
     

    ISSN (Print)  : 2320 – 3765 

    ISSN (Online): 2278 – 8875 

 

International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

  Vol. 4, Issue 1, January 2015 
 

Copyright to IJAREEIE                                                                 10.15662/ijareeie.2015.0401089                                                      94 

  Z Source Full Bridge Inverter and Matrix 

Converter for Non-Linear AC Load 
 

Revathy.PL
1
, S. Gunasekaran

*2, 
 

Assistant Professor, Dept. of EEE, Jerusalem College of Engineering,
 
Chennai, Tamil Nadu, India

1
   

Assistant Professor, Dept. of EEE, Bharath University, Chennai, Tamil Nadu, India
2 

 

* 
Corresponding Author 

 

ABSTRACT: The paper proposes two single phase Z source converter for two loads. The Z source converter can be 

used for both current source and voltage source converter. Z source overcomes both the limitation of both VSI & CSI. 

The Z source concept can be implemented to all type of power conversions. The input given to Z source is taken from a 

photo-voltaic array. The power conditioner circuit links the PV array to the load. The PV-PCU boosts the output 

voltage of the PV array and supplies the load with AC output voltage. Usually the PV-PCU consists of a two stage 

conversion, dc-dc boost converter and a voltage source inverter. But in this paper, the PCU consists of a single stage 

conversion, Z source full bridge inverter. The output voltage taken here can be bucked or boosted. The output is again 

fed to a Z source matrix converter. The converter can buck and boost with step changed frequency, and both the voltage 

and frequency can be stepped up or stepped down. In addition, the converter can employ a safe commutation strategy to 

conduct along a continuous current path which results in elimination of voltage spikes on switches without the need of 

a snubber circuit. The simulation result has been verified for the presented circuit. Any non-linear AC load can be used 

(induction motor, fan or pump) for industrial purpose. 
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I. INTRODUCTION 
 

In recent years, photovoltaic grid connected systems become more popular. The power conditioner circuit links the PV 

array to the load. The PV-PCU boosts the output voltage of the PV array and supplies the load with AC output voltage. 

Usually the PV-PCU consists of a two stage conversion, dc-dc boost converter and a voltage source inverter. But in this 

paper, the PCU consists of a single stage conversion. Reduction of component cost, omission of isolation transformer is 

attained by this paper. The output voltage taken here can be bucked or boosted. The output is again fed to a Z source 

matrix converter. 

 

 A MATRIX converter is an ac/ac converter that can directly convert an ac power supply voltage into an ac voltage of 

variable amplitude and frequency without a large energy storage element [1]. Recent research on matrix converters has 

focused mainly on modulation schemes and on ac drive applications.  Obviously, all published studies have dealt with 

three-phase circuit topologies. The first study of a single phase matrix converter was performed by Zuckerberger on a 

frequency step-up and fundamental voltage step-down converter. The research focused on step-up/step down frequency 

operation with a safe-commutation strategy. Applications of single-phase matrix converters have been described for 

induction motor drives, radio-frequency induction heating, audio power amplification, and compensation voltage sags 

and swells [1]. It has been reported that the use of safe-commutation switches with pulse width modulation (PWM) 

control can significantly improve the performance of ac/ac converters.  

 

However, in the conventional single-phase matrix converter topology, the ac output voltage cannot exceed the ac input 

voltage. Furthermore, it is not possible to turn both bidirectional switches of a single phase leg on at the same time; 

otherwise, the current spikes generated by this action will destroy the switches. These limitations can be overcome by 

using Z-source topology[2],[3]. Research on Z-source converters has focused mainly on dc/ac inverters and ac/ac 

converters. The Z-source ac/ac converters focus on single-phase topologies and three-phase topologies. In applications 
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where only voltage regulation is needed, the family of single-phase Z-source ac/ac converters proposed in has a number 

of merits, such as providing a larger range of output voltages with the buck–boost mode, reducing inrush, and harmonic 

current. However, no one has designed a converter based on a Z-source structure and a matrix converter topology that 

