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lMpeaucaosue

OnHUM H3 BeAYyUIMX HampaBJieHHH pPa3BHTHS COBPEMEHHOH
MHKPO3JIEKTPOHHOH 3JIeMeHTHOH 0a3bl SABJAITCHA OOJblIHE HHTer-
paJjibHbie MHKpPOCXeMbl MaMsITH, KOTOpble CJyXKaT OCHOBOH IJsl TO-
CTPOEHHWSl 3aMoOMHHAIOUIHX YCTPOUCTB B anmnapatype pasjH4yHOro
Ha3HaueHHsi. HomeHK/saTypy MHKpocxeM TMaMSITH OTE€YEeCTBEHHOIO
MpOM3BOACTBA XapakTepudyeT 0oJibilioe pa3HOOOpa3ue KOHCTPYKTHB-
HO-T€XHOJIOTHUECKHX M CXEeMOTEXHHUYECKHMX HCHOJHEHUH, (YHKILHO-
HaJlbHbIX BO3MOXHOCTEH, 3JIeKTPHUECKHX XapaKTepUCTHK, obJiacteH
MpUMEHEHHS].

‘Cefiuac TpyaHo Ha3BaTb 006/1aCTb TeXHHKH, CBSI3aHHYIO C CO3]a-
HHEM 3JIEKTPOHHOH TE€XHUKH, B KOTOPOH He NMPUMEHSIOT MHKPOCXEeMbl
naMsiTH. 3aMeTHO MOBbIIIAETCS HHTEPEC K HUM U Y paduoJio0uTe el.
B nocnenHee BpeMsi yBEJHUHIOCh YHCJAO H3AAHHUH, MOCBSILIEHHbIX
MUKpocxemaMm namsTH [1—7]. OnHako 3TH H3AaHHUA ABASAOTCA JHOO
y3KocneuradbHbIMH [5—7], 60 paccuuTaHbl Ha y4eOHYIO ayaHTO-
puio [4], saub6o aapecoBaHbl NpodecCHOHaJbHbBIM pa3paboTuukam
cuctem namartu [1—3]. Jluteparypa, npeqHa3HayeHHas AJisl paauo-
JiobuTeneid U packpbiBawlilasi ¢ HyXKHOH UM JeTaJjJu3alded BONPOCh
YCTPOHCTBA U NMPHMEHEHUS] MHKPOCXeM MaMATH, NPAKTHUYECKH OTCYT-
CTBYET. -

B npennaraeMoii KHuUre B CUCTEeMAaTH3UPOBAHHOM BHJE OINHCAHbI
YCTPOHCTBO, pexXHMbl pPaboTbl, (YHKIHOHAJbHble BO3MOXHOCTH H
3JIeKTPHUECKHE XapaKTePHUCTHKH MHKPOCXeM MaMsITH, 1aHbl PeKOMEH-
JauuMu 1no BHIOOPY MHKpPOCXeM [Js peasju3alud 3aloMHHAIOUIUX
YCTPONCTB pa3JjH4yHOro Ha3HaueHusi. [lpuBeneHbl npumepnl npuHme-
HEHUS MHKpPOCXeM MNaMsTH [Jisi MNocTpoeHUss onepatuBHbix (O3JY)
U noctosiHHbIX (I13Y) 3anoMuHaOUIUX YCTPOHCTB, pealjiu3alUH pe-
>)KHMOB yIpaBJeHHsI HMH TMpPH 3aluCH, XPaHEHWH H CUYUTbIBAHHUH
HH(pOpMAlLIHH, a TaKxe MPH NMPOrPaMMHPOBAHHHU U NepPenporpamMMu-
poBaHuH MHKpocxeMm [I3Y.

Martepuas B KHHre pacnoJiokeH B MOpsiAiKe, KOTOPbIH 06YyCJ/0B-
JIeH OOLLEeNpPUHATOH KJacCU(PUKALHeH MHKPOCXeM MaMATH MO (PyHK-
IIHOHAJbHOMY TMPH3HAKYy: BHAyaJie MOCJel0BaTeJbHO PaCCMOTPEHBI
YCTPOHCTBO, peXHUMbl paboThl, NapaMeTPbl H BOMPOCHl NPAKTHYECKOTO
npuMeHeHusi MuKpocxem O3Y, 3atem — mukpocxem [I3Y. Tako#
MOPSLOK H3J0XKeHHUs, AyMaeTcs, OyaeT yno06eH [Jisi YHTaTeJsd B OTHO-
[IEHUH KOMIAKTHOCTH CBeJeHHH M0 MHKpOCXeMaM OJHOTO BHJa, BO3-
MO>XHOCTH H30MpaTe/JbHOTO H3yUEHHsI MaTepHaJsa U MO0Jb30BAHHS HM.
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JlocTaToOuyHO JeTaNbHO H3JIOXKEHHble CBeJeHHSl O XapaKTepPHCTH-
KaXx MHKpOCXeM MNaMsTH, pexumax HX paboTbl MU crnocobax peaJu-
3al{H YNpaBJSIOLHX YCTPOHCTB MPHAAIOT KHUIe YeTKO BblpaKeHHbIH
crpaBoOuHbIl XapakTep. BmecTe ¢ TeM KHHMra coaepXHT MarepHal
O THIOBBIX CTPYKTYPHBIX NMOCTPOEHHSIX MHKPOCXeM MaMSATH, TeH[eH-
LMAAX UX Pa3BUTHA Ha OuuKaiwee Gyayuiee, GyHKIHOHAJIbHbIX CBS-
351X MeXJAy YyNpaB/fllOIUMMH CHIHalaMH M 3JleMeHTaMH CTPYKTyp
MHKpocXeM, (paKTopax, OKa3biBalOIIHX CYLIeCTBEHHOe BJHSHHE Ha
XapaKTepUCTHKH MHKpOcXeM. IDTH CBe/leHHsi, 10 MHEHHIO aBTopa,
JIO/DKHBI IOMOYb YUTaTe 10 TJ1y62Ke pa3obpaTrbca B CBOHCTBAX MHKPO-
CXeM MaMSTH, COPHEHTHPOBATbCA B 3THX CJOXKHBIX, MHOTOO6pa3HbIX
H MepCrneKTHBHbIX MHKPOCXeMaX H TBOPUECKH MOAXOAUTb K HCHOJb-
30BAHHIO 3aJI0)KEHHBIX B HHX BO3MOXKHOCTeEH.

[1lpu HaNHCaHHH KHHTH HCMO/b30BaHBI MaTepHaJbl OTeyeCTBCHHBIX
U 3apy0OexHbiXx nyOaMKauui, a Takxke pe3yabTaTbl HCCJIELOBaHHH
aBTopa B 06/1aCTH NpPUMEHEeHHs1 MHKpocxeM maMsTu. ABTOp HajeeT-
csl, 4YTO KHWra OyaeT MoJie3HOH IUHPOKOMY KpYry panauoiobuTtesne
NpH pellleHHH TMPaKTHYEeCKHX BOMPOCOB MPHMEHEHHS MHKPOCXeM na-
MSITH B 3JIEKTPOHHBIX YCTPOHCTBaX.



CnHCOK COKpPalleHHH, MPHHATbLIX B KHHUre

ALLIT

BHC

HNJ1

K3y
JIN3MOI1

MBP
MIT1

MHOII

MITH

MITI

03Y (RAM)
OK, 03

13

M3y (ROM)
M3YM (ROM)
MJIM

TI13Y (PROM)
PT3Y (EPROM)
PII3Y-y

PII3Y-3C

PHI
TTJI
TTJIL

VBB
ILIA
11018
1LIT/A
uy
1o

— aHaJjoro-uudpoBoil npeobpasoBarteib
— GoJsiblllasi UHTErpaJibHasi cxema
— WHTerpajbHasi HHXXEKUHOHHasl JIOTHKa
— KOHTpOJI1ep 3alOMHHAIOLLEro yCTPOHCTBA
— MOIl-cTpykTypa C J/NaBHHHOH HHXeKUHeN

3apsiga

— MHOropexXHMHbIl OydepHbId perucrp

— CTPYKTypa
BOJHHK»

«MeTaJl/l- 1H3J1eKTPHK-OJyIPO-

— CTPYKTYpa «MeTaJlJI-HUTPHJ, KPEMHHSI-OKHCeJl

KPEeMHUS-NONYNPOBOAHHK (KPeMHHH) »
— MAarucTpaJjbHbiil NapaJJieJbHbld HHTepgenc
— MarucTpaJjbHbii NpHeMonepelaTyHK
— onepaTHBHOE 3alOMHHallee YCTPOHCTBO
— OTKpbITble KOJIJIEKTOP H 3MHTTep

— MJIaBawUIMi 3aTBOP
3alloMHHapLlee

— MOCTOSIHHOE
— MacouHoe T13Y

— nporpaMMHpyemasi

— pa3psiiHasi IIHHa

Jioruyeckas

YCTPOHCTBO

MaTpuua
— nporpaMMmupyemoe (noJb3oBartesnem) I13Y
— penporpammupyemoe [13Y
— penporpammupyemoe II3Y co crupaHuem
yabTpaduoseroBbiM (YP) wusnyueHuem H
3aMHChIO 3JIEKTPHUECKHM CHIHAJOM
— penporpammupyemoe [I3Y co crupaHuem
H 3aMHUCbI0 3JeKTPHYECKHM CHIHaJOM

— TPaH3HCTOPHO-TPAH3UCTOPHAS JIOTHKA
— TPaH3UCTOPHO-TPAH3UCTOPHAS

nuogamu IloTku

— YCTPOHCTBO BBOJAA-BLIBOJA

— IOHHa ajapeca
— IIHHA JAaHHbIX

— wuHa «JlaHHble-Agpec»

— LIHHAa YylpaBJI€eHHS

— WIHHHBIHA (opMHpOBaTeb

JIOFHKa
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— uudpoaHasioroBblii npeo6pasoBartenb
— 3JIEMEHT NaMsTH

— 3MHUTTEPHO-CBSI3aHHAs JIOTHKa

— siYeflKa namsTH

— MJII-cTpyKTypa ¢ KaHaJjsoM n-Tuna
— MTII-cTpykTypa ¢ KaHa/loM p-THna



nasa 1
OBUHIAYd XAPAKTEPUCTHUKA MHUKPOCXEM TTAMSITHU

1.1. HasnayeHne MHKpOCXeM NaMATH M HX Pa3HOBHAHOCTH

KoMnakTHasi MUKPO3JIeKTPOdHAsl «MaMSITb» LIHPOKO TpHMe-
HSIeTCSl B COBPEMEHHOH 3JIeKTPOHHOH anmapaType CaMoro pasJHyHoO-
ro HasHaueHusi. 1 TeM He MeHee pPa3roBop o Ha3HaueHHH MHKPOCXeM
NaMATH U HX Kaaccudukauud yao6HO HayaTb C PAaCCMOTPEHHS HX
mecta H pojd B OBM (MukpodBM) (puc. 1.1), nocko/bKy noHsiTue
NnaMsATb B TaKOM cJjyuyae MoJiydaeT HarJsiiHyl0 HHTeprnperauuto. [la-
MSTb ONpefensiioT Kak (yHKIUHOHaJAbHYIO uyacTh JBM, npenHasHa-
YeHHYIO 1J/1s1 3aluCH, XpaHeHHs] U BblLayd KOMaHA U obpabaTbiBae-
MbIX JaHHbIX. KOMMJeKc TeXHHUeCKHUX CPeICTB, peaU3yoILuX (yHK-
LIMI0O MaMsITH, Ha3biBalOT 3alOMHHAOLIUM ycTpoiictBoM (3Y).

[ns ob6ecneuennst pa6oThl Npolueccopa (MHKponpoleccopa) Heo6-
XOAHMBI Mporpamma, T. €. MOCJeL0BaTeJbHOCTb KOMaHM, W AaHHblE,
HaJ KOTOPbIMH Npolleccop NMPOA3BOAUT NMpeAnuchiBaeMble KOMaHIaMH
onepauud. KomaHapl 1 AaHHbIE MOCTYNAIOT B OCHOBHYIO naMsaTb 9BM
yepe3 yCTPOHCTBO BBOJA, Ha BbIXOJ€ KOTOPOTO OHH MOJY4aloT (-
poByio ¢opMy mnpeicTaBJeHHusi, T. €. (GOpPMY KOLOBbIX KOMOHWHAUMMH

I8N (mukpo IB/7)

r- - - |
| | o5y 739 : 839
|

Maeucmpans " !
T |
| | \

Yempodembo | | Npoyeccop | | Yempodcmbo
b0oda | | (munponpoyeccop) | | bOs1boda
{ €034 (peeucmpst) I
] !

( Lannse )

Puc. 1.1. Crpykrypa 9BM



O u 1. OcHoBHasi naMsiTb, KaK NPaBu/0, COCTOHT U3 3¥ ABYX BHIOB —
onepatusioro (O3Y) u nocrosnnoro (I13Y). |

OneparuBHoe 3Y npeAHa3HauyeHO JJs XpaHEHHsI IMepeMeHHOH
HH(pOpMailid, OHO [AONyCKaeT H3MeHeHHe CBOero COAEpPXKHUMOTO B
XO/leé BbINIOJIHEHHS TPOLECCOPOM BbIYHCJHTENbHBIX OlNepaudd C [AaH-
HbIMH. DTO 3HAUMT, YTO MPOLECCOP MOXKET BblOpaTb (PEKUM CUHUTHI-
BaHusi) M3 O3Y Koa KOMaHAbI H JaHHble H nocjae o0paboOTKH [Mo-
mecTHTb B O3Y (pexuM 3anucu) MoJydeHHbid peadysbrar. [Ipuuem
BO3MOXKHO pa3meuleHde B O3Y HOBbIX JaHHbIX HA MeCTax MPeXHHX,
KOTOpble B 3TOM CJyyae MepecTaloT CylLeCTBOBATb. Takum o6pa3som,
O3Y Moxer paboTaTh B peKHMax 3alHCH, CYHTHLIBAHHS H XPaHEHHS
HH(OpPMALHUH.

[ToctosiHHoe 3Y coaepHT HHGOpPMALHIO, KOTOpPas He [0JXKHA
M3MEHSITbCA B XOJ€e BbIIOJHEHHS IMPOLLecCCOPOM MNMporpaMmbl. Takyio
HHPOPMALHIO COCTABJSAIOT CTaHAAPTHbIE MOANPOrpamMmbl, TabJHUYHbIE
JaHHbie, KOAbl (PU3HUYECKHUX KOHCTAHT M NOCTOSHHBIX KO3()(@PUILHEHTOB
H T. 0. dta uHdpopmauus 3aHocutcs B [13Y npeaBapuTtesbHO, HANPH-
Mep MyTeM MepeKHraHHsl JIeTKOMJaBKHX MeTaJJHYECKHX MepeMblyeK
B cTpyktype II3¥Y, u B xome paboThl mnpolieccopa MOXKeT TOJbKO
CUMTBIBATLCH. TaKHM obpa3om [I3Y paGoTtaer B pexkumMax XpaHeHHUS
H CUMTbIBAHHSI.

dyHkiiHoHa/NbHble Bo3MoxKHocTH O3Y wupe, uem [13Y: O3Y
MoxXeT paGoraTtb B KauectBe [I3Y, T. e. B pexXuMe MHOTOKpPaTHOro
CUHTBIBAHHWS OJHOKPATHO 3andcaHHoW uHpopmanuu, a I[I3Y B Ka-
yectBe O3Y Hcnosb30BaHO ObITb He MOXKeT, TaK KaK He MO3BoJiseT
H3MEHHWTb OJHOKPATHO 3aHeCeHHYI0 B Hero hWH@opmaiuio. [ajee Oy-
J1eT paccmoTpeHa pasHoBuaHocTb [I3Y, KoTopas  nomyckaer mnepe-
nporpammupoBaHue, ogHako H 310 [I3Y He moxer 3amenutrp O3Y.

B cBowo ouepenb, II3Y ob6samaer npeumyuiectBoM mnepea O3V
B CBOHCTBE COXPAaHSATb HH(poOpMaUHIO NMPH COOAX H OTKJIOUYEHHH MHUTA-
HUsl. DTO CBOMCTBO MOJIYUH/JO Ha3BaHWe 3HeproHedaBHCHMOCTb. Ore-
patuBHOe 3Y siBJseTCH 3HEPro3aBUCHMBIM, TAK KAk HHopMauHsd,
3anuncaHHasg B O3Y, yrpaunBaercsi npu cO0siX MHTAHUS.

Hast obecnieueHuss HaaexxKHOH paboThl IBM mnpu oTKazax nuraHusd
Hepenko [13Y ucnosb3yloT W B KauecTBe NaMsATH nporpamm. B Takom
cayyae mnporpaMma 3aHocutcsi B [I3Y mnpenBapuresbHO H yxKe He
MOXKeT ObiTb 3ameHeHa B AaHHoMm [I3Y apyro#d nporpammoit. Oue-
BHAHO, HcnoJb3oBaTb [I13Y Takum ob6pa3om uLenecooOpa3HO mpexje
BCEro B CrellHaJii3MPOBaHHbIX aBTOMATHYECKHX YCTpPOHCTBax, pabo-
TaloLWMUX MO0 NOCTOAHHOH MporpamMmme.

3arnomuHaloiee ycTpoHCTBO, peadqu3dyouiee (PyHKUHH OCHOBHOH
[AMATH, pa3MellaioT PAAOM C NPOLEeCCOpOM HA OJHOH miare, B OA-
HOM OJiOKe WJM CTOHKEe B 3aBHCHUMOCTH oT Thuna IBM, u takoe 3¥Y°
B 3TOM CMbICJIe SIBJISI€TCSE BHYTPeHHUM. DbicTpoaeiicTBHe BHyTpEHHEro
3Y nonaxHo OblTb COH3MepUMO C ObICTPOAEHCTBHEM Mpolieccopa.
OnHako MpakKTHYeCKH 3TO TpeOOBaHWe He BCerila yJdaeTcsi BBINOJI-
HUTL: Mo BpeMmcuHbiM napamerpam O3Y u [I3Y Heckosabko orcraior
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ot npoueccopa. [lostomy BHyTp IBM (MukpodBM) o06biuHO pas-
MelllaloT ellle W BcroMmorartesbHylo (OydepHylo) namsaTb Ha ObICTPO-
JEeHCTBYIOLULUX PErucTpax, KOTopash HCNOJNb3yeTCsl B KauecTBe CBepX-
onepatuBHoro 3Y (CO3Y) c¢ He6oabuiod HHOOPMAILHOHHOH €MKO-
CTbIO 1JI1 KPAaTKOBPEMEHHOI'0 XpaHeHHUSl TeKYILIHWX KOMAaHHA, aJApecoB
U JaHHbIX.

Hapsiny ¢ BHyTpeHHel MaMsiTblO BBIUHCJAHTENbHAsA cuctema (9BM
C BHEWHHUMH YCTPOHCTBAMH pPAa3JMYHONO (PYHKLUHOHAJBLHOTO Ha3Ha-
UeHHs1) BKJIIOUAeT BHEIUHIOI MaMsfTh, peaju3yeMylo OObIYHO Ha Mar-
HUTHBIX HOCHTeJsIX: JeHTax uiau auckax. Buemnuwe 3Y (B3Y) co-
aepxat 60Jiblline MAcCUBbl UMHGMOPMAIIUH, XapaKTEePU3YIOTCH CPaBEH-
TeJbHO HHU3KHM ObICTpOAeHCTBHEM, OOYCJOBJEHHBIM HaJMUHEM 3JeK-
TPOMeXaHHUECKUX YCTPOHCTB [JI 3aNMCH U CUUTBHIBAHUS], & TaKXe
HMEIOT 3HauuTeJbHble MacCy W rabapuTHble pa3Mepsl.

IlepeiineM Tenepb K BONPOCY O peasu3alUH BHyTPeHHeH 4 BHeLl-
Heil mamsaTH IBM (MukpodBM) Ha ocHOBe MHKPO3JEKTPOHHOH 3Jle-
MeHTHOH 6a3bl. B coBpeMeHHbIX BBLIUHCJAHTEJNbHbBIX CPEACTBAX H B
3JIEKTPOHHOH arnmnapatype pasjuuHoro (¢GpyHKIHOHAJbHOTO Ha3Haue-
Hus a1 noctpoenusi O3Y, TI3Y u peructpoBbix 3¥Y HIMPOKO MNpH-
MEHSIOT MOJy[IPOBOJAHUKOBbLIE HHTErpaJjibHbie MHUKPOCXEMHBI.

s MUKpoCXeM MaMsiTH, BbIYCKaeMbiX OT€UeCTBEHHOH NMPOMBbIil-
JIEHHOCTbIO, XapaKTepHbl LIUPOKAasA HOMEHKJaTypa THIIOB, 3HaUUTeJIb-
Hoe pa3HooOpa3We BapUAHTOB KOHCTPYKTHBHO-TEXHOJOTHYECKOTO
HCTIOJIHEHHS!, GOJIbIION AHaNa3oH GYHKIIHOHAJbHBIX XapaKTepPHCTHK
U 3HAYeHUH 3JIeKTPHUYECKHX [apaMeTpPOB, CYylUleCTBeHHbie pPa3JiHuus
B pexXumax paboThl U B 00J1aCTAX MPHUMEHEHHUS.

MukpocxeMbl MaMsATH H3TOTABJMBAIOT MO MOJYNPOBOAHHKOBOH
TEXHOJIOTHH Ha OCHOBE KPEMHHSI C BbICOKOH CTelneHbl0 HHTerpauuu
KOMIIOHEHTOB Ha KpHCTaJle, UyTO oMnpenessieT HX MNPHHALJIEXHOCTb
K 6oabumiuM HHTerpasbHbiM cxemam (BbUC). KouncrpyktuBHo BbHC
NaMATH MNpeacTaBiasieT COO0H MOJNYNPOBOAHHKOBBIA KPHUCTAJI C MJIO-
111a1bl0 B HECKOJIbKO [eCATKOB KBaJAPaTHbIX MHJJIUMETPOB, 3aKJIO-
UeHHbI# B KOpIMYC.

Has camoit obuieir xapakrepuctiku BHMC namaru npuHumaloT
B pacuyeT, npexuae BCero, UX HHPOPMALHUOHHYIO €MKOCTb, OBLICTPO-
aevicteue, snepronotrpebaenue. MudpopmaunonHyio eMKoCcTb onpeje-
JIAIOT YUCJIOM eluHHU UHPopmal UK B 6utax uau 6antax (onuH 6auT.
paBeH BoCbMH 6uTaM), Kotopoe bHMC namMsTH MoOxXKeT XpaHHUTb OJHO-
BpeMeHHO. bwicTponeiicTBHe xapakTepu3yloT BpeMeHHLIMH Mapa-
METPAaMH, B YAaCTHOCTH BpeMeHeM LHKJa 3aMHCH HJH CUUTHIBaHMA.
DHepronoTpebJiieHHe ONpeaessitoT NPOU3BeleHHeM TOKa NoTpebJeHus
MU HanpsikeHHH HCTOUHHKOB nuTaHus. Hepeako nns BHUC nawmsitu
YKa3blBalOT 3HepronorpebjeHue B pacuete Ha oAuH OuT. [lass Heko-
topbix THNOB DBUC npuBoasT nBa 3Hauenuss norpebssieMOH MOIlL-
HOCTH — OJHO AJISl pexXXruma obpalueHusi, Korja oCylulecTBJASIOT 3aMHCh
UM CUMTbiBaHWe HHPOpMALUH, APYyroe — Jisl pexumMa XPaHeHHud,
PH KOTOPOM YPOBE€Hb MOILHOCTH MOKeT ObITh CYLIEeCTBEHHO CHHXEH.
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Puc. 1.2. Mm(g,ocxema NaMsATH KaK (QYHKUHOHAJbHbIA y3eJa:
a—03Y; 6—I3

ITo ¢yHKUHOHANIBHOMY Ha3HAYEHHI0 MHKDOCXeMbl MaMSATH MOJ-
pasgessiioT Ha ABa Buaa: O3Y u [13Y. Ous obuiero npeacrabieHHs
0 MHKpPOCXeMax MaMSITH KaK (yHKIMOHAJIbHBIX Yy3JiaX 3JeKTPOHHOH
annapartypbl pacCMOTPUM HX HauboJjiee xapakTepHble CBOHCTBa, OT-
pakaloliye MPUHLHUN MOCTPOEHHS] U yIpaBJeHHe pexXHMaMH paboThl.

OcHoBHO# cocTaBHO# uacTblo MuKpocxembl O3Y (puc. 1.2, a)
SIB/ASIETCSI MacCCHB 3JIEMEHTOB MaMsITH, OGbeJHHEHHBIX B MaTpHLY
Hakonutesasi. dueMeHT namsitd (DI1) Moxer xpaHutb oguH 6ut (0
uad 1) ungopmauuu. Kaxawii D1 umeer cBoit anpec. Has obpa-
weHusi K D1 Heo6xoauMO ero «BbiGpaTh» C MOMOILbIO KOAa ajpeca,
CHTHaJIbl KOTOPOro MOABOASIT K COOTBETCTBYIOLIMM BBbIBOAAM MHKpO-
CXEeMbI.

3anomuHatouee ycrpoiictso, O3Y uau [13Y, koropoe ponyckaer
obpauleHne no anpecy K Jiobomy DI B npousBosbHOM MNopsiike,
Ha3blBalOT 3aNOMHHAIOLUM YCTPOHCTBOM C NPOH3BOJILHOH BbHIGOP-
kot 3YTIB.

PaspsitHocTb Koja ajpeca m, paBHasi YHCJAY ABOMYHBIX €IHHHLL
B HeM, omnpeze/sieT HHOOPMALHOHHYIO eMKOCcTb MHKpocxembl O3V,
T. e. yucsio A1 B maTpHile HaKOMHUTeNsI, KOTOPOE MOXXHO aJpecoBaTh:
oHo paBHO 2". Hampumep, mukpocxema O3Y, y KoTopo# 4Hc/I0 af-
pecHbIX BXxo0B paBHo m= 10, cogepxut B MaTpuue 2'°=1024 JII,
T. €. UMeeT HHGOPMalUHOHHYI0O eMKOCTh 1024 6ut. (3aMeTuM, UTO A5
o603Hauenus yucaa 2'°=1024 B BHIUHC/IHTEJNBLHOH TeXHHKe MpHMe-
HsloT 6ykBy K.)

[ns BBoAa H BbIBOAA HH(POPMALUK CJHYXKHT BXOJ U BBLIXOJ MHKPO-
cxeMbl. [lsisi ynpaB/ieHHs1 peXXKHMOM MHKPOCXEMbl MaMsITH HeOO6XOAHM
CHrHa/ll «3anucb-CYMThIBaHHE», 3HaueHHe | KOTOpPOro onpejessier
pexkum 3anucu 6uta uHbopmauuu B III, a 0 — peXUM CUHTHIBa-
HUA 6uta uHpopmauuu u3 1. Takyio opraHH3anHuio MaTPHILLI HAKO-
TMHTeJs, IPH KOTOPOH OJAHOBPEMEHHO MOXHO 3aMHChIBaTb HJIH CUHThI-
BaTb OJUH OGHUT, Ha3bIBAIOT OJHOPa3psAAHOH. BOJIbIIMHCTBO MUKpOCXeM
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O3Y umeloT ogHOpa3psiiHYI opraHusauuio. Ho HekoTopble M3 HHX
HMEeIOT MHOropa3psiiHyl0 OpraHu3aluio, MHaue Ha3blBaeMyio «CJIO-
BapHOH». ¥ TaKHX MHKPOCXeM HeCKOJbKO HH(POPMALHOHHBIX BXOJOB
H CTOJIbKO K€ BbIXOJOB, H MO3TOMY OHH JOMYCKalOT OAHOBPEMEHHYIO
3alucCb (CUUTBIBAHHE) MHOrOpPaspsiAHOrO KOAA, KOTOPbIA MPUHSATO
Ha3blBaTb «CJOBOMY.

Mukpocxembl O3Y no tuny Il pa3pensiioT Ha cTaTHYECKHE H
aMiHamuyeckre. B Mukpocxemax cratudyeckux O3Y B kKauectBe Il
MPpHMeHeHbl CTaTHYeCKHe TPpUrrepbl HA 6UnoJsipHbiX Wan MJIITI-TpaH-
3UCTOpax. KakK M3BeCTHO, CTaTHUECKHWH TPHUITep CNOoCOOeH MpPH HaJlu-
UMK HanpsixkKeHUsl MHUTAHUS COXPaHSITb CBO€ COCTOSIHHME HeorpaHHYeH-
Hoe BpeMsi. UHC/IO COCTOSAHUH, B KOTOPbIX MOXKET HaXOAMTbCSl TPHT-
rep, paBHO ABYM, YTO U MO3BOJISIeT MCIOJb30BaTbh €ro AJs XpaHeHus
JBOUYHOH €AHHHUIBI HH(POPMALIHH.

B mukpocxemax auHamuueckux O3Y 3jieMeHTbl MaMATH BbINOJIHE-
Hbl Ha OCHOBe 3JIeKTPHUECKHX KOHAEHCATOPOB, C(HPOPMHPOBAHHBIX
BHYTPH MOJIyIPOBOJHHUKOBOrO KpHcTaJsaa. Takue III He moryT poJ-
roe BpeMsl COXpPaHAATb CBO€ COCTOSIHME, OlpenessieMoe HaJHUYHeM
WJIM  OTCYTCTBHEM 3JIEKTPHUECKOro 3apsiia, M IO3TOMY HYXAAIOTCA
B TMepHOJLHMYECKOM BOCCTAHOBJIEHHH (pereHepauuu). MuKpocxembl
aiHaMuueckux O3Y orauualoTcs OT MHKpocxeM craThueckux O3Y
60siblied HHPOPMALLHOHHOH €MKOCTbIO, YTO OOYCJIOBJIEHO MEHbUIUM
YMCJIOM KOMIMOHeHTOB B ogHOM JII u, cienoBaTesbHO, 60J€e MJIOTHBIM
UX pa3MellleHWeM B M0JIyIIPOBOAHHKOBOM KpucTaJie. OLHAaKO AHHa-
mudyeckue O3Y c/jioKHee B NPUMEHEHHH, TMOCKOJbKY HYXIAlOTCS B
OpPraHHU3allMd NPUHYAWUTEJbHOH pereHepalud, U B [JOINOJHUTEJbHOM
000pyA0OBaHHH, H B YCJOXKHEHHH YCTPOHCTB yIpaBJIeHHUS.

Mukpocxemnl [13Y (puc. 1.2, 6) nocTpoeHbl TakXKe MO MPHHIIUNY
MaTpHYHOH CTPYKTypbl Hakonurtensa. ®yHkuuu D1 B MuKpocxemax
[I3Y BbINOJNHSAIOT MepeMbldKH B BHA€ I[MPOBOAHHUKOB, NHOAOB MJH
TPAH3UCTOPOB MeXAy UIMHAMH CTPOK H CTOJOLOB B HaKoOMHUTeJe.
B Tako#l MaTpHile HaJiMuM€ IepPeMbluKH COOTBETCTBYeT, HalpUMep,
I, a ee orcyrcTBue — 0. Mukpocxemnl [13Y umeioT cioBapHyio opra-
HH3allHI0, H MO3TOMY HH(GOPMAlLIMs CUMTbIBaeTcss B (popMe MHOropas-
psinHoro Kona, T. e. cioBoM. CoBokynHocTb DIl B MaTpuiuie Hakomu-
TeJil, B KOTOPOH pa3MellaeTcsa CJOBO, HA3bIBAIOT AYEHKOH MMAMSATH
(ATT). Yucno II1 B Il onpeneasier ee paspsisHocTh n. Kaxnas
SIIT uMeer cBoi aapec, u AJs obpalleHuss K onpeneneHHod SAIT pnas
CYHTbIBAHHUA M3 Hee UHPOpMAalLlUH HEOOXOAMMO K ajpecHbiM BbIBOAAM
MHKpPOCXeMbl MOABECTH CHTHaJibl KOJAa, COOTBETCTBYIOLLEro IaHHOMH
siyeiike anpeca. Ynucio sueexk naMaTtd paBHo 2", a HH(pOpPMaLHOHHASA
'@MKOCTb MHKpocxeMbl — 27 X n OHT.

3aHeceHune HHpopMmalluh B MHKpocxeMbl [I3Y, T. e. ux nporpam-
MHpPOBaHHe, OCYLUECTBJISAIOT B OCHOBHOM JAByMsi crocob6amu. OpuH
crioco6 3akjawyaercds B (GOPMHPOBAHHHM B HAKOINHTeJE I[epeMbluek
B MeCTax lepeceueHHUs] CTPOK M CTOJOLOB MaTPHILbl yepe3 MAcCKy Ha
3aKJ/JIOYHUTEJIbHOH TEeXHOJOTHUYECKOH CTaJHWH H3TOTOBJIEHHS MHKPO-
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cxeMbl [13Y. Takue mMukpocxembl [13Y Ha3biBalOT MacouyHbiMH. [lpy-
roii cnocob6 nporpammupoBaHusi MHkpocxembl [13Y ocHoBaH Ha nepe-
>KHTFaHHH JIETKOIVIABKUX MepeMblueK B TeX MepeceueHUsiX IIHH CTPOK
U CcTOJOLOB, Kyaa AoJi2KeH ObiTb 3anucadH 0 uiaun 1, B 3aBUCUMOCTH OT
MPHUHATOTO KOAHUPOBAHHUA. B HCXONHOM COCTOSIHHHM Takasi MHKpocxeMma
HMeeT B MaTpHLE NMepeMblYKH BO BCeX lepecedyeHUsiX CTPOK H CTON6-
oB. IIporpamMmupoBaHue oCylLlecTBJseT M0Jb30BaTe/Nb 3JEKTpUYe-
CKHMH MUMIYJIbCAMH C IOMOLIBIO YCTPOHCTBA AJISA MPOrpaMMHPOBAHHS,
Ha3bIBA€MOro MporpamMMaTopoM.

Mukpocxembl T13Y, macounbie ([I3YM) u nporpammupyemble
noab3oBatesneM (I1TI3Y), nonyckaloT ogHOKpaTHOe MPOrpaMMHpPOBa-
HHe, MOCKOJIbKY OHO OCYIIeCTBJsieTc GOPMHUPOBaHHEM WJIH pa3pyiie-
HHeM coelHHeHHH B matpwuile. OnuH U3 BapHaHTOB peanu3dauuu [13Y
OPHEHTHPOBAH Ha NMPOrpaMMHPOBAaHHe 3aJaHHbIX JOTHYECKHX (YHK-
‘uui. Takue TI3Y HasbiBaloT nporpaMMHpyeMbIMH JIOTHUECKHMH Mart-
puunamu (I1JIM).

CyiecTByer pa3HOBHAHOCTb MHKpocxeM II3Y, monyckaionias
HEOJHOKpaTHOe (COTHH H THICAYM LHUKJIOB) [epernporpaMMHpOBaHue
(penporpaMMHpoBaHHe). DJeMEHTOM MaMATH B MHKpOCXeMax pelnpo-
rpammupyenbix -[13Y (PII3Y) sasaserca M/II-tpan3ucrtop, obna-
AAIOUIHA CBOHCTBOM I[€PEeXOAUTb B COCTOsIHHE MPOBOAUMOCTH HOJ
BO3/1eHCTBHEM HMIIyJibCa MPOrPaMMHUPYIOLLEr0 HAMPSXKEHUS U coXpa-
HATb 3TO COCTOSIHHE JJIUTeJbHOe BpeMs (TbICAYHM 4acoB). JlaHHBIH
3¢ PeKT 00YyC/OBJEH HAKOIMJEHHEeM 3JeKTPUUEeCKOro 3apsiia B MOJ-
3aTBOPHOM JHW3JeKTPpuKe. EcjaM Ha TPaH3UCTOP He BO3AeHCTBOBATH
HUMIyJbCOM MPOrpaMMHPYIOLIETO HAMPsSKEHHSI, TO OH COXPaHHUT 3a-
KpbITOE [JiIl 3JEeKTPUUYECKOrO TOKa CcocTosiHHe. [lis CTHpaHus HH-
dopmaluu Mepel HOBBbIM IHKJIOM MPOrpaMMHPOBAHHSA HeOOXOAUMO
BbITECHUTb HAKOMJIEHHBIH MOJA 3aTBOpPOM 3apsiil. B 3aBucumoctH ot
cnoco6a BbilloJIHEHHS 3ToH onepauud MUuKpocxeMbl PII3Y pa3snpensior
Ha [Ba BHAa: CO CTHPaHHeM 3JleKTpHueCKHM curHajom (PII3Y-3C)
H yabTpaduoneroBbiM cBetoM (PII3Y-Y®P), kKoTopbiM MOJYyNpoBOA-
HHUKOBBIH KpHCTaJJ 00JyyaloT uyepe3 ClelHaJbHOE OKHO B KpbILIKe
kopnyca. Mukpocxembl PII3Y coxpaHsiioT uHpopmaluio AJUTeNbHOE
BpeMsi 6e3 MUTAHHUSA, T. €. SIBJSIOTCA 3HEProHe3aBHCHMbIMH.

PerucTpbl WIHPOKO NMPHMEHAIOT AJs1 XpaHeHHS HeOoJiblIHX 00be-
MOB HH(popmauun. HoMeHksaTypa MHKpOCXeM perucTpoB XOpOLIO
padButa W pasHoob6pa3Ha. [lo mnpuHUMNY NOCTpOEHHA pas3anyaloT
perucTpol XpaHeHUS W CIABHra. Peructp xpaHeHWs MpenCTaBJsieT
coboi (puc. 1.3, a) COBOKYNMHOCTb TPHUITePOB, 0ObeAHHEHHBIX MO Le-
nsiM ynpasJjeHusi ux pexxumom (Bxoa C). Lludposoii Koa, T. e. ¢cj0BO,
3aMHCbhIBAIOT B PErHCTP XpPaHEHHUs1 BCEMH pa3psilaMH OAHOBPEMEHHO
DI, — DI; — DI, no pa3peiuawiuiemy curdajay Ha Bxoae C=1. [lpu
C =0 obecneunuBaeTcsi pexKMM XpaHeHWUsl 3aNHCAHHOH HH(POPMALHH,
KOTopasi B BHJe YyPOBHeH HalpSi>KeHHUS NPUCYTCTBYeT HA BbIXoJdaX
DO,— DO, — DO, u Moxet ObiThb cunTaHa 6e3 paspyiueHus. ITocie-
ayioulas uHHbopmauus 3amellaer MpexHow. Yuciao TpHrrepoB n
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Puc. 1.3. ®yHKuHOHANBHLIE CXeMbl PErHCTPOB XpaHeHHs (@), CABH-
ra (6)

onpefessieT pa3psilHOCTb perucTpa H, CJefoBaTeNbHO, XPaHHMOro
Kona. Takue perucTpbl o cnocoby 3anucd U CUHTHIBaHUS HHbOpMa-
LIMH Ha3bIBAIOT NapaJJesbHbIMH.

Pernctp caBura (puc. 1.3, 6) nocTpoeH Ha MOCJAEAOBATENbHO
COeJIHHEeHHbIX TPHITepax IBYXCTyNMeHUaToH CTPyKTypn. Mindopmauus
B TaKOM PErHCTP MOXKeT ObiTh 3amkcaHa nopaspsilHo NocjeloBaTelb-
HO BO BpeMeHH CO CTOpoHbl Bxoma DIy mepBoro tpurrepa mnyrem
NPOABHXKEHHS 110 LENH TPHITEPOB MOJA BO3JeHCTBHEM TAKTOBbIX CHI-
HasioB Ha Bxoge C. Jlpyrofi cnoco6 3amucH — napaJjienbHbli, T. e.
B OIMH TaKT BceMu paspsigamu DI,— DI, oaHoBpeMeHHO. Pexxum
3anMcH 3aJaloT CHTCHAJOM Ha ynpasJsiollieM Bxofe V.

AHaJlorHyHO peKHUMy 3alHCH MOTyT ObITb peaH30BaHbl [Ba pe-
JKMMa CUMTBHIBaHHs: MO OJHOMY pa3psily MOC/JeloBaTeNbHO BO Bpe-
MEHH C BBbIXOJa TOC/eNHEro TPHITepa u MapaJjiielbHbll — CO BCeX
BbIXOJOB PEricTpa OAHOBpeMeHHo. Peructpel ¢ mocjefoBaTenbHbIM
CrnocoGOM 3aMMCH U CUMTHIBAHHUS HAa3bIBAIOT MOCJEJ0BATEJNbHBIMH.
[TocnenoBare/ibHbie perucTpol coctaBiasiioT ocHoBy O3Y ¢ mocaeno-
BaTeJNbHbIM [OCTYNOM, B KOTOPbIX BBIGODKY HYXKHOrO 3JleMEHTa HJH
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Puc. 1.4. KnaccudHukalusi MHKpOCXeM NaMsTH

slUeKM NMaMsITH OCYIIeCTBJSIOT NOC/JAeA0BaTe/NbHbIM NlepefopoM ajpe-
COB B TIOpsIIKe€ HX BO3paCTaHUS MJIH YObIBaHHS.

B o6mupHoii HOMEHKJIaType MHKPOCXEM. MapaJJielbHbIX H TMocJje-
JlOBaTe/NbHbIX DErHCTPOB HEKOTOpasi UX YacTb COJAEPKHUT MHOrope-
THCTPOBbBIE CTPYKTYPbl, KOTOPbl€ MOXKHO HCIOJIb30BaTh JJ/151 XpPaHEHHS
O/IHOBPEMEHHO HECKOJbKHX CJOB. BO3MOXKHOCTH TaKHX MHKpPOCXeM
3aBUCAT OT MX CTPYKTYPHOro IMOCTPOEHHsI M cnocoba ajpecaluH
peructpoB. HekoTopble f0mycKaloT aapecaiuio KaxKAOro perucrpa,
npyrde paboTaloT N0 NPUHHIUMNY «MaraduHHoro» 3Y: 3amloJHssICh
HHpopMalHel Mo Mepe ee MOCTYIJEHHs] H OCBOGOXKIAasiCb OT Hee B
NOpsi/lKe ee [OCTYMJIeHHs] 110 NMpaBHJAY <«MepPBbIM BOILIE] — IEepPBLIM
Bblllle]» HJIH B OOpAaTHOM MOpsiiKe: «IEepPBbLIM BoLleal — MOCAeJHHM
Boilen». MarasunHble 3Y ¢ o6paTHBIM MOPSIAKOM CUHTHIBAHHS 4acCTO
Ha3bIBaIOT cTeKkoM. CTeKOBble perucTpoBble 3Y HaxoAAT LUHPOKOE
NpUMeHeHHe B KaJbKyJsiTOPax, B MHKPONPOILECCOPHBIX KOHTpOJepax
M B APYTrUX BBIYHCJHTEJbHBIX YCTPOHCTBaX.

PaccMoTpeHHble pPa3sHOBHIHOCTH MOJyNpoBOJHHKOBBIX O3Y
[13Y cucreMaTuaupoBaHbl B KJIaCcCU(UKAIIMOHHOH Auarpamme, MpH-
BelleHHOH Ha pHuc. 1.4. 31ech Ke yka3aHbl 0003HaueHHs] MHKPOCXEM
pasjuuHbBIX BHAOB H THNOB, cooTBercTByOInHe ['OCT 2.743—82,
KOTOpble INPHUMEHSIIOT HA HX YCJOBHBIX Trpaduueckux H3o0paxe-
Husix [10].
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B nocsenHue roabl MoJyyusio pa3BHTHE HalpaBJ/eHHe CO31aBHSA
MHKpocxeM 3Y Ha IHJHHAPHUECKHX MarHUTHbIX JOMeHax [Js BHell-
HUX 3¥Y. ITo HanpasJsieHHe 6a3upyeTcsi Ha HMCIMOJb30BaHUU (U3HU-
yeCKHX fIBJIEeHHH B TOHKHX MarHUTHbIX MJIeHKaX, B YaCTHOCTH Ha BO3-
MOX>XHOCTH 06pa3oBaHHSI B TOHKOH MJIeHKe OpTodeppHTa MHUKPOHHBIX
no pasmepam o6JiacTell, UMEIOILLHUX MPOTHBOMOJOXKHYIO C OKpPYyXalo-
Iled cpelOH HAMarHH4YeHHOCTb. IDTH 06J1aCTH Ha3BaJH UHJIHHADH-
yeCKHMH MarHuTHbIMH gomeHaMu (ILIMJI). ToHkasa mjeHKa MarHuT-
HOro MaTepHaJa ¢ pa3mepaMH npumepHo 100X 100 MM*, BbipaiieH- .
Hasl Ha AW3JeKTPHYECKOH OCHOBE, MOXKET XPAHHTb HECKOJIbKO MHUJIJIHU-
OHOB O6uT HHMOpPMAIMH, TPUHUEM [Jif ee 3aluCH U CUYUTBIBAHHS He
HYXKHbl 3JIeKTpOMeXxaHHuecKHe ycTpoicTBa. MukpocxemMbl 3Y Ha
LIM/I cyiiecTBEHHO OTJHYAIOTCH OT MOJYNPOBOLHHKOBBIX MHKPOCXEM
MaMAATH: OHU COjJep2KaT BHYTPH KOPIyCa MHUHHATIOPHBLIE MMOCTOSIHHbIE
MAarHHuTbl, CHCTEMY OPTOTOHAJIbHbIX KaTyllleK AJIsl CO3[JaHHusl 3JeKTPo-
MArHMTHOTO TMOJIA Ha MOBEPXHOCTH MAarHuTHoOW mJeHKH. [lo KoH-
CTPYKTHBHO-TEXHOJIOTHYECKOMY HMCIOJHEHHIO HX CJelyeT OTHEeCTH K
MHKpoc6opKaMm. THMHuHblEe pa3Mepbl MHKPoc6opkH 3 X3 X1 cm®. Or
cyulectByoiminx B3Y Ha mMarHuTHbIX JeHTax U guckax 3¥Y Ha LIM]]
BbITOJHO OTJIMUAIOTCH 6oJiee BBICOKUM OBLICTPOAEHCTBHEM H OTCYTCT-
BHEM 3JIEKTPOMEXaHHUECKHUX 4YacTed B KOHCTPYKIIHH. |

MukpocxeMbl MaMsTH BbiycKaloT cepusiMu. Cepusi npeacTaBJsieT
COO0H COBOKYMHOCTb MHKPOCXeM, UMEIOUIHUX €LHHOe KOHCTPYKTHBHO-
T€XHOJIOTHUECKOe HCIIOJIHEHHEe, elMHble HalpsiXKEeHHUS TUTAHHA, 3IKC-
nJayaTallHOHHble U HaJeXXHOCTHble MOKAa3aTesJd W OTJAHYAIOLLUXCH HH-
dbopMallHOHHOH €MKOCTbIO, ObICTPOJEHACTBHEM H HEKOTOPLIMH APYTHMH
XapaKTepUCTHKAMH, HalpuMmep MPHHALNEXKHOCTbIO K THIy CTaTHye-
CKOro HJu auHamudeckoro O3Y.

B o0iem ciyuae cepusi MOXKeT BKJIO4aTb MHUKPOCXeMbl MaMSTH
pa3Hbix BuaoB, Hamnpumep O3Y wu IIII3Y, HO noka O6OJBIIHHCTBO
cepuii MMeEIOT OJAHOPOAHbLIH BHAOBOH COCTaB, T. €. BKJAWOUYAIOT JHOO
mukpocxembl O3Y, aub6o I13YM, aubo III13Y, aub6o PII3Y. docra-
TOYHO 1UHPOKO MHKPOCXEMbl MaMSTH I[peACTaBJeHbl U B COCTaBe
MHOTOYHKIIHOHAJIbHBIX CEPHH HapPsAAy C MHUKPOCXeMaMH JIOTHYECKH-
MH, TpUITepaMH, KojonpeobpasoBaTessiMH, AelludpaTopaMH, CueT-
uikaMi W aAp. Mukpocxemnl 3Y Ha IIMJl TakxXe BBINIYyCKalwT ce-
pusimu. UHbopMaumio 0 NMPHHAANEKHOCTH MHKPOCXeMbl K TOH HJIH
APYTOH CEpPHH COJAEPKHT YCJA0BHOe 0O0O3HaAuUEeHHe.

B coorBerctBuu ¢ npunsitod cucremoi (OCT 11 073.915—80)
0003HaUeHHe MHKPOCXEMbl COAEPKHT yeTbipe 00513aTe/IbHbIX 3JIEeMEH-
ta. [lepBblii 3/ieMeHT — UH@pa, yKasbiBawlllasg Ipynmny MHKPOCXeMbl
MO0 KOHCTPYKTHBHO-TEXHOJIOTHUECKOMY MNpH3HaKy: 1, 5, 6, 7 — moay-
MPOBOAHHUKOBLIE, 2, 4, 8 — rubpuaHbie, 3 — npouve (IMJ€HOYHbIE,
nbe3oKkepaMHyecKkue W T. O.). BTopon »3/eMeHT — ABe-TPH UUPHI,
yKa3biBalolilie HoMep pa3paboTKu [JaHHOH cepud. B coueranuu
yKa3aHHble [1Ba 3JieMeHTa COCTaBJISIIOT HOMEpP CepHH, K KOTOpPOWH
MPUHAJEXXHT MHKpocxema. TpeTuil 3jeMeHT — JBe OyKBbl, 0003Ha-
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yapliliie (YHKIHOHAJbHYIO MOATPYINY H BHA MHKpocxeMb: PY —
onepatuBHbie 3Y ¢ ynpaBijeHuem, PM — maTpuubn O3Y; PE — ma- -
counble [13¥Y; PT — nporpammupyembie [13Y; PP — penporpammu-
pyemoe TI3Y co ctupaHueM HHpOpPMAUHH 3JEKTPHUECKHUM CHUTHAJIOM;
P® — penporpammupyemoe [13¥Y co ctupanuem uidopmauuu yabrpa-
¢duonetoBbiM cBetoM; PIL — 3¥ na LIM]I; MP — peructpol. UeTBep-
TblH 3JIeMEeHT — MNOPSJAKOBbIH HOMep pa3paboOTKH MHKPOCXeMbl B
Cepud cpeau MHKpocxeM ofHoro Buja. [Ipu Heo6xoAMMOCTH B 0060-
3HaueHHe MOTyT ObITb BBeJeHbl JAOTOJHHUTEIbHbIe OyKBeHHble HHIEK-
col. [lepen mepBbIM 3/7€MEHTOM .11 XapaKTePHCTHKH YCJOBHUH MNpH-
MEHEHHsI, MaTepHaad U TUMA KOpryca MOTryT pa3MellaTbCs Cleaylo-
iide O6ykBbl: K — 06leTeXHHYeCKOro NpUMeHeHHsI; D — 3KCNOPTHOe
ucnoJsiHeHue; P — maactmaccoBbld Kopriyc Tuna 2 (cm. §1.3); M —
KepaMUUeCKHil; MeTaJsJo- HJAH CTeKJOKepaMHUeCKHd Koprnyc Tuna 2;
E — MetasusiononumepHbli  Kopnyc THma 2; A — MJacTMaccoBbii
kopnyc Tuna 4; H — creknokepamuueckuid kopnyc tuna 4; H —
KepaMHUeCKHH KPHUCTaNJOHOCHTeNb, b — 6eckopnycHOe HCIOJIHEHHE.
[locsie uerBepTOro 3jseMeHTa MoXKeT ObiThb pa3MellleHa NOMOJHHTENb-
Has 6ykBa: A, b, B u T. 1., onpexaessiiouiasi ycjioBusi pa36pakoBKH
MHKpPOCXeM MO0 OAHOMY H3 (PYHKILHOHAJbHBIX NapaMeTpoB: OBLICTPO-
ne#cTBHlO, notpebasieMomy TOokKy H Ap. [lpumepn:: KP565PY6b —
MHKpOCXeMa O0llleTeXHHUECKOTro NMPHUMEHEHHUs B MJ1aCTMacCoOBOM KOp-
nyce, noJynpoBoaHHKoOBasi, cepusi 565, O3Y, paszpaborka 6, TUNOHO-
muHaa b. KM1609PP11 — MukpocxeMa o6lieTeXHHYECKOro MpHMe-
HEHHS B MeTaJ/lJlIOKepaMHueCKOM Koplyce, MOJYNpPOBOJHHKOBAs, ce-
pust 1609, penporpammupyemoe I13Y co ctupaHueM 3jeKTpHUECKHM
curHaJsioMm, pasdpa6otka 11. KS73P®6A — noaynpoBOAHUKOBAs MHK-
pocxeMa oblleTexHUUecKoro npuMeHenusi, cepud 573, PII3Y co cru-
paHWeM yJabTpaduoJeToOBbIM CBeTOM, pa3dpaboTka 6, TUIIOHOMHHAJ A.

1.2. Mukpocxema namMaTH KakK QyHKLHOHAJbHBLIA y3eJ

/11 XapakTepUCTHKH MHUKpPOCXeM MNaMATH Ka)X10ro BuUaa H
THUNA KaK (QyHKIHOHAJIbHBIX Y3JIOB 3JIeKTPOHHOH annapaTtypbl HeoOl-
XOAHUMO 3HaTb, INpexje BCero, pexXuMbl HX paboOTbl, yNpasJsioOULiUe
CUrHaJbl, CMOoCcoObl CONpAXKEHWUs C APYrMMH y3JaMH anmnaparypsl,
CHCTEMY 3JIeKTPHYECKHUX [lapaMeTpPOB, X ONUCAHHE U 3HAUEHHUS. YKa-
3aHHBIH KPyr CBeJleHHH HeoOXONHM [N TPaMOTHOTO TNPHUMEHEHHUS
MUKpPOCXeM MaMATH B pa3paboTKaX 3JeKTPOHHBLIX YyCTPOHCTB pasJiHu-
HOTO Ha3HaueHWs, a Takxe [Js NPHOOpeTeHHS YMEeHHS U HAaBbIKOB
UTeHUs (YHKUHOHAJbHBIX W TMPHHUHWIHAJbHBIX CXeM YCTPOHCTB C
MaMsATbIO. '

PacCMOTPUM MHKpOCXeMy MaMATH KaK «4yepHbId AUIMK», 0OpaTuB
OCHOBHO€ BHHMAaHHe Ha Ha3HaueHHe ee BbLIBOJOB, BHEIUHHE Xapakre-
PHCTUKH U CHUCTEMYy fnapaMmeTpoOB [Jisi ONHCAHHS CTATHYECKOrO U IH-
HaMHuecKoro pexumoB. Ha puc. 1.5 — 1.7. npuBeseHbl YCJIOBHbIE
rpacdvuueckre HU300pakeHHs] MUKPOCXeM NaMATH pPa3HbIX BHUAOB: CTa-
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Puc. 1.5. Yciorubie rpaduueckue n3obpaxkenust Mukpocxem O3Y:
a — CTaTHYeCKOTO C ONHNPa3pANAHO#H opranu3anneit 256 X | 6HT; 6 — cTaTHYECKOro co cJaoBapHoR
opranu3auxen 2048 X 8 6HT; 8 — IHHAMHYECKOTrO C OAHOpa3psaHON opranusaunedt 16384 X 1 Our

THUecKUX H AuHamuyeckux O3V, I13VM, TITI3Y u PII3Y. Herpynso
yBUAETb oflllee W OTJHUHSA B CHUCTeMe BBIBOJOB MHKDPOCXeM MaMSITH
pa3HbIX BHIOB.

CHrHa/jisi ¥ COOTBETCTBYIOIIHE BbIBOJbI MHKDPOCXEM MOXKHO MOM-
pasnesuTb Ha ajapecHnie, ynpaBiswooimue H HHopmauuoHuble. OT-
Jle/IbHYIO TPYNy COCTaBASIOT BLIBOABI JJs1 NMOAK/IIOUeHHS] Hamnpske-
HHUH HCTOUHHKOB nuraHusi. O603HAUEHHSI CHTHAJOB H BBIBOJOB MHK-
pocxeM namstu, coorsercTBytomine FOCT 19480—74 [11], npuBenens
B Ta6a. 1.1. B kHHre ucrnonb3oBaH BapuaHT MeXIYHapOIHBIX 060-
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Puc. 1.6. Ycnosubie rpadpuueckue uzobpa- Puc. 1.7. YcnoBHoe rpaduueckoe
xeHust Mukpocxem [T3VM (a), TITI3Y (6) H3o6pakeHHe MHKpocxemb PTI3Y
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Ta6nuua 1.1. O603HaueHHs CHrHAAOB (BLIBOAOB) MUKPOCXEM NaMATH

O6o3nayenne
HanmeHoBaHWe curHaza
MEXAYyHapoAHoe OTeyeCTBEHHOEe

Anpec A a
TakToBbI# CHrHan C T
Crtpo6 anpeca cronbua CAS CAS
Crtpo6 anpeca CTpOKM RAS RAS
Bribop MuKpocxeMbl CS BM
Paspeutenne CE p
3anuch WR 311
CuHThIBaHHE RD CY
3anuch-CYUTHIBaHHE W/R 3I1/CY
Pa3peuienne 3anucu WE —
Paspelenne no BbIXoly (CUHTHIBAHHA) OE —
JlaHHble (HHpOpMaLHs) D —
BxoaHbie naHHbIE DI Uy«
BoixoaHble HaHHbE DO Uguix. 1
Aspec, naHHble: BXOJ-BHIXOA ADIO —
JlaHHbie: BXOA-BBIXOL, DIO Usr w/Usux. u
Perenepanus REF PET
I1porpamMmupoBanune PR np
CrupaHue ER —
Hanpshkenne nuranus Uece U,
Hanpsixxenne nporpaMMupoBaHHsi Upg Unp
O61Hi BHIBOL MHKPOCXEMBbI oV O6u.

3HaueHHil BBHJY €r0 LIMPOKOrO NMpHMEHeHHs] B CHPaBOYHOH JuTepa-
Type ¥ B HOPMAaTHBHO-TEXHHUECKOH JOKYMEHTAILHH.

O6parumcsa kK puc. 1.5, @, Ha KOTOpPOM IpeNCTaBJE€HO YCJIOBHOE
u3obpakeHHne MHKpocxeMbl craTHdeckoro O3Y K5661PY2. Yucio
anpecHbix BxoaoB Ap— A; (Ao — Miamiuuii pa3psin) mno3BOJSiET
onpeeanaTb HHPOPMALHOHHYIO €MKOCTb MHKpPOcXeMbl: 28 =256 Gur.

Hasnnune opnoro undopmaunontoro sxona DI u onHoro Beixona
DO (npsiMmoro U WHBEpPCHOTO) yKa3blBaeT Ha OJHOPa3psiHYIO opra-
HH3aLKI0 MUKPOCXeMbl nmaMaTH: 256X 1 OHT.

[nsi ynpaBneHuss peXXuMoMm paGoThl NMpeAyCMOTPeHbl ABa CHIHa-

ga: CS (BM — Bui6op mMukpocxemnl) 1 W/R (3anucbh-cuuThiBaHHE).
Ynpasasiouinit Bxon CS siBasercss uHBepcHeiM. Cursan CS paspe-
naeT wiu 3anpeiiaer obpallleHHe K MHKpocxeMme M0 HH(MOpMaIHOH-
HBIM BXOAY H BbixoAy. B cooTBercTBuu ¢ Tabsa. 1.2 Hanuune Ha BXoje
CS curHana ¢ ypoBHeM JIOTHUECKOH | 0OfIHO3HAUHO onpeaensieT pexxKHM
XpaHeHHusl. [Ipu 3TOM BBIXOA HpHHHMaeT BBLICOKOOMHOE COCTOSIHHE,
[IpH KOTOPOM OH 3JeKTPHYEeCKH OTK/AueH OT INPHeMHHKAa HH-
opmauuu.
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Ta6aunua 1.2. Tabanua uctiHHoctH K561PY2

CS W/R Ao— A, DI DO Pexum pa6oTn
1 X X X VA XpaHenune
0 1 A 0 Z 3anuch 0
0 1 A 0 Z 3anuch 1
0 0 A X D,D CuuTbiBaHHE
ITpumeuanue X — npoussonbHoe cocrositine (0 uau 1); Z — BbICOKOOMHOE cOCTOsIHHE; D — naHHble.

HMesi B BHAy, 4TO OOBIYHO y MHKPOCXEMbl BBbIXOJ MOXET HaXo-
JHTbCS B OJHOM H3 JBYX COCTOSIHHH, COOTBETCTBYIOLIHX JIOTHUECKHM
0 u 1, ykazaHHOe BbICOKOOMHOE€ COCTOSIHHE Ha3blBalOT TPeTbHM. Bui-
XOAHOe HampsiXKeHHe B TPeTbeM COCTOSIHHH MMeeT YpPOBeHb, paBHbIH
npubJM3HUTEIbHO MOJOBHHE HauboJibllIero 3HaueHHsl BBIXOJHORO Ha-
npsikeHusi. Hajiude y MHKpocxeMbl BbIXOJa Ha TPH COCTOSIHHSI yKa-
3bIBAlOT Ha MPAaBOM MOJie €€ YCJOBHOTO H300paKeHHusl CrellHaJbHbIM
3HakoM [10]:

e — BBIXOA Ha TPH COCTOSIHHSA;

6 — BBIXOA C OTKpPbITbIM 3MuTTepoM O3 (n-p-n TpaH3ucropa);

Q — BBIXOA C OTKpPHITHIM KosiiekTopom OK n-p-n Tpansucropa,
¢ otkpbiThiM ctokoM OC (MITI-Tpan3ucTopa ¢ n-KaHaJjiom).

Y HeKOTOpbIX MHKPOCXeM MaMSITH BBIXOJ HMeeT He3aBeplLIeHHYIO
CTPYKTYPY: OTCYTCTBYeT Harpy3ka B L€l 3MHUTTepPa — BBIXOL C OT-
KpbIToIM 3MHTTepoM (O3) HJIH B LEeNH KOJJeKTOpa — BbIXQHL C
oTKpbIThIM KossiektropoM (OK), ananoruuno past M/II1-TpaH3ucropa:
OTKPBITBIH HCTOK WJIH CTOK. TakKdhe BBbIXOAbl MOTYT NPHHHMATb [Ba
COCTOSIHMSL — (PYHKLIHOHA/MIbHOE H BbICOKOOMHOe. [Ipu BK/IOYeHHH
MHKpPOCXeMbl B cxeMy 0ObluHO K ee BbixogaM O3 uaum OK nogkiio-
YalT Pe3HCTHBHYIO Harpysky.

Jas obpalieHHsi K MHKpocxeMe MAJsi 3alHCH HJIH CUHTHIBAHHS
ofHoro 6ura HHpopmauuH D Heo6XoAHMMO MOAaTb pa3pellaroLLHH

o6paiuende curdan CS ¢ HyJeBbIM ypoBHeM M curiian W/R ¢ coort-
BETCTBYIOLIMM pEeXHUMY YypPOBHeM: NpH 3anucH — 1, NMpH CUHTHIBA-
Huu — 0. M3 taba. 1.2 BuaHO, yTO B JI060M pe€xKHMe BXOJ H BBIXOJ
pa3Bsi3aHbl, T. €. He MOTYT BJMSTb Ha COCTOsSIHHe APYT Apyra. Takum
CBOHCTBOM 006/1aJaI0T MHKPOCXEMbl C BBIXOJAaMH Ha TPH COCTOSIHHS.

YuuTbiBasi OTMeUeHHYI0 0COGEHHOCTb, MOXKHO OObeJHHATb BXOJ H
BBIXOJL MHKPOCXeMBbI M MOAK/II0YaTh HX K 06ueH HHOpMaLHOHHOH
LIMHEe, IO KOTOpPOiH WH(pOpMAIUsi MOLAETCS] K MHKPOCXeMe H BbIBO-
IUTCSL M3 Hee.

HOast noctpoenuss O3Y Ha MHKpocxeMax C OJHOpPa3psiiHOH opra-
Hu3alHeH Heo6X0ouMO O06'beJHHHTb MHKPOCXeMbl C TeM, 4ToObl obec-
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Ta6auna 1.3. Tabanna ncrunnoctn KP537PY8

€3S OE W/R Ao — Ao DIO, — DIO; Pexum pa6oThi

1 X X X YA XpaHeHue

0 X 0 A 0 3amucs 0

0 X 0 A 1 3anuch |

0 1 1 A Z Yrenne Ge3
BbilauH

0 0 1 A Do — D7 CuuTbiBaHHE

I pnMeuaHHe. X NPpOH3BOJAbHOE COCTOSIHHE.

neyuTh BO3MOXKHOCTH 3anucu uHbopMauuu B O3Y, ee xpaHeHue
H cuMTbiBaHHe B (popme MHoOropaspsiiHoro nu¢ppoBoro Koaa, T. e.
cioBa. [Tonpo6Ho 3TOT BONpoC paccMOTpeH B II. 3.

OueBHIHO, pelLieHHe 3TOH 3ajauM CyLIeCTBEHHO ympollaeTcs NpH
HCMOJIb30BAHHH MHKPOCXEM CO CJOBapHOH opranusaied. B o6umup-
HOH HOMeHKJaType MHKpocxeM craTHyeckux O3Y MHKpocxeMbl €O
CJIOBAapHOH oOpraHu3aluell TMpeACTaB/NeHbl OrpaHHYEHHbBIM UYHCJIOM
tunoB. OmuH U3 HUX — MHKpocxema KP537PY8 — npuBenen Ha
puc. 1.5, 6. Oco6eHHOCTb MHKPOCXeMbl COCTOHT B TOM, UTO OHa HMeeT
opraHuzauuio 2048 X8 6uT H, cjefoBaTeJbHO, AONYyCKaeT 3aMHCb
WK CYMTbiBaHHe HHdopmauud 8-pa3psiiHbIMH cjJoBaMu (OaHTaMu).
IIpHueM BxoIbl H BLIXOJBl COBMelleHbl H 06J1aJal0T CBOACTBOM [BY-
HanpaBJeHHOH TNPoOBOAMMOCTH. Jlpyrass oco6eHHOCTb MNpHBeAEHHOH
MHKPOCXEMbl 3aKJ/iouaeTcsi B Haiuuuu curHaia OE paspelueHusi no
BBIXO/Y, T. €. pa3peLleHHs CYUNTBIBAHUS NPH HaJluuuH curiana CS =0.

3HaueHHs] CHTHAJIOB MHKPOCXeMbl, o6ecrieyHBaIOLHX ee pa6oTy B
TOM MJIH JPYrOM pexKHuMe, npuBeleHbl B Taba. 1.3.

3ametuM, uto curian OE He siBasiercst 06513aTe/bHBIM AJS1 MHK-
pocxem O3Y co cioBapHO#H opraHH3auuei: HanpuMep, Y MHKPOCXeMbl
K132PY8 c opranusauueit 1KX4 6HT 3TOT CHrHaA/Jl OTCYTCTBYeT.

Mukpocxembl  auHamuueckux O3Y, HanpuMmep MHKpocxeMma
K565PY6 (puc. 1.5,8), umeioT 6ojee CJ0XKHOe yNpaBjeHHe, 4eM
MHKpocxeMbl craTHueckux O3Y. JTo 06yc/0BJI€HO HEOOXOAHMOCTBIO
OpraHu3alUH NMPHHYIUTENbHOH pereHepalMd XpaHUMOH MHKPOCXeMOH
HHpOpPMALHH, OCYLIECTBJISIEMOH C MOMOLIbIO CMElHaJbHBIX BHELIHHUX
YCTPOHCTB C HHTepBaJiOM, OMpeje/sieMbiM NEePHOAOM pereHepaLHH.
Jns mukpocxem cepun K565 ator nepuon paseH 2 Mc. MHKpocxeMbl
nuHamuyeckux O3Y B cBoeM G6OJIBIIHHCTBE NOCTPOEHBl C MYJIbTH-
NJeKCHPOBaHHEM KOJa ajpeca: BHayajle B MHKPOEXeMYy BBOASIT KOA
anpeca cTpokd Ao — Ag, ¢ukcupysi ero Ha BXxonHoM peructpe RG

cTpo6GupylowiuM curiaioMm RAS, 3atem BBoOAAT Kox ajpeca ctosbua

A7 — A3, GuKcHpysi ero Ha peructpe crpobupylouum curHajiom CAS.
Yucso afpecHbIX BLIBOLOB TakKHM 00pa3oM yMeHbLIAIOT BABOe:
y Mmukpocxembl K565PY6 ¢ uHdpopmauuoHHoi emkocTbio 16K 6ut
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Ta6auua 1.4. Tabanua ncruunoctH K565PY6
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Pexum paborhi

XpaHeHnHe
XpaHeHue
Perenepauus
3anucp 0
3anuce |
CuuTbiBaHHe

coo0 O — —
coo ~o —
— O © X XX
> > > > X X
Ko D K
O NNNNN

X Bcero ceMb. Kak cuenyer u3 Ttabu. 1.4, ¢yHkuuu curHana CS

BbiNoJiHsieT cirias RAS: ans o6paiieHusi K MHKpocxeme HeoGXOoHM
HYJIeBOH ypOBeHb 3TOro CHrHaJa.

B pexuMe pereHepaunHH MuUKpocxema pabGoTaeT MO LHUKJIY «CYHU-
ThiBaHHe-MOAU(HKaLHS-3a[IUCb>, HAXOASICh NMPH 3TOM B COCTOSIHHH
H30JISILHH OT HHPOPMALHOHHBIX BXOAA W Bbixoda OJsarojaps CHr-

Hany CAS=1. CnenoBaTe/nbHO, aapecoBaHbl OKa3blBalOTCS TOJbKO
CTPOKH. TO TOBOPHUT O TOM, YTO pereHepauusi HHPOPMALHH MPOUC-
xoaut Bo Bcex III crpoku. IlepebGupas ampeca CTpPoK, yCTPOHCTBO
pereHepauud obecrieydBaeT BOCCTAHOBJeHHe HHQOpMalMH BO BCeH
MaTpule Hakonuteasi. Bpemsi, Heo6XxoAaHMoe /51 pereHepauuH HH-
(opmauuu B MHKpocXxeme, onpele/sioT NPOH3BeAEHHEM YHCJIa CTPOK
Ha BpeMsl OJHOro LHKJIA pereHepaluH, KOTOpoe sBJsieTCs Mapa-
metrpoM. Hanpumep, BpeMsi LiHKJa pereHepauuu cocrabisier 0,5 MKC.
Insi pereHepauuu Bced HHPopMmMauuu Heob6xoauMo 128 UHKIOB, 4YTO
coctaBuT 64 Mkc. Ecan yuyecTh, yTO nepHon pereHepauuH 2 Mc, TO
HETPYAHO NMOJYYHTb Ty YacTb BPeMeHH (B MPOLEHTHOM OTHOILEHHH),
B TeueHHe KOTOPOro MHKpocxeMa OyAeT 3akKpbiTa HJsi oGpallleHHsi:
3T0 BpeMsi coctaBasieT 3% oO6uiero BpeMeHH paboTbl MHKDPOCXEMbI
MaMsTH.

Mukpocxembl [I3YM (puc. 1.6, a) u IIII3Y (puc. 1.6, 6) mnpo-
rPaMMHDYIOT, T. €. 3aHOCAT B HHX HH}OpPMAalHUIO NpeLBapHTENBLHO,
MO3TOMY CHCTEMAa CHTHAJIOB COOTBETCTBYET BO3MOXKHOCTH OCYILECT-

BJIEHHS TOJIbKO BYX peXHMOB: XpaHeHHsi (HeBbl6opa) mpu CS=1

H CYHTbIBaHUS HHpopmalHH mo axapecy npu CS =0.

Miukpocxembl [1T13Y nporpammupyeT nosb3oBaTesb ¢ MOMOIIBLIO
nporpaMMaTopa, NojgaBasi Ha BbIXOAHble BLIBOAbI MHKPOCXEMbl HM-
MyJbChl HaMpsKEHHUs OMNpenesieHHOfi aMIUIMTYAbl U 1JIHTEJbHOCTH.
[Mpouenypy nporpamMmupoBaHusi OCY LLIECTBJSIOT A0 YCTAHOBKH MHKpO-
CXeMbl Ha CBOe MeCTO Ha mJate. [101po6HO 3TOT BOMNPOC paccMOTPeH
B ri. 5. Buixoabl Mukpocxembt KP556PT15 (puc. 1.6, 6) nocTpoets
0 CXeMe C OTKPLITHIM KOJIJIEKTOPOM. TakHe BBIXOAbl MOTYT NPHHHMATh
TOJIKO JIBa COCTOSIHHSI — BBICOKOOMHOE H HH3KOOMHOE C YPOBHEM
qaoruueckoro 0. Ilpu moaknoueHHH K NPHEMHHKY HHpOpMaLHH Heol-
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Ta6auwa 1.5. Tabauua uctuuHoctn KP558PP2

CsS EO Ao — Ao DIO, — DIO; Upg PexxuM pa6oThi
1 X X Z & XpaHeHue (He-
BbIGOp)

1 0 X 0 18 B Ctupanue

1 1 A Do — Dy 18 B [Nporpammupo-
(uMnyabc) | BaHHe

0 0 A Do — D7 & CunTbiBaHHe

* Uge=5 B.

