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

)!!,&-)%&#*'(#.((

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

!"#$%"&'(&"012340(56372389



Properties and Applications of Silicon Carbide
Edited by Rosario Gerhardt

Published by InTech
Janeza Trdine 9, 51000 Rijeka, Croatia

Copyright © 2011 InTech
All chapters are Open Access articles distributed under the Creative Commons 

Non Commercial Share Alike Attribution 3.0 license, which permits to copy, 

distribute, transmit, and adapt the work in any medium, so long as the original 

work is properly cited. After this work has been published by InTech, authors 

have the right to republish it, in whole or part, in any publication of which they 

are the author, and to make other personal use of the work. Any republication, 

referencing or personal use of the work must explicitly identify the original source.

Statements and opinions expressed in the chapters are these of the individual contributors 

and not necessarily those of the editors or publisher. No responsibility is accepted 

for the accuracy of information contained in the published articles. The publisher 

assumes no responsibility for any damage or injury to persons or property arising out 

of the use of any materials, instructions, methods or ideas contained in the book.

 

Publishing Process Manager Katarina Lovrecic

Technical E ditor Goran B ajac

Cov er D esigner M artina Sirotic

Im age Copyright Jasminka KERES, 2 011. U sed under license from Shutterstock.com

F irst published M arch, 2 011

P rinted in India

A free online edition of this book is available at www.intechopen.com

Additional hard copies can be obtained from orders@ intechweb.org 

P roperties and Applications of Silicon Carbide, Edited by Rosario Gerhardt

 p. cm. 

ISB N 97 8 -953-307 -2 01-2



free online editions of InTech 
B ooks and Journals can be found at
w w w .intechopen.com



A 1$/0#B ; /#1$%/1%/"-%,: *'; */#1$%19%@ #'#.1$%A *0B #+-%@ ; 02-%300-)/-0) L EI

Contribution to the E v aluation of Silicon Carbide Surge Arresters

Arnaldo Gakiya Kanashiro and M ilton Z anotti Jr.

!"

!

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

!
"#$%&'(!)%*+,%!-%$%./+#(!%$'!0+&1($!2%$(11+!3#4!

!"#$%&'#()*+,*-.+*/012+*
3&04#2*

!
89":%&'$4*3&($%""

