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CHAPTER1: UNDERSTAND THE CONSTRUCTION AND WORK- 
ING OF POWER ELECTRONIC DEVICES. 

POWER DIODE: 

CONSTRUCTION: 

 

Power diodes differ in structure from signal diodes. A signal diode constitutes a simple p-n 
junction. But a power diode constitutes a heavily doped n+ substrate. On this substrate, a lightly 
doped n- layer is epitaxially grown. Then a heavily doped p+ layer is diffused into n- layer to form 
the anode of power diode. So n- layer is the basic structural feature not found in signal diode.                         

The function of n- layer is to absorb the depletion layer of the reversed bias p+-n- junction 
J1. The breakdown voltage needed as a power diode governs the thickness of n- layer. The 
drawback of n- layer is to add significant ohmic resistance to the diode when it is conducting a 
forward current. This leads to large power dissipation in the diode. 

V-I CHARACTERISTICS OF POWER DIODE: 

 

During forward bias from Va = 0 to, VT forward anode current is very small. Beyond Cut-
in voltage or threshold voltage or turn-on voltage (VT= 1V for power diode), anode current 
rises rapidly and the diode starts conducting. For signal diodes, the anode current increases 
first exponentially then linearly while in the case of power diode anode current rises linearly. 
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During reverse bias, small reverse anode current flow called leakage current up to breakdown 
voltage (VBR). After VBR reverse current increase abruptly. It may destroy the diode and must 
be avoided. 

APPLICATION OF POWER DIODE:  

Power Diode is used in Rectifiers Clipper Circuits, Clamping Circuits, Reverse Current 
Protection Circuits and In Logic Gates. 

 

SCR: 

CONSTRUCTION: 

 

It is a four layered PNPN switching device, having three junctions J1, J2 & J3. It has three 
terminals, named Anode (A), Cathode (K) and Gate (G). The anode and Cathode are connected to 
the main power circuit. The gate terminal carries a low level gate current in the direction of gate to 
cathode. The gate terminal is provided at the P layer near to cathode. 

PRINCIPLE OF OPERATION: 

When anode is made positive with respect to Cathode, the outer two junctions J1 and J3 are 
forward bias but the middle junction J2 becomes reversed bias. Thus the junction J2 because of 
presence of depletion layer, does not allow any current to flow through the device but a very 
negligible leakage current flows through it. This condition is known as forwarding blocking state. 

When the cathode is made positive with respect to anode, the junction J2 becomes forward 
biased whereas the two junctions J1 & J3 become reversed bias. So junctions J1 and J3 do not allow 
the flow of current except the leakage current. This condition is known as reverse Blocking state. 

In forward blocking state junction J2 is reverse bias. But if we gradually increase the Anode - 
Cathode voltage, the depletion layer decreases. Then at a stage the depletion layer at junction J2 
vanishes and the junction J2 breaks down. This phenomenon is known as Avalanche break down. 
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Since the two functions J1 & J3 are already forward biased, a large amount current starts to flow 
through the device. This condition is known as forward conducting mode. 

 

STATIC V-I CHARACTERISTIC OF SCR: 

 

 

REVERSE BLOCKING REGION:  

When cathode is made positive with respect to anode with switch ‘S’ open, the SCR 
becomes reversed bias. In this condition junctions J1 & J3 are reversed bias and junction J2 is 
forward biased. Therefore a small leakage Current flows in reverse direction. If the reverse voltage 
is increased, then at a critical breakdown level called reverse break down voltage (VBR), an 
avalanche will occur at J1 & J3  increasing the current sharply in the direction of cathode to anode. 
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FORWARD BLOCKING REGION: 

In this, anode is made positive with respect to cathode with switch ‘S’ open. Therefore 
junctions J1 & J3are forward bias and junction J2 is reversed bias. Due to the reverse biasing of J2, 
only small leakage current flows through the device. But the device does not conduct. 

FORWARD CONDUCTION REGION: 

When the anode to Cathode voltage is increased with switch ‘S’ open avalanche breakdown 
occurs at the junction J2 at a critical break-over voltage (VBO) and load current starts to flow 
through the device from anode to cathode. This means the SCR starts conducting. 

When a gate signal is applied by closing the switch ‘S’, the SCR turns on before break-over 
voltage (VBO). The forward voltage at which the device switches to conducting state depends upon 
the magnitude of gate current; higher the gate current, lower is the forward break-over voltage.  

APPLICATION OF SCR:  

Due to the wide variety of advantages, like ability to turn ON from OFF state in response to 
a low gate current and also able to switch high voltages, makes the SCR or thyristor to be used in a 
variety of applications. 

These applications include switching, rectification, regulation, protection, etc. The SCRs are 
used for home appliance control include lighting, temperature control, fan speed regulation, 
heating, and alarm activation. For industrial applications, SCRs are used to control the motor 
speed, battery charging and power conversion 

DIAC: 

CONSTRUCTION: 

 

It is a two terminal and five layer bidirectional semiconductor device. Five layers consist of 
three N layers and two P layers. The layers which are close to the terminals are made up of both N 
type and P type. The two terminals are named as MT1 and MT2. It stands for diode in ‘ac’. It can be 
turned ON in both forward and negative direction. 
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WORKING OF DIAC: 

When the terminal MT1 is positive the direction of the flow of current will be in the order P1-
N2-P2-N3. The junction between P1 and N2 is forward biased, the junction between N2 and P2 is 
reverse biased and the junction between P2 and N3 is forward biased. 

 

When the terminal MT2 is positive the direction of the flow of current will be in the order 
N1-P1-N2-P2. The junction between N1 and P1 is forward biased, the junction between P1 and N2 is 
reverse biased and the junction between N2 and P2 is forward biased. 

APPLICATION OF DIAC:  

The main application of a DIAC is its use in a TRIAC triggering circuit. The DIAC is connected 
to the gate terminal of the TRIAC. When the voltage across the gate decreases below a 
predetermined value, the gate voltage will be zero and hence the TRIAC will be turned off. Some 
other applications of a DIAC include: It can be used in the lamp dimmer circuit, heat control circuit 
and speed control of a universal motor. 

 

TRIAC: 

CONSTRUCTION: 
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TRIAC is a four layer, six doped region and a three terminal device. Gate terminal is 
connected to both N3 and P2 so that gate triggers the device when both positive and negative 
voltage is applied. In the Same way MT1 is also connected to N2 and P2 regions and MT2 is 
connected to the P1 and N4 regions. So the polarity between the terminals decides the direction of 
the current through the layers. 

WORKING OF TRIAC: 

There are four possible combinations of the potentials applied to the terminals. 

MODE1: MT2 IS POSITIVE AND GATE TERMINAL IS POSITIVE: 

 

When the MT2 terminal is made positive with respect to the terminal MT1 and when positive 
voltage is applied at the gate terminal the path of the current flow from MT2 to MT1 will be P1-N1-
P2-N2. The junction between P1N1 and P2N2 are forward biased and junction between N1P2 is 
reverse biased and breakdown occurs at this junction. 

MODE2: MT2 IS POSITIVE AND GATE TERMINAL IS NEGATIVE: 

 

When the MT2 terminal is made positive with respect to the terminal MT1 and when 
negative voltage is applied at the gate terminal, initially the path of the current flow from MT2 to 
MT1 will be P1-N1-P2-N3. When the voltage applied at the MT2 terminal is further increased the 
junction P2N2 is forward biased and the path of the current flow will be P1-N1-P2-N2. More Gate 
current is needed to turn the TRIAC. 
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MODE3: MT2 IS NEGATIVE AND GATE TERMINAL IS POSITIVE: 

 

When the MT2 terminal is made positive with respect to the terminal MT1 and when 
negative voltage is applied at the gate terminal the path of the current flow from MT2 to MT1 will 
be P2N1P1. The Junctions P2N1 and P1N4 are forward biased and the junction N1P1 is reverse biased. 
So in this mode, TRIAC work in a negative biased region. 

MODE4: MT2 IS NEGATIVE AND GATE TERMINAL IS NEGATIVE: 

 

When the MT2 terminal is made negative with respect to the terminal MT1 and when 
negative voltage is applied at the gate terminal the path of the current flow from MT2 to MT1 will 
be P2N1P1N4. 

V-I CHARACTERISTICS OF TRIAC: 

The TRIAC function like a two SCRs connected in anti-parallel and hence the V-I 
characteristics of TRIAC in the 1st and 3rd quadrants will be similar to the V-I characteristics of a 
SCRs. When the terminal MT2 is positive with respect to MT1 terminal, the TRIAC is said to be in 
forward blocking mode. 

A small leakage current flows through the device provided that voltage across the device is 
lower than the break over voltage. Once the break over voltage of the device is reached, then the 
TRIAC turns ON as shown in below figure. 
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However, it is also possible to turn ON the TRIAC below the VBO by applying a gate pulse in 
such that the current through the device should be more than the latching current of the TRIAC. 

Similarly, when the terminal MT2 is made negative with respect to MT1, the TRIAC is in 
reverse blocking mode. A small leakage current flows through the device until it is triggered by 
break over voltage or gate triggering method. Hence the positive or negative pulse to the gate 
triggers the TRIAC in both directions. 

The supply voltage at which the TRIAC starts conducting depends on the gate current. If the 
gate is current is being greater, lesser will be the supply voltage at which the TRIAC is turned ON. 
Above discussed mode -1 triggering is used in the first quadrant whereas mode-3 triggering is 
used in 3rd quadrant. 

Due to the internal structure of the TRIAC, the actual values of latching current, gate trigger 
current and holding current may be slightly different in different operating modes. Therefore, the 
ratings of the TRIACs considerably lower than the SCRs. 

APPLICATION OF TRIAC:  

TRIACs are used in numerous applications such as light dimmers, speed controls for electric 
fans and other electric motors and in the modern computerized control circuits of numerous 
household small and major appliances. They can be used both into AC and DC circuits however the 
original design was to replace the utilization of two SCRs in AC circuits. 
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POWER MOSFET (METAL OXIDE SEMICONDUCTOR FIELD EFFECT 
TRANSISTOR): 

CONSTRUCTION: 

A Power MOSFET has three terminals called Drain (D), Source (S) and Gate (G). It is a voltage 
control device. Its operation depends upon the flow of majority carriers only, so MOSFET is a 
unipolar device. It is of two types; N-charnel enhancement MOSFET and P-channel enhancement 
MOSFET. Out of these two types, N channel MOSFET is more common of because of higher 
mobility electrons. In the circuit of symbol of Power MOSFET, the arrow indicates the direction of 
electron flow. 

