Ve

G

Vidya Jyothi Institute of Technology

' (An Autonomous Institution)
(Accredited by NAAC & NBA, Approved by AICTE New Delhi & Permanently Affiliated to [NTUH)
Aziz Nagar Gate, C.B. Post, Hyderabad-500 075

B. Tech. III Year II Semester L|T|P
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Course Outcomes: Upon the completion of Laboratory course, the student will be able to
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CO1. Examine the characteristics of SCR, MOSFET, & IGBT, and analyze
triggering circuits.

CO2. Analyze input and output characteristics of AC-DC converters.

CO3. Synthesize characteristics of Cycloconverters.

CO4. Examine characteristics of DC-DC Converters and Inverters.

COsS. Design of converters and inverters using P-Spice software.

List of Experiments

Any ten of the following experiments are required to be conducted.

Study of characteristics of SCR, MOSFET &IGBT.

Gate Firing Circuits for SCRs (R- Triggering, RC Triggering & UJT Triggering).
Single Phase AC voltage Controller with R & RL Loads.

Single Phase fully Controlled Bridge Converter with R& RL Loads.

DC Jones Chopper with R & RL Loads.

Single Phase Parallel Inverter with R& RL Loads.

Single Phase Cycloconverter with R& RL Loads.

Single Phase Series Inverter with R& RL Loads.

Single Phase Half controlled converter with R Load.

Simulation of single-phase full converter using RLE loads and single-phase AC
voltage controller using RLE loads.

Simulation of resonant pulse commutation circuit and Buck Chopper.

Simulation of single phase Inverter with PWM control.
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Correlation of COs with Experiments

S.No. Title of Experiment COs Mapped

1 Study of characteristics of SCR, MOSFET &IGBT. Co1

2 Gate Firing Circuits for SCRs (R- Triggering, RC CO1
Triggering & UJT Triggering).

3 Single Phase AC voltage Controller with R & RL Loads. CO2

4 Single Phase fully Controlled Bridge Converter with R& CO2
RL Loads.

5 DC Jones Chopper with R & RL Loads. CO4

6 Single Phase Parallel Inverter with R& RL Loads. CO4

7 Single Phase Cycloconverter with R& RL Loads. CO3

8 Single Phase Series Inverter with R& RL Loads. CO4

9 Single Phase Half controlled converter with R Load. CO2

10 | Simulation of single-phase full converter using RLE loads C02,CO5
and single-phase AC voltage controller using RLE loads.

11 | Simulation of resonant pulse commutation circuit and C0O4,C0O5
Buck Chopper.

12 | Simulation of single phase Inverter with PWM control. CO4,C0O5
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Programme Outcomes (POs)

Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and
an engineering specialization to the solution of complex engineering problems.

2. Problem analysis: Identify, formulate, review research literature, and analyze complex engineering
problems reaching substantiated conclusions using first principles of mathematics, natural sciences, and
engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems and design
system components or processes that meet the specified needs with appropriate consideration for the
public health and safety, and the cultural, societal, and environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and research methods
including design of experiments, analysis and interpretation of data, and synthesis of the information to
provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities with an
understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal,
health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional
engineering practice.

7. Environment and sustainability: Understand the impact of the professional engineering solutions in
societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable
development.

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the
engineering practice.

9. Individual and team work: Function effectively as an individual, and as a member or leader in diverse
teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the engineering
community and with society at large, such as, being able to comprehend and write effective reports and
design documentation, make effective presentations, and give and receive clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of the engineering and
management principles and apply these to one’s own work, as a member and leader in a team, to manage
projects and in multidisciplinary environments.

. 12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in
independent and life-long learning in the broadest context of technological change.

Program Specific Outcomes

PSO1: Conceptualize electrical and electronics systems, employ control strategies for power electronics
related applications to prioritize societal requirements.

