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1 Introduction

Á-A I20 3 is m i mPOEt ant materi al used for the Smt

wall d h Sion macØm azui the wi ndows d laser and solar

cell s and for moni tor i ng neMEW-z mdiat ion damÔ e - U e m -

diation etTects in Á- AL 0 3 iE12diated by high-fhBenee neu -

trona, especi al ly void nucleÉ on phenomenon , is a eur -

rentl y intem86 ng top ic . Iwata , £ne d the authon - pm -

diets the void formati on i n Á- AL 0 , and some other mated -

als when the iETadi a ing neutmn fIuence and poet i rradi -

ation anneali ng tempera um bd h exeeed the ceEtain value-

or tlzmsholds and the voids g ow m ú ú e increasing d the

anneal ing temp eM ure ú £" the tim atzold . 1Tze Á-A120 3

i m d ated by E a h l MeV neutEWES of 1 .5 Á 1Om em - 2 and

3 x 1² CEn - 2 has been studied . No voids wm detected

up to É e poet iETsdi ation MEnd i ng tempmØ um d 1é MBt
m the p A l20 3 im diated by m um d 1 .5 x 1om cm - 2 .

Nevenhele" ' the voids wi th a mdi us of 0 .7 nm weee ob -

sew ed on the v A120 3 i rradi ated by m um s d 3 x 1£"

cm - 2 d er the poet i¼, d a mn azmed i ns ± 850 Ô {1] . h

order to determi ne the temperatUÓ threshold and to unde -

stand the detai led evoluti on d void nucleation ÷ × the m ¤
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85 MeV " F IonsI r radiated by

ned i ng tempemtum , the present wort was mot ivated to

study the dependem e d void nucleation oa the po± im di -

atioa anneal ing temperature for the v A120 3 in, d ated by
85 MeV W F ions d 5 .28 Á 1Ot6 em - 2 that is equival ent to

the 3 Á 1² cm - 2 netam-z i rmdmu on . 'IEe created voids

were exami ned by a poei tmn annihi laHon li feti me tech-

nique ú " is a powed ul tool for inveetiÁ t ing the voids in

metals- instBl atom and ot her material s , especial l y for
studyi ng the earty stage d void nucleati onl 2- 51 .

h 11mEn x 11mm x l mm v Al20 3 R-cut m d e

crystal samples wem used m the experiment . 'IEe samples

wm im d iated by 85 MeV WF ions h m the HI - 13 tandem

accelerator . 131e iÐadmuon fhzenee wØ 5 2 8 Á 1Ot6 cm - 2

that i s equi val ent to the neutron fh am ee d 3 x 1² cm a2 .

1Ee iR¤di ati oa was performed at mom tenp erattan .

× Ee poet - i n admuon anneal ins w" £OEEducted under

ni trogen atmosphem for 40 mi nutes fmm l Þ æ to 1050 t

in step- d m t .

11,e dd eem -z d vacancies and voids were caETied ü ,t
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by a positm n l ifeti me technique .

specã a were rneasumd at mom tempemtum after iETad - o

aHon and anneal ing ó diEerent temperatum by mem e d

a eonventional BaFz fast - fast Þ incidence pomu on l¤e6 m

spectrometer wiÉ a ti me resolution d 2 l ops . Two identi -

cal samples wem m anged Ä a sandwi ch wi th a 0 . 8 MBq

posi tmn source in the center - Ò 2e l ifeti me spectm each
contam ed 1 . 5 x 106 C©mu and wem mmlyzed wi th m LT

pmF ± Ø[6l . Besides the soUEt e eompone-' " ' the measured

l ifeti me spectm were fl tted wiÉ two or th ree l ifet i me eom-

ponenu . ¡ Ee Etti ng var iance was al l less than 1 . 3 .

3 Resul ts and discussion

1TEe l ifemme spectm wem wel l En d m th two l i fet i me

m mponents below 450 t and , the th i rd long- l ifeti me

Ø mponent h" to be added above 450 É , othend se , tbe

fl tti ng vari ance was m accep table . Ò 2e obtmned l ifeHmm

TE , r 2 and r , and thei r i ntensi tie- 12 and I 3( I I + I 2 +

I 3 = 1) m shown in Fig . 1 " a haEZCHon of the poa k m -

di ation anneal ing tempemtum .

