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(a) Vd =   50 mV
(b) Vd = 100 mV
(c) Vd = 250 mV

���@F=)�H%" 3/U 4 � c 
`"d:;� 'dML�!�#"4�@3R:VH%"=.$�%"4'dML�!�#"n+DHZ.P�@3902'd*��N.dF$"2U

v2)��@�T" *@'d&z:;'$<?>x.PH%"=+m�T'm�C�D"EF2.1�T"=� 02'd* �N.PF="$�(.P3/+B�#"13R:;" 0=.P*J�e+#.1�A"=�\�!�#"I3#"1F=*@"d:;�T�J'$3m'dM � � �
�@3X�!�#"k.P3/.P*JQD�T�e:8.P*R<?'#+2"1*�>�HN"=�%"13D�T"=+�U

bI3�'=�!�D"8H�>R'$�J3D�s�!�/.1�\. 
�"l:;�N���!�#" :S�D'=�e:;"\'dM`�!�D"(+DHZ.P�J3m02'd* �%.dF$" �����!�#" :8.P>R.=:;�@�T�@02" :;'$)�>#�
*@�J3DFO57"8�A&("1"139�!�D"�+DHS.d�@3�.P3/+��A'=)�HS:;"h�T'X�!�#"Y+D'$� :;'$<?>x.PH%"=+��T'X�!�#"h:;'=)�>D*J�@3#FX57"8�A&("1"13
�!�#"�F¡.l�T"=�\.d3�+m�!�#"(+D'$�8UL���D"(HS.1�T�@'E'PM`�!�#" �T'$)�HZ:;"E.P3/+m+DHZ.P�J3Y:1.P>R.=:;�@�N.d3R:;"��T'4�C�D"(F2.1�T" :1.1�
>R.=:;�@�N.P3x:;" ���\�@<?>R'$HN�N.P3#�1Usb4�\�!�����\HS.1�T�@'6���g+2"d:;HN"=.$�%"=+B.=�g�J3�+D�,:1.1�T"$+n�@3O���@F/U$3�U:3�i/�A�/.PH%>R"1H
�A�T"1>`�k.PH%"O'$5��N.P�J3D"=+�U¢_2<O.P*J*\HS.1�T�@'#�k:1.P3~3�'=�m5R"X.=:����J"102"=+ �#'d&�"102"8Hm�%�J3R:;"?�C�����G&('$)�*,+
<Y"$.d3?02"1HNQ��T<?.d*@*s�T'$)�HZ:;"h.d3�+�+DHZ.P�J3�:1.P>R.=:;�@�N.d3R:;"=�;UE���/.l�6���f& �#QX�!�D"kHS.1�T�@'Y'PM TDU10$7B���
:S�D'#�%"13jU

���D"E�%"83R�%�@�T�@0#�@�TQE'PM`�!�#" .=+�+t"8H\�T'4�T"1<?>R"1HS.1�T)�HN"2i1:1.d>R.$:V�@�N.P3R:V" .P3/+h:;'=3�+2)�:V�%.d3R:;"(0$.dHS���
.1�T�@'$3x�w�/.$�^5R"1"13n.d*e�A'6�@3#02"$�T�T�@F2.1�T"=+�U^���JF�U�3/U 7E�A�#'P&E�^�!�#"L" 
`"d:;�^'PMx�A"8<?>R"1HS.1�T)�H%"^�J3R:;HN"$.=�%"2U
bI* �!�#'$)�F=�¢& �@�C� ���JF$�¢�T"1<O>7"8HS.1�T)�H%"n�!�#"?�T�T"1>`�G�%"8"1< �T'�& .=�A�¢'=)D�8i��!�#"Y'$)#�A>/)D�h���n�A�T�J*@*
�!�#"Y:;'$HNH%"d:V�I0=.P*J)�"Y'PM(�!�#"Y.$+�+D�J�T�@'$3�'dM �!�#"m�J3�>�)#�N�;UYrI'd&�"102"8H1i`�%�@F$3/.P* H%"=�A�T'$HZ.1�A�J'$3�<?.dQ
5R"d:;'=<B"6.m>�H%'=5D*J"1<�5R"d:1.;)R�%"6'PMLHN"$+2)/:;�T�@'$3O�@3X3�'$���%"n<O.PHNF$�@3x�;U

�R.l5/HS�e:1.1�T�@'=3 �T'd*@"8HS.P3x:;"=�?:1.P3z:1.;)R�%"��C�D"X�!���,:�W#3#"$�S�m'dMn�!�#"��J3R�A)�*,.1�A'=H?5R"1�T&�"1"83¢�!�#"
+D��
�"8H%"13#��"1*J"d:;�NH%'#+2"$���T'h0=.PHNQ2i�& ���,:��?*J"=.$+��L�A'O:1.d>R.$:;�J�N.P3R:;"60$.dHS�e.1�T�@'=3^UL���D" �%"13R�%�@�T�J0D�J�AQ

7�3



-1

-0.8

-0.6

-0.4

-0.2

0

0 0.1 0.2 0.3 0.4 0.5

Is
la

nd
 c

ha
rg

e 
/ q

Vg1 + Vg2  (V)

(a) ratio = 0.10
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(d) ratio = 1.00
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(a) T = 180 K
(b) T = 300 K
(c) T = 420 K
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(a) Std. C, Std. G   
(b) C -10%, Std. G  
(c) C -10%, G -30%
(d)  Std. C, G +30%
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Vg1 or Vg2 in units of q/C1

(a) Vg2 = 0
(a) Vg1 = 0
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(a) Cs = 0.3 C1
(b) Cs = 0.1 C1
(c) Cs = 0.6 C1
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(a) ratio = 0.010
(b) ratio = 0.001
(c) ratio = 0.020
(d) ratio = 0.100
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(a) T = 180 K
(b) T = 300 K
(c) T = 420 K
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(a) V1 = 0
(b) V2 = 0
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(a) Q0 =-0.221
(b) Q0 = 0.000
(c) Q0 = 0.131
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