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Abstract
This report provide a summary of some of the papers presented at the International Sympo-
sium on Power Semiconductor Devices and ICS.
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Summary

The international symposium on power semiconductor devices (ISPSD) was held in Shangahi
from from May 19 to 23, 2019. As usual, the attendees come from industries and academia.
However, academia makes up about more than 70% in contribution to the papers. This year,
there are about 130 papers presented and major contributions come from China (including
Hong Kong), Japan, USA and Europe. There were about 300 to 400 attendees and many and
not surprising are from China. China has shown a remarkable increase in contribution to paper
presentation given that the conference was held in Shanghai.

For this year paper contributions, GaN and SiC have one of the highest in number and stands at
about 30 papers for each of them. In other words, both device technology took up about 50%
of the presentation. For GaN, the main focus is still for application in power electronics and
very few for RF applications. Both lateral and verticle structures of GaN were presented but for
very high breakdown voltage, verticle structure is still the dominant design. The subject matter
disccused on GaN ranges from impact ionization, GaN on Si substrate, multi-channel GaN
devices, enhanced mode GaN, current protection, threshold voltage changes.

Reports on two records are 1) 100A vertical GaN trench MOSFETS and another on 2) >1kV
breakdown voltage using vertical super-junction trench MOSFETS. However, breaking this
recoed is another novel GaN claiming 2000 V normally-off MOS HEMT using AIN/GaN
superlattice channel. There were about 5 papers on p-GaN gate. P-type GaN gate carries an
enhancement-mode operation, which implies a possible normally off capability — a feature which
is very important in power electronics for both safety and power efficiency. MERL has engaged
in this type of devices some 3 to 4 year ago and filed a couple of patent applications on this kind
of concept. The challenge is to maintain a good stability in its threhold votlage.

There is a GaN paper on gate degradation using low-pressure chemical vapor deposition (LPCVD) for
the passivation. They discussed about the potential of holes generated by impact ionization that
can leak to gate electrode through the gate dielectric to cause gate threshold instability. Holes
should be prevented from either going through or accumulating under the gate dielectric.

There is an interesting claim that a diamond MOSFET has been fabricated and characterized
up to a temperature at 250°C. The fabrication process has been improved in order of magnitude
to significantly reduce the specific on resistance, down to 50 mQ.cm?, and as well, the gate
leakage current at high temperature. The maximum electrical field in diamond, at the breakdown
value of 175V, is approximated to be higher than 5.4 MV/cm when doped with boron of 2x1017
cm-3.

Finally there is an interesting paper that discusses the impact of Autonomous Driving on the role
of semiconductor in general and IoT and Deep Learning in particular. Also it should be noted
that Autonomous Driving will also impact the transportation industries resulting in shorter
product life cycle and different kinds of business profitability. With the increasing dominance of
a shared economy, the utilization rate of car sharing could be more than 10 times of that of car
ownership. Currently car sharing takes up about 4%, and run up a mileage of 100,000 miles in
two years. If a car costs only $ 25,000, could earn about $ 75,000 in two years from the mobility
of people, goods and energy. Mobility operators would soon experience an increase in cost
from EV as well as autonomous vehicle operation, and including expenses for energy, short and
long-term maintenance, insurance and others.
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Refences from ISPSD 2019, Shanghai
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Ruito Aiba, Masataka Okawa, Taiga Kanamori, Hiroshi Yano, and Noriyuki Iwamuro*,
Characteristics of 1.2 kV SiC SWITCH-MOS

Yusuke Kobayashi, Shinya Kyogoku, Tadao Morimoto, Teruaki Kumazawa, Yusuke Yamashiro,
Manabu Takei, and Shinsuke Harada, High-temperature Performance of 1.2 kV-class SiC Super
Junction MOSFET

Ryoji Kosugi, Shiyang Ji, Kazuhiro Mochizuki, Kohei Adachi, Satoshi Segawa, Yasuyuki Kawada,
Yoshiyuki Yonezawa, and Hajime Okumura, Breaking the Theoretical Limit of 6.5 kV-Class 4H-
SiC Super-Junction (SJ) MOSFETs by Trench-Filling Epitaxial Growth

Takuya Maeda, Tetsuo Narita, Hiroyuki Ueda, Masakazu Kanechika, Tsutomu Uesugi, Tetsu
Kachi, Tsunenobu Kimoto, Masahiro Horita, and Jun Suda, Estimation of Impact lonization
Coefficient in GaN by Photomulitiplication Measurement Utilizing Franz-Keldysh Effect
Plinio Bau, Marc Cousineau Bernardo Cougo, Frederic Richardeau, Sebastien Vinnac, Didier
Flumian, Nicolas Rouger, Sub-Nanosecond Delay CMOS Active Gate Driver for Closed-Loop
dv/dt Control of GaN Transistors

