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6#'92&1$3#0(/1,#%&-'$"1,#1./;,#$1Q.&/,%#("#-&3&1("#&"#$&/

+,-./#,)."0
!"#(/%,/#'(#%,',/)&",#'+,#0(/1,#,B2,/&,"1,%#<9#$"#678#2/(<,#&)2(/'$"'#1$3&</$'&("-#).-'#<,#2,/0(/),%:#>+,#H/-'#&-
1(";,/'&"*# '+,# 2+('(%&(%,# (.'2.'# 0/()# )R# (/# "6# C%,2,"%&"*# ("# '+,# &"-'/.),"'# )$".0$1'./,/G# '(# "):# >+&-# &-
.-.$339#%(",#<9#2,/0(/)&"*#0(/1,?%&-'$"1,#1./;,-#$*$&"-'#$#-./0$1,#).1+#-'&J,/#'+$"#'+,#1$"'&3,;,/:#>+,#-3(2,#(0#'+,
0(/1,# 1./;,# &"# '+,# 1()23&$"1,# /,*&),# =&33# '+,"# *&;,# '+,# 1(";,/-&("# 0$1'(/# (/# -,"-&'&;&'9:# >+&-# &-# $3-(# -(),'&),-
/,0,//,%#'(#$-# '+,# &";,/-,#(2'&1$3# 3,;,/#-,"-&'&;&'9#(/# !SRTUV:#V./0$1,-# '+$'#1$"#<,#.-,%#0(/#-.1+#$#1$3&</$'&("#$/,
'92&1$339#)&1$4#*3$--#(/#-&3&1(":#7(/#;,/9#-'&J#1$"'&3,;,/-#-$22+&/,# &-#$#*((%#1+(&1,:#>+,#1$3&</$'&("#-./0$1,-#-+(.3%
$3-(#<,#@$'#$"%# 13,$"#$"%#$"#$;,/$*,#(0# $'# 3,$-'#KW# 0(/1,# 1./;,-#("#$'# 3,$-'#N# -,2$/$',# 3(1$'&("-#("# '+,# -$)23,
-./0$1,#-+(.3%#<,#$1Q.&/,%:

>+,#",B'#1$3&</$'&("#'+$'#).-'#<,#2,/0(/),%#&-#%,',/)&"&"*#'+,#678#1$"'&3,;,/#-2/&"*#1("-'$"':#6#3$/*,#".)<,/#(0
',1+"&Q.,-#"(=#,B&-'#'(#1$3&</$',#'+&-#;$3.,:#8,'+(%-#$/,#<$-,%#("X

!"#$%&'"()*X#>+,-,#/,Q.&/,#E"(=3,%*,#(0#'+,#1$"'&3,;,/#%&),"-&("-#$"%#)$',/&$3#2/(2,/'&,-:

+",(-#-."%$"&'(/,X#Y,Q.&/,#E"(=3,%*,#(0#'+,#/,-("$"1,#0/,Q.,"19#(0#'+,#1$"'&3,;,/#$"%Z(/#'+,#'+,/)$3#"(&-,
/,-2("-,#(0#'+,#1$"'&3,;,/:

0(#/1-2%&'"%.#-&13"4")%51&'%#%6-(5-%7()."

>+,# $22/(2/&$',# ),'+(%# ",,%-# '(# <,# 1+(-,"# $"%# =&33# %,2,"%# ("# '+,# '92,# (0# 1$"'&3,;,/# .-,%:# 633# 678# .-,/-
,"%,$;(./&"*#'(#1$3&</$',#678#1$"'&3,;,/-#).-'#)$E,#-./,#'+,9#.-,#$33#$22/(2/&$',#1(//,1'&("-#$-#)$"9#',1+"&Q.,-
/,Q.&/,#1(//,1'&("-#%.,#'(4#0(/#,B$)23,4#'+,#'&2?(J-,'#%&-'$"1,4#1$"'&3,;,/#$"*3,#'(#'+,#-./0$1,4#(/#'&2?+,&*+':

1'%'
>+,# 0(/1,-# '+$'# 1$"# <,#),$-./,%# &"13.%,# $'()&1# <("%&"*4# ;$"# %,/#L$$3-# 0(/1,-4# -&"*3,#)(3,1.3,# -'/,'1+&"*# $"%
/.2'./,#0(/1,-:#7(/1,#-2,1'/(-1(29#1$"#<,#.-,%#'(#),$-./,#'+,#%&-2,/-&("#0(/1,#%.,#'(#$#2(39),/#$%-(/<,%#("#'+,
-./0$1,#(0#$#-.<-'/$',4#(/#&"#<&(2+9-&1-4#'+,#),1+$"&1$3#2/(2,/'&,-#(0#<&(3(*&1$3#)$',/&$3-:
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Imaging modes - !"#$%

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

7(',&%,$/(0*$ -1$&81($%&88*0$1,&,-%$/(0*9$&'0$ -1$3.*+*$ ,.*$)+(4*$0(*1$'(,$(1%-88&,*$&'0$ -1$&83&:1$ -'$5*+:$%8(1*
%(',&%,$3-,.$,.*$1&/)8*$1;+<&%*=

>&))-'2$/(0*$-1$&$0:'&/-%$/(0*$&81($%&88*0$-',*+/-,,*',$%(',&%,$(+$1*/-?%(',&%,$/(0*9$&'0$-1$3.*+*$,.*$)+(4*
(1%-88&,*1$1;%.$,.&,$,.*$,-)$('8:$%(/*1$-',($5*+:$%8(1*$%(',&%,$3-,.$,.*$1&/)8*$&,$,.*$4(,,(/$(<$-,1$(1%-88&,-('=

@('?%(',&%,$ -1$&81($&$0:'&/-%$/(0*$3.*+*$ ,.*$)+(4*$(1%-88&,*1$&4(5*$ ,.*$1&/)8*$3-,.(;,$ ,.*$ ,-)$%(/-'2$ -',(
5*+:$%8(1*$%(',&%,$3-,.$,.*$1;+<&%*=

