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f{��c�" ��� � m " k��Zn ��� ��� ���Pc � �Nd!
!�p� 
{qwh,q��,l
����gt�� � m " tG�����A� ��
� � ��� � � �\E�� ����c��Jt�� � � ��c��Md$�*�p� � � 
 �Nt�t�� ��� ����� ���! �\E�� � �Nc��
d ����d ��c �����G���J #��t � � 
z� � ��tGt5���d" �A� ��
z� � ��
�wt���c����sc �������p�`
!�*� �J�G���!c�" ��� � m � �N�! 
� m " k � 
z� �	�

180 nm
d ���F������� � &V& � &Nl �Km

���*��tG� � ���Nc�� �s��c�
P�`d.���� 
q��N�&� Area

[µm2]
Pleakage

[ pW]
tpd

[ps]
Pleakage

[ pW]
tpd

[ps]�~q,u ' m " � " &!m � # #�' j #V' m $ l ���qwh,q��;j " j#m j � jC&!m j $ $�$ &Nl " m lV& $ khwq � j j�km l ' & " m lFj "%� k � &?j#m " l " jNlq����,j " j#m j � jC&!m #V# ' k � k � m & � # l
���wj "A# m & ' &Nl$m l?k "%��� $�$ km & # " j $qwh,q�� & "A# m & ' &�jm j � � " l�l � m "%$ $ &qwh,q��,l jNl!m �C' l " m # " " k # ���V� m & � 'V�qwh,q�� � l �m "A� ' &!m k�l j�jC& " & " l!m j ' "�' l
� �Ngt�� � m " ��yT
 � ����� ��� ����� �������T� 
� #�������&d$�?�`�� _t���c����wc � �����
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�
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�
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 ��
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�s� ���A�A
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���
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z"!�!� ���G����m��1����
!�M��� ���&dtG�Mc � �Nd
 � � �~�p�Q���d" �Jq,hwq � �Kc������ �N�$ �N�
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���`���

�G�FE�� � ��� �J� ��t�tw� ���A�A
 
z��" �Mdt ���9��� �N�! ��� h,q�� � c � ����� ���A�A
��� ��
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� � � ���A�A
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z = a · b · c · d · e

f{�Gc�" ��� � m "V" �	��� �N�&dt��r�`"!g#}~��� �sc � �Nd

f��tGt��*� �G�!c���
!�M� ���A�A
���c �(��� ��
� 4A'*[*0�2C6@8?>�mXh�
 ��� � ��
!��� � ���A
���cQ
���� �� ������� �
�!�� � 
���A
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!� � ��� �U� 
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 ��
�
� �����A
!�G�c?� ���`"!�A
 ��
 ��� �Nt�t��# #���(� 
 ��
�wq,h,q��;j � �~q,u c � �Nd
 � ��� �9�*E�� ���� m ��
�
�9�*E�� �r��� ��
��� �N� ��t � ���� ���QE�� ��� 
 � ��
������ � ��������� �!���

tcritical ≤ T
�N�! 
 ��� �N�

�����9��d ���Ng!tG�;�9��� ��m�f{�Gc�" ��� � m " jr�`
�*�s���9� �N�&dt����T� 
{�`��� �w� 
 ��
�wd.�������Ggt��w���*E�� ���� 
 ��
!�,�`"!g#}~��� ��c � �Nd
 
 ����� �!c�" ��� � m "V" m���
!�,�9� � ������d$���! #���ce�9�?���A� � ��� tG��� ���� i�G�
����gtG� � m jm�q,� ������� ��
 � � ��
�e�&�G�!�G��"� t�� � � ��c��;d$�*�p� � ������g ���N����� � � ��
�et�� ��� �
� ��� ��"!���Nc���m

���Ndd!�G�c Area
[µm2]

Pleakage

[ pW]" ' " m ��j " l ' m �?jj � &m j*l " k�&!m �?j
& l �m " l ��jm �l l?km � # $�' m ' &
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!� ����� ����� 
����*E�� �����c�� 
 ����� �!c�" ��� � m " j
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z� � �N� �Qc ����d
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 ��
!�Jc � �Nd
 � ��
� ����� �N������cM���FE�� � ��� �
d �N� �A�e� �N� g.� �����&�*E��� Q� � ��
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 �F���c ��
�JtG��c���� 
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Mapping 1

Mapping 2

Mapping 3

Mapping 4

Mapping 5

Mapping 6
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f{��c�" ��� � m " j�� ��� ��� d!tG�e�9�*E�� ���G�!c��T� 
 ��
�r��"g#}~��� � c � �Nd
 
 ����� �!c�" ��� � m "V"



�C# yT
 �Nd ��� � � m ����c���� � �F����
���`���

���������
40.96µm2

Pleakage
�
68.85 nW
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32.77µm2

Pleakage
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55.08 nW

�
�

�



�
�

�




�
�

�

����������������������� � ���!�"�#�����
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fZ��c�" ��� � m " &����1�$�`� � ���G���M� 
{���FE�� � ��� ��� ��� ���&d ���*E��;� � ���A
���c

OQGI9�9����8UG 8 ��GI9L+ < � �A+ 1 G ��2�W�A@
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 ��
!�D #���9��� d.������ �9� ����"� �P���`��� � � ���G�&dt�� ������� �sg!" ���G�!� ��� �� ��� �  #� ����� ���� 
��� �F��tG����c � �Nd
 � � ��
 
 �����" ��� � ��
��� ��
�J�9�*E�� ���G�!c_��� ��q,n 
 � �A Qd ����gtG��� � jC& � mf� ����� ��tGtp�9� ����"� ��� ���
���`��tG" ���G��� �`d����9� ������
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F"!� ��
��c����� � �Nt�� � ���A
���c ���! U�9�*E�� ���G�!cJ� � ��
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�*� ���G� �!c�" ��� � m " l!m
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�
c � �Nd
 mTh ��� ���`��� �Ngt��;� � � ���i����t�E��r��"!�A
 �&d ����gt���� �������Jd � � ��� ������� ��
� �shs�
�G����� � 
z� ������� � 
 � ������� ������ �!c�" ��� � m "%� � �N�$ �!�$ ���M��d ����� �Nt ����t�" ���G��� 
z� � � ���A

� ����� g �Ud$� � 
z� ��� � � ���A
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�
������� ���;c ����d
�m



