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System)Z & A L . AL 3 AIZ(XISO 9001 D 2000 FERRD B ZEZ T THEY ET,
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DEBETRETIHEEELT, BAHGTAD Y 2 RBTHLTRER -
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WEIRRDOIEEICZLL HYET., T—FHMBIED DRTS. HEKERHIR
ETHRETEREICHD ALOS. SEXRITLITFEOHKMNHARRE ETS-VI., &
& - BUEBED WINDS, BO&BAIZ v 3> T#HSH SELENE ETHLPEN
ZIRIZH->TWETH, HABETIAVR—RY FEORENELCNIE, o
DHEICHEFNIARBENZEVNSATIOI M) v RARIIDBRME LR
WET,

RIZPFHRAT—a VEARKRTIE. BROEBRETH S JEM & ELE SR
THDHTV DXBEEBEEELTWET, -, REETHAREKE TEEZED
T—AR—ZZBELZFOERZR > TLWETH, FhEFhDT—E2R—X[F
BRBZT7IVER - VRATLEELTWSAEHERALTLOVWEWSEHEEHY F
T, 2T, SNOHDERLEZT—EAR—REFRNITHE VO T—DOD LR T
LELTERL, IEARCTOC I FOMEZR >TSS Y-WEEZ TN
E3

(2) REKTODH FOHAEMR

hix, BRoh-BRZENIERTSEHIC, ERFEEZEOHTECIC
KHhIHLETHY F9 . EAFMLGEMFARH & L TIE, ”Guidance and Control
Units” & L T, Star Sensor, Wheel, Fiber Optic Gyro, Next Generation GPS
Receiver, ”Electric Power System” & L T, High Efficiency Solar Cells, Lithium
Ion Batteries, ”Satellite Propulsion Units”& LTI, 150mN-Class Ion Engine.
The 20N Class Thruster Valve, € MD{th”Telecommunications and Data Handling”
HEMRLHYFET,

BICFHREHAZEEORRLEZELGAF LG >TVEYT, FHREDE
HOERE, BAROZELESHT, HENERICHLEELILTIN, #IE
BEDIv L avhoES BT LIBEBLETNEELGLVEETLLRLOD
TY, #>T, KEQ/PMELBELTIRICHEDH, RAELT, ETORHEIC
COEEZEEL T, FHEHEOEEGFRAICREATHET,

L53—DEBELRELFELTE, PLELEIICERFELNTLET, 2002
FIITEIFE L= MDS-1 ICEIERRZEH L. BLELTERIALEL Rz, TDE
MOFEM-EIE, BDELUE - UREZTVLELT, BEORZEDEBHEBRIC
RBEhTWET, ALFNE LT, S0kg BRI —HEXITLEFTHELTE
METH>TUVET, JAXA [0y FOBEDAEE - HERBEZALTLEE
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(3) kOB

HHZBRAEHZSEL TV ET, CCTREBET®AET &,

—FPHIRLF—ZFFRALE-XRERECTFHEREDORKR.
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3. HAEE—1

”"MEMS and Micro-Structures in Aerospace Applications”
Dr. Robert Osiander
The Johns Hopkins University

BAEPa X - RTIFXF D ARENERERO—HERETH S EAME
EWMEMT. L LT, MEMS OFEGRABROTRICHSB LTS, AXE
DIt BRHEFIEEAET 3,500 ZFEE. TDOH 600%HFEETHD, >3 VX -
RTIXFUVAKRETEBLROFEEEITLIFTEY ., ETREABECEEZHRF
[CHEIv L avOFEBEFIT LT,

ABDEEIL, MEMS [T 5B HGERE, FHEANDOILRHIZCHI->THET
REZE, FOEAKEN., SEOEE. MEMS OFHFAAIZY->TORRKD
BLDETHY TTEELEOBBFICOLNT, FEICEBENLET,

MEMS D& L FE Y [, 1969 £E[Z Westinghouse $1H' resonant gate field-effect
transistor [CFIA L =D ZE LN Y I[Z,1970 F£4XIZ A > T bulk-etched silicon wafers
[CEAtY—OEERIZFIA, 1980 ERIZET AR - FSATD~AY KA
[Z surface-micro machined polysilicon actuators D®FE LT, £L T 1990 £
[CEEOHPRAREN S DBRICE SZMBHAEDND—IRE LT MEMS OFFREMN
fTHh . 1993 F£IZ[E MEMS DO REHGREN L S T-, Bl 5 Defense Advanced
Research Projects Agency (DARPA) [Z& o T Foundry WX A2 — kL. MEMS D
R HWENTREL o1, BADYIL—TFHL I ZZEFAL T MEMS DEEZE
ToTE.

D%, MEMS OFHFAMNRBShT=, 1998 F, AR—IA L ¥ FILH D
MEMS #3235 & L 7= Mighty Sat-1 4T E(F 5. 1999 FICTE P v ML -F—
E 4 ® micro/propulsion system OFIZFA I, Fi=. 1995 F£—2002 F£IZ[E
MEMS % #|f L = OPAL (Orbiting Pico satellite Automated Launcher)h33T E(F
bht=,

— k87 MEMS OFIEMEE L TIE,
—7F0a5 - FORIL - EENIED 1C HEE,
—MEFR LS EEHEERM.
—HE R FOBBZEIB St ERELI-KEEE.
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RIBADEENNES NI &,
NEFLIDB,

MEMS OBEEMFAICONTIE, EOZ7—N\yJTRAMEEE. Pvya 0O
RA—F RFRI 1 vF . EHEVY— 740Ky, BHERE. FOHIL -
5S4 k- F0Eyd—%IcRATNS,

MEMS OEETIBADBSAZRAE IR M EXKEEETH SN, FHIE
~DBARBEMWERELVELAETHY ., MHEEREIRFEVSFYILFHE
~DERAEICE>TRESI S, FHICBVWTEELRZ LIF, RARIZHf=-
THEET S E VS EEIEDOERTH S, 1=ZL. BERAD MEMS ZH L L\FH
REBIZBAYT S EXREIZET 5.

MEMS ZFHAFATHARELTE. BOTEETHS L. HEEN
PN E, BEHNNSNI L, RBOERICHE, RUBHKRICHLT
LMAUNHSZ &, SRETHDOVRTLOBEE. £ L TEHRHGFHD
BEH TG, Bl - KELE - KRRBRFASLSZITO NS,

NASA Tl& MEMS FIRQOERFAEZET>TE Y. 2001 £ 59 . 2002 £ 77
4.2003 £F 111 ¥+ T.MEMS O #B& & L T, “Stirling Cooler” ., “Liquid Metal Micro
Switches”, “Inertial Sensors”. “Microwave RF Switches and Phase Shifter”,
“Thrusters”, “Deformable Mirrors”, “Pressure or Temperature Sensors”Z A%
Fonhd, O, MEMS & E L TRERMAE L D [E“Accelerometers” .,

“Emissivity Control Shutter”, “Sun Sensors”, “Magnetometers”H# 3,

MEMS OFHTOFAZ#EETHIERELT, 22— G701 TD
ERDAIBE L %2 Y £ 9 L. “Mirror Array” & M “Shutter Array”® & 5 ¥ L%
109 % = & . “Accelerometer” X>“Plasma Spectrometer”® & 5 [ZH#23D/NEYE
NAaee bl &, REEEICK > TREFFIZ 100 s AU LEOBHBAAIREL 455
&, NEUYEPERTaY FA—ILICKBHEEEDT v TREIFEN S,

(MEMS SR 0B AMHEFIZDONTIE, BHREHESERBELV-L)

MEMS OFELGZFHASETH L LTIX/NMEBFTETHY., I 10kg V5 ADF
JHEDE kg VTADEIRETHD, /NEFHERX, aX A, BEE. BH
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Has. HEEHN., SRENFOH R[N S MEMS SRERETH S,

MEMSBEES v 3> & LTI EMMAEEE L TIERAR—R - ¥ bL,
FIRIBE (sounding rockets), FHEM (SS)ELAHY . KFEDORE & L T Falcon
Sat, MidStar, OPAL &, /-, 7/ /EQBEH,NRZEIFS5h B, NASA 2Lk D
Ch o DHEMIELE. 60 FRIZLEM/NEIOBE TTHhh., 90 ERBFICETD
¥ FVIZEEEThiiz, RADI v FILICKDT54 &, 1998 &£ 7 A 23
BOaOYE7ETHoT-. mED MEMS BE/NEFEDI v 3 vIZDNT
FERMEMESERLL,

MEMS QEEMORBBETTA. MEMS R ESETH EDHADHABEIT-
TETVS, FHTRBO THBLGEBAEEENEFINATNS, HEHIMEIT
FHAICFAM LD, HFICEBRDOY ) aUHEBFFHTIKEALZL, FTHIEE
DOHHFREICERT 2DENH D, £f-. MEMS OMEREICHRED/ NN Tr—D
EMhEREIND,

BEMIERETHIRAELTE, —DRESOBELH S, ERABNE,
MEMS HEICHBKCERRNOBENSE L 5BhAHSH, ZDHELTIEK
VENSHDE, Va— FOEE. HEEZSETARESHS. EOM. ITE
IFEIZE T HHLVMEBOEREIRIRT 5BELH DS, F=. BHR, B0
FHELOER, FHREICRACRRTHIREN SEE, BinEEE.
T3ATPHEE. BEITHMEESICE >THRELEC LI ENFESIIS,

WBRZHELLITSE MEMS BXFHERICREZRTHILENRHB L.
W DOIDORITEREBEEREL T, TRLOF vy TEEBOHEENEETHDH &
525,
()
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4. FARE—2 [EHEAEFHAOMEMRLEE]
() Tov— BFRERAR
KR #H =ER

GEEEOEFICKY.FREICIIFBEEHEZ /R L TBIELEA)
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5. BNBEHHEE

(1) FBEOFERAIGIE. TBIMERGFHEE] L LT, 4 20BIMERFE(NASA,
GEIA, ESA, CNES) [Z& 5EELITHhN -, m=HIZ NASA/GSFC D Michael
Sampson K/ 5, [NASA EEE Parts and Packing (NEPP) Program] & L T.
RAEHICE I T, NASA @ EEE (BR. BF. ESHEM) BE & EREH
B (NEPP) ICDWTHEEZToT=. EERNBSOMEL L TIE, NEPP [X TRL
4Pk (R & D TIR%EL, HfBARLE) THY. NEPP DHRAIC NEPAG
(NASA Electronic Parts Assurance Group) H/EE) L TL 5 & 5iBA, NEEP (&
2005 EMSHEDESZETOD 4 FEFPGA’s, Non-Volatile Memories .
Advanced Mixed Signal, Scaled CMOS. Optoelectronics, Area Array Packages.
Hybrids, Lead-free Assembly, Advanced Passives) [CfERZ L TI-FAHE1THo
TWAZI e, PEREL LTEHN 1,000 5 FILT, ARE LTI, BEHER*E
(2 39%. {EFA1ERARIC 33%. NEPAG BERIZ 15%Z &P L. BRI/B TR
ERFIZ63%ZFENYHTTWS LRz, -, BEOBRKSEFICTOLT,
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Current Status and Future Prospect
on the Reinforcement
of Fundamental Technology in JAXA

Atsutaro Watanabe

Associate Executive Director

Institute of Aerospace Technology (IAT)

JAXA Institute of Aerospace Technology (IAT)

Institute of Aerospace Technology | Staff:375 |

LIstaff ['giatra
—(Program Management and Integration Dept. 2
| Staff:53 Spacecraft Guidance, Control and Dynamics Engineering Group

General Services Div., Program and Planning
Office, Program Support Div.

Space Power Engineering Group

Project Research Coordination Office, Project Spacecraft Propulsion Engineering Group

Project Promotion Div.

—-| Safety and Quality Assurance OmCEStaﬂ’: 4 |

Electronic, Material Components and Materials Engineering
Group

Space Structures Engineering Group

Spacecraft Thermal Engineering Group

Telecommunications and Data Handling Egineering Group

Wind Tunnel Technology Center

Space Environment Measurement Group

Aerodynamics Research Group Kakuda Space Center

Structure Technology Center

Administration Div., Technology and Safety Div., Noshiro

Advanced Composite Technology Center Testing Center

Aeroengine Technology Center
Flight Systems Technology Center

Rocket Engine Technology Center

Combined Propulsion Research Group

Computaianzl Sclance Research Gronp Future Space Transportation Research Center

Advanced Mission Research Center

Space Technology Demonstration Research Center

Advanced Space Technology Research Group
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I JAXA Institute of Aerospace Technology (IAT) I

Spacecraft Guidance, Control and Dynamics Engineering Group

Space Power Engineering Group

Spacecraft Propulsion Engineering Group

Electronic, Material Components and Materials Engineering
Group

Space Structures Engineering Group

Spacecraft Thermal Engineering Group

Telecommunications and Data Handling Egineering Group

Space Environment Measurement Group

Kakuda Space Center

Administration Div., Technology and Safety Div., Noshiro
Testing Center

Rocket Engine Technology Center

Combined Propulsion Research Group

Future Space Transportation Research Center

Advanced Mission Research Center

Space Technology Demonstration Research Center

Advanced Space Technology Research Group

R&D Activities by IAT-ST*

[Bperations & Evaluation 1

{ Operations & data

i evaluation of satellites

¢ (currently in the second
half of y-LabSat 1 mission
period)

[ In-orbit demonstration ] Expert group

Develop, accumulate and
sustain fundamental
technologies

+Critical units for space
development

+ Fundamental and strategic
parts

{aed back
.

V\ ....... [ Advanced Reserch ]

{ +Inter-orbit navigation technologies
i +Robotic technologies

+ Project support
technologies

.+ Fundamental technology of
“.Jocket engine s

- Space energy utilization systems
-Moon & planets exploration
technologies

-Space debris Research

i +Future transportation systems (next

! expendable launch vehicles, re-usable
'\xvehicles) P

i
i
i
i
i
1
i
1
i
11
i
i
i

Iy, Acadenia nd Covemmentcolaboraton (M Jgar) /'~ #
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1S-1VI

Main Responsibilities of IAT-ST

M, —Guidance and control units

} —Electric power supply units
—Satellite propulsion units
—In-orbit demonstration systems

R&D on critical units for space
development

—Conduct R&D of critical parts and re-establish )
the parts supply system
—Assure parts quality
—Develop the parts database

R&D of fundamental and strategic
parts

- Promote use of the parts databases. )

—Research analytical and evaluation technologies
for project support

R&D of Project support technolog're#{_::_:_-~

F

i )

—Analyze and evaluate the improved
Prototype LE-7A LOx inducer and nozzle,
among other things.

—Perform engineering tests for the improved
LE-7A LOx turbo pump

—Test the injector to suppress vibrations due to

R&D of fundamental technology of
rocket engines :

LE-5B firing.
A 2 o
Research on Future Space —Next expendable launch vehicles, re-usable
Transportation Systems space transportation systems
Advanced studies for future space —Space robotics, space energy utilization
development technologies, inter-orbit transfer technologies, Moon

and Mars exploration technologies

C] : Main responsibilities of IAT-ST 4

Continuation and Reinforcement of Project Support Technologies

Advanced Research

e

TRLY

Next Projects

Current Proiects l

1:Space energy

1:Life test using test facilities
1:Component
L IEasasyata Dav:loprnent Various verifications

2:0On-orbit service

: 2:Resolution of critical technical issues
3:Future Space 2:Parts Development

Ti i 5
s;::ll:]oﬂat on 15 simulation 3:Update design standards

4:Moon & Mars
Exploration

9 Technologies L A Y,
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Evaluation Flow to Results & Plans of IAT R&D Themes

Evaluation of Independent Ministerial Agency Govrmnt. Level
| JAXA President Evaluation | Agency Level
IAT Evaluation Reflect to ;
— Institute Level
by Executive Director budget distribution AR,
Segment Evaluation Segment Level

JAXA R&D
Coodination
Committee

by Associate Executive Director
JAXA Project managers
and External Reviewers

4

Fundamental |
Technology .. Peer Review
Center Level
Themes (Evaluation by Head of Center) £ =
. E I
R&D Themes Project Support
Activities i 6

New Approach at the IAT

To Establish DE groups and to participate in projects
as the expert of each subsystem

Contribution to the Mission Success of satellite projects
Organization Revision in October 2005

To Apply Quality Management System to our R&D Activities

<Goal>
Contribution to our society by creating high-quality results in R&D
Continuous level up of the Quality Management System(QMS)
across the organization

ISO9001 : 2000 Certification Since 6th March 2006

To Adopt the concept of Technology Readiness Levels
(TRL) as an international standard for results in R&D

Setting TRL 6 or 7 for the R&D phase-up to the project 7
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Contribution of DE groups in the project
(The Matrix organization)

System Ehgin*ﬁn’g Gn) I memw -. ------------ ’ ----------- ’- ---------- ’ ----------- -’
El ic, Mechanical Comp . : - : :
and Materials Engineering Group smmw -’ ------------ 9 ----------- ‘ ---------- ? ----------- ‘
Space Power Engineering Group mans -‘ ------------ 6 ----------- ‘ ---------- ‘ ----------- x.
Tele icati d : : : :
D:m":m:::;;n:'l‘:a:’:mg A wue .? ............ ? ........... @rrernanan .-’ ........... D
Spaco Envl = orp peree .. ............ . ........... - . .. ........... @
Space Structures Engineering Grp -----‘ ------------ ‘--- -------- ‘ ----- e "‘ --------- - -‘
| Spacecraft Thermal Engineering Grp I (LT -‘ ------------ 6 ----------- ' ---------- ‘ ----------- ‘
5 raft Guidance , R S ~ S - S B e ennnnnnan
C::::Jcl and I:Illynal:noiecs Engineering Grp .? ? ,. ? ,
Movececa Pomation ngienng o |+ @7+++55055 TR - IR—— S @
P P ing Grp . : .
T T . aae [ IR @ivosnnniis SRR ®
I SOAC s s @ sminiemiia @ sanainn s i Y

Establish DE groups and participate in projects as the expert of each subsystem
—Contribution to the Mission Success of satellite projects (Otinizsion Fvisioin

October 2005)

Concept of Technology Readiness Levels (TRL)

Effective R&D to realize technical road maps N
Enhancement of testing/validation activities prior to project TRL O
Clarification of TRL for technologies supplied to projects —_
TRL8
=Demonstration as systems (TRL7~9) —
Flight model production TRL 7

System demonstration

Supply well-developed
technology to projects |

=Technology development/demonstration (TRL4~6) |'7'

Component/Subsystem development
Ground demonstration Sho.md be 'prpmoted to
Flight demonstration achieve mission success

Effective use of TRL review at phase-up

wProof-of-concept research (TRL3)

Mission design by MDC

Key technology demonstration by prototyping
»Basic technology research (TRL1~2)

TRL : Technology Readiness Level (NASA case)
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JAXA Institute of Space Technology and Aeronautics (ISTA)

Space Technology

@ Support for current projects

(2 R&D for next projects

(3 Study on future space systems

Current Project Support Technologies

»Respond to urgent issues facing to the Japanese space
community, support the project offices in developing
common fundamental technologies to eliminate potential
failures for on-going projects and improve reliability of future
projects (i.e., remove potential failure causes).

»Support the project offices in improving reliability of launch

vehicles and satellites and solve project-related technical
issues.

11
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Current Project Support Technologies

Mote: ISTA personnel
support on a part time
basis.

»Response to specific requests from projects such as component development

and simulations (see details in later in this material) . 12

Solutions by IAT for key technical issues

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

[Support by ISTA]

> LE-7A

» Inducer nozzle test and analysis.

» Turbo pump engineering test and performance evaluation. Test and evaluation of
vibration suppression performance during firing.

» Developed a simulator to simulate non-steady state characteristics such as start and
stop transient.

> LE-5B
» Test and evaluation of vibration suppression performance during firing.
» CFD analysis for engine mixer

> SRB

» Analyzed uncertainty of ignition test and analytical data.

» To understand a functional loss of ignition wires which could lead to a failure of SRB-A
separation, gas diffusion 3-D CFD analysis was conducted for a period of two seconds
starting the beginning of fuel gas leak in the aft-adaptor.

» Stress analysis of the nozzle

> Element analysis

» Flight analysis

» Temperature prediction for the second stage electronics

» In-orbit detail thermal analysis of DRE (Doppler Ranging Equipment) for VEP2 (Vehicle
Evaluation Payload-2)

» Analysis and evaluation of post-flight vibration data

» Independent verification using a simplified vibration model and development of a
mathematical model

13
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Summary of Project Supports (sheet 1 of 4)

DRTS DRTS is a data relay satellite, which is a GEO communication satellite and relays
communications between medium to low altitude (300- 1,000 km) spacecrafts .

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

ALOS ALOS is one of the world largest earth observation satellite with higher performance
than JERS-1 or ADEOS.

[Support by ISTA]
Experts from each discipline of the ISTA participated in the ALOS comprehensive review team.
Charging and discharging tests as part of the ADEOS-|| failure investigation and all necessary
tests to prevent the same failure. IV&V of the flight software. Conducted radiation test for the
heavy particle monitoring sensor and light particle monitoring sensor to calibrate these sensors.
Test the star sensor and supported in the off-line attitude determination system.

Summary of Project Supports (sheet 2 of 4)

ETS-VIl Ers-vinisan engineering test satellite designed to meet increasing
communication demands such as cellular phones and mobile equipment. Two large, deployable
antenna and two solar paddles are used. ETS-VIII is one of the largest GEO satellite.

[Support by ISTA] o=
Experts of each discipline of the ISTA participated in the ETS-VIIl comprehensive
review team. Evaluated the result of ion engine operation test. Calibrated sensors
such as the charge sensor. Generated a mathematical thermal model of the
deployable radiator using a loop heat pipe. Analyzed and evaluated flexible
structures. Develop 100 Ah Ni-H, battery.

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

[Support by ISTA]
Thermal and structure analyses of satellite system. Communication, thermal and
structural analyses of mission equipment. Supported solar cell evaluation and
electric power system design.

15
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Summary of Project Supports (sheet 3 of 4)

SELENE SELENE is the Japan's first, large lunar explorer and stands for SELenological and
Engineering Explorer. This is the largest lunar exploration project since U.S. Apollo project and has
drawn altention from the world. (ISAS project)

[Support by ISTA]
Supported analysis of the landing, navigation, guidance and control system and procurement of
35AhNI-Cd batteries and 13AhNi-MH batteries. Consulted on space-use parts applications.
Supported the propulsion subsystem design and subsystem ignition tests. Supported analysis of
materials and mechanical parts.

GOSAT This is a joint project between JAXA and Ministry of the Environment. GOSAT is a
Japan's 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 Systemn. GOSAT will measure CO, distribution from the space. CO, worsens
greenhouse effect.

[Support by ISTA]
R&D of onboard equipment such as space environment measurement equipment and newly—
developed components and parts (e.g., high speed wheel, 200MIPS 64bitMPU and DC/DC
converter) . Thermal evaluation of high-efficiency solar cells.

GPM_~DPR GPM and DPR stand for Global Precipitation Measurement and Dual-frequency
Precipitation Radar, respectively. GPM mission is composed of 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 ISTA]
Supported parts program, thermal design of radiator, and material technology. Analysis of heat
balance and structure.

16

Summary of Project Supports (sheet 4 of 4)

JEM Pressurized Module/Exposed Module/Manipulator,

Space 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
the pressurized stowage as part of the pressurized laboratory and the exposed pallet as part of
the exposed platform, the robotic manipulator for experiments and other tasks, and the
communication system with satellites.

[Support by ISTA]
- Offgassing test, flammability test and odor test. Measurement and evaluation of noises.
*Supported MATOF platform development and outgas measurement from organic materials (e.g.,
FRP).

+Evaluated long-term accuracy of harmonic drive dumper used for the small manipulator joint.
Provided technical support on PCS (Parallel Computer System) which is used as part of the
backup computer for the manipulator controller. PCS was mounted on MDS-1.

- Safety evaluation of batteries embedded in the small, portable equipment.

HTV HTV(H-Il Transfer Vehicle)is a re-supply vehicle for the ISS. HTV is an unmanned
vehicle designed to be attached on top of the augmented H-lIA launch vehicle, delivers a
maximum of 4 tons of foods, clothes and various experiment equipment to the 1SS and brings
back used experiment eguipment and clothes to the atmosphere. HTV will be burnt during the re-
entry.

[Support by ISTA]
R&D of rendezvous sensor. Evaluated the lubrication segments for friction characteristics and
lifetime. Evaluated imported mechanical parts (low impact separation mechanism). Supported
rendezvous docking testing. Supported in the area of batteries and electric power system. Support
in the operational phase using the distributed simulator.

17
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Development of Fundamental Technology Database

ISTA Present Statu

Technology
information
management
system

AW_'

S
Element
Technology

Integrated
| Spacecraft
analysis system

<+—» Project

Project Information

-I Systemn
Design

Information

nable to use these databases eff

because these databases are not functionally integrate:

Tracking & Control
. Information System
Satellite
Operation

d

Failure Information
@ System

] Environmental
| testdata

tively for development activities

such as conceptual design

18
Enhance existing technical databases
Database Summary Status
Common Parts Database | Database integrated to provide information on JAXA (former NASDA) qualified Open to
parts. Public/Restric
ted
Parts Test Data Analysis | Database of solar cells including data such as radiation test data, flight heritage Open to
System and failures. This database also provides search and refrieval capabilities of | Public/Restric
test and analytical results. ted
Guidance Control Database of dynamics, navigation and guidance, results on robotics research | In Group Only
Information System such as materials, numerical data and evaluation results.
Mechanisms & Parts Database of space-use mechanical parts and systems including research In Group Only
Database results and design standards related to mechanical parts and systems.
Structure Information Database of results of structural system researches such as materials, Under
Database numerical data and evaluation results. construction
Space Environments This database has radiation environment simulation function including satellite Open to
Measurement Information | @nemaly waming notification function and satellite environmental information | Public/Restric
System supply function. This database also has a function to utilize stored data. ted
Battery Life Database Added a capability to register past data and to compare in-orbit operational | In house Only
data and ground-based test data for batteries that are used for satellites to be
operational in the future. Converted “Collection of Battery Cleaning Test Base
Data" into an electronic file, which was distributed to related parties and added
to the database.
Material Database Database of outgassing test, safety demonstration test, material evaluation test Open to
and space demonstration data. Public/Restric
ted
Thermal Design Analysis | Database of thermal design technology such as design materials, mathematical Inh onl
Information System thermal models, chamber test data, in-orbit data and other thermal-related data, | " "0S€ ©Y
19
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JAXA Institute of Space Technology and Aeronautics (ISTA)

Space Technology

l (D Support for current projects |

@ R&D for next projects

(3 Study on future space systems

R&D for Next Projects —Components & Parts—

»Continue enhancing the fundamental parts technologies to prevent potential spacecraft
mission failure due to increasing imported items of space equipment and parts and
decreasing domestic high-reliability parts.

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

"ﬁ" o
~ s i) 5 Y
K b = adadda = —

N High torque and low disturbance wheels Fiber gyros (FOG) Next generation GPS receivers

¥

Guitrol Units

Star sensors

Lithium lon Battery _
Assembly Units

Satellite propulsion parts
(e.g., valve)

Triple-Junction Solar Cells
Toward establishment of Japan’s independence for space development 21
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Guidance and Control Units

» Advance the attitude control technology, which is the brain of spacecraft,
in accuracy, weight and reliability and strengthen international competitiveness.}

b Star Sensor (SST)

The next generation star sensor, which can autonomously determine the
attitude, is being developed. Utilizing the high performance MPU, the high g
accuracy and the small size are achieved. A prototype has been built and Star sensor
evaluated.

EWheel :
Developing new two type Reaction Wheels, High Torque Reaction Wheel
(HTRW) and High Speed Reaction Wheel(HSRW). HTRW is for a future High Speed Reaction
observation mission and has characteristics of high torque and low Wheel(HSRW)

disturbances. HSRW is for general missions and has characteristics of '
small/light and low disturbances. HSRW will be launched on GOSAT in 2008. w

¥ Fiber Optic Gyro (FOG)

Aiming for the application to the future spacecraft attitude control system,

(FOG)

high performance Fiber Optic Gyro, which employs the high power erbium-  Fiber optic gyro
doped fiber light source and long fiber coil (3km) are now under development. o
A prototype has been built and evaluated. e

F Next Generation GPS Receiver : i = |
The new space borne GPS receiver, which can track 24 satellite signals 11
including the L2 new civil code was under investigation. Because of dual  Next generation GPS
frequency utilization, the ionospheric delay error is dramatically reduced. receiver
A functional model has been built and evaluated. 22

Electric Power System

» Reducing the power system mass and cost by improving their life,
performance and reliability in order to increase spacecraft competitiveness.

E High Efficiency Solar Cells :

Triple-junction (3J) solar cells were developed and
demonstrated a conversion efficiency of greater than 28%. 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 by 1/10 Triple-junction
or less. Solar cell

F Lithium lon Batteries -

The life of Lithium lon Batteries has been investigated. Long
cycle-life tests under LEO and GEO operation conditions have
been achieved over 35,000 and 1,500 cycles, which are
equivalent to over 6 years and 15 years, respectively. The Lithium
lon Batteries have an advantage of 50% weight reduction =

_ . n i 100Ah-10 series
compared to existing alkaline batteries and will be used for future  Lithium ion Battery
spacecrafts. Assembly

23
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Satellite Propulsion Units

»For supplying reliable satellite propulsion subsystem

E150mN class lon engine and electric propulsion
mission concept.
=Lengthening the grid lifetime and improving the
durable grid design against the launch vibration.
Conceptual mission study for using the advantage of the
large thrust and high Isp. f]'

J%%ﬁ%’

L L

150mN Class lon Engine

=

E The 20N class thruster valve
=Development the reliable 20N class thruster valve. . .
Reliable technology of COTS components. T R v

E Continuous improvement activity of propulsion
components and systems
=Thrusters, engines, valves, tanks, material,
propellant, ...etc.

Monopropellant Thruster

24

Telecommunications and Data Handling

»Telemetry, tracking and command (TT&C) is key system
for spacecraft operations. High performance and
multifunctional transponder are required. Data recorder is
indispensable for massive data processing required for
advanced space missions with higher precision.

Multi-mode Integrated
F Multi-mode Integrated Transponder (MTP) Transponder (TBD)
New S-band transponder for TT&C operation is under
development. MTP integrates four radio transmission modes: USB,
SSA, QPSK, and CDMA. MTP capability will be demonstrated on
the SDS-1.

F The third generation Solid State Recorder (SSR)

SSR prototype with rad-hard 64-bit MPU, stacked ultra-high-
density SDRAM technology achieved the performance of 2.5Gbps
recording/playback speed. The environmental tests (VT, TVT, EMC,
long-term operation test) were successfully finished.

200MIPS 64bitMPU

EThe development of 200MIPS 64bit MPU is successfully 3 v
finished at the end of JFY 2005. 3 generation
Solid state recorder
25
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Space Environment Measuring Instruments  1/2

»These instruments measure space radiation
environments that may induce satellite failures and
contribute to improving space environmental 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
light weight “light particle monitor*.

*Currently flight-types of this instrument are under evaluation. French Satellite
This instrument will be used for GOSAT, Jason-2, SmartSat. Jason-2 (CNES)

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

¥ Further, space environment data is made available in
various manners such as for high energy electron
prediction and warning system. Light Particle Monitors

#This is an instrument to count electrons, protons and a -particles,
and measure distribution of energy and moving directions of these

particles accurately. 26

Space Environments Measuring Instruments  2/2

Radiation (electrons, protons and « particles) For high energy electrons

Eoch‘hal _processing unit

For aparticles
1'“' J For high energy
; ' °
s electrons
1.5W 750g

For Tsubasa, Kodama, Kibou For Daiti
Electronics(0.4~9MeV) S
Protons  (0.9~210MeV) ,E,',:‘:::: s ((fj:,_;::‘;:\),}
A particles (6.5~140MeV) Aparticles (6~250MeV)

Magnetometer For low energy electrons

e 1.5W 750g

+65,536. 4096, 1024, 256nT o 7 R

16bit : ' S - New development for GOSAT, Jason-2,& SmartSat
' . . Electrons  (0.03~20MeV)

15W A h Protons  (0.4~500MeV)

as0g 9 L 4 A particles (3~2000MeV)

| Contribute to satellite
design and operation
.| planning in JAXA

Electric charge monitor

27
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Basic Approach for In-Orbit Demonstration

Continue providing timely space demonstration opportunities

»Avail 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 short of demands.

¥ Benefits of In-Orbit Demonstration

@DIn-orbit demonstration is indispensable before actual use in the
space.

(e.g.:Flight proved equipment for commercial satellite)

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

(@Enhance the fundamental technologies by comparison between
ground-based tests and in-orbit demonstration.
(e.g. MDS-1/u-LabSat)

28
Achievements of In-Orbit Demonstration
MDS-1 Tsubasa p-LabSat-1
EUse of results for next generation satellites EUse of results:
(1) New satellite development method : (1) Establish small satellite bus technologies:

—Short duration (3 years) and low cost development —Acquire spin-stabilized satellite bus technology and
L three axis attitude control technology.
(2)Use of COTS for space applications: —Acquire remote inspection technology.
—Tested COTS in-orbit using parts of the same lot (2)Increase space demonstration
used for ground-based tests. The result was used to opportunities :
establish ground-based evaluation technology and —Expect to serve as a vehicle for space. demonstration
develop a guideline for test methods. to evaluate future space equipment. Expect to continue
(3)Collection of new space radiation data ;| apsat project as a series.
and revision of the models: (3)Train young engineers:
—Revise radiation hardened design standards. —Contribute to training JAXA's young engineers to
—Influence the space environment design standards. |eamn design, fabrication and testing technologies.

