®I3UKA I XIMISI TBEPJIOI'O TUIA
T. 3, Ne 3 (2002) C. 441-445

VJIK 621.382.8

PHYSICS AND CHEMISTRY OF SOLID STATE
V. 3, Ne 3 (2002) P. 441-445

C.I1. HoBocsimuii
AMiutityaHo-¢ga3o3cyBHi macku s [1O®O npoekuiiiHoi JiTorpagii
cyOMikpoHHOI TexHoorii BIC

Tpuxapnamcoruil ynisepcumem imeni Bacuns Cmegpanuxa
eyn. Lleguenxa, 57 m. Ieano-@panxiscok, 76000 Yrpaina

Pospobniena TexHomoTiss (GOpMyBaHHS TPAHCIAPEHTHHUX 1 MPOCBITIIOYHAX TOKPHUTh Ui aMIUTITYHO-
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KHUH (HOTOOPHUTIHAT.

Cmamms nocmynuna oo pedakyii 17.08.2002; npuiinama oo opyky 23.09.2002

[poexkuiitna nitorpadist B CBOEMY IpOLECi BUKOPHC-
TOBYE Tak 3BaHi NpomixkHi ¢otoopurinamu (I1PO), 3a
JIOTIOMOT OO0 SIKMX TIEPEHOCUTHCS 300paXKeHHs Bif 00’ €K-
Ta-poromabinona Ha QoTope3ucT-300paxkeHHs. Termep
3YIMUHUMOCH Ha TIporieci mepenadi 300paxkenns Bix [1OO
Ha ¢oTope3ucT. Beskuii 00°€KT B TUIOIMIMHI 300paxeHHsI
onucyeThest Kk (yHkuis sickpaBocTi B(X,y) B muiommH1

+00 +00

00’exTa. [To Teopii neperBopenuss Dyp’e Oyap-sIKy mepi-
OoIMYHY (YHKIII0 OCBITIIEHOCTI (sickpaBocTi) B(x,y) Mo-
JKHA TMPEACTABUTH K IOCTIJOBHICTh CHHYCOIIHHX PO3-
MOJUTIB SICKPABOCTI Ha PI3HUX MPOCTOPOBHX HYaCTOTaX
Big 0 1o oo

B (X,y )= [ Tt (RoRy)e™ RXRY dedey’ (M

—00 —0

ae (Ry,Ry) — yactoTHa dyHKuis nepenadyi, ska BU3Ha4a- Y BULJIA:
€TBCS Yepe3 ocBiTIIeHicTs B(X,y) Ta mpocTOpoBy 4acToTy
+00 +00 ) [ J
Zoni( Ry +R -
t(RxRy)=[ | B (X,y)e Rex*RvY J4x dy . (@)

To6to yactotHa Qynkuis 1(Ry,Ry) € pesynpTaT nepe-
tBOpeHHs Dyp’e GpyHKLIi ocBiTiIeHOCTI B(X,Y):

1t (RoRy)=F B lx .y | )

AHaJNOrYHO 3alMCY€eThCs PO3MOJUT SICKPaBOCTI B

+00 +00

moJTi 300pakeHHs Ha IUTiBII (POTOPE3UCTY MPU HOTO eKC-
MTOHYBaHHI:

By )= | [P Ry Ry)eRX RY JqR (dR, “

—00 —00

JuIsl KO yacToTHa (yHKIis 11(RX,Ry BHU3HAYAETHCS Ye-

pe3 dynkuio ocitaenocti B'(x,y):
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+00 +00

Yoy )= By e (Rex RY Jgx dy =F [B (x.y ) 5)

—00 —00

Mik 4acTOTHUMH (QYHKLISIMH 00’ €KTa 1 300paskeHHS
€ 3aJeXHICTh dYepe3 (YHKIIO ONTHYHOI Tepenadi
D(Ry,Ry):

7%y )-D RvR)t RoRy)  ©

[eperBopennst @yp’e mis miei GyHKIIT BU3HAYAETH-
Csl BUPa30OM:

D Rx.Ry)=F B'x,y )=T R Ry)e"RRY, ™)

ne T(Ry,Ry) — ammiTyna sickpasocti abo GyHKLisA MOJY-
nanii nepepadi (OMII); O(R,,Ry) — 3cyB da3 mpu nepe-
naui 300paxxenHst abo ¢yskuis ¢asu nepepaui (ODII)
300paKeHHSI.

