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ABSRTACT 

Electronic systems and controls have gained wide acceptance in power technology; 

consequently, it has become almost indispensable to know something about control power 

electronics in motor AC system. 

We can explain in simple terms the behavior of a large number of electronic power 

circuit, including those most commonly used today. 

As far as electronic devises are concerned, we will cover diodes and thyristors. 

They are found in all electronic systems involve the conversion of AC power to DC power 

and vice versa. We then go on to discuss the application of more recent devises such as 

silicon controlled rectifier thyristors (S.C.R), bipolar junction transistors (BJTs), metal 

oxide semiconductor field effect transistors (power MOSFETs), and insulated gate bipolar 

transistors (IGBTs). Their action on a circuit is basically no different from that of a 

thyristors and its associated switching circuitry. In power electronics all these devises act 

basically as high-speed switches; so much so, that much of power electronics can be 

explained by the opening and closing of circuit at precise instants of time. However, we 

should not conclude that circuits containing these components and devises that are simple, 

they are not, but their behavior can be understood without having an extensive background 

in semiconductor theory. 
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INTRODUCTION 

Power Electronics is presently playing an important role in modem technology and is 

used in a variety of high power products e.g. Motor controls, heat controls, light controls and 

power supplies. 

Chapter one will present definition of power electronics, the power devices whose 

power handling capabilities and switching speeds have improved tremendously over the years 

such as; power diodes and thyristors and the power transistors bipolar junction transistors and 

power MOSFETs and IGBTs and also the capacitors and the resistors with its different types. 

And also will present the applications of motors and the types of motors, and especially the 

universal Motors. 

Chapter two will present the practical project that will control the speed of universal 

motors(half-wave motor-speed controller, with transistor trigger, for use with motors with 

current ratings up to 3 A). 
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CHAPTER ONE 

1. POWER ELECTRONICS 

1.1 Overview 

Joining the history and definition of power electronics and become familiar with 

different types of power semiconductor devices, their characteristics and use, and identify 

the motor and learn the different types of motors. 

1.2 Introduction of power electronics 

Power electronics began with the introduction of the mercury arc rectifier in 1900. 

This was followed by the first electronic revolution which began in 1948 with the 

invention of the silicon transistor. 

The second electronic revolution began in 1958 with the development of the 

thyristor. This caused the beginning of a new area for power electronics, since many power 

semiconductor devices and power conversion techniques were introduced using thyristors. 

Next, was the microelectronics revolution which gave the ability to process a huge 

amount of data in a very short time. The power electronics revolution which merges power 

electronics and microelectronics provides the ability to control large amounts of power in a 

very efficient manner. 

Power Electronics may be defined as the application of solid-state electronics for 

the control and conversion of electric power. Power Electronics is based on the switching 

of power semiconductor devices whose power handling capabilities and switching speeds 

have improved tremendously over the years. 

Power Electronics is presently playing an important role in modem technology and 

is used in a variety of high power products e.g. Motor controls, heat controls, light controls 

and power supplies. 
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1.3 Power semiconductor devices 

• Power semiconductor devices can be broken up into five different groups: 

1. Power Diodes 

2. Thyristors 

3. Power Bipolar Junction Transistors (BJT) 

4. Power MOSFETs 

5. Insulated Gate Bipolar Transistors (IGBT) 

1.3.1 Power Diodes 

1.3.1.1 Diode Operation 

A lo [>I K 
0 •• 0 

, .. I VAK 

Fig 1.1 Diode Symbol 

As shown in figl.1, a diode is a two terminal device consisting of an anode and a 

cathode. The diode conducts when its anode voltage is more positive than that of the 

cathode. If the cathode voltage is more positive than its anode voltage, the diode is said to 

be in the blocking mode. 

1.3.1.2 Forward Voltage Drop 

Electricity uses up a little energy pushing its way through the diode, rather like a 

person pushing through a door with a spring. This means that there is a small voltage 

across a conducting diode, it is called the forward voltage drop and is about 0.7V for all 

normal diodes which are made from silicon. The forward voltage drop of a diode is almost 

constant whatever the current passing through the diode so they have a very steep 

characteristic ( current-voltage graph). 
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1.3.1.3 Reverse Voltage 

When a reverse voltage is applied a perfect diode does not conduct, but all real 

diodes leak a very tiny current of a few µA or less. This can be ignored in most circuits 

because it will be very much smaller than the current flowing in the forward direction. 