5%.+6%&&,7! 1/8#8! %#8! 19(! 1,:8.! (;! .<#=8! %##8.18#.! +$.1%&&8'! +$! 1/8!:(98#! .,.18>?! 1/8! .+&+6($!
6%#@+'8! AB+CD! .<#=8! %##8.18#.! %$'! 1/8! E+$6! (F+'8! A2$GD! ($8.4! H/8! B+C! .<#=8! %##8.18#.! %#8!
@8+$=!#8:&%68'!@,! 1/8! &%118#!@<1!%! &%#=8!$<>@8#!%#8!.1+&&!(:8#%1+$=! +$! 1/8!8&861#+6%&!.,.18>4!
I<8!1(!/+=/!6(.1.!%$'!(:8#%1+($%&!'+;;+6<&1+8.! +1! +.!$(1!:(..+@&8! 1(!#8:&%68!%&&! 1/8!B+C!.<#=8!
%##8.18#.!+$!%!./(#1!18#>!%$'!1/8!<1+&+1+8.!/%J8!1(!>%$%=8!@(1/!186/$(&(=+8.!AC%#$8+#(7!KLLLD4!
H/8#8;(#87!+$!(#'8#!1(!%J(+'!;%+&<#87!+1!+.!J8#,!+>:(#1%$1!1(!*$(9!1/8!&8J8&!(;!'8=#%'%1+($!(;!
1/8! B+C! .<#=8! %##8.18#.7! >(.1! (;! 1/8>! 9+1/! KL! (#! >(#8! ,8%#.! (;! .8#J+684! H/8! '+%=$(.1+6!
186/$+M<8.!%::&+8'!1(!1/8!2$G!.<#=8!%##8.18#.!/%J8!@88$!'8J8&(:8'!;(#!>%$,!,8%#.!%$'!1/8,!
%#8! :#8.8$18'! +$! AN8+$#+6/! O! N+$#+6/.8$7! KLLPD! %$'! A-%$$<.! O! Q%/1+7! KLLRD4! H/8! >%+$!
186/$+M<8.! %#8?! 1/8#>(J+.+($! %$'! &8%*%=8! 6<##8$1! >8%.<#8>8$14! H/8! &8%*%=8! 6<##8$1!
>8%.<#8>8$1! 6%$! =+J8! J%&<%@&8! +$;(#>%1+($! %@(<1! 1/8! '8=#%'%1+($! (;! 1/8! 2$G! .<#=8!
%##8.18#.4! H/8! &8J8&! (;! '8=#%'%1+($! +.! :#(:(#1+($%&! 1(! 1/8! >%=$+1<'8! (;! 1/8! #8.+.1+J8!
6(>:($8$1! (;! 1/8! 1(1%&! &8%*%=8! 6<##8$14! S8=%#'+$=! 1/8! B+C! .<#=8! %##8.18#.7! 1/8#8! +.! $(!
#86(>>8$'%1+($!%66(#'+$=!1(!1/8!ATUCVWLLXXVR7!KLLLD!.1%$'%#'4!
H/+.!6/%:18#!+.!;(6<.8'!($!1/8!%::&+6%1+($!(;!1/8!&8%*%=8!6<##8$1!%+>+$=!1/8!'+%=$(.1+6!(;!1/8!
B+C!.<#=8!%##8.18#.4! T$! 1/8!8&861#+6%&!<1+&+1+8.7! 1/8! 1/8#>(J+.+($! 186/$+M<8! +.!%&.(!%::&+8'! 1(!
1/8!B+C!.<#=8!%##8.18#.!@<1!+1!+.!J8#,!'+;;+6<&1!1(!6($6&<'87!%>($=!.8J8#%&!%##8.18#.7!9/+6/!(;!
1/8>!%#8!>(#8!'8=#%'8'!+$!(#'8#!1(!#8:&%68!1/8>!%$'!1(!%J(+'!;%+&<#8!A"&>8+'%!81!%&47!KLLXD4!
H/+.! 6/%:18#! '8.6#+@8.! 1/8! >81/('(&(=,! %$'! 1/8! #8.<&1.! (;! 1/8! +$J8.1+=%1+($! 1/%1! 9%.!
:8#;(#>8'!%+>+$=!1/8!%::&+6%1+($!(;!1/8!&8%*%=8!6<##8$1!186/$+M<8!1(!1/8!B+C!.<#=8!%##8.18#.4!
H/8!@%.+6!+'8%!9%.!1(!6(##8&%18!1/8!&8J8&!(;!'8=#%'%1+($!(;!1/8!B+C!.<#=8!%##8.18#.!9+1/!1/8!
>%=$+1<'8!(;! 1/8! 1/+#'!/%#>($+6! AY%!ND!(;! 1/8! 1(1%&! &8%*%=8!6<##8$14!Q%@(#%1(#,! 18.1.!98#8!
:8#;(#>8'!+$!%##8.18#.!1/%1!/%'!@88$!#8:&%68'!+$!1/8!.<@.1%1+($.4!H/8!6/%#%618#+.1+6.!(;!1/8!
&8%*%=8!6<##8$1! ./(98'!%!=(('!6(##8&%1+($!9+1/! 1/8!'8=#%'%1+($!(;! 1/8!%##8.18#.4! B(>8!(;!
1/8>! 98#8! '+.%..8>@&8'! +$! (#'8#! 1(! J8#+;,! 1/8+#! +$18#$%&! 6(>:($8$1.4! ";18#9%#'.7!
>8%.<#8>8$1.!98#8!6%##+8'!(<1!+$!.<@.1%1+($!%+>+$=!1(!J8#+;,!1/8!;8%.+@+&+1,!(;!1/8!186/$+M<8!
+$! 1/8! ;+8&'4! "$(1/8#! .<@.1%1+($! 9%.! %&.(! 8J%&<%18'7! %$'! @%.8'! ($! 1/8! &8%*%=8! 6<##8$1!
>8%.<#8>8$1.! (@1%+$8'! .(>8! B+C! %##8.18#.! 98#8! #8:&%68'4! H/8! #8.<&1.! (@1%+$8'! +$! 1/8!
+$J8.1+=%1+($!>+=/1!/8&:!1/8!<1+&+1+8.!1(!'8J8&(:!>(#8!%'8M<%18!>%+$18$%$68!:#(=#%>.4!

