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Edexru BriopsiikyBanHs 1edeKkTHOI CTPYKTYpH 1-Si,
iHAyKOBaHi BeJuKuMH (roeHcamu ioHiB MeB-Hux eHnepriii

IIpedcmasneno axademixom HAH Ykpainu O.€. Berseceum

Yaazanvneno pesyrvmamu 00caioHceHy CMPYKMYPHUX T ONMUYHUX GLACTMUBOCEl KPEMHII0, ONPOMIHEH020 Ne2-
Kumu ionamu MeB-nux enepeiil gioencamu, w0 nepesulyysanu 10" cn>. Cmpyxmypy Oonpominerozo ionamu
Kpemiuito ymoeHo nodiieno na dexintvka obiacmeti (npobizy, eaivMysanis ma 3a memxceio 00LaAcmi 2aibMyeanis,),
BUZILA0 AKUX BUSHAUAEMBCS MUNOM 10HIG, IXHDOI0 MACO10, enep2icio i memnepamypoio nid uac onpominenns. Bema-
HOBILEHO, U0 ONPOMIHEHHS BEIUKUMU (Piroencamu Heekux ionie MeB-nux enepziii cnpuuunioc ymeopens 6 00 cmi
Kpemuito na 2aubunax 00 0eKiibKox comens MiKpoH YnopsaoKosanux wapie, noe a3anux i3 degexmamu, eaacmu-
socmi sikux 6iopisusiomocs 610 eracmueocmet. mampuyi. Ilokasano, wo 3a Maxux ymoe onpoMiHens. Xxapaxmep
depexmoymeopenis (KIbKICMb i WUpuna UAGLEHUX YNOPAOKOGAHUX JIHIUHUX CIMPYKMY]P Ma iX PO3MAULYEAsL
BI0HOCHO 0OLACMI 2abMYBANHS 101HIB) 3ANEHCUMND 610 MACU Ul eHepeil 10HI8, THMEeHCUBHOCMI NYUKA 1018, memnepa-
Mmypu oNpomMiHenHs i 61acmueocmert Kpucmaa.

Egexm ynopsaoxyeanns depexmis y euznndi niniil nanpyoicenv ma ix nowupenis 3a meici 06aacmi 2aiomy-
BN BUABNEHO NPU ONPOMIHEHHT KPEMHIIO TOHAMU SK 600HI0, MAK 1 2e]110. 3 AC06aH0, W0 0anull eexm 3aieHCUMb
610 THMeNCUBHOCI ONPOMIHEHNHS T GUHUKAE MIILKU NPU WIIbHOCTE cmpymy nyuka Mmenwii, wive 0,45 MKA/CMQ.
Yemanoeneno, wo 0ns Kpemiito, onpominernozo ionamu 2eiio, 6 obaacmi npobizy 0HI8 XAPAKMEPHOIO € He MOHO-
KpUCmaiiuna, a Qgpazmenmapia Cmpyxmypa, aka Mae CyKynuicms ynopsaokoeanux Jiniil Hanpyicens (noe’ssanux
i3 depexmamu ), NApareIvHUX CMY3i 2ATbMYBAHHS TOHIE 2€1i10, A CMY2A 2aTOMYEAHHS CKIAOAEMLCSL 3 NOPOJNCHEY,
BUMPABILEHUX AK CYUIIbHUTL Wap ma Y 6uziadi okpemux ckynuens. Buseneno, wo onpominenis Ouciokauiinozo
Kpemuiio ionamu detimepii npussooums 00 pyxy OUCIOKAULL Y NPOUECi ONPOMIHEHH Ma 00 Nepemuny HuMU
JUHIT 2aneMyeanis 0etmponie Yynacaiook ymeopenis 0egexmic naKyeans.

Kmouo6i crosa: xpemuiil, onpominenns, ionu, ynopsaoxkosana oeexmmua cmpyxmypa.

AXTyaJTbHICTB JOCTI/IPKEHHS BIUIUBY OMPOMiHEHHS i0HAMU HAITiBIIPOBITHUKIB 3yMOBJIIOETHCS TITH-
POKWM 3aCTOCYBAHHSI METO/IIB I0HHO-TTPOMeHeBOI MojindiKallii MaTepiaaiB y MiKpo- i HaHOeJIeK-
Tpositi [1]. BukopucTtaBiiu KOHTPoJIbOBaHe BBeieHHs pajianiiiaux aedektiB (P/1) i mposis-
K HeoOXiaHI TepMiuHi 0OpoOKH, MOKHA ICTOTHO 3MIHIOBATU eJeKTPO(i3ndHi XapaKTePUCTUKU
HaIBIPOBIIHUKIB Y TMUPOKUX MeKax [2].

HuryBanug: laiipap LIL., [linkoschbka M.B., Crapunk M.I. Edextn BropsakyBanus neeKTHOI CTPYKTY-
pu n-Si, inaykosaHi BesukuMu (uroeHcamu ioHiB MeB-Hux enepriit. Jonos. Hay,. axad. nayx Yip. 2021. Ne 1.
C. 39—50. https://doi.org/10.15407 /dopovidi2021.01.039
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3acTocyBaHHS i0HHOI IMIJTAHTAITil SK METO/Y TMPENU3iifHOTO JTJOKAJIbHOTO JIeTYBaHHS TBEP-
JMX TiT 326€311eUrIio, Mo CyTi, peaisallio nepesar miaHapHol TEXHOJIOTI B MiKPOEJEKTPOHIILi.
Came 3 I0HHOTO IMIIJIAHTAIII €10 3HAYHOIO MipOIO OB A3YIOTh OYPXJIMBHUII PO3BUTOK MiKPOEJIEKTPO-
HIKU B OCTaHHI IecaTUIIITTS [ 3].

IMmmanTatis ra3is, TakKUX SIK BO/IEHb, HEOH, aPTOH, TeJill, TPe/ICTaBsIE 3HAUHUN iHTEPeC 3a-
BIIKU MOKJTMBOCTI KOHTPOJIHOBAHOTO BBE/IEHHS Y MATPUITIO KPUCTaja HAHOTIOPOKHUH, 3MaTHUX
reTepyBaTu HebaxKaHi JOMIIIKK 3 06’€MyY 1 CJyryBaTH IEHTPaMU pejlakcallil HalpysKeHb B OTO-
qylouiii rpariii [4, 5]. YMoBaMu OTpUMaHHs BIIOPSIAKOBAHUX CTPYKTYP i3 HAHOMOPOKHUH B OTIPO-
MiHEHUX KPUCTAJIaxX € BeJINKi (hiroercn i0HiB ab0 3HaYHA MIIJIBHICTh CTPYMY iIOHHUX TTYYKiB.

