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Abstract 
The power supply designers choose flyback topology due to its promi s-

ing features of design simplicity, cost effectiveness and multiple outputs 

handling capability.  The designed product based on flyback  topolo gy 

should be smaller in size, cost effective and energy efficient. Similarly, 

designers focus on reducing the circuit losses while operating at high 

frequencies that affect the converter efficiency and performance. Based 

on the above circumstances, an energy efficient open loop high frequen-

cy flyback converter is designed and operated in MHz  frequency region 

using step down multilayer PCB  planar transformer. The maximum 

efficiency of 84.75% is observed and maximum  output power level 

reached is 22.8W. To overcome the switching losses, quasi-resonant soft 

switching technique is adopted and a high voltage CoolMOS power 

transistor is used.   

 

Keywords : Flyback Converter, Quasi-Resonant Soft Switching Tech-

nique. 
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Terminology/Notation 

 

AC   Alternating Current  

CCM   Continuous Conduction Mode  

 

CRM   Critical Conduction Mode  

 

DCM    Discontinuous Conduction Mode  

 

D   Duty Cycle  

 

DC   Direct Current  

 

EMC   Electro Magnetic Conduction  

 

EMI    Electro Magnetic Interference 

 

Fsw   Switching Frequency 

 

KHz    Kilo Hertz  

 

MHz    Mega Hertz 

 

MLPCB   Multilayer Printed Circuit Board  

MOSFET  Metal  Oxide Semiconductor Field Effect Transistor 

PCB   Printed Circuit Board  

 

PWM   Pulse Width Modulation  

 

SMPS   Switched Mode Power Supply  

 

TM   Transition Mode  

 

ZCS   Zero Current Switching  
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ZVS   Zero Voltage Switching  

 

SOIC   Small Outline Integrated Circuit  

 

DIP   Dual Inline Package 
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1 Introduction 
In the recent years transition in use from linear power supply to more 

practical switched mode power supplies has been observed. Linear 

supplies contain mains 50/60 Hz heavy transformer s having poor power 

conversion efficiencies. This can be compared with  the high efficiency 

and size compactness of SMPS. Moreover, high frequency switching 

mechanisms further reduces the size of passive components such as 

capacitor, inductor and transformers.  In the design process of SMPS, 

topology selection plays an important  role deciding how power is 

transferred. The transformer, capacitors, inductors and semiconductor 

devices are arranged according the specific topology  [1]. Similarly high 

efficiencies are achieved by selecting soft switching techniques that in 

result reduce the losses and increase the performance of the system.   

1.1 Background and problem motivation 

One of the demanding features of the latest designed power devices 

such as switched mode power supplies (SMPS) is size compactness. 

Designers focus on implement ing innovative ideas to achieve desired 

features with high efficiency. This research has been in progress for 

many years in the field of power electronics. The development of mult i-

layer coreless PCB transformers which are compact in size and highly 

efficient in the MHz frequency region are evaluated by being used in 

flyback converter design. Conventional transformers that are operated 

at a low frequency range are replaced by latest efficient and compact 

PCB transformers. The converter is designed and operated in the MHz 

frequency region and efforts are made to achieve maximum efficiency. 

Previously the high frequency flyback converter in the MHz frequency 

range has been implemented using 200V GaN power switches and 

planar transformers.  This converter, however, limits the range of input 

voltage to 70V maximum.   

Switching devices plays an important role in power converter s. In 

converter design and implementation an important  focus is on remov-

ing the switching losses by selecting suitable conduction modes. Similar-

ly , the range of input operating voltage is focused to increase by choos-

ing the switch having maximum range of drain to source thresh old 

voltage. A h ighly efficient converter can easily be predicted if switching 
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losses are removed that affect the performance of the converter. Soft 

switching techniques are adopted to turn ON the switch at the lowest 

drain voltage to minimize the switchin g losses.  

1.2 Overall aim 

The previously impl emented flyback converter using 200V GaN transis-

tor restricts the input voltage to 70V. However, high efficiencies are 

achieved using low input voltages . This limitation of input voltage 

needs to be investigated by introducing a high breakdown voltage 600V 

transistor. The projectɀÚɯÈÐÔɯÐÚ to design and implement  a DC-DC fly-

back converter that needs to be switched at higher frequencies in the 

MHz  region with high input voltage and higher efficiency using a PCB 

planar transformer . The main goal of this work is to investigate the 

possibilities to implement high frequency flyback converter that could 

be operated above 70V by using planar transformer . On basis of main 

goals and objectives this thesis leads to design and implement  high 

frequency flyback converter.  

1.3 Clear and Verifiable Goals 

The goals to achieve in this research are, 

¶ Investigate the possibilities to implement an open loop high 

frequency flyback converter above 70V using a planer trans-

former.  

¶ Completely analyse the behaviour of the converter using high       

breakdown voltage power MOSFET and practically veri fy the 

results. 

¶ Investigate the efficiency of the converter under different co n-

ditions while working  in range of high input voltages to 

achieve high efficiency.     

1.4 Scope 

The project has its focus on analyzing the behaviour  of the converter in 

respect of output power, efficiency and increasing the range of input 

voltage in an open loop circuit design. The converter application is 

completely based on DC to DC step down voltage conversion (depend-

ing on transformer turns ratio).   
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1.5 Outline 

Chapter 1: This chapter provides a brief introduction to the project, 

problem statement and aims to explain the purpose of the project, and 

the outline contains the report content and its organisation overview.  

Chapter 2: This chapter contains the background information related to 

power supplies and their types, continuous and discontinuous condu c-

tion modes, concepts of switching techniques and in formation about 

multilayer PCB transformer used in the project.  

Chapter 3: In this chapter, the methodology to implement soft switching 

techniques and high frequency switching are explained. Similarly the 

system design flow is explained in form of a flow chart in the end. 

Chapter 4:  The system design and implementation steps are explained 

in this chapter. Hardware design , starting from initial steps to final 

implementation and steps to make the system work are explained.  

Chapter 5: This chapter is based on final results and their explanation. 

The behaviour of converter system is analysed in-depth, and related 

results are also shown in the form of graphs.  