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

!"#$%&$'(")*+' &"#,$%#$' -".&*'/01'"2*.%$*,'34' ,&%##5#6' $7*' $52'%&.",,' $7*' ,%(28*' ,9.-%&*':758*'("#5$".5#6' $7*
&7%#6*' 5#'&%#$58*;*.')*<*&$5"#':5$7'%',285$'27"$")5")*')*$*&$".='/' -**)3%&>' 8""2'(%5#$%5#,'%'&"#,$%#$')*<*&$5"#
3*$:**#' $7*' &%#$58*;*.' %#)' $7*' ,%(28*' 34' ;*.$5&%884' ?@A'(";5#6' $7*' ,&%##*.' %$' *%&7' ?BC4A' )%$%' 2"5#$=' D7*' ;*.$5&%8
(";*(*#$'5,'9,*)'$"'3958)'%#'5(%6*='E4'(%5#$%5#5#6'%'&"#,$%#$'&%#$58*;*.')*<*&$5"#C'$7*'-".&*'3*$:**#'$7*'$52'%#)
$7*',%(28*'.*(%5#,'&"#,$%#$='F2.5#6'&"#,$%#$,'9,9%884'.%#6*'-."('G=GH'$"'H=G'I+(C'.*,98$5#6'5#'-".&*,'.%#65#6'-."(
#I'$"'!I'5#'%#'%(35*#$'%$(",27*.*='J2*.%$5"#'&%#'$%>*'28%&*'5#'%(35*#$'%#)'85K95)'*#;5."#(*#$,=
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?%A'J2$5&%8'5(%6*'"-'$%225#6'(")*'&%#$58*;*.='?3A'FY1'5(%6*',7":5#6'$7*'$52'5#'(".*')*$%58

!"#$%&$'(")*+' &"#,$%#$' 7*567$' /01' "2*.%$*,' 34' >**25#6' $7*' 7*567$' ?@A' "-' $7*' ,&%##*.' &"#,$%#$C' %#)' 9,5#6' $7*
&%#$58*;*.')*<*&$5"#C'%,'("#5$".*)'34'$7*',285$'27"$")5")*')*$*&$".C'$"')5.*&$84'6*#*.%$*'$7*'$"2"6.%275&%8'5(%6*=
!"#$%&$'(")*+'&"#,$%#$'7*567$'(")*'5,'(",$'9,*-98'-".'%$"(5&L,&%8*'5(%6*,'"-'%$"(5&%884'<%$',9.-%&*,=

!"#$%&$'(")*'5,'9,*-98'-".'"3$%5#5#6'MN'$"2"6.%275&%8'5#-".(%$5"#'"#'#%#",$.9&$9.*,'%#)',9.-%&*,='/')5,%);%#$%6*
"-' $75,'(")*' 5,' $7%$C' 3*&%9,*' $7*' $52' 5,' 5#' &"#,$%#$' O&"#$%&$O':5$7' $7*' ,%(28*' ,9.-%&*C' 8%.6*' 8%$*.%8' -".&*,' &%#'3*
*B*.$*)'"#'$7*',%(28*'%,'$7*'$52' 5,'.%,$*.',&%##*)'";*.'$7*',9.-%&*'.*,98$5#6' 5#')%(%6*)',%(28*,'%#)')*-".(*)
5(%6*,=

!"#$%&'"%($)'*$%'+,-%,$.'/($"+$-"*
F5#&*' $7*' $52' 5,' 5#' *,,*#&*' 5#' &"#$%&$':5$7' $7*' ,9.-%&*C' $7*' ,2.5#6' &"#,$%#$' "-' $7*' &%#$58*;*.' 5,' #"$' %,' ,$5P' %,' -".
$%225#6'(")*'"2*.%$5"#' 5#' %5.=' F2.5#6' &"#,$%#$,' $*#)' $"' 3*' QH'I+(C' %#)' $7*' &%#$58*;*.' 6*"(*$.4' 5,' 6*#*.%884' RL
,7%2*)' $"' (5#5(5@*' &%#$58*;*.' $:5,$5#6' %#)' 39&>85#6=' S*,"#%#$' -.*K9*#&5*,' -".' $7*' &%#$58*;*.,' "-' &"#$%&$' (")*
2."3*,'%.*'9,9%884'3*$:**#'HG'$"'TG'>U@='V#'$7*'W69.*X3*8":C'?%A'V,'%#'"2$5&%8'5(%6*'"-'%'$425&%8'&"#$%&$'(")*'2."3*
:758*' ?3A' 5,'%#'FY1'5(%6*'"-'%'$425&%8'&"#$%&$'(")*'2."3*',7":5#6'$7*'$52' 5#'(".*')*$%58='D7*'2."3*,'%.*'9,9%884
(%)*'"-',585&"#'#5$.5)*'%#)'7%;*'$52')5%(*$*.,'"-'%22."B5(%$*84'ZG'$"'[G'#(=
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!"##$%&'()*+

!"##$%&'()*+',-(')#+."/+0'12'03"%%$%&'"' /$#'"//"34+*' /)' /4+'+%*')5'"%')03$66"/$%&'3"%/$6+7+.'"3.)00' /4+'0"8#6+

09.5"3+:'!4+'3"%/$6+7+.'$0')03$66"/+*'"/').'%+".'$/0'.+0)%"%3+'5.+;9+%32'<$/4'"%'"8#6$/9*+'."%&$%&'5.)8'=>'%8'/)'?>>

%8:' !4+' 5.+;9+%32')5' )03$66"/$)%' 3"%'1+'"/' ).')%'+$/4+.' 0$*+')5' /4+' .+0)%"%/' 5.+;9+%32')5' /4+' 3"%/$6+7+.:' !4+' /$#

6$&4/62' @/"#0A' )%' /4+' 0"8#6+' 09.5"3+' *9.$%&' 03"%%$%&B' 3)%/"3/$%&' /4+' 09.5"3+' "/' /4+' 1)//)8' )5' +"34' )03$66"/$)%:

C4"%&+0' $%' /4+' 7$1."/$)%' 5.+;9+%32' )5' /4+' 3"%/$6+7+.' 7$1."/$%&' %+".' $/0' .+0)%"%3+' 5.+;9+%32' ".+'8+"09.+*:' !4+

5++*1"3D' 6))#' 8"$%/"$%0' "' 3)%0/"%/' )03$66"/$)%' "8#6$/9*+B' "%*' /4+.+5).+B' "' 3)%0/"%/' /$#E0"8#6+' $%/+."3/$)%' $0

8"$%/"$%+*'*9.$%&'$8"&$%&:

F$D+' 3)%/"3/' 8)*+B' /"##$%&' 8)*+' 3"%' 1+' )#+."/+*' $%' "81$+%/' "%*' 6$;9$*' +%7$.)%8+%/0:' !"##$%&' 8)*+' 4"0' "

%981+.' )5' "*7"%/"&+0' 3)8#".+*'<$/4' 3)%/"3/'8)*+B' $%369*$%&' &.+"/62' .+*93+*' 6"/+."6' "%*' %).8"6' 5).3+0' 1+$%&

"##6$+*' /)' /4+' 0"8#6+' 09.5"3+:' !4+.+5).+B' /"##$%&'8)*+' $0' #.+5+..+*' /)' $8"&+' 0"8#6+0'<$/4' 0/.93/9.+0' /4"/' ".+

<+"D62'1)9%*' /)' /4+' 09.5"3+').' 0)5/' 0"8#6+0:' !4+'G&9.+H1+6)<' $0'"%'+I"8#6+')5'"' /"##$%&'8)*+' $8"&+' $%'"$.')5

3".1)%'%"%)/91+0')%'"'0$6$3)%'09.5"3+:

!"##$%&'8)*+',-('$8"&+')5'C.'%"%)#"./$36+0'+81+**+*'$%'/4+'09.5"3+')5'"'3)8#6$"%/'+#)I2'0910/."/+:'!4+'09.5"3+'0/.+00'$%*93+0

6)3"6'39.7"/9.+')%'/4+'%"%)03"6+:'J8"&+'3)9./+02')5'K$/+04'L)."'"%*'M.+<'N7"%0B'O%$7+.0$/2')5'P)9/4',90/."6$":

!"#$%&'"%($)'*$+,##"-.$/'0($"-$,"*
!4+' /$#' /"#0' /4+' 09.5"3+' "%*'890/'%)/' "*4+.+').' 0/$3D' /)' /4+' 09.5"3+'*9+' /)' 3"#$66".2' 5).3+0:' !4+' 3"%/$6+7+.0' ".+

/4+.+5).+'*+0$&%+*'/)'4"7+'0#.$%&'3)%0/"%/0B')%'"7+."&+B'1+/<++%B'='QR8'"%*'S>'QR8:'T+0)%"%/' 5.+;9+%3$+0' 5).

/"##$%&'8)*+'$%'"$.'3"%/$6+7+.0'".+'909"662'1+/<++%'S>'/)'U>>'DLV:'J%'/4+'G&9.+H1+6)<B'6+5/'$0'"%')#/$3"6'$8"&+')5'"

/2#$3"6' /"##$%&'8)*+'#.)1+'<4$6+' $%'/4+'.$&4/' $0'"%'PN('$8"&+')5'"' /"##$%&'8)*+'#.)1+'04)<$%&'/4+'/$#' $%'8).+

*+/"$6:'!4+'#.)1+0'".+'909"662'8"*+')5'0$6$3)%'"%*'4"7+'/$#'*$"8+/+.0')5'"##.)I$8"/+62'=>'W8').'6+00:
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X"Y'Z#/$3"6'$8"&+')5'/"##$%&'8)*+'3"%/$6+7+.:'X1Y'PN('$8"&+'04)<$%&'/4+'/$#'$%'8).+'*+/"$6:

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

!"#$%&#'()&#*)+,*&"-#$%&#./"0*,,($*'12#$*+#*"#"&$#345$%&5#35/)#$%&#"()+,&#"453(0&#6%&5&#*$#*"#"455/4'7&7#89#($$5(0$*:&
3/50&"-#('7#$%&#$*+#7/&"#'/$#0/'$(0$#$%&#"453(0&#($#('9#"$(1&;

<'#$%*"#)/7&-#)(1'&$*0-#&,&0$5/"$($*0-#:('#7&5#=((,"-#('7#/$%&5#,/'1&5#5('1&#3/50&"#0('#8&#)&("45&7;#>/+/15(+%9
0('# 8&# )&("45&7# 6*$%# "/)&# 7*?04,$9;# >%&# 0%/*0&# /3# 0/'"$('$# 3/50&# :&5"4"# 0/'"$('$# %&*1%$# &@+&5*)&'$"# *"# "$*,,
+/""*8,&;
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Specimen - !"#$%&#'($)*%$#

!"#$%&#'($)*%$#(+',("-#"+-+.%*'($+'(/#(+(0%&%.%'1(2+$.*-(3%.)(+'4(.4"#(*2(5678

9)#(567("%#:*#0#$.-%$(;$+''#-;(+-#(<;<+004(0%&%.#,(.*(+(&+=%&<&(>#-.%$+0(&*>#&#'.(*2(+""-*=%&+.#04(?>#(@&(3%.)