Papianiiinuii BIJiMB NPUCKOPEHUX BAKKUX 10HIB y pasi iXHbOI iMIJIaHTallil B KPUCTAJ CIIO-
cTepiraiu 3a JOIMOMOIOI0 Pi3HUX METO/IB Ha TJIMOMHAX, SIKi B AKX BUIMAAKAX HA MOPSIKU IIe-
PEBUIIYBAJIM MPOEKIiiTHI mpobiru iowiB [6]. /15 BusBieHux edexTiB Gy10 3aporoHOBaHO CIie-
miaabHy Ha3By — “edextn panekomii”. [1ogo BIIMBY JeTKUX i0HIB, SIKi He BUKOPUCTOBYIOTHCS B
TEXHOJIOTii I0HHOTO JIeTyBaHHs1, 0COOJIMBOCTI e(DEKTY JaneKo/Iii Hapasi € He 30BCIiM 3PO3YMIJIMMU.
MexaHi3M BUHUKHEHHS MOTO JI0Ci He MOACHEHO, OCKIJIbKUA TeOPETUYHI MOJIesi B3a€MO/Iii BUII-
POMIHIOBaHHSI 3 KPUCTAJaMH, SIKi JOCUTH J06pe OMUCYIOTh MOBEMiHKY okpemux P/l abo ixHix
KOMIIJIEKCIB y TBEPANX TiJIaX, BUSBUJINCS HEPUJATHUMU y Pa3i OMPOMiHEHHS BEJUKUMHU (HJTIO-
eHcaMU BHCOKOEHEPreTHYHMX 10HIB, KOJIM 3HAYHA KiJIbKICTh e(EKTiB HAKOIUYYEThCS B 0OMe-
’KeHoMy 00’eMi, il TOTPiGHO BPaXOBYBATH iXHIO KOJIEKTHUBHY B3aEMOIIIO.

Ha nanwuii yac onpominennst Siionamu keB-Hux edepriii HaitbiIbII HOBHO BUBYEHO, OCKIJIBKH
MPOTSITOM 0araThbOX POKIB BOHO OYJIO MATPYHTSIM JIJisl OTPUMAHHS PI3HUX OITO-, HAHO- Ta CEH-
COPHUX MPUCTPOIB, IHTETPOBAHUX Yy KPEMHI€BI MiIKIQIKN. 3aCTOCYBaHHS Ba)KKUX 10HIB 3 €Hep-
riefo fekiiibka coteHb MeB crano nepcrneKTUBHUM 3i CTBOPEHHSIM MOTYKHUX ITPUCKOPIOBAYIB,
OCKIJTBKM BiZIKPUJIO MMUPOKI MOKIMBOCTI JIJIST OJIeP>KaHHS HAHOCTPYKTYPOBAaHUX MaTepiamiB [7].
Ha cwroronni moBesinka HEPIBHOBAKHOI crcTeMU MedeKTiB y pa3i TPUBAJIOTO €HEPTeTUYHOTO
ONPOMIHEHHSI OCTATOYHO He BCTAHOBJIEHA, 1 BIIUB i0HIB 3 €HEPTI€I0 OPSAIKY /ecaTkiB MeB na
BJIACTUBOCTI KPEMHITO 3aJIUIITAETHCS HAWMEHIIT BUBUEHUM.

Mera mpaiii — BU3HAYUTH OCOOJIMBOCTI Ta YMOBH (DOPMYBaHHSI BIIOPSIIKOBAHOI /1e(heKTHOI
CTPYKTYPH KPEMHIIO, iHAYKOBAHOI BeJIMKUMU (hJIoeHcaMu JIeTKUX i0HiB MeB-Hux enepriii.

MoXIUBICTH CTBOPEHHS BIIOPSIAKOBAHUX CTPYKTYP BUBUATIM HAa MOHOKPHUCTaJax 7-Si 3
MUTOMKUM OTOPOM P = 3+4 KOM - cM, BUpOLIeHUX MeTOLOM JoXpaibChKOTo, O6€311uCaI0KaIiii-
HUX Ta 31 MJIbHICTIO AucJIoKamiin N i 10% em 2 OmnpomiHeHHs TTPOBONUJIN Ha ITPUCKOPIOBaYi
¥Y-120 1AL HAH Ykpainu ionamu BojgHIO 3 eHeprieio 6,8 MeB, ionamu meiitepiio 3 eHeprieo
13,6 MeB ra ionamu resqiio 3 eneprieio 27,2 MeB dmoencamu @ > 5 - 10" em 2 Bapifo0un
HIJIBHICTD CTPYMY iOHHOTO Tydka B Mexkax 0,25—3 MKA/CMQ. Tonamu BOIHIO Ta Teiio OMPOMi-
HIOBaJIM Oe3/MCIOKAI[IHI KPUCTAIU, TOI IK i0HaAMU JeUTepilo — KPUCTAIN, 10 MICTUIN JHC-
Jokariii. 3pasku Si 3aBToBIIKK 1—2 MM OyJIM MPUKJIEEH] 0 MiAKIAAKA CIENiaJbHOTO TPrUMaya,
SKUH i 4ac OMPOMiHEHHS 0XO0JI0/KYBAJIN TIPOTIYHOIO BO/IOIO. 32 IUX YMOB 3Pa30K TaKOK 0XO-
JIOIKYBABCS TI0 KPasix MOBEPXHi, IPU IbOMY oro TemiiepaTypa He niepesuiityBaja 100 °C.

Y kpeMHii IpoeKIliiiHi (po3paxyHKOBi) MOBKUHU TPOGITY 10HIB BOIHIO i TeJIif0 BAKOPUCTA-
HUX €Hepriii € Maiiske 0OJHAKOBUMU i CTAHOBJISATD IPUOJIUZHO Rp ~ 360 MKM. Y pasi onpoMiHeHHS
Si ionamu zeiitepito 3 eneprieio 13,6 MeB npoekiiiina joBxkiHa Mpobiry € 3HauHO OGLIBIIOI0 —
Rp ~ 780 MKM.
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Jlist BuBUeHHs TOTorpadivHoro 300pakeHHs aeeKTHOI CTPYKTYPH KPEMHIIO 3pasKu po3pi-
371 B3/I0BK HAINIPAMKY OIIPOMiHEHHS Ha TJIACTUHMU, TTPOBOUIN 1X MexaHiuHy (1utidhyBaHHs,
noJiipyBaHHs) Ta XiMiuHy (TpoTpasioBaHHs) 06pobku. [ToBepxHi 3pasKiB JOCTIIKYBAIN HA Me-
tan-mikpockoni (MIM-8), 3a 1om1oMOT00 PACTPOBOTO €JIeKTPOHHOTO Mikpockomna (JSEM-
90) Ta aromHo-cusoBoro mikpockora (AFM). Ilonepeuni mepepisu onpomMiHeHNX 3pa3KiB 10C-
JIKYBAJ METOJIOM PEHTTeHiBChbKOi Tomorpadii Ha mpocBiT (Metomom Jlanra) [8]. Bumipro-
BaHHs criekTpiB iH(ppauepBoHoro (1Y) nmorsmHanHS mpoBoaM/M Ha (yp’e-crieKTpohoToOMETPi
FIS-113V. [lss1 onTUYHUX AOCHIAKEHb BUTOTOBJISIIN 3Pa3KH, M0 MaJIX ABi IJI0CKOTapaesbHi
MTOJIPOBAHI CTOPOHMU.

