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ABSTRACT 

In this research a single unidirectional power switch based parallel resonant converter is 

presented. This converter is utilized in providing power for inducting heating applications. 

The structure of the proposed converter is composed three main parts; an LC source filter, 

H-Bridge diode rectifier circuit and the single power switch. The resonant tank provides 

the needed soft commutation of the power switch and as in the case of all cycloconverters; 

the proposed topology is a generator of high frequency. The converter load power is 

regulated by using an appropriate switching frequency. Investigation of the proposed 

converter is done in two modes; mathematical analysis and simulation analysis using 

MATLAB 2015Ra edition.  

Keywords: Ac-Ac Converter, Soft Commutation, Induction Heating, Zero Voltage 

Switching, Zero Current Switching . 
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ÖZET 

Bu araştırmada paralel rezonans dönüştürücü bazlı tek yönlü bir güç anahtarı sunulmuştur. 

Bu dönüştürücü, ısıtma uygulamalarını indüklemek için güç sağlamada kullanılır. Önerilen 

dönüştürücünün yapısı üç ana bölümden oluşur; bir LC kaynak filtresi, H-Bridge diyot 

doğrultucu devresi ve tek güç anahtarı. Rezonans tankı, güç şalterinin ihtiyaç duyulan 

yumuşak komutasyonunu ve tüm döngü çevricilerinde olduğu gibi sağlar; Önerilen 

topoloji, yüksek frekanslı bir jeneratördür. Dönüştürücü yük gücü, uygun bir anahtarlama 

frekansı kullanılarak düzenlenir. Önerilen dönüştürücünün araştırılması iki modda yapılır; 

MATLAB 2015Ra baskısını kullanarak matematiksel analiz ve simülasyon analizi. 

Anahtar Kelimeler: Ac-Ac Çevirici, Yumuşak İletişim, İndüksiyonla Isıtma, Sıfır Gerilim 

Anahtarlama, Sıfır Akım Anahtarlama. 
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CHAPTER ONE 

INTRODUCTION 

 

 

1.1 Overview 

Power electronic (PE) converters have revolutionized electric power generation, 

transmission, distribution and most importantly the efficient application of this vital 

commodity which is the backbone of every developed society.  

Power electronic converter is a broad terminology used in both academia and industry to 

describe power electronic device/circuit which are used to condition power/voltage to the 

desired characteristics such as phase, magnitude of amplitude, harmonic content, frequency 

amplitude etc. In power conditioning, the following devices are utilized to achieve a 

certain desired results;rectifiers are used to change ac power into dc power whiles inverters 

perform the opposite function of rectifiers i.e. changing of dc power into ac power. 

Cycloconverters and choppersdo not change the “nature” of the power but rather control 

the amplitude from one level to another, it could be an increase from the original value or a 

decrease from the original value, they (cycloconverters and choppers) can be used to 

provide “clean” power hence not much difference between the input value and output 

values but rather performs the function of cleaning the input power of impurities or noise 

such as harmonics, frequency etc. In the case of choppers, they are used to regulate the 

input and output values of dc power systems only, basically both the input power and the 

output power are dc in nature. In the case of cycloconverters, they are utilized in 

controlling the magnitude of the input ac power to a desired value at the output. The output 

of the cycloconverters are also ac in nature, and are also used in frequency regulation.  

Power electronic converters have several applications; they can be found in almost every 

sector of human life, from communication to education, power generation, transmission 

systems and distribution systems, transportation, military etc. Some specific application of 

PE converter are: 
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 Motor drive control 

 RES 

 UPS 

 FACTS 

Renewable energy has seen much intense growth in the last decade, this can mostly be 

attributed to the negative effects of using fossil fuels. Increased development of renewable 

energy means an increase in the application of converters. The new goal of applying 

converters is not only to condition power to the requisite characteristics but also an 

efficient application.  

Several topologies of converters exist but our focus in this research will analyse ac-ac 

converters for application in induction heating. Even under ac-ac converters, several types 

or different topologies exist, some examples are matrix converters which also known as 

cycloconverter, direct and indirect converters, converters based on impedance or ZS 

(gamma) structure.  

In the case of cycloconverters, they are used as buck converters for voltage because of the 

limitation of boosting capabilities but also used as boost converter for frequency control 

systems. Basically, the input voltage of cycloconverters are always lower than the output 

voltage whiles the input frequency is always less than the output frequency. Switches 

utilized in this type of converter are always bidirectional type for both voltage and current 

due this, the total losses is much high because more switches conduct during a specific 

period. However the cycloconverter is a robust device which has several applications. It 

can be utilized in power conditioning i.e. changing of the phase of the source to a specific 

phase, used as any of the four state of converters.  

The direct and indirect types of ac-ac converters are the usual voltage source inverters 

which have a storage element embedded in the structure. The indirect topology has the 

energy storage element whiles the direct topology does not have any form of energy 

storing component, the input voltage is conditioned to the desired characteristics and 

directly supplied to the load. The cost benefit analysis of the two topologies can be done 

from many point of merits such as, loses due to the converter, application areas, cost of 

converter, number of components utilized etc. The direct ac-ac topology is better when 

analysed from the cost point of view because large capacitors are required in the indirect 
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topologies as energy storage devices. The indirect ac-ac converters are most suitable for 

applications where variable or changing frequency and voltages are required, but if only 

changeable voltage is required, the direct ac-ac converter is most suitable because of the 

following advantages; small size, maximum output efficiency and reduced cost. In 

applications where ac-ac converters are employed with high power, Thyristor switches are 

used for power regulation because of the following: durability and low cost and also 

suitable for high power applications, however they require filters to reduce or eliminate 

current harmonics and also very slow response time.   

 

Figure 1.1: Direct MC 

 

Figure 1.2: Indirect converter  
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The introduction of the ZS structure can be considered a novel structure because ZS has 

resolved all the demerits of the conventional VS and CS converters. The impedance based 

ac-ac converters are new generational converters which are able to give enormous 

advantages when compared to the conventional ac-ac topologies. They are able to provide 

buck-boost capabilities, very high boosting characteristics and large number of different 

topologies to choose for specific applications. The only difference between these 

impedance based converter and the conventional converter in terms of structure is the 

introduction of the Z-S or impedance structure which is inserted between the source and 

the main inverter structure. The impedance based topologies which are most suitable for 

ac-ac converters can be found but not limited in the following: 

 Trans ZS 

 Quasi  

 Conventional Z-S 

 Switched Coupled  

 T-ZS  

 Gamma ZS  

 Magnetically coupled 

 

Figure 1.3: Gamma ZS converter 

 

The proposed structure under review is a single phase topology, however two, three or 

more phase’s topologies exist for ac-ac converters. One major advantage of ac-ac 

converters which makes them suitable for induction heating application is its ability to 

provide very high frequencies however ac-ac converters cannot provide electrical isolation 

from the main system unless transformers are utilized.  
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Induction cooking derived from a copper wound spiral coil which is usually located 

beneath a pan made or iron.  

Induction cooking is the application of heat directly unto a cooking pan to efficiently cook 

the provided food substance. A power source having very high frequency is connected to 

the coil which produces very magnetic field which makes eddy current path in the coil 

hence heating the pan for cooking. The provide heat is as a result of eddy current 

dissipation. An exciting coil is used to produce magnetic field which varies. A circular path 

of eddy current is produced by this system. The conventional induction systems have the 

disadvantages of being able power only electric irons or steel (stainless) substances. A 

good or reliable induction heating system should provide the following merits: 

a. High output power and minimum cost.  

b. High efficiency  

c. Wide variable power control system 

d. Wide range load functionality  

e. Reduced harmonic content. 

 

The heart of every reliable induction heating or cooking system is the converter based 

device which is able to efficiently provide the desired power, hence the introduction of low 

cost inverters has helped in the mass production of induction cookers. Current induction 

cookers have the following advantages over the conventional technologies: 

a. Fast response time  

b. Efficient  

c. Low cost  

d. High Safety 

e. Flexibility  

f. Pan detection  

 

The following factors which are associated with induction cooking system; which when 

improved will greatly increase the efficiency of the system has seen major focus in terms 

of research over the past few years; 
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a. Resonant converters  

b. Control techniques  

c. Magnetic circuits 

 

Current trends in induction cooking systems is linked to other systems such a self-cooking 

robot. Also the size and weight of the cooking utensil, and power and temperature 

regulation are all interlinked. One major which affects induction cookers are the types of 

cooking utensil available on the market, these products due to their different characteristic 

have different levels of temperature functionality hence a wide range of control exists; this 

causes huge limitations for the efficient control of the induction cooker.  

1.2 Thesis Problem 

Several single phase topologies of ac-ac circuit exist; from matrix converter to impedance 

based topologies. The structure of these topologies rely heavily on bidirectional switches; 

these type of switches are mostly composed of two IGBT and two diodes connected in an 

ant-parallel form, mostly for common emitter or common collector topologies. In the case 

of diode bridge topology, four diodes and one switch are used to obtain bidirectional 

current and voltage flow switch. Because of the large number of components required to 

obtain bidirectional switch, the total component count for most converters using these 

types of switches are on the high side. Having high component count directly increases the 

switching and conduction loses of the converter hence reduced efficiency, increased cost, 

increased weight and size. These factors seriously hinders the commercialization of these 

converters.  

1.3 The Aim of the Thesis 

The aim of this research is design a single phase converter applied in a single phase system 

which resolves all the problems mentioned above. A single phase converter (ac-ac) which 

uses only one unidirectional switch is proposed. The proposed converter will be switched 

with safe commutation and also applied for induction cooking.  
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1.4 The Importance of the Thesis 

The following advantages will be realised when the proposed topology is successfully 

derived. A single unidirectional switch based converter will possess the following 

advantages: 

a. Reduced cost 

b. Reduced losses 

c. Increased efficiency  

d. Reduced size, volume and weight 

1.5 Limitation of Study 

This research was successfully carried with minimum limitation. These limitations can be 

traced to the absence of a well-equipped research facility where experimental results can 

be investigated and compared to the simulation results, however the software used 

(MATLAB) has minimum error difference between experimental and simulation results.  

