
Thyristor or Silicon Controlled Rectifier (SCR) 

A Silicon Controlled Rectifier (SCR) is a unidirectional semiconductor device made of 

silicon. This device is the solid state equivalent of thyratron and hence it is also referred to as 

thyristor or thyroid transistor. In fact, SCR (Silicon Controlled Rectifier) is a trade name given to 

the thyristor by General Electric Company. Basically, SCR is a three-

terminal, four-layer semiconductor device consisting of alternate layers of 

p-type and n-type material. 

 

Hence it has three pn junctions J1, J2 and J3. The figure on right 

shows an SCR with the layers p-n-p-n. The device has terminals Anode(A), 

Cathode(K) and the Gate(G). The Gate terminal(G) is attached to the p-

layer nearer to the Cathode(K) terminal. 

 

The symbol of SCR or Thyristor is shown in the figure below. 

 

 

 

The working of SCR can be understood by analyzing its behavior in the following modes: 

 

Reverse Blocking Mode of SCR 

In this mode, the SCR is reverse biased by connecting its anode terminal (A) to negative 

end and the cathode terminal (K) to the positive end of the battery. This leads to the reverse 

biasing of the junctions J1 and J3, which in turn prohibits the flow of current through the device, 

in spite of the fact that the junction J2 remains in forward biased condition. 

 

 



In this state, the SCR behaves as a typical diode. In this reverse biased condition, only 

reverse leakage current flows through the device as in the case of the reverse biased diode. The 

device also exhibits the reverse breakdown phenomenon beyond a reverse safe voltage limit just 

like a diode. 

 

Forward Blocking Mode of SCR 

Here a positive bias is applied to the SCR by connecting anode terminal (A) to the 

positive and cathode terminal (K) to the negative terminal of the battery, as shown in the figure 

below. Under this condition, the junction J1 and J3 get forward biased while junction J2 gets 

reverse biased. Here also current cannot pass through the thyristor except the tiny current 

flowing as forward leakage current. 

 

 

 

 

Forward Conduction Mode of SCR 
The SCR can be made to conduct either 

(i) By increasing the positive voltage applied at anode terminal (A) beyond the Break 

Over Voltage 

Or 

(ii) By applying positive voltage at the gate terminal (G) as shown in the figure below. 
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        In the first case, the increase in the applied bias causes the initially reverse biased junction 

J2 to break down at the point corresponding to forward Break Over Voltage. This results in the 

sudden increase in the current flowing through the SCR, although the gate terminal of the SCR 

remains unbiased. 

However, SCR can also be turned on at a much smaller voltage level by proving small 

positive voltage at the gate terminal. 

 

 

 

 

V-I Characteristics of a Thyristor 

 

From the circuit diagram above we can see the anode and cathode are connected to the 

supply voltage through the load. Another secondary supply Es is applied between the gate and 

the cathode terminal which supplies for the positive gate current when the switch S is closed. 

On giving the supply we get the required V-I characteristics of a thyristor shown in the 

figure below for anode to cathode voltage Va and anode current Ia as we can see from the circuit 

diagram. A detailed study of the characteristics reveal that the thyristor has three basic modes of 

operation, namely the reverse blocking mode, forward blocking (off-state) mode and forward 

conduction (on-state) mode. 

 

 

 

 



 

 

 

 

Reverse Blocking Mode of Thyristor 

For the reverse blocking mode of the thyristor, the 

cathode is made positive with respect to anode by supplying voltage 

E and the gate to cathode supply voltage Es is detached initially by 

keeping switch S open. For understanding this mode we should look 

into the fourth quadrant where the thyristor is reverse biased. 

Here Junctions J1 and J3 are reverse biased whereas the 

junction J2 is forward biased. The behavior of the thyristor here is 

similar to that of two diodes are connected in series with reverse 

voltage applied across them. As a result only a small leakage current 

of the order of a few μ Amps flows. 

This is the reverse blocking mode or the off-state, of the thyristor. If the reverse voltage is now 

increased, then at a particular voltage, known as the critical breakdown voltage VBR, an 

avalanche occurs at J1 and J3 and the reverse current increases rapidly. A large current 

associated with VBR gives rise to more losses in the SCR, which results in heating. This may lead 

to thyristor damage as the junction temperature may exceed its permissible temperature rise. It 

should, therefore, be ensured that maximum working reverse voltage across a thyristor does not 

exceed VBR. When reverse voltage applied across a thyristor is less than VBR, the device offers 
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very high impedance in the reverse direction. The SCR in the reverse blocking mode may 

therefore be treated as open circuit. 

 

Forward Blocking Mode 

Now considering the anode is positive with respect to the 

cathode, with gate kept in open condition. The thyristor is now said to 

be forward biased as shown the figure. 

As we can see the junctions J1 and J3 are now forward biased but 

junction J2 goes into reverse biased condition. In this particular mode, 

a small current, called forward leakage current is allowed to flow 

initially as shown in the diagram for characteristics of thyristor. Now, if 

we keep on increasing the forward biased anode to cathode voltage 

beyond a certain point, then the reverse biased junction J2 will have an 

avalanche breakdown at a voltage called forward break over voltage VB0 

of the thyristor. But, if we keep the forward voltage less than VBO, we 

can see from the characteristics of thyristor, that the device offers high impedance. Thus even 

here the thyristor operates as an open switch during the forward blocking mode. 