3aBSIKU TaKUM KOMILJIEKCHUM OCJIDKEHHSIM TTPOBEIEHO TOPIBHAHHS /e()eKTHOI CTPYK-
Typu Si B 06sacTsIX npo0iry, raJbMyBaHHS Ta 32 MeKelo 00J1acTi raJlbMyBaHHS s i0HIB Pi3-
HUX Mac, OCKIIbKY XapakTep AeheKTOyTBOPEHHS B X 00JIaCTAX BU3HAYAETHCS TUIIOM i0HIB,
iXHIMU Macoto, eHeprie i TeMepaTyporo Iij 4yac OnpoMiHeHHs. BusgBjieHO 3pocTaHHS U yc-
KJIQJ{HEHHSI CTYMEHIO MONIKO/KEHHSI KPEMHII0 Y BCIX TPHOX 06J1acTsIX 31 30iJIbIIEHHSM eHepTii
Ta MacH iOHiB.

HocuimxenHs BjacTuBoCcTel Si, OTPOMiHEHOTO i0HAMH BOIHIO, CTAHOBUTD BAsKJIMBUI acTIEKT
pasmiamiitHoi ¢hisuku HamiBnpoBigHWUKiB. [le, mepeayciM, BUBYEHHS pamialliitHOl CTITKOCTI KpeM-
HIEBUX JIETEKTOPIB, sIKi BAKOPUCTOBYIOTH Y Cy4yacHUX IpUcKopioBayax. [lerpazallisi COHIUHUX
Gartapeil Ha KOCMIYHHUX amaparax, 3/1€0iIbIIoro, 3yMOBJIEHa TIPOTOHAMU (sIIPaM¥ BOJHIO), sIKi B
3HAYHUX KUIBKOCTSX BUIpoMinioe CoHile, 0cob6mBO i yac MarHiTHUX Oyp [9]. BapTo BpaxoBy-
BaTH, MO BUXiHUM MaTepiaJioM JJIsT O/lepKaHHS BUCOKOSIKICHOTO MOHOKPUCTATIYHOTO KPEM-
Hiro € monocuaan (SiH,). BMicT BoAHIO B OTpUMaHUX i3 TaKOI CUPOBMHU MOHOKPUCTalaX JOCUTh
BeJuKuii. BifloMo 3acTocyBaHHS 10HIB BOJHIO /IJIsI CTBOPEHHS JIESIKUX TUIIIB HAIliBIPOBiIHUKO-
BUX NPUJIAJIIB i3 TosinimeHuMu esiekTpodisnuanmu BiaactuBoctamu [10]. Yee 11e 3ymoBIioe ak-
TYaJIbHICTH MTPOBEIEHUX TOCIPKEHD OO0 OMPOMIHEHHS KPEMHIT0 i0HaMU BOJHIO.

¥ n-Si, onpominenomy ionamu BojiHIO 3 eHeprieio 6,8 MeB duioencom 10" em® na pacTposiit
eJIEKTPOHHIN MikpodoTorpadii 3paska, BUPi3aHOTO B3/IOBK HAPSIMKY OIPOMiHEHHS, BUSBJIEHO
CUJIBHO TIOPYTIEHWH MPOIIapok (JTiHi0 HANPYKeHb) Ha TIHONHI Rp ~360 MKM — 1€ JTiHis TaIb-
MyBaHH4 i0HIB. OTHAK cTIOCTEpesKeHHS Ha METaT-MiKPOCKOIT BUSIBUJIM HA IbOMY CAMOMY 3Pa3Ky
B IIeHTPi onpoMiHeHoi obracTi (Mpu UHIBHOCTI cTPyMy Mmydka ioHiB BogHIO < 0,45 MKA/CM2)
JIB1 JIiHI1 HATIPY:KEHb, OB’ SI3aHUX 13 /lehekTaMy 1 TTapaJieJibHUX JIiHIl TaJbMyBaHHs, Ha BijicTa-
Hsx 358 (~Rp) i 645 MKM (~2Rp) Bij1 moBepxHi 3 60Ky onpominenHs. HasBHicTh Apyroi siHii Ha-
npy’KeHb Ha BiICTaHi MOABIHHOTO MPOOITy 10HIB € MPosIBOM edeKTy Manekoii (TIOMupeHHs Ie-
(hekTHOT cTpYKTYpH 3a Mexi obsacti rasbmyBanHs). [lupuna JiHil raJbMyBaHHS 10HIB CTaHO-
Busia 6;m3bko 50—80 MKM, a IpyToi BUTpaBjIeHoi JiHil — 6ju3bko 20—30 MKM.

BusiBneno 3aneskHicTb nmonmmpeHHd JedeKTiB 3a JiHi0 TaJbMyBaHHS 10HIB BOJHIO BiJl BeJU-
YKMHU [IIJIBHOCTI I0HHOTO CTPYMY, TOOTO Bijl iHTEHCUBHOCTI ortpoMiHeHHs1. [Tpu 36i1bIIeHH] 1TiJIb-
HOCTi cTpyMy 110 1 MKA/ e st Hanpy’KeHb Ha BiicTaHi MOABIHOTO MPOOIry i0HIB BOAHIO y Si
He criocTepiranacst (To6To eeKT AaTeKoIil He TIPOSIBIISBCS ).

