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  S.Y. Diploma : Sem. IV  
  [ET/EN/EX/EJ/DE/ED/EI/IS/IC/IE/IU]   

   Power Electronics  
 Time: 3 Hrs.]   Prelim Question Paper Solution [Marks : 70 
 
  

Q.1 Attempt any FIVE of the following : [10]
Q.1(a) Draw the symbols of (i) SCR (ii) DIAC [2]
Ans.:   

 
 

Q.1(b) Define holding and latching current. [2]
Ans.: Holding current(IH): Holding current may be defined as the minimum value of anode to 

cathode current below which the SCR stops conducting and returns to its OFF – state. 
 

 Latching current(IL): Latching current may be defined as the minimum ON – state anode to 
cathode current required to keep the SCR in the ON – state after the triggering pulse has 
been removed. 

 
Q.1(c) List different turn-on methods of SCR. [2]
Ans.: Turn – ON Methods of SCR: 
 1. Forward voltage triggering 
 2. Thermal triggering 
 3. Illumination triggering 
 4. dv/ dt triggering 
 5. Gate triggering 
  a. DC voltage triggering 
  b. AC voltage triggering 
  c. Pulse triggering 
 

Q.1(d) State the applications of inverter. [2]
Ans.: Applications of inverter: 
 1. Variable of speed a c motor drivers 
 2. Induction heating 
 3. Aircraft power supplies 
 4. Uninterrupted power supplies (UPS) 
 5. High voltage d c transmission lines 
 6. Battery vehicles drivers 
 7. Regulated voltage and frequency power supplies 
 

Q.1(e) Draw the symbol of MOSFET and IGBT. [2]
Ans.: Symbol of MOSFET: 
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 Symbol of IGBT: 

 
 

Q.1(f) State the function of freewheeling diode in any rectifier circuit. [2]
Ans.: Freewheeling diode serves two main function: 
  It prevents reversal of load voltage except for small diode voltage drop. 
  It transfers the load current away from the main rectifier, thereby allowing all of its 

thyristors to regain their blocking states. 
 

Q.1(g) Define the term commutation of SCR. [2]
Ans.: Communication is the process by which we can turn OFF a thyristor. So the process of 

switching OFF a thyristor or SCR is known as Communication. 
 

Q.2 Attempt any THREE of the following : [12]
Q.2(a) Draw the circuit diagram input-output waveforms and explain the working of 

single phase half wave controlled rectifier with R load. 
[4]

Ans.: Circuit diagram 

 
 Working: 
 During the positive half cycle of input voltage, the thyristor T is triggered at an angle of t = . 

Now as the thyristor is ON, the load gets directly connected to the supply. During the negative 
half cycle, thyristor is reverse biased and is turned OFF. So the load gets voltage only during 
positive half cycle. The average value of the output voltage may be varied by varying the firing 
angle “”. As the load is resistive the current waveform will be identical to that of voltage 
waveform. 

 

 Waveforms: 
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Q.2(b) Draw the characteristics of power BJT. Explain Quasi-saturation. [4]
Ans.: Diagram: 

 
 In the quasi saturation region the base-collector junction is forward biased but the lightly 

doped drift region is not completely shorted out by excess minority carrier injection from 
the base. The resistivity of this region depend to some extent on the base current. 
Therefore, in the quasi saturation region, the base current still retains some control over 
the collector current although the value of  decreases significantly. Also, since the 
resistivity of the drift region is still significant the total voltage drop across the device in 
this mode of operation is higher for a given collector current compared to what it will be in 
the hard saturation region. 
  

Q.2(c) Draw the structural diagram and symbol of GTO. Describe its working. [4]
Ans.: Diagram: 

 
 Symbol: 

 
 Working: 
  The turn ON operation of GTO is similar to a conventional thyristor. When the anode 

terminal is made positive with respect to cathode by applying a positive gate current, 
the hole current injection from gate forward bias the cathode p-base junction. 
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  This results in the emission of electrons from the cathode towards the anode terminal. 
This induces the hole injection from the anode terminal into the base region. This 
injection of holes and electrons continuous till the GTO comes into the conduction state. 

  To turn OFF a conducting GTO, a reverse bias is applied at the gate by making the gate 
negative with respect to cathode. A part of the holes from the P base layer is 
extracted through the gate which s-uppress the injection of electrons from the 
cathode. 

