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ToHKi TUIIBKM HaMiBIPOBIAHMKOBUX MaTepiaiiB, SIKi
3po0OMIM BENWYE3HUH BIUIMB Ha PO3BHTOK Cy4acHOI
MIKpO- 1 ONTOENEKTPOHIKH, MPUBEPHYIH YyBary BYCHUX
HATPUKIHII TEepIIol MOJOBHHH MHUHYJIOTO CTONITTS Y

3BSI3KY 3 BHTOTOBICHHSAM (OTOUYTIIMBUX IIApiB
cynbdimy cBunIio (rameHit) (Himewumna, Awnrmis,
CIIIA). Crmig  3a3HA4YMUTH, M0  TOHKOILUTIBKOBE

HaIiBIIPOBITHUKOBE MaTePialo3HABCTBO TiCHO TIOB'sI3aHE
i3 po3poOKor0 crocobiB HOro OTpUMAaHHS, Pi3HOBHIIB
SKAX Ha CBOTOJAHIIIHIM JeHb HaNIYyeThCs JEKiIbKa
necsatkiB. Came BOHHM, pa3oM 3 (QYHKIIOHATbHUMHU
BJIIACTHBOCTSIMH ~ Matepianmy (puc. 1), 1 BHU3HAYalOTh
KOMIUTEKC (Di3UKO-XIMIYHHX XapaKTEPUCTHK, HEOOXiTHUX
JUISl KOHKPETHUX NPAKTHYHUX 3aCTOCYBaHb.
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I. Metoau oTpuMaHHA

Binomi METOIHN OTpUMaHHS TOHKHX
HAaIMiBIPOBITHUKOBUX IUIIBOK MOXXHa BIJIHECTH 10
¢iznunux (mapodasni) i ximiyaux (razodasHi).

Konnencanis 3 naposoi ¢a3u. IcHye Benuke 4ucio
PI3HUX METOMIB OTPUMAaHHS IUTIBOK 3 TTapoBoi (pazu:
METOJ] BUIIAPOBYBAHHS, CyOIiMallis, KaTOAHE
PO3NMITIOBAHHS, JIa3epHa emiTakcis Ta iH. [pu
BHPOIIyBaHHI [UTIBOK BUIIAPOBYBAHHSM y BaKyyMi,
MPOLIEC 3BOAUTHCS 10 CTBOPEHHS IIOTOKY MapH, sIKa
CTBOPIOETHCS DKEPEIIOM, HATPITHM 10 BUOPAHO1
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teMieparypu. [lapa, mpoHIIOBIIN ASSIKUHN LUTAX,
KOHJICHCYIOTBCSI Ha MiAKIaA. SIKII0 Mpyu OTpUMaHHi
IUTIBOK €JIEMEHTAPHOI PEYOBHHHM, CKJIa]] 30€pIiraeTbes, TO
[pH KpUCTaTi3amii 3 BOX- 400 0araTOKOMIIOHEHTHOT
napy HeoOXiTHO BKMBATH CHELiaIbHI 3aX0AU 100
30epexeHHs oro nocTiiHoOro cKiany. Ynm Oinbiua
BIZIMIHHICTb Y TUCKY HACHYEHOI Napy KOMIIOHEHTIB
CIIOJIyKH, TUM Ba)KUe CTAa€ KEPYBATH CKJIQJIOM IapOBOi
(a3u 1 BUHUKAE HEOOX1THICTh BUKOPHCTOBYBATH
PO3IiIbHE BUITAPOBYBAHHSI KOMIIOHEHTIB PEYOBUHH, SIKa
KpucTamnizyerbes. [Ipn 1IbOMy THCK Mapu KOMIIOHCHTIB
PETYIIIOEThCS TEMIIepaTypaMH JuKepell. [HIIow, He MeHII
BKJIMBOIO 3a1a4€H0 NIPU KOHICHCAIII] i3 TapoBoi ¢as3u €
KepyBaHHS CKJIaJ0M IUTIBKH, SIKa yTBOPIOETHCS IIPH
KOHJIEHCaIl mapu AeKiIbKoX eneMeHTiB. KoedirieHt
KOHJICHCAllii 3aJIE)KUTh Bijl IPUPOJIY CKOHICHCOBAHUX
aTOMIB Martepiay i CTaHy MiJKJIaJIK1, a 3HAYUTh 1 CKIIa]
IUTIBKH, SIKa YTBOPIOETHCS, MOXKE OyTH HE 1IEHTUYHUH
CcKJaay rnapoBoi daszu.
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Puc. 1. HamiBnpoBigHuKku, $Ki MalOTh INPaKTHYHE
BUKOPDHCTaHHS B MIKpPOGJEKTPOHIII Ta iX OCHOBHI
XapakTtepucTuku: E, — muprHa 3a60poHEHO0i 30HHU, a —
cTaja rpaTku.

62 64 66

[IpuBeneni npobiemu, 6arato B 4OMy pO3B’sA3aHi Y
METOJaX TapsA40i CTIHKH Ta MOJICKYJSIPHO-TIPOMEHEBHIMA
emitakcii (MIIE), siki BOJOOIIOTH MIEBHUMH II€PEBaraMu
repes IHITUMHA METOIaMHU.

MeTon raps4oi CTIHKH € PI3HOBHAOM TEXHOJIOTII
BaKyyMHOI'O OCAQ/KCHHsS IUTIBOK. BiH XapakTepus3yeTbcs
THUM, 1110 PIiCT BifOyBa€ThCS B yMOBaAX, NyXe OJIM3bKUX 10
TepMoarHaMi4HOi piBHOBard. OCHOBHOKO OCOOJIMBICTIO
METOy € HasBHICTh Harpitoro ekpany (rapsaoi CTiHKH),
KA CIyXKUTh IJIsI 30CEPEIDKCHHS 1 HANpsAMIICHHS Ha
MiAKIaaKy BHUNapoByBaHoi peuoBuHu (puc. 2). Ilpn
ObOMY  BHKIIOYAIOTBCS ~ BTPAaTH  BHUIIAPOBYBAHOI'O
MaTepialy, CTBOPIOETBCS  MOJMJIMBICTH — MIATPUMKH
BHUCOKOTO THCKY Mapd pEYOBHMHH abo HOro pisHHX
KOMIIOHEHT 1 3BOJUTHCS /IO MIHIMYMY  pI3HHILS
TemrepaTyp Jukepera i miaknanku. Jlo kinms 70-x pokiB
METOJl Trapsiuoi CTIHKM OyB JeTalbHO pO3pOoOJeHUil B
3acTocyBaHHi 110 winoro psay cronyk A'VBY' ta Tepanx
po3uuHIB Ha 1X ocHOBI. L{e 103BONIMIIO TIABHO, 0€3 SIKHX-
HeOyAp  cepito3HMX  Moau(iKalili  TEXHOJOTIYHUX
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YCTaHOBOK 1 pEXHMIB pOCTy, TEPEHTH BiJ emiTakcii
OKpeMHX [IapiB [0 BHUIOTOBJIEHHA  HAAIPATOK.
Hazrpatku Ha ocroBi HamiBnposigaukisa A"VBY' Bnepme
Oynu onepxkani Ha mouatky 80-X pOKIB B yHIBEpPCHUTETax
Snonii i ABctpii. TUMOBI yCTaHOBKH Ul BUTOTOBJIEHHS
HaJIrpaToK MM METOJIOM ITOKa3aHi Ha puc. 2.

[ O —

/

PbTe T~ pou\s;:,re
Puc.2. Cxema ycTaHOBKM JUIi  eMiTaKCiiHOTO
BUpollyBaHHs Haarpatok PbTe-PbSnTe wmeronom

raps9oi CTIHKH: | — HarpiBHUK MiJKITAKH; 2 — TOJIOBKA 3
M AKIAIKO0, O TEePiOANYHO TEPECYBAETHCS JIBUTYHOM;
3 — BimbmBau mapu Te; 4 — migkmaaka; 5 — HarpiBHUKH
CTIHOK; 6 — HarpiBHHKH DKeper;, 7 — HarpiBHUKH
pe3epByapiB Te; 8 — cTiHKa 3 KBapLOBOTO CKJIA.

Jlo ckimagy yCTaHOBKM BXOASTh JEKiJbKa (SIK
NpPaBWJIO, JIBA) PEAKTOPiB, SKI BUKOPHCTOBYIOTBHCS IS
OTpPHUMaHHS IUTIBOK Pi3HMX MarepiayiB abo pi3HOrO THUITY
NPOBITHOCTI, @ TAaKOXX PYXOMHH TpUMad MiIKIaq0K,
NepeMillleHHsT  SKOr0 MDK  pEeakTopaMH  JI03BOJISIE
chopmyBarti Haarpatky. Jns  KepyBaHHS — THIIOM
MPOBIAHOCTI OKPEMHX KOHIICHCATIB AVBY! a60 A'BV!
BUKOPUCTOBYIOTb IBa CIIoco0u: peryiiboBaHe
BIAXHMJICHHS] CKJIaJy BiJ| CT€XiOMeTpii, TOOTO JieryBaHHs
SNIEKTPUYHO AaKTUBHUMH BIIACHUMH JedeKkTamu, Ta
JeryBaHHA JOMIIIKaMH. Y TIEpLIOMY BHIIAJKY IpH
BupouryBanHi miiBok PbTe y nomarkoBi pesepByapu
peakTopiB 3aBaHTAXYIOTh YMCTHH TENyp, TUCKOM Iapu
SKOTO 1 BHM3HAYAETHCA THUI MPOBITHOCTI Marepiany,
OCKIJIbKM HaJUIMIIOK XanbkoreHy B PbTe mae nipkoBy
NPOBIHICTh, @ HAWIMIIOK CBUHIO CJIEKTPOHHY
(puc. 2). PiBeHb JleryBaHHS NPH LBOMY BH3HAYa€THCS
TEeMIEPAaTypOl0 pe3epByapy 3 TeIypoM Ta ICTOTHO
3aNeKUTh Bif Temmeparypu minkimankd. Lleit merox
BUPOIIYBAaHHS 3aCTOCOBYETBCA 1 JUII  OTPUMAHHS
HAJI'PaTKOBHX CTPYKTYpP HAa OCHOBI HAMIBIPOBIAHUKIB
A'BVL Hampukiaa, ZnS-ZnSe.