Chapter 6: In this chapter, conclusion and discussion regarding the 

project in question, is made. Achieved goals and further work , in the 

form of  future work , are highlighted.
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2 Theory 
Power supply unit is the main part of an electronic system converting 

the provided power to desired or usable form to the connected load. A 

sufficient amount of energy is consumed by the supply itself while 

performing the required task.  An  AC/DC supply converts 50/60 Hz AC 

line voltage to DC that is required for electronic equipment . Power 

supplies serve as the backbone of computer systems and communication 

systems by providing them with the required power.  Power supplies in 

electronic systems are divided in two types, linear and switched mode 

power supply (SMPS).    

2.1 Linear Power Supply 

The electricity distributed to homes and industry is in the form of AC 

power that needs to be converted to DC power according the require-

ment of many electrical devices. Linear power supplies are conventional 

supplies used to convert main AC supply to rectified and filtered DC 

voltage. Due to heat dissipation of energy, the converted power is less 

than the supplied input power.  The block diagram shown in Figure 1 

below explains the basic steps of conversion. The transformer is the 

main block of power supply design  which  is given main AC supply as 

input. T he transformer steps down the input voltage to a suitable level 

of voltage which is passed to the next phase known as rectification. In 

this section, the AC power is converted to DC and filtered. Finally the 

rectified voltage is regulated to a certain fixed le vel, even in variable 

input voltage and output current level variations.  

 

Figure 1: Block diagram of l inear power supply  
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2.2 Switched Mode Power Supply 

Considering the multiple DC voltage levels required by many electronic 

devices, designers need a way to convert the standard power source 

potentials into the v oltages dictated by the load  [2]. The voltage level 

required by the attached load requires a system that could provide 

regulated supply at an appropriate level , and this conversion should be 

made through an efficient process. The latest technology devices de-

signed to perform efficiently in different areas require a reliable power 

source. Switched mode power supplies are designed to convert supplied 

AC or DC to an appropriate DC level , mostly for applications requiring  

low power. Unlike linear regulators they are low in cost, suitable in size 

and weight with high overall performance. A block diagram of a 

switched -mode power supply circuit is shown in Figure 2.  

 

 
 

Figure 2: Block diagram of switched -mode power supply   [3] 

The functionality of SMPS is divided in two main parts : power circuit 

and control unit.  The power circuit  consists of a switch device which  is 

the main part of a supply design. The provided input supply is rectified 

and given to the switch. The switch works on gate signal having high 

frequency provided by the control unit to transfer the power from input 

to output. Switching frequencies are in  the range of kHz to MHz which  

is the main reason for  size reduction of passive components such as 

capacitors, inductors and transformers. Similar steps are taken to reduce 

the losses generated by the increasing of switching frequencies. 

 

The control u nit  controls the output voltage supplied to load by provi d-

ing high frequencies to the switch. The signal provided to the gate of 
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switch is a pulse width modulated (PWM) signal having a frequency 

that decides the switchɀÚ ON and OFF duration.  

 

2.3 DC-DC Power Converter 

Power converters play an important  role in converting supplied power 

to the required power by circuits. The power requirement of the latest 

technology devices that mostly contain sub-circuits need to be fulfilled 

efficiently due to their own separate  voltage requirement. The source of 

power supplied to laptop computers and cellular phones are batteries, 

and this supplied power is further converted to an appropriate level 

according the requirement of  the sub-circuits performing separate 

operations. DC to DC power converters make an electronic circuit used 

to convert one DC voltage level to another. In the following sections , DC 

to DC converters and its types are explained in detail. 

2.3.1 Boost Converter 

A boost converter or step-up converter is a type of DC to DC converter 

used to convert DC input voltage to a level higher than the supplied 

input voltage. Switched -mode power supplies follow the boost 

converter topology , which makes one of the common examples of non-

isolated switched-mode power supplies. The converted output voltage 

is supplied to connected load after passing through different stages of 

switching, storage and filtering. The boost converter contains an 

inductor, a capacitor, a transistor and a diode as main components. A 

typical boost converter is shown in Figure 3. 
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Figure 3: Boost converter basic schematic with parasitics   [4]  

When the switch is closed the diode acts as a reverse biased resulting in 

an open circuit. In this state, no current is flowing due to the open circuit 

and output capacitor provid ing energy to the load. The working 

principle of the boost converter is same as the flyback converter. The 

energy is stored during the ON -time of the switch and delivered to load 

during the OFF-time. When the switch is in OFF-state, the diode acts as 

a forward biased to provide the energy stored in the previous ON -cycle.  

 

The relation between input and output voltages are explained in the 

simplified equation below.  

 

Vin
D

Vout ³
-

= )
1

1
(

                                                  
(1) 

The output voltage is delivered to the load depending on the duty cycle 

Ɂ#ɂɯÞÏÐÊÏɯËÌÊÐËÌÚɯÛÏÌɯ.-ɯÈÕËɯ.%%ɯÐÕÛÌÙÝÈÓÚɯÖÍɯthe switch. In Figure 3 

above, parasitics related to the passive components are included.  
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2.3.2 Buck Converter 

Switched mode power supplies are based on buck converter topology 

when high input voltages are intended to be converted to low output 

voltage. A buck converter is also a non-isolated converter like a boost 

converter and known as a step-down converter due t o its ability to  

convert high input voltage to low output voltage. A t ypical buck 

converter is displayed in Figure 4. 

 
Figure 4: A b uck converter basic schematic  [5]  

The equivalent series resistance due to capacitor C and DC resistance 

due to inductor L shown in the figure are included for analysis. The 

switch Q1 provides current to the load depending on  the switching 

states ON and OFF. Due to the switching phenomenon low amount of 

energy is dissipated in the switch. When switch Q1 is ON , the current to 

the load is provided by inductor L. The current at the inductor rises 

linearly due to the supplied volt age. This rise in current is explained in 

the following equation   [6], 

 

L

VoVi

T

I -
=

D

D
                                                      (2) 

                           

 

The current provided by inductor L under goes a smoothing process by 

capacitor C, hence converting the provided current in to smooth voltage 

provided to the load. In this cycle , diode D1 acts as a reverse biased that 

leads to an open circuit , and no diode is considered in equivalent circuit. 

In the OFF-state the inductor continues providing current to the load 

until the inductor current falls after  the magnetic field collapses. The 

following equation describes the current fall : 
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L

VDVi

T

I 1+
=

D

D
                                                               (3) 

The voltage across the inductor is reversed in this cycle. Diode D1 starts 

conduction as forward biasing and provides a path to the inductor 

current.   

