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No laser irradiation Irradiation with 20 pulses

500nm 500nm
FREa] Esl:
1 10 W‘ 1
; g 4 Wl g 2 A Syt
0 05 1 yum 15 2 25 6 05 S 2 s % 05 Rum) 15 2 25
(a) (b) (c) !
"'%(:#!X4!T"/!l'@:0%:,D+2!0:!;+#!R$A!2(::,@#!,:;#:Z#{‘.!':-;,.',;'O$!7';+!b]!13N@1K!,$.!LQT!,$.!,:;#Z!:#lOH'$%!?'VK!
-, <#:
A
05
. :
E Y
£ I\
@ 04
E \\ i‘- 2
22} A/ 1
2 g3 %
O N E S B S B S S B e p
1] 20 40 60 80 100 120 140

Pulse number (N) |

NOH(:#1]41Q+#ILI?1:0(%+$#2210=IRSAI- <#:l = #IT2:1": ' 0$)ILQTLS.! =#:L#10H'$%! 'V (- <#:IH241D(-2#1$(16#:!
=0:!b]113N@E1

NOL(HIDI2+0721:+#IXLIPIX! 11K5! $.\SITAN'L %6#210=!:+HHRSAI2(:=, @#! :#H#, 1. = #: KXY B$1B; + @8I 2\<#:!
7,21,6-, 4.1 75+ JYY I D(-2421 0=1+#1 T:Al - 2441 Q6115051 0=1 1%, '$%B-'8#! -, 24:1 '$.(@#.! D#'0.' @ 20#! 2;:(@;(:#!
_&RA?SN 21 @-#,:-<! 062 HA!'$! +'21 #96'0$4) Q+# %:, /698! RR'0.! $.1 +#'%+1 :#1 :0($.1 3 11,$.1 JY! $1)!
H2DH@; H#-<41N%(:#1D! 1 -2012+0721 +#! D:B2HM@H0 (2! JK! $1! ##D! $,$0B+0-#21 03! ;+# D:0 @ 2R24@#4! Q+#!
:0(%+$#2210=1;+'21:#%'0$!'21K4JJI$1) 1 7+ @+ @OADI YRXI$110=1:+#! 2B%:07$IR$AI2(:=, @H#A! Uk BEHHO7'$%0! +#!
LQTI2#D)!+#12(:=,@# H=#@;2! @:#,#.1.('$%!  +#I TN - 2/@'08! 7'+ -+ RSAl - <#:1'$.(Q#.)!'S!+'2! @, R B1!
6-(#2+'=;411

B%-+C&-3&DB9E&8-)C&FGHI&&FGHIIJOU

Downloaded from SPIE Digital Library on 03 Dec 2011 to 70.52.100.151. Terms of Use: http://spiedl.org/terms



0 1 2 3 4 5
X (um) I

Nop(:#IbAI?(:=,@#!10:D+0-0%<!0=!;+#R$A!@,D!- 2 EPDOI T A= 241, 0SS! +#L#%'0$! 7+#:42'V ([ 7,21 :#10H#.!
#$;"#-<41l

MP2>#=(-%; #(064"&' 4(OP5(*6(;%)+-';(&*%3'4(<03, (10(-%6/ #(

Nop(:#lal [ 12+0721A&!1,D2!,$.11'@:02@0D' @' D@0 @O0, :#.12, 1D-#21 4, THA 2, I T+ RN 241 ]
IX]'I3N@L M%4la, ! $.1IKal 13N@ 1'%41a6 4R 214#H #$8: 1+, +HXYIS1! + @K' 6-,:#.17:+IXYID(-2#2! 11
IX]'I3N@BITID, ;' -1 #10H,-10=!+#1IXY !, $.1IZYI$ 11+ @8IRN<H: 21'21062#: H#.1=0--07'$% ! +#1"::, ! 0$! 71 (D!;0!
KYY!D(-2#241 T'D:0="-01#@! 2@,$! 0=! ;+#! IXYBDH:DRLD-#)1'$" <! @0,:#.1 7:+! | IXY! $11;+ '@8! 'V - <#:)!

