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Wu Y ŶY ">f# ªÅRN )�· 9[\s�*��
ªÅ ! "& � : ; 3 ¼ ] c Ç � h � X Y È
i6*'6R6,6N@Y'),06N�@·�_£!S"Y ]s0�f&

Wu`T!�rºÙIrg%&:;HÅ"Y�2�
òr'�©r'»ÖQ�N,�¼�e����MÿÒ
WurºÙ®^!""�ò��ÿÒWu CY7@1�@&
Vm#f#? J^_SªÅ,Ra&

<5J�

<4;5Y���W&ÚÛ
STL5���(Â'(%'¦ÚÛ+ß©_µ(

�»Ö����o}CIãQ(Â'(%Û+ß©_
µ"��¥�Í¦Úmn(´ª»Ö��'ü�©p�
»Ö��Û�Ý©p�»Ö�����¦ÚÎ}ST
L5�"(Â'(%Û+ß©_µ&
<4<5§ã�QY���2�òr¥�©rÿÒ

§ã�"Y����õ2�òrÛ�©rÿÒ^
_`dªÅ,Ra)` Vg#f#?*& §ãQ = �Q'"B
STL5�ÿÒ"����'´ª���'ü�©p�
���Û�Ý©p����2�òr¥}C�©r`
�úip"^_`SªÅ,Ra)` Vm#f#?*"��}
C2ãPIv§¨&

B����ÿÒ"% Ë��?@���2m2�
Û}C�©rë��úbÓ"^_`SªÅ,Ra
)`Vm#f#?*)� "*&

H ;5÷ÚÝ>÷ÚÙ < ì��øù!úmû�êLM)$T%*

�÷ V�]
§ã� §ãQ = �

2�òr
)''*

�©r
)7*

2�òr
)''*

�©r
)7*

STL5� 3 $fA?s#f"? l%f#Gs#f#G Af#=s#f"3 l=fA?s#f"#

���� 3 $f>?s#f"% l=f>>s#f"% "#fGAs#f"?( H=f>?s#f"%(

´ª��� 3 $f>#s#f#> l=f>=s#f"G AfA>s#f#3(1 H"fA$s#f#?(1

ü�©p���� 3 Af#=s#f#$ l=fA3s#f"? Af$"s#f=#(1 H"fA=s#fA=(1

�Ý©p���� 3 $fAGs#f#$ l%f##s#f"? >f%#s#f""(1 H=f""s#fG$(1

Rë #f?"" #f=>A G#f""" 3$3f$%?
Vë #f$=A #fA$3 #f### #f###

!B#BSTL5�ÿÒ"(Vm#f#?(B����ÿÒ"1Vm#f#?

!>3$!3â?@2*ãä =#"A � "# åæ %3 çæ "# ^!ZJ)0 a&SL 8LJ+J(*'6*"85+61/,=#"A"b6*4%3"X64"#

Q2xvdWRWZXJzaW9uLQo?



<4=5Y���»Ö�ÝÓiUV¹hÿÒ
BSTL5�ÿÒ"����'´ª���'ü�

©p����¥�Ý©p����Å+`�¥Å+�
Nú|mß"Å+��ú|ip"^_`SªÅ,Ra
)` Vm#f#"*& % Ë»Ö�����»ÖÅ+`�'Å
+�NëÛÅ+��ë�úÓ�����"^_`S
ªÅ,Ra)` Vm#f#"*)� =*&

H <5��øùüh��ý·cdJ�)$T%*

�÷ V�] Å+�`) *̂ Å+�N)\L(* Å+��)e*

STL5� 3 =f??s#f#% =fA>s#f#G %3f$>s#f??

���� 3 "f?Gs#f#3( "f%#s#f#=( ?%f3$s#fG"(

´ª��� 3 "f>%s#f#%(1 =f=#s#f#%(1 G%f=$s#fG$(1

ü�©p���� 3 =f%%s#f=A(1 =f3$s#f#?(1 %Af3>s#f?>(1

�Ý©p���� 3 "f>"s#f#%(1 =fG"s#f#G(1 G"fA%s#fG#(1

Rë ""Af#G3 =?$fA%? "$Af=A?

Vë #f### #f### #f###

!B#BSTL5�ÿÒ"(Vm#f#?(B����ÿÒ"1Vm#f#?