PSO 2: Apply the appropriate techniques and modern engineering hardware and software tools in
electrical engineering to engage in multi-disciplinary environments
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C328 POWERELrECTRONMCS & SHMOTATTIONTAB
PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 | PO12
C328.1 3 2 2 2 - - - - 3 - - 3
C328.2 3 3 3 2 - - - - 3 - - 3
C328.3 3 3 3 2 - - - - 3 - - 3
C328.4 3 3 3 2 - - - - 3 - - 3
C328.5 3 3 3 2 - - - - 3 - - 3
3 28 | 2.8 2 - - - - 3 - - 3
CO - PO Mapping
CO - PSO Mapping
POWER ELECTRONICS AND SIMULATION LAB
C328 PSO1 PSO2
C328.1 3 -
C328.2 3 -
C328.3 3 -
C328.4 3 -
C328.5 3 3
3 3
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Rubrics for Power Electronics and Simulation Laboratory
Rubrics for Hardware based Experiments

Total Marks: 15M

S Assessment Excellent Good Average
No. Criteria (80 — 100%) (60-80%0) (Below 60%0)
Theoretical Student replied to .
all the questions | Studentrepliestoa | gygent could
1 |Knowledge to posed by minimum of 50% not answer in
perform the Laborator questions posed by the first session
experiment (2M) tonch y the laboratory teacher
eacher
Student could
_ _ Correctness in the  [Correctness in the not prepare the
, Preparation of list of fating and type of  [rating and type of lict of
equipment  required the equipment equipment required .
(2M) required with minor corrections| €quipment
required
Making the circuit Correctness of
connections as per Correctness of connections Unable to
3 |the circuit diagram. | connections with minor connect
(3 M) corrections.
. Independent
Perfo_rmlng the performance of Performance of the | Unable to
experiment and . X ;
4 tabulating the values the experiment experiment with perform the
(3 M) g with correct teacher assistance experiment
values
Deviation of
Record book (based | Practical values Minor deviation in \F;;?Stelg E\il\llith
5 |on calculations, matching with the practical theoretical
results, graphs) theoretical values/ | values/ expected values /
(5 M) Expected graph graph d
obtained expecte
' graph.
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Rubrics for Power Electronics and Simulation Laboratory
Rubrics for Software/Simulation based Experiments
Total Marks: 15 M

(G M)

Expected plot
obtained.

plot

S Assessment Excellent Good Average
N.O Criteria (80 — 100%) (60-80%0) (Below 60%0)

Theoretical Student replied to )
Knowledae to all the questions %t!’n(!%mrﬁplf'%%g? a | Student could not

1 g posed by Inimum o o answer in the first
perform the Lab questions posed by )
experiment (2M) teaacﬂre?tory the laboratory teacher | S€SSION

iti i Student could

Writing a program Correctness in the Co_rrectness in the

o |/ simulation rating and type of the rating andttype of ] not prepare the
diagram of the equipment required S\ﬂ?rlmpg]i%%rrggrur:ercetions list of equipment
experiment (3M) required
Execution of the

3 | Program / Executed without | Partially Unable to run the
simulation errors Executed program
(5 M)

Simulation output . o Deviation of

Record book matching with P Minor deviation in | simulation
(calculations, theoretical values/ the simulation output with

4 | results, plots) output/ expected theoretical

values / expected
plot.
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STUDENT PERFORMANCE EVALUATION
TOTAL MARKS (75M)

EXTERNAL EVALUATION (50 Marks)

Circuit Diagram 10M

Procedure write up 10M
Experiment connections & observations 10M
Calculations 10M

Viva Voce 10M

INTERNAL EVALUATION (25 Marks)

Day to day evaluation 10M

Record 5M

Internal Exam 10M
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3 INDEX

- S.No. Title Page No.

S 1 Vision Mission of the Institute and Department i

| 2 Course Outcomes and List of Experiments i

> 3 Correlation of COs with Experiments ii

T 4 Program Outcomes and Program Specific Outcomes iv

o 5 CO — PO and CO — PSO Mappings v

Experiments

6 Study of characteristics of SCR, MOSFET &IGBT. 1.8

- - Gate Firing Circuits for SCRs (R- Triggering, RC Triggering & UJT 9-13

_ Triggering).
: _ 3 Single Phase AC voltage Controller with R & RL Loads. 14-15
: 9 Single Phase fully Controlled Bridge Converter with R& RL Loads. 16-17
10 DC Jones Chopper with R & RL Loads. 18-19
11 Single Phase Parallel Inverter with R& RL Loads. 20-21
12 Single Phase Cycloconverter with R& RL Loads. 2923
13 Single Phase Series Inverter with R& RL Loads. 2425
14 Single Phase Half controlled converter with R Load. 26-27
15 Simulation of single-phase full converter using RLE loads and single- 8-31
phase AC voltage controller using RLE loads.

