
������� �	� 
�������������� ������������� ��� �!�#"%$'& ���

(*)�+-,/.102,�3546.7.80:9<;=,?>A@-,�3-B�CD;=,�E=0F.83-E=,/.19HGJILK-M/.807NOG1P�0*+-G1E	G�B�.8;=3Q,?;	GLRMTS�UWVHGX3-YZM[S8S�Y%\^]
(*)�+-,'.80F,?3_4`.a.80#bcG1d`3�Y-,?B�;=,?G1E=,�EfecC�g1S�Y%\h9<.8;W,�i8,�;jC�9kGXB�Rl.1;^.19mMTSnd`3-B?;j,[G1Ej,d63	9<;j,?>A@-,?3QB�C#G1eF.oi1,�MTS�UWVX]
(*)�+-,p9<;j,?>A@-,?3QB�C�;j,?E=0F.83-Ej,�.19qG	;=,?G14�G1P�0-4`d`r%,�;md`EsY-,tRl,?;jP!d`3-,?Y/eAC#Rl+-,p46.Tuv,�;.19Ow

x )�+-,HRl+-,�.8;=,tRld`B[G14y;j,?Ej02.83QE=,fE=,�RmecC�Rl+Q,H9<,�,?Y-e-G1B{z�B?.8P�0F.83-,?3cR=E?]x )�+-,f;=,�E=0F.83-E=,f.19|Rl+-,H.807NOG1P�0y]

} ,~+%G[i8,X�a@-3cR=d64%3-.TuH�7G1E=Ej@-P�,?Y!R=+%GXR�.807NOG1P�0-E�G1P�0-46d�9�CfE=d6b13%G146E�GLRqG1464Q9<;j,?>A@-,�3aNB?d6,�E�u~d`Rl+�,�>7@-G14�,���B?d`,?3-BtC8]q)�+-d6E~d`E�3-.1R�Rl+Q,fB?G1E=,X]� d63-B�,vG13f.80aN�G1P�0f+-G1E�G~+-d`b8+�.102,�3�4`.a.80HbcGXd63y�LG13cCHE=0Q@-;=d`.8@-E|02.8Ejd`R=d`i8,�9<,�,?Y-e%GXB{z9<;=.8P�Rl+-,�.8@aRl0-@QRHR=.�R=+-,�3-.83Qd63ci8,�;jRld`3-b�d63-0Q@QRHB[G13_B?G1@-E=,�Rl+Q,�G1P!0Q46d`r-,?;WR=.�.8E=B�d64�N4�GXR=,mi7d6.146,?3cR=4`C'9<;j.8P�9<@-464�0F.8E=d�Rld`i1,W.1@QRl0-@aRvRl.f9<@-464�3-,�bcGXR=d`i8,W.8@QR=0-@QR[] � @-B{+�02.1E=d`R=d`i1,9<,?,?YQe%G1B{zp.7B?B�@-;=E�P!.8E�R�,?G1E=d`4`C�GXR�+-d6b1+p9<;=,�>7@Q,?3-B�d6,?E�e2,�B[G1@-Ej,�Rl+-,vd6P�02,�Y%G13-B�,�.19FGX3ACEjRl;=G[C�B?G10%G1B�d`R{GX3-B?,!e2,tR�uv,�,?3�Rl+-,!.8@QR=0-@QR�GX3-Y�Rl+Q,	d63-0Q@QRpB?G1@-Ejd63-b�0F.8Ejd`Rld�i8,�9<,?,�YaNe%G1B{z�Y-,�B?;=,?G1E=,�Evu~d`R=+!d`3-B?;j,[G1Ejd63-b�9<;j,?>A@-,?3QB�C8]��s0aN�G1P!0QE�GX;=,�Rl+-,�;=,t9<.8;=,mY-,?Ejd6b83Q,?Y!R=.+%G[i8,!G13Z.102,�3�46.7.80�bcGXd63�u~+-d6B{+ZY-,?B�;=,?G1E=,�Epu~d`R=+�d`3-B?;j,[G1Ejd63-b�9<;=,�>A@-,?3-BtC�E=.#G1EfR=.;=,?YQ@-B?,�Rl+Q,�;=d6Ejz�.X920F.8Ejd`Rld�i8,v9<,�,?Y-e-G1B{z�GXR�+-d`b8+-,�;�9<;=,�>7@Q,?3-B�d6,?E�]�)�+-d6E�d`E�G1B{+-d`,�i1,?Y�eACd63-B�46@-Y-d`3-b!G!B[GX0%G1B?d�Rl.8;��F9kGXe-;=d`B[GXR=,?Y/.13/Rl+-,�E=d`46d6B�.83�B{+-d60y�2d63�Rl+-,�.80aNOGXP!0#d63cRl,�;=3%G14B?d6;jB?@-d�R[]�)�+-d6E�B?G10%G1B�d`RlG13-B?,�B?G13�e2,�Ej,?,?3�d63JR=+-,�IXK-M�.807NOG1P�0JB?d`;=B�@-d`R�Ej+-.Tu~3*d`3� d6b8@Q;=,��c�7]��a])�+Q,v.80F,?3�46.7.80�i8.84�R{G1b8,�bcGXd63f.19%G�R�C70-d6B?G14A.80aNOGXP!0fE=@-B{+'G1E|R=+-,vIXK-Mqd6E�E=+-.Tu~3'd`3� d6b8@Q;=,~Kc�Q]�M8]�)�+-d`EvB{+%GX;lG1BtRl,?;jd6E�Rld6BmbcG1d`3nB�@-;ji1,sd6E�i8,�;jC!d6P�02.8;�R{G13cR�G13-Y�C8.8@�Ej+-.8@-4`Ye2,�G1eQ46,'Rl.�Ejz1,tRlB{+Jd�Rsu~d`R=+-.8@QRH+%G[i7d63Qb�R=.�;=,t9<,?;�Rl. � d`b8@-;=,pKc�Q]�M8]'��E=Ej,?3cRld6G1464�C/R=+-,.802,�3546.7.80*bcG1d63*d6E!B?.83-E�R{G13cR�GXR/MTS8S�Y%\�9<;=.8P �H� @-05R=.5MTS�UWVX] � ;=.8P MTS�UmV@-0cu�G1;jY-E�d63¡9<;=,�>A@-,?3-BtC8�^R=+-,�bcG1d`3¡Y-,?B�;=,?G1E=,�E#ecC g1S�Y-\¢9<.1;	,�i1,?;jC¡9kGXB�Rl.1;�.19�MTS
gXKAg
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Open loop
Voltage gain

