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TEPMOMITPALILA JOBIJIBHO OPICEHTOBAHMX PIIKMUX
JIIHIMHUX 30H Al-Si KPI3b TINTACTUHM KPEMHIIO (110)

Ilposedeno nowyx ymoe cmabinbHoi miepayii TiHIHUX 30H Kpi3b Kpemuicsi naacmunu 3 opieumayieto (110), docni-
0JICEeHHsL NIIUBY MOBUWUHU 30H, MEXHOIO2IUYHUX PEHCUMIS IX 3aHYPEeHHsL U IHWUX CYRYMHIX YUHHUKIE HA CMAOilbHICMb Mi-
epayii. I[lpoananizosano npuuunu acemysansi AiHIIHUX 30H | YUHHUKU, AKI 003601410Mb Yb020 yhukHymu. Ilokaszano,
Wo npu 8ULOMOGIEHHT YUNI8 HANIBNPOGIOHUKOBUX CIPYKIMYD 3 BETUKUM nepumempom 3i 36opomuoio nanpyeoro 2000 B
HeOoOXIOHUM 0151 CMEOpeHHs obnacmell i301AYii 6 KpemHii 3 opicumayicio, 8iominnoro 6i0 (111), € popmysanna ancamo-
JUO JUHIUHUX 30H MEMOOOM GUCOKOMEMNEPAMYpPHO20 BUOIPKOBO20 NPUMYCOB020 3MOUYBANHS, SUKOHAHHA HUSKU 6UMO2
00 ghomowabnony «mepmomizpayisy, 00 npoyecy 3aHyplOSanHs 301 3d 8UCOKOI memnepamypu nio uac mepmomiepayii.
006’ eonanns u3HAYEHUX YUHHUKIE 00360I5€ NPOBOOUMU CINADINLHY MePMOMIEPaYilo Ha NAACMUHAX KPEMHIIO 3 OpIcH-
mayieto (110) nasime 6 cmayionaprnomy noui epadienma memnepamypu.

Knouosi cnosa: izonsyis, Kpucmanozpagiuna opienmayis, pioxi ainitini 30nu AI+Si, cunoei nanienpogionukosi npuia-

ou, mepmomizpayis, memnepamypa.

3acrocyBanns Tepmomirpauii (TM) niHiliHUX 30H
[1—6] g crBopenns nepudepiitnoi HackpizHoi 130714~
uii BiiokpemoBaIbHUX obOnacteit (BO) mo nepume-
TPY KPUCTAJIIB CUJIIOBUX HAIliBIIPOBITHUKOBUX IIPHUJIIA/IiB
(CHII) BuBeNEHHSAM HUXKHBOTO BHUIIPSIMHOTO BHCOKO-
BOJIBTHOTO p—7-TIEPEXO/y Ha BEPXHIO CTOPOHY IUIACTHHU
J103BOJIsIE (POPMYBATH YUIIH 3 TNIOCKOIO TIOBEPXHEIO Tij1
naiKy i 0THOCTOPOHHBOO TACHBALIIEI0 BUCOKOBOJIBTHUX
BUIIPSIMHUX p—n-niepexoiB BO 3 BeTMUMHOIO HAIIpyTru
€JIEKTPUYHOTO MPOOOIO Ha PIBHI TEOPETUYHO MOMKIHBOI
[3,4,6]. Y nOpiBHAHHI 3 TPaAULIHHOIO TBOCTOPOHHBOIO
nudysiero 60py TepMOMIrpallis J03BOJIsI€ 3HAYHO CKOPO-
TUTH yac ctBopeHHs1 BO i3meHuTu nepudepiiini BTpa-
TH KOPUCHOT TUIOIII YUIIB 3aB/SIKM 3MEHIIEHHIO TU]Yy-
31HOTO po3MMpeHHa uux obnacteil. Enexkrpodizuuni
BJIACTUBOCTI CTBOpeHUX Tepmomirpauieto BO, Ha Bia-
MiHy Bia Judy3iiiHuX, € OJHAKOBUMH I10 BCiii TOBIIMHI
wiactuHy. TexHonorii TM € npuBa®IMBUMH 1 TOCTIHHO
YAOCKOHAJIOIOThC [7].

3a3Buuail K BHXiJHI BUKOPUCTOBYIOTH IJIACTHHH
KpeMHito 3 Kpucrtanorpadiunoro opienrauieto (111),
1o 3abe3neuye cTabiibHy MIrpaiito JiHIHHUX 30H He-
00x11HO01 Tomosorii [1, 5, 8, 9] 6e3 monepeHLOI OpieH-
tauii niHii. Ockineku miommHa (111) € peTukynspHoro,
a MIIJIbHICTh yNIaKyBaHHs aTOMIB KPEMHIIO B Hilf HailBU-
11010, MBUAKICTE TM m1s HeT — HaliMeHma. Y miacTu-
Hax 3 1HIIOI0 KpucTanorpadidHoro opieHTaieto, (100)
ta (110), 30Ha TM pyxaeTscst HabaraTo MIBHIIIE.

ABTOpH BHUCJIOBIIOIOTh HIAPY TOISIKY FOJOBHOMY KOHCTPYK-
topoBi TOB «Enement — [TeperBoproBau» A. O. KupuueHky
32 MOBCSAKYACHY MIATPUMKY JOCIHIHKEHb.

Jns mirpanii niHIHHUX 30H y KpeMHil 3 KpUcTaio-
rpagiuroro opienramiero (100) cTablIEBHUMU BBaXKAIIH-
Csl TUIBKH JIBA B3a€MHO TEPICHANKYISAPHUX HATPSIMU:
<011> ta <011>. JIinii, opieHTOBaHi B iHIIMX HATIPAM-
Kax, (haceryBamucs (K Ie W BiJIMOBiIA€ Teopii) B Ja-
MaHy JiHif0, HparMeHTH sKOi Oynu Opi€eHTOBaHI came B
nux HarpsiMkax. [le oOMexyBaio MOXIMBOCTI PO3p00-
HUKIB YWIIB, OCKUTbKH BO Maiu TUTBKH MPSMOKYTHY
¢dbopmy. byio BcTaroBieHO [§], 1110 32 OIHAKOBOTO IMUTO-
MOT0 EJIEKTPOOIIOpY Ha IJIacTUHax 3 opieHTauiero (100)
JIOCSITAETHCS OLTBIN BUCOKHM, TOPiBHAHO 3 (111), piBeHb
Hanpyru npoboro U, p—n-nepexony BO. Jlo Toro x, ne-
pudepiiini YUy Ha IIacTUHI 3a piBHeM U, HE moCTyna-
IOThCS YWIIaM, PO3TAIIOBAaHUM B IEHTPI IutacTuHU. Lls
00CTaBHHA € BaXJIMBOIO MPH BUTOTOBJICHHI YHIIIB, IO
MAIOTh ITOPIBHIHO BEIMKHUI MIEPUMETP 1 3TaTHI KOMYTY-
BatH cTpyM 100-250 A, JuIsl SKMX OTHOPIIHICTH 1 Bij-
TBOPIOBaHICTh BiacTuBocTeit BO 1o ruiomti riacTiH Ma-
I0Th OyTH MaKCUMaJbHUMH.

[IpoBeneHHs TepMOMITpallii Ha TIACTUHAX 3 OpIEHTA-
uiero (100) 103BOJIsIE 3HAYHO 3HU3UTH YaC TEXHOJIOTY-
HOTO MPOIIeCy Yepe3 Te, MO MIBUJKICTh MIrparlii JIiHii-
HUX 30H B I[bOMY BUTIQJIKy € HA0araTo OLTBIIO0, HIXK TS
kpemHiro (111) [3, 8]. JlonarkoBuMu nepeBaramu € 3Ha-
YHO MEHIIUN PO3KH]I 3HAYEHb IIBUAKOCTI Mirpauii 30H
pi3HOT ToBIIMHY. [le 103BOIIsIE ONTUMI3yBaTH TEXHOJIO-
TYHHN TIPOIIeC 1 3HU3NUTH 3arajibHi eHePreTHYHI BTPaTH
TepMoMirpauii. BaxxIMBUM € Tako)X OTpUMaHHS OUIbII
PIBHOMIPHOTO PO3MOJLITY €JeKTPO(pI3UIHUX BIACTHBO-
creit BO 1o oI 1miacTHH, 10 € 0COOIHUBO BaXKJIH-
BHM JIJIs1 YHITIB CUJIOBUX HAITIBIIPOBITHUKOBUX ITPUIIA]IIB
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3 TIOPIBHSHO BeUKUM nepuMerpoM BO (40—92 mm).
[Toni6HI epeBaru MarOTh OyTH BIACTUBUMU | IS TEP-
MoMIrpailii Ha KpeMHii 3 opieHTaniero (110).