� m j � ���A
���t���c �J� �Ndd���c �V$

Mapping 1

Mapping 2

Mapping 3
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45.06µm2

Pleakage
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83.77 nW
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 �N�!��" �

f{��c�" ��� � m "A� �(�;���� � �Nt �shs� � � ��
 
 �N���" ���



�C' yT
 �Nd ��� � � m ����c���� � �F����
���`���

9�� ��� 9 � � � � � �� � ������������� ����� � ! ; � � � � ! � � 	 � � � ��! � �

����gt�� � m jT��
�*�s� ��
 ����t�� � ���Nc���d.�*�T� � �����! � ��� �G�$� ��� ����� ��� ��
� � ��� �T��� ���!� ��� ���`�� m
� 
��tG� ��
!��� ������
�J� ���`� 
z� �e��� �A�9"� ���;"!�����c �����G�c�tG� ��
 �����`
��t� QE���t � �Nc�� �N�! Q��
 #��t � � �����!� � � �N����� ����
�Mg$��
 �\EF�G� ���A
 ���c����e� 
��� �

dual Vt
����t�t�t��Gg � � ��� ���! ��

 #��t � ���9���!���������G����� �����G�������# #"!���� m ��
 ������� �Ndd���c?�w� 
 � �~�p� � ���d" � ��� c � ���
� ���;�����!���� #� ���� ������ �!c�" ��� � m "A# m
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\�E~A"I$B5H16%�*9 :|IT4"6]H1.@?�A&6�U A&O56oHC6�I$KNIT0$6]LPDNZ�6(4hGRD34=U*.1wP6�4&6�EjA>a|ITL5L5.CE50j? DTG}A"O56��; 
GR25E[JQA&.CD$E�9*9 DTA"6|A&OMINAYITE«.CE�e$6(4&A&6�4]L[IT.C4oO[I3?XBM6�6(E�.CE[?&6(4&A&6�UFA"D�ITHCH1DNZ aSI$L5L5.CE50
:59}-5D34rA&O[.C?�?�.CaSL5HC6 GR25E[JQA&.CD$E�_3A&O[6>aS.1E[.1ax25a�H16%ITKNIT036hLMDNZ�6(4�GRD$4�BPDTA"OSA&O54"6�?&O5D3HCU
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IT4".C?&6�?�;x<=D�6�?xaS.1E5.CaY2[a I$4&6%I�������� �"!n.CaSL5H1.C6�?YA&O[6zaS.1E[.1ax25a H16%ITKNIT036|LMDNZ�6(4$#
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DTG
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ITE[UxD$E[H1ioI

low Vt
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�*9C7��V.C?SJ�O5Dj?�6�E�_rBP6�J(I$2[?&6n.1A|4&6%?�25H1A"?k.CE�HC6�I3?!A|IT4"6�IFITE[U�O[I3?xHC6�?"?

Cinterconnect
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���*��tG� � ���Nc�� �,�Gc�
��`d.���� 
���Nd!d�G�!c Area

[µm2]
Pleakage

[ pW]
tpd

[ps]
Pleakage

[ pW]
tpd

[ps]" j ' m #>$ �I" m " � " l � '>$�' m � " " j �j "�# m & ' &Nl$m l?k "%��� $�$ k!m & # " j $
& jNkm l ' & $ m # j " l ' $�$ l$m " & "V" �

� �Ngt�� � m & ��h	��� � �N�$ _t�� � � ��c�� d.�*�T� �p� 
Z� �Nd!d�G�!c������ �$c�" ��� � m "�#

��
 ��� ��
�M� ��
� ��� ��dd���c���mUf{�G���Nt�t � ��
�Md$�?���;�Kt � ����" �rt�� � ����c�� ���� #"!� ������� ���?��t
 #� ��� ���&�G���� �s��t ��� �,� 


13 ps
��� ��
� ��� 
z"�$� ������� ��g!" � ��
���{��t ��� �,������ �{��"#|i�9�������

���J��"g!� ��� ��" ������
� c � ���;g�� ��
�
high Vt

� 	?"��E��Nt������ � ��
F"!� ��
� t�� � � ��c��wd$�*�p� ��� 

��
�<��� 
z"�!� ������� ����� �N���!�����
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0M.�0257=a0S3E[ +

dualVt
=D0DU;UUG9��<'=+3'8OQ?�3K<�U;1i0D52+��UG0�)
670@.
O:58)86�02.
9B.!+/UGJK3('895)86�Cf. )83'3��A)9+/9G5
)
6�0��402.E)!'802.
<�U/)-3/[H+EU;U

)
6�0�W<'
3KWF3q.�0M1HCH0�)
673:17.D��*�.J)
6�0�UG3KJ/9B=p3/WA)89GCH9FE,+3)
9;3/5V>()
02=�675�3/U;3/JKOjC%+EW�W79G5�J6+E571
+/.8.�9;J/57C_0250)Z3/[ )
6<'802.
6�3/UB1_Y/3KU5)=+EJ/0M. +EU;U2+3'80�WF0,'�[�38'
CH0M1H9G5H3/570�)
9;J/60)
U;Oh=D3/5�5702=G)8021W<'83:=D02.8.�?p9/)
673/<A)"+E5:O^9.'F'80DYK0�'�.�9���U;0j.E)
0DWF.D>g9/)N9;.SY/0,'
Om.E)F'=+E57J/0")862+4) )86�0hCH0�)
6�3,11,9B1,5V� ) WF0,'�[�38'
C �40�)F)
0�'M�7?<'83/C )86�0p.�O:50)
6�0M.�9B.-3E[H)
6�0@+K1�1,0�'M>-)
670

dual Vt
CH0�)
6�3,19;.'.�020D5�)
3w=�6�3K.
0"+f.�0�)�3E[ =D0DU;U;.2><)862+4)'=,+E5�5733) �406+/.8.
9GJK5�021

high Vt
��*�W43K.8.
9 ��U;00=H,W�U?+E52+3)
9;3/5H3E[ )86�9B.D>q9;. )
670�U?+3'8J/0p5:<�C �40�'�3E[V=a02UGUB. <F.�0M1t1,<<'89G57JiUG3KJ/9B=�.
Oq50)86�02.
9;.2�2 9;57=a06)
6�0_3/W<)
9;C_9FE,+3)
9;3/5m9B.SWF0,'�[�38'
CH0M1^?p95)867+A6�0D<<'89B.�)89;=/>H)86�0_U.+('
JK0j5:<�C �40�'S3E[=a02UGUB. � y N x > =,+E<7.
0 )
670�3KWA)
9;CH9CEB+4)
9;3/5"+/UGJK3('895)86�CX>B)
3�JK0�)Z.�)8<7=�I'9;56+�UG3,=�+/UKCH9;5�9;C�+7�

6�6�0e.
O:50)
6�0M.�9B.t3/[�)
6�0 +/1�1,0,'w.
6�3L?@021 +uYK0�'8Or9;CHWF38'E)=+E50)R)9'9+K1,0D3M:S'80DJ8+('81�9G5�JJ8+3)
0%�dU;0DY/02U +/.8.�9;J/5�CH0258)�3E[!)
62'
0M.�6�3KU;1wY/3KU5)=+EJK0��
� � NOK > � B�� y � & � }CK B2�OBJN K { �E~&K=P PRK�| & k >\y � S K y >�x KJP_k x � z K � BIS"! � Ka~�� y S {�&D>k KD} } z > x B > kLB S 0 KQB z�z�y NMS K�| x:y N x