XOAHMO TMNpefyCMaTpHBaTh MOJK/MIOUEHHE K BbIXOLAM MHKPOCXEMbI
yepe3 Pe3UCTOPbl HCTOUHHKA HaNpsKeHUs THTaHHUSA.

Miuxkpocxembr PII3Y co cTHpaHueM 3/€KTPHYECKHM CHTHAJIOM
H yJbTpadHOJETOBBIM CBETOM MOTYT HMeTb OAMHAKOBYIO CHCTEMY
CHUTHAJIOB M Ha3HaueHHe BbIBOJOB (cM. puc. 1.7). OpgHako Takoe
cxonctBo MHKpocxeMm PTI3Y ykasaHHbIX THNOB He sIBJsIETCS] THIHY-
HbIM: y GOJIbIIHHCTBA MHKPOCXEM €CTh Pa3JHYHS.

Mukpocxembl PTI3Y nonyckaiotr mHorokpaTtHoe (g0 10 Teic. pa3s)
nepenporpaMMHpoBaHue MoJb3oBaTeseM. [loaTomy K pexxumam xpa-
HEHHUs] U CUMTHIBAHHS Y 3THX MHKpPOCXeM f00aBjeH PeXHM Mporpam-
MHPOBaHHs. DTOT PEXKHUM BBIMOJHSAIOT B Ba 3Tana: BHayaJje CTUPAIOT
NpPeXKHII HHPOPMALHIO, a 3aTeM 3aHOCAT HOBYIO.

Mukpocxembl PTI3Y co cTupaHHeM 3/1eKTPHYECKHMH CHTHAJaMH,
K KOTOpbIM OTHOCHTcS MUKpocxeMa KP558PP2 (puc. 1.7), no3Bossitor
BBIMOJIHSITD OfEpalHIo MepenporpaMMHpPOBAHHS, HE CHUMash MHKpO-
CXeMy ¢ TedaTHOH mJjatbl. {As CTUpaHHWs U TpOrpaMMHPOBaHHS K
BbIBOLAM - MHKPOCXeMbl HEeOOXOAMMO MOABECTH CHI'HaJbl, YKa3aHHbIE
B Taba. 1.5.

XapakrtepHoil oco6enHHocThio MuKpocxeM PII3Y saBasercs Hanu-
uue BbIBOJA [JI1 HANPSIKEHUs1 porpaMMupoBaHus. B pexumax xpa-
HEeHHS! W CUMTHIBAHHUS-9TO HalIpsKeHHe PAaBHO HAMPSKEHHIO NMUTaHMS,
a MpH CTHPaAHUU U NPOrPaMMUPOBAHHH ero yBeqHunBawT A0 18 B Ha
Bpemsi 10 1 ¢ npu crupaHuu M Ha 10 mc npu 3anucH. Takum obpa-
30M, BpeMs Ha UMK/ [epenporpaMMHpoBaHHsl TpebyeTcs 3HAuH-
TeJIbHOE.

Crupanue unHdopmauud y MHKpocxeM tuna K573P®2 (nasna-
yeHHe BBIBOAOB aHaJorHuHo MHKpocxeme KP558PP2, ykazaHHOH Ha
puc. 1.7) npousBoAsT o6JyueHHEM KPUCTasJla MHKPOCXeMbl yJbTpa-
(HoMeTOBHIM CBETOM uepe3 OKHO B KpblIKe Kopmyca. las storo
MHKPOCXEMBbl CHHMAlOT C Me4yaTHOH MJaThl H MOMEILAloT B KaMepy
¢ uctouHukoM Y®P u3nyuenuss Ha Bpemsi a0 30 MHH, Noc/e 4yero HX
MOXHO mporpammupoBaTth. [IporpamMupoBaHHe OCYIIECTBJASAIOT TakK
X,e, Kak U MukpocxeMbl KP558PP2, ¢ Tem oryHuHeM, 4TO 3/1€ech Mpe-
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Ta6aunua 1.6. Tabanua ucruiHocth K573Pd2

CS EO Ao — Ano D10, — DIO; Upg PexuM paGoThl

1 X X z Uce XpaHeHnne (He-
BBIGOD)

1 1 A Do — Dy 25 B IIporpamMmupo-
BaHHe

0 0 A Dy — Dy 25 B KoHnTpoab

0 0 A Dy — Dy Uecc CyHThIBaHHE

Mpumeuwanue. U,.=5 B, Bpema ctupauua YP 30 muu.

AYCMOTPEH ellle PeXHM KOHTPoJsi HHGPOPMALMH [Ocje Mporpam-
MHPOBaHHSI.

3HaueHHs1 CHTHAJNOB, HeOOXOAHMble [Js1 peasu3alid PeXHMOB
mukpocxembl K573P®2, npusenennsl B Tabu. 1.6.

Ona muxkpocxem ¢ YO cTHpaHueM MNpHCYyW, psig ocoGeHHOCTed,
KOTOpble HeoOXOAMMO HMETb B BHAY MPH HX MPAKTHYECKOM MpHMe-
HEHHH: HaJiHuie OKHa B Kopmyce 06GyC/OB/IMBaeT YyBCTBHTEJbHOCTb
MHKPOCXeMbl K CBETYy H BO3MOXHOCTb CJy4aHHOTO CTHpaH#usl HHGOp-
MalHuH; Apyrasi OCOGEHHOCTb — YHCJO LHKJIOB MepenporpaMMmupo-
BaHMS OTFPaHHUEHO HECKOJbKHMH [eciTKaMH, B TO BpeMsl Kak y
MHKDOCXEM CO CTHpPaHHEM 3JIeKTPHYECKHMH CHT'HajJaMH 3TO YHCJIO
pocruraet 10 TbiC.

DJleKTpHUYECKHe MapaMeTpPbl MHKPOCXeM MaMfATH pasfesioT Ha
cratyueckue ¥ auHamuueckue [l1]. K uucay craTuueckux napa-
METPOB OTHOCAT: HanpsikeHHe NUTaHUusi Upyr |Uce|, MOLIHOCTD noTpe6-
JeHUs1 Ppor, HanpsiXkeHHe W TOK JiorHueckoro 0 BXOAHOTo (BBbIXOZHO-

ro) curnana U, 19, US.x, Io.x, HampsikeHHe M TOK JIOTHYECKOi |

BXOJHOro (BbIXoAgHOro) curuana Uly, Iix, Ulux, Ihux. YKa3anuble napa-
MeTpbl XapaKTepH3YIOT BO3MOXKHOCTb U CTeNeHb obecreueHHsi COBMECT-
HO#l pa6oThl MHKPOCXeM MaMsITH C MHKPOCXeMaMH APYrHX BHAOB H C
(YHKLHOHA/NbHBIMK y3JaMH B cocTaBe annapatypbl. [lis npumeHe-
HHSl M 3KCIJIyaTallHH MHKPOCXeM MaMsTH HeOOXOAHMO 3HaTb TaKxke
npene/bHble 3HAUEHHS HaNpsXKEHHH, TOKOB M €MKOCTH HarpyskH.

JluHaMHueckHe mapaMeTpbl XapaKTepH3YIOT BpeMeHHEle Mpolec-
Cbl B MHKPOCXeMax MaMsTH NMpPH 3alHCH, CUMUTBIBAHHH, pereHepalluH,
nporpaMMHpoBaHHH. B cHcTeMy AMHaMHUECKHX NapaMeTpPOB BKJIO-
YaloT AJMTENbHOCTH CHTHAJIOB H «May3» MeXAYy HHMH (AJHTeJIbHOCTh
BOCCTAHOBJIEHHS), B3aUMHbIH CABHI MeXAy CHIHajJaMH BO BPEMEHH,
KOTOpblii HeoOxoAuM /151 obecrneyeHHs YCTOHUHBOH pabOThl MHKPO-
cxeM. Ilockonbky B ynpaBJieHHH MHKPOCXeMOH 3a1eiiCTBOBaHO He-
CKOJIbKO Pa3/IHYHbIX CHTHAJ/OB, NepeyeHb AHHAMHYECKHX (BpeMeH-
HEIX) TMapaMeTpPOB 3HauuTesJeH M pa3HooGpa3eH, MpPHUEM COCTaB H
YKCJIO MapaMeTPOB CYIECTBEHHO 3aBHCHT OT BHJAA, a moayac ¥ Tuna’
MHKpOCXeMbl: Hanpumep, MHKpocxema craTtudyeckoro O3Y K561PY2
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uMeeT 8 BPeMeHHEIX MapaMeTPOB, @ MHKpPOCXeMa JHHAMHYECKOro
03Y K565P¥3 — 34 napametpa.

J19 XxapakTepHCTHKH OHHaMHKH paboThl MHKPOCXeM NaMATH LIH-
POKO HCMOJIb3YIOT BpEMEHHEIe AHarpaMmbl, KOTODble ONpeessiioT
N0C/1€10BaTEJbHOCTb A/ PECHBIX M YNPaBJSIOLHY CHTHAJOB, HX IJIH-
Te1bHOCTH H B3aUMHBbIH CABHT. JlHHamMHueckHe napameTpnl /15 Ha-
TJISIAHOCTH NpPeICTaBJEHHS O HUX HAHOCAT HAa BPeMeHHEIe JHarpaMMmbl.

Iasi npumepa o6paTHMCSl K BpeMEHHbIM auarpammam (puc. 1.8)
NPOH3BOJILHO BbIGPAHHBIX CHTHAJOB HEKOTOPOro 1H¢poBOro ysmaa ¢
naMsThio: curHajisl A u B BbIMOMHAWOT (QYHKUMH yNpaBisOILHX,
a curdaia D saBnasiercsi BBIXOAHBIM, NpHUeM MOSIBJSIETCH OH MO pas-

pewaiouleMy 3HaueHuio curHasa B =0. C nomoumbio NnpHBeIeHHBIX
IMarpaMM packpoeM COAep)KaHHe W CTPYKTYPy BPEMEHHFIX napa-
MEeTPOB MHKpocxeM mnamsTH. Bce MHoroo6pasue 3THX NapaMeTpoB
MOXHO CHCTEMATH3HPOBAaTh, OObEAHMHHB HX B CJELYIOHIHE TPYIINb:

a) napameTrpbl, XapaKTepuU3YiOlUlHe JJUTEJbHOCTH CHTHAJOB H
HHTEPBAJIOB MKy CHTHajJaMH, Hanpumep cHrHata A: Ty, Ta;

6) mapameTrpbl, XapaKTepu3ylolllue B3aHMHbIH CIBHI CHTHAJIOB,
Hanpumep curHajsoB A u B:

t,c 5. — BpeMsl ycTaHOBJIeHHs] curHana B oTHocuTenbHO A;

t, 5. — BpeMs yjepxaHus curHana B orHocutesmbno A;

te o B — BpEMsSl COXpaHeHHs] CHTHajna A oTHocuTelbHO B;

B) BpeMsl [MKIa t, — HHTepBal BpEMEHH MeXIy HauajlaMH
(OKOHUaHHSIMH) CHUTHAJOB HAa OJHOM H3 YNPaBJAIIIHX BXOAOB, Ha-
npumep A, B TeueHHEe KOTOPOTO MHKpPOCXeMa BBINOJHSIET OJHY
¢yHKUuMIO, HANDUMep 3aMmHuch t, ,, HJIH CUHTBIBaHHe t  ;

r) BpeMsi BHIGOpKH t, — HHTEpPBa/ BPeMEeHH MeXAy Nnojavyeid Ha
BXOJ MHKPOCXeMbl 3aJ]aHHOr0 cHriaja, Hampumep A, v HoJyuyeHHeMm
Ha Bbixojae maHHbix D:t, 4;

4 HEpPeAKO B CNPaBOYHHKAX

A / Ty - MPHBOLAT HECKOJLKO 3Ha-
W A X 7 ueHHH 3ITOro mnapamertpa,
KOTOpble  XapaKTepH3YIOT

FihA s t 3a/IePXKKY BBLIXOAHbIX CHT-
Y AB Ha/lOB OTHOCHTENbHO pas-
B % HBIX CHTHAJIOB YTpaBJIeHHSI.
\ 4 Bpemenurie mapamerps

\__/ yKa3aHHbIX TPYNN BXOAST

o t B nepeyeHb MapaMeTpoB

: BCEX MHKPOCXeM MaMsTH.

) o B ponosiHeHHe K HHM [s
\ MHKDOCXEM [IHHAMHYECKHX

—_ s O3Y BBegen napamerp —

+ nepHoL pereHepaunH Tper,

onpene siiouui MaKCH-

Puc. 1.8. Bpemenutie napaMeTpsl MHKpPOCXeM
HaMsaTH
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Puc. 1.9. BpemeHHBe aguarpaMMbl MHKpocxeMbl ctatHuyeckoro O3y

HH MeXIy AByMsi ofpalieHUsIMH MO Ka)X[IOMy ajpecy [Jsl BOCCTa-
HOBJIEHHS] XPaHHMOH HH(pOPMaLHH.

[lepedinem Tenepb K paCCMOTPEHHIO BPEMEHHKIX AHArpaMM pealtib-
HbIX MHKpocxeM cratudyeckoro O3Y K561PY2 (puc. 1.9) u nuHamu-
yeckoro O3Y K565PY6 (puc. 1.10). Huarpammbl Ha puc. 1.9 omu-
CbiBAIOT IHMKJbI 3aNHCH (CJeBa) W CUMTHIBaHHs HHpopManuu. B pe-
JKHMe 3allMCH K BbIBOJAM MHKpOCXeMbl BHauaJe MOABOASIT CHIHaJbl
kona azpeca A={Ao—A7}, curHan 3anici W/R=1 u undpopma-

Puc. 1.10. BpemenHne aua-
rpaMMbl MHKPOCXeMbl JHHaA-
mHueckoro O3Y B pexnme
CYUHTHIBAHUS (3aWITPHXOBA-
Hbl 06GJIACTH, TJ€ CHIHaJbl
MOI'YT HMeTb Jlo0ble 3Haye-
Husi: 0 nau 1)

FAS Tras
N { T as, * ;
—_— ¢
T yc.L'AS.RAi Tpps _
Leas
4 ty.a.RAS | Ly.a.CAS ¢
K % 1@ 720K
_/R Tox.cu. CAS
s .
27777 Y@t
70 18.045
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LIHOHHBLIK curHan D. 3arem yctaHaBauBaloT curHaj CS ¢ 3aaepKKoH
BO BpeMeHH t,. pm , OTHOCHTEJbLHO CHTHAJIOB ajpeca.

IautenbHocTh curHajsia CS onpenessiior napaMeTpoM tgy. Kpome
TOrO, YKasblBalOT AJIHUTEJbHOCTb May3bl Tgy B M0CJE€L0BATEJbHOCTH
curHajoB CS, Kotopylo cjenyeT BblAepXKaTb [Js BOCCTAHOBJIEHHS
MOTEHI[HA/ 1R €MKOCTHBIX 3JIEMEHTOB CXEMBI.

Curnanbl agpeca HeoOXOAMMO COXPaHHTb Ha BpeMsl t. , pm

mocje cHATHA cHrHasa CS. B TeueHde Bcero uMK/aa 3amucH t, .,
BBIXOJL MUKPOCXeMbl HAXOJUTCSI B BICOKOOMHOM (TPE€Tbe€M) COCTOSIHHH.

B uukisie cuuMTbIBaHHS NOPSIAOK MOJAauyd CHTHAJOB TOT K€, 4TO.
H NIpH 3amnucH, HO npu ycaoBun W/R=0. Bpems nosiBieHus curxHaJza
Ha HH¢popMauHOHHOM BbixoAe DO omnpepensiioTr napamerpamu t, gy
(Bpemsi BbiGOpa) W t, , (Bpemsi BbiGOpKM ajapeca), npuueMm t, ,=

- ta. BM + tyc. BM. a-

Mukpocxembl cratiyeckux O3Y noapasaensiioT no BHAY yHpas-
JAIOIIHX CHTCHAJOB HAa aCHUHXPOHHble W TakTupyeMmbie. [lyisi TakTH-
pyembix O3Y ycraHoBjieHO Tpe6GoBaHHe MogaBaTbh CUrHajgs CS HM-
nyJabcoM. Ba>XHbIM MOMEHTOM B 3TOM TPeOOBaHUM SIBJSAETCA TO, YTO
nepexojl MHKPOCXeMbl B aKTHBHOE€ COCTOSIHHE 3aNUCH (CUMTbIBAHHSA)
MPOMCXOJUT B MOMEHT MOCTymJeHHs curHana CS, T. e. 1o ero noJo-
XKHUTEJbHOMY TNepenany, €CJH BXOJ CHrHaJjda NPSAMOH, WJIH OTpHULA-
TeJbHOMY, ecad BXoJd HHBepcHbiH. Mukpocxema Ko61PY2, Bpemen-
Hble JHarpaMMbl KOTOPOH PacCMOTPeHbl, OTHOCUTCH K TpyIlne TaKTH-
pyeMbiX. ACHHXPOHHble MHKPOCXEMbl JOMYCKAlOT MOAayy yHpaBJis-
IOIHX CHTHAJOB YPOBHSIMH HJIH HMIYJbCAMH.

BpemeHHble nuarpaMmbl MHKpocxeM nuHHamuueckux O3V .umeloT
Psil CYyIlleCTBEHHbIX OTJIMUHH OT paccMoTpeHHbIX. [lysi npumepa Ha
puc. 1.10 npuBeneHbl BpeMeHHble AHarpaMMbl MHKpocxeMbl KS65PY6
IJIsST peXXHMa CUMTbIBAHHS. YXKe Obljla OTMeueHa XapakTepHas OCO-
6eHHOCTb MHKpocxeM AuWHamuueckux O3Y npuHUMaATb KO anpeca
IBYyMsi yacTssMH. B NaHHOM cjyyae BHauaJjie BBOAAT 7/-pa3psiiHbIH

Koa ajapeca cTpok Ag— Ag, conpoBoxaasi ero curiajom RAS, 3atem
K 3THM XKe aJpeCHbIM BXOAAaM TMOABOIAST CHUrHaJbl aapeca CToJa0uOB

A7 —A,3, conpoBoxaas ux curHajom CAS. Ilapamerpom t,. cas ras
yCTaHaBJHBAIOT B3aUMHBIA CIABHI MO BPEMEHH YKa3aHHbIX CHTHaJIOB.

Jlns obecneueHHsi HaaeXHOH 3alUCH CUTHAJOB ajpeca BO BHYT-
DEHHUX perucTpax HeoOXOAUMO YAepxKaTb 3TH CHUTHAJbI HEKOTOpoe

BpeMsi OTHOCHTEJNBHO CTpoOupyloliuX cHrialdoB RAS(t, , gas) H
CAS(t, o cas)-

CurHana W/R=1 npu cuutTbiBaHUH cjeayeT nogaBaTb 10 CHrHaJa

- CAS uniu onHoBpeMeHHO ¢ HMM. IIpH OKOHUAHHH CUHTBHIBAHHS 3TOT
CHrCHaJ CHHMAIOT cnycTs BpeMs t. o cas-

BpeMmsi, Heo6xonuMoe [Jis1 BbIIOJHEHHUS MHKPOCXEMOH (PYHKUHH
CYUUTBIBAHUSI HHPOPMALMUHU MO 3aJaHHOMY ajpecy C yUYETOM [JIHUTEJb-
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HOCTH BOCCTAHOBJIEHHSI COCTOSIHHSI BHYTPEHHHX LleNel Tpas, ONpene-
JsieT 3HaueHHe nmapamertpa t, ...

ComnocTaBiisisi  BpeMeHHKle JAHarpaMMbl [JISi MHKPOCXeM CTaTH-
yeckoro O3Y u nuHamuueckoro O3Y, HeTpPyAHO BHAEThb, UTO AJs
ONMHUCaHHUSl TOJbKO pexHMa CYHThIBaHHsA y MHKpocxeM K565PY6 Tpe-
6yeTcsl TaKoe e YHC/I0 BpeMeHHKIX MapaMeTpoB, KaKoio A5l MHKDO-
cxembl KH61PY2 nocraTouHo [J1s1 ONMHCAHHS BCeX PeXHMOB paboTHI.
CrenoBaTe/ibHO, NepeyeHb BPEMEHHKLIX IapaMeTpPOB MHKPOCXeM J[H-
Hamuueckux O3Y 3HauuTesbHO GoJbllle, a 3HAUHUT, CJIOXKHEe peaJsiH-
3anus TpeGOBAHUH K CXEMHBIM H KOHCTPYKTHBHBIM pelIEHHSIM Y3J/I0B
st hOpMHPOBaHHUST HEOOGXOAHMbIX BPEeMEHHKLIX JHAarpaMM CHTHaJoB
yIpaBJ/IeHHs.

1.3. Kaaccudpukauus MHKPOCXeM MaMSITH MO CXEMHO-TEXHO-
JIOTHYECKHM MPHU3HAKAM

MiukpocxeMbl NaMSITH H3TOTaBJAHBAIOT METOAAMH MOJYINpPO-
BOJAHHUKOBOH TEXHOJIOTHH, HCIOJb3ys B KayecTBe HCXOJHOTO Mare-
pHasia KpeMHHH. YKe eCcTb NpPUMepbl MHKPOCXeM MaMSATH W Ha ApY-
rHX MaTepHaJsaX, HalpuMep Ha apceHHle TraJjJus, Ha aMopdHBIX
MOJIyNIPOBOJHHKOBLIX, HA CTPYKTypax «KpeMHHH Ha candupe» u T. 1.
OpHako B Hacrosiliee BpeMsl KpPeMHHH OCTaeTcsl OCHOBHBIM Ma-
TepHaJIoM.

ITocKo/IbKy OCHOBHBIM aKTHBHbIM NPHOGOPOM LH(POBLIX YCTPOHCTB
SABJISIeTCS TPAH3HCTOP, TO OOLLENPHHSTO NMPH PacCMOTPeHHH LHUDpo-
BbIX MHKPOCXeM IMOApa3fiessdaTb KX Ha J[Ba KJacca MO THMY TpaH-
3UCTOPHOH CTPYKTYpbl: Gunossipuble MHKpocxembl H MJII-mukpo-
cxeMmbl. [lepBble H3roTaB/MBAIOT MO TEXHOJOTHMH OMIOJSIPHBIX TpaH-
3uctopoB, BTopble — MJITI-Tpan3ucTopos.

M3 nanpasaenuit MIII-TeXHOJIOrHH TOMYUYH/IH IIHPOKOE pa3BH-
THe TEXHOJNOTHH — p-KaHaJjbHas (p-MIAI1), n-kauanbhasi (n-MIT)
1 KM/IT], a u3 6unonsipubix — texnosnoruud dCJI, TTJI, TTJILI, UUJI.

BunosnsipHble TexHosoruyeckHe MeTO[bl H3rOTOBJIEHHS] LH(PPOBLIX
MHKpOCXeM KJacCHOUUHUPYIOT MO CXEMOTEeXHHUECKOMY MpPH3HAKY,
a UMEHHO: MO NPUHUHUNY peasH3alUH 6a30BbIX JOTHYECKHUX 3JjleMeH-
TOB 3MHTTepHO-cBsidaHHOH JorHKH (DCJI), TpaH3HCTOPHO-TpaH3HC-
topHo# Jiorukd (TTJI) u ee coBpemeHHOH pasHoBUAHOCTH — TTJI
¢ npu6opamu lotku (TTJILL), uHTerpa/bHOH HHXXEKLHOHHOH JIOTH-
ku (MUNUJT). Takne Ha3BaHUS TEXHOJIOTHUECKHX METOHOB 0GYyCJOBJIe-
Hbl TeM, YTO YyKa3aHHble CXeMOTEXHHUECKHEe MPHUHIHIbI MOJOXKEHbE
B OCHOBY CTPYKTYpP MHKpPOCXeM, B TOM YHCJe H MHKPOCXEM MaMSTH.
DTo 03HayaeT, YTO BCe MHKPOCXeMbl, MPHHAJJIeXKalllHe OJHOH CeDHH,
M3TOTOBJIEHbl MO OJHOH W3 YKa3aHHbIX TE€XHOJIOTHH H MO3TOMY HMEIOT
MHOro obuiero B CBOHCTBaXx.

Hanpumep, nns mukpocxem IDCJI He3aBHCHMO OT NpHHAAJEX-
HOCTH K TOH WJIH WHOH CEepUH XapaKTepHbl TaKue CBOHCTBA, KaK Bbl-
COKOe O6bICTpONeHCTBHe, MOBBILIEHHOE 3Hepronorpeb/eHHe, MaJbli

27



Ta6auua 1.7. XapaKTepUCTHKA TEXHOJNOTHH MHKPOCXEM

T -] c ) 0
o M“K;gg;;w Unir, B Ubux, B Uux, B | Unowesns B | tss p.cp HE | Pror, MBT
3¢ K1500 | —45 | —1,03 | —1,61 0,1 1,4 16
K500 —52 | —098 | —1,63 0,1 2,9 34
K1531 38 2.1
K531 5 16
TTAW K1533 5 2,7 0,5 0,5 12 24
K555 20 7,5
K131 11 40
TTJ K155 5 2.4 0,4 0,4 19 25
K134 100 2
K541 1,5 0.5 0,01 0,1 100...10 10"‘..é
.10~
15158 K583
K584
K176 9 77 0,5 0,9 200 102
KMITT }5(&6' } 3.15 | Uwe | 00 25 160 10-5
K537 5

JIOTHUECKHH mepenaj, oTpHLaTe/NbHasi MOJSPHOCTb HANPSKEHHS IMH-
TaHHsA. DTH CBONHCTBA MHKpOCXeM 06YCJ/IOBJIeHbl Te€M, YTO B HHX TNpH-
MeHeH MpPHHLHUN TMepeKNIoYeHHsI TPAH3UCTOPOB TOKOM H MPHHSATHI
Mepbl K HCKJ/IOUEHHIO PeXXKMMa HacbllleHHs1 TPaH3HCTOPOB. THMHUYHBbIE
3HaueHHs1 napameTpoB 06a30BbIX JOTHUECKHX 3J€MeHTOB, H3rOTOB-
JIEHHBIX [0 Pa3HbIM TEXHOJIOTHSIM, NpUBefeHbl B Ta6J. 1.7. 3aMeTuM,
YTO CEPHH MHKPOCXeM, KOTOpble B KayecTBe MPHMEPOB YKa3aHbl B
tabJa. 1.7, cogep>Kat B CBOeM COCTaBe MHKPOCXeMbl MaMSTH.

Texnosorusas TTJI u TTJII no3BossieT nojyyaTb MHKPOCXeMb
C LIMPOKHM [Mana3oHOM 3HauyeHHH MapaMeTpoB, XapaKTEePH3YIOLLHX
ObICTPOJEHCTBHE M 3HepromnorpebieHHe MHKpocxeM. TexHoJsorus
TTJI npuumisia Ha cMeHy texHosoruu TTJI, mepensiB y mocjenHed
npakTHUecKH 6e3 H3MeHeHHH NPUHLMUNHAJIbHblE CXeMOTeXHHYeCKHe
pellleHHsi peanu3yeMbiX UH(MPOBLIX YCTPOHCTB, HO MPH 3TOM CYILECT-
BEHHO MOBBICHJIA HX ObICTpPOJeHCTBHE W CHH3MJa 3HepronotpebJ/ieHue.
Bnaronaps BkmoueHuio 11008 LLloTKH B TpPaH3UCTOPHbIE CTPYKTYpPbl
napaJijesbHO KOMJIEKTOPHOMY MepeXxoAy yAaJoChb CYLLEeCTBEHHO YJyu-
IIHTb YNOMSAHYThbiE MOKa3aTeJlH MHKPOCXeM, MOCTPOEHHbIX Ha OCHOBe
npexHux TTJI cxeMmHbiX pelieHuid. HarasiiHbIM TOMY IOKa3aTeJbCT-
BOM SIBJSIIOTCSI pe3yJbTaThbl CPaBHeHHS] MapaMeTpoB 6a30BbiX JIOTH-
yeckux 3nementoB TTJIII w TTJI, npencraBneHHbix B Tabua. 1.7:
. HanmpHMep, cONOCTaBHB napameTpbl 3/iemenToB TTJ1 cepun K131 u
TTJIII npuwenweir e Ha cmeHy cepun Kl1531, MoxHO BHAeTb
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yJaydllleHHe ToOKa3aTeJed nocjaenHed B 4 pasa 1mo GHCTpoueﬁCTBmo
u B 20 pa3 1o :-)Hep’ronmpeéﬂeﬂmo

OTMeTHM CBOHCTBO COBMeCTHMOCTH MHuKpocxem TTJI u TTJIIH
He3aBHCHMO OT OLICTPOAEHCTBHS H*NPUHALICKHOCTH K TOH HJH ApY-
rod CepuH MO HANPSKEHUIO NMUTAHUA W 3HAYEHHSIM yPOBHEH Halps-
)KeHus Jjorudyeckoro O u Jorvueckou 1.

YpoBuu MuKpocxeM TTJI B Hactosiuiee BpeMsi (haKTHYECKH MPHU-
HATbl BO BCeM MHpe B KauecTBe eJHHbIX yPOBHEH /51 MHKpPOCXeM
He3aBHCHMO OT TEXHOJIOTHH HX H3TOTOBJIEHHWS M MPHHIIKMNA TMOCTpoe-
HUs. DTO O3HayaeT, YTO MHKPOCXeMa, H3TrOTOBJIeHHAs, HalpHMmep
no M/II-TexHosorun, O6yaer Tem He MeHee HMeTb 1 1JI-ypoBHu
BbiXOAHbIX HanpsixkeHud O u 1, T.e. 0,4 u 2,4 B coorBercTBeHHO, H
BXxoAHbIX HanpsixkeHuit O u 1: 0,8 u 2 B coorBeTcTBeHHO.

OueBuaHO, YyHH(pHKAUHUSA YPOBHEH HaMpsKeHHWH HA BXOLax H
BbIXO/dX PAa3HOPOJHBIX M0 TEXHOJNOTHH MHKPOCXeM Cloco6CTBYyeT
cymeCTBeHHOMy MOBbIIIEHHIO :-)(p(peKTnBHocm NPHMEHEHHs] MHKPO3JIeK-
TPOHHOH 3/JeMeHTHOH 6a3bl B COBPEMEeHHOH 3JIEKTPOHHOH ammnapa-
Type.

OnHUM K3 NepCrneKTUBHbIX HamnpaBJeHHH pa3BUTUA L H(QPPOBbIX
BbHC siBasieTrcsi npiMeHeHHe HOBbIX CXEMOTEXHHUYECKHX H TEXHOJIOTH-
YeCKHX MPHHUHUIIOB (POPMHPOBAHUA (YHKUHOHAJBHBLIX CTPYKTYp Ha
6a3e 3ssnemeHToB MHJI. MHaue Takue 3/ieMeHTHl NMPUHATO Ha3blBaThb
NpubopaMu C HHXKEKIHOHHbIM NuTaHueM [17].

Muxkpocxembl MHJI xapakTepusyloTcsi HU3KHM 3HepromnotpebJe-
HHeM (MeHee | MKBT Ha JlorHuecKHi 3/7eMeHT), TpeOYyIOT HU3KOBOJIbT-
HOTO MCTOYHHMKA NHTaHHUs, HMEIOT MaJiblH JIOTHYeCKHH Inepenan H
HH3KYI0O [OMeXxOyCTOHUMBOCTb. bJaarogaps Majod norpebJsieMoi
MOILLHOCTH H OTCYTCTBHIO B cxemax HMHJI nono/sHUTeNbHBIX pe3HCTo-
pPOB H APYTrHX KOMIIOHEHTOB yJaeTCsl peajii30BaTb BbLICOKYIO MJIOT-
HOCTb pa3MeilleHHsI NMPpHOOPOB B KpPHCTaJJe, T. €. BbICOKHH YpPOBEHb
HHTErpaluH.

Bmecte ¢ Tem npucyuide snementam MHJI ocobeHHoCcTH He TMo-
3BOJISIIOT MX HCMOJb30BaTb B OObBIYHOM BapHaHTe KOHCTPYKTHBHOIO
MCIIOJIHEHHUSI JIOTHYECKHX MHKpPOCXeM, IMOCKOJIbKY TpeOyloTcsi cre-
LlHaJIbHble Mepbl 10 CONPSXKEHHI0O ¢ MUKPOCXeMaMH JPYrUX KJacCoB
U Mo 3aiuuTe oT noMex. [103ToMy OCHOBHOH 00/1aCTbI0 NMpPUMEHEHHS
texHosorun MUUJI aeasiiorcs BUC mukponpoueccopos, bBHUC namsitu
H IPYTHX CJOXKHBIX (YHKUHOHaJAbHbIX y3J0B. Taknue BHUC B ocHOBHOM
coctrosit U3 cxeM HMHWJI, HO mo nepudepun Kpucraaia coaepkar
sjnemeHTbl TTJI uau TTJIL. CnenoBaTesibHO, N0 BHELIHHM 3JIEKTPH-
yeckuM xapaktepuctukaM BHUC Ha snementax MUHUJI He otamnualorcs
ot mukpocxem TTJI w TTJIIH u MoryrT npHMeHSITbCSH COBMECTHO.

TexHodsorusi p-M/II1 naBHo u xopouio orpabotraHa, OJHAKO HMeeT
CyulecTBeHHble OrpaHHYe€HHs] B OTHOLUEHHH MOBBIIIEHHS ObICTPOJEH-
CTBUSI MHKpocxeM. Kpome TOro, H3roToBJieHHble MO 3TOH TEXHOJIOTHH
MHKpPOCXeMbl TPpeOyloT ABYX-TPeX HCTOYHHUKOB NuUTaHHusA. I1o3ToMy Ha
cMeHy TexHoJsiorud p-MJLI1 npuwna GoJsiee nepcneKTUBHAsT TeXHOJIO-
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rusd n-MJIII, B ocHOBe KOTOpOH J€XKAaT KOHCTPYKTHBHO-TE€XHOJIOTH-
yeCKHMe M cxeMoTexHHueckue perneHdss Ha MJIII-tpansucropax c
n-kaHasaoM. TexHosoruss n-MJIIl no ObICTPOAEHCTBHIO MHKpPOCXEM
BbilllJia Ha ypoBeHb TexHosiorud TTJILL u uMeer mepcrnekTuBbl AaJb-
Hedlero oBepuieHCTBOBaHus. [lpu 3TOM ynaJnoch CyuieCTBEHHO MO-
BbICHUTb yj)OB€Hb HHTErpallMd U CBECTH YHUCJO HCTOYHHUKOB NUTAHHUA [0
OJITHOTO, !'MEIOLIero HamnpsixkeHHe B GoJibUIMHCTBe peaJsu3aiuii 5 B.
Ha ocHoBe TtexHosiorun n-MJIII BbimosHeHbl cepuu K132, Kb565,
K1809 u np. Takue MuUKpocxeMbl MO BXOJAaM H BbIXOJAaM COBMECTH-
mbl ¢ Mukpocxemamu TTJI u TTJIL, 1.e. umeior TTJI BxonaHbie u
BbIXO/Hble yDPOBHH.

[Io TexHosmoruu KM/IIT u3rotoBiMBaloT MHKPOCXeMbl Ha KOMILJe-
MEHTapHbIX TPaH3UCTOPHBIX CTPYyKTypax. KommsieMeHTapHO#H napow
Ha3biBaloT ABa M/ITI-TpaH3ucTopa ¢ KaHajaMH pa3HOro TUla NpPoBO-
TUMOCTH. B 3TOM cMbIC/ie OHH SIBJISIIOTCS JOMOJHSIIOUIHMH JAPYT ApPYra.
Orciona W Ha3BaHue Takux cTpykryp. Ecan KMJII-TpaH3ucropsi
COeIMHUTH MOC/JAe0BaTeJbHO MO LEeNAM CTOK-UCTOK M MOAKJIIOYHUTb K
UCTOYHHUKY MUTAHHUS, TO MOJYYHM HHBEPTOP, BXOAOM KOTOPOro SIBJIS-
IOTCSl COeJUHEHHble 3aTBOPbl, a BbIXOAOM OyaeT TOUYKa COeJHHEHHS
CTOKOB JIByX TPaH3UCTOpPOB. B TakoM HHBepTOpe B CTAaTHYECKOM
peXKHMe OJHH H3 TPAH3UCTOPOB 3aKPHIT H MO3TOMY TOK MOTpebJeHHs
npeHeOpexxutesbHo MaJ. - AtuMm  cBoictBoM KMJIIT-unuBepTopoB
06yCJIOBJIEHO OCHOBHOE JOCTOHHCTBO MHKPOCXEM Ha HX OCHOBE —
MaJioe 3HepronorpebJjeHue (cm. taba. 1.7).

CoBpemenHasi KMJIII-TexHosiorusi mno3BOJIsiET HM3rOTaBJAMBATh
MHKPOCXeMbl C HH3KOH UYBCTBHTEJbHOCTbIO K H3MEHEHMIO HarpsixkKe-
HUS MUTAHUA B IIMPOKOM JHarna3oHe 3HaueHHWH, B YACTHOCTHU, MHKDO-
cxembl KMJII1 mHorux cepuit coxpaHsitoT paboTocnoCOOHOCTb INpPH
M3MEHEeHHH HanpsiKeHUsi nutaHuss ot 3 10 15 B.

OnHO U3 COBpPEeMEHHbIX HanpaBJeHHH Pa3BUTHUS TEXHOJIOTHH
KM/II 6asupyercsi Ha nNpHMeHEHHH B KayeCTBe IOMJIOKKH H30-
JIUpyIolLLlero Marepuana — candupa. Takass TeXHOJIOTUs MOJy4duJia
Ha3dBaHue «KpeMHWHd Ha candupe» (KHC). Ha canduposyio non-
JIOXKKY HapauiuBaoT KpemHHeBble KMJIII-cTpyKTypbl U COeAUHAIOT
UX Mo - TpeOyeMOH cxeme, Hampumep, B YCTPOHCTBO mnamatu. [lpwu
nucnoJsib3oBanuu texHosornn KHC ynaercsi pemuntb npobjeMy yMeHb-
[IeHUs MJoUlaJH KpHUCTaJia, HeOOXOAUMOH [Jis1 pa3MelleHUs TpaH-
3ucTOpoB paomnodHsiouiero thna. [lo texHosmorun KMJII B Kpewm-
HUEBOH MOMJIOXKKe C MPOBOAUMOCTbIO n-THIA AJs1 U3TOTOBJICHHUS TPaH-
3UCTOpA C n-KaHaJoM HeoOXOAUMO NpeaBapUTeNbHO CHPOPMHUPOBATH
o6J1acTh p-TUIla, Ha YTO YXOAUT AOMNOJIHUTENbHAs IMJOUladb KpHCTAJ-
Jla, U, CJIe[0BaTeJbHO, CHHUXKAeTCH YPOBEeHb HWHTErpauHud MHUKPOCXEM.
KpoMe Toro, mosiBjsit0OTCsl nmapa3uTHble €MKOCTH H TlaJibBAHHUECKHE
CBSI3M BHYTPH KpHCTaJijia, UTO CHH>KaeT ObICTPOAEHCTBHE MHKPOCXEM
U MOXKET BbI3BaThb TAaKHe SIBJIEHHS], KAK «THPUCTOPHBIA 3P PEKT».

[Io TexHosorun KHC TpaH3ucTOpHblE CTPYKTYpPbl H3OJHPOBaHbI
candupoMm, MO3TOMY HX MOXKHO pa3MeCTHTb OJHU3KO APYr K IpYrYy,
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TaK UTO MOTepPH MJOULAAH KPHUCTaJ/a U Nnapa3uTHble 3(P(eKTbl yMEHb-
waloTcs, a 6bicTponeiicTeye yBeauunBaercsi. Ho B KHC-TexHonoruu
CYLLeCTBYeT HOCTATOYHO MHOTO MpoGjeM ¢ obecreyeHHeM CTaGHJb-
HOCTH H BOCIPOH3BOAMMOCTH XapaKTEPUCTHK 3J€MEHTOB, C TeXHOJIO-
THYHOCTbIO H3JeyqHi U T.m. Tem He MeHee OHa MOJiyuaeT pa3BHTHE
KaK OJlHa W3 MepPCleKTHBHbIX TEeXHOJIOTHH.

1.4. MuKpocxeMa NaMsiTH KAaK KOHCTPYKTHBHBIH 3JIEMEHT

MukpocxeMa namsiTd npeacraBdsieT COO0H MOJMYNPOBOJAHHKO-
BblH KPHCTaJ/J, 3aK/JIOYEeHHbIH B KOPIYC, KOTOPbIH 3auiuulaer KpH-
CTaJlJ1 OT BO3JEHCTBUS BHeIlIHEH cpelbl, bOecrieuuBaeT HEOOXOAUMbIE
3JICKTPHUECKHe CBSI3H MeXKJAy KPHCTAJJIOM W BHELIHHMH BbIBOJAMH,
CJIY2KHUT TEIMJOOTBOAOM OT KpucTaJJa. Kopnyc B 3HauUTe/NbHOH CcTele-
HU OlpejesisieT HAaleXKHOCTb MHUKPOCXEMbl, a TaKxkKe TEXHOJIOTHIO ee
MOHTa)Ka Ha Me4yaTHYyIo IMJary.

Hcnosnb3yemble B HacTosillee BpeMsi KOpryca MHKPOCXeM HMEIOT
cucTemy o0003HAueHHMH W rabapuTHble pa3Mmepbl, COOTBETCTBYIOLLHE
onHoMy 3 AByx crta”aaprtoB: 'OCT 17467—72 [13], ecau kopnyc
paspaboran po 1979 r., u TOCT 17467—79 [12], ecau kopnyc
pa3dpabotaH nocje 1979 r.

Kopnyca MHKpPOCXeM MO KOHCTPYKLUHHM pa3jesjeHbl Ha 4eThipe
tdna no 'OCT 17467—72 u Ha nsitb TunoB no I'OCT 17467—79,
YeTbipe THMA M3 KOTOPbIX aHA/NOTHYHbBI KOprycaM CTaporo cTaHiapra.
Kopnyc nepBoro THla — npsiMOyroJibHblH ¢ BbIBOJAMH, NeplneHAHKY-
JISIPHbIMH [JIOCKOCTH OCHOBAHUSI M pacloJIO)KEeHHbBIMH B IMpenenax
poeKUUHd Kopmyca. Kopmyc BTOporo Tuna oOTJAHYaeTCsd TeM, UTO
BbIBO/bl BbIXOAAT U3 OOKOBBIX CTOPOH U H30THYThl NEPNEHIAUKYJJIAPHO
IJIOCKOCTH OCHOBaHHs. Takue Kopnyca B JuTepaType HepeAKO Ha3bl-
BaioT DIP. Kopnyc Tperbero tHna umeer KpyrJjywo (Gpopmy, OH aHa-
JIOTHYEeH KOpIyCy TpaH3ucTopa, HO MMeeT OoJblle BbIBOAOB. Kopnyc
YETBEPTOro THIlIA — MPSAMOYTOJbHbIA C BbBIBOJAMH, PacClOOKEeHHbIMU
napaJJiejbHO IJOCKOCTH OCHOBAaHHWA (MJjaHapHble BbIBOAbLI). Kopnyc
SITOTO THIA — MPAMOYTOJibHbBIA C BbIBOAAMHU B BHAE KOHTAKTHBIX
/10111 a 10K.

MukpocxeMbl NaMATH KOHCTPYKTHUBHO O(QOpMJIE€Hbl NpPeHMYLLeCT-
BEHHO B Kopnyca [ABYX THNoB: Btoporo (puc. l.11) wu uyerBeprtoro
puc. 1.12. Kaxabli H3 yKa3aHHbIX THIOB KOPIYyCOB HMeeT [Ba
MOATHNA, OTJIHYAIOLLUXCS PacnoJ/oXKeHHeM BbIBOJOB KOPIYyca OTHO-
CHTEeJIbHO OCHOBaHHUSA: Kopryc nogtuna 21 (puc. 1.11) umeer BbIBOABI
0 OJTHOMY Psily M3 IABYX OOKOBBIX CTOPOH; KOpPNYC MOATHNA 22 HMeeT
0 JABa psAla BbIBOAOB, pAcCMOJIOKEHHbIX B IIaXMaTHOM MOpPsIKe;
Kopnyc noaruna 41 (puc. 1.12) umeer BbIBOAbI IO OJAHOMY psALY
U3 ABYX OOKOBBLIX CTOPOH, a noaruna 42 — u3 4yeTbipex OOKOBBIX
CTOPOH.

Hudopmauust o NpuHaAseKHOCTH KOpPNyca K TOMY HJH IPYromy
TUILY U MOATHUIY COAEPXKHUTCHA B ero ycJaoBHOM 00O03HayeHuu. B coort-
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BercTBHH ¢ [OCT 17467—79 o603HayeHHe COCTOUT H3 LUH(pA THIO-
pasMepa Kopmyca, BK/IOYalOLIero MOATHMN KOpPHyca W MOPsAKOBBIH
HoMep THNopasmepa, ABYX MOCJAeAYIOIIHX LH(PpP, YKa3biBalOLIHX Ha
YHCI0 BbIBOAOB U HOMepa MoaudukKauuu kopnyca. lasi Kopmycos,
COOTBETCTBYIOILHX CTapOMYy CTaHAapTy, B 0603HaYyeHHH OTCYTCTBYeT
yKa3aHde Ha moatun Kopnyca. [Ipumepnl: a) mukpocxema K537PY2
(cMm. puc. 1.5,a) odopmaeda B kopnyc 2107.18-4 — 310 npsmo-
yroJibHbll Kopnyc Tuna 2, moaruna 21, tunopasmepa 07, umeer
18 BbIBOLOB, OTHOCHTCSI K 4-H MOIM(PHKALHH KOPMYCOB 3TOTO THIIO-
pa3Mepa; 6) mukpocxema K537P¥1 umeer kopmyc 402.16-8 — nps-
MOYTOJIbHbIH, THNA 4 (C NaHapHBIMH BbIBOZAMH), Tunopasmepa 02,
c 16 BoiBogamu, 8-ii MoaHUpHKALHH.

YcTaHoBJ/IeHbl CJleflylOllHe pa3Mepbl I[Iara MO3HLHH BbIBOJOB
[12]: pns kopnycoB THna 2 — 2,5 MM; s noaTuHna 22 — 1,25 MM H
2,5 mm; Tina 4 — 1,25 u 0,625 mM. Hymepauusi BuIBOLOB HauHHAETCS
oT KJawoya (cM. puc. 1.11, 1.12), xoTopsiii npeacrasJsieT coboi 1160
OTMETKY Ha Kopnyce, Ju6o crneLudHuyecKyi (popMy nepBoro BbIBOAA.

Hasi obecrieueHUs1 HaldeXXHOH paboOTbi MHKPOCXeMbl HEOOXOAHMO
o6GecrneynBaTh OTBOA TelJ/a OT KpHCTa/lla depe3 KOpPHyc B OKpy-
XKalolyio cpeiy, 4ToObl TeMiepaTypa 3JeMEHTOB CXeMbl He MpeBbl-
Lmiaja onpejeneHHoro 3HayeHus. [lo TensioBomMy pexumy J06yio
MHKpPOCXeMYy XapakTepu3yloT Tpemsi (aKkTopamH, KoTOpble HeoGXo-
JAMMO 3HaTb INPH TNpPOBeACHHH TeIJOBbIX DacyeToB: pacceHBaeMoH
MOLLLHOCTBIO, paGO4YUMH TeMIIepaTYPHbIMH MNpeZEAaMH H TeNJOBHIM
COMPOTHBJIEHHEM KOpNyca. BHyTpeHHee TenjaoBoe COMPOTHB/EHHE
34BMCHT OT pa3MepoB H MaTepHajdoB KOpilyca, HO He 3aBHCHT OT
BHeWIHUX YCJOBHH. BHelllHee Tenjosoe CONPOTHB/IEHWE 3aBUCHT OT
N)GilaAM MOBEPXHOCTH Kopnyca u crnocoba orBoja Temia. Huskoe
Tef/i0BO¢ CONPOTHBJEHHE KOPMyCcOoB obecrieyHBaeT CPpaBHHTEJbHO He-
BbICOKYIO TeMilepaTypy KpHCTaJjJa H BbICOKYIO HalJeXHOCTb (YHK-
LU HOHHPOBAHHSI MHKDOCXEM.

[lo BapHaHTy HCMOJHEHHSi B OTHOLIEHHH HCMOJb3yeMbiX MaTe-
pHaJ/oB KOpHyca MOLpPa3lensioT Ha CJAEAYIOilde THIbl: MeTaJJoCTeK-
JsiHHbIE, METAa/VIOKepaMHYeCKHe, KepaMHYeCKHe M IJ1acTMAacCOBbI€.

32



YKazaHuie Ha BapUaHT UCIOJHEHHS] MUKPOCXeMbl COAEPKHUT ee yCJOB-
HOoe KojaoBoe o0o3HaueHue (cm. § 1.1).

MeTanocTek/sTHHBIE KOPIyCa COCTOAT M3 CTEKJSAHHOTO WJIM Me-
TaJJIMUeCKOr0 OCHOBAHUA C H30JISIUMEH BBLIBOJOB CTEKJOM H MeTaJ-
JIMUECKOHW KpbIlIKKH. OHH pacCuuTaHbl Ha CPABHUTEJIbHO HEBbICOKHE
YPOBHU pacCedBaeMbiX MOLIHOCTEH, U MO3TOMY HX I[PUMEHAIOT B
OCHOBHOM [Ji1 KOHCTPYKTHBHOIO O(MOpMJIEHUs MHKPOCXeM MaJjioH
CTeNeHU HHTEerpaluH.

[InactmaccoBble Kopnyca (GopMHPYIOT B Mpolecce 3anpecCOBKH
B [JIaCTMAaccCy IMOJYNPOBOAHHKOBOIO KpuCTaJJ/jaa, MNpeaBaAPUTE]bHO
CMOHTUPOBAHHOIO Ha MeTaJVIMYeCKOM paMkKe ¢ BbiBogaMu. BHyTpwu
Kopryca BCTPAaWBAalOT aJIOMHHHEBYIO MJACTHHY, BbIMNOJHSAIOILLYIO POJb
TeIJIOBOrO pacTtekaTtessd. [IpH TakKoH KOHCTPYKUHH TemJaoOBOe CONpo-
THBJIEHHE Koplyca CHHxKaeTcs. Kopnyca H3 njaacTMmaccosl camble
JelieBbie, HO HEJOCTATOYHO CTOHKHE K BO3JAEHCTBHIO TeMIEpPaTypHbIX
nepenafaoB U BJjaru. OObIYHO HMX HCINOJb3YIOT A/ MHUKPOCXeEM, Mpej-
Ha3HAYeHHbIX AJIsi MPUMeHeHHsT B OOJIerdeHHbIX TeMIepaTypHbIX H
KJIHUMAaTHUECKHUX YCJOBHUAX.

MertannokepaMuueckie KOpMyca COCTOAT U3 KepaMH4yecKoro
OCHOBAHHUSl U MeTa/JJIM4eCKOH KpbIIIKH. Bce 4acTH KepaMH4yeCKHX
KOPIyCOB H3TOTAaBJMBAIOT M3 KepaMHYeCKHX MaTepuaJsoB. IDTH JBa
THIIA KOPIyCa HMEIOT CYLLeCTBEHHO 6oJiee HH3KOe TeIlJIOBOe COIMPo-
THBJIEHHE 110 CPAaBHEHHIO C myacTMaccoBbiMU. [103TOMY OHHM CIOCOGHBI
pacceHBaTb 3HAYUTEJIbHble MOLIHOCTH (A0 HECKOJbKHX BaTT) H
IHHPOKO TPHUMEHSIOTCA /51 KOHCTPYKTHBHOrO OQOpMJIEHHS MHKPO-
CXeM MOBBIILIEHHOIO yPOBHA HHTerpauuu, B Tom yucjie bHUC namsaru.
HenocrtaTkoM KepaMuyecKOro Kopnyca SsiBJSIETCS OTHOCHTEJIbHO Bbi-
cokasi Temnepatypa cnadku (440° C) HUKHeH H BepxHel yacTei
Koplyca CTEeK/JOBHAHOH MacCOH, uTo OOYyCJOBJHUBAET BO3MOXKHOCTb
JIOKAJIbHbIX NMOBPEXJAE€HHH OKHCHBbIX H30JISIIHOHHBIX CJ0€B KpHUCTaJa.
HengocraTkoM MeTasokepaMHyeckoro Kopryca siBJsieTcsi  6oJee
'CJIOKHAsI TeXHOJIOTHS HM3roTOBJIeHHs, OoJiee JOpOrve marepuadibl H,
Kak cJeACTBHE, ero MOBbilI€HHass CTOMMOCTb.

[IpoMbILIJIEHHOCTb BbINTYCKaeT, Hapsily ¢ OObIYHBIMH, MHHHATIOP-
Hble Koplnyca Tulla 2 ¢ YKOPOUEHHbIMH BbIBOJAMH, OT(GOPMOBaAHHbIMH
TaK, YTO MOHTAK MHKPOCXEMbl MOXKHO OCYILECTBJISITb HEIOCPEeACTBEH-
HO Ha KOHTAKTHbIe IJIOWAAKHU nJjaThl. [liowmanp, 3aHuMaemasi Takum
KopniycoMm, B 8 pa3 MeHblie ob6biuHoro DIP-kopnyca. Iloayuaior Bce
6oJiee LIMPOKOE PACHpPOCTPAHEHHE KPHUCTAJNJOHOCHTEJNH — KOopIyca C
KBaJapaTtHoOH (HOpPMOH OCHOBAHHUA U BbIBOAAMH B (pOpMe KOHTAKTHBIX
JIOLLAIOK [0 NepuMeTpy Kopiyca.

JlasbHeH11ee COBEPLIEHCTBOBAHHE KOPIYyCOB CBSI3bIBAIOT C CO3/a-
HHEM IJIOCKHX KOHCTPYKUHH M3 MHOrOCJOMHOH KepaMHKH C Y3KHMH
BbIBOJlaMH, 0€3BbIBOAHbIX KOPIMYCOB C MAaTPHYHBIM PAaCHOJNOKEHHEM
KOHTAKTHbIX IJOLWLaJ0K U KPUCTaJJOHOCHTeneH ¢ warom jio 0,6 mm,
a TakK»>Ke KOpPNycCoB C MOBLIIIEHHOH MOLLHOCTbIO paccessHus (40 12 Br)
U 6oJibLIMM uKCIoM BbiBOAOB (300 u DoJiee).
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F'nasa 2

MHKPOCXEMDbI OITEPATUBHDIX
3ATTOMHUHAIOIIUX YCTPONCTB

2.1. Mukpocxembl cratudeckux O3Y

THNHUHBIA BapHaHT CTPYKTYPHOTO NMOCTPOEHHSI MHUKPOCXEMbI
cratuueckoro O3Y npuBener Ha puc. 2.1. [das npumepa BroiGpaHa
CPaBHHTEJNbHO HecsoXKHasi MHKpocxeMma namMsatH K561PY2 (564PY2)
¢ eMKocTbIo 256 GuT. YcjoBHOe rpaduueckoe H3oO6paxKeHHe MHKpO-
cxeMBl NpeactaBieHo Ha puc. 1.5, a. CTpykTypHasi cxema BKJIOYaeT
BBIMOJIHEHHbIE HA €IHHOM KpHCTaJ/ljle KPeMHHs MaTpHILy HaKOMHUTeJs,
netugpaTopbl Kofa agpeca cTpok Ag — As (Ao — Maaamuil paspsi)
U cronbuoB Ay — A7, kiaouu Beibopa CTOJGLOB U yCTPOHRCTBO BBOAA-
BbiBoga (YBB). Pexumom Mukpocxembl ynpasJisiior curHaabl CS
(Bui6op muxpocxembl) © W /R (3anucb-cuutbiBanue).

Martpuua Hakomutenasi comepxkuT 256 3II1, pacrmosokeHHBIX Ha
nepeceueHusix 16 crpok u 16 cronbuos. Kaxkawii D11 npeacrasasier
co60oH CcTaTHUeCKUH Tpurrep, KOTOPbIH MOKeT ObITb peasiM30BaH Ha
ocHoBe 6unonsipHbix HaH MJIII-TpaH3ucTOpoB. DTO 3aBHCHT OT TeX-
HOJIOTHH H3TOTOBJIEHHSI MHKpocxeM. B naHHOM ciyuae MHKpocxema

Mampuya HakKonamens Puc. 2.1. CTpykTypa MHKpOCXeMbl
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Puc. 2.2. CraTuuecKuil 3JileMEHT NMaMSATH

K561PY2 wusroroieHa no KMJIII-TexHoJioruu, nosToMy ee OCHOBY
cocraBisier tpurrep (puc. 2.2) Ha MJIII-TpaH3ucTopax AOMOJHSIIO-
mero (KOMIJIEMEHTapHOr0) THIA, HMEIOIIMX KaHaJsbl Pa3HOro THNA
npoBogumoctd: VTI, VT2 — kaHaawl n-tuna, VT3, VT4 — kaHaJbl
p-tTuna. Y Tpurrepa ABa napa¢asHbiX COBMelLleHHbIX BXOJa-BbIXOJa.
‘KaoueBbiMu Tpan3ucropamu VTS, VT6 Tpurrep coenuHeH ¢ pa3psia-
Hoivi widHamMu PIII,, Pl no KoTopbiM MOABOLHUTCA K TPHITEPY
NP 3alMCH H OTBOAMTCA OT HEro NPH CUMTHIBAHHH HH(pOpMaLHUs
B napada3sHoii ¢opme mnpeacrasienusi: PII; =D, Plly,=D. Kio-
yeBble TPAH3HUCTOPbI 3aTBOPAMH COeJJHHEHbI C aJpecHOH LIHHOH (CTpo-
Ko#). Ilpn Bo36yXIaeHHH CTPOKH CHTrHaJOM BbIGODKH X =1, CHHMae-
MBbIM C BbiXoAa Aewtddparopa ajapeca CTPOK, KJAoueBble TPAH3HCTOPHI
OTKPBIBAIOTCS U MOJKJIOYAIOT BXOJbI-BbIXOJbl TPHITEPA K Pa3psiHbIM
wuHaM. TIpu oTcyTcTBHH CcHrHasia BbIGOPKH CTPOKH, T.e. npu X =0,
KJIIOueBble TPAH3HCTOPbI 3aKPBIThl U TPHITEP H30JHPOBAH OT pa3psif-
HbIX WHH. TakuM o6pa3oM pea/iu3yloT B MaTpHlle peXHM oOpallleHHus
K JII anst 3anucu WK CUMTBIBAHHSI HHPOPMALUH H PEXHM XpaHEHHS
HHGpOPMaLHH.

Jast coxpaHeHusi HHOPMALHU B TpUITepe HEOGXOIHM HCTOUHHK
MUTaHUsA, T.e. TPUITED pPacCMaTPUBAEMOro THIA SIBJSETCS 3Hepro-
3aBUCHMbIM. [lpH Ha/lMYMHM NHTAHHS TPHUITEp CMOCOOEH COXPaHSATh
CBOE COCTOSIHHE CKOJIb YrOAHO 10Jiro. B oaHO M3 ABYX COCTOSIHHH,
B KOTOPbIX MO2KEeT HaXOAHUTbCA TPHUITEP, €ro MNPHBOIAAT CHTHAaJBbI,
MoCTynalollie Mo pa3psiiHbIM LIHHAM B peXHMe 3amucu: npu D=1
(PIL, =1, PlI,=0) VTI, VT4,— otkpbitel, VT2, VT3 — 3akpbIThHI,
npu D=0 (PLL, =0, Plllp=1) TpaH3HCTOPbI CBOH COCTOSIHHSI H3Me-
HSIIOT Ha obpaTHbie. B pexume cuutniBanus PIL Haxoasitcss B BbICO-
KOOMHOM COCTOSIHHH H NMPHHHMAIOT NOTEHLHaJbl MJ1eY TPUITepa, nepe-
JaBasi HX 3aTeM yepe3 yCTPOHCTBO BBOAA-BbIBOJA Ha BbIXOJ MHKPO-
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cxembl DO, DO. Ilpu 3tom xpansimiasici B Tpurrepe WHbOpmanus
He pa3spyliaeTcs.

Oco6enHocts KMIII-TpurrepoB 3ak/iouaercsi B TOM, YTO B pe-
KHMe XpaHeHHs OHH MOTPe6JSIIOT HEe3HAUHTEJNbHYI0 MOLIHOCTb OT
MCTOUYHHKA MHUTAHHUS, NOCKOJbKY B JIIOOOM COCTOSIHHH TPHITepa B TOH
WJIH APYrod ero nojlOBHHe OJHH TPAH3HUCTOP, BEPXHHH W/IH HHXKHHH,
3akpbiT. B pexnme o6paileHusi, KOraa NepeKJIOyaoTCs 3JeMeHThI
MaTpHUbl, AeuludpaTopbl H Apyrue (pyHKIHOHAJbHBbIE Y3JbI MHKPO-
CXeMbl, YpOBeHb ee 3Hepronorpeb/eHdst Bo3pacTaeT Ha [ABa-TPH MO-
psinKa.

s obpawenus k mukpocxeme anasi 3anucu 0 wam 1 caenpyer
noaBectd 3Ty HHopmauuioo ko Bxoay DI, momatb kox anpeca
A{A; — A;}, paspewaownii curvan CS u curian W/R, coorser-
CTBYIOUIMH pexXUMy 3anucd (cM. Taba. 1.2). Ilpu yka3aHHbIX CHrHa-
Jdax Bo30yxKjaaeTcsl 3ajlaHHasi cTpoka X;, BoiOpaHHasi AellindpaTopom
KoJla ajapeca CTPOK, H B pe3yJibTaTe 3TOr0 OTKPbIBAeTCsl JOCTYI MO
paspsiiHbiM WKHHaAM Ko BceM JI1 npaHHo# cTpokd. OnHOBpeMeHHO
BO30yX/aeTcsi OJHH M3 BbIXOAOB Y; JAewHdpaTopa KoAa ajpeca
CTOJIOLOB H, OTKPbiBasi COOTBETCTBYIOWIHe TpaH3uctopbi VT, VT
B OJ10Ke Kaiouedl Bbibopa crosbla, KOMMYTHPYeT BhiOpaHHbIH cTosbern
Ha YBB. [Joctyn K pa3psiiHbiM UIHHAM 3TOro CToJ6LA CO CTOPOHbI
YBB o6ecneunBaer curnan CS=1, orkpbiBalomui kmoun VTO u
VTI1. Hacrtpoiiky YBB Ha npuem curnana co Bxoga DI ocyutecrBasier
curiag W/R=1.

OG6pailleHde K MHKpOCXeMe [Jisi CUMTHIBAHHSI NMPOHUCXOJUT aHaJO-
THYHO, HO NpH 3HayeHuH curHasa W/R=0.

B GonbiidHCTBe MHKpocxeM namsiti YBB conep:KHT BbiXoAHOH
KJIIOYEBOH YCHJHUTENb-pOpMHUPOBATENb, CNOCOOHBIH NPUHUMATh TPH
COCTOsIHUSI: JBa (YHKUHOHAJNbHBIX, COOTBeTCcTBYOIIHX O uau |, u
OIHO BBICOKOOMHOE (TpeTbe) COCTOsiHHe. B TpeTbeM COCTOSIHHH
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Puc. 2.3. UuBepropsl Ha KM/III-Tpan3ucropax:

@ — C BbLIXOAOM HA TPH COCTOSIHHSA; 6 — C 3alLHTHOH Lenblo Ha BXoje
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BbIXOJ, [IPAKTHYECKH OTKJIIOYEeH OT MpHeMHHKa HHPOPMAUHH, HAMPH-
Mep HHQOPMALMOHHOH 1HKHbL. [IpHuMep Takoro 3/jeMeHTa NpuHBedeH Ha
puc. 2.3, a. JjeMeHT npeacTanJssieT coOOH WHBEPTOP HA TPAH3IUCTO-
pax VTI, VT2, nonosHeHHbiH JABYMS KJIOUEBbIMH TPaH3HUCTOpaMH
VT3, VT4, oGecrnieudBalOlIMMH pPe&JH3alHI0 TPETbero COCTOSIHHS
Bbixofa. CocTosiHHeM KJiloued ynpaBJasieT curHada V: npu V=0 06a
KJl04a 3aKpbIThl H BbIXOJ HAXOJAHTCSH B BbICOKOOMHOM COCTOSIHHH,
npu V=1 KJIOYH OTKpPBHITHI U CXeMa BbINOJHSET CBOH (YHKIHH
UHBepTopa, nepenaBasi Ha Bbixod DO MuKpocxembl HH(pOpMalHIO,
CYuuTaHHYy©O ¢ BbiOpaHHoro JIl. CurHan V ¢opmupyeT BHYTpPeHHSIA
cxeMa, MpulaBasi eMy 3HaueHue, onpenensemoe curiasamu CS ©
W/R: ecan paccMOTpeHHbIH BbIXOA peasii30BaH B MHKpOCXeMe, pa-

Goralouleli B coorBeTcTBHH ¢ Ta6a. 1.2; o V=CS-+W/R. Ilpu

Ha/JMYMHU elle OJHOro ctpobupywoliero Boixon curHasa OE =0, kak
y mukpacxembl KP537PY8, ycioBne ynpakejsenust BbIXOAOM 3alHILeT-

ca B Buge: V=CS+ W/R+4OE wnin V=CS-W/R-OE.

Hanunuuve y MHKpOCcXeMbl BbiXO4a HAa TPH COCTOSIHUS MO3BOJISIET
COeIMHATb UH(MOPMAaLHOHHble BXOJ U BbiXOJ IJS1 MOJAKJIOUEHHSI HX K
eIMHOH WH(QOPMALIUOHHOH LUHHE.

Pa6ory mukpocxeMbl ctaThueckoro O3Y B IHHAMHUECKOM PEXKH-
Me WJJIIOCTPUPYET BpeMeHHble JHarpammbl, MpeJcTaBJeHHble Ha
puc. 1.9. [duarpammbl onpenensiioT IocJeqoBaTeNbHOCTb MOAa4H
AlpeCHbIX M YNPaBJSIOUMX CUTHAJNIOB MPH 3aNHCH U CUUTHIBAHUH,
a Tak)Xe BpPeMeHHble MHTepBaJibl M€y pa3jduMHbIMH CHTHaJaMH H
JJIUTEJbHOCTH CUTHAJIOB: BpeMsl LHKJ/A 3aMUCH-CUUTBIBAHUA (1, ,n.cd),

JJIUTeNbHOCTb cHrHaoB CS (Bbl6Opa MHKPOCXeMbl) Tgy H May3bl
MeXX1Yy HHUMH Tgy, BpeMsl yCTaHOBJeHHs curHajaa CS OTHOCUTe/NbHO
anpeca t, gm ., BPeMsl coxpaHeHuss ajapeca nocje curHaia CS
tex a. BM, BpeMs BbIOOpPKH anpeca t, , WK BpeMs BbiOOpa MUKPOCXeMbl
1, 8m ¥ 1P

Caenyetr o6paTuTh BHHMaHHe Ha TpeboBaHHe K ¢opMe CHIHAJOB
ynpasjseduss CS u--W/R. B § 1.2 orMeueHo, uTO y aCHHXPOHHBIX
ctatiyeckux O3Y 3T curHajdbl MoOryt ObiTb MOAAHbl B (¢opme
YPOBHEH HaMNpsiKeHUsi, COOTBETCTBYIOWHUX 0 Hiau | B 3aBUCUMOCTH OT
pekKHMa, a y TaKTHPyeMbIX — B (opMe HMIyJ/bca, ApHUEeM TpeGoBa-
HHe WMNYJbCHOTO MPeACTaBJEeHUsI OTHOCUTCH OObluHO K curHaay CS.

Mukpocxema KH61PY2, BpemeHHble AnarpaMMmbl KOTOPOH TMpPHUBe-
IeHbl Ha puc. 1.9, oTHOcUTCS K Trpylnre TAaKTHPyeMbIX. IJTOH Xe
rpynne npuHHaAjeXaT MHKpocxeMbl cepud KO37, psim MHKpocxeMm
cepud K132 u ap. MHorue mukpocxeMbl ctaTiyeckux O3Y siBasiiotcs
ACUHXPOHHBbIMH. [ls1 HHX 3HAUHWTeJbHAsi 4aCTb BPEMEHHbIX MapaMerT-
POB, XapaKTepPHU3YIOLLUX JJIUTEJbHOCTH YNPaABASIOWHUX CUTHAJIOB U HX
BpeMeHHble CIBHT'H, He perJiaMeHTHpPOBaHa.

Hapno yuuTbiBaTbh Takxke, NpH KAaKOM 3HAueHHH CHTHAJa BbINOJ-
HSIeTCsl HHHLMHpyeMasi UM ¢GYHKUHS: HAapUMep, 3aNucb HHGpOPMALIHH
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B Mukpocxemy KO561PY2 npoucxonut mnpu curHaise W/R=]1
(cM. puc. 1.9), a cuutbiBanue — npd W/R=0, nas MHKpOCXeMbl
cepun K537 u apyrux cepud HeoO6X0AHMbl OOpaTHble 3HAUYEHHUS CUTHA-
a1a W/R npu BbinonHeHUH 3TUX kKe PyHKUUi: W /R=0 npu 3anucsu,
W /R=1 npu cuuThiBaHHWH. YKa3aHHe Ha aKTUBHOE 3HaUE€HHE CHUT'HaJa
COJEPXKHT ero 0003HaYeHHe: eCyid eCTb 3HaK HHBEPCHH, TO AKTHBHBIM
‘3HayeHHeM siBasiercsa 0, ecau HeT, To l.

PaccMmoTpeHHasi cTpykTypHasi cxema (cm. puc. 2.1) npeacrasJsier
coboit mnpuMep- peanusauuu cratuyeckux O3Y ¢ oaHopas3psAAHOH
opraHu3aiided. DTOT THN MHKpPocxeMm npeobJsajaeT B COBpPeMeHHOH
HOMEeHKJIaType MHKpocxeMm namatd (tabJa. 2.1). Bmecte ¢ Tem Bce
60/1ee aKTHBHOE PAa3BHTHE MOJY4alOT MUKpoOcXeMbl cTaTHueckKux O3Y
C MHOropa3psilHoH CJOBapHOH opraHudauuen. [IpuHUUN nocTpoeHus
TakKMX MHKPOCXEM PacCMOTPHM Ha npuMepe MHUKpocxembl KP537PY8,
-uMelollleii HHPopMalHOHHYIO eMKocTh 2K X8 6ut (puc. 2.4). OHa
BKJIOUaeT MaTpHlly HakonuTenasi ¢ 128X 128 III, peructpel u ne-
iMdpaTtopbl Koja ajapeca CTPOK H CTOJOLOB, YCHJHUTEJNH 3alUCH-

Tabauuya 2.1. XapakTepuCTHKH CepHil MHKpocXem ctaTHueckux O3Y

Cepust Emxoctb, GHT ty sm (cu)> HC U, B P.op BT B;‘;gg::[e TexHoaorus
K500 16 X4, 64X 4 40 —5,2| 0,6...1,1 ICJI-03 ICJI
IKX 1, 4K X1
K1500 | 64X4, IKX1 9..45 |—4,5| 0,6...1,1 ICJI-03 3CJI
4K X 1, 16K X1
K541 4K X1, 1KX4 [100...170| 5 0,3...0,5 TTJI-3 ** | UWJI-TTJI
8KX 1, 16K X1
K132 1IKX1, 1KX4 | 55...85 5) 0,4...0,9* TTJ1-3 n-MII1
4K X I, 16K X1
64K X 1
KI1809PY¥1 1IKX 16 400 ) 0,4 TTJI-3 n-MII1
K537 IKX 1, 4KX1 |110..500| 5 0,02...0,2* TTJI-3 KMII
2K X8, 1K X4
K134 1IKX1 1000 5) 0,6 TT/1-OK | UHUJI-TTJI
K185 64 X1, 1IKX1 |300..500| 5 0,4 TTJI-OK | UHUJI-TTJI
256X 1 .
K581 2K X8, 4K X4 [120...200 5 0,4* TTJI-3 KMII
K155 256X 1, 1KX1 | 45...90 5) 0,9 TTJI-OK-3 | TTJI-9CJI
K561 256 X 1 800 6—12 0,15% KMIII-3 KMTII
K176 256 X 1 900 9 0,02 KMIII-3 KMII
K565 IKX 1 450 5) 0,4 TTJ1-3 n-M 111
[ITpumeuanune Boixoausie ypoBuu 1/0 3CJI: —1,04 B/—1,6 B; TTJI: 24 B/0,4 B; KMAII:
Unw:/0,01 B.

* B pexume xpaHeHusi norpebasieMasi MOIMLHOCTb cHHKaerca B 1000 pa3 y mukpocxem cepuu Kbd37,
B 50 pas — y K561, B 3—5 pas — y K132, K581.
** BbIXO[ HAa TPH COCTOSIHHSA.
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cratuyeckoro O3Y co cioBapHO#
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CUHTBIBAHUS, YCTPOHCTBO yNpaBJieHHS H yCTPOHCTBO BBOAA-BHIBOJA.
YcnoBHoe uH300pakeHHe MHKpOCXeMbl TpHBeJeHO Ha puc. 1.5, 6.
B xauectBe II1 mnpumenen tpurrep Ha KMJIIT-tpansucropax
(cMm. puc. 2.2).