However, all diodes have a maximum reverse voltage (usually 50V or more) and if this is 

exceeded the diode will fail and pass a large current in the reverse direction, this is called 

breakdown. 

1.3.1.4 Diode Types 

• There are three types of power diodes: 

1. Standard or general-purpose diodes. 

2. High-Speed diodes(or fast recovery diodes). 

3. Schottky diodes. 

1.3.1.4.1 General Purpose Diodes 

These diodes have a generally high reverse recovery time, typically around 25 µs. 

Used in low speed applications e.g. rectifiers and converters with frequencies up to 1 kHz, 

where the recovery time is not critical. 

1.3.1.4.2 Fast-recovery Diodes 

These diodes have a low recovery time, typically around 5 µs. They are used in 

applications where the recovery time is of critical importance such as de-de and dc-ac 

converters. 

1.3.1.4.3 Schottky Diodes 

It has a relatively low forward voltage drop and the leakage current is higher than 

that of a pn-junction diode. They are mainly used in high current low voltage power 

supplies. 
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1.3.1.5 P-N Junction 

One of the crucial keys to solid state electronics is the natura of the P-N junction. 

When p-type and n-type materials are placed in contact with each other, the junction 

behaves very differently than either type of material alone. Specifically, current will flow 

readily in one direction (forward biased) but not in the other (reverse biased), creating the 

basic diode. This non-reversing behavior arises from the nature of the charge transport 

process in the two types of materials. 

p-n junction 

Fig 1.2 P-N junction and the energy bands at equilibrium 

As shown in figl.2,The open circles on the left side of the junction above represent 

"holes" or deficiencies of electrons in the lattice which can act like positive charge carriers. 

The solid circles on the right of the junction represent the available electrons from the n­ 

type dopant. Near the junction, electrons diffuse across to combine with holes, creating a 

"depletion region". The energy level sketch above right is a way to visualize the 

equilibrium condition of the P-N junction. The upward direction in the diagram represents 

increasing electron energy. 

1.3.1.5.1 Depletion Region 

p•type 
semi<:Mduet<w 
regiQn 

The oombining of 
elecnon,s and · hollftS 
depletes me hoies 
lo the, p.regloo and 
me eleetroos In the 
n·regJoln near ltle 
junetm. 

•••• •••••• 
•••••• • • • • • • • • • • 
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sffll'l!icon®,tor: 
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from .e.movoo 
el~troo 

region 

Fig 1.3 P-N junction while combining the electrons and holes 
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As shown in figl.3, When a p-n junction is formed, some of the free electrons in 

the n-region diffuse across the junction and combine with holes to form negative ions. In 

so doing they leave behind positive ions at the donor impurity sites. 

1.3.1.5.2 Depletion Region ~etails 

Posil'ive kin from 
removaf of ~ectron 
front l't"'tY,PG i.mpurlty, 

Fig 1.4 more details for the combination of P-N junction 

As shown in figl.4, In the p-type region there are holes from the acceptor 

impurities and in the n-type region there are extra electrons. 

When a p-njunction is formed, some of the electrons from then-region which have 

reached the conduction band are free to diffuse across the junction and combine with holes 

Filling a hole makes a negative ion and leaves behind a positive ion on the n-side. 

A space charge builds up, creating a depletion region which inhibits any further electron 

transfer unless it is helped by putting a forward bias on the junction. 

1.3.1.5.3 Bias effect on electrons in depletion zone 

Fig 1.5 Bias electron in depletion zone 
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The electrons which had migrated across from the N to the P region in the forming 

of the depletion layer have now reached equilibrium. Other electrons from the N region 

cannot migrate because they are repelled by the negative ions in the P region and attracted 

by the positive ions in the N region as shown in fig 1.5. 

1.3.1.5.4 Reverse bias 

-·· 

Fig 1.6 the reverse bias in P-N junction 

An applied voltage with the indicated polarity further impedes the flow of electrons 

across the junction. For conduction in the device, as shown in figl.6, electrons from the N 

region must move to the junction and combine with holes in the P region. A reverse 

voltage drives the electrons away from the junction, preventing conduction. 

1.3.1.5.S Forward bias 

Forte 011 el~tron from 
'4:t:xternal!y applied ycltzt~. 