3anmauero 1iel poOoTH OyII0 TOCIiPKEHHSI MOYKITHBO-
CTeH Ta XapaKTEePUCTHK MPOIIECY TEPMOMITparlii Ha Kpem-
Hii 3 opienTariero (110) 1 mepeayciM — MOKIMBOCTI Ta
YMOB CTaOUTLHOI MiTpariii JiHIHUX 30H.

Ornsp niteparypu

[leprri MO3UTHBHI pe3yabTaTH 3aCTOCYBAHHS TEPMO-
MIrparii JOBUIBHO OPIEHTOBAHUX JIHIMHMX 30H Ha TIac-
trHAaX KpeMHito (100) Oynu oTprMaHi 3aBISKH 3aCTOCY-
BaHHIO HECTAI[IOHAPHOTO TEMIIEPaTYPHOTO OIS, J¢ TaH-
reHIliaibHa CKIa10Ba rpaienta remueparypu V1 3mi-
HIOBaJjiacs 3a HANPsIMKOM Y 4aci, aje CepeHe 3HaYeHHs
VT, JIOPIBHIOBAJIO HYJIH0. BripoBaykeHHs TOAI0HUX Me-
TOJUK y BUKOPHUCTOBYBAaHE y CEpiiHOMY BHPOOHHIITBI
CHII ycrarkyBanas TM 3 pe3nCTHBHUM BiIIAJIOM € JI0-
CUTbH CKJIQ/THUM.

Taxo HEBIIUTEHIM YMHHUKOM CTa01IbHOT Mirpartii
JHIMHUX 30H Ha I1acTuHaxX kpeMHito (100) 6e3 nonepen-
HBOT iX Opi€HTAIli € 3aCTOCYBaHHS TEXHOJIOTIT popmy-
BaHHS JIIHIHHUX 30H METOJIOM BHOIPKOBOTO BUCOKOTEM-
neparypHoro npumycosoro 3mouyBanus (BB3) [3, 4, 10].

CBiTOBHII JOCBIJ IPYHTYETHCS HA TOMY, IO (haceTy-
BaHHS 30H IIPU TEPMOMITpalii po3MOYHMHAETHCS OApa3y
XK TICIs 3aHypeHHs iX y KpeMHii. Takox Bijomo, 10 y
pasi pO3YHHEHHS KPEMHIIO PO3ILIABOM 30HH BILUIUB aHi-
30TPOITiT 3MEHIIYEThCS 31 301IBIICHHSM TEMIICPATyPH Mi-
rpartii. BaxximiBy posib Mae 1 YHHHUK CTapTOBOT 3aTPUMKH
YTBOPEHHS Ta 3aHYPEHHS 30H 32 HASIBHOCTI IJTIBKH BJIac-
HOTO OKHUCITY 1 BKITFOUEHB, 1110 BUHUKAIOTh MiX KPEMHIEM
1 METaJIOM 30HH, SIKIIO 30HU CTBOPIOIOTHCS 3@ JOMOMO-
TOI0 HAIWJICHHS 3 HAcTyMmHOI (otomitorpadiero. Taka
IUTIBKA € MPUYUHOI0 CTAPTOBOT 3aTPUMKH 30HH U (hace-
tyBaHHs. [Ipu 3acTocyBanHi BB3 Taki YnHHUKY BiJICYT-
Hi, a JTIiHIMHA 30HA B)KE 3a3/1aJICTi1b HAaCHYeHA aJIFOMIHIEM
Y KUTBKOCTI, IO BU3HAYAETHCSA TEMIIEpaTyporo 1i popmy-
BaHHA. ToMy 1151 po3B’sI3aHHsI 3a/1a4i CTBOPSHHS IIPOIIe-
cy crabinpHoi TM Ha mmactuHax kpemHiro (110) e cere
JOCTITUTH TaKy MOYKJIMBICTh 3MiHH CTAPTOBUX YMOB, Ha-
MIPUKJIIA], MIJISIXOM IiIBUIIEHHS TeMIIepaTypH 3aHypeH-
HS HIHHUX 30H, chopmoBannx BB3.

[Ipu mocmimkeHHsax cTabiabHOI Mirpamii JOBiIbHO
OpIEHTOBAHUX JIIHIHHUX 30H Kpi3b kpeMHil (110) mox-
Ha BBYKATH, IO TYT HASBHI Ti ) YMHHUKHY, IO i y pas3i
kpemHito (100) [8]. BiaMiHHICTH TIOJSTAaE B TOMY, IO
qutst kpemHito (100) icHYOTh J1Ba B3a€EMHO MIEPIICHIUKY-
JSIPHUX HAIPSIMKH CTaOlIbHOT Mirpartii, a [uist KpeMHio
(110) — Tinbku onuH [ 1, 2]. To6T0 30HM Oy/IB-SIKOTO Ha-
MPSIMKY (paceTyroThCs Ha MapasiesbHi JTiHilHI ¢parMeH-
TH, 1O Ha (iHiwmi Oy1yTh OPIEHTOBAHI y HANPSAMKY CTa-
6inpHOT Mirpamii {011}.

[Ipu mocmikeHHI yMOB cTa0iIbHOT Mirparii JIiHiHi-
HUX 30H Y KpeMHil 3 KpucTajorpadiyHoo opieHTaIli€r0
(100) B cTamionapaux yMoBax OyJio BCTaHOBJIEHO [ 8], 1110

B)XJIMBUMHU YHHHUKAMH CTa0LILHOT MiTrparlii HeOpieHTO-
BaHUX JHIHHKX 30H € criocid GpopmyBaHHs 30H, BB3, Ta
TEXHOJIOTIYHUI peXnuM 3aHypeHHs 30H. OcTaHHIN Mic-
TUTbH B CO01 TEMIIEpaTypHO-4aCOBUI periaMeHT mpolie-
Cy, 3a SIKOTO CTBOPIOIOTHCS CIIPUSTIINBI YMOBH 151 [IIBU/I-
KOTO i1 OJIHOYAaCHOTO 3aHyPEHHS YChOTO aHCAMOITIO 30H 1
MOYATKy MITpallii Bke 3aHypeHOi 30HH ITiCJIs 3apOIIyBaH-
HSl TEPMOMITpamiiHoro ciigy (00macTh MoBepxHi Gop-
MYBaHH 30HH Ta 1o4yarky npouecy TM) xoua 6 Ha Bif-
CTaHb Yy JIBI-TPU TOBIIUHH 30HU. 3BHUYAIHO, BAKIMBUM
YUHHUKOM € 1 TOMOJIOris PUCYHKY Iabnony «TM» [3,
8]. CxiajoBUMHU pUCYHKY IA0IOHY € 3aXHCHI, TOEIHY-
BaJIbHI Ta BiJIOKpEeMITFOBaJIbHI 00macTi. Came Taka KoH-
CTPYKIIisl 30H 3a0e31euye piBHOMIpHY iX Mirpaliito €1u-
HUM aHCaMOJIeM 32 YMOBH OJJHAKOBOI IIMPHUHU IXHIX I1a-
piB Ha MOBEPXHi 3 MOXKJIUBUM KOMIICHCYIOUHM TOIOJIO-
T1YHUM X 3BYKEHHSM B MICIISIX IEPETHHY.

