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The term power electronics refers to solid-state electronic devices used for the conversion and control 
of electric power.

Solid-state Electronic

Power 
Source Load

Control

Control Signals

Power Electronics is a field which combines Electric Power, Electronics and Control

What is Power Electronics ?
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Efficient, flexible control and conversion of electrical energy

AC

AC

DC

DC

Rectification

DC to DC
Conversion

AC to AC
Conversion

DC sources : batteries, solar panel, 
power supply

DC loads : 
electronic circuits, machines

Inversion

AC sources: single
phase or three phase AC

AC loads: machines, power 
transmission and distribution 
systems

DC loads : heater, lamp, DC motor

What does Power Electronics do ?
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• Commercial/Industrial Applications
Heating Systems Ventilating, Air Conditioners, Central Refrigeration, Lighting, Computers and Office 
equipment, Uninterruptible Power Supplies (UPS), Elevators, and Emergency Lamps.

• Domestic Applications
Cooking Equipment, Lighting, Heating, Air Conditioners, Refrigerators & Freezers, Personal 
Computers, Entertainment Equipment, UPS

Power Electronic Applications
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• Aerospace Applications
Space shuttle power supply systems, satellite power systems, aircraft power systems.

• Telecommunications
Battery chargers, power supplies (DC and UPS), mobile cell phone battery chargers.

• Transportation
Traction control of electric vehicles, battery chargers for electric vehicles, electric locomotives, street 
cars, trolley buses, automobile electronics including engine controls.

Power Electronic Applications
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The Market
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The Market
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The Market
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Coal Fuel Turbine Generator Transmission Load

100%
-65%

35%
ME EE

16.5%

Role of Power Electronic circuits

Why Power Electronics?

• Fossil fuel (Oil, natural gas and coal) still the most used energy source, >85%.

• In best scenarios, the fossil fuel energy sources will last for +150 years

• What will happen after 150 years ?             We don’t know …… 

But we can extend this period or even replace the traditional resources by:

1. Using it efficiently   → Global warning still a problem

2. Improve the energy conversion efficiency  

3. Promote more integrated renewable energy sources
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100kW 16.5kW

6 : 1
Why do we spend 
effort on the load 
side (i.e. Motor 
efficiency) when 
most of losses are 
at front end ?1kW

(6%)

6kW
saving

So it is necessary to have 
higher efficiency drives, 
chargers and circuits for the 
loads …. Done by PE.

Why Power Electronics?

Coal Fuel Turbine Generator Transmission Load

100%
-65%

35%
ME EE

16.5%
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Converter

𝜼 =
𝑃𝒐𝒖𝒕

𝑃𝒊𝒏

𝑃𝒐𝒖𝒕𝑃𝒊𝒏

𝑃𝒍𝒐𝒔𝒔

𝑃𝒊𝒏 = 𝑃𝒐𝒖𝒕 + 𝑃𝒍𝒐𝒔𝒔

𝜼 =
𝑃𝒐𝒖𝒕

𝑃𝒐𝒖𝒕 + 𝑃𝒍𝒐𝒔𝒔
𝜼(𝑃𝒐𝒖𝒕 + 𝑃𝒍𝒐𝒔𝒔) = 𝑃𝒐𝒖𝒕 𝑃𝒐𝒖𝒕 =

𝜼

𝟏 − 𝜼
𝑃𝒍𝒐𝒔𝒔
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Converter 1 𝑃𝒐𝒖𝒕𝟏
𝑃𝒊𝒏

𝑃𝒍𝒐𝒔𝒔 = 𝟏 𝒌𝑾𝑃𝒐𝒖𝒕 =
𝜼

𝟏 − 𝜼
𝑃𝒍𝒐𝒔𝒔

Converter 2 𝑃𝒐𝒖𝒕𝟐
𝑃𝒊𝒏

𝑃𝒍𝒐𝒔𝒔 = 𝟏 𝒌𝑾

𝜼 = 𝟖𝟓%

𝜼 = 𝟗𝟓%

=
0.85

1 − 0.85
× 1𝑘 = 𝟓. 𝟕𝒌𝑾

=
0.95

1 − 0.95
× 1𝑘 = 𝟏𝟗 𝒌𝑾
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Higher Efficiency