can provide ac/ac power conversion with both a variable output voltage and a step-changed frequency[2]. We show 

from operating principles, analyses, simulation, and experimental results that the proposed single-phase Z-source buck–

boost matrix converter can buck and boost voltages in step-up/step-down frequency operation. We use a safe-

commutation technique that is very simple to implement as a free-wheeling path to provide the required free-wheeling 

operation similar to what is available in other converter topologies. The safe-commutation scheme establishes a 

continuous current path in dead time to eliminate voltage spikes on switches without a snubber circuit[6]. The 

simulation results show that the output voltage can be obtained at three different frequencies—120, 60, and 30 Hz—

and in the buck–boost amplitude mode. Thus, the proposed single-phase Z-source buck–boost matrix converter can be 

used for voltage applications that require step-changed frequency or amplitude. In particular, it can be applied to the 

starting of an asynchronous motor as well as to the speed control of an induction motor, which needs a step-changed 

speed. 

 

II. PROPOSED TOPOLOGY 

 

The DC supply is obtained from a PV panel; the output is given to a z source full bridge inverter through a LC filter. 

The full bridge inverter has MOSFET switches with a space vector modulation. The AC output is obtained here for a 

non-linear load. The output is again fed to a z source matrix converter through a LC filter. Here we use PWM technique 

to drive the gates. The matrix converter uses bidirectional mosfet switches[5]. The output of the matrix converter is 

given to an AC load (Induction motor). The Block Diagram is shown in Fig 1 

 

 
Fig 1 Block Diagram 

 

The Z source converter employs a unique impedance network to couple the converter main circuit to the power source, 

thus providing features that cannot be obtained in the traditional voltage source and current source converters. The 

converters overcome the theoretical barriers and limitations of the traditional Voltage source and current source 

converters. The Z source concept can be applied to all types of power conversions, dc-dc, ac-ac, ac-dc, and dc-ac[3]. It 

consists of Symmetrical LC components, a combination of two inductor and capacitor, as energy storage /filtering 

element. The input of the Z source is given through a LC filter. The input LC filter is required to reduce the switching 

ripples in the input current[2]. 

 

It is a single stage conversion from PV array to AC load. The photovoltaic power conditioning circuit converts the DC 

power produced by the PV array to AC power which is compactable for non-linear loads. The Power conditioning 

Circuit here is a z source full bridge inverter. We don’t use isolation transformer, therefore the cost is reduced. The 

voltage can be bucked or boosted by the Z source full bridge inverter. The control switches used here is mosfet. Mosfet 

has high switching speed characteristics and low switching losses, little gate power and simple gate drive circuits. To 

control the mosfet switches we go in for Space vector modulation. 
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The Z-source network is a combination of two inductors and two capacitors. This combined circuit, the Z-source 

network is the energy storage/filtering element for the Z-source inverter. The Z-source network provides a second-order 

filter and is more effective to suppress voltage and current ripples than capacitor or inductor used alone in the 

traditional inverters[2],[4]. Therefore, the inductor and capacitor requirement should be smaller than the traditional 

inverters. The design parameters are given for a full bridge inverter 

 

It produces space vector pulse width modulation [11] Fig 2 for the inverter and pulse width modulation for converter. 

The space vector modulation [4] is the approximation of the reference voltage by averaging the inverter output voltage 

in the given period same as that of the reference voltage. This helps in producing synchronized and symmetrical output 

voltage which leads to self balancing of the dc bus voltage over every cycle. The output of the pulse generator is given 

to the driver circuit. The switches in the converter and the inverter are gated accordingly using the PWM pulses [6]. 

 
Fig 2 Space Vector Modulation 

 

Matrix Converter is a single stage converter [7]. It uses bi-directional fully controlled switches for direct conversion 

from ac to ac[1]. A matrix converter that can directly convert an ac power supply voltage into an ac voltage of variable 

amplitude and frequency without a large energy storage element., earlier have a number of merits, such as providing a 

larger range of output voltages with the buck–boost mode, reducing inrush, and harmonic current [9]. 

