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B namiiff crarTi MokasaHi TEHIEHIi i MEPCHEKTUBH PO3BHTKY Po3poboK TpamsucTopHux cIpykryp (TC) mis
[POMHUCIIOBOIO BHUI'OTOBJICHHSI KOHKYPEHTHHX KPEMHIEBUX Ta apceHiiraitieBux mBuiakicHux mupposux BIC —
€JIEMCHTHO-TEXHOJIOIYHOI Ta KOHCTPYKTOPCBbKOI 0a3u 3acobiB oOuncitoBanbHOi TexHikd (30T). B nawiit crarti

BUCBITIIIOIOTBCS YHIKaJIbHI BJIaCTHBOCTI SIK KPEMHI€BOI,

MOJJIMBOCTI IX CyMiIllCHHS.

TaK 1 apceHiAranieBoi CyOMIKDOHHHMX TEXHOJOTIH Ta
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Cmamms nocmynuna 0o pedakyii’ 23.12.2011; npuiinama oo opyky 15.06.2012.

Beryn

VY IOoCKOHaJIEHHS HAJBETUKUX I1HTErpalbHUX CXEM
(HBIC) i HaamBHAKICHUX HAABEIUKHX I1HTErpPalbHUX
cxem (H3BIC) npoxomuTh Ha OCHOBI PO3BHTKY HOBHX
(GI3UYHUX TPUHLUIIB peasti3alii NpUiIagHuX CTPYKTYP,
TEXHOJIOTIYHUX TPOEKTIB 1 MapUIpyTiB BUTOTOBJIEHHS,
CTPYKTYPHO-TOIOJIOTI YHUX pilieHs KOMIIOHEHTIB,
(parMeHTiB CXEMOTEXHIKH, a TaKO)X CYYaCHHUX METOJIIB
MaTeMaTU4YHOIO MOJIEIIOBaHHS 1 aBTOMAaTH30BaHOTO
MIPOEKTYBaHHS €JIEMEHTHO-TEXHOJIOT'YHOT 6asu
KkpemHieBux Ta apceniaramiesux HBIC i H3BIC [1, 2].

IcHyroua HEBIANOBIAHICTP MK  MOXIIUBOCTIMHU
oprasizaliif — BUTOTOBJIIOBAa4iB BUCOKOIPOJYKTUBHUX 1
cynep-EOM, 1 3HAYHUMHU CKIAIHOCTAMH 3HiHCHEHHS
MOIIYKOBUX Ha HOBUX (Di3WMYHUX NPHUHIUIAX PO3POOOK
BHCYHYJIH Ha TEPIIMH IUIaH Cy4acHi 1 IMEpCHEKTHBHI
nocifni i mpomuciosi B3ipui po3poook HBIC i H3BIC

Ha OCHOBI IHTEHCHBHO pO3pOOJIIOBaHHX CyO- 1
HAaHOMIKDOHHHMX TEXHOJIOTIH Ha apceHigl ramiiio i
KpeMHilo. BemuuesHa  3amikaBleHICTb 10  JaHHUX

PO3p00OK MOXKE OYTH, ITO BUTOTOBJICHHIO cyriep - EOM B
CIIA, Smowii, 3axiguiéi €spomi (dipmu Cray, I1BM,
CDC, Fujitsu, Hitachi, NEC, Siemens) siki ayxe TicHO
CHIBIPALIOIOTh 3 HAIIBIPOBIAHUKOBUMHU (ipMaMu B
obOmacti po3po0OK OUIBII MBUAKICHUX 1 MIUIBHO
yIMaKoBaHUX (apCEeHIArali€BUX MMOJTBOBHX 1 OIMONAPHUX 1
K-MOH BIC) 3 wMeroro peamizaiii HaIIIBHIKOIT,
BHCOKOi CTYIEHi iHTerpamii, a TaKoX J0JaTKOBOI
MOXIIMBOCTI ~ 30UIBLIEHHS MIBHAKOAII 32 PaxyHOK
IHTEHCHBHOTO OXOJIO/KEHHSI, BKJIIOYAIOUM KPiOreHHUH
pexum pinkoro azory (77 K).
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Junsa peamizamii cyo- 1 Hanomikponnux HBIC i
H3BIC Ha cywyacHoMy erami i B HalOIMWKIOMY
MaiiOyTHbOMY OyIyTh BHUKOPHCTOBYBAaTHCh MOHOKpEM-
Hill 1 HaITiBI3OJIOIOYMH apceHij Tamifo, SKUA Mae psj

BH3HAYHMX  IIepeBar IMepel  KPEMHIEM:  BHCOKY
PYXJIUBICTh €JICKTPOHIB 1 TMOTCHINIHHY MOMKIIUBICTD
3aCTOCYBaHHS HANIBI3OJIOIOYOIl  MiIKJIAIKH, 1 (0)

3a0e3medye c(HOPMOBAHUM €IEMEHTaM OILJIbII BHCOKY
mIBHAKOAI0. PyxnuBicTh enektpoHiB B GaAS moxe OyTu
nocsrayta mpu T = 300K (7 - 9)-10° em?/B-c, B Toii e
qac sk y Si Boma He mepesumye 1,2-10° CMZ/B -C; TIpH
OXONIOMKEHHI 10 Temreparypu piakoro aszory (77 K)
PYXJHMBICTH ~ CHJBHO  3pOCTa€ /0  BEJIUYUHHU
(1+10)-10° cM¥B-c.  Taka  BemMKa  pyXJIHBIiCTH
EJIEKTPOHIB JlocsTaeTbest 1 B 2D-enmekTpoHHOMY rasi
CEJIEKTUBHO JIETOBaHMX TMOJBOBUX TPAaH3HUCTOPIB Ha
LIapyBaTUX apCEHiArajieBUX CTPYKTypax. MOXIHUBICTh
30LIbIICHHS INBUAKOMII €JIEMEHTIB Ta MPHIAJHUX
CTPYKTYp Ha  «rapsf4umx» €JEeKTPOHaX  peaji3ye
CyOMIKpOHHa apCeHiJramgieBa TEXHOJOTISA IOIbOBUX
tpausucropie ([IT) 3 N-kaHAJIOM, HAa TETEPOIOIHOBUX
MepexiIHMX TPaH3UCTOPaxX 3 BHCOKOIO PYXJIHBICTIO
eNEeKTPOHIB  (CEMEKTHBHO  JIETOBAHUX  IMOJbOBHX
tpausucropie CJIIT), GimonspHUX reTepoTPaH3UCTOpaxX
3 Bapi3oHHUM emitepom [1, 2, 3].

Bucoke 3HAa4YCHHSA MHMTOMOrO 00 €MHOTO OIOpPY
> 108 Om-cM BHacHioK OLIBII ITUPOKOI 3a00pOHEHOT
3ouu (1,52 ¢B) y HejeroBaHoro marepiany I03BOJISE
OTPUMYBATH HAaITiBi30JTIOI0Y1 GaA s-miTKia Ky,
HasBHICTh SKUX Tpu (OpPMYyBaHHI CyOMIKpOHHHX
LIBHAKICHUX CTPYKTYp IO3BOJISIE 3MEHIIUTU HE TUTBKU
Mapa3uTHI €MHOCTI IPUKIaTHUX CTPYKTYyp, ajle i
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[NopiBHANBHMIA aHAJI3 Cy4acHUX KPEMHIEBOI 1 apceHi]| TaTieBoi. . .

