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	������
�  �������  – ������	��  - ������  ��	��������  ������  (�� ) ���  
��������  ��	
	��  (�� ), ��
����� , �	��  �������  �  �
	�	���  ��  �  �	��  �������	��� , ��  
�������  ��  ����  ��  ����	���  ���� ��  ��
���  ��  ��������	�� .  

�  �� 	���	  ��  �  !"  ��������#���  ���������	  �  ���	��	  ����������� , 
��	���������
��	  ��
�� . 

a��&��	&���������Q�����	�

��������	
  ����	  
�������
  ��  ����������	  ����	�	��  ��  ��� . 2. 

 

��� . 2 ��������
�  ���

   ���������  	
  ��
	�������  [9, c. 4] 
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·  �����	
  ����  ���	����  ����	���	�����  ����	������  $� 1 �  �	������  R� , ��������  ���  
��
������  ����������  ��������#�	�  ����  ���� .  

·  %���	�������  �	��  �����������  ����	���  ��  ���� ����  �  ������	��	
  &� . ������	
  
����  ���	����  ����	���	�����  ����	������  $� 2 �  �	��  ������� , ��������#  ��  
��������� ���  ��	
	����  L�� , $�� , ��	�������#���  ��
�����#  �	�	
	����  
��������#�	�  ����	������
�  ����   	�	�  ���� ��� . 
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��	
���
&^1	��+�����Q��������

'��  ���# 	���  �  ��	
�  ����������  ����	�  �
	��   	���	  ������  — ���  �������  �  ���  
�������� . (�  �����������  ��	�  ������������	�  �
	#�  ������  ���  ������ . '��  ���# 	���  
��)��������
�  �������  �	������
�  ����  ��  �������  ��*	������ , �  ���������  �����  
��
�������  
��	�  ����  ������  ��� , ��  ���	����#�  ���  �������  ��	
�  ���# 	���  
����������� : 

�����  ��������
  �����
�����  ��	�������	  
·  �  �����   ��������  (!" ) ����������  ����	��	  ���  ��  ���� , ���  �  ��  ������	��#  — 

������		   ����  ���
	��	
��  ��	
� ; 
·  �  �����  �����������  (!# ) ���   ���������  �����������  ����������  ����	��	  ������  

��  ����  — ���
	��	���  ���  ��
���������  �������
�	�������  ���� �����  ��
����  �  
������
��
�  ���������	���
�  ��
����� ; 

·  �  �����  �	���  (!$ ) — ����	��	  ������  ��  ������	��# , �  ����  �����  �	���������  �  
�����������������  ��������  ����	���  ���
	��	���  �	���  (�  �������
  �  ������	���  
$�+ ), ��� ��  �  ���������  ��	
��  (�����
	� , ��������� ). 

 

 

 

---------------------------------------------- 
Here is a table with the characteristic sizes of the 3 different transistor connections, so that 

you can directly compare them 
 

 Common Base Common Emitter Common Collector 
Input Impedance Low (about 50 , ) Medium (1-5 K, ) High (300-500 K, ) 
Output Impedance High (500K, -1M, ) Medium (about 50K, ) Low (up to 300 , ) 
Current Gain Low (<1) High (50 - 800) High (50-800) 
Voltage Gain Low (about 20) High (about 200) Low (<1) 
Power Gain Low (about 20) High (up to 10000) Medium (about 50) 

 
-------------------------------------------------------- 
�����  ��������
  ��������  ��	�������	  
���	��	  ����������� , ���  �  p-n �	�	����
  (��������	 ), ���  �  "-�  ("'� ) �
	#�  

��	��#��	  ��	
�  ���# 	��� : 
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·  �  ����
  ������
  (-. ) — �����
  -�  ���������
�  ����������� ; 
·  �  ����
  �����
  (-$ ) — �����
  -%  ���������
�  ����������� ; 
·  �  ����
  �������
  (-/ ) — �����
  -0  ���������
�  ����������� . 

----------------------------------------------- 
!"  �  �	�	��� ����  ��������#�  �����  ��������
  ��	���������  ����  �  ����
  

�
���	��
  (-� ), ����  �  ���	�  �����  (-0 ). .  ��  �  ���
��  ��	
�  ���# 	���  �
		�  ����  
����������� , �	�	������������  �	  ���
	�	���  ��  �  �����	���
  ��� �	  ������  ����  
���������� . 

