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0w0E 0'' fQ):'*!w:'cw j§­,X­0' ;':-z,,zf' fcwXq 4>'c'M

\­ ÖGOG 4,c^ 'X­w­Qqqc' zX­)wzwf:'!,,' 'z,, ^0ZcwüQ:M r :0qq0wü0wf 
)!­qc) 4,c^ )cw f0q,0 X­fc,w jQ,,:'!w)zf' ­c:'0Q­c­0)M n­ü§,, ); !^cw 
cw ^0(-c­ j0:0)E ^0­cj'c­ )cw qc) :zw ,z,,0 ,!-'0­c 4,c^ cw :>wwc­,zfcw 
j§­w!q Z­>)w0) j§­ )c' w>0 ^0ZcwüQ:c'M 6­zw(zZ0,:'!qqX­w0E :Xq ,$äS
)^­ -^0­:'X)X z j0:0)cw zwwc z ->­-0wE jz(- wQ w>0 ZzZX­E )!­  )c ^X­X 
)cjc-'0 'z,, j§,*) 0^ j§­,Q:'cw 0^ )c::0 j0:0)ZzZX­M nw  ­cfQ,0'X­ 0w4­0f'c: 
Z; ,Qj'-0w0,cwM 3 § ­Q '  ü0)c 4!,f'­0qZ0­cw Xj­z^z,,zf' jQwfc­0' :Xq '­c 

qQ,0w'E qcw )c''0 f*X­)c ­cfQ,0'X­w :,Q' Z;M »!­zfcwXqE :0q' zw'c qzw:' 
fcwXq ­c:'0Q­c­zwfcw 0^ qz/'Q­c­w0E §-0)c: X­fc,w: 0w^!w)40­üc'


 3 § ­c) ­0f  ^z) t >­-X:;wf:q §'c' z g ZZ:0,0M



ÖPY

0^:c^!­'M ö(ü )X(- ^0­ ^z q>(-c' q;w0 XqE 0'' zw'c j§­:-§w0 X­fc,w 
Q'0w 0'' ,;'0 0,,0 :'!qqX­ 4cü;,,0 :zw0 :'>­-cf­0)c­ X(ü -,0wfj!­fc­M 
m;,c' j§­ ­c:'0Q­c­zwfcw ^0­ zw'c cw)0:' )c' Z­0-'z:-'
qQ:z-0,z:-0 Q'0w 
!^cw )c' ­cw' 0w'z-^0­z:-0. 0'' ,;'0 X­fc,w j; ^0­0  c'' Z­X^ Z; :zw 'z): 
QZZj0''wzwfM

eQ 4,c^ )c' cqc,,c­'z) :^;­' j§­ )cw w>0 X­fc,w 0'' -Qww0 '!^,0 qc) 
)cw f0q,0M 3X­'j0­0w)c 0w^!w)c: 4;)0 ^z) X­fc,0j'w0­w0E qcw qQ:z-cw 
Z; f0q,0 X­fc,w 'z,,)­Xf :zf qc­ X(ü qc­ zw'­c::c'E X(ü j­!q ,zwf0­w0 
4§­*0)c Q''0,0 :zw  j§­^;wzwf §^c­ 0'' u;:'0) w;fXw:zw jQw)c­0' Z; 0'' 
:-0jj0 :zf c'' w>'' zw:'­Qqcw'E w ! ­  )c ü0)c cw : ;  jzw f0qq0, X­fc,M

3 § ­ ­0  ;­c' jz(- )cw ■8ü X­fc,w cqc,,c­'z) Qw)c­f; cw f0w:-0  -­0j'zf 
Xq)0wzwf z j§­cwzwf qc) 'z,,4>ffw0)M é; 0^:z-'cw ^0­ 0'' f§­0 X­fc,w 
'z,, c'' ^c­-,zf' ->­-Xzw:'­Qqcw'E ,!qZ0' 'z,, ;'c­fz^0w)c 0^ )cw f0q,0 
fX)0 X­fc,qQ:z-cwE X(ü ); ^zE cw,zf' q;wf0 :0q:'!qqzf0 ^z''wc:4§­)E 
,>(-0': QZZw; ^;­' q;,E :-Q,,c )c' -0w:-c - Q ww0  zw'­c::c­0 )cww0 j§­

