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(a) Conventional gate drive circuit

Fig. 11 Evaluation results of waveform measurement

At Q2���W�X�U�Q���R»

(b) Proposed gate drive circuit
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5. Conclusions
The conventional gate drive circuit had the task that the high 
spike gate voltage generated at switching hinders high speed 
switching and higher efficiency. Therefore, this paper proposed 
the two-step turn-off method for the GaN GIT gate drive 
capable of simultaneously realizing the contrary performance of 
low noise and high speed turn-off switching. We mounted it to 
the synchronous rectification type DC/DC converter using the 
proposed gate drive circuit to evaluate the actual machine. We 
verified that the spike gate voltage was reduced by a maximum 
of 8.4 V without impairing the high speed turn-off switching 
characteristics and efficiency and showed the effectiveness of 
this system by securing the sufficient margin for the rated gate-
to-source voltage of －10 V.

Hereafter we will study the optimization of the circuit 
constant matching the drive conditions.

References
 1) E. A. Jones, F. F. Wang, and D. Costinett, “Review of Commercial 

GaN Power Devices and GaN-Based Converter Design 
Challenges,” IEEE J. Emerg. Sel. Top. Power Electron., vol. 4, no. 
3, pp. 707-719, Sep. 2016.

 2) T. Oka, T. Ina, Y. Ueno, and J. Nishii, “Over 10 A Operation with 
Switching Characteristics of 1.2 kV-Class Vertical GaN Trench 
MOSFETs on a Bulk GaN Substrate,” in Proc. 28th Int. Symp. 
Power Semiconductor Devices and ICs, Jul. 2016, pp. 459-462.

 3) O. Hilt, E. Treidel, M. Wolf, C. Kuring, K. Tetzner, H. Yazdani, A. 
Wentzel, and J. Würfl, “Lateral and Vertical Power Transistors in 
GaN and Ga2O3,” IET Power Electron., vol. 12 no 15, pp. 3919-
3927, Dec. 2019.

 4) H. Hahn et al., “p-Channel Enhancement and Depletion Mode 
GaN-Based HFETs With Quaternary Backbarriers.” IEEE 
Transactions on Electron Devices, vol. 60, no. 10, pp. 3005-3011, 
Oct. 2013.

 5) Y. Cai, Y. Zhou, K. Chen, and K. Lau, “High-Performance 
Enhancement-Mode AlGaN/GaN HEMTs Using Fluoride-Based 
Plasma Treatment.” IEEE Electron Device Lett., vol. 26, no. 7, pp. 
435-437, Jul. 2005.

 6) X. Huang, Z. Liu, Q. Li and F. C. Lee, “Evaluation and Application 
of 600 V GaN HEMT in Cascode Structure.” IEEE Transactions 
Power Electon., vol. 29, no. 5, pp. 2453-2461, May 2014.

 7) Y. Uemoto et al., “Gate Injection Transistor (GIT)- A Normally-Off 
AlGaN/GaN Power Transistor Using Conductivity Modulation,” 
IEEE Trans. Electron Devices, vol. 54, no. 12, pp. 3393-3399, 
Nov. 2007.

 8) T. Morita, H. Handa, S. Ujita, M. Ishida, and T. Ueda, “99.3％ 
Efficiency of Boost-Up Converter for Totem-Pole Bridgeless PFC 
Using GaN Gate Injection Transistor,” in Proc. Int. Exhib. Conf. 
Power Electron., Intell. Motion, Renewable Energy and Energy 
Manag., PCIM Europe., May 2014, pp. 325-329.

 9) H. Li, C. Han, J. Brothers, X. Zhang, and J. Wang, “Evaluation of 

600 V GaN based gate injection transistors for high temperature 
and high efficiency applications,” 2015 IEEE 3rd Workshop on 
Wide Bandgap Power Devices and Applications (WiPDA), Nov. 
2015, pp. 85-91.

10) Y. Abdullah, H. Li, and J. Wang, “Evaluation of 600 V Direct-Drive 
GaN HEMT and a Comparison to GaN GIT,” IEEE 5th Workshop 
on Wide Bandgap Power Devices and Applications (WiPDA), Nov. 
2017, pp. 273-276.

11) D. Bortis, O. Knecht, D. Neumayr, and J. W. Kolar, 
“Comprehensive Evaluation of GaN GIT in Low- and High-
Frequency Bridge Leg Applications,” in 2016 IEEE 8th Int. Power 
Electron. Motion Control Conf. (IPEMC-ECCE Asia), May 2016, 
pp. 21-30.

12) B. Zojer, 600 V CoolGaN™ high electron mobility transistors. 
AN_201702_PL52_012, Infineon Technologies AG, 2018.

13) Infineon Technologies AG, “IGOT60R070D1, 600V CoolGaN™ 
enhancement-mode power transistor,” datasheet, 2020.

About the Authors

NOSAKA Noriyuki
Technology Research Center
Technology And Intellectual Property H.Q.
Specialty: Electrical Engineering
Affiliated Academic Society: IEEJ

OKADA Wataru
Technology Research Center
Technology And Intellectual Property H.Q.
Specialty: Electrical Engineering

UEMATSU Takeshi Ph.D (Engineering)

Technology Research Center
Technology And Intellectual Property H.Q.
Specialty: Electrical Engineering
Affiliated Academic Society: IEEJ, IEICE

The names of products in the text may be trademarks of each company.

7


