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I. Beryn

[upoke 3acToCyBaHHA IUTIBOK 1 TIOKPHUTTIB Y
MIKPOEJIEKTPOHILll 1 MPUIaZIOBOMY MAalIMHOOYIyBaHHI
CTHUMYJIFOBAJIO B OCTaHHI JECATWIITTA IHTCHCHUBHE
BUBYCHHS 3ac00iB iX OJiep)KaHHA 3 BHU3HAYCHOIO
CTPYKTYPOIO 1 BIIACTHBOCTSAMH. AHaNi3 pobiT i3 miel
npoGyiemu nanuii y MoHorpadisx [1,2] i B psai orisizis
[3-5]. [Ipu mpoMy, Big3HAYANOCS, IO HE3BAKAIOYH Ha
YHUCIICHHI JOCHiHKEHHs, 0arato MUTaHb (I3UKU IUTIBOK
3IMINAOTBCS  HEBUpIICHUMH. Jlaleko He IOBHO
PO3KPHUTHII MeXaHi3M 3apO/KCHHS 1 pOCTy ILTIiBOK,
OCTaTOYHO HE BH3HAUYCHI TOJIOBHI YWHHHUKH, IO
BIUIMBAIOTh HA CTPYKTYPHY IOCKOHAJICTh, HA BEIUYUHY
aaresii 3 MIOKTagKOI0, HAa KIHETHKY pocTy. bararo
HESICHOTO Y (opMyBaHHI 0arato(asHOCTI OTPUMAHHUX
IUIIBOK, HE  po3poOiieHMHd  HajilHUK  KpuTepii
OpIEHTOBAHOTO HApPOLLYBaHHS MPOAYKTIB TBepAO(ha3HUX
peakuii Ha mOBepxHI HinknIaaku. Bce me icroTHO
YTIPYAHIOE OJAEp)KaHHS IUTIBOK 13 Hamepen 3aJaHUMHU
BIaCTHBOCTSIMH U oOMexye  OUIbII  IIMpPOKe
BIIPOBA/DKEHHS IUTIBKOBUX TEXHOJIOTIH Yy TBEpOOTLIBHY
MIKPOEJIEKTPOHIKY 1 IPHUJIaI0Be MAIIHHOOYIyBaHHS.

VY nmaHifi CcTaTTi HAaBOIATHCS OCHOBHI pE3yJIbTaTH
po0iT, BUKOHAHMX aBTOPOM CTATTi 3i CIIBpOOITHUKAMHU
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3a OCTaHHI NECATWIITTS, Y SKUX Y Tii uM iHIIH Mipi
BUPINIYIOTHCS BUIIEBKA3aHi MpoOyieMH (i3UKH TUTIBOK.

II. Anaparypa

st nocnimpkeHb 0yi1o y3sito nopsiaky 40 monBiitHux
CHCTEM Ha OCHOBI MiJli, CypMH, KPEMHIil0, IMHKY H 1H.
[MigxmagkaMu CIyKUIH MOJMIKPUCTANIYHI 1acTuHr Mo,
Co, W, Ta, Ti, Ni, a Takox BHPOIICHI Ha CHEMiaTbHUX
ycraHoBkax MoHokpuctanuuHi Cu, Sb, Zn, Si, Cd i Ni.
Jnst ofepkaHHS TUTIBOK BHUKOPHUCTOBYBAIM YCTAHOBKH
”bymar”, BVYII-4, w™oxepnizoBana  YBH-75-P3,
yCTaHOBKa IOHHOI  IMIUIaHTamii, 0[O0 O3BOJISUIA
3aCTOCOBYBATH Pi3HOMaHITHI (hi3WIHI METOIM: TepMidHe
BUIIAPOBYBaHH, 10HHO-TITa3MOBE PO3IUIICHHS,
MarHeTpoOHHE BHCOKOYACTOTHE a00 pO3MIJICHHS Ha
NOCTIHHOMY CTpyMi, 10HHY IMIUIaHTaUil0 ¥ iOHHE
O0oMOapayBaHHs. PeakTHBHMM Tra3oM CIyXWIH a30T,
KHCEHb, @ TaKOXX Napy PI3HOMAHITHUX EJIEMEHTIB SKi
MOJTABAIIUCH Y PeaKIiiiHy KaMepy 330BHI a00 aMITyIbHUM
crnocoboM. B skocti Mimeni Oynu B3STI IUIACTHHH
TUTaHy a00 IVMCKM, BUTOTOBJICHI 3 IOPOMIKY Hi00pHIiB
BaHA/IiI0 UM TUPKOHIIO METOJIOM CITiKaHHSI.