:0q,zwf 0'' ü§­0  w;fX' XqE ü Q ­  )c' fz(- 'z,,M

p^ )c' 4cjzw',zf0 X­fc,^c­-c' 0w^!w)c: :;  q>(-c'E :Xq ^z 0w:;f 
q§*,zf'M p,,':;. :Zc,4X­)c'E )c aXX:c^c,':-0 ,Qj',;)X­w0E )cw qc-0wz:-0 
:Zc,
 X(ü ­cfz:'c­­cfc­zwfcwE 4!,fcw X(ü j ,!- 'cw B 0^ :'!qqX­w0 :,XZ0)c: 
cw)0:' bzX,zw LÜE v0,z(zXw0, LÜ X(ü )cw H
-X­zf0 ÖP jX':
-X­wc''cwM nw 
—0q40 LÜ ü0)c ­c)0w 'z)zf0­cE ^z) cw :'!qwzwf 0^ X­fc,wE 4X­''0fz':M 
bz) :0qq0 'z,,j!,,c ü0)c 6­zw(zZ0, LÜ X(ü ö-'0^ HÜ j;'' ^z)0­c qcw:Q­ 
fcwXq ZzZX­w0: QZZj,>''wzwf O ü0,^'Xwc­M p^:z-'cw qc) )cww0 ;'f!­) 
^0­ 0'' j§­:§-0 j; cw 4!''­c Z­zw(zZ0,'XwM éc' ü*!,Z'c )c,^z:B qcw )cw 
Xq:'!w)zfüc'cwE 0'' (­c:(cw)X:-;Zc' Xq:,§' üc,0 X­fc,wE f*X­)cE 0'' q;,c' 
); c* -Qw)c üc,' QZZw;:M öq )c::0 :'!qqX­ :';  z :-;ZE q;:'c )c w!q 

,zfcw ^0­0  q>(-c' : '0­- ' zw'Xwc­0)c j§­ 0'' -Qww0 f§­0 :zf f!,,0w)cB 
)!­zfcwXq 4,z­ 'Xwcw qc­0 ^zX,zwZ­zw(zZ0,
0­'0)E !^cw Xq qcw:Q­cw !­ 
^z)M eQ !w)­0)c: (­c:(cw)X:-;Zc'E :;  0'' )c' cw)0:' -Xq 0'' zwwc:,Q'0 
O.0 q0wM vc)0w )c''0 ^0­ f*X­' X(ü :c)0w ,Qj''­>(-c' :!w-': F'z,, ÅP qqMUE 
-Qw)X Z­zw(zZ0,c­w0 fcwXq Xqzw'Xw0'zXw c­ü;,,0  )cw "w:-0)c -,0wfcwM

ö­fc,w 4,c^ !^cw 'z,,4>ff) qc) cw :*!,^:'!w)zf Zc)0, Z; C :'!qqX­M 
3 §­Q '  j0ww: cw)0:' C '­0w:qz::zXwc­ z Zc)0,cwM =^cw 'z,,4>ff)c: c'' ,z'c' 
P
:'!qqzf' :M -M ZX:z'z^B j§­:' ^0­ )c' qcwzwfcwE 0'' )c''0 :-Q,,c 4,z cw 
C.c q0wME qcw )c''0 ,!' :zf zw'c f§­0E Q'0w ZX:z'z^c' jz(- :Zc,0: j ­;w  , .0  
q0wM 1z,, )c''0 ZX:z'z^ 0w^!w)c: :-zj,;)0 c,,c­ ­cfz:'c­,;)0E cqc)0w 
)cww0 ,Qj',;)c
'>Z ! ­  )cw 4!:'0 z zw'Xw0'zXw:ü!w:ccw)cM ö­:0-cw ü!­'z,, 
0w:c: ^0­0E 0'' )cw :0qq0wZ­c::0)c ,Qj'cw ü ! ­  zw'c -Xqqc­ :; )z­c-' 
X(ü ü!j'zf' zw z ZzZ0w :Xq z 'M c/M tXX:c^c,',;)0wB z ­cfz:'c­,;)0w -Xqqc­ 
:Zc,
,Qj'cw j§­:' zw z )cw :'X­0 -0wcc,,cw X(ü 4,0w)0: )!­ qc) j§­'Qww0) 
,Qj' zww0w )cw w ; ­  ZzZ0wB )!­zfcwXq 4,z­ 'Xw0w:0':cw qz,)0­c c,,c­ qc­0 
-Q,'z^c­0)M