1

 0dB

100dB

Frequency

Slope = 20 dB / decade

3 106

741 Opamp

� d̀ b8@-;j,sKc�Q]�M8wq�s02,�3#4̀ .a.10�bcG1d63�G1E~G�9<@-3-BtRld̀ .83�.19�9<;j,?>A@-,�3-B�C�9<.8;�R=+-,�IXK-M8]
d̀ 3-B?;j,[G1Ej,�d̀ 3#9<;j,?>A@-,?3QB�C8�2;=,?G1B{+-d63Qb	G�bcG1d63�.19�S�Y-\hGXRWG�9<;j,?>A@-,�3-B�C#.19�MTSX³�UWV1]�)�+Q,zX,�C�9<,?GXRl@-;j,Hd6E�Rl+Q,fB�.8;=3Q,?;mGXRHMTS�UmV�GX3-YZM[S8S�Y%\̂ ])�+-d̀ E�B?@Q;ji8,�d̀ E�P�,[GXE=@-;j,?Y�@-Ejd63-b�GWB?d6;jB?@-d�R�Ej@-B{+�G1E�R=+%GXR�d63 � d̀ b8@-;j,�Kc�a]�gWd̀ 3�u~+-d̀ B{+R=+-,HE=d̀ b83%G14yd̀ E~G10-0-4̀ d6,�Y�YQd6;=,�B�R=4̀ C	eF,�R�u�,?,�3/Rl+Q,HR�u�.�d63-0-@aRlE�Rl.�Rl+Q,f.10aNOG1P�0	u~d̀ R=+-.8@QRGX3AC	3-,?bcGLRld̀ i1,�9<,?,?YQe%G1B{z�eF,?d63Qb�@QE=,?Y¥́F+Q,?3-B�,fR=+-,�Rl,?;jPµ.80F,?3�46.7.80y]

inV outV inV 0=   A

� d6b8@Q;=,�Kc�Q]¶gawq�vd`;=B?@Qd`R�@-Ej,?Y�Rl.�P!,?G1E=@Q;=,H.80F,?3�46.7.80�bcG1d`3y]
· .ou¸46,�RH@QEf,º¹QG1P!d`3-,�+-.Tu¸R=+-d6E�.807NOG1P�0�9<;=,�>7@Q,?3-BtCZ;j,?Ej02.83QE=,!GX»¥,�B�R=EfR=+-,�;=,tNEj02.13-E=,f.19�G1P!0Q46d`r-,?;=Eve-@-d64�R�@-Ejd63-b�.80aN�G1P�0-E?]

