[bookmark: _GoBack][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]
image6.png
10

15

20

25

30

35

40

45

50

55

60

UA 120899 C2

[anniA BUHaxia HanexuTs A0 obnacTi MiKpoenekTPoHikv i Moxe GyTv 3 yCnixoM BUKOPUCTAHUIA B
TexHonorii BUpoBHULTBA CYOMIKPOHHWUX BENWUKUX IHTETPANBHUX CXEM.

AHanorom BuHaxony € cnoci6 hopMyBaHHS MilLLEHERA ANA PO3NUNEHHS, BuknageHni g [1]:

Poseoaka y ctpyktypax BIC 3aimae 52-58 % BCiel nnowi kpucTana i ToMy KOXHWIA NposigHUK
npeAcTaBnse NeBHy posocepenxery RC-CTPyKTYpy, sika BNNWBAE HE TiNbKW HA 3ATPUMKY CUMHAMIB,
ane # Ha BATPaTU MOTYXKHOCTI Ha Tenno. Tomy npoBnema 3MEHLWEHHA Oonopy MNPOBIOHUKIB Y
cTpykTypax BIC € ogHO0 3 nepLioveproeux.

TakoX BiAOMO, LLO OGHUM i3 TEXHOMOTHHUX NPUAOMIB 3MEHLLEHHS ONOpY NPOoBIAHUKIB € po3pobka
TexHonorii  OpMyBaHHA HaANPOBIAHOI MeTanisauil, B SKi# BUKOPUCTOBYIOTBCA HAANPOBIAHI
BNACTUBOCTI METanIB i cNNasis, AKi MOXYTb OYTU BMKOPWUCTaHI NpK iX ocaaxeHHi Ha cTpykTypu BIC y
BWrNSAI TOHKWX NNiBOK [2].

3acTocyBaHHS KpioreHHoro obnagHaHHA [03BOAUNO HE TiNbKA NIABALUUTY LWBMAKOAID, ane W
3HU3UTK BRACH TEMMOBI WYM# BXIAHUX NaHUOMB pagioenekTpOHHUX NPUCTPOIB, NpU3HaqeHux 4ns
pOGOTU NPU Manux CniBBI4HOWEHHAX "CUrHan-ym".

[ns oTpUMaHHa TOHKMX MeTanesnx NNiBOK BEPXHbOrO PiBHA PO3BOAKK B KPEMHIEBIR CYBMIKPOHHIiA
TEXHONOri BUKOPUCTOBYIOTE B OCHOBHOMY MArHETPOHHUA Cnocil, AKUA 3 BUCOKOKD LUBWAKICTIO
ocagXeHHs fo3Bofisie 3bepert 3 HanBWTYYHUX OCHOBHUX KOMMOHEHTIB Chnasy B MeTanax,
3abeanevyBaTh BUCOKY YUCTOTY NNIBOK | afresito 3i cTpykTypoto Si-nigknaakamu. MigBULEHHA piBHA
iHTerpauii i npeumsinnoi oBpobkn cTpykTyp BIC npeacTaBnse Aye KOPCTKi BUMOMM 4O YMCTOTU
TEXHONOFIMHOTO cepefoBULLa | MaTepianis.

Mpouec dopmysanHa meTanisauil kpemuieenx BIC/HBIC npoBoauTs y Burnagi kopoTkodacosol
o6pobku (5 c-15 xB, 409-515 °C) B iHepTHOMY cepeAcBuLl. YTBOPEHHA KOHTEHTIB NPOXOAWTL 3a
PaxyHOK BIAHOBNEHHS ANOMIHIEBUM OKCMAOM NAiBkv KpemHit. B pesynstati fgaHoi  peakuil
BUAINAETLCA 3HAUHA KIMNbKICTE TennoTu (220 MIOX), Wo cnpusie MPUCKOPEHHID POIUMHEHRHS Cuniuio B
anoMidiesin nnisui i Haenakw. Taka B3aemHa Audysia matepiany Si-nigknagku fo A1 - MeTanizauil
NPUBOAUTE A0 32KOPOYEHHA MINKO3ANAralunx P-H-NEPexoais 3a paxyHOK YTBOPEHHs xinnokis. Ana
BUKMIOYEHHR LbOTO ABMLLA B aNtoMiHIEBKIA CANAB BBOASTL KPEMHIH, AkUi 3anobirae BaaeMHil Audysil
Ta 3MEHLLUEHHO XiNnoyTsopeHs. B aanexHoCTi Big TMMY MOHOKPEeMHieBo! nigkNagkm BUKOPUCTOBYIOTb
anomMiHieBUn cnnas i3 BMICTOM kpeMHio 8ig 0,5 A0 2 %. HalbinbL WWpoKo BUKOPUCTOBYBaHUMU Al
cnnasamu N8 MeTanisauii Ak npunagis, Tak i Mikpocxem piaHof CTyneHs iHTerpauii €
AKO,5(Al+0,5 %Si), AK1 (A1+1 %Si), AK1,5(A1+1,5 %Si), AM2(Al+2 %Cu), AM4(Al+4 %Cu), AKI,
5M4(Al+l, 5 %Si+4 %Cu).