Hakonurens pa36but Ha BoceMb cekuuid no 128X 16 3I1 B kax-
noi. Yerbipe MJaauiux paspsiia Kopa ajapeca Ag — A; BhiGupaioT
MO OAHOMY CTOJOLY B KaxKJA0H CeKUHH H KOMMyTHpPyIOT ux ¢ YBB.

YrpasJsieHue yCTPOHCTBOM BBO/Ja-BbIBOLA OCYLILECTBJSIOT CHTHAJIbI

CS, OE u W/R, npeaBaputesbHo obOpaboTaHHble YCTPOACTBOM
yrnpasJjieHus. B coorBercTBuu ¢ Tabs. 1.3 B 3aBUCHMOCTH OT 3Haue-
HHH yNpaBJsIOIMX CHTHAI0B MHKpOCXeMa MOxXeT paboTaTh B OLHOM
M3 TpeX peXHMOB: 3alHCH, CUMTHIBAHHS H XpaHeHus. B pexume
3anucu nHbopmauua 8-pa3psiiHbIM KoaoM uepe3 YBB u ycuaurenu
3aMHCH-CUHTHIBAHUSA TOCTyMaer B BbiOpaHHYIO siueiiky mamsatd. Ilpu
CYHTBIBAHHH HH(QOPMalHs H3 BbIOPAHHOH siueHKH MaMATH NOCTynaeT
‘Ha YBB u uepe3 Hero — Ha BbixoAbl. CHI'Ha/l paspelieHHsl BhIXOAa
OE mno3BoJisieT B pexxHMe CUMTBIBAHHS 3anpellaTh BbIBOA HHpopMa-
nud: npd OE =1 BXoAbI-BbIXOAbI MPHHHUMAIOT TPeTbe (BBICOKOOMHOE)
CoCTOsiHHe, TaK 4TO HH(pOpMaluus Ha BHIXOAAX OTCYTCTBYET.

B pexume xpaHeHHs norpeb/sieMasi MUKPOCXeMaMH OT HCTOYHH-
Ka NHUTaHUS MOILHOCTb CHH)Kaercsi 6oJiee uem B 1000 pas.

HoMmeHknaTypa oreuecTBEHHBIX MHKpocxeM crarHueckux O3Y
JOCTAaTOUHO TNpeAcTaBUTeNbHA W pa3Hoob6pa3Ha, YTO6GBl YAOBJETBO-
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Tatoauna 2.2. InHamuyeckne napamerpsi MHKpocxem cepun K537 B ananasone
temnepatyp —10...470° C, Hc

Tun mukpo-| 5o (cyyr ta BM: tye BM. 2 TBMs e tex. o BM>
CXeMbl He MeHee He Goliee He MeHee He.MeHee HE MeHee HEe MeHee
PY1 A 1300 900 200 900 400 200
PY1 b 2000 1400 300 1400 600 300
PY1 B 4000 2800 600 2800 1200 600
PY2 A 500 390 20 390 110 90
PY2 b 670 560 20 560 — 90
PY3 A 290 300 40 230 60 20
PY3 b 210 200 40 150 60 20
PY6 A 340 220 20 220 120 100
PY6 b 530 400 20 400 130 110
PY8 A 350 200 70 220 130 60
PY8 b 530 400 70 400 130 60
PY9 A 400 220 20 220 180 160
PY9 b 580 400 20 400 180 160
PY10 180 170 — 300 — —
PY13 200 200 — — — —
PY14 A 110 110 25 70 -— /25/%*
PY14 b 180 180 35 130 /35/*

Mpumevanne Mukpocxemsl KP537PY13, K537PV14 A, B — acuuxpoHHbie, 0CTalblible — TaKTH-
pyeMbie.

* BpeMma coxpaHeHHs ajpeca OTHOCHTEJbHO CHIHAJNa 3aNHCH (tex o an)

PHTb LIUPOKHIA Kpyr TpeboBaHuil (Taba. 2.1). OHa BK/IIOUaeT cepuu
naubosiee ObICTPOAEHCTBYIOILHX MHKPOCXeM MaMSATH, BbIIOJHEHHBIX
no rexHosorusim ICJI (KH00, K1500), n-MIAIT (K132), TTJ
(K155), ¢ Bpemenem uukjga obGpaiueHusi or 9 g0 90 Hc, U cepuu
KM]IT1-Mukpocxem co cpaBHHTeNbHO HeBOJbIIUM GbICTPOAEHCTBHEM
t su (eo) = 100 ... 800 HEC, HO CYLIECTBEHHO MEHbIIHM YPOBHEM M0Tpel-
JasieMon mouiHocTH: K537, K581, K561, K176. Dta ocobeHHOCTH
KMJIIT-Mukpocxem 0OycClOBAMBAET HX TIEPCHEKTHBHOCTb /sl MpUMe-
HEHHs B YCTPOHCTBAX C CYLIECTBEHHO OTPAHHUYEHHBIM 3IHEpropecyp-
COM, a TaKxe JJIsl NIOCTPOeHHUsl 3HeproHe3aBucHUMbIXx O3Y.

Haubosee pasBuTbIM (YHKUHOHAJBLHBIM COCTABOM H3 CepHii
KMIT-mukpocxem obsaanaer cepus K537. Mecto stoii cepun cpenu
JIPYTHX MO OTAENbHLIM XapaKTepUCTHKaM BHAHO u3 taba. 2.1. bBosee
noapo6Hble CBeleHUs] O Held NMpuBedeHbl B Tabua. 2.2. OyHKIHOHAb-
Hblfl psiJl CepHH BKIo4YaeT Gojiee 15 THIOB MHKPOCXeM, OTJHUYAKILHX-
cs uHpopMauuoHHOH emkocTbio (oT 1024 o 16 384 6ut), opranu-
3aunedl (oaHopa3psinHass M OauToBas), ObICTpoLeHCTBHeM (6oJee
yeM B b pa3), ypoBHeM NoTpelJisieMOd MOLLHOCTH. VIMeloTCsl oTau4us
H B cUCTeMe YIPaBJSIOUIUX CUTHAJOB H B KOHCTPYKTHBHOM. odopMJie-
Huu (Taba. 2.3). Hasznauenne BbIBOJOB KOPNYCOB MHKPOCXEM CEpHH
K537 ykasaho Ha puc. 2.5.
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Ta6auua 2.3. Kopnyca mukpocxem cepuit K537, KP537

THN MUKPOCXeMbl EmkocTb, 6uT Tun kopmyca Pa3vepni, MM Ha3nauenne BbiBOnOB
K537PY1 IKX1 402.16-18 12X9,4 Puc. 2.5, a
KP537PYy2 4K X 1 2107.18-4 23X 10 Puc. 2.5, 6
KP537P¥3 4K X 1 2107.18-4 23X 10 Puc. 2.5, 8
KP537PY6 4K X 1 2107.18-4 23X 10 Puc. 2.5, 6
KP537PY8 2K X8 239.24-2 315X 15 Puc. 2.5, e
K537PY9 2K X8 239.24-2 31,515 Puc. 2.5, ¢
KP537PY10 2K X8 239.24-1 27,5 X 15 Puc. 2.5, 0
KP537PY13 1K X 4 2107.18-1 22,5X 10 Puc. 2.5, x
K537PYy 14 4K X 1 427.18-2 13X12,5 Puc. 2.5, e

O6wnmMu cBOHCTBaMH MHKpocxeM cepun K537 siBasiioTcsi: eHHoe
Hanpsikenne nutanua 5 B, TTJI-ypoBHH BXOAHBIX M BBIXOAHBIX
CHTFHAJIOB, BBIXOJI C TpeMsl COCTOSIHHSIMH, BbICOKasi MOMEXOYyCTOHUH-
BOCTb, JOMyCTHMasi 3HauHTe/lbHAs eMKOCTb Harpysku (200 nd wu
6osee), HeGosblioe 3HepronorpebJjeHHe, NpUHUeM MpPH XPaHEHHH
MOYTH HA TPH MOPSILKA MeHblle, yeM TPH 0o6pailleHHH, CMOCOGHOCTD
COXpaHsTh 3aMdCaHHyl HHGOpMaUHMIO MPH MOHHXKeHHoOM 1o 2.3 B
HamnpsiKeHHH NHTaHHS.

3ty cnoco6Hoctb KMJIII-mMuKpocxem Bcex cepuil IIHPOKO HC-
MOJb3YIOT /151 MPHIAAHHST YCTPOHCTBAM MaMsTH CBOHCTBA 3HEPro-
He3aBHCHMOCTH, T. €. CBOHCTBA COXpPaHATb HHpOpPMaUHIO NpPH c6OsIX
H oTKMoueHuu nutaHus. C 3Toii uenbio B 6yoke cratuyeckoro O3Y
K BbIBOJaM MMTAHHS MHKpPOCXeM yepe3 KJ/io4, HanpHMep MOJynpoBOJ-
HHMKOBBIH JHOA, MOJKJIIOYAIOT HHU3KOBOJNbTHBIA OydepHblil HCTOUHHK
nuranust ¢ HanpsixkeHuem 2 ... 3 B. Tlpu HopmasibHOM pexume
MUTAHUST [HOJA 3aKpbIT, a MPH BHIKJIIOUEHHH OCHOBHOIO MHUTAHUSA
JIHOJl OTKPbIBaeTCsl U MOAKJIOUaeT K MHKpocxemaM OydepHbIH HCTOU-
HUK HamnpsiKeHusi. B 3To Bpems cieayer obecrneyuTb H30JSIHIO
HaKOMUTe 51 M0 MHDOPMALMOHHBIM LeMNsIM 3anpeliaoiiiM 3HaueHueM
ypoBHsi Ha Bxofge CS, uTo6GbI He MOBpeNMTb XpaHsILylocss HHbOp-
Mauuio. Jlas yBequueHHs BpeMeHH CcoXpaHeHHs HHbOpMalUHH B
aBapHiHOM peXHMe HeOOXOAMMO CHHXKATh TOK MOTPebJeHHs MHKPO-
CXeM, MOBBIIATb €MKOCTb HU3KOBOJIbTHBIX MaJjJoraGapUTHbIX 3JeMeH-
TOB MHTaHUSA W YMeHbIIATb TOK X camopa3psiia. Hanpumep, pacuer-
Hoe BpeMsi coxpaHeHusl HHopmMauku Mukpocxemoit KP537PY3A npu
pabore ot raabBaHuueckoro ssementa CLI-32 (1,57 B, 110 MA.u)
C y4eTOM caMmopaspsiia 3JeMeHTa CoCTaBJisieT Thicsiun yacoB. Heko-
Topble MHKpocxeMbl craTHuecknx O3Y 3apy6exKHOro npoH3BOACTBa
CHa6G>KeHbl BCTPOEHHBIMH B “"DMYC TajlbBaHHUECKHMH 3JeMeHTaMH,
Kak, HanpuMep, MuKpocxema . .K48Z02 (nHbopmalLHOHHAsT €MKOCTb
2K X8 6HT) ¢ OByMst JIUTHEBBIMH 3jeMeHTaMH. B 3Toil MHKpocxeme
Ha oaHoM ¢ O3Y nonynpoBOJAHHKOBOM KpHCTaJJle W3rOTOBJEHbI
YCTPOHCTBO MHAMKALHH YPOBHS HaNpsXKEHHS MHTAHHA H YCTPOHCTBO
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aﬂ‘) Puc. 2.5. Mukpocxembl namsitu cepun Kb37

TnepeKJIOUeHHs] MUTaHUs Ha pe3epBHOe. PacueTHoe BpeMsl COXpaHEeHHSsI
HHOOpPMaLHH B aBapUHHOM peXHMe COCTaBJIsieT 1ecsTKH JeT. H3se-
CTHbl pa3paGOTKH TaKHX XK€ MHKpOCXeM MaMsTH ¢ eMkocTbio 8K u
32K 6air [20].

B ycrpoiictBax mamsTH Ha MuKpocxeMmax cepuu K537 nasi cHu-
XKeHHst noTpeb/isieMoil MOILHOCTH CJeAyeT NpPeLyCMOTPeTb BO3MOX-
HOCTb aBTOMATHYECKOTrO MepeK/IOUeHHs! MHTAaHHS MHKPOCXeM B pe-
XKHMe XpaHeHHs C OCHOBHOIO MCTOYHHKa 5B Ha MaJsioMOLuLHbI#
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6yQepHblii HCTOUHHK HamNpsi)KeHHsl, KOTOpPbIH obecrneunBaeT MHUTaHHe
TOJbKO MHKpocxeM O3Y Ha ypoBHe, IOCTAaTOYHOM [l COXPaHEHHS
upopmannu. asi mukpocxem K5H37PY1, KP537PY8 nomnyckaercs
CHMXKaTb HanpsikeHue 1o 3B, nas wmukpocxem KP537PY6,
K537PY¥9 — no 3,3 B, nas mukpocxem KP537PY4, KP537PY13,
K537PY¥14 — no 2,2 B. HaumeHbllyl0 MOIILHOCTb OT HH3KOBOJIbTHOTO
HCTOYHHKA MNHTaHUsl noTtpebasior  Mukpocxembl  KP537PY3A
(11 mxBt), KP537PY6A (115 wMmkBr), K537P¥13 u K537PYy14
(100 mxBT).

Muxkpocxembl Ha MIII-TpaH3ucTopax /1060ro THIA YyBCTBHTE/b-
Hbl K BO3[EeHCTBHIO CTaTHUYECKOrO 3JIeKTPHUECTBA H3-3a BBICOKOTO
BXOIHOTO conpoTHBJeHHsl. Jlake KpaTKOBpeMeHHOe MOBbILIEHHe
BXOJHOT'O Hampsi’KeHHs1 C HeJONyCTHUMO BbICOKHM YPOBHEM MOXeT
BbI3BaTb 3JIEKTPHUECKHH NPOOOH TOHKOro cJ0si NMOA3aTBOPHOTO [H-
3JIeKTpHKa. [I/151 3allHThl OT BPeJHOr0 BO3EeHCTBHS NepeHanpsixKeHHs
BCE BXO/Jbl MHKPOCXEM 3allHIAIT JHOAHO-PE3UCTHBHBIMH IEMsIMH,
BCTPOEHHbIMH BHYTPb KpHCTa/sa (cM. puc. 2.3, 6). 3alluTHble LenH
MOCTPOEHbl M0 CXeMe MOCJef0BaTeNlbHOT0 COeJHHEHHS] ABYX [IHOIOB
VDI, VD2 u tokoorpanuuuBaioiero pesucropa R. Ot Bo3gedcTBUSA
BbICOKOTI'O MOJIOXKHTENBbHOTO MOTeHIMaJjJa Ha BXojJe 3alllHilaeT IHOML
VDI, KoTopbii npH OTKpPbIBAHHH (PHKCHPYET BXOAHOE HaNpsiKeHHe
Ha YpOBHe HamNpsi>KeHHsI MUTaHHA. BbICOKHH oTpHLaTe/bHbIH MOTEH-
1MaJ oTkpbiBaet auoA VD2, koTopbiii orpaHHuHBaeT ero 6e30macHbIM
IJISI MHKDPOCXEMbl YDPOBHEM.

Has muorux tunoB KMJIII-MHKpocxeM, W B 4YacTHOCTH [Jisi
MHKpocxeM cepud K537, cyliecTByeT omacHOCTb TeNJOBOro Mpo6osi
p-n TiepexoJ0B B KPHCTaJljle H3-3a «THPHCTOPHOTrO 3¢ deKrar.

CyIIHOCTb 3TOro siBJeHHs 3aKJ/o4yaeTcss B TOM, YTO NPH MOBbIlLe-
HUH HampsikeHusi B LuMHe nuTaHus no 11 ... 12 B u3-3a 6pockos
TOKAa MNpPH BKJIOUEHHH H BJMSIHHSI MHAYKTHBHOCTEH LUHH, a TakKxe
NpPH NpeBbILIEHHH BXOIHBbIM CHTHAJIOM HaMpsiKeHHUs] MUTAHUS BHYTPH
KpHCTa/lla aKTHBH3HPYIOTCS Mapa3uTHble OHMOJSIpHbIE p-n-p-n
CTPYKTYpPbl M H3-3a HaJIMUHSl MOJIOXKHTEJbHOH OOpaTHOH CBSI3H IO
LensIM TOKOB YTE€YKH MOXeT MNOSIBUTbCS 3(P¢eKT HeynpasJisieMOro
HapacTaHHsl TOKAa CTOKa, GJH3KHA MO MeXaHH3MYy K aHaJOTHUHOMY
SIBJIEHHI0 B THPHCTOPAaX B MOMEHT HX mepekJioueHHs. Ilockosbky B
KMIII-cTpykTypax OTCYTCTBYIOT TOKOOrpaHHUHBAIOLIHE Pe3HCTOPHI
Harpy3kd, TO HapacTaHue TOKa INPHBOAHT K Pa3BHUTHIO TENJOBOro
npo6osi B KpHCTa/lie H, KakK CJeICTBHe, K HEHCIPAaBHOCTH MHKPO-
CXeMBbl.

C noBbllIeHHEM YPOBHSI HHTETpallHH MHKPOCXeM OMNacCHOCTb BO3-
HUKHOBEHHS] B HHX THPHCTOpPHOro s¢d¢dekra yBeniuuuBaercs. B Heko-
TOPbIX THIAX MHKPOCXE€M PacCMOTpPeHHbIH 3((PeKT NPAKTHUYECKH He
HabJiofnaeTcsi, B 4aCTHOCTH B MHKpocxemax cepuit K561, 564, B
HeKOTOpbiXx MHKpocxemax cepud KbH37, nampumep KP537PY6 u mp.
B cTpykTypax 3THX MHKpocxeM chopMHpPOBaHbl TaK Ha3blBaeMble
«OXpaHHble KOJ/bila», LIYHTHPYIOIlHe Napa3HTHble TPAH3HCTOPHl H 3a
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Ta6auwua 2.4. Tabauua HCTHHHOCTH Ta6aunua 2.5, Tabauua HCTHHHOCTH

KP537PY1 KP537PY2 (PY3, PY6, PY14)
CS | W/R |[Ap—Aq| DI | DO | Pexum pabots CS | W/R A DI | DO | Pexxum paGotui
0 X X X | Z |XpaHeHnue 1 X X X | Z {Xpanenue
1 1 A 0 | 1 |3anucs O 0 0 A 1 | Z |3anucs 1
1 1 A 1 | 0 [3anuce 1 0 0 A 0 | Z |3anucs 0
1 0 A X [ D |CuntbiBanue 0 1 A X | D |CuutbiBanue

CYyeT 3TOr0 YyCTPaHAWIIHe THPHCTOPHBbIA 3¢dekT. dasa Tex MHKpo-
CXeM, Y KOTOPbIX 3allHTa GTCYTCTBYeT, HeoOXOAHMO IpelyCMaTpH-
BaTb KOHCTPYKTHBHbIE Mepbl NpeaynpexieHHsl THPHCTOPHGTO 3ddek-
Ta: CHHXKAaTb HHAYKTUBHOCTb LIHH NUTAHHUS, HE JONyCKaTb 6AH3KOrQ
pacno/ioxXeHHsl ¢ CHJIbHOTOUHBIMH MHKpPOCXeMaMH H T. X. [16].

[Ipy npuMeHeHHH MHKPOCXeM TNaMSTH, H3TOTOBJEHHBIX O
KM/II-texHosoruu, B 4acTHOCTH MHKpocxeM cepuu Kb37, Heobxo-
JUMO c006J110/1aTh MOPSIIOK BKJIOYEHHS MUTAHHA H M0Ja4YH BXOMHBIX
CHTHAJ/IOB: BHaydaJjle BOJXKHO ObiTb BKJ/IOYEHO HaMpsixKeHHe MHTaHHS.
[Ipu BbikaioyeHuu OJoka O3Y crenyeT CHATb BXOJAHBbIE CHTHAJbI
(ampecHble, ynpasJsiolide 4 HHGOPMAllMOHHbIE) H 3aTeM OTKJIOUHTD
HCTOUHHK HanpsiKeHusi nuraHus. Heob6xomuMo obecrneuHTb TakxKe
BBITIOJIHeHHe YCJAOBHS, 0 KOTOPOMY HalpsiKeHHe CHTHAJ/NOB He JOJIK-
HO NpeBbILIATh HANpPSDKEHHS] MHTAHHS MHKPOCXEMBbI.

Mukpocxembl cepun K537 paboraior B pexuMax 3amHuCH, CUH-
THIBAHHS W XpaHeHHsl. 3HAUeHHs] CMTHaJoOB B Ha3BaHHBIX PeKUMaX
yKasaHbl B Taba. 2.4 pasa mukpocxembl Kb37PY1, B taba. 2.5 pis
mukpocxem KP537PY2, KP537PY3, KP537PY6, K537PYl14,
B Ta6a. 1.3 ana mukpocxem KPH37PY8, Kb537PY9, KP537PY10 u B
Taba. 2.8 paa mukpocxembn! KP337PY13.

CpaBHeHHe JAHHAMHYeCKHX [apaMeTpOB MHKPOCXeM, MpeJCcTaB-
JeHHbIX B Tabu. 2.2, noka3biBaeT, yto B cepud K537 HaubGoabiuum
6bicTposelicTBHeM o6saaaloT MHKpocxeMbl KP537PY 10 u K537PY 14.
Mukpocxembl Kb537PY14 u KP537PY13 siBasiloTC aCHHXPOHHBIMH.
3a 3THM HCKIIOYeHHeM Bce MHKpocxeMbl cepud K537 sBasiiorcs
TAaKTHPYEMbIMH: B peXHMaX 3amdCH M CUYMTLIBAHHS HeoOXOaHMMO
curian CS noaaBaTh HMMy/abcoMm, a curial W/R Moxer HMeTb
(hOopMy YPOBHS HaNpsiXKeHHA HJIH HMMYJbCa, KaK MMOKAa3aHO Ha Bpe-
MEHHKIX JHarpammax Ha puc. 2.6.

B pexume cuuTbiBaHHS WHH(POpMAUHUs Ha BbIXOAE MOABJASETCSH
cnycTsi BpeMsi t, gy MOcJe OTPHLLATeNbHOrO Mepenaa curHasa CS
(puc. 2.6, 6). Bpems BbiGOpkH ajgpeca 6yAeT COCTOSTb H3 t, gm H
tye BM.2» 3HAUCHHSI KOTOPBIX NMpHBeleHbl B Tabs. 2.2.

Muxpocxemer KP537PY8 u KP537PY10 HMeloT 10MOJNHHTeBHbI:
ynpasasiouuii curian OE (Paspeluenne mo Bbixody): NMpH nogaye
3TOTO CUTHaJa OJHOBPEMEHHO ¢ curHajoM CS OTCyYeT BpeMeHH MosiB-
JIeHHsl CHrHa/ja BeJeTcsl OT OTpPHIlaTeNbHOro Mepenajna CHrHaJja
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Puc. 2.6. Bpemennbie auarpammbl Mukpocxembl KP537PY2 B pexumax
3anHCH (a) W cuduTbiBaHHs (0)

CS=O0E. CyulecTByeT BO3MOXHOCTb CTPOOHPOBAHHUSA BbIXOAHOMH
HHpopmauuu curiajom OE, nomaBaeMbiM ¢ HEKGTOPOH 3aJep kKoM

OTHOCHTe/NbHO curHasa CS. B stom caywae npu OE=1, T.e. 10
MOMEHTA IMOJayH 3TOr0 CHIrHAJ/Ia, BBIXOAbl HAXOJAATCA B TpPeTbeM
coctosiiid naxe npu CS=0 (cm. Ta6s. 1.3). Tosabko B MOMEHT
noctynsenuss curiana OE Bbixoabl nepexodT B (yHKIHOHAJbHOE
€OCTOsSIHHE: CNYyCTS BpeMsl t, o Ha BbIXOJMAX NOSBATCS CUUTbiBaeMmas
nHpopmauus. B aTom pexxrme Bpemsi BbIGOPKH anp<ca onpenensitor co-
OTHOUICHHAMH: tB.a:tyc. OE.a+tB.OE J1100 tB.a='—tyc. BM.a+tyc. OE. BM+
+ 1, 0p- 3ameTHM, uTO t . op v HE pLrVIAMEHTHPYIOT, €ro 3HavyeHue
yCTaHaBJMBAlOT, HCXOAA U3 YCJOBHHU pabOTbi MUKPOCXEMbI B COCTaBe
YCTPOHUCTBA.

Mukpocxema KM581PY5 b, B, I' Takxe BbiriosiHeHa no KM/ITI-
TexHoJordd. OHa npeacrasB/sieT coOOH CTAaTHUECKOE ACHHXPOHHOE
O3Y emkoctbio 2K X8 6utT. KoHCTpyKTHBHO OoopMJieHa B Kopmyce
2120.24-11, Ha3HaueHHe BbIBOJOB  HAEHTHYHO  MLKpOcCXeMaMm
KP537P¥8 u K537PY9 (puc. 2.5, ¢). Tabavua HCTHHHOCTH COOTBET-
CTByeT TabJ. 1.3. DyeKTpuuecKre XapakKTepPUCTHKH MHKPOCXEMbl MPH-
BefeHbl B Tabs. 2.1. Caempyer no6aBuTb, 4TOo MHKpocxeMa audde-
peHuupoBaHa no rpynnam b, B, I' no 3HaueHul0 BpeMeHHbLIX mnapa-
METPOB: BpeMsl UHKJ/a 3aNuCH (CuuTbiBaHUs1) coctaBJasieT 120 He (b),
150 vc (B), 200 nc (I'), T.e. mukpocxembl rpynnbl b ob6saanaior
HauboablIuM ObicTpoaeiicTBUeM. BbixomHo# Tok 4 MA. Bbixon no-
CTPOEH MO CXeMe C TPeMSI COCTOSIHHSIMH.

Cepus K132 coctout u3 mukpocxem cratiueckux O3Y BbicoKoro
ObICTPOAEHCTBHUSA: BpeMs LMKJIA oOpalleHuss AJs1 OOJIbLUIMHCTBA MHK-
pocxeM JIeXXHT B JAMana3oHe 3HaueHUH 55 ... 85 Hc (Tabu. 2.1). Muk-
pocxembl BbINOJHEHbl MO rn-KaHadabHoH MJIII-TexHosorHH W OTJ/HUa-
I0TCSl pa3HooOpasvWeM B OTHOLUEHHH CTPYKTYPHBIX M CX€MCTEXHHYe-
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Ta6auna 2.6. lunamnueckne napamerpnl muxpocxem cepuit K132, KP132, KM132,
HCc (B AHana3oHe temnepatyp —10 ... 470° C)

Tun mukpocxemut| t, .o (c4) ts a tex. DI 3n Tan TBM ty_ 2. BM Pior BT
PY2A 650 650 100 400 — — 0,4
PY2b 950 950 100 400 — — 0,44
PY3A 75 75 10 55 — — 0,66
PY3b 75 125 10 55 — — 0,55
PY4A 55 33 — — 33 5 0,47
Py4b 100 70 70 5 0,47
PY5A 85 85 10 55 70 - 0,9
PY5b 120 120 10 60 | 105 — 0,9
PY6A 75 45 10* 25 | 45 25* 0,44**
140* 106*
PYy6b 120 70 10 40 70 40 0,44
200* 146*
PY8A 70 70 5 — 55 — 0,8
Py8sb 120 120 5 55 — 0,8
PY10 70 55 — — — — 0,42

MMpumeuyanue. Mukpocxemnt KMI32PYS5A, B; KPI132PY4A, B; KP132PY6A, B — raktupyemnie,
OCTajlbHble — aCHHXPOHHbIE.

* 3HaueHnss napamMeTpoB misi pexHMa «CuHTbiBaHHe-MOAHGHKAUHA-3AMHCb»;, KPOME YKa3aHHBIX,
HeO6XOAHMO YYHTHIBATh tyc_ an. BM =40 (A), 55 (B) Hc.

** B pexxnme xpaHewns npu nurawuu Hakonuteas ot Ucg=5 B (BwiBon 1) norpeGasemas mouw-
HOCTb paBHa Il MBT.

Ta6auua 2.7. Kopnyca mukpocxem cepuii K132, KP132, KM132

Tun MHKpocXxeMbl EmkocTb, 6HT Tun kopnyca Paamepbi, MM Ha3suayeHue BbiBOJOB
K132PYy2 IKX 1 402.16-18 12X9,4 Puc. 2.8, a
KP132Py2 IKX1 2103.16-6 19,5X7,5 Puc. 2.8, a
K132PY3 IKX 1 201.16-8 19,2X7,5 Puc. 2.8, 6
KP132PY3 IKX1 2103.16-6 19,6X7,5 Puc. 2.8, 6
KMI132PYy3 IKX1 4112.16-2 12,8 X9,4 Puc. 2.8, 6
KP132PY4 1IKX 1 2103.16-2 20X 7,5 Puc. 2.8, 6
KM132PY5 4K X 1 2104.18-1 22,2X7,5 Puc. 2.8, 8
KP132PY6 16K X 1 2140.10.20-3 25X 7,5 Puc. 2.8, ¢
KMI132PYy8 1K X 4 2104.18-1 22,5X7,5 Puc. 2.8, 0
K132PY10 64K X 1 — - —

CKHX pellleHHH, 3JeKTpHYecKHX napamerpoB (Tabua. 2.6), KOHCTPyK- -
uui kopmyca (taba. 2.7, puc. 2.7).

OpnHako y mukpocxeMm cepur K132 uMelorcsi psin o61iHX CBOHCTB,
BAXKHBIX JJIS1 HX MPAKTHYECKOTO HUCIO/Nb30BAHUS: €HHOE HaNPsiKEHHE
nutanuss 5B, TTJI BxomHble M BbIXOAHBIE YPOBHH HanpsixkeHuit 0
H 1: BxomHble — cooTBeTCTBeHHO He Gosaee 0,8 B, He MeHee 2 B,
BbIXOJHble — He 6oJjiee 0,4 B, He MeHee 2,4 B; HaJHuHe BLIXOHOB C
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Puc. 2.7. MukpocxemMbl naMsiTH

3) 5) cepuu K132

TpeMsl COCTOSIHHSIMHM, €HHasi CHCTeMa CHrHagnoB ynpabJgeHus: CS,
W/R; cnoco6HocTb paGoTaTh Ha GOJIBLIYI0O €MKOCTHYIO Harpysky
(ot 100 mo 600 n® pasi pa3HbIX THMNOB MHKPOCXEM), BO3MOXKHOCTb
CHHIKEHHs YPOBHsI 3HepronoTpe6J/ieHHsI MPH MepexXoie B PeXHUM Xpa-
HeHus1 B 3—5 pa3, a y HeKOTOpbiX MHKpocxeM — 10 20 pas.

Ilo cBoeii cTpykType Mukpocxembl cepuu K132 6/1M3KH K MHKpO-
cxeMaM paccMoTpeHHbix cepuil K561, K537: oHu cocTosit M3 Hako-
NHTe/s1 MaTPUYHOTO THIA, PETHCTPOB H AellndpaTopoB KoAa ajapeca,
yCTpoO#iCTBA BBOAA-BbIBOAA, 6Ji0Ka KJloueHd Bbl6Opa CTPOK H CTOJO-
uoB. B peanusauuu Ha3BaHHBIX 3JeMEHTOB CTPYKTYPHOH CXeMbl
TaKxke HMeeTCss MHOro o6lyMX pelieHHH. B yacTHOCTH, Bce BXOAbI —
ajpecHble, ynpasJjsiolliue, HHPOPMAIMOHHbIE, HMEIOT YCHJHTEJH,
NOCTPOeHHbIe N0 cXxeMe (pHc. 2.8, a) MHBepTOpa Ha JBYX TPaH3HCTO-
pax VTI1, VT2 c 3auuto#i B BHAe PE3HCTHBHO-TPAH3HUCTOPHOH LENH
R, VT3. Oxpanubiii TpaHsucrop VT3 cBOMM p-n mNepexoioM CTOK-
NoAJMoXKKa npeaoxpaHsier Bxoj TpaH3ducrtopa VTl ot pedcTBusi cra-
THUYECKOrO 3/1eKTPHYECTBA M 3allHllaeT OT pe3KHX OpPOCKOB Hampsi-
JKEHHH Ha BX0JaX CBOeH BLIXOJHOH €MKOCTbIO, KOTOpasi BMecCTe C
pe3nucTopoM o6pasyeT HHTErPHPYIOILYIO LEeNOYKY.

BxoaHble ycunutenu-gpopmupoBaTesd 06J1afal0T BBICOKHM GBICT-
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vrt vrz
Puc. 2.8. ®dyukunoHa bHBE 3J€-
- MEHTBI MHKDOCX€M CTaTHYECKHX
0O3Y wua n-MJTIl-tpaHsucropax:
/’/l/ﬂ 8 e/ a — BXOIHOIt MHBEPTOP: 6 — SMEMEHT naMsa-
) TH; 6 — YCHJIUTeJIb 33aMHCH-CUHTHIBAHHA

poneicTBHEM, KOTOpoe obecreyeHO BbIGOPOM pexuma pabOThl TpaH-
sucropa VT2 u HanpsikeHHeM cMelleHHs] NMOMJI0XKKH Uqy= —2,7 B.
Tpausucrop VT2, uMeiolinii BCTpOEHHbIH KaHaa n-THIA, HOPMAJbHO
OTKPbIT W TNpH BbIKAOueHHH VT1 mnepexoaHT B peXKHM reHepaTtopa
TOKa, 3apsikasi 3a KOPOTKOe BpeMsl BBIXOJAHYI0O eMKocTb. [Ipu BK/I0-
deHHH VTl emMKOCTh Takxe GLICTPO Pa3psKaeTcsl Yepe3 HU3KOOMHbBIH
KaHaJ OTKphiToro tpansucropa VTI. '

Hanpsixkenue orpuumatenbHOro cMeuleHusi p-NOAJNOXKKH (opMH-
pyeT BCTPOEHHBIH B KpHCTasJd npeobpa3oBaTesib H3 HaMPsiKeHHUS
MHTaHWS MHKpocxeMbl 5 B. DTo HanpsiKeHHe yMeHbLIaeT Mopor
BKJIIOYEHHS] TPAH3UCTOPOB M CHHXKAaeT YPOBeHb TOKOB yTeUKH BHYTPH
KpHCTaJ1a.

B kauectBe DIl npuMeHsIOT cTaTHyeckud tpurrep (puc. 2.8, 6)
Ha ueTblpex TpaH3ucropax VTl — VT4 M AByX KJ/wO4eBBIX TpPaH3H-
cropax VTS, VT6, 3aTBOpbl KOTOPbIX COEJHHEHbI C aJpPeCHOH IIHHOH,
a cTokH — ¢ paspsiaHbiMu wmHamu. Ilpu X;=1 kao4eBble TpaH3u-
CTOPbI OTKPHIBAIOTCSI H MOJAKIIOUAIOT TPHUITEP K pPa3psiiHbIM LIHHAM.
Ilpu 3anucu paspsiiHble IIHHBI NepefaloT CBOH MOTEHIHaJ Y3J0BbIM
eMmkoctsiM C n obecrneuuBalOT NepeKJOUYEHHe TPUITepa B COCTOsIHHE,
COOTBETCTBYIOIllee  3amucbiBaeMOH HHboOpMauuH. ITOT mpouecc
onucaHl npu paccmorpenun paborst KM/IIT-Tpurrepa (cm. puc. 2.2).
‘AnanoruyHo obpaiienne K Il NpPOMCXOAWT W NpPH CYHTHIBAHHH,
TOJbKO Telepb CBOA NOTEHIMAJ MepefaeT TPHUITED BLICOKOOMHBIM
pa3psaaHbIM IIHHAM.

OTaHYHTENBHOA 0COGEHHOCTHIO CTPYKTYDH MHKPOCXeM MaMsiTH
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n-M/1I1-tuna, B yactHoctH MHKpocxem cepud K132, asasercsa Ha-
JHUHE B Ka)XIOM CTOJIGLE YCHJIMTEJs1 3alUCH-CUUTHIBAHHSI TPHITEp-
Horo tuna (puc. 2.8, 8). ¥cu/auresb ynpaBJ/sieTCd BHYTPEHHUM CUTHA-
JoM F: npu ero mnocTymjieHMHM TpPaH3UCTOP VIO OTKpbiBaeTc H
ypaBHHBaeT IMOTeHUHaJbl ABYX BXOHOB-BbIXOJ0B Tpurrepa. B stom u
3aKJI04aeTcs1 MOATOTOBKA YCHUJUTeNs1 K npueMmy HHpopmauuu. [lpu
CUMTbIBAHWHU HMHPopMauuu ¢ BbiOpaHHoro I Ha pas3psiHbIX LIMHAX
PIll,, PIL, co3pnaeTcss acumMMmeTpUsl MOTEHIHAJOB, KOTOpPas OKa3bl-
BdeT BO3JeHCTBHE HA COCTOSIHHE TJied YCHJUTEJsA, TMOAK/JIIOUEHHOTO
K 3THM pa3psiaHbiM WHHaM. B MomeHT cHATHA curHaaa I, korna
Tpau3ductop VTS 3akpbiBaeTcsi, BHOCHMAasi pa3psAAHbIMH UIHHAMH
aCHMMETpHSI " MOTEHILHAJOB OMNpeaesuT COCTOSIHHE, B KOTOpoe Iepe-
KJIIOUHTCS TPUITep-ycu/auTeab. B pesyabraTte ciaabbld HHPOPMALHOH-
HBIH CHTHaJ, MoJaydeHHbd ¢ Bbixona III, 6ymer ycuieH u nepenaH B
YCTPOHCTBO BBOJA-BbiBOAA. YCHJIUTENb COCTaBJeH U3 TPAH3UCTOPOB,
OTJHUAOUIUXCS OT TpaH3uctopoB Il 6oJiee BbICOKMM YypOBHEM TO-
KoB. OJHOBpEMEHHO C YCHJ€HHEeM CUYMTBIBAEMOI'O0 CHrHaJia TPHUITep-
YCUJIMTEJb NpeJoTBpalllaeT BO3MOXHOCTb paspylleHuss UHPOpPMALHUH
B Bbi6paHHoM OJlI, Tak kKak obecneunBaeT BOCCTAHOBJIEHHe (pere-
HepalMiO) 3apsilia y3J0BbiX eMKocTed Tpurrepa JII.

B nekortopbix Mukpocxemax, Hanpumep B KP132P¥6, K132PY10
U ap., D1 BbiNo/HEH HA TpUrrepe, B KOTOPOM BMECTO Harpy30uYHbIX
TPaH3HCTOPOB c(POpMHPOBAHBI BbicOKOOMHBIe (m0 10° Om) pesucro-
pbl. Ilpu Tako#i TexHosorMH yaaercss oGecrieunTb O6oJiee BBICOKHH
ypOBeHb HHTErpauHd H, CJed0BaTesNbHO, YBeJHUEHHEe HH(OPMAalHOH-
HOM eMKOCTH MHKpOCXeMbl namMsiTi. Kpome Toro, cHuxkaetcsi notpeob-
JsieMasi MHKPOCXEMOH MOIILHOCTb B peXXHMe XPaHEeHHS.

[IpumMeHeHHe BBICOKOOMHBIX PE3UCTOPOB B CXeMme TpUITepa OKa-
3aJ10Cb BO3MOXKHbIM 6J1arojfiapsi yCOBEpPLIEHCTBOBAHHUIO #-KaHAJbHOH
T€XHOJOTHH M CHHXXEHHUIO HAa 3TOH OCHOBE MAapPa3UTHbIX TOKOB yTEUKH
B CTPYKType KpHUCTaJjaaa 10 3HaueHUW nukoammnep [19]. Boixonnbie
KackajJbl MHKPOCXEM IIOCTPOEHbl [0 CXeMe HHBEDPTOPOB C Tpems
COCTOSIHUSIMH, popMmupvioumu TTJI-ypoBHH.

Muxkpocxembl cepun K132 pa6oTtaior B pexXHmax 3alUCH, CUUTHI-
BaHWsl M XpaHeHHsl. TabJHllbl UCTHHHOCTH BCEX MHKPOCXEM CepHH
K132, kpome KMI132P¥Y8, cooTBeTCTBYIOT coaep»kaHui TabJa. 2.5.
Tabanua uctuHHOCTH MHUKpocxemMbl KMI132P¥Y8 (taba. 2.8) umeer
OTJIHYHUSA, OOYCJOBJACHHbIE TEM, YTO y 3TOH MHUKPOCXEMbl BXOJAbl U Bbl-

Ta6auuwa 2.8. Tabauna ncruuioctd KM132PY¥8 u KP537PY13

CS W/R Ay — A, DIO, — DIO; Pexum pa6oTbl
1 X X Z XpaHeHue
0 0 A 0 3anuch 0
0 0 A 1 3anuceh |
0 1 A Dy — Dy CuuTbiBaHue
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xoinl coBMelleHbl. MukpocxeMma KP132PY6 umeer AOMOJHHTENBHO
K HazBaHHbIM pexuMm «CuHTbiBaHHe-MoAHDHKaUHsS-3anuCh». OTIHYH-
TeJibHble 0COOEHHOCTH 3TOTO peXHMa MPOSIBAAIOTCS B AMHAMHKe pa-
60Tl MHKpPOCXeMbl M BHIHBI Ha BpPEMEHHBIX AHarpaMMmax. ITH 0CO-
6eHHOCTH GYAYT pacCMOTpeHbl HHIKe.

[Ipu peanusanuu Ha3BaHHBIX PEKHMOB CJeAyeT YUYHTbIBaTb Tpe-
6oBaHusl K (hopMe NpeAcCTaB/NeHHs CHTHAJOB YMpaBJeHHs: CHTHaJsa
paspeinetusi BiGopa MHKpocxembl CS M curHazna pexuma obpatuie-
uusg W/R. Tlo stomy npusHaky, kak yxe ormeuanoch B § 1.2, MUKpO-
cxeMbl cratuueckux O3Y gnensT Ha aCHHXPOHHbIE H TaKTHPYeMbIe.
Mukpocxembr KP132PY4A, B, KMI132PY5A, b u KP132PY6A, b
aBasiiorcs: TakTHpyembiMu (KMI132PY5A, B — Tosabko B pexume
3anucH), OCTaJbHble MHKpPOCXeMbl 3TOH CEpPHH — aCHHXPOHHBIE.
BpemeHHBle nuarpaMmbl [l TAKTHPYEMbIX MHKPOCXEM aHaJOTHYHBI
auarpaMmam Ha puc. 2.6. HanoMHuM, 4TO npu 3anucH H CUHTHIBAHHH
uHdopMaluu y TaKTHpPyeMbiX MHKpocxeM curHain CS wuwium W/R
nopaercssi uMnyJdbcoM. IIpu cxeMoTexHHUeCcKOH pea/sM3alHUH Bpe-
MEHHBIX QHarpaMMm CHTHaJOB MHKpPOCXeMbl HEOOXOAHMO DPYKOBOACT-
BOBaThbCsl 3HAUeHUSIMH BpPEMEHHFIX MapaMeTpPOB, OCHOBHble H3 KO-
TOpbIX NpuBedeHbl B TabJa. 2.6. Y mukpocxem KP132PY4 u KP132PY6
ajpecHbie, yrnpaBJ/sioliie H HHPOPMALHOHHBIE CHTHAJBI (PUKCHPYIOT-
csl («3aLleKHBAIOTCS1») HA BXOJHbIX YCHJHTEJSX-TPHITepax MO OT-
puiaTesbHOMY nepenany curiana CS. ITo3ToMy /st 3THX MHKpPOCXeM
Heo6Xx0nMMO obecrneunTb TpeOyeMoe BpeMsl yJepXKaHHS Ha3BaHHBIX
CHTHaJIOB OTHOCHTeNbHO cHrHasa CS A8 HX «3axBaTa» BXOAHBIMH
tpurrepamu. Ilocie ¢uKcauuu curHanbl MOryT NPHHUMATb MPOH3-
BOJIbHbI€ 3HAueHHsi, HalnpHMep 3HAUeHHs] [Js1 CJEeAYIOILero LHKJIa
obpalieHus.

Y mukpocxem acuHxpoHHbiXx O3Y curhasel CS u W/R MOXHO
nonaBaTbh ypoBHem O uau 1. B Takom ciyyae BpeMeHHbIe MpoLecChl
B MHKDOCXEMEe OMNpeessioT ajpecHble CHTHalbl. B  aCHHXPOHHBIX
MHKpOCXeMaXx YIpaBJsliOllHe CHTHAJbl MOXHO MOJaBaTb H HMIYJb-
camu. Torna Hago NPpUHHMATb BO BHHMaHHe TPpeGOBaHHUSl K UX MHHH-
MaJibHOH AsuTesbHOCTH (Tabua. 2.6).

Pexum «CuuTbiBaHHe-MOAH(DHKALHUS-3aMHCh» COBMelllaeT B cebe
JBa pexuma M obecrneuyMBaeT CYHTbIBaHHE HH(OpPMALHUU U3 BbIOpaH-
Horo 3I1 u 3anuck B 3T0T ke II1 HOBOH HHMDOPMALIHMH B ONHOM LIHKJE
(puc. 2.9). Bpemsi uuk/a1a obpalileHHs1 K MHKPOCXeMe B TOM pexKume
6osbuie (cM. taba. 2.6 g KP132PY6). YBeauuuBaercss H UHCJIO
YUHTHIBAEMbIX BPEMEHHKIX MapaMeTpOB.

Hnsi obecnieyeHHst MaKCHMaJbHOTO ObICTPOJLEHCTBHSI MHKPOCXEM
HeoOXOJMMO ajipecHble CHTHaJbl H CHTHaJbl YyNpaBjeHHs1 (OpPMH-
poBaTh C JJIUTEJLHOCTbIO ppoHTa 2 HC.

B pexume xpaHeHHs1 Y MHOrux MHKpocxem cepuu K132 Habuo-
JllaeTcsl CHHXKeHHe B 3—5 pa3 Toka norpebJieHHs. ¥ MHKpPOCXeM
K132PY6 u KM132PY8 Bo3mMoxHO MHOrokpatHoe (6osiee uem B 10
pa3) cHUXKeHHe noTpebJssieMOH MOLLHOCTH 3a CyeT BBIKJIOUEHHS Ha-
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Puc. 2.9. Bpewmennsie aua- foa z
rpaMMbl MHKPOCXeMbl CTa- 0o 2y
THueckorg O3Y B pexume —(’ \)—
«CunTbiBaHHe-MOAH(PHKA- R — —
LLHsI-3aMTHCb> £

Npsi>KeHHsl MUTaHHs, HO COXpaHeHHs1 ero ypoBHs 5 B Ha BbiBozme CS.
B stom pexume uepe3 Bxox CS ocyluecTB/asieTCs NMHTaHHE TOJBKO
HakomuTeJss U (GopMHpOBaTeNsl HaNpsi)KEHHS] CMeIleHHS MOIJIOXKKH,
ocTaJjibHble (YHKLUHOHAJbHBIE Y3JIbl MHKPOCXeMbl HAXOAATCH B BbIKJIO-
YEeHHOM COCTOSIHHH.

Boavwan unreeparvnan cxema KI1809PY1 npencrasisier coboi
cratuuyeckoe O3Y emkoctbio 1K X 16 6HT. OcO6€HHOCTb MHKpPOCXEMbI
COCTOHT B TOM, YTO OHa HMeeT BCTPOEHHbIH HHTepdedic, T. e. PYyHK-
LIHOHAJIbHBIE Y3JIbl, KOTOpble o6ecrneyHBalOT pexHM ob6MeHa CO CTaH-
JapTHOH Maructpanbio MHKpoDBM «3dsektponunka-60». Baaropaps
HaJIMYHIO BCTPOEHHOro HHTepdeiica MHKPOCXeMYy MOXHO HeNocpeicT-
BEHHO MOJK/II0YaTh K Marucrpajiu [21].

CTpyKkTypHasi cxeMa BKJ/IOYaeT HAaKOMHTeNb, AellHdpaTopbl ai-
peca CTpok H cTos6LOB, cCXeMy ynpaBJjeHHsi (KOHTpoJep), obecme-
YHBaIOULYI0 BBOJ H BBHIBOA KOJAa ajapeca, AaHHbIX, CHTHAJIOB yNpasB-
JeHHs. Kpome Toro, B CTPyKTypy BKJOueH 6JIOK 3afaHHsi ajpeca
MHKpOCXeMbl, KOTOpPbIH NpeAcTaB/sieT co60H mporpaMMHpyeMoe YCT-
poiicTBO Aas1 Aewn¢pHPOBAHHUSA S5-pa3psiiHOTO Kola Bbl6Opa MHKpO-
cxeMbl. DTOT GJIOK COCTOMT H3 perictpa M cxembl cpaBHeHus. [Ipen-
BapHTe/JbHO B PerHcTp 3aHOCHTCHA aapec MHKpocxeMmbl. Ilpu pabote
B 6JIOKEe NMPOHCXOLHT CPaBHEHHe NMPHHSATOrO Koja ajpeca C 3allHCaH-
HbIM B perucTp, M NpPH COBNAJEHHH Ha BbIXoJe BbipabaTblBaeTcs
CHTHaJl pa3pelleHHs] 3alKCH JaHHBIX B MHKpocxeMy. B ciyuae He-
COBMaJeHHs AaHHble, NMpHILEAIIHE C «YYKHM» aJpecoM, 3amHCaHbl

" 6bITh He MoryT. Hasnnune BcTpoenHoro 6/10Ka 3aJlaHusi afpeca HO3BO-
Jsier ¢opmupoBaTh Moay.ab O3Y u3 32 MukpocxeM 6e3 BHelIHero
yCTPOHCTBA BbiGOpa MHKPOCXEMbI.

BoJsiee nmoapo6Ho ycTpoifictBO H Bo3MmoxHocTH 3ToH BUC wu3-
Joxenbl B § 3.1.
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Cepuu K155, K134, K541, K185, K500, K1500 u np. conmepxart
MHKpOCXeMbl, H3TOTOBJIEHHble MeTOJaMH OHMOJSIPHOH TEXHOJIOTHH.
Cpeaud 3THX METOJ0B HanboJiee NIMPOKO MpuMeHsiioTcst Metoanl TTJI-
TeXHoJIoruH, ceiluac B ocHoBHom TTJILI (cepuu K531, K1531, K1533
u ap.), ACJI-rexnonoruu (cepun K500, K1500), texHosoruu HUHJI
B coueranuu ¢ TTJT (K185, K134, K541 u ap.), TTJI ¢ DCJI (K155)
U T. 1. Ha3BaHHble TEXHOJIOTHH OTJIHUYAIOTCS CXEMOTEXHHUECKHMH pe-
IIEHHSIMH, TMPHHATBIMH AJs MHKpocxeM crtatuuyeckux O3Y. O6benu-
HSIeT 3TH TEXHOJOTHH TO, YTO OCHOBHbIM AaKTHBHbBIM KOMIIOHEHTOM
cxeM siBJsieTcsi OMMOJIIPHBIH TPAH3UCTOP H, CJel0BaTeNbHO, B OCHOBE
JIEXKHUT TEXHOJOTHSl H3TrOTOBJEHHS OUMOJISPHBIX CTPYKTYp € pas-
JIHYHbIMH (PHU3HKO-TEXHHUECKHMH CBOHUCTBAMHU: KJIACCHUECKHX N-p-n
WJIH p-n-p TPaH3UCTOPOB, TPAH3HCTOPOB C BKJoUeHHeM auonos llor-
KH MapaJjie/ibHO KOJIIEKTOpHOMY mepexony (TpaH3uctopoB LlloTku),
THPHUCTOPOB, TPAH3UCTOPOB C MHXKEKIHOHHbIM NMHTAHHEM H T. .

Cepuss K541 uMeeT B CBOEM COCTaBe€ MHKPOCXEMbl CTAaTHYECKHX
O3Y emkoctbio 4K X 1, 8K X 1, 16K X 1, 1KX4 acuHxpoHHOro tumna
cpeaHero ObicTpodeiicTBHs (Taba. 2.1). MHKpocxeMbl CepHH HMeEIOT
HanpsikeHue mnutanuss 5 B, TTJI BxoaHble U BBIXOLHble YPOBHH,
BBIXOJL Ha TPH COCTOSIHHS, XapaKTePU3YIOTCS CPABHUTEIbHO BbICOKHM
YPOBHEM 3HepronoTpeb/eHust, M0 CPABHEHHIO C MHKPOCXeEMaMH CepHH
K132, mpuuem He o6sagalOT CBOHCTBOM CHHXXAaTb ypOBeHb MoTpel-
JSIeMOH MOLIHOCTH B PeXXHMe XpaHeHHs.

CTpykTypa MHKPOCXEM COAEPKHT BCe (YHKIUHOHAJIbHbIE Y3Jbl TH-

Puc. 2.10. ®yHKuHO-
HaJIbHbI€ 3IEMEHTBl MHK-
pocxeM craruueckux O3Y
Ha 6HHOJ1ﬂpHHX TPaH3H-
cTopax:

a — snemeHt namath HHJI;
6 — snement namatH TTJI;
6 — MHBEPTOP C BHIXOAOM C
TPeMsi COCTOSIHHSIMH; 2 — BXOA-
Ho#t ¢popmuposareas TTJI-9CJT;
0 — HHBEPTOP C  OTKPHITHIM
KOJIJIEKTOPHBIM BBIXOLOM
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MHYHOTO BapuHaHTa ee noctpoeHus (puc. 2.10). B kauecTBe 3/emeH-
Ta NMaMATH HCMOJb30BaH CTAaTHYECKHH TPUTTEP HA 4YeTbipeXx TPaH3HC-
Topax, ABa W3 KoTopbiX, VI3 u VT4, aBAA0TCA WHXKEKTOPAMH TPaH-
3ucTopoB VT2 u VTl cooTBeTCTBEHHO. [IBYX3MHTTEPHbBIMH TPaH3HC-
TOpaMy yNpaBJ/silOT CHTHaJbl afApecHOW WHHB X; U pa3psAAHbIX LIHH
P, PII,. Ipu X;=0 Tpurrep HaxoauTcs B pexHMe XpaHeHHS,
TaK KakK MNMpH 3TOM (HKCHPYETCH COCTOsiIHWe mJeu Tpurrepa. I[lpwu
X;=1 o6a 3MHUTTEpHBIX Nepexoad, NOAKJIIUYEHHbIX K aipeCHOH UIHHe,
3aKpbIBAIOTCSA H COCTOSIHME TpUITepa 34BHUCHT OT MOTEHLHaJ0B pas-
PSAHBIX WHH: MPH HU3KOM MOTEHILHaJe IIHH B pPeXXHMe CUMTbIBAHUS
B ONHY H3 HHX IOTeYeT TOK, & UMEHHO B Ty, CO CTOPOHBbI KOTOpPOH
TPAH3UCTOP OTKPBLIT; B APYrod TOka He Oyner.

Ilpu 3anucu no wMHam B gopme napadasHors cardana PUI, =D,
Pllly =D k nsneuam Tpurrepa noaBoautcsi uHdbopmaiusi. AcCHMMeTpus
B MOTeHLlHaJax LWIHH BbI30BET MepeK/JIoUeHHe TPUrrepa B COCTOSIHHE,
onpejensieMoe ToTeHUHasaMd WWH: Hanpumep, npu PUI, =0,
Plllp=1 (3anucp 0) otkpoerca VT2, uepe3d Hero B WIHHY NoTeyeT
TOK HHXKeKTopa VT4, a tpausucrop VTl 3akpoercsa. Ilpu 3anucu
| COCTOSIHHAI TPAH3UCTOPOB H3MEHATCH Ha OoOpaTHbIE.

BbixogHble W BXOJHble LeEeNH BbLINOJHEeHbl Ha 3jaeMmeHTax T11JI,
MOCKOJIbKY HH3KONOporoBbie ¢yHKIIHOHAJbHble Yy3J4bl HMHJI umelor
HU3KYI0O MOMEXOYCTOHYUBOCTb H, KpPOMe TOro, He COrJlacoOBaHbl MO
YPOBHSAIM HamNpsi2KE€HHUS C 3JleMeHTaMH APYTuX THNOB JIOTMKH. BapuaHt
BbIXOJHOTO KacKaja C TpeMsl COCTOSHHAMH (pHuc. 2.10, 8) BbinoJiHEeH
no cxeme TTJI ca0XHOTO HHBepPTOpa C AONOJHHUTEJNbHBIMH 3J1€MEeH-
tamu VDI, VD2, VT2, Heo6XxOoOUMbIMH s obecrneyeHHs] TPeTbero
COCTOSIHHUSI BbIXOJA. YNPaBJSIOUWIHA CHTHAA V 3aBUCHT OT BHELIHHX
curdasoB CS u W/R, Bo3gelicTByss Ha Bxoa TpaH3ucropa VT2,
3akpbiBaeT ero npu V=0 uau orkpbiBaeT npu V=1. B TpeTbem
COCTOSIHUH BbIXOJ HaxoAuTcs MpU V=1, KOrga OTKPbITbIA TPAaH3H-
ctop VT2 1wyHTHpyeT BXOJAbl M 3aKpbiBaeT TpaH3ucTopbl VIO
VT3, a 3”Hauut, u VT4.

Mukpocxembl cepud KbH41 pabGotaloT B pexkumax XpaHeHHs, 3a-
MUCH U CUUTBIBAHHUSA. YCJOBHUS peasu3allid 3TUX PEXHMOB IpeJCTaB-
JieHbl B TabJ1. 2.5. B cOOTBETCTBUH C YCJOBHEM peXXHMA CUHTbIBAHHS:
'CS=0, W/R=1, ynpaBasioiwuii cur{aj goJjxeH GbiTb cHopMupo-
BaH, HCXons M3 cooTHoweHusi: V=CS-W/R uau CS+ W/R.

Ho aHaJoOruyHou cxeme, Ho 6e3 VDI, VD2, VT2 noctpoeHbl u
BXOJHble YyCHJHTeNH-hopMHpOBaTeau. Jlnsd moBbillleHUsA ObICTPO-
'1eACTBHS BXOJHble YCHJIUTEJNH BbINOAHAIT H no cxeme TTJI-DCJI
(puc. 2.10, e). [lpenmylecTBO 3TOH CXeMbl 3aKJ/JIIOUaeTCs B TOM, UTO
OHa B MAaKCHMaJibHOH CTeleHH peasu3yeT ObICTPOAEHCTBHE TPAaH3HUC-
TOpPOB, 4TO, BooOlue, npucyule JCJI-cxemoTexHHKe, 3a CUeT OrpaHu-
YeHHS] HUX HacbllleHHs1 H TMepeKJoUeHHsI TOKOM 3MHTTepa, He 3aBH
CALLUM OT BXOJHOTO BO3JAEHCTBHS.

Mukpocxembl cepun K541 oTHocsITCA K rpynne acHHXPOHHBIX:

curHajbl CS 1 W/R MoXHO noaaBaTb KakK ypoBHeM, TaK U HMNYJb-
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Ta6auua 2.9. Mapamerpsi mukpocxem cepuii K541, KP541 npu 25° C, uc

Tun EMKoCTb, tu.sn(en), te.a, tyc.an a, tex 4 am, Tan, ty,BM;&n,
MHKPOCXeMbl 6uT He 6oJee He GoJsiee He MeHee He GoJsee He GoJsee He OoJiee
Pyl 4K X1 155 120 45 50 60 90
PYIA 4K X'l 130 70 30 50 50 90
Py2 1K X4 140 120 50 30 60 60*
PY2A 1KX 4 140 90 50 30 60 60
PYy3 16K X 1 170 150 60 50 60 90
PY3A 16K X 1 150 100 60 30 60 90
Py31' 8K X1 170 150 60 50 60 90
PY31A" 8KX1 150 100 60 30 60 90

! Jlauusie pacnpoctpansiorcs Ha K541PY3! — K541PY34 u K541PY31A — K541PY34A.
* Ykasano sunauenue ty pm p1

Ta6auna 2.10. Kopnyca mukpocxem cepuit K541, KP541

wnkpocxen coptyca | pasacpu ww | susonon Mpwesatne
K541PY1 427.18-1 12,5X 12 Puc. 2.11, a
KP541PY1 2107.18-1 22,5X 10 Puc. 2.11,a
K541PYy2 427.18-1 125X 12 Puc. 2.8,0
KP541PY2 2107.18-1 22,5X 10 Puc. 2.8,0
K541PY3 405.24-2 19,5X 12 Puc. 2.11,6
K541PY31 405.24-2 19,5 X 12 Puc. 2.11,6 App=0:8=12%*
K541PY32 405.24-2 19,5X 12 Puc. 2.11,6 Ap=1:8=24
K541PY33 405.24-2 19,5X 12 Puc. 2.11,6 Api3=0:9=12
K541PY 34 405.24-2 19,5 X 12 Puc. 2.11,6 As=1:9=24
KP541PY3 2118.20-1 25X 15 Puc. 2.11, 8
KP541PY31 2118.20-1 25X 156 Puc. 2.11,8 Ap=0:7=10
KP541PY 32 2118.20-1 25X 15 Puc. 2.11,8 Ap=1:7=20
KP541PY33 2118.20-1 25X 15 Puc. 2.11,8 A;3=0:8=10
KP541PYy34 " 2118.20-1 256X 15 Puc. 2.11, 8 Api=1:8=20

* [is xopuycos THna 4 pa3mMeph yKa3aHbl 6e3 yueTa BbiBOJOB.
** (Os3HauaeT coeldHeHHe BHIBOAOB Kopnyca 8 u 12.

coM. [lapameTpbl MHKpocxeM TipecTaBJieHbl B TabJj. 2.9, a naHHbIE O
KOHCTPYKTHBHOM otopmieHdd — B Tabu. 2.10 u Ha puc. 2.11.

Mukpocxemor O3Y ceputi K134, K155, K185 umeor MHoro obliie-
ro ¢ paccMoTpeHHbBIMH. Bce OHH OTHOCATCS K THIYy aCHHXPOHHBIX CTa-
tTHueckux O3Y, MO3TOMY AOCTATOUHO MPOCTHl B mpuMeHeHHH. OCHOB-
Hble XapaKTEePHCTHKH 3THX MHKpocxeM MnpuBeneHbl B Taba. 2.1. O6-
paTUM BHHMAHHE JIUIIb HA HEKOTOpble 0COGEHHOCTH, 3HAHHE KOTOPBIX
HeoOXOAHMO [J1sl NPAaKTHKH.

Mukpocxema K155PY7 emkoctbio 1K X1 6ut, acuHXxpoHHasi, 06-
JlajlaeT TOBBILIEHHBIM ObICTPOJEHCTBHEM: ee BpeMs LHKJa obparie-
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Puc. 2.11. Mukpocxembl namsTH cepun K541

HHSA paBHO 45 HC. TO JOCTHTHYTO NPUMEHEHHEeM B CTPYKType MHKpO-
cxembl ajementoB TTJI u DCJI, B uacTHOCTH, 3J€MEHTOM NaMSTH
SIBJISIETCS1 CTAaTHYECKHH TPUITEP Ha [BYX3MHUTTEPHBIX TPaH3HCTOpax
(puc. 2.10, 6) ¢ HenMHeHHOH HArpy3KoH, a BXOIHble H BbIXOAHbIE
KacKajbl BbIMOJIHEHbI 10 COBMELEHHOH CXeMOTeXHHKe, KaK MOKa3aHo
Ha pHc. 2.10,e. Tabsuua HCTHHHOCTH, JMHaMHKa paboTbl 3TOH
MHKpPOCXeMbl aHaJOTHuHbl MHKpocxemaMm cepudn Kb541. KoHcTpyk-
THBHOE BbIMOJIHEHHE — MJiacTMaccoBblii Kopryc 238.16-2, Ha3HaueHue
BBIBOJIOB Mo pHuc. 2.8, 6.

Muxpocxema K134PY6 emkoctbio 1K X 1 6ut nonyuena no MMJI-
TTJI-rexnosoruu. Ee 0co6eHHOCTb 3aK/ioyaeTcss B TOM, UTO BBIXOA
NOCTPOEH N0 cXeMe ¢ OTKPbIThIM KossiekTopom OK (puc. 2.10, 0).
Hanuuue takoro Bbixoza He Mo3BogsieT 06beAHHATb HH(POPMAaLHOH-
Hble BXOJbl M BbiXoAbl. IIpH coeaMHEHHH HECKOJbKHX MHKPOCXeM MO
BbIXOJaM MOXHO HCMOJb30BaTh cxeMy «MoHTa)kHoro WJIM» ¢ mox-
KJIOUEHHEM K TOUKe COeJMHEeHHs] HCTOUHHKA MUTaHHS yepe3 BHEIIHHH
TOKOOTpaHHWYMBaloIIMi pe3uctop. [isi pacuera ero CONpOTHUBJIEHHS
He0OXOHMMO YUHTHIBaTh MpeKJie BCcero 3HaueHHe BHIXOLHOTO TOKa B
cocTosiiuu Jorudeckoro 0, paBHoe 16 MA. XapaKTepUCTHKH MHKpO-
cxeM npuBefieHbl B Tabu. 2.1. Ilpu xpaHeHuu mnotpebJisieMasi MOLL-
HOCTb CHHM2KaeTCsl BJIBOE.

Y mukpocxemor KI185PY5 emkoctbio 1K X1 6uUT Te ke ocobeH-
HocTH, uTo H y KI134PY6, Ho oHa GoJsiee GbicTpoAeHCTBYyIOLIASA.
B nuHamuke pa6oTbl npH o6pallleHHH B MOMEHT BO3/JeHCTBHSl CHTHa-
jga CS Ha BbIXo/le BO3MOXKHbl MIOMEXH IJIHTEJNbHOCTbIO He 6Gosiee ueM
Bpemsi Bbl6opa: t,py. Cepusi pa3BHBaeTCsi, O YeM CBHIETEJbCTBYIOT
mukpocxembl K185PY10 emkoctbio 16KX1 6uT ¢ BpeMeHeM uuk/a
50 Hc.

Mukpocxemor ceputi K500, K1500 o6aapaloT caMbiM GOJbIIHM
6bicTposeiicTBHEM, UTO OOYCJIOBJEHO HCMONb30BAHHEM AJISl HX H3ro-
toB1eHdust DCJI-TexHonorun. MHKpOCXeMbl OTHOCATCS K Trpymie
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aCHHXPOHHbIX. BpeMsi LiHK/1a ofpallleHHs B AHana3oHe paboyux TeM-
repaTyp HMeeT 3HaueHusi oT 9 Hc Ans1i MuKpocxembl K1500PY073 u
15 wc gas  KI1500PY480 no 40..45 Hc npas  K5H00PY470,
K1500PY470, K500PY415. MukpocxemMbl NaMATH Ha3BaHHbIX CepHH
MUMeIoT 3JIeKTpPHUeCKHe XapaKTepHCTHKH, HeCOBMeCTHMble C Xapak-
TePUCTHKAMH MHKPOCXeM JApPYrHX CepHH, UYTO HCKIOYaeT HX COB-
MeCcTHOe npuMeHeHHe. [1/1s1 HUX XapaKTepeH CPaBHUTEJNbHO BBICOKHH
ypOBeHb 3HepronorpebjeHUst NPH HeOOJibLIOH HHPOPMALHOHHOH eM-
Koctu (taba. 2.1). Ilpuyem ypoBeHb moTpeb/isieMOH MOILHOCTH He
H3MeHSIeTCs1 TPU Mepexoje OT pexuma obpallleHus K pexuMmMy xpa-
HeHUsi. Bbixoa y O6Go/bIIMHCTBA MHKPOCXeM IIOCTPOEH N0 cXeme ¢
OTKpbITHIM 3MUTTepOM (O3). Takoil BbIXOA MOXKHO HenocpeACTBEHHO
MOAK/II04aTh K HHPOPMALHOHHOH IKHHe J1HO0 HeoO6X0AHMO ero Harpy-
3UTb BHelIHUM pe3ductopom 50 OM, coeJHHEHHBIM € HCTOYHHKOM
Hanpsixenuss —2 B. Mukpocxembl namsatu JCJI-cepuil npennasHa-
yeHbl B OCHOBHOM JJIsi NIpHMeHeHHsl B GbICTPOAEHCTBYIOUIEH annapa-
Type B KauecTBe PeruCTPOB Npoleccopa (MHKPOCXeMbl C OpraHu3auuei
16X 4, 64 X8 u ap.), cBepxonepaTHBHOH U OydepHOH NaMsTH (MHK-
pocxeMbl ¢ opraHu3dauueit 256X 1, 256 X4, 1KX 1, 4K X1, 1KX4).

2.2. Mukpocxembl auHamuueckux O3Y

B mHKpocxemax maMmsiTH AHHamuueckoro tuna ¢ynkuuu Il
BBINOIHAET 3JeKTPHUYECKHH KOHJeHcaTop, 00pa3oBaHHbIH BHYTPH
MIII-ctpyktypsl. Mudopmauusi npencrasssieTcss B BHAe 3apsifa:
Ha/uuKe 3apsila Ha KOHAEHCAaTope COOTBeTCTBYeT Jiornyeckomy O,
oTcyTcTBHe — Jornueckofl 1. [Tocko/sibKy BpeMsl coXxpaHeHHs] KOHJEH-
CaToOpoM 3apsiia OrpaHHyeHo, MpeayCcMaTpPHUBAIOT MNepHOLHUYECKoe
BOCCTaHOBJIeHHEe (pereHepadio) 3anucaHHod HHbopmauuu. B stom
COCTOMT OJlHA U3 OTJIMUHMTE/bHbIX OcoGeHHOCTel AHHaMuyeckux O3Y.
Kpome Toro, ans HHX Heo6XxoauMa CHHXPOHH3auMsl, obecreuu-
Bawuas TpebyeMyio Noc/aeL0BaTeNbHOCTb BK/IIOYEHHH H BBIK/IIOYEHHH
(OYHKLHOHAJIBHBIX Y3J0B.

[nsi u3rotoBsieHust MUKpocxeM nuHaMuuecKux O3Y B OCHOBHOM
npumensiior n-MJITI-TexHosornio, Kotopasi MO3BOJsieT MOBBILIATH
GbICTPO/lEHCTBHE M YPOBEHb MHTerpallHd MHKpocxeM, obecreuyHBaThb
MaJible TOKH yTe4KH M 33 3TOT CYeT yBeJHUHBATb BPEMsl COXpaHEHHSs
3apsilla Ha 3aloMHHAIOIEeM KOHJeHcaTope.

Miukpocxembl fuHamudeckux O3Y oTeuecTBEHHOro NMPOH3BOACTBA
npejacTaBjeHbl B OCHOBHOM cepueii K565. Oua BkJ/louaeT B CBOMH
coCTaB psil MUKPOCXeM, OTJIHYAIOLIUXCS He TOJIbKO CBOHMH XapakTe-
PHCTHKAMH, HO M MCMOJb30BAHHBIMH B HHX CTPYKTYPHBIMH pelile-
HUsIMH. XapaKTePUCTHKH MHKpocxeM AuHaMuueckux O3Y cepuu K565
npuBefienbl B Taba. 2.11, a ux yc/noBHble rpacduyeckue H3obpaxe-
. HHST — Ha pHc. 2.12.

PaccMOTpUM THNHYHBIA BapHaHT peaJid3alMH [AHHAMHUYECKOro
O3Y Ha npumepe Mmukpocxembl K565PY3 uHdoOpMauHOHHOH eMm-
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Ta6auuma 2.11. XapakTepucTHKH MUKpocxem nHHamuyeckux O3Y

Puor, MBT
Tu.n EMkocTb, tu e Upe, B Tun
MHKPOCXeMbl 6MT o6patenHe er[:::{.e Kopnyca
KP565PY1A,b 4K X 1 500, 900 12; 400 20 210A.22-3
+5
K565PY3A-T 16K X1 | 510...370 12; 460 40 201.16-5
+5
K565PY5b- 1 64K X 1 | 230...460 5 250-160 | 21 2103.16-5
K565PY511,12 32K X1 | 460 5 160 21 2103.16-5*
K565PY5/13 16K X | | 460 5 160 21 2103.16-5
A;=0
K565PY 5114 16KX 1 | 460 5 160 21 A, =1
KP565PY65- 1 16K Xt | 230...460 5 150-120 | 20 2103.16-2
K565PY78,I" 256K X 1| 340...410 5 350 35 2103.16-5
* Ilpu aapecauny CTPoK W CTOA6UOB A7=1
Yo | kamn 1S 2o | Ramn |G o | RAmD | O
/ - ! 1
4 174 £, 16K 2 64 K
3 2] 3
¥ I72 [ g
g 7 4 1 § i
g 70 o~ E—b‘_ o — 6 70—
, | Hu 4
G m‘% L1,
XL Zeuas A =
KPEESPYT oy 32 LEWLIKG65PY5 | g 3 KSE5PYS | gy 4
a) 0) 6)
Lho| ramn | & Lo | kamz | O
<11 %k wa R
23 ZARA
A 4 1% ;Z f; 1%
1l 5 A ) mr—
226 | AN
7] | 2
L omas e Zoms) sl
15E ZCAS
}*% 6 IE 16
QW | KFSESPYE |0V Y= YW\ KS65FYT7 | 0y =
Puc. 2.12. MukpocxeMmbl NaMsITH
Z) d) cepun K565
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Puc. 2.13. CrpyKrypa MuKpocxeMmbl AHHamuyeckoro O3Y

KocTbio 16K X1 6ur. B ee crpykrypHyio cxemy (puc. 2.13) Bxoasit
BbIOJIHEHHbIE B OJHOM KPEMHHEBOM KpHCTaJJle MaTpHLa HaKOMH-
Teqs, colepxauias 16 384 sneMeHTOB MaMsITH, PacloJIOXKEHHbIX Ha
nepeceyeHusix 128 ctpok u 128 croabuos, 128 ycuiurened CYMTHI-
BaHUA M pereHepauuHd, JewuHdparopsl CTPOK H CTONGUOB, YCT-
POMCTBO ynpaBJ/ieHHsi, YCTPOHCTBO BBOJA-BbIBOAA H MYJIbTHIJIEKCHBIH
peructp aapeca.

