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1.1 Need for semiconductor power devices

1) The concept and features

Power electronic devices: are the electronic devices that can be directly
used in the power processing circuits to convert or control electric
power.

Very often: Power electronic devices= Power semiconductor devices

Major material used in power semiconductor devices——Silicon

 

In broad sense 

Power electronic devices 

Vacuum devices: Mercury arc 

rectifier  thyratron, etc. . seldom 

in use today 

Semiconductor devices: 

major power electronic devices 

 



Features of power electronic devices

a) The electric power that power electronic device deals with is usually         

much larger than that the information electronic device does.

b) Usually working in switching states to reduce power losses

c)Need to be controlled by information electronic circuits. 

d)Very often, drive circuits are necessary to interface between 

information circuits and power circuits.

e)Dissipated power loss usually larger than information electronic 

devices —special packaging and heat sink are necessary. 

 

On-state   Voltage across the device is 0   p=vi=0 

                 V=0 

Off-state   Current through the device is 0  p=vi=0 

                 i=0 

 



2) Configuration of systems using power electronic devices

Power electronic system:

Protection circuit is also very often used in power electronic system 
especially for the expensive power semiconductors.

 

Control circuit (in a broad sense) 

 

Control 

circuit 

 

detection circuit 

 

drive circuit 

circuit 

Power circuit (power 

stage, main circuit) 

 

Electric isolation: 

optical, magnetic 

 



Terminals of a power electronic device

Control signal from drive circuit must be connected between the control 

terminal and a fixed power circuit terminal (therefore called common 

terminal

 

A power electronic 

device usually has 

a third terminal — 

—control terminal 

to control the 

states of the device 

 

C 

G 

E 

A power electronic device 

must have at least two 

terminals to allow power 

circuit current flow through. 

 

Drive 

Circuit 

 



Major topics for each device

Appearance, structure, and symbol

Physics of operation

Specification

Special issues

Devices of the same family

Passive components in power electronic circuit

Transformer, inductor, capacitor and resistor: these are passive 

components in a power electron

ic circuit since they can not be controlled by control signal and their 

characteristics are usually constant and linear.

The requirements for these passive components by power electronic 

circuits could be very different from those by ordinary circuits.



• Features different from low-power (information electronic) diodes

–Larger size

–Vertically oriented structure

–n drift region (p-i-n diode)

–Conductivity modulation

• Junction capacitor

The positive and negative charge in the depletion region is variable with the 

changing of external voltage. variable with the changing of external 

voltage.

—–Junction capacitor C Junction capacitor CJ .

Junction capacitor influences the switching characteristics of

power diode.

 

Junction capacitor CJ 

Potential barrier capacitor CB 

 

Diffusion capacitor CD 



• Static characteristics of power diode

• Turn-off transient Turn- on transient
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• Examples of commercial power diodes

 

part number Rated vag current VF(typical) tr(max) Rated max voltage 

Fast recovery rectifiers 

1N3913 

SD453N25S20PC 

MUR815 

MUR1560 

RHRU100120 

Ultra-fast recovery rectifiers 

Schottky  rectifiers 

MBR6030L 

444CNQ045 

30CPQ150 

400V 

2500V 

150V 

600V 

1200V 

30V 

45V 

150V 

30A 

400A 

8A 

15A 

100A 

60A 

440A 

30A 

1.1V 

2.2V 

0.48V 

1.19V 

0.69V 

0.975V 

2.6V 

1.2V 

400ns 

20μs 

 

35ns 

 6ns 

 60ns 

 











Power metal- oxide- semiconductor field effect transistor—

Power MOSFET

A classification

Basic structure                                          Symbol

 

Field Effect 

Transistor 

(FET) 

 

Metal- onside-semiconductor FET (MOSFET) 

 

 

Power MOSFET 

 

 

 

Junction FET (JFET) 

 

Static induction transistor (SIT) 

 

n channel  

 

 

 

 

p channel  

 

 

 

N channel 
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P channel 

 



• Physics of MOSFET operation (Off- state)

p-n- junction is

reverse-biased

off-state voltage

appears across

n- region



• Physics of MOSFET operation (On-state)

p-n- junction is slightly reverse biased positive gate voltage induces 

conducting channel drain current flows through n- region an 

conducting channel on resistance = total resistances of n-

region,conducting channel,source and drain contacts, etc.



