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Abstract— This paper deals with the comparative 

performance of available switching circuits for ac loads and 

optocoupler based switching circuit. The characteristics of the 

components involved in switching and the efficiency of the 

components are discussed. The thyristor based relay circuit is 

one of the most commonly used relays. The performance 

comparison is analyzed using multisim software. The 

performance and ratings of a 230Vac lamp connected to a 

switching circuit are compared, to arrive to a conclusion, that 

optocoupler based circuit is much more efficient and cost 

effective than thyristor based relay switching circuits. 
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I. INTRODUCTION 

The words 'thyristor' and S C R can more or less be called as 

synonyms. The thyristor was introduced in the year 1957 in 

the laboratories of the General Electric. 

This device conducts current in only one direction. 

So two SCRs are required in inverse parallel connection to 

control an AC heating load. The thyristor is normally non-

conducting in both directions, but when forward biased can 

be switched from a non-conducting to a conducting state by 

injecting current into a gate electrode. When controlling an 

AC application the thyristor can be turned off automatically 

on each zero crossing of the waveform output. In industrial 

applications the terms 'thyristor' and 'S C R' are used for 

assemblies of devices, and hence are called as thyristor 

stacks. The term SSR is applied to an assembly of thyristors 

and control electronics. Solid state relays are mostly 

applicable to lower power applications only. 

An opto-isolator, also called an optocoupler or photo 

coupler or optical isolator is a component that is used for 

transferring of electrical signals in between two circuits 

isolated with each other, using light. The Opto-isolators 

prevents high voltages from creating damage to the receiving 

system.  

An opto-isolator contains a source of light, that is 

used for the conversion of that converts electrical input signal 

into light, and a photo sensor, for the detection of incoming 

light, for the generation of electrical energy. The sensor used 

can be a photo resistor or a photodiode. An optocoupled solid 

state relay consists of a photodiode opto-isolator which is 

actually a complementary pair of MOSFETs. 

The Multisim software enhances already powerful 

simulation technology. It has additional features like the 

ability to analyze analog, digital and power electronics based 

projects, designs for educational and research fields. It is also 

developing in the field of training and education. It is 

industrial software. 

Multisim is an advanced, industry-standard, best 

simulation environment. Multisim. It is mostly used for 

building solutions for customers, in such a way that it does 

not affect the components or user, once implemented in real 

time. It is also used for virtual PCB designing and connection 

checking. It also has prototype iterations. It concentrates on 

prototype designing, electrical circuit connections and 

testing. 

Thus, it finds its major application in teaching 

courses in a unified environment that supports power 

electronics, analog and digital circuits. This enables the 

students or beginners to learn concepts faster, as this software 

is a pure practical application oriented software. This is 

turning into a standardized tool for designing circuits, in 

many industries. concepts faster, as this software is a pure 

practical application oriented software.   

II. THYRISTOR CONTROL TECHNIQUES 

The two methods in which thyristors can be switched to 

control heating load are cycle control and phase angle control. 

With full cycle control, the current through the load is 

switched on for entire full cycles of the supply. This control 

technique is used in three forms. They are fast cycle and slow 

cycle burst fire, single cycle burst fire. With phase angle 

control, the individual cycles of the supply are chopped. 

The major differences between the two control 

techniques are: 

 Full cycle control offers no control over the load voltage 

or current when the thyristors are on. This control 

technique cannot be used in any application which 

requires current or voltage limiting capacity. 

 Phase angle control offers voltage and current 

limitation. Another special added advantage in phase 

angle applications is that it minimizes the influence of 

any DC component in the load current. 

III. CONFIGURATION AND CONTROLLING OF THYRISTORS 

BASED RELAYS 

The thyristor based relay is used for simple ON-OFF control 

device in which one or more semiconductor gets conducted 

by the load current. This circuit consumes low control energy 

for the switching of output states. Here, since the energy at 

the input side is far lower than that at the output side. The 

power gain is much substantial (i.e) the power gain is higher 

than compared to the normal output relay rating. 

The maximum turns OFF level of the thyristor based 

relay circuit is approximately half the percentage of minimum 

level at which it switches to ON state. In most of the thyristor 

based relays the control voltage range is much higher that 

mentioned as minimum turn ON voltage. Sensitivity plays a 

major role in controlling of thyristor. The consultation factors 

controlled input are insulation resistance and di-electric 

strength. The rating is 1500Vrms for considered dielectric 

strength. The insulation resistance is required in the range of 

mega ohms. Stray capacitance is also a factor to be considered 

which typically lie on the range of pico farad. 