ToBmHAa IUTIBOK OIiHIOBaJIacs TPaBIMETPHYHO
(BJIA-200r-M) i meTomom GoratonmpoMeHeBoi iHTepde-
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pomerpii (MHUU-4). i BUBYEHHS KIHETHKHA POCTY
IUTIBOK a00 MpouIapkiB y mporieci TBepaodazHoi peaxiii
Oylla BUTOTOBJICHA CIelialibHa ycTaHOBKa [6], i3
BukopHuctanHsiM Bar Mak-bena. Crpykrypa i ¢a3osuit
CKJIaJ IUTIBOK BHBYAINCS METOJAaMU PEHTTeHIBCHKOT
mudpakuii (YPC-60, YPC-55a, YPC-50UM, IPOH-4) y
Cu i Co-K-BUIIPOMIiHIOBaHHI, ONTHYHOI i €JICKTPOHHOT
MIKpOCKOTI{ (BP-100, YOMB-100AK) npu
npuckoprouiii Hampysi 75 kB. Jlayarpamu, emirpamm i
TeKcTyporpamu yTBopioBanucs B kamepi PKCO B Mo
K,-BunpomintoBanHi. J[js BuBYeHHs (Da30BOro CKIALy
IUIBOK Yy Tpoueci iXHbOro HapouryBaHHS Oyia
BUTOTOBJICHA  BUCOKOTEMIIEpaTypHa IIPUCTaBKa JI0
mudpakromerpa [7] i mpUCTaBKa IO eleKTpoHorpada
[8], mo mo3BoMsIa METOAOM iOHHOTO OOMOAapIyBaHHS
3pasKiB MPOBOAMUTH CTPYKTYPHI IOCHI/PKEHHS IUTIBOK.
EnemeHnTHHI1 aHami3 IUIIBOK 1O IMIMOMHI 3XifICHIOBaBCS
meronom BIMC Ha ycramoBui MC-7201 i3
BUKOPHCTaHHSIM 10HIB aproHy 3 eHepriero 5 keB mpu
rycruni ctpymy 10 MKA/cM’.

BumiproBaHHsT MIKpOTBEpIOCTI 3/iHCHIOBAaBCS Ha
npuiaai [IMT-3 npu naBanTaxenHi Ha innenrop (0,049-
0,49)H. Ilurommii  omip IUIBOK  BUMIPIOBAIH
YOTHPU30HIOBUM MeTojoM Ha mnpumani YUWC-3.
BumiproBanas TepMoEPC  1umiBok mpoBommiiocs Ha
cnemianpHO 3i0paHiii ycraHoBmi. [loTeHmiocratnyHi i
OUHAMIYHI JOCHikeHHsS [9] mpoBogumucs Ha TO-
teHmiocrarax I1-5827M, I1M-50-1 i nporpamatopi ITP-8
3 BUKOPHCTaHHSM B SKOCTI arpeCHBHHMX CEpemoBHIN 3-
10%-uux poszumuis H,SO,, HCl, NaOH. Emxexrpomom
nopiBHsiHHA  OyB  y3satuid EBJI-1M1  (xi10pcpiOHumii,
HACHYCHUN ).

III. Ckaan i cTpyKTypa IJIiBOK

po3pobieHa MaKpOCKOIIYHA Teopis TreTepo- i XeMo-
emitakcii [10-14], mo no3Bosnmna chopmynoBaTu
TEeMIIEpaTypHi yMOBH OpIEHTOBAHOTO HAPOIILyBaHHSI
TOHKHX TMPOIIAPKIB MPOJYKTIB TBepA0(a3HUX peakiiil y
JOCIIKYBaHUX cucTemMax (auB. Taom. 1).

B ocHoBy Teopii enitakcii Oyna rnokiiaseHa HacTyN-
Ha MOJIeNIb 3apOJPKeHHs 1 pocTy HOBOI (aszu (B-dasn).
ATOMH, IO HAAXOMAATH 13 peakUidHOl Kamepu Ha

MOBEPXHIO 1K KK (a-dazn) (hopmytoTh
aJICOPOIIHHUI TPOMIAPOK 1 HA MEXI 3 MIAKIAIKOI MPH
JOCSITHEHHI HEeoOXiHOTO NIEPECUUEHHS In

YTBOPIOIOTBhCS  3apojku  [B-asu, 1o 30UIBIIYIOYHCH,
B3a€EMOMIIOTh OJIUH 3 OIHUM 1 CTBOPIOIOTH CYLIJIbHY

wiiBky. IloTiM Ha moBepxHi 1€l IUIBKM 3HOBY
BUHUKAIOTh  3apoOAKHM HOBOi ¢a3sm 1  mporec
moBTOproeThes. Ilpu mpomy, sk BusBmimocs [11],

