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１． 開催趣旨 

JAXA は、宇宙用電子部品・材料及び機構部品の開発や調達に関して、世界の動向を注視しながら、我

が国が進むべき方向、更に我が国に整備すべき宇宙用部品・材料技術を探るために、内外の宇宙機関、シ

ステムメーカ、部品メーカ及び部品輸入商社などの広範囲の参加を得て、年度毎にふさわしいテーマを選

び、活発に討議し、意見や情報の交換を行うことを目的にマイクロエレクトロニクスワークショップ

（Microelectronics Workshop:略称 MEWS）を毎年開催しています。 

 

またこのワークショップに併設して、国内外の企業による部品展示も行っております。この部品展示会は、

部品メーカが内外のシステムメーカ参加者に直接その技術力をアピールしたり、具体的な商談のできる場

であると同時に、ユーザーの要望を聞き、新製品開発・性能改善のきっかけの場となっています。一方、シ

ステムメーカは一同に会した宇宙用部品メーカ及び関連輸入商社等から最新の情報を得ると同時に、部品

メーカに対する要望を投げかける場となり、部品メーカ、システムメーカ双方の情報交換の場として利用され

ています。 

 
第 20 回マイクロエレクトロニクスワークショップ（以下、MEWS-20）は平成 19 年 10 月 29 日から 30 日

にかけて、つくば国際会議場（エポカルつくば）において、開催されました。 
MEWS-20 はそのメインテーマを「民生用部品・材料・技術の宇宙転用の現状と今後」とし、海外の宇宙

機関 NASA、ESA、DLR の部品部門の代表者及び DGA の信頼性工学の代表者から、各機関の宇宙用

部品の技術開発状況や部品調達プログラムの状況や問題点、信頼性予測などの報告をしていただきまし

た。 
さらに特別講演として、日産自動車（株）殿から自社製品における品質マネージメントについて、また、経

済産業省殿から我が国における民生部品・技術政策と即応型宇宙システムの構築について講演していた

だき、好評を博しました。 
国内部品メーカ及び JAXA 職員による開発成果、開発状況などの論文発表も行われたことは言うまでも

ありません。詳細は次ページ以降に掲載する発表資料をご覧ください。 
 

また、宇宙用部品展示会においては、昨年の MEWS-19 に引き続き、「MEMS＆ナノテク関連展示会」

を併設いたしました。 MEWS-21 以降もこの流れをさらに発展させ、宇宙用部品・材料・機構技術への

MEMS＆ナノテク関連技術の取り込み、実用化へ努力していきます。 
 

このような活動がこれからの日本の宇宙開発の基盤を支えるものとして少しでもお役に立てれば幸いで

す。 
 

NASA : National Aeronautics and Space Administration 
ESA : European Space Agency 
DLR : German Aerospace Center 
DGA : French Ministry of Defense 
MEMS : Micro Electro Mechanical Systems 
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２． プログラム 
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３． 開会挨拶 
坂田 公夫 宇宙航空研究開発機構（JAXA）理事、総合技術研究本部 本部長 

 
（要旨） 
このワークショップも今年で 20 回目を数えるにいたりました。このように進められてきたのも皆様のおかげと

感謝しております。 
 
今年のワークショップは民生用部品などの宇宙転用という主題です。我々の宇宙開発においては部品、コ

ンポーネントについていくつかの課題を持っております。これは世界が共有する問題でもあります。技術的

あるいは調達面での課題について、民生用の部品、コンポーネントが解決の一端を提供していただけるの

ではないかと期待しています。 
 
また本日は日産自動車、経済産業省から招待講演を頂きます。ここでも同様の趣旨で、品質保証等の課題

を議論いただけるものと思います。 
 
我々は次世代の宇宙開発に向けてさまざまな領域で努力していますが、技術、部品、コンポーネントの分野

で常に世界と問題を共有しながら進んでいきたいと思っています。このワークショップが昨年からナノテクノ

ロジーも含めて幅広くそのようなスタディを始めたのも、また、今年は会場をここ国際会議場に移し広く皆様

の参加がいただけるように、また展示も多く提供できるように致しましたのも、その輪を広げたいという思い

からです。 
 
本日、明日の議論を通して問題の共有と解決への道筋、展望が開ければ幸いです。この会議を通して活発

な議論、活発な人的交流をしていただいて、皆様と共によりよい宇宙開発につなげていきたいと願っており

ます。 
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Associate Executive Director
Institute of Aerospace Technology (IAT)

R&D Activities for Fundamental
Space Technologies in IAT
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1. Overview of the role of IAT

2. Structure and basic concepts of IAT

3. Project support (overview)

4. Research and Development

activities (overview)
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1. Overview of IAT

3

President
Vice President

Executive Directors

Strategic Planning and Management Division

Tsukuba Space Center

Systems Engineering office

JAXA’s Engineering Digital Innovation Center

Safety and Mission Assurance Department

Ground Facilities Department

Spectrum Management Office

Space Education Office

Security Administration Office

International Relations Department

Contract Department

Finance Department

General Affairs Department

Human Resources Department

Assessment and Audit Office

Public Affairs Department

Industrial Collaboration Department

Office of Space Flight and Operations

Office of Space Applications

Institute of Aerospace Technology (IAT)

Human Space Systems and Utilization Program
Group

Aviation Program Group (APG)

Institute of Space and Astronautical Science
(ISAS)

Lunar and Planetary Exploration Group

HTV Development Team

OrganizationOrganizationOrganization

Information Systems Department

General Auditors
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Number of staffs of IATNumber of staffs of IATNumber of staffs of IAT

The number of personnel as of April 1, 2007

5

�Respond to urgent issues faced by the Japanese
space community support project offices in
developing common fundamental technologies to
eliminate potential failures for on-going projects,
and improve the reliability of future projects.

�Support project offices in improving the reliability
of satellites and solve project-related technical
issues.

Roles of IATRoles of IATRoles of IAT
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R&D for Next Projects - Components & Parts -R&D for Next Projects - Components & Parts -R&D for Next Projects - Components & Parts --

�Continue enhancing the fundamental
component technologies to prevent potential
spacecraft mission failure resulting from the
increase of imported space equipment and
components and decrease of domestic high-
reliability components.

�Enhance R&D to sustain and grow domestic
technologies for design, fabrication and quality
assurance of the following critical units and
components to assure independence of Japan’s
space development.

7

Communication
System

Structure & Thermal Control
Sub-system

IA
T

IA
T

Electric Power &
Paddle Sub-system

Attitude Control Sub-system

Common Parts

(Note)

(Note)

Note: IAT personnel
support on a part time
basis.

Propulsion Sub-system

Transportation
Projects

Batteries

Power Control Units

Gyros &
Guidance

Control
Technolo
gies

(Propulsion
system for
controls)

on

(Note)

(Note)

Satellite Projects JEM
Project

Response to specific requests from projects such as component
development and simulations.

Project supportProject supportProject support
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2. Basic concepts and strategy of IAT
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R&D Activities by IAT-STR&D Activities by IAT-STR&D Activities by IATR&D Activities by IAT--STST

Project Support

In-orbit demonstration Operations & EvaluationExpert group

Develop, accumulate and
sustain fundamental

technologies

Advanced Reserch

Operations & data
evaluation of
satellites
(currently in the
second half of -
LabSat 1 mission
period)

Inter-orbit navigation technologies
Robotics technologies
Space energy utilization systems
Space debris Research

Feedback

R&DR&D

Prototyping &
Testing

Critical units for space
development

Fundamental and strategic
parts

Project support
technologies

Fundamental technology of
rocket engine

ST: Space Technology
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Main Responsibilities of IAT-STMain Responsibilities of IAT-STMain Responsibilities of IATMain Responsibilities of IAT--STST

IA
T

IA
T -- ST

ST

Advanced studies for future space
development

R&D of fundamental and strategic
components

R&D of Project support technologies

Conduct R&D of critical components and re-
establish a components supply system

Assure component quality
Develop a component database

- Promote use of components databases.

Research analytical and evaluation technologies
for project support

R&D on critical units for space
development

Guidance and control units
Electric power supply units
Satellite propulsion units
In-orbit demonstration systems

Space robotics, space energy utilization
technologies, inter-orbit transfer technologies

: Main responsibilities of IAT-ST

11

JAXA President Evaluation

IAT Evaluation
by Executive Director

Evaluation of Independent Ministerial Agency

Segment Evaluation
by Associate Executive Director

JAXA Project managers
and External Reviewers

Reflect to
budget distribution

JAXA R&D
Coordination
Committee

R&D Themes Project Support
Activities

Peer Review
(Evaluation by Head of Center)

Fundamental
Technology
Themes Center Level

Segment Level

Institute Level

Agency Level

Govrmnt. Level

Evaluation Flow to Results & Plans of IAT R&D ThemesEvaluation Flow to Results & Plans of IAT R&D ThemesEvaluation Flow to Results & Plans of IAT R&D ThemesEvaluation Flow to Results & Plans of IAT R&D Themes
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New Approach for Space ComponentsNew Approach for Space ComponentsNew Approach for Space Components

Establishment of Task Force for Strategies
on Space Components

Strategic Plan to maintain stable supply of space components

All JAXA

<Missions>

Coordinate measures to maintain a stable
supply of space components

Coordinate measures to enlarge the market
of space components

Coordinate the balance for complementary
use of domestic products and foreign
product space components

Coordinate plans of important space
components technologies to maintain
domestic production

Interaction and
cooperation

between
international and
domestic space-

related
enterprises

Since 2007

13

Concept of Technology Readiness Levels (TRL)

Technology development/demonstration TRL4 6
Component/Subsystem development
Ground demonstration
Flight demonstrationFlight demonstration

Technology development/demonstration TRL4 6
Component/Subsystem development
Ground demonstration
Flight demonstration

Proof-of-concept research TRL3
Mission design by MDC
Key technology demonstration by prototyping
Basic technology research TRL1 2

Proof-of-concept research TRL3
Mission design by MDC
Key technology demonstration by prototyping
Basic technology research TRL1 2

Proof-of-concept research TRL3
Mission design by MDC
Key technology demonstration by prototyping
Basic technology research TRL1 2

Demonstration as systems TRL7 9
Flight model production
System demonstration

Demonstration as systems TRL7 9
Flight model production
System demonstration

NASA caseTRL Technology Readiness Level

y

Effective use of TRL review at phase-up

Supply well-developed
technology to projects

nn

Effective R&D to realize technical road maps
Enhancement of testing/validation activities prior to project
Clarification of TRL for technologies supplied to projects

Should be promoted for
mission success
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3. Project Support (overview)

15

Systems Engineering GroupSystems Engineering Group

Electronic, Mechanical Components
and Materials Engineering Group

Electronic, Mechanical Components
and Materials Engineering Group

Space Power Engineering GroupSpace Power Engineering Group

Telecommunications and
Data Handling Engineering Group
Telecommunications and
Data Handling Engineering Group

Space Environment Measurement GrpSpace Environment Measurement Grp

Space Structures Engineering GrpSpace Structures Engineering Grp

Spacecraft Thermal Engineering GrpSpacecraft Thermal Engineering Grp

Spacecraft Guidance ,
Control and Dynamics Engineering Grp
Spacecraft Guidance ,
Control and Dynamics Engineering Grp

S&MA GroupS&MA Group

Mission Equipment Dev. GrpMission Equipment Dev. Grp

Spacecraft Propulsion Engineering GrpSpacecraft Propulsion Engineering Grp

Contribution of DE groups in the project
(The Matrix organization)

Contribution of DE groups in the project
(The Matrix organization)

Contribution of DE groups in the project
(The Matrix organization)

Project-A Project-B Project-EProject-DProject-C

Establish DE groups and participate in projects as the expert of each subsystem
Contribution to the Mission Success of satellite projects
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Solutions by IAT for key technical issuesSolutions by IAT for key technical issuesSolutions by IAT for key technical issuesSolutions by IAT for key technical issues

HH--IIA Launch VehicleIIA Launch Vehicle H-IIA launch vehicle is the Japan’s primary large rocket
equipped with high performance engines that use liquid oxygen and hydrogen as propellants.

===== ======================= Support by IAT =============================

Flight analysis
Analysis and evaluation of post-flight vibration data
Analysis and evaluation on components of guidance, control and dynamics
Support analysis for embarking small satellites

HH--IIB Launch VehicleIIB Launch Vehicle The H-IIB launch vehicle is a rocket under development
equipped with 2 LE-7A high performance engines by liquid oxygen and hydrogen. The rockets
will add 1m to the vehicle diameter and length and it will become possible to load 1.7 times the
propellants of H-IIA.

===== ======================= Support by IAT =============================

Support design of avionics system
Analysis and evaluation of lithium-ion battery

17

Summary of Project Supports (sheet 1 of 4)Summary of Project Supports (sheet 1 of 4)Summary of Project Supports (sheet 1 of 4)Summary of Project Supports (sheet 1 of 4)

DRTSDRTS DRTS is a data relay satellite, it is a GEO communication satellite used to relay
communications between medium to low altitude (300 - 1,000 km) spacecraft.

===================== Support by IAT ==========================
Telemetry evaluation (e.g., thermal, electric power system such as 50 Ah Ni-H2 batteries, Earth
sensor and attitude control system such as wheels

ALOSALOS ALOS is one of the world’s largest earth observation satellites, with higher performance
than JERS-1 or ADEOS.

===================== Support by IAT ==========================
Experts from each discipline of the IAT participated in the ALOS comprehensive review team.
Charging and discharging tests were used as part of the ADEOS-II failure investigation along
with all necessary tests to prevent similar failure. Those experts developed versions IV & V of
the flight software conducted radiation tests for the heavy particle monitoring sensor and light
particle monitoring sensor to calibrate these sensors. They tested the star sensor and supported
it in the off-line attitude determination system. They measured space radiation environment and
supply its data to avoid heavy damage.

総合技術研究本部での宇宙基盤技術における研究開発 17
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Summary of Project Supports (sheet 2 of 4)Summary of Project Supports (sheet 2 of 4)Summary of Project Supports (sheet 2 of 4)Summary of Project Supports (sheet 2 of 4)

ETSETS-- ETS-VIII, an engineering test satellite, is designed to meet communication
demands for cellular phones and mobile equipment. Two deployable antenna and two solar

====================== Support by IAT ==========================
Experts of each discipline of the IAT formed the ETS-VIII comprehensive review
team and evaluated results of ion engine operation tests. They calibrated sensors
(e.g. charge sensor, used a loop heat pipe to generate a mathematical thermal
model of the deployable radiator, evaluated flexible structures, developed a 100
Ah Ni-H2 battery, supported extensive radiator operation, and made solar flare
avoidance maneuvers.

WINDSWINDS The R&D of WINDS, a joint project between JAXA and National Institute of
Information and Communications Technology to develop the most advanced information network,
is being implemented under the e-Japan Priority Policy Program, established by the IT Strategy
Office.

====================== Support by IAT ==========================
The IAT performed thermal and structure analyses of satellite system,
communication, and other mission equipment. They supported solar cell
evaluation and electric power system design, assessed possible malfunctions of
the tuned dry gyro, and supported the component program.

19

Summary of Project Supports (sheet 3 of 4)Summary of Project Supports (sheet 3 of 4)Summary of Project Supports (sheet 3 of 4)Summary of Project Supports (sheet 3 of 4)

SELENESELENE The SELenological and Engineering Explorer (SELENE) is Japan’s first large lunar
explorer. This is the largest lunar exploration project since the U.S. Apollo project. It has drawn
attention from around the world. (ISAS project)

======================= Support by IAT ==========================
For this project, IAT supported analysis, planning, and design of the landing, navigation, guidance
and control systems, communication and data handling system, and procurement of 35 AhNi-Cd
batteries and 13 AhNi-MH batteries. Furthermore, IAT consulted on space-use parts applications,
supported the propulsion subsystem design and subsystem ignition tests, and supported analyses
of materials and mechanical parts.

GOSATGOSAT This is a joint project between JAXA and the Ministry of the Environment. GOSAT is a
Japanese contribution to the Kyoto Protocol, created at the third session of the Conference of the
Parties to the U.N. Framework Convention on Climate Change (COP3) and to Global Climate
Observation System. GOSAT will measure the distribution of CO2, which worsens the greenhouse
effect, from space.

GPMGPM DPRDPR GPM and DPR respectively stand for Global Precipitation Measurement and
Dual-frequency Precipitation Radar. The GPM mission includes the Core Spacecraft and some 8
constellation satellites. Core Spacecraft is equipped with DPR, which measures precipitation using
two radio frequencies, and GPM Microwave Imager.

======================= Support by IAT ==========================
For this project, IAT supported the parts program, thermal design of the radiator, and material
technology, along with analysis of heat balance and structure. It also supported analysis of materials
that are able to withstand a space environment.

======================= Support by IAT ==========================
IAT supported R&D of onboard equipment: space environment measurement equipment and newly
developed components and parts (e.g., high-speed wheel, 200 MIPS 64 bit MPU and DC/DC
converter); and thermal evaluation of high-efficiency solar cells.

18 宇宙航空研究開発機構特別資料　SP-07-017
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Summary of Project Supports (sheet 4 of 4)Summary of Project Supports (sheet 4 of 4)Summary of Project Supports (sheet 4 of 4)Summary of Project Supports (sheet 4 of 4)

JEM Pressurized Module/Exposed Module/Manipulator,JEM Pressurized Module/Exposed Module/Manipulator,
Space Experiment EquipmentSpace Experiment Equipment
JEM “Kibo” is the Japanese contribution to the International Space Station. JEM includes two
experiment elements; the pressurized laboratory and the exposed platform. JEM also includes
pressurized stowage as part of a pressurized laboratory and the exposed pallet as part of the
exposed platform, the robotic manipulator for experiments and other tasks, and a communication
system with satellites.

====================== Support by IAT ==========================
Offgassing test, flammability test and odor test. Noise measurement and evaluation.
Supported MATOF platform development and outgas measurement from organic materials (e.g.

FRP).
Evaluated the long-term accuracy of harmonic drive damper used for the small manipulator joint.

Provided technical support of the Parallel Computer System (PCS), which is used as part of the
backup computer for the manipulator controller. The PCS was mounted on MDS-1.
Safety evaluation of batteries embedded in small, portable equipment.
Analysis malfunction of electronic and mechanical components.

HTVHTV H-II Transfer Vehicle (HTV) is a resupply vehicle for the ISS. The HTV is an unmanned
vehicle designed to be attached on top of the augmented H-IIA launch vehicle. It delivers a
maximum of 4 tons of food, clothes, and various experimental equipment to the ISS and brings
used experimental equipment and clothes back to the atmosphere. Each HTV is burned up during
re-entry.

====================== Support by IAT ==========================
For this project, IAT performed R&D of the rendezvous sensor, evaluated the lubrication segments
for friction characteristics and lifetime, evaluated imported mechanical components (low-impact
separation mechanism), supported rendezvous docking testing, supported batteries and electric
power system, supported the operational phase using the distributed simulator, and supported
analysis of each segment.

21

Unable to use these databases effectively for development activities
such as conceptual design

because these databases are not functionally integrated.

Propulsion

Structure

Dynamics

Research

Project

Project information

Thermal
Technology

Space
environment

Batteries

Parts

Materials

Mechanical
parts

Environmental
tests

Parts
Radiation

Individual access
Multiple interfaces

Element
Technology
Database

Technology Research Database

Project
evaluation

Development of Fundamental Technology DatabaseDevelopment of Fundamental Technology DatabaseDevelopment of Fundamental Technology Database

Failure Information
System

Technology
information
management
system

Integrated
Spacecraft
analysis system

Design information

Tracking & Control
Information System

Satellite
Operation
data

Project Information
System

Design
Information

Environmental
test data

IAT Present Status

Other databases in JAXA

総合技術研究本部での宇宙基盤技術における研究開発 19



22

In house OnlyThis database maps the technology of micro electro mechanical systems
(MEMS) of Japan.

Micro Electro Mechanical
Systems

In house Only

Open to
Public/Restricted

In house Only

Open to
Public/Restricted

Under
construction

In Group Only

In Group Only

Open to
Public/Restricted

Open to
Public/Restricted

Status

Database of thermal design technology such as design materials, mathematical
thermal models, chamber test data, in-orbit data, and other thermal-related
data.

Database of outgassing test, safety demonstration test, material evaluation test
and space demonstration data.

Added capability to register past data and compare in-orbit operational data
and ground-based test data for batteries used for satellites that are to be
operational in the future. Converted “Collection of Battery Cleaning Test Base
Data” into an electronic file, which is distributed to related parties and added to
the database.

This database has a radiation environment simulation function including
satellite anomaly warning notification function and satellite environmental
information supply function. This database also has a function to utilize stored
data.

Database of results of structural system studies such as materials, numerical
data, and evaluation results.

Database of space-use mechanical components and systems including
research results and design standards related to mechanical components and
systems.

Database of dynamics, navigation and guidance, results on robotics research
such as materials, numerical data and evaluation results.

Database of solar cells including data such as radiation test data, flight heritage
and failures. This database also provides search and retrieval capabilities of
test and analytical results.

Database integrated to provide information on JAXA (formerly NASDA)
qualified parts.

SummaryDatabase

Parts Test Data Analysis
System

Thermal Design Analysis
Information System

Space Environment
Measurement Information

System

Battery Life Database

Common Parts Database

Guidance Control
Information System

Material Database

Structure Information
Database

Mechanisms & Parts
Database

Enhance existing technical databases

23

4. Research & Development
activities (overview)
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100MHz synchronous operation for high
performance 64bit microprocessor
(320MIPS 64bitMPU).
The design was completed and QT
completion is targeted within FY2007.

Development of components and equipmentsDevelopment of components and equipmentsDevelopment of components and equipments

DC/DC
converter,

Special
IC

Multilayer
PWB

Inductors and transformers are
composed by coils formed inside the
multilayer PWB and the ferrite cores.

DC/DC converter Burst SRAM

Harmonic drive gearing
Compact & lightweight

Angular sensor
High accuracy : 5 arcsec
High resolution: 21 bit

GPS receiver
Low weight, small
size and low cost
CMOS-SOI
Concretization
for development
of 1tip analog-
digital hybrid

FPGA
Feasibility study
was successfully
completed.

Power MOSFET
- SEE tolerant
- Low on-resistance

25

Sustain and strengthen basic technologiesSustain and strengthen basic technologiesSustain and strengthen basic technologies

DC/DC Converter MPU

POWER MOSFET
Important

components

High-Speed Reaction
Wheel (Type M
qualification model)
Embarked in GOSAT

Alert level

Day

Participate on
international
conferences

Liaison meeting for
space components

teleconference

DLR

Spread of
information of
components

Latching
isolation valve
with back
pressure relief
Qualified

Angular sensor
Ready for
embark

20N Thruster

Nozzle
Catalyst

Bed Thruster Valve

20N Thruster20N Thruster

Nozzle
Catalyst

Bed Thruster Valve

N thruster valve

Next generation
refrigerator system
BBM evaluation

Loop Heat Pipe LHP
cooperated for evaluation of
embarking SPICA

Test for GOSAT greenhouse
effect gases observing
sensor
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�Advance the accuracy, weight, and reliability of attitude-control technology,
the brain of a spacecraft, and strengthen its international competitiveness.

Star Sensor SST
A next-generation star sensor that can determine the attitude autonomously,
is being developed. Utilizing a high-performance MPU, high accuracy and
small size are achieved. A prototype has been built and evaluated.
Wheel
We are developing two new Reaction Wheels; a High-Torque Reaction
Wheel (HTRW) and High-Speed Reaction Wheel (HSRW). Actually, HTRW is
for a future observation mission and has characteristics of high torque and
low disturbances. The HSRW is for general missions and has characteristics
of small/light and low disturbances. HSRW will be launched on GOSAT in
2008.
Fiber Optic Gyro FOG
Aiming for the application to the future spacecraft attitude control system, a
high-performance Fiber Optic Gyro, which employs a high-power erbium-
doped fiber light source and a long fiber coil (3 km), is now under
development. A prototype has been built and evaluated.
Next Generation GPS Receiver
The new space-borne GPS receiver was investigated, which can track 24
satellite signals including the L2 new civil code. Because of dual frequency
utilization, the ionospheric delay error is reduced dramatically.
A functional model has been built and evaluated.

Guidance and Control UnitsGuidance and Control UnitsGuidance and Control UnitsGuidance and Control Units

Star sensor

High Speed
Reaction

Wheel(HSRW)

Fiber optic gyro
FOG

Next generation GPS
receiver

27

�For supplying reliable satellite propulsion subsystem

150-mN class Ion engine and electric propulsion
mission concept.

–Lengthening the grid lifetime and improving the
durable grid design against launch vibration. Conceptual
mission study for using advantages of large thrust and high
Isp.
The 20N class thruster valve

Development the reliable 20N class thruster valve.
Reliable technology applied Design Review Based Failure
Modes (DRBFM)

Continuous improvement activity of propulsion
components and systems

Thrusters, engines, valves, tanks, material,
propellant, ...etc.

Satellite Propulsion UnitsSatellite Propulsion UnitsSatellite Propulsion UnitsSatellite Propulsion Units

150mN Class Ion Engine

Thruster Valve

Monopropellant Thruster
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Electric Power SystemElectric Power SystemElectric Power SystemElectric Power System

High-Efficiency Solar Cells
Triple-junction (3J) solar cells were developed; they

demonstrated greater than 28% conversion efficiency. The 3J
cells have been qualified and utilized for WINDS, GOSAT, and
other GEO/LEO satellites. A thin-film flexible dual-junction solar
cell is now under development to reduce the cell weight to 1/10 or
less.

Lithium Ion Batteries
The life of lithium ion batteries has been investigated. Long

cycle-life tests under LEO and GEO operation conditions were
achieved at over 1,500 and 35,000 cycles, which are respectively
equivalent to more than 6 years and 15 years. Lithium ion
batteries have an advantage of 50% weight reduction compared
to existing alkaline batteries and will be used for future spacecraft.

100Ah-10 series
Lithium-Ion Battery

Assembly

Triple-junction
Solar Cell

� Reducing the power system mass and cost by improving their lifetime,
performance, and reliability to increase spacecraft competitiveness.

29

Telecommunications and Data HandlingTelecommunications and Data HandlingTelecommunications and Data HandlingTelecommunications and Data Handling
�Telemetry, tracking and command (TT&C) is a key system for
spacecraft operations. High performance and multifunctional
transponders are required. Data recorders are indispensable for
the massive data processing required for advanced space
missions with higher precision.

Multi-mode Integrated Transponder (MTP)
A New S-band transponder for TT&C operation is under

development. The MTP integrates four radio transmission modes:
USB, SSA, QPSK, and CDMA. The MTP capability will be
demonstrated on the SDS-1.

Solid State Recorder (SSR)
Developing a high-speed, high-capacity and low-power consumption

solid state recorder (SSR) for space use aiming for installation on
Earth observation (EO)sattelites. 200 GByte capacity, total 2.5 Gbps
(four channels) data transmission speed, low weight (25 kg) and low
power consumption (120 W) developed EM in 2005. A 512 Mbit
synchronous dynamic random access memory (SDRAM) with an on-
board multi-bit error detection and correction (EDAC) mechanism, as
well as a Compact-PCI bus for fast data exchange, all improve the
efficiency of data collection and storage. Currently modifying to fit
Double Data Rate 2 SDRAM (DDR2) and studying a non-volatile data
recorder using flash memory.

Multi-mode Integrated
Transponder (TBD)

3rd generation
Solid state recorder

using SDRAM
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Space Environment Measuring Instruments 1/2Space Environment Measuring Instruments 1/2Space Environment Measuring Instruments 1/2Space Environment Measuring Instruments 1/2

�These instruments measure space radiation
environments that might induce satellite failure and
contribute to improving space environment models that
are used to optimize satellite design and operation
planning, which enhances the fundamental technologies.

Conduct R&D of instruments such as the small and
lightweight “light particle telescope*”.
*Currently, flight-models of this instrument are under
evaluation. This instrument will be used for GOSAT, Jason-2,
and QZS.

Collected data are used to develop space environment
models, which are used for spacecraft design.

Furthermore, space environment data are made
available in various ways such as for warning system of
energetic solar particle event. Light Particle

Telescope

This is an instrument to count electrons, protons and -
particles, and measure the energy distribution accurately.

French Satellite

Jason-2 (CNES)

31

Space Environments Measuring Instruments 2/2Space Environments Measuring Instruments 2/2Space Environments Measuring Instruments 2/2Space Environments Measuring Instruments 2/2

Radiation (electrons, protons and particles)

1300g
1.9W

750g
1.5W

1100g
1.1W

1400g
7.4W

480g
15W

Magnetometer

For Daiti

New development for GOSAT, Jason-2 & QZS

Potential monitor

For ETS-VIII Contribute to satellite
design and operation
planning in JAXA

New development

Electrons 0.3 10MeV
Protons .5 250MeV

particles 250MeV

Electronics 0.4 9MeV
Protons 0.9 210MeV

particles 6.5
140MeV

Electrons 0.03 20MeV
Protons 0.4 500MeV

3 2000MeV

For high energy electrons

For ETS-VIII

10kg
14W

For Tsubasa, Kodama, Kibou

10cm 9kg 10cm

18W

10cmFor low energy electrons
1.5W 750g

For high energy
electrons

1.5W 750g

Electrical processing unit

For particles
1.9W
1300g

65,536 4096 1024 256nT
16bit

1cm

5W 750g

65,536 4096nT
20bit

Max. 12W
52g 1cm1cm

15W
480g
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Basic Approach for In-Orbit DemonstrationBasic Approach for In-Orbit DemonstrationBasic Approach for InBasic Approach for In--Orbit DemonstrationOrbit Demonstration

Continue providing timely space demonstration opportunities
�Use space equipment developed by the R&D group or industry to space
demonstration missions, projects and markets in a timely manner.

�Currently, opportunities of timely and cost-effective space demonstration
are less.

Benefits of In-Orbit Demonstration

In-orbit demonstration is indispensable before actual use in space.
e.g. flight-proven equipment must be used for commercial satellites

Verify technologies that cannot be verified on the ground.
e.g. LDREX

Enhance fundamental technologies through comparison of ground-
based tests and in-orbit demonstrations. e.g. MDS-1/�-LabSat

33

Achievements of In-Orbit DemonstrationAchievements of In-Orbit DemonstrationAchievements of In-Orbit Demonstration

MDS-1 Tsubasa

Use of results for next generation satellites
New satellite development method
Short duration (3 years) and low cost development

Use of COTS for space applications
Tested COTS in orbit using parts of the same lot

used for ground-based tests. The result was used to
establish ground-based evaluation technology and
develop a guideline for test methods.

Collection of new space radiation data
and revision of the models

Revise radiation-hardening design standards.
Influence the space environment design standards.

-LabSat-1
Use of results

Establish small satellite bus
technologies

Acquire spin-stabilized satellite bus technology and
three-axis attitude control technology.

Acquire remote inspection technology.
Increase space demonstration

opportunities
Expect to serve as a platform for space. Perform

demonstrations for evaluation of future space
equipment. Expect to continue -LabSat project as a
series.

Train young engineers
Contribute to training JAXA’s young engineers to

learn design, fabrication and testing technologies.

Commercial Semiconductor
Device

In-house satellite
development by JAXA’s

young engineers

Remote inspection
technology experiment

Approx.70

Approx.
50
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Dissemination and
utilization of technical

outcomes of
-LabSatNo.1

-LabSat--LabSatLabSat

70

50

53kg, Spin-stabilized attitude control

Building small satellite bas technology
confirming small spinner bus technology and three-axis
stabilized attitude control technology
experiment of remote testing technology( I /the University
of Tokyo/JAXA)
accomplished operation for 3 years and 9 month (catalog
life-span 6month). Contributed to development of young
engineers.

Left: No.1
Right: No.2

Starting space demonstration program
Utilizing the technologies of -LabSat program, SDS
program was established to demonstrate newly
developed space technologies

NICT National Institute of Information and
Communications Technology

50kg, 3-axis attitude control 100 degree demonstration satellite 1(SDS-1)

Technology transfer program of small satellite to
the social community (Higashi-Osaka Satellite)

Contribution to industrialization and local
revitalization by small satellite development

SOHLA-1

Flight experiment of newly developed equipment and
components

�Contribute to reliability improvement of each device
and components
�Acquire actual performance in space for encouraging
the adoption in projects

Space demonstration : activities to strengthen
fundamental space technologies

Space demonstration : activities to strengthen
fundamental space technologies

Orbital DemonstrationOrbital DemonstrationOrbital Demonstration

Small Demonstration Satellite (SDS) seriesSmall Demonstration Satellite (SDS) seriesSmall Demonstration Satellite (SDS) series

In orbit image of SDS-1
Vibration Test of
structure model

Assembling flight structure

16
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Advanced ResearchAdvanced ResearchAdvanced ResearchAdvanced Research

�Serve as the front runner to meet future needs.