Mnaexa cnnasis BeAeToCA B CReUianbHWX IHAYKUIAHWX BakyyMHWX nevax, wo 3sanobirae
OKNCNEeHHo posnnasBy B npoueci nnaskn | cnpusie foro Aerasayii. OTpuUMaHi 3NUMBKM po3pisaloTb Ha
3aroTOBKM, i 3 AKMX METOAOM rapayvoro KysaHHA abo wTamnyBaHHst hopMyloTe 3aroToBkA ANs
MarHeTpoHHUX MitleHeld. [lna 3abezneueHHa 4UCTOTU <10 /", cnig TEXHONOriD BUPOOHULTBA
3aroTOBOK NEPEBECTU Ha MIKPOLMKITM 3 BUKOPUCTAHHAM CMEKTpanbHoOro asanisy. fo Heponikie
aHanorie Hanexars:

1) 4MCTOTa KOMAOHEHTIB CNNaBa € Ginbiuo 10 %, WO YTPYAHIOE CTBOPEHHS KPIONPOBIAHKKIE Ha
Si.

2) B8 mapwpyTi dopMyBaHHA CnnaBy | MilleHed BiACYTHiA CrnekTpanbHWil aHanis, a ue He
3abesneyye Bi4TBOPIOBAHOCTI pe3ynbTATY.

3) BiaCyTHICTb B TexHonoril hopMyBaHHs MilLEHi TECTOBOTO MOAYNSA aBTOMATU3OBAHOrO KOHTPOIK
HaCTOTN ANA Pi3HUX rEOMETPUYHMX POo3MipiB MiweHi. flaHnii cknag MilleHi He 30BCIM NiAXOAUTL ANS
apceHiiraniesoi TexHonorii, 00 anioMiHiil MoXe CTBOPIOBATV B HBOMY reTepOCTPYKTYPH.

4) paHa uucToTa MilleHi He 3abesneuye BUCOKOI cTaBinbHOCTI NOPOroBOi Hanpyry ANs CTPYKTYP
BIC i3 antomiHieBMM 3aTBOPOM.

MpoToTunom BuHaxoay € cnocié chopMyeaHHs anoMiniesoro crinasy AKIMo-1-1 i miweHen Ha Aoro
cnnasi [3]:

OaHwnit cnnae i miweni Bynu po3pobneni creuianbHo Nig CyGMIKPOHHY KpEMHIEBY TEeXHONOrio
ctpyktyp BIC ana nnasku B cknaj cnraey BHECEHO DigkiCHO3eMenbHUil MeTan - rosbmid. |
BUrOTOBNAIOTb CNNABK [ABOX TUNIB: antoMiKiit-ronbmiit (AFo-1) Ta anoMiHin-kpemHii-ronbminT (AKMo-1-
1).

IcHye BaraTo cnocobis onepkaHHA CrnaBiB Ha OCHOBI Al: naska B iHAYKUIRHMX nevax, BakyymHa
i BaKyyMHO-AYroBa nnaBka, a TakoX 30HHa nepekpucranisauis. OCHOBHUM HeZOMIKOM BaKyyMHO! i
BaKyyMHO-AYroBO! NNasky € CKNaZHICTb OAEPXaHHA Cnnasie 3 PIBHOMIPHO PO3NOAINEHUX NO BCLOMY
oB'eMy RnerylouMmu KOMMOHEHTaMW y 3B'A3KY 3 HasBHICTIO cerperauii gomiwok. Mepesara 30HHOT
NNaBKkn ANS OTPUMEHUX YUCTUX CrnasiB Ha BiAMIHY Big HWWMX MeTORiB, MONArac B MONJIMBOCTI
OTPYMEHHA PIBHOMIPHO PO3MOAINEHOrO WTYYHOrO KOMNOHEHTE AIK 338 AOBKWHOW 3MMBKA, Tak i 8 HOro
ob'emi.
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[iarHocTuka KpemHiesux cyBMiKpOHHWUX CTPpykTyp BIC BuknaaeHa B moHorpadii [3] | GasyeTbea Ha
TECTOBUX CTPYKTYpax enekTpochisudHOro AiarHocTyBaHHA. Benukum HEAONKOM  aniomiHiesol
MeTanisauii € i1 KOPO3iHi PyAHYBaHHS, AKi HEraTUBHO BNNWBAIOTL | HA HaanposigHicTe. Mnisku A1 i
Al+1 % Ho chopMyBanucs LINAXOM MarHeTPOHHOrC Po3nWNeHHs Ha ycTaHosui B "OpaTopis-5" Ha
TECTOBUX OKUCTIIEHVX KPEMHIEBMX NITACTMHAX AiameTpom 150 Mm.

MpoToTun, $K KPiOMPOBIAHWK Ha OCHOBI arOMiHIEBUX CNNaBiB NEropaHWX KpemHiem Ta
PIAKICHOZEMENLHUMU METANAMM, MAE HACTYNHI HefomMikK:

1. Cnnas Al-Si-Ho uu Al-Ho He 30BCiM nigxoguTh apceHigranicBux cxem i3 3a peakuii aniomidio,
WO MOXEe CTBOPLOBATM noBepxHeBuil wap B cnonyky AlGa,.,As i yTBOpIlOBaTM reteponepexoau.
NleropaHa p[omilka KpeMHito He NOBHICTIO nopaenie xinokoyTeopeHHs. He 3abesneudyeThes
hOpMyBaHHA HU3BKOOMHMX HaZiAHWUX KOHTaKTig, @ ocobnuso B HaraTopiBHEBIN KOMyTaUil, TYT Ginbl
edeKTUBHIUM 38 KpemHii Bys 61 repmaHin.

