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What is FIB? - !"#$%&'(&)'*

!"#$%&#'()&#"*++&"$",#(#-./*"&0#1.'#2&()#34567#1"#(#"$8&()#.-#&'&8+&$1/#1.'"#$%($#(8&#-./*"&0#1'$.#(#9'&#2&():#;%&

456#1'"$8*)&'$#1"#2("&0#.'#"/(''1'+#$%1"#%1+%<=#&'&8+&$1/#1.'#2&()#.'$.#(#$(8+&$#)($&81(<:#;%&#1'$&8(/$1.'"#.-#$%&

1.'"#>1$%# $%&# "?&/1)&'# /('# <&(0# $.# "()?<&# ($.)# 8&).@(<#>1$%# '('.)&$8&# ?8&/1"1.',#)(A1'+# 1$# 1'$.# (# '('."/(<&

)(/%1'1'+#0&@1/&:#;%&#-*<<=#/.'$8.<<&0#1.'#2&(),#/.)21'&0#>1$%#(#%1+%#?8&/1"1.'#"()?<&#'(@1+($1.'#"="$&),#(<.'+

>1$%#(0@('/&0#"1+'(<#0&$&/$.8"#1'#$%&#456,#/8&($&"#(#)*<$1-*'/$1.'(<#('(<=$1/(<#?<($-.8)#-.8#1)(+1'+,#"?*$$&81'+#('0

)1/8.B-(281/($1.':

C(""#?8.0*/$1.'#.-#)1/8.&<&/$8.'1/"#1'#$%&#DEFG"#8&H*18&0#(#"?&/1(<1"&0#('(<=$1/(<#$..<#$.#?8&/1"&<=#<./($&#1'@1"12<&

-(*<$"# .'# $%&# $.?# "*8-(/&"# .-# I1# >(-&8# "&)1/.'0*/$1'+# 0&@1/&":# ;%1"# %("# ?8.@10&0# $%&# 081@1'+# -.8/&# -.8

/.))&8/1(<1"1'+# $%&# 456# ('0# <(10# $%&# -.*'0($1.'# -.8# $%&# 0&"1+'# ('0# )('*-(/$*8&# .-# $%1"# $=?&# .-# 1'"$8*)&'$:

J&+(80<&""#.-#$%&#(??<1/($1.',#$%&#456#1"#"1)?<=#8&).@1'+#)($&81(<#$.#(#%1+%#0&?$%#('0#"?($1(<#(//*8(/=:#5'#(001$1.'#$.

$%&#1.'#2&(),#)."$#456#1'"$8*)&'$"#%(@&#('#&<&/$8.'#2&()#K*"$#<1A&#1'#('#ILC,#$%*"#>&#8&-&8#$.#$%&)#%&8&#("#456B

ILC#1'"$8*)&'$":
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!"#$%#&#'()*#+,$(-$,"#$./0$,#1"+234#$567$%82&#+$9:$,"#$+##%7$(-$6$948;#(+2+;$7#*21(+%41,(8$2+%47,8:<$6+%$,"#+
86)2%':$ 7)8#6%$ (&#8$ *6+:$ 616%#*21$ 68#67$ 2+1'4%2+;$ 6%&6+1#%$ *6,#826'7$ 712#+1#$ 6+%$ #+;2+##82+;<$ *#1"6+216'
#+;2+##82+;<$#'#1,8216'$6+%$1(**4+216,2(+$#+;2+##82+;<$+#5$#+#8;:<$#+&28(+*#+,6'$#+;2+##82+;<$;#('(;216'$712#+1#<
*2+#86'$6+%$)#,8('#4*$#+;2+##82+;<$*#%216'$6+%$92('(;216'$#+;2+##82+;=$!"#$%#&#'()*#+,$(-$>8:(?./0$)8(*27#7$,(
#@)6+%$,"#$6))'216,2(+$(-$./0$2+,($92(*6,#826'$1"6861,#8276,2(+=

.(147#%$ 2(+$9#6*$7:7,#*7$68#$47#%$ -(8$6$98(6%$ 86+;#$(-$6))'216,2(+7<$ 2+1'4%2+;$94,$+(,$ '2*2,#%$ ,($ ,"#$ -(''(52+;
#@6*)'#7A

!"#$%&'(#)"*"*+
./07$ 68#$ 69'#$ ,($ 7,841,48#$ 6$52%#$ 86+;#$ (-$ )6,,#8+7$ -8(*$ ,"#$ +6+(*#,8#$ ,($*218(*#,#8$ 716'#=$ B@6*)'#7$ 2+1'4%#
6886:7$(-$+6+()(8#7<$)'67*(+21$%#&21#7<$*218(C42%21$1"6++#'7$6+%$1(*)'#@$DE$6+%$FE$7,841,48#7=$G(4$52''$7##$,"6,
:(4$68#$(+':$'2*2,#%$9:$:(48$2*6;2+6,2(+H$!"#$./0$16+$6'7($9#$47#%$-(8$6))':2+;$;82%7$6+%$)6,,#8+7$,($748-61#7<$6+%
6'7($,($)'61#$I%4126'$*68J#87$(+$7)#12I1$'(16,2(+7=

/*6;#$7"(57$*218(?)2''687$,"6,$"6&#$9##+$*6%#$472+;$6$./0=$/*6;#$1(48,#7:$(-$K+2*#7"$0676J<$K%#'62%#$L218(71():=

,$%--&-.#/"%*"*+
.#6,48#7$ ,"6,$ 68#$ "2%%#+$ 4+%#8+#6,"$ ,"#$ 76*)'#$ 748-61#$ 16+$ 9#$ #@)(7#%$ 6+%$ 6+6':7#%$ 472+;$ 18(77?7#1,2(+6'
6+6':727=$!"#$6%&6+,6;#$(&#8$1(+&#+,2(+6'$18(77?7#1,2(+6'$6+6':727$27$,"6,$,"#$68#6$(-$2+,#8#7,$M2+1'4%2+;$+6+(?72N#%
-#6,48#7O$ 16+$ 9#$ 7#'#1,#%$ 52,"$ +6+(*#,8#$ )8#1272(+=$ !"27$ "2;"$ )8#1272(+$ 27$ 2*)(7729'#$ 52,"$ 6+:$ (,"#8$ 1488#+,
,#1"+234#=
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!"27$ 2*6;#$7"(57$6$18(77$7#1,2(+$(-$6$*4',2?'6:#8$I'*$7)#12*#+$*6%#$472+;$6$./0=$!"#$18(77$7#1,2(+$"67$8#&#6'#%$,"6,$4+%#8$ ,"#
748-61#$,"#8#$567$6$)68,21'#$52,"$6$%26*#,#8$(-$6))8(@2*6,#':$D$P*$,"6,$567$(&#8;8(5+$%482+;$,"#$1(6,2+;$)8(1#77=$/*6;#$1(48,#7:
E8$Q287,#+$R1"2S*6++<$.864+"(-#8$/R!=

012$.#%*-/$3#/"%*
R6*)'#7$16+$9#$7#1,2(+#%$6+%$,"#$613428#%$ 2*6;#7T7,61J7$16+$9#$47#%$,($8#1(+7,841,$6$FE?*(%#'$(-$ ,"#$76*)'#=
!"#$#@6*)'#$"#8#$7"(57$6$*6;+#,(,61,21$961,#824*=
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4"/.2-5.#"6#278!2-('59.25$.5($(/"%*
U+#$(-$,"#$*(7,$1(**(+$,#1"+234#7$47#%$-(8$,"#$./0?RBL$27$!BL$76*)'#$)8#)686,2(+=$!"#$./0?RBL$27$6+$2%#6'$,(('
-(8$,"27$)48)(7#$9#1647#$2,$6''(57$:(4$,($1"((7#$6$7)#12I1$68#6$(+$6$7)#12*#+<$741"$67$6+$2+,#8-61#$(8$)68,21'#<$6+%
,"#+$)8#)68#$6$!BL$7#1,2(+$(-$,"27$-#6,48#$52,"$749?VWW$+*$,"21J+#77=
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:/%'25$%;.2/%'%+$(5)<2=:>7?2-('59.25$.5($(/"%*
./07$68#$47#%$,($)8#)68#$KX!$76*)'#7$6,$)8#127#':$7#'#1,#%$'(16,2(+7=$!"#$(&#86''$)8(1#77$27$72*2'68$,($!BL$76*)'#
)8#)686,2(+=$Y"#8#67$2+$,"#$167#$(-$!BL$76*)'#7<$5#$68#$'((J2+;$,($*6J#$6+$#'#1,8(+$,86+7)68#+,$-(2'<$-(8$KX!$5#
+##%$,($*6J#$6$7"68)$+##%'#=$!"#$+##%'#$,:)216'':$"6&#$6$'#+;,"$(-$ZV[P*$6+%$6$,2)$%26*#,#8$(-$'#77$,"6+$VWW$+*=

/*6;#$8#)8(%41#%$-8(*A$\(477#'<$L=<$!6'9(,<$B=<$](4892''#64<$.=$#,$6'=$K,(*21$1"6861,#82N6,2(+$(-$R2$+6+(1'47,#87$#*9#%%#%$2+$R2UD$9:
6,(*$)8(9#$,(*(;86)":=$^6+(716'#$\#7$_#,,$`<$V`a$MDWVVO=$",,)7ATT%(2=(8;TVW=VVb`TV[[`?Dc`d?`?V`a

