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1. Bipolar junction transistor (BJT) 

The BJT is constructed with three doped semiconductor regions separated by 

two pn junctions, as shown in the epitaxial planar structure in Figure 4–1(a). 

The three regions are called emitter, base, and collector. Physical 

representations of the two types of BJTs are shown in Figure 4–1(b) and (c). 

 

The pn junction joining the base region and the emitter region is called the 

base-emitter junction. The pn junction joining the base region and the collector 

region is called the base-collector junction, as indicated in Figure 4–1(b)  

 

 

 

 

 

2. Basic BJT Operation 

In order for a BJT to operate properly as an amplifier, the two pn junctions 

must be correctly biased with external dc voltages. 
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Figure 4–2 shows a bias arrangement for both npn and pnp BJTs for operation 

as an amplifier. Notice that in both cases the base-emitter (BE) junction is 

forward-biased and the base-collector (BC) junction is reverse-biased. This 

condition is called forward-reverse bias. 

 

To understand how a transistor operates, let’s examine what happens inside 

the npn structure. The heavily doped n-type emitter region has a very high 

density of conduction-band (free) electrons, as indicate in Figure 4–4  
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The directions of the currents in an npn transistor and its schematic symbol 

are as shown in Figure 4–5(a); those for a pnp transistor are shown in Figure 

4–5(b).  

Notice that the arrow on the emitter inside the transistor symbols points in the 

direction of conventional current. These diagrams show that the emitter 

current (IE) is the sum of the collector current (IC) and the base current (IB), 

expressed as follows: 

 

As mentioned before, IB is very small compared to IE or IC. The capital-letter 

subscripts indicate dc values 
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3. BJT Characteristics and Parameters 

Two important parameters, βDC (dc current gain) and αDC are introduced and 

used to analyze a BJT circuit. Also, transistor characteristic curves are 

covered, and you will learn how a BJT’s operation can be determined from 

these curves. Finally, maximum ratings of a BJT are discussed. 

 

The dc current gain of a transistor is the ratio of the dc collector current (𝐼𝑐) to 

the dc base current (𝐼𝐵) and is designated dc beta (βDC). 
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4. Transistor DC Model 

We can view the unsaturated BJT as a device with a current input and a dependent 

current source in the output circuit, as shown in Figure 4–7 for an npn. 

The input circuit is a forward-biased diode through which there is base current. 

The output circuit is a dependent current source (diamond-shaped element) with a 

value that is dependent on the base current, 𝑰𝑩, and equal to𝜷𝑫𝑪𝑰𝑩. 
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5. BJT Circuit Analysis 
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