2. Kpok meTanizauil no aniominilo MeHLe | MKM peanisyeTbCs TinbKu 3 BUKOPUCTaHHAM aaresusy
rexkcamerunaucanasany (FMAC).

3. Koposifihi siBuwa Ta enekTpomirpauis abinbLuytoTh AedpekTHicTe cTpykTyp BIC. DocarHenHst
anctotn 10°% ANs anoMiHIEBMX cnnasig, Ak iAYTb Ha BUrOTOBNEHHA MilLEHEN JOCATTA TEXHONOMYHO
BaXKO. AMKOMIHIEBI CRMaBy He JO3BONSITL 3MEHLUWTYU NOPOroBY HaNpyry CyGMIkpOHHUX cTpykTyp BIC
meHwoto 1,5B.

3apava BuHaxody € 3BinblUeHHs WBMAKOAIT cybMikpoHHUX GaAs cTpykTyp BIC Ha Si nigknagxax.

CyTe cnocoBy, WO MICTUTb CTaHaapTHi MeToaukn dopmysaHHs cTpykTyp BIC Ha nonbosux
TpaHsuctopax toTTki i enitakcii GaAs Ha Si-niaknagkax, iMnnanTauii ioHIB KPEeMHIl Ans CTik-
BUTOKOBUX OBNacTel Ta MeTanisauilo 3aTeopa i NPOBIAHUKIB MArHETPOHHUM PO3NUIEHHAM MilleHed i3
cnnasis HioBito abo BaHagito, Nonarae y BUKOPUCTaHHI kpiocnnaeis Nb-Si-Ho-1-1 abo V-Ge-Ho-1-1,
hopMyBaHHi cnnasiB HioGilo i BaHaAilo 30HHOK NNABKOK, A CTIK-BUTOKOBMX OGNactedl nonbosux
TpanaucTopis WoTTki - 6GaratosapAAHO IOHHOKO IMMNAHTALIE0 KPEMHID Ha rnubuHy 0,35-1 MkM npu
eHepril E=80+10eB i go3i A=(120,2)10"%cm™.

Cniocib 34ifCHIOTb HACTYMHUM YUHOM.

TexHONOriYHNA MapLLPYT BKINoYae Taki onepauii Ans ycraHosky "OpaTopis-5":

3oHHa nnaBKka 3nuBKIB Kpiocnnaeie Ha ycTawoeuyi Y3M1-5; 3HATTA KOHTENWHepa i3 S/UBKOM
Kpiocnnasy;

PoszpinetHa 3nuBka Ha A8i piBHi YaCTUHW 32 MaCcOK NalePHUM NPONUNEHHAM; XiMidHa obpobka B
TpaBHWKy "Lapcbka ropinka” i npoMuBKa B A€IOHI30BaHIR BOAI Mapku A,

KoBka 3aroToBok Ao AiameTpy 80 MM npu T=773 K, npu LUbOMy MakCHManbHa KOHUEHTPaWis
3HAYEHHs NoBUHHA ByTU B Aesikilt 4ACTUHI NOKOBKY;

MpecyBanHs 3aroTisok Aiametpom 34,5 Mm npu T=773 K; dopmyBaHHS 3aroToBku Yy hopmi
'By6nuka"; OpesepysanHsa "GyBnuka"; XiMmiuHa oBpoBka B TpaBHWUKY 'Lapcbka ropinka' 3aroToBku
"MitleHs";

DOPMOYTBOPEHHA MilLeHi npn T=773 K wTamnysaHHam npu Tucky P=200 kl/cm 8 2-5 npuitomis;
TokapHa MPOTOMKA 30BHILLHBOrO Ta BHYTPIWHLOTO AiaMeTpiB i3 NPeCYBaHHAM | BUKOPWUCTaHHAM
OXONOAXYIOHOT PiGUHY (CnupTy);

BiaBip CTPYXKU Ha XIMIYHWIA Ta peHTreHoaHaniau 3 poBoyoi Ta 0BepHEHOT CTOPOHU MillieHi;

QikiwHa ofpobka 3zaroTosk "Miweni' B "uapcekii ropinui" 3 diHilWHOK npomuBKOK B
aeioHizoBaniih Bogi mapku A Ta cywwinHa npu T=373 K npoTtarom 1 rog. (B a3oTHin atMoccepi).

