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Continuing from the previous lecture that provided an overview of power semicon-
ductor devices and discussed diodes in detail, this lecture focuses on transistors.
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1 Introduction

Theword “transistor” is the concatenation of twowords: transconductance (Δ𝑖out/Δ𝑣in)
+ varistor (variable resistor).
Three terminals: current flows through two of the three terminals, while the third
terminal (base or gate) is used to vary the resistance.

Transistors are fully controlled
switches, that in a power converter
are meant to operate either fully on or
fully off.

Three main types: power BJT,
power MOSFET and IGBT.

The power BJT (see Figures 1–3) was
once an important device, but has
become obsolete, being surpassed by
the power MOSFET and IGBT, which
are nowadays widely used in low- to
medium-power applications [BM11, p.
3].

of the base-emitter junction; VT is the thermal voltage Kt/q; and
η is the emission coefficient. The electron current arriving at the
collector junction can be expressed as a fraction α of the total
current crossing the base-emitter junction as shown in (2.2):

iC ¼ αiE (2.2)

Since the transistor is a three-terminal device, iE is equal to
iC + iB; hence, the base current can be expressed as the remain-
ing fraction, given by (2.3):

iB ¼ 1�αð ÞiE (2.3)

The collector and base currents are thus related by the ratio
given in (2.4):

iC
iB
¼ α

1�α
¼ β (2.4)

The values of α and β for a given transistor depend primarily on
the doping densities in the base, collector, and emitter regions
and on the device geometry. Carrier recombination and tem-
perature also affect the values for both parameters. A power
transistor requires a large blocking voltage in the OFF state
and a high-current capability in the ON state. A vertically ori-
ented four-layer structure as shown in Fig. 2.18 is preferable
because it maximizes the cross-sectional area through which
the current flows, reducing the on-state resistance and power
dissipation in the device. There is an intermediate collector
region with moderate doping. The emitter region is controlled
so as to have a homogenous electric field.

Optimization of doping and base thickness is required to
achieve high breakdown voltage and amplification capabilities.
Power transistors have their emitter and base interleaved to
reduce parasitic ohmic resistance in the base current path
and also to improve the device for second breakdown failure.
The transistor is usually designed to maximize the emitter
periphery per unit area of silicon, for the purpose of achieving

the highest current gain at a specific current level. In order to
ensure those features, transistors have the greatest possible
safety margin; they are designed to dissipate substantial power
and, thus, have low thermal resistance. It is for this reason,
among others, that the chip area must be large and that the
emitter periphery per unit area is sometimes not optimized.
Most transistor manufacturers use aluminum metallization,
since it has many attractive advantages, among these are ease
of application by vapor deposition and ease of definition by
photolithography. A major problem with aluminum is that only
a thin layer can be applied by normal vapor deposition tech-
niques. Thus, when high currents are applied along the emitter
fingers, a voltage drop occurs along them, and the injection effi-
ciency on the portions of the periphery that are furthest from
the emitter contact is reduced. This limits the amount of current
each finger can conduct. If copper metallization is used, then it
is possible to reduce the resistance from the emitter contact to
the operating regions of the transistors (the emitter periphery).

From a circuit point of view, Eqs. (2.1)–(2.4) are used to
relate the variables of the BJT input port (formed by base
and emitter) to the output port (collector and emitter). The cir-
cuit symbols are shown in Fig. 2.19. Most of the power elec-
tronic applications use NPN transistor because electrons
move faster than holes, and therefore, NPN transistors have
considerable faster commutation times compared with the
equivalent PNP transistors.

2.2.2 Static Characteristics

The static ratings determine the maximum allowable limits of
current and voltage. The absolute voltage limit mechanism is
concerned to the avalanche such that thermal runaway does
not occur. Forward current ratings are specified at which the
junction temperature does not exceed a rated value. Fig. 2.20
shows the base current iB plotted as a function of the base-
emitter voltage VBE. The Vf voltage is around 0.7 V for
silicon BJTs.

Fig. 2.21 depicts the collector current iC as a function of the
collector-emitter voltageVCEwith iB as the controlling variable.
The curves are distinguished each other by the value of the base

Collector

250 µm

200 µm

50 µm

20 µm
5 µm to

10 µm

Base Emittter

N+

N+

N−

P

to

FIG. 2.18 Power transistor vertical structure.
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FIG. 2.19 Circuit symbols, (A) NPN transistor and (B) PNP transistor.
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Figure 1: Circuit symbols for NPN and
PNP BJTs [Ras18, FIG. 2.19].
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