!

&7



8 014-0/#-)%*$+%344'#.*/#1$)%19%@ #'#.1$%A *0B #+-L FK

!

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

"#$!%$&#'(')'*+!',!&#$!-./$0&-*1&-'.!210!310$(!'.!)13'41&'4+!&$0&0!1.(!/-051)!-.06$7&-'.!',!
&#$!-.&$4.1)!7'%6'.$.&0!',!&#$!054*$!144$0&$40!891.10#-4'!$&!1):;!<==>?:!"#$!,-40&!0&$6!',!&#$!
4$0$147#!210!&'!1.1)+@$!&#$!7#1417&$4-0&-70!',!&#$!A-B!054*$!144$0&$40!-.!0$4/-7$;!7'.0-($4-.*!
&#$-4!1*$;!%1.5,17&54$4;!41&$(!/')&1*$;!$&7:!"#$.;!0'%$!144$0&$40!2$4$!0$)$7&$(!&'!3$!&$0&$(!1&!
&#$! )13'41&'4+;! 7'.0-($4-.*! &#$! .'%-.1)! /')&1*$0! ',! CC!DE;! FGC!DE;! <G=!DE;! GHI!DE! 1.(!
HH=!DE;!,4'%!,-/$!%1.5,17&54$40:!"#$0$!A-B!054*$!144$0&$40!2$4$!.'!)'.*$4!3$-.*!50$(!3+!&#$!
5&-)-&+! -.! -&0!$)$7&4-71)! 0+0&$%!3$7150$! &#$+!2$4$!$-&#$4!4$6)17$(!3+!J.K!054*$!144$0&$40!'4!
64$0$.&$(!13.'4%1)!#$1&-.*!(54-.*!&#$4%'/-0-'.!6$4-'(-71)!%$1054$%$.&0:!!
"#$! 054*$! 144$0&$40! '6$41&$(! (54-.*! 13'5&! <=! 56! &'! <I! +$140! -.! &#$! $)$7&4-71)! 0+0&$%L!
#'2$/$4;! &#$4$! 210.M&! 1.+! -.,'4%1&-'.! 13'5&! &#$-4! 3$#1/-'54! (54-.*! &#-0! &-%$! 6$4-'(:!
"#$4$,'4$;! &#$!/1)5$0!',! &#$!6'2$4! ,4$N5$.7+!0614DO'/$4!/')&1*$!1.(! )-*#&.-.*!0614DO'/$4!
/')&1*$! &$0&0;! '3&1-.$(! 1&! &#$! )13'41&'4+;! 2$4$! ,-40&)+! 50$(! 10! 4$,$4$.7$! &'! -.(-71&$!
($*41(1&-'.;! &1D-.*! -.&'! 177'5.&! &#$! 4$N5-4$%$.&0! ',! &#$! %1.5,17&54$40! 1.(! ',! &#$! 8PQB!
R==>>OF;!F>>>?!0&1.(14(:!
S,&$4214(0;! %$1054$%$.&0! ',! &#$! )$1D1*$! 7544$.&! 2$4$! 7144-$(! '5&;! 2-&#! &#$! 1%6)-&5($!
8P6$1D?! 1.(! &#$! GT!U! 7'%6'.$.&! 3$-.*! '3&1-.$(:! "#$! 6#10$! (-,,$4$.7$! 3$&2$$.! &#$! )$1D1*$!
7544$.&! 1.(! &#$! /')&1*$! 166)-$(! &'! &#$! 054*$! 144$0&$4! 210! 1)0'! ($&$4%-.$(:! "#$.;! 41(-'!

