
Bipolar Junction Transistor Concepts 
Forward Active NPN BJT Operation 

 
VC > VB > VE 

 
 
 
Fundamentals 
 

• A BJT is often considered to be a current amplifier because a small current 
entering the base will typically result in a large current into the collector. Or we 
can say that: 

   
 IC = β IB , where β is a large number, typically greater than 100. 
  
 IE = (β + 1) IB 

  
 C = α IE , where α = β /(β + 1) 
 
•  Since the collector and emitter currents are a multiple of the base current, we 

often refer to the BJT as a current controlled current source. In other words, the 
current into the collector, as well as the current out of the emitter, is controlled by 
current into the base.  

 
• A BJT can also be considered a voltage controlled current source because the 

voltage between the base and the emitter control IC and IE. (Note, that in contrast 
to a BJT, a MOSFET is only considered by be a voltage controlled current source 
since the DC gate current is zero in a MOSFET. 

 
• IB = IB0 exp (VBE/Vt)  and  IC = β IB0 exp (VBE/Vt) where Is is the 

saturation current that depends on the devices parameters including the base width 
and doping.  Furthermore,  above relationships of the first bullet still hold. So, 
if you know Is and VBE, will know IE and IC. 

 
• To zero order approximation, IC independent of VCE, the voltage between the 

collector and emitter. However, if we include the Early effect, then IC will have a 
small dependence on VCE.  So, if you include the Early effect, then the expression 
for collector current becomes:  

  
  

IC = IS exp (VBE/Vt) (1 + VCE/VA), where VA is the Early voltage 
which is typically 100V or greater. 
 



Note, the physically, the Early effect and voltage comes from the widening of 
the Base-Collector depletion region for large VCE. This extends the BC 
depletion region into the base, making the base width WB a little shorter, 
thereby increasing the collector current. 
 
Note that the collector output resistance ro comes from this shortening of the 
base width.  

  
 
BJT Structure 
An NPN  BJT composed of  an N-type emitter that is connected to the P-type base that is 
connected to an N-type collector. The connection between the base and emitter for an N-
P junction, and the connection between the base and collector form a P-N junction.  
 

 
 
 
 
 

See following page for structure 
 
 



 
The N-type doping in the emitter is typically 100 times larger than the P-type doping in 
the base. Furthermore. The width of the base is very short. (Short compared to the 
recombination length for electrons and holes.) 
 
 
Basic BJT Operation in Forward Active 
Consider and NPN BJT. Forward active is the standard mode of operation for BJT’s 
when they are used in analog electronics applications (amplifiers, etc.).  
 
Collector Current: Under forward active operation, the Emitter-Base junction is forward 
biased and the Base-Collector junction is reverse biased. Electrons are then  injected from 
the emitter into the base. However, since the base is very short, most of the electrons do 
NOT recombine with holes in the base, but are instead diffuse across the base toward the 
collector. They are then swept into the collector by the large electric field in the reverse 
biased base-collector junction. These electrons that start off in the emitter as part of the 
emitter current and then wind up in the collector become the collector current. 
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Base Current: Since the emitter is much more highly doped than the base, most of the 
current across the Base-Emitter junction is due to electrons flowing from Emitter to Base, 
and not due to holes flowing from Base to Emitter. Furthermore, since the base is so 
short, very few electrons and holes recombine there. In summary, since the base is low-
doped compared to the emitter, and there is very little of recombination in the base, the 
total base current is very small compared to the total emitter current. So the current ratio 
IE/IB is very large (IE/IB = (β + 1)). 
 
 
 
BJT Current Components: 
 
Collector Current IC is composed of electrons that diffuse from the emitter across the 
forward biased base-emitter junction, which then continue to diffuse across the base 
region. At the end of the base region they are then pulled into the collector by the strong 
electric field that arises from the reverse biased base – collector junction. 
 
IC: Composed of electrons that flow directly from emitter through base region and into 
collector 
 
Base Current IB has two components:  IB  = IB1 + IB2 
 
IB1 is due to holes that enter the base from the base contact wire and then recombine with 
electrons in the base that have diffused into the base from the emitter 
 
IB2 is due to holes that diffuse from the base into the emitter across the forward biased 
base – emitter junction. 
 
Emitter Current IE is the sum of the collector and base currents. 
 
IE =  IE1 + IE2 + IE3 
 
IE1 = IC which is composed of electrons flowing from emitter into base and then to 
collector 
 
IE2 is composed of electrons flowing into base that then recombine with holes in base 
(IE2= IB1). 
 
IE3 = is composed of holes flowing from base to emitter due to forward biased emitter-
base junction (IE3= IB2). 
Current Gain β = IC/IB. Since there is very little base current compared to the electron 
current that travels from the emitter to the collector, the ratio  IC/IB is a large number. 
 
 
 