Meron mounexyssipHo-ipomeHeBoi emitakcii (MIIE)
NpU3HAYEHUH Ui BHUPOILYBAaHHS  KPHUCTAJIUYHHX
CTPYKTYpP Y HaJIBHCOKOMY Bakyymi 3a JIONOMOIOIO
My4yKiB  aroMiB abo  MOJIEKYJd, SKi  SIBISIOTHCS
KOMITOHEHTAaMH BHPOIIYBAaHOI CHONYKH. TakuM YHHOM,
MIIE € BHIOCKOHAJICHHSM 3BHYAHHOTO  CHOCOOY
HAallWJICHHA IUTBOK BHIIAPOBYBAHHAM y  BaKyyMI.



[T1iBKM TOHKI HaMiBIPOBITHUKOBI (OTJIsI L)

[puamunm ~ texsomorii  MIIE  dopmymoBanmcs
noctynoBo. Y 1964 p. (R.B. Schoolar, J.N. Zemel) 3a
JIOTIOMOTOI0  MOJIEKYJISIPHUX Iy4KiB OyJu ojepiaHi
JIOCKOHAaIII emiTakciiHi IUTIBKH PbS Ha
MoHOKpucTaimiuHii  migkmaami  NaCl. V' 1968 p.
(J.E. Davey, T. Pankey, J.R. Arthur) B ymMoBax BHCOKOTO
Bakyymy Oyiu BupolleHi emitakciiiHi miiBku GaAs Ha
MOHOKPHCTANIYHUX IIKIanKax apceHiny ramiro. Ili
JOCIIDKEHHS CTAId OCHOBOKO MOAAIIBILIOTO MPOrpecy Io
BUPOIIYBAaHHIO JOCKOHATUX IUIBOK GaAs 4 iHIIHMX
HaIBIPOBITHUKOBUX CIIOIYK A"BY i A'BY! meromom
MIIE. HoBuii eranmn B po3BUTKY i BmockoHameHHI MIIE
posmnoyaBcst y 70-1 poku Ta NOB'sI3aHUI 13 CTBOPEHHSIM 1
MIPOMHCIOBHM BHPOOHHIITBOM BI/IIIOBITHOTO
BaKYYMHOI'0 yCTaTKyBaHHsl (puc. 3).

L

Puc. 3. 3aranpHuil BUITISA YyCTAHOBKM JISI OTPUMAaHHS
IUTIBOK METOJIOM MOJIEKYJISIPHO-IIPOMEHEBOT  erliTaKcii
(MIIE).

Crpomena cxema poctoBoi kamepu MIIE mokazana
Ha puc. 4. BunmapoByBaHHs MarepiaiiB, 10 OCIJalOTh Y
HAJIBUCOKOMY BakyyMi Ha MIIKJIaJKy, 3aKkpilieHy Ha
MaHinyJsaTopi 3 HarpiBaJbHUM MIPUCTPOEM,
3IIHCHIOETBCS 332 JIONOMOrol  e(y3idiHMX KOMIipOK
(edys3ist — moBisbHE BUTIKaHHS ra3iB uepe3 Mai OTBOPH).

Y 1nopiBHSHHI 3 IHIIMMH TEXHOJOTISIMH, SIKi
BUKOPUCTOBYIOTh JJIsl BUPOLIYBaHHS TOHKUX IUTIBOK i
OararomrapoBux crpykryp, MIIE xapakrepusyerbcs,
MepuI 3a BCE MaJOI0 HIBHJKICTIO POCTYy 1 BiZIHOCHO
HU3BKOIO TemIeparypor pocty. Jlo mepeBar mnporo
METOJY CJiJ] BITHECTH MOJIMBICTh Pi3KOTO ITepepUBAHHS
1 IOJANBIIOrO BiHOBIICHHS MOTPAIUISTHHS Ha ITOBEPXHIO
MIJIKJIaJKH MOJICKYJIIPHUX ITy4YKiB PI3HUX MarepialiB, 10
HAWOUIBII BaXIMBO Ui (DOPMYBaHHS 0araTolIapoBHX
CTPYKTYD 3 PI3KUMH MeXaMH MK 1apamu. OTpUMaHHIO
JOCKOHAIIMX  EMITAaKCIMHUX  CTPYKTyp  crlpuse i
MOXIIMBICTh aHaJi3y CTPYKTypH, CKiaay i Mopdooril
IIapiB, 10 POCTYTh, y HPOLECI iX (OpMyBaHHS.

HafiBaxxnuBima s TEXHOJOTIYHOTO — IMPOLECY
00J1aCTh pOCTOBOI KaMepH 3HAXOIUTHCS MK edy3iHHIMU
KoMipkamu 1 miakmaakoro (puc. 4). Lo oOmacts MoxHa
PO3IUIMTH HA TPU 30HU, SKi TMO3HAYCHI HA MATIOHKY
mappamu I, II i II. 3oma I — 30Ha reHepamii
MOJICKYJISIPHUX MY4KiB, y LIl 30HI MOJEKYJISPHI My4KH,
chopmoBaHi KOXKHOKO 13 eddy3iiiHUX KOMIpOK, He

407

MEePETUHAIOTHCS 1 HE BIUIMBAIOTH OJUH HA OJHOTrO. Y
Jpyriit 30H1 (30Ha II — 30Ha 3MilIyBaHHs BUIIAPOBYBaHUX
€JIIEMEHTIB) MOJISKYJSIPHI MYYKH T[EePETHHAIOThCS 1
BiZIOYBa€ThCS MepeMilllyBaHHsI Pi3HUX KOMIOHeHT. [Ipo
(hisuuHI mporecH, sKi BiIOYBalOTHCS Y 11iil 30HI HA TaHUA
qac BiloMo ayxe Mano. Y Oe3nocepeaHiii OJIM3bKOCTI Bif
MOBEPXHI IJKJIAAKA po3raioByerbcs 3oHa III — 30Ha
kpucramizamii. B 1iii 30HI BinOyBaeThCs emiTaKCiHHMIA
picT y mporieci MOJIEKYJISIpPHO-ITPOMEHEBO] eITiTaKcii.

HansucokxoBakyymHa

+ JI0 Hacocy

Puc. 4. Cxema mpoctoi
IIPOMEHEBO] eIiTaKcil:

1 — TpuMay 3pa3ka 3 HarpiBHUKOM; 2 — 3pa3okK; 3 — mMac-
cnekrpomerp; 4 — edy3iliHi KOMIpKH; 5 — 3aciiHKu; 6 —
MaHilyJjsTop;  7—  €JeKTpOHHa  rapmara; 8 —
JIIOMIHECLIEHTHUH eKpaH.

YCTaHOBKH  MOJIEKYJISIPHO-

PiznoBugom merony MIIE € nazepna MIIE, y skii
BUIIAPOBYBaHHS IOYaTKOBUX KOMIIOHEHTIB 3/{IHCHIOETHCS
32 JOMOMOTOK  IMIYJIbCHOTO  BHIIPOMiHIOBAaHHS
moTyxHoro jasepa. Lleit meronm OyB 3aCTOCOBaHWH LIS
BuporryBanas Haarpatok HgTe-CdTe. Ilydok aromis
PTYTI CTBOPIOETbCS BUIAPHUKOM e(y31MHOrO THITY.
IMonixkpucramiyni 3pasku CdTe i Te momimarThCs B
TAaHTAJOBI YOBHUKH, BCTAHOBJCHI HAa TOBOPOTHOMY
MalJaH4YMKy, 1 10 4Yep3i MmiJmaroTh Jii coKycoBaHOTO
nazepHoro mpomeHsi. OcoOMMBOCTI NpoOLECY Jia3epHOT
MIIE nmoB's3ani, y mepury dYepry, 3 BHIIOIO
TeMIepaTypor jmkepen. Y Bumaaky nasepHoi MIIE
CdTe BunapoByBaBcs y BUTISII aTOMIB KaJMilO 1 TEIypy
Ha BiamiHy Bix 3BuyaitHoi MIIE, mpm  sxiif
BHTIAPOBYBaHHS BiNOyBallOCS Y BHTIIAII aTOMIB KaaMifo i
MOJIEKYNT Tenypy. Takum YHHOM, CKJIan MmapoBoi (asu
BUSBJISIBCS PI3HMM, IO II03HAYAETHCS HA Xapakrepi
NpolLiecy emiTakcii, a came, Opi€HTAlis MHIIKIAIKH Y
Bunaaky saszepHoi MIIE mae icToTHO MeHIIHH BIUIMB Ha
pict emiTakciiiHOT TUIIBKM, HIX Y BHIAJIKy 3BHYAHHOL
MIIE.