MOCTIMHI Yyacy MixkeJeMeHTHOI JiiHii 3B’ si3ky (JI3).
Hanionanshi nporpamu Smonii Ta CLIHA o EOM 5-
ro Ta 6-T0 MOKOMNiHb BKJIIOYAIOTH 1 IIMPOKO aHOHCYIOTh
GaAs-TexHoOrii, Ha SKUX MOXJIMBA po3poOka cyrep-
EOM 3 npoxykruesictio > 10 onepariii/c Ha mouatky
2000 pokiB 3 gocsrHeHHs M creneHi iHterpauii BIC Ha

T >10°Bent/cM® TpH MOTYKHOCTI  CIIOKHBAHHS
> 20 Br/kpucrai, a MaKCHUMaJIbHa yacrora
MEPEKITFOUEHHS.  3pOCTaE 10 JCCATKIB rirarepii. B
CyOMIKpOHHI ~ 00JacTi JyKe MEepCHEeKTUBHOI €

texHonorisi ¢opmyBanns IIT i3 3arBopom IllorTki
(TITI) i moriyni cXeMu Ha TX OCHOBI, SKi 3a0€3MEUYIOThH
B peXHuMIi KiJbleBoro rexeparopa 3arpumku < 10mc,
IpU MiHIMaJIbHOMY CIIOKMBaHHI MOTY)XHOCTI. ChoromHi
3HaXoIATh 3acrocyBaHHs MatpuuHi GaAsBIC i3
cucremHoro 3atpumkoro  100—200mc. B obmacri
ocBoeHnx cxem nam’ sati 3 GaAs-BIC na IITII Takox €
3HayHi focsrHeHHs. OcBoeni cratuyi O3I1 3 00’ emom
16 —256 K6itr 3 wuacom BubOipku O0,1—2HC mis
nmotykHocti cniokuBanHs B 200 MBt. Texnomoriusi
MoxJUBOCTI  103BoJsIIOTE it GaAS-BIC  nmocsirtu
CyOHAaHOCEKYHITHMX 4YaciB BHOIPDKM TpPHU 3arajibHOMY
3MEHILIEHH] eHeprocnoxuBanHs. Tyr ocHOBHa mpobiema
peamizanii  cyoHaHoctpykTypux ~— GaAs-BIC  Ha
HOpMaJIbHO 3akpuTHX camocyMimienux [ITII momsrae B
HEOOXIMHOCTI  BIATBOPEHHS 1 TaKOK  cradimizarii
MOpPOroBOi ~ HANPYTHW, sKa BH3HAYAE CTAOUIBHICTD
JIOTIYHUX PiBHIB.

dyHaaMeHTaNbHI  JTOCHIPKEHHS. TeTeporepexiTHuX
CTPYKTYp TIPHBEIM JO IHTEHCHBHOI'O  PO3BUTKY
apceHiaramieBoi TexHomorii rereponepexiaaux (ITIIT)
a6o (CJIIIT) i OimomsapHHUX TeTePO-TPAH3UCTOPHUX
cTpyktyp 3 BapizonnuM emitepom (BI'TC). Bucoka
mmpuHa 3a0opoHeHoi 30HM GaAS 103BONSE MMiHECTH
BEPXHIO MEXY TeMIepaTypHOro jianasony podoru BIC
1o temmeparypu + 350 °C.

PeanbHi TexHOMOriuHI ycmixu B po3podm GaAs
OIMOJISIPHUX TETEPOCTPYKTYP, SKi TO3BOIMINA OTPUMATH
peanbHi OIS HEHACHYCHUX  JIOTIYHUX  CJIEMCHTIB
3arpumkd 3-10mc, mpu T =300 K, rosopsre mpo
BEJIMKI TepeBard B IIBHAKOMAII OIMOJAPHUX TeTEpPo-
TPaH3UCTOPHUX CTPYKTyp B mopiBHsHHI 3 MoHO TC. Ili
NepeBard MOJSraloTh B IPHHIMIIOBUX MOMIIUBOCTSIX !
CYTTEBO HIDKYOI'O 3HAUEHHS OHOpy 0a3u, 10 3MEHIIYE

BEITUYUHY rng; JIy’)Ke BHCOKHX Koe(ilieHTiB nepenayi

CTpyMy B 001acTi BEJIMKHX TYCTHH CTpyMiB (ki
3a0e3MeuyioTh TakK 3BaHi  CymepOeTa-TpaH3HCTOPH);
e(pCKTHBHOTO BUKOPHUCTAHHS HE TLTBKH IITUPOKO30HHOTO
eMiTepa, aje 1 KOJEKTOpa, a TaKOXX HAaIliBi30JI00Y0l
MiJKIaJK{; MEHIIMX BEJIUYMH eMiTepHoi Oap’epHOI
€MHOCTi, BHCOKOI pamiariiinoi crifikocti > 10Y pan.
[Ipore BHACHIIOK MOYATKOBOI CTaii pO3pPOOKH TECTOBHX
KpPHUCTaTiB, HA OCHOBI SKHX MOJIEIIOTHCS IIBUIKOIIMHI
noriyni cxemu, GaAS  OIMOISIpHI  TE€TEPOCTPYKTYpH
(TTC) choromHi  TakOX  3HAXOMATH  OOMEXEHe
3acrocyBanHs B BIC cxeMm mam'sTi i JIOTIYHHX CXEM 3
JMOCATHYTHM pIBHEM iHTerpamii > 10°Ta cucreMHHME
sarpumkamu Ot 200 ic. B Toit ke 9ac AOCTITHHKH,
PO3POOHUKH TMpPWIAMIB 1 CXeM IMiJKPECIIOTh, IO
moreHmiansbHa — mBuakomiss  GaAsTTC  mepesuinye
mBuakoairo CJIIIT, 1m0 MOBMHHO MPUBECTH 10 OCBOEHHS
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eneMeHTiB i3 3aTtpumkoro 0,5 - 2 mic.

KnrouoBumu muranasmMu  3acrocyBanus HBIC i
H3BIC, Burorosiennx 3a GaASTeXHOIOrED B
KoHKpeTHHX po3podkax 30T EOM 5-ro i 6-ro mokomiHb
Oe3repeyHo € THMTaHHS BiJATBOPIOBAHOCTi, OTPUMAaHHS
BHCOKOTO BHMXOAY IpPUAATHHUX, 3a0e3MeueHHs mopsn i3
i IBUILICHHSAM MIBUIKOMIT MiABUICHHS PIBHS 1HTErparii i
BIJIMIOBITHOTO 3HW)KEHHS BapTOCTI EIIEMEHTHOI 0asu
GaAs HBIC ta H3BIC.

ChOroJiHi CremniaiicTd CpaBeIuBO BiAMIYAOTh, IO
B TENEpINIHIX YMOBax CKIJIABCSI OAHMH CEKTOp PHHKY
TIPOMUCIIOBOTO MIPU3HAYEHHS, e LIUPOKO
BHKOPHUCTOBYIOThCA IippoBi GaAs BIC. Ile BiamosimHO
obmacte cymep-EOM, 1de TOJOBHOI BHMOIOIO €
MakCHMajbHa IIBUIKOJiSl  €JIEMEHTHO-TEXHOJIOTTYHOT
06asu apcenigramieux BIC B B TmopiBHAHHI 3
kpeMHieBuMu. 3a mnporHozoM GaAS-BIC moBuHHI
3a0e3rmeuyBaTd  NPHUHIMIOBO  Kpally  KOMOiHaIiio
BapTOCTI Ta MIPOYKTUBHOCTI CKJIaJIHUX
o0uucIIoOBaIbHUX cucTeM, po3pobHuk skux C. Kpeit
cTBep/pKyBaB, 1o cydacHi EOM Ha GaAsS-eieMeHTHi
0a3i OymyTh Ha 1 - 2 IOPSIKY KPAIIUMU 32 IIBUIKOIEI0
B TOpIBHSHHI 3 KpeMmHieBuMH, a iHrerpamis BIC
30UIBLIYETHCS TIPH IIbOMY Ha MOPSIIOK, TOOTO TeMnH il
3pocTaHHs OyIyTh aHaJIOTiYHI KpeMHi€Bill cyO- Ta
HAHOMIKPOHHIH TEXHOJIOTI]. Ile, 30KpeMa:
HU3BKOTEMIIEpATYpPHE IIa3MOBE OCA/DKEHHS IapyBaTHX
CTPYKTYp B pEaKTopax eJIeKTPOHHO-IMKIOTPOHHOTO
pe30HaHCy; peTporpamHa Oararo3apsiHa IMIUIAHTAIis;

aHI30TpOITHE  IUIa3MOXIMIYHE TpaBJCHHS B  30HI
MMiCBIYEHH; IIBAIKAN (b oToHHUHT Bimain
IMIIUIAaHTOBAHUX I1apis,; HU3bKOTEMIICpaTypHE