1.6 Overview of the Thesis 

The body of the thesis is segmented into the following categories: 

Chapter 1: Introduction, Thesis Problem, Aim of the Thesis, The importance of the Thesis, 

Overview of the Thesis 

Chapter 2: Literature Review of ac-ac converters  

Chapter 3: Resonant And Commutation Circuit Analysis    

Chapter 4: Simulation Results  

Chapter 5: Conclusion and Future Results 
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CHAPTER TWO 

LITERATURE REVIEW 

 

 

2.1 Introduction 

This chapters seeks to review the various ac-ac converter technologies published over the 

years or others being used in industry, several ac-ac converter topologies can be found in 

industry and in academia.AC-AC converters are generally classified into two categories 

based on the nature of power conversion; these two categories are direct and indirect 

topologies. The difference between the two topologies is that in the case of the direct 

topology, both the input and output voltage are ac-type hence the nature of voltage (ac) 

does not change therefore there’s no ESS required whiles in the case of the indirect 

topology, the nature of the voltage changes to dc between the source and output and ESS is 

required sometimes to store the dc energy.A few of these topologies will selected and 

reviewed. The selected topologies will the following headings but not limited to: 

 Matrix Converter 

 Impedance Based Topologies 

 Modular MI Topologies  

 Buck-Boost Topologies  

 Other Topologies 

2.2 Matrix Converter (MC) 

The matrix converter is a special type of converter which is also known cycloconverter. 

This type of converter is able efficiently change the type of phase at the output irrespective 

of the input phase. MC use bidirectional switches which are derived from any of the known 

switch arrangements to obtain bidirectional switch. Generally MC are classified based on 

either the type conversion or the type of phase (although there are cross phase topologies). 

Based on the conversion type, MC are categorized into direct or indirect MC topologies, 

whiles based on the type of phase, MC are categorized into the following groups: 
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 Single Phase  

 Two phase  

 Three Phase 

Without adding any extra structure to the conventional MC, they are commonly referred to 

buck voltage converters and boost frequency converters. This is to mean that when used 

for voltage conversion the voltage gain is less than one but when utilized for frequency 

conversion, the frequency gain is greater than one.  

The general structure of the matrix converter is composed of 9-switches which have 

current and voltage bidirectional flow. Hence the topology of the matrix converter can 

switch from a specific phase at the input to a different phase at the output or can maintain 

both phases at the input and output side. Matrix converters can be single stage converters 

or double stage converters where energy storage components are impeded in the 

conversion stage; these types of topologies are referred to Direct MC and Indirect MC. The 

first topology of MC was introduced by Gyugyi in 1970  whilesVenturini carried out 

further investigation in 1981 . The general structure of the matrix converter is shown by 

Figure 2.1 and the equations of the input current and the output voltage are given by: 

II=TTxI0=[
𝐼𝑎
𝐼𝑏
𝐼𝑐

]=[

𝑆𝐴𝑎  𝑆𝐴𝑏 𝑆𝐴𝑐
𝑆𝐵𝑎𝑆𝐵𝑏𝑆𝐵𝑐
𝑆𝐶𝑎𝑆𝐶𝑏𝑆𝐶𝑐

] [
𝐼𝐴
𝐼𝐵
𝐼𝐶

]                                                        (2.1) 

V0=TxVI[
𝑉𝐴
𝑉𝐵
𝑉𝐶

]=[

𝑆𝐴𝑎  𝑆𝐴𝑏 𝑆𝐴𝑐
𝑆𝐵𝑎𝑆𝐵𝑏𝑆𝐵𝑐
𝑆𝐶𝑎𝑆𝐶𝑏𝑆𝐶𝑐

] [
𝑉𝑎
𝑉𝑏
𝑉𝑐

]                                                        (2.2) 
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Figure 2.1: General structure of MC 

The switches used in MC are bidirectional in nature for current flow in both directions; 

these types of switches are composed and not bought due to the variations in power ratings. 

 There are several topologies which are used in designing the bidirectional switches. These 

are shown by Figure 2.2 and are commonly called:   

 common emitter  

 common collector  

 Antiparallel  

 Diode bridge  

 Hybrid  
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Figure 2.2: Types of bidirectional switches 

 

Investigation of a matrix converter as a general multipurpose converter having all the 

possible power conditioning capabilities is investigated ; the matrix converter is utilized as 

an inverter, a rectifier, chopper and cycloconverter. The appropriate control method 

applied in this analysis the predictive control method. Figure 2.3 shows the general 

topology of a three phase matrix converter and Figure2.4 shows the cycloconverter mode 

of the matrix conductor.  

 

Figure 2.3: Three phase matrix converter  
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Figure 2.4: Cycloconverter mode of matrix converter  

 

High boosting converters are in high demand because of their imperative advantages over 

buck converters hence a high boosting ac-ac matrix converter is proposed . This proposed 

topology achieves high boosting capabilities without increasing the semiconductors 

switches in a previously proposed topology. Previous methods of gaining high boosting 

abilities was derived by introducing dc-dc converters to the proposed topology, however 

with the introduction of impedance based networks popular referred to as Z source 

networks , high boosting capabilities are achieved by utilizing any of the ZS structures 

which give both buck and boost functionalities. The proposed high boosting matrix 

converter  is composed of six bidirectional switches, switched inductor cells and 6 diodes. 

There are four modes of operation of the proposed topology; two modes in the positive 

cycle which are the charging and discharging modes and two modes of the negative cycle 

which are also charging and discharging modes. Figure 2.5 shows the circuit of the 

proposed topology and the rest of the figures shows the modes of operation and the 

switched inductor cell arrangements.  

 

Figure 2.5: High gain matrix converter 
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Figure 2.6: Positive mode charging 

 

 

 

 

Figure 2.7: Positive mode discharging 

 

 

 

 

Figure 2.8:Negative mode charging 
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Figure 2.9: Negative mode discharging 

 

The switched inductor cell arrangement is shown in Figure 2.10 where (a) shows the 

arrangement, (b) and (c) represents the charging and discharging mode respectively. 

 

Figure. 2.10: Switched inductor cell disposition 

 

Similarly a high boosting ac-ac single phase matrix converter is presented in (S. Z. 

Mohammad Noor et al., 2011) . This topology has the ability to synthesize greater voltage 

at the out than the source voltage. Two modes of operation are permissible in the proposed 

topology; positive and negative half cycles. Figure 2.11 shows the circuit of the proposed 

matrix converter and the modes of operation are represented by Figure 2.12 and Figure 

2.13. The positive mode of operation is represented by Figure 2.12 whiles the negative 

mode of operation is shown by Figure 2.13.  
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Figure 2.11: Single phase MC (S. Z. Mohammad Noor et al., 2011) 

 

 

Figure 2.12: Single phase MC in positive mode   

 

 

Figure 2.13: Single phase MC in negative mode 

 

A buck-boost single phase MC topology based on the conventional ZS structure is 

proposed . This topology has the capability to minimum and maximum output voltage 

provided by the impedance structure using the shoot through phenomenon. A bidirectional 

switch placed between the source and the ZS network provides bidirectional current flow 

from the load to the source hence in braking modes of some applications, energy is 

transferred from the load to the source. The impedance network is composed of symmetric 

passive components; two capacitors and two inductors. A total of five bidirectional 

switches are utilized. The bidirectional switches are derived from the common emitter 
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configurations. Figure 2.14 shows the proposed topology in (Minh-Khai Nguyen et al., 

2009 ).  

 

 

Figure 2.14: ZS based matrix converter (Minh-Khai Nguyen et al., 2009) 

 

A new type of matrix converter is proposed. This novel topology uses minimum 

component count to achieve the same function as the conventional structure where the 

component count in much higher. The proposed topology utilizes three bidirectional 

switches to converter a three-phase system to a single phase system; whiles the 

conventional topology uses 6 bidirectional switches for the same function. The circuit of 

both systems are shown below.  

 

 

Figure 2.15: The 3 switches MC 
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Figure 2.16:  6 switches MC 

 

Table 2.1:Switching Pattern 

Mode Switch Output Voltage v0 Output current i0 

3 switches based 1x3 matrix converter 

1 S1 vi1 ii1 

2 S2 vi2 ii2 

3 S3 vi3 ii3 

 

Table 2.2:Switching Pattern 

Mode Switch Output Voltage v0 Output Current i0 

6 switches based 1x3 matrix converter 

1 S1 and S5 vi1 – vi2 ii1 = -ii2 

2 S1 and S6 vi1 – vi3 ii1 = -ii3 

3 S2 and S6 vi2 – vi3 ii2 = -ii3 

4 S2 and S4 vi2 – vi1 ii2 = -ii1 

5 S3 and S4 vi3 – vi1 ii3 = -ii1 

6 S3 and S5 vi3 – vi2 ii3 = -ii2 

7 (S1 , S4) or (S2 , S5) or (S3 , S6) 0 i0 
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A new topology of indirect MC is proposed in (Z. Shao et al., 2009). This topology 

combines the impedance structure with MC to achieve higher boosting capabilities. The 

impedance network is embedded in the second stage of power conversion hence the 

proposed topology is a double stage converter or popularly called indirect MC. The applied 

impedance structure is the first or conventional network composed of passive elements 

having equal magnitudes. Figure 2.17 shows the diagram of the proposed topology. The 

main drawback of matrix converters which is limited output power ratio is overcome with 

the introduction of the impedance network. Also buck-boost capabilities, better spectral 

performance against EMIs and high voltage gains are achieved. 

 

Figure 2.17: Indirect ZS MC (Z. Shao et al., 2009) 

 

Three modes of operation exist for the proposed topology; these modes of operation are 

shown by Figure 2.18a to Figure 2.18c. In the first mode, the topology functions as a 

current converter which is also known as the inversion mode. In the second mode of 

operation, the second part of the topology after the impedance network is in a short circuit 

hence the output voltage of the network in that mode is zero.  

Finally in the third mode of operation, the topology functions in any of the possible 7 shoot 

through modes and the source or input becomes a short circuited source.  
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Figure 2.18: Modes of operation (Z. Shao et al., 2009) 

 

2.3 Impedance Based AC-AC Converters 

This section of my research will review various impedance based ac-ac converter 

topologies but will not consider topologies having MC structures. The impedance network 

proposed has received a lot attention over past decades because it has resolved the main 

drawbacks associated with voltage source and current source converters. The first proposed 

impedance based network is the conventional two capacitors and two inductors connected 

in an X form and placed between the voltage or current input and the main converter 

structure. The next topology was the quasi  network which was introduced to resolve the 

limitation of the ZS network, several topologies have been introduced after the first two 

topologies basically to increase the boosting factor and also reduce the component count 

and voltage stresses on the switches.   

A single phase ac-ac ZS topology is proposed in (X. Peng Fang et al., 2005). However this 

topology uses only two switches having bidirectional functionality. The switches are 

derived from the diode bridge topology. Both voltage and current sources can be used to 

feed the converter. By controlling the duty ratio of the proposed topology, solid state 

transformers are derived. The proposed topology has several advantages when compared to 

the conventional PWM topologies. Some these advantages are buck-boost capabilities, 
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phase angle variations, reduced in-rush current, better reliability and minimum harmonic 

content.  