Switches
Diodes, transistors, thyristors

Topologies
Interleaving, switched capacitors, etc

Silicon, Silicon Carbide, GaN

Hard and soft switching
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The power semiconductor devices are used as on/off switches in power control circuit. These devices 
are classified as follows.

Power Devices

Diodes

General purpose

High speed

Schottky

Transistors

BJT

MOSFET

IGBT

Thyristors

SCR

GTO

Triac

SITH

Power Semiconductor Devices
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Power Semiconductor Topologies
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Power Semiconductor Devices
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Why Pulse Width Modulation (PWM)
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1k ohm

P = (100m)2 * 1k = 10 W

P = (1)2 * 100 = 100 W
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Vs

Vb

RL

𝟓 𝛀

VCE

+

-

ibQ

Vs

Vb

RL

ibQ

VCE

+

-

Linear operation
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Vs

Vb

RL

VCE

ib

VCE

VL

+

-

+

-

100V

100V

Linear operation

𝟓 𝛀

ibQ



UKPRN: 10089771 23

Vs

Vb
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VCE
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+

-
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Vs

Vb

RL

VCE

ib

VCE

VL

+

-

+

-

100V

100V

Linear operation

𝟓 𝛀

ibQ

VL

50V

ibQ

𝑷𝒕 = 𝟓𝟎 × 𝟏𝟎 = 𝟓𝟎𝟎𝑾

𝑷𝒕 = 𝑽𝑪𝑬  × 𝑰𝑪

𝑰𝑪 =
𝟓𝟎

𝟓
= 𝟏𝟎𝑨
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Pulse Width Modulation ?Voltage

Average (mean) value

What is the PWM ? 
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90%

V

Average (mean) value

50% 50%

50%

10%

10%

20%

80%

80%

Pulse Width Modulation

What is the PWM ? 
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90%

V
Average (mean) value

50% 50%

50%

10%

10%

20%

80%

80%

Duty Cycle

It is the ON time 
over the total 
duration time

What is the PWM ? 
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Vs

Vb

RL

Vs

Vb

RL
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Vs

Vb

RL

VCE

VL

+

-

+

-

100V

Switched 
operation

t

t

VL

ib

Average = 50V
VCE

VL

ib

100V

50V
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Switched operationLinear operation

Dissipated power in transistor

𝑷𝒕 = 𝟓𝟎 × 𝟏𝟎 = 𝟓𝟎𝟎𝑾

𝟓 𝛀

𝑷𝒕 = 𝑽𝑪𝑬  × 𝑰𝑪

𝑰𝑪 =
𝟓𝟎

𝟓
= 𝟏𝟎𝑨

t

t

Vsw

Isw

ON state

OFF state

𝑷𝒕 = 𝑽𝑪𝑬  × 𝑰𝑪

𝒑𝒕 = 𝟎 × 𝟐𝟎 = 𝟎𝑾

𝒑𝒕 = 𝟏𝟎𝟎 × 𝟎 = 𝟎𝑾

𝑨𝒗𝒆𝒓𝒂𝒈𝒆 𝑷𝒕 = 𝟎𝑾

𝑷𝒕 =  න
𝟎

𝑻

𝑽𝑪𝑬  × 𝑰𝑪  𝒅𝒕 = 𝟎𝑾

ONOFF
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The switches can be controlled by either

Passive The switch state depends on the polarity of the voltage across its terminals, or the current 
flowing thought it

Power Switches

A K

𝑽𝑨 > 𝑽𝑲

Uncontrolled

Diodes
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The switches can be controlled by either

Active The switch state depends on some control signal applied on its terminal to control the conduction 
through it.

