
!

!"#$%&'()*#+,*-*./(*$(!012(&*%3'4(5678569%:;8569%:;7(

)0&#*;3#"&3"#';($*--*<06.(3,'(0##%40%30*6(<03,(:#=(%64(>#=('?&0)'#(

-%;'#;!
!

"#$%!&'()!*+,-'.!/0(1,$'2)!3,$!34!5(60728'9
!

&,60:,;0:<!=0:!>(,$;(1!?#1'@0$.(@;0:2!,$.!A+0;0$B6,2#.!C'0",$0;#@+$0-0%<!!

5#D,:;1#$;!0=!E-#@;:'@,-!,$.!F01D(;#:!E$%'$##:'$%!

G$'H#:2';I!.#!?+#:6:008#)!>(I6#@)!F,$,.,!3J*!KLJ!!

9GL&M!+;;DMNN7774.(60728'4@,!
!

(

:@!AB:CA((!

?(@@#22=(-! =,6:'@,;'0$! 0=! .#H'@#2! =:01! O(,$;(1! 7#--B'$;#:1'P#.! 1,;#:',-! :#O(':#2! #=='@'#$;! @0$;:0-! 0=! ';2! 2(:=,@#!

10:D+0-0%<4! Q0! ,..:#22! ;+'2! D:06-#1)! 7#! +,H#! #1D-0<#.! ,;01'@! =0:@#! 1'@:02@0D<! ;0! 2;(.<! 2(:=,@#! 10:D+0-0%<! 0=!

R$ANR$S,T2NR$S,T2A!>U!1'@:02;:(@;(:#!@0,;#.!7';+!.?'VK!W!XY)!JXY)!JZY)!K[\!,$.!K]\!$1!;+'@8!?'VK!='-124!C0;+!T:^!

_JZ\!$1`!,$.!*:^!_K[a!$1`!#P@'1#:!-,2#:2!+,H#!6##$!(2#.!;0!'::,.',;#!2#:'#2!0=!2,1D-#2!7';+!(D!;0![YY!D(-2#2!0=!=-(#$@#!

b]! ;0! JX]!13N@1K4! Q+#! :0(%+$#22! _ L/?`! 0=! ?'VK! -,<#:! ,=;#:! 60;+! -,2#:2! '::,.',;'0$! ,$.!LQT! .#@:#,2#2! ,2! ;+#! D(-2#!

$(16#:!'$@:#,2#24!^0--07'$%!LQT)!,!2100;+#:!2(:=,@#!10:D+0-0%<!7,2!062#:H#.!=0:!,--!'::,.',;#.!2,1D-#24!Q+#!@,D!R$A!

-,<#:!7,2!=0($.!;0!+,H#!,!:#-,;'H#-<!21,--#:!:0(%+$#22!_c!Y4[!$1`!.(#!;0!;+#!D:0;#@;'0$!D:0H'.#.!6<!;+#!?'VK!-,<#:!.(:'$%!

#P@'1#:!-,2#:!'::,.',;'0$!,$.!+'%+!;#1D#:,;(:#!LQT4!^0:!2,1D-#2!@0,;#.!7';+!XYB!0:!JXYB$1B;+'@8!?'VK!,$.!'::,.',;#.!6<!

;+#!T:^!-,2#:)!;+#!6-(#2+'=;!'2!0$-<!06;,'$#.!7+#$!;+#!?'VK!-,<#:!7,2!,6-,;#.4!!d07#H#:)!;+#!2,1D-#!@0,;#.!7';+!K[\B$1B

;+'@8!?'VK!_.?'VK! ! *:^`)!=0--07'$%!;+#!bXBD(-2#B'::,.',;'0$!7';+!;+#!*:^!-,2#:!,;!JK[13N@1
K!,$.!LQT)!2+07#.!,!2100;+!

2(:=,@#!_ L/?!W!J4a!$1`!,$.!1,P'1(1!6-(#2+'=;!0=!b[!$1!,@+'#H#.!7';+0(;!:#10H,-!0=!;+#!?'VK!-,<#:4!!

>'/<*#4;D!?(:=,@#!10:D+0-0%<)!>(,$;(1!U#--!R$;#:1'P'$%)!R$ANR$S,T2NR$S,T2A!1'@:02;:(@;(:#)!T:^!#P@'1#:!-,2#:)!

*:^!#P@'1#:!-,2#:)!6-(#2+'=;)!?'VK!-,<#:)!D+0;0$'@!.#H'@#2!

!

!

EF! 5GAB1HICA51G((

A02;!%:07;+!O(,$;(1!7#--! '$;#:1'P'$%!_>UR`! '2!,$!,;;:,@;'H#!1#;+0.! ;0!#$%'$##:! ;+#!6,$.%,D!0=!O(,$;(1!7#--! _>U`!

2#1'@0$.(@;0:24! R;! ,--072! ,@;'H#! ,$.! D,22'H#! @01D0$#$;2! ;0! 6#! '$;#%:,;#.!10$0-';+'@,--<! ,;! :#-,;'H#-<! :#.(@#.! @02;24J!

e,:'0(2! >UR! ;#@+$'O(#2! +,H#! 6##$! .#H#-0D#.)! '$@-(.'$%! '1D(:';<! =:##! H,@,$@<! '$;#:1'P'$%)K! '1D(:';<! '$.(@#.!

'$;#:1'P'$%)\! D-,21,! ,22'2;#.! '$;#:1'P'$%[! ,$.! -,2#:! '$.(@#.! '$;#:1'P'$%4X! EP@'1#:! -,2#:! '::,.',;'0$! 0$! RRRBe!

2#1'@0$.(@;0:2!2(:=,@#2!+,2!6##$!'$H#2;'%,;#.!=0:!;+'2!D(:D02#!.(#!;0!';2!2'1D-'@';<!'$!,@+'#H'$%!2#-#@;#.!,:#,!6,$.%,D!

#$%'$##:'$%!0=!S,T2]!,$.!R$A!6,2#.!>U!1'@:02;:(@;(:#4b!!

R1D(:';<! =:##!H,@,$@<!.'20:.#:'$%! ;#@+$'O(#!+,2!6##$! '$H#2;'%,;#.)!7+#:#!,!?'VK! -,<#:!.#D02';#.!0$! ;0D!0=! R$A!6,2#.!

1(-;'D-#!O(,$;(1!7#--!_/>U`!!,$.!O(,$;(1!.0;!_>5`!1'@:02;:(@;(:#2!7,2!(2#.!;0!=,@'-';,;#!'$;#:1'P'$%!;+:0(%+!R$!,$.!

S,! ,;01! 0(;.'==(2'0$)a! 0:! #=='@'#$;! @:#,;'0$! 0=! %:0(D! e! '$;#:2;';',-2! ;+,;! D:010;#! '$;#:1'P'$%! .(:'$%! :,D'.! ;+#:1,-!

,$$#,-'$%!_LQT`4Z!d07#H#:)! '$!@0$;'$(0(2!7,H#-#$%;+!_FU`!".MfTS!-,2#:!LQT)!%:0(D!e!,;012!0(;.'==(2#!:#,@+'$%!

?'VK! -,<#:! ;+:0(%+!1'@:0@:,@82! @:#,;#.! .(:'$%! -,2#:! D:0@#22'$%!7+'@+! #$+,$@#! ;+#!T2NA! '$;#:1'P'$%! '$! R$T2NR$A!>5!

1'@:02;:(@;(:#4JY!

5(#!;0!;+#!:#-,;'H#-<!-07!;+#:1,-!,$.!@+#1'@,-!2;,6'-';<!0=!RRRBe!@01D0($.!2#1'@0$.(@;0:2)!-,2#:!'::,.',;'0$!@,$!,-;#:!;+#!

2;:(@;(:,-)! 0D;'@,-! ,$.! #-#@;:0$'@! D:0D#:;'#2! 0=! ;+#2#! 1,;#:',-24JJ! ^0:! '$2;,$@#)! ';! 7,2! :#D0:;#.! ;+,;! ;+#! T;01'@! ^0:@#!

