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Electrostatic Discharge Tests of Satellite Solar Panel
Greenhouse Gases Observing Satellite (GOSAT, "Ibuki") Solar Array Paddle Deployment
Courtesy of JAXA (Japan Aerospace Exploration Agency)

Although space is generally regarded as vacuum, it
is filled with plasma. In terms of electrical insulation,
being in space does not guarantee better situation than
on the Earth. The plasma charges satellite surface as
well as its interior. When a satellite encounters ener-
getic electrons in orbit, the satellite body that can be
regarded as a floating conductor in space is charged to
a highly negative potential with respect to the plasma.
The charging of the satellite body leads to build up of
potential difference among various parts on a satellite,
especially between surface insulator and the satellite
chassis. As the differential voltage exceeds a certain
threshold, electrostatic discharge (ESD) occurs at the
edge of conductor and insulator exposed to space. The
threshold differential voltage for ESD inception can
be as low as one hundred volts.

Among the satellite components, solar panels are
the most vulnerable to ESD. The conventionally de-
signed solar panels are composed of many metallic
parts exposed to space, such as solar cell electrodes,
and a large area of insulator, such as coverglass. In the
worst case, one ESD pulse may lead to catastrophic
failure of the satellite power system as the pulse
makes transition to an arc discharge in the solar array
circuit resulting in the short-circuit of the power sys-
tem.

Since the middle of 1990s, many satellite failures
whose cause was identified to be ESD have been re-
ported as the satellite power level increased to deal
with the demand of more communication channels or
diversified satellite missions. In Japan, the complete
loss of ADEOS-II Earth observation satellite in 2003
due to arcing in the power system changed how satel-
lite solar panels are designed and tested in Japan.
Nowadays, it is a common practice not only in Japan
but also in US and Europe, to test a solar panel design
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against ESD before its launch.

The purpose of the test is to investigate whether a
given design of solar panel can withstand many num-
bers of ESD events expected in orbit. The test is done
using a so-called solar array coupon shown in the
bottom right of the front cover. The coupon is made of
exactly the same material and procedures as the flight
solar panel. The coupon is put in a vacuum chamber.
Its surface is charged by an electron beam of several
keV simulating the energetic electrons in orbit, such
as aurora or substorm, or by a plasma simulating the
ionospheric plasma. The coupon is connected to an
external circuit simulating the satellite power system
under power generation. The test investigates whether
a pulse of ESD leads to the arc discharge or not.

The ESD tests of satellite solar panel in Japan has
been carried out at Laboratory of Spacecraft Envi-
ronment Interaction Engineering (LaSEINE), Kyushu
Institute of Technology located in city of Kitakyushu.
GOSAT (Ibuki) launched in 2009 was also tested at
LaSEINE and its solar panel is working fine in orbit
as shown in the top picture. LaSEINE is a
world-leading institution in the field of spacecraft
charging. Based on the test methods carried out at
LaSEINE, a new ISO standard, ISO-11221, on ESD
test methods of satellite solar panel has been estab-
lished in 2010. Nowadays, LaSEINE carries out ESD
tests for not only Japanese satellites, but also for satel-
lites of other countries, such as USA, China and India.

Mengu Cho and Kazuhiro Toyoda

(Laboratory of Spacecraft Environment Interaction
Engineering,

Kyushu Institute of Technology, Kitakyushu,
804-8550 Japan )

Space Charge Formation by Irradiation of Visible Light
in Polyimide under DC Electric Stress

Space charge distribution formed in polyimide (PI)
film (Kapton®) under dc electric field is strongly af-
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fected by visible light illumination. The space charge
formation in Kapton® film is investigated using a
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modified PEA (Pulsed Electro-Acoustic) system for
measuring space charge distribution under various
visible lights illuminations from LED. As shown in
the upper figures, the space charge formations are
clearly observed in the film under dc electric field (20
kV/mm) with visible lights illuminations, while it is
not observed in it without light illumination. Further-
more, it is obviously found that the charge accumula-
tion pattern in the film strongly depends on the wave-
length of illuminated light. In the case of red light il-
lumination, a small amount of hetero charges are ob-
served in bulk of film near anode and cathode elec-
trodes. In the case of green light illumination, only
negative hetero charge near anode side is observed.
On the other hand, the blue or violet light illumination
makes homo space charge formation near cathode. It
means that the relatively lower energy light illumina-
tion by red or green LED dominantly make a hetero
charges while the higher energy light illumination by
blue or violet LED seems to enhance charge injection

Transactions of IEEJ

Six kinds of transactions are published. Five kinds
of transactions are edited by five societies* in IEEJ.
The other one ( IEEJ Transactions on Electrical and
Electronic Engineering ) is bimonthly published in
English, which is mentioned in a later section.

(*) Five societies in IEE]J are as follows:

A: Fundamentals and Materials Society (This
magazine is published from EINA Committee
under this society.)