Ò 2e bulk i i fet im h d poeiï ns in Á- AI20 3 is 150

pe[ t; . h cm h seen Ý£m Fi g . l tha the meastamd li fe-

ti me ÓI is due Ø posi tron anni hi l aHon i n the bulk and is

almoa independent d the anneal ing tempemt um . No

chm ges m m ob-ew ed in h up to tbe am -d ing tempem -

tum d 450 Ô , afterward , h increases wiÉ the incmm ins

of anneal ing tempemtuÓ . h is ascri bed to the li feti me d

m itmm tzapped a the Al vacancy clustem ( V A1¤ V AI )

and Al -O vacancy clusters ( V A1¤v £ ) below 450 Ô . " Ee

l ifet i me of posi tmns trapped at the i nner sUEf ace d voids
i s about 5Þ " [7¤¤j . × EeEü foÓ , above 450 t r 2 is m -

stBEned to be a weid zted average li fe6 me of the poeitm ns

trapped a the above- mentioned cl uster- and thoee tmpped

at the inner suzf ace of voids described below . 'IEe in-

cmase of n demonstrates the g m, i ng d tbe el ua em . A

long li fe6 me Ó, stmts to appear a 450 t . T3 increases t0

870 m ó 550 Ô , then keeps eom tant at a val ue of - 880

ps up to 750 Ô , and a higher temperatums, T3 i ncreases

rapidl y wi th the inemasi ng d m EBeaune tmµ emtum and
reaches n 3£ " ± 1050 æ . 'IEe i ntensity I 3 i ncreases

× , t m th the anneali ng tempemtum i ncmash ® i ves at a

maxi mum of - 3 .5 % ó 750 t and then Stans deem- siù
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× Ee poeiuwn l ifeÀme 9 50 æ . Fro m iu val u e r 3 is asc r i bed to th e an n ih i l at i on

OEt ho- poei tm ni u m ( Ps ) fom m d in voi ds [ IJ .
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FEe . 1 . P0¤i Ç£n anzzi h i l a" o n l i feti me an d iu i ntensi ty as

a h ame× ,z d an neal i ng tem per asure i n e A L q i r rad ia ted

b7 85 M eV BV mm of 5 . 28 x l OI4 em - 2 .

'I E e P s se l f - am zi h i l a t i o n l i f e t i m e i s re l a te d to th e v o i d

si ze , a n d th e r a d i u s d v o i d s c m b e c d e d a t e d f r o m th e

m Ø u m d l i f e t i m e [ ' j :

R , = R . - R W,

w h e m R , i s th e v o i d r a d i u s - R , i s th e o v e r l ap p i n g d P -

m ve f u n c t i o n w i th m o l ec u l ¹ ¶ th e v o i d w a l l , an d R a i s

re l a e d t o t b e l i f e6 m e d P . i n th e gm m d st at e i n t h e i n -

E M ty d eep sp h e r i c a l ( B S ) sq u a re · ± l p o t e n t i ai m o d e l b y

400 500 600 700 ' " ' 00 1ü"£ 111
poa mm¤itù " mperú mf C

Fig.2. Depeodenee d wM ma ts- obeen ed m e Alsoz
irmdiated by m MeV E' F ion- d 5.28 x 16¤cm-z m

annealing tempÆaMre.

11"



Ú 7Ú

r = 1 .92 R£ . Fig . 2 shows the van ation d the void radius

wiÉ the poet -anneal i ng tempemtum in the v AI20 3 iÐadi -

a d by m MeV WF ions d 5 . 28 x I Oseem - 2 . h ean h

8een that the void radius nmt increases m É the anneal i ng

temperatuÓ , keep- nearty constant a - 0 . 29 am m tbe

tempemtuÓ reg o-z between 550 t and 750 É , and in-

CEeases m É ten× eratEEÓ mpidly m d maches 0 . 74 nm and

l . 1O nm at 950 æ and 1050 æ , mspecti vel y .
The M atom am di splaced by the im dim ng " F ions

in v AL 0 3 ¤ Ç m pmduced holes are captumd by O ions

adj seent to Al vacm eies to form V-center . 'IE is V -center

has 3 holes shamd by O ions starEOUndi ng the Al vacancy ,
which is the void nucleat ion center®to, . No long li feti me

was obsew ed in the as- iÐad ated a-Alz0 3 ¤ DUEt ng themzal

anneal ing M vacancies freely mie Ø e , leadi ng to the tbr -

Enation of voids wi th the L center m a nucleati on center .

