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V3y4eHO BAMAHME MMMIaHTaumMm MOHOB He: ¢ 3Hepruein 2.4 MaB npu pasniuyHbix (toeHcax (3.75T014 cm-2,
1.11015cm-2m 1.1-1016cm-2) B TOHKME MNEHKU OKCUAOB 0/10Ba HA MX CTPYKTYPHbIE CBOWCTBA 1 BENIMYUHY 3/IEKTPO-
npoBOAHOCTM 0. [NIEHKN OKCUAO0B 0/10Ba MOMYYEHbl METOL0M MarHETPOHHOIO pacrblNeHns 0/10Ba C MOCeAy WM
[BYXCTaAWHbIM OTXXMIOM Ha Bo3gyxe: npu 200 °C B TeyeHwue 2 yacos Ha 1-ii ctagum n npm 350 °C B TeueHune 1yaca
— Ha 2-ii. CornacHo pe3ynbTaTaM PeHTTeHOCTPYKTYPHOrO aHaiusa, Noc/e OTXXMra NaeHKU MMeKT NOANKPUCTanIn-
YeCcKy CTPYKTYpY C Hannumem a3 SnO 1 SnO2B UX COCTaBe. YCTaHOB/EHO, YTO MMMIaHTaums MOHOB He: npu
thmoeHce 3.75 1014 cm-2 NpUBOAMUT K HECYLLECTBEHHbIM CTPYKTYPHBIM U3MEHEHUSAM M/IEHKN OKCUAO0B 0/10Ba, O4HAKO
Be/IMYMHA O MPY 3TOM YBENMUMBAETCA NPUMepHO Ha nopagok (¢ 0.11 o 1.1 Om-1cm-1), 4To 06BACHSAETCA NOBbILLE-
HMEM B pesynbTaTe MMMAaHTaLMN KOHLEHTPaLMN KACNOPOAHbIX BaKaHCUIA 1 MEX[0Y3€e/bHOr0 0/10Ba, ABMAIOLLUXCS
[lOHOpamKn 3M1eKTPOHOB. pK MMNAaHTauMn MOHOB He. B MNEHKM OKCMAOB 0/710Ba NpU 60/1ee BbICOKMX (hIHOEHCaX
(1.1-1015m 1.1-1016cM-2) Ha M3MEHEHWE 3/1eKTPONPOBOLHOCTHY O NIEHOK HapsAAY C BBEAEHWEM LOMNOSHUTENbHbIX [0-
HOPHbIX LIEHTPOB OKAa3bIBAET B/INAHME Pa3ynopsAoYeHne CTPYKTYPbI NAEHOK, CNeACTBUEM YEro AB/ISETCA MeHee Cy-
LLeCTBEHHOE MNOBbILLEHME BenumnHbl 0 (€ 0.11 1o 0.36 1 0.30 OM-1cM-1 COOTBETCTBEHHO).

KntoueBble cnosa: NieHKN OKCUAOB 0/10Ba; MOHHAA UMMIAHTaUUsS refns, PeHTreHoOBCKas ,u,mq)paku,mq; ANEKTPO-
NPOBOAHOCTb; BaKaHCMM KNCNOpPOoAa, MeXXA0y3€e/ibHOE 0/10B0O.
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The influence of the Helium ion implantation into SnOx films on their structural and electrical properties was
investigated. Tin oxide films were produced by magnetron sputtering with the following two-stage annealing
procedure in air: at 200 °C during 2 hours at the 1. stage and at 350 °C during 1 hour at the 2.4 stage. According to
the results of X-ray diffraction analysis, the formed SnOxfilms have a polycrystalline structure with the presence of
both SnO and SnO: phases. The films were implanted with He. ions with an energy of 2.4 MeV at fluences of
3.75104cm-2, 1.1105 cm-2 and 1.11016 cm-2. It was found that implantation of He. ions at the fluence of
3.75104cm-2 leads to insignificant structural modification of tin oxides films. However the value of electrical
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conductivity ¢ of these samples increased approximately by an order of magnitude (from 0.11 to 1.1 Ohm-1cm-1) in
comparison with unimplanted samples. This fact is explained by the formation of donor centers (oxygen vacancies
and interstitial tin). Tin oxide films implanted (1.1105 and 1.11016 cm-2) are characterized by more disordered
structure. As a result the electrical conductivity value o of these samples was increased less essential (from 0.11 to
0.36 and 0.30 Ohm-1cm-1, respectively). We assume that at higher fluences of implantation the change in the electrical
conductivity ¢ value is determined both by the increase of charge carriers concentration due to donor centers
generation and by decrease of carriers mobility due to the scattering on the structural defects created by implantation.