:*(9<-"-

www.myscope.training Focused Ion Beam 8



./07$ 6''(5$ 8#7#681"#87$ ,($ 6+6':7#$ ,"#28$ 76*)'#7=$ ./0?RBL7$ 68#$ 1(+&#+,2(+6'':$ #342))#%$ 52,"$ 6$ 52%#$ 86+;#$ (-
%#,#1,(87$ 741"$ 67$ 961J716,,#8#%$ #'#1,8(+$ %#,#1,(87$ M0RBO<$ 2+?'#+7$ %#,#1,(87<$ #'#1,8(+$ 961J716,,#8#%$ %2S861,2(+
MB0REO<$ 6+%$ #+#8;:$ %27)#872&#$ 7)#1,8(71():$ MBERO$ %#,#1,(87=$ !"#7#$ 6''(5$*6+:$ J2+%7$ (-$ 76*)'#$ 6+6':7#7$ (+$ ,"#
76*)'#$ 748-61#<$ 2+$ 18(77?7#1,2(+<$ (8$ 2+$ 6$ F?%2*#+72(+6'$ &('4*#$ ,"8(4;"$ 7#826'$ 7#1,2(+2+;=$ /+$*(7,$ 167#7<$ ,"#$ 2(+
9#6*$27$47#%$-(8$14,,2+;$(8$7'212+;<$6+%$,"#$#'#1,8(+$9#6*$27$47#%$-(8$6+6':727$472+;$,"#$76*#$,(('7$6+%$%#,#1,(87$67
2+$6$1(+&#+,2(+6'$RBL=$R#1(+%68:$2(+$*677$7)#1,8(*#,8:$MR/LRO$"6&#$9##+$8#1#+,':$2+,8(%41#%$2+,($,"#$./0$)'6,-(8*
,($1(*)'2*#+,$,"#$6+6':,216'$16)692'2,2#7=

/*6;#$7"(57$#'#1,8(+$961J716,,#8#%$%2S861,2(+$ MB0REO$)6,,#8+$(-$"(,$1(*)8#77#%$*6;+#724*$*#6748#%$(+$6$./0<$%#*(+7,86,2+;
,"#$%2&#872,:$(-$,"#$%46'$9#6*$)'6,-(8*=$.(8$*(8#$2+-(8*6,2(+$(+$B0RE<$)'#67#$8#-#8$,($,"#$RBL$*(%4'#$(-$L:R1()#=
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!"#$#% &$#%'&()% *+,#$#(-% +.(% /.0$1#/% 0/#*% +(% 234% +(/-$0'#(-/5% 234% 1.60'(/% -)7+1&66)% #'76.)% &% 8+90+*%:#-&6% 3.(
;.0$1#% <8:3;=>% ?+-"% -"#% @&A% +.(% /.0$1#% B#+(C% -"#%'./-% 1.''.(% +(%'+1$./1.7)% &776+1&-+.(/5% !"#/#% +(/-$0'#(-/
C#(#$&66)% .7#$&-#% ?+-"% #(#$C)% $&(C#/% D$.'% EFF% #G% -.% HF% I#G>% B#&'% 10$$#(-/% D$.'% J% 7K% -.% LE% (K>% &(*% +'&C#
$#/.60-+.(/%.D%M%E%('%&$#%&1"+#N&B6#5%O-"#$%I+(*/%.D%+.(%B#&'%+(160*#P%C&/%Q#6*%+.(%/.0$1#/%<@23;=>%/01"%&/%R#%&(*
S#T% +(*01-+N#6)% 1.076#*% 76&/'&% +.(% /.0$1#% 0/+(C% (.B6#% C&/#/>% /01"% &/% U#T% 8.?% !#'7#$&-0$#% 3.(% ;.0$1#% <8.!3;=T
'&C(#-.‐.7-+1&6%-$&7%+.(%/.0$1#%<:.!3/=%&(*%8+90+*%:#-&6%K66.)%3.(%;.0$1#/%<8:K3;=5

!"#% '&+(% *#N#6.7'#(-/% +(% +.(% /.0$1#% -#1"(.6.C)% &$#% *$+N#(% B)% -"#% (##*% D.$% D&/-#$% '+66+(C% -+'#/% &(*% $#*01#*
/7#1+'#(%*&'&C#5%2.$%-"+/%$#&/.(>%-"#%76&/'&%234%-#1"(.6.C)%+/%B#1.'+(C%+(1$#&/+(C6)%1.''.(5%!"#/#%+(/-$0'#(-/
-)7+1&66)%0/#%&%U#(.(%/.0$1#%&(*%"&N#%-"#%&B+6+-)%-.%'+66%'01"%'.$#%90+1I6)%-"&(%-"#%@&A%+.(%/)/-#'/5%O(#%.D%-"#
'./-%$#1#(-%*#N#6.7'#(-/%+/%-"#%+(1.$7.$&-+.(%.D%&%D#'-./#1.(*%6&/#$%+(-.%-"#%+.(%'+66+(C%/)/-#'>%?"+1"%+(1$#&/#/
-"#%'+66+(C%$&-#%B)%07%-.%.(#%"0(*$#*%-+'#/5

2.$%"+C"%+'&C+(C%$#/.60-+.(%&(*%$#*01#*%/7#1+'#(%*&'&C#>%'06-+VB#&'%234%/)/-#'/%?"+1"%"&N#%&(%&**+-+.(&6%+.(
/.0$1#%&$#%0-+6+/#*5%!"#/#%+(/-$0'#(-/>%/01"%&/%-"#%"#6+0'%+.(%'+1$./1.7#%<R3:=>%7$.N+*#%&%W#X+B6#%76&-D.$'%D.$%B.-"
"+C"%$#/.60-+.(%+.(%B#&'%+'&C+(C%&(*%(&(.VD&B$+1&-+.(5%!"#%0/#%.D%-"#/#%*+,#$#(-%+.(%/7#1+#/%#X-#(*/%-"#%&(&6)-+1&6
$&(C#%.D%234%*.?(%-.%-"#%(&(.'#-$#%6#N#65
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Ion–Solid Interactions -
!"#$%&'(#)%"*#%*)%"*+%,)&*)"#-$.(#)%"+

!"# $%&'%# ($# ')'*(+,'-.# /0'# 1# 2!34# +(# +0# +56$%(1"(# ($# /"&'%0(1"&# (7'# 67.0+*1-# 8'1(/%'0# $8# (7'# +$"# 9'154# 1"&# (7'
+"('%1*(+$"#$8# (7'# +$"#9'15#:+(7#(7'#06'*+5'";#<7'#8$--$:+"=#0'*(+$"0#0/551%+0'#(7'#61%15'('%0#(71(#&'>"'#(7'
+$"#9'15#0/*7#10#&$0'#%1('#1"&#'"'%=.4#10#:'--#10#(7'#%1(7'%#*$56-'?#+"('%1*(+$"0#(71(#(7'#+$"#9'15#*1"#71,'#:+(7
(7'#06'*+5'";
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!"#$%&$'(#$)%*'$+),%-'."'$+"*'-/)#"'$*#''+"0*$%"$'(#$1234567$+*$'(#$+%"$8#.)$9/--#"':$;(#$8.*+9$#</.'+%"*$/*#=$'%

=#*9-+8#$'(#$"/)8#-$%&$+%"*$+"$'(#$8#.)$.-#$0+>#"$8#?%@:

!"#$%&'()'*(+,
;(#$"/)8#-$%&$+%"*$ABC$'(.'$9."$+"'#-.9'$@+'($'(#$*.),?#$=/-+"0$'(#$'+)#$A'C$9."$8#$9.?9/?.'#=$>+.D

*(+'-(,%
E#$"%'#$(#-#$'(.'$'(#-#$+*$.$=+F#-#"9#$+"$'(#$'#-)$GH/#"9#G$."=$'(#$'#-)$G=%*#G:$;(#$H/#"9#$+*$'(#$"/)8#-$%&$+%"*

'(.'$,.**$'(-%/0($."$.-#.$,-+%-$'%$*.),?#$+"'#-.9'+%":$;(#$=%*#$+*$'(#$"/)8#-$%&$+%"*$'(.'$(.>#$'-.>#??#=$+"'%$'(#

*.),?#$*/-&.9#:
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;(#$+%"$=%*#$+*$=#I"#=$.*$'(#$"/)8#-$%&$+%"*$'(.'$'-.>#?$'(-%/0($.$*,#9+I9$*/-&.9#$.-#.$+"'%$'(#$*.),?#:$J%*#$9."