Marpuua HakonmuTesss pasjesneHa Ha JABe yacTH no 64X 64 II1
B KaXJoH. MexX1y HHMH pa3MelLleHbl YCHJHTENH, TaK UYTO KaxIblH
cToJi6el; COCTOUT M3 [BYX CeKLHH, MOAKMIOUEHHbIX K Pa3HbIM MJeyam
ycuautensi (puc. 2.14).

D/leMEHT MNaMATH MOCTPOEH MO OAHOTPAH3HCTOPDHOH CcXeMe H
BK/o4aeT Kouaencatop C; u tpausucrop VT;. Tpausucrop Bbimo.-
HfeT (YHKUHMH K/iodya: NPH CHrHale Ha aJpecHOH IUHHE CTPOKH
Xi=1 oH oTKpbIBaeTcsi H coeauHsieT Konaencatop C; c j-paspsaHo#
mwHoH. IlpeaBapurenbHo B nay3ax Mexay oOpalleHMSMH K HakKo-
nurenio eMkocTH noayuwuH Cyu, u C,p 3apsixkaeT HCTOUHHK Hampsi-
xkeHust Uy uepe3 OTKphiTbie KialoueBble TpaHductopsl VIS u VT6.
[Ipn obpalleHHH K HAKOMHMTEJI0 3TH TPAH3UCTOPbI 3aKPbIBAIOTCS
M H30JHPYIOT mogyuwinHbl A; u B; or ucrounnka nanpsixkenus Uo.
3anomuHalouui Kongencarop C; Bbi6pannHoro I noakmwouaercs
yepe3 OTKPbITHIH TpaH3ucTop VT K moayunHe A; W H3MeHseT ‘ee
noTeHUHaJ . DTO U3MEHeHHe He3HAayuTe/lbHO, TaK Kak eMKOCTb 3amo-
MHHaloUlero KoHaeHcatopa, paBHasi 0,1 ...0,2 n®, mHOro MeHbiue
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Puc. 2.14. ®parment paspsina X; y/]myuzmm A;
(cTonbua) MHKpocXeMbl IHHaMH-

yeckoro O3Y -
5w, o
Cun Cif |
T IVT,/_'[ i
| IELCAE R | U
L 1 Fcc
eMKocTH IdHbl. [loaTomy K 0L, W‘L _l",i_ T4 g
NI HHAHKALHKE MaJIoro H3- 4 | 3
MEeHeHHMs OTeHIMana IWKHbl ¢ —||<- vrry | = <
NpH CUMTBIBAHHM MHPOpMaA- £, i nYz
LMK TPHMEHeH BBICOKOUYB- _  |ie- 772 ’”””!/UIWU 5;
CTBHTEJbHBIH AudbepeHiu- 4 — —
aJIbHbIA YCHJIMTEb TPUTTEP- K 0, 17 L_L 30
HOTO THNAa Ha TPaH3HCTOPax Cyp I-E 3
VT1 — VT4, BKJIIOYEHHBIH B T ’
cepenuny PIII, kak nokasa- ¥y 0
HO Ha puc. 2.14. [ 1 E
vrs  vrs 2
Kpome maccuBa Il u
yCHJIHTENIEH, MATPHI(A HMeeT 1 1
B CBOEH CTPYKTYp€ ONOpHbIE [vr7 | vis |
saeMeHTbl (DO) Mo ogHOMY 4 A
3jIeMeHTy B KaX/A0H MoJy- |"-V7’.9
_LI{He. DTH 3/1eMeHThbl B KaX- Fy
‘Jl0# nosioBHHE MaTpHilbl CO- — V710
CTaBJSIOT OMOPHYIO CTpPO- 1 K 9BB
Ky (OC). OnopHbl# 3/1eMeHT Y;
NOCTPOEH aHAJIOTHUHO 3a110- KDY

muHaloulemy. Ero HasHaue-

HHe COCTOHT B MOAJepKa-

HHH onopHoro HanpsikeHHst Uy, ¢ KOTOPBIM YCHJIUTENb CPaBHHBAeT
NoTeHUHaJ MOJYIIHHB ¢ BhiOpaHHbiM JI1 u pearupyer Ha mosyuaio-
IIYIOCSl MPH CPaBHEHHH DAa3HOCTb NMOTEHIUAJNOB MOJOXKUTEIbHOTO H
OTPULATENLHOTO 3HAKA B 3aBUCHMOCTH OT CUHTBIBAEMOTO yPOBHSA. DTa
onepauusi MPOUCXOAMUT cJaelyolLuM o6pas3oM: eciu BblOpaHa AJf
obpallleHus1 CTPOKA BepXHeH nojayMatpuubl X;, To curiaj Ag ctapiuero
paspsila kKoja ajpeca CTPOKH KOMMYTHPYET B ceJIeKTOpe OMOpHOH
CTPOKH LieMNb uepe3 KaoueBod Tpausuctop VT2 ans curnana Fy k OC,,
pacrnoJ/ioKeHHOH B HHxKHeH nosymarpHiie. Takum o6pa3oM, B KaxKA0M
13 128 cTos61OB K YCHIUTENIO C Pa3HbIX CTOPOH Moak/odeHbl 11 u
0. INockoabky noreguyasn nonyuuHsl ¢ Al oriauyaercss OT ONOpPHOTO,
TO B NMPOBOJHUMOCTH TPAH3HCTOPOB Pa3HbIX IJleU YCHJAHTENS-TPUITepa
NOSIBJISIETCS] aCHMMETPHSsl, KOTOPas MPHU BKIIOYEHHH LIENH ero MUTaHHsA
curiagnom F; BbI3biBaeT ONPOKUAbIBAHHE TPUITepa Mo npeobJaanaloiie-
My ypoBHIo. B utore Ha Bbixonax-Bxoaax A u B tpurrepa dopmupyior-
cs nonHbte ypoBHH | M 0. ToT M3 curHa/noB, KOTOpPHIH OTpaxKaer
CUMTBIBAEMYI0 HH(OpMALHIO, B HaueMm Npumepe Ha puc. 2.14 —
CHTHaJ ¢ myieya A, KOMMYTHpPYeTCsl Ha BXOJ| YCTPOHCTBA BbIBOJA uepe3
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k/atoueBble TpaH3ucropbl VI7, VT9 n VT 10, oTkpbiBaeMble CHTHaJlaMH

Ag, Fs u Y;. OueBuHO, CUMTAH MOXKET ObITb TOJNBKO OJMH CHTHAJ C
BbIGpaHHOro aewdgparopom cronbua: Y; =1. ¥ ocTanbHbiX cTO/N01OB
katoun VT 10 3akpbiThl. Curnan Fy 3aBHCHT OT Hasinuusi curHaJga CAS:
MPH OTCYTCTBHH MOCJEHEero oH He PopMUpyeTCs U katoy VT9 3akphIT.

CurHan Ha BXOje-Bbixode A TpHrrepa-yCHJAUTEJNS1 BblIIOJHSET
Tak»xe (PYHKUHIO BOCCTAaHOBJIEHWS YPOBHS 3apsiia 3aloOMHHalollero
KoHaeHncatopa C;, T. e. QyHKUHIO pereHepauuH ‘HHopmauuu. Ilpu-
yeM 3Ta orlnepauus rnpoucxoautT Bo Bcex DIl BbiGpaHHOH CTpOKH
OAHOBpPEMEHHO.

Takum ob6pasom, npu Kaxxkaom obOpalueHHWH K mMaTpuue AJs CUH-
TbiBaHUSA UHHOPMALUH daBTOMATHUECKH OCYLUEeCTBJSIETCH pereHepalus
nHpopmauuu Bo Bcex I, 1ipuHannexalux BbIOpaHHOH CTPOKe.

Hasi appecaudn 16K 351emeHTOB mnamstd Heob6xoaum 14-pas-
pPANAHBIM KOJ, @ y paccMaTpPMBAeMOH MHKPOCXeMbl TOJIbLKO CeMb aj-
pecHbiX BXxOA0B. C 1e/bl0 yMeHbllleHHsI YhcjJa HeOOXOAUMbIX BbIBOLOB
Koprnyca B MHKpocxeMmax AHHamuuyeckux O3Y koA aapeca BBOAAT IO
yacTsiM: BHauaJile ceMb MJajlliuX pa3psiioB A, — As, conpoBoxKaas

“HX cTpobupylollluM curHajsom RAS, 3ateM cemb cTapuinx paspsiioB
A7 — A3 co ctpobupyoiium curdasoMm CAS. BHYTpH MHKpocXeMbl
KOJlbl ajipeca CTPOK H CTOJI6LOB (PUKCHUPYIOTCSH Ha aJpeCHOM perucTpe,
3aTeM JellHPPUPYIOTCA H OCYILLECTBJSAIOT BbIOOPKY ajapecyemoro III.

Iasi ¢opMupoBaHHusi BHYTpeHHHMX curHajgoB F, — F, ynpas-
JIAIOLHMUX BKJIIOYEHHEM W BbIKJIOUEHHEM B ONpeesieHHOH Moc/jenoBa-
TeJbHOCTH (YHKUHOHANbHBIX Y3J0B MHKDOCXeMbl, B ee CTPYKType
MPeyCMOTPEHO YCTPOHUCTBO YyIpaBJieHUSI, A/ KOTOPOro BXOAHBIMH

aBasiiorcss curiaabl RAS, CAS, W/R.

YCTpOUCTBO BBOJa-BbiBojaa obecrneynBaeT BbIBOA OJHOro OuWTa
nHpopmauuu DO B pexxume cuMTbIBaHHsi H BBOJ OJHOro 6uta HHPOPp-
mauuu DI ¢ ee ¢pukcaumeil ¢ momollblo TpUIrTrepa-3allejKH B pexXuMe
3anucu. Bo Bcex pexxumax, KpoMe pexkKMMa CUWTbhIBAaHHUS, BbIXOJ TPHHH-
MaeT BbICOKOOMHOe (TpeTbe) cocTosiHMe. Hasnuue y BbIXOJa BbICOKO-
OMHOI'0O COCTOSIHMS MO03BoJIsSieT 00beAHHATb HH(POPMaUHOHHbIE BXOA H
BbIXOJ MPH MNOAK/JIIOYEHHH MHKpOCXeMbl K 0Olled HHPOPMalLlHOHHOH
lIHHe.

[lo Bxogam u BbiXOAy MHKpocxeMbl cepud K565 coBmMecTHMBI ¢
TTJI-MukpocxemaMH, uTO O3HauaeT COOTBETCTBHE HX BXOAHBIX H
BbIXOAHbIX CUTHaJ0B TTJI-ypoBHAM.

3HaueHHsI BBIXOJHbIX TOKOB B HOPMAaJbHOM pe)XHMe 3KCIJayaTa-
IIMH He npeBbilIalOT 4 MA, a B npeaesbHOM peXXHMe MOTyT JOCTH-
ratb 30 MA.

Mukpocxembl nuHamudyeckux O3Y paboTaioT B CJAEAYIOLIHX pe-
XKUMaX: 3aluCH, CUHUTbLIBAHHWS], CUYHUTbIBAHUS-MOJAU(PHKALHH-3AMHUCH,
CTPAHUYHOH 3aMUCH, CTPAHUYHOTO CUUTbIBAHHSA, PereHepaluH.

PaccMoTpuM Ha3BaHHble peXHMbl M YCJAOBHSI HX peaJiu3allHu
(taba. 2.12) npumeHuTesbHO K MHKpocxeme K565PY3, HO npu 3TOM
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Ta6auna 2.12. TabaHua HCTHHHOCTH MHKpocxeM cepuH K565

RAS CAS ‘W/R A DI DO Pexum paGoTbi
| 1 X X X z XpaHeHue
1 0 X X X Z XpaHeHHe
0 1 X A X VA Perenepanus
0 0 0 A 0 Z 3anuce 0
0 0 0 A | Z 3anucs 1
0 0 1 A X D CuvTthiBaiiHe

HMesl B BH/Y, UTO aHAJOTHYHO MPOTEKAIOT Mpouecchl H B MHKPO-
cXeMax [APYTrHX THIIOB 3TOH CepHH.

J1s obpalueHusi K MHKpocXeMe [JIsi 3allUCH M CUMTBIBAHHSA HH-
(popmaunuu Heobxomumo noxatb (puc. 2.15, a) Kom ajapeca CTpPoOK
Ay — A¢, OHOBpeMeHHO C HHM HJIH C HEKOTOpo# (He HOpMHpyeTcsl)
3ajiepxKoi curHan RAS, 3aTeM ¢ HOpPMHPOBAaHHOH 3alepXXKoil Ha
BpeMsl yAepKaHHs ajipeca CTPOK OTHOCHTEJbHO curHasa RAS pomxken
6bIThb MOJZAH KOJA ajpeca CTONGLOB U uepe3 BpeMsl YCTaHOBJEHHS
tycacas — CHrHaM CAS. K MoMeHTy nojau Koja ajpeca CToJ6LOB
Ha BxoAd DI noasoaaTr 3anucbiBaeMbli GUT WHGOPMAaUMH, KOTOPLIH
curHasom W/R npu Haanuun CAS =0 c¢uxcHpyeTcsi Ha BXOAHOM
Tpurrepe-3auiesnke. Curdan 3anucd W/R MoxeT GbITb MOAaH yPOBHEM
HJIM UMIYJbCOM. B nocsieiHeM ciyuae oH J0JIXKeH HMETb AJHTEJTbHOCTD
He MeHee olnpeJeNeHHOro NapaMeTpoM Tyg 3HaueHusi. Eciu curnan
3anucH MojAaH ypoBHeM, TO ¢ukcauuio DI Ttpurrepom-3amenkoii

MPOU3BOAMT OTpHUATe bHbIH nepenan curiHana CAS (npu Ha/JHUHH

RAS Ty am | RAS Ty
Tras —\ Tras
— Thas ~—, Thas
CAS [ s t CAS £ ye.cAS. R4S, Teas t
B\ AN 7N\
A L [fu.a0as ty.a.cAs 1 A _t 0. RAS| _Z“yAa.L'AS ¢
R Vs —
77/ Tyr t Wk t
[2arryvs o 1 MME Qm
ijt 21 73, %
or N n y. DI CAS t T6.ons ———
gy "y ff.a
t ¢
2 9
RAS Tras
T Tar )
2 y.0.RAS,

Puc. 2.15. BpemeHHble nuarpaMmbl MHK-
pocxembl K565PY3 B pexnmax 3anucu
(a), cuntbiBanusi (6), pereHepauuu (8)
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RAS =0). 1o oKkoHYaHHH 3amlHCH AOJXKHA ObITb BblaepXKaHa maysa
Tras, PaBHAs HHTEPBAJY MEXJy CHTHaJlaMH R RAS, 1yt BoccTaHoOB/eHHS
COCTOSIHHSI BHYTPEHHHX Iienell MHKPOCXEMBbI.

B aHa/norHUHOM mMopsiike NOJKHBI GbITh MOAAHbI afpecHble H YIi-
paBJSIOIHE CHTHAJbl NIPH CUMTHIBAHHH HHbopMauuu (puc. 2.15, 6).
CurHan W/R=1 MoxeT O6biTb MOAAH HMIYJbCOM HJH YPOBHEM.
BpeMsi nosiB/ieHHsi BBIXOJHOTO CHrHajla MOXXHO OTCUHTBIBATb OT MO-
MEHTa TMOCTYIVIEHHs] CHTHaJloB ajpeca ts, JH60 CHTHAJOB YIpaB-

JieHusi, BpeMsi BBIGOPKU curHana RAS t, pas, BpeMsi BBIGOPKH CHrHaJa
CAS tBCAS Ilpu oueHKe MHKpPOCXeMbl 10 3THM IapaMeTpaM CJjeryer
HMeTb B BHJY, YTO OHH B3aHMOCBSI3aHbl, H MO3TOMY JOCTaTOYHO
3HaTb OJWH U3 HUX. Dosee HMHPOpPMATHBHBIM SIBJISIETCS Napamerp
t..cas, TMOCKOJbKY HH(OpPMAIHIO BBIBOAHT H3 MHKPOCXeMbl CHTHaJ
CAS npu Ha/lHuMH, KOHEYHO, CHrHaJjJa cuuTbiBaHusi W/R=1.

I/I3 pPIC. 215, 6 CJIellyeT: tB.RAS:tB.CAS+tyC,CAS4RAS'

Jlns ouleHKH ObICTPOLEHCTBHSI MHKDPOCXeMbl NMaMSTH B pacuyer
HeoOXOAMMO NPHHHUMATb BpeMsl IHKJIa 3aMHCH (CUHUTBIBAHHS) ty sn,
tucs. Jlpyrue BpeMeHHFIe napaMeTpbl HeOOXOAHMBl [Jisi obGecrieyeHust
6ecc60MHOro (yHKUHOHHDOBAHHS MHKPOCXEM B COCTaBe 3JIEKTPOH-
HOH anmnapatypbl. [lepeueHb BpeMeHHFIX MapaMeTPoOB JHHAMHYECKHX
O3Y BkialO4aeT necsiTKH HauMeHoBaHui. B Ttabu. 2.13 npuBeneHbl
OCHOBHble H3 HHX, [aWOIllHe [JO0CTAaTOYHO MOJIHOe TMpelCTaBJieHHe O
dvHaMuKe pa6oThl MUKpocxeM nuHamuueckux O3Y cepuu K565. Co-

Ta6aunua 2.13. lunamuyeckne napameTpbi MHKpocxem cepuu K565

K565PY3 K565PY5, KP565PY6 K565PY7
IMapamerp, Hc

A B B r b B r 1 B r
tanen) 510 | 410 | 370 | 230 | 280 | 360 | 460 | 340 | 410
t cwmon™ 670 | 520 | 420 | 310 | 380 | 460 | 600 | 410 | 490
tan(en ™ 370 | 275 | 225 | 150 | 180 | 250 | 320 | 120 | 140
TRras 300 | 250 | 200 | 120 | 150 | 200 | 250 | 150 | 200
TRas 200 | 150 | 120 | 100 | 120 | 150 | 200 | 180 |, 200
Tcas 220 | 165 | 135 70 90 | 120 | 150 75 | 100
tye.cas.rAs 100 | 8 | 65| 30| 35| 55| 75| 50 | 60
ty aras 60 | 45| 25| 15| 20| 40| 60 | 20 | 25
tyecas.a 20| 10| 10 ol o of of — | —
tyacas 100 | 75| 55| 25| 35| 45| 60 | — | —
Twr 120 75 55 35 45 80 | 120 40 65
t, pr.cas 100 | 75| 55| 45| 55| 80 | 120 | 55 | 70
Teas** 140 | 100 80 70 80 | 120 | 160 60 70
T, cas 200 | 165 | 135 | 70 | 90 | 120 | 150 | 50 | 60
Tyer, Mc 2 2 2 2 2 2 1 8 8

Mpumeuanne JAUTeIbHOCTH PPOHTA H Cpe3a CHrHAJOB A5 BCeX MHKpocxem oT 3 no 35 Hc.

* Bpems uukna B pexxume « CuHTbIBaHHe-MOAH(DHKAUHSA-3aMHChY.
** B cTpaHMYHOM pexHMe.
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nep)KaHde mnapaMmerpoB oObsicHeHo B § 1.2, a camu mnapamerphl
yKa3aHbl Ha BpPeMeHHKIX auarpammax puc. 2.15 (wrpuxoBKo# 060-
3HayeHbl BpeMeHHKle HHTepBaJibl, He (UKCHpyeMble M0 MJUTEeNbHOCTH,
rje CMrHaJbl MOTYT HMeTb NMPOH3BOJIbHbIE 3HAUeHHs1: Ju60 0, 1160 1).

s obecrieyeHHs] HaJeXXHOrO COXPaHEHHSl 3alHCAHHOH B HAKo-
nuteje WHGOpPMALMH peanu3ylOT peXHM INPHHYIHUTEIbHOH pereHe-
pauuu. Perenepaiusi uHpopmauuu B Kaxaom Il nomkHa ocyuiecTs-
JAATbCsl He pexe ueMm uepe3 2 mc (miasi K565PYS5I] u KP565PY6]1
uyepe3d | mc). Kak yxe orMmeuasoch, pereHepalHsi dBTOMaTHYECKH
BbiNlosiHsieTcsl AJis1 Bcex DIl BbIOpaHHOH CTPOKH MpH o6OpallleHHH K
MaTpHle IJsi 3alUCH HNH CYMTHIBAHHS HHGOPMAaLHH.

Bpewmsi, B TeueHHe KOTOPOro Heo6XOOHMO OOPATHTbCS K CTPOKE
IJis1  pereHepauud, onpefeasier mnapamerp «Ilepuoas perenepa-
nHu» Tper. .

[TockosibKy ofpaiieHde K pa3HbIM CTPOKaM MPOHCXOAHT C pas-
JIHYHBIMH 1O [JHTEIbHOCTH HHTEepBajaMH BpeMeHH, PacCUYHTHIBATb
TOJIbKO Ha aBTOMAaTHUYECKYIO pereHepaluio HeJsb3sl.

Lluka pereHepaulMH COCTOMT M3 m oOpallleHHH K MaTpHle, rae
M — YHCJO CTPOK, MyTeM mnepe6opa anpecoB CTPOK C MOMOLIbIO
BHEUIHEro cYeTyHka LHUKJIOB obpauleHnid. OO6palueHHe K MaTpule
JUIsl pereHepalMH MOXKeT ObiTb OPraHU30BaHO MO JNI060MY H3 pexH-
MOB: 3alHCH, CYHTBIBAHHS, CUYHTHIBAHUSI-MOAH(HKALHH-3AMUCH, a
TaK)Ke MO CIelHaJbHOMY PeXHUMY pereHepaudu — cUrHajom RAS.

Pexxum paborel «CuuTbiBaHHe-MOAH(PHKALHSA-3aMHCh» 3aKJIO-
yaeTcsl B CYMTHIBAHHH MH(OpPMALHU O Mocjefyiolied 3anucbio B OJHH
u ToT xe JIl. Bo BpeMeHHFIX AuHarpamMMmax CHCHaJOB JJIsi 3TOrO
pexkKuMa COBMeLeHbl JHarpaMMbl AJsi CUHUTbIBaHUs (puc. 2.15, 6) u
3andcd  (puc. 2.15, a) uHdopMauMH: NPH HEH3MEHHbIX CHrHaznax

RAS u CAS pexHM CUHTBIBAHHSI CMEHSIET PEXUM 3aMUCH JAHHBIX 10
ToMy e ajpecy. Monaudukauusi pexuma 3akJOuyaeTcsi B CMeHe
CHUTHaJla CUHUTHIBAHUS Ha CHrHAJ 3aMdCH W B MOABENEHHH KO” BXOLY
DI 3anucoiBaemoii uHbopmauud. Bpemsi umkaa B 3TOM pexuMe
ob6paienusi 6oJiblie, ueM B Apyrux (cm. taba. 2.13). Bo Bcex yka-
33aHHBIX pEeXHMaX pereHepailusi OCYILECTBJSETCS B €CTECTBEHHOM
nopsiike, Kak onepalHs, COMyTCTBYyIoILasi Npoleccy obpallleHHs K
MHKpoOCXeMe.

[1pu opraHnW3alLuyu NPHHYIHTEJNbHOH pereHepallid HaHOboJlee LeJie-
coo6pa3HbiM H YAOOHBIM /151 peaji3allUH SIBASIETCS PeXHM pereHe-
pauuu curHasoM RAS (puc. 2.15, 8), nmpu KOTOpPOM OCYILECTBJSIIOT
nepeGop aapecoB B COMPOBOXKAEHHH CTPOGHPYWOLIEro cHriata RAS
npu CAS=1.

Y wmukpocxembl K565PY1 pexkum pereHepalMH OCYLIECTBJSIIOT
N0 LUHKJIY cuuTbiBaHHS MJIH «CuHTbiBaHHe-MOAH(MHKALHS-3AMUCh> C
BbINOJIHEHHEM yca0BUsE CS=1, npH KOTOpOM AOCTYyN K MHKpOCXeMme
MO BXOLY H BBIXOAY 3aKpbIT. BbIX0J4 HaXOAMTCS B BHICOKOOMHOM CO-
CTOSTHHH.

B pacuer BpeMeHH pereHepallUH cJeLyeT NPHHHMATb BpeMsl LIHK-
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Jia npd BbIODAaHHOM pexXKHMe pereHepallMi, YMHOXHB €ro Ha 4YHCJIO
ctpok. Hampumep, Ha pereHepauuio uHpopmauuu B II1 onHo# cTpo-
Kd y wmukpocxembl K565PY5B B pexume «CuuTbiBaHHe-MOAH(DH-
Kauusi-3anucb» Heob6xoaumo (cM. taba. 2.13) 310 Hc, Toraa aus
pereHepauud 1 Bcex 256 cTpok morpebyercss 80 MKC, YTO COCTABHT
4% paGouero BpeMeHH MHKpOCXeMbl. B pexHMe pereHepauuu TOJbKO
curnasom RAS obiee Bpems pereHepaliud ymeHbliaeTcsi 1o 61,5 MK,
uTo cocTaBUT 3%, BpeMeHH (YHKLHOHHPOBAHHS MHKDOCXEMBI.

HekoTopble BapHaHTbl CXeMOTeXHHUECKOH peaJsiH3allid pexxkuma
MPHHYJUTENbHON pereHepailud paccMOTpeHbl B Il 3.

CTpaHHuHble peXXUMbl 3alUCH W CUMTLIBAHUSl peanu3yloT obpa-
lleHHeM K MHKpocxeme MO ajpecy cTPokH ¢ BblG6opkol III sroi
CTPOKHM H3MeHeHHeM ajpeca CToJOLOB. B 3THX peXHMax 3HauuTe/b-
HO yMeHbllIaeTcsi BPeMsl LHMKJ/a 3alHCH (CYUHTbIBaHWA) (Taba. 2.13),
MOCKOJIbKY TpH HeH3MeHHbix cHrHajax RAS=0 u koma aapeca
CTPOKH HCMO/b30BaHa 4acCTb MOJHOTO LHK/AA 3aMHCH (CYMTbIBAHHSA),
OTHOCSLAsICSA K ajpecallid CTOJOLOB.

B cocraB cepuu K565 BxoasT MHKpocxeMmbl ¢ HHGPOPMALHOHHOMH
emkoctbio 4K, 16K, 64K u 256K. Mukpocxembl K565PY 1 u K565PY3
HYXAAIOTCsl B TpPeX HMCTOYHHKAX NuTaHUs. [IpM NpHMeHeHHH 3ITHX
MHKpPOCXeM CJelyeT YYHTbIBaTb TpeOGOBaHHs MO MOPSAKY BKJIIOUEHHS
H BBIKJIIOYEHHS] HCTOYHHKOB MUTAHUs: NEePBbIM MOAKIIOUAIOT HCTOUHHK
—5 B, a oTk/04aloT nocnegHuM. 1o TpeboBaHHe 00YCI0BIEHO TeM,
uTO HampsikeHne —5 B nopaerca Ha NOANOKKY (KpHCTa/J) M €CJ/H
ero He MOJKJIOUHTb MepBbIM, TO MO/ BO3JeHCTBHEM, Jaxe KpaTKo-
BpeMeHHbIM, HaNps)KeHHH ABYX APYrHX HCTOUHHKOB C HaMpsiKEHHEM
5 u 12 B MoxeT npoH30ATH B KpHCTaJ/je TeNJ0BOH MPoGOd H
NOBPEAHTLCA MUKpOCXeMa.

B [36] onucaH BapuaHT peasiMi3allid MCTOYHHKA MUTAHHUSA .JJ5
mukpocxem K565PY1, K565PY3 ¢ npuoputeroM no BpeMeHH BKJIIO-
yeHHsi Hanpskenuss —5 B. Tlopsinok BKJOYEHHS ABYX NPYrdxX Ha-
NpsiKeHUH NMUTaHUsl MOXKeT ObITb JIOGBIM.

[Tocie nopauu HanpsixkeHnss nuTaHusi MuKpocxeMbl K565PYI,
K565PY3 nepexoasit B HopMaJibHbiil pexxUM PYHKLIHOHHPOBaHHUS Yepe3
BOCceMb pabouHX LHK/I0B, MHKpocxema K565PYS5 — nocie naysbl B 2 Mc
M nocjaeiyoliux 16 paboudx UMKJIOB;, MHKpocxema KP565PY6 —
nocJjie naysbl 2 MC 4 nocjenymolux 8—16 pabouux LHK/IOB B J11060M
U3 PEeXKHMOB.

Miukpocxembl K565PY5 n KP565PY6 nMeloT 0AHH HCTOUHHK IH-
TaHud 5 B W oauHaKoBble 3JleKTpHUeCcKHe MapaMeTpbl, HO Pa3JHUHYIO
HH(pOpMALHOHHYIO eMKOCTb. Mukpocxema KP565PY6 coBmectHMa ¢
mukpocxemoii K565PY3 no crartuueckum napamerpam, HMeeT Ty Xe
HH(OPMALHOHHYIO €MKOCTb M Pa3BOJKY BbIBOAOB B KopIyce, HO OT-
JIMyaeTcsl JYy4YUIMMH 3HAYEeHHSIMH BpPEMeHHbLIX [apaMeTpoB, NoTpes6-
JIAeMOH MOLLUHOCTH M HaJW4YHeM OJHOro HCTOYHHKA nuraHusi 5 B.
[losromy npumenenHe mukpocxembl KPS565PY6 npeamouturenbhee.

Kax bl tun muxkpocxem cepuu K565 noapasaesneH Ha MOATHIbI
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(THMOHOMHHAJIBI), OTJHYAWIHECd BPEMEHHBIMH MapaMeTpamd, a y
MuKpocxembl KS6OPY5 u nHbopmaiimoHHod eMKocTblo (Ttabua. 2.11),
UTO pacuidpsieT (YHKIHOHAJbHBIA PSSl MHKPOCXeM IHHAMHUYECKHUX
O3Y. Ilo pexumam pab6oTbl MHKpocxeMbl cepud Kob6O mnosHOCTBIO
COBMECTHMbI, UTO obeclieyuBaeT BO3MOXHOCTb Iepexora OT MHKPO-
cXeM NaMATH HeOoJiblIOH HUH(POPMALMOHHOH €MKOCTH, HAlpUMep OT
KP565PY6, k mukpocxemam K565PY5 u K560PY7.

JlanbHellliee pa3BUTHEe MHKpocxeM AuHaMuHuecKuXx O3Y cBsi3aHO
C MOBbILIEHHEeM YDOBHSl HHTerpallud H, CJeloBaTe]bHO, HH(popMa-
IIHOHHOH €MKOCTH, a TaK»Ke€ C OCBOE€HHeM CTPYKTYp, B KOTOPbIX YCT-
POHUCTBO JMHAMHUUYECKOH MaMATH COBMELLEHO HAa OJHOM KpHCTaJje ¢
YCTPOHCTBOM pereHepauud. Takoe auHamuueckoe O3Y nsasi moJib-
30BaTesisi HMeeT XapaKTepUCTHKH ctaTHueckoro O3Y, U nmostomy ero
Ha3bIBalOT KBA3HUCTATHUECKHUM. DJIeMEHTbl TAKHX BCTPOCHHBIX CHCTEM
pereHepallid Yy»Ke TMPUCYTCTBYIOT B COBPEMEHHBIX MHKpOCXeMax
niHamuueckux O3Y, B uactHoct B K56OPY7. CyliecTBeHHOH OTJH-
UUTEJbHOH OCOOEHHOCTbIO NAaHHOH MHKpPOCXeMbl SIBJASETCS YBeJHUYEeH-
HBIH 10 8 MC MepuHoj pereHepaldd M HaJHuhe y Hee BCTPOEHHOTO
B KPHCTaAJIJ1 CYeTUHKa ajpeca CTPOK, UTO MO3BOJsSET MPUMEHATb pe-
>KUM aBTOpereHepauud. B 3ToM pexxume pereHepaliusi OCyLLeCTBJSIeTC
3a 512 UMKJIOB H3MeHeHHMsI TOJIbKO cHrhHajga RAS npu akTHBHOM
coctossHuu curHana CAS. Ilepe6op ampecoB CTPOK aBTOMATHUECKH
BBINIOJIHSAET BHYTPEHHHH CUETUHK. DTO YyIpoIllaeT YCTPOUCTBO YIpaB-
JeHHuss MHKpocxemon [22, 33].

2.3. Mukpocxembl peructpoBbix O3Y

Peructp Kak (yHKIMOHAJbHbIH y3eJ LIHPOKO MpPHMEHSIeTCS
B KauecTBe s4YeHKH NamaTH. Hanpumep, perucrpol BKJIIOYEHBl B
CTPYKTYPYy MHorux Mukpocxem O3¥ u II3¥Y nns xpaHeHHss Koga aj-
peca, BXOJAHBIX U BbIXOAHBIX AAaHHbIX. MHKpOCXeMBbl PerHCTPOB BXOASAT
B COCTaB OOJbIIHHCTBA CepUH, B TOM UYHMCJe U B MHKpPOIIpOLECcCcop-
Hole kommyiekTsl BHUC B KauecTBe peructpoB o00iero Ha3HayeHHS
(POH), mHoropexumubix 6ydepHbix peructpoB (MBP), 6ydepa naH-
HbIX MeX1Yy OBbICTPOAEHCTBYIOUIUMM IMpoleccopoM H OoJjiee MeJJieH-
HbIMH NepuepUUHBIMH YCTPOUCTBAMHU H T. [.
3anoMHHalolllHe yCTPOHCTBA HA perucTpax MoryT ObiTb MOCTpoe-
Hbl C MPOM3BOJIbHBIM [OCTYIIOM (BbIOOPKOH) W C MOCJen0BaTe/JbHbIM
noctynoM [l]. PeructpoBble 3¥Y ¢ npou3BoJbHOH BbIOOPKOH MO3BO-
JIAIOT alpecoBaTb BCe PErHCTPbl U 0OPATUTHCA K JIOOOMY M3 HHUX A
3alUCH WU CUMTbIBaHUSA HHPoOpMauuH. B oOT/iHuHe OT HHUX perucr-
poBbie 3Y ¢ noc/jenoBaTelbHbIM AOCTYIIOM AJs1 o6pallleHus1 K Hy»KHOH
A4yerke TpeOyloT nepebopa aapecoB B CTOPOHY HUX YyBEJHYEHUS HJIH
yMeHbllleHHss A0 TpebyeMoro ajapeca. Te W JApyrue peaju3yloT Ha
MHKPOCXeMax PerucTPoB MapaJijieibHOro U MocjaeA0BaTeJbHOr0 THIA
COOTBETCTBEHHO. B napaJijieibHbli perucTp HHpOpMaLHUio 3alUCbIBAIOT
BCEMHU pa3psaiaMd OJHOBPEMEHHO U TaK e ee CUUTHIBAIOT. B KauecTBe
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napaJJieIbHOro perHcTpa NMPHUMEHSIOT KaK PerHcTpbl XpaHeHHs, TakK
M perucTpel cABHra. B mocienoBartenbHbI perucTp HH(pOpMaLHIO
3aMKChIBAIOT € OJHOr0 BXOAa MOpPa3psiiHO MNOC/ef0BaTeJbHO BO
BpemeHH. TakuM e coco60M ee M CUHTBHIBAIOT C BbIXOJa NOC/AEIHEro
tpurrepa. IlocnenoBatesbHbIM MOXKeT ObITb TOJNBKO DErHCTP CABHra.
MHorue perucTpbl CABHra [AONYCKalOT H MNapaJjiieJbHYIO 3alHCh H
CUMTHIBaHUE HHGOPMAIHUH, T. €. SABJASIOTCH KOMOHHHPOBAHHBIMH.

HoMmeHKj1aTypa oTeuecTBEHHbIX MHKPOCXeM PerHcTpoB O6LIHpHA H
pa3Hoo6pa3Ha. OHa BKJIOYaeT PEericTpPbl XpaHEHHWs H CABUra CTa-
THYEeCKHe M JHUHAMHYeCKHe C Pa3psilHOCTbIO OT YeThIpeX A0 HEeCKOJb-
KHX JIeCSITKOB, MHKPOCXeMbl C OJHOPErHCTPOBOH H MHOTOPErHCTPOBOH
CTPYKTYpPOH, C 60/bIIUM OLICTPOJEHCTBHEM, PACCUMTAHHBIM Ha IpH-
MeHeHHe C TaKTOBbIMH YacCTOTaMH B COTHH Merarepu, H MaJblM
6bicTposeicTBHEM, CIOCOOHBIM o6ecrneynTb paboTy perucrpa ¢ TakTo-
BbIMH 4aCTOTaMH B €IMHHLbI KHJOrepl,.

B Tta6na. 2.14 npuBeneHbl nNpuUMepbl MHKPOCXEM PETrHCTPOB, KO-
TOpble AAIOT HEKOTOpoe NpejCTaB/leHHe O HX XapakrepHcTHKax. Hu-
ke OydyT pacCMOTPeHbl B OCHOBHOM MHOIODErHCTPOBble MHMKPO-
CXeMbl, MOCKOJbKY MHKPOCXEMbl PEruCTPOB C TPaJHLHOHHOH CTPYK-
TYpPOH [JOCTaTOYHO TNOAPOOHO OMHCAaHbI B CIPaBOYHOH JHTepaType
(8, 14, 15, 18].

Mukpocxema KP1802HP1 siBnsiercsi 1ByXaJipeCcHbIM PErHCTPOBLIM
3Y emkoctbio 16X4 6ut M npenHasHaueHa ajsi co3ganuss CO3Y

Ta6auua 2.14. MukpocxeMbn perucTposnix 3Y

Tun MHKpOCXeMbl EMmKocTb, 6HT lu_m(cq) Pnor, mMBT Tun Bmixoaa TexHonorus
KP1802UP1 16X 4 55 990 TTJI-3 TTJIII
K5551P26 4X4 43 250 TTJ1-3 TTJII
K1002UPI 32X8 500 20 KMZII-3 KMI1
K561UP11 8X4 450 4 KMAII KMI1
K561 P12 4X4 6000 3 KMJII-3 KMI1
K1800PTI16 32X9 19 1800 3CJ1 3CA
K555 P30 8X1 34 180 TTJI TTJAII

ITapaanensnoie pecuctpol
K5311P22 8 19 800 TTJI-3 TTJILW
K555 P22 8 43 200 TTJI-3 TTJII
K555 P27 8 30 140 TTJI TTJ1I
KM18041P2 8 43 195 TTJI TTJIII
KM1804H1P3* 8 26 1444 TTJI TTJIW
K5891P12 8 55 725 TTJI-3 TTJIW
K580M P82 8 100 800 TTJ1-3 TTJ1II
K588UP1 8 150 10 TTJI-3 KMI1

Mpumeuanue Hanpsxende nuTanus Bcex Mukpocxem 5 B, kpome KI1800PI16 — muuyc 5,2 B.

* [IByHanpaBJIeHHHIR.
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JOJKHBL 6bITh _OJHHAKO- Puc. 2.16. Crpykrypa peructposoro 3¥

BbiMH; RD,, RDg — pas- KP18021P1
pelileHHde CUMTHIBAHHS HHPOPMALIHH 110 KaHaay A u KaHany B cootser-
crBeHHOo; WR,, WRy — paspeuienne 3anucu nHpopManun uyepe3 Ka-
Han A u xkaHan B, CE,, CEg — pa3speiueHne obmeHa undopmanuei
¢ kaHajoM A u KanasoMm B. Bce BXoabl ynpaBJ/sIlOLIHX CHIHAJI0B —
HHBEpCHbIe, CJel0BaTeJbHO, pa3pellaliide akTHBHbIe 3HAaUeHHs Ha3-
BaHHbIX CHTHAJOB paBHbl Joruueckomy 0. MHpopMauuo 3amiucsBaioT
B SI4eHKH MaMsTH MaTPHLbl H CUUTHLIBAIOT Yepe3 COBMeIlleHHble BXOAbI-
Bbixobl KaHasa A (DAy—DA3) v kanajsia B (DBo—DBs3). ¥Ycrpoiicto
BBO/Ia-BbIBO/lA COCTOHT H3 YCHJHTE/EH CUHTbIBAHHSA C BLIXOJAMH Ha TPH
COCTOSIHHSI H YCHJIUTEJNEH 3alHCH. -
Mukpocsema noa ynpasJjeHnem curiaios RD, WR, CE moxer
paboTaTh B C/lEAYIOIHX peXHMaXx: 3amuCb MO KaHaay A, 3anuch no
KaHaly B, onHoBpeMeHHasi 3amuch Mo KaHajlam A u B, cuutbiBaHue
no KaHaay A, cuuThiBaHHe Mo KaHaay B, oxHOBpeMeHHOe CUMTBIBA-
HHe 1o KaHasam A u B, 3anuce no kaHany A u cuHThIBaHHe IO
KaHaay B, u Hao6opot. [1pu orcyTcTBHH curHasa pa3pelieHusi o6Me-

Ha no kKaHany: CE=1, BbIXOAB JAHHOTO KaHa/ja HaxXoLATCA B
BbICOKOOMHOM (TpeTbeM) cocTosiHuH. CHrHaJbl yNpaBJeHHs MOAaloT
YPOBHEM HalpsiKeHHs.
MukpocxeMa KOHCTPYKTHBHO odopmieHa B kopnyce 2120.24-2
Ha3HayeHHe BLIBOJOB TOKa3aHO Ha puc. 2.16.
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Muxpocxema K555HP26 (puc. 2.17, a) COCTOMT H3 ueTbipex
PErHCTPOB MO YeThipe pa3psiia B KaxKAOM. Bce peructpel agpecyembl,
npuyeM NpelycCMOTpeHa pa3le/bHasi ajpecalisi PerHcTpPOB NpH 3a-
nucd (AWoAW,) u npu cuutbiBauuud (ARoAR,). UHdopmaluuio 3anu-

chiBaloT 4-paspsiiHbiM Kojgom mo BxoxaM DIy — DIs, ycranoBuB kop
anpeca AWoAW, (AW, — crapuiuii pa3psil) 4 NofaB CUTHaJ pa3pe-
wenusi 3anick WE=0. I[Ipy WE=1 pocryn K perucrpam Ajsi 3a-
MHCH 3aKpbIT. MUKpOCXeMa aCHHXPOHHAsI: CHTHAJIbl yNpaBJieHUs M0-
Jal0T YPOBHEM HampsiKeHHs.

CuuTbiBaHHe HMHPOPMALHUH MPOHU3BOASAT MO YCTAHOBJEHHOMY aj-
pecy InpH Ha/JluuMd CHrHasa paspeiteHdsi Boixoga OE=0. Ilpu

"OE=1 jocTyn K peructpam [Jisi CYHTbIBAHHSI 3aKPBIT, BBIXObl HAXO-
JSTCSI B BHICOKOOMHOM COCTOsiHMH. PasjeseHne afpecHbX CHTHaJOB
M03BOJ/IsIeT OJHOBPEMEHHO 3alUChiBaTb M CUHUTHIBaTb HH(OpPMaLHIO,
ajipecyst pa3Hble PerucTpbl.

Miukpocxema MoxeT paboTaTh B peXHMax: 3anuch 4-pa3psiiHOrO
Koja B J/0GOH M3 perucTpoB, CUHUTbIBAHHE 4-pa3psilHOTO KOAa H3
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J1060ro perucTpa, oJHOBpeMeHHasl 3aluCb W CYUTbIBaHHEe HHopMa:

IIMH M3 pPa3HbIX pErucTpoB, XxpaHeHue uHPopmauuu (npu WE=
=0E=1).

MukpocxeMbl AOMYCKAIOT 00beJHMHEeHHe ONHOHMMEHHbIX BXOHOB H
BbIXOJIOB [Ji1 HapallUBAHHUSA 4YHCJIA PErHCTPOB M HX PaspsALHOCTH.
3anaua o6beHHEHHS] MHKPOCXeM PETrHCTPOB pelllaeTcsl TakK »Ke, Kak
u aasa mukpocxem O3Y u I13Y (cMm. ra. 3).

Mukpocxema K561HPI1 (puc. 2.17, 6) COCTOMT H3 BOCbMH 4-
pa3psAHbLIX PErHCTPOB OOLILEro Ha3HaueHHUsl C MPOU3BOJLHOH BbIOOP-
KOH. 3anucbiBal0OT HHQOPMAIHIO B MHKPOCXeMy 4-pa3psaaHbiM KOJIOM
imo BxogaM Dlp — DI3, cuuTbiBaloT mo Bbixogam ABYX 4-pa3psaHbIX
KaHajoB A u B: DAy — DA;, DBy — DBj;. AapecHble CHrHaJBbI:
AW, — AWy, — naa 3anucH, AR,y — ARjy — IJISI CUHMTBIBAHHSI IO
KaHaay A, ARgy — AR, — 1Js cuuTbhiBaHHsl 1o kKaHaJay B. CurhHan
CE paspemaer goctyn kK MHKpocxeme. Bxoa 3toro curxajzia — nps-
MOH IHHAMHYECKHH: TOJbKO INPH MOJIOKHTEJIbHOM Iepenaje CHrHasa
CE ocyllecTtB/asieTrcs 3amnucb HWJAH CYUTbIBaHHe HHMOpPMaluUH, B OC-
TaJIbHbIX COCTOSIHMSAIX 3TOr0 CHrHaJia JOCTYN K peructpamM mno ajapec-
HbIM WU HHQOPMALMOHHbBIM BXOJaM 3aKphIT, B 3TO BpeMs Ha BbIXOJax
MPUCYTCTBYeT HHoOpManusi, NpeAlleCTBYIOIasA CHATHIO pa3pelleHus.

MukpocxeMa MoxeT paboTaTh B CJACAYIOUIHX peXHMax: 3alHCh
HHGoOpMaIllHd B OAWH H3 peructpoB mo aapecy AW AW,;AW,, cuu-
TbiIBaHHe HHQopMaluWd Mo KaHajaMm A W B H3 [AByX perucrpos,
BoiOpaHHbIX afapecaMd AR, AR, ARy M ARp,ARp ARp,, XpaHeHHe
uHpopmauuu. Ilpu 3anucu uHdpopmauuu kKoa ajapeca BoibHpaemoro
peructpa OJHOBPEMEHHO MOJAeTCA Ha BCe TPU TPYIIIbl alPeCHbIX BXO-
noB: AW, AR,, AR;z. CnycTss HeKoTopoe BpeMsi C MOMeHTa MOCTYII-
JeHusi Ha Bxoa CE moJioxKuTesbHOrO nepenaja CMrHaJja paspeuieHus
Ha BbIXoJaX OOOMX KaHaJ/JlOB yCTAaHOBHUTCS 3amucbiBaeMasi uHdopma-
uus. Ilpu cuuteiBaHuM Ha ajpecHble BXxoabl AW mo/ikHa ObiTb MO-
1aHa HyJeBass Kom6GuHauus, a Ha Bxoabl AR, u ARy Koabl agpecos
PETHCTPOB, C KOTOPbIX HH(OpPMAaIHsl CUHThbIBaeTCs Mo KaHaJjaM A u
B cooTBeTcTBeHHO. Ha BbhixoAax KaHaJ 0B CuMTbiBaeMasi HH(popmaiua
MOSIBUTCSI CIYCTS BPeMSl 3aJlepKKH MOCJe MOAAaud IOJI0XKHTEJIbHOTO
nepenaja Ha BXOJ pa3peuieHusi. Pexkxum xpaHeHusi obGecrieuuBaetcst
orcyTcTBHeM Ha BxoAe CE mnosioxuTesbHOro nepenaja curiaJza pas-
pelleHus.

Ilpy HapaliMBaHUM 4YHCJIA PETrHCTPOB HEOOXOAHWMO OObEIHHHTD
HECKOJIbKO MHKPOCXeM, MPH 3TOM OJHOHMEHHble BbIXOJAbl Pa3HbIX
MHKPOCXEM COEIHHATb HeJb3s, MOCKOJbKY y HHX HeT TpPeTbero co-
ctosiHusl. C 1esblo 06 beIMHEHHS] BbIXOJOB HCMOJb3YIOT MYJbTHILJIEK-
copnl [16].

Mukpocxema KS561HUP12 (puc. 2.17, 8) conepXKHUT 4yeThipe 4-pas-
PSANHBIX peructpa. Y 3TOH MHKPOCXeMbl B OpraHH3allid H pexKumax
paboTbl MHOTO 0OIIero ¢ paccMoTpeHHOH MukKpocxeMmoin K5H61HMPI11,
HO HUMEIOTCHA U CYLILeCTBeHHble OTJIMUHMS: BbIXOAbl MOTYT MPHHHUMAaTh
TPeTbe COCTOSIHHE, BBEJeHbl [OMOJHHUTEJbHblE CHTHAJbl YNpaBJeHHS
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WE (Paspewenune 3anucu), OE,, OE; (Paspeuwenne Bbixoga mno
kanainam A u B). [Ipy OE=0 BbIXOAB COOTBETCTBYIOLIEIO KaHasa
nepexolsiT B TpeTbe COCTOSIHHE.

Mukpocxema MoxKeT paboTaTh B peXHMax: XpaHeHHs, 3alHCH
HHpOpMAalHH B OAMH H3 PerucTpoB, CUHTHIBAHHS HH(POpPMALUH U3
JIBYyX PErHCTPOB OJHOBPEMEHHO, 3alHCH H CUMTHIBAHHS HHGOpPMaIUH
NPU pa3HbIX ajipecax B ONHOM I[HKJe O6GpalleHHS.

[lpu peanusauuu pexkuma 3anucH Heo6XOAHWMO NOJAThb KOJ, ajpe-
ca AW,AW,, pa3pewawoiuil 3andcs cuiriags WE =1 u noJioxurejb-
Hbiil nepenan curiana CE. B 370 BpeMsi BbIXOJbl MOT'YT HaXOAHTBCS
B TpeTbeM cocTOsiHHH, ecin OE,=OEz=0. i KOHTpOJisi 3alHChl-
BaeMoH MHpOpPMaUHHu Ha aJpecHble BXOJAbl OOOHX HJIH OJHOTO H3 Ka-
HaJoB AR i ARy nopaiot ajpec 3anucu M IPH CHIHaJjle pa3peuleHHs
Bbixoga OE, =OEz=1 3anucaHHass WHpoOpMaLHs NOSBHTCA Ha Bbi-
xozle. MOXXHO B OAHOM LMKJE C 3aNHCbI0 NPOH3BECTH CUHTHIBAHHE
uHopMalluK, MOLAB HAa aJpecHble BXOIbl KaHAJOB CHI'HaJbl ajpeca
M OTKpbIB Bbixoabl 1Jsi cuuThiBaHHs OE,=OEz;=1. Pexum xpa-
HeHHs1 obecrnieyuBaeTcsi OTCYTCTBHEM akTHBHOTO curHaJga CE.

Hannune BLIXOJOB € TpeMmsi COCTOSIHHSIMH TNO3BOJISIET NPH Hapa-
[IIUBAHHH €MKOCTH COeJHMHATb OJlHOHMEHHBblE BBIXOAbl C MOAKJIOYe-
HHEM HX uepe3 Pe3HCTOp K KOpmycy.

Muxkpocxema KI1002HPI (puc. 2.18) mnpencrasisier co6oit 3Y
Mara3yHHOrO THNa eMKocTbio 32X 8 6ut. Perncrpnl coefHHeHbl B
uenb, B Hayano KOTOPOH HH(pOpMAalHs MOCTynaeTr IJs 3alHCH, a C
KOHIla CUMTBhIBaeTcsl. B CTpyKType MHKpPOCXeMBbI NpPelyCMOTPEHO YCT-
pPOHCTBO CIBHraTesNsn KOAa: 3aMHCaHHbIA B NepBbIA perncrp 6air
WHpOpMalMH CABHUTaTeNb AaBTOMATHYECKH MepeMellaeT MNoc/eioBa-
TeJ1bHO 4yepe3 BCe BHYTPEHHHE DerHCTPbl B MOC/AEJHHH perucTp, cie-
pyouuiA 6adT — B mpexpnocjaeaHdd U T. A. Onepauuio 3amHCH HH-
dopmanuu npou3BoasAT curiajom WR=1, npu Heo6xoaHMOCTH npea-
BAPHUTENBbHO CTEPeB NPEXKHIOI HHOOPMALHIO HMINYJbCHBIM CHTHAJOM
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Puc. 2.18. PerucrpoBoe O3Y wmarasunHoro tuma KI1002UPI.
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ER=1. Coo61iieHHe O TOTOBHOCTH MHKPOCXeMbl NPHHATb AJA 3aMHCH
cjlenyomui 6ait ¢opmupyetr Boixod WE B BHlIe cHIHaJja BbICOKOTO
ypoBHsi. QOuepeénHoit curHas WR nepeBoaut Bbhixog WE B cocrtosi-
HHe O, U Korja 3andcaHHbId O6adT OyleT mepeMelleH CABHrarteJjieM BO
BTOPOH perucTp, Ha BbIXOJe TNOTOBHOCTH MOABHTCSA ypoBeHb 1. Ilpu
nosHoM 3anosHeHHn 3Y Ha Bbixoge WE ycranosutcsa O.

CuuTbiBaHHe HHQOPMAUHKH NPOU3BOAAT MOCJAEL0BaTE]bHO BO Bpe-
MEHH C BbIBOJOB IMOCJEIHEro perucrpa NpHd CHTHaJje pa3pelleHus
Boixoga OE=0 u no curuany cuuthiBanusi RD=1. CooGiueHue o
TOTOBHOCTH BbIXOJa K CYHUTBHIBAHHIO cjaeiaywuiero 6avra dopmupyer
Boixod OEl B BHae curHana BbiCOKOro ypoBHsA. llpu moctynsenuu
ouepelHOro CHrHaJsia cuuToiBaHus Bbixong OEl nepexomut B cocrosi-
HHe 0 W mnocJse nepemelieHds: HHdopmauun u3 3l-ro perucrpa B
32-i Ha Bbixoge OEl ycraHaB/iMBaeTcsi BLICOKHH YpOBeHb Hamps-
xkenusi. [Ipu orcyrcrBuu uHdopmauuu B 3Y OE1=0.

[Ipu nonaue curiana OE =1 («baokupoBka») BbIXOAbl JAHHBIX H
OEl nepexoasit B TpeThe COCTOsiHHe, Bxoa RD 6JIOKpreTC$I U
BO3MOXHa TOJIbKO 3alHCb HHPOPMAaLHUH.

CaepoBaTte/ibHO, OCOOEHHOCTb Mara3uHHOro 3Y COCTOHT B TOM,
UTO OHO He JOMyCKaeT IMPOU3BOJbLHYIO BbIOOpDKY SIUEHKH MaMATH, B
JlaHHOM cJaydae peructpa. CymlecTByer Apyrasi BO3MOXHOCTb OPTaHH-
dauud 3Y Mara3duHHOrO THMNAa, MPH KOTOPOH HH(pOpMAlKS 3alHChi-
BaeTCsd H CUUTbIBAETCS yepe3 OJHH U Te Ke BXOAbi-BbiX0olbl. [To3TOMY
3andcaHHyio B 3¥Y HHPOpPMALHIO CUUTHIBAIOT B OOpaTHOM MNOpPSiIKe.
Takue 3Y HepenKO HA3bIBAIOT «CTEKOM>».

PeructpoBbie 3Y marasuHHoro tuna, kak KI1002HUPI1, wmoryr
IPUMEHSATbCA [JISI COrJIaCOBAaHHUSI YCTPOHCTB C HEpAaBHOMEPHOH CKO-
pPOCTBIO Nepenadyd, MOCKOJbKY OHH NONYCKAalOT BLINOJIHEHHE 3alHUCH H
CUHUTbIBAHHS B He3aBHCHMbIX APYr OT ApPYyra U aCHHXPOHHBIX PeXH-
Max. EcTb BO3MOXHOCTb HapallliBaTb Pa3psiIHOCTb H €MKOCTb TaKHX
3Y nytem HX mnocjeloBaTesbHOro coeqnHeHusi [24]. KoHCTpyKTHBHO
mukpocxema K1002HUP1 odopmiena B kopmnyce 4118.24.

Mukpocxema KI1800PII6 nipencrasjsieT co60H OByXaJpeCcHYIO Ma-
MSATb C opraHu3ainedl 32X9 6ur. CTpykTypa MHKPOCXEMBI COCTOHT
M3 [IBYX 4acTed ¢ HE3aBHCHUMOH ajpecalMeH, 4YTO MO3BOJISI€T HUCIOJIb-
30BaTh ee KaK [ABYXKaHaJIbHYI0 CHCTeMy MIJs paboThl Ha [Be He3a-
BHCHMble MarucTpaJju aipecoB W AaHHbIX. [y obGecrneyeHUs 3TOro
pexxuMa B MHKpOCXeMe MPeayCMOTpPeH psll CXeMOTeXHHYECKHX pelle-
HUH, UCKJIOUYalomux cbon U owinbkH B pabore. MaTtpuua pasaesieHa
Ha [Ba MacCHBa C OJHHAKOBOHW opraHu3auued 32 X9 OUT, KaKIAblH
U3 KOTOPbIX HMeeT Heo6XOoJAHMble (DYyHKIIHOHAJbHbIE Yy3Jibl IJISA ajpe-
CAllMH siueeK MaMSTH, 3alUCH U CUHTbIBAaHHA HHpopmauuu. Ha ycioB-
HOM rpacgHyecKkom H300parkeHHH MHKpoOcxeMbl (cM. puc. 2.17, e)
MoKa3daHa CHCTeMa ajJpeCHbIX H YNpaBJAKLIHX CHTHAJOB: 5-pa3psi-
Hbii Koa ajpeca KaHasa A (Ap,—Aps) ¥ KaHana B (A —Ag;s),
HyJieBOH pa3psa Ay, Apy KOHTPOJbHbIH /ISl MPOBEPKH HA YETHOCTD,
CUTHaAJIbl pa3pewieHuss 3anucu WE,, WEg, paspewienuss Bbixoja
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(cunutniBanus) OE,, OEg, cunxpocurnaisel CA, CB, ob6ecneunBaroiine
BbIXOJ CUHTbIBaeMOH MH(OpPMALUH NPH HAJHYHH Ppa3pellalolHX CHT-
HaioB OE=0.

BBoa u BbIBOJ HHGOPMALHH OCYLIECTB/SIOT Yepe3 ABa 9-pa3psij-
HbIX JIByHanpaBJeHHbIX BXofa-Bbixoga DA, DB. Ilpu OE =1 Bblxoabl
HaxolsiTcst B coctosiHuu 1. Pabora MHKpocxeMbl CTPYKTYpPHO Opra-
HHM30BaHa Tak, 4YTo o6a MaccHBa MaTPHLbl AOCTYNHbI MJs 0OpailleHHs
K HUM no oboum KaHasnaM. Mexay co60i MacCHBBI CBsI3aHbl Tak,
4TO ecii MH(OpMal sl 3anucbiBaeTcsl B OJHH H3 HHX, TO aBTOMAaTH-
YyecKH OHa 3aluchiBaeTcsl ¥ Bo BTOpoH. [T03ToMy BHellHe MHKpocxeMa
(YHKUHMOHHPYET KaK perucTPpoOBOe JBYXKaHasbHOoe 3Y ¢ opraHusauuen
329 6HT ¢ NPOU3BOJIbHOH BBLIGOPKOH AJS1 3alHCH M CYHTHIBAHHUS MO
JIBYM KaHaJjlaM OJlHOBpeMeHHO. [lJis uckioueHHs owH6GOK B ajpeca-
I[MH TPEAyCMOTPEHO YCTPOHCTBO KOHTPOJISL.

CylecTBeHHOH 0COGEHHOCTHIO MHKPOCXEMbl SIBJISIETCSl ee Crnocob-
HOCTb BBIHBJISATb OIIMOKH B KOAe ajpeca M AaHHbLIX N0 METOLY KOHT-
poJisi YETHOCTH. YxKe OblJO OTMeYeHO, YTO OAMH pa3psii B Koje
ajipeca siBJIsieTCsl KOHTPOJIbHBIM. TaKyilo ke poJib Hrpaer [eBSATbIH
6UT B KoJle NaHHbIX. B CTPYKTYypHOH cXxeMe MMeIOTCS y3J/bl KOHTPOJIS
YEeTHOCTH ajpeca ¥ JaHHbIX H (OPMHPOBAHHSl CHUTHAJNOB OIIHOKH

ERA B kanaie A u ERB B kanase B, a Takxe curiana npeny-
npex/eHusi 0 BO3MOXKHOCTH omM6kH AEQ npu coBnajgeHud anpecos.
Ilpu BbisiBleHHH OIIMOKH B KOJE AAHHBIX MHKpOCXeMa HX He MPHHH-
MaeT Npu 3aluCH U He BblJaeT Ha BLIXOJ MPH CUHUTHIBAHHH, COMNPO-
BOX/asl 3TH onepaldd NPH3HAKAMH OIIHOOK Ha COOTBETCTBYIOLIHX
BBIXO/aX.

Mukpocxema BbinosHeHa no DCJI-TexHosoruu, o6saajnaer BBICO-
KUM ObicTposedcTBHeM. /s CHMXKEHHSI BJHSIHUS HAaBOAOK B LeMsX
NUTaHUs MPELYCMOTPEHbl JiBe OOlilHe TOUKH, OJHA U3 KOTOPBIX Mpea-
Ha3HaueHa [/l BHIXOAHbIX 3MHTTEPHBIX MOBTOPHUTEJNEH.

dyHKIIHOHANbHbBIE BO3MOXHOCTH MHKDPOCXEMbl MO3BOJSIIOT MPH-
MeHATb ee B KayecTBe Oycdepa AaHHBIX MeXAy ObICTPOAEHCTBYIOLINM
npoueccopoM H 6osiee MelJeHHbIMH NepU(pepUHHBIMH YCTPOHCTBAMH.
Ona MoxkeT GbiTh HCMOJb30BaHA TaKKe B KauecTBe CTeKa WJH 6JOKa
POH. [nsi 6osee nogpo6HOTO 03HAKOMJIEHHSI C MHKPOCXEMOH MOXKHO
o6patutbesi K [18]. Moauduxauueit paccMOTpPeHHOH MHKPOCXeMbl
sBasiercst mukpocxema K1800PII16, y KoTopo#l 3a cueT HCKIIOYeHHs
B3aHMOCBSI3H MeX/y ABYMSl MacCHBaMH MaTpHLbl €eMKOCTb y/BOEHa:
64 X9 6ur.

Muxpocxema K555HP30 conep»HUT BOCEMb aJpecyeMbIX TpPHITe-
poB. B sroM 3akiiouaercsi cBoeoGpas3ue MHKpOCXeMbl. AjpecyioT
TPUTTEPBl TPEeXpa3psAHbIM KoJLoM. [/l 3aMHUCH U CUHTBIBAHHSA HHGOP-
MalH{H NpeLycMOTPeHbl HHGOpMAaLHOHHBE BXOJA H BbiXoAd. Pexumom
MHUKpOCXeMbl yrpaisieT curian WE paspeiueHust 3amucu.

B cocraBe MHOTHX MHKDOMpPOLECCOPHBIX KOMIJIEKTOB HMEIOTCS
MHOTOpeKuMHble GydepHble peructpsl (MBP). Camas pacnpocrtpa-
HeHHasi cTpykrypa MBP — napassenbHbli perucTp co cxemamH yi-
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paBJ/leHdsi, obecrnevydBalOIIHMH MpHeM HHPOPMALUH B PETUCTP H
Bbliauy ee mo 3anpocy. B ta6sa. 2.14 npuBenennl muxpocxembt MPB
pPa3HbIX MHKPOIPOILECCOPHBIX KOMMJEKTOB. DTH MHKPOCXEMbl LIHPOKO
NPUMEHSIIOT AJs CONMpSKEHHs] MOAyJeH NaMsTH C MarucTpajbHBIMH
[IHHAMH, [JI51 TIOCTPOEHHS Pa3/MUYHBIX YCTPOHCTB yNpaBJeHHS.

Miukpocxembl 6y(epHbIX PErHCTPOB MOTYT BHIIOJHATH KPOME OC-
HOBHOH DSl JOMNOJHHTENbHBIX ¢yHKuuid. Hanpumep, Mukpocxemy
K589HMP12 mupoko NpuMeHSIOT B KauecTBe ynpaBJsieMoro 6ydepHo-
ro ycTPOHCTBa, YCTpoOHCTBa INpepblBaHHs, BbIXogHoro 6ydepa, dop-
MHpOBaTe sl [BYHallpaBJeHHOH ILHHBL

Mukpocxema K58SHPI (puc. 2.19, a) siBasiercs 8-paspsiiHbM
MBDBP u npeanasznauena AJsl IIOCTPOEHHsI UHTepQeHCHbIX GJIOKOB MpoO-
1eccopoB, 3¥Y, KOHTPOJJIEPOB BHELIHHX YCTPOHCTB. OCHOBHBIM (hyHK-
[IHOHAJbHBIM Y3JI0M CTPYKTYpHOH cxembl (puc. 2.19,6) sBasiercs
peructp. Mndopmaius 8-pa3psHbIM KOAOM 3aMHCHIBAETCS MO BXO-
nam Dlg—DI; npu curnase sanucy WR=0. CuureiBaHue uHbOp-
MAallMK -OCYLLeCTBJSIIOT N0 cHrHany RD =0 uepe3 BbixoaHbIe Gydep-
Hble YCHJIMTeIH W BBIXOJBl MHKPOCXEMbI DOy—DO;. Tlpu Heobxo-
JAMMOCTH curHajom IN=0 BBIXOJHOH Kol uHBepTupyeTcs. OuuCTKy
perucTpa mpou3BOAMT curHanm ER=0. YkasaHHble PexHUMbl MHMKDPO-
cxeMa BbinoJHsieT npu yciaoBud CS=0. Ecin CS=1 BbIX0aAbl MHKpO-
CXeMbl HaXOAAITCA B TPeTbeM COCTOSIHHH.

JlononHuTeIbHOH (PYHKLMEH MHKpPOCXeMbl $IBJsieTCsl MPOBepKa
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Puc. 2.19. MHoropexuMHbiil 6ydepHbiit peructp K688HPI1:

a — ycJoBHOe 0603HaueHHe; 6 — CTPYKTypHas cxema
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JaHHBIX, 3aMHCbIBaeMbIX HJIH CUHTBHIBAEMBIX, HAa 4eTHOCTb. KoHTpo/b
NpHHHMaeMOH HHGOpMaLlHH Ha YETHOCTb OCYIlecTBJ/sieT OJOK, KO-
TOPBIH MpejcTaBJsieT cO00H MHOTOBXOAOBBIH CyMMAaTop MO MOAYJIO
2 ¢ BBIXOIHBIM TPHITEPOM Jisi (PMKCHPOBaHHUs pe3yJbrata. Ha Bxon
3Toro 6J/i0Ka MOCTYNAIOT NPHHSATHIA 8-pa3psiHbIA KOL M OJWH KOHT-
POJIbHBIA pa3psill — GHT YETHOCTH, KOTOPbIH NpHXOoAHT Ha Bxoj BIT
OJIHOBPEMEHHO ¢ HHpopmauned. AHaIU3Hpysi 9-paspsilHbIi KO/l Ha yC-
JIOBHEe YeTHOCTH e[HHHI| H ONpejeisisi ero HeBbINOJHeHHe, BJOK KOHT-
posst Ha cBoeM Bhixofe ¢opMHpyer cHrHana owH6kH ERD, koropbiit
6/10kHpyeT 3anuch OWHG60UHOH HHGPOPMALHH B PErHCTP.

Mukpocxema MoxkeT paboTtatb H B pexHMe (popmupoBaHHS GHTa
YETHOCTH NPH CYUHUTHIBAHHH HH(oOpMauuu. B 3TOM pexume CuuThiBae-
MbIi KOJ mocTynaeT Ha Bxoj 6/0oka (popMHpOBaHHSI GHTA YETHOCTH.
Ecnu Koa comep:XHT HeueTHOe YHCJIO efMHHIl, TO Ha BbIXOfe 6JOKa
dopmupyercss 1, B aApyrom ciaydae — 0. IDTOT cHrHalA C BBIXOAA
BIT BHXOOHT M3 MHKpPOCXeMbl MapaljieibHO € HH(OPMALHOHHBIM
KogoM. Takum 06pa3om, B BLIXOAHOM 9-paspsiiHOM Kope Bcerpa Oy-
JleT BBIMOJNHATLCA YCJOBHE YeTHOCTH eJHHMI. IlosToMy Takas xe
MHKpOCXeMa Ha MPHEMHOM KOHILIe B pe)XHMe KOHTPOJiI YETHOCTH Jier-
KO BBISIBUT OJHMHOYHYIO omH6KY B Koge. Curiaa CH/F ompenpensier
PeXHM KOHTpOJsI Ha 4eTHOCTb (npu 0) uau pexuM $opMHpOBaHHSA
6ura uyerHoctH (npu 1). [laHHBIH pexum paboOThl MHKPOCXEMb
K588UP1 moxer 6ubiThb 3(¢heKTHBHO MCMOJNL3OBAH NPH COBMECTHOM
ee npuMeHeHHH ¢ MHKpocxemamu O3Y masi 3awuth monyast O3Y or
olIH60YHOH HHGPOPMALLHU.

Fanasa 3

[MPUMEHEHHE MHUKPOCXEM OIIEPATHBHBIX
3ATIOMHMHAIOIIUX YCTPONCTB

3.1. OnepaTHBHas NaMATh HA MHKpPOcXeMmax craTHyeckux O3Y

Korjga peub 3aXoIHT O NpUMEeHEHHH MHKPOCXeM MaM$ITH, TO
NpeXIe BCEro YyKa3blBalOT HA BHYMC/JHTENbHBEe cpenctBa — IBM
pa3JIHYHOTO YPOBHs: OT BbicOKonpousBoaurteibHbix EC 3BM o
MHKPOIBM H MHKPONPOUECCOPHBIX YCTPOHCTB YNpaBJleHHS — KOHT-
poJiiepoB. AT0 06yCJAOBJEHO TEM, UTO B BBIYUCJIUTEJNBHBIX CHCTEMaX
B 3aBHCHMOCTH OT MX Ha3HauyeHHsaA namsTb 3aHumaer ot 40 mo 70%
Bcero oGopynoBaHusi [9]. Ot napamerpoB 3¥Y BO MHOIOM 3aBHCSIT
TEXHHYECKHE XapPaKTePHCTHKH BbIYHCIHTEIbHbIX CPEICTB.

Jl1si peanu3aniy ONEepATHBHOH MaMsITH IULHPOKO NPHMEHSIIOT MHK-
pocxeMhl CTaTHuecKHX H guHaMudeckux O3Y: mepBbie — pas O3Y
CPaBHHTENbHO HeGo/blIOH eMKOCTH, Bropbie — it O3Y eMKOCTbio
6ousiee 10K 6aiiT, MOCKOJILKY OHH B 60JIbllIel CTENEeHH YIOBJETBOPSAIOT
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Tpeb6oBaHusIM K rabaputam, 3HepronoTpebJeHHI0 H CTOUMOCTH 3aro-
MHUHAIOLUIUX YCTPOUCTB.

Mukpocxembl ctatuueckux O3Y mnpoiiie B IpUMEHEHHH, H TO3TOMY
BO MHOTHX CJlydyasiXx UM OTIalOT MpeanodTeHHe.

MuxkpocxeMbl naMsiTd s noctpoeHuss O3Y MHKpoIBM wuau
MHKPOIIPOILLECCOPHOTO KOHTpoOJlJiepa BbIOMPAIOT, UCXOAS H3 CJeAYIO-
IIHX NaHHBbIX: TpeOyemass MHPOpMaUHOHHAS €MKOCTb U OpraHHU3allus
NaMsTH, ObICTPOAEHCTBHE (BpeMsl LHKJa oOpalleHust AJis1 3alUCH HJH
CYMTBIBAHHS), THI Maructpaiu (uUHTepdeilca), XapaKTEPUCTHKH JIH-
HHH MAarucTpaJi (Harpy3oyHasi CMoCOOHOCTb MO TOKY H €MKOCTH,
Tpe6OBaHHUSA K YCTPOHCTBaAM BBOAA-BbiBOJAA MOAK/JAIOYAEMbIX Yy3JIOB H
ap.), TpeboBaHHus K 3HepromnoTpebjeHHI0, HEOOXOAUMOCTb obecneye-
HHS1 SHePTOHE3aBHUCUMOCTH, YCJOBHS IKCIJIyaTallud, KOHCTPYKTHBHbIE
Tpe6GOBaHHS.

baok O3Y B obiueM ciaydae BkJouaeT MmMomy/ab O3Y, cocras-
JIeHHbIH- M3 MHKpocxeM maMsATH, KoHTpossep O3Y (ycTpo#cTBO
yrnpaaJieHusi), 6ydepHbie peruCTPbl UKW MArucTpaJibHble NpUemornepe-
NaTYHKH, IUHHHbIE (opMHpOBaTe/d, ObGeclieyHBalOlIHe COINPAKEHHE
no Harpy3ke moaysass O3Y ¢ miMHaMH ajpeca U JaHHBIX.