�Enhance and advance the technology base through
challenges to further the progress of technologies.

Space robotics, rendezvous docking technologySpace robotics, rendezvous docking technology

�Programmatic approach based on a roadmap

�Assess technical feasibility. Move forward steadily one
step at a time.

Objectives

Approach

Themes �Expand space utilization and develop infrastructure to
reach frontiers using manned missions.

�Future space utilization missions
Space energy (space solar lights) utilization systemSpace energy (space solar lights) utilization system
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Major Advanced ResearchMajor Advanced ResearchMajor Advanced ResearchMajor Advanced Research

Research on space energy (space solar lights) utilization systems

Space Solar Power Plant System
Concept

�This is a system to collect unlimited solar energy efficiently in a geostationary
orbit and transfer the energy to the ground in the form of a microwave or laser.

Research to develop the system
e.g. Plan in-orbit technology demonstration such as a technology demonstration

plan near ISS*.
Research on element technologies
e.g. Optimal design and element tests of high-power transmission technology,

high-performance magnetron and microwave transmission system.

Research on In-orbit Services
�Reduce operational costs for future space systems through in-orbit
assembly and re-supply using robotics and rendezvous/ docking technology.

Research to develop autonomous systems
e.g. System concept studies on in-orbit work machines (e.g. re-fueling),

assembly robots and inspection robots.
Research into element technologies
e.g. Space robotics technology, rendezvous/docking technology, capture

technology, image recognition/ automated and autonomous technology and
remote manipulation technology.

Autonomous assembly robot

Satellite capture experiment

ISS International Space Station

37
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NissanNissan’’s Quality Managements Quality Management

Oct 29Oct 29thth, 2007, 2007
Hiroshi KITAZAWAHiroshi KITAZAWA

Senior ManagerSenior Manager
TCSX(TCSX(Total Customer Satisfaction FunctionTotal Customer Satisfaction Function))

Field Quality Improvement GroupField Quality Improvement Group
Nissan Motor Co., Ltd.Nissan Motor Co., Ltd.

Mass productionMass production battle with variation

Durable yearsDurable years
durability, Deterioration durability quality)

variously market environmentvariously market environment
-- natural environmentnatural environment

temperature, humidity, climate etc.
-- Field environmentField environment

road condition, fuel properties etc.

variously use conditionvariously use condition
-- UserUser young elder etc.)
-- How to useHow to use commute, shopping, leisure etc.
-- Driving conditionDriving condition

traffic congestion, highway, climbing etc

Perceived QualityPerceived Quality luxury, comfort, relax etc.

Recall systemRecall system

What is the quality in the vehicleWhat is the quality in the vehicle
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PurchasePurchase
considerationconsideration

RepurchaseRepurchase
PurchasesPurchases

InitialInitialDurabilityDurability

Ownership experience

rejecter

rejecter
PerceivedPerceived QualityQuality

Sales Quality

12MIS

Service Quality

Durability
Quality Attractiveness Quality

Initial Quality

3MIS

Visit to dealer

Royal Customer CycleRoyal Customer Cycle
What is the quality in the vehicleWhat is the quality in the vehicle

Recommendation from
customer who is satisfying
it. (Word of mouth)

ContentsContents

Quality improvement activitiesQuality improvement activities

Management situations surrounding qualityManagement situations surrounding quality

Ending remarksEnding remarks
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ContentsContents

Quality improvement activitiesQuality improvement activities

Management situations surrounding qualityManagement situations surrounding quality

Ending remarksEnding remarks

Management situations surrounding qualityManagement situations surrounding qualityManagement situations surrounding qualityManagement situations surrounding quality

Consumer ReportsConsumer Reports ““Top PicksTop Picks””
Quality Current StatusQuality Current Status

Upscale Sedan:Upscale Sedan: Infiniti G35Infiniti G35
Luxury Sedan:Luxury Sedan: Infiniti M35Infiniti M35

Issued April 2007Issued April 2007

Infiniti M35Infiniti M35

Infiniti G35Infiniti G35

USAUSA

19 Segments19 Segments
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RougeRouge((USA)USA)

XX--TrailTrail
(EUR/JPN)(EUR/JPN)

NISSAN GTNISSAN GT--RR (JPN)(JPN)

2007 New Models2007 New Models
Altima coupeAltima coupe (US)(US)

G37G37 coupecoupe (US/Korea)(US/Korea)
SKYLINE COUPE(JPN)SKYLINE COUPE(JPN)

New modelsNew models

Frontier NavaraFrontier Navara
(THI)(THI)

LivinaLivina (PRC)(PRC) Grand LivinaGrand Livina
(Indonesia)(Indonesia)

F24 (JPNF24 (JPN))
AprioAprio (MEX)(MEX)

Murano (Murano (US)US)

EX35 (EX35 (US)US)DualisDualis (JPN)(JPN)

1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

1. Corporate standard 2. Project quality management1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Product Quality management systemProduct Quality management system
Fundamental quality activities for productFundamental quality activities for product

RSRS::Recall and Service campaignRecall and Service campaign
D&D: Design and DevelopmentD&D: Design and Development
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Project quality managementProject quality management

RSRS::Recall and Service campaignRecall and Service campaign
D&D: Design and DevelopmentD&D: Design and Development

1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

1. Corporate standard 2. Project quality management1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Planning Development Trial Production

3.3.

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

New model quality assuranceNew model quality assurance::
PQD (Project Quality Director) management processPQD (Project Quality Director) management process

Project quality managementProject quality management

GOM

Start ofStart of
productionproduction

••SOS JudgmentSOS Judgment•• Quality Target SettingQuality Target Setting

•• SOP Judgment meetingSOP Judgment meeting

Development Production

Japan North America Europe
TCS TCSTCSXTCS

RR
&

D&
D

Pr
od

uc
tio

n
Pr

od
uc

tio
n

RR
&

D&
D

Pr
od

uc
tio

n
Pr

od
uc

tio
n

OPQD

OPQD

OPQD

OPQD

OPQD

Pr
od

uc
tio

n
Pr

od
uc

tio
n

RR
&

D&
D

Pr
od

uc
tio

n
Pr

od
uc

tio
n

RR
&

D&
D

PQD
PQD
PQD
PQD
PQD
PQD

•• Monozukuri milestone meetingMonozukuri milestone meeting

••QualityQuality
ConfirmationConfirmation

GOM (General Overseas MarketGOM (General Overseas Market))
SOS: Start of SalesSOS: Start of Sales SOP: Start of ProductionSOP: Start of Production

Project Quality ManagementProject Quality Management
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This is quality inspection system, which includes running tests
conducted under the regional road and environmental conditions our
customers will encounter.

New Project Quality AssuranceNew Project Quality Assurance:: PPSQCSQC (Pr(Pree--SOS Quality ClinicSOS Quality Clinic))

INDONESIAINDONESIARUSSIARUSSIA

USAUSA

GCCGCC

SOS: Start of SalesSOS: Start of Sales

Project Quality ManagementProject Quality Management

In SKYLINE, ran aboutIn SKYLINE, ran about
430,000km total and carried out430,000km total and carried out
prior problem extraction andprior problem extraction and
measuresmeasures

Project quality managementProject quality management

Quality Assurance by D&DQuality Assurance by D&D

RSRS::Recall and Service campaignRecall and Service campaign
D&D: Design and DevelopmentD&D: Design and Development

1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

1. Corporate standard 2. Project quality management1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Planning Development Trial Production

3.3.

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management
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Country/region with standard of E10 or less(restriction)

Country/region with standard of E10 or more(restriction)

Country/region without standard (restriction)/information
on ethanol

ARGENTINA
E5

Standard value
Market share of
blended fuel
Max concentration
Average blended
concentration

BRAZILBRAZIL
E22E22
8484
26.426.4
25.25.44

(n=16)(n=16)

EE100100
1616
93.893.8
93.293.2

US
E10
28
10.3
9.2

(n=402)

E85
2 ?
85
85

CANADA
E10
6.5
9.9
9.6

(n=46)

PARAGUAY
E18
100
15.7
11.9

(n=8)

COLUMBIA
E10

JAPAN
E3
0.0

CHINA
E10 2? E15
20
12.4%
9.9%

(n=195)

THAILAND
E10
2010~ E20

AUSTRALIA
E10
33
10.8
10.4

(n=8)

INDIA
E10

TANZANIA
ZAMBIA

E10

MALAWI
24

SOUTH AFRICA
E10

EU
E5

POLAND
E5
40
4%
3.8%

(n=5)

SWEDEN
E5
63

(all premium)
4.9%
3%

(n=8)

E85

E95

Correspondence to change in market environmentCorrespondence to change in market environment

Trend of ethanol fuelTrend of ethanol fuel

Quality Assurance by D&DQuality Assurance by D&D
Quality Assurance by D&DQuality Assurance by D&D

Using E100 starts at low temperature

Flex fuel system for BRAZIL

intake airintake air
exhaustexhaust

Injector

Fuel tank

air

Using E0 100% gasoline

Because the vapor pressure under the low
temperature is low, the ethanol fuel is not made a
fog easily. Assistance necessity of gasoline

Separate placement of Fuel Tank

exhaustexhaust

Injector

Fuel tank

air

Separate placement of Fuel Tank

When the E100 starts at the low temperature, another
putting tank supplies gasoline.

Gasoline

GasolineGasoline

E100

Correspondence to change in market environmentCorrespondence to change in market environment
Quality Assurance by D&DQuality Assurance by D&D

Quality Assurance by D&DQuality Assurance by D&D

intake airintake air
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Corresponding the customer usageCorresponding the customer usage::
EIPF (EIPF (EElectricallectrical IIntegratntegrationion PPlatlatFFormorm))

““The check system which does not over look a programThe check system which does not over look a program
bug in the Electron/Electrical complicated circuitbug in the Electron/Electrical complicated circuit ”

Quality Assurance by D&DQuality Assurance by D&D

Quality Assurance by D&DQuality Assurance by D&D

Quality Assurance by ManufacturingQuality Assurance by Manufacturing
1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

1. Corporate standard 2. Project quality management1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Planning Development Trial Production

3.3.

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management
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Interference duringInterference during
transfer in press processtransfer in press process

Correspondence of SOPCorrespondence of SOP:: Dispersion reduceDispersion reduce

Paint Quality checkPaint Quality check
by zebraby zebra 100% driving inspection100% driving inspection

Quality Assurance by ManufactureQuality Assurance by Manufacture

SOP preparation stageSOP preparation stage

SOP stageSOP stage

Quality Assurance by ManufacturingQuality Assurance by Manufacturing

Robot teaching inRobot teaching in
body processbody process

Robot teaching inRobot teaching in
paint processpaint process

Measurement of Fit/Gap/Measurement of Fit/Gap/
Flash by laser sensorFlash by laser sensor

Supplier Quality AssuranceSupplier Quality Assurance

1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

1. Corporate standard 2. Project quality management1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Planning Development Trial Production

3.3.

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management
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Alliance New Product Quality ProcedureAlliance New Product Quality Procedure
Alliance Supplier Evaluation StandardAlliance Supplier Evaluation Standard

GlobalGlobal SupplierSupplier QualityQuality MeetingMeeting

Supplier Score CardSupplier Score Card
Nissan supplier Quality AwardNissan supplier Quality Award

Field Quality Investigation AnalysisField Quality Investigation Analysis

FQIA
ANPQP

SSC
NQA

ASES

PartnershipPartnership

GSQM

ANPQPANPQP::
ASES:ASES:

GGSSQQMM::

SSCSSC::
NQA:NQA:

FQIA:FQIA:

NissanNissanSupplierSupplier

SQASQA ((SupplierSupplier QualityQuality AssuranceAssurance))
Supplier Quality AssuranceSupplier Quality Assurance Supplier Quality AssuranceSupplier Quality Assurance

DesignDesign ProductionProduction
PreparationPreparationPlanningPlanning ProductionProduction

ANPQPANPQP

Special controlledSpecial controlled
parts activityparts activity

ANPQPANPQP (Alliance New Product Quality Procedure)(Alliance New Product Quality Procedure)

Apply ANPQP to all suppliersApply ANPQP to all suppliers
For Renault / Nissan productsFor Renault / Nissan products

The other areas suppliersThe other areas suppliers

North American
supplier

Japanese
supplier

European
supplier

Supplier Quality AssuranceSupplier Quality Assurance Supplier Quality AssuranceSupplier Quality Assurance
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E-EUR RUSSIA

INDIA
TURKY

IRAN

S-AFRICA

MEXICO

COLUMBIA

BRAZIL

ARG

MLY

IDN

RR NN

RR NN

RR NN

RR NN

RR NN
RR NN

RR NN

RR NN

RR NN

RR NN

RR NN

RR NN
RR NN

RR NN

RR NN

RR NN

RR NN

RR NN

JAPAN

US, CANADA
KOREA

CHINA

THAI

W-EUR

TWN

RR NN

PHL
RR NN

ASES (ASES (Alliance Supplier Evaluation Standard)Alliance Supplier Evaluation Standard)
Supplier evaluation before sourcingSupplier evaluation before sourcing

Number of Suppliers evaluatedNumber of Suppliers evaluated (2001(2001
2006)2006)

Supplier Quality AssuranceSupplier Quality Assurance Supplier Quality AssuranceSupplier Quality Assurance

The one that supplierThe one that supplier’’s quality performance was evaluateds quality performance was evaluated
based on each quality index.based on each quality index.

Important QualityImportant Quality
problem (R/S)problem (R/S)

ResponseResponse

Countermeasure periodCountermeasure period
(Lead time)(Lead time)

Field Quality (Warranty)Field Quality (Warranty)

Delivery quality (PPM)Delivery quality (PPM)

Evaluation itemEvaluation item

SSCSSC

Nissan QualityNissan Quality
AwardAward(NQA)(NQA)

Excellent supplierExcellent supplier

Sourcing informationSourcing information

SSC:SSC: Supplier Score CardSupplier Score Card
Supplier evaluation after sourcingSupplier evaluation after sourcing

Supplier Quality AssuranceSupplier Quality Assurance Supplier Quality AssuranceSupplier Quality Assurance

PPM=Parts Per MillionPPM=Parts Per Million

Supplier QualitySupplier Quality
improvement activityimprovement activity

SSC=Supplier Score cardSSC=Supplier Score card

日産自動車における品質マネジメント 39



GSQM (Global Supplier Quality MeetingGSQM (Global Supplier Quality Meeting))

Company F

Company G

Company B

Company A

Company C Company D

Company E

Solve common issues of suppliersSolve common issues of suppliers

GSQM is conducted by both Supplier and NissanGSQM is conducted by both Supplier and Nissan
QA top management.QA top management.

Supplier Quality AssuranceSupplier Quality Assurance Supplier Quality AssuranceSupplier Quality Assurance

Improvement for process failure

D-FMEA
Design

ManufacturingManufacturing

Process
A B C D

P-FMEA

PhenomenonPhenomenon FactorFactor
Decision of qualityDecision of quality

requirement for eachrequirement for each
failure modefailure mode

ProcessProcess
Setting up inspectionSetting up inspection

technical standard fortechnical standard for
quality requirementquality requirement

FTAFTA
Failure modeFailure mode
--Specification x
--Specification y

Reliability tool utilizeReliability tool utilize
Supplier Quality AssuranceSupplier Quality Assurance

Sp
ec

ifi
ca

tio
n

Clarification of
quality

assurance
process

Specification
on drawing

Process
condition

Condition of temp.

etc...

Control item of Process

ProcessProcess (Production, Inspection)(Production, Inspection)
-Equipment failure
-Material failure
-Human error
Probable cause
Effect on product
Degree of importance

Design
Concept

Part
- Failure mode X
- Failure mode Y
- Failure mode Z

Suspected cause
Effect on upper level
Degree of importance

List up of potential
failure mode

Supplier Quality AssuranceSupplier Quality Assurance
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Quality analysis / improvementQuality analysis / improvement

1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

1. Corporate standard 2. Project quality management1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Planning Development Trial Production

3.3.

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Quality analysis / improvementQuality analysis / improvement

Mecca of Quality ImprovementMecca of Quality Improvement
Field Quality CenterField Quality Center

KnowledgeKnowledge

Practice of 3 GEN principlePractice of 3 GEN principle
GenbaGenba GenbutsuGenbutsu GenjitsuGenjitsu

Design &Design &
DevelopmentDevelopment

ProductionProduction

SupplierSupplier

QualityQuality
AssuranceAssurance

ToolTool StandardStandard

Concept of FQIA activityConcept of FQIA activity

FQIAFQIA ((Field Quality Investigation AnalysisField Quality Investigation Analysis))
Quality analysis / improvementQuality analysis / improvement
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Farmington HillsFarmington Hills
((NTCNTC--NANA)) Sept. 06Sept. 06

Kanagawa, JapanKanagawa, Japan
((NTCNTC)) Feb. 07Feb. 07

Cranfield, UKCranfield, UK
((NTCNTC--EE)) Mar. 07Mar. 07

Smyrna, USSmyrna, US Sept. 06Sept. 06

FQC Nissan Global NetworkFQC Nissan Global Network

FQCFQC:: Field Quality CenterField Quality Center
NTC:NTC: Nissan Technical CenterNissan Technical Center
NTCNTC--NA:NA: Nissan Technical CenterNissan Technical Center --USAUSA
NTCNTC--E:E: Nissan Technical CenterNissan Technical Center--EuropeEurope

Prospectus of FQC
* Quality is the foundation of brand
* There is no terminal for Quality improvement
* There is no royal road for Quality improvement
* FQC is a mecca of Quality improvement

FQIAFQIA ((Field Quality Investigation AnalysisField Quality Investigation Analysis))
Quality analysis / improvementQuality analysis / improvement Quality analysis / improvementQuality analysis / improvement

Parts CollectionParts Collection

Joint AnalysisJoint AnalysisParts InvestigationParts Investigation

Nissan Technical CenterNissan Technical Center

FQIAFQIA ((Field Quality Investigation AnalysisField Quality Investigation Analysis))
Quality analysis / improvementQuality analysis / improvement Quality analysis / improvementQuality analysis / improvement
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FQC:FQC: EXHIBITION AREAEXHIBITION AREA

Quality analysis / improvementQuality analysis / improvement Quality analysis / improvementQuality analysis / improvement

FQIA: Field Quality Investigation AnalysisFQIA: Field Quality Investigation Analysis
FQC: FQIAFQC: FQIA activity areaactivity area

Quality analysis / improvementQuality analysis / improvement Quality analysis / improvementQuality analysis / improvement
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33 44years running vehicleyears running vehicle

InvestigationInvestigation

110000,000,000KmKm drivedrive

QualityQuality
ImprovementImprovement

TCSXTCSX

Collection and analysis of quality information that exceeds warrCollection and analysis of quality information that exceeds warranty periodanty period
deterioration and durability qualitydeterioration and durability quality

RCEP(RCEP(Reliability Comparison Evaluation ProgramReliability Comparison Evaluation Program))

Market
investigation

CountermeasureCountermeasure
requestrequest

Quality
improvement

request

Quality mindset

Design &
Development

Production
Supplier

RCEPRCEP--
SEMINARSEMINAR

Quality analysis / improvementQuality analysis / improvement Quality analysis / improvementQuality analysis / improvement

RS / Warranty managementRS / Warranty management

1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

1. Corporate standard 2. Project quality management1. Corporate standard 2. Project quality management

Planning Development Trial Production

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management

Planning Development Trial Production

3.3.

C
orporate

Standard
C

orporate
Standard

Project quality managementProject quality management

Quality assurance by ManufacturingQuality assurance by Manufacturing

Supplier quality assuranceSupplier quality assurance

Quality assurance by D&DQuality assurance by D&D

3. Field quality management

Quality analysis / improvementQuality analysis / improvement

Standards/Tools
Standards/Tools

RS / Warranty managementRS / Warranty management

Service managementService management
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Product attractiveness qualityProduct attractiveness quality

Definition of PQDefinition of PQ
The pleasure of looking, touching and operating by customers

Luxury
High Quality

Amenity
Comfort
Easiness

Good Looking
Fit and Finish
Operating Quality

Cozy touch
and Sound

Seat Comfort

PQ: Perceived QualityPQ: Perceived Quality

PQ: Perceived Quality (PQ: Perceived Quality (Sensibility qualitySensibility quality))
Product attractiveness qualityProduct attractiveness quality
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PQ: Perceived Quality (PQ: Perceived Quality (Sensibility qualitySensibility quality))
Product attractiveness qualityProduct attractiveness quality

INT Lighting

PQ: Perceived Quality (PQ: Perceived Quality (Sensibility qualitySensibility quality))
Product attractiveness qualityProduct attractiveness quality
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PQ: Perceived Quality (PQ: Perceived Quality (Sensibility qualitySensibility quality))
Evaluation ofEvaluation of PQPQ
Evaluation and validation of over 800 customer view
point from the time of design process.

PQPQ after launch surveyafter launch survey
Survey is conveyed at the launched market with the
aim to reflect the results to the next model and
validation of target achievement level of SOP models.

Product attractiveness qualityProduct attractiveness quality

ContentsContents

Quality improvement activitiesQuality improvement activities

Management situations surrounding qualityManagement situations surrounding quality

Ending remarksEnding remarks

Management situations surrounding qualityManagement situations surrounding qualityManagement situations surrounding qualityManagement situations surrounding quality

Quality improvement activitiesQuality improvement activitiesQuality improvement activitiesQuality improvement activities
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Ending RemarksEnding Remarks
Growth of Royal Customer CycleGrowth of Royal Customer Cycle

RepurchaseRepurchase
PurchasesPurchases

InitialInitialDurabilityDurability

Ownership experience

rejecter

rejecter
PerceivedPerceived QualityQuality

Sales Quality

12MIS

Service Quality

Durability
Quality Attractiveness Quality

Initial Quality

3MIS

Visit to dealer

RepurchaseRepurchaseRepurchaseRepurchase
esssPurchasPurcha esesesesasasPurchasPurcha

InitialInitialInitialInitial

ience

rejecterej

re cterejeceje
PerceivedPerceivedPerceivedPerceived QualityQualityQualityQuality

Sales Quality

Se

Durability
Quality Attractiveness Quality

Initial Quality

3MIS

ealero dVisit toV

Uninterrupted ofUninterrupted of
Royal Customer Cycle creationRoyal Customer Cycle creation
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COTS Policy & “Space on Demand”
in Japan

2007.10.29

SAEKI, Norihiko

Deputy Director
Aerospace and Defense Industry Division

Manufacturing Industries Bureau
Ministry of Economy Trade and Industry

(METI)

saeki-norihiko@meti.go.jp

1

‘We have met the enemy--he is us.’

Walt Kelly

‘We never cook rice satisfactorily even if staple food’

“Kitaohji, Rosanjin,” a famous Japanese gourmet
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1. METI’s role in Japanese Space Policy

b. Chronology

1979 “Space Industry Office” established
1987 “Space Industry Division” upgraded
1997 “Aerospace and Defense Division” converted

a. METI’s Role

Generally speaking, METI’s industrial policy covers all of the corporate/
Market activities which don’t fall within the scope of any organizations
of GOJ. As to the space policy, METI’s role includes but isn’t limited to:

- Maximization of space utilities for global consumers
- Enhancement of efficiency of industrial activities related to space
- Improvement of business environment and/or innovation system for space related
activities
- Set up the Roadmap of Space Technologies to introduce investment in space activities
- Development of key technologies for space (remote sensing/re-entry/microgravity
experiment/launching etc.)
- Standardization of space technologies
- Ensure effective Export control of space components & technologies

3

Cabinet Office

Ministry of Education, Culture,
Sports , Science and Technology

METI

Japan Aerospace Exploration Agency (JAXA)Cabinet

Cabinet Secretariat

In charge of overall budget coordination
with regard to research and development

Advisory body evaluating JAXA’s performance

In charge mainly of space research and development

In charge of use of outer space for
communications and broadcasting

In charge of enhancing the competitiveness of the space
industry through the use and industrialization of space

Ministry of Internal
Affairs and Communications

Ministry of Land, Infrastructure
and Transport

Meteorological Agency

National Institute of Information and
Communications Technology (NiCT)

Council for Science and Technology Policy

Space Industries and associations

In charge of development and operation of
air traffic control satellite, development of DGPS

In charge of development and operation of
Meteorological satellite

(chart 1) Organization related to space in Japan

1. METI’s role in Japanese Space Policy

Cabinet Intelligence and
Research Center Cabinet Satellite Intelligence Center (CSICE)

Space Activity Commission (SAC)
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100M YEN

Fiscal Year

MEXT(JAXA)

Cabinet
Secretariat

METI
MIC

MLITMEXT and JAXA account for
70% of Japan’s space
development budget.

MEXT: Ministry of Education, Culture, Sports , Science and Technology
MIC : Ministry of Internal Affairs and Communication
METI: Ministry of Economy, Trade and Industry
MLIT: Ministry of Land, Infrastructure and Transport

(chart 2) Trend of Japanese government expenditure
1. METI’s role in Japanese Space Policy

5

2. Overview of METI’s previous projects

a. Remote Sensing– METI’s Sensors
JERS-1 Project

<Japanese Earth Resources Satellite-1>
[JAXA (former NASDA)]

(1981-2003)

ADEOS Project
<Advanced Earth Observing Satellite>

[JAXA (former NASDA)]
(1989-1997)

TERRA Project
[NASA]
(1987-)

OPS
<Optical Sensor >

SAR
<Synthetic Aperture Radar>

IMG
<Interferometric Monitor for Greenhouse Gases>

ASTER
<The Advanced Spaceborne Thermal
Emission and Reflection radiometer>

<OPS>
VNIR: 3band, 18x24m@60X60km

NEC
SWIR: 4band, 18x24m@60x60km

NEC

<SAR>
L-band SAR, 18m@75x75km
Polarimetry: HH
Mitsubishi Electric

<VNIR>
3band, 15m@60X60km
NEC
<SWIR>
6band, 30m@60x60km
Mitsubishi Electric
<TIR>
5band, 90m@60x60km
Fujitsu

<IMG Sensor>
Fourier Transform Infrared Radiometer
based on Michelson interferometer
for Metan gas
Toshiba

Courtesy of NASACourtesy of JAXACourtesy of JAXA
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2. Overview of METI’s previous projects

a. Remote Sensing Projects (Cont’d)
ALOS Project

<Advanced Land Observing Satellite>
[JAXA]
(1987-)

Disaster Monitoring Project
[JAXA]

(2008-<T.B.D.>)

Hyper Spectral Sensor
(2006-)

PALSAR
<Phased Array type L-band Synthetic Aperture Radar>

< L-band SAR>
10-100m@70x70km-350x350km
Polarimetry (HH, VV, HH+HV, VV+VH,
HH+HV+VH+VV)
Mitsubishi Electric

<Hyper Spectral Sensor>
185 band (400 2500nm), 15m@15x15km
NEC
<Multi Spectral Sensor (VNIR)>
4 band, 5m@90x90km
NEC

Courtesy of JAXA Courtesy of JAXA

7

SFU Project
<Space Flyer Unit >

[JAXA (former NASDA/ISAS)]
(1987-1996)

EXPRESS Project
<EXPeriment RE-entry Space System>
[DLR/JAXA (former ISAS)]

(1990-1995)

USERS Project
<Unmanned Space Experiment Recovery System>

(1996-2005)

2. Overview of METI’s previous projects

b. Microgravity experiments & Re-entry technologies

<Gradient Heating Furnace>< Gradient Heating Furnace >
<Electric furnace>

<Captured by Space Shuttle>
(January 13, 1996)

<Discovered in Ghana>
(January, 1995)

(after failure of orbit insertion)

<Captured in Pacific Ocean>
(May 29, 2003)

Courtesy of NASA

GaAs by Bridgeman method etc. Crystalgrowth of catalyst for refining petroleum Super-conductor Material Processing Experiment
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2. Overview of METI’s previous projects

c. Access to Space – GX rocket Project

[R&D Co-operation]

METI
Development of Total Vehicle Design System
Development of Avionics

MEXT/JAXA
Development of LNG/LOX Propulsion for 2nd Stage
Development of Overall Launch Facilities

GALAXY Express Corp.
Total System Integration
Development of 1st Stage with application of Atlas-III 1st Stage
Fairing Development Development of GX unique facilities

[Specification]

Payload up to 4.4t / LEO
Total Length 48m
Total Mass 210t
First Stage LOX / Kerosene (RD-180)
Second Stage LOX / LNG

9

2. Overview of METI’s previous projects

d. Standard satellite bus/Other key technologies

<Robot Hand>

Precise robot hand
on millimeter scale

<3D heat pipe system> <Advanced CFRP for satellite body>

<Hall thruster > <Lithium ion battery for space>

200 mN thruster

<Star Sensor based on COTS technology>

(1)LEO Standard Bus
USERS
1996-2005

SERVIS 1
1999-

SERVIS 2
1999-

(2)Key technologies (Just examples)
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3. COTS policy in METI

a. METI (former MITI) has highlighted the importance of applications of
COTS technologies in space because COTS technologies can ensure:

--application of cutting edge technologies
--stable supply of parts and technologies
--short term delivery
--low cost space systems

b. Now COTS technologies has been applied to many types of satellite
projects which include but are not limited to:

--LEO Communication satellites (ex. Orbcomm)
--Earth Observation satellites (ex. Surry Satellite Technology Ltd.)
--S & T satellites (ex. CNES & NASA etc.)
--Military Satellites (ex. Tacsat Series in US & Israeli satellite series)

Orbcomm series
c Orbital Sciences Corp.

Disaster Monitoring Satellite
c Surrey Satellite Technology, ltd..

Tacsat-2
c MicroSat Systems

Orbiting Carbon Observatory
c Orbital Sciences Corp.

11

c. METI’s Projects related COTS includes

--USERS Project
--SERVIS Project
--SOD Project (see page 14 -)

d. Overview of USERS/SERVIS projects
produce:

--Guidelines for COTS parts application
Database for COTS parts & technologies
--Application of COTS instruments for space flight
--Satellite standard bus

e. Outcome of USERS/SERVIS projects

1) Cost of satellite standard bus lowered to 1/3
2) COTS Database for 211 parts & technologies
(60% of COTS parts are usable for LEO)

3) COTS Parts Evaluation Guidelines
4) Equipment Design Guidelines
(3) & 4) need discussing under ISO)

5) Some of the COTS applied equipments used globally
(ex. Lithium Ion Battery)

3. COTS policy in METI (Cont’d)

USERS

SERVIS-1

SERVIS-2

(Satellite total mass:
800-1200kg)

USERS
85 million

10.4billion yen

SERVIS-1
43 million

5.2billion yen

SERVIS-2
30 million
3.8billion yen

Satellite Controller
Integrated with Star
Sensors (32 bit, 1Gbit)

Cost lowered to 2/3-1/2

Advanced S band, 1W
TT&C Transponder
utilizing Digital Circuits
and MMICs

Cost lowered to1/2

50 AH Lithium Ion
Battery System using
Cobalt for Cathode

Cost lowered to 1/2

COTS instruments

Standardization of bus

COTS parts to verify
USERS items
SERVIS-1 items
SERVIS-2 items

COTS parts to verify
(item base)

CPU
general type 16bit

8MHz
USERS 32bit

25MHz
SERVIS-1 32bit

100MHz
SERVIS-2 64bit

33MHz

SRAM
general type 4Mbit
USERS 4Mbit
SERVIS-1 4Mbit
SERVIS-2 8Mbit

DRAM
general type 64Mbit
USERS
SERVIS-1 256Mbit
SERVIS-2 512Mbit

FPGA
general type 32,000Gate

anti-phase type
USERS
SERVIS-1 31,000Gate

SRAM type
SERVIS-2 257,000Gate

SRAM type

COTS parts
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Experimental Equipment on SERVIS -1

3. COTS policy in METI – SERVIS Project

Contact Point:1) t-asou@iac.ihi.co.jp, 2) t-kubota@ct.jp.nec.com, 3) t_araki@mhi.co.jp,

4) Aoki.Shunichiro@dh.MitsubishiElectric.co.jp, 5) ttakei@mpcnet.co.jp

Mitsubishi
Precision Co. 5)

Mitsubishi
Electric Corp.

