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Outline

� Lab hits 
� Power Supply, Oscilloscope , Breadboard , Multimeters

� Energy
� Power an Energy for R, L, C

� Series / Parallel 
� LTI & NLTI

� Duality

� 1-port 2-port Networks
� Piecewise linear  

� Small Signal 
� Bias point, small signal model

� Diode example 

� Applications
� Rectifier, Voltage limiter
� Zener
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Breadboard

5
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Oscilloscope
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Trigger:
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Oscilloscope Probe
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Do not use oscilloscope probe 

for power cables!
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Digital Multimeters
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Energy and Power

9

Voltage definition:

Power in electrical eng!
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Passivity
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Resistance
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Definition:

Passive 

always in I, II �∀	���� # 0�
receives power ; consumes power

Active: not passive 

a point in III or IV �∃	���� % 0�
delivers power ; generate power
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Energy stored in TI Capacitor
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Energy stored in TI Inductor
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4thElement, Memristor
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Series / Parallel  LTI
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Series / Parallel  NLTI
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Series / Parallel  NLTI
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Series / Parallel  NLTI
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√√√√ parallel /series combination of linear resistors will be linear

×
parallel /series combination of nonlinear resistors will be 

nonlinear

√√√√
parallel /series combination of bilateral resistors will be 

bilateral

√√√√
parallel /series combination of voltage controlled resistors 

will be voltage controlled
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2-port equal resistance
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Piecewise Linear Approximation 

Technique –Synthesis 
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Piecewise Linear Approximation 

Technique –Synthesis 
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Quiescent Point
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Quiescent (Bias) Point for NLTI
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Small-Signal Analysis (for NLTI)
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Small-Signal Analysis (for NLTI)
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Small-Signal Analysis (for NLTI)
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Example –Diode 
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NLTI:  Diode�c
�c
�c 
 �S d*ef ghQ⁄ � 1D

�Q 
 ij' Y@��°l 
 26n�

Forward biased diode:

�c
�c

LN

�c
�c �o �op�c 
 �c 4 �o�c 
 �c 4 �o

bias small signal �c 
 �S d*ef ghQ⁄ � 1 \ �Sd ]fg]qd erg]q
�c \ �Sd ]fg]q 1 4 �oK�Q 4 �� �oK�Q

� 4⋯ \ �c 4 �c �oK�Q �oK�Q ≪ 1�o
;o ≡ �o;o 
 K�Q�c small signal resistance ;o 
 1����`]f


 K�Q�c
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Example –Diode 
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? How to solve bias (large signal)
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 �c 													4 �o
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Diode –Large Signal
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NLTI:  Diode�c
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Diode –Large Signal
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Example –Diode –Large Signal 
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�c
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D�c
�c

LN

�c 
 �S d*ef ghQ⁄ � 1

�cc 
 5�	, & 
 1iΩ	, �_ 
 5 � 107���		, �Q 
 26n�
D�c

�cR

VDD

�c 
 �cc � �c&
Load line

�cc

�cc&

iteration �c 
 0 → �c 
 �cc � �c& 
 5n�
�c 
 �Q ln �c�_ 
 0.658 → �c 
 �cc � �c& 
 4.341n�
�c 
 �Q ln �c�_ 
 0.654864 → �c 
 �cc � �c& 
 4.345n�
�c 
 �Q ln �c�_ 
 0.654889 → �c 
 ⋯
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Example –Diode –Large/Small Signal 

33

;o 
 K�Q�c small signal resistance

D

&�tg ����
D

&�tg ����
�tg 
 �� 4 �(tJ�KL�

Bias: &�� ���Q�v ���Q 
 �� � �v �c 
 �� � �v&
Small signal:

&�(tJ�KL� ��
;o

�� 
 && 4 ;o �(tJ�KL�
D

&�tg �����tg 
�� 4 �(tJ�KL� ���� 
 �� � �v 4 && 4 ;o �(tJ�KL�
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Example –Diode –Large/Small Signal 
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�c 
 3 � 1 � 0.7100 4 120 
 6.36n�

DC / bias

�S
��

200Ω

�S 
 1� 4 0.1�J�KL�		; �v 
 0.7�

;o �(� 
 ;o220 4 ;o 0.1 
 1.75n�

5V
300Ω

100Ω

200Ω
5V

300Ω1V

100Ω
0.7�

�c

120Ω
3V

1V

100Ω
0.7�
�c

;o 
 �Q�c 
 3.9Ω
AC / small signal

0.1� 120Ω

100Ω

�� 
 �0.7 4 1.75n�J�KL�
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Example  01
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(F)

D

&�tg ����
1: (F)

Find �tg � ���� assume �v 
 0, 0.7� �c

�c(R)

ON

OFF
If �c � 0 &�tg

�c ����

&�tg ����
�c1: (R)

If �c % 0

���� 
 �tg
condition �c � 0→ �c 
 ���� &⁄ � 0 → ���� � 0�tg � 0

����

�tg
ON

OFF

���� 
0 condition �c % 0→ �tg � ���� % 0 → �tg % 0
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Example 01
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(F)

D

&�tg ����
1: (F)

Find �tg � ���� assume �v 
 0, 0.7� �c

�c(R)

ON

OFF
If �c � 0 &�tg

�c ����

&�tg ����
�c1: (R)

If �c % 0

���� 
 �tg
condition �c � 0→ �c 
 ���� &⁄ � 0 → ���� � 0�tg � 0

����

�tg
ON

OFF

���� 
0 condition �c % 0→ �tg � ���� % 0 → �tg % 0
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Example 01
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D

&�tg ����

�tg

����
�

�

�
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Example 01
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D

&�tg
�

�

����
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Example 01
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D

&�tg
�

�

����
1v

����

�tg1v

1v

1v
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Voltage Limiter
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D1

&
�tg ����
1 ∶	 D1:OFF , D2:OFF

���� 
 �tg

����

�tg

condition �c % 0→ �tg � ���� % 0 → �tg % 0

5V

D2

5V

&
�tg

5V 5V
�����c� �c�

0

�c� % 0 → ���� � 5 % 0 → ���� % 5�c� % 0 → ����� � 5 % 0 → ���� � �5

1
5�5

�5

5
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Voltage Limiter
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D1

&
�tg ����
2 ∶	 D1:ON , D2:OFF

���� 
 5�

����

�tg
5V

D2

5V

&�tg
5V 5V

�����c�
�c� 
 �5 � ���� 
 �10 % 0
�c� 
 �tg � 5& � 0 → �tg � 5

1
5�5

�5

5

�c�
�c�

√

2
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Voltage Limiter
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D1

&
�tg ����
3 ∶	 D1:OFF , D2:ON

���� 
 �5�

����

�tg
5V

D2

5V

&�tg
5V 5V

�����c�
�c� 
 ���� � 5 
 �10 % 0
�c� 
 ��tg � 5& � 0 → �tg % �5

1
5�5

�5

5

�c�
�c�

√
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Peak Detector
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�����S��� 1F ��S���
����

�
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�

� �S���
����
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�

�c 
 �� 
 ) �������	 
 )�

)��� )��� )��@
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��� ��@
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ZenerDiode
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ZenerDiode –Voltage Regulator 
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�b
large signal

�� ;�
R

�� 
 ��

�c

�c
�� �v

1 ;�⁄
��tg

��<Z

~� 1n�

~� 20n�

�

��}�b ��t
�� ���

��t
Small signal

R

���
��� 
 ;�;� 4 & ��t

��}
R

�}Z

1. Lab

2. Power

3. Ser/Parl

4. Small sig.

5. Applic

ZenerDiode –Voltage Regulator 
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�c

�c
�� �v

1 ;�⁄
��tg

��<Z

~� 1n�

~� 20n�

�

��}�b
��

��}
R

�}Z &� &��tg % &� % ∞

��}
R

�}
��

�� % ��<Z e�����7]�} % ��<Z
��}

R

�}��
�� � ��tg

&��tg
e�����7]�} � ]�}���� � ��tg