 

N-Channel Power MOSFET Consists of a p-substrates known as body. On p substrate two 
heavily doped n+ regions are diffused. An isolating layer of silicon dioxide (SiO2) is grown on the 
surface. Now this insulating layer is etched in order to embed metallic Source and Drain terminal. 
Note that n+ regions make contact with Source and Drain terminal. A layer of metal is also 
deposited on SiO2 layer so as to form gate of MOSFET in between Source and Drain Terminal. 

When gate circuit is open, junction between n+ regions below Drain and p substrate is 
reverse biased by input voltage VDD. Therefore no current flows from Drain to Source and load. 
When gate is made positive with respect to Source, an electric field is established. Eventually, 
induced negative charges in the p substrate below SiO2 layer are formed thus causing the p layer 
below gate to become an induced n layer. These negative charges, called electrons, form n channel 
between n+ regions and current can flow from Drain to Source. If VGS is made more positive, 
induced n-channel becomes deeper and therefore more current flows from Drain to Source. This 
shows that gate voltage VGS enhances the drain current ID, hence the name enhancement MOSFET. 

V-I OR OUTPUT CHARACTERISTICS: 

Power MOSFET output characteristics indicate the variation of drain current ID as a function 
of drain-source voltage VDS, with gate-source voltage VGS as a parameter. For low values of VDS, the 

graph between IDS-VDS is almost linear; this indicates a constant value of on-resistance RDS =
ీ

୍ీ
. 
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For given VGS, if VDS is increased, output characteristic is relatively flat indicating that drain current 
is nearly constant.                                                            

 

 

A load line intersects the output characteristics at A and B. Here A indicates fully-on 
condition and B fully-off state. Power MOSFET operates as a switch either at A or at B. 

APPLICATIONS OF MOSFET: 

MOSFET amplifiers are extensively used in radio frequency applications. It acts as a passive 
element like resistor, capacitor and inductor. DC motors can be regulated by power MOSFETs. 
High switching speed of MOSFETs makes it an ideal choice in designing chopper circuits. 

GTO (GATE TURN-OFF THYRISTOR): 

CONSTRUCTION: 
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It includes 3-junctions and 4 PNPN layers. A GTO is a three-terminal PNPN device like 
anode, cathode, and gate. In this kind of thyristor, the anode terminal is composed of a p+ layer 
through n+ type fingers diffused within it. 

The n+ layer of this thyristor is doped highly to get high emitter efficiency and it provides a 
cathode terminal. Thus, the junction like J3 breakdown voltage is low. The p- layer doping level 
must be low to maintain excellent emitter efficiency. Similarly, to have a good switch OFF 
properties, the region doping must be high. 

WORKING OF GTO: 

When the positive gate current is applied to make the anode terminal positive to the 
cathode terminal, the electrons can be generated from the cathode terminal to the anode. So, this 
induces the hole-injection with the help of an anode terminal in the base region. These electrons 
as well as holes-injection continuous till the GTO enters into the conduction region. 

In GTO, at first, the conduction begins through switch ON the region of cathode contiguous 
to the gate terminal. Thus, the remaining region comes into the conduction through plasma 
spreading. Not like a SCR, GTO includes narrow cathode elements which are interdigitated heavily 
through gate terminal, thus early turned ON region is extremely large & plasma spreading is little. 
Therefore, the GTO comes into the conduction region very fast. 

At the gate terminal, a reverse bias can be applied to switch OFF the GTO by making the 
gate terminal negative as compared with the cathode. In the p- layer, a fraction of the holes can be 
extracted using the gate terminal to hold back the electrons injection from the cathode terminal. 

 In reply to this, an extra hole current can be removed by the gate terminal which results in 
more control of electrons from the cathode terminal. Finally across the p-base junction, the 
voltage drop can cause reverse bias in the cathode junction of the gate & therefore the GTO will 
be deactivated. 

Throughout the process of hole extraction, the area of the p- base is slowly exhausted so 
that the conduction region can be squeezed. As this procedure continues, the anode current 
supplies in remote areas by forming filaments with high current density. So, this can cause limited 
hot spots which can damage the device if not these filaments are extinguished rapidly. 

During the high negative gate voltage application, these filaments are extinguished quickly. 
Because of the stored charge in the N base region, the anode terminal to gate current flows 
continuously although the cathode current is stopped. So, this is known as a tail current which 
decomposes exponentially when the surplus charge carriers are decreased through the 
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recombination procedure. When the tail current level is decreased to a leakage current level, then 
the device keeps the characteristics of forwarding blocking. 

V-I CHARACTERISTICS OF GTO: 

 

In the first mode like forwarding blocking, the voltage is applied across the GTOwithout 
applying the +ve gate signal. Therefore, it does not conduct in this mode. But, there is a little 
leakage current which is very much higher as compared to a SCR’s leakage current. Actually, in this 
mode, the GTO works like a transistor with high voltage & low gain which means, the anode 
current is low. In this mode, the GTO simply blocks the rated forward voltage when the gate 
terminal is biased negatively to the cathode. 

When a positive gate signal is given with appropriate amplitude to the GTO, then it moves 
into the mode of forwarding conduction. Similarly, whenever a reverse voltage is applied to the 
GTO, then it blocks the reverse voltage up to a limit but as soon as the reverse voltage reaches a 
critical value, called the reverse break over-voltage, the GTO starts conducting in the reverse 
direction. 

This mode of operation does not destroy the device if the gate is negatively biased and the 
time of this operation is small. In reverse biased condition, the blocking capacity mainly depends 
on the GTO type. A symmetric type includes a high reverse blocking capability whereas an 
asymmetric type includes a small reverse blocking capacity that ranges from 20-30 V. 

APPLICATION OF GTO:  

Due to the advantages like excellent switching characteristics, no need of commutation 
circuit, maintenance-free operation, etc makes the GTO usage predominant over thyristor in many 
applications. It is used as a main control device in choppers and inverters. Some of these 
applications are AC drives, DC drives or DC choppers, AC stabilizing power supplies, DC circuit 
breakers, Induction heating and other low power applications. 
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IGBT (INSULATED GATE BIPOLAR TRANSISTOR): 

CONSTRUCTION: 

 

IGBT is a three terminal Semiconductor device, named Collector (C), Emitter (E) and Gate (G). 
It has a p+ substrate on which a layer of n- region is grown. The p+ substrate is called injection 
layer because it injects holes in to n- layer. The n- layer is called drift region because n- layer 
determines the voltage blocking capability of IGBT. The p layer is called the body of the IGBT in 
which n+ region is diffused as shown in the figure. An insulating layer of silicon dioxide (SiO2) is 
grown on the surface. This insulating layer is etched to embed metallic Emitter terminal. Some 
metals are also deposited at the middle of the insulating layer surface to form Gate terminal. 
Another layer of metal is deposited below p+ substrate to house Collector terminal.     

When Collector is made positive with respect Emitter, IGBT gets forward biased with no 
voltage between Gate and Emitter, two junctions between n- region and p region (Junction J2) are 
reversed bias, So no current flows from Collector to Emitter. 

When Gate is made positive with respect to Emitter by voltage VG, with Gate–Emitter 
voltage more than the threshold voltage VGET of IGBT, an n channel is formed in the upper part of 
p region just beneath the gate. This n-channel short circuits the n- region with n+ regions. Electrons 
from n+ emitter region begin to flow to n- drift region through n-channel. As IGBT is forward 
biased with Collector positive and Emitter negative, p+ Collector region injects holes into n- drift 
region. So n-drift region is flooded with electrons from p body regions and holes from p+ Collector 
regions. With this, the injection carrier density in n- drift region increases considerably and as a 
result, conductivity of n- regions enhances significantly. Therefore, IGBT gets turned on and begins 
to conduct forward current IC. 

V-I OR OUTPUT CHARACTERISTICS OF IGBT: 

  IGBT output characteristic show the plot of collector current IC versus collector-emitter 
voltage VCE for various values of gate-emitter voltages VGE1, VGE2 etc. In the forward direction, the 
shape of the output characteristics is similar to that of BJT. But here the controlling parameter is 
gate-emitter voltage VGE because IGBT is a voltage-controlled device. When the device is OFF, 
junction J2 blocks forward voltage and in case reverse voltage appears across collector and emitter 
junction J1 blocks it. 
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APPLICATION OF IGBT:  

IGBTs are used in various applications such as AC and DC motor drives, Unregulated Power 
Supply (UPS), Switch Mode Power Supplies (SMPS), traction motor control and induction heating, 
inverters, used to combine an isolated-gate FET for the control input and a bipolar power 
transistor as a switch in a single device, etc. 

TWO TRANSISTOR ANALOGY OF SCR: 
 

 

The operation of SCR can be explained by considering it in terms of two transistors. This is 
known as the two transistor analogy of SCR. The SCR can be considered as an NPN and PNP 
transistor, where the collector of one transistor is attached to the base of the other and vice versa. 
This model is obtained by splitting the two middle layers of the SCR into two separate parts. 

From the figure: 

Ic1 = Ib2 and Ib1 = Ic2 

Also Ik = Ia + Ig    ….(1) 

From Transistor analysis: 

Ib1 = Ie1 – Ic1   ….(2) 

 Also Ic1 = α1Ie1   ….(3) 
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 From Equation (2) & (3): 

  Ib1 = Ie1 – α1Ie1 

 or Ib1 = (1 – α1)Ie1  ….(4)        

From the figure it is seen that the anode current of the device is the emitter current of 
transistor T1 and cathode current is the emitter current of transistor T2. 

