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INTRODUCTION

 The junction transistors are listed at the top among all the amplifying

semiconductor devices.

 They form the key elements in computers, space vehicles and satellites,

and in all modern communications and power systems.

 A bipolar junction transistor (BJT) is a three-layer active device that

consists of two p–n junctions connected back-to-back.

 Although two p–n junctions in a series is not a transistor since a

transistor is an active device whereas a p–n junction is a passive device.

Besides, their designs are also different.

 A BJT is actually a current-amplifying device. In a BJT, the operation

depends on the active participation of both the majority carrier, and the

minority carrier; hence, the name ―bipolar‖ is rightly justified.



When an n-type thin semiconductor layer is placed between two p-type

semiconductors, the resulting structure is known as the p–n–p transistor.

 The fabrication steps are complicated, and demand stringent conditions and

measurements.

When a p-type semiconductor is placed between two n-type semiconductors,

the device is known as the n–p–n transistor.

FORMATION OF p–n–p AND 

n–p–n JUNCTIONS

p–n–p transistor n–p–n transistor



TRANSISTOR MECHANISM

Forward-biased junction of a p–n–p transistor

The basic operation of the transistor is described using the p–n–p transistor.

The p–n junction of the transistor is forward-biased whereas the base-to-

collector is without a bias.

 The depletion region gets reduced in width due to the applied bias, resulting

in a heavy flow of majority carriers from the p-type to the n-type material

gushing down the depletion region and reaching the base.

 The forward-bias on the emitter–base junction will cause current to flow.



 For easy analysis, let us now remove the base-to-emitter bias of the p–n–p

transistor.

 The flow of majority carriers is zero, resulting in a minority-carrier flow.

Thus, one p–n junction of a transistor is reverse-biased, while the other is

kept open.

 The operation of this device becomes much easier when they are

considered as separate blocks. In this discussion, the drift currents due to

thermally generated minority carriers have been neglected, since they are

very small.

TRANSISTOR MECHANISM

Reverse-biased junction of a p–n–p transistor



ENERGY BAND DIAGRAMS
Since a transistor can be seen as two p–n diodes connected back-to-back, the

bending of the energy levels will take place—under both forward- and reverse-

biased conditions.

 Under equilibrium conditions, the bending will be such that the Fermi level will

remain at par for both the emitter and the base regions. Similarly, for the

collector and the base regions, the energy levels will bend sufficiently for the

alignment of the Fermi level.

State of energy bands under (a) no bias (b) 

forward-biased state (c) reverse-biased state

Bending of the energy states 

under no bias and forward-bias



TRANSISTOR CURRENT 

COMPONENTS
The transistor current components in a non-degenerate p–n–p transistor can

be formulated from figure.

 The emitter junction is connected to the positive pole of the battery VEE,

which makes the emitter base region forward-biased, the majority carriers

(holes) from the p-side diffuse into the base region (n-type).

 For a forward-biased p–n junction, a forward current flows in the hole

direction.

Transistor with forward-biased emitter 

junction and open-collector junction

In the base region, the holes coming

from the p-side act as minority carriers,

which have a large probability of

meeting an electron in the base.

 In such a case, both the electron and

hole disappear, forming a covalent

bond.

 This act is highly dependent on the

doping levels as well as on the

temperature in the base region.

 This whole process of the hole

meeting an electron is known as

recombination.



When the collector side is open-circuited: In such a case only the emitter

current IE flows from emitter to base and to the voltage source VEE.

When the collector side is closed: In such a case recombination occurs in the

base creating the recombination current IE minority plus IE majority. Thus:

 IE majority when transferred to p-region from the base gets converted to IC
majority and the minority carriers due to the open-circuited emitter–base region

flow from n-side (base) to p-side (collector).

 Hence the current coming out of the collector region:

Meanwhile the recombination current in the close-circuited emitter–base

region, which was termed as IE minority, is nothing but the base current IB.

Thus, applying Kirchoff’s current rule in the collector terminal:

TRANSISTOR CURRENT 

COMPONENTS



TRANSISTOR CURRENT 

COMPONENTS
 Current Components in p–n–p Transistor

 Both biasing potentials have been applied to a p–n–p transistor, with the

resulting majority and minority carrier flow indicated.

 The width of the depletion region clearly indicates which junction is

forward-biased and which is reverse-biased.