Vin kΩΩ10
+

V

MΩΩ 1

out

� d6b8@Q;=,�Kc�Q]¼�Qw�½�3ci8,�;jR=d63-b!G1P�0-46d�r%,?;�]
� d̀ b8@-;j,�Kc�Q]¼��Ej+-.Tu~Ê GX3�d̀ 3ci8,?;�Rld̀ 3-bnGXP!0-4̀ d̀ r%,�;�u~+-d̀ B{+#+-G1EmG�b8G1d63�.19Ow
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½�3'Rl+-,�.8;jC�Rl+-,�bcGXd63'd`E�KcS�Y%\:GXR�GX464A9<;=,?>A@-,�3-B?d`,?E�]�UW.Tuv,ti8,�;?�7d`9%u�,~RlG1z1,�R=+-,�.80aN�G1P�0;=,?Ej02.13-E=,^G13-YnYQ;lG[u Gf4`d63-,~B�.8;=;j,?E=0F.83-YQd63-bfRl.�G�3-.8P�d63-G14-KcS�Y%\*G1P�0-46d�r%,?;�bcGXd63�.83Rl+-,H.80aN�G1P�0�;=,?Ej02.13-E=,fB?@-;�i8,Huv,fb8,tR � d6b8@Q;=,�Kc�Q]ÑK-]