Approx.70cm

- E
Approx. =,
m

Remote inspection
technology experiment

cial Semice

In-house satellite
Device development by JAXA's
young engineers 29
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R&D for Next Project —Design Center—

¥ Study on conceptual design method

CoA (computer-aided group designing method) is under way to enable a joint
designing session by experts where each expert uses his or her own analytical
tools and interacts with other experts through a network. CoA is a conceptual
designing method that takes advantage of information technologies, concurrent

engineering and collaboration technologies.
a2

=

o
User's needs

Ideas

Mission definition
Functional

S

requirements i
Identification of discussion topics E sg -9 Meeting
,L.* - ( "»: Generate a report
Selection and development of design 1 i Transition to next phase
Understand data flow s L Mesling Input discussion resubls
Interfacing among tools - N in the database
L
k.

Sub-session
(Preparation) k’ \ )
PN - |1
- 4, 85
e = )

In the beginning of conceptual design, define discussion topics, initiate design
activities and develop a system that supports the entire design. In the rest of the

design period, the system is used repeatedly until the design comes to satisfy the
requirements.

ple: Spacecraft designi

session in a collaborative 30
environment

| JAXA Institute of Space Technology and Aeronautics (ISTA) I

Space Technology

(D Support for current projects

(2) R&D for next projects

(3 Study on future space systems

3
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Policy for Advanced Research

- ™

mObjectives > Serve as the front runner to meet future needs.

»Enhance and progress technology base through
challenges to advance technologies.

Y
N\

»Programmatic approach based on a roadma
B Approach ¢ it P

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

k P
/lThemes »Expand space utilization and develop infrastructure to \
reach frontiers by manned mission.

ESpace robotics, rendezvous docking technology

»Future space utilization missions
EE.g. Space energy (space solar lights) utilization system

1N /

32

Major Advanced Research 1/2

Research on space energy (space solar lights) utilization systems

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

e.g. Plan in-orbit technology demonstration such as a technology demonstration
plan near ISS*.
EResearch on element technologies:

e.g. Optimal design and element tests of high power transmission technology,
high performance magnetron and microwave transmission system.

#1885 International Space Station

Space Solar Power Plant System
(Concept)

I Research on In-orbit Services ﬂ

~Reduce operational costs for future space systems through in-orbit I T
assembly and re-supply using robotics and rendezvous/ docking technology. ~ Autonomous assembly robot
ER rch to develop autonomous systems:

e.g. System concept studies on in-orbit work machines (e.g. re-fueling),
assembly robots and inspection robots,

EResearch on element technologies:

e.g. Space robotics technology, rendezvous/ docking technology, capture
technology, image recognition/ automated and autonomous technology and
remote manipulation technology. Satellite capture experiment

33
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Major Advanced Research 2/2

I Study of re-usable space transportation systems ||

» Development of design and evaluation tools for trade-off of re-usable
transportation concepts:
» Tools that compare various re-usable transportation system concepts
on the same criteria.

— Feed-back the results to the development scenario and R&D guideline C-oncapt of Raflex

» Study on major fundamental technologies and flight demonstration of those technolog:es
» Structures using composite materials, advanced avionics and
abort guidance, among other things.
» Flight demonstrator (Raflex)
Study on improving performance of re-usable transportation system
» Air-breathing engine

High-speed type (Composite engine based on Scramjet engine) ' Gmunddt;;l ofthe' air-breathing engine

Low-speed type (Turbo engine with pre-cooling function)
» Advanced TPS
TPS better than that of Space Shuttle in areas such as maintainability, reliability

and resistance to high temperature H
= o8 i

I Study on Moon and Mars Exploration Technologies "

» Study toward Moon & Mars exploration
» Navigation, guidance, control and collision
avoidance for soft landing
» Study on rovers

Lunar surface running test

34

This document is provided by JAXA.



MEMS and Micro-structures in Aerospace Applications 57

MEMS and Micro-Structures in
Aerospace Applications

Robert Osiander
The Johns Hopkins University
Applied Physics Laboratory
Robert.Osiander@jhuapl.edu
443-778 6247

Divisions of The Johns Hopkins University

Applied Physics Laboratory

Not-for-profit university research and . Schbol of Arts & Sciences
development.laboratory. + Whiting School of Engineering
Division of The Johns Hopkins l_Jniversity «+ School of Professional Studies in
founfied in 1942 Business & Education - School of Hygiene
Staffing: 3,500°employees " & Public Health
(57% scientists & engineers) - « School of Medicine
3 - e « School of Nursing

| Peabody Institute

Nitze School of Advanced
International Studies
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Applied Physics Laboratory
Space Department

a bl closer for the AP
launch date

plans for

I e lea

(MESSENGER) sp:
In August 2005 for a

Recent Missions “ Piing

with Marcury In 2008,

* New Horizons - Pluto

* MESSENGER - Mercury i
STEREQ will help us to predict uppe|
« STEREO - Solar Terrestrial i el
O bse rver spacecraft continues to provide new detalisdbout
magnetosphere, the envelope of charged particles that sur
» Magnetospheric Imager on i
Cassini — Saturn i : NS S ot o i e
y - spacecraft was a keen ol he Sun shot at
- . - < [ five coronal mi tl oward Earth In
* TIMED - lonospheric Dynamics . “hovamer 2004,

Applied Physics Laboratory
Research and Technology Development Center

Areas of Expertise

» Systems & Information Sciences
» Chemical & Biological Sensors
* THz Technology

» Wave Scattering & Propagation
* Quantum Information

* High-Speed / Micro- Propulsion |
* Bioinformatics

MEMS and Nanotechnology
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Outline

Introduction- MEMS

MEMS in Space Applications

= Missions and Visions for MEMS Space Applications

MEMS Reliability

MEMS Shutters on ST5 - From TRL3 to Space

= Summary

History of MEMS and MEMS in Space

1969 Resonant gate field-effect transistor( Westinghouse)
1970s Bulk-etched silicon wafers for produce pressure sensors

1980s Surface-micromachined polysilicon actuators for in disc drive
heads.

1990s Air Force Office of Scientific Research (AFOSR) Materials
Research

1993s Defense Advanced Research Projects Agency (DARPA)

Foundry 7y Sl |
1998 Mighty Sat 1, STS 88 .l , :
1999 Shuttle Orbiter STS 93
1995 - 2002 OPAL (orbiting pico-
satellite automated launcher)

This document is provided by JAXA.
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(Non-Space) Advantages of MEMS

IC Technology

m)

Integrated multiple (also analog and digital) functions

Precision

o

Improved performance

Batch Production

o

o

Reduced Manufacturing Cost and Time,
Mass Production with maintained performance

Miniaturization

o

o

o

Ruggedness

Low power Consumption
Lightweight

Massive Deployment

Easy replacement

Low environmental impact

Design g ’—-mi‘J

Photolithography LC'[‘"]
Fabrication “

o

o

o

Wafer assembly/bonding
Electronic integration

[m]

o

Packaging, wire-bonding

MEMS Fabrication

Groove  Mozzle Memibrane Substrate

[ied) Wet Etch Patterns

Bulk (wet etch, DRIE) Poly Si

Silicon Substrate

Surface micromachining E *
LIGA -

Hybrid

On die, MEMS first, MEMS
last, CMOS MEMS
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MEMS and Mites (SNL)

Commercial MEMS Applications

Accelerometers (Analog Devices, Airbags)
Gyroscopes (Segway)

RF Switches

Pressure Sensors

Microphones (Knowles Acoustic)

Moveable Mirrors (Texas Instruments -DLP)

This document is provided by JAXA.
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MEMS Commercialization Timeline

1960 - 1990

Pressure Sensars
r—T—'7T7rr rrrr— rr—r—r+rrrrrrrrrnr—rmr—r—r+rorr—+r+r—rrrrrrr+rrr 111 Tr7r

61626364 656667 68670717273 747576 77 768 79 60 81 B2 83 84 85 B6 67 66 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06
1960 2007

Commercialization times (from beginning of product evolution to full commercial production) for various
MEMS technologies.

(“International MEMS, MicroSystems, Top Down Nano Roadmap,” Micro and Nanotechnology
Commercialization Education Foundation (MANCEF), Albuquerque, New Mexico, 2002, p.53.

11

Outline

Introduction- MEMS

MEMS in Space Applications

= Missions and Visions for MEMS Space Applications

MEMS Reliability

MEMS Shutters on ST5 - From TRL3 to Space

Summary
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Drivers for Miniaturization- Space

Driver in the commercial market is cost reduction
(Accelerometer for airbag < 0.1 $) via mass production

Traditionally Space has been the driver for technology

Space is a niche market looking for small number of
instruments or devices

Price is typically determined by the space qualification
more than by fabrication cost

Reliability is main issue for space, work without failure
for extended period

Infusion of commercial MEMS into harsh space
environment non trivial

Advantages of MEMS for Space

= Very low mass and volume
o Low launch mass (~$10,000/kg for LEO)
= Low power consumption
o most devices are electrostatic
= Small thermal constant
o Low power to maintain temperature
= Resistance to vibration, shock, and radiation
o Design dependent
o Mechanical devices, e.g. switch, could be radiation hard
o Low inertial mass makes them shock/vibration resistant
= High integration
o Multiple Functionality
o Simplified systems
= Batch fabrication

o low-cost, mass production (no traditional space requirements)

o large arrays or repetitive tasks

This document is provided by JAXA.
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Components for traditional satellites
New or improved instruments for satellites

o Typically MEMS is an enabling technology, e.g.
mirror array for JWST

o Size reduction makes MEMS instruments
applicable for nano-sats

o New functionality, mass production of
instruments

Systems for Nano — and Pico Satellites

o MEMS components are enabling technology,
weight, size, and power reduction, mass
production for constellation, compatibility with
micropropulsion s co v

MEMS satellites
o The ultimate picosat

Space Applications for MEMS

NASA Technology Inventory on MEMS based technology developments
2001 : 59; 2002 : 77; 2003 : 111
Technologies include:

= MEMS
= MEMS
= MEMS
= MEMS
= MEMS
= MEMS
= MEMS
= MEMS

MEMS Applications for Space

Stirling Cooler

liquid metal micro switches

inertial sensors

microwave RF switches and phase shifters
thrusters

deformable mirrors

pressure or temperature sensors

power supplies

This document is provided by JAXA.
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Drivers
MEMS Components for Space Applications

Part of traditional Satellite systems
Can be directly transitioned from COTS or Prototypes
Require Space Qualification

Replace mechanical / electrical Components (e.g. RF
switches)

Radiation Hardness (e.g. RF switches)

Lower Power

Cost

New Functionality (e.g. accelerometer, gyroscope)

Lower Weight and Smaller Size for same (or new)
functionality

Examples
MEMS Components for Space Applications

Giroundg| _ 4 5 Nemhrane

RF — Switches
Accelerometers
Gyroscopes
Micro-Mirrors
Emissivity Control Shutters
Sun Sensors
Magnetometers
Thrusters

This document is provided by JAXA.
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Drivers
MEMS Instruments for Space Applications

= Typically unique prototypes
= New functionalities e.g. mirror arrays, shutter arrays

= Size reduction of instruments (accelerometer, plasma
spectrometer)

= Mass production allows use in mapping with
constellation

= Better performance due to smaller dimensions and
higher dimension control

Examples
MEMS Instruments for Space Applications

JWST - Shutter array

Flat plasma spectrometer
Miniature mass spectrometer
Switch configurable array antennas
Tunable Fabry Perot Etalons
Fine-pointing micromirrors

This document is provided by JAXA.
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MICRO TECHNOLOGIES FOR
SPACE SYSTEMS

“Spider Web Bolometers” for Herschel Space
Observatory and Planck Surveyor Missions

s

——— ~—m
TS &S o' e o &

- @ @ * @+ @ & =»

= To be flown on PLANCK Surveyor Mission (2007)

= The High Frequency Instrument (HFI) will map the entire sky in six
frequency bands ranging from 100 GHz to 857 GHz to probe cosmic
background anisotropy

= NEP 10-8 W/rt-Hz at 100 mK

This document is provided by JAXA.
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MEMS based Sun Sensor

* Part of the attitude control systems of spacecraft

* JPL’s miniaturized sun sensor to be flown on Mars Surface
Laboratory (2009)

* Mass less than 30 g, power consumption less than 20 mW

* Microfabricated silicon mask (b) mounted on FPA

MEMS Vibratory Gyroscope

= The JPL-developed Post
Resonator Gyroscope (PRG)
holds the world record for the
performance of MEMS
Gyroscopes, at 0.1 degree/hour
angular bias drift

» The PRG consists essentially of
a two degree-of-freedom, planar
resonator arrangement, which is
“rocked” about an in-plane axis
using capacitive actuation
electrodes

24
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The James Webb Space Telescope Near IR
Spectrograph

NIRSpec provides users of JWST with the
ability to obtain simultaneous spectra of
more than 100 objects

The European Space Agency (ESA) will be
providing the NIRSpec instrument, NASA
will provide the detectors and the MEMS
aperture mask

Two approaches initially proposed in 1996
o MEMS micro-mirror array (SNL)

o MEMS shutter array (NASA GSFC)
Requirements

o Pixel size 100 g m x 100 ym

o Fill factor better than 80%

o Contrast better than 2000:1

o Array size 1800x1800 square elements
Operation at 40K

o

MEMS Micro-Shutter Arrays for the
James Webb Space Telescop

This document is provided by JAXA.
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RF MEMS Switch

= RF MEMS switches are an exciting
alternative to the conventional
semiconductor field effect transistor-
based switches

= Applications in Communications,
Phased-Array antennas

= Advantages
o low mass, low power and small size
o low RF insertion loss
o high isolation

o high intermodulation product
= Disadvantages
Rockwell Science Center) o Low switching power
o reliability

Micro Chemical Sensors

= Demonstrated on STS-95 and
STS-96

= Baselined for use in the water
processing and oxygen
enerator on the International
pace Station

= GRC hydrogen sensor remains
highly sensitive in inert, and
oxygen-bearing environments

= Can operate over a wide
concentration range of hydrogen

= Pd-alloy based hydrogen
sensors with MEMS heater and
temperature sensor

NASA Glenn Research Center (GRC)
Hydrogen Sensor

This document is provided by JAXA.
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JHU/APL/NASA/USAFA
Flat Plasma Spectrometer (FlaPS)

— — 15mm —_ —

= Less than 500 g including power vrrvrrrresl  vevrverrey
conversion

B TS

in deflector electrodes (flat)

ung ——

= Entrance and exit slits DRIE in Sl

= To be flown on USAFA FalconSat
3, 2007

Micromachined Bolometers

OO * Tunneling Infrared Sensor
—— (JPL, Stanford University)
._ -’ - used as a horizon detector on
. Sapphire
= Golay-cell using quantum
mechanical electron tunneling

) as the displacement
Infrared Radiation
3 3 ( transducer

Punhiel Intermally-sugported
4 -e\_ absorber

» Application as imaging array
possible

» Other Examples: uncooled IR
imagers (Honeywell, Sarnoff)

This document is provided by JAXA.
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Digital Propulsion

(Digital
Micropropulsion at
Aerospace Corp /
Caltech)

Demonstrated on STS-93 (1999)

Large array of sealed plenums
filled wit fuel (e.g lead styphnate)

A thin diaphragm as the sealant

By igniting the fuel with small
resistive (digital) lines, the
pressure inside the plenum is
increased sufficiently causing
the diaphragm to rupture and
release the propellant, producing
an impulse

Impulse bits range from 1 to
100uN-s

Outline

Introduction- MEMS

MEMS in Space Applications

Missions and Visions for MEMS Space Applications

MEMS Reliability

MEMS Shutters on ST5 - From TRL3 to Space

Summary

This document is provided by JAXA.
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= Small satellites with mass less than 10 kg (nano) or 1 kg (pico)
MEMS is enabling technology and are poised to have the greatest

Nano- and Pico Satellites

impact

Smaller satellites require much tighter integration, and ideally
multi-functional components (e.g. a structural skin that is also

and antenna and a panel)

Cost is a serious and driving issue, no longer a race to the moon
mentality, but lighter means cheaper to put into orbit

Mass production allows to make more (constellations) cheaper

MEMS as Enabling Technology in
Nano- and Pico Satellites

= Micro propulsion — low thrust and impulse bit only
applicable for small satellites

* Thermal Control — low power availability and thermal
mass requires active (non-heating) thermal control

= Guidance - low weight attitude detectors, gyroscope

Solar energy ~ r?

Radiated energy ~ r2
= Thermal mass ~ r3

From work of 5. W, Jusssn. 1. Helvaiion & £ V. Robson. The A

Attitude Determination
Solar Cefl Wafor —_ and Control Modules

Main Wisfer:
Compuor, Imags

Antenna

Solar Coll Water
- 1wem = .congom%laﬁ

This document is provided by JAXA.
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Inspector” satellites piggy-backed on larger satellites for Repair

and Inspection.

Arrays of pico-satellites for weather prediction, communication.

Applications of
Nano- and Pico Satellites

Constellations for large aperture antennas

Large constellations for mapping missions (spatial resolution at

identical times)

Small lander probes

Miniature Autonomous Extravehicular
Robotic Camera (Mini AERCam, NASA

Jsc)

Table 1: Examples of Some Recent Microspacecraft Designs

Recent Microspacecraft Designs

Designalion Mission Lead Mass (kg) Size (vm) Power (W) Voltage Rel
Purpose/ Status (V)
MighrySat Technology USAir Force 64 A8x69 <32 - 8
Demonsirator,
_ Launched Dec, 1998 :
Micro-Bus 70 Misc. Missions Surrey Space Centre, 40-70 I5x35%65 21-43 12 @
14 Launches prior to U. of Surrey,
April 1999 England
Orsted Magnetic Field and Danish Space 60.7 GExASNEA 54 (EOL) N 1o
Charged Particle Research Inst.
Mapping.
Launched Feb. 1999
SNAP-1 Technology Swrrey Space Centre, 6.5 34 x 23 4 (avg.) T-0 5
Demonstrator, U. of Surrey, 7 (peak)
Inspection of other England
Spacecraft
Launched June 28,
2000
Wew Millennium  Magnetic Field NASA Goddard 20 42x20 7.5-8.5 5/0.25 4
ST-5 Mapping Space Flight Center (Flat-ta-
Design Phase Flat)
PROBA  Autonomy " ESA 100 G0X60XE0 9 28 1
Demonstrator,
In Design Phase
F S/C Chargin US Air Force 50 46x46x43 24 12 12
In Design Phase Academy

This document is provided by JAXA.
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Recent Microspacecraft Designs
Designarion Mission Lead Mass (kg) Size (em) Power (W) Toltage Ref
Purpose/Status (V)
ASU Sar 1 Awaiting Launch Arizona State U7 3 31x24 3.5-10 13 13
University Nanosat Program
3-Corner Sat 3 Spacecraft, " Arizona State U, = 10 i 45%25 33 333 13,
Formation Flying U, of Colorado, 14,
Demo, Stereo New Mexico State 1. 15
Imaging. Cell-Phone
Comum.
In Design Phase
ION-F © 3 Spacecraft, " Utah State U, 10/13 45%12/ 18 28 14,
Formation Flying U, of Washington. 45x25 16.
Demo, Ionospheric Virginia Polytech. ]
Smucies, miero-PPT Inst.
Exp.
In Design Phase
Emerald 2 Spacecraft, Stantord 1., 15 45x30 7 512 14,
Tonosplieric Studies, Santa Clara UL 18.
Formation Flying. 19
Micro-Collod
Thruster Experiment.
In Design Phase
Constallation 3 Spacecraft, Boston L. 1 2014 1 - 14,
Pathfinder Formation Flying 20
Demo, Demo 1-kg
S/C Fab. and Flight
Operations
In Design Phase
Solar Blade Solar Sail Demo., Camegie Mellon 5 - 28 - 21
Helioa‘ro In Design Phase
Missions for MEMS in Space
= Technology Demonstration 100mn
a Space Shutﬂe ] :Eaﬂm‘Space Science -
40000 Internlanet L
o Sounding Rockets Solar Physics —
* 1

o ISS, Space Shuttle

ey ————————— ————————
Ee——————=

= University Satellites

o Falcon Sat, MidStar, OPAL
= Nano - /Pico — Satellites

o ST5, Picosat1,

4 b
1
u
100 = = e
=

10

1

1955 1060 1065 1970 1875 4880 1886 1000 1808 2000 2008

Mass of unmanned spacecraft / NASA

2010

This document is provided by JAXA.
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Digital Micro-Propulsion Program STS-93

One of the first flights recorded for
a MEMS device July 23rd, 1999, on
NASA flight STS-93 with the
Space-Shuttle Columbia

TRWI/Aerospace/Caltech MEMS
Digital Micro-Thruster (inert,
water)

Succesfull suborrbital Space
Flight Test on Microcosm
Scorpius SR-S, January 27, 1999

- . et ’... e Disphragm: wll:ﬂ:nw
Thruster fired more than 20 times -
| Propellmt fills individoal bobes
esttom Die —_—

Pico-Sat Mission

= Jan 26, 2000 OSP1/Minotaur launch from
VAFB

= JAWSAT - Successful deployment of
OPAL, ASUSat1, FalconSAT

= Feb 6 deployment of PICOSATSs from
OPAL

o Two tethered PICOSATs: 1 x3 x4 in.,
270 gms each

o Successful tracking and acquisition
strategy

o MEMS switch operation data returned
to Earth

This document is provided by JAXA.
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MEPSI

= Microelectromechanical
System-based (MEMS) PICOSAT
Inspector (MEPSI)

= MEPSi1 - STS-113, Endeavour,
December 2, 2002

= IMU, MEMS Transmit/Receive
(T/R) switch.

= Demonstrate a completely new
capability to provide active, on-
board companions for use on
future DoD space assets

= Provide active on-board
imaging capability to assess
spacecraft damages

= Monitor launch operations and
augment servicing operations.

MEPSI 14 & Picosat lsuncher azsembl

& MEPSI 1B [USAF

Opal, Sapphire, & Emerald

Satellite quick research Testbed (SQUIRT)
o Stanford University

o Test micro and nanotechnologies for space applications
OPAL (Orbiting PicoSat Launcher)

o RF switch

o MEMS accelerometers

Sapphire

o MEMS tunneling IR horizon detector
Emerald

o Colloid micro-thruster

o Two Micro-sats, Virtual bus technology

This document is provided by JAXA.
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New Millenium St5

= 3 Nano-Satellites

= NASA Trailblazer for Nanosats,
Constellations

= 25 kg, 50.8 cm Diam x 28.3 cm High
= Launch Pegasus, March 2006

= Mission ended June 2006

= Objective: Validate 7 Technologies
= Ultra Low Power

= Fractal Antenna

= Lithium-lon Battery

= 5-V Spacecraft bus

= Variable Emittance Coatings (VEC) for
Thermal Control

o Electrostatic
o MEMS

New Millenium ST6

Processor
. MEMS Sensors — . Power Conditioning
= Autonomous Sciencecraft I /_
Experiment: _ iy S

1
o

radically different future missions
with significant onboard decision-
making

= The Inertial Stellar Compass
(Compass) provides the capability
of low-power, low-mass, and high-
precision attitude determination
for long duration space science
missions

Sciencecraft technology will equip \ Ll

— Interconnect

COMPASS Packaging Concept

= Use of MEMS Gyroscopes for the
IMU system

This document is provided by JAXA.
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Other

Materials in Space Station
Experiment (MISSE)
Missiles, Munitions

USNA MidStar — MEMS Thermal

Switch (2007)

USAF Falconsat 3 — Flat Plasma !

Spectrometer
International examples

Opportunities

Faii

Aaan| AmmREEE
- — - ,
+le L L1} s

-"-‘I“I.'
-
e
___f]‘ ‘._I.L‘,I,I.‘.:‘--

Lo Ll ) el

1- - -
I

Missions

NASA Magnetosperic Constellation Mission

MAGCON mission is part of
the Sun-Earth Connection
Program

The launch date for this
mission is 2010

The primary mission
campaign objective is the
Earth’s Space Environment :
How does the earths
magneto-tail store, transport
and release matter and
energy

A secondary mission
campaign objective is
providing Impacts of Space
Weather

for Nano-Satellites

NASA MagCon Mission Concept based
on New Millennium ST-5 20-kg Micro-
spacecraft to study the magnetic fields
and plasma fields around Earth

This document is provided by JAXA.
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NASA Magnetosperic Constellation Mission

= Instrument Technologies
o Miniature Instruments

o Lightweight, miniaturized particles and
fields instruments

o Magnetometer
o Plasma Analyzer
o Energetic Particle Detector
o Miniature, sensitive analog electronics
o Rad-hard durable instruments
= Spacecraft Technologies
o Miniature autonomous spacecraft
o Li-metal batteries
o Micro-Avionics
o Rad hard processors
o Data acquisition from constellations

Outline

Introduction- MEMS

MEMS in Space Applications

Missions and Visions for MEMS Space Applications

MEMS Reliability

MEMS Shutters on ST5 - From TRL3 to Space

Summary

This document is provided by JAXA.
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Environmental Concerns

Pre-Launch
= High humidity Space Environment
o Can cause stiction, leakage * Radiation and Charged Particles
currents = Micro-meteorites
= Particulates, Dust = Zero gravity
o Can cause shorts, jamming, = Vacuum
failure
= Temperature swings, Thermo-
Launch mechanical Stress
= Vibration and Shock = Plasma, Electric discharge

o Can cause breakage of devices = Atomic oxygen
(not only packages)

. = Fatigue
= Particulates

Taxonomy of MEMS Devices

No Moving parts ~ Moving Parts, No  Moving Parts, ~ Moving Parts,
Rubbing or Impacting Impacting and
Impacting Surfaces Surfaces Rubbing Surfaces

Accelerometers Gyros TIDMD ($ 1B) Optical Switches

Pressure Sensors Comb Drives Relays Corner Cube Refl.
Ink Jet Print Heads Resonators Valves Shutters
Strain Gauge Filters Pumps Scanners
Shutters Optical Switches Locks
Commercial Devices RF Switches Discriminators

Sandia
Danelle M. Tanner, MEMS Reliability Methods and Results, Sandia National _
National Laboratories Laboratories

This document is provided by JAXA.
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Failure Modes for different MEMS Devices
No Moving Moving Parts, | Moving Parts, | Moving Parts,
parts No Rubbing or | Impacting Impacting and
Impacting Surfaces Rubbing
Surfaces Surfaces
Stiction X X X
Wear X X
Vibration X X X
Shock X X X
Humidity X X X X
Radiation X X X X
Thermal X X X X
Stress

Adhesion / Stiction

Caused by van der Waals forces

. & : ;
Surface contact causes failure € | Dpaafor nterface /
3 10mpolysilicon / -
Can be caused by condensation in E | beams - =
. . / de Boer et. al., Hgﬁcv‘?é 518
high rh environments ~ = 1

‘Adhesion vs. RH

Calc #1

Data for smooth

Can be caused by electric fields 0 T w70 w10
during operation

RH (%)

Can be caused by shock and
vibration

Some mitigating design features
such as dimples which reduce
contact area

This document is provided by JAXA.
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Friction and Wear

Example FDTS-coated polysilicon
(Tanner et al., SNL)

debris generation begins before

sticking - monolayer coating gone?

0.6+
2993-2
£ 4] dryair
]
2
o
.§ 0.2
k3
LT- .
. . .-o.M."""_"H =0.06
0.0 . . ' '
05t 10° 10* 10° 10°
Cycles _-\
E .
§ 041 30101 device stuck
£ .
2 air+1.5 vol.% H,0
$ =
S 02 e L.
2 :
Iy w JTne
° e vetrant, 2% . l»l=002
0.0 ° Ry IR
10° 10° 10¢ 10° 10°
Cycles

Friction coefficient smaller at higher rh

53

Vibration

= Can produce adhesion failure
= Can cause debris movement
= At launch up to 10 g at 2 kHz

= MEMS devices have higher
resonance frequencies

* Modeling needs to include also
device resonance frequencies

= Presently only components such
as PCB are modeled

Cracks in single silicon

support beams caused by
vibration from launch test
(Stark et al., JPL-D15753, 1997

Power Spectral
Density (g 2/Hz)

—requirement — test

40g rms

=
o

]

10.5g rms

o
=
I

10 100 1000
Frequency (Hz)

10000

Vibration caused
debris movement

Vibration caused adhesion to shuttle
guides (D. Tanner et.al., IRPS 2000)

This document is provided by JAXA.
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Shock

shock level:
G —
500 4000 10000 20000
[ | [ | |
N\ ~

debris movement die attach failure

= Micromachines are extremely robust in shock environments

= working devices found out to 40 kG

= design/process modifications can allow survival beyond 20,000 G

40000

n
p

ceramic pkg fracture

D. Tanner et.al., IRPS 2000

Humidity Effects

Processing makes surface-micro-
machined devices hydrophilic

Condensation in small cracks and
pores

Increased residual Stress
Bending moments in structures

Adhesion due to capillary pressure
between surfaces

Corrosion
Oxide Growth
Electrical leakage currents

Packaged devices are hermetically
sealed (<5000 ppm) to shield against
moisture

‘Oxide Height (nm)

Cxede Height (nm)

Environmentally open devices must be
able to withstand 50% humidity (testing,
pre-launch, launch)

= 110V
- 0V
—&— 50V

§

§

g

o

40 [:4]
Relative Humidity (%)
(@)

T
20

M TONRH
m EE%RM
& S0%RH

1500

1000

500

80
Voltage (V)
()
Growth of anodic oxide on poly-Si
electrodes after 24 h under various
relative humidity and voltage conditions
at 23 C.

20

20 40 100
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Radiation Effects

Levels of radiation exposure orders of magnitude to small (even
on Jupiter) to have effect on bulk material properties

= Typical radiation effect is charge generated in insulator
o mechanical displacement
o change resonant characteristics
o alter output of many sensors

= Charge generation as radiation effects experimentally
observed on 4 different MEMS devices

Radiation and Accelerometer

o A s
1200 A 5o

Cumulative Effective lon Fluence x10°(cm™®)

Cross-section of ADXL50 accelerometer, and output Voltage as
function of particle flux (Knudsen et. Al., IEEE 1996)

This document is provided by JAXA.
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Radiation and Micro-Engine with
Comb-Drive and Gear

after radiation exposure (L.P. Schanwald et al., IEEE 1999)

6210" L :
" 610"
restoring 1 EW 3
springs ] 124
'H | | 2840 Radiation-Induced Trapped 7;‘ 7]
flexure — - Ch-r?: in J:I(n::;n Pv;ldi;mg
comb g 5610 | rge 93 )‘44 ]
ﬁ\ )1} actuator I-‘I‘.' ’ &
— = A B A
é__f 9 54107 Lobn i J[? i B
o . | [| > pre
5210‘-’1?«%,...,‘,,,“;#‘ ““3-105 rads (8i02)
‘Die Grounded
5 1cr‘2 | ENFORAL SRS DDt ED Do BB |
-40 -30 -20 -0 0 10 20 30 40
Bias (volts)

MEMS comb drive and Capacitance as a function of voltage before and

Radiation and RF Relay

. 100 Normal Operation
Standard Configuration - Cy
Contact Bridge Drive Capacitor 80 - "
———— A s et
THIIIIIII I === 1/t rr s 7777 “?'4 L
g 40 - Unbiased
T E Anide
> 20+ Dose Rate 50 Ris 67 hr 24 hr
z ; [ at 25C at
Alternate Configuration g ol 125C
ZZZ 222777 27 77 RZIZEZ ] [ Reverse Polarity
g 20 (Di tic Measure t) T —
S \
PZ Avietectric [eei B s utstrate 60 ] 1 | 1 L
0 50 100 150 200 250 300

Dose [krd{GaAs)]

Schematic of standard RF switches and actuation voltage as a
function of dose (L.P. Schanwald, IEEE, 1998)
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Reliability Concerns

= MEMS devices have been tested for reliability in terrestrial
applications only

= Reliability is the critical issues for MEMS in Space Applications,
Space requires stricter reliability standards

= Some materials are not compatible with the space environment
(e.g. self-assembled mono-layers)

= Special packaging requirements (e.g. hermetic, conducting
surface, open to environment)

= Modeling and Design can improve the reliability

= Acceptance testing early in the path, at the part and device
level, required

Outline

Introduction- MEMS

MEMS in Space Applications

Missions and Visions for MEMS Space Applications
Micro-technologies for Science Instrumentation Applications
MEMS Shutters on ST5 - From TRL3 to Space

Summary

This document is provided by JAXA.
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ST-5 Spacecraft Overview / Technologies

X-Band

Variable Emittance Thermal Antenna LiHon Battery
Surface (radiator and electronics)

(in radgme) (hidden under top
One each on ton and bottom decks \

deck)
X-Band
ransponder
Nutation

Miniature
B Spinning
Sun
Sensor
Deployment
B°°"*\ Triple
Junction
Solar Cells
CULRRIT
Chip d Gas
\Wﬁnia ure (on C&DH Integral Micro-
Magnetometer card) Card Cage  Thruster
(sensor and electronics) Structure

ST5 MEMS Variable Emittance Control

(VEC) Objectives

= Micro-Electro Mechanical Systems
(MEMS) Approach for thermal control:

o Many small shutters vary the
emittance of the surface of the
radiator.

o Emittance will be remotely
controlled with low power
electrostatic drive.

= To demonstrate that MEMS Shutter
Arrays can be utilized as a variable
emittance device for thermal control

= To test and flight-validate a MEMS
instrument in the harsh space
environment of the Earth’s
magnetosphere

This document is provided by JAXA.
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Initial Prototypes - MUMPs Louvers

Ak U E ¥

Closed --=mmmmmnmmmmmmnnmmmamnanas| Partially Open

Open
mE 3

00 02 04 0.6 08 1.0

Infrared images (3-5
mm) of louver array in
different states,
effective emissivity
over entire area is 0.5/
0.75/0.88.

Optical image of
louvers with etched
openings, with open
louvers (top) and all

closed (bottom).

T e |

Sandia Ultra-Planar Multi-Level MEMS
Technology V (SUMMIT)

20 M

20 im—e

[

"

.