 

Figure 2.19a and Figure 2.19b shows the two structures of the proposed topology; which 

are voltage source structure and current source structure.  

 

 

Figure 2.19: Single ac-ac ZS MC (X. Peng Fang et al., 2005) 

 

There are two modes of operation of the proposed inverter, these modes of operation are 

common with all impedance based topologies. These are the shoot through and non-shoot 

through modes. Due to the symmetric nature of the passive components in the impedance 

network, the following equations are valid: 

𝑖𝐿 = 𝑖𝐿1 = 𝑖𝐿2                                                        (2.3) 

𝑖𝐶 = 𝑖𝐶1 = 𝑖𝐶2                                                        (2.4) 

𝑉𝐶 = 𝑉𝐶1 = 𝑉𝐶2                                                        (2.5) 

{
𝑉𝑜 = 𝑉𝑜sin (𝜔𝑡 +  ∅)
𝑉𝑖 = 𝑉𝑖𝑠𝑖𝑛 𝜔𝑡

                                                       (2.6) 
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Figure 2.19: Modes of operation 

 

A single phase quasi based ZS topology is presented by (M. K. Nguyen et al., 2010). This 

topology uses the quasi ZS network because it’s an improvement of the conventional ZS 

structure. This topology combines the advantages of the proposed structure in plus the 

following advantages common ground between the input and output, higher efficiency and 

operates in the continuous conduction mode and also sinusoidal phase alignment of the 

voltage and current waveforms is possible with the proposed topology. All the above 

advantages are achieved for the proposed topology using the same number of components 

as the previous topology. Figure 2.20 shows the structure of the proposed network. 

 

 

Figure 2.20: Quasi ZS converter 

Two modes of operation are possible in the proposed topology; non shoot-through mode 

which is also known as the active mode because in this mode the converter functions a 

conventional converter without any special features, the second mode is known as the 

shoot through mode which allows for the charging of the passive components and the 

output voltage of the network is zero .Figure 2.21 represents the two modes of operation 

whiles the equations governing these modes of operations are given below. Equations (2.6) 

to (2.8) represents the first mode of operation whiles the second mode of operation is 

represented by (2.9) to (2.11).  
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Figure 2.21: Modes of operation 

 

 

 

𝑣𝑖 − 𝑣𝐶1 = 𝐿1
𝑑𝑖𝐿1

𝑑𝑡
                (2.6) 

−𝑣𝐶2 = 𝐿2
𝑑𝑖𝐿2

𝑑𝑡
                                           (2.7) 

𝑣𝐶1 + 𝑣𝑐2 − 𝑣𝑜 = 𝐿𝑓
𝑑𝑖𝐿𝑓

𝑑𝑡
                                                       (2.8) 

𝑣𝐶2 + 𝑣𝑖 = 𝐿1
𝑑𝑖𝐿1

𝑑𝑡
                                                                    (2.9) 

𝑣𝑐1 = 𝐿2
𝑑𝑖𝐿2

𝑑𝑡
                                                                                 (2.10) 

−𝑣𝑜 = 𝐿𝑓
𝑑𝑖𝐿𝑓

𝑑𝑡 
                                                                   (2.11) 

 

A similar single phase quasi topology is given; this topology however has a safe 

commutation circuit. The two topologies are similar in structure that is they possess the 

same number of components, the difference lies in the safe commutation circuit proposed 

.The various modes of operation of the safe commutation circuit is given by Figure 2.22.  
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Figure 2.22: Boost state operation 

 

A high frequency transformer (HFT) based quasi ac-ac converter is presented in (H. F. 

Ahmed et al., 2016). This topology retains all the advantages of the quasi network plus the 

network isolation using the HFT system. The HFT overcomes the demerits of the 

conventional line transformers such huge cost, maximum losses, large size and volume, 

inrush current high saturation and reduced efficiency.  

The circuit of the proposed topology is given by Figure 2.23. The component count in this 

topology is however high when compared to conventional quasi topologies. The switch 

count increases by one, hence there are 3 switches, one HTF, 5 passive components and a 

filter. The similarity of the proposed topology and other conventional quasi is the primary 

side of this topology; they have the same structure. The modes of operation of this network 

is also two; sate 1 which occurs when switches S3 and S2 are closed during the time period 

DT and state 2 occurs when switch S1 is closed during the time period T(1-D). The 

equivalent circuit for the two states are represented by Figure 2.24 and Figure 2.25 

respectively. 
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Figure 2.23: HFT quasi converter. 

 

 

Figure 2.24: DT operation  

 

 

Figure 2.25: (1-D)T operation 
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The following equations are developed during state 1{(DT)} operation: 

{

𝑣𝑖𝑛 + 𝑣𝐶2 = 𝑣𝐿1
𝑣𝐶1 = 𝑣𝐿2 = 𝑣𝐿3

𝑣𝑜 = 𝑣𝐿𝑜
𝑣𝐶𝑆 = 𝑣𝐿3

                                                                              (2.12) 

 

 

The following equations are developed during state 2 {T (1-D)} operation: 

{

𝑣𝑜 − 𝑣𝑆3 = 𝑣𝐿0
𝑣𝑖𝑛 − 𝑣𝐶1 = 𝑣𝐿1
−𝑣𝐶2 = 𝑣𝐿2 = 𝑣𝐿3
𝑣𝐶𝑆 − 𝑣𝑆3 = 𝑣𝐿3

                                        (2.13) 

 

The relationship between the input and output voltages is given by: 

𝑣𝑜 =
1−𝐷

1−2𝐷
𝑣𝑖𝑛                                                                                 (2.14) 

 

 A transformer based ZS ac-ac converter is proposed in (Z. Aleem et al., 2016). This 

topology has embedded a transformer in the impedance structure hence the turn’s ratio of 

the proposed converter is achieved by varying the turn’s ratio of the transformer. Two 

topologies of the proposed inverter are presented. The following are the unique 

characteristics of the proposed converter: 

a. This topology retains all the merits of the conventional ac-ac ZS converter 

b. Has wide buck-boost capabilities  

c. Voltage gains is achieved by varying the turns ratio of the transformer  

d. Mode of conduction is continuous (CCM) 

e. Has a common ground between the input and output  
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Figure 2.26: 1st Topology 

 

 

Figure 2.27: 2nd Topology 

 

 

The relationship between the input and output voltages is given by: 

𝑣𝑜 = 
(1−𝐷)𝑣𝑖𝑛

1−(2+𝑛1+𝑛2)𝐷
                                                                             (2.15) 

a) Non-shoot through  

b) Shoot through  
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Figure 2.28: Mode of operation 1st topology 

 

Figure 2.29: Mode of operation 1st topology 

 

Several topologies of impedance based HFT converters have been presented over the 

years, the following diagrams are some example of the presented topologies (X. Fang et 

al.,2010).  

a) Z-Source  b) Quasi ZS  c) Trans Z source  d)Trans Quasi ZS  e) I-Trans ZS   f) Gamma 

ZS  
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Figure 2.30: HFT topologies 
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A modified Z source ac-ac converter is presented by (M. R. Banaei et al., 2016). The 

proposed topology functions as a voltage booster and also a variable frequency provider. 

Also this topology provides higher efficiency and better circuit attributes when compared 

to the conventional ZS topology. Figure 26 shows the circuit of the presented topology. 

The impedance network has the same components as the conventional topology with 

unidirectional switch with respect to voltage.  

 

Figure 2.31: Modified ZS converter 

 

The equivalent switch mode circuit is provided by Figure 2.32. There are two modes of 

operation of the converter. These are shoot through which is represented by Figure 2.33 

and the non-shoot through is presented by Figure 2.34.  

 

 

Figure 2.32: Equivalent circuit 
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Figure 2.33: Shoot through       

 

 

Figure 2.34: Non-shoot through 

 

The capacitor voltage is given by: 

𝑉𝑐 = 𝑉𝑜
𝐵−1

2
                                                                                          (2.16) 

The impedance network output voltage or the inverter input voltage is given by: 

𝑉𝑖 = 𝑉𝑜
𝐵+1

2
                                                                                          (2.17)     

The inverter output voltage is given by: 

𝑉𝑎𝑐 =
𝑉𝑜

2
 𝑀𝐵                                                                                       (2.18) 
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A single phase gamma ZS converter is presented by (Emerson et al., 2018). This topology 

is also an ac-ac converter having two bidirectional switches and gamma based impedance 

components. The proposed topology has high boosting capabilities than many other 

impedance based converters.  

Figure 2.35 shows the circuit of the proposed gamma based ZS converter. The coupled 

inductor or transformer turns ratio is the major component which provides higher boosting 

capabilities varying the turns ratio; small turns ratio provides the much higher boosting 

feature required.  

 

Figure 2.35:Gamma ZS converter. 

Figure 2.36 and Figure 2.37 shows the two modes of converter operations. 

 

Figure 2.36: Non-shoot through                                            
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Figure 2.37: Shoot through 

Analysis of the modes of operation will yield the boost factor B is given by: 

𝐵 = 
1−𝐷

1−𝐷(1+ 
1

𝛾Γ−1
)
                                                                                (2.19) 

 

2.4 Indirect MC AC-AC Topologies 

Matrix converters are generally grouped into direct and indirect topologies. This section of 

our research will focus on indirect MC topologies. Indirect MC are also referred to as 

double stage converters because the power conversion process goes through more than one 

stage of power conversion, mostly the ac source is converted into dc source and then back 

to ac output. A few of these topologies have been reviewed below.  

