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Annotanus. [IpoBeeHbI HCCIICIOBaHNS HAYaIbHBIX CTaIUi POCTa IUICHOK HHOOATa JUTHS Ha Si B
nporiecce BUMP, uccnenosanus Bimsiaus yciaosuii BUMP u nmocnenyromux o6padotok (TO, UDO,
BTO) Ha cTpyKTypY, CyOCTPYKTYPY M OPHEHTAITHIO ITOTY9IAeMBIX IIOKPHITHH. YCTAaHOBIICHO, YTO HAYAIIb-
HBIC CTaJIX POCTa TUICHOK HUobOara mutus B iporiecce BUMP Ha momorperoit 1o 550 °C Si mommoxkke
XapaKTePHU3YIOTCSI OCTPOBKOBBIM 3apOXKICHUEM KPHCTAJUTUTOB U TOCICIYIOMICH MX KOAJICCIICHIIUCH.
ITokazana BO3MOXKHOCTh YIIPaBJICHHS TEKCTYPOil IICHOK HroOara yimTus B iporiecce BUMP B ycioBu-
sSIX BO3/IeWCTBYS T1a3Mbl BU-paspsizia, myTem n3mMeHeHus coctaa padouero raza. [Tokazan apdpexr UDO
B KpUCTAUIA3AIMK aMOP(HBIX IUICHOK COCTaBa HHOOATA JIUTHS, 3aKJIFOUAOIIUIACS B (POPMHUPOBAHUM
onHO(a3HOH HAHOKPHCTAJUTMYECKON TIIICHKH HHO00AaTa JINTHSL, B IIpoliecce 00pabOTKM Ha BO3IyXe.

KuaroueBrble ¢ji0Ba: HHOOAT JINTHS, TOHKUE TUICHKU, BRICOKOYACTOTHOE MArHETPOHHOE PACIIBLICHHUE,
POCT, CTPYKTYypa, TepMHUECKasi 00paboTKa, UMITYIbCHAsE ()OTOHHAsSI 00padOTKa.

BBEJIEHHE

B nacrosiiee Bpems mpuMeHeHne Huo0ara JIUTHS
B KauecTBe Marepuana sl GyHKIUOHAILHBIX CETHE-
TORJICKTPUUECKUX DIIEMEHTOB, IJIsl ONTOAIEKTPOHU-
KH (OTITHYECKHE BOTHOBO/IBI, KOJIBbIIEBBIE MUKPOPE30-
HATOPBI), aKYCTONICKTPOHUKHU (ITbE303JICKTPHUUECKUC
npeoOpa3oBaTeNy B JUHUAX 33IePKKHU, GUIBTpax) U
TIOJTYTIPOBO/THUKOBOM 3JIEKTPOHUKH (SUEHKH 3HEpro-
He3apucuMoi namsaT FRAM), peanuzoBaHo 1115t MO-
HOKPHCTAJUIOB HIOOATA JIUTHUSI, HEOOXOJMMBIE TEOMET-
pUYecKHe mapaMeTpbl KOTOPBIX (POPMHUPYIOT BeChMa
TPYAOEMKUMHU U MaJONPOU3BOIUTENbHBIMA METO/A-
mu. Mcrnonb3oBaHue TUIGHOK HUOOATa JIUTHSI MOXKET
3HAYUTEJIBHO YIPOCTUTh TEXHOJOTHIO MU3TOTOBICHUS
TaKUX IEMEHTOB U TIO3BOJUT BHEAPUTD UX TPHU TIPO-
n3BoacTBe 00bIYHBIX CMOS-CTpYKTYp, BHECS HEKO-
TOpBIE TOTIOTHEHHS B CYIIECTBYIONIYIO TEXHOJIOTHIO.
D¢ heKTUBHOCTh MCIOJIB30BaHUS TUICHOK HHOOaTa
JIUTHS CBSI3aHA, BO-TIEPBBIX, C PeaIU3alUeil B HUX HE-
JUHEWHBIX (PU3NYECKUX CBOMCTB, aHAJIOTUYHBIX MO-
HOKpHCTaJIaM (BBICOKOTEKCTYPHUPOBAHHBIE TIJICHKH ),
BO-BTOPBIX, C (JOPMHUPOBaHHEM MEK(a3HBIX TPAHHUIL
MOMJIOKKA-TIJICHKA C IOTOBPEMEHHON XUMUYECKOU U
CTPYKTYpHOH CTaOMIBLHOCTBIO. B TO BpeMs kak CUH-
T€3 OPUEHTUPOBAHHBIX TUIEHOK HUOOATa JHUTHS, OC-
HOBaHHBIN HAa F€TEPOINUTAKCUH, PEATU30BAH METO1a-