[Ticas Bigmamy onpomineHoro ionamu Bozuio Si ipu 500, 550 i 600 °C npotsirom 0,5 roz 1po-
BeJIEHO TIOIIapoBe (3 KPOKOM 50 MKM) JOCITIKEHHST 1e(DeKTIB CTPYKTYPU METOZIOM BUOIPKOBOTO
[POTPABJIIOBAHHS | HAPUKIHIN TIPOOIry ioHiB BUsiBIeHO myxupiti podmipom 0,2—0,5 mm (puc. 1).
Bouetb, 110 BuBisibHsBC 3i 38’s13kiB Si—H nipu 600 °C, yrBOproBas 6ysibOaiiku, ki pocJiu i Jiyc-
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Puc. 1. Cepist (110)-peHTTeHIBCHKUX TONOTPaM 71-Si, OPOMiHEHOTO
ioHamu BogHIO (E =6,8 MeB, ® =2,1 - 10" CM72) 1o (@) Ta micas i30-
XpoHHoro Bigmany ynpoaos:x 0,5 rox npu T, °C: 6 — 500; ¢ — 550; 2 —
600. HarmpssmMox onrpoMiHeHHST TTePTeHINKY IS PHAT JaHiil TITOMTITHI

KaJucs, CTBOPIOIOYM TOPOKHEYi (TTopu), PO3MIpH 1 MIiJb-
HICTh SIKWX BU3HAYAIHUCSI €HEPTIE0 10HIB BOJIHIO Ta IHTEH-
CUBHICTIO onpomiHeHHs (puc. 1, 2).

Hocaimxerns [Y-crekTpiB morauHaHHS Si, OMPOMiHe-
HOTO ioHaMu BOJIHIO 3 eHeprieio 6,8 MeB, BusBuio yrBopen-
Hs PSly LEHTPIB, 10 CKJIALy SIKUX BXOAWTH BOJIEHbB, JIOKAJIi-
30BaHUll Ha pozipBaHux 3B’g3kax ytBopenux PJI. Ilosuuii
Bimas nux 1eHTpis BigOysasces mpu 600 °C i cynpoBoskyBases pospuBaHisam Si—H 38’g3KkiB.
Cunin 3a3HaUNTH, 1[0 YTBOPEHHS /1e(PEKTiB CTPYKTYPH IyXUPIIEBOTO TUILY CIIOCTEPITANOCS B TO-
My camomy Temriepatypaomy intepsasi 580—600 °C, 1o it pospuBants Si—H 3B’s13KiB 3a 1aHUMEI
[Y-norsmHaHHS.

VY vacruni Si 3a 06J1acTIO raJbMyBaHHS 10HIB BoAHIO (>360 MKM), Ha rnbuHi 10 720 MKM,
PiBHIll OBOEHIN MOBKUHI TIPOOITY (2R,), nicaist Binmasny npu 550—600 °C BUGIPKOBMM MPOTPAB-
JIIOBAHHSIM BUSIBJICHO JIPiOHI JeheKTH PO3MIPOM JI0 JeCSITKA MiKPOH i3 KOHIIEHTPAIE€0 OJU3bKO
10% cm 2. Edekr MosxHa 0OB’g3aTH 13 KaHAIIOBAHHSM JIE€SKOI YacTUHU 10HIB BoaHIO abo P/I.

[Ticast onpomitentst 13,6 MeB ionamu jefitepito moBepxXHs KPEMHII0 BUABUIIACS OIJIBII T10-
HTKO/IZKEHOT0, HiXK MICJs OTIPOMiHEHHS i0HAMU BOJHIO. 3a JaHUMHU PEHTreHiBChbKOi Tororpadii i
BUOIPKOBOTO MPOTPABJIIOBAHHS BUSIBJICHO, 1[0 HAOLIbII MOPYIIEHHST CTPYKTYPH (PO3YIOPSII-
KyBaHHsI) CIIOCTEpirajucst B 06J1acTi raJibMyBaHHs 10HIB JieiiTepito, e KOHIeHTpallist 1eeKTiB
OyJ1a MaKCUMAJIbHOIO.

Kapruty BubGipKoBOro mpoTpaBiioBatHst Si, OIPOMiIHEHOTO (hJTIOEHCOM 0HIB JeiiTepito 10" em
HaBe/IeHO Ha pUC. 2, a—e, Jie ToKa3aHo MOoAU@IKaIliio MPOTPaBIEHOI CMYTH HAIPYKE€Hb Y3I0BK
JiiHil rasbMyBaHHs 10HIB (1) B Kpato 710 1leHTpa opoMineHoi obJiacTi 3paska. B obmacti mpobi-
ry ioHiB y Si joaTkoBa MpoTpaBieHa cMyra HanpysKeHb 2 BUHUKaJA M0OJU3Y IeHTPa OMpoMi-
Henol oOstacTi (Ha Bifgcrani ~130 MKM Bij mepiroi cmyru i GJMKYe 10 TIOBEPXHI ), [ie TeMIieparTy-
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Puc. 2. MiKpO(bOTOFlga(bﬁ 2BI/16ip1<0Boro [IPOTPABJIIOBAHHS KPEMHil0, ONMPOMiHEHOTO ioHamu zeiitepito (E =
= 13,6 MeB, ® =10 cm °); 3miHa cMyru ranbMyBaHHs 7 Biji Kpato 10 1eHTpa (a—2) onpoMiHeHoi obracTi
3pasKa; IMepeTHH CMYTH TaJlbMyBaHH: JedeKTaMy YIaKOBKH i I0JIaTKOBA TIPOTPaBJIeHa JiHis 2 HAPyXKeHb (2).
Crpisk1 BKa3yIOTh HAIIPSIMOK OTIPOMiHEHHSI.

pa 3paska mpu ompoMiHeHHi Oysia MakcuMasbHow (puc. 2, 2). Illupuna 1€l cMyru craHoBuIA
6/m13pK0 100 MKM.

CwMmyra raabMyBaHHs i0HIB (micjs BUOIPKOBOrO IIPOTPABJIIOBAHHS) PO3IIUPIOBAIACS Ta yC-
KJIQ/IHIOBAsIacst OJIMsK4e 10 TIeHTPa OPOMiHeHO1 06J1acTi, Hajl Helo 3 GOKY HEeOITPOMiHeHOTO 00€-
My 3'siBJisiincs iecbeKTH TmakyBaHHs (puc. 2, 6, 8), siki moOmM3y IeHTpa 3pasKa MPaKTUYHO TTi]|
MPSAMUM KYTOM MTePETUHAJIN TATbMIBHY cMyTY (puc. 2, 2). Takuii mpoiiec, 04eBUIHO, TOB’ I3aHU
13 HagBHICTIO AMCJIOKAINH Y BUXigHOMY Si, IXHIM pyXoM i B3aemoieio 3 P/] npu onpominenHi (B
yMOBax IiJIBUIIEHOI TeMIIepaTypy 1 BeJUKUX KOHIIEHTpalliii pafiaiiiinux nedexriB). YcTaHoB-
JIEHO, 1110 B pa3i ONpOMiHEHHS Si ioHaMu JIeUTepito MUPUHA BUTPABJIEHOI TAJIbMiBHOI CMYTH BiJ
Kparo ompoMineHoi o0macTi 1o 1 merTpa BapitoBasacst Bix 30 10 130 MM y 11eHTpi 3paska. Mi-
HiMaJIbHI 3HAUEHHS [[LOTO MapameTpa OyJu OTPUMaHi Ha Kparo 30HU ONPOMIHEHHS, Jie TeMIepa-
Typa 3paska OyJia HUKUYOI0 BHACIIIOK OXOJIO/KEHHSI.