+(&+=%&<&( =( A( 4( -+'1#( *2( BCC( =( BCC( @&8( 9)#-#2*-#( +'4( ;<-2+$#( 3%.)(&*-#( .)+'( ?>#( @&( *2( -*<1)'#;;( 3%00( /#

#=.-#&#04(,%D$<0.(.*(%&+1#(3%.)(&*;.(567;8

6*-( ;+&"0#( ;$+''%'1( ;4;.#&;( ;+&"0#( ;%:#( %;( +0;*( .4"%$+004( -#;.-%$.#,( .*( +(&+=%&<&(+-#+(*2( B( =( B( $&(+',(3%.)( +

&+=%&<&(;+&"0#(.)%$E'#;;(*2(+""-*=%&+.#04(F(&&8

6*-(.%"(;$+''%'1(;4;.#&;(;+&"0#(;%:#($+'(/#(&<$)(0+-1#-(+',(.)%$E#-8

!+&"0#(+',(.%"(;$+''%'1(;#.A<";(2*-(5678(9%"(;$+''%'1(+00*3;(2*-(+(&<$)(0+-1#-(+',(.)%$E#-(;+&"0#8

9)#( $)*%$#( *2( &*,#( 2*-( 567( ;)*<0,( /#( /+;#,( *'( .)#( $)+-+$.#-%;.%$;( *2( .)#( ;+&"0#( ;<-2+$#( *2( %'.#-#;.( +',( .)#

)+-,'#;;(+',(;.%$E%'#;;(*2(.)#(;+&"0#8

G*'.+$.(+',(.+""%'1(&*,#;

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

!"#$%#$%&'()%#(%*")%+),-.$#/)%+)0#1)%'2%*")%$-+234)%*#,%#(*)+34*#'(5

6'$*%*','0+3,"7%#$%&'()%#(%*"#$%1'&)5%8(%*")%+),-.$#/)%+)0#1)9%$13..%4"3(0)$%#(%&#$*3(4)%0#/)%.3+0)%4"3(0)$%#(%2'+4)

3(&%")(4)%43(*#.)/)+%,'$#*#'(5%!"#$%1)3($%*"3*%*")%-$)+%0)*$%*")%0+)3*)$*%$)($#*#/#*7%*'%1)3$-+)%*")%*','0+3,"7%'2

*")%$31,.)5

:3+#'-$% 2'+4)$% 4-+/)$% 3*% ,.37% #(% ;<65% !")% 2'+4)% 4-+/)$% 2'+% 3% $,+#(0% =*")% 43(*#.)/)+% #$% 3% $*+3#0"*% .#()>% ?"#.)% *")% 2'+4)% 4-+/)% 2'+

#(*)+34*#'($%'2%3*'1$%#$%*")%('+13.%@)((3+&AB'()$%*7,)% #(*)+34*#'(5%!")%()*%2'+4)%4-+/)%$"'?$%*")%4"3(0)$% #(%2'+4)$%1)3$-+)&% #(

;<65

C'($*3(*%2'+4)%'+%4'($*3(*%")#0"*%)D,)+#1)(*$%43(%E)%&'()%#(%*")$)%1'&)$5

C'(*34*%1'&)%#$%1'$*%-$)2-.%2'+%"3+&%$-+234)$5%F'?)/)+9%*")%*#,%#$%#(%G4'(*34*G%?#*"%*")%$-+234)%3*%3..%*#1)$%$'%#*%137

0)*%4'(*31#(3*)&%E7%.''$)%13*)+#3.%'(%*")%$-+234)9%3(&%*#,$%137%E)4'1)%?'+(%'+%&3130)&%.)3&#(0%*'%*#,%3+*)234*$

#(%*")%+)$-.*3(*%#130)$5%H'2*%13*)+#3.$%3(&%E#'.'0#43.%$,)4#1)($%137%E)%&3130)&%E7%#130#(0%#(%4'(*34*%1'&)5%;.$'9

#2%*")%$31,.)%#$%4'/)+)&%E7%3(%3&$'+E)&%.#I-#&%.37)+%'/)+%*")%$-+234)%'2%*")%+#0#&%$31,.)9%*")%.#I-#&%.37)+%137%('*%E)

#130)&%E)43-$)%#(%4'(*34*%1'&)%*")%*#,%+)13#($%$'%4.'$)%*'%*")%$-+234)%#*%?#..%,)()*+3*)%*")%.#I-#&%.37)+%3(&%#130)

*")%-(&)+.7#(0%$-+234)5

!3,,#(0%1'&)% .)$$)($% ,'*)(*#3.% &3130)% *'% E'*"% *")% $,)4#1)(% 3(&% *")% *#,% 4'1,3+)&% *'% 4'(*34*%1'&)5% !3,,#(0

1'&)% #$%1'$*% -$)2-.% 2'+% E#'.'0#43.% $,)4#1)($% 3(&% $31,.)$%?#*"%,''+% $-+234)% 3&")$#'(% )505% 43+E'(%(3('*-E-.)$5

!3,,#(0%1'&)%43(%3.$'%#130)%$-,,'+*)&9%*"#(%.#I-#&%.37)+$%'/)+%+#0#&%$,)4#1)($5
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!"#$%"#&'%&()"*+

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

/"3&(/'),1+/(/8%6('/(40"1"20%'1(/,+%0)+#/('#*(&60#("-2'#0%(91)/:(;3('(.+-<(&60#(=80*(1'<+-(0/(%".+-0#2('(-020*(/'),1+7

0#(#"#$%"#&'%&()"*+(&6+(&0,()'<(4+("/%011'&0#2('4".+(&6+(=80*:(>6+-+3"-+(&6+(10?80*(1'<+-('#*(&6+(8#*+-1<0#2(/8-3'%+

%'#(4+(0)'2+*(/0)81&'#+"8/1<:

@#*+-(')40+#&(%"#*0&"#/(&6"8267("3&+#('(&60#(1'<+-("3(5'&+-(0#6+-+#&1<(3"-)/("#(&6+(&0,('#*(&6+(/'),1+(/8-3'%+:(;#

#"#$%"#&'%&()"*+7('(A4-0*2+A("3(10?80*()'<(3"-)(4+&5++#(&6+(&0,('#*(&6+(/'),1+(/8-3'%+(*8+(&"(%',011'-<('%&0"#7('#*

&60/( %'8/+/( &6+( &0,( &"( 0#( +B+%&( A%"#&'%&A( &6+( /8-3'%+:( >6+-+3"-+7( '%%8-'&+( 0)'20#2( 8/0#2( #"#$%"#&'%&()"*+( 8#*+-

')40+#&( %"#*0&0"#/( 0/( *0C%81&:(!"#$%"#&'%&()"*+(DEF(5"-G/( 4+/&( 8#*+-( 81&-'$6026( .'%88)( %"#*0&0"#/( '#*( &6+#

'&")0%(/%'1+(-+/"18&0"#(0/(,"//041+:

