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PA3PYUIEHUE HUTPUJA AJTIOMUHUS ITIPU BO3JEVCTBUU
MOIIIHOTI'O HOHHOI'O IYYKA HAHOCEKYH/JHOM
JJIMTEJIBHOCTHU: OBBEMHBIN MATEPUAJI U TOHKHUE IIVIEHKA
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[IpoBeneHo cpaBHUTEIBHOE HUCCIIEIOBAHUE BO3/ICHCTBHUS MOITHOTO MOHHOTO ITy4YKa HAHOCEKYH/IHON ITUTEILHO-
CTH Ha 00BEMHBIN (MacCHUBHBIN) M TOHKOIUICHOYHBII HUTpHJ amoMuHus. [TokazaHo, 4TO Takoe BO3AEHCTBUE IPHU-
BOJHUT K MOBEPXHOCTHOMY PaCTPECKHBAHMIO HUTPUJAA ATIOMHHHSA ¥ yJAJCHHIO YacTH (PParMEeHTOB paspyIICHHS.
Ipu motHOCTH TOKa myuka 150 A/cm? Ha MOBEPXHOCTH OOBEMHOTO HUTPHU/IA ATIOMUHUS HAOIONAETCS (POPMUPO-
BaHHE OIUIABJICHHBIX YacTHL. Ha TOHKOIUICHOYHOM HUTpPHUJIE aJFOMHUHUS Hapsay ¢ OTCIOCHUEM U yaaleHueM dpar-
MEHTOB IUICHKH OT HOJUIOKKH HaOJrogaeTcss CTPYKTYPUPOBAaHHE MOBEPXHOCTHOTO CJIOS, CBA3aHHOTO C KPHCTAJLIH-
3anuei pacriaBa. OLeHEH 3JIeMEHTHBII COCTaB MMOBEPXHOCTHBIX CIIOEB HUTPHIA aTIOMHHUSL. OOCYKIEHBI BO3ZMOX-
HBbIE MEXaHU3MBI Ha0II01aeMbIX AP PEKTOB.

Knrouegvte cnosa: MOLHBIM NOHHBIN ITy4OK; 00Jy4eHHEe; HUTPH/ AJIFOMUHUS; pa3pylieHue; o0beMHBII MaTepH-
QJI; TOHKHE TIJICHKH.

FRACTURE OF ALUMINUM NITRIDE UNDER THE ACTION
OF A HIGH-POWER ION BEAM OF NANOSECOND DURATION:
BULK MATERIAL AND THIN FILMS

V.S. Kovivchak
Omsk Scientific Center SB RAS (Institute of Radiophysics and Physical Electronics),
15 Marx Ave., Omsk, Russia, kvs_docent@mail.ru

A comparative study of the effect of a high power ion beam of nanosecond duration on bulk and thin-film
aluminum nitride has been conducted. It has been shown that such an effect leads to surface cracking of aluminum
nitride and removal of some of the fracture fragments. At a beam current density of 150 A/cm?, the formation of
molten particles is observed on the surface of bulk aluminum nitride. On thin-film aluminum nitride, along with
peeling and removal of film fragments from the substrate, structuring of the surface layer is observed, associated
with crystallization of the melt. The elemental composition of the surface layers of aluminum nitride has been
estimated. Possible mechanisms of the observed effects have been discussed.

Keywords: high-power ion beam; irradiation; aluminum nitride; fracture; bulk material; thin films.