But the advantages of Thyristor based relays include 

improved response time, silent operation and reduced peak 
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power consumption. It also improves the heater life time. 

There are no problems like arcing and sparking in thyristor 

based relays. A Thyristor based ac solid state relay is shoen 

in the figure[1]  below. 

 
Fig. 1: Solid State Relay 

The Thyristor based relays works proportionally to 

turn on and turn off the load connected to it. This provides 

smooth, and highly variable power applications possible. It is 

mostly used in light dimmer and fast switching applications. 

Phase angle fired SCRs will provide precise control over 

heater applications. It also increases the heater life time. 

These abilities are not available in any other means of control. 

This kind of relays also provide good current limit and 

voltage limit characteristics.  

IV. CONFIGURATION AND CONTROL METHODS OF 

OPTOCOUPLERS 

Optocouplers generally have a closed pair kind of 

configuration. This configuration means that the 

optocouplers are enclosed in a dark surrounding where the 

sensor and the source. 

Some other optocouplers have a reflective pair kind 

of configuration. This configuration refers to optocouplers 

that contains a source and a sensor. The source emits light and 

the sensor senses the light for object detection kind of 

applications. Other applications of this configuration are 

tachometers, reflection monitoring devices. 

Signal. The optocoupler used in Multisim is MCT6 

IC. This IC enhance the ability to influence the incoming 

signal.  There are many integrated devices in this series. The 

pin diagram is similar to that of an normal optocoupler. That 

is, it has photodiodes and phototransistors inbuilt at its pins.  

Reed relay driving, Switch mode power supply 

feedback. Telephone ring detection, Logic ground isolation, 

Logic coupling with high frequency noise rejection, 

detection, detection of vibration and bounce free detection. 

The pin diagram of the MCT6 chip is shown in figure[3] 

below. 

The 6 pins of the IC MCT6 has two blocks of 

operation, that can act individually as optocoupler circuits. 

These two blocks can individually act as two MCT6 

integrated circuits. The pins 1, 4 are anodes and the pins 2, 3 

are cathodes. The pins 5, 8 are emitter pins and the pins 6, 7 

are collector pins. The. The corresponding pairs of MCT6 are 

pins number 1, pin 2, pin 7, pin 8 and pin number 3, pin 4, pin 

5, pin 6. 

 
Fig. 3: Circuit Diagram 

V. MULTISIM BLOCK DIAGRAM 

 
Fig. 4: Block Diagram 

The corresponding 5volts given as DC supply with a ground 

is actually a symbolic representation of 0-5 volts that would 

be generated from a LabVIEW program or resultant output 

from the conversion of RTD temperature to voltage. This 

circuitry does not require any complex controlling 

components. A small pulse to the photo diode activates it and 

this enables the light sensitive property of photo transistor in 

the So the power is switched ON. This circuit improves the 

safety to the users and devices. Opposite pins. 

The devices that are used for high and low power 

control applications required good electrical insulation. 

Mostly for high power circuits control is implemented by 

using opto electronic devices. So depending on the thickness 

of the silicon atom layer may not be a good option for 

controlling. When an error or slight change in the control 

variable occurs the results can be dangerous. Hence materials 

like SCR and Triacs which are sensitive to lights can be used 

for conduction. The MCT6 IC used in the multisim program 

is a package that has photo-diode and photo transistor inbuilt. 

The 5volts input triggers the photo diode to conduction mode. 

The corresponding multisim program is as in diagram[4]. 

So the power is switched ON. This circuit improves 

the safety to the users and devices. 

This method of isolation between the high power 

and low power circuits is called as optical isolation. This 

method of control brings out the advantage of the circuit that 

in response to a very small current through photo diode, the 

ac load is controlled without having any electrical means of 

insulation. 

VI. CONCLUSION 

The factors to be considered for, while using thyristors are 

voltage flickers, power factor, neutral currents, temperature 

rise in control panel, harmonics and sub harmonics. In 

thyristor based relay circuit, there exists some leakage current 
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even during off state. This may turn to be a hazardous 

situation. So, this kind of relay switching circuit prove to 

provide similar control action, but with a higher safety. 
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