Abo Tl (R ): D (R )‘E (R ), 10 3HAYUTh, IO

300paxkeHHss OTpuMye crektp uactor 1'(R), skuii
BU3HAYAETHCS YACTOTHOIO XapaKTEPUCTHKOIO 00’€KTHBA
D(R) i iforo gacrotHuM criekTpoM, To0TO0 D(R) — 118 Hac-
TOTHO-KOHTPACTHA XapaKTeprcTHKa 00’ eKTa-1adioHa:

DR)=T R "R

3Bigku ¢oromadnonn I1JI, ans SKUX BUKOHYETHCS
3anexHicTh T(R), HasuBarote T-mmabmonamu, a goroma-
OmonHu, mns skux BHUKOHyeThcsi D(R) HazmuBatores O-
1a6JI0OHAMH.

TakumM  9YMHOM, YaCTOTHO-KOHTPAacTHa  Xapak-
Tepuctuka 00’ekra-madnona D(R) BU3Ha4YaeThCS CIIEKT-
paIbHOIO XapaKTepHCTUKOK IMOKPUTTS (oToNIadoHa,
siKe BH3Ha4ae sk nepegady Moyl T(R), tak i nmepe-
nauay dasu O(R).

Brepiue inest BuxopuctanHs @-m1abnoHiB, siKi Mi-
HSIOTH a3y Majgaroyoro Ha HHUX CBiTia, OyJia 3amporio-
HOBaHa aBTopamu [3,4] AJs MiABUIICHHS PO3MIITBHOI 3/1a-
THOCTI ONTHYHOI KOHTAaKTHOI poTomitorpadii. Ha Bimmi-
Hy Bif 3BHYaifHuX T-m1a0noHiB, SKi MOIYNIOKOTH OCBIT-
JIOBAIBHUIM TOTIK TUIBKH MO aMIDNTYAI (KOoedilieHTy
MIPOITYCKaHHsI) Y BIAMOBIIHOCTI JI0 TOMOJIOTIYHHUX LIapiB
crpykryp BIC, ¢a3oBi ®-11abnoHu NpencTaBisiioTh CO-
0010 TPaHCIAPEHTH, SIKi MOIAYIOIOTH K aMIDTTYAy, TaK i
a3y CBITJIIOBOrO MOTOKY IO IUTOINII MOJYJS EKCIIOHY-
BaHHs. Lle 703BOJIsE MiIBUIIMTH KOHTPACTHICTH 300pa-
JKSHHSI 1 pO3/UIBHY 31aTHICTh, SIK MiHIMyM, Ha 30-40 %.
KpiM 11070, BOHM NOKpAIIyIOTh CTiHKICTh ONTHYHUX
MIPOEKUIHHUX CHUCTEM JI0 1e(POKYCyBaHHS.

Hamu po3po0ieHi opurinaisHi MeToau (popMyBaHHS
3HOCOCTIMKHUX MOKpUTH D-1mabIoHIB, SKi MAalOTh HEBUCO-
Ky noriuHarouy 3gatHicts (10 % mportu 50 % mns xpo-
MOBHX) 1 Manui Koe(ilieHT BiZOMBaHHA, IO TO3BOJIIE
YHUKHYTH iHTepdepeHuiiinux ta qudpakuiiiux edekrin
1 OTpUMaTH MiHIMaJbHI TOIMOJIOTIYHI PO3MIPH CTPYKTYP
BIC (0,25-0,35 mxm). @ymkmis mepemaui D(R)  mma
6inbm kKopotkux Y@ xBuib (193-254 HM) 301IbLIYETHCS
Bix 0,45 10 0,9, 1m0 3MEHIIye PO3MUTICTh Kparo MiHIMa-
JIBHOI'O TOIOJIOITYHOro eaemenTta a0 Beauuuau 0,1-0,15.
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3miHa KoedimieHTa 3aJOMJICHHS TICICKTPUYHUX Ta Me-
TayieBUX MUIiBOK @-1mabioHiB no3Bonse (HopMmyBaTH SK
TpaHCIapeHTHi, TaK 1 MPOCBITIIIOIY] MOKPHUTTSI LIa0JIOHIB
[5]-

