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B naniif cTarTi IpUBeNeHI CXeMOTEXHIKa, CTPYKTYpa i TEXHOJIOTIsl opMyBaHHS TOHOJOTI] HAiBIIPOBITHUKOBHX
3aram’ATOBYIOUHX MPUCTPOIB aJPECHOrO THITy Ta BHKIAQJCHI METOJM MiABHINCHHS i1 MIBHIKOMII 1 pamiariiHol
CTIHKOCTi 3 BUKOPHCTAHHSM €IEMEHTIB CyOMIKPOHHOT TEXHOJIOTIi BEIMKUX 1HTETPAJIbHUX CXEM.

KuarouoBi cioBa: 3amam’sTOBYIOYMiI NMPUCTpIid, HArpOMapKyBad, €IEMEHT [aM’sTi, KeIl-lam’siTh, mam’siTh 3
TIPSIMOIO aZPECHO0 BUOIPKOIO, CyOMiKPOHHA TEXHOJOT1S, IIBUAKOMIS.

Cmamms nocmynuna oo pedakyii 19.05.2003; npuiinama 0o opyky 23.08.2003.

OpHi€rO 3 TOJIOBHUX 3a71a4 CyOMIKPOHHOI T€XHOJIOTIT
BIC € dQopmyBaHHS  CTPYKTYp  IIBHJIKOJIFOUHX
3anam’siToBytounx npuctpoiB (3I1) 3 iHdopmaniiiHoo
emHicTiO Oinmbrie 1 M Ha kpuctani. Came MiABHUICHHS
crynei inTerpanii BIC cynpoBomKyeTbCsl 3MEHIIICHHIM
IUIOMII KOMIPKH TaM’sTi Ta CII0)KWBAaHOi MOTY>KHOCTI.
[IpoBeneHe MOJEITIOBAHHS JO3BOJISIE 3pOOUTH BUCHOBOK,
0 [pH 3MCHIICHHI PO3MIpiB eneMeHTiB B 1/n pas,
creminp iHTerpamii 3poctac B n’ pasiB. MiHiManTbHEM
enleMeHToM 1t popmyBanHs cTpykryp 311 emuictio 1M
€ po3mip 0,8-1 mxm. [lomanbplie 3MeHIIEHHS PO3MiIpiB
€JIEMEHTIB OOMEKYEThCS HAacTymHuUMH (akTopamu: 1)
IIPYU PIBHOCTI HYJIIO Hampyrd Ha 3aTBOpPI KIIIOYOBOTO
TpaH3UCTOpa IOBHOI BIJICIYKM HE IPOXOAUTH, 00 1e
BHUMarae 1mojadi HyJbpoBoi rmoporoBoi Hanpyru (Ur=0),
sIKa 3aJIC)KUTH TUTBKHU BiJl CTYTICH] JIETYBaHHS MiTKITAIKH 1
TEeMIepaTypy; 2) TpH 3HIDKEHHI HANpYTH >KUBICHHS
BHHUKAIOTh Mpo0IeMH, 3B’ s3aHi 3 SBUILEM ,,KOPOTKOTO”
KaHay 1 IHKEKIIl raps4uxX eJeKTPOHIB B MiJ3aTBOPHUI
JeNeKTpUK; 3) piBEeHb MOPOrOBOi HANPYTH OOMEXKYETHCS
Hallpyror Iockux 30H Upg, BeIMYMHA  SIKOI
BU3HAYAETbCS MarepiajioM eJeKTpoja 3arBopa Ta
NOCTIHHMM 3apsJOM B IMiJI3aTBOPHOMY IiEJIEKTPUKY
TpaH3ucropa; 4) mpu cHiByAapi ojHiei o- YacCTHHKH
3apsa Ha 3aTBopi 3MiHIOEThes Ha 0,03 nKi i ams Toro,
o0 Ied 3apsa He 3MIHIOBAB IMOTEHINANa JUHAMIYHUX
KOHJICHCATOpiB maM’sTi Oinbiie, Hix Ha 1 B, HEoOXimHO
€MHICTb TaKOro KOHJAEHCATOpa 3pOOHMTH HE MEHIIO0
0,03 n®. ToMy ans MONANBIIOTO MiABHINEHHS CTYIEHI
igterpanii  BIC mpocroro 3MeHIIEHHS €JIEMEHTIB
HEJAOCTaTHRO 1 Tpeba TaKOXK yIOCKOHATIOBATH SIK
TEXHOJIOTiI0 ()OPMYBaHHS E€IIEMEHTIB CTPYKTYp IaM sTi,
Tak 1 KOHCTPYKIiI0O camMoi KOMipku cTpykTypu. IIpote
JaHe TIMTaHHA HEAOCTAaTHBO BHCBITJIICHE B JITEpaTypi i
notpeOye neBHUX yTouHeHs [1,2,3].
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Bimomo, mo Baxknusi mapametpu 311 - mBuaKomis 1
CIO)KMBaHa MOTYXHICTh - BU3HAYAIOTHCSl YaCOM JIOCTYITY
JI0 NaHuX, a B Oinpmocti 3[1 BUKOPUCTOBYETHCS TiNBKA
aapecandi poctyn [2,3,4,5]. Taki 3I1 € ©HaWOuIbII
MPOpOOJICHUMH 1 IIUPOKO  BUKOPHUCTOBYIOTHCS B
MIKPOIIPOIIECOPHUX CUCTEMaX yTpaBIiHHA. ToMy B IaHIii
CTaTTi PO3TIIHEMO IX KOHCTPYKTOPCHKO-TEXHOJIOTIYHI
0CcOOJIMBOCTI B paMKax CYOMIKPOHHOI TEeXHOJOTIT
¢dopmyBanHs ix ctpykryp. Bei agpecni 311 ninsthes Ha
RAM (Random Access Memory) i ROM (Read-Only
Memory) abo ix me Ha3uBalOTh oneparuBHuMH 31
(O311) 1 mocristaumu  3I1  (I13I1). OmeparuBHi 31
30epiraloTh jAaHi, sIKi IPUIMAIOTh Y4acTb B OOMiHI Ipu
BUKOHAHHI TEKY4Oi IPOrpaMy, i MOXKyTb OyTH 3MiHEHI B
mobuii MomeHnT wacy. B II3I1 Ttaka Bxe 3miHa He
nepenbavdaeTbcs 1 ii BUKOPUCTOBYIOTH SIK TaM’ATh IS
yurandd. Skmo taki gadi B 1311 mibgroTecs, TO Ti Bke
Ha3uBalOTh pemnporpamoBaHoo (PII3II) abo mepe-
nporpamoBanoro TTT13I1.

RAM (O3II) minaTeca B CBOIO Yepry Ha CTaTHYHI i
IUHaMigHI. B mepmomMy BapiaHTi 3amam’SATOBYIOYHM
€JIEMEHTOM € TpHrep, sikuii 30epirae cBiii cran (0,1) noku
CcXeMa 3HAaxXOAWTHCS IIiJ| JKUBJICHHSIM 1 HEMae HOBOTO
3amucy aaHux. /s gpyroro tumy jaaHi 30epiraroThCs y
BUIIIIAL  3apsany — KoHmeHcaropa (Qo, Qp), mio
3a0e3rneuyeTbcs  JUHAMIYHOIO ~ KOMIPKOIO — Iam’sTi,
nobynosanoro Ha MOH crpykrypi (TpaHsucropi Ta
KoHzmeHcaTopi). CamMopo3psim KOHAEHcaTtopa Belme [0
3HUIICHHA JAHUX, a TOMY TaKi KOHISHCATOPH ITOBHHHI
MaTH BHCOKI €JIEKTPHUYHI XapaKTePHCTHKU (HU3bKI
CTPYMH BTpar, BHCOKI HpPOOHMBHI Halpyrd i IUTOMY
€MHICTB) 1 TMEpIOJUYHO pereHepyBaTuch. Pereneparris
nanux B O3] 37iliCHIOETBCS 3 JIOTTOMOTOIO CIIEIiaIbHUX
KOHTpPOJIEPIB, $IKI TaKOXX 3MEHIIYIOTh CTyMiHb iX
inTerpamii. Taki O3Il Ha3uBarOTh KBa3ICTATHYHHUMH.
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Puc. 1. Crpykrypa cxem nam’sri: a) crarnunoi O3I1, 6) T1311.

Cratnuni O3I1 nasuBarote me SRAM, a auHaMidHi
DRAM. B cBoto uepry craruuni O3I1 moginstoTbest Ha:
1) acMHXpOHHI, B SIKUX YIPaBISIOUl CUTHAIN 3a/Ial0ThCS
SK PIBHAMH, TaKk 1 iMIyJbcamu; 2) CHHXPOHHI, B SIKHUX
YIOpaBisOYi ~ CHTHAIM  HPEACTABISIOTBCS  TUIBKU
iMITyJibcaMu; 3) KOHBEEPHI , KOJNM Taki mepejadi AaHux
CHHXPOHI30BaHI 3 TAKTOBOIO YaCTOTOIO MiKpOITpOIIecopa.
Crarnuni O3], Maroun BHCOKY IIBHIIKOJIIO, € OCHOBOIO
Kemr-mam’sti [3,4,5].

Huaamivyai O3I1 xapakTepru3yrOThCsI MAaKCHMAIHHOIO
iHpOPMALIHHO0 €MHICTIO 1 BHKOPHCTOBYIOTHCS —SIK
ocHOBHa mam’ssitb B EOM 4u B MIKPOIIPOIICCOPHUX
cucremax. Omuum i3 BapianTiB mBuakomirouol O3I1 €
nam’sitb tuny FPM  (Fast Page Mode), To6to i3
CTOPIHKOBMM PEXKHMOM JIOCTYyIy 10 jAaHux [3,6] i
BU3HAYAEThCA il CTPYKTYPOIO.

Ha BiaMiHy BiJ TUHAMIYHOI TOCTIHHA MaM’sITh TUILY
ROM(M) mnporpamyerbcs me Ha cTafii QopmyBaHHA
CTPYKTYP 3 JOMOMOTOO CIEHiaTbHUX (POTONIA0IOHIB i
KOHTaKTH i po3soaky cxemu II3I1. Ti masuBarorh me
MAacKoBOIO, 00 1i 3MICT B)K€ 3MIHUTH HE MOXHA.
PisnoBuanicTio mam’sti Tumy ROM e mporpamoBaHa
kopuctyBadeM mam’siTb PROM (Programmable), To6To
TIII3I1. i 3micT 3amucyerses abo omnopasoso (PROM)
abo Moxe OyTH 3aMiHEHa CTUPaHHSM CTapoi i3 3amucom
HOBOI. 1If0o mam’saTe Ha3uBaiOTh BigmosigHo EPROM abo
E’PROM. B mepuwiii crupamns crapoi iH(opmarii
3MIACHIOETBCA 32  JOMOMOTOK  YIIbTPagioieTOBOro
ompoMiHeHHs 1 i HasuBaroTe 1me PIIS[I-Y®
(penporpamoBanoto). B npyriii ctupanHs iH(popmarii
MPOBOJINTHCS EJIEKTPUYHUMHU CHTHAIaMH 1HIAMBITYyalbHO
B KOXXHOMY eJIeMeHTi mam sTi (0gHOpo3psmHOo) abo
psaakoM (cimoBmo). Ii me masusatots PII3II-EC
(pemporpaMoBaHOI0 3 CNEKTPUYHUM  CTHPAHHAM).
[IporpamyBaHHSsI TAKHX CXEM 3/IHCHIOIOTH CIIelialbHUMU
MpOTpaMaTopaMH-eMyJIITOpaMH. Pi3HOBHIHICTIO TaKoi
nam’sTi 13 WBUAKAM ctupaHHsMm € Flash-nam’sts, sky
tdopmyrote Ha ocHOoBi MOH komipku tunmy ABO-HE
[3.5,6,8].

AnpecHi

31 mnpencTaBiAOTHCS CTATHYHUMHU 1

569

quaamivauMu O3I1 (RAM) Ta nocriitnoro Tuny ROM.
Bonn MaroTh 0arato CHOUIBHOTO 3 TOYKH 30pYy
BUKOPHCTAHHS CTPYKTYpHHX cxeM. Lle BigHOCHTBCS 10
crarmuaux  O3I1 (SRAM) Ta II3I1 Tumy ROM.
Crpykrypa auHamiuaux O3l mae crBow crerudiky i
Oynyerbes Ha TPaH3UCTOPHO-KOHICHCATOPHHUX
esleMeHTax mnam’sti (ogHO 1 0arato TPaH3UCTOPHHX).
Turosi cTpykTypu [yt nopiBHsHHS cratuaHoro O3 ta
I13I1 monani Ha puc. 1.

