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BBEAEHvIE 

ITOHHMaHire cpii3Ii'IeCKiiX npo~eCCOB o6pa30BaHH.sI, aHHIIrll.lUI~I{I{ I{ 

arJ\.oMepa~mr 

rrpo6AeMorr B IiCIIOJ\.b30BaHHii IiOHHOH 

.sIBAHeTC.sI 

IiMIIJ\.aHTa~I{I{ B 

IIOJ\.yrIPOBOAHiiKOBOH TeXHOJ\.Ofiill. ITpii 3TOM IIOCTO.sIHHOe CTpeMAeHHe K 

yMeHhUieHIIIO pa3MepoB IIOJ\.yIIpOBOAHHKOBhlX IIpii60pClB Tpe6yeT 60J\.ee 

TO'!Horo I{ 

HMIIJ\.aHTHpyeMOH npHMeCH BAOJ\.b IIYTH npo6era 6oM6apAHPYIO~Hx 'IaCTH~. 

C 3TOH ~eJ\.hIO IiCIIOJ\.h3yroT pa3AI{'!Hhle cpii3ll'!eCKiie (o6paTHOe 

pe3epcpopAOBCKoe pacce.sIHHe, BvIMC Ii T.n.) Ii CTPYKTYPHI,rn (3AeKTpOHHa.sI 

MiiKpOCKOIIIi.sI) MeTOAhl Ii3yqeHii.sI 3HepreTH'!eCKiiX npocpnAeH PMHa~IiOHHOro 

IIOBpeJKA,eHii.sI B noAynpoBOAHHKaX. HaH60J\.ee nepcneKTHBHhlM .sIBJ\..sieTC.II TaK 

Ha3hIBaeMhlH "cross-section", II03BO.IUIIOII.J;Iill C IIOMOII.J;hIO 

rrpocBe'!HBaIOru;ero 3J\.eKTpouuoro MHKpocKona npnMoe H3y<reuHe Bcero 

npocpHM CTYKTYPHhlX Ii3Me_HeHHH B noAyrrpOBOAHHKaX no Bce:i\: AAI{He 

npo6era 6oM6apAIIpyroru;Hx I{OHOB [ l]. OAHaKO npI:I BCeH HarMAHOCTJ:I II 

IiHcpopMaTiiBHOCTii 3TOT MeTOA 60J\.bllIIIX BpeMeHHhlX I{ 

3KOHOMH'!eCKiiX 3aTpaT IIpii IIOArOTOBKe COOTBeTCTBYIOII.J;IIX o6'heKTOB. EoJ\.ee 

Toro, AJ\.HTeJ\.bHhlH 3Tan IIOArOTOBKH 06pa3~a AM Aanuoro MeTOAa "cross -

section" (60J\.ee CYTOK) HCIIOJ\.b3yeTC.sI IIOCJ\.e o6AyqeHH.sI, 'ITO, ecTeCTBeHHO, 

3Ha'!IITeJ\.hHO 3KCIIpeCCHOH 

HHcpopMa~mr. 

B uaCTO.sIUI;eH pa6oTe OIIHChlBaeTC.sI 3KCnpeccHhlH MeTOA Ii3yqen1rn B 

rrpocne'!HUaIOru;eM 3AeKTpOHH0M MHKp0CK0IIe CTPYKTYPHhlX Ii3MeHeHHH B 

KpeMHI{I{ BA0J\.b IIYTH ABH)KeHii.lI Ii0H0B uenocpeACTBeHH0 II0CJ\.e o6AyqeHii.sI. 

PE3YJ\bTAThI 

ITpeMaraeMhlH MeT0A BKAIO'!aeT B ce6sr CJ\.eAyroru;ne 3Tanhl: 

npHr0T0BJ\.eHne TOHKOH (TOAII.J;IiHOH 0K0J\.0 0,2 MKM) IIJ\.aCTHHKH c IIJ\.0CKiiM 

M0HTa)K IIJ\.a CTiiHKii B K0J\.J\.HMaTopuoe 
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~Jfi: 

YCT})OHCTBO; o6AyqeHHe nyq:KOM HOHOB, nepneHAHKYMIPHhIM K nAOCKOCTH 

Topu;a IlAaCTHHKH; TT3M - aHaAII3. 

