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POWER ELECTRONICS LAB (EC – 308) 
Objective: The objective of teaching this course is to introduce the 
students with the basic concepts of SCR, TRIAC, MOSFET, IGBT, 
Rectifier, Converter, Inverter characteristics and applications. 
 

LIST OF EXPERIMENTS  

 
 
 
 
 
 

Sl. No. Title of the Experiment 

1 
S.C.R. Characteristics - To study the V-I characteristics of S.C.R. and determine the Break over 
Voltage, Holding current & Latching current. 
 

2 
TRIAC Characteristics - To study the V-I characteristics of a TRIAC in both directions and also 
in different (1, 2, 3 & 4) modes of operation and determine Break over voltages, Holding current & 
Latching current. 
 

3 MOSFET Characteristics - To study the characteristics of MOSFET. 
 

4 IGBT Characteristics - To study the characteristics of IGBT. 
 

5 

R triggering circuit of SCR – To obtain synchronized pulses to turn on SCR in Full Wave 
Rectifier with Resistive Load, to show load voltage and Triggering Pulse Waveform and to 
plot Average DC Voltage v/s Delay Angle. 

6 

RC triggering circuit of SCR – To obtain synchronized pulses to turn on SCR in Full 
Wave Rectifier with Resistive and inductive Load, to show load voltage and Triggering 
Pulse Waveform and to plot Average DC Voltage v/s Delay Angle. 

7 
UJT triggering circuit of SCR - To study the performance & waveforms of U.J.T 
triggering of S.C.R�  

8 
Single Phase Half wave Controlled Rectifier - To study the performance & waveforms of 
Single Phase Half wave Controlled Rectifier. 

9 
Single Phase Fully Controlled Bridge Rectifier - To study the performance & waveforms 
of Single Phase Fully Controlled Bridge Rectifier. 

10 
Simulation of problems on DC-DC Converters (Choppers) 

11 
Simulation of problems on DC-AC Converters (Inverters) 
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INDEX  
 

NAME OF THE STUDENT……………………………………       ENROLL. NO………………………… 

 
 
 

Sl. 
No. 

Name of the experiment Page 
No. 

Date of 
Allotment  

Date of 
Conduction 

Sign 
/Grade 

1 

S.C.R. Characteristics - To study the V-I 
characteristics of S.C.R. and determine the 
Break over Voltage, Holding current & 
Latching current. 

    

2 

TRIAC Characteristics - To study the V-I 
characteristics of a TRIAC in both directions 
and also in different (1, 2, 3 & 4) modes of 
operation and determine Break over voltages, 
Holding current & Latching current. 

    

3 
MOSFET Characteristics - To study the 
characteristics of MOSFET. 

    

4 
IGBT Characteristics - To study the 
characteristics of IGBT. 

    

5 

R triggering circuit of SCR – To obtain 
synchronized pulses to turn on SCR in Full 
Wave Rectifier with Resistive Load, to show 
load voltage and Triggering Pulse Waveform 
and to plot Average DC Voltage v/s Delay 
Angle. 

    

6 

RC triggering circuit of SCR – To obtain 
synchronized pulses to turn on SCR in Full 
Wave Rectifier with Resistive and inductive 
Load, to show load voltage and Triggering 
Pulse Waveform and to plot Average DC 
Voltage v/s Delay Angle. 

    

7 
UJT triggering circuit of SCR - To study the 
performance & waveforms of U.J.T triggering 
of S.C.R�  

    

8 
Single Phase Half wave Controlled Rectifier 
- To study the performance & waveforms of 
Single Phase Half wave Controlled Rectifier. 

    

9 

Single Phase Fully Controlled Bridge 
Rectifier - To study the performance & 
waveforms of Single Phase Fully Controlled 
Bridge Rectifier. 

    

10 Simulation of problems on DC-DC 
Converters (Choppers) 

    

11 Simulation of problems on DC-AC 
Converters (Inverters) 
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EXPERIMENT NO:01 
 

 
 

     S.C.R. Characteristics 
 

1. AIM:  

2.  APPARATUS/COMPONENTS REQUIRED:  

 
3. CIRCUIT DIAGRAM:  

 

 
Base Diagrams of 2N3669/70 & TY604: - 
 

       
 
 
 
 
 
 
 
 

Title of the experiment  

To study the V-I characteristics of S.C.R. and determine the Break over Voltage, Holding 
current. & Latching current. 
 

Sl.No.  Item required Specification Quantity 
1.  SCR – TYN604   
2.  Power Supplies   
3.  Wattage Resistors   
4.  Ammeter   
5.  Voltmeter   
6.  Bread Board & Connecting Wires   
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4. THEORY: 
 
Ideal Graph: - 

 

 
The circuit symbol in the left hand side inset defines the polarity conventions of the 
variables used in the above figure. With ig = 0, V

AK 
has to increase up to forward 

break over voltage V
BRF 

before significant anode current starts flowing. However, at 

V
BRF

forward break over takes place and the voltage across the SCR drops to V
H 

(holding voltage). Beyond this point voltage across the SCR (V
AK

) remains almost 

constant at V
H 

(1-1.5v) while the anode current is determined by the external load. 