So Ie1 = Ia and Ie2 = Ik 

Hence equation (4) implies 

Ib1 = (1 – α1)Ia   ….(5) 

Again from Transistor analysis: 

 Ic2 = α2Ie2 

or Ic2 = α2Ik   ….(6) 

As Ib1 = Ic2 

or Ib1 = α2Ik 

Equation (5) & (6) implies 

or α2Ik = (1 – α1)Ia  ….(7) 

or α2Ik = Ia – α1Ia 

Putting the value of Ik from equation (1) 

or α2(Ia + Ig) = (Ia – α1Ia) 

or α2Ia + α2Ig = Ia – α1Ia 

or α2Ig = Ia – α1Ia – α2Ia 

or α2Ig = (1 – α1 – α2)Ia 

or Ia = 
α2Ig

1- α1- α2
 

or Ia = 
α2Ig

1-(α1+ α2)
  ….(8) 

So from the above expression, it is seen that when the loop gain α1 + α2 approaches unity, 
the SCR will starts conducting. Also if we increase the gate Current, the SCR will conduct.  

GATE CHARACTERISTIC OF SCR: 
The gate characteristic of an SCR is the graph between gate voltage and gate current. Here 

the gate to cathode voltage Vg and gate to Cathode current Ig represent dc Value. Curve-1 
represents the lowest voltage Values that must be applied to turn on the SCR. Curve-2 gives the 
highest possible voltage values that can be safely applied to gate circuit. 
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Each SCR has maximum limits as Vgm for gate voltage and Igm for gate current. There is also 
rated average gate power dissipation Pgav specified for each SCR. These limits should not be 
exceeded in order to avoid permanent damage of junction J3. There are also minimum limits for Vg 
and Ig for reliable turn-on, these are represented by ‘oy’ and ‘ox’ respectively. So the preferred gate 
drive area for an SCR is ‘bcdefghb’. 

SWITCHING CHARACTERISTIC OF SCR: 

DURING TURN-ON: 

 

 

An SCR is usually turned on by applying a positive gate voltage between gate and cathode. 
There is however, a transition time from forward off-state to forward on-state. This transition time 
is called SCR turn-on time. This can be divided into three intervals (i) Delay time, (ii) Rise time and 
(iii) spread time. 
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DELAY TIME (td): 

The delay time td is the time interval between the instant at which the gate current reaches 
0.9Ig and the instant at which anode current reaches 0.1Ia. The delay time may also be defined as 
time during which anode voltage from Va to 0.9 Va. 

RISE TIME (tr):   

The rise time tr is the time taken by anode current to rise from 0.1Ia to 0.9Ia. It may also be 
defined as the time duration in which the anode voltage decreases from 0.9Va to 0.lVa.                    

SPREAD TIME (tp): 

The spread time tp is the time taken by the anode current to rise from 0.9Ia to Ia. It may be 
defined as the time period in which anode voltage decreases from 0.1Va to on state voltage drops 
i.e. 1 to 1.5 volt. Note that total turn-on time of an SCR is equal to the sum of delay time, rise time 
and spread time. 

DURING TURN-OFF: 

SCR turn-off means that it has changed from on to off state and capable of blocking the 
forward voltage. This dynamic process of the SCR from conduction state to forward blocking state 
is called commutation or turn-off process. 

Once the SCR is ‘on’, gate loses control. The SCR can be turned-off reducing the anode 
current below holding current. If forward voltage is applied to SCR at this moment its anode 
current is zero, the device will not be able to block this forward Voltage as the carriers (holes and 
electrons) in the four layers are still favorable for conduction. The SCR will therefore go into 
conduction immediately even though gate signal is not applied. In order to obviate such an 
occurrence, it is essential that the SCR should be reversed biase for a finite time after the anode 
current has reached zero. 

 

The turn-off time tq of an SCR is defined as the time between the instant anode current 
becomes zero and the instant SCR regains forward blocking capability. During turn-off time all the 
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excess carriers from four layers of SCR must be removed. This removal of excess carriers consists of 
sweeping out of holes from outer P-layer and electrons from outer N-layer. The carriers around 
junction J2 can be removed only by recombination. The turn-off time is divided into two intervals 
i.e. (i) reverse recovery time trr and (ii) gate recovery time tgr.                        

At instant t1, anode cement becomes Zero. After t1 anode current builds up in the reverse 
direction. The reason for the reversal of anode current is due to the presence of carriers stored in 
the four layers. The reverse recovery current removes extra carriers from functions J1 and J3 
between the instants t1, and t3. At instant t3, when reverse recovery current has fallen to nearly 
zero, junctions J1 and J3 recover and SCR is able to block the reverse voltage. 

But at this instant the SCR is not able to block the forward voltage as the junction J2 has 
trapped charges. The trapped charges around J2 can so not flow to the external circuit. Therefore, 
theses trapped charges must decay only by recombination. This recombination is possible if a 
reverse voltage is maintained across SCR. The rate of recombination of charges is independent of 
the external circuit parameters. The time for the recombination of charges between t3 and t4 is 
called gate recovery time. At instant t4, junction J2 is recovered and the SCR is capable of blocking 
forward voltage. 

TURN-ON METHODS OF SCR (TRIGGERING METHOD): 

 FORWARD VOLTAGE TRIGGERING: 

When anode to cathode forward voltage is increased with gate circuit open, the reversed 
bias junction J2 will have an avalanche break down oat a voltage called forward break-over voltage 
VBO. Then the SCR gets turned-on. 

THERMAL TRIGGERING: 

Like other semiconductor, the width as the depletion layer of an SCR decreases on 
increasing the junction temperature. Thus in an SCR when the applied forward voltage is near to its 
breakdown voltage, the device can be triggered by increasing its junction temperature. This 
method of triggering the device by heating is known as thermal triggering or temperature 
triggering. 

LIGHT TRIGGERING: 

For light triggering, a recess (or niche) is made in the inner P layer of the SCR. When this 
recess is irradiated, free charge carriers (pairs of holes & electrons) are generated just like when 
gate signal is applied between gate & cathode. The pulse of light of suitable wavelength is guided 
by optical fibers for irradiation. If the intensity of this light thrown on the recess exceeds a certain 
value, forward biased SCR is turned-on. Such an SCR is known as light activated SCR (LASCR).  

dV
dt

 TRIGGERING: 

With forward voltage across the anode and cathode of an SCR, the two outer junctions J1 
and J3 are forward biased, but inner junction J2 is reversed bias. This reverse biased function J2 has 
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the characteristic of a capacitor due to charges existing across the junction. If forward voltage is 
suddenly applied, a charging current through junction capacitance CJ, may turn on the SCR. 
Charging current 

IC = ୢ୕

ୢ୲
 = ୢେె

ୢ୲
 = CJ 

ୢ

ୢ୲
 

Therefore, if the rise of the forward voltage is high, the charging current IC would be more. 

GATE TRIGGERING: 

This method of triggering of SCR is commonly used. In this method, when positive gate 
current is applied, the inner P layer is flooded with electrons from the Cathode. This is because 
cathode N layer is heavily doped as compared to gate P layer. As the SCR is forward biased, some 
of these electrons reach junction J2. As a result, width of depletion layer near junction J2 is reduced. 
This causes the junction J2 to breakdown at an applied voltage lower than forward break-over 
voltage VBO.  

TURN-OFF METHOD (COMMUTATION METHOD): 

LINE COMMUTATION: 

If the load is connected to an AC source through an SCR, load current will flow during the 
positive half cycle. During negative half cycle, the SCR will turn-off due to the reverse polarity 
across it. This is known as Line commutation. 

FORCED COMMUTATION: 

LOAD COMMUTATION: 

 

For load commutation, the commutating components Land C are connected as shown 
above in the figure. For low value of RL, L and C are connected in series with RL. For high value of 
RL, C is connected across RL. When the circuit is supplied by a DC Source and the SCR is triggered, 
the SCR carries only the charging current of a capacitor ‘C’.  The charging current soon decays to a 
value which is less than the holding current of the device, whenever the capacitor gets charged to 
the supply voltage Edc..  
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RESONANT PULSE COMMUTATION: 

 

In this method, the LC resonating circuit is across the SCR and not in series with the load. 
Initially, as soon as the supply voltage Edc is applied, the capacitor ‘C’ starts getting charged with its 
upper plate positive and the lower plate negative and it charges up to the voltage Edc. 

When SCR T is triggered, the load Current flows through the path Edc+-T-RL-Edc- and 
capacitor ‘C’ starts discharging through the path C+-L-T-C-. When the capacitor ‘C’ becomes 
completely discharged, it starts getting charged with reverse polarity. Due to the reverse voltage, 
commutating current IC starts flowing which opposes the load current IL. When the commutating 
current IC is greater than load current IL, SCT T becomes turned-off. 

VOLTAGE AND CURRENT RATINGS OF SCR: 

VOLTAGE RATING: 

VDWM (PEAK WORKING FORWARD BLOCKING VOLTAGE): 

It is the maximum forward blocking voltage that an SCR can withstand during its working.  

VDRM (PEAK REPETITIVE FORWARD BLOCKING VOLTAGE): 

It refers to the peak transient voltage that an SCR can withstand repeatedly or periodically 
in its forward blocking mode. 
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VDSM (PEAK SURGE FORWARDING BLOCKING VOLTAGE): 

It refers to peak value of the forward surge voltage that does not repeat. 

VRWM (PEAK WORKING REVERSE VOLTAGE): 

It is the maximum reveres voltage that an SCR can withstand during reverse bias. 

VRRM (PEAK REPETITIVE REVERSE VOLTAGE): 

It refers to peak reverse transient voltage that an SCR can withstand repeatedly or 
periodically during reverse blocking mode. 

VRSM (PEAK SURGE REVERSE VOLTAGE): 

 It refers to the peak Value of the reverse surge voltage that does not repeat. 

VT (ON STATE VOLTAGE DROP):  

It is the voltage drop between anode and cathode with specified forward on state current 
and junction temperature. Its value is of the order of 1 to 1.5V. 

FORWARD 
dV
dt

 RATING: 

This is the maximum rate of rise of anode current that will not trigger the SCR without any 
gate pulse. 

VGT (GATE TRIGGERING VOLTAGE): 

This is the minimum voltage required to produce the gate triggering current.  

FINGER VOLTAGE: 

It is the minimum value of forward bias Voltage between anode and cathode for turning on 
the device by gate triggering. 