2.3.3 Flyback Converter 

The flyback converter is a type of DC to DC converter preferred by 

designers due to it being an electronic isolator and its buck boost 

topology. In power supply design , the flyback is the most famous 

topology for low -power applications. The flyback circuit provides an 

output power  of up to 100W maximum , as far as low-power 

applications are concerned [7]. The other features that make the flyback 

topology a good choice are simplicity in design, it is cost effective and it 

is able to handle multiple outputs. Applications include both AC to DC 

and DC to DC conversion, switch -mode power supplies, computer 

monitor, laptop adapter and power conversion for devices used in 

telecommunication. Major factors that degrade the performance of the 

converter are high ripple currents, h igh input and output capacitances 

and EMI. A t ypical flyback converter i s shown in Figure 5. 

 

 

 

 
Figure 5: Flyback converter  [8]  

The primary and secondary windings of the transformer act as a cou-

pled inductor and do not carry current simultaneously , which makes a 

flyback transformer diffe rent to a normal transformer   [7]. 
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The flyback converter basically has two operating modes based on the 

switch modes as ON and OFF. The voltage supplied to the transformer 

primary is the main input voltage Vin. The input voltage is connected to 

the primary winding when switch S turns ON. In this mode of operation  

the secondary diode acts as an open circuit due to reverse polarity and 

output voltage being supplied to the load by the output capacitor. The 

induced voltage in the secondary causes the diode to behave as an open 

circuit resulting in reverse polarity , i.e. when the primary conducts , the 

secondary remains isolated and does not conduct. The initial working of  

the converter in switch ON state is shown in Figure 6. Conducting paths 

are shown by arrow signs defin ing the direction of current   [7]. 

 

 

 
Figure 6: Converter operation in the  switch ON state  [7] 

The primary current starts rising linearly when input voltage is applied 

across the primary winding. In this mode the primary voltage can be 

expressed in equation 
                                                    VinVpri=  (4) 

According to the figure above, conducting paths show the direction of 

the current flow in both primary and secondary, it is clear that the 

current flow in the secondary is across the output capacitor and l oad. 

This load is energized by the capacitor only as the secondary diode acts 

as an open circuit which resulted in the secondary causing the reverse 

polarity  due to the induced voltage . The established primary current 

when the switch is ON is responsible for link ing both windings , and the 

current in the secondary winding is blocked due to the open circuit 

behaviour  of diode. The primary current is explained a mathematical 

expression form in the following equation : 

 
                                        IpridtdLpriVin ³³= )/(   (5) 
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Lpri  is the primary winding inductance and  Ipri is the primary current.  

 

An equivalent circuit explaining the mentioned phenomenon is shown 

in Figure 7.  The short circuit section replaced the switch at primary and 

the open circuit at the secondary side replaced the diode.  

 
Figure 7: Equivalent circuit in the  switch ON state  [7] 

The secondary voltage across the secondary winding is  

2

1
sec

N

N
VinV ³=                                                    (6) 

                    

The voltage across the secondary diode (which acts as an open circuit 

resulting in no conduction path) is said to be voltage stress which  is 

mathematically expressed as  

2

1

N

N
VinVoutVdiode ³+=                                               (7) 

The turns ratio expressed as N2/N1 has N2 as the number of turns at 

primary and N1 represents the secondary winding turns. Vout is the 

output voltage across the load and Vin is the supplied DC voltage at 

primary.   

 

The circuit behaviour  when the power switch is ON is explained in 

detail above, while operation in the OFF state of the switch is explained 

below.  
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The diode connected in series with the secondary winding starts 

conducting as a forward bias as switch S switches from the ON state to 

OFF. According to the previous voltage polarity in which the secondary 

diode acts as an open circuit due to reverse voltage polarity , is now 

reversed, hence making the secondary diode the forward bias and 

conducting. The secondary winding current that was blocked in the ON 

state of the switch due to the non-conducting behaviour  of the diode 

rises from zero to a value immediately after turning the switch OFF . 

The secondary current is mathematically expressed as:  

2

1
sec

N

N
IpriI ³=                                              (8) 

                  

The flow of current when the switch is OFF is shown in Figure 8. Bold 

lines with arrows  indicat e the current direction.  

 

 
Figure 8: Converter operation in the  switch OFF  [7] 

The output capacitor in this state is charged by the secondary winding 

current which is allowed by the diode acting as forward bias. The output  

capacitor voltage does not change in the single switching cycle . 

However, it changes to steady state with a number of switching cycles. 

If the same amount of energy is supplied to the load as is provided by 

the secondary winding , then the capacitor voltage magnitude is 

stabilized. The switch voltage and current with diode current 

waveforms are shown in Figure 9. 
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Figure 9: Flyback converter waveforms  [9] 

The primary current gradually starts increasing when the switch is in 

ON state and the diode current starts increasing from zero when switch 

changes to OFF state. The flow of secondary current is made only due to 

the conduction of the diode. The secondary current is expressed in 

mathematical form in Equation 8. The diode current in this state decays 

in a linear way. This linear decrease of diode current is explained in 

Equation (9) as 

sec)(sec I
dt

d
LVout ³-=                                           (9) 

Lsec is the secondary inductance and Isec is the secondary current where 

Vout is the output voltage.  

 

The equivalent circuit of the switch OFF state is shown in Figure 10.  In 

this state the secondary starts conducting while the primary side stays 

OFF. The switch changes its state from ON to OFF, hence behaves as an 

open circuit.  
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Figure 10: Equivalent circuit in  switch OFF state  

The diode at the secondary starts conducting and is replaced by a short 

circuit in the figure. The bold section of in the figure shows the 

conduction path. Switch voltage in this state is the sum of input voltage 

and reflected back output voltage and measured as drain to source 

voltage across switch. Typical waveform of switch voltage is shown in 

the figure  and expressed in the equation as 

)
2

1
(
N

N
VoutVinVsw ³+=                                             (10) 
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2.4 Conduction Modes 

The energy stored in the transformer primary is transferred to the 

secondary winding in the OFF state of the switch. This energy transfer 

mechanism is divided in two  main modes as continuous conduction 

mode (CCM) and discontinuous conduc tion mode (DCM)   [10]. 