1.2. OcagxeHHs1 WIBOK 3 ra3osoi ¢azu. Mertoau
ra3o(asHoi emiTakcii, sKi BiIPI3HAIOTbCA IPOCTOTOIO 1

BiITBOPIOBAHICTIO ~ XIMIYHHX TIPOLECIB  OCAKEHHS
TOHKHX IUTIBOK JIOCTaTHLO IHTEHCHUBHO
BUKOPHCTOBYIOThCS U1 OTpPUMAaHHS ILIIBOK

HAIBIPOBIAHUKOBUX MaTepianiB. B OCHOBI MX METO/IB
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JIeKaTh TIPOLECH IMEPEHOCY OCAKyBaHMX MarepialiB y
BUTJISIII JIETIOUMX CIIOJYK JIO TOBEPXHI MIiAKIAaIKH, Ha
SKil BIZIOYBA€ThCS PO3KIA] LMX CHONYK 3 BHIUICHHIM
HEeoOX1IHOTO NMpoayKTy. I3 MeroaiB razodasHoi emiTakcii
y BHUPOOHMLTBI INPOMHCIOBOIO KPEMHIIO IIHPOKE
3aCTOCYBaHHS OJICPKAaB METOJ BIJHOBJICHHS KPEMHIIO B
aTMocdepi BoHIO 3 ioro terpaxiopuny (SiCly):

SiCly + 2H, = Si + 4HCI. 1)

Y umpoMy K peakTopi TNPOBOIATH JIETYBaHHS
eMiTaKCIMHUX  IIapiB  KPEMHil0, BHKOPUCTOBYIOUH
JoKepena piakux abo ra3omnoniOHUX peYOBHH, SKi MICTITH
neryrodi gomimkwu. Hampukman, st  OTpUMaHHA
emiTakCiiHOTO  mapy  N-TUIY  BHUKOPHUCTOBYIOTH

pedoBHHH, sKi mictate docdop: PCl;, PBr;, PH; Ta in.
[lap p-TUIy OfEPKYIOTH JITYBaHHSIM KPEMHiI0 GOpoM 3
fioro crionyk, Hanpukiaa, BBr;, BoH; 1 1.

B ocTaHHBOMY IECATHIIITTI, KO BHHUK 1HTEpEC IO
MacoBOr0 BHMPOOHMIITBA MPHWJIAJIB 3 CyOMIKPOHHHMH
apamu (moypoBUX TPaH3UCTOPIB, na3epis,
(doTonpuiiMayiB, COHIYHHX EIEMEHTIB Ta iH.) i3 METOJIIB
razogasHol emitakcii HalliHTEHCHUBHINE pPO3BUBAETHCS
METOJ] pPOCTy 3 Ta30BOoi (a3d i3 BHKOPHCTAHHIM
Metanoopranigaux crnonyk (C®E MOC). Leit meron
3HAXOIWUTh OUIBII IMUPOKE 3aCTOCYBAaHHA B TEXHOJOTIi
HAIBIIPOBIIHMUKOBUX CTPYKTYp, Yy TOMY YHCH 1
HAITBIIPOBIIHUKOBUX HAArparok. Y [bOMY METOII
3pOCTaHHs  EMITaKCIHHOrO, IMONIKPUCTATIYHOrO  abo
aMOp(pHOTrO Iapy 3IHCHIOETHCS TMPH TEPMIYHOMY
po3kiani (mipoJi3i) ra3omomiOHMX METaJ0OPTraHIYHUX
CIIOJIYK 1 MOJAJIbIIOI XIMIYHOI peakuii Mik YTBOPEHHMH
KOMIIOHEHTaMH Ha HArpiTid migkimaami (puc. 5).

Puc. 5. Cxema ropu3OHTaIBHOTO pEakTopa BiIKPUTOTO
TUIY 3 oXoyomkyBaHumu ctinkamu jaius [OE MOC: 1 —
KBapIOBHH Kopmyc, 2 — KoTymka BY-reHepaTopa s
HarpiBaHHA MiOKIagKH, 3 — OJIOK HarpiBaHHA, 4 —
MIKTaOKHA, 5 — BOASHE OXOJOMKYBaHHS (BITyCKaHH:),
6 — BOASHE OXOJOMKyBaHHA (BHITycK). CxeMaTHYHO
MOKa3aHO PO3IMOALT MIBUAKOCTEH v 1 Temmeparypu T y
ra3oBoMy TOTOLl B Iudy3iiiHOMy wmiapi mno6Iu3y
niaknaaky (MacmTad He JOTPUMaHHIA).

XiMmiyHa peakiis, 3a JOMOMOTOK sKOI Oyiu
oneprxaHi rniBkn GaAs, Moxke OyTH 3amHcaHa y BUIJISAL:
(CH,),Ga + AsH, —"% 5 GaAs +3CH, . )

—
Posknan razosoi cymimi Tpumermirainito (CH;) 5Ga i
rimpuay mum'sky (apcuny) AsH; BinOyBaerbcs mpu
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temnepatypi 970 K B atmocdepi Bogaro Hy.

3a pgonomoroio 'E MOC BupolLytoTh OUIbLIICTH
HAaMiBIPOBITHUKOBUX CIOJYK ABY, ATBVI { AVBYL a
TaKoX 0araTo BaXIMBHUX MOTPIHHUX 1 YETBEPHHUX CIIOIYK
A"BY. Hanpuknan, cnonykn AlGaj,As 3BHYaitHO
BUPOLLYOTh, BAKOPUCTOBYIOUU HACTYIIHUH MPOLIEC:

(1 - x[(CH,),Ga])+x[(CH, ), Al]+ AsH, —=1% 5
%AIXG%,XAS*‘:;CH“ .
BuporniyBanHs IapyBaTHX — HAMiBIPOBIIHUKOBHX

rerepoctpyktyp (I'C) meromom I'OE MOC Bumarae
3MiHM CKJIaay ra3oBoi cymimi B peaktopi. lIBuakicTs, 3
AKOI0 MOke OyTu 3a0e3rnedeHo HeoOXigHy 3MiHy,
3aJIXKHTH BiJl F€OMETPii peakTopy i HOBHOTO ITOTOKY rasy
yepe3 peaktop. [Ipn BHCOKHMX HMIBHIKOCTSIX IMOTOKY TaKa
3MiHa CKJIQJy MOXe OyTH 3IiiiCHEHa TOCTaTHHO HIBHJKO,
TOMY MOXYTh OyTH OIepXaHi TeTeporepexoan i3
MNPaKkTUYHO pPI3KOI0 TeTeporpaHMIero. BukopucraHHs
metoauku [ ®E MOC ans supomrysanns I'C Al,Ga, As-
GaAs 103BOJIE OAEPKYBATH CTPYKTYpH JOCTaTHBO
BUCOKOi SIKOCTI, Yy SKHX TOBIIMHa OKPEMHUX IIapiB
CKJIaJIa€ BChOTO 5-6 MIXKaTOMHHX BiJICTaHEH.

II. IIpouecu pocry, CTPYKTYpA i
BJIACTHBOCTI

2.1. Ilpouecu pocry. IluranHs, mOB'sI3aHi 3
MeXaHi3MaMH POCTY, CTAIOTh HA/3BUYANHO BaXKIMBHUMHU
NPy CTBOPEHHI TeTEePOCTPYKTYp Ta 0araToiapoBHX
CTPYKTYp, JUIA SIKUX HEOOXiTHHHA BHIIMA CTYyMiHb
OJTHOPIZHOCTI CKJany mnpu ToBIIMHI Menmie 100 A.
HaiiBaxnuBinn iHAMBIAyaJbHI aTOMHI TIpoOLECH, LIO
CYNPOBOJIKYIOTh PICT IUTIBOK 3 MapoBOi (a3 HACTYIHI
(puc. 6): ancopbuist  (IpWIMIIAHHS) [AJAOYMX HA
MiAKIAAKY AaTOMIB 4YM  MOJIEKYJ, SKi  Halexarb
BUPOILIYBaHi croxyii; Mirpauis (rmoBepxHeBa Augys3is)
azcopOOBaHMX AaTOMIB IO TOBEPXHI MiTKIaTKHA (MOXKe
MepeayBaTH JUCOIAIi€l0 MOJIEKYJ BUPOIIYBaHO1

| . /
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Puc. 6. Cxematuune  300pakeHHS  IMOBEPXHEBUX

NpOLIECiB, 1O BiIOYBAIOTHCS MPH BUpAIIyBaHHI TOHKOT
rwtiBku metogom MIIE:

1— nmoBepxHeBa mudysis; 2—  aecopOIis;
B3aeMonudysisi; 4 — BOYZOBYBaHHS B Tparky;
MIOBEPXHEBA arperaris (3apoIKoBe yTBOPEHHS).

3
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CIOJYKH); BOYIOBYBaHHS aTOMiB, 10 cTaHOBIATE ['C, B
KPHUCTAIIUHy rpaTKy MigKiaaku abo MOHOATOMHUIL miap,
SKAH BHUPOIIYIOTh; TEPMiYHA JIecopOllis aToMiB, sIKi He
BOy/llyBaJMCsi B KpPUCTaNiYHy TIparKy; YTBOPEHHs 1
NOJAJBIIMKA PICT JBOBUMIPHHMX 3apOJKIB KpUCTAly Ha
miakiaaani abo Ha MOBEpXHI IIapy, SIKMA BHPOIIYIOTH;
B3aeMHa Judy3is aromiB, 10 BOyAyBamHMcs B
KPHCTANIYHY TPATKY.

loHHO-KOBaNICHTHUI XapakTep 1 3Ha4YHA BeIMYHMHA
eHeprii XIMIYHMX 3B'S3KiB Yy HaliBIPOBIJHHKOBHX
CIOJTyKax AUBY | ATBV! MPU3BOIATH O TOTO, IO B
pe3yneTari agcopOmii i Mirpamii Mo MOBEpXHI aTOMHU
KaTioHiB A 1 aHioHIB B 3amimjaiooTh LIJIKOM IEBHI
MOJIOKEHHSI B KPUCTAJIUHIN rpariii, To0TO 3a yac pocTy
OIHOTO MOHOATOMHOTO INapy (3BHYAiiHO 3a Iei dYac
(~1c) aroM BHKOHYE JeKinbka THCAY AUPY3IHHHX
CTpUOKIB, TIOKK HE 3aiiMe CBOTO OCTaTOYHOIO MICIls B
rpatiii) BiIOYBa€TbCs CBOEpiIHA  CaMOOpraHi3arlis
BUPOILYBAaHOI CTPYKTYPH.