P4 JTei6os Bragucnas Anaronbesud, e-mail: dybovvlad@gmail.
com

MU KUJKO(Pa3HOU SMTUTAKCHH [ 1], 3071b-Te)Ib METOIOM
[2], xuMu9IeCKUM OCakIeHHEM W3 TTapoBoii ¢assl [3],
METOJIOM J1a3epHOU abmsiuu [4, 5] Ha qUAIEKTpUYeC-
KHX TTOJIJIOKKAaX C COOTBETCTBYIOIIUMHU HHOOATY JIH-
THsI TApaMEeTPaMHU KPUCTAIUTUIECKOH PEIICTKH (HaIpH-
Mep, candupe), a TakKe KpeMHUH, MOTUPUITUPOBAH-
HoM OapbepHbIMu ciosmMu Si,N, [6], ZnO [7], undop-
Malys O CHHTE3€ YKa3aHHBIMH METOJAaMU TEKCTYpH-
POBaHHBIX MMOKPHITHI HA OCHOBE HHOOATA JTUTHS He-
MOCPEICTBEHHO HAa HEOPHUEHTUPYIOIMINX MOJIOKKAX, B
YaCTHOCTH, Ha HEMOAU(DUIIUPOBAHHON ITOBEPXHOCTHU
KpEeMHHSI, IPaKTUIECKH OTCYTCTByeT. Kpome Toro, He
BCE BBINICNICPEUYNCICHHBIC METO/Ibl IPUMEHUMBI JJIs
HaHECEHWs TUIEHOK HHo0aTa JIMTHS Ha TTOTyTIPOBOTHH-
KOBBI€ ITOJJIOXKKH JIJIsl HHTETPaJbHOM IEKTPOHHUKH B
CBSI3H C TEMIIEpATypOil IIporiecca CHHTE3a, MPEBbIIIa-
FOIIeH TTOPOT Havaia TBepA0(a3HbIX PEaKIUil Ha Tpa-
HUIIE MOJIOKKA-TUICHKA (KUIKO(A3HYIO SMUTAKCUIO
M XUMHYECKOE OCaXJICHHE MPOBOIAT MPH TEMIIEpa-
Type BbiIe 900 °C).

OpHuM 13 HamOoJee MepCHeKTUBHBIX METO/IOB
CHHTE3a TNICHOK HHO00ATa JIUTHSI SIBISICTCS] BBICOKOYAC-
TOTHOE MarHeTpoHHoe pacisiienue (BUMP), mmpo-
KO HCITONIb3yeMO€e JIJIsl HAHECEHHUS TUICHOK CIIOXKHBIX
okcuoB. M3BecTHO, uTO ycnoBus npouecca BUMP
(cocTaB u maBieHHE pabodyero ra3a, MOIIHOCTD H IIPO-
CTPaHCTBEHHAsI HEOJHOPOIHOCTH IIa3MEHHOTO pa3ps-
Jla, TIOTEHIIMAT Ha TMOJUIOKKE) OTKPHIBAIOT IUPOKHE
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BO3MOXXHOCTH YIPABICHUSA CTPYKTYpPOH H, B YaCTHO-
CTH, TEKCTYpO# IJIEHOK cJI0’kHOro cocrasa [8]. B pa-
6ote [10] ObLIa TOKa3aHAa BO3MOKHOCTh CHHTE3a Me-
tonoM BUMP 1ureHok HHoOaTa JIUTHSA C OJXHOOCHOM
[0001] TexcTypoil Ha TOBEPXHOCTH KPEMHHUS, TIOKa3a-
HO, YTO OJHHUM U3 (aKTOPOB, BIUSIOMNX HA (GOPMHU-
pOBaHUE TEKCTYPBI, ABJSETCS BO3/I€HCTBHE KOMIIOHEH-
TOB TUTa3MbI Ha PAcTYIIyIo TUIeHKY. [Ipn sToM oTcyTc-
TBYIOT pa0OTHI 10 UCCIIEJOBAHNIO HAYAIBHBIX CTAAUN
pocra meHok HuoOara nuTus B porecce BUMP, na
KaKHMX-JIM0O TONIOKKaX. 3HAHNE MeXaHU3Ma U yCIIo-
BUl GOpMHpOBaHHS CYOCTPYKTYPBl MPUTPAHUUHO-
TO C MOMJIOKKOM TOHKOTO (ZI0 HECKOIBKUX JECSATKOB
nm) cJos MIEHKH UTrpaeT BaKHYIO POJib KaK B ITOHH-
MaHUM MexaHu3Ma (GOPMHUPOBAHHUS OOBEMHBIX CIIOEB
MOKPBITHH B Ipoliecce pocTa U 00pabOTOK OTHOCH-
TEJILHO TOJICTHIX (/10 HECKOJIBKHX [LM) IIOKPBITUH, TaK
Y B BOBMOYKHOCTSIX M3MEHEHHUS (PU3MUECKUX CBOWCTB
(onTHYeCKHX, aKyCTHUECKUX U Jp.) TeTepoIiepexoaa
TJICHKA-TIOZJTOXKKA.