!"#$%&'(()*+",*-.#&*.&/*+%-$)$+,%-.*+&".0&1(,-$)$+,%-.*+&/".23"+,2%*.4&5!'/1/6&789:&
$0*,$0&;<&=-&>2:&>2*0-&?$..*4:&7*".3".&72:&?*%-<2@*&A**.-:&B%-+C&-3&DB9E&8-)C&FGHI:&
FGHIIJ&K&L&HIMM&DB9E&K&JJJ&+-0$N&IHFFOFPQ7RMMRSMP&K&0-*N&MICMMMFRMHCPFGTUV

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

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



!

/'@:02@0D<! _T^/`!1#,2(:#.! 2(:=,@#! :0(%+$#22! 0=! R$A! '::,.',;#.! ! 6<! ,! $,$02#@0$.!Ge! -,2#:! _ W\\b! $1`! '$@:#,2#2!

2<2;#1,;'@,--<!7';+! ;+#! -,2#:!D(-2#!$(16#:4JK!d07#H#:)! ;+#!R$A!2(:=,@#!@:<2;,--'$#!2;:(@;(:#!,$.!@+#1'@,-!@01D02';'0$!

:#1,'$!($@+,$%#.!=0:!(D!;0!]YYY!D(-2#2!0=!;+#!6#-07B,6-,;'0$!;+:#2+0-.!=-(#$@#4!T;!+'%+#:!D(-2#!=-(#$@#2)!$,$02#@0$.!

-,2#:2!,:#!:#D0:;#.!;0!.#@01D02#!;+#:1,--<!R$A!,$.!-#,.!;0!,!D:#=#:#$;',-!:#10H,-!0=!D+02D+0:0(24J\!!

R;! '2!7#--!8$07$!;+,;!?'VK! -,<#:! '2! :#-,;'H#-<! ;:,$2D,:#$;! ;0!T:^!,$.!*:^!#P@'1#:! -,2#:!7,H#-#$%;+2)
J[!,$.! ';!+,2!6##$!

2+07$!;+,;!*:^!-,2#:!'::,.',;'0$!0=!,!?'VK!@0,;#.!?'!7,=#:!@,$!1#-;!?'!,$.!@:#,;#!,!D#:'0.'@!2(:=,@#!2;:(@;(:#)!7';+0(;!

:#10H,-!0=!;+#!?'VK!-,<#:4
JX!d07#H#:)!;+#!@:022!2#@;'0$,-!?E/!1'@:0%:,D+2!2+07!;+,;!201#!?'!D:0;:(.#2!;+#!?'VK!-,<#:!

,$.)!;+(2)!,!10.'='#.!'$;#:=,@#!D:0='-#!'2!062#:H#.4J]!?'1(-,;'0$!0=!-,2#:!'$;#:,@;'0$!7';+!?'VK!@0,;#.!1,;#:',-2!'$.'@,;#2!

;+,;!;+#!?'VK!-,<#:!@,$!6#!1#-;#.!0:!,6-,;#.!'=!;+#!-,2#:!=-(#$@#!'2!-,:%#!0:!;+#!2(62;:,;#!,.g,@#$;!;0!;+#!?'VK!-,<#:!+,2!,!

-,:%#!,620:D;'0$!,;!;+'2!7,H#-#$%;+4Jb!

R$! ;+'2! 2;(.<)! 7#! (2#.! 60;+! T:^! ,$.! *:^! -,2#:2! ;0! '::,.',;#! R$S,T2NR$S,T2A! 1'@:02;:(@;(:#2! @0,;#.! 7';+! R$A! ,$.!

.'==#:#$;!;+'@8$#22!?'VK!-,<#:24!Q+#!2(:=,@#!10:D+0-0%<!0=!?'VK!,$.!R$A!-,<#:2!7,2!#P,1'$#.!7';+!T^/!,=;#:!60;+!-,2#:!

'::,.',;'0$!,$.!LQT4!!!

2F! JK7JB5LJGA(

T! 2@+#1,;'@! @:022B2#@;'0$! 0=! ;+#! '$H#2;'%,;#.! >U! 2;:(@;(:#! '2! 2+07$! '$! ^'%(:#! J4! R;! @0$2'2;2! 0=! X! ]B$1B;+'@8!

R$Y4[bS,Y4X\T2!7#--2!2#D,:,;#.!6<![!JYB$1B;+'@8!R$Y4b[S,Y4K]T2Y4XbAY4[\!6,::'#:24!Q+#!>U!2;:(@;(:#!'2!%:07$!0$!$B.0D#.!R$A!

2(62;:,;#!,$.!'2!.#2'%$#.!;0!#1';!,;!J4X[Y! 1!,;!:001!;#1D#:,;(:#4!?,1D-#2)!;<D'@,--<!a!11!P!a!11)!7#:#!=':2;!@-#,H#.!

=:01! ,!7,=#:! ,$.! @-#,$#.!7';+! 2;,$.,:.! 20-H#$;24! &,<#:2! 0=! ?'VK)! .?'VKW! XY)! JXY)! JZY)! K[\)! ,$.! K]\! $1! ;+'@8!7#:#!

.#D02';#.!0$! ;0D!0=! ;+#!>U!2;:(@;(:#!6<!,!D-,21,!#$+,$@#.!@+#1'@,-!H,D0(:!.#D02';'0$! _AEFe5`!1#;+0.4!Q+#!?'VK!

='-12!+,.!;+#':!#P;'$@;'0$!:,;'0!0=!JYBb!,;!;+#!'$@'.#$;!7,H#-#$%;+!0=!]\K4a!$14!

!

^'%(:#!J4!?@+#1,;'@!@:022B2#@;'0$!0=!;+#!'$H#2;'%,;#.!>U!2;:(@;(:#4!

U#!(2#.!,$!T:^!-,2#:!_ WJZ\$1`!.#-'H#:'$%!J]!$2!D(-2#2!0=!=-(#$@#!'$!;+#!:,$%#!0=!]bBJXY!13N@1K)!,$.!,!*:^!_ WK[a!

$1`! -,2#:! .#-'H#:'$%! K\! $2! D(-2#2! 0=! =-(#$@#! '$! ;+#! :,$%#! 0=! JYYBJZY! 13N@1K4! 50(6-#! 1'@:0-#$2! =-<B#<#B,::,<!

+010%#$'h#.!-,2#:!6#,12!7#:#!(2#.!;0!D:0g#@;!,!@':@(-,:!1,28!0$!;+#!2,1D-#!2(:=,@#4!U';+!@01D(;#:!@0$;:0--#.!iBfBjB

Q+#;,!2,1D-#!2;,%#2)!;+#!;70!2#;(D2!,--07#.!=0:!;+#!D:0@#22'$%!0=!2,1D-#2!,;!.'==#:#$;!2';#2!0=!,DD:0P'1,;#-<!Y4Z!,$.!J4[!

11!'$!.',1#;#:!=0:!T:^!,$.!*:^!-,2#:)!:#2D#@;'H#-<4!Q+#!'::,.',;'0$!7,2!@,::'#.!0(;!'$!,$!,16'#$;!,':!#$H':0$1#$;4!!

^0--07'$%! ;+#! '::,.',;'0$)! ;+#! 2,1D-#!7,2! ,$$#,-#.!7';+! ,! @011#:@',-! LQT! D:0@#220:! _3#;=':2;`! '$! ,$! ,;102D+#:#! 0=!

1'P#.!+<.:0%#$!,$.!$';:0%#$!_Y4JM!Y4Z`!,;!bYYk!F!=0:!K!1'$(;#24!Q+(2)!;+#!,$$#,-'$%!@0$.';'0$2!=0:!.'==#:#$;!2';#2!0$!;+#!

2,1#!2,1D-#!7#:#!$01'$,--<! ;+#!2,1#4!T=;#:!LQT)! ;+#!?'VK! -,<#:!7,2!:#10H#.!6<! '11#:2'$%! ;+#!7+0-#!2,1D-#! '$!,!

JYl!20-(;'0$!0=!d^!'$!.#'0$'h#.!dKV4
Ja!!

L001!;#1D#:,;(:#!D+0;0-(1'$#2@#$@#! _A&`!1#,2(:#1#$;2!7#:#!@,::'#.!0(;!7';+!,!@011#:@',-!1,DD#:!_A+'-'D2!A&/B
JXY`4!T!".MfTS!-,2#:!7,2!(2#.!;0!#P@';#! ;+#!2,1D-#!7+'-#! ;+#!-(1'$#2@#$@#!7,2!.'2D#:2#.!6<!,!10$0@+:01,;0:!,$.!