2.2. CtpykTypa miiBok. J[OCIiJDKEHHS CTPYKTypH
IDTIBOK B TpoIeci iX pocTy 3 MapoBoi (a3u TO3BOJIIIO
BU3HAYHTH OCHOBHI JKepena xaedekTiB y IDIiBKax
(puc. 7). Hdo HHX BIOHOCATh HACTYIHI: Oeghexkmu
nioknaoku. TlmiBka MoXe HacHiayBaTH JHUCIOKALii
MIAKIAIKH; OUCIOKaAyii HesiOnoGiOHOCMI;, MAIOKYMOSI
Medici, SIKI yTBOPIOIOTBCS NPU 3POCTaHHI CTaOUIBHHX
BEIMKHX 3apOJIKiB, 10 MalOTh pI3HY OpIEHTAIIIO;
Odeghexmu ynaxkoexu, siKi BUHUKAIOTh TPU KOAJICCIICHIT
3aponkiB. [IpuunHa 1X BHUHHUKHEHHS — HEBIIIOBIIHICTH

TPaTOK 3apoAKiB, MOB'A3aHA i3 MOPYIICHHSM IOPSIKY
YepryBaHHs aTOMHHUX IUIOIIUH TIPH 3JIUTTI CTAOLIBHUX
3apOJIKiB y MOPIBHSHHI 3 HEMOopYLICHUM
MOHOKpHCTaNIoOM. JleheKTn ynmakoBKHM MOXKYTh BUHHKATH
1 B MiCLli KOHTAKTy 3apOAKY 1 MiAKIIAAKK; AUCIOKAIIT, IO
BUHHMKAIOTh 4epe3 edekTu IuiacTuyHoi aedopmarii
BUPOILIYBAHOT ILTiBKH.

Amnani3z 0araTboX eJEKTpPOHHHMX MikpodoTorpadii
(puc. 7,B) CBiIUUTH PO T€, IO CTPYKTypa AWCIIOKAL]
IUIIBOK TICHO TIOB'SI3aHa 3 ICHYBaHHSAM MPY)XHHUX
MexaHIYHUX Hampyr. OCKITBKH —Tepexin MpyKHOL
nedopmanii B INIACTUYHY HOCHTH CTPHOKOTOMiIOHMIA
XapakTep, TO  TyCTHHa  JHCIOKalii  3pocTrae
crtpubkomomiono.  Ilicast BHHUKHEHHS — JUCIIOKAIlii
HaNpy>XeHUH CTaH 3HIMA€EThCs, 1 BiIOYBAIOTHCS POLIECH
3ajikoByBaHHs JedekriB. [lpu HU3BKIH TemmepaTypi
KOHJEHCAIIl JUCITOKAIlii, OYEBUAHO, TAKOXK BHHHKAIOTH 1
B TIpOIIECI Tepexoay MPyKHOI aedopmallii B MIaCTHYHY,
OJHAaK, KPHUTHYHA TOBIIMHA Yy JaHOMY BHOAJIKY
pO3TalioBaHa 3aBXKAM B O0JIACTI CYNUIBHHX IDTBOK. Lle
NOB'A3aHO 13 THM, IIO NpPU HU3BKIH Temmeparypi
KOHJEHCAlii Ha WiAKIAANI YTBOPIOIOTECSA Habararo
OlnbIe 3aponKiB, i BOHH 3POCTAOTBECA B CYIUIBHY
IUTIBKY TpPH MEHINIA TOBIIMHI, HDK TIPH BHCOKIH

Temreparypi.  [HIIMMH ~ ClOBaMH,  YAM  BHIIE
TEeMIepaTypa, THM OuUIblIa TOBIIMHA WpPU  SKid
BiZIOYBa€TbCSI  YTBOPEHHs CyHUUIbHOI IUIBKH  (IpU
MOCTINHINM MIBUIKOCTI KOHICHCAITIT).

[lepepaxoBaHi Jge(eKTH  CIOCTEPIrarOThCS IS

0araThOX TeTEepOreHHHX CHUCTEeM 'miIKiajKa-ruliBka'.

Puc. 7. Mikpoctpykrypa turiBok PbS na (100) NaCl,
oIepKaHWX 13 TapoBoi ¢asm Ha PI3HUX eTamax
(dhopmyBaHHS:

a— TOYaTKOBE YTBOPEHHS 3apOJIKiB; O — pO3pOCTaHHS
KPHCTAJITIB; B — YTBOPEHHS JANUCIIOKALLiil.
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Puc. 8. a — yrBopeHHs mipaminanbHUX OCTPiBKiB InAs B pe3ynbTati TpaHcdopmalii IIOCKUX MapiB HbOTo
HariBIPOBIHHUKA (ITyHKTHP), BUPOIIYyBaHUX Ha migknaani CaAs ¢ BiJMIHHUMH NapaMeTpaMu IpaTtku; 0 — cucrema
3B’s13aHUX BEPTUKAIBHO mipaminok InAs Ha migknaani GaAs.

[Ipore, IHAWBIAYaIBHOCTI KOXKHOI KOHKPETHOI CHUCTEMH,
sIKI BU3HAYAIOTHCS, MEpI 32 BCE, MPUPOJIOI0 PEYOBHHH 1
MiAKIaIKHA,  TOBUHHI  IO-PI3HOMY  TIPOSIBIIATHCS,
HaKJamal4d CBOI  OCOOJIMBOCTI CTPYKTYPY
CKOHJIEHCOBAHOT IIIIBKH.

B ocranHi poku 0yJ0 OKa3aHO, M0 IPH TOHIKESHUX
TeMIepaTypax pocTy HpH 0araTomapoBoMy poOCTi
HAIIBOPOBIAHMKA 3 MapaMeTpaMH KPHCTAIIYHOI IPaTKH,
BIIMIHHMMH Bif MapaMeTpiB IPaTKH MigKIagky (puc. 1),
MOKHa OJIep)KaTh Ha IIOBEPXHI POCTY Malike OJIHaKOBi 3a
po3Mipom OCTpIBKH. OcTtpiBKH 0CaJIPKyBaHOTO
HAITIBIIPOBIIHUKA ITipaMifabHOT (OPMHU HPAKTHIHO HE
MicTaTh gAedexTiB. Sk mNpuKiIam, MOKHA TPHBECTH

Ha

ocapkeHHs InAs (a=6,0584 A) Ha migkimagni GaAs

0
(a=5,6533 A). Taxmifi mpormec onxepkaB Ha3BY
caMoopraHi3alii CTpyKTypH B IIPOIIECi POCTY.

PymiiiiHol0 cuilor0 yTBOpEHHS OCTpPIBKIB, a He
IUIOCKOTO IIapy € MpParHeHHS CHCTEMH 10 MIiHIMyMy
eneprii. Ilpm HecmiBnagaHHi mapameTpiB  TpaTKH
BUHHMKAIOTh TPYXHI gedopmamii SK  YTBOPEHOTO
OCTpIBI, TaK 1 MIAKIAAKU. KO B TpoIeci pocTy
MTOBEPXHS 3AIMIIAETHCA TUIOCKOIO (ITYHKTUD Ha puC. §,a),
TO eHepris npyxkHoi amedopmarii pocre, a eHepris
MMOBEPXHI HE 3MIHIOEThCA. [lpw mMeBHIH TOBIIMHI (SK
MpaBWJIO, JIEKUIbKA MOHOILIAPIB) Taka CHTYyallisl CcTae
€HEepPreTH4HO HEeBUrifHOW. MiHIMyMy eHeprii cucTeMu
BIAMOBIJATUME YTBOPEHHS TPUBUMIPHUX OCTPIBKIiB-
nipamig (CTpiIKM Ha puc. 8,a), y SKUX MiJKIaaka Oyne
cuibHO JedopmoBana (it InAs Ha nosepxHi GaAs), ane
nedopmallis 3SMEHITYBATHMETHCS TI0 Mipi BiIJaICHHS Bij
MTKTaaKd 10 BepmmHU mipamign. OmmH mmap InAs,
HA3BaHUHM 3MOYYIOUHM IIApOM, BIJJIUISE€ MipaMigdl Bij
migkmagkd  CaAs. Ilpm momampmoMy HapoIIyBaHHI
KOHICHCATy  YTBOPIOETBCS ~ CUCTeMa  3B’S3aHUX
BEPTHKAIBHO mipamin (puc. §8,0).

2.3. ®izuko-xiMiuHi BJacTuBoCcTi. 3 PI3HOMAHITTS
HAIIBOPOBIAHUKOBUX MarepianiB (puc. 1) aeranbHimie
synuaumocs Ha cnonykax A'VBY\  Xanbkoremimu
CBUHIIIO 1 0JI0Ba — BY3bKOIIMJIMHHI HAMIBIPOBIAHUKHU. 3
OJIHIET CTOPOHU — BOHU HE3MIiHHI MOJICNIbHI 00'€KTH IS
HAYKOBUX JOCII/DKCHb, a 3 1HIIOK — 0a30Bi MaTepianu
JUIS CTBOPEHHS IpHUCTpoiB iHdpauepBoHOi TexHiku. Lle,
30KpeMa,  TEpMOENISKTPUYHI  IepeTBOpIoBavi,  SKi
¢yHKIioHYIOTE B iHTepBam Temmeparyp 300-950 K, a
TakoX (hoTOmpUitMaIbHI 1 BUIIPOMIHIOBANBHI CTPYKTYPH
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iH(pauepBOHOTO Jiana3oHy ONTUYHOTO CHEKTpY. Bucoki
3HAYEHHS CTATHYHOI  JIJIEKTPUYHOI  IPOHUKHOCTI
(IexuIbKa COTeHb) AI0Th MOXKIINBICTH BUKOPHUCTOBYBATH
TOHKI TUTIBKM ISl CTBOPEHHS 0araToelleMeHTHUX
MaTpHIb.