• Static characteristics of power 

O 

iD 

UDS 

Ohmic 

[UGS-VGS(th)=UDS] 

VGS5 

VGS1 

VGS2 

VGS3 

VGS4 

Active 

Cut off 

VGS< VGS(th) 

BVDSS 

VGS5> VGS4 etc. 



• Switching characteristics of power MOSFET

Turn- on transient Turn- off transient

–Turn- on delay time td(on)         –Turn- off delay time td(off)

–Rise time tr                                   –Falling time tf
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SEMICONDUCTORS
The silicon controlled rectifier (SCR) is the most 

popular of the thyristor family.

These SCRs are used for high 
power applications, hence the 
heavy duty packaging



SEMICONDUCTORSUnlike the BJT which has two junctions, the 
SCR has three junctions and is used as a switch.

As you can see the SCR has four alternately 
doped semiconductor layers and is almost 
always made from silicon using the diffusion 
process.



SEMICONDUCTORSThe four layered SCR can be broken into two 
three layer devices shown in figure B.

As you can see it now forms a PNP and NPN 
transistor that is interconnected 



SEMICONDUCTORSThese two transistors that form the SCR can 
be represented by the schematic drawing 
shown below, however the circuit symbol is 
represented by the symbol to the far right.



SEMICONDUCTORS
Notice that the SCR symbol is similar to a 
diode and that the anode and cathode have 
the same markings with the same polarity of a 
diode.

The cathode if labeled is marked with a “K”.



SEMICONDUCTORSThe diagram below shows a properly biased 
SCR with a switch to control the gate voltage 
from the source voltage and resistor RG. 

The resistor is used to limit the gate current to 
a specific value, in this

case IG.



SEMICONDUCTORSThe SCRs anode to cathode voltage is provide 
by a different voltage source and a series load 
resistor RL is used to limit the current.

Notice that both voltage sources are forward 
biased to the cathode of the SCR.



SEMICONDUCTORS
The SCR is turned on by a positive input gate 
voltage and is turned of by reducing the 
anode to cathode voltage.

When the SCR is conducting a high cathode to 
anode current the device is conducting in the 
forward direction.



SEMICONDUCTORS
This V-I curve shows the SCR is forward biased with the gate 
open (off), the cathode to anode voltage is VF  and as VF 
increases IF remains very low until a point is reached where IF 
increases rapidly and VF drops to a low value (dotted line), this is 
the forward breakover voltage which causes the SCR to switch 
from the off to the on state.



SEMICONDUCTORS
When the SCR is in the on state only a slight increase in VF is 
required to produce a big increase in IF (the straight line).

The SCR will remain on as long as IF remains constant, the 
minimum value to hold the SCR on is the holding current IH.



SEMICONDUCTORS
When a reverse voltage is applied to the SCR the device 
functions just like a reverse biased PN junction diode.

If VR increases rapidly then IR will eventually increase until 
the device reaches its breakdown voltage and this will 
damage the device.



SEMICONDUCTORSThis diagram shows that the SCR’s forward 
breakover voltage decreases as the gate 
current increases.



SEMICONDUCTORS
The V-I curves reveal the SCR’s most important 
characteristics, that for any given gate current, 
a specific forward breakover voltage must be 
reached before the SCR can turn on.

The V-I curves also show that for any given 
forward voltage across the SCR, a specific 
value of gate current must be reached before 
the device can be turned on.