36inbweHns  weuakoaii cTtpyktyp BIC/HBIC Ha apcewiiiranito foCAraeTbCsl BMKOPUCTAHHAM
TEPMOCTINKUX KpioMaTepianis sK eNeKkTpoAis 3aTsopa, NPOBIAHUKIE | KOHTAKTIB CTIK-BUTOKOBUX
obnacteit nonboBux TpaHaucTopis WoTTki (MTLW). AdidcHo BuBip MaTepiany 3aTBopa Ta OCALKEHHAM
HagnpoBiAHMX NMNIBOK BM3HA4aOTb CTaH MeXi po3diny i xapakTep MOXIUBOI XiMi4HOI B3aecMoOAil
enexkTpoja 3aTeBopa 3 nigknagkolo, a GopmyBaHHs kopoTkokaHanbhux MTLL i3 cyBMikpoHHUMU
MDDKENEKTPOAHUMM  3a3opamMu  3abeanevye BUKOPUCTEHHSA CyMILLeHUX TEXHOMOFYHWX NPOouecis |
kpiopexumis. Tomy sk focnigxysaHi maTepians enektpogie Gap'epie WotTtkm (BLI) Hamu Bynm
BnbpaHi cnnaen HIOGID Ta BaHAAI0 AK KNACUYHUX KpiomaTepianis, a sk MeToq ix hopMyBaHHA -
MarHeTPOHHUIA MeTOA X OCaPKEeHHA, WO XapaKTepU3yETLCA HUSLKOK ENEKTPUYHOI B3AEMOAIEH Ha
NiAKNaaky KpemHilo, Ha Akl ccopmoBaruvili eniTakcifivi wapw apceHiay ranilo, npu BNacHUX
LUBKAKOCTAX ocaaxeHHs npw Temnepatypi <300 °C. HeaHauHi TepMomexaHidHi HanpyxeHHs (6ins 1
Kr/M®) Ta [OCMTb Manuit PO3MIp 3epHa (OPIEHTOBHO 10 HM) [O3BONATL AOCArTW BiAMIHHOI agreail
ocapkeHux Nnisok Ta npoekuiiHow doTonitorpadicld copMysaTit TONOMNOMYHI PUCYHKN CTPYKTYR
BIC cybMmikpoHHUX po3mMipiB.

MNepesara, WO HaaaeTbCca cnnaeBam HIOGIKO Ta BaHaAilo BiAHOCHO anoMmiHilo Ta cuniunais
(noniynais), a Takox Hitpuaam apyrux metanie (ZrN, TiN, TaN, WN) ayMoBneHo MOXIMBICTIO yCnilKO
cymiwaTtu npw Takomy subopi npoueck hbopMyBaHHA CyBMiKpoHHUX oBnacTed | CyBMIKpOHHKX 3a30pis
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B kopoTkokaHansHUx [T i 3a6eaneunTy BUCOKUIA piBEHb KOHTAKTIB i NPOBIAHKUKIB B Kpiopexumax. Lle
CTae MOXNUBUM B CWUIY HAcU4YEHOro XapakTepy 4acoBOi 3aNneXHOCTI TOBLWMH HU3bKOTEMMEPATYPHNX
cnnasiB HiOGilo Ta BaHaziio Ta apceHiay ranito, GnusbKocTi ONTUMANbHUX TEMNEPATYP OKUCNEHHA LKX
marepianis, a TakoxX 3aBAsku BnM3bKoCTi TemnepaTyp MocnifoBHUX npouecis cybnimauii okcugis
apceHigy ranivo i Bignany BlU 8 atMocdepi BOAHIO; NP LpOMYy OAHOYAcHO B NpoLEci BOAHER0ro
Bignany npoxoAwTb BIAHOBNEHHA OKCWAIB HiOGilo | BaHazilo, WO CYTTEBO 3MEHLLYE BENUMUHY
KOHTaKTHUX Onopie CTik-BUTOKOBWUX oBnacTei MTLU sk Tx ronoeHx napametpis. Cnnasu Nb/n* GaAs
Ta V/n*GaAs, OTpUMyBanu MarHeTpoHHUM posnuneHHsm cnnaeis Nb-SiHo-1-1 Ta V-Ge-Ho-1-1 Ha Si-
niaknagky 3 enitakciiium n-GaAs BifnoBIAHO B niia3ami aproHy. MapuianbHuil TUCK BCTaHOBMIOBABCA
npeunsiiHuMu HaTikasammn npu Tucky 1 Ma. Harpie nigknagox BcTaHoBnoeaecs i crabiniaysasca B
TemnepaTypHomy gianasoHi 350-480 K, a LWBMAKICTE OCAAKEHHS NNIBOK 3MIHIOBANAch PErynioBaHHAM
NOTYXHOCTI po3psiay i BUOOPOM TUCKY aproHOBOT NasMu. ENeKTPodianyHi AOCNIAXEHHS nokasanw,
WO ONTUMANLHOK LWBWAKICTIO OCaAKeHHs B Mexax 0,35-1,45 Hwm/c. Bubip TEXHONOMYHOTO pexumy
0CafKEHHA KPIONNIBKM NpU (PIKCOBAHIN WBWAKOCTI HAnWmneHHs 34IACHIOBABCS TakMM YMHOM, wWod
NNIBKM Mann KPUTUYHY TemnepaTtypy nepexody B HafanpoBiaHWA cTaH (-70+77 K) Wo BKasye npo
GopMyBaHHS NMNiBOK, BrM3LKUX GO CTEXIOMETPULHOrC cnnasy. UTOMUIA onip nniBok cnnasie HioGio
Ta BaHafilo CKNafaB BeMMuMHY B Mexkax 18-22 mk Omcm. Mpu Temnepatypi -77 K nutomuit onip
3HVKYBARCA A0 BenuuuHn 1,5-2 MKkOMcmM. OTpumani Takum vuHom BLU Bignanosanuck B atMocdepi
BOAHIO abo apceHny (AsHa) ans crabinizauii 3apsay nosepxHi.