2.4.1 Continuous Conduction Mode (CCM)  

The complete transfer of energy is not carried out  in this mode , as a part 

of the energy remains in the transformer until the next ON cycle starts. 

The energy provided to the load, which was initially stored in the trans-

former primary , is not the same as stored, however, the load is ener-

gized with most of the stored energy and the rest of the energy remains 

in the transformer at the beginning of the next ON cycle. The waveforms 

in the relevant mode are displayed in Figure 11. 

 

Figure 11: Continuous Conduction Mode operation  [10] 

The switch voltage that is the sum of the input applied voltage and 

reflected back voltage is analyzed as Vdrain and is clearly visible in 

Figure 11. Depending on the gate signal that turns the MOSFET ON and 

OFF, drain voltage and diode current build at the OFF-cycle of the 

switch. The primary current at primary inductor starts rising from  the 

moment the switch turns ON. The primary current reaches the value of 

Ip starting from Io. This can be written in equation form of as 



Design and Implementation of a 

High Frequency Flyback 

Converter  

Nisar Ahmad  

 2 Theory  

2015-03-17 

 

16 

)()( TD
Lpri

Vin
IoIp ³³=-                                                   (11) 

The duty cycle represented as D where T is the time period of the 

switching cycle. The reflected secondary voltage measured when the 

switch is in the OFF-state is described in an equation with relation to 

output voltage, turns ratio and duty cycle.  

)1()
2

( DVo
N

Ni
DVin -³³=³                                             (12) 

The output voltage can be can be simplified as, 

)
1

()
1

(
ND

D
VinVo ³

-
³=                                               (13) 

 

Similarly , the duty cycle from the equation above can be equated as, 

Vin

DVo
N

N

D

)1()
2

1
( -³³

=                                             (14) 

The relation  is the reflected secondary voltage at primary 

winding measured when the switch is OFF. The inductance value in the 

CCM operations is large, however, the ripple current value is small   [10]. 

2.4.2 Discontinuous Conduction Mode (DCM) 

In this energy transfer mode when MOSFET turns ON , the primary 

current starts rising from zero to peak value. The peak current in DCM 

could be twice or more to CCM peak current. Following the same steps 

of energy storage mechanism as CCM, energy is stored in the primary 

winding until the switch is in the ON-state. During the  ÚÞÐÛÊÏɀÚ OFF-

period , complete transfer of energy is made, which  was stored during 

the ON-state. From Figure 12, it is clear that the secondary current goes 

to zero until next the ON-cycle appears  [10]. 
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Figure 12: Discontinuous Conduction Mode operation  [10] 

This mode of operation conducts a high peak current , compared to the 

CCM operation. DCM is preferred for low current and high voltage 

applications. The major factors that are responsible for voltage 

conversion ratio are ËÜÛàɯ ÊàÊÓÌɯ ȿ#ɀȮɯ ÚÞÐÛÊÏÐÕÎɯ ÍÙÌØÜÌÕÊàɯ ȿ%ÚÞɀȮɯ

ÊÖÕÕÌÊÛÌËɯÓÖÈËɯȿ1ÓɀɯÈÕËɯ×ÙÐÔÈÙàɯÐÕËÜÊÛÈÕÊÌɯȿ+×ɀȭ The output voltage 

relation to the major factors can be written as, 

)
2

(
FswLp

Rl
DVinVo

³³
³³=                                       (15) 

ȿ+×ɀɯÐÚɯÛÏÌɯ×ÙÐÔÈÙàɯÐÕËÜÊÛÈÕÊÌȮɯȿ1ÓɀɯÐÚɯÓÖÈËȮɯÈÕËɯȿ%ÚÞɀɯÐÚɯÛÏÌɯÚÞÐÛÊÏÐÕÎɯ

frequency and D the duty cycle. Similarly , dut y cycle variable D can be 

equated as, 

)
2

()(
Rl

FswLp

Vin

Vo
D

³³
³=                                             (16) 

Due to high ripple current , less inductance value is required for the 

DCM converter design , while high inductance value is needed for CCM 

design operation. A l ow inductance value leads to a reduced size of the 

transformer. High ripple current on both sides of the primary and 

secondary could affect the output voltage and overall  efficiency of the 

converter  [10].   
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2.5 Switching Techniques 

The operation of a flyback converter depends on the switching 

technique adopted, which is responsible for the performance, behaviour 

and efficiency of the converter. Switching techniques followed by the 

converters are categorized as hard switching and soft switching.  

2.5.1 Hard Switching 

PWM converters are conventionally operated in the hard switching  

technique. The overlap between MOSFET current and voltage during 

the transition state from ON to OFF and vice versa is known as hard- 

switching , and a converter operated in this mode is said to be a hard 

switched converter.  

 

2.5.1.1      Hard Switching Issues 

In this method abrupt change in current and voltages from highest to 

lowest value and vice versa associated to switch generate switching 

losses and interference. The parasitics involved in switching losses are 

transistor output capacitance, transformer leakage inductance, diode 

reverse recovery and diode capacitance. The transistor output 

capacitance energy before the transistor turns ON can be expressed as    

 [11], 

2)
2

1
( VoffCoWco ³³=                                       (17) 

                                             

Wco is referred to as output capacitance and Voff is the switch OFF-state 

voltage. The energy stored in output capacitance of the switch equated 

in Equation 17 relates to the OFF-period of the switch. This energy is 

converted to switch loss when switch turns ON and Equation 17 can be 

simplified as,  

FswVoffCoPsw ³³³= 2)
2

1
(                                    (18) 

                   

Fsw is the switching frequency. Hard switching behaviour  and switching  

losses are shown in Figure 13. 
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Figure 13: Hard switching and its losses  [12] 

The ringing issue in the converters is created by the resonant circuit 

formed by transformer leak age inductance with transistor diode and 

output capacitance. The overlap between switch current and voltage is 

clearly visible in Figure 13, which  is the main reason for switching and 

conduction losses. These switching losses affect the performance of the 

converter by creating a heating problem and MOSFET stress, which 

results in a reduction of  the efficiency of the converter. Similarly , high 

rate of change in current and voltage gives uncontrollable results in 

electromagnetic interference (EMI). The problems related to hard 

switching need to be overcome by adopting another switching technique  

kÕÖÞÕɯÈÚɯɁsoft sÞÐÛÊÏÐÕÎɂȭɯ 

2.5.2 Soft Switching 

The switching and EMI losses are reduced resulting in increase in 

efficiency and improved behaviour of the converter. The switching 

device turns ON or OFF at zero current or zero voltage leads to 

eliminat ion of  the switching losses. This is made possible by increasing 

the switching frequency that reduces the size of the converter. Similarly 

the harmonics associated with voltage and current are reduced resulting 

in lower EMI losses  [11]. Soft switching is categorized as zero current 

switching (ZCS) and zero voltage switching ( ZVS). These techniques are 

explained in the sections below. 



