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Loss by SW is zero.	 2 
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(b) Waveform of output voltage	 (a) Switching circuit	 

Output voltage control by switching	

TSW:	 Switching period	 



Voltage and current polarities definition	 
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(b) PNP-type transistor	 (a) NPN-type transistor	 
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Transistor　→　used as a switching device	
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Transistor	 
(left: 2SC2120(NPN-type) 
 right: 2SA950(PNP-type)) 
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Amplifier using an NPN-type transistor	 
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Collector-Emitter voltage	 
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Operating region of the transistor in an  A-class amplifier	

Common emitter	
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Amplifier using an NPN-type transistor	 
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Collector-Emitter voltage	 
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Operating region of a transistor used as a switch	

Common emitter	
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Switch OFF	



(a) Switching circuit	 
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(b) Waveform of output voltage	 
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Drive transistor scheme	



PWM control method	 
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PWM (Pulse Width Modulation)  control method	
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PWM control method	 

PWM (Pulse Width Modulation)  control method	
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vPWM = 0 [V]	Transistor 
driving circuit	 

Drive transistor scheme (Tr:ON)	
Tr	
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When  vPWM = 0 [V]	
The emitter-base circuit of a PNP-
type transistor such as 2SA950 can 
be modeled by a diode.	 

Equivalent circuit between emitter-base circuits	
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When vPWM = 6 [V]	

Equivalent circuit between emitter-base circuits	



STEP 3.　Circuit construction practice (Step-down chopper)　 
Construct the step-down chopper shown below. Design the base resistance of 
transistor Tr,  so that the base current IB < -6 [mA] when Tr is ON.  
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A1 A0 = 01: Mode for very 
slow PWM	
A2 = Voltage command input	
P1A = 0.5HzPWM output	

The forward bias voltage of 
LED  (LED1) is approximately 
1.7[V].	
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Step 3. Problem 1	 
	 
The ratio between on-period Ton 
and switching period Tsw is called 
the “duty ratio,” δ. Derive the 
following when the triangular 
voltage  vtri , command voltage 
vcom , and output voltage of 
chopper  vo are given in the right 
figure.  The peak value of the 
triangular voltage is Vtp. The 
output voltage of the chopper is 
VE when Tr is ON: 
	 
(a) Relation between δ and vcom.	 
(b) Relation between the average 
of output voltage Vo  and vcom	 
	 

VE  

Ton 

TSW 

SW

on

T
T

=δ

δ: duty ratio	 
Ton: on-period of transistor 	 
TSW: switching period	 
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Step 3. Problem 2 
 
The figure below shows a series circuit of resistor R and reactor L. Assume that switches SW1 
and SW2 are OFF.  
At t = 0, switch SW1 is turned on, at t = L/R, switch  SW1 is turned off, and switch SW2 is turned 
on. Then, at t = 2L/R, switch  SW1 is turned on, and switch SW2 is turned off. At t = 3L/R,  
switch  SW1 is turned off, and switch SW2 is turned on.  This switching is repeated (i.e., at t = 
(2n-1)L/R (n = 1, 2, …), switch  SW1 is turned off, and switch SW2 is turned on, and at t = 2nL/
R (n = 1, 2, …), switch  SW1 is turned on, and switch SW2 is turned off. 
Draw the waveform of current i at t      0.	 
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