-.,)5$.7$! /')&1*$! 8VPE?! &$0&0;! 2-&#! ,4$N5$.7+! ',! I==!DU@! 1.(! -%6$(1.7$! ',! G==!!;! 1.(!
&#$4%'/-0-'.!%$1054$%$.&0!2$4$!1)0'!6$4,'4%$(!,'4!0'%$!0$)$7&$(!144$0&$40:!
P.!0'%$!',!&#$!CC!DE!144$0&$40;!054,17$!$4'0-'.!210!'30$4/$(!2#-7#!-0!1!&+6-71)!0-*.!',!$)$7&4-7!
147! (1%1*$! '.! &#$! 6'47$)1-.;! 10! 0#'2.! -.! W-*:! F:! S)0';! %'0&! ',! &#$%! #1(! 0'%$! ($*4$$! ',!
7'44'0-'.!-.!&#$-4!%$&1))-7!614&0;!10!0#'2.!-.!W-*:!<:!W-.1))+;!-.!'4($4!&'!7#$7D!&#$!/-13-)-&+!',!
%$1054-.*! &#$! )$1D1*$! 7544$.&! -.! &#$! ,-$)(;! 0'%$! A-B! 054*$! 144$0&$40! -.0&1))$(! 1&! X141-35.1!
0530&1&-'.!2$4$! 7#'0$.:!S,&$4! &#-0;! (5$! &'! &#$! $Y6)'0-'.! ',! '.$! CC!DE! A-B! 054*$! 144$0&$4! 1&!
Z1-4-6'4[!0530&1&-'.;!)$1D1*$!7544$.&!%$1054$%$.&0!2$4$!1)0'!6$4,'4%$(!-.!&#-0!0530&1&-'.:!!
!

!
W-*:!F:!"+6-71)!0-*.!',!$)$7&4-7!147!(1%1*$!'.!&#$!6'47$)1-.!',!&#$!054*$!144$0&$4:!

!

!
"#$%!&%!'())(*#(+!#+!,-.!/.,011#2!30),*!(4!,-.!*5)$.!0)).*,.)%!
!
6+!,-.!+.7,!*.2,#(+8!,-.!/0#+!).*51,*!(4!,-.!#+9.*,#$0,#(+8!).10,.:!,(!,-.!:#0$+(*,#2!(4!,-.!;#'!
*5)$.!0)).*,.)*8!0).!3).*.+,.:%!<-.!).*51,*!).4.)!,(!,-.!==!0+:!>?=!@A!*5)$.!0)).*,.)*%!