.#;#@;#.!6<! ,$! R$S,T2!D+0;0.'0.#! ,::,<4!Q+#!A&!1,D2!7#:#!06;,'$#.!6,2#.!0$! ;+#!>U!#-#@;:0$B+0-#! :#@016'$,;'0$!

D#,8)!7+'@+!=0:!;+#!,2B%:07$!1,;#:',-!7,2!-0@,;#.!,;!JX[Y!$14!!

?,1D-#!2(:=,@#!10:D+0-0%<!7,2!'1,%#.!7';+!,$!T;01'@!^0:@#!/'@:02@0D#!_T^/`!_5'%';,-!R$2;:(1#$;)!",$02@0D#!RRR`!

0D#:,;'$%!'$!,!;,DD'$%!10.#4!T$!#;@+#.!2'$%-#B@:<2;,-!2'-'@0$!;'D!7';+!,!:#@;,$%(-,:)!2'$%-#!6#,1!@,$;'-#H#:!QE?A!_5'%';,-!

R$2;:(1#$;2`!7,2!(2#.!=0:!@0--#@;'$%!T^/!'1,%#24!Q+#!QE?A!;'D!:,.'(2!'2!,:0($.!XBKY!$1)!;+#!@,$;'-#H#:!2D:'$%!@0$2;,$;!

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

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



!

'2!KYBJYY!"N1!,$.!;+#!:#20$,$@#!=:#O(#$@<!'2!,:0($.!KYYB[YY!8dh4!Q+#!;,DD'$%!10.#!'1,%#2!7#:#!@0--#@;#.!,;!2@,$!:,;#!

0=!J4Zb!dh!=0:!X! 1!P!X! 1!:#%'0$!,$.!,;!J4[X!dh!=0:!K4X! 1!P!K4X! 1)!0:!21,--#:!:#%'0$)!_XJK!D0'$;2!D#:!-'$#`)!7+'@+!'2!

:#D0:;#.!;0!+,H#!+'%+#:!,@@(:,@<!'$!:0(%+$#22!1#,2(:#1#$;24JZ!Q+#!:00;!1#,$!2O(,:#!2(:=,@#!:0(%+$#22)!
"#$

)!0=!;+#!

'$H#2;'%,;#.!2,1D-#2!7,2!.#;#:1'$#.!,2!;+#!2;,$.,:.!.#H',;'0$!0=!% '$!;+#!%'H#$!:#%'0$MKY!

K

J
_ `

&

' ()'

"#$

% %

&
!!!!!!!!!!!!!!!!!!!!!!!!!

7+#:#!
()
% '2!;+#!,H#:,%#!% H,-(#!'$!;+'2!:#%'0$)!

'
% '2!;+#!'B;+!% H,-(#)!& '2!;+#!D0'$;!7';+'$!!;+'2!:#%'0$4!

T!@011#:@',-!D:0='-01#;#:!_Q#$@0:#!,-D+,2;#D!KYY`!+,2!6##$!(2#.!;0!1#,2(:#!;+#!,6-,;'0$!.#D;+!0=!;+#!-,2#:!'::,.',;#.!

2';#24!

MF! (BJ!INA!(:GH(H5!CI!!51G!(

MFE! :#=(-%;'#(064"&'4(OP5(*6(;%)+-';(&*%3'4(<03,(!012(-%/'#(

Q+#!6,$.%,D!#$#:%<!0=!?'VK! _Z!#e`! '2!%:#,;#:! ;+,$!D+0;0$!#$#:%<!0=!60;+!T:^! _c]4[!#e`!,$.!*:^! _cX4Y!#e`! -,2#:24
KJ!

d#$@#)! ;+#!?'VK! -,<#:! 2+0(-.!,620:6!0$-<!7#,8-<! ;+#! :,.',;'0$!0=! ;+#2#! -,2#:24
J[!^'%(:#!K! 2+072!A&!1,D2!0=! 2,1D-#2!

@0,;#.!7';+!XY!,$.!JXY!$1!;+'@8!?'VK!-,<#:2!;+,;!7#:#!'::,.',;#.!7';+!;+#!T:^!-,2#:!,;!D(-2#!=-(#$@#!0=!b]!13N@1
K4!A&!

1,D2!,$.!1'@:02@0D#!'1,%#2!,:#!2+07$!'$!;0D!,$.!60;;01!:072!0=!#,@+!2#:'#24!R;!@,$!6#!2##$!;+,;!?'VK!-,<#:2!7#:#!$0;!

,6-,;#.! @01D-#;#-<)! #H#$!7';+! [YY! D(-2#24!T-20)! ;+#! :#2(-;2! '$.'@,;#! ;+,;! ,$! 06H'0(2! 6-(#2+'=;! ;,8#2! D-,@#! 0$-<! '$! ;+#!

:#%'0$2!7+#:#!;+#!?'VK!-,<#:!'2!,6-,;#.4!Q+'2!2(%%#2;2!;+,;!=0:!;+#!'$H#2;'%,;#.!XY!,$.!JXY!$1!;+'@8!?'VK!-,<#:2)!;+#!T:^!

:,.',;'0$!'2!$0;!#=='@'#$;!;0!%#$#:,;#!.#=#@;2!'$!;+#!R$A!-,<#:!;+,;!70(-.!D:010;#!;+#!'$;#:1'P'$%!D:0@#224!!

!

^'%(:#!K4!L001!;#1D#:,;(:#!A&!1,D2!,$.!1'@:02@0D'@!D'@;(:#2!0=!,!2#:'#2!0=!2D0;2!0$!?'VK!_XY!,$.!JXY!$1!;+'@8`!@0,;#.!

>U!1'@:02;:(@;(:#2!'::,.',;#.!7';+!T:^!-,2#:!,;!b]!13N@1K4!!

^'%(:#!\!2+072!K4X! 1!P!K4X! 1!K5!T^/!'1,%#2!0=!;+#!,2B%:07$)!JXY!$1!;+'@8)!?'VK!-,<#:!_^'%4!\,`)!,$.!,=;#:!';!7,2!

'::,.',;#.!7';+!KY! _^'%4!\6`!,$.!JYY!D(-2#2! _^'%4!\@`!0=! ;+#!T:^! -,2#:4! R$!#,@+!@,2#)! ;+#!,2B%:07$!,$.! -,2#:! '::,.',;#.!

2,1D-#2! 7#:#! LQT! =0:! K!1'$! ,;! bYY ! F4! V$#! $0;'@#2! ;+,;! ;+#! -,2#:B'::,.',;#.! 2';#2! +,H#)! O(,-';,;'H#-<)! 2'1'-,:! %:,'$!

2;:(@;(:#!,2!;+,;!0=!;+#!,2B%:07$!1,;#:',-4!Q+#!%:,'$!2;:(@;(:#!'2!=0:1#.!.(:'$%!AEFe5)KK!7';+!;+#!%:,'$!2'h#!.#D#$.'$%!

0$!;+#!?'VK!-,<#:!;+'@8$#224
K\!Q+#!@0::#2D0$.'$%!@:022B2#@;'0$!D:0='-#2)!2+07$!'$!^'%4!\!6#-07!#,@+!T^/!'1,%#)!'$.'@,;#!

;+,;!;+#!%:,'$!2'h#!0=!;+#!'$H#2;'%,;#.!?'VK!-,<#:!'2!,:0($.!]Y!$14!^0:!,!O(,$;';,;'H#!,$,-<2'2!0=!;+#!2(:=,@#!:0(%+$#22)!;+#!

"#$
,1D-';(.#!'2!D-0;;#.!'$!^'%(:#![!,2!,!=($@;'0$!0=!;+#!$(16#:!0=!;+#!'::,.',;'$%!D(-2#4!U#!@,$!2##!;+,;!;+#!2(:=,@#!

:0(%+$#22!,1D-';(.#!.#@:#,2#2!=:01!J4\J!$1!=0:!;+#!,2B%:07$!1,;#:',-!;0!J4Yb!$1!=0:!;+#!JXYBD(-2#B'::,.',;#.!1,;#:',-4!

R;!'2!-'8#-<!;+,;!-,2#:B'$.(@#.!.#$2'='@,;'0$!0=!?'VK!,$.N0:!D,:;',-!1#-;'$%!,:#!;+#!1#@+,$'212!:#2D0$2'6-#!=0:!;+'2!2(:=,@#!

2100;+'$%!#==#@;4!!