30HH, OTPUMAaHI 3a JOIOMOIOI0 PO3MOBCIOMXKEHOI B
CBITI TEXHOJOT1] — BaKyyMHOTO HalMJIEHHS TOBCTOTO
I1apy 30HOYTBOPIOIOYOTO METaTy-pO3UMHHUKA (3a3BUYAil
aJIOMiHi0) 3 HacTynHOIO (hotomitorpadiero [9, 11—13]
po3mafaoThCs Ha (paceTu opasy Xk MiCIs 3aHypPEHHS Ha-
BiTb y Pa3i 3aCTOCYBaHHS HECTAI[IOHAPHOTO TaHI'€HIliAJIb-
HOTO TEIJIOBOTO TOJIs1. BUCHOBKH 1110710 CTa01IbHOCTI Mi-
rpauii JiHiifHUX 30H [1, 2] BApTO MOTMOBHUTH YTOYHEH-
HAM — ompumanux HanunenHsam. HeBmIoB3i micis nosiBu
cTaTTi [8] BUCHOBKH II0/I0 MOMJIMBOCTI CTa0LILHOT Mi-
rpauii HeopieHTOBaHUX JIIHIMHUX 30H B KPEMHI{ 3 OpieH-
tarieto (100) Oyau TeopeTUIHO OOTPYHTOBAHI B ICIKUX
PO3paxyHKOBUX poboTax, Hanpukiaz [14, 15].

[MopiBHsIHHS 0coOMMBOCTEH MporieciB TM, gociimky-
BaHUX B I[ill pOOOTI, 3 TEXHOJIOTIYHUMU aHAJIOTaMH, 3a-
3HAUCHNMH Y JIiTepaTypi, BKazye Ha MIEBHI BiAMIHHOCTI B
3aCTOCOBaHOMY O0ONaTHAHHI. SIKIII0 B aHAIOTaX 3a3BHUYAil
BUKOPUCTOBYIOTHCSI TA30HANOBHEH] YCTAHOBKH 3 OJTHO-
CTOPOHHIM 1H(PaYepBOHUM HATrPiBOM CHCTEMOIO KBap-
LIOBUX rajoreHHux jgam [9, 11—13], To B Hamomy Bu-
MajKy e 0araTono3uiliiiHa BakyyMHa yCTaHOBKA 3 pe-
3UCTUBHUM HarpiBom [3, 4, 8]. IIpouec 3a mocmimky-
BaHOIO TEXHOJIOTI€I0 MPOBOJUTHCS Y BaKyyMi OIHM3BKO
10* mm. pr. CT., i amomiHiii, nocarryBinm B iponeci TM
(IHINTHOT CTOPOHY IIACTHHH, TIOYMHAE BHITAPOBYBATH-
cs1. 3aBISIKH [IbOMY TYT BiZICYTHI Omiepariii 3 oAaabIIoro
HOro BUITyYEHHS 3 TIOBEPXHI, K 11 Ma€ MiCIle y Ta30Ha-
MMOBHEHUX ycTaHOBKaX. CyTTEBI BIAMIHHOCTI MIXK IIUMH
BUJIaMH O0JIIHAHHS MOJISITAl0Th TAKOXK y Ben4uHl VT,
SKHH y BAKyyMHHUX yCTAaHOBKaX € 3HAYHO MEHIITHM, IIIO
JI03BOJISIE IPOBOANTH 3aHYPEHHS 30H B YMOBaX BUCOKHX
TemIepaTyp. Y TaJOreHHHX yCTaHOBKAX IS IIHOTO TI0-
TpiOHO Ha cTaAill 3aHypEHHS IITYYHO 3MEHIIIYBATH BEJIU-
ynHy V7, HalpuKJIaJa 3a JOIIOMOTOI0 3CYBHOTO eKpaHa 3i
CTapTOBOI («XOJIOIHOI») CTOPOHU IUIACTHHH. ['amoreHHi
YCTaHOBKH MAIOTh Ha0araTto MEHIIy TEIUIOBY 1HEPIIito, i
MeXaHIYHUH pyX IJIACTHUH BIJIHOCHO JiaMT a0o noda3Ha
MOJYJIALIS TOTY>KHOCTI JIAMII I03BOJISIE peasli3yBaTu He-
CTaIiOHAPHI TETJIOBI YMOBH 3MiHM TAHTCHIIHOI CKJIa-
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noBoi V7. Cra0inpHicTs TM niHIHHUX 30H B HECTALIO-
HApHUX YMOBAax € Habararo BHIIOH).

CTOCOBHO KOHKPETHHX YMOB €KCIIEPHUMEHTY BasKJIU-
BUMH OOCTaBHHAMH € Te, 1110 3pOCTaHHs Koe(illieHTa Te-
IIONPOBIAHOCTI pinkoi dasu A, CTOcoBHO KoedilienTa
TEIUTONIPOBITHOCTI TBepAOi (a3m A, 30iIbIIye HEeCTil-
KICTb 30HH, a TAKOXK Te, 1110 3pocTanHs V T 3011bIIye He-
CTiliKicTh 30HH [ 14, 15]. 3 MiABUIIEHHSIM TEMIIEPATYPH
Ha CTapTOBIH MOBEPXHI IJIACTHH Bi3yaJbHO MOMITHO, 1110
JIHIMHI 30HH CTIOYATKY CBITJIIII 32 KPEMHiH, TOTIM KOJIip
TUTACTUHY 3JIMBAETHCS 3 KOJIBOPOM 30H, 1 HAPEIITI 30HH
CTaOTh TEMHIMMMH. L{e MOXke CBITYHTH TIPO TE, M0 ?\p
CTa€ MEHIINM (30Ha 3 T IBUIIICHHSIM TeMIIepaTypHt HacH-
9y€eThCS KPEMHIEM), HIK A, TOOTO CTIHKICTH ii Mae miaBu-
tryBarucs. Xoua 3pOCTaHHs TEMIIePaTypH CyPOBOIKY-
eThest 301bIIeHHsM V T, Bece oHO BenmuuHa V1'y Baky-
YMHHX YCTAHOBKAaX 3a3BHUail € 3HAYHO MEHIILIO, HIXK B
ra3oHanoBHEHUX. KpUTHYHOFO 11 3aXHCTY 30H Bij (a-
CeTyBaHHS € BiJICTaHb MPUOJIN3HO B TPH TOBIIMHH 30HH
[14] — po3paxyHKH CBiT4aTh, III0 caMe Ha il BiCcTaHi
BiJIOyBa€THCS €BOIIONIS HOPMU 30HH, 1 BOHA B TICPETHHI
CTa€ TaKOI0, B AKiH 1 IPOCYBAEThCS KPi3b KPEMHIN Iai.

Marepianu i meTonu

B po6oTi Oy110 BUKOPUCTAHO TEXHOJIOTT4HI MapIIpy-
TH, onicaHi y 3, 4]. BuxigHi njaacTuHU KpEMHIIO eJieK-
TPOHHOTO TUILY IPOBIAHOCTI AiaMeTpOM 76 MM 3 MTUTO-
MuM onopom 70 1 100 Om-cm crioyarky untidyBaiu 10
toBiHU 340 MxMm. Hanani 3a craHgapTHUM MTPOLIECOM
Ha MPOTUJIEKHUX CTOPOHAX TUIACTHUH MPOBOAMIACS HUdy-
3ist Al + B Ta P. [tubuna miuockoro p—n-nepexoay ckia-
nana 60—70 mxM. CrioM Ha TUIaCTHHI BUPOILLyBasia-
ca 3axucHa miiska SiO, Ta nmposoauacs (Gorositorpa-
¢dhis TM, BikHa T niHiAHI 30HM TM BigKpuBaIuCs Ha
iacTuHax abo 3 n'-, abo 3 p*-croponu.