  In response to this, more hole current is extracted through the gate results more 
supreesion of electrons from the cathode. Eventually, the voltage drop across the p 
base junction causes to reverse bias the gate cathode junction and hence the GTO is 
turned OFF 

 
Q.2(d) Draw and explain step-down chopper with relevant waveforms. [4]
Ans.:  

 
 Working: 
 The diode acts as freewheeling diode 
 When chopper is ON, supply is connected across load. Current flows from supply to load. 
  When chopper is OFF, load current continues to flow in the same direction through 

FWD due to energy stored in inductor ‘L’. 
  Load current can be continuous or discontinuous depending on the values of ‘L’ and duty 

cycle ‘d’. 
    

Q.3 Attempt any THREE of the following : [12]
Q.3(a) Compare SCR & TRIAC. (any four points) [4]
Ans.:  

Sr. 
No. SCR TRIAC 

1. Symbol 

 
 
 

Symbol 

 

2. It has 4 layers of Semiconductor. It has 5 layers of semiconductor. 
3. It is a unidirectional switch. It is a bidirectional switch. 
4. Operates in 1st quadrant only Operates in 1st and 3rd quadrant. 
5. Used for temperature control Used in 

light dimmer, phase control, power 
control, inverters, choppers, static 
switch  

It is used in static switch, phase control, 
speed control of AC motor, light dimmer, 
heater control, liquid level control, AC 
power control, flasher 
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Q.3(b) Draw the circuit diagram of single phase fully controlled bridge rectifier with R
load. Draw the waveforms of input and output voltage. 

[4]

Ans.:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    

Q.3(c) State the types of power MOSFETS. Explain the working of any one type with a 
constructional diagram. 

[4]

Ans.: There are two types of power MOSFETs: 
  Depletion Enhancement or DE MOSFET 
  Enhancement MOSFET 
 

 Constructional diagram of DE MOSFET: 

  
 Working: 
 DE MOSFETs can be operated in either of the two modes, the depletion mode or the 

enhacement mode. 
 Depletion Mode: with a negative gate voltage, the negative charges on the gate repel 

conduction electrons from the channel leaving it positively charged. Now the n channel is 
depleted of some electrons, thus decreasing its conductivity. At a sufficiently high negative 
gate to source voltage, the channel is totally depleted and the drain current is zero. 

 Enhacement mode: with a positive gate voltage, the channel gets negatively charged 
increasing its conductivity. 
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 Enhacement MOSFET: 
 Diagram: 

 
 N channel enhacement MOSFET 
 

 Working: 
 Enhacement only MOSFETs have no physical channel. For an N channel enhacement 

MOSFET, a positive gate voltage above a threshold induces a channel by creating a thin 
layer of negative charges in the substrate region adjacent to the SiO2 layer. The 
conductivity of the channel is enhanced by increasing the gate to source voltage. Below the 
threshold there is no channel and the device stops conducting. 

 
Q.3(d) Explain pulse triggering of SCR, with a neat circuit diagram and necessary 

waveforms. 
[4]

Ans.: Diagram: 

 
 
 Waveforms: 
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 Working: 
 Fig. shows the basic circuit of SCR pulse triggering using UJT. The first pulse at B1 occurs 

T seconds after the switch is closed, for which the SCR will be turned on. Once the SCR is 
on subsequent pulse have no effect. The circuit may cause premature triggering of SCR if 
the voltage at B1 is sufficient with UJT OFF. The requirement to avoid this is to maintain 
VB1 as, 

 VB1(off) < (Ig * Rg) + Vg 
 
Q.3(e) A single phase full wave controlled Rectifier is supplied with a voltage VS = 300 sin 

(314 t). Find average output voltage and current if firing angle is 60 and load 
resistance is 500. 

[4]

Ans.: (i)  Average output voltage(Vdc) 
(ii)  Average output current(Idc) 
But Vs = Vm sin(wt) 
Hence Vm = 300 Volts 
(i)  Average output voltage(Vdc) = Vm(1 + cosα)/π 

= 300(1 + cos60)/π 
= 143.23 Volts 
 

(ii) Average dc load current (Idc) = Vdc/RL 
= 143.23/500 
= 0.28646A 
 

Q.4 Attempt any THREE of the following : [12]
Q.4(a) Compare 'Power BJT' with 'Power MOSFET' for their performance factor,

construction and area of applications. 
[4]

Ans.:  
SR. 
NO. PARAMETER POWER BJT POWER MOSFET 

(i) Performance 
factor 

Switching speed slow(s) Switching speed fast (ns) 
On state losses are less On state losses are more than 

Power BJT 
Input impedance low Input impedance high 

(ii) Construction 

 
OR  

 

 
(iii) Area of 

applications 
Losses are low so used in 
high power applications & 
Low frequency 
applications 

Losses are higher than power BJT 
so used in low power applications & 
High frequency applications 
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Q.4(b) Explain the working of "PUT" with relevant diagrams. Why it is called
programmable? 

