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HOJIYYEHME HAHOCTPYKTYPUPOBAHHBLIX TIJIEHOK
AIN U ZnO N1 UX TIPUMEHEHUWE B SJIEKTPOHHOU TEXHUKE

Ilokazamsl ycnosus nonyueHus u dKCnuya-
MAyUuoOHHble XAPAKMEPUCMUKU CTLOUCTBIX
cmpykmyp, sxmoyaiowux AIN, ZnO, aimas
U armazono0obHblll Yenepoo, O/ aKyCcmo-
U IMUCCUOHHOU INIeKMPOHUKU.

Hutepec x AIN u ZnO o0yciioBiieH UX (hU3HYECKH-
MHU, B YaCTHOCTH, TIOJIyTIPOBOAHUKOBBIMH U MTbE303JIEKT-
puueckumu cBoiictBamu [1—3]. B mocnennee aecaru-
JIETHE CTaJI0 OYECBHIHBIM, 4TO OoJiee 3(h(HEKTUBHBIM SB-
JSIETCS UCTIONTBF30BAHUE B TEXHMUECKHUX YCTPOUCTBAX HE
OTJEIBHBIX MaTEPHUAIOB, a CIOUCTBIX CTPYKTYp. C nc-
MOJIb30BAaHUEM CIIOUCTBIX CTPYKTYP, COAEPKAIUX CIOH
AIN, co3aHbl yCTPOWCTBA SMUCCHOHHON 3JIEKTPOHUKH
C HU3KUM TOporoM smuccuu [4]. DTo cBsI3aHO C TeM,
YTO aJIMa30I000HbIE MaTepUabl, K KOTOPHIM OTHOCHT-
cst AIN, mpu onpesieneHHbIX yCIOBUSX 001aJat0T OTPH-
[aTeILHBIM AJIEKTPOHHBIM cpoAcTBOM. Hcrions3oBanue
CIIOHCTBIX CTPYKTYP aimas/AlIN (ZnO), rne AIN i ZnO
— CJIOH MbE303JIEKTPUKA, MO3BOMIAET MOBBICUTH BEPX-
HIOIO TPaHUIly YaCTOTHOT'O AWana3oHa yCTPOUCTB Ha IO-
BEPXHOCTHBIX aKycTuieckux BoiHax (ITAB). Ha ciouc-
TBIX CTPYKTypax anMas/ZnO U3roTOBICHEI (PUITBTPEIL, JTH-
HUH 33JIeP>KKU U JpyTHe ycTpoiicTsa Ha ITAB, paborato-
e Ha yactore >2,5 I'T [5].

Ienmbro HacTosIIEH pabOTHI ABJISUIOCH OTYyYSHHUE TTTe-
HOK AIN 11 ZnO ¢ KOHTPOJIUPYEMBIM COAEPIKAHUEM U CTPO-
€HMEeM KpucTamandeckux (as, ¢hopMupoBaHue MHOIO-
CIIOWHBIX CTPYKTYP, BKIIIOUAIOIIHX AT [UICHKH, U CO3/1a-
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HHUEC HA X OCHOBC yCTpOfICTB 3J'I€KTpOHHOI71 TEXHUKHU C YIIyd-
MICHHBIMHU JKCILTyaTallAOHHBIMHU XapaKTCPUCTUKAMU.

DopMHPOBAHHE IJICHOK

[Tnenku AIN 1 ZnO ¢ 3a1aHHBIMA IPUMECHBIM CO-
CTaBOM, KOHIICHTPALIMEH U CTPOCHUEM KPUCTALITHUECKOM
(ha3BI MOTy9IaIH METOOM MAarHETPOHHOTO PACTIBUICHHSI.
IIpumeHsiach ceruanbHO pa3paboTaHHAs yCTaHOBKA. B
YCTaHOBKE MCIIOJIF30BAIIICEH [TBA MarHeTpoHa 0e3 siac-
TOMEPHBIX YIUIOTHEHUH (LIeIbHOMETAIITIUECKIE MarHeT-
poHbl quameTpoM 138 MM, puc. 1). MaraeTpoHsI pa3me-
[IAJTUCh BHYTPU BOJIOOXJIAXKAaEMBIX TATPyOKOB, 3aKperl-
JICHHBIX Ha IUIATE YCTAHOBKH.

s BBenienus B popmupyemsle mwieHkH AIN u ZnO
JIETHPYIOIIEH TPIMECH UCTIONH30BaJIH COCTaBHBIC MUIIIC-
HU (cM. puc. 1) u3 ocHOBHI (Al nnm Zn) U BCTaBKU U3
MeTaia — uctouHuka npumecu (Cu, Mo, Zn). KonrieH-
Tpauus npumecu (C ) B mieHkax AIN (ZnO) MOJTy4EH-
HBIX PacIbUICHHEM COCTABHBIX MUIIECHEH, 3aBUcena OT
COOTHOIIEHUS Momaaen Al (Zn) u macTUHBI MeTaIa
— HMCTOYHHKA IIPUMECH Ha MOBEPXHOCTH MHUIICHU B
obmacty pacublIeHHs (Saizn) U Syer), UX KOO huIm-
€HTOB pactbUICHUS (Kajzn) U Kyer) M YCIOBHH IIPO-
1ecca 0CcaxAeHus (PacloI0XeHHe MOAT0KKH OTHOCH-
TEIbHO MHIICHH U JIP.):

Cop=Su TS'MeT MeT/SAl(Zn) 'miznyK alzny

e S" AlZn — uroniaay npoduist obracter pac-
TIBIJIEHUS Al (Zn) Y IUTaCTUHBI METAJlIa — UCTOYHUKA IPH-
MECH, U3MEPEHHBIE 10 NpoduIorpamMmmam (S'cywmo, zn))-

Mpanmua ofnacT
EHECNENE A

T¥lE TN —HC TOHHHE

s'Cu(Mo, Zn)
y npEsecH (Cu, Ma, Zn|

"S'L Al(Zn) K"h

Ml A1, Zn)}

(]

Puc. 1. KoHCcTpyKIMs LeIbHOMETANTMYECKOTO MarHeTpoHa.
Ha BeinenenHoM (parmente npeacraBieH npoduib 00JIaCTH paclbUIEHHs] COCTABHON MHIIEHH
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Tabmuna 1
Venosus ocasxcoenus nienox npu gpopmuposanuu croucmulx cmpykmyp memooom BU macnemponnozo pacnulienus
ﬁE =
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Inenka Marepuan MULIEHH Cocras rasa 2] iy E E & Q;,’* 2 o E
T & = A =
2 8 | s2¢| B35 | 8
g o] I ) X = B a,
= g 52 g
= - o
AIN (pentrenoamopdnas pasa) Al Ar +60006.% N, 0,8 700 -50 473-578 0,4—0.,5
AIN (kpucrasmdeckas ¢asa) Al Ar +60006.% N, 0,8 700 +45 473-5783 1—18
AIN:Mo Al + Mo (cocraBnas)| Ar + 60 06.% N, 0,6 600 30—40| 293—573 1—14
ZnO Zn Ar +50 06.% O, | 0,8-1,2| 200-35p 20—40 373—5[73 0,7—1
ZnO:.Cu Zn + Cu(cocraBHas) | Ar + 50 06.% O, 0,6 250 20—30| 293—5713 1—1,2

[MapameTpsl nporieccoB nonydeHus: wieHok AIN u
ZnO npexacrasiensl B Tadd. 1. [Tognoxku B mpouecce
(hopMHpOBaHUS JICHOK OBLIN HETIOIBHXKHBI OTHOCUTEIh-
HO PacTbUISIEMON MUIICHH.