SEMICONDUCTORSThis means that the SCR can only be turned on 
when it’s subjected to the proper combination 
of gate current and forward voltage values.



SEMICONDUCTORS
The SCR is turned on by the proper gate 
current and this current is usually applied in 
the form of a current pulse.

The constant gate current is not required to 
trigger the SCR.

The SCR can only be turned off by reducing 
the gate current. 



SEMICONDUCTORS
The SCR is primarily used to control the 
application of DC or AC power to various types 
of loads.

It can be used to open or close a circuit or it 
can be used to vary the amount of power 
applied to a load.

A very low gate current can control a very 
large load current.











Gate triggering circuits
This is most widely used SCR triggering method.

Applying a positive voltage between gate and cathode  

can Turn ON a forward biased thyristor.

When a positive voltage is applied at the gate terminal,  

charge carriers are injected in the inner P-layer,  

thereby reducing the depletion layer thickness.

As the applied voltage increases, the carrier injection  

increases, therefore the voltage at which forward  

break-over occurs decreases.



GATE TRIGGERING….



VARIATION OF GATE CURRENT VS  

FORWARD BREAKOVER VOLTAGE



DC GATE TRIGGERING
Three types of signals are used for gate triggering.

DC GATETRIGGERING.

ADC voltage of proper polarity is applied between  

gate and cathode ( Gate terminal is positive with  

respect to Cathode).

When applied voltage is sufficient to produce the  

required gate Current, the device starts conducting.

Another disadvantages is that a continuous DC signal  

has to be applied. So gate power loss is high.



AC GATE PULSE TRIGGERING

 In this method, the variable resistance R is used to control the gate

current.

Depending upon the value of R, when the magnitude of the

gate current reaches the sufficient value(latching current of the device)  

the SCR starts to conduct.

The diode D is called as blocking diode. It prevents the gate cathode  

junction from getting damaged in the negative half cycle.

By considering that the gate circuit is purely resistive, the gate current  

is in phase with the applied voltage.



DIAC: Diode on AC

 DIAC has two electrodes.

 It is a member of the thyristor family.

 It is mainly used in triggering of thyristor.

 The advantage of using this device is that it can be turned on or off 

simply by reducing  the voltage level below its avalanche 

breakdown voltage.

 Also, it can be either turned on or off for both the polarity of

voltages.

 This device works when avalanche breakdown occurs.

 The DIAC is basically a two-terminal parallel-inverse 

combination of semiconductor  layers that permits triggering in 

either direction.

 There is no control terminal on this device.

 Physically it looks like a regular semiconductor diode.

3



DIAC:
 Symmetrical DIAC: The device is rated by current and voltage.

When both forward and reverse breakover voltages are almost 

same value it is known as  Symmetrical DIAC.

 Asymmetrical DIAC: In this type, the voltage ratings 

are mentioned as 20/18V.  It means in one direction 

breakdown voltage is 20V, and in the other it is 18V.  A 

circle is marked on high voltage side of the device.

 The figure shows a symbol of DIAC which resembles the

connection of two diodes in

series.

 Also it can be called as a transistor without base.

4



Construction of DIAC

 It is a device which consists of four layers and two terminals.

 The construction is almost same as that of the transistor. But there 

are certain points

which deviate from the construction from the transistor.

 The differentiating points are-

1. There is no base terminal in the DIAC.

2. The three regions have almost the same level of doping.

3. It gives symmetrical switching characteristics for either polarity 

of voltages.

5



Construction of DIAC
 Neither terminal is referred to as the cathode.

 Instead, there is an anode 1 (or electrode 1) and an anode 2 (or 

electrode2).

 When anode 1 is positive with respect to anode 2, the 

semiconductor layers of particular  interest are p1n2p2 and n3.

 For anode 2 positive with respect to anode 1, the applicable layers 

are p2n2p1 and n1.

6



DIAC Operation
 DIAC has two p-type material and three n-type materials.