Ha cxemi ampec A € HOMEpOM KOMipKH
HarpoMa/pKyBada (MaTpwii), A0 SKOTO IPOBOIUTHCS
3BepTaHHs. TOMy pO3psiIHICTH aapeca  3B’s3aHa 3
gucaoM  30epiraroumx  CimiB N CIIBBIIHOIICHHSIM
n=1log,N ado N=2" Skmo 3II emuictio 64 K mae
n = 16 po3psiHi aApecH, TO alpec BUPAKAETHC HAOOPOM
A =A5A14...Ay. Curnan CS-Chip Select abo CE (Chip
Enable) - curnai, sikuii 103B0JIsIE 200 3a00pOHSIE POOOTY
nmanoi cxemu. Curnamim WR/RD — Write/Read- curnan
3aMnucy-4nuTaHHs, KU BUJA€ CUTHAI ,,1” HA 3UNTYBaHHS
i ,,0” Ha 3amuc. Curmaim DI, DO — Date input, Date
output — IIMHU BXITHHUX 1 BUXITHUX AAHUX, PO3PSIHICTH
SIKMX BU3HaYaeThes po3psaHicTio 311 (po3psaHicTio Horo
KoMipok). 3amwic B BuOpanwmii enemeHt mam’sti (EIT) abo
3unTyBaHHS 3 BHOpanoro EIl  3xificHoeTbcs 3
JIOTIOMOTOI0 N-PO3PSIIHUX (POPMYBAUiB CUTHAITY 3aITHCy-
3unTyBaHHA (D33), KOKHUH 13 AKUX MiAKIIOYCHUN [0
po3psaanoi mmuu (PII) ogHoro i3 croBmmiB. Buximxi
curHanu  jgemmdpatopa [, 1mo  BH3HAYAIOTH
KOHKPETHHUI CTOBIELb, B SKOMY INPOBOJHUTHCS BHOIpKa
EIl, nocrynatots mo Alll, Ha ®33, sxuil i no3BOISAE
poOOTY OJTHOTO 3 HUX BIIIOBIAHO HA PEXUM 3aIHCy abo
3YUTYBaHHS.

B pexwnmi 3amucy indopmarii BuOpammii D33
(hopMye yepe3 MiOKIIOUEHY 0 HBHOTO PO3PIAHY IIHUHY
CUTHAaJI, 110 BCTaHOBIIOE€ KOHKpeTHUN EIl, sxuii Bxke € B
3aJJaHOMYy PSAAKY 1 Ha SKAH NOMAETHCS CHUTHAJN, IO
noctynuB 3 aemndparopa Alllx B crani ,,0” uu ,,1” B
3aJI€KHOCT] BiJl TOro, SIKMM CHI'HAJI MOJAHMKA Ha BXIJ
cxemu yrpasiinas DI.

B pexumi 3untyBanHs Bianosiguuit @33 crpuiimae
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Puc. 2. Yacosa niarpama crariuunoro O3I1 B pexxumax: 3anucy, 30epiraHts i 34nTyBaHHSI.

curnai, mo nocrynus Ha PII Bix BuOpanoro EII. Ileii
curHai Bkasye Ha crad EIl (Q =0 uu 1) nixcumoersest 1
nepenaeTecsi Ha Buxig manux DO yepe3 OydepHmit
kackan (BK). Tobro, pexum pobdorn 3II mos3Boise
¢dopmyBanHs curHaiy BuOipkn Ha Allly 1 mpu curnanmi
WR/R =0 cxema ynpaBiiHHSA (OPMy€ CHTHAJ Ha 3aIINC;
pu boMy Buxin DO OnokyeTbest OypepHIM KacKaaoMm.
Axmo WR/R =1, To cxema ympasminas nepemukae ©33
B PEXHM 34YUTYBaHHs, INpPH SKOMY IiHpopMmalis 3
BubOpanoro EIl nocrynae Bxe na Buxin DO, a Bxig DI
BXKE HE BIUIMBA€ Ha poOoTy 3unTyBaHHs iHGopmauii. [Tpu
CS =1 peanizyerscst pexum 30epiranns, Tooto EIl ne
3MIHIOETHCS TIPU il JIFOOUX CHUTHANIB Ha BXxomax A, DI,
WR/R, a DO npu upomy Binkirougaerbes. Yacoa
JiarpamMa peXHMIB 3arucy, 3UMTyBaHHs 1 30epiraHHs B
O3II npuBezneHa Ha puc. 2.

OcHoBHuME mapamerpamu 3I1 € HacTymHi dacu:
tCY(A)WR — 4Hac OUKITy agpeca B pe)KI/IMi 3amucy, tCY(A)RD
— Yac OUKIy ajpeca B PEKUMi 3UUTYBAaHHS; t sya-cs) —
4yac yCTaHOBIGHHs curHany BuOipkn CS BifHOCHO
angpeca A; t sya-wr) — 9aC YCTaHOBIICHHS CHUTHAITY 3aIHCY

WR BimHOocHO anpeca A; tygrp.a) — 4Yac 30epiraHHs
ajqpeca TICIs 3HATTS CUTHAIY 3UYMTYBaHHS; tw(cs)
TpuBaJicTh curnany BuOipku CS; twgp) — TpHBaiCTh
curHaiy 34utyBaHHSA RD; t wwr) — TPHBATiCTh CHTHAIY
3anucy WR; t cg — 4ac BUOIPKHU ISl 3YUTYBAHHS; t .5 —
yac BHUOIpKH ajapeca; tarp — Yac BHOIPKH CHTHAITY
3ynTyBaHHS. OCHOBHMMH YacOBUMH NapaMeTpamy, L0

BU3HA4aloTh wBUAKOAIIO 3II € tagp) — 4Yac LUKIY
3YATYBAHHS; tgya.csy — 9ac YCTAHOBICHHS CHTHAIY
BuOipkn CS; tgya.rp) — 9aC YCTAHOBICHHS CHTHAIY

3YUTYBaHHS; t s — 9ac BUOGIPKY IJIs 3YUTYBaHHS.

BinMminHicTe mocTiliHOro Bim omeparuBHoro 31
(puc. 1) monsirae B Tomy, mo B II3I1 3xilicHIo€TBCS
onHouacHa BuOipka Kinmbkox ( 4-x, 8-m abo 16-m)
PO3pAIIB OJHOTO APECy i BXOAHM Ta BUXOIU 00’ €ITHAHI
MiX co0oro. CaM MpUCTpii, SIKU 3a0e3reuye 0THOYaCHY
BUOIpKY | - po3psmiB i3 m Ha3WBAIOTH CEIEKTOPOM.
To6ToO, cemexkTop BHKOHYE (YHKIIIO PO3PSIITHOTO
(dhopmysaua.

Tenmep BHU3HAYMMOCH, SIKUMH KOHCTPYKTOPCBKO-
TEXHOJOTIYHUMHM YMHHUKAMH BHM3HAYA€ThCSI BHCOKA

m (4UCI0 PO3PSIIIB)

k=2"
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Puc. 3. Ctpykrypa O3I1 (RAM) i3 cioBapHor0O aapecaiiero Ty 2D.
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Puc. 4. Crpykrypa 3I1 (ROM) tuny 3D 3 0JHOpO3pSIHOIO OpraHizali€lo.

mBuakoxis 3I1. 3ynmMHMMOCH CHOYaTKy Ha CTPYKTYpi
aapecaux 3II, sKki [1O3BONSIOTH 3MEHUIMTH IUIOLLY
KpHCTajla 3a paxyHOK 3MEHIIEHHS CTPYKTYpH, ILIONI
KOMYTAIIfHUX TPOBIAHUKIB Ta JIOKAJTHHHUX 130JISAMIHHUX
enementiB B kpuctanmi 3[1. Jdnmsa cratmanumx O3II i
nam’ati Tumy ROM HalOinbIe 3aCTOCYBaHHS OTPUMAITH
crpykrypu tuny 2D, 3D, 2DM. B ctpyktypi 2D (puc. 3)
3anam’sITOBYIOYi €JIEMEHTH OpPTraHi30BaHi B MPSIMOKY THHIA
HarpoMakyBad (Mmarpumo) M =kxm, ne k- gucmo
30epiraroun ciiB, a m - iX po3psaHicTh. emmudpartop
DC npu curnani BuGipku CS [03BOJISE OIHOYACHHIA
JIOCTYI JIO BCIX €JICMEHTIB BHOPAHOTO pAIKa, IO
30epirae 3a7aHe CIOBO, aApec SIKOTO BiJIOBiaE HOMEPY
psinka, a cToBIelb BHOMpaeThes yepe3 komanny RD/WR
Ha 34YMTyBaHHA abo 3ammc BiAmoBimHO. B  Takiif
CTPYKTYPi YUCIIO BUXOIB ACIIH(PPATOPa € PIBHUM YHCITY
30epiratoun ciiB. Tomy iX MOXHa BHKOPHUCTOBYBATH B
311 mautoi indopmariiitnoi emuocri 1o 64 K [7,8,9].
Crpykrypa 3D no3Boiisie 3mpoctuTi Aeudpariiio
ajipecy 3 JIOMIOMOTOK JBOKOopauHaTHOT BuOipku 3E.
[MpuHOMI JBOKOOpAMHATHOI BUOIPKHM TMOSICHIOE pHC. 4
st 311 tuy ROM, 1o peasizye onepaiito 34MTyBaHHS.
B Takiii cTpyKTYypi KOJ afpecy po3psaHICTIO N JUTUTHCS
Ha /IBi TTOJIOBUHKH, KOXHA 13 SIKUX JIEKOAYETHCS OKPEMO.
3 0NOMOToI0 IUX ABOX Aemn¢paTopiB Bubupaerscs 3E,

II0 3HAaXOIUTHCS  Ha IMEpPeTHHI psIKIB 1 CTOBOWLIB,
KinpKicTh sKMX piBHa: 2"?x2"?=2". B upoMy BHIAIKy
YHUCIIO BUXOJIB Aemmn(ppaTopa 3MEHIIYETHCS BIBOE 1
piBre: 22+ 2" =2"*"! I3 namoi apxiTeKTypH BHJIHO, IO
s 3[1 weBemmkoi emHOCTI, Hampukman, 1K mis
ctpykrypu 2D motpibuuit Oy 6u nemmdparop i3 1024
BUXOJIaMH, a sl CTpyKTypH 3D moTpiOHO BxkKe TLIBKU
nBa gerrdparopa 3 32 BUX0JaMH KOKHHUH, TOOTO, YUCITO
BCIX BUXOIIB CKJanae Tuteku 64. lle 3MmeHmye monty i
KUTBKICTh KOMYTAIIIMHUX BUXITHUX LIMH Maike B JiBa
pasu, 1o pisko 30inbmye mBuakoaito 3I1. Hemomikom
JaHOI CTPYKTypM B JBOKOOpAMHATHIM BHOIpmi €
YCKJIQIHEHHSI caMOoro Ipolecy aemmudpariii, ocoOimBo
1t 311 Beaukoi éMHOCTI.

Taki nemomiku BimcytHi B 3I1 Ttumy ROM i3
CTpyKTypoto Tty 2DM, mo 300pakeHa Ha puC. 5 I
HarpoMa/pKyBada  3amaM’ STOBYIOUMX  €IIEMEHTIB 3
azapecamiero Big ogHoro pemmdparopa DCy, skuii mae
xapakrep  CcTpykTypu  2D:  30ymKeHMi — BHXIX
nemdparopa DCx BubHpae 3pa3y uinumit psaok. Ane Ha
BIZIMIHY BiJl CTpyKTypu 2D, NOBXHHa pslKa BXe HE €
piBHOIO pO3psimHOCTI 30epiraroumx ciiB, a ii 3HA4YHO
nepesuurye. [Ipy 1poMy 4YHMCIO PpSAKIB - 3HAYHO
3MEHIIYETHCS, 10 OJHO3HAYHO Bele 10 3MEHIICHHS
BuUXoniB nemudparopa. Tomy s BHOIpKM OmHOTO i3

A=A . A, o
ACk HarpomapxyBau
(marpuis)
2"'kxm2k
2k —7 k- T2k
A=A .. A, ’_)r
k| mox] k| [wox KX
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Puc. 5. Crpykrypa 311 turry 2DM mnss ROM.
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PAOKIB BHUKOPHCTOBYIOTH HE BCi PO3PSAAH aJPECHOTO
KOJ1y, alie TUIbKHU X 4acThHy A, ...Ay. Pemrty pospsnis
azpeca Bif Ay 10 Ay BUKOPHCTOBYIOTH, 11100 BUOpaTH
HEOOXIiHE CI0BO 13 Ti€i MHOKHHHM CIIIB, SKi 3HAXOIIATHCS
B psanky. lle Bxke 3iiCHIOETHCS 3a JIOMIOMOIOIO
MYJIBTHILIEKCOPIB, Ha aJpecHi BXOAU SIKUX IOJAIOTHCS
Komu Ay j...Ao. JoBXHHA psOKa NMPH EOMY piBHA m~2k,
Je m - pO3psAHICTh 30epirarouux ciiB. [3 KOXKHOTO
BiZIPI3Ky pAZKa TOBKHHOK 2° MyNbTHILIEKCOp BHOMpAE
TUILKH  oxuMH  OiT.  BigmoBimHo, Ha  BUXOJax
MYJIBTHILICKCOPIB (DOPMY€EThCSI BHUXIHE CIIOBO, SIKE IO
curairy CS, mo mocrtymae Ha Bxomu OE OydepHux
KackamiB (i3 TppOMa CTaHaMH), TIIEPENAETHCA Ha
30BHIIIHIO mUHY. Taka apxitekrypa BurigHa mns 311
BEJIMKOI eMHOCTI, Oinbme 256 K.