 

Where a & b are the switching signals for the four MOSFETs with ―1‖ representing the turn-on state and ―0‖ 

representing the turn-off state[1]. Based on the four working modes of the full bridge inverter, the vector [a b] is: 

Mode  l: [a b] = [l 0] V op(l 0) = Vdc; 

Mode 2: [a b] = [1 1] V op(1 l ) = 0 ; 

Mode 3: [a b] = [0 l] V op(0 1) =-Vdc; 

Mode 4: [a b] = [0 0] V op(0 0)=0.  

 

All inductors and capacitors are small and used to filter switching noise [10]. Matrix converter removes the need for the 

large reactive energy storage components used in conventional inverter based converters. It can step up and step down 

the frequency with a safe commutation technique. It establishes a continuous current path in dead time to eliminate the 

voltage spikes on switches without a snubber circuit [11]. It provides sinusoidal output waveform with minimal higher 

order harmonics and no sub harmonics. It has inherent bidirectional energy flow capability. Input power factor can be 

fully controlled. It can handle variable voltage and variable frequency drives. 

 

III. CIRCUIT DESCRIPTION 

 

The ac voltage across the single-phase matrix converter va is boosted by the ac/ac Z-source converter with ac input 

voltage vi . Then, the single-phase matrix converter modulates the frequency of va. The output voltage vo is obtained 

with a step-changed frequency and a variable amplitude[8]. Since the switching frequency is much higher than the ac 

source (or line) frequency, the requirements for the inductors and capacitors should be low. 

 

 

 

 



     

    ISSN (Print)  : 2320 – 3765 

    ISSN (Online): 2278 – 8875 

 

International Journal of Advanced Research in  Electrical, 

Electronics and Instrumentation Engineering 

(An ISO 3297: 2007 Certified Organization) 

  Vol. 4, Issue 1, January 2015 
 

Copyright to IJAREEIE                                                                 10.15662/ijareeie.2015.0401089                                                      97 

Table 1  
Duty Cycle 

 

 

 

 

 

This paper, the frequency of input voltage fi is assumed to be 60 Hz, and the desired output frequency fo is synthesized 

to be 120 Hz (step-up frequency), Table illustrates the converter’s switching strategy over one cycle of input voltage 

for a 120-Hz output frequency in boost mode as shown in Table 1 

To double output frequency of the input voltage, the operation of the converter is divided into four stages, as shown in 

the Fig 3  

 

 

 
 

Fig 3 Switching States 

 

The proposed single-phase Z-source buck–boost matrix converter requires four bidirectional switches to serve as a 

single-phase matrix converter and one source bidirectional switch All bidirectional switches are common emitter back-

to-back switch cells.. The bidirectional switches are able to block voltage and conduct current in both directions [12]. 

Because these bidirectional switches are not available at present, they can be substituted for by combinations of two 

diodes and two MOSFET connected in anti-parallel (common emitter back to back), as shown in Fig. The diodes are 

included to provide the reverse blocking capability. The MOSFETs are used because of their high switching 

capabilities and their high current-carrying capacities, which are desirable for high-power applications [13]. As 

indicated in the figure, D refers to the equivalent duty ratio and T is the switching period. Implementing the single-

phase Z-source matrix converter requires different bidirectional switching arrangements depending on the desired 

Duty 

Cycle/Frequency 

60 Hz 120 Hz 

Boost D=0.3 66Vrms 65Vrms 
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amplitude and frequency of the output voltage. The amplitude of the output voltage is controlled by the duty ratio D, 

while the frequency of the output voltage depends on the switching strategy. 

 

In stage 1 in the boost mode when both input voltage and output voltage are positive. The switches are fully turned on 

(S2b is turned on for commutation purposes, while Ssa and S4a are turned on for continuous current flow); S1b, S3b, 

and S4b are modulated complementary to the dead time [14]. In state 1, S4b turns on and conducts current flow during 

the increasing positive cycle of input voltage; Ssb and S1b turn on and conduct negative current flow from the load to 

the source, if possible; S2b turns on for commutation purposes.  