Vt �
� P � Ka~&KJP 0%&D> 0ay N N K=Pbk KD} } z

�
>�x B > BIPLKz } �E~&K=P BIS4| > x�&:z k B S S � > 0 K B z�z y N S K8| x:y N x

Vt �6�6�0>'=+4)89G3N3/[
high Vt

=D0DU;U;. )
3
low Vt

=a0DU;UB.+?@0�'80�.�020D5%)83 �40�YK0�'8O_1,02WF02571,0258)@3/5
)
6�0�.E)F'8<7=�)
<<'80p3E[ )
6�0'1,02.
9GJK5V>4)86�0�)
9;CH9G57Ji=a3/5F.�)9'9+/9G50)J+E5716)86�0�.
Oq50)86�02.
9;.ZCH0�)
6�3,1<7.
021�[�38'
'8021,<7=D9G57JbU;0,+EI4+/J/0fW43L?�0,'2� 3�3KCHC_3K5C)
3 �F3()
6r1�02.
9GJK57.D>Z?@0�'80R+mYK0�'8O.�9;J/579;<F=,+E50)�1,0M=�'80,+K.�0�9;5tU;0,+/I-+/J/0�W43L?@0�'M>K?p6�025%)
670'1,0M.�9;J/5t9;5�9/)
9?+EU;UGOH?;+/.�.�O:50)
6�0��.�9FED0M1n?p95)86*+

highVt
=D0DU;UVUG9��<'=+3'8O�+/571�+L[ )
0,'
?;+3'�1�.�9;57=�'80DCH0258)=+EU;UGOn.�W40D0M1,021n<�W�>

�:Ov.
<	�7.E)
9/)
<A)89G57Jv.
3/CH0A=D0DU;U;.h?p95)86C)
670
low Vt

098q<�9;Y4+EU;0D50)2� 6�6�9B.i9;C_W7UG9;02.6)
6H+4)
�:Of<7.�9;5�JH.�C%+/UGU4[P+/.E)
0,'p=a0DU;UB.D>0)
670N)86<'802.
6�3/UB1tYK3/U/)9+EJK0N+K.
.
9GJK5�CH0D50) �402=D3/CH02. <7570 �J('=+E9;5�021V>!+/571:)
6:<7.h0D5H+���U;02. �F0�)E)
0,'HUG0B+EI4+EJK0fWF3L?@0�'_.F+]Y:9;5�JK.2>�[�38'j3K5�UGOC+m.
C%+EU;U9G5F=�'80,+/.
0f9;5r1,0DU?+]O/� T�3L?�02Y/0,'2>�)
6�0A<7.�0w3E[�.
C�+/UGU�=a02UGUB.i9;57=�'
0B+/.
02. )86�0A9;50)
0�'�=a3K5��5�02=�)2> +E5F11)86:<7.iU;0,+K1�.�)83*+^9G5F=�'80,+/.
0H9G5"1,O:52+ECH9B=HWF3L?@0�'M� � 670�)
670�'")86�0%)833)9+/UWF3L?@0�'N1,9B.8.�9;W2+4)89G3K5b[�38'"+X1,02.
9GJK5e?p9;U;U+1,02=�'
0B+/.
0��:Om9;5�9/)
9?+EU;UGOe.�O:50)
6�0M.�9FED0H?p9/)
6C+
highVt

=a02UGUgU;9��<'9+('
OK>:6�9GJK6�U;Ow1,02WF02571�.p3K5R)86�0"+/=�)
9;Yq9/)(Ot3/[!+EW7W�UG9B=�+3)
9;3/5V�

� ������*+�)$ � �[���%���	&'$�(��M&'$��R��M�
*�.8.�<7C_9;5�JL)
62+3)n0B+/=�6 3E[�)86�0�=a0DU;UB.A3/[")
6�0v=a02UGUQU;9 �<'=+3'8OM+3'801+]Y4+E9;U.+��UG0b9G5 )(?�3Y/0,'8.
9G3K57.2>0+

high Vt
+E571�+

low Vt
> )86�0D5X6�3L? .�6�3K<�UB1%)
6702.
0N)86<'802.
6�3/UB1tYK3/U/)9+EJK02.

�F0i.
0DU;02=�)
0M1g> )
3fJK9GYK0>)86�0
�F0M.�)�U;0,+/I4+EJ/0SW43L?�0,'�.F+]Y:9;5�JK.��



��� C � Y4+EU;<2+4)89G3K5w3/[!'802.
<�U/)8. . 
�C

6�6�0_Y-+/UG<70h3/[ )
670hU;3L? )
62'
0M.�6�3KU;1bY/3KU5)=+EJ/0j9;.N1,9B=G)=+4)8021mW2'
9;C%+3'8O)�:O*+n1,0DU?+]OD'80%�
8q<�9/'80DCH0258)�3/[ )
6�0j=D9/'�=a<795)M� 6�6:<7.�9G[J+HW<'80%� =�62+3'=+/=�)
0�'89FED021w=a02UGUVU;9��<'9+('
Ow9;. �F3K<�J/60)[ '
3KC +AY/02571,0�'M>H)
6�025D)
6�0_1,02.
9;J/5�0,'�3E[ )86�0H=a0DU;U�U;9��<'9+('
On62+K.D>��:On670�'�3KW�9;5�9G3K5m3E[?p62+4)�9B.�C_3q.�)�9;C_W43('F)9+/50)@[�38' BL} })1�02.
9GJK57.D> �H+EU?+E57=D021fW2+('9+/CH0�)
0,'8.@.
<7=�6�+K.�1,0DU?+]O
+E571wW43L?�0,'�=a3/5F.�<�CHWA)89G3K5V�
6�6�0NY4+EU;<�0Q3E[!)
6�0N679GJK6�)86<'802.
6�3/UB1AYK3/U/)9+/J/0S9;.�=�673K.
0D5 �H+/.
021w3/5�)
6�0NW43L?@0�'�=a3K5��.�<7C_W<)
9;3/5 3E[ )86�0b=a02UGUB.2� &d[ )86�0D)86<'
0M.�673/UB1Y/3/U/)9+/J/0X9B.t6�9;J/6V>;)86�0D5 )
6�0mW43L?@0�'.F+]Y:9;5�JK.�?p9GU;U �F0G�F0M.�)M>���<A) )
6�0H=a02UGUB.'62+]Y/0h9G57=�'
0B+/.
021^1,02U.+]OK�N& 5Q<7J/<2'
0 ��� J 
Q+('
0.�IK0�)�=�6�021h6�3L? )86�0��2+/U.+/57=a0�3E[l1,0DU?+]O
+/571jW43L?@0�'J+I:l02=�)8.!)86�0#<752+/U�UG0B+EI4+EJK0�W43L?@0�'
'
0M1,<7=�)
9;3/5V� ?�3(' +'Y/0,'
ON.E)F'89;=�)�)89GCH9;5�JS=D3/57.E)F'=+E9;50)2>L?p9/)
6hC�+/5:ONW2+4)867.-5�0,+('�)89GCH9;5�J=�'895)89;=,+EUo>,95)�?p9;U;U=�F0
�40D570=<F=D9.+/U )
3f62+]YK0 +6)
62'
0M.�6�3KU;1wY/3KU5)=+EJK0S=DUG3q.�0 )
3