Jis  30inblueHHS IIBWAKOAIT  3amaM’sITOBYHOYHX
MIPUCTPOIB 3aMiCTh aJJPECHOTO JAOCTYIy BUKOPHCTOBYIOTh
acoIlaTUBHMI, 3a JOMOMOIOI0 SKOIO 3IIMCHIOETHCS
nomyk iHdopMarii Bxe Mo BU3HAYCHIN O3HAIll (3aMiCTh
aZipecy), HampUKIad, IO CIIBNAJIHHIO IEBHUX IOJIIB
CIIiB, sIKI HA3WBAIOTh TEraMH, 3 O3HAKOIO, IO 3a/a€ThCS
BXI/THMM CJIOBOM (TETOBUM ajpecoM). Taky acouiaTuBHY
maM’siTh ~ HAa3UBAIOTh  Kemll-maM’sATTio  (cache) abo
MIPHCKOPIOIOUOIO. Bona 3aram’ITOBy€ KOTIiIO
iHpopmamii, mo 3HaxomuThcs B ocHoBHIK O3Il i
3a0e3nevye MIBUAKMNA JOCTYNl A0 Hei 10 KOMaHIi
Mikpornporecopa. Taky IIBHIKOIIIOYY mam’siTh, SK
mpaBwiIo, peamizyloTs Ha TpurepHux EIl. Ilpm unranxi
JaHuX CIIOYAaTKy BUKOHYETBCA 3BEPTaHHA OO0 KCELI-
nam’sti (KIT) mo cxemi, mo 300paxeHa Ha puc. 6. ko
B KII € komis AaHuX ajpecoBaHOi KOMIPKH OCHOBHOI
mam’siti 311, To BoHa BupoOIsie curHan Hit (criBmaaiHHS
,»17’) 1 BUIIa€ aHi Ha 3arajbHy MUHY. SKIIO TaKMX JaHUX
Hemae, To He BUpoOssierscst curHan Hit (,0”) i Toxi
BHUKOHYE€THCSI YUTAHHS 13 OCHOBHOI IIaM SITi 1 OAHOYACHE
po3mimenas gammx B KII. MII mig mpuckopeHHsS
rmepeadi JaHUX MOXKE 3BEPTATUCh BiKe OE3IOCepeTHBO
no KII, 3untyroun i AaHi 1 MOCKIIAIOYM 1X 4epe3 MIMHY
JAHUX B MIKPOIMPOIIECOPHY cHcTeMy. Take IoeaHaHHS
aJIPECHOTr0 JIOCTYIY 1 aCOL[IaTUBHOTO MPHCKOPIOE POOOTY
(3Beprannst) MII no 311, ToOTO 30ibLIyE TX MIBUAKOIIO.
Takum umHOM, apxitekTypa 3I1 BH3Hauae He TUIBKU
IIBUAKOMIFO, ajie 1 3HAaYyHe 3MCHIICHHS CII0)KHBAaHOL
moTy>xHOcTi Ta twromi sk EIT, Tak i 311 [8,9].

Tenep po3rasHEMO BIUTUB TEXHOJIOTIYHHX YHHHHKIB

PO3pOOISITNCH 1 BUTOTOBILUTUCH 0a30Bi  MIKpOCXeMH
cepiii: KM 132 PY5,8,9; KP 573 PV6; KP 576 PY6 [10]:

- (QopmyBaHHs JOKambHOI 130JAT AKTUBHHUX
SJIEMEHTIB 3 OXOPOHHUMH OOJNACTAMH MPOOKHCHEHHSIM
MOJIKPEMHII0 Ta BUCOKOEHEPreTH4HOi Oararo3apsiHol
IMIUTIaHTALT;

- BUCOKOSIKICHOTO Ti/[3aTBOPHOTO OKCHUIYBAaHHS JIS
(opMyBaHHS TOHKHX IHXKEKI[IITHOTO 1 TYHEILHOTO
OKCH/IIB;

- HU3BKOTEMIIEpPaTypHOro (hOPMYBaHHS ITOJILMIHOT
KoMmyTalmii i OaratopiBHEBOi pPO3BOIAKM Ha OCHOBI
aMOp(HOTO TMONIKPEMHIFO;

- Oararo3apsaHOi IMIUTAHTALl IS MPEHHU3iHHOTO
10CTyBaHHs noporosux Hanpyr MOH Tpan3ucTopis;

- ¢opmyBanus MOH TpaH3uCTOpIB Ha CTPYKTypax
MHOH, Flash, Flotox, StrataFlash;

- BHCOKOSIKICHOTO (OpMYBaHHSI TOHKOIUIIBKOBOTO
JUCNIEKTPUKA TUHAMIYHHUX elieMeHTiB mam’sati it O3I1
tuiry DROM 3 BHCOKOIO pajialiiHOIO CTIiHKIiCTIO 10 0-
OIIPOMIHEHHSI;.

- BHCOKO KOHTPAacTHOI NpOeKIiiHoi mitorpadii 3
BUKOPHCTAHHSAM aMILTITYJHO-(a303CyBHUX MPOMIKHUX
(hoToopwuriHais.

Hamoro 3amadeto €: yB’s3aTu BHINE MEPEUHCICHHI
TEXHOJIOTIYHI YNHHUKH B KOHTEKCTI 13 ctpykrypoto 311 i
iX mapameTpamu, sIKi BU3HAYalOTh IMBHIKOMAIO. Po3rimsn
JAaHUX [TUTaHb IIOYHEMO 13 TEXHOJIOTTYHIX 0COOIMBOCTEH
I131T (ROM) i 3 mepexogom 1o omeparuBHuX 3I1 Thmy
RAM.

3amam’siToBytodi npuctpoi Ty ROM  (mam’site
TUIBKW JUIS YATaHHs) 30epirae iHdopmalito, sika B3araii
He 3MiHOeTbess Tuny ROM(M) ab6o PROM, um
3MIHIOETBCS PIAKO 1 HE B ONEPATUBHOMY PEKUMI THITY
EPROM ta E* PROM, apxiTeKTypa SKHX pO3Isianach
Bume. B mackoBux 3I1 tumy ROM(M) indopmaris
3aIHCYETBCA TEXHOJIOTIYHO BXKE IIPH BHUIOTOBJICHHI
KPHUCTATIB MIKPOCXEM 3 JOMOMOIOK 3MiHH (hOTOIIa0-
JIOHIB Mii KOHTAKTH 1 PO3BOAKY Ha 3aKJIIOYHOMY €Tarli
TEXHOJIOTIYHOrO mpouecy GopmyBaHHs cTpyktyp BIC,
SIKi 3MIHIOFOTb JIOT1YHI CTaHM KOMIPOK HarpoMaJKyBaua.

3[1 tuny PROM mporpamyroteest micias —iX
BUTOTOBJICHHS 3  BHKOPUCTA@HHAM  CHELiIbHUX
nporpamaropiB-emysisitopis.  Ilporpamysanns  I13I1
MoJisiTa€ B ITIEBHOMY IIEPEBOMAL JIOTIYHHX CTaHIB
€JIEMEHTIB TIaM ATi, 0 3HAXOJATHCA MIX JIaTepalbHUMH

Ha mBuAKomito 31, BHKOPHCTABINM  TIPUHIIAIN 1 HOpMaNBHUMH JTiHIIMA HarpoMaipkyBada. Tomy Bci 311
cyomikponnoi TtexHosorii BIC, Ha OCHOBI SIKMX Ty ROM marote GaraTtopo3psiaHy oprasizamito (4-,8-
Anpec ;
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Puc. 6. Crpykrypa B3aemonii O3II 3 kermr-mam’sartio MII cucremu.
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KoHCTPYKTOPCHKO-TEXHOJIOTIUHI 0COOIMBOCTI (POPMyBaHHS CYOMIKPOHHUX CTPYKTYD...

a6o 16-m) i BUKOHYIOTBCS Ha CTpyKTypax 2DM, a mpocri
—mHa2D.

TexHomnorist BurorosneHHs noctiiHux 311 oxomtroe
IIMPOKMHA  CIEKTP  CJIEMEHTIB  maM’siTi:  IiOJiB,
oinonsipHux Tpanzucrtopis, n-MOH (MHOH) i K-MOH
TpansucropiB. st macouHoro aiomHoro  ROM(M)
JaTepaibHi JIiHIT € BiIIOBIAHO JIHISIMU BUOIPKH CJIOBa, a
BEPTHKaJbHI — JIHISIMA 34YUTYyBaHHS. TOMY BaXIIHMBO
chopMyBaTH TEXHOJOTIYHO 1NECHTHYHI MdiOAH, SKi
BU3HAYaTUMYTh 34MTyBaHe cioBo. [Ipu HasBHOCTI miona
BHUCOKHMI TOTEHINa]l BHOpaHOI TOPH30HTANBHOI JIiHii
MepeaaeThCsl HA BEPTUKAIBHY JIHIIO 1 B TAHOMY PO3pPsii
MOSIBIISIETECSA CHTHAJN JIOTi4HOI ,,1”, a mpu BiACYTHOCTI
nmioma — cwrHan ,,0”, 00 BepTHKaIbHA JIiHISA Yepe3

pesuctop 3B’s3aHa i3 3emuer. Jius  QopmyBaHHs
IZICHTUYHUX JIOJIB JOIUIFHO BUKOPUCTATH TEXHOJIOTIIO
dhopMyBaHHS 0araToeMiTepHOTO OIMOJIIPHOTO
TpaH3UCTOpa, B SKOMY BCi eMiTEpHI Iepexomu €

IIEHTUYHUMH, MalOThb Mally €MHICTb, a Iie 3abe3neuye
BucOKy mBuakonito 3I1. Husbkuii piBeHb reHeparniiHo-
pexoMOiHamiHHUX  MpoLEciB B  Takii  TEXHOJOTI]
JOCSATAETHCS OKCHHITPHIHUM reTepyBaHHIM
c(OpMOBaHUX CTPYKTYp, SKi 3a0e3MeUyrOTh BEITHMUUHY
m-]akTopa eMiTepHUX P-N-TIEPEXOiB HA PiBHI OJUHHIIL.

Hnst marpomamkyBaya i3 MOH tpan3ucropamu, mio
BIAMOBINAIOTh 32 30epeKeHHS HyJs, 30UIBIIYIOTh
BemMmunHy ToporoBoi Hampyrn Up  (€KBiBaJ€HTHO
301IBIICHHIO TOBIIUHM Ii3aTBOPHOTO IICJICKTPUKA) 10
piBHA 3a0e3nedeHHsT PeXHMY BiJCIYKH TPaH3UCTOpA.
ToOro, B 1bOMYy BHUMAIKy HEOOXiIHO BiJ IOCTYBaTH
noporosi Hanpyrn MOH-TpaH3ucTOpiB, SKi IOBHHHI
chopMyBaTH  HYJIbOBHH JIOTIYHMK  piBeHb. Take
npenusiifiHe IOCTYBaHHS JOCSATAEThCS JIMIIE BHCOKO
EHEepreTHYHOI0 0arato3apsgHOI0 IMIUIAHTAIIE0, SKa
JIO3BOJISIE dhopmyBatu CaMOCYMIIIIeHi MOH
TPaH3UCTOPH, B SIKHUX BIJCYTHIH e(eKT By3bKOTO KaHAIY.
BucoxosikicHe 3aTBOpHE OKCHIYBaHHA 3a0e3NedyeThes
HITPUAM3ALI€I0 MiA3aTBOPHOTO OKCHAY 1 IIBHUAKHM
(oToHHUM OKHMCHEHHAM-BianaioM. Takum umHom, 311 3
MAaCOYHHUM TMPOrPaMyBaHHSIM 3a0e3euye KOMITAKTHICTh
EIl, Bucokumii piBenb iHrerpauii 3II, BucOKy
C€KOHOMIYHICTh TIPU IX BHUTOTOBICHHI CyOMIKPOHHOIO
TEXHOJIOTIEFO.