AxicTs BLU ouiHIOBanach 3a Takmn napameTpamu, sik BUcota 6ap'epa @g, HaKTop HeifeHTUYHOCTI
Bap'epa WoTtTki N, cTpym HacuueHHs | Ta Hanpyra npoboto U* B pamkax ysaransueHol mogeni b,
wWo BpaxoByBana TEPMOENEKTPOHHY eMicito, audysilo Ta ediext LWoTTki, NpoBeaeHi Po3paxyHKu, Wo
[,0380MUNW OTPUMATU HACTYMHI 3HaYeHHA ANA nepepaxoBaHnx napametpis BLU: BenuunHa aktopa
HeigeanbHoCcTi B fianasoHi TemnepaTyJJ 10-350 K 3mivoeTbest B iMTepsani 1,02-1,05, cTpymu
HacKueHHs - iHTepsani 810°-210° A/ew” a Hanpyra npoBoto o6epHero amiwenunx BLUI cknanae 25-36
B ans HioBieBmx cnnaeie Ta 22-32 B ans eadagieeux. Ha dir. 1a, 6 nogadi 3anexHocTi
nepepaxoBaHux Bulle napameTpis BLI HioGieui cnnas n-GaAs Ta BaHapieeuid cnnae/n-GaAs Big
Temnepatypu Bignany B ymoBax pi3HO nigrotosku nosepxHi GaAs-wapie Ha Si-nigknagui Ta
HaneceHHs | doopmyBaHHs 3atBopa [MTLW. Ak 6a4umo, AOCATHYTE 3HAYEHHA NOKPaLIEHHS
enekTpodisnyHUX 3HaveHb BLU B ymoBax BopHesoro Bianany cTpyktyp. Came B oBnacTi Temnepatyp
sianany 750-950 K copmyloTbes piski nepexoau (6ap'ep) meTan-HanisnpoBiaHWKW, KONW Hanpyra
npoboio 36inewyeTbes Ha 6-10 B.

Mpn ameHwwenH nnowji BLU BennunHa Hanpyru npoBolo HabnuxaeTbes A0 Aeskoro cTabinbHoro
3HayeHHA 12-15 B. 13 o6pobku 3anexHoCTi Big TemnepaTypu, Wo AEeMOHCTpYe dir 1, r, oTpUMyEMO
3Ha4eHHA nocTinHoi Piyapacona A** anst Takux BUI, ski popmysanuch npu pisHux Temnepatypax
neeHoro eignany. B obnacti ontTumanbHux Temnepatyp 100-300 K 3Ha4eHHs noctinnoi PivapacoHa
pocsarae aHadeHHs A**=9ACm2 K2, wo gae wemakicts nosepxHeBol pekomBiHauii B Mexax 9-10°cm/ic
-110" cm/c.

OTpuMaHi pesynbTaTh BKa3yloTb Ha BWUCOKYy e(EeKTUBHICTb BWUKOPWUCTAHHA KpiocnnasiB, Sk
3aTBOpIB, TaK i NposigHWKiB cTpykTyp BIC Ta MTW, ccopmoBanux Ha eniapax GaAs Ha Si-
nigxnaakax. 36insWweHHs WwWenakoail BIC pocsraeTbes ABOMA LWNSXaMu, neplie B 2-3 pasw BigHOCHO
LUBMAKOAIT NPOTOTWUNY 33 PpaxyHOK 30iNbLUEHHS PYXMMBOCTI HOCIB Ta LWBMOKOCTI NOBEPXHEBO!
pekombiHayii, Ta we B 1,5-2 paan 3a paxyHox 36inblienHs nposigHocTi RC-naxok.

Mpy BUKOPUCTaHHI AaHO! TexHonorifi KinbkicTb Gpaky 3meHLyeTbesi npubnuaHo Ha 40 %, Wo
npYBOAUTDL A0 3fetlesneHHs coBiBapToCTi roToBoT NPOAyKUii NpuBnusHo Ha 25 %.

Ha kpecnenHi 306paxkeHo BNNWMB TemnepaTypu signany Ha sucoTty Bl, dakTop HeigeansHocTi n
Ta Hanpyra npo6oio Gap'epa WoTtki: @) cnnaeu Nb-Si-Ho-1-1 (n-GaAs), 6) cnnasu V-Ge-Ho-1-1 (1-
Be3 06pobku nosepxHi; 2-3 - 3 06pobkolo B Ar-nnasmi).