Design and Implementation of a 

High Frequency Flyback 

Converter  

Nisar Ahmad  

 2 Theory  

2015-03-17 

 

20 

2.5.2.1      Zero Current Switching 

In ZCS technique the switch turns ON and OFF at zero current. As the 

device turns ON or OFF at zero current the product of the device 

voltage and current during transition is zero , which eliminates the 

switching losses. The current waveforms are smoothened by 

introducing resonant elements , networks having a capÈÊÐÛÖÙɯȿ"ɀɯÈÕËɯ

ÐÕËÜÊÛÖÙɯȿ+ɀ  [13].  

 

2.5.2.2     Zero Voltage Switching 

Turning the switch ON at higher voltages generates switching noise 

which results in high noise generation and switch circuitry problems. In 

ZVS the switch turns ON when the drain to source voltage reaches zero, 

which is also said to be zero voltage switching  [13]. To obtain the con-

verters working on ZVS technique , resonant capacitor Cr is connected in 

parallel to the switch and resonant inductor Lr in series with the parallel 

circuit  of capacitor and switch. The resonant capacitor Cr absorbs the 

output capacitance Co which causes ripples in combination with the 

primary leakage inductance. The power MOSFET itself contains an 

antiparallel diode which blocks the negative voltage by less than -0.7V. 

As the switch allows only voltage in one direction and blocks the neg a-

tive voltage until it reaches the specified level, therefore this switch acts 

as unidirectional for voltage an d bidirectional for current   [11]. This 

methodology is preferred for high frequency applications. The parasitic 

capacitance across the switch stores energy when the switch is OFF and 

releases this stored energy during the ON-cycle. This issue of interfer-

ence is solved using the ZVS converters at high frequencies  [14].
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3 Related Work 
The flyback converter has been implemented using differ ent methods 

depending on application. The converter applications relevant for cu r-

rent thesis work are presented here.  

Zhang et al  [15] found that during the on -time of the switch energy is 

stored in magnetizing inductance, which is completely discharged when 

the switch is off. Secondary current is observed to reach zero before the 

starting of the switch. Measurement points for efficiency plots are co l-

lected at valley points of drain voltage. In this application variable 

frequency DCM flyback converter was perceived as suitable for syn-

chronous rectification, and efficiency improvement of 2% to 4% was 

observed. Converter applications have been made using a universal 

input voltage range with an output of 15V/36W flyback prototype.  

H.B. Kotte et al  [16] implemented a ZVS flyback converter application 

by using a coreless multilayer printed circuit board (PCB) step -down 

power transformer. Converter losses are minimized using ZVS tech-

nique to improve the performance of the converter, which  makes soft 

switching more suitable compared to a hard switched converter. Input 

voltage varies from 25V to 40V DC and the output power of the con-

verter is adjusted to 10W. The converter is switched in a range of high 

frequencies in the range of 2.7MHz to 4.3MHz. Output voltage and 

power are maintained to 13V and 5.7W while varying the input voltage.  

Another application includes design guidelines for the flyback converter 

for the next generation of high power de nsity adapter applications. L 

Huber and M. M Jovanovic  [17] worked on the Notebook AC/DC 

adapter/charger application. Mathcad based design optimization sof t-

ware tool is used in the design process. Analytical based analysis and 

design optimization tools are required to fulfil the component loss 

estimation due to the small value of output power. The flyback topology 

in this design is preferred due to its low component  count and it being 

suitable in low -power applications. The software helped to calculate the 

loss components, such as switching losses, output filter loss, secondary 

side losses and transformer core/copper losses. High break down volt-

age 600V power MOSFET is used in the application. From experimental 

results maximum drain to source voltage was observed as 550V with 
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385VDC input voltage range. The efficiency in DCM while operating in 

the RCD clamp circuit is observed as suitable. In lower switching fr e-

quencies, the RCD clamp flyback charger/adapter are suggested as 

efficient, however, in the higher frequency range of 300-500 KHz, active 

clamp flyback topology is suggested. 

To achieve efficient and high power density converters , the use of high 

power density transformers and their applications in the high frequency 

range has become inevitable. The increase in switching frequency leads 

to avoidable increase in a series of losses in form of copper losses, core 

losses and dielectric losses. These parasitic elements badly affect the 

performance of converters, hence reducing the efficiency at the end. To 

remove the losses that are the causes of performance and efficiency 

degrading, a transformer having minimum copper and core loss has to 

be designed. Hari Babu Kotte et al  [18] implemented a series resonant 

converter using a multilayer coreless PCB transformer. The design 

characteristics of the multilayer PCB transformer and its applications in 

research work have been presented briefly. The alteration in design 

parameters to achieve the desired goal is at best a part of research in 

power electronics. The switching frequency range used in conventional 

converters is in hundreds of kHz. The reason for this limitation to the 

kHz range is non-availability of high energy efficient transformers. 

Hybrid power transformer with an efficiency of 98% to be operated in 

the frequency range from 3 to 5MHz has been designed, which could be 

used in power transfer applications up to 50W. The transformer core is 

designed to increase the frequency application range to 10MHz.  