B ocnoBHOMY MapiipyTi TM BUKOPUCTOBY€ETHCS Me-
ton BB3 s hopmyBanHs 30H po3maBom Al-Si Ha Si
B oOnacti Bikon SiO,. [lnika SiO, 3a0e3medye 3axuct
pobouoi moBepxHi Si Bij Ail po3miiaBy antominito. J{ms
(hopMyBaHHS PO3IUIABY BUKOPHCTOBYBABCS ATIOMiHIN
ocobnuBoi ynctotu A999 (A6N). HocmimxkyBaHa TOIO-
norist mapy TM MICTUTH BiJIOKpEMITIOBaJIbHI 001acTi,
a TaKOX IMOEHYBAIbHI Ta 3aXUCHI JIiHIMHI 30HU, SIKI B
KOMIUIEKCI CTBOPIOIOTH SIK PUCYHOK Ha IaOJOoHI, TaK i
Hepo3puBHUNA 00’ eqHaHui ancamOnp TM npu Gopmy-
BaHHI JiHIHHUX 30H. Kpucranu npunais, Sk mpaBuiio,
MaloTh (OpMy KBajpara, 1o MEPUMETPY SKUX CTBOPIO-
toTecsi BO y BUIIsIIl BOCBMUKYTHHKA (KBaapara 31 3piza-
HuUMH KyTamu). Lupuny diHiHi 3MiHIOBaIH 3 METOIO Ha-
XOJDKEHHST ONTHMaJIbHOT BeuuuHu Jutst uiactud (110).
30HU B mepexpecTsix, Hanmpukiaa npu neperudi BO ta
00’ €AHYBaJbHUX JIIHIHHUX 30H, MAIOTh PO3IIUPEHHS.
BigHocHe 30UIbIIICHHS BIZICTaH1 MIXK KpPasiMU 30H MOXE
MOTIPIIYBATH MPOLEC 3aTATYBaHHA CIIiY 30HH MiJ] Yac
3aHypeHHSs, AKHi MPOTIKae BiJ KpaiB 30HU O LICHTDY.
Bracninok Takoi HeOZHOPIAHOCTI a00 Y pasi HaJITO M-
POKOT 30HU B ITPOLIECi peKpHrcTai3alii MOXYTb YTBOPIO-

BAaTHUCS MMOPYIICHHS y BUIVISAI 3arIHONICHb y ICHTPI I1e-
pexpects abo MOCePE/IHHI 30HH.

Sk BUSABMIIOCS 13 MOTIEPENHIX KalliOpyBallbHUX J0-
CIIiJIiB, TOBIIMHA 30H Mae OyTu 61mu3bko 20 MxM. Pig y
TiM, IO 301JIBIICHHS TOBIIMHHU MPU3BOIUTH HE TUIBKH
JI0 TIOJIITTIICHHS TIPOIIeCcy Mirpariii, aje i 10 CyTTEBOTO
3MEHIIEHHS OJIOKYBaJIbHOI 34aTHOCTI BEPTHUKAIHLHOTO
p—n-tiepexoxy BO, mpo mo cBiguath pe3yasTaTh 3ami-
piB U, [16]. Lle crioctepiranocs sk U1t KPEMHIIO 3 KpH-
crasiorpadiyHoro opieHTaliero noBepxHi mwactud (111),
tak 1 (100). OTxe, MAaKCUMAJIbHO JTOMMYCTHMO MOYKHA
BBA)KAaTH TOBIIUHY JiHIHHUX 30H 23 —26 MKM.

Jns BU3HAYEHHS ONTHUMAIBHOTO PEXUMY IMpoLecy
TM mocmifpKyBaiucsl 30HA TOBIIHMHOK 18 Ta 23 MKM,
pu 1[bOMY Ha adioHax (GopmyBancs TaKOXK KOH-
TPOJILHI 30HU OUTBIIOT Ta MEHIIIOT TOBIIUHU. TeXHOIOT1s
TM ckiagaeThes 13 1BOX OCHOBHHX €TariB: Gpopmy-
BaHHS JIHIHHUX 30H Ta BUCOKOTEMIIEPATypHOTO TPO-
uecy TM. Ilepmuii eran (popMyBaHHS JiHIMHUX 30H, B
excniepuMenTi — BB3, npoBoauBes Ha aBTOMari ¢op-
myBauHs 30H OH.1878 3a temneparypu T b= 770+5°C
[4]. HocnmimkyBasiocs JBa peKUMH 3 Pi3HOIO TeMIlepa-
TYpHOIO 1103010 D, sIKa BH3HAYAETHCS TEMIIEPATypOIO
T ta yacom oOpoOKku ¢ B po3iuiasi: D = Tt. B Hamomy
EKCIIepUMEHTI TeMIleparypa Oysa oCcTiiHOI0, 3MiHIOBaB-
s yac B3a€MOJIIT IJIACTHH 3 PO3IIaBoM Al IIISTXOM 3Mi-
HU HIBHJIKOCTI PYXOMOTO YTpHMYyBaya TIACTHH — IITH-
Oepa. [y 30H mupuHO0 18 MKM 00HMpaBcs pexuMm 3i
CTaHJAPTHUM YacoM. Y OiJIbIll IHTCHCUBHOMY PEXHMI
JUTst pOPMYBaAHHSI 30H MUPUHOKO 23 MKM Yac 301IbIIy-
BaBcs Ha 25%. B npomy pexumi 301IbIIYETHCS K TOB-
IIMHA Iapy CHIIYMiHY, YTBOPEHOTO 13 3aJTy4€HOTO JIO 110-
BEpxHi 30HU Al Ta po3dMHEHOTO B HEOMY Si, TaK i, Bij-
MIOBITHO, BITHOCHA Maca 3airy4eHoro Al.

[Ticnst popmyBaHHS 30H MPOBOAUIIOCS CEICKTHBHE
TpaBieHHs Ta Buaanenns miiBku SiO,. [lotim Ha ycra-
HoBLi OH.1944 3 pe3sucTUBHUM HArpiBOM MPOBOIMB-
csl ApyrHuit eran — mporec TM: 3aHypeHHs 30H 1 Bllac-
He mirparis. Temmeparypa 3aHypeHHs 30H y MiATOTOB-
yomy mporeci gopisHioBana 1140°C. JocnimkeHHs
OCHOBHHX IIPOIIECIB 3aHYyPEHHS MTPOBOIUIOCS 32 TEM-
neparypu 1240+10°C. Kontpoas TM cTpykTyp nposo-
JIUBCSI SIK Bi3yaJIbHO, TaK 132 JONOMOTOI0 ONTHUYHOTO Mi-
kpockorna Neofot. [Ipu ctapToBOMY 3aHypeHHI 30H 0CO-
OnuBa yBara npuauisuiack (ikcarlii MOKIHBOTO (aceTy-
BaHH 3 METOIO HOTO MOIAbIIOT0 YHEMOXKIUBICHHS 3a-
BJIIKM KOPEKTYBaHHIO pexumy TM.

JIn1st HOpIBHSAHHS KPIiM JOCHITHUX TJIACTHH 3 OPi€H-
tanieto (110) TuM camMuM MapLIpyTOM MPOBOIWIN Ta-
KOX 1 KOHTPOJIBbHI IIacTHHH 3 opieHTariero (111). [pu
IIbOMY TPUBAJIICTD APYTOi, BUCOKOTEMIIEPaTypHOI CTamil
oOupanacs 3 omIsiAy Ha 4ac, HeOOX1AHUH AJ1s 3aBepILeH-
Hs1 OUTBIIT TIOBUTEHOTO TIporiecy TM Ha kpemnii (111).

[l mopiBHAHHS ocobmuBocTelt opmyBanHs BO
erarn (popMyBaHHs 30H MPOBOJIUBCS PI3HUMH METOJAAMHU:
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BB3 Ta TpamuiiitHuM BaKyyMHHM HalMJICHHSM aJIFOMi-
Hito B kaHaBKu (st tutactud (111)). [1ns BUroTOBNCHHS
JOCHITHUX 3pa3KiB KPUCTATiB BUKOPHCTOBYBAJIUCS IIPO-
L[ECH JIOKAIBHOTO PIIMHHOTO TPAaBJICHHS INIACTUH KPEM-
Hito B oOsacTi noBepxHi 30H TM 3a cTaHAapTHOIO TeX-
HoJIOTi€10, onucaHoto B [4, 16]. i 1poro micis npo-
BeZeHHss TM 1 ¢opmyBaHHs 30H Ha miacTuHax (111)
BUKOHYBAJIOCSI IBOCTOPOHHE TPABJICHHsI KAHABOK 13 3a-
CTOCYBaHHSIM METO/IB (oTomiTorpadii B CTaHIAPTHOMY
tpasuuky CP (HF:HNO,:CH,COOH = 1:4:0,5) npors-
roMm 12 xBUINH.