Take TpaHcnapeHTHEe HOKPHUTTS B BHI JIETOBAaHHX
IUTIBOK TYTOIUIABKUX, IEPEXiTHUX 1 pPiIKO3eMEIbHUX
metamiBe (P3M) abo iX OKCHIIB YM JIETOBaHWX ILTIBOK
OKCHIy 3aii3a (OpMyeThCS Ha CKISHUX ONTHYHHUX ITif-
knankax K-8 meromamu i10HHO-TIIa3MOBOTO MarHETPOH-
HOTO PO3IWJICHHS MIIIeHi i3 JIETOBAHOTO TYTOIJIABKOTO
MeTaly 1 mipofizy meHrakapOonimy 3amiza Fe(CO)s B
peakTopi atmocdepHoro THcKy mpu T = 120-180°C 3
BUKOPHCTaHHSM J00AaBOK TYTOIUIaBKHX, IEPEXiMHUX Me-
TaJIiB, SIKi 3MIIIYIOTh CIEKTPAIbHY XapaKTEPUCTUKY I10-
TJIMHAHHS B 00J1aCTh KOPOTKHUX XBHWJIb [6]. Taki moKpUTTS
Ha OCHOBI OKCHJIB 3aJli3a 1 TYTrOIUIABKUX METATIB MalOTh
NpPOITyCKaHHSA B 00J1acTi BUIUMOTO CIIEKTpa Ha piBHI 75-
80 %, a B obOmacti KOpoTkux xBuib <420 HM mporryc-
KaHHS B HbOMY BiacyTHe. Jlerytoui no0aBku y BHII Ty-
TOIDTaBKUX, Mepeximaux i P3M Ta iX OKCHIIB i OKCHIY
3aji3a 3MILIyIOTh HE TUIBKM aMILTITYJHY XapaKTepHCTH-
Ky T(A) B KOPOTKOXBHWJIbOBY 00JacCTh, ajie i 3MIHIOIOTh
(hazoBy xapakrepuctuky 0(L), sika ckinamae 0 = 1,26-2,48
JUTSL IOBXKHH XBWIb A = 193-465 HM.

OcHoBHUMH MatepiayiaMH a1t (POPMYBaHHS TaKHX
TpacmapeHTHHX IUTIBOK BHKOPHCTOBYIOTh KapOOHLIH
Me,,,(CO),: Ni, Co, Fe, Ru, Mo, W, Os, Nb, V i crionyku
Merana 3 ragorenamu Mel': Ta, Ti, C,, Sn, In, Al, Fe,
Co, Zn a takox cmiasu BX 2K i BX 2V. IIpaBuibHO
BHUOpABIIN CKIIaJ OKCHIIB, IO BiIIIOBia€ TIEBHOMY 3Ha-
4eHHI0 Koe(illieHTa 3aJOMJICHHs, MOXHAa BCTaHOBUTH
CHEKTpaIbHY XapaKTePUCTHKY TaKy, O He OyayTh Ipo-
MyCKATUCh OUTBII KOPOTKI XBWii. ToOTO, dieneKTpuvHa
OKCHJIHA IUTIBKa JIi€ SIK (QUILTP HU3BKOI YaCTOTH Ha MpO-
ITyCKaHHS YJIbTPagioleToBOro CBITJIAa B 3aJE€XKHOCTI Bil
BEJIMYMHU Koe]illieHTa 3a0MJIeHHS TuTiBKH. KpiM mporo,
3MIHIOETBCSI TaKoX KOe(illieHT BigOWMBaHHS IUTIBKH B
3aJIe)KHOCTI Bil BETMYMHH KOeili€HTa 3aJIOMJICHHS:

2

nin;:—n
R ="—=—, @®)

nins;tn;

IIe 1, Ny, N3 — KOeIIiEHTH 3aJOMIICHHS CKIISTHOT TTiIKIIa-
JIKH, TIeIeKTPUYHOI (MeTalleBoi) TUTiBKH 1 TIOBITPA.
JleryBanus nienexktpuuHoi tutiBku Fe,O; okcumamu



AwmmityiHo-(azo3cyBHI Macku 1iist [1OO npoekuiitnoi itorpadii...

