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Editorial

- Prof. K.Y.Rajput
E-mail: rajputky9@rediffmail.com

On behalf of editorial board,  keeping in spirit of the 
earlier volumes, it gives me an immense pleasure 
to present this volume of the Journal of Electronics 
under Exponent Group of Journals. Through this 
journal, our aim is to enhance new knowledge and 
technology amongst the youth, common man, 
academic and research community, professionals 
and industry practitioner. We are also focusing to 
introduce  in each  volume of this journal as a basic 
platform for various subjects in the electronics areas 
in order to realize new theories and developments 
for common man communities; thus bridging the 
gap between common man and technology, later 
research theories and industrial developments are 
also incorporated. Electronics Journal provides a 
platform for common man, researchers, industrialist 
and students to submit on-going research activities 
and developments in these areas. 

In continuation with the theme of journal, we are 
publishing the papers which are not necessarily 
based on original research, but the subject of the 
papers are selected to match up with the objective 
of the journal, i.e. to enhance social awareness of 
latest technology in the field of Electronics and Tele-
communication.

In this Volume of Electronics Journal we are 
presenting five papers.

First paper in this volume titled “Introduction to 
Silicon Controlled Rectifier (SCR)” gives a description 
and overview of SCR which is main member of 
thyristor family. A silicon controlled rectifier or 
semiconductor-controlled rectifier is a four-layer 
solid-state current-controlling device. As per name 
of the device Silicon controlled rectifier, its main 
application is in rectifying means converting an AC 
voltage into DC voltage with control on magnitude 
of output DC voltage, as against the diodes which 

are used in rectifier circuit for converting AC voltage 
to DC voltage but no variation of output voltage is 
possible.

Our second paper is titled “12V to 394V with Boost 
converters”.  There are many  applications where 
massive potential difference (voltage) is needed but 
it is not necessary to have a high current output. 
The best example is the camera flash tube. It needs 
around 300 to 400V DC in order to fire that bright 
flash for a split second. Inside a camera, we do not 
have large batteries to produce this voltage. This 
paper represents a technique to convert low DC 
voltage into high DC voltage. With suitable changes 
in design one can obtain this DC to DC convertor for 
desired input and output.

Third paper is titled “The circulator: Key to 
Simultaneous transmit and receive”. It deals with a 
technique to use same antenna in mobile devices  for 
the purpose of transmitting and receiving. There may 
be multiple antennas inside your cell phone, each 
for different purpose. For example, one for 2.4GHz 
Bluetooth and WiFi, two more for 4G LTE radio 
another for NFC. Whatever purpose it be, the same 
antenna is used for transmitting and receiving. It may 
so appear to us that the function of transmitting and 
receiving data is happening at the same time, but it 
is not so. 

Next paper titled “OPERATIONAL AMPLIFIERS PART-
III OP-AMP NON-LINEAR APPLICATIONS” is third 
paper in the series of Operational Amplifiers. In last 
volume after presenting basics of OP-AMPs, this 
paper presents non linear applications of OP-AMPs 
such as Inverting and Non Inverting and Difference 
Amplifier based on the information obtained from 
open source. In this paper non linear applications 
such as Integrator, Differentiator and Comparator is 
discussed.
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Our final paper of this volume is titled “Introduction 
to Power Electronics devices” .This article gives 
a description and overview of power electronic 
devices. Power electronics is the application of solid-
state electronics to the control and conversion of 
electric power. It also refers to a subject of research in 
electronic and electrical engineering which deals with 
the design, control, computation and integration of 
nonlinear, time-varying energy-processing electronic 
systems with fast dynamics. 

We hope all the papers/articles presented in this 
volume will be  useful to the readers in the field of 
Electronics and also to a common person.
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Introduction to Silicon Controlled Rectifier 
(SCR)

- Dr.Vijay R.Rathod
E-mail: vicky7574@gmail.com

Abstract

This article gives a description and overview of SCR 
which is main member of thyristorfamily.A silicon 
controlled rectifier or semiconductor-controlled 
rectifier is a four-layer solid-state current-controlling 
device. The name "silicon controlled rectifier" is 
General Electric's trade name for a type of thyristor. 
The SCR was developed by a team of power engineers 
led by Gordon Hall[1] and commercialized by Frank 
W. "Bill" Gutzwiller in 1957.

Some sources define silicon controlled rectifiers and 
thyristors as synonymous,[2] other sources define 
silicon controlled rectifiers as a proper subset of the 
set of thyristors, those being devices with at least 
four layers of alternating n- and p-type material.[3]
[4]According to Bill Gutzwiller, the terms "SCR" and 
"controlled rectifier" were earlier, and "thyristor" 
was applied later, as usage of the device spread 
internationally.

SCRs are unidirectional devices (i.e. can conduct 
current only in one direction) as opposed to TRIACs, 
which are bidirectional (i.e. current can flow through 
them in either direction). SCRs can be triggered 
normally only by currents going into the gate as 
opposed to TRIACs, which can be triggered normally 
by either a positive or a negative current applied to 
its gate electrode.

Key words- Introduction to SCR, construction ,working 
principal & Applications of SCR 

1. Introduction 

1.1 Silicon Controlled Rectifier (SCR)

A Silicon Controlled Rectifier (or Semiconductor 
Controlled Rectifier) is a four layer solid state device 

that controls current flow.

