHCTpH XpaHeHHs B MHKpocxe-
Max LUMI.

Herekrop LIMI BunoaHsier ¢yHKUHH ycTpoficTBa CHYHTHIBAHHA HHGOPMALHH.
Ok npeacrasaser coboft (puc. 5.3 6) MarHHTOpPe3HCTHBHBE anmaukauHi, obaapaio-
LiHe CnocoGHOCTbIO H3MEHATh CONPOTHBJEHHE B 3aBHCHMOCTH OT HAJ/IHYHS HJH OTCYT-
creua noy HuMH LIMJL, TlokadanHLIA Ha PHCYyHKe BapHaHT peajH3auiH AeTeKTopa
npeaioJiaracT (OAK/OYEHHe K /[ABYM MarHHTOPE3HCTHBHLIM 3JeMeHTaM R, BHELHHX
Pe3HCTOPOB H HCTOYHMKA HaNpsAXeHHs B AHaroHajab obpa3oBanHoro Mocra. B apy-
Tyio AHaroHa/b BKJ/IIOYAIOT YCHJIHTeNb cHHTbIBaHHA. IIpH cuHTwiBanuH 0, T. e. NpH
orcyrcteun LIMJI, MocT ypasHoBelleH H TOK Ha BXOAC YCHJHTENs OTCYTCTBYeT.
Tlpu cuntbisaiuu | 3TO paBHOBECHe HAapYIIAGTCHA 32 CYET H3IMEHEHHs COlPOTHBJIEHHA
OfHOr0 H3 MArHMTOPE3HCTHBHLIX 3JEMEHTOB, NOA KOTOPHIM HAaXOAHTCA joMeH. DTo
‘HapylueHHe PaBHOBCCHS MOCT2 MPHBOAHT K MOMABJCHHIO TOKa Ha BXOAE YCHJHTENA
H, KaK CJIeACTBHC, K H3MEHEHHIO YPOBHS HanpsXeHHA Ha ero Bhxoge. 3aMeTHM, HTO
JAerekropsl LIMII MoryT ObiTh MOCTPOCHB M NO APYFHM cXeMaM, HO eJHHBIM OcTaercs
npHHUMN aerektHpoBanns LIMJL.

Bepuemcs tenepb K pHc. 5.2 H paccMorpuMm paGoTy ycTpofcTBa ynpap/eHHsA
TM]J B pasauuubix pexuMax. 3anHch H cuurbinaHHe unpopmaunu B 3Y na LIMI
NPOM3BOAAT MOC/NEA0BaTENbHLM KOAOM, KOTOPLA NPH 3anucH BBOAHTCA NOpas3psiHO
B UeNnb reHepaTtopa, a MNpH CYHTBIBAHHH MOPaspAAHO BLIBOAMTCSA 4epe3 lenb OeTek-
Topa.

PaGounfi pexum MHkpocGopkn LIMJIL oGecneunBaercs HanpsKEHHEM MHTAHHSA
.ReTeKTOpa H MNHTaHHEM NepeMEHHWM TOKOM KaTYIUEK, CO3AAIOLIHX Bpallaioleecs
nose. DTMM MoJsieM 3anHchiBaeMas HHGOpPMalHs nepemeulaeTcA B perucTp BBoAa-
BuiBoga (PBB). Ilpu 3anoanennn PBB (B Hawem npuMepe AJA HarJsgHOCTH
«cxema 3Y ynpoileHa, B YaCTHOCTH, PerHCTPuW MOKa3aHhl B BHJ]e JHHHA) BKIOYaeTcs
HMNYJILC TOKAa B MepekJiouaTelb BBOAA-BbIBOAa M 3anmHcanHoe B PBB caoso nepe-
HOCHTCHL B perscTpnl xpaHeHus: nepeHocurca LIMI, a rtam, rae LIMII orcyrcrsyer,
MeCTO B PerHcrpe XpalleHHs STOro paspsifia OCTAeTCH «NMyCTHIM»,

B peXxume XpaneHHA 3anHcaHHHe B pa3pAfHbie PeTHCTPH GHTH HHPOpMaLHH
noa Bo3fefCTBHEM BPAWIAIOUICTOCS MOAsA MepeMeulaloTcs MO KOJAbLy B npegesaax
cBoero perucrpa. MHbopmanus, takum o6pa3oM, HaXOAHTCA B NOCTOSHHOM ABHXKe-
#u. O1HaKo OHa COXpaHSeTCA H NPH OTCYTCTBHH MHTaHHA O6/arofapsi HaJHYHIO
MOCTOAIHOTO MArHHTHOTO NOJIA CMCUIEHHS, B KOTOPOM Haxoautca kpucraan LIMII.