The magnitude of gate current has a very strong effect on the value of the break 
over voltage as shown in the figure above. After “Turn ON” the SCR is no more 
affected by the gate current. Hence, any current pulse (of required magnitude) 
which is longer than the minimum needed for “Turn ON” is sufficient to effect 
control. The minimum gate pulse width is decided by the external circuit and should 
be long enough to allow the anode current to rise above the latching current (I

L
) 

level. The left hand side of Fig above shows the reverse i-v characteristics of the 
SCR. Once the SCR is ON the only way to turn it OFF is by bringing the SCR 
current below holding current (I

H
). The gate terminal has no control over the turn 



SPSU, UDAIPUR                                                                                                                                     Lab Manual EC 308 
 Department of E&C Engineering                                                                                                  Power Electronics Laborat ory  
 

 

 
6 

OFF process. In ac circuits with resistive load this happens automatically during 
negative zero crossing of the supply voltage. This is called “natural commutation” or 
“line commutation”. However, in dc circuits some arrangement has to be made to 
ensure this condition. This process is called “forced commutation.” During reverse 
blocking if i

g 
= 0 then only reverse saturation current (I

s
) flows until the reverse 

voltage reaches reverse break down voltage (V
BRR

). At this point current starts rising 

sharply. Large reverse voltage and current generates excessive heat and destroys 
the device. If i

g 
> 0 during reverse bias condition the reverse saturation current rises. 

This can be avoided by removing the gate current while the SCR is reverse biased. 
 
Specific Terminology 
 
Break over Current (I BO) � Principal current at the break over point 
 
Break over Voltage (V BO) � Principal voltage at the break over point 
 
Gate Trigger Current (I GT) � Minimum gate current required to maintain the SCR in 
the on state 
 
Holding Current (I H) � Minimum principal current required to maintain the SCR in 
the on state 
 
Latching Current (I L) � Minimum principal current required to maintain the SCR in 
the on state immediately after the switching from off state to on state has occurred 
and the triggering signal has been removed 
 
On-state Voltage (V T) � Principal voltage when the SCR is in the on state 
 
Gate Trigger Voltage (V GT) � Gate voltage required to produce the gate trigger 
current 
 
On-state Current (I T) � Principal current when the SCR is in the on state 
 

5. EXPERIMENTAL PROCEDURE:  
 
Designing Equations:- 
 
Let  Ia = 300mA 
      Vscr = 1v 
      Vaa = 30v 

 
 
Wattage:-  
Power in watts = I2RL = (300x10-3)2x100 = 9 watts (select 20 watts) 
Load resistor = RL = 100� , 20watts 
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Gate Resistance (R g):- 
Let Ig = 15mA 
Vgt = 1v 
Vgg = 15v 
 

 
 
Wattage:-  
Power in watts = I2Rg = (15x10-3)2x103 = 0.225w (select 1 watt) 
Gate resistor = Rg = 1K� , 1 watts 
 
EXPERIMENTAL PROCEDURE:  
 

1. Connections are made as shown in the circuit diagram. 
 
2. The value of gate current IG, is set to convenient value by adjusting VGG. 

 
3. By varying the anode- cathode supply voltage VAA gradually in step-by step,           

note down the corresponding values of VAK & IA. Note down VAK & IA at the 
instant of firing of SCR and after firing (by reducing the voltmeter ranges and 
increasing the ammeter ranges) then increase the supply voltage VAA. Note 
down corresponding values of VAK & IA. 

 
4. The point at which SCR fires, gives the value of break over voltage VBO. 

 
5. A graph of VAK V/S IA is to be plotted. 

 
6. The on state resistance can be calculated from the graph by using a 

Formula. 
 

7. The gate supply voltage VGG is to be switched off. 
 

8. Observe the ammeter reading by reducing the anode-cathode supply voltage 
VAA. The point at which the ammeter reading suddenly goes to zero gives the 
value of Holding Current IH. 

 
9. Steps No.2, 3, 4, 5, 6, 7, 8 are repeated for another value of the gate current 

IG. 
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Latching Current: 
 
 

 
 
Alternate Method: - 
 

1. Connections are made as shown in the circuit diagram. 
 

2. Adjust the value of Ig to zero or some minimum value. 
 
     3. By varying the voltage Vak from 0 to 10 volts with a step of 2 volts, note 
         down corresponding values of Ia. 
 
     4. Now apply the gate voltage gradually, until SCR fires, then note down the 
         values of Ig and also the values of Ia and Vak. 
 
     5. Increase Vaa to some value and note down Ia and Vak. 
 
     6. Reduce gate voltage to zero, observe ammeter reading by reducing Vaa 
         which gives the values of Ih (holding current) at the point at which, current     
         suddenly drops to zero. 
 
     7. Repeat the steps 2, 3, 4, 5 & 6 for different values of break over voltage. 
 

8. Plot a graph of Vak v/s Ia. 
 

9. The on state resistance can be calculated from the graph by using formula, 

 
Procedure (Latching current) 
 

1. Connections are made as shown in the circuit diagram. 
 

2. Set Vgg at 7 volts. 
 
     3. Set Vaa at particular value, observe Ia, by operating the switch (on & off). 
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         if it goes to zero after opening of the switch, indicates Ia < IL 
 
     4. Repeat step 3 such that the current Ia should not go to zero after opening 
         of the switch. Then Ia gives the value of IL. 
 