The name “silicon controlled rectifier” is a trade 
name for the type of thyristor commercialized at 
General Electric in 1957.
Some sources define silicon controlled rectifiers and 
thyristors as synonymous,[2] other sources define 
silicon controlled rectifiers as a proper subset of the 
set of thyristors, those being devices with at least 
four layers of alternating n- and p-type material.[3]
[4]According to Bill Gutzwiller, the terms "SCR" and 
"controlled rectifier" were earlier, and "thyristor" 
was applied later, as usage of the device spread 
internationally.

SCRs are unidirectional devices (i.e. can conduct 
current only in one direction) as opposed to TRIACs, 
which are bidirectional (i.e. current can flow through 
them in either direction). SCRs can be triggered 
normally only by currents going into the gate as 
opposed to TRIACs, which can be triggered normally 
by either a positive or a negative current applied to 
its gate electrode.

Fig 1. Symbol of SCR
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1.2 Thyrisor family

Thyristors are the family of solid-state devices 
extensively used in power electronics circuitry such as 
SCR (silicon-controlled rectifier), DIAC (diode on AC), 
TRIAC (triode on AC), GTO (gate turn-off thyristors), 
MCT (MOS-controlled thyristor), RCT, PUT, UJT, 
LASCR, LASCS, SIT, SITh, SIS, SBS, SUS, SBS and etc. 
SCR is the oldest member and the head of this family; 
and usually referred with the name “thyristor”.

They are operated as bistable switches that are either 
working in non-conducting or conducting state. 
Traditional thyristors are designed without gate-
controlled turn-off capability in which the thyristor 
can come from conducting state to non-conducting 
state when only anode current falls below the holding 
current. While GTO is a type of thyristor that has a 
gate-controlled turn-off capability.

2. Construction of SCR

It is four layer, three Junctions, device consists of 
three terminals anode,cathode& controllable Gate 
terminal .

The silicon control rectifier (SCR) consists of four 
layers of semiconductors, which form NPNP or PNPN 
structures have three P-N junctions labeled J1, J2 
and J3, and three terminals. The anode terminal of 
an SCR is connected to the p-type material of a PNPN 
structure, and the cathode terminal is connected to 
the n-type layer, while the gate of the SCR is connected 
to the p-type material nearest to the cathode.

An SCR consists of four layers of alternating p- and 
n-type semiconductor materials. Silicon is used as 
the intrinsic semiconductor, to which the proper 
dopants are added. The junctions are either diffused 
or alloyed (alloy is a mixed semiconductor or a mixed 
metal). The planar construction is used for low-power 
SCRs (and all the junctions are diffused). The mesa-
type construction is used for high-power SCRs. In this 
case, junction J2 is obtained by the diffusion method, 
and then the outer two layers are alloyed to it, since 
the PNPN pellet is required to handle large currents. 
It is properly braced with tungsten or molybdenum 
plates to provide greater mechanical strength. One 
of these plates is hard-soldered to a copper stud, 
which is threaded for attachment of heat sink. The 
doping of PNPN depends on the application of SCR, 
since its characteristics are similar to those of the 

thyratron. Today, the term "thyristor" applies to 
the larger family of multilayer devices that exhibit 
bistable state-change behaviour, that is, switching 
either on or off.

The operation of a SCR and other thyristors can be 
understood in terms of a pair of tightly coupled 
bipolar junction transistors, arranged to cause the 
self-latching action:

Fig 2.Construction of SCR

3.  Modes Operation of SCR

SCR can be operated in following modes.

There are three modes of operation for an SCR 
depending upon the biasing given to it:

1. Forward blocking mode (off state)
2. Forward conduction mode (on state)
3. Reverse blocking mode (off state)
4. Reverse conduction mode (oN state)

Forward blocking mode

In this mode of operation, the anode is given a positive 
voltage while the cathode is given a negative voltage, 
keeping the gate at zero potential i.e. disconnected. 
In this case junction J1 and J3 are forward-biased, 
while J2 is reverse-biased, due to which only a small 
leakage current exists from the anode to the cathode 
until the applied voltage reaches its breakover value, 
at which J2 undergoes avalanche breakdown, and at 
this breakover voltage it starts conducting, but below 
breakover voltage it offers very high resistance to the 
current and is said to be in the off state. SCRs are 
mainly used in automation industries.

Forward conduction mode

SCR can be brought from blocking mode to conduction 
mode in two ways: either by increasing the voltage 



Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

7The Exponent Group of Journals For Electronics, Volume 4, Number 2,  Mar 2016 - May 2016

across anode to cathode beyond breakover voltage 
or by applying positive pulse at gate. Once SCR 
starts conducting, no more gate voltage is required 
to maintain it in the on state. There are two ways to 
turn it off: 1. Reduce the current through it below a 
minimal value called the holding current and 2. With 
the gate turned off, short out the anode and cathode 
momentarily with a push-button switch or transistor 
across the junction.

Reverse blocking mode

SCRs are available with reverse blocking capability, 
which adds to the forward voltage drop because of 
the need to have a long, low-doped P1 region. (If 
one cannot determine which region is P1, a labeled 
diagram of layers and junctions can help). Usually, the 
reverse blocking voltage rating and forward blocking 
voltage rating are the same. The typical application 
for reverse blocking SCR is in current-source inverters.
SCRs incapable of blocking reverse voltage are 
known as asymmetrical SCR, abbreviated ASCR. They 
typically have a reverse breakdown rating in the 
tens of volts. ASCRs are used where either a reverse 
conducting diode is applied in parallel (for example, 
in voltage-source inverters) or where reverse voltage 
would never occur (for example, in switching power 
supplies or DC traction choppers).