KiHeTHKa 3apOIKOYTBOPEHHS HOBOI (a3um BHU3HAYAE
KIHETHKY HAapOCTaHHS CYLUIBHOTO MPOIIAPKY, TOMY IO
o0HMaBa BOHM XapaKTepH3yIOTbCSI THMH CaMHMH
napaMeTpaMi MOKJITMBOCTI SIITaKCIHHOTO 3aPOKCHHS 1
pocty ¢asu [21-24], i pmarOTh 3MOry IPOTHO3YBAaTH
[25,26] ymMOBM HapocTaHHsl IPOAYKTIB TBepaohazHUX
peakuii i3 BHCOKOIO CTPYKTYPHOIO JOCKOHAJICTIO
(puc. 1), a 3HaYMTH 1 3 BHCOKOIO CTaOLIBHICTIO IXHIX
BJIACTUBOCTEH.

Y Bunmauaky
HecsaOKoi aaresii i mapaboJiYHOTO 3aKOHY POCTY HOBOT
(a3u (CromryKku) Teopis Nae Take CIiBBITHOIICHHS IS
TEeMIIEPaTypH eIiTaKcii:

_05[(x—x))/x]°E/v+0,/h
© IR/ V, xIn[(k, /2DgV,q)/meggag]
ne: (X-X1)/X — po3Mip HEBIAMOBIIHOCTI TPaTOK o~ 1 B-da3
(x 1 x; — meploaM KpHCTaliuHOI rpatku [-dazu
BIJIOBITHO 10 1 micis i aqedopmanii mpu CIoydeHHi 3
rparkoro minkianaku (o-dasmn); E i v — monyns FOwra i

. Jltst TEOPETUYHOT OLIIHKHA . MO)KJIPIBOCT% xoediuient Ilyacona B-pasu; o, = 6+ 6,—0a (0, O i
OpIEHTOBAHOTO HAPOILYBAHHA MPOLYKTIB TBepROPasHoi Oap — NUTOMI BUNBbHI €Heprii BIANOBIJHO Ha MeXax
peakiii Ha MOHOKDUCTATIYHUX MiJKIagKkax Oyia MK ITATKA-3aOJIOK, 3aPOTOK-TIap ancopbii i

Taoauns 1
CepenHe 3HaYCHHS emMiTaKCiifHOI Temriepatypu T, cromyk™®

Iligknanka Hapocraroui asu T.,°C Iligknanka Hapocraroui asu T.,°C
Cu CuZn 310 Cu Cu,Mg 120
Cu Cu;Sn 180 Cu CuAl, 350
Cu Cu,Sb 380 Cu Cu,In 180
Cu Cu,S 40 Cu Cu,Se 130
Cu Cu,Te 80 Sb Sb,Mg; 390
Sb Sb,S; 380 Sb Sb,Ses 300
Sb Sb,Te; 160 Sb ZnSb 240
Sb CdSb 150 Sb InSb 250
Sb Na;Sb 370 Sb K;Sb 420
Zn ZnS 360 Zn ZnSe 260
Zn ZnTe 430 Zn MgZn, 140
Cd CdS 50 Cd CdTe 180
Si SizN, 410 Si Ni;Si 480
Si TiN 310 Si AIN 200
Si ZrB, 160 Si VB, 400
Si CrSi, 410 Si SiO, 500
Si Ta,05 650 Ni NiSe 80

*) moxubka noznaxvukv cknanae +30°C
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Puc. 1. MikpoenexrpoHorpama miiBku AIN, oTpumaHoi
Ha (100) NaCl meTo1oM MarHeTpOHHOTO PO3IHJICHHS.

Puc. 2. MikpoenekTpoHorpama rnoJiikpucTaliqHol
By NisSi.

Puc. 3. MikpoenekTpoHorpama: a) I1BoImapoBoi miiBku Ni3Si, 1110 MiCTUTh ABIHHUKOBI KPHCTAIN 3 aKCIAIbHOO TEK-
crypoto; 6) nBouraposoi wiiBkd TiN/TiO,, oTprMaHOT METOI0M 10HHOT IMIUIAHTAILL].