8#$9.?9/?.'#=$>+.D

*(+'-(,%'./0%
;(#$+%"$=%*#$-.'#$+*$%&'#"$-#&#--#=$'%$.*$'(#$1?/K:$

;(#$=%*#$-.'#$=#*9-+8#*$'(#$"/)8#-$%&$+%"*$'(.'$.-#$0%+"0$'(-%/0($.$*,#9+I9$.-#.$+"'%$'(#$*.),?#$,#-$/"+'$%&$'+)#D
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!"#$%&'#()"*+,$%,($-

!"#"$%&'()*"$"+,' )+,"$%-,).+',/0"1'.--2$'34"+'%'5"%6').+' )+,"$%-,1'3),4' ,4"'1%60&"'%,.67'84"'()*"$"+,'0.11)5&"

)+,"$%-,).+1'%$"'14.3+')+',4"')&&21,$%,).+'5"&.37

84"' ).+91.&)(' )+,"$%-,).+1' &"%(' ,.' "6)11).+' .:' %' #%$)",/' .:' 1"-.+(%$/' 0%$,)-&"1' 12-4' %1' 1"-.+(%$/' "&"-,$.+1' %+(

1"-.+(%$/').+1';<=>'34)-4'-%+'5"'(","-,"('21)+?'()*"$"+,'(","-,.$1'%+('%$"'21"(':.$'$"-.$()+?')6%?"17'@4.,.+1'%$"

1.'$%$"&/'0$.(2-"(',4%,',4"/'%$"'+"?&"-,"(7'A+'%((),).+>'1%60&"'12$:%-"'%,.61'-%+'5"'$"6.#"(')+'%'0$.-"11'-%&&"(

102,,"$)+?';B=7'84)1'0$.-"11')1'21"(',.'-2,'1,$2-,2$"1>':"%,2$"1'%+('-$.11'1"-,).+1')+,.',4"'1251,$%,"7'84$.2?4.2,',4"

)+,"$%-,).+1>',4"'1%60&"')1'6.()C"('5/',4"').+'5"%6'%1',4"').+91.&)(')+,"$%-,).+1'-$"%,"'#%-%+-)"1>'()1&.-%,).+1'%+(

)+,"$1,),)%&1';D='3),4)+',4"'1%60&"'%1'3"&&'%1'0.&/6"$)1%,).+1';E=7'84"')+,"$%-,).+1',%F"'0&%-"'2+,)&',4"').+'4%1'&.1,'%&&

),1'"+"$?/'%+(')1')60&%+,"(')+',4"'1%60&"';G='%,'%'10"-)C-'("0,4>'.:,"+'$":"$$"(',.'%1',4"'0$.H"-,"('$%+?"7
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!"#$%&'("%)*!"#+$'&,-,)(#

!"#$%&'()*+*,-".))/0%"$1"-2*"$,).+$,3"$.,"-0(,%1*0%"*,./32"*,*034"-."-2*"%(+&'*"(-.+"5-2*"0*).$'"*,*034"$%"'(03*0
-2(,"-2*"#$%&'()*+*,-"*,*0346"-."0*+.7*"-2*"(-.+"10.+"$-%"&.%$-$.,"$,"-2*"'(--$)*8"92*"%-0/):"(-.+")(,"*$-2*0":,.):
./-"(,.-2*0"%(+&'*"(-.+"5(,#"-(:*"$-%"&'()*6";2$)2"$%")(''*#"0*&'()*+*,-").''$%$.,<".0"$-")(,"+.7*"$,-."(,"$,-*0%-$-$('
%$-*".0"=/+&">():"$,-."$-%".'#"&.%$-$.,"5(,,*('6".0")0*(-*"("7()(,)4"5$1"-2*".0$3$,('"'(--$)*"%$-*"0*+($,%"*+&-4"(1-*0"-2*
).''$%$.,68"?&/--*0$,3"$%"("%&*)$('")(%*@"("%(+&'*"(-.+"$%"0*+.7*#"10.+"-2*"%(+&'*"%/01()*8"!"%$,3'*"$.,")(,"#$%'.)(-*
%*7*0('"%(+&'*"(-.+%8"92*%*"0*).$'$,3"(-.+%")(,"-2*,"('%."#$%'.)(-*"1/0-2*0"%(+&'*"(-.+%<"'*(#$,3"-."(")(%)(#*8
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!"#$!%&'(#)()*"#

!"#$%&'($)&*+$,&$-+(,$%'$,.+$("*/0+$"1,+-$0&(%'2$"00$,.+%-$+'+-23$%'$,.+$%&'4("*/0+$%',+-"),%&'5$6.+$"7+-"2+$8+/,.$",
9.%).$ ,.+$ %&'($ )&*+$ ,&$ -+(,$ %($ )"00+8$ ,.+$ /-&:+),+8$ -"'2+$ ;/-&:5$ 6.%($*+"'($ ,.",$ ,.+$ <+"*$ %&'($ %*/0"',$ %'$ 3&=-
("*/0+5$>'$,.+$)"(+$&1$2"00%=*?$,.%($)"'$0+"8$,&$)."'2+($%'$,.+$/.3(%)"0$/-&/+-,%+($&1$3&=-$("*/0+5

@&'(%8+-",%&'$ '++8($ ,&$ <+$ *"8+$ ,&$ ,.+$ +A+),$ &1$ /"-,(B/+-B*%00%&'$ %*/0"',",%&'$ &1$ 2"00%=*$ %',&$ ,.+$ (/+)%*+'5
!"00%=*$&-$ C+'&'$ %*/0"',",%&'$ )&=08$/&,+',%"003$*&8%13$ ,.+$ )-3(,"0$ (,-=),=-+?$ 2-"%'$<&='8"-3$ ).+*%(,-3$ &-$ (&*+
&,.+-$)."-"),+-%(,%)($&1$,.+$(/+)%*+'5$6.%($(.&=08$<+$,"D+'$%',&$)&'(%8+-",%&'$9.+'$8+)%8%'2$,&$=(+$E>F?$"'8$(.&=08
"0(&$<+$D+/,$%'$*%'8$8=-%'2$8","$"'"03(%($&1$(/+)%*+'($,.",$."7+$<++'$/-+/"-+8$<3$E>F5
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!"#$%&'()*+,"#-($%.

!"#$%&'$(#)*$+#),-$.&$-#/&',)01$#+#/.0&'$2345$#*%--%&'6$7$-)*8+#$).&*$#+#/.0&'$%-$#9#/.#,$%'$."%-$%&':(#)*$-)*8+#
%'.#0)/.%&'$;"%/"$/)'$."#'$(#$,#.#/.#,$(1$)$-.)',)0,$-#/&',)01$#+#/.0&'$2345$,#.#/.&06$!"#-#$34$/0#).#$."#$-%<')+
.").$%-$/&'=#'.%&')++1$>-#,$;"#'$%*)<%'<$;%."$."#$%&'$(#)*6$!"#$34$1%#+,$?&0$%&'$(#)*-$%-$"%<"#0$%'$/&*8)0%-&'$.&
#+#/.0&'$(#)*-@$A:AB$34$)0#$#*%..#,$8#0$%&'$;"%+#$&'+1$B6A:A34$)0#$#*%..#,$8#0$#+#/.0&'$(#)*$#+#/.0&'6
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!"#$%&'()*+$%,-*.'#/,#'00"("&*+$%,*'%&*12$%$%,

!"#$%&'()* +$%,! "#$%! &'#$! ()%! *+$,-%.!/)%0! ()%! 1#0! 2%+$! )1(*! +0! +(#$!31()10! +! *,%"1$%04! ()1*! )15)! %0%'56

"#--1*1#0!"+0!(7'0!()%!*+$,-%*!+(#$!10(#!+0!1#04!+08!()1*!1*!7*7+--6!+""#$,+01%8!26!()%!1#0!2%105!90#"9%8!#7(!&'#$

()%! *,%"1$%0! *7'&+"%.! :)7*! +! *%"#08+'6! 1#0! 1*! +! *+$,-%! +(#$! 3)1")! 1*! 1#01*%8! +08! %$1((%8! &'#$! ()%! *7'&+"%.

;%"#08+'6!1#0*!()%'%&#'%!"+''6!")%$1"+-!10&#'$+(1#0!+2#7(!()%!*,%"1$%0*!*7'&+"%4!3)%'%+*!,'1$+'6!1#0*!)+<%!()%

")%$1*('6!#&!()%!1#0!2%+$!*#7'"%4!7*7+--6!5+--17$.

-'#.,#'//"("&*0$%,! =>;?@!+'%! 1#0*!&'#$!()%!,'1$+'6!2%+$!()+(!A2#70"%B!2+"9!&'#$!()%!*+$,-%!*7'&+"%.!;10"%!()%

2+"9*"+((%'%8!1#0*!"#$%!&'#$!()%!1#0!2%+$4!()%6!+--!)+<%!()%!*+$%!")%$1*('6!+*!()%!C?>!*#7'"%4!7*7+--6!D+E.!:)%

>;?!61%-8!1*!-#34!7*7+--6!#0-6!F.GHGF!I!#&!1#0*!+'%!2+"9*"+((%'%8.

12$%$%,! +'%! +(#$1"! <12'+(1#0*! #'!3+<%*!31()10! ()%! *+$,-%*! "'6*(+-! *('7"(7'%! ()+(! +'%! 1087"%8! 26! ()%! %0%'5%(1"

2#$2+'8$%0(!#&!1#0*!10(#!()%!*,%"1$%0.!:)%6!'%,'%*%0(!+!&#'$!#&!)%+(.
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!"#$%&'()**

!"#$%&'()**'+$),'-.#'/)"'0#1,')223$*'0&'-4)'-&5#*')+'/"-#$12-/)"*6'!"#$%&''/"-#$12-/)"*'4/-.'-.#'"32(#3*')+'1-),*'/"
-.#'*1,5(#7')$'&(!"#$%&''/"-#$12-/)"*'4/-.'-.#'#(#2-$)"'2()38')+'1-),*'/"'-.#'*1,5(#9'!12.'-/,#'1"'/)"'2)((/8#*'4/-.
1"'#(#2-$)"'2()38')$'"32(#3*7'1'2#$-1/"'1,)3"-')+'#"#$%&'/*'-$1"*+#$$#8'+$),'-.#'/)"'-)'-.#'*1,5(#9':.#'-)-1('#"#$%&
()**' /*'*/,5(&' -.#'*3,')+' -.#'#(1*-/2'1"8' /"#(1*-/2' /"-#$12-/)"*9':.#')3-2),#')+'1'2)((/*/)"'0#-4##"'1"' /)"'1"8'1"
1-),' /"' 1' *1,5(#' 8#5#"8*' )"' -.#' #"#$%&' -.1-' /*' -$1"*+#$$#8' 83$/"%' -.#' 2)((/*/)"' 1*' 4#((' 1*' -.#' *1,5(#;*
2$&*-1(()%$15.&'1"8'2.#,/*-$&9'<32(#1$'/"-#$12-/)"*'21"'(#18'-)'*53--#$/"%7'*#2)"81$&'/)"'#,/**/)"'=>?@7'8/*()21-/)"*7
1,)$5./A1-/)"7' B121"2/#*' 1"8' 5.)")"*9' !(#2-$)"/2' /"-#$12-/)"*' 21"' (#18' -)' *#2)"81$&' #(#2-$)"' #,/**/)"' =>!@7
5.)")"*7'5(1*,)"*'=/"',#-1(*@'1"8'5)(&,#$/*1-/)"9
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!"##$%$"&'!(%)(*+