BBenenue TOpas  TPEBBIIIAET  TEIUIONPOBOJHOCTD,
Bo3znelicTBue MOIIHOTO HMOHHOTO IIy4yKa HarnpuMep, OKCHJIAa aTIOMUHUS Oosee, YeM B
(MUII) HaHOCEKYHIHOW JIUTEIHLHOCTH Ha 5 pa3. TemionpoBOAHOCTh MaTepHaia sIBJIsi-
JTUBJIEKTPUUECKUE MaTepuasbl MPUBOIUT K €TCsl BAKHBIM [IapaMETPOM, KOTOPBIN BIIHSET
MOSIBJICHUIO TIOBEPXHOCTHBIX —pa3pylIeHHA Ha CKOpPOCTh HarpeBa M OXJaXKICHHUS IIO-
TpELMHAMU KaK NEePIEeHIUKYISIPHBIMH, TaK U BEPXHOCTHOI'O CJIOSI MaTepuaia, BEIUYUHY
napajuleIbHBIMH  TIOBEPXHOCTH MaTepuaia BO3ZHUKAIOIIUX MEXaHMYECKHX HaNpsKeHUH
[1, 2]. XapakTep pa3pylieHHs A1 KOHKpET- pu Bosaercrenu MUIL.
HOTO MaTepuana OIpeaesseTcss MeXaHude- Xopolne nhe303JIeKTPHUECKHe CBOMCTRA,
CKMMHU U TEIUIOBBIMU CBOICTBaMHM MaTepHa- BBICOKAsl TEIUIONPOBOAHOCTh HUTPHUJAA allio-
Ja, TUIOTHOCTBIO TOTJIOLIEHHOW JHEPrHH MUHUSL 00YCIIaBIUBAIOT €ro IIMPOKOE MpH-
MOHHOTO NYYKa, JJIUTEIbHOCTHIO HMITYJIbCa MEHEHHUE B PA3NIMYHBIX MUKPOAJIEKTPOHHBIX
o0Ty4YeHHUsI. yctporictBax [3]. MUII moxer ucnoinb3o-
OcoOeHHOCTbIO HUTpHUJA ATIOMUHHS SB- BaTbCid IS MOAU(PUKALMU  Pa3IUYHBIX
JISIETCSI €T0 BBICOKAs TETIONPOBOIHOCTD, KO- CBOMCTB HUTPHUA ATIOMUHUS, IIOATOMY BaXK-
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HBIM SIBJISIETCSI BOIPOC BBISICHEHUS IPEIEIIb-
HBIX PEKUMOB 00JTyueHHsl, IPU KOTOPBIX OY-
JIET HACTyIlaTh MEXaHMYECKOe pa3pylLIeHHE
00BEMHOT0 M TOHKOIUIEHOYHOT'O (HaHECEH-
HOT'0 Ha MOJJIOKKY) HUTPHU/IA aTFOMUHHUSL.

MartepuaJjbl 1 METObI HCCIEI0BAHNS
Hccnenyemble 00beMHBIE 00pa3iibpl Kepa-
MUKHU U3 HUTPHUJA ATIOMUHUS UMEIId pa3Mep
15x10x1 mm>. Tlnenka HUTPUJIA ATIOMUHUSA
TOJNIIMHOM 710 | MKM HaHOCWJIAach Ha MOJ-
noxky u3 cutamwia CT-50 win MOHOKpH-
CTAJUIMYECKOT0 KPEMHHSI METOJIOM PEaKTUB-
HOTO MAarHeTpPOHHOTO paclbuieHus. B psne
CIy4yaeB IUICHKH HUTPUJA ATOMHUHHS HaHO-
CWINCh Ha MOMJIOKKY, C MpeABapUTEIbHO
HaHECECHHOM TOHKOM IJICHKOM MeTajja, Jaiie
BCEr0 aAIIOMHUHUS, TOJIHHOHN ~ 200 HM.
OO6nyuyeHre MPOBOAMIIOCH HAa YCKOpHUTEIE
«Temn» (OMI'Y um. ®@.M. JlocToeBcKkoro)
MOHHBIM MYYKOM CO CJIEAYIOIIUMH MapaMeT-
pamu: coctas - 30% H™ + 70% C™; sueprus
nyudka ~ 250 k3B; mnotHocTh TOKa (j) 10 150
A/cM?; UTHTENBHOCTB umnyibca — 60 HC.
Mopdonorusi MOBEPXHOCTH W AJIEMEHTHBIH
COCTaB HCCIIEIOBAIUCh HAa CKAHHUPYIOIIEM
AJIEKTPOHHOM Mukpockorne (COM) JSM-
6610LV, JEOL c »HeproaucnepCHOHHBIM
aHanmzaropoM Inca-350. Ha mnoBepxHOCTB
HUTpUJA QTIOMHUHHS, HMMEIOIIET0 HHU3KYIO
MIPOBOJIUMOCTb, nepes AIIEKTPOHHO-
MHUKPOCKOIIUYECKUM HCCIIETOBAHUEM HAHO-
cuiIM TOHKMM cioit (~10 HMm) rutatunel. Wn-
TEpIpeTaio JaHHBIX HSHEProJUCIEPCHUOH-
HOT'O aHaJM3a MPOBOJIMIN C YI€TOM OCOOEH-
HOCTEW TaKOro aHalu3a JUIsl MOJIHKpHUCTal-
JUYECKUX M TOHKOIUICHOYHBIX MaTepHaJIOB
[4]. Onenka nmpobera MOHOB MCTIOJB3YEMOTO
nyuka B AIN nmaer 3nauenus 0.5 MxM ans
MOHOB yTiepoja u 2.8 MKM JJisi IPOTOHOB.