-t
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L
5
-
i
8
w8
u
5

TN R | 15
05pum— Pott Fipum
20pm— '

Puly tysum

*4 (3) Mechanical Polysilicon Layers

*Oxide Below Poly3 and Poly 4 Is
Planarized

*Comb Drive Motor Performance
Scales Linear With Area and
Thickness -> Same Force, Less
Area
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MEMS Shutters - Reliability Issues

*  Charge Built-up (2pA lon Current Max)
- Ground design

*  Friction degradation in low RH environment
- No rubbing parts, shutters suspended with springs

»  Stiction caused by high humidity levels during pre-launch
- Appropriate packaging

- All Building Blocks connected to a single Bus with 20 pA
Fuse to disconnect shorted areas
- Cover Plate to be removed before launch

- IR transparent, conductive cover (ITO-coated CP1)

MEMS Shutter Arrays — Gold Coating

SNL Does Not Offer Metal Layer in
Summit V
Metal deposition before release: 300 A
CR, 5 mm Gold on bondpads only
Metal Deposition after release: 600 A
Au
Design Precautions:
- Buried Interconnects under Building
Blocks
- Self-shadowing Architecture (See
SEM of Bondpad)
Concerns
-Residual Stress in Metal Layer
-Adhesion
- Electrical Shorts
- Mechanical Shorts
- Au-Si Eutectic (see pic)
- Gold Emissivity seems higher

This document is provided by JAXA.
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MEMS Radiator, final design

MEMS Shutter Array Radiator
contains the following:

= Top Side
36 Shutter arrays die, 12.65
mm x 13.03 mm, 72

Building Blocks each,
entire area actuated

CP1 Polymer Cover
= Back Side
o 2 Heaters, 1.5 W total
o 6 Thermistors (3/section)

Heater

Final Assembly Yield

=|EEE] =l
|
e ‘ EEREE AR G

437 BUNONG BUOCKS PR SFETION
B SLCTONG ™ HADATOR
2397 TOTAL BUNDNG ALOCHS

WO FUNGTIONING BURLDING

4 THE EEATRSG OF SITNEN AM1

WH AL AT NN P
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Thermal Analysis / Results
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The expected temai)erature differences are small but reasonablie to measure.
The numbers for a conductance of 0.05 W/K are shown below.

TV measurements in the
hot case with heater:

Temperature

AT 4.5 2.3 3.5 1.6 AT=4 K
TLow g 324 296 266 240
T High ¢ 319 292 264 239
On-Orbit Performance Results
Data 2006-105_224 Data 2006-105_224
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Lo-E state in the Autonomous w/ heater mode.

Nested Image reflects the temperature change as a function of the radiator emissivity for 300 K spacecraft temperature.
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Summary MEMS Shutters

= Yield much lower than expected, testing before assembly important

= Thermal performance of Variable Emittance (MEMS) Technology limited
by overall design, materials, and engineering constraints

= Results:
o Assessment of flight data reveals a dynamic range of 0.03

o MEMS devices have been shown to switch properly and survive for the
entire 3 month mission

o The VEC technology (i.e. ECU and MSA radiator) met the mission
requirements for packaging and power consumption

= MEMS technology shows potential for future use in Space, provided
design is optimized

= First moving MEMS device fully space qualified

Outline

Introduction- MEMS

MEMS in Space Applications

Missions and Visions for MEMS Space Applications
Micro-technologies for Science Instrumentation Applications
MEMS Shutters on ST5 - From TRL3 to Space

Summary

This document is provided by JAXA.
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Summary

MEMS have applications in space, but technology needs
maturation to achieve the reliability required

There is a challenge transitioning from low TRL to high
TRL

MEMS insertion requires increased reliability, testing,
and flight time to overcome the “TRL Gap”

New missions (ST5, ST6) need to allow to fly MNT-based
devices at the low TRL stage of development

This generates the necessary space heritage required
for future NASA, Military and Commercial spacecraft

Allows to screen” the technology for space-worthiness

Allows building in the requisite robustness far more
cheaply and cost-effectively than at higher TRLs
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Overview

The NASA EEE Parts and Packaging

Program (NEPP)

NEPP and NEPAG

Current NEPP Focus Areas

Field Programmable Gate Arrays
(FPGA'’s)

Memories, particularly non-volatile
Advanced Mixed Signal

Scaled CMOS

Optoelectronics

Area Array Packages

Hybrids

Lead-free Assembly

Advanced Passives

. NASA EEE Parts Assurance Group
(NEPAG)

* Information Management and
Dissemination (IMD)

¢ Summary and Comments

MEWS 19

_ NASA EEE Parts & Packaging Program
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The NEPP mission is to provide
guidance to NASA for the
selection and application of
microelectronics technologies, to
improve understanding of the
risks related to the use of these
technologies in the space
environment and to ensure that
appropriate research is
performed to meet NASA mission
assurance needs.

NEPP subset: NASA Electronic
Parts Assurance Group (NEPAG)

- Focuses on daily needs of parts
assurance knowledge-base

MEWS 19

System Test Launch
& Operations

System/Subsystem | |

Development

Technalegy
Demenstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

NASA Techrzlogy Readiness

I NASA EEE Parts & Packaging Program

NEPP Mission and Focus

Levels (TRLs)

NEPAG
interest
— range

NEPP
interest
— range

10/26/06 (3)

- MAP

Single Event Transients (SETs) —
NASA alert

- TERRA

Optocouplers, Solid State
Recorders (SSR), High Gain
Antenna anomaly

- AURA
Oscillators
- AQUA
Interpoint DC-DC converters
- TRMM, XTE
SSRs, Fiber Optics
- TOPEX/Poseidon
Optocouplers
- SeaStar
SSRs
- Launch Vehicles
Optocouplers
- Suborbital
Parts screening
- LWS
FPGAs, memories

MEWS 19

Hubble Space Telescope

Optocouplers, Capacitors, SSRs,
Fiber Optic Data Bus (FODB),

_ NASA EEE Parts & Packaging Program
NEPP Project Assistance

Xilinx FPGAs, detector

technologies
Hubble Robotic Servicing

Processors, memories, FPGAs,
packaging

JWST

Detector technologies, memories

Cassini

Interpoint DC-DC converters,
optocouplers, processors

AXAF/Chandra

- Optics
SWIFT

ACTEL FPGAs

MER, MRO

ELDRS, Processors, Memories,

Packaging, FPGAs

ISS

Fiber optics, wire/cable

Shuttle

ACTEL FPGAs, capacitors

GLAST
Lasers

10/26/06 (4)
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I NASA EEE Parts & Packaging Program
NEPP Collaborations

Government partners

Department of Defense

Defense Threat Reduction Agency
(DTRA)

Air Force Research Laboratory
FRL)

Air Force Space and Missile
Command (AFSMC)

Missile Defense Agency (MDA)

Defense Advanced Research Projects
Agency (DARPA)

NAVSEA
NAVAIR
Naval Research Laboratory
US Army Strategic and Missile
Defense Command (USASMDC)
- OGA
Department of Energy
Sandia National Laboratories

Lawrence Livermore National
Laboratories

Brookhaven National Laboratories
Los Alamos National Laboratories
National Science Foundation

National Superconducting Cyclotron
Laboratory

ESA
JAXA
CNES

MEWS 19

Indust

ry partners

Actel
Lambdal/Ilnternational Rectifier
Interpoint

Vishay

Presidio

BAE Systems
Honeywell
Aeroflex

Intersil

Xilinx

IBM

Freescale (formerly Motorola)
Cardinal

LSI Logic

Ball Aerospace
ATK

Micro RDC

Seakr

Maxwell

Texas Instruments
SAIC

Boeing

10/26/06 (5)

_ NASA EEE Parts & Packaging Program
NEPP Focus Areas

+ Starting in FY05, the NEPP Program was organized
around these high demand focus areas:

Field Programmable Gate Arrays (FPGA'’s)
Memories, particularly non-volatile

Advanced Mixed Signal
Scaled CMOS
Optoelectronics

Area Array Packages
Hybrids

Lead-free Assembly
Advanced Passives

MEWS 19
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_ NASA EEE Parts & Packaging Program
NEPP Funding Distribution

NEPAG

IMD Radiation JSC_gre LaRC
15% 0 5% 2% KSC
4% \ 39% MSFC % esFe
Packaging 47%
9% JPL
34%
Reliability
33% FPGA's
0,
Other 14% Memory
37% 12%
Adv Mixed
Adv Passives Signal
2% 8%
Lead-free Photonicsscaledo/CMOS
7
o Hyborids Area Arrays 8% ’
4% 6%
MEWS 19 10/26/06 (7)

I NASA EEE Parts & Packaging Program
First at-speed SEE data Actel RTAX-S FPGA

SEE Data on Actel RTAX-S: Shift Register Strings

1.00E-06
NEPP data up to 150 MHz (collaborative with Actel)
1.00E-07
/ . .
Error cross-section increases
o with frequency AND
é 1.00E-08 4 combinatorial logic
S
Nz & OFOL15
= 1.00E-09 ® OFOL37.5
o OFOL75
OFOL150
1.00E-10 A
.‘ Manufacturer data at 2 MHz X 4F8L15
W 4F8L37.5
1.00E-11 T T T T T T i R,
0 10 20 30 40 50 60 70 80

Test frequency: 15 to 150 MHz

. . 2 Varying combinatorial logic
LET in MeV*cm‘/mg and fanout

PI: Melanie Berg, MEI Technologies, mdberg@pop500.gsfc.nasa.gov

MEWS 19 10/26/06 (8)

This document is provided by JAXA.



NASA EEE Parts and Packaging Program (NEPP), An Overview of Current and Future Activities 99

Complete SEU Characterization of Virtex ll-Pro FPGAs

Half Latch, 278,724, 1.906%
User FF, 43632, 0.298%

BRAM, 3538044, 24.196%

Inventory
of
Upsetable Elements —

D Cache. 131072, 0.696%

Xilinx XQR2VP40 | I Cache, 131072, 0.696%

; GPR, 1024, 0.007%
SPR. 1728, 0.012%
Gaskel, 372096, 0.255%

-

Cross Section {em * fbit)
m
&

1E-0 General Purpose Registers
XQR2VP40 embedded PPC405 core

NEPF works collaboratively with [ 10 0 £ a0
the Xilinx Radiation Test Consortia (XRTC) LET {MeV per mglcm’)

Pl: Gary Swift, JPL/Caltech, gary.m.swift@jpl.nasa.gov
MEWS 18 1 V2606 (2)

jSA EEE Parts & Packaging Program

State-of-the-art Flash Memory Evaluation

ST 1Gb NAND Flash - Number of Bad Bits
110 nm CMOS

Micron 2Gb NAND Flash - Number of Bad Bits
90 nm CMOS

Number of bits in error

Number of bits in error

Dynamic 1
Stafic 3

= e L
DUT and :
tost type Static 1 s 10
L TID in krad-Si02

Note mode dependence of results.
Novel error mode observed

0
o 10

TID in krad-Si02

NEPP evaluates state-of-the-art and emerging non-volatile memories (NVMs) focusing on:
- Technology, architecture, and application issues

PI: Tim Oldham, QSS Corp, toldham@pop500.gsfc.nasa.gov

MEWS 19 1026006 (10)
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N\ _ NASA EEE Parts & Packaging Program
A% State-of-the-art SDRAM Memory Evaluation —

Challenges for test preparation and data collection/analysis

Plastic Mold~> Plastic Mold

X-Ray Photo of a DUT

Determining effective LET as a function of angle
requires correcting for the energy lost by the ion as
it traverses overburden to the sensitive volume, as
well the usual 1/cos6 dependence.

NEPP evaluates state-of-the-art and emerging SDRAMs focusing on:
- Technology, architecture, and test methodology issues

PI: Ray Ladbury, NASA-GSFC, rladbury@pop500.gsfc.nasa.gov

MEWS 19 10/26/06 (11)

SlGe Radiation Evaluation and Modeling -

Working collaboratively with technology development programs

10-3 lllJllr 1rI|r|r|||rILrI! 104|rrFrrr[rrr[|||[|||||||
® Std SR (Baseline) ¢ Duak-interleaved SR (DI SR) . S -,
- S o Lo Do R - A GFC SR O Low Power DI SR
1 - 1 GFC TMR = DI TMR -
a . ° a
§ s
517 §
g g
3 10° ji
(] (]
2 <) -
© 107 9 ° 10‘?—-- B W ==
) [ [
} Datafate } 0.1 Gbps
1 .I......I...I..I...

;o g

meu 120 0 0 40 60 _—%0 10 120
Tve LE (MeV—cm?/ ) / Effective LET (MeV-cm?/mg)
Limiting Cross-section!

Evaluating SEE Rad Hard by Design (RHBD) Approaches:
Dramatic SEE improvements in SEE sensitivity on 8HP HBT

PI: Paul Marshall: pwmarshall@aol.com
L ooEING

MEWS 19
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_ASA EEE Parts & Packaging Program
Scaled CMOS Reliability

Accelerated Stress Testing

Modeling Trends
Tech. Time to 0.1%
25000 25000 Node Vratio Device-Bit
SITODE-Fepec-avy ETODE epec-avg (um) (Vapp/Vnom) | Temp C Failures (Hrs)
BEMFspec-avy BEMspes=avg
20000 { ESMFpecavy 20000 1 ESMspec-avg 0.13 14 165/155 588
B TC-Fspacmavg B TCalspecmavy 15
15000 4 15000
0.15 1.6 165 528
T z
— 10000 025 17 165 768
5000 su00 SRAM time to failure as a result of step stress

testing_125*C to 165*C (10*C steps) and high
voltage ramp stress (0.1Vdd) at constant
frequency. (JPL)

180 130 an 5 65 180 130 80 65 5

Tachncky (o) Technology oy Failure Analysis
(a) Average SpecFP (b) Average SpecInt o , Decapsulated
Impact of Technology Scaling on Lifetime Reliability — B optlca]
Processor modeling predictions from various failure overview -
mechanisms as a function of technology. (U of I, IBM) Post stress
test 0.15um,
. . . 4M SRAM.
PI: Mark White, JPL, Mark.White@jpl.nasa.gov (JPL)
MEWS 19 — e — 10/26/06 (13)

Failure Analysis
. - - 3
Stress
Migration
Leakage R
Site

Photon emissions between Vcc and Focused lon Beam close-up of a failure
Vss. Characteristic failure site across site (0.15um 4M SRAM) post
technologies (JPL). accelerated stress test. Failure

Mechanism: Stress migration in the
Buffer/voltage regulation circuitry input transistors - buffer/voltage
protects the actual memory cells and regulation circuitry, not in the memory
damage is concentrated on the input cells (JPL).
transistors of the devices (regardless
of technology scaling).

MEWS 19 10/26/06 (14)
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_ NASA EEE Parts & Packaging Program
Scaled CMOS Reliability - 3

1.E+03 -
Normalized Acceptable for
Number of Commercial
Failures Applications
2000
Equivalent
Burn-In time.
1.E+02 1
Required for Avionics
+ / [
++
1.E+01 T T T T T 1
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Time(equivalent hours)

Industry data showing both increasing failure rate and decreasing
product lifetime with progressive commercial technologies (UMD).

MEWS 19 10/26/06 (15)

_ NASA EEE Parts & Packaging Program

Optoelectronics for Space Environments

F ) -
&3 Jg o
G

Fiber array in AVIM evaluations

*  Provide guidelines for qualification and
application of flight critical photonic
components

+ Disseminate lessons learned

* Enhance TRL of fiber laser and
semiconductor laser components

*  FYO06 focus: commercial parts for space
with emphasis on high power laser diode
arrays, fiber amplifier components, optical
fiber cable, and optical fiber array
interconnection

FYO06 Highlights Vibration Test; MTP Connector
. ESA/NASA Workshop 2005 & 2006, Web access to presentations; included participation from JAXA.

. High Power Laser Diode Array Qualification and Guidelines for Space Environments Draft coordinated
with GSFC, LaRC and Laser Risk Reduction Prgm.

. Qualification and Issues with Space Flight Laser Systems and Components, SPIE Solid State Lasers,
Vol. 6100, Jan. 2006,

. Space Requirements for Fiber Optic Components Testing and Lessons Learned, SPIE Europe Vol. 6193,
April 2006.

. Space Qualification of a Multi-Fiber Ribbon Cable and Connector Array Assembly, SPIE Photonics for
Space Environments Xl, Vol. 6308, Aug 2006.

. Photonic Component Qualification and Implementation Activities at NASA, SPIE Vol. 6308, Aug 2006.

i

4

fiber cable in
moving
gimbal test

PI: Melanie Ott,, NASA-GSFC, Melanie.N.Ott@nasa.gov

MEWS 19 10/26/06 (16)
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_ NASA EEE Parts & Packaging Program
Optoelectronics - The ESA-NASA Workshops

Workshop 1
Fiber Optic Technologies for Space-Lessons Learned,
October 2005.
Co-Chairs: Dr. Nikos Karafolas, ESTEC-ESA, Melanie N. Ott, NASA-NEPP
Workshop 2
Qualification of Technologies and Lessons Learned
firom LIDAR and Altimetry Missions
June 2006

Mission Presentations Included:

AR b BEAY AN Wi

. FIty]
EUESSITENTT NEC TOSMIBA
— TOSHIBA
Hayabusa
e LRO LIDAR at
ADM-Aeolus Laser Ranging/LOLA  Jtokawa Asteroid ICESAT
Wind LIDAR NASA GSFC JAXA Geoscience Laser ||
ESA Altimeter e =
MESSENGER URL for Websites with Presentations: NASA GSFC Calipso
Mercury Laser Altimeter http://misspiggy.gsfc.nasa.gov/photonics Ball/Fibertek
NASA GSFC https://escies.org/public/conferences/photonics/1/index.xml NASA LaRC
http://nepp.nasa.gov
MEWS 19 10/26/06 (17)

_ NASA EEE Parts & Packaging Program
Reliability of High I/0 Area Array Packages

Objective: Highlights:
* Qualification guidelines for high *Publications, IPC APEC, IEEE CPMT,
I/O area array packages Testingto  Mijcroelectronic Reliability Journal

develop guidelines: (in print- Dec 2006)
- Thermal cycles-to-failure using:
- NASA thermal profile (-55/100°C) * Book chapter-2006 .
. and military cycle (-55/125°C) *Papers on NEPP web site
- for > 1,000 thermal cycles Various CCGA >1000 I/Os. Have been
- ~ 50 packages 700-1200 1/O thermal cycled under various regimes
- Also for a few samples:

--65/150°C
- Mars profile -120/85°C

- Data analysis plus literature review
for key design and process controls.

- Body of knowledge and test matrix
developed for High I/0 packages

- Designed experiment and test matrix
for low pitch/High 1/0s

MEWS 19 10/26/06 (18)
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B NASA EEE Parts & Packaging Program
CCGATITL. CAT28I0sTV

=\

dARAEEE ESEER

PI: Reza Ghaffarian, JPL, Reza.Ghaffarian@jpl.nasa.gov

10/26/06 (19)
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G 930 Thermal © cles (-3°/100°C)

Copper Spiral Wrapped Columns — SIX SIGMA

Copper provides reinforcement and redundant conductive path

10/26/06 (20)

MEWS 19
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_ NASA EEE Parts & Packaging Program
DC/DC Converter Risk Mitigation

Failures in space(?raft range from: Input Impedance R
* Manufacturer installed defects
+ Workmanship w0 0
- Inconsistent magnetics © i ®
design/control L2 o
.gn £ 10 1
+ Unqualified replacement of gl = AL LT
elements ® 40 5 .
- Incorrect screening of elements » :
- Application errors Frequency

Under-loading

> . Using Zin measurements to find safe operating zone
Impedance mismatching

Incorrect synchronization NEPP is developing:

+ Confusion about how + Test and evaluation guidelines
Far outside of the nominal L. -
operating conditions the part » Application guidelines

can be safely used
Load derating actually adds risk ¢ Databases for information

Incomplete information has directly exchange
contributed to failures http://nepp.nasa.gov/dcdc

PI: Jeannette Plante, Dynamic Range, Jeannette.F.Plante@gsfc.nasa.gov

MEWS 19 10/26/06 (21)

_ NASA EEE Parts & Packaging Program

Solder Performance
JG-PP Lead-free 55 to 125°C Thermal Shock
"Manufactured” Test Vehicles

Prog ram Summary Component |_Salder/Finish 1st Failure N10 N63

SnPb/SnPb 627 717 931

SACISAC 79 (392) 477 681

. cLCC-20 SACBISACE 25 30 B69

Tests: SACISHFb 404 461 535

SACB/SnPb 657 674 789
Thermal Shock SnPb/SnPb 961 NA >1000
SAC/SnCu 144,278 (880) NA >1000
. . TSOP-50 SACBISnCu >1000 >1000 >1000
Vibration SACISnPb | 279 250 (621 NA ~1000

SACBISIPL 174 233
Thermal Cyc||ng SnPbiSnPb >1000 >1000 >1000
sl SACISAC 1000 >1000 >1000
. . BGA-225 SACBISAC =1000 >1000 >1000
Combined Environments SACISPb | T | i T w0
SACB/SnPD | BT | >1000 >1000
“Manufactured” Test Vehicles NA = Not enough failures to accurately determine

BGA-225 Vibration
Componaent Location U

— Salder Alloy!
Componant
Finish

[wsaCEAG |
|nsacasac
B SPRSnPh

% Failed

58 12 " 1% . n E

Grms Lovel Z-axis) BGA trace|b during vibration

PI: Jim Blanche, Allied Aeroépace, Jim.F.Blanche@msfc.nasa.gov

MEWS 19 10/26/06 (22)
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Polymer Tantalum Capacitors

Better at High Frequency

_ NASA EEE Parts & Packaging Program

Capacitance, Impedance, and ESR for 100uF, 10V Tantalum Capacitors (Polymer vs MnOZ)

100

> —0— o—9 4
D——‘\‘

o
o] ¢

P

e
Q
o
=
— g
10 0.75x10* 3
<) L) \ =
x \\ ©
2 R N \ N @
© \ j =
= o
© T \g\ » o f050x10% &
g \ék \ Y o
5 A R 5
b <& N . . El
- -3 _ \ [5]
_g \D\ Bog--0- 08N, 73\?&9»\% i
= Ns LS - = 4 8
0.1 s SN 0.25x10" 2
-1 = S L3 s
~O—0— _ S ‘C
o— -o Capacitance -85 8=s 8 _ g
e— —o Impedance R S

= — € ESR |

0.01 0
10' 10° 10° 10* 10° 10°
Frequency (Hz) EKR, 7/18/2006
MEWS 19 10/26/06 (23)

1.00x10™*

Capacitance (F)

Polymer Tantalum Capacitors

I NASA EEE Parts & Packaging Program

Better at High Frequency and Over Temperature Too!

Capacitance

Capacitance vs. Frequency at Various Temperatures (100uF, 10V Tantalum Polymer)

0.00015
Qi\
N
-
- Te-g
+—e
Toh—+
0.00010 e
- —ap
Fheba L
FoEr e saE
OO o
; Se-
®---8 125C
0.00005f + - —+ 85C
&——-A 25C
-15C
e --# -55C
v--—v -90C
E---0-130C
& —-0 -193C
0

Frequency (Hz)

EKR, 7/24/2006

Capacitance (F)

Capacitance vs. Frequency at Various Temperatures (100uF, 10V Tantalum MnO2)

0.00015

0.00010

S -

=
d

SEINE
R
; N

y—

ST
e

0.00005

®---@ 125C

Frequency (Hz)

PI: Erik Reed, JPL, Erik.K.Reed@jpl.nasa.gov

MEWS 19
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_ NASA EEE Parts & Packaging Program

Polymer Tantalum Capacitors
Better at High Frequency and Over Temperature Too!

Equivalent Series Resistance (ESR)

ESR vs. Frequency at Various Temperatures (100uF, 10V Tantalum Polymer) ESR vs. Frequency at Various Temperatures (100uF, 10V Tantalum MnO2)
10 10
®---0 125C
+—- + 85C
@ &—— 4 25C g oo b6-o—66H_o
N -15¢ N ﬂ‘e\()\S
\ o—-- -55C \ TO-e- g
M v--—v -90C Nw TOo—e o
Py _— N =----0-130C 4 BEEe 0 EE e a.
N o — -0 -193C 8‘%:@ e
. LN RN VIV v v Bal g
N = Y T8
S \\g\\ﬁ \\\§ & % \i:k\\: Tt ey \?;V\V‘W\—V\EE;
a S\ S @ I { b SNt
Roale ~og w : N s S S W ®— o o
N N e o, okt - b
T b o ®---9 125C "3;®7£)—~$:,$;$ [ B—a
0.1 .Nxﬂ;ﬂﬂi 014 + - —+ 85C 1$’;:$$,,
i:ﬁ*‘r?; Sl o s——4 25C -
gt S B = R -15C
~% —i’::@;@?;, == o - ® -55C
v--—v -90C
z---a -130C
6-—-o -193C
0.01 0.01
10' 10° 10° 10* 10° 10° 10' 10° 10° 10° 10° 10°
Frequency (Hz) EKR, 7/24/2006 Frequency (Hz) EKR, 7/24/2006

Life Testing is in Progress
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_ NASA EEE Parts & Packaging Program
NEPAG “Extended Family”

NEPP
NASA JSC
NASA ARC David Beverly
Bill Marsh

Mike Sampso
NASA GRC
Bob Makovec

DLLA & DSCCG

USAF/SMD

Dave Davis

B Associates [] Partners [ ] NASA Centers

MEWS 19 10/26/06 (26)
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_ASA EEE Parts & Packaging Program
NEPAG Tasks and Activities

Weekly US and Monthly international telecons

- Typically 30+ participants

- JAXA and ESA are on international calls
* Audits

- Over 80 NEPAG supported US and international in FY06 Mostly
space level, JANS, Class V and K

* Participation in MIL and non-government specification and
standards activities:

- EIA G11, G12, JEDEC, IPC

* Lead-free:

- Executive Lead-Free (ELF) IPT, Lead-free Electronics in Aerospace
Project (LEAP), JG-PP, CALCE (University of Maryland) etc.

— Metal whisker website: http://nepp.nasa.qgov/whisker
- Continued whisker research

MEWS 19 10/26/06 (27)

_ASA EEE Parts & Packaging Program
18-mm Long Tin Whisker!!!

1mm

Photo Credit: James D. Stewart,
M&P Failure Analysis Laboratory
The Boeing Company Logistics Depot

PI: Jay A. Brusse, QSS, Jay.A.Brusse.1@gsfc.nasa.gov

MEWS 19 10/26/06 (28)
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s _ NASA EEE Parts & Packaging Program
NA% Tin Whiskers on PCB Card Guides

Ref: “Tin Whiskers Found on ATVC S/N 0034”, Don McCorvey, March 8, 2006

(] Plated Card Gmdes

MEWS 19 10/26/06 (29)

_ NASA EEE Parts & Packaging Program
A Pb-Free Strategy for Space

* Regquire 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 will require special and exceptional
rationale
* 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 is supported by data and approved by NASA
GEIA-STD-0005-2, “Control Level 2C” because required by part number
- Alternative, “wait-and-see” is CHAOS

* Perform checks for Pb content at incoming to prevent “escapes”

Use at least two analysis methods such as XRF for a quick look and
SEM/EDAX for the final disposition

* Ensure suppliers have adequate materials checks and controls
» Continue to Study Whiskers Because Mistakes Will Be Made

MEWS 19 10/26/06 (30)
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I NASA EEE Parts & Packaging Program

MIL Specification Standardization

* Memorandum of Understanding (MOU)
- Government HiRel/Space working on agreement with
Defense Supply Center Columbus (DSCC)
- Defines roles/responsibilities/expectations for participation
in MIL auditing process
- USAF, NRO, MDA, Navy, NASA
- Working out authorization details

+ M38535 Engineering Practices (EP) Study

- August industry/government meeting was very productive

- Revised draft almost be ready for official coordination

- Most significant revision since “Acquisition Reform” in
mid-1990’s

- Addresses outsourcing control issues

- New Technology Insertion approach still needs formulation

MEWS 19 10/26/06 (31)

_ NASA EEE Parts & Packaging Program
FYO7 Plans for NEPP Research:

Focus on “large value” results

Legend . .

Funded Eff Packaging and passives
H H 13 ”

W‘Unmnm’ have similar “roadmaps

Scaled

SiGe and Sensor Physics-based
ixed Signa echnologie: Modeling

CMOS
A
SiGe on SOI gl clalDevl [estSty IR Fiber Amplifiers S0nmICMOS)
Scaled Si Memories — Silicon on Insulator (SOI) Visible SiGe
e N latile, volatile|  Ultra-low power Others EacHocopar Others
Data Conversion Fiber p
ERGAS @sandi6oinm Wavelength Division
Processors CNTs Multiplexing
Structured AICS Free space
Optical interconnects
Other efforts in Power MOSFETs, Low Voltage Power devices, Fiber Data Link
application-specific qualification issues, test guideline Optocouplers
development, technology insertion guidelines, and more and PM Optocouplers
MEWS 19 10/26/06 (32)

This document is provided by JAXA.



NASA EEE Parts and Packaging Program (NEPP), An Overview of Current and Future Activities 111

_ NASA EEE Parts & Packaging Program
IMD
Information Management & Dissemination

IMD on the Web: D st e e Lpix
* Provides information regarding e B e
EEE parts’: e ok

Reliability @ Emfn:“ﬁz;?:“’:;;*;,

Performance

Availability : .

ng.lict?tionh teristi : aging Program
adiation characteristics : ochnology for Fufurs WASA Missins

Packaging ' :

Cost

. Coordlnates task reporting
* Methodically disseminates
information generated by NEPP _ .
« Maintains the website o i Armas o Enphsis wh .
. For its NASA customers: TR of EmpHAsIS
Designers m—
Specialist researchers *
Project engineers
Scientists
Program managers.
Manager: Dr. Lois Scaglione, GSFC, Lois.J.Scaglione@nasa.gov

AREAS

B i e sowaa b BB SR :13
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_ NASA EEE Parts & Packaging Program

Summary and Comments

* NEPP Provides Critical Guidance for Flight Projects
- Challenge: Keeping ahead of the demand
* NEPP Partners Throughout the Aerospace Industry
- NEPP/NEPAG leads in information exchange across the community

* NEPP Strives to Develop Cost-Effective Qualification Methods
- Challenge: The ever-increasing cost of doing business
* NEPP is focusing on high-demand/high-return technologies with
immediate value to flight projects
* New training modules are required for new technology insertion

- NEPP has more than just parts, packaging, and radiation challenges

Currently collaborating with CNES, ESA and others on radiation training
class (SERESSA)

— NEPP is increasing its university presence
Shortfall of qualified parts, packaging, and radiation specialists
Example: Difficulty in finding US citizens for radiation positions
Scholarships, post-doc opportunities, etc are being considered

MEWS 19 10/26/06 (34)
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ZG12

Solid State Devices

GEIA G-12
Solid State Devices Committee
Initiatives

Mark Porter - Chairman

19t Microelectronic Workshop
JAXA’s Tsukuba Space Center, Ibaraki, Japan
October 25th through 27%, 2006

Summary Slide

* Committee Overview
» Collaborative Relationships

* Key Focus Areas & Initiatives

ZG 12 So/id State Devices 2
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Electronic Industries Alliance (EIA)

» The EIA is a national trade organization that ,—’% ‘ u
includes the full spectrum of U.S. ==

manufacturers, representing more than 80% of
the $550 billion electronics industry.

Electronic Industries Alllance

Government Electronics and
Information Technology Association

» The Alliance is a partnership of electronic and
high tech associations and companies whose

Consumer Electronics

mission is promoting the market development Assoclation

and competitiveness of the U.S. high tech

: : : : Electronic Components,
1ndystry through domestic and international E Assemblies & Materials ASSOC.
policy efforts.

» EIA is comprised of more than 2,500 member JET'Z'iﬁnf,‘,’",';‘ysf\f:o:gﬂzﬁts
companies whose products and services range
from the smallest electronic components to the
most complex systems used by defense, space
and industry, including the full range of

National Science and Education
Technology Partnership

; S Tel ications Indust
consumer electronic products. e e°°mr::;‘;?a't‘i’:: ndustry
Z2G 12 5olid State Devices 3

Government Electronics and Information
Technology Association (GEIA)

* GEIA represents the high-tech industry doing
business with the government.

Government Electronics and
Information Technology Association

» Association members include companies |

involved in producing information technology Systems, Standards and
(IT) solutions as well as advanced electronics Technology Council (SSTC)
products and services for defense and civil |
government markets. G Panels / Committees
. G-11 Component Parts
. GEIA Members are systems integrators, G-12 Solid State Devices
suppliers, contractors, hardware manufacturers, G-33 Data and Configuration Management
and software providers in the IT, Defense and gjg gz;’:ﬁ;te' Resources
Communications Industries. G-45 Human Factors
. G-46 Electromagnetic Compatibility
* GEIA connects industry to government through G-47 Systems Engineering
it d f 4 G-48 Systems Safety
1ts renowned Iorecasting process. Avionics Process Management Committee
Compact Model Council
Input Output Buffer Information Spec.
Quality & Reliability Engineering

ZG 12 Solid State Devices 4
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G-12 Solid State Devices Committee

* The G-12 Committee develops solutions to technical problems in the
application, standardization, and reliability of solid state devices.

+ This is implemented by evaluation and preparation of recommendations
for specifications, standards, and other documents, both government
and industry, to assure that solid state devices are suitable for their
intended purposes.

* Focus Areas ...