migknanka-map axcop6buii; h — Bucora 3apoaka; R —
razoea cTama; V,, — MomApHuil 00’em P-dasu; k,—
KOHCTaHTa pocTy P-dasu; c,p — KOHIEHTpalis aromis B
(xoMIIOHEeHTa, o AUdyHIYe) Ha Mexi /o y mpomapky
PEUOBMHM TIJKIAAKH, L0 CKIAAaeThesi 3 aToMiB A (o-
¢aza); Dg — xoedimienr audysii atomis B B B-dasi;
Ve — epeKTUBHUI 00’€M NPOIIApKy, 10 YTBOPUTHCS B
pesyibTaTi peakuii oxHOro aromMa B 3 peuoBHHOIO
migknanku (aromamu A), piBHud V,/No (Ny — umcio
ABoranpo); m exp(AHyRT) (T abcoroTHa
temnepatrypa, AHg — Teruiora po3unHeHHs aToMiB B B
006’emi B-¢asn, ag — TepMOIMHAMIYHA AKTUBHICTh aTOMIB

B B B-dasi.

Koncranta  k, 3HaxoauTecs 3 KiHETUKH
HapouyBaHHS [-dazm [15-19], a iHmi mnapamerpu
pO3paxoBylOTEC  abo  OepyTbcs 3 JOBiJTKOBOI

Jitepatypu. Y rnepuiomy HaOJIVDKEHHI alpiopHO MOXKHA
OLIIHIOBATH TEeMIIEpaTypy eMiTakCiiHOro pocTy Ha
OCHOBI 11 Kopeysmii i3 CTaHZapTHOK TEIIOTOK YTBO-

KineTnka pocTy IUTIBOK, SIK IIPaBMIIO, OIHCYETHCS
JiHIHHUM a0o0 mnapaboJliYHUM 3aKOHAMH 3 PI3HUMHU
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KOHCTaHTaMH pocty [33-40], mo 3ajexurs Big yMOB
OJIep)KaHHS: METONy 1 pEXHMIB  HaIMJIIOBAaHHS,
MaTepiaiy HiKIaaKd, peaKTUBHOIO rasy i iH. 3okpeMa,
moka3aHo [41,42], mo Ha CTPYKTYpy, CKIaX, KiHETHKY 1
MEXaHI3M pOCTy OOpHIHIX IUTIBOK ICTOTHHWH BIUIHUB
MalTh THCK po00OYOro ra3y 1 BIACTaHb MIiIlICHb-
HigK/IaKa, OCOOJIHMBO NPH MalMX IIBUIKOCTAX DOCTY,
IO JIMITYIOTBCSI JOCTABKOK) PEYOBHHHM HA IMOBEPXHIO
KOHIEeHcari.

Bmepmie BcranoBiena OaratodasHicth  (puc. 4)
oTpUMaHuX IUIiBOK  [29-32,38-44], moB’si3aHa 3
HasBHICTIO B  PO3NWIIOBAJIBHIA  KaMmepi  KHCHIO.
Baratoda3sHicTh IUTIBOK, MiATBEPIKYETHCS TaHUMU

€JIEMEHTHOro aHaji3y (puc.5): y IUIBILi, oJep)KaHii
METOJOM 10HHOI iMIDIaHTamii Ha migkmaami Ta, kpim
Hitpuny Ta,N, orpumyrotbes octpiBi okcumiB TayOs,
TiO, i1 mitpuny TiN, a Takox mapm Bomu (y mMmopax).
[Ipudomy, croyatky yTBOPUTBCS CIIOJyKa, IIO MAaE
HaOIpIy wBHAKICTE pocty [45]. Ilpu mocsraeHHi
BU3HAYCHOT (KPUTHYHOT) TOBIIMHHU IIBUAKICTh POCTY L€l
CIOJIyKH, sKa IPONOpLiiiHa IOTOKOBI aTOMIB, IO
PYXaroThCsl, PI3KO MaJIA€ 1 TOYMHAE POCTH 1HIIA CIIOTyKa
i T.0. Mu BBaXaemo, II0 y BHIAAKY, KOJH MIBUAKOCTI
pOCTy CIIOJNIYK BiJPi3HSIOTECA Mayio, Ha ITiIKIaIIi
(hopmyeThest OararodasHa IUTIBKA, a KOJIH BOHU 3HAYHO
BiJIPI3HSIOTHCS, TO MOXKE yTBOPIOBAaTHCS OararoliapoBa
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Puc. 4. OnTHYHUA 3HIMOK TIONIEPETHOTO 3pi3y IUTIBKH, OTPUMAHOT METOIOM 10HHOT iMIUTaHTamii Ha migkIaakd W (a)
i Ta (6).X340.
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Puc. 5. SIkicHuii momapoBuii eneMEHTHUH aHalli3 Ti-
BKHM, OTPHUMaHOI METOJOM 10HHOI IMIUTaHTamii Ha
migkinanky Ta micist 40 XB. HAIMIIIOBAHHS.

rtiBka (puc. 4,a). bescymHiBHO, mpobnema Oararomapy-
BaTOCTI OTPUMAaHHX IUIBOK € JyXe aKTyaJbHOIO,
0COONMBO Yy TBEPHOTUIBHIA MIKPOENEKTPOHINI i TOMY
moTpedye MONANBIINX JOCTIIKEHD SIK Y TEOPETUIHOMY,
TaK i B eKCIIEPIMEHTAIFHOMY TDIaHi.