 0dB

40dB

100dB
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1 103 Frequency

Nominal amplifier response

106

741 response

� d`b8@-;j,�Kc�Q]ÑK-wq�v.83-B?GXRl,�3%GXRld`.83�.19�IXK-MH;=,�E=0F.83-E=,Hu~d`R=+�G1P!0Q46d`r-,?;�;j,?E=0F.83-Ej,1]
� .8;�9<;j,?>A@-,?3QB?d6,�EveF,?4`.ouhMTSXÒFUmV1�ARl+-,m3-.8P�d63%GX4%G1P�0-46d�r%,?;�;j,?Ej02.83QE=,^d`E�e2,�46.TuDR=+-,.80aNOGXP!0�.80F,?3�46.7.80�;j,?E=0F.83-Ej,!Ej.�R=+-,?;j,!d`E�bcG1d`3_R=.�E=0%G1;j,�9<.1;�3-,?bcGLRld`i1,�9<,?,?YQe%G1B{z�]� .1;s9<;=,?>A@-,�3-B?d`,?E�G1eF.oi1,#M[S Ò UWV1��Rl+Q,�3Q.8P!d`3%G14�bcG1d63_d`E�b8;=,?GXRl,�;HR=+%G13_Rl+-,�.80aN�G1P�0bcG1d63nE=.'Rl+Q,�G1P�0-46d�r%,?;q;=,�E=0F.83-E=,Hd`E�46d`P!d�Rl,?Y�ecCnR=+-,s.80aN�G1P�0	;=,�E=0F.83-E=,fG13QY	9<.8464`.ou~ERl+-,!.80aNOGXP!0�;=,�E=0F.83-E=,nY-.Tu~3AuvG1;jY-E?]�)�+-d`Epd`E�d`3-Y-d6B?GXRl,�YJG1EfRl+-,nG1B�R=@%G14�G1P�0-46d�r%,?;;=,?Ej02.13-E=,f.83�Rl+-,HB�@-;ji1,1])�+Q,�b1,?3-,�;lG14�0-;j.aB�,?Y-@Q;=,�d6E	Rl+Q,?;=,t9<.8;=,�R=.�0Q46.1R	R=+-,_bcG1d`3ÀGXE�Y-,�R=,?;=P�d63Q,?Y eACRl+-,p9<,�,?Y-e-G1B{z/B�.8P!0F.83-,�3cRlE^.13AR=.	Rl+-,p.80aNOGXP!0#;=,?Ej02.13-E=,�GX3-Y�Rl+-,�3�Rl.	.1eQR{G1d`3#R=+-,G1B�R=@%G14�;=,�E=0F.83-Ej,�G1EHRl+-,�,?3ci8,�46.80F,�.19�Rl+Q,!4`.ou�,?;f.19�Rl+-,�R�uv.#B?@-;�i8,�E?]�)�+-,nEj+%G10F,.19�Rl+-,n;=,?Ej02.13-E=,	d`EpEjd6P�d64�GX;HR=./Rl+-GXR'.19mGX3�Ó�ÔÕ4`.ouÖ0-G1E=Epr-4`Rl,�;p3-.XR'.83-4�C�d63�R=+-,Y%\�;=,?Ej02.13-E=,�E=+-G102,�eQ@QR�G146Ej.�d63JR=+-,�9kG1B�R'R=+%GXR�.83JR=+-,�Y-.Tu~3cu�G1;jY*0-G1;jR�.19~R=+-,;=,?Ej02.13-E=,^R=+-,?;j,sd6EvG�0-+-G1E=,sEj+-d`9�Rv.19|�8S8×�e2,tR�uv,�,?3�Rl+-,Wd63-0Q@QR�G13QY	.8@QR=0-@QR�Ejd6b83-G14¥GLRRl+-,�E=,f+-d6b8+	9<;j,?>A@-,�3-B?d`,?E?])�+Q,pe%G13QYQu~d6YQR=+/d`EW@-Ej@%G14`4`C�Y-,tr%3-,�Y_G1EmR=+-,�9<;j,?>A@-,�3-B�C#;lG13Qb8,�.Ti1,?;Wu~+Qd6B{+/R=+-,;=,?Ej02.13-E=,�d6E�B?.13-EjRlG13cR^Rl.�u~d`R=+-d63���Y%\W]F½�3�Rl+Qd6E~,t¹QG1P�0-46,�R=+-,�e-G13-YQu~d`YQRl+#,t¹7Rl,�3-Y-E9<;=.8P �H� .8;~S�UmVf@Q0�R=.�M[S�zaUmVfG13-Y�Rl+-,He%G13QYQu~d6YQR=+#d`E�Rl+-,�3ZM[S�zaUmV1]½ØRqB?G13n,?G1E=d`4`C�eF,~E=,?,�3nRl+-GXRqd`92;=,?Ejd6E�Rl.8;jEvG1;j,WB{+Q.8E=,�3!Rl.fb8d�i8,WGf+-d`b8+�bcG1d`3nG1P�0-4`d�Nr%,?;mRl+-,�02,�3%G14`R�C�d`EmR=+%GXRWRl+-,�e%G13-YQu~d`YQRl+/d6Em46.TuH]~½Ø9�Rl+-,�bcG1d`3/d6Em46.TuÙR=+-,?3�G!+-d`b8+e%G13-YQu~d`YQRl+�d`EWG[iXG1d`4�G1e-4`,1])�+Q,W.807NOG1P�0'9<;=,�>7@Q,?3-BtC!;j,?Ej02.83QE=,WG146Ej.�GL»¥,�B�RlE�R=+-,W0F,?;�9<.8;=P!G13-B�,�.19FRl+-,mG1BtRld`i1,r%4`R=,?;=EW,t¹QG1P�d63-,�Y�d63�ÚW3-d�RsKcÛQ] } d`R=+�G1B�R=d`i1,pr%4`R=,?;jE^d`R^d6EWe2,�EjRsR=.	@-E=,'GnP!.7Y-,�;lGXR=,bcG1d63ZE=./R=+%GXR�Rl+-,n9<;j,?>A@-,�3-B�C�;=,?Ej02.13-E=,�d`EpY-,tRl,?;jP!d`3-,?Y�eAC�Rl+Q,!r%4�Rl,?;�Y-,?Ejd6b83JG13-Y3-.1R�ecC�Rl+-,m.80aN�G1P�0�;=,?Ej02.13-E=,X]q½ØRqd`E�,[G1E�C�Rl.f.8eQR{GXd63�e-;j.cG1Y-e%GX3-YnbcGXd63'u~d`R=+nG�46GXRl,�;G1P!0Q46d`r-,?;�E�R{G1b8,X]�½ØRmB[G13/G146Ej.�e2,fE=,�,?3/R=+%GXRm.80aN�G1P!0QEmEj@-B{+�G1E�R=+-,'ILK-MpGX;=,f3-.1Rm.19
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Ejd6b83Qd`r%B?G13cR�@QE=,	GLR�9<;j,?>A@-,?3QB?d6,�E�G1eF.Ti8,	GXe2.8@aR!M[S8S�z7UWV1] � 0F,?B�d�G14�+Qd6b8+�9<;=,?>A@-,�3-B�C.10aNOG1P�0-EHG1;j,�G[i1GXd64�GXe-46,p9<.1;�+-d6b8+�9<;j,?>A@-,�3-B�C_u�.8;=z�e-@aRpGX;=,�P�.8;=,�,º¹Q0F,?3QE=d`i1,	G13QYGX;=,mP'@-B{+nP�.8;j,m0Q;=.83-,mRl.fd63-E�R{G1eQd646d�R�C'@-3Q46,?EjE�b1;=,[GLRvB?G1;=,md6E�R{GXz1,?3!u~d`Rl+�Rl+-,mB?d`;=B�@-d`RYQ,?E=d`b83#G13-Y�4�G[C8.1@QR[]
Ü�Ý�Þjß àZá%â�ã�ä�å|æÖç
Kc�Q]�M���G146B�@-4�GXR=,vRl+Q,�bcG1d63�.X9FR=+-,mG1P�0-46d�r%,?;|d63 � d`b8@-;=,�Kc�Q]¶�a] � z1,�R=B{+!R=+-,�9<;=,?>A@-,�3-B�C;=,?Ej02.13-E=,s9<.8;qRl+-,sG1P!0Q46d`r-,?;?]��s,�R=,?;=P�d63Q,WRl+Q,se%G13-Yau~d6YQR=+�.19�Rl+-,sG1P!0Q46d`r-,?;?]