low Vt
�

P
le

a
k
a
g
e low Vt

Vt1

Vt2

Vt3

Vt4

Vt1 < Vt2 < Vt3 < Vt4

����� ���	��
��� ������� ���
→

?-9GJK<<'80 �7� J 
 �7T�9;J/6�)
62'
0M.�6�3KU;1wY/3KU5)=+EJK0>)9'9+K1,0D3M:
6�6�0XW<'83��U;0DC ?p9/)
6 )86�0^6�9;J/6 )
6<'802.
6�3/UB1"Y/3/U/)9+/J/0K> 9;.O)862+4)%)86�0^Y/02571,38'_3/[>)86�0
highVt

=a02UGU�UG9��<'=+3'8O/>,62+K.�=�6�3K.
0D5�+O)
62'
0M.�6�3KU;1wY/3KU5)=+EJK0>)862+4)�9B.��40DU;9G02Y/0M1R)83fJ/9;Y/0J/3:3,1SUG0B+EI4+EJK0#WF3L?@0�'�.9+]Y:9G57JK.2>D[�38'V?p62+4)�)
6�0+Y/0D5F1,3(' )86�9;5�I,.�9B.I+/5"+]Y/0�'=+EJK0-1�02.
9GJK5V�
� 6�0�)86�0�'�38'�5�3()�)86�0�+/=�)
<2+/U41,0M.�9;J/5n.�6H+3'802. )86�0N.F+/CH0'.E)F'8<7=G)8<<'
0 +/. )
670 +]YK0�'=+EJK01,02.
9;J/5n3E[I)86�0NY/02571,38'2>,9B. 8q<�02.E)
9;3/5�)
62+3)>+3'80Q<�5�U;9GIK0DU;O%)
3E�40"+E57.
?�0,'
0M1g�
6�6�0'.
0DU;02=�)
9;3/5t3/[K)
670 �402.E)@679GJK6%)
6<'802.
6�3KU;1fYK3/U/)9+/J/0p[�38'�+jJ/9;Y/0D5w1,02.
9GJK5V>q9;.@5�3()�+.�9;CHW�U;0")9+K.�Il>l.�9;57=D0")
670

Vt
679GJK6�UGO�+I:l02=�)8.>)
6�0_U;0,+EI4+/J/0NW43L?�0,'>'8021,<7=�)
9;3/51+/UGJK3��

'
9/)
67CH.2�%*�. )86�0G�F0262+]Y:9G38''3/[J)
6�0%+/UGJK3('895)86�Cf.�5�3()S0B+/.
9GU;Om=�+/5 �F0HW<'8021�9;=�)
021b3/5
�F0D[�3('80D62+/571g> )86�0N3/5�U;Ot?;+]O�)
3 <7571�)86�0N3/WA)89GC%+/UgY-+/UG<70N3E[

high Vt
>�9B.�)
3f0JH:W40�' �9GCH0258)=+EU;UGOA3/WA)89GCH9FED0 )
670i1,02.
9GJK5w?p9/)
6D+_U?+3'8J/0Q.�0�)�3E[-1�9;:l0�'80D50)

highVt
U;9 �<'=+3'89;02.

+E571 <7571�)86�0,�F0M.�)�Y4+EU;<�0Q3E[�)
6�0N679GJK6R)86<'
0M.�673/UB1tY/3KU5)=+EJK0/� 2 <7=�6D+E5�+EW�W2'
30+/=�6t9B.Y/0,'
Of9;CHW<'9+K=G)89;=,+EU +E571n9B.�Y/0,'
Of<�57UG9;I/02UGO%)83E�F0NW40�'
[�3('8CH021A[�3('@+G��9;JH1�02.
9GJK5V��*�5



. 
Y� 3�62+EW<)
0�'��7��1�0,+EI4+/J/0SWF3L?@0�'�'8021,<F=G)
9;3/5n?p9/)
6 2 O:5�3/WF.�O,.

+EU/)
0,'
52+3)
9;Y/0S9;.�)83f62+]Y/0 +E5n9;5D<75�9/)
0N5:<�C��F0,'8.�3/[�)86<'
0M.�673/UB1AYK3/U/)9+EJK02.2>��7<A)�)
6�9B.p9B.5�33)�[�0B+/.
9 ��U;0
�402=�+/<7.
0S3/[ �
��� ������*+�r3/[@+EU;J/3('89/)
6�C )862+4)O+/.8.�9;J/57. )86<'802.
6�3/UB1vY/3/U/)9+/J/0H62+K. )
3m0JH,W�UG38'
0O)86�0

)9'9+K1,0D3M:H3/[F?p62+3) )
6<'802.
6�3/UB1iY4+/UG<�0�)83S=�6�3q.�0K>L9G5F.�)80,+/1h3E[H)
6�0p.
9GCHW�U;0���9;52+3'8O
low Vt

38'
high Vt

.�02UG0M=G)89G3K5V�
� ��&,(�� 
 �R��&	� 
�&'� �R��?�3K<�U;1mJ('83L? .�9;J/5�9C<F=,+E50)
U;O^1,<�06)
3�)
6�0 ��9G5D<F5�95)80��h5:<�C��F0,'3/[-0JH0)9'9+_W<'83,=a0M.
.
9G57J_.E)
02W7.�5�0D0M1,021V�
� ��& 
��%�R� �)�)����� ����&��	���V6�6�0Q+K=G)8<2+EU )86<'802.
6�3/UB1bYK3/U/)9+/J/0_[�3/U;UG3L?�.�+^1�9;.E)F'89 �7<A)
9;3/5?p9/)
6t.
W<'80,+/1_1,0J<75�021E�:O�)86�0�W<'83,=a0M.
.2>4)
6:<7. 95)+9B.#CH3('80;'
0B+/.
3/52+��U;0 )83N62+]Y/0

