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1. Set all independent sources to zero

2. Break the feedback loop by disconnecting a dependent source

3. Call signal right after dependent source: ��
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Linear 

circuit

� open � ����� � �!�:

Port Open: 4� � 0 ��� � �:�3�� � !���

Port Short: �� � 0 4� � ��'�� �3 �3 � ��
��� � -�: � �'�9�� .�� �� � !���
� short � ����� � �! �: � �'�9��
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1 � ! �: � �'�9��1 � !�: 56��� � 56���7 ��

1 	 � short
1 	 � open

Blackman’s impedance formula
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Ripple Voltage

� ≡ E�-�G�.
ELM � 100%

EL�

E��66OP 66

�

Q

Voltage Regulation

%E.�. ≡ ESJ � E
JE
J � 100%
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D1

D2

C RL

�� T � 0
TT ↑

Q

V 2⁄

4L

V 2⁄

4L

E�
EL�

E� � XL�22T
EL� � EG � E�2

T ↗			⟹			 E� ↘			
4LI\] ↗			



1. 

2. 

3. 

4. 

5. 

ZenerDiode

10

Vz

rz

Ê
X^

E_È

X̀ a

X̀ b

X̀ c

10d*
0.25f*

12.5f*

32f*

7.2E10E

�i 10Ω

V� � ΔÈ /È
V� � V� � 100%�

	0.072-%/m.
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Ê
X̂

E_È

X̀ a

X̀ b

X̀ c
10d*

0.25f*

12.5f*

32f*

7.2E10E

�i 10Ω

��

E� E� �JE� � 20 n 2o

1. Find �� such that circuits work for no load

�� E�E�Gp� � 22 X̀ b �� q 375r
X̀ b q 22 � 10

��
�� � 390r

2. Find �JG��

390r E�E�G�� � 18 X̀ c

�JG�� � 10
20.5 � 0.25 � 493r

�JG��

20.5Gv

3. Find output ripple E�w � E�� �i�i 	 �� � 0.1o E� � 10 n 0.05o

10 n 0.05o
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��
E� E� �J Stability measures

XJ
E� � E�-XJ, E� , V.

yC � zEDzXJ �o(�M�P{�M�P
yo � zEDzE� �C|�M�P{�M�P

y{ � zEDzV� �C|�M�Po(�M�P
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��

E� E� �JE�

�
X� ⊝ feedback

E�
E� E�

�J
control

E�P~

Q1 E�
�J

E�
E� ↘ ⇒ E�� ↗⇒ X� ↗⇒ E� ↗
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1. Find � such that circuits work for no load

�

20.5Gv

X�

X̀ b q 22 � 10
�

�JG�� � 9.3
0.2025 � 4.6r

3. Find output ripple

E�w � E�� �i�i 	 �
�J�J 	 �G ≅ E�� �i�i 	 � � 0.1

�J � 100r	, X� � 93Gv	, �G � 0.26r

Q1 E�
�J

E�
�

X�=0

Q1 E�E�Gp�
E� � 20 n 2o

X̀ b
� q 375r
� � 390r

2. Find �JG��
390

0.2025v
Q1 E�

�J

E�G��
0.2

5Gv

�
��

�J
��

�i

�P

E� � 9.3 n 0.05o
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E� �'�� 	 �' � E��� 	 È

Q1 E�
�J

E�

Q2

�9

��

�'
�∗

⊝ feedback

E� ↗ ⇒ �∗ ↗ ⇒ E��� ↗ ⇒ X' ↗
X'

⇒ X� ↘ ⇒ E� ↘

X�
Q1 E�

�J
E�

Q2
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Q1 E�

�J
E�
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�
��M

E� �'�� 	 �' � È XJI\]��M � E���)
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depletion region

Ev
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A pn junction under reverse bias behaves like a capacitor.

Such capacitors are used in ICs as voltage-controlled capacitors.

� � �� 	 ��T�

np

��

T�

T�	: Junction (depletion layer) capacitance

��: Reverse bias conductance

�-Ev.

�v �v
� � 2��-E�� � Ev.�

1
�L 	

1
�v

T� � ��*� � T��
1 � EvE�

�/' where

T�� � ��* 2��E���
1
�L 	

1
�v�

T�
T��

Ev

T� � T��
1 � EvE�

G �f � 1 2⁄f � 1 3⁄
step junction

linear junction

C-V curve is very useful for 

characterization of the devices
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T�

Ev

T� � T��
1 � EvE�

G �f � 1 2⁄f � 1 3⁄
step junction

linear junction

T��

Forward biasReverse bias

E�E�/2

T�
 � 2T��2T��
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The minority carrier concentrations on either side of the junction under forward bias

∆��-��.

∆�6-��6.

�6��
�6� ���
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Trance-Conductance:

B
Qn

E

C

4�
���
+

-

4�
���
+

-

4� 4M
�F ,G�F ���F+

-

Input resistance: 

�F ≡ z���z4�
Output resistance: 

� z4�z���
��
� � z4�z���

��

4� � X�	 �
�� oa � 1 -1 	 ���Ev .