Mitsubishi
Electric Corp. 4)

Mitsubishi Heavy
Industries 3)

NEC/NTSpace

NEC/NTSpace

NEC/NTSpace

NEC/NTSpace 2)

IHI Aerospace 1)

Developed by

3-axis Fiber Optic Gyro Inertial Reference UnitFOIRU9

50 AH Lithium Ion Battery System using Cobalt for CathodeLIB8

32 bit Satellite Controller Integrated with Star Sensors and Mass Memory of
1GbitsSIS7

32 bit On Board Computer with a Card-size Multi-chip ModuleOBC6

Advanced S band, 1W TT&C Transponder utilizing Digital Circuits and
MMICsATTC5

Advanced Paddle Drive Mechanism with Low Vaporization Vacuum Grease
LubricationAPDM4

Series Switching Regulator Type Power Control and Distribution System
with Peak Power Tracking FunctionPCDS3

Integrated Navigation Unit System with GPS Receiver and Star SensorINU2

Super Plastic Formed Titanium, Surface Tension Type Propellant Tank
System with an Expulsion Efficiency of 99.5%VTS1

ObjectiveEquipmentNo.

13

Mitsubishi
Electric Corp.

Mitsubishi
Precision Co.5)

Mitsubishi
Electric Corp.

Mitsubishi
Electric Corp.4)

Mitsubishi
Heavy
Industries3)

NEC/NTSpace

NEC/NTSpace2)

IHI Aerospace

IHI Aerospace1)

Developed by

Metal Cantilever type RF MEMS switch with Small RF LossMEMS9

High performance and Low disturbance 30Nms Magnetic Bearing WheelMBW8

Advanced satellite Structure Module consist of controller
and external panel with embedded electric circuit modules and wire harnessesASM7

Advanced Position detection Experiment system improving the accuracy of
SERVIS orbital position using commercial GPS receiversAPE6

8 bit & 12 bit High Performance Data Compressor applying JPEG technology with
a speed of 1M pixel/secHPDC5

Plug-and-Play Remote Terminal Unit using IEEE 1394 data busPPRTU4

64bit Autonomous Fault Tolerant Computer with CRAFT SystemCRAFT3

Advanced 32 bit Data Management System with automobile technologyADMS2

90AH Automotive Lithium Ion Battery system with Manganese for CathodeLIBA1

ObjectiveEquipmentN
o.

Experimental Equipment on SERVIS -2

3. COTS policy in METI – SERVIS Project

Contact Point:1) t-asou@iac.ihi.co.jp, 2) t-kubota@ct.jp.nec.com, 3) t_araki@mhi.co.jp,

4) Aoki.Shunichiro@dh.MitsubishiElectric.co.jp, 5) ttakei@mpcnet.co.jp
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4. New Policy Concept “Space on Demand”

a. background

(1) Our space systems are just like “Space systems of the space experts, for the space experts, by the experts.”

These systems are huge, reliable, complex & hard to use and can be summarized as “Big Space.”
There is great tendency for the system to be more expensive & closed to inners.

(2) From the view of the space related industries, which are accustomed to this environment, there is great

barrier to incentive of seeking cost-benefit, user (except experts)-oriented & efficient systems. Just for

example, there is no remote sensing satellite operator in Japanese private sector.

(3) All these things can easily be barrier to introduce investment of outside space industries to space related

activities, ensure maximization of benefit for consumers to through industrialization of space.

(4) Therefore METI has decided to restructure the whole space systems, namely, satellite systems, launching

systems, ground systems, manufacturing systems & innovation systems.

(5) Finally, we developed the new policy concept of advanced space systems, “Space on Demand,”
which targets consumer-oriented, efficient & innovative systems.

15

4. New Policy Concept “Space on Demand”

b. “on Demand” means generally…

--use anytime & anywhere

--short-term delivery

--low cost

--easy to use

(automated system / easy to train operators / interoperable with general systems)

--easy to fix

--tough & flexible to environmental change

--standardization of I/F & basic design concepts

(between components (spacewire/USB2.0) /satellite and launch vehicle/ S/W)

--modularization of components

--standardization of verification process & specification of application

(a) For consumers

(b) For manufacturers / vendors
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(1) Priority to replace existing “Big Space” as much as possible by setting highest target and

ensuring low cost & short term delivery

(2) Utilization of private sector’s venture spirit

(3) Exploitation of cutting-edge technologies timely by changing basic design concepts and

standardizing space verification process

(4) Close attention to stable supply of important parts and technologies

(5) Adopting COTS technologies

4. New Policy Concept “Space on Demand”

c. Principles of “Space on Demand (SOD)”

(6) Satellite systems: “Satellite as a Flexible Computer (SFC)” < see next page>

(7) Launch vehicle: quick to launch, all-weather type & flexible to any type of satellite

(8) Ground systems: smaller, easier, automated, movable & flexible to any type of satellite

(9) Verification system: process standardization & agile application to space assets

(a) General Principles

(b) Principles at system level

17

“SPACE on Demand”
- Earlier Development, Anytime Use-

[Launch System][Launch System]
quick to launch,
all-weather type

& flexible to any type of satellite

[Ground System][Ground System]
smaller, easier, automated, movable
& flexible to any type of satellite

4. New Policy Concept “Space on Demand”

Air launch system
without launch site
(c) Orbital Sciences Corp.

d. Concept of “Space on Demand (SOD)”

[Satellite System][Satellite System]
“Satellite as a Flexible Computer (SFC)”

See page 18

Standard bus system
(c) CNES

Small but compatible
with big space
(c) Israel Aerospace Industries

Constellation operation
(c) RapidEye

Submarine launch system
without launch site
(c) Vectronic Aerospace

[Technology Verification][Technology Verification]
process standardization

& agile application to space assets

“ESPA” The EELV Secondary
Payload Adapter
(180kg x 6 satellites)
(c) CSA Engineering

“P-Pod” The Poly Picosatellite
Orbital Deployer
(1kg x 3 satellites)
(c) California Polytechnic
State University

(c) Israel Aerospace Industries
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(1) Automated intelligent system by maximum use of S/W & improvability in orbit

(2) Inter-operable & compatible with general systems (including personal computers)

4. New Policy Concept “Space on Demand”

e. Concept of “Satellite as a Flexible Computer (SFC)”

(3) Standard bus systems flexible to various objects (pancromatic/ multi-spectral / hyper/ IR /
SAR etc.)

(4) Standardization of constellation operations

(5)Minimization of satellite bus systems (mission / bus weight ratio)

(6) Plug & Play system through standardization of I/F in order to utilize cutting-edge
technologies

(7)Modularization of components

(8) Flexible to various orbits (LEO, SSO, HEO & GEO)

(9) Flexible to various launch vehicle

(a) Software given priority

(b) Standard bus & instruments design

(c) Interface for launch vehicle

19

4. New Policy Concept “Space on Demand”

These specifications largely depend upon feasibility study
we will start next month.

f. Technology Demonstration

<Project overview>

Usage : Remote sensing (technology demonstration)
Development cost: about 25 million Dollar (3 billion Yen)
Development period: 08fy-10fy

<Sensors>

Pancromatic sensor:
Spatial resolution < 1m (benchmark: 40-50cm)
Multispectral sensor:
Spatial resolution < 3m (benchmark: 1.5-2m)
5 6bands

<Standard bus>

Weight: 150-350kg
Life time: 3-4 years
Size: 1-1.2mx1-1.2mx1-1.2m
Orbit altitude: 400-500km

This demonstration includes the concepts of “Space on Demand (SOD)”
& “Satellite as a Flexible Computer (SFC).”
Specifications as follows:
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20

Summary

1. METI is obliged to maximize of space utilities for global consumers &
enhance efficiency of industrial activities related to space.

2. From the view of ensuring low cost, short-term delivery & high tech
METI has long highlighted the importance of application of COTS
technologies to space crafts.

3. USERS & SERVIS projects provided us satellite standard bus system,
COTS Database, COTS Parts Evaluation Guidelines, Equipment Design
Guideline thanks to USEF (Institute for Unmanned Space Experiment
Free-Flyer).

4. Now METI has launched the new project to “Space on Demand” in
order to make our space systems more efficient and start COTS
technology demonstration satellite project next year utilizing the
outcome of previous projects.

Thank You For Your Attention!!
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The 20th Microelectronics Workshop

COTS Parts Evaluation in SERVIS Project

Hiroshi Kanai, Kazumori Hama, Masatsugu Akiyama
Institute for Unmanned Space Experiment Free Flyer (USEF)

Osamu Itoh
New Energy and Industrial Technology Development Organization (NEDO)

Agenda

About USEF

Purpose of SERVIS project

Ground tests and their results

Payloads of SERVIS satellites

On-orbit verification test results of SERVIS-1

Conclusion
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About USEF

� USEF: Institute for Unmanned Space Experiment Free Flyer

�Established on May 16, 1986

� USEF is a non-profit organization endowed by 13 private
companies and is managed under the direction of the Ministry
of Economy, Trade and Industry (METI).

� Objectives:
USEF was established to promote development of unmanned
space experiment systems and their operational control systems
as well as to conduct research and other activities as related the
above-mentioned systems.

Experiment Reenrty Space System (EXPRESS)
launched in Jan. 1995

Space Flyer Unit (SFU) launched in March, 1995
and retrieved in Jan. 1996

Unmanned Space Experiment
Recovery System (USERS)
launched in Sep. 2002

Recovery of Reenty Module
in May, 2003

Satellites developed and launched by USEF/NEDO
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SERVIS Project

Space Environment Reliability Verification Integrated System

To establish low cost spacecraft technology by utilizing
commercial-off-the-shelf parts and technologies (COTS)

To increase cost and technical competitiveness of the Japanese
space industry

Program duration: 1999 thru 2010

Two verification flights: 2003, 2009 (Planned)

SERVIS Project is being developed by USEF under contract with METI – NEDO.

Type Quantity Cost Breakdown
CPU, Memory, GA 250 87%

Digital IC 2,530 2%
Semiconductor 6,720 1%

Resister, Capacitor 14,600 2%
Solar Cell, Relay, etc. 13,800 8%

Total 37,900 100%

Electrical Parts used for USERS SEM

�Drastic parts procurement cost reduction can be achieved,
if CPU, memory and GA could be replaced with inexpensive
COTS.

Why do we challenge on COTS?
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�Compared with MIL class, high reliable part applied equipment,
COTS applied equipment have the following advantages.

�Higher performance, lighter and smaller equipment can
be realized.

� Some functions realized on conventional electrical circuits
could shift to software, resulting in lower cost.

�Some equipment units could be integrated into one unit,
resulting in lower cost.

�To be concentrated on high performance COTS devices
such as CPU, Gate Array, memory.

Why do we challenge on COTS?

How to realize COTS application?

� Extensive COTS ground evaluation tests
especially on radiation tolerance

� Confirmation by on-orbit verification
� Evaluation and correlation of the both results

� Output (Technical knowledge base)
1) COTS Database
2) COTS Parts Evaluation Guidelines
3) Equipment Design Guidelines
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Elements of SERVIS Project

SERVIS- SERVIS-2

Experimental
Equipment

COTS
Verification

Virtual Design
Infrastructure

SERVIS
Total System

Advanced Bus

3-D CADCOTS D/B

COTS Application

Bus
Flight Verification

Task Flow of SERVIS ProjectTask Flow of SERVIS Project

System Development

Experimental
Equipment

Ground Test

Space
Verification
Test

Virtual
Design
Infrastructure
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Equipment
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SERVIS-1 SERVIS-2

Bus
Equipment

Commercial-off-the-shelf Parts & Technologies
3rd Generation

Apply to SERVIS-1 & -2 Development

2nd Generation

Space
Verification #2

Space
Verification
#1

Apply Commercial
Parts & Technology

Final Goal
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COTS Procurement and Ground Evaluation Test

� Procurement
- One time procurement for several projects/satellites
- No special quality control requirements

� Ground Evaluation Tests
- Screening test: based on MIL-STD-883 test methods

to all purchased parts

- Radiation Test:
Total ionizing dose test
Heavy ion- and proton-induced single event tests

- Quality Conformance Inspection:
Sampling test based on MIL-STD-883 test methods

Ground Evaluation Tested COTS

Part's Type 1999 2000 2001 2002 2003 2004 2005 2006 Total

CPU 5 3 4 1 0 0 0 0 13
DSP 1 0 1 0 0 0 0 0 2

SRAM 4 12 6 1 1 1 1 1 27
SOI-SRAM 3 1 4 0 2 0 0 0 10

DRAM 1 10 1 1 3 1 1 0 18
PROM 0 2 0 0 0 0 0 0 2

EEPROM 2 1 1 0 0 0 0 0 4
Flash Memory 0 0 3 0 1 0 0 0 4

Gate Array 3 0 7 1 2 0 0 0 13
Digital IC 3 0 19 5 0 0 0 0 27

Digital IC(SOI) 2 2 2 0 2 0 0 0 8
Analog IC 6 10 21 4 1 0 0 2 44

Optical 2 3 1 0 0 0 0 0 6
SOI 0 1 0 0 0 0 0 0 1

Others 5 5 11 1 1 0 2 0 25
Total 37 50 81 14 13 2 4 3 204
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Summary of Ground Test Results

�About sixty percent of ground-tested COTS can be used
for LEO (low earth orbit) satellites with the following conditions:

- Orbit: <1000 km
- Mission Duration: < 5 years
- Shield Thickness: > 5 mm(Al)
- Single Event Upset: acceptable
- Single Event Latch-up: not acceptable

Ground Evaluation Test Results of COTS

LETth Saturated
Cross Section SEL

Gy(Si) MeV/(mg/cm2) cm2 MeV/(mg/cm2)

11114 CPU 32bit, RISC,
Vcc=5.0V, 28MHz 200 <2.9 >1.0E-6(d) >61.8

21101 CPU 32bit, RISC,
Vcc=3.3V, 100MHz 170 3.5 9.24E-3(d) >60

11215 SRAM 4Mbit (256kword x 16bit),
Vcc=3.3V 500 2 1.2E-7(b) >61.8

21105 SRAM 4Mbit (256kword x 16bit),
Vcc=3.3V >361 2 3.39E-7(b) >59.9

21307 SOI-
SRAM

256kbit (32kword x 8bit),
Vcc=1.5V 580 7.7 1.0E-8(b) >82.4

11222 DRAM 256Mbit (16Mword x 4bit x 4bank),
Vcc=3.3V 600 5 1.0E-7(b) >61.8

11224 DRAM 256Mbit (16Mword x 4bit x 4bank),
Vcc=3.3V >500 <1.5 1.6E-6(b) >63

61103 EE-
PROM

64Mbit (8Mword x 8bit),
Vcc=3.3V 850 82.8 1.0E-6(b) 11.4

11319 FPGA SRAM type, Vcc=3.3V 500 <1.5 3.0E-6(d) 14.2

Note (b): per bit, (d): per device

Measured Radiation Tolerance
SEU

TIDID Sample Specifications
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Payloads for SERVIS-1 and -2

� Experimental Equipment
To obtain COTS data through equipment performance

� Commercial Parts Test Unit (CPT)
To obtain COTS data as part level

� Space Environment Monitoring System (EMSS)
To measure space radiation environments which COTS
encounter

Criteria for Selection of Experimental Equipment

� They should represent equipment for future low cost
LEO satellites.

� They must be internationally competitive.

� Those equipment for which on orbit test is effective
for their evaluation and verification.
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Experimental Equipment on SERVIS -1

No. Equipment Electrical
Parts

Techno-
logy Electrical Part Type Technology Name

1 VTS 1 1 Void sensor Super Plastic Forming
2 INU 1 0 RF Device in GPS Receiver -
3 PCDS 1 0 16bit CPU -
4 APDM 0 1 - Grease Lubricant

5 ATTC 11 1

16b D/A C, 12b A/D C, Receiver IF, Low Noise Amp.,
Low Noise Amp./Mixer, Transmit/Receive Switch,
Up Comverter, Modulator, Transceiver, Power Amp.
Driver Amp., Driver Amp.

Surface Mount Technology

6 OBC 6 1 CPU, SDRAM, FPGA, Dig_IC×2, SRAM Multi-chip Module
7 SIS 4 1 CPU, EEPROM, CCD, SDRAM Surface Mount Technology

8 LIB 0 2 - Lithium-ion Battery Cell,
Power Hybrid IC

9 FOIRU 5 0 Super Luminescent Diode, Avalanche Photo Ddiode
Integrated Optic Modulator, Optical Fiber, Fiber-Optic Gyro -

10 CPT 11 0 SRAM×2, SDRAM×2, Flash Memory, FPGA×2, SOI-SRAM×2,
EEPROM, LVDS Driver -

40 7Total

Experimental Equipment on SERVIS-2

No. Equipment Electrical
Parts

Techno-
logy Electrical Part Type Technology Name

1 LIBA 7 1 32bit CPU, Multiplexer, Photo-Coupler, Relay Driver,
MOS-FET, OP Amp., Hole Sensor Lithiumi-ion Battery Cell

2 ADMS 17 0 32bit CPU, Flash Memory SRAM, FPGA, FET, Digital ICx6,
Analog ICx4, Transistorx2 -

3 CRAFT 4 0 64bit MPU(P-QFP), 64bit MPU(BGA), SRAM, SDRAM -

4 PPRTU 9 0
IEEE-1394 I/F LS, PLL LSI, LVDS Line Driver,
LVDS Line Receiver, PCI I/F Device, Dual Port SRAM,
High Speed FIFO, EDAC, Buffer IC

-

5 HPDC 7 2
LVDS Line Driver, LVDS Line Receiver, LVDS Line
Driver/Receiver, Line Receiver,
16bit Level Shifting Tranceiver, SDRAM, Image Comp Chip

Multi-Chip Module,
SOI Technology

6 APE 4 2 OP Amp., FIFO, FPGA, SDRAM GPS Receiver,
Mounting Technology

7 ASM 7 1 32bit CPU, FPGA, Driverx2, OP Amp., EEPROM, SDRAM Mounting Technology
8 MBW 1 1 Power MOSFET Magnetic Bearing
9 MEMS 1 1 RF-MEMS Switch MEMS Manufacturing Process

10 CPT 9 0 SRAMx2, SDRAMx2, Flash Memory, FPGAx2,
SOI-SRAMx2 -

66 8Total
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COTS evaluated by CPT

SERVIS-1 SERVIS-2

SRAM 1Mbit, 4Mbit 4Mbit, 8Mbit

DRAM 128Mbit, 256Mbit 256Mbit, 512Mbit

SOI SRAM 256kbit (0.35 micron m rule) 128kbit (0.18 micron m rule)

Flash Memory NOR type 32Mbit NOR type 128Mbit

FPGA SRAM type, EEPROM type SRAM type EEPROM type

External View of SERVIS-1

70 宇宙航空研究開発機構特別資料　SP-07-017



Summary of SERVIS-1 Satellite

� Launch Date: October 30, 2003

�Launch Vehicle/Site: ROCKOT/Plesetsk Cosmodrome (Russia)

� Orbit: altitude=1000km, Inclination=99.5deg (Sun Synchronous)

� Dimension in Orbit: 2.5m(H) X 10.2m(L)

� Launch Mass: 840kg

� Operation Period: 2 years

�Electrical Power Generation: Not less than 1300 watts

� Communication: Unified S-Band and High Rate S-band

�Operation Center: USEF Space Operations Center (Tokyo)

Summary of SERVIS-2 Satellite

� Launch Year: 2009 JFY (Planned)

�Launch Vehicle: ROCKOT

� Orbit: Altitude=1200km, Inclination=100.4deg (SSO)

� Launch Mass: Less than 900 kg

� Operation Period: 1 year

� ATTC, SIS and LIB based bus equipment
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Launch of SERVIS-1
Launched at 16:43:41(LMT(*)), on October 30, 2003 (*): UT+3H

Space Experiment Results of SERVIS-1

�SERVIS-1 Bus

�SERVIS-1 continues flawless operation on orbit.
�COTS Parts

�Single Event Upsets occur within the predicted frequency.
�Permanent damage such as Single Event Latch-up

or Burn-out has not been observed.
�Experimental Equipment

�VTS experiment was successfully finished in Dec. 2003.
�The other experimental equipment had been working well.
�No serious malfunction caused by COTS has observed.
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Electron and Proton Flux on World Map

Electron Flux Proton Flux

Ground and On-orbit TID Tolerance

CPT Ground Test Result
Gy (Si)

Result on Orbit
Gy (Si)

SRAM 1A 163
SRAM 1B 120
SRAM 2A 342
SRAM 2B 382
DRAM 1A >951
DRAM 1B >951
DRAM 2A >951
DRAM 2B >951

180

400

600

600

1Mb SRAM

4Mb SRAM

128Mb DRAM

256Mb DRAM
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Predicted and Measured Single Event Upset

by heavy ion
irradiation test

by Proton
irradiation test

32 bit CPU 3.9 / day - 0.16 / day
64M SDRAM 17 / day - 0.02 / day

4M SRAM 17 / day - 3.4 / day
32bit CPU 0.23 / day - 0.073 / day

1M EEPROM 0 / day - 0 / day
256M SDRAM 4.5 / day - 0.3 / day

16bit DAC 0.8 / day - 0 / day
16bit ADC 1.0 / day - 0 / day

PCDS 16bit CPU - 2.0 / year 1.1 / year
1M SRAM 1.0 / day 2.8 / day 1.2 - 2.2 / day
4M SRAM 3.4 / day 6.6 / day 2.2 - 8.3 / day

128M SDRAM 2.6 / day 0.2 / day 0.33 - 0.38 / day
256M SDRAM 3.6 / day 0.5 / day 0.5 - 0.9 / day

SEU (times)
Measured

values
on orbit

Predicted values

CPT

Part IDEquipment

OBC

SIS

ATTC

COTS Database
Contains ground test results.
Has two tier constructions:
- limited information open to the public,
- detailed data for internal use

Contains ground test results.
Has two tier constructions:
- limited information open to the public,
- detailed data for internal use

Gamma-ray TIO Proton TID

Threshold LET
Saturated

Cross
Section

Threshold Energ
Saturation

Cross
Section

Saturated
Cross

Section
MeV/(mg/cm2) cm2 MeV cm2 MeV/(mg/cm2) cm2

1 11101 CPU 32bit(Internal Bus:128bit) DRAM:2MB >200 - <1.44 >2.25E-03(d) - - 59.8 Function error 0 +70 -60 +150 0/22 0/22 0/22 0/22 0/22 -
2 11112 CPU 32bit 150 - <1.5 >2.0E-06(d) - - 5.5 > .0E-06(d) -20 +75 -55 +125 0/11 0/11 0/11 0/11 0/11 0/11
3 11113 CPU 32bit with FPU 200 - <1.5 >4.0E-06(d) - - 5.5 > .0E-06(d) -20 +75 -55 +125 0/11 0/11 0/11 0/11 0/11 0/11
4 11114 CPU 32bit 200 - <2.9 >1.0E-06(d) - - >61.8 < .0E-06(d) -40 +110 -65 +150 0/11 0/11 0/11 0/11 0/11 0/11
5 11225 CPU 32bit 150 <240 2 1.0E-06(b) <20 >3E-13(b) 5.5 4.9E-06(d) -40 +110 -65 +150 0/11 0/11 0/11 0/11 0/11 0/11
6 11401 CPU 32bit 200 <400 1.5 5E-08(b) <9.7 1E-013(b) 1.5 4.9E-07(d) -40 +85 -65 +150 0/45 0/32 0/22 0/22 0/22 0/22
7 21101 CPU 32bit, RISC, 100MHz 170 - 3.5 9.24E-03(d) - - >60 < .0E-05(d) -40 +110 -55 +150 0/5 0/7 - - 0/7 -
8 41315 CPU 64bit >300 - 3 2.0E-03(d) - - 19.8 9.8E-05(d) -30 +85 -65 +150 - 0/5 - - 0/4 -
9 41320 CPU 64bit >300 - 3 1.7E-07(b) - - 14 6.6E-07(d) 0 +70 -65 +150 - 0/5 - - 0/4 -

10 51201 CPU MPU <200 307 4.3 1.0E-05(b) 0.12 1.5E-13(b) 26.2 4.56E-04(d) -40 +85 -55 +125 0/22 0/22 0/22 0/22 0/22 0/22
11 51301 CPU 16bit CPU, Flash Memory :256kB, RAM : 8kB 123 - 0.64 7.9E-08(b) 0.5 4.0E-14(b) 1.85 6.7E-03(d) -40 +85 -55 +125 0/45 0/76 0/76 0/22 0/45 0/22
12 51308 CPU 32bit 40MHz,3.3V, Flash Memory : 512kB, RAM 200 - 2.9 2.0E-04(d) 16.3 1.59E-16(b) 5 6.80E-04(d) -40 +85 -55 +125 0/45 0/76 0/45 0/22 0/45 0/15
13 61204 CPU 16bit 300 - 7.5 7.0E-03(d) - - 26.2 >2.5E-05(d) -40 +85 -55 +125 0/3 0/12 0/6 0/5 0/6 -
14 U1001 CPU 32bit >300 - 9 1.0E-04(d) - - 34 Latch-up - - - - - - - -

COTS Database

Heavy-Ion SEU/SET Proton SEU/SET Heavy-Ion SEL/SEB
Operating Range

No. ID number Part's Type Function

Radiation Tolerance
TID Tolerance SEU Tolerance

Rejected/Tested

Stabilization
Bake

High
temperature
Operating
Life Test

Temperatur
e &

Humidity
Bias Test

Pressure
Cooker Test

(CPU)

Temparature Range
(Catalogue base)

Storage
Range

Environment Test

Temperatur
e Cycling

Temperatur
e shock

Gy(Si)
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Guidelines
Equipment Design Guideline�COTS Parts Evaluation Guideline

�Specifies basic requirement for
COTS for space application.

�Has two appendices:
1) specify detailed ground test items &

their conditions
2) explanations on COTS general

property & advantages

�Contents
1. Scope
2. Applicable Documents
3. Basic Concept
4. COTS Parts Selection Criteria
4.1 Definition of COTS Parts
4.2 Environment Test Condition
4.3 Selection Criteria

5. Evaluation Test
5.1 Screening Test &its Condition
5.2 Quality Conformance Inspection & its Condition
5.3 Radiation Tolerance Test

5.3.1 TID Test Method
5.3.2 Single Event Effect Test Method
5.3.3 Other Radiation Tests

6. Reliability Consideration

�COTS Parts Evaluation Guideline
�Specifies basic requirement for

COTS for space application.
�Has two appendices:

1) specify detailed ground test items &
their conditions

2) explanations on COTS general
property & advantages

�Contents
1. Scope
2. Applicable Documents
3. Basic Concept
4. COTS Parts Selection Criteria
4.1 Definition of COTS Parts
4.2 Environment Test Condition
4.3 Selection Criteria

5. Evaluation Test
5.1 Screening Test &its Condition
5.2 Quality Conformance Inspection & its Condition
5.3 Radiation Tolerance Test

5.3.1 TID Test Method
5.3.2 Single Event Effect Test Method
5.3.3 Other Radiation Tests

6. Reliability Consideration

�Equipment Design Guideline
�Indicates items to be considered for

COTS applied equipment design.
�Has an appendage which shows

how COTS parts were applied in
9 experimental equipment.

�Contents
1. Scope
2. Applicable Documents
3. Definitions
4. Design Guidelines
4.1 General Requirements
4.2 Overall Equipment Design
4.3 Electrical Design
4.4 Mechanical Design
4.5 Thermal design
4.6 EMC Design
4.7 Radiation Tolerance Design
4.8 Interface Design
4.9 Reliability Design
4.10 Safety Design
4.11 Parts Mounting Design
4.12 Parts and Material Selection

�Equipment Design Guideline
�Indicates items to be considered for

COTS applied equipment design.
�Has an appendage which shows

how COTS parts were applied in
9 experimental equipment.

�Contents
1. Scope
2. Applicable Documents
3. Definitions
4. Design Guidelines
4.1 General Requirements
4.2 Overall Equipment Design
4.3 Electrical Design
4.4 Mechanical Design
4.5 Thermal design
4.6 EMC Design
4.7 Radiation Tolerance Design
4.8 Interface Design
4.9 Reliability Design
4.10 Safety Design
4.11 Parts Mounting Design
4.12 Parts and Material Selection

Conclusion

� 204 COTS have been ground tested, and the test results have
been accumulated in the COTS database.

� Experimental equipment with COTS onboard of SERVIS-1 have
performed satisfactorily and it has been demonstrated that COTS can
be used for space.

� First editions of Parts Evaluation Guidelines and Equipment Design
Guidelines have been opened, waiting to be brushed up by
the coming SERVIS-2 space verification results.

� Through the program, the advanced low cost LEO bus is being
developed.
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Abstract
• Space programs utilize hybrid microcircuits over

other forms of packaging for savings of space
and weight

• Hybrid microcircuits built for space applications
utilizing the requirements in MIL-PRF-38534
have the potential for inherent reliability
shortfalls that typically are not associated with
PWB assemblies.

• This presentation will discuss these potential
shortfalls and provide suggestions for
improvement of the aforementioned military
specification.

4

Introduction

• What is a hybrid?
– A hybrid is nothing more than a miniaturized

version of a larger Printed Wiring Board
(PWB) assembly intended to save board
space and reduce weight.

– In some cases, typically RF applications, the
hybrid version of the design has better
performance than its full size PWB version.
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Introduction (Cont’d)
• MIL-PRF-38534, Rev F is the military

specification governing the design,
construction, qualification, testing, and
procurement of hybrid microcircuits for military
and space applications.

• Class H hybrids are intended for military
terrestrial applications.

• However they have been used in some space
applications with up-screening.

– Up-screening has usually been limited at a
minimum to inclusion of PIND to more rigorous
testing approaching Class K requirements.

Introduction (Cont’d)

• MIL-PRF-38534 (Cont’d)
– Class K hybrids are intended for space

applications.
• Standard supplier hybrid offerings are defined by a

Standard Microcircuit Drawing (SMD)
• Custom hybrids are procured to a Source Control

Drawing (SCD)
• Some custom hybrids are not entirely compliant to the

38534 requirements for Class K.
– Class G hybrids are meant to deal with the above

situation and defines the non-compliances to Class K
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PWB Assembly Comparison to a Hybrid

• Both utilize a type of circuit card
– PWB Assemblies use a PWB
– Hybrids use a substrate that typically contain various types of

elements including integral resistors and capacitors
• Both use Microcircuits & Semiconductors

– PWB Assemblies use packaged devices
– Hybrids use dice elements unpackaged

• Both use passive devices
– PWB Assemblies use packaged and unpackaged devices
– Hybrids use packaged devices or unpackaged dice

• Oscillators typically use unpackaged crystals

8

Characteristics of a PWB Assembly

• Microcircuits should meet the appropriate
requirements of MIL-PRF-38535 for the
quality level specified - Class Q for avionics
and Class V for space.
– Should be screened and periodically qualified

to the requirements set forth in MIL-STD-883
methods 5004 and 5005.
• Parts are either procured to a QML Standard

Microcircuit Drawing (SMD) or an SCD
compliant to the above requirements.
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Characteristics of a PWB Assembly
(Cont’d)

• Semiconductors should meet the
requirements for the appropriate quality level
as set forth in MIL-PRF-19500.
– Generally, JANTXV for avionics and JANS for space has been

used.
– Procured to QPL 19500 slash sheet part or upgraded lower

quality level device.
– Or, procured as a custom device to a SCD.

• Passive Devices (resistors, capacitors,
inductors/transformers, etc.) should meet the
requirements of their associated military
specification (e.g. MIL-PRF-55342, 123,
55365, etc.) for ER level R for avionics and
S or better for space.

10

Characteristics of a Hybrid
• Microcircuit dice from the appropriate

qualified QML quality level lots should be the
first choice.
– Typically this is not the case.

• COTS dice are being regularly used.
– Screening is restricted to visual and DC electrical tests at 25 C

only.
– Sample (ONLY 10 pieces) qualification is performed

• Class H hybrid - restricted to internal visual, tri-temp electrical tests
and wire bond testing.

• Class K hybrid - temperature cycling, mechanical shock/constant
acceleration, burn-in, 1000 hour life test at 125 C, and SEM in
addition to internal visual, tri-temp electrical tests and wire bond
testing.
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Characteristics of a Hybrid (Cont’d)

• Semiconductor QPL qualified dice should be the first
choice - HC for Class H and KC for Class K
– Generally this is not the case.

• Again, COTS are being used.
– Screening and sample qualification are the same as that being used

for microcircuit dice.
• QPL passive devices (resistors, capacitors,

inductors/transformers, etc.) should be the first choice.
– Once again, this is not typically being done.

• COTS chip passive devices are being used.
– 100% screening and sample qualification are the same as that

being used for microcircuit dice.
– Voltage/Current/Power conditioning performed in lieu of burn-in

during qualification test.
• However, remainder of flight parts are not required to have this

conditioning performed.