TpyAOeMKOCTh Ha KaJKAOM 3Tane CBeAeHa AO MHHHMYMa, H IIOAHOe 

BpeMH noArOTOBKH o6pa3I:(a COCTaBJUieT He 6oAee AByx qacoB. ToHKHe 

MOHOKpHCTaAAH'IeCKHe nAaCTHHhI npnroTaBAHBaIO'I:OI B Te'IeHHe OAHOrO qaca C 

nOMOID;hlO cnen;HaAbHOH CTpyeBOH XHMH'IeCKOH noAHpOBKH C HCnOAh30BaHHeM 

np~6opa "MHKpoH" [2]. Pa3Mephl IlAaCTHHKH BhI6HpaAHCh YA06HhIMH A/\5I 

MaHnnyMID;HH c HHMH B npou;ecce o6AyqeHmI H TT3M - aHaAH3a. 

lliacTHHKH KpeMHH5I 3aJKHMaAIICh MeJKAy ABYMH MeTaAAH'IeCKHMH 

nAaCTHHaMH, CAy}KaIIJ;HMH OAHOBpeMeHHO KOAAHMaTopoM A/\5I 

6oM6apAHPYIOID;HX 'IaCTHIJ;. C6opKa opneHTHpOBaAaCh c nOMOIIJ;hlO HaKAOHHoro 

YCT})OHCTBa TaKHM o6pa30M, 'IT06hl 6oM6apAHpyeMaH KpHCTaAAorpacpH'IeCKaH 

nAOCKOCTh Topu;a TOHKOH nAaCTHHKH 6hIAa rrepneHAHKyMipHa nyqKy qaCTHI(. 

EcTeCTBeHHO noAaraTh, 'ITO npH TaKOM o6AyqeHHH He Bee HOHhI, 

BOIIIeAIIIHe B nAOCKOCTh Topu;a TOHKOH nAaCTHHKH, OCTaHOB5ITC5I B 06pa3u;e. 

TTo3TOMY npocpnAH PdAHan;nommro noBpeJKAeHII5I (KoHI(eHTpau;nn AecpeKTOB 

n npnMeCHhIX aTOMOB) BAOAh nYTH npo6era HOHOB MOfYT OTAH'IaThC5I OT 

CA)"Ia5I o6AyqeHH5I MaCCHBHOro o6pa3n;a. AAfi Toro 'IT06hl yqeCTh BAH5IH_He 

TOAIIJ;HHhI nAaCTHHKH Ha H3MeHeHHe npocpHAeH noBpeJKAeHH5I_ H AernpoBaHH5I, 

pa3pa6oTaHa MaIIIHHHaH nporpaMMa, )"IHThIBaIOID;aH BCe co6hITH5I ( KOTOpbie 

Bhl'IHCMIIOTC5I no nporpaMMe TRIM - 95 ) , npoHCXOA5IID;He . TOAhKO B o6'beMe 

o6pa3n;a, orpaHH'IeHHOM ero TOAIIJ;HHOH H AAMHOH npo6era 3dAaHHoro HOHa. 