≅ X��
�� oa -1 	 ���Ev .X�

� � X�E{ �
�� oa

��
� �E{X��

�
,G � ��G

�� ≡ z���z4� � z4�z���
��
� X�Ev

��
� EvX�

,G ≡ z4�z��� � X�E{ �
�� oa � X�E{ �

1
�G
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B
Qn

E

C

4�
���
+

-

4�
���
+

-

4� 4M
�F ,G�F ���F+

-

�F ≡ z���z4� � �
,G� ��G

�� ≡ z���z4� � EvX�
,G ≡ z4�z��� � X�E{

TF
T¡

TF � T�P 	 TLP� 2T�P� 	 �
,G
T¡ � T�M � T¡�

1 � E��E��
G
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4� 4M
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-

TF
T¡

��T

substrate
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4� 4M
�F ,G�F ���F+

-

TF
T¡�� �M

�P

� T

�

�¡

X� � 1Gv E�� � 3o E�� � 5o

T�P� � 10~
 , fP � 0.5	, E�P � 0.9o
T¡� � 10~
 , fM � 0.3	, E�M � 0.5o
T��� � 20~
 , f� � 0.3	, E�� � 0.65o

T��

� � 100 �
 � 106�	 Ev � 20o
�� � 300r �M � 50r �P � 5r

�¡ � 10���

T�P � 20~

T¡� T¡�

1 � E��E��
G¢ � 5.6~


T��� T���
1 � E��E��

G£ � 10.5~


,G � 38GG¤�

TF � 0.026
 	 0.386
 � 0.46


T� � �
,G � 0.386


�F � 2.6 r �� � 20 r �¡ � 20¥r
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4� 4M
2.6

 r

38G
� F

20 
r�F+

-
0.46


10.5~
300r 50r

5r

� T

�

20¥r

X� � 1Gv E�� � 3o E�� � 5o

T�P� � 10~
 , fP � 0.5	, E�P � 0.9o
T¡� � 10~
 , fM � 0.3	, E�M � 0.5o
T��� � 20~
 , f� � 0.3	, E�� � 0.65o

10.5~


� � 100 �
 � 106�	 Ev � 20o
�� � 300r �M � 50r �P � 5r

�¡ � 10���

T�P � 20~

T¡� T¡�

1 � E��E��
G¢ � 5.6~


T��� T���
1 � E��E��

G£ � 10.5~


,G � 38GG¤�

TF � 0.026
 	 0.386
 � 0.46


T� � �
,G � 0.386


�F � 2.6 r �� � 20 r �¡ � 20¥r
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TF
T¡�� �M T

T��

4�4�� � � ,G�F
1 	 �F TF 	 T¡ �

4�
	4� 	4�

4�
�F ,G�F�F+

-

TF
T¡

	4�
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1 	 �� TF 	 T¡,G �� � ��
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vout

R2

R1

∞

~

VCC=10V

�©��-Q.

Coupling 
Capacitance

T
��-Q.∞

~

VCC=10V

��-Q.

Coupling 
Capacitance

T

�� Q � E� sin�Q �� Q � E� sin-�Q 	 «.
Transfer Function: V � � ����
V-�. � E�E�

Amplitude in dB

∡V-�. � «
Phase

�3&�

�J �
�

Half 

power Band Width
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*� � � �� 	 ��� 	 �'�' 	⋯	 �G�G0� 	 0�� 	 0'�' 	⋯	 0���

Dominant pole

*G�i

�J �

�Band Width

Midband

region

* �
��

i�

� °̄ � �̄ � ±̄ � ²̄�`�

³ ��³J ��

³ � �
1 	 ��`°

1 	 ��`�
⋯ 1 	 ��`́

1 	 �� °̄
 1 	 �� �̄

 ⋯ 1 	 ��¯́

� *G�i³J � ³ �
³J � � � 	 �`°J � 	 �`�J ⋯ � 	 �`µJ� 	 � °̄

J � 	 � �̄
J ⋯ � 	 �¯µJ

*� � ≅
*G�i³J � *G�i³ �

� �̄ ≫	�`� , � °̄ , �`° ³J � ≅ �
� 	 � �̄

�J ≅ � �̄
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Absence of Dominant pole

*J � � *G�i
� 	 �`° � 	 �`�� 	 � °̄ � 	 � �̄

� �̄~	�`� , � °̄ , �`°

→ *J �� � *G�i
�' 	�`° �' 	 �`��' 	� °̄ �' 	 � �̄

*J ��J � *G�i
2 � *G�i

�J' 	�`° �J' 	 �`��J' 	� °̄ �J' 	 � �̄

�J ≅ � °̄
' 	� �̄

' � 2�`°' � 2�`�'
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Absence of Dominant pole

* � � *G�i
1 	 ��`° 1 	 ��`�
1 	 �� °̄

1 	 �� �̄

→ *J �� � *G�i
2 � *G�i

1 	 �'
�`°'

1 	 �'
�`�'

1 	 �'
� °̄
' 1 	 �'

� �̄
'

� ≅ 1
� °̄
�' 	 � �̄

�' � 2�`°�' � 2�`��'

Dominant pole ³ � ≅ 1
1 	 �� ±̄

*� � ≅ *G�i³ �
� ≅ � ±̄
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TF
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T¥ � T¡ 1 	 ,G��

�D � ,G���F

,G�F�F+

-

TF T¥���
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��� � 1 ��� TF 	 T¡ 1 	 ,G��⁄

KVL-KCL!

����� � �,G��
1 � � T¡,G1 	 � T¡�� 	 TF��� 	 T¡��� 	 ,G�D���T¡ 	 �'�D���T¡TF

�� � 1
��� TF 	 T¡ 1 	 ,G�� 	 �����


