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HU3KOPA3SMEPHbLIE KPUCTAJIJIbI KPEMHU A ¥
JUIA @OTOSJIEKTPUYECKMX [TPEOBPA3OBATEJIEN

Ilokazana 803MOAHCHOCHb UCNOIb30BAHUS
8 Kauecmee aHmuompaxicaroujei nogepx-
HOCmuU (homosiekmpuieckux npeoopaso-
sameneu (PII1) ancambreli HAHONPOBOIOK
KpemHus. Paspaboman mexnonozuueckutl
npoyecc NOAY4eHUss HAHOPAZMEPHbBIX
cmpyxkmyp @I u uccredosanvl ux xapax-
mepucmuKu.

CoHeYHBIE IIEMEHTHI TS aTbTePHATUBHON YHEpre-
THUKHU JIOJKHBI OBITh BBICOKOA((EKTUBHBIMHU, TEXHOJO-
THYECKU MPOCTHIMU M UMETh HU3KYI0 CTOMMOCTb M3T0-
TOBJICHUA U JOCTATOUHYIO JIerpalalllOHHYI0 CTOUKOCTb.
CoBpeMeHHBbIE (OTOIIEKTPUIECKHIE TPeoOpa3oBaTen
(®IIT) oTBEYAIOT STHM TPEOOBAHUSM, HO HEJIOCTATOYHO
peHTa0eNBHBI TPU HCIONb30BAHUY, T. K. UMCIOT HU3KUIl
KIIJI. ITpoBoAst OLIEHKY pa3IUYHBIX TEXHOJOTUYECKUX
petennii o coznanuio GOI1 B cOOTBETCTBUU C KpHUTeE-
pHeM HU3KOH CTOMMOCTY X IOy 4YEHHs1, HEOOXOIHMO YJie-
JIUTh BHUMaHUE HOBEUIIIMM TE€XHOJOTMUECKUM MPOLec-
caM B MaTepuaaM, HOCKOJIBKY TOJIBKO OHH MOTYT obec-
MIEYUTH HU3KYIO CTOMMOCTh  OTHOCHTEIEHO MaJIbIe pas-
MepbI IOBEPXHOCTHOIO aHTHOTPaXKaroLero cios [1].

OnHuM u3 Hanbosee NePCIeKTUBHBIX CIIOCOOOB IMO-
BoieHus KITJ1 npeoGpa3oBatesneit siBsieTcs yMeHblle-
HHUE ONTUYECKUX MOTEPB, T. €. HOTEPh Ha OTPAKEHHE, UTO
JIOCTUIa€TCsl HAHECEHUEM aHTUOTPAKAIOILIETO OKPBITHS.
[TpuBekaTeIbHBIM B 3TOM aCTIEKTE SIBISICTCS HCIIOTH30-
BaHMe HUTeBUAHBIX HaHOKpHcTaoB (HHK) kpemuns,
KOTOPBIM MOCBSAIIEHO HEMAJIO HAyYHBIX padoT 3a MOCIIe -
Hue rofpl [2, 3]. B uactHocTH, B [4] moKa3aHo, 4TO CTPYK-
typa u3 ancam6st HHK a¢pdexTrBHEe mormomaer caer,

YyeM IJIeHOYHast. YerpoiicTsa, ocHoBanHble Ha HHK, nme-
10T TaKMe MOTEHIMAbHbIE TPEUMYIIECTBA NIEpe]] CTaH-
JAPTHBIMU IJIAHAPHBIMU KOHCTPYKLUSMHU:

— Oosee HU3Kas LIeHA 33 CYET YMEHBLICHHUS pacXoja
Marepuaa;

— yBeJHYCeHNE (POTOTOKA 32 CUCT TOPSIIMX HOCHTE-
JIel WM MHOTOSKCUTOHHBIX 3(dekToB [5], a Takxke 3a
CYET yBEIMUEHNUS TONIOIICHUS CBETA;

— BO3MOXHOCTbH BBIpAIlIUBAHMS CTPYKTYp Ha pac-
COIIAaCOBAaHHBIX IOJIOKKAX, YTO PaJMKaIbHO pacllu-
psieT nepcreKTUBbl KOMOMHUPOBAHUS MaTepHAIIOB C pa3-
JIMYHOW IMPUHOH 3aIIPEIEHHON 30HBL.

Lenbto HacToAIIeH PaOOTHI ABISETCS CO3JJAHUE METO-
Ja MOJTyYeHU s aHTUOTPAXKAIOIIETr 0 TIOKPBITHS U3 aHCaMO-
neit HHK kpemHus n nccnenoBanys XapakKTEpUCTHK Ta-
KOU CTPYKTYpHI.