 

A four  layer transformer is designed so that it has two primaries on first 

and fourth layers  and its secondary is sandwiched between the two 

primaries to ensure better coupling between the windings. The number 

ÖÍɯÛÜÙÕÚɯɁ-ɂɯÐÕɯÌÈÊÏɯÓÈàÌÙɯÐÚɯƕƖɯÞÐÛÏɯÈɯÛÙÈÊÒɯÞÐËÛÏɯÖÍɯƔȭƗƘÔÔɯÈÕËɯÈɯÛÙÈÊÒɯ

separation of 0.17mm. The two primaries of the first and fourth layers 

are connected, which makes the total number of primary turns 24. Two 

windings are paralleled that makes six number of turns as it is required 

to carry a large amount of current in secondary windings as compared 

to the primary. This makes a 12:6:6:12 primary -secondary-secondary-

primary (PSSP) structured multilayer coreless PCB centre-tapped power 

transformer. Copper losses are dominant in coreless PCB transformers, 

it is recommended to have lower AC resistance to reduce the losses. 

Therefore PSSP structure is preferred over SPPS in the design process.  
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Cross-sectional view and 3D view of planar transformer is shown in 

Figure 14. 

 
Figure 14: (a) Cross-sectional view and 3D view of coreless PCB transformer. (b) 

Three dimensional view of multilayer coreless PCB power transformer PSSP 

structure  [18] 

 

 

 

Table 1: Transformer Construction Parameters  

 

Height of copper   

Track 

 

Thickness of 

substrate 

Inner 

 radius 

Outer 

radius 

70um 0.4mm 4.5mm 10mm 

 

Radhika Ambatipudi et al  [19] designed and implemented a high 

performance planar power transformer in the MHz frequency range for 

the next generation SMPS. The designed POT core consists of 

outstanding shielding character istics as the EMC requirements in the 

MHz frequency range is better than that of other cores. The design of the 

custom-made POT core is displayed in Figure 15. 
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Figure 15: POT core design  [19] 

The dimensions of the designed POT core are displayed in Table 2. The 

parameters are distance (d1, d2, d3), length (l), height (h1, h2), centre (c), 

over all diameter (D1) and height (H1), ef fective length and area of cross 

section as le and Ae and core volume as Ve. 

 

 

 

 

 
Table 2: Dimensions of the designed POT core 

Dimensions of the designed POT core 

Distance(mm) Height(mm)  Length 

l(mm)  

Centre 

c(mm) 

D1(mm) H1(mm)  Le(mm) Ae(mm²) Ve(mm³) 

d1 d2 d3 h1 h2 

16 14 6 2.5 1.2 4 3 16 2.5 15.3 30.3 464 

 

A multi -layer planar PCB transformer with POT core showing top and 

bottom views are displayed in Figure 16. The designed planar 

transformer is the main component of the converter circuit whose 

primary is connected to components having common ground , and the 

secondary is providing the converted voltage to the load having 

separate ground. 
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Figure 16: Multilayer PCB Transformer (centre) with POT  core 
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4 Methodology/Model 
To accomplish the main goals of the thesis, different methods are adopt-

ed. The main three methods adapted to design and implement the 

converter are categorized as background study of converters and theo-

retical calculations to design the circuitry for converter, PCB design and 

implementation by integ rating converter using planar transformer and 

controlling the switch.  

4.1 Converter Circuit Design 

The theory and concepts related to the SMPS and flyback converter are 

covered as the first step of thesis. The converter circuitry is designed by 

dividing the circuit in main modules such as power supply section, 

control section, switching circuitry and planar transformer circuit se c-

tion. These sections contain a network of components and values for 

these components are selected by theoretical calculations. 

4.2 PCB Design for Converter 

Designing the two layer -PCB for the converter is the main and first step 

toward project accomplishment. This design includes the separate 

power supplies for the gate driver IC and the transformer. For this 

purpose, two separate connectors are placed in the design. The supplied 

input voltage from both power supplies need to be filtered before ene r-

gizing the components. The output load is selected with maximum 

power handling capability. In the design the switch is the main comp o-

nent that needs to be operated safely to avoid device failure. The con-

troller selection needs to fulfil high switching frequency and voltage and 

current mode control for feedback applications. The component selec-

tion is made based on size compactness, cost effectiveness and perfor-

mance.    

4.3 Switch Control using dsPIC Processor 

The control section handles the operations of the system by generating a 

control signal that drives the switch. Therefore an appropriate control 

signal is required to drive the system to achieve the desired conduction 

mode. It consists of a digital signal processor (DSP) and a MOSFET gate 

driver that makes the control signal suitable as required by the switch. 

The pulse width modulation (PWM) signals are generated by the micr o-
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controller from the PWM channels having a resolution of 1.04ns. The 

main attributes of the PWM signal such as duty cycle and frequency 

needs to be altered from the microcontroller to achieve high frequency 

switching. High frequency switching has become possible due to the 

availability of the latest technology power MOSFET. The main purpose 

of the thesis is to increase the range of input voltage that was previously 

maintained at 70V. For this purpose the CoolMOS power MOSFET has 

been selected due to benefits such as fast switching, low conduction and 

switching losses, compactness and high breakdown voltages. The 

MOSFET selected for the converter application is IPL60R385CP which 

has breakdown voltage VDS of 650V and RDS(ON) ÖÍɯƔȭƗƜƙȋ  [20].  

4.4 Converter Integration by Utilizing Planar Transformer 

The converter integration needs PCB component soldering, control 

signal generation by programming and external power supplies conne c-

tion (included in the design) which finally makes a system work. PWM 

signal attributes such as frequency and voltage need to be analysed at 

the microcontroller (PWM) pins. Planar PCB transformer is selected and 

used in the converter design. Gate and drain voltage signals are the 

main focus of analysis in this thesis. To operate the MOSFET safely and 

avoiding switching losses, the duty cycle value needs to be kept low. 

While working on a higher range of input voltages, the main problem 

that occurs is overheating, which causes device failure. To avoid device 

failure the temperature of the converter circuit needs to be analysed 

using IR camera. The output parameters are measured and efficiency is 

calculated by measuring values of output voltage Vout. A four -channel 

oscilloscope is used to measure the waveforms. The signals measured 

are input voltage (Vin), drain to source signal (Vds) and gate to source 

signal (Vgs). Input power is calculated by multiplying two separately 

measured values Vin and Iin. Output power i s calculated by measuring 

the output voltage across the load and dividing measured voltage by 

load value. 
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5 Design and Implementation 
The steps followed to design and implement the flyback converter are 

presented in this chapter.  

5.1 Converter Main Modules   

The system block diagram shows the main components used in the 

project. Block diagram of the system is the initial step that leads to 

design and implementation phase.    