;#(#"#$%"#&'%&()"*+(&6+('&&-'%&0.+(3"-%+/('-+(5+'G(H/++(928-+I0#(,-+.0"8/(,'2+J7('#*(&6+(&+%6#0?8+(0/(/+#/0&0.+(&"

+K&+-#'1(.04-'&0"#:

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

!"#$%&$'()$*+'+$*%&,-+.)/0
!"#$%&'())*)+%,-"./%/01/-*2/)$#%1-"34'/%3($(%(#%(%54)'$*")%"5%$6/%#(217/8#%0%()3%9%1"#*$*"):%;6*#%3($(%'()%-()+/

5-"2%$4))/7*)+%'4--/)$<%$"%5"-'/%./$=//)%#(217/%()3%$*1<%$"%6/*+6$%$"%-/('6%(%'/-$(*)%5"-'/%/$':%>)%$6/%?(#$%2(@"-*$9

"5%'(#/#<%$6/%3($(%*#%3*#17(9/3%(#%(%5(7#/%'"7"4-%*2(+/:%;91*'(779%6*+6%?(74/#%"5%$6/%1(-(2/$/-#%./*)+%2/(#4-/3%(-/

(##*+)/3%7*+6$/-%'"7"4-#%=6*7/%7"=%?(74/#%(-/%+*?/)%3(-A/-%'"7"4-#:%B)%/0(217/%*#%#6"=)%*)%$6/%5"77"=*)+C

;6*#%*#%(%DE%*2(+/%*)%$6/%0<%9%()3%F%17()/#:%;6/%F%17()/%*#%#6"=)%(#%(%+-(3/3%'"7"4-%5-"2%3(-A%G7"=/#$H%$"%7*+6$%G6*+6/#$H:
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Artefacts - !"#$%&#'(%)#*(+

!"#$%&'(&)*+"&'
!"#$%&'(&)*+"&'$",$-*.$+&$+/.$01-"*,$&2$%*0(1+*0.$&2$+/.$+"#$3."'4$,"5")10$+&$&0$)104.0$+/1'$+/.$6"-+/$&2$+/.$2.1+*0. 
3."'4$"514.-7$8,$+/.$+"#$5&(.,$1%0&,,$+/.$2.1+*0.9$+/.$,"-.,$&2$+/.$+"#$%&5.$"'+&$%&'+1%+$6"+/$+/.$2.1+*0.$,&&'.0

+/1'$+/.$1#.:$&2$+/.$+"#9$1'-$+/.$-.+.%+&0$1'-$2..-31%;$,<,+.5$0.,#&'-,$1%%&0-"'4)<7$!/.$.=.%+$",$+&$30&1-.'$+/.$:9 
<$-"5.',"&',$&2$+/.$2.1+*0.$3."'4$"514.-7

8'$8>?$10+.21%+$@+"#$%&'(&)*+"&'A$10",.,$20&5$*,"'4$1$+"#$6"+/$1$,"5")10$&0$/"4/.0$01-"*,$&2$%*0(1+*0.$6"+/$0.,#.%+$+&$+/.$2.1+*0.$6/"%/

",$+&$3.$(",*1)"B.-7

!"#$ %&'(&)*+"&'$ ",$ 1'$ "'.("+13).$ %&',.C*.'%.$ &2$ 8>?$ "514"'49$ 3*+$51'*21%+*0.0,$ &2$ 8>?$#0&3.,$ 10.$ %&'+"'*1))<

51;"'4$+"#,$6"+/$,51)).0$-"15.+.0,$1'-$/"4/.0$1,#.%+$01+"&,7$>&0$+/.$,51)).,+$-"15.+.0$#0&3.,9$,")"%&'$",$%*00.'+)<

+/.$51+.0"1)$&2$%/&"%.7$?1'*21%+*0.0,$%)1"5$+&$3.$13).$ +&$#0&-*%.$ +"#,$6"+/$-"15.+.0,$ ).,,$ +/1'$DE$'5$6/").$ +/.

,51)).,+$,")"%&'$'"+0"-.$+"#,$10.$*,*1))<$&'$+/.$&0-.0$&2$FE$G$HE$'5$"'$-"15.+.07

!/.$-",1-(1'+14.$&2$,51)).0$-"15.+.0$#0&3.,$",$+/1+$+/.$#0.,,*0.$1##)".-$+&$+/.$,*021%.$1'-$+/.$+"#$"'%0.1,.,$2&0$1

4"(.'$"514"'4$2&0%.7$!/",$%1'$#&+.'+"1))<$0.,*)+$"'$-1514.$+&$+/.$,*021%.$&0$6.10$&2$+/.$#0&3.7

I103&'$'1'&+*3.,$#0&5",.$+&$3.$13).$+&$#0&-*%.$+/.$*)+"51+.$8>?$+"#,7$!/."0$-"15.+.0,$%1'$3.$1,$,51))$D$G$F$'5

1'-$+/."0$1,#.%+$01+"&$@).'4+/J6"-+/A$%1'$3.$5.1,*0.-$"'$+/.$+/&*,1'-,7$!/",$1))&6,$,*%/$#0&3.,$+&$1%%.,,$#10+,$&2$1

,15#).$ &0-"'10<$ 8>?$ +"#,$ %1''&+7$ I103&'$ '1'&+*3.,$ 10.$ 1),&$ "'%0.-"3)<$ ,+0&'4$51+.0"1),$ +/1+$ -&$ '&+$ 6.10$ )";.

,")"%&'$&0$,")"%&'$'"+0"-.7$!/.$-",1-(1'+14.$",$1++1%/"'4$%103&'$'1'&+*3.,$+&$8>?$#0&3.,7$8$'*53.0$&2$5.+/&-,$10.