B: Power and Energy Society

C: Electronics, Information and Systems Society

D: Industry Applications Society

from illuminated electrode. This phenomenon is also
observed in opposite polarity of dc voltage application.
Lower figures show the results obtained by green and
blue lights illuminations from anode side. It is found
that the positive hetero charge near cathode side is
quickly formed with green light illumination, while
the injected positive homo charge near anode side is
gradually formed with blue light illumination from
anode side. These results suggest that the visible light
illumination must enhance the electric field in the bulk,
and consequently it makes the breakdown strength
lower than that without the illumination.

T. Tadokoro, T. Motoyama, Y. Tanaka, T. Takada
(Tokyo City University)

T. Maeno (National Institute of Information and
Communications Technology)

Japan

E: Sensors and Micromachines Society

(please visit
http://www.iee.or.jp/index-eng.html )

You can browse papers in all kinds of magazines
published by IEEJ at
http://www?2.iee.or.jp/ver2/honbu/14-magazine/index0
50.html (in Japanese)

You will be able to directly purchase the full text
documents by PDF through the Pay-Per-View System.

IEEJ Transactions on Fundamentals and Materials

Three issues of Trans. on F and M were published
in English during last one year. The other issues in-
clude papers in Japanese or in English. Any papers in

(Themes of the recent issues published in English)

any transaction can be browsed and downloaded at the
website:

http://www.jstage.jst.go.jp/browse/ieejfms/_vols .

Vol. 129-A No. 10(Oct. 2009) Recent Progress in Computational Electromagnetics and its Applications

Vol. 129-A No. 12(Dec. 2009) Electromagnetic Technologies for Forecasting and Monitoring Natural Hazards
Special Issue on Technology 2009 : Reviews & Forecasts

Vol. 130-A No. 11(Nov. 2010) 2009 Korea-Japan Joint Symposium on Electrical Discharge and High Voltage

Engineering
Contents are listed at

(The way of purchasing a specific issue)

When a non-member of IEEJ purchases a specific
issue, please send a purchase order to IEEJ by mail,
fax or e-mail as follows:

Purchase order should include
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http://www2.iee.or.jp/ver2/honbu/90-eng/14-magazine/index.html.

Your name, affiliation, fax, e-mail address (if you
have) and postal address (where an account will be
sent), the issue or issues and number of copies you
want to purchase.

Where to send message:
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Publications and sales section, IEEJ, Homat Hori-
zon Bldg.8fl.,

6-2 Gobancho, Chiyoda-ku, Tokyo 102-0076,
Japan

Fax: +81-3-3221-3704

E-mail: pub@iee.or.jp

Please visit:
http://www?2.iee.or.jp/ver2/honbu/13-publication/in

dex030.html(in Jaspanese)

You can browse papers in all kinds of magazines

published by IEEJ at
http://www?2.iee.or.jp/ver2/honbu/14-magazine/ind
€x050.html (in Japanese)

You will be able to directly purchase the full text
documents by PDF through the Pay-Per-View System.

IEEJ TEEE (Transactions on Electrical and Electronic Engineering)
The journal “IEEJ TEEE was launched in May 2006. It is an online magazine and published bimonthly from

John Wiley & Sons, Inc. on the website:

http://www3.interscience.wiley.com/cgi-bin/jhome/112638268

This magazine is covered in Scientific Science Citation Index™ Expanded by Thomson Reuters.

IEEJ Technical Reports

Technical reports listed below were prepared by investigation committees in technical committees A to E in
IEEJ and published form September in 2009 to October in 2010. Their extended summaries can be read in English
on the web site below but the text of technical reports are described in Japanese.

No. Title Pub. date
1169 New Generation Electric and Magnetic Actuators 2009/9/10
1170 A Report on Industrial Applications of High Power Semiconductor LDs 2009/9/25
1171 The present conditions and the future prospects investigation of the simulation technology 2009/12/1

in water supply and sewer system
1172  Clarification of lightning damage mechanism on power distribution lines and upgrade of 2009/11/5

forecast technique of damage rate

1173  Lightning, Surge Arresters, and Insulation Co-ordination for High Voltage Power Systems 2009/11/25

1174 Technologies for cognitive agents and their applications 2009/11/30

1175 Technical trends and applications on high-speed power line communication 2009/12/25

1176 Improvement of Small Sized Application Specific Motors and Evaluation Technologies of It ~ 2009/12/25

1177 The trend of the research and development for the upgrade of the high current energy sys- 2010/1/5
tem

1178 Cause and Countermeasure Technologies of Flashover for DC Machines 2010/1/5

1179 Needs Change and Future Directions of Monitoring Control System and Information Man- 2010/1/25
agement System for Public Facilities

1180 The trend of Industrial Controllers 2010/2/10

1181 The trend of medium-voltage switchgear technology with consideration of environmental 2010/2/10
resistance performance