[xepena iHdopmauii::

1. TpoxoHuoToscbkuit A.B., Tepunos B.C. CeoilcTBa U NpyMeHeHWe Marepuanos MuleHein Ans
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3. Hosocsgnuin CMl. Cy6- i HaHOMiKpOHHA TexHonoria cTpyktyp BIC. Moxorpadis - IBaHo-
PpaHkiscbk: Micto HB - 2010. ¢. 127-131.
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SOPMYJIA BUHAXOOY

Cnoci6 cdopmyBaHHs HagnNpoBIQHOT MeTanisadii B CyOMIKpOHHWX apceHigraniesux cTpyktypax BIC
(BeNUKUX HTErpanbHUX cXxem), AKUA MICTUTL hopMyBaHHA cTpykTyp BIC Ha nonbosux TpaxaucTopax
WoTTki | eniTakcio GaAs Ha Si-nigknagkax, iMnmaHTawito iOHIB KPEMHID ANA CTiK-BUTOKOBUX obnacTein
Ta MeTanisaujto 3aTBopa i NPOBIAHWKIB MArHETPOHHUM PO3NUIEHHAM MilleHew i3 cnnasis Hiobito abo
BaHagilo, AKWA BIAPI3HAETLCA TUM, WO 8K cnnasy Hiobito abo BaHagilo BUKOPUCTOBYIOTL Kpiocnnasu
Nb-Si-Ho-1-1 aBo V-Ge-Ho-1-1, cnnas Hiobito i Banagilo hopmyioTb 30HHOIKO NITABKOIO, @ peTporpaaHi
cTik-BUTOKOBI oBnacTi noneosux TpaHsucTopis LUoTTki - 6araTozapsgHO IOHHOK iMNNaHTauieo
KpEMHito Ha rmuGuHy 0,35-imkm npu eHeprii E=80+10eB i oai [1=(1+0,2)10"°cm®.
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Komn'totepHa eepcTka 1. LlixaHoBcbka

MinicTepcTBO PO3BUTKY €KOHOMIKN, TOPriBNi Ta CiNbCBKOro rocnogapcTea Ykpainu,
syn. M. Mpywesceroro, 12/2, m. Kuis, 01008, Ykpaina

AN “YkpaiHCbKUA iHCTUTYT iHTENEKTYanbHO BnacHocTi®, 8yn. MnasyHosa, 1, M. Kuis — 42, 01601
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MIHICTEPCTBO PO3BUTKY EKOHOMIKH, TOPT'IBJII TA CUILCLKOIO TOCTIOJAPCTBA

YKPAIHU

B JEPXKABHE HIINPHEMCTBO
"YKPATHCHKUI THCTUTVT IHTEJIEKTYAJILHOI BIACHOCTI"
(YKPIIATEHT)

By, I'masyHosa, 1, M. Knie-42, 01601, Vkpaina Ten.: (044) 494-05-05 Dakc: (044) 494-05-06 F-mail: oMce@ukrpatent.org

25.02.2020 Ne 2-19-20-4855-A

CTOCOBHO TIaTeHTY YKpaiHM Ha BHHaxim Ne 120899,
sasiBRa Ne 2201810997 wig 07.11.2018

3a nopydeHHaM MiHicTepcTBa PO3BMIKY €KOHOMIKM, TOPriBii 1a CLIBCHKOIO TOCHOAAPCTBA
VYipaiun vajcunaemo Bam nmatenT Ykpainu Ha BuHaxin Ne 120899,
TMomansiue THCTYBANMS IIOHO MMATCHTY 3MIHCIIIOETBCS 3a aapccoro: ByN. I'mazymosa, 1, M. Kuir

42,01601.

59084624022C

JIBH3 "Tpuxapmarcekuii HarlioHATbHAI
yuiscpeuret imcni Bacis Credanuka”,
BIZTUT 3 MUTaHb IHTEIEKTY4J1bHOT BIACIIOCT]
By:1. llcBucnka, 57, M. IBaHO-PpanKiRCEK,
76018

36ip 3a 2-it pik YMHHOCTI MaTeHTy y po3Mipi 120,00 rpH. ( xox - 13802 ) Bam reobxixno

crutariri 3 25.02.2020 mo 25.06.2020p.

Po3Mip | TOpANOK craTh 300piB 3a IMINTPHMAHHS YUHHOCTI BU3HauaeThes FTOpAAKOM cluiatu
360piB 3a All, HOB’A3aHl 3 OXOPOHOK 1PaB Ha 00 CKTY IHTCICKIYANBIO] BIACHOCTI, 3aTBEPIKECHNAM
- locranorow Kabinery Minictpir Ykpaiun Bin 23 rpyaus 2004 poxy Ne 1716 i3 ocranHiMi 3MiHaMH 1
JIONOBHEHHSIMH, BHECEHUMU N0cTaHOBOW Kabinery MinicTpis Yipaiuu Bin 12 yepras 2019 poky Ne

496.

Cuuniara 360pis 3a TinTpUMan s IUHIOCTI TTariepe/] fe repeabavcria.

361p 3a KOKUUH HacTyMHUIR pIK ciadyeTbes BIANOBLAIO 10 cT. 32 3akony “llpo oxopony npas
Ha BUHAXOAN Ta KOPUCHI MOAENI” TTPOTATOM OCTAHHIX 4-X MICAIIB TOTOUHOIO POKY Mil.

Crpok Aif LHaTenTy BUIPAXOBYETbCH Bil AaTH 110JAHHS 3asBKH.

