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ABSTRACT 

 

Half-bridge inverters are suitable for many power electronics applications due to their 

simple structure, ease of control, versatility, and ability to produce high gain and 

efficiency. However, in some applications such as electromechanical power supplies for 

electroplating products there are special requirements to provide very high voltage gain and 

wide range of outputs such as symmetrical and asymmetrical voltages. The use of 

conventional half-bridge inverters in such applications is affected by current shoot-through 

problem, limited output voltage and unbalance voltage between input capacitors. This 

thesis focuses on the analysis and simulation of a Z-source based half-bridge inverter to 

address the limitations of the conventional HBI and make it capable for lots more 

applications. The equations of currents and voltages of all the components are derived, in 

order to find the minimum values of passive components (capacitors and inductors). 

This inverter circuit is built upon the conventional half-bridge converter circuit by adding 

an impedance LC network known as Z-source between the source and the converter. A 

comprehensive description and steady state analysis of the inverter circuits are presented. 

In order to complement the theoretical analysis a simulation is conducted on the inverter 

circuits using PSCAD/EMTDC package. 

The theoretical and simulation results show that the inverter circuit can solve the unbalance 

midpoint input voltage problem in addition to solving the issues of current shoot-through 

and limited output voltage. It also provides an improved efficiency compared to the two-

LC network Z-source half-bridge converter since only one LC network is used here. It also 

produces a wide range of output voltage with reduction in component count, size, weight 

and cost. The inverter can satisfy the special requirements of the electromechanical power 

supplies used in electroplating technologies and many more applications.   

Keywords: Half-bridge inverter; Z-source; Z-source HBI; PSCAD/EMTDC package 
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ÖZET 

  

Yarēm kºpr¿ evirgeler;  basit yapēlarē, kontrol kolaylēklarē, okyºnl¿l¿kleri  ve y¿ksek 

kazanēm ile etkinlikleri dolayēsēyla  birok g¿ elektroniĵi uygulamalarē iin uygundur. 

Bununla birlikte, elektrolitik kaplama ¿r¿nleri iin elektromekanik g¿ kaynaklarē gibi bazē 

uygulamalarda, ok y¿ksek voltaj kazanēmē ve simetrik ile asimetrik voltajlar gibi geniĸ 

yelpazeli ēktēlarēn temin etmek iin ºzel gereksinimler vardēr. Bu uygulamalarda 

konvansiyonel yarēm kºpr¿ evirgelerin kullanēmē; akēmēn gitme probleminden, girdi 

kapasitºrleri arasēndaki sēnērlē ēktē voltajē ile dengesiz voltajdan etkilenir. Bu bitirme tezi, 

konvansiyonel HBIôēn kēsētlamalarēnē ele almak ve daha fazla uygulamalarē yetenekli 

kēlmak iin Z-kaynak  tabanlē yarēm kºpr¿ evirge tasarēm ve sim¿lasyonu ¿zerinde 

odaklanmēĸtēr.   

Bu evirge elektrik devresi, kaynak ile deĵiĸtirici arasēnda Z-kaynak olarak bilinen bir 

empedans LC ĸebekesi ilave etmek suretiyle konvansiyonel yarēm kºpr¿ deĵiĸtirici elektrik 

devresi ¿zerine kurulmuĸtur. Evirge devrelerin kapsamlē bir aēklamasē ve duraĵan durum 

analizi sunulmuĸtur. Kuramsal analizi t¿mlemek için, PSCAD/EMTDC paket program 

kullanēlarak evirge devreler ¿zerinde bir simulasyon yapēlmēĸtēr.  

Kuramsal ve sim¿lasyon  sonularē; akēmēn gitmesi ve sēnērlē ēktē voltajē sorunlarēnēn 

çözümüne ilaveten, evirgeç devrenin, dengesiz orta-nokta girdi voltajē problemini de  

ºzebileceklerini  gºstermektedir. Ayrēca bu; iki-LC ĸebeke  Z-kaynak yarēm kºpr¿ 

deĵiĸtirici ile karĸēlatērēldēĵēnda, burada bir-LC ĸebeke kullanēlmasēndan dolayē, etkinlikte 

bir geliĸme saĵlamaktadēr. Bu ayrēca; bileĸen sayēsē, b¿y¿kl¿ĵ¿, aĵērlēĵē ve maliyetinin 

azaltēlmasēyla da, geniĸ yelpazeli ēktē voltajē ¿retmektedir. Evirge, elektrolitik kaplama 

teknolojilerinde ve daha birok uygulamalarda kullanēlan elektromekanik g¿ 

kaynaklarēnēn ºzel gereksinimlerini tatmin edebilir.    

Anahtar kelimeler: Yarēm-köprü evirgeç;  Z-kaynak; Z-kaynak HBI;  PSCAD/EMTDC 

paket programē 
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CHAPTER 1                                                                                                                                                                                                                 

INTRODUCTION  

 

1.1 Overview 

Power converters are frequently used in numerous applications to provide a desired power 

supply for many electronic equipment.  Popular applications of inverters include in 

servomotor derives, renewable power systems, home appliances, office equipment, 

telecommunication devices, electrochemical power suppliers and many more. Power 

converters gives a regulated output higher than a given unregulated input for boost 

converters or lower output for buck inverters (Wen, Deng, Mao, & Batarseh, 2005). Half-

bridge converters are prominent among the power inverter topologies, this is resulting from 

its simple structure, ease of control, versatility, small component count, and itôs potent for 

producing high efficiency. These features have made them to be widely used in power 

electronics applications. (Win, Baba, Hiraki, Tanaka, & Okamoto, 2012). Moreover, half-

bridge structures suitable for applications requiring medium-level power. Half-bridge dc-

dc converters are traditionally control using complementary (asymmetric) control and 

symmetric control strategies, even though, introduction of Z-source network has pave a 

way for more flexible and efficient methods have (Vinnikov, Chub, & Liivik, 2015). 

 

Figure  1.1:  Conventional half-bridge inverter (Zhang et al., 2014) 
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Despite the aforementioned advantages of the half-bridge inverters the conventional 

topology has the following problems. 1) Current shoot-through problem, 2) Limited 

output-voltage problem, and 3) Unbalance voltage between input capacitors. As shown in 

Figure1.1, switches of conventional half-bridge inverters are arranged in series, the turn on 

and off of the switches cannot occur instantaneously, an interval occur within which both 

the switches are turned on and they are said to be operating in shoot-through mode, 

because of the occurrence of shoot-through heavy current flow through the switches which 

may destroy them, eventually affecting the inverterôs reliability (Zhao, Yu, Leng, & Chen, 

2012). Moreover, stability of the system is affected by unbalance between input capacitors 

that increases stress across semiconductor device and increases ripples (Hung, Shyu, Lin, 

& Lai, 2003; Z. Liu, Liu, Duan, & Kang, 2012). 

There is a good number of proposed solutions in the literature for these problems. 