 

Then, Ssb and S4b turn off, and S3b has not yet turned on, and there are two commutation states that occur. If iL1 + iL2 

+ io > 0, the current flows along a path from Ssa ,; if −iL1 − iL2 + io > 0, the current flows along a path from S4a and 

S2b, as shown in Fig. 4(c, the path of the current flowing through S2b is −iL1 − iL2 + io . Because switch S2b must be 

conducting, the current condition for this state is −iL1 − iL2 + io > 0. 

 

 
  

Fig. 4 Simulation of Full bridge inverter 

 

 In state 2, S3b turns on and conducts current flow in the Z-source network as a shoot-through path; the positive load 

current may be freewheeled through S2b and S1a; the negative load current may be freewheeled through S3band S4a. 

In these switching patterns, the current path is always continuous whatever the current direction. 

 

Thus, the voltage spikes are eliminated during switching and commutation processes. The analysis for stages 2, 3, and 4 

is similar to that for stage 1. The in Fig. 4 indicates the safe-commutation switch during each particular stage. The 

operations at the other output frequencies of 60 and 30 Hz are performed by changing the switching strategies. The 

operation for an output frequency of 60 Hz is implemented by omitting stage 2 and stage 3 and doubling the time 

intervals for stage 1 and stage 4. 

 

Similarly, the operation for an output frequency of 30 Hz can be implemented by interchanging stage 2 and stage 3 and 

doubling the time intervals of all stages. In the operations for output frequencies of 60 and 30 Hz, the time interval of 

each stage is 8.33 ms. provides the switching sequences for the operations for output frequencies of 120, 60, and 30 Hz. 
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IV. SIMULATION RESULT 

 

 
Fig 5 Simulation of Matrix Convereter 

 

 
 

Fig 6 Output of matrix converter and full bridge inverter 

 

V. CONCLUSION 

 

In this paper, we have proposed a Full Bridge inverter & a single-phase Z-source buck–boost matrix converter that can 

buck and boost to the desired output voltage with step-changed frequency. The output of this single-phase Z-source 

buck–boost matrix converter produces the voltage in buck–boost mode with a step-changed frequency, in which the 

output frequency is either an integer multiple or an integer fraction of the input frequency. It also provides a continuous 

current path by using a commutation strategy. The use of this safe-commutation strategy is a significant improvement 

as it makes it possible to avoid voltage spikes on the switches without the use of a snubber circuit. We presented a 

steady-state circuit analysis and described the operational stages. 
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The proposed structure of single phase Z source full bridge inverter is discussed. An optimal switching pattern for the 

converters have been proposed, Which reduce the switching loss and common mode EMI. We expect that this proposed 

strategy can be used in various industrial applications that require step-changed frequencies and variable voltage 

amplitudes. The proposed converter is particularly suitable for controlling the speed of a fan or a pump without the use 

of an inverter because for these applications, the input voltage frequency must be changed to control their speed by 

stages. 

 

REFERENCES 
 
1. Y. Zhang and S. S. Ge,(2005) ―Design and analysis of a general recurrent neural network model for time-varying matrix inversion,‖ IEEE  

Transactions on Neural Networks, vol. 16, no. 6, pp. 1477-1490, 2005. 

2. Fang zheng peng‖ Z Source Converter‖ IEEE Trans Ind.Applications Vol 39 no 2 pp 504,March-April 2003. 

3. Anbuselvi S., Rebecca J., "A comparative study on the biodegradation of coir waste by three different species of Marine cyanobacteria", 
Journal of Applied Sciences Research, ISSN : 1815-932x, 5(12) (2009) pp.2369-2374. 