B 3II tuny PROM Mikpocxemu mporpamyloTbes 3a

paxyHOK IDIaBKHX TIIEPEMHYOK, SKi JIKBIXYIOTBCA
OUIIXOM X  PO3IUIABICHHS  IMIOYJIbCAMH  BEIHKOL
ammmityqu 1 TpmBamocti. B3Il 3 miaBkumm

MepeMUYKaMl OCTaHHI BKJIIOYAIOTBCSI B  €JIEKTPOIU
miomie  abo TpaH3ucTOpiB. IlepeMHYKH HEOOXITHHX
HOMiHamiB  (OPMYIOTH i3  JITOBaHMX  IUTIBOK
noxiikpemHito. [IpenusiiiHe iX rOCTyBaHHS MiJ HOMiHa
3a0e3Meuy€eThest paiariitHo TEXHOJIOTIEI0 3
BUKOPUCTAHHSAM OJIHO- 1 Oarato3apsjaHOl iMIUTaHTaIlii
ioHiB pisHuUX gomimok [11].Ilo mawiii TexHoyOTIi 3
MIHIMQIBHUM  TOHOJIOTIYHUM  PO3MIpOM 1 MKM
tdopmyrotrecst  PII3IT cepii K556 3 iHdopmaniiiHOO
emHicTIO 64-256 K i vacom Bubipku agpeca 70-90 Hc.

B penporpamosanux 311 Tumy EPROM i E> PROM
B)K€ MOXJIMBE CTHpaHHsS ctapoi iHdopmamii 1 3amiHa i
HOBOIO B pe3yJbTaTi CHEIIaJbHOTO MPOIECy, SKHHA
Ha3uBalOTh yibTpadioneroBum crupanHsm PII3II-YO
(EPROM) abo enextpuunumM crupannsm PIT3I-EC (E’
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PROM). B takmx 3I1 enementom mnam’sati € MOH
TPAH3UCTOP 3 ABOIIAPOBUM MiA3aTBOPHUM JiEIEKTPUKOM
Si0,-Si,OyN, (MHOH TtpansucTtop) a6o 3 HoxaBiiHHM
3aTBOPHUM  JIICJICKTPUKOM, SKUKA HaszuBaioth MOH
TpansucrtopoM i3 saBuHHOWO (JI[3) abo TyHenbHONO
imkekiero (TI13) [12,13].

MHOH TtpaH3ucTop BiApi3HAETHCS BiJ 3BHYaHOTO
THM, II0 HAa IIOBEPXHI KPEMHIiI0 (OPMYETHCS CHOYATKY
TOHKUW TYHEJNbHUH OKHUCEJl TOBLIMHOIO MEHIIE 5 HM B
rapsdoMy pPO3YMHI a30THOI Ta HAJOLUTOBOi KHCIOT B
cmiBBigHomIeHHl 1:1, a moTiM OLIBII TOBCTHH ILIACT
OKCHHITpHIY KpeMHil0 ToBmmHOK0 Oitbme 100 A°
BHCOKOYaCTOTHUM MarHeTpOHHUM PO3IHIICHHSAM
KpEMHI€BOI MillleHi, JIeroBaHOi GOpoM B IDIa3Mi a3oTy.
KoedimieHT  3aJ0MJICHHS  OKCHHITPHUIHOI  IUTIBKH
noBuHeH ckianaru 1,78-2,1. [ToBepx 1BOIapoBoi MIIiBKU
HAHOCUTHCS MOJILUIHUNA 3aTBOpP. 3aBISKH TYHEILHOMY
edexry, HoCii 3apsay MOXKYTh HPOXOAUTH Yepe3 TOHKHUH
IUIACT OKCHJY 1 HAKOIMYYBaTUCh Ha Mexi po3airy SiO,-
SiyOyN,. Ieit Bix’emuuit 3apsn i € Hociem iHpopmarlii,
mo 30epiraetecs MHOH  TpansuctopoM.  3apsin
3alUCYIOTh, CTBOPEHWM TiJ TOJIIMUIHAM 3aTBOPOM
HATIPY>KEHICTIO ENeKTPUIHOTO TIIOJISA, HOCTATHBOI LIS
BUHUKHEHHS TYHENBHOI 1HXKEKIIl eJNeKTPOHIB uepes
TOHKMW TiA3aTBOpHUM mienekTpuk. Ha wMexi 1mporo
pO3ILTYy MOXKHA CTBOPIOBAaTH 3apsi JOO0ro 3HAKy B
3aJI©KHOCTI  BiJ] HAmpsMy €JIeKTPUYHOrO MO B
MiZ3aTBOPHIA 00JacTi. A HAsSBHICTH I[LOTO 3apsy
BIAMOBITHO QopMye piBeHb Moporooi Hampyru. s
MHOH TpaH3ucropa 3 n-kaHajioM BiJ’€MHUH 3apsj Ha
MEXI IUIACTIB MiJIBUIY€E ITOPOTOBY HANpYry, 60 ekpaHye
IO TIO3UTHUBHOTO 3MIIIEHHS Ha 3aTBOpI, IO BiAKPUBAE
KaHan TpaH3ucropa. Ilpu npomy moporosa Hampyra Ur
3pocTae HACTUTBKH BUCOKO (Oinmbime 10 B), mo BigkpuTh
KaHaI MO3WTHBHUM 3MIIIEHHSIM Ha 3aTBOpPI BXe HE
MOXJIMBO, IIbOMY CTaHy TPaH3UCTOpa BiANOBIJga€e
JIOTIYHUH piBeHb ,,1”°, a KOMW BIAKpUTHUH KaHAT —
gorivamii  ,,0”.  Ilpm nporpamyBanai 31
BUKOPHUCTOBYEThCSl Hampyra BenuduHoro moHan 20 B.
Crilika pobora Tpamsucropa ckmamae g0 10*-10°
nepe3anuciB i € eHepronesanexnorw. Takuii tun 1311
HazuBatoTh e  PII3II-EC.  Crpykrypa  Takoro
TpaH3UCTOpa NnojaHa Ha puc. 7(0).

OCHOBOIO TaKOro TPAaH3MCTOPA € IJIaBAIOYHI 3aTBOP,
SKHA MOXKe OYyTH SK OIJMHAPHUM, TaK 1 ITOABIHHUM.

TpaH3ucTOpH 3 ONHHMM  IUIABAIOYHM 3aTBOPOM
BUKOpUCTOBYIOThct B 3II  Tmmy PIIBI-YO, a
TPAaH3UCTOPH 3  MOABIMHMM  3aTBOPOM  MOXKYTb

BHKopucToBYBaTthCh sIK B PII3II-Y®, tak i B PII3II-EC.
[Mpuamum podotu JIIBMOH Ttpan3ucTopa 3 moaBidiHUM
3aTBOPOM OJIM3bKMH 0 npuHOMIy podorn MHOH
TPaH3UCTOPA, TUILKU 00JIACTh BBEACHHS 3apsiy Ha MEXY
posaimy  SiO,-SiyOyN,, a o0nactb  OKHMCIEHOTO
JIETOBAHOTO IOJIKpEMHil0 abo momiuuny, B SIKy, SK B
MIacTKy, MOKHA BBECTH 3apsijl, SIKMH 30epiraeTbcs JOBIUi
yac. Tomy 1m0 00JacTb Ha3HWBAIOTh IUIABAIOYHM
3arBopoM Flash ctpykrypu [15].

IIpu mogadi Ha yNpaBISTIOYHA 3aTBOP, CTIK-BUTOKOBI
obunacTi iMIyJbcy goaaTHol Hanpyru amrutityau 20-25 B
B OOEpPHEHO 3MIIIEHWX TMepexoJax CTOKa YW BHUTOKA
BUHHUKAE JJABUHHUH MPOOIH 1 B ik 001aCTi 1M1 13aTBOPHHIA
JUENeKTPUK ~ HACHYYEThCS  E€JIEKTPOHAMHM, sIKi 32
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Puc. 7. CTpyKTypH TpaH3UCTOPIB THILY:
a) MHOH, 6) 3 naBunHOt0 imkekuiero 3apsay JII3 MOH (Flash ctpykTypa).

JIOTIOMOT'OI0 TyHEJIHOTO €(DeKTy JIOCATAIOTh [UIABAI0UOTro
3aTBOPY 1 #oro Bij’eMHO 3apskyioTh. Lle nmpusBoauTh
JI0 30UTBIIEHHS TTOPOTOBOI HANPYTH TPAH3UCTOPA, SKHHA
MOX€ 3HaXOAWUTHCh B TAKOMY 3aKpHUTOMY CTaHi NOBI'MH
vyac. [Ipu BiacyTHOCTI 3apsiay B IIaBalO4oMy 3aTBOpi
TPaH3UCTOP MPALIOE B 3BUYAHHOMY KIIFOUOBOMY PEXHMI.

CrupanHs iHpopMalii B TaKOMy TPaH3UCTOPI MOXKe
MIPOBOANTHCH SK YJIbTPa(hioneTOBUM ONPOMIHEHHSM, TaK
1 eNeKTPUYHUM CUTHaIOM. B nepmomy Bunanxy npu YO
OTPOMIHCHHI BiI’€MHHH 3aps 3aJdIIae 3aTBOp i
iHpopMaIis CTUpAEThCI 3pa3y y BCIX TPaH3UCTOPIB
cTpykrypu kpucrana 3[1. Uucno wukiiB nepesamuicy
nocsirae  piBasg  10-100.  Enextpuune — cTHpaHHS
iHpopMarii 37IHCHIOETBCS MOJAYECI0 HA YHPaBIISIOYUI
3aTBOP HYJIbOBOI (HU3BKOi) HANpyrd, a Ha CTOKH —
BUCOKOI Hampyru mporpamyBanus (12-20 B), mro
JO3BOJISIE  CTUpPATH IHPOPMAILIO  IHAUBIAyadbHO 3
OKpPEMOT0 TPaH3MUCTOPA.

[TigkmroueHHsT TakWX JBO3aTBOPHHMX TPAH3UCTOPIB
O JiHIA BHUOIPKU pAOKIB Ta JO JiHIA YUTaHHA B
HarpoMamkyBadax 3I1 mokasana Ha puc. 8. [lepeBaroro
eleMeHTa 0) € HOro mpocTOoTa 1 Maja IUIOMIA, IO
no3Boisie crBoproBaTu PII3IT y Burmsami BIC Bemmkoi
inpopmamiiinoi emuocti 1 M-256 M. Crnoso Flash, mio

Jlinis BuGipku

O3HaYa€e Crajgax, MUTb, 1 XapakTepu3ye MaM’sTh, sKa
JIONYCKAae IIBHJKE CTHUPAHHS BChOTO MAacUBY JaHUX
omHuM curHaiom Y@ onpomineHHs. PosrisiHeMo Bci
PEeXKHMHI eTany AaHoi nam’siTi: 30epiraHHs, 34UTyBaHHS,
NpOrpamMyBaHHS 1 CTUPAHHSL.

VY Bunanky 30epiranHs Jior. 1 Ha IUIaBalOYoOMy
3aTBOpi (POPMY€ETHCS BiI’ €MHUIA 3aps] 1HXXEKTOBaHUX
CNIEKTPOHIB 1 MOpOroBa Hampyra Ha YMOPaBISIOYOMY
3arBopi Ur; € BHCOKOIO (ZeKiibKa BOJBT). SIKmio
30epiraetbes yor. 0, TO 3apsAn Ha IDIABAIOYOMY 3aTBOPI
MPaKTUYHO PiBHUKA HymO 1 Toxi moporoBa Hampyra Urg
Masia (a0o HaBiTh Bix’emHa). Pi3HHIS TakMX MOPOrOBHX
Hanpyr Ur; - Ugp Bu3HawaeTscs 3apsgoM Q, mio
30cepemKyeThest B eMHOCTI Cy= gp€,S/d MiX 3aTBOpOM
yIpaBiiHHSA 1 KpeMHieBow miaknagkoo (S — rmomnia
3aTBopa, d — cymMapHa TOBLIMHA JieleKTpUKa MK oboma
3aTBOpaMM 1 MDXK IDIaBalo4uM  3atBopoM 1 Si-
M1 IKJIaIKOX0, TOOTO:

(Ut1-Urg) = Q/Cq, (1)

Bucoka sKicTh gienmekTpuka 3a0e3medye  Iyxke
BeNMKMA vac 30epiranus indopmarii (0iasme 10 pokis
npu T = 75-125°C).