Keywords: tin oxide films; Helium ion implantation; X-ray diffraction; electrical conductivity; oxygen vacancies;

tin interstitial.

BeegeHune

Pe3nCTUBHbIE AaT4yMKK rasoB, B KOTOPbIX
MCNONMb3YKTCA TOHKWE MJIEHKW AMOKcuAaa
onosa SnOz, ABAAKTCSA OAHUMWU U3 Hanbonee
LWMPOKO MCNOMb3YEMbIX TUMOB ra3oBbiX fat-
YMKOB M3-3a UX HWU3KOM CTOMMOCTU, BbICOKO
CTabUNbHOCTW, MOBbLILWEHHOW YYBCTBUTE/b-
HOCTW U BbICOKOTO ObICTPOAENCTBUA.

B HacTosllee BpemMs NPOBOAATCSH WHTEH-
CUBHblEe WCCNefOBaHWA, HanpaBNeHHble Ha
pa3paboTKy MeToA0B MOAMDUKALMKA CBONCTB
SnO2 ¢ Lenbio NOHMXKeHUs paboueli Temnepa-
TYpbl 4aTYNKOB Ha UX OCHOBE BM/IOTb A0 KOM-
HaTHOW W NOBbIWEHNA U36UpaTenbHON 4YyB-
CTBUTE/IbHOCTW K OTAE/NbHbIM rasam.

Takune TpeboBaHUSA OCOOGEHHO aKTyaslbHbl
ANS AaTUMKOB ALOBUTLIX, NEFKOBOCN1AMEHS-
IOWMXCA U B3pbIBOOMACHbIX ras3oB [1]. Ans
pelweHna aToM 3a4ayun, B YaCTHOCTU, (hOPMU-
pytoTCca ABYyX(asHble MNEHKW, Cofepxaline
noMmmo (pasbl SnO2 TakXe HaHOKpUCTan/bl
SnO [2], uto npnBOAMT K 06pa3oBaHUIO Nn-p-
reTeponepexosoB Mexay Kpuctanamtamu
pasHbIX (ha3. bblfo 06HaPYXXEHO MOHMXEeHMNe
pabouyeir TemnepaTypbl, YMEeHblUEHWEe Bpe-
MEHU OTKNMKa U NOBbILLIEHNE YYBCTBUTENbHO-
CTU K hopManbiernay B Taknx CTPyKTypax no
CPaBHEHMIO C MOHOMa3HbIMKM 06pasuamm
Sn0z.

Euwle oaHOMN METOAMKON, MCNONb3yeMOW
ANS yNy4yleHns napaMmeTpoB YyBCTBUTE/bHO-
CTU [ATUYMKOB ras3oB, ABNSETCA WOHHAs UM-
nnaHTayusa, NpuMBOAALLas K CO3[4aHUI0 MeX-
[OY3NMiA, aTOMOB 3aMEeLLeHMs, BakKaHCUI U
Apyrux pegektoB B nneHkax SnO:2 [3]. B
YacTHOCTM, OblNO 06HApPYXeHo, 4To 06/yye-
Hne SnO2 noHamun He2+ ¢ aHepruein 45 MaB
NpMBOAMT K MOAU(MKaLMUN CTPYKTYPbl SnO2

M K CYyLLeCTBEHHOMY YNYYLIEHUIO YYBCTBU-
TenbHoCcT K NO2 [4]. MMnnaHTauusa MOHOB
He2+c sHeprueit 15 k3B npusoanT K aedop-
MaLnmn peleTKN N YMEeHbLIEHNIO WWPKUHBI 3a-
npeL,eHHon 30Hbl SnO2 [5].