 In (A. Hakemi et al., 2017) an indirect MC having the features of power factor corrections 

and also high frequency isolation is presented. This topology provides the high isolation 

via a high frequency transformer. The converter circuit of the presented topology is based 

on dual DAB (double active bridge) having 3 cell state switching. Some advantages of the 

proposed topology are high power factor, minimum harmonic content, bidirectional current 

flow and quick dynamic response. Also conduction and switching losses are reduced 

because of the utilization of the 3 cell state switching, the filter component size is also 

minimized hence cost saving. Figure 2.38 show the circuit of the proposed topology. 
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Figure 2.38:Indirect MC 

The input impedance which is composed of inductor and capacitor is given by: 

𝐿𝑅 = 𝑉𝐷𝐶 ,𝑅
1

16(∆𝐼𝐿,𝑟.2𝑓𝑠𝑤,_𝑟 )
                                                                  (2.20) 

𝐶𝐶𝐷 ,𝑟 = 𝑃𝑜 ,𝑟 ∆𝑡,𝑟
1

[𝑉𝐷𝐶,𝑟(
1

2
)]
2
+(−∆𝑉𝐷𝐶,𝑟 +𝑉𝐷𝐶𝑚𝑎𝑥)2

                                   (2.21) 

 

Various impedance based indirect MC topologies have been reviewed in (Zhang et al., 

2009) and novel topology also presented. The reviewed topology in (Tang et al., 2013) 

uses the conventional ZS structure placed between the rectifier and inversion stages of the 

converter. Whiles the topology presented in (L Wang et al., 2017) place the quasi 

impedance structure between the dc source the rectifier stage of the converter; this 

topology is known as continuous quasi ZS indirect MC. The presented topology in (Zhang 

et al., 2009) combines the two topologies to achieve a continuous and series impedance 

based indirect MC. Figure 2.39 shows the circuit of the presented topology. The main 

merits of the presented topology is high voltage gain which is a major disadvantage of the 

conventional MC. Figure 2.40a and Figure2.40b shows the two states of operation; non 

shoot through and shoot through modes respectively. 
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Figure 2.39: High gain MC 

 

 

Figure 2.40: Mode of operation  

Indirect MC have two major problems which affects them during specific applications, for 

example in the case of wind power applications, reactive power generation is mostly 

limited and also balancing of the neutral point voltage is a major problem. To resolve the 

above problems, third harmonic injection based indirect MC is proposed in (Tiago et al., 

2015). This converter is a 3 level converter which combines the advantages of the third 

harmonic injection topology with the T-type converter. Figure 2.41 shows the circuit of the 

proposed topology. The circuit can be divided into three main parts, the rectifier part which 
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is a current source rectifier, the VSI stage which composed of the T-type converter and in 

between them is the injection converter topology.   

 

Figure 2.41: T-Type indirect MC (Tiago et al., 2015) 

A silicon carbide switch based indirect MC topology is presented by (S Raju et al.,2013). 

This topology increases the overall efficiency of the converter by 97.7%. A delta switch 

system is utilized between the two stages of the converter. The converter structure is based 

on the conventional topology. Figure 2.42 shows the circuit of the presented converter; a) 

converter structure, b) SiC bidirectional switch c) unidirectional SiC switch. 

 

Figure 2.42:SiC based indirect MC  (S Raju et al.,2013) 

A hybrid MC topology is presented by the authors . This topology provides the following 

parameters at the converter output: phase input, line voltage and half of the phase voltages, 

a feature which is not present in the conventional MC. This features are possible due to the 

inclusion of more switches and clamping capacitors. The THD in this converter is 



36 
 

minimized, the voltage stress is also minimum when compared to the traditional matrix 

converter. The presented topology is shown by Figure 2.43 and it’s suitable for three phase 

power applications.  

 

Figure 2.43: Hybrid indirect MC  

A novel quasi based indirect MC topology is presented in (A Shahani et al., 2012). This 

topology combines the advantages of the impedance network and matrix converters 

thereby overcoming the major limitation of the matrix converter by providing high voltage 

boosting and buck-boost functionality. Figure 2.44 shows the circuit of the presented 

topology and also the boosting factor equation and the relationship between the boosting 

factor and gain is given by: 

{
𝐵 =  

1

1−2𝐷

𝐵 = 𝐺𝑚
                                                                                          (2.22) 

 

Figure 2.44: Quasi ZS indirect MC 
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A high frequency based single stage indirect MC topology is presented in (G. T. Chiang et 

al., 2011). This topology offers several advantages and is mostly suitable for renewable 

energy applications. Some merits of the proposed topology are high power density due to 

HFT, high reliability, PFC, high efficiency. Figure 2.45 shows the proposed topology.  

 

Figure 2.45: HFT based indirect MC 

An indirect MC with dc boosting converter imbedded in between the first and second 

converter is presented by (Anand et al., 2018). The presented topology is applied in 

induction motor control. Also the voltage transfer ratio of the proposed topology is 

increased from 86.6% the conventional standard to a new value of 97%. Battery ripples 

caused by neutral point voltage fluctuations is minimized by use of feed forward control 

technique. Figure 2.46 is the circuit of the proposed topology.  

 

Figure 2.46: High boost indirect MC (Anand et al., 2018) 
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2.5 Direct AC-AC Topologies 

An efficient ac-ac converter for induction cooking is presented by (S. A. Deraz et al., 

2019). Induction cooking has replaced the conventional cooking technologies because of 

its efficiency hence any proposed converter should have very high efficiency and also high 

boosting capabilities. The presented topology provides high frequency and high boosting 

abilities with reduced component number and also minimum voltage stress on components. 

The proposed topology is shown by Figure 2.47 and the two modes of operation are also 

shown by Figure 2.48 and Figure 2.49 respectively. The circuit is composed of two diodes, 

one boosting capacitor, two switches, one inductor and two capacitors and the induction 

heating element. The boosting factor is  

𝐵 = 
1

1−𝐷
                                                                                             (2.23) 

 

Figure 2.47: High frequency converter  

 

Figure 2.48: First mode of operation  
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Figure 2.49: Second mode of operation  

Investigation of a three phase ac-ac converter with minimum component count is analyzed 

in (C. Liu et al., 2019). The goal of this research is to provide a converter having reduced 

component count such that the following advantages will be attained: simple structure, 

reliability, reduced converter cost, high efficiency and reduced converter losses. Two 

topologies of converter are presented; boost and buck topologies.  

 

 

Figure 2.50: a) Buck topology   b) Boost topology  
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A novel bipolar based on T-type converter is proposed in (A. Pareek et al., 2018). This 

topology combines two converters to achieve the desired converter and also apply PWM 

control technique. The input and output voltage are related by equation (2.24) where d1 

and d2 are duty cycles. 

𝑉𝑜 = (𝑑1 − 𝑑2)𝑉𝑖𝑛                                                                              (2.24) 

 

Figure 2.51: Bipolar based T-type converter (A. Pareek et al., 2018) 

 

 

Figure 2.52: BTC modes of operation (A. Pareek et al., 2018) 
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An inverting and non-inverting based ac-ac converter is presented in (Sanghun et al.,2018). 

This topology is composed of four bidirectional switches for current flow in both 

directions. Using PWM method provides all the advantages of this unique control method. 

Buck-boost functionality is provided by this converter. Figure 2.53 shows the proposed 

topology. The modes of operation is that, switches S1 and S3 are switched on in the first 

mode whiles the remaining switches are turned off, in the second mode switches S2 and S4 

are turned on and the remaining turned off.  

 

Figure 2.53: Proposed converter (Sanghun et al.,2018) 

 

 

Figure 2.54: Modes of operation (Sanghun et al.,2018) 

A new cascaded ac-ac converter is proposed in (Suvendu et al., 2017). The proposed 

topology does not have problems about the following factors: commutation difficulties, 

shoot through problems, but offers higher efficiency when compared to other conventional 
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cascaded topologies. One other major limitation of this topology is the increased number of 

inductors which are utilized. Figure 2.55 shows the circuit of the proposed topology. 

 

Figure 2.55: Cascaded topology  (Suvendu et al., 2017) 

 

The voltage gain relationship is given by: 

𝑉𝑜

𝑉𝑠
= 𝑛𝐷                                                       (2.25) 

An inductive power transfer based converter is proposed . The conventional H Bridge 

structure using bidirectional switches coupled with a transformer connected to a voltage 

booster circuit constitutes the proposed topology. One major disadvantage of inductive 

power transfer is the high cost of the system and reduced efficiency, hence this research 

proposed the use of ac-ac converters to minimize the above mentioned limitations. Fig 2.56 

shows the circuit of the proposed topology.  
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Figure 2.56: IPT based converter 

The power transfer equation is given by: 

𝑃𝑇𝐶𝑅𝐶 =
𝜋

√2
 𝜔𝑀𝐼𝑜𝐼1                                                                           (2.26) 

 A review of the various center point clamped ac-ac converter is investigated . Three types 

of topologies are review having the following features: buck, boost and buck-boost. All 

these topologies are ac-ac converters therefore they use bidirectional switches have 

minimum voltage stress on the components. The first topology which buck CPNC is shown 

by Figure 2.57, the second topology which is a boost converter is shown by Figure 2.58 

and finally the buck-boost topology is given by Figure 2.59.  

 

Figure 2.57: Buck CPC  
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Figure 2.58:Boost CPC  

 

Figure 2.59:Buck-Boost CPC 

 

2.6 Conclusion 

Literature review of selected ac-ac converters were investigated in this chapter of this 

thesis. The review was conducted with respect to the various topologies, the differences in 

their structures, the type of control technique applied and their applications in industry or 

references for academic applications. Also investigations of their suitability for the various 

phases of power systems were analyzed. The first selected topology is the matrix converter 

followed by the impedance based topologies which are popularly called ZS converters, 

finally selected indirect MC topologies were also reviewed. This investigationshas exposed 

me to several drawbacks of the selected topologies hence further research of some of 

topologies will considered during my further studies.  
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CHAPTER THREE 

RESONANT CONVERTERS AND COMMUTATION CIRCUIT 

 

 

3.1 Introduction 

All converters have semiconductor switches which are operated to derive the desired 

power conditioning. These power switches are turned on and off for these processes to be 

achieved. In the switching period of the converter, these power switches are subjected to 

maximum power losses due switching and also high voltage stress; these factors 

experiences a linear increase depending on the value of the switching frequency, finally the 

switches are also subjected EMI interferences  . To best explain the switching experiences 

of power switches, consider the diagrams below.  

 

Figure 3.1: One leg of an inverter  

 

Figure 3.2: Turn on and turn off mode of the inverter leg.  
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Figure 3.3: Turn on curve. 

 

Figure 3.1 shows the graph of one leg of an inverter and the load current is shown by Io, 

the current direction is assumed to be in both direction because of the load type; inductance 

load. Figure 3.2 shows the graph on switching for one of the power switches of Figure 3.1 

and the safe operating area of the above switching period is shown in Figure 3.3.  

3.2 Zero Voltage and Zero Current Switching 

High switching frequencies provides numerous advantages in power electronic system 

applications; the quality of output voltage of converters are highly improved, transformer 

size and weight are drastically reduced and also filter component sizes are minimized. 

However the use of high switching frequency introduces some limitation such as high 

switching losses, high component stress and finally EMI interferences .Therefore it’s 

advisable to introduce solution to the above limitations. Some solutions to high switching 

losses is the introduction of snubbercircuit which are composed of passive components and 

diodes, connected in series or parallel to the circuit. Nevertheless the switching losses are 

not reduced but rather transferred to the snubber circuit. Figure 3.4a shows a snubber 

circuit based converter and Figure 3.4b shows the switching diagram.  
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Figure 3.4: Snubber circuit. 