Busisnena [46-49] 3anexxHicts Mopdoiorii moBepxHi
HapocTarounx (a3 Bix KpUCTaNiYHOI JOCKOHAJIOCTI
MiAKIAIKH, CTYNEHsS IEPEeCHYCHHS, KIHETHKH pOCTY,
BEJIMYMHKU HEBIANOBIIHOCTI KPUCTANIYHUX TPATOK, IO
CIIOJIyYalOThCSl 1 MUTOMHUX BUIBHUX MDK(pa3sHUX eHeprii,
a TaKkoX BIJl BEJIMYMHM airesil IUTBKM Ha MiAKIaIL.
[TniBkK pocTyTh HmIapyBato abo HOpMaJBHO 3 rabiTycom
abo 6e3 KpHcTasorpadigHoro OTPaHIOBAHHSL.
3apomxeHHsT HOBOi (a3u (Crosryku) BigOyBaeTbCsi Ha
PI3HOMAaHITHUX CTPYKTYPHUX HEOTHOPITHOCTSX, Y TOMY
YHCIIi Ha MeXaX 3epeH (puc. 6).

Ha OaraThox cucTeMax IIOKa3aHO, LIO OrPaHIO-
BaHICTh (DOPM HAPOCTAIOYMX KPUCTATITIB BH3HAYAETHCS
HE TUIBKM 3HAYEHHSAM EHTPOIIi IUIaBJIEHHS yTBOPEHHX
CIIOJIYK, aJle TaKOXX HEepecHYEeHHSM MaTepUHCHKOI (asu.
[Ipu Benukux 3HAYEHHSX eHTpomil ruiaBieHHs (>4) i
MAJIOTO TEPECHYEHHS CTBOPIOIOTHCS YMOBH JJIs CHIIBHOI
aHI30TPOIIT MBUAKOCTI POCTY CIHOJIYK, IO OOYMOBIIOE
(dopMmyBaHHS TabiTyCy B KPUCTAIMTIB CIOJYK, IO POC-
1yTh (pasu Ta,Os, SiO,, TiO,, ZnSb, Sb,Te;, InSb,
Sb,S;, SbySe; i iH.). BusBineno takox [48] icToTHwMIA
BIUTUB Ha TUCHEPCHICTh (a3 TaKUX B3aE€MHOIOB’SI3aHHX
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mmapaMeTpiB, SK BEIMYWHA HEBiINOBITHOCTI 3B’ sI3yBaHHS
rparok (Aa/a), ixHi npyxHi koncrantu (E/v), 3HaueHHs
MikdasHuX eHepriit i aaresii (Guq = 20-C;), @ TAKOK
mepecunueHHs (I1) marepuHCBKOI (ha3u KOMITOHEHTaMH,
SKi TUQYHAYIOTh CHOJIYKH IO HAPOIIYIOThCS. Bucoka
JMCHIEPCHICTH (Da3 CroCTepiraeThesi pU BEIHUKIN Pi3HUII
supazis TxInIl i (Aa/a)’x(E/v). Jlo Takux CHOIyK Y
nepury 4epry BigHocsthest ¢azu ZnSb, CuZn, Cu,Mg,
szTe3, K3Sb, CdSe, InSb, SiOQ, CuZCd. Ane ,E[aHi
YMOBH HE € JOCTAaTHIMH, TOMY IIO B JESIKHX BHUIaJKax
BHCOKOJIUCIIEPCHI IUIIBKM MOXYTh (OpMyBaTHCS 1 HpU
HEBMKOHAaHHI LMX YMOB. Y Takui crocid mnpoGnema
OJICpP)KAHHS HAHOKPUCTAIIIYHHX IUTIBKOBUX CTPYKTYP,
Ha/[3BUYaiHO Ba)KJIMBa B MIPUIIaZOBOMY
MaIIMHOOYTyBaHHI, TOTPeOY€E MOJaIbIIOr0 BUBYEHHS.