Boroyevich et al. invented a protection strategy to handle the shoot through problem. 

However, a special design process is required for the switches (Lai et al., 2010). Moreover, 

a digital signal processor (DIP) based protection scheme (Zhilei, Lan, & Yangguang, 2009) 

has been established, but their method considered only adding a control circuit to the 

inverter which added cost, complexity and affected the overall system stability. In order to 

address the limited output-voltage issue, two strategies have been used in (Kamli, 

Yamamoto, & Abe, 1996), using in parallel between the source and the output section, a 

step-up transformer or a boost circuit, the problem of this technique is that because of the 

fixed transformer turn-ratio the converter output voltage is also fixed. Extended power 

control algorithm was presented, to take care of the unbalanced voltage of the input 

capacitors (Joaquēn, Santiago, & Jose, 2008). Also hybrid active-power quality 

compensator and voltage balancer circuit have been introduced in (Tanaka, Ishibashi, 

Ishikura, & Hiraki, 2010) and (Win et al., 2012) to solve the unbalanced midpoint issue.  

In 2003 Peng (Peng, 2003) invented an impedance source  inverter known as Z-network 

based inverter. ZSI has brought about a change that resolves many of the limitations of 

conventional current-source and voltage-converters.  
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Figure 1.2 shows a Z-source based half-bridge inverter, integrating Pengôs Z-network with 

traditional HB inverter (Loh, Gao, Blaabjerg, Feng, & Soon, 2007), since two input 

capacitors served as dc-sources in the circuit, and one Z-source should be coupled with 

each input source, two impedance Z-source network are required in this topology as 

shown. 

 

 

 

Figure 1.2: Z-source half-bridge converter with two Z-networks (Loh et al., 2007) 

Both problems of output ac voltage limitation and current shoot-thrrough could be 

alleviated by using Z-network based half-bridge inverter. Nevertheless, additional circuits 

are introduced by using two LC networks, thereby increasing size, cost plus weight. 

Furthermore, for applications like electrochemical power supply, were several waveforms 

of different shapes with wider range of output voltage are necessary, the range of Z-source 

inverter can not satisfy such special requirements.  

This thesis presents an improved version of Z-source based half-bridge inverter where only 

one impedance network is used. This new inverter is capable of solving the unbalance 

between input capacitors in addition to solving the issues of output voltage limitation and 

current shoot-through. Moreover, this inverter topology provides an improved efficiency 

compared to the two-LC network Z-source half-bridge inverter. 
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1.2 Thesis Objectives and Significance 

The main objective of this thesis is to analyse and simulate a Z-source based half-bridge 

inverter. PSCAD software used for simulation, support theoretical result. This inverter 

differs from conventional HB inverter, and two-LC network Z-source based half-bridge 

inverters from sense that only one LC network is used. The inverter under study resolve 

solving the unbalance between input capacitors, issues of output voltage limitation and 

current shoot-through sufferd by conventional HB inverters. When compared to other Z-

source inverters it provided much broader output voltage range with reduction in 

component count, size, weight, cost and efficiency. It can satisfy the special needs of 

electrochemical power supplies used in electroplating products which requires a broad 

range of outputs, with different waveforms including saw-tooth, square, step waves and 

recurrent pulses. 

1.3 Scope and Limitations 

For simplicity the analysis considered ideal components conditions and ignored 

freewheeling diodes in switches. The thesis is limited to simulation only, no prototype or 

experimental results are presented.  

1.4 Structure of Thesis  

Chapter 1: This chapter gives a general background on the thesis topic including the 

problem description, motivation and objectives.  

 Chapter 2: Provides a comprehensive review on conventional, soft-switching and Z-source 

based half-bridge inverters proposed in literature. 

 Chapter 3: Presents the power circuit description, mathematical analysis, equivalent 

circuits, converter operational modes and simulation results. 

Chapter 4: Conclusion and recommendation. 
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CHAPTER 2                                                                                                                    

LITERATURE REVIEW  

2.1 Introduction  

The function of power electronics converter is to condition electrical power taken from a 

power source to the form suitable for user loads, and therefore serves as an interface 

between user loads and the source. Depending on the type of input and output (alternative 

current (ac) or direct current (dc)) they operate on, power electronics converters are 

classified into ac-ac, ac-dc, dc-ac and dc-dc converters. Power electronics converters, that 

converts a dc input source into an ac output are referred to as inverters. 

Power inverter circuits are construct are often constructed as either full-bridge or half-

bridge depending on the number of switches used. Full-bridge inverters operates with four 

transistor switches for input signal, and there is also simultaneous conduction of the two 

switches and simultaneous cutting of the other this makes signal processing in full-bridge 

inverters complex and cumbersome. On the other hand, half-bridge inverter circuits utilize 

just two switches for input signal, and therefore it operates with one switch conducting 

when the other one is off. In this way, signal processing is easier and simpler (Win et al., 

2012). 

Half-bridge inverters are prominent among the power converter topologies, this is resulting 

from its simple structure, ease of control, versatility, small component count, and itôs 

potent for producing high efficiency. These features have made them to be widely used in 

power electronics applications (Win et al., 2012). Moreover, half-bridge structures suitable 

for applications requiring medium-level power.  

Half-bridge inverters are traditionally control using complementary (asymmetric) control 

and symmetric control strategies. Conventional half-bridge inverters have three major 

problems; because of having their input switches in series, current shoot-through occurs 

which may damage the whole inverter, limitation in the output ac voltage level which 

hinders its usage in many applications where high output voltage is a must and finally the 

unbalance midpoint input voltage which leads to instability in the inverter (Zhang et al., 

2014).  
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However introduction of Z-source network has pave a way for more flexible and efficient 

methods of inverter design and have offered a solution to this problems (Vinnikov et al., 

2015). 

In line with that, this chapter presents a review of some of the most significant half-bridge 

inverter topologies existing in the literature. For the purpose of this review, three classes of 

half-bridge inverters are considered; the classical half-bridge inverters, the soft-switched 

half-bridge inverters and Z-source half bridge inverters as shown in figure 2.1. A number 

of articles are reviewed under each category.  

 

Figure 2.1: Classification of Half-bridge Inverters 

2.2 Classical Half-bridge Inverters (CHBI)  

Figure 2.2 shows the circuit diagram of classical half-bridge inverter which comprise of 

two transistor switches (IGBTs), a dc-voltage source, a load and two input capacitors. 

Despite the aforementioned advantages of the half-bridge inverters the classical topology 

has the following problems. 1) Current shoot-through problem, 2) Limited output-voltage 

problem, and 3) Unbalance voltage between input capacitors. As shown in figure 2.2, 

switches of conventional half-bridge inverters are arranged in series, the turn on and off of 

the switches cannot occur instantaneously, an interval occur within which both the 

switches are turned on and they are said to be operating in shoot-through mode.  

