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Following Lecture 2 (see knowledge base entry) which gave an overview of power
semiconductor devices and Lecture 3 (see knowledge base entry) which covered
MOSFETs and IGBTs, this lecture covers thyristors and is the final lecture on
devices.
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In 1956, Bell Labs published a historical paper on the PNPN transistor, and then
in 1958, GE commercially introduced the silicon-controlled rectifier (SCR) into the
marketplace [Bos20, p. 50].
SCR ushers power electronics into the modern era [Trz16].

Some authors treat SCR and thyristor as synony-
mous [Ras14], but the mainstream practice is to
treat the SCR as a member of the family of four-layer
(PNPN, see Figure 1) three-terminal (anode, cathode
and gate) devices called the thyristors [Har11, p. 7].

Conventional thyristors are semi-controlled switches
that can be turned on by a gate current but cannot
be turned off via the gate.

After switching from a forward-blocking state into
the forward-conducting state, the gate signal can be
removed and the thyristor will remain in its forward-
conduction mode — this property is known as latch-
ing [Ras18, p. 49].

Lack of gate-controlled turn-off capability means
conventional thyristors only turn off when the cur-
rent is quenched [Ras14, Ch. 9].

above 100 A). Many medium-power circuits (systems operat-
ing at less than 1 kV or 100 A) and particularly low-power
circuits (systems operating below 100 V or several amperes)
generally make use of power bipolar transistors, power
metal-oxide-semiconductor field-effect transistors
(MOSFETs), or insulated gate bipolar transistors (IGBTs) as
the main switching elements because of the relative ease in con-
trolling them. IGBT technology, however, continues to
improve and multiple silicon die are commonly packaged
together in a module. These modules are replacing thyristors
in applications operating up to 3 kV that require controllable
turn-off because of easier gate-drive requirements. Power
diodes are used throughout all levels of power-conditioning cir-
cuits and systems for component protection and wave shaping.

A thyristor used in some ac power circuits (50 or 60 Hz in
commercial utilities or 400 Hz in aircraft) to control ac power
flow can be made to optimize internal power loss at the expense
of switching speed. These thyristors are called phase-control
devices, because they are generally turned from a forward-
blocking into a forward-conducting state at some specified
phase angle of the applied sinusoidal anode-cathode voltage
waveform.A second class of thyristors is used in associationwith
dc sources or in converting ac power at one amplitude and fre-
quency into ac power at another amplitude and frequency and
must generally switch on and off relatively quickly. A typical
application for the second class of thyristors is in converting a
dc voltage or current into an ac voltage or current. A circuit that
performs this operation is often called an inverter, and the asso-
ciated thyristors used are referred to as inverter thyristors.

There are four major types of thyristors: (i) the silicon-
controlled rectifier (SCR), (ii) the gate turn-off thyristor (GTO)
and its close relative the integrated gate-commutated thyristor
(IGCT), (iii) the MOS-controlled thyristor (MCT) and its vari-
ous forms, and (iv) the static induction thyristor (SITh). MCTs
are so-named because many parallel enhancement-mode,
MOSFET structures of one charge type are integrated into the
thyristor for turn-on, and many more MOSFETs of the other
charge types are integrated into the thyristor for turn-off. An
SITh or field-controlled thyristor (FCTh) has essentially the
same construction as a power diode with a gate structure that
can pinch-off anode current flow. Although MCTs, derivative
forms of theMCT and SIThs, have the advantage of being essen-
tially voltage-controlled devices (i.e., little control current is
required for turn-on or turnoff and therefore require simplified
control circuits attached to the gate electrode), they are currently
only found in niche applications such as pulse power. Detailed
discussion of variations of MCTs and SIThs and additional
references on these devices are discussed by Hudgins in [1].
Other types of thyristors include the triac (a pair of antiparallel
SCRs integrated together to form a bidirectional current switch)
and the programmable unijunction transistor (PUT).

The SCRs and GTOs are designed to operate at all power
levels. These devices are primarily controlled using electric sig-
nals (current), though some types are made to be controlled

using optical energy (photons) for turn-on. Subclasses of SCRs
and GTOs are reverse conducting types and symmetrical struc-
tures that block applied potentials in the reverse and forward
polarities. Other variations of GTOs are the gate-commutated
turnoff thyristor (GCT), commonly available as the IGCT and
the bidirectional-controlled thyristor (BCT).

All power electronic devices must be derated (e.g., power
dissipation levels, current conduction, voltage blocking, and
switching frequency must be reduced), when operating above
room temperature (defined as approximately 25°C). Bipolar-
type devices have thermal runaway problems, in that if allowed
to conduct unlimited current, these devices will heat up inter-
nally causing more current to flow, thus generating more heat
and so forth until destruction. Devices that exhibit this behav-
ior are pin diodes, bipolar transistors, and thyristors.

Almost all power semiconductor devices are made from
silicon (Si). Research and development continues in developing
other types of devices in silicon carbide (SiC), gallium nitride
(GaN), and related material systems. However, the physical
description and general behavior of thyristors is unimportant
to the semiconductor material system used, though the discus-
sion and any numbers cited in the chapter will be associated
with Si devices.

3.2 Basic Structure and Operation

Fig. 3.1 shows a conceptual view of a typical thyristor with the
three p-n junctions and the external electrodes labeled.
Also shown in the figure is the thyristor circuit symbol used
in electric schematics.

A high-resistivity region, n�-base, is present in all thyristors.
It is this region, the n�-base and associated junction, J2 of
Fig. 3.1, which must support the large applied forward voltages
that occurwhen the switch is in its off- or forward-blocking state
(nonconducting). The n�-base is typically doped with impu-
rity phosphorous atoms at a concentration of 1013–1014 cm�3.
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FIG. 3.1 Simple cross section of a typical thyristor and the associated
electric schematic symbols.
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Figure 1: Basic cross section
of a thyristor [Ras18, FIG.
3.1].

In contrast to the linear relation that exists between load and control currents in a
transistor, thyristors are bistable: they can operate in either a blocking mode with
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