Pe3yabTaThl U MX 00CyKIEHUE
VYCTaHOBIIEHO, YTO OJHOKPAaTHOE BO3JEH-
cteue MUII ¢ mnotHOCTRIO TOKa mmyuka 150
A/cM? Ha 0OBEMHBIH HUTPUJ QJIFOMUHUS
IPUBOJUT K BO3HMKHOBEHHUIO IOBEPXHOCT-
HBIX TPEIUH, XapaKTePHBIX JUIsl TepMOYIap-
HOro paszpyuienus (puc. 1). B o6bsemHOM Ma-
Tepuaje TPEIIMHbl B TMOJABISIONIEM OOJb-

IMUHCTBE CJIy4acB IIPOXOJAAT IO I'paHHUIIaM
3CpPCH KCpAMUKH.

x8,000

WD11mm

SEI  10kV $S838 2um

Puc. 1. COM wn3zobpaxenune nosepxaoctd AIN kepa-
MEKH, 00;Ty9eHHol ¢ j=150 A/cM?, 1 mMITyIBbe

—

{

SEl  10kV WD11mm  SS37 x8,000 2um

Puc. 2. COM wm3o6paxenne moBepxHoctu AIN kepa-
MHEKH, 00 Ty9eHHol ¢ j=150 A/cm?, 3 mmmyibca

Ha noBepxHOCTH BHIHBI KaIlIll 3aCTHIBILIETO
paciuiaBa, ¢ guamerpoM jo 150 HM. OTO
CBUJIETEJILCTBYET O JOCTHXKEHHUE HAa TIOBEPX-
HOCTH KEpaMUKH TEeMIepaTypsl IJIaBICHUS
HuTpuaa amomunus (2200° C) yxe npu oa-
HOKpaTHOM oOiyyennn MUII.

YBenuueHue 4ucia UMIYJIbCOB OOIydYe-
HHS 10 3 MPU TOW ke MIOTHOCTH TOKA My4YKa
MPUBOJUT K POCTY YHCIA yAaleHHBIX (ppar-
MEHTOB Pa3pyIICHUSI U POCTY CPETHEro pas-
Mepa kamenb 10 450 uM (puc. 2). YBenuue-
HUE JuaMeTpa Karejdb, BEPOATHO, CBS3aHO
KaK C yBeJIMYEHHWEM TIyOWHBI pacIuiaBlieH-
HOTO CJIOsl, TAK U C BO3MOXHBIM OOpaTHBIM
OCaXJICHHEM TapOB HUTPHUJA ATIOMUHUS MpU
Bo3nencTeuu MUII.

B TOHKOHM mUIEHKE JIOKAIM3alMs TPEIIUH
npu obimyuenun MMUII ompenensercs oco-
OCHHOCTSMHU BO3HHUKAIOIIETO IO MEXaHU-
YECKHUX HaIpPSHKEHUH B CUCTEME «IIJICHKa-
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SEI  20kV WD11mm  SS31 x10,000 1um S—

Puc. 3. COM wuzobpaxenne mosepxHoctu AIN mieH-
K#, OmHOKpaTHO oOmyuenHo MUII ¢ mimoTHOCTBIO
Toka 50 A/cm?