» Standardization * Diminishing Manufacturing Sources
* Manufacturability * Market Consistency
* Specifications and Standards * Continued Improvement
Impacting Solid State Devices  «  Acquisition Reform
*  Quality and Reliability +  Best Commercial Practices

* System Performance (End Use) « Commercial Part Insertion

ZG 12 Solid State Devices 5

G-12 Active Member Companies

« BAE SYSTEMS » L-3 Cincinnati Electronics

* Boeing Company ¢ L-3 Communication

« Corfin Industries Systems*

e« CSCITS * Lockheed Martin

» Defense Microelectronics ¢ Northrop Grumman
Activity * Raytheon

* General Dynamics Corp » Rockwell Collins
* Goodrich Fuel & Utility * Six Sigma*

* Honeywell * Tecnoldgica
* Textron
As of September 24, 2006: » United Space Alliance

Voting Members (16)
Observing Member (2) *

ZG 12 So/id State Devices 6
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Collaborative Relationships

: —
Semiconductor _‘,—J‘; ‘ Government
Device == Electronics
Manufacturers Electronic Industries Alllance Manufacturers

| |

JEDEC Solid State Products =GEIA Government Electronics and
Technology Association e Information Technology Association
JC Committees G Panels / Committees
JC-10 Terms, Definitions & Symbols G-11 Component Parts
JC-11 Mechanical Standards G-12 Solid State Devices
JC-13 Government Liaison G-33 Data and Configuration Management
JC-14 Quality & Reliability G-34 Computer Resources
JC-15 Electrical/Thermal Characteristics G-43 Quality
JC-16 Power Supply G-45 Human Factors
JC-22 Diodes & Thyristors G-46 Electromagnetic Compatibility
JC-25 Transistors G-47 Systems Engineering
JC-40 Digital G-48 Systems Safety
JC-42 Memory ) Avionics Process Management Committee
JC-50 Gallium Arsenide

ZG 12 Solid State Devices 7

JEDEC JC-13

. S JEDEC Solid State Products
* The JC-13 Committee represents Technology Association
the manufacturing segment of the

solid state device industry.

JC-13 — Government Liaison
JC-13.1 Discrete Devices
JC-13.2 Microelectronic Devices

* The committee is responsible for

standardizing quality and reliability JC-13.4 Radiation Hardness Assurance
methodologies for solid state JC-13.5 Hybrids, RF/Microwave, MCM
products used in military, space, \

and environments requiring special Other JEDEC Committees

use condition capabilities beyond JC-10 Terms and Definitions

those of standard commercial JC-11 Mechanical Standards
products. JC-14 Quality and Reliability

JC-15 Electrical and Thermal

— Includes long-term reliability JC-16 Interface Technology

and/or special screening JC-22 Diodes and Thyristors
requirements JC-25 Transistors
JC-40 Digital Logic
JC-42 Memory
JC-61 Wireless Interface Networks
Z6G 12 Solid State Devices 8
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U.S. Government Europe & Asia
« DSCC » « » Japan Aerospace
« U.S. Army Teaming Exploration Agency
" U.S. Navy (EJA;L(;/)-\gan Space
L] i * u
: HA?SAA”- Force ' Agency (ESA)

» British National Space
*+ DMEA ——— Centre (BNSC)
 GIDEP J:D:u « Deutsches Zentrum far
* DMPG Luft- und Raumfahrt

Collaborative Relationships

ZaG12

Solid State Devices

JC-13 Government Liaison e.V (DLR)

« JC-13.1 Discrete Devices

+ JC-13.2 Microelectronic Devices

» JC-13.4 Radiation Hardness Assurance and Characterization
* JC-13.5 Hybrids, RF/Microwave, MCM

JC-14 Quality & Reliability

ZG 12 Solid State Devices

* Information Sharing and Regular Communications with ...

Collaborative Relationships

Automotive Electronics Council

Best Manufacturing Practices Center of Excellence
Center for Commercial Component Insertion (The C3I)
Centre National d'Etudes Spatialies (CNES)
Defense Semiconductor Association

The FIDES Group

International Electrotechnical Commission (IEC)
Institute for Printed Circuits

Italian Ministry of Defense

Semiconductor Assembly Council (SAC)

Society of Japanese Aerospace Companies

ZG 12 Solid State Devices
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Standards Purview

EIA GEB1, DMSMS Management Practices .
EIA GEB2, Reducing the Risk of Tin
Whisker-Induced Failures in Electronic
Equipment

EIA SSB-1, Guidelines for Using Plastic
Encapsulated Microcircuits and .
Semiconductors in Military, Aerospace and
Other Rugged Applications

Design Guideline for Electrical & Electronic
Parts Used in Satellite Applications
MIL-PRF-38534, Hybrid Microcircuits,
General Specification for

MIL-PRF-38535, Integrated Circuits
(Microcircuits) Manufacturing, General
Specification for

MIL-STD-883, Test Method Standard for .
Microcircuits

MIL-HDBK-103, List of Standard

Microcircuit Drawings

MIL-STD-1835, Electronic Component Case
Outlines

ZG 12 Solid State Devices

MIL-PRF-19500, Semiconductor Devices,
General Specification for
MIL-STD-750, Test Method Standard for
Semiconductor Devices
MIL-HDBK-5961, List of Standard
Semiconductor Devices
MIL-HDBK-6100, List Of Case Outlines
and Dimensions For Discrete
Semiconductor Devices
MIL-STD-1560, Destructive Physical
Analysis for Electronic, Electromagnetic,
and Electromechanical Parts
Related Areas ...
— SD-18, Defense Standardization Program
Guide for Part Requirement & Application
—  MIL-HDBK-454, General Guidelines for
Electronic Equipment
—  MIL-STD-1686 & ANSI-ESD S20.20, ESD
— Solderability Requirements & Lead-Free
Issues

11

Sub-Committees & Active Tasks

* Space Parts Sub-Committee

* Lead-Free Sub-Committee

* Plastic Encapsulated Microcircuit (PEM) Sub-Committee

STG95-04: RGA Issues (JC TG 97-02)

G00-10 Failure Rate Estimating Methods
GO01-01 Scanning Acoustical Microscopy
G02-04 MIL-STD-1580 Rewrite & Coordination
G03-02 New Derating Standards

G03-09 Area Array Package Standardization

G05-01 PIND Testing

G05-02 Life Limiting Failure Modes
G05-03 Parts Management Reengineering

G05-04 Real-Time X-Ray

G05-05 Hot Solder Dip Standard

G05-06 Prohibited PM&P

G06-01 Counterfeit Part Risk Mitigation
G06-02 Leak Detection for UB Packages

G06-03 Schottky Boilerplate

ZaG 12 5o/id State Devices

12

This document is provided by JAXA.




GEIA G-12 Solid State Devices Committee Initiatives 119

Key Focus Areas & Initiatives

e Lead-Free Issues
— Lead-Free Issues Sub-Committee

— GEIA-STD-0005-1 Performance Standard for Aerospace and High Performance
Electronic Systems Containing Lead-free Solders

— GEIA-STD-0005-2 Standard for Mitigating the Effects of Tin Whiskers in
Acrospace and High Performance Electronic Systems

— Developing Basis for Qualification of Lead-Free Solders in High Performance
Applications

* Use of COTS Parts in Military and Aerospace Applications
— Aerospace Qualified Electronic Component (AQEC)

* Counterfeit Parts in Military and Aerospace Applications (Task G06-01)
— Teaming with SIA Counterfeit Parts Task Force

* Diminishing Manufacturing Sources and Material Shortages (DMSMS)
— Diminishing Supplier Base for Space Qualified Parts

e Other Focus Areas
— Failure Rate Estimating Methods (Task G00-10)
— RGA Testing (Task G95-04)
— Life Limiting Failure Modes (Task G05-02)

ZG 12 Solid State Devices 13

Lead-Free Subcommittee

» DoD / Aerospace Industry Reliability Issues Associated
With Lead-free Electronics
— Pure-tin Plating And Finishes On Components
* Possible Formation Of Tin Whiskers
— Lead-free Solder In Boards And Circuits
* Unknown Reliability
» Will Require Changes In Production Practices
* Industry Standards And Guidelines Are Needed Which
Enable Us To Continue To Produce Reliable, Supportable,
Repairable, And Affordable DoD / Aerospace Electronic
Systems
— Joint Standards Being Developed By GEIA, AIA, and IEC

ZG 12 Solid State Devices 14
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Lead-Free Standards

*  GEIA-STD-0005-1, Performance Standard for Aerospace and High Performance
Electronic Systems Containing Lead-free Solder (Released June 2006)

— Used by “customers” to communicate requirements to aerospace / high performance
electronic system “suppliers” Examples: Reliability, configuration control, repair,
maintenance, and support

*  GEIA-STD-0005-2, Standard for Mitigating the Effects of Tin Whiskers in Aerospace
and High Performance Electronic Systems (Released June 2006)

— Used by “customers” and “suppliers” to determine how much whisker mitigation is
needed in a particular application. For each level of mitigation there are requirements
regarding material monitoring, mitigating actions, and analyses.

*  GEIA-HB-0005-1, Program Manager’s Handbook (Released June 2006)

— Used by program managers to address all issues related to lead-free electronics, e.g.,
logistics, warranty, design, production, contracts, procurement, etc.

*  GEIA-HB-0005-2, Technical Guidelines for Using Lead-free Solder in Aerospace
Applications (Not Ready for Ballot)

— Used by “suppliers” to select and use lead-free solder alloys, other materials, and
processes. It may include analytical methods, technical data, specific solutions, lessons
learned, test results, etc.

*  GEIA-STD-0005-3, Test Protocol for Using Lead-free Solder (Mapping Out Document)

— Used by “suppliers” to qualify lead-free solder alloys, other materials, and processes.

ZG 12 5o/id State Devices 15

Aerospace Qualified Electronic
Component (AQEC)

*  GEIA-STD-0002-1 Released September 2005

— AQEC Requirements Standard
* Requires Defined Processes and Documentation
* Implementation is an Issue

*  Working to Sign on Vendors

ZG 12 Solid State Devices 16
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Counterfeit Parts Task Group (G06-01)

* Teaming with SIA Counterfeit Parts Task Force

*  Numerous Instances of Counterfeit Parts in Military and Aerospace
Inventories

» "Counterfeiting" can refer to a variety of activities. It could be as simple as
remarking scrapped or stolen and possibly nonworking parts—or as complex
as illegally manufacturing complete parts from original molds or designs.

* A fake part may be relabeled to appear to come from a different
manufacturer/broker or to appear to be a newer or even an older but more
sought-after component than it actually is.

» Counterfeit parts are hard to spot and are all too often slipped into the supply
chain by either unknowing or corrupt distributors. Among the most popular
counterfeit products right now are cell phone batteries.

» Parts are not being found until they are in builds down stream which could end
up to be very costly to replace or even more serious, there could be serious
consequences like latent defect failures.

ZG 12 So/id State Devices 17

Diminishing Supplier Base for
Space Market Piece Parts

* Because Of The High Cost Of Access To Space, The Continued Availability
Of Highly Reliable, Radiation Tolerant Piece Parts Is Essential To The
Production Of Future Space Systems.

— Increasingly, Space System Providers Are Being Forced To Rely On Fewer
Qualified Piece Part Suppliers.

— Consolidations That Have Occurred Over The Last 7-10 Years Have Resulted In
Less Manufacturing Capacity And Less Supplier Choice.

— This Is Resulting In Increased Cost, Increased Lead Times, And Increased Risk To
Field Capable Space Systems On Schedule.

— In Some Key Technology Areas There Is Only A Single Source Manufacturing
Critical Piece Parts.

— Disruptions Due To The Loss Of Experienced Personnel, Fire, Acts Of God, Or
Terrorism Could Severely Cripple The Ability To Produce Needed Space Systems.

»  With The Total Military Piece Part Market Share Already Below 0.5%, There
Is Also Potential For Additional Manufacturers Exiting The Space Piece Part
Business.

* G-12 Goal: Raise Awareness, Work to Improve Availability

ZG 12 Sol/id State Devices 18
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RGA Testing (Task G95-04)

* Residual Gas Analysis (RGA) Testing for water vapor
content continues to be problematic...

— High Moisture Content in cavity packages is a potential reliability
risk.

— Correlation/test lab repeatability problems extend from lab to lab
and one piece of equipment to another.

— Test is very sensitive and dependent upon many factors making it
difficult to distinguish between an invalid test and a device failure.

— Differences in procedures and calibration techniques among test
labs demands a very high level of expertise to perform test, analyze
results and determine reasons for non-correlation.

— Concerns about testing very small packages and very large
packages.

ZG 12 Solid State Devices 19

RGA Testing (Task G95-04)

- continued

* Longest Running Task Group In History
* New Focus on Equipment Calibration

* Benny Damron (NASA) and Mark Porter (General Dynamics)
Visiting U.S. Laboratories
— Understanding Process
— Understanding Variables
— Understanding Differences Between Laboratory Capabilities

» Additional Correlation Studies Planned
* 5000 ppm — Should This Be a Fixed Requirement?

ZG 12 Solid State Devices 20
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Conclusions

* GEIA G-12 Solid State Devices Committee activities
— promote system reliability
— minimize part obsolescence
— enhance logistics readiness and interoperability
— reduce cost of ownership to the government

* Our acquisition reform initiatives integrate commercial practices with
military product requirements to ensure the semiconductor industry
supports our needs for state-of-the art components without
compromising equipment performance

* G-12 collaboration with ...
— Semiconductor Industry (JEDEC)
— Government Agencies (DSCC, DoD Services, NASA, etc.)
— Other industry and international participants (e.g. JAXA, ESA, etc.)
... produces results toward resolving solutions to common problems

ZG 12 Solid State Devices 21

G-12 Membership Information
Cost

 Participating Committee Member (Voting)

— One Committee $2000/year
— Two Committees $3500/year
— Three or More Committees $5000/year
* Observing Committee Member (Non-voting)
— Participation in Any Committee $500/year
Z2G 12 5olid State Devices »
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G-12 Membership Information
Benefits of Membership

* Leverage business development, market planning and
forecasting, and maintain a competitive edge
* Access major decision-makers across the federal government
and networking with industry peers and competitors
 Participate in committees tailored to the interests of federal
Contractors
* Extend your influence on future industry directions by
developing industry standards for many management disciplines
— Systems Engineering
— Software Life Cycle Processes
— Configuration Management

ZG 12 Sol/id State Devices 3

Invitation to Attend

» Next Meeting
— Date: January 8-11, 2007
— Place: Savannah, GA
— Hyatt Regency Savannah

» Following Meeting
— Date: May 21-24, 2007
— Place: Myrtle Beach, SC
— Sheraton Myrtle Beach Convention Center

* See the G-12 web site at ...

http://lwww.geia.org/

ZG 12 Solid State Devices 24
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For More Information
See the G-12 web site at ...

http:/lwww.geia.org/

Contact ...

Mark Porter, Chairman Ken Finney, Vice-Chairman

General Dynamics Boeing Company
Mark.Porter@gdc4s.com Kenneth.C.Finney@boeing.com
(480) 441-5012 (253) 773-4356

Henry Livingston, Vice-Chairman James Moffett, Vice-Chairman

BAE SYSTEMS Northrop Grumman Mission Systems
Henry.C.Livingston@baesystems.com James.Moffett@ngc.com

(603) 885-2360 (801) 525-3472

Dan Lake, Membership
L3-Cincinnati Electronics
Dan.Lake@L-3Com.com
(513) 573-6209

ZG 12 Solid State Devices 2
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1 esa

o MIECSHNNIMIESDTESsEIZAa

Micro & Nano Technologies at the
European Space Agency

Laurent Marchand, ESA Components Division

Laurent.Marchand@esa.int

JAXA Micro-Electronics WorkShop, MEWS 19

1

MEWS 19 26 & 27 October 2006

1-esa

moMECTHNIINESDESsIZD OVerVieW

MEMS Activities at ESA
- RF MEMS
- MOEMS

AOCS MEMS Sensors

Micro-Propulsion
MEMS Based missions and technology demonstrators
Nanotechnologies activities at ESA

MNT Strategy and planning
— CTB MNT Working Group
— CTB MNT Dossier

Conclusions

MEWS 19 26 & 27 October 2006
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-esa

EoMECSFNIINE=SmSsEn

RF MEMS Activities 1/4

RF MEMS Switches completed activities:

» 3 activities to support RF MEMS switches for Telecom
applications:
— Daimler Crysler(Germany)
— Alenia Alcatel Space (former Alenia, Italy)
— IMEC (Belgium)

| Farameter Tasget figure Alerua results overa" resu"s
Errequency band (GHz) 1-30 1-30 . g .
st BF anput power (A7) | = 10 <3 L] Best performances achieved with Alenia Alcatel
| Insertion loas (4B) =04 =02 Space lItaly (see table) with series and shunt
Izclatien (4B) =50 >d0) ” )
Return loss (4B} =20 =20 ohmic switches
Actuation woltage (V] =30 =40 . i
[Swiching time (s,‘ 15108 5108 = New Topologies (toggle switch) developed by
[ Llumber of cycles =10 1 Daimler Crysler (Germany)
| Operating temg. rangs (°C) | -253to + 73 -5 to 4+ TS

= Important reliability issues experienced with
capacitive switches like stiction, self actuation...

. 2 * 2 switching matrix prototyped

. Ohmic switches seems to be the most reliable
technology today compared to capacitive

] switches
MEWS 19 26 & 27 October 2006 3
esa-Hll:::i—ullllﬂ:ﬂlﬂ::ﬂ
RF MEMS Activities 2/4
Non hermetic RF MEMS ENE e L i
B S
Innovative research programme with Alcatel Alenia Space @ e e
Toulouse (France) and Limoges University (XLIM). Gap=03
— New materials and design to avoid RF MEMS stiction (Diamond % o
Like Carbon, Teflon, Al,O,(PLD and PECVD... ) processing or RF .
behaviour issues.
— Design and manufacturing of dielectric-less RF switches. Selected
by French MoD for follow on activity.
, 5 Industrialisation of MEMS membrane filters for space

Alcatel Toulouse (France) and Limoges University (XLIM),
= = -= Transfer from Limoges University to Industry (Reinhart Micro
Technology, Switzerland, RMT) of Microwave filters for down-
conversion (Do-Con filters) from Ka band receiver (30/20 GHz).
Fabrication process transferred to industrial production
(RMT). Status: 2 batches fabricated, 15t batch 50% yield with
similar performances as lab samples. 29 batch 90% yield.
Tk ) Industrial purchase already placed with RMT.

-WERL 1o e 26 & 27 October 2006
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“@8A.........eceeee  RF MEMS Activities 3/4

Tunable MEMS Filters

Earth Observation programme activity
to investigate the suitability of RF
MEMS technology for Tunable Filters
covering Galileo (1.2 GHz) and GPS
(1.57 Ghz) bands. Very narrow
bandwidth (24 & 20.4 MHz)

I Results:
)
g« 1 '\ g i i A Narrow band difficult to achieve with
£ o :f: w A 7 MEMS technology, high insertion loss
= | \P’ caused by passive devices. MEMS

. o
1o MBS 3 8 2= 1 Q | | varactors: process not sufficiently
FBAR seems a better

] H 4 i 8 0 controlled.
ey ke technology for this type of filtering

ENDORFINS: ENABLING DEPLOYMENT OF RF-MEMS
TECHNOLOGY IN SPACE TELECOMMUNICATION

Telecomn activity with IMEC (Belgium) to work on failure modes
of RF MEMS, in view of their deployment in space and improve
this reliability (for switches) through processing optimization.
FMEA and 1%t run completed, Completion summer 2007.

MEWS 19 26 & 27 October 2006
L esa-=ll=:+llllll-=_5=n
- = = Artation RF oud- |
Very Large Order Switch Matrices using MEMS Technology = =«=-2 | -
Fctatrittion
“Redundancy Bing 16 * 16 Switch Matrix
FParameten Specificaton
Frequeacy band L, 5, C,Fuor Ea-band e e
Bandwidih Covering whole frequency band
Igrut match (30 Ohme) -15 dB max
Oupus match (30 Obms) | -15 dB max
Insertion logses 10 dB max ‘::T
Gain variation #H- 1dE "
Izolation between channels | 50 4E mi . T .
e i High reliability RF MEMS redundancy switch
Mudmum inputpower | 0dBm
_Eeconfiguration time 1 ms max Patuinetes Hpecdis asien
Frequency band Fu-hand
Bardmidts Commring whols freqeansy band
“IF connectivity” 16 * 16 Swireh LIarx Tput match (20 Clema) -15 dB mex
Parnetes Specification Crotpn puatch (50 Olms) 15 4B max
Tnsection lossar 0.5 dB max (urpackagad]
Bandwdth 575 - 68 GHz mun Isclation between chanmls 50 dE min
gt match (30 Chms] -1% dE max Mt sEput powsi 10 B
Crutpus match (50 Ohms) -15 45 max Rrvonfiguracion time L2 max
Oprrating temper st mnge 2% S48
Insertion losses 10 B max Sseage temperatise wage A0 4129
Isclation between channels | 50 dE min Lifaciess dpradic ted) 15 pears min (with 1000 sctuation max)
Maxieai ot power 0 dBm ];.}[:‘.r:'.g;up::..::E.-r(r:p:::)rg;?:u:'::g which happeas when the switching is done
Feconfiguration time 1 me max
6
MEWS 19 26 & 27 October 2006
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‘-esa

Adanti . _ MOEMS Activities 1/2_Piston mirrors
aptive Optic technology:
Overall objective: Increase aperture size 3150 : B

of space telescopes; requires to correct
aberrated wavefront from primary mirror
Demonstration using:

Deformable Membrane Mirrors (DMMs);
Micro Mirror Arrays (MMAs, 2 types: Phase
shifting and Torsional (flip or tilt)

Partners: EADS Astrium Germany and
Franhaufer Institute (Germany) -] )
Optical Handling of Microwave and Digital Signals: SAT ‘N LIGHT.

Telecom activity in progress with Alcatel Toulouse (France) and
Sercalo (Switzerland) to investigate MOEMS advantages for
telecom payload with flexible beam-to-beam connectivity
« optical generation & distribution of high-frequency LO’s (>
10 GHz)
~optical frequency mixing and down-conversion, e.g. from Ka
(30GHz) to C (4GHz)
~optical cross-connection of p-wave signals through MOEMS
switches

Torsional mirrors |

"
.
.

BT

26 & 27 October 2006

SEICL T I
MOEMS Test Effectiveness: MOEMS ACtiVitieS 2/2

Activity to standardise efficient MOEMS acceptance
test. Industrial partners IAF (Franhaufer) and EADS
Astrium Munich (germany). Status: completed,
Recommendations for MOEMS testing available.
Preparation of James Webb Space Telescope
Mission JWST Mission for testing the h-shutters

8 MOEMS Qualification Methodology

Activity to draft and validate by actual testing of commercial
telecom MOEMS a specification and procedure for MOEMS
Space Qualification. Industrial partners Alcatel Toulouse, IMEC
(Belgium), MEMSCAP (France), SERCALO (Switzerland) &
Laboratoire d’Astrophysique de Marseille (France). Basic
qualification flow drafted, validation testing completed. Draft
space qualification flow for MOEMS under preparation. Final
presentation December 2006.

Preparation of James Webb Space Telescope Mission (JWST)

MOEMS Future activity: for qualification of the micro-shutters

Instrument concepts using dynamic diffraction gratings

26 & 27 October 2006
MEWS 19
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MEMS based Micro-Propulsion

Cold gas MEMS based micro-propulsion

Running research activities with Nanospace AB (Sweden).
Development and on ground qualification of cold-gas micro-
thruster capable of delivering continuous thrust levels
between 0.1 to 10 mN, with a specific impulse of 45 s for
nitrogen propellant.

Development and evaluation of MEMS pressure sensors

Sendrsis D et , Research activity in progress with PRESENS (Norway).

Development and pre-qualification of high accuracy pressure
sensor. Sensor technology is based on a patented silicon
MEMS tubular structure with a piezo-resistive resistor bridge.
The pressure sensors developed for satellite propulsion
applications are calibrated for pressure ranges in between 3
and 10 bars.

Wire bond &
die attach

Sensitive region

MEWS 19 26 & 27 October 2006
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MEMS for AOCS 1/2

Industrialisation of Automotive BAe Systems UK angular rate sensor

Step 1: Procurement of MNT commercial devices, performance
assessment and first Radiation testing: Reasonable performance
but early drift due to the COTS discrete electronics during
radiation

Step 2: Collaboration with EADS Astrium Toulouse (France),
potential end — user and CNES, Physical evaluation (DPA), space
compatibility (RGA, out/off gassing), Environmental testing
(Temperature, humidity, shock & vibration tests), determination
of lot dependence on performance, 1 failure during shock

Step 3: MEMS rate sensor development for space with
Automotive Manufacturer: sensor improvement
(resolution), electronic hardening, EQM,FM, integration
on CRYOSAT 2: October 2007

MEWS 19 26 & 27 October 2006 10
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MEMS for AOCS 2/2
Evaluation of VTI (Finland) MEMS accelerometers

Activities:

. Performance assessment of non-space (automotive)
commercial MEMS Accelerometers

. Physical evaluation, space compatibility

. Environmental testing (Shock, Vibration, Humidity...)

. Radiation testing

New Activities in AOCS:

A number of space applications, such launchers, transfer vehicles, re-entry
vehicles, landers, rovers require an Inertial Measurement Unit (IMU), combining
gyro and accelerometers measurements.

] Identification of accelerometer needs

] Review of accelerometer market and trends

] IMU performance study

] Accelerometer preliminary specification, design and development plan
MEWS 19 26 & 27 October 2006 "

1=@S8Aa_.,.....ueceeee  MNT Missions Timeline

MEMS rate sensor

Techno Demonstratio Cold gas p-propulsion and

MEMS flow sensor

Cryosat 2
% . Exomars | Gaia

| | DooC= >
2006 2008 2010 2011 2043 2015 2020

'\“'\R
Prisma Proba 3 James Web XEUS
i Space Telescope i

MEMS cold gas L-propulsion Formation ’_:l\"iﬂg } i
with MEMS pressure Sensor p-propulsion? MEMS p-shutter array Cooled p-calorimeter array

on NIRSpec
Technology Demonstration Technology Demonstration

MEWS 19 26 & 27 October 2006 12
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- - - ——— MNT Demonstrators on CRYOSAT 2

MEMS rate sensor from BAe and SEA

Will fly as transparent (non flight critical) passenger for:

— Attitude propagation, rate determination and
failure detection

— Launch information: the micro-gyro will be
switched on during launch

Advantages of MEMS for inertial sensors
— Low mass and small foot print
— No bearings, or moving items that wear out
— Low Power Consumption
— Solid state (more reliable that mechanical)
— Low Sensitivity to vibration & shock
— Low recurring costs

MEWS 19 26 & 27 October 2006

esa-:uu:wu--m::i:m MNT Demonstrators on PRISMA

PRISMA: Technology Demonstration Satellite (F, S, D):
in-flight validation of sensor technologies
and guidance/navigation strategies for
spacecraft formation flying and
rendezvous
Launch end 2008

2 MEMS based devices developed under ESA contracts will be on-board:
Digital pressure sensors from PRESENS (Norway)
MEMS micropropulsion system from Nanospace AB (Sweden)

Demonstration experiment:
MEMS will not be flight critical items
Demonstration of TRL 7: Actual system completed and “flight qualified"
through test and demonstration (ground or space).

MEWS 19 26 & 27 October 2006 14
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‘@8a.........cceeea MNT Demonstrators on PRISMA

Digital pressure sensors from PRESENS (Norway)

L] For the thrust feedback measurement
. Spinning-in from oil drilling industry
= Silicon MEMS tubular structure with a
L] Piezo-resistive resistor bridge
High pressure sensing (3-10 bars)
Rugged against over-pressure

High accuracy

m ESA Support in the Technology Demonstration:
h . Development of Rad Hard ASIC

’;é L] Digitalisation of the command and control electronic
~ . Evaluation of the technology
. Reliability Testing
/l L] On ground pre-qualification
ME o 26 & 27 October 2006 5

98- cvecsimzacne T Demonstrators on PRISMA

MEMS u-propulsion system from Nanospace AB (Sweden)
Micropropulsion is considered as enabler for
Formation-flying space missions where very high
precision is required. B
MEMS micro-valves & nozzles p—
Small size mt 2 —
Simplicity (reliability and low cost) st 1
Low level, precise and low noise thrust

ESA support in the Technology Demonstration:
Development of various MEMS building blocks
Support to the fabrication process optimisation
PA/QA documentation

Evaluation of the technology

Reliability Testing

16
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€52, ..o innzanen MNT Space Projects: XEUS

(X-Ray Evolving Universe Spectrometer)

X-Ray spectrometry can be performed with a micro-calorimeter array, which senses
the heat pulses generated by X-ray photons when they are absorbed.

Cooled p-calorimeters for X-Ray detection:
MEMS enable small thermal capacitance, thermally isolated from substrate:

. Best energy resolution and X-ray absorption efficiency:
> A good plasma analysis spectrometer requires 2 to 3 eV resolution
> At 6 keV MEMS allow a resolution of 2.4 eV whereas for STJs
(Superconducting Tunnel Junction) european competitors it is 16 eV!

. Multiplexing based on SQUID (Superconducting Quantum Interference
Device):
> Reduces the distance to the detector, the wiring and the heat of the
body.
> For STJs competitors, each sensor has traditional amplification,
which requires tremendous wiring.

MEWS 19 26 & 27 October 2006

€5a.....cuinmnnne MNT Space Projects: XEUS

(X-Ray Evolving Universe Spectrometer)
Design and Fabrication: SRON and MESA* - The Netherlands

.
® * 20

S—

Thermomer

Absorber

Thermal link

Cold Bath

Flight horizon 2018-2022, currently TRL 4: Component and/or
breadboard validation in relevant environment to be achieved by 2010

MEWS 19 26 & 27 October 2006 18
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mEmmsrummmsa=== MNT Space Projects: JWST

(James Webb Space Telescope)

NIR-Spec: Multi-image Near InfraRed
Spectrometer

« ESA/NASA Cooperation

«  Will use MEMS micro-shutters

« Capable of 100 images observations at one time
— Significant improvement on the current technology capability (only one object
at a time)
— Increased efficiencies of operation

= 171 X 365 shutters arrays, 4 arrays, all individually addressable and

programmable
— Extremely flexible
— Tiny shutters that can be opened in the pattern of objects hence targeting
objects of interest.

MEWS 19 26 & 27 October 2006

RSEE

MNT Space Projects: JWST
(James Webb Space Telescope)

Micro-shutters manufactured by NASA/GSFC:

MEWS 19 26 & 27 October 2006 20
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sa......uiumzaene MNT Space Projects: GAIA

GAIA:

* Replacement for HIPARCOS spacecraft
— In 1993: HIPARCOS Astrometric Accuracy: 1-10 milliarcs

— GAAIlin 2011 : 20 parcs

Will use MEMS flow sensor

* Very accurate pointing required => order of uN thrust is mandatory

uN thrust only available with cold gas micro propulsion

— Need for very accurate (1 uN) and fast time response (10 Hz) flow sensor

MEMS is the only solution available today

MEWS 19 26 & 27 October 2006 21
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MNT Space Projects: GAIA
MEMS Flow Sensor, AAS Florencia, Italy
¢ X XX X X o
BEL .‘
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Nanotechnology: Activities completed 1/2

Nematic elastomer composites’

Demonstration of feasibility and use of a novel electromechanically actuated
membranes. Carbon nanotubes were immersed in a silicone matrix and pre-
aligned. In an electric field the fibers are exerting a momentum and cause
mechanical contraction (expansion) of the silicone matrix. The mechanical
response is fast and reversible. A bending movement with a membrane on sample
level has been demonstrated. TRL 2

Assessment of mechanical improvement of aluminium alloy using nano-particles

The study was addressing the possibility to disperse nanoparticles in Al 6061 as
strengthening agent (to act the same way as nano-precipitates produced during
heat-treatment of the strongest aluminium alloys). The aim was to increase alloy
mechanical strength while keeping the good corrosion behaviour and the low
density. Two routes have been followed (liquid and powder metallurgy). The
outcome is that liquid route is not feasible, solid route could eventually lead to
improved properties but still requires development efforts. TRL 1-2
Assessment of failure tolerance by incorporation of hollow fibres

Assessment of failure tolerance by incorporation of hollow fibres in composite
materials with special resin/catalyst system. Results were encouraging, study

requires follow-on activity. TRL 1

MEWS 19 26 & 27 October 2006
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Nanotechnology: Activities completed 2/2

Self Healing Materials — a first step to bio-mimetic materials

One of the constraints of spacecraft (structures) is their inability to self repair
damages that may happen in orbit. Damages could be caused internally (thermal
cycling, debonding, fatigue etc.) or externally by e.g. impacts. In the field of nano-
engineering materials there are several concepts evolving by which materials
could become more damage tolerant. So far two competitive precursor studies
where carried out. TRL 1

Assessment of failure tolerance by incorporation of capsules in a polymer.

Results were not encouraging and further improvements of incorporation etc.

required. Challenges encountered are the typical problems of

distribution/agglomeration/interfacial engineering ... of nano-particles. TRL 0
Investigations on hybrid polymers for Space Applications

The purpose of the study was to evaluate novel applications of hybrid polymers
(inorganic/organic nano-composites) for space applications. Possible
applications are improvement of UV resistance of polymers, ATOX resistance and
passivation of polymer films and/or composites. Spin-In of other nano-engineered
materials development used. TRL 1-2

24
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Nanotechnology : Activities in Progress 1/2

Radiation Stable Optical Adhesives

Development of radiation stable optical adhesives for space applications with
focus on (V)UV and thermal stability for applications with high radiation fluxes,
e.g. solar cells, laser optics. The strategy can cover the application of SiOx nano-
clusters and particles, the small size needed for optical performance. The end-
product should be readily for qualification and competitive to other commercial
systems. TRL2 -> 3

Nanotube composite materials

Objective: Reinforcement by nanotubes. The aims are to disperse small volume
fraction of CNT in a ceramic matrix and to align high volume fraction of CNT in
metal matrix. Materials are characterised with respect to application field
identified. TRL: 1-> 1/2

Flexible carbon nanofibre foam (carbon nanofibre networks)

Development of materials made of CNT/CNF network and assess their potential
damping vibration and heat dissipation capacity. Potential application fields are
also surveyed. TRL: 1-> 1/2

MEWS 19 26 & 27 October 2006 25
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Nanotechnology: Activities in Progress 2/2

Proof of concept for Self sealing materials for space

Assessment of self sealing materials for autonomous crack closure. Evaluation of
novel concepts of how self sealing of materials structures can be achieved. The
restoration of structural integrity after damage (impact etc.) is a materials
engineering challenge. Possibly nano-engineered materials (reagents, catalysts
etc.) could be enabling. TRL: 1 ->1/2

Proof of concept for Aerogel applications

Aerogels contain nanopores of air that are only a few hundred times larger than
atoms. Aerogels are the lightest known solids available with reported density
down to three times that of air. Therefore Aerogels have very interesting weight
specific properties. The purpose of the study is to assess some fundamental
properties of aerogels (thermal conductance, acoustic/thermal insulation) and
evaluate possible future space applications. TRL: 1 - 1/2

Non conventional matrix / carbon reinforced composites for applications in space

The aim of the study are to establish a route to build a 3D CNT network, achieving
high loadings - to adapt the interface toward matrices and to infiltrate the network
by those matrices— The material relevant properties are measured. TRL: 1/2-> 2

2
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- Nanotechnology

Future Activities:

4 Nanotechnologies for space: roadmaps and applications:
Objectives:

Address state of the art outside and inside the space sector. Define potential contribution of
nanotechnologies: technological information allowing potential use of nanotechnologies.
Establish axes of collaboration to favor development of nanotechnologies: technological
key issues and competence centers well positioned in the field of interest.