Half-bridge 
Inverters (HBI) 

Classical Half-
bridge Inverters 

(CHBI) 

Soft-switch 
Half-bridge 

Inverters (SHBI) 

Z-Source Half-
bridge 

Inverters (ZSHI) 
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Because of the occurrence of shoot-through heavy current flow through the switches which 

may destroy them, eventually affecting the converterôs reliability (Zhao et al., 2012). 

Moreover, stability of the system is affected by unbalance between input capacitors that 

increases stress across semiconductor device and increases ripples (Hung et al., 2003; Z. 

Liu et al., 2012). 

 

Figure  2.2: Conventional half-bridge inverter (Zhang et al., 2014) 

There is a good number of proposed solutions in the literature for the above problems. 

Boroyevich et al. invented a protection strategy to handle the shoot through problem. The 

protection idea is shown in figure 2.3. To detect the shoot-through problem bidirectional 

switches consisting of relay and IGBT is inserted in the dc link. Shoot-through problem is 

identified in the converter and cleared. However, a special design process is required for 

the switches (Lai et al., 2010). 

Moreover, a digital signal processor (DIP) based protection scheme (Zhilei et al., 2009) has 

been established, but their method considered only adding a control circuit to the inverter 

which added cost, complexity and affected the overall system stability.  
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Figure 2.3: Protection Circuit proposed in (Lai et al., 2010) 

In order to address the limited output-voltage issue, two strategies have been used in 

(Kamli et al., 1996), using in parallel between the source and the output section, a step-up 

transformer or a boost circuit, the problem of this technique is that because of the fixed 

transformer turn-ratio the inverter output voltage is also fixed.  

Extended power control algorithm was presented, to take care of the unbalanced voltage of 

the input capacitors, in (Joaquēn et al., 2008) and shown in figure 2.4. Also hybrid active-

power quality compensator and voltage balancer circuit have been also introduced in 

(Tanaka et al., 2010) to solve the unbalanced midpoint issue of the input capacitors.  

 

Figure 2.4: Neutral point clamped (NPC) V-source inverter (Joaquēn et al., 2008) 
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2.3 Soft Switching of HBC 

Hard change is opposed to progressive change. When we produce software switching 

circuits, we start with a hardware switching circuit, and then add circuits (power 

components) to make it flexible. Flexible support for smooth voltage / current transitions 

when switching. Under the "difficult change" it simply means that a special diet is not 

added to smooth the pattern. To achieve smooth transitions, the basic principle of all soft 

switching methods is the switching of zero voltage and zero current in the main switching 

devices. At high switching frequency, soft switching technologies (ZVS or ZCS) are used 

to achieve good performance and lower switching voltage. When switching with zero 

voltage (ZVS), the voltage on the device is zero just before switching it on. On the other 

hand, at zero current switching (ZCS), the current flowing through the device is zero just 

before the output. Figures 2.5 (a) and (b) illustrate the switching paths of the ZVS and 

ZCS.  

 

                                   (a) ZVS Trajectory                                     (b) ZCS Trajectory  

Figure  2.5: Switching trajectory of ZVS and ZCS (Neelam et, al 2011) 

The switching or dynamic behavior of power semiconductor devices attracts the most 

attention from the fastest due to several reasons: optimal unity, power dissipation, 

electromagnetic and radio frequency interference problems and switching support 

networks. Changing software is another opportunity to reduce losses in electronic circuit 

breakers. In fact, the operation of electronic power switches in ZVS (zero voltage) or ZCS 

(zero current) mode is called ñsoft switchingò. Software switching methods in recent years 

are of great interest for power switching applications. for high-power IGBT applications, 

preferably strong MOSFETs, with much higher conductivity losses. The Figure 2.7 shows 
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the circuit diagram of soft switching and the salient element is the nonlinear reactor, shown 

enclosed in a box with constant secondary bias current. 

 

Figure  2.6: Soft switching circuit diagram (Al -Saffar, Ismail, & Sabzali, 2013) 

2.4 Z-Source Inverters 

As there exist two traditional converters which are voltage source and current source 

converters. But these converters have the following common problems; they are either a 

boost or a buck converter and cannot be a buck-boost converter. That is, their obtainable 

output voltage range is limited to either greater or smaller than the input voltage, their main 

circuits cannot be interchangeable. In other words, neither the V-source converter main 

circuit can be used for the I-source converter and nor vice versa and they are vulnerable to 

EMI noise in terms of reliability. 

To solve the aforementioned problems related with the traditional voltage source and 

voltage source converters an impedance source power converter (Z-Source converter) is 

introduced in (Peng, 2003), after the introduction of the Z-source inverter (ZSI) various 

topologies have been introduced by modifying and utilizing this circuit. This include ac-to-

dc, dc-to-ac, dc-to-dc and ac-to-ac, converter operations, as well as full-bridge and half-

bridge conversions. 



 

11 
 

The ZSI has interesting and unique properties like single-stage conversion, high voltage 

gains and buck-boost capability. It uses a specially designed ὒὅ ὔὩὸύέὶὯ to couple the 

inverter source to the main inverter circuit and boost the input voltage. This greatly 

enhance the reliability of the inverter and make it suitable for many applications. Many ZSI 

structures have been discussed in literature (Ellabban & Abu-Rub, 2016).  

Figure 2.7 shows the basic circuit of ZS converter. This circuit comprises of a dc source or 

load which may be a current-source or voltage-source or loads. the source is connected to 

the main circuit through an ñX-shapeò ὒὅ ὲὩὸύέὶὯ to provide the impedance source. 

This dc network contains capacitors ὅ and ὅ along with two inductors ὒȟ and ὒȢ  

 

Figure 2.7: General Structure of ZS Converter (Ellabban & Abu-Rub, 2016) 

For instance, the dc input source may be a fuel cell, thyristor-converter as a source, diode 

rectifier, battery source, a capacitor or inductor or any of their combination. A series or 

anti-parallel combination of switches and diodes can be used as shown in Figure 2.8 and 

Figure 2.9  respectively. 
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Figure 2.8: ZS converter with anti-parallel combination of diodes and switches (Abu-Rub 

et al, 2016) 

 

 

Figure 2.9: ZS converter with anti-parallel combination of diodes and switches (Ellabban 

& Abu-Rub, 2016) 

Nevertheless, above ZSI circuits have some shortcomings and challenges. Such as high 

starting current inrush, inability to handle heavy load, input current discontinuity, power 

flow in one direction, reduced efficiency, to mention some. Therefore, numerous 

improvements have been proposed in the literature to alleviate these shortcomings of 

classical ZS converter topology. 

To cite some examples, Figure 2.10 Shows an improved version of ZSI obtained by 

modifying classical ZSI structure. In this topology the connections of the input diodes are 
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reversed and then interchange their location with the inverter bridge. The number of 

components used is equal to those in classical ZSI structure. It solved the problem of 

current inrush while maintaining the voltage conversion gain. It also significantly 

decreases the voltage stress (Yu Tang, Shaojun Xie, Chaohua Zhang, & Zegang Xu, 2009). 