PexsiznTn ars cniati 360piB:

OTpuMysan: Yxpuaresr

[Kox otpumysana: 31032378

[Gark orprmyeada: AT "VipekcimGank” M. Kuesa
SWIFT EXBSUAUX

Paxyiox otpuvygaua (IBAN) y rpurnax (UAH):
UA913223130000026008020020371 (980)

36Gip 13802, nirrpumanus unhuocti TTY 120899 - 120,00 rpu

leﬂl{a‘leﬂﬂﬂ TJIATCKY:

Pexpizute As crinaty 360piB v HIINX BATIOTAX Ta BIAIOMOCTI MOA0 OCHOBHUX GAaHKIR-KOPECTOHIEHTIB

PO3MILIEHO Ha caliTi YKpIaTeHTy.

Hauvanesnx Bigniny 1i10Bo1cTBa

Mypraanosa
494-05-68

Mo~

44

O.I" bonaapeHnxo
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(51) MNK
a9 UA HOTL 21/28 (2006.01)
(21) Homep saseku: a 2018 10997 (72) BuHaxigHuku:
Hoeocagnuin CrenaH
(22) [Hata nogaHHs 3aseku: 07.11.2018 MeTtporuy, UA,
. KoTuk Muxaino Bacunbosuy,
(24) [fata. 3 AKOT € YnHHUMU 25.02.2020 UA,
Npaga Ha BuHaxia O3ynasa BoraaH CtenaHoBuMY,
(41) [Jarta ny6nikauil BigomocTei 25.07.2019, UA,
npo 3asBKy Ta HoMep Bron.Ne 14 lpura Bonoaumup
BloneTeHs: Muxainosuy, UA,
HoBocaanui Ceartocnas
(46) [Data nyGnikauii sinomocTeit 25.02.2020, Bonoaumuposny, UA,
npo shaaqy naTeHTy Ta Biron. Ne 4 Manp3swok Bonoanmup
HOMED BroneTers: Iroposuy, UA

(73) BnacHuk:
IEPXXABHWUA BMLLMA
HABYAJIbHWW 3AKIAQ
"MPUKAPNATCbKUIA
HALIOHANBHWUA
YHIBEPCUTET IMEHI
BACWIIA CTE®PAHUKA™,
syn. WWes4eHka, 57, m. IBaHo-
®pankiebk, 76018, UA

(54) Hassa suHaxoay

CNOCIBE ®OPMYBAHHA HAAMPOBIAHOI METANI3ALII B CYBEMIKPOHHUX APCEHIArANIEBUX
CTPYKTYPAX BIC

(57) dopmyna svHaxoay:

Cnoci6 ¢opMyBaHHs HaanpoBiAHOT MeTanisauii 8 CyGMIKPOHHUX apceHiaraniesux cTpyktypax BIC (Benukux
HTErpansLHUX CxeM), SKMil MICTUTE ChopMyBaHHA CTpykTyp BIC Ha nonboBux TpavsucTopax LiloTrki i enitakcilo GaAs
Ha Si-nigknaakax, iMNnaHTayilo ioHIB KpemHito ANS CTiK-BUTOKOBMX obnacTeid Ta meTanisauiio 3aTBopa i NPoBigHWKIB
MarHeTPOHHUM PO3MUMEHHSIM MillleHeld i3 cnnaBgis Hiobilo abo BaHafilo, AKWA BIBPISHAETLCA TUM, WO fAK Chnasn
Hio6ilo abo BaHagilo BukopucToByloTb kpiocnnasu Nb-Si-Ho-1-1 abo V-Ge-Ho-1-1, cnnas Hiobilo i BaHagiio
OpPMYIOTE  30HHOK MMABKOKW, @ PeTporpagHi CTik-BATOKoBI obGnacTi nombosux TpaHsucTopis  LloTTki -
arato3apsoHo0  IOHHOK IMNMAHTALIED KpemHilo Ha rmuduHy 0,35-imkm  npu  eneprii E=80+10eB i posi
N=(1£0,2)10"°cm™.

CropiHka 3i3 4
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[epxaBHe NignpuemcTeo
«YKpaiHCbKUIA IHCTUTYT IHTENEKTyanbHOT BNACHOCTI»
(YkpnateHT)

Lle# nanepoBuii AOKYMEHT iAEHTUYMHUA 3a [OKYMEHTapHow iHdopmauielo Ta
PeKBi3UTaMy eNeKTPOHHOMY JOKYMEHTY 3 €NeKTPOHHUM MIAMNCOM  YNOBHOBAXeEHOI 0cobn
MiHicTepcTBa po3BUTKY €KOHOMIKM, TOPriBAi Ta CiNbCbKOro rocnogapcrea YkpaiHu.

ManepoBuit AOKYMEHT MICTUTb 2 apkK., siki NPOHYMEPOBaHi Ta MPOLUKUTI MeTanesumm
noBepcamu.