Recommendations with the elaboration of a “Nanotechnology Roadmap”

v' Nanomaterials for improved thermal conductivity

Nanotechnology and in particular nano-fibres or nano-powder or carbon nanotubes could
be used in composite materials to modify the physical properties, such as the strength, the
thermal conductivity and the CTE. Objective: identifying possible nano-materials which
could significantly improve the thermal dissipative properties of standard space qualified
epoxy. Prototyping and validation via a demonstrator

v Nanotechnology for Space Solar Cells

Nanotechnology could permit a new degree of freedom for solar cell design due to the
possibility to engineer quantum opto-electronic properties that are otherwise fixed for a
given material. Feasibility of at least one design for incorporation of nanotechnology in
solar cells for space applications. Manufacturing and testing of demonstration devices to
evaluate potential for space.

MEWS 19 26 & 27 October 2006 27
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The MNT Component Technology Board (CTB)
MNT CTB Membership

*  Members:

French Space Agency (CNES), EADS Astrium Germany, Alenia Acatel Space Italy, Alenia
Acatel Space, Toulouse (France), EADS Space Transportation (France), 3D + (France),
EADS Astrium UK, EADS Corporate Research Centre (Germany), ESA.

* Observers:

Italian Space agency (ASIl), British National space centre (BNSC), German Space Agency
(DLR), Finish Technology Centre (TEKES), Swedish National Space Board (SNSB)

MNT CTB Scope:

= Identify MNT components considered to be of strategic importance for future space
applications based on existing or anticipated user requirements

= Establish a consolidated multi-year strategic plan for space MNT devices with
technology roadmaps

= In coordination with MNT users define / propose the relevant study, development,
evaluation, and research activities

= Assess technologies / components, manufacturer capabilities, technology trends

= Estimate the necessary resources, funding, time scales and define priorities for the
various activities

= Determine the necessary prerequisites and conditions to make these MST
technologies/components available in line with project schedules

MEWS 19 26 & 27 October 2006 28
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CTB MNT Dossier

— All inputs gathered from CTB members

— Drafts roadmaps available for RF MEMS, MOEMS, p-propulsion,
other sensors (AOCS, pressure), thermal management

— Line items: defined
— Actions items: to be improved
— Distribution for review (ESA and industry): December 2006

— GADs (General Activity Description) and detailed activity proposals:
Q1 2007

MEWS 19 26 & 27 October 2006 29
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CTB MNT Roadmaps
RF MEMS
Action Line Technology Actual TRL 2007 2008 2009 2010 2011 2012
FF1 RF MEMS switch for recontfigurable microwaye appication TRL4 TRLS TRLE TRL?
RF2 RF MEMS switch for antenns application TRL3 TRL4 TRLS
RF3 Micramachined fiters switch for on-board microwave application TRLS TRL G TRL?
RF4 RF MEMS switches with povwer handling capability TRL2 TRL 3 TRL4 TRLS
RFS RF MEMS switches with dynamic performance compatible with TR switches TRL1 TRL2 TRL3 TRL4
RFE Bulk accoustic device for high @ and high frequency filtering TRLS TRL S TRLE TRLY
RF7 RF MEMS varactor far high @ high tunability %CO and phase shifters TRL3 TRL4 TRLS
MOEMS
Action Line Technology ! Actual TRL 2007 2008 2009 2010 2011 2mz2
M1 Piston Micro-Mirror-Arrays, large size, large stroke, high density, for adaptive ogtics TRL3 TRL3 TRL4 TRLS TRLS TRLE TRLY
Mo2 Micro-Shutter-Arrays for spectroscopy and switching TRL3 TRL3 TRL4 TRLS TRLE
MO3 Titt Micro-Mirror-Arrays, large size, high density, for spectoscopy and switching TRL3 TRL3 TRL4 TRLS TRLS TRLE TRLY
MO4 Dynamic and programmable diffraction gratings (DPDG) for spectroscopy TRL1 TRL2 TRL3 TRL4 TRLS TRLE
ESA TRL reference
Level 1: Technology concept andfor application formulated.
Level 2: Analytical & experimental critical function andfor characteristic proofof-
concept.
Level 3: Compaonent andfor breadboard validation in laboratory environment
Level 4: Cornponent andfor breadboard validation in relevant environment
Level 5: System/subsystem model or prototype demonstration in a relevant
environment (ground or space)
Level B: Systerm prototype demonstration in @ space environment.
Level 7: Actual systern completed and "Flight qualified” through test and
demonstration (ground or space).
Level 8: Actual system "Flight proven” through successful mission operations 30
MEWS 19 26 & 27 October 2006
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Conclusions 1/2

o MEMS technology is now sufficiently mature for use as
mission critical components for scientific missions,
additional efforts on reliability and qualification are still
required for EO and Telecom Applications.

o Additional collaboration and exchange with JAXA on
MEMS could be envisaged for reliability testing and space
qualification methodology

o Nanotechnology for European Space Applications are still
low TRL (TRL O -1 ) but proof of concept activities are
under initiation

MEWS 19 26 & 27 October 2006 31
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Conclusions 2/2
+ Invitation: 6" ESA MNT Round Table
— ESAJ/ESTEC The Netherlands
— 8-12 October 2007
— 3 days workshops

— 2 days Courses on Nanotechnology

MNT Contacts at ESA:
— AOCS: Stephane.Dussy@esa.int

— Micro-propulsion: Martin.Lang@esa.int
— RF MEMS: Francois.Deborgies@esa.int
— MOEMS: Josep.Maria.Perdigues.Armengol@esa.int & Kotska.Wallace@esa.int

— MEMS Packaging, Reliability and Qualification: Laurent.Marchand@esa.int

— Nanomaterials: Laurent.Pambaguian@esa.int

— Nanotechnology: Laurent.Marchand@esa.int & Laurent.Pambaguian@esa.int
= MNT Coordination: | aurent Marchand@esa.int
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Status of main CNES activities with regard to
strategic technologies and components

in the domain of silicon ICs
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19th Microelectronics Workshop
JAXA Tsukuba Space Center
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Ccnes

OUTLINE

- Presentation of the CNES

- Introduction to strategic technologies and components

- Objectives

- Process for selecting the actions

- ST MICROELECTRONICS - Radiation Hardened Power MOSFET
- ATMEL 0.18 pm CMOS Technology

v Technology characterization and hardening
v Products development

- High speed A/D converter evaluation
- Conclusions

26th October 2006 19th Microelectronics Workshop 2
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Presentation of the CNES

26th October 2006 19th Microelectronics Workshop 3

Ccnes

&

*CNES was created in 1961 to be France’s agency for Space

programmes and its technical authority, under independent management
*It's mission is to advise the government on French Space policy and to

implement that policy
~ P
*CNES is a precursor and innovator, working for the benefit of French
industry, science laboratories and civil society
*CNES works within the framework of European Space policy

26th October 2006 19th Microelectronics Workshop 4
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=*CNES represents France within the European Space Agency (ESA) %

|t leads a multinational programme that is consistent with European programmes

=*CNES implements the strategy decided upon by the French government for =
participation in the European Space programme

=*CNES and its European partners work closely together as part of an assistance
network for first level customers

26th October 2006 19th Microelectronics Workshop 5

- with other European countries, either directly or jointly (through direct
bilateral cooperation or cooperation via ESA)

- with other major Space nations: United States, Russia, Japan, India,
China, etc.

- via specific projects with several partners: Latin America, Israel,
Thailand, Algeria, Canada, etc.

26th October 2006 19th Microelectronics Workshop 6
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International cooperation

»JAXA-CNES collaboration on space parts: an example
* Initiated in 2003 by our Presidents
* Report during yearly Symposium
* 4 themes of collaboration :
v'"Common Commercial components policy,
v'Radiations Environment (environment models, in flight experiments),
v'Joint Components Evaluation Techniques

v'Strategic components (submicron technologies, microprocessor, FPGA, memories, A/D and
D/A converters, Power MOSFET, DC/DC converters, ... => Japanese SOl FPGA involving
ATMEL and OKI decided in this framework.

26th October 2006 19th Microelectronics Workshop 7

é cnes

CNES has four centres pursuing complementary missions, for
preparing the future and carrying out projects

It has a staff of over 2,400 including almost 1,800 engineers and
managers (35% of whom are women)

26th October 2006 19th Microelectronics Workshop 8
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é cnes

An ambitious Space policy for France

Serving the general interest in the following fields:

26th October 2006

access to Space

sustainable development

applications for the general public
Space science and preparing the future
security and defence

19th Microelectronics Workshop

Ccnes

CNES bUdgetS (multilateral share in millions of current euros)

* multilateral share of subsidies

2005 2006 2007

National programme 681.5 691.6 702.0
Access to Space: Launchers and 118.8 1103 116.4
CSG
Space applications 450.9 473.9 476.6
« General public 32.0 25.7 26.0
« Sustainable Development 82.5 89.3 87.5
« Space sciences and preparing the

future 101.8 102.1 104.6
« Security and Defence 85.3 106.6 120.6
« Shared resources 149.4 150.2 137.9
Central Directorates (inclusive
of VAT) 111.8 107.4 109.0

» Commercial businesses ( Satellite positioning, Station keeping
operations) ~300M€

26th October 2006

19th Microelectronics Workshop

This document is provided by JAXA.



148 FHMTZEWI ARSI ER SP-07-010

Ccnes

France’s contribution to ESA (in millions of current euros)

2005

2006

2007

French contribution

685.00

685.0

685.0

Access to Space: launchers

44.35%

40.31%

42.89%

Space applications
* General public
» Sustainable development

» Space sciences and preparing
the future

» Security and defence

46.96%
8.03%
9.03%

29.90%

0.00

51.08%
15.42%
13.37%

22.29%

0.00

55.70%
16.86%
16.29%

22.55%

0.00

ESA administration and debt
management

8.69%

8.61%

1.41%

26th October 2006
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é cnes

* And ATMEL :

26th October 2006

19th Microelectronics Workshop

Introduction to strategic
technologies and components

»CNES and ESA coordinated initiatives followed by the
European Components Initiative phase 1 have led, among
many others to the implementation of :

» Strategic developments to ST Microelectronics :
v'Radiation Hardened Power MOSFETSs

v'0.18 um technology hardening (both ESA and CNES contracts)
v'Products development based on 0.18 ym CMOS hardened technology
o LEON 2 FM : 32 bit - 100 MIPS SPARC processor (ESA)
0 280 K gates SRAM based FPGA (CNES)
o Evaluation of high speed A/D converter

> A status of the activities in which CNES is involved is given

12
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é cnes

Objectives of Strategic technologies and
components (1/2)

»To contribute to the European non dependence

» Avoid possible embargo (ITAR restriction, ...),

Increase the share of European components in our projects

Reduce the procurement schedules and prices

Improve the quality assurance by the use of the ESCC standard

» Contribute to the exploitation of the European capabilities in
terms of space components

* Propose, in time, state of the art technologies and components
with a good readiness level and at a reasonable cost.

26th October 2006 19th Microelectronics Workshop 13
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Objectives of Strategic technologies and
components (2/2)

»To contribute to the space industry competitiveness

+ Equipment manufacturers
v'Allow the space industry to have access to state of the arts components
v'Increase systems and equipment performances
v'Be able to propose new applications (New Generation telecom payloads
requiring high computation capacity, ...)
+ Component manufacturers

v'Develop a production capacity of HiRel radiation hardened components to
a reduced number of component manufacturers

v'Develop as much as possible their products portfolio in order for them to be
attractive and get back a significant revenue => Assurance of their
commitment to the space business.

26th October 2006 19th Microelectronics Workshop 14
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ST MICROELECTRONICS - Radiation
Hardened Power MOSFET (1/7)

»The contract
Remarks : Apart the European non dependence, monopolistic position of IR
« Amount : ~ 4 MEuro (4.8 M$)

v'Shared between ESA and CNES

v'Development, ESCC evaluation and qualification of 14 state of the art types of
Rad Hard Power MOSFET for immediate use

- Total dose resistance : min 100 KRad
- No SEB and SEGR for LET min of 37 MeV/(mg/cm2)
v'N and P types

v'Rated Voltage from 60 V to 250 V
v'3 different packages : TO 254A, SMD 0.5 and TO 39.

26th October 2006

19th Microelectronics Workshop
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» Types description

S
ST MICROELECTRONICS - Radiation
Hardened Power MOSFET (2/7)

Device LSi:e Polarity Package Main performances ST Rad Hard IR Rad Hard Main performances
# Rated Volt / Ron / Qgate designation Reference Rated Volt / Ron / Qgate |
1 HG6F N SMDO.5 60V / 30mOhm / 50nC STRH40N6SY3 IRHNJ57034 60V / 30mOhm / 45nC
2 HG6K N TO254AA 60V / 12mOhm / 155nC STRH100N6FSY3 IRHM57064 60V / 12mOhm / 160nC
3 HGOC N TO39 100V / 160mOhm / 25nC STRH8N10STF3 IRHF7130 100V / 180mOhm / 50nC
N TO39 IRHF57130 100V / 80mOhm / 50nC
N SMDO0.5 IRHNJ67130 100V / 42mOhm / 35nC
4 HGOK N TO254AA 100V / 24mOhm / 160nC | STRH100N10FSY3 IRHMS67160 100V /11 mOhm / 165nC
5 HN25 N SMDO0.5 200V / 200mOhm / 50 STRH13N20FSY3 IRHNJ57230 200V / 200mOhm / 50nC
6 HN2S N TO254AA 200V /44mOhm / 180nC | STRH60N20FSY3 IRHMS67260 200V / 29mOhm / 240nC
7 HNB2 N TO257AA 250V / 550mOhm / 30nC | STRH10N25ESY3 | IRHY57234CMSE | 250V / 410mOhm / 28nC
8 HNB8 N TO254AA 250V / 70mOhm / 220nC | STRH40N25FSY3 | IRHM57264SE 250V / 66mOhm / 165nC
9 HP6H P TO254AA 60V / 50mOhm / 150nC STRH50P6FSY3 IRHM9064 60V / 50mOhm / 300nC
10 HP6M P TO254AA 60V / 18mOhm / 320nC STRH80P6FSY3 IRHMS597064 60V / 16mOhm / 160nC
11 HPOD P TO257AA 100V /300mOhm / 40nC | STRH12P10ESY3 IRHY9130CM 100V / 300mOhm / 45nC
12 HPOJ P TO254AA 100V / 60mOhm / 192nC | STRH40P10FSY3 IRHM9160 100V / 73mOhm / 290nC
P TO254AA IRHMS597160 100V / 50mOhm / 170nC
13 HP23 P SMDO.5 200V / 500mOhm / 70nC STRH8P20SY3 IRHNJ597230 200V /505mOhm / 40nC
14 HP2M P TO254AA 200V / 100mOhm / 260nC | STRH30P20FSY3 IRHMS597260 | 200V / 103mOhm / 175nC

26th October 2006

19th Microelectronics Workshop
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é cnes
Hardened Power MOSFET

»JAXA developments

9 N channels types developed:
> TO 254 100V
« 2SK4048, 18 mOhms, 42 A,
+ 25K4049, 33 mOhms, 42 A,
+ 25K4050, 69 mOhms, 15 A,
> TO 254 200V
+ 25K4051, 33 mOhms, 42 A,
+ 25K4052, 69 mOhms, 33 A,
+ 2SK4053, 155 mOhms, 14 A,
> TO 254 250V
« 2SK4054, 45 mOhms, 42 A,
« 2SK4055, 98 mOhms, 27 A,
+ 25K4056, 230 mOhms, 12 A,

Short term availability : 3 different sources of Power MOSFET worldwide =>
Competition is open and space industry is interested.

26th October 2006 19th Microelectronics Workshop 18

L)
( cne?l’ MICROELECTRONICS - Radiation
Hardened Power MOSFET (3/7)
»Work Packages (1/5)

+ WP1 Assessment of ST Microelectronics Power MOSFET technologies and
component part types

v'Characterization of ST commercial technologies completed => Not completely compatible
with space applications especially for N channel transistors

v'Simulation of radiation effects completed => adaptation of 3 commercial processes :
o STRIPFET for low voltage (20 V to 100 V) N and P channel,
o MESH OVERLAY for medium voltage (100 V to 250 V) N channel and P channel,
o PWER MESH for high voltage N channel (200 V to 600 V) N channel.
* WP2 N and P channel Power MOSFET Radiation Hardening development program
v'Definition of target devices data sheets => completed

v'Radiation hardening plan (Process changes, simulation of radiation effects, layout rules,
...) completed => Definition of :

o Best process and design changes to improve the radiation hardening
o Electrical performances and reliability impacts

26th October 2006 19th Microelectronics Workshop 19
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éCﬂ

es
ST MICROELECTRONICS - Radiation
Hardened Power MOSFET (4/7)
»Work Packages (2/5)

+ WP3 Design, manufacturing and characterization of a set of N and P channel Power
MOSFET Prototypes

v'Design, manufacturing and characterization of N and P channel prototypes completed =>
4 types produced :

o N channel 100 V (STRH100V10FSY3) and 200 V (STRH60N20FSY3)
o P channel 100 V (STRH40P10FSY3) and 200 V (STRH30P20FSY3).
v’ Radiation testing of N and P channel Power MOSFET Prototypes
o Total ionizing dose completed => preliminary results OK to 100 KRad
o0 SEB completed => No Burn out at 37 MeV/(mg/cm2)
0 SEGR completed => results interpretation in progress.
* WP4 Production and evaluation of first Rad Hard devices

v'Manufacturing and final electrical testing completed => products subjected to ST internal
qualification and ESCC evaluation

v'ST internal qualification and ESCC Evaluation done simultaneously

26th October 2006 19th Microelectronics Workshop 20

écne

S
ST MICROELECTRONICS - Radiation
Hardened Power MOSFET (5/7)

»Work Packages (3/5)
* WP4 Production and evaluation of first Rad Hard devices (continuation)
v'PID (Product Identification Document)
v'Evaluation in conformance with ESCC 2265000 standard
o Group 1 : Control group completed

o Group 2 : Destructive test : Step stress completed => failures mode and mechanism
under investigation, Radiation test, Construction analysis, package test and electrical
test to be launched now

o0 Group 3 : Endurance test : to be launched

Details of the evaluation test plan given next slide

26th October 2006 19th Microelectronics Workshop 21
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> Ccne
( ?T MICROELECTRONICS - Radiation
Hardened Power MOSFET (6/7)

»Work Packages (4/5)

Subgroup 3C (1)
Replaced Bumn In with

Therm-Fatigue.
N From 5 t020

ESCC test plan

Tl °C T2°C (1)
500hrs

Note: (1) For HN2S & HP2M silicor
(2) Parts coming from AC/Temp. Final Electr. Characterization

26th October 2006 19th Microelectronics Workshop 22

Ccnes
ST MICROELECTRONICS — Radiation

Hardened Power MOSFET (7/7)
»Work Packages (5/5)

+ WP5 Design and manufacturing of the remaining family types
v'Target data sheets completed
v'Prototypes manufacturing completed
v'Electrical characterization completed => Compliant the preliminary data sheets
v'Radiation testing to be done
v'Delta evaluation to be defined if necessary

+ Complementary activities
v'Strong involvement of CNES and ESA in the radiation characterization of the prototypes
(in progress)
v'Industry provided with samples for benchmarking (in progress)

26th October 2006 19th Microelectronics Workshop 23
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Ccnes
ATMEL 0.18 pm CMOS Technology (1/11)

»Several contracts placed by CNES and ESA to develop this offering
+ Amount 6 M Euro (~7 M$) including 50% ATMEL participation

v'0.18 ym commercial CMOS technology characterization and hardening

- Radiation evaluation of the 0.18 ym technology

- Characterization and capability assessment of the 0.18 uym technology

- ESCC evaluation

- Single event transient sensitivity assessment and circumvention techniques evaluation
v'Product development

- ASIC offering

- SRAM based 280 Kgates FPGA

26th October 2006 19th Microelectronics Workshop 24

Ccnes
ATMEL 0.18 pm CMOS Technology (2/11)

>0.18 um commercial CMOS technology characterization and
hardening (1/3)
* Radiation evaluation of the 0.18 pm commercial technology
v'TID assessment
- Around 400 KRad
- Limitation for 1.8 V transistors with W/L < 0.2 which have been excluded
- Limitation for 3.3 V transistors => redesign

v'Heavy ions assessment
- No latch up up to 70 MeV/(mg/cm2)

Activity completed

26th October 2006 19th Microelectronics Workshop 25
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Ccnes
ATMEL 0.18 pum CMOS Technology (3/11)

»0.18 um commercial CMOS technology characterization and
hardening (2/3)

» Radiation capability and process variation tolerance (TID and SEL) assessment of
the 0.18 ym CMOS Technology
v'3 different lots tested
v'Several lots including process modifications within tolerances have been tested
= Results :
-Good capability of the process with respect to the specifications and the design rules

-No impact of the process variations (plasma back-end, Shallow Trench isolation,
anneal after poly gate)

Activity completed
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écnes
ATMEL 0.18 pm CMOS Technology (4/11)

»>0.18 ym commercial CMOS technology
characterization and hardening (3/3)

* ESCC evaluation of the 0.18 ym technology using the ATC18RHA library
v'Construction analysis, electrical tests, thermal tests, mechanical tests, endurance tests

=Results :

No defect except limitations of 1.8 V 1/0O to EDC testing

These functions have been withdrawn from the ASIC ATC18RHA library.
Redesign of these functions now completed.

Activity completed
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Ccnes
ATMEL 0.18 pm CMOS Technology (5/11)

»0.18 ym commercial CMOS technology characterization and hardening
(4/4)
+ Single event transient sensitivity assessment and circumvention (1/2)

¥ Scope and Objectives : to get an accurate characterization of the Single Event Transients
phenomenon for the CMOS .18um (AT58KRHA) technology
- Device simulation using 3D tools, in order to get the characteristics of the current pulse generated in
the silicon for the targeted technology.
— Design and manufacturing of a test vehicle dedicated to SET assessment. This T.V. will be tested
under heavy ions and protons in order to correlate with simulation.

— The T.V. also include some patented design techniques (dual stream redundancy) in order to

prevent SET propagation.

¥ Contract : 5 WPs

- feasibility study and work plan

- 3D simulation of SET

- Design, manufacturing and characterization of the SET test vehicle

- Heavy ion and proton testing

- Correlation between simulation and experimental results

- Proposal for a “SET hardening” option for ATC18RHA ASIC library.

26th October 2006 19th Microelectronics Workshop 28

Ccnes
ATMEL 0.18 um CMOS Technology (6/11)

»0.18 pm commercial CMOS technology characterization and
hardening (5/5)

= Single event transient sensitivity assessment and circumvention (2/2)

v Status

- 3D simulation give very interesting results. Influence of several parameters have been
evaluated (T° , process, supply voltage...). Simulation are consistent with available
experimental results.

- Test Vehicle design achieved during summer 2006. Several variation of the “dual
stream redundancy” will be evaluated. Each of these variation provide different
compromise in term of velocity, fan out, power and silicon consumption. SET sensitivity
of each type of logic gate will also be measured.

- Test Vehicle availability expected end of November, first heavy ion test planned in
January 2007.

- Final report is planned for 2Q2007.
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Ccnes
ATMEL 0.18 pm CMOS Technology (7/11)

»Product development (1/2)
= CMOS 0,18um ASIC for Space (1/2)

v'Contract
The ATC18RHA Hardened ASIC family development have been funded by ESA and CNES. ESA contract covers
standard cell library hardening, CNES contract concerns embedded memory synthesizer and compiler.
-5WPs
- Specification and development plan.
- Memory Library development.
- Design, manufacturing and electrical characterization of a test vehicle.
-Correlation with simulation.
-Radiation characterization.
v Status
- ESA and CNES contracts started in January 2003, end in December 2004.
- 2 test vehicles have been manufactured and tested. One dedicated to radiation test of
Standard Cell and Memory library, the other dedicated to electrical characterization of 1/0
buffers, PLL, LVDS and Standard Cell elements.

26th October 2006 19th Microelectronics Workshop 30
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( cnes
ATMEL 0.18 pm CMOS Technology (8/11)
»Product development (2/2)
= CMOS 0,18um ASIC for Space (2/2)
v'ATC18RHA features
- Up to 5.5Million gates ; 1.8V Core
- Up to 593 1/0, 3.3V 1/O (PCI compatible) ; cold sparing capability.
- 655Mbps LVDS buffer.
- Package MQFP256 / 352 ; MCGA472 / 625.
- SEL immune > 70MeV/mg/cm? ; TID > 100kRad parametric (tested no drift at 300krad)
v'SEU performances achieved
. Compiled Not Hardened Not
. Compiled hardened . Hardened
i SRAM | SRAM+ | g inecizeq | Synthsized | hardened | ©c, P
EDAC SRAM SRAM Flip-flop
GEO 1,3.10° 510 4107 1,7.10™ 7.107 9.10™
LEO 53° - 1000km - Spot 1.10° 1,2.10° 6.107 1.10™ 1.10° 510"
LEO 98° - 852km 7.107 4107 3107 4107 5107 2407
LEO 98° - 600km 3.107 1,5.107 1,2.107 2,5.107 24107 | 1,3.10™
LEO 51° - 450km - ISS 2107 3.10™ 5.10° 810" 1.107 4107
26th October 2006 19th Microelectronics Workshop 31
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Ccnes
ATMEL 0.18 pm CMOS Technology (9/11)

»Product development (3/5)
+ SRAM Based 280kgates FPGA : ATF280E (1/2)
v'Features of the new Hardened SRAM based FPGA:
- 0,18um CMOS 6LM ; 120x120 CoreCell = 280 000 equiv. ASIC Gates.
- 115kbit FreeRAM (32x4 blocs) ; single/dual port ; Sync/Async 10ns SRAM.
- Max 320 I/O (3.3V) ; Core 1.8V ; 8 LVDS Transceiver ; 8 Global clock.
- 100MHz internal speed ; 66MHz 1/0 (PCI compatible) ; 200MHz LVDS buffers.
- JTAG capability ; real time transparent self-test of configuration integrity.
- Available in MQFP256 and MCGA472 Package.
- Power consumption 1pW/MHz/CoreCell (target)
- SEL immune > 70MeV/mg/cm? ; TID > 100kRad parametric.

- All memory point are hardened (Flip-Flop, config, FreeRam, latch). SEU immunity is expected
as high as 80MeV/(mg/cm?) for all memory points, except FF around 40MeV/(mg/cm?).

26th October 2006 19th Microelectronics Workshop 32

écnes
ATMEL 0.18 pm CMOS Technology (10/11)

»Product development (4/5)
+ SRAM Based 280kgates FPGA : ATF280E (2/2)
v'Contract
— 6 Work packages :

Specification and development plan
Chip design (using AT58KRHA hardened technology)
Design kit development (hardware / software)
Manufacturing, characterization, correlation and validation
EDAC IP development and validation

Pre-industrialization (writing SMD and ESCC detailed spec, manufacturing 1 lot to mil grade
with R&R)

v'Status :
Chip design completed, Tape out W41, first silicon mid-December.
Design kit manufacturing coming soon, availability expected in January 2007.
Radiation testing planned Q1/2007
Prototype availability expected in June 2007
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Ccnes
ATMEL 0.18 um CMOS Technology (11/11)

»Product development (5/5)
* New development : SRAM based FPGA on SOl technology (JAXA development)
¥'Feasibility phase in progress thanks to JAXA/CNES cooperation,
v JAXA, OKI, ATMEL, HIREC and CNES involved,
v'OKI 0.15 pm SOl technology
v'Results of CNES study related to SRAM Based 280kgates FPGA (ATF280E) (architecture,
design methodology, tools, ...) directly injected in this activity in order to optimize the efforts,
v'Expected 750 Kgates thanks to the technology scaling factor (0.15 pm vs 0.18 pm), and
the efficient hardening techniques allowed by the SOI technology,

v’ Activity in progress. Completion before the end of this year.

Next slide presented by JAXA to the last teleconference between JAXA — ESA — DLR — CNES
to illustrate this activity
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Ccnes
5.FPGA Feasibility Study between Japan and France s

Target Specification

Wafer Process LET,, Number of Gates Programming
S0I/0.15um 64 [MeV/(mg/ecm?)] 700k SRAM
(FDSOI)

Schedule(tentative)

| 2006 (CY) | 2007 [ 2008 | 2009
Feasibilty Study || |:> Available to Users
+ Design Rule + Demonstration + Qualification + JAXA QPL/QML
JAXA + Database Sample Sample Manufactur
+ Rad-Hard Design QT
+ Cell Design + Demonstration Sample + Development of
re + Layout Design Software Tools
tme + Performance
Estimation
26th October 2006 19th Microelectronics Workshop a5
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é cnes
High speed A/D converter evaluation

»>AT 84AS008 A/D converter
* Manufacturer : E2V Grenoble (former ATMEL)
* Features of the product :
v'10 bit, 2.2 Gbps
v'Power consumption : 4 W
v'Differential non linearity : 0.8 LSB
v'Signal-to-noise and distortion ratio : 45 DB
+ Contract : 300 K€ (360 K$)
ESCC evaluation based on ESCC 2269000 (ETP)
v'Electrical characterization
v'Construction analysis
v'Life test
¥v'Thermal and mechanical tests
v'Radiation tests
» Status
The activity is completed. This product is compatible with space applications.
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(‘ cnes
Conclusions (1/2)

» The European non dependence in strategic technologies and components is essential for
the competitiveness of our space industry,
- Equipment manufacturers,
- Components manufacturers.
« Examples of CNES activities within the European initiative have been reported
* The lessons learned to lead to a success can be listed :
- Itis necessary for space agencies to commit a continuous financial effort :
» To support the components manufacturers and increase their products portfolio,
» To develop, evaluate the up to date technologies and products,
» To allow these components manufacturers to propose to the space industry performing
products at attractive prices.
- Itis also mandatory to get at the earliest the commitment of the users by
» Involving them in the selection at the beginning
» Involving them all along the activity for getting their feedback on the performances vs their
needs
- And be able to readapt the objectives if necessary.
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é cnes Conclusions (2/2)

» And for the future the way forward is a new challenge :
- How to gather more financial resources to tackle the very expensive technologies needed ?
- How to select the strategic products and which is the drivers in terms of projects ?

* The answer for Europe is the new European Components Initiative (Phase 2) with the
following goals :
- The extension of the number of space agencies participating to the financial efforts,
- The better integration of the industry needs,
- The commitment of the components manufacturers on the decided objectives and actions.

* The answer outside Europe is strong collaborations with other agencies in order to
harmonize the developments and increase the market size :
v'JAXA-CNES on going collaboration is a good example (eg : OKI ATMEL JAXA CNES
collaboration for the next FPGA)

* The targeted technologies/components in the domain of silicon ICs are :
- Deep submicron CMOS technologies,
- High speed serial links (~10 Mbps)
- High speed low consumption A/D and D/A converters,
- FPGAs

=> For New Generation Telecom payload as projects drivers.
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Activity Report of Space
Electronic Components
Subcommittee

October 26, 2006

Kazunori Ohnishi
College of Science & Technology
Nihon University

1. Background of Establishing
Space Electronic Components Subcommittee

Reported by NASDA task team on 2002
* Increase in cancellation of certification

* Specificity of space parts compared to general

industrial parts:

High reliability (radiation, vacuum, and microgravity
environments)

High-mix low volume production (high price, high risk,
maintenance of manufacturing lines)

Decrease in professional engineers (technicalconsistency)

Overseas product issues (delivery period, EL etc.)

Others

This document is provided by JAXA.
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Shipped Quanti

10,000

Table 1-1. Shipping Status of NASDA

Certified Parts (Active)

Shipped Quantity of NASDA-QPL Semiconductors

——|Cs

---m--- Transistors
--a—- Diodes

1993 1994 1995 1996 1997 1998 1999 2000 2001

Year

pped Quantity
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Table 1-2. Shipping Status of NASDA
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40,000

35,000
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---a-- Capacitors
—&— Resistors
—e— Connectors
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_“”____
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2. System of Space Used
Components Committee

Space Electronic Components
Committee of Space Subcommittee
Used Components

Space Mechanical Components
& Materials Subcommittee

3. 10 Recommendations to
President of JAXA

1. The importance of components in space technology

2. To keep stable procurement of space used
components and progress the component
technology

3. Enrich the basic technology and estimation
technology of components and data base system

4. Development of Essential Parts

This document is provided by JAXA.
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10 Recommendations to President of JAXA (Continue)

5. Supplication and application of developed parts

6. Study of high reliability (radiation effects and
application of commercial parts to space use)

7. Estimation process of imported parts

8. Development of frontier parts and progress of the
space use parts

9. Verification in space

10. Promoting the registration system of space
electronic parts

4. Major Targets

1. Making sure of Reliability
2. Development of essential parts

3. Application of commercial parts to space
use

This document is provided by JAXA.
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5. Development of Essential Parts

1. Inspection of importance and needs

(questionnaire survey to manufacturers
and users)

2. Making the order of priority
3. Decided at the committee
4. Submit a report to the president of JAXA

6. Critical EEE Parts for Space

In 2003, critical EEE parts for space were selected at
the Space Electronic Components Subcommittee.
Items that QT is completed

* High performance 64bit MPU (320MIPS)

* Power MOSFETSs (Rad-hard, 100/200/250V)

* DC/DC converters (40W, +/-15V dual output)

Items in design and evaluation phase

* Synchronous Static RAM (36Mbit, 100MHz)

* Programmable device

* Opt-couplers

Candidates for Second Phase

* Mixed Signal LSIs, Power fuses, Crystal Oscillators

This document is provided by JAXA.
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6-1 New 64bit MPU for space

e MIPS64 5kf architecture
e 200MHz (320MIPS)
e On-chip peripherals

In some missions / components,
the evaluation for installing this
MPU is advanced.