Fig 1.7 the forward bias in P-N junction 

An applied voltage in the forward direction as indicated assists electrons in 

overcoming the coulomb barrier of the space charge in depletion region. Electrons will 

flow with very small resistance in the forward direction as shown in figl.7. 
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1.3.1.6 Diac 

Like all diodes, Shockley diodes are unidirectional devices; that is, they only 

conduct current in one direction. If bidirectional (AC) operation is desired, two Shockley 

diodes may be joined in parallel facing different directions to form a new kind of thyristor 

as shown in figl.8. 

DIAC equivalent circuit DIAC schematic symbol 

Fig 1.8 DIAC equivalent ,Circuit and schematic symbol 

A DIAC operated with a DC voltage across it behaves exactly the same as a 

Shockley diode. With AC, however, the behavior is different from what one might expect. 

Because alternating current repeatedly reverses direction, DIACs will not stay latched 

longer than one-half cycle. If a DIAC becomes latched, it will continue to conduct current 

only as long as there is voltage available to push enough current in that direction. When the 

AC polarity reverses, as it must twice per cycle, the DIAC will drop out due to insufficient 

current, necessitating another breakover before it conducts again. The result is a current 

waveform that looks like this that is shown in fig 1. 9. 

l'\.C' SU 

DIAC current 

Fig 1.9 The diac current waveform by AC supply voltage 
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1.3.2 Thyristors 

1.3.2.1 Thyristor Operation 

A 9 Anode 

p 
I I 

A 
J1 

n I 
. J2 

Gd'I 
~ p 

Gate 

I I J3 K 

n 

K .!, Cathode 

Figure 1.10 Thyristor Symbol & pn Junctions 

A thyristor is a three terminal device consisting of an anode, a cathode and a gate. It 

is physically made up of four layers of alternate p-type and n-type silicon semiconductor. 

The terminals connected to the ending p-type and the n-type layers are the anode and 

cathode respictively. This configuration will give three p-n junctions. When the anode is 

held more positive than the cathode, two of the p-n junctions are foward biased, offering 

very little resistance, and one is reverse biased, offering high resistance.Figl.10, shows the 

thyristor symbol and a sectional view of the three pn junctions. 

When a small current is passed through the gate to cathode circuit, and the anode is 

at a higher potential than the cathode, the thyristor conducts current from anode to cathode. 

In other words when triggered the thyristor has aproximately the same characteristics as a 

single diode. Once the thyristor has been turned on, the gate circuit looses control of the 

thyristor and the forward voltage drop across the device is very small in the region of 0.5 to 

2V. 
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Once on, the device losses control over the anode current, and the only way to turn 

it off is to reduce the anode current below some value referred to as the holding value. This 

can be acheived in one of two ways; by making the anode potential equal or less than the 

cathode potential, due to the sinusoidal nature of an ac voltage which is called line 

commutation or by the use of an auxilixry as in the case of forced-commutation. 

1.3.2.2 Thyristor turn-on 

A thyristor is turned on by increasing the anode current. This can be accomplished 

in the following ways: 

1.3.2.2.1 Thermals 

If the temperature of a thyristor is high, there will be an increase in the number of 

electron-hole pairs. This would increase the leakage current. This increase in leakage 

current causes the anode current to increase and as a result causes a1 and a2 to increase. 

Due to the regenerative action, the sum a1 + a2 may tend to unity and the thyristor may be 

turned on. This type of tum-on may cause thermal runaway and should be avoided. 

1.3.2.2.2 Light 

If light is allowed to strike the junction of a thyristor, the electron-hole pairs will 

increase and this may cause the thyristor to be turned on. This is the principle of operation 

of light activated thyristors. 

1.3.2.2.3 High Voltage 

If the forward anode to cathode voltage V AK is increased beyond the forward 

breakdown voltage V BO , high enough leakage currents will flow, causing regenerative 

turn-on. This type of turn-on is destructive and should be avoided. 

1.3.2.2.4 dv/dt 

if the rate or rise of the anode to cathode voltage is high, (for example, when there 

is a voltage spike), the charging current of the capacitive junctions may be high enough to 

turn on the thyristor. A high value of charging current may cause damage to the thyristor 
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and must be avoided. Hence, thyristors must be protected against high dv/dt and must be 

operated within the manufacturer's dv/dt specifications. 