!"#$%&'("$)%"*#*+'',"-)''$.(#"/$01"2*'0$3'("#+23'("+0)2#"+%."-4(+0(#"+"-+#-+.(5"61$#"-+#-+.("-+%"-4(+0("7+-+%-$(#8
-1+%&("01("3)#$0$)%")9"+0)2#"/$01$%"01("-4,#0+'"#04*-0*4(8"+%."$#"*#*+'',"+##)-$+0(."/$01"$23'+%0+0$)%")9"01("$%-$.(%0
$)%" 94)2" 01("34$2+4,":(+25";)''$#$)%" -+#-+.(" $#" -)22)%'," #0*.$(#":,"<)%0(";+4')" #$2*'+0$)%8" +%."+"%*2:(4")9
94((/+4(" 3+-=+&(#" +4(" +7+$'+:'(" 9)4" 2$-4)#-)3$#0#" 0)" #0*.," 1)/" 01(" $)%" :(+2" 3+4+2(0(4#" (>(-0" 01(" .(301" )9
#3(-$2(%".+2+&(5"!%"(?+23'(")9"+"<)%0(";+4')" #$2*'+0$)%" $#" #1)/%":(')/5"61(#("-+'-*'+0$)%"2(01).#"/$''" +'#)
34)7$.("01("2$-4)#-)3$#0"/$01" $%9)42+0$)%"+:)*0" 01("(%(4&,")9":+-=#-+00(4(." $)%#8":+-=#-+00(4(."('(-04)%#"+%."+
#0+0$#0$-+'"+%+',#$#")9"01("34)@(-0(."4+%&(5
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Sputtering - !"#$$%&'()*+,%&,'%-

!"#$$%&'()*+,,#&-*./%(*0*-01"2%*0$+1*'-*%3%,$%4*5&+1*$/%*-01"2%*-#&50,%6*7/'-*'-*0*-"%,'02*,0-%*+5*0*4'-"20,%1%($8
+(29*0$+1-*(%0&*$/%*-01"2%*-#&50,%*0&%*"+$%($'02*,0(4'40$%-*5+&*-"#$$%&'()6*7/%*1+&%*,+22'-'+(-*$/0$*+,,#&*+(*$/%
-01"2%*-#&50,%8* $/%*1+&%* 2':%29* $/0$*-"#$$%&'()*+,,#&-6*;$+1-*$/0$*0&%* 2+,0$%4*4%%"%&*.'$/'(* $/%*-01"2%*0&%* 2%--
2':%29*$+*<%*-"#$$%&%4*<%,0#-%*$/%*'+(*<%01*2+-%-*%(%&)9*0-*'$*"%(%$&0$%-*$/%*-"%,'1%(6*
7.+*,+(4'$'+(-*(%%4*$+*<%*1%$*5+&*-"#$$%&'()6

=6* 7/%*-#&50,%*0$+1*(%%4-*$+*&%,%'>%*%(+#)/*%(%&)96
?6* 7/%*-#&50,%*0$+1*(%%4-*$+*<%*4'-"20,%4*'($+*0*"+-'$'+(*+#$-'4%*$/%*-01"2%

!"#"$%&%#'(")%*&+,-('./&&%#+,-
!"#$$%&'()*'-*"&%4+1'(0($29*'(@#%(,%4*<9*$/%*-#&50,%*<'(4'()*%(%&)98*$/%*'(,'4%(,%*0()2%*0(4*$/%*'('$'02*'+(*%(%&)9
A0,,%2%&0$'+(*>+2$0)%B6*7/%*0()2%*+5*'(,'4%(,%*0()2%*<%$.%%(*$/%*<%01*0(4*$/%*-01"2%*4%$%&1'(%-*$/%*$&03%,$+&9*+5
$/%* ,+22'-'+(* ,0-,04%8* 0(4* 4',$0$%-* /+.* 10(9* 0$+1-* 0&%* (%0&* %(+#)/* $+* $/%* -01"2%* -#&50,%* $+* <%* "+$%($'02
,0(4'40$%-*5+&*-"#$$%&'()6
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!"#$$%&'()*+'%,-

!"#$%&'((#)*+,$-*#./$/#%0)*1#%$"23$45+-$%54&.#$5(24%$5)#$%&'((#)#/$&#)$*+0*/#+($*2+

!"#$ %&'((#)*+,$ -*#./$ 62)$ 7589:;%$ *%$ (-&*05..-$ 1#(3##+$ <$ 5+/$ <=$ 62)$ 5+$ *2+$ 1#54$ &#)&#+/*0'.5)$ (2$ ("#$ %&#0*4#+
%')650#>

!"#$%&'(&)$$#*#+)%,-.&/'*%).#
!"#$62..23*+,$&.2($%"23%$("#$#?#0($26$("#$500#.#)5(*2+$@2.(5,#$2+$("#$%&'((#)*+,$-*#./$62)$5$75A$*2+$1#54$*+$*)2+>$B(
"*,"#)$1#54$#+#),*#%C$42)#$#+#),-$05+$1#$()5+%6#))#/$6)24$("#$*2+%$(2$("#$%54&.#$5(24%C$%24#(*4#%$)#6#))#/$(2
5%$ )#02*.%>$ !"#$ )#02*.$ 5(24%$5)#$ ("#)#62)#$42)#$ .*D#.-$ (2$ )#0#*@#$#+2',"$#+#),-$ (2$2@#)024#$ ("#$ %')650#$1*+/*+,
#+#),-$5+/$(2$1#$%'1%#E'#+(.-$%&'((#)#/$*6$("#-$5)#$0.2%#$#+2',"$(2$("#$%54&.#$%')650#>

F"#+$'%*+,$5$9:;C$("#$*+0*/#+0#$5+,.#$G!H$)#6#)%$(2$("#$5+,.#$1#(3##+$("#$*2+$1#54$5+/$("#$%&#0*4#+$%')650#>$!"#
*+0*/#+0#$5+,.#$*%$=I$3"#+$("#$*2+$1#54$*%$&#)&#+/*0'.5)$(2$("#$%54&.#$%')650#$G*+/*05(#/$1-$("#$/5%"#/$.*+#%$*+$("#
*..'%()5(*2+$1#.23H>
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B($ .5),#)$ *+0*/#+($ 5+,.#%C$ ("#$ 02..*%*2+$ 05%05/#$ *%$ &)#/24*+5+(.-$ .205(#/$ /*)#0(.-$ '+/#)+#5("$ ("#$ %')650#>$ !"*%
*+0)#5%#%$("#$&)2151*.*(-$26$%&'((#)*+,$5%$42)#$)#02*.$5(24%$G%54&.#$5(24%$("5($"5@#$1##+$%()'0D$1-$("#$ *+0*/#+(
*2+%H$5)#$0.2%#$(2$%54&.#$%')650#>$!"#$45J*45.$%&'((#)$-*#./$05+$1#$21(5*+#/$62)$5+$*+0*/#+($5+,.#$1#(3##+$KLI8MLIC
5%$%"23+$*+$("#$,)5&"$1#.23>

0)%#+,)*&1#2#-1#-$3
!"#$%')650#$1*+/*+,$#+#),-$ *%$/*?#)#+($62)$/*?#)#+($45(#)*5.%C$("#)#62)#$/*?#)#+($45(#)*5.%$"5@#$/*?#)#+($%&'((#)
-*#./%>$ !"#$ /*?#)#+0#$ *+$ ("#$ %&'((#)*+,$ -*#./$ ,#(%$ %45..#)$ 5($ "*,"#)$ 5+,.#%C$ %2$ ("#$ %')650#$ 1*+/*+,$ #+#),-$ *%$ .#%%
%*,+*N05+($5($"*,"$*+0*/#+($5+,.#%>$!-&*05.$%&'((#)*+,$-*#./%$62)$5$O=DP$75A$*2+$1#54$5)#$,*@#+$1#.23C$3"#)#$*($05+
1#$%##+$("5($("#)#$5)#$%*,+*N05+($/*?#)#+0#%$1#(3##+$("#$#J54&.#%$0"2%#+$"#)#>