(¢hopMyBaHHS Y BHCOKOYACTOTHIM MAarHETPOHHIN IUIa3Mi
KalCyJI0IounX IIapiB  HITPUAIB KpeMmHito 1 Oopy;
(dhopMyBaHHS CHIIIMIHOI OaraTOpiBHEBOI PO3BOAKH Ta
MIPUXOBAHOT'O KOHTaKTy, MapuIpyTy aBTOMaTH30BaHOTO
NPOEKTYBAaHHSA 3  BUKOPUCTAHHAM  MOJIEIIIOBAHHS
€KCTPaKIii Ta TECTOBOrO KOHTPOIIO TPOEKTHUX HOPM
KOHCTPYKTOPCHKO-TEXHOJNIOTIYHUX OOMEXKEHb; T'eTepHi
npouecd. Buznauumo  ¢axropH, SKi  JI03BOJISATH
CYMICTUTH T JIBi TEXHOJIOTII.

|. dakTopu, 110 00MeKYIOTH
KOHKYpeHTo31aTHicTL GaAS-BIC

[pu po3risii MIPaKTHYHUX pe3ynbTaTiB
npomucioBoro ocBoeHHs GaAs-BIC y HBO «Carypu»
(M. KwuiB) JomineHO MaTH Ha yBa3i He TUIBKH
ONTHUMICTHYHI ~ NMPOTHO3M  CaMOTO  TEXHOJOTIYHOTO
Iporpecy, ajie W OCHOBHI (haKkTopH, IO OOMEKYIOTH
KOHKYPEHTO3/IaTHICTh Cy4acHHX 1 nepcriekTuBHuX GaAs
BIC, y mnepury 4epry mo BiJHOIIEHHIO [0 IIBUAKO
HaOuparodoi  00epTH  KpeMHIEBOI  CYOMIKpOHHOI
texHonorii Oinonspaux HBIC Ta H3BIC. Ilpu uwomy
koHKypeHTo3aaTHicTh GaAS-BIC HeoOXinHO 00’ EKTUBHO
OLIIHIOBATH 13 TOPIBHAHHA CYKYITHOCTI  TEXHIYHO
eKCIUTyaTallifHNX IapaMeTpiB JeTalbHUX BHPOOIB, a
TaKOX XapaKTePUCTUK BUTOTOBJICHHS 1 BUPOOHUIITBA HE
i3 craumaptaux Si-BIC, ocBoenumu y 80 — 90-1i pokw, a
i3 cydacHuMu cyOMmikpornHumu Oinosipaumu H3BIC Ha
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HEHACHMYEHUX  EJIEMEHTaX, CTBOPEHMX Ha  OCHOBI
PO3BUTKY 1 YAOCKOHAJEHHS HOBUX TEXHOJOTIYHUX
MeroniB (opmyBanHs OimonspHux crpyktyp 2000-2010
POKiB. PeBOIOIITHMMY TEXHOJOTIYHUMU METOJAMH, SKi
3a0€3MeUyI0Th MOXKIIUBICTh OJHOYACHOTO 301JIbIICHHS
IIBHAKOAIT 1 cremeHi iHTerpauii, € i30JsLis €JIeMEHTIB
TMOOKMMH KaHaBKaMH, 3amoBHeHHX aepocuiioM (SiOy)
a00 IMOJIIKPEMHIEM; CAMOCYMIIIICHHSI aKTUBHUX O0JIacTeH
TC; crTBOpeHHs pEeTpOrpajHUX  CHIbHOJETOBAaHHX
obmacreit TC 3a paxyHOK OaraTo3apsaHOl iMIUTaHTAIii
YH JICTOBAHOT'O MOJIKPEMHIIO; CIJIIIUIIB, KAICYITFOI0YNX
1IapiB,  aHI30TPOIHOIO  IUIA3MOBOIO  TPABJICHHS,
BEPTUKAJIBHOI iHTErpallii.

Hes3Bakaroun Ha ONTHUMICTHYHI MPOTHO3M ifeojiora
Mmikpoenekrponiku C. Kpes i psay npeacTaBHUKIB (ipM-
BupoOHuKiB  mudpoBux  GaAsBIC,  Tpaaumiiini
MOCTaBHUKKM KpeMmHieBux Oinomsipuux BIC, Taki sk
Faixlild, IBM, Motorola, AMD, TI, INOX, Smens,
Tektronix, NEC, Toshiba, Honeywell, Rockwell, Hitachi,
Fujitsu, NTT, 36epiraioTh BIICBHEHICTH B TOMY, IO iM
BIAcThCs 30eperTh BENMKY JIOJI0 PHHKY 30yTy
Bucokosikichux HBIC i H3BIC. Ha BiaMmiHy Bix psay
MoTepeHIX POKIB, KOIM Yy MIMPOKO O3BYYEHHX
ONTUMICTHYHHUX TPOTHO3aX BKa3yBAJIUCh OIIIHIOBaHI
00’ emu puskiB GaASs-BIC mupokoi HOMEHKIATypH, BKe
B KiHIi 90-x pOKiB caMi pO3pOOHUKH i BUTOTOBJIIOBaYi
mix BIC cranu Ginbln 3Ba)K€HO OLUHIOBATH ITOTEHIUAI 1
ekcrpanomsnii ~ GaAs-texHonorii. 3a  OIiHKaMH
BIMOBIMHUX  cHemiadicTiB  (ipM  BUTOTOBIIOBAYiB,
TOJIOBHOIO TEpenoHo0 Ha Huisixy uugposux GaAs-BIC
JI0 CepiiHOro TMPOMHCIOBOI'O BHPOOHUIITBA € TE, IIO
3raJlaHiil pUHOK HOCUTH HAJITO CIICIiaIbHUI 0OMeXeHN
XapakTep, OCHOBaHWM  BHKIIOYHO HAa  BHCOKIH
TexHoNoriuHii mBuakonii GaAs mpunanis (B mepury
yepry B PEOXHUMi KINBIIEBHUX TEHEpATOpiB), He
BPaXOBYBAJIMCh MOXKJIMBOCTI CTPYKTYPU HIBUAKOIIFOUNX
ECJI-BIC Ta KMOH-BIC.

Jo HemomikiB mpakTudHO BCiXx GaAS TeXHOOrIH i
cXeM, KpiM X BHCOKOi BapTocCTi, Sika IEPEeBHUIIYE B 5 -
10 pasiB BapTicte Si-BIC, Takox ciij BiJHECTH BUCOKY
XpYIKICTh Matepialy apceHigy Talilo, II0 CTBOPIOE

3HAYHI  CKJAgHOINI TpH  00poOIi  IUIacTWMH  Ha
aBTOMaTH30BaHOMY KJIACTEPHOMY oOnajHaHHi,
TPYIHOIII OTPUMaHHsA BiaTBOprOBaHOi sikocTi GaAs

MiAKTaAKA Benukoro aiamerpy (> 150 Mm), THHOBHX TSt
Si-TEeXHONOTi#, a TaKOXK TMOPIBHIHO BEJHKY CIIOXKHBAHY
MOTY)KHICTh ~ OUTBIIOCTI  cXeM, IIpu 3abe3ledyeHH]
HEOOXIHOI YM MAKCUMAaJIbHOI HIBUAKOCTI 1 BIAIOBIAHO
CKJIaMHICTh Yy BiIBEACHHI TeIia, 3B’ A3aHO 3 HHU3BKOIO
TEIUIONPOBiIHICTIO apceHiaranito. Tak sk GaAs mae B 3

pasd MeHIIy, HDK KpeMHIH TeIUIONpOBIMHICTh, TO
HaIpHKIAL, pu TIOBITPSTHOMY OXOJIO/IKEHHI
MaKCHMaJbHa TMOTYKHICTh PO3CIIOBaHHS KPHCTAJIB

GaAs-BIC cknanae 1 - 2 Br B nopiBusinzi 3 5 Bt y BIC
Ha KpeMHil (He3BakarouW Ha Te, IO i3-32 BEIHMKOIO
3HW)KEHHS mMpuHU 3abopoHeHoi 3oHu GaAs-BIC
MOXYTb TparfoBatu 10 temmeparypu 350 °C).