Jis kxpucTaluu3auul aMopQHBIX CTPYKTYp, MO-
Jy4aeMbIX MPH HU3KOTEMIIEPaTYPHON KOHJ/ICHCAIUH,
(hopMHUpOBaHUS PaBHOBECHOH CTPYKTYpHI B KPHC-
TaJVIMYECKUX IJICHKaX HMOOATa JUTHUS UCIOJIB3YyeT-
Csl TEPMUYECKUN OTXKUT B KHUCJIOPOIOCOAEpKAIIEH
cpene. OAHAaKO MOCTKOH/IEHCAIIMOHHBIA OTXKHI reTe-
POCTPYKTYp KPEeMHHUH — HHOOAT JUTUA ¥ KPEMHHHA —
OKHUCJICHHBIA KPEMHUN — HUO0AT JIUTHS, CBSI3aHHBIH ¢
WCIIOJIb30BAHUEM BBICOKHX TEMIIEparyp, IPUBOAUT K
3HAYUTEIHHBIM HANpPSHKEHUSAM B IJICHKaX U TBEPIIO-
(ha3HBIM peakuusIM Ha MeXK(Pa3HOH rpaHULIE TOII0XK-
Ka-TUIeHKa. B CBSI3M ¢ 3TUM coXpaHseT akTyaJbHOCTh
3ajiaya pa3paboTKU MPUEeMOB 00pabOTKH I'eTepoCT-
PYKTYp C HU3KOM TepMuyeckoi Harpy3koil. [lepcnek-
THBHOU SBJISIETCS ObICTpast TepMudeckass 00paboTka,
3 PEKTUBHOCTD MCIIOIB30BAHUS KOTOPOM B KpUCTAI-
nm3anuu aMmopHeIX mIeHOK coctaa LiNbO, mokasa-
Ha B pabore [11], a Takke uMIysbcHast OTOHHAS 00-
pabotka (MDO), a3pdexTnBHOCTH KOTOPOIA ObLIA TT0-
KazaHa Ha MPUMeEpPEe CUHTE3a CUIIUIN/IOB, KApOUIOB 1
okcuzos [12, 13].

METOAUKA SKCIIEPUMEHTA
N METO/JAbI UCCJIEAOBAHUS

[1nenxn HUOOATa TUTHS TONIUHON M0 1 pwm 1o-
JIy4aiyd METOJIOM BBICOKOUYACTOTHOTO MAarHETPOHHOTO
pacmeuienust (BUMP) na HenmoarpeBaemMbIX M MOIOT-
peBaembix (1o 550 °C) momnoxkax. B kauectBe mu-
LICHU HUCIOJIb30Bald HEMOJUPOBAHHBIC MOHOKPHUC-
Tajmyeckue muactuibl LINDO, opuenrtamun (0001),
MoJIy4eHHbIe MeTOI0M YoXpasibcKoro (MUILIEHU ObUTH
noarorosieHsl B GUL KHI] PAH). BUMP npoBoau-

Poct n cybcTpykTypa nneHok H1obata nnuTus

mm B cpene Ar u emecu Art+O, (momo conepxanus O,
B cMecu BapbupoBaiu oT 20 10 30 %) npu ynenpHOM
MOIITHOCTH BBICOKOYACTOTHOTO paspsaa 15-30 W/ecm?.
B xauecTBe MoyIoKeK MCIONb30BAIN TNIACTHHBI MO-
HoKpucTamudeckoro Si opuentauuu (001) u rere-
pocTpykTypbl amopduas mienka SiO,-Si-amopdnas
mienka Si0,.

