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DC Analysis of a Common-Emitter Amplifier 
 

The Common-Emitter Amplifier is used to achieve high voltage gain and employs a bi-junction 
transistor (BJT).  A diagram of the common-emitter amplifier is shown in figure 1.   

 
 

 
Figure 1. Common emitter (CE) amplifier circuit 

 
The AC voltage vin is provided by an audio source such as a microphone or an MP3 player. 
 
The resistance RL is the load resistance of the next amplifier stage, or could be the resistance of 
an audio speaker. 
 
One purpose of Cin is to prevent DC current from flowing from Vcc to vin, and thus preventing 
damage to the audio source.  Another purpose of Cin is to provide an AC short between vin and 
the base of the transistor, allowing AC current iin to freely flow through the capacitor. 
 
The purpose of Cout is to prevent DC current from flowing from Vcc to vout. This will prevent 
damage to the audio speaker or it will prevent DC loading effects on the next amplifier stage.  
Another purpose of Cout is to provide an AC short between the collector of the transistor and the 
load resistance, allowing AC current iout to freely flow through the capacitor. 
 
 
DC Analysis. 
For DC analysis, we can remove all capacitors, since there is no DC current through them.  The 
DC equivalent circuit is shown in Figure 2.  
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Parameter definitions: 
IB = DC Base Current 
IC = DC Collector Current 
IE = DC Emitter Current 
VB = DC Base Voltage 
VC = DC Collector Voltage 
VE = DC Emitter Voltage 
VBE = DC Base-Emitter Voltage 
VCC = DC Supply Voltage 

hFE = DC Current Gain  = 
B

C

I
I  

 

 
Figure 2.  DC equivalent circuit of a common emitter amplifier 

 
 
About transistor amplifiers  When a transistor is operating as an amplifier, the DC current gain 
(hFE) is a given constant value.  The typical values for hFE range from 75 to 200, depending on 
the type of BJT.  For the 2N3904, which is a very commonly used BJT hFE is typically about 
150.  Another characteristic of a correctly operation transistor amplifier is that the base-emitter 
voltage (VBE) is about 0.7 volts. 
 
The resistors R1 and R2 form a voltage divider to provide a stable base voltage.  One can test to 
see if the voltage divider is working correctly by removing the transistor and measuring the base 
voltage.  A stable circuit is achieved if the base voltage is about the same whether or not the 
transistor is in the circuit. 
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DC analysis: 
 
Given the amplifier parameters:  

VBE = DC Base-Emitter Voltage 
VCC = DC Supply Voltage 
hFE = DC Current Gain  
R1 = First Voltage Divider Resistor  
R2 = Second Voltage Divider Resistor  
RC = Collector Resistor 
RE = Emitter Resistor 
 

Compute the electrical quantities 
IB = DC Base Current 
IC = DC Collector Current 
IE = DC Emitter Current 
VB = DC Base Voltage 
VC = DC Collector Voltage 
VE = DC Emitter Voltage 

 
By Ohm’s law, the emitter voltage is EEE RIV =                                                             (1) 
 
By KVL, the base voltage is EBEB VVV +=                                                                      (2) 
 
Substituting (2) into (1) gives us EEBEB RIVV +=                                                           (3) 
 
Let’s assume the transistor is operating correctly with a base-emitter voltage (VBE) is about 0.7 
volts.  Therefore, the base voltage is: 
 

 EEB RIV += 7.0                                                          (4) 
 

The transistor currents obey KCL:   
CBE III +=                                                             (5) 

 
Substituting BFEC IhI =  into (5) gives us  

( )1+=
+=

FEB

BFEBE

hI
IhII

                                                         (6) 

Substituting (6) into (4) yields 

( ) EFEB

EB

RhI
VV

17.0
7.0

++=
+=

                                             (7) 

 
Ohm’s law for the base voltage through resistor R2 is: 
 

22RIVB =                                                                (8) 
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Equating (7) with (8) yields 
( ) EFEB RhIRI 17.022 ++=                                             (9) 

 
By KCL, the base current can be expressed as: 

21 IIIB −=                                                            (10) 
Substituting (11) into (10), yields 

( )( ) EFE RhIIRI 17.0 2122 +−+=                                             (11) 
 

We can arrange (11) into the form, cbIaI =+ 21 , as follows:   
( )( )
( )( ) ( )( ) EFEEFE

EFE

RhIRhI
RhIIRI

117.0
17.0

21

2122

+−++=
+−+=

                            (12) 

 
Group current terms of the left side to obtain 

( ) ( ) 7.011 2221 =++++− EFEEFE RhIRIRhI                             (13) 
 