Power Switches

A

K

D

S
G

G

C

E

B

Semi-ControlledFully-Controlled

Transistors Thyristors
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t

VSW

t1 t2

t

iSW

t1 t2

Power Loss = Switching losses + Conduction Losses

ON

+    V     -

i

+    Von     
-

ionVon = 0 

-∞ < ion < ∞

OFF -∞ < Voff < ∞

ioff = 0 +    Voff   -

ioff

ON

OFF

t

p

t1 t2

OFF

Switching ON losses Switching OFF 
losses

Conduction losses

Ideal Switches
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t

VSW

t1 t2

t

iSW

t1 t2

Power Loss = Switching losses + Conduction Losses

ON

+    V     -

i

Von ≠ 0 

ion < Imax

OFF Voff < Vmax

ioff ≠ 0

t

p

t1 t2

ON

OFF OFF

Switching ON 
losses

Switching OFF 
losses

Conduction losses

Von

Practical Switches
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t

pd

The delay time (td) corresponds mainly to the charging of 
the base-emitter junction diffusion capacitance or Vth and 
gain for the Mosfet

The current rise/fall time (tr, tf) is related to the effective 
base zone width and, as the base charge increases because 
of the base current, the collector current increases

ts: The period after the cessation of positive base current 
until the transistor enters the linear region is termed storage 
or saturation time, because of overdriving.

t

Vg

t

Vsw

t

Isw

toff

ts trvtd tfv

ton

td tri

ton toff

ts tfi

Switching 
Losses

Switching 
Losses

Conduction Losses

ton toff

Vs

Vg

RL

ON

OFF OFF

Von

Practical Switches
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𝑽𝑫

𝑰𝑫

𝑽𝒇

𝑽𝑩𝑽

𝑰𝑹

A KA K

VA>VK

Forward  bias

VA<VK

Reverse  bias

Power Diodes
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A K

p n p n+n-

n- : Lightly dopped
n+ : Heavily dopped

Low currents
Low Blocking voltages
Low power

Higher currents
Higher Blocking voltages
Higher power

Higher forward voltage drop

𝑽𝑫

𝑰𝑫

𝑽𝑩𝑽

𝑰𝑹

Signal Power

Signal Power

PIN

where i stands for intrinsic

Higher resistance in forward bias

Power Diodes
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𝒕

𝑰𝑫

A KA K

Forward Bias Reverse Bias

Power Diodes
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Left Figure indicates that SBDs have a lower VF and higher IR than the other three types.

Middle Figure indicates that trr is much shorter for SBDs and FRDs than for the other two diode types, 
and that if the IR flowing during the time trr is large, losses are large.

Right Figure is the basic temperature characteristic for Si diodes. At higher temperatures, the VF falls and 
the IR increases.
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Silicon Carbide (SiC) and Gallium Nitride (GaN)

Wide Bandgap Semiconductors
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Wide Bandgap Semiconductors



Thank You!
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Upcoming Courses

Engineering College of Technology (ECT) 
UK-Recognised Qualifications 

Start Date

Bachelor of Engineering (Honours) in Industrial Automation  September 2026

Bachelor of Engineering (Honours) in Electrical Engineering September 2026

Master of Science (Power System Analysis and Renewable Integration) June, October 2026

Master of Science (Industrial Automation and Instrumentation Control) June, October 2026



Contact Us:

www.ect.ac.ukwww.ect.ac.uk

Website
www.ect.ac.uk

Head Office
Whittle Way, Stevenage SG1 2FS, 
United Kingdom

Phone
Inside UK: 0203 582 1389
Outside UK: +44 203 582 1389

https://www.ect.ac.uk/programmes/https://www.ect.ac.uk/programmes/

Courses
https://www.ect.ac.uk/programmes/
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