Asymmetrical SCRs can be fabricated with a reverse 
conducting diode in the same package. These are 
known as RCTs, for reverse conducting thyristors
 Reverse Conduction mode

SCR can not be operated in this mode due very high 
reverse current which may cause damage to the 
device

4.     Characteristics of SCR

• As shown in Fig, if the gate current is 0 mA, the 
critical voltage is higher, i.e., the SCR requires 
more voltage to switch to the conducting state.

• But as the value of gate current increases, the 
critical voltage becomes lower, and the SCR      
switches to the conducting state at a lower 
voltage. 

• At the higher gate current IG2, the SCR switches 
faster than at the lower gate current IG1,

becauseIG2 > IG1.

 Figure 3. Amp-Volt Characteristics SCR

5.  Conclusion

This was the introduction to SCR major member of 
thyristor family, which is used in wide range of power 
controlled device application in AC & DC power 
systems.
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12V to 394V with Boost converters

- Salil Tembe 
E-mail: salil2106@gmail.com

Abstract

There are applications where massive potential 
difference (voltage) is needed but it is not necessary 
to have a high current output. The best example is 
the camera flash tube. It needs around 300 to 400V 
DC in order to fire that bright flash for a split second. 
Inside a camera, we do not have large batteries to 
produce this voltage. All we have is a tiny 6V battery 
that takes care of it. 

How does a single 6V battery produce such high 
voltages?

The answer is “Boost converters”. 

Introduction: 

There are several topologies of Boost converters in 
existence today. Most of the topologies are closed 
loop. Which means the output is monitored and 
maintained at a fixed voltage level. Having an open 
loop boost converter is like inviting danger of blowing 
up components. For understanding purpose, we 
will be looking at the operation of Open loop boost 
converters.

Simplest topology:
 

Figure 1 Simplest Boost converter topology

As shown in the figure 1, all we have inside the Boost 
converter circuit is an Inductor, a capacitor and a 
switch. We cannot forget the input voltage supply 
that is capable of providing enough current. 

2.1 States of operation

Boost converter is found in either of the two states, 
the ON state or the OFF state. All it does it switch 
between these two states and the secret of voltage 
boosting lies in switching between those states. 

ON State

For understanding purpose we will ignore the “initial 
state” condition. 

During the ON state, switch remains closed and 
current flows from the DC voltage supply of say 6V, 
through the inductor and through the closed switch. 
The property of inductor as we know, offers zero 
resistance to DC. While the switch is closed, it too 
offers zero resistance to current flow. As a result, 
large current flows through the inductor.

Another property of inductor is to store energy 
in its magnetic field that gets created around it’s 
coil. Whenever there is a drop in current flowing 
through it, the inductor releases that energy from 
the magnetic field and induces it into the circuit to 
maintain the flow of current constant. 

Since, during the ON state, there is no change in the 
current flowing through it, inductor simply stores a 
fixed amount of energy in its electromagnetic field.

OFF State  

The real fun happens during the OFF State when the 
switch opens up. As we just saw earlier, the inductor 
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simply stores the energy in its magnetic field and releases it whenever the current drops in value in order to 
maintain a constant current flow.
Same thing happens here. When the switch opens, there is no place for the current to flow except through 
the diode and into the capacitor. Since, the diode offers some resistance to the current flow, the value of 
current drops by some degree. The inductor releases the stored energy to maintain the current flow.
The voltage that appears across the output diode is given by this equation below

Thus, voltage is proportional to the magnitude of the current integrated (summed) over the OFF state time 
period. 

Cycle continues

The ON-OFF cycle continues indefinitely and each ON-OFF cycle results in the voltage increasing slightly. 

Role of Diode

The diode in the circuit acts as a barrier that allows current to flow only in one direction but prevents it from 
going in reverse direction. If the diode was to be absent, the capacitor would discharge back through the 
switch when the ON state arrives. This would defeat the purpose of this circuit. 

Selection of diode needs to be such that it can switch quickly and withstand large reverse voltage. 

The Actual circuit

In a real Boost converter circuit, a MOSFET is used instead of a switch. MOSFET itself acts as a switch when it 
is triggered with an ON state pulse. 

Selection of MOSFET depends on the RDS(ON) (ON state Drain source resistance) and the current handling 
capacity. A MOSFET with high RDS(ON) will result in lot of heat being generated when current flows through 
it. RDS(ON) should be as low as possible. 
A lower RDS(ON) also results in more current to flow through the MOSFET during ON State. 

Rate of switching and duty cycle

The output voltage also depends on how many times the switch is turned ON and OFF. Based on the value 
of inductor and the required output voltage, the switch may be opened and closed anywhere between few 
hundred cycles per second, all the way up to few million cycles per second.
 
The duty cycle is the ratio of ON time to OFF time. Which is another factor determining the output voltage. 



Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

10 The Exponent Group of Journals For Electronics, Volume 4, Number 2,  Mar 2016 - May 2016

Simulation:

Figure 2 Boost converter circuit in SPICE simulation 

Simulation of a boost converter circuit will help us better understand what exactly happens in reality. Using a 
SPICE simulator in Altium designer tool, we construct the Boost converter as shown in Figure 2. 
 
Inductor L1 is rated at 47uH while the diode S2BA-13-F can withstand a 100V of reverse voltage. V2 (VPULSE) 
is a pulse generated which has a ON Time of 55 microseconds and OFF Time of 55 microseconds. The rise 
time and fall time of the pulse is 5 nanoseconds. 

V1 is a source that supplies 12V to the circuit. MOSFET [3]IRFP450 (Q1) is acting like a switch and has the 
capacity to carry 13A current through it. 

