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ABSTRACT:

Four solid state layers make up an SCR, a current-controlled device that is controlled by a silicon control
circuit. The SCR can function as a rectifier, converting alternating current into direct current (DC), or as a
switch, regulating the flow of power. The first company to design and market silicon-controlled rectifiers
was General Electric, which did so in 1957. The silicon-controlled switch was a part of fluorescent
lighting (SCS) electronic ballasts. The control terminal, also called the gate, the positive terminal, often
called the anode, and the negative terminal, also called the cathode, are the four layers of a thyristor. The
current flow from the anode to the cathode is controlled by the cooperation of the anode and cathode gates.
By turning it on and off or changing its orientation, a thyristor may control the amount of power that
reaches a load. In the Chrysler, a positive voltage must be applied to the gate in order to turn on the SCR,
and a negative voltage must be applied in order to turn it off. An apparatus that controls the flow of current
is called a silicon-controlled rectifier, or SCR. The anode, cathode, and gate are its three connections, and
it is composed of four layers of semiconductor material. The silicon-controlled rectifier (SCR) may serve
as both a switch and a rectifier in electrical systems. A silicon-controlled rectifier is a semiconductor
device that has three terminals and a gate. The gate controls the amount of current that flows between the
anode and cathode of the device (SCR). Power regulation, rectification, and inversion are only a few of the
applications for the TRIAC. A TRIAC, sometimes called an electronic switch or thyristor, is a
semiconductor having three terminals.

Keywords - SCR (Silicon-Controlled Rectifier), TRIAC (Triode for AC), Semiconductor, Current, Voltage,
Anode, Cathode, Gate, Current Regulation, Power Control, Switching Losses.
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semiconductor devices that control

I. INTRODUCTION

This study will examine the theory underlying the
operation of SCRs and TRIACs as well as some
applications of that theory. The goal of the study is
to provide insight on the inner workings of TRIAC
and SCR as well as the many real-world
applications for each part.

Four-layer
current flow are called silicon-controlled rectifiers,
or SCRs. The term "silicon-controlled rectifier"
(SCR) is most frequently used to refer to SCRs built
of silicon, however they can be produced from a
variety of semiconductor materials. The gate serves
as the control electrode even if the anode and
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cathode carry the majority of the current (Chang,
2016). The cathode is connected to the negative
terminal of the power source, while the anode is
connected to the positive terminal. It is most typical
to employ a positive voltage source to power the
gate in relation to the cathode.

The SCR is triggered and the current flows in the
opposite direction if the anode has a higher positive
charge than the cathode. The SCR is turned off and
no current passes through it when the gate is
positive in relation to the cathode. The quantity of
current that flows across a circuit may be controlled
Silicon Controlled Rectifiers
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with an SCR switch. The SCR can help convert
alternating current (AC) to direct current (DC)
when it is in the rectifier mode.

The SCR is frequently referred to as a quadrupole
due to its four layers. The gate and emitter control
the electrical current that flows between the anode
and cathode (Chang, 2016). The gate is often
connected to the power supply's negative terminal
while the cathode is usually attached to the positive
terminal.
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Curves in SCR and TRIAC have the following
properties:

1. SCR: SCRs have a positive temperature
coefficlent =~ and  non-linear  current-voltage
characteristics. When the current hits the rated
value or above, the voltage across the SCR quickly
rises. We call this the "holding current."”

2. TRIAC: Although TRIAC's current-voltage
characteristics are likewise non-linear, their curve's
slope is far steeper than the SCR's. Because the
TRIAC has a negative temperature coefficient, as
the temperature rises, the voltage across it falls.
Additionally, the TRIAC's current rating is lower
than the SCR's.

3. Both curves: When the current hits a particular
level, the voltage across both SCRs and TRIACs
rapidly rises, a phenomenon known as the
"breakdown point." We call this the "break over"
stage. Furthermore, a "snap-back" area where the
voltage abruptly drops is visible in both curves. The
gadget has a parasitic diode, which is the cause of
this.

OBJECTIVE

The goal of the study is to provide insight on the
inner workings of TRIAC and SCR as well as the
many real-world applications for each part.

CONTENT
METHOD

This study makes use of a review of earlier studies
that looked at how SCRs and TRIACs work, along
with a discussion of the results of those studies.