12

Types of Hybrid Problems Encountered

• Design Issues
– No margin
– Does not meet performance across full temperature or signal

conditions
• Derating issues

– Inadequate or no derating
• Manufacturing Issues

– Poor workmanship
– Bonding
– Die Attach

• Test Issues
– Inadequate tests to validate all performance characteristics

• Qualifications Issues
– Failures
– Limited tests or conditions
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Suggestions for Spec Improvement

• Improved element evaluation regimen
needs to be implemented
– Qualification sample sizes need to be

consistent with those used for the discrete
device versions

• Non QML microcircuits should be using 45 pieces
instead of 10

• Non QPL semiconductors should be using at least
45 pieces instead of 10

• Non QPL passives should be using at least 45
pieces instead of 10

14

Suggestions for Spec Improvement
(Cont’d)

– Testing needs to be appropriate for the
various element technologies

• Semiconductor test flow should be the same as
what is required in MIL-PRF-19500, Appendix G,
instead of using a microcircuit test flow.

• Passive devices should be tested to the
requirements in the appropriate military
specification for that technology

– Chip capacitors should use MIL-PRF-123
– Tantalum capacitors should use MIL-PRF-55365
– Chip resistors should use MIL-PRF-55342
– Magnetics should use MIL-PRF-981
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Suggestions for Spec Improvement
(Cont’d)

• New Technology insertion requirements need to
be added to better understand the failure
mechanisms of devices, materials and
processes
– Characterization needs to be performed
– Appropriate screening tests need to be developed

to mitigate potential failure mechanisms detected
– Appropriate qualification tests need to be defined or

developed based on failure mechanisms detected
– COTS should be treated as new technology

16

Suggestions for Spec Improvement
(Cont’d)

• Additional validation of second and third party
subcontractors that perform design,
manufacturing, test or other functions must be
evaluated to ensure the quality and reliability
integrity of the overall hybrid

• Additional manufacturing reviews need to be
included to ensure the capabilities to build the
hybrid can be achieved

• Testing/re-qualification when different
manufacturer die elements are utilized
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Summary
• Presented the technical aspects of

avionics and space hybrids governed by
MIL-PRF-38534 and the comparison to a
PWB.

• Identified some of the issues and
concerns experienced with hybrids.

• Several suggestions for improvement to
the mil spec have been outlined.
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EXPERIMENTATION OF THE NEW
RELIABILITY PREDICTION METHOD FIDES

Franck DAVENEL, Philippe RICHIN, Christian MOREAU

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°2 / 39
MINISTÈRE DE LA DÉFENSE

1- Context

2- FIDES methodology
� Reliability assessment
� Reliability engineering

3- Experimentations

4- Deployment

5- Conclusion

Summary of the presentation
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11 -- ContextContext

� Reliability is a contractual requirement
for evaluation and control of:

� Operational availability

� Exploitation costs

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°4 / 39
MINISTÈRE DE LA DÉFENSE

11 -- ContextContext

�Existing predictive reliability methods are inadequate
� MIL-HDBK-217 is widely obsolete

�Not updated since 1991 / 1995,
�Not adapted for civil application and pessimistic for civil components,…

� IEC 62380 TR Ed.1 (RDF 2003) or PRISM® / 217+® don’t propose
complete answers
�Not adapted for complex mission profile,
�Not adapted for rugged environment (humidity, vibration,…,),
�Unable to sort by COTS manufacturers,
�…

military equipment
MIL HDBK

217F
(Pi Q=10)

MIL HDBK
217F

with correction
PRISM

(217plus) Field return

MTBF (in hours) 3063 19036 59673 169895
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Component
20%

Process
80%

11 -- ContextContext

Specification
8%

Design
16%

Manufacturing
24%System

Integration
12%

Exploitation &
Maintenance

20%

Support
Activities

20%

Fides default failure distribution
through life cycle

(example)

Weighting between
component & process

(example)

Intrinsic failures (FE, BE, …) are not the main causes of
equipment failures

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°6 / 39
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11 -- ContextContext :: new approach for reliabilitynew approach for reliability
prediction FIDESprediction FIDES

METHODOLOGYMETHODOLOGY

for reliabilityfor reliability
ASSESSMENTASSESSMENT

for reliabilityfor reliability
ENGINEERINGENGINEERING

FIDES

• Results of a study which
has begun in 2001 on the
aegis of the French MOD

•Developed by 8
industrialists from the
field of aeronautics and
defense
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11 -- Context : what is FIDESContext : what is FIDES

� FIDES is a new reliability methodology for
electronic systems using COTS,

� The FIDES Guide 2004 issue A “Reliability
Methodology for Electronic Systems” was published in
2004, and is now the standard UTE C-80811 since
2005 (in english & french),

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°8 / 39
MINISTÈRE DE LA DÉFENSE

11 -- Context : what is FIDESContext : what is FIDES

� This Guide is an answer to two strong needs :

�To have realistic reliability prediction during the
development of an electronic product

�To provide engineering process and tools to
assess equipment system reliability
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11 -- Context : FIDES for whatContext : FIDES for what

� FIDES proposes a new reliability methodology for
systems using COTS

� As accurate as possible,
� Useful for building and evaluating the reliability of systems,

� Usable for many items , including COTS families,

Parts Boards Sub-assemblies

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°10 / 39
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22-- The methodologyThe methodology

TECHNOLOGY

PROCESS

RELIABILITY

USE
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22-- The methodology: failure ratesThe methodology: failure rates

Complementarities
� Failure Rate (MTBF): reliability approach
� Time to fail (TTF): development engineers

approach
Failure rate

Time

Time To Fail

MTBF

Validity domain

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°12 / 39
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����� InducedocessingmanufacturPartPhysical ���� Pr_

2- The methodology: basic model

Where,

�Physical : Physical contribution : tables + used constraints

�Part_manufacturing : Quality and technical control of COTS manufacturing

�Process : Quality and technical control of the development,
manufacturing and maintenance process for products containing COTS

�Induced : Induced factors (overstress) i.e. effects of accidental damage
according to type of application, COTS sensitivity factor, location and
robustness control => questionnaire
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2- The methodology:Technology

TECHNOLOGY

PROCESS

RELIABILITY

USE

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°14 / 39
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� ��
	



�
�



��� �
onscontributiPhysical

onacceleratiPhysical
_

0��

Basic failure rate for each part type e.g. resistors, capacitors,
inductors, switches, optoelectronics, I.C. and discrete
semiconductors (die & package) => table

Acceleration factor (sensitivity to rated physical contributors
e.g. electrical, thermal cycling, humidity, mechanical and
chemical constraints) => mission profile

0�

onaccelerati�

2- The methodology:
physical contributors
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2- The methodology: USE

TECHNOLOGY

PROCESS

RELIABILITY

USE

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°16 / 39
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~ 12 FH/day ; ~ 3 Flt/day
Mean Flight Duration ~ 4 FH
OH/FH ratio ~ 2
~ 0.1H Gnd taxiing/Flt
~ 330 Operational days/year

OH = Operating Hours / FH = Flight Hours
Flt = Flight / Gnd = Ground

14°C � 10°C

Day/Night

~ 18 OH/day

~35 day/year

Ta

Parking +19°C

+9°C

20°C

35°C

55°C
Gnd 1 Flt 2Flt 2 Flt 3Flt 3Gnd 2Flt 1Flt 1

15
°C

Gnd 0

40°C

15
°C

33
°C Ta

LRU

Ta
Comp.

O
N

O
F F

47°C

Non-operational day

1st step: decomposition of the mission profile in successive phases
2nd step: Inventory of the physical constraints associated to each of the
phases

22--The methodology: mission profileThe methodology: mission profile
Middle Range, Civilian Aircraft ProfileMiddle Range, Civilian Aircraft Profile
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22--The methodology:The methodology: Middle Range, CivilianMiddle Range, Civilian
Aircraft ProfileAircraft Profile

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°18 / 39
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22--The methodology:The methodology: inducedinduced factorfactor

� What is an accidental overstress?
� An accidental overstress is an event which is out a normal

usage of the system (EOS, MOS, TOS ).

� Criteria to appreciate the severity in term of exposure to
overstress :

» Sensitivity of the COTS (technology, …)
» Policy of overstress integration in product development
» operating environment of the application (example MOS are

more important in mobile than fixed application)
» Position of the item in the equipment or system
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2- The methodology: process factor

TECHNOLOGY

PROCESS

RELIABILITY

USE

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°20 / 39
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2- The methodology: process factor

Building reliability:
200 recommendations related to activities for the whole life cycle,

• Specification,
• Design,
• Manufacturing,
• System Integration,
• Maintenance,
• Support activities (Quality and Human Resources)

This engineering allows:
• Calculation of process factor : � process to assess global reliability,
• Identification of life cycle activities where reliability needs improvement.

=> audit checklist

96 宇宙航空研究開発機構特別資料　SP-07-017



Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°21 / 39
MINISTÈRE DE LA DÉFENSE

2- The methodology: audit checklist
Example of recommendation with weighting

Weight
recom

Application
level

N1 N2 N3 N
L ife cycle Audit question Recommendation Non

applicable
question 0 1 2 3

Are reliability requirem ents
assigned to subassem blies? W hich
m ethod of allocation w as used?

Assign reliability requirem ents to
sub-assem blies

10,4

Is there a description and a
characterization of the environm ent
in which the system is going to be
stored, transported, used and
m ainta ined?

Fully describe the environm ent in
which the system is going to be used
and m aintained.

12,4

W hat is considered as a fa iled
system ?

Define the fa iled system 10,3

Specification

Have we defined the use profile of
the system for which the reliability
perform ances are expected?

Define the use profile of the system
for w hich the reliability perform ances
are expected.

9,9

D esign

W hat is the system reliability
process im plem ented by the
com pany?

Describe the system reliability
process im plem ented by the
com pany

7,5
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33-- ExperimentationExperimentation

TECHNOLOGY

PROCESS

RELIABILITY

USE
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3- Experimentation : Mission profile influence: Mission profile influence

Thermal
Thermal cycle
Mecanical
Humidity
Thermo-electrical
Chemical
electrical

Radio

568 FIT

Main Battle Tank

696 FIT

Helicopter 1333 FIT Fighter 3239 FIT383 FIT

Base (PC like)

x 1,5
x 2

x 3,5 x 8,5

Example of a recent electronic board :Example of a recent electronic board :

Generally, Pi E ARW >AUF in MIL 217

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°24 / 39
MINISTÈRE DE LA DÉFENSE

�Take into account soft and harsh mission profiles

�richness of the detailed mission profile description
with the real stresses and not fixed values like MIL HDBK 217
(�E)

�Be careful, need to know with precision all the
parameters (environmental, utilization,…) of the
mission profile

3- Experimentation : mission profile influence: mission profile influence
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3- Experimentation : RADIO equipment: RADIO equipment
reliability assessmentreliability assessment

� About 6000 electronic components (COTS) in a equipment

� 20000 equipments deployed in French Army

� Since 1994 more than 500 milliards component.hours

� Between 500 and 800 field return components per year for 12
years

components
quantity

MIL HDBK
217F

(Pi Q=10)
(*)

UTE C 80810
(RDF2000)

PRISM
(217plus)

Field
return

FIDES
intrinsic

FIDES total
Pi PM = 1,42
Pi proc = 2,5

FIDES total
(défault
values :

Pi PM = 1,7
Pi proc = 4)

MIL / Field
return

PRISM /
f ield rturn FIDES total

/ f ield return

5942 326433 9782 16758 5886 1378 4892 9370 55,5 2,8 0,8

Failure rate (fit or 10-9/h) RATIOsmilitary radio equipment

(*) MIL 217 calendar failure rate with a simple mission profile but without correction

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°26 / 39
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3- Experimentation
Reliability engineering : missile exampleReliability engineering : missile example

� Analysis of FIDES reliability results by contributors allows to
identify the potential improvements :

Board failure rate in fits

�� HR : failure rate /2 for
module B

�Small gain for module A
(major contributor is
thermal )

4588 fitsboard
n°550% HR

19% �T
14% therm.

B

462499 fitsboard
n°320% HR

131188 fitsboard
n°160% �T

A

For
HR=30%

for
HR=70%board

for HR=70%
contributors
repartition

Electronic
module
(in fits)
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3- Experimentation : ratio MIL / FIDES: ratio MIL / FIDES
� For different systems (MIL217 with mission profile) :

� No similar trend between equipments and less for boards and
more less for components
� Finally no generic factor between MIL 217 and FIDES

2 to 404.5Rocket Navy

2 to 83Rocket Air Force
0.4 to 1.10.6Missile B
1.6 to 6.23.6Missile A

-2.6Cryptographic equipment
-2Autocom.
-3.5Telecom.
-8Radio

Dispersion Ratio board levelRatio MIL / FIDES System levelSYSTEM

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°28 / 39
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33-- Experimentation : ratio NF/FExperimentation : ratio NF/F

�For several equipments, we assessed ratio Non-
Operating/Operating in order to have MIL = FIDES

�No similar trend between equipment
�Finally : impossible to use a generic fixed factor NF/F as
proposed in MIL traditional approach (RADC Reliability Toolkit
1993).

1/10Missile B

1/50Missile A

1/15Cryptographic equipment

1/20Radio

NO/OEquipment

100 宇宙航空研究開発機構特別資料　SP-07-017



Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°29 / 39
MINISTÈRE DE LA DÉFENSE

44-- DeploymentDeployment

TECHNOLOGY

PROCESS

RELIABILITY

USE
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44-- Deployment : websiteDeployment : website

�The FIDES methodology freely available on website :
� The FIDES guide (English and French)

� The FIDES Group Excel sheets for an easy application of the methodology
� A tool “part method”
� A tool “board method”
� A tool “process factor”

� These tools can be downloaded directly at

http://www.fides-reliability.org

� The methodology will be proposed for standardization (IEC)
� It is already a French standard (UTE C 80811) in English language
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44-- Deployment :Deployment : FIDES web siteFIDES web site

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°32 / 39
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44-- Deployment :Deployment : positions of Frenchpositions of French
contractorscontractors

� French MOD (DGA)
�The FIDES Guide was integrated in the RNPA (Programs of

Armament Standard Referential). It is quoted as a reference
method in multiple new projects of armament.

� French spatial Agency (CNES)
�This Agency realized a detailed evaluation of FIDES

methodology. This evaluation concluded that FIDES can be
used for space applications

(see publications in " Actualités composants du CNES " n°17
in October, 2004 and n°18 in January, 2005).
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Positions of French contractorsPositions of French contractors

� AIRBUS
�AIRBUS asks for a predictive reliability evaluation without

requiring a method. FIDES is referenced and can be
recommended.

� Automotive
�FIDES group worked in partnership with the French

Bureau of Automotive Standardization (BNA) during the
elaboration of the FIDES Guide 2004.

� EDF group (French electricity provider)
�EDF R&D realized an evaluation of the method, and has

regular contacts with FIDES Group.

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°34 / 39
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44-- Deployment :Deployment : international interestinternational interest

� Indicator of spread :

� Today, the Israeli company ALD proposes a FIDES
module in its RAM COMMANDER software,

� At the end of 2007, Norisko (DEKRA group) will
propose also a FIDES module.

� ITEM/RELIASOFT (US) and BQR (ISRAEL) are
doing to develop FIDES module
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International interestInternational interest

� Some publications outside France
� BOEING: IEEE MRQW 2004 - Manhattan Beach, CA, USA – December 7,

2004 "COTS Electronics Reliability“

� RAYTHEON: Reliability and Maintainability Symposium (RAMS)-
ALEXANDRIA, VA, USA January 24 - 27, 2005 "EXPERIENCE REPORT ON
THE FIDES GUIDE RELIABILITY PREDICTION METHOD“

� KEMET Electronic Corp. : Commercialization of Military & Space Electronics
Conference & Exhibition - Los Angeles Airport, CA, USA - February 7 - 10,
2005 - Comparative Analysis of Military Standard to Commercial (COTS)
Capacitors
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55-- ConclusionConclusion

TECHNOLOGY

PROCESS

RELIABILITY

USE
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55-- ConclusionConclusion

FIDES provides
� A method for reliability assessment
� A method for reliability engineering

FIDES aims to cover all the industrial needs in
matter of reliability prediction

FIDES has potential for evolution
� Integration of new technology without field experience
� Easy update of models

Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°38 / 39
MINISTÈRE DE LA DÉFENSE

Major expérimentation conclusions

55-- ConclusionConclusion

It is impossible to adapt MIL-
HDBK-217 with a simple
correction…

Takes into account overstress,
mission profile (even for dormant
applications), parts quality

FIDES is able to improve
reliability by contributors
analysis, and �process audit
check list

New models are in progress
such as asics, switch, hybrids,
GaAs components, …

A maintenance structure is
created to update methodology

Usable for all application fields
(defense & civil) including space

Experimentation of the new reliability prediction method FIDES 105



Franck DAVENEL (French MoD) 29/10/2007 Diapositive N°39 / 39
MINISTÈRE DE LA DÉFENSE

Questions ?Questions ?
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MEWS 20 > J. Tetzlaff > 29 October 2007 
MEWS20_DLR.ppt

DLR Assessment Procedure of Commercial Parts for 
Space Use and First Experiences

29 October 2007
Jürgen Tetzlaff

MEWS20_DLR.ppt > 2
MEWS 20 > J. Tetzlaff > 29 October 2007

Content

Status of ECSS COTS Document

DLR Assessment Procedure 
Overview on Key Elements
Assessment Summary (Key Elements)
DLR Risk Analysis & Control Procedure 

Successful Application of Approach
LCTSX (Experimental Mission – DLR)
Aladin RLH (IOV piggi-back on AEOLUS – ESA)
LCT GEO Relais Mission (pending – DLR)

Tasks of DLR EEE Parts Department
Running DLR EEE Parts Projects

DLR Assessment Procedure of Commercial Parts for Space Use and First Experiences 107



MEWS20_DLR.ppt > 3
MEWS 20 > J. Tetzlaff > 29 October 2007

CNES and DLR developed a document for commercial parts: “General 
Requirements for the Use of Commercial EEE Parts in Space 
Applications“ (RNC-CNES-Q-60-523 = DLR-RF-PS-006).

On base of this document, an ECSS document in parallel to ECSS-Q-60 
should be created, but it was decided that the ECSS-Q-60B should be 
ready before. After that, a level 3 document in the Q-60 branch should be 
built up.

Due to several problems and different interests in ESCC, the creation of 
ECSS-Q-60B takes a very long time (publication in July of this year), but 
some general points are already the same in both documents.

Due to the long PSWG activity list and the limited resources, the level 3 
COTS document will start within the next year.

Status of ECSS COTS Document

MEWS20_DLR.ppt > 4
MEWS 20 > J. Tetzlaff > 29 October 2007

DLR Assessment Procedure – Key Elements
ASSESSMENT

Parts Related Manufacturer Related Procurement Related

Quality assurance 
system

Customer Support

Quality system

Performance 
characteristics

Thermal

Mechanical

Constructional

Radiation

Dependability

Reliability assessment 
system
Reliability data

Process control

Specification

Specification

Availability

Delivery time

Average outgoing 
quality

Final production 
electrical
measurements

Traceability
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MEWS20_DLR.ppt > 5
MEWS 20 > J. Tetzlaff > 29 October 2007

DLR Assessment procedure – Key Elements Summary
Key element x

Key element 2

key element 
generally 

acceptable

key element only 
acceptable for a 
specific project 

key element not 
acceptable

Assessment of a key 
element

Key element 1

General use in space 
projects

Use restricted to 
specific projects not usable

All Elements OK One Element 
not OK>1 Element only for a

spec. project OK

MEWS20_DLR.ppt > 6
MEWS 20 > J. Tetzlaff > 29 October 2007

DLR Risk Analysis & Control Procedure (1)

The basic assessment procedure was extended by a document which 
describes additional risk and cost analysis activities which can be used 
to refine decisions relating to the use of commercial components. 
The methods described are designed to be sufficiently flexible to allow 
their use for any component type and project, and this is achieved by 
giving qualitative guidelines to be followed during analysis rather than 
defining precise quantitative methods and criteria. 
It is not a self-standing document and is intended to be used only in 
conjunction with the basic assessment procedure document.

DLR Assessment Procedure of Commercial Parts for Space Use and First Experiences 109



MEWS20_DLR.ppt > 7
MEWS 20 > J. Tetzlaff > 29 October 2007

DLR Risk Analysis & Control Procedure (2)

Approach for components to be used for a specific application even if a key 
element cannot be assessed as “acceptable”

Decide whether risk analysis is applicable, 
Use all the available information and a standard risk diagram and scale to 
analyze the risk magnitude resulting from using a component with the “not 
acceptable” key element 
Decide whether this magnitude of risk is acceptable for the specific 
project use
Decide whether risk control is appropriate 
Identify any risk control actions which could be performed and assess the 
resultant reduction in risk magnitude
Decide whether the reduced risk magnitude is acceptable for the specific 
project use

MEWS20_DLR.ppt > 8
MEWS 20 > J. Tetzlaff > 29 October 2007

DLR Risk Analysis & Control Procedure (3)
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MEWS20_DLR.ppt > 9
MEWS 20 > J. Tetzlaff > 29 October 2007

Successful Application of Approach in Space Programs
LCTSX (Laser Communication Terminal) – DLR Program

Assessment primarily focusing on optical parts or assemblies, for 
which no formal standard requirements exist
Assessment through internal PCB with reporting to DLR customer

ALADIN RLH (Reference Laser Head) – ESA Program
Assessment through internal PCB
Review of referenced data and reports by prime contractor expert
(with participation of ESA parts expert)
PADs approved by ESA after review of the assessment sheets and 
the corresponding reports and data

LCT GEO Relais Mission – DLR Program
Similar approach as for LCTSX will be exercised
Known approach for the customer  =� PAD approval process 
should be easier than the 1st time
Assessment activities and PAD approval still pending

MEWS20_DLR.ppt > 10
MEWS 20 > J. Tetzlaff > 29 October 2007

Space application suitability assessment per DLR-RF-PS-003 has proven a 
viable and successful approach to accept the use of commercial parts on 
the basis of existing data and information obtained from a variety of 
sources (manufacturer, CPPA, user, etc. ...).

Suitability of corresponding Risk Analysis & Control procedure needs still to 
be determined: to be used when specific parts are mandatorily needed for 
the application but have been assessed as not meeting all key elements. 

Collection and compilation of the assessment data and information is a 
tedious and time consuming task, such that the overall efforts and cost (of 
ownership) must be weighed against the cost of space qualified parts if 
available.

The approach is well suited to formally approve non-standard and 
commercial parts for use in space applications when no standard 
evaluation, qualification, and screening requirements specifications  exist.

Summary

DLR Assessment Procedure of Commercial Parts for Space Use and First Experiences 111



MEWS20_DLR.ppt > 11
MEWS 20 > J. Tetzlaff > 29 October 2007

Elaboration of strategies to increase the availability of strategic components 
inter alia within the frame of the national participation to the ECI program 
(European Components initiative)
Representation of German manufacturer and user interests in several bodies 
of the European Space Components Coordination (SCSB, PSWG, CTB and 
Executive)
Determination and prioritization of the need of German users of EEE parts via 
regularly conferences (users and manufacturers)
Information the German space industry regarding the availability of qualified 
EEE parts, respectively the required procedures for qualification
Elaboration of strategies for the effective use of components and technologies 
in coordination with the space industry 
Initiation of EEE parts qualifications regarding the development of the space 
market (in the frame of the national budget) 
Monitoring the appropriate manufacturing processes of EEE parts (audits etc.)

Tasks of DLR EEE Parts Department

MEWS20_DLR.ppt > 12
MEWS 20 > J. Tetzlaff > 29 October 2007

in process2006 - 2010Development of a GaN 1000V Switching Transistor
nearly finished2006 - 2007Radiation Characterization of Commercial MOSFETs

in process2007 - 2009Qualification of MMIC Local Oscillator

in process2007 - 2008Development of a CCGA Soldering Process

in process2006 - 2008Radiation Hardness Analysis MOSFETs
in process2006 – 2009Qualification of Assembly and Test House
in process2005 - 2008Qualification of Microwave Connectors

nearly finished2005 - 2007Qualification of Shunt Resistors
nearly finished2005 - 2007Assembling of Radiation Resistant 2,5V-Regulators

in process2005 - 2008Qualification of Quartz and Oscillators
StatusTermActivity

Running DLR EEE Parts Projects
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Presentation of European
Manufacturers

20th MEWS, Japan

Presentation Content
• ALTER Introduction

• Presentation Objective

• Introduction to European Space Agency (ESA)

• ESA QML

• ESA QPL

• ESA EPPL

• European Manufacturers with Space Capability
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Alter Introduction
• ALTER Technology Group established in January 2007.

• The ALTER Group was formed by the merger of the following companies

� TECNOLOGICA Spain (Seville/Madrid)
� IGG UK and US (Fareham/Valley Forge)
� TOP-REL in Italy (Rome/Bari)
� HIREX Engineering in France (Toulouse)

• ALTER Group is an European leading company specialised in the field of component
engineering, testing, quality and procurement for Aerospace and Defence and other
industrial applications.

• ALTER Group is also the European market leader for EEE components for high
reliability applications.

• The individual ALTER companies will continue operating in their geographical
locations within an integrated organisation structure to implement the group synergies.

• Maintain laboratories in UK, Spain, Italy and France.

• Our highly specialised services range from the electronic component evaluation,
procurement and acceptance, to equipment certification (EC marking) and
electromagnetic compatibility engineering.

• A solid specialised technology base, permanent innovation and quality assured to ISO
9001, more than 189 professionals and revenues in excess in 2006 of 44 M� are the
pillars sustaining our company.

Alter Introduction continued…

ALTER is an European leading company specialised in the field of part engineering, testing, quality and
procurement for Space, Aerospace & Defence and other industrial applications certified to ISO-9000-2000.
Our highly specialised service range from the electronic part evaluation, procurement and acceptance, to the
equipment certification (EC marking) and electromagnetic compatibility engineering.
A solid specialised technology base, permanent innovation and quality, more than 189 professionals are the
pillars sustaining our company.

Tecnologica is based in Seville and Madrid in Spain,was established in 1986. In 1993 the headquarters and
laboratories were moved to Seville. Expansion of service portfolio to include the engineering and certification of
industrial equipment. Operating in space, defence, telecommunications and industrial markets employing 87
highly trained and qualified staff in Seville and Madrid offices.

IGG, a UK based independent, private company, established in 1978 and dedicated to supporting
customers needs in 19 countries. IGG employs 44 highly trained and qualified staff in UK and USA offices,
specialists in all types and every aspect of hi-reliability parts. Innovators in the use of all part Quality levels
for all applications operating in space, aerospace and defence & industrial markets and a service provider
for part users & manufacturers.

Toprel is based in Rome, Italy and was established in 1988, with the main objective of supplying services to
space industries in the field of EEE high-reliability parts.
Employing 24 highly qualified staff including part engineers specialised in the field of Hi-Rel parts with large
experience in space projects and technical experts in the field of parts testing, semiconductor physics,
radiation, failure analysis.

Hirex is based in France, was established in 1993 employs 34 highly skilled and trained engineers and
technicians with cumulative expertise in high-reliability space parts, experts in semiconductors physics,
parts manufacturing, board and test systems design, technology and device construction, radiation effects
and testing, within a new facility of 1700 m².
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Presentation Objective
• Introduce Japanese Space and Aerospace companies to the Alter Group.

• Provide Japanese Space and Aerospace companies with an insight into the capabilities of
European parts manufacturers.

• Provide Japanese Space and Aerospace companies with an overview of the European Space
Agency (ESA), ESA qualified and preferred component manufacturers (QPL) and ESA qualified
parts list (EPPL).

Introduction to European Space Agency (ESA)
• The European Space Agency (ESA), established in 1974, is an inter-governmental organisation

dedicated to the exploration of space, currently with 17 member states. These include France,
Germany, UK, Belgium, Spain, Switzerland, Netherlands, Sweden, Austria, Norway, Denmark,
Finland, Ireland, Greece, Portugal, Luxembourg Bosnia & Herzegovina.

• ESA headquarters are in Paris, ESA has a staff of about 1,900 with an annual budget of about �2.9
billion in 2007.

• ESA has published and maintains a large number of Quality Standards relevant to the
procurement, screening, LAT testing and derating of hi-reliability Space parts, these Standards
are adopted where applicable by the ALTER Group.

• ESA also published and maintains a list of ESA Qualified manufacturers (QML), Qualified Parts
List (QPL) and a list of European Preferred Parts (EPPL), both publications are applicable to all
parties involved at all levels of space segment hardware and it’s interfaces.
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ESA QML

• The ESA QML (REP 006 Issue 1 dated April 2007) contains a list of qualified manufacturers that
have been certified by the European Space Agency for technology flows that meet the
requirements of the ESCC System. Each technology flow qualification and it’s subsequent
maintenance is monitored and overseen by the ESCC Executive.

• ESA certifies the manufacturers qualification upon receipt of a formal application from the
Executive stating that all applicable ESCC requirements have been met by the pertinent
manufacturer. The manufacturers details will then appear in the ESA QML.

• The qualified electronic components produced from the technology flows operated by certified
manufacturers are intended for use in ESA and other spacecraft and associated equipment.

• Currently there is only one component manufacturer listed in the QML, Atmel Nantes France.

ESA QPL

• The ESA QPL (REP 005 Updated 15th Aug 2007) contains a list of components that have been
qualified to the rules of the ESCC System and are intended for use in ESA and other spacecraft
and associated equipment in accordance with the requirements of ECSS-Q-60 (Space Product
Assurance – EEE components).

• Components qualified to the ESCC are grouped together by component type designations within
the QPL, derived from industrial standards. These groups are sub-divided into individual
component listings including passive components, microcircuits, relays, fuses, transistors, wire &
cable etc.

• Component manufacturers details and relevant procurement specifications are also provided
within the QPL.
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EPPL (European Preferred Parts List)

• The EPPL Issue 10 dated 2007 contains a list of ESA preferred components that are:

• Capable of satisfying a wide range of design applications.
• Are known in their technology and show potential for use in flight standard hardware.
• Have a significant chance of being utilised for current and future programmes.
• Are available from sources for which there is evidence that they are capable of providing.

products of the required quality.

• Preference is given to those components that are available:
• In both packaged and surface mount versions.
• For both engineering model and flight hardware.

ESA European Preferred Parts Manufacturers:
• EPPL Manufacturers include:

• AVX Ltd,
• Axon Cable,
• Arcotronics,
• ABB Entrelec,
• Atmel,
• Astrium Velizy,
• Analog Devices,
• Betatherm,
• Compagnie,
• C-Mac,
• Chelton Telecom & M/wave,
• Caddock,
• Compeca,
• Deutch,
• Draka,
• Eurofarad,
• Firadec,

• ITT Canon,
• Infineon Technologies,
• Intersil,
• IRCA Division,
• International Rectifier,
• Kemet Electronics Corp,
• Leach International,
• Micro-semi,
• Microspire,
• National Semiconductor,
• Ommic, Radiall,
• Syfer Technologies Ltd,
• Souriau,
• Sensitron,
• ST Microelectronics,
• STPI, State of the Art,
• Texas Instruments,

• Tyco,
• UMS,
• Vishay,
• YSI Temperature,
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European Component Manufacturers with Space Capability

YesFiradec18

FILCO (Draka-Fileca )17

Eurofarad16

YesDynex15

Deutsch Relay14

Deutsch connector13

YesComepa12

YesCMAC Microcircuits11

YesChelton CTM10

YesC&K Components (Was Cannon)9

YesBetatherm Measurement Speciality8

Axon Cable7

AVX/IR6

AVX/F5

YesAtmel4

YesArcotronics3

ABB Switches2

Yes4Link1

Presentation
IncludedCompany

Peregrine36

PDI35

Oxley34

YesOSI33

YesOMMIC32

YesNorspace31

Nexans30

MINCO29

YesMicrospire28

MA-COM27

Leach26

KVG(D)25

Jena-Optronik24

ISOcom23

YesInfineon22

Hypertac21

Gore20

YesGlenair19

Presentation
IncludedCompany

YesZarlink53

UMS52

Tyco51

YesTrak50

YesTemex Ceramics49

YesTekdata (Cryoconnect)48

Syfer47

YesSTPI46

ST45

YesSouriau44

YesSfernice( Vishay)43

YesSemelab42

Schurter (CH)41

Saft40

RICA39

Rakon (Was Cmac crystal)38

YesRadiall37

Presentation
IncludedCompany

1-Four Links

• Location: Milton Keynes, England
Website: www.4links.co.uk

• Technology/Product Family: Specialist Test Equipment.

• Established: 1976

• Qualification: Links are the basis of both IEEE1355 standard and SpaceWire, the standard derived
from IEEE1355 for the space industry.

• Heritage:Over 30 years in research, development and manufacture of specialist diagnostics and
analysis test equipment using SpaceWire technology.