Now let us look at the voltage and current waveforms while the circuit operates. 
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Figure 3 Waveforms at various points in the circuit

The Capacitor voltage graph shows how the voltage has been rising every time the VPULSE switches ON and 
OFF. The increase is gradual and slows down when it reaches certain point. 

The current through the diode shows a waveform that is similar to the inductor discharging its energy into 
the capacitor. Let us zoom into it and have a look.

 
Figure 4 Indcutor discharge current waveform

The Figure 4 shows inductor discharging its energy during the off state. A proper duty cycle will lead to 
maximum boost conversion efficiency.

To build your own Boost converter at home, follow my blog link at: http://nuclearrambo.com/wordpress/
very-simple-high-voltage-converter-boost-converter/
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Figure 5 394V using a simple boost converter circuit. Extracted from nuclearrambo.com
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The circulator: Key to Simultaneous 
transmit and receive

- Salil Tembe 
E-mail: salil2106@gmail.com

Abstract: 

There may be multiple antennas inside your cell 
phone, each for different purpose. For example, 
one for 2.4GHz Bluetooth and WiFi, two more for 
4G LTE radio another for NFC. Whatever purpose it 
be, the same antenna is used for transmitting and 
receiving. It may so appear to us that the function of 
transmitting and receiving data is happening at the 
same time, but it is not so. 
Even though you are downloading data over 4G LTE 
network, you are also transmitting acknowledgements 
at the same time. Or, if you happen to be talking over 
the voice call, it may appear as if you can talk and 
listen to the opposite person, all at once. That is far 
from reality. 

• Introduction :  

The only device that allows true simultaneous 
transmit and receive function is called a Circulator. 
It is quite large in size and comes at a high cost. It is 
widely used in radar systems where antennas are big 
and having a second antenna for reception is not an 
option. 

• What exactly is a circulator?

The most widely used 3 port circulator simply accepts 
power in form of electromagnetic waves at port 1, 
transfers it to port 2 with negligible loss. While, no 
power is transferred to port 3, it remains isolated. 
Likewise, any power fed into port 2 will travel to 
port 3, but none will be seen at port 1. The transfer 
of electromagnetic power happens in clock wise 
direction, or it may also happen in counter-clock wise 
direction if it is designed to do so.

In Figure 1, power is fed into port 1, and extracted 
out from port 2 while the port 3 is terminated by a 

dummy load. 

If power is fed into port 2, it will be absorbed by the 
load at port 3 but none will travel backwards to port 
1. 

We can very well use this concept wherever we need 
to simultaneously transmit and receive radio waves. 

Circulators play a crucial role in continuous wave radar 
systems where the radio waves are being transmitted 
and received continuously without stopping. Instead 
of using two antennas, one for transmitting and other 
for receiving, the same antenna can do the function 
of both. The circulator does the job of keeping the 
transmitted and received signal apart. 

Taking a look at Figure 2 helps us understand that. 
Assuming that the circulator is working in clockwise 
direction, suppose the port 1 of the circulator is 
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connected to transmitter, the radio waves will be forwarded onto the port 2 and the antenna will transmit 
those in the air. The reflected waves will return back to the same antenna, go back to the port 2 of the 
circulator and as we have seen earlier, anything that comes to the port 2 will be forwarded to port 3 which is 
in turn connected to the receiver. 

Isn’t it so simple? 

If this was to be used in cellphones, the transmitter and the receiver circuitry would have been much simple. 
Do not worry, as we are soon reaching to the point where circulators will be inside our communication 
gadgets.

Ferrite: The magical material

Ferrite has found a very special place in the world of RF and microwave engineering. There is no microwave 
engineering without it. Its property of resonating and changing the electromagnetic field makes it useful as 
a microwave energy absorber or a deflector. 

At the heart of a circulator (literally at the center) is a precisely cut bead of ferrite which is the only thing that 
is responsible achieving desired behavior of a circulator. 

How does it know where the electromagnetic energy needs to be redirected to? The answer lies in the 
molecular structure and behavior. 

Ferrite molecules form a lattice structure which is called a domain. These domains tend to align themselves 
along the magnetic field depending on the polarity. Ferrite by itself is magnetized to some level based on 
mathematical calculations. On the other hand, the ferromagnetic molecular domains also tend to oscillate at 
a particular frequency depending on the dimensions of the structure. 

The magnetic field and the ferromagnetic resonance causes the electromagnetic waves to speed up causing 
maximum delivery of power in one direction while the same wave also arrives at the port 3 which cancels out 
the slower wave. Thus minimum power is seen on port 3. 
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Electromagnetic waves having frequency identical to 
the ferromagnetic resonance frequency of ferrite will 
pass through whereas any other frequency will be 
attenuated.

Based on the polarity of the magnetic field, the power 
will get transferred either in clockwise direction or 
counter clockwise direction. 

• Switching circulators:

The biasing constant magnetic field of the ferrite core 
can be reversed by applying a short pulse of high 
current through a coil wrapped around the ferrite 
core. 

Looking at the Figure 3 below, the green arrow 
indicates the ferrite core being present at the center. 
A thin copper coil is wrapped around it which is 
indicated by the orange arrow. The copper coil acts as 
an electromagnet when high current passes through 
it. The current lasts for few microseconds, which is 
enough to reverse the polarity of the magnetic field. 
Such circulators are known as switching circulators. 
They are known to give very high isolation in reverse 
direction with respect to state. 

In Figure 4, we can actually see the operation of 
circulator with a very simple screen short from the 
vector network analyzer. A Vector network analyzer 
can do the job of measuring the reverse energy 
transfer as well as forward energy transfer. 

