
 

TOPIC – Bipolar Junction transistors 
Things to cover: n-p-n and p-n-p Transistors. CB and CE Configurations. Current gains α and 
β. Relations between α and β. Physical Mechanism of Current Flow. 

1. n-p-n and p-n-p Transistors 
 The bipolar junction transistor (BJT) has three separately doped regions and contains two pn junctions. A 

single pn junction has two modes of operation—forward bias and reverse bias. The bipolar transistor, with 
two pn junctions, therefore has four possible modes of operation, depending on the bias condition of each pn 
junction, which is one reason for the versatility of the device 

 With three separately doped regions, the bipolar transistor is a three-terminal device. The basic transistor 
principle is that the voltage between two terminals controls the current through the third terminal. 

 Current in the transistor is due to the flow of both electrons and holes, hence the name bipolar. If only one 
carrier is employed (electron or hole), it is considered a unipolar device. The Schottky diode is such a 
device.  

 
 Fig. 1 shows simplified block diagrams of the basic structure of the two types of bipolar transistor: npn and 

pnp. The npn bipolar transistor contains a thin p-region between two n-regions. In contrast, the pnp 
bipolar transistor contains a thin n region sandwiched between two p-regions. The three regions and their 
terminal connections are called the emitter (E), base (B), and collector(C). The operation of the device 
depends on the two pn junctions being in close proximity, so the width of the base must be very narrow, 
normally in the range of tenths of a micrometer (10−6 m). 

 The arrow on the emitter specifies the direction of current flow when E-B junction is forward biased. Emitter 
is heavily doped so as to inject a large number of charge carriers into base. Base is lightly doped and very 
thin. It passes most of the injected charge carriers from emitter into the collector. Collector is moderately 
doped. 
2. Operation and Transistor Currents 

 Fig. 2 shows an idealized npn bipolar transistor biased in the forward-active mode. Since the B–E junction is 
forward biased, electrons from the emitter are injected across the B–E junction into the base, creating an 
excess minority carrier concentration in the base. Since the B–C junction is reverse biased, the electron 
concentration at the edge of that junction is approximately zero. 

 The base region is very narrow so that, in the ideal case, the injected electrons will not recombine with any 
of the majority carrier holes in the base. Because of the large gradient in this concentration, electrons that are 
injected, or emitted, from the emitter region diffuse across the base, are swept across the base–collector 
space-charge region by the electric field, and are collected in the collector region creating the collector 
current. 



# To minimize recombination effects, the width of the neutral base region must be small compared to the 
minority carrier diffusion length. 

 
Fig. 2 (a) npn bipolar transistor biased in the forward-active mode. (b) Minority carrier electron 
concentration across the base region of an npn bipolar transistor biased in the forward-active mode. 
Minority carrier concentration is a linear function versus distance for an ideal transistor (no carrier 
recombination), and is a nonlinear function versus distance for a real device (with carrier recombination). 
Applying Kirchhoff’s current law to the transistor of Fig. 2 as if it were a single node, we obtain 

IE  = IC  +  IB  
and find that the emitter current is the sum of the collector and base currents. The collector current, 
however, is comprised of two components—the majority and minority carriers as indicated in Fig. 3.5. The 
minority-current component is called the leakage current and is given the symbol ICO (IC current with 
emitter terminal Open). The collector current, therefore, is determined in total by  

IC  = ICmajority  + ICOminority  
 
LET’S TRY – Draw pnp transistor current in the forward-active mode. 
 

3. Transistor Configurations 
A transistor can be connected in a circuit in the following three ways: 

(i) common base connection  
(ii) common emitter connection 
(iii) common collector connection 
 
(i)  Common base configuration- 

The common-base terminology is derived from the fact that the base is common to both the input and 
output sides of the configuration. In addition, the base is usually the terminal closest to, or at, ground 
potential. Configuration given in Fig. 2  
Emitter Current: Since the B–E junction is forward biased, we expect the current through this junction to be an 

exponential function of B–E voltage.  
Neglecting the (−1) term is usually valid since vBE  >> VT in most cases. The parameter VT is the usual thermal 
voltage. Typical values of IEO are in the range of 10−12 to 10−16 A. 
Collector Current: Since the doping concentration in the emitter is much larger than that in the base region, the 
number of electrons reaching the collector per unit time is proportional to the number of electrons injected into 
the base, which in turn is a function of the B–E voltage. To a first approximation, the collector current is 
proportional to exp(vBE /VT ) and is independent of the reverse-biased B–C voltage. The device therefore looks like 
a constant-current source. The collector current is controlled by the B–E voltage; in other words, the current at 
one terminal (the collector) is controlled by the voltage across the other two terminals. This control is the basic 

transistor action 

 
The emitter and collector currents are related by iC = αiE. We can also relate the coefficients by IS = αIEO. The 
parameter α is called the common-base current gain whose value is always slightly less than unity. 
Base Current: The total base current is the sum of the two components (forward-biased B–E junction as well 

as recombination current)  



Current gain value alpha 

 
 



 
 
 



(ii) Common emitter configuration 
 Because the emitter is the common connection, this circuit is referred to as a common-emitter 

configuration. When the transistor is biased in the forward-active mode, the B–E junction is forward 
biased and the B–C junction is reverse biased. We assume that the B–E voltage is equal to VBE(on), the 
junction turn on voltage. Since VCC = vCE + iC RC , the power supply voltage must be sufficiently large 
to keep the B–C junction reverse biased. The base current is established by VBB and RB, and the 
resulting collector current is iC = βiB  

 If we set VBB = 0, the B–E junction will have zero applied volts; therefore, iB = 0, which implies that iC 

= 0. This condition is called cutoff. 
 In the transistor, the rate of flow of electrons and the resulting collector current are an exponential 

function of the B–E voltage, as is the resulting base current. This means that the collector current and 
the base current are linearly related. Therefore, we can write 

           
 The parameter β is the common-emitter current gain4 and is a key parameter of the bipolar 

transistor. In this idealized situation, β is considered to be a constant for any given transistor. The 
value of β is usually in the range of 50 < β < 300, but it can be smaller or larger for special 
devices. 

 
Current Relationships and Working 
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