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:�03;a*H;a*40D2-2-:�5vb
�R:�<W.@;�69fC:A<@6���÷�÷øG�6KM-:3b
��2nX3:�>_<j;a*4032̂ 2-:�5�̧�b
)+*-,/.�M-,7.@f-5/0lEK."Ø4ù̀ ú�Ø~ûsb
��M�iFJ-._<jôLê+032̂ MHô�ë�[\69>�0oG�,/2-,7GyJ-GüVp0YX3:�692
.@;�69fC:3b
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·̂ bW�R:�<WBC63<?*��W�z�_èLk�÷"��÷L�U.FV�,7<@;a*-:�.�<?6 èLk�÷yb
¼-bW�R:�<��t*���³L�3÷j,xXI<?6 µ�³��3÷j,7XCb
ÅRbW�R:�<��t*Z̧�³��3÷j,7X <?6 Å�³L�3÷j,xXCb
Ç̂ b�ì�>@:�.F.j�t63G fC692-:�2n<W)�:�._<j̧tJR<@<?632�b
ßRbW�t692-2-:�;�<A;�63G fC692-:�2n<�<?6�BC:�<?:�.F<?:�M�<?6̀ <?*̂ :��t69G fC692-:�2q<j<?:�.F<�<?:�>@G�,/240D5/.W692
5/:=[�<�BS:�5/6lV×63.@;�,75/5769.@;�69fS:�.@;�>F:�:�2�b

à̂ bt�z69JLV�,/5/5D<?*-:�2�69B̂ <?03,/2A0+;a*403>@03;�<@:�>F,/.F<@,/;s;�Ĵ >FX9:u692L<?*-:s.@;�>@:�:�2
���"f-.F,/M-:sM-6lV�2~ Qb
²̂ b+)+*-:&�ø0�PR,/.�M-,/.Ff-5�0YEI,/.p<?*̂ :LX36957<?0389:L03;�>@69.F.+<?*-:L;�63G fC692-:�2n<�b
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�z69JH.@*-69Ĵ 5/M�M-:�.@,7892�032-MH;�692-._<?>FJ-;�<L0D2�,/2qX9:�>F<@,/2-8�0DG f-57,7�4:�>�*40YXR,72-8�0I8903,/2Z63[
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2-:�;=<?,/632-.j032̂ MH<?6 .FV�,7<@;a*�692Z<@*-:�fC6lVt:�>j.@Ĵ f-f-57E3b")+*̂ :yfS6lVu:�>".@J-f-f̂ 57EZ;�692-2̂ :�;�<@,/692̂ .
03>@:L2-63<�.F*-6lV�2Z[\69>+.F,/G�f-5/,7;�,x<�E9b

in+

(a)

Vin
V

R in  f

V
+

in-

R

Vout

(b)}�,789J->F:�·9·^¤

µ Æ



ÈZ:�03.@J^>@:u<@*-:u÷L�N8q03,72163[^<?*-,7.h0DG f-57,7�4:�>�[\69>�BS6D<?*�fC69.F,7<?,xX9:z032-M12-:�890D<?,xX9:t,72-f-J^<
.@,/8324035/.�by��<L,/.�.F69G�:�<?,7G :�.jM-,FE ;�J-57<�<?6
69B^<?03,/2�.FGI03575�÷L�ç.@,/8324035/."[\69>�<?:�.F<@,/2-8�÷L�
03G f^5/,7�-:�>@.�b���<j,/.�X9:�>FEZ:Y03._EZ<@6IJ-.F:o0IfC63<?:�2q<?,/63G :=<?:�>W032^M�0IB40D<F<?:�>FE
<?6`83:�2-:�>?0D<@:
.@G 035/5�.@,789240357."J^.@,/2^8I<?*-:1;�,7>@;�J^,7<".@*-6lV�2�,/2H}�,/83J->@:1·3¼-b��z69J�;Y0D2�:�,x<?*-:�>�G 03T3:1J-f
<?*-,7.I;�,7>@;�J-,7<�E963J->@.F:�57[�[\63>�E369J->I6lV�2UJ^.@:�69>�E963JU;Y032½J-.@:H<@*-:HJ^2-,7<@.�V�*-,7;a*§03>F:
0lXD03,75�03B^5/:�,/2�.@G 03575�BS6YPR:�.",/2
<?*-:15�03Brbpk"6D<?:L<?*40D<�<@*-:�G 03M-:LJ-fZJ-2-,7<@."632-57E�G 03TD:
;�692-2^:�;�<@,/692o<@6j<?*-:pB-0D<@<@:�>FE1V�*-:�2o<@*-:+B-J^<F<?692o,7.�f->@:�.@.F:�M�b�)+*-,7.�;�692^.@:�>_X9:�.uB40�<@<?:�>FE
5/,7[\:j03.�,7<�,/.+M^,GE�;�J-5x<p<?6�[\69>F89:�<+<@6�<?03T3:�E369J->+�42-89:�>�63°�<?*-:LB-JR<@<?632�b

10 k
1.5 V

 Ω Ω
500 ΩΩ Vout

}�,789J->F:�·3¼-¤
�z69J½.@*-69Ĵ 5/MU0D5/.@6NG :�03.@Ĵ >@:H<@*-:H69JR<?f-Ĵ < [\>@69Ge<@*-:H,72nX3:�>_<?,/2̂ 8%03G�f-5/,x�4:�>�03.I0
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69Ĵ <?f̂ Ĵ <�632N<?*̂ : 63<@*-:�>A;a*4032̂ 2-:�5u032-MOE969J->A5�0DBNBC6R63T�.@*-63J-5/MN;�692q<a0D,/2N0Z.@TD:�<@;a*%63[
<?*-:
Vp0YX3:�[\69>FG . .@*-6lV�,/2̂ 8N<?*̂ :Z>F:�5�0�<?,7X3:
f-*403.F:�.I6D[�<?*̂ :Z,72-f-Ĵ <I032-M�69Ĵ <@f-Ĵ <Yb��z69J
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