BKCHepl/lMeHTaJIBHLIe pe3yJabTaTbl

Jl751 BeIpaIuBaHusl HAHOPa3MEPHBIX KPUCTAILIIOB UC-
TI0JIb30BaJIM YCTAHOBKY, OJIOK-CXeMa KOTOPOH MoKa3aHa
Ha puc. 1.

Ocaxenne KpeMHUs Ha MOIOKKY ITPOUCXOTUIIO TIO
XUMHYECKON PeaKIiuu

SiCl, +2H, = 4HCI + Si.

B peakrope pocra 4 Haj KpEMHUEBOMH IOATIOXKKOMN 5
mpu Temieparype okoio 600°C mpomyckaiau Ta3oBYIO
cmeck — SiCl, u3 6apborepa 2 u H, u3 reneparopa /.

Cornacao [2], ponb mpuMecH (MeTaia-KaTaian3aro-
pa) cocTOUT B (HOPMUPOBAHUH KU JIKOW KAILIIH C OTHOCH-
TEJIbHO HU3KOM Temreparypoi »BTeKTUKU. ITockonbky
JKHUJIKAST KAl SBJISICTCS] JOMUHHUPYIOIIUM COCTOSIHHEM
IIPU OCAX/ICHUU U3 Mapa, 3TO MIPUBOIUT K IIepeHaCHIIIIe-

6 — a30THasi JIOBYIIKA; / — BaKyyM-
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Puc. 2. Pacnpenenenue HaHOKanenb crjiaBa Si-Au

HUIO KUJKOCTH KPEMHHUEM M €r0 KPUCTaTU3alUuH IO/
karutedd. Mcrounuk Si, CBOWCTBA KaTaau3aTopa u Ipupo-
Jla TIOJUTOKKH SBJISIFOTCS OIIPENeNIAIOIUME B IIPOLEcce
pocra HHK. MeTannom-karann3aropoM B JaHHBIX HC-
CIIEIOBAHUSX OBLIO 30JI0TO, TOCKOJIBKY M3 BCEX OOBITHO
HCTIONIB3yEMBIX METAJI/Si-KaTann3aTopoB OBLT BEIOpaH
criaB Au/Si, IMEIOIUIl caMyl0 HU3KYIO TEeMIIEpaTypy
9BTEKTHKH, YTO SBJISIETCA HEOOXOIUMBIM YCIOBHUEM BbI-
pammBanust Toukux HHK Si[3].

Jna nonyuenus ancam6iss HHK Si nmpouecc Boipa-
MIUBAHIS IPEIyCMaTPUBAI IIPOBEICHHE CIIETYIOIINX TEX-
HOJIOTMYECKHX OIleparui:

— XHMHUYecKas 0o0paboTKa MOBEPXHOCTH IIACTHH
KPEMHHS )KUJAKAME TPABUTEIIIMH;

— HAaIbUICHUE METAJUTIYECKON TNICHKH;

— soipamuBanue HHK B oTkpeIToif cucteme.

IIneHku 3070Ta MONyYaald METOAOM TEPMHUYECKOTO
UCTIapeHUs MaTepHaa B BAKyyMe C y4eTOM BCeX HEe0O-
XOIMMBIX YCJIIOBUI HaHECEHHUsI IIJICHOK B YCTAaHOBKE Ba-
KyYMHOTO pacTbUICHHSI.

Jliis ucenenoBanus mporiecca Beipanuanns HHK Si
Ha KPEMHHUEBYIO TIOITIOKKY opueHTarmu < 100> ObutH Ha-
MBIJICHBI MJICHKH 30J10Ta Pa3HOW TOJIIUHBI — OT 3 110
10 M. HccnemnoBaHus ¢ MOMOIIBIO ATOMHO-CHIIOBOTO
MHKPOCKOIIA II0Ka3aJIH, YTO CTPKYTypa IUICHOK ObLIa Ofl-
HopojHa. [Tocne TepMooOPabOTKH MOUTOKEK TP TEM-
neparype 600°C mpoun3zornia Koaryisiiyst 30710Ta B Karl-
ma (puc. 2). CpeaHuid AuaMeTp Kamelnb criiaBa Si—Au
CYIIIECTBEHHO 3aBUCHT OT TOJIIMHBI IJICHOK 30J10Ta H
ymensbiaercs ot 100 1o 40 HM ¢ yMEHBIIIEHUEM TOJIIU-
HBI IJIEHKH ¢ 9 10 4 HM.