Simplify left side to obtain 
( ) ( )( ) 7.011 221 =++++− EFEEFE RhRIRhI                             (14) 

 
 

KVL from VCC through R1 and R2 yields 
 

CCVRIRI =+ 2211                                                        (15) 
 

 
Equations (14) and (15) form a system of two equations and two unknowns (I1 and I2).  These 
can be formed into a matrix equation: 
 

( ) ( )
⎥
⎦

⎤
⎢
⎣

⎡
=⎥

⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡ +++−

CC

EFEEFE

VI
I

RR
RhRRh 7.011

2

1

21

2                             (16) 

  
The matrix equation can be solved by inverting the resistance matrix: 

 
( ) ( )

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡ +++−
=⎥

⎦

⎤
⎢
⎣

⎡
−

CC

EFEEFE

VRR
RhRRh

I
I 7.011 1

21

2

2

1  

 
A 2x2 matrix  

⎥
⎦

⎤
⎢
⎣

⎡
=

dc
ba

A  

has an inverse of  

⎥
⎦

⎤
⎢
⎣

⎡
−

−
−

=−

ac
bd

bcad
A 11  
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Example 1.  Given the amplifier parameters:  

VBE = 0.7 V 
VCC = 12 V 
hFE = 100 
R1 = 5000 
R2 = 10000 
RC = 2000 
RE = 1000 
 

Compute the electrical quantities 
IB = DC Base Current 
IC = DC Collector Current 
IE = DC Emitter Current 
VB = DC Base Voltage 
VC = DC Collector Voltage 
VE = DC Emitter Voltage 
VDivider = DC Voltage at the base of the voltage divider if the transistor is removed. 

 
Solution: 
 

( ) ( )
⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡ +++−
=⎥

⎦

⎤
⎢
⎣

⎡
−

CC

EFEEFE

VRR
RhRRh

I
I 7.011 1

21

2

2

1  

Substitute given parameters: 
( ) ( )

( ) ( )

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡−
=

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡ +−
=

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡ +++−
=⎥

⎦

⎤
⎢
⎣

⎡

−

−

−

12
7.0

500010000
106000101000

12
7.0

500010000
100010150001000101

12
7.0

500010000
10001100500010001100

1

1

1

2

1

I
I

                     (P1.1) 

The 2x2 resistor matrix  

⎥
⎦

⎤
⎢
⎣

⎡−
=⎥

⎦

⎤
⎢
⎣

⎡
=

500010000
106000101000

dc
ba

R  

has an inverse of  

( )( ) ( )( )

( ) ( )

⎥
⎦

⎤
⎢
⎣

⎡
−−
−

−
=

⎥
⎦

⎤
⎢
⎣

⎡
−−
−

−−
=

⎥
⎦

⎤
⎢
⎣

⎡
−−
−

−−
=

⎥
⎦

⎤
⎢
⎣

⎡
−

−
−

=−

10100010000
1060005000

9565.1
1

10100010000
1060005000

1060000000505000000
1

10100010000
1060005000

100001060005000101000
1

11

e

ac
bd

bcad
R

          (P1.2) 
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Substituting (P1.2) into (P1.1) yields 
 

( )( ) ( )( )
( )( ) ( )( )
( ) ( )
( ) ( )

6

1

2

1

10
914.778
543.810

9565.1
1219000

9565.1
1268500

1219000
1268500

9565.1
1

12120007000
12720003500

9565.1
1

121010007.010000
121060007.05000

9565.1
1

12
7.0

10100010000
1060005000

9565.1
1

12
7.0

500010000
106000101000

−

−

×⎥
⎦

⎤
⎢
⎣

⎡
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−

−
−

=

⎥
⎦

⎤
⎢
⎣

⎡
−
−

−
=

⎥
⎦

⎤
⎢
⎣

⎡
−+−
−+

−
=

⎥
⎦

⎤
⎢
⎣

⎡
−+−

−+
−

=

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡
−−
−

−
=

⎥
⎦

⎤
⎢
⎣

⎡
⎥
⎦

⎤
⎢
⎣

⎡−
=⎥

⎦

⎤
⎢
⎣

⎡

e

e

e

e

e

e

I
I

 

  
Therefore, we have the voltage divider currents I1 = 810.543 μA  and I2 = 778.914 μA.  
 