4. Fang zheng peng, Alan joseph, Jin wang, Miaosen shen, Lihua chen, Zhiguo pan, Eduardo Ortiz and Yi huang.‖ Z Source inverter for motor 

drives‖ IEEE Trans July 2005. 
5. Bharatwaj R.S., Vijaya K., Rajaram P., "A descriptive study of knowledge, attitude and practice with regard to voluntary blood donation among 

medical undergraduate students in Pondicherry, India", Journal of Clinical and Diagnostic Research, ISSN : 0973 - 709X, 6(S4) (2012) pp.602-

604. 
6. K.Mahendran.‖ Modified space vector pulse width modulation for modified z source inverter‖IJCET Vol 2 Issue 4 Oct-Dec 2011 

7. Minh-Khai guyen, Young-Cheol and Yong-Jae Kim,‖ a modified single phase Quasi Z-source AC-AC converter‖ IEEE Trans Jan 2012. 

8. Raj M.S., Saravanan T., Srinivasan V., "A modified direct torque control of induction motor using space vector modulation technique", Middle 

- East Journal of Scientific Research, ISSN : 1990-9233, 20(11) (2014) pp.1572-1574. 

9. The MthWorks Inc., Using Simulink, version 6.6, Natick, MA, 2007;available at (http://www.mathworks.com/access/helpdesk/help/toolbox/ ) 

simulink. 
10. Rajasulochana P., Krishnamoorthy P., Dhamotharan R., "An Investigation on the evaluation of heavy metals in Kappaphycus alvarezii", Journal 

of Chemical and Pharmaceutical Research, ISSN : 0975 – 7384, 4(6) (2012) pp. 3224-3228. 
11. P.C Loh,R.Rong,F.Blaabjreg and P.Wang‖ Digital carrier modulation and sampling issues of matrix converter‖. IEEE Trans power electronics 

Vol.24,No 7,pp 1690-1700,Jul.2009. 

12. Jasmine M.I.F., Yezdani A.A., Tajir F., Venu R.M., "Analysis of stress in bone and microimplants during en-masse retraction of maxillary and 
mandibular anterior teeth with different insertion angulations: A 3-dimensional finite element analysis study", American Journal of 

Orthodontics and Dentofacial Orthopedics, ISSN : 0889-5406, 141(1) (2012) pp. 71-80. 

13. Toke Franke, Malte mohr, Friedrich W.Fuchs,‖ Z source and a Voltage source inverter link with a dc/dc-boost-converter for wind turbines 
concerning their efficiency and installed semiconductor power.‖ IEEE Trans 

14. Weimu Ma, Yunong Zhang,(2005) Member, IEEE, and Jiahai Wang, ―MATLAB Simulink Modeling and Simulation of Zhang Neural 

Networks for Online Time-Varying Sylvester Equation Solving‖. 
15. B Karthik, TVUK Kumar, Authentication Verification and Remote Digital Signing Based on Embedded Arm (LPC2378) Platform, World 

Applied Sciences Journal 19 (9), 1146-1149, 2014. 

16. Shriram, Revati; Sundhararajan, M; Daimiwal, Nivedita; , Effect of change in intensity of infrared LED on a photoplethysmogramIEEE 

Communications and Signal Processing (ICCSP), 2014 International Conference on, PP 1064-1067,2014. 

17. Daimiwal, Nivedita; Sundhararajan, M; , Functional MRI Study for Eye Blinking and Finger Tapping. 

18. Daimiwal, Nivedita; Sundhararajan, M; Shriram, Revati; , Respiratory rate, heart rate and continuous measurement of BP using PPGIEEE 
Communications and Signal Processing (ICCSP), 2014 International Conference on, PP 999-10022014. 

19. Daimiwal, Nivedita; Sundhararajan, M; Shriram, Revati; , Non Invasive FNIR and FMRI system for Brain Mapping. 

20. Shriram, Revati; Sundhararajan, M; Daimiwal, Nivedita; , Human Brain Mapping based on COLD Signal Hemodynamic Response and 
Electrical NeuroimagingarXiv preprint arXiv:1307.4171, 2013 

 

 
 

 

 