HH# -#.1+#1=0:1,;0$10=1, 1IYI$S1L#4#DI @:, #:41Q@Q(-. |68 :#-,#.1:01 1D, ' -1,6-,:'0$!,$.NO:L#$2="@ ' 0$!0=": +#1- 2#:B
nUHLPV - <HALRS!T0$) $(1#:0(2! - 2#:B'S.(@#.! 1'@:0@82! +,H#! 645! 062#: H#t.1 =0:1 +#2#! 2, 1D-#241 Q+#!
1'@:02@0D'@!D'@;(:#2!,$.1A&! 1,D2!0=12"#2! =:0#2 @D, #.| K\ $11:+' @81 2 =1 %A1 - 241" 1 40$! 21 IKal!
13N@1L,$./LQT)12+07!$0106H0(2!-, 241 ,6-,:08!, $.16-(#24=:1=0:1XY 1, $.1IYYID(-2#21"::, . #.1 2" #241 T; IKBW¥RH2)! +#!
@0-0:1 0=! ;+#1 2V, <#:! @+ $%#2! 2%$'='@,$;-<)! 7T+ @+ 2(%%H2A ! 2:(@C(:,-! @+ $%#2! ;, 84! D-, @#! '$! ;+#! - 2#:)
w2V A

50 pulses 100 pulses 150 pulses 50 pulses 100 pulses 200 pulses
I1460nm
1550nm
50nm— -
/ : Yo s s
f ? e ’
y ¢ ~) > bl
\ o )
I1450nm N I1460nm
A 1 I
y I1550nm 'l ™ 15500m
150nm< & iy
y| |

NOb(#1adILO01L#1D#: ;(#1A&!1,D21,$.11'@:02@0D' @UBIE=!,| 2#:'#210=12D0;210$2"KY)IIXY)IIZY! $.IK\$1!;+'@8'!
@O,#.1>U1 1'@:02;:(@;(#2! ", . T+ i+ <AL 241 1IX]NIBN@T 1 $.1JKal 13N@1_6'1 8.0 +#1'$.' @, #.!
$(16#:10=ID(-2#24!

B%-+C&-3&DB9E&8-)C&FGHI&&FGHIIJOQ

Downloaded from SPIE Digital Library on 03 Dec 2011 to 70.52.100.151. Terms of Use: http://spiedl.org/terms



Q+#1:#2(~:21=0:12,1D-#2! @0, :#.1 7"+ +#I K\BSLBIP" @, <H:)'dH#A) i) | a1 #H12(11, WISV (1 ZAIR: @, 3 6%
2##$!;+,;!;+#!*:"!-,2#:!'::,.',;'O$!7';+!JK[!13N@1K!,$.!LQT!-#,.2!;0!6-(#2+':;2!;+,;)!7';+!;+#!#P@#D!;CD$;+#!KYYBD(-Z#!
L RA258)) 8HID-,@#! 7 +0( L HEL#L0H - 10=! 12N <#:41Q+#! (DD#:1,$.1-07#:1$(16#:212+0731=0: 1#, @+ 21;#128
=%(H#'S. @, #;+#- 2#: 1 D(- 24! $(16#:1,$.!;+#! Eb#!, 1D-";(#!10=16-(#2+'=;) . #2D#@; H#-<4170: 1 #B) | 100, $! 6#! 2##$!
L+ aBD(-2#! . #1214 2168#816-(#2HEE<IDYI$1)L, .1+, L +#1 1L P'L(L16-(#2+'=;10=1b[!$1!' 2!, @+'#H#.! ) =;#:!
00 7 H DX D(-2#24 U1 S04 +,;1 1($'=0: 116-(#2+'=;10=! XZ!1 1!+, 21 6##$! , @ +'#H#.! =0--07'$UL, 85! 7', +!
0$-<!X1-, 24 D(-2#241 N % (:# JY1 2(11, h#2) ;+# SEBH'=; | H24! D(-2# $(16#:10=160;+!,2B%:07$! _(S@OK:#-! $.!
2,1D-#2' @0,;#.1 7"+ |K\I'$1!;+'@8! ?2'W -, <#:1 =0--07'$%! ;+#":1"::,." OB 7"+ +#1 =/ - 2 411 S +# LQT! 2;:#D4! Q+#!
1,P'1(1'6-(#2+'=;1=0:12,1D-#1@0,;#.1 7", +IK\SL ?'V (-, <#:1'21-#221:+ $!;+,;1=0:1;+#1($@O0,;#.12, 1 D-#21:#.'$! $!
JIHSH0S1#S;41Q+'21 1,<!6#!.(#!;0!;+#! -07#: ! S(L6#0=! #=#@;2! @:#,;#.10$! ;+#1 2(:=, @#Q@OV.| RSA4IR;! @, $! 6#!
28#31+,:1=0:160;+!2,1D-#2);+#16-(#2+'=;' S, 2HR@ :#,2'$%! ; +# D (- 2#1$(16#:) |, +#$!"; 1+ 2§ 4S5 @<!;0!2,; (:,#4!T;!
"MXY! D(-2#2)! ;+#1 6-(#2+'=;1 =0:1 ;+#1 (S@O0, ;. 2, ¥R 2421 .(#1 ;0! ;+#! 06H'0(2! ,6-,;'0$! #==H@;! T+ @+! :#.(@#2! ;+#
n:#2#:H0':0!0:!-,2#:!@:#,;#.!.#ﬂ@;’EMH#:)!ZO:!;+#!2,1D-#!@O,;#.!?';+!;+#!K[\!$1!?W,<#:)!;+#!6-(#2+':;!.0#2!$0;!
HQ@:#,2#)-'8#-<|.(#;0!;+#!ID:0;#@;'0%!,%, $2;108!; +,;'"2!D:0H" #.16<!; +#1 2"\ - <#:411