X
Agnp. mmHa
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JIO TIJICHITIOBAYIB 34MTYBAHH 5T

a

B pexumi 3uuryBaHHS Ha aapecHy IIUHY X
Po3psmHa 1M Ha Y
X |_:

6

Puc. 8. Cxema Brmodenns JII3 MOH (Flash) tpansucropa no niniii BuGipku i 3untysanus B PII3I1: a) i3
CTOKOBHM >KHBJICHHSIM, 0) 0€3 JuKepera )KUBIICHHS.
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PO3p9[,C[Ha HIMHA 34YUTYy BaHHSA

Puc. 9. Crpykrypa HakonnuyBaua Flash — mam’siti Ha ocHoBi komipku ABO-HE.

BHOpaHOTO psAnka moaatoTs Hanpyry Uy, IO JIEKUTH B
Mexax Urg<Ux<Ur;, a Ha IHHA PEIITH PSAKIB MOAAIOTH
Bxke Harpyry meniry Urg. Toai B eneMeHTax mam’siTi ux
PAIKIB TPAH3UCTOPU € 3aKPUTHMHU. TakuM YUHOM, Y
BUOPAHOMY PSIKY TPAH3UCTOPU OYAYyTh BIAKPUTHMH 200
3aKPUTUMH B 3aJIEKHOCTI BiJ| 30epiratouoi iHdopmauii: B
muHl Y (po3psaHiii) BHOpaHOTO CTOBIIIS y BHIIAJIKY
30epiranns jor.0 Oyne MpoTiKaTH CTPyM, a y BUIAIKY
30epiranns sor.l crpym Oyzne HymboBuM. Llel crpym i
Oyzne cpuiMAaTHCh T ICIITIOBAYeM 3UUTYBaHHS.

B pexwmmi mporpamyBaHHS Hampyra Ha IIdHI Y
BHOPAHOTO CTOBILSA BCTAaHOBMOETHCA BUCOKOK (Uypporp
10-12 B), sK110 HEOOXIAHO CTBOPUTH Bim €MHHUN 3apsia
Ha IJIaBarovoMy 3aTBopi (ToOTO, 3amporpamyBaT Jior.1).
B mporunexunomy pasi Uy= 0. Hanpyra na Bubpanomy
pAaKy € Tex Bucokoro, IpuIoMy Uxnpory™Uymporp, 00 cam
MpoIleC MporpaMyBaHHs 0a3yeThCsl HA THXKEKIIT rapsiuaux
€JIEKTPOHIB Y CTOKOBOT'O p-n-liepexoja B MiA3aTBOPHUI
mienektpuk. Taki rapsdi €JNEKTPOHH T'€HEPYIOThCS B
CHJIBHOMY €JIEKTPUYHOMY IO TpH Majiil JOBXHHI
kaHany <l MkM 1 BHCOKOI0 Hanpyror Uypporp. Alle
Usnporp”Uynporps  TO B JIENEKTPUKY ~ CTBOPIOETBCSA
BEepPTUKaJbHA CKJIA[0Ba HAMPYKEHOCTI EIEKTPHUIHOTO
MoJIsl, 3a JOIIOMOTOI0 SIKOi ENIEKTPOHH apeitdyroTs 1o
TTaBal0YOro 3aTBOPY 1 HAKOMMYYIOTHCS HA HEOMY. Tomy
4yac MpOrpamMyBaHHS OJHOIO €JIEeMEHTa BEIUKHHA 1
ckiamae Outst 1 MC, 0 HA YOTHPH MOPSIKU MEPEBHUIIYE
qac 3UMTyBaHHA.

CrupaHHsi (BUIQJICHHS €JEKTPOHIB 3 IUIaBalOYOTO
3aTBOpY) NpoBoaAnThCs Y® ONpOMiHEHHSM, IO Hajae
CJIEKTPOHAM E€HEpTril0 JIOCTAaTHIO Ui Iepexoay i3
TUTABAalOYOr0 3aTBOPY B MMIA3aTBOPHUH Mi€IEKTPHK Ta B
Si-migkIaaKy, 9ac CTUpaHHS € BEIMKHM 1 CKiamae Oins
1 xB.

Tomy pmnst takmx 3E o0co0nmmMBO BaXJIMBHM €
(hopMyBaHHSI BHCOKOSIKICHOTO Ii€JIEKTPHUKa 3 BHCOKOIO
eNeKTpuYHOl0  MimHicToO E > 2-10°D/em  Ta
IiemekTpudHOl cTanmor ¢ > 3.7. Ile mocsraeTrhes
MPOLIECOM TiJi 3aTBOPHOTO XJIOPHOTO OKCHAYBaHHS 3
BUKOPHCTAHHSAM TaJIOTCHIB PIAKICHO3EMEIIbHUX METaJIiB
(HoCl;, YCl;, LaCl;, ScCly) [13]. Hust migBUICHHS
mBuko i Takux 311 BUKOPHCTOBYIOTH HAKOIIMUYYBay Ha
ocHoBi komipku tuny ABO-HE, mo 3abesmneuye
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MIBUAKUNA CJIOBapHHUH JOCTYN MpPH JOBUIBHIA BHOIpI
(Puc.9). KoxHmid CTOBmEUb NPEACTABISIE COOOIO
CYKYIHICTh mapanenbHo 3’enHanux MOH Ttpan3ucropi
3 IUIaBalOYMM 3aTBOpoM. Po3psaHi  JiHIi  BHOIpKH
3HaXOMATHCA I BHCOKHM IIOTEHI[iaIoM, a BCi
TPaH3UCTOPH HEBHOpaHHX PSAAKIB € 3aKpUTHMHU. Y
BUOpaHOMY PSZIKY BIIKPHBAIOTHCS 1 IEPEalOTh BUCOKHI
piBeHb HaIpyrd Ha po3psaHi JiHil 3unTyBanHs i MOH
TPaH3UCTOPH, B IUIABAIOYMX 3aTBOpax SKHX BiICYTHIH
3apsii  eNEeKTPOHIB, TOOTO MAarTh HHU3BKY IIOPOTOBY
Hanpyry Ur.

PosristHemo Terep enementr nam’siti EPROM, mo
IPOrpaMylOTBCSl 3 JONOMOTOI0  IHKEKIii Trapsuux
€JIeKTPOHIB Ta 3 JOMOMOTOI0 TyHEIhHOTO edekry. B
NepIinX TPOUEeCH MpOrpaMyBaHHS 1 3YUTYBaHHS
NPOTIKaIOTh aHaJoriyHo, sk 1 B eixemeHrax EPROM, a
JUIl CTUPAHHS BHKOPUCTOBYIOTH TYHEJIIOBAaHHS, TOOTO
mepexiJi eNeKTPOHIB i3 IJIaBalO4oro 3aTBOpy B
MiA3aTBOPHUH  OKCUA Ta  Si-MIKIAAKy — IDIIXOM
TyHesnpHOTO edekry. Kojekropom eneKTpoHiB, IO
NOCTYNAOTh 3 IUIABAIOYOrO 3aTBOPY, MOXYTb OyTH
BHUKOPHCTAHI: 1) coemiadpbHHH  TOJIKPEMHIEBHHA
(mominuaHUN) eNeKTPOd CTHUpaHHS, 2) n'- cremiamsHa
obnactb crupanHs, siky QopmyroTh B Si-migknaami; 3)
cToKoBa n' - o6mactb. IIpu cTHpaHHI Ha ImHAX X
Halpyra piBHa HyJOI0, a Ha IOMHA CTHUPAHHA
(moJTiKpeMHI€BUI €JIeKTPO/1) MOJAETHCSI BUCOKA HArpyra
Oinbine 25 B, sika 3a0e3nedye TCHENIOBAHHS €JIEKTPOHIB
3 IUIaBAIOYOT0 3aTBOPY B IiJA3aTBOPHUI OKCH/I 1 HA IINHY
cTupaHHs. TOBIIMHA TYHENBHOTO JiEJEKTpUKa CKIAIae
75-100 A°. Tomy crupanns iHbOpMALii IPOBOAUTBCS, K
i mra Flash cTpykTyp, omHOYacHO UIS BCiX E€IIEMEHTIB
HakonuuyBaua ~E’PROM.  TyHeqIOBaHHA  MOXHa
NPOBOJMTH 1 BBEPX HA YNPAaBISIFOYHMH €NEKTPOL, NpU

oMy e(eKT TyHeNmroBaHHA BHUIIMH, OO0 BepxXHA
HOBEpXHS 3aTBOpa 3aBXKOM € IIEepHIaBol0  i3-3a
OKCHIIyBaHHS IOJIKPEMHIilO, [0 CTBOPIOE  BHILY
Halpy)XeHICTh ~ €JIEeKTPUYHOrO TMOJsi Ha  eMiTepax

enextpoHiB. Taki enementn E’PROM B j8a pasu Ginbmi
mo rtwromi, Hibk EII3II, i BUMararoTh IBOX JKEpe
JKUBJICHHSL.

[MomanpmM  yIOCKOHAJICHHSM €JIEMEHTIB TaM’ATi
s E*PROM ¢ Ttak 3BaHa komipka Flotox, B sKiif
MpOrpamMyBaHHs 3IIHACHIOETHCS 32  JIOIIOMOTIOIO
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innuBinyaneHo. Taka ctpykrypa 3E Flotox 300paxena
Ha puc. 10 i mpencraBise co0OI0 JBOTPaH3UCTOPHHUN
enremeHT. JliBa  4YacTMHAa  CTPYKTYpH  YTBOPIOE
0icTaOiTBPHMI  TPAH3UCTOpP, CYMIIIEHWHA i3 IITHHOIO
nporpamMmyBaHHs  Xpporp.  11i13aTBOPHMH  OKCHJ, IO
npumukae 10 ctoka MOH TpaH3ucTOopa BXE Mae
TOBIIMHY TUIBKH 7-10 HM. [Ipu nporpamyBaHHI Ha LIMHY
Xuporp BHOpAaHOro psAAKa IOJAOTh BHCOKY HAaIpyry
oiuterie  20-25B.  Skmio Ha maBaroudil - 3aTBOP
Tpansuctopa VT, Tpeda BBecTH 3apsia (3amporpaMmyBaTu
sor.1), TO Ha CTOI IILOTO TPAH3UCTOPA BCTAHOBIIIOETHCS
HyJIbOBa Hanpyra. Tozi yepe3 TyHEINbHO TOHKUH OKCHJ 5
TpaH3ucropa VT| MPOXOJUTh TYHEIIOBAHHS €JICKTPOHIB
i3 croky (o6macri L") B migsarBopHuii mienektpuk 5 i ix
Ipefi¢ mix BIUIMBOM OIS HA IUIABAIOYHMA 3aTBOP. SIKIIO
moTpiOHO MporpamyBaty Jior.0, TO Ha CTOILI TPaH3UCTOPA
VT, BCTaHOBIIOETBCS Taka K Hampyra, sSK 1 Ha
ynpasisirouoMy 3arBopi. sl CTHpaHHs, HaBIAaKW, Ha
YNPaBISIFOUNH 3aTBOP MOJAIOTh HYJIbOBY HAmpyry, a Ha
crik Tpansucropa VT, — Bucoky Hanpyry. Toxui
€JIEKTPOHU  3JIMCHIOIOTH 3BOPOTHIM mepexix — 3
IUIABAIOYOro 3aTBOpY B CTiK. TakuM 4YuMHOM, B JaHid
CTPYKTYpl HPOXOAWTH NPOTPaMyBaHHS 1 CTUPAHHSI 3
OJHAKOBOIO IIBHJKICTIO 3a dac MeHmmH 1 mc.