JXXY!$1!

J[aY!$1!

JXXY!$1!

J[]Y!$1!

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

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



!

!

^'%(:#!\4!K5!T^/!1'@:0%:,D+2!'--(2;:,;'$%!2(:=,@#!10:D+0-0%<!0=!,!JXY!$1!;+'@8!,2B%:07$!-,<#:!0=!?'VK!_,`)!,$.!=0--07'$%!

;+#! '::,.',;'0$! 7';+! KY! _6`! ,$.! JYY! D(-2#2! _@`! 0=! ;+#! T:^! -,2#:! ,;! b]13N@1K4! R$! #,@+! @,2#)! ;+#! ,2B%:07$! ,$.! -,2#:!

'::,.',;#.!2,1D-#2!7#:#!LQT!=0:!K!1'$!,;!bYY !F4!!

!

^'%(:#! [4! L0(%+$#22! ,1D-';(.#! _ L/?`! 0=! ;+#! ?'VK! 2(:=,@#! ,=;#:! T:^! -,2#:! '::,.',;'0$! ,;! b]!13N@1
K!7';+! .'==#:#$;! D(-2#!

$(16#:!,$.!LQT!=0:!K!1'$!,;!bYY !F4!!

^'%(:#! X! '--(2;:,;#2! 2(:=,@#! 10:D+0-0%<! 0=! R$A! ,=;#:! ;+#! ?'VK! -,<#:! 7,2! #;@+#.! 7';+! ;+#! d^MdKV! 20-(;'0$4! Q+#! 2';#!

'::,.',;#.! 7';+! JYY! D(-2#2! 2##12! 2100;+#:! ;+,$! ;+,;! 0=! ;+#! ,2B%:07$!1,;#:',-4! T-20)! =#7#:! $,$0D,:;'@-#2! +,H#! 6##$!

062#:H#.!0$!;+#!-,2#:B'::,.',;#.!2';#2!;+,$!0$!;+#!,2B%:07$!1,;#:',-4!Q+#!,H#:,%#!:0(%+$#22!_ L/?`!0=!;+#!-,2#:B'::,.',;#.!

2';#2)!2+07$!'$!^'%(:#!])!=-(@;(,;#2!,:0($.!Y4[!$14!Q+'2!='%(:#!,-20!2+072!;+,;!;+#!:0(%+$#22!($@#:;,'$;<!.#@:#,2#2!7';+!

;+#!$(16#:!0=!D(-2#2!,$.!%#;2!@-02#:!;0!;+#!0$#!0=!,!$0$B'::,.',;#.!2';#4!Q+'2!.#10$2;:,;#2!;+,;!?'VK!-,<#:!D:0;#@;#.!R$A!

2(:=,@#!=:01!.':#@;!T:^!-,2#:!'::,.',;'0$)!7+'@+!'2!@0$2'2;#$;!7';+!;+#!,62#$@#!0=!;+#!-,2#:B'$.(@#.!'$;#:1'P'$%!D:0@#22!

062#:H#.!'$!;+'2!@,2#4!

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

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



!

!

^'%(:#!X4!T^/!1'@:0%:,D+2!0=!;+#!R$A!2(:=,@#!,=;#:!T:^!-,2#:!'::,.',;'0$!7';+!b]!13N@1K!,$.!LQT!,$.!,=;#:!:#10H'$%!?'VK!

-,<#:!

!

^'%(:#!]4!Q+#!L/?!:0(%+$#22!0=!R$A!-,<#:!,=;#:!T:^!-,2#:!'::,.',;'0$)!LQT!,$.!,=;#:!:#10H'$%!?'VK!-,<#:!H24!D(-2#!$(16#:!

=0:!b]!13N@1K!

^'%(:#!b!2+072!;+#!X! 1!P!X! 1!K5!,$.!\5!T^/!'1,%#2!0=!;+#!R$A!2(:=,@#!:#H#,-#.!,=;#:!;+#!JXYB$1B;+'@8!?'VK!-,<#:!

7,2!,6-,;#.!7';+!JYY!D(-2#2!0=! ;+#!T:^! -,2#:4!Q+#! =0:1,;'0$!0=!,!%:,;'$%B-'8#! -,2#:! '$.(@#.!D#:'0.'@! 2(:=,@#! 2;:(@;(:#!

_&RA??`K[! '2! @-#,:-<! 062#:H#.! '$! ;+'2! :#%'0$4! Q+#! %:,;'$%! &RA??! D#:'0.! ,$.! +#'%+;! ,:#! ,:0($.! J! 1! ,$.! JY! $1)!

:#2D#@;'H#-<4!^'%(:#!b! _,`!,-20!2+072! ;+#!D:#2#$@#!0=!$(1#:0(2!JK!$1!.##D!$,$0B+0-#2!0$! ;+#!D:0@#22#.!2(:=,@#4!Q+#!

:0(%+$#22!0=!;+'2!:#%'0$!'2!K4JJ!$1)!7+'@+!@01D,:#2!;0!c!Y4X!$1!0=!;+#!,2B%:07$!R$A!2(:=,@#4!U#!$0;#!;+,;!=0--07'$%!;+#!

LQT!2;#D)!;+#!2(:=,@#!.#=#@;2!@:#,;#.!.(:'$%!;+#!T:^!-,2#:!'$;#:,@;'0$!7';+!;+#!R$A!-,<#:!'$.(@#.)!'$!;+'2!@,2#)!,!\a!$1!

6-(#2+'=;4!!

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



!

!

^'%(:#!b4!?(:=,@#!10:D+0-0%<!0=!;+#!R$A!@,D!-,<#:!#PD02#.!;0!;+#!T:^!-,2#:!:,.',;'0$!'$!;+#!:#%'0$!7+#:#!?'VK!7,2!:#10H#.!

#$;':#-<4!!

MF2! >#=(-%;'#(064"&'4(OP5(*6(;%)+-';(&*%3'4(<03,(!012(-%/'#(

^'%(:#!a!_,`!2+072!A&!1,D2!,$.!1'@:02@0D'@!D'@;(:#2!0=!?'VK!@0,;#.!2,1D-#2!;+,;!7#:#!'::,.',;#.!7';+!;+#!*:^!-,2#:!,;!

JX]!13N@1K!_^'%4!a,`!,$.!JKa!13N@1K!_^'%4!a6`4!R;!'2!#H'.#$;!;+,;!;+#!XY!$1!;+'@8!?'VK!-,<#:!'2!,6-,;#.!7';+!XY!D(-2#2!,;!

JX]!13N@1K4!T!D,:;',-!:#10H,-!0=!;+#!JXY!,$.!JZY!$1!;+'@8!?'VK!-,<#:2!'2!062#:H#.!=0--07'$%!;+#':!'::,.',;'0$!7';+!(D!;0!

KYY!D(-2#24!T!D:0='-01#;:'@! 2@,$!0=! ;+#!JXYBD(-2#! '::,.',;#.! 2,1D-#)! '$';',--<! @0,;#.!7';+! ,! JXY!$1! ;+'@8!?'VK! -,<#:)!

:#H#,-#.!;+#!=0:1,;'0$!0=!,!JY!$1!.##D!@:,;#:4!Q+'2!@0(-.!6#!:#-,;#.!;0!,!D,:;',-!,6-,;'0$!,$.N0:!.#$2'='@,;'0$!0=!;+#!-,2#:B

'::,.',;#.! ?'VK! -,<#:4! R$! ,..';'0$)! $(1#:0(2! -,2#:B'$.(@#.! 1'@:0@:,@82! +,H#! 6##$! 062#:H#.! =0:! ;+#2#! 2,1D-#24! Q+#!

1'@:02@0D'@!D'@;(:#2!,$.!A&!1,D2!0=! 2';#2! =:01!2,1D-#2!@0,;#.!K]\!$1! ;+'@8!?'VK)! ,=;#:!*:^! -,2#:! '::,.',;'0$!,;!JKa!

13N@1K!,$.!LQT)!2+07!$0!06H'0(2!-,2#:!,6-,;'0$!,$.!6-(#2+'=;!=0:!XY!,$.!JYY!D(-2#2!'::,.',;#.!2';#24!T;!KYY!D(-2#2)!;+#!

