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o ,43-9n02<E%'5Z54%&9�F)#&(Y9�3GO)(�#c:8@k(	/�*^ ;5�(+(	02<=*^0+r

ÃmacbedWÅ SVaÄb1d�aÇÆeÈÄÉ	ÊªËÍÌAÊªbeËÍd
Î acbedWÏÑÐ1aÄÌ¸d�ÊªËÍÌ¸ÊNbeËÍd

o 3H,604<)(x¹w¹�qJI=*^0�02(+,7!�(1�E*-9�F)#&(Y@k(	02<)(�,4(1LN3H,4(	<=*�>H(CÃ�acbedWÅÓÒ�ÔÕ^Ö Å�¶w×Yf}A �?H(� )(+,4*-#c:Z@k(\O)3» E3-0� )3H,�9Q*-#&#&!µ5�<)3H,�0�04<)(�3HDE04F)DE0�3-LC*�/�%',4/�D)%&0Q@Z%&02<�*^ 
*^9�9�(�04(+,k%& �3H,�O)(+,w023$9�(�*-5�D),4(�04<)(Y5�<)3H,�06/+%',�/+D)%[06/�D),4,�(+ "0�f�sM<)(Y/�3H )/�(+FE0Z3-Ll5�<)3H,�0
/�%',�/+D)%[0Z/+D),�,4(+ "0{%'5�:)<)3�@B(�>H(�,+:V>H(�,�!jD)54(1LND)#_LN3H,MO)(1�= )%& )?�04<)(	3HDE04F)DE0Z,4(�54%&5�0i*^ )/+(^f



¢   Ø�ÙG¨]Ú"Û-°Q¦1¨=­cÛ-Ü=Ý�¨]Û-Ü'®4Þ$ßkÜ'¦ià1­Ñ¯2®|¨=©cài¬Cá+â$ãZ¯e©ÑÛ-¨;ä_Û-åMÜ'¦i¬i¬

}¸Lz@B(Y,4(102D),� �023R04<)(Y(1�E*-9�F)#&(+5k3^LW>H3H#[0i*-?H(m543HDE,4/+(�5Z*^0604<)(Y5�02*-,�0k3-LW02<E(YO)%'5�/+D)5g�
54%'3- _:=@k(R/+*- X54*�!�04<=*^0�04<)($�|�"���·�{�h9�*-%& )5{*- )OP04<)(Qp³�T��/�*^,�I=*^0�02(�,�!�>H3H#[0i*-?-(
543HD),�/+(�5y*-,�(�,�(�*-#&#&!PsM<kt(�>-(+ )%& �543-D),4/�(+5y%& �@Z<)%'/i<´02<)(�Ã�acbed6%&5�>H(+,7!\549�*-#'#Äf$}¸Lg:lLN3-,
%' )570i*- )/�(-:l*�/�*-,	I=*|0402(�,�!�<)*-O´*- Â3-DE02F)DG0	,4(+5�%'570i*- )/�(�3^L�pl×æ02<)(� ´04<)(J9Q*|�G%&9RD)9
/+D),�,4(+ "0�@Z<)%&/i<�%[0�/+3HDE#'OJO),4%[>H(M02<E,43HD)?-<�*^ �(e�802(+,� =*-#V/+%&,4/�D)%&0.@B3HD)#&OJIK( �Ñç�Ô�+è Åép³�.�
@Z<)%'/i<\@k3-D)#'O´ )3-0x(�>-(+ Â#'%'?-<v0�02<)(�/�*-,	<)(+*-O)#&%'?H<"025�#&(�0x*-#&3H )($3HF](+,4*^02($04<)(J5�0i*^,�02(�,
9�3-043H,+¿

sM<E(R3HDE04F)DE0�,�(+54%&5�02*- )/+(y3-Lw*- X(�#'(+/102,�3H )%'/x5�!85702(+9�/�*- XI](R9�(�*-5�D),4(�OXI"!X9�(�*|�
54D),�%' )?�02<E({>-3H#&02*-?H(Z*^0�02<E(m3HDG02F)DE0�04(+,49�%' )*-#'5�*^5B*�LND) )/102%&3H J3-L�04<)(m/�D),4,�(+ "0BO),2*�@Z 
LN,43H9�04<)(J02(+,�9�%& =*-#&5+fJsM<)(Q5�<)3H,70C/�%',�/+D)%[0C/�D),4,�(+ "0C/�*- ´02<)(� �I](�3HIG0i*-%& )(+O´I"!\(1�v�
02,2*^FK3H#'*^02%&3H _f´}¸0�%'5$%' µ?H(� )(+,4*-#M )3-0�?H3838O»F),2*-/102%&/+(�023\54<E3H,�0�3HDE0$04<)(�3HDE04F)DE0�3-L
*- X(+#&(+/102,43- )%'/x5�!85�04(+9ê%' P3-,4O)(�,�023�9�(+*-54D),�(y02<E(y54<E3H,�0�/+%',�/+D)%[0�/�D),4,�(+ "0�:� )3-0Y3- )#&!
IK(�/�*-D)5�(�3-L�02<)(mFK3H5�54%&I)%'#&%&0A!R3^LWO=*-9�*-?H%& )?�02<)(m(+#'(�/�04,43H )%&/+5wI)DE06*-#'5�3CI](+/+*-D)54(�9Q*- "!
(+#'(�/�04,43H )%&/	/+%',�/+D)%[025M<=*�>-(y54F](+/�%Ç*-#z/�%',4/�D)%&045M%' )/�#'D)OE(+O�@Z<)%'/i<;O)(�04(+/�0Y*�5�<)3H,70�/�%',4/�D)%&0
*- )OJ/+#&3H54(MO)3�@Z $02<E({3-DE02F)DG0�IK(1LN3H,4(Z*- "!yO=*-9�*-?H(6%&5.O)3H )(^f.sM<)(Z(+#&(+/102,43- )%'/M57!G5702(�9
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p�qEf[p´sM<)(y0i*^I)#'(xIK(�#'3�@æ5�<)3�@Z5Y02<)(x02(+,�9�%& =*-#_>-3H#&02*-?H(+5�*- )OX/�D),4,�(+ "025m@Z<)%'/i<P@B(+,�(

9�(+*-54D),�(+O�@Z<E(+ �04<)(P5�FK(�/+%&�)(+O�,�(+54%&5�02*- )/+(j@6*^5Q/+3- ) )(+/102(�O�*-/+,�3H545�*�¹�¹�¶
I=*^0404(+,7!HfjsM<)(�/+%&,4/�D)%&0CD)54(�O»%'5x54<)3�@Z »%& o %&?HD),4(jp�qEf �»¾Ñ*"À1fP�6*-#&/+D)#'*^02($02<E(
sM<kt(�>-(+ )%& P(+uvD)%[>^*-#'(� v0Z/�%',�/+D)%[0MLN3H,602<)(x¹�¹�¶�I)*^0404(+,�!-f

�Z(+5�%'570i*- )/�( �YDE04F)DE0Z>H3H#[0i*-?-(Y� �YDE02FEDE0{/+D),�,4(+ "0{9��
± �-�.�G× ¡EfìqEp �GfÁ�H�
pW�8× ¡Efì¡"� qGf&p�¡
� ¢ ��× ¡Ef ¢H± p�¡Gf ¢ �
p�¡H��× ¡Ef ±   �"qGf&p��
p��H��× ¡Efì¶Hq ¡ ± f ¢ �

V

F

(a)
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Rout VV
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out R

R

out

10V

out

(b)

Vout

5V

I

slope = -6.07 V/A

100mA
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