Crtpoenne c()opMHPOBAHHBIX MJIEHOK

Bce nomyseHHbIe IIEHKN ObUTH TOTHKPHCTAIITIIECKHE,
tekctypupoBauHbie o <0001>. s mreHok ZnO pas-
OpHEHTAIUs 3epeH OTHOCUTENBHO ocH <0001> TeKcTypsI
cocraBisuia 0=0,7...4,6°, OTKIIOHEHHE OCH TEKCTYPHI OT-
HOCHTENFHO HOPMAITH K pabodeil HOBEPXHOCTH HOUIOXK-
Ku <1,5°, cTeneHb KpUCTAIUIMYHOCTH (KOHIIEHTPALUst KpU-
crajuindeckor ¢as3el B oobeMe mieHkn) J=60 06.%.
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Puc. 2. CrpoeHne poCcTOBBIX IIOBEPXHOCTEH M CKOJIOB IUICHOK:
a, 6 — AIN; 6 — ZnO. Ha BcTaBKax IpeICTAaBICHEI MIECKTPOHOTPAMMBI Ha OTPaKCHUE

VY cunte3npoBaHHbIX ieHOK AIN 0=0,5...3°, HaKIIOH
ocHu TeKCTyphl <2°, J=95 00.%.

[Tonmy4yeHHBIE TUIEHKA UMEITH CTONI0UATOE (BOJIOKHHC-
TOE) CTPOEHHE, IIPH ITOM HAIIPABICHUE OCH TEKCTYPHI
<0001> coOTBETCTBYET HAINPABICHUIO BOJOKOH, 00pa-
3YIOIIUX MJIeHKY (puc. 2, pactposblii CARL ZEISS LEO
1430 VP u npoceunBatomuii JEM-200CX 31eKTpoH-
HBIE MHUKPOCKOTIBI). BoTOKHICTOE CTpOCHHUE CKOMA 1 OT-
CYTCTBHE CIICIOB OTPaHKH Ha POCTOBOH IOBEPXHOCTH
YKa3bIBaIOT Ha HETAHT €HIIMATILHBIN MEXaHW3M POCTa IITe-
HOK. POCT yHOPSIT0UCHHBIX IIIEHOK THE30IICKTPHICCKIX
MaTepuajIoB Ha HEOPUCHTHPYIOIIMX ITOJJI0XKKAX B HEPAaB-
HOBECHBIX YCIIOBHSX KPHC-
TAJUTA3AIIH [IPU UCIIOIH30-
BaHUH METOJIOB PACTIBLICHUST
Ha3BIBAIOT POCTOM B yCJO-
BHSX TOTEpU MOP(HOIIOTH-
YECKOW yCTOWYMBOCTH [6].

Jlerupyrommas npumech
BXOJMJIA KaK B PEHTICHO-
aMopHYIO, TaK U B KPUCTAI-
nr4decKkyo (asbpl MICHOK.
Yka3aHHBIE (ha3bl BEIIBIISIOT-
E Cs1 METOJIOM IPOCBEYHBAIO-
el AIEKTPOHHON MUKpO-
ckonnu (puce. 3, a, 0). Paz-
Mep oOnacTeit KOrepeHTHOTO
paccesiHisS PEHTTEHOBCKOTO
nznyuenust (OKP) kpucrain-
nugeckor (hazbl HeJIeTHUPO-
BaHHBIX IUIeHOK AIN cocras-
nset 35—63 HM, TerupoBaH-
HbIX — 20—50 uM. ITnenku
tomHON 10—30 HM 00pa-
30BaHbI HAHOKPUCTAJUTUTA-
MU KOHHYECKOH (OpMBI B
BUJIC MMUPAaMUIOK, OCHOBA-
HUSI KOTOPBIX UMEIOT IICEB-
JOTeKCarOHAJIBHYIO (OpMy
(puc. 3, a). Metonom mud-
PaKIIHOHHOTO KOHTpacTa yc-
TaHOBJICHO, YTO HAHOKPHC-
tammtel AIN odeHs Heco-
BepIIICHHBI. B HUX Habmrona-
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Puc. 3. Crpoenue mienku AIN, chopmupoBannoi BU mar-
HETPOHHBIM PACHBUIICHUEM!

a — ieHKa TonuHoi 30 HM (CBETIIbIE TOJIOCH — PEHTreHOaMOopd-
Has (a3a); 6 — OTIENIBHOE BOJIOKHO (KpUCTAIUTYecKas (pa3a) INICHKH
TonuuHoi 3,6 MxM. Ha BcTaBke — 271eKTpoHOrpaMMa Ha IPOCBET
eTcsi 0OJIBIIOE YUCIIO MIIOCKOCTHBIX Ne(EKTOB, B 4aCT-
HOCTH, BO3MOXHBI Ae()EeKTh yIMaKOBKH, NBOUHHUKH
(puc. 3, 6). KoHIleHTpaIuo NpuMecH B JISTHPOBAHHBIX
TUICHKaX OTIPE/IeIISIA METOJIOM HHBEPCUOHHOM BOJIBTaM-
NepoMeTprH (BoTbTaMIiepomMerprueckas cuctema CBA-
1BM). Ucnonp30BaHe MeTO1a MPUBOJIUT K PeaIbHOMY
CHIDKEHHIO Tpeziesia OOHapyKEeHHS Ha HECKOJIBKO ITOpPsII-
KOB I10 CPaBHEHUIO C METOJJAMH, UCTIONb3YEMBIMU B MHK-

PO3JIEKTPOHHUKE.

C yBennueHneM KOHIIEHTPAIIH JIETUPYIOIIEH TprMe-
CH CTEeMEeHb KpUCTAUTMYHOCTH IIeHOK AIN 1 ZnO ymMeHb-
1IaeTcsi U MpU KOHLEHTpauuu 2 ar.% He IpeBbILIaeT
50 06.%. Jlerupyromas mpuMech pa3MeniaeTcs B BUIE
OT/ICNbHBIX aTOMOB KaK B KPUCTAITMYECKOM, TaK U B PEHT-
renoamop¢Hoi pazax AIN (ZnO). Kpome Toro, npumech
OCaXxkJaeTcs Mo TPaHUliaM BOJIOKOH B BHJIE BKITIOUEHHI
METaJlla ¥ COOTBETCTBYIOLIETO HUTPHJIA MIIU OKCUIA, KO-
TOpBIE, TI0 JJAHHBIM PEHTTEHOBCKOW IH(PPaKTOMETPHUH,
PpeHTreHoaMOp(HBIE (JTI0 KOHIICHTPAITAH IPHIMECH IPUMEp-
Ho 10 at.%).