6. OBSERVATION TABLE :  
 
   Ig =                                          mA,             Ig =                                     mA 

 
 

7. CONCLUSION:  
 
 

8. REFERENCES:  
 

1. Power Electronics by M.H. Rashid, Prentice Hall of India, Chapter 4 – 
Thyristors (Page 96) 

2. Power Electronics: P.S. Bimbhra, Khanna Publishers, Chapter 4 – Thyristors 
(Page 62) 

 
9.  QUESTIONS:  

 
1. Explain the working operation of VI characteristics of S.C.R. 
2. Define Holding current, Latching current, Break down voltage. 
3. Explain the working operation of S.C.R. characteristics by using two 

transistor analogy. 
4. Mention the applications of S.C.R. 
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EXPERIMENT NO:02 
 
 

     TRIAC Characteristics 
 

1. AIM:  
  

To study the V-I characteristics of a TRIAC in both directions and also in different 
(1, 2, 3 & 4) modes of operation and determine break over voltages, holding current, 
latching current. 

 
2. APPARATUS/COMPONENTS REQUIRED:  

 
3. CIRCUIT DIAGRAM:  

 

 

 
 

Title of the experiment  

Sl.No.  Item required Specification Quantity 
1. TRIAC – BT 136   
2. Power Supplies   
3. Wattage Resistors   
4. Ammeter   
5. Voltmeter   
6. Bread Board & Connecting Wires   
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Base diagram of BT136:- 

 
 

4. THEORY: 
 

Characteristic curve: -        Normal Method:- 
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Alternate Method: 

 
 

4 modes of operation:- 
 

 
 

 
 

From a functional point of view a triac is similar to two thyristors connected in anti 

parallel. Therefore, it is expected that the V-I characteristics of Triac in the 1
st 

and 

3
rd 

quadrant of the V-I plane will be similar to the forward characteristics of a 
thyristors. As shown in Fig above, with no signal to the gate the triac will block both 
half cycle of the applied ac voltage provided its peak value is lower than the break 
over voltage (V

BO
) of the device. However, the turning on of the triac can be 

controlled by applying the gate trigger pulse at the desired instance. Mode-1 
triggering is used in the first quadrant where as Mode-3 triggering is used in the 
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third quadrant. As such, most of the thyristor characteristics apply to the triac (ie, 
latching and holding current). However, in a triac the two conducting paths (from 
MT

1 
to MT

2 
or from MT

2 
to MT

1
) interact with each other in the structure of the triac. 

Therefore, the voltage, current and frequency ratings of triacs are considerably 
lower than thyristors. At present triacs with voltage and current ratings of 1200V and 
300A (rms) are available. Triacs also have a larger on state voltage drop compared 
to a thyristor. Manufacturers usually specify characteristics curves relating rms 
device current and maximum allowable case temperature. 
 

5. EXPERIMENTAL  PROCEDURE:  
 

I mode:- 
1. Connections are made as shown in the circuit diagram (a). 

 
2. The value of gate current ig is set to convenient value by adjusting Vgg. 

 
3. By varying the supply voltage Vm gradually in step-by-step, note down the 

corresponding values of Vmt2t1 and i1. Note down Vmt2t1 and i1 at the instant of 
firing of TRIAC and after firing (by reducing the voltmeter ranges and 
increasing the ammeter ranges) then increase the supply voltage Vmt2mt1 and 
i1. 

 
     4. The point at which TRIAC fires gives the value of break over voltage vbo1. 
 
     5. A graph of vmt2t1 v/s i1 is to be plotted. 
 
     6. The gates supply voltage. Vgg is to be switched off. 
 
     7. Observe the ammeter reading by reducing the supply voltage vmt. The point at     
         which the ammeter reading suddenly goes to zero gives the value  of holding             
         current ih. 

 
II mode:- 

1. Connections are made as shown in the circuit diagram (b). 
 

2. The gate current is set as same value as in I-mode. 
     

3. Repeat the step no’s 3, 4, 5, 6, & 7 of I-mode. 
 
 

III mode:- 
1. Connections are mode as shown in the circuit diagram (c). 

 
2. Step no’s 2, 3, 4, 5, 6, & 7 are to be repeated as in I-mode. 

 
IV mode:- 

1. Connections are mode as shown in the circuit diagram (d). 
 

2. Repeat the step no. s 2, 3, 4, 5, 6, & 7 of I-mode. 
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Alternate Method:- 
 

1. Connections are made as shown in the circuit diagram. 
 

2. Adjust the value of Ig to zero or some minimum value. 
 
     3. By varying the voltage Vmt2mt1 from 0 to 10 volts with a step of 2 volts, note  
         down corresponding values of I1. 
 
     4. Now apply the gate voltage gradually, until SCR fires, then note down the  
         values of Ig and also the values of I1 and Vmt2mt1. 
 