JocnipkenHs (opMy KaHABOK Micysl IPOLIECIB TPAB-
nenHs mapiB BO cTpykTyp npoBoguiIocs Ha eNEKTPOH-
HOMY aBToeMiciliHoMy Mmikpockoni SUPRA 40WDS.
®dotorpadii mikpopenbedy nosepxHi Tpasnerns (MIIT)
BUKOHYBAQJIUCH B PEXKUMI BIIOUTUX €ICKTPOHIB.

ExcnepuMeHnT

[Iporiec Tepmomirparrii MPOBOIUBCS 3a TEMIIEpaTy-
pu 1240+ 10°C. Ha nexinbkox turactuHax (110) Oymm
c(hopMOBaHi 30HH TOBITMHOI 18 MKM, IO BiIIOBiga€e
TOBIIMHI 30H, sIKi 3a3BUYail BUKOPUCTOBYIOTHCS iist TM
Ha tutactuHax (100) mpu crBopenni wmmis CHII: mio-
JIB TPSIMOT TIOJISIPHOCTI, THPHCTOPIB 1 TpiakiB [4, 8, 16].
Jis utactue (110) 30HE Takol TOBIIMHY He 3a0e31edy-
BaJIM CTOBIJICOTKOBO CTaOUIbHY Mirpamito. Ha gacTusi
30H criocTepiraigocs GaceTyBaHHs Ha IapalielibHi mpsi-
Mi BIJJpi3KH 3T1JIHO 3 BU3HAHOIO Teopieto. Lli ¢aceToBa-
Hi ()parMEHTH MEKYBAIU 3 HE3aHYPESHUMH (parMeHTa-
MH — TOOTO TIOPYIIyBaIacs BUMOTa MIrparlii 30H €1-
HUM aHcamOieM. He3aHypeHi (parMeHTH, CBO€IO Uep-
TOI0, PO3TAIIOBYBAIUCS TaM, JI¢ TOBIIMHA 30H 3TiTHO 3
MoTepeIHIMK 3aMipamu Oysia MeHIIor 3a 15 Mxwm. [Ipu
1IbOMY Ha KOHTpONbHUX ruiacTuHax (111) Takox criocte-
piranocs nmopyieHHs nporecy TM y BUTIISIII 4aCTKOBO-
IO HEBUXOJTY 30H Ha (iHIIIHY TOBEPXHIO. 30BHIIIHIN BU-
IJIST CTAPTOBOT MIOBEPXHI TEXK CBITYUB MPO TE, IO TaM,
Jie 30HU MPOMITPYBaik CTAOUILHO, HE 3MIHIOKOYH KOH-
(iryparii JniHIA eleMeHTIB, 3aHYpPEeHHS BinOyiaocs 0e3
YCKJIaTHCHb Ha IJIaCTHHAX 000X opieHTarii. Yepes He-
MOBHE BUJIAJICHHS OKCHIHOT MacKH mmiciist onepariii BB3
Mana micue HebaxaHa B3aeMOJIisl po3muiaBy 30HH 3 Si0O,,
B PE3yJbTaTi YOTO YTBOPHUBCS MOMITHHUH CIIi 1O Kpasx
30H TIepel 3aHyPEHHSM, a TaKOXK CIIOCTEPIrancs po3-
PHBH 30H 1 JIesiKi He 3aHypeHi (hparMeHTH.

Toii ¢akr, mo Ha ractuHax (110) Oynu Gparmen-
TH, JIe MIrpailis 30H MPOXoAuia cTadlIbHO, BKA3yBaJlo
Ha MOXXJIBICTH OTPUMAaHHS MTO3UTHBHOTO PE3YIbTaTy
32 YMOBH 3MIHU PEKUMY (OPMYBaHHSI 1 3aHYPEHHS 30H.
ToBmmHY 30H OyII0 301IBIIICHO, a TX 3aHYPEHHS MPOBO-
nunocst 3a remmneparypu 1240+ 10°C.

KoHTpois TepMoMITpaltii 30H TOBITHHO 23 —25 MKM
moKkasas, 1o 3a yac TM Bci BOHU POMITpYBajIH MMOBHi-
CTIO, 1 QJIFOMIHIN, SKHH 110 3aKIHYSCHHFIO TPOIIeCY A0 CST-
HYB (QiHIITHOT cTopoHH I1acTuH (110), BCTUT BUTIAPUTH-
Cs1 32JIOBTO JIO 3aBEPIICHHS BUCOKOTEMIIEpaTypHOI cTa-
nii mirparii Ha wiactuHax (111). JJocmimkeHHs moka-

3aJId, 1[0 TOBIUHA 30HU 23 —25 MKM € ONTUMAaJILHOIO.
3 TaHUX KOHTPOJTIO BH/IHO, 1110 3aHYPEHHS JIiHIi Bi10Y-
J0CS CTPYKTYPHO, TOMOJIOT1YHO BiPHO, IIBUJIKO ¥ OJTHO-
YaCcHO 3a BUHATKOM JICIKHX TOTPIMHUX MEPEXpecTh, e
OJTHOPIJIHICTh 30H MOPYIIY€EThHCSI BHACIZIOK O1TBIIIOT TOB-
IUHA. B TakuX MiCISIX criocTepiraircs XapakTepHi mo-
mIMONEHHSA TPUKYTHOT popmu A rmactud (111) 1 6inbin
cknannoi popmu st (110).

Jlts mirpartii 3 BAKOPUCTaHHSIM BUCOKOTEMIIEpaTyp-
Horo (1240+10°C) pexxuMy 3aHYPESHHS 30H OKPIM TUTac-
THH, 110 MaJIM 30HU MABUILIEHOT TOBIIMHHU, TAKOXK OYII0
3aBaHTaXEHO B KaMepy JIeKiJbKa MJIaCTHH 3 TOBIIUHOO
30H 18 MKM i OKpEMHMH €JIEeMEHTaMH MEHIIIO1 TOBIIH-
HH, a TAKOXX KOHTPOJIbHI TUIACTHHU 3 opieHTariero (111).
[IpoBeaenuii micist TM KOHTPOJIb TIOKA3aB, IO BC1 30HH
ONTUMAJILHOT TOBIIMHHU MTPOMITPyBaJi IIOBHICTIO, 1 aJTf0-
MiHiI} BCTHT' BHITQPUTHCS 33/I0BTO A0 3aBECPIICHHS BU-
COKOTeMIIepaTypHO1 cTaiii Mirparii (i1 TpuBaicTh 00H-
paeThCs 3 OISy HA Yac, HEOOXiTHUHN TSI 3aBEPIICHHS
TM Ha xpewmHii (111)). Pesynsraru gociimkeHpb npore-
ciB TM 3BezieHO B TaOIHLIO.

Ocobnusocmi npoyecy TM 3a piznoi memnepamypu 3aHypeH-
H5l 30H MA iIXHbOI MONONOIYHOT WUPUHU

Opienranis Xapakrepuctuka 30uu TM
- l'lpOBi}l: Temmneparypa TOBIIIUHOO
HOCTI cTapTo- 3aHypeHHA
.. . npu TM,
BO1 TIOBEPXHI1 oC 18 MxM 23 MKM
IacTUH Si
YacTkoBe
(aceryBaHHS,
(110), p*, n* 1140 HE3aHyPEHHS —
HA BUTOHYCH-
HSIX
3nebibIoro
crabinapHa,
(110), p*, n* 1240 nezanypenns | CrabinbHa
HA BUTOHYCH-
HSIX
(111) p*, n* 1140 Yacrkose He- | 31€6ib-
v 4 3aHypeHHs Ha I0TO
(11D p*, n 1240 BUTOHYCHHSX | CTablibHA

Ha 3onax 3menmeHoi ToBmuHY (<18 MKM) 3aHypeH-
HS TaKOXK OyJI0 YCIIITHUM, 332 BUHSATKOM THX JUISHOK,
Jie TOBIIMHA Oyiia Habararo MEHIIOK Bijl ONTHMAallb-
HOI, TaMm JIiHIi BUMTAPWINCS MOBHICTIO MIE JI0 3aHYpEH-
Hs1. Dirypu normuoneHs B MEPEXpecTax TAKOXK CHOCTe-
piranucsi, xo4a ixHs TTHOMHA i IprHa OYITH MEHIITNMU.
[Ipu boMy HaliMEHIITY IUPHUHY 1 IUOMHY MaJTk (irypH
B IEPEXPECTSAX Ha KpasX IUTACTHH, OCOOIUBO B MICIIIX
MepexpelIeHHs O€IHYBaTbHUX 30H 3 KOHTYpHUMU. Lle
€ O3HAKOI0 ONTHUMAJIBHOCTI SIK TOBIIMHU 30H 1 PeXKUMY
TM, TaK i pe:KuMy 3aHYpEHHS, 1110 B CYKYITHOCTI 3a0€3-
MeYnsI0 yeminny TexHonorito TM Ha miactunax (110).