IIpumenenue mieHok AIN u ZnO B 371eKTPOHHOH
TeXHHKe

Henaxkanueaemovte kamoowt. IH ekt CHIKEHUS TT0-
pora sMUCCHU IPY HAHECEHNUH HA KaTOJ TUICHKH JIUJIeK-
TPHUYECKOTO MaTepHraja OblI YCTAHOBIEH Y OCTPHHHBIX
KaToJIOB M3 Si (HUTEBUAHBIX KPUCTAIIOB BBICOTOM IO~
psaaka 100 MKM ¢ paanycOM KpUBU3HBI IIpU BEPILIUHE
<25 HM, cOpPMUPOBAHHBIX METOJOM «Iap—XKHUA-
KOCTb—KPHUCTA») ¢ MOKPBhITHEM U3 AIN TONMIMHOM
0,1—2 MM [4, 7] (puc. 4). V3mepeHue aBTOIMUCCHH
OCTPUMHBIX KaTOJ0OB IIPOBOAMJIOCH B BAKyYMHOI KaMme-
pe ipu gasnenuu 1,33-107 Ia.

BbutH uccae10BaHbl SMUCCHOHHBIE CBONHCTBA CTPYK-
Typ Si/anmaz(AVII) u Si/anma3(AYII)/AIN(ZnO), B ko-
TOPBIX aJIMa3HbIE WM aJIMa30M0J00HbBIC YITIEPOIHbIE
wieHkH (AYI]) cuHTe3upoBaIH pa3InuHBIMU METOAAMH
(Tadua. 2).

a) 6) 106

f,.-r
Si/AIN / Si

108
*
Twoa] 1070 - . .
: 200 400 600 800

Hampsokenne, B
Puc. 4. a— >neKTpOHHO-MHUKPOCKOITMYECKII CHUMOK OCTPHIA-
Horo karoza u3 Si/AIN; 6 — BoJibT-aMIepHbIC XapaKTEPUCTH-
KU OCTpUMHBIX HEHaKaJIMBaeMbIX kKaTonoB u3 Si u Si/AIN (3a-
30p MeXay KatoaoM U skpanoM A=200 MKm)

H3mepeHne SMUCCHOHHBIX XapaKTEPUCTHK IUIAaHAPHBIX
KaTOJIOB HA OCHOBE CJIOMCTBIX CTPYKTYP IPOBOAMIOCH B
HMITYJTECHOM PEKUME Ha CIICIHABHO pa3padoTaHHOH Ba-
KYyMHO# ycTaHoBke npu napienuu 1,33-1073 Tla. s
OIICHKH YHCJIa YMHUCCHOHHBIX LIEHTPOB HCIOIB30BAJICS
9KpaH, BKIIOYAMIUA cTpyKTypy InSnOx/mromunodop.
ITpumensimu momuHoMop Ha ocHOBe ZnS-CdS:Cu, Al (As).

VY cTpykTypsl Si/anMas, B KOTOpOU alMa3 CHUHTE3HU-
pOBaIM METOIOM HArpeTol HUTH, SMUCCHS HEe 0OHapy-
skeHa. [IocKobKy Ha cKolie anMa3HOW TUIEHKH Harps-
JKEHHOCTB I0JIS1 B CUITY TeOMETPHUHU YEHKH 3HAYUTEIHHO
0oJblie, YeM Ha TOBEPXHOCTH, TO YMHUCCHS OblIa MOJTy-
YeHa TOJIBKO CO CKoJIa. BonbsT-aMmepHEIe XapaKTepucTh-
KU TIPE/ICTAaBIIEHBI HA PHUC. 5, a.

J1J151 OLIeHKH SMUCCUOHHBIX CBOMCTB HOBEPXHOCTH MO~
JUKPUCTALITIUECKOTO anMasa pEdpa ObUIM OKPHITHI CII0-
eM m3onupylomero Marepuana. [Ipu 3ToM mpu mosmsx
<30 B/mMkM smuccust He oOHapykeHa. JlanpHelee yBe-
JMYEHUE HAPSHKEHHOCTH TMOJISl PUBOMIIO K TPOOOSM B
3a30pe MeXay KaroloM U anoaoM (cioi InSnOx). IToc-
nie ocaxxaeHus TeHkd AIN TomuaoN =10 HM Ha IOBepX-
HOCTB IOJIMKPHCTAIUINIECKOTO aIMasa, CHHTE3HPOBAaHHO-
O METOJIOM HArpeTod HHUTH, C IOBEPXHOCTU CIIOUCTOMN
cTpykTypbl amMas/AlN Obita norywena smuccust. [1pn atom
KOJTTIECTBO SMHUCCHOHHBIX IIEHTPOB Ha IIOBEPXHOCTH MO/
JIOKKH, TIOZICYMTAHHOE TI0 U300pakEHHIO Ha aHO/IE, OBLIO
oxosio 100. 15 mIeHOK MOMUKPUCTAIIMYECKOrO anmasa
MOPOT AMHCCHH cocTaBiisul mpuMmepro 20 B/Mxm. [Ipu
noisx 6ostee 30 B/MkM niporcxoanimm mpoOou B 3a30pe C
MCYE3HOBCHUEM SMHUTHPYIOLIHX IICHTPOB.

BE110 ycTaHOBIIEHO, YTO JTyYIINEe SMICCHOHHBIE Xa-
PaKTEpPUCTUKH TPOSIBISIIOTCS TIPU Uctionb3oBannu AYTI.
Jnst popmupoBanns AYII npuMeHsITHCH METOIBI TIICIO-
LIET0 pa3psla, a TakkKe MarHeTPOHHBIM pa3psa (cMm.
Ta0. 2). Yay4lieHne 3MUCCHOHHBIX CBONCTB KaTOIOB
Ha ocHOBe AVYII, chopMHupOBaHHBEIX Ha Si-ITOUTOKKAX

Tabnuia 2

Ilapamempur npoyeccog ocadcoenus u azoswvlii cocmas y2aepooHblX NIeHOK

Merox PaGoumii ras JaBnenue raza,| Temneparypa | CKOpPOCTb OCaXICHUS, Cocras mieHKH, 06.%
Ila nomIoxKku, K MKM/4

Harperas aHuth 1,506.% CH4 + H, 310 800—1300 0,2—2 Anma3z (>99%)
Hyrosoii paspsn | 1,5...4 06.% CH, + H, >10° 873—1473 Ho 40 Anmas (1o 99%)
Treromuii paspsia | 1,5...4 06.% CH, + Hy >10° 800—1300 =6 AVII
MarHseTpoHHBI

paspsiz Ar +Hy: AVIL
Bricokas yacrora Ar + C,HsOH 3,8...6 393...573 0,02...0,08
TTocTOSIHHBIN TOK 1,0...7,5 473 0,1...0,16
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DkpaH
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Puc. 5. Bonpr-ammniepHbie XapakTepUCTHKU CIOUCTBIX CTPYKTYD:
a— Si/anma3 u Si/anmas/AIN (Ha BcTaBke noka3ana cxema uamepenusi); 6 — Si/AYIT u Si/AVII/AIN
VYenosust nzamepenuit BAX:
a — A=160...200 mxm, yactota /=50 I'u, mutensHoCcTh HMIyNbca T=20...25 mkc; 6 — A=500 mkm, =50 I't, 1=20...30 mMxc

METO/IOM TICIOMIET0 pa3psiaa, JOCTUTAIOCH 32 CUET
OCaXJICHUS Ha €r0 AMUTHPYIOUIYIO TIOBEPXHOCTH CJIOS
AIN (cnoucras ctpykrypa Si/AYIT/AIN).