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

!"1#2*304*)045#)%&)&#

B.205*.! *(/.! (4! ,-.! ;#'! *5)$.! 0)).*,.)*! 3).*.+,.:! *#$+*! (4! .1.2,)#2! 0)2! :0/0$.! (+! ,-.!
3()2.10#+! 0+:8! 01*(8! 2())(*#(+! #+! ,-.#)! /.,011#2! 30),*8! 3)#()! ,(! ,-.! 10C()0,()D! ,.*,*8!
/.0*5)./.+,*! (4! #+*510,#(+! ).*#*,0+2.! 0+:! (4! E0,,*! 1(**.*8! F.).! 20))#.:! (5,! (+! *.9.)01!
*0/31.*8!0#/#+$!0,!0!3).1#/#+0)D!2-.2@!(4!,-.#)!$.+.)01!2(+:#,#(+%!<-.!).*51,*!(4!,-.!3(F.)!
4).G5.+2D! *30)@H(9.)!9(1,0$.!0+:! 1#$-,+#+$! *30)@H(9.)!9(1,0$.! ,.*,*! 0).! *-(F+! #+!<0C1.! >!
0+:! <0C1.! &%! I22():#+$! ,(! ,-.!/0+5402,5).)J*! ).G5#)./.+,*8! 011! ==! @A! *0/31.*! 40#1.:! ,-.!
3(F.)!4).G5.+2D!*30)@H(9.)!9(1,0$.!,.*,%!6+!,-#*!,.*,8!*0/31.*!IK!0+:!IL!3).*.+,.:!5+*,0C1.!
C.-09#(5)%!
<-.! >?=! @A! *0/31.*! IM8! I=8! IN8! 'K8! O?! 0+:! OK! 40#1.:! ,-.! 3(F.)! 4).G5.+2D! *30)@H(9.)!
9(1,0$.!,.*,%!P.$0):#+$!,-.!1#$-,+#+$!*30)@H(9.)!9(1,0$.!,.*,8!011!*0/31.*!Q==!@A!0+:!>?=!@AR!
4514#11.:!,-.!/0+5402,5).)J*!).G5#)./.+,*%!!!
!

!
S0+5402,5).)!

I!
!

T(F.)!
4).G5.+2D!
*30)@H(9.)!
9(1,0$.!Q@AR!

U#$-,+#+$!*30)@H(9.)!
9(1,0$.!Q@AR!

T(*#,#9.! V.$0,#9.!

I>! >?W! >=&! >=>!

I&! >XK! >M>! >L=!

I?! =K! >M=! >M=!

IW! >X&! >M&! >LM!

IK! HHHHH! >M?! >M&!

IL! HHHHH! >M?! >==!

<0C1.!>%!==!@A!*5)$.!0)).*,.)*%!



A 1$/0#B ; /#1$%/1%/"-%,: *'; */#1$%19%@ #'#.1$%A *0B #+-%@ ; 02-%300-)/-0) L FJ

!

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

"#$!%$&#'(')'*+!',!&#$!-./$0&-*1&-'.!210!310$(!'.!)13'41&'4+!&$0&0!1.(!/-051)!-.06$7&-'.!',!
&#$!-.&$4.1)!7'%6'.$.&0!',!&#$!054*$!144$0&$40!891.10#-4'!$&!1):;!<==>?:!"#$!,-40&!0&$6!',!&#$!
4$0$147#!210!&'!1.1)+@$!&#$!7#1417&$4-0&-70!',!&#$!A-B!054*$!144$0&$40!-.!0$4/-7$;!7'.0-($4-.*!
&#$-4!1*$;!%1.5,17&54$4;!41&$(!/')&1*$;!$&7:!"#$.;!0'%$!144$0&$40!2$4$!0$)$7&$(!&'!3$!&$0&$(!1&!
&#$! )13'41&'4+;! 7'.0-($4-.*! &#$! .'%-.1)! /')&1*$0! ',! CC!DE;! FGC!DE;! <G=!DE;! GHI!DE! 1.(!
HH=!DE;!,4'%!,-/$!%1.5,17&54$40:!"#$0$!A-B!054*$!144$0&$40!2$4$!.'!)'.*$4!3$-.*!50$(!3+!&#$!
5&-)-&+! -.! -&0!$)$7&4-71)! 0+0&$%!3$7150$! &#$+!2$4$!$-&#$4!4$6)17$(!3+!J.K!054*$!144$0&$40!'4!
64$0$.&$(!13.'4%1)!#$1&-.*!(54-.*!&#$4%'/-0-'.!6$4-'(-71)!%$1054$%$.&0:!!
"#$! 054*$! 144$0&$40! '6$41&$(! (54-.*! 13'5&! <=! 56! &'! <I! +$140! -.! &#$! $)$7&4-71)! 0+0&$%L!
#'2$/$4;! &#$4$! 210.M&! 1.+! -.,'4%1&-'.! 13'5&! &#$-4! 3$#1/-'54! (54-.*! &#-0! &-%$! 6$4-'(:!
"#$4$,'4$;! &#$!/1)5$0!',! &#$!6'2$4! ,4$N5$.7+!0614DO'/$4!/')&1*$!1.(! )-*#&.-.*!0614DO'/$4!
/')&1*$! &$0&0;! '3&1-.$(! 1&! &#$! )13'41&'4+;! 2$4$! ,-40&)+! 50$(! 10! 4$,$4$.7$! &'! -.(-71&$!
($*41(1&-'.;! &1D-.*! -.&'! 177'5.&! &#$! 4$N5-4$%$.&0! ',! &#$! %1.5,17&54$40! 1.(! ',! &#$! 8PQB!
R==>>OF;!F>>>?!0&1.(14(:!
S,&$4214(0;! %$1054$%$.&0! ',! &#$! )$1D1*$! 7544$.&! 2$4$! 7144-$(! '5&;! 2-&#! &#$! 1%6)-&5($!
8P6$1D?! 1.(! &#$! GT!U! 7'%6'.$.&! 3$-.*! '3&1-.$(:! "#$! 6#10$! (-,,$4$.7$! 3$&2$$.! &#$! )$1D1*$!
7544$.&! 1.(! &#$! /')&1*$! 166)-$(! &'! &#$! 054*$! 144$0&$4! 210! 1)0'! ($&$4%-.$(:! "#$.;! 41(-'!