Y mpor
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MakcumanbHe YHCIO LMKIIB IepenporpamMyBaHHS IpH
LbOMY MOE€ J10CATaTH 10°-10°,

OcoOnuBicTIO  1aHOT CTPYKTYpPH € OTPHUMAaHHS
TYHEJIbHO YHCTOTO OKHCIY. Moro (hopMyioTh IHUISXOM
KHIUSATiHHA ~ Si-TIACTHH 13 CTPYKTYpaMH B PO3YHHI
azoTHoi Ta Ta HagouToBoi kuciaotr (HNO;:CH;COOOH =
1:1) npm Temmeparypi T =120-130°C. Tosmuua
TYHETBHOTO OKCHIY MOXe OyTH 36impmena >100 A’
SKIIO BUKOPUCTATH TYHEJIIOBAHHS 13 LIypIIABOT MOBEPXHI
noxikpemHito. Toxi ctpykrypa Flotox Bxe mae Tpu mapu
MOJIIKPeMHI0 (TOMIKAY), B3a€EMHE PO3MIIICHHS SKUX
nokasaHe Ha puc. 11, Ta kongeHcarop 3B’s13Ky C,g.

JlxepenoM eNeKTpoHiB MPU NporpamMyBaHHI B ILOMY
BUNAJKY CIY)XXUTb elleKTpoJ | mepmoro miapy
MOJIIKPEMHI0, IO 3 €IHYETHCS 3 3aralbHOK IIHHOIO
BUTOKY TpaH3WCTOpa. B  Takiii  cTpykTypi ize
OJJHOCTOPOHHE TYHEIIOBaHHA 3 elieKTpona 1 BBepX.
3BOpOTHE TYHEIIOBAHHS BHHU3 BXKE HEMOXINBE, 00
HIDKHS TIOBEPXHS IUIaBalOyuoro eJIeKTPOAYy € ITIaiKoro, a
TOJIi HATIPYKEHICTh ENEKTPUYHOTO MOJIS € HEAOCTaTHROIO
JUIL  TYHEJIOBaHHS TNpH  TOBLIMHI  MiI3aTBOPHOIO
nienexkrpuka Oinpie 150 AL, Jlyis BUnanieHHs €JICKTPOHIB
i3 TUIABAIOYOro 3aTBOPY MpPU CTUPAHHI BUKOPHCTOBYIOTh
TYHENIIOBAaHHS BBepX 1 Jpedd  elneKTpoHiB Ha
YIpaBJIA0uMid 3aTBOP (HHY Xpporp). B 000X pexnmax
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Puc. 11. Ctpykrypa ,,Flotox™ i3 KoHmzEeHCATOPOM 3B SI3KY.
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Pisens 1

PiBens 0

Pisens 2

PiBens 3

By depm uii

KackaJy
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Habip etamonnnx 3E

U.0

Harpomamxkysau

Puc. 12. I'padik po3noniny noporosux Hanpyr Ur B 4oTupu piBHeBoMy 3E a) i cxema yMTaHHs IaHHX i3
JIAHOTO eJleMeHTa 0).

NpOrpaMyBaHHs 1 CTHUPaHHsS MOJAETbCA HA IMMHY Xpporp
BUCOKa Hampyra Oumbrie 12-15 B. [lnsg Toro, mo6 npu
nporpamMyBaHHI He OyJIO TIepexoliB €eJeKTPOHIB 3
IUIABAIOYOT0 3aTBOPY HA YHPABISAIOUMIL, a IPH CTUPAHHI
3 emekTpoma | Ha TmaBarouMii 3aTBOp, TO MK
ITaBAIOYMM 3aTBOPOM 1 IIMHOIO IPOTPaMyBAaHHS Y mporp
¢dopmytors TonkorutiBkoBuii koHuencarop (TIIK) C,,
[14]. IIpu nporpamyBaHHI Ha WHHY Yporp HOJAFOTH
noaarHy Harpyry Ug, 1m0 poOUTh PI3HUIIO HANPYT MIX
TUIABAIOYMM 1 YIPaBIISIIOYAM 3aTBOPAMH MO0, TOMY
TYHEIIIOBAaHHSI BBEPX BXE BIJCYTHE, SK IOKA3aHO Ha
Puc. 11a. Ilpu cTupanHi Ha MWHHI Y yporp BCTAHOBIIIOETHCS
HYJIbOBa HAlpyra, 10 MOHIKAE MOTEHIiaNl IIaBaloyoro
3aTBOPY, @ MK YNPaBISIOUUM 1 IUIABAIOYMM 3aTBOpaMHU
HaTpyTra CTa€ BHUCOKOIO i TYHEITIOBAHHS BXKE ilIe BBEpX.
Tomy mmst Takoi cTpykTypu HeooximHo (opmysaru TIIK
3B’A3Ky Ha OCHOBI JIETOBAaHOTO [-TaHTally, W0 Mae
BUCOKI TpoOuBHI Hampyrum Oimemii 120 B 1 Bucoky
MUTOMY €MHICTh. lle 3HWKye dYac mporpamyBaHHS i
crupadHs Ha mopsanok (mo 0,03 mc). Taki enemeHTH
JO3BOJISIIOTE  (hOPMYyBaTH E’PROM  3I1  Bemukoi
inpopmamiiinoi  emrocti > 1 M.  TexHosoris
¢dopmyBanHns Takux PROM BucaiTiena aBropom B [14].
[onanbumii pozButok Flash-mam’site B Tak 3BaHOMY
StrataFlash EIl, B sxomy 30epiraerecs nBa Oita
iHpopMarii, a He OuH, 5K B IONEpeAHLOMY BUMaaKy. e
JOCSITAETBCSL  THM, IIO  3amaM SITOBYIOYi  eJIeMEHTH
NpPOrPaMyIOTBCSl BBEICHHSIM B IUIABAIOYUI  3aTBOP
OJTHOTO i3 YOTHPHOX KUTBKOCTEH 3apsiay, KOKHHHA i3 SKUX
BigmoBigae mapi nBifikosumx mudp 11, 10, 01, 00. B
3aJIOKHOCTI Bl BENMYMHM 3apsjy, 3amam’sTOBYHOUYHN
TPAH3MCTOP Ma€ OIWH i3 YOTHPHOX PIBHIB IOPOrOBHX
Harpyr (puc. 12). Tlpu 3uuryBanHi indopmauii mo
3aTBOpa  TPAH3UCTOpAa  NPUKIANAETBCS  Hampyra
3unTyBaHHA. CTpyM 3amam’sTOBYIOUOIO BH3HAYAETHCS
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BXKe piBHeM moporoBoi Hampyru Ur. BusHauusmm
CTpyM, MOXHA BUSBUTH CTaH ILIaBArOYOro 3aTBopy. Ha
puc. 12 mokazaHi pO3MOALIM TOPOTOBHUX HANPyr B
gotupboxpiBHeBoMy EIl a) i cxema dYuTaHHS CTaHIB
3amaMm’sSITOBYIOUOTO TpaH3uctopa ©0). s peamizamii
takoro 3E HeoOXigHWH BHCOKOI  TEPMOMIOIHOBOI
CTaOLIBHOCTI MiJ3aTBOPHHUM ICIEKTPHK, SIKHM MOIOHO
¢ineTpy  ¢dopMmye Ha 3aTBOpPi BH3HA4YCHY 103y
eJIEKTPOHHOTO 3apsy. Lle mocsraeTbest HITPUAM30BAaHUM
okcuaoM kpemHiro (SixOyN,) iHXKeKIiifHOi TOBIIMHH Ta
MOJIIMIHUM 3aTBOpOM [13,16].

Ilepeitnemo Ternep hi(s) ONePaTUBHUX
3anam’sitoBytounx npucrpoiB  (O3II) 1 BuzHaummo
KOHCTPYKTOPCHKO-TEXHOJIOTIUH1 0COOJMBOCTI ix

(hopMyBaHHS CYOMIKpOHHOIO TeXHOJOTi€ro. (OO0macTp
3actocyBanHsa cratmyHux O3I1 B cucremax 00poOKu
iHpopMarii BH3HAYAETHCS iX BHCOKOK IIBUAKOIIEIO.
30KkpemMa, BOHHM IIHPOKO BHKOPUCTOBYIOTHCS B KEII-
nam’siTi, sika mpu Jro0ii €MHOCTI 3aBXAM MAae€ BHCOKY
mwBuakoxito. Craruuny O3I1 (SRAM), sk mpasuio,
MaroTh CTpyKTYpy 2DM, a wactuHa ix i Kem-mam’sTi
Oynyetbes Ha cTpyKTypi 2D.

3anam’aToBytounM eneMeHToM cratudHux O3Il €
TpHUTep, SKUH Ma€ clielianbHy YCTaHOBKY Ta CKua. Tomy
crarnudi O3I1 Ha3uBatoTh mie TpurepHuMu. Hamm Oynu
po3pobieHi 1 IocTaBieHI Ha cepiiiHe BUPOOHHIITBO
crarmanai O3IT cepiit K537 PY6 K-MOH Texnomorii i
K132 PVY5,89 n-MOH Ttexunonorii. 3E ma n-MOH
TpaH3WCTOpaxX TMpencTaBisie coboro RS-tpurep Ha
tpansuctopax T1 1 T2 (puc. 13) 3 xirouamu BuGipku T3 i
T4. ITpu 3BepTanHi 10 naHOro 3E MOSIBISETHCS BUCOKUI
noreHuian Ha muHi BuOipku I1IB; (yepe3 i,j mo3HaveHi
HOMEpPH psJKa 1 CTOBII HarpoMaJDKyBaya, Ha MepeTHHI
AKUX po3mimieHuit emement mam’ari  3E;).  Lei
noTeHwian Bigkpusae kiroui Bubipku T3 1 T4 mo Bcromy
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Puc. 13. Cxema tpureproro 3E Ha n-MOH Tpan3ucTopax a) i BapiaHTH HaBaHTaKEHHS 0).

pANKY, a BHUXOIAM TPUTEPIB pAOKa 3 €IHYIOTbCS i3
CTOBOMYHUMHK  (pO3pSIHMMHM)  IIMHAMH  3aIHCY-
3unTyBaHHs. OzHa 13 IMX OIMH 3B’s3aHa 3 MPSMHM
BUXOJ0M Tpurepa Dj. A npyra — 3 iHBEPCHHM BHXOJOM
D;. Yepes pospsiiHi IUMHM 3YUTYEThCS CTaH TpUrepa 3
BHKOPHUCTaHHIM IuQepeHIiaTbHOT0  MiACHITIOBaYa
3YuTyBaHHI. Uepe3 HUX MOXHA 3allUcaTd AaHi B TPHUTED,
[OAa04Yy noTeHuia jgor.0 Ha Ty 4i Opyry IIUHY.
Pesucropu R, crnyxare s 3MEHILEHHS €MHICHUX

CTPyMiB B  MOMEHTH  BIIAKPHBaHHS  KIIOYOBHX
TPAH3UCTOPIB 1 peani3yeThcs SIK YacTHHA TU(PY3IHHUX
(iMIutaHTOBaHMX)  oOylacTel  3aJaHOTO  HOMiHAITy

TIOBEPXHEBOTO OMOpy. B posii HaBaHTaXXEHHS MOXYTh
OyTH BUKOPHCTaHI ABONOJIIOCHHKM Yy Burisini n-MOH
TPaH3MCTOpPa 3 BMOHTOBAaHHM KaHAJOM 1 HYJIBOBOIO
IMOPOTOBOIO Harpyroto. s pexxuMy MIKpocTpyMmiB (y
ctpykrypax  BIC  Bucokoi cremeHi  iHTerparii)
BUKOPUCTOBYIOTBCS ~ BHCOKOOMHI  PE3HCTOpH i3
MOJIKPUCTAIIYHOTO KpeMHito abo kepmery PC 3710, siki
MPOCTOPOBO PO3MILTYIOTECS Haj obmacTsamMu
TPAH3UCTOPHHUX CTPYKTYP. OCOOIUBICTIO TAHOI KOMIpKH

U.|

ar

|
Ka

=

g

€ Te, W0 JuIsil peryioBaHHs onopy B HomiHan i TKO
HaBaHTaKyBaJIbHUX i KITFOUOBUX pe3ucTopiB
BUKOPHCTOBYIOTh Gararo3apsiiHy IMILTaHTALi IO
JoMimok. TakuM jke METOIOM MPOBOIATH MpeIu3iiiHe
IOCTYBaHHS ITOPOTOBHX HANPYT i KaHAIy TPaH3UCTOPIB
T1 i T2 ans ycyHEHHs SIBHI 3MHUKaHHS Ta BY3BKOTO
kaHany 1 ¢GopmyBanHs comocymimennx H-MOH
Tpansucropis [11].