Lower current inrush and voltage stress is also achieved in (Wei, Tang, & Xie, 2010) by 

connecting the impedance networks in cascade. 

 

Figure 2.10: Improved ZSI (Wei et al., 2010) 

Another modification of the ZSI is presented in (Y. Liu, Abu-Rub, & Ge, 2014). This 

converter called ñquasi-ZSI (QZSI)ò is shown in Figure 2.11, it has discontinuous input 

current, and hence provide numerous advantages compared with classical ZSI structure. 

This include less noise since common earthing is use for input and the dc-link, and reduces 

the ratings of the impedance network components. Further modification based on similar 

passion is presented in (Anderson & Peng, 2008) and (Ge et al., 2013) as shown in Figure 

2.12. Here, continuous current is used in the input and it provides an additional advantage 

of reduced stress in the source. 
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Figure 2.11: QZSI with discontinuous input current (Y. Liu et al., 2014) 

 

Figure 2.12: QZSI with continuous input current (Ge et al., 2013) 

Figure 2.13, shows a ñQuasi-resonant soft-switching Z-source inverter (QRSSZSI)ò 

designed to achieve a soft switching in ZSI. The circuit is produced by adding a ñquasi-

resonantò circuit with a single complementary switch to a classical ZSI structure. With this 

topology zero voltage switching (ZVS) is achieved for all the inverter bridge switches. Due 

to the soft-switching higher efficiency is attained (Zhu, Chen, Lee, & Tsutomu, 2012). 
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Figure 2.13: Quasi-resonant soft-switching ZSI (Zhu et al., 2012) 

2.4.1 Z-source Half-bridge Inverter  

There is a good number of proposed inverter topologies produced by integrating Pengôs Z-

network with traditional half-bridge inverter. By using this technology Z-source based 

half-bridge converters are obtained. 

In (Zhao et al., 2012) Zhao et al presented a new Z-source based switched dc-dc converter 

with isolation transformer. Two Z-networks are used to connect the input source to the 

main converter and the load to the main converter circuit. This converter topology is shown 

in Figure 2.14 , a high frequency transformer (HFT) is used to provide an isolation. It is 

composed of two half-bridge converters one in the primary part and the other in the 

secondary of the HFT. Two Z-networks are used, one to connect the input source to the 

main converter and the second one to connect the load to the main converter circuit.   

In comparison with classical IBC, this topology provides a better voltage regulation, can 

operate on both voltage and current dc sources. Because of the isolation there is increase in 

efficiency. Furthermore, the presence of impedance network makes the converter more 

reliable, since it can handle the problem of current shoot through which limits the 

reliability of conventional half-bridge converter.  
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Figure 2.14: SZSIB dc-dc converter (Zhao et al., 2012) 

Figure 2.15 shows a Z-source based half-bridge inverter, formed by integrating Pengôs Z-

network with traditional HB inverter (Loh et al., 2007). Since two input capacitors served 

as dc-sources in the circuit, and one Z-source should be coupled with each input source, 

two impedance Z-source network are required in this topology. 

 

Figure 2.15: Z-source half-bridge converter with two Z-networks (Loh et al., 2007) 

Both problems of output ac voltage limitation and current shoot-through could be 

alleviated by using Z-network based half-bridge inverter. Nevertheless, additional circuits 

are introduced by using two LC networks, thereby increasing size, cost plus weight. 

Furthermore, for applications like electrochemical power supply, were several waveforms 
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of different shapes with wider range of output voltage are necessary, the range of Z-source 

inverter cannot satisfy such special requirements.  

Babaei et al (Babaei, Asl, & Babayi, 2016) present and analysed a unique half-bridge 

inverter circuit shown in Figure 2.16, this converter employs active circuit components 

instead of passive, replacing the inductors and capacitors with switches and diodes. When 

compared with the inverter in (Loh et al., 2007) this inverter provides a decrease in size, 

weight and significantly reduced the cost.  

Furthermore, the new inverter topology has the advantage of creating zero output-voltage 

level. It provides a higher voltage gain compared to traditional counterpart; it possesses the 

capability of removing short circuit issues associated with the inverter leg. A detailed 

analysis of the inverter circuit in steady-state was presented. The experimental and 

theoretical results confirmed the significance of this topology. To further ascertain the 

advantages a comparison was made with classical inverter types.  

 

Figure 2.16: Power circuit of the proposed inverter (Babaei et al., 2016) 

An improved version of Z-source based Half-bridge inverter where only one impedance 

network is used is also proposed (Zhang et al., 2014). This new inverter is capable of 

solving the unbalance between input capacitors in addition to solving the issues of output 

voltage limitation and current shoot-through. Moreover, this inverter topology provides an 

improved efficiency compared to the two-LC network Z-source half-bridge inverter. 
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The circuit arrangement of the inverter circuit is depicted in Figure 2.17 As shown, 

traditional half-bridge inverter consisting two switches Ὓ and Ὓ, a diode Ὀ and two 

capacitors ὅ  and ὅ  is combined with an impedance ὒὅ network comprising inductors 

ὒ and ὒ, and capacitors ὅ and ὅ. The additional Z-source circuit is to protect the 

inverter dc source from current flow back. The inductors used in the Z-source are to handle 

the inverter shoot-through currents. 

 

Figure 2.17: ZSI with single Z-network (Zhang et al., 2014)  

This inverter differs from conventional HB inverter, and two-LC network Z-source based 

half-bridge inverters from sense that only one LC network is used. The inverter resolves 

the unbalance between input capacitors, issues of output voltage limitation and current 

shoot-through suffered by conventional HB inverters. When compared to other Z-source 

inverters it provided much broader output voltage range with reduction in component 

count, size, weight, cost and efficiency. It can satisfy the special needs of electrochemical 

power supplies used in electroplating products which requires a broad range of outputs, 

with different waveforms including saw-tooth, square, step waves and recurrent pulses. 

Further attempt is made by Kumar and Veerachary to handle the deficiencies associated 

with two-Z-network inverters. They present an improved version of ZSHB converter 

suitable for applications where broad range of outputs, with different waveforms including 

saw-tooth, square, step waves and recurrent pulses, and variation in output voltage are 
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required. In comparison to conventional type, this topology provides a significant decrease 

in voltage stress across the capacitor and the switch. 

In terms of circuit structure this converter circuit as shown in Figure 2.18 It interchanged 

the connection between the load and the impedance network contrary to the arrangement in 

traditional ZSHBC (Kumar & Veerachary, 2017). 

 

Figure 2.18: Z-source half-bridge converter (Kumar & Veerachary, 2017) 

In a similar manner, a different Z-source based inverter structure; named ñHigh-Voltage 

Gain Half-Bridge Z-Source Inverter With Low-Voltage Stress on Capacitorsò is introduced 

in (Babaei & Asl, 2017). In this topology only one z-network (LC network) is employed.  