B pexiuMe cuMTHBaHHA BbIGHDaeMOe cJ/loBO BHagale mnepeksodaTeneM BBOAA-
snBona nepehnocutcs B PBB, a 3arem nepemeiaercs no PBB k pensinkaTtopy M ¢
€ero MOMOUIbI0 BLIBOAHTCH 4epe3 NETEKTOP Ha BLIXOA M0C/Tel0BaTe]bHO BO BPEMEHH
no ogHoMy OuTy B TakT. IIpH Heo6XOAHMOCTH cTHpaHHs HHGOPMAUHH B peruiH-
KaToOp TNOCHLINAIOTCA HMAYJbCH TOKA CTHPaHHSA, T. € OH CTAHOBHTCH A&HHHIHJATO-
pom LIMI.

B peanbubix Mmuxpocxemax LIMJII npuHATa cTpaHHuHas opraHudauns obmeHa
nanunMH. TTox cTpanuueft naHHBX MOHHMAIOT MNOCTENOBAaTENLHOCTh HHGBOPMAILHOH-
unx LIMII, onpenenseMylo KOJHYECTBOM PErHCTPOB XpaHeHHS HHDOPMALMH W BH-
‘BOAMMYIO M3 DErHCTPOB XPaHEHHA B OAHOM TaKTe BPAILAIOIIErOCA MATHHTHOrO MOJA.
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Hanpumep, mukpocxema LIMJIL 1602PI11A umeer opranusauuio 641144 Gur. Cae-
A0BaTe/bHO, B CTPYKType STofA MHKpocGopkH HMmeercs 144 perHcTpa XpaHeHHs Ha.
641 nosHuuio, T. e. 6ur, KaXAbA. CTpaHHUet B gaHHOM ciyuae SIBJAAETCA MOCAeAO-
BaTeJbHOCTh GHT HHbopMauHH AJHHOA 144 enunuu, 7. e. LUMI uiu «nycTbiX» MecT.
OaHHM M3 BpEMEHHBIX MapaMeTpoB ABJAETCA BPEMH CUHTHIBAHHA CTPAHHUB AAHHBIX
mHkpocxemn ITMJ.

PaccMotpetHyio cTpyKTypy MHKpocxemnl 3Y ua LIM]] caeayer oTHecTH K ynpo-

IWeHHLM. PeasbHhle CTPYKTYPH SHauHTEJbHO CJOXHee, NpHYeM CJAOXKHOCTb MPAMO
3aBHCHT OT HHopMauuoHHOA eMKocTH. Hanpumep, y mukpocxeM K1601PLI2 u PLI3
pasaesieHbl PerHcTpnl BBOAA H BLIBOAA, BBeAeHW GoJsice 3(pPeKTHBHHE PeXHMbl
ynpasjeHuss M T. A. [lepcneKTHBW DasBHTHA 3TOro Hanpanfenus 3Y CBASWBAIOT C
noJyueHHeM MHKPOCXeM, TOYHCe MHKPOC6OpPoK, ¢ HH(POPMAUHOHHOA eMKOCTbIO-
COTHH MeraGHT, CHH)XeHHeM 110TpeCJisieMOi MOLUIHOCTH H YyNpOIleHHeM ynpaBJeHHA
HXx paGorofi.
' CospeMentble MHKpocxembl LIMJI xapakTepuayloTcsi CJeAyOILHMH napaMer-
paMH: HHpOpPMauHOHHas eMKocTb Ao 16M Gur, paGouasi vacrora (4acrora Bpa-
watouwterocss noas) 150 .. 200 x'u, cpennec Bpems BLGOPKH OHTa HHbOPMAUHH —
eAHHHULI MHJJIHCEKYHA, norpeGasieMas MOLLHOCTb [OPAAKa OAHOro BaTTa.

OcHoBHbIM aocToHHcTBOM 3Y Ha LIMJI spasercs OoTCYyTCTBHE y HHX SJIEKTpO-
MeXaHHYeCKHX YCTPOMCTB H, CJEAOBATEJbHO, JYHYIIMC [10Ka3aTeJH MO HaaeXKHOCTH,
ObicTpoacACTBHIO, YCTOAYHBOCTH K MeXaHHYecKHM BosaefictsusiM. Hemocratkom sB-
JAeTCH NOKa clile BLICOKas CTOMMOCTb B pacuere Ha OAHH GHT.

IMpumenenne pHewnnx 3Y Haa LIMJl-mMHKkpocxeMax B MHKPONPOLECCOPHHIX H3-
MepHTeNbHO-BLIYMC/IHTENBHBIX KOMIIJIeKcaXx BMecTo Hakonutenel Ha 'MJ] nossonser
3HaYHTeNbHO MOBLICHTb HAACHKHOCTL PaloOTH anmnapaTypbl, oco6EHHO B 9KCTpeMasb-
HBIX YCJOBHAX: BHOGPaUHH, MOBLILIGHHOM COAEPIKAaHHH BJIAarH H NBIJH H T. O.