<4>5Y���»Ö� ¢£,�Í
STL5�»Ö��:S�Ò7*$"¡Ü")

°`&"Ûr_µ& ����»Ö:S�)°�`
&"Sw!�Î"»ÖÛrðÜ& % Ë»Ö���¥S
TL5�Uÿd�ú^_& ü�©p����¥�Ý
©p����»Ö:S�)°`&"�Î}STL
5��»Ö¢£"´ª���»Ö:S�ªÒ7*
$"�»Ö:S�Ò7"m&

BA C

D E

100μm 100μm 100μm

100μm100μm

BA C

D E

100μm 100μm 100μm

100μm100μm

m ;5�·½¾¿þ
� � ø ù ü h ÿ !
)]&"Çb o"## %'*
!V#STL5�»Ö
� ¢£_µ![#�
���»Ö:S�
)°�`!Z#´ª�
��»Ö:S�)

°`&!7#ü�©p����»Ö:S�Ò7*$!&#�Ý©
p����»Ö:S�)°`&

<4?5Y���»Ö� 3 I9\̂ = ¥ \\̂ = �[
ST L 5 � » Ö �   3 \\̂ = � [ L Ó" °

I9\̂ = �[JóÀÓ& ����BSTL5�Uÿ.

ÌuUä"»Ö� 3 \\̂ = �[óÀÓ"I9\̂ = �[
LÓ& % �»Ö���3"ü�©p����¥�Ý
©p����»Ö� 3 \\̂ = �[`J�ÀÓ"´
ª��� \\̂ = �[y3rÀÓ& I9\̂ = ��[ô(
Uä"ü�©p����¥�Ý©p�����»Ö
�  \\̂ = ��[`J3ûÀÓ"´ª���yÍ�
ÀÓ)/ =*&

C1

D1

E1

B1

A1100μm

C2

D2

E2

B2

A2100μm

100μm 100μm

100μm 100μm

100μm 100μm

100μm 100μm

C1

D1

E1

B1

A1100μm

C2

D2

E2

B2

A2100μm

100μm 100μm

100μm 100μm

100μm 100μm

100μm 100μm

m <5 OOP< m W\OP< e ? Ã�øùüh�µr%H�)7V["Ç
bo"## %'*!V"#STL5� \\̂ RØLÓ!V=#STL5�
I9\̂ = RØóÀÓ!["#���� \\̂ RØóÀÓ![=#����
I9\̂ = RØLÓ!Z"#´ª��� \\̂ RØ3ûÀÓ!Z=#´ª��
� I9\̂ = RØ�ÀÓ!7"#ü�©p���� \\̂ RØ3ûÀÓ!
7=#ü�©p���� I9\̂ = RØ3ûÀÓ!&"#�Ý©p����
\\̂ RØ3ûÀÓ!&=#�Ý©p���� I9\̂ = RØ3ûÀÓ

=5³�

»Ö��¡�:S� �I"�I2m�ùX&

!#$$! 3â?@2*ãä =#"A � "# åæ %3 çæ "# ^!ZJ)0 a&SL 8LJ+J(*'6*"85+61/,=#"A"b6*4%3"X64"#

Q2xvdWRWZXJzaW9uLQo?



ÁO�»Ö� 3":S�t»Ö�=]� >#e"
���)P:S��I& :;�Í"}Cµ«�»
Ö:S��mn":S�XÑ¥¡r�Z�"»Ö
Ûrmn"»Öº.�ÎZT��< -%">. & º°"{½
Ts¬"}4»Ö�½1¥�Ü²}4}C�Ç�S
&®XwW& }�Z"Zg�:;ÉJ"»Ö��
bYióÚ�2ÛÁ2�»Ö��ÝÓi& \ëÙ@
_bV5,��9e�S½²©Lð\ëÙo _bV�
5,6��<�Þþõ£°¯Q<ÓÅ"�°èd:
S��Q��ä�"Ê�ä�bYip»Ö��Ý
Óór"L�:S��Gu"}4»Ö:S��½
1"B]kAÖAÖ���GuU� -"#H"=. &