3anam’sitoBytodi  enementu cratuunux O3Il, siki
BukoHaHi mo K-MOH TtexHoorii 3Ha4HO 3MEHINYIOTh
CIOXKMBaHy IMOTYXHICTh (K MIiHIMyM Ha MOpPSIOK) 1
30UIBIIYIOTh MIBUAKOAII0 334 paxyHOK 3MEHIICHHS
€MHICHHX CTPyMiB 1 BiJgmajgae HEOOXiJHICTH B
pesucropax Ry Ta B BHCOKOYYTIMBHX MiJCHIIIOBAYiB
3untyBaHHi. Cxema Takoro 3E momama Ha puc. 14.
TexHONOTIYHOI OCOONHMBICTIO CXEMHU a) € Te, IO TYT
BUKOpPHCTaHA OaraTozapsiiHa IMITTaHTALIiS IS
perporpagHoro (hOpMyBaHHS OXOPOHHUX O0JIaCTe! Ta n-
KuIlleHl 1 tocTyBaHHs noporoBux Hampyr U n- i1 p-
KaHAIPHUX  TpamsucropiB. lle nmae  MoxiuBicTh
3a0e3Me4nTH TepexiJiHy XapaKTepUCTUKY IHBEPTOPIB 3

ol

a

0

Puc. 14. Cxema cratrununx O3I1 va K-MOH Tpan3ucropax a) ta cxema 0y(hepHOro kackaay Ha TpH CTaHu 0).

578



KoHCTPYKTOPCHKO-TEXHOJIOTIUHI 0COOIMBOCTI (POPMyBaHHS CYOMIKPOHHUX CTPYKTYD...

BHCOKOIO KPYTICTIO Aus 30umbmenHs mBuakomii 311 1 ix
BUCOKOI 3aBajio3axuieHocti. Hu3pkuii piBeHb CHrHaITy
CS i Bucokuii piBeHb curHany W/R, mo o3Ha4aoTh
JI03BUJI BUKOHAHHA OIepalii 34nTyBaHHs, CTBOPIOIOTH Ha
Buxoxi enementa ABO-HE Bucokuii piBess Jior.l, 1o
BigkpuBae tpansucropu T3 1 T4 i, Tum camum,
3abe3mnedye poboTy iHBepTOpa Ha Tpan3ucropax T1 i T2,
yepe3 KU qaHi nepenaroteest Ha Buxix DO. [Ipu iHmmx
kombOiHaninx curHams CS 1 W/R Buxin enremenrta ABO-
HE mae Husbkwuii gor.0, npu skomy tpanzucropu T3 i T4
€ 3akputimu 1 Buximx DO Bke 3HAXOOUTBCA Y

BimKiIroueHOMy cTaHi. Cxema mepenbadae TaKOX
inBepcHuit Buxia DO.
Hdns QopmyBaHHsS ~ TakuX  3amam’sTOBYHOUHX

npucTpoiB craruuHoro tunny SRAM B cyOMikpoHHii
texHosorii BIC HeoOXitHO Bxke peani3oByBaTH HACTYIIHI
TeXHOJIOTi4HI nponecu popmysanns [11,12,13]:

- BHYTPIIIHBOTO rerepa Ha OCHOBI
130KOHIICHTPAIIIHHAX JOMIIIOK KHCHIO 1 BYIJICIIO B
KPEMHI€BUX IUIaCTHHAaX YOXpalbCbKOTO JUIs OYHCTKH
AKTHBHUX 30H CTPYKTYD;

- JIOKaNbHOi i30JAIil Ha OCHOBI TPO OKHUCICHHS
JIETOBAHOTO TOJIIKPEMHIIO;

- peTpOorpagHHX OXOPOHHOI 00JACTi Ta p-KHUIIEHI 3
BUKOPHCTAHHSAM BHCOKO EHEPreTHYHOI 0araro3apsaHoi
IMIUTAHTALT;

- BHCOKOSIKICHOTO  IIiJ3aTBOPHOTO  Ji€JEKTPHKA
HIBUJIKUM TepMi‘iHl/IM OKCHUAYBAaHHAM [Jid 3HUKCHHA
BEJIMYMHM LIBUIKUX 3apsIOBUX CTaHiB Q; Ha MiX(a3Hil
MEXI  po3aity Si-Si0,  (npu  BUKOpHCTaHHI
HNepeoKCUAYBAIBHOL XiMi4HOT 00poOKu B
HeperiipoIbHOMY PO3uMHI HanonroBoi kucinotu H,O;:
CH;COOOH: H,0 = 1:1:3);

- JIETOBaHMX TIONiKpeMHieBHX ekpaHiB Ta K-MOH
CTPYKTYp 3 p-KHIICHEI0, LI0 3a0e3MeuyloTh BUCOKY
paniamiiiHy criiikicte cTpykTyp BIC mo o-ompomineHHS
(10" pan);

KOMIIO3HIIIH;

- rtomosorii mapiB BIC Ha OCHOBI BHCOKO
KOHTPACTHOI MPOEKIi#HOI JiTorpadii Ta aHi30TPOIHOrO
IUTa3MOXIMIYHOTO TpPABJICHHS B 30HI IICIACBIYEHHY
PeaKkTopiB eIEeKTPOHHO-IIUKJIOTPOHHOTO PE30HAHCY;

- MOJIIUAHOI PO3BOAKH, C(POPMOBAHOI HA OCHOBI
aMop(HOro KpEeMHII0 B MYJIbCYIOUOMY PEXHMI peaKTopa
3HIXKEHOTO TUCKY [16].

Take moeqHaHHA KOHCTPYKTOPCHKO-TEXHOJIOTIYHHX
0CcoONMBOCTEH 1T03BOJNIsIE oBecTH 4ac BuOipku 3E 1o
pias menme 30-35 me mus 311 cratmvHOTO THITY Cepii
K132 PVY5,8,9,11.

B mporunexuicte SRAM B aunamivamx 31
(DRAM) pani 30epiraroTbCsi y BUIJISOL  3apsiaiB
emuocreit MOH ctpykryp 1 ocHoBoto 3E Takux cxem €
KoHjaeHcaTop TeBHOI emHocTi. Takuit 3E 3HauHO
NPOCTIIIUH TpUrepHoro (1o BMiinye 4-8 TpaH3UCTOPIB) 1
JIO3BOJISIE PO3MICTUTH Ha KpHcTtaii B 4-5 pa3iB Oinblie
eleMeHTiB Ta 3abe3neuye BUCOKY eMmHicTh 3[I. Aue
KOHJICHCATOp, SIK BTPATHUH €JIEMEHT, BTpPAavyae 3 4acoM
CBiil 3apsin, ToMy Ui 30epiraHHsl JIaHMX HEoOXimHa iX
MepioAnYHa  pereHepariss  (depe3  IOEKUIbKa  MC)
CHemiaJbHIMHU KOHTPOJIEPAMU pereHepaltii.

Jus 30epeskeHHss BHCOKOi cremeHi iHTerpamii 3I1
tunny DRAM BukoOpuCTOBYIOTH OgHOTpaH3ucTOpHI EII,
pPO3MIpH SKHMX HACTUIBKH Malli, II0 Ha HHX CTajid
BIUIMBAaTH HABITh O-YaCTHHKH, IIO BHIIPOMIHIOIOTHCS
enemenTamu kopmycis BIC. Tomy 3a0e3neueHHs1 BUCOKOT
panianiiinoi crifikocti auHamiunux O3I1 € akTyanbHOIO i
Ba)XJIMBOIO 3aa4ero. Enexrpuuna cxema, crpykrypa 3E i
cxema HOro BKIIIOYEHHS B HarpomapkyBad MNOZAaHI Ha
puc. 15. KirouoBuit MOH Ttpanzucrop Binkmoudae 3E y
BUTIIAAI KoHAeHcaropa C, Bif JiHIT 3amucy-34UTyBaHHS
abo migkmouae Horo mpo Hei, TOOTO Bimirpae poib
komyrtatopa. Crik MOH t1pam3ucropa He Mae
30BHIIIHEOTO BUXOAY 1 YTBOPIOE OOHY i3 OOKIAIOK
KOHJIGHCATOpa, a JPYror OOKJIAIKOK KOHASHCATopa €

- MDKIIApoBOi Ta  MACHBYIOUOi  i30yAmii 3 camMa KpeMmHieBa miakimaaka. J[ieJeKTPUKOM TaKoro
BUKODHUCTAHHSAM 3  BHKOPHCTAHHSIM  IOJIIMIZHHX KOHJEHCATOpa € IIJ3aTBOPHUM OKCHI, BIJIACTHBOCTI
JI33 JI33 2 " 3E
(Y)I J.f/i Il lé (Y) I , 1#1 il 3 \ ’
C, , C, .
JIB (X) I JB, .
| G
c ! L
| a_”’_:
JI33(Y) JIB(X) 7133 e -f; )
(Y) B
' C3 1
! JIB,., '
Yp, . Yop R
K, Hl ' . K,
3uMyB

Puc. 15. Enexrpuana cxema 3E JIO3II ctpykTypa Ta cxema HOro BKIFOYECHHS.
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SIKOTO 1 BH3HAYAIOTh CJEKTPUYHI XapaKTEePUCTHKH
JIHaMiYHOro eieMenTa mam’ati C,.

B pexumi 30epiranHsi Hampyra Ha LiMHI psiaka X
OnM3bKa 710 HyJIsl 1 KIIFOYOBHH TPAH3UCTOP € 3aKPUTHM 1
TAM  caMHM JuHaMmiuyHui ~ koHmeHcatop C, €
BIZIKJIIOYEHUM BIJl LIMHU 3amucy- 3uuTyBanHs Y. Ha
KOHJICHCATOpI 30epira€ThCsi, BCTAHOBJICHA IPH 3aIlKCi,
manpyra U' a6o U’. V Bumamxy 3Gepiramms jor. 1
koHnencarop C; Oyne MOCTYNOBO — pO3pSDKATHCh
BHACJIIOK ICHYBaHHS CTPYMIiB BTpaT (SK 3BOPOTHHUX
CTpyMiB p-n-mepexoxmiB) Ha Si-migkiragky. koo
30epiraerbcs yor.0, a Hampyra Ha mWUHI Y TOJaTHA, TO
koHzaeHcatop C, Oyae TOCTYHmOBO MiA3apsIKaTHCh
[epEeaoOporoBUM ~ CTPyMOM  TpaH3ucTopa.  Tomy
HEOoOXI/IHe MepioJuYHe BIJHOBJICHHS BUXIAHOI HANpPyrd
U' a6o U’ ua xommencaropi. Lleit mpolec HasMBAarOTH
perenepairiero. BoHa 30ifICHIOETHCS IIIIXOM 3UNUTYBaHHSI
inopmauii 3 EII, mepersopenns ii B manpyry U', U’ 3
JIOTIOMOT010  ITi/ICHITIOBaYa-pereHeparopa i 3amuc Iiei
Hanpyru B EII. Perenepaiisi mpoBOIUTHCS OJXHOYACHO
JUISL BCIX €JIEMEHTIB OJIHOIO psaka mpoTsroM 1-5mc.
TakuM 4YHHOM, BaXJIMBHM IIapaMeTpOM JUHAMIYHUX
eIIeMEHTIB Tam’aTi €: 1) BHCOKI 3HA4YeHHS HaIMpyTd
mpo0oI0 KOHIEHCATOpa MpPH MAaJOMY 3HAa4eHHI CTPYMiB
Brpar; 2) Mami TKE 1 tgd; 3) Bucoke 3HauYeHHS
JienekTpuyHoi cranoi, 00 OCTaHHS BU3HAYAE IUIOLLY
HarpoMaKyBada; 4) BUCOKY pajiamiifHy CTIHKiCTh O O.-
ONPOMiHIOBaHHA. SICHO, 1[I0 TakUM BHMOTaM He
BINIOBIIAIOTh €MHOCTI, chopmoBani Ha ocHOBI SiO,, a
TITBKM ~ TOHKOILIIBKOBI ~ KOHIEHCATOPH HAa  OCHOBI
neroBanux P3M i Byrienem miiBok f-tantana [15].

VY pexumi 3anucy Ha muHI Y BHOPaHOTO CTOBIIISA
BCTAaHOBIIOEThCs Harpyra U' a6o U°, a motim mogaetses
MO3UTHBHUI IMIyJIbC Ha MMHY BHOipku psnka X. [Ipun
LBOMY TPaH3UCTOP BIAKPUBAETHCSA 1 Ha KOHIEHCATOPI
BCTaHOBJIFOETHCS Ta XK HAINpPYyTa, M0 Ha muHi Y. B pemtn
3armam’ ITOBYIOYMX EIIEMEHTIB BHOPAaHOTO pPSIKa B IIeH
yac, SIK IPaBUIIo, i7Ie pereHeparis.