* SOHLA-1 satellite
* PLANET-C
(Venus exploration mission,
launch schedule : 2008 or later)
* Bepi Colombo
(Mercury exploration mission ,
launch schedule : 2009 or later)

» SpaceCube Il

| —

6-2 Performance comparisons of old and new MPU
Previous
type
Items NASDA R4901-IDFPR HR5000
Architecture 64bit,RISC,FPU 64bit,RISC,FPU
Performance 40MIPS ; 320MIPS
Max.Operation frequency 25MHz = I \ 200MHz
Process technology 0.35um L—l 0.18um
Supply voltage 3.3V 1.8V(core) 3.3V(l/O)
/0 voltage 3.3V/5.0v 3.3V
Power consumption 11Wyp) R
TID >1kGy(Si) >1kGy(Si)
SEU 6.5E-4 error/dev/day 1.89E-6 error/dev/day
SEL >LET 39 > LET 64
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Power consumption of MPU

W]
o &, N
o o o
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Power Consumption [
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Measurement result of the power consumption when the cache
access is continuously repeated.

—4—Core:l0 = 2:1, VDD=1.8/3.3V, Temp=25°C
—6—Core:l0 = 2:1, VDD=1.95/3.6V, Temp=25°C
—4—Core:l0 = 2:1, VDD=1.8/3.3V, Temp=85"C
—&—Core:l0 = 2:1, VDD=1.95/3.6V, Temp=85°C

Loa a1 2 a2 a1 a & 2 & 1 a2 a & A 3 1 3 I

50 100
Operation frequency [MHZz]

150 200 250

6-4 New Power MOSFET for Space

e SEB/SEGR Hardened with patent structure

e Lowest Rpgon,
(Previous type:175~350mQ)

Part VDS RDS(on)
Number (v) (mQ)

2SK4054 | 250 45
2SK4051 200 33
2SK4048 [ 100 18

r : .

NSOL R

250V44AED

No 2nd peak

and SEB signalw

2005.7.23-2005.7.24 @ RIKEN Ni
203mm -> 378.6 MeV, LET=25 MeV/mg/cm2,
range=62 um

| ZLAILALY B

240V

220V

210V

e
230V _‘_-j\;,
gy

200V

150V

1

collected charge (pC)
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6-5 New DC/DC converter for space

e Unique structure with no magnet wires for
chokes/transformers

e Direct connection to 50V unregulated bus.
e High efficiency (85~90%)

95

80

85

80

N 7/4
/A

70

Efficiency [%)

o |
&0 « —=—\in=26V |
——\Vin=40V
55 —=—\in=50V|—
50 —=—\in=55V|__|
45
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6

Load [A]

7. Future Activities and
Expectation to JAXA

* International Cooperation

* Construction of Space Use Parts Data Base
* The Problem of Lead-Free Solder

* Application of Commercial Parts to Space

* Education

This document is provided by JAXA.
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Activity Report
of Space Mechanical Components
& Materials Subcommittee

Toshio HONDA

Tokyo Electronic Systems Corporation
Chairman, Space Mechanical Components & Materials Subcommittee

19th Microelectronics Workshop
October 26, 2006 Tsukuba, Ibaraki, JAPAN
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1. Committee on Space Component Technology — History-

(a) Establishment of the Committee

- In response to serious space component problems, such as decline in domestic
production, withdrawal of some components from QPL, NASDA Committee on
Space Component Technology was established to seek the solution.

- Under the Committee, Space Mechanical Components & Materials Subcommittee
was set up (September 2002).

- Secretariat was Office of Research & Development

- The committee issued a report based on discussion in two sub-committees. In the

report 10 item recommendations were issued (June 2003).

(b) Establishment of JAXA
- Upon the merge of ISAS, NAL & NASDA into JAXA, JAXA Committee on Space

Component Technology was established (October 2003)
- Secretariat was Space Component Engineering Center
- The subjects of the Committee extended, including ISAS & NAL activeties.

(c) JAXA Vision

- JAXA Vision was released (March 2005).

(d) Re-organization of Institute of Aerospace Technology

- R&D groups were re-organized into discipline engineering groups (October 2005)

- Secretariat changed to Electronic, Mechanical Components and Materials
Engineering Group.

2. Mechanical components to be developed by JAXA

(1) Frontier components
Components which need innovative research to solve technological
problems, and to meet future space requirements.

(2) High priority components
Components which
- have problems such as frequent failures, withdrawal from QPL,
single source, ITAR, etc., and
- are required urgent development, and
- are expect to be used in various applications for prolong period.

(3) Generic technology
Strategic technology which Japan should keep for steady and
advanced space development. Through R&D activities, technology
level will be kept, handed to next generations, and improved.

This document is provided by JAXA.
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High priority components & Frontier components

l Technological view point ‘

Applications

Usable for various applications Prolonged utilization of developed

technology, and spin-off expected

«Bus equipment, crucial mission
equipment (common technology)

* Break-downed from JAXA vision, and
mid-term plan (Needs)

* Research output enabling uﬁﬁue
system design (Seeds)

« Strategic technology

=|nternationally competent

= Contribute to higher reliability

+Contribute to sustainment, succession,
and progression of technological base

esearch problepfs

» Contribute to autonomous space activities Development phase

+ Solution to problems such as frequent
failures, single source, ITAR, and high cost
domestic production

Research phase

No major research

4
| Solve problems
problem remained

through research

Implementation of
| development €ompany) |

2~4 year _ @

i time span “ Applied to projects ”

Remark: Gradation of © @ in the figure shows
degree of emphasis for high priority component
or frontier component

Corporation with
| relevant organizations |

@ v ~10 year

Development phase | time span

Apparent advantages of research
& development

Social circumstances I

3. JAXA vision, frontier & high priority component, generic technology
Present After 5year  After 10 year After 15 year After 20 year
1 1

1 1 1 >
JAXA vision
Space
activi . _ . _
ty mid-term plan ~ mid-term plan  mid-term plan
Application of
advanced i
commercial ¥
Frontier technology
components
Need technological ‘
Innovation
High priority

iy 2nd selection
Need urgent

Generic
technology

Strategic
technology

Enhance common technological base: tribology, evaluation -+ -

This document is provided by JAXA.
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Function enhancement of Latching Valve

* Post Qualification test Review was done successfully. (August.11.2006)

High-priority components
1st selection

* Function enhancement was accomplished in accordance with design strategy that is to take
over the Pedigree design, drawings, production and inspection process.

» JAXA will carry out further evaluation tests in order to accumulate technical data.

* Now on sale!

Difference between Current valve and Enhanced valve

Scheduie

2002 2003 0 2004 2005

ltem Current LV Enhanced LV

Reverse Cracking Unregulated 1.38MPa(nominal)

Pressure 2.238mm? (@4.90mm) 3.490mn?  95.06mm)

{ID of Quler nozzle)

Test fluid of GN, GHe

Internal leakage

Development JAXA AIHIL~ JAXA . ~Moog Japan

Framework Moog Japan ##Development efficiency
improvement

Special affairs inheritance of Pedigree design, drawings,

production and inspection process
Valve capability confirmation test {Mechanical
environment, e,g, Shock, Random vibration)

Valve cost 15%0FF because of Development
framework optimization

2006

v v

MRR PQR
==

Pre-study, Trade-off study

[
Trial manutactures and Tests

—
Detailed Design
QT model rnanuhcn.mg
4eal o
ar

20N-class Thruster valve

High-priority components

1st selection

* Critical Design Review is scheduled to be held in this October. The manufacturing documents

are prepared.

* In order to create a "ROBUST" valve, the Japanese methodology of quality and reliability
control engineering was applied from the beginning stage of development. (TOYOTA's design
method / TAGUCHI Method with CAE)

Typical performance specification

2002 2003 2004 2005 2006 2007

v b
CDR MRR PQR

Detailed design b
EM valve manufactiring ———
Design verification test =
QT valva manfacturing =
ol —>

Item Development specification Remarks

Compatible fluid N,H,, MMH,GHe,GN,,H,0,IPA

MEOP 2.80MPa

Proof.~Burst 7MPa / 10MPa Test of surge

Pressure iabicais

Pressure drop =0.172MPa @12.7g/sec H,0

Internal leakage = 1X10%sce/min @MEOP, GHe

Operating Voltage | 23.5 ~ 32 Vdc

Coil resistance 65 ohm =+ 10% @20degC

Response = 15msec

Gpening) @28Vdc, MEOP, 20degC

Cycle life = 1,000,000 cycle @Wet&Dry Confirmation of
capability

Temperature range | 4 ~ 149degC @ Operating Confirmation of
High tmp capability

Weight =0.30kg

This document is provided by JAXA.
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Resolver

Post-Qualification Review & Final Revew was done successfully.

High-priority components
1st selection

(July.24.2006) g
.:l: \’:‘ ::-
b -
B 4
e
Description Resolver Optical encoder
Outer shape  Diameter 125 mm 137 mm
Width 67 mm 79 mm
Bore Diameter | 18 mm g —

Sensing method Electromagnetic induction Optical
| Angular accuracy < £0.0015°( = Sarcsec) < £0.0015°( & Sarcsec)
Resolution 21 bit 18 bit
| Mass <2.0kg (82kg) <2.2kg

Power <2.6W [2W) <5W

Input/Cutput Differential type EIA RS422) | Differential type EIA RS422)

JFY 2003|2004 | 2005 | 2006

Review PDRY CDRY PQRY
Preliminary design —

Bread board model -

Detailed design |

Manufacture —
| Qualification test C—

Angla eronprcasc)

Rogpirement of ke mt - - Swesc

Aegjoiog )

Results of Accuracy qualification test
*Worst case is Low temp.condition (-30deg)
-All data are within an accuracy
requirement (X 5arcsec)

*Now on sale!

CW : Clock-wise
CCW : Counter clock-wise

Harmonic Drive Gear

Under life testing (Long life type)

Long life type Light weight type
3 e i€ e
ST G
[tem Long life type Light weight type Existing product
Dimension 82¢ x30.4L T0¢ % 14.0L T0¢ *35.0L
Mass 221g 103g 370~300g
Lifetime 100 rev, 100 rev, app.10° rev,
Lubricant Synthetic Hydro-Carbon oil, grease Solid lubricant
Angle < 3Darcsec < Glare-sec < d0arc-sec
transfer rate
Operating ~10~ +80°C ~ 30~ + 80°C ~ 10~ +80°C
temperature
2003 2004 2005 2006
PDR ; CDR ; PQR ;
Preliminary design[ >
BBM —
Detailed design _—
Qalification test [ ==

High-priority components
1st selection

10E-07
10E <06
TOE-05

TE-04

10E-03

10E«02

VOE-01

Total Revalution Number of Chutput Shaft [rev]

10E-00
e 1000

Laad Torque [Nem|

1 10

Vibration test

Thermal vacuum
test

This document is provided by JAXA.
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Components to be developed 9" components

2nd selection

Two items were selected as having high priority to be developed. Now, cooperative
research is under way.

(1) Slipring

- Research status: Evaluation is under way to
select appropriate brush, ring & plating materials

- Application: Solar array drive mechanism (SADM) 4

- Purpose: Small, light-weight SADM e
- Point of development: High reliability & low cost 1000000000 Oeertrusn - U

Fiberbrush type slipring
(2) Low shock hold-down & release mechanism

- Research status: Preliminary operation tests were
perfomed. International cost competition is a problem.
Target cost is in consideration.

- Application: Hold-down & release mechanism for
Solar array paddle (SAP)

- Purpose: Reduction of release shock for SAP

- Point of development: Unique mechanism & high
reliability

A model for preliminary
laboratory test

4. JAXA's activities on space materials

A variety of materials have been used for space applications to meet the
requirements of projects. New materials are sometimes adopted.
Establishment of evaluation technology about space environment for many
types of space materials is important.

(1) Present major activities
- Evaluation of compatibility of materials to space environment
* Modified thermal control films for superior durability & higher performance
* Imported electric wire sheath materials (polymers)
* Commercially available high performance paints, adhesives, etc.
- Materials Database System

Obtained data are registered in a database (http://matdb.jaxa.jp), and open
to public.

(2) Planned activities
- Continue evaluation of space compatibility for imported materials
- R&D for advanced new materials, such as electrically conductive thermal
control polymer films, superior durability & higher performance materials.
- Improve evaluation technique, compile characteristics of materials

This document is provided by JAXA.
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5. Problems related to Space Mech. Comp. & Materials Subcommittee

(1) Definition of Mechanical Components

The word “mechanical component” is interpreted in several ways: (a)mechanical
parts such as springs, (b)mechanical element such as ball bearings, (c)mechanisms
such as flywheels. The sub-committee covers all of (a)-(c) & related basic
technology such as tribology, without clarifing the definition of “component”.

(2) Subjects of the sub-committee expanded

Due to the merge of ISAS, NAL, NASDA into JAXA, components for ISAS’s
scientific satellite, and basic research at NAL became the subjects discussed in the
sub-committee.

(3) Requirements for mechanical components

Needed future mecahnical components should be extracted from JAXA Vision. To
set the requirements for the components, system design is mandatory. This task is
insufficient.

(4) Enhanced secretariat

From October 2005, a discipline engineering groups (Electronic, Mechanical
Components and Materials Engineering Group) became secretariat. The subjects of
the sub-committee is far beyond the group’s activities. Participation of related
groups in the sub-committee is needed.

This document is provided by JAXA.
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A 3

Development Status for
JAXA Critical Parts, 2006

October 27, 2006

Electronic, Mechanical Components and
Materials Engineering Group, JAXA

Satoshi Kuboyama

Electronic, Mechanical Components and

Materials Engineering Group

Background

 Increased demands for high
performance space systems

* Increased cost for LSI fab.

» Decreased availability of cutting edge
devices for space applications

< L

Mismatch of demand and supply

Critical parts for space systems were selected
to develop advanced space systems by Space
Parts Engineering Committee

Efectronic, Mechanical Components and

Materials Engincering Group

This document is provided by JAXA.
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Critical Parts (First Phase Iltems

FY2003 | FY2004 | FY2005 | FY2006 [Remarks
64bit MPU Evaluation QT Completed gg{}:}?emal
A ES AQT sample v
Production . In-process
DC/DC or QT QT 28V input El p t
Converter < > S:rggnning
POL, DC/DC Sl oo
Converter power system
Power Evaluation Fc’)rro S%Ct'on QT 200V, I\P/Iixgd Ii)_evice
, | Gy New Pack roduction
MOSFET AShipped for DC/DC L
; Feasibility . . . |c ial
32M bit stud Design Evaluation [3D Packaging| gommercia
Burst SRAM y > < | O Foundry
Basic Feasibilit . i
SOl ASIC Evaluation | Study Y | Cell lerary> S%T&";fﬁgar'y
Feasibilit i
SOl FPGA Study | (i ATMEL

Efectronic, Mechanical Components and

Materials Engineering Group

DC/DC converter

e Unique structure with no magnet
wires for chokes/transformers

e Direct connection to 28V/50V

unregulated bus

e Synchronous rectification for
high efficiency

M QT was successfully completed except RGA.

RGA failure was resulted by incorrect test method.

RGA will be completed by the end of FY2006.

M The variant for 28V input will be additionally
qualified by the end of FY2006

Electronic, Mechanical Components and

Materials Engineering Group

This document is provided by JAXA.
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POL type DC/DC converter

e Unique structure with no magnet
wires for chokes, extremely
small outline for distributed
power system

e Direct connection to +15V output
of DC/DC converter to produce
1.5V, 1.8V........

e Synchronous rectification for
high efficiency, 95%

U Feasibility study is started to establish the target
specification and development schedule

Power MOSFETs

e SEB/SEGR Hardened

@ LOWGSt RDS(ON)
e Patented structure

Normalized RDS(on)

il
11111

200 250
BVdss[V]

A QT for 100/200/250V devices was successfully
completed by the end of FY2005 with TO-254
package.

¥ Radiation hardness was successfully
demonstrated for 500V prototype devices

i

Electronic, Mechanical Components any

Materials Engineering Group

This document is provided by JAXA.
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Burst SRAM

e 100MHz synchronous operation for high
performance 64bit microprocessor.

e Separated address decoders and cell blocks to
prevent multi-bit SEUs in a word. It ensures
that all errors are correctable by the EDAC on
the MPU.

e High density
- 36Mb, 72(64 data and 8 ECC)-bit x 512k-word
- 20Mb, 40(32 data and 8 ECC)-bit x 512k-word

Efectronic, Mechanical Components and
iy

Materials Engineering Groi

Burst SRAM (Cont.)

e 0.18um commercial process with patented HBD
(hardness-by-design) technology for control logic.

e Mixed production with high performance 64bit MPU

e Design was finalized for QT and the 3D packaging

structure was demonstrated.
- - _"'"-"III.'“II"III'IIII-'IIII'IIII'lIII"-IIII’IIIIl'|'|||I_0 L]

e 3D packaging process
will be established by
the end of FY2006.

e QT completion is
targeted early FY2007.

Electronic, Mechanical Components and

Materials Engineering Group

This document is provided by JAXA.



BT D BRI IR 185

SOI ASIC A 3

e 0.15um commercial FDSOI foundry with patented
SET/SET free primitive circuits

e 1.5V for core and 3.3V for I/Os.

e SEU/SET hardened cell library will be available by
the end of FY2006.

e SEU/SET : SEU/SET free up to LET of
64MeV/(mg/cm?2).

e TID : 30krad(Si). Package with radiation
shielding is available for higher TID
requirements.

Electronic, Mechanical Components and

Materials Engincering Group

SOI FPGA

e 0.15um commercial FDSOI foundry with patented
SEU/SET free primitive circuits.

e 1.5V for core and 3.3V for |/Os.

e 700k ASIC gates.

e Rad-hard RAM based reconfigurable FPGA.
- No need of periodic scrubbing

e SEU/SET : SEU/SET free up to LET of
64MeV/(mg/cm?2).

e TID : 30krad(Si). Package with radiation
shielding is available for higher TID
requirements.

Efectronic, Mechanical Components and

Materials Engineering Group

This document is provided by JAXA.
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Candidates for Second Phase

Critical parts to be developed in second
phase were discussed at the Space Parts
Engineering Committee. Discussion has
been started with ESA and CNES for
possible collaborations for these devices.

Candidates are:

- Mixed Signal LSls
- Power fuses
- Crystal Oscillators

Electronic, Mechanical Components and

Materials Engineering Group

Conclusions

e For MPU, power MOSFET and DC/DC converter,
QTs were completed by the end of FY2005.

e Developments for POL type DC/DC converter and
FPGA were started as feasibility studies.

e Candidates for the second phase were discussed
at Space Parts Engineering Committee.
Discussion has been started with ESA and CNES
for possible collaborations for these devices.

Efectronic, Mechanical Components and

Materials Engineering Group

This document is provided by JAXA.



COTZ A U F= e FILSIAE E o AT LT

187

HIREC-TD-E06041

HIREC

HIRECHH &1t

Establishment of LS| Production System
Adopting COT for Space Application

Oct. 27, 2006
Mikihiko URANO
High-Reliability Engineering & Components Corporation

19" MICROELECTRONICS WORKSHOP

Page 1

Contents

HIREC-TD-E06041

HIREC

HIRECHH &4t

1. Background
2. Feature

3. Establishment
4. Results

5. Maintenance
6. Information

19" MICROELECTRONICS WORKSHOP

Page 2
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’54%4 Contents !;LLB&&

1. Background
2. Feature

3. Establishment
4, Results

5. Maintenance
6. Information

19" MICROELECTRONICS WORKSHOP Page 2

’%%4 1.Background (cont.) !ﬁ'nleﬁnggi

* Customers can produce LSI speedy, simply, inexpensively.
- Customers can produce LSI using commercial foundries, and do not need
to have their own production lines of LSI.
- Customers can design the mask layout to fabricate LS| wafers by
themselves.
* Design rules of the mask layout can be provided by foundries.
* CAD (computer-aided design) tools can be utilized to generate the mask
layout.
- Customers can realize the complex system by using IP (Intellectual
Property) on a chip.

19" MICROELECTRONICS WORKSHOP Page 4
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#%4 2.Feature !.‘.L'EB,&;%

* LSI production system adopting COT (Customer Owned Tooling)
for space application are :

- Cell layouts (F/F, Latch, etc.) in the mask are introduced by HBD
(Hardness-by-Design) method against for SEU/SET.

- Two or more LSIs can be placed on the same mask and fabricated on the
wafer (Multi-project-run method).

- Specialized companies (Foundry, Assembly House and Test Laboratory)
handle each step of LSI production process.

- The quality assurance company integrates specialized companies and
assures the quality and the reliability of LSI for space application.

* The wafer banking can supply LSI stably for the long term to
customers.

19" MICROELECTRONICS WORKSHOP Page 5

7%%4 3. Establishment HIREC

3.1 LSI production system adopting COT HIRECH=US#H

Customer A Customer B Customer C

\:/

{ Multi-project-run method.

Generate netlist.
“erification by simulation.

Integrator Design the mask layout by using HBD cells.

Quality assurance of LSIs for space applications.

Found Assembly Test
Yy House Laboratory
Manufacture of Assembly. Screening.
the wafer. €QCI (Quality conformance inspection).

Relationship among Customers, Integrator, Foundry, Assembly House
and Test Laboratory of LSI production system adopting COT

19" MICROELECTRONICS WORKSHOP Page 6
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HIREC-TD-E06041

3. Establishment HIREC

A
3.1 LSI production system adopting COT (cont.) HIRECH= &t
‘ Circuit Design | Using HBD cells, Creating GDS ||
<—m I Multiple use of applicable designs 1
\ 4
Manufacture Mask Investigations prior to manufacturing :
‘ Commercial foundry line (=1 Quality management system
Process diagnosis
Manufacture Wafer
L I Wafer banking I
v Optimization of QClI
| Assembly | | Group A (Electrical test) |
* | Group B (Workmanship) ] <',:I]| Use of in-process inspection

‘ Screening | Group C (Life) (= Periodical verification by
+ typical sample

Group D (Package)
| acl

| Group E (TID) ]

Flow of LSI production system adopting COT

19" MICROELECTRONICS WORKSHOP Page 7

HIREC-TD-E06041

3. Establishment HIREC

3.2 Wafer banking HIRECH= &1t

* There are two sites of wafer storage facilities in JAPAN.

- Two sites reduce risks of wafer damage such as earthquakes, fires, or any
other disaster.

Site B : ' Site A :
Minamata-shi, _ Tsukuba-shi,

Kumamoto Ibaraki

Temperature Related humidity Atmosphere
Site A 15°C to 35 °C 30% or less N, gas
Site B Dry air
Sites and conditions for storage of the wafers
19" MICROELECTRONICS WORKSHOP Page 8
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HIREC-TD-E06041
#4%4 3. Establishment HIREC
S 3.2 Wafer banking (cont.) HIRECH= =
Evaluation flow :Screening, Life Test and DPA
Screening
Item Ct
| Mamfactire Wafer ‘ 1| Temperature cycling -65°C to +150°C, 10 cycle
2 | Interim (pre burn-in) electrical Room temperature
parameters
e— ‘ Wafer banking 3| Burn-in test 125°C, 240 hours
A 4 4 | Interim (post burn-in) electrical Room temperature
parameters
I Assembly ‘ 5 | Final electrical parameters Low and High temy
6| External visual
h 4 T
Life Test
I Screening | item Quantity Conditions
; 1| Steady state life 2 125°C, 1000 hours
I o T | 2 | End-point electrical parameters 22
Life Test
DPA
* v Item Quantity Conditions
I DPA | | DPA I 1| Intemal visual and mechani 3
2 | Bond strength test 3
3| Die shear test 3
19" MICROELECTRONICS WORKSHOP Page 9

HIREC-TD-E06041
LKA 4. Results HIREC
" 4.1 LSI production system adopting COT HIRECH= 2

* 320MIPS 64bit MPU was developed with LSI production system
adopting COT for space application, and was fully successed in
the development test (equivalent to QT) in accordance with
JAXA-QTS-2010.

* 320MIPS 64bit MPU is going to be qualified to JAXA QML
products in accordance with JAXA-QTS-2010 by the end of Nov.
2006.

- JAXA 2010/10101XZR for Low-power consumption type.
- JAXA 2010/10102XZR for High-speed type.

19" MICROELECTRONICS WORKSHOP Page 10
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HIREC-TD-E06041

4. Results (cont.) HIREC

4.1 LSI production system adopting COT HIRECH=U=#

Design HBD cells MPU core IP
(JAXA/HIREC) - JAXAHIREC MIPS Technologies
Wafer
(Foundry/
0.18um CMOS)

5 z Peripherals IP
Whole logic design :ﬁ
and verification ] =

| =
9"

Radiation-shielding
package
HIREC

10mm

Screening and Qualification test
based on JAXA-QTS-2010.

LSI production system adopting COT for 320MIPS 64bitMPU
19" MICROELECTRONICS WORKSHOP Page 11

HIREC-TD-E06041

4. Results (cont.) HIREC

4.2 Wafer banking HIRECH &

* The long term storage of the wafers started in Feb. 2004,
* 1t evaluation tests of the wafers prior to the storage were
performed on:
- Wafer A (0.8um, Bulk, CMOS)
- Wafer B (0.18um, Epi, CMOS)

Storage and 15t Evaluation Test on Wafers

Wl Storage 15t Evaluation Test
afer
Started in Quantity Complete Quantity
Wafer A Feb. 2004 20 wafers Mar. 2005 1 wafer
Wafer B Jan. 2005 12 wafers Feb. 2006 1 wafer
19™ MICROELECTRONICS WORKSHOP Page 12
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4, Results (cont.)

4.2 Wafer banking (cont.)

HIREC-TD-E06041

HIREC

HIRECHI &

45.0 B0
—+—Temperature (°C)
-=-Related Humidity (%)
Range : 15°C~35"C
e 50 K
24 2
@ 50 ©
2 250 E
) =
0] 40 =
= @
& 3
8 - - .s
15.0 o
Range : 30%RH or less
v 20
5.0 | ()
Temperature and Related Humidity data of Site B
19" MICROELECTRONICS WORKSHOP Page 13

4, Results (cont.)

HIREC-TD-E06041

HIREC

4.2 Wafer banking (cont.) HIRECH= =it
Summary of 15t Evaluation test on Wafer B
Result of Screening Result of Life test
y Results : _ Results
Screening item - Life test item -
Accept Reject Accept Reject

1 cycling 100 0 1 | Life test 25 0
2 | Interim (pre burn-in) electrical parameters 100 0 2 | End-point electrical parameters 25 0
3 | Burn-in test 100 0
4 | Interim (post burn-in) electrical | 100 0
5 | Final ical p 100 0
6 | External visual 99 1(Y)

Note (') Lead with depression,

Result of DPA for the samples after completion of screening

Result of DPA for the samples after completion of Life test

Results Results
DPA item DPA item
Accept Reject Accept Reject
1 | Internal visual and mechanical 3 0 1 | Internal visual and mechanical 3 0
2 | Bond strength test 3 0 2 | Bond strength test 3 0
3 | Die shear test 3 0 3 | Die shear test 3 0
19% MICROELECTRONICS WORKSHOP Page 14
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HIREC-TD-E06041

5. Maintenance HIREC
5.1 LSI production system adopting COT HIRECH#= &1t

* Established LSI production system adopting COT for space
application will be maintained.
- The typical samples will be manufactured and evaluated for the periodical
QCI (Group C and D).
* More LSIs will be produced in the system:
- Burst SRAM (same design rule as 320MIPS 64bit MPU)
- SOI ASIC

19" MICROELECTRONICS WORKSHOP Page 15

HIREC-TD-E06041

5. Maintenance (cont.) HIREC

5.1 LSI production system adopting COT (cont.) HIRECH &t

[ Fow W( L3l production system adopting COT  [eteey) =

=N B

Wafer
(Founcry

19" MICROELECTRONICS WORKSHOP Page 16
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W 5. Maintenance (cont.) HIREC

5.1 LSI production system adopting COT (cont.) HIRECH=LS#

* Cost can be reduced by applying LSI production system adopting
COT.

oaqcl
OScreening
B Assembly
OWwafer
Conventional LSI production system
LS| production system adopting COT

Comparison of costs between Conventional LSI production system and
LSI production system adopting COT

19" MICROELECTRONICS WORKSHOP Page 17

%*4 5. Maintenance (cont.) HIREC

5.2 Wafer banking HIRECH &%t

* Wafers will be evaluated periodically.
- At the beginning of storage.
- 2,4, 7 and 10 years after storage.
* Other wafers (different design rule, substrate, etc.) will be
evaluated for the evaluation for long term storage.

19" MICROELECTRONICS WORKSHOP Page 18
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HIREC-TD-E06041
5. Maintenance (cont.) HIREC
5.2 Wafer banking (cont.) HIRECH= =it
. .. _Storage and Evaluation Plan
o [ v [ oy [ osum [ somy [omng [omea [ oo [ os ]I m'.:]la:::, s | s l s | s | s sy
Eandastiem ]I:'-I
- Tow |
s [ | |
= Vi | T,
i I £ I s
e M | Toom | Tiu
19* MICROELECTRONICS WORKSHOP Page 19
HIREC-TD-E06041

6. Information !ﬂ!;legagag:

* HIREC changed the company name on Oct. 25, 2006.
- High-Reliability Engineering & Components Corporation
(Formerly: High-Reliability Components Corporation) e
* HIREC homepage :
- http://www.hirec.co.jp

19™ MICROELECTRONICS WORKSHOP
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OKIl FD-SOlI TECHNOLOGY
- Fully Depleted SOI for Ultra Low Power and Radiation Hardness-

October, 27%, 2006
Semiconductor R&D Division

Semiconductor Business Group

Oki Electric Industry Co., Ltd.

S OKI CONFIDENTIAL

OKI
Contents

1. Why FD-SOI ?

2. Oki FD-SOI technology & product
3. Key process of 0.15S0OI LL

4. Space & Harsh Environments

5. Summary

5 OKI CONFIDENTIAL
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PD-SOI vs FD-SOI

PD-SOI (partially Depleted)
@ Thick SOI Thickness Ts,)

~0.1- 0.2um

@ Depletion Layer < Tg,

{>Large Floating body effect
<{>High Drive Current by Kink effect
— High speed application
{>Compatible Process with Bulk-Si
Source/Drain Gate Electrode

Neutral Re

v

sign Buried Oxide

Si Substrate

FD-SOI (Fully Depleted)

#Thin SOI Thickness Ts,)
< 0.05um

4 Dep[eticin Layer > T,
{lLess Floating body effect

— Low-V, is available

Depletion

Gate Electrode
Layer T

Buried Oxide

Si Substrate

{Better Subthreshold Slopes

{>Process Issues in thin-film SOI

l Oki chooses FD SOI with the advantage of low voltage operation ]

S OKI CONFIDENTIAL

OKI

Why OKI selected FD-SOI?

Features of FD-SOI

v'Low Parasitic Source/Drain cap.
v'Near-ideal Subthreshold Slope
v'Small Substrate Bias Effects
v'Small Floating Body Effect
v'Low temp. Coefficient
v'Simple & Complete Isolation

High-Q, High Fmax on High-R Sub.

v'Low NF

=

Suitable Area of FD-SOI

v'Low voltage (Low operating Power)
P= fC, V2
with ultra low stand-by power
vRF & Analog Integration
v'High Temperature & Rad Hardness

5 OKI1 CONFIDENTIAL
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Current Status of PD-SOI and FD-SOI

@ PD-SOI (Partially Depleted)
High-speed microprocessors

- IBM: PowerPC and mainframe CPU’s
- Free scale: PowerPC
- AMD: Athlon processors

- Sony (with IBM and Toshiba) : Cell, PS3

@FD-SOI (Fully Depleted)
Low-power application

- Oki: solar cell watch, long-wave RF decoder

Technology Node option beyond 32nm (R&D)
- Intel, many major companies

At present, only Oki has an experience

of mass production of FD-SOI

Copyright 2005 Oki Electric Industry Co.,Lid,

5 OK1 CONFIDENTIAL

OKI

Oki FD-SOI Device Structure & Process

Cross-section TEM of 0.2um SOI

40.35um SOI Process
- Gate length : 0.35um

- Gate Oxide thickness : 7nm
l Up to 5 metal is available l

3rd Metal

- Wiring Pitch : 1.4um

2nd Metal

e 40.2um SOI Process
e e — - j ; - Gate length : 0.2um
- Gate Oxide Thickness : 4.5nm
I 1 l 4.5nm/7Tnm for 3.3V
1st Metal - Wiring Pitch : 1.0um

- MIM, Inductor
#0.15um SOl Process (shuttle)
- Gate length : 0.14um
PMOSF%. H\IMGSFET - Gate Oxide Thickness : 2.5nm

- Wiring Pitch : 0.52um
OLpoly= 0.2mm OSOI Thlckness - MIM. Inductor
under Gate = 50nm 2

Substrate : BONDED WAFER

Electric Industry Co. Ltd

5 OKI1 CONFIDENTIAL

This document is provided by JAXA.