 

A better solution is turn-on or turn-off the power switch when either the switch voltage or 

switch current has a magnitude of zero (0). This will automatically give zero switching 

power losses. It’s preferable to have zero switch voltage and zero switch current. Figure 

3.5 shows the desired zero voltage and zero current diagram.  

 

Figure 3.5: ZV-ZC switching 
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3.3 Resonant Converters (RC) 

Resonant converter are amalgamation of converter topologies and appropriate switching or 

control techniques which results in ZV-ZC configurations. Resonant converter are 

generally put into four categories: 

 Load resonant converters 

 Resonant switch converters  

 Resonant dc link converter  

 High frequency resonant converters  

The high frequency resonant converters are converters which have high frequency input 

and provides variable low frequency at the using ZV-ZC switching mechanism. In the 

resonant dc link converter the input voltage is made to wigwag via an inductor-capacitor 

resonance to achieve zero input voltage for a specific period hence ZV-ZC switching is 

obtained. In the switch topology, an LC is used to form the switch current and voltage in 

other to achieve the desired zero voltage and zero current switching. In the load resonant 

converter, an LC resonant tank is connected to the load so that zero voltage or zero current 

switching of the switches is permissible. The load RC are sub divided into the following 

categories: 

 Voltage Source Series-RC 

 Current Source Parallel-RC 

 Class E and Subclass E RC 

Voltage source series-RC is also further divided into three groups: 

 Series-load RC 

 Parallel-load RC 

 Hybrid RC 

3.4 Series-loaded RC (SL-RC) Topologies 

Series-loaded RC is a type of resonant converter where the resonance is connected in series 

with the load or between the main converter and the rectifier circuit. The resonant tank is 
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mostly of LC type although other structure like LLC exist. Figure 3.6a show a half bridge 

structure with a SL-RC whiles its equivalent circuit is given by Figure 3.6b.  

 

Figure 3.6: Half-bridge SL-RC  

 

The applications of series-loaded RC can be found varied areas of power electronic system 

fields such as microgrid, UPS (uninterrupted power supplies), direct current distribution 

networks, and light emitting diode drivers . Applying SL-RC in these systems will yield 

higher efficiency, provide system isolation, reduced EMI interference (H. Wang et 

al.,2018). A soft switching SL-RC based dc-dc converter with high efficiency, high 

switching frequency and minimum EMI is presented in (H. Wang et al.,2018). The circuit 

of the presented topology is represented by Figure 3.7 and its equivalent structure is shown 

by Figure 3.8. The structure is composed of the conventional H-Bridge which feds the 

resonant tank made up of two inductors (L/2) and one capacitor (Cr) which is connected to 

a transformer plus a rectifier circuit. The transformer is composed of two equal turns on 

both the primary and secondary windings. The h-Bridge is fed from a constant current 

source; a typical feature of SL-RC topologies.   
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Figure 3.7: SL-RC equivalent circuit(H. Wang et al.,2018) 

 

Figure 3.8: equivalent circuit of SL-RC (H. Wang et al.,2018) 

 

Mathematical expression of the output current Io, input voltage Vi and the output power Po 

with respect the resonant tank and harmonized switching frequency is given below. Let Q 

be resonant tank and FSW be the switching frequency. 

 

{
  
 

  
 𝑃𝑜 = (1 + 𝑄2 [𝐹 −

1

𝐹
]
2

)
𝐼𝑔
2𝑅𝑙𝑜𝑎𝑑
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𝛼

2
)

𝑉𝑖 = (1 + 𝑄
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1

𝐹
]
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)
𝐼𝑔𝑅𝑙𝑜𝑎𝑑
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𝛼

2
)

𝐼𝑜 =
𝐼𝑔

2𝑛 sin2(
𝛼

2
)
√(1 + 𝑄2 [𝐹 −

1

𝐹
]
2

)

                                                    (3.1) 

 

A dc link converter with series resonance tank having current limiting capabilities is 

presented in (E. da Silva et al., 1999), this topology utilizes PWM control technique. The 

structure of the presented topology is shown by Figure 3.9 and its equivalent circuit is 

given by Figure 3.10. The six stages of operation is represented by the equivalent circuits 

of Figure 3.11. The circuit of Figure 3.9 is composed of both input and output filters which 
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are made of LC structure. A stiff inductor Ld interconnects the rectifier circuit at the input 

section to the inverter at the output section. 

The current limiting capabilities of the proposed converter is achieved by utilizing a 

saturable reactor having turns ratio represented by (3.2). The resonant tank is represented 

by capacitor Co and inductor Lo which is obtained after saturation of the reactor.  

𝑘 =
𝑛1

𝑛2
                                                                                                   (3.2) 

 

 

Figure 3.9: PWM SL-RC (E. da Silva et al., 1999) 

 

 

Figure 3.10: Equivalent circuit of PWM SL-RC (E. da Silva et al., 1999) 
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Figure 3.11: Various equivalent circuit of PWM SL-RC (E. da Silva et al., 1999) 

 

A dual SL resonant converter based dc-dc topology is presented by (Amir et al., 2019 ). 

This dual topology offers higher efficiency and better power transfer capabilities when 

compared to the traditional single SL-RC structures .It’s mainly applied in 

telecommunication industry where dc-dc converters having high frequency but low voltage 

is required. Another important feature of this topology is the buck-boost functionality. 

Figure 3.12 shows the structure of the presented topology.   

 

Figure 3.12: Dual SL-RC (Amir et al., 2019) 

 

A bidirectional series RC is presented in (S. Hu et al.,2018). This topology is presented to 

address the issue of reduced efficiency in high frequency isolated RC. The reduced 
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efficiency is caused by low losses due to switching. To resolve the above problem, it’s 

necessary to minimize the current of the resonant tank; this is achieved by utilizing the 

bidirectional switch based series RC with the appropriate control techniques such as phase 

shift and modified phase shift PWM. Modified PS-PWM enables ZVS of the switches 

when light loads are used. The circuit of the presented topology is shown by Figure 3.13; 

the structure is composed of two H-Bridges separated by a high frequency transformer and 

the resonant tank. Snubber capacitors are connected across the switches. The symmetric 

nature of the topology allows for voltage transfer from first H-bridge to the second H-

Bridge.  

 

Figure 3.13: Bidirectional series RC (S. Hu et al.,2018) 

The base value parameters and the voltage gain M are given by: 

{
 
 

 
 

𝑉𝐵 = 𝑉𝑋

𝑀 =
𝑛𝑡𝑉𝑌

𝑉𝑋

𝑍𝐵 =
𝑛𝑡
2𝑉𝑌

2

𝑃𝑟𝑎𝑡𝑒

𝜔𝐵 = √(𝐿𝑠𝐶𝑠)−1

                                                                               (3.3)  

 

 

Figure 3.14: Equivalent circuit (S. Hu et al.,2018) 
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A novel isolated LLC series RC is presented in (S. M. Showybul et al.,2017). The 

proposed converter is a dc-dc converter and it’s suitable for wide input voltage 

applications. The appropriate control method applied is the frequency adaptive PS-PWM. 

The control technique enables high boosting capabilities and zero voltage switching; 

irrespective of the load state. The input side of the topology is made up of cascaded Half-

Bridge structure; this provides minimum switching stress on the components of the input 

side. Figure 3.15 shows the circuit of the proposed converter. The resonant tank is 

connected to an HFT, transformer saturation is prevented by utilizing capacitor Cr(resonant 

capacitor) to absorb the dc component of the ac voltage. The switch stress is minimized to 

half the source voltage. High capacitor value is chosen for the output section in other to 

eliminate ripples. The voltage gain is given by: 

 

𝐺 = 
1

√{(1+𝐾−
𝐾

𝐹2
)−[

𝑄(𝐹2−1)

𝐹
 𝑥(

𝐹𝐾+𝐹−
𝐾
𝐹

𝑄(𝐹2−1)
−𝑐𝑜𝑡𝜑)]}

2

+{
𝑄(𝐹2−1)

𝐹
}

                            (3.4) 

 

Figure 3.15: Novel LLC converter (S. M. Showybul et al.,2017) 

 

3.5 Parallel-loaded RC (PL-RC) Topologies 

In the parallel-loaded RC , the components of the resonant tank are connected in parallel 

with respect to the load. A typical example if the LC tank of Figure 3.16. The resonant tank 

is connected between the H-Bridge structure and the rectifier circuit. The model circuit of 

Figure 3.16 is represented by Figure 3.17. The Fourier expression for the following 

parameters is given the mathematical expression below: 
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𝑉𝑇 =
4𝑉𝑖𝑛

𝜋
∑

1

2𝑛−1
sin[(2𝑛 − 1)𝜔𝑜] 𝑡

∞
𝑛=1               (3.5) 

𝑉𝑅𝑂(𝑡) = ∑ 𝐶𝑚𝑒
𝑗𝑚𝜔𝑜𝑡∞

𝑛=−∞                                          (3.6) 

𝑉𝑅𝐼(𝑡) =  ∑ 𝑋𝑛𝑒
𝑗𝑚𝜔𝑜𝑡∞

𝑚=−∞                             (3.7) 

The output current is given by: 

𝑖𝑜(𝑡) = 𝐼𝑜 +∑ 𝐼𝑚cos (𝑚𝜔𝑜𝑡 + 𝜑𝑚)
∞
𝑚=2               (3.8) 

 

Figure 3.16: PL-RC 

 

Figure 3.17: Equivalent model of PL-RC 

 

A three phase cascaded LLC PL-RC is presented in (Feng et al., 2018). This topology 

improves the efficiency and the power density of the converter because of the application 

of LLC with the transformer. Also the desire of achieving zero voltage and zero current 

switching is obtained. The circuit of the presented topology is composed of main blocks; 

filter section, square wave generator section, resonant section and a rectifier section. Figure 

3.18 shows the structure of the presented topology.  
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Figure 3.18: Three-phase PL-RC (Feng et al., 2018) 

 

Figure 3.19: Single phase model of 3ph PL-RC (Feng et al., 2018) 

 

 

The voltage gain equation is given by: 

𝑀 =
(
𝐿𝑚
𝐿𝑟
)(
𝑓𝑠
𝑓𝑟
)
2
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𝑓𝑟
)(
𝐿𝑚
𝐿𝑟
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𝐿𝑟𝐶𝑟
𝑅𝑎𝑐

){(
𝑓𝑠
𝑓𝑟
)
2
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      (3.9) 

A half H-Bridge which has been modified and with asymmetric features is presented in 

(Neilor et al., 2019). The dc offset current in the transformer has been eliminated. The 

method of control of this inverter is similar to the traditional H-Bridge topology where a 

sustained frequency and asymmetric PWM technique is utilized. To prevent the flow of dc 

component of the inverter output to the transformer, a voltage doubler is connected to the 

transformers output. The resonant tank of parallel connection is fixed between the inverter 

output and the transformer input. Figure 3.20 shows the circuit of the presented topology. 