Ha pnc. 1 a,6 npHBeAeHhI paCC'IHTaHHhle pacnpeAeAeHH5I KOHI(eHT})aD;HH 

PdAHaD;HOHHhIX AecpeKTOB n HMnAaHTHpoBaHHhIX IWHOB no rAy6nHe B TOHKOH 

nAaCTHHKe KpeMHII5I A/\5I 3aAaHHhIX BeAH'IHH ee TOAID;HHhI. O6pa3D;hl 

o6AyqaAIICh HOHaMH reAHH C 3Heprne:ii 16,9 K3B AO A03hl 1,3-1017 CM- 2. Ha 

pHCYffKe BIIAHO, 'ITO npH TOAIIJ;HHaX IlAaCTHHKH OKOAO 3Rp ( Rp = 220 HM -

npoeKTHBHhIH npo6er HOHOB He C 3_Heprne:ii 16,9 K3B B KpeMHHH), npocpHAH 

PdAHaD;HOHHhIX AecpeKTOB H AernpoBaHH5I COOTBeTCTBYIOT npocpHMIM B 

MaCCHBHOM 06pa3u;e. TTpH TOAIIJ;Irne TOHKOH nAaCTHHKH KpeMHH5I, paBHOH 150 

HM, (oHa xopOIIIO npo3paqHa A/\5I 3AeKTpOHOB C 3Heprne:ii 100 K3B B TT3M), 

KOHD;eHTpan;HH reAH5I B Hen B 2,8 pa3a, a AecpeKTOB ( B MaKCHMyMe 

pacnpeAeAeHHH B 1,5 pa3a MeHhIIIe, qeM B CAyqae o6Ay,.IeHH5I MaCCHBHOro 

06pa3u;a. TaKHM o6pa30M, 3Ha5I KOHKpeTHYIO TOAID;HHY TOHKOH nAaCTHHKH 

KpeMHH5I (no HHTepcpepeHIJ;HOHHhIM~:11.HHHHM·:~•OnTH'IeCKOM MHKpOCKOne MAH 
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PHC. 1. l13MeHeHHe npocpHAe:ft KOHD;eHT})dIJ;HH AecpeKTOB (a) H aTOMOB reAH5I 

(6) B 3aBHCHMOCTH OT TOAIIJ;HHhI TO~KOH nAaCTHHhI Si, o6AyqeHHOH HOHaMH He 

C 3Heprneii: 16,9 K3B AO AO3hl 1,3-1017 CM-2. TOAID;HHa IlAaCTHH: 1 - 1200 HM 

(MaCCHBHbIH o6pa3en;); 2 - 500 HM; 3 - 200 HM; 4 - 150 HM; 5 - 100 HM 
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no np.HMOMY H3MepeHmo B TT3M). MOJKHO pacc"!HTaTb pearrbHbie rrpoqimrn 

PaAHaD;HOHHhlX Ae!peKTOB H Aernpyroin;HX aTOMOB AA.SI lI3BeCTHOH A03bl 

o6AyqeHH.H 06pa:1n;a. 

B o6in;eM CAyqae npH HCIIOAh30BaHHII'AaHHOH MeTOAIIKH AA.SI pa3AHqHhIX 

3Heprnii: H THIIOB HOHOB IIOJ\.e3HO 3c!AaTbC.H KpHTepHeM TOAin;HHhl IIJ\.aCTHHKH, 

npn KOTOpoii: ee MOJKHO cqnTaTb MaKpo96pa3n;OM. EcAH npH )'Be~qemrn 

TOAin;HHhl BABOe KOAHqecTBO AecpeKTOB Y13eAH'llITC.SI ue 60J1.ee 'leM ua 5%, TO 

3TOT o6pa3en; MOJKHO cqnTaTh MaKpoo6pa3D;OM. EcTeCTBeHHO, TOJ\.In;IIHa 

IIAaCTHHKH, Ha'lHHa.H C KOTOP01! . oua OTBeqaeT ycAOBH.HM MaKpoo6pa3n;a, 

3aBHCIIT OT BeAH'lliHhl npoeKTMBHoro npo6era 'laCTHD; (Rp). KaK IIOKa3aAII 

paC'IeThl, B 60AbllIHHCTBe . CAyqaeB AA.SI HOHOB cpeAHHX Mace H 3HeprIIii: 

AeC.HTKH-cOTHH K3B TOHKa.H nAaCTIIHKa cqnTaeTC.H MaKpoo6pa3D;OM, ·eCAH ee ~ 

TOAin;HHa 60J1.ee 4Rp. O6bl'IHO AA.SI ycKop.HIOin;ero uanp.HJKeHH.H B TT3M, 

paBHOM 100 KB, "npo3paqHbIM" C'lHTaeTC.H ofrbeKT II3 KpeMHH.H TOJ\.In;IIHOH 

0,2+0,3 MKM. TaKHM o6pa30M, AA.SI 6oM6apAIIPYJOin;HX qaCTHD;, HMeIOin;lIX 

npoeKTHBHhlll npo6er B npeAeAaX 50+60 HM, AaHHhle _o6pa3n;hl. MOJKHO cqnTaTb 

MaKpoo6pa3n;aMH. f'1/\5J. HOHOB C. npoeKTHBHhlMH npo6eraMH 60J1.ee 50 HM 

Heo6XOAHMO npoBOAIITh pacqeTbl npocpHAeii: PaAHaD;IIOHHOH IIOBpe;KAaeMOCTII, 

. COOTBeTCTBYJOin;He AaHHOH TOAin;HHe TOHKOH IIJ\.aCTHHKII. 