Jlts mcenenoBaHus Ha49aIbHBIX CTa U pocTa MOK-
PBITHI METOIOM IPOCBEYUBAIOIIIECH NIEKTPOHHOM MUK-
pockomuu (II13M) Ha momy4yaeMble IUICHKH TOJIILUHON
1o 100 nm (Bpems mporiecca BUMP 0.5—7 min) Hano-
CHJIH YIJIEPOJHYIO PEIUIUKY, IIOCJIE Yero OTACISUTN OT
TOIJTIOXKKH (Si1) BMECTe C HCCIeTyEMBbIM TTOKPBITHEM B
cmecu H,O+HNO,+HF.

Tepmuueckyro 06padotky (TO) 0OpasnoB Ha BO3-
JlyX€ IIPOU3BOAWIIU [N Sifu B KAMEPE PEHTICHOBCKOIO
mudpaxromerpa ARL X’TRA Thermo Techno, neus
Anton Paar 1200N. MmmynscHyT0 (hoTOHHYI0 00padoT-
Ky (M®O) nponsBonuiii Ha MOAEPHU3UPOBAHHOM yC-
taHoBke YOJIIT-1M uznyyeHueM Tpex razopaspsiiHbix
kceHoHOBBIX Jlamn MHIT 16/250 B armocdepe Bo3ay-
Xa: OMHOKPATHBIM O0IyUCHHUEM C JUTUTEITbHOCTHIO HM-
mysbca 1.0 s mpu motHocTH sHepruu £, = 130 J/cm® u
LIECTUKPAaTHBIM 00Iy4eHUEM JUTUTENEHOCTI0 — 0.6 s C
E, =80 J/cm® u unTeppasom cienosanus 60 s. OnqHo-
BpemeHHO ¢ UDO Ha oOparHOii, HE 00Ty4aeMoii cTo-
poHe 00pasia B CHILy OHOPOIHOCTH TEMIIEPATypPHOTO
TIOJIS 110 TITYOMHE TeTepOCTPYKTYphI (Tiepenaj Temrie-
paryp He npeBbimaeTt 2.5 K) peannsoBbIBajics mpouecc
onIicTporo Tepmuaeckoro orxkura (bTO).

®a3oBbIil cOCTaB, CYyOCTPYKTYPY U MOPQOIOTH-
YecKHue 0COOCHHOCTH INICHOK UCCIIEA0BAIN METOIAMU
pentreHoBckoii audppakromerpuu (Bruker D2 Phaser,
ARL X°TRA Thermo Techno), snexrponorpaduu
(BI'-100 M), snekrponnoit Mukpockoruu (ZEISS Libra
120, MB-100 bP); ananu3 aneMeHTHOro COCTaBa Mpo-
BOJWJIM METOZIOM 3JIEKTPOHHON OXK3-CIIEKTPOCKOINH
Ha nipudope DCO-3 ¢ anamuzaropom DESA-100.

PE3VYJIBTATbBI U UX OBCYKIEHUE

HauanbHble cTaguu pocra

Ha puc. 1 npeacrasnens! [I9M-u300pakenns u
JJIEKTPOHOTPAMMBI TIOKPBITHH, MOIyYEHHBIX B IIPO-
necce BUMP miurensnocthio 0.5—7 min (puc. 1) Ha
narperoii (7, = 550 °C) momnoxke u3 (001)Si B ycio-
BUSIX BO3JICHCTBUS Ha IOJIJIOKKY Tu1a3Mbl BU-paspsiia
(TO ecTb IpHU PaCIONOKESHUH MOAJIOKKH Hall 3/3 MU-
menn). M3 anannsa momy4eHHBIX W300pakeHuil yc-
TAaHOBJICHO, YTO IIPU JJIUTENBHOCTH ITpouecca BUMP
30 cexyHn HaOmomnaercs: GopMUPOBAHNUE KPUCTAILIH-
geckux octpoBkoB LiNbO, pasmepom 10-20 nm. IIpu
YBEJIMYEHUH BPEMEHH Tpoliecca 10 4 min Halmogaer-
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Cs1 yBEJIMUEHUE CPEIHET0 pazMepa 0CTpOBKOB 10 4050
nm. BUMP B TeueHue 7 min npuBOauT K (hOpMHUpPOBa-
HHUIO CIUIOLIHOM KpucTamieckoi mienku LiNbO, co
cpearuM pasmepom 3epeH S0—-60 nm. ['paduk 3aBucu-
MOCTH pa3zMepa KpUCTAUIUTOB OT BpEMEHH MpoLecca
MIpe7ICTaBlIeH Ha puc. 2. Manas TUIOTHOCTh KPHCTaIITH-
TOB Ha (hparMeHTax oOpas3IoB, IPUTOTOBICHHBIX MPH
MIPOIOIDKUTEILHOCTH HAMTBLIECHUS 10 4 min, 0OBSICHSI-
€TCsl 9PO3UEH YaCTH TUCKPETHBIX KPUCTAJLTUTOB C YT~
JIEPOIHOH PETIMKH PU MPOOOIIOATrOTOBKE B IIpOLIECCe
TpaBicHUS (TIOATPABINBAHNSA) KPEMHHECBOU TTOIIIOXK-
KH B PacTBOpPE KUCIIOT.