200

FHINTZE W ZE R FE B R # k. SP-07-010

Performance of FD SOI : Digital
# Device % Invertor
2000
e \ Wp/Lp = 4.0um/0.35um
A WniLn = 1.6um/0.35um
1. El FiO =2, CL = 0pF
< Bulk . - \ Tj = Room Temprature
. 3 M
= S o000 \ \.E LK
i [PREAMVIGH0 ) freimvida |E- \m, P Wp=4.0um
o é
L e S0l 17 ouT
o Yy BN A o W= .6um
; W b " . L 0 05 1 15 2 25 3 35
Vgs (V) 4NPUT INVERTOR
= Vdd[V]
¢ ARM7 g2
@ ; 18F
Ez
$g 1of 4
3% .}t 1/3 Power Consumption
x 0 I . .
g*—; b of Bulk Device with
m
§9 ..} Same Performance
£ 8
= [E: N
;
Z 06 ] 1 1
0.5 1.0 1.5 20 25
Supply Voltage (V)
c:Copyright 2005 Oki Electric Industry Co.,Ltd. S OKI CONFIDENTIAL

OKI

Performance of FD SOI:

RF

% Ft and Fmax

High-Res. Sub, I
50 S

T e thihi
E ¢ ajieny
2 50 )
= 40 L
E n -t
1 * fmaxHR
0
1.E-04 1.E-03 1.E-02 1.E-01
Igs W)

Maximum value :
ft =59 GHz, fmax=61 GHz
fmax=71GHz(HR Sub.)

% Substrate coupling noise

)
T &0 W_,
]
. 60
&
i 70
g 80 High Resistivity
5 90 S0l Sub.
w
g -100
£

A1

.1 1 10

Frequency (GHz)

Oki Electric In y Co. Ltd 5

% Inductance

20, 12
High Resistivity Sub
. > 1 Kohm )
:15 ATy i/ 9
= [ TN
— ‘d 1.
qu .-l_( 6
Normal Sub / ‘h. O
5 20-3!]0Im1“7’ ..J
|+ 0.2501
G550t ot 0 Al=1.8um
Yoo 23485607 8 :
Turn

¢ Advantages for RF Application

® High Fmax a, High Inductance and
Low Noise on High-R sub.

® also easy DMOS Fabrication, Low NF

OKI CONFIDENTIAL
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Oki is the first and only one mass production
supplier of FD-SOI.

Mass production LSI's
- Casio custom watch LSI
- Radio Controlled Receiver LSI

- Radio Controlled Signal Processor LSI

S OKI CONFIDENTIAL

OKI

http://www.casio.co.jp

-1.5 4.0 0.5 00 05 1.0 15

Vﬂs w} MPU block
Battery | [ Step-down Regulator | 1.4V
powar elreutt clrcult for logic |dx stop-up
E-07 supply H (112 powsr supply chrcuit | ml il
M tgie l Regulatar Crystal oscillat
1ED8 chrcult for 9.7V m:m. o
T ascillstor Low vt
S TR Bulk CMOS
110k $=90 mVides
g Bulk NMOS Battory | | Step-down Reguistar | 0.7 V || & siat opcatati 2
3: E11 $=85 mVidec ‘ P H :;:r cm::::xc Hl i oclaling | (4x 3o E
-
; P < FD-S0I CMOS
[
5 §15 :
1.E-13 ‘E’. 1 1<D
™,
1E4 : . ) 3 0.5 03
o [ ] 02 0.3 04 0s 08 0y 08 £
Threshold Voltage (V) | [
§ Conv.buk  OKISOI
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Radio Controlled Clock LSI

Time CODE Receiver LSI

2005 Oki Electric Industry Cao

—F

One Stage of AGC Amplifier

Small Junction capacitance

OKI Vender A Vender B
Device type S01 Bipolar Bipolar
Supply Voltage LL1~3.6V 1.8~3.6V 1.2~3.6V
Sensitivity 0.7 4 Vrms 14 Vrms 1 Vrms
Active current
consumption 1TUA SSUA 2004 A
S RLoad > 1M ohm
——o
— &
— 1 ¢

5 OKI CONFIDENTIAL

realized high sensitivity at
low supply current.

OKI

Radio Controlled Signal Processor LSI

Time CODE Processor LSI

40

Transfer constant :521 (dB)

&b
&l Bulk Si

ot
I Isolation
SOl on by SOI Substrate
-90 High-resistance
Substrate
100
110
01 1 10
Frequency (GHz) MLE191
GND Plane l_ L
rmecos | | JeS |
T RF Receiver Dacoded
Data

GND Plane

TEG Structure

Oki Electric Industry Co. Lid.

ML6191

S OKI CONFIDENTIAL
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Status of 0.15S0I

@Change from 0.15 SOI (6” of R&D) to 0.15S0I LL (8” of production line)
Foundry Compatible 0.15 Design Rule & Cover Bulk Tr Specs.

- Process Technology

STI ( for SOI), Liner SiN (for SOI)
Metal 0.52 = 0.39(1M) /0.48 (<2M)
- Transistor :
Vdd=1.5V, 10=3.3V

@Status:

lon/loff

Low Leakage (LL) loff<2E-12A/um

1st SPICE, Process Flow completed @ 6”

Transfer from 6” to 8” started

S OKI1 CONFIDENTIAL

OKI

. Extension or

LDD
-==" Liner SiN
" Isolation
Handel Substrate
Process 0.15@ 6” 0.15SOILL @ 8” Status
BOX 200nm 145nm
Isolations M-LOCOS STI ) o
Transistor Optimize extension & LDD } Tz‘:‘;‘;‘:'ffa.
Liner SiN No Yes | =
Wiring 0.52 um 0.39/0.48 um ) _
SRAM 6Tr 3.88 um2 2.96 - 3.1 um2 JL o
12Tr 9.7 um2 (4.5 um2) Sened

5 OKI CONFIDENTIAL
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Terrestrial Cosmic Ray-Induced Soft Errors

Sun tries to cope with server flaw

For the past year, Sun Microsystems Inc. has struggled to
solve a mysterious fault that can cause its high-end servers to
erash unexpectedly, an embarrassing problem for a computer
maker that routinely refers to its servers as "rock solid" reliable.

By David Hamilton
The Wall Street Journal Online
November 7, 2000, 4:00 PM PT

(http:fzdnet.com,com/2100-11-525403. htm|?legacv=zdnn)

Gate

Gate Oxide

SOl Device

5 OKI CONFIDENTIAL
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SER comparison between Bulk and SOI

JAXA & Mitsubishi Heavy Industry & Oki
Press Release(April 20 2004)

SER between Bulk and SOI

Vendor A | Vendor B | Vendor C | Vendor C
= V3V [ 18V | 18V -1/100 Soft Error by Oki FD-SOI -
Device Mo | 1Mo | B6ko | 236k0
Size S S IR,

- . - 1 -
Techmo- 018pm | 05pmm | 02pm | 02m £ . ot
logy bulk bulk | SOIFD | SOIFD . 4 o
w - | wio Body L3l
'lB'::sd) -Ties $h L CE
LETm T T} 0 36 L]
(fC/pum) g
Upg [
Senatme 006 [EH] (53 0 ¥ #
qurface Sp - o B
or Sg (p) LET: 9 MeV/(mg/cm2) |
T " by Body Contact
1000+ o ™
© LET: 45 MeV/(mg/cm2) 1
g E g i
2 .l - P By Body Contact + f.b.RC S B
- Y & Vendor B TEEE Trans. Nucl. Sci., 4906} pp, 2965, 2002,
= o VendorC
LTS w Body-Ties
x 104 v Vendor C Saurcs'
% wi/o Body-Ties . -
1 T T T T T
0.18 020 o2 0.24 026 L
Gate Length (um) IEEE NSREC Data Workshop Rec., pp. 48, 2001
IRPS 2004, pp.67T.

J.Baggio et aI., |RPS, 2004 |EEE Trans. Nuc!, Sci,, 51(6) pp. 3340, 2004.
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Single-Event Upset testing resulit
(Evaluation data are offered from JAXA)

Test device fabricated bv OKI 0.15um FD-SOI

DICE circuit el w Standard-FF(0.18um_Si_Bulk)
(Dual Interlocked Storage Cell) =, o [| *StndardFro15um_sop
£ = E A DICE-latch(0.15um_S0I)
- "E F
= 1. -%1.E-ﬂ? 3 -
G S ] -
w < © [ | ®
r _1'\_15}‘_ : g 1.E-08 E PS
1 = 2 : *
ex—{[ ]ljb- & o | Fhm 'G 1.E-09 E
4L T [ |—«' g T— 5 F
] @{-—- [ | @ 1E10 t
Jh It e A E
| & F” | | - . , ,
i | 1.E11 b——— s b
v 0 20 40 60 80
LET [MeV/(mg/cm?)]

SEU cross-section
(Standard vs HBD latch cell)

HBD: Hardness By Design

S OKI CONFIDENTIAL

OKI
Total lonizing Dose testing result

(Evaluation data are offered from JAXA)

Test device fabricated by OKI 0.15um FD-SOI

1.E-04
: ::;2;[1&3,{3')!“0 r] i
= 1} ul
— 1.
LES8 § Room temp. Corel1.4V)
T 1E-06 §
8 o
= 1E07 3kGy(Si)
1.E-08 f
1.E_09 i A_d 3 2 aaal i A4 2 1 aaal L A4 3 Liisl i A i i aial
1 10 100 1000 10000 100000

Dose [Gy(Si)]

5 OKI CONFIDENTIAL
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PD-SOIl vs FD-SOI

HIREC/JAXA Simulation results

g n PD SOI
A
i, |\
5 -
; Lo
7 8

0
100 102 10" 10 109

Time [s]
Fiz 6. SET pulse responses simmulated wath LET of
). (The son wack was Gaus
7 The tinung of

radius of 70 nm
eration was also Gaussian centered at

with a characterastic

with a charactenistic width of 0.5 ps

S OKI CONFIDENTIAL

c'Copyright 2005 Oki Electric Industry Co.,Lid

Optmiration for SEUSET Immunity on (.15 pm Fully Depleted CAMOSS0T
Digital Logic Divices

High-Rehatal

Thin Si layer
And
Less Bipolar action

OKI

Small Temperature Dependence of FD-SOI

FD-SOI is also suitable for High Temperature Application

- small temperature coefficient

- no junction area (only gate peripheral)

NMOS Tr
045 -065
a -0.6
04 1 T -0.55
Bulk
035 ., -lazv/c -05
s S0 . S -045
g -0. 65mV/C E -0.4
03 .
-0.35
025 F 03
-0.25
0.2 ' : -02
0 50 100 150
Temperature(°C)

Elactric Indu:

PMOS Tr

L Bulk
Ya 1.91mV/°C
&

501

S OKI CONFIDENTIAL

0. 46mV/°C
50 100 150
Temperature(°C)
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Summary

Oki has been focusing on FD-SOI technology.

1) FD-SOI is suitable for Low Power & Low Standby and also
Analog/RF embedded applications.

2) Mass production with FD-SOI has already started.
Custom Watch LSI
Radio Controlled Clock LSI
Ultra low power RTC

3) FD-SOIl is also suitable for Space and harsh environment by Rad-
hard, high temp. characteristics and Latch Up Free.

We continue to explore Ultra Low Power applications with FD-SOI.
And also, focusing on Rad-hard & High Temp. fields

c'Copyright 2005 Oki Electric Industry Co..Ltd 5 OKI CONFIDENTIAIL
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The LSI Process Diagnosis
technology

Oki Engineering Co., Ltd.
Daiki Tanaka, Kazuhiro Yabe, Hidehisa Kubota

Japan Aerospace Exploration Agency (JAXA)
Katsufumi Noda, Satoshi Kuboyama, Hiroyuki Shindou

27th of October 2006
THE 19" MICROELECTRONICS ‘*«\-"ORK\‘%

OKI

Overview

The background about the research

LSI process‘dtagnosls technology‘ﬂeveloped w:th JAXA asa technology
Egihe diversion of C@ 10, ents, f
pment where hiZiiee,

This document is provided by JAXA.
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Background of the development of
LSI process diagnosis technology

* In recent years, it has become difficult to procure devices (with
guaranteed high-reliability) for space projects due to cost and
other issues. Technology for selecting commercial components,
or diverting such components, has become a critical issue.

* In selecting/diverting commercial components by evaluating
reliability for space use, device selection by reliability testing
has become more difficult for today's devices with improved
reliability.

Requires

o

Development of an effective device selection method

OKI

Concept

This document is provided by JAXA.
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OKI
History of the development of LSI process diagnosis technology.
Thl;::.:i;:n . I .m il :
| m] e
0.09— used a (L09
" i 7 1 micron process
013 .y 1 - md t.h.('.l]'dlil
The evaluation test of the el bl
COTS semiconductor
Q181 The crystal-grain
evaluation by aluminum, ® Itievjewed und it
added the addition of
s the evaluation item .A“:jl:;:’ﬁ"“ :
; conditions an
/ . The Development and the :ﬁ::::';g?nmd measurement
reviewing of the LSI process [} EYCYRSTERMIRTINTAN | BRLSLAS
diagnosis technology inaddition to the e ©0.09 micron
- - memory 1C/10Kinds. || oo
L] :]:J.i;gra!}lre search of the IC/10Kinds.
i micron process.
eneo | @CMOS MPU/33Kinds. P ‘
=k ®The database construction.
—  0.6um i
| | | | | 1 | [ —
1998 1999 2000 2001 2002 2003 2004 2005 2006
——» year .

OKI

Overview of LSI process diagnosis system

- T

The optimal technique is used to conduct detailed
observation of the internal structure of LSI chip which

5
2 are electrically “good”. Then we evaluate based on the
- risk of failure due to structural variation or the
a presence of defect which can cause failure in the future.
&
A
e z
= — 1o
= 5 inspection lmi ) Observation
U§ I technology/procedure
)
5' < 54 evaluation iter —_— Diagnosis criteria,
% | grading criteria
b4 .
= ~ Datal sysa_’ Efficient management
@ Good screening method of component for high reliability system

This document is provided by JAXA.
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Inspection items for process diagnosis,
and detected defects

1 Surface oM Passivation
observation Metallization

2 Observation SEM Metallization (Top)
with PV layer
removed

3 Etch back OM/SEM Interlayer insulating
observation layer

Metallization,
substrate

4 Cross-section | SEM Layered structure
SEM Interconnection, gate
observation electrodes, contacts

ete.

5 Cross-section | TEM Layered structure,
TEM Composition
observation Gate oxide, contacts

ete.

[ p——
e e Mers bhan
L
.- - 1 iy
H . %
r . * £r
by v
L X ! o
L T
Iateriarer dhta il et~ | | coowancr
s it him woinitiom 1

L

At least 5 samples for inspection

Destructive inspection

Large volume inspection is impossible

Small quantity sampling inspection method
(MIL883)

OKI

Evaluation criteria for LSI process diagnosis

Classification and point reduction categories for detected defects

A D S
I | Majordefect| Fatal | -1000 — — 0 | High probability of causing malfinction
| | Marginal 300 | 200 | -100 0 | et probabiity of catsing malfincton
Il [Minordefect| Hold |  -30 -20 -10 0 |Small probability of causing malfunction
IV [Nochsification] — — — . 0 —
*Evaluation items are classified into a total of 54 {
*Ease of defect occurrence, ease of malfunction o :
-Frequency of problem detection in past analysis of iom-
-Frequency of malfunction occurrence in malfuncti v
*This part is constantly being adjusted due to ch he

Process.

This document is provided by JAXA.
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Classification of diagnosis results

Grading category | Grading Judgment Distribution of grading results
rank i

Excellent 1000 Pass %

ey good | 751~99 |

Good 501~750 15

Passing 251~500

Below averaging | 1~250 Hold _

Failure 0 Fail % T w w0 a0 0

A point reduction system is used, where points are subtracted from the
original 1000 points, according to the position, type and size of each
detected defect.

Fd rtent deiect s

(W pI;l-g. voi&s) 24%

100 accumulation fractions detected sefect

From 2000 to 2005

0 Crystakration detectsiater)

B Dot an etching delert e s bask Misler)

-]

0 st incertayar dieloctric fim formation)

O Wit e v s sighvrmont . Foct e,
ey ———
ro.® . B Wordes A SCIRECHEE oot i aed fommation | |
Void at contact con -

N (i tchnglieeertayer dholocioe e /Electsis and wevg
[h

- Y 920 S foation
( Loose contact) 1% : d o o e P R e el
A K connoction Flectdes, s swg fonmetion )
~ O tren Fuuad abvscrrsbtios s ol Chemy tobects b, are)
i formation 1)
B Aoy spihiminingla s e/ 1 Inctaadion, nd wring
formacion 1)

oo

g formmtion 1)
3 St nockie of comtact soctintsing) sk

g Phctiuatons, and waieg formation )

B2 ek estarper crrnect on soches aporse ation Lt mdes. e
g formation 11

9 L breaks 4t stepped wiing saqeentafur
e Firctinddoes ane g foswtios | )

L]

et i feemition |

W Cracks ch potngs

Interfusion of foreign matertals and contamination 1% i
The risk of using these kind of devices in a system can be prevented by implementing process diagnosis

ectric Indus 1d K ineer ~orn o T
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Mutual verification combining LSI process
diagnosis technology with reliability testing

Detects device problem
factors which can cause

LSI process diagnosis
' malfunction in the future

Prior prediction of
malfunction

Device selection and
ranking

It is crucial to prove the coinei e"of the both reSult by mutual
verification LSI process diagnosis and reliability, to show its capability.

Cross-section TEM observation data

OKI1 Engineering Cor

OKI

Mutual verification experiments
Fail 64Mbit Flash Memo.

Past process diagnosis Fail Lot
Target defect Lots of the same
component type

Defect in fallure lot r;icd by pr»cr;x dingnosis Rehablhty teSt"]g

Acceleration conditions and
measurement items

in reliability test
Process diagnosis Occurrence (or not)
after acceleration of a onof

3,'::1,:: ::le‘ Classifi- | Quantity Test Condition DC,Function,AC,Margin
i Pes.
type fm_"m [Pes. Acceleration Test High temperature
Existing(B) 15 operation test/
ash- ]
M:I':mry) NEWe) 2 Thermal shock test
New(4) 20 12

This document is provided by JAXA.
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Reliability Test Result

=

Detection of target defect

High-temperature energized test time [Hr| Total
Applicable Classifi- | Quantity Failure Count [Pes.| number of| Failure
componenttype | cation | [Pesd | | o168 | 300 | seo | to00 | 2000 r;::: e
LOT 1 15 0 0 0 0 0 2 2 FCT
Flash-Memory | LOT2 20 0 0 0 0 0 0 0 ———
LOT3 20 0 0 0 0 0 0 0 -

OKI

Summary of mutual verification

As a result of mutual verification via reliability testing for 3 lots each of 2
component types, it was confirmed that function fail occur in 2 pes/15 pes
for the product (same lot with failure in structural analysis) after 2000

hours of high-temperature stress testing.

contact part.

Process diagnosis was conducted on the devices where electrical defects
occurred, and, as a result, a major defect was detected at the targeted

In short-term reliability testing and electrical characteristic testing, undetectable
latent defects which can result in malfunction could be detected and selected by
the process diagnosis method, and thus the effectiveness of the process
diagnosis method was confirmed.

This document is provided by JAXA.
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The example to have applied to the part for
the automobile industry

F— o lati t
umulation percentage .0 2005
el
4 EEPROM Flash-
o u Memory)
"j' O DSP
16% OMPU

mASIC (.35um)

14%
O D/A converter

M Hall IC

43% O Linear-integrated-

circuit

s P B Standard logic IC
B6 =0 |

OKI

ited a super minute-ization device.
It is Compatible to the device of the three dimensional structure.
It makes the evaluation to have supported an assembly process flaw fi

The first stage floor

The second-stage

This document is provided by JAXA.
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Research on Mechanical Moving
Components for Space Use

19th Microelectronics Workshop
October 25-27, 2006 Tsukuba, Ibaraki, JAPAN

Shingo OBARA
Electronic, Mechanical Components and Material Group
Institute of Aerospace Technology
JAXA

Activities in mechanical
components sub-group

- Qutline

- Development of mechanical
moving components

- Project support

This document is provided by JAXA.
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Activities in Mechanical Components
Subgroup (1/2)

Electronic, Mechanical Components and Material Group

Electronic components su-bgroup

Material sub-group

Mechanical components sub-group

- Development of selected moving
mechanical components (MMCs)

- Research on generic technology for
space mechanisms

- Standardization activity for space
mechanisms

- Project support

High Vacuum Mechanical
Component Test Facilities

Activities in Mechanical Components Sub-group (2/2)

Year 2005 2010
Technical trends of High accuracy positioning
space mechanisms and sensing Requ\reme“‘s High agility
and satellite Long life
g g
1st phase 2nd phase
Low shock hold-down )
& release mechanism gfgggzﬂgég
L space
iz \,

| Fluid (oil & grease) lubrication

| Solid lubrication

Bearings
\—Q‘GeL‘ Sliding electrical contacts

{} .......................................... FOI‘highr‘ehablhty ......................
Design guideline, Handbooks, Standards
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Development of selected MMCs

Committee on

Development: 1st phase (2003~)

gpace (1) Resolver
T Onrllpo?ent (Angular sensor)
9CNNOlogys - High accuracy
apaf‘e - < +0.0015°
echanica : .
Components & - High .resolutlon
Materials 21 bit
Subcommittee
Selection of high- (2) Harmonic
priority MMCs drive gear
-For solving . :
availability problem - Light weight &
-To obtain higher compact
performance - Long life
-F ing th
ol g > 10° rev.
Project Support

Performance

verification test

Life evaluation test of ball bearings
for GOSAT satellite

Failure analysis

surfaces of H-Il LE-7 eng

W

SEM observation of fracture

St-aing point of fatige fractre

ine

This document is provided by JAXA.
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Research on space tribology

- Fluid lubrication
- Solid lubrication

Fluid (oil & grease) lubrication

Fluid lubricants
*MAC (+additives)
*MAC based grease
-PFPE

Tiboiogical 1 -MAC (sadditves) o
! characteristics of

 existing fluid related research

' lubricants . of harmonic drive gears
' - Wear and friction % . i @g
| coefficients § - To establish fluid-

| - Effect of additives! lubricating method for

space applications
- To accumulate technical
data of mechanical

Feasibility of new

bl reants = \_ components IS  simulation
: . ' - Effect of gravity on !
- Tribological ﬂ . bearing performance :
characteristics - Retainer instability

- Tribological characteristics of oil-
impregnated retainer

- Life tests

- Lubrication mechanism !

' Ball bearing dynamics !

This document is provided by JAXA.
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Solid lubrication

Solid lubricants

_ *MoS,
Effect of environment & . ’ —_—
operating conditions SEE’ Aloy High-priority MMC
- Long term storage related research
in atmosphere % - Feasibility tests of
(non-operative) Guideli £ solid lubricati friction materials for
- Vibration & operating uidelines of solid lubrication slip-rings
mode (small angle for space applications
rotation, linear - Use in harsh environment

reciprocal motion, etc.) | (fiuid lubr. cannot be used)

- Life limitations (sensitive
to operating conditions)

& N

Advanced lubricant and/or lubricating Feasibility for space applications

‘method for future missions _ - Existing, high-performance non-

' - Long life solid lubrication | space lubricants

- Extremely low friction - New lubricants

Tribological characteristics of space oils
— Collaboration with Tokyo Institute of Technology (TIT)—

* Friction and wear character-
istics of promising oils for
space use have been
evaluated with a pin-on-disk
tribometer. -

-MAC MAC MAC+TCP  PFPE TYPE Iz

-PAO Ball surfaces after the wear tests
- PFPE E 8
- Mineral oil i SUS440C-ball/l SUS440C-disk
g | Sliding speed: 11.2mm/s
) ) ) = Load: 100N
* Effectiveness of inclusion of - Duration: 60min
extreme-pressure additives é 2 b
and/or anti-oxidants in hydro- =
carbon oils is investigated. £ ,
-TCP in in in
. vacuum yacuum vacuum
B Hlﬂfjered phenOIS MAC MAC+TCP PFPE TYPE Fz
- Amines

Wear test results for space oils

This document is provided by JAXA.
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. _In-situ measurement of
oil film thickness on ball bearing raceway
— Collaboration with TIT—

* Downsized, high-resolution Laser Induced Fluorescence (LIF) system was
developed for measuring oil film thickness during ball-bearing operation.

* The film thickness on the raceway was decreased by repeated ball
passings, and finally, a submicron scale thin film was left, contributing to
hydrodynamic lubrication of the bearing.

Ball 500
bearing E
£.400 ¢ g fi s 2w
. Photomuiltiplier g '\'W
('['g:;f:i'gd"':] tube (PMT) 2 300
& —
- S E 200 40mm-bore sized ball
§ p= bearing at 500r/min
£ £ 100
8 Oil with ©
= s Candenser e s 0
i Vi 0 20 40 60 80

Running time [min]

Outer-raceway of ball bearing

In-situ measurement system using LIF

Result of film thickness measurement

Ball bearing dynamics simulation

Dynamic analysis code of ball bearings has been developed

—for understanding the effect of gravity condition on
bearing performance, and
—for rapid evaluation of key bearing design factors.

0 0 0

Effect of gravity
condition on retainer
motion. %’
(Mass centre loci of
gyroscope bearing

retainer at 9000 r/min) s 180 180
Horizontal shaftin 1g  Vertical shaft in 1g 0g

2707 90" 270 90" 270"

3-D animation of unstable
retainer motion.
(Gyroscope bearing at
9000 r/min. The retainer
motion is exaggerated.)

This document is provided by JAXA.
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Lubrication mechanism of
Harmonic Drive Gears

Generally, life of Harmonic Drive Gears W, COW
(HDGs) in vacuum is remarkably AV N Hde
shorter than that in air. Why ? =N T e
; ; K]
Electric resistance measurement L (Non contact)

among HDG elements

This is probably because the lubricant
between Wave Generator (WG) and

Measured voltage
between WG/FS, mV

FIBXSpline (FS) is rapldly starved when :1:] --------- ommmmmmeees : ;}- (Contact)
HDG is operated in vacuum. et
al in vacuum (Non contact)
S - Rk oo et T By
Flexspline g g r
p s & l A r ‘
—a—= 13
| o o e (Contact)
4 Time, s @
Wave- (b) In air

Generator
Measured voltage E

— Measurement of voltage E (MAC-based grease, input
Harmonic Drive Gear  between WG and FS rotational speed: 200 rpm)

Long life solid lubrication of
ball bearings by tribo-coating

— Collaboration with Tohoku University —

Applicability of advanced solid lubricating ~ $°lid lubricant Insulating

: (Indium) film
method called “tribo- -.;_}

coating” to ball bearings
Heater

is investigated. ) _
Cross sectional view

Tribo-coating:

- Periodic resupply of a solid
lubricant to sliding surface
by evaporation.

- Long lifetime over 107
revolutions and low friction
coefficient under 0.02 were
achieved in pin-on-disk
experiments.

Micro Evaporation Source Array
produced by MEMS technology

Tribo-coating lubrication system
for ball bearing

This document is provided by JAXA.
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Summary

Activities for moving mechanical components

- Development of selected moving mechanical components

- Research on space tribology

- Providing handbooks, guidelines and standards for space
mechanisms

Space tribology research

- Key technology to develop future space mechanisms with
high performance and high reliability.

- Continuing effort to gather technological data and to get
perspective of phenomena involved.

This document is provided by JAXA.
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f opment of Strain Wave Geaﬁnq*
for. S ace_Fquht Appllcatlon ==

Corporate Profile

HarmoniciDrVerSyStemsincs
Businessitocation
mlezlel @ifles: 6-25-8 Wineieni=Ci, Siflinzlefalyzi=iil, Folksye JAPAN
mloelicl Pl 1856 Flatzlicinmeld, AZumine-saiNelefzige JARAN
Sales)OfficeRGIBUSINESS OliicESHnY 2Pz
Eounded
O)ciclojelr | 970)
BusinessiDomain
Manuiacting andisalEs e prECISIoNISPEEd edUCESS
Capital
~666.6 millien
Net:Sales
¥13,937 million (FY2005 endediViarchisi 2006)
Employees
2017 (as)of IViarchi 81l 2006)
Domestic Subsidiaries
HD' Logistics; Inc:
Harmonic Precisioni Inc.
Harmonic AD;, Inc.
Overseas Subsidiaries andi Affiliates
Harmonic Drive L . L. €. (Peabody, MassachusetisiU.S.A.)
Harmonic Drive AG (Limburg a.d. Lahni GERMANY/)

This document is provided by JAXA.
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_'L —

& Harmonicsyn®

This high-precision snsar i
indispensable in precision
mation controland offers high

s reschition, high vibration resis-

¥ tance,and wier friendliness.

Total Motion Control ta
B achieved by combming a high-
[N performents actustor—that
incorporates a spesd reducer,
bearing motor and ssnsor —

1o the gear. The whake mecha-
nisen 15 compesed of only theee
base parts.

T |
Harmonic Drive® |

v
|

- "_“ i
AccuDrive® ’h

This planatary gear spead reducer utilizes pracision
machin creoed Drive

Wl
2004 (sdministered by the Japan Industris: Design
Promotion Organization ) for its refined design and
besutiful finish .

AccuDrive"

©Oldham Coupling)

This document is provided by JAXA.
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Pri

Ciroutar ) The flexspline is deflected by the wave generator into an
spline ] T . .
; elliptical shape causing the flexspline teeth to engage with
Wawe . . A R
generator i those of the circular spline at the major axis of the wave
Flexspline g generator ellipse, with the teeth completely disengaged
R across the minor axis of the ellipse.

When the wave generator is rotated clockwise with the
circular spline fixed, the flexspline is subjected to elastic
deformation and its tooth engagement position moves by
turns relative to the circular spline.

When the wave generator rotates 180 degrees clockwise, the
flexspline moves counterclockwise by one tooth relative to
the circular spline.

When the wave generator rotates one revolution clockwise
(360 degrees), the flexspline moves counterclockwise by two
teeth relative to the circular spline because the flexspline has
two fewer teeth than the circular spline. In general terms, this
movement is treated as output power.

Cup iype
(Cup Style)

(Hollow! Sheiisssiy

Ring TypE
(PancakerStyjie)

This document is provided by JAXA.
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umstance of Development Start

The NASDAUhohZEd Panisionspace 2pplication Which i make the hase
technology ofispaceidevelopmentdecreasesrapidly by authonzation
declinngaletc ((=20008)

Ifask teani ol space applicationwas oraanized, and e futlne partsiorn
space applicationiprogramiwasistidied i (20041

In order to deal withinitnelonairiniandisystematicallyy technical Commiies
of parts for space applicationiwas establishedin INASDANZ002)

Inithelcommitieer  HIDAWasialthorized asaniipoiantpant andaiie
development suppertWas decided: (Z008)

Development of Hanmonic Dri o Space ElighiApplication:

Concept:
— To develop strain wave gearing as a internationally competitive part forspace
flight application

» Applicatiens PIBNISAERN
Reguests Ienalifes highipoesiticningaceuracy, hollow shzait design

i B

Helgle Uée Wpe
Iype: SHE Size: 20, Geanratios 1/460
(SHE-20-160-2A-CR-SP)
»  Application: ene shoet mechanism
Request: Light weight, Compact

Light Weight Tvpe

Type: CSD, Size: 20, Gear ratio: 1/160
(CSD-20-160-2A-GR-SP)

This document is provided by JAXA.
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» of Harmonic Drive®

~Lightweight fypa j

Cup Type! ! 1 Tg\

]
L

(Cup Style) i
- =

Silk Hat/ Ty
(Hollow. Shaft

Long use lype

Ring TypE
(Pa e

Reduirement

100 Cycles
T eyclesWithin Se0r

less tham 60:arce
02 Nm/rad (minimurm)s | K4 1240<402 Nimfrad(mins)
yad Toraue: 7.0/Nim) lload Torage: 720Nm)
gls -10fG~+80/E Operating » -30°C~+80/C
DFE~+B0F Unroperating » -60/G~+85C

Vibration

This document is provided by JAXA.
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| elopment Flow

Basictestianditialiproduction
Ejfdet of ofrezlse ofuzlnifny
EffecloMnpPULISPEED
EValuationieiprecessamiliny

2. Engineernngimodelftest
Vibrationrtest
Themalivactumitest
Lifeitest

3. QualificationiModel lest
Vibration test
Thermal vacuumitest
Life test

3 ult of Basic Test and Trial Production

ConditicoiEnginecnngiViodeltest
= Grease guantity

I L R
M
— Input speed

500 r/min

Evaluation|of: processability,
— Oil impregnation| process
It was established.
— Domestic phenolic material for retainer
It was evaluated that demestic materiallis eguivalentiorimpoened material:

This document is provided by JAXA.
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Effe t of Input Speed

Inside surface of Flexspline
Hm  Loaded torque: £92Nm, Total input revolution: 1X10° rev,
7

Surface ofithe'Elexspline nside
afterendurance test

\Wearisiconcentiate tothe opening
end side ofi Elexspline:

High'Speed

||

Input sp.eed

= B

Low Speed
Wear is generated on the average.

Contact area with Wave
Eenerator bearing ;
1 "

1 N L . L .
4 [ 8 mm
——-Flexpline opening end

HDS: Startingllioraue, Eficiency, Spring|Rate;, Tnansmission
Hotaka ACCUrEcy
EECIOTY Under atmospheric presstire

Initial performance
test

Vibration test

-0fG—>+085 € {H hold 4cycle,
Thermal vacuumitest JAXA TSC | VMacuum pressure AA0ERPa (Max.)
iency & starting torque o eacticycle
yeontinuous

Life test JAXA TSC

This document is provided by JAXA.
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|
|
|
1X910° rev. (outputtotal revolution)

Efficiency underdife testiiNoid)
Lubricant: MACGrease) [Loaded tonatie: 20/Nm, Inputspeeds 500N min

100%

5.0E+03 1.0E+04

Output Total Revolution [rev]

This document is provided by JAXA.
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Test (Life Test)

EfficiencyfundenlifetestiNey2)
Blggiezie WAC ejrezise, Lozicde tore|te: 20 N, gt sgzeel: 500 i)

100%

Test jig input bearing was replaced.