 The magnitude of the base current is typically in the order of

microamperes as compared to mill amperes for the emitter and collector

currents. The large number of these majority carriers will diffuse across the

reverse-biased junction into the p-type material connected to the collector

terminal

Direction of flow of current in p–n–p transistor with the base–emitter 

junction forward-biased and the collector–base junction reverse-biased



TRANSISTOR CURRENT 

COMPONENTS

The majority and the minority carrier current 

flow in a forward-biased n–p–n transistor

 The operation of an n–p–n

transistor is the same as that of a

p–n–p transistor, but with the roles

played by the electrons and holes

interchanged.

 The polarities of the batteries

and also the directions of various

currents are to be reversed.

 Here the majority electrons from

the emitter are injected into the

base and the majority holes from

the base are injected into the

emitter region. These two

constitute the emitter current.

 Current Components in an n–p–n Transistor



CB, CE AND CC CONFIGURATIONS
 Depending on the common terminal between the input and the output circuits

of a transistor, it may be operated in the common-base mode, or the common-

emitter mode, or the common-collector mode.

 Common-base (CB) Mode

 In this mode, the base terminal is common to both the input and the

output circuits. This mode is also referred to as the ground–base

configuration.

Notation and symbols used for the 

common-base configuration of a p–n–p 

transistor

Common-base 

configuration of an n–p–n 

transistor



CB, CE AND CC CONFIGURATIONS

Notation and symbols for common-emitter configuration (a) n–p–n 

transistor (b) p–n–p transistor

 Common-emitter (CE) Mode

When the emitter terminal is common to both the input and the output

circuits, the mode of operation is called the common-emitter (CE) mode or

the ground–emitter configuration of the transistor.



CB, CE AND CC CONFIGURATIONS

When the

collector terminal of

the transistor is

common to both the

input and the output

terminals, the mode

of operation is

known as the

common-collector

(CC) mode or the

ground–collector

configuration.

 Common-collector (CC) Mode

Common-collector configuration



EXPRESSION FOR CURRENT GAIN

 The collector current, when the emitter junction is forward-biased is given by:

 where, ICO is the reverse saturation current, and IE is the emitter current.

 Thus, α is given by:

 α, represents the total fraction of the emitter current contributed by the carriers

injected into the base and reaching the collector. α is thus, called the dc current

gain of the common-base transistor. IE and IC are opposites as far as their signs

are concerned, therefore, α is always positive.

 The small-signal short-circuit current transfer ratio or the current gain for a

common-base configuration is denoted by a. It is defined as the ratio of the

change in the collector current to the change in the base current at a constant

collector to base voltage.

 Consequently, it is given by:

Here IC and IB represent the change of collector and base current.



EXPRESSION FOR CURRENT GAIN

 The maximum current gain of a transistor operated in the common-emitter

mode is denoted by the parameter β. It is defined as the ratio of the collector

current to the base current.

Its value lies in the range of 10–500.

 Relationship between α and β

 In the general model of a transistor the application of Kirchoff’s current

law (KCL) yields:

Replacing the value of IE (IC ICO αIE), we obtain:

Again we know that as the value of ICO is very small, therefore, we can

neglect its value in comparison with IB.

 Upon neglecting its value we obtain:



TRANSISTOR CHARACTERISTICS
The graphical forms of the relations between the various current and voltage

variables (components) of a transistor are called transistor static characteristics.

 Input Characteristics

The plot of the input current against the input voltage of the transistor in a

particular configuration with the output voltage as a parameter for a particular

mode of operation gives the input characteristics for that mode.

 Common-emitter mode

 Common-base mode

Input characteristics in the CE mode Input characteristics in the CB mode



TRANSISTOR CHARACTERISTICS
 Output Characteristics

Similarly a plot for the output current against the output voltage with the

input current as a parameter gives the output characteristics.

The output characteristics can be divided into four distinct regions:

1. The active region

2. The saturation region

3. The inverse active region

4. The cutoff region

Definitions of transistor states



EARLY EFFECT
 In the operating region of a transistor or for a normal operation of the

transistor, the emitter–base junction is forward-biased.

 So the emitter current variation with the emitter-to-base voltage will be

similar to the forward characteristic of a p–n junction diode.