+N1,9B.8=�'80�)
0�5:<�C��F0,'#3E[ )
6<'802.
6�3/UB1hY/3/U/)9+/J/0M.I)862+4) ?p9/)
6H6�9;J/6f=D3/5D<F1�0D57=D0�=,+E5
�40NJ/<2+('9+/50)
0D0M1%)83 �F0N?p9/)
6�9;5D+E5n<�W�W40�'��]U;3L?�0,'��F3K<�571g�

� 95)86�)
6�0M.�0NU;9;C_9/)9+3)
9;3/57.�9G5XCH9G5F1g><)86�0%�402.E)>+EU/)
0�'852+3)
9;Y/0Q9;.�)
62+3)@)
6�0NYK0D571�3('p9;5��.�)80,+K1'3/[ *(<F.�)�+
low Vt

+E5F1
high Vt

=a02UGUEU;9��<'9+('
OK>,+/U;.
3p.�<�W7W�UG9;02.I+
very high Vt

+E571WF3q.
.
9���UGO"+
medium Vt

=a02UGU,U;9��<'9+('
O"+K.-?�02UGUo� 6�670@U;0,+/I4+EJ/0�'8021,<7=�)
9;3/5O+EU;J/3('89/)
6�Cf.
+3'80;)
6�025t0=H,W402=�)
021%)
3"'802.
<�U/)+9G5A0DY/025f6�9;J/6�0,'+U;0,+EI4+/J/0pW43L?�0,'+.F+]Y:9;5�JK.2>E?p9/)
6t3K5�U;O
+H.�C%+EU;Ug9;57=�'80,+K.�0S9G5�'8<�50)
9;CH0/�



. 
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� �������	��
 �

� ! - � ��- - !#�%$ ��$�� � ��$���� ��- !#��$

� ��� � �&I�+()&2&I��"�

6�6�9B.�)
6�0M.�9B.�62+/.;+K1�1A'802.8.�0M1%)
670SW2'
3���UG02C 3E[)9G57=�'
0B+/.
9G57JhU;0,+/I-+/J/0SWF3L?@0�'+�:OR+E5H+ �UGO E29G5�J6)
670SW43K.8.
9 ��9;U;95)89G0M.�3E[)<F.�9;5�J�+
dual Vt

=D0DU;UgUG9��<'=+3'8OH9G5�)
6�0NU;3/JK9;=S.
Oq50)86�02.
9;.2�
�+.
WF0M=a9?+EU;UGO1)
6�0A=D3/57.
098q<�0257=a0M.Q3E[p<7.
9G57J*+

dual Vt
=a02UGU+UG9��<'=+3'8Om62+/.%�F020D5 +E5H+ �UGO E2021g>J+/571:)
670Q)
670D3('8O��F026�9;571C)86�0Q)86<'
0M.�673/UB1 Y/3KU5)=+EJ/0�+/.8.�9;J/5�CH0258)h62+/. �F020D5=a3K57.�9B1,0,'
0M1g�

6�6�0m1,0M.�9;J/5 .
W2+/=D0n3/[S<F.�9;5�Ju.
0DY/0,'9+/U�9G57.E)9+/57=a0M.f3E[QU;3/J/9B=nJ8+3)
02.H?p9/)
6 1�9;:l0�'80D50)
)
6<'802.
6�3KU;1 Y/3KU5)=+EJK02.2>+?;+/.f.
0D0D5 )83L+EU;UG3L? [�3('R+�JK0D5�0,'9+/U�'
0M1,<7=�)
9;3/59G5U;0,+/I-+/J/0WF3L?@0�'M� ��O�'9+/9;.
9;5�J�)
6�0")
6<'802.
6�3/UB1XY/3KU5)=+EJK0S3/[J+HUG3KJ/9B=QJ8+4)80/>2)
6�0iU;0,+/I4+EJ/0NW43L?@0�'1,02=�'
0B+/.
02. +4) )86�0�=a3q.�)#3E[ +E5_9;57=�'80,+K.�0@9G5f1,02U.+]OK� T�3L?�02Y/0,'2>4+/. +Q.
9;1�0p0=:l02=G) 3/[2)86�09G5F=�'80,+/.
021%)F'=+E57.
95)89G3K5%)
9;CH02.@3E[I)
6�0SUG3KJ/9B=�J0+4)80/>8)
6�0N.
6�3('F)@=D9/'�=a<�9/)�WF3L?@0�'M>

Psc

>,3E[33)86�0�'pU;3/JK9;='J8+3)
02. � B !A9G57=�'
0B+/.
0/�
� 6�9;UG0
)
6�0

Psc

9;57=�'80,+K.�0M.�)86�0")833)9+/U)1,O:52+/CH9;=jWF3L?@0�'�1�9;.8.�9;W2+3)
9;3/5V>495)S9;.�3E[ U;95)F)
U;0.�9;J/579;<F=,+E57=D0m=a3KC_WH+3'8021 )
3 )
6�0vWF3L?@0�'w=a3/50)9'
9���<A)89G3K5[ '
3KC )86�0e=�62+('
JK9G57J +E5711,9B.
=�62+('
JK9G57JN3E[g9G50)80�'�=a3/575�02=�)�=�+/W2+/=D95)=+E57=D02.2� *'.J)86�0�5:<�C��F0,'+3E[
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<7=�6 )862+4)�)
6�0@.�9;Cj<�U?+4)89G3K57.=�+/5��40NWF0,'�[�38'
CH0M1�+/9GCH021R)
3L?;+3'�1�.@CH9G579GCH9FED9;5�J > � > BE}�W43L?�0,'�1,9B.
.
9GWH+4)
9;3/5��

� �� " �"���+$�()&I��
�

cp021�<7=G)89G3K5�3E[tU;0,+EI4+/J/0 W43L?�0,'m?p95)86 )
670r<7.
0u3E[Q+
dual Vt

=a02UGUhUG9��<'=+3'8O 62+K.
�F020D5 .
6�3L?p5 )
3 �401+�Y/0,'
Or0=:l02=G)89GYK0^WF3L?@0�'R'
0M1,<7=G)89G3K5C_0�)
6�3,1g� �@O".
<	�7.E)
9 �
)
<A)89G57J

low Vt
=D0DU;U;.f3K<A)8.
9B1,0�)
6�0m=�'
9/)
9B=�+/UpW2+4)86 ?p95)86 [�<�57=G)89G3K52+EU;U;Or098q<�9;Y4+EU;0D50)

highVt
=a02UGUB.2> )
6�0NU;0,+/I-+/J/0SWF3L?@0�'p=,+E5 �F0�'8021�<7=a0M1w.
9GJK5�9C<F=�+/58)8UGOK>g~ y > x � &D> � BM� @y S N y � { B/k > �IS >�x K { K=P � � P � B S4k K � � >�x K_|MK z�y NMS7�

6�6�0�UG0B+EI4+EJK0�'8021�<7=G)89G3K5hW433)80D50)
9?+EU,3/[ +Q1,02.
9;J/5V>L9B.ZY/0,'
Oi1,02WF02571,0258) 3K5
)86�0p9;5�95)89.+/U.�)9'
<F=G)
<2'
0 3/[A)
6�0�1,0M.�9;J/5V��&d[7=a02UGUB.�+('
0J)
34�40�.�<	�F.�)895)8<A)
0M1N3/5
+'1,02.
9;J/5i?p9/)
6
+ < H,021.�)9'
<F=G)
<2'
0K>L[�3(' 0JH<+ECHW�U;0;+3) WF3q.�) � U?+]O/3K<A)2>-)86�0�9;5�95)89.+/U7.
0DU;02=G)89G3K5O+/571_3('8J8+/5�9CEB+4)89G3K53E[,=a02UGUB.D>4+('
0 +�U;9GCH9/)
9;5�Jp[P+/=�)
38'g[�3('V673L?eCh<7=�6 )
6�0 U;0,+/I4+EJ/0#W43L?@0�'V=�+/5,�F0J'8021�<7=a0M1g�
& )p?�+K.�0JH,WF0M=G)
0M1�)
62+3)�)86�0N<7.
0Q3E[!+

dual Vt
=D0DU;UgUG9��<'=+3'8Of?�3K<�U;1�+EU;UG3L? )
6�0NU;3/JK9;=.�O:50)
6702.
9;.%+/UGJK3('895)86�Cf.O)
3 J8+/9G5 3/W<)
9;C�+/U�U;0,+EI4+/J/0XWF3L?@0�'t.9+]Y:9G57JK.2>+6�3L?@0DYK0�'E�:O<7.
9G5�J 2 O:5�3KW7.�O,.,I'02.
9GJK5 3�3/CHW�9;U;0�'M> )
6�9B.QCH0�)
673:1eW<'83,1,<7=a0M1D)86�0HUG0B+/.E)SU;0,+/I-+/J/0WF3L?@0�'p.9+]Y:9G5�Jq.D�

6�6�0SW<'
02Y4+EU;0D50)�+/W�W<'838+/=�6f3/[�U;0,+EI4+/J/0>'8021�<7=G)89G3K5 �:OH9G5�9/)
9?+EU;U;Ot.�O:50)
6�0M.�9FED9;5�JO+h1,0��.�9;J/5N?p9/)
6
low Vt

=D0DU;U;.2>-+E571�+E[ )
0�'8?;+3'�1�.K+4))WF3q.�) � U?+]O/3/<<)V9G50)F'83,1,<7=D0 highVt
=D0DU;U;.2>?p9GU;Ug5�3()@JK9GYK0'CH9;5�9GCh<�C U;0,+/I4+EJ/0'WF3L?@0�'M> ��<A);)
670Q1�Oq5H+ECH9;=SW43L?�0,'�+('
0SU;9GIK0DU;O�)
3

�F0N573/5��d9G5F=�'80,+/.
9;5�J7�76)3f3�A)=+E9;5R)86�0%�402.E)�UG0B+EI4+EJK0SW43L?@0�';'
0M1,<7=�)
9;3/5V>A)86�0i1,0M.�9;J/5.�673/<�UB1^9;5�95)89.+/UGU;O �F0H.
Oq50)86�02.
9CE2021X?p9/)
6v.�C%+EU;U)[�0D? � 9;5�W�<<)Q=D0DU;U;.2>2)86:<7.N+/UGU;3L?p9;5�JR+<75�0 � J('=+E9;5�0M1R+/.8.
9GJK5�CH0D50)p3E[!)
6<'802.
6�3/UB1wY/3/U/)9+/J/0M.D> ��<A) +4);)
6�0h=a3K.E)p3E[Z9G5F=�'80,+/.
021+3'80,+O+E571�+E5X9;57=�'80,+K.�0S9;5X1�Oq5H+ECH9;=SW43L?�0,'p1,9;.8.
9GW2+3)
9;3/5V�
I�O:52+/CH9;=AWF3L?@0�'i9B._.�)89GU;U )86�0w1�3/CH9G5H+4)
9;5�Jb.
3/<2'8=D0t3E[;)
3()9+/U�W43L?�0,'j1,9B.
.
9;W2+4)89G3K5V>
)
6:<7.AUG0B+EI4+EJK0nW43L?@0�'Q+EU;3/570^9;.A5�33)R+ .
<��t=a9;0D50)AW43L?�0,'tCH0�)9'
9B=E>�+E5F1L)86�0 �402.E)WF3L?@0�'!'8021,<7=�)
9;3/5�+EW�W2'
30+/=�6N[�38' +Q1,0M.�9;J/5�>L62+/.!)83 �40�1,0�)80�'8CH9G5�0M1 �:ON9/)8. +K=G)
9;Y:95)(OK�
� Y/025 )
6�3K<�J/6 )
6�0^W43K.E) � U.+]OK3/<A)HU;0,+EI4+/J/0�'
0M1,<7=�)
9;3/5 C_0�)
6�3,1�.tC_9;J/60)t5�3()tJ/9;Y/0



�:� J 3�3/57=DUG<7.
9;3/5 .Y.�.

3/WA)89GC%+/U�U;0,+EI4+/J/0^W43L?�0,'A.F+]Y:9;5�JK.2>�)
6�02O"6H+]Y/0�)
670 �40D5�0J<<)w3/[,�40D9;5�J +]?�+('
0X3E[
+/=�)
<2+/U�=�+/W2+/=D95)=+E57=D02.N3/[�)
6�0	<752+/U�1,0M.�9;J/5�� � 9/)
6C)86�0A9;57=�'80,+K.�9;5�JmW2'
3���UG02Cf.i3E[0,+('
U;Of02.E)
9;C%+4)
9;3/5n3E[-9G50)80�'�=a3/575�02=�)�=,+EW2+K=a9/)9+E5F=a02.@3/[I)
670U<F52+EUV1,0M.�9;J/5�> )
6�0QW43K.E) �U.+]OK3/<A)'C_0�)
6�3,1�.S?p9;UGU7�40O+��U;0")
3nW�<7.
6D)86�0f1,02.
9GJK5D)
3w95)�.SUG9;CH95)�.D>K+/571^W43K.8.�9���U;O3/<A)8WF0,'�[�38'
C$.
9;C_9;U?+3'QUG0B+EI4+EJK0jW43L?�0,'N'8021�<7=G)89G3K5bCH0�)86�3,1�.�+EW�W7UG9;021v1,<<'89G57JwU;3/JK9;=.�O:50)
6702.
9;.2�



.�. � 3�62+/WA)
0,' �:� I'9B.
=D<7.
.
9;3/5�+E571 3�3/5F=aU;<7.�9;3/5



.Y.7J

� ��� ��������� �

	 ����
 ��� � �,��- � ��!#�+��!#��$

F�cN� � ��J6�95)8UG0 � & 57=D3('8WF38'9+3)
9;5�JjU;0,+/I-+/J/0N=a<2'F'80D50)p=a3/5F.�9B1,0�'=+4)89G3K57.@9G5XU;3/JK9;=S.�O:50)
6702.
9;.2 )
<F1,0D50) � (^9B=�62+E02U� '
9B.E)
0D5F.�025
T 0�'89G3,1 � .��,� 
 �,��� 
 
 � � .7J7� 
 ����� 
 
 �
� ��&��R� 
 � (	�%� 
���� � �R��&	�
� 0�� K�k >\y � K z
6�6�0@3��*(0M=G)
9;Y/0@3E[H)
6�9B. ( 2 =�)
6702.
9;.Z?@3('8IQ9;.�)
3Q9;5:Y/02.E)
9;J8+3)
0�3/WA)89GC%+EU,1,0M.�9;J/5h<�571,0,'
)
6�0nW<'802.
0D57=D0A3/[�.�)=+4)
9B=wJ8+4)80AU;0,+/I-+/J/0M.D> +E5F1:)
3�1,0DY:9B=a0w6�3L? 1,02.
9;J/5 '8<�U;02.O+E571
)F'=+/1,0��o3M:l.;+('
0�+EU/)
0,'
0M1g�
� K z k=P y { >\y�� S
* C%+E9;5A=a3K57=a0,'
5f1,<2'
9;5�J�)86�0�1,0M.�9;J/5f3/[ 2 O:.E)
02C �o3K5	3�6�9GWF.�P 2

�
3@. R 9B. )86�0�W43L?@0�'��<71,JK0�)M>�02.
WF0M=a9?+EU;UGO �2+3)E)80�'8O .
<�W�W�U;9;021 .
O,.�)80DCf.�+('
0e=a3/5F.�9B1,0�'8021V� & 5 J/025�0�'=+EUo>1,O:52+ECH9B=%+E571v.E)9+4)89;=f=D3/50)F'89���<A)
9;3/5F.N=a3/5F.�)895)8<A)
0�)833)9+/U W43L?�0,'i1,9;.8.
9GW2+3)
9;3/5V� I'O �52+ECH9B=HWF3L?@0�'N9B.NW<'89;C�+('
9;U;Ob=a3K57.�<7C_0M1 �qO1)
6�0A9G5,[�38'
C%+3)
9;3/5vW<'
3,=D02.8.�9;5�JX9G5 )86�0=�62+3'8J/9;5�J +E571H1,9B.8=�62+3'8J/9;5�JS3E[l9G50)
0,'
5H+EU7=,+EW2+K=a9/)9+E5F=a02.2�0*'. .
<7=�6V>K1�Oq5H+ECH9;=�W43L?@0�'=a3K57.�<7C_W<)
9;3/5H9;. W<'
3KWF38'E)89G3K52+EU )83 )
6�0M.�0�=,+EW2+K=a9/)9+/57=a0M.D>4)86�0�.
?p95)�=�6�9;5�JS[ '
0 8K<70D57=DO

+E571*)
6�0H.
<�W�W�U;OmY/3KU5)=+EJK0/� 2 )9+3)
9B=jW43L?@0�'Q=a3/5F.�<�CHWA)89G3K5V>g3/51)
6�0_33)86�0�'Q62+/571g>g9B.=�+/<7.�0M1 �:OuU;0,+/I4+EJ/0X=a<2'F'80D50)8._?p6�9;U;0�)
6�0m=D9/'�=a<�9/)f9;.H9B1,U;0/>�9o� 0K� 5733)tW40�'
[�3('8C_9;5�J=a3KC_W7<A)9+3)
9;3/57.2�



.�. � *�W�W40D5F1,9;H�*i� T '83�*(0M=G)�1,02.8=�'89;WA)
9;3/5

�
5�0�IK0DO%+4)F)F'=+/=�)
9;3/5f3E[ 3�(

�
2 9;.@5�02J/U;9GJK9 �7UG0�.E)9+3)
9B=�W43L?@0�'�=D3/57.
<�CHWA)89G3K5V�7T�3L? �0DYK0�'M>�?p9/)
6 1,02=�'
0B+/.
9G57JX1�0DY:9;=D0t.�9FED0M. )
679;.NW2'
3KWF0,'E)(Oe9;.N573^UG3K5�J/0,'i.F+3)
9B. <70M1�1,<�0

)
3A.
<	�A)9'
0M.�673/UB1n=D3/571�<7=G)89G3K5V� 6�670"'
0B+/.
3/5w[�3('�)86�9B.�9B.�)
6H+4)�[�38'�.�C%+/UGU;0�'�1�0DY:9;=D02.2>.�<7W�W�U;OnYK3/U/)9+/J/02.N+3'80
'8021,<F=a021V� ?73('Q.�W40D0M1g> )
6�9B.S9G51)
<<'85m[�38'8=D02.N+Q'8021,<7=�)
9;3/5e9G5
)
6<'802.
6�3KU;1XYK3/U/)9+EJK02.2��*�. +t=a3K57.�0 8q<�0D57=D0/>2)F'=+E57.
9;.E)
38'8.>+3'80N5�3AU;3/5�JK0�'�)8<<'85�021^3M:.F+3)
9B.([P+K=G)83('89GU;O/>E9o� 0/�#1A'=+E9;5H=D<<'9'
0258)�. =a3K50)F'89 ��<<)
02.�.�9;J/579;<F=,+E50)
U;O")83iW43L?�0,' UG3q.
.
02. 9G5
)
6�0N)F'=+E5F.�9B.�)83('@5�3/5��d=D3/571,<F=G)
9;Y/0S.�)=+4)80/��?�38'�+ 
��U.7J��
C W<'83:=D02.8.D>0)86�0S.E)9+3)
9B=�U;3K.8.
02.C%+]OA=a3K57.�)895)8<A)
0�+/UGCH3K.E)4C 
���3E[!)
6�0 )833)=+EUgW43L?�0,'�=D3/57.
<�CHWA)89G3K5V�
6�6�0�9B.
.
<�0�6H+/.��40D025Q+/1�1A'802.8.
021G�:Oh3M:40,'
9;5�JNU;9 �<'=+3'89;02.#3/[lJ0+4)802.J+/571H=a0DU;UB. 9;5 �F3()
6
low Vt