 Also it does not have any gate terminal in it.

 The DIAC can be turned on for both the polarity of voltages.

 When A2 is more positive with respect to A1 then the current does not flows 
through the  corresponding N-layer but flows from P2-N2-P1-N1.

 When A1 is more positive A2 then the current flows through P1-N2-P2-N3.

 The construction resembles the diode connected in series.

 When applied voltage is small in either polarity, a very small current flows 
which is  known as leakage current because of drift of electrons and holes in 
the depletion region.

 Although a small current flows, but it is not sufficient enough to produce

avalanche

breakdown so the device remains in the non conducting state.

 When the applied voltage in either polarity exceeds the breakdown
voltage, DIAC  current rises and the device conducts in accordance 

with its V-Icharacteristics.

8



DIAC Operation

 As the voltage is increased from zero in either direction, a small amount of 

leakage  current occurs, as shown in characteristic curve.

 When VBR is reached in either direction, the DIAC fires (i.e. starts toconduct).

 There is then a negative-differential-resistance region, similar to that of UJT.

 After the breakover voltage is reached, the DIAC conducts current easily and has 

very   little internal resistance.

 The DIAC looks like a semiconductor diode.

 It is not coded for polarity because it acts the same in both directions.

 The DIAC acts as open circuit when the voltage is less than its avalanche 

breakdown  voltage.

 When the device has to be turned off, the voltage must be reduced below its

avalanche

breakdown voltage.

9



DIAC V – I Characteristics Curve1
0



TRIAC
 TRIAC = TRIode for Alternating Current.

 TRIAC is a five layer, three terminal power semiconductor device.

 It has a pair of phase controlled SCRs connected in inverse parallel manner 

on the same  chip.

 It is a bidirectional device, means it can conduct current in both the

directions.

 It can conduct in both the directions that is whether the applied gate signal

is positive or

negative, it will conduct.

 Physically the triac does not comprise two thyristors connected in parallel.

 It only functions as two inverse parallel connected thyristors onAC.

 The TRIAC is not designed for work on DC.

 The TRIAC of maximum rating of 16 kW is available.

1
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Construction of TRIAC:

 Two SCRs are connected in inverse parallel with gate terminal as common.

 Gate terminals is connected to both the N and P regions due to which gate 

signal may be  applied which is irrespective of the polarity of the signal.

 Here, we do not have anode and cathode since it works for both the polarities 

which  means that device is bilateral.

 It consists of three terminals namely, main terminal 1(MT1), main terminal

2(MT2), and

gate terminal G.

1
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TRIAC Equivalent Circuit: 1

4



TRIAC Operation:

 The triac can be turned on by applying the gate voltage higher 

than break over voltage.

 However, without making the voltage high, it can be turned on by 

applying the gate pulse  for 35 μseconds to turn it on.

 When the voltage applied is less than the break over voltage, we 

use gate triggering  method to turn it on.

 There are four different modes of operations, they are-

1. When MT2 and Gate being Positive with respect to MT1:

When this happens, current flows through the path P1-N1-P2-N2. 

Here, P1-N1 and P2-N2  are forward biased but N1-P2 is reverse

biased.

The TRIAC is said to be operated in positively biased region.

Positive gate with respect to MT1 forward biases P2-N2 and 

breakdown occurs.

1
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TRIAC Operation:

2. When MT2 is Positive but Gate is Negative with respect to MT1:

The current flows through the path P1-N1-P2-N2. But P2-N3 is 

forward biased and current  carriers injected into P2 on the TRIAC.

3. When MT2 and Gate are Negative with respect to MT1:

Current flows through the path P2-N1-P1-N4.

Two junctions P2-N1 and P1-N4 are forward biased but the junction 

N1-P1 is reverse  biased.

The TRIAC is said to be in the negatively biased region.