[4]

Ans.: Diagram: 

 
 Working: 
 The PUT is an improved version of a UJT. PUT is a PNPN device, but its operation is so 

similar to the UJT that it is always considered with the UJT. The PUT behave like a UJT 
whose trigger voltage VP can be set by the circuit designer via an external voltage divider. 
Fig. shows the PNPN structure and the circuit symbol for the PUT. The anode (A) and 
cathode (K) are the same as for any PNPN device. The gate (G) is connected to the N–region 
next to anode. Thus, the anode and gate constitute a P-N junction. It is this P-N junction 
which controls the “on” and “off” states of the PUT. The gate is usually positively biased 
relative to the cathode by a certain amount, Vg. When the anode voltage is less than Vg, the 
anode-gate junction is reverse-biased and the PNPN device is in the “off” state, acting as an 
open-switch between anode and cathode. When the anode voltage exceeds Vg by about 0.5V, 
the anode gate junction conducts, causing the PNPN device to turn “on” in the same manner 
as does forward biasing the gate cathode junction of an SCR. In the “on” state, the PUT 
acts like any PNPN device between anode and cathode (low resistance and VAK  1V). The 
PUT is also referred to as a complementary SCR (CSCR). 

 
 PUT is called programmable: 
 The PUT is called as programmable because its intrinsic standoff ratio  and triggering 

voltage Vp can be changed by external voltage divider. 
 
Q.4(c) Draw the circuit diagram of temperature controller using SCR with neat circuit

diagram. 
[4]

Ans.:  
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Q.4(d) Explain Complementary Commutation with necessary diagrams and waveforms. [4]
Ans.: Class C: Complementary Communication: 
 

 
 Explanation: 
  Here Complemenary thyristor T2 is connected in parallel with the main thyristor. 
  Initially, both the thyristors are OFF, when a triggering pulse is applied to the gate of 

T1, the thyristor T1, the thyristor T1 is triggerd. Therefore current starts flowing 
through the load as well as R2 & C. Capacitor C will get charged by the supply voltage Edc 
as shown in fig. 

  When a triggering pulse is applied is applied to the gate of T2, T2 will be turned on. As 
soon as T2 is ON, the negative polarity of capacitor C is applied to the anode of T1 and 
positive to the cathode. This causes the reverse bias voltage across the main thyristor T1 
and immediately turns it OFF. 

  
Q.5 Attempt any TWO of the following : [12]
Q.5(a) Draw and explain the battery charger using SCR. [6]
Ans.:  

  
 Explanation: 
 Automatic battery charging circuit using SCR is shown in figure 
 A 12 V discharged battery is connected in the circuit. 
 The single-phase 230 V supply is stepped down to (15-0-15) V by a centre-tapped 

transformer. Diodes D1 and D2 form full-wave rectifier. Due to this, the pulsating d.c. 
supply appears across the terminals P and Q. 

 
 When switch S1 is closed, the pulsating DC voltage appears across terminal P & Q When 

SCR1 is OFF, its cathode is held at the potential of discharged battery. During each positive 
half-cycle when the potential of point O rises to sufficient level so as to forward bias diode 
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D3 & gate – cathode junction of SCR1, the gate pulse is provided to SCR1 and it is turned 
ON. 

 When SCR1 is turned ON, the charging current flows through the battery. Thus, during 
each positive half-cycle of pulsating d.c. supply, voltage across P-Q, SCR1 is triggered and 
charging current is passed till the end of that half-cycle. 

 
 Due to the zener diode Dz, the maximum voltage of point O is held at 12 V. Due to the 

charging process, the battery voltage rises and finally attains full value of 12 V. 
 
 Thus, when the battery is full charged, the cathode of SCR 1 is held at 12 V. Therefore 

diode D3 anode voltage & cathode voltage becomes 12 V & hence D3 and gate-cathode 
junction of SCR 1 cannot be forward biased, since the potential of point O can reach upto 12 
V. Hence, no gate-current is supplied and SCR 1 is not triggered. 

 In this way, after charging further charging is automatically stopped. 
 