Brimo oOHapyxkeHO yBenmnueHHe KpyTHU3HB BAX
crpyktypsl S/AYTI/AIN npu mioTHOCTH ToKa j>5 MA/cM?
(puc. 5, 6). 3HaueHHE BEIUYUHBI PE3KOTO YBEIUUEHHUS
kpyTu3Hbl BAX Haxomuinocs B npezenax 2<j<7 MA/cm?,
YMeHbIIIEHNS TOpOra 3MUCCHU MO CPABHEHUIO C HEHa-
KaJMBaeMbIM KaToioM Ha ocHoBe Si/AY 11 He oOHapyxe-
HO. YCTaHOBJIEHHAS BEICOKAS KPYTH3HA XapaKTePHUCTHKH
JlaeT BO3MOKHOCTB IPUMEHUTH ATU KaTOIBI TS TPHOO-
POB ¢ ynpasisomuM Hanpsbkeauem <200 B npu mior-
noctr ToKa 10<<20 MA/cm?. JlerupoBanue ruieHok A 1N
HE IIPUBOJWIO K CHUKEHHIO TOPOTa 3MUCCHUH.

Ha nerupoBansbix urenkax AIN:Mo Ob1T0 yCTaHOB-
JICHO, YTO SMHCCHS JIEKTPOHOB IIPOUCXOIUT C BEPIINH
TI00YIT Ha TIOBEPXHOCTH IUICHKH (BEPILIMHBI BOJIOKOH KPH-
cramundeckoi ¢assl) [8]. IIpu HeKOTOPBIX yCIoBUsX (TIO-
JIOXKUTENBHOE HIEKTPUUECKOE CMEIEHUE Ha MOATI0XKKO-
Jepxaresie, Majasi MOITHOCTE pa3pana) GopMHUPYIOTCS
TUICHKH, IMETOIIIE MEJIKO3EPHUCTOE CTPOCHHUE C PABHO-
OCHBIMHU 3epHamH (pHUc. 6, a). UNCIIO IEHTPOB SMUCCHH
OT mIOOYJIAPHOH MOBepXHOCTH TuIeHOK AIN, He umero-
LIMX BOJIOKHUCTOTO CTpoeHus (puc. 6, 6), CHUXKaercs
Ha HECKOJIBKO TIOPSIIKOB, U IIEHTPBI SMUCCHHU HE CBSI3aHEI
C BEpIIUHAMU TJI00YIL.
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D) [ 3 unm

FIn Cran
POONAREH [ifpseiH A4

£

] !
Puc. 6. Crpoenue ckona (@) ¥ TOBEPXHOCTH (0) MEITKO3EpPHHUC-
To# mieHku AIN

HccnenoBanack BO3MOKXHOCTE CO3AaHISI INTAHAPHBIX
HEHAKaJIMBaEMBIX KaTO/I0B HAa OCHOBE CIIOMCTOH CTPYK-
TYpBI, cOAepKaIIeH IieHKkn okcraa imHka: Si/AYI1/ZnO.
Cion ZnO ymenbimm 3G HeKTHBHOCT SMUCCHH (PHC. 7,
a). JlerupoBanue mieHok ZnO Me/pIo TakKe He TIpUBe-
JIO0 K YAYYIIIEHUIO SMUCCUOHHBIX CBOUCTB (puC. 7, 0).

CtpoeHune HeAMUTHPYIOIIEH POCTOBOM MMOBEPXHOCTH
TUICHKH aiMasa (CTausl JBOMHUKOBaHUS ) TPEACTABICHO

a) 3
Si/AVII
2,5 !_.__,.-'
< 2 - Si/AVII/ZnO
= \‘\},
g 1,5 |
e - j‘
1 -
[ ]
0,5 » ‘f

4 ..IHr ¥ 1]
0 oGS GEs

3 3,5
Hampsokenne, kB

0 24 Si/AYI/ZnO:Cu
16 ‘ el
’ i
EREE . )
Y SI/AVII i
£ 08 - ‘/’ by
04 4 “!
_F-i-—‘ + - -

Hampsokenue, kB
Puc. 7. BonpT-amniepHbIe XapaKTEPUCTHUKH CIIOUCTBIX CTPYKTYP:
a— Si/AYI1u Si/AYI1/ZnO; 6 — Si/AYI1 u Si/AYI1ZnO:Cu.
Venoust mamepenuit: A=500 mxm, =50 Ty, 1=20...30 Mkc

Ha pHUc. 8, a (pacTpoBBIN 3IEKTPOHHBIH MHKPOCKOTI
TESLA BS—350). lllepoxoBarocTh pOCTOBOI TOBEPXHO-
CTH TOJUKPHUCTAITNYECKUX alIMa3HbIX TJIEHOK B 3aBH-
CUMOCTH OT uX TonumHbl (9-200 MKM) H3MEHsIach B
npenenax R =2...13 Mkm.

HabmomaeMbre Ha cKollax IJICHOK ajiMasa 3epHa HMe-
IOT TIACTUHYATOE CTPOCHUE HE3aBHCUMO OT CTAANH UX
(dhopmuposanus (puc. 8, 6). Pazmep OKP mienok anma-
3a, PACCUMTAHHBIN 110 pEHTTeHOTpaMMaM, COOTBETCTBO-
BaJI TOJIIIMHE IUIACTHH, 00pa3yIoIuX 3epHa U HaOmoa-
€MBIX C HCIIOJIb30BAaHHEM BJIEKTPOHHOTO MHUKPOCKOIIA.
OMucCcHs AIEKTPOHOB CO CKOJIOB aIMA3HOM TUIEHKH PO-
HICXO/IUT TOJIBKO OT TPAHUII INTACTHH, (POPMHUPYIOLIHX 3€p-
Ha. [Ipu ucnons3zoBanuu AYII smuccus ¢ moBEpXHOCTH
MPOUCXOJUT IO TPAHMIIAM HAHOIIOOYJ, BBISBISEMBIX
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Puc. 8. DnexTpoHHO-MUK-
POCKOTIMYECKHE CHUMKH
MOBEPXHOCTH (@) M CKoJla
(6) crnost anmasa, BbIpa-
IICHHOTO Ha MO/IOXKKE U3
Si{111} (naBcTaBke npen-
CTaBJICH CKOJI OT/EIBHOTO
3epHa); 8 — aTOMHO-CHJIOBAsi MUKPOCKOIIHS IOBEPXHOCTH CIIOS
aJIMa30IoI00HOT0 yriiepoaa

aTOMHO-CHJIOBOW MUKPOCKOTHEH (pHC. 8, 6, MUKPOCKOIT
Nanoscope 3), Tpu 3TOM IIIEPOXOBATOCTh POCTOBOH ITO-
BepxHocTH AVII TonmmuHO#N 10 3 MKM cocTaBisiia
R.<0,1 MKwm.

[pwr nmprMeHeHNH JTHTOTPadUIECKIX METOIOB BO3MOK-
HOCTH TIOJYYEHHS IICHTPOB SMUCCHHU (OCTpPHiT) BRICOKOU
IUTOTHOCTH Ha TIOBEPXHOCTH OOJBIION TLTONIAN TOCTa-
TOYHO OTPAHUYCHBI. YBEIMYCHUE IUIOTHOCTH IIEHTPOB
smuccnn (710 2,510 em 2 Ha mmomaau >(20%20) ecm? j10-
CTHUTaach 3a CUET MCIOJIb30BAHUS OMAIOBBIX MATPHI
(OM) — HaHOCTPYKTYyp Ha OCHOBE KyOHMUECKUX yIa-
koBOK HaHocdep SiO, ¢ pasmepamu chep ot 200 10
400 HM, cOPMUPOBAHHBIX Ha MOJIOKKAX U3 PA3IIUY-
HBIX MaTepuaios (no 10 cioes).

