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• Y[Z]\]^�_`Zbadceaf\hgNaf_`i�^j_Uklim_`n�_podqraf^jiDglisgl\Ntuq`^jcv ^�wExy_Uw{z}|d~Dc�af_`\ba�_ v af\hg����riDgy\haf_��
_pafw�^�iDgN�ua����[n�gyi

• ��iD_`nX_podqpa�^jiDgyiDgy\�^j_�_podqraf^jiDglisgl\5q`^:c�\d^��pxy_
\]^��NZew�_po�q`��_��]_`nlx

• ���j_Ukh^�_`Zhxy_�~��yq}��gl�]n�nb_rxNc�c�imn�im~�k]�J\hxyc
afZd\]^�_rZhadc�a�\hgNaf_paf_podq`xNc��d\e�3�J_�\]_`^jiDgy�uaf_

• ��^�Zbaf~Hn]�]q}��a�c�af\]gua�_�a�_podqpa�^�_�^jiDguafgy\]_rxyg
c�im~m~mi�iDgNgl���d\��l�r\hadgy\ha%� v o��r��iDgNg]klimZhgNodc5�J�]\
af�Nc�|]\]g�xyg
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•  �¡N¡ v afw�_pafw�^�isgy�ua��K�JnlgliDgNgua�_�c�o¢_r^�n�zraW�rim~
xy¡y¡N\d|d�`kyxygNgua�_U_pafw�^�iDgN�ua�_`isgygua�_�afw£N¤N£N¤N¥ v �hceq}�hg¦of_`imZ¦§:¨]©hª

• «�_rimZ¦§:©]¬hª�n]�hc®�^j^°¯±^$²N�]_`^:q}��w³_�afc�c�^�Z
�N_`iDq}�r~sadc�¡uadgyg

• ²N´�_r_`i v ^j~Dc�iDgl\Xµ]¬ ¤ a�~D�uaf_`iDgNgNaf_Ukh�]_rx	~safc�¡3a�_
�]\�~DimZhaf_�_pofZbafgN�li*�K�Jnlgli@tN~sadc�¡ua��`kliDq}��a�_:t¶ a�nlq`nfadx���q·��~sadc¢¡3af_��]\e|d_ ¶ ´l~m\:z`xlkdafnda�_�k]�]_rx
w�_padc¢~D^�iD�N�yim_���c¢iDnb~Dx¦c�af\]gyi

• �±of~m�N^�iDZhaf_paf_�^�_px	^jw�gyi�c�^�Z5q}�¸�l_padgl~D^�\ba��d\v i���a v ofZha�^�Z]~miDq`^jim\]iDgl~D^�imnda
• ��^�Ze�rim~mn]�hc�x¦q`ndafcec$��afw�_p�JZ]iDgNgNaf_�oeo�_pxyg�xyc
§�©dµ]¹�º»§�©d¼]¹�z}½]n�q}��q`nbim~sgliDgy\hxl_�o¢^jim\]iDgl~D^�imnlxNcv o�~m�N^jimZhaf_pa

•  �¡N¡¦�l_$§:©]¼]¬Wk]a�_�w@af_`imZ5afZ ¶ �ua��pim~*�rk�iDq}��a��y_v o�~m�N^jimZhadgN�li�^�wEg�xyc
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• «�_rimZ¦§:©f¿bÀ�kh�]_rx v a�wEgua�_�_padgygNq`½dnlgliD_�ov o�~m�N^jimZhadgN�liH�r½]~Dxyc®klimZeÁ[^j~m~��a ¶ �]_pa��r�]_`im^:q
• ��½]¡uxl_`isgyg v a�w�Z]iH�uafZe~safgy\d�r�Dc�aec�a�_`nlc�imZ�a�Z
q`nfaf¡3a v of~m�y^jimZba�_�a��r½]~�q`^jc�nf�Uc�iH��q}��afZe~sadc�¡ua
�]\�~DimZha