3HauHTeJbHOE BJIHSIHHE HA CXeMYy H XapaKTePUCTHKH KOHTpoJJie-
pa H YCTPOHCTB COIIPSI)K€HHSI OKa3biBaeT THII HHTepdeHca, MPHHSA-
THIH B JaHHOH MHKPOINpPOLECCOPHOH cucteme [27].

- DdusnueckHd HHTeperc npencrangsier COO0H YHHOHUHPOBAHHYIO
MaructpaJjib U3 ¢(GyHKUHOHAJbLHO OObEJHHEHHBIX JIHHHH, N0 KOTOPLIM
nepenaloT Koiabl ajapeca (muHa aapeca IlIA), naHHble (LIMHaA [daH-
Hoix 1), ynpaBJsilouiie curHaJbl (iudHa ynpabJeHus I1Y),
TaK>Xe 3JeKTPOIHTaHHe.

HJisi coBpeMeHHbIX OTeueCTBeHHbBIX MHKPODBM H KoHTpoJisiepoB
MPHMEHSIIOT B OCHOBHOM HHTepdeichl caenywouux Tunos: UK1 (nas
ycTporcTB Ha MHKponpoueccope KS580BMS80), M41 (anas yctpoHcTB
Ha OCHoBe 16-paspsizHOro MHKpornpoueccopa K1810BM86, B uact-
HOoCcTH 1Jsi MHKpoODBM cemeiicteBa CMI1810 u np.), MIIN (ana ce-
MeicTBa 16-paspsiaHbix MHKPOIBM «duekTponnka-60», «DjekTpo-
Huka HIIL-80» u [IBK, «39aektponuka Cb» u nap.).

Maructpans UKI Bkiiouaer 16-paspsinnyio LA, 8-paspsaanyio
I/l u muHy ynpaBJieHHs], U3 KOTOpo# ajsi 6isoka O3Y HCMOJIb3YIOT

JHHHH curdajsoB MWTC (MEMW) — «3anuch B O3Y», MRDC
(MEMR) — «Urtenne u3 O3Y» [9, 62].
Marucrpans HM41 Bkiouaer 20-paspsianyio LA, 16-paspsanyio

I u HIY c¢ aususamu curHadaoB: MWTC — «3anuce B O3Y»,

MRDC — «Urtenne u3 O3¥», XACK — otBer «[loaTBepxkaeHue 06-
meHa», INHI — «3anper O3Y» (3anpemaer O3Y pearnpoBaTh Ha
agpec), BHE — «Paspeimenue crapuiero 6aitay (ykazaHue O ABYyX-
6aiiToBOH mepenaue AaHHbIX [9, 25, 27].

MarHCTpa.nb M41 nonyckaer noak/iaoyeHde K Hed 8-pas3psiiHbIX
YCTPOHCTB, TaK KaK HMeeT pexuM paGoThl ¢ OaiitaMH. AjpecHbie

75



npusHakd Bbi6OpKH MJapauiero L- u crapuero H-6aiita comepxkart

curHaabl Ap u BHE. 310 o6crositenbcTBo 06yC/IOBIHBAET COBMe-
CTUMOCTb yCTPOHCTB Ha MuKponporeccopax KS580BM80 u K1810BM86
npu ux obbeaHHeHUH HHTepdericom H41.

Maructpans MITHU mexMonyJsbHOro napaJJesbHoro HHTepdeiica
BKJIOUaeT COBMelleHHYyl0 |6-pa3psigHylo wwiuHy <«J[laHHbie-Ajpecs
IOJ/A u wuHy ynpaB/ieHHUsi ¢ JUHUSIMU cHrHagsoB [26, 27]: SYNC —
«CHHXpOHH3alUsI aKTHBHOT'O YCTPOHCTBa» (Ha/jMyHe CHrHaja O3Ha-
yaer, 4To HAeT obmeH mno KaHany); DIN — «Bpon nanuweix» (yka-
3bIBaeT Ha PeXKHUM CUHMTBHIBAHHSI AaHHBIX M3 3Y MHKDPOINPOLECCOPOM);

DOUT — «BbiBoa_ nauHbix» (3amdch gaHHbix B 3Y); WTBT —
«3anucp 6afitay; RPLY — «CuHXpOHH3aLUs NacCHBHOTO YCTPOHCT-
Ba» (BBIXORZHOH CHTHAJ COMPOBOXK/EHHS NAaHHbIX). Bce Ha3BaHHbIe
curHasbl, kpome RPLY, siBasioress piasi O3Y BXOAHBIMH.

[Ipy Heo6XOAHMOCTH MOXHO OCYIIECTBHTb COMNpSI)KEHHe MarH-
crpaned Ol u MIIM ¢ nomowsio mukpocxembl KI1801BIT1-054,
KoTopasi npeicTaBiasieT c060# 6a30Bbli MaTPHYHBIH KPHCTaJJ CO
CXeMOH COeJlHHEHHH ero 3/IeMeHTOB, peaJiU3yIollled JIOTHKY COmpsi-
JKEHHSI.

PaccMoTpuM psii NPUMEPOB MOCTpPOeHHsi G6JiOKa CTaTHYECKOTO
03y, 0GpaTHB MpPH 3TOM OCHOBHOE BHHMAHWE Ha MPHHLHIbI CXEMO-
TeXHHYEeCKOH peajiM3allid OCHOBHBIX (YHKUHOHAJbHBIX Y3JIOB. JDTH
JKe BOMNPOCHl NMPHMEHHTeJNbHO K AHHamuuyeckomy O3Y paccMmoTpeHbl
B § 3.2.

[Ipu paspabGorke O3Y onHOH H3 THUNHYHBIX SIBJsIETCS 3ajaua
o6beJHHEHHS] MHKPOCXeM NaMsaTH B MoayJb. Cnoco6 pelleHHs] 3TOH
3ajlaud WocTpupyer puc. 3.1, Ha kKoTopoM mpuBeneH 6jok O3V,
emkoctblo 8K G6aiiT, mocTpoeHHbli Ha Mukpocxemax K537PY14 c
BO3MOXKHOCTbIO ero pacuupeHuss no 32K 6Gaiit. Kaxnas Mukpo-
cXeMa HMeeT ofHOpa3psiiHyio opraHusanuio 4K X1 6ur. Ias Hapa-
LUIMBaHUA Pa3psAHOCTH CJOB 10 6aita 0O0bedUHSIOT BOCEMb MHKPO-
cxem DD1 — DD8 B cy6Mony/ab nyTeM coeiHHEHHS] BCe€X OLHOHUMEH-
HBIX BBIBOJOB, KpOMe HH(OPMAILMOHHbIX. AHAJIOrHYHO MOCTPOeH cy6-
monysab DD9 — DDI6.

Jisi HapalMBaHUs YKCJIA CJIOB COEHHSIOT BCe OJHOHMEHHbIE Bbl-
BoAbl MuKpocxeM cy6moaysieir DD1 — DD8 u DD9 — DDI16 kpome
BBIBOOB AJIsi CHTHAJIOB BbiGopa Mukpocxem CS1, CS2. Atu BbIBOIHI
MOJKJIOUAIOT K BbhixofaM Aemudpartopa DD17, Ha3HaueHHe KOTOpOTo
3akJ/ouaercsi B Boibope cy6MoayJisi, aApecyeMOro CTapLUIHMH pa3ps-
namu koma azapeca AjsAi3Aje. B paccmarpuBaeMoM mpuMepe 3anei-
CTBOBaHbI 1Ba Bbixofa DD17, Ha KOTOpBIX CHTHAJBI C YPOBHEM JIOTH-
yeckoro 0 mosiBasiiorcsi npu BXoAHbIX Kogax 000 u 001. B nepBom
caydae OTKpPBIT A0CTyn K cy6moayaio DD1 — DD8, Bo BTopoM K cy6-
moayiio DD9 — DDI16. OueBuaHo, ocTaBliHecsi LIeCTb BbIXOJOB
DD17 nosBoasiioT yBeanuuBaTh eMKocTb O3Y ellle Ha 1iecTh aHaJo-
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Puc. 3.1. Baok cratnueckoro O3Y Ha MHKpOCXeMax MaMsiTH C Pa3fAeTbHBIMH JMHHSIMH BBOJA-BhIBOAA [1aHHbBIX



THYHBIX cybmoayJsed, T.e. o 32K 6afit, 1460 HCMOJAB30BaTh YacTb
BbIXOJOB AJIs1 MOJK/MIOYEeHHs] K HHUM monyJeid [13Y.

Takyo opranuzanuio nmaMsiTH, Kak Ha puc. 3.1, Ha3bIBaWOT CTpa-
HHYHOH, a cy6Moay/b — cTpaHHueHd. [lose3Ho HMeTb B BHAY BO3-
MOKHOCTb H3MEHEHHUsI aJipeca CTPaHHll, T. €. ee MOJOXKEHHS B ajpec-
HOM IIPOCTpaHCTBe, NOAKMOUeHHeM BbiBojga CS K HYXKHOMY BBIXOLY
neuugparopa DDI7.

Crapwinii pa3psii Koaa ajapeca A;s HCIo/Nb30BaH JJsl pasjese-
HHSl aJJpecHOr0 MpOCTpaHCTBa eMKocTbio 64K Ha 1Be paBHble yacTH.
IIpu A;5=0 newudppatop DDI7, uMes Ha ympaBasioueMm Bxoje
V1 paspewaiomiuii curiaJj ¢ ypoBHeM Jorudyeckoro 0, obecneynBaer
¢opMHpOBaHHe Ha CBOMX BBIXOJAax CHrHaJoB Bbl6opa crpanuu. [lpu
Ais=1 pewndparop DDI17 6sokupoBaH, Ha ero BHIXOAAX YPOBHH
NPHHUMAIOT 3Ha4YeHHsl JIOTHUeCKOH | H TeM cambIM obecrneyHBaeTcs
3anpeuieHde nocryna K crpanuuam O3Y. Bropas nosnoBuHa ajgpec-
HOTO NpOCTpPaHcTBa eMKOCTbio A0 32K 6alHT MoxeT ObITb HCHOJIb30-
BaHa [Js1 aJipecallHd YCTPOHACTB BBoJa-BbiBoAa. Ilpu Heo6xoauMo-
CTH CYLIECTBEHHOrO YBeJHUEHHS eMKOCTH MaMSATH HCMOJb3YIOT YeThi-
pe cTapiidx paspsiia kKoma anpeca A — Ajs. B Takom cayuae
MOXXHO mnpuMeHHTb Jdewndpatop K555U/L3, umeromuit 16 Bbixonos,
YTO MO3BOJIHT MOJYYHTb MOAY/b NaMATH eMKoCTbio A0 64K G6aiir.

Peructpei DD20, DD21 Boinosusiior ¢yHkuuH 6ydepoB anpec-
HOH wHHbl. Bydepusauus wuH Heo6xoAHMa [JIs1 NMOBBIIEHHS] HX Ha-
rpy30uHOH CNOCOGHOCTH MO TOKy H eMKocTH. Hanpumep, aunun LIA
mukponpoueccopa KP580BM80A umeror nonycTHMble 3HaueHHsi TOKa
1o 1,8 MA u emkoctd g0 100 n®. YuurhiBasi, 4TO 3HaueHHE E€MKO-
CTH Kax[Oro ajJpecHOro BxoJa MHKpocxeM mnamstH cepun K537
paBHO 5 ... 10 n®, nosyyaem B cxeMe Ha pHC. 3.1 eMKOCTHYIO Harpys-
Ky Kaxuao# JuHuu LA 6omee 100 n®, uto obycJoB/HBaeT Heo6Xo-
IHMOCTb BKJIOUeHHs1 Oydepa.

[Ipumenenne peructpoB KP580MP82 B kauectBe Gydepa yBesu-
YHBaeT Harpy3ouHyio cnoco6HocTh JuHHH IIIA no 32 MA u 300 nd.
Onun u3 paspspoB peructpa DD20 (BeiBoabnl 5, 15) Hcnosb3oBaH

nasi 6ydpepusanuu JuHud curHasa MWTC, koropbiii ynpasJjsieT pe-
KHMOM 3aNHCH-CUMTHIBAHHS MHKpocxeM O3V.

3anuch uHbopMauuu B peructp KP580MP82 ocyuiectBasiior no
cTpoby, nogaBaeMmomy Ha Bxoi CE (BbBox 11), sinbo npu Hannuuu
Ha 3TOM BXOJe MOCTOSIHHOTO YpOBHsSI Joruueckod |. CuuThiBaHHe
HHpOpMaLUH BO3MOXKHO NpH Haiauuud Ha Bxoge OE (BmiBox 9)
curiajia ¢ yposHeM Joruueckoro 0. Ilpy OE=1 BbpiX0AB NpHHHMAIOT
TpeTbe cocTosinde. Paspeialomiee 3nauenue curiana OE ¢opmupyer
Joruyeckuil saemedT DD23 npu noctynieHHH XxoTsi 66l Ha OJHH H3
ero BXOJOB CHTHajsa ¢ ypoBHeM Joruyeckoro 0. CiexoBaTesbHO,
npu o6paieHun K mMoayJio O3Y, koraa oaMH M3 CHTHaJOB BhGOpa
crpanuun CS1 mam CS2 pasen 0, Ha Bmixogme DD3 ¢opmupyercs
cHrian ¢ ypoHem 0, OTKpbIBAIOIUMA [Js1 yTeHHs1 peructpel DD20,
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DD21. Tlpu yBesHueHHH YHCIa CTPaHHI] HeOOXOAHMO 3a4elHCTBOBATH
NOMNOJIHUTEbHble BXoabl DD23.

Hasi 6ydpepusauun LIA MOXKHO HCHOAb30BaTh TaKKe MHKpPO-
CXeMbl MaruCTpaJjbHbIX NpPHeMOINepelaTUHKOB U LIHHHBIX (POPMHPOBA-
TeJIeH.

Conpsixkedue monyiasa O3Y ¢ WIKMHOX JAaHHBIX peajiu30BaHO Ha
MHKpocXxeMax ILHHHbIX ¢opmupoBaTeseirn KH89AIII6 (DDI18, DD19).
MuKpocxeMa yka3aHHOro BHAa HMeeT 4-pa3psiiHble BXOAHOH H Bbi-
xoaHo# KaHaJuabl DI, — DIy, DO, — DO4, 4-pa3psaaHbid AByHAlpas-
JeHubili Kanaa DB; — DB,. Ilepenaua undopmanum obGecrneuunBa-
eTCsl MPH CHUrHaJie ¢ ypoBHeM Jornyeckoro 0 Ha Bxoae CS. Ilpu Ha-
Juuyud Ha Bxoae CS curHaja c ypoBHeM JiOrHYeCcKo#d | Bce BbIXOAHI
nepexoisiT B TpeThe cocTosinHe. CurHaa CS cHHMaeTcsi ¢ BbIXOAa
DD23.

___Hanpassnenue mnepenaud HHQOPMAUMH 3aBHCHT OT CHTHaJIa
MRDC, nopaBaemoro Ha Bxoa W/R: npu O uHpopmauusi nepenaer-
csi co BxogoB DI Ha Beixoanl DB, npu | co BxogoB DB Ha Bbixo-

abl DO. CaenoBatenbHo, npy MRDC =0 uHpopMauHsi C BbIXOJLOB
mukpocxeM O3Y nocrynaer B mHHY AaHHbiX, npd MRDC=1 us
IIXHbI JaHHbBIX HA BXoAbl MHKpocxeM O3Y.

Hansi 6ydpepH3alud IUHHbBI AAHHBIX MOXHO HCIOJb30BaTb TakK-
)K€ MHKPOCXeMbl LIHHHBIX (OpMHpPOBaTesieH APYruX CEepHUH, HAMpPH-
mep KO555AII6, wmarucTpasbHbie npHemonepenaTudkd K5HS80BASG,
K580BA87 (c uHBepcHbiMH Bbixomamu), KO88BAIL u ap.

Ipyroii BapuaHT mocTpoeHusi OJioka cratHyeckoro O3Y eMmko-
ctei0 8K 6aiT npuBeseH Ha puc. 3.2. baok Bkioyaer asa cy6mo-
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Puc. 3.2. buok crarnyeckoro O3Y Ha MHKpocxeMax NaMsiTH C OOGIHMH
JIHHHSIMH BBOJA-BbiBOJa AAHHBIX
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nyast (crpanuubl) namsatd DD1 — DD8 u DD9 — DDI6 no 4K
6aiiT kKaxnabii, 6ydep muHbl aapeca DD20, DD21, 6ydep munbl
nanubix DD18, nporpammiipyeMoe anpecHoe yctpoiictBo DDI17 u
Joruyeckde 3snemeHTol DDI19 nasi dopmMupoBaHHs CHrHasloB BbiGopa
CTpaHHULL.

Cy6Mony/id NOCTPOeHbl TaK Ke, KaK Ha puc. 3.1, HO C TeM OTJIH-
YyHeM, UTO y KaxXAOH MHKpocxeMbl HH(popMauuoHHble BXoA DI u BHI-
xon DO coenuHeHbl u BbiBeleHbl Ha ofHy JauHuio IIIJI. Kpome atoro,
3lecb TpHMeHeHbl MHKpPOCXeMbl TaKTHpyeMbiX cTatHueckux O3Y
K537PY3, koTopbie TpeOGyIOT MPH KaxKAOM OOpalleHHH K HHM IIO-
Jaud uMnyJbcHoro curHansa Ha Bxox CS. Ilepexon Takux MHKpO-
CXE€M M3 PEXHMMa XpaHeHHs] B AKTHBHbIH PEXHM 3alUCH HJIH CUHThI-
BaHHUsS OCYLIECTBJseTCH Mepek/aioueHHeM curHasa CS H3 cOCTOsIHHSA
1 B cocrosinue 0. Ilocse okoHUaHHS omepauud 3aMHUCH HJH CUHTHI-
BaHUS [Jisi MQATOTOBKH K CJENylolleMy LHKJIYy HeO6GXOLMMO YCTaHO-
BUTb curHai CS B cocrosiHue 1. o

Jlns obecrieueHHsi UMNyJabCHbIX curHajoB CSl u CS2 B cxeme
61oka O3Y npenycMmotrpeHo ctpob6upoBaHue ajgemeHToB DDI19.1 u
DD19.2 umnyabcoM, kotopbli ¢opmupyer ysen DD22.1, DD22.2

NPH UMIYJbCHOM BO3J€HCTBHH Ha ero Bxojbl curHasoB MWTC npu
3anuci ¥ MRDC npu cuutbiBaHuH HHGOpPMAaIHH.

Hns BbiGopa onHoM u3 nBYyX crpanull O3Y ucnoJb3oBaH paspsii
A2 koma azpeca: mpu O BbiOupaercs crpaHuua DD1 — DDS8, npu
1 — crpanuna DD9 — DDI16.

Bydepusauusi Il peanuszoBana Ha Mukpocxeme DDI18 wmaru-
crpajbHoro npuemonepenatuuka (MIIIT) KP580BA86, koTopbiit
npencrasisier co60d 8-paspsaHblii JBYHanpaBJ/eHHbIH ¢opMupoBa-
Tesb, obecrneynuBaloIMi TOK Harpy3ku 1o 32 MA u emkoctb 300 nd.
Mukpocxema HMeeT JBYHanpaBJeHHbIH KaHal A, NOAK/I0YaeMbli
K MarucTpaJji, M JBYHanpaB/eHHbl KaHan B, mnonkaouaemblii
k O3Y.

Brixonbl 060MX KaHaJOB HMEIOT TPH COCTOsiHHS. KaHasbl ynpaB-
JISIIOTCSI CHTHAJIaMH HamnpaBJ/ieHHsl nepenadd aaHHbix W/R u oTkiio-

ueHuss CS. Ilepenaua uHdopmauuu paspemreda npu CS =0, npuuem
ecii W/R=1, To HanpaBJieHHe nepefayu OT KaHaja A k kaHaay B,
ecii W/R=0, To nepenaua ocyuiectsasiercss or B x A. Tlpu CS =
=1 BBIXOAbl KaHA/NOB MepPexoisiT B TpeTbe COCTOsIHHe. 3ajepKKa
nepenaud HH$popmauuu Mukpocxemodt MIIII paBna 30 uHc. B pac-
CcMaTpUBaeMOM BapHaHTe 0o0belHHeHbl HH()OPMAalHOHHbIE BXOIAbI H
Bbixoabl MuKpocxeM O3Y onHo#t 8-pa3psifHOH IIMHOH Tak, uyTO, Ha-
npuMep, K oHoH JuHHH noakiouyaioT DIy u DOy ob6oux cy6mony-
ged, obpasysi auHuio DIOo, u 1. A. IlepeknioueHue HanpaBjeHHS
nepenaud DDI18 ocymectBaser curian MRDC. B stom xe kaue-
CTBe MOXHO Hcrno/ab3oBaTb curHaj DBIN c¢ Bbixoga MuKpormpolec-
copa KP580BMS80A, npenBapuTeqbHO HHBEPTHPOBAB €ro.
Oco6eHHocTblo paccMaTpuBaeMoro 6joka O3Y siBasieTcss npu-
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Puc. 3.3. Baok craruyeckoro O3Y c uHrepdeiicom M4l Ha MuKpocxemax
namsiTd ¢ 6aiTOBOi opraHusauued

MeHeHHe MporpaMMupyemoro ajapecHoro ycrpodctsa DDI7. Ono
npeactasJjsier co60H cxeMy cCpaBHeHHsI ABYX TpeXxpaspsiiHbIX KOJOB.
OnopHbiii xox ByB By, ycTraHaBiuBaembili mepembiukamMH S1 — S3,
siBAsiercs aapecoM paHHoro 6gaoka O3Y. Ilpu coemameHHu koja
¢ IMHBI ajapeca Ajs — A3 C OMOPHBIM KOAOM CXeMa CpaBHEHHS
topmupyeT curian paspeiueHuss Aas perucrpos DD20, DD21 u ma-
rucTpanbHoro npuemonepenatuvka DDI18. Tlo stomy curHany kopn
anpeca A;; — A, nocrynaer Ha ajpecHble Bxoabnl moayas O3Y, a
ero HHGOpMalHOHHble BXOJbl H BbIXOAbl KOMMYTHPYIOTCSI Ha ILIHHY
naHHbIX. [Ipu oTcyTcTBHM curHasa paspeweHusi Ha Bxogae DDI7
moaysab O3Y OTK/IOUEeH OT MIHHBL ajipeca H LIHHBI JaHHBIX.

ITpumep nocrpoenuss 6moka O3Y c 16-pa3psiaHOH IIMHOH AaH-
HBIX, OpHeHTHpoBaHHOro Ha uHrepdeiic M41, npusesen Ha puc. 3.3.
Moayab O3Y cocTodT M3 AByX 6aHKOB maMsTH eMkKocThio 2K 6aiit
kaxabiid. badk L (DDI1) xpanut mnammue 6aitsl, 6auk H (DD2) —
crapiive Gaitel. MHdopmanuoHHble BbiBoAb DDl noakiioueHbl Kk
MJAAIHM JUHUAM Do — D; wHHB gaHHbIX, a BoiBoAn DD2 —k
crapitiMm Dg — Dis.

YrnpasJieHHe NOCTYNOM K 6GaHKaM H PEeXHMOM HX paboThl OCy-
utectBasioT curiasamdi MRDC, MWTC, BHE, A, B cooTBeTcTBHH
¢ Taba. 3.1. baok O3V, kak ciaeayer U3 TaGJHUIbl, BBIMOJHSET One-
palM{ 3aMHCH U CYMTHIBAHHA KakK |6-pa3psiiHOrO c/oBa, TakK H Ji0-
6oro u3 ero AByx 6a#itoB. CurHazabl Bbi6opa GaHKOB (DOPMHPYIOT
Joruyeckure 3jemeHTel DD5.1 1 DD5.2 B 3aBHCHMOCTH OT 3HAaYeHHsI
curianoB Ao, BHE u npu HaqWuuu curHaja paspeileHHsi, CHHMae-
moro ¢ Bbixofa jdeirndparopa DD3 B pexume obpautenus x O3V,
korna koj Ajs — Ajo cooTBercTByeT BblIeJNeHHOH nis Gnoka O3Y
06J1aCTH aJpecHOro MpOCTPaHCTBA.
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Ta6anua 3.1. Pexxumn 6joka O3Y

BHE A, A — Ay MWTC MRDC Pexxum
0 0 A 0 1 3amnuch caoBa
0 0 A | 0 UreHue cjoBa
1 0 A 0 1 3anuch L-6akita
1 0 A 1 0 Urenue L-6aiita
0 1 A 0 1 3anuce H-6aiita
0 1 A 1 0 Yrenne H-6aiita
X X X 1 1 Baokupoeka (Ortkioueno)

ITockonbky Moayib O3Y peajnzoBaH Ha MHKpoOCXeMaXx MaMsTH
taktupyeMmoro THna K537PY8, Heob6xomuMo curHasabi BbiGopa GaH-
KoB ¢opMHpOBaTb B (OpMe HMIyJbca MPH KaxJAoM obpaimleHHH K
0O3Y. C 3T1oii ueablo ucnoab3oBaHbl cHrHajisl MRDC v MWTC,
o0beHHEHHblE JIOTHYECKUM 3jemeHToM DD4, KoTopbie cTpoGHpYIOT
BbixoJ DD3 B KaxkIoM LiHK/e o6pailleHHsl K MaMsATH JJIs 3aMdCH HJIH
CYMTbIBaHUSI HH(POPMAIIHH.

Miukpocxembl K537PY8, kak u Kb37PY¥9, PY10, KMbL81PYS,
uMeoT BxoA OE masa curHana cuutoiBaHusi. [103TOMy npu ucnosib-
30BaHHH YKa3aHHbIX MHKPOCXEM MaM#ATH OTCYTCTBYeT HeOOXOJHUMOCTb
B JIOTHKEe YIpaBJeHHS] pPEeXHMOM 3alHCH H CUMTHIBAHHS: CHTHAJ

danucdk MWTC nogaercsi Ha Bxon W/R, a curhajg cuuThiBaHHs
MRDC Ha Bxon OE.

Ha puc. 3.3 He moxasaHbl Gydepbl LIMH ajgpeca H JAaHHBIX, HO
npejnosaraercs, yTo WHHb OydepuzoBanbl. B KauecTBe 6ydepHbix
PEerHcTpoB ajpeca VI MYJbTHIJIEKCHPOBAHHS aJpecHOH Marucrpa-
au  mukponpoueccopa KMS8IOBM86 uHcnoab3yioT MHKPOCXeMb
KP18I10UP82 uan KP1810MP83 (c HHBepCHbIMH BBHIXOAAMH), a
TaKXKe aHaJloruyHble UM peructphl cepud K580, nokasaHHble Ha
puc. 3.1.

Onsi Gydepu3auuu IIHHB JAAHHBIX TPHMEHSIOT MHKPOCXEMbl
KP1810BA86 uau KP1810BA87, a Takxe aHaJOTHUHble HM MarH-
cTpajbHbie popmupoBaTend cepHd K580.

[IpuMep BKJIIOUEHHS] MHKPOCXeMbl MarucTpaJjbHoro (opmupoBa-
TeJIsl B LUHHY JaHHBIX NOKa3aH Ha puc. 3.2. [laa 16-pa3psiiHO# WIHHBI
JNlaHHBIX TPe6YIOTCS JBe TaKHe MHKPOCXEMBbI.

[TpH HCOJNb30BAHHH MHKPOCXEM MNAaMSITH, He HMEIOLIHX CHeLH-
a/sibHOrO BXoJa AJSl CHTHaja CUUTHIBAHHS, HECKOJIBKO YCJIOXHSIETCS
cxema ycTpoiicTBa ynpaBsjeHds. Bapuant moctpoenuss 6ioka O3Y
Ha TaKUX MHKpOcXeMax MpHBeJeH Ha puc. 3.4.

Mognynp O3Y Ha mukpocxemax KP537PY3 cocrout u3 asyx 6aH-
KOB NaMsATH, HHPOPMALHOHHBIE BXOAbI H BLIXOJbl KOTOPBIX CO€H-
HeHbl ¢ 16-pa3paaHO# 1IMHOM NaHHBIX Yyepe3 MHKpocxeMbl K689AIN16
(mo nBe Ha Kaxabli 6aHk). [lpuHUMNHaAJbHASA cXeMa MNOAKJIOYEHHS
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Puc. 3.4. Baok cratuueckoro O3Y c uHrepdedicom HM41 Ha MuKpocxemax
NaMsATH C OJHOPa3psAHOH OpraHu3al e

yKa3aHHOro HIHHHOro dopMupoBateass K O3Y M K marucrpasH Mo-
Ka3aHa Ha puc. 3.1.

Cenektop aapeca DDI7 u saoruyeckue 3nemeHtol DDI18.1 —
DDI18.3 npu o6paiuedun kK 6joky O3Y ¢opMuUpPYIOT curHaJ Bbib6opa
IJi1 MHKpocxeM maMsTH H O6ydepoB umiMHbl gaHHbix DD21 — DD24.
[Ipuuem curuan BeiGopa aasi modynast O3Y cTpoGHPOBAaH CHrHa/IaMH

MRDC uan MWTC, uto 0G6GYyCJIOBJIEHO NPHHAIJIEXHOCTbIO MHKPO-
‘cxembl KP537PY3 K rpynne MHKpocXeM MaMATH TaKTHPYeMOro THIIA.

CHrHaJibl ynpaBJjeHHs] PeXKHMOM 3allHCH U CYHTHIBAHHA IJs1 MHK-
pocxeM O3Y ¢opMupyioT Jorudeckue 3iementol DDI19, a agas Gy-
“¢epoB UL nornueckune sjnemenTol DD20, o6ecnieunBas paboty 6Jio-
kKa O3Y B coorBercTBHH ¢ Tabja. 3.1. B pexume 3amnuci cHrhas
MWTC =0 nocrynaer Ha Bxoabl W/R 160 o6oux GaHKOB MaMsiTH
yepe3 ajeMeHTl DDI19, 1160 04HOro H3 HHUX B 3aBHCHUMOCTH OT 3Ha-
‘yeHuss curiasoB BHE, Aq. OnHoBpeMeHHo ajeMenTol DD20 ¢opmu-
pyoT curian W/R=1 pas 6ygepoB IIIJI, onHoro uiu o60oux, Ko-
TOpbIM o0ecrneydBaeTcsi HalnpaBJeHHe TMepeaayd HHOOpPMALHH OT
‘kKaHasa DB k kahaay DO, T. e. u3 umiuHbl AaHHbIX B MoayJab O3JY.

B pexunMe cuuthiBaHusi curHal MWTC=1 vyepe3 3jieMeHThI
DDI19 orkpbiBaeT assi yTeHus1 JaHHbIX o6a 6aHka mamsaTH. OnHako
B I/l uHpoOpMauuss MOKeT MOCTYMHTb TOJbKO_4Yeped Te Oyodephl,
KoTopble 6yayT uMeTb Ha Bxojgax W/R curnan MRDC =0, obecne-
YMBAIOIIIMHA HampamJeHHe mnepegayd oT KaHajaa DI K kanaany DB,
T. €. ¢ BbiIxo40B Moay/ass O3Y B HIMHY JaHHbIX. DTOT pa3peulalonlxi
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cuuTbiBaHue AaHHbiXx B LI/l curhan dopmupyioT anementst DD20.2
u DD20.4 B 3aBucHMocTH OT 3HaueHHH curHaJjgoB BHE, A,.

Ilpu orcyrcTBUM o6pauieHuss kK 610Ky O3Y, Koraa CHrHazbl Ha
Bxofax CS MukpocxeM namsitid 4 GydepoB LIJ] uMeloT HeaKTHBHOe
' 3HayeHHe, paBHoe Jorudyeckoi 1, 6jok O3Y OTKIOUEH OT MAarucT-
paJiy.

IlepefineM K paccMOTpeHHIO OCOOEHHOCTeH MNOCTpPoeHHs 6JI0KOB
O3V npu ucnoab3oBahuu Maructpaiu MIIW. Bapuaut peanusauuu
6n0ka cratuueckoro O3Y Ha MHKpocxeMax MaMsITH TaKTHPYeMOro
tuna K537PY3 npuseneH Ha puc. 3.5.

Mopyap O3Y mocTpoeH Mo CTPYKTypHOH cxeMe ¢ nByMsi 6Gaii-
ToBbIMH OaHkamu: L-6anka DD1 — DD8 u H-6anka DD9 — DDI6.

BaHk cocTouT H3 BOCBMH MHKpPOCXeM, Yy Kax/JI0H H3 KOTOPbIX
o6benuHeHbl HHbopManuoHHbl Bxoa DI u Beixog DO onHo#i nuHHeH.
Takum o6pa3om y 6aHKOB 06pa30BaHO MO BOCEMb COBMEIIEHHbIX BXO-
noB-Bbixoi0B DIO, KoTOpbIe COeIHHEHBI C COOTBETCTBYIOLIHMH JIHHHS-
MH LIWHBI AAHHBIX. 3aMeTHM, YTO NMPHMEHEHHe MHKPOCXeM MaMsTH
tuna K537PY8, PY9, PY10, umeromux 6aiToBbie COBMEILLEHHbIE HH-
(opMalMOHHBIE BXOAbI-BbIXO/bI, CYILIECTBEHHO YN POILaeT cxeMy 6J10Ka
O3Y u yMeHbllaeT 4HCJO0 MHKPOCXeM B HeM. Kpome Toro, ykasaHHble
MHKPOCXeMbl HMEIOT BXOJ, 1J151 CHTHAJ1a UTeHHSs], UYTO M03BOJIsIeT HCIO/b-
30BaTh 6GoJsiee MPOCTYIO CXeMy YIpaBJeHHs pexXuMaMu paboTbhl Mo-
nyas O3Y.

OnHouMeHHble ajpecHble BXOJbl GAHKOB OGbelHHEHbl H BhiBele-
Hbl Ha IIMHY ajpeca. TpW cTapludx pa3psiia aJpecHOro Koja
A3A4As ucnonb3oBaHbl Aasi agpecauun 6Joka O3Y. Ouu nop-
BeleHbl K aJpeCHOMY yCTpoiicTBY (cenekropy aapeca) DDI7, Ha-
3HayeHHe ¥ paboTa KoToporo 6bUIH PacCMOTPEHBbI paHee.

Ilnsi BbIGOpa pexkuMa paGoThl ¢ GaHKaMH CJyXKaT CHTHaJbl Ag H

WTBT, a pexum 3anucd H CUHTbIBAaHHS 3ajpailoT curHasom DOUT
NpH BHINOJHEHHH YC/10BHsI obpaieHuss k 610Ky O3Y, koraa Ha BHI-
xone DDI17, ¢ukcupoBaHHOM mepeMblukoli Sl, mosiBjsieTcs CHrHaJ
¢ ypoBHeM Joruyeckoro 0.

Jloruka ynpasjeHusi peaiu3oBaHa Ha anementax DDI18, DDI19.
Kmou DD26 HopMma/ipHO OTKPBIT AJS CHrHaloB Bbi6opa OaHKOB.
OH 3akpbiBaeTcsi TOJbKO MPH OTKJIIOUEHHH HJH COOAX MUTaHHS H
¢opMHpyeT Ha CBOHMX BbIXOJAaX CHTHaJbl C YDPOBHeM JIOTHYECKOH 1,
3anpeniamoliie AOCTyNn K GaHKaM. JTOT KJKOY BMeCTe C YCTPOHCT-
BOM INOAKIIOYeHHs1 OydepHoro ucrounuka nutaHuss GBIl k Mukpo-
cxeMaM naMsiTH o6ecleyuBalOT coOXpaHeHHe HHGOpMauUHH B 6aHKax
NpH OTK/MIoueHHH nuTaHus. Ciaeayer o6paTUTh BHHMaHHe Ha TO, 4YTO
6ydepHblii HCTOYHHK NMHUTaHHUsA uyepe3 AHOA VD3 moak/ioueH K BbIBO-
JlaM MUTaHHs BceX MHKpocxeM maMsaTH W kiatoua DD26. [1pu npona-
JNaHud HanpsikeHus1 5 B auox VD3 orkpbiBaeTcsi H yKa3aHHble MHK-
pocxeMbl OKasbiBaloTcsi noj HampsikeHHeM GBI, mocraTouHbiM st
CoXpaHeHHUs1 HH(pOpPMaLHH.

Paccmorpum pa6oty moayasi O3Y B pasjiHUHBIX peXHMaXx.
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Puc. 3.5. Baok craruueckoro O3Y c¢ untepdeiticom MITHU
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Ilpu aktTuBHOM 3HaueHuu curHaina WTBT peanusyercsi pexxum
pa6otbl ¢ Gaifitamu, a BbiGOp 6aHKa OCYILECTBJSIOT CHrHajoMm Ag:
npu O orkpeiBaercss poctyn K L-6anky, npu 1 k H-6anky. Ecau

curian WTBT npuHuMaerT HeaKTHBHOe 3HaueHHe, TO HE3aBHCHMO
OT YPOBHSI CHrHaja Ag OTKpbIBaeTcsi IOCTyn K o60UM OaHKaM JJisi
3aNHCH WM CYHThIBaHHS 16-paspsiiHOro cJjoBa.

Hasi 3andcy Heo6XOAMMO HMEThb aKTHBHOE 3HaueHHe CHTHaJjia

DOUT, xkoropwiii 3;7iemeHToM DDI19.1 nepenaercs Ha Bxoanl W/R
o60oux 6aHkoB. CUHTHIBAHHE OCYLLECTBJISIETCS NPH HEAKTHBHOM 3Ha-
yeHuu curiana DOUT.

ConpsixkeHde ajpecHOil LIMHBl M LUHHB JAHHBIX C OOILeH IUHHOH
«[lanubie-Anpec» ocyiiectBasiior peructpst DD20, DD21 u maruct-
pasibHble ¢opmupoBatendn DD22, DD23. bydpep DD24 neo6xomum
JJIS1  TIOBBLIILIEHHS] Harpy3o4HOH CHNOCOOHOCTH JIHHHH yNpaBJleHUs.
C BoixogoB DD24 cHumaior 6ydepH3oBaHHbie CHTHAJIbl yNpaBJeHHS
¢byHKUHOHAMbHBIMH y3JaMHu Gjoka O3Y.

B3aumonefictBue oO6ilell WHHBI C BHYTPUMOAYJbHBIMH OCYIlle-
cTBJsieTcsl ciaenylowuM ob6pa3om. Kox azpeca ¢ukcupyercs B peru-
crpax DD20, DD21, uMelomux paspeliaioolidie YPOBHH CHTHAJIOB

Ha Bxogax CE u OE. Curnan BSY c¢opmupyer mukpomnpoueccop
K1801BM1 Ha Becb LHKJ oOpallleHHs K MaMSTH.

BoaMoxkeH BapuaHT noak/iioueHusi Bxona OE K Touke c HyJieBbIM
NOTeHUHaNoM. B TakoM ciyuae BBIXOA PerucTpa MOCTOSIHHO OTKPHIT
JUISl CYUTHIBAHHSI. '

K BbixozaM perucTpoB MOAKIIOUAIOTCS JIMHHH IIHHBI ajppeca, no
KOTOPBIM MepefaloTCsi CHIHa/lbl Koja ajapeca GaHKOB NaMsiTH A; —
A,,, 6aoka namsth A3 — A;s, BoiGopa GaHka naMsTH A,.

Haunbie B oGuuiell wiMHe AJS1 3aNHCH HX B NaMATb MOSIBJSIOTCS
nocjie Koja ajpeca W MOCTYNAIOT Ha BXOIbl KaK PEruCTPOB, TaK H
6ydepos LIJI. Bxoabl perucTpoB B 3TO BPeMsi 3aKPBIThl aKTHBHBIM

3HaueHHeM curHaja SYNC, Tak uTo BO3JedCTBHEe [JaHHble OKa3hi-
BalOT TO/MbKO Ha BxoAbl O6ydepos DD22, DD23. HanpaBsnenue nepe-
naud 6ydepos onpenensier curdaj DIN, koTopbiit npu 3anucuH uMeet
ypoBeHb Jorudyeckod 1. CrenoBaTenbHO, JaHHble NepefalOTCs OT
KaHaja A B kKaHa1 B u nanee B sunun 1J1. B pexume cunThIBaHHS
NaHHbIX U3 mMoaynast O3Y B obmyilo muHy eurHan DIN ¢ akTUBHBIM
3HaueHHeM IlepeKJIouaeT HanpaBJeHHe nepefayu 6ydepoB or KaHaua
B k xaHaay A. Bydepbl OTKpbITHl NpH 06palleHHH MHKPOIpOLEC-

copa K 6aoky O3V, korna curdai DIN uiaun DOUT uMeer akTHBHBIE
3HaueHHss M B pe3y/ibTaTe (GOPMHUPYIOT C TMOMOILBIO 3JEMEHTOB
DD25.1 u DD25.2 curdan pocryna k 6ydepam.

Bydpep DD24 paGoraer B pexxume nepefaud oT KaHaja A K Ka-
Hany B Gsaromapsi mopkiioueHHio K ero Bxony W/R HanpsikeHus
BbICOKOTO YpOBHs. OfHAKO 3TOT pEXHM peasiu3yeTcsl TOJBKO NpH
obpalueHid MHKponpolueccopa K 6soky O3Y, korma curHan BSY,

nedictByowuit Ha Bxox CS Gydepa, npuHHMaeT aKTHBHOe 3HaueHHe.
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Jpyroii BapuaHT nmoctpoeHusi 6joka cratudyeckoro O3Y, opueH-
THpPOBaHHOrO Ha uHTepdeiic MIIY, npencrasneH NpUHUHMHANBHOM
cxeMoft Ha puc. 3.6 [3, 60]. Moay/b maMATH peajH30BaH HA MHKpO-
cxemMax Kb537PY3 B Bupme nByx 6aHkoB namsitu: L-6anka DD6 —
DD13 u H-6anka DD14 — DD21 emkoctbio 4K 6alT Ka>XAblH.

Ilo cTpykTypHo#l cxeme maHHb#i moayidb O3Y aHaJjoruyeH pac-
CMOTpeHHOMY Bbile (cM. puc. 3.5). Ero orauuurTenbHoH ocobeH-
HOCTBIO fIBJsIeTCS] HaJquuue KoHTpoJepa 3¥Y (K3¥) DD23, peanunso-
BaHHOTO Ha MHKpocxeme K588BI'2 u npennHasHaueHHOro AJisi BBIMNOJ-
HeHHs BCeX YNpaBJSOIIHX (YHKIUH.

Jlpyras oco6eHHOCTb paccMaTpuHBaeMo#l cxembl 6joka O3Y co-
ctout B npuMeHenun KMJIII-mukpocxem cepun K588 nnisi peanusa-
uuu Bcex HHTepdelcHbIX (GyHKUHHA. BHYTPHMOLYJbBHYIO ILIHHY ajpe-
ca ¢opmupyotr peructpol Kb88HWP1 DDI1, DD2. YerpoiictBo u pe-
UMbl paboTbl 3TOro perucrpa omnucanHel B § 2.3 (cMm. puc. 2.19).

HInny naHHBIX ()OPMHUPYIOT JBa MaTHCTPa/JbHBIX NpHeMonepeaarT-
yuka (MIIIT) K588BA1 DD4, DD5. HanpaBseHnue nepepauu ornpe-
HeNsiioT curHaibl Ha Bxogax AB wu BA, nanpumep, npu AB =0,

BA =1 nepejaya JAaHHbIX OCYLIECTBJIAETCA OT KaHaJia A Kk kaHa-

ay B. Ilpu AB=BA =1 Bbix0/lbl KaHaJOB NepexoisT B TpeTbe
(BBICOKOOMHOE) COCTOSIHHeE.

Koutpoanep 3¥Y mnpenHazHadyeH nJjisi opraHu3zauuu 6jokoB O3Y
u II3Y emkoctbio He meHee 4K caoB. B ctpykrypy K3¥Y Bxoaut
ajipecHoe YCTPOHCTBO, NporpaMMupyeMoe nepeMblukaMu S1 — S3.
CurHanst DAz — DAjs ¢ o6uedt wunbl aapecyior K3¥. Ilpu ux
COBMAjJieHHH C ajipeCHbIM KOJIOM, YCTAHOBJIEHHBIM IlepPeMblUKaMH,
K3Y ocyliecTBasieT ofiMH U3 ueThIpeX peKHUMOB o6MeHa MaructpaJgu
¢ 61okoM O3Y B 3aBHCHMOCTH OT 3Ha4eHHH CHICHAJOB YIpaBJeHHS
u curHana DA, anpeca Gaitta (taba. 3.2).

Hnsi cornacoBauuss K3Y ¢ MukpocxeMaMu NaMsiTH 1O BpPEMEH-
HEIM napametrpaMm cay:at RC-uenu, mnoak/jiouaemble K BBIBOJaM
RCR u RCW. Ilocrosinnbie Bpemenn RC-ueneil onpenensiior 3ajaepx-
Ky BblJayM CHCHaJjia roToBHOCTH JaHHbIX RPLY oTHocure/nbHO curia-
aoB CSO u CS1 npu cuutbiBanuu (RIC1) u 3amucu (R2C2) nan-
Hbix B O3Y. Ilapamerpnl RC-ueneli moabupaioT Tak, 4YTOObl TNpH
DIN =0 orBernblii curHaa RPLY He onepexkas Bblaauy [JaHHbIX

Ta6auuna 3.2. Tabauna ucruuHoctu K3y

SYNC DOUT DIN WTBT DA, CSO Csli Pexum O3Y
0 1 0 1 X 0 0 Urenue cjaoBa
0 0 1 1 X 0 0 3anuch cjiosa
0 0 1 0 0 0 1 3anuch L-Gaiita
0 0 1 0 1 1 0 3anuce H-6aita
1 X X X X 1 1 Baokuposka




13 O3Y na U1, a npy DOUT=0 o6ecneunBas 3anuchb LaHHbIX B MO-
nyiab O3Y.

luna «[auubie-Anpec» pasgeneHa perucrpamu DDI1, DD2 u
MIIIT DD4, DD5 na A u I/, K KOTOpPbIM MOJAK/IOYEHBI COOTBET-
CTByMoOLIHe BbIBOAbl Moayuasi O3Y.

BydepusoBaHHble auHHMM ympaBasiouXx curHagoB BSYNC,
BDIN, BDOUT, WTBT noakJ/ouenst K K3¥Y, ko Bxogam CS perucr-

poB (BSYNC) u W/R mukpocxem namsatd (BDOUT) u Ko Bxopam
ynpaBJeHusi HanpasJjeHHeM nepenaud MIIIT (BDIN, BDOUT).

B pexunme obpauienust Kk 6oky O3Y Ha muHy «JlaHHble-Anpec»
nogawot konx anpeca. Ilo curnany BSYNC=O0 ero 12 paspsnos
A2 — A, 3anucbiBaorcsti B peructpnl DDI1, DD2, a crapuiue pas-
psagsl Ajs — Ajs u pa3psin Ao mocrynator B K3V, rae mpoucxoaut
CpaBHeHHe TMOCTYNHBILIEro KOJAa C YCTAHOBJIEHHBIM MepeMblYKaMH
S1 — S3. Tlpu coBmajeHHH KOJOB W B 3aBHCHMOCTH _OT CHTHAJIOB
ynpaBJeHusi gopmupyotrcsi curHasabl Beibopa CSO u CS1 B coot-
BETCTBHH C Tabu. 3.2, OTKpbIBalOlIHe AOCTYMN JAJIsi 3alIHCH WJIH CUHTHI-
BaHusi K moayao O3Y u MIIIT DD4, DDs5.

B pexume cuuTbiBaHusi NpH (HOPMHPOBAHHH CHTHAJNOB BbIGOpA
Hanpsi>keHde Ha BbiBoJe RCR cHHKaercs [0 HH3KOTO YDPOBHSI M 3a-
TeM Hapacraer ¢ nocrosinHoi BpemeHH RICIl. Ilpu nmoctuxkeHHu
3THM Hamnpsi)KeHHeM OIpeiesIeHHOr0 YPOBHSI H C MPUXOLOM CHTHaJja
BDIN=0 K3Y ¢opmupyer curian RPLY conpoBoxaeHHS HaHHBIX,
cuuthiBaeMbix U3 O3Y B maructpasb uepes MIIIT DD4, DD5, or-
KpbiThie B HampaBienud BA curnasom BDIN. ITpu BDIN =1 cur-

Hajsbl CSO u CSI1 mepexomsit B coctosinie |1 u BbiGopka O3Y mpe-
Kpamaercsi. Boixonst MITIT nepexonsit B TpeTbe COCTOSIHHUE.

B pexume 3anucu no_curdaasy BDOUT=0 u B 3aBHCHMOCTH
oT coctosiius curHaiioB WTBT u DA, (taba. 3.2) ¢opmupyorcs
curianbl Boibopa CSO, CS1. Uepe3s oTKpbITbie B HampaBJeHHH
AB MIII1 DD4, DD5 pauuble nocrynator B O3Y. [lpu 3toM Hanps-
»keHHe Ha BbiBofle RCW cTaHOBHTCS HH3KOro ypoBHSI H 3aTeM Ha-
pactaer ¢ nocrosinHod Bpemenu R2C2, BbI3biBasi ¢ ompejeseHHOH
3agepxkoit curian RPLY=0. ITpu BDOUT=1 Bui6opka O3Y mnpe-
Kpalluaercs.

Lukn ob6pamenuss kK O3Y 3aBepiuaercs NMpu Nepexoje CHrHaja
BSYNC B 1. Ilpu stom BxomHoii peructp K3V oTkpbiBaercs nJjs
npueMa Koja ajpeca B cjelylolleM LHK/Ie obpauieHus: K 610ky O3Y.

[Ipumenenue KoHTposiepoB K588BI'2 mo3Bossier noakiaouartb
K CHCTEMHOH MAaruWcCTpaju [0 BOCbMH G6JIOKOB, aHaJOTHYHBIX pac-
CMOTPEHHOMY, YTO Ob6ecrneyHBaeT pacliMpeHHe €MKOCTH HaMSTH [0
64K 6aiir.

151 coxpaHeHHs] JaHHBIX NPH OTKJIIOUEHHH HAMpPSIXKEHUS] MHUTaHUS
B 6soke O3Y mnpenycMoTpeHbl 6ydepHbli HCTOYHHK HampsiKeHHS
GBI u ycrpofictBo ero noakawouenuss (VD1, VD2, R3, R4) k mukpo-
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cxeMaM maMsiTH NpH c6osix B nutaHud. [lpuHUMNHaJbHAs cxema
YCTPOHCTBA HECKOJIbKO OTJIHUAeTCsl OT NMpHBeJeHHOH Ha pHc. 3.5, HO
M0 NMPHHUMUINY AeHCTBHS OHH AaHAJOTHUHBI.

PaccMmoTpeHHble BapHaHThl nocTpoeHusi 6j0koB O3Y nokasbl-
BAIOT, 4TO /s conpsixkeHusi mMonyns O3Y c Mmarucrpanabio Tpeby-
I0TCS JOTMOJIHHTEJNbHble MHKPOCXEMbI, KOTOpPbiE BbINMONHSAIOT (QyHKIIHH
MYJbTUIVIEKCHPOBAHUS JIMHHHA MarucTpas, Aelluppalud KOAOB aj-
peca, yBeJIHUEHHS] HAarpy3ouHoH crnoco6HOCTH HH. Kpome Toro, cam
mMoayib O3Y cocTOMT U3 GOJBIIOrO YHCIAa MHKPOCXEM MaMSITH, OCO-
6eHHO NMpPH HCMOJNIb30OBAHHH MHKDPOCXEM C OJHOpPa3psiHOH OpraHu3a-
LHeH.

Bce 310 06yc/ioB/HBaeT 3HauuTeNbHbBIE pa3Mephbl 6JIOKOB MaMSTH,
TPYLOEMKOCTb HX H3TOTOBJIEHHS] H 3aTPyAHsieT pa3paboTKy KOMIAKT-
HBIX BCTPAHBAaeMbIX 3JIEKTPOHHBIX YCTPOHCTB C MaMSThIO.

3HauuTeNbHYI0 YacTb YKa3aHHBIX 3aTpPyAHEHHH MOXHO YycTpa-
HUTb, NMPHMEHHB OJHOKPHUCTaJIbHble OJIOKH MaMsSTH CO BCTPOEHHBIM
HHTepdeiicom, K kotopbiM oTHocuTcsi BHMC craruueckoro O3Y
KI1809PY1 emkoctbio 1KX 16 6ut (puc. 3.7). Kparkas xapakre-
pucruka BUC npuBenena B § 2.1.

Mukpocxema KI1809PY1 opuenTHpoBaHa Ha Maructpair MITH
H uMeerT 16 BbIBOJOB /151 MOAKJIOUEHHS JIHHHH ULIHMHBI «JlaHHble-
Anpec» ¥ nsith BHIBOLOB [AJISI CHTHAJIOB yMpaBieHHusi. BcrpoeHHbii
HHTepdeiic obecreudBaeT BO3MOXHOCTb NOJAK/IIOUEHHSI K CHCTEMHOH
marucrpaiu MITHU no 32 BUC 6e3 ponosnHutenbHbix MHKpocxeM [21].

[To cBoeii cTpyKType H (pyHKIHOHAJbHBIM BO3MOXHOcTsiM BHUC
aHajiornuHa 6jokam O3Y, npuBeneHHbiM Ha puc. 3.5 u 3.6. BoiBoabi
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Puc. 3.7. Mukpocxema crathueckoro O3Y KI1809PY1 emkocTbio
IKX6 6ur:

a — cxeMa MoAkaloueHusi K mMaructpann MIIH; 6 — BpemenHfie nuarpaMMbi NMPH CYH-
THBaHHH; 8 — B PeXXHMe 3aNHCH; 2 — B pexkuMe «CUHTbiBaHHe-MONHGHKALHS-3aMHCh>



ADIOy — ADIO;5 B peéxuMme aapecallHd HMeIOT CJelylolilee Ha3Ha-
yeHne: Ao — A9 — koJ ajapeca siueek namsitd Hakonurteas BHC,
Ao — 6uT 6sokupoBKH 3amucu: npu 0 poctyn Kk Hakonurtesaio BHC
A5l 3alHCH JaHHbIX 3akKphiT, Npu | — paspelieH; A;s — GUT ajape-
ca OaWra: npu O anpecyercsa maaauwiMi 6aT, npd | — crapuiui;
Ay, — A5 — kon aapeca BUC.

[IporpammupoBanue anpeca BHC ocyuiectBasiior obpaiieHHeM
K perucTpy aapecHoro ycrpoicrBa no aapecy FFFO u 3anucu B Hero
b-pa3psinHoro Koaa. B nanbHeiinem npu obpaiennn K bHUC B agpec-
HOM YyCTPOHCTBe KOMIapaTOp CpaBHHBaeT NPHHATHIA Koi A;s — Ay
M 3alHCaHHbIH B perucTp ajpec W MPH HX COBMNaJeHHH pa3peliaer
pexHM obOmeHa ¢ marucrtpaJdbio. Ha puc. 3.7 npeacraBJjieHbl BpeMeH-
Hble aHarpaMmmbl, WIoctpupyloniie pabory bHUC B pexumax cuu-
TbIBaHUsa (puc. 3.7, 6), 3anucu 6Gadta (puc. 3.7, 8), Npu 3amucH

cioBa curHag WTBT uMmeer ypoBeHb |, CUUTHIBAHHSA CJ10BAa U 3alHCH

6aita (puc. 3.7, ¢). Bo Bcex pexuMmMax Koji aapeca yAepKHBAIOT
Ha IIHHe OTHOCHTesJbHO cHrHajga SYNC Ha BpeMsi He MeHee 20 Hc
IJis1 ero HajJeXHOH 3anucH B aapecHbid peructp BHUC.

B pexume cuutbiBaHusi (puc. 3.7, 6) BbiOpaHHOe U3 HAKOMHTEJs
CJIOBO COXpaHAETCH BbIXOAHLIM PEruCTPOM H BbIAAeTCsl Ha LIHHY IO

curdHanay DIN B conpoBoxaeHuu curHajsa RPLY. B pexume 3anucu
cjoBa WK 6alTa AaHHbIE MOCTYyNaloT B HAKONHUTEb MPH HAJHYHHU pa3-
pellieHHsl HAa 3aMHCb, KOTOPOE COAEPXKHT ajapecHb curHaa Ajo. Ilpu
oTCyTCTBHH Takoro pa3peimieHusi BUC paboraer TONbKO B pexkume
CUMThIBaHUS aHaJiornuHo [13Y.

Mukpocxema K1809PY1 snekTpHyeckH u KOHCTPYKTHBHO COBMeEC-
tima ¢ Mukpomnpoueccopubivi BHUC cepun K1801. Ha ocHoBe Ha-
3BaHHbIX BMC nocTtpoeHnl oaHonnaaTHble MHKpOoDBM HoBoro mnoko-
JeHHs1 ceMeHcTBa «DjekTpoHHKa CS», B YaCTHOCTH MHKPOKOHTPOJI-
Jepbl «DyeKTpoHHKa (CH-41», B KOTOPbIX Ha OCHOBE€ MHKPOCXEMBI
K1809PY1 peannsoBaHo cratHueckoe O3Y emkoctbio (8 ... 12)KX
X 16 6ur. COoBMeCTHO C AaHHOH MHKPOCXeMOH B MHKDPOKOHTPOJI-
Jepax npumeHeHbl MHKpocxeMbl KI809PE1 macounoro II3Y emko-
ctbio 4K X 16 6ut u K573P®3 (cm. § 4.1, 4.3). IlosoxurenbHoH
0COOEHHOCTbI0O Ha3BAaHHbIX MHKPOCXEM SIBJSIETCH TO, YTO OHH, HMes
BCTPOEHHBIH HHTep¢eHC, MOryT ObITb HENOCPEeNCTBEHHO MOAKJIOYEHbl
K CHCTEMHOH MAarucTpaji U MO3BOJIAIOT, TaKUM 006pa3oMm, GOpPMHPO-
BaTb 6siokH O3Y u II3Y Tpebyemoii eMkocTH 6e3 AOMNOJHHTENbHBIX
(YHKILIHOHAJIbHBIX Y3JIOB.,

3.2. IMocTpoenne nuHamuueckux O3y

Insi noctpoeHusi OJIOKOB ONMEePAaTHBHOH MaMSATH JHHAMHue-

CKOTO THINA MPHUMEHAIOT MHKpocxeMbl AHHamuueckux O3Y (cm.
§ 2.2).
IDTH MHKPOCXeMbl HMeIOT Pl OCOOEHHOCTEeH, CYLIeCTBEHHO OT-
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Puc. 3.8. Baok nunamuueckoro O3Y

JIHYAIOUIMX HX OT MHKpocxeM cratHyeckux O3Y: MyJbTHMJIEKCHPO-
BaHHe aJpecHOro koja, 6GoJsiee CJI0XKHble BpeMEHHEIE aHarpaMMbl
CHTHAJIOB YINpaBJieHHs, pereHepalusi XpaHHMMo# HHbOpMallMH, 3Ha-
YHTeJbHOE paccorjacoBaHHe BXOAOB H BbixofoB ¢ TTJI-nuHuAMH
M0 COMPOTHBJ/IEHHIO H BO3MOXHOCTb MOSIBJIEHHSI IOMEX THMAa QTpaxe-
HHH, K KOTOPbIM JIHHAMHYeCKHE MHKPOCXEMbl BECbMa YYBCTBHTEJbHbI.

YKka3aHHble OCOOEHHOCTH MHKPOCXEM NMaMSITH OKa3biBalOT 3HAYH-
TeJibHOE BJIMSIHHE Ha CTPYKTYPHbi€ M CXEMOTEXHHUECKHe pelIeHHs
npu nocTpoeHuH nuHamMuueckux O3Y, a Takxke Ha peXHMbl HX pa-
6otbl. Kak u gnis cratuueckux O3Y, 3ajnaua peanu3auud AHHAMH-
yeckux O3Y mHoroBapuaHTHa. [lostomy crnoco6bl ee pelueHHsi pac-
CMOTPHM Ha HEKOTOpbIX MpHMepaX, O6GpPaTHB OCHOBHOE BHHMaHHE
Ha MpUMeHeHHe MHUKPOCXEM MaMfATH M PeXHMbl YIPaBJIEHHS HX pa-
6oToii.

Ha puc. 3.8 npuBeneHa cTpykTypHas cxema O6JioKa AHHaMHye-
ckoro O3Y emkoctbio 64K 6GaiiT nasa 8-pa3psiiHbIX MHKpOMpoIleC-
COPHbIX YCTPOHCTB, pea/u3oBaHHbiXx Ha Kommiekre BHMC K580.
BapuaHTbl peanu3aunud (YHKUHOHAJbHBIX Y3JI0B IpPHBENEHbl Ha
puc. 3.9 u 3.10 [30].

Monynb mamsatu (puc. 3.9) DDI — DD8 nocrpoed Ha MHKpO-
cxemax K565PY5 nyreM coelHHeHHsI HX OJLHOMMEHHbIX BbIBOJOB,
kpome HHpopmanuoHHbiX. CurHasbi RAS u CAS cdopmupyer KoHT-
poasnep O3Y CLC (puc. 3.10), curtan MWTC c wuHb ynpaBJieHUs
nmogaH Ha Bxox W/R. [Ins CHHXKEHHSI CTeleHH paccorjacoBa-
Hus ¢ TTJ1 ynpaBasiiowiuMu 3/7eMeHTaMH Le/1ecoo6pa3Ho MoJKJIoue-
HHE BceX ajIpeCHbIX H YMPAaBJSIOUIHX JHHHA KO BXOJaM MHKPOCXeM
NaMsITH  OCYLIEeCTBJSAITb 4Yepe3 PEe3UCTOPbl C  COMPOTHBJIEHHEM
20 ...30 Om [28].
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Puc. 3.10. Konutpoasep auHamuyeckoro O3Y

bydep BhixogHbix AaHHbiXx DDI13 peannsoBaH Ha nmapaJsuiejibHOM
8-pa3psirHom peructpe KHBOMP82. OH mMoxeT ObITb MOCTPOEH TaKXKe
Ha APYTrUX PerucTpoBbiX MHKpocxeMax (Taba. 2.14), marucrpaJb-
HbIX npHeMmonepenatuukax, Hanpumep K580BAS8G, uin MHOropekum-
HbiX 6y¢epHbix peructpax. CHUrHaJjbl ynpaBJ/ieHHsI PETHCTPOM Bbipa-

6atbiBaer KoHTpossiep O3Y. Curnan OE ynpaB/iser BbIXOJaMH:
npu O OHW OTKPBITHI AJISi CUMTHIBAHUSA, NPU | — mepexoAsiT B TpeThbe
cocrosinne, curdan CE ynpasisieT BXxogamH: NpH | OHH OTKPHITHI
sl 3anucu, npu 0 — 6/10KHPOBaHMI.

B paccmarpuBaemoMm BapuaHTe peanusauuu 6joka O3Y 6yde-
pH30BaHbl TOJbKO €ro BbiXOJHble JHHUH. BO3MOXHBI M Apyrue cro-
cobbl coenuHeHuss moaysass O3Y ¢ wHHOH [AaHHBIX: uyepe3 Oydepnl
BXOJHbIX M BBIXOJHBIX HH(OPMALHOHHBIX JHHHH, KaK Ha puc. 3.1,
HJIH 4Yepe3 MarucTpaJjibHblii mpuHeMonepenatuydk tuna K580BA86 c
o0beiHHeHHEeM HH(POPMALIHOHHBIX BXOJAa U BbIXOAa KaxJAOH MHKpPO-
cxeMbl, KaK Ha puc. 3.2 u 3.5.

My.nbmn.nexcop DD9 — DD12 oﬁecnetuaeT nocJjeaoBaTeNbHbIH
BO BpeMeHH BBOJ ajapecHoro kojga cTpok Ax {A¢ — A7} U cTo.16-
uoB Ay {As — Ais} B Moaysab O3Y. AnpecHble CHrHaJbl MOCTYNaloT
Ha Bxoabl Kl, K2 u K5, K6 My/bTuN/IeKCOpPHBIX MHKpPOCXeM (CM.
puc. 3.9) U KOMMYTHPYIOTCSl Ha BBbIXOAbI MOJ ylpaBJIeHHEM CHrHaJia
Ha Bxole A(Ay/Ax) npu HaMHYUH Ha APYroM YyNpaBJsiOlleM BXOJe
B(REF) ypoBus 0. YcioBHsi KOMMyTallMH aJpeCcHbIX CHTHAJIOB: MPH
Ay/A,=0 K BoixoaaM mnojakawyawTcs KaHaaol Kl, K5 u, caenona-
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TeJbHO, Ha ajpecHbie Bxoabl O3Y nocrynaer azpec cTpok Ay, NpH
Ay/Ax=1 Kk BbIxOgaM nojkJw4aloTcs Kahaibol K2, K6 u k O3Y
HanpasJ/sieTcsi KO ajpeca CToJouoB Ay.

CurHanbl ynpaBaenusi: REF — npusHak pexuma pereHepaluH
u Ay/Ax — curHa;m MyJbTHIVIEKCHPOBAHHSI KaHaJoB, BblpabaTbiBaeT
KOHTpOJLJIED. ]

B pexume pereHepauud REF =1 u MysabTHN/IEKCOpP KOMMYTHPYET
.Ha BbIXOJbl NpH H3MeHeHuH Ay /Ay kKanauaol K3, K4 u K7, K8. Ho rak
KaK yKa3aHHble KaHaJibl IONapHO COeAMHEHBl, TO Ha Pe3yJbTaT KOM-
MyTauuH curHan Ay/Ay BJHMSHHS He OKa3biBaeT: NPH JIOOLIX ero
3HayeHHUsIX Ha BbIXOJbl MYJbTHILJIEKCOPA MOCTYNAIOT ajfpeca pereHe-
paunu Ay, BbipaGaTthiBaeMbie cyeTunkoM DD19, DD20 kourposepa.
ITH CHrHaJbl aJpecyloT TOJbKO CTPOKH, CHTHaJbl ajpeca CTON6LOB
B 3TOM peXXHMe Ha aJpecHbIX BXOHAaX OTCYTCTBYIOT.

Jnsi peanu3auud Myabtuniaekcopa, kpome K1565KI12, Moryt 6GuiTh
ucnosb3oBalbl MuKpocxembl K555KI12, K555KIT112 Ge3 uameHeHust
pPa3BOJKH MOCaJOYHOrO MecTa Ha NeyaTHOH mJiare.

Kontpoasnep O3Y (puc. 3.10) Bkatouaer yszen DD14 — DD18 ¢dop-
MHPOBAaHHSl CHTHaJOB ynpabJjeHuss MopyneM O3Y W MyJbTHIJIEKCO-
poMm afpeca u y3ea DD19, DD20 ¢popmupoBanus 8-pa3psiaHoro aapec-
HOTO KoJa pereHepauuH Ag, — Ag;.

BpemenHiie gHarpaMMbl OPMHpPYEMbIX KOHTPOJJIEPOB CHTHAJIOB
ynpasJieHHsi ipuBeAeHbl Ha puc. 3.11. 3afalomuMy SBJSIOTCSA BBIXOJ-
Hble CHTHaJIbl reHepaTopHOH MHKpocxembl KP580I'®24 OSC ¢ yacro-
TtoH 18 MI'u u ®2 ¢ nepuogom 0,5 Mkc. BXomHBIMH [/151 KOHTpOJJIEpa
aBJsiioTcsl Takxke curHaasi MWTC, MRDC, INHI, kotopnie nocry-
NaloT U3 LIHHBI yIpaBJeHHS.

CurHaJibl ynpaBJleHHSI MYJbTHIJIEKCOPOM (DOPMHPYIOT PErucTp
DD14 u cxema ynpaBineHHs pexKHMOM obGpauienusi K MoayJaio O3Y Ha
snementax DD15, DDI16. I1pu o6pauennn k O3Y Ha Bbixoge DD16.1
nosiBasiercsi 1, Kotopass no nepeaHemy ¢poHty P2 3anucbiBaercs B
DDI15.1 u nosiBasiercsi Ha BbiXOAe 3TOro Tpurrepa. Bropo#t Tpurrep
DD15.2 coxpaHnsier cBoe HyJieBoe COCTOsIHHE, HMesi Ha HHBEPCHOM BbI-
xoze 1. ITosromy Beixog DD16.4 nepexoaut B coctosinue 0 H oGecne-

P2 LT L] T
MRDC

MWTC I

REF

RAS— T o B

"%x Aw —AM Ag-A, L1 Tap A,

tas Pezenepa- L [receneon

qust Odpawenue yus

Puc. 3.11. BpemeHnHble aHarpamMmbl CHFHaJIOB yrpaBJleHHs
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yuBaeT REF =0, npu KoTopom My/ibTHILIEKCOP KOMMYTHPYeT Ha ajpec-
Hble Bxoabl O3Y anpeca ctpok Ay H cTos610B Ay. BBoa 3THX ajpecoB
B MUKpOCXeMy npou3BoasiT curiansl RAS u CAS, koTopble popMUpyloT
peructp DDI14 u nonosiHuTe/bHBbIE JiorHdyeckue sJjeMeHTol DDI17.1,
DDI18.1 Tak, 4Tto6bl OblJIO BBHINOJHEHO TpeOOBAaHHE 10 BPEMEHHOMY

caury curHana CAS otHocutenbHO RAS.
OnHoBpeMeHHO C YKa3aHHbIMH CHIHaJaMH B pexkume obpallleHHs

¢popmupytoresi curansl CE=1 u OE =0 (npu MRDC =0), o6ecne-
yuBawwue ooMed moayass O3Y ¢ mHHOH uepe3 OydepHbId peructp
DDI13 ansi 3anucu B O3Y (CE=1, OE =1 u Bbixog DD13 orkaioueH)

u cuutbiBaHuss U3 O3Y (CE=1, OE =0) undpopmauuH.

B koHue nukiaa obpainesus Kk O3y, Kak BUAHO U3 pucC. 3.11, KOHT-
poaJiep opmupyer curHas pereHepaiuun REF =1, koropbiii uepe3
MYJIbTHILJIEKCOP KOMMYTHpPYeT BbiXxoAabl cuetuuka DDI19, DD20 Ha
appecHble Bxoabl O3Y u TakuM o6pa3oM obecreurBaeT pereHepaluio
nHopmauuu B I anpecyeMoii CTpOKH KaK10H MUKPOCXEMbI TAMSATH.
[To okoHuanuu curnasa REF cuetunk agpeca pereHepauuu nepexoaut
B cJleflylolllee COCTOAAHHE H dopMHpyeT Ha CBOUX BbIXOJLaXxX ajpec oye-
peqHOH CTPOKH.

[Mpu orcyrcTBuu obpamenuss k O3Y (MWTC=1, MRDC=1)
UK TpH Haauuuu curHagaa samnpera INHI =0 6s0k O3Y paboraet
TOJIbKO B pexxume pereHepailud. C KaxkabiM TaktoM P2 KOHTpoJIep

¢opmupyet curdainl RAS, REF u koa aapeca ouepenHoOH CTPOKH H
UHULUUPYeT paboTy MOAYJISI MaMATH MO LHKJIY pereHepauui.

[Ipouecc pereHepauuu mnpekpainaercss HNpH ob6pallleHHH MHKpPO-
npoueccopa kK O3Y, u KOHTpoJsiep ob6pabaTbiBaeT Tpe6GOBaHUE MHKPO-
npoueccopa. B KoHIle uukaa o6pauieHusi KOHTpoJJiep nepeBoauT 6J10K
O3Y B pexuM pereHepauuH, NMPOAOJKas 3ITOT MpoOleCC C ajapeca,
Ha KOTOpOM OH Obli MpepBaH.

Perenepanusi, ocyuiectBJjisieMasi 10 ONKCAHHOMY aJTOPUTMY, NOJY-
yuJa Ha3BaHHe «[PO3payHOi»: OHA He3aMeTHa [Jisi MUKpolpoueccopa
U He CHHXKaeT CKOPOCTb 00paboTKH nporpamMm. YcCaoBHEM il NpUMe-
HEeHHsI 3TOro crnocoba siBJsieTC HaJMYHe BPEMEHHBIX HHTEePBaJioB
MeX1Yy ABYMs JiIoObIMH oOpaleHusiMH MHKpornpoueccopa K O3Y, no-
CTaTOYHBIX /151 NPOBEAEeHUs OJHOTO LIHKJA pereHepaluu, T. €. pereHe-
pauuu npd obpauieHud Kk momyao O3Y no ogHoMy ajnpecy.