16 Simulation of resonant pulse commutation circuit and Buck Chopper. 3233
17 Simulation of single phase Inverter with PWM control. 34-35

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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Vision of the Institution

e To develop into a reputed Institution at National and International level in Engineering,
Technology and Management by generation and dissemination of knowledge through
intellectual, cultural and ethical efforts with human values.

e To foster Scientific temper in promoting the world class professional and technical
expertise.

Mission of the Institution

e To create state-of-the-art infrastructure facilities for optimization of knowledge
acquisition.

e To nurture the students holistically and make them competent to excel in the global
scenario.

e To promote R&D and consultancy through strong industry-institute interaction to address

the societal problems.

Vision of the Department

e To become a reputed department in the impartation of professional and technical

expertise in the field of Electrical and Electronics Engineering.

Mission of the Department

e Imparting Quality Technical Education by provision of state-of-the-art learning
facilities.

e Preparing the students to think innovatively and find effective solutions to address
engineering and societal problems with a multi-disciplinary approach maintaining
continuous industry interaction.

e Encouraging team work and preparing the students for lifelong learning with ethical
responsibility for a successful professional career.

Programme Educational Outcomes (PEOs)

PEO1: To provide the students with a sound foundation in the mathematics, science and
engineering fundamentals necessary to become employable.

PEO2: Graduates should apply their technical knowledge to take up higher responsibilities in
industry, academics and create innovative ideas in the field.of Electrical and Electronics
Engineering.

PEO3: Equip graduates with communication skills, leadership qualities with ethical values,
team work with multi-disciplinary approach and zeal to provide solutions for engineering and
societal problems.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology i
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- Course Code: A46289 o
v Course Outcomes: Upon the completion of Laboratory course, the student will be able to
> CO1. Examine the characteristics of SCR, MOSFET, & IGBT, and analyze v
t triggering circuits. v
> CO2. Analyze input and output characteristics of AC-DC converters. ’
> CO3. Synthesize characteristics of Cycloconverters. v
CO4. Examine characteristics of DC-DC Converters and Inverters. v
COS. Design of converters and inverters using P-Spice software. V
List of Experiments V
. Any ten of the following experiments are required to be conducted. _.
- 1. Study of characteristics of SCR, MOSFET &IGBT. T
2. Gate Firing Circuits for SCRs (R- Triggering, RC Triggering & UJT Triggering). -
3. Single Phase AC voltage Controller with R & RL Loads. w
4. Single Phase fully Controlled Bridge Converter with R& RL Loads. L
5. DC Jones Chopper with R & RL Loads.
- 6. Single Phase Parallel Inverter with R& RL Loads. v
7. Single Phase Cycloconverter with R& RL Loads. W
8. Single Phase Series Inverter with R& RL Loads. ’
~ 9. Single Phase Half controlled converter with R Load. *
10. Simulation of single-phase full converter using RLE loads and single-phase AC w
U voltage controller using RLE loads. |
. 11. Simulation of resonant pulse commutation circuit and Buck Chopper.
= 12. Simulation of single phase Inverter with PWM control. )
o “
R »
~ . .
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Correlation of COs with Experiments

S.No. Title of Experiment COs Mapped
1 Study of characteristics of SCR, MOSFET &IGBT. CO1
2 Gate Firing Circuits for SCRs (R- Triggering, RC CO1

Triggering & UJT Triggering).
3 Single Phase AC voltage Controller with R & RL Loads.
4 Single Phase fully Controlled Bridge Converter with R&
RL Loads.
5 DC Jones Chopper with R & RL Loads.
6 Single Phase Parallel Inverter with R& RL Loads.
7 Single Phase Cycloconverter with R& RL Loads.
8 Single Phase Series Inverter with R& RL Loads.
9 Single Phase Half controlled converter with R Load. CO2
10 | Simulation of single-phase full converter using RLE loads
and single-phase AC voltage controller using RLE loads.
11 Simulation of resonant pulse commutation circuit and
Buck Chopper.
12 Simulation of single phase Inverter with PWM control. C

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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Programme Qutcomes (POs)
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Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering fundamentals, and
an engineering specialization to the solution of complex engineering problems.