B ob6umacti Si 3a cMyTot0 raJibMyBaHHS 10HIB JefiTepito BUTPaBJIeHi JIiHIT HATIPY/KeHb He BU-
HUKaJIN, TOOTO TIPU OMIPOMiHEHH] [UCIOKAIIHHOTO KPEMHITO i0HaMU JlefiTepito eeKT TaTeKoIil
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Puc. 3. lloBepxus HonePequro nepepisy 3paska 3 KpeMHio (IuB. TabJI.) Micast OMPOMiHEHHST 10HAMH TETi0
(E=27,2 MeB, ©= 10! CM_2) TIPY MIJIBHOCTI CTPpyMy ioHHOTO TTyuKa 0,3 MKA/CM25 a — pacTpoBa eJeKTPOHHA
Mikpodororpadis (PEM), nanpsam onpominenns [111] mapanenpnnii gamiili miomuHi (BKa3aHo CTPIJIKOIO);
6 — doromerpis PEM nosepxHi nomepeuHoro nepepisy apaska 3, HanpsiM OIIPOMiHEHHsST — B3I0BJK Oci abeiuc.

He crocTepiraBes, o Moske OyTH OB’ I3aHO 3 BUCOKUM BUJLJIEHHSIM €Hepril i, BIANOBIIHO, 3 BH-
COKOIO TEMIIEPATyPOIO 3pa3Ka IPu OIPOMiHEeHHi.

BusiBsieno, 1110 ONMpOMiHEHHST BUCOKOEHEPTETUYHUMHU 10HAMH JielTepito 103BoJis€ (hopMyBa-
TH TOHKI Iapy mupuHoo 10 200 MkM B 00’emi Si Ha rimmbutax 10 780 MKM, sKi MalOTh BJIaCTH-
BOCTI, BiIMiHHI BiJ BJJaCTUBOCTEN BUXIiTHOI MAaTPUIII.

[MopiBHIOOYM CTPYKTYPY OOJacTeil mpobiry i raabMyBaHHsS B Si, OPOMIHEHOMY i0HAMU
BoaHIO 6,8 MeB i meiitepito 13,6 MeB, MoskHa 3poOUTH BHCHOBOK, IO 3i 301/IbIIEHHSIM €Hepril
iOHIB yTBOpeHHs e(eKTiB B 000X 00/IaCTSIX YCKIATHIOETHCS: 3 IBISIETHCS JTOIATKOBA JIiHisT Ha-
npyskerb. Cama JTiHig TaTbMyBaHHS Ma€ Pi3Hy MUPUHY: BOHA BY’KUa MO KPasiX i MTUPIIA B IEHT-
pi ompoMiHeHoi 00J1acTi, 110, IMOBIPHO, MOB’SI3aHO 31 3HAYHUM OXOJIO/PKEHHSIM 10 KPasix KPHC-
TaJia B TIPOIIeCi OITPOMiHEHHS.

Crpykrypa Si Ha moBepxHi, B 06JacTaX MPo6iry i raJbMyBaHHsSI 10HIB Teilo 3 €Heprieto
27,2 MeB, BusgBuiacss HallO1IbII OMKOIKEHOI0 (IIOPIBHAHO 3 OIMPOMIHEHHSIM 10HAMU BOAHIO 1
JEfTepio), 1o MoKHa OYJI0 O4iKyBaTH, OCKIJIbKY eHeprist i Maca i0HiB reJtiio GiJIbIii.

Bincrani siniii Hanpy:keHb (B MKM) Bi/l TOBePXHi 3pa3ka n-Si,
. . . 17 . —
onpomineHoro 27,2 MeB ionamu reio ¢gmoencom @ =10 cm
. . .. 9
NIPH IJIbHOCTI CTPYMY Ny4Ka ioHiB 0,3 MKA/cM

2

Howmep ainii | 1 2 3 4 5 6 7 8 9
HATPY’KEHOCTI
Merasorpacdist 132 242 341 380 423 627 720 764
PEM 3pasok 1 150 282 362 385 636 674 865
3pa3ok 2 145 337 380 666 839
3pa3ok 3 140 327 352 441 637

A4 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2021. Ne 1



Egpexmu enopsioxysans degpexmuoi cmpyxmypu n-Si, indyxosani eequxumu (puoencamu ionie MeB-nux enepziil

PentreniBcbka Tomorpadist ompoMineHOTO 3pa3ka Si, 3HATa Micsd MUTihyBaHHS 1 XIMIYHOTO
HOJIiPyBaHHs TOBEPXHi, TIOKa3aJia 3HAYHI TIOPYIIEHHS CTPYKTYPH B 00JIaCTi TaJIbMyBaHHS i0HIB
Ha rmbuHi 61usbko 360 MmxM. Ha mikpodororpadisx mosepxHi Si, OTpUMaHKUX 3a J0IIOMOTOIO
PacTpoBOi €JIEKTPOHHOI MiKPOCKOITI1 TicJIsl ONPOMiHEHHST (DII0EHCOM 10" cm 2 IIpY 3MiHi MILTh-
HOCTi CTPyMY IyuKa ioHiB y faianazoni 0,25—-0,45 MxA/ oM, BIIOPSA/IKOBAHI CTPYKTYpH eEeKTiB
y BUTJISAIL JIiHIH HATIPY/KEHb, EPIEHANKYISPHIX HAPIMKY CTPYMY iOHHOTO TTy4uKa, OYJI0 BHIHO
SK B 0o6J1acTi po0iry ioHiB, Tak i 3a jiHielo raabMyBaHHs (puc. 3, ). Bigcrani iniil HanpysKeHb
Bi/I OTPOMiHIOBaHOI TTOBEPXHi HaBegeHO B Tabunili. [Toxubka y BU3HaYeHH] BificTaHi JiHIN Bij
moBepxHi 3pas3ka 3 60Ky onpominenHst Moxe gocsirat 20 mxwm. JIiHii 3 ta 4 MOXKyTbh OyTH TOB'sI-
3aHi 3 KiHIeM npooiry ioHis resito y Si. THui siHii mokasano B obacti mpobiry i 3a Mexamu 00-
JIacTi raJibMyBaHHS 10HIB y 3pa3Ky (ToOTO crocTepiranu eekT gameKkoiii).