(mm)

(nmy}
6 1438.6
5
1465.6
4
3 = 14926
2
¥ 1519.6
1
0-f T T T T 1546.6
J 1 2 3 4 ‘I

NOb(:#1 ZALOOL! #1D#: ,;(:#1 A& 1,D10=! $|RSANRSS, T2NR$S, T2AI@I02;:(@;(:#! =#:1 M- 241", 703!, $.1LQT 4!
Q+HID(-2MS(164:1, $.1;+#16-(#2+'=;1, 1D-';(#1,:#1267$16<1;+#1:0D1,$.160;;011$(164:2) - #2DH@; H#-<4!

90

A
80 - e \,
N I SS——)
70 e
'o“f(’\\
= 01 .
- -
= \"‘I
= 50
£
4 40
g ]
=
o 30
=
20
10 ~—®— as grown material
7 —&— sample coated with 243 nm SiO, layer
0+
T T T T T T T T T T T
0 10 20 30 40 50 60 70 &0 80 100 110
Pulse number (N) |

NOB(HIIYAI"H16-(H2+'=;1,1D-"; (#! #D#$ #$@#!0%! BQ#Z#!$(16#:!0:!;+#!*:"!-,2#:!.#-'H#:'$%!JK[!13N<@]_|'::,.',;'$%!
HH2(:=,@#10=! (3@0,;#.!R$A!_20(,:#!12<160-2"1 g KK $1!;+'@8'1 @0,;#.! RSA! @,D!_@":@-#! 2<1&0-224! Q%+
06;,'$#.!,=#:IKILI'SILQT!,;!bYY IF4!

Q,6-#1012+072!;+#!1#,2(:#.16-(#2+'=;1, 1D-",(#'=01$0$B"::,.",;#.1($@0, #.1>UI11'@:02;:(@; (:#!,$.!1=0:!1$0$B"::,.",;#.!
1'@:02;:(@;(:#2!@0,;#.17"; Bhc WIXY)VIXY)IZY) KL S KNSLE + @8I - 1241 TIN$ 11 6-(#2+'=;1'2106 2#: H#.1=0: !, +#!
1'@:02;:(@;(#H@0,#.!1 7+ /KNISL+' @81 27+ @+!'212'1"-,:1;0!;+#16-(#2+'=;1=0:1; +# (3@ 0, ;3 W! Y1$1712, 1D-#4!
Q+#2#! #2(-;2! #10$2;:,:#! ;+,;1 ;+#! LQTB'S.(@#.! 06=(2'0$! 0=! R$! 0:! A! ;012! =:01! ;+#! RSANRSS, T2RRSBS)T
1'@:02;:(@;(#'2!$#%-'%'6-#,$.);+#:#=0:#) 80H$,,01'@!'$:#:1'P'$%!@,$10@ @(:!,;!; +#!, DT ;H#1D#:,; (H#4

B%-+C&-3&DB9E&8-)C&FGHI&&FGHIIJOF

Downloaded from SPIE Digital Library on 03 Dec 2011 to 70.52.100.151. Terms of Use: http://spiedl.org/terms



Q,6-#1J41C-(#2+'=;1,1D-";(#IH24),+ @8$#22!0=!;d:#FN=0:1$0$B"::,.",;#.1>UI1' @:02;:(@; (:#24!
101 ,(-%/'#(3,08&Q6";;(412(R6)S( | Y!I XY! IXY! JZY! K[\ K]\
@-";,0$3(R6)S( N JJ! Jy! JJ! N N

