N

N

Evaluation of Partial Discharge Inception Voltage of
Bonding-less Gas Insulation Packaging for High
Temperature and High Voltage Power Module
Keisuke Koyanagi, Akinari Yamane, Akihiro Imakiire, Masahiro Kozako,

Masayuki Hikita, Sorin Dinculescu, Zarel Valdez-Nava, Thierry Lebey

» To cite this version:

Keisuke Koyanagi, Akinari Yamane, Akihiro Imakiire, Masahiro Kozako, Masayuki Hikita, et al..
Evaluation of Partial Discharge Inception Voltage of Bonding-less Gas Insulation Packaging for High
Temperature and High Voltage Power Module. Conference on International Symposium on Electrical
Insulation and Material (ISEIM), 2014, Niigata, Japan. pp.425-428, 10.1109/ISEIM.2014.6870809 .
hal-03965922

HAL Id: hal-03965922
https://hal.science/hal-03965922v1
Submitted on 20 Jan 2025

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-03965922v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

Evaluation of Partial Discharge Inception Voltage of Bonding-less Gas
Insulation Packaging for High Temperature and High Voltage Power
Module

Keisuke Koyanagi1*, Akinari Yamane1, Akihiro Imakiire1, Masahiro Kozako1, Masayuki Hikita1,

2
Sorin Dinculescu , Zarel VaIdez-Nava2 and Thierry Lebey 2

1 Electrical and Electronic Engineering — Kyushu Institute of Technology, Kitakyushu,Fukuoka-Japan
2 Laboratory on Plasma and Energy Conversion (LAPLACE)! Universite Paul Sabatier,Toulouse- France
*E-mail: n349509k@tobata.isc.kyutech.ac.jp

Abstract- The purpose of our work is to develop a power module using gas insulation and bonding-less interconnections to avoid the
reliability issues known to current packaging technology. This paper deals with the temperature dependence of partial discharge inception
voltage (PDIV) of a developed module up to 300 °C. In addition, an attempt is achieved to confirm half-wave rectifying operation up to
300°C using SiC Schottky barrier diodes (SiC-SBD). From these results, the PDs were not detected up to 1500 V and 300°C, proving its
ability to be used in high temperature applications.

Keywords: Power module, Partial discharge, Gas insulation, Bonding-less structure, SiC semiconductor
[. INTRODUCTION

Wideband gap semiconductor devices (SiC, GaN, diamond) have attracted a lot of attention as the next generation
power devices to replace conventional silicon-based semiconductors. This next-generation power device is
expected to be used in high temperature and high voltage applications such as electric power facility, electric
vehicles, and airplanes -in the all-electrical airplane approach- and space exploration. Despite many reports dealing
with power module packaging for high temperature applications, the current packaging technologies, such as using
silver nano paste instead of solder and using new solid insulating materials [1-3], is mainly based on solid insulation
(epoxy resin, silicone gel), and they are not useable above 250°C.

We propose to develop a new packaging technology using gas as the insulation [4-7]. In recent reports, we
confirmed the full-wave rectifying operation at AC 1 kV up to 250°C using gas insulation and the developed bonding-
less power module [8]. Currently, we aim to increase the operating voltage of the packaged module. One of the key
issues in the high voltage power module is the existence of partial discharges, which, once they exist, will impact
its reliability. This paper deals in a first step with the temperature dependence of partial discharge inception voltage
(PDIV) of the developed module up to 300°C. In addition, the module will be used in a half-wave rectifying operation
up to 300°C using SiC-Schottky barrier diodes (SiC-SBD).

II. GAS INSULATION POWER MODULE

Fig. 1 shows a photograph of developed power module. This module consists of Al,03; plates, copper plates and
metallic spring electrodes. SiC power semiconductor devices are embedded in the ceramic bulk. The module
developed module in this paper has a simple structure; it allows to perform half-wave rectifying operation by the
diode. The device was connected to the copper plates thanks to the mechanical pressure applied to the metallic
spring electrodes. Note that the developed module has no wire bonding or solder. The bonding-less structure
excludes the possibility of aluminum wire crack and solder delamination, it is hence more adapted to high
temperature environments and thermal cycling. Fig. 2 and 3 show this assembly placed inside a test chamber acting
as the finalal hermetic case of the power module. C4F8 gas or nitrogen gas as insulating medium was introduced in
the test chamber at the pressure P of 0.1 MPa. A squared shaped ceramic heater with 25 mm on a side (Sakaguchi
E.H VOC Co.: MS-1000) used to heat the module was sandwiched within the module.
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Figure 1. Photograph of the developed power module