SEI

Puc. 4. COM wuzo0paxenue noepxuoctd AIN mieH-
KM, OAHOKpaTHO oOmyuennoid MUII ¢ mioTHOCTBIO
Toka 150 A/em?

MOJUTOKKA», CBSA3aHHBIMH, B TOM 4YHCIIE, C
pa3nuuyHbIMH KO3 duumeHTaMu  TepMuye-
CKOTO DPACHIMPEHHs J3TUX MaTepuanoB. Pas-
pyULICHHE TOHKOW TUICHKH MPHU OTHOKPATHOM
o0JIy4eHUN BO3HMKAET Npu Oojee HU3KUX
IJIOTHOCTAX TOKa oOmyudenus (puc. 3). Ha
MOBEPXHOCTH  HAONIONAIOTCS  HavyaJbHBIN
3Tal CTPYKTYPUPOBAHUS MTOBEPXHOCTH U OT-
nenpHble Karud. [Ipu yBenMyeHMH IJIOTHO-
ctu Toka 10 150 A/cm? bacTh (parMeHTOB
pa3pylIeHUl MOXKET yIaliIThCsl ¢ IOBEPXHO-
cte motokku. Ha ocraBmmxcst hparmeHTax
paspylieHusi HaOI0AaeTcsl CTPYKTYpHUpOBa-
HUE TIOBEPXHOCTH, C XapaKTEPHBIM pa3MepoM
cTpykTypbl ~ 180 HM (puc. 4). BeposiTHo,
oHa (hopMUpyeTCs Ha dTare KPUCTALTU3AIIH
pacIIaBIEHHOTO MOBEPXHOCTHOTO CIJIOS TO-
CJIe OKOHYaHUS UMITyJIbCa 00TyUEeHMS.

Kaxk myist o0beMHOTO MaTepuana, Tak u st
TOHKOM TUIEHKH Tmocie obmyuenus MUIL
HaOJItoTaeTCsl OOCITHEHUE TIOBEPXHOCTHOTO
cnosi azotroM. OtHomenune AN mis o6my-
YEHHOTO/MCXOTHOTO 00pa3loB COCTABIISCT:
1.31/1.09 nns oObeMHOro Martepuana u
1.42/1.06 mna toukod ruieHku. OOemueHue
MOBEPXHOCTHBIX CIIOEB a30TOM MOXET CKa-
3BIBATHCSl HA IMbE30ICKTPUICCKUX XapaKTe-
pUCTHKAaX 00JyYCHHBIX MAaTEPHAIIOB.

3akiir0ueHue

YcranoBneno, uto obiyuenue MUII Hut-
puga amoMuHUA (OOBEMHOrO ¥ TOHKOM
IJIEHKW) TPUBOAUT K BO3HUKHOBEHHIO IIO-
BEPXHOCTHBIX TpPEIIMH, YaCTUYHOMY Yyjaaje-
HUIO (parMeHTOB W OOCTHEHHWIO TOBEPX-
HOCTHOTO cJ10s1 @30TOM. OCOOEHHOCTBIO BO3-
neyicteuss MUII Ha TOHKYIO IUIEHKY HUTPHJA
QIIOMHUHHUS SBJISIETCSI CTPYKTYpUPOBAHUE TO-
BEpXHOCTHOTO cJiosi. [Tpu 3TOM umco kamesnb
pacruiaBa Ha MOBEPXHOCTU TOHKOW IUICHKH
CYIIECTBEHHO MEHbIIIE, YEM Ha MTOBEPXHOCTHU
00BEMHOT0 MaTepHara.

PabGora BbIMOSIHEHA 1O TOCYAapCTBEHHO-
My 3agaHuto OMckoro HaydHoro nentpa CO
PAH (HOMEp roCperucTpanuu MpoeKTa
121121700062-3) ¢ wucnonb3oBaHueM 000-
pynoBanusi OMCKOTO PErMOHaIBLHOTO IIEHTPa
KOJUIEKTUBHOTO nojibs3oBanus CO PAH.
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