-------------------------------------------------------------- 
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�	�����
������Q��������3. >. �BA-"-B  !"�C �B$�

 
 

��&����������	��+��,- ."- ����/"!-$�

 
The saturation area is the area where the load line intersects with the saturation point of the 

characteristics. In the following drawing, we've marked the saturation area with a red transparent 
filter: 

 
 

��&��������	1
����. 2344�-"!-$�
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The cut-off area is the area in which the collector current becomes zero. In the following 
drawing, the cut-off area is marked with yellow mask: 

 

 
Generally, we can say that in order for a transistor to work in the cut-off area, the base 

current IB must become zero. This comes out of the IC to IB equation: 
IC = 1 x IB 
 

��&�����&��	(��(���������5��!-"�/"!-$�

- 	����� ,  ��  ������	  ����������������  �������	���  ��2�  �  �
���� 	����  �������  
��� 	���  �����  �  ������	��� . -������  ��������  ������	������  ������	����
�  ������� , 
�	  
��������	  ������	  �������	���  �  ���	
�	
��  ���  ��������  �� �����# , ������	���  
������	�����  �������#  (�������#  ���	���
�  ����	��� ). (�  ��������  ������	��������  
����������  ������������  (��� . 3.1) ���  �������  �
���� ���	���  �  �����  �������  ���  
������	
��  ����	�  �����	���  (�	�	���  ��  ���  ����#  ���� �	�  �	�	���  �����������  �  �	��
  
�����	��� ), �  �  ���
��  — ����	�  ���	 ��  (�	�	���  �  �	��
  ���	 �� ). ���  �����	  ���� 	�  
�� ��  �����������  ��  ��������	  ��	�	��  �	  ������  ����2�	���  ����������������  
������
����  ��
	�	���  �������
�  ��
����  ��  ��
	�	���  ������
�  ��
���� , ��  �����	  
��	�����	���  �������#�		  ����	�����	  ������
�  ��
����  ��  ��������  ���  �  ������	��	 , 
� .	 . ����������  ��������#  �	��	�  ������	����#  3�����# . $ ���	��� ,  ��  ����������  
������	�  �  ������	����
  �	��
	  (�����  ����	���  � ), 	���  �  ����	��	  ����	���  ���� ��  
�� ��  �	  ���������	���  �  �����
�  �����	���  �  ���	 �� . 

The linear area is the area between the cutoff and the saturation area of the transistor, as 
shown bellow with a green mask: 
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The breakdown point is the point on the VCE axis above which the collector current 

increases rapidly and the transistor is destroyed. This area is marked with a purple mask in the 
following drawing: 
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=���1�+���&������3>!"- ��?�@!?���$�

 

=���1�+���1
�#���1
��)�
�+��3>!"- ��?�;��� #�c.�!CB !�B!�>��� #�c$��

�  ������  
�
	��  ��	
	��  ��  �	
	����	  ��������  ������	������  ���	����	�  
	������	����  �� �� , �����	�����#���  �	���	
�  ��������#  ������	����
�  ������� . 

���  ����������  ������
�  ���	���
�  ��
����  ������	�����  ������  ��������	�  
����������  �  �	������
  �����	  �����	���
  ��������� , ������
�  �����	�����	�  �	�������  
�����	  �����	����  ���� ��  �� �� , 		  ��� ��  ������#�  ��������  �	�����  ������  ���  
�	�����  ������  ��  �����
����
  ���
 , 	���  �	 �  ��	�  �  ������������
  ������	�	 , 
��	������ 	���
  ���  ����	���  
����  ��  �
������	  �	�	
	����  �����  �  ������	��� . 

%�����	
  �	���	
  ����	 , �	���	
  ����	  ��  �����
����
  ���
 , ����	  ����
  – 		  
����������  ���	�	��#�  ����  �  ������	���  ��  �������  �����������  ���  ����������  
������
�  ���	���
�  ��
���� . 

 

4� ��  ��  ���������  ��������  (���  ���
�� ) ������	������  ������	����
�  ������� , 
�������#���  �	����	  ��� 	���  ������	���  �  �����  �  �	
 , ������	���  �	�����  ������ . 
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We will continue the previous example and we will calculate the Q point. 
There is something that you need to make clear: The Q point is a point on 
the Load Line. The Load Line is calculated (as we saw before) by finding 
two points in the cut-off and saturation area. The Q point is usually placed 
within the linear area. The Q point is determined by the DC biasing of the 
transistor. The fact that the circuit uses VDB (Voltage divider Bias), allows 
us to neglect the base current in our calculations. 
 
 

(�����	���  �  ���� , ��	��	 ���#��	  �������	  �����	��	  ���� 	�  �� ��  
����������������
�  �������  ��  ���������
�  ���� , ������#���  �	��
&���
��  �  
���	��  �������
  ���  �	�	������ . 