In this case, we are measuring how much power gets 
transferred from port 1 to 2 and vice versa. Ideally, all 
the power must get transferred in the first condition 
and zero power in the latter condition.

The blue line on the screen shot indicates the 
scattering parameter S21, which is a ratio of power 
at port 2 to the power at port 1. According to the 
screenshot, it is approximately 0dB, which is actually 
1 in linear scale. A S21 value of 1 indicates that all the 
power is being transferred from port 1 to 2. 

Whereas, S12, which is a ratio of power at port 1 
to power at port 2 is having a value of -36dB that 
equates to -0.0002 W. A very small value which can 
be treated as 0. This shows approximately no power 
is being transferred from port 2 to port 1. This is what 
we want. 

 
Figure 3 Green arrow indicating ferrite core, Orange 

arrow indicating a coil wrapped around it.
 

Figure 4 Measurement of circulator parameters
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Operation Amplifiers Part - III
Op-Amp Non Linear Applications

- Prof. K.Y. Rajput
E-mail: rajputky9@rediffmail.com

Abstract: 

In Electronics circuits, Amplifiers play very important 
role of increasing magnitude of a small signal typically 
from microvolts to millivolts and millivolts to Volts so 
that it can be applied to a load . Simple example of 
amplifier is audio amplifier which is used in Radio, 
Tape recorders,CD players  where an audio signal 
either picked up by an antenna or stored in magnetic 
tape or in Compact Disc(CD) is a small electrical signal 
is amplified by means of an amplifier in stages and 
applied to a speaker having low resistance. Initially 
these amplifiers were designed using discrete 
components using Bipolar junction transistor BJT 
or Field Effect Transistor FET, resistors, diodes and 
capacitors. In last volume after presenting basics of 
OP-AMPs, this paper presents non linear applications 
of OP-AMPs such as Inverting and Non Inverting 
and Difference Amplifier based on the information 
obtained from open source. 

Introduction:

As we aware that OP AMPis a direct coupled high gain 
amplifier with two inputs Inverting and Non-Inverting 
input and single output.  Thus  when any AC  input is 
to be amplified without any phase of inversion we 
use it as Non-inverting amplifier and when  any AC  
input is to be amplified with phase inversion we use 
it as Inverting amplifier. Further if we wish amplify 
the difference of two inputs we use it as Differential 
Amplifier. All these three configurations can be in 
Open loop  or close loop  where a feedback is added 
to control its overall gain. 

1. THE INTEGRATOR:

OPAMP can be configured to work as integrator, i.e. 
to give the output voltage proportional to the input 
voltage. Using this circuit we can convert any kind of 

electrical input into its integration. Thus we can carry 
out mathematical function of integration using this 
analog circuit. 

The Circuit is basic inverting amplifier where the 
feedback resistance is  replaced by Capacitor CF, as 
shown fig.1.

The expression for the output voltage Vo can be 
obtained using Kirchoffs current equation at node 
V2:

Fig.1: INTEGRATOR circuit using OPAMP.

Therefore final equation for output voltage is 
     t
  Vo =  -   1          Vin dt   + C
                    0
    R1 CF

Where, C is constant of integration and is proportional 
to the value of the output voltage at time t = 0 
seconds.

The above equation shows that the output voltage is 
proportional to the  integral of input voltage. The – 
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ve sign is due to inverting configuration. 
Thus if the input is sine wave the output will be cosine 
wave. Similarly if the input is square wave the output 
will be triangular wave as shown in fig. 10 a and  10 b. 
Here we have assumed that R1 CF = 1 second, and 
constant  C= 0 .

When Vin = 0 , the integrator works as open loop 
as the capacitor CF acts as open circuit for DC, thus 
small input offset voltage , and input bias current 
will charge the capacitor creating error voltage at 
output. To avoid this a resistor RF is connected across 
the capacitor as shown in the fig 1 by dotted lines. 
The introduction of RF however creates limit on low 
frequency gain, and minimizes the output voltage.

Fig.2 a and 2b : Input and output waveforms for 
INTEGRATOR circuit using OPAMP.

 

Fig.2 c. Frequency response of Ideal and practical 
Integrator.

The frequency response of basic integrator is shown 
in fig10c. Frequency fb is the frequency at which the 
gain is 0 dB, and is given by;

   fb = 1/ (2πR1 CF)

RF corrects the problem of low frequency roll off and 
also stabilizes the circuit. The Frequency response of 
practical integrator is shown by dotted lines in fig 11.  
here f is some relative operating frequency and for 
f to fa the gain RF/R1 is constant. After fa, the gain 
decreases at the rate of 20 dB/decade.

Thus the circuit acts as integrator for the frequencies 
from fa to fb.

The gain limiting frequency fa  = 1/(2π RF CF) ,

 The values of RF, CF and R1 are selected such that 
fa<fb

OR For proper integration, period T >= RFCF.

Where RFCF = 1/ 2π fa.

2. DIFFERENTIATOR:

The circuit shown in fig 11 acts as a Differentiator 
giving derivative of the input signal. The circuit is 
similar to Inverting Amp replacing input resistance 
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by capacitor C1. 

The expression fro the output voltage can be 
obtained by applying  Kirchoffs current equation to 
the node V2:

 Fig.2: DIFFERENTIATOR circuit using OPAMP.

The equation for output voltage is Vo= -RfC1 dVin/dt

Thus the out voltage is proportional to the derivative 
of input signal. Thus if input is cosine wave, the 
output will be sine wave and if input is square wave, 
output will be positive and negative spike wave as 
shown in fig 12a,b.

 Fig.3 a,b  : Input and output waveforms for 
INTEGRATOR circuit using OPAMP.