B kadecTBe MmI0CKOro HEHaKaJIMBaeMOro Karozaa (c
OCTPUITHBIMH IIEHTPaMH 3MHUCCHH ) yCTPOUCTB 0TOOpaxKe-

a) L 100 =X
£ 34 E
g =30 2
= =
g 24 L60 =
g 2
A8 1 =40 2
o &
3 14 g
g % =20 =
3 :

0 n = 1 = I = [} " 1 0 g
10 30 50 70 90
Vron HakjI0OHA MOMIOKKH, ©
B)
= 7 Hosepxuocts
o OTIAJIOBOM MaTPHIIBI
5 A

HUsS MH(OpPMAIMY B HACTOSIIIEH paboTe UCTIONB30BATTHCH
CIIONCTBIE CTPYKTYPBI, BKIItoyaromue cioit OM, a Taxke
AIN, ZnO, AYII u mienku metasuto: OM/Ni(Ti)/AVII,
OM/Ni(Ti)/AYII/AIN u mp. IIporecc popmuposanust OM
MIPOBOMJIICS C MUCIIONB30BAHUEM CIICIIHAIBHO pa3pado-
TaHHBIX METOHUK [9].

IIpu popMHupOBaHUN MHOT'OCIIOHHBIX HEHAKAJIMBAEC-
MBIX KaT0/10B tuieHKH Ni u Ti monyvaau MarHeTpOHHBIM
HA MOCTOSIHHOM TOKE pacibUICHHEM MHUIIIeHeH u3 Ni win
Ti B Ar-rutasme mipu nasnennn 0,5—2 [1a. Ontumans-
HBIC YCIJIOBUS OCAXICHUS IJICHOK IpU (pOpMHUpOBaHIH
CIOHCTHIX CTPYKTYp Ha OCHOBE ONAJOBBIX MATPHII
OM/AIN, OM/Ni/AYII u np. npuBeacHbI B Ta0I. 1 1 2.

B chopMupoBaHHBIX HEHaKaIMBAEMBIX KaTOAAX Ha
OCHOBE CIIOMCTHIX CTPYKTYp IieHku Ni u Ti ObutH peHt-
reHoaMopdHeL, Toraa Kak B mieHkax AIN u ZnO conep-
JKaJtach MOJIMKpHCTAIUTHIecKas ¢pasa (10 40 06.%). Tex-
HOJIOTHsI POPMHUPOBAHUS TOHKUX IJICHOK oOecrieunBaia
COXPaHHOCTBH CTPOCHHMS OTIATOBON MATPHUIIBI U SMHUCCHU-
OHHBIX CBOHCTB yIIIeponHOH ieHku. [Ipumenenue st
(dopmuposanus AYTI MeToa TIIeromIero pa3psiaa OCcIoxX-
HEHO pa3MITr4eHUEM U TUIABICHHEM ONaJIOBOH MATPHIIBI
npu Temiepatypax >900 K, HeoOXoquMbIX 1S TToTyde-
Hus AYTI ¢ Xopommmu pyHKITMOHATBHBIMH XapaKTepuC-
THKAMIL.

H3roToBneHHbBIE CTPYKTYPBI PEICTABISLIHN ITOTIOKKY
(curamn CT-50, mmasensri kBapi C-5, Si u 1p.) ¢ mocie-
JIOBaTeTLHO HAHECEHHBIMH HA Hee HAHOCTPYKTYPaMH U3 5S—
10 cnoe npaBuIIbHBIX KyOruecKux ynakoBok SiO, v ren-
Kol 13 ajmMaszoromoOHoro yriepona, ZnO, AIN, Ni wmu
ciorcroii crpykrypoit Ni(Ti) + AYVITu ap. Crutorisast IieH-
ka AYII ocaknanach TOMIMHOMN JO 2 MKM.

HWsmenenne xkondurypanuu (3aoctpenue) cdep SiO,,
JISKAIIMX HA TOBEPXHOCTH, TIPOBOTUIIA HAHECCHUEM Ha
HHUX CJI0€B AMUTHPYIOLIETO MaTepHaia (a1Ma3ononoo-
HbII yrrepo, AIN), mpu 3TOM MOTYT OBITh UCTIOJIB30Ba-
HBI TTACCUBHBIE CIIOW W3 METaJIa WIIN IUAJICKTPHKA, Ha
KOTOpbIE HAHOCAT SMUTHUPYIOIINHN CIOM.

6) TToBepXHOCTH MOCIIC HAHECEHHS CIIOCB
AIN Ttommmnoit 50, 100 1 150 HM

Hanocdeper SiO, nnamerpom 200 HM

[ToBepxHOCTH OMANOBOI MaTpPHUIIBI
rociie HaHeceHust ciost AIN
TonmmuHou 0,3 MKM

I 1
200 aM

Puc. 9. ¢ — BrusIHUE yIVia HAKIOHA TIO/UTOXKKH K TIOBEPXHOCTH MHUIIICHH HAa CKOPOCTh OCaXICHUs TIeHOK AIN;
0, 6 — H3MEHEHHE KOH(QHUIypaluu NOBEPXHOCTH Hanocdep SiO, onmanoBod MaTpuLbl MOCIE HAHECEHHUS
cioeB AIN: kommbroTepHas Mozelb (6), mpoduIorpaMMbl OBEPXHOCTH OMAJIOBOW MaTpHIBI (8)
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2) AIN misuteh uptel
24 = AVIIT Ti
Tin - OM
209 oM -
; = Si-noamnoxka
< 16- . e —
= Si-oAI0KKa
12
=
8.
—
4= [EEe e P

0,4

0,6

Hampsokenne, kB

Si-mooxKa

0,8 1 12 14 16

Puc. 10. a — BonbT-aMIepHBIE XaPAKTEPUCTUKH CIOUCTHIX CTPYKTYp Si/AVII, Si/OM/AVII u Si/OM/AVII/AIN (ycnoBus
m3mepenuii: A=160...200 mxm, =50 I'u, 1=20...25 MKC); 6 — CTpOCHHE MOBEPXHOCTH BEPXHETO CIIOS OMAIOBON MaTpH-
bl TIOCJIE OCaXaeHUs AByXcioWHoW cTpyktypsl: Ti (0,1 mxm) u AVIT (0,3 Mxm)

[Ipu ncnonap30BaHUK METONOB PACTIBIICHHS dPHEKT
3a0CTPEHUS CBSA3aH C M3MEHEHUEM CKOPOCTH (hOpMHPO-
BaHUS yYaCTKOB INIEHKH, PACIIOI0KEHHBIX MO/ Pa3JIny-
HBIMH yIJIaMH OTHOCHTENIbHO MCTOYHHUKA PACIIbLICHUS
(puc. 9, a). B 3aBUCUMOCTH OT TOJIIHUHBI OCAXIEHHOTO
CIIOsI MEHsETCs (popMa IIOBEPXHOCTH, OTyIaeMOil pu
3aoctpenun chepsr SiO, (puc. 9, 0, 6).