XapKOTeHIJi CBUHIIIO, SIK TOMOTeHHa (pa3a, iCHYIOTh
K 3 HAUIMIIKOM MeTaly IIOAO CTeXiOMETPHUYHOIO
CKJIally, TaK 1 3 HAAJIWIIKOM XaJbKoreny. Tak,
MakCHUMajbHa IPOTSDKHICTH  00JacTi  TOMOTEHHOCTI
TENypUIy CBHUHLIO crioctepexxyBaHa npu 1048 K Bin
49,994 no 50,013 % arToMHOrO BMICTY TEIypy.
XaJIbKOTeHIIM CBHUHII0 MOXYTh OYTH SIK €JIEKTPOHHOI
Tak 1 JIpKOBOi MpOBiAHOCTI. Bucoki 3HauYeHHSA
pyxymBocti HociiB B n-PbTe i 3nauna tepmo-e.p.c., a
TaKOXX J00pe CIIBBIMHOUICHHS PYXJIHMBOCTI HOCIIB 10
TPaTKOBOi  TEIUIOMPOBIAHOCTI  BHU3HAYAIOTh  BHCOKY
TEPMOEIIEKTPUIHY TOOPOTHICTH MaTepiaiy.

BiacTHBOCTI IUTIBOK 3HAYHOIO MIpOIO 3ajIeKaTh SIK

Bil THIYy IMiAKIANOK, $KI BHUKOPUCTOBYIOTBCS IIpU
BUPOILIYyBaHHI, Tak 1 TEXHOJIOTIYHMX  YMHHHUKIB
(puc. 9,10).
-3
n,, cM
1018-
C A 2
- 2 =
o
10" 1
100 v by vt b by 1l
-7 6 5 -4 -3 2 -1 0
lg (P, , Ia)
Puc. 9. 3anexHicTh KOHIEHTpaLil HOCIiB cTpyMy n, ¥y

wiiBkax PbTe, BUPOIIEHUX METOMOM rapsvoi CTIHKU Bij
HOMIHAJIBHOTO THCKY napu Temypy. [linknanku: o, 1, 17 —
NaCl (100); A, 2, 2’ — BaF, (111); O, A — 3KCIIepHMEHT;
1, 2 — po3paxyHOK 3 BpaxyBaHHs BHYTPIIIHbOI HAIIPYTH
ILIIBOK, 1°, 2° — Oe3 Hel.
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Puc. 10. Mopq)onorm moBepxHi IIiBOK PbTe, BUPOIMEHNX METOIOM rapsI0i CTiIHKH MPH OCA/KEHHI 13:
@ — HaBOXKH CTEXIOMETPUYHOTO CKJIaLy; 0 — MepecHYeHOl Napy CBUHIIEM; B — IEPECHUCHOT ITapH TEILyPOM.

Bceranosneno, mo skmo s miiBok PbTe npu
temrnepatypax Tn =400-620 K Ta napuianbHOMY THCKY
tenypy P, = 107-1,3-107 [a na cxomax (111) BaF, i

(100) NaCl ocinae marepialn TUIBKU N-TUIY MPOBIIHOCTI,
TO NpU BUIIOMY THCKY — p-tuny (puc.9). I[Ipu upomy
nokaszaHo, mo IutiBku n-PbTe, oxmepxani 3 HaBaxox
micis  N'SITUTOJMHHOTO BHIIAPOBYBAaHHS, MalOTh Ha
MoBepxHi BKparuieHHs: Metany (puc. 10,a). /lomarkose
Mi/UKUBIICHHST ~ MApH  CBHHLEM  NPH3BOJHUTH 10
30UIBIIEHHS BUIBHOTO METaly Ha IIOBEpXHI IUIIBOK
(puc. 10,6). Ilpu Temmeparypax ocamkernss T > 600 K i
3HAUHMX [IEPECHYCHHSIX MapH TeNypoM Ha IIOBEPXHI
IDTIBOK 3'SIBIIIEThCA BiTbHA (Da3a YHCTOTO TEIypy IIpH
30epeKeHHI eJIEKTPOHHOI IpoBinHocTi (puc. 10,B).
Ilepmry ocobmuBicTP MOKHAa HOSICHHTH BIUIMBOM
BHYTPIIIHIX MeXaHIYHUX HAampyr, sKi BUHHUKAIOTh B
npoleci BUPOILIYBaHHS IUIIBOK Ha PI3HMX IiAKIaIKax.
Tak, BHyTpimHsa Hanpyra Py 1 BiANOBiqHI 3MIHU HIMPUHU
3aboponenoi 3ouu AE, B mutiBkax PbTe, Bupomennx Ha

migkragkax NaCl i BaF, nmpu Temmepatypi ocamkeHHS

T =653 K cknanaoTh P, = —6,125-10°Ta,,
Eg ~ 0,05 eB IS MIIKITaIKA NaCl 1,
P, ~4,900-10°Ta , AE, ~—0,018 ¢eB ans mimkrankn

BaF,, BigmoBigHo. IHIII 0COONHMBOCTI y BIaCTUBOCTSIX
mwiiBok (puc. 9,10) moB's3aHi AK 3 (Pi3UKO-XIMITHOIO
MIPUPOJIOI0 PEUOBHHH, TaK 1 TEXHOJIOTIYHUMH YHUHHUKAMU
MPOLIECY OCAKEHHSI.

I11. /Iesiki npuKJIaJgHI acClIeKTH

[pakTudHe BUKOPUCTaHHS TOHKHUX
HaIBIPOBITHUKOBHX IUTIBOK B MIKPO- 1 OITOENEKTPOHIIIi
Ma€ IIUPOKUH CIeKTp. Big3HaumMo TiNBKH, IO SIKIIO
3pOCTaHHS CBITOBOTO pPHHKY €INEKTPOHIKM B piK
CTAaHOBHTb 7 %, TO HAIiBIPOBIIHMKOBA KpeMHi€Ba
IPOMHCIIOBICTE pocTe 13 mBHAKicTio 15 %. Bcepenuni
i€l MPOMMCIIOBOCTI BENMKE Miclle HaJCKHUTh MPUIIaJaM
Ha TETEPOCTYKTypax KpeMHild — KpeMHIi-repMaHii.
CpOroiHI OAMH JIMIIE PUHOK TeTepoJia3epiB BiINOBigae
PHHKY Bci€l HaliBIPOBIAHUKOBOI TPOMHUCIIOBOCTI 3a 80-ii
pik. 3yNHHHMOCS CTHCIO Ha XapaKTePUCTHLI OCHOBHHX
HanpsMiB MPaKTUYHOTO 3aCTOCYBAHHS TOHKOILTIBKUX
HaIiBIOPOBITHUKOBHX €JICMCHTIB.
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3.1 Ten3ope3ucropHi naTunku. [IpyHIMIOBO HOBI
MOXKJIUBOCTI B PO3BHUTKY TEH30PE3UCTOPHHX JaTYUKIB
BiZKpwiInca 3 p03po61<0}0 1 JOCIHIDKEHHSIM
TeTepOeHITaKCIHHUX  HAMiBIPOBIIHUKOBUX  CTPYKTYp
TUIy «KpEMHIH Ha JIeNeKTpUKy». 3 HHUX HaHOUIbII
BUBYEHA 1 TEXHOJIOTIYHO OCBOEHA Yy BHUPOOHHIITBI
cTpyKTypa «kpeMHii Ha cangipi» (KHC), sika € ToHKOIO
MOHOKPHCTAJIIYHOIO TITIBKOIO KPEMHiI0, BHPOIIEHOIO HA
MOHOKpHCTAJIIUHIA candipoBii MiAKIAaAIl 3 IEBHOIO
KpuctaiorpadigHoro opieHramieto. [Ipu BHTOTOBICHHI
nmataukiB Ha cTpykTypi KHC dhopMyroThs TeH304yTIHUBY

CXeMy, B SIKIiH  TEH30pE3HCTOPH  MAiOTh  BHI
ME3aCTPyKTyp, BIJOKPEMJIEHHMX OJWH BiJ  OIHOI
npoMixkkamMu uucroro candipy. Jlns mnopanbmoro
CTBOPCHHSI e(pEeKTHBHHX TEH30IePETBOPIOBAYIB
HeoOXigHa po3pobka TEXHOJIOTI1 OTPUMAaHHS

npodinboBanux cTpykryp KHC pisHoMaHiTHOI opmu 3
TOYHHMM JOTPHUMAHHSAM PO3MIpIB 1 CTBOPEHHS JKOPCTKOT,
TeMITepaTypocTabilbHOi CHONyKH carndipoBuX aeraner
npu Temmneparypax 600-1200 K.

Ten3zomepeTBopioBadi 3 HAIMIBIPOBITHUKOBUMHI
gyTiauBuMu enemeHTamu (HUE) MaroTs 3Ha4HUM iHTEpec
JUIE aTOMHOI CHEPTeTHKH UM 1HIMNX Tally3ed HapOIHOTO
TOCTO/apCTBa. I[o6pe 3apEKOMEH Ty BATH cebe HUE Ha
ocHoBi KHC i mnpu BUMIDIOBaHHI MeEXaHIYHHX
[apaMeTpiB B yMOBaX KPiOr€HHUX TEeMIIEPaTyp.