1(1")13).$3*+$1,$<.+$'&$51'*21%+*0.0$",$51,,$#0&-*%"'4$%103&'$'1'&+*3.$#0&3.,$1+$1$612.0$,%1).7

!,-./0)$1."2+
!/.051)$-0"2+9$1,$+/.$'15.$,*44.,+,9$",$1$-",+&0+"&'$&2$+/.$"514.$-*.$+&$%/1'4.,$"'$+/.$+.5#.01+*0.$&2$+/.$#0&3.G

,15#).$.'("0&'5.'+7$8>?$ ",$,.',"+"(.$ +&$/.1+$ 20&5$.:+.0'1)$,&*0%.,9$ 2&0$.:15#).$ )"4/+,9$1'-$ "'+.0'1)$,.)2G/.1+"'4

%&5#&'.'+,7$!/.051)$.:#1',"&'$51<$0.,*)+$"'$+/.$,15#).$3.%&5"'4$K)&&,.K$&'$+/.$,+14.$1'-$5&("'4$1,$+/.$,15#).

",$,%1''.-7$L0"2+$ 0.,*)+,$ "'$ "514.$-",+&0+"&',$ "'%)*-"'4$ 2.1+*0.,$1##.10"'4$,51)).0$&0$ )&'4.0$ "'$&'.$-"0.%+"&'$ +/1'

+/.<$1%+*1))<$10.7
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!"#$%&'()%*'+

!"#$%&'#()"$(*+#)%",-)#.$)#/0)$/#.$")1$',-/23)',2#&-/2&#$4)15)-&#$"/&+),2)#.$)(&-0+$)(*"%&'$),")%",-)6$&")4*$)#,
('&22/237)8.$)"$(*+#&2#)/-&3$)'&2)0,(($(()&)2*-1$"),%)#/0)&"#$%&'#()&24)/#)/()/-0,"#&2#)%,")!9:)*($"()#,)"$',32/;$
#.$($)&"#$%&'#(7

!"#$%&'(
8.$) #/0)-&5)1$)6,"2)4,62)4*$) #,) $<'$((/=$) /-&3/23),")*(/23)$<'$((/=$) %,"'$7)!)6,"2) #/0) "$4*'$(),=$"&++) /-&3$
>*&+/#5?)&24)-&5)/2#",4*'$),44)(.&0$()#,)#.$)/-&3$7

!2)!9:)/-&3$)(.,6/23),44+5@(.&0$4)&"#/%&#'()4*$)#,)&)6,"2)#/07

)'(%*"$&+,'$+&'"$
8/0)',2#&-/2&#/,2)/()4*$)#,)#.$)/-&3/23)#/0)A0/'B/23)*0A)-&#$"/&+)%",-)#.$)(&-0+$)(*"%&'$7)8./()/()#50/'&++5)-,"$),%)&
0",1+$-),2) (,%#) 1/,+,3/'&+) #/((*$(7) 8/0) ',2#&-/2&#/,2) '&2) /2#",4*'$) (#"&23$?) (,-$#/-$() "$0$&#/23?) (.&0$() #,) &2
/-&3$7
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!2)!9:)/-&3$)(.,6/23)"$0$&#/23)1+,1@(.&0$4)&"#$%&'#()4*$)#,)#/0)',2#&-/2&#/,27

-"./01%&'(
C%)#.$)#/0)/()4&-&3$4),")0/'B()*0)',2#&-/2&#/,2?)&)#/0)6/#.)#6,),")-,"$)(.&"0)0,/2#()-&5)%,"-7)8./()6/++)(.,6),2)#.$
/-&3$)&()&)4,*1+/23),%)(*"%&'$)%$&#*"$(7
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!)#/0)6/#.)&)4,*1+$)0,/2#)3/=$()!9:)/-&3$()(.,6/23)4,*1+$)/-&3$(),%)(*"%&'$)%$&#*"$(7

D$1"/(),2)#.$)(*"%&'$)/()&)3,,4)/24/'&#,"),%)#/0)',24/#/,2()(/2'$)#.$($)&"$),%#$2)(0.$"/'&+)/2)(.&0$)@)/-&3$(),%)#.$($?
6/#.)&)3,,4)#/0?)(.,*+4)#.$"$%,"$)&+(,)1$)2$&"+5)(0.$"/'&+7)E.&23/23)#.$)('&2)4/"$'#/,2)(.,*+4).&=$)2,)$F$'#),2)#.$
/-&3$)&"#$%&'#)@)#,)=$"/%5)#.&#)#.$($)%$&#*"$()&"$)4*$)#,)#.$)#/0?)#.$)*($")-&5)0.5(/'&++5)",#&#$)#.$)(&-0+$)"$+&#/=$)#,
#.$)#/0)&24)($$)/%)#.$)&"#$%&'#().&=$)&+(,)",#&#$4),")2,#7
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!"#$$%&'#&(%)#"(*

!"#$%#&#'()"'* #&#+#,(-* ",* -'.,,#)-* .)#* /-#0* (%* 1%-"("%,* (2#* 1)%3#* ("1* )#&.("4#* (%* (2#* -.+1&#* -/)5.'#* .(* (2#
,.,%+#(#)*-'.&#*6"(2*7)#.(*.''/).'89*:%6#4#);*(2#*3#2.4"%/)*%5*(2#*1"#$%#&#'()"'*#&#+#,(-*0%#-*,%(*.&6.8-*+##(
(2#*(2#%)#("'.&*"0#.&;*(2.(*"-;*.*&",#.)*",')#.-#*",*+%4#+#,(*.&%,7*6"(2*.,*",')#.-#<*0#')#.-#*",*.11&"#0*4%&(.7#9*=2#
+%4#+#,(*%5* (2#-#*1"#$%#&#'()"'*0#4"'#-* "-*-/3>#'(* (%*0#4".("%,-* 5)%+*(2#* "0#.&* ",'&/0",7*,%,?&",#.)"(8;*28-(#)#-"-
.,0*')##19

