
Fundamentals of Modern Power Supply 

Design

Introduction

In  the  realm  of  electronics,  the  unsung  heroes  that 

bring life to our devices are power supplies. They are 

the gatekeepers of  energy,  ensuring a  steady flow of 

electricity  to  fuel  the  intricate  operations  of  modern 

technology. From our smartphones to electric vehicles, 

power supplies play a pivotal role in shaping our daily 

lives.

The field of power supply design is a fascinating blend 

of art and science, requiring a deep understanding of 

electrical  engineering  principles,  coupled  with  an 

innovative  mindset  to  push  the  boundaries  of 

efficiency,  reliability,  and  performance.  This  book 

delves  into  the  intricacies  of  modern  power  supply 
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design, providing a comprehensive exploration of the 

fundamental  concepts,  cutting-edge  technologies,  and 

practical considerations that shape this essential field.

As  we  embark  on  this  journey,  we  will  unravel  the 

evolution  of  power  supplies,  tracing  their  historical 

roots to the present day. We will delve into the basic 

principles of power conversion, exploring the various 

topologies  and  components  that  make  up  a  power 

supply.  Along the way,  we will  uncover the industry 

standards and regulations that govern the design and 

operation of these ubiquitous devices.

With a solid foundation in the fundamentals, we will 

then  venture  into  the  realm  of  power  supply 

architectures, examining the different types of AC-DC, 

DC-DC,  DC-AC,  and  uninterruptible  power  supplies 

(UPS).  We  will  investigate  the  intricacies  of  power 

factor  correction  (PFC),  a  crucial  technique  for 

reducing energy waste and improving efficiency.
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Next,  we  will  delve  into  the  heart  of  power  supply 

design,  exploring  the  critical  considerations  that 

engineers  must  address  to  ensure  optimal 

performance. We will examine the trade-offs between 

efficiency,  power  density,  reliability,  cost,  and 

environmental  impact.  We  will  also  explore  the 

challenges  of  electromagnetic  interference  (EMI)  and 

the techniques used to mitigate its effects.

As  we  progress  through  the  chapters,  we  will 

encounter  the  building  blocks  of  power  supplies, 

namely,  transformers,  inductors,  capacitors,  diodes, 

rectifiers, transistors, and MOSFETs. We will delve into 

their  characteristics,  applications,  and  limitations, 

gaining  a  deeper  understanding  of  how  these 

components contribute to the overall functionality of a 

power supply.
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Book Description

Journey into the world of modern power supply design 

with this comprehensive guide, tailored for engineers, 

students, and enthusiasts alike. Discover the intricacies 

of  power  conversion,  delve  into  the  diverse 

architectures  and  topologies,  and  master  the  art  of 

optimizing performance and efficiency.

Step-by-step, you'll explore the fundamental principles 

that  govern  power  supplies,  from  basic  concepts  to 

cutting-edge  technologies.  Gain  a  thorough 

understanding  of  AC-DC,  DC-DC,  DC-AC,  and 

uninterruptible  power supplies  (UPS),  and delve  into 

the complexities of power factor correction (PFC).

Uncover  the  secrets  of  power  supply  design 

considerations,  balancing  efficiency,  power  density, 

reliability, cost, and environmental impact. Tackle the 

challenges  of  electromagnetic  interference  (EMI)  and 

learn how to mitigate its effects.
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Explore  the  building  blocks  of  power  supplies, 

including  transformers,  inductors,  capacitors,  diodes, 

rectifiers,  transistors,  and  MOSFETs.  Delve  into  their 

characteristics, applications, and limitations, gaining a 

deep  understanding  of  how  these  components 

contribute  to  the  overall  functionality  of  a  power 

supply.

With  its  in-depth  explanations,  illustrative  diagrams, 

and  practical  examples,  this  book  is  your  ultimate 

resource for mastering modern power supply design. 

Whether  you're  an  experienced  engineer  seeking  to 

expand  your  knowledge  or  a  student  eager  to  delve 

into this fascinating field, this guide will equip you with 

the skills and insights you need to excel.

Harness the power of modern power supply design and 

unlock a world of possibilities in electronics. Embrace 

the  future  of  energy  conversion  with  this  essential 

guide, and become a true master of this fundamental 

technology.
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Chapter  1:  Introduction  to  Modern 

Power Supply Design

1. Evolution of Power Supplies

From  the  earliest  days  of  electricity,  the  need  for  a 

reliable  and  efficient  means  of  converting  electrical 

energy from one form to another has been a driving 

force behind technological innovation. The evolution of 

power supplies has been closely intertwined with the 

development  of  electronic  devices,  from  the  first 

vacuum tubes to the latest microprocessors.

In the early days of electronics,  power supplies were 

large, inefficient, and unreliable. They often consisted 

of  bulky  transformers,  rectifiers,  and capacitors,  and 

they  generated  a  lot  of  heat.  As  electronic  devices 

became smaller, lighter, and more portable, the need 

for more compact and efficient power supplies grew.

The development of solid-state transistors in the 1950s 

was  a  major  breakthrough  in  power  supply  design. 
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Transistors are much smaller and more efficient than 

vacuum  tubes,  and  they  generate  less  heat.  This 

allowed for  the  development  of  smaller,  lighter,  and 

more reliable power supplies.

In the 1960s, the invention of the integrated circuit (IC) 

led to a further miniaturization of power supplies. ICs 

are tiny electronic circuits that can contain millions of 

transistors. This allowed for the development of power 

supplies  that  were  even  smaller,  lighter,  and  more 

efficient.