bz :-0  wQ  ­c)Xf§­0 j§­ X­fc,w: w>0 )z:ZX:z'zXwM éc :'!qqX­E :Xq 
j0ww: j§­c ; ­  ÖGCOE 4cw!qw0: f0q,0E '­X': )c­0: X4c'>),zf0 ;,)c­M

, . 0  q0wM ü0­  wQ 0,,':; O 0^)c,wzwf0­M r )cw !,)­c 0^)c,wzwfcwE :Xq 
^z :-Q,,c - Q w w 0  -0,,0 üQ^Q)^c­-c'E 4cjzwwc­ :zf j§,*0w)c Å :'!qqX­. 

uX­)Qw0 ÖPÜE f0qq0,M
6­zw(zZ0, LÜE f0qq0,M



VDD

3,Q'c »0­qXwzWQc LÜE f0qq0,M
ö-'0^0 HÜE f0qq0,M
ö-'0^0 OÜE w>M
mz/'Q­ Y (üX­E w>M
1­QqZc' LÜE f0qq0,M

» !­  jzww: 0,,':; zwfcw —0q40 LÜM ö(ü )cw f­§'zf0 ÖP jX':
-X­wc''cw ü0­ 
j;'' ,!qw0 Z,0': j§­ cw Z­0-'jQ,, Y
-X­zf mz/'Q­M nw -X­wc''E !^cw Xq 
)cw !­  ­z-'zf' :0qq0w:'!,,)E -0w 0,)­zf fc )cw f,0w: ;' X­fc,'Xwcw c,,c­ 
fc )cw -,0­üc' X(ü fcwXq:-zw,zfüc' ;' )c' ­§­,zf0E ZX,>jXw0 X­fc,:Zc,c' 
:Xq cw mz/'Q­M

Ö , . 0  q0wQ0,cw: 0w)­0 0^)c,wzwfE )c' üc,' w>0 ZX:z'z^cTE ü0 ^z P 
:'!qqX­.

—c)0(-' LÜM
u,X(-j,§*' HÜM
5^zw'0 O OVCÜM
20,)j,§*' OM
1c­< Ö CVYä
t­Qq q üX­w LÜM

5^zw'cw X(ü 1c­<cw 4z,)0 'z,,:0qq0w: cw vc:WQz 0,'c­0M —cwXq 0'' Z; 
X,z-0 :!'' 4,0w)0 )c::0 §^c­'Xw::'!qqX­ -0w q0w j;  q ;wf0 Q'XqX­)cw'

,zf' ^c­-wzwf:jQ,,0 -,0wfc­M ö(ü t­QqqüX­wc' qc) :zw ,*Q:0E fcwXq

:-zw,zf0 -,0wf ü0 ­  w!:'0w  f*X­' )cw f0q,0 '*X(-0 '­QqZc'cw z üQ^Q)

^c­-c' §^c­j,§)zfM

v; ü0 ­  ^z ^;­ ,z,,0 O.0 q0wQ0,M é !­ ü0­  )c' j§­Q' 4cjzw',zf0 —cq:
 
üX­w  HÜ Xqj,>''0': 'z,, cw L jX'::'!qq0E :Xq Z; f­Qw)  0^ )cw :q0,0 qcw
 
:Q­cw  j;'' w0qwc' vZc':f0q40E 3M §M cw ^0(-c­ :'!qq0E q>(-c' ^!­)c

jQ,,0­c !w )cw f0q,0 v0,z(zXw0,cwE :Xq wQ :,XZ0':M bz)0­c ü0 ^z )cw 
f0q,0 a§­j,§*' LÜ X(ü )cw O
-X­zf0 bXz/ (c,c:'c LÜE :Xq ^z 0^ )z^c­:c 0 w 