2. Problem analysis: Identify, formulate, review research literature, and analyze complex engineering
problems reaching substantiated conclusions using first principles of mathematics, natural sciences, and
engineering sciences.

3. Design/development of solutions: Design solutions for complex engineering problems and design
system components or processes that meet the specified needs with appropriate consideration for the
public health and safety, and the cultural, societal, and environmental considerations.

4. Conduct investigations of complex problems: Use research-based knowledge and research methods
including design of experiments, analysis and interpretation of data, and synthesis of the information to
provide valid conclusions.

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities with an
understanding of the limitations.

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess societal,
health, safety, legal and cultural issues and the consequent responsibilities relevant to the professional
engineering practice.

= Environment and sustainability: Understand the impact of the professional engineering solutions in
societal and environmental contexts, and demonstrate the knowledge of, and need for sustainable

development.
8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms of the

engineering practice.

9. Individual and team work: Function effectively as an individual, and as a member or leader in diverse
teams, and in multidisciplinary settings.

10. Communication: Communicate effectively on complex engineering activities with the engineering

| community and with society at large, such as, being able to comprehend and write effective reports and
' design documentation, make effective presentations, and give and receive clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of the engineering and
management principles and apply these to one’s own work, as a member and leader in a team, to manage

projects and in multidisciplinary environments.

'12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in

independent and life-long learning in the broadest context of technological change.

Program Specific Outcomes

3

PSO1: Conceptualize electrical and electronics systems, employ control strategies for power electronics
related applications to prioritize societal requirements.

PSO 2: Apply the appropriate techniques and modern engineering hardware and software tools in
electrical engineering to engage in multi-disciplinary environments

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology v
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>
CO - PO Mapping
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1.a) STATIC CHARACTERISTICS OF SCR

CIRCUIT DIAGRAM :
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1. a) STUDY OF CHARACTERISTICS OF SCR
AIM: To plot V- I characteristics of SCR and find the latching and holding currents of SCR
THEORY: Silicon Controlled Rectifier (SCR) is a four layered three junction P N P N
semiconductor switching device. It has three terminals named as anode, cathode and gate. SCR
is made up of silicon. It has very low resistance in the forward direction and high resistance in

the reverse direction. Itis a unidirectional device.

Gate o . —'—i

TCahode

Fig 1.1: SCR and its symbol

Static V-I characteristic of SCR:
SCR can be operated in three modes.
1. Reverse blocking mode

2. Forward blocking mode (Off state)

3. Forward conduction mode (On state)

1. Reverse Blocking Mode:

When the cathode of SCR is made positive with respect to anode, SCR is reverse biased.
Junctions J1 and J2 are reverse biased where junction J3 is forward biased. The device behaves
as if two diodes are connected in series with reverse voltage applied across them.

A small leakage current of the order of few milli Amperes only flows. As SCR is reverse
biased and in blocking mode, it is called as reverse blocking mode of operation. Now if the
reverse voltage is increased, at a critical breakdown level called reverse breakdown voltage
VR, an avalanche occurs at J1 and J3 and the reverse current increases rapidly through the
SCR. This results in SCR damage as junction temperature may exceed its maximum
temperature rise.