B'Q$<K>R$5(24%S*2+>
9#Q$L>K$5(24%S*2+>
T*Q$U>U$5(24%S*2+>
!*Q$U>U$5(24%S*2+>

!"*%$/*?#)#+0#$*+$%&'((#)*+,$-*#./%$4'%($1#$(5D#+$*+(2$02+%*/#)5(*2+$3"#+$'%*+,$5$9:;$2+$5$4'.(*8&"5%#$%-%(#4>$92)
#J54&.#C$ ("#$ *45,#$ 2+$ ("#$ .#6($ %"23%$ ("#$ #?#0($ 26$ 0)2%%8%#0(*2+*+,$ 50)2%%$ 5$ 45(#)*5.$ *+(#)650#$ 1#(3##+$ (32
/*?#)#+($&"5%#%>$V'#$(2$/*?#)#+($%&'((#)*+,$)5(#%C$("#$45(#)*5.$2+$("#$)*,"($"5%$1##+$4*..#/$(2$5$%*,+*N05+(.-$.23#)
/#&("$ ("5+$ ("#$45(#)*5.$ 2+$ ("#$ )*,"(>$F"#+$ '%*+,$ ("#$ 9:;$ (2$ &)#&5)#$ ("*+$ %#0(*2+%$ %'0"$ 5%$ ("2%#$ '%#/$ 62)$ !WX
%54&.#$&)#&5)5(*2+C$1)#5D5,#$05+$200')$5($("#$*+(#)650#C$5%$%"23+$*+$("#$*45,#$2+$("#$)*,"(>
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:45,#$2+$("#$.#6($%"23%$("#$/*?#)#+0#$*+$%&'((#)*+,$-*#./C$5+/$("#)#62)#$)5(#$26$4*..*+,C$62)$/*?#)#+($45(#)*5.%>$T54&.#%$02')(#%-$26
Y*'4#*$ Z"#+,C$['##+%.5+/$\+*@#)%*(-$ 26$ !#0"+2.2,->$ :45,#$2+$ ("#$ )*,"($ %"23%$ %&#0*4#+$1)#5D5,#$/'#$ (2$/*?#)#+($4*..*+,$ )5(#%
50)2%%$("#$*+(#)650#$1#(3##+$(32$/*?#)#+($&"5%#%C$*45,#$02')(#%-$]*+-*+,$^*+C$['##+%.5+/$\+*@#)%*(-$26$!#0"+2.2,->

45)--#*,-.
_"5++#.*+,$ 200')%$ 62)$ &2.-0)-%(5..*+#$ %54&.#%C$ %'0"$ 5%$ 02&&#)C$ 3"*0"$ "5%$ 45+-$ /*?#)#+($ ,)5*+%$ 3*("$ /*?#)#+(
2)*#+(5(*2+%>$:2+%$&#+#()5(#$/##&#)$*+(2$.23$*+/#J$/*)#0(*2+%$G("#%#$/*)#0(*2+%$"5@#$5$.23#)$/#+%*(-$26$5(24%H$5+/
("#%#$3*..$ ("'%$+2($&)2/'0#$5%$4'0"$%*,+5.$2)$ %&'((#)$5%$4'0"C$ )#%'.(*+,$ *+$'+#@#+$4*..*+,$5%$ %"23+$ *+$ ("#$TWX
*45,#%>$`5((#)+%$("5($5)#$%()'0(')#/$50)2%%$%#@#)5.$,)5*+%$26(#+$/*%&.5-$/*?#)#+($/#&("%$5+/$%()'0(')#$E'5.*(*#%C$5%
%"23+$*+$("#$*2+$1#54$*45,#$2+$("#$.#6(>
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How does a FIB-SEM work? - !"#$"%#&

!"#$%"&'"(")*+,'-."/-(0"*)"&*1'2"(1."34&'"/-(0"&'"'+(11-."56('3-6-.7"(+6*''"34-"'(089-":,'3"9&;-"&3"&'"&1"34-"<=>?"@4-
&*1'"4(A-"-1-6BC2"(1."D4-1"34-C"4&3"34-"'(089-"34-C"+6-(3-"("'&B1(9")6*0"34&'"&13-6(+3&*1?"E4-1"34-"-1-6BC"&'"4&B4
-1*,B42"34-"#$%"+(1"6-0*A-"(3*0'")6*0"34-"'(089-"',6)(+-?"@4-"6-0*A(9"*)"0(3-6&(9"&'",'-."3*"+,32"36-1+4"*6"0&99
34-"'(089-"*1"("'+(9-"*)"1(1*0-3-6'"3*"0&+6*0-3-6'?"
@4-")*99*D&1B"'-+3&*1'"D&99".-'+6&/-"&1"0*6-".-3(&9"34-"+*089-F"&13-6+(3&*1'"/-3D--1"34-"&*1"/-(0"(1."34-"'(089-2
(1."D&99"(9'*".-'+6&/-"34-".-'&B1"*)"34-"&1'36,0-132"(1."'*0-"0*6-"+*00*1"(889&+(3&*1'"*)"34-"#$%G<=>?

Components of FIB - !"#$%&'(#)%"*#%*(%+,%"-"#.

!"#$% &'()*+!#% ,-./% 012$/% #2324-5% 6"7#$516$2"78% 9,/:% -5/% ;124$% -5"17<% -% .-6113% 6,-3;/5=% -7<% ,-./% -% ./5$26-4 
/4/6$5"7%>178%9,/%2"7%>17%-7<%$,/%"$,/5%#/4/6$/<%-$$-6,3/7$#%-5/%?4-6/<%-5"17<%$,/%/4/6$5"7%>17%-$%.-52"1#%-7>4/#

-7<%?"#2$2"7#%</?/7<27>%"7%$,/%6,-3;/5%>/"3/$5:8%@$$-6,3/7$#%$"%&'()*+!#% 27641</%A-#% '7B/6$2"7%*:#$/3#%CA'*D

E"5%</?"#2$2"7%"5%F/4<27>%F2$,%<2G/5/7$%3-$/52-4#=%"5%E"5%?-$$/5727>%"7%$,/%#-3?4/%#15E-6/=%-%3-72?14-$"5%E"5%27)#2$1

42E$)"1$#=%-7<%#/./5-4% $:?/#%"E%</$/6$"5#% C"E$/7% 27641<27>%#/6"7<-5:%/4/6$5"7%</$/6$"5#=% 27)4/7#%</$/6$"5#=%(*+=%+H*

-7<%+(*H%</$/6$"5#D%$"%-44"F%-%E144)#6-4/%-7-4:#2#%"E%$,/%#-3?4/%-7<%#-3?4/%65"##)#/6$2"7#8%I4/-#/%#//%$,/%*+!%-7<

+H*%3"<14/#%E"5%E15$,/5%27E"53-$2"7%"7%,"F%$,/#/%</$/6$"5#%F"5J8
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!"#$$%&'(')*%&"+,&-."%/*0

!" #$%#" &'())*" $+" ,-.)$,-/" 0-12--3" 1#-" %)3" '3/" +'*45-" +),6'(-" 17"*$3$*$8-" (755$+$73+" 76" 1#-" (#',%-/" 4',1$(5-+
9-5-(1,73+"'3/"$73+:"2$1#"'$,"*75-()5-+;"<'())*"$+"'5+7"&-,="(,)($'5"67,"4,-&-31$3%"(731'*$3'1$73"76"1#-"+7),(-"'3/
-5-(1,$('5"/$+(#',%-"$3"1#-"%)3"'++-*05=;">73"4)*4+"',-"37,*'55=")+-/"67,"1#-"(75)*3+"'3/"'"1),07*75-()5',"4)*4
$3"(73?)3(1$73"2$1#"'"/,="4,-@&'())*"4)*4"$+"(7**735=")+-/"67,"1#-"+4-($*-3"(#'*0-,;

!"#$%&'$()*$+,-./&0

!"#$%&'()*
!"#$"%&'("&)"*'$+,&-.'/0*'0/"&+1&'("&*+203,-&$,&45.*+6"-)&.74&3+802"

+&*$%&'()*
9("&3:;+/&*+36+,",')&+1&'("&$+,&*+203,&:/"<&'("&$+,&)+0/*"&'(:'&*/":'")&'("&=":3>&"2"*'/+)':'$*&2",)")&'(:'&*+,'/+2
:,8&)(:6"&'("&=":3>&:&=":3&)"2"*'$#"&:6"/'0/"&'(:'&)"')&'("&$+,&=":3&)$?">&:,8&:6"/'0/")&'(:'&=2+*@&+0'&0,%:,'"8
=":3&6:/')A&B,&$+,&C"''"/&6036&DEFGH&@""6)&'("&*+203,&:'&:&($C(&#:*003&DIJKLM&G:H&'+&:#+$8&*+,':3$,:'$+,&+1&'("
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!"#$%&'(&)!*&'+,-#.
!"#$ DEF$ *-3+#,$ ,"/.$ ("#$ #:#&($ ."#'$ (*2(*'+$ 3($ #%&#'()*&$ "#*+"($ 3'0$ '/($ 3($ #%&#'()*&$ "#*+"(4$ 5"#'$ (*2(*'+$ 3(

#%&#'()*&$"#*+"(7$ ("#$ 9#3(%)#$/9$ *'(#)#,($ *,$ *'$ ("#$ ,3-#$6/,*(*/'$."#'$ ("#$ ,(3+#$ *,$ (*2(#0$6#)6#'0*&%23)$ (/$ ("#$ */'

1#3-$3'0$6#)6#'0*&%23)$(/$("#$#2#&()/'$1#3-$G2#9(H-*002#$*-3+#I4$!"#$9#3(%)#$.*22$1#$0*,623&#0$*'$?C0*)#&(*/'$."#'

("#$,(3+#$*,$'/($3($#%&#'()*&$"#*+"($3'0$(*2(#0$G2#9(H)*+"($*-3+#I4
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!"#$%#&'$%'()"#$*

!"#$%&'(%')#(%#$*&'(+$',$)#-(#)$.,$+"#$*&'(+$'($/"'%"$+"#$'(+#0,#%+'&($&1$2&+"$+"#$#3#%+0&($2#.4$.()$+"#$'&($2#.4

"'+$ +"#$ ,.4*3#,$ .+$ +"#$ ,.4#$ ,*&+5$ !"#$ ,.4#$ .0#.$ %.($ 2#$ ,##($ /"#($ '4.6'(6$ /'+"$ 2&+"$ 2#.4,$ .+$ #78.3

4.6('-%.+'&(5$9"#($ +"#$ #3#%+0&($ 2#.4$.()$ +"#$ '&($ 2#.4$.0#$ (&+$ '($ %&'(%')#(%#$ +"#$ 2#.4,$ "'+$ )':#0#(+$ ,*&+,5

