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Circuit Simulator 

Download LTSpice from the web site of Linear Technology 



What is Spice? 

SPICE: Simulation Program with Integrated Circuit Emphasis 

A language which describes electronic circuits (corresponding to circuit diagrams). 

ex) a CR circuit and a dc power source * 0---R1---1---C1---2---V1---0 

R1 0 1 10 

C1 1 2 20 

V1 2 0 5  

.END 
Graphical user interface: Circuit diagram 

Linear Technology 

web site 

Newest version 

LTSpice XVII !! 



Operation example 
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Outline today 

3.2 Two terminal-pair passive circuits 

3.2.1 Impedance matching (concept) 

3.2.2 Poles and zeros of transfer function and 

 Bode diagram 

3.2.3 Image impedance 

3.2.4 Impedance matching with terminal-pair 

 circuits 

3.2.5 Fidelity and distortion 

3.2.6 Filter circuits 



Impedance matching 

𝑉𝑜𝑢𝑡 

𝑍𝑜𝑢𝑡 

𝑉0 

𝑍 

𝐽 

Maximum power: 

Impedance matching condition: 



Zeros and Poles of Transfer Functions 

{𝛼𝑗}: Poles 

{𝛽𝑗}: Zeros 

Bode diagram 



Effect of a Pole on the Real Axis for Bode Diagram 
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Effect of a Resonance Pole (Finite Imaginary Part) 

−1 

s 𝑖𝜔 

𝜔0 

(fake example) 



Image parameters 

𝑍1 𝑍2 
𝑍1 and 𝑍2 are image  

impedances 

𝐴 𝐵
𝐶 𝐷

 𝑉1 𝑉2 

𝐽1 𝐽2 

𝑍2 

𝑍1 

𝑍2 𝑍1 



Image attenuation constant Image phase shift 

Image parameters 

𝜃: Image propagation constant 



Image parameters 

𝑍1, 𝑍2, 𝜃: Image parameters 



Impedance matching with two terminal-pair circuits 

𝐴 𝐵
𝐶 𝐷

 

𝑅𝑜𝑢𝑡 

𝑅 

𝐴𝐵𝐶𝐷 ≠ 0 

𝐴 = 𝐷 = 0 

𝐵 = 𝐶 = 0 

Matching transformer 



Fidelity and distortion in wave transformation 

Linear response: 

No distortion condition: 

(1) No filter effect 

(2) No dispersion in group delay 

Breaks (1): amplitude distortion, (2): delay distortion 



Effect of distortion 

Sinusoidal amplitude distortion (amplitude modulation) 

Paired echo 



Effect of distortion 

Sinusoidal group delay distortion 

Paired echo 



Distortion  

(paired echo) 

Cosine  

Amplitude  

Distortion 

Sine  

Delay  

Distortion 



Filter Circuit 

Transmission 

w 

Transmission 

w 

Transmission 

w 

Transmission 

w 

Low pass filter 

High pass filter 

Band pass  

filter 

Notch filter 



Transmission 

Voltage transmission coefficient: 

attenuation Phase shift 

𝐴 𝐵
𝐶 𝐷

 𝑉1 𝑉2 

𝐽1 𝐽2 

𝑍2 

Square root power transmission coefficient 



Terms for Filters 
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Ξ 𝑖𝜔 = 𝐴 𝜔 𝑒𝑖𝜙(𝜔) 

𝐴(𝜔) 

Pass Band 

Stop Band 

(Transient Band) 

Cut-off Frequency 



Ideal filter (not exist) 
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Ideal low pass filter 

Heaviside function 



Sinc function 
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Constant K type filter 
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Butterworth Filter 

≇  ∲ ∨ ≩ ∡ ∽  ∡ ∰ ∩ ∽ ≪ ≈ ∨ ≩ ∡ ∩ ≪ ∲ ∽ ∱ 
∱ ∫ ∨ ∡ ∽  ∡ ∰ ∩ ∲ ≮  
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Bessel Filter 

Inverse Bessel Polynomial 

≂ ∰ ∽ ∱ ∻ ≂ ∱ ∨ ≳  ∩ ∽ ≳  ∫ ∱ 
≂ ≮  ∨ ≳  ∩ ∽ ∨ ∲ ≮ ⊡ ∱ ∩ ≂ ≮  ⊡ ∱ ∨ ≳  ∩ ∫ ≂ ≮  ⊡ ∲ ∨ ≳  ∩ ≳  ∲ 

⊥ ∨ ≳ ∩ ∽ ≂ ≮  ∨ ∰ ∩ ≂ ≮  ∨ ≳ ∩ 

n = 3 
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Chebyshev Filter 

0 102 4 6 81 3 5 7 9

0

1

0.2

0.4

0.6

0.8

0.1

0.3

0.5

0.7

0.9

≇  ≮  ∨ ≩ ⊭ ∩ ∽ ≪ ≈ ≮  ∨ ≩ ⊭ ∩ ≪ ∽ ∱ ≰  ∱ ∫ ⊲  ∲ ≔  ∲ ≮  ∨ ⊭ ∩ 

n =13 

5 

3 

n =11 
e = 0.2 

0.4 
0.6 

e = 0.2 

𝜀: Ripple coefficeint 

𝑇𝑛: n-th order Chebyshev polynomial 



Quartz crystal filter 

F r e q u e n c y   ( H z ) 
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Packaged filters 

Mini-Circuits 

Band Pass 

19.2 – 23.6MHz 50Ohm 

Web selection page 

http://www.minicircuits.com/products/Filters.shtml 

http://www.minicircuits.com/products/Filters.shtml
http://www.minicircuits.com/products/Filters.shtml


Classification with the number of energy storages 

(a) Single energy storage 

(b) Double energy storage 



過渡応答 (Transient Response) 

≷ ∨ ≴  ∩ ∽ 
≚ ∱ 
⊡ ∱ ⊥ ∨ ≩  ∡  ∩ ≕ ∨ ≩  ∡  ∩ ≥ ≩  ∡  ≴  ≤  ∡  ∲ ⊼ 

𝑉0 

t 

Heaviside 

≈  ∨ ≴  ∩ ∽ 

∸ ∾ ∾ ∼ 
∾ ∾ ∺ 
∰ ≴  ∼  ∰ ∻ 
∱ ∽ ∲ ≴  ∽ ∰ ∻ 
∱ ≴  ∾  ∰ 

≆  ≦  ≈  ∨ ≴  ∩ ≧  ∽ ∱ ≩  ∡  ∫ ⊼ ⊱  ∨ ∡  ∩ 



Simple application 

𝑢(𝑡) 

R 

C 𝑤(𝑡) 

≖ ∽ ≖ ∰ 
⊷ 
∱ ⊡  ≥ ≸ ≰ 

⊵ 
⊡  ≴  ≃ ≒ 

⊶ ⊸ 



Exercise B-1 

R 

J 

L 
C1 

C2 

V 

Calculate the voltage V over capacitor C2 by using Norton theorem. 



Exercise B-2 

C C 

L C C 

R 

L L 

C 

C 

(a) (b) (c) 

Obtain F-matrices for the circuits below. 



Exercise B-3 

L C 

R 

v 
V 

The switch below is turned on at t = 0. 

Obtain the time evolution of voltage v henceforth. 