,c)wzwf0­ 4cü;,,z'E j0:' )cw zw'c Z0::0­  'z,, )cw w>0  :'z,cwM écw f0q,0 
3,Q'c ö-'0^z0w'c HÜ ü0 ­  Xqj,>''0': 'z,, O jX'::'!qq0 X(ü :;:Xq :;)0w j;'' 
w0qwc' 5Qc­j,§*'M v; ü0  ^z j;'' c'' w>'' e0(ü'üX­w HÜ X(ü cw w> C -X­zf 
åzq4c,M p,,':; zwwcü;,,c­ O.0 q0wM )c::0 P :'!qqX­. vZc':f0q40 LRE
bXz/ (c,c:'c LÜE a§­j,§*' LÜE e0(ü'üX­w HÜE 5Qc­j,§*' O X(ü åzq4c, C (üX­M

écw w>0 Zc)0,cw zwwcü;,,c­ vQ440: ÖPÜE 6­zw(zZ0, LÜ X(ü a0Q:(ü
 
W^zw' H (üX­M 3 ­; w  üQ^Q)^c­-c' ! ­  uX­)ww0 ÖPÜE 3,Q'c »0­qXwzWQc LR 
X(ü ö-'0^0 HÜ '­0w:qz''c­0)cM

eQ jzww: )c' -0w:-c w;fXwE :Xq qcw0­E 0'' )cw )!­  )z:ZX:z'zXwcw !­ 
*Q  0,,)c,c: ßQZZ;' ^!ff0­w0ßM u 0­0  j,§*':'!qqX­ X(ü ß:-­z-:'!qqX­ßE 
zwf0 : '­;-0 ­  qc­E Q'Xq )cw :'0(-0­: ,z,,0 bXz/ (c,c:'cwT écE :Xq ü§­' ^;­ 
w>­c:'0Q­c­0)c X­fc,E ü 0 ­  ^z::' zw'c 4c-,0f0' :zf §^c­ )c q ;wf0 :-­z-
 
:'!qqX­w0M éc ü0 '^!­'Xq Z­z:0' )cw ,*Q:0E jc:',zf0 -,0wfE :Xq X­fc,w 
c­ü;,,z' fcwXq )c::0 :q;:'!qqX­M ö(ü : '­;- 0 ­w 0  '>(-c: zwfcw ü0 : 0 - 

w0'M écw ,z,,0 (c,c:'cw :Zc,0­ wQ cw 0,,' X4c'>),zf0­c ­X,,M ® nw wQqc­0 
4X­'f;wfcwE j­0q:';cw)c ->­-Xq Q:z-c­ z v'X(-üX,q Z;:'X) Z; :zw 'z)E 0'' 
q0w j§­:'§­)c :zw0 §­Xw qc) bXz/ (c,c:'cwE :;  0'' q0w :c)0w q;:'c ü0 
)cw qc) 0,,'z)M éc' ! ­  4c-,0f,zf'E 0'' )cww0 §­Xw:*Q-)Xq !^cw :qz''0' 
,0w):4>f)cw X(ü )c' 'z,, )cw f­0)E 0'' q0w wQ  q;:'c ü0  cw bXz/ (c,c:'c