+/571
high Vt

Y/0,'8.
9;3/57.2� 6�6�9B.#3 :l0�'�.!)
670�3/WA)89G3K5H3E[4[P+/.E)2>
low Vt

=a02UGUB.Z?p9/)
66�9;J/6m.E)9+4)89;=iWF3L?@0�'�U;3K.8.
02.p?p6�0,'
0")
9;C_9;5�Jt9B.S=�'895)89;=,+EUo>H+E5F1D+t.�U;3L?@0�'M>
highVt

1,0��.�9;J/5"[�3('f3()
6�0,'fW2+3'F)8.2� 6I'=+/1�95)89G3K52+EUp.
Oq50)86�02.
9;.O)83:3/UB.f1,3�5�33)f3 :l0�'�)86�0^CH0,+/57.
)
3_3/WA)89GCH9FED0'[�3('

multi Vt
UG9��<'=+3'89G0M.J)836'8021,<F=a0'.E)9+3)
9B=�W43L?@0�'�=a3/5F.�<�CHWA)89G3K5V�76�6�0.�3KUG<<)
9;3/5V>E<F.�9;5�JN.�<F=�6hI:5�3L?p5_.�O:50)
6�0M.�9B.!)
3:3KU;.2>/=a3K57.
9;.E)8.Z3/[4.
Oq50)86�02.
9CE29G57J +Q1,0M.�9;J/5<7.
9G5�J�+

low Vt
U;9 �<'=+3'8O/>l<�5F1,0�' )86�0f=a3/5F.�)9'9+/9G50)>)862+4) )89GCH9;5�JD+E571eWF0,'�[�38'
C%+/57=a0

'
0 8q<�9/'80DCH0258)�. +3'80�C_0�)2�76�6�025V>K9;5%+QWF3q.�) �d.
O:50)
6�0M.�9B.ZW�62+K.�0K>3)
670 �2+/=�I � +E5�5733)9+3)
0M1=a9.'8=D<�9/) 9;.J+/52+EU;O ED0M1j?p9/)
6%'802.
WF0M=G) )83NWF3L?@0�' =D3/57.
<�CHWA)
9;3/5�+E5F1
)86�0�=D9/'�=a<�9/) CH3,1 �9;<F021g>N'
02W�U.+K=a9;5�J
low Vt

�:O
highVt

UG9��<'=+3'8O =D0DU;U;.n?p6�0,'
020DY/0,'tW43K.8.�9���U;0/� 6�6�0<�Wl1<+4)80NW<'
3,=D02.8.@1�3q0M.�5�33)�9;5:Y/3KUGYK0 +/5qOR'
0��d.
O:58)86�02.
9B.@.E)
02W7.2�
6�6�9B.�)
6702.
9;.j?�38'
I1+K1�1A'802.8.�0M.Q6�3L? )
3^9;57=a38'
W43('=+4)80t.�)=+4)89;=HW43L?�0,'j=a3K57.
<�CHWA)
9;3/5
+/.NWH+3'F)j3E[;)
670A.�O:50)
6702.
9;.jW<'
3,=D02.8.D>)<A)
9;UG9FED9;5�JD)86�0w1�0�)9+/9GU;021�3K<A)
W7<A)j3E[@+^W43L?@0�'.�9;Cj<7U.+3)
9;3/5u9;5 )86�0n.
O:50)
6�0M.�9B.D�'* CH0�)86�3,1 [�3('

multi Vt
.�O:50)
6702.
9;.h9;.H1,0,'
9;Y/0M1g>

+E571L)
670m=�+EWH+���9;UG9/)(O 3E[N)
6�0^CH0�)
6�3,1 9;.f=D3/CHW2+('
0M1C)
3 )86�0m=�+/W2+���9;U;95)89G0M.h3/[>)86�02 O:5�3/WF.�O,.�1,02.
9;J/5�)
3:3/Uo�
6�6�0%)86�02.
9;.i?�38'
Ie?p9GU;U �40tW40�'
[�3('8C_0M1�9G5 WH+3'=+EU;UG02U#?p95)86C)(?�3^3()
6�0,' ( 2 =%)
6�0M.�9B.?�38'
I,.@9;5�+H=D3/U;U.+�F38'9+3)
9;Y/0 ��<A)�9;571,0DW40D5F1,0D50)�0=:l3('F)2�

�
570N?�38'
IH[�3,=a<F.
.
02.�3K5R)86�01,02.
9;J/5 3E[pU;9 �2'9+('
9;02.Q3M:40,'
9;5�JmY4+3'89;3/<7.i.
W40D021 )83mW43L?�0,'
+EU/)
0,'
52+3)
9;Y/0M.D>)?p6�9GU;0%)86�033)86�0�'p?@3('8It=a3K57=a0258)9'9+3)
0M.�3K5R)86�0"+3'�=�6�9/)
0M=G)
<2'9+/U +K.�W402=�)8.�3/[

multi Vt
U;9 �2'9+('
9;02.2�

� � ���-� �,���R&O��� ?-U;0DCHCH9G5�J 2 )9+/.8.
0D5



.Y. C

� ��� ��������� �

� � ( ���"� � ��- -

� ��� ��� ��	 ���	� ��# �%����&2&

6�6�0 x:y N x zo{ KLK�|rW2+3'=+ECH0�)
0�'�._9G5 )9+��U;0 �S�U.D+3'80R)86�0��:Or�V3 ��0,'
IK0DU;0DO I'0DY:9B=a0
� '
3K<�W .�<�JKJ/0M.�)8021 Y4+/UG<�0M.X[�3('�)86�0 W<'8021,9B=G)89GYK0 )
02=�675�3/U;3/JKO C_3,1,02U 
 J�	 � � 6�6�0)
6<'802.
6�3KU;1bY/3/U/)9+/J/0M.�3/[ )
670^} � ~ }CK B2�OBJN KAW<'
3,=D02.8.'6H+]Y/0 �40D025C+3' ��95)9'9+('
O^=�6�3q.�025V>.�9;57=D0J)
670D9.'-<F.�0�3/5�U;O�+3'80 [�3('Z.
9GCHW�U;0�0JH<+ECHW�U;02.V9;5:Y/3KUGY:9;5�JN+�6�9GJK6
+E5F1iU;3L?7)86<'802.
6��3/UB1AYK3/U/)9+/J/0/� 6�6�0NCH3,1,0DU)=�+3'�1�.;+3'80,�2+/.
021w<�W43/5�)
6�0N?@3('8IA1,3K5�0Q9G5 
U.�. � �

Leff Tox V sat
t RdswF (

�
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∫ tend

tstart

Ivdd(t) dt

*�)
tend

)
6�0NU;0,+/I-+/J/0SWF3L?@0�'�9B.;)
670S3K5�U;OA5�3K5��AE20�'83")80�'8C 3E[Z098q<2+3)
9;3/5��,�U./> )
6:<7.
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Ptotal = f · Eswitch + Pleakage
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