B paHHOl paboTe npuBefeHbl pe3ynbTaThbl
nccnefoBaHUn BANAHUA UMNNAHTaLMU NOHOB
He+c aHeprueii 2,4 MaB B nfiieHKN OKCUAOB
0/10Ba Ha UX CTPYKTYpHbIE CBOWCTBA W BENN-
YMHY 31eKTPONPOBOAHOCTMN.

MaTepuanbl n MeTOAbI MUCC/ef0BaHNA

lMneHKn OKCUAO0B 0/10Ba CUHTE3NPOBAINCH
METOZOM MarHeTpPOHHOrO pacnblieHns B
nnasme aproHa muLleHn U3 0710Ba C nocneqy-
IOLLMM ABYXCTaAUAHBIM OTXXUIOM Ha BO3AyXe
[6].

TofwmHa NNeHoK BapbMnpoBanacs B guana-
30He 1-2 MKM B 3aBMCMMOCTU OT BPEMEHU
pacnblneHns. Ha nepsoi ctagum obpasubl 0T-
xuranuck npu 200 °C B TeyeHMe 2 4acoB, a Ha
BTOpOIN cTagmu npu 350 °C B TeueHne 1yaca.

MiMnnaHTauma WoHOB He+ ¢ 3Hepruen
2.4 M3B B nneHKn oKcuaoB 0/10Ba 6bla Npo-
BeZieHa B JlabopaTopun HeATPOHHOW (DU3NKK
nm. .M. ®dpaHka (OUAN, r. y6Ha, PP) Ha
yckoputene 3r-5 (ONAN, P®) npu dntoeH-
cax o06nyveHus 3.751014, 1.11015 wu
1.110%6cm-2.

[Ons  xapaktepmsaunm KpucTaninyeckom
CTPYKTYpPbI NIEHOK OKCMA0B 0/10Ba 6bIN Mpo-
BefleH PEeHTreHOCTPYKTYPHbIA aHanm3 ¢ uc-
Nnofib30BaHNEM PEHTreHOBCKOro AudpakTo-
meTpa Ultima IV RIGAKU B KOH(urypaummu
napaniesbHoOro nydka C WCNoJb30BaHNEM
MOHOXPOMaTM3MPOBAHHOIO0 MeLHOro n3nyye-
HMa CuKa (0.154178 HM). N3mepeHUsa anek-
TPOMPOBOAHOCTM O MPOBOAUINCH NPU MO-

16-9 Me>kayHapoaHas KoHdepeHLus «B3aumogeiicTBMe U3NyUeHnii ¢ TBepAbIM Tenom», 22-25 ceHTa6psa 2025 r., MuHck, Benapycb
16th International Conference “Interaction ofRadiation with Solids", September 22-25, 2025, Minsk, Belarus

280



Cekups 3. BnusiHue U3NyyeHnit Ha cTPYKTYpY U CBOKiCcTBa MaTepuanos

Section 3. Radiation Influence on the Structure and Properties ofMaterials

MOLLM
2450.

nctouHunka-nimeputena  Keithley

Pe3ynbTaTbl N UX 06CYXAeHWe

AHann3 nokasaHHbIX Ha puc. 1 peHTreHo-
rpamm 06pasLoB MoKasan, 4TO B COCTaB Kak
MCXOOHbIX, TakK W  WMMNNAHTUPOBAHHbIX
noHamn He+ nneHok BX0AAT asbl SnO K
SnO2. Kak BUAHO M3 puc. 1, Npy HEBbICOKOM
thntoeHce 06nydeHna 3.751014cm-2 Kpuctan-
NMyeckKas CTPYKTypa NnaeHoK U3MeHseTCs He-
CyLlecTBeHHO. MmnnaHTayma noHoB He+ B
nneHkn  npm  @noeHcax 1.1105 nu
1.110%6cm-2 NpuBOAUT K PasynopaLoYvYeHuto
CTPYKTYpbl NNEHOK, O YeM CBUAETENbCTBYET
YMeHbllUeHWe WHTEHCUBHOCTU W YLIUPEeHUue
xXapakTepHbIx gna a3 SnO un SnO2 pednek-
COB Ha peHTreHorpaMmmax.