BimHocHO BenMMKOI TiepeBarm B TEXHOJIOTIUHIHN
mBuakoaii GaAS npuiajiB TAKOXK ICHYIOTh 3aIICPCUCHHS.
JpeiidoBi IMBUAKOCTI HACHYCHHS ENEKTPOHIB B S i
GaAs simpisusitothest HesHauno (~ 107 em/c). Tomy
MO)KHA  JIONMYCTUTH, IO HANPHUKIAJ, PI3HUII B
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IHEpIIIHHIX XapaKTepUCTHKAX KpPEMHIEBHUX i
apcenigranieBux [IT i3 cyOMIKpOHHUM KaHAJIOM TNpH
poboTi 3 peXuMaMy Hamnpyr BHIIE HOPOroBoi Oyxe
MPAaKTHYHO HEBEIIMKOI0. 3 1HIIOI CTOPOHH, HEBIPHUM €
TBEPIKCHH:, 10, Hampukian, B 5-10 pazie Oinbina
pyxiuBicTh enekTpoHiB B GaAS 3abesneuye B 5- 10
pa3iB Oumbmr BHCOKY TakToBy uwacrory GaAs-BIC,
HE3Ba)XKalO4M Ha BiJIOMY PO3pOOHHMKaM MNpONOPLiHHICTH
kpyruznu 1T 1 pyxnmuBocti HociiB 3apsimy. Kpim Toro,
nepeBara  BHIOTOBIeHHX 32  GaAS-TexHoIOriero
MIPWIAJHUX CTPYKTYpP B MOPIBHSAHHI 3 KPEMHIEBHMH, IO
JIOCSITAETHCS 13-32 OLIBII BUCOKOI PYXJIMBOCTI €JIEKTPOHIB
B GaAsS, mpakTH4YHO IIe3a€ MPH BUMO31 3a0e3MCUeHHS
BHUCOKOi  cTemeHi  iHTerpamii  cxem Oinbie
(5 + 10)-10° enementa/kpucrani, HaBiTh B THX
npakTHIHuX po3podkax 30T, me BUMAaraeTbcsi MPOCTHH,
BigHocHO JemeBuii kopmyc HBIC um H3BIC. Ilo
BITHOCHTBCS IO TEXHOJIOTIYHOI IIBUIKOCTI, TO BXKE 3apa3
yIOCKOHaJIeHa OimoysipHa CyOMiKpoHHAa Si TEXHOIIOTIs
JIO3BOJISIE OTPUMYBATH INBUAKOJIIO BEHTHIIB Ha piBHI
10-30 nic npu KiMHATHIN TeMmneparypi, ToOTO IpUOIU3HO
Ha TaKOMY X PiBHI, SIK i apceHiJraiieBa TEXHOJOTiS IpU
T =300K. B Toif ke yac cremiasicTu-po3poOHUKH SIK

GaAs, Tak i Oimomapuux Si-BIC  BigMivyaroTh
MOTEHIIaJIbHY TIepeBary OCTaHHIX Yy OiIbII BHCOKiH
HABaHTAXKYBaJbHIM  3MaTHOCTI, sKa  peali3yeThCs

€(pEeKTUBHAM YNPABIIHHSIM €MHICHUM HaBaHTa)KEHHSIM.
Ob0mexxeHa KkoHkypeHTo3matHicTe GaAs-BIC wa IIT
NPOSIBISIEThCSL B OUNBbII  HU3BKIM HaBaHTaXyBaJbHiH
3IATHOCTI, B TEpIIYy Yepry, Al CXeM, sKi MpalloloTh B
pexuMmi  30arayeHHA—30imHeHHA. lle NpU3BOOUTH 110
301IBLIEHHS 3aTPUMOK B MIKEIIEMEHTHHX JIIHISX 3B’ 3Ky
(JI3) xpucramy i 40 HEOOXiTZHOCTI IEPETBOPEHHS
HANpYT¥ 330BHI KpHUCTalla, IO B KIHLIEBOMY pPaxyHKY
MIPUBOAXTH IO 3HWXKEHHS HPOJYKTHUBHOCTI IM(POBOTO
TIPUCTPOIO.

AHanoriyHa cuTyauis CKJIQJA€Tbes 1 y BiJAHOUICHHI
MOTY)KHOCTI CITOKUBaHHA. BeHTWII nudposux GaAs
BIC, ski mpaiforoTh B pekuMi 30iTHCHHSA-30aravueHHS,
MepeBayKaroTh 32  TEXHOJOTIYHOK  IIBHJKICTIO,
nanpukian, Beatwiai KMOH BIC, ajne Ha piBHI kpucrana
i3 30ULIBIIEHHSM  CTemeHi  iHTerpamii  pe3yJabTar
TIOPIBHSIHHSL CHCTEMHOI IIBUJIKOCTI BEHTHWIIIB BUSIBHBCS
30BCIM iHIIMM. BTpatu cHCTEMHOI MIBHIKOCTI BEHTHIIIB
GaAs-BIC moB’s13aHi K 3 MEHIIOI TEIIONPOBIIHICTIO
GaAs, Tak 1 3 OUIBIIOK JIUHAMIYHOIO CIIOXKHUBAHOIO
TIOTY)KHICTIO HA BUCOKUX POOOYMX YaCTOTaX.

CreriaicTd ~ CbOr'OJHI ~ BiAMIYalOTh 1€  OJHY
00CTaBUHY, SIKY HEOOXIJHO BpaxOBYBAaTW MpHU pillIeHHI
MUTaHHS NPO JIOUiNbHICTE BukopuctanHs GaAs-BIC B
IU(pPOBUX BUCOKOIPOAYKTUBHUX CHCTEMax, a caMe Te,
IO 3aBaJI03aXUIIEHICTh TAKHX CXEM € MEHIIOK, HiXK Y
kpemuieBux BIC, i TOMy [T HiABUIICHHS TX HAIiHHOCTI
HEeOoOX1THO pe3epBYBaTH JOJATKOBY IUIOUTY KPUCTAIIB.

Konkypenramun GaAs-BIC Bucrynatore ECJI
H3BIC. Po3poOnuku  kpemuieBux H3BIC  Ha
HEHACHYEHUX eJIeMEHTaxX 3p03yMiJH, 10 B HaitOmmkyui 10

POKiB B pE3yNbTaTi YJAOCKOHAJICHHS TEXHOJOTI],
CXEMOTEXHIKM Ta CHCTEMOTEXHIKH IX CTPYKTYpH
KpucramiBe Oymyte koHkypyBatu 3 GaAs-BIC B

MIKOCEKYHIHOMY Jiama30Hi JUId KIMHATHHX 1 a30THHX
TEeMIIepaTyp, Malo4d IpH IOMY, SK MIHIMyM, Ha MiB
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MOpSAAKY OUIBII BUCOKMH piBeHb IHTErpamii  npu
aZlallTUBHUX TPOEKTHUX HOpMaxX KOHCTPYKTOPCHKO-
TEXHOJIOTIYHUX OOMEXKEHb.

