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 This paper presents the new generation of advanced gate driver circuit based 

on IR2110 device for a Single-Phase Matrix Converter (SPMC) circuit 

topology that uses MOSFETs or IGBTs switches. The new generation of gate 

drive circuit uses less number of components, since a single IR2110 device 

can drive two power switches, thus reduce power losses and minimize the 

complexity of conventional circuit. An additional isolation of the upper and 

lower sides of IR2110 device features additional protection to the proposed 

gate drive system. As a result, the proposed gate drive circuit just uses four 

IR2110 gate drives in order to control eight switches of SPMC circuit, thus, 

solve the conventional bulky gate drive circuit problem in SPMCs operation.  

This is in line with the international power electronic technology road-maps 

to reduce losses, cost, volume, therefore to raise up the power density of 

power electronics converters. Validation have been done through the 

experimental test-rig. As a result, such new theoretical enhancements can be 

used as a novel foundation of future high power density of SPMC circuit 

topology and in-line with the Fourth Industrial Revolution (IR 4.0) which 

were characterized mainly by advances in technology. 
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1. INTRODUCTION 

Matrix Converters (MC) have been classified as an advanced and emerging converter [1-2].  

The SPMC as shown in Figure 1 consists of four bi-directional switches that interface with their input and 

output terminals [3-11]. In order to fulfil the design of high performance and high-speed switching 

applications, IGBTs or MOSFETs have been employed. Figure 2 shows the topology of S1 and S2 using 

IGBTs connected in common-emitter (common-E) [12-13]. Since the SPMC uses eight switches, hence, it 

requires eight gate driver circuits. The use of high-power transistors could lead to the use of gate drive 

circuits with a function of power amplifier that can accept low-power input for producing high voltage drive 

output. Gate drivers can be provided either on-chip or as a discrete module.  

A conventional gate drive circuit is only capable to control a single switch, resulting in bulky 

conversion system [14-17]. It also requires several numbers of electronic components; thus, it could lead to 

high losses and reduces the efficiency of the SPMC system. Moreover, additional protection devices are 

required in order to protect the power switches. Recently, power electronic converters size and weight are 

critical when space is constraints [18-19]. Therefore, an alternative technology to solve the aforementioned 

problems are desirable. In this paper, a new gate drive based IR2110 is proposed for the SPMC circuit 
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topology; to increase the SPMC power density. It inherits simple circuit design with less number of devices 

used. Thus, it may solve the size and losses issues in SPMC. Therefore, the new gate drive circuit is in line 

with the power electronics technology roadmap that tends to reduce size, volume, losses and cost of future 

power converter [20]. 
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Figure 1. SPMC circuit topology Figure 2. Switches arrangement 

 

 

2. THE PROPOSED GATE DRIVE CIRCUIT FOR SPMC 

The device of IR2110 at the heart of the second generation of gate drive circuit can with stand up to 

500 V [21-24]. The proposed gate drive based on IR2110 allows a low current output signal from a 5 V 

signal generated by a microprocessor or microcontroller to drive MOSFETs and IGBTs operation.  

The IR2110 driver consists of a level-shifting circuitry and a bootstrap circuit to allow the power switches to 

turn ON. Additionally, the gate capacitance of MOSFETs or IGBTs need to be charged and discharged for 

them to turn ON and turn OFF respectively. Higher current provides to the gate (sink/source) will cause  

the switching activity of MOSFETs or IGBTs become faster. To avoid the risk of damaging the MOSFET, 

the gate drive must be designed to supply low current at appropriate voltage level.  

Figure 3 shows the experimental test-rig and the schematic diagram of the advance gate drive 

system. The IR2110 device receives input signals in a form of Pulse Width Modulation (PWM) through the 

pin 12 for low side input and the pin 10 for high side input signals. These IR2110 are connected to the DC 

supply voltage through an isolated NMA0515 device [21]. The IR2110 will boost the input signal of  

the control circuit is from 5 V, to the output of 15 V. The TC4422 device is used to filter the noise and for 

soft driver operation. The use of the proposed drive circuit will cut the number of required drive circuits of 

the SPMC from eight to 4 circuits only. Thus, it reduces the number of components and circuit complexities 

for achieving low power losses and high-power density system [25]. 

Table 1 shows the number of gate drive circuits that connected to the HIGH and LOW sides 

terminals of the SPMC circuit topology; they are labelled as S1a, S1b, S2a, S2b, S3a, S3b, S4a, S4b. 