 An increase in the magnitude of the collector-to-base voltage (VCB) causes

the emitter current to increase for a fixed VEB . When |VCB| increases, the

depletion region in the collector–base junction widens and reduces the base

width. This is known as the Early effect.

Graphical representation of early voltage

 By including a resistance ro in parallel

with the controlled source, we can

represent the linear dependence of IC on

VCE in a condition where there is no current

flow since the channel is completely void of

electrons. This condition is known as pinch-

off.

 If the early voltage is

greater than the pinch-off

voltage, then:



BJT  BIASING



BJT  BIASING



OPERATING POINT



TYPES OF BIASING CIRCUITS



FIXED BIAS



FIXED BIAS



FIXED BIAS



FIXED BIAS



FIXED BIAS



EMITTER BIAS 



EMITTER BIAS 



EMITTER BIAS 



EMITTER BIAS 



EMITTER BIAS 



EMITTER BIAS 



VOLTAGE DIVIDER BIAS



VOLTAGE DIVIDER BIAS 



VOLTAGE DIVIDER BIAS 



VOLTAGE DIVIDER BIAS 



VOLTAGE DIVIDER BIAS 



FEEDBACK BIAS 



FEEDBACK BIAS 



FEEDBACK BIAS 



SPECIAL SEMICONDUCTOR DEVICES



OBJECTIVE 

In this chapter various semiconductor 

devices are dealt with in detail. Power electronic Devices play a major 

role in modern electronic design. High-power semiconductor devices 

have better switching speed, they are smaller in size and cost of 

production is also low. 

Subsequently, the SCR,TRIAC, DIAC, UJT and IGBT 

are discussed in a similar manner with respect to their real life 

application.



SCR 

The SCR is the most important special semiconductor 

device. This device is popular for its Forward-Conducting and 

Reverse-blocking characteristics.

SCR can be used in high-power devices. For example, in the 

central processing unit of the computer, the SCR is used in switch 

mode power supply (SMPS). 

The DIAC, a combination of two Shockley Diodes, and the 

TRIAC, a combination of two SCRs connected

anti-parallelly are important power-control devices. The UJT is also 

used as an efficient switching device.



SCR

The silicon-controlled rectifier or semiconductor 

controlled rectifier is a two-state device used for efficient power 

control.

SCR is the parent member of the thyristor family and 

is used in high-power electronics.Its constructional features, 

physical operation and characteristics are explained in the 

following sections.



CONSTRUCTIONAL FEATURESS

The SCR is a four-layer structure, either p–n–p–n or n–p–

n–p, that effectively blocks current through two terminals until it is 

turned ON by a small-signal at a third terminal. 

The SCR has two states: a high-current low-impedance 

ON state and a low-current high-impedance OFF state.

The basic transistor action in a four-layer p–n–p–n 

structure is analysed first with only two terminals,and then the third 

control input is introduced.

SCR



SCR  
PHYSICAL OPERATION AND CHARACTERISTICS:

 The physical operation of the SCR can be explained clearly 

with reference to the current–voltage characteristics.

 The forward-bias condition and reverse-bias condition 

illustrate the conducting state and the reverse blocking state 

respectively. Based on these two states a typical I –V 

characteristic of the SCR is shown in Fig. 



SCR IN FORWARD BIAS

 There are two different states in which we can examine the 

SCR in the forward-biased condition:

(i) The high- impedance or forward-blocking state

(ii) The low-impedance or forward-conducting state

At a critical peak forward voltage Vp, the SCR switches from the 

blocking state to the conducting state, as shown in Fig. 

 A positive voltage places junction j1 and j3 under forward-

bias, and the centre junction j2 under reverse-bias.

 The for ward voltage in the blocking state appears across the 

reverse-biased junc tion j2 as the applied voltage V is increased. The 

voltage from the anode A to cathode C, as shown in fig , is very small 

after switching to the forward-conducting state, and all three junctions 

are forward-biased. The junction j2 switches from reverse-bias to 

forward-bias..



SCR  IN REVERSE BIAS         

 In the reverse-blocking state the junctions j1 and j3 are reverse-

biased, and j2 is forward-biased.

 The supply of electrons and holes to junction j2 is restricted, and 

due to the thermal generation of electron–hole pairs near junctions j1 and j2 

the device current is a small saturation current. 

 In the reverse blocking condition the current remains small 

until avalanche breakdown occurs at a large reverse-bias of several 

thousand volts.