1
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TRIAC Operation:

4. When MT2 is Negative but Gate is Positive with respect to MT1:

P2-N2 is forward biased at that condition.

Current carriers are injected so the TRAIC turns on.

This mode of operation has a disadvantage that it should not be used 

for high (di/dt) circuits.  Sensitivity of triggering in mode 2 and 3

is high and if marginal triggering capability is

required, negative gate pulses should be used.

Triggering in mode 1 is more sensitive than mode 2 and mode 3.

 In mode-I, the terminal T2 is positive and the device is switched 
on by positive gate  current pulse.

 In mode-II, the terminal T1 is positive and it is switched on

by negative gate current

pulse.

 A TRIAC is more economical than a pair of SCRs in anti parallel 
and its control is  simpler.

1
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Characteristics of TRIAC: 1
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Characteristics of TRIAC:
 The TRIAC characteristics is similar to SCR but it is applicable to both

positive and

negative TRIAC voltages.

 The operation can be summarized as follows-

 First Quadrant Operation of TRIAC: Voltage at terminal MT2 is positive with 

respect to  terminal MT1 and gate voltage is also positive with respect to first

terminal.

 Second Quadrant Operation of TRIAC: Voltage at terminal 2 is positive with

respect to

terminal 1 and gate voltage is negative with respect to terminal 1.

 Third Quadrant Operation of TRIAC: Voltage of terminal 1 is positive with 

respect to  terminal 2 and the gate voltage is negative.

 Fourth Quadrant Operation of TRIAC: Voltage of terminal 2 is negative with

respect to

terminal 1 and gate voltage is positive.

1
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Characteristics of TRIAC:

 When the device gets turned on, a heavy current flows through it

which may damage the device, hence in order to limit the current

a current limiting resistor should be connected externally to it.

 By applying proper gate signal, firing angle of the device may be

controlled.

 The gate triggering circuits should be used for proper gate

triggering.

 We can use DIAC for triggering the gate pulse.

 For firing of the device with proper firing angle, a gate pulse may

be applied up to aduration of 35 micro seconds.

2
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Characteristics of TRIAC:

 Ι +  Mode = MT2 current positive (+ve), Gate current positive (+ve)

 Ι – Mode = MT2 current positive (+ve), Gate current negative (-ve)

 ΙΙΙ +  Mode = MT2 current negative (-ve), Gate current positive (+ve)

 ΙΙΙ – Mode = MT2 current negative (-ve), Gate current negative (-ve)

2
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Characteristics of TRIAC:
 The TRIAC has three terminals namely Main Terminal 1(MT1), Main

Terminal 2 (MT2) and Gate (G) as shown in figure.

 If MT1 is forward biased with respect to MT2, then the current flows from 

MT1 to MT2.

 Similarly, if the MT2 is forward biased with respect to MT1, then the current 

flows from  MT2 to MT1.

 The above two conditions are achieved whenever the gate is

triggered with an appropriate gate pulse.

2
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Application of Diac as a
triggering device for Triac

The diac is used in conjunction with a triac as a triggering 
device to provide full wave control of AC signals. The triac is 
triggered into conduction on both the positive and negative 
alterations of each AC input cycle



SEMICONDUCTORS
A triggering DIAC device is used to insure that the triac turns on
at the proper time, capacitor C charges through R1 in one
direction and then again in the other direction, during each
alteration the triac is turned on when the voltage across C rises
to the required level.

Once triggered, the TRIAC device continues to conduct until the
current drops below a certain threshold, called the holding
current (IH).

The bi-directionality makes TRIACs very convenient switches for
AC circuits, allowing them to control very large power flows with
milli-ampere-scale gate currents.

In addition, applying a trigger pulse at a controlled phase angle
in an AC cycle allows one to control the percentage of current
that flows through the TRIAC to the load (phase control), which
is commonly used, for example, in controlling the speed of low-
power induction motors, in dimming lamps and in controlling AC
heating resistors