@0-0:! 0=! ;+#! ?'VK! -,<#:! @+,$%#2! 2'%$'='@,$;-<)! 7+'@+! 2(%%#2;2! ;+,;! 201#! 2;:(@;(:,-! @+,$%#2! ;,8#! D-,@#! '$! ;+#! -,2#:!

'::,.',;#.!?'VK4!

!

^'%(:#!a4!L001!;#1D#:,;(:#!A&!1,D2!,$.!1'@:02@0D'@!D'@;(:#2!0=!,!2#:'#2!0=!2D0;2!0$!?'VK!_XY)!JXY)!JZY!,$.!K]\!$1!;+'@8`!

@0,;#.! >U!1'@:02;:(@;(:#2! '::,.',;#.! 7';+! ;+#!*:^! -,2#:! ,;! JX]!13N@1K! _,`! ,$.! JKa!13N@1K! _6`! ,$.! ;+#! '$.'@,;#.!

$(16#:!0=!D(-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+#!:#2(-;2!=0:!2,1D-#2!@0,;#.!7';+!;+#!K[\B$1B;+'@8!?'VK!-,<#:)!'4#4)!.?'VK! ! *:^)!,:#!2(11,:'h#.!'$!^'%(:#!Z4!R;!@,$!6#!

2##$!;+,;!;+#!*:^!-,2#:!'::,.',;'0$!7';+!JK[!13N@1K!,$.!LQT!-#,.2!;0!6-(#2+'=;2!;+,;)!7';+!;+#!#P@#D;'0$!0=!;+#!KYYBD(-2#!

'::,.',;#.!2';#)!;,8#!D-,@#!7';+0(;!;+#!:#10H,-!0=!;+#!?'VK!-,<#:4!Q+#!(DD#:!,$.!-07#:!$(16#:2!2+07$!=0:!#,@+!2';#!'$!;+'2!

='%(:#!'$.'@,;#!;+#!-,2#:!D(-2#!$(16#:!,$.!;+#!,H#:,%#!,1D-';(.#!0=!6-(#2+'=;)!:#2D#@;'H#-<4!^0:!#P,1D-#)!';!@,$!6#!2##$!

;+,;!;+#!aBD(-2#!'::,.',;#.!2';#!+,2!6##$!6-(#2+'=;#.!6<!bY!$1)!,$.!;+,;!;+#!1,P'1(1!6-(#2+'=;!0=!b[!$1!'2!,@+'#H#.!,=;#:!

'::,.',;'0$!7';+!bX!D(-2#24!U#!$0;#!;+,;!,!($'=0:1!6-(#2+'=;!0=!XZ!$1!+,2!6##$!,@+'#H#.!=0--07'$%!;+#!'::,.',;'0$!7';+!

0$-<!X!-,2#:!D(-2#24!^'%(:#!JY!2(11,:'h#2!;+#!$#;!6-(#2+'=;!H24!D(-2#!$(16#:!0=!60;+!,2B%:07$!_($@0,;#.`!1,;#:',-!,$.!

2,1D-#2! @0,;#.!7';+! ,!K[\!$1! ;+'@8!?'VK! -,<#:! =0--07'$%! ;+#':! '::,.',;'0$!7';+! ;+#!*:^! -,2#:! ,$.! ;+#!LQT!2;#D4!Q+#!

1,P'1(1!6-(#2+'=;!=0:!2,1D-#!@0,;#.!7';+!K[\!$1!?'VK!-,<#:!'2!-#22!;+,$!;+,;!=0:!;+#!($@0,;#.!2,1D-#2!'::,.',;#.!'$!,$!

,':!#$H':0$1#$;4!Q+'2!1,<!6#!.(#!;0!;+#!-07#:!$(16#:!0=!.#=#@;2!@:#,;#.!0$!;+#!2(:=,@#!0=!?'VK!@0,;#.!R$A4!R;!@,$!6#!

2##$!;+,;!=0:!60;+!2,1D-#2)!;+#!6-(#2+'=;!'$@:#,2#2!7';+!'$@:#,2'$%!;+#!D(-2#!$(16#:)!;+#$!';!+,2!,!;#$.#$@<!;0!2,;(:,;#4!T;!

"mXY! D(-2#2)! ;+#! 6-(#2+'=;! =0:! ;+#! ($@0,;#.! 2,1D-#! .#@:#,2#2! .(#! ;0! ;+#! 06H'0(2! ,6-,;'0$! #==#@;! 7+'@+! :#.(@#2! ;+#!

n:#2#:H0':o!0=!-,2#:!@:#,;#.!.#=#@;24b!d07#H#:)!=0:!;+#!2,1D-#!@0,;#.!7';+!;+#!K[\!$1!?'VK!-,<#:)!;+#!6-(#2+'=;!.0#2!$0;!

.#@:#,2#)!-'8#-<!.(#!;0!;+#!D:0;#@;'0$!,%,'$2;!,6-,;'0$!;+,;!'2!D:0H'.#.!6<!;+#!?'VK!-,<#:4!!

!

^'%(:#!Z4!L001!;#1D#:,;(:#!A&!1,D!0=!,$!R$ANR$S,T2NR$S,T2A!>U!1'@:02;:(@;(:#!,=;#:!*:^!-,2#:! '::,.',;'0$!,$.!LQT4!

Q+#!D(-2#!$(16#:!,$.!;+#!6-(#2+'=;!,1D-';(.#!,:#!2+07$!6<!;+#!;0D!,$.!60;;01!$(16#:2)!:#2D#@;'H#-<4!

!

^'%(:#!JY4!"#;!6-(#2+'=;!,1D-';(.#!.#D#$.#$@#!0$!;+#!D(-2#!$(16#:!0=!;+#!*:^!-,2#:!.#-'H#:'$%!JK[!13N@1K!,$.!'::,.',;'$%!

;+#! 2(:=,@#!0=! ($@0,;#.! R$A! _2O(,:#! 2<160-2`! ,$.!?'VK! _K[\!$1! ;+'@8`! @0,;#.! R$A! @,D! _@':@-#! 2<160-2`4!Q+#! :#2(-;2!

06;,'$#.!,=;#:!K!1'$!LQT!,;!bYY !F4!!

Q,6-#!J!2+072!;+#!1#,2(:#.!6-(#2+'=;!,1D-';(.#!=0:!,!$0$B'::,.',;#.!($@0,;#.!>U!1'@:02;:(@;(:#!,$.!=0:!$0$B'::,.',;#.!

1'@:02;:(@;(:#2!@0,;#.!7';+!.?'VK!W!XY)!JXY)!JZY)!K[\!,$.!K]\!$1!;+'@8!?'VK!='-124!T!J\!$1!6-(#2+'=;!'2!062#:H#.!=0:!;+#!

1'@:02;:(@;(:#!@0,;#.!7';+!,!K[\!$1!;+'@8!?'VK)!7+'@+!'2!2'1'-,:!;0!;+#!6-(#2+'=;!=0:!;+#!($@0,;#.!_.?'VK!W!Y!$1`!2,1D-#4!

Q+#2#! :#2(-;2! .#10$2;:,;#! ;+,;! ;+#! LQTB'$.(@#.! 0(;.'==(2'0$! 0=! R$! 0:! A! ,;012! =:01! ;+#! R$ANR$S,T2NR$S,T2A! >U!

1'@:02;:(@;(:#!'2!$#%-'%'6-#!,$.)!;+#:#=0:#)!$0!#=='@'#$;!,;01'@!'$;#:1'P'$%!@,$!0@@(:!,;!;+#!,DD-'#.!LQT!;#1D#:,;(:#4Z!

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-#!J4!C-(#2+'=;!,1D-';(.#!H24!;+'@8$#22!0=!;+#!?'VK!-,<#:!=0:!$0$B'::,.',;#.!>U!1'@:02;:(@;(:#24!

!012(-%/'#(3,0&Q6';;(4!012(R6)S( Y!! XY! JXY! JZY! K[\! K]\!

@-"';,0$3(R6)S( J\! JJ! JY! JJ! J\! J\!

!

Q+#!1'@:02@0D'@!'1,%#2!0=!2';#2!'::,.',;#.!7';+!K)!KX)!bX!,$.!JYY!D(-2#2!0=!;+#!*:^!-,2#:!,;!JK[!13N@1K!,:#!2+07$!'$!