Ha puc. 3, 6 HaBesleHO KOMITIOTEpHY (POTOMETPif0 PACTPOBOI €JIEKTPOHHOI MiKpohoTOrpa-
hii (muB. puc. 3, @) TOBepxHi MONEPEYHOTO TIepepi3y 3pa3ka 3 KPeMHilo, OPOMIHEHOTO i0HAMU
reJiiio, o HAOYHO LIIOCTPYE PO3TAIlyBaHHS BiJIHOCHO MMOBEPXHI 3pa3Ka JIiHili HAlIPY>KeHb, TOB’sI-
3aHUX i3 jiecheKTaMu, Ta iIHTEHCUBHICTD BIAMOBIHUX JiHIN. [HTeHCHBHICTS JiHIlN y BigicoTkax (1)
MOPiBHSHO 3 GOHOM BiIKJTa/IEHO B3/IOBK OCI OPJMHAT, B3[IOBK OCi abciuc — BigcTaub (Y MKM)
Bi/I TOBepXHi 3pa3ka 3 00Ky ompomiHenHst. /loaTHi 3HAYEHHST IHTEHCUBHOCTI Bi/ITIOBIIAIOTH CBIT-
JINM JIiHISIM Ha pPUC. 3, @, B/’ €MHI — TEMHUM.

[Ipu 3’scyBanni npupou edeKTiB y JiHISX HANPY:KeHb MOKHA CITUPATUCT Ha HAsSBHI He-
npsimi gani [5]. Y it npaiii oTpuMaHo eKcriepuMeHTa IbHi Pe3yJIbTaTh i IPOBeJIeHO PO3paxyH-
ki podizis posmoziay PJI Ta iMIIAHTOBAHIX aTOMIB OIpOMiHeHOTO ioHamMu Si', SIKi MoKazam,
1o B obmacri 1o ~(1/ 2)R,, mepeBaskae yTBOPEHHs TOYKOBHX JIeeKTiB BAKAHCIIHOTO TUILY, TPO-
xu OJImzKYe 10 Rp — BEJIMKUX BaKaHCIHUX KJIAcTepiB, a IeheKTH MiKBY3JI0BOTO THITY CIIOCTEpi-
raloThCs B 00/1aCTIX ~(1/2)Rp i ~Rp.

3rigno 3 ganwmu mipaii [11], P/ BakanciiiHoro THIly reHepyioThCs He TiJTbKH B 06J1aCTi po-
6iry ioHiB resiio, a it 3a 06JaCTIO IXHBOTO TaJIbMyBaHHSI.

DopmyBaHHs BIOPSAKOBAHOI /1e(DEKTHOI CTPYKTYPH TIPU ONPOMiHEHHI Si BHCOKOeHepTe-
TUYHUMHU I0HAMU € Yy TJIUBUM JI0 IHTEHCUBHOCTI i0HHOTO TTyuka. [Ipuposai crpykrypa nedexriB
y JIHISIX HAIPYKEeHb BUMArae MmojiabIioro A0CHi/KeHHS, TPOTe, 3iCTABJSIOUN iXHE PO3TAllyBaH-
HS 3 JAaHUMU Tpalli [S], MOKHA MPUIYCTUTH, IO CBITJUM JIiHIIM Ha PHC. 3, @ BiANOBIAIOTH
CKyITYeHHd JieheKTiB BAKAHCIHHOTO THUITY, TEMHUM — MiKBY3JI0BOTO. BilloBifiHA CTPYKTYypa 110-
MIMPIOETHCS 1 32 MEsKi 06J1aCTi ra/IbMyBaHHS 10HIB TeJIiT0.

3i 361JIbIIIEHHSAM HIJIBHOCTI CTPYMY IyYKa ioHiB resito 1o 1 MKA/ em? minii HaTPY’KeHb 3'5B-
JITACS TibKY B 00JtacTi pobiry ioHis. Edext manexosii 3a iux ymMmoB He crocrepiraBest. Kisb-
KiCTh JIiHIN HalpysKeHb B 00J1acTi po0iry ioHIiB BU3HAYAJIACS, HIMOBIPHO, PO3IIO/IIIOM TeMIIepa-
TYPHU 3a ONMPOMIHIOBAHOIO TIOBEPXHEIO, 3MEHIITYIOYHCH BiJl TIEHTPa /10 KPaio 3pa3Ka, je OyJo MakK-
CUMaJIbHE OXOJIO/IZKEHHSI.

PesyapsraTu MmetasorpadiyHoTo AOCTiZKEHHS 3pa3ka Si, OTPOMiHEHOTO (hJII0eHCOM 10" em™
MIPU MIJBHOCTI CTPyMY 10HHOTO Tryuka 1 MKA/CMQ, micsist BUGIPKOBOIO IIPOTPABIIOBAHHS ITOKA-
3aJ1H, 10 06JIaCTh raJbMyBaHHs i0HIB TeJii0 € CUIBHO MOIMIKOKEHOI0 00JIaCTIO KPEMHIIO, SIKa
CKJIQ/IAETHCS 3 TIOPOKHEY Pi3HUX PO3MIPiB 1 (hOPM, BUTPABJIEHUX SIK CYIIJIBHUN IIAp Ta y BUTJISIL
OKPEMUX KJIACTEPiB, SIKi CYIPOBOJIKYIOTHCSI YTBOPEHUMU JAUCIOKAIIMHUMU TeTJISIMU. YTBOPEH-
H¢ TTOPOKHEY ITPH IMIIJIAHTAIllT BUCOKOEHEPTETUIHNX Ta30BUX 10HIB, HAllIMOBIpHIillle, OB’ d3aHe 3
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Puc. 4. TllosepxHs n-Si niciist onpominenus ionamu redtito (E=27,2 MeB, @ = 10" CM2) TIPH MIiIIBHOCTI CTPY-
My ioHHOTO TIy9yKa 1 MKA/cM”: @ — pacTpoBa ejileKTpoHHa MikpodoTorpadis, 7 — cMmyTa raJibMyBaHHs i0HiB, Ha
BCTaBKaxX — CTPYKTypa ALISHOK cMyru raibmyBannst (A) ta obsacti npobiry (B), HAIPsMOK OIIPOMiHEHHS BKa-
3aHO CTPLIKOIO; 6 — Mikporpodinorpama, I — obsactb 11pobiry ionis, IT — obacTh 3a JIiHi€I0 raJibMyBaHHsL, Bep-
TUKaJIbHA IITPUXOBA JIiHisI BKa3y€ Miclle PO3TallyBaHHS CMYTU iIOHHOTO raJibMyBaHHS 7.
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BUCOKOIO KOHIleHTpalieo aedekTiB Bakanciiitnoro tuiy. Bakamncii, 06’e1nyoynch y KOMII-
JIEKCH, MOKYTb BUJIQJIATH HAIIPY>KEHHS B IPATIIi, 30KpeMa MoB’sI3aHi 3 0Ca/KEHHSIM POCTOBUX /10-
Mitok (KUCHIO ab0 BYTJIEIN0), i 3armobiraTi yTBOPEHHIO IMCIOKAIII.