3.2. laTyuku TeMIepaTypH. [MoninmuenHs
XapaKTepUCTHK HaITiBITPOBITHUKOBUX JIATYHKIB
TEMIIEpaTypu 1 CHpPOILIEHHS X KOHCTPYKIii Moxe OyTH
nmocsrHyTe mpu  BukopuctanHi HUYE. BurorosneHHS
TAaKUX JAaTYUKIB 3OIHCHIOETHCSI MACOBHMH METOIaMU
TUTAHAPHOI TEXHOJIOTIi, SKi 3a0e3MeuyroTh OTPUMAaHHS
3Ha4€Hb HOMIHAJBHMAX OIOPIB 3 JOCTaTHHO BHCOKOIO
TOYHICTIO 1, KPIM TOTO, JO3BOJISIIOTH BHKOPHUCTOBYBATH
NpU  BUTOTOBJICHHI  JIa3epHI ~ METOOU  MiATOHKH
HOMIHaJIbHUX OMOPIB.

Bennki MOXIIMBOCTI 13 MOJATBIIOTO BJOCKOHAJICHHS
TUTIBKOBHX TEPMOJAATYMKIB BHHHUKIM 3 TIOSBOIO B
cepiiHOMYy BHPOOHMITBI retepoerniTakciiianx KHC
CTPYKTYP, II0 MPAIIOIOTh B Jiana3oHi Temieparyp Bix 70
mo 720K i mo matote moxubOky 0,25 % Ta BUXIiTHUIA
curHan (4...20) MA. B obnacti cepenHix Temmeparyp
HaifuacTile BUKOPHUCTOBYETHCS JISTOBAaHUN repMaHiii, sSK
moOpe BHBUYCHHWH HANIBIPOBINHUKOBHHA Matepian. [Ipm
neryBanHi repmadito enementamu 111 i IV rpyn, Takumu
SK Talliil 1 cypMa, sIKi € MUTKUMH JJOMIIIKAMH 3 €HEpPrieto
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aktuBamii mopsaky 0,01 eB, MoxHa BHTOTOBIATH
BHCOKOYYTJIMBI TEPMOMETPH AJIsl pOOOTH B Jliania3oHi Bill
1 10 40 K 3 moxuobxoro 0,005 K.

3.3. T'a3oBi CEeHCOpH. TOHKOTUTIBKOBI
HaliBIPOBITHUKOBI METAJIOOKCHIHI Ta30BI CEHCODH,
NPUHLUI Jii SKUX TIOJISrae y 3MiHI MPOBIIHOCTI psmy
IIMPOKO30HHHUX HAMiBIPOBIMHUKIB (ZnO, SnO,, InyO; Ta
iH.) 3a HasgBHOCTI pI3HMX Ta3iB, 3HAXOAATH LIMPOKE
3aCTOCYBaHHS B ra30aHaTITHYHNX TIpUIaaax.
KoHCTpyKiss TpOMOHOBAaHOTO  HAIMIBIPOBITHUKOBOTO
METAJIOOKCHIHOTO CEHCOpY moka3aHa Ha puc. 11. Cercop

Puc. 11. Koncrpyxkuis METaI0KCUIHOTO
HaTIBIPOBITHUKOBOTO CEHCOpA!
1 — camgipoBa migkiamka; 2—  TOHKOIUTIBKOBHH

IDIATHHOBHMW HarpiBad, 3 — ra3ouymmBHA map; 4 —
eNEeKTPOIIH; 5 — IPOTSIHI BUBOIH.

BUKOHaHMH Ha migkmaani 1 3 camdipa po3mipom
0,2x0,5x2 Mm. Ha  omuii  CTOpOHI  MiAKIAIKU
PO3TaIIOBaHO TOHKOIUTIBKOBUM IJIATHHOBMU HAarpiBHUK

Henerosanmii
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a hv .
—_— I'ereponepexin
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2, a Ha IHIIHA — Ta30YyTINBHA mmap 3 Ta eNeKTponu 4.
BuBoau ceHcopa 5 3poOyieHO 13 TUIATHMHOBOTO JIPOTY
&30 MxM. CeHCOp KpIlIUTBCS 32 JPOTSIHI BHBOJH TaKUM
YHHOM, IO MIiAKIAJKa 3HAXOAUTHCA B IMIJBIIICHOMY
CTaHl 1 PO3CIIOBaHHS TeIUla 3IHCHIOIOTBCS 33 PaxyHOK
TEII0O0OMiHY 3 MOBITPSIM Ta KOPIYCOM JaTYHKa depe3
JIPOTSIHI BUBOJIH.

Ha ocHoOBI omucanoi KOHCTPYKIii Oyau po3poOIieHi
JATYUKA BYTJIeBOMHIB, Timpumamx rasie (H,S, PHj,
AsHj), eranomy, BomHIO Ta iH. Y TIIHX CEHCOpax
ra304yTIMBUAM IIAPOM € TOHKI IUTIBKH Ha ocHOBI ZnO i
SnO,, copmoBaHi METOIOM MarHETPOHHOTO
peakTHBHOTO po3mwieHHs. PopMyBaHHS Ha HOBEpPXHi
TOHKOIUTIBKOBOTO Ta304yTIMUBOTO IIapy OCTPIBKOBUX
IUIIBOK PI3HMX KaTaji3aTopiB JI03BOJSIE  ITiBHIUTH
CENIeKTUBHICTh CEHCOpa [J0 JESIKUX KOMIIOHEHTIB 1
3HAYHO 3MEHIIUTH Horo pobOouy Ttemmeparypy. Tak,

dhopMyBaHHS Ha MTOBEPXHI TOHKOIUTIBKOBOTO
ra3ouyTIMBOrO Imapy Ha OcCHOBI SnO, OCTpiBKOBOI
IUTIBKA ~ 30JI0Ta  JO3BOJWIO  TOHHM3UTH  poOody

TemnepaTrypy nmatamka eranony 3 650 K mo 550K i
3a0€3MEeYNTH BHCOKY CEJIEKTHBHICTh [0 €TaHOIy Y
TIPUCYTHOCTI aIleTOHY.

3.4. Conssuni eqemMeHTH. Y  TOHKOIUTIBKOBHX
COHSYHHUX €JIEMEHTaX aKTHBHUMHM HAIliBIIPOBIJHUKOBUMHU
HIapamMu € MOJIKpUCTalliuHi 200 HEBMOPSAKOBaHI ILTiBKH,
AKi HAaHOCATH 200 BHPOLIYIOTH Ha €JIEKTPUYHO aKTUBHUX
a0o macuBHUX MijKIaaKkax (Takux, sSK CKIJO, IIacTMaca,
Kepamika, MeTaj, rpadit abo MeTanypriiHuid KpemHiil).
Touki miBku CdS, Si, GaAs, InP, CdTe un iH. HAHOCATH
Ha MiIKJIAIKy 32 JOMOMOTOK PI3HHX METOJIB, TAKUX, K
rasoBa  eIiTakcis, IUIa3MOBE  PO3MIJIIOBAHHSA  Ta
OCaJDKeHHs. SIKIO TOBLIMHA IIapy HAamiBIPOBIIHHUKA
repeBuIye oO0epHeHN Koe(ilieHT TOTTMHAHHS, BEIHKA
YacTWHA HOCIiB, IO T€HEPYIOTHCS CBITIOM, MOXKE OyTH
KoJiekTuBi3oBaHa. OCHOBHA IepeBara TOHKOILTIBKOBHX
COHSIYHHMX EJIEMEHTIB IOJISIra€ B TOMY, IO X BapTiCTh

MOXe OyTH HHU3KOK, OCKUIBKM  TEXHOJOris  ix
Heneropanmii  G.-51
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Puc. 12. CxeMaTi4Hi IiarpamMu CTPYKTYp Pi3HUX
COHSIYHHUX €JIEMEHTIB Ha OCHOBI IUTIBOK
TiAPOTEeHEe30BaHOTO OL-Si.
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BUTOTOBJICHHS JIeNIeBa i IPH [JbOMY BUKOPHUCTOBYIOTHCS
MOPIBHSHO HeOpori Marepianu. JJo OCHOBHUX HENOJIKIB
BigHOCsAThCcss HU3bkMii KKJI Ta mocrymoBa nerpanaitis
xapakrepuctuk. Hmspkuit KK 06yMoBieHnii 9acTKOBO
BIUIMBOM MEX3EPEHHUX I'PaHHUIlb, & YACTKOBO — HU3bKOIO
SIKICTIO HAIBIIPOBITHUKOBOTO MaTtepiany,
BUPOIIYBAaHOTO Ha pi3HMX miakimankax. [Ipobiema
Jerpajalii TMoB's3aHa 13 XIMIYHUMH peakisMH, SKi
MPOTIKAIOTh MDK HAIliBIPOBIJHUKOM 1 HaBKOJIWIIHBOIO
aTMoceporo (KHCcHEM, ITapaMH BOJIH).