��	2��	  ��  ����2	��#  �  ������	����
�  �������  ��	���� 	���	  �	�� , ��	��	 ���#��	  
�������	  �����	��	  ���� 	�  �� ��  ��  ���������
�  ���� , ������#���  ���
��  �������
 . 

 

'��	����	  ����&���
  �	�����  �����  ��	�������	  ��  ���������
�  ����  
����	�����	���  ��������  ���
��  �������
 .  

4���	  �	��  
�
��  �
	��  ����� ��#  ���3�
�����# , ��������#  ��  �	��������  
3������� : ����  ����������� , ��	
�  ���# 	��� , �	������
����  ��	��	 	���  ����� ������  �  
�	
�	�������
  ����	������
  �  �	������
����  ��  ����
	����  �����	���
�  ����������� . 

 
 
So, the base voltage is: 
VB = VCC x R2 / (R1 + R2) = 10 x 2200 / 12200 = 1.8 V  
We can now calculate the emitter voltage as follows: 
VE = VB - VBE = 1.8 - 0.7 = 1.1 V  
And the emitter current is: 
 

IE = VE / RE = 1.1 / 1000 = 1.1 mA 
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The Transistor operation in AC 
------------------------------------------------------ 

e�)���+�����Y��+�����
�	�����
����)�&+���O������Q�� �����

 

 Output Characteristics Curves of a Typical Bipolar Transistor 
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Output characteristic V-I curves of a typical junction FET 

 

N�O�PQ�1��+�����
�	�����
���R��5�-9�5��!$�
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(	��
����	
  �	�	���������	  (�����  ��
����� ) – �����  ��  ���������  ��������  ��5 , ��  
�������  ����	���  ���� ��  �� ��  �  ����	��	  ����	������  ��
�����  ��  ����  �	��������
�  
������	�� , �������	���  ���	���
  �����	��	
 . ! ������  �������	���  �����  �  �����  
����	������
�  ������	���  (U� <0), �����	��	  �
		�  ��� : U� =R�6I�  - &� . 

 
7����  ��
�����  ��������  ��  ��
�  ����	� :  

·  U� = - &�  (���  I� =0)  
·  I� = &� /R�  (���  U� =0) 

 

 
 
We will explain how to draw the load line, but before we do, we must first discuss about the 

4 basic regions of this characteristic, the saturation area, the cut-off area, the linear area and the 
breakdown point. 
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�	�������� -�����	����� , �����3��
������� , �	���������  (�������	�����  

���
��
��� 	���� ), ��������� , �������	�����  ����
��
��� 	����  (�����
	� , 
��
��
��� 	���� ), �  ���	  "3��
���#�	
�  ������� " 
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��� . 1.7.  ����
��	�	
�  ���

  ���������  !"  ��
��
  E (
 ) �  ��
��
  DE (� ) 

http://elib.spbstu.ru/dl/2/v18-5731.pdf/download/v18-5731.pdf 
8��
���#���  ������  ��	������	����  ��  ��� . 1.7 !"  ������  E �  DE ������#�  9-

�������
 . /�� 	��	  ������ ���  �������������  �  ������	  8% ������	���  ��� ,  ����  ���  
��������  ���� 	�   �����	  �  ��
����	  �������	�����  ��������  	
�����  ��������#  
�	�	����������  ��  ��	�������  3��
���	
�#  ��	
	���#  ����� . ���  ���
 , 	���  �����������  
������	���  �	�	������  ��������  	
�����  ��

�����	
�
�  �����������  �  
�
	��  	
�  
���# 	���  �����  ���# , ��  ���  !"  ������  DE �����  �	��
  
��	�  ����  ������  «
�����
 ». 
-�����  �  ��� �	  E-������  ������	��	  ��  ��# 	 , ��  ���	����	  ��	
	�� , ��
��  ��  ������ , 
�
		�  �����
��
��� 	����  3��
� , �  	
�  �
�������  ��	��2�	�  ������	��	  �������  �  1,5 – 
1,8 ��� , �� -��   	
�  ����������  �������  ������	��	  ������� , ��	�����	���� , �
	��2�	���  
������������	  ������������  ��  
������� . �  �����	  DE �	���������  ��	�  �������������  
��	�
��	���  �������  D �  &. 4����  !"  ���  ��	���	  ��	����	�  �  1975 
���  $ .� . :�����
  �  
� .0. %����	��
  [2]. 
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7����  ��  ���������  ��������  ������	������ , ��  �������  ����	���  ���� ��  �� ��  �  
����	��	  ����	������  ��
�����  ��  ����  ������	�� , ������	���  ��
���� ���  ����	�  ���  
�	��
������  �	�	����������� .  