 

Figure 17: System block diagram  
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5.2 Converter Hardware Design 

In this section the flyback converter hardware components are present-

ed briefly with specifications.  

5.2.1 dsPIC33FJ16GS502 Microcontroller 

The microcontroller used in the project is a 16-bit Microchip 

dsPIC33Fj16gs502. PIC microcontrollers are preferred in control applica-

tions due to certain features such as power efficient, faster and cheap. It 

supports up to four PWM pairs with independent timing having a 

resolution of 1.04ns. The various PWM modes supported by the micro-

controller are complementary, push pull, central aligned and true ind e-

pendent mode. This microcontroller consists of advanced analog fea-

tures of high speed ADC module and fle xible trigger configuration for 

ADC conversions. It has PWM support for DC/DC, AC/DC, PFC, I n-

verters and lighting applications. To operate the converter in the range 

of high frequencies with stability, pic microcontroller is selected. In this 

project 28 pins SOIC design is used and pin diagram is displayed in 

Figure 18.  

 

Figure 18: dsPIC33FJ16GS502 pin diagram  [20]  

5.2.2 Gate Driver 

The transistor functionality basically depends on the gate drive signal 

having sufficient voltage to turn the gate ON. The PWM signals gene r-

ated by the microcontrollers do not contain the sufficient current value 

required to turn it ON and work properly. This weak s ignal affects the 

performance of the device by loss of power and slow switching. The 

main drawbacks includes overheating and high current draw which 

leads to the device malfunctioning and damage to the hardware. To 

fulfill the requirement of switch drive a nd make the switch work 
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properly we need a gate driver that accepts low power input from the 

microcontroller and converts it to a suitable high current gate drive 

signal required by the MOSFET  [21]. The gate driver selection is made 

by selecting LM5114 which is suitable for flyback applications. The pin 

diagram is displayed in Figure 19. Each resistor is connected with 

P_OUT and N_OUT pins that are finally connected to the gate of the 

transistor by a single connection.  

 

Figure 19: Gate driver LM5114 pin diagram   [22] 

5.2.3 CoolMOS IPL60R385CP Power MOSFET 

The CoolMOS power transistors are preferred due to their high perfo r-

mance, compactness and low switching losses. Other prominent features 

that designers prefer are increased power density, smooth switching 

waveforms and short commutation loop. The high breakdown voltage 

of 650V in this MOSFET allows including this product in high voltage 

applications. The MOSFET pin diagram and internal circuitry are di s-

played in Figure 20. 

 

Figure 20: CoolMOS IPL60R385CP pin diagram  [23] 
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5.2.4 Transformer and Load 

The design specifications and background information of the multilayer 

PCB planar transformer used in the project is described in the theory 

section. The PCB transformer is made suitable for application by solde r-

ing Schottky diode and capacitors are displayed in Figure 21. Similarly, 

the POT core is adjusted and connected on both sides making a pair of 

cores. Finally, the PCB transformer is connected to the main PCB as the 

main part of the converter design.  

 

 

Figure 21: Transformer top and bottom view after soldering components  

The load for converter is selected based on maximum power capability. 

For this purpose rheostat is usÌËȮɯÏÈÝÐÕÎɯÈɯÔÈßÐÔÜÔɯÙÌÚÐÚÛÈÕÊÌɯÖÍɯƙƔȋȭɯ

This variable resistor is used in the project for different values of r e-

sistances.  

5.2.5 Circuit and PCB Design for Converter 

In the design section, a block diagram is initially created for the conver t-

er having all major modules such as control, switching and power 

sections. These main modules need to be implemented in a circuit, 

therefore a circuit is designed containing all components. 

5.2.5.1 Circuit Design 

The circuit design is started from the control section that includes mi cro-

controller dspic33fj16gs502 as main component. According to the pin 

configurations in the datasheet, their relevant components are placed in 

the design. Power supply to the microcontroller is made possible 

through PICkit programmer. The required connect ions to be used are; 

supply voltage, PWM signal, leds, programming connections, supply 

filtering networks and feedback drive signals. The voltage supply to 

Top View  Bottom View  



Design and Implementation of a 

High Frequency Flyback 

Converter  

Nisar Ahmad  

5 Design and Implementation  

2015-03-17 

 

32 

drive the IC is made optional as there were two supply connections: 

internal and external. Internal voltage supply is made available through 

programmer and externally, the power supply is connected to supply 

5V that is dropped to the required 3.3V voltage by including two diodes 

in series. Later, because of the gate drive high voltage requirement, an 

external supply option to the MCU is removed to make it dedicated to 

the gate driver, leaving the only internal supply an option for the MCU.  

 

Figure 22: MCU power supply connection  

The filtering capacitor  C12 is included to remove high frequency com-

ponents. The PWM signal is generated to feed the gate driver to make it 

suitable for the switch, to improve switching. The pin selection for the 

PWM source is displayed in Figure 23. 

 

Figure 23: PWM pin selection  

In the design two leds are placed to verify the PWM signal generated. 

These leds will glow when a  PWM signal is generated. As there is only 

one PWM source, PWM1L on led is dedicated for this purpose. Circuit 

diagram for leds is displayed in Figure 24.  



Design and Implementation of a 

High Frequency Flyback 

Converter  

Nisar Ahmad  

5 Design and Implementation  

2015-03-17 

 

33 

 

Figure 24: Circuit diagram for leds connection 

The values of the two resistors R19 and R20 are selected depending on 

the ledsɀ required current.  The relation used to find the values for the 

resistor is, 

led

mcu
led

I

V
R =                                                  (19) 

The PWM signal is provided to the gate driver. Gate driver LM5114 is 

driven from an external power supply making the gate signal suitable to 

ËÙÐÝÌɯÛÏÌɯ,.2%$3ȭɯɯ2ÐÔÐÓÈÙÓàȮɯÛÏÌɯÓÖÞɯÝÈÓÜÌɯÎÈÛÌɯÙÌÚÐÚÛÖÙÚɯƕƔȋɯÍÖÙɯboth 

resistors are added to the design to control turn-on and turn -off speed of 

the gate signal. The gate driver circuit is displayed in Figure 25. 

