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        SGBB GOVT. POLYTECHNIC COLLEGE, SIROHI 

Subject: EL305/EE301 Power Electronics 

 

 

Q-1 Draw the symbol of SCR. Explain its working and charactertristic curve with the help of 

diagram. 

                                                       

The silicon control rectifier (SCR) consists of four layers of semiconductors, which 

form NPNP or PNPN structures, having 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 thyristor. 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. 



Thyristor I-V Characteristics Curves 

 
  

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 can not 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. 

 

Q-2 Write construction, working and characteristics of  TRIAC.  

Triac is a three terminal AC switch which is different from the other silicon controlled rectifiers in 

the sense that it can conduct in both the directions that is whether the applied gate signal is 

positive or negative, it will conduct. Thus, this device can be used for AC systems as a switch. 

This is a three terminal, four layer, bi-directional semiconductor device that controls AC power. 

The triac of maximum rating of 16 kw is available in the market.                  



                                       

Figure shows the symbol of triac,  

which has two main terminals MT1 and MT2 connected in inverse parallel and a gate terminal. 

Construction  

 

Two SCRs are connected in inverse parallel with gate terminal as common. Gate 

terminals is connected to both the N and P regions due to which gate signal may be 

applied which is irrespective of the polarity of the signal. Here, we do not have anode 

and cathode since it works for both the polarities which means that device is bilateral. It 

consists of three terminals namely, main terminal 1(MT1), main terminal 2(MT2), and 

gate terminal G.  

Figure shows the construction of a triac.  

There are two main terminals namely MT1 and MT2and the remaining terminal is gate 
terminal. 

Operation: 

 

The triac can be turned on by applying the gate voltage higher than break over voltage. However, 

without making the voltage high, it can be turned on by applying the gate pulse of 35 micro 

seconds to turn it on. When the voltage applied is less than the break over voltage, we use gate 

triggering method to turn it on. 

There are four different modes of operations, they are- 



1. When MT2 and Gate being Positive with Respect to MT1 When this happens, current 

flows through the path P1-N1-P2-N2. Here, P1-N1 and P2-N2 are forward biased but N1-P2 is 

reverse biased. The triac is said to be operated in positively biased region. Positive gate with 

respect to MT1 forward biases P2-N2 and breakdown occurs. 

2. When MT2 is Positive but Gate is Negative with Respect to MT1 The current flows 

through the path P1-N1-P2-N2. But P2-N3 is forward biased and current carriers injected into 

P2 on the triac. 

3. When MT2 and Gate are Negative with Respect to MT1 Current flows through the path P2-

N1-P1-N4. Two junctions P2-N1 and P1-N4 are forward biased but the junction N1-P1 is 

reverse biased. The triac is said to be in the negatively biased region. 

4. When MT2 is Negative but Gate is Positive with Respect to MT1 P2-N2 is forward biased 

at that condition. Current carriers are injected so the triac turns on. This mode of operation 

has a disadvantage that it should not be used for high (di/dt) circuits. Sensitivity of triggering 

in mode 2 and 3 is high and if marginal triggering capability is required, negative gate pulses 

should be used. Triggering in mode 1 is more sensitive than mode 2 and mode 3. 

 

Characteristics of a Triac 

 
The triac characteristics is similar to SCR but it is applicable to both positive and negative triac 

voltages. The operation can be summarized as follows- 

First Quadrant Operation of Triac 

Voltage at terminal MT2 is positive with respect to terminal MT1 and gate voltage is also positive 

with respect to first terminal. 

Second Quadrant Operation of Triac 

Voltage at terminal 2 is positive with respect to terminal 1 and gate voltage is negative with 

respect to terminal 1. 

Third Quadrant Operation of Triac 

Voltage of terminal 1 is positive with respect to terminal 2 and the gate voltage is negative. 



Fourth Quadrant Operation of Triac 

Voltage of terminal 2 is negative with respect to terminal 1 and gate voltage is positive.

When the device gets turned on, a heavy current flows through it which may damage the device, 

hence in order to limit the current a current limiting resistor should be connected externally to it. 

By applying proper gate signal, firing angle of the device may be controlled. The gate triggering 

circuits should be used for proper gate triggering. We can use diac for triggering the gate pulse. 

For firing of the device with proper firing angle, a gate pulse may be applied up to a duration of 

35 micro seconds. 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.electrical4u.com/diac/


Q-3 Write construction, working and characteristics of UJT. 

Construction 

 

 

The UJT has three terminals: an emitter (E) and two bases (B1 and B2) and so is sometimes 

known a "double-base diode". The base is formed by a lightly doped n-type bar of silicon. Two 

ohmic contacts B1 and B2 are attached at its ends. The emitter is of p-type is heavily doped; this 

single PN junction gives the device its name. The resistance between B1 and B2 when the 

emitter is open-circuit is called interbase resistance. The emitter junction is usually located 

closer to base-2 (B2) than base-1 (B1) so that the device is not symmetrical, because a 

symmetrical unit does not provide optimum electrical characteristics for most of the applications. 

Working: 

The device has a unique characteristic that when it is triggered, its emitter current increases 

regeneratively until it is restricted by emitter power supply. It exhibits a negative resistance 

characteristic and so it can be employed as an oscillator. 