^'%(:#! JJ4! Q+#! @0-0:! @+,$%#! 0=! ;+#! ?'VK! -,<#:! '2! -'8#-<! :#-,;#.! ;0! ;+#! -,2#:B'$.(@#.! .#$2'='@,;'0$! ,$.)! @0$2#O(#$;-<)!

@+,$%#!0=!;+#!:#=:,@;'H#!'$.#P!0=!;+'2!1,;#:',-4KX!Q+#!D:0='-01#;:<!1#,2(:#1#$;2!+,H#!'$.'@,;#.!;+,;!;+#!0H#:,--!;+'@8$#22!

:#.(@;'0$!0=!;+#!'::,.',;#.!?'VK!-,<#:!.0#2!$0;!#P@##.!JY!$14!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!

!

^'%(:#!JJ4!/'@:02@0D'@!'1,%#2!0=!*:^!'::,.',;#.!2,1D-#2!@0,;#.!7';+!,!K[\!$1!?'VK!-,<#:!,$.!'::,.',;#.!7';+!;+#!*:^!-,2#:!

,;JK[!13N@1K!_,=;#:!LQT`4!!

!

^'%(:#!JK4!T^/!1'@:0%:,D+2!0=!,2B%:07$!?'VK!_,`!,$.!;+#!?'VK!-,<#:!'::,.',;#.!7';+!K!D(-2#2!_6`!,$.!KX!D(-2#2!_@`!0=!;+#!

*:^!-,2#:!,;!JK[!13N@1K!_6#=0:#!LQT`4!

!

^'%(:#!JK!2+072!T^/!1'@:0%:,D+2!0=!,2B%:07$)!K[\!$1!;+'@8!?'VK!-,<#:!,$.!;+#!2,1#!;+'@8$#22!?'VK!-,<#:!'::,.',;#.!

7';+!K!,$.!KX!D(-2#2!0=!;+#!*:^!-,2#:!,;!JK[!13N@1K)!6#=0:#!';!7,2!LQT4!Q+#!%:,'$!2;:(@;(:#!0=!;+#!1,;#:',-!'2!7#--!2##$!

=0:!60;+!'::,.',;#.!,$.!$0$!'::,.',;#.!2';#24!Q+#!,H#:,%#!%:,'$!2'h#!0=!;+'2!?'VK!-,<#:!'2!,:0($.!XY!$1)!7+'@+!'2!21,--#:!

;+,$! ;+,;!0=! ;+#!JZY!$1!;+'@8!?'VK! -,<#:4!Q+#!,H#:,%#!%:,'$!+#'%+;)!1#,2(:#.!6<!T^/)!.#@:#,2#2!=:01!X4KK!$1!_^'%4!

JK6`!;0![4YK!$1!_^'%4!JK@`!,2!;+#!D(-2#!$(16#:!'$@:#,2#2!(D!;0!KX!D(-2#24!!

Q+#!T^/!'1,%#2!0=!;+#!K[\!$1!;+'@8!?'VK!-,<#:)!,=;#:!';!7,2!LQT)!,:#!2+07$!'$!^'%(:#!J\4!Q+#!,H#:,%#!%:,'$!+#'%+;!0=!

;+#!'::,.',;#.!2;:(@;(:#2!'2!:#.(@#.!-'8#-<!.(#!;0!-,2#:B'$.(@#.!1#-;'$%4KY!Q+'2!@,(2#2!;+#!:0(%+$#22!.#@:#,2#2!6<!,:0($.!

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



!

Y4J!$1!,=;#:!LQT!,2!.#10$2;:,;#.!'$!^'%(:#!J[4!Q+#!'$';',-!:0(%+$#22!.#@:#,2#!7+#$!"pKY!'2!.(#!;0!-,2#:!+#,;'$%!,$.!

1#-;'$%! %:,'$! 2;:(@;(:#4! Q+#$! ';! '$@:#,2#2! 6#@,(2#! 0=! ;+#! $,$0B=#,;(:#2! @:#,;'0$! ,;! -,:%#:! D(-2#! $(16#:4! ^'$,--<)! ';!

.#@:#,2#2! ,%,'$! .(#! ;0! 06H'0(2! -,2#:! 1,;#:',-! 1#-;'$%! ,$.! D,:;',-! :#10H'$%! 0=! ?'VK! -,<#:4! Q+#! 1'$'1(1! ,@+'#H#.!

:0(%+$#22!'2!.#10$2;:,;#.!0$!2';#!'::,.',;#.!7';+!KY!D(-2#2!7+'@+!%'H#2!]]!$1!0=!6-(#2+'=;4!

!

^'%(:#!J\4!T^/!1'@:0%:,D+2!0=!,2B%:07$!?'VK!_,`!,$.!;+#!?'VK!-,<#:!'::,.',;#.!7';+!K!D(-2#2!_6`!,$.!KX!D(-2#2!_@`!0=!;+#!

*:^!-,2#:!,;!JK[!13N@1K!_,=;#:!LQT`4!

!

^'%(:#!J[4!Q+#!L/?!:0(%+$#22!0=!;+#!?'VK!-,<#:!,=;#:!*:^!-,2#:!'::,.',;'0$!,;!JK[!13N@1
K!H24!D(-2#!$(16#:!6#=0:#!,$.!,=;#:!

LQT4!

!

Q+#!R$A!2(:=,@#!10:D+0-0%<!0=!,!$0$B'::,.',;#.!R$A!,$.!,=;#:!;+#!K!,$.!KX!D(-2#!*:^!-,2#:!'::,.',;'0$!_JK[!13N@1K`!0=!

R$A!@0,;#.!7';+!;+#!?'VK!-,<#:!'2!2+07$!'$!^'%(:#!JX4!Q+#!:#2(-;2!,:#!2+07$!,=;#:!LQT!,$.!;+#!:#10H,-!0=!;+#!?'VK!-,<#:4!

"(1#:0(2!$,$0B+0-#2!@:#,;#.!'$!R$A!@,$!6#!2##$!=0:!;+#!K!,$.)!#2D#@',--<)!=0:!;+#!KXBD(-2#!'::,.',;#.!2(:=,@#4!"0$#!0=!

;+#2#!$,$0B+0-#2!+,H#!6##$!=0($.!0$!$0$!'::,.',;#.!2';#2)!+#$@#)!;+#!:0-#!0=!;+#!*:^!-,2#:!'2!#H'.#$;!'$!;+#!=0:1,;'0$!0=!

;+#2#!$,$0B+0-#24!R;!@,$!6#!2##$!;+,;!;+#!$,$0B+0-#!.#D;+!'$@:#,2#2!=:01!K4X!$1!;0!\4\!$1!,$.!;+#!7'.;+!'$@:#,2#2!=:01!

\Z!$1!;0!b\!$1!,2!;+#!D(-2#!$(16#:!'$@:#,2#2!=:01!K!;0!KX!D(-2#24!Q+#!.#$2';<!0=!$,$0B+0-#2!'2!,-20!%:#,;-<!'$@:#,2#.!=0:!

;+#!KX!D(-2#!'::,.',;#.!2';#4!U#!062#:H#.!a!$1!.##D)!a\!$1!7'.#!$,$0B+0-#2!0$!2';#2!'::,.',;#.!7';+!JYY!D(-2#2!0=!;+#!

*:^!-,2#:!_;+#2#!:#2(-;2!,:#!$0;!2+07$!+#:#`4!Q+#!=0:1,;'0$!0=!$,$0B+0-#2!-#,.2!;0!;+#!'$@:#,2#.!,H#:,%#!:0(%+$#22!0=!;+#!

'::,.',;#.! 2(:=,@#)! 7+'-#! ;+#! .#$2';<! 0=! $,$0B+0-#2! 2,;(:,;'0$! '2! 062#:H#.! ,;! ,! -,:%#! D(-2#! $(16#:4! Q+#! ,1D-';(.#! 0=!

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

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



!

6-(#2+'=;!.#D#$.#$@#!7';+!D(-2#!$(16#:!=0--072!;+#!2,1#!6#+,H'0:)!,2!';!@,$!6#!2##$!'$!^'%(:#!JY4!Q+#:#=0:#)!';!2##12!

;+,;!;+#!D:#2#$@#!0=!$,$0B+0-#2!'2!201#+07!:#2D0$2'6-#!=0:!;+#!'$;#:1'P'$%!D:0@#224!Q+#!$,$0B+0-#2!1,<!#$+,$@#!A!,;01!