OTxe, 30HU TOBIIMHOIO 23—25 MKM Ha ycix IUia-
CTHHAX MPOMIrpyBajH MOBHICTIO, pIBHOMIPHO, 06€3 BU-
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Puc. 1. ITnacturu (110) B KaceTi miciist TepPMOMIrpariii:
a — cTapToBa MOBEPXHsI; 6 — (iHILIHA TOBEPXHS; 6 — 301IbIIIe-
HE 300paKCHHS 30H B MEPEXPECTi, JIc HA CTAPTOBIi MOBEPXHI B
MICISIX 3aHYPEHHS 30H 3aJIUIIIITUCS CJT1IU B3a€EMOJIIT QTFOMIHIFO 3
PpELITKaMK HEAOTPABICHOTO ABOOKCH/IY KPEMHIO, a B MICIISIX JIO-
KaJIbHOTO PO3IIMPEHHS 30H YTBOPIOIOTECA (irypu ckiiagHoi popmu

KpuBieHHS i (aceryBanus (puc. 1). Ha craprosiii no-
BEPXHI CIIOCTEPIraliucs CIiIN B3aEMOJIii pO3IUIaBy 30H
3 OKCHJIOM TI0 TPAHMIIAX 30H, IPOTE II¢ HE BIUIMHYJIO HA
SKicTh Tporiecy TM, Ha BiIMiHY BijJ TOTO, IIIO CIIOCTe-
piranocs Ha mactuHax (111). Ha pestxux nepexpectsix,
Jie OyiM 3aBEJHUKi JIOKANbHI PO3IIMPEHHS 30H, 3aHYPEH-
HSI IPOXOMIIO CKIIAHO, CIIOCTEPIraaich yTBOPCHHS Mi-
Kpopenbedy y BUIVISIL SMOK 0€3 YiTKOTO OrpaHIOBaHHS
(six e BmactuBo s kpemHito (111) 1 (100)) — y Bu-
DA/ 320KPYIIICHUX TMPSIMOKYTHHKIB. AJie B OLITBIIOCTI
BUIIAJIKiB 30HA yCiX CKJIaJIOBHX €JIEMEHTIB TOMOJIOTIY-
HOTO IIapy 3aHypIoBanacs sK €IWHE Iie, OHOYACHO,
0e3 yTBOpeHHs penbedy normudnenb. Tpeda BiaMiTH-
TH, IO HA THX CaMUX IUIACTHHAX, J¢ Oy SIMKHU B Tie-
pexpectsix, Oynu i mepexpectsi 0e3 sMOK. SIMKH BiAro-
BiJlaJIi MicCIsIM, Jie Ha ma0oHi Oylin HaIMipHI JTOKalb-
Hi pO3IIMPEeHHs JiHIH B mepexpectsax. Toxx onTumas-
HUH PEeKUM 3aHYPEHHS BII3HAYAETHCS H ONTHMATbHUM
penbedoM MOBEPXHI PeKpUCTAITI3ALT MiCHs 3aHyPEHHS
30H. Y mopiBHsHHI 3 KpemHieM (111) mBuaKicTs mirpa-
1ii NiHIMHIX 30H Kpi3k KpeMHii (110), BoueBuab, € BU-
moto (mpubmusHo Ha 50%). Pesynbratu TM Takox mo-
Ka3ally, 1110 Ha SKICTh 3aHYPEHHs HE BIUTUBAE 1 TUII IIPO-
BIJTHOCTI MPOIIAPKY KPeMHit0, TOOTO Ha mytactuHax (110)

3acTocyBaHHs 3acTocyBaHHs
MarHeTpoHHoro Al po3maBy Al

. y —
TN

Ly — 1
Si L+

[\

Lp+ L<5+

Puc. 2. IlopiBHsHHA npo@iniB TpaBieHHd TM CTPyKTyp,
Jie 30HH (OpMyBaIHCs 3 BHKOPHCTAHHAM HammieHoro Al
ta BB3 Al 3 posmiaBy

3py4yHO (POPMYBATH SK YUK TUPUCTOPHOI IPYIH, TaK i
JUOJIA MTPSIMOT TIOJISIPHOCTI.

B xoxi pobotu Oyiu otpumMani potorpadii mpodinis
(ckoniB) Ta 300paKeHb MOBEPXHI IMOK TPaBICHHS B 00-
nacti TM, nie 30HM popMyBauCs K 3 BAKOPUCTAHHIM
HaruieHoro Al, Tak i BB3 Al 3 posminaBy. OcobnuBocTi
npo(iniB SMOK TpaBieHHS TM CTPYKTyp 3a pi3HUMH
TEXHOJIOTiIMU (POPMYBAHHS 30HH MTOKa3aHO Ha PHC. 2.

[IBUAKICTH TpaBieHHS Si 3aJICKHUTh BiJl KOHIIEHTPA-
1ii JIeryrodoi jgomimku, Al, Ta HaSBHOCTI I BETMYUHH
MeXaHIYHUX HanpyxkeHb [4]. HanmpyxeHHs cTUCKaHHS,
SIK1 BAHHKAIOTh Y MeXax 30HM TM 110 iepumerpy, npu-
3BOJISITH JIO CIIOBUTHHEHHS NMIBUAKOCTI TpaBlieHHsS Si.
JleryBaHHSI KDEMHIIO QJIFOMIHIEM CIIPUYHUHIOE YTBOPEH-
HSl MEXaHIYHUX HAIIPYT PO3TATY 1 30UTHIIIEHHS IIBUKOCTI
TpasieHHs. SIMku TpaBienHs TM CTpyKTyp 3 TEXHOJIO-
riero BB3 Al 3 po3ruraBy MaroTh JiBi XapakTepHi 00J1acTi
(puc. 2): obnacte / (L,+) 3 MAKCUMAJILHOIO IIBUKICTIO
TpaBIICHHS JIETOBAHOTO KpeMHito 30HU TM i obnacts 2
(Ls+) 3 MIHIMAJIBHOIO IIBUJKICTIO TPABICHHS BHUXI1JIHO-
r0 KPEMHIIO 3 MEXaHIYHUM HaNpy>KEHHSIM CTUCKaHHs Ha
Mexxi 30 TM. O6aacTi 2 BiANOBiga€e TOKaJIbHUN MaK-
cumyM piBHst MIIT, ne i cnocTepiraeTecst yTBOpEHHS BU-
CTYIly TIOBEpXHi KPEMHiI0 y BUINIsA1 ropOKa. st sMoK
TpaBieHHS TM CTPYKTyp 3a TEXHOJIOTI€0 3 BUKOPUCTAH-
HSIM HaIiIeHOTo Al 100aBIsS€THCS I1I€ OJHA YiTKO BUpa-
’eHa o6nacth 3 (L,-) 3MiHHOI IMIMOMHY, 110 PO3TAIIOBY-
€TbCS 3a MekaMu 30HH TM 1 XapakTepu3yeThCs IMiJIBU-
IICHOIO, y TIOPIBHSIHHI 3 CTpyKTypamu BB3, mBukicTio
TPABJICHHS BUX1THOTO KPEMHIIO.