Anroputmom pa6oTbl Mukponpoieccopa KS680BM80 Ttakue uHTep-
BaJibl NPeAyCMOTPEHbl: MHUHUMAJbHBIA LHKJI MEXAY ‘ABYMs JiIOObIMH
oO6pauleHHsIMH K NaMSTH COCTOUT M3 TPeX TAaKTOBbIX MEPHOA0B CHUTHA-
jga ®2. Ilpu HoMUHaNbHOH yacToTe reHepatopa K580I'd24 18 MI'n
JJHTeNbHOCTh TakTa P2 paBHa 0,5 MKc. Eciid yyecTb, 4TO Ha BBINOJI-
HeHHe OJHOTO LIHKJA pereHepaluH MHKpocxeM K565PY5 B-]I Tpeby-
ercsd BpeMsi 230 ... 460 Hc (Taba. 2.13), TO oueBHIHA BO3MOXKHOCTb
peajM3allid B MUKPOIPOLIECCOPHBIX yCTpoUCcTBax Ha KoMmiekte bHUC
K580 cnocoba «npo3pauyHoOi» pereHepaniuu.

[Ipu 3TOM cnocobe BpeMmsi noJsiHOH pereHepauud O3Y e€MKOCTbIO

96



wA

A-A
o Ax | mux
Ag-As Ay
AgA
A” LM R1“ARE A_I\’ s
wV_ REF__ kEF| Al kan]o
BHE Av/Ax_ G 7
AMWC w/RL 248!
= Wk vl |02 2T %6\ 20,00,
Diy-DI, 8 { -
ENRAN OFL | L eel L | 8
ALET
CLK _ AlRan |6
RAS s 0500,
CTAS s 8
W/RH 7 oo 7 | FE
Dly=Dlis —or| A el | 8
CF |
OFH
wg 1
Y/ 16

Puc. 3.12. Baok nunamuueckoro O3Y ¢ untepdeiicom M4l

64K cs0B, paccuMTaHHOE C yuyeTOM TOro, 4To JJs1 pereHepauMu Mo
OJHOMY ajipecy B CHCTeMe OTBejleH OAWH TakT P2, cocTaBUT OKOJIO
200 MKc. DTo BpeMsi MHOrO MeHbllle JONYyCTHMOIo NepuoAa pereHepa-
uun mMukpocxem cepun Kb565.

CrpykrypHas cxema 670ka O3Y emkocTtbio 128K 6aiiT Ha MHKpoO-
cxemax Kb65PY5 npusenena Ha puc. 3.12, BTopoii BapHaHT peaJiu3sa-
uud KoHtpossiepa CLM noka3an Ha puc. 3.13 [31]. Ctpykrypa O3Y
opueHTHpoBaHa Ha 16-pa3psiaHbiii uHTepdeiic 41 u BkaOUaer nBa
6aiiToBbiX OaHKa JaHHbIX, UMEIOLLIHX pa3jesbHble BXOAbl YIpaBJeHHUS
pexxumom W/R, nBa 6ydepHbIXx perucrpa ¢ pasje/nbHbiM yrpaBieHHeM

paspetiienusi Bbixoga OE, MyJjbTHnsiekcop W KOHTpoJuiep. MyJibTH-
niekcop, cy6monyiu O3Y (6aHKu), 6ydepHble perHCTPbl aHAJOTHYHBI
npuBefieHHbIM Ha puc. 3.9. Kontpossep (puc. 3.13) ornuuaercss ot
BapuaHTa Ha puc. 3.10, npexxae Bcero, HanuuueMm ¢opmMHpoBaTesel
curHaJnoB ynpasJgeHust 6aHkamu O3Y W/RL u W/RH u 6ydepHbiMu
perucrpamu OEL u OEH .

[Ipu peanusanuu KOHTpoJJIepa Mo cxeMe Ha puc. 3.13 Heo6xoaHMO
npenycMotperhb comnpsixkeHde BbixonoB KS561HMEL0 co Bxomamu TTJI
MHKpOCXeM C nomoliblo 6ydepHOro Kackajaa, HanpuMmep, Ha MHKpO-
cxemax K56111Y4.

Hecko/sibko KHHaue MOCTpOeHbl cXeMbl (DOPMHPOBAHHSI W JPYTHX
yNpaBJSIOUIMX CHTHAJIOB, HO 3TH OTJHUYHSI He HUMeIOT NPHHLHUIHAJb-
HOro 3HaueHHsl, a BBeJleHbl JJis pacCLIMPeHHs] KOHKPETHbIX NMPHMEepOoB
CXeMOTeXHHYECKHX pelleHHi Mo peasu3ailndd KoHTposepa O3Y.
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[pyroii BapuaHT KOHTpoOJJIepa C aHAJOTHUHBIMH (YHKLUHSMH pac-
cmoTtpeH B [29].

Pexxum o6pauieus K moayaio O3Y HHULHHpYyeTCS CHrHaJaMu
ENRAM (paspeuwenuss o6pauiedusi k O3Y), ALEl (3amepxaHHbiil
Ha 60 Hc curHan ALE — cTpo6 cbema ajpeca ¢ LIMHbL apeca cHCTeM-

HOi maructpaau), AMWC (curHas ynpexaaiollero Ha TakT yhnpas-
JIeHHs] peXXUMOM 3anucH JaHHbiX B O3Y, N0 3HaueHHIO aHaJIOTHUHbIH
curHaly MWTC, MRDC (curHan ynpaBjeHHsl UTeHHeM JaHHbIX H3
03Yy).

TakrtoBbie umnyJsbel CLK reHepupyer mukpocxema KP1810I'd44
¢ yacroroit 5 MTu.

PexuM azpecauun siueek MOLYJIS ONpeJessiioT CHTHAJbI: BHElIHHE
CLK, ALE! u ¢opmupyemble Koutposjepom RAS, Ay/A;, CAS,
REF (puc. 3.14). C npuxonom ALEI tpurrepsi DD2.1, DD2.2 ycra-
HaBJMBAIOTCS B €IMHHUHOE COCTOSIHHE, YTO BLI3bIBaeT MOSIBJIEHHE HA
uHBepcHoM Bbixofe DD2.2 REF=0 (3amper pereHepauud) H Ha
Bbixose DDI1.6 curHana Ay/Ay=0 nepenaud miaaauiero Gaita A;—
Ag anpeca Ha agpectbie BXxoabl MoayJ st O3Y. 3aMeTuM, uTo aapecHblil
Kox Ao—Aio 1 curian BHE 3anucanbl B 6ydepHble perHCTpbl CHCTEM-
HOH MarucTpaJii u BbicTaBJeHbl Ha JuHUM LIIA u 1Y cTrpob6om ALE.
B koHrpossepe (puc. 3.13) curHan ALE] BbinosHsieT Takxke poJb
cTpo6a: OH OJHO3HAYHO yCTaHaB/IHBaeT COCTOsIHHe Tpurrepos DD2,
(HKCHpPYsl TeM caMbiM HauaJio 1Hukjaa o6meHa. CHsitHe curHasa ALE]
pas6aokupyer tpurreppl DD2, B pesynbraTte Ha Bhixoge DD2.1, pa-
60Talolero B cueTHOM pexkume, ¢opMmupyercsi curias RAS, oGecne-
uhBalolLuii BBo B Moaysab O3Y azapeca ctpok Ay {A; — As). Ha puc. 3.14
NOKa3aHO BpeMsi ylep:KaHHs ajapeca Ay OTHOCHTEJNbHO CHrHaJja
RAS, oo o6ecneueno snemedtrom DDI1.6 u mysabTuniekcopom DD9 —
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Puc. 3.14. BpeMmeHHEle inarpaMmbl CHTHAJIOB YIIpaBJieHHs] AH-
Hamuueckum O3Y (puc. 3.12)



DDI2 (cm. puc. 3.9) u nocratouHo nJs Pukcauuu ajapeca CTPOK Ha
BXOJIHOM DETHCTpPe B CTPYKType MHKpocxeMm namstTH. C mepekioue-
HueM DD2.1 MeHsiercsi coctosinde curHana Ay/Ax Ha | ¥ Ha BBIXOMIbI
MYJIbTHIJIEKCOpa Tepefaercsi aapec croabua Ay {Ag — Ajgl, KoTOpBbIi
BBOAUTCA B Moay/Jb O3Y crpobupymwouum curHajsom CAS, dopmu-
pyeMbiM 3jeMeHTOM DD3.2.

C okoHuaHuem curHajta CAS tpurrep DD2.2 nepexoiuT B HyJe-
BO€ COCTOsIHHE, HA €r0 HHBEPCHOM BbiXxoje hOpMHUPYeTCs CUTHaJ pere-
Hepauud REF, nepekniouaouinit Ha BbIXOAbl MYJIbTUIJIEKCOPA ajJpec-
HbId KOJA pereHepauun Ag, — Agg, ¢opmupyembiil cuetunkom DD6

C yacrtoroi ciaenoBaHusi curuanoB RAS. Ilpu pereHepauud BBOAHTCS
TOJIBKO ajipec CTPOK, Mo3ToMy B 3ToMm pexkume CAS=1.

Pexxum noctyna K MmoayJio O3Y W ynpaBJ/ieHusi ero pabotoil obec-
neunBalorT curiajsl BHE, Ay, AMWC, kotopble GOPMHUPYIOT Ha BbI-
xopax DD4.1 u DD4.2 curnanabl ynpaB/jeHusi pexxumoM 6ankoB O3Y
IJIS1 3anucH-cuuThiBaHus crapuero 6anta W/RH, maanmero 6adita
W /RL uau nByx6aiitoBoro ciosa W/RH=W /RL.

CurHaasl ENRAM, MRDC Bwmecte ¢ BHE, Ay dopmupylor Ha Bbi-
xonax DD5.1, DDb5.2 curHansl ynpas/jeHHs BbixogaMu Oy¢epHbIX

pPerucTpoB [Jisl BbIBOJAA B pexkMMe uTeHHusi 6aita u3 L-6anka OEL =0,
u3 H-6anka OEH=0 wuau o6oux 6aHKoB oaHoBpeMeHHO OEL=

=OEH=0. YcnoBueM BbiNoJIHEHUs pexxKHMMa oOMeHa SABJSIETCS HaJlu-
yue curiana CE paspeuienusi Bxoga Oy¢epHoOro perucrpa. STOT

curuan ¢opmupyer DD5.3 u3 curnana CAS.

Kak BHAMM, BHIOOp GaHKa NMaMATH NPOM3BOAST CHrHainl W /R.
YHacTto ¢ 3To# 1enblo HCMoJab3YIOT curHajabl CAS, dopMupysi X deliu-
¢bpaTtopom cTapwux pa3psamoB anpecHoro koaa [30].

[Ipu orcyTcTBHHM oOpalueHuss K moayJ/wo O3Y oH paboTaeTr TOJAbKO
B pexxume pereHepauud. KoHTpoJasaep ¢opmupyer ajapeca pereHepa-

uun, curdaganl RAS, REF u A,/Aq.

PereHepauusi 6yJeT NPOU3BOJAUTLCS 10 OuepeaHOro obpailleHus K
670Ky O3Y, korna ALEl =1 u kKoHTposJiep 6e3 3a1ep>KKH MepexoauT
B pexXuM obmeHa. CjaenoBaTesbHO, B paccMoTpeHHoM Mmonaynae O3Y
peaju30oBaH cnocob «INpo3payHOU» pereHepaluH.

HMcnonb3oBanue gaHHoro cnocoba CyuleCTBEHHO 3aTPYAHEHO IMpHU
NOBBILIIEHHH TAKTOBOH 4aCTOThbl MHKPOIPOIleCCoPa WJH MPU KOHBeHep-
HOW OpraHW3auuu BblOOPKH KOMaHM, KOraa AJUTEJbHOCTb HHTEPBAJIOB
MeXXJy oOpalleHUsIMH K MaMsATH HeJOCTaTOuHa IJis LHKJ/JIa pereHepa-
uMd. B Takux ciydasix peasu3yioT aJTOPUTMbI «IAKETHOU» WJH Yalle
BCEro pacrnpeieseHHOH pereHepanul. AJTOPUTM «MAKETHOH» pereHe-
palyy npeanoJaraer BbIMOJHEHHE MOJHOHW pereHepaluud MHUKPOCXEMBbI
B HelpepbiIBHOM HHTepBaJie BpeMeHHU M BbIBOJ, TakKuM oOpasom, 0Jio-
ka O3Y u3 pexxuma oO6MeHa B KaxKAblH MepHOJ]l pereHepaldd Ha 3Ha-
yhTeJbHOEe BpeMsi. B 3TOM cOCTOHT OCHOBHOH HeocTaTok crocoba [28].

Cnoco6 pacnpejeseHHOH pereHepalHd COCTOUT B TOM, UTO MOCJe€
oOpalleHust 1Ji1 pereHepauMu Mo OJHOMY aJpecy MHKpPOCXeMa OTKphI-
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BaeTcs Ui pexuma ob6MeHa. Takum o6pa3oM NOBHILIAETCH CTENEHb
«1po3pavyHocTu» 6soka O3Y njsi MHKponpoleccopa.

PaccMmoTpeHHble BapHaHTbl mocTpoeHHst AnHamuyeckux O3Y mno-
Ka3blBaloOT, UTO HanboJiee TPYALOEMKOH siBJsieTCs 3ajaya pa3paboTKu
KOHTpoJiepoB. [TosToMy 1esnecoo6pa3Ho HCMONb30BATh yKe rOTOBbIE
yCTpPOHCTBA, M3rOTOB/sieMble B BHIe MHKpocxeM. B uwacTHocTH, nJs
ynpaBJjieHust iuHamuueckum O3Y, peanu30oBaHHOM Ha MHKpOCXemax
Kb565PY3, K565PY6, npennasnauen kourpossiep K1801BI11-030. dra
MHKpOCXeMa BBIMOJIHSIET olepallid NpuemMa, XpaHeHHs H mpeobpaso-
BaHus anpeca miast O3Y, pereHepauuu monyasi O3Y, ocyuiecTBisieT
cBs3b mMoayasi O3Y u 6ydepa naHHbix ¢ maructpasbio MITU (Tuna
«DyeKTpoHHKa-60») [61].

Hexkoropoe ynpollieHHe KOHTpOJI1epOB o6ecrieyHBalOT BCTpauBae-
Mble B KpHcTaJJl AuHamuueckoro O3Y ¢dyHKUHOHAJbHBIE y3Jbl, obec-
neyyBaollie NpoBeieHHe pereHepauud. B mukpocxeme K565PY7
BCTPOEHHBIH CUETUYHK FreHepupyeT ajfpeca pereHepauud. [las ynpasie-

HUSI 3THM CUETYHKOM HCHoJb3yioT pexum «CAS-nepen-RAS» [23].
Takum o6pa3om, KoHtpoJsiep 610ka O3Y Ha mMuKpocxemax K565PY7
MOXKeT ObITb MOCTPOEH MO PACCMOTPEHHBIM CTPYKTYPHBIM PeLIeHHsIM C
pereHepaiiied curHajoM RAS myTeM HX HEKOTOPOTO YCJOXHEHHS:
yBeJIUYEeHUsT pPa3psilHOCTH CUETYHKA pPereHepallid H YHCIa KaHaJOB
myJbTHIJIeKcopa [33]. Ho oH mMoxkeT 6bIThb NOCTpOeH H Mo 6oJjiee npo-
cToil cxeMe ¢ ucnosb3oBanuem pexuma «CAS-nepen-RAS» u BcTpoeH-
Horo B Kpucrasa K565PY7 cueruuka ajzpecoB pereHepaluu.

3.3. YcrpoiicTBo 3anepKKH UH(POBbIX CHFHAJIOB

MukpocxeMbl MaMATH CTAaTHYECKOTrO H AMHAMHUYECKOro THMNA
C OJHOpa3psiAHOH opraHu3auueil MOXHO 3(p(eKTHBHO HCIOJb30BATb
IJ151 BbIMOJIHEHHS] QYHKIMH 3alepKKH LHGPOBLIX cHrHasoB. [IpuHuun
NOCTPOEHHSI TAKOTO YCTPOHCTBA Ha MHKpOCXeMax JHHaMHYecKOro
O3Y wuamoctpupyet puc. 3.15.

Co6GCTBEHHO 3J1€eMEHTOM 3aflepKKH siBjsieTcs: MHKpocxema O3Y
HJIH HEeCKOJIbKO MHKpPOCXeM, 06'belHHEHHbIX [JIS yBeJHYeHHS] eMKOCTH
no npaBuJaM, paccMoTpeHHbIM B § 3.1, 3.2. Jlast o6ecneuenusi paGoThl
MHKpPOCXeMbl MaMATH HeoOXOJHUMbl TeHepaTop TaKTOBbIX HMIYJ/1bCOB,
JIBOWYHBIH CYUETYHK H APyrue y3Jbl Ajsi GOPMHPOBAHHUS aJpecHbIX H
yNpaBJSIOLINX CHTHAMNOB.

['eHepaTop H ABOMYHBIH CUeTYHK GOPMHUPYIOT NOCJIEL0BATEIbHOCTD
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aJipeCHbIX KOJOB C TaKTOBOH yacToToH F, H, ciieqoBaTtesibHO, C NepHO-
aom ux chaenoBanuss Ty=1/F, CHHXpOHHO ¢ aapecHbIM KOAOM ¢Op-
MHUDPYIOTCS CHTHaAJbl ynpaBJjeHusi. Mukpocxema noJxHa pabGoTaTh B
pexxuMe « CunTbIBAHHE-MOAUGMDHKAIIUSA-3aTTHCh», IPH KOTOPOM IO OAHO-
My ajpecy CYUTbIBaercsi OUT HHPOpPMAIHH H 3aTeM MPOHU3BOJHUTCS
3anucb HOBOTro OMTA, MNOCTYNHUBILIEro Ha BXOJ MHKpPOcXeMbl (cm. § 2.2,
puc. 2.9). Takum obpa3om, LHPpPOBbIe CUTHAJIbI, 3aIHCAHHBbIE B HAKO-
NnUTeJb NMPU OAHOM mNepe6Gope Bcex ajapecoB 2", rae m-pas3psigHOCTb
ajipecHoro koaa, OyayT CYMTAHbl U3 HEro Npu cjenyioiieM nepebope
anpecoB. Bpemsi 3anonnenuss Hakonuteas 2" Tu M cocTaBJ/isieT Bpems
3a/lepKKH UH(QPOBBIX CHTHAJOB PAacCMOTPEHHBIM YCTPOHCTBOM.

BpemeHem 3a1epKKH MOXKHO YINPaBJAATb, H3MEHSSI €eMKOCTb HAKo-
MUTeAs] H TAKTOBYIO YacCToOTY.

BapuaHT peaJsiu3auMd yCTpPOHCTBA 3aJepXKKH Ha MHKpocxemax
K565PY6 npusenen Ha puc. 3.16 [36, 37]. UeTbipe MHKpPOCXeMBI Ma-
mMaTH DDI15 — DDI8 o6beanHeHbl B MOAYJb €MKOCTbIO 64K O6uT.
Moayab MoxeT ObITb 3alIpOrpaMMHUPOBaH Ha UeThipe 3HaYeHHS BpeMe-
HH 3a/iepP>XKH ¢ noMoubio Aeiinppatopa DDI14 aByx crapuux paspsi-
IOB ajapecHoro kompa As, Ajg U nepekswouyatens SAl.

dopmHpoBaHHe afipecHbIX CHrHaJJ0B A; — Aj¢ OCyllecTBJ/sET ABO-
HYHbIA cyeTyHk DD6 — DD9, npuuem B 3aBUCHMOCTH OT MOJIOXXEHHUSA
nepekawouarenss SAl aBa crapmux pa3psiia MOTYT NMPHHHMaTh pas-
JIMUHblEe 3HAYEHHUSA: TNPHU MOJOXKEHHH 4 CYeTUHUK (POPMHPYET MOJIHLIH
Habop komMOuHauu# 16-paspsigHOro ajgpecHoro Kkoga. B sTom pexume
nemndppartop DDI14, umess Ha cBoux Bxomax A, B Bce BO3MOXXHbIE
KOMOMHALHH CUTHAJOB A5, A, GOpMHPYET MOCTEA0BATENBHO CTPOOHI
CAS nnsi Bcex ueTbipex MHKpocxeM NaMsiTH. TakuM o6pa3om, HcC-
noJib3yercsi BCcsi eMKOCTb Moayass O3Y u TeM caMbiM obeclieunBaeTcs
HauboJsbluas AJUTENbHOCTb 3afiepKKH CUrHaJoB. B Apyrom kKpaidHem
MmoJjioXKeHHH | mnepekatouaTesnss ajapecHble CHrHazdbl Ajs, Ajg HMelOT
HyJieBble 3HaUeHUs] U He ydyacCTBYIOT B (POPMHPOBAHHH aJpPeCHBbIX KO-
noB. IlosToMy cHruan Bbibopa MHUKpPOCXeMbl (POPMHPYETCH TOJIBKO Ha
ofiHoM Bbixoae aewndpatopa DDI14 (BbiBom 7). CrnenoBaTesibHO, B
GOPMHPOBAHHHU JJIUTENbHOCTH 3a4€PXKKH y4acTBYeT TOJNbKO OHa MHUK-
pocxema namatd DDI15 emkoctbio 16K 6urt. [lpoMexyTouHblie moJo-
KeHHs 3 U 2 nepekJouatensi SA1 o6ecrneunBalOT BKJAIOUEHHE B PEXUM
dopMHpPOBaHHUS 3aJ€PKKH TPeX H ABYX MHKPOCXE€M COOTBETCTBEHHO.

['enepatop Ha snementax DDI1.1 u DDI1.2 ¢popmupyet konebanus
c yacroroii 4 MI'u, kotopeie cuetunkoM DD2 npeo6pa3yiorcsi B 4eThbl-
pe mnocJjieloBaTeNbHOCTH HMIYJbCOB ¢ uyactoramu 2, 1 MI'u, 500 u
250 kI'u. ITocnenoBaTenbHOCTb HMNYAbCOB ¢ yacTtoTod 250 kI'y sBASA-
eTCsI BXOJHOH /s afgpecHoro ¢opmupoBatenss DD6 — DD9 u popmu-

poBatessi curHana RAS Ha R5, C3, C4 u DD4.1, 3aagepxaHHoro Ha
200 HC OTHOCHTEJbHO CHrHaJla TAKTOBOH 4acTOTbl AJs obeclneyeHHS
HaJeXXHOH 3aluCcH ajapeca B MUKpocxemy namsaTH. [Ipu Hcnosnb3osa-
HHH JAPYTHX MHKPOCXEM B paccMaTpHBaeMbiX (PYHKIHOHAJBHBIX y3JaX

Heo6XOAHMMO B pacuyeT 3aAepXKH curHana RAS npuHumatb Tpebye-
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MOe 3HauyeHHe BPEMeHHOro napamerpa t,,pas MHKPOCXEMbl NaMATH
(Tabua. 2.13).

HMmnyabcHbie nocaenoBatesbHocTd 250 u 500 kI'y ucnosb3ylorces
nis ¢opmupoBanus curiaia W/R (DD4.2, DD3.4, DD4.3) u taxkro-
BOTO CHUTHaJia 1Jis BbiXxoAHoro 6ygepHoro tpurrepa DDI17.

AnpecHblil KO/ MOJBOAUTCS K MUKPOCXeEMaM NaMsITH Yyepe3 MYJIbTH-
miaekcop DD10 — DDI3.1, ynpaBJasieMblii curdajamu, KOTopble (op-
MUPYIOT 3jieMeHThl DD3.3 1 DD13.2. BHauasie B MUKpPOCXeMbl NaMSATH
BBOJHUTCS ajapec CTPOKH A; — Az, conpoBoxjaaeMbid curiasom RAS,

3aTeM ajapec croqbua As — Ajs, conpoBokjaaeMblii curiHajom CAS

npu akTuBHOM ypoBHe curHajna RAS. Curnan CAS 3pechb siBasieTcsi
U CUTHAJOM BbIOOpPA MHKPOCXEMHBI. |

PereHepanusi COnep>KHUMOr0 MHKPOCXeM MaMAATH MPOUCXOAHUT B
KaxX/1oM LHKJe obpaiieHus. [lautenbHocTh uukaa 4 mkce. Ciaenopa-
TeJIbHO, aJpecalusl BCeX CTPOK MHKPOCXeM OCYILEeCTBJISIETCH 3a BpeMs
0,5 MC, YTO 3HAQUHUTEJbHO MEHbIIIe MAKCHMAaJIbHO JOMyCTUMOTO NepHoia
pereHepaiui, paBHOro | HAW 2 MC B 3aBUCHUMOCTH OT THIIA MHKPO-
cxembl (cM. Ttaba. 2.13).

B0O3MOXXHOCTH PacCMOTPEHHOI0 yCTPOHCTBA MO 3aJeprKke LUPpo-
BbIX CHTHAJIOB OMNpee/siloTCS MoJioXKeHHeM Mnepekdawouatenss SAl wu
coctaJsaoT 65,0; 131; 196,6; 262 mc npu nosoKeHussx ot 4 xo | coot-
BeTCTBeHHO. OQUeBUIHO, 3TH BO3MOXKHOCTH MOTYT ObITb JIETKO paculu-
peHbl yBeJHUEHHEM YHUCJIa MHKPOCXeM MAaMSTH H BBEIAEHUEM COOTBET-
CTBYIOILIMX M3MEHEHHH B CXeMy KOHTpoJJjiepa: yBeJHUYEHHEM pa3psii-
HOCTH CueT4yHKa-popmupoBateas anapecos, Aemudparopa DDI4 wu
yuc/a NMo3uLMH nepekaouatenss SAL.

[IpuMeHeHHe ONMUCAHHOIO YCTPOUCTBA OCOOEHHO 3(PPEKTHBHO NPH
HeOOXOAMMOCTH (POPMHPOBAHHUS NJHTEJbHBIX 3aJeprKEK, Korjaa Mpu-
'MeHeHHe PEerdCTPOBLIX LieNned CTAaHOBUTCA Helesecoo0pas3HbiM N0 PALy
MPHYHH, B TOM YHCJe H3-3a MOBbIlIEHHOH onacHOCTH cb6oeB. JlelcTBH-
TeJbHO, IJiS1 BbINOJHEHUSI (QYHKIMH ONMCAHHOTO YCTPOHCTBA NMOHAL0-
O6sITCS1 peruCTPOBbie JIHHEHKH, COCTOsILIME U3 OoJiee 6O ThIC. pa3psaLoB.

Cpean BO3MOXKHBIX TMpPHMEHEHHH MporpaMMHpyeMbIX YCTPOHCTB
3aepKKH Ha MUKpOCXeMaXx MaMsiTH HHTepeC MOXKeT MpeLCTaBUTh pea-
JIU3alldsi Ha HX ocHoBe 3(dekra peBepbepauuu 3Byka [36].

3.4. YcTpoicTBa XpaHEeHHS H MHAHKALHH KOAOBBIX
nocJaea0BaTeJbHOCTEH

MuUKpocXeMbl aMATH € OAHOPA3PANHOH OpPraHu3auHed LIH-

POKO TNPHUMEHSAIOT AJIA 3allUCH, BPEMEHHOTO XPaHEHHs W Bbllayd [IJs
pPerucTpauuy WJIH HHAMKALHUHU KOLOBBIX MOCJEI0BATEJbHOCTEH.

[IpuHUuMN NEeHCTBUS TAKUX YCTPOHCTB OCHOBAH Ha MOC/e10BaTe/b-

HOM BO BPE€MEeHHM MOopa3psaJHOH 3alUCH KOJOBOH IOCJEL0BATEJIbHOCTH

B HAKOMNHUTEJNb MHKPOCXeMbl MpU Nepebope aapecoB C HYJEBOro M0

KOHeyHoro. 3anucaHHasi HHGOpMalHsi MOXeT COXPaHSATbCA U 3aTeM
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no TpeGOBaHHIO BBIBOLUTCS TaK Ke, KaK W 3aluChiBajach, T. €. MO-
CJeloBaTeJbHO BO BpeMeHH MOPa3psilHO MO Mepe U3MeHeHHs ajpe-
coB. B orsinume oT ycTpoicTBa 3ajepiKKH 3/eCb HeT HeOoOXOLHMOCTH
B pexuMe «CuHTbIBaHHSI-MOAU(HKALHUS-3AMACh», U TO3TOMY CHH-
MaeTcsl orpaHHYeHHe HOMeHKJaTypel MHKpocxeM O3Y, npuromaHbix
JJIsl IPHMEHeHUs] B yCTPOHCTBAX.

IHpumepom ucnosb3oBanust mukpocxembl O3Y B KauecTBe Gydep-
HOH MaMsITH KOAOBBIX MOCJEOBATE/NbLHOCTEH MOMKET CJYXKHTh aHaJO-
ro-uu¢poBoe yCTPOHCTBO JJISI HCCJAELOBAHUSA U PErHCTPALIUHU 3JEKTPH-
YeCcKHX cHrHaJo [38].

YerpoiictBo (puc. 3.17) BkilouaeT aHaJjoro-uupposoil mpeobpa-
3oBaresb (ALIT) DA1, DD5—DDS8, 6ydepnyio namars DD3, my.b-
tuniiekcop DD4, cuerunk-dopmuposartenb ajgpecos DD2, renepartop
TakToBbiX ummysbcoB DDI. Ananoro-uudpoBoii npeo6pasosaTeib
peasH30BaH MO MPUHIHUNY MOPa3psiAHOrO YypaBHOBellluBaHUS [8]
Ha MHKpocxemax Komnapatopa DAl (K521CA3), perucrpa nocieno-
BaTeJbHOro npubaumxenus DDS (K155MP17), 6ydepHoro peructpa
DD7 (K155TM7), uudpo-ananoroBoro npeobpasoBatens (LIAII)
DD6 (K572ITAl).

Mukpocxema cratuueckoro O3Y umeeT emKocTb 2" 6uT, rie
m-pa3psilHOCTb ajJpecHoro kojxa. l'eHepatop W cyeTuyuk ¢op-
MHPYIOT ajipecHble KOJbl B CTAPTCTONHOM WJIH HENMPEPBIBHOM PEXH-
Max. MakcHMmaJsibHasi TakToBasi 4acToTa, C KOTOPOH MOXeT MpOHu3-
BOAMTBHCA IHMCKpPETH3allHsi BXOAHOTO aHajioroBoro curHana Uy, 3aBu-
CHT OT JMHAMHYeCKHX napamerpoB sjemeHToB ALLIl, rsiaBHBIM 06-
pasom ot BpeMmeHu ycraHoienus [IAIl DD6.

[Ipu BbIGOpPE MHKpPOCXeMbl MaMATH Heo6XOAUMO 06ecnedyuThb
COOTBeTCTBHE ee ObICTpO/AelcTBHA TaKTOBOH uactote. B [38] Hcnosb-
3oBaHa muKpocxema K565PY2 emkoctbio 1K 6uT. BMecTo Hee MOXKHO
NpUMEHHTh JI06YI0 ApPYrylo Mukpocxemy, Hanpumep Kb537PY3 ewm-
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KocTbio 4K 6utr (m=12), umewoiyo MeHblllee 3HepromnorpebjeHue
U OJMH HCTOUYHHK nutaHus. ['eHepatop DDI1 u cuetuuk-¢popmupoBa-
Teqb aapeca DD2 moryT ObIThb peaJsin3oBaHbl MO cxeMaM Ha puc. 3.16
C MU3MeHeHHeM [apaMmeTpPOB BpeMs3ajamolled Lend redHeparopa s
MOJyYeHHs HYKHOH TAKTOBOM UACTOTHI.

YcTpoiicTBO MoxeT paboTaTh B peXHMaxX H3MepeHHs, XpaHeHHSs
H3MEpPHUTEeJbHOH HHPOpPMALHHU U ee BbIBOAA [AJs HHAUKALHUHU HJH pe-
TMCTPpaUMHd B UMPPOBOH M aHAJOroBod (popme MpeAcTaBJEHHS.

Ilpu Hannuuu Ha Bxone «M3mepenue» curHasa ¢ ypoBHEM JIOTH-
yecko#d | ALLIT ¢ yacToToli TaKTOBbIX UMIYJbCOB BblOMpaeT 3HaYeHHe
HaMpsi>KkeHUusl awajoroBoro curiansa Uy u npeobpasyer ux B 8-pas-
pAOHbIA IHPPOBOH KOL, CHUMaeMbld ¢ Bbixoga OydepHOro perucrpa
DD7. MukpocxeMa nmaMsiTH BKJ/IIOUEHA MapaJJielbHO Lenu npeobpa-
30BaHUsl U HAXOAMUTCS B pexKHme 3anucu. LlugpoBbie curHaldbl C Bbi-
xona DAl mocrynaioT Ha BXOJ MHKPOCXeMbl MaMsSTH W MOPa3psilHO
3aMUCbhIBAIOTCS B HAKOMUTENb MO Mepe U3MeHeHUs anapecoB. [Ipu ne-
pebope Bcex aJpecoB B MHUKPOCXeMy eMKOCTbl0 4K OUT MOXKHO 3amu-
catb UHPpOBble Koabl 512 BbIOOPOK. dTa MHPOpPMAUHS MOXKeET ObiThb
COXpaHeHa 3aJaHHOe BpeMs MPH CHATHH pa3pelieHuss co Bxopa «Hs-
MepeHHey. MHKpocxeMa B 3TOM CJiyuae HaXOJHUTCS B PeKHUME€ CUHTHI-
BaHHUA, HO MyJbTHIiekcop DD4 npu orcyrcTBuM curHajna paspelue-
HUsl «BbiBOJ» 3aKpbiBaeT ee BbIXOJ AJ51 CYUTBIBAHHSI.

B pexume BniBoga DDJ3 BkiouyeHa yepe3 DD4 B uenb npeo6-
pa3oBaHHs CUMUTHIBAEMbBIX C €e BblXO/a [0 Mepe BO3pacCTaHHUs aJpecoB
CUrHaJiOB B 8-pa3psiiHblii MapaJJjenbHblii Koi Ha Bbixoge DD7 u B
COOTBETCTBYIOLIHHA €My aHAJOrOBbiH YyPOBeHb HAMPSKEHUA HA BbIXO/eE
LLAIT DD6. BoixogHble curHajbl MOXKHO MOAATh Ha pPerucTpupylollee
YCTPOHCTBO M HHAMKATOp, Hanpumep Ha 3KpaH ocuuajorpada. B pe-
>)KHMe BbIBOJAa U3MEPHUTEJbHOH HH(POPMAUHH H3 HAKOIMHTENS MYJbTH-
niaekcop DD4 wuckiawoyaer u3 Uenu MnpeoOpa3oBaHHUS KOMIApaTop
DAl, u, cnenoBaresibHO, H3MeHEHHSI €ro COCTOSIHUSI MO BO3JEeHCTBHEM
CMrHaja Ha Bxoge Uy He BJIMSAIOT Ha BbIBOJ HHPOpPMALIUH.

Bpemsi omHOro H3MepeHHsi pPaBHO [JIMTENbHOCTH YCTAHOBJIEHHA
Ha Bbixoge DD7 uudposoro Kona, oro6pazkamwliero 3HaueHue aMIiH-
Tyabl BbIOOPKH BXoaHOro curHazsa Uy. [das ¢popmupoBaHHs Koma He-
o6xonuMbl BoceMb TakToB. [lpu TakroBoi yacrore 100 kI'n Bpems
oaHoro uaMmepeHusi paBHO 80 Mmkc. CJyenoBaTesbHO, 1JiSI U3MepPEHHS
curHaja B 512 Bbi6opkax (Toukax) Heob6xoauMo 41 mc.

Ecsau B cxeMme HcnoJib3oBaTh ObicTponeicrByloiiue LLAIT, Hanpu-
mep KI1118ITAl uau IIA2 c BpeMeHeM ycraHoBJieHHs MeHee 100 Hc,
komnapatop K521CAl, To MOXXHO MNOBBLICHTb TAKTOBYIO 4acCTOTy M0
3 MI'n W CHHU3UTb BpeMsi H3MepeHHs] CHUTHaJa B 512 Toukax 10
1,2 Mmc. B Takom ycTtpoicTBe MOTyT ObiTb NPHMEHEHbl MHKPOCXEMBbI
cepuit K132, K541 u mHorue u3 cepuu Kb537.

YBesivyeHHe eMKOCTH Oy(depHOH NaMATH MOXKHO OCYLIEeCTBHTb
coe/lHHEHHEM HeCKOJbKHX MHKpocxeM O3Y B MOAyJ/b M BBedeHHEM
B CXeMy ylpaBJjeHHs JewlHdparopa BblOOpa MHKPOCXEM.
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Puc. 3.18. Ycrpo#cTBO a5 3alHCH, XpPaHEHHs KOJAOBBIX [OCJ€A0BaTeNbHOCTEH H Bbl-
BoJa HX Ha 3KpaH ocuuagaorpacga

Ha puc. 3.18 mnpuBegeHa cxema ycTpolcrBa (pa3paborka
H. Il. PomanoBa), obaanaioiuero 6jarogapss HajJd4dio B €ro CTpyk-
Type MUHKpocxeMbl cratudeckoro O3Y DD17 HaGopoMm npakTHUecKH
MoJie3HbIX BO3MOXKHOCTeH. OHO MO3BoJIsieT MOOGUTHO 3aHOCHUTb HHGOP-
mMaluio no tpebyemomy ajapecy, Ha6JiogaTb Ha 3KpaHe OCUHJJIOrpa-
da comepKHMOe KaxXIOro sjemMeHTa MaMATH MaTPHIbl HAKOIMHTEJs,
NpoBepsATb HCIPABHOCTb MHKPOCXEMbl MNaMATH CNOCOO0OM 3aHeceHHS
U cuuTbiBaHud 0 U 1 B BeCb MAacCHB 3JIEeMEHTOB MaMATH, MOCTPOYHO
HJIK MO cToj6llaM B pa3HbIX BapHaHTax couyetraHud TeMHbix (Il 3a-
nosiHeHbl 0) # cBeribliX (DI1 3anosHeHbl 1) BepTHKAJbHBIX H TOPH-
30HTAJIbHLIX TOJOC B MarTpuie C HaOJJeHHEM 3TOH KapTHHbI Ha
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3KkpaHe -ocuuiasnorpada. Ilpuuem pasi orob6pakeHuss HHPOpPMALUH
MOXeT ObITb HCIOJb30BaH CEPHHHBbIA ocuuiorpad Jawoboro Tuna,
UMEOLLIUHA BXoa Z.

YCcTpOHCTBO MOXKHO HCIOJb30BaTb B KayecTBe COCTABHOHW 4acCTH
nporpammaropa Mukpocxem IITI3Y u PII3Y, Tak Kak oHO mo3BoJisieT
B pexXuMe pyuHoro Habopa nporpammupoBaTbh MaTpuily O3Y ¢ KOHT-
poJjieM Ha 3KpaHe ocuuJ/iorpada Bced MaATPHULLbl H C BO3MOXHOCTbIO
noO6UTHOH KOoppeKUHWH HHPopMauuu. 3aTeM 3Ta HHGOpMaALIUsS B PEXH-
Me MOOHWTHOrO CYUTbIBAHUS AOJI2)KHA ObITh NepefaHa HA BXOJ MHKpPO-
cxembl [ITI3Y wau PII3Y.

CJIeIlyeT o0paTuTb BHHUMAaHHE M HA BO3MOXXHOCTb HCIOJb30Ba-
HHS YCTPOHCTBA B Yy4yeOHBIX LedsiX AJAS MOCTPOEHHS MAaKeTOB A5
H3y4YeHHs] MHKPOCXeM MaMATH H PEXHMOB HX paboThl.

CTPYKTYPHYIO CXeMYy YCTPOWCTBA BKJIIOYeHbl reHepatop DDI
U CYeTUHK-(popMHpoBaTesb aapecHbix KogoB DD2—DDI13, nabopHoe
noie SAO — SAll pasi pyuHoro Habopa aapeca, HOpMHpPOBAaTeNb
‘curHana 3anucu DD14—DDI16, nonaBaembii Ha Bxog W/R 3ambi-
kaHnueM kKHonkd SB2, na LIAIl DA1, DA2, dopmupyioiliue Hanpsixe-
HUSI pa3BepTKH AJs1 ociugorpada. OHd MOryT ObiTh peaju30BaHbl Ha
pe3uctopax, coefHHeHHbIX B MaTpuuy R=2R, HO B 3TOM cJyuae
HY>XHO OoTOOpaTh pe3uCTOpbl C MaJibiM AOMYCKOM Ha pas3bpocC comnpo-
THUBJICHHH.

Cxembl LIAIT no3BoJisitoT mMoJyyaTb Ha 3KpaHe ocHHIorpada
pacTp, coctosiiiié W3 4096 Touek, pacrnoJiokeHHbIX B (dopme Mar-
puubl 64 X 64. |

Cxema DAl npeob6pa3yeT curHaJibl ILIeCTH MJAaAlIHX Pa3psiioB
aapeca B 64 TOYKH CTpOKH. KaXnoH TOUKe COOTBETCTBYeT OIUH
Iar npuHpalleHdsi HanpsikeHHsi Ha Bbixoge DAIL. IToka ¢dopmupyilores
64 TOYKM CTPOKH, HamnpsikeHHe Ha Bbixofe DA2 HeusMeHHO, Tak
KaK Ha Bbixojbl 3Toro LLAIIl nmopaHbl crapuive pa3psiibl Kojaa ajapeca,
KOTOpbie NMPUMYT OYepelHOe COCTOsiHHe TOJIbKO MocJje Bcex 64 KoM-
6uHauHH MJaangmux pa3psaoB. C KaxXAbiM NpHpallleHHeM Harmpsixe-
Husgs Ha Beixoge LIAIT DA2 ¢dopmupyeMasi cTpouKa mnepemMelaercs
BHM3 Ha OJHMH 1Iar, U TAKHX LIaroB npu mnepebope Bcex KOMOHHa-
IIHA cTapliux pas3psgoB — 64. HacTtora cMeHbl afpecoB JOCTAaTOYHO
Bbicokasi, HanpuMmep 100 kl'u, Tak 4TO BC/JAeACTBHE NPOSBJEHHUA 3¢-
¢beKTa NMHAMHYECKOHM HHIAHMKALIMU HA 3KpaHe oToOpaKaeTcsi MaTpH-
na, cocrosimtass u3 4096 Touexk.

OnHako TOYKa Ha 3KpaHe — 3TO TOJbKO yKa3aTesb PacroJoxKe-
HUsl 3JIeMeHTa NaMsTH B MaTpHlLEe HaKomnuTelssi. EC/JH yMeHbIUIHTH
SAPKOCTb Jyda ocuu/orpada, 1o udobpakeHue MAaTpPHLbl HCUEe3HeT.
Hysi oToOpakeHHsi Ha 3KpaHe CONEPKHUMOIO HAKOIUTeNs BBbIXOM
MHKpPOCXeMbl TaMSTH HEMOCPeACTBEHHO, KakK Ha puc. 3.18, uiu uepes
npeaBapuTe/ibHbid (OpMHUpPOBaATe/]Nb [OLAIOT HA BXOL Z OCLHUJJIO-
rpada.

Miukpocxema naMmsATH paboTaeT MOCTOAHHO B peXXHUMe CYHUTHLIBA-
HUSI 1O HemnpepbiBHO NepebupaeMbiM ajapecam. HapylueHue 3Toro
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pexxHMMa BbI3bIBAIOT KpPaTKOBpeMeHHble HaxKaTHsi KHONKH SB2 pjs
3anucu HH(OpMallMH B PYUHOM, KOrja nepekaiouateib SB3 Haxomur-
Csl B MOJIOKeHHH «P», uiM B aBTOMaTHuecKOM pexume, Koraa SB3
nepeBejeH B MMOJIOXKEHHE «Ay.

CuutpiBaeMasi HHpopMauusi oToOparkaeTcsi Ha 3KpaHe B BHIE
CBeTSIIUXCS TOoYeK, ecad |, u TeMHBbIX MecT, ecyad O

Jlasi 3anucu 6uta HHGQOpMAUHUU HEOOXOAHUMO mepekstouaTtesns SBJ3
nepeBeCcTH B MoOJOXeHHe «P» ¥ HabGpaTb ajpec 3jeMeHTa NaMATH
nepekJsyatelsiMd HabopHOro noJisi. 3aTeM KpaTKOBPEMEHHbIM Ha-
)KaTHeM KHONKH SB2 B MHKpOCXeMy MmaMsiTH [0 HaOpaHHOMY ajpecy
BHOCHUTCS 6T, paBHbiH O WM | B 3aBHCHMOCTH OT MOJIOXKEHHUSA Tepe-
Kaouateass SBI, 3aHocHMBbIi GHT aBTOMaTHUECKH MEePEHOCHTCS Ha
3KpaHHoe H300pa)keHHe MaTpuubl Hakonuresas. VK3buparenbHas
anpecanus obecrneueda aemndpparopom DD14—DDI16, Ha Beixoge ko-
Toporo ¢opmupyercsi curHai 3amick W/R=0 ToibKO B MOMEHT
NOsIBJIEHHS] HA BBIXOLAX aJpPeCHOro CYyeTYHKa KojJa, COOTBETCTBYIOLLLe-
ro HabpaHHOMY.

B aBromatuueckom pexkume (SB3 B nosoxkeHuH «A») CHrHaJ
3anucu QopmupyeTcsi B KaxaAoM Takte. [103TOMy MOXKHO 3aHecTH B
HakKonurtesb WJId Bce |, uwau Bce 0, UAM 4YepenylOllHeCs TEMHbIE H
CBeTJible CTPOKH HJIH CTOJOLBbI, ecyi BXOA D1 cOeaAHHHUTbL C BLIXOAOM
cueTydika Ao uau Ag coorBercTBeHHO. [losochl MoryT ObiThb 6oJiee
LIKPOKUMH, €CJH HCIOJb30BaTh CHTHAJbl C APYTrHUX BLIXOLOB ajpec-
HOI'O CYETYHKA.

" Ilpu Heo6XOMHMOCTH MOXXHO BBOJIHTb HHGOpPMAIHIO B MHKpOCXe-
My NamsaTH C Tejerpa¢HoOro KkJjiuya, pelakKTHpoBaTb ee H 3aTeM
BbIBOJHMTb Ha Mepejaudy. YCTPOHCTBO TaKOTO THIA [/ BbITOJHEHHS
GYHKUHMA aBTOMaTHYECKOTO TeserpaHoro kKJjamoua C CeJeKTHBHOH
namatbio onucaHo B [40].

Ha ocHoBe paccmoTpeHHOro crnoco6a INpakTHYECKOro HCHOJb-
30BaHusl MHKpocxeM O3Y MoryT ObiTb MOCTPOeHbl 6oJiee CJI0XKHbIE
YCTPOUCTBA HMHAMKAIHUH aHAJOro-UH(POBOH U rpaduyeckod HHPOp-
MAlHWH, MNpedHa3sHauyeHHble [IJs1 COBMECTHOH palboOThl C MHKPOIPO-
meccopamMu. OMH U3 BapHaHTOB TAKOr0 yCTPOHCTBA, OPHEHTHPOBAH-
HbIH JJ151 pa60Tb1 c maructpannio MITH, npusenen Ha puc. 3.19 [39].

B ycrpoiictBo Bxoast redepatop DD3 u peaurenr DD4.1, ¢op-
MHPYIOIlHEe TaKTOBble HMIYyJabchbl ¢ uyactotoi 250 kI'w, CUETUHK-
¢dopmupoBaTesib agpecHbix KoaoB DD, agpecHoe ycrpoicteo DDI,
DD2, ycTpolCTBO ymnpaBJ/jieHHSI PE€XHMOM CUETUHMKA H MHKPOCXEMBI
O3y DD4.2, ycrpoiicTBo comnpsixkeHdusi ¢ ocuuanorpadpom DAL,
DA2, DD7-—-DDI10, VT1—-VT4.

YCcTpOoHCTBO B3aHMOAEHCTBYET C MarucTpaJblo NpH oOpaiueHHH
K HEMYy [0 YCTAaHOBJIEHHOMY ajpecy U TOJIbKO B LHKJIE 3allUCH HH-
¢popmanuu. PyHKIHH aJpPeCHOro YyCTPOHCTBA BBINMOJIHSAET Aeliudpa-
top DDI. Tlpu ycraHoBseHHOM agpecHoM kode Ha BbixoAe DDI
nosipasiercsi 1, kotopasi no curHaay SYNC 3aHOCHTCA B TpHITep
DD2. Jtot curHaa nepeBoauT Tpurrep DD4.2 B HyJsieBoe cOCTOsiHHE
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Puc. 3.19. YerpoiicrBo BuBosa HHGopMmauuu ¢ maructpasn MIIM Ha skpaH ocumaiorpaga



U TeM caMbiM ofecrieyHBaeT peXHUM NapaJiesbHOH 3alHCH AJs CyeT-
yuka DDS u pexxum 3anmucH A/11 MHKPOCXeMbl MaMSITH.

3a konooM ajpeca no wuHe «JlaHHble-Anpec» mocTynaer CJIOBO
Do—D;s, B KoTopom pa3psin Do siBasieTcsi HHGOPMALMOHHBIM, a pas-
psiapt  Dy—Dy; — agpecHbiMu (06  ucmosb3oBaHHH  Dj3—Dis
cm. [39]). Anpec uepes DD5 mnepemaercsi Ha ajapecHbie BXOIbI
DD6 u o6ecrneunBaeT BbIGOPKY COOTBETCTBYIOLEro 3/71eMeHTa MaMsTH
M5 3anucH B Hero Dg. Lluka 3anucH opHoro 6GHTa 3aBepuiaercsi
¢opmupoBanHemM oTBeTHoro curHaia RPLY (Ha puc. 3.19 He no-
KasaH).

BuiBoj 3anucaHHOM HHGbOpPMalHd NMPOU3BOJUTCH B aBTOHOMHOM
pexxuMe paboThl NMPH HaJMYMH Ha Bxode V cuerunka DDS ypoBHs
0 u Ha Bxome W/R mukpocxembl DD6 ypoBHsi 1. B pexxume BbiBoja
cuetuuk DDb nepe6upaer ajnpeca ¢ HysneBoro g0 KoHeuHoro. CHH-
XPOHHO C KaXX[blM aJpecHbIM KOJOM H3MEHsIeTCsl CHTHaJ Ha BXOJe
CS ¥ BBIBOAMT OfiMH 6MT M3 HakonuTessi. Ha Bbixoge DD6 Bkiiouen
tpurrep DD7.1, cUHXpOHH3UpPOBaHHBIH C MHKPOCXeMOH NaMsITH H
cuetyrikoM. OH ynpaBasier sjeMmeHtamu DDI10.2 u DDI1 u Bbixon-
HbiM KackagoM VT1—VT4 rtak, uro ecau u3 DD6 BeiBoauTcsi O,
TO Ha BbIXOZE Z CHTHaJ OTCYTCTBYET, eCJH |, TO MOsIBJISIeTCS 3HAKO-
nepeMeHHbIl MeaHIp C TAKTOBOH 4acTOTOH. AMIVIHTYLY 3TOro CHr-
Haja MOXHO peryJHpoBaTh pe3uctopoM R7.

CunxponHo ¢ curHajiom Z LIAIT DAL, DA2 ¢opMmupYIOT CHrHAJBbI
X v Y, uto 1 obecneyWBaeT HHJAHKALHIO BHIBOJHMOro GHTa B BHIE
CBETJIOH MJIH TEMHOH TOUKH B ONpelesJeHHOM MeCTe MaTpHlbl Ha
3KpaHe ocuuJaorpada.

Ha Bpemsi o6paTHoro xosma Jyua curHas, gopmupyembiii DD8
aasi ctpok, DD9 no 3aBepuieHuio nepeGopa Bcex anpecos, DDI10.1
u DD7.2, 3anepxuBaer cueryuk DD5 u 3akpbiBaeT Bbixon Z.

Peanusanusi onucaHHbIX ycTpoHcTB (cM. puc. 3.18 u 3.19) He Ha-
JlaraeT HHKaKHX OrpaHHYeHHH Ha MHKPOCXeMbl MaMSITH, BK/aloyasi H
pa3psiAHOCTb aJpecHOro Koja.

Fnasa 4

MHUKPOCXEMbI TIOCTOSIHHBIX 3AITOMHHAIOHIMX
YCTPONCTB

4.1. Mukpocxembi Macounbix M3Y

Mukpocxembl [I3Y nmo cnocoby nporpaMMHpOBaHHS, T. e.
3aHeceHHs] B HHX HH(}oOpMaLWH, MOAPA3NeISIOT HA TPH TPYMNIbL:
[13Y, onHOKpaTHO MporpaMMHpyeMble H3rOTOBHTEJEM MO COcoOy 3a-
Ka3Horo ¢orowabniona (macku), macounsie I13Y (II3YM, ROM);
[13Y, omHoKpaTHO NporpamMMHpyeMble INOJb30BaTeNeM IO Crnocoby
nepeXuraHusi MJIaBKUX nepembluek Ha kpucramie (I1I13Y, PROM);
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Puc. 4.1. YcrpoiictBo MHKpocxeMbl Ma-  Puc. 4.2, Daementoi namsith [I3Y Ha
coynoro I13Y Ha GunonsipHbix cTpykrypax  MJIIT TpaH3ucTopax ¢ nporpaMMHpyeMbiM
MOPOroBbIM HaMpsi:KeHHeM

[13Y, mHOrokpaTHO nmporpammupyemble MoJb30BaTe/leM, penporpam-
mupyembie [13Y (PII3Y, EPROM).

O6uuM cBoicTBOM Bcex MHKpocxem [I3Y siBasiioTcss X MHOro-
pa3psigHasi (cJoBapHasi) OpraHu3allisi, PEXHM CUMTBIBAHHS Kak
OCHOBHOH pexHM paboThl M 3HepProHe3aBHCHMOCTb. Bmecte ¢ TeMm
y HHX ecTb M CYUIeCTBEHHble pa3J/uuus B crnocobe MporpaMmupo-
BaHHUsl, peXUMax CUHTbIBaHHsi, B OOpallleHHd C HUMH TPU NpPHUMeHe-
HuH. IloaTomy Lesecoo6pa3HO paccMOTpPeTb KaxAYIO TPYNMy MHKpO-
cxem T13Y ornenbHo.

Mukpocxembl [I3YM wusroraBnuBaior mno GunoaspHoi TTJI,
TTJIL-TexHo/IOrHH, n-KaHaabHOH, p-kaHajabHOH U KM/III-texHoso-
rusiMm. [lpuHuun nocrpoeHusi y OGOJBUIMHCTBA MHKPOCXEM TpPYMIbI
[I3YM oauHakoB W MOxeT ObITb NpeAcTaBJjeH CTPYKTYPOH MHKpO-
cxem KI55PE21—KI155PE24 (puc. 4.1). OCHOBHBIMH 3JleMEHTaMHu
CTPYKTYPHOH CXeMbl SIBJSAIOTCSI: MaTpHlla 3J1eMEeHTOB NaMSTH, IeLIH-
¢dparopsl ctpok DCX u cronbuos DCY, cesnekTopsl (K/Jawouu BbiGopa
CTOJ6LOB), ajapecHblH (GopMUpOBaTe/b, YCHJIUTEJNH CUMTHIBAHHSI.
Marpuua cocrout u3 maccuBa I, KaKAblH H3 KOTOPBIX pa3MelileH
Ha nepeceyeHHH CTPOKH H cTojbua. jemeHT namsatu [13YM npen-
cTaBJ/sieT COO0H PE3UCTHBHYIO HJIH TMOJYNMPOBOAHHKOBYIO (IHOAHYIO,
TPaH3UCTOPHYIO) MepeMbIuKy MexXAy CTPokoi u croabuom. UHbop-
MalLHUI0 B MaTpHIly 3aHOCSAT B Npollecce H3TOTOBJEHHUS] MHKPOCXeMbl
M OCYILECTBJ/ISIIOT 3Ty OMEpPaLyi0 B OCHOBHOM [BYMsI Pa3HbIMH TeX-
HOJIOTHUECKHMH crnocobaMH.

MiukpocxeMbl Ha OGHMOJSIPHBIX TPAH3UCTOpPax MPOTPaMMHPYIOT
nyreM GOpPMHPOBAHHS TepeMblueK MeXJy CTPOKaMH H CTOJOLAMH B
TeX TOYKax MaTpHlbl, Kyla cjelyeT 3aHeCTH Jioruueckyio 1. B rtex
TOYKAaxX MaTpulbl, e LoJKeH ObiTb Joruueckud 0, mepeMbluky He
($hopMHUDYIOT.

Marpuua Ha puc. 4.1 comepxutr 32X32 III. Ona coctout u3
32 TPaH3UCTOPOB MO YHCJAY CTPOK, KaxJbli H3 KOTODbIX HMeeT
32 3MuTTEepa MO YHCAy CTONGUOB (pa3psiiHbix IWHH). KossieKTopbl
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BCeX TPAH3HUCTOPOB COeNHHEHBbl ¢ IIHHOH muTaHus. basbl Tpan3uc-
TOpoB 06pas3yloT CTPOKH MaTpHibl. OHH MOJKJIIOYEHBl K BbIXOAAM Je-
wudpartopa aapeca CTPOK. IMHTTEpPbl JHOO HMEIOT COeJHHEHHe ¢
paspsigHoii muHOH («1»), au60 He uMeloT («0»). PaspsaHble mHHBI
pasnesieHbl Ha yeThlpe IPyNnbl N0 BOoCeMb WIHH B Kaxaod. Kaxnas
M3 ueTblpeXx TPyMNN IIHH 3aMbIKAaeTCsl Ha CeJNeKTOpP, KOTOPbIH MOoA
yrpaBJ/ieHHeM CHTHaJOB C BbIXONOB Aemkdparopa cron6uos DCY Bbl-
6upaeT W3 BOCbMH LIHH OJAHY H KOMMYTHPYET ee Ha BBIXOJ.

Ha BBbIXOAbl CeNEeKTOPOB BKJ/IOYEHbl YCHJIHMTEJNH CYHTHIBAHHS,
crpo6upyemMbie curianamu CS; u CSo Ilpu CS;=CSy;=0 ycuaunre-
JIU OTKPBITBbl JJIS1 CUUTbIBAHUS HH(OPMALHUH, NPH APYrHX KoMOHHa-
IIUSIX 3THX CHTHAJIOB — 3aKPBITBl H Ha MX BBIXOJAaX yCTaHaBJHBAIOT-
csi ypoBHH 1.

BbIGOPKY 4-pa3psiiHOro CJ0Ba OCYLLECTBJSIOT 8-pa3psiiHbIM KO-
JIOM ajpeca, MoCTynalolUM Ha ajpecHbli popmupoBartens F, koro-
pblii HeOGXOMUM [J151 COTJIACOBAHHSI CXeM Ha KpHUCTaJ/je C BHELIHHMH
LensiMH, W 3aTeM Ha BXonbl AeliudpaTopoB cTpok A;—Ajz U cTONG-
1oB A,—A,. Ha onHoM U3 BBIXO0OB Kaxjoro jAemudparopa dopmu-
PYIOTCSl BbICOKHE YPOBHH HalpsiKeHHsl, KOTOpble BBIGHPAIOT H3 MaT-
pHuubl 4-pa3psifHoe ciaoBo. Ha BbIXxoj MHKpocxeMmbl BhIGpaHHOE CJIO-
BO IIOCTYyNaeT NPU paspellalolldX CHrHAJax YIpaBJeHHs] CUHUTHIBA-
HueM CS;=CS,=0.

B wmukpocxemax [13YM, usrorosieHHbix no MJIII-texHoltoruuy,
jnemeHntaMd mnamsATH sBasioTcs MJIII-TpaH3ucTopel ¢ KaHajgamu
n-Tvna, p-THIa WIH KoMmIieMeHTapHble. OHM BKJ/IOUEHBI Ha MNepece-
YeHHSIX CTPOK W cTON6LOB MaTpuubl. [lporpaMmupoBaHHe TakKHX
MHKPOCXEM OCYLLIEeCTBJHIOT 160 1Mo cnocoly (pOpMHPOBaHHUS IepeMbl-
4eK, T. €. CXeMbl MOAKJIOUEHHS TPaH3HCTOPOB K LIMHAM CTOJGIOB,
au6o no crnocoby ¢opmupoBanus MJIII-TpaH3ucTopoB ¢ AByMs THoO-
poramMH OTNHPAHUSA: HHU3KHM H BBICOKHM. B matpuuax, nporpamMmu-
pyeMbIX MO BTOPOMY croco0y, BCe TPAH3HCTOPbl COEJHHEHDbI ¢ IIHMHA-
MH CTPOK H CTOJI6LOB, KaK NMOKa3aHO Ha pHC. 4.2, HO UMEIOT pa3Hylo
TOJIIIMHY MOJ3aTBOPHOTO [H3JeKTPHKA H, CJeLOoBaTeJ]bHO, pa3Hoe
noporoBoe HamnpsixkeHue: 6oJiee HH3Koe y TpaH3uctopa VTI, urto co-
orBercTByeT 1, H 6osee Boicokoe y VT2, urto coorBerctByer 0. Ilpn
BO30YKAEHUH CTPOKH X; HalpsikeHHeM, 3HayeHHe KOTOPOrQ JIEeXKHT
MeX1y ABYMsl OPOTOBBLIMH HampsixkeHUsiMH, TpaH3uctop VTl Gyner
OTKpHIT, a VT2 ocTaHeTcsi B 3aKpPBITOM COCTOSIHHH, B pe3yJbTaTe Ha
paspsinHyio wnHy PIII; mepenaercsi noreHuuan BBICOKOTO YPOBHS, a
norenuuan P, He uamensiercsi. Pa3nuuue B moTeHuHasnax paspsi-
HBIX ILIHH BBIXOAHblE YCHJIHTEJNH TPaHCHOPMHPYIOT B CTaHAAPTHHIE
ypoBHH HamnpsixkeHHd | u 0 cOOTBeTCTBEHHO.

[IporpammupoBande Mukpocxem I[I3YM ocyuecTBasiioT ogHO-
KkpatHo. [Tocko/bKy cxeMa coeJHHEHHH WJIH MOPOroBbie HaNpsKeHHS
TPAH3HUCTOPOB HE 3aBHCAIT OT pexXHMa paboTbl MUHKPOCXeMbl, OHa 00-
JajaeT CBOHCTBOM dHeproHe3aBHCHMOCTH. bsaronapsi 3ToMy CBOHCT-
By MukpocxeMmbl [I3YM [HpoOKO HCNOMB3YIOT B KauecTBe HOCHTeseH
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NOCTOSIHHBIX [POrpaMM, MNOANPOrpaMM pas/MYHOIO Ha3HaYeHHs,
KOOB (PH3MUECKHX KOHCTAHT, MOCTOSIHHBIX KO3(HUHEHTOB K T. I
3anecennyio B [I3YM HHOOpMALHIO B TeXHHYECKOH HKOKyMeHTaliHH
Ha3blBalOT «IIPOHIHBKOM».

Cpenu mukpocxem II3YM pasHeix cepuii (taba. 4.1) mHorue
UMEIOT CTaHaapTHhie npownBku. Hanpumep, B Mukpocxemu [I3YM
K155PE21—K155PE24 3anucanbl COOTBETCTBEHHO KOAbI BYKB pyc-
ckoro PE2L, natunckoro PE22 andasutoB, apudpMeTHUECKHX 3HAKOR
u ungp PE23, nononnurenbhubix 3nakoB PE24. B coBOKYNHOCTH 3TH
MHKpOcXeMbl 06pa3yioT reHepatop CHMBOJIOB Ha 96 3HakoB ¢opmara
7X5. Ilpumep peanusalHH TAKOrO reHepaTopa CHMBOJIOB PacCMOT-
peH B I 5.

Opna u3 mukpocxem cepun KPS5BS5PE4 coaepxuT npomiuBKy

Tab6auua 4.1. Mukpocxemn macounmx [3¥Y

Tun MHKpocxembt Emgﬁ:n, tea (tucd), HC Ugur, B Pror, MBT B:)?o]:[a PHcyHOK

K155PE21

K155PE22 256 X 4 30 5 650 |TTJI-OK 43, a

K155PE23

K155PE24

K555PE4 2K X8 110 5 850 |[TTJI-OK 4.3, 8

K541PE| 2K X 8 150 5 1000 |TTJI-OK 43,8

K596PE1 8K X8 350 4 640 |TTJ1-3 —

KA596PE2 64K X 16| 450 5 1050 |TTJ1-3 —

K563PE1 8K X8 (580) 5 50 [TTJI-3 4.3, %
(0,05) *

K563PE2 32K X 8 (500) 5 20 |TTJI-3 43,3
(0.5 *

K505PE3 512X 8 1500 5, —12 500 |TTJI-3 43,6

KP568PE! 2K X 8 600 5; 12 450 |TTJ-3 43, ¢

KP568PE2 8K X8 400 5; 12 600 |TTJI-3 43,0

KP568PE3 16K X 8 800 5 12 300 |TTJ1-3 43, e

KMb568PE4 8K X8 300 5; 12 400 |TTJ1-3 -

K568PE5 128K X 8 200 5; 12 300 |TTJ1-3 —

K1801PEI 4K X 16 300 5 75 |[TTJI-3 4.3, u
(40) *

KI1809PE1 4K X 16 300 5 275 |TTJ1-3 4.3, u

KA1603PEI 2K X 8 (410) 5 50 |TTJI-3 4.3, !
(0,05) *

KP1610PE! 2K X 8 500 5 300 |TTJ1-3 43,k

KM1656PE1 2K X8 80 5 925 |TTJI-3 43,8

KMI1656PE2 2K X8 80 5 925 |TTJI-OK 43,8

KM1656PE3 512X 8 6u 5 775 |TTJI-3 —

! Jlo6aBaen BuBoX 21 aas curnana CS2.
* Ilpu xpaneHun.
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160 cuMBOJIOB, COOTBETCTBYIOLIHX 8-pa3psilHOMY Koay oOMeHa HH-
dopmannun KO 2—8 ¢ popmatom 3nakoB 7 X 11. IlpowuBKy Konos
aspaBUTHO-LHGPOBLIX CHMBOJIOB CONAEepXKHT MukKpocxema KMIG56PE2,

3HauuTe/bHbIH MepeyeHb MoAH(QHKALHH CO CTAHAAPTHLIMH MpO-
WHBKaMH uMeeT MuKpocxema K505PE3.

JlBe coBmecTHO npHMeHsiemMble MukpocxeMbl KS505PE3-002,
K505PE3-003 coaepxaTt koabl 6YKB DPYCCKOro M JaTHHCKOro aJda-
BUTOB, LUHObP, apUpMeTHYECKHX H JIONOJHHTENbHHX 3HAKOB H HC-
NoJb3YIOTCH KaK redepatop 96 cumBoJjoB dopmarta 7X9 ¢ ropu-
30HTaJIbHOH pa3BeprTkodl 3HakoB. Moandukanuu 0059, 0060 umeior
TO )Xe Ha3HauyeHHe, HO TeHepUpPYIOT 3HaKH ¢opmarta 5X7. Moau-
¢pukauuu 0040—0049 copepkaT MNpoWIMBKU KO3G(HUHEHTOB IJIsA
6bicTporo mnpeo6pa3oBanusi Pypbe. Psin Monudukanui comepmxur
npowuBkKy ¢yHKuuMH cuHyca ot 0 go 90° ¢ auckperHoctbio 10/
(0051, 0052), ot 0 no 45° (0068, 0069) u ot 45 go 90° (0070, 0071)
¢ auckpetHocTbio 5’. Moaugukanuu 0080, 0081 comepxkar NpoLIMBKY
¢yukunn Y=X* npu X=1... 128.

Monudukaunu wmukpocxembl KP568PE2 comepxkat cranmapt-
Hble TPOIIMBKH CHMBOJIOB MeXXAYHapoJHOFO TejerpaHoro Kojaa
Ne 2 cdopmatoB 5X7 u 7X9 (0001), cHMBOJIOB PYCCKOro H JiaTHH-
ckoro aJjiaBUTOB, KOJAOBBIX Tab.uul, uudp U apUpMeTHUECKHX 3HA-
koB (0003, 0011), dyukuuu cunyca ot 0 no 90° (0309), accembaepa
(0303—0306), penakropa TekcroB (0301, 0302).

Mukpocxema KP568PE2—0001 HMeeT NpOWIMBKY MeXAYHapon-
HbIX TeserpaHbix KopoB Ne 2 u 5, a KP568PE3-0002 — penakropa
TEeKCTOB [Jis1 accembJepa.

Monudukanun mukpocxempl KP1610PE1-0100—KPI610PEI1-
0107 copepKaT MNpOIIHBKH INPOTPaMMHOro o6ecledeHdsi MHKpO-
OBM «Hckpa»r.

HaspaHHble Mukpocxemul [I3YM co cTaHAapTHHIMH MPOLUHBKAaMH
cjlelyeT pacCMaTpHBaTb KakK NpHMephbl: YHCI0 TAaKHX MHKDPOCXeM H
X Moan¢HKaUUH NMOCTOSHHO pacTerT.

Iasi nporpammupoBanusi MHKpocxem [I3YM no 3akasy mnosb-
.30BaTe/Isl B TEXHUYECKHX YCJIOBHAX MpeLycMOTpeHa (opma 3akasa.

Miukpocxembl [I3YM pa6ortaloT B pexHMaX: XpaHeHHsi (HeBbl-
60pku) W cuuTbiBaHusi. 151 cuuThiBaHHSI HHGOpPMaHHH HeO6XOIHMO
nojaTth Koi ajpeca d pa3pellalollve CHrHaJbl ynpabJjenus. Hasua-
YyeHHe BbIBOJOB MHKpocxeMm [I3YM ykasano Ha puc. 4.3.

CurHaJjinl ynpaBJieHUSI MOXHO [0JaBaTb YPOBHeM 1, eciu BXoj
CS npsimoii (puc. 4.3, 6), uiu 0, ecsiu BXoL HHBepCHbIH (puc. 4.3, e).

MHorue MHKpPOCXeMbl HMEIOT HECKOJIbKO BXOJMOB YMpaBJ/eHHS
(puc. 4.3, a), oObIYHO CBSI3aHHBIX ONpe[eieHHBIM JIOTHUECKHM omepa-
TopoM. B Takux MHKpocxeMax HeoOXOAMMO MOJLAaBaThb Ha yNpaBJsio-
1lie BXOJbI OlpeJesieHHYl0 KOMOHHallHi0 curHasnos, Hampumep 00
(puc. 4.3, a) uau 110 (puc. 4.3, 8), utoObl chOpMHpPOBATH YCJIOBHE
paspellieHHs] CYUTHIBAHHUS.

OCHOBHbIM JHHaMHYeCKHM napaMmerpoM Mukpocxem [I3YM sB-
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JsieTcsi Bpemsi BbIGopkH ajapeca. [lpu Heo6xoanmocTH cTpob6HpoBaTh
BbIXOJIHble CHTHaJbl Ha ympasJsioiwde Bxoabl CS cienyer moaaBaThb
HMITYJIbChI TTOCJIe TMOCTYMNJeHHUs1 Koja aapeca. B Takom ciyuae B pac-
yeT BpEeMEHH CUMTbIBAHHS HaAO0 MPHHHMATb BpeMsl YCTaHOBJEHHS
curHasa CS OTHOCHTENbHO ajpeca W BpeMsl BbiOOpa. ¥ MHKPOCXeMbl
KPI1610PEl npenycmoTpeH ponosHutesbHbii curian OE ans ynpas-
JIEHHS] BBIXOOM.

BoixoaHble curHajbl y Bcex Mukpocxem [I3YM umeror TTJI-
ypoBHH. BbiXoabl MOCTpoeHbl B OCHOBHOM MO CXeMe C TpeMsl COCTOsI-
HHUSAMH.

Jasi cHuxeHusi noTpebJisieMOl MOUIHOCTH HEKOTOpbie MHKPO-
cxembl, Hanpumep K596PEI, nomyckaloT nmpuMeHeHHe pexuHMmMa HM-
MyJbCHOTO MUTAHHS, MPH KOTOPOM MHUTAHHE HA MHKPOCXeMYy MOAAIoT
TOJIbKO NMPH CUHUTbIBaHWH HHbopmauuu (§ 5.6).

YcrofuuBasi TeHAEHUHS] K (DYHKUHOHAJBHOMY  YCJOXKHEHHIO
BUC namsiti nposiBasieTcsi 1 B Mukpocxemax [I3YM: B ux cTpykrypy
BCTpPauBalOT HHTepdelcHble y3Jibl 1Js1 COMPSXKEHUsI CO CTaHAApTHOH
Maructpanbio U AJs o6beAuHeHHs] MHKpocxeM B moay.ab [13Y 6Ges
nononHuteabbix Aetrdpatopos KI801PEIL, KI809PEIL, ycrpoi-
CTBa IS CaMOKOHTpoJsi W HcrpaBieHdst oumn6ok KAHI6PE2,
K563PE2 [41, 42].