´ª\ëÙ�� _bV»Ö��9e²jÏ©5
" J" ® ñ Ò ò" Î � � � 9 e o « ¬ s � � u&
[K0</0@c6<56/p¯¦�"��ä��©=,ä� °
�� ]Ò'� _bV�i]"xQ�,&�¥� ]
Ò'��i]I_ÿ -"%H"G. & ��ç½T"yzbEl
ip _bV�5,v6¥mn-©ñòZp���ä
�& ©=,��ä�ñ"\ëÙFÅl�AÖ� �
Q;�ÅQÕ®"°±Vý _bVQ % kG ')0"� 5
�Å%&b[\n�Ì²1W%&& SÅè²6"�
�ä� _bV5, "# k"? <Q� �;5�:So©
=,ä�¯Q�<ÓÅ�Gu6�<©Å=ä�"Ê
�ä�¥*P©=,ä�W�& "# k"? <Q"� 5
Å�®"� 5©=,ä�EJY)PJ�"ïIT=
�C;Ö�' -"?. & 8ü� _bV5,½Tsb=�*
P©=,ä�"L��ä�3ð��g�<ÓÅ"nL
üýÖ'C;Ö� �©�ü�úmJ& �S:;É
J":S��ä�3Å²���zÚºÙ"ü�©p�
YÛ�Ý©p�AÖ��ä�o9e]kAÖs`Û
uÛS& -"3H"A. & B¿Ý©p���ä�Uÿ"ü�©
p���ä�b?=��Ñ3ÅÆr�{pÓ"{°
Z³ÑQvi& yz�:;�eúf"L�}C2�
�ãP"�âQÙ Z¥\ëÙ�� _bV5,»Ö�
�5,bú|Z³»Ö�Q�,��Û�ÝÓi"m
n2�Û}C�©r�iò"{°ån}C�Ç"x3
�â\ëÙ��ü���Ý _bV5,p�»Ö��
�¹�GuÒó"]¤9eñòÒ�"Så Õ´ª�
»Ö��9e&

}C�Çlq3»Ö�Q=×"«Â \\̂ <¥
I9\̂ <%&��=& CDFFbiElg� \\̂ <¥
I9\̂ <Zx�»Ö=×'»ÖQ�N,Ó;'2�åò
Û2m��©a£& ��ÉJ \\̂ = �Í�[¥
I9\̂ = �Ó�[bYo�}C��Ç& E(0Rû -">. ì

ío¢D´µ��}C2ãP»Ö3 \\̂ = �[�
úip"\\̂ = �ipKKd�»Ö�;¶ü�°U
V»ÖQ�N,& yz�:;$f"% Ë»Ö���
»Ö5 \\̂ = `�[6b"° I9\̂ = .�ús�"$
f»Ö��bYg�»Ö5 \\̂ = ¥ I9\̂ = Z¹�
}C�Ç& �:;3�ÍdT²ü�©p�Ñ²�Ý
©p�»Ö��"»Ö� � \\̂ = ��[6b¥
I9\̂ = ��[s�`´ª»Ö����J�ú"»Ö
:S¢£��Î}_µ»Ö:S"Ês�e`$fp
�»Ö���L»Ö=×�UV�+"��M���
Ñ¤�W#:;&

Ús]#"L�}C��ãP"�â\ëÙ���
/ã¯� _bV5,�»Ö��ä�`bYió»Ö
��Ý,Ói"mn2�Û}C�©r�iò"mn
\\̂ @= Ûip I9\̂ @= ��["{°Ivàån}C
�Ç"x3�â\ëÙ��ü���Ý _bV5,p�
»Ö��L}C�Ç�¹�&eÒJ�ú& yzÑ¤
L\ëÙH_bV5,p�»Ö��9e}C2�ò^
&eÛ2wÛuÓ���W#:;&
"#$%#�J]SGHdGo�é���

VWXY

-". b)+(*/Y"&**./)0 C"Z6+5J \ B"/+(*4̂,/N(*/05/6P,/P,(5+)N//,,6,)0
+J/_0)+/O Y+(+/<"">>>H=##G -a.4V,5J 8LJ+J(*'6*"=##A""=3 )A * h
""""H""">4

-=. ]6*O/0 ["Y(0W(,)OK,R "̂Y')+J &"/+(*4\Q6L)("(0 K0O/,,(+/O R*61(*
5J(**/0R/+6N)<)60#.J/,/+J/5K,,/0+O(+(+(W/<K<60 'Q6L)(560+,6*
-a.4&Q/)C60O* "=#"G"=A)=* h"G=H"G34789#"#4"#%A :/Q/4=#"%4
=?34

-%. \5[,)/0 XV" d/0+*/V4c6*/6P+J/<5*/,()0 +J/O/N/*6L'/0+(0O
L(+J6*6R)5(*56'L*)5(+)60<6P'Q6L)(-a. 4̂ ,6Rc/+)0 &Q/c/<"=##%"
==)%* h%#$H%%A4

-G. T6**/0<(W d"96'O)0(&4C60R@+/,'1)6'/5J(0)5(*L,6L/,+)/<6P,(11)+
<5*/,((P+/,56**(R/0 5,6<<*)0W)0RK<)0R,)16P*(N)0 (0O K*+,(N)6*/+V
)_bV* -a.4V5+(8LJ+J(*'6*" =##>" A$ ) = * h">% H">A4789# "#4
"""" :;4"$??@%$3A4=##A4#"==>4S4