���   ����  �	��������
  ������	�	  ��
�����  �  �������  ���	���
�  ����	���  ��
���� ���  
������	�������  �
		�  ���  ���
�� , �������#�	�  �  ����� -	�������  �	�	�����������  
������������
  �	��
���  R(  . 

================================== 
https://nptel.ac.in/courses/Webcourse-contents/IIT-ROORKEE/BASIC-

ELECTRONICS/lecturers/lecture_29/lecture29_page1.htm 
The amplifiers in multistage amplifier near the load end in almost all-electronic system employ large signal amplifiers 

(Power amplifiers) and the purpose of these amplifiers is to obtain power again. 
Consider the case of radio receiver, the purpose of a radio receiver is to produce the transmitted programmes with sufficient 

loudness. Since the radio signal received at the receiver output is of very low power, therefore, power amplifiers are used to put 
sufficient power into the signal. But these amplifier need large voltage input. 

Therefore, it is necessary to amplify the magnitude of input signal by means of small amplifiers to a level that is sufficient 
to drive the power amplifier stages. 

In multistage amplifier, the emphasis is on power gain in amplifier near the load. In these amplifies, the collector currents 
are much larger because the load resistances are small (i.e impedence of loud speaker is 3.2 ohm). 

A power amplifier draws a large amount of dc power form dc source and convert it into signal power. Thus, a power 
amplifier does not truly amplify the signal power but converts the dc power into signal power. 

 
 
 

  
 

 

Q is the operative point. ICQ and V CEQ are quiescent current and voltage. The ac equivalent 
circuit is shown in fig. 3 . 
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https://nptel.ac.in/courses/Webcourse-contents/IIT-ROORKEE/BASIC-

ELECTRONICS/lecturers/lecture_29/lecture29_page2.htm 
���  �����������  �	��
��� , �����
	�  ���  �	�������� -	
������
  		  ������	�	 , 


	���  ��
������
�  ��
	�	���
�  ����  �  ������	���  ����#��#���  3�����	  ����
� , �  
�	�������	   	
�  ���� ��  �� ��  �  ����	��	  ����	���  ��
�����  �	�	
	��	���  ��  ���������  
��������  ������	������  �����������  �	  ��  ����� , �  ��  ������� , ������	
�
�  ��	��������  
���&���
  �	�����  �����  (AC Load Line). %��3�
������  ����  ���	������  �������  ��  3��
�  
��
���� , 	
�  ���	���������  �  ��������  ��
	�	���  ��  ��	
	�� , �  ����	  ��  ��	�	��  
������	���  ������	��  ��
�����  ��  �	��������� . 
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An AC signal fed into the base of the transistor 
will not be amplified correctly since it has a 
negative period as well. 

Biasing the transistor with DC voltage we cause 
the AC signal to be shifted upwards, therefore it 
has no more negative period. 

 

U�
���������	���)�+T	��	��
	�	��+�VWX��V�Q���(�Y	&� �	&����)�+T	��+�

 

 

(Voltage Divider Biasing) 
The most effective method to bias the base of a transistor 
amplifier is using a voltage divider. In the next chapter, we 
will analyze each transistor connection in detail and we will 
be using always this biasing method. Therefore, let's take 
some time to explain this method thoroughly. 
 
The idea is that the voltage divider maintains a very stable 
voltage at the base of the transistor, and since the base current 
is many times smaller than the current through the divider, the 
base voltage remains practically unchanged. The resistor Re 
provides the negative feedback as explained before (Emitter 
Feedback Bias). Due to the fact that the base voltage remains 
unchanged, the negative feedback works very effectively and 
any unwanted increment of the current gain produces an -
almost- equal negative feedback. The collector and emitter 
currents change just a few, and the Q point remains 
practically stable. Now, let's see in detail how this works... 