 An SCR p–n–p–n structure is equivalent to one p–n–p transistor 

and one n–p–n transistor sharing some common terminals.

 Collector current I C 1 = α1i + I CO 1 having a transfer ratio α 1 for the p–n–p.

 Collector current I C 2 =α2i + I CO 2 having a transfer ratio a2 for the n–p–n.

 ICO1 and ICO 2 stand for the respective collector-saturation currents.

I C 1  = α 1i  + I CO 1 =  I B 2             ……………….(1)

I C 2  = α 2 i  + I CO 2 =  I B 1               ……………… (2)



SCR IN REVERSE BIAS



 The total current through the SCR is the sum of iC1 and iC2:

 I C 1 + I = i    ………………..(8-3)

 Substituting the values of collector current from Eqs. (8-1) and (8-2) in Eq. 

(8-3) we get:

 i (α1 +  α2) + I CO 1 + I CO 2 =  i

 i  = (I CO 1 + I CO 2 ) /(1- α1 +  α2) ………………..(8-4)

 Case I: When (α1 +  α2) → 1, then the SCR current i → infinite.

 As the sum of the values of alphas tends to unity, the SCR current i 

increases rapidly. The derivation is no

 longer valid as (α1 +  α2)  equals unity.

 Case II: When (α1 +  α2 → 0, i.e., when the summation value of 

alphas goes to zero, the SCR resultant current can be expressed as:

 i = I CO 1  + I CO 2 …………………………….(8-5)

 The current, i, passing through the SCR is very small. It is the combined 

collector-saturation currents of the two equivalent transistors as long as the 

sum (α1 +  α2) is very small or almost near zero.

SCR IN REVERSE BIAS



I-V CHARACTERSITICS OF THE SCR

 Forward-Blocking State:

 When the device is biased in the forward-blocking state, as 

shown in Fig. (a), the applied voltage appears primarily across the 

reverse-biased junction j2. Al though the junctions j1 and j3 are forward-

biased, the current is small.



 Forward-Conducting State of the SCR:

As the value of (α1 +  α2 ) approaches unity through one of the 

mechanisms ,many holes injected at  j1 survive to be swept across j2 into p2. 

 This process helps feed the recombination in p2 and support the 

injection of holes into n2. In a similar manner, the transistor action of 

electrons injected at j3 and collected at j2 supplies electrons for n1.

 The current through the device can be much larger.

I-V CHARACTERSITICS OF THE SCR



REVERSE BLOCKING STATE OF THE SCR

 The SCR in reverse-biased condition allows almost negligible

current to flow through it. This is shown in Fig. 8-4(c).

 In the reverse-blocking state of the SCR, a small saturation

current flows from anode to cathode. Holes will flow from the gate into p2, 

the base of the n–p–n transistor, due to positive gate current.

 The required gate current for turn-on is only a few milli-

amperes, therefore, the SCR can be turned on by a very small amount of 

power in the gate.



I-V CHARACTERSITICS OF THE SCR

 As shown in Fig. 8-5, if 

the gate current is 0 mA, the critical 

voltage is higher, i.e., the SCR 

requires more voltage to switch to the 

conducting state.

 But as the value of gate 

current increases, the critical voltage 

becomes lower, and the SCR      

switches to the conducting state at a 

lower voltage. 

 At the higher gate 

current IG2, the SCR switches faster 

than at the lower gate current IG1,

because IG2 > IG1.



SEMICONDUCTOR CONTROLLED SWITCH

 Few SCRs have two gate 

leads, G2 attached to p2 and G1

attached to n1, as shown in Fig.  

This configuration is called the 

semiconductor-controlled switch 

(SCS).

 The SCS, biased in the 

forward-blocking state, can be 

switched to the conducting state 

by a negative pulse at the anode 

gate n1 or by a positive current 

pulse applied to the cathode gate 

at p2.



APPLICATIONS

 The SCR is the most important member of the thyristor 

family. The SCR is a capable power device as it can handle thousands of 

amperes and volts. 

 Generally the SCR is used in many applications such as in high power 

electronics, switches, power-control and conversion mode. 

 It is also used as surge protector.

 Static Switch: The SCR is used as a switch for power-switching in 

various control circuits.

 Power Control: Since the SCR can be turned on externally, it can be used 

to regulate the amount of power delivered to a load.