AHauti3 yMOB nipoBe/ieHHs Tiporiecy TM 1103Bosist€e To-
SICHUTH BIIMIHHOCTI TIPOQiJIiB TPaBICHHS CTPYKTYp Ha
puc. 2 takum ynHOM. B nponieci TM (1240°C) BindOysa-
€Thcs BunapoByBaHHs Al 1 Hioro mepeocamkenHs. Tak,
neryBaHHs SinepecapkeHrM Al B 001acTi 3 TPU3BOIUTH
JIO T IBUIIICHHS IIBUIKOCTI TPABJICHHS. AHaJII3yI0UH Ha-
Be/leHI Mpodisi TpaBIeHHS CTPYKTYp, MOXKHA CKa3aTH,
1110 TOpiBHSHO 3 HarieHNM Al y pa3i BB3 kinbkicTs me-
pecamkeHoro Al € Habarato MEHIIOO, 110 MOSICHIOETh-
cs1 HabaraTto MEHIINM THCKOM MPYTKUX mapiB Al Ha mo-
yatky nporiecy TM. Takox cBO¥O poJib Biirpae OibII
IIBUJIKE 3aHYPEHHs 30H, copMoBanux BB3, mo 3men-
IIy€e Jac BUMApOBYBaHHS alioMiHiI0. B mpomeci mepeo-
capxeHHs Al BinOyBaeThCst HEpiBHOMIpHE, i3 MAKCHUMY-
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MOM O1J1s1 TpaHMIli JJeryBaHHs. BilnoBiaHo, i miqBuIeH-
Hsl IIBUJIKOCTI TPABJICHHS € MaKCUMallbHUM Oiisl Tpa-
Huti. CaMe UM 1 TOSICHIOETHCS YTBOPEHHS 3aTJIMOICHb
B o0nacTi 3 cTpyktyp 3 HanwieHuM Al. 3armOieHHs,
o 1i0HI 00NacTsaM 3, MOXKYTh CITIOCTEPITaTHC 1 B 1HITUX
BHIIaJKaX, HaNpuKIia Ha Qininn npouecy TM nipu Bu-
xo/i Al Ha MoBepXxHIO Si Ta HACTYITHOTO HOTO BHIIAPO-
BYBaHHS i TIepeocapKeHHs. SKIIo Taki MpoIecH miie-
T'YBaHHS CTPYKTYP € HEJIOITyCTUMHUMH, BUKOPHCTOBYIOTh
3aXMCT IXHBOI noBepxHi miiBkamu Si0,, a 11 ix micns-
OTIeparifHOro BUAATICHHS 3aCTOCOBYIOTH IPOIIECH TPaB-
JICHHsI, OTMCaH1, HanpukKiam, y [7].

Mexa 3081 TM 4iTKO BH3HAYAETHCA 3a IUCIIOKA-
MIHHUMU CITIJIaMU 1 TPOXOJUTH B3ZI0BXK BEPITUHHU 00-
nmacTi 2, sk 1me nokaszaHo Ha ¢ortorpadii MIIT nHa
puc. 3. JlucnoxkariiiHi ciign B oomacti TM Ol Mexi Ma-
IOTh BUTSTHYTY TPUKYTHY (hopMy, IPHUUOMY KyT IXHBOT
CHPSIMOBAHOCTI 3aJISKUTh BiJl KpUCTAJIOrpadiuHOi OpieH-
TaIlii MexXi 1, BiIIOBITHO, HAPSIMKY HAIPaBJICHOCTI Me-
XaHIYHUX HaNpyKeHb. Tak, KyT MK HaIIpSIMKaMH CTIpsi-
MOBAHOCTI JMCIOKAIlIHHUX CJTi/1iB Y OOKOBHX CTOPiH Ka-
HaBoK TM oGnacreit Onu3bkuii 10 60°.

Hesixi ocobnmuBocTi mporiecy TM MokHA MTOSICHUTH
YTBOPCHHSM MEXaHIYHUX HAIPYKEHb.

[Iporecu piguHHOTO TpaBJIeHHS Si Ta PO3YMHEHHS
Si B posmiasi Si+Al maroTh neBHy moaiOHICTh. MokHA
MIPUITYCTUTH, IO BITMB MEXaHIYHHUX HANPYKEHb 3aJIeK-
HO BiJl KpUcTaIOrpadiuHOro HaMpsMKy iX CIpsSMyBaH-
Hs TaKOXX € ToaiOHuM. Y [17] mokaszaHo, o HanpsMKH
[110]1[100] MatoTh eKCTpeMalbHI 30UTBIIICHHS Ta 3MEH-
IICHHS NIBUJIKOCTI TPABJICHHS, BiIIIOBITHO, JIJIs HAIIPY-
JKEHb PO3TATY Ta CTHCKY. Tak camo 3a HasBHOCTI MeXa-
HIYHUX HAIIPY>KEHb B IIUX HAMIPSIMKaX MOXYTh CIIOCTEpi-
ratucs BiAIIOBiIHI 301JIBIIEHHS Ta 3MEHIIIEHHS [IIBUJIKO-
CTi pyXy 30H po3IiaBy ais mporecie TM. 3MeHIeHHs
mBuakocTi TM [110] Moxe BHKIIMKATH YCKIIaTHCHHS
mporiecy TM. Jlost [111] 3anexHICTh BiJl CIPSIMYyBaHHS

100 Mxm

Puc. 3. ®ororpadis nmoBepxHi TpapieHHs Mexi TM obnacti
Si(Al)-p* Ta Si-n nus 3paskis, chOPMOBAHKX 3@ TEXHOJIOTIEKO
BB3 Al 3 po3maBy

MEXaHIYHAX HaIPy>KCHb HE € 3HAYHOIO SIK IS TPABJICH-
Hs, Tak 1 4715 ponieciB TM, TOMyY TyT 1 He BHHUKAE KpPH-
THYHHX yCKIIaJHEHb nporeciB TM yepe3 HepiBHOMIpHE
3aHypEeHHS 30H Ha €Talll CTapTOBOTO 3aHYpEeHHS. Y BHU-
naaky TM [110] 3i 3acToCyBaHHSIM BaKyyMHOTO HaITH-
neHHs Al HassBHICTB CTPYKTYpHHX BKJIIOUCHD Ha TIOBEPX-
Hi Si MOKe TIPU3BOIUTH JI0 HEPIBHOMIPHOTO PO3YHHCHHS
KpemHiro. [Ipy HepiBHOMIPHOMY CTapTOBOMY 3aHYpECH-
HI CYCIJIHI JIOKaJIbH1 ()POHTH, 1110 3HAXOIATHCS Ha PI3HUX
PIBHSIX, MOXKYTh YTBOPIOBAaTH BEPTUKAIBHI HATIPYKECHHSI
CTHCKY, IKi CHIOBUTBHIOIOTH Tiporiec TM [110], To6TO €
Oap’epoM. BiamorigHo, TOKambHUA (POHT 30HU, KU
PYXa€eThCs 13 BIJICTABAHHSIM, BUOHMPAE NUISX HAHMEHIIINX
SHEPreTHYHMX BTPAT 1 OMUHAE MOI0HI Oap’epH, 1 TOMY
MOYKE BIJUIUISATHCS 1 3MIILyBaTUCS BiJl PPOHTY, SIKUI py-
Xa€eThCsl 3 BUMEPEDKEHHSIM. Pa3oM BCi Taki JIOKaJIbHI BiJl-
XIJICHHSI MOKYTh ITPH3BOIUTH IO MaKpOIIOPYIIEHB TO-
TOJIOT11 1 BHHUKHEHHS ITapalie)IbHUX 30H. TakuM YHHOM,
HEPIBHOMIpHE YTBOPEHHS 30H Ha CTapTi PI3KO IMOCHITIOE
HWMOBIpHICTH (haceTyBaHHs. Uepes JTOKaIbHICTh PO3IIs-
HYTi BEPTUKAJIbHI HANPYXXCHHS CTHCKaHHS, SKi HaKJa-
JAIOTHCS HAa MAaKPOHAIPYKEHHS TEMIIEpaTypHOTO BUTH-
HY IUTACTUHH, MOXKYTh MaTH IICPEBAYKHAH BIUIUB HA JIO-
kanpHi TM-1miporiecr po3unHEHHS KPEMHIIO, aie 3aBIs-
KH ONITHMAJIEHO BUOPaHUM CIIOCO0y (hOpMyBaHHS, Teo-
METpil JHIHHUX 30H 1 PSKUMY X 3aHYpEHHS BIAIOCS
YHHUKHYTH (haceTyBaHHs Ha CTApTi i OTpUMAaTH CTa01Ib-
HY MIrpaliiro aHcaMOJTIO JIIHIMHUX 30H HaJaIl.