AAfI. HJ\.J\.IOCTpan;HH ,o,aunoro. MeTOAa Ha pIIC. 2 - 5 npHBeAeHbl 

xapaKTepHhle 31\.eKTpOHHOMHKpocKOITHqecKHe CHIIMKH CTPYKTYPHhIX 

lI3MeHeHHH B TOHKHX ITAaCTHHKaX KpeMHIUI, o6AyqeHHble B Topen; 

pa3AHqHbJMII HOHaMH. 

Ha pnc. 2 npnBeAeHhl CTPYKTYPHhle H3MeHeHH.H B KpeMHHH no AJI.HH_e 

npo6era HOHOB c+ C 3Heprneii: 40 K3B npH A03ax o6AyqeHII.H 2-1015 CM- 2 (a) H 

5-1015 CM- 2 (6). l1/l5J. TOAin;HHhl ITJ\.aCTIIHKH, paBHOH 150 HM, 'ITO npaKTHqecKH 

3KBHBaAeHTHO AAHHe npo6era HOHOB c+ (Rp= 110 HM), Ha pnc. 2 (BJ 

up~rneAeHbl pacqeTHble npO!pHAH KOHD;eHrpan;nii: PaAHaD;HOHHhlX AecpeKTOB II 

aTOMOB yrAepoAa AA.SI A03hl o6AyqeHH.H 5-1015 CM- 2. KaK BHAHO H3 pnc. 2, npn 

A03e 2-1015 CM- 2 IIOBpe;KAaeMOCTh BAOAh II)TTH npo6era HOHOB c+ 

xapaKTepn3yeTC.H CKOITJ\.eHH.SIMH PaAHan;HOHHhlX Ae!peKTOB, a npH A03e 5-1015 

CM- 2 - IIOJ\.HOH aMopcpII3an;neii: Bcero IIOBpeJKAeHHOro CAO.SI. 3aMeTHM, qTo 

paccqnTaHHhlll ypoBeHb IIOBpeJKAeHHH AA.SI 06pa3n;a TOAin;HHOH 150 HM 

COOTBeTCTByeT A03e 5 1015 CM- 2. 
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Pnc. 2. CKOITJ\.eHH.H PaAHan;HOHHbIX AecpeKTOB (a) H aMopcpnaH 30Ha (6) BAOJ\.h 

Il)TTH npo6era HOHOB c+ c 3Hepm:eii: 40 K3B, IIOCJ\.e o6AY,-IeHH}l AO A03 2-1015 

CM-
2 

H 5-10
15 

CM-
2 

COOTBeTCTBeHHO. PacqeTHhle npo!pHAH KOHD;eHTpan;1rn 

AecpeKTOB lf aTOMOB yrAepoAa AA.SI A03hl o6AyqeHH.H 5. 1015 CM- 2 rrpH TOJ\.IUHHe 

06pa3n;a, paBHOH 150 HM (B) 
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P11c. 3 .. a) AMopcpHhlH CAOH B Si ITO MJiHe ITP06era HOHOB N+ c 3Heprneii 40 

K3B (A03a 1-1016 CM- 2). _6) TIOAHKpHCTaAAH'-!eCKHH CAOft B 3OHe AernpoBaHH51 

a3OTOM, o6pa3oBaHHhlH B pe3yAbTaTe IlOCAepaAHau;11OHHOro OT:1KHra npH 

900°C. '.B) Pac'-!eTHhle npocp11AII KOHD;eHTpau;nii AecpeKTOB II aTOMOB a3OTa ITJ)II 

TOAID;HHe o6pa3u;a, paBHOH 150 HM 
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Pli:c. 4. a) .AMopcpHhlH CAOH B Si ITO MJiHe. npo6era HOHOB Ar8_+ c 3Heprneii 

16,9 K3B/3ap5IA ( AO3a o6AyqeHH51 1015 CM- 2 ). ,6) . ,AllcAOKan;HOHHble 

HarpoMO:1KAeHH5l B peKpHCTaAAH3OBaHHOM ITpH OT:1KIIre (1000°C) aMopcpHOM 

CAOe. :s) Pac'-!eTHble ITpOcplIAH KOHD;eHTPan;IIH AecpeKTOB II aTOMOB aproHa 

npII TOAID;HHe o6pa3u;a, paBHOH 150 HM 
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Ha pHC. 3 npHBeAeHhl pe3y.l\.bTaThl f13M - HCCAeAOBaHHH TOHKOH 