     5. Increase Vm to some value and note down I1 and Vmt2mt1. 
 
     6. Reduce gate voltage to zero, observe ammeter reading by reducing Vm which   
         gives the values of Ih (holding current) at the point at which, current suddenly  
         drops to zero. 
 

  7. Repeat the steps 2, 3, 4, 5 & 6 for different values of break over voltages. 
 

       8. Plot a graph of Vmt1mt2 v/s I1. 
 
       9. Repeat the steps 1, 2, 3, 4, 5, 6 & 7 for different modes. 
 
     10. Refer same design procedure for selection of RL and Rg as that of SCR. 
 
     11. Follow the same procedure as that of SCR experiment to find latching            
           current. 
 
 

6. OBSERVATION TABLE:  
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7. CONCLUSION:   
  
 

8. REFERENCES: 
 

1. Power Electronics by M.H. Rashid, Prentice Hall of India, Chapter 4 – 
Thyristors  
     (Page 110) 

        2. Power Electronics: P.S. Bimbhra, Khanna Publishers, Chapter 4 – Thyristors      
            (Page 123) 
  

9.  QUESTIONS: 
 

1. Explain the different working modes of operations of a TRIAC? 
 

2. Why I-mode is more sensitive among all modes? 
 

3. What are the applications of TRIAC? 
 

4. Compare SCR, TRIAC & DIAC. 
 

5. Why I & II modes are operating in Ist quadrant and III & IV modes are      
            operating in III rd quadrant? 
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EXPERIMENT NO:03 
 

1. AIM:  
    

To study the characteristics of MOSFET 
 

2. APPARATUS/COMPONENTS REQUIRED:  

 
3. CIRCUIT DIAGRAM: 

 

 
 
Base Diagram of IRF740:- 

         
 
 

 
 

Title of the experiment  
 
MOSFET Characteristics 
 

S.N. Item required Specification Quantity 
1. MOSFET-IRF740   
2. Power Supplies   
3. Wattage Resistors   
4. Ammeter   
5. Voltmeter   
6. Bread Board & Connecting Wires   
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4. THEORY: 
 

Ideal Graphs: - 
 

 
           Drain Characteristics                     Transconductance Characteristics 
 
The MOSFET, like the BJT is a three terminal device where the voltage on the gate 
terminal controls the flow of current between the output terminals, Source and 
Drain. The source terminal is common between the input and the output of a 
MOSFET. The output characteristic of a MOSFET is then a plot of drain current (i

D
) 

as a function of the Drain –Source voltage (v
DS

) with gate source voltage (v
GS

) as a 

parameter. Fig below shows such a characteristics. 

 
 With gate-source voltage (V

GS
) below the threshold voltage (v

GS 
(th)) the MOSFET 

operates in the cut-off mode. No drain current flows in this mode and the applied 
drain–source voltage (v

DS
) is supported by the body-collector p-n junction. 

Therefore, the maximum applied voltage should be below the avalanche break 
down voltage of this junction (V

DSS
) to avoid destruction of the device. When V

GS 
is 

increased beyond v
GS

(th) drain current starts flowing. For small values of v
DS 

(v
DS 

< 

(v
GS 

– v
GS

(th)) i
D 

is almost proportional to v
DS

. Consequently this mode of operation is 

called “ohmic mode” of operation. In power electronic applications a MOSFET is 
operated either in the cut off or in the ohmic mode. The slope of the v

DS 
– i

D 

characteristics in this mode is called the ON state resistance of the MOSFET (r
DS 
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(ON)). r
DS 

(ON) reduces with increase in v
GS

. This is mainly due to reduction of the 

channel resistance at higher value of v
GS

. Hence, it is desirable in power electronic 

applications, to use as large a gate-source voltage as possible subject to the 
dielectric break down limit of the gate-oxide layer. At still higher value of v

DS 
(v

DS 
> 

(v
GS 

– v
GS 

(th)) the i
D 

– v
DS 

characteristics deviates from the linear relationship of the 

ohmic region and for a given v
GS

, i
D 

tends to saturate with increase in v
DS

. The exact 

mechanism behind this is rather complex. It will suffice to state that, at higher drain 
current the voltage drop across the channel resistance tends to decrease the 
channel width at the drain drift layer end. In addition, at large value of the electric 
field, produced by the large Drain – Source voltage, the drift velocity of free 
electrons in the channel tends to saturate. As a result the drain current becomes 
independent of V

DS 
and determined solely by the gate – source voltage v

GS
. This is 

the active mode of operation of a MOSFET. For power MOSFETs the transfer 
characteristics (i

D 
vs v

GS
) is more linear. At this point the similarity of the output 

characteristics of a MOSFET with that of a BJT should be apparent. Both of them 
have three distinct modes of operation, namely, (i)cut off, (ii) active and (iii) ohmic 
(saturation for BJT) modes. However, unlike BJT a power MOSFET does not 
undergo second break down. For safe operation of a MOSFET, the maximum limit 
on the gate source voltage (V

GS 
(Max)) must be observed. Exceeding this voltage 

limit will cause dielectric break down of the thin gate oxide layer and permanent 
failure of the device. It should be noted that even static charge inadvertently put on 
the gate oxide by careless handling may destroy it. The device user should ground 
himself before handling any MOSFET to avoid any static charge related problem. 
 