• Product Range: SpaceWire test equipment for architectural simulation, test, debug, negative
testing, validation, monitoring, measuring operating margins, measuring parameters for
modelling, analysing, remote test & debug, remote integration.
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3-Arcotronics Ltd
• Location: Towcester, Northants UK
• Website: www.arcotronics.ltd.uk

• Technology/Product Family: Film Capacitors.

• Established: 1954

• Qualification: ESA/SCC 3003/005, BSi, IECQ & MiL

• Heritage: Involvement in Space and aerospace programs since 1970’s.

• Product Range: Tantalum, Non-solid, Electrolytic and Fixed Capacitors, EMC/RFI Filters & PFC
products.

4-Atmel
• Location: St Quintin-enYvelnes, France
• Website: www.atmel.com

• Technology/Product Family: Rad Hard Integrated Circuits.

• Established: 1985.

• Qualification: ISO 9001/TS16949, ISO 14001& ESA QML company.

• Heritage: For over 20 years Atmel has been a leading supplier of IC’s to the Aerospace industry.

• Product Range: Microprocessors, DSP’s, Communication IC’s, ASIC’s & FPGA’s
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8-Betatherm
• Location: Galway, Ireland UK

Website: www.betatherm.com

• Technology/Product Family: Designer/manufacturer of sensors and sensor based systems.

• Established: 1990

• Qualification: ISO9001 & 14001, TS16989, AS9100 & ESCC 4006.

• Heritage: Over 25 years experience manufacturing products for space applications.

• Product Range: High temp surface probes, Leaded Discrete & Glass Encapsulated Thermistors,
Leadless gold chips.

9-C & K Components (Formerly Cannon)
• Location: Dole, France
• Website: www.ck-components.com

• Technology/Product Family: Connectors & E/Mechanical switches

• Established: 30 years +

• Qualification: ISO 9001, ISO TS 16949, ISO 14001, ESA/ESCC 3401 & MIL 24308

• Heritage: Over 30 years supplying connectors to space and aerospace industries.

• Product Range: Connector type MDM, type D Sub & type MTB1
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10-Chelton Telecom & Microwave
• Location: Manufacturing facilities in UK (Chichester) & France (Plaisir, Les Ulis, Gradignan,

Goussainville, Les Clayes-sous-Bois).
Website: www.c-tm.com

• Technology/Product Family: Silicon components for space application.

• Established: 20 years +

• Qualification: ESA ESCC

• Heritage: Over 20 years supplying high-reliability EEE parts to the space & aerospace industry.

• Product Range, High power, fast switching, AGC Attenuator & limiter diodes, Varactors and Mos
Caps.

11-C-MAC Microtechnology
• Location: Great Yarmouth, Norfolk U.K.
• Website: www.cmac.com

• Technology/Product Family: Microelectronic circuits.

• Established: 20 Years +

• Qualification: MIL-PRF-38534, MIL-STD 1553, ISO 17025

• Heritage: Supplier of hybrid electronics to space programmes in USA & Europe for over 20 years.

• Product Range: High reliability electronic systems for harsh and remote environments.
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12-Comepa
• Location: Bagnlet Cedex, France
• Website: www.compeca.com

• Technology/Product Family: Thermostats.

• Established: 20 years +

• Qualification: ESA & CNES

• Heritage: Supplier of thermostats to the aerospace and space industry since 1999.

• Product Range: Bimetallic, SPST Hermetically sealed Thermostats.

15-Dynex Semiconductor Ltd
• Location: Lincoln, UK
• Website: www.dynexsemi.com

• Technology/Product Family: Power semiconductors and integrated circuit products.

• Established: Established in Lincoln over 50 years ago when it was known as AEI Semiconductors
Ltd.

• Qualification: ISO 9001/2000 & 14001/2004

• Heritage: Dynex Semiconductor is a global supplier of products and services specialising in the
field of power semiconductors and integrated circuit products. The Company's power
products are used to improve the efficiency, reliability and quality of the electric power in;

Power transmission and distribution, alternative power generation, marine and rail propulsion,
aerospace, medical equipment, heavy industries such as steel and mining,
telecommunications and electric vehicles.

• Product Range: Power Semiconductors, SOS circuits & SAW Filters.
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18-Firadec
• Location: Saint-Nazaire, France.

Website: www.firadec.fr

• Technology/Product Family: Solid and Wet Capacitors.

• Established: 40 years +

• Qualification: ISO 9001 2000, QC 001002-3 & CECC (EU MIL-Spec equivalent) product qualification.

• Heritage: Firadec has been manufacturing Solid & Wet (gel) Tantalum Capacitors for the last 40
years. The company has developed over the years through continuous product evolution and
supplies to the aerospace, telecoms, space, military/defence and railway industries.

• Product Range: Solid Tantalum Capacitors (Axial Lead, Moulded Cases, SMD), Wet Tantalum
Capacitors (Tantalum cases, Silver cases, SMD).

19-Glenair
• Location: Mansfield, Nottingham UK
• Website: www.glenair.com

• Technology/Product Family: Connectors

• Established: 30 years +

• Qualification: NASA, ESA & MIL-DTL-32139

• Heritage: Over 30 years supplying connector screening accessories and miniature connectors to
the aerospace and space industry.

• Product Range: Micro D and Nano miniature connectors & Fibre optic connector systems.
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22-Infineon Technologies
• Location: Dresden, Germany.
• Website: www.infineon.com

• Technology/Product Family: High rel discrete and microwave semiconductors & transistors.

• Established: 35 years +

• Qualification: ESA & MIL Std

• Heritage: Supplying high-rel components to the space industry for over 35years.

• Product Range: Silicon diodes & transistors for various applications.

28-Microspire
• Location: Lllange, France
• Website: www.microspire.com

• Technology/Product Family: Wound Magnetics

• Established: 1978

• Qualification: ISO 900/V2000 & EN9100, ISO 14001 in progress.

• Heritage: Over 30 years supplying wound products to the aerospace industry and over 15 years
supplying wound products to the space industry.

• Product Range: Chip Inductors, SESI Technology, Encapsulated Wound Magnetics, Linear
Windings, Motor Windings & Chokes. Gate Drive, V & I Measurement & Bus Transformers.
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31-Norspace
• Location: Horten, Norway
• Website: www.norspace.no

• Technology/Product Family: Complex analog signal processing equipment and components for
satellite payloads.

• Established: 1984

• Qualification: ISO 9001/2000

• Heritage: Supplier of electronic components and equipment to the space industry for over 20
years.

• Product Range: Analog signal processors, frequency Generators & Converters, Telemetry,
Tracking & Command units, Interconnect Processors, SAW Filters & hybrid components.

32-OMMIC
• Location: Limeil-Brévannes Cedex, France
• Website: www.ommic.com.

• Technology/Product Family: MMIC circuits & Epitaxial Wafers based on III-V (GaAs and InP)
materials.

• Established: 1972

• Qualification: ISO 9001:2000 & ISO 14001:2004

• Heritage: 30 years of background in materials, design and processing.

• Product Range: Ultra Low Noise Amplifiers with high IP3 for Base Stations, Wide Band Amplifiers
for Instrumentation and Defence, Millimetre Wave Low Noise Amplifiers, Control Functions
(Attenuators, Phase Shifters and Integrated Core Chips) and Interface Circuits for High Speed
Optical Fibre Systems.
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33-OSI Optoelectronics AS
• Location: Horten, Norway

Website: www.udt.com

• Technology/Product Family: Optoelectonic components and Subsystems

• Established: 1967

• Qualification: MIL-I-45208 (DOD Certification), MIL-PRF19500 Quality System Compliance), MIL-TD-
883 & MIL-STD-750 Compliance, J-STD-001C qualified Soldering Instructor), AQAP – 110 approved
for traceability, materials & processes.

• Heritage: Over 40 years in designing & manufacturing Optoelectonic Components & Subsystems.

• Product Range: Photo-Diodes (X-Ray, UV, Visible, NIR) Photo-Transistors, Photo-Reflectors, LED
Assemblies, VCSEL Assemblies, Optical Switches, Opto Couplers, Opto Interrupters, Receivers,
Transmitters, Hybrids, Thick/Thin Film Ceramic, Optical Assemblies, Opto-Mechanical
Assemblies, Electro-Mechanical Assembies & PCB Assemblies.

37-Radiall
• Location: Rosny Sous Bois, France
• Website: www.radiall.com

• Technology/Product Family: Coaxial cables & connectors, Semi rigid cables.

• Established: 1974

• Qualification: ESA/ESCC 3402, CNES and MIL qualifications.

• Heritage: Radiall have been supplying cables to the space industry for over 30 years, over 160
satellites have been built with Radiall cables.

• Product Range: Coaxial Connectors, Low loss cable assemblies, Semi-rigid cables. Coaxial
terminations, attenuators, couplers, switches & phase shifters.
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42-Semelab
• Location: Scotland

Website: www.semelab.com

• Technology/Product Family: Discrete Semiconductors, Linear IC’s, Hybrids, Sensors and ASIC’s.

• Established: 35 years +

• Qualification: ESA 5000/9000, MIL-STD 38535 (DSCC-VQC-03-003049 & DSCC-VQC-03-003050)
Processed parts in accordance with MIL-PRF19500, BS9001& CECC.

• Heritage: For over 35 years has been growing it’s customer base to supply the worlds leading
defence, space and medical markets worldwide.

• Product Range specific for space market include: Solarfet EU source for full Radiation Tolerant
Mosfets, Power Bipolar, Small signal Bipolar, Jfet’s, Small signal diodes, RF Mosfet’s.

• Latest technology includes: Extended range of Rad Tol Mosfet’s, 1000V Rad tol Bipolar, RF
Mosfet’s 3 watt – 400 watt 1.5GHz, Glass/Ceramic free ultra low weight Silicon Nitride Hybrids,
Lightweight Ceramic To257 packages, Hermetic Melf diodes to space level.

43-Sfernice / Vishay
• Location: Selb, Germany

Website: www.vishay.com

• Technology/Product Family: High rel discrete semiconductors and passive electronic devices.

• Established: 1970

• Qualification: ESCC 4001(023, 026 & 025).

• Heritage: Vishay/Sfernice has been supplying semiconductors and passive electronic components
to the space industry for over 35 years.

• Product Range: Thin film Chip Resistors,Thick film Chip Resistors, Thin film Chip Arrays, Bare
Chips & Bare Networks.
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44-Souriau
• Location: Dunstable (UK), Stockholm (Sweden), Wuppertal (Germany) Marolles-en-Brie (France),

Turino (Italy).
Website: www.souriau.com

• Technology/Product Family: Connectors

• Established: 1917

• Qualification: ISO 9001/ISO 14001 MIL-STD 790 NATO AQAP 2110 BOEING D1-9000/ AS-9100

• Heritage: The company has been manufacturing connectors for nearly a century. Souriau is now a
leading connector manufacturer dedicated to the industrial, military and aerospace markets and
specialists in extreme environment connectors.

• Product Range: Signal, Power, Coaxial, Fibre optic, ethernet and high temperature connectors.

46-STPI
• Location: Paris, France
• Website: www.stpi.net

• Technology/Product Family: Switching technology for severe environments.

• Established: 1955.

• Qualification: ESA/ESCC, ISO 90012000, AQAP 2110, AS/EN/JISQ 9100 & MIL Std 790

• Heritage: Suppliers of switching technology components to the aerospace & defence industry and
railways for over 50 years and space industry for over 10 years.

• Product Range: Hermetically sealed, Time Delay, Latching & Non-latching, Static Contactors.
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48-Tekdata Cryoconnect
• Location: Staffordshire UK.

Website: www.cryoconnect.co.uk

• Technology/Product Family: Cables & Connectors.

• Established: 20 years +

• Qualification: ISO 9001/2000, ECSS-Q20 & ECSS-Q-70.

• Heritage: Over the past 20 years Tekdata has become exclusive set of companies able to meet
NASA's demanding specifications for space-borne interconnection systems. The company
supplies the autosport and pleasure craft, space, cryogenic, avionics, marine, medical and
instrumentation markets with high specification competitively priced wiring systems.

49-Temex Ceramics
• Location: Pessac, France
• Website: www.temex-ceramics.com

• Technology/Product Family: Single and Multi-layer Capacitors

• Established: 1971

• Qualification: ISO 9001/2000 & ISO 14001/2000

• Heritage: Temex-Ceramics started its activities in 1971 in Pessac with the manufacturing
of trimmer capacitor, tuning elements and ceramic multilayer capacitors. For the past 35 years,
Temex-Ceramics has consolidated and strengthened its position as market leader, in Ceramic
multilayer Capacitors, Air, Ceramic Sapphire dielectric trimmer capacitors and tuning elements for
cavity filters, Ferrite & dielectric resonators.

• Product Range: High power/high voltage capacitors, Trimmer capacitors, Frequency tuning
Elements, Air trimmer capacitors, Ferrite materials & power loads.
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50-TRAK
• Location: Dundee UK

Website: www.trak.com

• Technology/Product Family: Microwave products.

• Established:1960

• Qualification: ISO 9001:2000, AS9100:2004, MIL-PRF-38534, ANSI/J-STD-001, NASA-STD-8739.3,
DOD Internal Security & IPC Manufacturing Quality Standard.

• Heritage:TRAK Microwave is a world class supplier of high reliability microwave & RF sub-
systems and components to global satellite market.

• Product Range: Passive space products including: Waveguides, Isolators & Circulators, Loads &
Terminations, Waveguide Switches, Coaxial connectors & multi-junctions, Circulator & Isolators,
Combiners & MICPuck’s.

53-Zarlink
• Location: Zarlink has R&D centers in Ottawa; San Diego, Phoenix, Austin and Reading (U.S.A.);

Jarfalla (Sweden); and Caldicot, Swindon and Plymouth (UK).
• Website: www.zarlink.com

• Technology/Product Family: Semiconductors

• Established: 30 years +

• Qualification: ISO 9001/2000

• Heritage: For over 30 years, Zarlink has delivered semiconductor solutions that drive the
capabilities of voice, enterprise, broadband and wireless communications. Customers include
Cisco, Alcatel-Lucent, Nortel, Huawei, ZTE, Given Imaging, Cochlear, Nokia Siemens Networks and
Ericsson.

• Product Range: Timing and synchronization ICs for telephony VoIP solutions; telecom networking
ICs; ultra low-power ICs for healthcare; voice echo cancellation; optical modules for switching,
routing and data center applications.
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Contacts

IGG Component Technology Limited
Waterside House, Waterside Gardens, Fareham, Hampshire PO16 8RR - UK
Tel: +44 (0)1329 223500 Fax: +44 (0) 1329 829312
Website: www.igg.co.uk
E-mail: geoff.penhaligon@igg.co.uk

REPRESENTED BY

JEPICO Corporation
SHINJUKU DAI-ICHI SEIMEI BLDG.
NISHI-SHINJUKU 2-7-1,
SHINJUKU-KU, TOKYO 163-0729, JAPAN
Tel: +81-3-3348-0611 Fax: +81-3-3348-0623
Website: www.jepico.co.jp
E-mail: cfuku@jepico.co.jp
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1

Overview of JAXA
Industrial Collaboration

Activities

Industrial Collaboration Dept.
JAXA

29/10/2007

2

Organization

Institute of
Space and

Astronautical
Science

Institute of
Space and

Astronautical
Science

Institute of Space
Technology &
Aeronautics

Institute of Space
Technology &
Aeronautics

Office of Space
Flight and
Operations

Office of Space
Flight and
Operations

Office of Space
Application

Office of Space
Application

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment
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JAXA Long-Term Vision
1.Contribute to building a secure and prosperous society through the

utilization of aerospace technologies

2. Contribute to advancing our knowledge of the universe and
broadening the horizon of human activity

3. Develop the capability to carry out autonomous space activities
through the best technologies in the world

4. Facilitate growth of the space industry with self-sustenance and
world class capability

5. Facilitate growth of the aviation industry and aim for technological
breakthrough for future air transportation

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment

4

Collaboration With Industry

- Japanese space equipment industry heavily depends on the national
space budget, mainly R&D budget.

- Domestic space utilization market is not well developed and
diversified enough for the industry to survive in the market in addition
to the government R&D contracts.

- Competitiveness of Japanese space manufacturing industry is
supposed to remain premature in the international commercial market
of launching services and satellites.

For over three decades, Japan has been trying to develop the
advanced space technology and to catch up the U.S. and Europe.

While the technological level of space systems has almost reached
that of the U.S. and Europe in some major areas, we still have some
problems as follows;

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment
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5

User Industry

SpaceSpace
IndustryIndustry
MarketMarket
JY 820BJY 820B
(USD7.5B)(USD7.5B)

Current Market

Current Domestic Space Market

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment

JY 600B (USD5.0B / year)

JY 3,000B(USD25B) / year

Government Space Budget
JY 250B(USD 2.1B) / year
Including JAXA JY180B(USD1.5B)

Too Much
Dependence

on the
Government

Manufactures – Launch Vehicle,
Satellite, ISS

e.g. MHI, IHI, KHI, MELCO, NEC

Service Providers - Sat-com, Remote-
sensing Data, GPS, Space
Environment Utilization

(e.g.) SCC, JSAT, BSAT

User Industries - Equipment
and Service of
Automobile Navigation
System, CS/BS, Mobile
Phone with GPS

JY 220B(USD 1.8B / year)

6

Our Three Objectives
Industrial Collaboration Dept.

1. Contribute to strengthening competitiveness of the
Japanese space industry in the international
commercial market

2. Promote expansion and diversification of the space
utilization market by facilitating participation and
penetration into the space activity for people in non-
space community and by helping them incubate
space ventures.

3. Promote technology transfer to non-space
industries with our IPs, the outcome of JAXA’s R&D
activities in the past

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment

 
JAXA産学官連携施策について 161



7

Utilization companiesUtilization companies

JAXA’s policy and program of Industrial Collaboration

Space Small and Medium Business
Research Promotion Program

Open Lab
IP program

8

Strengthen Competitiveness

1) For more dialogue with the industry, JAXA holds the collaboration
committee with industry to share the goal of fostering market
competitiveness.

2) JAXA promotes a variety of supports and measures for the industry
such as;

- Standardization
- Technology transfer to the industry
- Technological support to regional small & medium enterprises in

East-Osaka which develops small size satellite
- Launch service for small satellites of SMEs and universities with

H-IIA surplus capacity (Ainori-project)
- Promote use of JAXA’s test facilities by commercial users,

providing the timely and appropriate information

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment
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New industrial collaboration program
matching needs and technologies among system maker and SMEs

Parts provision
for

stable supply

Program for Strengthening
Competitiveness of Launch Service

Policies for system makersPolicies for system makers

Program for Strengthening
Competitiveness of Satellite

Joint implementation of marketing and planning future strategy

International
Competitiveness

Support to SMES and regional activitiesSupport to SMES and regional activities

outstanding
and

Unique
technologies

Helping SMEs which have outstanding and unique technologies to expand overseas

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment

10

Regional Space Activities
“TAIKI” Small Satellite in
Hokkaido

“Kyushu” small Satellite

“Manten Project” by JASPA
Small tether

Satellite

Space Oriented
HIGASHIOSAKA

Leading Association
SOHLA

C Hokkaido
satellite Co.,
Ltd.

C

Small Rocket in
Ibaraki

“CAMUI” small Rocket

Hybrid

Rocket

C
HASTIC

JAXA’s Supporting Projects
Unique Activities in Regions

Space Study Group in
Hamamatsu

C
JAXA/SOH
LA

“Maido” small satellite in Higashi-
Osaka

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment
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Helping SMEs to expand overseas

� To provide SMEs opportunities to enter the international market, JAXA
holds exhibitions and ensures areas in a major exhibition in which
Japanese SMEs exhibit samples of parts and products they wish to
procure from foreign system maker.

Provide opportunities to exhibit such as ;
1) JAXA booth in “Paris Air Show” (June. 2007)
2) “MEWS 20” held by JAXA (October. 2007)
3) “Japan Aerospace 2008” held by SJAC in yokohama (October. 2008)
4) Parts Exhibition in Europe held by JAXA (to be determined)

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment

12

Promote Utilization
1) To facilitate access to space activities and to increase a number of

players especially from non-space community and nurture
promising projects in the future, JAXA has a program of realizing
easy-access to the space with “Space Open Lab” .

2) As a drastic increase in the space budget is hardly expected in
coming several years, a new business model with private initiation
and capital infusion from a private sector may be one of the
possible ways making a breakthrough in the space industry.

3) As a regional office, Kansai Satellite Office is to contribute to
regional economic prosperity and to create new business by
encouraging advanced R&D taking advantage of local specialties.

4) JAXA fosters marketing activity to promote commercial application
in telecommunication and navigation (ETS- , WINDS), earth
observation (ALOS) and space environment utilization (JEM)

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment
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Space Open Lab: You+JAXA+SPACE =?

Step1 Step2 Step3 Step4 Step5

On line registration Proposal for
Frontier theme selection Detail study Business

JAXA project

Step2 Step3 Step4 Step5 Step6 Step7

On line registration Discussion on web Unit targeting
space business Detail study Research proposal

&selection Research Business or
JAXA project

Discussion Team making (“Unit”) Detail Research Business or JAXA Project

Frontier theme proposal for solution Business or JAXA Project

Coordination

Space Partner

Space Venture

Technical advice Budgetary support up to ¥30M year

Technical advice

Space Open Lab
Space Partner System

Space Venture System

Virtual Lab. on website: easy access to space business
People with various background, know-how, idea and
JAXA together create unique space business
JAXA’s coordination & technological advice, and
budgetary support if selected.

Budgetary support up to ¥30M year

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment

14

JAXA has made efforts to increase a number of the
intellectual property and to promote transfer of the space-born
technology to the non-space field as Spin Off, which would
change our life and society.
A lot of Spin-Offs have been born in the various fields.

Life
Environmental improvement
Medical welfare
Social infrastructure

Promote Technology Transfer
“SPIN-OFF”

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment
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Recent Spin-Off cases at JAXA

IndustrialIndustrial CollaborationCollaboration DepartmentDepartment

The insulating material for the fairing of H-II Launch Vehicle , which is a type of
coating, is so cohesive ,and also, it can
harden at a room temperature As it
has a high resistance to deformation, bending, high or low temperature and shock
damage, it will neither crack nor become detached. Furthermore, this thermal
insulation material is light and has a high performance level for heat.

The thermal insulation technology has already been commercialized and marketed
as a heat insulator for buildings.
Developments have moved forward to apply the heat insulating technology to a range
of diversified purposes.

Thermal insulation material

Top coat

Micro-Balloon

Resin

Primer
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Potential of MEMS for space applications

Institute of Space and Astronautical Science (ISAS),
the Japan Aerospace Exploration Agency (JAXA)

Makoto Mita

What is MEMS?
• MEMS = Micro Electro-Mechanical Systems
• Very small machine, Micro machine
• range in size from a micro to a centimeter
• combines mechanical and electrical structures
It is called “Micromachine” in Japan
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Advantage of MEMS

• Small size and light weight
• Robust for the vibration and the shock of
launch due to small mass

• Robust for radiation

MEMS in your life
• Head of ink jet printer
• DLP (Digital Light Processing) : in projector
• Accelerometer, gyroscope
– In cars, digital cameras, game machines, cellular phone

• Pressure sensor
• Optical scanner
• And so much more …

Market in Japan: several hundreds billion
yen
In the future, it will expand to several
trillion yen
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Coming soon

• MEMS microphone (Si microphone)
• RF switch
• Oscillator
– SiTime, Discera

Promising space application
• Inertial sensor
– accelerometer, gyroscope

• High frequency (RF)applications
• Optical sensor, mirror
• Etc..

I will mention RF device and inertia sensor next.
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RF(Radio Frequency) applications
• High stable oscillator
– For High precision measurement of distance
and high quality communication

– Ultra stable MEMS oscillator can be alternative
to the quartz type USO (Ultra-Stable Oscillator)

• RF switch
– Low loss, Low impedance
– For phase shifter, TX-RX switch

MEMS Oscillator
• Alternative quartz oscillator
• The structure does not depend on the crystal
orientation

• Smaller than the quartz oscillator with the same
performance.

• Suitable for mass production
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Possibility of MEMS OSC for space
application

• If MEMS USO is realized, it can be alternative
quartz type USO.
– Deep space mission
– rover

• The vibrator is robust for radiation due to
mechanical structure. However control circuit
is not robust.

Reliability, stability and downsizing are required.

MEMS RF switch application

• TX-RX switching
• Phase shifter of phased array antenna
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Features of MEMS RF switch
Disadvantages
• Slow switching speed (~1MHz)
• A few experiences
• Low reliability (recently, improved )
Advantages
• Low loss @ high frequency
• High ON-OFF contrast
• The performance does not depend on frequency

MEMS RF switch has more advantages at very high
frequency (>10GHz) than others

Possibility of MEMS RF SW for
space applications

• Smaller phase-shifter
• Robust for vibration and shock due to small
size

• High robustness for radiation

RF switch is promising device for the space application
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Inertia sensor
Requirements
• High stability
• High sensitivity

•Attitude control of the satellites and rover
•ION thruster acceleration measurement
•Moonquake observation
•Gravity measurement of small planets

Applications

MEMS accelerometer

• It can use attitude measurement of the
rovers and the small explorers

• Poor performance for scientific observation
and precise attitude control for the satellite
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Gyroscope

• Poor performance for scientific observation
and precise attitude control for the satellite
– High Stability < 0.1 deg/h
– High sensitivity <0.1 deg/h

• It can use attitude measurement of the
rovers and the small explorers

MEMS
in

JAXA

Some MEMS devices under study in JAXA
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X-ray observation

Highly sensitive X-ray detector for X-ray astronomy

• Temperature of the absorber is
elevated by the impinging X-ray,
which could be quantitatively
measured in terms of the
temperature.

• X-ray detector with PN junction
temperature sensor is being used
for SUZAKU (ASTRO-E2)

X-ray detector of SUZAKU

X-ray detector

principle
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X-ray micro calorimeter

• Phase transition between
super conductor and
normal conductor is used
to detect temperature.

Photograph

Structure
R

T

Phase transition

normalsuper

Result

• Energy resolution : 4.81 eV (World record)

Solid-State Detector

178 宇宙航空研究開発機構特別資料　SP-07-017



X-ray optics
• Dioptric system can not be used for X-ray
• To reduce the size and weight of the X-ray
optics, micro pore optics has been
developed

Ezoe et al. 2005 SPIE, PATPEND

MEMS technology

Structure of the MEMS X-ray mirror
• The structure consists of tiny
MEMS mirrors

• Downsizing of whole
structure due to small mirror
size and the space

• The silicon surface must be
smooth
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Fabricated mirror

Deposit SiN

SiN patterning

KOH etching

SiN remove

SiNx

Si

Fabrication and results

14 mirror chips

Silicone base

X-ray

X-ray

Reflection result

• X-ray reflection
was observed by
using this MEMS
mirror
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Landing laser radar
Two-dimensional Scanning Light Detection and
Ranging (2D LIDAR) for altimeter on satellite .

System Configuration

MEMS scanner (ECO scan)

MEMS shutter
Reflection mirror

Magnet

Beam

Movable
part
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Detector (APD)
Light 2

Light 1

Opened shutter
Lens 2

Lens 1

MEMS shutter array

Receiver configuration

Micro actuators

Actuators Everywhere
• On small planet
• In small rover/satellite
• Alternative of electrical motor
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For micro rover and explorer
• Gravity of planet is negligible.
• Weight of micro rover is very small
• Wheels are not efficient for maneuvering.
• In these case, inertia drive instead is useful
for small planets explorer and small rover.

MINERVA

Impact Actuator
• Inertia-driven actuator
• Potential for micro/nano rover maneuvers

Whole image

SEM view of front side

SEM view of back side
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Driving principle

Advantage of the MEMS inertia drive actuator

• Act on the other objects
• Long driving displacement
• Large generation force
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Other MEMS device in JAXA

• Inertia sensor (accelerometer, gyroscope)
• MEMS oscillator
• Etc…

Conclusions
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Make it smaller

• Reduced mass and volume of the
satellite
– High cost performance (Launch cost:
~1,000,000 yen/kg)
– Reachable region depend on the satellite weight

• Multiple functions are integrated
–Higher performance

With nano-scale fabrication precision

Problems
• Harsh environment
• High reliability is required
• Most devices on the market are not for space
application.
– Newly development is required
– Some of them can be used in space by re-packaging
with MEMS technology.

High development cost
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Frontier of MEMS
• In space and astronautical area, MEMS device
is required strongly.

• Especially space and astronautical science area
require small and high-performance devices.

Space and astronautical science area is a frontier of
MEMS devices and technologies.
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Study of MEMS Devices for Space
Applications

The 20th Microelectronics Workshop
October, 2007

Tetsuhito Arakawa

Electronic, Mechanical Components and Materials
Engineering Group, Institute of Space Technology

and Aeronautics of JAXA

EMS

What is MEMS?

MEMS: Micro Electro Mechanical Systems

are the integrated devices with various types of functions in the fields of
mechanics, electronics, optics, and chemistry through semiconductor
microfabrication techniques.

Examples of commercial off-the-shelf products application

Airbag
Game player Acceleration sensor
Projector Digital micromirror device
Printer Ink-jet printer head
Medical devices Micropump

S.Shoma, MEMS , p9.

MEMS部品の宇宙適用に関する検討 189



EMS

Features of MEMS device

Downsizing and weight saving device
For microfabrication applied by semiconductor process.
For integration of structure and electronic circuit.

Implementation of various functions
For utilizing various physical phenomena such as mechanics,
electronics, optics, and fluid.

Low cost
Similar to semiconductor process, MEMS can be mass-produced with
good and stable quality.

EMS

Short development time
Diversification of risks
Low cost

Smaller spacecrafts are desirable.
But the functions and the performance
should be the same or better.

Small and power-saving parts that equip
special functions and performance

necessary for space mission are required.

Background Why MEMS for spacecraft?

Table 1. Satellite Classification
Cited reference-University of Surrey SSHP:

http://centaur.sstl.co.uk/SSHP/

0.1 1[kg]Pico satellite

1 10[kg]Nano satellite

10 50[kg]Micro satellite

0.1[kg] as a
maximum

Femto satellite

50 500[kg]Mini satelliteSmall satellite

500 1000[kg]Medium sized satellite

1[t] as a
minimum

Large satellite

Wet MassGroup Name
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EMS

Achievements in space/high-altitude area U.S

Practical
use

Practical
use

Experi-
mental

Experi-
mental

Practical
use

purpose

35 km high2006ARCADE
(balloon)

RF switch

2002MEPSIGyroscopic
acceleration sensor

2000PICOSATRF switch

2006

1999
Launch

Inertial compass
combined with a
star camera

TacSat-2Vibration gyroscopic
sensor

MARS
Polar
Lander

Acceleration sensor
NoteSpacecraftType

DARPA the Defense Advanced Research Projects Agency

EMS

Achievements in space/high-altitude area JPN

Practical
use

Practical
use

purpose

H -AAcceleration sensor

Scheduled
in 2008

Launch
SOHLA-1Vibration gyroscopic
SpacecraftType
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EMS

Challenges for space application

Function and performance

Specific requirements for spacecrafts should be satisfied.

Reliability

Improvement of standards and test methods
Clarification of failure mechanism differing by the constructions and
the principle of operation.

Cost

High-mix and low-volume---No standards for production process.

Temperature, vibration, shock, radiation,
static build-up, and sticking

EMS

Research in Electronic, Mechanical
Components and Materials Engineering Group

The research on MEMS has been conducted in various

groups of JAXA as necessary. Our Electronic, Mechanical,

Components, and Materials Engineering group has started

conducting full-scale research in 2006 on MEMS for space

application in anticipation of future downsizing and multi-

functional spacecrafts.
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EMS

Research in Electronic, Mechanical
Components and Materials Engineering Group

Investigation on MEMS parts

Continued investigation on technological trend in/outside of Japan

Research on development of MEMS parts

Goal: Development of the parts equipped with functions,
performance, and reliability for space application

-Acquire the design and the process technology and develop
components for space use.

Implementation: Design and produce a prototype with the
cooperation of external institutions such as an university.

Evaluation of COTS for space application

Goal: Establishment of application and evaluation method for COTS

The following parts are under evaluation
Acceleration sensor

switch
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EMS

PlanningUnder reviewRadiation
TID SEE

PlanningHBD 3000VESD

125 2000-hour
Test pin applied ON/OFF repeated

High-temperature
operation

150 (30 min.) -55 (30 min.)
1250 cycles

Temperature
cycling

3000G >0.3msShock

MIL-STD-202
Condition H 34.02Grms

Random vibration

20-2000Hz sweep
20G

Vibration

Result
[No. of
defects]

ConditionTest Item

COTS Evaluation for Acceleration Sensor

These are set up based on MIL-STD-883.

