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Abstract: The paper proposes a matrix converter using unipolar IGBT, which is composed of 
three-phase rectifier and single-phase inverter, and transforms three-phase AC into single-phase AC. 
The main characteristic of converter lies on the only use of the unidirectional power transistor and no 
need DC support capacitor. The three-phase rectifier adopts the synchronous rectification control 
strategy based on sector judgment to obtain six pulse DC bus voltage and export single-phase AC 
power that can be adjusted in terms of frequency and amplitude by the single inverter. A 1.75kVA 
prototype has been designed and made out. The simulation results and prototype experiment are the 
same which verify the feasibility of the proposed converter. 

Introduction 
The indirect three-phase to single-phase converter has been widely used in industrial control fields. 
Fig.1 shows the topology of indirect converter. In this structure, three-phase AC (alternating current) 
power supply voltage is rectified in the front stage, and the output is filtered and regulated by the DC 
(Direct-current) supporting capacitor. Thus, a stable DC bus voltage is gained. Using the latter stage 
inverter, single phase alternating current is obtained. In this converter, the DC supporting capacitor 
with huge volume will resulting in the cost increases of the converter, and make the presence of 
current overshoot during start-up in the converter. 

 
Fig.1. The traditional three-phase to single-phase converter 

Matrix converter is a direct converter that changes three phases AC to single phase AC. Fig.2 
shows the topology of traditional matrix converter. Matrix converter achieves AC/AC conversion 
without intermediate supporting capacitor, and has gained widespread attention [1-4].  However, the 
outstanding issues of matrix converter are the complexity of the control and a huge number of 
switches. 

 
Fig.2. The traditional three-phase to single-phase matrix converter 

This paper proposes a three-phase to single-phase matrix converter by using unipolar IGBT 
(Insulated Gate Bipolar Transistor) instead of IGBT consisting of two two-way switches in the 
traditional matrix converter. Meanwhile, by adopting the synchronous rectification control strategy 
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based on judgment of the sector, the converter can get DC bus voltage of six -pulse without the DC 
supporting capacitor, which solves the problems caused by bulky capacitor and current overshoot 
during start-up in traditional indirect converter. 

Topology and Working Principle  
Fig.3 shows the matrix converter structure using unipolar IGBT, which consists of three-phase input 
capacitor, three-phase rectifier, half-bridge inverter, resistive load R0 and inductive load L0. By 
three-phase synchronous rectification, the rectifier transforms the three-phase AC voltage into 
six-pulse DC bus voltage. Then, the single-phase AC power is gained through the inverter. Every 
switch of the converter is a unipolar IGBT, which is different from the traditional matrix converter 
composed of at least two IGBT. 

 
Fig.3. Three-phase to single-phase matrix converter using unipolar IGBT 

In the Fig.3, the switch frequency on rectifier side is consistent with the frequency of input voltage. 
Rectifier adopts the synchronous rectification control strategy based on the judgment of sectors and 
the switches work at the state of synchronous rectification, so the switching loss of rectifier switch is 
almost zero. SPWM (Sinusoidal Pulse Width Modulation) is used on inverter side, and the switch 
frequency is several kilohertz. Changing the frequency (or magnitude) of fundamental modulation 
signal can realize the regulation of the frequency (or magnitude) for output voltage. 

The converter does not need DC supporting capacitor, so there is no current overshoot during 
start-up in the converter, which is unable to realize in conventional three-phase to single-phase 
indirect converter. Since the inverter and rectifier are controlled independently, we can turn off the 
driving of inverter and can keep rectifier working during energy feedback. The energy stored in the 
inductance load can be fed back to the input side directly, and does not cause any voltage overshoot. 
This matrix converter is superior to conventional matrix converter in energy feedback. 

Control Strategy 
In inverter side of converter, SPWM (Sinusoidal Pulse Width Modulation) is used. In rectifier side of 
converter, in order to make the switch work at the maximum phase and minimum phase of the 
three-phase input voltage, and output DC bus voltage with six-pulse wave, the driving signal of IGBT 
needs to be modulated on the base of input voltage. The three phase AC input signal is divided into six 
sectors according to rectifier modulation strategy. Switching logic is illustrated in Fig.4. Fig.4 shows 
that conduction time of each switch occupies two adjacent sectors, and there are and only two 
switches keeping conduction when sector is switched. 