Switches that have been connected to the HIGH side terminal are S1a, S1b, S2a and S2b, while switches that 

have been connected to the LOW side terminal are S3a, S3b, S4a and S4b. So, for the gate drive 1, it has 

been connected to the pair of switches S1a and S3a. Meanwhile, the gate drive 2, has been connected to  

the pair of switches S1b and S3b. Then, for the gate drive 3, it has been connected to the pair of switches S2a 

and S4a. Lastly, the gate drive 4 has been connected to the pair of switches S2b and S4b.  

 

 

Table 1. Circuit Arrangement 
Sides Gate Drive 1 Gate Drive 2 Gate Drive 3 Gate Drive 4 

HIGH S1a S1b S2a S2b 

LOW S3a S3b S4a S4b 

 

 

3. RESULTS AND DISCUSSIONS 

Figure 4 shows the experiment result of the output PWM signal. In order to verify the proposed gate 

drive circuit for the SPMC circuit topology, a simple inverter operation has been tested. The PWM signals 

(PWM 1 and PWM 2) are fed to the MOSFETs according to the switching algorithms tabulated in Table 2. 

The output voltage waveform for the inverter operation is as shown in Figure 5. It shows that the output AC 

voltage waveform follows the shape of the PWM signals. In addition, the frequency of the output AC voltage 

waveform can be directly controlled by varying the frequency of the PWM signals. In this work,  

the maximum frequency of the proposed gate drive circuit can be increased up to 100 kHz. Thus, it is suitable 

for medium and high frequency power electronics converters operation. 
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Figure 3. Circuit arrangement for 

experimental test-rig 

 

Figure 4. Experimental result of the output PWM signal for 

the proposed of gate drive circuit. (Scale: X axis: 15V/div, Y 

axis: 50µs/div) 

 

 

Table 2. Switching algorithms for the DC to AC converter of the SPMC circuit topology 
Mode of 

Operation 

Switche

s 

PWM 

Operation 

Positive cycle S1a PWM 1 

- S1b OFF 

- S2a OFF 

Negative cycle S2b PWM 2 

- S3a OFF 

Negative cycle S3b PWM 2 

Positive cycle S4a PWM 1 

- S4b OFF 

 

 

 
 

Figure 5. Experimental result of the output voltage waveform for the DC to AC converter of the SPMC 

circuit topology (Scale: X axis: 15V/div, Y axis: 20µs/div) 

 

 

4. CONCLUSION 

The new generation of advanced gate drive circuit that could reduce the number of components 

used, thus, increase the power density of SPMC circuit has been presented. This is in line with the increasing 

demand for smaller size, light in weight and high efficiency converters in recent years, caused by  

the continual development of power density for power electronic converters. The proposed gate drive circuit 

capable to enhance the reliability of the SPMC circuit. Additional isolation between high and low sides of 

power switches connection from IR2110 devices could lead to high robustness performance of  

the proposed system.  

 

 

 

 



                ISSN: 2088-8694 

Int J Pow Elec & Dri Syst, Vol. 11, No. 2, June 2020 :  823 – 826 

826 

ACKNOWLEDGEMENTS 

Financial support from Institute of Research Management and Innovation (IRMI) Universiti 

Teknologi MARA Grant No: 600-IRMI/DANA 5/3/BESTARI (KY)(001/2019) is gratefully acknowledge. 

 

 

REFERENCES  
[1] D. Varajão, et al., “Modulation Strategy for a Single-Stage Bidirectional and Isolated AC–DC Matrix Converter for 

Energy Storage Systems,” IEEE Transactions on Industrial Electronics, vol. 65, pp. 3458 – 3468, Apr 2018.  

[2] N. Takaoka, et al., “Isolated Single-Phase Matrix Converter Using Center-Tapped Transformer for Power 

Decoupling Capability,” IEEE Transactions on Industry Applications, vol. 54, pp. 1523 – 1531, Apr 2018. 

[3] A. Zuckerberger, et al., “Single-phase matrix converter,” IEE Proc.—Elect. Power Appl., vol. 144, no. 4, pp. 235–

240, Jul. 1997. 

[4] R. Baharom, et al., “A high power factor bidirectional battery charger using single-phase matrix converter,” 2015 

IEEE 10th Conference on Industrial Electronics and Applications (ICIEA), pp. 1397-1402, 2015. 

[5] A. Idris,  et al.,  “Studies on performance of Proportional Integral and Hysteresis Control in Current Control Loop 

for ACDC converter using SPMC fed PMDC Motor,” 2014 IEEE International Conference on Power and Energy 

(PECon), pp. 354-359, 2014. 