Bir VincoH, skuii OpieHTYBaBCS Ha pPO3POOKY
KpHUCTaIB 3 CTEIHHIO iHTeTparii
> 100 Tuc. BeHTWIiB/KpUCTal B  CYOHAHOCEKYHIHOMY
niama3oHi, BBaxkae, mo xoua GaAs-BIC i zaxomwu ayxe
Ba)XJTUBUI PHHOK 30yTy HIBHJKOJIIOYUX CXEM MAJIOro i
cepeqHbOro piBHA 1HTErpamii, NpPOTE€ WPOTATOM, SK
MiHiMyM, 20 - TH pokiB mepeBakaroda Ounpriicte HBIC
ta H3BIC Oyne BHrOTOBISTHCH 3a KPEMHIEBOIO
TexHoNorier. A akaneMik Bcepocilicbkol HaliOHaIBEHOT
Axanemii Hayk Bamies K.A. Ha 3anmranns: «ll{o Oyxe
IICJIST KPEMHIE€BOT TEXHOJIOTII?» JyKe YIiTKO BiIMOBIB —
«KpemHiii». Takum 4yrHOM, 00’ EKTUBHE BUBUEHHS CTaHY
po3pobku cydacHux 1udposux BIC mo3pomse 3pobdutu
TeBHI BUCHOBKU. [10 BiHOUIEHHIO MIIJIBHOTO MaKyBaHHS
texHonorii crpyktyp BIC kpemHieBa TexHOIOTIs
riepeBaXkae apceHiraieBy Mpu NPUOIN3HO OJHAKOBOMY
JIOCSITHYTIH TEXHOJIOTTYHIA IIBUIKOMIT, 1O KpaiHii Mipi,
y nBox acmnekrax. [lepir 3a Bce GaASs-BIC BincraroTh Bifg
Si-BIC (six 6imomnspuux, Tak i MOH) He MeHIe HiX Ha
JIBa TIOKOJIHHSI.

Y 90-i poxu GaAS-cxeMu JHIIE TIABKU JOCATIN
piBas BIC, i cTBOpeHHs MOCHITHHX Ta HPOMHCIOBUX
KpHcTaniB 3 imterpamiero Bume 10* Bemtmiin/kpucrai,
TIOKH 110 € mpeaMeroM auckycii. Tak sk KMOH — BIC,
SIKi 3aITyCKAIOThCS Y BUPOOHHUIITBO, MiCTHTD Bif 3-10% no
2:10° exBiBaJeHTHHX BeHTHIIB. JIOCATHYTHIl Hiama3oH
CKJIaTHOCTI OIMONAPHUX BIC CKJIaJIa€
(2 + 10)-10" BenTHmiB/KpHCTAaN i BHXOAUTH HA DiBEHb
105 BenTwiniB/kpuctan i3 3a0e3[EUeHHSIM  IIBHIAKOMIT
JIECSITKU—COTHI  TKOCeKyHA. HaBiTh Tpu OXHAKOBUX
TexHoyoriuaux HopMmax Joriydi GaAs-BIC BixcraroTh
Bix S-BIC 3a UIIBHICTIO MNAaKyBaHHSA 13-3a OiIbII
BHCOKOI T'YCTHHH JUCIIOKAIi 1 JeekTiB Ha miaKIaaKax,
MEHIIN 3aBaJ03aXxHUIIEHOCTI BEHTUIIB, OOMEXEHb, SKi
HAKJIaJaI0THCSl Ha MIKEJIEMEHTHI JIOTIYHI 3B’ I3KH, JEII0
HIDKYOI HaBaHTa)XXyBaJIbHOI 374aTHOCTI. Hampuknan, npu
tornosoriyanx Hopmax 1 mxm GaAs-BIC moxyrs maTu
piBens cknamnocti 10* Bentwnis, a Gimomapsi Si-BIC —
1o 10° BEHTHUIIIB, a KMOH-BIC BXKe
> 10° BerrTHTiB/KpHCTAL.

Icaye Takoxx mpobnema cymicHocti GaAsS-BIC i3
BENUKOI0 HOMeHknatyporo Si-BIC, Bif pimreHHS sSKOT
3aJIeKHUTh IIUPOKE MPAKTUIHe 3acTocyBaHHs GaAS-cxeM.
BoHu moBMHHI OyTH CyMICHUMH 13  ICHYIOUMMH
po3pobienumu  cxemamu S-BIC, a i1 1poro
MIPUXOJUTHCST JKEPTBYBATH BHYTPIIIHBOI IIBUAKICTIO
BEHTIIIB 1 BpaxyBaTH BTPATH IIBHUIKOIIi 3a BXOIOM 1
BUXOJIOM.

Ane BaxmBa mepeBara GaAs-BIC samumraetbes —
1ie BUCOKa pamiamiiina criiikicts > 10” pax, Ta mmpoxuit
niama3oH pobouux Ttemmepatyp Bim 77K mo 400K i
GaAs-BIC posrmspaloTbesi  SIK  HaWOLIbII  IMOBIpHI
KaHAWAATH JUIsi  iX BUKOPUCTaHHS B  OOJIaJHAHHI
KOCMIYHOrO Oa3yBaHHS B paMKax pOOIT IO CTpaTeriyHii
oboponniii  imimiatuei  (COI). Ceorogni GaAs
TEXHONIOTIT  moTpeOye  MojepHi3amii B YacTHHI
(OopMyBaHHs KaIlCYJIOIOYHMX ITOKPUTH, HApOIIYBaHHS
[IapyBaTUX  CTPYKTYp; PO3BUTOK 1  MeTai3arlis;
BUpOLIYBaHHS  3JIUBKIB  HamiBizomotouoro  GaAs
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Benmukoro Jiamerpy (> 150 mm); aBromatuzarii CAIIP i
TECTOBOTO KOHTPOITIO eNEeKTPOi3UIHOTO
JIarHOCTYBAHHS; CIITAKCIl apCeHIATali€BUX CTPYKTYp Ha
MOHOKPEMHil.

|1. Konkypentosaatni 6imosipui H*BIC
i KMOH - BIC: nepeBaru i Heg0J1ik1

B S MikpoTexHoaorii MOXHA CHOT'OAHI BHIUIHTH
JIBa HampsIMU pO3BUTKY — OimormsipHa i MOH ta KMOH-
TEXHOJIOTIS,, SKy Ha3WBarOTh 32 TUIOM aKTHBHOTO
eneMeHTa. MiXk TEXHOJIOT1YHUMH HAIPSIMaMH B PO3BUTKY
eJIEeMEHTHOI 0a3u 3aco0iB OOYMCITIOBAIBLHOI TEXHIKH
(30T) cmocrepiraeTbcsi cepilo3HA KOHKYPEHIS 3a
CYKYIIHICTIO TEXHiKO-eKOHOMi4HMX mnapamerpiB BIC.
[pore i3 Bci€l CyKymMHOCTI MapaMeTpiB Hi OIUH i3 THIIB
kpemHuieBux BIC Hemae Oe3cmipuux mnepear. B
TENepilHIid Yac CIOCTEPIraeThCst AesKe 3MEHILEHHs
TEMIIIB  POCTY  CTemeHi  iHTerpamii  KpeMHI€BHX
oimonmsapaux 1 KMOH-BIC. 3 opHiei cropoHm, Iie
3B'S3aHO 13  CWJIBHHM  NPOSBJICHHAM  (hakTopiB
TEXHOJOTIYHOCTI Uit  CYOMIKPOHHMX KOMIIOHEHTIB,
3MEHILIEHHSIM BHXOAY IPHIATHUX 13 POCTOM CTeIHi
interpauii HBIC. 3 mpyroi ctoponu, He3Ba)xxaro4yu Ha Te,
1o posmipu kpuctanis (cyGkpucranis > 40 mv?) i HBIC
MIPOJIOBXKYIOTh 3pOCTAaTH, IIPOTE€ 3HAYEHHS TIPaHUIHO
JIOITYCTAMOI TOTYXXHOCTI, IO PO3CIIOETBCS KOPIYCOM
BIC, mnpaktnyHO He 30UIBIIYETBCS 1 OOMEKYETHCS
piBHEeM BigBeJeHHsA Teria mpu moBitpsHomy (5 BT) i
pimuaHomy (20 Bt) oxomomkenni. Ilpumyomy pict
creneHi inTerpanii (a takox mBuakoxii) HBIC Bce x
TOB’'sI3aHUIl HE 3 EBONIOLIHHMM pPOCTOM pO3MIpiB
KpHCTajna, a 3  HelNepepBHUM  YIOCKOHAJICHHSIM
TexHouorii kpemuieBux BIC mepmn 3a Bce METOIIB, IO
3a0e3MeuyloTh  3MEHIIEHHsS  KPEMHI€BUX  PO3MIpiB
CTPYKTYp B CyO- 1 HAHOMIKPOHHIH 00JIaCTi.