@'.,,#)*-#,-"("4"(8*"-*(2#*+%4#+#,(*A,+<!+B*1#)*4%&(.7#*ACB9

D#'./-#* %5* 0"E#)#,'#-* ",* (2#* +.(#)".&* 1)%1#)("#-* .,0* 0"+#,-"%,-* %5* #.'2* 1"#$%#&#'()"'* #&#+#,(;* #.'2* -'.,,#)
)#-1%,0-*-&"72(&8*0"E#)#,(&8*(%*.,*.11&"#0*4%&(.7#9

!"#$%#&'(%)*
F%,&",#.)"(8*+#.,-* (2.(* (2#*-#,-"("4"(8*%5* (2#*-'.,,#)* "-*,%(*.* &",#.)* 5/,'("%,*%5* (2#* A.+%/,(*%5B*.11&"#0*4%&(.7#9
=81"'.&&8;*-#,-"("4"(8*"-*7)#.(#)*.(*&.)7#)*.11&"#0*4%&(.7#-*(2.,*.(*,#.)*$#)%*.11&"#0*4%&(-9

F%,&",#.)"(8* %5* (2#* G* ?* 8* 1&.,#* 0"-1&.8-* .-* -/)5.'#* 5#.(/)#-* .11#.)",7* -()#('2#0* %)* '%,().'(#0* .(* (2#* (%1* %5* (2#
"+.7#;* .,0* (2#,*.11#.)",7* (%* '%))#'(* ,#.)#)* (%* (2#*+"00&#* .,0*3%((%+*%5* (2#* "+.7#9* @%+#* &",#.)* 5#.(/)#-*+.8
.11#.)* '/)4#09* =2"-* .)(#5.'(*6"&&* (81"'.&&8* ,%(* )#0/'#*62#,* (2#* -.+#* )#7"%,* "-* -'.,,#0*+/&("1&#* ("+#-9* H&(2%/72
%34"%/-* ",* "+.7#-* %5* &",#.)* -()/'(/)#-* &"I#* '.&"3.("%,* 7)"0-;* (2"-* .)(#5.'(*+.8* 7%* /,,%("'#0* ",* "+.7#-* %5* -.+1&#-
&.'I",7*#4#,&8*-1.'#0*5#.(/)#-9

J+.7#*%5*.*'.&"3).("%,*7)"0*-2%6",7*,%,?&",#.)"(8*",*(2#*G*?*8*1&.,#9

+*,)&(&,%,
:8-(#)#-"-*%''/)-*",*1"#$%#&#'()"'*#&#+#,(-*",*(2#*-'.,,#)-*62#,*(2#*)#-1%,-#*().'#-*.*0"E#)#,(*1.(2*0#1#,0",7*%,
(2#*0")#'("%,*%5*.* 4%&(.7#* '2.,7#9*=2#*+.7,"(/0#*%5* (2#*#E#'(*0#1#,0-*%,*+.,8*4.)".3&#-* ",'&/0",7* (2#* -(.)(",7
4%&(.7#;*(2#*-"$#*%5*(2#*4%&(.7#*'2.,7#;*(2#*).(#*%5*4%&(.7#*'2.,7#;*.,0*(2#*-'.,*.,7&#9

J,*HKL;* ).-(#)",7*.')%--* (2#*-.+1&#*-/)5.'#* A0)"4#,*38*4%&(.7#*'2.,7#-* (%* (2#*1"#$%#&#'()"'*#&#+#,(-B*+#.,-* (2#
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-'.,,#)*6"&&*+%4#*,%,?/,"5%)+&8*",*(2#*G*?*8*1&.,#*"5*28-(#)#-"-*"-*1)#-#,(9*=2"-*,%,?/,"5%)+"(8*2.-*-#4#).&*#E#'(-;
",'&/0",7*0"E#)#,'#-*",*-'.,,#)*-#,-"("4"(8*.(*(2#*3#7",,",7*.,0*#,0*%5*.*-'.,9*J5*(2#*-'.,,#)*+%4#-*5/)(2#)*(2.,*"(
-2%/&0*4#)("'.&&8;*",*(2#*$*1&.,#;*(.&&*5#.(/)#-*6"&&*.11#.)*(%*2.4#*.*4#)8*M-2.)1M*#07#*",*(2#*"+.7#9

:8-(#)#-"-*(81"'.&&8*%''/)-*62#,*'2.,7",7*(2#*-'.,*-"$#*%)*(2#*'#,()#*%E-#(*%5*(2#*"+.7#;*.,0*(81"'.&&8*%,&8*.E#'(-
(2#*N)-(*OP*?*QP*&",#-*%5*.,*"+.7#9*:8-(#)#-"-*'.,*3#*)#0/'#0*%)*#&"+",.(#0*38*)#?-(.)(",7*(2#*-'.,;*.,0<%)*-'.,,",7
+%)#*-&%6&89

=2#*0.-2#0*&",#*)#1)#-#,(-*.,*"0#.&*&",#.)*)#&.("%,-2"1*3#(6##,*.11&"#0*4%&(.7#*.,0*(2#*+%4#+#,(*A#G(#,-"%,B*%5*(2#*1"#$%#&#'()"'
#&#+#,(-*",*.*-'.,,#)9*=2#*)#0*&",#-*)#1)#-#,(*(2#*.'(/.&*,%,&",#.)*)#&.("%,-2"1*(2.(*/-/.&&8*#G"-(-*",*1"#$%?-'.,,#)-9*=2"-*,%,?"0#.&
)#&.("%,-2"1* &#.0-* (%* (2#* -'.,,#)* .)(#5.'(-* %5* ,%,&",#.)"(8* 62#)#* -'.,,#)* -#,-"("4"(8* 0#1#,0-* %,* (2#* -"$#* %5* (2#* 4%&(.7#;* .,0
28-(#)#-"-*62#)#*-'.,,#)*-#,-"("4"(8*0#1#,0-*%,*(2#*0")#'("%,*%5*4%&(.7#*'2.,7#9