The circuit arrangement for this inverter is depicted in Figure 2.19 As shown, the circuit 

consist of traditional half-bridge inverter consisting two switches Ὓ and Ὓ, two diodes Ὀ 

and Ὀ , two inductors ὒ and ὒ, and capacitors ὅ and ὅ. A dc-voltage source and a load. 

The additional Z-source circuit is to protect the inverter dc source from current flow back. 

The inductors used in the Z-source handles the inverter shoot-through currents  (Babaei & 

Asl, 2017). 

Contrary to traditional half-bridge inverter, this inverter circuit is capable of producing 

zero output-voltage level. It can as well provide a higher stabilized output-voltage with 

different range. It can work with nominal capacitor voltage rating with decrease stress and 

cost. Using mathematical analysis technique and experimental analysis are carried out to 

validated the performance. For the analysis in steady state two operation modes are 
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considered based on the diodeôs states; referred asynchronous and synchronous diodes 

operation modes. 

To provide more reduction in weight, size and cost while increasing the voltage conversion 

gains, the impedance networks are connected in series. A correlation analysis between this 

inverter and previous one shows the exceptional performance of this inverter.  

 

Figure 2.19: Power circuit of the proposed topology (Babaei & Asl, 2017) 

2.4.2 Application of ZSHBI 

Classical half-bridge inverters and Z-network HBI have many applications in several areas 

(Jangwanitlert & Sanaj, 2007; Lee et al., 2011; Silvestre, Pedro, & Quinta, 2008; Wu, Sun, 

Zhu, & Xing, 2016; Zhilei et al., 2009). To stress the importance of combining classical 

HBI with Z-network, a detailed discussion on potential application of ZSHBI in electro-

chemical power supply conversion system is discussed in this sub-section.  

A potential application where the use of ZSHBI is necessary is electro-chemical power 

system, because of its special requirements and characteristics. This power supply is 

required to produce a variety of output voltage waveforms, such as variable negative or 

positive output-voltages with varied rate ratios among the positive and negative voltages.  
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To realize this, engineers have to incorporate many series sub-circuits with complicated 

control strategies to create an overlapping waveform with multiple output voltages. 

Nevertheless, using these traditional approaches itôs the output-voltage stabilization and 

control is cumbersome, and the additional sub-circuits used results in an increased in cost, 

size, components power losses, and the structure become bulky and leads to system 

instability.  

One of the popular examples of electro-chemical supply system is electroplating 

technology. Figure 2.20 shows the basic diagram representing the principle of operation of 

electroplating process. This process works based on redox reaction (transfer of electrons), 

as shown the process consist of dc-voltage source, a solution and opposite charged 

electrodes. The aim is to force the metal ions to smoothly and evenly cover the negative (-

ve) electrode surface. Unfortunately, direction of the dc source and current density have to 

be adjusted occasionally. In order to achieve that complex designs are required depending 

on the processes and products (HuY, PuZhiyuan, LingZhiyuan, & Yin, 2009).  

The continues increase in applications that requires electro-chemical-based power supplies 

has made the demand on the electroplating product to increase exponentially. However, the 

recent advances in the design and implementation of Z-network based inverter circuit have 

responded well and the existing circuits discussed here can satisfy the special needs of 

electrochemical power supplies used in electroplating products which requires a broad 

range of outputs, with different waveforms including saw-tooth, square, step waves and 

recurrent pulses. 

 

Figure 2.20: Diagram of electroplating (HuY et al., 2009) 
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2.5 Comparison between Conventional, Soft Switching and Z- Source Half Bridge 

Converter 

The comparison of proposed converter with ZSHBC is presented in this section. The 

proposed converter has load voltage equal to ZSHBC and lesser than HVHBZSI, with least 

capacitor voltage stress and same switch voltage stress, without any additional component 

(Kumar et al., 2017). Table  2.1 represents the comparison based on number of components. 

The detailed comparison based on the voltage gain and voltage stress across the switches is 

presented in Table 2.2.  

                         Table  2.1: Comparison Based on Number of Components 

Relationship 
Conventional 

HBC 

Soft Switching 

HBC 
Z-Source HBC 

Input Voltage Vd V in Vd 

Capacitors  2 3 4 

Inductors  0 4 2 

Diodes 2 2 3 

Switches 2 2 2 

 

  Table  2.2: Comparison based on voltage gain and Voltage Stress across the switch. 
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2.6 Conclusion 

This chapter presented a review on conventional half bridge converter. A conventional half 

bridge converter is not suitable due to the fact that it is associated with shoot through, 

limited voltage problems, ripples (unbalanced midpoint problems). A z-source half bridge 

converter is proposed to give a solution to these problems. And it shows that a z-source 

converter is more stable than the traditional half bridge. 
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CHAPTER 3 

CONVERTER CIRCUIT ANALYSIS AND THE SIMULATION RESULTS  

3.1 Introduction  

This chapter discussed the circuit analysis and simulation for the Z-Source based half-

bridge inverter (Zhang et al., 2014). Circuit description of converter and analysis in section 

3.2, two cases are considered, case 1 and case 2 in which the converter is in shoot-through 

and otherwise respectively. To express the converter capability of producing different 

output voltage waveforms by controlling the switches duties, two conditions are 

exemplified, first to produce a symmetric output voltage and second to produce 

asymmetric output voltage. This is followed by a simulation conducted using PSCAD 

software. 

3.2 System Development and Analysis 

This section explains the circuit development, steady-state operational analysis, equivalent 

circuits and key waveforms of the inverter. 

3.2.1 Circuit Development 

The circuit arrangement of the inverter circuit is depicted in figure 3.1. As shown, 

traditional half-bridge inverter consisting two switches Ὓ and Ὓ, a diode Ὀ and two 

capacitors ὅ  and ὅ  is combined with an impedance ὒὅ network comprising inductors 

ὒ and ὒ, and capacitors ὅ and ὅ. The additional Z-source circuit is to protect the 

inverter dc source from current flow back. The inductors used in the Z-source are to handle 

the converter shoot-through currents. 

 

Figure 3.1: Z-source half-bridge inverter 
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3.2.2 Steady State Analysis 

Following assumptions and notations are adapted in the analysis: 

1)The inverter components operate in ideal mode; 2) In the ὒὅ network, capacitors ὅ ὅ 

and inductors ὒ ὒ; 3) Switching pulses dead time and switches freewheeling diodes 

are neglected; 4) Large value of capacitance of the capacitors ὅ , ὅ , ὅ and ὅ. 5) Ὀ 

and Ὀ  represent the duty cycles of the switches Ὓ and Ὓ respectively.  The inverter 

operates distinctively in two different cases based on the combination of switches duties: 

Ὀ Ὀ ρ and  Ὀ Ὀ ρ. 