EMS

COTS Evaluation for RF Switch

Operation Principle

Drive System Electrostatic force
Frequency Range
Insertion Loss
Switching Speed
Operation Temperature

cantilever

Drain Gate
for Electrostatic force

Source

Operation image 1

Operation image 2
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EMS

COTS Evaluation for RF Switch

PlanningUnder reviewRadiation
TID SEE

PlanningHBD 3000VESD

PlanningON fixed 2000-hour
ON/OFF repeated 2000-hour

High-
temperature
operation

150 (30min.) -55 (30min.)
1250-cycle

Temperature
cycling

3000G >0.3ms
Switch instantaneous interruption 1V 1mA

Shock

MIL-STD-202 Condition H 34.02Grms
Switch instantaneous interruption 1V 1mA

Random
vibration

20-2000Hz sweep, 20GVibration

Result
[No. of
defects]

ConditionTest Item

These are set up based on MIL-STD-883.

EMS

Future Works

Research for developing MEMS parts
Targeted type RF switch, Micro-acceleration sensor, Scan mirror, etc.

Construction of design platform
Construction of manufacturing process
Trial production of major component

Evaluation for COTS in space use
Expansion of targeted types

gyroscopic, pressure sensor, RF filter, and etc.
Review of evaluation system for reliability
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EMS

Future Works
2007 08 09 181716151413121110

Developing RF switch Ground demonstration Space demonstration Project on board

Flight Flight

Development and demonstration for micro acceleration sensor

Flight

Gyroscopic sensor

Pressure sensor

Optical switch

Mechanical memory, thruster, Energy harvesting device,
ambient atmosphere transmitter, replay device, etc.

Acquire MEMS
Fabrication method

Development of scan mirror in space use for asteroid search craft

Acceleration
sensor

RF switch

R
esearch

fordeveloping
M

E
M

S
parts

Evaluation
forC

O
TS

parts
in

space-use
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THETHE thth MicroelectronicsMicroelectronics WorkshopWorkshop

MITSUBISHI ELECTRIC CORPORATION
KAMAKURA WORKS

Space Systems Department Parts Engineering Section Manager
Naonobu Fujimoto

PRESENTATION CONTENT

Introduction of MELCO

Current states of parts for satellite

Issues of Parts on SatellitesIssues of Parts on Satellites

Adoption promotion of parts made in Japan

Ideas of parts for satellite

JAXA MELCO component development
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3

4
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6

The number of parts is about 300,000 points.

70% or more of the entire number of parts is the import parts.
EEE

EEE parts are about 10% of the amount of money of the entire
satellite.

The import parts are the entire about 80% in the number of kinds. 70%
in terms of monetary amounts.
IC Tr Di

IC/Tr/Di in the amount of money base About 40% or more

Current states of parts for satellite

Table 1 is the analysis results of the number of parts equipped with the
satellite.
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the analysis results of the number of parts

8

� MIL

Influence of production reduction of MIL parts for space
M&A

M&A and the factory closedown have happened frequently in around 02
since 98 years, and inferior parts from the instability of the line are made.

Recently, the stock disappears and a defective lot happens
frequently to a new manufacture.

As for parts for the satellite, the quality issue doesn't become
interrupted. The analysis result of the cause is described as
follows.
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�

It is a conception to exclude defective parts by screening.
(Defective goods exist at a certain probability. )

The system maker deals with the import parts by the
evil

�PIND RGA
It relies on unstable screening methods such as PIND and RGA.

The problem with different detection sensitivity of each company is
instituted.

Parts for the satellite are old structures, and the maintenance of
manufacturing facilities is difficult.

10
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Figure 1. Compared with
number of generation according
to parts

Figure 2. Compared
with generation number
according to cause

Tr

CAPACIT
OR

OTHER

die is
defective.

Wire bonding
coming off
13

Random

OTHER PIND defect

12

Failurecaseswithparts for satellite

FET CharacteristicDifference
FET

Defectivedifference inprocessof
Capacitor
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0%
0%

0410D 306 0 0%
0426B 1742 0 0%
0521A 700 3 0.42%
0522B 778 6 0.77%
0523B 676 6 0.88%
0544E 2483 3 0.12%
0612A 453 1 0.22%

Total

CAPACITOR Lot History FET Characteristic difference

Failure cases with parts for satellite

14

1. To select Parts from Japanese Development Components
( e.g. Earth Sensor )

(1) High Quality/Reliability

(2) Reasonable Parts’ Cost

(3) Reduce Recurring Cost

Reason why (a) Easy Procurement from Japanese
High Quality Parts (b) Reduce Total Cost concerned
with EL Management Cost

and Parts Failure Analysis ManagementCost

Final Purposes are To Select Japanese Parts as much as
possible and To Contribute To Last for Japanese
Economic Activation

Future Prospects
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2. To Cooperate with JAXA for Strategic Development Parts
accordance with Japanese Government Policy and To join
Japanese Parts’ Investigation Committee about Reasonable
Parts’ Procurements Cost

MPU/ASIC/FPGA/Memory/Crystal Oscillator

Selecting Guideline of Strategic Parts

(1) Parts of achieved Original System Design for Necessary

(2) Parts composed of Important Basic Technology with
Components’ Quality Assurance

3) Parts for Only Space Application with restriction from ITAR
and/or EL

(4) Parts Secured of Competition in the international market

16

3. To Investigate Space Application related General-purpose
Device(Tr, Di etc.)

(1) To Select European Parts

(2) To Evaluate PEM Parts from Automotive Application PEM

But, To Propose Support Budget From Japanese Government
because of Spending Big Cost for These Evaluations (Radiation,
Life, Reliability etc.)

In Now, Space Applications of Tr, Di employ Rare
Constructions(Metal Can Case and Glass Sealing) and We
Have Many Trouble about These Sealing Construction

To Apply Space Hardwere for Improvement on
Quality/Reliability related Japanese PEM Parts including
Surface Mount Technology

204 宇宙航空研究開発機構特別資料　SP-07-017



17

4. Passive Parts (Resistors/Capacitors/Coils etc.) and Printed
Wiring Board are Procured from Japanese Manufactures
Because of Design Easiness and Flexibility

5. In Now, To investigate JAPAN PARTS CENTER Concept at
SJAC(The Society of Aerospace Companies) Committee (see
Next Page)

18

Part development/Examination/Screening Company

Industry .university .government)
/

Development
specifications.
Part type name.
Number of use.
Specification period.
Environmental level.

A B company

Report and
request

Tentative name

System
maker

PCB in JAPAN

Part development. Supply. Low-cost.

specifica
tions.

specificati
ons.
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Difference of idea to quality
made in Japan import part

Manufacturing Screening
process respect process respect

The defect in the
process always
Feedback.

/

Screening/shipment Screening/shipment inspection
inspection is 0 defects defective parts detection.

PPM

Defective Parts after ships Defective goods after ships it
are PPM orders. are probabilistic.

Adoption promotion of parts made in Japan

20

Creation

Technical breakthrough

Uniting with past common sense

Decision of new common sense

Ideas of parts for satellite
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together Europe /
America

MADE IN JAPAN
Grow together

We hope for the reformation of parts for the satellite.

It is achieved by Grow together of MADE IN JAPAN (one making with
the high quality and high reliability) and Europe and America (creative
conception).

Ideas of parts for satellite

22

Example of development componentExample of development component
Miniaturization SSPASSPA
Miniaturization power supply

Miniaturization LSRDLSRD

JAXA MELCO component development

REQUEST
Making of the world highest level high erformance

2) Lightness and miniaturization of the world
highest level
3) Lowering the cost

( PEM

Evaluation adoption for space of car usage parts( PEM parts )

Adoption of mounting technology of consumer products.
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JAXA CRK

TATEYAMA KAGAKU INC

2 3

JAXA CRK

TATEYAMA KAGAKU INC
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Product characteristics JAXA CRK H R)

Intended use: Satellites, Space station, Payload equipments,
etc.

Superior in stability, heat resistance, and vibration proof
by glass coating

Solder plating prevents Sn whisker generation

Failure rate S level (0.001%/1000H) (assured)

Total number of shipments since 1994 reaches 4Mpcs
without trouble

100% screening , Lot assurance inspection, & periodic QCI

JAXA CRK

TATEYAMA KAGAKU INC

Quality assurance program plan

Application data sheet

TRB operational procedure

J The common parts/materials, Space use,

General specification for

Resistors, High Reliability, Space use,

General specification for

Detail specification

Applicable specifications

Quality Assurance documents

Quality and environment management system

JAXA CRK

TATEYAMA KAGAKU INC
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Resistive element Firing
Firing Temp. 850

Process Flow
Acceptance Inspection Substrate

Paste (Ag, RuO2, Glass)
Electrode Printing, Drying Screen Printing

Firing Firing Temp. 850

Resistive element printing, Drying
Screen Printing

Trimming Laser Trimming

Glass Printing, Drying Screen Printing

Electrode
Printing

Resistive
element
Printing

Trimming

Glass
Printing

JAXA CRK

TATEYAMA KAGAKU INC

Terminal Printing, Drying Plate Transfer

Terminal Firing Firing Temp.(600 )

Second Splitting Chocolate Brea

Terminal Plating Ni + Solder

Resistance Sorting Auto-sorter
Appearance Image recognition

Screening

Delivery Inspection

Packing

First Splitting Chocolate Brea First Splitting

Second Splitting

Plating

Taping

Bulk packing

Process Flow

Terminal
Electrode
Printing

JAXA CRK

TATEYAMA KAGAKU INC
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JAXA CRK

TATEYAMA KAGAKU INC

Rating
Method

Category Temperature
Range

Rated Ambient
Temperature

Nominal Resistance
Range

Critical Resistance ( )

Max Working Voltage (V)

Rated Power

Rated Current

Max Overload Current

Resistance-Temperature
Characteristic

JAXA CRK

TATEYAMA KAGAKU INC
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100% screening, Lot assurance Test

Group S/G No. Inspection

JAXA-QTS-2050 Decision

Test
Requirement

Test
Method

Sample
Size

Quantity of
Allowable
Defects

A1

Heat Shock

AllHigh Temperature
Proof

Resistance

Externals, Dimension

DPA

A2

Solderability

Resistance to
Soldering heat

Substrate
Bending

JAXA CRK

TATEYAMA KAGAKU INC

Qualification Test
Group S/G Requirement Inspection Group S/G Requirement Inspection

E.3.6.1 Application of Pulse E.3.8.7 Stability

E.3.6.2 Resistance E.3.7.4 Resistance to bonding
exposure

.3.3 Externals, Dimension E.3.8.2 Shock

E.3.4.1 E.3.8.3 Thermal Shock

E.3.6.4 Dielectric Withstanding
Voltage E.3.8.1 Random Vibration

E.3.6.5 Insulation Resistance E.3.7.1 Solderability

E.3.6.3 Resistance-Temperature
Characteristic E.3.8.5 Resistance to

Solvents

E.3.8.6 Low Temperature Operation E.3.7.2 Adhesion

E.3.6.6 Short-time Overload E.3.7.3 Substrate Bending

Resistance to Soldering
heat

High Temperature
Exposure

E.3.8.4 Moisture Resistance Humidity Steady State

E.3.9.1 Life Thermal shock

JAXA CRK

TATEYAMA KAGAKU INC
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T o tal Sh ip p in g Q u an tity

Year

10
K

pc
s

JAXA CRK

TATEYAMA KAGAKU INC

ITM CO.,LTD.

TATEYAMA SYSTEM
LABORATORY

CO.,LTD.

TATEYAMA
LABORATORY

HUNGARY, LTD.

TATEYAMA SOGO
KAIHATU CO.,LTD.

ITM ELECTRONICS
MALAYSIA

TATEYAMA AUTO
MACHINE MALAYSIA

CO., LTD.

TAF CO.,LTD.

TATEYAMA
CO.,LTD.

TATEYAMA MACHINE INC
Development and manufacture of FA system
Manufacture of precision mounting machine
ISO9001,14001 Acquisition

TATEYAMA
KAGAKU GROUP

TATEYAMA KAGAKU INC
Manufacture and sales of various resistor

and electronic components.
Manufacture and sales of visual equipment.

equipment sales.
ISO9001 14001 ,TS16949 Acquisition

Capital 1,270million yen
Sales 35.8 billion yen
Number of employees 1100

JAXA CRK

TATEYAMA KAGAKU INC
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•TATEYAMA Auto Machine Malaysia Shan Alam, Selagorehsan, Malaysia
•ITM Electronics Malaysia Shan Alam, Selagorehsan, Malaysia
•TATEYAMA Raboratory Hungary Budpest, Hungary
•TATEYAMA Thailand Suanlung Thailand
•HONG KONG Branch Kowloon Bay, Kowloon, Hong Kong

Overseas BranchOverseas Branch

Group Headquarters PlantsGroup Headquarters Plants

Domestic BranchDomestic Branch

• Tokyo Branch
• Osaka Branch
• Nagoya Branch

• Group Headquarters
• Oizumi Plant
• South Plant

JAXA CRK

TATEYAMA KAGAKU INC

Company name

Representative

Capital

Date of Establishment

Number of Employees

Annual Turnover
Location Head Office

Oizumi Plant
South Plant

Business Contents

TATETAMA KAGAKU IND.CO.,LTD

President Syoichirou Mizuguchi

99,500 thousand yen

May, 1958

427

13.4 billion yen Track record of 2006

30, shimonoban, Toyama
1583, Chubu, 1-Ku, Oizumi, Toyama
3-6, Tsukioka-Cho, Toyama

Manufacture and sales of Electronic
Components and Equipment.
FA Equipment sales.

JAXA CRK

TATEYAMA KAGAKU INC
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Thermistor

Network Resistor

Laser Trimming process
Reliability increases by
precise and exact processing
with the newest equipment.

JAXA CRK

TATEYAMA KAGAKU INC

RF ModuleWireless Unit

Home Controller
Push Button Transmitter

Passive Sensor TransmitterPyro Sensor Transmitter

JAXA CRK

TATEYAMA KAGAKU INC
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Main printed board for digital satellite apparatus

The decoder for satellite broadcasting
ODU, Signal distributor

Car Assy
Mobile Assy

Distribution power board
(Semiconductor mounting
equipment)

JAXA CRK

TATEYAMA KAGAKU INC
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Development status of
SOI ASIC / FPGA

Oct. 30th 2007Oct. 30th 2007
Electronic, Mechanical Components andElectronic, Mechanical Components and

Materials Engineering Group, JAXAMaterials Engineering Group, JAXA
H.H.ShindouShindou

The 20th Microelectronics WorkshopThe 20th Microelectronics Workshop

1

Background

The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

In 2003, critical EEE parts for space use wereIn 2003, critical EEE parts for space use were
selected at the Japan space EEE parts committeeselected at the Japan space EEE parts committee
in order to develop advanced space systems.in order to develop advanced space systems.

Programmable device (FPGA) was selected asProgrammable device (FPGA) was selected as
one of the first phase items of critical components.one of the first phase items of critical components.

We started the feasibility study about FPGAWe started the feasibility study about FPGA
based on 0.15based on 0.15��m FDm FD--SOI technology.SOI technology.
We also started the development of SEU / SETWe also started the development of SEU / SET

hardened cell library for SOI ASIC.hardened cell library for SOI ASIC.

SEU: Single Event Upset SET: Single Event Transient
FD-DOI: Fully depleted Silicon on Insulator FPGA: Field Programmable Gate Array

ASIC: Application Specific Integrated Circuit

SOI ASIC/FPGAの開発状況 219
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Why we choose FD-SOI

The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

JAXA has developed LSIs
with the latest technology for
commercial market.

For <0.18�m technology,
SEEs are main concern for
LSIs for space applications.

FD-SOI is attractive for
space because of its SEE
hardness as compared with
bulk technology.
(also suitable for Low power
application.)

Now we plan to utilize the FDNow we plan to utilize the FD--SOI as a mainstream technology.SOI as a mainstream technology.
SEE: Single Event Effect

Design rule trend andDesign rule trend and JAXAJAXA’’ss
LSI roadmapLSI roadmap

D
es

ig
n

R
ul

e
(1

/2
pi

tc
h)

[�
m

]

0.15�m, FDSOI(1.5V)

0.35�m, 33MHz 64bitMPU(3.3V)

0.18�m, 200MHz 64bitMPU(1.8V)

3

(Courtesy of OKI, quoted from 19MEWS material)(Courtesy of OKI, quoted from 19MEWS material)
The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

PD-SOI vs FD-SOI
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4The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

Oki FD-SOI Device Structure & Process

(Courtesy of OKI, quoted from 19MEWS material)(Courtesy of OKI, quoted from 19MEWS material)

- 0.15um SOI (Production line)
LOCOS STI
Metal 0.52 0.39(1M)/0.48(<2M)
BOX 200nm 145nm
Low Leakage (LL) Ioff<2E-12A/um

5

Development schedule (SOI process)

The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

Design & Chip production/
Qualification Test

Test Element Group Chips #2
(3 & 6 Metal Layers)

ASIC Cell library / Memory
generator

Test Element Group Chips #1
(3 Metal Layers)

Process Development for 6
Metal Layers

Process Module Development
for 6 Metal Layers

Basic Process Development
(3 Metal Layers)

Apr May JunJan Feb MarOct Nov DecJul Aug SepApr May Jun

20082007

Finalizing WLR

WLR

WP

WP

Final SPICE
/PDK

WLR: Wafer Level
Reliability Evaluation

WP: Wafer Processing
Evaluation

Design Cell library & evaluation chip
Design Memory generator

WP

-- Process development with 6 metal layers is in progress.Process development with 6 metal layers is in progress.
-- Final SPICE/PDK is scheduled to be released at the end ofFinal SPICE/PDK is scheduled to be released at the end of

fiscal year.fiscal year.
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700700k ASIC gatesk ASIC gates

SRAM based reSRAM based re--configurable FPGA.configurable FPGA.
(Based on ATMEL architecture)(Based on ATMEL architecture)

FPGAFPGA

The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

Target Specification for ASIC / FPGA

0.150.15 mm commercial FDcommercial FD--SOI foundry withSOI foundry with
patented SEU/SET free primitive circuits.patented SEU/SET free primitive circuits.
(RHBD techniques used)(RHBD techniques used)
1.51.5V for core and 3.3V for I/Os.V for core and 3.3V for I/Os.
SEU/SET free up to LET of 64MeV/(mg/cmSEU/SET free up to LET of 64MeV/(mg/cm22))
TID: 1kGy(Si) (100krad(Si))TID: 1kGy(Si) (100krad(Si)) ASIC & FPGAASIC & FPGA

TID: Total Ionizing Dose LET: Liner Energy Transfer
RHBD: Radiation Hardened By Design

Joint development with CNES / ATMELJoint development with CNES / ATMEL

7The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

Single Event Transient signal generation

GND

Input VDD
output

p-Substrate n-Well
p+

Input VDD
output

p-Substrate n-Well
p+

GND

Output
Input

VDD

“0”
““11””

SETSET SignalSignal

CMOS/Bulk InverterCMOS/Bulk InverterCMOS/Bulk Inverter

-- ee--hh pair generation by an Ionpair generation by an Ion
strike to the OFFstrike to the OFF--state transistorstate transistor

-- Reversed biased junctionsReversed biased junctions
collect chargecollect charge
-- Voltage transients propagateVoltage transients propagate

appreciable distancesappreciable distances
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8The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

Advantage of SOI structure

CMOS/SOI InverterCMOS/SOI InverterCMOS/SOI Inverter

p+

Input

p-Substrate

VDD

GND

output

n+
BOX(SiO2)

GND

OutputInput

VDD

GND

OutputInput

VDD -- Sensitive volume for charge collectionSensitive volume for charge collection
CMOS/Bulk > CMOS/SOICMOS/Bulk > CMOS/SOI

-- All the transistors areAll the transistors are electricallyelectrically
isolated by dielectric materialisolated by dielectric material

It is possible to eliminate the SETIt is possible to eliminate the SET
signal generation by implementingsignal generation by implementing
RHBD !RHBD !

9The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

Basic concept of RHBD

A Y
Redundant
Tr Pairs

RHBD InverterRHBD Inverter
(SET free)(SET free)

The redundant transistor pairs completely prevent theThe redundant transistor pairs completely prevent the
SET pulse generations on the output terminal.ThisSET pulse generations on the output terminal.This
concept can be easily extended for any logic gates andconcept can be easily extended for any logic gates and
the logic circuits. However the optimization of area, power,the logic circuits. However the optimization of area, power,
speed penalties is an important issue.speed penalties is an important issue.
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TEG evaluation

The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

The design and evaluation (Irradiation test) of the TestThe design and evaluation (Irradiation test) of the Test
Element Group are in progress.Test results will be applied toElement Group are in progress.Test results will be applied to
the design of FPGA and Cell library.the design of FPGA and Cell library.

Irradiation test system (HeavyIrradiation test system (Heavy--ion accelerator at Japan Atomic Energy Agency)ion accelerator at Japan Atomic Energy Agency)

11

Development schedule (ASIC & FPGA)

The 20th Microelectronics Workshop @ TsukubaThe 20th Microelectronics Workshop @ Tsukuba

Design & Chip production/
Qualification Test

Test Element Group Chips #2
(3 & 6 Metal Layers)

ASIC Cell library / Memory
generator

Test Element Group Chips #1
(3 Metal Layers)

Process Development for 6
Metal Layers

Process Module Development
for 6 Metal Layers

Basic Process Development
(3 Metal Layers)

Apr May JunJan Feb MarOct Nov DecJul Aug SepApr May Jun

20082007

Finalizing WLR

WLR

WP

WP

Final SPICE
/PDK

WLR: Wafer Level
Reliability Evaluation

WP: Wafer Processing

Test Element Group Chips #1
Configuration bits / Free RAMs for FPGA
RAM cells, Shift registers for SET testing

Test Element Group Chips #2
Core cells for FPGA

Evaluation

Design Cell library & evaluation chip
Design Memory generator

WP
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Radiation Hardened 350nm Triple-Well
Mixed-Signal ASIC Technology

Shin Hisano, David Kerwin, Craig Hafer

Aeroflex Colorado Springs, Inc.
4350 Centennial Boulevard
Colorado Springs, Colorado 80907
USA
www.Aeroflex.com/RadHardASIC

Outline

� Overview of 350nm (0.35�m) CMOS Technology
� Radiation Results

– Total Ionizing Dose (TID)
– Single Event Latch-Up (SEL)
– Single Event Gate Rupture (SEGR)
– Single Event Upset (SEU)
– Dose Rate Upset
– Dose Rate Survivability

� RadHard A-D Converter (ADC) Product
Performance
– Linearity & Noise

� Summary
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350nm (0.35��m) CMOS Technology

� Triple-Well Structure
� 4 Levels of Al-0.5%Cu Metal with barrier metal

top and bottom
� Tungsten plugs
� CMP Planarization on each level
� Stacked contacts/vias
� Complementary polysilicon (surface MOSFET)
� Salicide process
� Dual Gate (3.3V and either 5.0V or 10.0V)
� All devices may occur in Deep N-Well

350nm (0.35�m) CMOS Technology

Deep N-Well

N-Well

P Substrate

Isolated P-Well

SiO2

SiO2

N+ N+ N+ P+P+P+

M1 – Al-0.5%Cu

Complementary Polysilicon GatesSiO2

SiO2

Ti

M2

(M3, M4 not shown)

W plug
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TID: No change after 300krad (Si)

Id vs Vg for L=0.35 Aeroflex CRH Transistor
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TID: ~2mV Shift after 300krad (Si)

Vtsat vs Total Dose for Aeroflex CRH Transistors
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TID: No leakage after 300krad (Si)

Leakage (Idoff) vs. Total Dose for Aeroflex CRH Transistor
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TID: Subthreshold Swing Stable after 300krad (Si)

No appreciable change in subthreshold swing. Delta
subthreshold swing with TID well within model limits for
the technology

Subthreshold Swing vs Total Dose for Aeroflex CRH Transistors
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SEL Test Structure
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SEL

� Test 1 (3/26/06):
– Test structures irradiated with Xe ions at an

equivalent LET of 113 MeV-cm2/mg to a total fluence
of 1E7 ions/cm2 at a temperature of 125 C,
maximum Vdd (10V)

– Test Structure Area = 20,000 sq. microns with 1,000
sq. microns of sensitive active area.
� Total of 100 ion hits in sensitive area during test, with

total of 2000 ion hits in entire structure

– Results: No SEL was observed on any structure (6
test structures)
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SEL

� Test 2 (4/24/06):
– Test structures irradiated with Xe ions at 60 angle

for an equivalent LET of 113 MeV-cm2/mg to a total
fluence of 1E7 ions/cm2 at a temperature of 125 C,
maximum Vdd (10V)

– Results: No SEL was observed on any structure (6
test structures)

� Test 3 (7/12/07):
– ASIC containing ~30k gates and 17 ADC channels

irradiated with Xe ions at 60 angle for an
equivalent LET of 113 MeV-cm2/mg to a total fluence
of 1E7 ions/cm2 at a temperature of 125 C,
maximum Vdd (5.5V)

– Results: No SEL was observed in the ASIC (4
devices tested)

SEGR

� Test (3/26/06):
– SEGR testing on structures #13,14 (large area N-ch

and P-Ch thin gate oxides).
– Irradiated with Xe at angle of 60 for an effective

LET of 113 MeV cm2/mg at bias voltages of 3.6V, 5V
and 15V.

– Results: The structures did not break down.
Single Event Gate Rupture Structure (to be tested with Au)
13) Conventional Nch with guard ring

Poly

Metal 2

Metal 2
Active

N+

Pad

Pad

Single Event Gate Rupture Structure (to be tested with Au)
14) Conventional Pch with guard ring

Poly

Metal 2

Metal 2
Active

P+

Pad

Pad

Nwell
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SEU

Digital SEU, YB03 ADC ASIC
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data for meaningful shape and width parameter
extraction.)

125ºC, Vdd(min) = 4.5V

Data from 4 devices

Dose Rate

� Testing performed at Boeing Radiation Effects
Laboratory (BREL) FXR-75 Flash X-Ray
Source

� ASIC device exposed to 35 nsec pulses of x-
rays with varying amplitude (varying dose rate)

� ASIC device powered with minimum Vdd (3.0V
digital, 4.5V analog) for upset testing

� First digital upset at 6.0 x 109 Rad(Si)/sec
� ASIC device powered with maximum Vdd

(3.6V, 5.5V analog) for latch-up testing
� No latch-up observed at highest achievable

dose rate of 1.1 x 1011 Rad(Si)/sec
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RadHard A-D Converter (ADC) Overview

� 12-bit, 2.5MSPS, Pipeline ADC with On-Chip Calibration
� 3.3V Supply, 20mW
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RadHard A-D Converter (ADC) Performance

� Noise – 0.92 LSBRMS (Includes Internal Trans-Impedance Amp)

Output Code Histogram with Grounded Input
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RadHard A-D Converter (ADC) Performance

� INL before Calibration @ 2.5Msps < +/- 2 LSBs

INL v. Code (Un-Calibrated)
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Summary

� Aeroflex has developed Commercial RadHard�
Mixed-Signal ASIC library on 350nm (0.35�m)
Triple-Well CMOS
– Excellent radiation hardness results

� 300krad (Si)
� SEL immune
� Excellent SEU performance

� Aeroflex 12-bit pipeline RadHard A-D Converter
(ADC) tested
– Linearity: INL < +/- 2 LSB
– Noise < 0.92 LSBRMS
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Development of 
Low Shock Release Device

2007.10.30

�Takao Matsui, Jun Nakagawa(MELCO)
Hiroshi Miyaba(JAXA)

1

��Development Point�

�The high shock of conventional 
pyrotechnic Lock Release Device 
constrains onboard hardware 
arrangement.

�Improvement is demanded to 
enforce competitiveness of our 
satellite products.

� Development of Low Shock 
Release Device(LSRD) is 
necessary.

�Development Goal�
�The conventional pyrotechnic lock 
release device produces over 
1,000(X9.8 m/s2 srs){Gsrs}. We aim 
less than 100(X9.8 m/s2 srs){Gsrs} 
shock output.

NeedsNeeds

Lock release 
device of a 
Solar Array 
Paddle
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2

Pyro CompatibiPyro Compatibi���ityity

Solar Array
Paddle
(Stowed)

<Pyro Device> <LSRD>

Pyro Device LSRD
Lock Release
Mechanism

I/F

3

PyroPyro ShockShock--Time History Time History 
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Preload: 7.35kN
Test was performed 
on aluminum plate:
230X230X20mm

Measured: 57mm
from source

High shock of conventional pyrotechnic Lock Release Device 

about 1,600(X9.8 m/s2 ){G} max

Example of Pyroshock Acceleration Time History
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4

PyroPyro ShockShock--SRSSRS

SRS: Shock Response Spectrum
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Preload: 7.35kN
Test was performed on
aluminum plate:
!230X230X20mm
Measured: 57mm
!from source

High shock of conventional pyrotechnic Lock Release Device 

about 4,000(X9.8 m/s2 srs){Gsrs} max
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Example of Pyroshock SRS

conventional spec:
1,000(X9.8m/s2 srs){G"#"}

5

LSRD OverviewLSRD Overview

Objective:
�Reduction of lock release shock

�Relaxation of constraints of onboard hardware

Impact shock:
�Low Shock Release Device:100 (X9.8 m/s2 srs){Gsrs}
�Pyrotechnic lock release device :

1,000 (X9.8 m/s2 srs){Gsrs}

Application:
�Lock and release device for Solar Array Paddle
�Lock and release device for optical instruments

Challenge:
�Originality of the mechanism
�High reliance
�Cost competitiveness
�Interface compatibility with conventional device
�Reuse operation capability

Outside View of LSRD
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6

LSRD SpecLSRD Spec

• LSRD(Prototype) development specification
Load retention/Release system: Ball screw + Separation holder
Trigger system          : SMA (Shape Memory Alloy)
Lubricant system                      : Solid lubrication
Retention load          : 10kN
Shock output              : 100 (X9.8 m/s2 srs){Gsrs}

Dimension       : Smaller than �60�50mm
(body only)

Mass : Less than 350g
Trigger signal          : Pyrotechnic I/F compatible
Operation time     : Less than 200ms
Temperature       : Op/Non-Op  –55�� +70�
Operation endurance          : More than 100 times of operation.
Redundancy 		 : Redundant trigger electrical system
U.S.A. EL/TAA concern            : Completely free.

Attachment I/F surface

Lock arm

Trigger lever
SMA mounting

Ball screws

Separation holder

<Apparatus gross outline (cutaway view)>

Lock/Release 
section

Trigger section

Hook (Tie Rod I/F)

7

MechanismsMechanisms
Operation principle 
�Release the link structure by energizing and heating the SMA wire in the Trigger structure.
By the upper displacement of the ball screw, the Separation holder moves up to unhook the 

Rod.




1. Releasing lock and Beginning of Separation. 2. Unloading the rod axial force

3. Unleashing the Separation holder
4. Releasing the Hook
5. Stopping of rotor rotation, then
completing its separation

The axis of  the ball screw stops as it 
reaches the case. The Rotor stops its 
rotation.

��

��

Ball screw axis

Separation 
holder

Rotor

spring

Hook

Rod

Beginning of separation

 

Rotor
rotation

SMA wire
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8

LSRD Shock testLSRD Shock test

Shock test configuration: Long Rod Case

Rod

LSRD

9

LSRD ShockLSRD Shock--Time HistoryTime History

Preload: 10kN
Test was performed 
on aluminum plate:
530X530X5mm

Measured: 54mm
from source

Configuration:
Long rod

Negligible Low Shock of LSRD 

about 20 (X9.8 m/s2){G} max

Example of LSRD(Prototype) Acceleration Time History
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10

LSRD ShockLSRD Shock--SRSSRS

Preload: 10kN
Test was performed 
on aluminum plate:
530X530X5mm

Measured: 54mm
from source

Configuration:
Long rod

LSRD Target Spec:
100 (X9.8m/s2 srs){Gsrs}

Negligible shock of LSRD 

about 100 (X9.8 m/s2 srs){Gsrs} max 

Example of LSRD(Prototype) SRS

11

ScheduleSchedule

2004 2005 2006 2007 2008 2009

JAXA joint research

JAXA standard
component
development $%�&���'(%)�*���+'

,%�-�.(&�*���+'

/0*(-��*���+'

Schedule

�Feasibility has been confirmed in program JFY04,05(Joint research 
with  JAXA) .

�Development phase has been started as JFY06 JAXA standard 
component.