2. Forward Blocking Mode:
When anode is positive with respect to cathode, with gate circuit open, SCR is said to be

forward biased mode. Then junction J1 and J3 are forward biased and J2 is reverse biased. As

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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TABULAR COLUMN:

MODEL GRAPH :
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Fig. 1.2
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the forward voltage is increased, junction J2 will have an avalanche breakdown at a voltage
called forward break over voltage Vso. When forward voltage is less then , SCR offers high
impedance. Thus an SCR acts as an open switch in forward blocking mode.
3. Forward Conduction Mode:
In this mode of SCR conducts current from anode to cathode with a very small voltage drop
across it. An SCR can be brought from forward blocking mode to forward conducting mode:
1. By excgeding the forward break over voltage.
2. By applying a gate pulse b¢tween gate and cathode.
During forward conduction mode of operation, SCR is in on state and behaves like a closed
switch. Voltage drop is of the order of 1 to 2mV. This small voltage drop is due to resistance
drop across the four layers of the device.
Latching current: The latching current is the minimum value of anode current which must be

attained by the SCR to turn ON.

Holding current: It is the minimum value of anode current below which the SCR turns of if it

falls, the SCR will turn OFF.
APPARATUS:

1. SCR characteristics study unit.

2. Meters
a. Voltmeter (0-20) V -1 No.
“b. Ammeter (0-2) A - 1 No.
¢. Ammeter (0-200) mA - 1 No.
3. Patch cords
PROCEDURE:
1. Make the connections as per the circuit diagram.
2. Switch ON the main supply and keep the voltages V1 &V2 at minimum position
initially. ’ ‘

3. Vary Vi and set the voltage Vak tol10V.

o

Slowly vary Vin steps and note down Ig, Ia and Vax values.
5. Vary V till Vak suddenly drops down. This indicates that the SCR started conduction.

6. Repeat the same procedure for Vak = 15V and 20V.

*

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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7. Draw the graph Vak vs Ia for different values of Ic.

Procedure to find Latching current:

1. Apply about 20 V between Anode and Cathode by varying V1.

2. Keep the load potentiometer R1 at minimum position.

3. The device must be in the OFF state with gate open.

4. Gradually incfease Gate voltage - V2 till the device turns ON.

5. The minimum anode current at which the SCR turns ON is the latching current.
6. Note down the latching current.

Procedure to find Holding current:

1. Increase the load current from the latching current level by increasing V1.

[\

. Open the gate switch permanently. The SCR must be fully ON.

_Now start reducing the load current gradually by adjusting R1. If the SCR does not turns

(OS]

OFF even after the R1 at maximum position, then reduce V1.

4. Observe when the device goes to Blocking mode. The load current through the device at this

instant, is the holding current of the device.
5. Note down the holding current.

RESULT: The static characteristics (V I Characteristics) of SCR are studied and latching and

holding currents of the SCR are found.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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1b) CHARACTERISTICS OF MOSFET

CIRCUIT_DIAGRAM :

TABULAR COLUMN :

Output Characteristics :

Vas =2V Ves=2.7V T TVes=29V

S.NO

DS

= . V (V)
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Fig 1.6
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1. b) STUDY OF CHARACTERISTICS OF MOSFET
AIM: To plot the output and transfer characteristics of MOSFET.

THEORY:
A power MOSFET has three terminals called Drain (D), Source(S) and Gate(G).

MOSFET is a voltage controlled device. It’s operation depends on the flow of majority carriers

only. MOSFET is a unipolar device.

Source (S) Gate (G) Drain (D)
C Oxide (810) Metal
, a ﬁ
— TV s N
P | = Channel P |
fP ; : f““if"\ Yx ‘ a . ¥ D
\W.WWM‘;.‘/ | o ‘\\WMWMWJ/ : .
L I Drain
Deflection regio : . ; |
- p-type substrate
' {Body) g G
: .

Gate
Source
Body
Fig 1.2: MOSFET structure and Symbol

Power MOSFETs are of two types, n-channel enhancement MOSFET and p-channel
enhancement MOSFET. Out of these two types, n-channel enhancement MOSFET is
commonly used because of higher mobility of electrons.

The IGBT does not conduct when the gate circuit is open. When gate is made positive
with respect to source, an electric field is established. Then negative charges are induced in the
p-substrate below SiO2 layer. The n-channel current flows from drain to source. If Vgs is made
more positive, n-channel expands and therefore, more current flows from D to S. The drain
current Ip is enhanced by the gradual increase of gate voltage. Hence the name enhancement
MOSFET is used.