Vin +

100

2.2k

ΩΩ

 Ω Ω

Vout

� d̀ b8@-;=,�K8�Q]��7w�è�;j.8e-4̀ ,?P K8�Q]̀ M1]
Kc�Q]¶g } +%GXRWd6E~Rl+-,�e%G13-YQu~d̀ YQRl+/.19�G13#d63ci8,�;jRld̀ 3-b	GXP!0-4̀ d̀ r%,�;�u~+-d6B{+�@QE=,?EsG	IXK-Mf.80aNG1P!0�GX3-Y#+-G1EmG�b8G1d63�.19�é̂ �1Scê � zX,�R=B{+�G�E=@-d�R{G1eQ46,�B?d̀ ;=B�@-d̀ R�u~d�Rl+�B?.1P!0F.83-,�3ARi1GX46@-,�E?]Kc�Q]¼���s,?E=d̀ b83�G�3Q.83-d63ci1,?;jR=d63-bZG1P�0-46d�r%,?;�u~+-d6B{+�+%G1E!G�e%G13-YQu~d̀ YQRl+�9<;=.8Pë�H�ÖR=.�8S8S�UWVX] } +%GXR�u~d̀ 464�eF,̂ Rl+-,̂ PnGL¹ad̀ P'@-PÖbcG1d̀ 3!Rl+-GXR�B[GX3�e2,s.1eQR{G1d̀ 3-,?Ynd̀ 9|G�IXK-M.80aNOGXP!0�d̀ E�@-E=,�Y�êKc�Q]ÑK*�s,?;=d�i8,!G13J,º¹Q0Q;=,?EjE=d̀ .83J9<.8;HRl+-,!PnG1b13-d̀ R=@-Y-,�.19�R=+-,n;=GXRld̀ .#.19vRl+-,!.8@QRl0Q@QRpR=.d63-0-@aR�E=d̀ b83%G14̀ Ê 9<.8;sEjd63A@-E=.1d6Y%G14�E=d̀ b83%G14̀ EW9<.8;sR=+-,�Y-d̀ »2,?;j,?3cRld6GXRl.1;̂ B?d̀ ;=B�@-d̀ R̂ E=+-.Tu~3d63 � d6b8@Q;=,HKc�Q]¼ìQ]�è�4̀ .1R~Rl+-d̀ EW;j,?E=0F.83-Ej,p.83�Rl+-,H9<;=,�>A@-,?3-BtC/;j,?Ej02.83QE=,pB�@-;ji1,�9<.8;Rl+-,�IXK-MH.807NOG1P�0�G13-Y�.8eQRlG1d63	R=+-,fG1P!0Q46d̀ r-,?;v9<;j,?>A@-,?3QB�C�;=,�E=0F.83-Ej,1]

+

V
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in

Fµµ

kΩΩ  10

Vout

� d̀ b8@-;=,�K8�Q]¶ìaw�è�;j.8e-4̀ ,?P K8�Q]¼KQ]