Four layers of different semiconductor materials
make up a silicon-controlled rectifier (SCR).
Thyristors are referred to while discussing silicon-
controlled rectifiers. According to Santos et al.
(2012), thyristors are silicon-based rectifiers that
have two or more gates. Three terminals make up
the thyristor: the gate, which is used for control; the
anode, which is used for positive current; and the
cathode, which is used for negative current.
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The abbreviation "TRIAC" stands for "TRlode for
AC" and describes the three terminals of an
alternating current switch. Three-layer
semiconductor devices are known as TRIACs.
Almost always, when someone says "TRIAC,"
they're referring to a "thyristor," which is a three-
layer semiconductor device with two or more gates.
The acronym TRIAC represents "transistor-isolated
alternating current." The gate is the terminal that
controls the thyristor, a four-layer semiconductor
device. Additionally, this device has a negative
terminal known as the cathode and a positive
terminal known as the anode.

The first company to design and market silicon-
controlled rectifiers was General Electric, which did
so in 1957. Electronic ballasts for fluorescent
lighting (SCS) included a silicon-controlled switch.

Regarding its fundamental operation, a silicon-
controlled rectifier is best viewed as a switch. If
there is no voltage between the gate and the cathode,
the transistor is useless. A positive voltage applied
from the gate to the cathode can activate the device.
The switch will activate if a positive voltage is
provided to the gate in the cathode's direction.
Reversing the sign of the gate voltage with respect
to the cathode or deleting it can make the switch
inoperable. The switch may be quickly activated
and deactivated by applying a fluctuating voltage to
the gate (Santos et al. 2012). The alternating
voltage frequency needs to be higher than the gate
trigger frequency of the SCR. When the gate
voltage is positive with respect to the cathode, the
SCR will conduct; when it is negative, it will not.
When the gate voltage is positive, the SCR will
conduct.

A switch composed of two transistors is analogous
to a thyristor. The transistor on the left turns on
when a positive voltage is provided to the gate and
sent in the cathode's direction. When a negative
voltage is provided to the gate with respect to the
cathode, the transistor on the right is activated. The
diagram that follows illustrates this.

When the gate voltage is 0, both transistors are
disabled. The transistor on the left is active and the
transistor on the right is dormant when the gate
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voltage is positive. The transistor on the right turns
on and the transistor on the left turns off when the
gate voltage is negative. Anode gate transistors are
on the left, whereas cathode gate transistors are on
the right. While the cathode gate regulates current
flow via the cathode, the anode gate is in charge of
regulating current flow through the anode.

Anode current is the current that flows from the
anode to the cathode; the gate voltage of the anode
acts as a regulator for this current. An electric
current flows from the anode when the voltage at
the anode gate is higher than the voltage at the
cathode. The current passing through the anode is
stopped if its gate voltage is less than that of the
cathode. The term "cathode current” describes the
current flowing in the opposite direction from the
cathode to the anode. The quantity of current
flowing through the cathode is controlled by the
gate voltage applied to it. The cathode's gate
voltage needs to be higher than the anode's voltage
in order for current to pass through it. The current
flowing through the cathode will halt if the gate
voltage of the cathode is less than that of the anode.

One of two uses for a thyristor is to either conduct
current in one direction or to block current in
another. Applying a positive voltage across the
anode with respect to the cathode can start a
semiconductor device's forward-conducting mode
(Santos et al. 2012). Current flow via the anode can
be stopped by applying a positive voltage to the
cathode relative to the anode. The thyristor's dual
nature allows it to serve as both a switch and a
rectifier. In switch mode, the thyristor's gate
receives a positive voltage proportional to its
cathode. For the thyristor to activate, this is what
the mode name must be. Either the gate voltage or
the cathode voltage needs to be eliminated or made
negative in order to disable a thyristor. The thyristor
functions in the rectifier mode when the anode
receives a positive voltage with respect to the
cathode. Applying a voltage to the cathode of a
thyristor that is greater than the voltage applied to
the anode will turn it off.
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A thyristor can be used to regulate the amount of
power supplied to the load. A signal must be
applied to the thyristor's gate in order to turn it on;
to turn it off, the gate voltage must be lowered or
the signal must be removed. These two options will
work just well.