;#++'(6$.%%80.+#$2#.4$%&'(%')#(%#$ ',$&1$60#.+$ '4*&0+.(%#$)80'(6$<=>?;@A$&*#0.+'&(5$ =+$.33&/,$+"#$&*#0.+&0$+&$8,#

+"#$ #3#%+0&($ 2#.4$ 1&0$ ,.4*3#$ '4.6'(6$ '(,+#.)$ &1$ 0#3B'(6$ &($ '&($ 2#.4$ ,(.*,"&+,$ &0$ '4.6#,$ +".+$ 3#.)$ +&$ ,.4*3#

)#60.).+'&(5$C&+#$+"#$)':#0#(+$D'#/*&'(+,$&1$+"#$2#.4,$E$F+$+'3+#)$,+.6#,G$+"#$'&($2#.4$3&&H,$)'0#%+3B$.+$+"#$,.4*3#

,801.%#$I*#0*#()'%83.0J5$!"#$#3#%+0&($2#.4$3&&H,$.+$.($.(63#$.+$+"#$,.4*3#$,801.%#5
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Applications - Ion Beam Imaging - !"#$%&'()"#*+(,

!"#$%#"&$#'(#)*%#"%+)',(#,(#',(-",.'/#'()%0&+)',("1#)*%#'()%0&+)',("#,2#)*%#',(#3%&4#$')*#)*%#"&45.%#&),4"#.%&/"#),
"%+,(/&06#%.%+)0,(#%4'""',(#7%4'""',(#,2#&#"&45.%#&),4#%.%+)0,(8#&"#$%..#&"#"%+,(/&06#',(#%4'""',(9#!#4:.)'):/%#,2
,)*%0#%4'""',("#&0%#&.",#50,/:+%/1#3:)#,(.6#)*%#"%+,(/&06#%.%+)0,("#&(/#',("#&0%#+,("'/%0%/#*%0%#&"#)*%6#+&(#3%
/%)%+)%/#&(/#:"%/#2,0#'4&;'(;#&55.'+&)',("9#<%+,(/&06#%.%+)0,("#)*&)#&0%#+0%&)%/#(%&0#)*%#"&45.%#":02&+%#+&(#3%
/%)%+)%/#$')*#&#"%+,(/&06#%.%+)0,(#/%)%+),09
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!"#$%&'%

!"#$%&'%(&'()"*(&+'(,*#-(&-#%*(#..*#$/(#/(0%$+1&'%2(,3#45(#$*#/6(7"*($*#/+'(&/(&338/)$#)*9(&'()"*($&%")(/4"*-#)&4:(;
.+/&)&<*(4"#$%*(0=$+-()"*(.+/&)&<*(%#33&8-(&+'/2(,8&39/(8.(#)()"*(/8$=#4*(&'('+'>4+'984)&<*(/#-.3*/(98*()+(%#33&8-
&+'(&-.3#')#)&+'(#'9(*-&//&+'(+=(*3*4)$+'/(1"&4"(#3/+(4$*#)*/(#(.+/&)&<*('*)(4"#$%*6(7"*(/&%'#3()"#)(4$*#)*/()"*(&+'
,*#-( &-#%*( &/( /*4+'9#$?( *3*4)$+'/( 01*( /#1( )"#)( *#$3&*$( &'( )"*( &+'@/+3&9( &')*$#4)&+'( /*4)&+'26( 7"*( /*4+'9#$?
*3*4)$+'/("#<*(#('*%#)&<*(4"#$%*(#'9(#$*(,#45(#))$#4)*9()+()"*('+1(.+/&)&<*3?(4"#$%*9(/#-.3*(#'9(9+('+)($*#4"()"*
9*)*4)+$6(7"*(&-#%*(#..*#$/(9#$5(/&'4*('+(/&%'#3(&/(9*)*4)*96

7"*(4"#$%*(4#'(,*(4+-.*'/#)*9(,?(8/&'%()"*(ABC(4+38-'(#/(#(D++9%8'6(7"*('*%#)&<*(*3*4)$+'(,*#-(&/(/4#''*9
+<*$()"*(/#-.3*(1"&3*(&-#%&'%(1&)"()"*(&+'(,*#-6(7"*(*3*4)$+'(,*#-(4+-.*'/#)*/()"*(,8&39(8.(+=(.+/&)&<*(4"#$%*6
7"&/( /#-.3*( '*8)$#3&/#)&+'( #33+1/( )"*( &+'>,*#->4$*#)*9( /*4+'9#$?( *3*4)$+'/( )+( */4#.*( #'9( $*#4"( )"*( 9*)*4)+$6
!"#$%*('*8)$#3&/#)&+'(4#'(#3/+(,*(8/*9(1"*'(.#))*$'&'%(#'9(#33+1/(-&33&'%(+=(/*-&4+'984)&'%>(#'9('+'>4+'984)&<*
/#-.3*/6(E+1(*'*$%?(*3*4)$+'/(#$*(4+'<*')&+'#33?(8/*9(=+$()"&/6
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!"#$$%&'$()!*$+,#-+

!"#$%&'()*$*+,-$*./)0%,0$1+'22)3%2($1,240'*4$1,&/'0)5$-%4+$1,26)24%,2'3$)3)140,2$%&'(%2(7$82$)9'&/3)$%*$(%6)2$%2

4+)$3):4$%&'()7$;+'22)3%2($1,240'*4$%*$10)'4)5$5.)$4,$5%<)0)24$%,2=*'&/3)$%24)0'14%,2*$%2$*/)1%>1$10?*4'3$5%0)14%,2*7

",2*$/)2)40'4)$5))/)0$ %24,$&'4)0%'3*$ %2$ 3,-$ %25)9$5%0)14%,2*$*.1+$'*$ @AABCD$ @ABBC7$ "2$4+)*)$5%0)14%,2*D$ 4+)$1,33%*%,2

1'*1'5)$/)2)40'4)*$5))/)0$ %24,$ 4+)$&'4)0%'3D$ 5.)$ 4,$ 4+)0)$E)%2($ '$ 3'0()0$ '4,&%1$5%*4'21)$ F'$-%5)0$ ('/G$ '4$ 4+)*)

,0%)24'4%,2*D$-+%1+$3)'5*$4,$3,-)0$*)1,25'0?$)3)140,2$?%)35*7$H+%*$&)'2*$4+'4$4+)*)$5%0)14%,2*$'//)'0$5'0I)07

",2$1+'22)33%2($1,240'*4$%&'()$,2$HJK$:,%3$,:$;.LM%$'33,?7$"&'()$1,.04)*?$,:$82%&)*+$#'E'ID$85)3'%5)$K%10,*1,/?

www.myscope.training Focused Ion Beam 44



!"#$%&'$()"*+,-.(/.

!"#$%&'($)('*)#*$ )+$,&+-./0-)1&2$3$+)#*4&$+0'#$5)-6$-6&$ )"#$%&'($0'#$+&1&.&47$,'('*&$-6&$+'(84&$'#,$ )#-.",/0&
'.-&9'0-+:$ '+$ +6"5#$ )#$ -6&$ ;<=$ )('*&$"9$ '$3/$"#$>$ +'(84&:$ )('*&,$5)-6$?'@$ )"#+:$ ABCD:$ EB83:$ ABF+$,5&44$ -)(&:
GBHIJKKI$.&+"4/-)"#:$G$9.'(&L$M"5$&J0&++)1&$-6&$+'(84&$,'('*&$)+$,&8&#,+$"#$-6&$+'(84&L$;'(84&$,'('*&$0'#$%&
.&,/0&,$%7$4)()-)#*$-6&$)"#$,"+&$N.&,/0)#*$-6&$#/(%&.$"9$+0'#+$"1&.$-6&$+'(84&:$.&,/0)#*$-6&$)"#$%&'($0/..&#-:$".
O""()#*$"/-PL$;'(84&$,'('*&$0'#$%&$'1"),&,$%7$/+)#*$-6&$&4&0-."#$%&'($)#+-&',$"9$-6&$)"#$%&'($56&#$8"++)%4&:
'#,$/-)4)+)#*$-6&$%&'($%4'#C&.L
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Milling - !"##$%&'&()*$+,"&'-.