The UJT is biased with a positive voltage between the two bases. This causes a potential drop 

along the length of the device. When the emitter voltage is driven approximately one diode 

voltage above the voltage at the point where the P diffusion (emitter) is, current will begin to 

flow from the emitter into the base region. Because the base region is very lightly doped, the 

additional current (actually charges in the base region) causes conductivity modulation which 

reduces the resistance of the portion of the base between the emitter junction and the B2 

terminal. This reduction in resistance means that the emitter junction is more forward biased, and 

so even more current is injected. Overall, the effect is a negative resistance at the emitter 

terminal. This is what makes the UJT useful, especially in simple oscillator circuits. 

 

.Characteristics: 

The static emitter characteristic (a curve showing the relation between emitter voltage VE and 

emitter current IE) of a UJT at a given inter base voltage VBB is shown in figure.  From figure it 

is noted that for emitter potentials to the left of peak point, emitter current IE never exceeds IEo . 

https://en.wikipedia.org/wiki/N-type_semiconductor


The current IEo corresponds very closely to the reverse leakage current ICo of the conventional 

BJT. This region, as shown in the figure, is called the cut-off region. Once conduction is 

established at VE = VP the emitter potential VE starts decreasing with the increase in emitter 

current IE. This Corresponds exactly with the decrease in resistance RB for increasing current IE. 

                                             

This device, therefore, has a negative resistance region which is stable enough to be used with a 

great deal of reliability in the areas of applications listed earlier. Eventually, the valley point 

reaches, and any further increase in emitter current IE places the device in the saturation region, 

as shown in the figure. Three other important parameters for the UJT are IP, VV and IV and are 

defined below: 

Peak-Point Emitter Current. Ip. It is the emitter current at the peak point. It represents the 

rnimrnum current that is required to trigger the device (UJT). It is inversely proportional to the 

interbase voltage VBB. 

Valley Point Voltage VV The valley point voltage is the emitter voltage at the valley point. The 

valley voltage increases with the increase in interbase voltage VBB. 

Valley Point Current IV The valley point current is the emitter current at the valley point. It 

increases with the increase in inter-base voltage VBB. 

 

 

 

 

 

http://www.circuitstoday.com/wp-content/uploads/2009/09/UJT-Characteristics.png


Q-4 Short Notes: 

 (a) Snubber Circuit: 

Snubber circuits are needed to limit the rate of change in voltage or current (di/dt or dv/dt) and 

over voltage during turn-on and turn-off. These are placed across the semiconductor devices for 

protection as well as to improve the performance. Static dv/dt is a measure of the ability of a 

thyristor to retain a blocking state under the influence of a voltage transient. These are also used 

across the relays and switches to prevent arcing. 

                                             

Snubbers are frequently used in electrical systems with an inductive load where the sudden 

interruption of current flow leads to a sharp rise in voltage across the current switching device, in 

accordance with Faraday's law. This transient can be a source of electromagnetic 

interference (EMI) in other circuits. Additionally, if the voltage generated across the device is 

beyond what the device is intended to tolerate, it may damage or destroy it. The snubber provides 

a short-term alternative current path around the current switching device so that the inductive 

element may be discharged more safely and quietly. Inductive elements are often unintentional, 

but arise from the current loops implied by physical circuitry. While current switching is 

everywhere, snubbers will generally only be required where a major current path is switched, 

such as in power supplies.  

 (b) Holding and Latching Current 

HOLDING CURRENT: 

The minimum value of current that must be there to provide a path between anode and cathode to 

flow anode current and thus maintain a thyristor in the on state. 

LATCHING CURRENT: 

The minimum anode current required to maintain a thyristor in on-state immediately after a 

thyristor has be triggered on. IL>IH rate of flow of charge is known as current. 



(c)  DIAC  

Diac is a device which has two electrodes. It is a member of the thyristor family. It is mainly 

used in triggering of thyristor. The advantage of using this device is that it can be turned on or 

off simply by reducing the voltage level below its avalanche breakdown voltage. 

Also, it can be either turned on or off for both the polarity of voltages. This device works when 

avalanche breakdown occurs.  

The figure shows a symbol of diac which resembles the connection of two diodes in series. Also 

it can be called as a transistor without base. 

Construction of Diac 
 

It is a device which consists of four layers and two terminals. The construction is almost same as 

that of the transistor. But there are certain points which deviate from the construction from the 

transistor. The differentiating points are- 

1. There is no base terminal in the diac. 

2. The three regions have almost the same level of doping. 

3. It gives symmetrical switching characteristics for either polarity of voltages. 



                                                  
Operation of Diac 

From the figure, we see that it has two p-type material and three n-type materials. Also it does 

not have any gate terminal in it. 

The diac can be turned on for both the polarity of voltages. When A2 is more positive with 

respect to A1 then the current does not flows through the corresponding N-layer but flows from 

P2-N2-P1-N1. When A1 is more positive A2 then the current flows through P1-N2-P2-N3. 

The construction resembles the diode connected in series. When applied voltage is small in either 

polarity, a very small current flows which is known as leakage current because of drift of 

electrons and holes in the depletion region. Although a small current flows, but it is not sufficient 

enough to produce avalanche breakdown so the device remains in the non conducting state. 

When the applied voltage in either polarity exceeds the breakdown voltage, diac current rises and 

the device conducts in accordance with its V-I characteristics.       

https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/diode-working-principle-and-types-of-diode/


           
The V-I characteristics resembles the english word Z. The diac acts as open circuit when the 

voltage is less than its avalanche breakdown voltage. When the device has to be turned off, the 

voltage must be reduced below its avalanche breakdown voltage. 
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