Two switches of the inverter have different conduction times, switch S1 operates during 

the time period of DTs whiles the remaining switch S2 conducts during the time period of 
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Ts(1-D) which the complementary mode of conduction. The voltage multiplier increases 

the magnitude of the output voltage hence minimum turns ratio is required in the 

transformer. The parallel resonant tank provides the ZV-ZC switching. The equivalent 

circuit of the six modes of operating the proposed topology is provided in Figure 3.21. 

 

Figure 3.20: Modified HB PL-RC (Neilor et al., 2019) 

 

Figure 3.21: Six modes of equivalent circuit (Neilor et al., 2019) 

 

A new parallel RC is presented in (M. Kim et al., 2015) which has wide range of values for 

the output voltage, also this topology has lean path of operating the switching frequency. 

Zero voltage switching during the period of turn-on and zero current switching during the 

period of turn-off is another possible feature of this topology. The turn’s ratio of the 

transformer can be varied to determine the value of capacitance for the resonant tank. The 

resonant tank is stress-free at startup because of ZV gain at notch resonance frequency. 

The proposed topology of Figure 3.22 is mainly composed of three parts; the HB structure, 

the resonant tank and the rectifier component. The resonant tank has two inductors, one 
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capacitor and a transformer. The equivalent circuit for the modes of operation is shown by 

Figure 3.23.  

 

 

Figure 3.22: HB-PL-RC (M. Kim et al., 2015) 

 

 

Figure 3.23: Modes of operation (M. Kim et al., 2015) 
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The gain of the converter is given by: 

𝐺 = 
𝑛2

𝑛1

1

√(𝑘
𝑓𝑛
2

𝑓𝑛
2−1

+1)
2

+(
𝑘𝑓𝑛
𝑄
)
2
                                                                  (3.10) 

 

A parallel loaded RC topology is presented in (Y. C. Chuang et al., 2012) for battery 

charging based on float charge approach; this technique ensure that the battery is 

constantly charged and will remain fully charged always. The proposed converter has 

minimum component requirements however high efficiency and minimum switching 

losses is delivered. The high efficiency is obtained at the point of discontinuous current 

mode conduction. The circuit of the presented topology is seen in Figure 3.24 and its 

equivalent circuit is given by Figure 3.25. The main circuit is made up three parts; the half 

HB, the resonant tank and finally the rectifier part to eliminate the dc component of the 

inverter output. This topology does not incorporate a transformer into its structure.  

 

 

Figure 3.24: PL-RC (Y. C. Chuang et al., 2012) 

 

 

Figure 3.25: PL-RC equivalent circuit (Y. C. Chuang et al., 2012) 
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Figure 3.26: Waveforms of current and voltage (Y. C. Chuang et al., 2012) 

 

A capacitor based push-pull PL-RC is proposed in (D. Thrimawithana et al., 2008) this 

topology is operated in three different states which are named as: 

 Normal state  

 Buck state  

 Boost state  

 

These states of operation are possible due to the variation of the switching frequency 

achieved by damped RF modulation via a phase shift. These modes of operation guarantees 

high voltage gain with wide range of values. Detailed explanation of the proposed 

converter is well explained in the following . 
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Figure 3.27: Push-pull PL-RC  (D. Thrimawithana et al., 2008) 

 

The normal state of operation, the switching frequency equals to the damped resonant 

frequency, in the buck state of operation, the damped resonant frequency is greater than the 

switching frequency and finally in the boost state of operation the switching frequency is 

greater than the damped resonant frequency.  

 

The output power is given by: 

𝑃𝑜𝑢𝑡 = (
𝑇𝑆

𝑇𝑧
)
2 𝜋2𝑉𝐷𝐶

2𝑅
                                                                             (3.11) 

 

The dc current IDCis given by: 

𝐼𝐷𝐶 =
𝑃𝑜𝑢𝑡

ɳ𝑉𝐷𝐶
                                                                                          (3.12) 

 

𝐼𝐷𝐶 =
𝜋2𝑉𝐷𝐶

2𝑅ɳ
(
𝑇𝑠

𝑇𝑧
)
2

                                                                               (3.13) 

 

 

Analysis of the characteristics of PL-RC is investigated in (M. J. Schutten et al., 1992). 

The circuit of the parallel network is shown by Figure 3.28. The resonant tank equation is 

governed by: 

𝑄 =
𝑅𝐿

√
𝐿𝑟
𝐶𝑝

                                                                                               (3.14) 
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Where RL is the inverter load and the resonant tank components are represented by the 

inductor and capacitor. The ratio of the output voltage to the input voltage which 

represents the voltage gain is expressed by: 

𝐺 =
1

𝜋2

8
(1+

𝐶𝑝

𝐶𝑠
−𝜔2𝐿𝑟𝐶𝑝)+𝑗𝑄𝑠(

𝜔

𝜔𝑠
−
𝜔𝑠
𝜔
)
                                                         (3.15) 

 

 

Figure 3.28: PL-RC (M. J. Schutten et al., 1992) 

 

 

Figure 3.29: PL-RC characteristics (M. J. Schutten et al., 1992) 

 

 

3.6 Series-Parallel-loaded RC (SPL-RC) Topologies 

The series-parallel loaded resonant converter is a combination of the series and the parallel 

RC structures. Depending on the converter topology, SPL resonant converter is connected 

at the output of the converter to provide high efficiency by reducing the switching losses of 
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the converter when zero-voltage and zero-current switching is attained. Some selected 

papers on the above mentioned subject are presented below. 

A boost dual SPL resonant converter is presented .Figure 3.30 show the circuit of the 

proposed converter. The high boosting feature is achieved by incorporating switched 

capacitor network into the converter structure. This converter boast of voltage gain of wide 

range, better voltage regulation of light loads and continuous variation. Charge losses and 

current spikes are removed by resonance operation of the capacitors. Also zero-current 

switching for transistors and diodes at turn-on and turn-off respectively is attained. The 

basic unit is composed of three components; transistor, capacitor and a diode. Another 

diode is sandwiched between the basic units. The individual resonance frequency frn and 

the voltage gain M are given by: 

 

𝑓𝑟𝑛 =
1

2𝜋√2𝐿𝑟𝐶𝑟
                                                                                    (3.16) 

 

{
 
 

 
 𝑀 =

𝑉𝑜

𝑉𝑖𝑛

𝑀 =
[(ℎ−1)(𝑉𝑐𝑟,𝑚𝑎𝑥−𝑉𝑐𝑟,𝑚𝑖𝑛)]𝑚 

ℎ𝑉𝑐𝑟,𝑚𝑎𝑥−𝑉𝑐𝑟,𝑚𝑖𝑛

𝑀 = 
1+√1+8𝑚(𝑁−1)

2

                                                           (3.17) 

 

 

Figure 3.30: nX SPL-RC 

 

The modes of operation are represented by Figure 3.31. 
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Figure 3.31: Modes of operation of nX SPL-RC 

A dual output converter is proposed . The novel features of the proposed converter is the 

combination of two finite topologies; the parallel input and series output resonant tank of 

the LLC topology and the full bridge structure. The modulation method used is the PS 

hybrid technique. Switching frequency and phase angle modulation are used in modulating 

the resonant tank and full HB respectively. The parallel LLC network is composed of two 

resonant inductors and capacitors plus magnetizing inductances. The series connection is 

obtained from the output of the resonant converter. The HB is composed of four 

semiconductors devices (MOSFET); which generates the pulsating voltage of high 

frequency. The principal output waveforms of the proposed converter is shown in Figure 

3.32 whiles the main circuit of the proposed converter is shown in Figure 3.33.The 

converter modes of operation are shown by Figure 3.34.  

𝑀𝐵 =
𝑓𝑛

2𝑛√−𝐾+𝑓𝑛
2(1+𝑘)

                                                                          (3.18) 

𝐼𝑜2,max = 
𝑃𝑜𝑢𝑡,𝑚𝑎𝑥

𝑉𝑜𝑢𝑡2
                                                                               (3.19) 

𝑖𝐿𝑟(𝑡) = 𝐼𝐿𝑟𝑡sin (𝜔𝑠 + 𝜃)√2                                                              (3.20) 
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Figure 3.32: Modes of operation  

 

 

 

 

Figure 3.33: Waveforms Figure 
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3.34: Proposed converter 

 

A full bridge based LLC resonant converter is presented in (Y. Shen et al., 2018). The 

presented converter is connected a transformer and a rectifier circuit and it’s used in for 

charging of electric vehicles. Instead of one large transformer, two medium size 

transformers are employed. Equal current values are attained at the primary by series 

connection and equal voltage values are attained at the secondary by parallel connections 

hence the power magnitude is balanced for both connections. To increase efficiency and 

reduce losses, ZVS for turn-on of switches and ZCS during turn-off of diodes is attained. 

When compared to conventional topologies with one large transformer, the presented 

topology offers better heat dissipation and minimum transformer losses. Figure 3.35 shows 

the presented topology. The circuit is composed of H-Bridge structure, the resonant tank 

and the rectifier output section. The mode of operation is divide into eight parts which are 

represented by Figure 3.36 and Figure 3.37. 
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Figure 3.35: HB LLC converter (Y. Shen et al., 2018) 

 

 

 

Figure 3.36: Modes of operation (Y. Shen et al., 2018) 
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Figure 3.37: Modes of operation (Y. Shen et al., 2018) 

 

The voltage gain is given by: 

𝑀 = |
𝑅𝑒𝑞𝑓𝑠𝐿𝑚𝐶𝑟

[𝑗𝑓𝑠(1−
𝑓𝑠
2

𝑓𝑟
2)(𝐿𝑙𝑘𝑠𝑛

2+𝐿𝑚)+𝑅𝑎𝑐(1−
𝑓𝑠
2

𝑓𝑝
2)

|                                                (3.21) 

 

 

The resonant tank Q is given by: 

𝑄 =
0.95

|𝑀|𝑚𝑎𝑥𝐾
√𝐾 +

|𝑀|𝑚𝑎𝑥
2

|𝑀|𝑚𝑎𝑥
2 −1

             (3.22) 

 

A novel dc-dc converter based on single switch coupled with a rectifier circuit and a 

resonant tank is presented in (Ying et al.,2017). This topology is suitable for low voltage 

power systems. The single switch concept reduces the component count hence the size and 

cost the proposed converter. The circuit of the proposed inverter is shown by Figure 3.38.  