ÖPÅ

!^cw z )cw 0,,­0  qzw:'0 X­fc,M é; ^zE '­X': :;)0w0 -!''c­:-0 ;:z-'c­E 4c

ü;,,z' )cww0 :'!qq0E ^z:0­ *Q )c''0E 0'' ^z zw'c 4c'c'' X:: :Xq j0w0'z-c­ ^z) 
X­fc,w: Xq)0wzwfM bz ü0 !^cw 4cü;,,z' )c 4;)0 §^c­4,;:0w)c j,§*'c­w0E 
j0:'!w )cw cw0E 3 ,Q 'c  ö-'0^z0w'c HÜE 4,z^z' Xq!w)­0) 'z,, O
jX'::'!qq0M 
éc::0 §^c­4,;:0w)c j,§*'c­ ü0  ^0­z' q>(-c' §^c­:-0''0)cM eQ 4§ ­*0 ­  q0w 
0'' :c c,,c­ ü§ ­0  ,z'c' qc­0 -­z'z:-' Z; )cqM r u;:'0):X­fc,w -0w f§­0: 
zw '­c::0w'0  *!qj§­c,:c­ qc,,0w )c::0 X(ü )c w>0  :'!qqX­w0 —c)0(-' LÜE 
u,X(-j,§*' X(ü e0(ü'üX­w HÜ X(ü 20,)j,§*' OÜM n'' :X,X Z; üQ^Q)^c­-c': 
3 ,Q'c  6,0­qXwzWQc ! ­  ^z::c­,zfcw wQ  :Xq j§­Q' ^0(-c­'E qcw -0w zw'c 
*!q j§­0:  qc) c'' :X,X Z; ZX:z'z^c': —c)0(-' LÜ qc) )c:: :-§w0E - ,0­0  'XwE 
)c,^z: 4c­Xcw)c Z; )cw ,;f0 QZZ:-;­wzwfcwM y z-0:;  -0w  q0w q>(-c' ^!, 
j§­:';E ^0­j§­ :'!qqX­w0 u,X(-j,§*' X(ü e0(ü'üX­w wQq c­0 ^!­)c­0: 
ü§f­c !w 3,Q'c ö-'0^z0w'cM éc j§­:'w!q w)0 ü0E Q'Xq 0w)­0  fX)0 
cfcw:-0Zc­E !^cw )cw 0'' 4,0w)0 :zf 4!''­c qc) 0w)­0  :'!qqX­M éc 
§^c­4,;:0w)c !­X qc­0 zw)z^z)Q0,z:'z:-0 ,z-:Xq q;wf0 0M  ̂ )c 0w)­0  :M -M 
-0­0-'!­::'!q q X­w0E :Xq q0w Qw)c­ :cw0­c  ;­'zXw)cw ^0­z' :; 0wfc,!fcw 
XqM éc' ü 0 ­  4,z^z' :Xq z cw -§­ 4c:';cw)c 0^ z)c, :X,z:'c­E :Xq ^0­-cw 
^z,, c,,c­ -0w 0wZ0::0  :zf cj'c­ ^0­0w)­0M éc f0q,0 X­f,0­w0: :'!qqX­ 
:0q:0)c: 4!''­cE X(ü )z' ^z,, ^z wQ  ;'c­ -Xqq0M

bz) ­c: '0Q­c­zwfcw ü0 ­  ^z !^cw ^Qwwz' c'' 0ww0' ^0(-c­' ­c:Q,'0'E 
w!q,zfcw 0'' X­fc,^c­-c'E '­X': 0'' )c' 4,z^z' 'z,,§-0'E wQ  )§,*c: 0^ j0:0)cwM 
3 § ­Q '  ^0­ )c' );,zf' :'!,,' qc) )cw :0-cw 'z,, j§,*) 0^ )c' :'X­0 (­c:(cw)X
 
:-;Zc'M =^cw j­;w 0­-z'c-':>wZQw-' q;:'c q0w fc j§­c'­!)c ;' )cw w>0 
X­fc,:'z,cwE :Xq c* jX ­) ­0 ­  cw :;)0w  q>(-cwüc' ,;wf0 ZzZX­M

öq ^z wQ  cj'c­ )c::0 c­j0­cwüc'c­ :-Q,,c '!w-0  X::E 0'' 0,,':0qq0w: 
^X­c Xf*X­'E 0'' )cw f0q,0 X­fc,w :'X)c -^0­ Z; :zw Q­:Z­Qwf,zf0 Z,0':E 
qcw 0'' w>4>ffw0)E Xq4>ffw0) c,,c­ 'z,,4>ffw0) ^X­c Z; '0,T » Q­ :-Q,,c 
^z ); f§­0o

e0'Q­,zf'^z: :-Q,,c ^z zw'c ü0 )cw ­zwf0:'c '0w-c Z; 0'' wc):-­X'0 )cw 
f0q,0 X­fc,wM

v-Q,,c ^z !^cw wQE ,z-:Xq ; ­  ÖGÖLE ^z,*0 :- z,*0  X­fc,w j­;w j0:0)cw 
X(ü j,>''0 Q' )cw z 'X­wc'o bz ü0 qzw:' 0^ 0,,' w;fXw 0w,c)wzwf 0'' 4c