Q.5(b) Describe the operation of pulse transformer used in triggering circuits. [6]
Ans.:  

 
 Pulse transformer are often used to couple a trigger pulse to a thyristor in order to obtain 

electrical isolation between the two circuits. The transformers commonly used for thyristor 
control are either 1:1 two winding or 1:1:1 three winding types. Figure shows a complete 
output circuit to fire a thyristor correctly. The series resistor R either reduced the SCR 
holding current or balanced gate current in a three winding transformer connected to two 
SCRs. The series diode D prevents reverse gate current in the case of ringing or reversal of 
the pulse transformer output voltage. The diode also reduce holding current of the SCR. In 
some cases where high noise levels are present it may be necessary to load the secondary of 
the transformer with a resistor to prevent false triggering. 

 

Q.5(c) Describe constructional details of PUT. Why it is called programmable? [6]
Ans.: Construction of PUT: 

 
PUTs has a four layered construction just like the SCR and have three terminals named 
anode(A), cathode(K) and gate(G) and it is four layer of PNPN, three junctions like the SCR. 
It called a programmable UJT just because its characteristics and parameters have much 
similarity to that of the unijunction transistor. 
PUT is called programmable because the parameters like intrinsic standoff ratio (), peak 
voltage(Vp) etc can be programmed with the help of two external resistors. In a UJT, the 
parameters like Vp,  etc. are fixed and we cannot change it. The main application of 
programmable UJT are relaxation oscillators.  
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Q.5(d) Draw neat labeled construction of IGBT. State any two advantages. [6]
Ans.: Construction of IGBT: 

 
 Advantages of IGBT: 

(a)  High input impedance 
(b)  No second breakdown 
(c)  Low on-state conduction loss 
(d)  Simple driver circuit 
(e)  High power, high frequency application 
(f)  Large safe operation area 

 
Q.6 Attempt any TWO of the following: [12]
Q.6(a) Draw electronic timer and state its working. [6]
Ans.: Diagram: 

 
 Together, the combinatin of R1, C1, R2, R3, and UJT Q1 form a relaxation oscillator, which 

outputs a triggerng pulses for triggering SCR. This circuit perform a simple time delay for 
the load, where the load (Relay) energizes a certain time after the switch is closed. 

 When switch is closed, capacitor C1 charges through R1 at that time load will not be 
energized. Due to charging of capacitor when capacitor voltage reaches to peak point 
voltage (Vp) of UJT, UJT turns ON and then capacitor get path for discharging.  

 Discharging of capacitor C1 generates triggering pulses for SCR and hence SCR turns ON 
and it connects load to +v i.e. energizes load after certain time delay. The time delay 
depends on value of R1 and C1. C2 R4 forms a passive differentiator to condition the UJT 
signal. 

 

Q.6(b) What is class B commutation? Explain its operation with neat diagram. [6]
Ans.: Class B commutation means self-commutation by LC circuit: Class B is a self commutation 

circuit in which commutation of SCR is achieved automatically by L and C components, once 
the SCR is turned ON. In this, the LC resonant circuit is connected across the SCR but not 
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in series with load as in case of class A commutation and hence the L and C components do 
not carry the load current. 

 Circuit Diagram: 

 
 Operation: When the DC supply is applied to the circuit, the capacitor charges with an 

upper plate positive and lower plate negative up to the supply voltage E. When the SCR is 
triggered, the current flows in two directions, one is through Vdc+ – SCR – RL–Vdc- and 
another one is the commutating current through L and C components. 

 
 Once the SCR is turned ON, the capacitor is starts discharging through C+ – L – T – C-. 

When the capacitor is fully discharged, it starts charging with a reverse polarity. Hence a 
reverse voltage applied across the SCR which causes the commutating current Ic to oppose 
load current IL. 

 
 When the commutating current Ic is higher than the load current, the SCR will 

automatically turn OFF and the capacitor charges with original polarity. 
 

Q.6(c) Draw layered diagram of LASCR. What is the effect of increasing intensity of
light? State any two applications. 

[6]

Ans.: Layered Diagram of LASCR: 

 
 Effect of increasing intensity of light: As light intensity increases forward voltage 

required to turn on LASCR decreases hence break over voltage goes on decreasing with light 
intensity. 

 
 Applications of LASCR 

(i)  Photoelectric control 
(ii)  Motor speed control 
(iii) Used in high voltage dc transmission (HVDC) 
(iv) Static reactive power or volt ampere reactive (VAR) compensation. 

 
     

 
 