-?. T6**/0<(W d" YL6/,*&4Z6**(R/0 5,6<<*)0W)0R6PJK'(0 (0O L6,5)0/
<5*/,(-a.4aZ(+(,(5+c/P,(5+YK,R"=##G"%# )%* h3A>H3>?4789#"#4
"#"3 :;4;5,<4=##%4""4#%=4

-3. C)K Y"C)Y"T(0R["/+(*4Y5*/,(*5,6<<@*)0W)0RK<)0R,)16P*(N)0 _bV
),,(O)(+)60 P6,+J/L,/N/0+)60 6P'Q6L)(L,6R,/<<)60 )0 (RK)0/(L)R
'6O/*# 1*65W/O (S)(*/S+/0<)60 (0O (*+/,/O <5*/,(*')5,6<+,K5+K,/
-a:8C. 4̂C6Y 80/" =#"3" "" ) "" * h/#"3?$>= - =#"A H#A H"= .4
J++L<#::...4051)40*'40)J4R6N:LK1 '/O:=$A=>#?"4789#"#4"%$" :
;6K,0(*4L60/4#"3?$>=4

-$. C)F"TK \"DJ(0RC"/+(*4c)16P*(N)0 (0O K*+,(N)6*/+V),,(O)(+)60 P6,
+J/L,/N/0+)60 6PL,6R,/<<)N/'Q6L)()0 (RK)0/(L)R'6O/*-a.4&SL &Q/
c/<"=#"$""3? h"H34789#"#4"#"3 :;4/S/,4=#"$4#A4#">4

-A. YL6/,*&"\,65J/0 \"Y*)0/Q7"/+(*4Y(P/+Q6P_bV@,)16P*(N)0 5,6<<@
*)0W)0R6P+J/56,0/(-a.4Z6,0/("=##$"=3 )G * h%A?H%A>4789#"#4
"#>$ :9Z84#1#"%/%"A#%%GP$A4

->. c(O(aV"YJ/*+60 Y"X6,+60 II4IJ/<5*/,((0O 'Q6L)(-a.4&SL &Q/
c/<"=##3"A=)=* h"A?H=##4

-"#.]6N(W)'Q(0 \"dK+J6PPcB" Y+(5J<84Z6**(R/0 5,6<<@*)0W)0R#5K,,/0+
<+(+K<(0O PK+K,/O),/5+)60<-a:8C.4a8LJ+J(*'6*"=#"="=#"= hG#3A?#
-=#"AH#AH">.4J++L<#::...4051)40*'40)J4R6N:LK1'/O:===AA##?4
789#"#4""??:=#"=:G#3A?#4

-"". YL6/,*&"T6**/0<(W d" Y/)*/,I4905,/(</O ,/<)<+(05/6P5,6<<*)0W/O
56,0/((R()0<+/0UQ'(+)5O)R/<+)60 -a.4ZK,,&Q/c/<"=##G"=> )" * h
%?HG#4789#"#4"#A# :#=$"%3A#G>#?"%"A=4

-"=.T6**/0<(W d" YL6/,*&" Y/)*/,I4c)16P*(N)0:K*+,(N)6*/+@(@)0OK5/O

!"$$!3â?@2*ãä =#"A � "# åæ %3 çæ "# ^!ZJ)0 a&SL 8LJ+J(*'6*"85+61/,=#"A"b6*4%3"X64"#

Q2xvdWRWZXJzaW9uLQo?



56**(R/0 5,6<<*)0W)0RP6,+J/+,/(+'/0+6PW/,(+6560K<- a.4V' a
8LJ+J(*'6*"=##%""%?)?* h3=#H3=$4

-"%. Y5JK'(5J/,Y"8/P+)R/,C"\,65J/0 \4&jK)N(*/05/6P1)6'/5J(0)5(*
5J(0R/<)0OK5/O 1Q,(L)O (0O <+(0O(,O 56,0/(*5,6<<@*)0W)0R" K<)0R
,)16P*(N)0 (0O K*+,(N)6*/+,(O)(+)60 - a.490N/<+8LJ+J(*'6*b)<Y5)"
=#"""?=)"=* h>#GAH>#?=4789#"#4""3$ :)6N<4""@$A"A4

-"G.[,)0O*/QdY4IJ/[K0</0@c6<56/*(.P6,+J/JK'(0 /Q/(+N/,Q<J6,+
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