A. Case I: ╓ ╓ Ȣ 

Here, the circuit does not operate in the shoot-through since the switches Ὓ and Ὓ never 

turn on simultaneously. The process is exactly the same as in traditional half-bridge 

inverter. Depending on the switches states in this case we have three distinct operating 

modes in this case. Switches state Ὓᴼέὲ, ὛᴼέὪὪ correspond to mode 1, equivalent 

circuit for this mode is shown in Figure 3.2 (a). Therein, as indicated by arrows current 

flow from source-diode- ὤ-network-Ὓ, finally flows into source. During the second mode 

which correspond to ὛᴼέὪὪ, ὛᴼέὪὪ, the equivalent circuit is shown in Figure 3.2 (b). 

Therein, as indicated by arrows, current flow from the source, via the diode, through the ὤ-

network, and finally flows back to source. Similarly, mode 3 occur when ὛᴼέὪὪ, 

Ὓᴼέὲ. As shown in the equivalent circuit Figure 3.2 (c), negative voltage appears across 

the diode and therefore turn-off. The current flow from source, via  Ὑ, through the switch 

Ὓ, then ὤ-network, finally flows into source again.  
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(a)                                                                       (b) 

 

(c) 

Figure 3.2: Case I: Ὀ Ὀ ρ equivalent circuits. (a) Ὓᴼέὲ, ὛᴼέὪὪ . (b) Ὓᴼ

έὪὪ, ὛᴼέὪὪ. (c) ὛᴼέὪὪ, Ὓᴼέὲ. 

B. Case II: ╓ ╓ ρ 

There are three operational modes in this case, based on the states of the switches over the 

period ὝȢ Mode 1: Ὓᴼέὲ, Ὓᴼέὲ, mode 2: Ὓᴼέὲ, ὛᴼέὪὪ, and mode 3: Ὓᴼ

έὪὪ, Ὓᴼέὲ. The equivalent circuits for these modes are shown in fig. 3.3 (a), 3.3(b) and 

3.3(c) for mode1, mode 2 and mode 3, respectively. 

For the steady state operation analysis let ὸ to represent the starting of a period, ὸ mode 

transition from mode1 to mode 2 given as   ὸ  ὸ Ὀς Ὀρ ρὝ,  ὸ transition 

interval from mode 2 to mode 3; ὸ  ὸ ρ ὈςὝ and ὸ Ὕ is the end of period. 

The goal here is to obtain the equation for the output-voltage from every mode. 
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(a)                                                                        (b) 

 

(c) 

Figure 3.3: Case II: Ὀ Ὀ ρ equivalent circuits. (a) mode 1: Ὓᴼέὲ, Ὓᴼέὲ. (b) 

mode 2: Ὓᴼέὲ, ὛᴼέὪὪ. (c) mode 3: ὛᴼέὪὪ, Ὓᴼέὲ.  

Mode 1: ὸɴ ὸȟὸ : This is shown in Figure 3.3(a), Ὓᴼέὲ, Ὓᴼέὲȟ there are two 

loops; loop 1 and loop 2 marked with red and blue colours respectively. Within the loops, 

energy is discharged from the capacitors ὅ and ὅ to ὒ and ὒ inductors. Subsequently, 

the energy is stored in ὒ and ὒ and therefore inductor currents Ὥ and Ὥ increased. 

Accordingly, we have: 

ὺ ὺ
ὺ ὺ           (3.1) 

Where ὺ ȟὺ ȟὺ , ὺ ȟὭȟÁÎÄ  Ὥ are the voltages of ὒȟὒ, ὅȟ and  ὅ and currents of 

ὒȟὒ respectively. 
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Meanwhile diodes Ὀ carry negative voltage ὺ  ὺ  ὠ  it therefore turns off. The 

capacitor ὅ deliver energy ὅ  and load Ὑ, therefore ὅ  charges while ὅ  discharges. 

Considering loop ὅᴼὙ ᴼὅ , the inverter output voltage is obtained as 

ὺ ὺ ὺ          (3.2) 

Mode 2: ὸɴ ὸȟὸ : This is shown in Figure 3.3(b), Ὓᴼέὲ, ὛᴼέὪὪ. There are two 

loops; loop 1 and loop 2 marked with red and blue colours respectively. Within loop 1, 

energy is discharged from the source  ὠ and inductor ὒ to the capacitor ὅ, and therefore 

 ὺ  increased. Within loop 2, energy is discharged from the source  ὠ and inductor ὒ to 

the capacitor ὅ, and so that  ὺ  increased. Subsequently, capacitor ὅ deliver energy ὅ  

and load Ὑ, therefore ὅ  charges while ὅ  discharges. Considering loop 1 we have 

ὺ ὠ ὺ          (3.3) 

Considering loop ὅᴼὙ ᴼὅ , the inverter output voltage is equal to (3.2). 

Mode 3: ὸɴ ὸȟὸ : This is shown in Figure 3.3(c), ὛᴼέὪὪ, Ὓᴼέὲ. There are two 

loops; loop 1 and loop 2 marked with red and blue colours respectively. Within loop 1, 

energy is discharged from the source  ὠ and inductor ὒ to the capacitor ὅ, and therefore 

 ὺ  increased. Within loop 2, energy is discharged from the source  ὠ and inductor ὒ to 

the capacitor ὅ, and so that  ὺ  increased. Subsequently, energy stored in ὒ and ὅ  is 

discharged to Ὑ, therefore ὅ  charges while ὅ  discharges. Considering loop 1 we have 

similar equation as in (3.3) 

Considering loop ὠᴼὈᴼὅᴼὙ ᴼὅ , the inverter output voltage ὺ is obtained as 

ὺ ὺ ὺ ὠ          (3.4) 

Using volt-second property of ὒ, we have  

᷿ὺ Ὠὸπ          (3.5) 

Using (3.1) and (3.2) in (3.5) 

᷿ ὺ  Ὠὸ᷿ ὠ ὺ  Ὠὸπ       (3.6) 
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Ὀ Ὀ ρὝὺ ς Ὀ Ὀ Ὕὠ ὺ π    (3.7) 

Since the impedance network is symmetric i.e. ὒ ὒ and ὅ ὅ equation (3.7) can be 

written as  

ὺ ὺ ὠ        (3.8) 

On the other hand, considering the ampere-sec characteristics of capacitor ὅ  

᷿Ὥ Ὠὸπ          (3.9) 

It is observed from the equivalent circuits Figure 3.3 that 

 ὠ ὺ ὺ  

Let the errors of the voltages ὺ  and ὺ  be represented as Ўὺ  and Ўὺ , 

respectively. Since the source voltage ὠ is constant, then 

 Ўὺ Ўὺ   

And it follows that 

Ὥ Ὥ . 