TYTOIIABKUX Ta MEpPEeXiTHUX METalliB BiIOyBaeThCS B
npotieci mipounizy neHrakapooniny 3amiza Fe(CO)s B pea-
KTOpi aTMoc(epHOTO THCKY Ha yCTaHOBII
ETM2.039.000. KoeoirieHTH MOrIMHAHHS, BiIOMBaHHS 1
3aJIOMJICHHS yJIbTPadioeTOBUX MPOMEHIB, SKi BH3HAYa-
I0Th aMITyJITyIHY 1 (a30By MOAYIISLii 300pakeHHs, 3a-
JIEKATh BiJ CHIBBIIHOIIEHHS OKCUIIB B JaHIM ILIBII 1
npu 1l ONTHMaJIbHIH TOBIIMHI 301JBLIYIOTH PO3IUIBHY
3/IaTHICTh TaKKX (pa3oBUX mIabioHIB Ha 35-50 %.

Omnucannii crnocid (opMyBaHHS TpaHCIAPEHTHUX
nBoK it D-mabaoHIB HE € BHCOKOTEXHOJIOTIYHUM
mporiecoM, 00, 3 OIHI€I CTOPOHHU, € TIEBHA TPYIHICTH B
neryBaHHI ITiBKH Fe,0; okcnmamu pinkozemensHux (Sc,
Y, La, Ho) ta HamiBnpoBigHuKoBHUX marepiaiie (Si, Sb,
Sn, Ge) i, 3 apyroi cTopoHH, KapOOHATH — II€ IIKITHBI
XIMIYHI pEUYOBHHH 1 iX BUKOPUCTAHHS MOTPEOYE MIEBHOTO
€KOJIOTTYHOTI'O 3aXHUCTY.

Hamu po3pobiieHuii 1 arpoOoBaHuil O1IbIT eEeKTHB-
HUH MeTox (opMyBaHHS JieroBaHoi IutiBku Fe,O; okcn-
JlaMH TYTOIDIABKHX, TEPEXiTHUX 1 PIIKO3EMEIBFHUX Me-
TaJiB TUIA3MOBHM pPEAKTUBHHM MAarHETPOHHHM pPO3ITH-
neHHsAM koMmOiHoBaHOi MimieHi craBy BX 2K (BX 2V),
B SIKY 3aIpecOBaHi IITHPI JETYIOUNX JOMIIIOK, Ha yCTa-
HoBIi “Oparopis 5 B aproHHIA IUIa3Mi, IO JETYEThCS
kucHeM (0-50 %). Lle no3BosE B MIMPOKHUX MEXKaX pery-
JIFOBATH SIK CITIBBIIHOLICHHS OKCUAHUX (MeTaleBuX) (has,
TaK 1 BUKOPUCTOBYBATH OUIBII IIUPOKHN CIIEKTP OKUCH-
JIB piKO3eMeNIbHUX 1 HAMiBIIPOBITHUKOBUX MaTEpiaiB,
10 3pOOUTH MiPOTI3HUM METOJIOM MPAKTUIHO HEMOKITHU-
B0. Oco0NMBY yBary 3aciiyroBye MeToJ Meramizamii ¢o-
TOMAOJOHHUX 3arOTOBOK, Ha SIKUX peai3yrTbes -
1a0JIOHH, — METOJ I0HHO-IIJIa3MOBOT'O PO3IHJIEHHS XPO-
MOBOi MillleHi, JICTOBAaHUMH JOMIIIKAMH TYTOIUIABKUX,
piAKO3eMeNbHUX 1 HAIiBIPOBIIHUKOBUX €JIEMEHTIB.
BBenenns nux JOMIMIOK 3MIHIOE SIK ITOIVIMHAHHS, 3aJI0M-
JIeHHsA 1 BinOuBaHHS B ynbTpadioneToBid obmacTi, Tak
MIKPO3EPHHCTICTh IUTIBKH (200 X JMCIIEProBaHICTh), IO
nae 3Mory meperBopuTH T-mabmorn B P-mabnonn. B
METAJIOONTHUIl Ha BiJMiHY BiJl Ji€JIEKTPUYHOI ONTHUKHU
KOC(QIIIEHT 3aJIOMJICHHS N BXKE € KOMIUICKCHOIO BEJIHYU-
HOIO 11 1 BU3HAYAETHCS Yepe3 Koe(illieHT eKCTUHKIIT K:

i =n (+ik ) ©)
=0’ (+2ik —k°) (10)

yepe3 AKi Koe(illieHTH TOTJIMHAHHA ¥ 1 BimOmBaHHSA R
BU3HAYAIOTHCS HACTYITHUMH CITiBBiAHOIICHHIMU:

2T

=Tk ) (an

|a af n 1+k ?)}+1-2n
(12)

n +1‘ 1+k )+1+2n

[ornuHanHs 3MEHIIy€ BeNWYMHY IUPPaKIiHHUX
MaKCHMYMIB 1 BUKJIMKA€E 3MIIIEHHS iX B HAIIPSIMi MEHIIINX
TOBIIUH IUTIBOK. Taki MeTaneBi IUTIBKH, SIKi 3MEHINYIOTh
R, Ha3uBarOTH 1I€ MPOCBITIIIOIOYMMH HA BIIMIHY Bix Jiie-
JEKTPUYHMX TPAHCIIAPCHTHUX.

PeakTBHE MarHeTpOHHE PO3MWICHHS MIMICHI 13
cruasy BX 2K, BX 2V i3 3ampecoBaHUMH IITHPSIMH
P3M uu HamiBOpOBITHUKOBUX MaTepianiB MPOBOIUIOCH

3 BUKOPUCTAHHSAM KPYTJIOTO IUTAHAPHOTO MarHeTPOHA Ha
ycranosmi “Opatopist 5.

IIniBKM OKCHIIB METAJIB, 110 MiCTUJIMCHh B XPOMOBIH
MIIlIeHI, HAaHOCWJINCh B aprOHOBIH IUIa3Mi NPH THCKY
0,27-0,45 I1a npu pi3HOMY CTyIIEHi 11 JIeryBaHHS KHCHEM
(Bix 0 no 45 %). Bonn ¢opmyBauch B TaKMX pexuMax:
IIPY MOBHICTIO OKHCHEHIW MillleH], YaCTKOBO OKHCHEHil
MIIIICHI 1 He OKMCHEHIH MIIIeH], 0 BiIOBIAI0 Pi3HIM
ninssakam BAX  marmeTpoHHOTO pospsiny. Benmmuunna
CTpYMY 1 Halpyru BH3HAYaINCh MOTYXHICTIO PO3PALY
(250-450 BT), npu siKiit mWBUAKICTH (GOPMyBaHHS IUTIBKH
nmocsirana 1,2-3,6 mxm/ron mpu tucky P =0,27-0,35 [a.
SIKiCTh MITIBOK OIiHIOBAJIACh IO ONTHYHIM T'ycTHHI 1 on-
THYHUX BTpaTax. JleroBaHi XpOMOBi OKCHJIHI IUTIBKH,
OTPHUMaHi 3 ONTHYHOIO TYCTHHOO 1,2-1,6 Ta ONTHYHUMHU
Brparamu o, = 0,5 n16/cm, manu aedexruicts < 0,05 om?
pEXUMi YACTKOBO OKHCHEHOI MOBEPXHi. AProHOBa IIa3-
Ma po3psdy JieryBajiach KucHeM y Mexax 0-28 %. J{ns
3a0e3MedeHHs] ONTUYHOI T'yCTHHH B Mexax 1,2-1,8 BmicT
KuCHIO ckianas 22-28 %. EnexrponHo-rpadiuHmii aHai3
MOBEPXHI OKCHJIHUX IUTIBOK MPOBOAUBCS HA BiIOWBaHHS
Ha eNIeKTpoHHOMY Mikpockorni EM-125 3 nudpakuiiinoro
rpatkoro JII1-1. Cnextpu amopdHHX IDTIBOK OKCHIIB
3HIMAIKCH Bif YNbTpadioneToBux A0 iHPpadepBOHUX
obxmacreit Ha ciekTpodoTomerpax IKC-29, “Spicord-75”.
[T1iBKM OTpHMaHUX OKCHIIB HMPO30pi B IUPOKOMY Jiama-
301 xBwiIb Big 0,5 mo 10,5 mxwm. IIpudomy HIDKHS Tpa-
HUIS CHEKTpa B 3aJICKHOCTI BiJl CTyNEHS JIETyBaHHA iX
TYTOIUIABKUMH, P1IIKO3EMEILHIMHU YH HaIliBIPOBIJHUKO-
BUMH €JIEMCHTaMH 3MIIY€EThCS B JalieKy yibTpadioie-
TOBY 00J1aCcTh 3 JOBXKUHOIO XBwiIi MeHie 420 am. To6To,
B 3QJICKHOCTI BiJl JOBXHHM XBHWII YJIBTpadioseToBOro
OTIPOMIHEHHS JpKepella POBOIUTHCS Mi0ip TpaHcmape-
HTHOro NOKpUTTA. KoedimieHT 3aloMiIeHHs IUTBOK BH-
MiproBaBcs Ha emincomeTpi E3. Cmig BigMITHTH BHCOKE
3HAYCHHS HAINPyTU MPOOOI0 TaKWUX IUTIBOK, SIKE CKJIAIAIOo
Ginbime 3-10° B/owm. Jlis 3aiaHuX 3HAYEHb KOCQIIiEHTIB
3aJIOMJICHHS MOBITPs 1 omTUYHOTO cKia ny = 1 i n3 = 1,59
MOXHa minioparu pexxumu (opMyBaHHS 1 MeTaneBol
MPOCBITIIIOYOT TUTIBKH, sIKi 3a0€3Me4yroTh ii koedillieHT
3IOMJICHHS Ny = 2,5, TOCTATHIN SIK JJIs TOJIApU3allii Bij-
OMTHUX MPOMEHIB, TaK 1 JUIsl 3MEHIICHHS iX audpakiii i
iHTepdepeHii.