 

Forward Conduction Mode 

When the anode to cathode forward voltage is increased, with gate circuit open, the 

reverse junction J2 will have an avalanche breakdown at forward break over voltage VBO leading 

to thyristor turn on. Once the thyristor is turned on we can see from the diagram for 

characteristics of thyristor, that the point M at once shifts toward N and then anywhere 

between N and K. Here NK represents the forward conduction mode of the thyristor. In this 

mode of operation, the thyristor conducts maximum current with minimum voltage drop, this is 

known as the forward conduction or the turn on mode of the thyristor. In this particular mode, 

the thyristor conducts currents from anode to cathode with a very small voltage drop across it. A 

thyristor is brought from forward blocking mode to forward conduction mode by turning it on 

by exceeding the forward break over voltage or by applying a gate pulse between gate and 

cathode. In this mode, thyristor is in on-state and behaves like a closed switch. Voltage drop 

across thyristor in the on state is of the order of 1 to 2 V. 

 

Once the thyristor has been turned “ON” and is passing current in the forward direction 

(anode positive), the gate signal looses all control due to the regenerative latching action of the 



two internal transistors. The application of any gate signals or pulses after regeneration is 

initiated will have no effect at all because the thyristor is already conducting and fully-ON. 

Unlike the transistor, the SCR cannot be biased to stay within some active region along a 

load line between its blocking and saturation states. The magnitude and duration of the gate 

“turn-on” pulse has little effect on the operation of the device since conduction is controlled 

internally. Then applying a momentary gate pulse to the device is enough to cause it to conduct 

and will remain permanently “ON” even if the gate signal is completely removed. 

Therefore the thyristor can also be thought of as a Bistable Latch having two stable states 

“OFF” or “ON”. This is because with no gate signal applied, a silicon controlled rectifier blocks 

current in both directions of an AC waveform, and once it is triggered into conduction, the 

regenerative latching action means that it cannot be turned “OFF” again just by using its Gate. 

So how do we turn “OFF” the thyristor?. Once the thyristor has self-latched into its 

“ON” state and passing a current, it can only be turned “OFF” again by either removing the 

supply voltage and therefore the Anode (IA) current completely, or by reducing its Anode to 

Cathode current by some external means (the opening of a switch for example) to below a value 

commonly called the “minimum holding current”, IH. 

The Anode current must therefore be reduced below this minimum holding level long 

enough for the thyristors internally latched pn-junctions to recover their blocking state before a 

forward voltage is again applied to the device without it automatically self-conducting. 

Obviously then for a thyristor to conduct in the first place, its Anode current, must be greater 

than some value. That value of anode current is known as latching current. The latching current 

(IL) of a thyristor is the minimum value of the load current (current flowing between anode and 

cathode) that keeps the device conducting when the gate signal is removed. 

 Remember, IL > IH. 

Since the thyristor has the ability to turn “OFF” whenever the Anode current is reduced 

below this minimum holding value, it follows then that when used on a sinusoidal AC supply the 

SCR will automatically turn itself “OFF” at some value near to the cross over point of each half 

cycle, and as we now know, will remain “OFF” until the application of the next Gate trigger 

pulse. 

Since an AC sinusoidal voltage continually reverses in polarity from positive to negative 

on every half-cycle, this allows the thyristor to turn “OFF” at the 180o zero point of the positive 

waveform. This effect is known as “natural commutation” and is a very important characteristic 

of the silicon controlled rectifier. 

Thyristors used in circuits fed from DC supplies, this natural commutation condition 

cannot occur as the DC supply voltage is continuous so some other way to turn “OFF” the 



thyristor must be provided at the appropriate time because once triggered it will remain 

conducting. 

However in AC sinusoidal circuits natural commutation occurs every half cycle. Then 

during the positive half cycle of an AC sinusoidal waveform, the thyristor is forward biased 

(anode positive) and a can be triggered “ON” using a Gate signal or pulse. During the negative 

half cycle, the Anode becomes negative while the Cathode is positive. The thyristor is reverse 

biased by this voltage and cannot conduct even if a Gate signal is present. 

So by applying a Gate signal at the appropriate time during the positive half of an AC 

waveform, the thyristor can be triggered into conduction until the end of the positive half cycle. 

Thus phase control (as it is called) can be used to trigger the thyristor at any point along the 

positive half of the AC waveform and one of the many uses of a Silicon Controlled 

Rectifier is in the power control of AC systems. 

 

 

Two Transistor Model of SCR of Thyristor 

 

Basic operating principle of SCR, can easily be understood by the 

two transistor model of SCR, as it is a combination of p and n layers. 

 

            This is a pnpn thyristor. If we bisect it through the thick line then 

we will get two transistors i.e. one pnp transistor with J1 and J2 junctions 

and another is with J2 and J3 junctions as shown in figure below. The 

relation between the collector current and emitter current is also shown. 

 

 



Here, IC is collector current, IE is emitter current, ICBO is forward leakage current, α is 

common base forward current gain and relationship between IC and IB is 

 

Where, IB is base current and β is common emitter forward current gain. 

Let for transistor T1 this relation holds 

 

And that for transistor T2 

 

Now, by the analysis of two transistors model we can get anode current, 

 

From equation (i) and (ii), we get, 

 

If applied gate current is Ig then cathode current will be the summation of anode current and 

gate current i.e. 

           …. (iv) 

By substituting this valyue of Ik in (iii) we get, 

 

From this relation we can assume that with increasing the value of  towards unity, 

corresponding anode current will increase. Now the question is how  increases? Here 

is the explanation using two transistor model of SCR. 

 

On application of a small magnitude of Ig, Ik increases [refer eq. (iv)]. Since Ik is IE2, α2 

also increase, as α of a transistor is also a function of IE as shown:  

The increase of α2 increases IC2 [refer eq. (ii)]. Now this IC2 is nothing 

but IB1, hence IE1 increases which in turn increases α1.  

This continuous positive feedback effect increases towards 

unity and anode current tends to flow at a very large value. The value current then can only be 

controlled by external resistance of the circuit. 
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