Benay4yoro  eHEpreTMYHOI  TCHICHINEID,  sKa
xapakrepusye 3araapHuii  po3purok MOH 1 OimonspHuX
CyOMIKpOHHHMX pO3MIpiB, € 0e3yMOBHO, 3MEHIICHHS IX
TCOMETPUYHUX PO3MIpPIB, SKi JOCSITalOThCS B 00JacTi
YIIOCKOHAJICHHS Mpenu3iHHoI yabTpadioneToBoi
MpOoeKLiiHOI JiTorpadii, a TAKOXK eJIEKTPOHHOI, I0HHOT Ta
PEHTIeHIBCHKOI, IMOpsI 3 METOJaMH CaMOCYMIileHHs,
130JIA111iT KOMITOHEHTIB, (DYHKI[IOHAJIBHOI Ta iHTErpaJIbHOT
iHTerpatii.

Bei 3ycmiis 10 yAOCKOHAJICHHIO TEXHOJOTIT 1
CTPYKTYPH €JIEMEHTHO-TEXHOJOrYHOi 0a3u HarpaBJeHi
Ha  33JOBOJICHHS  BCIX  CYyY4aCHMX  BHMOT,  SIKi
npex seisttoThes 10 HBIC 1 H3BIC B mismoMy i okpemo
0 JIOTIYHMX  enmeMeHTiB. Jlo HHX  BiZHOCATBHCS
MOKpAIeHHsI ~ [apaMeTpiB.  CHUCTEMHOI  HIBHAKOIi,
3aBaJI03aXMUIIEHOCTI,  HABaHTAXXYBAJIBHOI  3JaTHOCTI,
MOTY)KHOCTI PO3CIIOBaHHs, €Heprii  MepeKIIoueHHs,
IUTOIII  KPHUCTalny, JCPEKTHOCTi, TEXHOJOTIYHOCTI
npouecy. Hanpukian, BUMOrH JOCSTHEHHS HEOOXigHOT
abo rpannyHoi mBuakoxii enementiB BIC HampaBieHo
Ha MIHIMIi3alilo X YacOBHX 3aTPUMOK IIpH 30epeKeHHi
0o0OMEXEeHb Ha pO3CIIOBaHY IOTYXHICTb, IIUIBHICTh
KOMITOHYBaHHSI TOIIOJIOTi], TEXHOJIOTIYHICTh MapUIpyTy

(opMyBaHHS CTPYKTYD.
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3HayHi  pe3yapTaTd  JOCATHYTI B 00JIAcTi
TEXHOJIOTIYHUX YJOCKOHAJIeHb, 30KpeMa, B MeTolax
mitorpagii, MiHiMIzamii gedekTHOCTI 1  po3MipiB
¢oTomadIoHiB (BUKOpHUCTAHHS aMIUTITYTHO-
dazoscyBrux I1®PO), ioHHOI IMIUTAHTAINi 1 Bimany,
TUIa3MOXIMIYHOTO OCAJUKEHHS 1 TPaBJICHHS, CIIPOLICHHS
TEXHOJIOTIYHUX MapuipyTiB (OpMyBaHHS KpEMHI€BUX
MOH i K-MOH-HBIC. [JIns K-MOH enemeHTiB
CHOXKMBAHHS ITOTY)KHOCTI MPOXOAMTH TIIBKH TMiJX 4ac
MIEPEeKITIOUEHHS, a CTATHYHA MOTYXHICTh MPAKTUYHO TPU
OMY € piBHOIWO Hyi0. Takum uwmHoM, K-MOH-
€JIEMEHTU CHOXXKHMBAIOTh IOTYXKHICTh JIUIIIE MPOTATOM 5-
15 % 3aranpHOro 4acy ix (yHKIIOHYBaHHS. BinnosigHo
npu (iKCOBAaHHUX I'yCTHHAX MOTY)KHOCTI KpPUCTaIa MOXHA
30inpuryBati  creminb  iHTerpamii HBIC, a Takox
TIOKPAIYBaTH CHCTEMHY LIBHIKOJIIO €JIEMEHTIB, TaK SIK
K-MOH-enemenTn €  HagiiHUMH  IIepeMHKaYaMu
HaNpyrd 3 HEBUCOKUMH BHXIJIHUMHU oropamu. Tomy
3actocyBanHd K-MOH-HBIC Ha HeBuCOKMX yacToTax
JUTs  OUTBII TOBIJIBHUX TIPOIIECOPIB, Oe3MepedHo, €
nepeBakarounuM  (aktopoMm, Hix Oinomspui  HBIC.
Po3pobka Jyxe TeXHONOTiYHMX i3 CyOHaHOCEKYTHHMHU
3aTPUMKaMH €JIEMEHTIB BiIKpUBae e(heKTUBHUN LUISAX 10
nooynoBu 30T BHCOKOI NPOAYKTHBHOCTI 3 MajkM
€HEPrOCIIOKUBAHHSM 1 rabaputHiMHU po3mipamu. B 90-ti
poxu 3a KMOH-TexHomnorieto Oynu po3poOiieHi He
tinekn HBIC punamiunoi mam'srti Ha 16 - 64 MOiT 3
gacom 3BeptanHs 20- 24 uc, ane i HBIC cratuunoro
O3I1 na 1 -4 Mobir 3 yacom 3BepranHs 20 - 30 HC npu
aktuBHIN moryxHocti 100 - 200 MBr.