1182 Power Electronics for Automobiles 2010/2/25

1183  Adjustable-Speed AC Drive Technology Applied Extensively in Transportation and Logis- 2010/2/25

tics Sector

1184  Current Situations and Problems on Fail-safe Design and Risk Management in various cases ~ 2010/3/10

of Road Traffic Information Infrastructure

1185 Advanced Discharge Applications and Fundamental Discharge Parameters 2010/4/5
1186 A Technology of Constant Determination and Performance Calculation for Permanent 2010/4/20

Magnet Synchronous Machines

1187 Development Trend of Energy Technologies and Systems for Low-carbon Society in Japan 2010/4/20

1188 Current Status and Subjects for Open Network of Control Systems Application in Metal 2010/4/30
Industry Production System

1189 Technology trend of Gas Insulated Switchgear in substation system 2010/4/30

1190 New Service of Information Provision in Expressways 2010/5/10

1191 Recent Trend of Maintenance and Diagnosis Technology of Oil-Immersed Transformer 2010/5/25

1192  System Design Technologies of Voltage Sourced Converters for Power System Applica- 2010/5/25
tions

1193 Lightning overvoltage on low-voltage distribution system 2010/6/10

1194  Physics of Organic Dielectrics/Semiconductors and Interfacial Design 2010/6/25

1195 Elemental technology use for industrial linear electromagnetic drive systems and their ap- 2010/6/30
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plications

1196 Technical Report of Diagnostic Technology for Induction Machines 2010/7/5

1197 Power Electronics Technologies Constituting Innovative Distribution Networks 2010/7/30

1198 State and trends of the precise magnetic force control technology using magnetic character- 2010/7/30
istics of materials

1199 MHD Energy Conversion Application Technology 2010/8/20

1200 Guide for Application of JEC-2300 -Investigation of Interruption Phenomena on the Trans- 2010/9/10
mission System in Japan and Background on the Revised Edition of JEC-2300-

1201 Simulation Technique on Magnetic Applications 2010/9/15

1202 Technologies for Automotive Integrated Electric Power Supply Systems 2010/10/20

1203  Substation Control and Monitoring System Technology 2010/10/20

1204 Lightning Discharge Phenomena with the Global Circuit Model in Atmosphere 2010/10/20

Abstract of the technical report can be browsed on the web site:

http://www.iee.or.jp/index-eng.html

---> “Publications”

or http://www2.iee.or.jp/ver2/honbu/90-eng/13-publication/index.html

Application for Membership of IEEJ

A member of IEEJ receives a monthly journal (The
Journal of The Institute of Electrical Engineers of Ja-
pan) and one transaction out of five (A: Fundamentals
and Materials in which the activity of DEI is included,
B: Power and Energy, C: Electronics, Information and
System, D: Industry Applications, E: Sensors and Mi-
cromachines). The journal gives interesting readings
about the latest science and technology in the field of
Power Energy, Power Apparatus, Electronics, Infor-
mation Engineering, Materials and so on. The
transaction gives review papers, research papers, let-
ters and other information.

Total fee for joining IEEJ as a general individual
membership is ¥ 12,400 which consists of initiation
fee ¥ 1,200, annual membership fee ¥ 10,000 and
overseas postage of journal ¥ 1,200 (¥ : Japanese
Yen).

You can choose web application or sending an ap-
plication form by e-mail or airmail for your applica-
tion.

Please visit  http://www2.iee.or.jp/ver2/

honbu/90-eng/12-bid/index.html

Way for Purchasing Proceedings of IEEJ Technical Meetings

and IEEJ Technical Reports

(1) Proceedings of Symposia
You can request it to the business and service sec-
tion of IEEJ. (event@iee.or.jp)

(2) Proceedings of Technical Meetings
You can purchase them by subscription for a year
(Jan. to Dec.). Please request it to the business
and service section of IEEJ. (event@iee.or.jp)

(3) Technical reports
You can order technical reports from the publish-

Postal and e-mail Address of IEEJ:
The Institute of Electrical Engineers of Japan

ing section of IEEJ. (pub@iee.or.jp)

Please visit:
http://www.bookpark.ne.jp/cm/ieej/search.asp?flag=
0&category=%8BZ%8Fp%95%F1%8D%90&mode
=PDF

or
https://www.iee.or.jp/cfml/OA/front/NonAuthenticat
e/bookpur/fbo_BookList.cfm?Kubun=5

8F HOMAT HORIZON Bldg., 6-2, Goban-cho, Chiyoda-ku, Tokyo 102-0076, Japan

(General affairs Section)
(Business Service Section)

E-mail: member@iee.or.jp
E-mail: event@iee.or.jp

(Publication & Sales Section) E-mail: pub@iee.or.jp
Fax: +81-3-3221-3704 (common)
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Web Site for EINA Magazine

You can browse the EINA magazine including back numbers at http://eina.ws/
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