• ÂJ�y^:q}^:c ¶ ^j_rc�odgbxyZdiÃ§:©f¿bª�q`^K�`��x��N^jim_ £ � v g
Á�af_r�y^�^:g*tyÄÅim~D~misadcÇÆlÈ v ��Èpn�~m^K´bty�]\�ÄÉaf~��r^j_
Á[_pa��`��afiDg¦qradc�afg%w³´�_rq}��a�qrc�o�_�afgNg

• ²N´�_rim_�xy¡N¡y\]|f�rklxNgX�N^:q`qpa�w³^:gy\]x	�N^�im_Ê ½ ¶ ^�~Dq}kh^�_rZd~sadxNgliDg¦�H^jZd~misq}w�_p�[Zdi�of_`imZ¦§�©dÀ]¹
• ��^�Z��lkl� v ½]w�q}��gl�d�rnlxyg v of~m�y^jimZba�_�a��
_pafw�^�iDgN�ua����[n�gyi

Ë
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• ²N´�_pq·�pi�a�Z]\d^j_`Zbafc�af\]guaf_`iDgNg*t3q`^jc ¶ ´�\]\dZhxy_[k]a�_
�y_U~m|hc�¡NxNc	tNnd�hc o¢c�af_`nda�Z5xy¡y¡¦�l_$§�©�¿b¬

•
� ^�iD_Ukh�d_px	xy¡N¡ v a��N^j\ha�gy�f��afZ]im_U�rim~�a�Z
w�_padc¢nbk]�[c�aeq}���J_`Z]w�_p�JZ]im~m^j\ba�_±afZd\]^�_rZdim_:tN^jiDgNq
�]\eqpadc�~sa�\hgyiDgl\hx%�]\��r^j\d_pxyg	�H_pafw�_pofq�q`^jc
n]|d~m~sxlZek]a�_ v ~mimZ]_p�Ug	�r|d~mkda¦��^ ¤ adgNaf~m�]\
È��]c�¡ux��r^j_��

• ��^�Ze�rim~mn]�hc�x v of~m�y^jimZba�_�a��r½]~sa�k]af_��fz}½d�r~m^j\ha
w@a�_rimZ5afZew�_padc�~m^�iDZha5a�Z]\]^�_`Zbaf_rc�a�\hgNaf_pae�
qrc�o�_podqrxyc

• Y[Z]\]^�_`Zbadceaf\hgNaf_`i�^j_Uklim_`n�_podqraf^jiDglisgl\5q`^:cv ^�wExy_ v oda�c�|d\hg�xyg
• �±adgNg�^j_ v afgNgNafZhxl_U�rim~�a�Z�gy�f��adq}��c�^jZe|]Zd_rxNc
_podqpa�^jiDgyiDgl\hxNc®�rim~�a�Z�w�_pafc�nbkd�Uc�a�o�nbk]^jZhgNa
c�^�_rn:zradc¢^jZ v |hgy�y~DxNg
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• ¯$�[c�im\]^�_`Zhxy_�afZ]\d^j_`Zbafc�af\]gua�_ri�^�_ µ Y±ª�¿y§

• �±adgNg v ^jw�xy_�¨W�r^:gy\dim¡uxNglnb��a¢^jiDgNqU�]\�q`�jq}��o
c$´lgN�

• ��kh^j_ µ Y±ª�¿y§�qpafc�adgyq}�r^:gy�Nxy_�afw µ�¿5q`c�of_rxNc
�]\exNc®�¸´�~Dws��klimZhgNodc�a¢�]\�gy�dn�n�_rxyc®�N���`�pxNc
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• Y[Z]\]^�_`Zbadceaf\hgNaf_paf_�k]^j_`Zbaeq`nd�]ZhafZ]im_�q`^jc� q}k]a�_}�pim_�ndafqrqpa�_���� ¤ ^ ¤ q`nd�]Zhxyc®^jnbn�i��uafZ�q}^:c
w�_padc®w�^j_�iDgygyiH�H�N^�iDc v ^j~D�Nxl_�q`n]�dZhxyc
^jiDgl\]|hgl\hx�´��r_`i*�r^:gy\diDgy\ba�_ ¤

• ��odqpafc$´ygy�¦afw a�Z]\d^j_`Zbafc�af\]guaf_pa
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• ��^�Ze´b�p_`i�a��N\�z`afw@aW^j_�~m|]\]Z�q`¡3^:gNgNaeo
afZd\]^�_rZhaf_rc�a�\hgua�_padgNg