!"##$%&'&() '*) #+$),%-.$**)-/).%$"#'&()0'.%-1) #-)&"&-*'2$3)*#%4.#4%$*) '&5-&)#+$)*"0,6$)7'") '-&)8$"0)0'66'&()-%)("*

"**'*#$3)3$,-*'#'-&9):&;).-0,6$<)*#%4.#4%$)."&)8$).%$"#$3) /%-0)8"*'.)84'63'&()86-.=*) >6'&$*?)*,-#*?) %$.#"&(6$*@9) A&

"33'#'-&?)*#%$"0)B6$*)-%)8'#0",*)."&)8$)0'66$39)C-0,6$<)*#%4.#4%$*)."&)8$)*.%',#$3)"&3)"4#-0"#'."66;),$%/-%0$3)8;

#+$)*;*#$0)D'#+-4#)"&)-,$%"#-%)-&)*'#$)/-%)")6-#)-/)EAF1GHI)*;*#$0*9)H<"0,6$*)-/)*#%4.#4%$*?)%"&('&()/%-0),6"#'&40

%'.+)3$,-*'#'-&?)#-)&"&-,-%$)"%%";*?)3-&4#*?).%-**1*$.#'-&*)"&3)046#',6$)*#%4.#4%$*)6'=$)#+$)%-8-#)"%$)*+-D&)'&)#+$

'0"($9)J4%'&(),"##$%&'&(?)#+$)'-&)8$"0)'*)>7$.#-%1@)*."&&$3)".%-**)#+$)*"0,6$)*4%/".$9)K+$)8$"0)*#";*)'&)-&$)*."&

,-'&#) /-%) ") 3$*'(&"#$3) #'0$) >3D$66) #'0$@) 8$/-%$) '#) 0-7$*) -&) #-) #+$) &$<#) *,-#) >$L4'7"6$&#) #-) #+$) $6$.#%-&) 8$"0

*."&&'&(@9)K+$)%"#$)"&3),%$.'*'-&)-/)#+$)0'66'&()'*)3$#$%0'&$3)8;)#+$)'-&)8$"0).4%%$&#9
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!"##$%&'&()!"%"*$#$%+

!"#"$%&'()*'+"%,'-%.."$*(*/'-%$%,"."$0',10.'+"'0".'.)'%23("#"')-.(,%&'$"01&.04'%22"&"$%.()*'#)&.%/"5'21$$"*.5'67"&&
.(,"8-%00"05' -(.238)#"$&%-5' 02%*' 6($"2.()*5' 0.%/"' .(&.5' +"%,' %&(/*,"*.0' %*6' 0"$(%&8-%$%&&"&' -%.."$*(*/' 9)$',1&.(-&"
-%.."$*0:

Patterning Parameters - !""#$#%&'()*+,)$'&-#

!"#$%&&#'#(%)*+,$-+')%.#$/#)#(0*,#1$)"#$*+,21$#,#(.34$!"#$"*."#($)"#$%&&#'#(%)*+,$-+')%.#$5#4.4$6789:;$)"#$"*."#($)"#

*+,21$#,#(.3$5678#9:4$<)$"*."#($#,#(.3$)"#$*+,1$=#,#)(%)#$/##=#($*,)+$)"#$1%0='#$%,/$(#1>')$*,$%$'%(.#($*,)#(%&)*+,

-+'>0#$ 5)"#$ -+'>0#$ *,$?"*&"$ )"#$ *+,1$ *,)#(%&)$?*)"$ )"#$ 1%0='#:4$ !"#$ *+,@1+'*/$ *,)#(%&)*+,1$ &%>1#$%0+(="*1%)*+,4

!"#(#A+(#$)"#$'%(.#($)"#$*,)#(%&)*+,$-+'>0#;$)"#$)"*&8#($)"#$%0+(="+>1$'%3#(4$!"#$!BC$0#%1>(#0#,)1$*''>1)(%)#$)"#

%0+(="+>1$ '%3#(1$ &(#%)#/$ /#=#,/*,.$ +,$ )"#$ %&&#'#(%)*+,$ -+')%.#4$ 6789$ %&&#'#(%)*+,$ -+')%.#$ =(+-*/#1$ )"#$ D#1)

(#1+'>)*+,$%,/$ *1$ &+,-#,)*+,%''3$>1#/$ A+($,%,+1)(>&)>(*,.E=%))#(,*,.$=>(=+1#14$ F+?#($ %&&#'#(%)*+,$ -+')%.#1$ 5G89;

H89$ *A$ %-%*'%D'#:$ %(#$ >1#/$ A+($ =+'*1"*,.$ 1%0='#1$ 5!<I$ %,/$ !BCJ'%0#''%$ =(#=%(%)*+,:$ )+$ (#/>&#$ )"#$ )"*&8,#11$ +A

%0+(="+>1$'%3#(14
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!"#$%&$#'(#)*+,&$$#-%

!"#$ %&'$(#)*$+,--#'.$ %/$ +"&/#'$ 01%)$ ."#$(#)*$/#2#+.%'3$)4#-.,-#$ /.-%45$ 6#4#'6%'3$&'$ ."#$6#/%-#6$ /.-,+.,-#$ /%7#8
9*)22#-$%&'$(#)*$+,--#'./$")1#$)$/*)22#-$:')2$%&'$(#)*$6%)*#.#-$)'6$)22&;$<&,$.&$/.-,+.,-#$:'#-$=#).,-#/$/,+"$)/
4-#+%/#$ ')'&/%7#6$ 4)..#-'/8$ 9*)22#-$ +,--#'./>$ "&;#1#->$ )-#$ %'/,?+%#'.$ .&$ +-#).#$ 2)-3#-$ /.-,+.,-#/$ )'6$ 2#)6$ .&
#@+#//%1#$/.-,+.,-%'3$.%*#/8$A)-3#-$+,--#'./$)-#$,/#6$.&$/.-,+.,-#$2)-3#-$)-#)/8$
!"#$&4.%*)2$(#)*$+,--#'.$ %/$&'#$.").$)22&;/$<&,$.&$*%22$ =#).,-#/$;%."$"%3"$#'&,3"$4-#+%/%&'$;%."%'$)$-#)/&')(2#
.%*#$=-)*#$;%."$=#;$)-.#=)+./B
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!"##$#%&'$(()*+,$

!"#$%&#''$()*#$+,-$./01$.2##%3$.#(.$("#$()*#$("0($("#$),1$4#0*$-#*0)1.$)1$,1#$.2,(5$!"#$%&#''$()*#$).$')16#%$(,$("#

20..#.7$ ("#$.",-(#-$ ("#$%&#''$ ()*#$("#$*,-#$20..#.$0-#$1##%#%$(,$/8($ (,$0$.2#/)9/$%#2("5$:0..#.$%#(#-*)1#$",&

,;(#1$ ("#$ ),1$4#0*$ ).$ ./011#%$,<#-$ ("#$#1()-#$0-#05$=$ .)1>'#$20..$,1'?$ ./01.$,<#-$01$0-#0$,1/#5$@8'()2'#$20..#.

0'',&$("#$4#0*$(,$"0<#$0$.",-(#-$%&#''$()*#$2#-$.2,($48($("#$0-#0$).$./011#%$*8'()2'#$()*#.$)1.(#0%$,;$A8.($,1/#5

B",-(#-$%&#''$ ()*#.$ +CDE.3$0-#$ .#'#/(#%$&"#1$ ("#$.0*2'#$.",&.$"#0($%0*0>#$,-$&"#1$ -#%#2,.)(),1$1##%.$ (,$4#

-#%8/#%$+),1$4#0*$*)''.$,<#-$("#$-#%#2,.)(#%$0-#0.$01%$-#%8/#.$-#%#2,.)(),135$F,1>#-$%&#''$()*#.$0-#$8.#%$&"#1

;0.($*)'')1>$).$%#.)-#%$,-$-#%#2,.)(),1$).$1,($01$)..8#5$!"#$',1>$%&#''$()*#$01%$.)1>'#$20..$,2(),1$*#01.$("0($#0/"

2,)1($).$./011#%$81()'$("#$%#.)-#%$*)'')1>$%#2("$).$0/")#<#%5$!"#$1#G($2,)1($).$("#1$*)''#%$(,$("#$%#.)-#%$%#2("$01%

.,$;,-("5$!").$*#01.$("0($("#$4#0*$).$.',&'?$2-,>-#..#%$0',1>$01$#%>#$01%$("#$-#.8'()1>$)1/)%#1/#$01>'#$+1,1HI#-,3

'#0%.$(,$01$)1/-#0.#%$.28((#-)1>$?)#'%$+;0.(#-$20((#-1)1>35$J#%#2,.)(),1$)1(,$("#$0'-#0%?$*)''#%$0-#0.$&)''$,//8-$01%$).

*,-#$%,*)101($ ;,-$ (").$ .#(()1>5$!"#$*8'()2'#$20..#.$01%$.",-($%&#''$ ()*#.$,2(),1$*#01.$ ("0($ ("#$ ),1$4#0*$,1'?

*)''.$#0/"$.2,($(,$0$.2#/);/$%#2("$01%$("#1$*,<#.$,1$("#$1#G($.2,(5$!"#$.0*2'#$).$*)''#%$%,&1$'0?#-$4?$'0?#-5
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!"#$%&'()*+,-

!"#$ %&'$ (#)*$ +&',#'-%&')../$ &,#0.)12$ 345$ (#-6##'$ -"#$ 2+)'$ 1&%'-2$ -&$ #'270#$ )$ 2*&&-"$*%..%'8$ #98#$ :2##$ -&1
%..72-0)-%&'$)'9$;<=$ %*)8#>?$@"#'$ 0#97+%'8$ -"#$&,#0.)1$ :6"#'$72%'8$ -"#$AB;$ C&0$9#1&2%-%&'$&0$ -&$ 0#97+#$ -"#$ %&'
(#)*$%'97+#9$"#)-$%'-&$-"#$2)*1.#>D$-"#$+7--%'8$#98#$%2$.#22$2*&&-"?$B-$.&&E2$0%11.#9D$.%E#$%'$-"#$(&--&*$%..72-0)-%&'
)'9$;<=$%*)8#$:"%8".%8"-#9$(/$6"%-#$)00&62>?
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!"#$%&'()"*'+$

!"#$ %&'($)*+#&,*-($ *%$ .%#)$ ,-$ &-(,+-/$ ,"#$ )*+#&,*-($ -0$ +#)#1-%*,*-(2$ 3#)#1-%*,*-($ -0$ ,"#$ %1.,,#+#)$ %'41/#$ ',-4%
-&&.+%$ ',$ ,"#$5'&6%*)#$-0$ ,"#$ %&'($)*+#&,*-($ 78"#+#$ ,"#$ %&'($ %,'+,#)9$ '()$ *%$ *()*&',#)$5:$ ,"#$1.+1/#$ /*(#%$ *($ ,"#
*//.%,+',*-(%2
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!"#$%&'()*$"*+,