IIAaCTHHhl KpeMHH51, o6A)"IeHHOH HOHaMH N+ C 3Heprneft 40 K3B AO A03hl 

1-1016 CM- 2 (pHC. 3a) H OTTOJKeHHOH IIpH 900°C B Te'leHHe 5 MHH B BaKYYMe 

(pHc: 36). floCAe o6A)"IeHlfjl HMeeT MeCTo cpopMHpoBaHHe aMopcpHoro CAOH no 

BCeH AAHHe npo6era HOHOB. B pe3y.l\.bTaTe IIOCAepaAHaQHOHHoro OT)fmra 

AaHHOro o6pa3Qa B 30He AernpoBaHlfjl a30TOM o6pa30BaAC51 CAOH 

IIOAHKpHCTaAAH'!eCKOro KpeMHHH, OTCTOHIQero OT IIOBepxHOCTH Ha rAy6HHY 

50 HM. 

Ha pHc. 4 a,6 npHBeAeHii npHMephl H3MeHel:IHH CTPYKTYPhl TOHKOH 

IIAaCTHHKH KpeMHlfjl BAO.l\.b HanpaBAeHlfjl ABHJKeHHH HOHOB Af8 + C 3Heprneft 

16,9 K38/3ap5IA IIOCAe o6A)"IeHlfjl A030H 1015 CM-2 (a) H OTTOJKeHHOH npH 

1000°C B Te'leHHe 5 MHH (6). BHAHO, 'ITO npH COOTBeTCTBYJOI.QHX ypoBHHX 

IIOBpeJKAeHHH (pHC. 4B) B npeAeAdX AAHHhl npo6era HOHOB aproHa 

cpopMHpyeTCH aMopcpHhIH CAOH. B paHOHe rpaHHUhl aMopcpHoro CAOH C 

KpHCTaAAH'IeCKHM KpeMHHeM Ha6JUOAaeTCH o6AaCTb pa3MepoM OKOAO 40. HM c 

T.H. "AecpeKTaMH KOHQa npo6era". B pe3y.l\.bTaTe peKpHCTaAAH3aQHH 

aMopcpHoro CAOH B npouecce OTJKHra npH 1000°C B HeM 06pa3yeTCH 

KpHCTaAAH'leCKHH CAOH C BhICOKOH IIAOTHOCTblO AHCAOKaQHH. flpH 3TOM, 

HeCMOTP.si Ha BhlCOKYJO (0,15 ~T.%) KOHQeHTPaQHIO aTOMOB HHepTHOro ra3a, 

o6pa30B3HH.II aproHOBOH nopHCTOCTH He Ha6JUOAaeTC51. 

11, HiiKOHeQ, Ha pHc. 5 IIpHBeAeH npHMep npHMeHeHHH o6A)"IeHlfjl B Topeu 

TOHKOH IIAaCTHHKH KpeMHHH BhlCOK03HepreTH'IHhIMH (210 M3B) HOHaMH Kr, 

KOTOphlH HJllllOCTPHPYeT CA)"IaH cpopMHpoBaHHH HAepHhlX TPeKoB (pHc. 5a) B 

o6AaCTH c BhlCOKOH IlllOTHOCTblO BhlAeAeHHOH 3HeprnH (9,8 K3BIHM) (pHC. 56). 

11TaK, BhlIIIenpHBeAeHHhle 3KCIIepHMeHTa.l\.bHhle pe3y.l\.bTaThl 

CBHAeTe.l\.bCTBYJOT O TOM, 'ITO B YCAOBHHX o6A)"IeHlfjl 3apHJKeHHhlMH 'laCTHQaMH 

B' Topeu TOHKOH IlllaCTHIIKH KpeMHHH cpopMHPYJOTCH Ka'IeCTBeHHO Te JKe 

,CTPYKTYPHhle oco6eHHOCTH (CKOIIAeIIHH AecpeKTOB, aMopcpHhle CAOH, AecpeKThl 

KOHQa npo6era, HAepHhle TpeKH H T.n.), 'ITO H B CA)"Iae o6A)"IeHH51 MaCCHBHhlX 

o6pa3QOB. OTMeTHM, 'ITO HHTepBaAhl A03 o6A)"IeHlfjl AJ\51 cpopMHpoBaHHH 3THX 

oco6eHHOCTell B TOHKOH IIAaCTHHe npaKTH'leCKH aHaAOnI'IHhl CA)"IalO 

o6A)"IeHHH MaCCHBHhlX o6pa3QOB. 