The inverter section of the topology is made up of an input filter, the semiconductor switch 

and the shunt capacitor. The resonant tank is sandwiched between the inverter and the 

rectifier. The series-parallel tank is composed of three components; one inductor and two 

capacitors as shown in Figure 3.38.  
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The rectifier circuit is of the bridge topology and has an output filter composed of LC 

components. There are six modes of operations, the equivalent circuit for each mode of 

operation is shown by Figure 3.39.  

 

Figure 3.38: One switch SPL-RC (Ying et al.,2017) 

 

 

 

 

 

 

 

 

 

Figure 3.39: Modes of operation (Ying et al.,2017) 
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The design of bidirectional SPL-RC based on LCC tank topology is presented in (M. 

Khalil et al., 2016). The used switches will have bidirectional current flow capabilities and 

also a ratio transformer is used to separate the high and low current components. The 

transformer can also be utilized for both buck and boost functions. Figure 3.40 shows the 

circuit of the presented converter and its generated waveforms are shown by Figure 3.41. 

The circuit of Figure 3.40 is composed of two converters sandwiched by the SPL topology 

and a transformer. The two converters have independent dc sources. The series section of 

the resonant tank is composed two components; inductor and capacitor whiles the 

remaining capacitor constitutes the parallel section. Operation of the H-Bridge structure is 

similar to the conventional operation states; diagonal switches are turned-on to produce the 

desired polarity of power.  

 

Figure 3.40: Bidirectional SPL-RC (M. Khalil et al., 2016) 

 

 

Figure 3.41: Generated waveforms (M. Khalil et al., 2016) 
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Output voltage equation is given by: 

𝑉2 = 2𝑛𝑅𝐿 (
𝐼𝑖𝑛−𝑛𝑘𝜔𝑠𝐶𝑝𝑉𝑑

𝜋+2𝑛2𝑅𝐿𝜔𝑠𝐶𝑝
)                                                                  (3.23) 

 

A novel dc-dc converter based on SPL-RC topology is presented in (Yueshi et al., 2016). 

The proposed converter is suitable light emitting diode (LED) driver applications. The 

presented topology has an important feature in which there’s equal phase of the input 

voltage and input current due to the resistive nature of the input impedance. The structure 

of the proposed converter is shown by Figure 3.42. The inverter section is composed of 

half HB made up of two switches. The resonant tank is sandwiched between the inverter 

and the rectifier circuit. The resonant tank is connected to a transformer. The equivalent 

circuit is shown in Figure 3.43 and the simplified circuit is given by Figure 3.43. 

 

Figure 3.42: DC-DC SPL-RC (Yueshi et al., 2016) 

 

 

 

Figure 3.43: Equivalent circuit of DC-DC SPL-RC(Yueshi et al., 2016 ) 
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Figure 3.44: Simplified DC-DC SPL-RC (Yueshi et al., 2016) 

 

The voltage gain is given by: 

𝑀 =
𝑠2𝐶𝑟𝐿𝑠𝑅

(1+𝑠2𝐶𝑟𝐿𝑟)(𝑠2𝐶𝑝𝐿𝑠𝑅+𝑠𝐿𝑠+𝑅)+𝑠2(𝐶𝑟𝐿𝑠𝑅)
                                           (3.24) 

 

A novel battery charging system based on half H-Bridge SPL-RC is presented. Source or 

input of the proposed topology is derived from photovoltaic systems. The design of the 

proposed topology makes possible to eliminate low frequency current ripples and high 

frequency current ripples of the battery; this feature increases the lifespan of the battery. 

Figure 3.45 shows the proposed circuit topology. The circuit is composed of the following 

parts: 

 

 PV input  

 Half H-Bridge  

 Resonant Tank  

 Rectifier Circuit  

 Filter  
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Figure 3.45: PV based SPL-RC 

 

Figure 3.46: Equivalent circuit of PV based SPL-RC 

 

 

Bidirectional power flow of isolated LLC SPL-RC offers numerous advantages such as 

both directional power flow, higher efficiency and higher power density. This topology of 

SPL-RC is presentedin (A, Hillers et al., 2012). The presented converter is composed of 

two H-Bridges in both ends of the structure and have independent power sources. Analysis 

of the primary side HB is similar to the methods presented in the following papers . A 

square wave is generated by the H-Bridge at the primary and it’s applied to the SPL tank; 

this produces an almost sinusoidal current. Rectification of the produced power is done by 

the secondary H-Bridge; this process increases the efficiency of the converter . First 

harmonic approximation is achieved because the resonant tank functions as a filter 

(Bandpass) hence power transfer is done by the fundamental components of current and 

voltage . The circuit of the presented topology is givenFigure 3.47.  
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The voltage gain of the converter is given by: 

𝑀 =
1

√[𝑄(𝐾−
1

𝐾
)]
2
+[1+

1

ℎ
−

1

ℎ𝐾2
]
2
                                                                 (3.25) 

 

The voltage gain for the reverse power flow is given by: 

𝑀𝑟𝑒𝑣 =
1

√(𝑄𝐾−
𝑄

𝐾
)
2
+1

                                                                             (3.26) 

 

Where Q is defined by: 

𝑄 =
𝑅𝑎𝑐

𝑍𝑜
                                                                                               (3.27) 

 

 

Figure 3.47: Bidirectional SPL-RC (A, Hillers et al., 2012) 

 

3.7 Hybrid Resonant Converter Topologies 

Soft switching of semiconductor switches is a technique where the power losses due to 

switching is minimized or eliminated. Currently two types of soft switching are widely 

being applied in industry and these are: 

 Zero voltage switching (ZVS)  

 Zero-voltage/zero-current switching (ZVSZCS)  

Because of the lower voltage ratings of MOSFET when compared to IGBT, ZVS is mostly 

suitable for the MOSFETS whiles ZCS is suitable for IGBT. The hybrid resonant converter 

is derived by combining structures of the already existing topologies to derive a new 

converter, also hybrid control techniques are proposed. The main idea of the hybrid 
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topology is resolve any of the limitations of the existing topologies. Below are some 

published papers on the hybrid RC converter topologies. 

A hybrid controller to provide control and stabilization of dc-dc RC is presented . This 

method does not use the conventional small signal approximation or the average signal 

approximation method. Two features are used in the design of the proposed control 

method; converter switch behavior and piecewise affine technique. A hybrid modulation 

technique for the control of dc-dc RC is presented . The hybrid control technique is 

composed of phase shift and pulse frequency PWM. The output voltage of the proposed 

converter and the resonant tank are independently controlled because phase angle and 

switching frequency are used to control the two parameters respectively.  

A novel converter with both three-level and two-level output voltage generation 

capabilities is presented . This converter is derived from the full bridge structure and its 

combines the advantages of HB and the resonant tank. It’s capable of accepting input 

voltage with wide variations hence suitable for fuel cell applications. The size of the output 

filter and the input ripples are minimized when compared to the traditional HB. Zero 

voltage switching is possible with the presented converter. Figure 3. 48 shows the circuit of 

the presented converter.  

 

Figure 3.48: Hybrid HB LLC converter 
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Figure 3.49: Major waveforms 

 

The structure of the proposed inverter is composed three major parts; the inversion section, 

the resonant tank and the rectifier section. The structure of the inversion section is similar 

to the NPC converter. Each power switch is connected with antiparallel diode and 

capacitor, there are six of these switches, one dc source, two capacitors, LLC tank and HB 

rectifier.  

 

3.8 Commutation Circuit 

Commutation basically is the process of turning off the power electronic switch so as to 

bring the current value to zero. Basically commutation can be explained as the switching 

behavior of power electronic switches. Commutation of power switching experiences two 

types of commutation known as hard commutation and soft commutation. In the case of 

hard switching, the power switch holds a considerable amount of voltage or current when it 

immediately changes state. Hard commutation if a forced process by either gate signal or 

other power electronic switches. Soft switching on the other end occurs at a state when the 

current and voltage values are at zero (0). Soft commutation is achieved by employing 

circuit of RLC to achieve the zero current or zero voltage switching . There are two other 
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types of commutation known as synchronous and asynchronous commutation which are 

well explained . Below are some published commutation circuits.  

Load-Adoptive commutation control of a three-phase inverter termed RDCL (resonant DC 

link) is presented . The RDCL is a novel topology composed of the usual suspects in any 

resonant tank based topology; converter, resonant tank and rectifier circuit. This presented 

control techniques achieves soft switching thus reduced losses, high efficiency and finally 

minimum voltage stress of components. Also a new soft switching known as pseudo 

ZVS/ZCS is achieved by this method. Comparing this method to the fixed time control 

method, this control offers higher efficiency because the commutation switching points can 

be positively controlled. The commutation current (inductor) waveform for the proposed 

control method is shown by Figure 2.51.  

 

Figure 2.50: RDCL inverter 
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Figure 3.51: Inductor current commutation waveform 

 

 

A unique commutation and PWM technique are presented  which yields the following 

positives results: 

Soft switching 

Snubber circuit elimination  

Leakage current recovery  

 

The topology of the presented system is a single stage solid state transformer which comes 

with numerous advantages such as frequency regulation, VAR application and high power 

density. This converter is suitable for distribution of modern power and high power density 

drives, it also has bidirectional power-flow and PF correction in open loop systems. The 

component count is at its barest minimum; semiconductor switches and copper. Figure 

3.52 shows the structure of presented topology (type 1) 
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Figure 3.52: Single stage transformer  

 

3.9 Conclusion 

Resonant converters as a topic as well as selected publications on different topologies of 

resonant converters were investigated in this section of this thesis. The investigations 

revealed that resonant converters minimize switching losses by providing zero voltage and 

zero current switching of the semiconductor switches. Four main types of selected resonant 

converters were reviewed, these topologies are derived from the load side connection of 

the resonant tank. The basic type of resonant tank is LC structure which can be connected 

in series, parallel, series-parallel and hybrid with respect to the load of the converter.  
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CHAPTER FOUR 

PROPOSED TOPOLOGY AND SIMULATION RESULTS 

 

 

4.1 Proposed Topology 

The proposed topology in this research is a novel single switch which is coupled with a 

resonant tank of parallel nature and it’s applied the application of induction heating. This 

topology boast of several advantages such as minimum component count hence reduced 

converter losses and also minimum switching loss due to the application of the resonant 

tank; therefore the total converter efficiency is improved. Operation of the proposed 

topology is done in soft commutation state therefore the converter is able to generate the 

high frequency required for induction heating applications. The switching frequency is 

used to regulate the output power. Figure 4.1 shows the structure of the proposed converter 

which is made up of an input LC filter, a H-Bridge diode rectifier, a unidirectional switch 

connected with an antiparallel diode, the parallel resonance and the load.  