-.'##&(/.(&&0
R)##1*0#-')"3#-*(2#*'%,(",/#0*+%("%,*%5*(2#*-'.,,#)*.5(#)*.*).1"0*'2.,7#*",*4%&(.7#;*5%)*#G.+1&#;*62#,*+%4",7*(2#
-'.,,",7*1%-"("%,9*=2#*1"#$%*-'.,,#)*0%#-*,%(*)#-1%,0*.&&*.(*%,'#S*"(*+%4#-*(2#*+.>%)"(8*%5*(2#*0"-(.,'#*T/"'I&8*AU*O
+-B;*(2#,*(2#*&.-(*1.)(*%5*(2#*+%4#+#,(*"-*-&%6#)9*=2#*-&%6*+%4#+#,(*"-*'.&&#0*')##19*J5*&.)7#*4%&(.7#*'2.,7#-*%''/)
0/)",7*-'.,,",7;*(2#,*(2#*-&%6#)*+%4#+#,(*'./-#-*.*0"-(%)("%,*%5*(2#*"+.7#9*R)##1*+.8*)#-/&(*",*-/)5.'#*5#.(/)#-
.11#.)",7*-+.&&#)*%)*&%,7#)*",*%,#*0")#'("%,*(2.,*(2#8*.'(/.&&8*.)#9*R)##1*.''%/,(-*5%)*(2#*","(".&*&.(#).&*0"-(%)("%,
.11.)#,(* .5(#)* $%%+",7*%)*+%4",7* (%* .*,#6* -'.,*.)#.;* .,0*62"'2* -#((&#-*%/(* .5(#)* -#4#).&* -'.,* &",#-*2.4#*3##,
().'#09
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=2#* '%,(",/#0* -&%6* +%4#+#,(* %5* (2#* 1"#$%#&#'()"'* -'.,,#)* .5(#)* .* ).1"0* '2.,7#* ",* .11&"#0* 4%&(.7#* )#-/&(-* ",* ')##19* R)##1* "-
+#.-/)#0*.-*(2#*).("%*%5*(2#*-&%6*0"+#,-"%,.&*'2.,7#*(%*(2#*5.-(*0"+#,-"%,.&*'2.,7#9

=%*'%))#'(*5%)*-'.,,#)*.)(#5.'(-;*-%+#*HKL*+.'2",#-*#+1&%8*.*-#,-%)*(%*0#(#'(*.'(/.&*+%4#+#,(*%5*(2#*-'.,,#)
.,0*'%+1#,-.("%,*.0>/-(+#,(-*.)#*+.0#*(%*(2#*-'.,,#)*0)"4#*-"7,.&*",*)#.&*("+#S*(2"-*"-*'.&&#0*.*M'&%-#0*&%%1M*HKL9
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AFM in practice - Laser alignment -
!"#$%&"'()*+$*,&-*&."*,('$/$%

!"#$%#%$&'()&"*+),&-%'-&'()&.*%'#")/),&#+&-%)&-0&'()&1-+'&.,#'#.*"&2*,'+&-0&'()&!34&+)'5627&8()&"*+),&*"#$%1)%'&9#""&()"2

:)'),1#%)&'()&+#$%*"&'-&%-#+)&,*'#-;&'()&+)%+#'#/#'<&-0&'()&.*%'#")/),&:)=).'#-%&-,&*12"#'6:)&*%:&6"'#1*')"<&'()&>6*"#'<

-0&*%<&:*'*&*.>6#,):&6+#%$&'()&!347&?0&%-'&2),0-,1):&2,-2),"<&'()%&*&%61@),&-0&*,')0*.'+&.*%&,)+6"'&#%."6:#%$;&0-,

)A*12");&)A.)++#/)&0-,.)&@)#%$&*22"#):&'-&'()&+6,0*.)&9()%&+.*%%#%$&*%:&-2'#.*"&#%'),0),)%.)&0,#%$)+&0,-1&,)=).'#/)

+6,0*.)+&.*%&@)&:)').'):7&8<2#.*""<;&*:B6+'1)%'&+.,)9+&*,)&6+):&'-&1-/)&'()&"*+),&#%&'()&C&*%:&D&:#,).'#-%+&*%:&-%'-

'()&@*.E&-0&'()&!34&.*%'#")/),7&8()&@*.E&-0&!34&.*%'#")/),+&*,)&-0')%&1)'*"&.-*'):&F$-":&-,&*"61#%#61G&#%&-,:),&'-

#12,-/)&,)=).'#/#'<7&H)'),1#%#%$&9()%&'()&"*+),&#+&*"#$%):&-%&'()&")/),&#+&:-%)&)#'(),&6+#%$&*%&-2'#.*"&1#.,-+.-2)&'-

/#+6*"#+)&'()&"*+),&+2-'&*%:&.*%'#")/),&-,&'()&"*+),&+2-'&#+&-@+),/):&-%&*&2#).)&-0&9(#')&2*2),&*%:&'()&-2),*'-,&"--E+

0-,&:#I,*.'#-%&2*''),%+&-%&'()&2*2),&9()%&'()&"*+),&(#'+&'()&@*.E&-0&'()&.*%'#")/),7&!+&'()&"*+),&#+&1-/):&-%&*%:&-I

'()& .*%'#")/),& '()& +61& +#$%*"& 0,-1& '()& 2(-'-:#-:)& #+& *"+-& 1-%#'-,):7& J()%& '()& "*+),& +#$%*"& #+& 1*A#1#+):& *%:

2-+#'#-%):&*+&."-+)&'-&'()&)%:&-0&'()&.*%'#")/),&*+&2-++#@");&9#'(-6'&"-++&-0&+61&+#$%*";&'()%&'()&.*%'#")/),&.*%&@)

.-%+#:),):&'-&@)&"*+),&*"#$%):7&8()&K$6,)L@)"-9&+(-9+&-2'#.*"& #1*$)+&-0&'()&"*+),&*"#$%1)%'&2,-.):6,)7& ?%&*G&'()

"*+),&#+&-I&'()&.*%'#")/),&*%:&'()&+61&"*+),&+#$%*"&:)').'):&@<&'()&2(-'-:#-:)&#+&"-97&@G&+(-9+&'()&"*+),&+2-'&"-.*'):
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Image quality optimisation - !"#$%&#'(
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Set-point - !"#$%&$'(")*
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