€— [nsulating gas

1 ALO; plate
I Cu plate
ST ] _ : Heater
B SiCdevice

\\}z\\_\\\\\\\\\\\\\\\\\\\\\\'\\-\\V
\\\I“\\\\\\x\\\\\\\\\\\\\\\\\l\\\}

Test chamber

Figure 2. Structure of the power module and the test chamber

Figure 3. Photograph of the module placed in the test chamber

Ill. PDIV TEST OF DEVELOPED POWER MODULE

A. Experimental Method

Fig. 4 shows the experimental circuit of partial discharge inception voltage (PDIV) test. SisN, insulating chip, acting
as a dummy device, was embedded inside the module instead of the SiC device for the PDIV measurements. The
SisN, has a permittivity approximately equal to SiC. Signal generated with a function generator (NF Corporation:
WF1974) was amplified with a power amplifier (NF Corporation: 4520A) and a transformer (YPAS3550: 200 V/30
kV). The amplified voltage was applied to the module up to PDIV at a rise rate of 150 Vrms/s. PD detection level
was set at 10 pC. The applied voltage waveform and PD pulse waveform were observed and recorded with an



oscilloscope (LeCroy: WaveSurfer 104MXs-B, 1 GHz). This measurement was repeated 12 times at each
temperature. The module was heated from room temperature up to 300 °C using the ceramic heater.
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Figure 4. Experimental circuit of PDIV test
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Figure 5. Obtained waveforms in PDIV test in C4Fs gas at room temperature

C,Fg N, Air

Figure 6. Comparison of PDIV in C4Fg, Nitrogen and Air at room temperature

A. Results and Discussion

Fig. 5 shows an example of the obtained waveforms during PDIV test of the module. Blue and yellow lines in the
figure represent the applied voltage waveform obtained by high voltage probe (Pulse Electronic Engineering: EP-
50K, 1/2000) and PD pulse waveform obtained by PD measuring equipment (Nihon keisokuki: CD-6), respectively.
Fig. 6 shows the comparison of PDIV when C4Fg gas, nitrogen gas or air was filled in the test chamber as insulating
gas. From this figure, PDIVs of nitrogen gas and air are 940 Vrms and 1070 Vrms, respectively, and are found to
have PDIV nearly equal. In contrast, the C4Fs gas has PDIV (2216 Vrms) two times as large as that in air and
nitrogen. It is obvious from the figure that C4Fs gas has superior insulation characteristics compared to the other
gases.



Based on this comparison results, we evaluated the temperature dependence of PDIV using two kinds of gases
(C4Fs and Ny). Air with PDIV nearly equal to that in nitrogen was not employed in high temperature evaluation to
avoid oxidation of copper. Fig. 7 shows temperature dependence of PDIV up to 300°C when C4Fg gas or nitrogen
gas filled the test chamber. From this result, it is confirmed that PDIV decreased with increasing temperature in
both C4Fg and nitrogen gas. Nevertheless, the experimental results revealed that the developed power module has
dielectric strength above rated voltage of SiC-SBD (1700 V) using C4Fs gas (25°C — 300°C).
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Figure 7. Temperature dependence of PDIV

IV. OPERATION OF SIC-SBD IN HIGH TEMPERATURE
A. Experimental Method

Fig. 8 shows the experimental circuit for the half-wave rectifying testing using a SiC-SBD (CREE, CPW3-1700-
S025B, 1700 V, 25 A). Signal generated with a waveform generator (Kenwood, AG-204D) was amplified with a high
voltage amplifier (Trek: model 20/20C). The maximum applied voltage to the module was set at 1500 V. The voltage
and current waveforms were observed and recorded with an oscilloscope (Tektronix: DP04054, 500 MHz). Input
voltage and current to the module were measured through the monitor channels of the high voltage ampilifier. Output
voltage from the module was detected by a differential probe (Yokogawa: 700924). The module was heated from
room temperature up to 300 °C using an electrical oven (As One: HTO-450). Moreover, temperature dependence
of reverse leakage current in the SiC-SBD was measured by a curve tracer (IWATSU, CS- 3200).
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Figure 8. Experimental circuit of half-wave rectifying operation



B. Results and Discussion

Fig. 9 and 10 show the input and output voltage waveforms and current waveform at room temperature and at
T=300 °C, respectively. The applied voltage Va in these measurements was 1500 V. From these results, it is
obvious that the half-wave rectifying circuit integrated in the power module can operate normally at 300°C as well
as at room temperature. Note that several rnA of the reverse leakage current appears at 300°c although less rnA
appears below 250°C. We have already reported about the increase of the reverse leakage current in the SiC-SBD
with increasing temperature [9]. Fig. 11 shows the temperature dependence of reverse leakage current in the SiC-
SBD. It is confirmed that several rnA of the reverse leakage current appears under 1500 V at 300°C.
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Figure 9. Voltage and current waveforms of half-wave rectifier at room temperature (Va = 1500 V)
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Figure 10. Voltage and current waveforms of half-wave rectifier at 300 °C (Va=1500 V)

-2

10 v T T T - T T L
=z 10°F
g 10'F 2
= -5
3 10
()
g 10°
=1
% 10-3 L — 150 °C|
: —200°C
2 10°F 250 °C|
10 — 300 °C
IO' 1 i 1 1 T T s
0 400 800 1200 1600

Voltage [V]

Figure11. Temperature dependence of reverse leakage currentin SiC-SBD



V. CONCLUSIONS

In this paper, we evaluated the temperature dependence of PDIV up to 300°C of a power module packaging with
gas as insulating media. In addition, we also were able to demonstrate half-wave rectifying operation using SiC-
SBD up to 300°C. From these results, the PDs are not detected up to 1500 V and 300°C using C4Fs gas, proving
the packaging ability to be used in high temperature applications. In the future, the developed gas-insulated, solder-
less, bonding-less, package structure will be used for full inverters and DC-DC converters, in order to evaluate its
potential as a packaging solution for high temperature and high voltage applications
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