Brumn rcene1oBaHbI SMUCCHOHHBIE XapaKTePHCTHKH
TUIAHAPHBIX HEHAKAJIMBAEMBIX KaTOOB, BKIIFOYAIOIINX
clIoi KyOMuecKkux ynakoBok HaHocdep SiO, auamerpom
200410 M. Ha puc. 10, a npencrasnenst BAX crouc-
ThIX cTpyKTYp Si/AVTI, Si/OM/AYII u Si/OM/AYII/AIN,
B KOTOPBIX CJIOH aJMa3oIomo0HOTO yIieponaa MoiTydeH
METOZOM TJEIomero paspsna. Ilpum aTom paccTosiHue
MEX/Ty COCEITHIMH OCTPUSAMH (LIEHTPaMH IMUCCUH) UX
HPaBUIIbHBIX PAAJIOB PABHSIIOCH TMaMeTpy Hanochep SiO,
u coctasisuto npuMepHo 200 um (puc. 10, 6).

Yempoiicmea na nosepxnocmusix akycmuyeckux
sonnax. [lpumenenne B CBU-ycrpoiictBax Ha [TAB (ua-
crora f>1 I'T'm) monokpucramnos SiO,, LiNbO, n npy-
T'HX TTbE303JIEKTPHYECKIX MaTepHaIoB, a TAK)Ke MHOTO-
CIOWHBIX CcTPYKTYp cuTaul/AIN (ZnO), nnaBneHbIi
kBapw/AIN (ZnO) u ap., TpebyeT npu hopMUPOBAHUU
BCTPEYHO-IITHIPEBBIX TpeodpazoBateneii (BIIIT) peanm-
3allii MUKPOHHON M CYOMHKPOHHOU (poTomuTorpaduu
— U3-32 HEBBICOKON CKOPOCTH pacmpocTtpanenus [1AB.

a)
3= Ammaz/AIN(ZnO)
1 MKM
w 0-Al,0,/Zn0O
Food 0.7 MM Anma3/AIN(ZnO)
< o 1,5 MKkM
[ !
2 =
S Anmasz/AIN
= LiNbO, a-AlLO;/AIN 2,8 MKM
19 i 1 MM s
LiTaO,
=T T T T T ]
0 0,5 1 1,5 ) 2,5 3

[upuna smexrpomos BT, mxm

Ha puc. 11, a npuBeaeHs! JOCTUTHYTHIE YPOBHH Yac-
TOT ycTtporicTs Ha [TAB B 3aBHCHMOCTH OT IIMPHUHEI SJICK-
Tponos BIIIII (d) npu ucnonb30BaHUU B KaUECTBE 3BY-
KOIIPOBOZIOB MOHOKPUCTAIIMYECKUX TbE30IEKTPUKOB U
CJIOUCTBIX CTPYKTYyp. Hanbosee nepcreKTHBHBIM Mate-
PHAJIOM CIIONCTOTO 3ByKOTIPOBOAA SIBIISICTCS amMa3 (CKo-
pocts [TAB V=10 km/c). B HacToslIee BpeMst IMEIOTCS
CBEICHUS TOJBKO O TPEX COYETAHMX aIMa3/TIhEe303JIeKT-
PHK, HCIIOIb3YEMBIX JUIS CO3AaHuUs yCcTpoicTB Ha ITAB:
anmas/Zn0O, anmas/AIN u anmas/LiNbO; [7, 10]. Tpu
coznanuu ycrpoiicts Ha ITAB CBU-guanazona (>1 I'T')
napa asmMas/AIN 0coOeHHO TEpCIEKTHBHA, T. K. CPEIH
be303JIeKTpukoB AIN Hambornee ONMHM30K K anmMasy 1o
ckopoctu [TAB (y AIN V=6 km/c, y ZnO V=3 xm/c).
Huo6ar mutus (LiNbO;, V=3 km/c) B BUjIE KpucTa-
JMYECKHUX YIIOPSTOYCHHBIX IIJICHOK TPYIHO MOJTYYUTh
Texnonorndecku. Kpome Toro, mienku LiNbO, pasna-
raroTCs IpU XpaHCHUH Ha BO3IyXe.

st cpaBHUTENBHON OLIEHKY BIHSHUAS U3MCHECHHUS
TOJIIUHBI TUICHKU AIN ¥ 3HaYeHUH yIIPyTrUX MOCTOSH-
HBIX BBIIIOJIHEH PAacyeT 3aBUCUMOCTHU V' OT TOJIIUHEI
BE303JICKTPUUECKON TeHKH kh (A=2TUA, toe A —
nnuHa [TAB) npu n3MeHeHUHU 3HaueHHUI ynpyrux no-
CTOSIHHBIX IICHKH 1T OPHEHTAMOHHOTO COOTHOIIICHHS
a-Al,0,{0001}[1010]/AIN{0001}. Ha puc. 11, 6
HpEeICTaBIeHa PACCUMTaHHAS 3aBUCUMOCTD Vp(kh) nst

0) BILIT
58 AN
o [—A1203 b AT
g (0001)[10TO]A1203/(0001)A1N
mh . Iy
> 5,75
=
W
2
§- 5,7
O

Puc. 11. a — 3aBucumocTu paboueii yacTotsl ycrpoiicrBa Ha [IAB ot mmpuns! 31exTpoaoB (d) BILII 11 MOHOTUTHBIX
U CJIOUCTBHIX 3BYKOIPOBOAOB; O — HM3MeHeHHe ()a30BOH CKOPOCTH B 3aBUCHMOCTH OT TOJNIIUHBI riieHKH AIN
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CJTydasi HyJIEBBIX M3MEHEHUH yIPYTHX MOCTOSAHHBIX C,, U
C,; (kpuBas 1), a TaxoKe NPH MX yBENMYEHUH Ha 7% (KpH-
Bas 2) ¥ yMeHbBIICHUH Ha 7% (kpuBast 3).
[IpencraBneHHbIC 3aBUCHMOCTHY IOKA3aJTH, YTO H3Me-
HEHHUE 3HAYCHUH YIIPYTHX IOCTOSHHBIX MTBE303JICKTPHKA
3HAYUTENBHO CHIIbHEE BIHMSET Ha ckopocTh [TAB, yem
M3MEHEHHE TOJIIIHEI TUIeHKH. [Ipyr 0THOCHTETLHON TOI-
muHe mwieHkn AIN mopsaka 1,0 u Goniee u3mMepeHHas
3KcIIepUMeHTaNBHO cKkopocTh [IAB He3HaunTensHO (<3%)
OTJIIMYAETCsI OT PACUETHOM, UTO CBUICTEIHCTBYET O BEHI-
cokoM kadecTBe (hopmupyeMsbix ieHOK AIN. (Ilox BeI-
COKHMM KaueCTBOM 37IECh CJIeJIyeT IOHUMaTh HE CTEIIeHb
TEKCTYPHUPOBAHHOCTH IUICHKH, a OJIN30CTh 3HAYCHHH YTI-
PYT'HX MOCTOSIHHBIX MarepHaja K X 3HAYeHHUSM, U3Me-
PCHHBIM Ha 00pas3Iiax, BRIPaIeHHBIX SITUTAaKCHATBHO 13
MapoBOi (ha3bl, KOTOPEIC OBLTH B3SITHI 32 HCXOAHBIC IIPH
npoBefeHuH pacueta ckopoctu IIAB.) Pacxoxxaenue skc-
MEePUMEHTAIBHON U TEOPETUUECKOM 3aBUCUMOCTEH PU
MaJibIX ToamuHax mieHKH AIN oObICHAETCS MAJIOH CTe-
MIEHBIO KPHCTAIUIMIHOCTH IUICHKH B HAYaJIe €€ POCTa.
Vrpyrue cBoOMCTBa MbE303IEKTPUUECKON IIICHKH L1e-
JIKOM OTIPEIEIISIIOTCS TEXHOIOTHYECKIM IIPOIIECCOM ee
(dopmupoBanus. OT peKUMOB IIpoIiecca MOTyICHHS 3a-
BUCST TaKXKe U 3HAYCHHUS Tbe30IIEKTPUYECKUX MOLLYJIEH,

