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15.1. Transistors – BJT and MOSFets

Transistors are devices which control a large current with a smaller

current or an applied voltage. They are typically used for amplifying

a signal or for digital control (on/off switching). There are two basic

types:

• Bipolar structures which use a back to back diode structure.

• FET (field effect transistor) which is typically a surface con-

trolled device (MOSFET).

15.2. BJT - Physical structure and band structure

The structure is a back to back diode (ie npn or pnp), as shown in figure

1. Two depletion regions are formed of exposed donors/acceptors with

a large electric field in each causing band bending between the regions.

There are three contacts an emitter, base, and collector. It is typically

the base that is the controlling contact. Also figure 2 shows the band

structure for the given npn transistor.

Figure 1. A Basic npn Bipolar Structure – note the mistake in

the charge distribution!

15.2.1. Equilibrium

At equilibrium the fermi levels of all three regions must line up. There

is no net current through either junction. The junction widths and built

in voltages are simply calculated using the diode expressions. Across

each junction there are two exactly equal drift and diffusive flows of

both electrons and holes so that the total flow of both is zero. As

with the diode the built in voltages across each junction are precisely

that needed to produce equal and opposite flows of both electrons and

carriers and guarantee that no current is flowing.

Tom Smy
What's Wrong 
with This?

Tom Smy




TOM SMY, DEVICES MATERIALS AND PROPERTIES 5

Figure 2. A npn band structure in equilibrium with no applied bias
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15.3. Biasing the BJT
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15.4. Forward Active

There are many ways of biasing a BJT but the primary use is as an

amplifier when biased in forward active. We will use this case first as

an example of the current transport in a BJT. In forward active the

Base-emitter junction is forward biased by Veb and the base collector is

reverse biased by Vcb. This results in the lowering of the barrier height

between the emitter and the base and an increase in the barrier height

between the base and collector as shown in figure 3.

Figure 3. band structure for biased npn transistor

The lowering of the base emitter junction barrier height will un-

balance the electron flows across that junction, causing a significant

injection of minority carriers (electrons) into the p−type base. This in-

jection of electrons is exponentially related to the applied base-emitter

voltage. At the collector junction the reverse bias provides a means to

collect electrons that are present in the base near the junction. Any

electron that is in the base near the collector junction will fall over the

barrier and lower it’s energy. This results in very low electron (mi-

nority) concentrations in the base at the collector junction. Figure 4

shows the electron transport in a npn transistor.
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Figure 4. Electron Transport Current in a npn Transistor
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15.4.1. Forward Active

• Electrons are injected into the base at the emitter junction.

Causing a high concentration of electrons in the base at that

junction.

n ≈ eqVbe/KT
(15.1)

• Electrons are collected at the collector junction as they fall

over into the collector region.

n ≈ 0

• A diffusional transport current is present from the emitter junc-

tion through the base to the collector current. If the base is

thin then electron distribution is linear.

J ≈ eqVbe/KT
(15.2)

The net result of this is a transport current that is controlled by the

base emitter current. The equation of this transport current is given

by equation 15.3.

IC = IE = I0e
qVbe/KT

(15.3)

A closer analyses of the base emitter junction shows that there is a

base current flowing that can be given by 15.4.

IB ≈ I0

β
eqVbe/KT

(15.4)

where we have IC = βIB.

Notes:

• The collector current can be therefor controlled by a small base

current.

• β can be made large by choosing a good clean material and

making the base width small (large diffusion current).

• This formula is only valid for forward active, but other modes

of operation (cutoff, saturation, etc) can be understood in a

similar manner.
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