Miukpocxembl KI801IPEl u KI809PEl umelor MHOro obuiero B
Ha3HayeHHH, yCTPOHCTBe M pexkumax paborol. HaszHaueHHe BbIBOLOB
MHKpOCXeM TMoKa3aHo Ha puc. 4.3, u. Ob6e MHKpOCXeMbl MpeaHAa3-
HaueHbl AJs1 paboThl B cOCTaBe annapaTypbl CO CTaHAAPTHOH CHCTEM-
HO¥H MardctpaJpio ajasi MUKpoOBM [43]: BcTpoeHHOe B UX CTPYKTYpPY
YCTPOHCTBO  ymnpaBjeHHss  (KOHTposJjep)  MO3BOJSIET  MNOJKJIIO-
4aTh MHKpPOCXeMbl HENOCpeJCTBEHHO K Maructpaau. Kak MHukpo-
cxeMbl [I3YM oHH coaepkaT MaTpHily eMKocTbio 65384 DI, peructpsol
U JAeliddpaTtopbl KOoAa ajapeca, CeJeKTOpbl, HMEIOT OpraHH3auuio
4K X 16 6ut. MHdopMauus 3aHOCHTCSI MO KapTaM 3aKa3a H3rOTOBH-
TeJieM.

B cTpyKkTypy BCTpOEHbl TakxKe 3-pa3psiiHbli PerucTp ¢ «3aulu-
THIM» KOJIOM ajpeca MHKPOCXeMbl M cXeMma CpaBHeHHsl AJs Bbibopa
MHKpocxeMbl B Maructpa/u. Haauune BcTpoeHHOro ycTpoicTBa af-
pecaldud MO3BOJISIeT BKJIOUAaTb B MarucTpajtb [0 BOCbMH MHKpO-
CXeM OJHOBPeMeHHO 6e3 [OMOJHHTENbHbIX YCTPOHCTB COMpSIXKEHHS.

Oco6eHHOCTbIO MHKpOcXeM, OOYC/JOBJEHHOH HX Ha3HaueHHeM,
SIBJISIETCSI COBMeELLeHHEe aJpecHbiX BXOM0B Aj—A s U BbIXOJOB JaHHbIX
DOy—DO,5. BbixoaHble ¢hopMHpoBaTesd BBLIMOJHEHbl 1O CXeMe Ha
TpH coctosiHusi. Tpu crapuiux paspsjaa kona aapeca A;s—A;; npen-
Ha3HaueHbl [J51 BbiGOpa MHKPOCXeMbl, OCTaJjbHble pa3psiibl Aj,—
A, nast BbIGOpKH cuMTbIBaeMoro cjosa. PaspeuieHue Ha mnpuem oc-
HOBHOro azapeca GopMHpyeT cxema CpaBHEHHsl MO pe3yJabTaTy COIMOo-
CTaBJIEHHs] NPHHSITOTO H «3allMTOrO» ajApecoB MHKpocxeMmbl. [Ipu-
HATBIH ajgpec (PHKCHPYeTCs Ha afipeCHOM PerucTpe, a BXOJbl-BbIXO/bl
NepexoasiT B TPeTbe COCTOSIHHE.
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Cucrema ynpaBJsiOlIUX curHaaoB BkjAwudaer: DIN — paspene-
Hue yteHusi naHHbix U3 O3Y (uHaue RD); SYNC — cunxpoHuszauus
obmena (uHaue CE — paspewenne obpauienusi)), CS — suiGop
mukpocxembl, RPLY — BbIXOAHOH CHrHaJ TOTOBHOCTH [JaHHBIX
conpoBoxaaer uHpopmauuw DOy—DO;s, cuuTbiBaeMyio B Maru-
CTpaJb.

__ Pexxum xpaHenuss obGecneuuBaercsi curHasamu SYNC =1 wuau
CS =1. B pexnme cuuTHIBAaHHA BpeMsi oOpalleHUs K MHKpocxeme
onpeaensier curian SYNC =0. Kpome Hero moctynawor curuansl
Kona azapeca Ha BboiBoan ADO,—ADO,5 u CS =0. Ilpu coBnaneauu
agpeca ADO;5—ADO,3 ¢ agpecom MHKPOCXeMbl BO BXOJHOH pPeructp
MocTynaer ajpec CUUThHiBaeMoro cjosa, a BuiBoabl ADO,—ADO;s
nepexoisit B TpeTbe coctosiine. CuMTaHHOE CJIOBO M3 MaTpHLbl 3a-

[HCHIBAETCH B BHIXOJHOH perictTp JaHHbiX M no curiaiy DIN =0 no-
sBjsiercs Ha Bbixogax DOy—DO;5 u nepegaercs B Marucrpadgb.
OpnnoBpemenHo Ha Boixoge RPLY ¢opmupyerca curian 0. Buixon-
Hble PEericTpbl BO3BPALLAIOTCS B HCXOLHOE COCTOSIHHE MOC/e CHATHS
curiana SYNC.

B pexume cuMTHIBaHHS CHrHaJbl HHTepdeiica U Ha3HAueHHUS
BoiBofoB MHKpocxem KI801PEl, KI809PEL, K573P®3, Ki1809PYI
coBnajgaor. [lo3ToMy Ha3BaHHbBIE MHKPOCXeMbl MOXKHO COBMECTHO
MPHMEHATh AAfA nocTpoeHust 3Y pasjHYHOH €MKOCTH M Ha3HAueHHs
JJs1 pa3nuuHbiX Moaudukauuii MukpodBM. CoBMecTHMOCTb MHKpO-
CXeM MOXXHO HCNOJb30BaTh M Ha 3Tane OTJIAAKH [POrpaMMHOro
obecneyeHust ynpaBJsiOLIMX H BbIYKCAUTENbHBIX YCTPOMACTB: OTJa-
xeHHylo ¢ momoubio PII3Y K573P®P3 nporpamMmy 3arem MOXHO
nepenucath («3awuTb») B KI809PE! uan KI1801PEL.

Mukpocxembl TI3YM KAB96PE2 (64KX 16 6utr) u K563PE2
(32K X 8 6HT) MMEIOT BCTPOEHHBIE CXeMbl CAMOKOHTPOJIAA W HCHpaBJie-
HHS OJMHOYHBIX OLIHOGOK C MOMoIbI0 Kojaa X3MMmHHra. B ciayuae o6-
Hapy»XeHHsi H HCTIpaBJeHUs OIIHOKH B CUHTHIBAEMOM KOJe Ha BbIXOJe
K1 (puc. 4.3,3) nosiBasiercss curHajg — Joruueckass 1. MoxHO
KOPPEKTOp BBIK/IIOUHTH cHrHajoM K2=0. B 3ToM pexxume naHHble H3
MaTpuubl OyAyT NMPOXOAHTb HA BBIXOJ, MUHYS CXE€MY HCIpaBJeHHs]
OILLIHOOK.

B crpykrype ykasanubix [I3YM umeercss Takxke 1ONOJHHTENb-
Hasl MaTpula IJs TeCTOBbIX KOMOMHAUMH W Apyroil HHpOpMaLMH.
EmKocTb pononHuTenbHOH MaTpuubl paBHa 64X 16 6GUT y MHKpO-
cxembl KAS96PE2 u 32X 8 6ur y mukpocxembl K563PE2. Anpeca-
UHIO si4eeK 3TOH MaTpPHLBl OCYILECTB/SIIOT 4YacTblo Pa3psioB ajpec-
Horo kona: Ap—As y KAS96PE2 u Ag—Ay, Ao, A1 y K563PE2 npn
Ha/JHuMH paspeiuaiouiero curiana K3=1. [lpu orcyrctBuu paspe-
mweHus no Bxody K3 nononHuTenbHas maTpuua Ajs obpauieHus
3aKphiTa.

Berpoennbie B cTpykrypy [I3YM  ycTpoiicTBa  HCMoJb3yioT
JJ151 TIOBLIILIEHHS] BBIXOJA T'OJHBIX CXeM, oTOopa 6e3nedeKTHbhIX MHK-
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pOCXeM I1ipH OTGPAKOBOUHBIX HCIBITAHMSAX, MOBBLIIEHHS HaAeKHO-
cti $yHkuuHoHupoBauus [13Y.

Conocrapiasiss’ MEKpocxeMbl cepuit K596, BbiosHeHHble 1O n-Ka-
HaabHo#t MJIII-texvonoruu, u K563, spinonnenHo# no KMIII-
TEXHOJIOTHH, 10 OGbICTPOJEHCTBHIO M SHEProfoTpebJeHHI0 H YUHTHI-
Basi MX AHAJIOTHIO B 4acTH (YHKUMOHAJNBHOTO YCJOXKHEHUS, MOXKHO
caenath BbiBOA O npeumyiuectBe mukpocxem KMJIIT u nepcrnekTus-
HocTH cepuu K563. K aHANOTHUHOMY 3aK/IIOYEHHIO MOXKHO MNPHHTH,
cpaBuuB Mukpocxembl KA1603PEl (KMAII) u KPI610PE]
(n-MIT). O6e yka3aHHble MUKPOCXE€Mbl B peXKHUMe CUUTLIBAHHS B3aH-
Mo3aMeHsieMbl B anmapartype ¢ mukpocxemamu PII3Y K573P®2 u
K573P®5. CaenoBaTenibHo, OTJaxKeHHYO ¢ noMouibio K573P®2 wau
K573P®5 nporpammy MoxKHO nepenucatb B Mukpocxembi [13YM u
3ameHuTh My PII3Y Ha neuatHblX nuatax 6e3 Kakux-1HOO nepene-
JIOK HOCAJOUHBIX MeCT.

4.2. Mukpocxemnl IN3Y

Miukpocxembl nporpammupyembix [13Y no npunuuny mnocrt-
poeHusi ¥ (PYHKUMOHHDOBAHHS aHaJIOrMHYHbl Maco4HbiM [13Y, HO
HMEIOT CYUIECTBEHHOE OTJHYHE B TOM, YTO JOMYCKAlOT NPOTPaMMH-
pOBaHue Ha MecTe CBOEro NMpPHMEHeHHsl NoJb3oBartejeM. Onepauus
NPOrpaMMHPOBaHHs 3aK/J04aeTcs B pa3pylieHHH (HepexKuraHuH)
YacTH NJIaBKHX NepeMbluek Ha MOBEPXHOCTH KPHCTaJANa HMIYJbCaMH
toka ammautynoil 30 ... 50 MA. TexHuueckue cpeicTBa s BbIUIOJ-
HEHHs] 3TOi OnepalHH AOCTATOYHO MPOCTHl H MOTYT ObIThb MOCTPOEHbI
CaMHM MoJib30BaTeeM. JTO O6CTOATENbCTBO B COUETAHHH C HHU3KOH
CTOHMOCTbIO H JOCTyNHOCTblO MHKpocxeM [II13Y ofycioBuio HX
LUIMPOKOE paclpocTpaHeHUe B PafHOMIOOHTENbCKON MPaKTHKE.

Bhinyckaembie OTe€YeCTBEHHOH NPOMBIILIEHHOCTbIO MHKPOCXeMbl
IIMN3Y (ra6ba. 4.2, puc. 4.4) B GOJBIIMHCTBE CBOEM H3TOTOBJIEHbLI
no TTJILI-texHosoruu, H cpeid HUX Opeobiajaioliee MOJOKEHHE
3aHuMmaer cephsi K556. @yHKUHOHAJBbHBIA COCTaB CEPHH BKJIOYAET
MHKpOCXeMbl eMKOCTbIo 10 64K 6ur co ciaoBapHoé 4- u 8-paspsn-
HOH opraHu3auHeli ¢ BpeMeHeM BbiGopkH 45 ... 85 HC U ypoBHeM no-
Tpebasiemoii mouiHocTH ot 0,6 no 1 Br.

He6ouabiiast yacts mukpocxem [1T13Y BuinosineHa no gpyrum tex-
Honorusim: MAJT (K541), n-MIAIT (K565), DCJZT (K500, K1500),
KMAIT (K1623). Mukpocxembt cepud K1623 orauyaiorcsa cambiM
HH3KHM YypOBHeM 3HepronorpebJieHHsi, HO N0 ObICTPOJEHCTBHIO OHH
CyLIeCTBEHHO yCcTynaloT MuKpocxeMaM K556 cepuw.

Has mukpocxem [TI13Y Bcex cepuii, kpome K500, K1500, K565,
XapaKTepHbl Takue CBOHCTBA, KaK €JIHHOE HaNpsiKeHHe NUTaHHs 5 B,
HaJiHuyHe BXOAHbIX U BbiXoAHbIX TTJI-ypoBHel HanpsikeHHs JorHue-
ckoro 0 (0,4 B) u aoruueckoit 1 (2,4 B) H, cienoBaTtenbHO, NoJHas
COBMECTHMOCTb MHKDPOCXeM, OJHOTHIIHBiE BBHIXOAbl: JAHOGO C Tpemsi
COCTOSIHHSIMH, JIHOO C OTKPBITHIM KOJIJIEKTOPOM. MHKDPOCXEMBI C BhIXO-
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Tabauuma 4.2. Mukpocxemn II3Y

Tun mukpocxembl Emgggm, ts.a, HC Pior, MBT Bbl;{gga I g)cc);zl:{l:{?az PucyHok
KP556PT] [1TJIM 70 850 |TTJI-OK 1920 * 4.5, a
KP556PT2 [IJIM 80 950 |TTJI-3 1920 4.5, a
KP556PT4 256 X 4 70 690 |TTJI-OK 0 4.5, 6
KP556PTo 012X 8 80 1000 [TTJI-OK 1 4.5, 8
KP556PT6 (PT7) 2K X 8 80 900 |TTJI-3(OK) 0 45,2
KP556PTI11 256 X 4 45 650 |TTJI-3 0 4.5, 6
KP556PTI12(PTI13) | 1K X4 60 740 |TTJI-OK(3) 0 45,0
KP556PT14 (PT15) | 2K X4 60 740 |TTJI-OK(3) 0 45, e
KP556PT16 8K X8 80 1000 (TTJI-3 0 4.5, x
KP556PT17 012X 8 o0 900 |TTJI-3 1 4.0, 8
KP556PT18 2K X8 60 950 |(TTJI-3 0 4.5, ¢
K541PTl1 256 X 4 80 400 - [TTJI-OK 0 4.5, 6
K541PT2 2K X 8 100 770 | TTJI-OK 0 4.5, e
K1608PT2 012X 8 40 920 |TTJI-3 0 —
K1623PTI1 2K X8 200 — TTJI-3 — —
K155PE3 32X 8 70 050 |TTJI-OK 0 4,0, 3
K1500PT1416 256 X 4 20 670 |39CJI-03 1 4.5, u

[Tpumeuanune. Hanpsixkenuss nutanuss MHkpocxeM: cepusi K500—5 B; cepua K1500--4,5 B; ans
ocTaNbHbIX cepui +5 B.

' TTJ1-3 Boixox Ha Tpu coctosinuss ¢ ypoBHsiMH TTJI; TTJI-OK BbiXOA C OTKPHITHIM KOJJEKTOPOM;
ACJI-O3 BHIXOL ¢ OTKPHITHIM 3MHTTEPOM ¢ ypoBHsAIMH IDCJI (cm. taba. 2.1).
* Yycao nepembiuek, u3 HuX B matpuue U 1536, B marpuue HJIHN 384.

pamMu TTJI-OK TpeOyloT NOAK/IOYEHHUS K HUM BHELWIHHUX PE3UCTOPOB H
HCTOUHUKA HANpSI)KEHUS MUTAHHA.

TunuuHbli BapuaHT peanu3auud MHKpocxembl [ITI3Y npencras-
JIeH Ha puc. 4.5. [l KOHKPETHOCTH pPacCMOTPEHUS B3SiTa CTPYKTypa
MUKpocxeMbl Kb56PT4. Bo Bcex OCHOBHBIX 3JieMEHTAaX OHa MOBTOPSET
cTpykTypy [I3YM (cMm. puc. 4.1), HO UMeeT LOMOJIHUTE/bHbIE YCTPOM-
ctBa F,—F,; niss popmMupoBaHus TOKa NMPOrpaMMHPOBAHHS.

MaTpHua Ko NporpaMMHPOBAHHUSA, T. €. B UCXOJHOM COCTOSIHHH,
COJEPXKHUT OIHOPOJAHBIH MAaCCHB TMPOBOASIIHX TMepeMblUeK, COeIH-
HAIOUIMX CTPOKH H CTOJIOLBI BO BCeX TOUYKax HX mnepeceueHui. [lepe-
MbIUKH YCTaHaBJHMBAIOT M3 HUXpoMma (y MHKpocxem cepuH KbbH6 u
Ip.), U3 NMOJHKpHCTaJIHYeckoro KpeMHus (Kd41), u3 cuauuupa nuaa-
TuHbl (K1608) u apyrux martepuasnoB. IlepeMbluka B MaTpHlie BbI-
nosHsier posab IDIl. Hanuuue nepeMbluKH KOAHUPYIOT JIOTHUECKOH 1,
€CJIM YCUJIUTENb CYHTbIBAHHUS SIBASIETCS MOBTOPHTE/NEM, U JIOTHUECKHM
0, ecsiu yCHJIMNTE/b CUHTHIBAHUS — HHBepPTOp, Kak Ha puc. 4.4. Cue-
nosateabHo, MuKpocxema I[II[I3Y B HcxomHOM cocTosiHHM Tepej
MpOrpaMMHpPOBaHHEM B 3aBUCHMOCTH OT XapPAaKTEPHUCTUKH BBIXOJHO-
O YCHJHUTEJSI MOXeT MMeTb 3alloJHeHHe MaTPHUbl JHOO JIOTHYECKHUM
0, nub6o Joruueckod 1. HMHpopmauusa o npUHaAANEKHOCTH MHKPO-
cxem [ITI3Y k Tol wau Apyro# rpymnmne no AAHHOMY NMPU3HAKY MPH-
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BeaeHa B Taba. 4.2. Ecau takoil wHpopmauu# HeT, ee HeoOXOAHMO
HOJYYHTb C MOMOLIBI0 HA4aJbHOIO KOHTPOJS MHKDOCXEMBI: yCTaHaB-
JIHBasl pa3peulaioliHe 3HaUYeHUs YNPaBJSIOHIHX CHFHANOB (B CXxeMe
Ha puc. 4.4 CS1 =CS82=0), creayer nepebpaTb ajpeca, KOHTPO-
JIUPYsl NPH 3TOM COCTOSIHHE BBIXOHOB.

IlporpaMMupoBaHHe MHKPOCXEMbl, MATPHLA KOTOPOH B HCXOAHOM
COCTOsIHMH 3anojHeHa 0, 3ak/iouaeTcs B NepeKUraHHH TepeMbluek
B Tex Jl1, rae gomxubl xpaHutbed 1. Ecau maTpHLa B HCXOLHOM CO-
CTOSIHHH 3anoJHeHa 1, To nepexwuraior nepeMbiukd B IlI, rae mouxk-
Hbl XpaHuTbcs 0.

Pa6ora 3anporpammupoBanHoii muKpocxembl [1I13Y B pexume
CUHTBIBAHUS HHUEM He OTJHUYaeTcss OT paboThl MHKpocxeMnl [I3YM,
paccMoTpeHHBIX B § 4.1. Y HeKOTOpPBIX MHKpPOCXeM, B 4YaCTHOCTH
KPa56PT5, KP556PT17, uMeercs BuiBOJ AJs1 HANPSKEHHA Iporpam-
mupoBauhsi Upg (pHc. 4.5, 8). B pexkume CUUTHIBAHHSA ITOT BBIBOJ
He 3aJeHCTBYIOT.

PasunoBkaHoctbio [1I13Y sBasiioTcsi nporpaMMHpyeMble BBIXKHIa-
HHEM TJIABKHX NepeMbiuek Jornuecke marpuubi ([1JIM), Bhimonsex-
ubie no TTJILI-rexnonorun, K556PT1 n K556PT2, nmeioune uaen-
THYHbE XaPAKTEDHCTHKH H KOHCTDYKTHBHBIE NapaMerTphl, HO 01:
JHYAIOUIHECS THIOM BbIXOJa: Y HEPBOH H3 MHKPOCXEM BBIXOJ C OTKpHI-
THIM KOJJEeKTOPOM, Yy BTOpO#l — Ha TPH COCTOsHHA (pHc. 4.5, a).
Haspauubie Mukpocxembl I1JIM umeior 16 BxomoB Ais—Ay A8 nepe-
MEHHBIX, Haj KoTophiMd [1JIM BbimosiHsieT 3amporpaMMHPOBAHHbEE
onepauuu, Bxog CS ¢ Hy/eBbiM pa3speinalioliuM ypoBHeM, BxoA PR
paspeilieHUs 3aNHCH, T. €. MPOrPAMMHPOBaHHS, H BOCEMb BBHIXOJOB.
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Puc. 4.6. Ctpykrypa muxkpocxemn [1JIM

CTpykTypa MHKDPOCXeMbl (pHC. 4.6) BKJIOUAeT ONepauMOHHYIO YacTh
u3 martpunbsi M, Matpuns WUJIM, BXOAHBIX U BBIXOAHBIX YCHaHTeNeil
¥ N[POTPAMMHPVIOILYI0O YacTb M3 aipecHbix ¢opmupoBateieii FAL,

FA2 u pewndparopa DCPR.

OcHosy I1JIM (puc. 4.7) cocrasasiior matpuusi Y1 u' UJIA. Mart-
puua UM BoinosHser onepauud KOHDBIOHKUUM Hal 16 BXOAHHIMH Iie-
PEMEHHBIMH H HX HHBEDCHHIMH 3HAaUYeHHSIMH, KOTOpbie 1OCTYNaloT Ha
CTPOUYHBlE IIHMHB MaTpuubl. TpeGyeMble JIOTHUECKHE MPOHU3BEJEHHUS
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(OPMHPYIOT Ha IIHHAX CTOJOLOB MyTEM BbIXKHTAaHHSl HEHYXKHBIX mepe-
MblYEK MEXJy CTPOKAMH M CTO/61aMH (Ha pucC. 4.7 OCTaBJIeHHbIe Tie-
pPeMbIYKH yKa3aHbl ToukamH). Hucno cronbuos 48, ciemnoBaTenbHO,
Ha BbIXoJie MaTpHiibl M MOXKHO mosyuuThb 10 48 JOrHYecKUX MpoH3Be-
JeHHH, B Ka)XJ0oe H3 KOTOPbIX MOXeT BXOAHTb A0 16 mepeMeHHBIX
d ux uHBepcuii. Matpuna WUJIM BbinosiHsieT onepaiHio NH3BIOHKIHH
Haj JIOTHYECKUMH MNPOH3BelEHUSMH, CHOPMHPOBAHHBIMH MaTpHieH
M. Yucno Bbixon0B 3TOH MaTpHlUbl 8, MO3TOMY OHa cnoco6GHa c¢op-
MHPOBATh 10 BOCbMH JOTHYECKHX CYMM, B KaXKAyl0 H3 KOTOPbIX MO-
XeT BXOAMTb A0 48 noruueckux mnpousseigeHuii. Takum obpasow,
Bo3MOxHOCTH T1JIM xapakTepu3yloTCsi YMCJIOM .TOYEK KOMMYTALHH,
paBHbIM B jgaHHOM mnpumepe 1920. IlporpammupoBaHHe MaTpHIIbI
HNJIN BbimosiHsieTcs Tak ke, KakK W MaTpuubl M, nyrem BbiKHTraHus
«HEHYKHbIX» nepembluek. Ha Bbixogax matpuubst MJIW pasmereHb!
NnporpaMMHpyeMble YCHJHUTENH, KOTOpble B 3aBHCHMOCTH OT COCTOSI-
HUS TMepeMbluKH MOTYT MepelaBaTb 3HAueHHE BBIXOAHOH (QYHKLHH B
npsiMoil UM HMHBEPCHOH (PopMe NpeaCTaBJEHHS.

Hnst nporpaMMHpOBaHHsl CJyXKaT BCTPOEHHble B MHKPOCXEMY
y3Jibl NMpOrpaMMHpyioledl yacTy, KoTopble Bo30OyxaaeT pa3speluaio-
wui curiaa PR. TlporpammupoBaHue ocyliecTBASIIOT CHOCOGOM, aHa-
JoruyHbiM nporpammupoBanuio [1T13Y, B Tpu srana: BHayaje npo-
rpaMmMmupyilot Matpuuy M, 3arem matpuuy WMJIW u BbixonHble HHBep-
Topbt [49].

upoko npumensior I1JIM, nporpamMupyembie no crnocoby 3a-
KasHoro ¢oromabaona Ha 3aBoje-HaroroBurtese. Takue I1JIM sB-
JISIOTCA Pa3HOBHAHOCTbIO MacouHbix [13Y. OHM BK/IOYEHBl, B 4aCTHO-
CTH, B COCTaB MHOTHX MHKPOIIPOLECCOPHBIX KOMIJIEKTOB B KayecTBe
[13Y mukpokomana. Ha ocHoBe I1JIM MOXHO CTPOHTb caMbie pas-
JIHUHbIE 1{H(PPOBble YCTPoiicTBa KaK KOMOHHAIMOHHOrO, TaK U MocJe-
JIOBaTeJbHOCTHOTO THIOB.

Kak ormeuasnoch paHee, mukpocxembl [1[13Y norpebasior Gosb-
IIyI0 MOLIHOCTb OT HCTOYHHMKA nuTaHus. [lo3ToMy npeicraBiasieTcs
Liesiecoo6pa3HbIM HCMO/Ab30BaTh HX CBOHCTBO paboTaTbh B DexHMeE
MMIYJbCHOTO MHTaHMs, KOrja MUTaHHe Ha MHKpOCXeMy MNO0AaioT
TO/MbKO NpHU obpalleHHH K HeH A/s cuuTbiBaHUA uHpopmauuu. Oco-
6eHHocTH npHMeHeHusi MUKpocxeMm [I[I3Y B 3TOM pexume cocTosiT
B CJIellylolleM: BO-TNepBbiX, HAa YNpaBJsOLIHe BXOAbl JOJKHbI ObITb
NOAaHbl YPOBHH, paspellalolllHe AOCTYH K MHKPOCXeMe: €eC/H He-
o6xoauM 0, TO HaHHBIA BbBIBOA COENUHSIOT C OOILHMM BLIBOJAOM, €CJH
1, To ¢ wuHo# Uc yepe3 pesuctop ¢ conpotuBaeHdeM 1 kOMm; B 3TOM
caydyae (QYHKUMH CHTHasja Bbl6Opa MHKDOCXeMbl BBIMOJNHSIET HM-
nynbc HanpsikeHdsl nutaHus Uc; BO-BTOPbIX, AJs1 obecredyeHHs pe-
’KHMa HMIMYJbCHOTO MUTAHHSl MPUMEHSIOT TPAH3UCTOPHbIE KJIOUH, HA
nepexofax KOTOPbIX NajaeT 4yacTb HampsiKeHHH, MO3TOMY Hamnps-
JKeHHe, NoJaBaeMoe K BHEIIHHUM KJ/io4aM, JOJKHO ObITb BbIGPAHO i€
yueToM TpeGOBaHHS UMETb Ha BbIBOJE MHTAHHS MHKPOCXEeMbl HOMH-
HaJlbHoe HanpsixkeHHe 5 B; B-TpeTbHX, M3-3a MHEPLHOHHOCTH INPO-
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1leCCOB KOMMYTAlMH LENH NHTaHHs BPeMsi BbIOOPKH ajapeca MHKPO-
CXeMbl yBeJqHuHBaeTcss B 2—3 pasa.

IIpu ucno/sib30BaHUH HMMYJbCHOTO pEXHMa [HTAaHHSI CpejJHee
3HaueHHe MoTpebJsieMOro TOKa H, C/1e40BaTeNbHO, YPOBeHb NOTpes-
JIleMO# MOILLHOCTH CyllecTBeHHO yMeHblialoTcsl. Ilpumep peasiusa-
LLHH pexXuma HMMyJbcHOro nuranus mukpocxem [II13Y paccmorpen
B L. 5.

4.3. Mukpocxemb PII3Y

OcHoBHasi OTJHuYHTe/bHAsi ocoGeHHOCTb MuKpocxem PII3Y
3aK/ouyaercsi B HX CHOCOGHOCTH K MHorokpatHomy (ot 100 pmo
10 Tbic.) mepenporpaMMHPOBAHHIO CAMHM I10Jb30BaTeseM. DTO CBOM-
CTBO MHKpocxeM obecrneueHo mnpuMeHeHueM JDII co cBolicTtBaMH
ynpasJ/sieMblX «MepeMbluek», (YHKUHH KOTOPbIX BBINOJHSIIOT TpaH-
3uctopbl co ctpykrypoit MHOIT (meransn Al-Hutpuj kpemuus SisNs —
okucesn KpeMHusi SiOp — nosynpoBoaHuK Si) H TpaH3uctopbl n-MOI
¢ nsaBaiowuM 3arBopom (I13) ¢ Hcnmosnb3oBaHHeM MexaHH3Ma Ja-
BHHHOH WHXeKUHH 3apsana JIM3MOIL

Bcio HoMeHKJaTypy Bbimyckaembix Mukpocxem PII3Y MoxHo
pasnenutb Ha aBe rpynnbl: PII3Y ¢ 3anucblo W cTHpaHHEM 3J€KTpH-

Ta6auua 4.3. Mukpocxemm PI3Y

Tun Mukpocxembl ! EMg::f_Tb' 1y 2, MKC E"é’_’r Unur, B Unp, B |tap*, c|ter *, ¢ PucyHok
KP558PP1 256X 8 5 - 307 [ 5, —12| —30 1 10,005( 4.8,a
KP558PP2 2K X8 0,35 480 | 5 18 20 1 48,6
KP558PP3 8K X8 0,4 400 | 5 24 40 20 48,8
KP1601PP1 IKX 4 1,8 6255 —12(—32| 20 | 0,2 48,2
KP1601PP3 2KX8 1,6 850 |5, —12| —36| 40 | 0,2 48,0
KM1609PP1 2K X8 0,35 525 | 5 21 24 (0,012 48,6
K1609PP2 8K X8 0,3 525 | 5 22 — — —
K1611PPI 8K X8 0,3 850 | 5 22 — — —
K573PP2 2KX 8 0,35 620 | 5 22 100 | 0,05 | 4.8,6
K573P®1 1KX8 0,45 1100 | +5; 12| 26 | 300 PO muH| 4.8, ¢
Kb73Pd2 2K X8 0,45 580 | 5 25 100 [To el 4.8,6
K573P®3 4K X 16 0,45 450 | 5 18 40 » 4.8, o
K573Pd4 8K X8 0,5 700 | 5; 12 25 800 » 4.8, g**
K573P®5 2KX 8 0,45 580 | 5 25 100 » 48,6
K573P®6 8K X8 0,3 870 | 5 19 | 400 » 4.8, g**
K573P®7 32K X 8 0,3 600 | 5 25 — — —
K573P®9 128K X8| 0,35 550 | 5 25 — — —

! Tun saemenra namstu: p-MHOIT y KP558PP1, KP160IPPI (PP3); n-MHOIT y KP558PP2
(PP3), K1611PP1; JIUBMOII - y ocTanbHbiX MHKPOCXEM.

* Bpemsa nporpaMMHpoBaHHA t;, H CTHpaHHs t. yKa3aHo B pacyeTe Ha BCIO €MKOCTb MHKpO-
CXEMBI. o

** BoiBop 26 cBoGoaHbli, curhan ER orcyrerByer
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yecKuMH cHrHanamud (rpynna IC) u PII3Y ¢ 3anuceio 3/ekTpu-
YeCKMMH CHTHA/laMid U CTHPaHHEM YJbTPauONETOBBIM H3JyYeHHEM
(rpynna Y®). Xapakrepuctuku MHKpocxem PII3Y Haubonee mno-
yJasipHbIX cepuH npuBedeHbl B TabJ. 4.3, @ pa3Bo/iKa HX BbIBOJOB —
Ha pHc. 4.8.

Mukpocxembt PI13Y-3C copepxatr 3Il tana MHOII (K558,
K1601) u JIM3BMOII c. nBoiinbim 3atBopoM (K573PP2, K1609PP1
u a1p.). Mukpocxembl PII3Y-Y® umeior I tuna JIM3MOII ¢ nBoii-
HbiM 3aTBOPOM, OTJIHYAIOIHeCs1 OT aHAJIOTHYHBIX CTPYKTYp B TpyIline
PII3Y-39C Ttewm, uto Tpebyior ast ctipaHus YP obsyueHue.

Adaement namsATH co crtpykrypoir MHOII npencrasisier cobou
M/I1-trpanH3ucrop C HHYLLHPOBAHHBIM KaHaJoM p-Thna
(puc. 4.9, a) uad n-THNna, UMEIOIHHE OBYCJOHHBIM IHAJEKTPHK HOA
3aTBOpoM. BepxHHH C/OH (POPMHPYIOT U3 HUTPHAA KPEMHHS, HHXK-
HHH — H3 OKHCJIa KpeMHHsi, MNpHYeM HHXHUH CJOH 3HAUYUTEbHO
TOHbIlIe BepXHero. |

Ecau K 3aTBOPY OTHOCHUTEJILHO MOMJOXKKH HNPWIOXKHUTb HMIYJbC
HaNpsAXEeHUST [MOJIOKHUTEJbHOH MNOoJsIPHOCTH ¢ amniautygod 30 ...
... 40 B, To nox nedcTBHEM CHJbHOTO 3JIEKTPHYECKOTO MOJS MEXIY 3a-
TBOPOM H [NOMJOXKOH 3JIEKTPOHBl MPHOOPETAIT [1OCTAaTOYHYIO
HEPrHIo, YTOOb NPOHTH TOHKHH AH3JEKTPHUECKHH CJOH [0 TpaHHILbI
pasfena ABYyX AHNMIEKTPUKOB. BepXHMH cJ0d (HUTPpULE KpEMHHS )
HMEET 3HAUYHTEJbHYIO TOJIIHHY, TaK YTO 3JIEKTPOHbl NPEON0/eTb €ro
He MOTYT.

HakonneHHbl# Ha rpaHudne pasjgena [IBYX [HUIJIEKTPHYECKHX
CJIOEB 3aps[ 3IJIEKTPOHOB CHHUXKAaeT MOPOroBOe HAIMpSIXKEHUE U CMe-
llaeT  MepelaTO4YHYI0  XapaKTePUCTHKY  TpaH3uCTOpa  BJI€BO
(puc. 4.9, 6). 1o cocrosinue III coorBeTcTBYyeT Joruueckon 1. Pe-
XUM 3aHECEHHs 3apsiia MoJ 3aTBOP HA3bIBAIOT PEXKHUMOM IpOrpam-
MHUPOBAHHUS.

Jlornueckomy O COOTBETCTBYeT COCTOsIHHE TpaH3ucTOpa 6e3 3aps-
Ja 3JeKTPOHOB B JH3JeKTpHUKe. HToObl o6ecneyuTb 3TO COCTOSIHHE,
Ha 3aTBOD MOLAIOT HUMIYJIbC HaNpsXKeHHS OTPHLATENbHOH MOoJsp-
HOCTH ¢ aMmiutyaod 30 ... 40 B. Ilpu 3TOM 3/1eKTPOHBI BHIT€CHAIOTCS
B noayoxkKy. [Ipu oTcyrcTBuu 3apsina 3/71eKTPOHOB MOJA 3aTBOPOM
nepeaaToyHasl XapakKTepPUCTHKA CMellaercss B 00/1aCTb BhICOKHX NMOPO-
rOBbIX HanpsikeHHH. PeXUM BbITeCHeHHs 3apsiia U3 NOA3aTBOPHOTO
JH3JeKTPHKA Ha3biBalOT PEXHMOM CTHPaHHS.

Pexum cTHpaHus U NporpaMMHPOBAHHSI MOXXHO OCYLIECTBHTb C
MOMOLLBIO HAalNpsiXKEeHUsT OAHOH TOJSAPHOCTU: OTPHLATEJbHOH JJIfl
p-MHOII, nonoxwurenbhoit anasi n-MHOII cTpykryp. dT1a BO3MOXK-
HOCTb OCHOBaHAa Ha HUCHOJIb30BAaHHHW fIBJIEHHS JIABUHHOH HHIKEKLHUH
3JeKTPOHOB MOJ 3aTBOP, KOTOpPasi MPOHCXOJHT, €CJIH K UCTOKY H CTO-
Ky MNPHJIOXKHTb HMNOYJbC OTpHLaTesbHOro Hanpsixkenus 30 ...40 B,
a 3aTBODP W MOMLJIOXKKY COeMHHThL C Kopmycom. B pesyabrare 3jekr-
puyeckoro mnpo6os nepexogoB HCTOK-NOAJOKKA M CTOK-NOMJI0XKKA
MIPOUCXOAUT JIaBUHHOE pPa3MHOXKEHHE 3JIEKTPOHOB M HHXKEKLHUs He-
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Puc. 4.8. Mukpocxemn PI13Y
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Puc. 4.9. daementsl namsatu PI13Y:
a — tuna MHOII;, 6 — nepepatounas xapakrepuctuka; 8¢ — tuna JIM3MOII ¢ nBoi-
HBIM 3aTBOPOM; 2 — pacnoJoxerne [T B MaTpHile MHKPOCXeMb

KOTODPBIX M3 HHX, 00/IafalolMX JOCTATOUHOH KHHETHUECKO# 3Hepru-
el («ropsiuux» 3JEeKTPOHOB), HA I'PAHHILY MEXKAY CJAOSMH AU3JIEKTPH-
koB. [si cTHpaHHsi HeOOXOAMMO MoJAaTb MMIYJbC OTPHLATEIBHOTO
Halpsi}KeHUs1 Ha 3aTBOp. B pexume cuuTbiBaHUS1 Ha 3aTBOp [0OAAIOT
Hanpsixkenue Uy, 3HaYEHHE KOTOPOTO JIEKUT MEXIY ABYMsi OPOro-
BbiMH ypoBHsiMH. Ecan B DI1 3amucana 1, TpaH3HCTOp OTKpOeTcs,
a npu 0 — ocTaHeTcs B 3aKPbITOM cOCTOsiHUd. B 3aBucumocTH oOT
3TOro, Kak BHAHO U3 puc. 4.9, e, B pa3psaHoi wHHe Jaub0 Oyjer
NpoTEeKaThb TOK Ha BBIXOA, JMOO HET. YCHJIMTETb CUHTHIBAHHS TPaHC-
(opMHpYeT cocTOsIHHe MIWHBI B ypoBeHb HampsikeHusi 1 wau 0 Ha
BbIXOJ€ MHKPOCXEeMbI.

Miukpocxembt PII3Y ¢ 23I1 Ha p-MHOII TpaH3uctopax
KP558PP1, KP1601PP1, KP1601PP3 (ra6a. 4.3) umeoT cpaBHHU-
TeJbHO HH3KOE ObICTPOJEeHCTBHE, BBICOKOE HamnpsiKeHHe MpOorpaMMH-
poBanus (30...40 B) u TpebyioT ABYX MCTOUHHKOB NHUTAHHUS.

s yayuiienuss xapakrepuctuk PII3Y wupoko npumeHsior tex-
Hostoruio usrotoBiaeHusi JI1 Ha n-MHOII Tpan3ucropax. Takue III
yCTPOeHbl aHaJOrHYHO PaCCMOTPEHHbIM, HO HMEIOT MPOBOAHMOCTb
MOLJIOXKKH pP-THIIA, 4 HCTOKA M CTOKa n-Tuna. Mukpocxemn ¢ 3II
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Ha n-MHOII tpansucropax KP558PP2, KP558PP3, K1611PP1 06-
JajalT BTPOE MNPEBOCXOASLINM OBICTPONEHCTBHEM, CHUXKEHHBIM [0
22 B HanpsikeHHeM MpPOrpaMMHpPOBaHHSI W paboTAOT OT OIHOTO
HCTOUHHKA THTaHHUS.

Bapuautr Il na crpykrype JIM3MOII ¢ nBoiHBIM 3aTBOpOM
(puc. 4.9, 8) npeacrasasier cob6oél n-MOII TpaH3ucTOp, Y KOTOpPOTO
B TOA3aTBOPHOM OJHOPOJHOM Ju3nekTpuke SiO, chopMupoBaHa
H30/1MpOBaHHas MNpoBojsilasi 06/1acTb H3 MeTajJa HJIH [OJHKPH-
CTaMJINUeCKOT0 KpeMHHSl. DTOT 3aTBOP TMOJYYHJ Ha3BaHHe «Iljia-
BAIOLLEro».

B pexume nporpaMMHpOBaHHMSI Ha YNPaBJSIIOUIHN 3aTBOP, HCTOK
H CTOK MOJAAIT HUMNYyJbC HampsikeHus 21 ..25 B noJsoxurenbHOH
noasipHocTH. B o6paTHO cMelleHHBIX p-n nepexonax BO3HHKaeT
npoLecc JJaBUHHOTO Pa3MHOXKEeHHS] HOCHTesell 3apsiia W 4acTb 3JeK-
TpoHOB HHXKeKTHpyeT Ha [13. B pesynbrate Hakomenus Ha 13 or-
pHLATENBbHOTO 3apsiia TepefaTOUHasi XapaKTePUCTHKA TPaH3HCTOpa
cMelllaeTcsl B 06J1aCTb BBICOKOTO MOPOT'OBOrO HamnpsixkeHus (BIpaBo),
4TO cOOTBeTCTBYeT 3anucH 0.

CrupaHue 3andUcaHHOH WHQOpPMAaIHH, T. €. BbITeCHeHHe 3apsiia
¢ I13, B crpykrypax JIM3MOII ocyuiecTBJASIOT OBYMSI crnioco6amHu:
B PII3Y-3C snekrpuueckumu curiasnamu, B PII3Y-YP ¢ nomounbio
Y& obayueHusi. B cTpykTypax co cTHpaHHeM 3JeKTPHUYECKHMH CHT-
HaJlaMd HMNYJIbCOM TMOJIOXKHTEJNBLHOTO HAMpPSIXKEHHsT Ha yNpaBJsiolleM
3aTBope CHUMaIOT 3apsi 3/7eKTpoHoB ¢ [13, BoccTaHaB/IMBass HH3KO-
BOJIbTHBI ypOBeHb MOPOTOBOTO HAaNpsiKeHHs, UTO COOTBETCTBYeT I.
B ctpykrypax ¢ Y® obayueHueM 3JeKTPOHbI paccackiBaloresi ¢ [13
B MOJIOKKY B pe3yJibTaTe YCHJIEHHsI TElJIOBOTO ABHKEHHs 3a cuer
MOJIyYeHHOH 3HepPTHH OT HCTOYHHKA YP H3nyueHHs.

PeXHM CUHTBIBAHHS OCYLIECTBJSIOT Tak ke, Kak B Il Ha cTpyk-
type MHOII. B pexnme xpaHeHus o6ecrneyuBaioT OTCYTCTBHE Ha-
npsixkeHui Ha 3nekTposax Il ¢ TeM, uTO6GBl HCK/IIOYHTH paccachbl-
BaHHe 3apsila B AU3neKTpuuecKod cpeje. TeopeTHuecKUMH pacuera-
MM [0Ka3aHa BO3MOXKHOCTb COXpaHeHHsl 3apsila COTHH JeT. Ha
NpakTHKe 3TO BpeMsi OUPAHHUYHBAIOT AJS1 OLHHX THIMOB MHKpOCXeM
HECKOJIbKUMH THICSIUAMH 4acoB, AJS1 JPYI'HMX — HECKOJbKHMH TOLaMH,
Hanpumep, y Kb73P®6 rapaHTuilHbli CPOK COXpaHeHHs] HH(OpMaLHH
6es nuTaHUs cocTaBaseT nATb JeT. CiegoBaTes]bHO, MHKPOCXeMb
PTI3Y oTHocsiTcs K rpynmne 3HeprOHe3aBHCHMBIX.

YcTpoHcTBO, NPUHLMN AEHCTBUSL, PEXHUMBbI ylnpaBjaeHHs paboToi
mukpocxeM PII3Y pasHbix rpynn Bo MHOrOM aHaJjoruudel. Hampu-
mep, mukpocxeMbl K558PP2, K1609PP1, K573PP2, K573P®2 em-
kocTbio 2K X 8 6uT, oTHocsiiuecs K pasHeiM rpynnam PII3Y no tuny
3A€MeHTa NaMsATH, HUMeIOT MOXO0XKYI0 CTPYKTYPY H OJHHAKOBYIO pas-
BOJKY BbIBOJOB Kopmnyca (puc. 4.8, 6). OT1Muneé Mex1y MHKpOCXe-
mamMu rpynn 9C u YO cocrouT B cnocobe peasH3alUd pexuHMa
CTHpaHHs.

[IpuHuun nocrpoeHuss u pexxum paborel PII3Y paccmoTpum Ha
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npumepe mukpocxempl KP1601PP3 emkoctbio 2K X8 ¢ 3I1 na
p-MHOIT tpaH3ucropax.

CtpyktypHas cxema (puc. 4.10) conep:KHT BCce 3JieMeHThl, HeoO-
XOAuMble JJs1 paboTel MHKpocxembl B kauectBe [I3Y: marpuuy c
3JileMEeHTaMH naMsTH, AewndpaTopsl Koja ajgpeca CTPOK H CTON6I0B,
cejekTop (K/I04H BbiGOpa CTOAOLOB), YCTPOHCTBO BBOAA-BHIBO-
na YBB. Kpowme Toro, B cTpyKkType npeiycMOTpeHbl PYyHKUHOHaNbHbIE
y3Jibl, o6ecneunBaoilHe ee paboTy B peXXUMaxX CTHPaHHsS H Nporpam-
MHPOBaHHA (3anucH HHGbOpPMAaLHH) — 3TO KOMMYTATOpbl PEXHMOB
U (OpPMHPOBATENH HMNYJbCOB HANPSIXKEHHH TPeOyeMol aMIIHTYAbl
H JJIMTEJBbHOCTH U3 HanpsikeHus nporpammupoBaHus Upy. 1o cpas-
HeHuio ¢ mukpocxemamu [I3YM wu IIII3Y cucrema ynpasasioummux
CHTHAJIOB AOMOJIHEHA cHrHajJamd nporpammupoBanuss PR u crupa-
Hus ER. Hakonutenn ¢ MaTpuuHo#i opranu3auued coaepxkur 128
cTpok # 128 cTos6LOB, Ha mnepece4eHUsIX KOTOPbHIX PACHOJOKEHbI
16 384 snemeHTOB NaMATH. YnpaB/eHHe HAKOMHTENEM OCYILECTBJIAAIOT
CeMblO CTapUIMMH pa3psiilaMH aJpecHoro 'Koja, KOTOpbIH mnocJje Je-
mudprpoBaHus BoiGUpaer CTPpoKy co 128 ajemedtamu namsatu. Cur-
HaJlbl, CUMTAHHBble C 3J€MEHTOB BHIODAHHOH CTPOKH, MOCTYHAIOT HA
BXOJIbl CeJIEeKTOpa, Ha3HaueHHe KOTOPOro COCTOMT B Bbi6ope u3 128-
pPaspsilHOrO KOAA HA BXOJAaX BOCHbMH pa3psiioB, KOTOpbie jaJee
nocrynaiot yepe3 YBB Ha Boixoabl MuKpocxeMbl. CeJieKTOPOM ynpaBs-
JAI0T YeTblpe MJAAMHUX pa3psila ajApecHOro Koja, KoTopbie mnocje
neuin¢pHpoBaHUs ofecredyuBaioT BHIOOPKY OJHOrN0 BOCHMHpPa3psi-
Horo cjoBa u3 16 cjoB, cojepallHXcsi B BbIOpAaHHOH CTpoke. YcT-
POHCTBO ynpaBjieHHsi MOJA BO3JeHCTBHEM CHTHAJIOB HA CBOMX BXOAAX
obecneynBaeT paboTy MHKPOCXeMbl B OJHOM M3 CJAENYIOLIHX peXH-
MOB: XpaHeHHsl, CYMTHIBAHHA, CTHPaHHS, 3aMUCH (NPOrpaMMHPOBA-
HHA). YnpaBjsiiOUiHe CHTHAJbl HMMEIOT CJeAylollee Ha3HaueHHe:
CS — Boibop Mukpocxembl; PR — pa3peiuende Ha pexum 3anucu
(nporpamMMupoBaHus); Upg — HanpsixkeHHe MPOrpaMMHPOBAHHUS;
RD — curdan cuutbiBanusi; ER — curHan ctupaHuss uHdopMauuu.
Bxonbl cHrHasoB HHBEpPCHBle, NMO3TOMY pa3pellaloniHM 3HaYeHHeM
3THX curHajoB sBJjsiercs 0. MHorue MuKpocxembl rpynnel DC no-
NyCKaloT H30HpaTeJibHOE CTHPaHHE MO ajpecy. YCJIOBHSI peaju3aiuy
Ha3BaHHbIX pexxumoB A1l MHKpocxeM PII3Y rpynnei C npuBenensi
B Ta6.1. 4.4. PaccmoTpuM 3TH ycioBusa 1A MHKpocxeMbl KP1601PP3,
obpauiasicb npd 3ToM K puc. 4.10.

B pexume obilero cTHpaHHs Ha ynpasJslioOLiHe BXOJbl TOAAIOT
CHFHaJIbl, COOTBETCTBYIOLlHe Tabj. 4.4, B TOM uHC/le HaNpsiXKEeHHe
nporpammuposanusi Upy= —36 B. llpouecc cTupanns nauwunaercs
¢ MOMeHTa nojauyd umnyjabca ER, koTopbiii AoJikKeH HMeTb MJIH-
tesbHOCTb OT 100 10 200 Mc. Ilo okoHuanuu ctupanus sce II1 mar-
pPHUBI TEPeXOJsiT B COCTOSHHE, COOTBETCTByMWOIlee Jornyeckomy 0.
B 3Tom pexxme cCHrHaJjibl Ha aApecHbX H HHPOPMAIHOHHBIX BHIBOAAX
MOT'YT HMETb MPOH3BOJIbHbie 3HAUYEHHS.
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Puc. 4.10. Crpykrypa mukpocxembi PI13Y-3C

Mukpocxema KP1601PP3 nonyckaer nocrpounoe crHpaHue. 10T
pexHM OTJHYAETCH OT PAacCMOTPEHHOro 3HaueHueMm curiHana PR =0,
HaJHuHeM Ha BceX HH(QOPMaUHOHHBLIX BBbIBOAAX CHTHAJNOB C YpOB-
HeM 1, a Ha afpecHBIX BXOJax — CHTHAJOB ajapeca CTPOkH As— Ajo,
M0 KOTOpOM) caenyeT crepeTb HHdopmauuio u3 Bcex 128 II1. Bpems
H36HpaTeNbHOrO CTUPAHUSA TO K€, YTO W o6ulero.

B pexume 3anucH (nporpamMMHpOBaHMsl) Ha BBIBOABI MHKpPOCXe-
Mbl [OJAIOT 3anuchiBaeMblii 6aiT, KoJ ajpeca, ynpaBJsiiollde CHrHa-
Jbl no Taba. 4.4 ¥ 3aTeM HMIYJbC CHTHaJa MNPOrpaMMHPOBAHHSA
PR=0 na Bpems 20 mc. [Insi nporpaMMHpPOBAHHS B aBTOMATH-
4ecKOM pexKHMe BCell MHUKpocxeMbl C uucjaoM ajapecoB 2048 Tpe-
6yercs 41 c.

B pexunme cuuTbiBaHHsi Ha BbiBOJ Upp KOMMYTHPYIOT Hampsixke-
Hie nutaHua — 12 B (cM. Taba. 4.4) 14 cCHUXKeHUSI NOTpebasieMoH
MOIIHOCTH, MOAAIOT KOJ ajApeca H YNpaBJASIOUHE CHIHAJB MO

Tab.1. 4.4, npuyeM cHrHaJjJ cuuThiBaHusi RD fo/KeH HMeTb HMMYJibC-
Hyio popmy. Cnycra 0,4 MKC Ha HHQOPMAUHOHHBIX BbIXOAAX MOSIBJS-
€TCsl CUHTbIBAaEMOe CJIOBO. _

Pexxum xpaHeHus oGecneuuBatT curiajiom CS =1, 3anpeinaio-
MM obpallleHde K MHKpOCXeMe He3aBHCHMO OT 3HayeHHH CHTHaJ/oB
Ha ApYrux Bxojax. Bo3morkeH BTOpO# BapHaHT obecreyeHHsl pexxuma
XpaHeHHs] NPH HCMNOJb30BAHHH HMIMYJbCHOTO MHUTAHHS HaMpsiXKeHHEM
— 12 B. Tako#i peXuM HO3BOJISIET yMEHbLIATh HOTPeOJSEMYIO MOLIL-
HocTb. Koraa B naysax mexiay oOpalileHHSIMH K MHKPOCXeMe OTKJIO-
4aloT HanpsikeHHe MHTaHHs, OHA MNEePeXOAUT B PEeXHM XpaHeHHs.
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Ta6avna 4.4. Pexxumnl mukpocxem PII3Y-3C

Twn snkpocxems prmnaney | Goapanne | Janect | Cuurusanne | Xpanenne
KP558PP2 CS 1 1 0 1
2K X 8 OE 0 1 0 X
n-MHOI1 Upg, B 18 * 18 * 5 5
10* umnkmioB T, MC 10° 10 0,35 MKc ***|  —
KP558PP3 CS 0* 0* 0 1
8K X8 OE 1 0* 0 X
n-MHOIT ER 0 1 1 X
100 uukaoB Upg, B 18 24 0 X

T, MC 2,10* 5 ** 0,35 MKC —
KP1601PP3 CS 0 0 0 1
2K X 8 RD 1 I 0 X
p-MHOIT PR 1 0* 1 X
10* unkioB ER 0* 1 1 X

Upg, B —36 —36 —12 X

T, MC 200 20 0,4 MKc —
KMI1609PP1 CS 0 0 0 1
2K X 8 OE 12 B 1 0 X
JIM3MOI1 Upg, B 21 * 21 * 5 5
10* uukiIOB T, MC 12 12 0,3 Mkc —
K573PP2 CS 0 0 0 1
2K X 8 OE 12 B 1 0 X
JIM3MOII Upg, B 22 * 29 * 5 5
10* umka0B T, MC 50 50 0,35 MKcC —

! Crupanne no agpecy monyckaior KP1601PP3, K573PP2, KMI609PP1
* BoajeiicTBue B popMe HMINY/IbCA AJIHTENbHOCTHIO T:

** 1=ty BM.OE

*** Bpemsi BbIGOPKH ajpeca.

YrnpaB/eHHe MepeKJIOYEHHSIMH MHTaHUs Lesaecoo0pa3Ho OCyLLecT-
BJSATb curHaJjom CS.

Ilpu skcnyatauuu Mukpocxem PII3Y Heo6xoanmo obecnedyuTb
Tpe6yeMblii MOPSAOK BKJ/IOUEHHS M BBHIKJIIOYEHHS] HAlpPsXKEHHH MUTa-
HUS W MPOrpaMMHUPOBAHHUS: NPH BKJIIOYEHHH BHavaJe nojaior 5 B,
dateM — 12 B u nociegHuM HamnpsikeHHe NMPOrpaMMHpPOBAaHHSA, MPH
BBIKJIIOYEHHH M0CJEeA0BaTeIbHOCTb MeHsieTcsl Ha o6paTHylo. MoxHo
BCE TPH HAMNpSIXKEHHS BKJIOYATb W BLIK/JIIOUATb OJHOBPEMEHHO.

HoctourctBom mukpocxem PII3Y rpynnbl DC siBisieTcst BO3MOXK-
HOCTb NepenporpaMMHpoBaHHs 6e3 H3bATHA HX H3 YCTpOHCTBa, rie
OHH paboTraloT. [IpyrumM MojoKHTeNbHbBIM CBOHCTBOM MHKPOCXeM JAaH-
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HOH IPYNIBI SIBJSIETCS 3HAUHMTEJNbHOE YHCJO IHKJIOB NepenporpaMMH-
poBaHHMs, AocTHrawoulee JJs GoablidHCTBA MHKpocxeM 10 Thic. 3to
X CBOHCTBO B COYETAHHH C 3HEPrOHE3aBHCHMOCTbIO NO3BOJSIET HX
LIMPOKO MCHOJIb30BaTh B annapaType B KauyecTBe BCTpoeHHbix [13Y
co cmeHsieMoii uH(popmauue#. ['apaHTHHHBIH CPOK COXpaHeHHsI HH-
(opmalUHH MPH OTKJIOUEHHOM MHTAHHH COCTaBJjseT OT 3 ThiC. Y N0
5 ger (KM1609PP1).

Howmenknarypa mukpocxem PII3Y mHoro wupe npencraBiieHHOH
B Tabs. 4.4 3a cuer moxudHKanui Ga3oBbiXx MHKpocxeM. Hanpumep,
B cemeiictBe mukpocxeM KI1601PP3 umeercst BoceMb MOAH(PUKALMMH:
or PP31 no PP38, otanualouwkxca apyr oT apyra uH(popMalHOHHOH
€MKOCTBbIO, KaK MOXHO BMAeTb H3 Tabj. 4.5, u, cjenoBaTesbHO,
BapHAHTAMH HCIOJb30BaHHS BLIBOAOB Kophyca [Js aJpecHbiX BXO-
0B M HHGOPMALHOHHBIX BBIXONOB, TaK KaK YHCJIO TeX H JPYrux
MO2KeT OTJIHYaTbCs OT 6a30BOH MHKpocxeMmbl. TO e MOXHO CKa3aTtb
M O CceMeHCTBax MHKpOCXeM JIpyrux cepuii. Takoe pasHooGpa3ue
mukpocxem PII3Y nosBossier pemiaTh Ha HX OCHOBE MPaKTHYECKH
Jo6ble 3afa4yd MO CO3[JaHHI0 3HEeProHe3aBHCHMBIX HepenporpaMmmu-
pyembix [13Y.

Ta6auua 4.5. Monuduxkaunu ' 6azosmx mukpocxem PI3Y-3C

Moaudukauus Hcnonbsyembie BbiBOAbI
bBasoBas makpocxema Czi:l:(:f::ﬂ PucyHok
Tun But Anpec Jaunble

KP558PP1 PP11 | 256X4 | Bce 7,8,9, 10 — 4.8, a
KP558PP2 PP21 IKX8 |Kpowme 19| Bce 19=12*| 48,6

PP22 IKX8 |To xe Bce 19=24

PP23 2K X4 |Bce 11, 13, 14, 16 —

PP24 2K X4 |Bce 10, 11, 13, 14, 16| 10=11
KP1601PPI PPI11 5124 |Kpome | |Bce =4 4.8, ¢

PP12 [512X4 |To ke |Bce 1 =24
KP1601PP3 PP31 1KX8 |Kpome 8 |Bce 8=23 4.8,0

PP32 IKX8 |To xe |[Bce 8=1

PP33 2KX4 |Bce 4,5,6,7 —

PP34 2K X4 |Bce 9,10, 11, 12 —

PP35 2K X4 |Bce 4,5,9, 10 —

PP36 2K X4 |Bce 4,5, 11,12 —

PP37 2KX4 |Bce 6,7,9,10 —

PP38 2K X4 |Bce 6,7,11,12 —
KM1609PPI PP11 1K X8 |Kpowme 19(Bce 19=12 48,6

PP12 IKX8 |To xe Bcee 19=24
K573PP2 PP21 1K X8 |Kpome 19{Bce 19=12 48,6

PP22 IKX8 |To xe |Bce 19=24

' MuKpocxembl — MOAHMUKALUHA UMEIOT flapaMeTphl 6a30BHX MHKDPOCXEM.
* BoiBoa 19 coexamnHeH ¢ BoiBogOM 12.
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Ta6aununa 4.6. Mopudpukannu ! 6asoBuix muxpocxem PMN3Y-Y&

Basopas Monpuprkanus Hcnonbsyembie BHBOAK Coexnuenis Pucy-
MHKpOCXeMa Tun But Anpec ﬂaHHblE BbhIBOAOB HOK
K573P®1 P®I13| 1KX4 Bce 10, 11, 13, 15 — 4.8 ¢

Po14| IK X4 Bce 9,10,11,15 -
K573P®2 P®21| IKX8 Bce, kpome 19 | Bce 19=12* 48,6
P®22| 1K X8 To xe Bce 19=24
P®23| 2K x4 Bce 1o, 11, 13, 15 —
P®241 2K X4 Bee 9,10, 11, 15 —
K573P®3 PP31| 2K X 16 | Bce, kpome 17 | Bce 17=24 4.8, %
PP32| 2K X 16 | To xe Bce 17=12
PP33| IKX 16 | Bce, kpome Bee 11=17=24
11,17
PP34| 1IKX 16 | To xe Bce 1N=17=12
K573P®d4 P®41| 4K X8 Bce, kpome 4 Bce 4=14 4.8, 8
P®42| 4K X8 | To xke Bce 4=28
P®43| 8K X4 Bce 13, 15, 16, 18
Pd44| 8K X4 Bce 12,13, 15, 18 —
! MHKpOCXeMHh — MORH(UKAIKH HMEIOT 3N€KTPHUECKHE NapaMeTpb 6a30BLIX MHKPOCXEM.
* BuBon 19 coeluHed ¢ BuBoxoM 12.
pynna wmukpocxem PII3Y-Y® npexncrasneda cepueii K573,

uMempllieil pa3BHTblE QYHKLHOHAIbHBIA COCTaB, KOTOPBIH paclidpeH
33 CyeT 3HAUHTEJbHOTO YHcaa MOAH(MHKAUUA 6a30BbIX MHKpPOCXeM
(Tabsa. 4.6).

B ycrpolictBe u pexumax pa6orbl mMukpocxem PII3Y-Y® MHoro
obuiero ¢ mukpocxemamu rpynnel JC. Hckiouenne cocrasasier
peXKHuM CTHPAaHHUS, AJs peanu3alud KOTOPOTO HEOGXOIAHM HMCTOYHHK
YO usznyuenus. [lnsi cTHpaHusl 3anvMcaHHON WHQOPMALHH MHKpOCXe-
MY H3BJIEKAIOT H3 KOHTAKTHOTO YCTPOHCTBAa, 3aMbIKaiOT BCe ee Bbl-
BOZbI MOJOCKOH (poJibIM M MOMEHialT mojJ HCTO4HHK Y@ cBera,
obecneunB ee o6ayB. CTHpPaHHE MOXKHO TPOH3BECTH, He H3BJeKas
MHKPOCXeMY U3 KOHTAKTHOTO YCTPOHCTBA, HO TOrAA HALO OTKJIOUHTh
HamnpsKeHHUsl MHUTaHUs U CUrHaJbl. THNOBble HCTOUHHKH CTHPAIOLIETO
M3JIyueHUs] — AYroBble PTYTHbIE JIaAMMbl M JIAMIIBl C MapaMd PTYTH
B KBapueBbix 6aasnonax: HAPT-220, APT-375, Ob-8, O1B-60 u np.
H3nyueHne npoHuKaeT K MOJYNPOBOAHHKOBOMY Kpucraaay PII3Y
yepe3 Npo3pauyHoe OKHO B KpblliKe Kopnyca. Bpemsi cTHpaHusi WH-
¢opmanuu cocrabasier 30 ... 60 muH. PaccrosiHHe oT Kopmyca Ao
6aJJioHa JaMIbl JOJMXKHO ObITh 2,5 cM. OueBHAHO, HeoOXOIHMMO
ofecreuuTb YHCTOTY CTEKJA KPBbILIKH, TAK KaK B MPOTHBHOM CJjyyae
cTHpaHHe GyleT HeNnoJIHbIM.

Pexumbl pabotel MHKpocxeMm PI13Y-Y®: xpaHenHe, ca4uTbIBaAHHE,
3ankch (mporpamMMHpoBaHHe) o06GeCHeuHBAIOT CHTHaJNaMk yrpasJie-
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Husl, TIpHUBEfieHHBIMH B Ta6a. 4.7. B peanu3anud Ha3BaHHBIX PeXH-
MOB CYIIEeCTBEHHbIX OCOOGEHHOCTEH, M0 CPaBHEHHIO C MHKPOCXeMaMH
rpynnbl JC, HeT, 32 HCK/IIOYEHHEM HAJIHUHA Yy HEKOTOPbIX MHKpO-
cxem (PO2, PO5, PP6) pexnma KOHTPOJsi 3alUCH, KOTOPBIH peaJu-
3YIOT BCJIe 3a NMPOrpaMMHPOBAHHEM.

Cpenn MukpocxeM cepun K573 Boifessiercss 6Gosiee CJ0XKHOH
CTPYKTYpOH H pacIiHPEeHHbIMH (YHKUHOHAJIbHBIMH BO3MOXHOCTSMH
mukpocxema K573P®3 emkoctbio 4K X 16 6ut. Ee oTanuutenbHas
0COOEHHOCTb COCTOHT B TOM, YTO OHa NpHcrnocob/seHa AJs Hemocpes-
CTBEHHOH paboThl CO CTaHAAPTHOH MAarucTpaJblo, UMest HeOOXOAHMbIe
BCTpOEHHble HHTep(eHCHble CpeAcTBa obecneyeHHsi pexkHma oOMeHa
¢ Hew. Kpome 3TOro, MHKpocxemMa HMeeT BCTPOEHHOE NPOrpaMMH-
pyeMoe anpecHoe YCTPOHCTBO, KOTOpOe Mo3BoJisieT 6e3 JOMNOJHHTe/b-

Ta6auua 4.7. Pexumn mukpocxemnt PM3Y-Yo

THN MHKpOCXeMbl yfp’;r:ﬂa:“":m i?":):? ‘g’;’;:‘;‘:l‘".b CunTbiBaHHe XpaHenue
K573P®1 CS 12 B — 0 1
IKX8 PR 26 B * — 0 X
100 uukiaoB T, MC 1 X300 — 0,45 ** MKc —
K573P®2 (P®5) CS 1* 0 0 1
2K X 8 OE 1 0 0 X
100 uuknos (PP2) Upgr, B 25 25 5 5
25 uukiaos (P®5) T, MC 50 — 0,45 mMKc —
K573P®3 CS 0* 0* 0 1
4K X 16 CE 1 0 0 I
10 uuknoB OE 1 1 0 1

PR 0 1 1 0
Upg, B 18 18 5 5
T, MC 10 10 0,45 MKc —
K573P®4 CS 0 — 0 1
8K x8 PR 0* — 1 X
25 umukjoB Upg, B 25 — 5
T, MC 100 — 0,5 mkc —
K573P®6 CS 0 0 0 1
8K X8 OE 1 0* 0 X
25 uukioB PR 0* { | X
Upgr, B 19 19 5 5
T, MC 50 — 0,3 MKc —

! lan P®3 pexum 3anucu Koaa MHKPOCXeMH.
* BosneiicTBhe B pOpMe HMNY/bCa AJHTEAbHOCTBIO T.
** Bpems BhGOpKH aapeca.
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HOro o6opyaoBaHusi 06'beIHHATb 10 BOCbMH MHKpocxeM B OJiok [13Y
HX MOJAK/IIOUEHHEM K MarucTpasu.

YKa3zaHHble BO3MOXXHOCTH MHKPOCXEMbl MO3BOJISIIOT KOMILJIEKCH-
poBath ee c Mukpocxemamu O3Y KI809PY1, TI3Y KI809PEI1,
KI1801PEl, ¢ KOTOpbIMH OHa MOJHOCTbIO COBMECTHMa MO pa3BOjKe
H BXOJHbIM CHrHajaM B peXHMaX CUMTbIBAHUS U XpaHeHHs, MJs CO-
301aHUs1 yHHBepca/bHbIX Monaysned 3Y Ha OCHOBe CTaHIapTHOH Ma-
ructpanu [43].

CurHaJsbl MHKpocxeMbl (puc. 4.8, o) :

A, —A; — Kon ajpeca siuefiKd NamsiTH;

Aj3—A|5s — Koa ajgpeca MHKPOCXEMBI;

DIOy— DIO5 — BxonHble (MpH NMPOrpaMMHPOBAHHH) W BbIXO.-
Hble (DU CUHTbIBAHUH) AAHHBIE;

AnpecHble BXxoibl U HHQOPMALMOHHbIE BXOJbI-BbIXOAbI COBMeE-
111eHbl;

CE — paspewenne o6MeHa (MAEHTHYEH CHTHAJy CHCTEMHOTO
unteppeiica SYNC — «CunxpoHusauus»);

OE — paspeuenue Bbiaaun uudopmanun (DIN);

CS — BHI6GOP MHKPOCXEMBI; CHFHAJ YNpaBJisieT afipecHbiM YCTpOii-
CTBOM MHKDPOCXEeMbI;

PR — nporpammupoBaHHe (3amuchb, WTBT);

RPLY — BLIXOJHOH CHFHa/J CONpPOBOM/EHHSI CUHTHIBAEMOH HH-
dbopmauuu.

3HaueHHs] CUTHAJOB yNpaBJieHHs] B Pa3/H4YHbIX peXHMaX paboThl
MHKpOCXeMbl NMpuBeaeHbl B Taba. 4.7. [lpu peanusauuu ynpaBieHHs
HeoOXO0AMMO HMeTb B BHIY, YTO COBMellleHHble ajpecHbie H HHGOp-
MalHOHHbIe BbIBOJbl Pa6OTAIOT B MYJbTHIIJIEKCHOM pexXHMe: BHauaJse
npu CE=0 u coBnaneHuu BHYTPEHHEro KOJa MHKPOCXEMBI C MpH-
HATBIM A3 -Ajs NPOMCXOOMT 3aNuCh BO BXONHOH pErucTp Koaa
anpeca A;-— A, 3aTeM BBIBOAbI NMEPEXOAST B PEXHM MpHeMa AaH-
HeiX DIp— Dls /s 3anucu WM B peKHM BbIBOJA CUMTAHHBIX JaH-
Hbix DOo—DO,s B Maructpanab. [lpn nporpamMMHpoBaHHH CHrHaA
CE Ha 3rane npuema ajapeca uMmeeT 3HaueHue 0, 3aTeM NpH npueme
JlaHHBIX MPHHHMaeT 3HaueHde 1.

B pexume cuuTbiBaHHs mocje GHUKCAlUMH ajpeca Ha BXOLHOM
PEerucTpe BbIXOAbI MEPEXOASIT B TPeTbe COCTOSIHHE, a CUHUTAHHAs U3
MaTpHUbl HHGOpPMALUHs pa3MelLlaeTcss BO BHYTPEHHEM BHIXOAHOM
peructpe. Ha Bbixonax oHa nosiBisieTcss npu curiaje OE paspeure-
HHSI MO BBIXOAY.

Henocratkamu mukpocxem PII3Y-Y® sgaBasiercs Majoe 4Hc/o
LLUKJIOB mepenporpammupoBanuss (ot 10 go 100), yto o6yc/oBjeHO
6BLICTPBIM CTapeHHEeM JIH3JeKTPHKa noj BosjaelcTBreM Y P HajnyueHHs,
HeOOXOMMOCTb H3'bATHS M3 annapaTypbl AJas CTHPaHUs HHbopma-
1HH, 60Jbliloe BpeMsl CTHPaHHS, MOTPEOGHOCTb B ClelHalbHOM 060py-
JIOBAHHU [/ CTHPaHHsi, BbICOKAsi YYBCTBHUTEJLHOCTb K OCBELIEHHIO
H BO3MOXHOCTb CJIyuaHHOro cTHpaHusi HHpopMmauuu. Bmecte ¢ Tem
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y MHKpPOCXeM 3TOH TpPyHNNbl €CTb H CYLLECTBEHHble JOCTOHHCTBA:
CPaBHHUTEJNbHO BbICOKOe ObicTpoaedcTBHE, OoJbluoe pa3HooOpasue
BADHAHTOB HCHOJHEHHSI MO HH(POPMALUOHHOH E€MKOCTH, HEBbICOKas
CTOMMOCTb M JOCTYMHOCTb. DTH cBoicTBa MuKpocxem PII3Y-YO
0OYyCJIOBJIMBAIOT HMX ILIKHPOKOe IpPUMEHeHHe B pPaJHOMIOOHTENbCKUX
paszpaboTKax.

FanaBa 5

[TPUMEHEHHUE MHUKPOCXEM TTOCTOSHHDBIX
3ATTOMHUHAIOIIHUX YCTPONMCTB

5.1. baok namatu Ha mukpocxemax PI3Y-Yo

M3BecTHO, uTO Haubo/ee KPUTHUHBLIM 3JIEMEHTOM B OTHOIIe-
HUH OTKa30yCTOHYHUBOCTH B JIOObIX aBTOMATU3UPOBAHHBIX CHUCTEMax
IBJISIETCS MaMSATb NPOrpaMM, MOCKOJIbKY paspyllieHue CcojaepxKallencs
B Hed HHPoOpMaluH, BbiI3BaHHOe CcOOEM MMUTAHUA HJAH APYrod HEHUc-
NMPaBHOCTbIO, NMPUBOAMT K O0TKady DBM u Bcell cuCTeMbl B LEJOM.
Bbix010M H3 3TOro moJlIoKeHUs MOKeT CJAYXKHUTb pa3MmelleHue B 0J10-
kax [I3Y nporpamMm W apyrod BaXHOH HH(MOPMALMH, KOTOpasi AOJ-
>KHa OBbITb cOoXpaHeHa MpH cO6OAX U OTKJIIOUEHWH MHUTaHHUS.