The frequency response fro differentiator shown in 
fig 12 c. It is expected that as the gain of the circuit 
(RF/ Xc1) increases with increase in frequency at the 
rate of 20 dB/decade. This makes the circuit unstable. 
Further Xc1 decreases with frequency and at high 
frequency the circuit becomes susceptible to high 
frequency noise and the nose can override the actual 
signal. The frequency fa at which gain becomes 0 dB 
is given by
   fa = 1/ 2πRFC1

 Fig. 3c.Frequency response of Ideal and practical 
Integrator.

It can be seen for open loop response the fc is unity 
gain bandwidth. 

Thus for stability and high frequency problems we 
can add two components R1 and CF as shown in 
fig. 13 called as practical differentiator circuit. It can 
be seen from the frequency response for practical 
differentiator( shown by dotted lines), that upto 
frequency fb the gain increases at the rate of 20 dB/ 
decade and then falls at the rate of –20dB/decade.

Here  

fb=1 / 2πR1C1

where R1C1 = RFCF

Thus R1C1 and  RFCF help reduce the effect of high 
frequency noise and also circuit becomes stable by 
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preventing the gain to increase at high frequency.

Generally we select values of R1,C1 and RF,CF  such 
that 
fa<fb<fc.

WHERE,

fa = 1/ 2πRFC1
fb=1 / 2πR1C1 = 1 / 2πRFCF
fc = Unity gain bandwidth of OPAMP.

Thus fro practical differentiator circuit shown in fig 
13, up to fb it works as differentiator and above fb it 
work as an integrator.

The differentiator circuit is commonly used as wave 
shaping circuit to detect high frequency components 
and also as a rate of change of detector in FM 
modulators.

Fig.4: Practical DIFFERENTIATOR circuit using OPAMP.

3. COMPARATORS and DETECTORS

Comparator

 
Fig. 5 Basic Comparator circuit

Vo is the output that indicates which of the two 
inputs has a higher voltage. That is,
 

where   and   are nominally the positive and negative 
supply voltages (which are not shown in the diagram).
The two inputs are therefore compared to each 
other from output voltage which will be Vs  or  -Vs or 
0  respectively for  V1> V2 or V1<V2 or V1+ V2 
 

Fig 5 Non invertor comparator circuit

In the above circuit Inverting terminal is fed with 
DC viltage to which we want to compare AC input 
applied to Non inverting terminal. As per above 
conditions V1> V2 or V1<V2 or V1+ V2  the output 
will be +Vs or –Vs. as shown in the waveforms. In the 
first waveform the DC input to Inverting terminal i.e. 
Vref is +ve. And in the second waveform the DC input 
to Inverting terminal i.e. Vref is –ve.
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Fig. 6 Comparator waveforms

4. Threshold detector (Schmitt Trigger)
 

Fig 7 Circuit diagram for Threshold Detector

 Fig 7 Circuit diagram for Threshold Detector
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Fig 8 Circuit diagram and Transfer characteristics for Schmitt trigger 

The threshold detector with hysteresis consists of an operational amplifier and a series of resistors that 
provide hysteresis. Like other detectors, this device functions as a voltage switch, but with an important 
difference. The state of the detector output is not directly affected by input voltage, but instead by the 
voltage drop across its input terminals (here, referred to as Va). From Kirchhoff's Current Law, this value 
depends both on Vin and the output voltage of the threshold detector itself, both multiplied by a resistor 
ratio.
 

Unlike the zero crossing detector, the detector with hysteresis does not switch when Vin is zero, rather the 
output becomes Vsat+ when Va becomes positive and Vsat- when Va becomes negative. Further examination 
of the Va equation reveals that Vin can exceed zero (positive or negative) by a certain magnitude before the 
output of the detector is caused to switch. By adjusting the value of R1, the magnitude of Vin that will cause 
the detector to switch can be increased or decreased. Hysteresis is useful in various applications. It has better 
noise immunity than the level detector, so it is used in interface circuits. Its positive feedback has a faster 
transition, so it is used in timing applications such as frequency counters. It is also used in astablemultivibrators 
found in instruments such as function generators.

5. Zero  Crossing Detector
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 Fig.9 Ideal Comparator Circuit

Fig.10  Practical Zero Crossing Circuit

 Fig 11 Wave forms for Zero crossing detector

A zero crossing detector is a comparator with the 
reference level set at zero. It is used for detecting 
the zero crossings of AC signals. It can be made from 
an operational amplifier with an input voltage at its 
positive input (see circuit diagram).

When the input voltage is positive, the output 
voltage is a positive value, when the input voltage is 
negative, the output voltage is a negative value. The 
magnitude of the output voltage is a property of the 
operational amplifier and its power supply.

Applications include converting an analog signal into 
a form suitable to use for frequency measurements, 
in phase locked loops, or for controlling power 
electronics circuits that must switch with a defined 
relationship to an alternating current waveform.

This detector exploits the property that the 
instantaneous frequency of an FM wave is 
approximately given by   

where    is the time difference between 
adjacent zero crossings of FM wave

• Conclusion:

Thus OPAMP has multiple applications amongst 
which we have seen some of main non linear 
applications mainly the integrator, differentiator and 
comparator . The comparator circuits are mainly 
used for converting analog signal to digital which can 
be used in number of applications.

• Reference:
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Mottershead.
3. www.CircuitsToday.com
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Introduction to Power Electronics 
devices
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Abstract

This article gives a description and overview of 
power electronic devices.Power electronics is the 
application of solid-state electronics to the control 
and conversion of electric power. It also refers to 
a subject of research in electronic and electrical 
engineering which deals with the design, control, 
computation and integration of nonlinear, time-
varying energy-processing electronic systems with 
fast dynamics.