-,0f0E 0'' :; :-c))cB qcw )!­qc) ! ­  zw'c :0f'E 0'' ^z !^cw wQ :-Q,,c 'z,,

f­zZ0 )cw Q'^!fcwM

bz :-Q,,c ^!, j§­:' :0q ­;)0 qc) cw 0­-z'c-' X(ü Qw)c­:§-0 q§*,zf

üc'c­w0 0'' 4>ff0 w> X­fc,E j0:'!w )cw f0q,0 jzwfc :';  -^0­M r :;  j0,, 
jQwwc: '^; 0,'c­w0'z^. ÖU 0'' ,;'0 ^0­*c X­fc, ^0­0  c'' zw:'­Qqcw' j§­ :zf 
c,,c­ OU 0'' :0qq0wjXf0 )cq 'z,, cw cwüc'M

rww0w  ^z f; zw ü!­Z;E 4X­)c ^z -0w:-c !w cw f;wf f­0w:-0 )cw f0q,0 
X­fc,w X(ü '!w-0 cj'c­E Xq )cw zw'c :-Q,,c -Qww0  ^0­0  0w^!w)40­ z )c' 
:-z(-E )cw 4cjzwwc­ :zfM

bz,-0 :'!qqX­ ü0  ^z wQ z )cw f0q,0 X­fc,wo éz0Z0:Xw LÜE —c)0(-' LÜE 
6­zw(zZ0, HÜE vZc':j,§*' HÜE 1!(-' j,§*' HÜE 5^zw'0 CÜE ö-'0^0 OÜM nw  ­cZc'c

­0w)c a0Q:W^zw' O (üX­E 4c:';cw)c 0^ W^zw' Ö /VC X(ü X-'0^ ÖM nw  ­cZc'c

­0w)c :M -M mz/'Q­ O (üX­E 4c:';cw)c 0^ 'c­< HV§ X(ü W^zw' OV­

1­QqZc' LÜE )c,0) Z; O ­cfz:'c­E 40: X(ü )z:(0w'M v,Q',zfcw ,z0­ )c' 
jQwwz': cw 1­QqZc' H 40: X(ü bX/ b z­fzwz0  L )z:(0w'M éc::0 4;)0 ü0,^

:'!qqX­ :0q' cw '­cqQ,0w' ü0 4X­''0fz':E '­X,zfcw Qw)c­ ÖLAA
'0,c'M



ÖPL

bz ü0 ­c)0w Xqw!qw' )cw f0q,0 X­fc,w: j§­'*!w:'c­ :Xq -Xw:c­'

zw:'­Qqcw'M e0'Q­,zf'^z: ,!qZ0­ )cw :zf zw'c j§­ ^0) :Xq üc,:'M rw'c j§­ 
)cw ,z''c­0'Q­E :Xq 4­Q-0)c: j§­ cw ÖY®OA ;­  :c)0wM é ;  :Zc,0)c q0w 
qc:' j0^X­z'c­w0 —Qz,q0w'E 2 z)X­ X(ü aüczw4c­fc­M p^ u0(ü: jQfX­ :Zc

,0)c q0w üc,:' )cqE :Xq :'X) j§­ ü§f:'0 4c'>fc'E )c 0w)­0  :-!q)c: q0w 
j§­E X(ü q0w ,!' )cw j§­w!q 0 X­fc,,z''c­0'Q­cw j§­c ;­ ÖÅYA ,zff0 '!q,z

fcw X4­Q-0)M eQ !­  *Q j§­ü;,,0w)c' c'' üc,' 0ww0'M 1z,, ZX:',Q)zc­ X(ü 
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