Furthermore, from the equivalent circuit its apparent that 

 Ὥ Ὥ Ὥ  

Subsequently, 

Ὥ
Ὥ
ς          (3.10) 

By using (3.6) in (3.5) we got 

᷿
Ὥ
ςὨὸπ          (3.11) 

Using (3.2) and (3.4) in (3.7) 
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᷿  Ὠὸ᷿  Ὠὸ π     (3.12) 

ὈρὝ  ρ ὈρὝ π     (3.13) 

Which leads to 

ὺ ςὺ ὠ Ὀρ ὺ ὠ       (3.14) 

 

To find the inverter positive output-voltage by considering situation when Ὓ is on using 

equations (3.8) and (3.14) in (3.2) we have 

ὺ ὺ ὺ ὺ ὠ      (3.15) 

In the same way to find the inverter negative output-voltage we consider situation when Ὓ 

is on using equations (3.8) and (3.14) in (3.4) we have 

ὺ ὺ ὺ ὺ ὺ ὠ     (3.16) 

Using equation (3.15) and (3.16), relationship between the switches duties D1, D2 and the 

inverter gain 
ὺ
ὠis plotted in figure 3.4 (a) and zoomed figure 3.4 (b). It can be observed 

from these figure that the voltage gain increases rapidly, this implies that by properly 

adjusting the duties D1 and D2 wide output-voltage is obtained from this inverter. 
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(a) 

 

(b) 

Figure 3.4: (a) Relationship figure of D1, D2 and 
ὺ
ὠ. (b) Zooming in of (a) 

Different output-voltage such as asymmetric and symmetric, buck and boost, positive and 

negative peaks can be obtained by adjusting the duty of the switches D1 and D2. 

Moreover, the inverter work as a buck-boost, it would work as boost when the gain 

ὺ
ὠ  ρ, and act as a buck when 

ὺ
ὠ  ρ. 

Figure 3.5 shows the inverter waveform under case 2 with Ὀρ πȢυ and Ὀς πȢχ. 

Therein,  Ὃ  and Ὃ  are the switching voltages for Ὓ and Ὓ, respectively. Ὥ and Ὥ are 

the currents of inductors  ὒ and ὒ, respectively; Ὥ diode D current; ὺ , ὺ , ὺ , and 

ὺ  represent the voltages of capacitors ὅ, ὅ, ὅ  and ὅ  respectively; and finally the 

output-voltage is ὺ. For the conventional inverter the output voltage limit when Ὀρ πȢυ 
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and Ὀς πȢχ is indicated as πȢυὠ and πȢυὠ and it can be seen that the voltage of the Z-

network converter can go beyond the limit. 

 

Figure 3.5: Waveforms of the Z-network half-bridge inverter when D1 = 0.5 and D2 = 0.7. 

Figure 3.6 shows the converter waveform under case 2 with Ὀρ πȢχ and Ὀς πȢυ. from 

the output waveform it can be clearly observed that the output voltage is asymmetric unlike 

in Figure 3.5 this prove the assertion that different output voltage waveforms can be 

achieved, which is the requirement of applications such as electrochemical supply. 
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Figure 3.6: Waveforms of the Z-network half-bridge inverter when D1 = 0.7 and D2 = 0.5. 

The converter efficiency can be express as 

 Ł           (3.17) 

where the output power  

ὖ         (3.18) 

And the input power 
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ὖ ὠὍ           (3.19) 

Ὅ  is the average input current. 

Using (3.18) and (3.19) in (3.17), we have 

Ł

Ὀὺ ρ Ὀ ὺ
Ὑ
ὠὍ

 

     
Ὀὺ ρ Ὀ ὺ

ὙὠὍ
 

Substituting for ὺ and ὺ 

         (3.20) 

3.3 Midpoint Voltage  

Considering the equivalent circuits shown in Figure. 3.7 (a) and (b); these circuits are 

obtained by regarding the inverter input part as a dc voltage source or a dc current source 

and the output side of the Z-network as a dc current source, the current of the constant 

source is given by;  

Ὅ ὅ           (3.21) 

From (3.21) 

ὺ ὸ  ὠ ᷿ ὨὸȢ        (3.22) 

Let the maximal fluctuation of ὺ  in this inverter be represented as Ўὠ, using (3.22), one 

has  

Ўὠ ᷿ Ὠὸ ὈὝ         (3.23) 

Using KVL in the circuits we obtained 

ὍὙ ὠ ὠ ὠ   
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Ὅ          (3.24) 

And therefore (3.23) become 

Ўὠ ὈὝ         (3.25) 

Taking the ratio of the maximal fluctuation of ὺ  in this inverter Ўὠ to the one in 

conventional inverter Ўὠ as given in  

Ўὠ ὠ ὠ         (3.26) 

We have, 

Ў

Ў
ὼρππϷ        (3.27) 

From (3.27) it can be seen that the stability can be enhance by proper design of ὠ  which 

can be done proper selection of the Z-network parameters. As shown in the equation the 

ratio 
Ўὠ
Ўὠ become smaller if ὠ  is positive and approaches zero as ὠ  approaches the 

value of ὠ ὠ Ȣ 

 

(a)mode 1: Ὓᴼέὲ, ὛᴼέὪ                      ( b)mode 1: ὛᴼέὪὪ, Ὓᴼέὲ 

Figure 3.7: Equivalent circuit of Z-source inverter 
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3.4 Components Design and Simulation Results 

This section presents the simulation result for the inverter, carried out using PSCAD 

software. The first stage is components design, to obtain the optimal values of the 

impedance network capacitors and inductors.  

The capacitance of the capacitor ὅ is given by the equation 

ὅ             (3.28) 

Where Ὠὸ Ὀ Ὀ ρὝ, is the time when the switch is έὲ, and Ὠὺ is capacitor 

voltage ripple which can be express in terms of the allowable fluctuation factor ὼϷ  and 

the maximum capacitance range ὺ ȟ .  

ὠ ὠ     ύὬὩὲ ὛȟὛ έὲȟέὪὪ        (3.29) 

ὠ ὠ      ύὬὩὲ ὛȟὛ έὪὪȟέὲ       (3.30)  

Applying KCL in the equivalent circuits shown in figure 3.3 we get 

Ὥ Ὥ Ὥ     ύὬὩὲ ὛȟὛ έὲȟέὲ  

Ὥ Ὥ Ὥ     ύὬὩὲ ὛȟὛ έὲȟέὪὪ  

Ὥ Ὥ Ὥ     ύὬὩὲ ὛȟὛ έὪὪȟέὲ         (3.31) 

And subsequently, from (3.31) we get 

Ὥȟ Ὥȟ             (3.32) 

The range of ὺ  voltage is determined by using the equations (3.29) and (3.30), the 

maximum voltage for safe operation the voltage should be between  ρȢυὺ ȟ   and 

ςὺ ȟ Ȣ The voltage ripple Ὠὺ can therefore be given as 

Ὠὺ ὼϷὺ ȟ               (3.33) 
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By using equations (3.32) and (3.33) along with expression for Ὠὸ  in to (3.28) 