CURRENT RATING: 

ITAV (AVERAGE ON-STATE CURRENT RATING): 

This is the maximum repetitive average value of anode current that can flow through the 
SCR such that the maximum temperature and RMS current limits are not exceeded.  

ITRMS (RMS ON-STATE CURRENT): 

This is the maximum repetitive RMS current specified at a maximum junction temperature 
that can flow through the SCR 

ITSM (SURGE CURRENT RATING): 

It specifies the maximum non-repetitive or surge current that the SCR can withstand for a 
limited number of times during its life span. 

dI
dt

 RATING: 

It is the maximum allowable rate of rise of anode to cathode current without any damage or harm 
to an SCR. 
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(IT)2 RATING: 

It is the time integral of the square of the maximum instantaneous current. This rating is used to 
determine the thermal energy absorption of the device. This rating is required in the choice of a 
fuse or other protective equipment employed for the SCR. 

LATCHING CURRENT: 

It is the minimum value of anode Current which it must attain during turn-on process to 
maintain conduction when gate signal is removed. 

HOLDING CURRENT: 

It is the minimum value of anode current below which it must fall turning off the SCR. Note 
that latching current is higher than holding current. 

PROTECTION OF SCR: 

OVER VOLTAGE PROTECTION:   

SNUBBER CIRCUIT ( 
dV
dt

  SUPPRESSION): 

A snubber circuit basically consists of a series - connected resistor and capacitor placed in 
shunt with an SCR. When switch ‘S’ is closed, a sudden voltage appears across the circuit. Capacitor 
CS behaves like a short circuit, therefore voltage across SCR zero. With the passage of time, voltage 
across CS builds up at a slow rate such that dV/dt across CS and therefore across SCR is less. The 
resistor RS is connected to limit the discharging Current. 

 

 

NON-LINEAR SURGE SUPPRESSOR: 

  To protect the SCR from non-linear surges, a voltage clamping device is connected across 
SCR. A voltage clamping device is a non-linear resistor. Under normal working condition of 
voltage, the device shows a high resistance and draws only a small leakage Current. When a 
voltage surge appears, the device operates in the low resistance region produces a virtual short 
current across the SCR. Hence the SCR is protected. The voltage Clamping device may be a metal 
oxide varistor or a Selenium surge suppressor. 
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OVER CURRENT PROTECTION:  

BY CIRCUIT BREAKER AND FUSE: 

 

 

For protection against overcurrent a circuit breaker and a fast acting current limiting fuse 
are connected is series with the voltage source. The fuse must be capable of carrying the full load 
current. But when an overcurrent occurs, the fuse blows out and the SCR is protected. If the 
Current still present due to arc, the circuit breaker breaks the circuit, thus isolate the SCR from 
supply. 

BY CROWBAR CIRCUIT: 

 

In this type of overcurrent protection a crowbar SCR is connected across the DC supply. A 
current sensing resistor trigger detects the value of converter Current. If it exceeds preset value, 
gate circuit provides signal to crowbar SCR. The input terminals are then short circuited by crowbar 
SCR and it shunts away the converter overcurrent. 

GATE PROTECTION:  
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Gate circuit should also be protected against over voltage and over current. Protection 
against overvoltage is achieved by connecting a Zener diode ZD across the gate circuit. A resistor 
R2 connected in series with the gate circuit provides protection against over current. A capacitor C1 
and resistor R1 are also connected across gate to cathode to bypass the noise signal. 

FIRING CIRCUITS: 

GENERAL LAYOUT DIAGRAM OF FIRING CIRCUIT: 

 

The widespread use of SCRs for controlling power is their ability to switch from non-
conducting to conducting state in response to a small control signal. The proper triggering of SCRs 
requires that the source of the trigger-signal should supply adequate gate current and voltage, 
without exceeding the SCRs gate ratings in accordance with the characteristics of the SCRs and the 
nature of its load and supply. Only a correctly designed firing circuit to supply the gate currents to 
SCRs will enable the full potential of both SCRs and equipment. The performance capabilities of a 
particular SCR depend on the magnitude and wave-shape of the gate current; it will decide 
whether the device will fire over its full operating range, and whether the SCR will be successful in 
accepting the circuit currents and voltage to which it is exposed. Some systems operate 
successfully only when the gate current is flowing throughout the conduction period, while in 
others a single pulse is all that is required. The unbalance or harmonics in equipment will be 
decided by the firing system used. The basic requirements for the successful firing of a SCR are 
that the current supplied to the gate should: 

   Be of adequate amplitude and sufficiently short rise time.  

Be of adequate duration. 

Occur at a time when the main circuit conditions are favorable to conduction. 

RESISTANCE FINING CIRCUIT:  

In the resistance firing circuit shown below as es goes positive the SCR becomes forward 
biased, however it will not conduct (eL =0) until  its gate current exceeds Igmin . When the gate 



                                                                                                                           Department of Electrical Engineering 

Page | 26  
 

current reaches a value equal to Igmin, the SCR turns-on and a value equal to Igmin, the SCR turns-on 
and eL will approximately equal to eS. In   type method firing angle ‘α’ can be varried between 0o to 
90o. The load voltage can be controlled by varying RV which varies the resistance in the gate circuit. 

 

If RV is increased, the gate current will reach its trigger value Igmin at a greater value of eS  
making the SCR to trigger a latter point in the eS positive half cycle. Thus the firing angle ‘α’ will 
increase. The opposite will occur if RV is decreased. The minimum firing angle is obtained with RV 
equal to zero. 

RESISTANCE-CAPACITANCE FIRING CIRCUIT: 

 

  In resistance- capacitance firing, at first in the negative half cycle, capacitance ‘C’ ' charges 
through diode D2 with lower plate positive to the peak supply voltage emax.  This capacitance 
voltage remains at – emax until supply voltage attains zero value. Now as SCR anode voltage passes 
through zero and becomes positive, capacitor ‘C’ begins to charge through RV from initial voltage - 
emax . When the capacitor charges to positive voltage equal to gate trigger voltage Vgt (= Vgmain + 
VD1), SCR is triggered. During negative half cycle, the diode D1 prevents the breakdown of gate-
cathode junction. In this firing method by varying the resistor RV, the firing angle can be controlled 
from 0o to 180o. 

UJT (UNI JUNCTION TRANSISTOR): 

CONSTRUCTION: 

UJT is it a three terminal, single junction semiconductor device. It consists of a lightly doped, 
N-type silicon bar provided with ohmic contacts at each end. The two end contacts are called 
base-1 (B1) and base-2 (B2). A small heavily doped P-type material, is alloyed into one side of the 
bar closes to B2. A small heavily doped P-type material, is alloyed into one side of the bar closes to 
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B2. This P material is called emitter (E) and forms a P-N junction with the bar. An inter-base 
resistance RBB exists between B1 and B2. 

 

This resistance can be broken up into two resistances, the resistance from B1 to E, called RB1 
and Resistance from B2 to E, called RB2. Since emitter is closed to B2, the value of RB1 is greater than 
RB2. 

 

The UJT is normally operated with both B2 and E biased positive relative to B1. The 
reference terminal of UJT is always B1. The VBB Source is fixed and provides a constant voltage from 
B2 to B1. The VEE source is variable voltage and is considered the input to the Circuit. Very often , 
VEE is not a source but a voltage across a capacitor.  

OFF States:  By voltage divider rule, the voltage Vx from point X and B1 

 Vx = 
VBBRB1

RB1+RB2
 = 

VBBRB1
RBB

 = ηVBB 

Where η = 
RB1
RBB

 and known as intrinsic standoff ratio. 

The voltage at point x is the voltage on the N side of the P-N Junction. The VEE source is 
applied to emitter which is the P side. So the emitter diode will be reversed bias as long as VEE is 
less than Vx. This is known as OFF state. In OFF state the UJT has a very high resistance between E 
& B1.The OFF state actually extends to the point where the emitter voltage exceeds Vx by the diode 
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threshold voltage VD. At this point the emitter voltage is! Called peak point voltage VP and given 
by 

VP = Vx + VD = ηVBB + VD 

ON State:  As emitter voltage VE approaches VP, the P-N junction becomes forward biased 
and begins to conduct. At this time emitter Current IE becomes positive and called peak point 
current. The 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. 
So current carriers (holes) in lower half are increased and its resistance RB1is drastically reduced. 
The decrease in RB1 causes Vx to drop. This drop in turn causes the diode to become more forward 
biased and emitter current IE increases even further. The larger IE injects more holes into B1, further 
reducing RB1 and so on. The emitter current is limited by the external resistance RE. 

UJT RELAXATION OSCILLATOR: 

 

When the voltage across capacitor VC= 0 = VE, let the switch is suddenly closed at t = 0 
applying Edc to the circuit. The emitter diode is reverse-biased and the UJT is OFF. The amount of 
reverse bias voltage Vx volt and its value is given as 

 Vx = 
Edc(R1+RB1)

R1+ RB1 +R2+RB2
 

In this condition the only emitter current flowing will be small reverse-leakage current and 
we can consider the emitter to be open. Then the capacitor will begin to charge towards the input 
voltage Edc through resistor R. The capacitor voltage increases with a time constant of RC. It will 
continue to increase until the voltage at the emitter reaches the peak-point value VP. At this time, 
the emitter diode becomes forward biased and the UJT turns on with RB1 dropping to a very low 
value. Since the diode is now forward biased, the capacitor will discharge through the low 
resistance path containing the diode, RB1 and R1. The capacitor discharge time constant is normally 
very short compared to its charging time constant. The discharging capacitor provides the emitter 
current needed to keep the UJT ON. It will remain ON until IE drops below the valley current IV, at 
which time the UJT will turn OFF.  This occurs when the capacitor voltage has dropped to the valley 
voltage VV. At this time, RB1 returns to its OFF value and the emitter diode becomes reversed bias. 
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Then the capacitor will begin charging again towards Edc and the previous chain of events will 
repeat itself indefinitely as long as power is applied to the circuit. The result is a periodic saw tooth 
wane form across the capacitor. 

 

 

UJT PULSE TRIGGERING CIRCUIT:                             

 

When the switch ‘S’ is closed, the SCR is forward biased but not conducting. Then after the 
first output pulse is supplied to the gate terminal of SCR, the SCR will starts conducting. Now the 
subsequent output will have no effect at gate. 