You need look no farther than a silicon-controlled
rectifier if you need a switch or a rectifier. When
the voltage at the gate exceeds the voltage at the
cathode, the SCR is triggered. Either reducing the
gate's voltage or providing a negative voltage to the
gate around the cathode will switch off the SCR.

You need look no farther than a silicon-controlled
rectifier if you need a switch or a rectifier. When
the voltage at the gate exceeds the voltage at the
cathode, the SCR is triggered. Either decreasing the
gate's voltage or providing a negative voltage to the
gate about the cathode will switch off the SCR
(Santos et al. 2012). By giving the anode a positive
voltage in contrast to the voltage given to the
cathode, the SCR can operate in the rectifier mode.
The SCR may become ineffective if a higher
voltage is applied to the cathode than to the anode.

The anode current is controlled by the gate voltage.
To initiate the anode current, the gate voltage has to
be positive with respect to the cathode. When the
gate voltage drops below the cathode voltage, the
anode current will cease to flow through the device.
The SCR functions as both a switch and a rectifier
in a single device. The silicon-controlled rectifier
(SCR) will activate if a positive voltage is applied
to the gate with respect to the cathode (Santos et al.
2012). Either removing the voltage from the gate or
providing a negative voltage to the gate toward the
cathode will switch off an SCR.

By giving the anode a positive voltage in contrast to
the voltage given to the cathode, the SCR can
operate in the rectifier mode. The SCR may become
ineffective if a higher voltage is applied to the
cathode than to the anode.

With the help of a silicon-controlled rectifier, one
may regulate the amount of power sent to loads. A
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signal must be applied to the SCR's gate in order to
turn it on, and a negative voltage must be added or
the source voltage must be removed in order to turn
it off. You need look no farther than a silicon-
controlled rectifier if you need a switch or a
rectifier. When the voltage at the gate exceeds the
voltage at the cathode, the SCR is triggered.

RESULTS

This research illustrates the versatility of SCRs and
TRIACs in applications including inversion,
rectification, and power regulation.

An apparatus that controls the flow of current is
called a silicon-controlled rectifier, or SCR. The
anode, cathode, and gate are its three connections,
and it is composed of four layers of semiconductor
material. According to Chen (2013), the gate
controls how much current flows from the anode to
the cathode. Power regulation, rectification, and
inversion are just a few of the applications for the
SCR.

The SCR may regulate the flow of electricity in an
electrical circuit by acting as a switch in the circuit.
To determine if an SCR is engaged or deactivated
and when this happens, the gate terminal status is
used. When the gate voltage drops below a certain
threshold, the SCR loses its ability to conduct
electricity. When the gate voltage rises above the
threshold value, the silicon-controlled rectifier
(SCR) is triggered. The current in electrical circuits
can be regulated using the Slicon-controlled
rectifier (SCR) (Chen, 2013). An SCR can be used
to regulate the amount of power delivered to a load.
In an electrical circuit, the SCR has the ability to
regulate both the voltage and the current. By
altering the gate voltage, the SCR may control the
amount of current that flows through the circuit.

The SCR can be used to make the required
modifications. Prior to being transformed into a
direct current (DC), the alternating current (AC) has
to be modified. With the use of an SCR, AC may be
converted to DC. You may accomplish single- or
three-phase rectification by including the SCR into
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your circuitry. With the SCR, complete and partial
waves may both be rectified.

Inversion is possible when utilizing an SCR. Stated
differently, inversion is the process of changing
direct current (DC) into alternating current (AC).
Direct current may be converted to alternating
current using the SCR. The gate voltage may alter
the SCR's ON/OFF state, and the SCR itself can
control the current passing through an inverter. An
SCR can be used to regulate the amount of power
delivered to a load.

A semiconductor device known as a TRIAC
controls the flow of current through its three
terminals. The gate controls the flow of electrons
from the anode to the cathode and vice versa. The
two ends of this terminal are known as the anode
and the gate. Power regulation, rectification, and
inversion are only a few of the applications for the
TRIAC.

To control the flow of current in an electrical circuit,
a TRIAC switch can be added. The TRIAC's
ON/OFF state transition is managed by the gate
terminal. The TRIAC loses its functionality when
the gate voltage falls below the threshold value
(Chen, 2013). For the TRIAC to activate, the gate
voltage needs to be higher than the threshold
voltage. An effective instrument for controlling
current flow across an electrical circuit is the
TRIAC. The TRIAC's capabilities allow the load to
be turned on and off. An electrical circuit's voltage
and current can be controlled using the TRIAC. By
altering the voltage at the gate, the TRIAC may
control the current passing through the circuit.