Ons poctyny A0 €neKTPOHHOro NPUMIPHUKA LbOro JOKYMeHTa 3 igeHTudikatopom
1565190220 HeobxigHO:

1. MNepentu 3a nocunanHam https://sis.ukrpatent.org.
2. OBpaTtu nyHKT MeHio Cepsicn — OTpUMaTH opuriHan AOKyMEHTY.

3. BkaszaTtu igeHTudikaTop enekTpoOHHOro NPUMIPHUKA LibOro AOKYMEHTY Ta HaTUCHYTH
«3aBaHTaXUTU».

YnosHoBaxeHa |.€. MaTyceBuy

25.02.2020

CropiHka 4 i3 4
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D d (51) MMNK
SO HO1L 21/28 (2006.01)
N7
MIHICTEPCTBO PO3BUTKY
EKOHOMIKW, TOPIBNI TA
CiNbCbKOro roCNOAAPCTBA
YKPAIHU
(12) ONUC QO NATEHTY HA BUHAXIA
(21) Howmep sanBku: a 2018 10997 (72) BuHaxigHuk(n):
(22) Hava nogawks sassku: 07.11.2018 Hosocaanuit Crenan Metpoeud (UA),

KoTtuk Muxaino Bacunnosuu (UA),
B3ynn3a BoraaH Ctenanoeuy (UA),
['pura Bonogumup Muxasinosud (UA),
Hosocaanu# CeaTocnae BonoauMuposuy
(46) Nybnikayis BiAoMOCT_eﬁ 25.02.2020, Bion.Ne 4 ﬁJ:H)I’J:!IOK Bonoaumup Iroposuy (UA)
Npo BUAaYY NATEHTY:

(73) BnacHuk(u): .
LEPXABHWUA BULW M HABYATTBHUN
3AKNAQ "I'IPVIK@PnATCbKVM
HALIIOHANBHWUW YHIBEPCUTET IMEHI
BACUNA CTEDAHUKA",
Byn. Lesuerka, 57, M. IBaHo-DpaHKiBCLK,
76018 (UA)

(56) Fepenik AOKYMEHTIB, B3ATUX A0 yBarn
eKCnepTU3oio:
UA 1775 C1, 25.10.1994
SU 1725700 A1, 12.07.1989
SU 1570554 A1, 21.09.1987
RU 2575977 C1, 27.02.2016
RU 2598698 C1, 27.09.2016
US 2006/0189123 A1, 24.08.2006
US 2015/0132602 A1, 14.05.2015
US 2017/0372901 A1, 28.12.2017
US 4034394 A, 05.07.1977
US 2013/0193577 A1, 01.08.2013

(24) [ara, 3 sKoi € yurHUMK 25,02,2020
npaBa Ha BUHaxig,:

(41) NyBnikauin sigomocTed 25.07.2019, Bion.Ne 14
Npo 3aABKy:

(54) CNOCIE ®OPMYBAHHA HAONPOBIOHOI METAMSALIN B CYBMIKPOHHWUX APCEHIArAMIEBUX
CTPYKTYPAX BIC

(57) Pedpepar:

BuHaxin HanexuTb [0 MIKpOenekTPOHikM i Moxe GyTu BUKOPUCTaHWIA B TexHonorii BUpoGHMUTBAE
CyOMikpoHHUX BIC (Benukux iHTerpanbHux cxem). Cnocit dopMmyBanHA HaaNPoBigHOT MeTanisauii B
CyOMIKpOHHUX apceHigranieBnx CcTpyktypax BIC MicTUTb CTaHZapThi MeToauku hopMyBaHHS
cTpykTyp BIC Ha nonboBux TpaHaucTopax LLoTTki i eniTakcii GaAs Ha Si-nigknagkax, iMnnaxtadii
ioHIB KPEMHIto oA CTiK-BUTOKOBUX 0BnacTedl Ta MeTanizauiio 3aTBopa | NPOBIAHUKIE MarHETPOHHUM
PO3NUNEHHAM MileHew i3 cnnaeiB HioGile abo BaHagiio. Takox cnocib nonsrae y BUKOPUCTAHHI
kpiocnnasis Nb-Si-Ho-1-1 abo V-Ge-Ho-1-1, copmysanHi cnnagie HioGilo i BaHagilo 30HHOK
NIaBKOK, @ CTIK-BUTOKOBMX oBnacTelt nonbosux TpaHauctopie LLoTTki - GaratosapsaHO IOHHOK
iMAnaHTauico KpeMHio Ha rubnHy 0,35-iMkM npu eHeprii E=80+10eB i go3i [=(10,2)10 cm?
36inbwenna weuakoaii BIC focsraeTbes ABOMa WNsixamu, nepwe B 2-3 pasn BiAHOCHO WBMAKOAIT
NPOTOTUNY 38 paxyHoK 36iNblUeHHA PYXNIUBOCTI HOCIiB Ta WBMAKOCTI NoBepxHesol pekomBiHauil, Ta
we B 1,5-2 pasn 3a paxyHok 36inblieHHs nposigHocTi RC-naHok. TeXHIMHUM pe3ynbTaToM BUHAXoAy
€ 36inbilenHs WBMAKOAI cybmikpoHHux GaAs cTpykTyp BIC Ha Si nigknagkax. Mpu BUKOPUCTaHHI
3aNPONOHOBAHOT TEXHONOMT KiNbKICTL Bpaky 3MeHLyeTbCA NpubnuaHo Ha 40 %, WO ApUBOAMTL 40
3pewesneHHs cobisapTocTi roToBol NPOAYKUIT NpUBIU3HO Ha 25 %.
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