+

-

v

v

-

+

+

+

+

-

+

-

v

v1

2 vo

+

-

io

i+C

Ci
-

VCC

VCC
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v

v1

2 vo

+

-

io

i+C

Ci
-

VCC

VCC

• 	��p_paeaf�%�uaf_`w��rim~��N^jqrq�afZew@o
afZd\]^�_rZhadc�a�\hgNaf_padgyg	�pim~H�N^:q`q�afZ�k�isgygua¢^jiDgNqU�]\
�rim~�^j_��Ã�r~sadq}�

• 
�w³��adq}��^j_��y^:qrqrxycT´��r_`i�a��N\�z`afw@aW�]\
�rim~ v ^�´�_�afgN�liH�r^:gl\]iDgy\]xNc�q`~m^j¡y¡y���N^j\haf_�_�ofqU^j_
�r^jimnlgbxyZe�]\ v �yg	\d_`^jiDgN�
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• �·gNgl_riH\d^j_`Z5afZ]\d^j_`Zbafc�af\]gua�_�afgNq�q`^K��xl_
ofnhkh^�Z]iDgNg%q`n�im~�´l_`Zdi�o¢q}�r_�afxNc�a¢�]\�q`¡3^:gNgbxy_

• Æ�nbim~m´�_`Z]iDg¦q`^:c�q`¡,^jgNgbxy_rgua�_Uk]^j_`Zba�a�Z�xy¡y¡Nw³´�~D~sa
^j_rx��`kh|

vo = A(v2 − v1)

�]\
−VCC ≤ vo ≤ +VCC

• ²N´�_r_pa�q`n�im~�´l_`ZdiDZ5q`^j\dim_��]nbnlxl_�a�Z
�l�r\hadgy\]qrq`¡3^:gNgNadgX^j_��H_`�K�r�px v ~Dxl�rw@a�~m~Di*klimZ
c�iDqrcWxyg%iDgygy\bafgy\]qrq`¡,^jgNgNadgNgNa v1 �]\ v2

¤
• ��~sx��rw@af~m~Dqrq}�pxyZ]xy~m~miDgNg A ^j_�ndaf~m~safZ]xy_ /����,+H6�+� ;���=�+�+�=��
	����hIj6�¤
• Æ�^�iDgNgua�q`nbiD~�´�_rZdimZXq`^�\]im_��dn�nlxl_�a�Z
�l�r\hadgy\]qrq`¡3^:gNgNadg5�Ka�nlc�a�_`ndadq·�±afw
~miDgN�ua�_rq`¡,^jgNg�xyg�xyc ±VCC

¤
• �w vo = ±VCC �3o�q`^�\�z`xyc®k�iDZ5afZ
afZd\]^�_rZhadc�a�\hgNaf_`iDgNg¦q`� /�� <j< 0N7,6�M ���
c�^K�r�pxyg3� ¤
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CC

CC

V

-V  /ACC CCV  /A
v  - v

- V

2 1

• Y[Z]\]^�_`Zbadceaf\hgNaf_`i�^j_��H~D�Dgbxy~m^j\]x¦q}klimZ]iH^jw
| vo |<| VCC |

• ¯$�[c�im\]^�_`Z5\]im~D�yi�o VCC �]\ A ^�_rx VCC < 20

� �d\ A > 105
¤

• ��iDZ�qEzrofxNc�a�Z��lkl��afZ��H~D�Dgbxy~m^j\]x»q}k�iDZdi�\diD~D�liD_
afZ

| v2 − v1 |<
20

105
= 0.2 c��

q`^jc��y��Z]im_���_pafxNg¦a�Z v1 ≈ v2

¤
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v
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2 vo