One tool that may be utilized to fix issues is the
TRIAC. Prior to being transformed into a direct
current (DC), the alternating current (AC) has to be
modified. A TRIAC (DC) is required if you need to
convert alternating current (AC) to direct current
(DC). Single-phase or three-phase systems can be
rectified by the TRIAC (Chen, 2013). Both full and
half waves can undergo rectification independently
using the TRIAC.
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Inversion can be accomplished with a TRIAC.
Stated differently, inversion is the process of
changing direct current (DC) into alternating
current (AC). The TRIAC is the part you require if
you need to change direct current into alternating
current. The gate voltage regulates the ON/OFF
state of a triode rectifier and an ac generator
(TRIAC). An inverter's current may be managed
using a TRIAC, which stands for triode rectifier and
ac generator. The TRIAC's capabilities allow the
load to be turned on and off.

DISCUSSION

The many applications of SCR and TRIAC will be
the main emphasis of this study.

Three-terminal semiconductor devices called
silicon-controlled rectifiers, or thyristors, can be
used to rectify electrical current or as an electronic
switch. However, an SCR may be turned on and off
whenever you want, but a rectifier can only be
engaged in one direction at a time. Three-terminal
semiconductors, or TRIACs, can be employed as
thyristors or electrical switches (Chen, 2013). The
TRIAC has an advantage over the SCR in that it
can be turned on in both directions, while the SCR
can only be turned on in one. This makes it possible
to turn the TRIAC on and off in any direction.

SCRs and TRIACs are useful parts to have on hand
for a variety of applications, including circuits for
lighting, home appliances, power supply and motor
controllers, and more.

TRIACs and SCRs are frequently used to control
the amount of energy that passes through a power
source.

SCRs and TRIACs in motor controllers are
responsible for turning on and off motors.
The lighting control system uses SCRs and TRIACs
to turn the lights on and off as necessary. This
functionality is offered by the system.

SCRs and TRIACs are frequently used to regulate
the electrical current flowing through home
appliances like dishwashers and washing machines.
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Applications for SCRs and TRIACs are numerous
and include security and communication systems,
industrial controls, and telecommunications.

CIRCUITS

Two circuit types are used in this investigation:
rectifiers and inverters.

An inverter circuit, which changes direct current
(DC) into alternating current (AC), or a rectifier
circuit, which changes alternating current (AC) into
direct current (DC), can be used to reverse the
process. These kinds of circuits are essential to the
operation of many electronic devices because they
may help break down electrical power into its basic
parts. Numerous electrical devices, including power
supply, chargers, and converters, to name a few,
have rectifier circuits. They are also necessary for
some welding and audio equipment. Numerous
electrical devices, including computers, household
appliances, and automobiles, have inverter circuits.

The rectifier should be the only circuit form you
learn. It consists of two diodes connected in series
with a source of alternating current. Since diodes
only let current to flow in one direction, they are
utilized in this circuit to change the alternating
current (AC) waveform into the direct current (DC)
waveform (Chang, 2016). The inverter circuit,
which consists of two transistors connected in series
with the specified DC power source, is far more
complex than the much simpler rectifier circuit. The
inverse of the DC waveform, the AC waveform is
created when transistors quickly turn current on and
off. Inverter and rectifier circuits are necessary for
many electronic devices to operate correctly, and
many electrical devices would become useless
without them.

CURVES
The curves used in this investigation incorporated
the current-voltage properties of SCRs and TRIAC:.
SCR's attributes include:
» Since an SCR only conducts electricity in
one direction, it is unidirectional.
» It can manage huge currents and has a high
voltage breakdown.
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» 1Its switching speed is often in the
microsecond range, which is somewhat
modest.

> Its off-state resistance is low, whereas its on-
state resistance is high.

» Applications for it include power regulators,
circuit breakers, and AC motor control.

The characteristics of TRIAC are:

» Because a TRIAC is bidirectional, current
can flow through it in both directions.

» It can only manage modest currents and has
a low voltage breakdown.

» It has a comparatively quick switching
speed, often within nanoseconds.