SYNCHRONOUS TRIGGERING (RAMP TRIGGERING): 
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In ramp triggering the diode bridge D1 – D4, rectifies a.c. to d.c. Resistor RS lowers Edc to a 
suitable value for the zener diode and UJT. The zener diode DZ is used to clip the rectified-voltage 
to a fixed voltage VZ. This voltage VZ is applied to the charging circuit RC. Capacitor C charges 
through R until it reaches the UJT trigger voltage VP. The UJT then turns "ON" and C discharges 
through the UJT emitter and primary of the pulse transformer. The windings of the pulse 
transformer have pulse voltages at their secondary terminals. Pulses at the two secondary windings 
feed the same in phase pulse to two SCRs of a full wave circuit. SCR with positive anode voltage 
would turn ON. Rate of rise of capacitor voltage can be controlled by varying R. The firing angle 
can be controlled up to about 150°. This method of controlling the output power by varying 
charging resistor R is called as ramp control, open loop control or manual control.   

As the zener diode voltage VZ, goes to zero at the end of each half cycle, the 
synchronization of the triggering circuit with the supply voltage across SCRs is achieved  

DESIGN OF RC SNUBBER CIRCUITS:  

This circuit is a capacitor and series resistor connected across a switch. For designing the 
snubber circuits. The amount of energy is to dissipate in the snubber resistance is equal to the 
amount of energy is stored in the capacitors. An RC snubber placed across the switch can be used 
to reduce the peak voltage at turn-off and to lamp the ring. An RC snubber circuit can be polarized 
or non-polarized. If you assume the source has negligible impedance, the worst case peak current 
in the snubber circuit. 

I = 
VO
RS

    and I = 
CdV
dt

                                                                                                            

 

For an appropriate forward-polarized RC snubber circuit a thyristor or a transistor is 
connected with an anti-parallel diode. R will limit the forward dv/dt and R1 limits the discharge 
current of 48 the capacitor when transistor Q1 is turned on. These are used as overvoltage 
snubbers to clamp the voltage. 

An un-polarized snubber circuit is used when a pair of switching devices is used in anti-
parallel. For determining the resistor and capacitor values a simple design technique can be used. 
For this an optimum design is needed. Hence a complex procedure will be used. These can be 
used to protect and thyristors. 
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Capacitors selection: Snubber capacitors are subjected to high peak and RMS currents and 
high dv/dt. An example is turn-on and turn-off current spikes in a typical RCD snubber capacitor. 
The pulse will have high peak and RMS amplitudes. The snubber capacitor has to meet two 
requirements. First, the energy stored in the snubber capacitor must be greater than the energy in 
the circuit’s inductance. Secondly, the time constant of snubber circuits should me small compared 
to shortest on time expected, usually 10% of the on time. By allowing the resistor to be effective in 
the ringing frequency this capacitor is used to minimize the dissipation at switching frequency. The 
best 49 design is selecting the impedance of the capacitor is same that of resistor at the ringing 
frequency. 

Resistors selection: It is important that R in the RC snubber, have low self-inductance. 
Inductance in R will increase the peak voltage and it will tend to defeat the purpose of the 
snubber. Low inductance will also be desirable for R in snubber but it is not critical since the effect 
of a small amount of inductance is to slightly increase the reset time of C and it will reduce the 
peak current in switch at turn-on. The normal choice of R is usually the carbon composition or 
metal film. The resistor power dissipation must be independent of the resistance R because it 
dissipates the energy stored in the snubber capacitor in each transition of voltage in the capacitor. 
If we select the resistor as that the characteristic impedance, the ringing is well damped. When 
comparing the Quick design to optimum design, the required snubber resistor’s power capability 
will be reduced. Usually the “Quick” design is completely adequate for final design. Going to the 
“Optimum” approach is only if power efficiency and size constraints dictate the need for optimum 
design. 
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QUESTION BANK 

SHORT QUESTIONS WITH ANSWER: 

Q: Define latching current. 

A: It is the minimum value of anode Current which it must attain during turn-on process to 
maintain conduction when gate signal is removed. 

Q: Define holding current. 

A: It is the minimum value of anode current below which it must fall turning off the SCR. 
Note that latching current is higher than holding current. 

Q: Define finger voltage. 

A: It is the minimum value of forward bias Voltage between anode and cathode for turning 
on the device by gate triggering. 

Q: What is Snubber Circuit? 

A: A snubber circuit basically consists of a series - connected resistor and capacitor placed 
in shunt with an SCR. When switch ‘S’ is closed, a sudden voltage appears across the circuit. 
Capacitor CS behaves like a short circuit, therefore voltage across SCR zero. 

Q: What is Crowbar Circuit? 

A: In this type of overcurrent protection a crowbar SCR is connected across the DC supply. 
A current sensing resistor trigger detects the value of converter Current. If it exceeds preset value, 
gate circuit provides signal to crowbar SCR. The input terminals are then short circuited by crowbar 
SCR and it shunts away the converter overcurrent. 

Q: Define UJT. 

A:  UJT is it a three terminal, single junction semiconductor device. It consists of a lightly 
doped, N-type silicon bar provided with ohmic contacts at each end. The two end contacts are 
called base-1 (B1) and base-2 (B2). A small heavily doped P-type material, is alloyed into one side of 
the bar closes to B2. A small heavily doped P-type material, is alloyed into one side of the bar 
closes to B2. This P material is called emitter (E) and forms a P-N junction with the bar. An inter-
base resistance RBB exists between B1 and B2. 

Q: what is the application of Power Diode? 

A: Power Diode is used in Rectifiers Clipper Circuits, Clamping Circuits, Reverse Current 
Protection Circuits and In Logic Gates. 

Q: Define DIAC.   

A: It is a two terminal and five layer bidirectional semiconductor device. Five layers consist 
of three N layers and two P layers. The layers which are close to the terminals are made up of both 
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N type and P type. The two terminals are named as MT1 and MT2. It stands for diode in ‘ac’. It can 
be turned ON in both forward and negative direction. 

Q: What are the application of DIAC? 

A: The main application of a DIAC is its use in a TRIAC triggering circuit. It can be used in 
the lamp dimmer circuit, heat control circuit and speed control of a universal motor 

Q: Define delay time. 

A: The delay time td is the time interval between the instant at which the gate current 
reaches 0.9Ig and the instant at which anode current reaches 0.1Ia. The delay time may also be 
defined as time during which anode voltage from Va to 0.9 Va. 

Q: Define rise time. 

A: The rise time tr is the time taken by anode current to rise from 0.1Ia to 0.9Ia. It may also 
be defined as the time duration in which the anode voltage decreases from 0.9Va to 0.lVa.                    

 
LONG QUESTIONS: 

Q: Describe the different modes of operation of a SCR with the help of its static V-I 
characteristic 

Q: Describe the holding current and latching current as applicable to an SCR 

Q: With the help of a neat diagram, explain the two transistor analogy of an SCR. Also 
discuss the triggering conditions of SCR. 

Q: Give the constructional details of an SCR. Sketch its schematic diagram and the circuit 
symbol. 

Q: Explain why (i) the inner two layers of an SCR are lightly doped and are wide, (ii) the 
inner n layer of an SCR is doped with gold and (iii) IH is less than IL. 

Q: Explain in detail the turn-off mechanism of an SCR.  

Q: Explain the various types of triggering methods of SCR briefly. Which is the universal 
method and why?  

Q: What are the different signals which can be used for turning on an SCR by gate control? 
Compare them?  

Q: Draw the gate characteristic of an SCR and explain it.  

Q: Draw the turn-off characteristic of an SCR and explain the mechanism of turn- off 

Q: What are the different methods for turning off an SCR? Explain all methods in detail? 

Q: Draw and explain the equivalent circuit and V-I characteristic of the UJT in detail. 
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Q: Draw and explain circuit diagram for the synchronized UJT triggering. Also, draw and 
explain the associated voltage waveforms. 

Q: Draw the V-I characteristics of a DIAC and explain its working principles. 

Q: Explain with the help of layer diagram the construction of a TRIAC. 

Q: Draw the V–I characteristics of a TRIAC and explain its working principle. 

Q: Explain the difference between a TRIAC and an SCR. 
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CHAPTER 2: UNDERSTAND THE WORKING OF CONVERTERS, 
AC REGULATORS AND CHOPPERS. 

CONTROLLED RECTIFIERS TECHNIQUES:  
PHASE ANGLE-CONTROL (FIRING ANGLE CONTROL): 

In A.C. circuits, the SCR can be turned “on” by the gate at any phase angle, with respect to 
the applied voltage. This phase angle is measured with respect to a given reference, at which the 
gate pulses are applied to the SCR gates. The reference point is the point at which the application 
of the gate pulses results the maximum mean positive D.C. terminal voltage of which the converter 
is capable. In other words, a phase-angle of 0° corresponds to the conditions when each SCR in 
the circuit is fired at the instant its anode voltage-first becomes positive in each cycle, under this 
condition, therefore, the converter operates in exactly the same manner as if it was an uncontrolled 
rectifier circuit. The ‘α’ is the symbol for the phase angle. Hence, the most efficient method to 
control the turning ON of an SCR is achieved by varying the phase-angle of SCR. Such a method of 
control is called as phase-angle control.  

EXTINCTION ANGLE CONTROL: 

 In power electronics extinction angle is one where SCR gets switched off at desired angle. 
The output voltage is controlled by varying the extinction angle ‘β’. In extinction angle control, SCR 
is turned on at ωt = 0, and then turned off by forced commutation at ωt = (π-β). The output 
voltage is controlled by varying the extinction angle β. 

EXPLAIN SINGLE QUADRANT SEMI CONVERTER, TWO QUADRANT 
FULL CONVERTER AND DUAL CONVERTER: 

The phase controlled converters may be classified as semi-converter, full converter and dual 
converter. Depending on the input A.C. supply used they are classified as single phase and three 
phase converters.  

SEMI-CONVERTER:  

A semi-converter is a one quadrant converter and it has one polarity of output voltage and 
current. It contains a mixture of diodes and SCRs allowing more limited control over the dc output 
voltage level than the full controlled rectifier. It is cheaper. It permits power flow from AC system 
to DC load. It is also known as half-wave controlled converter.  