0(;.'==(2'0$!,$.!@:#,;#!A!H,@,$@'#2)!2'1'-,:-<!;0!1'@:0@:,@82!:#D0:;#.!'$!>U!'::,.',;#.!7';+!FU!-,2#:!LQT4JY!

!

^'%(:#! JX4! T^/! 2(:=,@#! 10:D+0-0%<! 0=! ,! $0$B'::,.',;#.! R$A! _,`! ,$.! ,=;#:! ;+#! K! D(-2#! _6`! ,$.! KX! D(-2#! _@`! *:^! -,2#:!

'::,.',;'0$! _JK[!13N@1K`!0=! R$A!@0,;#.!7';+! ;+#!?'VK! -,<#:4!Q+#!:#2(-;2!,:#!2+07$!,=;#:!LQT!,$.! ;+#! :#10H,-!0=! ;+#!

?'VK!-,<#:4!

!

^'%(:#!J]4!Q+#!L/?!:0(%+$#22!0=!;+#!R$A!-,<#:!'::,.',;#.!7';+!.'==#:#$;!D(-2#2!0=!;+#!*:^!,;!JK[!13N@1K)!=0--07#.!6<!;+#!

LQT!2;#D4!Q+#!:#2(-;2!,:#!2+07$!,=;#:!;+#!?'VK!-,<#:!+,2!6##$!:#10H#.4!!

TF! C1GCNI!51G(

U#!+,H#!'$H#2;'%,;#.!10:D+0-0%<!0=!?'VK!,$.!R$A!-,<#:2!(2#.!=0:!@,DD'$%!;+#!R$ANR$S,T2NR$S,T2A!>U!1'@:02;:(@;(:#!

;+,;!7#:#!'::,.',;#.!7';+!;+#!T:^!,$.!*:^!#P@'1#:!-,2#:24!Q+#!?'VK!:0(%+$#22!7,2!=0($.!;0!.#@:#,2#!6<!'$@:#,2'$%!;+#!

D(-2#!$(16#:!0=!60;+!-,2#:24!U#!=0($.!0(;!;+,;!;+#!R$A!-,<#:!+,2!,!:#-,;'H#-<!2100;+!2(:=,@#! L/?!cY4[!$1`!.(#!;0!;+#!

D:0;#@;'0$!D:0H'.#.!6<!;+#!?'VK!-,<#:!.(:'$%!;+#!#P@'1#:!-,2#:!'::,.',;'0$!,$.!+'%+!;#1D#:,;(:#!LQT4!^0:!2,1D-#!@0,;#.!

7';+!XY!0:!JXY!$1!?'VK! -,<#:! '::,.',;#.!6<! ;+#!T:^!-,2#:)! ;+#!6-(#2+'=;! '2!062#:H#.!0$-<! '$! ;+#!:#%'0$!7+#:#! ;+#!?'VK!

-,<#:!'2!,6-,;#.4!Q+#!R$A!2(:=,@#!'2!,-;#:#.!6<!;+#!T:^!,$.!*:^!-,2#:!'::,.',;'0$!,$.!:#2(-;2!'$!;+#!'$@:#,2#.!:0(%+$#224!!

V$! ;+#!0;+#:!+,$.)! ;+#!1,P'1(1!6-(#2+'=;!0=!b[!$1!7,2!,@+'#H#.!0$! 2,1D-#!@0,;#.!7';+!,!K[\!$1! ;+'@8!?'VK! -,<#:!

_.?'VK! ! *:^`! 2+07'$%!,!2100;+!2(:=,@#!_ "#$
W!J4a!$1`!,=;#:!bXBD(-2#B:,.',;'0$!7';+! ;+#!*:^! -,2#:!,;!JK[13N@1K4!T!

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

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



!

:#-,;'H#-<!-,:%#!$(16#:!0=!$,$0B+0-#2!+,H#!6##$!062#:H#.!'$!;+#!R$A!-,<#:!'::,.',;#.!7';+!;+#!*:^!-,2#:4!Q+#!D:#2#$@#!0=!

;+#2#!$,$0B+0-#2!@0'$@'.#2!7';+!;+#!#$+,$@#1#$;!0=!;+#!>UR!D:0@#224!

UF! :C>G1PNJH9JLJGA(

Q+'2!70:8!7,2!2(DD0:;#.!6<!;+#!/#:';!?@+0-,:2+'D!D:0%:,1!=0:!^0:#'%$!?;(.#$;2! =:01!;+#!^0$.2!.#!L#@+#:@+#!2(:! -,!

",;(:#!#;!-#2!Q#@+$0-0%'#2!_^>L"Q`!0=!>(#6#@!_"&`)!;+#!",;(:,-!?@'#$@#!,$.!E$%'$##:'$%!L#2#,:@+!F0($@'-!0=!F,$,.,!

,$.!;+#!F,$,.,!L#2#,:@+!F+,':!'$!>(,$;(1!?#1'@0$.(@;0:2!D:0%:,1!_335`4!Q+#!+#-D!=:01!T6.#-,;'=!3,0(,.)!S('--,(1#!

C#:;:,$.! ,$.! 5#$'2! A#--I! =:01! ;+#! G$'H#:2';I! .#! ?+#:6:008#! F#$;:#! .#! :#@+#:@+#! #$! $,$0=,6:'@,;'0$! #;! #$!

$,$0@,:,@;#:'2,;'0$!'2!%:#,;-<!,DD:#@',;#.4!

BJ=JBJGCJ!(

qJr! &')! E4)! q?#1'@0$.(@;0:! O(,$;(1! 7#--2! '$;#:1'P'$%r)! S0:.0$! s! C#,@+! ?@'#$@#! A(6-'2+#:)! T12;#:.,1)! aBJJ!

_KYYY`4!

qKr! 5()!?4)!^()!&4)!Q,$)!d4)!,$.!3,%,.'2+)!F4)!tR$H#2;'%,;'0$2!0=!'1D(:';<B=:##!H,@,$@<!.'20:.#:'$%!'$!_T-`!R$S,T2!

_A`NR$S,T2!O(,$;(1!7#--2)t!?#1'@0$.4!?@'4!Q#@+$0-4!!KX)!YXXYJ[!_KYJY`4!

q\r! &,'.'%)!U4)!d0-0$<,8)!"4)!F,1:,2)!/4)!d#22)!*4)!F0-#1,$)! 34)!5,D8(2)!A4)! ,$.!C,:.##$)! 34)! t5'20:.#:! 0=! ,$!

T-T2!S,T2!2(D#:-,;;'@#!6<!'1D(:';<!.'==(2'0$)t!TDD-4!A+<24!&#;;4!\a_JY`)!bb]Bbba!_KYYZ`4!

q[r! 5g'#)!d4)!/#')! Q4)!T:08',:,g)! 34)! ?008.+'2)!F4)!f()! ?4)!T$%)! &4)! ,$.! Q,$%)!i4)! tEPD#:'1#$;,-! ,$.! ;+#0:#;'@,-!

,$,-<2'2! 0=! ,:%0$! D-,21,B#$+,$@#.! O(,$;(1B7#--! '$;#:1'P'$%)t! REEE! 34! >(,$;(1! E-#@;:0$4! [Y_K`)! J]]BJb[!

_KYY[`4!

qXr! 5(60728')! 34)! t&,2#:B'$.(@#.! 6,$.%,D! 2+'=;'$%! =0:! D+0;0$'@! .#H'@#! '$;#%:,;'0$)t! G?! A,;#$;! u])XJ[)ba[! FT!

K)\\J)X]b!_KYYK`4!

q]r! S#$#2;)! 34)! 5(60728')! 34)! ,$.! T'1#h)! e4)! t?(DD:#22#.! '$;#:1'P'$%! '$! R$T-S,T2NT-S,T2NS,T2! ,$.!

T-S,T2NS,T2!O(,$;(1!7#--!+#;#:02;:(@;(:#2!'::,.',;#.!7';+!,!*:^!#P@'1#:!-,2#:)t!TDD-4!A+<24!TB/,;#:4!aZ_K`)!

[K\B[K]!_KYYb`4!

qbr! S#$#2;)! 34)! C#,:-)! L4)! T'1#h)! e4)! ,$.! 5(60728')! 34)! tT:^! -,2#:B6,2#.! O(,$;(1! 7#--! '$;#:1'P'$%! '$!