 
What each part does 
Designing a transistor amplifier with VDB (Voltage Divider Bias) is not that hard, but 

sometimes it takes time to select the proper part values to begin with. And many times the designer 
has to change some parts to change the amplifier parameters. Here is a quick reference for the 
designer to know what each part controls: 
·  R1 - This resistor should be used to control the current through the voltage divider 
·  R2 - This resistor controls the base voltage VB 
·  RE - This resistor controls the emitter current IE 
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·  RC - The collector resistor can control the VCE voltage 
 
 

U�
���������(���
���Q���L�[!9�\�-C$�

https://www.electronics-tutorials.ws/amplifier/transistor-biasing.html 
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Emitter feedback bias (Fixed bias with emitter resistor) 

 

 

����]��	&���+����)����)�+T	��^�

 

Collector feedback bias (Collector to base bias) 
 

 
 
 

S
)&��PY��	���
�T	��+�

https://www.electronics-tutorials.ws/amplifier/amp_4.html 
�
��������	  �����	���  (Amplitude Distortion) �� -��  �	���������
�  �
	�	���  �  

������	�	  (Incorrect Biasing). 
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Amplifier Distortion can take on many forms such as Amplitude, Frequency and Phase 
Distortion due to Clipping. 

0��		  ��������  �  ����� ���  �����	���� : 
https://www.electronics-tutorials.ws/amplifier/amp_4.html 
 

=�QY	&��	&���(����&�
��P^��(�
��Y	��������

As we said before, transistors are DC components. This means that the output will also be a 
DC voltage. But if we amplify an AC voltage, then we probably want to get an AC voltage at the 
output as well. How is this done? Simple, with a coupling capacitor. A capacitor operates as a 
resistor in AC and as an open circuit in DC. It is not the purpose of this theory to analyze in details 
the capacitor's behavior in AC and DC. Nevertheless, it is important to have some very basic 
knowledge about capacitors. 

 

=�QY	&��	&���(�
��Y	������#�
��Y	���������+Q�����.> G��?��->-B� �"$�

����	���	�����  ����	������ , ����	������  ����� ,  
A coupling capacitor is a capacitor connected in series with the circuit that we want to 

couple. The AC signal is free to go through the capacitor, while the same capacitor acts as an open 
circuit against any DC current. Let's see an example of a coupling capacitor: 

 
A coupling capacitor is a capacitor which is used tocouple or link together only the AC 

signal from onecircuit  element to another. The capacitor blocks the DC signal from entering the 
second element and, thus, only passes the AC signal. 
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(Voltage Divider Biasing) 
The most effective method to bias the base of a transistor 
amplifier is using a voltage divider. In the next chapter, we 
will analyze each transistor connection in detail and we will 
be using always this biasing method. Therefore, let's take 
some time to explain this method thoroughly. 
 
The idea is that the voltage divider maintains a very stable 
voltage at the base of the transistor, and since the base current 
is many times smaller than the current through the divider, the 
base voltage remains practically unchanged. The resistor Re 
provides the negative feedback as explained before (Emitter 
Feedback Bias). Due to the fact that the base voltage remains 
unchanged, the negative feedback works very effectively and 
any unwanted increment of the current gain produces an -
almost- equal negative feedback. The collector and emitter 
currents change just a few, and the Q point remains 
practically stable. Now, let's see in detail how this works... 

 
What each part does 
Designing a transistor amplifier with VDB (Voltage Divider Bias) is not that hard, but 

sometimes it takes time to select the proper part values to begin with. And many times the designer 
has to change some parts to change the amplifier parameters. Here is a quick reference for the 
designer to know what each part controls: 
·  R1 - This resistor should be used to control the current through the voltage divider 
·  R2 - This resistor controls the base voltage VB 
·  RE - This resistor controls the emitter current IE 
·  RC - The collector resistor can control the VCE voltage 
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Their job is to block any unwanted DC 
voltage from between the stages that they 
couple. This is the what would appear in the 
oscilloscope's screen if two channels were 
connected, one before the Cout coupling 
capacitor (Channel 1-Blue line) and one 
after the same capacitor (Channel 2-Red 
line): 

 

 

'
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�
���&  	�$	��  ��
	�(%  �������
	��  ��������&	���  �
��
�
  ��  ������	%  
�
��������&	��  �
�����  ��  

 

_P����P^��(�
��Y	��������7F>-CC��?��->-B� �"#�7F>-C C��->-B� �"$�

*
������	���  — ����	��  ������	����
�  �����# 	���  ��	���� 	���
�  ��	
	���  
(�����
	� , ����	������� ) �  ���
�
�  ��	
	��� , ���  �
	��2	���  ���	
�  ���������	���  
�	�� . 