IV.BaacTuBocTi J1iBoOK

Mikpomeepoicmo

[TmiBku Si3N4 BoiomiroTh [30] BUCOKOKO TBEpIICTIO,
mo nopieaioe 27,5 I'Tla. IlmiBkm Gopumie ZrB,, VB,
Takok MmaoTh [31,48,49] Bucoky TtBepmicts (11,6-
12,8) I'lla, mo mpum HarpiBanHi miaxmanku (750 K) i
monawi BY-morenmiamy (100 B) nocsrae 55 I'Tla.
[MopiBHsHO HU3BKY TBepAicTh MaiTh [30,32,50] muriBku
CrSi, (0,8-0,9 I'Tla), W,N, VB, (0,4-0,81 I'Tla), Ta,N
(0,37 I'TTa), TiN, AIN (0,17-0,45 I'Tla) [31,34,35,55,56],
1[0 MICTATh 3HAYHY KUJIbKICTh OKCHIIB.

Cnia 3a3HAYUTH, IO Yepe3 TPYIHOII KOPEKTHOIO
OTIpallOBaHHSA pe3yJbTariB BUMIPIOBaHHS
MIKpPOTBEPIOCTI TOHKUX IUTIBOK 1 MOKPUTTIB [51,52] nani
10 MIKPOTBEPJOCTI KOHKPETHHX IUTIBKOBUX CIIOJNYK
HEPiAKO JIyXe CHIIBHO BiJPI3HSIOTHCS B Pi3HUX aBTOPIB.
HeoOximHe monmanplie yIOCKOHANIOBAHHS METOIUKA
BHUMIpIOBaHHSA i OTIpAITFOBaHHS pe3ynbTaTiB
BUMIpDIOBaHHA  MIKpOTBepHocTi. Y  IbOMy  IUTaHi
MEPCIEeKTUBHA METO/MKA HaHOIHJeHTIpyBaHHs [52,53].
Kpim TOro, HeoOXifHI MOIIyKH IUIAXiB I1CTOTHOTO
MiJBUIIEHHS TBEPAOCTI ¥ axaresii r1wiiBok. Hawmu
moka3zaHo [32,38,40,44] mio aaresis HITPUAHUX IUTIBOK,
OTPUMaHUX  METOJOM  10HHOi  iMIulaHTanii  abo
KOHJIeHcalii i i0HHOro GomOapayBaHHs MPUOIM3HO B 2
pasu MaroTh OLIbIIE 3YEIDICHHSA 3 IiIKIaIKOI0, HIK
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Puc. 7. EnekrpoHHO-MIKpOCKOIIYHI 3HIMKH: TUTIBOK : a) Si0, , 6) K5Sb.

IUTiBKH, oJleprKaHi
PO3IIICHHS.

METOAOM MAarHeTpoHHOI'o

Enexkmpoonip

Enextpoomip mmiBok SiO, y 3amexHOCTI BiA
TOBIIMHM 3MiHIOEThCS [54] Bim Big 1,2 mo 2,5 MOwm, a
mriBok Ta,Os — Big 0,5 mo 10 MOwm. 3HauyeHHs
MTUTOMOTO ornopy JeSIKUX TLTIBOK [30-
32,37,38,49,50,54,55] HaBeneHi y tabnuui 2.

3 TabnMii BHUILIMBAE, M0 HANOUIBIIMM ITHTOMHM
OIIOPOM BOJIOZIOTH IUTIBKU HITPHUIB aJIOMIHIIO, TAHTAITY
i Bosib(pamy, a TakoK OOpUIY BaHAJIIO, IO MICTATH B
00’emi ab0 30BHI 3HAUHy 4YacTKy OKcuaiB. Bapro maru
Ha yBa3i, 110 OTPUMaHi JlaHi € yCepeHEHUMH, TOMY 110
31 30UIBLIEHHSIM Yacy HAIWJIIOBAHHS (TOBIIMHH ILTIBOK)
MOJK€ ICTOTHO 3MIiHHTHCS (a30BHH CKIAX i CTPYKTypa
IDTiBKH, IO CIPUYAHUTH 32 0000 3MiHY (Y TOMY YHCII i
HEMOHOTOHHY) 1i mumToMoro omopy. HeoOxinne
MOJANbIIe YAOCKOHANICHHS 1 TEOPETHYHE OCMHUCICHHS

METOJMKH BHMIPIOBaHHS MHTOMOIO OIOPY TOHKHX
IUTIBOK, ocoOnmBo Oararodasznux (i GararomrapoBux) i
JIOCIIIZPKEHHS HE TUIBKH CaMOT0 ITUTOMOTO OTIOpY IUTIBOK
CIOJYK, aje i HOro TeMIlepaTypHOi 3aJIe)KHOCTI, a TaKOXK
TepMOEPC mtiBok.

Enexmpoximiuni enacmugocmi

Psng  orpumanux — mimiBok  Oyiau  migmasdi
EJIEKTPOXIMIYHUM JOCIHi/pKeHHsIM. Beranosieno [9,25],
1o B kuciomy cepenosuii (po3zund H,SOy4) miaiBka ZnS
Mmae oOxacTh macuBauii Big -0,9 no 2,0 B. ¥V myxHomy
cepenoBuii (po3unH NaOH) BoHa MacuUBYETbCS B TOMY
K IHTEepBaJl NOTEHLIaliB, aje 3 MEHIIOI0 IIBUIKICTIO
posunHeHHs. CepeiHs TYCTHHA CTPYMYy IIOBHOI IacH-
Ballii Ii€] IUTIBKK B KACJIOMY CEPEAOBUILI MTPUOJIU3ZHO B 2
pa3y Ourpine, Hixk y nmHKy. IlmiBka ZnSe y kucimomy
CepeloBUIIII Mae HeBeMMUKy obracTs nmacusaii (Bix -0,9
mo 1,2 B), a B myx)xHOMY cepenosumi Bix -0,3 mo 3,0 B,
posumHsitounch npu nboMy B 200 pa3 moBijibHilIE.

Taoauns 2
3HaueHHs THTOMOro onopy (px10™) miiBok (cromyk)
szTe3 Si3N4 TazN WzN MOzN AIN TiN VBZ ZI'BZ
p, OM M 300 240 | 250-1000 | 250-800 | 70-420 | 560-1450 | 60-240 1000-1500 0,5-3
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CepemHs TycTHHA CTPYMY ITOBHOI MacuBaiii B 2-3 pa3u
Oinbmia, HiDK wuHKY. IlmiBka ZnTe y kucinomy
CEpPeNOBHILI NACHBYETHCS NPH BUCOKOMY CTpyMi H Y
IMPOKiil obnacti noteHiatis Bix -0,9 no 2,8 B. V ny3i
BOHa po3umHAEThCI B ~500 pasiB cmabme, HIK Yy
kuciori. CTpyM NOBHOI macuBalii y KMCJIOTI y 5 pasiB
OLnbIINIA, a B JTy3i B 3 pa3u MEHIIHUH, HDK JJISl IUHKY.
Oo6nactp macuBamii wriBku SisNg [30,32] icToTHO
(Ha ~3 B) 3cyHyta BOIK MO3WTHBHHUX MOTCHI[ATIB 1
Oinbia maibke y 2 pasu (3,3-3,9 B), unm y Bunazaky Si
MIIKTaIKA; BOJHOYAC Maibke B 2 pa3u 30UTBIIYETHCS
TyCTHHa CTpyMy IIaCHBAllii, 110 MU 3B’SI3yEMO 3 YTBO-
peHHsAM y maiBLi KpiM ¢asu SizN4 octpiBuiB dasm SiN.
I'yctmra crpymy macuBamii tomiBku NizSi  ckiamae
~4 MKA/CMz, a oOnacTh macHBaLil HEBEJIMKa # BKjaja-
erbesa B iHTepBan 0-0,4 B, mo o0yMOBIEHO HasSBHICTIO
330BHI IUTIBKM TOHKOTO MPOIIAPKY HIKemo. Y Takui
cnoci6 mmiBka SizNy Moxke OyTH pPEKOMEHIOBaHA B
SKOCT] 3aXMCHOTO IOKPHUTTS B €JIEKTPOHHUX IIPUCTPOSIX.
Crpymu aHOJIHOTO PO3YMHEHHS HITPHIIB
tyromiaBkux MmeTaniB (Ta,N, W,N, Mo,N) ckinanaroth
10°-10* A/em® [32,33], a mBuakicts koposii — 0,01-
0,05 r/mM? ron.  1IBuaKicTh kopo3ii Bk NiSe vy
KHCIIOMy cepenoBumi nopisrioe 0,15 mr/em® rox. [37],
mo B 1,8 pa3u Buie KOpO3iHHOI CTIHKOCTI HIKelto.
Koposiiina crifikicte mriBok SiO, i Ta,Os mopiBHIHO
BHCOKa 1 JIOPIBHIOE BiJTIOBITHO 5%10°1 10 kr/m? [50].
Enirakciiini miBku Sb,Te; y kucimomy cepemoBuii
3HAXOIAThCA y TMAacHMBHOMY cTaHi B obmacrti 0,7-4,0 B
[56]. CtpyM moBHOI macuBariii ix y ~2 pa3d MCHIIHA,
HiX y monikpucTaniuuoi ik (0,1375 i 0,292 m/em?).
Y JyXHOMY CEpeIOBHIIN NOJSIpU3alIliifHa KpuBa Ii€l
IUTIBKM MICTUTH AUISHKY MAacHBHOI 00JacTi, Mo yxe 3
moreHiany ~0,2 B mepexonuTs B 00JacTh TpaHCHACH-
Bauii. [lacuBHa oOnacTh emitakciiHOi miiBku Sb,S; y
KHCJIOMY CEpEeIOBHII po3TalioBaHa B iHTepBami Bix 1,3
10 2,1 B. Ctpym noBHOT nacuBailii [boro cyibdiny B ~7
pa3iB MEHIIMH, HDK y HOJIKpUCTAIIYHOMY Cyibdini. Y
JIy’)KHOMY CEpEIOBHIII aHOAHA MOJsIpU3alliiHa KpUBa