INpumenenne wmukpocxem 3Y na UMl cenAsaHo ¢ pagom ocoBennocteft, o6y-
CJ/IOBJICHHBIX creuHQHKOR apXHTeKTypul MHKpocxeM 3¥Y M MHOXeCTBOM (YHKUHO-
HaMbHLIX cHrHanoB ynpasienus. Cpeau 3THX ocoGeHHocTell BaXKHCHIUHMH SIBJAAIOTCS
crenyiolixe:

Govibluoe YHCIO YNpaB/siioHX CHrHAJIOB;

aapecauus H HAEHTHOHKAUHA NaHHLIX;

AJIFOPHTMBI JOCTYNa K AaHHbIM;

onepauHH HHMOPMaUHOHHOTO obMeHa.

IOns peanuzaunu ycrpoficts ynpapiedus LIMIl-naMaTbio BLINYCKAIOTCH creuMa-
Au3HpoBaHHbie MikpocxeMbl cepud K1806 [68]. Mukpocxema KI1806BIT1-103 cayxur
A8 (GopMHPOBAaHHA BPEMEHHOR MOCJEA0BATENBHOCTH CHrHAJOB YMNpaBJeHHA AJfA
LM -muxpocxem 3Y K1602P112, opraHH3auHu CTapTCTOMHOrO pexXuMa paGoThl MHK-
pocxeM, BLIMOJHEHHs onepauHfl MOHCKA, 3aMHCH, YTEHHs HHOOPMaUHH.

Mukpocxema KI1806BIT!-157 umeer BoCbMHpa3psAAHYI0 WIHHY AAHHHX H MOMeT
HCNOJIL30BATbCA B COCTaBe MHKPOMPOLECCOPHBHX CHCTEM C ajpecauHeft, coorser-
crBylolelt ycTpoficTsy BBOAA-BbIBOAA HJIH AYeflKaMH NaMATH B aAPeCHOM NPOCTPaH-
cTBe MmHKponpoueccopa. QyHKUHOHa/bHbie CHCHAJB YNPaBJeHHS, aJFOPHTMB CTpa-
HH4YHOM ajapecauuu coorBercTByloTr MHKpocxemMe KI1806BIT1-103. Bapuanr npume-
HeHHsl Ha3BaHHBIX MHKpocxeM AJAR ynpasiaeHus LIM/l-naMsareio B koHTposJepe anase
HSMEePHTENbHO BHITHCJIHTEbHBIX KOMIVIEKCOB npeanoxeH B pabore [69].
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®* B kHure onucanb GyHKLUOHANEHBIE BOIMOXHOCTHA I*
pexuMs paboTu n0n§n 0BOAHUKOBLIX MUKPOCXEM NAMATL
Ans onepaTmeHbix (O3Y) v nocToamHeix (M3
3anoMuHarwux ycrponcre. [Tpuseaens anekrpuveckue
napaMeTpsl MUKPOCKEM CTATUYECKUX U ArHaMudeckux O3Y,
MaCcouYHbix (MM3Y). nporpamMupyeMuix Nons3o08aTenem
(MN3Y) n penporpammiipyersvix (PMN3Y) nccroaHHbiX
33aN0OMUHAOUWNX YCTPONCTB. PaccMmoTpeHs MeToas
nporpammuposanuna Makpocxem MNMN3Y n PM3Y v cnocodu
Ux peann3ayuu.

* OcHOBHOE BHWMaHWeE yaeneHo s8onpocam
NPaKTUYECKOro NPUMEHEHUS MUKPOCXEM NaMATU B
pa3paboTkax INEKTPOHHbLIX YCTPONCTS PA3NUYHOro
Ha3HayeHuns: 6noxkos O3Y n M3Y mukponpoueccopHbIX
yCcTpoucTe, uudpoBuIX YCTPOUCTB 33ALPXKKN CHMIrHAN0s,
3HAKOreHepaTopos Ans yCcTponcTe 0To0paxenns
nHdpopmaunun, popmuposarenen UMPpoBsLIX U aHANOTOBLIX
CUrHaN0B U APYrux ycTponcTs undposBont U U3IMEPATENbHOR
TEXHNKK.

* [lpuseaeHu pekoMeHaauuu no suibopy Mukpocxem
namaTy AN NPaKTM4eckux pa3paborok, no
CXEMOTEeXHUYECKOW pPeanu3aunu pexviMOB yrnpasneHus
MUKPOCXEMaMU BCEX BUA0B NPU 33NNCH. XPIHEHUM,
CYMTeIBaAHUN NHPOPMAYUN, pereHapayuv v
nporpamMmupoBanun, [JaHu paszsepHyThie NPpUMeEpsi
NPYNMEHEHUA MUKPOCXEM NAMATH C ALTANbHBIM ONWUCAHAEM
COAEPXAHUA CXEMOTEXHNYECKUX pelieHnn

®*  KHWra 3HaKOMUT YUTATenen Takxe C MUKpocxemamu
33NOMUHAICWNX YCTPOACTB HA YUNUHAPUYECKNX
MarHUTHbIX 4OMEHAaX.

N3patenbctBo «Paguo u cBsA3b»