!"#$%&'((#)$*$+,%'%-#..%'.*+$#/,%01234#/%'$/%$1$5'4(*+6'(#/%7#'6%*4%'741.3(#.8%#44#$(*'.9%:"#%4()32(3)#4%-*..%(3)$
13(%/*4(1)(#/%1("#)-*4#9%;$%#<'6&.#%10%'%)#2('$+.#,%6*..#/%-*("%'$%'.*+$#/%7#'6%'$/%3$'.*+$#/%7#'64%4"1-4%("#
#=#2(%10%7#'6%'.*+$6#$(4%1$%&'((#)$%>3'.*(89%:*&4%'$/%()*2?4@%'0(#)%01234*$+%("#%7#'6,%&#)01)6%'%4&1(42'$%01)%'%0#-
4#21$/49%:"#%2)#'(#/%4&1(%&'((#)$%/*)#2(.8%4"1-4% ("#%7#'6%4"'&#9%:"#%&'((#)$%4"13./%7#%)13$/%'$/%46'..% A)*+"(
*6'+#B9%C0%("#%&'((#)$%*4%/*4(1)(#/%(1%'$%#..*&4#,%("#%7#'6%*4%4(*..%'4(*+6'(*29%C0%("#%4&1(%&'((#)$%*4%.')+#,%("#$%("#%7#'6
*4%$1(%-#..%01234#/9
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Artefacts - !"#$%&'(#)%"*#%*+$#,-.(#/

!"#"$%&' %$(")%*(+' ,**-$' .-$/01' 234' ,5"$%(/,0' (6%(' *%0' %7"*(' +($-*(-$"' 8-%&/(9:' $"+-&(+' %0.' +-**"++;' <6"' =,+(
*,==,0&9',>+"$#".'%$(")%*(+'%$"'*-$(%/0/01:'$"."5,+/(/,0:'/,0'/=5&%0(%(/,0:'56%+"'($%0+),$=%(/,0+:'%=,$56/+%(/,0:
/0("$)%*"'=/?/01:'6"%(/01:'-0"#"0'=/&&/01'.-"'(,'=%("$/%&+'/0("$)%*"+',$'1$%/0'>,-0.%$/"+;

!"#$%&'&'(

!"#$ %&'((#)*+,$ -*#./$ /#&#+/%$ 0+$ ("#$ *+1*/#+($ 2+,.#3$ !0&0,)2&"*1$ 4#2(')#%$ 2+/$ 50*/%$ 6*("*+$ ("#$ %27&.#$ 1)#2(#

/*8#)#+($*+1*/#+($2+,.#%$40)$("#$*0+$9#27:$2+/$"#+1#$/*8#)#+($%&'((#)*+,$-*#./%3$!"*%$*%$*..'%()2(#/$*+$("#$%1"#72(*13

!"#$*+1)#2%#$*+$%')421#$)0',"+#%%$.#2/%$(0$2+$2)(#421($12..#/$1')(2*+*+,$6"*1"$&)0/'1#%$5#)(*12.$.*+#%$2($("#$1)0%%;

%#1(*0+$%')421#$<%##$=>?$*72,#@$/'#$(0$("#$/*8#)#+($7*..*+,$%&##/%$40)$/*8#)#+($2+,.#%3

A')(2*+*+,$ 12+$ 9#$ )#/'1#/B)#705#/$ 4)07$ 1)0%%;%#1(*0+%$ 9-$ '%*+,$ CD=$ /#&0%*(#/$ %700("$ .2-#)%$ 0+$ ("#$ %27&.#
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()1)#,&*/*&,',)"#4$D*'#12"*(',)"#$"2$'.1,&#),&$,"$2&**),&$)1$-"(("#3@$"%1&*C&+$)#$1,')#3&11$1,&&31$+.*)#9$E!A$()33)#94
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Cross-sectioning - !"#$%&'(#)%"*#%*($%++,+-(#)%")".

!"#$$%$&'()#*$+,--#.+/#0+(#+ -##1+ )*$)2&+(3&+40-1+$,56-&+,*2+(#+"&7&,-+$,56-&+ 8&,(0"&$+ (3,(+,"&+3)22&*+4&-#.+(3&

$,56-&+$0"8,'&9+:;<%=>?$+3,7&+ (3&+0*)@0&+',6,4)-)(/+ (#+$&'()#*+,*2+,*,-/$&+$,56-&$+,(+6"&')$&-/+ $&-&'(&2+6#)*($A

.3)'3+ ',**#(+ 4&+ ,'3)&7&2+ 4/+ #(3&"+ (&'3*)@0&$9+ :#"+ &B,56-&A+ (3&+ =>?+ )5,C&+ #*+ (3&+ -&8(+ $3#.$+ *,*#6#"&$9+ D3&

'"#$$%$&'()#*+,--#.$+/#0+(#+7)$0,-)$&+ (3&+$("0'(0"&+#8+ (3&+6#"&$+4&-#.+(3&+$,56-&+$0"8,'&9+E3&*+'"#$$%$&'()#*)*CA

(3&+ ,"&,+ #8+ )*(&"&$(+ )$+ )2&*()F&2+ .)(3+ (3&+ =>?9+ G+ 6"#(&'()7&+ -,/&"+ H#8(&*+ (0*C$(&*A+ 6-,()*05+ #"+ ',"4#*I+ )$+ (3&*
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$0"8,'&+ 8"#5+ (3&+ )#*+4&,5+20")*C+ (3&+ '"#$$%$&'()#*)*C+6"#'&$$9+G+ '"#$$%$&'()#*+ )$+ (3&*+'0(+.)(3+ (3&+ )#*+4&,5+ (#

&B6#$&+ (3&+ $04%$0"8,'&+ 8&,(0"&9+ D3&+ '"#$$%$&'()#*+ )$+ F*)$3&2+ #J+ 4/+ 6#-)$3)*C+ (3&+ '"#$$%$&'()#*+ $0"8,'&+ .)(3+ ,

$5,--&"+)#*+4&,5+'0""&*(9

!"#$%&'(%!)"*+$

!"#$%#$&'()"*+"#"(#,-"#"./#,)(%%0%/,"$(+#1*)2/#/+(-2.#"(#*3($4#%.*4(5$+2#*+4#)/4/'(%$"$(+#$%%-/%6#7%#*#)(-2.#2-$4/
"./#,)(%%0%/,"$(+#%.(-14#8/#"5$,/#*%#5$4/#$+#"./#904$)/,"$(+#".*+#$"#$%#4//'#:;04$)/,"$(+<6#!6/6#9#=#>;
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TEM-lamella preparation - 
!"#$%&#%&'()*+,-.++,&/$./,$,#0%"

!"#$ %&'(%%&$ )*()&*&+,-./$ )*()&*,.0$ +1,.$ 23455.'6$ 7-,%8$ 7-*$ !"#$'(&89*('(.+8/$ ,8$ -.($ -7$ +1($'-8+$ :,;<9%+$ &.:
<-')%(=$&))%,<&+,-.8$7-*$>?@AB"#8$&8$,+$*(C9,*(8$+1($-)(*&+,-.$-7$'&.D$&++&<1'(.+8$8,'9%+&.(-98%DE$!"#$%&'(%%&8
&*($)*()&*(:$F,+1$+1($>?@AB"#$,7$+1($&*(&$-7$,.+(*(8+$.((:8$+-$G($)*(<,8(%D$8(%(<+(:$F,+1$&.$B"#E$!1($)*-<(88$<&.$G(
8()&*&+(:$,.+-$H$,.:,I,:9&%$8+()8J

4E$ K()-8,+,-.$-7$&$)*-+(<+,I($%&D(*$2<&*G-.$-*$)%&+,.9'$:()-8,+,-.6E
LE$ M*()&*($%&'(%%&$I,&$<*-88A8(<+,-.,.0E
NE$ OA<9+E
PE$ Q,7+A-9+E
RE$ !1,.A-9+$%&'(%%&$+-$3455.'$+1,<S.(88E
HE$ M-%,81$%&'(%%&E
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Process Steps - !"#$%&'&$()$*)#+$'",'&-")./0"+

!"#$%&"'()#*+#%,*"-./*("0.''()1"233&45"%6"767.--/"8(6#"9*')6%#*9"0%:".,.%-.;-*5",%."#$*"*-*+#()&";*.4"9*')6%#%)&<"=$*
6.4'-*"67(:.+*"%6"9.4.>*9"97(%&>"?)&";*.4"%4.>%&>".&9"#$%6"#$%&"-./*("'()#*+#6"#$*"67(:.+*".(*."):"%&#*(*6#"97(%&>
#$*" %)&" ;*.4" %4.>%&>" .&9" %)&" ;*.4" .66%6#*9" 9*')6%#%)&" '()+*66" @$%+$" .(*" ;)#$" :)(" #$*" -.4*--." '(*'.(.#%)&<" !
#$%+A*("B#"'()#*+#%,*"-./*("0.''()1"CDC<2E45"%6".:#*(@.(96"9*')6%#*9")&"#)'"):"#$*"#$%&"'()#*+#%,*"-./*(",%."#$*"%)&
;*.4"04)(*"*F+%*&#"9*')6%#%)&5
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01A#2-)<$+"#$3+(<#$?4#)+2#$-,(<#@:$!"#$!89$<2-*$-3$+"#)$521/<"+$-)+1$.13-+-1)$()*$+"#$+"#$0(,#00($-3$-)3#2+#*$-)+1$()*
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(++(4"$0(,#00(3:$;#+(-0#*$-)612,(+-1)$!89$<2-*$014(+-1)H$!"#$!89$0(,#00($4()$#-+"#2$5#$(++(4"#*$+1$+"#$3-*#$16$($.13+
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