C Qe.l\.blO 6oAee Kop_peKTHOH KOAH'leCTBeHHOH KOppeAHQHH 

CTPYKTYPHhlX oco6eHHOCTeH B TOHKOH IIAaCTHHKe H B MaCCHBHOM o6pa3ue 
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PHC. 5. a) JIAepHhle TpeKH n TOHKOM MOHOKpHcTaJlJlH'IeCK0M Si. o6A)"IeHHOM 

HoHaMH Kr c 3Heprnen 210 M3B. 

6) l13MeHeHHe HOHH3aQHOHHhlX IlOTepb 3HeprHH HOHOB Kr C 3HeprHeH 210 

M3B BAO.l\.b nyTH HX ABHJKeHHH 
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He06XOAHMO npoBeAeHHe cneUHaAbHbIX 3KCnepHMeHTOB. TeM He MeHee. 

}"IHTbIBdH AOCTaTO'IHO BbICOKYIO 3.cpcpeKTHBHOCTb, npocTory H AOCTYUHOCTb 

AaHHOro MeTOAa, ero MOJKHO ycnellIHO HCilOAb3OBaTb B Ha}"IHblX 

HCC.l\.eAOBaHHHXi -rpe6yroIUHX npHMOH_ HH$OpMaUHH 0 CTPYKTYPHhIX 
'J • - ' 

H3MeHeHHHX a· 06.11.acni: npo6era 6oM6apAHPYIOIUHX HOHoB, a 3aBHCHMOCTH oT 

napaMeTpoa 6o~6apAHJ)YIOIUHX tJaCTHU H yc.11.0B.HH 06.11.y<ie~HH. 
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'Tipe}lJlaraeMbiii MeTO)l BKJIIOLJaeT B,,ce6.H CJJC)lYJOIUIIC 3TaflbI: 11p11ro,TOBJ1e1rne 
C IIOt.lOIJU,10 'cr1~·UHaJlbliOii 'fTPYCBOii x1iMH~eCK?ii . no,~rnpOBKiI ~OIIKO~i ,(romu,moii 
oKoJJo 0,2 MKML rrnacTHHKH c rn10cKl!~1 Kpae~FTopuoM; 06J.1yiie1111e nyLJKOM HOHOB, 
i1ep11eH)lllKYJI;pi1bIM K' Kpi1ciar1ji6rpacpi14ec'KOii flJIOCKO~TH i·dpua rrnacTiil!KII; 0:3 M ~ 
aHaJ1113. , . . ' . . ·. . . . . . . . " . ' . . . . 

, , 3Kc.i'1epHMCIITaJll,llbIC pe3yJILTaTbl CBH.UeTeflbCTBYIOT O 0.TOM, <lJTO B ycJJOBH.HX . , 
0611y:1e1mi:i 3apm1<e1111LIMll LJacrnuaM;I B TOpeu TOHKOH OJJaCTHIIKH KpeMmrn cpopMH~. ' 
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Th.e ·present . ~ork' outlines a rapid· «cr6ss~section» '.'inetho-d w_hich. allciws · . 
the investigation of samples immediately after irradiation. , . . . ·. . 

··· ?The proposed· q1ethod consists· of the following steps: preparation of'a thin 
'caboiit 0.2 µm) waf~r, e:q. si",with·a tlatbutt surface by th1e special chemical tehniqu,e · 

1 ,of jet polishing; irradiation with a11·ion beam so that the bombarded crystallographic. 
,butt' surfaces of. the· thin wafer~ be oriented perpendicular to the·. particle beam; 
J'EM 0 analysis. '.· . . ' ' ' ' ' ·. ,. ' ' • ' '. ' ' ' ' ' . ' C 

:· >: The results of the expfriments on thin Si ~wafer's irradiatect' withan. ion beam 
perpendicularly to tnefr:butt 'indicate that the structural feati:ires. formed under'.such 
conditions (Le. accumulations of'.defects, aniorphous layers~ e'nt ot· range defects, 
riuclear tracks.etc.) are similar to those formed in the irradiation of massive samples. 
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