nm
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[Crystallite size]

20 1

Pa3mep Kpuctannutos

I/ |
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50 nm | :

Puc. 1. I[I9M n3o0pakeHus ¥ HIEKTPOHOrpaMMa MOKPBITHH, MOIyYSHHBIX Ha Si MO/UToXkKe B rporiecce BUMP mumenn
LiNbO,, nmtensHocTh ponecca: a — 30 cexynn; b — 2 Mun; ¢ — 4 MuH; d — 7 MUH
[Fig. 1. TEM image and electron diffraction pattern of coatings obtained on a Si substrate in the process of RFMS
LiNbO, target, process duration: a — 30 sec; b — 2 min; ¢ — 4 min; d — 7 min]

Opmrw HaNbHbl€ CTaTbU

(1126)
(1123)
(0006)
(1014)
0112

Ha puc. 3 npexacraBieHbl 0ke-CIEKTPbI MOKPHI-
THH, nony4yeHHbix Ha nosepxunoctu (001)Si B Teue-
Hue 30 s, 2 u 4-x min. Hannuue Ha BceX crieKTpax 1mu-
KOB, cooTBeTcTBYROmUX Nb 1 O (orcyrcTBUe nvka Li
00YCIJIOBJICGHO €r0 PacroioKEHUEM B 00IaCTH BBIXO-
Jla BTOPUYHBIX JIEKTPOHOB, BCIEICTBHE YET0 Peruc-
Tpauus Li JaHHBIM METOIOM OYeHb 3aTPYAHUTEIb-
Ha), CBUIETEIBCTBYET O (POPMUPOBAHUM IOKPBITHH
nocye 30 ceKyHIl pactblIeHUs. B ¢Bs3U ¢ HaTu4IremM
nuKa Si Ha BCeX CHEKTpax, C yYeTOM IIyOMHBI BbI-
X0J1a 0’Ke-3JIEKTPOHOB MOYKHO F'OBOPHUTH O HECIUIOLL-
HOCTH MOKPBITHH.

_

MpopomxutenbHocTb Npouecca BYMP

T T T *
4 6 8
min

[The duration of the process RFMS]

Puc. 2. 3aBUCUMOCTB CpeTHETO pa3Mepa KpUCTaUIUTOB OT BpeMeHu nporecca BUHMP
[Fig. 2. The dependence of the average crystallite size on the time of the RFMS process]
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Puc. 3. Oxe-creKTpsl HOKPBITHH, TOTy4eHHBIX B mporiecce BUMP nHa moBepxurocTH (001)Si B Tewenue 30 cexyHn (c),
2-x (b) u 4-x muH (a)
[Fig. 3. Auger spectra of coatings obtained in the process of RFMS on the (001) Si surface for 30 seconds (¢),
2 minutes (b) and 4 minutes (a)]

W3 ananu3a MojgydyeHHBIX Pe3ylbTaTOB MOYKHO
CZeJaTh BBIBOA O TOM, YTO JaHHBIE CTPYKTYPHO-MOP-
(onmorudeckre M3MEHEHHS B IMPOIIECCE POCTA TUIEHOK
LiNbO, npu BBICOKOYACTOTHOM MAarHETPOHHOM pac-
IBIJICHUU SIBJISIOTCST PE3YJIbTaTOM OCTPOBKOBOIO 3a-
POXIEHUS U MOCIEAYIONIEH KoaleCeHITNH.