�Preliminary Design Review was completed in February 2007. 
�It is in critical designing phase, now.
�Qualification tests is planned to complete in JFY08.
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The Development of a NASA
Lead-free Policy for Electronics

Lessons Learned

National Aeronautics and Space Administration

www.nasa.gov

Michael J. Sampson,
Co-Manager, NASA EEE Parts and Packaging
Program (NEPP)
301-614-6233 michael.j.sampson@nasa.gov
http://nepp.nasa.gov
Co-Manager, Kenneth A. LaBel
301-286-9936 kenneth.a.label@nasa.gov

Presentation to the 20th JAXA Microelectronics
Workshop (MEWS 20)

Tsukuba, Japan
October 29, 2007

MJS 10/29/07 2National Aeronautics and Space Administration

Overview
• Background
• Current Situation
• Making a Policy
• Issues Encountered
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NASA Lead-free Involvement
• The NASA EEE Parts and Packaging Program (NEPP) has

Maintained the “Tin and Other Metal Whiskers” Website
for Almost 10 Years http://nepp.nasa.gov/whisker/

• In Addition, NASA has been an Active Participant in the
Tin Whisker and Lead-free Solder Research Activities of:

– The Joint Group on Pollution Prevention (JGPP)
– International Electronics Manufacturing Initiative (iNEMI)
– Center for Advanced Vehicle Electronics (CAVE), Auburn

University, Alabama
– Center for Advanced Life Cycle Engineering (CALCE), University

of Maryland
– GEIA G12, Lead-free subcommittee
– Lead-free Electronics in Aerospace Project Working Group

(LEAP WG)
– Executive Lead-free Integrated Process Team (ELF IPT)

MJS 10/29/07 4National Aeronautics and Space Administration

Our Current Situation
• A Comprehensive NASA “Agency

Level” Policy for Pb-Free
Electronics Does Not Exist Today

• Some Aspects of a Pb-Free Policy
are Implied by NASA Workmanship
Stds and NASA Field Center Parts
Selection Stds

– Preferred solders such as Sn60 and
Sn63

– Avoidance of pure tin surface finishes

• However, Without a Solid Over -
Arching Policy, Errors and Chaos
Can be Expected
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The Way ForwardThe Way Forward

• NASA Involvement Showed that NASA
Policy Should be Quite Simple:
– No Lead-free Solder
– No Pure Tin

• Documents Being Developed by LEAP
Offer a Sound Implementation Process

• NASA Involvement Showed that NASA
Policy Should be Quite Simple:
– No Lead-free Solder
– No Pure Tin

• Documents Being Developed by LEAP
Offer a Sound Implementation Process

MJS 10/29/07 6National Aeronautics and Space Administration

Lead-free Electronics in Aerospace
Project Working Group (LEAP WG)

• Formed in 2004 as Aerospace Industries Association (AIA)
Lead-free Aerospace Electronics Working Group

• Includes All Stakeholders (Market Segments, Supply
Chain, Geographic Regions)

• Addresses Issues that are:
– Unique to aerospace and military
– Within control of aerospace and military

• Develops Handbooks and Standards for Lead-free
Implementation

– Published through the GEIA, IEC in the Future
• ESA participates but NOT JAXA
• Next Meeting: Irving Texas (BAE) January 30 and 31, 2008
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How the LEAP Documents Work
Together

Supplier LFCP per
GEIA-STD-0005-1,

Performance Standard

Tin Whiskers per
GEIA-STD-0005-2,
Pure Tin Standard

Program A Plan per
GEIA-HB-0005-1,

Program Manager’s
Handbook

Program B Plan per
GEIA-HB-0005-1,

Program Manager’s
Handbook

Tests per
GEIA-STD-0005-3

System Safety
& Certification
Analyses per

GEIA-HB-0005-4

Technical guidance
per

GEIA-HB-0005-2

Rework per
GEIA-HB-0005-3

MJS 10/29/07 8National Aeronautics and Space Administration

LEAP WG Planned Deliverables

1Q 2008Impact of Lead Free Solder on Aerospace Electronic System
Reliability and Safety AnalysisGEIA-HB-0005-4

1Q 2008
Rework and Repair Handbook for Aerospace and High
Performance Electronic Systems Containing Heritage SnPb and
Lead-Free Solder and Finishes

GEIA-HB-0005-3

1Q 2008Performance Testing for Aerospace and High Performance
Electronics Containing Lead-free Solder and FinishesGEIA-STD-0005-3

2Q 2006Standard for Mitigating the Effects of Tin Whiskers in Aerospace
and High Performance Electronic SystemsGEIA-STD-0005-2

2Q 2006Performance Standard for Aerospace and High Performance
Electronic Systems Containing Lead-free SolderGEIA-STD-0005-1

3Q 2007Technical Guidelines for Aerospace Electronic Systems Containing
Lead-free Solder and FinishesGEIA-HB-0005-2

2Q 2006Program Management/ Systems Engineering Guidelines for
Managing the Transition to Lead-free ElectronicsGEIA-HB-0005-1

GEIA PublicationTitleDocument Number

Released In ballot
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MJS 10/29/07 9National Aeronautics and Space Administration

Industry Lead- free Control Plans (LFCPs)
• One Day Workshop Following Recent Meeting of

LEAP/ELF IPT in Baltimore
• Well Attended > 60 people Including Several not

There for LEAP or ELF IPT
• Very Informative ~6 company Presentations
• All Using GEIA-STD-0005-1 and -2
• All Planning to Offer a Single Corporate Plan

– If you want more, expect to pay
• Common Themes

– Overall LFCP per GEIA-STD-0005-1
– No Pb-free solders except for special applications
– GEIA-STD-0005-2 Level 2B

» Generic part identification, generic mitigation statements

MJS 10/29/07 10National Aeronautics and Space Administration

• Electronics Solders
– Require traditional tin-lead solders for all electronic assembly

except when justified by technical need (such as a high melt point)
» Approved GEIA-STD-0005-1 plan to define rules and controls
» SAC and other “new” alloys require special and exceptional rationale

• Component Surface Finishes
– Require Programs to meet GEIA-STD-0005-2, “Control Level 2C”.

Specific allowances may be given for “Control Level 2B”
» 2B – Identification by part type, mitigation description and assessment

by part type (ex. ceramic capacitors, conformal coating, all surfaces
covered with enough coating to suppress whiskers)

» 2C – Identification by individual part, where used, why, mitigation
method and why that works; prior approval by customer

– Require all tin-based platings and protective finishes to have a
minimum of 3% Pb content unless:
» A persuasive rationale is provided
» Tin whisker mitigation strategy supported by data and approved by NASA

The “Simple” NASA Policy (Not Yet Approved)
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Issues We’ve Encountered Along the Way
• NASA Document tree?

– Policy needed for EEE parts but also mechanical parts, materials
and processes

• What is PURE tin, or suitably leaded tin?
– How to measure?

• EEE Parts Built Using Tin-based Pb-free Solders for Years
– Example high temp Solders (Sn-Ag, Sn-Sb, et al)
– Acceptance at the part level sets precedent at the board level
– What about use internal to the part?
– What do we really know about “whiskers” from these alloys?

• Incoming Surveillance for Prohibited Materials is NOT
“Plug and Play”

– Standard Test Methods are Needed
– Standard Reference Materials are Needed
– Operator Training is ESSENTIAL!!!
– Test labs get inconsistent results

MJS 10/29/07 12National Aeronautics and Space Administration

Current NASA Document Structure
NASA Agency Level

Policy Document
“NPD ????”

NASA Agency Level
Rqmts Doc
“EEE Parts”

NASA Agency Level
Rqmts Doc

“Processes”

NASA Center Level
Rqmts Docs

(Parts, Materials, Processes)

NASA Center Level
Rqmts Docs

(Parts, Materials, Processes)

NASA Center Level
Rqmts Docs

(Parts, Materials, Processes)

The
Pb-Free
Policy

NASA Agency Level
Rqmts Doc
“Materials”

Cape St. Vincent Promontory at Victoria Crater - Mars Rover “Opportunity”

Modify this Document to
become the NASA Parts
Materials and Processes
Requirements Policy

Problem: The Current EEE Parts Policy Document is at the Highest Level
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Determining What is NOT Pure Tin
• Current Specifications and Standards Say <97% Tin

– NASA wants the other 3% minimum to be Pb
• Measurement Methods are not Precise; They Have a Tolerance

– If the tolerance is 3%, then up to 5% actual lead content could fail
– Raising the limit to 5% or even 10% does not fix the basic problem
– (Assays showing elemental contents to even one decimal place are

bogus, none of the systems in use have this accuracy)
• Granular Structure of Tin-Lead can Lead to Large Variations in

Apparent Composition When Illuminated With a Small Spot Size (EDS)
– Checking multiple sights and averaging can overcome this but might

then fail to detect genuine tin rich areas
• Calibration Standards are Needed but Variable Morphology and Aging

Effects Make this Difficult
• Meeting September 18, in Los Angeles, Tried to Resolve These Issues

– Agreed to the >97% Sn, <3% Pb definition of Pure Tin
– Agreed XRF for quick check, EDS for precision
– NIST may provide standards including a 97/3 Sn/Pb

• JEDEC JC13.1 has task group developing a standard Pb
measurement test method for MIL-STD-750

– If they succeed it could be used as basis for a general method

MJS 10/29/07 14National Aeronautics and Space Administration

Sn63 Pb37Sn96.5 Ag3.5
(180 C storage + T-

cycle)

Sn 3Ag 0.5Cu 0.5Cerium

1 Day Room Storage

“Some” Tin Alloys that Have Grown Whiskers*

Sn 1.5CuSn Sb
(Babbit)

*Citations at end of Presentation

1

5
4

32
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More Tin Alloys that Have Grown Whiskers*
For whisker inhibition it matters what material is alloyed with Sn

Sn50 Al50

Sn 6.6Lutetium

Sn60 40Mn

Sn Au

*Citations at end of Presentation

10 Days Room Storage

6

9

8

7
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Summary of Empirical Evidence for
Whisker Growth on Sn Alloys (Not a Complete Listing)

Only 2 Studies – Significant Whisker Tendency12. Sn-Ag-Cu-Ce

Minimal Data – 1 Field Concern Noted but NOT in Public Domain11. Sn-Ag-Cu

Few Observations –Film Caps & High Temp Solder Applications10. Sn-Sb-X
Only 1 Study – Significant Whisker Tendency9. Sn-Mn
Only 1 Study – Significant Whisker Tendency8. Sn-Lu
Some data – increased whisker tendency (SWATCH failures)7. Sn-Cu
Minimal data6. Sn-Bi
1 Study – Lots of whiskers5. Sn-Al
A Few Experiences Citing Whiskers4. Sn-Au
Minimal data – “Maybe” High Temp Application Makes Worse3. Sn-Ag
Lots of Data – Greatly Reduced Whisker Tendencies2. Sn-Pb
Lots of Data – Significant Whisker Tendencies1. Sn
EVIDENCEALLOY

Sn = TinSb = AntimonyMn = ManganeseLu = LutetiumCu = Copper

Ce = CeriumBi = BismuthAu = GoldAl = AluminumAg = Silver
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The Impact of Lead-free on Solder Sales
Worldwide Shipment of Standard vs Lead Free Solder
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• No One Knows How to Predict Complete Freedom
from Tin Whiskers on Tin or Tin Alloy Coatings
– Ditto for Zinc, Cadmium, and many others

• Current Ideas have Utterly Failed to be Usefully
Predictive
– Present Methods are NOT Predictive of Incubation

Time, Rates of Growth, Density of Growths, et al
– No Known Acceleration Factors
– No Correlation of Whisker Tendencies in One

Environment vs. any Other Environment

A Few Caveats about Whiskers

AND
THEY MAY BE AN ALIEN LIFE FORM!

AND
THEY MAY BE AN ALIEN LIFE FORM!
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Whose Bite is Worse?



Kester estimated Sn-Ag and Sn-Sb usage
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Cute Whiskers “Not So” Cute Whiskers
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The NASA Electronic Parts and Packaging (NEPP) Program is proud to announce an interim
meeting to be held in lieu of MAPLD for 2007. This is a one-year only event.

Military and Aerospace FPGA and Applications (MAFA) Meeting
When: Nov 27th - Nov 29th, 2007

Where: Palm Beach Gardens Marriott
Palm Beach, FL

http://www.marriott.com/hotels/travel/pbipg-palm-beach-gardens-marriott/
Hotel reservation details will be on the MAFA website NLT 10/1 (Gov. Rate of $103/night)

Logistics notes
Registration fee: $0 (free)

Maximum number of attendees: 300 (50 slots will be held for NASA and JPL attendees)
Side meeting rooms will be available throughout each day

The meeting will be held over 3 full days with each day focused on a differing FPGA-related area. The
3 days are:

Industry day: focused on vendor products and roadmaps (in lieu of an industrial exhibit),

Radiation/reliability day: focused on recent results and plans for radiation and reliability related
endeavors with FPGAs, and,

Applications day: focused on applications and field experience using FPGAs for military and aerospace
systems.

This is an open meeting with US citizenship or green card NOT being required. However, an ITAR-
restricted session may be held pending submission contents.

Submissions and registration extended until 10/15/07.
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Thank You for Your Attention!!!
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Read-Free Solder Employmantation Ratio in Japan
( Electronics vs Car Electronics )
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Read-Free Solder Employmantation Ratio in Japan
( By Solder type )
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NEDO
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Challenges and Efforts Toward Commercialization of
Lead-free Solder

Roadmap 2000 for Commercialization
of Lead-free Solder

2000
Ver. 1.3

August 2000
R&D Committee for Lead-Free Soldering

JEIDA
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Lead-free Roadmap 2002
Roadmap 2002 for Commercialization of Lead-

free Solder

2002
Ver. 2.1

September 2002

Lead-Free Soldering Roadmap Committee

Technical Standardization Committee on Electronics Assembly Technology
JEITA

Japan Electronics and Information Technology Industries Association
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Requirements for soldering pastes for high-quality
interconnects in electronics assembly

Requirements for electronic grade solder alloys and
fluxed and non-fluxed solid solders for electronic soldering applications

Solderability testing of electronic components by the
wetting balance method

Test methods for solderability, resistance to
dissolution of metallization and to soldering heat of surface mounting
devices (SMD)

Solderability testing of electronic components for
surface mounting devices (SMD) by the wetting balance method

Whisker test methods for electronic and electric
components
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Environmental and endurance test methods for
surface mount solder joint - Part 1-1: Pull strength test

Environmental and endurance test methods for
surface mount solder joint - Part 1-2: Shear strength test
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K.Suganuma, ISIR, Osaka University
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Solderability testing of electronic components by the
wetting balance method

Test methods for solderability, resistance to
dissolution of metallization and to soldering heat of surface mounting
devices (SMD)

IEC 6 -5 Evaluation criteria for voids in soldered
joints of BGA and LGA

IEC 62137-1-5, Ed. 1: Surface mounting technology -
Environmental and endurance test methods for surface mount solder
joints - Part 5: Mechanical shear fatigue test
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K. Suganuma, ISIR, Osaka University
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K. Suganuma, ISIR, Osaka University
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Promoting Lead-Free in Japan

October 30, 2007
Katsumi Yamamoto

Vice-chairman of Jisso Technology
Standardization Committee
Techno Office Yamamoto
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Lead-Free Solder Adoption Rate in Japan
( Electronics vs. Car Electronics )
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Lead-Free Solder Adoption Rate in Japan
( By Solder Type )
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(2)JEITA Lead-free Roadmap 2002

(1)JEIDA Lead-free Soldering Roadmap -Blueprint for achievement-

04(H16)03(H15)02(H1401(H13)00(H12)99(H11)98(H10)97(H9)

Development of Lead-Free Industry

2, Research and Development

(3)JEITA Standardization of reliability evaluation methods
with new junction techniques for high-density mounting

(4)Establishment and standardization of substrate
technology for low-temperature lead-free solder

(2)Test standard and standardization of JWES lead-free soldering

1st stage test 2nd stage test
(1)JEIDA/JWES R&D of primary NEDO project for the standardization of lead-free solderingNational

project

JEITA Original R&D for Lift-off prevention R&D for whisker prevention

Lead-free World Summit:

JEITA Debriefing Session:
3, Diffusion / International Cooperation

4, Standardization Efforts of IEC/TC91:

ARAKANE MAP

(3)Emergency
suggestion to
accomplish lead-
free soldering

Ver.1.0 Ver.1.1

Ver.2.1

1, Roadmap

Nov. 28, 2005 Yamamoto
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(3)Emergency suggestion
to accomplish lead-free
soldering

(4)Establishment and standardization of substrate technology for low-temperature lead-free solder

(6)Small organization support project (Development of whisker prevention technology)

2, Research and Development

1, Roadmap

JEITA Original

Considering management measures for Pb content 0.1% or less

JWES Original

Research for whisker prevention

Countermeasures for solder bath erosion

3, Diffusion / International Cooperation

4, Standardization

JEITA Debriefing Session
Lead-Free World Summit/JIC

TC91 Meeting

Standardization of second generation lead-free wave soldering

Nov. 21, 2006

(5)NEDO project (Development of alternative technology for high-temperature lead-free solder
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Challenges and Efforts Toward Commercialization of
Lead-free Solder

Roadmap 2000 for Commercialization
of Lead-free Solder

Ver. 1.3

August 2000

R&D Committee for Lead-Free Soldering
JEIDA

Japan Electronics and Information Technology Industries Association
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Chapter 3 List of lead-free solder alloys selection

The following is a list of lead-free solder alloys which are considered to be possible candidates for the commercial
use, including wave soldering, reflow soldering, and manual soldering. When using them, your attention should be
paid to the points noted in the table. It is also necessary to establish the universal database in order to fully grasp the
performance and reliability of those alloys.

Table 3.1 List of Lead-free Solder Alloys

Process Alloys used for practical
application

Composition
preferred from point
of view of cost and
performance

Note

Sn-3.5Ag

Sn-(2-4)Ag-(0.5-1)Cu Sn-3Ag-0.5Cu
Wave

Sn-0.7Cu with a very small
amount of other elements(Ag,
Au, Ni, Ge, In, etc.) added

Sn-Pb plating on components
might cause fillet lifting and
damage to boards

Sn-3.5Ag

Sn-(2-4)Ag-(0. -1)Cu Sn-3Ag-0.5Cu
Needs temperature control for
reflow at higher temp.

Sn-(2-4)Ag-(1-6)Bi,
including the ones with 1-2%
of In

Incompatibility with Sn-Pb
plated components when it
contains some % of Bi.

Medium and
High Temp.

Sn-(8-9)Zn-(0-3)Bi Sn-8Zn-3Bi

Handle carefully Sn-Zn in
corrosive environment. Ni/Au
finishes preferred for Cu
electrode at high temp.

Reflow

Low Temp. Sn-(57-58)Bi Sn-57Bi-1Ag Incompatibility with Sn-Pb
plated components

Sn-3.5Ag

Sn-(2-4)Ag-(0.5-1)Cu Sn-3Ag-0.5Cu
Manual/Robot
(Thread Solder) Sn-0.7Cu with a very small

amount of other elements(Ag,
Au, Ni, Ge, In, etc.) added

Incompatibility with different
solder alloys in reworking.

(Unit wt%)
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Chapter 4 Roadmap toward the introduction of the lead-free solders

Here we made a roadmap toward the introduction of the lead-free soldering based on the discussion and
research we have made. It should be noted that this is the roadmap not for completing the lead-free
soldering, but for introducing it. However, it is desirable to vigorously take part in the activity, considering
the fact that the vast amount of annual electronics wastes is about to surpass the capacity of the waste
treatment plant in our country. As is observed currently, reflow soldering is introduced earlier than the
wave soldering. This is because the problem of the fillet lifting in wave soldering is difficult to be resolved
until all components are plated with lead-free alloys, and because the heat-resistance of components and
boards must be improved. Thus, it is awaited to create the environment which can provide incentives for
the components and board suppliers to work on this issue.

First adoption of lead-free solders in mass-produced goods............... 1999
Adoption of lead-free components...................................................... 2000
Adoption of lead-free solders in wave soldering................................ 2000
Expansion of use of lead-free components.......................................... 2001
Expansion of use of lead-free solders in new products....................... 2001
General use of lead-free solders in new products.. ............................. 2002
Full use of lead-free solders in all new products. ............................... 2003
Lead-containing solders used only exceptionally................................ 2005
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NEDO Lead-free Soldering Project (’98~’99)
Conclusion of R&D for Standardization of Lead-free Solders

• In combination of existing Sn-Pb plated parts and lead-free solder
candidates, the interconnect reliability decreases as the Bi content
of solder increases.

• In combination of lead-free plated parts and lead-free solder
candidates or existing Sn-Pb solder, the test results varies, but
there are no significant problems.

• Regarding solderability, good wettability is basically maintained.
As for Sn plated solder, the temperature to maintain stable
wettability tends to be high.

Sn-3.5Ag-0.7Cu
Sn-2Ag-3Bi-0.75Cu
Sn-2Ag-4Bi-0.5Cu-0.1Ge
Sn-3Ag-5Bi-0.7Cu
Sn-3.5Ag-6Bi
Sn-0.7Cu
Sn-37Pb (Reference)

lead-free solder candidates
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Lead-free Roadmap 2002
Roadmap 2002 for Commercialization

of Lead-free Solder

Ver. 2.1

September 2002

Lead-Free Soldering Roadmap Committee

Technical Standardization Committee on Electronics Assembly Technology
JEITA

Japan Electronics and Information Technology Industries Association
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1. Definition of Lead1. Definition of Lead--freefree
Definition of lead-free: In the following phases, the amount of contained Pb in the prescribed parts
planned for lead-free adoption should be less than 0.1w percent. The value must be given if it
exceeds that amount. If there is any exemption, the definition refers to the rest parts of the product,
with indication of the name of the item of the exemption and the amount of contained Pb.

Components

Components withstand heat resistance:
Heat resistance against soldering in assembly with
lead-free solder.

“ Components with lead-free solder:
Module components etc. Correspond to Phase1 in
Equipment.

Lead-free terminal components: No lead
contained plating and electrodes of terminal parts of
components assembled to PWB etc. The components
may contain leaded composing components and
materials.

Lead-free components: No lead
contained in all the internal bonding and/or composing
components and materials.

Equipment

Equipment with lead-free solder A:
Application of current components or components
withstand heat resistant, Phase1 (Composing components
and materials may contain lead, while the assembly solder
is lead-free)

Equipment with lead-free solder B:
Application of lead-free terminal components, Phase2, or
lead-free components, Phase3 (Even if the assembled
components are lead-free, the other components and
materials may contain lead)

Lead-free equipment: Application of lead-
free components, Phase3, only and non leaded
composing components and materials in addition to
assembled components and bonding materials.

Common definition in the equipment for lead-free: No
leaded solder is used at the stage of board assembly in
board surface finishing, solder paste and solder bath.

Lead-free component equipment: Application
of lead-free terminal components, Phase2, or lead-free
components, Phase3, with lead-bearing solder in bonding
materials (Excluded from the category of lead-free
equipment)
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2. The lead-free regulation in the EU will be accepted with reluctance in Japan, if it is crucial for the
environment. In that case, the same kind of regulation should be required also in Japan.
A global agreement on the definition of lead-free and on the standard for judgment is needed as early as
possible.

3. Timeline for lead-free: Set up the schedule for the average manufacturers as follows.

Components: Start supplying components withstand heat resistance / lead-free terminal components: 2001
Complete supplying of lead-free terminal components: 2003
Complete supplying of lead-free components: 2004

Equipment: Start introducing lead-free solder: 2002-2003
Totally adopt lead-free solder into new products: 2003
Complete lead-free adoption: 2005

The “leading makers” are 1 year ahead of this schedule, and the “followers” are 2 years behind.
There is a need to establish a worldwide milestone and a roadmap.

4. Combined packaging of lead solder for PWB and lead-free terminal components (Phase 0 in equipment)

In the stage of shifting to lead-free, packaging of lead-free terminal components with lead solder (�Phase 0)
should be allowed.

Component and equipment makers should work together on shortening the transition period, as the components
makers have to prepare both lead-free terminal components and lead components.

5. Promote lead-free adoption corresponding to moving production plants overseas, components
procurement overseas, and technology overseas.

Equipment: Promote technology transfer overseas. Give technology to overseas cooperative plants.
Require that overseas plants cope with lead-free adoption 1 year behind at latest.
Require that they cope with purchased and procured products immediately.

Components:Require that overseas plants cope with lead-free adoption 1 year behind at latest.
There is a need of giving supports to the followers.
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Standardization of lead-free solder: The following types of solder are recommended. Currently, more
than one type are adopted to component electrodes and terminal plating as follows.

Board assembly (Recommended) Sn-3Ag-0.5Cu Reflow: Sn-3Ag-0.5Cu > Sn-Ag > Sn-Zn-Bi

Wave: Sn-3Ag-0.5Cu > Sn-Cu

Hand: Sn-3Ag-0.5Cu

Components Solder balls (Recommended): Sn-3Ag-0.5Cu

Land finish (Recommenced): Plating/Au, Solder precoat/Sn-3Ag-0.5Cu

Component electrodes and terminal plating (Current situation):

Semiconductor components: Sn-Bi plating is majority; Sn-Bi>Sn-Cu>Sn>Sn-Ag>Au-Pd

Passive components: Sn plating is the main; Sn > Sn-Cu > Sn-Bi

Terminal finishes: Sn-Cu plating and Sn plating are the majorities; Sn-Cu > Sn > Au

Assessment standard for heat resistance of components
For the time being, the heat resistance standard for wave soldering is 260�C, 10 seconds.

As for the temperature profile for heat resistance assessment in reflow, the equipment makers are likely to
assume the ‘Hat type’ and the component makers are likely to assume the ‘Angle type’. The ‘Hat type’ is a
recommendation. (See Exhibit.)

Promote lead-free adoption and energy saving by improving facilities and processes without large
changes in design.

Promote industrial standardization of lead-free labeling.

2007/10/30 14

Temperature Profile for Heat Resistance Assessment in ReflowTemperature Profile for Heat Resistance Assessment in Reflow
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Japan Electronics and Information
Technology Industry Association
New Joint Technology
Standardization Research Committee

Joint Durability Test Method Subcommittee

Solderability Test Method Subcommittee

Clarification and standardization of joint
reliability test items.
Reader: Takahashi (TOSHIBA Corp.)

Clarification and standardization of test
items and conditions with lead-free solder.
Reader: Nakamura (TDK Corp.)

Mechanism analysis of whisker formation and
growth, clarification and standardization of
test items and conditions
Reader: Sakamoto (OMRON Corp.)

Whisker Test Method Subcommittee

Electro-Migration Test Method
Subcommittee

Implementation System of METI Project:
Standardization of Reliability Evaluation Methods with New
Junction Techniques for High-Density Mounting (’01~’03)

Reader: Toi (ESPEC Corp.)
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Deliverables of METI Project: Standardization of
Reliability Evaluation Methods with New Junction

Techniques for High-Density Mounting (1)
Solder Material
IEC61190-1-2: Requirements for soldering pastes for high-quality

interconnects in electronics assembly
IEC61190-1-3: Requirements for electronic grade solder alloys and fluxed

and non-fluxed solid solders for electronic soldering applications
Solderbility Test Method
IEC60068-2-54: Solderability testing of electronic components by the

wetting balance method
IEC60068-2-58: Test methods for solderability, resistance to dissolution of

metallization and to soldering heat of surface mounting devices (SMD)
IEC60068-2-69: Solderability testing of electronic components for surface

mounting devices (SMD) by the wetting balance method
Whisker Test Method
IEC60068-2-82: Whisker test methods for electronic and electric

components

18

Deliverables of METI Project: Standardization of
Reliability Evaluation Methods with New Junction

Techniques for High-Density Mounting (2)
Joint Durability Test Method
JEITA ET-7409: Environmental and endurance test methods for solder joint

of surface mount device or lead terminal type device Part0: Selection of
the test methods Solder joint durability test method

JEITA ET-7409/101: Environmental and endurance test methods for solder
joint of surface mount device Part101: Pull strength test

JEITA ET-7409/102 Environmental and endurance test methods for solder
joint of surface mount device Part102: Shear strength test

JEITA ET-7409/103 Torque shear strength test
JEITA ET-7409/104 Monotonic bending strength test
JEITA ET-7409/105 Cyclic bending strength test
JEITA ET-7409/106 Cyclic drop test
JEITA ET-7409/201 Environmental and endurance test methods for solder

joint of lead terminal type device Part201: Pull strength test
JEITA ET-7409/202 Creep strength test
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Deliverables of METI Project: Standardization of
Reliability Evaluation Methods with New Junction

Techniques for High-Density Mounting (3)

Joint Durability Test Method (Continued)
IEC62137-1-1: Environmental and endurance test methods for surface

mount solder joint - Part 1-1: Pull strength test
IEC62137-1-2: Environmental and endurance test methods for surface

mount solder joint - Part 1-2: Shear strength test

2007/10/30 20

Emergency Project to Accomplish
Lead-free Soldering

Emergency Project to Accomplish
Lead-free Soldering

JEITA Lead-free Accomplishment Report 2004

LeadLead--free Soldering Roadmap Committeefree Soldering Roadmap Committee
Project MembersProject Members
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Timeline for lead-free: Set up the schedule for the average manufacturers as follows:
Components: Start supplying components withstand heat resistance / lead-free

terminal components: 2001
Complete supplying of lead-free terminal components: 2003
Complete supplying of lead-free components: 2004

Equipment: Start introducing lead-free solder: 2002-2003
Complete lead-free adoption: 2006 (assuming EU-RoHS-2007)

1. Lead1. Lead--free Soldering Roadmap ~ Collaboration of Equipment & Parts ~free Soldering Roadmap ~ Collaboration of Equipment & Parts ~

Components:Start supplying components withstand heat resistance /
lead-free terminal components: 2001
Complete supplying of lead-free terminal components: 2003

* W* Whisker (on connectors) occurredhisker (on connectors) occurred
Complete supplying of lead-free components: 2004

Equipment: Start introducing lead-free solder: 2002-2003

** LowLow--temperature soldertemperature solder
** Erosion of solder bathErosion of solder bath
** Solder joint of 0.1% Pb, etc.Solder joint of 0.1% Pb, etc.
Complete lead-free adoption: 2006 (assuming EU-RoHS-2007)

Can these goals be achieved all across JapanCan these goals be achieved all across Japan
by May 2005?!by May 2005?!

ImmediateImmediate
actionaction
is vitalis vital

2007/10/30 22

PurposePurpose
To clarify immediate measures against important issues

Must be accomplished by December 2004

Important Issues and Immediate MeasuresImportant Issues and Immediate Measures

Emergency SuggestionsEmergency Suggestions

Erosion of solder bath
Cast bath, static bath, etc.

Countermeasure against whiskers
SnBi plating alternative to Au plating, etc.

Low-temperature solder
Aiming at 190 C Zn/Bi/In solder, etc.

Solder joint having 0.1 % Pb content
High-precision Pb detector, 100% Pb-free plating, etc.

ScheduleSchedule
Emergency symposium in October, debriefing session for
immediate measures will be held in December 2004.
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Activities and Subsequent of Emergency ProjectActivities and Subsequent of Emergency ProjectActivities and Subsequent of Emergency Project

Project Reader: Suga (Tokyo Univ.)

Erosion

L: Takemoto (Osaka Univ.)
SL: Serizawa (Hitachi)

Aragane (Sony)

Whisker

L: Edanami (JAE)
SL: Moriuchi (DDK)

Watanabe (Sony)

Low Temp.
Soldering

L: Suganuma (Osaka Univ.)
SL: Suetsugu (MEI)

Kusakabe (MACO)

Pb content 0.1%

L: Aragane (Sony)
SL: Ushio (MACO)

JWES Project
(FEP Project) JEITA Project

National Project
(R&D project for

criteria certification)
JEITA Project

National Project
(SMRJ: Projects to support
enhancement of strategic
fundamental technologies)

National Project
(R&D project for

criteria certification)

2005 - 2006

2006 - 2009

2004 - 2007

2004 - 2005

2005 - 2006

Nov. 21, 20062007 - 2010
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Full Picture of Tasks for Standardization of Lead-free Solder

150

200

250

Sn-Zn SolderSn-Pb: 183(Eutectic crystal)

1st STEP (1999~2003)
(1) Selection and Standardization of lead-free solder. (‘98-’99: First NEDO)
(2) Establishment of lead-free soldering process. (Manufacturers)
(3) Establishment and standardization of test standards for lead-free solder materials.

(’00: NEDO/JWES)
(4) Establishment and standardization of joint reliability test standards for electronic devise.

(’01-’03: Second NEDO/METI)

2nd STEP (2004~ )
A(1) Selection and Standardization of low-temp lead-free solder.
A(2) Establishment of low-temp lead-free soldering process.
A(3) Establishment and standardization of joint reliability test

standards for low-temp lead-free solder. (JEITA)

Nov. 28, 2005

Technological Issue
A: High soldering temp make excess heat resistance of devise and substrate.
B: Solder bath erosion occurred in the process of wave soldering.