5. EXPERIMENTAL  PROCEDURE:  
 
Drain Characteristics 
 

1. Connections are made as shown in the circuit diagram. 
 

     2. Adjust the value of VGS slightly more than threshold voltage Vth. 
 
     3. By varying V1, note down ID & VDS and are tabulated in the tabular column. 
     
     4. Repeat the experiment for different values of VGS and note down ID v/s VDS. 
 
     5. Draw the graph of ID v/s VDS for different values of VGS. 
 
Transconductance Characteristics 
 

1. Connections are made as shown in the circuit diagram. 
 

     2. Initially keep V1 and V2 zero. 
 
     3. Set VDS = say 0.6 V. 
 
     4. Slowly vary V2 (VGE) with a step of 0.5 volts, note down corresponding ID and    
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         VDS readings for every 0.5v and are tabulated in the tabular column.                   
      
     5. Repeat the experiment for different values of VDS & draw the graph of ID v/s  
           VGS. 

 
     6. Plot the graph of VGS v/s ID. 
 

6. OBSERVATION TABLE:  
 

 

 
 
7. CONCLUSION :  
 
 
 
8. REFERENCES: 
 
1. Power Electronics by M.H. Rashid, Prentice Hall of India, Chapter 8 – Power 
Transistors (Page 287) and Chapter 1 – Introduction (Page 9)  
2. Power Electronics: P.S. Bimbhra, Khanna Publishers, Chapter 2 – Power 
Semiconductor Diodes and Transistors (Page 24) 
 

9. QUESTIONS: 
 

1. What is power MOSFET? 
 

2. What are the applications of power MOSFET? 
 

3. Compare MOSFET & BJT? 
 

4. Explain o/p & transfer characteristics of MOSFET. 
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EXPERIMENT NO:04 
 

Title of the experiment  
 

IGBT Characteristics 

 
1. AIM:   

 
To study the characteristics of IGBT 
 

2. APPARATUS/COMPONENTS REQUIRED :  
 
 
 

 
 
 
 
 
 

3. CIRCUIT DIAGRAM:  
 

 
Base diagram of IRGBC20F:- 

 
        

 
 
 

Sl.No.  Item required Specification Quantity 
1.  IGBT-IRGBC 20F   
2.  Power Supplies   
3.  Wattage Resistors   
4.  Ammeter   
5.  Voltmeter   
6.  Bread Board & Connecting Wires   
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4. THEORY: 
 
Ideal Graphs: - 
 

 
 
Collector Characteristics          Transconductance Characteristics 
 
The V-I characteristics of an n channel IGBT is shown in Fig below. They appear 
qualitatively similar to those of a logic level BJT except that the controlling 
parameter is not a base current but the gate-emitter voltage.  
 

 
  
 
When the gate emitter voltage is below the threshold voltage only a very small 
leakage current flows though the device while the collector – emitter voltage almost 
equals the supply voltage (point C in Fig above). The device, under this condition is 
said to be operating in the cut off region. The maximum forward voltage the device 
can withstand in this mode (marked VCES in Fig above) is determined by the 
avalanche break down voltage of the body – drain p-n junction. Unlike a BJT, 
however, this break down voltage is independent of the collector current as shown 
in Fig above. IGBTs of Non-punch through design can block a maximum reverse 
voltage (VRM) equal to VCES in the cut off mode. However, for Punch through IGBTs 
VRM is negligible (only a few tens of volts) due the presence of the heavily doped n+ 
drain buffer layer. As the gate emitter voltage increases beyond the threshold 
voltage the IGBT enters into the active region of operation. In this mode, the 
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collector current ic is determined by the transfer characteristics of the device. This 
characteristic is qualitatively similar to that of a power MOSFET and is reasonably 
linear over most of the collector current range. The ratio of ic to (VgE – vgE(th)) is 
called the forward transconductance (gfs) of the device and is an important 
parameter in the gate drive circuit design. The collector emitter voltage, on the other 
hand, is determined by the external load line ABC as shown in Fig above. As the 
gate emitter voltage is increased further ic also increases and for a given load 
resistance (RL) vCE decreases. At one point vCE becomes less than vgE – vgE(th). 

Under this condition the driving MOSFET part of the IGBT enters into the ohmic 
region and drives the output p-n-p transistor to saturation. Under this condition the 
device is said to be in the saturation mode. In the saturation mode the voltage drop 
across the IGBT remains almost constant reducing only slightly with increasing vgE. 
In power electronic applications an IGBT is operated either in the cut off or in the 
saturation region of the output characteristics. Since vCE decreases with increasing 
vgE, it is desirable to use the maximum permissible value of vgE in the ON state of 
the device. vgE(Max) is limited by the maximum collector current that should be 
permitted to flow in the IGBT. However, an IGBT does not exhibit a BJT-like second 
break down failure. 
 