OmpeeNsieMbIX HATMIHEM pUMeceii, BHy TPEHHUX HaIpsi-
JKCHUH B ITHE303ICKTPHUECKON TUICHKE M OCHOBHOM CJI0€
MHOTOCJIOHHOTO 3BYKOIIPOBOAA.

Bb110 nccnenoBaHo BIMSHUE MaTepHaa MOI0KEK
¥ CTPOCHUS TbE303IEKTPUIECcKHX IIeHoK AIN croncro-
'O 3ByKOIIPOBOAA HA PabOUyI0 YaCTOTy ¥ BHOCHUMEIE TIO-
tepu (Y) (HeCorTIacOBaHHBIN PEKUM) JIMHUH 3a/ICPIKKH
(Tabda. 3).

B cnoncteix crpykrypax anmmaz/AIN (ZnO) mrenku AIN
u ZnO ObUIM CHIIBHO TEKCTypHUpoBaHbl mo <0001>
(0=0,5...3° u 0=0,7...2°, cooTBeTCTBeHHO) (pHUC. 12 1
13). ITpumensumcek rienkn AIN (V,=5,67 xm/c, Temre-
parypHbIil Ko3dduumrent pacumpenus 0=3,5-10° K-,
yIEeIbHOE JIeKTpUIECKoe conpotupienue P>10'4 Om-cm)
1 ZnO (V=3 km/c, a=4,6:10° K1, p>10% Om-cm). Hc-
NI0JIb30BaHHBIE 1S CO3/1aHus ycTpolicTB Ha ITAB mien-
KU aIMa3a COCTOSUTH U3 KpUCTauTueckoi (95...99 06.%)
U peHTreHoaMop(hHOH (a3, IpU ITOM KpPUCTATLTHYECKAs
(haza ObLTa chopMUpOBaHA aKCHATBHO TEKCTYPUPOBaH-
HBIMH 110 <111> 1 <110> 3epramu. Pasmep OKP rureHok
AIN cocrapisn 35—63 M, a ZnO — 11—35 am. J{ns
YBEJIMYEHUA P IbE30NIEKTPUUECKUX IUIEHOK ZnO ux Jie-
TUPOBAJIHM MeNbIO 10 KoHIeHTpauu =0,3 ar.%. Akyctu-
YyecKasi BOJTHA JBIDKETCS [0 3epHAM ajiMasa, COCTOSIIUM

Tabmauma 3

Bausnue cmpoenus nnenox AIN, cpopmuposantwix HA pasnuiHbIX ROONONCKAX, HA PAOOUYI0 YACMOMY U 6HOCUMbLE
nomepu IUHULL 3A0ePHCKU

Crnouctsiit IMapameTtpsl, xapakrepusyromue crpoenue mwieHkn AlN Hape;rezp;;:mnn
3BYKOIIPOBOJ A°P
J, % | Pasmep OKP, um | 0, °| Ilepuox pemerku ¢, um | f, Mg Y, 1b
Tosmkop/AIN{0001} 34 38 2,6 0,4988 72,3 45
Si{100}/AIN{0001} 40 44 3,2 0,4860 63,8 —
Crexio K-8/AIN{0001} 59 63 2,2 0,4995 40,5 35
Curan CT-50/AIN{O001} 51 44 2,4 0,4984 54,4 36
Curamt CT-38/AIN{0001} 28 45 2,3 0,4988 54,0 38
Gd:Ga;0:{111}/AIN{0001} 35 51 3,4 0,4987 41,6 40
GdGa01y (Y, Bi)s(Fe, GajO,,/AIN{0001} | 26 66 2,1 0,4991 42,0 40
0-Al,05(0001)/AIN{0001} 95 58 0,9 0,4996 71,0 33
Si/anmmaz/AIN{0001} 34 38 2,7 0,4988 114,6 46
2) 52 ™~
5 i
i :
- £
2°1 § &
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; — —_— ] 3
o TEHCTanMECHoTS £ 24
i Bi-NoanaREa v
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5] <g %Zgg P
= &\ = s 2 -
E S E g 2 E é Puc. 12. a— cTpoeHue CKOI0B CI0EB U HIEK-
e S o 8 5 o A g = (0002) AIN TPpOHOI'paMMbI Ha OTPAXKCHUEC, IOJTYUCHHBIC
§ a [ o vlﬁ, D o = ‘:. 0=0.8° ¢ poctoBoil nosepxHoctu AIN u nonupo-
A AT PR =5 ’ BAaHHOM IOBEPXHOCTH IUICHKH anMasa; 6 —
5 ~ = pentreHosckas audpaxrorpamma (Cu, -
é ~ U3Iy4YeHHE) OT CIOHUCTOH CTPYKTYpPBI
e~ — —— Si{111}/anma3/AIN{0001}; 6 — nudpax-
20 40 60 80 29,° 15 20 0, ° Torpamma kadanus otpaxenus (0002) AIN
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Puc. 13. a — munus 3anepxku Ha [TAB Ha cnonctom 3Bykonposose Si/anmas/ZnO; 6 — mrpux-pentrenorpamma (Cu, -uzimyye-
HHE) OT cjoucToi cTpykTypbl W/anmasz/ZnO{0001}; ¢ — nudpakrorpamma kadanusi orpaxkenus (0002) ZnO