B(1) Selection of best materials for soldering bath. (JWES?)
B(2) Establishment and standardization of test standards for

solder bath erosion. (JWES?)

Sn-Ag-Cu Solder

Low-temperature lead-free solder
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Japan Electronics and Information
Technology Industry Association

Low-temperature Lead-free Soldering
Technology Standardization Research

Committee

Reliability Center for Electronic
Components of Japan

Environmental Test Station

Joint Reliability Test Method
Subcommittee

Low-temperature Lead-free Soldering
Process Subcommittee

Clarification and standardization of reliability
test items.

Clarification and standardization of
process conditions.

Standardization and impact assessment of fine
joint and void formation.

Dynamic Characteristic Evaluation
Method Subcommittee

METI Project
Establishment and Standardization of Substrate Technology

for Low-temperature Lead-free Soldering
Period: Oct. 2004 – Mar. 2007 + 1year

Organization:

K.Suganuma, ISIR, Osaka University

Target
Joint reliability test method for low-temp lead-free soldering.
Solderbility test method for electronic devise responding low-temp lead-free solder.
Void acceptance criteria for low-temp lead-free solder joint reliability.
Dynamic characteristic evaluation method for the fine connection of low-temp
lead-free solder.2007/10/30 25

Target
Joint reliability test method for low-temp lead-free soldering.
Solderbility test method for electronic devise responding low-temp lead-free solder.
Void acceptance criteria for low-temp lead-free solder joint reliability.
Dynamic characteristic evaluation method for the fine connection of low-temp
lead2007/12007/1-00free solder.0/300/30

TargetTarget
Joint reliability test method for lowJoint reliability test method for low--temp leadtemp lead--free soldering.free soldering.
Solderbility test method for electronic devise respondingSolderbility test method for electronic devise responding lowlow--temp leadtemp lead--free solder.free solder.
Void acceptance criteria forVoid acceptance criteria for lowlow--temp leadtemp lead--free solder joint reliability.free solder joint reliability.
Dynamic characteristic evaluation method for the fine connectionDynamic characteristic evaluation method for the fine connection ofof lowlow--temptemp
leadlead--free solder.free solder.

2007/10/30 26
Picture of Operation at Panasonic Factory Solutions
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Sample of QFN Mounting Board Layout and Temperature Profile

2007/10/30 28Weibull Plot for Shear Strength of 1608R and 3216R
(Above Cu, with flux, 85 /85%RH- Approx.1000hours
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Sn-Pb Ball

Sn-Ag-Cu Ball

SnZnBi/BVH
SnZnBi
Sn9Zn/BVH
Sn9Zn
SnAgCu/BVH
SnAgCu
SnAgInBi/BVH
SnAgInBi

SnZnBi/BVHSnZnBi/BVH
SnZnBiSnZnBi
Sn9Zn/BVHSn9Zn/BVH
Sn9ZnSn9Zn
SnAgCu/BVHSnAgCu/BVH
SnAgCuSnAgCu
SnAgInBi/BVHSnAgInBi/BVH
SnAgInBiSnAgInBi

0.8 mm

0.4 mm

Affects of Sn-Ag-Cu ball and Sn-Pb ball on void generation status with BGA mounting.
Horizontal scale indicates void area ratio.
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Deliverables of METI Project:
Establishment and Standardization of Substrate

Technology for Low-temperature Lead-free Solder

JEITA ET-XXXX Selection of the test methods for low-temperature lead-
free solder joint durability test method (Provisional)

IEC60068-2-54: Insertion of reference to low-temperature lead-free solder
into the solderability testing of electronic components by the wetting
balance method (Draft is in process)

IEC60068-2-58: Insertion of reference to low-temperature lead-free solder
into the test methods for solderability, resistance to dissolution of
metallization and to soldering heat of surface mounting devices (SMD)
(Draft is in process)

91/707/CD: IEC61193-5 Evaluation criteria for voids in soldered joints of
BGA and LGA

91/695/CD: IEC 62137-1-5, Ed. 1: Surface mounting technology -
Environmental and endurance test methods for surface mount solder
joints - Part 5: Mechanical shear fatigue test
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Development of Whisker PreventionDevelopment of Whisker Prevention
Technology for Reliability Improvement ofTechnology for Reliability Improvement of

Electronic MountingElectronic Mounting

SMRJ: Projects to support enhancement of strategic fundamental technologies

Osaka Univ. Kastuaki Suganuma

� Fundamental measure with Sn whisker
mechanism analysis

� Persuade world with fundamental principle
� Make Japan’s first whisker prevention

technology to the world standard
� Provide prevention technology in set with

evaluation technology
� Safety design with reliability evaluation technology

and standards
World’s de facto standard

Target

32

<010>direction

a axis
b axis

c axis
<100>direction

Sn Whisker Formation Mechanism & PreventionSn Whisker Formation Mechanism & Prevention

K.Suganuma, ISIR, Osaka University

Whisker growth direction

IImpressionesmpressiones

�5 types of environmental condition must be
separated
ambient temperature, temperature cycle,
erosion & oxidization, external pressure,
electro-migration

�Much of mechanisms are becoming clear

�Prevention measures are becoming available

�5 types of environmental condition must be
separated
ambient temperature, temperature cycle,
erosion & oxidization, external pressure,
ectroeele -migration

� h of mechanisms are becoming clearhMuch

� ention measures are becoming availablesention measuresePreve

��5 types of environmental condition must be5 types of environmental condition must be
separatedseparated
ambient temperature, temperature cycle,ambient temperature, temperature cycle,
erosion & oxidization, external pressure,erosion & oxidization, external pressure,
electroelectro--migrationmigration

��Much of mechanisms are becoming clearMuch of mechanisms are becoming clear

��Prevention measures are becoming availablePrevention measures are becoming available
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Day 7Day 7

• Conventionally: Whisker bud
observed in 1 week grow to
100 m in a few months

• Whisker prevents lead-free
promoting

• Unclear mechanism

• Sn plating varies in ambient
temperature analysis method is
not established

Limit of conventional technique

Whisker budWhisker bud

Unknown mechanism,
Uncertain measure
Unknown mechanism,Unknown mechanism,
Uncertain measureUncertain measure

Whisker is a WorldWhisker is a World’’s Longstanding Problems Longstanding Problem

5 types of whisker !5 types of whisker !

K. Suganuma, ISIR, Osaka University

• Sn alloy is recommended in Japan Pure Sn is recommended
in Europe and the U.S..

Pure Sn was chosen in Asia

34

Osaka Univ.

Establish plate
surface structure
analysis
technique and
study impacts
on whisker
formation

Osaka Univ.

Establish plate
surface structure
analysis
technique and
study impacts
on whisker
formation

Osaka Univ.Osaka Univ.

Establish plate
surface structure
analysis
technique and
study impacts
on whisker
formation

ImplementationImplementation
structurestructure

Technical
Support

Tohoku Univ., Yokohama National Univ., Tokai Univ.,
Kyusyu Univ., Kumamoto Univ.

Basic mechanism analysis

Tohoku Univ., Yokohama National Univ., Tokai Univ.,
Kyusyu Univ., Kumamoto Univ.

Basic mechanism analysis

Tohoku Univ., Yokohama National Univ., Tokai Univ.,
Kyusyu Univ., Kumamoto Univ.

Basic mechanism analysis

Japan Electronics and Information Technology Industries AssociationJapan Electronics and Information Technology Industries AssociationJapan Electronics and Information Technology Industries AssociatJapan Electronics and Information Technology Industries Associationion

RecommissionRecommission

CommissionCommission

Organization for Small & Medium Enterprises and
Regional Innovation, JAPAN

Organization for Small & Medium Enterprises and
Regional Innovation, JAPAN

Organization for Small & Medium Enterprises andOrganization for Small & Medium Enterprises and
Regional Innovation, JAPANRegional Innovation, JAPAN

ISHIHARA
CHEMICAL

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from SC
lead frame

ISHIHARA
CHEMICAL

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from SC
lead frame

ISHIHARAISHIHARA
CHEMICALCHEMICAL

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from SC
lead frame

YUKEN
INDUSTRY

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from
FPC and FFC

YUKEN
INDUSTRY

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from
FPC and FFC

YUKENYUKEN
INDUSTRYINDUSTRY

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from
FPC and FFC

Nihon Genma
Mfg

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from
lead-free solder

Nihon Genma
Mfg

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from
lead-free solder

Nihon GenmaNihon Genma
MfgMfg

Establish whisker
prevention
technology by
analyzing factors
of whisker
formation from
lead-free solder

EBARA-UDYLITE

Develop whisker
prevention
measure by
clarifying relation
between welding
condition and
crystal orientation
of whisker formed
on electronic
capacitor

EBARA-UDYLITE

Develop whisker
prevention
measure by
clarifying relation
between welding
condition and
crystal orientation
of whisker formed
on electronic
capacitor

EBARAEBARA--UDYLITEUDYLITE

Develop whisker
prevention
measure by
clarifying relation
between welding
condition and
crystal orientation
of whisker formed
on electronic
capacitor

NISHIHARA
RIKOH

Prototype line of
plate mass-
production for
optimization of plate
condition and
establishment of
whisker prevention
technology at mass-
production level

NISHIHARA
RIKOH

Prototype line of
plate mass-
production for
optimization of plate
condition and
establishment of
whisker prevention
technology at mass-
production level

NISHIHARANISHIHARA
RIKOHRIKOH

Prototype line of
plate mass-
production for
optimization of plate
condition and
establishment of
whisker prevention
technology at mass-
production level

Electronic devises/parts manufacturer
Establish reliability test standard and

test method 34

Electronic devises/parts manufacturer
Establish reliability test standard and

test method

Electronic devises/parts manufacturer
Establish reliability test standard and

test method

Technical
Support

K. Suganuma, ISIR, Osaka University
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6 universities6 universities

SC/PartsSC/Parts
manufacturermanufacturer

Fine pitch connector
Internal stress whisker

SC/Passive parts
Internal stress whisker

Mounting board solder
Erosion whisker

Plating/Process/Solder manufacturerPlating/Process/Solder manufacturerPlating/Process/Solder manufacturer

Electronics/InstallationElectronics/Installation
manufacturermanufacturer

Application for product
De facto standardization
Application for product
De facto standardization
Application for productApplication for product
De facto standardizationDe facto standardization

Application for
electronic parts

De facto standardization

Application for
electronic parts

De facto standardizatiotionn

Application forApplication for
electronic partselectronic parts

De facto standardizationDe facto standardization

Establish plating
technology and
soldering technology

Establish plating
technology and
soldering technologgy

Establish platingEstablish plating
technology andtechnology and
soldering technologysoldering technology

Establish basic theory
Confirm prevention
measures and reliability test

Establish basic theory
Confirm prevention
measures and reliability teststst

Establish basic theoryEstablish basic theory
Confirm preventionConfirm prevention
measures and reliability testmeasures and reliability test

Whisker basic mechanism

Whisker prevention method

De facto standardization
of new plating / soldering /
parts / processes

Reliability test technology

Establish World StandardEstablish World Standard

R&D forR&D for Development of Whisker Prevention TechnologyDevelopment of Whisker Prevention Technology

Certified upstream company, middle electric parts company, downsCertified upstream company, middle electric parts company, downstream user companytream user company
and universities are forming consortium competitiveand universities are forming consortium competitive with Industry-government-academia
cooperation, and forming complete supply chain.and forming complete supply chain.

AdvantageAdvantageAdvantage

36

Whisker formation mechanism and prevention method (Mainly university)Whisker formation mechanism and prevention method (Mainly university)Whisker formation mechanism and prevention method (Mainly university)
1. Clarify whisker formation mechanism
2. Standardize whisker acceleration test method (Temperature, humidity and other
test conditions)
3. Prevention mechanism proposal

1. Consider plating solution and chemical composition of solder
2. Optimization of plating conditions and mounting conditions (Film thickness, current
density, solution agitation conditions, substrate process, alloy concentration, flux, etc.)
3. Before and after treatment of plating

Establish plating condition to prevent whisker (Drug maker)Establish plating condition to prevent whisker (Drug maker)Establish plating condition to prevent whisker (Drug maker)

Whisker prevention management technology at mass-production level
(Process/Parts manufacturer)
Whisker prevention management technology at mass-production level
(Process/Parts manufacturer)
Whisker prevention management technology at mass-production level
(Process/Parts manufacturer)

1. Apply for prototype mass-production level
Studies toward mass-production by evaluating actual sized samples
2. Plating solution manufacturers perform evaluation with common condition
using standard plating machine

Reliability test standard and technology, forming de facto standard
(Setting, altogether)
Reliability test standard and technology, forming de facto standard
(Setting, altogether)
Reliability test standard and technology, forming de facto standard
(Setting, altogether)

1. Establish whisker evaluation depending on application and growth acceptance standard
2. Establish evaluation formula for machine life and its test method with various whisker

Flow of R&D forFlow of R&D for Development of Whisker Prevention TechnologyDevelopment of Whisker Prevention Technology

K. Suganuma, ISIR, Osaka University
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Internal stress type whisker test sample
(put into SEM, directly observable)

External stress type whisker test sample
(put into SEM, directly observable)

High-resolution SEM observation

Picture of Experiment and Development WorkPicture of Experiment and Development Work

K. Suganuma, ISIR, Osaka University
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Japan Electronics and Information
Technology Industry Association
Solder Bath Damage Suppression

Technology Standardization
Research Committee

Reliability Center for Electronic
Components of Japan

Environmental Test Station

Materials and Mechanism
Subcommittee

Surface Finishing Subcommittee

Life Evaluation Subcommittee

Implementation System of METI Project:
Standardization of Evaluation Test Method for

Damage Suppression Technology of
Lead-free Wave Soldering Machine (’07-’09)
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JEITA Standardization of Second
Generation Lead-free Wave Soldering Alloy

06/07/11,14 JEITA

JEITA Second Generation Wave
Soldering Alloy Standardization PG

2007/10/30 40

Group Member
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Expectation for the
Second Generation Wave Alloy

Problems of conventional solder (Comments from preparation meeting)
Escalating price of main material
Copper-tin type is unsuitable for through-hole
Problem of copper foil erosion

Cost is the most important key factor

Need for the second generation wave soldering

Low cost material suitable for all products
except for the products requiring Sn-3.0Ag-0.5Cu

Users can decide by themselves if lost characteristics could be quantified
e.g.
•Surface gloss Matt finish is available
•Through-hole Small dimples could be accepted
•Copper erosion No problem in normal operation
•Dross Equal to Sn-3.0Ag-0.5Cu in normal operation
•Operation temp. 255 as a maximum (Heat resistence limit of parts)
•Cost reduction 20% or more of Sn-3.0Ag-0.5Cu (Ag1% = 10% costs)

Cost structure of Sn3Ag-0.5Cu(Approx.)

Cost structure of Sn Ag-0.5Cu(Approx.)

Cost

Composition

Cost

Composition
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Test Flow
Test Method Inspection

(Pre-test)

1st Stage Test

1.5th Test (Additional)

Solder AlloySolder Alloy
Sn-3Ag-0.5Cu: Ref

2nd Stage Test
(Mounting Eval)

laboratory
Test

R
ealM

achine
Test

27 varieties

12 varieties

3 varieties

Narrow down

Recommended Composition
2 varieties

Proposal of Solder
I. Many proposed compositions from solder

manufacturer
Patent: regardless of whether or not compensation

is received, it should be opened at a fair
and reasonable cost

II. Narrow down composition candidates by static
characteristic test
(Testing all proposed compositions with real
machine is unrealistic)

Test
1. Divide static characteristic (laboratory test) and

dynamic characteristic (real machine test)
2. Static characteristic test

I. Evaluate necessary characteristics for wave
with alternative characteristics
II. Same results should be obtained anytime
anywhere

3. Dynamic characteristic test
I. Evaluate dynamic characteristics and working
property using actual substrate and production
line
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Conclusion
• SAC0307 is excel in the balance of low cost and wettability

As wettability obviously deteriorates, t should be premised that the minimum
operating temperature is 250 , the minimum primary water immersion time is
1.5sec, and using machine with a temperature control of 2.5 which enables
to keep margin in parts damaged condition. It should be introduced after
evaluated individually as it has little deterioration of heat shock resistance.
Adequate fabrication yield is promised by choosing sufficient flux, but it is
difficult to achieve 100% TH finish.

• SAC107 has an advantage with its balance of wettability and heat shock
resistance. Though it has close characteristics with SAC305 on the same
installation condition with SAC0307 as described above, there are great
difference of wettability at high heat area. Individual corrugated set up shall be
done as the bridge performance of lead parts is inferior to SAC307.

• Above-mentioned 2 compositions
1. SAC107
2. SAC0307

are recommended as next standard.

• For minor addition element with purpose
– P: Decrease dross generation
– Ni: Decrease copper erosion

are accepted as optional. However, upper limit management appropriate for
each operating temperature is vital as it has side-effects.

2007/10/30 44

SAC107
Wet observed
at high heat
area

Produced and
quality controlled
with SA305

SAC305 is recommended

No
Yes

TH finish is
absolutely required Introduce

Single sided
board yield takes
precedence

SAC0307 H/S Test Introduce

Recommended Alloy Selection Method

Yes

No

Equipments
respond to margin
reduction

Yes
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Sn-Pb

SAC3

SAC1

SAC0.3

Condition Setting and Working Property
of Wave Equipment

Temperature
Management range Narrow Wide
Wave management

range Narrow Wide

Both-
sided
TH

Single
-sided

Dipping time Long Short

Change of Mounting Process Window (Image)

2007/10/30 46

Thank you for your attention.
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Consideration of RoHS issues and
Tin Whiskers Evaluation in JAXA

October 30th, 2007
Safety and Mission Assurance Department

Electronic, Mechanical Components and Materials Engineering Group
Japan Aerospace Exploration Agency (JAXA)

1

ContentsContents

1. Background
2. Effects of RoHS in the Consumer

Market
3. Community
4. Whiskers Evaluation in a Vacuumed

Chamber
5. Summary

JAXAにおけるRoHS問題の取り組みと錫ウィスカの基礎評価 299



2

The EU has enacted two directives, RoHS and WEEE, that prohibit
the use of Pb, Cd, Cr6+, Hg, PBB and PBDE in products for the EU
consumer market since July 2006. One of the key elements in
these directives is Pb, which had been widely used in electric
components such as solder and parts terminations. Although these
regulations only affect products for sale in the EU, many
manufacturers in the world have shifted to lead-free products.

*1:RoHS(Restriction of the use of certain Hazardous Substance in electrical and
electronic equipment)

http://europa.eu.int/eur-lex/pri/en/oj/dat/2003/l_037/l_03720030213en00190023.pdf
WEEE(Waste Electrical and Electronic Equipment)

http://europa.eu.int/eur-lex/pri/en/oj/dat/2003/l_037/l_03720030213en00240038.pdf

1 Background

1.JAXA continues to use parts containing SnPb for space applications.
2.Purchase of the parts and materials that contain lead is becoming
difficult.

3.Reliability problems of lead-free parts and materials may surface in
space applications.

3

2.Effects of RoHS in The Consumer Market

20062006/07/07
JapanJapan JMOSJMOS

JISJIS--CC--95019501

CaliforniaCalifornia
RoHSRoHS

2007/072007/07
South KoreaSouth Korea
KoreanKorean RoHSRoHS20072007/03/03

ChinaChina
ChineseChinese RoHSRoHS

20062006/07/07
EUEU

RoHSRoHS

• RoHS &WEEE directives prohibit the use of lead in consumer
products in EU after July 2006.
• In several states in the U.S., a similar “green” law has enacted.
• In China and Korea, a similar directive to RoHS was enacted in March 2007.
• Many parts manufacturers in the world have shifted to lead-free products.
• In Japan, “JIS C 0950; J-MOSS” that is not similar to RoHS was
enacted in Dec. 2005.
• J-MOSS does not prohibit the use of lead, but requires to indicate
the usage of lead.
• Many Japanese parts manufacturers also shifted to lead-free products.
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3. Community

•Sharing information and subjects about RoHS issues
• Investigation and subject examination
•Propose to the Space Parts Committee

PurposePurposePurpose

Activity PeriodsActivity PeriodsActivity Periods

MembersMembersMembers
Satellite and Rockets system companies, Parts manufacturers,
University and associations

•The community will be held 3 times/year and will be maintained for 5
or 10years (depending on status)

Space parts committeeSpace parts committee

EEE parts
subcommittee

EEE parts
subcommittee

Mechanical Components and
Materials subcommittee

Mechanical Components and
Materials subcommittee

RoHS issue
Community
RoHS issue
Community

WG-WG-
WG-WG-

WG-CWG-C
WG-WG-

Sub WG-Sub WG-

5

CoreCore
MembersMembers

CommunityCommunity

Other membersOther members
Parts and other manufacturersParts and other manufacturers

•HokkaidoUniv. Prof. Kudo
•Osaka Univ. Prof. Suganuma
•Nihon Univ. Prof. Ohnishi
•Gunma Univ. Dr. Shouji
•JEITA

•HIREC
•muRata
•Hitachi-Chemical
•NEC Electronics
•Nippon Avionics
•EEE parts subcommittee member

•IHI
•IHIAerospace
•KHI
•JAXA

JAXA, Satellite and Rockets
system companies

JAXA, Satellite and Rockets
system companies

University and AssociationsUniversity and Associations

•JAE
•MPC
•MEISEI
•SHINKO
•OKI

3.1. The community to Discuss RoHS Issues

•MHI
•Melco
•NEC(NEC/TOSHIBA Space)
•HIREC (secretariat)
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Trend survey of Pb-free parts and material

Rockets : Subjects, Evaluation, Discussion

Pb-free parts, material, assembly techniques

Whiskers mechanism, evaluation method, accelerated test
method

Pb-free trend survey and lead tech. : HIREC

Mixed Assemble tech. : NEC/TOSHIBA Space

Pb-Free Assemble tech. : Melco

Whiskers evaluation : Osaka Univ.

CommunityCommunity

Lead, Cadmium, Chromium
Other prohibited material : TBD

Satellite : Subjects, Evaluation, Discussion

Hot Solder Dip method evaluation

3.2. Working Group

7

• SnPb Hot Solder Dip (HSD) mitigates Sn whiskers growth.
• Sn oxide formation is one of the root cause of the whisker

growth.
• In the orbit satellite, electrical components will be in vacuum

condition.

Fig.2 after HSD sampleFig. 1 Whiskers on chip capacitor

Background

Purpose

4. Whiskers Evaluation in Vacuumed chamber

•To evaluate Vacuum condition mitigates whiskers growth.
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Test condition

Test Equipment @TKSC

Test method : Thermal shock cycling
Temperature cycling : up to 2,000 cycle
Temperature range : -40 to +125 deg. C
Soak time : 60 minutes
Atmosphere : Vacuum (3Pa), Air
Sample : 2 type chip ceramic capacitor

(Electrode is pure Tin)

4.1. Test condition

Vacuum condition

Air conditionRotary
pump

Vacuum Air

9

Visual and SEM inspection results

Air
Vacuum

Air
Vacuum

2,000420147 1,0400

Sample B

Sample A

Thermal shock cycle
ConditionSample

Type

Whiskers were not observed
Whiskers were observed
Whiskers were increased

4.2. Summary of Vacuum and Air condition test
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Whiskers Length Result

4.3. Whisker length

••Whiskers lengthWhiskers length werewere almost same in air and vacuum condition.almost same in air and vacuum condition.
••Whiskers length wWhiskers length wereere saturated at 2,000 cycle thermal shock.saturated at 2,000 cycle thermal shock.

11

Sample A 500 times

0 cycle 420 cycle 1,040 cycle 2,000 cycle

Length ave. 12um
max. 16.24um

Number app. 19

Vacuum

Air

4.4. SEM inspection result (1/2)

Length ave. 11um
max. 15.84um

Number app. 19

Length ave. 10um
max. 15.21um

Number app. 17

Length ave. 11um
max. 13.06um

Number app. 12

Length ave. 11um
max. 16.63um

Number app. 18

Length ave. 13um
max. 19.72um

Number app. 11
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Length ave. 17um
max. 29.14um

Number app. 18

Length ave. 43um
max. 67.46um

Number app. 21

Length ave. 23um
max. 61.66um

Number app. 19

Length ave. 30um
max. 52.44um

Number app. 14

Length ave. 29um
max. 43.74um

Number app. 15

Length ave. 20um
max. 32.09um

Number app. 16

0 cycle 420 cycle 1,040 cycle 2,000 cycle

Vacuum

Air

4.4. SEM inspection result (2/2)
500 times

13

Sample B at 1,040 cycle

Air Condition Vacuumed condition

••Whiskers shape growth in vacuumed condition is narrowWhiskers shape growth in vacuumed condition is narrow

4.5. Comparison of whiskers shape
500 times

Length ave. 43um
max. 67.46um

Number app. 21

Length ave. 29um
max. 43.74um

Number app. 15
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1

2

4.6. Whisker Cross-Section (1/2)
Whisker cross-section sample A, Air condition, after 1,040 cycle

Cross-section
by FIB

View point

Cross-section

Close-up of #1 area

Close-up of #2 area

Oxide or Hydroxide

1.Around the whisker,
Sn was disappeared.

2.Whisker was growing
at grain division

Surface of whisker,
oxide or hydroxide
was observed.

15

Whisker cross-section sample B, Air condition, after 1,040 cycle

Cross-section
by FIB

View point

1

2

Oxide or Hydroxide

C deposit

Cross-section

Close-up of #1 area

1.Around the whisker,
Sn was disappeared.

2.Whisker was growing
at grain division

Surface of whisker,
oxide or hydroxide
was observed.

4.6. Whisker Cross-Section (2/2)

Close-up of #2 area
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16

SEM image (after 1,040cycle thermal shock)

Sample B

Grain size is
not uniformed

Sample A

Grain size is
uniformed

4.7. Comparison of Electrode Condition

17

5. Summary

EU enacted RoHS and WEEE directives, that restrict the use
of Pb et.al. for EU consumer products after July 2006.

1. Purchase of the parts and materials that contain lead will
be becoming difficult even for space parts.

2. JAXA established the community to discuss RoHS issue.
3. Whiskers characteristics is slight different in vacuum and

air condition.

Whiskers evaluation method and mitigate risk method will be
discussed at the community.
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The 20th Microelectronics Workshop at Tsukuba

Wrap-up Report

Oct. 30, 2007
Takashi Tamura

Electronic, Mechanical Components and Materials
Engineering Group

Institute of Aerospace Technology(IAT), JAXA

2

0.Introduction
1.Reliability/Quality Assurance
2.Strategy to Use Commercial Parts
3.Advanced Technology :MEMS, GaN
4.RoHS
5.EEE Parts Development in Japan
6.Conclusions

Overview
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Theme:
Current Status and Future Prospect of Commercial
Components, Materials and Technologies in Space Applications

Introduction

Reliability/Quality Technology

Policy
�Standard
�Strong Policy(Space on Demand)
�Role of Government/Institutes

�Speed
�Size
�Function

�Models, Tools
�Management
�RoHS

Cost?

4

1.Reliability/Quality Assurance

�Reliability Verification

�Design(Ground Applications)

�Obsolescence/Change Process Control

�User Notification

�Long Term Storage

�Lot Homogeneity

�Counterfeit

Issues on Electronic Parts

�Quality Assurance by D&D
�3 GEN Principle
(Genba, Genbutsu, Genjitsu)

Space Industries should :
� Collect/Share necessary
information worldwide

� Know Genba(Actual Place)
� Know Genbutsu(Actual Thing)
� Know Genjitsu(Actual Situation)

Many Issues!
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2.Strategy to Use Commercial Parts

Type Quantity Cost Breakdown
CPU, Memory, GA 250 87%

Digital IC 2,530 2%
Semiconductor 6,720 1%

Resister, Capacitor 14,600 2%
Solar Cell, Relay, etc. 13,800 8%

Total 37,900 100%

About 60% of ground-tested COTS can be used
for LEO (low earth orbit) satellites after evaluation

COTS Database COTS Guideline

COTS Parts Evaluation in SERVIS Project

CPU/Memory/GA are the main contributor

6

2.Strategy to Use Commercial Parts

Successful Application of Commercial Parts…..

Europe : ECSS-Q-60B Level 3 COTS
USA :GSFC 311-INST-001
Japan : Guidelines from USEF, Some from JAXA

…. with enough knowledge of each COTS devices.

�Still Case-by-Case Issue to assure its life, radiation-
tolerance, thermal issues, storage environment, etc.

�COTS should be treated as “New Technology” for Space
Applications.

Two(2) Different approaches will be possible.

�Simply Replace Hi-Rel parts with COTS? … seems not promising
�Conceptual Change to “Reliability as a Whole System”?
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Devices for Space Applications:

Small : Launch Capability
Low Power : Limited Power is Available in Space
Long Life :24 Hours, 10, 15 Years or more
Endurance :Radiation, Thermal Cycle

3.Advanced Technology :MEMS, GaN, etc

MEMS, NANO Devices, WBG(GaN, etc) Devices will
play a significant role in the future.

MEMS : Inconsistent with Mass-Production?
WBG :Insufficient Evaluation

In-House Production or Further Extensive
Evaluation Program will be Necessary

8

Space Industries Can not Avoid RoHS Issues.
�“Space” is Exempt from RoHS Directive Now

�However, Space Industries can not live by itself.

�We have to know:
- How to maintain lead, etc until when?
- How to mitigate reliability issues using lead-free?
- How to introduce “lead-free”

4.RoHS

Standardization(GEIA, JEITA, etc.) for
- Test Method of Materials
- Life Evaluation
- Surface Finishing, etc.

will become essential.
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5.EEE Parts Development in Japan

Design rule trend andDesign rule trend and JAXAJAXA’’ss LSI RoadmapLSI Roadmap

D
es

ig
n

R
ul

e
(1

/2
pi

tc
h)

[�
m

]

0.15�m, FDSOI(1.5V)

0.35�m, 33MHz 64bitMPU(3.3V)

0.18�m, 200MHz 64bitMPU(1.8V)

� MPU/ASIC/Memory will still be the essential part for “Non-Dependence and
Competence.

� Introduction of COTS need strong “Policy” and “Extensive Evaluation
Program”.

� Application of MEMS, NANO Devices, WBG(GaN, etc) Devices may Change
the Concept of System Reliability as a whole.

10

6.Conclusions

Parts ManufacturersParts Manufacturers

Space IndustriesSpace Industries

Government/ InstitutionsGovernment/ Institutions

Keyword isKeyword is…… ““PartnershipPartnership””

Thank You!Thank You!
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５． 閉会挨拶 
 
田村 高志 JAXA 総合技術研究本部 部品・材料・機構技術グループ長 

 
（要旨） 
今年で第 20 回という記念すべきタイミングでこの国際会議場でワークショップを開催させていただきまし

た。多くの方々の参加と活発な議論があり大変有益なものとなりました。また展示も 40 ブースという過去最

大の規模となり、産学官連携部の協力でいろいろなフィールドの展示がなされ、大変興味深い展示会がで

きました。 
 
宇宙用部品に対する関心が高まる中、国内のみならず海外も含めた協力の一環として、このワークショッ

プをさらに活発に開けることを期待しています。来年も今年に劣らぬ充実したワークショップとなるよう、進め

てまいりたいと思います。 
2 日間にわたりどうもありがとうございました。 
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画像紹介 
 

            開会の挨拶●坂田　公夫（JAXA） 
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Workshop （ 1日目） 
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Workshop （ 1日目） 
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講演風景（講演順） 
 

山本　昭男（JAXA） 北澤　宏（日産自動車株式会社）

佐伯　徳彦（経済産業省） 秋山　雅胤（財団法人　無人宇宙実験システム研究開発機構）

Jeffrey H Sokol (The Aerospace Corporation) Franck Davenel (French Ministry of Defense)
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講演風景（講演順） 
 

Juergen Tetzlaff (German Aerospase Center) Geoffrey Penhaligon (IGG Component Technology Ltd,)

吉川　健太郎（JAXA)
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Workshop （ 2日目） 
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講演風景（講演順） 
 

三田　信（JAXA) 荒川　哲人（JAXA)

藤本　直伸（三菱電機株式会社） 堀田　孝章（立山科学工業株式会社）

Andrew Robert Barnes (European Space Agency) 新藤　浩之（JAXA)
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講演風景（講演順） 
 

久野　真一 (Aeroflex Colorado Springs Agency) 松井　崇雄（三菱電機株式会社）

Michael J Sampson (NASA) 山本　克己（テクノオフィスヤマモト）

根本　規生（JAXA) 田村　高志（JAXA)



第20回マイクロエレクトロニクスワークショップ 329

宇宙用部品展示／MEMS & ナノテク展示会
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宇宙用部品展示／MEMS & ナノテク展示会
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