Hpyrum criocodom ctBoperHs A-@ I1DO st npoe-
KuiitHoi nitorpadii € ¢opMyBaHHS JBOIIAPOBOI ILTIBKHU:
XpOMOBOi K aMIUTiTyHOI Macku eneMmeHTiB [IPO Ttak
MPOCBITIIIOIYOT K (ha3zo3cyBHOI Macku. OcTaHHA 3a0e3-
medye 3HIKEHHS BTpAT Ha BigOWBaHHS B yIbTpadioie-
TOBI# obmacTti 1o 0,5-8 %. [TapameTpy POCBITIIOIOUOTO
mapy (KoeimieHT 3aJOMICHHS Ta TOBIIUHY IUTiBKH)
BHOHMPAIOTh BUXOISYH 3 YMOBH, 1100 CBITIIOBA XBHJISA, IO
BiIOWIIach BiJ MOBEPXHI MOKPUTTS B pe3yibTaTi iHTEp-
(depeniii, racuiach XBUJIECKO BXKE BiIOMTOIO Bi TpaHUI
PO3ILITY XPOMOBE-IIPOCBITIIIOI0YE MOKPUTTS. KpiM 1160T0,
MPOCBITIIIOI0YE TIOKPUTTS BHACHIOK 3MiHM Koe(illieHTa
3aJIOMJICHHS JIOJJaTKOBO MiHS€E 1 (ha3y CBITIIOBOi ynbTpa-
(hioJIeTOBOT XBWIII, IO MOABIISIE X AU(PaKIIiTo.