 Surge Protection:  In an SCR circuit, when the voltage rises beyond the 

threshold value, the SCR is turned on to dissipate the charge or voltage 

quickly. 

 Power Conversion: The SCR is also used for high-power conversion and 

regulation. This includes conversion of power source from ac to ac, ac to dc 

and dc to ac.



TRIODE AC SWITCH(TRIAC)

 The term TRIAC is derived by combining the first 

three letters of the word ―TRIODE‖ and the word ―AC‖.        

 A TRIAC is capable of conducting in both the 

directions. The TRIAC, is thus, a bidirectional thyristor with 

three terminals. It is widely used for the control of power in ac 

circuits.



CONSTRUCTION

Depending upon the polarity of the gate pulse and the 

biasing conditions, the main four-layer structure that turns ON by a 

regenerative process could be one of p1 n1, p2 n2, p1 n1 p2 n3, or p2 n1 

p1 n4, as shown in Fig.



ADVANTAGES

 The TRIAC has the following advantages:

(i) They can be triggered with positive- or negative-polarity 

voltage.

(ii) They need a single heat sink of slightly larger size.

(iii) They need a single fuse for protection, which simplifies their 

construction.

(iv) In some dc applications, the SCR has to be connected with a 

parallel diode for protection against reverse voltage, whereas a 

TRIAC may work without a diode, as safe breakdown in either 

direction is possible.



 The TRIAC has the following disadvantages:

(i) TRIACs have low dv/dt ratings compared to SCRs.

(ii) Since TRIACs can be triggered in either direction, the trigger 

circuits with TRIACs needs careful consideration.

(iii) Reliability of TRIACs is less than that of SCRs.

DISADVANTAGES



APPLICATIONS

 The TRIAC as a bidirectional thyristor has various 

applications. Some of the popular applications of the 

TRIAC are as follows:

(i) In speed control of single-phase ac series or universal motors.

(ii) In food mixers and portable drills.

(iii) In lamp dimming and heating control.

(iv) In zero-voltage switched ac relay.



DIODE AC SWITCH(DIAC)

 The DIAC is a combination of two diodes. Diodes being 

unidirectional devices, conduct current only in one direction. 

 If bidirectional (ac) operation is desired, two Shockley diodes 

may be joined in parallel facing different directions to form the DIAC.



CONSTRUCTION

 The construction of DIAC looks like a transistor but there are major 

differences. 

 They are as follows:

(i) All the three layers, p–n–p or n–p–n, are equally doped in the 

DIAC, whereas in the BJT there is a gradation of doping. The emitter 

is highly doped, the collector is lightly doped, and the base is 

moderately doped.

 (ii) The DIAC is a two-terminal diode as opposed to the BJT, which is 

a three-terminal device.



OPERATION AND CHARACTERISTICS

 The main characteristics are of the DIAC are as 

follows:

(i) Break over voltage

(ii) Voltage symmetry

(iii) Break-back voltage

(iv) Break over current

(v) Lower power dissipation

 Although most DIACs have symmetric switching voltages, 

asymmetric DIACs are also available. Typical DIACs have a power 

dissipations ranging from 1/2 to 1 watt.



I-V CHARACTERISTICS OF DIAC



UNIJUNCTION TRANSISTOR(UJT)

 The uni-junction transistor is a three-terminal single-

junction device. The switching voltage of the UJT can be easily varied. 

 The UJT is always operated as a switch in oscillators, 

timing circuits and in SCR/TRIAC trigger circuits.



CONSTRUCTION

 The UJT structure consists of a lightly doped n-type silicon bar 

provided with ohmic contacts on either side.

 The two end connections are called base B1 and base B2. A 

small heavily doped p-region is alloyed into one side of the bar. This p-

region is the UJT emitter (E) that forms a p–n junction with the bar.

 Between base B1 and base B2, the resistance of the n-type bar 

called inter-base resistance (RB ) and is in the order of a few kilo ohm. 

 This inter-base resistance can be broken up into two 

resistances—the resistance from B1 to the emitter is RB1 and the 

resistance from B2 to the emitter is RB 2. 

 Since the emitter is closer to B2 the value of RB1is greater than 

RB2.

 Total resistance is given by:

RB = RB1 + RB2



EQUIALENT CIRCUIT

 The VBB source is 

generally fixed and provides a 

constant voltage from B2 to B1.