R$S,T2NR$S,T2A!+#;#:02;:(@;(:#2)t!TDD-4!A+<24!&#;;4!Z\)!YbJJY]!_KYYa`4!

qar! Q#$%)!34)!50$%)!34)!F+(,)!?4)!&,')!/4)!^00)!C4)!Q+01D20$)!54)!L06'$20$)!C4)!&##)!T4)!d,h#--)!34)!,$.!?D:0(-#)!R4)!

tF0$;:0--#.!%:0(D!e!'$;#:1'P'$%!'$!R$S,T2A!O(,$;(1!7#--!2;:(@;(:#2!,$.!';2!,DD-'@,;'0$!;0!;+#!=,6:'@,;'0$!0=!

;70!2#@;'0$!;($,6-#!-,2#:2)t!34!TDD-4!A+<24!ZK)![\\Y!_KYYK`4!

qZr! C,:'8)!?4)!^()!&4)!Q,$)!d4)!,$.!3,%,.'2+)!F4)!tR1D(:';<B=:##!.'20:.#:'$%!0=!R$T2N!R$A!O(,$;(1!.0;2)t!TDD-4!A+<24!

&#;;4!ZY)!K[\JJ[!_KYYb`4!

qJYr! F+',)!F4)!F+(,)!?4)!Q:'D,;+<)!?4)!,$.!50$%)!34)!tS:0(DBe!'$;#:1'P'$%!'$!R$T2N!R$A!O(,$;(1!.0;2)t!TDD-4!A+<24!

&#;;4!a])!YXJZYX!_KYYX`4!

qJJr! C,(#:-#)!54)!q&,2#:!A:0@#22'$%!,$.!F+#1'2;:<r)!?D:'$%#:Be#:-,%)!C#:-'$!d#'.#-6#:%)!\YbB\\Y)!_KYYY`4!

qJKr! /(2,#H)!V4)!*70$)!V4)!U:06#-)! 34)! j+()!54)! ,$.!*:(%#:)!/4)! tEH0-(;'0$! 0=! R$A! 2(:=,@#2! ($.#:! -07! =-(#$@#!

D(-2#.!Ge!'::,.',;'0$)t!TDD-4!?(:=4!?@'4!KX[_Ja`)!XaY\BXaY]!_KYYa`4!

qJ\r! C0$2#)!34)!/($h)!/4)!,$.!?;(:1)!d4)!t?@,$$'$%!=0:@#!1'@:02@0D'@!'$H#2;'%,;'0$2!0=!;+#!=#1;02#@0$.!-,2#:!D(-2#!

'::,.',;'0$!0=!'$.'(1!D+02D+'.#!'$!,':)t!REEE!Q:,$24!",$0;#@+$0-4!\_\`)!\XaB\]b!_KYY[`4!

qJ[r! /#22'$,)! ^4)! F,$$,2)!/4)! ,$.!C02@,'$0)! L4)! tS#$#:,;'0$! 0=! .#=#@;2! '$! ,10:D+0(2! ?'VK! ,22'2;#.! 6<! ;70B2;#D!

,620:D;'0$!0$!'1D(:';<!2';#2)t!34!A+<24M!F0$.#$24!/,;;#:!KY)!KbXKJY!_KYYa`4!

qJXr! &()!f4)!F+0')!U4)!T0<,%')!f4)!*'$01(:,)!T4)! ,$.!^(g'')!*4)! tF0$;:0--,6-#! -,2#:! '$.(@#.!D#:'0.'@! 2;:(@;(:#2!,;!

2'-'@0!.'0P'.#N2'-'@0$!'$;#:=,@#!6<!#P@'1#:!-,2#:!'::,.',;'0$)t!34!TDD-4!A+<24!aY!_JK`)!bYXKBbYX]!_KYYZ`4!

qJ]r! f()! 34! ,$.! &()! f4)! tE==#@;2! 0=! :,D'.! ;+#:1,-! ,$$#,-'$%! 0$! :'DD-#! %:07;+! '$! #P@'1#:! -,2#:B'::,.',;#.! 2'-'@0$B

.'0P'.#N2'-'@0$!2(62;:,;#2)t!TDD-4!?(:=4!?@'4!JX[)!]bYB]b[!_KYYY`4!

qJbr! f()! 34)!j+,$%)! 34)!C0<.)! R4)! ,$.!&()!f4)! tEP@'1#:B-,2#:B'$.(@#.!1'@:0D,;;#:$'$%!0=! 2'-'@0$!.'0P'.#!0$! 2'-'@0$!

2(62;:,;#2)t!TDD-4!A+<24!TB/,;#:4!bK_J`)!\XB\Z!_KYYJ`4!

qJar! U'--',12)!*4!,$.!/(--#:)!L4)!tE;@+!:,;#2!=0:!1'@:01,@+'$'$%!D:0@#22'$%)t! 34!/'@:0#-#@;:01#@+4!?4!X_[`)!KX]B

K]Z!_JZZ]`4!

qJZr! ?'1D20$)! S4)! ?#.'$)! 54)! ,$.! L07-#$)! *4)! t?(:=,@#! :0(%+$#22! 6<! @0$;,@;! H#:2(2! ;,DD'$%!10.#! ,;01'@! =0:@#!

1'@:02@0D<)t!&,$%1(':!JX_[`)!J[KZBJ[\[!_JZZZ`4!

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

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



!

qKYr! 5(60728')! 34)! A00-#)! A4)! ?D:0(-#)! S4)! /,:2+,--)! S4)! /0'2,)! ?4)! &,@#--#)! F4)! ,$.! C(@+,$,$)! /4)! tE$+,$@#.!

O(,$;(1B7#--!D+0;0-(1'$#2@#$@#!'$!R$S,T2NR$S,T2A!+#;#:02;:(@;(:#2!=0--07'$%!#P@'1#:B-,2#:B,22'2;#.!2(:=,@#!

D:0@#22'$%)t!TDD-4!A+<24!TB/,;#:4!]Z)!KZZB\Y\!_JZZZ`4!

qKJr! T:,')! *4)! R1,')! d4)! d020$0)! d4)! T6#)! f4)! ,$.! R1,%,7,)! d4)! tQ70! D+0;0$! D:0@#22#2! '$! .#=#@;! =0:1,;'0$! 6<!

#P@'1#:!-,2#:2!'$!2<$;+#;'@!2'-'@,!%-,22)t!TDD-4!A+<24!&#;;4!X\_KY`)!JaZJBJaZ\!_KYYZ`4!

qKKr! *'1)!f4!Q4)!*'1)!54!?4)!,$.!f00$)!54!d4)!tAEFe5!?'VK!,$.!?'V"!='-12!.#D#$.,$;!0$!;+#!:=!6',2!D07#:!=0:!

-07B-022!2'-'@,!7,H#%('.#)t!Q+'$!?0-'.!^'-12!![bX_JBK`)!KbJBKb[!_KYYX`4!

qK\r! U(()!54)!&0)!U4)!F+',$%)!F4)!&'$)!d4)!F+,$%)!&4)!d0:$%)!L4)!d(,$%)!F4)!,$.!S,0)!f4)!tA-,21,B.#D02';#.!2'-'@0$!

0P'.#! 6,::'#:! ='-12! 0$! D0-<#;+#:2(-=0$#! 2(62;:,;#2M! ;#1D#:,;(:#! ,$.! ;+'@8$#22! #==#@;2)t! ?(:=4! F0,;4! Q#@+$0-4!

JZb_KB\`)!KX\BKXZ!_KYYX`4!

qK[r! F-,:8)! ?4! ,$.! E110$<)! 54)! tG-;:,H'0-#;B-,2#:B'$.(@#.! D#:'0.'@! 2(:=,@#! 2;:(@;(:#2)t! A+<24! L#H4! CM! F0$.#$24!

/,;;#:![Y_[`)!KY\JBKY[J!_JZaZ`4!

qKXr! /,0)!?4)!^)!>4)!S('h,:.)!?4)!/,0)!i4)!L(220)!L4)!A#;';#)!S4)! ,$.!/,:;'$)!A4)! t5<$,1'@2!0=! =#1;02#@0$.! -,2#:!

'$;#:,@;'0$2!7';+!.'#-#@;:'@2)t!TDD-4!A+<24!TB/,;#:!bZ_b`)!J]ZXBJbYZ!_KYY[`4!

!

!

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

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