FULL-CONVERTER: 

A full-converter is a two-quadrant converter and the polarity of its output voltage can be either 
positive or negative. However, the output current of full-converter has one polarity only. Here 
power can be transmitted from AC side to DC side (conversion) and from DC side to AC side 
(inversion). It uses only SCRs as rectifying elements. 
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DUAL-CONVERTER: 

If two full converters are connected back to back they form a dual converter. It can operate in four 
quadrants and both the output voltage and current can be either positive or negative. Normally 
these are used in high power applications. 

SINGLE PHASE HALF WAVE CONVERTER: 

WITH RESISTIVE LOAD: 

 

  During the positive half cycle of the supply voltage, the SCR anode is positive with respect 
to its cathode and until the SCR is triggered by a proper gate pulse, it blocks the flow load current 
in the forward direction. When the SCR is fined at an angle α, full supply voltage is applied to the 
load. Hence the load is directly connected to the ac supply. With a zero reactance source and a 
purely resistive load, the wave form of current, after the SCR is triggered will be identical to the 
applied voltage wave and of a magnitude depending on the amplitude of the voltage and the 
value of load resistance R. The load current will flow until it is commutated by reversal of supply 
voltage at ωt=π. 

The angle during which the SCR conducts is called conduction angle β. By varying the firing 
angle α, the output voltage can be controlled. During the period of conduction, voltage drop 
across the SCR is as the order of one volt. During the negative half-cycle of the supply voltage, the 
SCR blocks the flow of load current. 

Average load voltage: 

EDC = 1
2π ∫ EmSinπ

α ωtd(ωt) 
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Or EDC = Em
2π ∫ Sinπ

α ωtd(ωt) 

Or EDC = Em
2π

[-Cos ωt]π
α 

Or EDC = Em
2π

[1+Cos α] 

The maximum output voltage is obtained at α = 0  

  EDCmax = Em
2π

 

Average load current: 

IDC = 
Em

2πR 
[1+Cos α] 

WITH RESISTIVE-INDUCTIVE LOAD: 

 

At the instant when the SCR is triggered, the load current will increase in a finite time 
through the inductive load. The supply voltage from this instant appears across the load. Due to 
inductive load, the increase in current is gradual. The inductor stores some energy. So when the 
supply voltage reverses, the SCR is kept conducting. When the stored energy is dissipated in the 
resistor and a part of it is bed back to the source, the load current becomes zero and due to the 
reverse voltage & SCR turns-off. When during next positive cycle, the gate pulse is applied, the 
above cycle repeats. Hence the effect of the inductive load is increased in the conduction period of 
SCR. 

Average load voltage is 

EDC= 1
2π ∫ EmSinπ+α

α ωtd(ωt) 
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Or EDC = Em
2π

[-Cos ωt]π
π+α  

Or EDC = Em
π

Cos α 

UNDERSTAND NEED OF FREEWHEELING DIODE:  
A freewheeling diode is basically a diode connected across the inductive load terminals to 

prevent the development of high voltage across the switch. When the inductive circuit is switched 
off, this diode gives a short circuit path for the flow of inductor decay current and hence 
dissipation of stored energy in the inductor. This diode is also called Flywheel or Fly-back diode. 

WORKING PRINCIPLE OF FREEWHEELING DIODE: 

 

When switch S is closed, the steady state current I through the circuit is (E/R) and hence the 
stored energy in inductor is (LI2)/2. When this switch S is opened, the current will suddenly decay 
to zero from steady value I = (E/R). Due to this sudden decay of current, a high reverse voltage (as 
per lenz's law) equal to L(di/dt) will appear across the inductor terminals and hence across the 
diode and switch. This will lead to sparking across the switch contacts. If this reverse voltage 
exceeds the Peak Inverse Voltage of diode, then it may get damage. To avoid such occurrences, a 
diode, called freewheeling or fly-back diode is connected across the inductive load RL as shown in 
figure below. 

SINGLE PHASE FULL WAVE CONVERTER: 

WITH RESISTIVE LOAD (MID-POINT CONVERTER): 
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In this configuration two SCRS are connected to a center-tapped secondary of a 
transformer. The input signal is coupled through the transformer to the center-tapped secondary. 
During the positive half cycle of the AC supply, when terminal A of the transformer is positive with 
respect to B and N, SCR T1 is forward biased and SCR T2 is reverse biased. Since no triggering 
pulses are given to the gates of the SCRs, they are in Off-state. When SCR T1 is triggered at a firing 
angle α, current would flow from terminal A through SCR T1, the resistive load R and back to the 
center tap of the transformer (point N). This Current continues to flow up to angle π, when the line 
voltage reverses its polarity and SCR T1 is turned off. During the negative half cycle, the terminal B 
of the transformer is Positive to A and N. Now SCR T2 is forward biased and when SCR T2 is 
triggered at an angle π + α, current would flow from terminal B, through SCR T2, the resistive load 
and back to center–tap of transformer (N). This current continues till angle 2 and then SCR T2 is 

turned off. Here it is assumed that both SCRs are triggered with the same firing angle, 
hence they share the load current equally. 

The average value of load voltage is 

EDC = 1
π ∫ EmSinπ

α ωtd(ωt) 

Or EDC = Em
π ∫ Sinπ

α ωtd(ωt) 

Or EDC = Em
π

[-Cos ωt]π
α 

Or EDC = Em
π

[1+Cos α] 

The average load current is 

IDC = 
Em
πR 

[1+Cos α] 

WITH RESISTIVE-INDUCTIVE(R-L) LOAD (MID-POINT CONVERTER): 

 

During positive half cycle, when SCR T1 is triggered at angle α, load current flows through 
terminal A, SCR T1 , resistor R, inductor L and point N. At angle π, the supply voltage reverses but 



                                                                                                                           Department of Electrical Engineering 

Page | 40  
 

the load current continues to flow through SCR T1, because the SCR T1 is not gated till π + α and 
the inductor energy is dissipated through SCR T1, and R. At angle π + α, SCR T2 is fired and the 
load current is transferred to SCR T2 and flows through B, SCRT, Resistor R, inductor L and point N. 
During the negative half cycle, in between the instant π + α to 2α, the voltage across SCR T1 is 
negative with a maximum value of -2Em. At angle 2α, the supply voltage again becomes positive 
but the SCR continues conducting until 2π+α due to the inductor energy. From the instant 2π + α 
to 3π, the voltage across T2 becomes negative with maximum Value -2Em.  In resistive–inductive 
load case, the load current may be continuous or discontinuous, depending upon the value of 
inductance. 

The average value of lead voltage is 

EDC= 1
π ∫ EmSinπ+α

α ωtd(ωt) 

Or EDC = Em
π 

[-Cos ωt]π
π+α  

Or EDC = 2Em
π

Cos α 

WITH RESISTIVE LOAD (BRIDGE CONVERTER): 

In bridge Converter two pairs of SCRs are used, diagonally opposite pairs are made to 
conduct and commutated simultaneously. During the first positive half cycle, SCRs T1 and T2 are 
fired simultaneously at a firing angle α. So the load current flows through the path L-T1- R-T2–N. At 
the instant α, when the negative half cycle starts SCRs T1 and T2 are commuted naturally and load 
current becomes zero. At instant π + α, the SCRs T3 and T4 are fired and load current flows through 
the path N-T3-R-T4-L. At instant 2π, when the positive half cycle starts, SCRs T3 and T4 are 

commutated and load current again becomes zero. This cycle of operation is repeated. 
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The average load voltage is  

EDC = 1
π ∫ EmSinπ

α ωtd(ωt) 

Or EDC = Em
π ∫ Sinπ

α ωtd(ωt) 

Or EDC = Em
π

[-Cos ωt]π
α 

Or EDC = Em
π

[1+Cos α] 

The average load current is 

IDC = 
Em
πR 

[1+Cos α] 

WITH RESISTIVE-INDUCTIVE(R-L) LOAD (BRIDGE CONVERTER):  

 

During first positive half cycle, SCRs T1 and T2 are fired at fining angle α. So the current 
flows through the path L-T1-L-R-T2-N. Supply voltage from this instant appears across output load 
terminal. At instant π, voltage reverses, however the current is maintained in the same direction 
which keeps the SCRs T1 and T2 conducting and hence the negative supply voltage appears across 
load terminals. At an angle π + α, SCRs T3 and T4 are fired. With this, the negative line voltage 
reverse-biases SCRs T1 and T2 to commutate. Now the current flows through the path N-T3-L-R-T4-
L. This continues in every half cycle and we get the output voltage across load. 

The average load voltage is 

EDC= 1
π ∫ EmSinπ+α

α ωtd(ωt) 

Or EDC = Em
π

[-Cos ωt]π
π+α  

Or EDC = 2Em
π

Cos α 
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THREE PHASE FULLY CONTROLLED CONVERTER WITH RESISTIVE 
LOAD: 

 
This converter consists of two groups of SCRs, positive group and negative group. Here 

SCRs T1, T3 and T5 form a positive group, whereas SCRs T2, T4 and T6 form negative group. The 
positive groups SCRs are tuned ON when the supply voltages are positive and negative group 
SCRs are turned ON when the supply voltages are negative. In order to start the circuit functioning, 
two SCRs must be fired at the same time in order to commence current flow, one of the upper 
arms and one of the lower arms. For describing the operation of the circuit, the following points to 
be remembered. 

Each SCR should be triggered at same firing angle α 

Each SCR can conduct for 120°. 

SCRs must be triggered in the sequence T1, T2, T3, T4, T5 & T6. 

The phase shift between the triggering of the two adjacent SCRs is 60°. 

At any instant, two SCRs can conduct and there are such six pairs such as (T6 & T1), (T1 & T2), 
(T2 & T3), (T3 & T4), (T4 & T5) and (T5 & T6).  

Each pair of SCR conducts for 60°. 

The incoming SCR commutates the outgoing SCR, i.e. SCR T1 commutates SCR T5, SCR T2 
commutates SCR T6 and so on. 