-.,)5$.7$! /')&1*$! 8VPE?! &$0&0;! 2-&#! ,4$N5$.7+! ',! I==!DU@! 1.(! -%6$(1.7$! ',! G==!!;! 1.(!
&#$4%'/-0-'.!%$1054$%$.&0!2$4$!1)0'!6$4,'4%$(!,'4!0'%$!0$)$7&$(!144$0&$40:!
P.!0'%$!',!&#$!CC!DE!144$0&$40;!054,17$!$4'0-'.!210!'30$4/$(!2#-7#!-0!1!&+6-71)!0-*.!',!$)$7&4-7!
147! (1%1*$! '.! &#$! 6'47$)1-.;! 10! 0#'2.! -.! W-*:! F:! S)0';! %'0&! ',! &#$%! #1(! 0'%$! ($*4$$! ',!
7'44'0-'.!-.!&#$-4!%$&1))-7!614&0;!10!0#'2.!-.!W-*:!<:!W-.1))+;!-.!'4($4!&'!7#$7D!&#$!/-13-)-&+!',!
%$1054-.*! &#$! )$1D1*$! 7544$.&! -.! &#$! ,-$)(;! 0'%$! A-B! 054*$! 144$0&$40! -.0&1))$(! 1&! X141-35.1!
0530&1&-'.!2$4$! 7#'0$.:!S,&$4! &#-0;! (5$! &'! &#$! $Y6)'0-'.! ',! '.$! CC!DE! A-B! 054*$! 144$0&$4! 1&!
Z1-4-6'4[!0530&1&-'.;!)$1D1*$!7544$.&!%$1054$%$.&0!2$4$!1)0'!6$4,'4%$(!-.!&#-0!0530&1&-'.:!!
!

!
W-*:!F:!"+6-71)!0-*.!',!$)$7&4-7!147!(1%1*$!'.!&#$!6'47$)1-.!',!&#$!054*$!144$0&$4:!

!

!
"#$%!&%!'())(*#(+!#+!,-.!/.,011#2!30),*!(4!,-.!*5)$.!0)).*,.)%!
!
6+!,-.!+.7,!*.2,#(+8!,-.!/0#+!).*51,*!(4!,-.!#+9.*,#$0,#(+8!).10,.:!,(!,-.!:#0$+(*,#2!(4!,-.!;#'!
*5)$.!0)).*,.)*8!0).!3).*.+,.:%!<-.!).*51,*!).4.)!,(!,-.!==!0+:!>?=!@A!*5)$.!0)).*,.)*%!