CTpyKTypa M OpHEHTALMSI KPUCTAJUIHYECKUX

IUIEHOK, MOJIy4YeHHBIX B npouecce BUMP

Ha puc. 4 n3o0paxeHsl pEeHTTCHOBCKHE AU(D-
pakTorpaMMbl TUICHOK, ITOJIyY€HHBIX Ha TOBEPXHOC-
T (001)Si B mportecce BUMP B ycroBusix Bo3eiic-
TBUs na3Mel BU-paspsaa, To eCTh IPU pACIIONONKE-
HUU MOJIOKKU HaJl 30HOW 3PO3MM MULICHH HA pac-
CTOSIHMHM ~ 5 cm, B cpene Ar u Ar+O, (B CooTHOmIE-
Huu 80/20 u 70/30 %) tonuuHoii ~ 300 nm. Habmro-
JaeTcs, 4To B cpene Ar ¢popmupyrores aByxdasHbie
wienku ¢ pazoit LiINbO, (LN) ¢ cuibHO BbIpaxKeH-
HO¥ TexcTypoi <0001> 1 HeOOIBIIUM colepIKaHuEM
daser LiNb,O, (LTN). TIpu no6asnennu O, B cocTas
pabouero raza ¢popmupyroTcs oJHO(Da3HbIE IIICHKH
(LN) n mabmromaeTcss yMEHBIIIEHUE TEKCTYPHI B Ha-
npasineaun <0001>. ITpu nanbpHeieM MoBbIIEHUN

nomu O, B cocTaBe paboyero raza HabJonaeTcs pas-
BUTHE TEKCTYPBI B HAIIPABJICHUH IIEPIICHIUKYISIPHOM
mockoctn (0112) (puc. 4). Takum 06pa3om, HoKa-
3aHa BO3MO)XHOCTb YIPaBJICHHUS TEKCTYPOH IMIICHOK
HHoOara JUTHS, MOIydaeMbIx B mporiecce BUMP B
yCIIOBUSIX BO3AeHcTBUs mua3mel BU-paspsaa, my-
TEeM U3MEHEHHUs cocTaBa pabouero raza. MexaHusm,
MPUBOJSAIINHI K CMEHE TeKCTypbl HH00aTa INTHs IpU
CMeHe cocTaBa paboyero rasza, TpedyeT najabpHeie-
IO U3YUYCHHUS.

CTpyKTypa M OpHEHTaNHsl KPUCTAJINYECKUX
IJIEHOK, MoJiy4eHHbIX B npouecce TO, BTO
u HOO

Ha puc. 5 mokazaHsl pe3ynbTaThl UCCISIOBAHUS
n3MEHEHus (Pa30BOI0 COCTaBa B IIPOLIECCE TEPMUUEC-
KOl 00pabOTKHU. YCTaHOBJICHO, YTO UCXOJIHBIC TUICHKH,
IIOTy4E€HHbIC HAa HETIOZOTPEBAEMOM MOUIOKKE B Cpelie
Ar, nmerotr amopdHyIo cTpykTypy. Hauano xpucran-
nu3anuu B pouecce TO Habmonaercs npu Temiepa-
type 500 °C, npu 3ToM poucXoauT (GOpMHUPOBAHHE
nByxgasznoit menku (LN u LTN). IIpu remneparype
650 °C HabmonaeTcs BTOpUIHas pEKPUCTAIUTH3AIINS, O
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Puc. 4. PenrreHoBckue nudpakrorpaMMbl INICHOK, OIYyYeHHBIX B mporiecce BUMP MOHOKPHUCTAIIMUECKON MHIIICHN

LiNbO, B cpene Ar (a), Ar(80 %) + O,(20 %) (b), Ar(70 %) + O,(30 %) ()
[Fig. 4. X-ray patterns of the films obtained in the RFMS process of a single-crystal LiNbO, target
in the atmosphere Ar (a), Ar (80 %) + O, (20 %) (b), Ar (70 %) + O, (30 %) (c)]
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Puc. 5. PentrenoBckue mudpakrorpaMMbl IIIEHKH Ha ocHoBe LN, B poriecce TepMudeckoit 00paboTku in situ
B PEHTI'€HOBCKOM AN PaAKTOMETpe
[Fig. 5. X-ray patterns of the film based on LN during in situ heat treatment in an X-ray diffractometer]
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4eM CBUJIETEIbCTBYET yMeHbireHue ko LTN (31 1)
u (602) u yBenuuenue muka (403).