When the two SCRs are conducting i.e. one from upper group and one from lower group, 
the corresponding line voltage is applied across the load for example, when T6 and T1 are 
conducting the line Voltage VAB is applied. 
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Continuous conduction mode: (0°< α < 60°) 

When the phasor AB is allowed to conduct at α between 0° to 60°, it continues to conduct 
by 60° when the phasor AC is fired. The conduction is shifted from SCR T6 to T2.  T6 is commutated 
by the reverse voltage of phase C and B across it. The phasor AC conducts after another Goo after 
which it is replaced by phasor BC when Phase B voltage assumes greater value than c and A. Hence 
load current is continuous for α between 0° to 60°. 

Discontinuous conduction mode: (60°< α < 120°)  

When the phasor AC is fired at angle & between 60°< α < 120°, it conducts upto an angle π 
after which phase B becomes positive with respect to phase C and after 60° phasor BA conducts 
also up to angle π. Hence load current remains zero from π to the next firing pulse and becomes 
discontinuous. Note that for α = 120°, the output voltage is zero. 

For continuous mode: 

The average load voltage is 

 EDC = 
6

2π
  ∫ √3

π
2+α

π
6+α

 EMSin (ωt + 
π
6

 )d(ωt) 

Or EDC = 
3√3

π
 EM ∫ Sin ωtd(ωt)

2π
3 +α

π
3+α

 

Or EDC = 
3√3

π
 EM [−Cos ωt]π

3+α

2π
3 +α

 

Or EDC = 
3√3

π
 EM [Cos (

π
3

+α) - Cos (
2π
3

+α)] 

Or EDC = 
3√3

π
 EM [Cos (

π
3

+α) + Cos (
π
3

-α)] 

Or EDC = 
3√3

π
 EM2 Cos

π
3

Cosα 

Or EDC = 
3√3

π
 EMCosα 

The average load current is 

 IDC = 
3√3
πR

 EMCosα 

For discontinuous mode: 

The average load voltage is 

 EDC = 
6

2π
  ∫ √3

5π
6

π
6+α

 EMSin (ωt + 
π
6

 )d(ωt) 

Or EDC = 
3√3

π
 EM ∫ Sin ωtd(ωt)π

π
3+α  



                                                                                                                           Department of Electrical Engineering 

Page | 44  
 

Or EDC = 
3√3

π
 EM [-Cos ωt]π

3+α
π  

Or EDC = 
3√3

π
 EM [1 + Cos (

π
3

+α)] 

The average load current is 

 IDC = 
3√3
πR

 EM [1 + Cos (
π
3

+α)] 

AC REGULATOR: 

SINGLE PHASE HALF WAVE AC REGULATOR: 

 

This half wave AC regulator consists of an SCR and diode connected in antiparallel. The 
power flow to the load is controlled by delaying the firing angle of SCR T. Due to the presence of 
diode D, the control range is limited and the output voltage can only be varied between to 70.7% 
to 100%.  As the circuit is half controlled, the positive half cycle is not identical with negative half 
cycle. So DC component is introduced is in the supply and load circuits, which is undesirable. This 
type of regulator is unidirectional. 

SINGLE PHASE FULL WAVE, AC REGULATOR: 
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The full wave Ac regulator uses two SCRs connected in antiparallel. SCRs T1 and T2 are 
forward biased during positive and negative half cycle respectively. During positive half cycle SCR 
T1 is triggered at a firing angle α. SCR T1 starts conducting and supply voltage is applied to load 
from α to π. At π, SCR T1 is commutated naturally. During negative half cycle SCR T2 is triggered at 
π + α. So SER T2 conducts from π + α to 2π and supply voltage is applied to load. At 2π, SCR T2 is 
commutated naturally. The output voltage can be controlled by varying the firing angle in both 
half cycles, so the regulator is bidirectional.   

CHOPPER: 

A chopper is a static device (or switch) used to obtain variable DC voltage from a source of 
constant DC voltage. Therefore, chopper may be thought of as DC equivalent of an AC 
transformer, since they behave is an identical manner. It consists of semiconductor device (SCR, 
BJT, and IGBT etc.), DC source, and circuit elements. 

WORKING PRINCIPLE OF STEP-DOWN CHOPPER: 

 

During the period TON, when the chopper is ON, the supply terminals are connected to the 
load terminals and the inductor L stores energy. During the interval TOFF, when the chopper is OFF, 
due to the stored energy, load current continues to flow and free wheels through the diode D. But 
as the freewheeling diode short circuits the load terminal, as a result load voltage is zero.  

The average load voltage is   

  EO = EDC 
TON

TON+TOFF
 

 Or EO = EDC 
TON

T
 

Or EO = EDC α 

TON – Chopper turn ON time 

TOFF – Chopper turn OFF time 

T = TON + TOFF = Chopping time 

α = 
TON

T
 = Duty cycle 
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When the duty cycle α is zero, the load voltage will be zero and when α is one, the load 
voltage is EDC. Hence load voltage ranges between zero to EDC. 

WORKING PRINCIPLE OF STEP-UP CHOPPER: 

 

When the chopper is ON, the inductor L is connected to the supply and stores energy 
during on period TON. When the chopper is made OFF, the inductor stored energy as well as 
Source EDC supply the load.  Hence the load voltage becomes 

 EO = EDC + L
dIDC
dt

  

During the time TON when chopper is ON, the energy input to the inductor from the source 
is given by   WI = EDC IDC TON 

During the time TOFF when chopper is OFF, energy released by the inductor to the load is 
given by  

 WO = (EO – EDC) IDC TOFF  

Considering the system to be lossless, the above two energies will be equal. 

Hence WI = WO 

Or EDC IDC TON = (EO – EDC) IDC TOFF 

Or EDC TON + EDC TOFF = EO TOFF 

Or EO = EDC 
TON+TOFF

TON
 

Or EO = EDC 
T

TOFF
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Or EO = EDC 
1

1 - 
TON

T

 

Or EO = 
EDC

1 - α
 

Hence the output voltage EO will vary in the range EDC < EO < ∞ for the variation of duty 
cycle α in the range 0 < α < 1. 

CONTROL MODES OF CHOPPER: 

There are two types of control modes of Chopper  

(i) Time ratio control 

(ii) Current limit control  

TIME RATIO CONTROL: 

In time ratio control the value of TON and TOFF is varied. This is affected in two ways. 

(a) Constant frequency system 

(b) Variable frequency system  

CONSTANT FREQUENCY SYSTEM: 

In this type of control mode, the ON time TON is varied but the chopping frequency f (f=1/T) 
is kept constant. This control strategy is also called pulse width modulation control.  

VARIABLE FREQUENCY SYSTEM: 

In this type of control mode, the chopping frequency f is varied and either ON time TON is 
kept constant or OFF time TOFF is kept constant. This control strategy is also called frequency 
modulation control. 

CURRENT LIMIT CONTROL: 

In current limit control mode, the chopper is switched ON and OFF so that the current in the 
load is maintained between two limits. When the current exceeds upper limit, the chopper is 
switched OFF. During off period, the load current freewheels and decreases exponentially. When it 
reaches the lower limit, the chopper is switched ON. Current limit control is possible either with 
constant frequency or variable frequency. The current limit is only used when the load has energy 
stored elements. 
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OPERATION OF CHOPPER IN ALL FOUR QUADRANTS: 

Choppers may be classified according to the number of quadrant of the EO-IO diagram in 
which they are capable of operating. By various combination of connection it is possible to realize 
any combination of output voltage and current. If the load is a separately excited motor of 
constant field, then the positive voltage and Positive current in the first quadrant give rise to a 
forward drive. Changing the polarity of voltage and current results is a reverse drive (third 
quadrant). In second and fourth quadrants, the direction of energy flow is reversed and the motor 
operates as a generator braking rather than driving. 

 

CLASS A CHOPPER: 

 

When the chopper is ON, EO = EDC and load current flows into the load. When chopper is 
OFF, EO = 0 and a load current due to inductor stored energy continues to flow in the same 
direction through the freewheeling diode D. Therefore both average load voltage EO and current IO 
are positive and this power flows from source to load. Therefore this configuration is used for 
motoring operation of DC motor load. This Chopper is also called step down chopper as average 
output voltage is always less than input voltage. 
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CLASS B CHOPPER: 

 

When the chopper is ON, the back emf EB stores energy in inductance L, when the chopper 
is OFF, the inductor load energy and the back emf EB delivered Current to the input source EDC. As 
the direction of the load current has opposite direction, so the average load current is negative. 
The average load is positive as the direction of the load voltage is same. This results in the power 
flow from the load to Source. Hence this type of chopper operates in second quadrant. This 
chopper is used for regenerative braking of de motors.  

 

CLASS C CHOPPER:  

When chopper CH1 is closed load current IDC flows through L, R and return to source, hence 
it is positive. Here load receives power from the supply. Therefore the output voltage EO = EDC and 
positive. As both the current and voltage are positive, we can say that the chopper operates in the 
first quadrant and motor drives. When the chopper CH1 is turned OFF, the stored energy dissipates 
through diode D1 in the same direction. 

 

When the load current becomes zero, the chopper CH2 is turned ON. Then the back emf EB 

forces the current through R, L and CH2. This continues until CH2 is turned OFF. Then the back emf 
and inductor stored energy forces current through diode D2 to the supply. The direction as the 
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current becomes negative but the polarity of the output voltage is same. So here the chopper 
operates is second quadrant. As the current direction is negative, the motor experiences, breaking.  

CLASS D CHOPPER: 

When both the choppers are turned ON, the load current flows through the path EDC+-CH1–
load-CH2–EDC-. Here both load current and load voltage are positive and hence the chopper 
operates in first quadrant. When one chopper is turned OFF, a diode short circuits the load and 
load voltage becomes zero. When both the choppers are turned OFF, the load current flows 
through Load-D2-EDC+-EDC--D1-load. 

 

Here the direction of the load remains same but the polarity of the output voltage becomes 
negative. So the chopper operates in fourth quadrant. 