» Its resistance is both strong off-state and low
on-state.

» It may be applied to tasks like motor
control, temperature control, and light
dimming.

The current-voltage characteristics of components
like SCRs and TRIACs must be taken into account
when constructing a power electronics circuit.
While the shape of the SCR curve regulates the
conduction losses, the TRIAC curve specifies the
switching losses of the device. It is necessary to
balance switching and conduction losses while
building a power electronic circuit. A combination
of silicon-controlled rectifier (SCR) and triode
rectifier (TRIAC) devices is often the greatest
option for a design when limiting losses as much as
is practical. It is important to keep in mind that
depending on the brand and kind of device, SCR
and TRIAC devices may have different current-
voltage characteristics. Therefore, it is essential to
consult the device's datasheet prior to making any
circuit modifications.

A graph that illustrates how the current passing
through a semiconductor device varies in response
to variations in the voltage applied to its opposite
terminal is called the current-voltage characteristic
(Chang, 2016). A graph that illustrates how the
current passing through a silicon-controlled rectifier
(SCR) changes in response to the voltage across the

Available at www.ijsred.com

SCR is called its current-voltage characteristic. A
graph illustrating how the current passing through a
TRIAC varies with the applied voltage is called its
current-voltage characteristic.

The connection between voltage and current in an
SCR exhibits a bimodal pattern. As the applied
voltage increases, the current passing through the
SCR increases in the forward active region, the first
of two zones. The current starts to drain when the
applied voltage rises and the SCR enters the second
zone, also known as the reverse-active area.
"Reverse active zone" and "blocking region" are
interchangeable phrases.

A curve with three distinct parts illustrates the
relationship between current and voltage in a
TRIAC. In the forward-active zone, the first section
of a TRIAC, the current flowing through it
increases linearly with the applied voltage (Chang,
2016). In the second zone, referred to as the verse
active zone, when the applied voltage rises, the
current flowing through the TRIAC decreases. A
rise in current through the TRIAC in response to an
increase in applied voltage indicates the breakdown
area, which is the third zone.

RECOMMENDATION

It is advised that more study be done on the
possible applications of SCR and TRIAC in other
fields. Numerous applications might potentially
make use of the SCR and TRIAC technologies.
While a TRIAC can control voltage, a silicon-
controlled rectifier (SCR), commonly referred to as
a TRIAC, may control current. Additionally, a
TRIAC or SCR can be used to control the power in
a circuit. There are possible uses and benefits for
SCR and TRIAC in a variety of fields and situations.
For instance, SCRs and TRIACSs can lower the cost
of a circuit while increasing its efficiency.
Additionally, by reducing the likelithood of
electrical fires inside a circuit, SCR and TRIAC can
contribute to circuit safety.

Before SCR and TRIAC may be extensively used in
a variety of applications, a few challenges need to
be resolved. Among these challenges are the
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following: For instance, more research is needed to
create programs that are adaptable enough to work
well in a variety of scenarios. Furthermore, more
research is needed to improve the reliability of SCR
and TRIAC. The study's conclusions, taken together,
point to the need for more investigation into the
possible applications of SCR and TRIAC in various
contexts. The insights gained from this exercise will
provide light on the possible advantages and risks
connected with employing SCR and TRIAC in a
variety of scenarios. Furthermore, the findings of
this study will be extremely beneficial in enhancing
the efficiency, safety, and reliability of SCR and
TRIAC technologies.

CONCLUSION

In conclusion, there are a number of applications
for both TRIACs and SCRs. They make power
control, power rectification, and power inversion
possible. The results of the experiment, the
discussion that follows, and the review of pertinent
literature all support the idea that SCRs and
TRIACs may be used for a variety of purposes,
some of which are related to power regulation,
rectification, and inversion. SCRs and TRIACs are
useful parts to have on hand for a variety of
applications, including circuits for lighting, home
appliances, power supply and motor controllers,
and more. Other applications for them include
safety and security systems, industrial controls, and
communication systems.

Many types of electrical equipment depend on
rectifiers and inverter circuits, and without them, a
large portion of electrical equipment would not
function. The current-voltage characteristics of
components like SCRs and TRIACs must be taken
into account when constructing a power electronics
circuit. While the shape of the SCR curve regulates
the conduction losses, the TRIAC curve specifies
the switching losses of the device.
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