-------------------------------------- 
-���  ��  ���������  �������������  ����	�������  �  ��	
��	����	  ������	�����  

��������  ���  ���# 	��	  ����	�������  �  �	��  �	�
�������������  ����������� , ������	����  
�	������� . �  ���
  ��� �	  �������  ��������  ������  ����	������  "���������#��
 ". 
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��� .2. )���	��  �
����%�
�����  ��	��	�
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(�  ��� .2.6 �������  ����	������  $ , ��	��	 ���#���  ��������  �	�������  R ��  
�	�	
	���
�  ���� . 0	�  ����	�������  (��� 2.a) �  �� �	  �  ����������  ���	�����  ���	�  10 � , �  
�	�	
	����  ���	�����  ��
����  - 10 
� . %���	������ , ��	�������#���  �����  ������  �	��  
���  ���������
�  ���� , �	  �������	�  ������
�  �������  ��  ����������  ���	�����  �� ��  � , 
-�����  	���  	
�����  ���
�  ����	�������  ������ ,  ��  ��  ���� 	�   �����	  	
�  �	�������	  
���������	��	  ���	���	���  
	��2	  ���������	���  �	�������  R, ��  ����	������  ���	�  
�33	������  ����	�������  �������	  ��
�����	  ��
����  �	�	
	���
�  ����  ��  �	
�# . 4���
  
������
 , ���	�����  �� ��  �  ��  �	�	
	���
�  ����  ���	�  ���	�  ���# .  

 
============================== 
A bypassing capacitor is a capacitor connected in parallel with a circuit that we want to 

bypass. Unlike the coupling capacitor, the bypassing capacitor removes any unwanted AC signal 
from this circuit, since any AC current goes through the bypassing capacitor, leaving only the DC 
current to go through the parallel circuit. Let's see an example: 
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The left graph shows the output if Ce was NOT connected across Re, and the right graph 

shows the output with the bypassing capacitor Ce connected across Re: 
 

`����&���(��������	&�1���
��Y	�����������P��&��	&	�

Giorgos V. Lazaridis. The BJT Transistor Theory. www.pcbheaven.com. Copyright 2013-
2014 Revision A 

"��
�  ��	  ������	����  ��3��
���� . 
 
http://www.pcbheaven.com/books/bjt_transistor_theory.pdf (4.1.3 Sizing the Capacitors) 
======================== 
In order for a coupling or bypassing capacitor to operate effectively, it must have the right 

size. As said before, the capacitor acts like a resistor in AC current. The resistance of a capacitor is 
called "impedance". Unlike resistors, capacitors do not have a fixed impedance. Instead, the 
impedance is determined by the frequency of the AC signal. The equation to calculate the 
impedance is the following: 

XC = 1 / (2*PI*F*C)  
C is the capacitance in Farads, and F is the AC signal frequency in Hertz. So, a 10uF 

capacitor connected in series with a 1 KHz signal generator, will present an impedance of: 
XC = 1 / (2 x 3.14 x 1 x 103 x 10 x 10-6) = 15.9 Oh ms  



27.08.2019  28 - 33 

So, what is the proper value for a coupling or a bypassing capacitor? There are two factors 
that must be taken into account: The frequency and the circuits total resistance. Let's talk about the 
frequency first. If the amplifier operates as a signal amplifier of a fixed circuit, then the answer is 
straight-forward: The frequency is the signal's frequency. But if the amplifier operates in a wide 
frequency range, then we must choose the worst case scenario. 

Let's see an example of an audio amplifier. Audio amplifiers typically operate from 20Hz up 
to 20Kz. To choose the right frequency for our calculation, we must first think what we want the 
bypassing or coupling capacitor to do: We want this capacitor to act as a short-circuit in AC 
currents. In other words, we want the capacitor to present the lowest impedance possible in AC 
current. Since the impedance XC is reverse-proportional to the frequency F, the lowest impedance 
is presented at the highest frequency. Thus, the worst case scenario (highest impedance) is 
presented at the lowest frequency. So, in our calculations we will use the lowest frequency that the 
capacitor will operate at. In an audio amplifier for example, the lowest frequency is 20Hz. 

The second factor is the total resistance of the circuit. Let's talk first for a coupling capacitor. 
In this case, we are talking about the total resistance of the circuit in series with the capacitor. Here 
is a simplified example of a circuit with a coupling capacitor: 

In this circuit, the total resistance is the sum of the internal resistance of the generator Rg, 
plus the internal resistance of the transistor ri. 

In a circuit with a bypassing capacitor, the total resistance is the total resistance of the circuit 
parallel to the bypassing capacitor. Here is a simplified example of a circuit with a bypassing 
capacitor. 

In this circuit, the total resistance is the RE. 
 
So, now we know how to choose the worst case scenario in terms of frequency, and how to 

calculate the total circuit resistance according to the capacitor type (coupling or bypassing). The 
optimum capacitor value that we choose must be 10 times smaller than the total circuit resistance, 
calculated for the worst case scenario. 