Key words- Introduction to power electronics. Power 
electronics devices, structure & characteristics.

1. Introduction 

• Power electronics Devices (PED) 

The first high power electronic devices were mercury-
arc valves. In modern systems the conversion is 
performed with semiconductorswitching devices 
such as diodes, thyristors and transistors, pioneered 
by R. D. Middlebrook and others beginning in the 
1950s. In contrast to electronic systems concerned 
with transmission and processing of signals and data, 
in power electronics substantial amounts of electrical 
energy are processed. An AC/DC converter (rectifier) 
is the most typical power electronics device found 
in many consumer electronic devices, e.g. television 
sets, personal computers, battery chargers, etc. The 
power range is typically from tens of watts to several 
hundred watts. In industry a common application 
is the variable speed drive (VSD) that is used to 
control an induction motor. The power range of VSDs 
start from a few hundred watts and end at tens of 
megawatts.

The power conversion systems can be classified 
according to the type of the input and output power

• AC to DC (rectifier)
• DC to AC (inverter)
• DC to DC (DC-to-DC converter)
• AC to AC (AC-to-AC converter)

Fig 1.Power electronics applications.

 
Fig 2. General Power electronics systems
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• General Power electronics devices history

The capabilities and economy of power electronics 
system are determined by the active devices that 
are available. Their characteristics and limitations 
are a key element in the design of power electronics 
systems. Formerly, the mercury arc valve, the high-
vacuum and gas-filled diode thermionic rectifiers, and 
triggered devices such as the thyratron andignitron 
were widely used in power electronics. As the ratings 
of solid-state devices improved in both voltage and 
current-handling capacity, vacuum devices have 
been nearly entirely replaced by solid-state devices.

Power electronic devices may be used as switches, or 
as amplifiers.[3] An ideal switch is either open or closed 
and so dissipates no power; it withstands an applied 
voltage and passes no current, or passes any amount 
of current with no voltage drop. Semiconductor 
devices used as switches can approximate this ideal 
property and so most power electronic applications 
rely on switching devices on and off, which makes 
systems very efficient as very little power is wasted in 
the switch. By contrast, in the case of the amplifier, 
the current through the device varies continuously 
according to a controlled input. The voltage and 
current at the device terminals follow a load line, 
and the power dissipation inside the device is large 
compared with the power delivered to the load.

Several attributes dictate how devices are used. 
Devices such as diodes conduct when a forward 
voltage is applied and have no external control of 
the start of conduction. Power devices such as silicon 
controlled rectifiers and thyristors (as well as the 
mercury valve and thyratron) allow control of the 
start of conduction, but rely on periodic reversal of 
current flow to turn them off. Devices such as gate 
turn-off thyristors, BJT and MOSFET transistors 
provide full switching control and can be turned on 
or off without regard to the current flow through 
them. Transistor devices also allow proportional 
amplification, but this is rarely used for systems rated 
more than a few hundred watts. The control input 
characteristics of a device also greatly affect design; 
sometimes the control input is at a very high voltage 
with respect to ground and must be driven by an 
isolated source.

As efficiency is at a premium in a power electronic 
converter, the losses that a power electronic device 
generates should be as low as possible.

Devices vary in switching speed. Some diodes and 
thyristors are suited for relatively slow speed and are 
useful for power frequency switching and control; 
certain thyristors are useful at a few kilohertz. Devices 
such as MOSFETS and BJTs can switch at tens of 
kilohertz up to a few megahertz in power applications, 
but with decreasing power levels. Vacuum tube 
devices dominate high power (hundreds of kilowatts) 
at very high frequency (hundreds or thousands of 
megahertz) applications. Faster switching devices 
minimize energy lost in the transitions from on 
to off and back, but may create problems with 
radiated electromagnetic interference. Gate drive 
(or equivalent) circuits must be designed to supply 
sufficient drive current to achieve the full switching 
speed possible with a device. A device without 
sufficient drive to switch rapidly may be destroyed by 
excess heating.

Practical devices have non-zero voltage drop and 
dissipate power when on, and take some time to pass 
through an active region until they reach the "on" or 
"off" state. These losses are a significant part of the 
total lost power in a converter.

• Development

This technical article is dedicated to the review of 
the following power electronics devices which act 
as solid-state switches in the circuits. They act as a 
switch without any mechanical movement.

• Power Diodes
• Metal-Oxide-Semiconductor Field-Effect 

Transistor (MOSFET)
• Bipolar -Junction Transistor (BJT)
• Insulated-Gate Bipolar Transistor (IGBT)
• Thyristors (SCR, GTO, MCT)

Solid-state devices are completely made from a solid 
material and their flow of charges is confined within 
this solid material. This name “solid state” is often used 
to show a difference with the earlier technologies of 
vacuum and gas-discharge tube devices; and  also to 
exclude the conventional electro-mechanical devices 
(relays, switches, hard drives and other devices with 
moving parts).

The transistor by Bell Labs in 1947 was the first solid-
state device to come into commercial use later in the 
1960s. In this article, similar solid-state devices such as 
power diode, power transistor, MOSFET, thyristor and 
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its two-transistor model, triac, gate turn-off thyristor 
(GTO), insulated-gate bipolar transistor (IGBT) and 
their characteristics (such as i-v characteristics and 
turn-off characteristics) is also presented. In power 
electronics circuitry, these switches act in saturation 
region and work in linear region in the analog circuitry 
such as in power amplifiers and linear regulators. This 
makes these switches highly efficient since there are 
lesser losses during the power processing.