Ha puc. 6 npeacraenenst [I1DM-n300paxkenus u
AIIEKTPOHOTPAMMBI aMOP(HBIX MJICHOK, MTOTYYCHHBIX
B nponecce BUMP na HenmomorpeBaembIX MOIOXK-
Kax, mocie PO (¢ mozoit obmyuenus 80 u 130 J/cm?)
u BTO. Ycranosneno, uro UDO u BTO nmpusoadar
KpUCTAITH3AIIH aMOP(HOH TUIEHKH ¢ 00pa30BaHUEM
0JJHO(A3HOTO HAHOKPUCTATMYECKOTO HHO0ATA JTUTHSI
C NMPOU3BOJIBHON OpHUEHTalel 3epeH. Pazmep 3epen
HHoOaTa JTUTHS MOCIIEe OJJHOKPATHON 00pabOTKH OfH-
HAKOB JUIS TNICHOK, PaclloJIOKEHHBIX ¢ 00Iy4aeMoi 1
HeoOmy4yaeMoii CTOpoH. MakcnMallbHBIN pa3Mep 3epeH
nocie mectukpatHoit PO mist ieHku, pacioaokeH-
HOM Ha 00Iy4aeMol CTOPOHE reTepOCTPYKTYPbI, 3HA-
YUTEIHHO MPEBBIIIAET MAKCUMAIBHBIN pa3Mep 3epeH
IJICHKH, PACIIOIOKEHHON ¢ 00paTHON CTOpOoHBL: 60 1
40 nm nocne UDPO u BTO coorBeTcTBEHHO.

Takum 00pa3om, MOXKHO CJIeJIaTh BBIBOJ, UTO CyO-
CTPYKTypa TUICHOK ¢ OONydeHHOW M HEeOoOIydeHHOU
CTOPOHBI 3aBUCHUT OT YZEIbHOM J103bI SHEPTHH, TOC-
Tynaiomed Ha o0pasisl. [IpennonokuTenbHo BKIAA
aTepMHUYECKONM COCTABIISIONIEH MPU BBICOKMX 3HAYe-
HUSAX 710361 00Myuenus (£, = 130 J/cm?) B mpouecchl
KPUCTAJUIM3ALUH U PEKPUCTAIIIM3ALIUY IIJICHOK Ha 00-
JIy4aeMoOi CTOpOHE He3HauUuTeleH. B ciydae noHmxke-
HUS YACNBHOMU 103bl SHEPTUH 10 EI/I =80 J/cm? Bknag
aTepPMUYECKON COCTABIISIIOIICH MPEIION0KUTEIHHO

Poct n cybcTpykTypa nneHok H1obata nnuTus

BO3pAcTaeT, 9TO MPUBOANT K O0JIee HHTEHCHBHOMN PEK-
pUCTaTU3AIMHY TICHOK ¢ 00Iy4aeMoil CTOPOHBI.

BbIBO/IbI

YcTaHOBIIEHO, YTO HAYANIBHBIE CTAIUU POCTA ILJIe-
HOK HHoOaTa muTHs B mporecce BUMP na momorpe-
toit 10 550 °C (001)Si mojyiokke XapaKTepu3yrTCs
OCTPOBKOBBIM 3apOXKICHUEM KPHUCTALTUTOB U ITOCIIe-
JIYIOILIEH X KOaJIeCLECHIIUEH.

[Tokazana BO3MOXHOCTh YNPaBICHUSI TEKCTYpPOMl
IJICHOK HIoOara auTHs B ponecce BUMP B ycioBu-
sIX BO3JercTBUsA m1azMbl BU-pa3psiaa, myTeM u3MeHe-
HUS COCTaBa pabOYero rasa.

[Mokazan addexr UDO, B kprcTammuzanum aMmop-
(bHBIX IJICHOK cocTaBa HHOOATA JUTHS, 3aKIHOUAI0-
nuiicst B GopMHpOBaHUU OHO(A3HON HAHOKPUCTAI-
JMYECKOM IJICHKH HHOOAaTa JINTUS, B Ipoiiecce odpa-
0OTKH Ha BO3IyXe, B OTIIMYNEC OT TEPMHUUIECKOI 00Opa-
0OTKH, IPU KOTOPOii hopMupyeTcs AByXa3Hasi IIeH-
ka LN + LTN.

NCTOYHUK ®UHAHCUPOBAHUS
HccnenoBanue BBIMOIHEHO MPH (PUHAHCOBOM MOJI-
nepxke POOU, npoekt Ne 18-33-00836.