To calculate the capacitor, we solve the impedance equation for C: 
C = 1 / (2 * �  * F * XC)  

Let's see an example. In the simplified example of a circuit with a coupling capacitor shown 
above, Rg is 50 Ohms. ri is 2.2 KOhms and the frequency is 20Hz to 20KHz. To calculate the 
optimum capacitor value, we must first calculate the total resistance of the circuit in series with the 
capacitor: 

Rtotal = 50 + 2200 = 2250 Ohms  
The worst case scenario is 20Hz (lowest frequency), so the capacitor must present a 

resistance of less than 225,0 Ohms (Rtotal/10) at 20Hz frequency: 
C = 1 / (2 * 3.14 * 20 * 225) = 35.3uF  

So, the capacitor must have at least 35uF capacitance. This makes sure that the capacitor 
will have less than 1% effect on the total resistance of the circuit. And since the calculated value 
does not exist as a standard capacitor value, we choose the next bigger value - in our case that is 
47uF. 
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As we said previously, a transistor amplifier usually operates both with AC and DC voltages, 
the DC voltage is used to bias the transistor and the AC voltage is the signal that will be amplified. 
To analyze a transistor circuit, both voltages must be analyzed. But the transistor itself as well as 
the biasing components react differently in AC and DC signals. Obviously, there must be a method 
to analyze each signal separately. The simplest and most widely used method is using the DC and 
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AC equivalents. According to this method, two equivalent circuits are extracted from the original 
circuit, the DC and the AC equivalent. The currents and voltages for each circuit are calculated 
separately, and then, using the superposition theorem we can calculate the final values. For your 
information, the superposition theorem states that: 

"The response -voltage or current- in any branch of a bilateral linear circuit having more 
than one independent source, equals the algebraic sum of the responses caused by each independent 
source acting alone, while all other independent sources are replaced by their internal impedances." 

 

X
����&	����+���	
��)��)����+���
P���
P�

'��  ���� 	���  �������	����  ��	
�  ��  �����
����
  ���
  �	������
�  ����	����  
��	��#��	  ��	����� : 
·  ��	  ���������  +,  ����	���  �����
�#���  �����
�  ���# ; 
·  ��	  �������	����  �	�������
  – ��  ���������	��	  ��  ���������
�  ����  (��  ���	���  

 �����	 ) � 	��  �	���� . 
 
Suppose for example that we have the following circuit from which we want to make the 

DC equivalent: 

  
 
According to the first rule, all AC sources (if any) must become zero. This applies for the 

"Input" AC source that we have. When a power source becomes zero, it means that the output 
voltage will always have the same potential as the grounding signal - which is zero. Therefore we 
replace it with a grounding signal. According to the second rule, all capacitors must be replaced 
with an open circuit. CIN must be replaced with an open circuit, thus the Input AC supply can be 
omitted. COUT is also replaced with an open circuit, thus RL can be omitted. Here is the resulting 
DC equivalent circuit: 

 

 
The above circuit can be simplified: 
Having this circuit, it is very simple to make the 

DC analysis, since there is no AC source whatsoever. 
From this analysis, the designer is able to calculate all the 
DC biasing values, draw the DC load line and set the 
quiescence point.  
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'��  �������  ����������  ��  �	�	
	���
�  ����  �	������
�  ���� ���  	
�  ������	����#  
��	
�  ���  ���� 	�   ������  – �  ���	
  ��� �	  – ������ �������#  �������	���#  ��	
� . '��  
���
�  ����� : 
·  ��	  ���� ����  �������  �	�����  �����
�  ���# . ���  ���
  ���������  �	��
&���
  

�	���	���	���
 . 
·  ��	  ����	�������  ������ ���#��� , ���  ���  �  �������  �������   �����  ���  �
	#�  


��	����	  ���������	��	 .  
 