Power Electronics involves the study of • Power 
semiconductor devices - their physics, characteristics, 
drive requirements and their protection for optimum 
utilisation of their capacities, • Power converter 
topologies involving them, • Control strategies of the 
converters, • Digital, analogue and microelectronics 
involved, • Capacitive and magnetic energy storage 
elements, • Rotating and static electrical devices, • 
Quality of waveforms generated, • Electro Magnetic 
and Radio Frequency Interference.

2. Power diode

A power diode has a P-I-N structure as compared 
to the signal diode having a P-N structure. Here, I 
(in P-I-N) stands for intrinsic semiconductor layer 
to bear the high-level reverse voltage as compared 
to the signal diode (n- , drift region layer shown in 
Fig. 2). However, the drawback of this intrinsic layer 
is that it adds noticeable resistance during forward-
biased condition. Thus, power diode requires a 
proper cooling arrangement for handling large power 
dissipation.  Power diodes are used in numerous 
applications including rectifier, voltage clamper, 
voltage multiplier and etc. Power diode symbol is the 
same as of the signal diode as shown in Fig.1.

  
Fig 3.Symbol of Diode

Fig 4.Structure of Power Diode

Other features that are incorporated in the power 
diode letting it handle larger power are:

(a) Use of guard rings
(b) Coating of Silicon Dioxide layer

Guard rings are of p-type that prevents their 
depletion layer merge with the depletion layer of the 
reverse-biased p-n junction. The guard rings prevent 
the radius of the curvature of the depletion layer 
boundary to become too narrow which increases the 
breakdown strength. Coating of SiO2 layer helps in 
limiting the electric field at the surface of the power 
diode.
 
If thickness of lightly doped I layer (n- layer) > 
depletion layer width at breakdown - Non-punch 
through power diode.
(This means depletion layer has not punched through 
the lightly-doped n-layer.)

If thickness of I layer < depletion layer width at 
breakdown - Punch through power diode.

3. Characteristics of Power Diode

The two types of characteristics of a power diode are 
shown in Fig. 5 and Fig. 6 named as follows:

(i) Amp-volt characteristics (i-v characteristics)

(ii) Turn-off characteristics (or reverse-recovery 
characteristics)
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Figure 5. Amp-Volt Characteristics of Power Diode
 
Cut-in voltage is the value of the minimum voltage 
for VA (anode voltage) to make the diode works 
in forward conducting mode. Cut-in voltage of 
signal diode is 0.7 V while in power diode it is 1 V. 
So, its typical forward conduction drop is larger.   
Under forward-bias condition, signal diode current 
increases exponentially and then increases linearly. 
In the case of the power diode, it almost increases 
linearly with the applied voltage as all the layers of 
P-I-N remain saturated with minority carriers under 
forward bias. Thus, a high value of current produces 
results in voltage drop which mask the exponential 
part of the curve. In reverse-bias condition, small 
leakage current flows due to minority carriers until 
the avalanche breakdown appears as shown in Fig. 5.

 Figure 6. Turn-Off Characteristics of Power Diode: 
a) Variation of Forward Current if ; b) Variation of 
Forward Voltage Drop vf ; c) Variation of Power Loss

After the forward diode comes to null, the diode 
continues to conduct in the opposite direction 
because of the presence of stored charges in the 
depletion layer and the p or n-layer. The diode current 
flows for a reverse-recovery time trr. It is the time 
between the instant forward diode current becomes 
zero and the instant reverse-recovery current decays 
to 25 % of its reverse maximum value.

Time Ta :  Charges stored in the depletion layer 
removed.

Time Tb :  Charges from the semiconductor layer is 
removed.

Shaded area in Fig 4.a represents stored charges QR 
which must be removed during reverse-recovery 
time trr.

Power loss across diode = vf * if    (shown in Fig. 5)
As shown, major power loss in the diode occurs 
during the period tb.

 Recovery can be abrupt or smooth as shown in Fig. 
6. To know it quantitatively, we can use the S – factor.
 Ratio Tb/Ta : Softness factor or S-factor.

S-factor: measure of the voltage transient that occurs 
during the time the diode recovers.  

S-factor = 1 - low oscillatory reverse-recovery process. 
(Soft –recovery diode)

S-factor <1  - large oscillatory over voltage (snappy-
recovery diode or fast-recovery diode).

Power diodes now exist with forward current rating 
of 1A to several thousand amperes with reverse-
recovery voltage ratings of 50V to 5000V or more.
 
 

Figure 6. Reverse-Recovery Characteristics for Power 
Diode
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Schottky Diode: It has an aluminum-silicon junction 
where the silicon is an n-type. As the metal has no 
holes, there is no stored charge and no reverse-
recovery time. Therefore, there is only the movement 
of the majority carriers (electrons) and the turn-off 
delay caused by recombination process is avoided. It 
can also switch off much faster than a p-n junction 
diode. As compared to the p-n junction diode it has:

(a) Lower cut-in voltage
(b) Higher reverse leakage current
(c) Higher operating frequency

Application: high-frequency instrumentation and 
switching power supplies.

 Figure 7.Schottky Diode Symbol and Current-Voltage 
Characteristics Curve

•  Conclusion.

This was the introduction to power electronics 
devices .Most of the times basic knowledge about 
the devices structure , characteristics application are 
ignored ,in order to study details core knowledge is 
must ,this article emphasize core and depth of power 
electronics & devices with structure ,characteristics& 
general applications.Next series will be of SCR & 
other major power devices. 
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