Jus EOM BUIMX TOKOMNIHB AYKE € aKTyalbHUMHU
PO3pOOKH BHCOKOIIBUJIKICHUX MaJlo- TIOTY)KHUX BHCOKO-
inTerpoBanux cratuyaux O3, ski 00’ emHyOTH B cebe
nepeart KMOH-O3II 3 Manoo  MOTYXHICTIO
CIOKMBaHHSI BUCOKOIO CTEMEHIO iHTerpamii i OinospHux
O3I1 (3 Bucokorw mBHAKOMi€0). ChoromHi Bke
pospo6ieni Bi-K-/I-MOH-O3I1 HBIC 3 BukopucTaHHIM
JIOCSITHEHHSI CaMOCYMIIlleHoI CcyOMiKpoHHOI JiTorpadii
Ha A®3 [IOO npeumsiiiHoi nitorpadii, 3 Komipkamu
nam’siti Ha p-MOH i N-MOH i Buxigaumu J[-MOH a6o
Nn-p-n-bT, 1m0 mo3BoNsAe 3a0e3MEUUTH  MiHIMAIBHY
MOTY)XHICTh CHOXXMBaHHA B CTaTHYHOMY pEeXUMI 1
MaKCHMaJIbHY MIBHAKOAII0O B PEXHMi MEpPEKIIOUSHHS.
Hanpuknan, Bi-K-MOH-HBIC aunamiyaoro O3I1 Ha
1 M6it 3abe3neuye yxe dac 3BepraHHs Ha piBHI 20 HC, a
BI-K-MOH-HBIC cratuanoro O3I1 gst 256 k6it - vac
3BepTaHHs cTa€ < S5HC TPU TOTYKHOCTI CIIOKHMBAaHHS
350 mBr. 3acTocyBaHHS K-MOH-HBIC npu
Temmepatypi pinkoro asory (77 K)mossomse wa 100 -
200 % 30iIbIIMTH CHCTEMHY IIBHIKOMIIO 1 B KpHCTaJi
orpumaru 3atpuMku Ha piBHI 25-5001c mpu creneHi
interparii Gimpmie 105 ememenriB/kpucran. B meit ke
yac B PEXKHUMI BHCOKHX TakTOBHX dYactor EOM
(> 250 Mrm), He3BaKarOUM Ha BENUKI JOCATHEHHS B
obOmacti  HajgiHTerpamii 1 30UIBIICHHS  CHCTEMHOI
mBuakoxii Bi-H-J[-MOH-HBIC He OyayTb KOHKypyBaTu
3 6inonsiparmu ECJI-HBK i H3BIC.

binmpmocti KMOH-enemenTaMm Hanexatrb TaKoX
HEJIOJTIKH, sIKi OOTsHKYIOTh iX BHKopucraHHs B H3BIC
JIOBIJIBHOI JIOTIKH JJIsl BUCOKOIPOIYKTUBHHUX IH(PPOBUX
MIPUCTPOIB. 3HAYHE 3POCTAHHS CIIOKUBHOI JMHAMIYHOT
MOTY)KHOCTI TIpH 30UIBIIEHH] YacTOTH TEPEKIIOUeHH!,
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BEIUKE IMITYyIbCHE CIOKUBAHHS CTPyMy Tij 4ac
MepEeKIIIOUEHHsT HAaBAHTAKEHUX €JIEMEHTIB, BHCOKUH
piBeHb 3aBaj], 3MEHIIEHHS CHUCTEMHOI INBUAKONIT IpH
poOOTi Ha a EMHICHE HABaHTA)KCHHS.

Sk O0ayrMo, 0OMIIBI TEXHOJIOTII, SK KPEMHi€Ba, TaK i
apceHiraiieBa MarTh CBOI IepeBard i HEAONIKH, SKi B
OCHOBHOMY BU3HAYAIOTHCS TEXHOJIOTIYHUMU i
€KOHOMIYHUMH OCOOJIUBOCTSIMU (DOPMYBAHHS CTPYKTYpP
BIC. Jlanwii ananmiz no3Boisie chOpMyJTIOBaTH HACTYITHI
BHUCHOBKHM JIUISI CTBOPEHHS CYYacHOi apCeHiraiieBoi
TEXHOJIOTIT Ha KPEMHIEBUX ITiTKITaIKaX.

[11.CenexkTUBHO-JIerOBaHi MOJLOBI
Tpan3uctopu (CJIIT): cTpykTypa,
BJIACTMBOCTI, BOJIbT-aMIIEPHIi Ta
BOJIbT-apaaHi XapaKTepUCTHKHU

B manomy mutaHHI pO3IIISIHEMO MOJEINb, IO OIUCYE
3aJeXHICTh KOHLEeHTpanii 2-D enexkTpoHiB B KaHaui
CJIIT Bim Hampyru Ha 3aTBOpi, SIKy OyneMo Ha3WBaTH
MOJEIUIIO KEPYBAHHSA 3apsI0M.

Ha puc. 1a,0 momani ABI MOXJIMBI CTPYKTYpH
CJIIIT. Crpykrypa, mo B CJIIT go3ponuna ITOCITHYTH
BHCOKHUX 3Ha4eHb pyXJuBocCTi 2 - D enemeHTIB i BUCOKOT
KPYTHU3HH BOJIbT-aMIIEPHUX XapaKTEPUCTHK.

- MeTanizayia 3ateopy AuGe

{- cneiicep (Hener. AlGaAs)
Nerosanuin AlGahs ||

0)
Puc. 1. Crpykrypu mis (GOpMYBaHHS CEIEKTHBHO-
JIETOBAHHUX ITOJIbOBUX TPAH3UCTOPIB 13 IIMPUHOO
2D-€eJIeKTPOHHOrO ra3y 3 BHCOKOIO PYXJIMBICTIO : a)
npsima; 6) obepHeHa.

HeneroeaHuii GaAs

$2d) Nerosanuin AlGaAs
Adf {- cnelicep (Hener. AlGaAs)
e HeneroeaHun GaAs }
a)
y % MeTanisauis 3ateopy AuGe
] INerosaHuit AlGaAs \
(
E

HamuneHHss Ha ~ TOBEpXHIO  ITUPOKO30HHOTO
namiBnpoBigauka AlGaAs MeraneBoro 3aTBopy (CIuiaBy
30JI0TO-TepMaHiii), 10 YTBOpPEHHS 3 HAIMiBIPOBiJHAKOM
6ap’ep 1LloTTKi, MPUBOIUT 10 YTBOPEHHS il 3aTBOPOM
36ianenoro miapy. Jleroanmii map AlGaAS € ToHKUM
(<10uM) i sAKIIO 7O 3aTBOPY MPUKIACTH JOCHTH BHCOKY
BiJ' €eMHY HaIpyry , TO 30iIHEHH LIap retTeporepexony i
6ap’ ep llorTki 3MenmmTHCs ( puc. 2).

B 1mpomy Bumaaky moBepxHeBa TryctuHa 2-D-
€JIEKTPOHHOT'O T'a3y BU3HAYAETHCS 3T1THO BUPA3Y :

el é +. DEclU
Ng=—{Us g~ @g-Upp+U(di")- v (1)
gd j €

ne Ug — Bucora Gap'epy Llorrki, U3_ g — Hampyra

MiX 3aTBOpOM i BuTokoMm, U o — Halpyra mepeKpuTTs

p



[NopiBHANBHMIA aHAJI3 Cy4acHUX KPEMHIEBOI 1 apceHi]| TaTieBoi. . .

cnelicep

neropanunid AlGaAs |
AuGe I
I

+ +

B HM
|

/

20-en. ras

d 4 (B0 HM)
Al Ga,  As

d
HE—

e

=

Gahs

Puc. 2. 3onHa miarpama CTpYKTYpH i3 CEJIEKTUBHHUM JIET'YBaHHSM IIpY 10124 Ha 3aTBOP BiJ' €eMHOT HANIPYTH 1
ytBOpeHHsAM 2 — D - enekrponnoro mapy Mix (AlGaAs-Herer.) Ta apceHiioM rairo.

2
d
. - d
Juts miapy Jgerosatnoro AlGaAs: U p2 = dNp 2_e, dy —

ToBIIMHA JieroBaHol yactuau AlGaAs.

Bupas (1) mnpexacraBisie BeTHUYMHY 3apsiay, IO
IHIYKYETHCSI B IUIOCKOMY KOHICHCATOPI, YTBOPEHOMY
3aTBOpoM 1 2D-eleKTpOHHMM Ta30M, SKi pO3AiUICHI
emitepoM (HenmeroBanum AlGaAs), i mpejcTaBise
3apsinoBy monens CJIIIT.

Bonbsramnepni  xapaxrepuctuku  CJIIT  MoxyTh
OyTH 3HaiilieHi 3a JOMOMOIOI0 PO3IJITHYTOI MO
YOpaBIiHHSA 3apsfoM JUIsl TOBHOTO KaHaly. B mpomy
HaONKEHHI TOBEPXHEBAa TYCTHHA EJEKTPOHIB Oyne
BU3HAYATHCS BUPA30M:

n(e) = ﬁ [Us_p — Upaps — U(x)]

& - KOopJiluHara,

2,

e U(X) - moTeHmian  B3I0BXK
KJIATaHa.