Mikpodororpadii obmacti mpobiry i cMyru raJbMyBaHHS i0HIB reJiito y Si, orprMaHi 3a j10-
[IOMOT'OI0 PACTPOBOTO EJIEKTPOHHOTO MiKPOCKOIIA, TIOKa3aJIH, 0 CTPYKTypa obaacTi mpobiry Oy-
Jla He MOHOKPHUCTAJIIYHOIO, a (hparMeHTAPHOIO 1 Majia CyKyIHICTh YIOPSAKOBAHUX JIiHII HaIpy-
JKeHb (TIOB’SI3aHUX i3 leheKTaMN ), TapajieJIbHUX CMY3i TaibMyBaHH4 7 10HIB Tesio (puc. 4, a).

Mixkporpodisorpama oBepxHi 3paska (puc. 4, 0) okasaia posnyxaHus Si B 06acti mpobiry
ioHiB remmifo. Pisauiig B mpodisi onpominenoi (1) i Heonpominenoi (II) wactur 3paska cranoBmIa
6/113bKO 8 MKM. 306pakeHHsI TOBEPXOHD BUXIIHOTO i ornpomiHeHoro 3paskiB Si (D = 10" CM72),
OTPUMaHI 3a JI0TIOMOTOI0 ATOMHO-CHJIOBOTO MiKPOCKOIIA, /ITBEPAUIN PO3IyXaHHst Si B 0Oacti
npobiry ionis. ITlopcTkicTh MOBepXHi 3pa3kiB Si /10 onpoMiHeHHsT cTraHOBUJIA 6u3bKo 0,5 HM, a
TICJIST OTIPOMIHEHHS ioHaMu Testito — 20 HM, 10 CBiTYUIIO TTPO 3HAYHY JECTPYKITIIO TIPUTIOBEPX-
HEBOIO IIapy KPEMHIIO i/l 1i€I0 ONPOMiHEHHS.

[Ipu onipominensi SiioHaMu i BOJIHIO, 1 TeJTito criocTepiraBcs eekT yHopaaKyBaHHS 1eeKTiB
y BUTJISIIL JTiHIH HATPy»KeHb Ta iX MOIUPEHHs 32 Meki oOJacTi rambMmyBanHs. Leit eexT 3amexan
BiJl IIIZIBHOCTI CTPyMY 10HIB (Bi/l IHTEHCUBHOCTI OIPOMiHEHHST) 1 BUHMKAB TiJIbKU MTPU NIIJbHOCTI
CTpyMy TIyuka MeHIiit, HixK 0,45 MKA / eM?, To6TO npu OUIBIIT HU3BKUX TEMIIEPATYPAX OTIPOMiHEHHSI.

YropsikoBaHicTh JieheKTHOI CUCTEMU MO’Ke BKa3yBaTU Ha XBUJIbOBUM MeXaHi3M 11 yTBO-
peHHs. Xoua BiJIoMUI aBTOXBUJIBOBUH MeXaHi3M [6] He MOKe TIOSICHUTH JJAJIEKOTO 1 HaJIAIeKOTO
HOIIMPEHHS BIUIMBY OIMPOMIHEHHS B YaCTUHY KpUCTaa 3a 00J1acTiO raJibMyBaHHS i0HIB, OCKiJIb-
KU BiH Tepenbavae cTabiibHICTh aMIUIITYIN MOMIUPEHHs KOHIeHTpalliiinoro ¢Gpouty P/] 3a pa-
XYHOK IJIacTUYHOI Aedopmaitii. OqHak, K IOKa3aB eKCIePUMEHT, IlacTuyHa Aedopmariig y
3pasKax, OIPOMiHEHNX iI0HaMU BOJIHIO, BiIOYBAETHCS TIPU B TemIepatypi (IIJISIXOM PO3PHUBY
Si—H 3p’a3kiB mpu 600 °C), Hixk TeMIepaTypa 3pa3KiB IIi/l 4ac ONMPOMiHeHHS.

Y npari [12] po3rasmaeTbes iHIIMI MeXaHi3M TONTUPEHHS paialliifHOTO BIJIUBY, a caMe —
COJIITOHOMOAIOHUMU iMITyJIbcaMu. Y pasi BeJUKUX (PIIOEHCIB ONMPOMIHEHHS i BUCOKUX €Hepriil
10HIB, BAKOPUCTAHWX y HAIII} MMpaili, Ipu 3iTKHEHH] 3 TOBEPXHEIO MOKe TeHEePyBaTUC BeJndes-
HE YKCJI0 COMTOHOMOMIOHMX iMITyJIbciB. IMOBIpHO, B 061aCTi raJibMyBaHHS 10HIB Oy/Ie TAKOXK re-
HEpyBaTHUCs HOBA TOTYKHA XBUJIA iMITy/ibeiB [ 13, 14]. 3aBagku BUCOKII MTBUAKOCTI TOMTUPEHHS
IMITyJIbCIB y KPHCTAJI, TIepeHeceHHsT eHeprii Ta ii 1epeposnoaii B 06’eMi KpucTaia MOXKYTh pea-
JIBYBATUCS IOCUTH MIBUAKO 1 BUKJIMKATH edekT panekomii. CoiTOHOMOMIOHNIT MeXaHi3M 110-
IIUPEHHS PaJlialliifHOTO BIJIMBY HE CYNEPEYUTh IHITUM Bi[IOMUM XBUJIbOBUM MEXaHi3MaM, OC-
KIJIBKM COJIITOHU — IIe TIEBHOIO Mipoto “yacTrHKONOAIOHI” HesiHiitHI xBrut. ToMy, Ha HaIlly JTyMKY,
3a CTBOPEHHsI BITOPSIZIKOBAHOI 1e(heKTHOI CTPYKTYPHU 11032 MeKaMu 00JIacTi rajibMyBaHHS 10HIB
BI/IIIOBIZIAJIBHUM € COJIITOHHUI MeXaHi3M.