In  recent  years,  the  development  of  wide  bandgap 

semiconductors,  such  as  gallium  nitride  (GaN)  and 

silicon carbide  (SiC),  has  led  to  a  new generation  of 

power  supplies  that  are  even  more  efficient  and 

powerful.  These  power  supplies  are  ideal  for  use  in 

applications  such  as  electric  vehicles,  renewable 

energy systems, and data centers.

The evolution of power supplies is an ongoing process, 

and new technologies are constantly being developed 
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to  improve  their  efficiency,  reliability,  and 

performance. As electronic devices continue to become 

more  sophisticated  and  demanding,  the  need  for 

innovative  power  supply  solutions  will  continue  to 

grow.
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Chapter  1:  Introduction  to  Modern 

Power Supply Design

2. Basic Principles of Power Conversion

Power conversion is the process of changing electrical 

energy  from  one  form  to  another.  This  can  involve 

changing  the  voltage,  current,  or  frequency  of  the 

electrical  signal.  Power  conversion  is  a  fundamental 

aspect of modern power supply design, as it allows us 

to adapt the electrical energy provided by the power 

source to the specific requirements of the load.

There are  a  variety  of  power conversion techniques, 

each with its own advantages and disadvantages. The 

most common power conversion techniques include:

1. AC-DC  Conversion: This  involves  converting 

alternating  current  (AC)  electricity  to  direct 

current  (DC)  electricity.  AC-DC  conversion  is 

typically  used  to  power  electronic  devices  that 
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require  DC  power,  such  as  computers, 

smartphones, and televisions.

2. DC-DC Conversion: This involves converting DC 

electricity from one voltage level to another. DC-

DC  conversion  is  used  in  a  wide  variety  of 

applications, such as voltage regulation, battery 

charging, and motor control.

3. DC-AC Conversion: This involves converting DC 

electricity to AC electricity. DC-AC conversion is 

used  in  applications  such  as  inverters,  which 

convert  the  DC  power  from  batteries  or  solar 

panels  into  AC  power  that  can  be  used  by 

appliances and devices.

4. AC-AC Conversion: This involves converting AC 

electricity from one voltage level or frequency to 

another.  AC-AC  conversion  is  used  in 

applications such as transformers, which change 

the  voltage  of  AC  electricity,  and  variable 
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frequency drives, which change the frequency of 

AC electricity to control the speed of motors.

The basic principles of power conversion are based on 

the laws of electromagnetism and the conservation of 

energy.  Power conversion circuits  typically consist  of 

passive components, such as resistors, capacitors, and 

inductors,  and  active  components,  such  as  diodes, 

transistors,  and  MOSFETs.  The  design  of  a  power 

conversion circuit depends on the specific application 

and the desired output voltage, current, and frequency.

Power  conversion is  a  critical  technology  in  modern 

power  supply  design.  By  understanding  the  basic 

principles of power conversion, engineers can design 

power  supplies  that  are  efficient,  reliable,  and  cost-

effective.
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Chapter  1:  Introduction  to  Modern 

Power Supply Design

3. Power Supply Topologies

Power  supply  topologies  refer  to  the  various  circuit 

configurations  used to  convert  electrical  power from 

one form to another. Each topology has its own unique 

characteristics, advantages, and disadvantages, making 

it suitable for different applications.

One of the most fundamental power supply topologies 

is  the  linear  regulator.  Linear  regulators  use  a  pass 

transistor to control the output voltage by dissipating 

excess power as heat. They are simple and inexpensive 

to  design,  but  they  are  inefficient  at  higher  power 

levels.

Switching  regulators,  on  the  other  hand,  use  a 

switching  element,  such  as  a  MOSFET  or  IGBT,  to 

control  the  output  voltage.  Switching  regulators  are 

more  efficient  than  linear  regulators,  especially  at 
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higher  power  levels.  However,  they  are  also  more 

complex and expensive to design.

Another  common  power  supply  topology  is  the 

transformer-based topology. Transformer-based power 

supplies  use  a  transformer  to  isolate  the  input  and 

output circuits and to step up or step down the voltage. 

Transformer-based  power  supplies  are  relatively 

simple and reliable, but they can be bulky and heavy.

More  recently,  resonant  converters  have  gained 

popularity  due to  their  high efficiency and low EMI. 

Resonant  converters  use  a  resonant  tank  circuit  to 

store  and  release  energy,  which  reduces  switching 

losses and improves efficiency.

The  choice  of  power  supply  topology  depends  on  a 

number of factors,  including the input voltage range, 

the  output  voltage  and  current  requirements,  the 

efficiency  requirements,  the  cost,  and  the  size  and 

weight constraints.
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In  addition to  the basic  topologies  mentioned above, 

there are also a number of specialized power supply 

topologies that are used for specific applications.  For 

example,  uninterruptible  power supplies  (UPS)  use  a 

battery  backup  to  provide  continuous  power  in  the 

event of a power outage. Power factor correction (PFC) 

circuits are used to improve the power factor of a load, 

which  can  reduce  energy  consumption  and  improve 

efficiency.

The selection of the appropriate power supply topology 

is a critical step in the design of any electronic system. 

By understanding the different types of power supply 

topologies  and  their  respective  advantages  and 

disadvantages, engineers can choose the topology that 

best meets the requirements of their application.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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