1.3.2.2.5 Gate Current 

The injection of gate current into a forward biased thyristor would turn-on the 

device. As the gate current is increased, the forward voltage required to turn-on the device 

decreases. This is shown in figurel.11. 

Figure 1.11 Effects of Gate Current on Forward Blocking Voltage 

Because of the nature of the construction of a thyristor, there exists some 

capacitance between the anode and the gate. If a sharply rising voltage is applied to the 

thyristor, the associated inrush of charge can switch on the thyristor. These surges can be 

the result of switching in circuits, and can be accommodated for by providing RC circuits 

for diverting this surge. 

All p-n junctions have a leakage current which increases with increasing 

temperature. If the temperature of operation of a thyristor were allowed to rise too much, 

the leakage current could rise enough to turn on the thyristor. A possible use of this feature 

is in the manufacture of a switching system, which needs to be turned on exceeding certain 

temperatures. 
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1.3.2.3 Gate Control Circuit Design 

Consideration must be given to the following points when designing gate control circuits: 

• The gate signal should be removed after the thyristor has been turned on. A 

continuous gate signal will increase the power loss in the gate junction. 

• No gate signal should be applied when the thyristor is reversed biased. If a 

gate signal is applied under these conditions, the thyristor may fail due to an increased 

leakage current. 

The width of the gate pulse must be greater than the time required for the anode 

current to rise to the holding current. In practice, the gate pulse width is made wider than 

the tum-on time of the thyristor. 

1.3.2.4 Thyristor turn-off 

A thyristor which is in the on-state can be turned off or commutated by reducing 

the anode current to a level below the holding current and keeping the anode current below 

this level for a sufficiently long time so that the excess carriers in the four layers are swept 

out or recombined. 

Thyristors can either be line commutated or forced commutated. Figurel.12 

displays the turn-off characteristics of a line commutated thyristor. 

For this line commutated thyristor, a reverse voltage appears across the thyristor 

immediately after the forward current goes through the zero value. This reverse voltage 

will accelerate the tum-off process by sweeping out excess carriers injunctions J1 and J3. 

11 



V 

IRR I__ lv+ I 
trr I 

I 
I r I V I •• wt 

n1 L/:n W I W 1.....-tq--+I 

I 

tr -'I 

+ 

V 

Figure 1.12 Turn-Off Characteristics of Line Commutated Thyristor 

The inner junction J2 will require a time known as the recombination time trc to 

recombine the excess carriers and the negative reverse voltage reduces this recombination 

time. 

• Turn-off Time tq 

This is the sum of the reverse recovery time trr and the recombination time 

trc· It is defined as the time interval between the instant when the on-state current 

has decreased to zero and the instant when the thyristor is capable of withstanding 

forward voltage without turning on. It depends on the peak value of on-state current 

and the instantaneous on-state voltage. 

• Reverse Recovery Charge QRR 

This is defined as the amount of charge which has to be recovered during 

the turn-off process. Its magnitude is determined by the area enclosed by the path 

of the reverse recovery current and depends on: 

1. The rate of fall of on-state current and 

2. The peak value of on-state current before turn-off 
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1.3.2.5 Triac 

Triacs can be considered as two thyristors connected in inverse parallel and having 

only one gate terminal. The current flow through the triac can be controlled in either 

direction. They are used in simple heat, light and motor controls. 

1.3.3 Bipolar Power Transistors 

1.3.3.1 Definition 

These are three terminal devices consisting of emitter, base and collector which is 

operated as a switch in the common emitter configuration. These devices are turned-on 

when the base-emitter junction is forward biased with the base current sufficiently large to 

drive the device into saturation. Under these conditions, the collector-emitter voltage drops 

in a range of 0.5 to 1.5V. If the base-emitter junction is reversed biased the device switches 

to the off or non-conducting state. 

Transistors amplify current, for example they can be used to amplify the small 

output current from a logic chip so that it can operate a lamp, relay or other high current 

device. In many circuits a resistor is used to convert the changing current to a changing 

voltage, so the transistor is being used to amplify voltage. 

A transistor may be used as a switch ( either fully on with maximum current, or 

fully off with no current) and as an amplifier (always partly on). 

1.3.3.2 Types of transistor 

NPN PNP 

Fig 1.13 Transistor circuit symbols 
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