B o6macti mpobiry i0HIB yHOPSIIKOBaHI CTPYKTYPH 3'SIBJISTIOTHCSI, HMOBIPHO, BHACJII/IOK TT€-
peminieHHs GPOHTY peKpUCTATi3allil CUIBHO PO3YTOPSIKOBAHUX IAPiB, MOKINBO, aMOPHOHUX,
y Ipolieci BUCOKOEHEepreTUYHOTO TPUBAJIOrO 10HHOTO onpoMiHeHHS. OTxe, (POpMyBaHHS BIIO-
PANKOBaHOI 1e()eKTHOI CTPYKTYPHU MO’Ke 3HAUTH MOSICHEHHSI B paMKaX CUHEPreTUYHOrO I1i/[X0-
Iy, SIK Pe3yJIbTaT MPOoIecy caMoopraniszariii 1e)ekTiB B onpomMinenomy kpucrtai [15].

TakuM 4YMHOM, EKCIIEPUMEHTAIbHO JI0BE/IEHO, 1110 B Pa3i BUCOKOEHEPTeTUYHOTO OIPOMiHEeH-
HsI 72-Si i0HAM¥ BOJIHIO 1 TeJIito BeTmKkuMu durroencamu (moHaz d - 106 CM72) YTBOPeHHS JIe(heKTiB

ISSN 1025-6415. /lonos. Hay,. axad. nayx Yxp. 2021. Ne 1 47



LIl Iaiidap, M.b. [linkoscoka, M.I. Cmapuux

MTPOXOINTD YePe3 CTa/[i10 BIOPSAKYBAHHS y BUTJISIIL JIHIN HAIIPY»KeHb, PO3TAIIOBAHNX MTEePIIeH -
KYJISIPHO /10 HAIIPSIMKY IOITMPEHHS 1IyYKa i0HiB, a KiJIbKICTb 1 po3TalllyBaHH JiHiil HApy:KeHb
BiJTHOCHO JIiHil/CMYTH TraJbMyBaHHS 10HIB 3aJI€KUTh Bi/l MIIJIBHOCTI CTPyMy i0HHOTO TyuKa. Ilo-
MIMPeHHsT 1e(heKTIB y BUTJIS/I BIOPSIIKOBAHUX JITHIHHUX CTPYKTYP 32 MEKi 06J1aCTi rajibMyBaHHSI
10HIB CBIJTYMJIO TIPO HASIBHICTH eheKTy AQNeKO/ii, SKUl cIocTepiraBcs Mpu MJIbHOCTI CTPyMY
nyuka ioHiB He Oinpine, Hixk 0,45 MKA/ CM2, i OSICHIOBABCS peaslizalli€lo, WMOBIPHO, COJIITOHHOTIO
MeXaHi3My.

Bugsneno, 1mo B pa3i onpoMiHeHHsT 7-Si i0HAMU TeJlif0 TPU TIJTbHOCTI CTPYMY 10HHOTO
mydka 1 MKA/CM2 edeKT manekoIii He crocTepiraBcs, BIOPSAKOBaHA eeKTHA CTPYKTypa To-
MUpoBaiacs TiIIbKKM B 06JacTi mpobiry i0HiB i Masa (hparMeHTapHUI XapakTep, a CMyra TaJib-
MYBaHHS 10HIB CKJIaiazacd 3 TOPosKHEeY pidHo1 hopmu i po3mipis. IIpurmyckaeTnbes, 1o yTBopeH-
HsT BITOPSIZIKOBAHOI 1e(heKTHOI CTPYKTYPH MOsKe OyTH Pe3yIbraToM Ipoiiecy camoopranisariii P/I.

3’sgcoBanHo, MO HASIBHICTH AUCIOKAIN y Si B mpolleci OMpOMiHEHHS i0OHaMU JelTepito
MPU3BOUTD JI0 IXHBOTO PYXY 1 TEpPeTUHY JIiHil TaJIbMyBaHHS BHACJIIOK YTBOPEHHS MedeKTiB
MaKyBaHHS.

YcranoBieHo, IO ONMPOMiHEHHS JieTkuMH ioHaMu MeB-HuX eHepriii BUKIMKAE yTBOPEHHS B
o6’emi n-Si Ha TIMOMHAX 10 AEKiIbKOX COTEHb MIKPOH YIOPSAKOBAaHUX Ae(DEKTHUX IIapiB, M0
3abe31edy€e MOKJIUBICTh 3MIHIOBATH BJIACTUBOCTI KPEMHIIO.

[ligBoasiuM WiACYMOK, CJIiJT 3a3HAYUTH, 1110 PO3YMIHHS MIPOIIECIB YIIOPSIIKOBAHOTO HAKOIIHU-
YeHHST i po3MmoiTy AeeKTiB i JOMIIIOK TIPU I0HHOMY OTIPOMiHEHHI € HeOOXiTHIM JIJIsST KOHTPOJTIO
iXHbOI KIJTbKOCTI Ta JIOKaJi3allii.
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THE ORDERING EFFECTS OF AN n-Si DEFECT STRUCTURE INDUCED
BY HIGH FLUENCES OF IONS WITH MeV ENERGIES

The results of studies of the structural and optical properties of silicon irradiated with light ions of MeV ener-
gies with fluences exceeding 10'® em ™ are generalized. The structure of silicon irradiated with ions is conven-
tionally divided into several regions (ion path, braking, and outside the braking region), the kind of which is
determined by the type of ions, their mass, energy, and temperature during irradiation. It is established that
the irradiation with high fluences of light ions of MeV energies causes the formation of ordered layers in the
bulk of silicon at depths up to several hundred microns, associated with defects whose properties differ from
those of the matrix. It is shown that, under such irradiation conditions, the nature of the defect formation (the
number and width of the revealed ordered linear structures and their location relative to the braking region
of ions) depends on the mass and energy of ions, the ion beam intensity, the irradiation temperature, and the
crystal properties.

The effect of the ordering of defects in the form of stress lines and their propagation outside the braking
region was discovered, when silicon was irradiated with ions of both hydrogen and helium. It is found that
this effect depends on the irradiation intensity and occurs, only when the beam current density is less than
0.45 pA/cm? It is established that, for silicon irradiated with helium ions in the region of ion path, characte-
ristic is not the monocrystalline, but fragmentary structure, which has an aggregate of ordered stress lines (as-
sociated with defects) located in parallel to the braking band of helium ions, and the braking band consists of
voids etched as a continuous layer and in the form of separate clusters. It is revealed that the irradiation of
dislocation silicon with deuterium ions leads to the movement of dislocations during the irradiation and to
their crossing of the deuteron braking line due to the formation of stacking faults.

Keywords: silicon, irradiation, ions, ordered defect structure.
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