Penienne npakTuueckux 3ajau no npuMeHeHHI0 MHKpocxeM [13Y
(IMI3YM, TII13Y, PII3Y) Bkiaooyaer 3Tam HX MNpOorpaMMHPOBaHHS
W 3Tan BCTPauBaHUSA B NMPHUHLHUIHAJbHYIO cXemy pa3pabaTbiBaeMoro
yctpoiictBa. [lpu ucnosb3oBanuu mukpocxem IISYM wu TITI3Y npo-
rpaMMHPOBaHHe OCYILLECTBJISAIOT MpeABapHTeNbHO, TaK UTO B YCTPOH-
CTBE€ 3TH MHKpPOCXeMbl paboTaioT TOJbKO B pPeXHMax CUUTbIBAHHSA
M XpaHeHWs W JAJs yINpPaBJeHHS HWMH JOCTAaTOYHO HMeTb BXOJ JJIfl
curHajsa Bbibopa MuKpocxeM. MHorue mukpocxembl [II13Y umeiot
HEeCKOJIbKO TaKMX BXOJLOB (cM. puUc. 4.5), 4TO NnO3BOJIsieT MOBbLIIIATH
TUOKOCTb YIpaBJICHHUS.

Mukpocxembl PII3Y uMmeoT 6oJiee cj0XKHOe ynpaBJjeHHe (CM.
puc. 4.8), monyckaioulee UX NPOrpaMMHpPOBaHHE B COCTaBe YCTPOH-
CTBA. IDTH OCOOEHHOCTH CKasbIBAlOTCA Ha CTPYKType KOHTpoJlie-
pa T13Y.

Paccmorpum Bonpockl npumeHeHuss Mukpocxem PII3Y nasi moct-
pOEHHsI TOCTOSIHHOH MaMSATH KOHTPOJIJIEPOB H JAPYTHX MHUKPOIMpOLEC-
COPHBbIX CpeJICTB Ha npuMepe 6joka nporpammupyemoro [13Y, opu-
eHTHpoBaHHoro Ha uHTepdeic M41 [31]. CTtpykrypa 6740Ka (puc. 5.1)
Bkitoyaer moaysab PII3Y emkoctbio 32K 6aita DDIO0O—DD25 u
KOHTpoJJiep, o6ecrieuuBalOIMN yIipaBJeHHe MOJYJIEM.

Moayab PII3Y na mukpocxemax K573P®5 opranu3oBaH B BHjeE
16 cTpaHuL, KaxXJ1asi U3 KOTOPbIX COCTOUT U3 ABYX O0aUTOBbIX OAHKOB
NaHHbIX: L-6aHK coaepXuT MJadiude O6aitbi, H-6aHK — crapuiue.
EmMkocTh Kaxpgoro 6aHkKa onpejeseHa MHKpocxeMOH M paBHa 2K
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6aiiT. 3aMeTHM, UTO aHaJIoTHUHasi cTpykrypa 6Joka O3Y paccMmoT-
pena B § 3.1.

Ilpu nocTtpoeHHH MOAYJAsi COeAHWHEHbl: OAHOHMEHHbBIE aJipecHbie
BXOJbl M BBIXOAbl NporpaMMmHpoBaHHsi (BbIBOA 21) y Bcex MHKpO-
cxeM, Bxoabl CS y MHKpocxeM B KaX[1oW CTpaHHLE H OLHOHUMEHHBbIE
HHPOpPMAaLlHOHHbIE BLIBOAbI Yy MHKPOCXEM, OTHOCSAIIHXCHA K OIHOH
rpynne 6aHKOB, KaK MoKa3aHo Ha pHC. 5.1. AapecHble JIHHHH COEMIH-
HeHbl ¢ JuHusiMH HIA Ag— A,;. TlpnueM Ka)knasi JIMHMSI ILIKHBE Ha-
rpykeHa 16 Bxojgamu, 4to o6ycJjoB/iHBaeT HeoOXoauMoCTh OydepHu-
dauun IIA. drtor Bonpoc noapo6Ho paccmorpen B § 3.1. B nanHom
cjlyyae OH pellaeTCsi aHaJIOTHYHO.

HMudopmannoHHble BBIBOALI COEIHWHEHbI C OJHOHMEHHBLIMH JIH-
Husamu L] no cxeme: BhIBOABI MHKpOcxeM Bcex L-0aHKOB C JIHHHAMH
D¢ — D5 wnub, H-6aHkoB ¢ auHuaMu Dg— Dis.

BoiBoabi CS MHKpoOCXeM Ka)XJIOH CTpPaHHLbl MOAKJIIOYEHBbl K Jie-
mudpparopy DD7, a BoiBoanl OE MuKpocxem L-6aHKOB MOAKJIOYEHBI
K Bbixogam aewndpparopa DD8, a H-6ankoB nemundparopa DDI.
Hemugppatopt DD7, DD8 u DD9 npeobpasyior ajapecHbli KOA
Ajs— A4 B curHaiabl Bbibopa CTpaHHIbl NPH CUYHUTBIBAHHH CJOBa
(DD7), L-6anka (DD8) u H-6anka (DD9) npu 3anucu (nmporpam-
MHPOBAHHH)

Kpome ykasaHHblX aewHpaTopoB, B CTPYKTYPY KOHTpoJLiepa
BXOAAT ajpechoe yctpoiictBo DDI1, DD2 u ycrpo#ictBo ¢popmupoBa-
HHsl YIPaBJSsIOLIMX CHTHaJOB Jisi pexxuma 3anuck DD3 —DD6, VTI.

Bsaok namsaTH MoxeT pa6oTaThb B peXHMaX XpaHEHHS, CUUThbIBA-
HUSi U NporpaMMHpoBaHusi. Tpe6oBaHHsA K YNPaBJSIOUIHM CHTHaJaM
Mukpocxembl K573P®5 B Ha3BaHHbIX peXHMax [MpHUBeIeHbl B
tabsa. 4.7. CrupaHue HHPOpMAlLHH NPOH3BOAAT OO6JyueHHeM YOP
'CBETOM KpHCTaJjsla MHKpocXeMmbl ¢ cobJiojeHHem TpeGOBaHHMH, yKa-
3aHHbIX B § 4.3.

Hanst o6pamenusi k 6aoky PII3Y Heob6xoaumo cosnanenue KoAa
afpeca 6/i0Ka, yCTaHOBJIEHHOrO nepeMbldkaMH S1 — S4 (cMm. Takxe
puc. 3.2) u koga A;s— A, npunsiroro ¢ anHuil IHA. BoinosHenune
3TOr0 ycJ0oBHS KOHTpoJupyeT kommnapatop DDI, Ha Bbixome koto-
poro nosiBjasiercss 1. DueMent DD2 aHanu3upyeTr ypoBeHb CHrHazAa
EPROM2 paspeinenusi ob6pawienuss K II3Y wu npu 1 dopmupyer
CHrHaJ paspeieHus ajass DD7 u Apyrux ys3JjoB KOHTpoJJepa.

B pexume cuutbiBahus npu MRDC=0 DD7 Bbibupaer ctpaHu-
iy, ¢opmMupyst curiajl 0 Ha OAHOM H3 CBOHX BbLIXOAOB, COOTBETCT-
BylouieM Kony Aj2— Ajs. B 310 Bpems Bbixoasl Aemngparopor DDS,
DD9 naxopsitcs B coctosiHun 0 H3-3a OJIOKHpPYIOLLEro AeHCTBHSA
cirHajia | Ha ux V BxXxogax. Idrtor curiHaa ¢opmupyer DD3 npwu
AMWC =1 (ynpexpaouidi Ha TakT curiaja 3anucH) 1 EPROMI =
=0 (3anpeuieHne obpauieHuss Kk 6joky PII3Y pas nporpammupo-
BaHus1). Haanuue 0 Ha Bxoaax OE Bcex MHMKpocCXxeM O3HauaeT, 4YTO
OHH NMOJATOTOBJIEHbl K CYHTHIBAHHI0O HHOOPMALIMH [0 BBLICTABJIEHHOMY
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Ha IIJA anpecy. Ho nepexoasit B peXXUM CUHUTBIBAHHS TOJBKO JiBe
MHKDPOCXeMbl BbIOpDAHHOH CTPaHHILbI.

biok PII3Y HaxoauTcs B pexkuMe XpPaHEHHs IPHU OTCYTCTBHH
ob6pauenusi, korna DD7 3akpuit U uMeer | Ha Bcex BbIXojax.

Pexxum nporpammupoBaHusi obecrneunBaiT curiasbl AMWC =0
H# EPROMI=1 npu BbilOJIHEHUH YCJOBHUS oOOpameHuss K OJIOKY
PII3Y. KoHTpoJaJep B 3TOM pexkuMe (GOpMHpYeT CHTHaJbl ynpanJie-
HHs, TpebOBaHHA K KOTOpPbIM TNpHBedeHbl B TabJ. 4.7. Ha Bbixone
DD3 dopmupyeTcsi oTpulLaTe/bHbIH UMIYJbC AJUTEJNbHOCTBIO 50 Mc,
3ajaBaeMoil BpeMsidajalomiiMi 3jemeHtamMud R2, Cl. DTtoT umnyJgbc
610kkupyetr DD7, o6GecneunBass Tem cambiM Ha Bxopax CS Bcex
MHKpocXxeM ypoBeHb 1, W oTkpbiBaetr aoctyn k DD8, DD9 uepes

snementel DD4.1 u DD4.2 curnanam Bbibopa 6ankoB: Ag u BHE.

[Ipy Ag=0 u BHE =0 otkpbiTbl Aas hOpMHPOBaHHS CHIHAJOB
OEL=1 u OEH=1 Ha oaHom u3 BbixomoB o6a nemudparopa DDS,
DD9. Ecau paBeH 0 oaMH M3 CHrHaJoB, TO MOABUTCHA Ha BbIXO/E
cooTBeTcTByOWero aewudparopa 1 u Oyner, caegoBaTe/bHO, Bbl-
OpaH 1Js 3aluCH OJMH U3 OaHKOB.

3anuceiBaemMoe CJA0BO WK OaUT mocTynaer Ha HHGOpPMalLHUOHHbIE
BbiBOJAbl MHKpocxeM no JuHusM I1J[. 3anuceiBaroTcsi Bce paspsiabl
OJlHOBpeMeHHO B BbliOpaHHble Aemndpatopamu DDE, DD9 mukpo-
CXeMbl NpH MOCTYINJIEHHH HA BXOJ nporpamMmmupoBanus Upyp Hanpsxke-
HUsS 26 B. DTo HanpsixkeHue KOMMyTHPyeT Ha Bxoabl Upy BCeX MHK-
pocxeM MpH 3akpbiToM Kiwode SB1 tpau3ucrtop VTI, oTkpbiBaeMmbiii
curHajom EPROMI uepe3 snement DD6. [duon VD1 Heob6xoaum
IJis1 pa3Bsi3KH LieNed HanpsikeHWd nutanusa 5 B u nporpammupoBa-
Hus1. 3anuch aautcs 50 mc. s 3ameprkKH mpoieccopa Ha 3TO Bpe-
MSl KOHTpOJIJiep HalpasJ/isieT €My CHTHaJ HU3KOro ypOBHA AJA MOJ-
TBep KJ1eHHs1 oOMeHa.

Takum o6pa3om, nporpammupoBanue 6joka PII3Y BcTpoenHbiMu
CpeACTBAMH OCYIIECTBJSAGTCS B OOBIYHOM ILHKJe oOpalueHus AJs
3aMucCH, HO C yJIJIHHEHHEM [JHUTEJbHOCTH LHKJA.

PaccmoTrpenHbi 610K [13Y MoxeT ObITh CyLIECTBEHHO YIPOLLEH,
ec/Jid C KOHTpoJijiepa CHATb (YHKILHIO BCTPOEHHOrO NporpaMmmaropa.
Bo3MOXxHbI Apyrie BapHaHTbl KOHTPOJIJIEPOB, B TOM 4YHUCJe U MpHUMe-
HeHHe MHKpocxeMbl K588BI'2 no cnocoby, nokazaHHomy Ha puc. 3.6.

M3meHenne emkoctH 6jioka [I3Y B cTOpoHYy ee yMmeHblIeHHsI He
TpeOyeT H3MeHEeHHWH B Cxeme KOHTpoJijepa. [IpU nmpuMeHeHUH MHUKPO-
cxem PII3Y apyrux THnoB Takue W3MeHeHHSI HEOOXOAHUMBI, TOCKOJBKY
CYLLLECTBYIOT OTJIMYUSA YIPABJSIOUIUX CHTHAJOB B peXHUMe Nporpam-
MHPOBAHHS.

Haubosbwinii 3¢dekt npu peanusauud nepenporpamMmupyeMod
9HEeProHe3aBUCUMOH NaMATH C MUHUMAJbHBIMH annapaTHbIMHU CPEJCT-
BAMH MO3BoJsieT noJydyaTb MHKpocxemMa K573P®3, npexncrapasiionias
co6oit onHoKpucTaabHblid 610K PI13Y emMkoctbio 4K X 16 6ut. Jocra-
TOYHO CKa3aTb, UTO YeTbipe TaKHX MHKPOCXeMbl CIIOCOOHbBI MOJHOCTbIO
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3aMEeHHUTb YCTPOWCTBO MaMsTH, NMpPHBeJeHHOe Ha puc. d.1, Koropoe
IJI1 cCBoed peanu3auud Tpebyer GoJjiee 23 MUKPOCXEM.

MukpocxeMa B CBOE€H CTPYKTYpe COLEPXKHUT BCe (PYHKLHOHAJIbHbIE
y3Jbl, KOTOpble HMeeT paccMmoTpeHHbi 6J0kK PII3Y. BcrpoeHnHble
HHTep(eHCHble CpeIcTBA OPHEHTHPOBAHLI HA NOJKJOUEeHHe K 16-pas-
psiaHod maructpaiu MIIM 6e3 nomno/HUTENbHBIX 3JE€MEHTOB COIpSi-
>KeHHusl. BcTpoeHHoe ajpecHoe YCTPOHUCTBO, 3KBUBAJEHTHOE 10 BHIMNOJI -
HsieMod ¢yHkuud DDI1 Ha puc. 5.1, HO mporpammHpyemMoe HU3BHE
3JIEKTPHUECKHMH CHIrHaJlaMH, MO03BOJIsieT MOAK/AI0UYAaTh K MarucTpaJliu
a0 8 MHKpocxeM H (OpMHPOBATb TAaKuM 00pa3oMm OJIOKH [aMSATH
eMKocTbio 10 64K Ga#r.

CBoiicTBa U xapaktepucTHKH MHKpocxeM KOH73P®3 mnpuBeneHbl
B § 4.3.

5.2. PyHKUHOHANBHbIE Y3Jbl Ha MUKpocxemax I3y

[IpumeHenne wmukpocxem IIII3Y mno3BosasieT 3PPeKTHBHO
peliaTb 3ajayd Mo pa3paboTKe JOrHYeCKHX Y3JOB C MEHbIIUMH
3aTpaTaMM anmnapaTHbiX CpPeJACTB MO CpPaBHEHHIO C HX aHaJioramu
Ha KOMOMHAIlHOHHbIX MHKpocxeMax [44—48]. 9To CBOHCTBO MHKpPO-
cxem [II13Y wiMpoko NMPUMEHSAOT MPH MOCTPOEHHHU MAEIUPPaTOpPOB,
¢dopmHpoBaTesied YyINpaBJdOLUIUX CHUTCHAJNOB, KoAolpeoOpa3oBaTelieH,
YCTPOHCTB COINPSKEeHHUSI, 3HaKOreHepaTopoB U T. [.

Caenyetr o6paTHTb BHHMAaHHE H HAa TO OOCTOSITE/NbCTBO, YTO MHK-
pocxembl IITI3Y moryr ObITh 3anporpaMMHUpPOBAHbI [0Jb30BaTe/eM
MoJ KOHKpeTHyK 3anauy. Mimess B cBoeM pacnopsi>keHHH HeCKOJIbKO
«4HUCTbIX» MUKpocxeM [II13Y, pa3paboTuuk MoKeT Ha OCHOBE OAHOIO
THIIa MHKPOCXEMbI peaJii30BaThb pa3J/iHuHble (yHKUHOHAJIbHbIE Y3JIbl.
STH Ke 3aJauH MOXKHO PELIMTb M C MOMOLLbI0 MHKpocxeMbl PII3Y,
npuyeM naxke C eule OoJiee BBICOKOH 3((PEKTHBHOCTBIO, MOCKOJIbKY
OHH JOMYCKAlOT HeoJHOKpaTHoe mnporpaMmupoBaHue. OmHakKo yaille
npuMeHsiioT MUKpocxeMbl [1T13Y: oHu neileBJie, npoiie B NporpamMmMu-
poBaHHMH, a rJaBHoe, OoJiee ObLICTpOAeHCTBYIOLLHE (CM. TabJ. 4.2 U
4.3).

PaccmoTpum psin npuMepoB npumeHeHHd mukpocxem IIII3Y nas
BbIIOJIHEHUS pa3JIMUHbIX (QYHKIHH, OOpaTHB OCHOBHOe BHHUMaHHe Ha
CIOCOObl pellleHHsI CXeMOTE€XHHUECKHMX 3ajaay MO MOCTPOeHHI0 (YHK-
[IHOHAJIbHBLIX Y3JI0B W YIPaBJE€HUIO UMH.

Ha puc. 5.2 npuBeneHa cxema MyJbTHIIJIEKCOPA aJApPECHbIX KOIOB,
peasii30BaHHOro Ha Tpex MHKpocxeMax KSHS6PTSH, kotopbiit 3ameHsieT
aHaJOTHYHOEe YCTPOHMCTBO HA d4erbipex MHKpocxemax KI1b55KII2
(cM. puc. 3.9) B KoHTpoJsiepe AHHaMHyeckoro O3Y.

Mukpocxembl DDI, DD2 npenHaszHauyeHbl mJisi nepenadyd Ha aj-
pecHble BXoAbl MHKpocxeM O3Y anpecoB cTpok Ay{A,— A} u cTon6-

nop Ay{As—A;;}, nmocTynawiuux ¢ JHHME WHKHBL ajapeca: JHHHH
Ay noaBenenbl Ko BxoaaM DDI1, nuauun Ay kKo Bxogam DD2. Mukpo-
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cxeMa DD3 cayxut aas nepenadd aapecoB pereHepauuu Agy— Ags,
KOTOpbie (POPMUPYET CUETUHK pereHepalluy.

Bce MuKpocxembl HMeIOT OJHHAKOBYIO MPOIIHBKY: B KaXAYIO
AUEHKY MHKPOCXeMBbI «3aIlHT» Koi ee ajpeca. CrnocoObl H peXXKHUMBI
nporpammupoBaHuss mukpocxem [IT13Y paccmorpenw B § 5.3.

[Ipu o6beauHeHHH MHKPOCXeM B MOAYJb YUTEHO, UTO OHH UMEIOT
OTKPBITbIE KOJJAEKTOPHble BhixoAbl. [loaToMy AJsi coefdHEHUS OIHO-
MMEHHbIX BbIXOJA0OB NpHMeHeH crnocob «MoHTaxXHoe UJIM» ¢ noakmo-
YeHHeM K HUM HalpsiKeHUS MHTAaHUA dyepe3 Harpy3OuyHble PE3UCTOpbLL.
ConpoTuBJjeHusi pe3uCTOPOB BbHIGPAHbl H3 YCJAOBHSA OrpaHUUYEHHS HaM-
60JibUIErO BLIXOAHOTO TOKa JI060H MHKPOCXEMBbI fIpe/iejibHO AOMYyCTH-
MbiM 3HaueHHEM.

Ynpasaswouue curiansl Ay/Ax 1 REF noaansl na sxoast CS1 —
CS4 mMukpocxeM Tak, 4ToObl o6ecneuyuTbh 3ajJaHHbIH pexXHM ux pabo-
Thl. B pexume obOmeHa marucrtpanau ¢ O3Y cHrHaa pereHepauud
REF =0. Iloatomy Mukpocxema DD3 6a0kHpoBaHa, ee BbIXOJbl Ha-
XOAATCA B BbICOKOOMHOM COCTOsIHHH, a Mukpocxembi DDI, DD2
noouyepejHO CHrHaJjioMm Ay/Ayx OTKpbIBalOTCA H NepeAaloT Ha anpec-
Hble BXoAbl OJoka O3Y aapeca cTpok npu Ay/Ax=0 u croab-
OB ﬂpl‘l Ay/Ax——l

B pexnme perenepauuu ciriaa REF =1 6aokupyer DDI, DD2
u otkpbiBaet DD3 pas nepenaun B 640k O3Y axapecos CTPOK
Ago — Agr-
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Puc. 5.3. ®opmupoBaTe/b CHIHAJOB YyIIPABJEHHS

Ha ocHoBe mukpocxem I1I113Y mM0XHO BBLINOJHUTbL U Apyrue QyHK-
HOHaJIbHbie Yy3Jbl KoHTposJepoB O3Y u [I3Y, 3anporpammupo-
BaB HX [JIsl BbIIOJHeHHs] TpeOyeMblX (PyHKUHUH.

[Ipumep peanuszauun ¢opmupoBaTesi YNPaBJASAIOUIUX CHIHAJIOB
NnpeacTaBJieH Ha pHC. 5.3. YCTPOHCTBO MOCTPOEHO HA MHKpPOCXEMe
DD5, B koTtopylo npeaBapuTeabHO 3aHOCAT KOJbl 3aJaHHBIX BPEMEH-
HBIX [OCJIeAOBaTeJbHOCTeH CHrHaJioB. [as NOArOTOBKHM TabJHILbI
NPpOrpaMMHPOBAHUA (KapThi MPOXKHUra) HEOOXOAUMO KaXIAOMY KOHY
agpeca, HayuHasi C HYJEBOro, MOCTAaBUTb B COOTBETCTBUE BLIXOJHOH
KOJi, KOTOPbIA orpejesieH BHIOM BPEMEHHbIX JHarpamm.

3aaawuui renepatop DDI u cueryuk DD2 — DD4 (bopMprloT
KQl aapeca. B HenpepbiBHOM pexkHMe paboTbl 3THX Yy3/0B Ha ajpec-
HbiX Bxoaax DDOS npoucxoautr nepebop aapecoB ¢ yactorou Fy ot
HYJIeBOTO A0 KOHEYHOro, B pe3yJibTaTe 4ero Ha BbIXOAAaX 3TOH MHKPO-
cxembl (OPMHPYIOTCSI 3alPOrPaMMHPOBAHHbIE BpPeMEHHbIe AHarpaM-
Mbl. B3aHMHBIA CIBHI CHTHAJOB Ha BbLIXOAAX KPaTe€H AJUTENbHOCTH
takta. To=1/Fo. 910 Hafo yuuTbHIBaTb NPH OLEHKE BO3MOXXHOCTH
KCHOJIb30BAHHs TakKoro cnocoba peaJii3allud redHeparopa ynpasJsiio-
uwx curHanoB. Hanpumep, ans mukpocxembl KOHOO6PTS munHumadnb-
Hasl JJIMTEJbHOCTb TAKTa OMpeAensieTCi BpeMeHeM LHKJa CYHTbIBA-
Hus 1 paBHa 80 ... 100 Hc (cMm. Tab6a. 4.2). ChrenoBaTte/bHO, 4aCTOTA
CMEeHBI ajipecoB Ha ee BxoAax Fy He mosxHa npeBsimath 10 M.
HMcxonss u3 3Toro, BHIOHPAIOT MHKPOCXeMbl H CHNOCO0 peasiy3aluH
redepatopa DDI1 u cueTtyHka anpecos.

Hanpumep, npu pacyere OLICTPOAEHACTBHS YCTPOHCTBa, MpHBe-
JIEHHOTO Ha pHcC. 5.3, cjelyeT HCXOAWTb H3 TOro, 4YTO C Y4YE€TOM
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BpeMEeHH YycTaHoBJeHus cuetydka DD2 — DD4, pasHoro 200 Hc,
MHHUMAaJIbHas JJHUTEJbHOCTb TaKTa 1o He MoxKeT O6bITb MeHblle 300 Hc,
a Haubosibliasi yactora by, ciaenoBaTtesbHO, He N0J2KHA MNPEBbLILATD
3 MI'u. Ecnu npuHATb B pacueT MaKCHMaJibHble 3HAUEHUS BPEMEH-
HbIX NTapaMeTpoB, TO 4yacToTa OyaeT elle HHXKE.

[Ipy HanUuMK Ha BbIXOJE CXeMbl MYJbTHIIeKcopa DD6 yctpo#-
CTBO MOXKHO HCNOJIb30BAaThb B KauyecTBe OJIHOKAHAJbHOTO (HOPMHPO-
BaTeJssl KOJOBBIX MOCJeN0BaTeJbHOCTEH 3aJaHHOIO BUAa C BO3MOXK-
HOCTbIO HM3MEHSITb BHJl TMOCJ€eJ0BaTeJbHOCTEX B AaBTOMAaTHUYECKOM
pexXume, KaK NMOKa3aHO Ha pHUC. 5.3, WUJH MMOJ BO3AEHUCTBHEM yNpas-
Jaswoiero koga Ay — Ay, nonaBaemoro Ha DD6 ot apyroro ucrou-
HHUKa.

[Ipu A¢AA;=000 Ha Bbixog DD6 komMmyTupyeTcs mnocJjenoBa-
TeJbHOCTb, MoJiyyaemMass ¢ Bbixoga DOy mukpocxembl DDbS, mnpu
koae 100 — nocsepoBaTenbHocTb ¢ Bbixoga DO; u 1. 4. B aBTOoMmMa-
THYECKOM peXXHMe 3TH MOCJe10BaTeJbHOCTH HUKJIHUECKH YepeAyIoTCs
¢ nepuoaom B ol12 takrtoB. Tpurrep DD7 Heobxomum ajsi UCK/IOUe-
HUS BJIMSIHUS MPOLIECCOB YCTAHOBJIEHHS KOJOB CUETYHMKA HA BBIXOJ-
HOH CHUTHaJ. L

Bxogpt C, CS, CS pacuiupsiloT BO3MOXKHOCTH YCTPOHCTBA B
OTHOLIIEHUH THOKOCTH ylNpaBJ/eHus ero paboTod, HapallUWBaHUSA €M-
KocTd TITI3Y u 3a 3TOT cueT yBeJMUEHHUS UYHMCJa BAPHAHTOB KOJOBBIX
OCJIe10BaTeJbHOCTEH.

sl yMeHblleHHs Nepuofa IMOCJaeL0BaTelbHOCTEH MOXKHO Orpa-
HUUMTb HCMOJb3yeMoe ajJipecHoe MpocTpaHCcTBO MHKpocxembl [ITI3Y,
COKPATHUB pa3psaaHOCTb U3MEPSAEMOro aJpecHoro Kojia U COOTBeTCTBEH-
HO pas3psHOCTb cyeTurka-dopmupoBaTessi. B Takom ciyuyae nele-
coobpasHo wucnoab3oBaTb MHKpocxemy [I[I3Y MeHbuied emMKoOCTH.

HekoTtopoe BU1OH3MEHEHHE PACCMOTPEHHOH CXEMbl MyTE€M 3aMeHbl
MYJbTHIJIEKCOPA 1 H(GPOAHAJOrOBbIM Mpeobpa3oBaTtesieM I[0O3BOJSAET
MoJyyaThb reHepaTop aHaJIOTOBbIX ‘CMTHAJOB C 3aJaHHbIMH Xapakre-
PUCTHKaAMH.

Ha puc. 5.4 npuBeaeH ¢parmeHT cXeMbl CHHTe3aTOpa aHaJoro-
BbIX CHCHAJIOB, TNOCTPOeHHbIH Ha ocHoBe MuKpocxembl [ITI3Y
K556PE3. ®opmupoBaTte/b aApeCcHbIX KOAOB B 3TOM YCTPOHUCTBE
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MOxKeT ObITb BBIMOJHEH Mo cxeMe Ha puc. d.3. Mukpocxema DDI
COAEPKHUT KOAOBble KOMOWHAUMWH, onpenenswoolide ¢opMy aHajoro-
BOrO CHrHaJia, KOTOpPbIM (opMupyeT LUPpOaHaJOroBbid npeobpaso-
BaTesib DAl npu nocnenoBatesbHoM nepebope axapecoB DDI. One-
paUHOHHBIH yCHJHUTeNb Ha Bbixoae DD2 obecneunBaer ¢hopmupoBa-
HHe ypOBHeH HanpsixkeHusi B auanasose 0 ... 10,24 B. 3amerum, uto
Npd HeOOXOMHMOCTH MOXKHO BBECTH CXeMy YIpaBJ/ieHHs 3HA4YeHHeM
H TMOJISPHOCTbIO OMOPHOTO HAamMpPsi>KeHUsi M [OJy4UTb OHUNOJISAPHbIE
BbIXOJIHblEe CHTHAJIbI.

TouyHOCTb 3aiaHUsAA CHHTE3UPYeMOH (DYHKLHUH 3aBUCHT OT pa3psil-
HocTu [1I13Y u LIAIT u onpenensiercss 3HaueHneM MJajliero paspsiaa
udpoBoro Koaa u mkKajaod npeo6pasosanusi LIAIl. B nanHom mpu-
mepe oHa paBHa 40 mB. IloBbilieHHe TOYHOCTH 3aJaHUA (PYHKIHH
aocturaercsi yBeanueHuem paspsigHoctd [1T13Y u LIAIL

[leHTpaJsibHbIM 3jieMeHTOM ycTpoiicTBa ssJasiercs [1T13Y, koropoe
npeaBapUTEeJbHO NPOrpamMMupyeTcss LHUPPOBBIMH KOJAAMH 3aJaHHOHM
(¢yHKIHH (curHadga). [Jsi cocTaBl/ieHHs] KapThl MPOXHUra HeoOXoauMo
HAWUTH Ha OJHOM Nepuoae, paBHOM 2", HU3MEHEHHUS CHHTe3UpyeMOH
dbyHKI MM, TAe m — pa3psaHocTb Koaa [ITI3Y, ee 3HaueHust B 2™ Tou-
Kax oTcyeTa: 1Mo OJHOH B KaxXJA0oM TakTe, B macuitabe or 0 no 2", rae
n — pa3psaaHoctb LIAIl. B paccmarpuBaemom npumepe m=>5, n==_.
3aTteM 3HaueHHe KaxXKAOH BLIOOPKH OTOOparkamlT 8-pa3psiiHbiM KO-
JIOM, YUMTbIBasg MNPHU 3ITOM, 4YTO HauboJblliee 3HAYeHHE (HYHKIIUH
COOTBeTCTByeT eIWHHUUYHOMY Habopy pa3psaoB koaa. Homep orcuera
sBJsieTcs ajapecom siueiikd [1113Y, Kyna TpebGyercss 3aHeCTH LHUGPO-
BOH KOJ NaHHOH BLIOODKH (PYHKLHH.

Ha ocHOBe pacCMOTPEHHOro MPHHIKMIA MOTYyT ObIThb peaJinu3o-
BaHbl TeHepPaTopbl CTHUMYJHPYIOLIHMX BO3AE€HCTBHH B H3MepPHTEJbHbIX
CHCTEMax, B TOM UHCJe reHepaTophbl ¢ ymnpasJjsieMOH (GopMOl KoJe-
GaHHi, reHepaTopbl TOHA B UM POBbIX 3JEKTPOMY3bIKaJbHbIX HHCTPY-
MeHTax u T. I.

Takoe yCTPOHCTBO MOXKHO MPHUMEHHTb JAJs ABTOMATHYECKOIO
ylpaBJ/ieHUus] UCIOJHHTEJNbHbIM NPUOOPOM (mepekJioyaTesieM, peryJs-
TopoM U T.1.). Torna B mukpocxemy I[III3Y Heob6xoaumo 3aHecTH
[IPOrpamMy, COOTBETCTBYIOLLYIO KOAaM YNpPaBJAIOLIET0 BO34EHCTBUS
Ha Bxoaax DDI. Ilpu ob6bennHeHHH HECKOJNbKHX MHKPOCXEM C HC-
mosib30BaHWeM Bxojaa CS mnosiB/isieTcsi BO3MOXHOCTb CHHTE€3HPOBAThb
HECKOJIbKO (DYHKIIMH, 3aMucaB NpeJBAPUTEJbHO HX KOIbl B MHKPO-
cxembl TIT13Y.

MoxeT npeacTaBUTb HHTEpeC IJisi MHOTHX NMPUMEHEHHH BapuaHT
ucnoJsib3oBanus MukKpocxembl III13Y, npuBeneHHbii Ha puc. 5.D.
YCTPOUCTBO aHAJIOTHYHO PACCMOTPEHHOMY [0 IMPHHIHUIY I[OCTpoe-
H#sl, HO UMeeT OoJiee LUHUPOKHE BO3MOXKHOCTH IO CHHTE3Y CHUTHAJIOB,
uTo obOycJsioBsaeHO yBesquueHHeM eMKocTdH [ITI3Y u cxemoH ymnpasJe-
Hus. Tpurrep DD3 non Bo3aeicTBHEM BXOAHOIO LHUPPOBOro CHrHaJa
dopMupyeT Ha BbIXOAE CHTHAJ yNpaBJeHUs CTapliuM pas3psiaoM
Koma aapeca Ao mukpocxembl [ITI3Y DD4. Takum obpasom, aapec-
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PETHBIX CHMTHaJIOB B JBYXTOHAaJlb- THUHOTO KOJla B CEMH3JIeMeHTHbIH KO/ yNpaB-
Hble JIEHHS HHAHKATOPOM
Buixoae DO
A
Hoe npoctpaHctBo DDA4 o T i T2 131151 & 1+
pa3ae/jieHo Ha AB€ CTPpaHH-
1lbl, B KaXXAyl0 H3 KOTOPBIX o |ofo|ofolo]ol| 1 |1
3aHOCAT  KOJAbl  pasHbIX : Lp ooy gl Ll
byHKILH 2 oJo |1 oo 0 1
y : . 3 olo oo | 1|1 0 1
[Ipu pabote ycTpoicTBa 4 it ltolol 1111 o o |1
Ha Bhixoge LIAIT (cm. 5 o1 lo|lof1]o o |1
puc. 5.4) 6yayTt ¢gopmupo- 3 8 (1) g (1’ (1’ (1’ ? :
BATbCH CHI‘HaJIbIJ COOTBET- 8 0 0 0 0 0 0 0 |
CTBYIOLIlHE OJHOH H3 JBYX 9 olololol 1 |o o |
(GYHKLHA, & HMEHHO TOH H3

HUX, KOTOpas BbIOpaHa 3Ha- V, =0

YeHHeM CHrHajga Ha BXOJe

DD3. V¥YcTpoiicTBO MOXKeT ObITb HCIIOJb30BAHO, HAmnpumep, MJs
npeoO6pa3oBaHusl ABOWYHOIO CHrHajsa B JBYXTOHAJIbHbIH CHTHaJ
3BYKOBOH 4acTtoThl. [lysi peaju3auuud 3TOH BO3MOXKHOCTH CJeLyeT
OJHY CTpaHHly, CcooTBeTcTBYOILYyl0 A;o=0, 3anporpaMMupoBaTh
¢yHKuHeH cHHyca c¢ mnepuogom T,=1/F,, a Btopylo Aj =1 —
¢byHkuued cuHyca ¢ nepuogom To=1/F,, rae F,, Fo — BbiOpaHHbIe
yactothl. Jlajsee Haao onpenenudTb, KakK pa3MeCTHTb B aJpPeCHOM
MPOCTPaHCTBe CcTPaHull Koabl GyHKUUH. [ToTpebyeMm, uTOoOB DYHKLHUH
YKJIAAbIBAJUCb B aJpPeCHOM IPOCTPAHCTBE LEJBbIM YHUCJOM IEPHOL0B
I1;, I'lo cooTBercTBeHHO. Toraa M3 paBeHCTBA ajpecHOro NpOCTpaH-
ctBa crpanul ciaeayetr I1)/T,=I1.Ty, uan Fo/F,=TI1y/I1,;.

Has npumepa BbiGepem F;=1400 T'u, F,=2100 I'ny, Torna
[To/I1;=3/2, T. e. noJHBLIA LIKKJ nepebopa aapeca AJis1 NMepPBOH cTpa-
HULIbI COOFBETCTBYeT ABYM nepuoaam yactotbel 1400 I'u, a agas BTO-
pod — Ttpem nepuonam yactots 2100 I'wu.

Ils1s1 cocTaBJeHUs1 KapThl MPOXKHra He0OOXOAWMO HAHTH 3HAYEHHUS
1024 BbIOOpOK Ha HHTepBaJie ABYX NePHOAOB NepPBOH (PYHKLHUH AJs
crpanuubl [1T13Y npu Ajg=0 1 Ha HHTepBaJie Tpex NEePHOAOB BTOPOH
(YHKIHH 1J151 cTpaHHIbl A= 1. YuuTbiBasi, 4To HoMep BbIOOPKH AIBJIS-
etcA anpecom siveiiku I1II3Y, 3aHectH B KapTbl NMepBOH W BTOPOH
crpanuy [III3Y 8-paspsiiHble Koabl BbIOOPOK (DYHKIHH.
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[Ipy BO3MOXKHOCTH CHH3HTb TpPeOOBAHUS K TOYHOCTH 3ajaHHUSA
GYHKIMH MOXHO HCHNOJNb30BaTbhb MUKPOCXEMbI MEHbIICH €MKOCTH,
Hanpumep naBe MmukpocxeMbl KI155PE3, o06bennHHB HX OJHOHMEH-
HbIMH BbIBOAAMHM M HcnoJsb3oBaB Bxoa CS agasa curHazsa ajapeca
CTPaHHL.

Hanpotus, eciu Tpe60BaHHS K TOYHOCTH 3aJaHHH (PYHKUHH IMO-

BbllLIEHbI, TO CJelyeT NPUMEHSITb MUKpPOCXeMbl ¢ 0oJibllied eMKOCThIO.
IlJid cuHTe3a CHHYCOMAAJIbHbIX KoJeOaHWH uesecoo6pa3Ho HCIOJb-
30BaTb MHKpocxeMmbl [ISYM co cTaHgapTHbIMH NPOIIMBKAMHU CHHYC-
byHKUHH (cMm. § 4.1).
- B pabouem pexxume yCTpPOHCTBa Ha pHC. 5.5 mepekJiloueHHe CTpa-
uu TIT13Y npousBoauT curHan Ha Bxome DD3: nmpu O Ha BbIXone
LIAIT ycrpoiictBa mnosiBasiercsi curHasa c¢ vacrtorod F,=1400 I,
CUMTbIBaeMbli ¢ mepBOH cTpaHulbl, npd | — curnan Fo=2100 I'w,
CYUTbIBAE€MbIH CO BTOpPOH cTpaHulbl. HauboJsiblliasgs yacTora CHHTE3H-
pyeMbiX KoJsieOaHHH olpejesisieTCs NpelejbHOM 4aCTOTOH OnepalHoH-
HOro ycuJsutessi, BpemeHeM yctaHoBJeHusi LIAIT u BpemeHeM muk/a
cudTbiBaHHs MHKpocxembl [II13Y.

[Ipumep peasusauun Ha ocHoBe MuHKpocxembl [III3Y KI155PE3
npeob6pa3oBaTesisi [ABOUUHO-AECATHYHOTO KOJA B CeMH3JEeMEHTHBIH
KO YyINpaBJieHHs HHAHKAaTOpOM IMpHBedeH Ha puc. 5.6. 3aech xe
nokasaHa TabJ/uua coctrosiHui Mukpocxembl [1I13Y, koTtopas siBssier-
cd U TabJjuleH nporpaMMHpPOBAHHA: cCJjeBa B HAeCATHYHOH (GopmMme
npeacTaB/JeHbl ajapeca syeeK MNaMsTH OT HYJEBOro [0 [AeBSITOro,
CripaBa — KOJi, KOTOPbId HAaA0 3aHECTH B COOTBETCTBYIOLHE SYEHKH.
[Ipu cocraBieHuHn TabJaHWll yuyTeHO, uTo MHKpocxema DDI unmeer
OTKPbITBIA KOJIJIEKTOPHBLIA BbIXOA, U MO3TOMY JJIS 3aXKMCaHUA CerMeH-
Ta Ha HeM JAo0JiKeH ObiThb ypoBeHb (). Touko#l ymnpasjasieT cUrHaJgl
V,, nogaBaeMbld Ha BXOJ CcTapluero paspsiia Koja ajpeca: IpH
V, =0 Ttouka orcyrcTtByeT, npu V, =1 — uaauuupyercs. BeiBog CS
MCIIOJIb30BaH VISl CHTHaJa rallleHHus WHAWKaTopa: nmpud 1 Bce BbIXOA-
Hble TpaH3uCTOPbl MHKpocxeMbl DDI1 3akpbiBaoTcs, pa3pbiBas LenH
IJis1 TOKOB uepe3 CerMeHTbl MHAMKaATOpa.

/i1 NOCTpOoeHUs] pa3JIMYHBIX JIOTHUECKHX YCTPOHCTB, OCOOEHHO
YCTPOUCTB YyIIpaBJieHUSI C HeperyJsapHOH JIOrHMKOH ¢GHOpPMHUpPOBaAHHUA
BBIXOJHbIX CHTHAJIOB, llejecoo6pa3Ho NMpUMeHsATb MUKpocxembl [1JIM
[48].

Xapakrepuctika Mukpocxem I1JIM npuBenena B § 4.2. CnocoG6hl
MX TpPUMEHeHHUs B YCTPOHMCTBAX aHaJIoTHYHbl MHKpocxeMam [III3Y

MaTpuyHOro tumna. OCHOBHOE OTJIHUHE COCTOUT B pexKHUMaX Mporpam-
MHPOBAHHS.

5.3. llporpammuposanne mukpocxem I3y

[Ipouenypy npenBapuresibHOH 3anucH HHPOPMAILLHH B MHKPO-
cxemy [III3Y mepen ycraHOBKOH Ha Me4yaTHYIO IJaTy Ha3bIBAlOT .ee
NporpaMMHpOBaHHeM. JTa onepauus SBJAsSETCS BaxKHeHllled COCTaB-
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HOH yYacTbio pelleHHs JI0O0OH MpakTHYeCKOH 3afauyd MO MPHUMEHEHUIO
mukpocxem [II13Y. B 3tom y6exnalT W Te mpHMepbl YCTPOMHCTB,
KOTOpble paccMOTpeHbl B § 5.2.

B ucxomHOM [Jsi MpoOrpaMMHpPOBAHHSI COCTOSIHMSI MHKpOCXeMa
[IT13Y B cBoeli mMaTpulLle HMeeT BCe NMepeMblYKH, UTO COOTBETCTBYET
Ha/JH4YHI0 BO BceXx 3JjeMeHTaX namsiTH O uiaux | B 3aBHCHMOCTH OT
XapaKTepUCTHKH YCHJHTeJsl cuHThiBaHus (cM. § 4.2). Ilporpammu-
poBaHHe MHKpPOCXeMbl NpeJcTaB/sieT co60H Mpolecc MnepexHraHus
nepembiuek B Tex JII, rme Tpebyercs H3MeHHTb HHGOPMaLHIO.
DTy onepauHio BLIMNOJHSIOT C MOMOLLbIO YCTpPOHCTBA, Ha3blBaeMOro
NnporpamMMaropoM, B PyYHOM HJIH aBTOMaTHYECKOM pexHMe.

[lepexxuranue nepembluek NPOU3BOAAT MO OAHOH MOCJAeAOBaTeNb-
HO BO BpeMeHH, YTOObl He HapyLIUTb TeMIepaTypHbIH PeXXHM MHKpO-
cxeMbl. [IpHHLMN MporpaMMHpPOBaHHSI MOSICHUM C MOMOILbIO pUC. 5.7,
Ha KOTOPOM TMOKa3aHbl 3JeMeHTbl MNpocTefillero nmporpamMaropa:
YCTPOHCTBO AJs1 POPMHPOBAHHS KOJA ajapeca, YCTPOHCTBO KOHTPOJIS,
reHepaTop OJAMHOYHBIX HMIYJbCOB, I'pyNna nepekgaouateneli SAl —
SA4 u konrakrtoB pesne K1.1 — K1.3, o6ecneunBaloiinx KoMMyTaLHiO
ueneld Npu NporpaMMHPOBAHHH MHKPOCXEMBI.

Ha srane moarotoBkH MHKpOCXeMy NpOBepsliOT Ha HaJsHuHe Jo-
ruueckux 0 Bo Bcex JII, monaBasi Ha anpecHbie Bxoabl Ao — A7 Bce
ajapecHble Habopbl H KOHTPOJIHPYSl COCTOSIHHE BBIXOAOB YCTPOHCTBOM
KoHTpoasi. Hano wumerb B BuAy, uTO MpeanpHSITHE-H3TOTOBHTEJb
ocraBisieT 3a co6olf mpaBo mocraBasTb MuKpocxeMbl ITII3Y ¢ Ha-
yaJbHOH HHMOpPMalHed B HEKOTOPOM KOJHYecTBe siueek MNaMsTH,
o6biuHO He 6oJjiee ueTblpeX. [IpuumHON Takoro siBjeHHsi MOTYT ObITb
HCMBITAHHST MHKPOCXeM Ha MpPOrpaMMHPYyeMOCTb INPH HX BBIMYyCKe.
[IpumenurensbHo K Mukpocxeme K556PT4 s3to o3Hauaer, yto psif
silyeeK MaMsTH MOXeT COAepXKaTb Joruyeckue 1. Sluelikn ¢ Hauanb-
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HOlM HHQoOpMalHell YKa3bIBaIOT B CONPOBOAHTENbHOM AoKyMeHTe. [1pu
OpOrpaMMHPOBAHHH HAA0 JHOO HCKIOUUTH H3 OOpalleHHs siuelKu
HauaJsibHOH uH(popMauuel, JuOO 3anuchiBaTb B HUX HH(poOpMauHiO C
yYeTOM HMeEIUIMXCs B HUX Jordyeckux 1. [lo OKOHUaHHH KOHTpOJIsI
HayaJbHOTO COCTOSIHHSI MHKpocxeMbl Kaiodamu SAl — SA4 3akopa-
4KMBaIOT ee BbIXOIbl C KoprnycoMm. Ynpasasiiouide Bxoabi CS1 u CS2
TaK)e COeJHHEeHbl ¢ KoprnycoM. 3ameTHM, YTO NMPH NPOTPaMMHpPOBa-
HUH MHKDPOCXEM C HayaJlbHbIM 3aMoJHEHHEeM JIOTHYeCKHMH | BbIXOJbI
COElHHSIIOT He C KOPIYCOM, a C HCTOUHHKOM HanpsixkeHus 5 B.
Ha srane nporpaMMupoBaHHsi KOJAOM ajpeca BblOHPAIOT SUEHKYy
NaMsTH, B KOTOPYI0 HeoGXOJHMO 3aHecTH Joruueckue |. 3arem
pPa3MbIKalOT KJIOU TOTO BbiXOJa, KOTOPOMY MPHHAJIEXHT Nporpam-
mupyembii I, M 3amyckaioT reHepaTtop OLHHOUHBIX HMIYJIbCOB.
Pene KI, nepek/ioudB CBOH KOHTAKTbl, KOMMYTHPYeT Ha BbIBOJbI
CS2, U u Bbi6panHoro Bbixoga DO HanpsikeHue 12,5 B Ha kopor-
Koe BpeMsi. BpeMsi mporpaMMHpoBaHMs B HalleM [pUMepe onpefe-
JSieT JUIMTEJbHOCTb YAEpPXKaHHs peJie BO BKJIOYEHHOM COCTOSIHHH.
OG6bluHO [Jisi MepeXKHraHusi mepemMblukd nocratouno 100 ... 300 mc.
C HauyaJoM NpoOrpaMMHPOBaHHSI B CTPYKTYpe MHKPOCXEMbl (CM.
puc. 4.4) ortkpbiBaercsi ¢opMHpoBaTesb BbiOpaHHOro BbiX04a, Ha-
npumep Fo, n cozpaercsi HU3koomHas uenb Ajs1 Toka oT U,=12,5 B
yepe3 OTKPLITHbIH 3IMHUTTEPHbIH MepPexo] TPAH3HUCTOpPA i CTPOKH H
BTOpPOro CcToJ61a, uepe3 OTKpbIThi# Kialod VT2 u Boixoa Fy Ha Kopnyc.
[Iporekalomiuii uyepe3 mnepeMblyKy HMIYJbC TOKA 3HAUYHUTEJbHOH
aMIUIMTYbl nepexuraetr ee. B 310 BpeMmsi ¢opMHpoBaTesNu APYTHX
BbIXO/IOB 3aKpbIThl, MOCKOJbKY BCE KJIOUH, KpoMe SA2, 3aMKHYTHI
B caenywowmuit unka nporpammupyior apyroi I stolt ke siuefiku
namsiTH, 4 TakK A0 TeX Mop, Noka He GyAyT 3aHeceHbl Bce | B JaHHYIO
siyeliky. 3aTeM H3MeHEHHEM ajpeca NepexoisiT K cocelHed suelike,
H L[HKJ MOBTOPSIETCSI.

[Tocsie mporpaMMHpOBaHHsI CJelyeT NMPOBEPHTb COCTOSIHHE BCeX
siyeeK MaMsTH U NPH HeOGXOLHMOCTH NMOBTOPHUTh NPOrPaMMHPOBAHHeE.
Heo6xonuMocTb MOBTOPEHHUsI BMOJIHE BepOsiTHA, TakK KakK MpeLNpHsi-
THe-H3TOTOBHTE/b FaPaHTHPYET HaJeKHOe NPOrpaMMHPOBAHHE TOJb-
KO 4YacTH BbIyCKaeMblX MHKpocxeM. DTy uacTb OroBapHBaOT B
TEeXHHYECKUX YCJIOBHAX KO3(h(HULUHEHTOM MPOrpaMMHpPOBaHHs, 3Haue-
HHE KOTOpOro AJisi pa3Hbix THNOB mukpocxeMm IIII3Y sexur B mpe-
nenax 0,65 ... 0,9. Hanpumep, nas paccmaTpuBaeMOd MHKPOCXEMbl
KP556PT4 kosap¢uunent nporpammupoBanusi pased 0,65. Ito
o3Hauaer, 4yto u3 100 MuKpocxeM, MOABEepPrHyThIX MPOrpaMMHpOBa-
HHIO, TOJbKO y 65 rapaHTHpoBaHa NpaBu/bHAs 3aNUCh HH(OPMALHH
M COOTBETCTBHE HX 3JIEKTPHUECKHX [apaMeTPOB YCTAHOBJEHHbIM
HOpMam.

BoJiee HanexHbIM $IBJsieTCSl NMPOrpaMMHPOBaHHE IyTeM [OAauH
TpPeX cepuil MMIYJbCOB (Ha BXOJ YHpaBJeHWs, HA BbIXOJ NHTAHHUS
M Ha BbI6pAaHHbIH BbIXOA) MJIHTENbHOCTbIO 25 ... 50 MKC Ka)KAblH co
ckBaxHoctbio 10 ¢ ¢pontrom 0,3 ... 3 mMkc. Takoil pexum nporpam-
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MHPOBAaHHUSI MOXKeT ObITh peasn30BaH CXeMOH IporpaMmaropa ¢ aBToO-
MaTH4YeCKUM (OpMHPOBAHHEM IPOrPaMMHUPYIOLIUX UMITYJbCOB.

[Ipu nporpammupoBaHuu Mukpocxem I[III3Y Hamno yduTbIBaThH
BO3MOXXHOCTb BOCCTAHOBJICHHUSI NPOBOJSILLEH TIePEeMbIUKH CO BpeMeHeM
M3-3a SIBJIeHUS] MUTPALUHM HOHOB. Y CTAHOBJIEHO, UTO €CJIH llepexXura-
HHE TIPOMUCXOJUT TNPH HMIyJbCe C KPYThIM (PPOHTOM, TO OHO HOCHT
XapakKTep MHUKPOB3PbiBA C HHTEHCUBHOH OKHUCJHUTEJNbHOU peakuueH
Ha Kpasix pa3pbiBa. B Takom cjiyyae BO3MOXKHOCTb BOCCTAHOBJIEHHS
MCPEMbIYKH CYIeCTBEHHO yMeHbuIaeTcs. [IpakTHYeCcKH OTCyTCTByeT
3¢b¢deKT BOCCTAHOBJEHUSI MOCJE MePEeXUTaHUS NepeMblueK H3 TOJIH-
KpHCTaJJHYecKoro KpeMHHsi (cepusi Kb41) W cuiauMuuaa mnaaTuHbl
(cepusi K1608).

TexHonoruss nporpammupoBaHus Mukpocxem I[III3Y npeaycmar-
pUBaeT TPH peXHUMa: HOPMAJIbHBLIU, POPCHPOBAHHBIA U AOIMOJHHUTEIb-
Hbl. Bosiee mogpo6HO Bornpoc nporpammupoBanust mukpocxem [1113Y
paccmotped B [3, 49]. 3aech JHillb yMECTHO 3aMeTHTb, UTO YyKa-
3aHHble PEeXHMblI OT/JAUYAIOTCH IJUTEJbHOCTBIO MPOrPaMMHUPYIOLIHX
HMIYJIbCOB M HX 4YHcjJoM. Hanpumep, eciiM B HOpMaJIbHOM pexXHMe
IJisi MUKpocxeM cepud K556 o6illee Bpemsi 3aMHUCH He JOJIKHO MpPeBbI-
matb 400 mMc, To B GOPCHPOBAHHOM pexXHUMe 3TO BpeMs yBeJUUYHUBAIOT
1o 1,5 c. Ecau mnocjie yKa3aHHBIX pPEXHMOB I[POrpaMMHPOBAHHS
nHdopMalLHMIO 3alkcaTh He yaaeTcsi, TO MUKpocxemMy Opakylor.

i1 BbisiBJIeHHsT CJ1labblXx MeCT B 3alpOrpaMMHUPOBAHHOH MHUKPO-
cXeMe ee MOJBepraloT 3/eKTPOTEPMOTPEHHPOBKEe B TeueHHEe He MeHee
168 u npu Temnepatype 125° C ¢ noc/jieAyOlIHM KOHTPOJIEM NPaBUJIb-
HOCTH 3alHCaHHOH HHMOpPMALUH M 3JEKTPHUECKHX MapaMmeTpoB.
B cayyae HapylleHUs] 3anMCaHHOH HWH(POPMALUHU MNOBTOPSIOT LHKJI
MPOrpaMMHPOBAHUA H 3JI€KTPOTEPMOTPEeHUPOBKY. [Ipu noBTOpHOM
HapylleHHH MHKpocxeMy Opakylor.

[Ipy nporpaMMHpOBaHHH MHKPOCXeM C MepeMblYKAMH H3 MOJH-
KpUCTaaadueckoro kpeMuusi (cepusi Kd41) u M3 cunmumaa niaaTHHb
(cepusi K1608) 3/1eKTPOTEPMOTPEHHPOBKY MOXKHO He TMPOBOIMTh.

BapuaHT nporpamMmaTtopa, pacCUMTaHHbIA Ha PYUHOH peXHUM MNpo-
rpaMMHUPOBAHUA H YIOOHBLIM [Jd NPAaKTHYeCKOH paboTbel B JOOH-
TeJIbCKUX YCJIOBUSIX, MPHUBeAeH Ha puc. 5.8 [47]. PyHKUHOHAJIbHASA
CXeéMa COJIepPKHUT reHepaTop OAMHOYHBIX HMIYJbCOB IJHTEJIbHOCTHIO
o0 .., 100 mMc, nocTpoeHHBbIH Ha 3jieMeHTax DD2.1 — DD2.4 u ynpas-
JITeMbIH KHOMKO#A S6, ¢opMHpoBaTesb KOAAa ajapeca Ha lepekJwyare-
JsaXx S1 — S5, anektpoHHblH Koy VTl — VT4 ¢ BpeMeHem KoOMMYy-
TalWd MeHee | MKC /4 NoJayd Ha BbIOpAHHBIM MepekJiloyaTeseM
S7 Bbixon mukpocxembl I1T13Y DDI1 u Ha ee BoiBoag Uc. HanpsiKeHHs
nporpammupoBaiuss Upp=10 B, ycTpoHCTBO KOHTpOJISI 3aNuCH Ha
auonax VD4, VDb.

YCTPOHCTBO MOXKHO AOCTATOYHO JIETKO MPHUCNOCOOUTH AJsl MpPoO-
rpammupoBanust MukpocxeM I1T13Y Goubieit emkocTd, yem K155PE3.
J1Jis1 3TOro Halo0 pacUIMPUTb aJpecHOoe YCTPOHCTBO.

B ucxoaHom coctosiHuM martpuua mMuKpocxembl KI155PE3 3anoa-
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Puc. 5.8. IlpuHuunuanpHasi cxeMa nporpammaropa mukpocxem [1I13Y

HeHa 0. Yto6bl MpoBepHTh 3TO, HEOGXOAHMO TOC/eJ0BaTeJbHO o6pa-
THTbCS1 MPH YCTaHOBJIEHHOM MepekaiouareqsMu S| — S5 anpece k
kaxaomy Il nepekiouatenem S7. Ecau B panHom I nepembiuka
uena, T. e. Haxoautcsl O, To cBeromuon VD5, 3aulyHTHPOBaHHBIH
auogoMm VD4, roperp He Oyner. IlpH HapylieHMM NepeMbIYKH, YTO
cootBercTByeT | B manHom III, cBetoamon saropurcs. ATy npolle-
JYpYy MOBTOPSAIOT AJs1 BceX 32 aipecoB MHKPOCXEMBI.

IIporpaMMupoBaHUe OCYILECTBJSIOT B COOTBETCTBHH C KapTO# Mpo-
xura (cM. § 5.2) B ciaenywouleM mnopsinke: Habupatot agpec AII,
nepexJiouaresem S7 Boi6upatoT I, B KoTopblf cienyer 3anucarsh |,
U KHomko# S6 3anyckator reHepartop. Ilpu stom ¢opmupyercs cur-
Han | paspelieHHsi MPOrpaMMHpPOBaHUsl, KOTOpPbiH ¢ Bbixoma DD2.2
noctynaer Ha BxoA MHKpocxembl [1II3Y. Ha Bnixome DD2.4 nosis-
JISIeTCS OTPHLATEIbHbIH HMITYJIbC, JJUTENbHOCTb KoTOporo 50 ... 100 mc
3agaer uenb R6C1. Tpausuctrop VTl 3akpbiBaercs, a VT2 — VT4
OTKPBIBAIOTCA U KOMMYTHpYIOT HanpsixkeHie 10 B na BbiBon nmutaHus
DD1 uepes R8, VD4 u Bbi6pannbii S7 Beixog DDI1 uepes R9, VD3.
Tlocsie oTkatusi S6 aBTOMaTHYECKH OCYLIECTBJSIETCS] KOHTPOJIb: eCJH
auon VDS 3saropescsi, To 3anuch | ypanach. Ilpu Heo6xopumoctu
NOBTOpPa pexuMa 3anucd (ko3¢ (ULHEHT MNPOrpaMMHpPYeMOCTH Yy
KI155PE3 paBen 0,3) pekoMeHIYIOT yBeJHYHBATb HampsiKeHHe MpPO-
rpammupoBaHus cryneHssmu no 0,5 B no 14 B.

AHasornyHoe no Ha3HAUeHHI0 YCTPOHCTBO [JIi MHKPOCXeM
PII3Y-Y® onucano B [52].

BeinyckaeMble MPOMBILIJIEHHOCTBIO MPOrpaMMaTophbl, NMpefHa3Ha-
yeHHble AJI1 aBTOHOMHOTO MPHMEHEHHs], MO3BOJAIT MPOrpamMMHpO-
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Puc. 59. YcrpoiicTBO aBTOMaTHUECKOro MNPOrpaMMHPOBAHHSI MHKPOCXeM
113y, PII3Y:

a — CTPyKTypHas cxeMma; 6 — cxema noakaiodeHns mukpocxemnl [113Y; 8 — Bpemennsie ana-
rPaMMbl HanpsKeHUi NPorpaMMHPOBaHUS

9)

BaTh MukpocxeMbl [1[13Y u PII3Y B nowaroBoM H aBTOMaTHYECKOM
pexXHMMax ¢ KOHTpOJieM 3aMHCH H TNpeJBapHTeJNbHbIM peJaKTHPOBA-
HHEM 3aHOCHMOH B MHKpocxeMmy HHpopmauuH. TakHMH BO3MOXKHOC-
TSAMH pacrno/iaraloT, B 4YacTHOCTH, CepHHHble MPOrpaMMHpYIOLLHe
ycrpoiictBa tuna AYIII, 815, Y3I1-80 u np. [3].

AKTHBHO pa3pabaThiBalOTCSl U BCTPOEHHbIE CPeCTBA MPOTrpaMMH-
pOBaHHsi, OpPHEHTHPOBAHHble Ha KOHKpeTHble MHKpoDBM, Hanpumep
«nekrpoHuka K1-20» [55], «uexkrponuka [13-28» [56], «Paauo-
86PK» [51] u np. [lepcneKTHBHbIM AJisT NPAKTHKH SIBJSieTCS HalpaB-
JieHHe CO3/laHHs YHHBepCaJ/bHbIX MPOrpaMMaToOpOB /51 BCeX MHKpO-
cxem IITI3Y u PII3Y, cnocobHbix K GbICTpOH NepeHacTpoiKe MpH
u3MeHeHHH THna MHKpodBM [50].

Takue nmporpaMMaTopbl AOJKHbl HMETb TPH NPOTrPaMMHpPyeMbIX
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HCTOYHHKA ¢ HamnpsixkeHuemM oT 0 mo 26 B ¢ Tokamu Harpy3ku nao
COTE€H MHJIJIHAMIIEDP H 3JeKTPOHHbIE KJIIOYH C BpEMEHeM IePeKJI0UYeHHUs
meHee 0,6 Mkc. BapuaHT cTpyKTypHOro mocTpoeHHs mporpamMmmaropa
BCTPOEHHOr0 THNA MpejcTaBieH Ha puc. 5.9. KoHCTpyKTHBHO mnpo-
rpamMMaTop IMpeacTtaBlssieT coOO0H MOAyJib, KOTOPbIH HMEET CpelcTBa
COMNpPSsI>)KeHHsI C CHCTEMHOH MarucTpaJiblo uepe3 y3es MpoMexXXyTOUHOro
uHTepdeiica u ¢ mukpocxemoi [1I113Y, PI13Y, kotopas nonxHa OGbITh
3anporpaMmdpoBaHa. B cTpykTypy MoayJsasi BXOAAT OJIOK Mporpam-
MHPYEMbIX HCTOYHHUKOB HAMPSKEHUS, KOHTpoJJep 3Toro 6Jioka, Oy-
(depHble perMCTPbl aJAPEeCOB U JAHHBIX, y3eJ NPOMeXYTOUHOTO HHTep-
delica ¥ y3eJ CONPSIKEHHS C NPOTPaMMHPYEMOH MHUKPOCXEMOHM.

- OcHOBHOe Ha3HaueHHe MOJyJieil MPOrpaMMHUPOBAHHSI COCTOHT B
npeoO6pa3oBaHUU CUTHAJOB B TOH WJIM UHOH CUCTEMHOH MarucTpajivu B
CUTHAJIbl, HeOOXOAUMble [Jii MPOrPAMMHPOBAHHUSI MHKPOCXEMbl KOH-
KpeTHoro tuna. Hanpumep, mukpocxema K556PTS moakiouaercsi kK
MOJZYJIIO N0 cXeMe Ha pHUC. 5.9, 6 U ee NPOrpaMMHPOBaHHE OCYILECTB-
JIAIOT CHTHAJIbl TEHEPUPYEMbIX MOJYJIeM aMIJIMTYAHO-BPEMEHHbIX 1Ha-
rpaMM, MOKa3aHHbIX Ha pHC. 9.9, 8.

KoMmyiekT MoayJsieil nporpaMMHPOBaHHUS H y3JIOB CONPSXKEHHUS AJI5
mukpocxem [IT13Y, PII3Y Bceli HoMmMeHKnaTypbl npuBeleH B |[DH4].

5.4. 3nakoreHeparop Ha mukpocxemax [3¥YM

[Ipumenenne mukpocxem [I3Y MacodyHoro tumna co cTaHaapT-
HOH NMPOLIMBKOH pacCMOTPHM Ha NpUMepe reHepaTtopa 3HAKOB (CHM-
BOJIOB), pea/ju3oBaHHOro Ha Mukpocxemax K1556PE2]l (6ykBnbl pyc-
ckoro aJnadasurta), KI56PE22 (6ykBbl JaTtuHckoro aJgadasura),
K155PE23 (apudmernueckne 3Haki u 1udpbl). Kaxagas u3 Ha3BaH-
HbIX MHKPOCXeM NpHMeHsieTCs1 COBMeCTHO ¢ MHKpocxeMoi K155PE24,
cozepkKalllell AOMOJIHEHHE K 3HAKAaM.

Cxema OJsioKa mnaMsiTH, KOTOpPbIH ob6ecneynBaeT (GopMHPOBaHHe
CHMBOJIOB, NpejacTaBJjeHa Ha puc. 5.10 [57, 18]. Mukpocxemnl T[I3YM
DDl — DD4 o6benuHeHbl OJHOMMEHHBLIMH aJpPeCHbIMH BXOAAMH H
BbIXOJaMHU, npuuyeM oObeauHeHHe BbiX0N0B OK BBINOJHEHO MO cxeme
«MOHTaxHoe M» ¢ nmoak/oyeHHEeM K HHM Harpy304YHbIX Pe3HCTOPOB
M UCTOUHHMKA Hamnpsi>keHusi nutaHus. Bxoapl CS ucnosb3oBaHbl 151
BblOOpa HYXXHOH M3 MHKPOCXeM CTapUIMMH pa3psiilaMu Kojaa ajapeca
Ag, Ao.

Boixoabl K155PE24 uepe3 mysbtuniekcop DDOS, ynpaisiemblii
curHajsaMu Asg, Ag, HCNOJNB3YIOT KaK [AOMOJHEHHE C BbIXOAAMH OC-
HOBHbIX Tpex MHKpocxeMm: DO, ¢ KI155PE21, DO, K156PE22, DOy ¢
K155PE23.

bsok namsith umeer 10 agpecHblX BXoa0B Ag — Ag W NATH Bbl-
xon0oB VI — V5, Ha koTopbix (OPMHPYIOTCA CHUTHAJbl YIpaBJieHUs
YCTPOHUCTBOM OTOOpaXeHUsI HHPOpMalHH.

Kon anmpeca coctout w3 Tpex uactel: Ao — Ao, Az — Az, AsA,.
Muaanuine pas3psiibl BbIOHpPAIOT CTPOKY CHMBOJA, pa3psiabl Az — Aj
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onpeiessiloT BUA CHMBOJIA U3 Habopa CHMBOJIOB OJHOH MHKPOCXEMBI,
AgAy BHIGHPAIOT MHKPOCXEMY M JOMNOJHHTEJNbHBIH K HeH BBIXOJ
K155PE24.

[Ipu AgAs=01 ynpasasioimiue curHanbl dopmupyiot DDI1 u BbI-
xon DOy mukpocxembl DD4. B coorBercTBUHH ¢ TabuaHLUeH NMPOLIUBKH
mukpocxeMmbl K155PE21 npu HysneBom HabGope A7 — Az W npu nepe-
6ope Kom6uHanuid AsA;Ag ¢ ee BbIXOJOB CYHTHIBAIOTCS YIpaBJSIIOLIHE
CHTr'HaJbl, cooTBeTCTBYIOIIHe OykBe IO, Kak nmoka3zaHo B TabJuue Ha
puc. 5.10 (oas HarAsAHOCTH B U300pPaXKEHHUSIX KOLOBBIX KOMOHUHALIMH
VI1—V5 onyuenn 0).

Mamenenne koma A; — A; Bbi3biBaeT M3 mnamsiTH TpebGyeMbli
cumBoJ. OOiee 4yucja0 CHUMBOJIOB 32. PopmaTrT HUX MpeacTaBJ/eHUs
7X5 (nyneBasi koMO6HHaUus Ay — Ao He HCMOJb3YyeTCs).

s o3HakKoMJieHHs] cCO cnocob6aMHu comnpsixkeHusi 6JioKa MaMsaTH
¢ ycTpoucTBaMu OTOOpakeHHss HHpopMaLUH MOXHO O0OpaTHUTbLCA
K [57].

B HoMeHkJaType coBpeMeHHbIX MHKpocxeM [I3¥M co crangapt-
HbIMH TMPOIIMBKAMU IIHPOKO MPeACcTaBJieHbl MUKPOCXEMbl [Jisl 3HAKO-
reHepaTopoB pa3Horo Tuna. MH@opmauus o Takux MHKpocxeMax
nomenieHa B § 4.1.

5.5. JluHamuueckoe nutaHue mukpocxem [13Y

Mukpocxembl [TITI3Y u PII3Y norpebsasiioT MOIIIHOCTD
0,8...1 Bt Ha kopnyc. 1 CHH>KeHHSI YPOBHSI 3HepromnorpebJ/eHHst
MCIIOJIb3YIOT CNOCO6 NMHAMHYECKOro NMHTAaHHs, BAPHAHT peasiu3aluu
KOTOPOro npuBeaeH Ha puc. 5.11 [58]. -
CxemMa [MHAMHYeCKOro MHTAHHS BKJOYaeT AemudpaTop BbIGO-
pa Mmukpocxem DDI17, TtpaH3uctopHble kaoun VT1—VTI6. [euin-
¢patop DDI7 nom Bo3gedcTBHEM CHCHAJOB CTapLIXWX pa3psiioB
koga azapeca A;;—A;s dopMuHpyeT Ha OLHOM H3 CBOHX BbIXOJOB
ypoBeHb 0 U o0ecrieuuBaeT OTKpbIBaHHE COOTBETCTBYIOLLEro TPaH3H-
ctopa. Uepe3 OTKPBITBIH TPAH3UCTOP HA BBHIBOA IMHTAHHA MHKPO-
CXeMbl MaMsTH NOCTynaeT Hamnpsi>KeHHe MUTAHHUA U NPUBOJHUT ee
B pabouee coctosinde. OcTajlbHble MHKPOCXeMbl [aMATH, He HMesi
MUTaHHs, HAXOASTCA B BBIKJIIOUEHHOM COCTOSIHMM. Takum o6pa3om,
cCXeMa JAHHAMHYEeCKOro MHTaHHs, MOMHMO CBOEH OCHOBHOH (DYHKIIHH,
peaiu3yeT JOTHKy BblOOpa MHKpocxeM namsaATd. [lpu oTcyrcTBHM
obpaiueHusi K 6/ioKy mamsitd npd A;s=1 Ha BeiBoaax 14, 18 DDI17
MPUCYTCTBYeT ypoBeHb |, NMPH KOTOPOM HA BCe€X BbIXOJaxX YCTaHaB-
JUBAIOTCA | W MOALEepPXKHUBAIOT TPAH3UCTOPHBIE KJIOYH B 3aKPBHITOM
coctosiHuM. [Ipu 3TOM Bce MHKpOCXeMbl [TaMSATH BLIKJIIOYEHbl U He M0-
TPeOJISIIOT TOKa OT MCTOYHHUKA MHUTaHHS.
IIpu Hcnonb3oBaHWU JHHAMHYECKOTO MMUTAHHS CYLULECTBEHHO CHH-
’)Kaercs rmnorpebJisieMasi MOILHOCTb, HECKOJNIbBKO YBEJIHYHUBAeTCH [JIH-
TeJIbHOCTb 11HKJa oOpalleHusl K MHUKpocXeMaM NaMsTH [JIsl CUHUThIBA-
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Puc. 5.11. Cxema umnyabcHoro nurtauus [13Y

HHSI U CHHXKAeTCsl HanpsiKeHHe NMUTaHUs Ha 3HaYeHHe NaJeHusl Hanpsi-
JK€HHsI Ha OTKPBITOM TpaH3ucTope. [IpH HELOMYyCTHMOCTH CHHXKEHHSI
YPOBHSI HampsiKeHHsI NMHTaHHsI HEOGXOAHUMO MpeLyCMOTPeTh MUTaHHe
6/10Ka MaMsITH OT OTHEeJNbHOTO HCTOYHMKA C HampsikeHueM 56 B.

AHajoruuHylo cxeMy AMHAMHUYECKOrO MHUTaHHS MOXHO IMpHMe-
HUTb U JJ51 6JoKa Ha Mukpocxemax PII3Y [59].

¥Yka3arejb MHKpoOcxeM

Cepusi Crp. Cepust Crp.
K132 45 K581 45
K134 55 K588 73
K155 54 K589 66
K176 38 K596 114
K185 55 K1002 70
K500 38 K1500 56
K505 115 K1601 125
K531 66 K1603 114
K537 40 K1608 120
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10.
11.
12.
13.
14.
15.

16.

17.
18.

19.

Kb41 52 K1609 125

K555 68 K1610 115
K556 120 K1611 125
K558 125 K1623 120
K561 69 K1656 114
K563 114 K1800 71
K565 o6 K1801 117
K568 115 K1802 66
K573 125 K1804 66
K580 66 K1809 51
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