Output Characteristics: Power MOSFET output characteristics indicate the variation
of drain current Ip as a function of drain-source voltage Vas. For‘low values of Vps, the graph
between Ip & Vps is almost linear. This indicates a constant value of on-resistance

| Rps = Vps / Ip.
For given Vs, if Vps is increased, output characteristic is relatively flat indicating that

drain current is nearly constant.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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Transfer Characteristics :

MODEL GRAPHS :

Output Characteristics:
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Transfer Characteristics: These characteristics show the variation of drain current Ip

as a function of gate-source voltage Vas. In the transfer characteristic, the device turns off if

VGS is decreased below the threshold voltage Vsr.
APPARATUS:

MOSFET characteristics study unit.
Meters
a. Voltmeter (0-20) V -1 No.
b. Voltmeter (0-200) V - 1 No.
¢. Ammeter (0-200) mA- 1 No.

3. Patch cords.

(a) Drain /Output Characteristics:

1.

|98}

Make the connections as per the circuit diagram.

Vary the supply V2 and adjust Vgs =2V.

Vary the supply V1 in steps and note down the values of Vps & Ip

Repeat the procedure for different values of Vs (at least two different values of Vas)

Plot the graph of Vps vs Ip for different values of Vas.

(b) Transfer Characteristics:

1.

o

3.

Set Vps to 2.5V by varying V1.
Vary V2 in steps, note down Vgs and Ip

Plot the characteristics Vgs vs Ip.

RESULT: The Output and Transfer characteristics of MOSFET are plotted and studied.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology
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| ¢) CHARACTERISTICS OF IGBT B

CIRCUIT DIAGRAM : ) C
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TABULAR COLUMN:

Output Characteristics:
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4
1. ¢) STUDY OF CHARACTERISTICS OF IGBT
- AIM: To plot the output and transfer characteristics of IGBT.
- THEORY:
- An IGBT has three terminals called Collector, Gate and Emitter. When gate is positive
> with respect to emitter and with gate-emitter voltage more than threshold voltage of IGBT,
- an n-channel is formed in the p-regions as in a power MOSFET. This n-channel short
S circuits the n—region with n+ emitter regions. An electron movement in the n-channel, in
turn, causes substantial hole injection from pf substrate layer into the epitaxial n— layer.
- Eventually, a forward current is established. The three layers p+, n— and p constitute a pnp
transistor with p+ as, emitter, n— as base and p as collector. Also n—, p and n+ layers
constitute npn transistor as shown in below fig 1.3.
& { i T
» i - T%*‘ AM:W =23 ““:'> Collector (C)
! I Gat (f; ,J J
R Emitter (€

Colector

Fig 1.3: IGBT Structure and Symbol

The output characteristics of an IGBT are plot for collector current IC versus collector-
emitter voltage VCE for various values of gate-emitter voltages. The output of IGBT is
controlled by gate emitter voltage VGE. Hence IGBT is a voltage-controlled device.

The transfer characteristic of an IGBT is a plot of collector current IC versus gate-
emitter voltage VGE. This characteristic is identical to that of power MOSFET. When VGE
is less thar} the threshold voltage VGET, IGBT is in off-state. When the device is off,
junction J2 blocks forward voltage and in case reverse voltage appears across collector and
emitter, junction J1 blocks it.

APPARATUS:

1. IGBT characteristics study unit.

2. Meters
a. Voltmeter (0-20)V -1 No.
b. Voltmeter (0-200)V -1 No.
c. Ammeter (0-200)mA - 1 No.

Patch cords.

|98}
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Transfer Characteristics :
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PROCEDURE:

(a) Output Characteristics:

- 1. Make the connections as per the circuit diagram.

- 2. Vary V2 and set Vg to 4V.

- 3. Vary V1 in steps and note down Vg and Ic for each step.
- 4. Plot the graph of Ic vs Vg for different values of VGE.
s (b) Transfer Characteristics:

~ 3 1. Vary Vl and set VCE at 5V.