Sk wmarepianm AnA  TOHKOIDIIBKOBHX — COHSYHHX
€JIEMEHTIB BUKOPUCTOBYIOTh TaKOX aMOP(QHUN KpeMHii
(a-Si) (puc. 12). lllapu 3aBTOBIIKK 1-3 MKM BHpOILYIOTh
Ha CKJIIHHMX MiJKIaJKax, MOKPUTHX IIapoM MeTairy abo
ITO, 3a nomomoror po3KIaJaHHA CHIAHYy Y
BUCOKOYACTOTHOMY po3psiai. Kpucraniynauii i amopduuit
KPEMHIl CHJIBHO BiIPI3HSAIOTHCS: MEPINHA Ma€e HEmpsMy
3a00opoHeHy 30HYy mmpuHOlO 1,1 eB, Tomi sk
XapaKTePUCTUKH ONTUYHOTO MOTJIMHAHHS B
TipOreHi30BaHOMY a-Si HarajgyroTh XapaKTEPHCTHKH i3
IpsIMOIO  3a00pOHEHOI0 30HOK0 mmmpuHOK 1,6 eB. Ha
TOHKHX TUTIBKaX TiAPOTE€HEe30BaHOTO a-Si OyiH CTBOpEHi
COHAYHI eJIeMEHTH SK 3 p-n-liepexomamMu, TaKk 1 3
Oap'epamu LlotTki (pumc. 12). OCKLNBKH y BHIUMIMH
YAaCTHHI ONTUYHOTO CHEKTPY KOe]IilliEHT MOTJIMHAHHS B
a-Si cxnamae 10%-10° e, GinbmicTs HOCITB reHepyeThCs
Ha BIJICTaHI, sKa He MepeBuIlye | MKM BiJ OCBITJIEHOT
noBepxHi. J{udysiiiHa 1oBXkKHHA He MepeBUNye ~ 1 MKM,
a TEMHOBUI THTOMHUIl OMIp BHUSABIAETHCS MOPSIKY
100 MOwMm:-cM. 3BiacH OJepiKy€eEMO, 10 B p-i-n-mpuiaii 3
TOBLIMHOIO i-Iapy 1 MKM TOCHIZOBHHH OIip CKJajgae
10 Om-cM. TOMy HaBiTh SKHAMKpalli pe3ysibTaTH s
enemeHntTy 3 Oap'epom IllorTki (mpo3opuii MeTaneBuit
map) BigHocHO HeBHCOKi (KK ~ 6 %).

3.5. ®orToenexkTponeperBoproBavi. Ha manwmii dac
IHTCHCUBHO PO3BHBAIOTHCS HaTIBIPOBITHUKOBI
ynbTpadioneTosi GoTtoenekrpomneperBoproBadi (YD) mis
nepemkojoctiikol  Y®-nokauii  (Hampukimanm, s
peectpauii monym'ss pakeT B JEHHHH 4Yac), eKOJOTii
(Hanpuknaa, Juis KOHTPONIO ,,030HHOI Jipu” Haj
3emiero); OioTexHonorii (cuHTe3 BiTaMiHiB D, 1 Dj);
memuuuHu  (dizioTepamis, ayTroTpaHcdy3is  KpOBI,
npo¢inakTHKa MPOCTYTHUX 3aXBOPIOBaHb, 3aXHCT B[
KaHIIEPOTeHHOTO BUNPOMIiHIOBaHHS). Bigomuii mupoknit

CHEKTP HaITiBITPOBITHUKOBUX Marepiais, SIK1
BUKOPHCTOBYIOTh y TOHKOTIIITIBKOBIH
(hOTOMIKPOEIIEKTPOHIIIi. Tax, KpPEMHI€BI p-n-

(dotonpuitmaui 1o Temep HaWmommpeHimmiA THn Y O-
(hotoenekTponiepeTBoproBadiB.  Si-pOTOMIOON  MArOTh
criekTpanbHy o0macth (orouyrimocti 0,2+1,1 MKM,
MPUYIOMY MaKCUMyM CHEKTpY 3HaxonuThesi B [Y-obmacti
(0,8+1,0 mxm). IlepeBaru (oToeneKTpoNepeTBOpIOBaYiB
Ha ocHOBi GaAsP B mopiBHsHHI 3 Si p-n-CTpyKTypamu:
ICTOTHO MEHIIIa 9yTuBICTh M0 [U-cBiTia (crieKTpaibHa
obomacte 0,2+0,68 MKkM), BHCOKHI mudepeHIiaTbHINA
omip B Hyni Hanpyr (~ 10* TOM), mo 3a6e3mnedye HU3bKI
IIyMH, BHCOKa CTaOUTBHICTh, JOOpE Y3TO/UKEHHS 3
ontnyHUMHU (imbTpamu. CnekTpanbHa obmacte Au-GaP
tdoromionis lortku O6yma 0,2+0,55 MKM 3 MaKCHMyMOM
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mpu =~ 0,4 MKM.

dotonpuiiMaui Ha OCHOBI HaIiBIPOBITHUKOBHX
HITpUIIB TepcrnekTuBHI s Y®P-o0macti  crekrpy,
OCKUJIBKM IIe TPSMO30HHI ~MaTepiaiu, IX IIUpHHA
3a00pOHEHOI 30HM OJIM3bKAa 10 MEXi BHIUMOI 1 Y-
obOmacreit cnektpy, a cucremMa AIN-GaN yTBOproe
Oe3nepepBHUIA PsiJ] IPSIMO30HHHUX TBEPAUX PO3UHHIB, 10
JIO3BOJISTIOTH ~ CTBOPIOBATH  (poTONpHiiMadi 3  Pi3KUM
JIOBrOXBHJIEOBUM Kpaem (bOTOUYTIIMBOCTI,
po3TamoBaHUM B Oyab-sikoMy Micli OmmkHBOI Y-
obacri.

Hdyxe BHCOKY CTPYMOBY YYyTJIHBICTH MalOTh
¢doropesuctopn Ha ocHoBi GaN, y HHX Takox
CIOCTEPIraeThCsi 1 PI3KUIl JAOBrOXBHIBOBUIA Kpaid. Jlist
BUTOTOBIICHHS COHSIYHO-CJIMUX (orompuiimadis
BUKOPHCTOBYIOThCS TBepi pozunHu GaN-AlN. ITix uum
TEpPMIHOM B JliTepaTypl HaiyacTimie MaeTbcs Ha yBasi
MOBHA BIAICYTHICTh YYTJIMBOCTI JO BCHOT'O COHSYHOTO
BHIIPOMIHIOBAHHS, IO AOXOAUTH 10 3emii (A < 0,3 MKkMm),
a 1HOJAI — BINCYTHICTh YYTIWBOCTI 1Mo Buammoro i IU-
cBiTna (X <0,38 mxm). I3 3pocranmsm Bmicty AIN B
TBepaomy po3umHi Al,Ga; N IOBroXBHIBOBHIA Kpait
(hOTOUIYTIUBOCTI 3CYBa€ThCS ¥ OiK KOPOTIINX IOBKHIH
xBuib. Bin  Bigmosimae: A =0,365mMxMm  (x =0),
A=032mxm  (x=0,35), A=023mrMm (x=0,75),
A=0,2 Mmxm (x = 1).

®otonpuiimaui 3 Oap'epamu  IlloTTki Ha OCHOBI
ZnMgBeSe i TtBepaux posumHiB ZnSSe 1 ZnSTe
BUKOPHCTOBYIOTHCS JUIS 3CYBY JOBIOXBHIJILOBOTO Kparo
(hoToUyTIUBOCTI; BiH 3HaXOMUThCs Tipu A = 0,37 MKM 1S
ZnSpgSeps, mpu A=0,34MxkM a1 ZnSggsTegps, npu
A= 0,338 MKkM 111 ZnS-CTPYyKTYP.

IepcrektuBHIM a5t Y D-001aCTi CIIEKTPY € OKCHI
muHKy ZnO. BiH pamiamiifHO CTIMKWHA, TTepCIIeKTUBHIMA
JUIS BHUTOTOBJICHHS HHU3BKOIIOPOTOBUX CHHIX 1 YO-
na3epiB, sKi, 3aBJSKHA BHCOKIH €Heprii 3B'I3Ky €KCUTOHA
(60 MmeB), moxytp Oyt  3B'si3ami 3 ZnO-
¢doronerexropamu. Ha ocHoBi ZnO Oyiau BUTOTOBJIEHI
m-s-m-(OTOAI0HM, a HA OCHOBL Mgy 3471 660 — COHAUHO-
ciini poropesrcTopy.

JocarHyTi Ha JaHMi 9ac MaKCHMalibHI 3HAUYCHHS
CTpyMOBOi (DOTOUYTIUBOCTI BiMOBIAIOTh KBAHTOBIH
epexruBHocTi  0,7-0,9, mo agyxe ONMHM3BKO IO
TeopeTnuHol Mexi. BemumumHm  moCTiffHHUX — yacy
(hotonpuitmadi, ocobmuBo 3 Oap'epamu LloTTKH, TakoX
BUSBWIHNCA  ONM3BKUMH  JO  TEOPETHYHOI  MEXi,
Bm3HauyBaHOi RC-xomom. B Toif ke dYac mnmroma
CHOCTEpeXKyBaJlbHA  3JATHICTh  KpalluxX  MpHIaIiB
3HAXOIUThCS Ha PIiBHI 10310 Tu?Brlem — 1e
icroTHO HmKue 3a Teopermuny Mexy (~ 10" I'y'’Br
lCM), i ansg Tl MiABWINCHHS HEOOXIIHO 3MCHIITYBAaTH
TEMHOBHH 3BOPOTHHH CTPyM, IO 3pEIITOI0 BHMarae
BJIOCKOHAJICHHS BUX1IHUX MaTepiais.

OcobnmuBe  micue  cepen  (OTONPUHAMAIBEHUX
MPUCTPOIB 3aiiMAaOTh HAIiBIPOBIJHUKOBI CIIOTYKH THITY
A"BY!, A'VBY! uepes ix Bucoky uyTamBicTh y GmimKHiit
[Y-o6mnacti cnekTpy. Tak, 32 paxyHOK OTpUMaHHS JOCUTH
BucokoomHuX mmapiB PbS i PbSe Ha kpemHieBHX
MiIKJIaJKaX BUTOTOBJISIOTH (POTOPE3UCTUBHI MaTpPHIIi 3
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Taoanus

3HaueHHs CTPYMOBOI Uy TIMBOCTI S 1 CIOCTEPEKYBaNbHOI 3AaTHOCTI D* [1s IesIKUX HaMiBIPOBIAHUKOBUX
TOHKOILTIBKOBHX CTPYKTYP.