ὅ
Ϸ ȟ

           (3.34) 

using the same procedure the capacitance of the capacitor ὅ is given as 

ὅ ὅ
Ϸ ȟ

          (3.35)  

Similarly, for the inductor design, the inductance of the inductor ὒ is given by the 

equation  

ὒ             (3.36) 

Where Ὠὸ Ὀ Ὀ ρὝ, is the time when the switch is έὲ, and the inductor ripple 

current ὨὭ  can be express in terms of the allowable inductance fluctuation factor ὼϷ  

and inductor current Ὅ  as 

ὨὭ ὼϷὍ             (3.37) 

Substituting for Ὅ  from equation (3.32), Ὠὸ  and ὠ  following expression is obtained  

ὒ ȟ

Ϸ
          (3.38) 

Meanwhile  

ὒ ὒ
Ϸ

          (3.39) 

Where ὼ is capacitor allowed fluctuation range, ὼ is inductor allowed fluctuation range 

of the inductor, Ὕ is the switching period, Ὅ is the desired output current rms value, and 

ὠ  the maximal rated voltage of ὅ. 

For the purpose of our simulation the preassigned values for the allowed capacitor and 

inductor fluctuation range ὼ and ὼ are selected to be ρϷ and ρπϷ respectively, ὠ

τψ ὠ, ὠ ρππ ὠ, Ὅ ρπ ὃȢ 
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The selected parameters for the simulation are summarized in table 3.1.                                               

                                   Table 3.1: Selected Parameters for Simulation 

ὠ  τψὠ 

ὒ ὒ ρππ ‘Ὄ 

ὅ ὅ ὅὨ ὅ  τχπ ‘Ὂ 

Ὑ τχπ ɱ 

Ὢ υπ ὯὌᾀ 

 

3.4.1 Symmetric output voltage Simulation Result  

Fig. 3.8 shows the simulation result for the inverter symmetrical output voltage. Figure 3.8 

(a) shows the trigger pulse with for switch Ὓ with a duty ratio Ὀ πȢυ, and Figure 3.8 (b) 

shows the switching pulses for switch Ὓ with a duty ratio Ὀ πȢχ, the duties are selected 

to be equal to those in Figure 3.5 that produces a symmetrical output. The input voltage is 

selected to be equal to τψὠ as shown in Figure 3.9 (a). The waveform for the two input 

capacitor voltages ὺ  and ὺ  are shown in Figure 3.9 (b) and 3.10 (a) respectively, 

according to these figures, the total voltages of the two capacitors is equal to the value of 

source voltage. Figure 3.10 (b) shows the current flowing through the diode Ὀ, according 

to this figure, when the switches Ὓ and Ὓ are simultaneously on, the diode current is zero 

and the diode is off, otherwise, the diode current is positive and the diode is on. Figure 3.11 

(a) and 3.11 (b) show the current flows through the inductors ὒ and ὒ, Ὥ  and Ὥ  

respectively. It can be seen that the average values of Ὥ  and Ὥ  are equal. The shape of 

the voltages of the two capacitors ὅ  and ὅ is shown in Figure 3.12 (a) and 3.12 (b) 

respectively, from these figures the average voltage of the two capacitors peak is 
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φσȢω ὺέὰὸίȟ  which is approximately equal to the calculated value of φτ ὺέὰὸίȟ calculated 

using equation (3.8). Finally, fig. 3.12 (c) shows the output voltage which is consistent 

with the theoretical waveform of Figure 3.5. Furthermore, from the figure the positive and 

negative output voltages are τπ and -τπ volts which is approximately equal to σωȢω ὥὲὨ

σωȢψ volts, calculated using equations (3.15) and (3.16). 

 

(a) (b) 

Figure3.8:Simulation Result in case of symmetric output; (a) ὋὛρ Switch 1 triggering pulses (b) 

ὋὛς Switch 2 triggering pulses 

 

(a) (b) 

Figure 3.9: Simulation Result in case of symmetric output; (a) source voltage ὠ  (b) input                    

capacitor ὅ voltage ὺ  
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(a) (b) 

Figure 3.10: Simulation Result in case of symmetric output; (a)Input capacitor ὅ voltage ὺ  (b) 

diode current  Ὥ 

 

      (a)      (b) 

Figure 3.11: Simulation Result in case of symmetric output; (a) ὒ inductor current Ὥ  (b) ὒ 

inductor current Ὥ  
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    (a)       (b) 

 

(c) 

Figure 3.12: Simulation Result in case of symmetric output; (a)  ὅ Capacitor voltage ὺ  (b) ὅ 

Capacitor voltage ὺ  (c) Output Voltage ὠ. 

3.4.2 Asymmetric output voltage Simulation Result  

Figure 3.13 shows the simulation result for the inverter asymmetric output voltage. Figure 

3.13 (a) shows the trigger pulse with for switch Ὓ with a duty ratio Ὀ πȢχ, and Figure 

3.13 (b) shows the switching pulses for switch Ὓ with a duty ratio Ὀ πȢυ, the duties are 

selected to be equal to those in fig. 3.6 that produces asymmetrical output. The input 

voltage is selected to be equal to τψὠ as shown in Figure 3.14 (a). The waveform for the 

two input capacitor voltages ὺ  and ὺ  are shown in Figure 3.14 (b) and 3.15 (a) 

respectively, similarly the algebraic sum of voltages from the two capacitors is equal to the 

value of the source voltage. Figure 3.15 (b) shows the current flowing through the diode Ὀ, 

also according to this figure, when the switches Ὓ and Ὓ are simultaneously on, the diode 

current is zero and the diode is off, otherwise, the diode current is positive and the diode is 

on. Figure 3.16 (a) and 3.16 (b) show the current flows through the inductors ὒ and ὒ, Ὥ  
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and Ὥ  respectively. It can also be observed that the average values of Ὥ  and Ὥ  are 

equal. The shape of the voltages of the two capacitors ὅ  and ὅ is shown in Figure 3.17 

(a) and 3.17 (b) respectively, from these figures the average voltage of the two capacitors 

peak is φσȢω ὺέὰὸίȟ  which is approximately equal to the calculated value of φτ ὺέὰὸίȟ 

calculated using equation (3.8). Finally, Figure 3.17 (c) shows the output voltage which is 

consistent with the theoretical waveform of Figure 3.6. Furthermore, from the figure the 

positive and negative output voltages are ςσȢω and -υυȢψ volts which is approximately 

equal to ςτ ὥὲὨυφ volts, calculated using equations (3.15) and (3.16).  

 

(a) (b) 

Figure 3.13:Simulation Result in case of asymmetric output; (a) ὋὛρ Switch 1 triggering pulses (b) 

ὋὛς Switch 2 triggering pulses 

 

(a) (b) 

Figure 3.14: Simulation Result in case of asymmetric output; (a) source voltage ὠ  (b) input                    

capacitor ὅ voltage ὺ  

 

 