2. Vary V2 in steps and note down Vg and I¢

3. Plot a graph for Vg vs Ic.

RESULT: The output and transfer characteristics of IGBT are plotted and studied.
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GATE FIRING CIRCUITS

CIRCUIT DIAGRAM:
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Fig 2.1
TABULAR COLUMN:
S.No. Firing angle (o) Load voltage (V)
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2. GATE FIRING CIRCUITS OF SCR

1. R TRIGGERING CIRCUIT

AIM: To study the switching control of SCR with R triggering circuit.

THEORY:

The conventional gate triggering circuits used to turn ON an SCR are:

1.
2.

(OS]

- A

Resistance Triggering: This is the simplest method of turning on an SCR in phase control
circuit. A resistance of suitable value is connected between anode and gate through a diode.
Whenever anode voltage is positive, current flows from gate to cathode circuit through this
resistance. Hence SCR turns ON. But the gate current will remain as long as the anode to
cathode voltage is positive. But the trigger angle can be controlled only from 0 to /2 of the
applied voltage. Vi can be adjusted with Ry but its phase positive is same as that of the AC

supply voltage. Hence if SCR does not turn on at 7 /2, it cannot be turned on after © /2 since

Resistance triggering (amplitude control)

RC triggering (Phase control)

UJT triggering (Phase control)

Ramp and pedestal triggering

DC triggering.

Digital triggering schemes.

Microprocessor controlled triggering schemes.

Light triggering in LASCR.

the magnitude of the voltage will decrease after this instant.

Load voltage Vpc =

Vm(1+Cosa)
2T

APPARATUS:

1. SER Triggering module.
2. C.R.O.
3. Patch cords.

4. Multimeter

PROCEDURE:

1.

Make the connections as per the circuit diagram.

2. Switch ON the supply.

3.

Department of Electrical and Electronics Engineering, Vidya Jyothi Institute of Technology

Set the potentiometer to a particular position and observe the waveforms of Vin, Vo,
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TABULAR COLUMN :
S.No. Firing angle (a) Load voltage (V)
5
S.No. Firing angle (o) Load voltage (V) ]
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V1, on the C.R.O. and note down the corresponding waveforms.
4. Vary the potentiometer in steps and note down the firing angle and the corresponding
load voltage using multimeter.

RESULT: The switching control of SCR with R-triggering is observed and studied.
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2 b) RC TRIGGERING

CIRCUIT DIAGRAM:
RC HALF WAVE TRIGGERING
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RC FULL WAVE TRIGGERING
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Fig 2.4
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2 b) RC TRIGGERING

AIM: To study the phase control of SCR by RC triggering.

THEORY:

In case of resistance triggering, the firing angle of the SCR can be varied from 0 to 90°
only. Hence resistance triggering cannot not be employed in practice as the output voltage
cannot be varied over a wide range (i.e., 0 to Vm / w in case of half wave and 0 to 2Vm / & in

case of full wave ).

To overcome the above limitations, Resistance and Capacitance (RC) triggering is
employed so as to vary the triggering angle of SCR over the complete range 0 to 180°. RC

triggering is very cheap and reliable for low voltage phase controlled circuits.

RC circuit helps to adjust the position of gate to cathode voltage as the voltage across
the capacitor lags the current through it by 90°, by varying R, the phase angle w.r.t., applied
voltage can be adjusted. Hence the triggering angle o can be varied over a wide range from 0

to 180°. By varying R, we can vary the triggering angle a. The load voltage can be obtained

Vm(1+Cosa
from Vpc = —Li—n—-——)-

APPARATUS:
1. SCR Triggering module.
2. C.R.O.
3. Patch cords.
4. Multimeter.
PROCEDURE:

1. "Make the connections as per the circuit diagram.
2. Switch ON the module.
2. Set the potentiometer to a particular position and observe the waveforms of

Vin, Vo, Vr, Veon the C.R.O. and note down the corresponding waveforms.

98]

Vary the potentiometer in steps and note down the corresponding load voltage
using multimeter.

RESULT: The Phase control of SCR with RC triggering is<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>