 The UJT is normally 

operated with both B2 and E 

positive biased relative to B1.

 B1 is always the UJT 

reference terminal and all 

voltages are measured relative 

to B1 . VEE is a variable voltage 

source.



I-V CHARACTERISTICS OF UJT



ON STATE OF THE UJT CIRCUIT

 As VEE increases, the UJT stays in the OFF state until VE 

approaches the peak point value V P. As VE approaches VP the p–n 

junction becomes forward-biased and begins to conduct in the opposite 

direction. 

 As a result IE becomes positive near the peak point P on the 

VE - IE curve. When VE exactly equals VP the emitter current equals IP . 

 At this point holes from the heavily doped emitter are 

injected into the n-type bar, especially into the B1 region. The bar, which 

is lightly doped, offers very little chance for these holes to recombine.

 The lower half of the bar becomes replete with additional 

current carriers (holes) and its resistance RB is drastically reduced; the 

decrease in BB1 causes Vx to drop. 

 This drop, in turn, causes the diode to become more forward-

biased and IE increases even further.



OFF STATE OF THE UJT CIRCUIT

 When a voltage VBB is applied across the two base terminals 

B1 and B2, the potential of point p with respect to B1 is given by:

VP =[VBB/ (RB1 +RB2)]*RB1=η*RB1

 η is called the intrinsic stand off ratio with its typical value 

lying between 0.5 and 0.8.

 The VEE source is applied to the emitter which is the p-side. 

Thus, the emitter diode will be reverse-biased as long as VEE is less than 

Vx. This is OFF state and is shown on the VE - IE curve as being a very 

low current region. 

 In the OFF the UJT has a very high resistance between E 

and B1, and IE is usually a negligible reverse leakage current. With no 

IE, the drop across RE is zero and the emitter voltage equals the source 

voltage.



UJT RATINGS

 Maximum peak emitter current : This represents the 

maximum allowable value of a pulse of emitter current.

 Maximum reverse emitter voltage :This is the maxi mum 

reverse-bias that the emitter base junction B2 can tolerate before 

breakdown occurs.

 Maximum inter base voltage :This limit is caused by the maxi 

mum power that the n-type base bar can safely dissipate.

 Emitter leakage current :This is the emitter current which 

flows when VE is less than Vp  and the UJT is in the OFF state.



APPLICATIONS

 The UJT is very popular today mainly due to its high switching speed. 

 A few select applications of the UJT are as follows:

(i) It is used to trigger SCRs and TRIACs

(ii) It is used in non-sinusoidal oscillators

(iii) It is used in phase control and timing circuits

(iv) It is used in saw tooth generators

(v) It is used in oscillator circuit design



INSULATED GATE BIPOLAR TRANSISTOR(IGBT)



 The insulated-gate bipolar transistor is a recent model 

of a power-switching device that combines the advantages of a 

power BJT and a power MOSFET.

 Both power MOSFET and IGBT are the continuously 

controllable voltage-controlled switch.

 Constructional Features:

 The structure of an IGBT cell is shown in Fig. 8-19.

 The p region acts as a substrate which forms the anode 

region, i.e., the collector region of the IGBT. Then there is a buffer 

layer of n region and a bipolar-base drift region. 

 The p-region contains two n regions and acts as a 

MOSFET source. An inversion layer can be formed by applying 

proper gate voltage. 

 The cathode, i.e., the IGBT emitter is formed on the n 

source region.

INSULATED GATE BIPOLAR TRANSISTOR



OPERATION

 The principle behind the operation of an 

IGBT is similar to that of a power MOSFET.

 The IGBT operates in two 

modes: 

(i) The blocking or non-conducting 

mode 

(ii) The ON or conducting mode. 

 The circuit symbol for the IGBT is 

shown in Fig. 8-20.

 It is similar to the symbol for an n–p–n 

bipolar-junction power transistor with the 

insulated-gate terminal replacing the base. 



APPLIACTIONS

 The IGBT is mostly used in high-speed switching devices. 

They have switching speeds greater than those of bipolar power 

transistors. 

 The turn-on time is nearly the same as in the case of a power

MOSFET, but the turn-off time is longer.

 Thus, the maximum converter switching frequency of the 

IGBT is intermediate between that of a bipolar power transistor and a 

power MOSFET.