I[pomecc BriparmmBanus HHK Si Ha kpeMHUEBBIX 101
JI0’KKax mpoBoAwiics ipu Temmneparype 580°C u nasine-
HuUU ra3zoBoil cMecu okojio 100 MM pt. cT. Bpems pocra
COCTABJISIIO 5 MMH.

Mukpodororpadus momydennoro ancamb6ist HHK Si
IpeJCcTaBlieHa Ha puc. 3.

B omHOM 13 epBBIX paboT 1o uenoib3oBanuno HHK
¢ p—n-niepexonoM B kauectBe DT ObL10 TPOBENIEHO HC-
CJIEJIOBaHUE €ro ONTHYECKUX CBOUCTB [4]. CpaBHEHHE
CHEKTPOB NomiouieHus kpemHueroro @311, B koTopom
B KaU€CTBE aHTUOTPAKAIOILEH TTOBEPXHOCTH UCTIONB3YETCS
CTPYKTypa Ha OCHOBE HH3KOPa3MEPHBIX KPHCTAJUIOB, H

10pm

20.00kV ~ x4.00k

WD=8.4mm

Puc. 3. Aucam6ne HHK Si Ha kpemMHHEBOI MOATOKKE

OOII ¢ npyriuMu CTPYKTYpaMu TIOKa3bIBAET 3HAYUTEIBHOE
yBeIUYEHHE MOVIOIEHHS IEPBOTO B CIIEKTPAJILHOM J1a-
na3one 300—1100 M (puc. 4). C y4yeToM MOmIOMICHHS
TaKHe CTPYKTYPbl IMEIOT BETMIHMHY (OTOTOKa 1,2 MA/cM?.
IIpu sTom KIIJI rakux ®III cocrasinsier 2—3%, 4To cBs-
3aHO C HAJIMYMEM IIOBEPXHOCTHBIX COCTOSHUI, KOTOpbIE
HE MOTYT OBITH TTOTHOCTBIO MaCCUBUPOBAHLI U3-3a BbI-
COKOM MJIOTHOCTH HaHONPOBOJIOK. Kpome Toro, 3a cuer
CHJIBHO paSBI/IT()ﬁ TMOBEPXHOCTU NPOUCXOAUT CYIICCTBEH-
Hast PEKOMOWHAIIVSI HOCUTEIICH, YTO 3HAYUTEIHLHO CHIDKA-
eT 3¢ peKTUBHOCTH TpeoOpa3zoBanms sHepruu. Ha ceros-
HA 3 (heKTUBHOCTD peoOpa30BaHUs SHEPTHH COJTHEY-
HBIX 3JICMEHTOB Ha OCHOBE HAaHOIIPOBOJIOK KPEMHHUSI CO-
cTaBisgeT auib 2%, a Ha OCHOBE MYJIBTUKPUCTAJIHYE-
CKOro kpemHust — 22—724%, oqHaKo CyLIECTBYET psil
TEXHOJIOTUYECKU KOHCTPYKTUBHBIX ITOAXOJIOB K ITOBBIILIE-
HUto 3 hekTuBHOCTH TpeoOpa3oBaHUs YHEPTUH COTHEY-
HBIX 3JIEMEHTOB, B YaCTHOCTH IIaCCUBUPOBAHHE MTOBEPX-
HOCTH aHTHOTPAXKAIOIIET0 MOKPBITHS aHcaMOIIelt HaHo-
HPOBOJIOK.

B mpeanaraeMoM TEXHOJIOTHYIECKOM TIPOIECCE MOTy-
yeHus: kpemHueBbix D11 ¢ HCcmoab30BaHMEM HAHO-
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Puc. 4. CekTp MomionieHns: aHTHOTPAXKAIONIECH TOBEPXHOCTH

ODII Ha ocHoBe BepTHKanbHO opueHTHpoBaHHBIX HHK Si,

TOJTYYEHHBIX JKUAKUM TpaBieHueM (a) u merogom CVD (b),
a TaK)Ke TOHKOIJICHOYHBIX KPEMHHUEBBIX CTPYKTYD (¢) [2]
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SiINW BepxHuii KOHTaKT
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Puc. 5. Cxema xoHcTpykiuu ®II1 ¢ ancambiem HHK Si:
p-Si — nnactuna kpemuus (teno ®OI1); n-Si — p—n-nepexon;
SiNW — kpemueBble HaHOKpHcTabl; [TO — npo3paunslii mpoBozs-