5. EXPERIMENTAL PROCEDURE:  
Collector Characteristics 
 
      1. Connections are mode as shown in the circuit diagram. 
 
      2. Initially set V2 to VGE1 = 5v (slightly more than threshold voltage). 
 
      3. Slowly vary V1 and note down IC and VCE. 
 
      4. For particular value of VGE there is pinch off voltage (VP) between collector  

and emitter. 
 

5. Repeat the experiment for different values of VGE and note down IC v/s VCE. 
 

6. Draw the graph of IC v/s VCE for different values of VGE. 
 
 
Transconductance Characteristics 
 
       1. Connections are mode as shown in the circuit diagram. 
 
       2. Initially keep V1 and V2 at zero. 
 
       3. Set VCE1 = say 0.8 v 

 
       4. Slowly vary V2 (VGE) and note down IC and VGE readings for every 0.5v and   
           enter tabular column. 
 
       5. Repeat the experiment for different values of VCE and draw the graph of IC v/s   

VGE. 
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6. OBSERVATION TABLE:  
 
 

 
 

7. CONCLUSION :  
 
 

8. REFERENCES: 
  
1. Power Electronics by M.H. Rashid, Prentice Hall of India, Chapter 8 – Power 
Transistors (Page 280) 
2. Power Electronics: P.S. Bimbhra, Khanna Publishers, Chapter 2 – Power 
Semiconductor Diodes and Transistors (Page 22) 
 

9. QUESTIONS: 
 

1. What is IGBT? 
 

2. What are the applications of IGBT? 
 

3. Compare MOSFET, BJT & IGBT? 
 

4. Explain o/p & transfer characteristics of IGBT. 
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EXPERIMENT NO.10 
 
Title of the experiment 
 
Simulation of problems on DC-DC Converters (Choppers) 
 
     1. AIM:  
 

(a) Simulate a Buck Converter with circuit parameters VS=12 VDC, VO=5 VDC, 
R=2.5 � , L=200 µH, C=47 µF and f=5 kHz. 

 
(b) Simulate a Boost Converter with circuit parameters VS=12 VDC, VO=28 VDC, 

R=8.0 � , L=150 µH, C=100 µF and f=5 kHz. 
 
     (c) Simulate a Buck/Boost Converter with circuit parameters VS=12 VDC, VO= 
           -12 VDC, R=4.0 � , L=300 µH, C=75 µF and f=10 kHz. 

 
System Requirements for successful running of the S imulation Programs: 
Windows 98/ME/NT/2000/XP, Pentium Processor+, CD-ROM Drive, Hard-Drive 
with 260 MB free disk space, 128 MB RAM, MATLAB 6.1 or MATLAB Student 
Version 6.1 or later versions. 
 

3. CIRCUIT DIAGRAM:  

 
Fig: Topologies of the Buck Converter 

 
Fig: Topologies of the Boost Converter 
 

 
Fig: Topologies of the Buck/Boost Converter 

2. APPARATUS/COMPONENTS REQUIRED:  
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4. THEORY:  

 
Buck Regulator: In a buck regulator, the average output voltage is less than the 
input voltage, hence the name buck. 
 
Boost Regulator: In a boost regulator, the average output voltage is greater than 
the input voltage, hence the name boost. 
 
Buck-Boost Regulator:  A buck-boost regulator provides an output voltage which 
may be less than or greater than the input voltage, hence the name buck-boost. The 
output voltage polarity is opposite to that of the input voltage. This regulator is also 
known as inverting regulator. 
 

5. PROGRAM:  
 

(a) % Code to Simulate a CCM Buck Converter 
close all, clear all, clc 
global A B D 
f = 5000; 
R = 2.5; 
Vo = 5; 
Io = Vo/R; 
Vs = 12; 
D = Vo/Vs; 
L = 200E-6; 
C = 47E-6; 
A = [0 -1/(L*f); 1/(C*f) -1/(f*R*C)]; 
B = [Vs/(f*L); 0]; 
x0 = [Io; Vo]; 
tf = 10; 
tic 
[t, X] = ode23('buck', [0 tf], x0); 
toc 
IL = X(:, 1); 
VC = X(:, 2); 
subplot(2,1,1), plot(t, IL), grid 
title('Inductor Current') 
subplot(2,1,2), plot(t, VC), grid 
axis([0 tf 0 10]) 
title('Output Voltage') 
xlabel('cycles') 
 
% Function file for buck converter simulation. 
function dx = buck(t, x) 
global A B D 
u = 0.5*(1 - sign(t - fix(t) - D)); 
dx = A*x + B*u; 
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(b) % Code to Simulate a CCM Boost Converter 
close all, clear all, clc 
global A D Cf Lf Vs 
f = 5000; 
R = 8; 
Vo = 28; 
Io = Vo/R; 
Vs = 12; 
D = 1 - Vs/Vo; 
L = 150E-6; 
C = 100E-6; 
Lf = L*f; 
Cf = C*f; 
A = [0 -1/Lf; 1/Cf -1/(R*Cf)]; 
x0 = [D*Io; Vo]; 
tf = 20; 
tic 
[t, X] = ode23('boost', [0 tf], x0); 
toc 
IL = X(:, 1); 
VC = X(:, 2); 
subplot(2,1,1), plot(t, IL), grid 
axis([0 tf 0 15]) 
title('Inductor Current') 
subplot(2,1,2), plot(t, VC), grid 
axis([0 tf 0 35]) 
title('Output Voltage') 
xlabel('cycles') 
 
