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Circuit Elements

0
V1 V0

1
V

I

[V] voltage 　：01 VVV 

[A] current 　：I

[V] potential 　：， 10 VV

[W] power 　：IVP 
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Independent Source （Voltage Source）

source voltage DC )(a

）（ signal small source voltage AC lsinousoida )(b

source voltage )(c

Question：What is an equivalent circuit for a zero-value voltage source?
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Independent Source (Current Source)

source current DC )(a

source current AC lsinousoida )(b
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Question：What is an equivalent circuit for a zero-value current source?
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Controlled Sources
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MOS Transistor
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Symbols of MOS transistors
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Enhancement type Depletion type

n-channel MOS transistors

Enhancement type Depletion type

p-channel MOS transistors
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No model for Large Signals
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Kirchhoff’s Law (Current Law)

021  nIII 

The sum of currents flowing into a node is zero.
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Circuit Theorems
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021  nVVV 

The sum of voltages across elements on a loop is zero.
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Kirchhoff’s Law (Voltage Law)
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Equivalent transformation
for voltage and current sources
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Linearity and Superposition Theory

yxyx  output and  input between relation for Expression : 

Linearity

constants arbitrary ：， 21 aa

2211 yxyx  ，

22112211 yayaxaxa 
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Resistor

RVI  : Resistance  : Output  : Input ，，

2211221122112211 VaVaRIaRIaIaIaRIaIa  )(

Question : Prove that capacitors and inductors are linear elements.
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Linear Circuit

Circuit composed of linear elements only.

Superposition Theorem

Any voltages and currents of a linear circuit including plural
independent sources are found by considering each source
separately and then adding the individual voltages and currents.
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22112211 yayaxaxa 

. that Assume 121 aa

2121 yyxx 

321321 yyyxxx  )()(

43214321 yyyyxxxx  )()(

current or voltage  source ：，： ii yx

Any voltages and currents of a linear circuit including plural
Independent sources are found by considering each generator
Separately and then adding the individual voltages and currents.
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Complex representation

)cos()(cos)(   tAtatAta ooii

)in()
2

cos()(

)
2

cos(sin)(









tsAtAtb

tAtAtb

ooo

iii

　　

?)()()(  tjbtatc iii

)sin()cos()()()(   tjAtAtjbtatc ooooo

ai(t)

1

1'

2

2'

ao(t)

Linear 
Time-Invariant
Circuit



19

 jej  sincos

Euler’s formula
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Resistor
 j
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Capacitor
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Thevenin’s Theorem
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Meaning of Thevenin’s Theorem
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Millman’s Theorem
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Time Invariance

0t：time Arbitrary
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Bias offset technique
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Synthesis of Operational Transconductance Amplifier



Elimination of DC components
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Equivalent floating DC voltage source
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Current mirror for current subtraction
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Current source
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Electrically controllable OTA using MOS transistors
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Symbols of OTA
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Resistance realization
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Amplifier realization
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Multiplier and divider realization
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Adder and subtractor realization
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Integrator realization
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Inductance realization
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Gyrator
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