B poni mpocBIiTIIOIYNX HNOKPUTH BHKOPHUCTOBYBa-
auck miBkd SiO, (n=1,44), SisNs (n=2,2), SiON,
(n=1,7), SnO, (n=1,6-1,9), ITO (In:Sn,O,) (n=2,0-
2,1), ZnS (n=2,3), Ta,0Os (n=2,2), TiON (n=2,3),
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In,O; (n=2,1), a TakoX OBOIIAPOBI MPOCBITIIIOIOYH TIO-
kputts 'y Buai ZnS + MgF, (n=148), ZnS+ITO
(n=1,7-1,8), SiO,+MgF, (n=1,65), TiO+ ALO;
(n=2,5). Cami criocobu ¢opMyBaHHS TaKHX IDIIBOK IT0-
BUHHI 3a0e3reuyBaTd BUCOKY OIHOPIIHICTh, MIBUAKICTH
(dbopmyBaHHS, aares3ito, KOHPOPMHICTH MOKPHUTTS, 3aja-
HUW CTEXIOMETPUYHHN CKJIajd i KOe(DiliEeHT 3aJ0MIICHHSI.
Takumu crioco6amMu popMyBaHHS MTPOCBITIIIOIOYH TUTIBOK
€ nipo:ni3 B peakropax PAT Tta PIIT i meroau XimiuHOTO
ocamkeHHs. [lepmuili MeTo HaMM J€TaNbHO MOJAHUN B
[2,7].

Jns oTprMaHHS TUTIBOK OKCH[IB METAlliB YU HAITiB-
MPOBIJHMUKIB HAa HArpiTy MiAKIAAKY BHKOPHCTOBYBAIH
peakTop aTMoc(epHOro THCKY YCTaHOBKH
ETM2. 039. 000. KoedimieHTH MOTITUHAHHSI, BiIOMBaHHS
1 3aJIOMJIeHHs1 YJbTpadioneToBUX IPOMEHIB, SKi BU3HA-
YalOTh aMITyJiTyaHy 1 (a3oBy MoayJsiiii 300pakeHHs,
3aJ1€XKaTh BiJl CIIIBBIOHOIIEHHS OKCHUAIB B JaHIM IUIBLI 1
mpy il ONTHMAJIBHIA TOBHIMHI 30UIBIIYIOTH PO3IUIBHY
3MaTHICT Takux (azoBux mabmoniB Ha 35-50 %. s
TIepeBIPKN PO3AIIBHOT 3/1aTHOCTI TPpaHCIIAPEHTHHX 1 IIpo-
cBiTMO0YNX MOKpUTH 171 [IPO npoekmiiHoi miTorpadii
BIZIIOBITHO pO3pOOJICHAa TECTOBAa CTPYKTYpa, 3 JOIIOMO-
ror0 sK0i MOXHA (OpPMyBaTH TOMOJIOTiIUHI po3mipu 1,5;
1,0; 0,8; 0,7; 0,5 1 0,4 mxm [7,8]. Taka TecToBa CTPyKTy-
pa ckianae ocHoBy TexHojorignoro CAIIP BIC.

CaMiM BHCOKOSKOHOMIYHUM 1 TIEPCTIIEKTHBHUM Me-
TOJOM (POPMYBaHHS aMIyJiTYAHO-(a303CyBHOTO TpaHC-
napeHTHoro (Hampukian, Fe,O;) Ta mpocBiTiroruoro
nokputts (Hanpukian, ZnO, In,O; a6o SnO) e popmy-
BaHHS BIAMOBITHOT OKCHIHOT ILTIBKK Ha (DOTOMIA0TIOHHUX
3aroTOBKaX 'OMOI'€HHOIO PEaKIi€l0 CaMOIOUIMPIOI0YOTro
(poHTY TOpIHHA CyMimli, IO MICTHTh HEOPTaHIYHY YH
opraniuHy crnonyky Fe, In un Zn B xinbkocti 4 % 00 B
KHCHEBO-BOJIHEBIN atMocdepi y BinHomenHi 46:50 % 00
ta temnepatypi 60+10°C. B poii Takux CIIOIyK TOMO-
TeHHOI CyMillli MO’KHa BUKOPHUCTOBYBATH TIEHTaKapOOHLT
3amiza Fe(COs), mertmn-, aumetwinuHKy Zn(CH;),,
Zn(C,Hs),, anermnaneronat iuxito In(CsH,0,), mubytu-
nonoBoauarnetat (C4Hg)Sn(CH3COO), [6].

CyTT€BOIO BIIMIHHICTIO JaHOTO MPOIIECY BiJ IMOTE-

PENHBOTO € Te, M0 NAHWHA TEXHOJOTIYHHU IpOIeC Be-
IeThes TpH HU3bKiHM Temmeparypi T = 60+10°C, sxka 3a-
no0irae sk TepMiuHy aedopMario CKISTHUX ONTHYHUX
(hoTOLIAONOHHHUX MIAKIAJO0K, TaK 1 TepMoaudy3ito 10-
MIILIOK B OKCHJIHY IUTIBKY Ta 3a0e3euye BUCOKY ajre3ito
TUTIBKY [IPY BUKOPHUCTAHHI B POJIi OKMCHIOBAa4Ya BOAHEBO-
KUCHEBOI cyMili rnpu THCKy 55-75 MM pr.cT. Camy pea-
KIIIO MPOBOJATH B PEaKTOPi TOHMKEHOI'O THUCKY 3 Traps-
YMMHU CTIHKAMU 3 BUKOPHCTAHHSIM CYMIIlli, HAaPUKIIAJ,
QJIKIJT TOXIJIHUX IIMHKY B BOJHEBO-KUCHEBIH cywimii. 3
JIOTIOMOT'0I0 T€HEpaTopa eJIEKTPOICKPOBOTO 3araytoBaH-
HS 3aIIaJIIOIOTh CyMIIl Ha TIOYAaTKy peakTopa. BHacmimok
MIPOXOKCHHSI peakilii OKHCHEHHsS B TIpoleci pyxy ii
¢porTy 3 mBUAKicTIO 8-10 M/C TIPOXOIUTH piBHOMIpHE
OCa/KCHHSI OKCHJy LHUHKY IPOTITOM JIOJIEH CeKyHHIH.
PobGounii mukiI 3aBEpUIYETHCS IMIBHAKOIO €BaKyalli€lo
MPOAYKTIB peakilii BaKyyMHO-BiIKaYHHM arperatoMm 3
peakTopa, a TeMmIeparypa CKJISHHX 3aroTOBOK ITiHi-
MaeThCs Il 4ac peakiii ropinas ue 6impme 5°C. [azoBa
CYMIlIII, IO CKJIAAA€ThCS i3 4 % AUMETHIIHHKY, 46 % H,
1 50 % O,, cTBOproe Trck 70 MM PT. CT. A0 ii 3amaJICHHS.
ToBmMHA TUTIBKM OKCHIY LHMHKY IPH LIBOMY CKJajgaja
320-580A 3 nepiBHOMipHicTIO 1O TLTacTHHI He Tipie 3 %
1 ontuaHOO TycTHHOIO 1,5+0,1. TOBIMMHY TUTIBKH BHOH-
patots i3 criBBigHomeHHs d = A/4-(2n-1). Bucoka mBua-
KiCTh TOMOTEHHOI peakiii TOpiHHs 3abe3neuye Oe3mede-
KTHI IDTIBKH 3 BHCOKOIO 3HOCOCTIMKICTIO MOKpPHUTTA. [la-
HUHM TpoIeC € YHIKAIBHUM U1 MIKpOEJIEKTPOHIKH CyO-
MIKpOHHHX PO3MipiB i HEMA€ aHAJIOTiB 32 KOPJIOHOM.
Takum 4MHOM, J1aHa TEXHOJIOTIs 3a0e3neuye Gpopmy-
BaHHS SIK TPAHCIAPEHTHUX, TaK 1 MPOCBITIIIOIOYY TUIIBOK,
SIKi 320€3MEeUYOTh MiBUINCHHS PO3ILHOT 31aTHOCTI A-
®-mabnoHiB Ha 25-50 % a1t CyOMIKPOHHHMX TOMOJIOTIY-
HuX HOpM 0,25-0,8 MKM, i THM CaMUM JO3BOJISIOTH BU-
KOPHCTOBYBATH ONTHYHY MPOEKLIHHY JiTorpadito B mIH-
pokomy miamnazoHi qoBxkuH YD xBmis 193-405 am.
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Submicrometer optical lithography is possible with conventional projection cameras when the mask controls the phase of the
light at the object plane. The phase shifting mask consists of a normal transmission mask that has been with a transparent layer pat-
terned to ensure that the optical phases of nearest apertures are opposite. Thus the phase-shifting mask may be the most desirable
device for enhancing optical lithography resolution in the VLSI era.
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