» SnO
Sn02

YA FIAAH rw oA 1

° SnO
Sn0O1

40
20, rpag.

Pvc. 1 PeHTreHorpammbl NieHOK OKCUA0B 0/10Ba:
NCXOAHOW (1) ¥ UMMNNAHTUPOBAHHLIX WOHAaMU Fenus
¢ moeHcammn, cMm-2: 3.75004 (2); 1.P105 (3)
n 1.1-1016(4)

MmnnaHTauma noHos He+ B nsieHkn SnOx
NPUBOAUT TaKXe K M3MEHEHUID UX 3MEKTPO-
NPOBOAHOCTU, NPUYEM HEMOHOTOHHbLIM 06pa-
30M. YfenbHas 3/1eKTPONpPOBOAHOCTb a ANnf
NCXOAHbIX naeHoK cocTaenana
0.11 Om-1,cm-1.

[ns nneHok, UMNNAHTUPOBAHHbLIX MOHAMK
He+ ¢ HavMmeHbWMM 3HayYeHuMeMm qQroeHca
3.751014cm-2, pernctpnposanocb Mnosbille-
HUWe BeNIMYUHBI & NpUMepPHO Ha 1 nopagok (4o
1.10 Om-1cm-1). 970 cBsA3aHO C 06Opa3oBa-
HMEeM JOHOPHbLIX LEHTPOB (BakaHCWiA KMCO-
poja W MeX[oy3e/bHOro onosa). Ana nne-
HOK, MMMMIaHTUPOBAHHbLIX Mpu 60nee BbICO-
KX 3HayeHuax goeHca (1.11015mn 1.11056
CM-2) HabnofaeTcs MeHee CyLLeCTBEHHOe No-
BblLLEHME NX 3NeKTponpoBoaHoCcTK (A0 0.36 u
0.30 Om-1,cm-1 COOTBETCTBEHHO) NO CpaBHe-
HUIO C UCXO4HbIMU NMNeHKaMu. Takoe nosepfe-
HWe CBA3aHO C B/IMAHUEM HA U3MEHEHME 3/1eK-
TPOMPOBOLHOCTY MEHOK PasynopsfoyveHuns
UX CTPYKTYpbl U 06pa3oBaHNs XBOCTOB NOT-
HOCTM COCTOSIHWIA AN 3/1eKTPOHOB B 3arnpe-
LW EHHON 30He (YTO MPUBOAUT K YMEHbLIEHUNIO
NOABMXXHOCTN 3NEKTPOHOB B pe3ynbTaTe ux
paccesHus Ha obpasyrwmnxca gehekrax pe-
LeTKN) Hapsgy ¢ o6pa3oBaHMEM [LOHOPHbIX
LIeHTPOB.

3aknoyeHne

lMoka3zaHa BO3MOXHOCTb MOAMDUKALUM
KpUCTanIM4eckol CTPYKTYpbl 1 3N1EKTPONpPo-
BOAHOCTM nneHok SnOx nocpeAcTBOM UM-
nnaHTaummn B HUX MOHOB He+.

YCTaHOB/EHO, YTO MaKCUMa/ibHOE YBeu-
YyeHWe 3N1eKTPONpPOBOAHOCTU O MJeHOK (Npu-
O6NM3NTEeNbHO Ha MOPSAOK MO BeMYMHE: C
0.11 go 1.1 Om-1,cm-1) gocTuraeTca npu He-
BbICOKOM (pitoeHce 06n1yyeHns 3.751014cm-2
B pe3yfbTaTe MOBbILEHUA KOHUEHTpaLuum
KNCNOPOAHbIX BaKaHCMIA 06pasL,0B Npu Hecy-
LLeCTBEHHOM Pa3ynopafoYeHUM UX KpucTan-
NNYECKOI CTPYKTYpbI.

bnarogapHocTun
PaboTa BbINo/iHeHa B paMKax 3agaHus 1MHA
«KoHBepreHunsa-2025» (3agaHuve 3.02.1.4).
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