IMpouec 3umtyBanHs iHpopmanii i3 3E mnosicHioe
puc. 158, nme mnokazaumii (parment JO3II, me 3E
NPECTABICHUH y BHIJIALl TPAH3MCTOPHOIO KIIOYa Ta
nuHaMigyHoi  emHocti  C,, miaCWIOBaya  3amucy-
3unTyBaHHs, Ta yMmoBHUX KimouiB Kl 1 KO, mo

BignoBigaroTe 3a 3amuc 1 uwm 0. Jlo mimHil 3ammcy-
3udTyBaHHs mifKiIodeHi 3E B KiJIbKOCTI PAIKIB, LIO € B
HarpoMa/DKKBaibHIA Marpuii. Oco0rBe 3HAYCHHS Ma€e
emuictp JiHil Cyq , ska Moxe mnepeBuinyBatn C,
3amam’sITOBYIOYOro — eneMmeHra. Ilepen 34MTyBaHHSAM
MPOBOIUTHCS TIepe3apsi JiHii 3anmucy-3untyBanns (JI33).
Ilpu wupoMy BHKOpUCTOBYIOTH 2 Bapiantn 31 3
nepesapsitoM JI33: 1) no piBHA Hanpyru xuBieHHS.U,;
2) 1o piBHS TONOBUHM Hampyru >xusieHHs 1/2U.
Posrisitnemo  nmpyruit  BapiaHT, Komu eMHicTh C,
sapsypkeHa no piBHA U/2,a 30epiranHs | Bigmosimae
sapsmkeHin C;, a 30epiraHHS HynId — PO3PSIKCHIN
emHuocrti C,.

[Ipu 3umTyBaHHi HYJsI A0 JiHII 3aMKUCYy-34ATYBaHHS
(JI33) minkmouaetscst eMHICTH C,, 0 Mae€ HYyJIbOBHHA
3apsaa. YactuHa 3apsay emHocTi C; mepeTikae B €MHICTb
C, 1 Harpyra Ha 000X €EMHOCTSIX 3piBHIOETHCS. [loTeHian
JI33 3mxyeThca Ha BenmuuHy AU, siKa € OJHOYAaCHO
CHTHAJIOM, WIO IOCTYNAa€ Ha MiJICKUIIOBAY 3YUTYBaHHSI.
[Tpu 3uuTyBaHHI OAMHHMLI, HaBMakyu, Hanpyra Ha C,, sika
ckmanana BenuuuHy U./2 npu migxmodeHHi ii po JI33
30inbiryerbes Ha AU. TakuM 4MHOM, OTpHMaHa 4acoBa
Jiarpama CUTHAJiB TIpH 3YUTYBaHHI HyJS 1 OAMHHII
nokaszana Ha puc. 16. Hanpyry AU o6uuciumMo Ha OCHOBI
aHai3y IUHAMIKM 3apsngoBoro crany. Jlo Bubipku 3E
€MHICTB JiHiI 3anucy-3unTyBanHsa C, Maa 3apsz;

Q = CJ'IUCC/ 2 (2’)

ITicns Bubipku 3E 11eif sxe 3apsiq po3MOALIsSETHCS Ha
cymapny eMHicTh C,;+C, 1 MOKHA 3aIIHCATH:

Q = (CH+C3)( Ucc/z'AU) (3)
[TpupiBHiotoun Bupasu (2) i (3) oTpumaemo:
C,U./2 = (C,+C,)( U./2-AU) 4)
3BiAKH OTPUMYEMO:
AU =U,.C,/[2(C,+C,)] = U,C,2C, &)

SIkmo C, > C,, To curHan AU € 1ocurh ciabKuM i
HOro HeoOXiTHO MiJICWIIUTH B MiZICHIIIOBAYi 3UUTYBaHHS
1o HeoOxigHoi BenmunmHHU. KpiM 1bOro, 3uuTyBaHHS €
pyhHiBHUM (akTopom, 00 MiAKIIOUEHHS JAWHAMIYHOL
emHocti C, mo JI33 3wmintoe ii 3apsp. Ilpu mammx
TOTIOJIOTIYHUX PO3Mipax 1 Mamid muromiii emHOCcTi C,,
aKa (HOpMyeThCS 3 BUKOPHUCTaHHSAM HielekTpuka SiO,,
iHpopMamiiHU 3apsn y BuUmanky 30epiraHHs Jor.l
ckmamae (10°-10%q (q-3apsix emexTpona) i pamiariiina

UJ'I33
JI33,
C 2
3UMTYBaHHS IL
o
UC g2
\ AU i mec.
peren
| A
3unTyBaHHs (
Z() t .H33B
a 0 B

Puc. 16. Yacosi niarpamu curHaimiB 3uutyBaHes | 1 0 qaaux B quaaMigaomy 311 a), cxema migKIrOYeHAS
MiICHITIOBaYa-pereHeparopa 0) i Horo cxemHa peaisariis B).
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KoHCTPYKTOPCHKO-TEXHOJIOTIUHI 0COOIMBOCTI (POPMyBaHHS CYOMIKPOHHUX CTPYKTYD...

R‘AST

CASa

R/Wh

DO A

R/WA

DI A

a

RAS

34NTyBaHHA CAS
A DO
— v —
RW
DI

3ammc

0

Puc. 17. Yacogi miarpamu quaaMigaoro O3I1 3 MyIbTHITIEKCYBaHHAM [IHHA aJIpecy a) Ta HOro 30BHINTHS
opraHizais 0).

CTIMKICTh TaKOrO0 JWHAMIYHOTO €JEeMEHTa € JOCHTh
HU3bKOI. OJHA 10HI3yIOUYa O-4aCTHHKA MOXKE CTBOPHUTH
TaKe ) CaMe YUCIO eJIEKTPOHHO-IIPKOBHX Iap. A 1e
npuBene 10 BTpaTH iHpopmaii Ta 300r0 podoru JO3II.
Taki 3001 MOXyTh BUHMKHYTH HaBiTh IPH BiJCYyTHOCTI
30BHINIHBOTO  JDKEpEeia  O-4aCTHHOK, 00  OCTaHHI
BUITYCKAalOThCSI MarepiajlaMM KOHCTPYKIii Kopmyca i
HaBiTh KpeMHil0. Take ONpPOMIHEHHS O-YaCTUHKaMHU
0o0yMOBJIEHE HAsBHICTIO B Marepiajiax KOHCTPYKIIl
KOpIyca JOMIIIKM IIMPKOHiI0 (Zr), SKAH 3aBXKIU
CYIIPOBOJIKYETHCS U»* i Th*2. ToMy 4HMCIIO O-YACTUHOK,
110 BHITYCKAKOTHCS HAMH 3 1 cM® IIIOIIi KOpIyca CKIiaaae
5-45 gactuHOK B ToauHy. CepemHs TOBXKHUHA ii BUTEHOTO
pobiry moxe mocsratu 100 Mxwm.

Jnst yCcyHeHHsA BHILE IIepepaxOBaHMX HENOJIKiB
HeoOXigHo: 1) 30utbmMTH €MHICTh C,, MPH 3MCHIICHHI
foro muonti; 2) 3MeHIIUTH eMHICTh C; 13 3aCTOCYBaHHAM
iICHITIOBaYiB-pEreHepaTopiB JUIsl 3UUTYBaHH JaHUX; 3)
BUKOPHCTATH B B POJIi MDKIIAPOBOI 130111 1 3aXHCHOTO
MOKPUTTS MOJiiMia; 4) yAOCKOHAJIMTH KOHCTpYKIio 3E,
PO3MIIIYIOUM €JIEeMEHTH HarpoMajyKyBada B KHUILIEHI p-
TUIy a00 BHKOPUCTOBYIOUHM EMITAKCi{HI CTPYKTYypH Ha
KpeMHii p-tumy. 30inbiieHHs emuocti C, TMHaAMIYHOTO
€JIEMEHTa JTOCATAETHCS PO3POOIICHOI0 HAMHU TEXHOJIOTIE0
tdopmyBarns TIIK Ha OCHOBI J€TOBaHOTO TaHTANY, IO
3abe3neuye BuCOKi mpobuBHi Hanpyru Uppop> 120 B
npu ctpymax BTpaT Igrp< 107" A, mamux tgd < 0,001 Ta
TKE < 107 OC'l, BHCOKOIO ITMTOMOIO €MHICTIO, siKa B 20
pasiB Oinmbiina, HixX it SiO, [14]. e mo3Boisie mpu Tii
e eMHocTi 3MmeHmmTH mwiomy 3E B 20 pasiB abo
30Ut C, MpH 3MEHIIICHHI HOTO IJIOIII 1 THM CaMHM
3a0e3Me4nTH BUCOKY pajialiiiHy CTIHKICTh AMHAMIYHUX
eneMeHTIB mam’siTi 10 o-ompominenns (1o 107 pax).

3meHmenHss emHocti C; Maibke B 2 pasu
JOCSATAETHCS BKIIIOYECHHSAM MDK JIBOMA ii MOJIOBHHKAMU (B
po3piz  JI33)  mudepeHmianbHOTO I JICHITIOBAYA

3untyBaHHs (puc. 160). ITixcumoBaui-perenepaTopu, siKi
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BBOJATH Ul pereHepaiii 3apsay B kouaeHcatopax C,,
CXEMOTEXHIYHO OYAYIOTHCS Ha OCHOBI TPUIEPHHX CXEM
(puc. 16B), uepe3 sKy aBTOMAaTHYHO 3JIHCHIOETHCS
perenepaniss Ha emHocTi C, TIOBHOrO 3HAuYeHHs
3YMTAHOTO CUTHAIY.

Ocobmusictio quHaMmivyanx 3I1 g miaBHUINEHHST 1X
MIBUAKOIIT, SIK BI3HAYAIOCH pawizre, €
MYJIBTHILNIEKCYBAaHHS IIMHU ajpecy. AApec BiANOBiIHO
IUIATHCS HA JBa IMiBaapeca, OAMH i3 SKHX IMPEICTABIISE
cobor0 anpec psAka, a APYTHd — aapec CTOBILA
HarpomamkyBada 3E. TliBagpeca monaroThest Ha ofHi 1 Ti
x BuBogu kopmyca BIC moueproso. Ilomaua anmpeca
psIKa CyNpOBOJDKYEThCS BiANMOBIIHMM cTpoOdomM RAS
(Row Address Strobe), a mpyra croBmis — CTpoOOM
CAS  (Column  Address  Strobe). Ilpuumnoro
MYJIBTUIUIEKCYBaHHS aApeciB € 3MEHLICHHS 4YHcia
BUBO/JIIB Kopmyca i 3MeHIIeHHs o crpykrypu 311 ta
30utpmenHs mBuakomii. Tak, Hampukmam, 3I1 3
opraHizamiero 16Mx1 mae 24 — po3psoHuMil ampec, a
MYJIBTHILIEKCYBAHHS JI03BOJISIE CKOPOTUTH YHUCIIO JIiHIN
Ha 12. Ha pwuc. 17 mnokasana dacoBa jiarpama Ta
30BHILIHSI oprasizartis IUHAMIYHHX O3I1 3
MYJIbTHUIIJICKCYBaAHHSAM.

TakuM YMHOM, IpaBWIIbHE NOEIHAHHS y BUOOpI
apxiTeKTypH, OpraHizamii, CTpYKTypH 1 CyOMiKpOHHOT
TEXHOJOTii (OPMYBaHHS TOIOJIOTII 3amam’SITOBYIOYHX
€JIEMEHTIB J03BOJSIE 3MEHIUUTH IUIONLY, CHOXXHBaHY
MOTY>KHICTh, IWIJBHIIMTH IIBUAKOMII0 Ta pamialiiHy
critikicte BIC mam’sTi agpecHOro THITY, IIOHU3UTH Yac 1X
BuOipku 110 piBHA 10-30 HC, 30UTPIINTH IHTETPALIII0 CXEM
maM’sTi 1o 1-64 M.

Hogocaonui C.II. — kanouoam mexHIiYHUX HAYK,
npoghecop;
3anyxnaxk P.I — kanouoam pisuko-mamemamuiHux

HAyK, OOYeHm.
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Design-Technological Peculiarities of Submicron Structures Forming of Address
Circuits Memory
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In this article state circuitry, structure and technology of forming layout of superdense semiconductor

randomaccess memory and methods of increasing of its quickness and radiation-insensitive with the use
of elements of submicron technology are stated.
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