× Ee pmsent mSUI ts show tha voids m ui d not be fomEed

unti l the anm d i ng a 450 æ that is the thÓshold of an -

neal ing tempemtuÓ . On the other hand the void format ion

needs a certai n number of Al vacancies . We did the

poeuron l ifet i me measurements on the F Al20 3 im dia ed

wiÉ E n µ l MeV neutrons to a fhBenee d 1 . 5 x 1Om

cm - 2 . No vojds wem obeem d in i t up to 12Þ t . h th

present experi ment the v A120 3 WM M SEHated by m MeV
' F ions d 5 . 28 x 10 16 cm - z , whi ch i s equivalent to the

E . µ 1 MeV neutmn i Ðadi aHon to a nuence of 3 .O x 1020
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õ Ù È 285 MeV " F Ø ë Ó ø Õ e ALEh Ä Õ ÷ Ð ¿ 651

cm . 2 . azzd the voids wem detected above 450 t . As

shown in Fig . 1 , Ð i s al most independent d anneal ing

tempera um between 550 t and 750 Ô , whi le i ts intem iw

I 3 i ncmam - - Assumi ng the intensi ty I 3 is pmpon iond to

the number d voids , we cm eonel ude that fmm 550 t to

750 t thermal enm-g is mai nl y used to create voids and

the void number increases wiÉ the increasing of anneal ing

tempemMÓ , whil e the val ue of T3 0r void sin is steady -

Aher dzat h incmases mpidl y wiÉ incmasing MEnd ing

tempemtum , indi eaHng the F md ng of voids .

In summaÉ , the detai l ed evolution of void nucle-

ation m th the post - i rradi ati on anneal ing tempemtuÓ has

been determi ned on the Á- AL 0 3 irrad iated by 85MeV WF

ions of 5 . 28 Á 1016CEn - z by a posi tmn anni hi lat ion l ifet ime

technique for the a mt Ume . ì Ee void nucleation Stans at

the post iÐadiaHon anneal i ng tempemtum of 450 Ô . From

550 t to 750 t the mdi t,s d created votds does n´

d anse ÷ × tempenuum and takes a value of 0 . 29 nm ,

whi le the number d voids increases wi th the incEªEasing d

mmeal i ng tempemtum . Af tenwards the void radius in-

cmases rapidl y ÷ × increasi ng the anneal i ng tempemMm

and maches 1 . l Onm at 1050 Ô . × 1e present exped m nt

al so demonstrate, the appl icabi l i ty of poei tmn li fet ime

techn ique i n inveÊ iÁ ting im dmuon- induced voids , Ê pe-

d al l y the earty stage d void nucleation in m uds , i nsula-

toE, etc .

1095

sch a r H , F£" ®ef M . Ma m . Se4. & EÖ . , 1õ 9 . AE. , : 161- 167

ka - y i Fh cl . Im- - - MeÉ ed¤- 1996 . AYF4 2235- M 4

Peü " em k . In : Peg a- - soti4LSu ae phy¤ic- - Am--te-dam : Nonh-Efol -

luÐ , 19¢3 . n s- 2¶

Nhem-aen R M lnz h dØ Ø SoSd»... , ï 7¤Ä . Ame² , ² mz NOEÉ -

HoUæd. 1õ 3 . 359- 367

Fon tee M. Di--eaatten . 11Ø¼" tty d SUBtª -zt . 1991

pd IS G P. R- d a - phy- - cbem. . 19× , ¹ : 1Ê 3» lm 6

,

6

,

s

9

10



652

85Mev " F Ø ë Ó ø Õ Á-A120 3Ä Õ ´ Ð ¿ ¦

õ Ù 1 ì Â ü 1 ì Ñ þ 1 T.Iwatd £ À Ð l Ü ¬ · I
K.Matsuta3 M.Fukuda3 M.Miham3 T.MiEMBUson03 ì ý õ

l ( Ð ú ­ Ó ² Æ§ Ð ¿ º ± ÷ 1Ò2413)

2( Advmeed se--me Re--ed Cem¥' ¤»AEè , »' " )

3( D,, Ø Emf- d ½ - ± , £-d a UrdvenÀ , TOR- 4 ¤. 1, m }

ª ª 5 .28 x 10É m-285MeV ¦ ø Õ Ä Á-A1203 Ð ,Ú ä È ö ð ý Ì Ð É Ã ý ç Ó â è ½ ¨ × Î Û ì ½ Ë Õ

÷ . 450ä: ö ð ª ¼ ú ú Õ ´ ,550 Ô ½ 750Ô Õ ÷ ë ¶ ¼ ª 0.29nm » æ Â È ä ¯ , « ¨ È æ Â È ö Ó ø ö

Ó ; ß Ú 750É , Ú ´ ë ¶ æ Â È ý ß ¸ Ù " ® , Eom t ± Õ ´ Ä · ¶ ï 1. lOmz.

Øü ÷ Øë Óø Õ È ö ð µ ´ ý ç Óª »

ª ´ 2 ¤ " - M ± å

. Ô , EØ ã ù ¡ Ð ¿ ¢ Ä æ ® { 19" ² Ò Ø ) Í ú ZE Ô » µ æ ù ð ( 19Ø ½¿£ ) Æú

£ É . Ä l za Ô, ¤ iEt e-- e.- E-m

Ú 27íß è " í ë Ë " í (EEP&NP)

ì ý Æ150