KOH®JIUKT UHTEPECOB
ABTOpPBI AEKIAPUPYIOT OTCYTCTBUE SIBHBIX U TIO-
TEHIMAILHBIX KOH(IMKTOB HHTEPECOB, CBA3aHHBIX C
MyOTUKaITHeH HACTOSIICH CTaThH.

Puc. 6. [I1OM m300pakeHUs U IESKTPOHOTPAMMEI IDIEHOK HHOOaTa nuTus nocie oqHokparHeix UDO (a) u BTO (b)
a taxke nocite mectukpaTHeix UDO (¢) u BTO (d)
[Fig. 6. TEM images and electron diffraction patterns of lithium niobate films after single PPT (a) and FTA ()
and six fold PPT (c¢) and FTA (d)]
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GROWN AND SUBSTRUCTURE OF LITHIUM NIOBATE FILMS
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Abstract

Objective. Radio frequency magnetron sputtering (RFMS) is one of the most promising methods of
synthesis of lithium niobate films. It is known that RFMS conditions (the composition and the pressure
of the working gas and the power and the spatial inhomogeneity of plasma discharge) offer great
opportunities for controlling the structure of complex composition films and their texture in particular.
Currently, no publications have described research dedicated to the earliest stages of the growth of
lithium niobate films during REMS or on any substrates.

The aim of the work is to study the initial stages of the growth and the oriented crystallization of
lithium niobate films in the process of REMS and TA, PPT, and FTA on a Si substrate.

Methods and methodology. Lithium niobate films with a thickness of up to 1 pum were obtained by
the method of radio frequency magnetron sputtering (RFMS) on non-heated and heated (up to 550 °C)
substrates. The single-crystal LiNbO, plates of the (0001) orientation obtained by the Czochralski
method were used as the target. REMS was performed in Ar medium and Ar + O, mixtures (the
fraction of O, content in the mixture ranged from 20 to 30 %) with a specific power of the high-
frequency discharge of 15-30 W/cm?. Plates of single-crystal Si (001) orientation and heterostructures
of an amorphous SiO,—Si —amorphous SiO, film were used as substrates. To study the initial growth
stages of coatings using the TEM method, a carbon replica was deposited on the resulting films with
a thickness of up to 100 nm (the duration of the RFMS process — 0.5—7 min) and then separated from
the substrate (Si) together with the test coating in a mixture of H,O+HNO,+HF. Thermal annealing
(TA) of samples in air was performed in situ in an ARL X’TRA Thermo Techno X-ray diffractometer
chamber, an Anton Paar 1200N furnace. Pulsed photon treatment (PPT) was carried out on the
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upgraded installation UOLP-1M in air: at an energy density of £, = 130 J/cm* and with £, = 80 J/cm®.
The phase composition, substructure, and morphological features of the films were investigated by
X-ray diffractometry (Bruker D2 Phaser, ARL X’TRA Thermo Techno), electron diffraction (EG-
100M), and electron microscopy (ZEISS Libra 120, EMV-100BR); the analysis of the elemental
composition was performed by electron Auger spectroscopy on an ESO-3 instrument with a DESA-100
analyzer.

Results. It is established that the initial stages of the growth of lithium niobate films during the HFMR
process on a substrate Si heated to 550 °C (001) are characterized by island nucleation of crystallites
and their subsequent coalescence. The research shows the possibility of controlling the texture of
lithium niobate films in the process of REMS under the conditions of exposure to plasma of an RF
discharge by changing the composition of the working gas. The PPT effect is manifested in the
crystallization of amorphous lithium niobate films that involves the formation of a single-phase
nanocrystalline film of lithium niobate when treated in air in contrast to thermal treatment which
results in the formation of a two-phase LN + LTN film.

Conclusion. The obtained results favour the use of lithium niobate films as a material for functional
ferroelectric elements, for optoelectronics (optical waveguides, ring microresonators),
acoustoelectronics (piezoelectric transducers in delay lines, filters), and semiconductor electronics
(nonvolatile FRAM cell). This can significantly simplify the manufacturing technology of such
elements and allow them to be introduced into the production of conventional CMOS structures while
at the same time making some additions to the existing technology.

Keywords: lithium niobate, thin films, radiofrequency magnetron sputtering, grown, structure, ther-

Poct n cybcTpykTypa nneHok H1obata nnuTus

mal treatment, pulsed photon treatment.
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