IHii KOHTAKT; Al — HIDKHHH KOHTAKT

CTPYKTYp Ha ()POHTAITBEHON TOBEPXHOCTH MOKHO BEIJIE-
JIUTH CICAYIOIINE OCHOBHBIC 3TAIHI (PHC. 5):

— co3nanue TuPPy3u0HHOTO p—7-TIepexosia JIeTHPO-
BAHUEM IUIACTHH KPEMHUS p-TUTIA U3 TBEPBIX UIAHAPHBIX
ucrouHukoB (ocdopa. Ipouecc nuddysun ocymiecTs-
nsiercs npu temreparype 950°C u obecnieunBaet popmu-
POBaHUE MPOPHIIS JISTUPOBAHHUS BBICOTOM OKOJIO 1 MKM;

— HAa MOBEPXHOCTH c(hOPMUPOBAHHOTO p—n-Tiepe-
X0J1a HAHOCHUTCS TOHKas (4 HM) IIJIEHKA 30J10Ta JUIS 110~
CIIEIYIOMIETO TMPOTPEeBa IUIACTHHEI B BAaKyyMe 10 Koa-
TYISIUH 3010Ta B KAIUTd U POPMHUPOBAHUS 3aPOJIBIIICH
HHK;

— BoipammBanne HHK Si B oTkpbITON BOoIOpOIHON
cucteme ¢ ucnosbsoBanueM SiCl, B kKagecTBe HCTOUHH-
Ka pOCTOBOTO MaTepHaa;

— IIyTeM HaIbUICHUS TWICHKH Al 1 mocieayromero
omxura npu temneparype 380°C coznaercst KOHTaKT K p-
obmactu OIII;

— (popmupyIOTCS TOKOCOOUPAIOIIHE KOHTAKTHBIE J10-
POXKKH 30JI0Ta B 71-00JIaCTH p—n-TIepexoa.

L

Takum 00pa3oM, MPEIIOKECHHBIH METOJ CO3JaHHS
KPEMHHEBBIX (DOTOAIEKTPUUECKUX MPeoOpazoBaTeleii ¢
HCIIONThb30BaHUEM B KAUECTBE AaHTHOTPAXKAIOIIETO TOKPBI-
THUsI aHCaMOJIel HAHOIIPOBOJIOK KPEMHUSI TO3BOJISICT 3HA-
YUTEIHHO YBEIUYUTh MOMIOMIAOIIYIO0 CIOCOOHOCTH Mpe-
obpazoareseid. [Ipu 3ToM HeBbIcOKOE 3HAUCHNUE P DeK-
TUBHOCTH IPE0OPa30BaHUS COTHEUHOI SHEPTUU MOXKHO
YBCJIUYUTD 3a CUCT AOTIOJTHUTEIIbHBIX TCXHOJIOTHICCKUX
MPUEMOB CO3JJaHUS TACCUBUPYIOIIUX CIIOCB.
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Hogefilline TeXHOMOTHU BKIOUAIOT B ce0s1 padpaboTKy, OnucaHue, a Tak-
JKe TIPOU3BOJCTBO M MPaKTHUUECKOe HCMOJAb30BAHHE CAMbIX padHoo6pas-
HbIX HAHOPA3MePHBIX CTPYKTYP, YCTPOHCTB U cucTeM. B MexXIucumniu-
HApHOM MOJIe 3TOH 00JACTH HCCAE0BAHUI MepecekaroTes U mepekpbiBa-
I0TCS 9KCMEPUMEHTAJIbHbIE U TEOPETHUECKHE Pa3pabOTKU XMMHUKOB, (H-
3UKOB, MHKEHEPOB-3/JIEKTPOHIILIMKOB, MEXaHHKOB, MaTepHaIOBEN0B, OHO-
XUMHUKOB, MOJIEKYJIIPHBIX OMOMOr0B. FIMeHHO coueTaHue pasauuHbIX MOJ-
XOJIOB U METOJIOB SIBJISIETCST XapaKTepHOH 0COOEHHOCTbIO HauboJsee HHTe-
PECHBIX U MHOTr0OO€eNaIIUX pa3spaboTOK B HAHOTEXHOMOTHSIX.

Kuura mpencraiaser cob60ii COOPHHUK MOCIENHHX PE3YJbTATOB, MOJY-
YEHHbIX MOJIOJAbIMH aHFJ'[HﬁCKHMH yqubIMI/I, MHOTr'ue H3 KOTOprX 613[.)'[1/1 CTUIeHaAuaTaMHu
KoposeBckoro obiiectBa uau FecnaenoBateabeckoro coBeTa MHKEHEPHBIX U (HU3UUECKUX
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