The base current is computed from (10):  

AIIIB μ629.31914.778543.81021 =−=−=  
 
The collector current is computed from the base current: 

( )( )
( ) mAA

AIhI BFEC

163.39.3162
629.31100

==
==
μ

μ
 

 
The emitter current is computed from KCL (5): 

mAAAAIII CBE 195.331959.3162629.31 ==+=+= μμμ  
 
The emitter voltage is computed from Ohms’s Law (1): 

( )( ) VmVmARIV EEE 195.331951000195.3 ==Ω==  
 

The base voltage is computed from KVL (2): 
VVVV EBEB 895.3195.37.0 =+=+=  

 
The collector voltage is computed from KVL: 

( )( )
VVVmVV

mAVRIVV CCCCC

674.5326.612632612
2000163.312
=−=−=

Ω−=−=
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If one removes the transistor, the voltage at the base of the voltage divider is  

( )

( ) ( ) VVV

VV
RR

RV CCDivider

412
3
112

15000
5000

12
500010000

5000

21

2

=⎟
⎠
⎞

⎜
⎝
⎛=⎟

⎠
⎞

⎜
⎝
⎛=

⎟
⎠
⎞

⎜
⎝
⎛

+
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

=
 

 
This is a good result, because it compares favorably with the transistor base voltage of 3.895 
volts.  This shows that the transistor amplifier will be stable. 
 
The MATLAB program shown in figure 4 implements the Matrix equation (16) and some other 
equations above to compute all the transistor currents and voltages, given the circuit parameters 
of a common-emitter amplifier.  A sample execution is shown in figure 3.  Notice that the results 
given in figure 3 match the solution provided above for Example 1. 
 
 
 
 

********** Common Emitter Amplifier  *********** 
Given Parameters 
**************** 
Resistor R1           = 10000 ohms 
Resistor R2           = 5000 ohms 
Collector Resistor    = 2000 ohms 
Emitter Resistor      = 1000 ohms 
************************************************ 
 
***********  DC Analysis  ************** 
Base Voltage          = 3.89 volts 
Unloaded Base Voltage = 4.00 volts 
Collector Voltage     = 5.67 volts 
Emitter Voltage       = 3.19 volts 
Base Current          = 31.63 uA 
Collector Current     = 3.16 mA 
Emitter Current       = 3.19 mA 
****************************************** 

Figure 3.  Sample MATLAB program execution 
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% Common Emitter Amplifier with voltage divider bias 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%  
%           Input parameters 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
Re = 1000;  % emitter resistance in ohms 
R1 = 10000; % voltage divider resistance R1 in ohms  
R2 =  5000; % voltage divider resistance R2 in ohms 
hFE = 100;  % DC current gain  
Rc = 2000;  % collector resistance in ohms 
Vcc = 12;   % DC power supply voltage in volts 
  
fprintf('********** Common Emitter Amplifier  ***********\n'); 
fprintf('               Given Parameters        \n'); 
fprintf('               ****************\n') 
fprintf('  Resistor R1           = %d ohms\n', R1); 
fprintf('  Resistor R2           = %d ohms\n', R2); 
fprintf('  Collector Resistor    = %d ohms\n', Rc); 
fprintf('  Emitter Resistor      = %d ohms\n', Re); 
fprintf('************************************************\n'); 
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%              DC Analysis 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
% set up matrix equation 
R = [-(hFE+1)*Re    R2+(hFE+1)*Re; 
    R1      R2]; 
V = [0.7 
    Vcc]; 
 
% Solve matrix equation 
I = inv(R)*V  ; 
I1 = I(1); % current in resistor R1 
I2 = I(2); % current in resistor R2 
 
% Compute transistor currents and voltages 
Ib = I1 - I2; % base current 
Ic = b*Ib;  % collector current  
Ie = Ib+Ic; % emitter current 
Ve = Ie*Re; % emitter voltage 
Vb =Ve+0.7; % base voltage 
Vc = Vcc - Ic*Rc; % collector voltage  
VbUnloaded = Vcc*R2/(R1+R2); % base voltage with BJT removed 
 
  
% results 
fprintf('\n*******  DC Analysis Results **********\n'); 
fprintf('  Base Voltage          = %.2f volts\n', Vb); 
fprintf('  Unloaded Base Voltage = %.2f volts\n', VbUnloaded); 
fprintf('  Collector Voltage     = %.2f volts\n', Vc); 
fprintf('  Emitter Voltage       = %.2f volts\n', Ve); 
fprintf('  Base Current          = %.2f uA\n', Ib*1e6); 
fprintf('  Collector Current     = %.2f mA\n', Ic*1000); 
fprintf('  Emitter Current       = %.2f mA\n', Ie*1000); 
fprintf('******************************************\n'); 

Figure 4.  MATLAB program for the DC analysis of a common emitter amplifier 
 