MOHOKpPHCTANYHOTO Cynbdimy Sb,Se; MicTuTh Maiy
IUISHKY TacHBaii, 0 MepeXoauTh Y TPAHCIACHBHICTb.
Bussnena [57] 3JIEKHICTD €JIeKTPOXIMIYHOTO
MOBO/DKEHHs IUIBOK SbySe;, MgZn, i Sb,Mg; Bin
CKJIaJy TPOIYKTIB PO3UMHEHHS 1 CTYINEHs CTPYKTYPHOL
JOCKOHAJIOCT] LIUX CIIOJIYK.

V. BucHoBku

Po3pobnero TepMOOMHAMIYHO-KIHETUYHY TEOPilo
emiTakcii, 10 JO3BOJIMIa 3HAWTH TEeMIepaTypHUH KpH-
Tepi OJiepXKAHHS CMITAKCIMHUX IUTIBOK 1 TMOKPHTTIB 1
NEPEBIPUTH HOTO Ha 0araThbOX CHCTEMaX, MPOBOJIUTH
MIPOTHO3YBAaHHS MOJKJIMBOCTI OPI€EHTOBAHOTO BUPOIIY-
BaHHS CIIOJIyK PI3HOMAHITHUX TO/ABIHHUX CHCTEM.

BcraHoBneHO 3a1eXHICTh (Da30BOTO CKIALy, CTPYK-
TYypH i MeXaHi3My pOCTY IUTIBOK Biff METOLY i PEXUMY
HAIMWIIOBAHHS, [0 JO3BOJISIE 3 BU3HAYCHOK MOXKJIHMBIC-
TIO OJICP)KYBATH ILTIBKH 3 Hamepela 3aJaHuM CKIIaoM,
CTPYKTYpPOIO 1 BIACTHBOCTSIMH, IPO IO CBiI9YaTh OTPHU-
MaHi HaMHU TaTeHTH. BusBieHo O6aratoda3HiCTh ILTIBOK,
OJIepP)KyBaHUX 3a JOTIOMOTOI0 PI3HOMAaHITHUX HaIHJIIO-
BaJIbHUX YCTaHOBOK. Bussieno PO3XOIKCHHS y
KIHETHIII POCTY, aaresii, TBEPIOCTI, €JICKTPOOIIOPY i B
CJICKTPOXIMIYHOMY TOBOJDKEHHI IIIIBOK, OTPUMaHHX
PI3HMMH METOAMH.

OTpuMaHi pe3ynbTaTH JUKTYIOTh HEOOXITHICTDH II0-
JAIBIIAX JTOCTIHKEHD U PO3KPHUTTS MEXaHi3MiB ¢a3o-
YTBOpEHHs, Oaratoga3HOoCTi i OaraToImapyBaToCTi BH-
pOIIyBaHUX IUTIBOK, IUIS 3HAXOIKEHHS 3aco0iB ojep-
JKaHHS HAHOKPUCTAIIYHUX IUTIBKOBUX CTPYKTYp, IS
MOJTIIIIIICHHS X MEXaHIYHUX, CIIEKTPHYHMX 1 CICKTPOXi-
MIYHUX BJIACTHBOCTEH, ISl BU3HAYCHHS TEMIIEPaTypHOT
3aJIeXHOCTI EJIEKTPOOIIOpY, TeMIIEpaTypHOro KoedimieH-
Ta onopy, TepMoEPC onepxyBaHUX ILUIIBOK, LIO € mepc-
NEKTUBHUMH JUISI TBEPIOTLIBHOT MIKPOEJICKTPOHIKH Ta
MIPUIIaZ0BOTO MAIIMHOOY IyBaHHS.
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The theoretical and experimental researches of structure, phase content, kinetic of growth and properties of films
of chemical compounds, received by any physical saw methods are show.
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