The key to adopt this modulation strategy lies in determining accurately the switching point of 
sector. If the sector is switched in advance, and the voltage difference between the two switches(such 
as S11 and S12) is non-zero, the switching process will causes current overshoot and result in 
waveform distortion. If the sector switching is delayed, the switch (such as S11) before switching and 
anti-parallel diode of the switch (such as S12) after switching are turned on together, resulting in 
waveform distortion.  

 

Advances in Engineering Research, volume 164

737



 

 
Fig.4. Sector division diagram and switching logic chart 

Design and Implementation 
In matrix converter, there is no isolation between the input side and output side, and the energy can be 
transmitted directly without storage and buffer of intermediate capacitor. Since the inverter operates 
at high frequency switching state, while taking into account the stray inductance and diode reverse 
recovery, the current in inverter input side contains a large number of high frequency components. So, 
the high frequency current will be directly injected into the input side of converter. If these high 
frequency components are not filtered, these high frequency components will lead to abnormal fever 
of the source power transformer in the input side of converter, even damage the transformer. 

The following factors are considered during designing of the filter: cutoff frequency, damping 
coefficient, filter capacitor ripple and damping resistor losses. In order to reduce cost, we adopt LC 
(inductance capacitance) filter, and use the isolation transformer leakage inductance as filter 
inductance. Thus, we only need to design the filter capacitor and damping resistance. LC filter 
containing only inductance and capacitance is a second-order underdamping system and damping is 
almost zero. Under the influence of the harmonic currents of the output side, the filter inductance 
current and filter capacitor voltage will come into being resonance and damage device. Therefore, LC 
filter requires damping resistor in series with the inductance or capacitor. As shown in Fig.5, damping 
resistor Rf is connected in series with the filter capacitor. The transfer function between network 
current iaf in the source side and unfiltered current ia is: 
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The transformer leakage inductance of input side is Lf=6.2mH. Finally, we choose fn = 
fsw/5=600Hz，ζ=0.3. Substituting these parameters into Eq. 2, Eq. 3, 11uF capacitance and 14Ω
resistance are available. 

Prototype is built to verify the feasibility of the proposed converter, and prototype block diagram is 
shown in Fig.6. As shown in Fig.6, control chip is TMS320F2812, and double-loop control strategy is 
adopted in inverter side to obtain the stable output voltage and current. Firstly, two phase input 
voltage are sampled by Hall voltage sensor at input side, and a third phase voltage will be generated 
by software. According to the aforementioned control strategy，the sectors are determined and 
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generate the switching signals. The output voltage and current are sampled by the Hall voltage and 
current sensors, then enter the DSP chip through signal conditioning circuit.  

 
Fig.5. Single-phase equivalent circuit of filter 

 
Fig.6. Prototype block diagram  

Simulation and Experiment Test 
A 1.75kVA prototype is designed. The input line voltage is 180V, input filter inductance is 6.2mH, 

filter capacitor is 10uF/630V, filter capacitor series resistance is 15Ω/50W. Rectifier switch has been 
implemented in a 6MBP50VBA120-50 of Fuji Electric, so as the inverter switch, but only two 
switches are used. Load resistance is 18.5Ω/5kW, load inductance is 50mH, the switching frequency 
of the inverter is 3kHz. 

Simulation and experiment are carried out to demonstrate the feasibility of the converter. Fig. 7 
shows the simulation and experimental results. Fig.7(a) shows the simulation and experiment 
compared waveform of six pulse DC voltage Udc and the input line voltage uab, from which we can 
find that the judgment of sector switching point is accurate, and simulation waveform is correspond 
with experimental waveform. Fig.7 (b) shows the simulation and experimental compared waveform 
of output current Io. As shown in Fig.7 (b), the THD(Total Harmonic Distortion) of prototype 
experimental waveform is greater than simulation waveform, which is caused mainly by high 
frequency switching of switches in the inverter side. However, the sine characteristics of fundamental 
current that prototype produces isn’t influenced.  

Conclusions 
This paper presented a novel three-phase to single-phase matrix converter, and analyzed the work 
principle of the converter, designed and completed a 1.75kVA prototype. The coincide of simulation 
and experimental results verify the feasibility of the proposed converter. The work of this paper 
enriches the optional matrix converter topology. 
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Fig.7. Waveform of simulation and experiment 
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