When we designed the DC equivalent, we simple removed the AC sources. That is because 

the AC sources were coupled through decoupling capacitors, and due to the fact that all capacitors 
were replaced with open circuits, we simple removed the AC sources. But its not the same for the 
DC equivalent. The DC sources are directly coupled to the circuit so we cannot remove them. 
Therefore, according to the first step, all DC sources become zero. In other words, every component 
that is connected to the positive DC supply must be grounded. Then, we replace the capacitors with 
bridges: 

 

 

 
 

 
 

 
!�����		
�  ���

  ��  ����
�		�
�  

����  

In many cases (like this one) the 
resulting circuit can be further simplified. The 
two resistors of the voltage divider are now 
connected in parallel, since the top side of RB1 
is now grounded. Moreover, the emitter resistor 
and the load resistor (RE and RL) are also 
connected in parallel. We can calculate the 
equivalent resistors for RB1//RB1 and RE//RL 
and replace them in the circuit: 
The above circuit is ready for the AC analysis 
since there is no more a DC source. 
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'��  �	��������  �	��
�  ���	���
�  ����	���  �����	��	  ���� 	�  �� ��  �  �������
  

���������  ��  ���������  ������	������	  �����������  ������#�  ��  �	�	���	  ���	���
�  
� �����  (��� . 3). (�  ������	  ������ 	�� :  
·  I � 0 – ����������  ��������#���  ����	������
�  ���� ;  
·  I � 1 – �
�������  �	����  
��
�����  ����  ����	����� ;  
·  i �  – 

���	���	  ��� 	��	  ����	������
�  ���� . 

 

��� . 3 )%���  �
�����  �����  	
  ������	��  �
�
����������  ��
	������
  ���  ��$�

  
�����	��  �����
	��  �������  ���
  

r 

=������P��&��	&+������	1
�(�����Y��O����
��

�  �	������  �������� , ������#���  �  ���
  �	��
	 , 
����
�����	  ��� 	��	  %�'  �	  

��	�  ��	������  �	�� ���  0,4. �����
�  �	��
  ���	�����  �	���
�  ����  ������ 	���  �	  
��������	���  �  ������	�	��� ����  �� -��  ������  ��	�
	�� 	����  �33	��������� . 

'��  �	��������  �	��
��  ������  ��  �  ���	 ���  �������
�  ����  ���� �#  �� ��  
�����������#�  �  ����	�   ����  ���������  ������	�������  �����������  (��� . 4). ;	������  
��������  ��
���  !"  �  ���
  ��� �	  ��	�������	�  �����  �	����� 	���#  ����	�����	�������  
����������������  �
������� . 
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��� . 4. ��$�
  �
���%  ���������  �  ��������  �%���	���  ���
  	
  �������	��  
�
�
����������   

;	��
�  ������  �� , ���  �������  ���  �  ��������  �	��  ����	��	�  ������   ����  �	�����  
������
�  ���	����� , ��*	����#���  �  �	��
  �����	���  �������  ���	 .  

���  �����	  �  ���	�����
�  �����
�  ����  ��������  ���  �����������  ��	�������	�  
�����  �	����� 	���#  ����	�����	�������  �
������� , ����	�������  �  �
�������  �������  
�������  ��  ��� 	���  ������	���  �
	�	���  &�
  ��  ����2	��#  �  ������	��#  ���	 ��  &/ 
����	������
�  ���� . 

���  �
������  ������#���  �����
����	������ , �  ���  ������	����#���  ���
�  
�������
�  ����
	���
� : �
��������  �
������  I� .max �  �
��
  ���	 ��  Q.  

 

'����  �������  Q ������	���  ��������  ����	�������  �
������  ����  ���
	������  wt (�  

�������  ���  �������� ).  

$�	���  �����  ����	�����	�������  �
�������  ��	�������	�  �����  �����  ��	���������  
��������#���  �   ������
� , ������
�  ��������   �����	  ������
�  ���	����� . 

 

'&^1	��	��	T�
���������P��&��	&+�

���  ��	�� 	���  ������
�  ��
����  �  ������	���  �
  �	���	
�  ��
���  ���������  
������	������� , ��  �	�	�����  �  ��������	  �����	��� , �  �	�2���  ���������������
�  
�
������  �������
�  ����  ��	��	��� .  

;	��
  ������  ��  �  ���
  ��� �	  ������	���  �������� . 
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�  ������
����  ��  �	�����������  �  ������	�	  �	�� ���  
��	  �������  Q Q Q Q ,     �	��
�   
������  �������  �������	��#� , ���������  ��	��#��	  ������ 	��� :  
·  -  – �	��
  ���	�����  �	���
�  ����  ���  �	�  ���	 �� .  
·  -� , �  �  �  ���������  �  �	��
�  ���	�����  �����
�  ���� , �  ���	 ���  �  ������ �#�  

�
�������	  �	��
�  ������ .  
·  D – ��# 	���  �	��
 .  

$����  �	��
��  (������� ) ������  ���  �	�� ����  Q ��������  ��  ��� . 5. 
 

 

��� . 5. �
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��(���	��  ���
��  ���  �
����	%�  ��
����  
�
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