Marepian
Si GaP GaN AlGaN ZnMgBeSe ZnSSe

ITapameTtp
S, A/Br 0,5 0,2 2000 0,025-0,03 0,17 0,12

*) 10"-
I 2Bren 10 103 - - 210" —

ZnSTe | MgZnO PbSe PbS cds R

[TapameTtp
S, A/Bt 0,15 1200 — - — —

*, 1 10 1Ll 11 12
I'u'?Br'em - - 10 107°-10 1,510 10

CYUUTPHUM YyTIMBUM IIapOM 1 3araJbHUM YHUCIIOM HAIIBIOPOBITHUKOBUX Ta30aHATI3aTOPiB, 3/iHCHIOIOTH

€JIEMEHTIB B JECATKU 1 cOTHI THCAd. CriocTepexyBaibHa
3maTHicT D* 1mx wMarepiamiB mpu  HETIHOOKOMY
OXOJIOJKYBaHHI OJIN3bKA JI0 TEOPETUUHOT MEXKI.

3.6. JlazepHi rerepocTpykTypu. B manumit uac
HaliBIOPOBITHUKOBI  Jla3epy  Ha  TOHKOIUTIBKOBHX
TeTepOCTPYKTypax 3HAWIUIM BHUKOPHCTaHHS B JBOX
OCHOBHHUX CErMEHTax PHUHKY: TenekomyHikamii — 70 %
BCBOTO PHMHKY — IIe Jla3epd Ha migxinankax InP na
JIOBKMHAX XBWJIb Onmm3pko 1,3 Ta 1,5 MKM, SKUM
BIJIOBIIAIOTh  JlIalla30HU TIPO30POCTI  OMTOBOJIOKHA;
ONITHYHUHN 3amuc (3apa3 e YepBOHI Jla3zepu) — TYT
mOTpiOHI KOPOTKI MOBXKUHH XBWiIb. KpiM Toro, 3apas
AKTUBHO 3aHMArOThCS yIbTPadioIeTOBUMH Ja3epaMH, sSKi
TeX e(QEeKTUBHI Il BUKOPHCTAHHS B I[iii 001acTi, TOMy
110 YUM MEHIIA JOBXKHMHA XBHUJI, TUM OUIbIIY 32 00CsIroM
iHpOpMaIlil0 MOXHA 3alKcaTH Ha KOMIAKT-AMCK. Kpim

XIMIYHUH KOHTpPOIIF BHUKHMAIB B atMoc(epy, OCKUIBKH B

niama3oHi JOBXHH XBHIIb 2-5 MKM IIeKaTh CMYTH
MOMJIMHAHHA ~ 0araThOX  MIKIIUIMBUX  (TOKCHYHHX)
MPOMHCIIOBUX Ta3iB.

Hast OTpUMaHHS HaMiBIPOBITHUKOBUX

TeTepOCTPYKTYP BUAUIAIOTH JABI OCHOBHI METOIMKH 1 J1Ba
TUNX OOJIAJHAHHS, SIKI 3 OJHAKOBO PIBHHM YCIIXOM
BUKOPHCTOBYIOTBCS: razogaszosa emiTaKcis 3
MmeTtanoopranigaux cronyk (I'OE MOC) i monexynsipHo-
npomeHesa emitakcis (MIIE).

[TapysaTi TeTePOCTPYKTYPH € KBAaHTOBO-
kackamganmu Jaszepamu  (KKJI), ski ckmamaroTees 3
aKTUBHUX obacre, B SIKUX BiOyBa€eThCS

BUTIPOMIHIOBaHHS ()OTOHIB, Ta IHXEKIIMHUX oOxacTei,
yepe3 sKi HOCIT NPONITAIOTh J0 HACTYMHOI aKTHBHOI
obnacti. [mwkekuiiHa ob6nacte (IHXKEKTOp) BOJIOJIE
BUCOKOIO TYHENBHOIO IMPO30PICTIO ISl €JEKTPOHIB

Toro, 3a jgonomoror [Y-;mazepiB, SK eJIEMEHTIB HU3bKHX CHEprid i HU3BKOIO NPO30PICTIO UISi BUCOKHX
AISb 23 A AISb 15 A AlSb 12 A AlSb
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Puc. 13. 3oHHa niarpama OJHOTO MEPIOy CTPYKTYPH OIMOISIPHOTO KacKaJHOTO ja3epa. BimgmideHi piBHI eHeprii
€JIEKTPOHIB 1 JIIPOK, a TaKOX NPUBEEHI XBUIbOBI (DYHKIIIT CTaHiB.
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eHepriii. [ms crBopeHHs [Y-mazepiB Ha MIK30HHUX
Hepexolax BUKOPUCTOBYIOTBCS T'€TEPOCTPYKTYpH 3
KBaHTOBMMH SIMaMH 1 HaJArpaTku Ha ocHoBi cnonyk (In,
Ga)(As, Sb)/(Al, Ga)(As, Sb). Taki cTpykTypH B IaHui
yac  HaWOLIBII  MEpPCHeKTHBHI  JUISI  CTBOPEHHS
HaIiBIPOBITHUKOBUX J1a3€piB, $IKi BHIIPOMIHIOIOTH B
miamazoni  3-5 Mkm. Ha pwuc. 13 mokazaHo 30HHY
JiarpaMy OJHOTO Tiepiofy OIMoJIIpHOTO KacKaJHOTO
Ja3epa, a TaKOXK ITIOKa3aHi piBHI €Heprii eJIeKTPOHIB i
JpOK, 3BEepXy HaBeleHI XBWJIBbOBI (pyHKLIT y-CTaHIB, sKi
OepyTh ydacTe B mporeci pexomOiHamii. EnmexTpon 3
piBas E| B kBaHTOBIH siMi 3 InAS mepexoauTh 3 BUXOAOM
¢orona Ha piBeHb Baxkux nipok HH; B cycianiit
kBaHTOBIH sMi 3 GalnSb. Jlani 3 piBus HH,; enextpon
TYHEJIIOBAHHSM IIePEeXO/INTh Ha aHanoriuHui piseb HH;
B TpeTid KBaHTOBIH siMi 3 GaSb, 3 sikoro moTiM ixe B

TeMIepaTypi JOBII XBHII depe3 IMepeBakaHHsI MPOIIECiB
O’Ke-peKoMOIHaIIT HaJ| TpolecaMu BHITPOMIHIOBAIBHOT
pekomOiHamii. I3 3pocTaHHAM ~ MOBXKHMHM  XBHWII
MOCHITIOIOTHCSL BHYTPILIIHRO30HHI TTOTJIMHAHHS (BTpaTH) 1
po3irpiBaHHsl HOCIiB 3apsily Ta TpaTKH, SKi 3ryOHO
BIUIMBAIOTH Ha poOoTy [U-nazepis.

[Ipu BuKOpHCTaHHI IIApyBaTHUX TE€TEPOCTPYKTYP Y
HaITiBIIPOBITHUKOBHX Jia3epax HEOOXiJHO BpaxoBYBaTH
HAacTymHI  0oOCTaBMHM: y IIapyBaTuX MNOABIHHHUX
reTepoCTPyKTypax 30ir mapaMeTpiB rpaTKH MaTepialliB €
00OB'SI3KOBOI0O YMOBOIO MJISI pealizamii TOCKOHAINX

mpuianiB; HEOOXiMHUA OOWH KJIac  CIOPiTHEHUX
Mmarepiani, IO GOpMYyIOTH  T€TEpOCTPYKTYPY,
Hanpukian, GaAs-AlGaAs a0o KpemHili-repMaHiii;

nedekTd 1 JucIoKalifHI - KIlacTepu TMPH3BOJASATH 10
Jerpanaiii Ja3epiB; AMCIOKAIl 1 CITKH TUCIIOKAIlii

IHKEKIIHHY o0sacTh (iHXKEKTOp), a Jadi Bce IIe MEPEIIKOPKAIOTH POOOTI MPUITAIOBUX CTPYKTYP.
MOBTOPIOETHCS CIIOYATKY.
3a [IOMOMOTOI0  PO3MIIAHYTOI  CTPYKTYpH IS

JIOBXXMHH XBWJII JIA3EPHOTO BUIPOMIHIOBaHHS 4 MKM OyB
JOCATHYTHI peKopAHUi kBaHToBHU BuXim Buiie 200 %.
Bim3raunmo, 110 B ifeani BeNWYHHA KBAHTOBOTO BHXOIY
TTOBMHHA OYTH PIBHOIO KUTBKOCTI IEepiofiB CTpyKTypH (iX
Oyno 23) i, orxe, BoHa moBuHHA ckimagatu 2300 %. s
TaKoi CTPYKTypu OyB TaKOX BCTaHOBJICHHIl i peKOp/ MO
MOPOrOBOMY CTpyMy TMpH KIMHATHIA TeMmmneparypi —
130 A/em>. [Ipore Takmii minxim no creopenHs [Y-
Ja3epiB He JIO3BOJISIE OJIEp)KYyBaTH TIpH KIMHATHIN
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It is considered and analysed the basic aspects of perspective direction of microelectronics — thin film
semiconductor material science. The special attention is spared to the applied questions: the basic methods of
growing and research of structural properties, accented attention on physical and chemical properties, the most
essential directions of practical application of thin.
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