+

-

io

i+C

Ci
-

VCC

VCC

• Á[^ji��pxNc�g������JÉoeafZd\]^�_rZhadc�a�\hgNaf_padgyg%�]\
w@ofxNc

i1 + i2 + io + i+
C

+ i−C = 0

• Æ�nbim~m´�_`Z]imZXq`^jc�iDgNgl_`i�\]^�_`ZXa�Z]\]^�_`Zbadceaf\hgNaf_padgyq
q`^K��xl_�o�q}�r_padxyc�adgNa�^�_�afZ i1 �d\ i2 q}�:x%c�z·|]\
~mi��p~mim_�c�imZhafZeklimZ v iDgua¢q}�r_�afxNc�afgua ¤ Â
wExl~D~mnd�hcegbxNc afZd\]^j_`Zhadc�a�\hgua�_pa�\]im~D�yim_�afZ
i1 ≈ i2 ≈ 0

¤
•

� ^K�r��a�q}^j\]im_�^jiDgNgliD\Xa�Z�iDgygy\bafgy\]q}klimZhgNodc
afZd\]^�_rZhadc�a�\hgNaf_pa�^j_�c�z}|]\eq}�r½]_}�¢��w�_po 105 �pim~
109 Ω � ¤ c�^jZ��y^:qrq`x%q`n�im~�´l_`Zdi�k]^j_`Zhxl_
���J��mzra�wEguafg

io = −(i+
C

+ i−
C

)
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• ���p\hadgl\hqrq}�r_padxycWxy_`iDgNg	\]^K�pxy_Ukh^�_`iDZe��a�~sq·kh^j_`Z]xy_
�N½f�`��iDgNgl\bafgy\hq`q}�r_�afxNc�a�_rgyim_�q`�jx%g��l~m~

• �w�klimZ�kli��pxNc a�ZXa�Z]\d^j_`Zbafc�af\]guaf_`iDgNg	k�iDgNg�xl_��
~m�Dg�xy~m^�\hx¦q}k�iDZdi@tu�uo�c�o¢^jiDgywEaf~D�ua�_podqradc$´lgN�yiDgNa
^:gyg	w�_`^jnfaf_

•
� a�Ze^j_�^�n�n�i�guafxyZhq·´ygy~m^�\d��afZ v afwEa
V −

CC
= −V +

CC
^:g¦af~m~���afw�k]^j_`Zhxl_�a�Ze\]im~D�ua

V −

CC
≤ vo ≤ V +

CC
�³� ¤ � ¤ ^jw V +

CC
= 15 � �d\

V −

CC
= −10 � �uo¢^j_ −10 � ≤ vo ≤ §�ÀW��ty^�w

afZd\]^�_rZhadc�a�\hgNaf_`iDgNg»oeafZ�k�isgyguaeo¢~m�Dg�xy~m^�\hx
q}k�iDZdi

• ��iDZe\]^�_rxNc�_pofZew³´l_`im_�afZe~�´ln�n:z`xNc¢|]\hgbxNglisg A

q`�°w@adq·�pi@ty�y½5afZ�qr�%q`�°^jnbn�i�a�~D~���afw�_padxygyiDg ¤

Q}�
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R

R

v

1

2

vo

i

i

1

2

in

a

b

• 
�^j_rxyc�_pofZew³´l_`im_�w�xy~m~mn]�hc�g�xNc
afZd\]^�_rZhadc�a�\hgNaf_pa�� ¤ ^ ¤ A = ∞ t Rin = ∞ �d\
Ro = 0

¤
•

� a�_�q`^jc�isgygy\hadgy\haf_rgyim_�^�_px�klimZe�yk���gu�[q}�
q`|]cWx¦q}¡,^:gyg�x (va ≈ vb) �3o¢qEzrodxycTklimZ5afZ
q`¡3^:gNgNadg��H¡uxygynh�pi�a¢^j_ va ≈ vb = 0