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

!"1#2*304*)045#)%&)&#

B.205*.! *(/.! (4! ,-.! ;#'! *5)$.! 0)).*,.)*! 3).*.+,.:! *#$+*! (4! .1.2,)#2! 0)2! :0/0$.! (+! ,-.!
3()2.10#+! 0+:8! 01*(8! 2())(*#(+! #+! ,-.#)! /.,011#2! 30),*8! 3)#()! ,(! ,-.! 10C()0,()D! ,.*,*8!
/.0*5)./.+,*! (4! #+*510,#(+! ).*#*,0+2.! 0+:! (4! E0,,*! 1(**.*8! F.).! 20))#.:! (5,! (+! *.9.)01!
*0/31.*8!0#/#+$!0,!0!3).1#/#+0)D!2-.2@!(4!,-.#)!$.+.)01!2(+:#,#(+%!<-.!).*51,*!(4!,-.!3(F.)!
4).G5.+2D! *30)@H(9.)!9(1,0$.!0+:! 1#$-,+#+$! *30)@H(9.)!9(1,0$.! ,.*,*! 0).! *-(F+! #+!<0C1.! >!
0+:! <0C1.! &%! I22():#+$! ,(! ,-.!/0+5402,5).)J*! ).G5#)./.+,*8! 011! ==! @A! *0/31.*! 40#1.:! ,-.!
3(F.)!4).G5.+2D!*30)@H(9.)!9(1,0$.!,.*,%!6+!,-#*!,.*,8!*0/31.*!IK!0+:!IL!3).*.+,.:!5+*,0C1.!
C.-09#(5)%!
<-.! >?=! @A! *0/31.*! IM8! I=8! IN8! 'K8! O?! 0+:! OK! 40#1.:! ,-.! 3(F.)! 4).G5.+2D! *30)@H(9.)!
9(1,0$.!,.*,%!P.$0):#+$!,-.!1#$-,+#+$!*30)@H(9.)!9(1,0$.!,.*,8!011!*0/31.*!Q==!@A!0+:!>?=!@AR!
4514#11.:!,-.!/0+5402,5).)J*!).G5#)./.+,*%!!!
!

!
S0+5402,5).)!

I!
!

T(F.)!
4).G5.+2D!
*30)@H(9.)!
9(1,0$.!Q@AR!

U#$-,+#+$!*30)@H(9.)!
9(1,0$.!Q@AR!

T(*#,#9.! V.$0,#9.!

I>! >?W! >=&! >=>!

I&! >XK! >M>! >L=!

I?! =K! >M=! >M=!

IW! >X&! >M&! >LM!

IK! HHHHH! >M?! >M&!

IL! HHHHH! >M?! >==!

<0C1.!>%!==!@A!*5)$.!0)).*,.)*%!



8 014-0/#-)%*$+%344'#.*/#1$)%19%@ #'#.1$%A *0B #+-L FL

!

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

123*)!
&)*4%*$'5!
+6#)7829*)!
92:(#;*!<7=>!

?@;A($@$;!+6#)7829*)!
92:(#;*!<7=>!

12+@(@9*! B*;#(@9*!

,C! DEF! GGC! GGC!

,H! DCI! GGG! GGH!

,E! DCH! GGJ! GGK!

.D! GKK! GHK! GCG!

.G! GKL! GCE! GCG!

.F! GKG! GHC! GEK!
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/K! GDH! FKI! FGG!
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BF! HAFIW! XAI! Y!WE! WHAG! WAH!

BW! HAWF)! FHAF! P! WFAX! WAH!

ZW! HAWEW! EAI! Y!WE! WGAH! OAX!

Z)! HA)IH! XAH! P! WGA)! OA)!

ZX! HAW)H! GAE! Y!WE! WIA[! OAO!

S)! HA)OX! XAG! Y!WE! F[A[! WAX!
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