 

Figure 25: Gate driver circuit  

This energized signal is then provided to  the swit ch. The connection 

diagram shows the switch pins connection. The drain is connected to the 
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transformer primary side. The gate of MOSFET is connected to the gate 

driver. The circuit diagram is shown in Figure 26. Resistor R9 is the 

shunt resistor used to pass maximum current. The value for this resistor 

is selected using Equation 21 and the low value resistor is placed.  

 

Figure 26: MOSFET circuit  for converter  

5.2.5.2 PCB Design  

In the converter design phase, a two-layer PCB is designed to fulfil the 

project requirements. The layout is displayed in F igure 27. Starting with 

the microcontroller unit, a 28 -pin small outline integrated circuit (SOIC) 

is preferred due to its size compactness, compared to a dual inline 

package (DIP).     
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Figur e 27: Designed PCB layout  

The designed PCB has two separate grounds to fulfill the transformer 

primary and secondary isolation requirement. The printed PCB used in 

the project for the converter design is displayed in F igure 28. Complete 

component soldering according the task are mentioned and related 

figures are displayed in later sections.  
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Figure 28: PCB with component soldering (without transformer and its components)  

In the next step, the PCB transformer is prepared to be used as the main 

component of the converter. Transformer components are soldered first, 

before mounting the main converter PCB. These components are a 

Schottky diode and filtering capacitors. The converter PCB, after solder-

ing the transformer, is displayed in Figure 29. 

 

 

Figure 29: Converter PCB after soldering the transformer   

 

Top view  Side view 
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5.3 Converter Implementation  

The flyback converter implementation is made after completing the 

hardware design steps. The implementation process and steps are 

explained in the flow chart.  
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5.3.1 Gate Driver Signal 

Software programmer and debugger PICkit 3 is used to program the 

microcontroller. This debugger is controlled by the MPLAB progra m-

ming software which provides an environment in which to write a 

program for the microcontroller. This six -pin debugger is connected to 

the converter PCB by a six-pin connecter and the power option for the 

controller is selected to be provided by the debugger. Therefore, the 

controller is energized by t he debugger. Starting with dsPIC progra m-

ing step, PWM pulse is generated from the microcontroller. The 

MOSFET gate is driven by the PWM signal which is generated by the 

microcontroller after selecting a specific channel. This signal plays the 

main role in driving the MOSFET, which in turn controls the transfor m-

er. The PWM channel selection is made by selecting the PWM1 channel 

low pin. The general PWM signals are generated from channel 1, con-

taining low and high signals on separate pins. These signals are initially 

generated to analyze the channels; their respective connections and 

understanding the behaviour by varying the signal attributes. PWM 

signal attributes such as frequency and duty cycle are initialized and 

varied by programming. The PWM time base r egister PTPER is initial-

ized with a value that generates the pulse with a certain frequency based 

on the following relation:  

nsFsw
PTPER

04.1

1

³
=                                                (20) 

Fsw is the desired switching frequency and 1.04ns is the frequency 

resolution. Similarly, the duty cycle value is assigned to the pulse by 

initializing the duty cycle register.  

100

alueDutycyclevPTPER
MDC

³
=                                     (21) 

 

 

 

 

 



Design and Implementation of a 

High Frequency Flyback 

Converter  

Nisar Ahmad  

5 Design and Implementation  

2015-03-17 

 

39 

5.3.2 Converter Open Loop control 

The converter is designed and tested following the open loop system 

topology. The code implementation to control the switch is done as the 

first step of implementation. The open loop topology is displayed in 

Figure 30. 

 

 

 

Figure 30: Flyback converter open loop implementation  

After soldering the transformer components, including diode, filtering 

capacitors at secondary and input filtering capacitors at primary, the 

implementation phase is started. The PWM signal is initialized to feed 

the gate driver which finally strengthens the signal to turn the MOSFET 

on. Variable loads are connected to analyze the behaviour of the system. 

The project setup in working condition is displayed in Figure 31.  

 

Figure 31: Measurement process of the project  
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The load resistances values initially selected to carry ouÛɯÙÌÚÜÓÛÚɯÈÙÌɯƕƔȋɯ

ÈÕËɯƕƙȋȭɯ3ÏÌÚÌɯÓÖÈËɯÝÈÓÜÌÚɯÈÙÌɯÈËÑÜÚÛÌËɯÜÚÐÕÎɯÈɯÙÏÌÖÚÛÈÛȭɯ+ÈÛÌÙɯÓÖÈËɯ

ÙÌÚÐÚÛÈÕÊÌɯÐÚɯÐÕÊÙÌÈÚÌËɯÜ×ɯÛÖɯƛƔȋɯÔÈßÐÔÜÔɯÞÐÛÏɯÚÓÐÎÏÛɯÝÈÙÐÈÕÊÌɯÐÕɯ

resistance and the results are analyzed to find the load value having 

maximum efficiency. While increas ing the load resistance values 22Ҡ is 

found to have maximum efficiency and later on this value is selected for 

further applications. Similarly, the duty cycle is varied to a maximum of 

50%. The input voltage is gradually increased to 112V maximum with  a 

20%- duty cycle, as a low duty cycle allows increasing the range of input 

voltage due to less switch stress. Nominal input voltage selection is 

made by varying the input voltage with an increment of 5V and results 

are analyzed. The maximum efficiency specifying the nominal input 

voltage is 85V. By keeping the input voltage fixed at 85V, load values 

are varied and nominal load value of 22Ҡ is selected in this process. To 

increase the input supply voltage range, power supplies are connected 

in series in the application. Using a dspic33f family microcontroller 

PWM is initialized by using a dedicated PWM channel. To analyze the 

effect of duty cycle variance, Vin and load values are kept constant for 

each duty cycle value. In the process of analysis, switching frequency is 

varied starting from a range of KHz to MHz. The desired results regar d-

ing converter output power and efficiency are achieved in MHz fr e-

quency range. While maintaining the switching frequency in MHz 

range, the duty cycle value of 35% is kept constant, however, input 

voltage is increased and behaviour of drain voltage is observed. Using a 

CoolMOS IPL60R385CP semiconductor device, the desired quasi reso-

nant converter is implemented. The MOSFET is turned on at the lowest 

drain voltage region where eff iciency is observed to be maximal. The 

input voltage with drain and gate voltages are continuously observed 

using a four channel oscilloscope. Thesis hardware setup is displayed in 

Figure 32.  
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Figure 32: Complete project setup  
