PiBHsHHS (2) BUPINIYETHCS PA30M 3 PiBHSHHIM

Icp =gn; & (E) (0} (3)

du

e J=nE=m— -
dt

LIBHIKICTh eNeKTpoHiB B 2- D emexTpoHHOMY Tas3i.
Po3B’'s130k 1MX JBOX pIBHSIHb [a€ BOJBT AaMIIEPHY
xapakrepuctuky CJIIT mist pisaux 3Ha4eHs Uc.p,
2
Uc-B
2
e Ug_ B =U3_ B- Uaff , Uaff :UT - TIOpOroBa

® - ApHHA  3aTBOpA,

'c.8 =bVE gYc.B" @

enw
Hampyra; b = - KpyTHU3Ha.
d+

Po3paxoBani 1 eKcClepUMEHTaJbHI  3aJIEKHOCTI
CTpyMy CTIK-BUTIK BiJl Hampyrd Ha 3aTBOpI IpH
T=300K mnomani Ha puc. 3,a,0 3rigHO TECTOBOTO
MOJICTTIOBaHHs. B po3paxyHkax BUKOpUCTaHI Taki
napamerpu. Np = 10" em®, u=0,68 M%/B-c,
9,=2:10° m/c, E; = 1 kBlem, Ey = 3,5kBlem, Rg =7 Om
UIss  HOpMayibHOTO Bigkputoro 1 Rg=100M mus
HOpPMaJbHO  3aKpuToro  Tpausucropa L =1 wmxwm,
o = 11,5 mxM, Ad = 8 um.

B na6nmxenni ok 3apsia mix 3atBopom CJIIT Q)
Oy/ie BU3HAYATHCh BUPA30M:
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_________ Anpokcumadia
— TecToBWi KOHTpONs

U3 B b

0.4 0.6

_________ Anpokcumaia
__ TecToBwi KoHTPOME

Us B, b

06 04 02
Puc. 3. Bonprammepni xapakrepuctukua CJIIIIT: a)
HOPMaJIbHO BiIKPUTOTO TPaH3UCTOpa; 6) HOPMATIBHO-

3aKpUTOIr'o TpaH3UCTOpPA.

-1
L e musg
Q =wognpdx=w o qnsg—+ du
0 UB dx g

(5)

3 3
_2,Y98B"Y3c
Y
38" Ys.c
ewL
8 o

Toni Bonbrdapanni xapakrepuctuku CIIIT ams
3aJJaHUX YMOB BHPXKa€ThCS:

c 1t 2. Ug glUs g+ 23 c)

3B~ = 2
Wap 3 (U3-B+U3-C) ©

o o fot _2. Uy clUgc+ 23 8)

3C~ = 2
Wac 3 Vs g+Us c)

Ha puc. 4 noxani Bxe po3paxoBaHi BoOJbT(hapaaHi
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Puc. 4. BonbrdapanHi HOpMOBaHI XapaKTEPHCTHKU
CJIIT: a) mis C=p1i 6) mast Cp.
xapakrepuctuku CJIIIT

Ile oOCHOBHMI THI TONBOBUX TPAH3UCTOPIB Ha

TeTepo CTPYKTypax, sKi JO3BOJSIOTH  (OpMYBaTH
mBuakicHi K-MOH-iaBepropu.

BucHoBkn

1. Croroani mepeBard apCceHiq-raieBoOi TEXHOJOTIT
ToJIsATae 'y MiJBUINEHHI BUCOKOI pajiamiiHol CTifKoCTi,

[1]
[2]
[3]
[4]
(5]

LIMPOKOMY TEMIepaTypHOMY Jiana3oHy poooru Big 77 K
o 600 K i Bucokili cHCTeMHIM MIBHAKOMII 32 paxyHOK
BUKOPHCTAaHHS BHCOKOI PyXiuBOCTi 2D eneKkTpoHHOro
rasy B IIapyBaTUX CTPYKTypax.

2. ®opMyBaHHS CEIIEKTHBHO JIETOBAHUX ITOJIbOBUX
TPaH3UCTOPIB Ta OINONSPHUX TETEPOTPAH3HUCTOPIB 3
Bapi30HHUM EMITEpPOM JI03BOJISIE 3HU3HUTH 4Yac 3aTPUMKH
B KimblleBUX TeHeparopax no 10mc i ¢opmyBaru
KOMIUIEMEHTApHI MapH SIK MOJBbOBHX, TaK 1 OIMOISPHUX
apCeHiraTi€BUX MBUIKOIIFOYMX JIOTTYHHX CXEM.

3. Skmo noBecTH COOIBApTICTh apCEHiAraieBUX
MiJAKIaN0K Ta IIApyBaTHX EMITaKCIHHUX CTPYKTYp OO
piBHs kpemHieBuX, To Ga-AS-BIC 3aiimyrs noMminyroue
MOJIOXKCHHS Y HAIIMIBUAKICHUX 3aco0aX OOYHMCIIOBAHOI
TEXHIKH.

4. [IBuakomifo  SIK  KPEMHI€BHX, TaKk 1
apcenigranieBux mudposux mBuikicanx BIC Bu3Havae
mporpec 'y  TexHojorii  (opMyBaHHS ~ CTPYKTYP,

TOIMOJIOTIYHOMY VIIUIBHEHHI 1 B MeHIIH Mipi iX
CXEMOTEXHIKa OCHOBOIO SIKOI € pPE30HAHCHO-TYHENbHI
TIPUIIAIH.

5. BwupimeHHs  BHIIEBUKIAAEHUX  HpoOiieM
JIO3BOJIUTH apCEHIArajieBii TEXHONOTII B HENAIEKOMY
MaiOyTHbOMY 3aiHATH JOMiHYIOYY poiib y (OpMYBaHHI

BHCOKOIIIBUIIKICHMX  IU(PPOBUX MPHUCTPOIB  3aco0iB
OOYMCIIOBAJIIBHOI  TEXHIKM, BHWTH Ha IX CbOME
ITOKOJIIHHS.

6. ApceHigrajgieBa TEXHOJOTIA 3aiiMe IPOBiTHE
Micre a1 opmyBaHHs mBHAKICHUX 1udpoBux BIC npu
YMOBI  po3poOku  TexHoiyorii, ne  (opMyBaHHS
apCeHiraieBUX CTPYKTYP IHPOXOAHWTh Ha KPEMHIEBHX
MmigKIagkax, M0 JacTb 3MOTY pi3KO 3MEHIIUTH
co0iBapTiCTh MiAKIANKKA 1 CTPYKTyp Ta IepedTd Ha
Benuki giamerpu > 200 M.

Hogocaonuii CJII. — NOKT. TeXH. HayK, Hpod., 3aB.
Kadenpu pamiodi3vKH i eIEKTPOHIKH;

Kinopam T.II. — acnipaHr;,

Copoxmei T.P. —acnipaHr;

Bosuak FO.B. — acuipaHT.
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S.P. Novosyadlyy, T.P. Kindrat, T.R. Sorokhtey, Yu.V. Voznyak

Compar ative Analysis of Current Silicon Technology and Gallium Arsenide
Submicron Structures of High-Speed Digital Large I ntegrated Circuits

Precarpathian National university after Vasyl Sefanyk
57 Shevchenka str, lano-Frankivsk, Ukraine, e-mail: kindrat@i.ua, majesty@nashemisto.if.ua

In this article shown tendencies and prospects of developments of transstor structures for the industrial making
of competition silicic and gallium arsenide speed digital LSI - element-technological and designer base of facilities of
the computing engineering (FCE) supercomputer of higher generation. In this article unique properties are
illuminated both silicium and gallium arsenide submicrometer technol ogies.
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