% Function file for boost converter simulation. 
function dx = boost(t, x) 
global A D Cf Lf Vs 
iL = x(1); 
vC = x(2); 
B = [vC/Lf 1/Lf; -iL/Cf 0]; 
u = [0.5*(1 - sign(t - fix(t) - D)); Vs]; 
dx = A*x + B*u; 
 

(c) % Code to Simulate a CCM Buck/Boost Converter 
close all, clear all, clc 
global A D Cf Lf Vs 
f = 10000; 
R = 4; 
Vo = 12; 
Io = Vo/R; 
Vs = 12; 
D = Vo/(Vo + Vs); 
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L = 300E-6; 
C = 75E-6; 
Lf = L*f; 
Cf = C*f; 
A = [0 -1/Lf; 1/Cf -1/(R*Cf)]; 
x0 = [D*Io; Vo]; 
tf = 20; 
tic 
[t, X] = ode23('bkboost', [0 tf], x0); 
toc 
IL = X(:, 1); 
VC = X(:, 2); 
subplot(2,1,1), plot(t, IL), grid 
axis([0 tf 0 5]) 
title('Inductor Current') 
subplot(2,1,2), plot(t, VC), grid 
axis([0 tf 0 20]) 
title('Output Voltage') 
xlabel('cycles') 
 
% Function file for buck/boost converter simulation . 
function dx = bkboost(t, x) 
global A D Cf Lf Vs 
iL = x(1); 
vC = x(2); 
B = [(vC + Vs)/Lf; iL/Cf]; 
u = 0.5*(1 - sign(t - fix(t) - D)); 
dx = A*x + B*u; 
 

6. OUTPUT:  
 

(a) CCM Buck Converter Simulation: 

0 1 2 3 4 5 6 7 8 9 10
0

1

2

3

4

5
Inductor Current

0 1 2 3 4 5 6 7 8 9 10
0

5

10
Output Voltage

cycles
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(b) CCM Boost Converter Simulation: 

0 2 4 6 8 10 12 14 16 18 20
0

5

10

15
Inductor Current

0 2 4 6 8 10 12 14 16 18 20
0

10

20

30

Output Voltage

cycles
 

(c) CCM Buck/Boost Converter Simulation:  
 

0 2 4 6 8 10 12 14 16 18 20
0

1

2

3

4

5
Inductor Current

0 2 4 6 8 10 12 14 16 18 20
0

5

10

15

20
Output Voltage

cycles
 

 
7. CONCLUSION:  

 
(a) The initial conditions of the simulation are chosen as the load current and the 

desired output voltage in order for the system to reach the steady state 
condition in the shortest amount of time. Although the variable t is used in the 
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files, the independent variable is the normalized � , which represents the no of 
cycles of the PWM switching frequency. The specified simulation interval of 
[0 10] thus presents a time interval of 10 cycles, or 10/5000 ms. The binary 
switching control u is based on MATLAB’s sign function, which is a numerical 
implementation of the signum function � (x) illustrated in fig below. 
 

  
As shown in the fig above, � (x) = 1 when x>1 and � (x) = -1when x<0. When 
x = 0, � (x) is undefined. The sign function works similarly, except that when 
the argument is zero, sign returns a value of zero. As used in the function file 
for Buck Converter Simulation, sign returns a value of 1, -1 or 0 based on 
whether the quantity t – fix(t) – D is positive, negative or zero respectively. 
Variable t represents the current value of � . The fix function truncates any 
fractional part of t and leaves only the integer part. The quantity t – fix(t) is 
thus the fractional part of � . For example, if t = 5.734, fix(t) = 5, and t – fix(t) = 
0.734. Since t represents cycles, the quantity t – fix(t) represents the fraction 
of a cycle. If this fraction is greater than the duty ratio, then the quantity t – 
fix(t) – D is positive, and u = 0.5*(1-1) = 0. This value of t corresponds to a 
point in the off-time interval of the switching period. The primary switch is 
therefore open and the inductor is disconnected from the source. If the cycle 
fraction is less than the duty ratio, then the quantity t – fix(t) – D is negative, 
and the binary switch becomes u = 0.5*(1-(-1) = 1. This value of t falls within 
the on-time interval of the switching period during which the inductor is 
connected to the source. The results of the simulation, the inductor current 
and the load voltage are in excellent argument with the buck converter 
theory. 

(b) The control input matrix does not appear in the global statement of the 
Function File because it is not constant. In the Function File, the inductor 
current and capacitor voltage are extracted from the state vector, as a matter 
of convenience, before computation of the control input matrix. The initial 
condition for the inductor current is set to DI0 instead of I0 because the load 
connected duty ratio of the boost converter is less than unity. 

(c) As with the Boost Converter, the control input matrix must be computed in 
the Function File. Also, the inductor current is to DI0 because of the load 
connected duty ratio. The output voltage appears positive because of the 
polarity indicated in the circuit schematic when the design equations were 
developed for the Buck-Boost Converter. The output voltage is actually of 
opposite polarity than of the source voltage. 