 

Figure 4.1: Proposed converter  

The modes of operation of the proposed converter is in three states; these states are shown 

by Figure 4.2a to Figure 4.2c. In the first state, which can be described as the charging 

state or filtering state, the diodes and the switches are off; Figure 4.2a illustrate this mode. 

In the second state, the switch is gated on and the diodes D1 and D3 conducts; this state is 

illustrated by Figure 4.2b and finally the last or third state occurs when all diodes and the 

switch are conducting; Figure 4.2c illustrates this state.  
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Figure 4.2: States of operation  

 

The desired theoretical output waveforms for the operation of the proposed converter is 

illustrated by Figure 4.3. There are three period of switching for the above converter; these 

periods are t0 to t1, t1 to t2 and t2 to t3. These time periods correspond to the three modes of 

operation of the converter. Let these three periods of interval be represented by Period A, 

Period B and Period C.  

Period A: From to - t1, 

As shown in Figure 4.3, in this interval, all the diodes and the switch of Figure 4.1 are off 

hence they do not conduct. This period is used in charging linearly the capacitor of the 

input LC structure. At this period, the input voltage and capacitor voltage have the same 

polarity.  
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Period B: From t1 - t2 

In this interval, only three active components conducts, the main power switch S and two 

diodes (D1 and D3) conducts. During this period, the power to the semiconductor switch is 

provided by the capacitor and it last until the capacitor finally discharges its voltage.  

Period C: From t2 - t3 

In this state or interval, all the diodes and the power switch are conducting hence the 

current to the switch has two paths, either paths of the diode bridge. When the current 

through the switch finally reduces to zero, the period ends and the whole switching period 

starts all over again from Period A.  

 

Figure 4.3: Output waveforms 

 

4.2 Operational Investigations 

As in the case of all circuit analysis, the components and devices are assumed to be ideal 

hence this assumption is used in the circuit analysis. Two more assumptions are made 

which will aid in the analysis of the circuit; these assumptions are: 
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 Approximation of the switch current to be semi-sinusoidal  

 First harmonic component of the output voltage determines the load power 

The following expressions are derived from the above assumption. The base voltage is 

given by: 

𝑉𝐵 = 𝑉𝑖𝑛                              (4.1) 

Base impedance RB is given by: 

𝑅𝐵 = √
𝐿𝑜

𝐶𝑜
                 (4.2) 

Base current is expressed as: 

𝐼𝐵 =
𝑉𝐵

𝑅𝐵
                                            (4.3) 

 The base power is given by:  

𝑃𝐵 = 𝐼𝐵𝑉𝐵                              (4.4) 

The base frequency is expressed as: 

𝜔𝐵 =
1

√𝐿𝑜𝐶𝑜
                                           (4.5) 

The base period is expressed by: 

𝑇𝐵 =
2𝜋

𝜔𝐵
                               (4.6) 

The maximum switch current is expressed below and should fall within the range 6– 10(A) 

𝑖𝑚𝑎𝑥
𝑠𝑤 =

𝐼𝑚𝑎𝑥

𝐼𝐵
                 (4.7) 

The maximum switch voltage is expressed below and should fall within the range 4 –5(V) 

𝑣𝑚𝑎𝑥
𝑠𝑤 =

𝑉𝑚

𝑉𝐵
                 (4.8) 

The switch current is the sum of the input current and the capacitor current: 

𝑖𝑖𝑛(𝑖𝐿𝑖𝑛) + 𝑖𝐶𝑖𝑛 = 𝑖𝑠𝑤                (4.9) 

𝐼𝑚𝑎𝑥
1𝑠𝑤 = √𝑎1

2 + 𝑏1
2              (4.10) 
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𝑎1 =
1

𝜋
∫ 𝐼𝑚𝑎𝑥

1𝑠𝑤 sin (
𝜔𝑠𝑡

2𝐷
) 𝑐𝑜𝑠

2𝜋𝐷

0
𝜔𝑠𝑡𝑑(𝜔𝑠𝑡)                         (4.11) 

𝑏1 =
1

𝜋
∫ 𝐼𝑚𝑎𝑥

1𝑠𝑤 sin (
𝜔𝑠𝑡

2𝐷
) 𝑠𝑖𝑛

2𝜋𝐷

0
𝜔𝑠𝑡𝑑(𝜔𝑠𝑡)(4.12) 

The efficiency of the proposed converter can be calculated from the expression given by: 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑃𝑖𝑛− 𝑃𝑇𝑜𝑡𝑎𝑙 𝑙𝑜𝑠𝑠

𝑃𝑖𝑛
                          (4.13) 

However the power losses of the converter is derived from three major parameters; these 

are the switching power losses, conduction power losses and blocking power losses. These 

losses can only be calculated when experimental investigations are carried out because real 

components will provide certain information needed in the calculating these losses. 

Table 4.1: Parameters for Simulation 

Component Value 

Input Voltage Vin 230V 

Filter capacitor Cin 0.94 x 10-6F 

Filter inductor Lin 8 x 10-3H 

Switching frequency fsw 20kHz 

Resonance inductor Lr 22 x 10-6H 

Output inductor Lo 150x 10-6H 

Output capacitor Co 2.35 x 10-6F 

Output resistor Ro 60Ω 

 

 

4.3 Simulation Results 

Simulation results for the proposed single switch resonant converter is represented below. 

The necessary component parameters are show in Table 4.1. This simulation is carried out 

in MATLAB R2015a edition. Figure 4.4 shows the MATLAB layout for simulation, the 

input section has an LC filter connected an H-Bridge diode rectifier, the output which is 

connected to the single switch then the resonance inductor and the parallel RCL load.  
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Figure 4.4: The MATLAB layout for simulation 

 

 

Figure 4.5: Input voltage waveform 

 

The sinusoidal voltage input is shown by Figure 4.5. The peak to peak value of this voltage 

is 230V. Also the sinusoidal current input is shown by Figure 4.6. It should be noted that 

these values of measurements were carried out after the input filter. Hence the filter 

capacitor value is equivalent to the measurement of Figure 4.5 and the inductor 

measurement is equivalent to that of Figure 4.6.    
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Figure 4.6: Input current  

 

 

Figure 4.7: Diode current waveform 

 

Figure 4.7 and Figure 4.8 shows the diode current and voltage waveforms during the 

process of changing the ac voltage into dc voltage. These waveforms are obtained from 

one diode and it can be used to represent the four diodes in the rectifier circuit because the 

input voltage values to change.  
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Figure 4.8: Diode voltage waveform 

 

 

Figure 4.9: Rectifier output voltage 

 

The rectified voltage of Figure 4.9 derived by changing the 230 ac voltage at the filter 

output to the desired dc voltage is shown by Figure 4.9. This rectified voltage is used to 

feed the single switch with unidirectional voltage flow; so as to converter the rectified 

voltage in sinusoidal ac voltage.  
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Figure 4.10: Switch voltage  

 

 

 

Figure 4.11: Switch voltage zoomed output 

 

Figure 4.10 and Figure 4.11 shows the voltage across the unidirectional switch during the 

period of conduction. Figure 4.11 shows the zoomed out waveforms of the voltage across 
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the switch. With a switching frequency of 20 kHz, the generated output voltage is shown 

by Figure 4.12 to Figure 4.14.  

 

Figure 4.12: Output voltage  

 

 

 

Figure 4.13: Output voltage zoomed out  
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Figure 4.12 shows the generated output voltage across the resonant tank and the load and 

Figure 4.13 shows the semi zoomed out of one of the output voltage. A further zoomed out 

of the output voltage is represented by Figure 4.14.   

 

Figure 4.14: Output voltage further zoomed out  

 

 

 

Figure 4.15: Output current  
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The generated output current which is the same as the resonant inductor current is shown 

by Figure 4.15. This currents feeds the parallel RLC load. Putting a scope across the 

resistor in the parallel RLC load will results in the measurement of the resistor current as 

shown by Figure 4.16.  

 

Figure 4.16: Resistor output current 

 

Figure 4.17: Capacitor voltage zoomed out. 

The voltage across the parallel RLC load when measured is represented by Figure 4.17. 

This voltage shown in the figure is zoomed out to indicate the exact nature of its 
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waveform. The above waveforms were generated for the simulation of the proposed single 

switch converter. The application of a single switch reduces the converter losses, reduces 

the volume and the size of the converter also. In the proposed topology, an input filter is 

used which minimises the input ripples and also resonant tank is applied which increases 

the efficiency of the topology.  

4.4 Conclusion 

The goal of this section of this thesis is to provide simulation results which will validate 

the theoretical analysis for the proposed topology. The generated output waveforms from 

simulating the proposed topology in MATLAB Software using the parameters of Table 4.1 

proves a successful implementation of the proposed topology.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 
 

CHAPTER FIVE 

CONCLUSION AND FUTURE WORKS 

 

 

5.1 Conclusion 

In this research, a single unidirectional converter is proposed which is fitted with an input 

LC filter and parallel resonant tank at the output which provides soft commutation of the 

power switch. As in the case of all ac-ac converters, this topology can be utilized as a high 

frequency generator and thereby using the frequency as the medium to control the 

converter output power. Due to laboratory constraints, analysis of the proposed converter is 

only investigated via simulation results. The generated waveforms obtained from 

simulations are shown and explained in chapter four of this thesis. Advantages of the 

presented topology when compared to similar converters can boast of minimum switching 

devices which results in minimization of the converter losses due to switching and 

conduction. An input filter is utilized to minimize the input ripples and alsominimize the 

harmonic content. The resonant tank structure provides the needed soft switching of the 

power switches so as to reduce the converter losses generated during the periods of 

blocking, conduction and switching. In all, the proposed converter, archives the needed 

goal of providing high frequency at the output and also provide the ac-dc-ac power 

conversion with minimum components and minimum losses. 

5.2 Future Works 

All the goals set out before conducting this research were achieved perfectly, however the 

current happenings in the world of power conversion needs a review of this research hence 

the following future works are recommended. A trade-off between this proposed topology 

which is a double stage conversion system but has only one power switch and four diodes 

and a single stage matrix converter with four bidirectional switches can be analysed. 

Incorporating any of the impedance based networks will provide buck-boost functionality 

and also provide very high voltage gains. Therefor future works will investigate the 

inclusion of the latest impedance network structure to boast the voltage gain.  
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