[6] R. Baharom, et al., “A new safe-commutation technique for AC-DC converter operation using single-phase matrix 

converter”, 2012 IEEE International Conference on Power and Energy (PECon), pp. 298-302, 2012. 

[7] R. Baharom, et al., “Advanced single-phase AC-DC converter using single-phase matrix converter topology,” 

International Conference on Electrical, Control and Computer Engineering 2011 (InECCE), pp. 33-38, 2011. 

[8] R. Baharom, et al., “Studies on safe-commutation switching sequence for controlled rectifier operation of Single-

Phase Matrix Converter,” 2009 IEEE Symposium on Industrial Electronics & Applications, pp. 128-133, 2009. 

[9] R. Baharom, et al., “Boost rectifier using single-phase matrix converter with bipolar output,” 2008 IEEE 2nd 

International Power and Energy Conference, pp. 1141-1146, 2008. 

[10] R. Baharom, et al., “A New Single-Phase Controlled Rectifier Using Single-Phase Matrix Converter,” 2006 IEEE 

International Power and Energy Conference, pp. 1477-1482, 2006. 

[11] M. Q. I. M. Zamani, et al., “Conceptual study on Grid-to-Vehicle (G2V) wireless power transfer using single-phase 

matrix converter,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 10, no. 3, pp. 

1382-1388, Sept 2019. 

[12] F. Fang, et al., “Finite Control Set Model Predictive Control for AC-DC Matrix Converter with Virtual Space 

Vectors,” IEEE Journal of Emerging and Selected Topics in Power Electronics, pp. 1-13, Aug 2019. 

[13] P. Wheeler, et al., “Matrix converters: a technology review,” IEEE Transactions on Industrial Electronics, vol. 49, 

no. 2, pp. 276-288, 2002.  

[14] U. Nasir, et al., “A Leakage-Inductance-Tolerant Commutation Strategy for Isolated AC/AC Converters,” IEEE 

Journal of Emerging and Selected Topics in Power Electronics, vol.7, pp. 467–479, Mar 2019. 

[15] A. Anurag, et al., “Gate Drivers for High-Frequency Application of Silicon-Carbide MOSFETs: Design 

considerations for faster growth of LV and MV applications,” IEEE Power Electronics Magazine, vol. 6, pp. 18–

31, Sept 2019. 

[16] A. Bindra; “Recent Advances in Gate Driver Integrated Circuits for Wide-Bandgap FETs: Manufacturers introduce 

gate drivers for squeezing the best performance out of WBG devices,” IEEE Power Electronics Magazine, vol. 6, 

pp. 32–38, Sept 2019.  

[17] M. Yuhendri, et al., “Direct Torque Control Strategy of PMSM Employing Ultra Sparse Matrix Converter,” 

International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 9, no.1, pp. 64–72, Mar 2018. 

[18] A. Sangwongwanich, et al., “Control of Single-Phase and Three-Phase DC/AC Converters,” Control of Power 

Electronic Converters and Systems, pp. 153-173, 2018. 

[19] R. Sasikala and R. Seyezhai, “Review of AC-DC power electronic converter topologies for power factor 

correction,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 10, no, 3, pp. 1510-

1519, Sept 2019. 

[20] S. Morrison, “Analysis of a hybrid series parallel resonant bridge converter,” IEEE Transactions on Power 

Electronics, vol. 7, no. 1, pp. 119-127, Jan 1992. 

[21] .R. Baharom, et al., “Development of a Gate Drive with Overcurrent Protection Circuit using IR2110 for Fast 

Switching Half-Bridge Converter,” ARPN Journal of Engineering and Applied Sciences, vol. 10, pp. 23-27, 2015. 

[22] J. Stevens, “Using a Single-Output Gate-Driver for High-Side or Low Side Drive,” Texas Instruments 

Incorporated, Texas, 2018. 

[23] F. Hattori, “A Novel high-efficiency gate drive circuit for normally off-type GaN FET,” IEEE Transactions on 

Industry Applications, pp. 593-599, 2014. 

[24] J. Zhang, et al., “A new reliable supplied gate drive circuit for SCRs with breakover diodes for protection,” 2004 

IEEE International Symposium on Circuits and Systems, pp. 972-975, 2004. 

[25] S. Kakar, et al., “A novel single-phase PWM asymmetrical multilevel inverter with number of semiconductor 

switches reduction,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 10, no, 3, 

pp. 1133-1140, 2019. 
 