¤
• Ãgy\disgyg%q}�r_padxycWxy_�w�^�_�iDgNg¦o¢iDgNgy\hadgl\badgNa

(Rin = ∞) q}kh�5afZ i1 + i2 = 0
¤ Ãg%g��	^�_

i1 =
vin

R1

�]\ i2 =
vo

R2
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• �3afgNgliD\�afZ
vin

R1

+
vo

R2

= 0

�]\��3o
vo

vin

= −
R2

R1

• ��iDZ�qEzrofxNc�a�Z�^jgN�uaW�N½d�`��c�|]\]g�xygyiDg%�H�d¡NiDgNgli
~�´lnbn�z`x%q}� A = ∞ �3oWk]^j_`Zhxl_�c�|d\hg�xygyiDg	�
~m�]nfafZ]_`i�~�´lnbn�z`x>� 0�� < 6�M� �lM �H6�+�0uM��=s7,+��3/>=s7
R2 ~m�]nfaf_�~�´�n�n�z}xNgNgli³�J^jgN�uafgy~m^j\��d\e�3a�Z�q`^jc
c�^�iD_pa�^j_jt3o�nbk]a�_`Zbadq·��^jiDgy\d|hgy\]x»a�w v ~Dxl�rw@a�~m~Di
klimZ]guodceadgNgNa R1 �d\ R2

¤
• ���Dg�xyq`iDgNg	�l�lZdiD_�afZe^�w vin > 0 �3o¢^�_ vo < 0

�ExNc�¡3½]~DxNgu� ¤
=⇒ ���������������
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+

-

R

R1

2

vo

i

i

1

2
a

b

-

+

+
-vin

���j_�q`�jq}��afZ
va ≈ vb = vin

�]\�c�^�Z��lkl��afZ�~D����a�o¢�N^:q`qpa¢_podq�q`^:c�q`¡,^jgNg�xy�y^�iD~mi
c�o�qEzroea�Z

vin = vo

R1

R1 + R2

=> vo = vin

R1 + R2

R1

^jZha
vo = vin

(

1 +
R2

R1

)

q}k]�5afZ v ��_�ofnbkdaf_`Zbafq}��c�|d\hg�xygyiDg	^jiDgy\d|hgy\]x¦afw
klimZ]guodc�xNg�xyc R1 �d\ R2

¤ ÂJ�N^jqrqrx��rim~mw�^j~m~mi�\d^��pxy_
c�|d\hg�xygyiDg	^jn�nbiH�]_`Z]imZ5c�iDgygyi�^jg1§ ¤ �w R2 = 0 �3o
kh^�_`Zhxy_�c�|]\]g�xygyiDg vo/Vin = 1

¤
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�^��pxyc��yk��*k]a�~DimZ R1 afZ�k�iD~D�! ykh^�~ z`xNc R1 = ∞

� ¤ ^ ¤ q`~m^j¡N¡NxNc®�ykl� ¤ � ^jqrq`iH_podqU^j_�q}k]��nfaf~m~safZ]xy_� kh�d~m��a�\]^$w��d~D~m�#"[^�_��°�]\e^�_�gy�d�pxlZ�q`^:c �C¶ x%$3^�_ �$c�im~m~mi
�`kh^�\]\�z`a�_podqra�Y �]\eÁ±tN� ¤ ^ ¤ _podqUÁ �l_r^�\hxl_��3o
^:gl\bafg%q}�r_padxNc®w�_po�_pofq�Y ¤ � Rin = ∞ t Ro = 0 � ¤

+

- +

-

vo

+
-

vin

+

-

+

-

inv
vo

+

-

A B

Q �
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Æ���_}�pim~mw�^�~D~mi�afw�xyc�¡,½d~sxygua�_pceaf\hgNaf_padgbxNc®^j_
qrxycec�af_`iDgNg��

+

-

R

3

f

vo

a

b

-

+

R

R4

2

1R

R

v

v

v

v

1

2

3

4

ÂJ¡uxygynh�piHa�\diD~D�liD_�qpafc�nbkd�Uc°� ���J
vo

Rf

+
v1

R1

+
v2

R2

+ · · · = 0

^jZha
vo = −

(

Rf

R1

v1 +
Rf

R2

v2 + · · ·

)

= 0

=⇒ ������������� �
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Ê ^jZbafgy\d_r^�iDgN�ua�z`afwEgl\]im~D�yiDq`_podq�c�o�gy�f�KaWw³´l_`im_
afZd\]^�_rZhadc�a�\hgNaf_pa�q`^jc�^�n�n�iH^�_�wExl~m~Dnd�hc�iDgyg ¤ ���j_�^�_
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