I
Q+#!1'@:02@0D'@!'1,%#210=12"#2!":,." ;#.1 7 KMIbX!,$.1 JY Y D(-2#2! 0=!;+#1*:A1- 2#:1 ;1 IK[! 13N @H2+07$!'$!
NOH(:#! JJA! Q+# @O0-0:! @+,$%#! O=! ;R # '21 -'8H#-<|:#-;#.1,0! ;+#! - 2#:B'$.(Q#.! #32D,;'0$!,$.)! @0$2#0 (#3;-<)!
@+, $%H#10=!;+#1:#=:,@; H#I'S #P10=1;+" 21 1UI+AID:0="-01#; <! 1#,2(:H#1#$;21+ H#'S.' @, #.; +H#I0H#: --|;+ @8$#22!
H.(@;'0810=h 441" #12'V - <#:LO#21$0; 1#P @##.1J Y 1$14!

THELERELERRr e

NYb(:#1JJ41'@:02@0D'@!'1,%#210=1*A1": ! # 1 20-#21 @0, #.17"+ IKNSLI2'Vid- <t S0, T+ AL 2]
GIK[I13N@Y =:#1LQT 4l

NoB(AHIKAI TN L' @:0%:,D+2!10=!,2B%:07$\ V' L, $.1;+#12'V  J- <1 U #17+IKID(-2#2! 671 $.IKXID(-2#2!_ @ 19-#!
*:"!-,2#:!,;!JK[!13N@f!_6#20:#!LQT\4!

|
NOB(:#1 JKI2+072I TAI1'@:0%:,D+210=!,2B%:07$) KN $I@8! 7'\ - <#:! $.1;+#12, 1#] 1+ @ 8$H221 204, <#:1'z:, ! i#h]
754K $IKXID(-2#210="; +#1%:M- 241 1IIK[ 13N GH=0:#1",17, 21LQT A Q+#%:,'$12;:(@; (H1 0=+ 1) 21 TH--| 2H#S)
=0:160;+1":,. A BS0S! s, 125 H241Q 41, HAE Y6#1%:,'$I 2 1 0=1+' 212 V&2 :0($.IXYI$1) 7+ @+1'21 21 4]
o+ 14,1 0=L+#1JZYI$11+ @81 AV, <#: 4 Q+#1 Hit: Yot O6:, 'S +#'%+:) 1#, 2(:#.1 6<! TM@:#, 2421 =:01) XAKKI $1!_ 064!
JK6 LOI[AYKIS1! N0b41IK@ 1,28 +#1D(-2#1$(16#;2$@(D!;01KXID(-2#24!!
Q+HITANI'L, %#210=1; +HHIKSL+ @812' V-, <), =117, 2ILQT)!, :#1 2+07$! "SI0 (:#1 I\ @K1 H#: Y6#1 %:,'$1+#'%o+;10=]
2@ (#2121 (@) BH-<1.(#1,0, 24:B'S.(@#.1 1#-; $IIQ+'21 @, (2421 +#1:0(%+$#22) #@:#, 24#216<! :0($.!

B%-+C&-3&DB9E&8-)C&FGHI&&FGHIIJOP

Downloaded from SPIE Digital Library on 03 Dec 2011 to 70.52.100.151. Terms of Use: http://spiedl.org/terms



Downloaded from SPIE Digital Library on 03 Dec 2011 to 70.52.100.151. Terms of Use: http://spiedl.org/terms



Downloaded from SPIE Digital Library on 03 Dec 2011 to 70.52.100.151. Terms of Use: http://spiedl.org/terms



| 341/'@:0#-#@;:01#@+4! 24! X_[)!KX]B
K]z!_Jzz] 4!
qJZrl  2'1D20$)! S4)! 24.'$)! 54)1 $.1 LO7-#$)! *4)1 t2(:=, @Yo+ $#22! 6<! @0S$;,@;! H#:2(2! ;,DD'$%! 10.#! ;014! =0:@
1'@:02@0D)&,$%1(:1IX_[)I[KZBI\[!_IZZZ 4!

Downloaded from SPIE Digital Library on 03 Dec 2011 to 70.52.100.151. Terms of Use: http://spiedl.org/terms



Downloaded from SPIE Digital Library on 03 Dec 2011 to 70.52.100.151. Terms of Use: http://spiedl.org/terms