BucHoBku

TaxuM YrHOM, ITOKa3aHa MOYKJIMBICTE CTA01IBLHOT Mi-
rpamii TOBUIbHO OPiEHTOBaHUX JIIHIMHUX 30H Ha KpeM-
Hii 3 opienTaniero (110), mpudaomy 3po0ieHo 1ie Brepiie
B CBITOBIM mpaktutli. Pe3ynasrar OyB 1ocArHyTHil Ha 00-
JIaTHaHHI 31 CTalliOHAPHUM TPAJIEHTHUM HOJNEM IIPH pe-
TEJIhHOMY BUKOHAHHI HaBeICHUX y [8] yMOB.

Ile crano MOXIMBUM, MO-TEpINE, 3aBIIKH GOpMy-
BaHHIO JIUCKPETHHX 30H METOJOM BHOIPKOBOI MpUMY-
COBOT BUCOKOTEMIIEPATYPHOI B3aeMOAii (3MOUyBaHHS)
PO3IUTaBY ATIOMIHIIO 3 BIAKPUTHM HEMAaCKOBaHUM KPEM-
uiem. [lo-apyre, BaxauBUM Oyll0 peTeIbHE BHKOHAH-
HSI TEMIIepaTypHO-9acoBoro pernmamenty TM, ocobmnu-
BO Ha CTajii 3aHypeHHs 30H. 3aCTOCYBaHHS OibII iH-
TEHCHBHOTO, HXK At kpemHito (100) i (111), pexumy
3aHYPEHHS TEX BiAirpano Mo3UTHUBHY ponb. |, Hacam-
KiHeIb, YCHIITHOMY TEXHOJIOTIYHOMY PO3B’s3aHHIO 3a-
Jladi CIIpHSIIO T, IO MIrpallis JiHIHHUX 30H Big0yBasa-
sl € IMHOO CYKYITHICTIO YCiX CKJIQJIOBUX €IIEMEHTIB (aH-
cambiem). Lle nocsAranock sk TEXHOJIOTIYHUMH PEKUMa-
MH, TaK 1 10 MOKJIMBOCTI OJHAKOBHUMHU TOIIOJOTTYUHIMHU
YMOBaMH, B TOMY YHCJIi 3aBJSIKA CTBOPEHHIO JIOTTOMIXK-
HUX 30H, pIBHOMIPHOMY PO3MIIIIEHHIO 30H IO TIOUTHHI
mapy TM, 3’ € THaHHIO 30H Mi’K COO0¥0, 3aBIaHHIO HEOO-
X1HOT IIUPHUHHU 30HU.

[MopiBHsHO 3 kKpemuieM (100), Bci i BUMOTH i yMO-
BU MaIOTh BUKOHYBATHCS I1Ie OB peTebHO. ToBIIMHA
30H, MOXKJIMBO, Ma€ OyTH JIETI0 OUTBIIO0, HIXK IS KPEM-
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Hifo (100). Ile Moxe BHUKJIMKATH TEBHI MEPECTOPOTH
IIO/I0 MOTIPIIEHHS BUMPSMHKUX BIACTHBOCTEH BHCOKO-
BOJIBTHUX p—7-TiepexofiB BO, arne 3011bIIeHHS KITBKOCTI
Marepiary 30H Ha CTapTi Mirparii KOMIIEHCY€EThCS BUTIA-
POBYBAaHHSIM «HAJIJTMIITKOBOTO» AJFOMIHIIO 3a TiABHIIE-
HOI TeMrepaTypy 3aHyproBaHHs. ONTUMI3AIlS B IIbOMY
BUIAJIKY, BOUCBHUIb, € MOKIIUBOIO.

Cnin 3aHypeHHS 30H 1 BHXIJ iX 0e3 po3puBiB i
BUKPHUBIICHb, 0COOIMBO Ha Tmepudepii, J03BOISAIOTH
MIPUITYCTUTH, IO 1 B IIbOMY BUMAJIKY riepudepiitai p—n-
nepexonu BO Takox He OytyTh MaTh noripuienns U, no-
P1BHAHO 3 HEHTPAJIBHUMHU, OTKEC L€ JTaCTh MOXKJIINBICTH
CTBOPEHHS YHITIB 3 BETUKUM riepumerpom BO.

OTpumaHi pe3yabTaT HaBOAATH Ha AYMKY, IO Y BH-
MKy JTOTPUMAaHHS 3a3Haue€HUX BUIIE OOMEKEHb 1 Tpa-
BHJI KpUCTAJNOTpadivyHa OpieHTallisl BUXiTHOI IUTACTHHH
KPEMHIIO HE Ma€ KPUTHIHOTO 3HAYCHHS.

CIUHNM YUHHMK, SIKUW 3aJIMIIMBCS B JOCJIIIKEH-
HI 11032 yBarorw, — po3Mo/ii OJOKYHUOi BIACTHBOC-
Ti 1o momti TacTuH (110) — Mir O BUCBITIIMTH TIep-
CTIEKTHBY BUKOPUCTAHHS TUIACTHH TaKOl OpieHTAIliT [ia-
MeTtpoM 100 MM 1 Oinbiie. 3 OIIsiIy Ha BiICYTHICTb Ja-
HUX II0JI0 EJCKTPO(I3NIHNX BIACTHBOCTEH OTPUMAaHUX
BEPTHKAILHAX BIiJIOKPEMIIIOBAILHUX p -o0nacreil Ha
KpeMHii 3 opienTamniero (110), MokHa 3ayBakKHUTH, ITI0 BCi
OIHMCaH1 TEXHOJIOT1YHI IPOIIeCH HEOOX1THO B IMOJAIIBIIIO-
MY €KCIIEPHMEHTAJIBHO BUIIPOOYBATH MIPU BUTOTOBJICH-
Hi KPUCTAIIB CHJIOBHX HAIliBIPOBITHUKOBHX MPHIIA/IIB,
SIK 11 MaJIO MiCIIe 3 JCCSITKAMU THUCSY YHITIB, YCIIIIHO
BHTOTOBJICHUX Ha KPEMHIi 3 KpUCTAIOTpadiuHOO Opi€H-
tariero (100) i 3 TOBUIBHO OpI€EHTOBAaHUMU JIIHIHHUMHU
3oHamu st crBoperHst BO. Tak, nepeBaru npakTH4HO-
ro BukopuctanHs kpemHiro (100) mopiBHSIHO 3 KpeMHi-
eM (111) maTBepHKYOTHCS pe3yJbTaTaMi BUTOTOBIICH-
Hs J10J1iB MPsIMOT TToJIsipHOCTI Ha cTpyM 10—250 A ta
Hanpyry a0 2,5 kB. J{nst Si (110) moniOHuX pe3ynbTrariB
1ie HeMae, 1 BACHOBKH MO0 €ICKTPO(I3UIHUX BIACTH-
BoCTel p—n-niepexoniB BO, a Takok po3moiny ocraH-
HIX IO IJIACTHHI pOOUTH IIie 3apaHo.
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THERMOMIGRATION OF NON-ORIENTED ALUMINIUM-RICH LIQUID ZONES
THROUGH (110) SILICON WAFERS

The paper analyzes the reasons and factors that allow avoiding faceting of non-oriented linear zones. It is shown that in the
manufacture of semiconductor chips with a large perimeter and a reverse voltage of 2000 V, the conditions sine qua non to
create isolating walls on silicon wafers with an orientation different from (111) are to form an ensemble of linear zones by the
method of high-temperature selective forced wetting (HSV) and to fulfill a number of requirements to the “thermomigration”
photomask and zones immersion stage during TM at high temperatures. It is shown that these factors provide a stable migration
of an ensemble of linear zones through wafers (110) even in a stationary temperature gradient field.

For the first time in the world, the authors practically demonstrate the possibility of stable migration of an ensemble of non-
oriented linear zones through silicon (110) in a stationary temperature gradient conditions, outlining the conditions and
factors necessary for this process. It is assumed that when the conditions for the formation of linear zones and their immersion
are met, the crystallographic orientation of the silicon wafers does not matter at all.

Keywords: temperature gradient, through insulation, liquid linear zones Al + Si, power semiconductor devices, thermomigration.
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