Dawei Liu, Harry C. P. Dymond, Jianjing Wang, and Bernard H. Stark, Building blocks for future
dual-channel GaN gate drivers: Arbitrary waveform driver, bootstrap voltage supply, and level
shifter

Stefan Moench, Richard Reiner, Patrick Waltereit, R"udiger Quay, Oliver Ambacher, Ingmar
Kallfassy, Integrated Current Sensing in GaN Power Ics

Ruize Sun1, Y. C. Liang, Yee-Chia Yeo and Cezhou Zhao, Wanjun Chen, Bo Zhang,
Development of GaN Power IC Platform and All GaN DC-DC Buck Converter IC

Han Xu, Gaofei Tang, Jin Wei and Kevin J. Chen, Integrated High-Speed Over-Current
Protection Circuit for GaN Power Transistors

Arno Stockman, Eleonora Canat,, Matteo Meneghini. Gaudenzio Meneghesso. Peter Moens and
Benoit Bakerooty, Threshold Voltage Instability Mechanisms in p-GaN Gate AlGaN/GaN HEMTs
Jiabei He, Jin Wei, Song Yang, Mengyuan Hua, Kaikun Zhong, and Kevin J. Chen,
Temperature-Dependent Gate Degradation of p-GaN Gate HEMTs under Static and
Dynamic Positive Gate Stress

Tohru Oka, Tsutomu Ina, Yukihisa Ueno, and Junya Nishii, 100 A Vertical GaN Trench MOSFETs
with a Current Distribution Layer

Hongwei Gao, Qian Sun, Sen Huang, Xinhua Wang, Xinyu Liu, Xuanwu Kang, Jie Fan,
Revealing the Positive Bias Temperature Instability in Normally-OFF AlIGaN/GaN MIS-
HFETSs by Constant-Capacitance DLTS

Xi Tang, Baikui Li, Jun Zhang, Hui, Jisheng Han, Nam-Trung Nguyen, Sima Dimitrijev, and
Jiannong Wang, Gate of p-GaN/AIGaN/GaN Power Transistors and Their Effect on Device Dynamic
Performance

Benoit Bakeroot, Steve Stoffelsy, Niels Posthumay, Dirk Wellekens, Stefaan Decouterey, Trading Off between
Threshold Voltage and Subthreshold Slope in AIiGaN/GaN HEMTs with a p-GaN Gate

Yuanyuan Shi, Qi Zhou, Wei Xiong, Xi Liu, Xin Ming, Zhaoji Li, Wanjun Chen, and Bo Zhang,
Observation of self-recoverable gate degradation in p-GaN AlGaN/GaN HEMTs after long-term
forward gate stress: The trapping & detrapping dynamics of hole/electron

Peng Huang, Qi Zhou, Kuangli Chen, Xiaogi Han, Dong Wei, Yuanyuan Shi, Wanjun Chen, and
Bo Zhang, Over Kilovolt GaN Vertical Super-Junction Trench MOSFET: Approach for Device
Design and Optimization

Zheyang Zheng, Mengyuan Hua, Jin Wei, Zhaofu Zhang and Kevin J. Chen, Identifying the
Location of Hole-Induced Gate Degradation in LPCVD-SiN./GaN MIS-FETs under High Reverse-Bias Stress
Thorsten Oeder, Martin Pfost, Impact of Carrier Accumulation on the Transient Behavior of p-
Gate GaN HEMTs

Sheng Li, Siyang Liu, Chi Zhang, Jiaxing Wei, Long Zhang, Weifeng Sun, Integrated GaN MIS-
HEMT with Multi-Channel Heterojunction SBD Structures

Julian Weimer and Ingmar Kallfass, Soft-Switching Losses in GaN and SiC Power Transistors
Based on New Calorimetric Measurements
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22. Ming Xiao, Hong Zhou, Yue Hao, Weihang Zhang, Kui Dang, Yuhao Zhang, Jincheng Zhang,
Novel 2000 V Normally-off MOS-HEMTs using AIN/GaN Superlattice Channel

23. Kun Zhou, Yingxing Cui, Lianghui Li, Yunfei Gu, Lin Zhang, Shuairong Deng, Zhigiang Li, and
Juntao Li, Influence of Carrier Lifetime on Silicon Carbide Power Devices for Pulsed
Power Application
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