U3 aKCHABHO TEKCTYPHUPOBAHHBIX IUTACTHH TOJIIIMHOMN
50...100 HM, ¥ MOHOKPHCTAJUTMYECKUM BOJIOKHAM AIN
nmu ZnO ¢ nmonepedasiM pazmepom 50...300 am.
OTIMYUTENFHON 0COOSHHOCTBIO CIIOMCTHIX 3BYKOIIPO-
BOJIOB SIBJISICTCSI 3aBUCHMOCTH K03 uItmeHTa anexTpo-
MeXaHH4ecKkoi csa3u (k%) u V' OT TOJIIMHBI CIIOSI Tbe-
309JIEKTPHKA, CKOPOCTH PacIpOCTPaHEHHS YIIETPa3BYKa,
VIPYTHUX, TAIIEKTPHUECKUX, MTHE303IEKTPUICCKUX KOH-
CTaHT ¥ OPUCHTAIIMOHHBIX COOTHOIICHHH OTAEIBHBIX CIIO-
€B, 8 TAKXKE OT BEIOPaHHBIX HAIPABJICHHI pacIIpocTpaHe-
uus [TAB u xorCcTpyKInu yerpoticTsa [ 11]. [Tpu ucrons-
30BaHNM KOHCTpykumu W/ammas/ZnO/BILIT (TOJHL[HHa
ciost aiMasa f1,=42 MKM, TOJIIHUHA TThe303JICKTPHUECKOM
wieakn ZnO Ii =6 MKM, d 40 MKM, 9HCIIO TTap 3IEKTPO-
noB M=8.5) V =8,82 KM/C Breuta ucciaenoBana 3aBucH-
MOCTB k2 OT TOJIH_II/IHLI wrerkn ZnO. Ipu A/A>0,3 3Have-
Hue k* IOCTOSIHHO M TIPMMEpPHO pasHo 1,1% (pnc 14).
s coznanus pumsTpoB Ha [TAB npumMensui ciionc-
ThIe cTPYKTYpbI Si(W)/ammas/AIN(ZnO)/BIII. Ucnons-
30BaJICh OECIIOPUCTHIE TUIEHKH ITOTUKPUCTAIUTNIE CKO-
ro anmasa (pasmep OKP 800—1000 aM) ToaUIMHOM
h,=12...86 MKM. BB M3rOTOBIEHB! PHIIBTPEI U JTUHUH

BIIITT
AnMag
< S Si/amma¥(0001)ZnO
L1
0 0.2 0.4 0.6

h/N
Puc. 14. 3aBucumocth K03QPHUIIMEHTA IINCKTPOMEXAHHYE-
CKO¥ CBSI3U OT TONIIMHBI TWIEHKU ZnO 711 KOHCTPYKIHHU JIU-
HUM 3a1epxkku Si/anmaz/ZnO/BIIIT

Tabnuua 4
Xapaxmepucmuxu oamyuxos memnepamypwvl Ha I1AB

N K Pabouass | UyBcTBUTENB- TEMH(EE?YPII)H:;H
OOk yactora, MI'1 | HocTs, K['1i/K 02 e
gacToThl, 1/K
40 2 510°
Crexiio BBC =
80 4 510
41 0,5 1,210
Curann CT-50
82 1 1,210

3anepxkku Ha [TAB, pabotatomue Ha yactorax 0,1146,
0,4435, 0,8149 u 1,5200 I'T. OxBugucrantaeie BIIITIT
W3TrOTaBJIMBAIH U3 TUIEHKH Al TommiHo#i mopsiaka 0,2 MkM
(horonuTorpadueit — MeToI0M KOHTAKTHOM Ievaty (Jis
¢unpTpoB Ha wactoThl 0,1146, 0,4435 u 0,8149 ['T) u
METOJIOM NPOEKIIMOHHON (hoTonuTorpaduu (11 pIIbT-
poB Ha vactoty 1,5200 I'T).

Ha ocnoge nmunnii 3axepxku Ha [TAB co 3Bykompo-
BOJIOM 1o 10%kKa/AlIN co3aHbI ONBITHBIE 00PA3IIBI 1aT-
YUKOB Pa3NUYHbIX (PU3NUECKUX BENUYUH. M3MeHeHue
mapaMeTpOB OKPYKaIOIIeH cpeabl IPUBOIUT K U3MEHE-
HUIO YaCTOTHI TeHEpaTopa, KoTopoe (Gukcupyercs mpe-
oOpa3oBarenieM "qacToTa—KOA" MM 4aCTOTOMEPOM. Xa-
PaAKTEPUCTHKH H3TOTOBJICHHBIX TATIYMKOB TEMIICPATyPhI
npezacTaBieHs! B Ta0a. 4. HenuneliHocTh TeMnepartyp-
HOTO K03()(hUIIHEeHTa YaCTOTHI JATYUKOB, BEITIOTHEHHBIX
Ha CTEKIISTHHBIX MTOUIOXKKaX, Obl1a <1%.

a) g1,3 Bun Al 6)
it L =]
=.B1.2_ Crezns KINIOTIAN L- Ll e el
L
-
Bi=
1|_ 1
808 ] 1 1 ] 1
0 O3 M0 D 3H{I
TK | =

Puc. 15. a — 3aBucumocts gactotel [IAB-reneparopa ot

TEMIEPATyphl; 6 — JATUYUK TeMIepatypsl (I — MeTaiu-

YECKHUH KOPIYC ¢ KOBAPOBBIM OCHOBAaHHEM; 2 — JIMHUS 3a-
nepxku Ha [TAB)

KoncTpykuus TMHUM 3aJepKKU IpEACTaBICHA Ha
BcTaBke puc. 15, a. Ucnonp3oBanu crienuaibHO paspa-
OOoTaHHBIN KepaMHIECKHH KopIyC Ha ocHoBe Al,O;, pa-
6oTatoruii Ha yactoTe 500 MI'1. @oTtorpadus muHUH 3a-
JIep>KKH B KOpIyce ToKa3aHa Ha puc. 15, 6.

3akJl04eHue

PaspaboTanbl 000pyIOBaHNE U TEXHOJIOTHH MarHeT-
POHHOTO PACHBUICHUS, MTO3BOJISIOMINE (POPMHPOBATH
peHTreHoaMop(HBIE U BEIPAIIBATE IIPH HU3KHAX TEMITE-
parypax (<600 K) Ha HEOpUEHTHPYIOIIUX MOAIOKKAX
wieHku AIN 1 ZnO ¢ ynops04eHHbIM CTPOCHUEM KpHC-
TalIMYeCcKOH (pasbl, MO0 BHYTPEHHEMY CTPOEHHIO ONu3-
KHAX K MOHOKPHCTAJUTYy W 00JIaqalonIux BOCIIPOU3BOIHU-
MBIMHU XapaKTEPUCTUKAMU; JIETUPOBATh IIPH BBIPALIBA-
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TEXHOJIOT'MYECKHUE IMPOLECCHI M1 ObOPYIOBAHUE

HUU 3TU IUIEHKU PA3IMYHBIMU [IPUMECIMH; U3TOTABIIU-
BaTh MHOTOCIIOMHBIC CTPYKTYPHI C 33TaHHBIMH (DYHKIIN-
OHAITLHBIMH XapaKTEePUCTUKAMH, HEOOXOANMBIMH IS CO-
3/1aHUs1 YCTPOUCTB 3JIEKTPOHHOM TEXHUKH.

Paccmorpeno pnusiare Ha BAX ¢a3oBoro cocrasa u
CTPOEHHUS CJIOEB CJIIOMCTHIX HEHaKaJIMBAE€MbIX KaTO/IO0B.
HenerupoBannsie con AIN 03BOJISIOT YMEHBIIUTD MO~
POT SMUCCHU OCTPUHHBIX Si-KaTOIOB M YBEIUIHUTH KPY-
tu3Hy BAX nnaHapHbIX KaTOIOB Ha OCHOBE YITIEPOIHBIX
MaTepHasoB.

IToxa3aHa BO3MOKHOCTb MCHOJIB30BAaHUS CIOUCTOMN
cTpykTyphl noanoxka/AIN (ZnO) (oam0KKa — CHTaIL,
candup, cIod MOTUKPUCTAIUTMICCKOTO anMasa H Jp.)
IIPY U3TOTOBJIEHUH yCTpoiicTB Ha ITAB.
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