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Review: How a bipolar transistor amplifies? 
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Concept of equivalent circuit 

n 

n 

p 

E 

B 

C 

A A ℎfe𝑗b 

𝑗b 

ℎie 

C B 

E 



Concept of equivalent circuit: Where is feedback? 
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Current amplification: Emitter follower 

𝑣𝑜

𝑣𝑖
=  

𝑗𝑏(1 + ℎ𝑓𝑒)(𝑅𝐸 ∥ 𝑅𝑜)

𝑗𝑏[ℎ𝑖𝑒 + 1 + ℎ𝑓𝑒 𝑅𝐸 ∥ 𝑅𝑜 ]
 

      ≈ 1       (ℎ𝑓𝑒 ≫ 1) 

𝑣𝑜 does not depend on load  
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Complementary transistors 
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Symmetric: Small collector current 

 (idling current) for zero input. 
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Symmetric characteristics: Complementary 



Example of transistor datasheet 



Example of transistor datasheet 

ℎ𝑓𝑒 linear model availability  

in the range of 𝐽𝐶 . 

Cut-off frequency as a function of 𝐽𝐶  



Example of transistor datasheet 



4.4 Field effect transistor (FET) 

pn junction in reverse bias condition 
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4.4 Field effect transistor (FET) 

Junction FET (JFET) 

Pinch-off 



MESFET, MOSFET 

Conduction channel 
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Static characteristics of FET 
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Coaxial cable 

Thin coaxial cable AWG50 (f25mm) 



Coaxial cable 2 



Coaxial connectors 



Coaxial connectors 



Coaxial connectors 2 

SMA-type 

jack plug 

K-type V-type 



LEMO cables and connectors 

http://www.lemo.com/ 

High-energy physics experiment, 

etc. 



Lecher line 



Micro strip line 
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Exercise 4-1 
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Let us view a bipolar transistor plus 

an emitter resistance as a four 

terminal circuit as shown in the left 

figure. 

Obtain the Y (admittance) matrix 

defined below for this circuit. 

 

Calculate each element in the Y 

matrix for 

𝑟𝑒 =25Ω, ℎ𝑖𝑒 =500 W, ℎ𝑓𝑒= 200 



Exercise 4-2 
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Obtain the Y matrix for the above equivalent circuit (p-shape 

circuit). 



Exercise 4-3 

l =1km の伝送線路がある．終端側を短絡したところ，電源側から 

測定したインピダンスは0.6i Wであった．一方，終端側を開放して 

電源側からアドミタンスを測定すると4x10-6i Sであった． 

この伝送線路の特性インピダンスを求めよ． 

Consider a transmission line with the length l = 1km. First we 

short-circuited the end and measured the impedance from the 

signal source and obtained 0.6i W. Next we opened the end and 

measured the admittance from the signal source and obtained 

4x10-6i S. 

What is the characteristic impedance of the transmission line? 