 CLASS E CHOPPER: 

 

When the choppers CH1 and CH4 are turned ON, the current flows through the path EDC+-
CH1-load-Ch4-EDC-. Since both EO and IO are positive, we get the first quadrant operation. When 
both the choppers are turned OFF, load dissipates its energy through the path load-D3-EDC+-EDC--
D2-load. In this case EO is negative while IO is positive and fourth quadrant of operation is possible. 
When choppers CH2 and CH3 are turned ON, current flows through the path, EDC+-CH3-load-CH2-
EDC-. 
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Since both EO and IO are negative, we get the third quadrant operation. When both the 
choppers are turned OFF, load dissipates its energy through the path load-D1-EDC+-EDC--D4-load. In 
this case EO is positive and IO is negative and second quadrant operation is possible. 
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QUESTION BANK 

SHORT QUESTIONS WITH ANSWER: 

Q: What is meant by phase angle? 

A: The angle at which gate pulse is given to the SCR when it is forward biased. It is denoted 
by ‘α’. 

Q: What is meant by extinction angle? 
A: The angle at which the SCR is turned OFF before the forward voltage becomes zero. It is 

denoted by ‘β’. 

Q: What is semi-converter? 
A: A semi-converter is a one quadrant converter and it has one polarity of output voltage 

and current. It contains a mixture of diodes and SCRs allowing more limited control over the dc 
output voltage level than the full controlled rectifier. 

Q: What is full-converter? 
A: A full-converter is a two-quadrant converter and the polarity of its output voltage can be 

either positive or negative. However, the output current of full-converter has one polarity only. 
Here power can be transmitted from AC side to DC side (conversion) and from DC side to AC side 
(inversion). 

Q: What is dual-converter? 
A: If two full converters are connected back to back they form a dual converter. It can 

operate in four quadrants and both the output voltage and current can be either positive or 
negative. 

Q: What is the function of freewheeling diodes in controlled rectifier? 

A:  A freewheeling diode is basically a diode connected across the inductive load terminals 
to prevent the development of high voltage across the switch. When the inductive circuit is 
switched off, this diode gives a short circuit path for the flow of inductor decay current and hence 
dissipation of stored energy in the inductor.  

Q: Define chopper. 

A: A chopper is a static device (or switch) used to obtain variable DC voltage from a source 
of constant DC voltage. Therefore, chopper may be thought of as DC equivalent of an AC 
transformer, since they behave is an identical manner. It consists of semiconductor device (SCR, 
BJT, and IGBT etc.), DC source, and circuit elements. 

Q: What is meant by duty-cycle?   

A: Duty cycle is defined as the ratio of the ON time of the chopper to the total time period 

of the chopper. It is denoted by α. Duty cycle α = TON
T

 

Q: What are the control modes of chopper? 
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A: There are two types of control modes of Chopper  
(i) Time ratio control 
(ii) Current limit control  

  Q: Define current limit control. 
A: In current limit control mode, the chopper is switched ON and OFF so that the current in 

the load is maintained between two limits. When the current exceeds upper limit, the chopper is 
switched OFF. During off period, the load current freewheels and decreases exponentially. When it 
reaches the lower limit, the chopper is switched ON. 

 

LONG QUESTIONS: 
Q: Explain single phase half wave converter with resistive load.  
Q: Explain single phase half wave converter with resistive-inductive load. 
Q: Explain single phase full wave bridge converter with resistive load.  
Q: Explain single phase full wave bridge converter with resistive-inductive load.  
Q: Explain three phase full wave bridge converter with resistive load.  
Q: Explain single phase half wave ac regulator.  
Q: Explain single phase full wave ac regulator. 
Q: Explain working principle of step-down chopper. 
Q: Explain working principle of step-up chopper. 
Q: Explain class A chopper. 
Q: Explain class B chopper. 
Q: Explain class C chopper. 
Q: Explain class D chopper. 
Q: Explain class E chopper. 
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QUESTION BANK 

SHORT QUESTIONS WITH ANSWER: 

Q: What is inverter? 

A: An inverter is an circuit which converts DC power into an AC power at desired output 

voltage fand frequency.  

Q: Write two advantage of inverter. 

A: Two advantage of inverter are 

      It is used for variable speed of AC motor drives. 

      It is used for induction heating. 

Q: What is series inverter? 

A: The inverter circuit in which the commutating elements L and C are connected in series with 

the load to form an under damped circuit is called a series inverter.  

Q: What is parallel converter? 

A: The inverter circuit in which the commutating elements L and C are connected in parallel 

with the load. 

Q: What are the Disadvantages of Series Inverter? 

A: Disadvantages of Series Inverter are 

      A parallel inverter circuit is very simple, small in size, and less expensive as it employs 

complementary voltage commutation. 

 By using filter circuits at the output side, a good quality waveform can be obtained. 

     Compare to a series inverter, the commutating components in parallel inverter do not have 

to carry the entire load current. 

     Compared to the series inverter, parallel inverters have better output voltage. 

Q: What are the advantages of parallel Inverter? 

A: Advantages of parallel Inverter are 

     A parallel inverter circuit is very simple, small in size, and less expensive as it employs 

complementary voltage commutation. 

     By using filter circuits at the output side, a good quality waveform can be obtained. 

     Compare to a series inverter, the commutating components in parallel inverter do not have 

to carry the entire load current. 

    Compared to the series inverter, parallel inverters have better output voltage. 

Q: Define cyclo converter. 

A: Cycloconverters are frequency changers that convert AC power of specific frequency and 

voltage to different frequency and voltage of AC power without any intermediate DC link.  

Q: What is the function of cyclo converter?   

A: Function of cyclo converter are 

        Speed control of high power AC drives. 

Static VAR compensation 

      converting variable speed alternator voltage to constant frequency output voltage for use as 

power supply in aircrafts or shipboards. 
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LONG QUESTIONS: 

Q: Explain operation of siries inverter. 

Q: Explain operation of parallel inverter. 

Q: Explain operation of single phase half bridge inverter 

Q: Explain operation of single phase full bridge inverter.  

Q: Explain operation of step-up cyclo-converter.  

Q: Explain operation of step-down cyclo-converter.  
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QUESTION BANK 

Short Questions With Answer: 

Q: What are the factors affecting speed of DC motor? 
A: Factors affecting speed of DC motor are  
      The flux 
      The applied voltage 
       The voltage across armature  
Q: What are the methods used for speed control of DC motor? 
A: Methods used for speed control of DC motor are 
      Flux control method 
      Rheostat control method 
       Voltage control method 
Q: What are the factors affecting speed of AC motor? 
A: Factors affecting speed of AC motor are 
      Voltage 
       Frequency 
       Slip 
       Current 
       Rotor resistance 
Q: What is UPS? 
A: A UPS is a device which provides an uninterruptable power supply so as to maintain the 

continuity of supply in case of power outage. UPS stands for Uninterruptable Power Supply.  
Q: What are the types of UPS? 
A: UPS are of two types. Online UPS and Ofline UPS. 
Q: What are the functions of UPS? 
A: Functions of UPS are to absorb relatively small power surges, smooth out noisy power 

sources and continuously provides power to equipment during line sags.  
Q: What is SMPS? 
A: SMPS is the Switched Mode Power Supply circuit which is designed for obtaining the 

regulated DC output voltage from an unregulated DC or AC voltage.  
Q: What are the types of SMPS? 
A: SMPS is of four types 
      DC to DC Converter 
      AC to DC Converter 
      Fly back Converter 
      Forward Converter 

Long Questions: 
Q: Explain the speed control of DC shunt motor using converter. 
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Q: Explain the speed control of induction motor using AC voltage regulator. 

Q: Explain the speed control of induction motor by V / F control method. 

Q: Explain working of UPS with block diagram.  

Q: Explain working of Battery charger with block diagram.  
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QUESTION BANK 

Short Questions With Answer: 

Q: Explain PLC? 
A: Robot manufacturing companies use programmable logic controllers. It is a digitized 

computer device. PLC helps in the automation of a few electromechanical tasks. It can control a 
device connected to electricity to converting electrical energy into mechanical energy. 

Q: What is redundancy in PLC? 
A: Redundancy means the state of non-usefulness. For PLCs, when they are out of service or 

when they have faults, they cannot be used. They then become useless and are said to be 
redundant. It is called PLCs redundancy.  

Q: What is HMI in PLC? 
A: The full form of HMI is the Human Machine Interface. It basically allows operators to 

interface or communicate with the system they are supervising. The HMI provides a graphical 
overview of the status of the mechanical system and direct control of its operation. Graphical HMI 
screens can be programmed to allow the operator to view all important status and control 
information. 

Q: What is scan in PLC? 
A: SCAN means a performance by any sequential program controller operation. The process 

produces all updated outputs, which correspond to the supplied inputs. 

The SCAN process runs in the ladder diagram. total scan time takes to read the input, process the 
program logic, and update the corresponding output in a single cycle. 

Q: What are Latching Relays? 
A: A Latching Relay is a relay that keeps its nation after being actuated. That is why those 

styles of relays also are referred to as Impulse Relays Keep Relays or Stay Relays. There is an inner 
magnet in a latching relay. 

Q:  What's the position of I/O modules in PLC? 
A: I/O modules are used to offer I/O signs withinside the shape of easy on and stale 

commands in PLC, such that an enter module detects the reputation of entering alerts together 
with push-buttons, switches, temperature sensors, and so on while an output module controls 
gadgets together with relays, motor starters, lights, and so on. 

Q: What do you know about the time counter? 
A: It sparks off or deactivates the instrument software language length run out a form has 

shown defined value. Generally, time commands are taken into consideration inner results. It is like 
relay-kind commands, which are crucial commands for logic. 
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Q: Explain CRC? 
A: A cyclic redundancy test (CRC) means an extensively used blunders detection 

characteristic in virtual networks and garage gadgets to hit upon unintended adjustments to 
uncooked statistics. Blocks of statistics getting access to those systems are linked with a short seek 
cost primarily based totally on the rest of a polynomial records section. 

Long Questions: 
Q: Explain the Anatomy of a Ladder Program. 
Q: Draw a ladder program of starting of Induction Motor. 
Q: Explain Bit type instructions- XIC, XIO, OTE, OTL, OUT, OSR. 
Q: Why different types of I/O modules are required to be interfaced with PLC? Explain 

functioning of PLC input and output module with neat diagram. 
Q: Develop the Ladder Logic Diagram for a motor with following: NO start button, NC stop 

button Thermal overload switch opens on high temperature, green light when running, and red 
light for thermal overload. 