 
8. REFERENCES:  

 
1. Power Electronics by M.H. Rashid, Prentice Hall of India, Chapter 9 – DC  
Choppers (Page 317) 
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2. Fundamentals of Power Electronics with MATLAB by Randall Shaffer, Firewall 
Media. 
 

9. QUESTIONS:  
 

1. What is a switching-mode regulator? 
 

2. What are the four basic types of switching-mode regulators? 
 

3. What are the advantages and disadvantages of a buck regulator? 
 

4. What are the advantages and disadvantages of a boost regulator? 
 

5. What are the advantages and disadvantages of a buck-boost regulator? 
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EXPERIMENT NO.11 
 
Title of the experiment 
 
Simulation of problems on DC-AC Converters (Inverters) 
 
     1. AIM:  
 

(a) Compute the source power, load power, MOSFET dissipation, and efficiency 
of a 60 Hz square wave inverter circuit with Vb=12 VDC, RL=1� , L=1mH if 
the H-bridge is constructed of MOSFETs with an on resistance of 10 m� . 
 

(b) Simulate the above inverter with a 30º blanking interval. 

 
System Requirements for successful running of the S imulation Programs: 
Windows 98/ME/NT/2000/XP, Pentium Processor+, CD-ROM Drive, Hard-Drive 
with 260 MB free disk space, 128 MB RAM, MATLAB 6.1 or MATLAB Student 
Version 6.1 or later versions. 
 

3. CIRCUIT DIAGRAM:  
 

 
 
Fig: Inverter Circuit with Protective Diodes 
 

4. THEORY:  
 
For a single phase full bridge inverter, when SW1 and SW3 conduct, load voltage is 
Vs and when SW2 and SW4 conduct, load voltage is –Vs. Frequency of output 
voltage can be controlled by varying the periodic time T. Thyristors SW1, SW3 and 
SW2, SW4 are in series across the source. For R-L loads, load current will not be in 
phase with output voltage and diodes connected in antiparallel with thyristors will 

2. APPARATUS/COMPONENTS REQUIRED:  
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allow the current to flow when the main thyristors are turned off. These diodes are 
called feedback diodes. 
 

5. PROGRAM:  
 

a) close all, clear all, clc 
Vb = 12; 
RL = 1; 
w = 120*pi; 
L = 0.001; 
Ron = 0.01; 
R = RL + 2*Ron; 
q = w*L/R; 
x = 2*q/pi; 
IL = Vb/R*sqrt(1 - x*tanh(1/x)); 
IL2 = IL^2; 
PL = IL2*RL 
Pxtr = 0.5*IL2*Ron 
Ps = PL + 4*Pxtr 
eta = PL/(PL + 4*Pxtr) 
 
b) close all, clear all, clc 
global A B d 
mH = 1E-3; 
T = 360; 
f = 60; 
L = 1*mH; 
Lf = L*f; 
R = 1; 
A = -R/Lf; 
alpha = 15; 
d = alpha/T; 
Vb = 12; 
B = Vb/Lf; 
x0 = 0; 
[t, IL] = ode23('inverter', [0 4], x0); 
u = 0.5*(sign(t - fix(t) - d) - sign(t - fix(t) - (0.5 - d)) - ... 
    sign(t - fix(t) - (0.5 + d)) + sign(t - fix(t) - (1 - d))); 
subplot(2,1,1), stairs(t, u*Vb), grid 
title('Load Voltage') 
subplot(2,1,2), plot(t, IL), grid 
title('Load Current') 
xlabel('cycles') 
 
% Function for inverter simulation with deadtime. 
function dx = inverter(t, x) 
global A B d 
u = 0.5*(sign(t - fix(t) - d) - sign(t - fix(t) - (0.5 - d)) - ... 
    sign(t - fix(t) - (0.5 + d)) + sign(t - fix(t) - (1 - d))); 
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dx = A*x + B*u; 
 

6. OUTPUT:  
 

a) PL =   , Pxtr =   , Ps =    , eta = 
     b) 

0 0.5 1 1.5 2 2.5 3 3.5 4
-20

-10

0

10

20
Load Voltage

0 0.5 1 1.5 2 2.5 3 3.5 4
-20

-10

0

10

20
Load Current

cycles
 

7. CONCLUSION:  
 
Since the portions of the period are expressed in fractions, it is convenient to use 
units of degrees for the fundamental period and the blanking interval. The RHS of 
the control switch u must be multiplied by 0.5 because the statement composed of 
the sign functions has peak values of 2 and -2 rather than 1 and -1.  
 

8. REFERENCES:  
 
1. Power Electronics: P.S. Bimbhra, Khanna Publishers, Chapter 8 – Inverters 
(Page 310) 
2. Fundamentals of Power Electronics with MATLAB by Randall Shaffer, Firewall 
Media. 
 

9. QUESTIONS:  
1. What is an inverter? List a few industrial applications of inverters. 
2. Describe the working of single phase inverter circuits. 
3. What is the purpose of connecting diodes in antiparallel with thyristors in inverter 
circuits? 