Efficiency

Lost motion was measured at these point. j

13513 rev. (output total revolution)
Test was stopped because of efficiency drop.

0%

0.0E+00 1.5E+04

5.0E+03 1.0E+04
Output total revolution [rev]

Test (Life Test)

ElexsplineatterlifetestiiNey2)

Flexspline after life test

This document is provided by JAXA.
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y p

erator bearing balls

Wave Generatorafteritesti(Nor2)= |

1

']
!

ﬁ
Outer surface of Wave Generator beari_ﬂ_g*\_‘d!"_

=llie cause el efficiency/aiep!
' WasHoss g UeofinpuEid
OU%\FE :{?rque, This testwas stopped peanng.
£ : o =
b_ec-_ause of efﬁmenc){ drop; e A e e
Inputspeed; butitfoundithe calise was to il e b
500/ r/min damageiofiigbearing by JpErEis ’0‘{9 "_U"ear GEI] 2
investigation after test: SEEN oI thENNSdeior:
Elexspline;

«Jieitest was stopped
becalse the efficiency drop
Output torgue: rEgilly.
20Nm sRemankable wearcanmbe
outenoer. 1351 3rev: seen on the Cireular Spline
500 r/min teethy Flexsplineteethand
g inside and outside of Wave
Generator bearing outer:
race.
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Expectediife
1.0E+09

1.0E+08

Expected life

1.0E+07
EM test result

1.0E+06

WI/G total revolution [rev]

1.0E+05

10 20 40 100

Output torque (continuous) [Nm]

Tihere isholdamageieiHarmonic Drverundervibration testiand
thermalvacuun test;

Lubricationfundervacuum environmentis a muchtoughes
condition'more than under atmosphere;

To satisty the life requirement; operating torgue should be
lowered:

Process from wear start to the end oflife should benyvestigaie
in future development:

This document is provided by JAXA.
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FINE MECHANICS & TOTALsatateanent

This document is provided by JAXA.
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Research activities of
space materials sub-group

The 19th Microelectronics Workshop
JAXA

Electronic, Mechanical Components and
Materials Engineering Group

Yugo Kimoto

Contents

1. Research about the space materials
2. Research facilities in our lab

3. Material exposure experiment on the 1SS
and its highlight data

4. Outgas measurement test
5. Safety Verification Test
6. Materials Database System

This document is provided by JAXA.
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1.Research about the space materials

® Research about the durability of the space materials

O Establish and maintain the evaluation technology about
space environment (space radiation, ultraviolet rays, atomic
oxygen) for space materials applied to extra-surface of
spacecraft.

® Space material exposure experiment & its analysis
® Irradiation service & consulting
® Mutual evaluation of the space materials in cooperation
with CNES
® Research about the advanced materials

O Evaluation of the new materials superior durability in the
space environment

2. Research facilities in our lab

Combined Space Effects Test Facility

AO (PSI's FAST™ AQ source)
Energy: 5 eV
Flux: 4E+15 atoms/cm?-s

EB (Nissin-high voltage)
| Acceleration voltage: 200~500 kV

~ Cument:02-20mA

UV (Hamamatsu photonics)
Lamp: 48 deuterium lamps

Flux: 5 ESDs/day (120 nm - 200
nm)

..........

This document is provided by JAXA.
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Test apparatus for materials

—

Total Emittance / Solar Spectrophotometer (System for Tensile, Compress and
Absorptance Portable Reflectmeter measuring solar absorptance) Fatigue Testing Machine

Atomic Force X-ray Photoelectron Ultraviolet Ray
Microscope (AFM) Spectroscope (XPS) Irradiation Chamber X-ray Micro forces CT

3.Space Material Exposure Experiment
in JAXA

SM/MPACRSEED
The ISS is the most suitable (Russian Service Module,
platform to conduct long-term 2001-2005)
exposure experiments. ~46 months

ESEM
B (STS-85, 1997)

(SFU, 1993) ~>4 hours
EOIM-3 ~10 months
(STS-46, 1992)
~40 hours

JEM/MPACR&SEED
(Japan Experiment Module
, TBD)

~36 months (3 years)

SF F posed Facility Flyer Unit on the Space Flyer Unit
EOIM-3: Evaluation of Oxygen Interaction with Materials-3
MFD/ESEM: Evaluation of Space Environment and Effects

on Materials aboard the Manipulator Flight Demonstrator

This document is provided by JAXA.
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SM/MPAC&SEED Procedure

L

MPACRSEED: Micro-Particles Capturer and Space Environment Exposure Device

Exposure period: 2001/10/15 ~ 2005/8/18

#3: 46 months exposure

#2: 28 months exposure

#1: 10 months exposure

A i
Retrieve
one-by-one

Launched three identical units
August, 2001

UPILEX®-S ( 125um thickness

)

Stacked
four films | Spring

Applied tension conditions
None Low High
0 MPa 1.4 MPa | 7.0 MPa

Bottom plate

Pulley
bracket

Pulley

.‘_.._

UPILEX-S films were installed to Sample holder-3.

This document is provided by JAXA.
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Surface Condition of Retrieved

UPILEX®-S

Surface Appearance

outer ¢————Jp inner

bk

Bronzed only outermost layer.

Surface microstructure

by Atomic Force Microscopy

Flight#1 0 MPa

Comparison of Flight and AO

Irradiation Samples

350 350
-] ® = . = .
& Flight o) i & AO irradiation |© No Tension
- ot | oNorsmion | £ | 2ot
~ 300 | O High Tension r- 300 r 2 E ;ghkTensmn
:, ® ‘ ® Blank - ® an
B 250 g8 = 250
Pl o~ o | 7] T
2 200 | —~— 2 200 f @t N
5 a
B 150 150 L 1 L s
Blank 1st 2nd 0 1.0 2.0 30 40 50
an A . e N
Retrieval  Retrieval AO fluence, ¢/ x 10” atoms/m”
Decreases in tensile strength were observed AO attack is a main
on flight and ground AO- irradiated samples. factor of the degradation.

Applied tension of films during the exposure
had no significant influence on their strength.

This document is provided by JAXA.
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Flexible Optical Solar Reflector (F-OSR)

T —

Dimensions : 25'.4mm¢)(0.1mmt
Exposure area : 20mm¢

—1 Cross-sectional schematic illustration of F-OSR

T Exposed surface to space 4
Conductive layer Indium Tin Oxide (ITO) |¢

UV protection layer ( CeO, )

Base film
(Polyetherimide)

Mirror (Ag)
] Corrosion protection layer (Ni alloy)

Thermo-optical property and mass

change of F-OSR

s 110 0.6
s gslan; ] g 2
w9 | Ist Retrival A ;
s g 08 B 2nd Retrival =
o = -
§ 5§ 06 02 %
g-' 2 —ill _ 0 ED
7] E n =
s w {-02 8
S E 02 1 o4 &
5 . 0.4 2
0 o £x Am -0.6
. K )
h'd Y

No significant change Increasing slightly

High performance to a space environment exposure.

This document is provided by JAXA.
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Cross-section microstructure of F-OSR

Cross-sectional TEM images - <
T to space i new layer

Basefilm (Polyetherimide)

100nm
Blank 1st Retrieval 2" Retrieval

EDX analysis revealed that the new layer consists of silicon oxide (SiOx ). ‘

Actual mass change Condensed layer Calculated Condensed
AM (mg) thickness (nm) layer mass (mg) *
15t 0.042 20 0.016
Retrieval
2nd 0.071 80 0.065
Retrieval

* Calculated on the assumption that the condensed layer is whole SiO, (Density: 2.6 g/cm?)

4. Outgas measurement test

@ASTM E595
“Standard Test Method for Total Mass Loss and
Collected Volatile Condensable Materials from

Outgassing in a Vacuum Environment”
(American Society for Testing and Materials)

@Test Purpose
*To screen materials for space
applications
*Obtain the outgas profile under
thermal vacuum condition

Outgas measurement test apparatus

This document is provided by JAXA.
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JAXA Outgas Data (Approx.3300data 2005 )

Material Type Use Type
Lubrication ,Foam
2% 1
Print Wiring

Board -\

Silicone
17%

Tape, Sheet,
g Cloth

Composite
12%

5. Safety Verification Test

Safety verification tests are tests required for payload equipment, parts and materials
used in manned spacecraft such as the Japanese Experiment Module (JEM). A test
consists of inflammability, odor and off gas tests. Since 1991, JAXA has been conducting
tests, which are compliant with NASA document NHB8060.1C. 7

e Testl: Upward Flame Propagation

O  Incombustibility and self-extinguishing fprcperty of materials, as well as scattering
retarding characteristic of combustion fragments that would ignite nearby materials,
when a material is ignited by a standard flame source

® Test3: Flash Point of Liquids
O A flashing point of a liquid
e Test4: Electrical Wire Insulation Flammability

O incombustibility and self-extinguishing property when an electric wire
insulating material is ignited by an external flame source and inflammability ~ _
by an electrical load. Fire temperature and fire

® Tests: Odor Assessment height measurement

O An odor generated by a material or equipment -

e Test7: Determination of Offgassed Products

O Evaluation of compositions and amounts of offgases generated by a

material or equipment
® Test8: Flammability Test for Materials in Vented or Sealed
Containers

O Whether or not a sealed or unsealed container withstands a flame in and outside of the
container

e Test18:Arc Tracking
O Resistance to arc tracking of an electric wire insulating material

Odor panel qualification
Test

This document is provided by JAXA.
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6. Materials Database System  http:// matdb.jaxa.jp

v'Test data on materials for space application collected by JAXA.
v'The following test data is opened to the public domain:

v'Outgas Data

v'Outgassing Rate Data

v'Safety Verification Test Data

v'Materials Evaluation Data (UV, AO, EB)

v'Space Experiment Data (Space material exposure experiment,
Micrometeoroid & space debris impact data)

e

Coogle | Sl C# - Drunsas S0 EiEw O

Materials Database ’;é

This document is provided by JAXA.
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Vaus >

Evaluation on Wire Covering Degradation
(Investigation of ADEOS-II Malfunction)

Electronic, Mechanical Components
and Materials Engineering Group

Institute of Aerospace Technology
Japan Aerospace Exploration Agency (JAXA)

Junichiro Ishizawa
Naoko Baba

© JAXA/NAT

%ﬂ Introduction

Midori-1l (Originally called the Advanced Earth
Observing Satellite-1l (ADEOS-II)) stopped
supplying observation data due to an electrical
power failure.

Fault Tree Analysis (FTA) suggested that a break
or short circuit in the power-supply harness between
the solar array paddle subsystem and the electrical-
power subsystem was the most probable cause.

Each phase of the failure scenario was tested and
analyzed, and then material degradation was
evaluated for failure verification.

© JAXANAT

This document is provided by JAXA.
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Vans R4

In October 2003, a solar paddle on Midori-I
(ADEQOS-II) ceased providing electrical power.

FTA determined that the most probable fault
locations were the power system and the wiring
harness.

Our evaluation determined that the wire insulator
had the highest possibility of triggering the failure.

© JAXA/NAT

%*4 Supposed scenario of m

[Before power supply failure]
1)Multi layer insulation (MLI) charging
(Ungrounded MLI was charged while in the shadow or aurora zone.)

2)A cut on the wire insulator of the harness

3)Trigger arc between the MLI and the harness
/Single arc between damaged harnesses

[Break out power supply failure]
4)Continuous discharging between a pair of harnesses

5)Arc spreading to an adjacent harness

— A pair of harnesses develops a short or open circuit from heat damage
caused by continuous discharging, a common occurrence.

© JAXANAT

This document is provided by JAXA.
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Wire ins_ul'fa/ft%-

*MLI wrapped harness of 106 cables.

*Raychem Spec 55/ AWG22 (outer diameter: 1.09mm)
Strand wire (silver-coated copper wire)
Radiation cross-linked ethylene-tetrafluoroethylene copolymer (ETFE). -
Wall thickness : 0.15mm T .

Cf. Polyimide or Fluoropolymers (e.g., PTFE) are often used because of
their heat resistance.

ETFE is inferior to PTFE in heat and arc tracking, and greatly superior
to PTFE in formability.

Radiation cross linking or cross linking agent are used to increase the
mechanical properties of ETFE at elevated temperature, causing the
ETFE to become rubbery and preventing it from melting.

Raychem 55/ is cross-linked by an electron beam after the wire is
covered.

© JAXA/NAT

%*A Evaluation philos

Raychem 55/ wire has been proven robust in many flights.
— The main factor in its degradation :
Midori-II's unique high-temperature cycle,
reaching the crystalline melting point of ETFE
(far beyond the derated temperature).

+ Highest temperature (estimation): 230°C+10~15°C
+ Thermal endurance (Spec.) : 200°C, 10,000hr
« Crystalline melting point : 236°C (measured by DSC)

© JAXANAT
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Evaluation of

Single wire
Discharging test after heat-cycle test
— No discharging was observed.

Tied harness (Midori-Il configuration)
Discharging was occurred after the heat-cycle test.

Discharging caused cracking, with charring and blackening of the wire
insulator.

Possible scenarios:
Reduced insulation, damage to covering caused by discharging,
or
insulator damage causing discharging.

© JAXANAT

Thermal cycle tes

Thermal cycle test Discharging test

5,000 thermal cycles,
100 to 250°C,
vacuum condition.

260°C, 167-hr soaking
2,400 thermal cycles,
0to 130°C,

ambient condition.

Discharging was observed.
Cracks were visible on insulator after discharging.

© JAXANAT
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Visual observatio

Crack A

Crack opening :
large, long, smooth
Cracks differed from the fractured surface on normal
polymeric materials.

The depressed area included abrasions.

There seems to be little possibility of such a large heat strain
for the heat-cycle conditions based on estimates from Midori-I|
telemetry data.

— We determined that the crack morphology is peculiar to

this material.
© JAXA/AT

Fracture morpl

* Fractured surfaces were similar to those of rubber material
in tensile stress.

Cross linking was the source of rubber-like elasticity in polymers.

+ Radiation cross-linked ETFE

Rubbery state near the crystalline melting point.

Visible cracks after the discharging test occurred near the
crystalline melting point.

+ Some radiation cross-linked material:

Shape recovery phenomenon above the crystalline melting
point.

Anomalous cracks seems to be related to this phenomenon.

© JAXANAT
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Soldering iron
(preliminary exper
Heating the covering with a soldering iron

Covering cracked after heating with soldering iron

Crack: Lengthwise or oblique direction, smooth and open.
Wire insulator : Remaining stress or oriented texture in lengthwise direction.
[Stress relaxation] Lengthwise direction : Compressive
Circumferential direction: Tensile
remaining stress

For confirmation < T >
: Tensile tests and thermal expansion . X <
measurements in circumferential direction. © JAXAJAT

Thermal expansion
in the circumfer

TMA (Non-heated specimen) TMA : Thermo-mechanical analysis (Tension mode)

1250 T T T T T

‘r'—.-
g

- —10% ]
Significant expansion during melting of crystals

g

LARS RAREE RERE RAA

(Significant contraction with crystallization)

Total expansion (over 11%) 12 * 141 : 1st rising

M PR i |

(=]

- |

3

g
,5 250 1 # = 1#1 : 1st descending
Qo ; t
E b ULn T#1 % ;

2 oF

= : processing strainrelease 1
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D . =
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o 5
) 3
v -750 | ]
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Temperature / °C
Significant expansion was measured at the approximate crystalline melting point.
© JAXANAT
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Thermal expansion
in the circumfer

TMA (Heated specimen : 245°C, 169-hr in vacuum)
1250

g

50 F 1 ] * 1#1 : 1st rising
E < 1#1 : 1st descending

8

250 | E
S ]
o - 2
E Processing strain has been released -

MoooEaiia G q sest g 1 UG g poin
0 50 100 150 200 250 300

Temperature / °C
Thermal expansion : over 11%

Significant expansion was measured at the approximate crystalline melting
point. © JAXANAT

Linear expansion coefficient/ AL/L, / 10*

Thermal expansion
in the lengthw

1200 ; T T | ‘

g

g

Dimension change / pm
g

o 50 100 150 200 250 300 350
Temperature / °C 1st : Blue, 2nd : Red, 3rd : Green line

Opposite behavior (Expansion, Contraction) from the circumferential direction
at the approximate crystalline melting point.

Inverse strain and ablation probably occurred at the crossing points of the
cable of the tied harness in the Midori-ll thermal-cycle environment.

© JAXANAT
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. ~Tensile te
in the circumferen

80l||i||||1||l|l||||||||ll

Heated specimen
Measuring at 23°C Non-heated imen
asunngi\ Measuring at 23°C

(o2
o

Stress /| MPa
B
o
—

N
o

Heated specimen

Measuring at 260°C
/ Non-heated specimen
] Measuring at 260°C

vt T S Ty Wl YD TN T WS AT WY (NS G MY LN WY WS WA

0
0 100 200 300 400 500
Strain / %

Insulator materials reduced in elongation by 169-hr exposure at 260°C.
Maximum stress and strain decreased at 260°C.

© JAXANAT

‘ _Tensile te:
in the circumferen

Gage length Bmm 1 L,

3 T T B i}
25 |
:': 0. 5 :

3%
LI L e

Load / N

Ollllll

txf'uIJJ11lxl||IIJ.l-‘-r"l“\"';'uuIJJAL:I

L oob
W, 0 Bt 15 20 25 30

Crosshead Displacement / mm

Thermal expansion (over 11%) > Elastic limit (under 10%)
Possibility of plastic deformation
(Additional testing is required for more credible assurance.)

Elastic limit under 10% strain
Elongation :under 0.6mm)

© JAXANAT
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Mechanism of cre

Crack-forming mechanism

At cable crossing points in tied harness:

= Cracks with abrasion were observed after thermal-cycle tests.

= Tied harness bonded together at temperatures greater than 230°C. (Other test results)

= Bonding points prevent stress relief of the harness in the thermal cycle.
= Abrasions could occur that would cause cracks and reduced thickness.

Thermal cycle
i
Abrasion and thickness reduction of cable-covering material
and
repetitive thermal strain, including significant expansion and contraction
around the crystalline melting point

!
Crack (Initiation and extension)

In addition, electron-beam exposure and a vacuum environment of high temperatures for an
extended time possibly contributed to the damage of the materials.

© JAXANAT

Temperature conditior

Thermal strain from 150 to 250 °C, 3cycles
DMA (Dynamic Mechanical Analysis) on Raychem spec55/ AWG22 cable covering

g

g

g

~
s

Dimension change / um
o8 0
8
g
g

200
Temperature / °C

Only 2% strain were measured.
Modest heat strain from room temperature to 150°C.

© JAXANAT
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%64 Summary on Mido IR

= Verification studies conducted for the cable failure in
Midori-ll (ADEOS-II) showed that at high temperatures,
approximately at the crystalline melting point, significant
expansion and contraction occurred in the insulator
material.

= Due to total heat strain reaching the plastic range,
repetitive plastic deformation and abrasion likely
damaged the covering materials.

= Significant expansion and contraction were not detected

for thermal cycles below 150 °C (at maximum
temperature).

— Raychem 55/ wire could be used at temperatures
up to 150°C

© JAXA/NAT

~

%A Standards for satel

= JAXA is revising standards for satellite design.

Derating for harness (Power and signal line)

« Material degradation test: temperature limit
= Temperature rise test using continuous current

Harness configuration

-

e
1380 erperare | .

mgradatim test

Input power

— Derating standards
for satellite harness

aimeladwa) wnwixep

© JAXANAT
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COTS Reliability
All COTS Devices Are Not
Created Equal

= Author; Christine Pollock, Maria Petkova and Alan Devoe
from Presidio Components, Inc.

= Speaker ; Hiroaki Yamamoto (LLIAS{EE)
From PTM Corporation

PRESIDIO COMPONENTS, INC.

Outline

- Present Test Data for BME/PME COTS
Part 0805/ .1 uF / 50 volt rated

- Discuss Mil Qualification Requirements
- Examine 125C Performance In Detail
- Examine Other Performance Factors
- Discuss Differences Between BME/PME

PRESIDIO COMPONENTS, INC.

This document is provided by JAXA.
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Part Selection .1 uF/50 Volt Rated

Attributes

Case Size

Electrode System

Dielectric
Thickness

Dielectric Material

TC (-55/+125C)
VTC (-55/+125C)

Insulation
Resistance 125C

Voltage Breakdown

Qualification Basis

Cost
Delivery

coTS
0805
Ni (X7R)

-4-.5 mils

K=2500
+/-15%
-60% @ 50 V
0.6 -6 GQ
675 - 2650
Not Standard

¢
2 Weeks

Presidio
0805
PdAg (X7R)

.9 mils

K=4000

+/-15%
-40% @ 25 V
10 GQ

1100

Std Mil-PRF-
55681 Testing

¢e
10 Weeks

PRESIDIO COMPONENTS, INC.

QPL

CDRO4 (1712)
CDR33 (1209)

PdAg (BX)
1.5 mils
1.1 mils
K=2600

+/-15%
-25% @ 50 V
50 GQ

>2000

Established Reliability
S Level

$$
26 Weeks

Dielectric Performance

» X7R

e Temperature Range -55 to +125C
IR At 25C 10GQ

* IR At 125C 1GQ

= X5R

e Temperature Range -55 to +85C

* IR At 25C 5GQ

* IR At 85C .5 GQ

PRESIDIO COMPONENTS, INC.
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Typical Construction

BME-D

Excellent Microstructure
No Defects Noted In DPA
All Ni Electrodes

All Lots Fail Life Test

Full scale counts: 1293 Base(2)_pt1 Cursor:  4.500 keV
49 Counts
2000
1500

1000

kim - 28 - Ni

Comparison of Properties and Life Test Performance

Dielectric Voitage Initial IR Failures At  Final IR Failures IR Acc
Thickness Breakdown 125C 0 Hours 125C 125C At Hours
Life 2000 Hours (Millions)
Life

Specified Limit

BME-A 2642 - 0/130 311130 2.080
BME-B1 674 : 0/130 21/130 2.080
BME-B2 1207 : 0/130 i 118/130 2.080
BME-C 2324 : 0/130 : 4/130 2.080
BME-D 1732 ! 2/130 130/130 2.080
BME-E 1806 130/130 99/130 2.080
BME-F 1496 78/78 0/78 1.248
BME-G1 1257 0/130 1130 2.080
BME-G2 unknown 0/49 3/49** 0.784
BME-H 923 48/130 3/130 2.080
PME 1112 g 0/197 0/197 11.50***

This document is provided by JAXA.
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Min/Max IR

Before Life After Life

Low High Low High
4.4 7.2 0 15
1.0 3 0 3.0
1.7 2.6 0.1 21
1.5 2.9 0 0.02
0.3 0.7 0 0.3
0.5 1 : 25
1.5 5.0 : 2.5
0.7 4.6 : 0.6

>10

*ONENTS, INC,

Life Test Results

FAILURES IN TIME

# REJECTS

LIFE TEST HOURS

PRESIDIO COMPONENTS, INC.

This document is provided by JAXA.
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Mil-PRF-123 Look Alike

Extended Range For NASA

- Replaced 1808 .1uF With 0805 .1uF
- Tested IAW Mil-PRF-123

» Mil-PRF-123 Does Not Allow BME

PRESIDIO COMPONENTS, INC.

DSCC Extended Range

= DSCC Drawings
« DSCC 03028 0603 Size
« DSCC 03029 0402 Size
« DSCC 05006 0805 Extended Cap
« DSCC 05007 1206 Extended Cap
= Does Not Specify Electrode Type
= Group C Optional — Customer Specified

PRESIDIO COMPONENTS, INC.

This document is provided by JAXA.
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BME Summary

BME does not meet X7R
requirements at 125C

Currently no part number
differentiation between BME/PME

Fallout not due to infant mortality
No standard qualification routine
Not suitable for military
applications

PRESIDIO COMPONENTS, INC.

PME Summary

PME does meet X7R requirements at 125C
Fallout is due to infant mortality

Standard qualification routine

Suitable for military/space applications

PRESIDIO COMPONENTS, INC.

This document is provided by JAXA.
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> |
M

% 19th Microelectronics Workshop

Non-Destructive Inspection Method
of BGA Using X-ray Systems
for High-Density Mounting Space Applications

Masao Nakamura©, Hirotaka Azuma,
(Nippon Avionics Co., Ltd.)
Toshiyuki Yamada
(Fukushima Avionics Co., Ltd.)
Tsuyoshi Nakagawa, Norio Nemoto, Koichi Shinozaki
(Japan Aerospace Exploration Agency)

October 27, 2006

A Outline 4

* Background

* Major Defects of BGA
* Inspection Method

* Results

* Summary

* Tasks

This document is provided by JAXA.
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A

Background

> |
8l

* Recently, demands of high-density mounting
technique for miniaturization of space applications
have increased.

* We are considering to apply BGA packages to space
applications as a solution of high-density mounting

* A critical issue of BGA package is that inner balls

cannot be inspected by a conventional visual
inspection method.

In these circumstances, we focus on inspection
methods of BGA using X-ray systems

'3%3{‘ | Major Defects of BGA !\f
In line defects
| Ball Misalignment | l Non-reflow |

| Non-wetting | | Open

saLL e - -
pwa
Solder Ball

| | Scratch |

Ball Shape Excessive I Solder Bridge | | Missing Ball | ‘ Void
Dispersal Defect Solder
o090 0 -0
cie 6 ® 0 0pe 0 e ,\"\ XX
\... 00 .‘.........‘../
'End-of-line defect Crack

A

=

This document is provided by JAXA
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=
Inspection Method —
BGA Samples
Plastic BGA (388pin) Metal BGA(560pin) Ceramic BGA (400pin)
M (63337P0)
* Number of Layers : Six Layers
« Pattern : Daisy Chain
* Pitch :1.27Tmm
* PWB Material : FR-4
* PWB Size : 77.5mm(W) X 120mm(D) X 1.6mm(T)
5

Inspection Method (cont, Xf

Specification of X-Ray Systems

Apparatus | Microfocus X-ray(l.l.) Microfocus X-ray(FCR*) |Microfocus X-ray(FPD**)|3-D X-ray CT
Y-raytube  |Sealed X-ray tube Sealed X-ray tube Open type X-ray tube Open type X-ray tube
Xeray Image Intensifier Imaging Plate |Fiat panet |Fiat panel
d (LL) (IP) (Six megapixels) (Six megapixels)
Detector 256 gray-scale 1024 gray-scale 4096 gray-scale 4096 gray-scale
Gray-scale
Condition _ |Focal spot sizeé Jum rFocaIspotsize Tum |Focal spot size A-4um Focal spot siza 1-4um
Tube voltage  :150kV Tube voltage  150kV Tube voltage  :100-120kV Tube voltage  :100-120kV
Tube current  © BBpA Tube current  © BBUA Tube current 100-150pA Tube current 100-150pA
Irradiation time  40s
Image Digital image processing |Digilal image processing Digital image processing Digital image processing
processing
*FCR : Fuji Computed Radiography (FUJI PHOTO FILM CO.,LTD)
FPD : Flat Panel Detector 3D X-Ray CT
Inclined
X-ray Datectod

Prmsm;:?aoam

Siage Controler

H-ray Controlor

Computer for

{Non-Destructive Instian Co,, Lid.) X-ray Radlation Box Inspection:and

System Structure Control
http://www.oe.nagoya-denki.co.jp/contents/products/nix/NLX5000e_forweb.files/index.html 6

This document is provided by JAXA.
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’94%4 Results i
Result
..... ___Ppparatus —

No. Defect ltem LL FCR FPD 3-D X-ray

1 Ball Misalignment *kk kkk = = \

2 [Non-reflow kkk kkk kkk kkk

3  |Non-wetting *kk *k¥k *k¥k kK

4 |open Kok Kok - >
5 |Scratch *kk kkk i s

6 |Solder ball dispersal *%k *kk -— -

7 |Ball shape Defect *kk *kk --- -

8 |Excessive Solder kkk k% _— -—

9 |Solder Bridge *k%k *k% _— -—

10 |Missing Ball *k%k *k%k -— -

11 |void %k dekdk *%k dkk J

12 |Crack{CeramicBGA) k% *%k kkk } | Eﬂd'of‘line defectsl

Crack(Plastic/MetalBGA) *kk
##%#% :Detectable, %% :Dependon position, x HiGSIECHEBIE
=== :N/A
7

|
i

#*A Results (cont) Avio

Example of In line Defects (cont.

* Void (Plastic BGA)

‘ Detectable ] ‘ Detectable H Detectable H Detectable ‘

‘XX )

Microfocus X-réy( LL) Microfocus X-ray(FCR) Microfocus X-ray(FPD) 3-D X-Ray CT

It is possible to know the void position
using 3-D X-ray CT.

This document is provided by JAXA.
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’ﬁw Results (cont,

* Void (Plastic BGA)

Example of In line Defects (cont.)

Detectable | | Detectable || Detectable |

Detectable |

|

(XX )

It is possible to know the void position

using 3-D X-ray CT.

> Q
8y

#ﬂ Results (cont,)

Example of End-of-line Defect

* Crack(Plastic BGA)
[ Detectable }

| Undetectable ‘

3D X-ray CT

Microfocus X-ray(FCR)

3-d X-ray CT allows us to detect the crack
10

DPA

which is undetected by microfocus X-ray.

This document is provided by JAXA.
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Results (cont.) e
* Crack of Ceramic BGA
| Undetectable Detectable | | Detectable |
.
Microfocus X-ray(l.l.)
| Detectable

Microfocus X-rayFCR)

3D X-ray CT

Crack size is 4um

Microfocus X-ray(FPD)

s

i e |
DPA
Crack of Ceramic BGA was detected
by both microfocus X-ray and 3-D X-ray CT

Results (cont,)
* Capability of 3D X-Ray CT System
Microfocus X-ray(FCR)

3-D X-ray CT

Detectable

Horizontal image 1
Horizontal image 2
Horizontal image 3

Horizontal image 2 Horizontal image 3
Vertical Image 1 Vertical Image 2 Vertical Image 3

This document is provided by JAXA
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’54%4 Results (cont) {\,::

* Capability of 3D X-Ray CT System (cont,)
3D image at this study

A
s N

http:/iwww.oe.nagoya-denki.co.jp/contents/products/nix/NLX5000e_forweb.filesfindex.html

13

Ill|“

|

W Summary i\m

e In-line defects of BGA can be detected
by microfocus X-ray(l.l./FCR/FPD) or 3-D
X-ray systems.

e It is possible to detect solder cracks by
3-D X-ray CT system.

e We hope that X-ray inspection is an
effective way to evaluate the quality of
BGA assembly when applied for space
applications.

14
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h‘ll“

W Tasks /[

Avi

(s]

e Evaluation of X-ray inspection capability

on an actual flight module or a test
vehicle.

e Upgrading and expanding of our design
rules of PWB for BGA mounting.

15

#ﬂ —

Avio

/*—"-"; El#iE L :BGADIERIRIRER & & & &bﬁ:%
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V7 FLRICOKR. @ttt OFF. @FEg
% (BiE. FAX. E-mail) . OTER - TEEE
EHRY 2L,

FHMZHAEMARRE =2 - EEEHEDR

\E-Mail : HDMTECHQ@jaxa.jp /
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Consideration of RoHS issues and
Evaluation of Hot Solder Dipping
Method for Tin Whisker

October 2006

Safety and Mission Assurance Department
Electronic, Mechanival Componets and Materials
Engineering Group

Japan Aerospace Exploration Agency
(JAXA)

1. Background W

EU has enacted two directives, RoHS and WEEE, that prohibit
the use of Pb, Cd, Cré*, 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.JAXA continue to use parts containing SnPb for space applications.

2.Purchase of the parts and materials that contains lead is becoming

difficult.
3.Reliability problems of lead-free parts and materials may surface in

space applications.

*1:RoHS(Restriction of the use of certain Hazardous Substance in electrical and
electronic equipment) :
http://leuropa.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/2003/1 037/l 03720030213en00240038.pdf

2

This document is provided by JAXA.
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2. Effects of RoHS in Consumer Market ’%*A

[Trend]

* 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, a similar directive to RoHS will be 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.
* http://www.meti.go.jp/policy/recycle/main/3r policy/policy/j-moss.html

&\ R6HS RE

RoHSHiHmE

3. Effects of RoHS in Aerospace Market #M
At present, the products for military and aerospace usage are outside the RoHS directives. But
lead-free parts are widely sold in the market along with lead-containing parts. This could
induce misuse of the parts and result in a failure in space applications.

[NASA] Purchase of lead containing
@ Lead-free problem such as tin whisker is parts for space applications
being researched is becoming increasingly
@ Use of lead-free parts for space difficult because of the
applications has been forbidden. consumer market shift to
@ The roadmap to lead-free parts usage for lead-free parts.
space applications is not specified.
[ESA] M t
@ Use of lead-free parts for space anaq_emen
applications has been forbidden. Required!!
@ The roadmap to lead-free parts usage for ‘!
space applications is not specified.
[JAXA] The community to
@ Use of lead-free solder for space address |lead-free parts
applications has been forbidden. w issues is established in
@ The roadmap to lead-free parts usage for 2006 by JAXA
P e : y
space applications is not specified.
4
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4. Effects of Shift to Lead-Free Parts )%*A

A typical lead-free parts related problems are shown below.

(DTin whiskers
Lead containing electrode

Lead-free electrode  ex: Tin, Tin copper

:@)Electrlcal termlnallon of F'WB
', Solder plating preflux

T E

|
Lead-free plating

Lead-free solder I ; ex Gold plating

! ex SnAgCu High-heat-resistant

» g l : preﬂux G0|C| MmbishiEledrinleionl

e i R N e P T S T g
5. Summary of JAXA Basic Assessment %i...b.. ...I.

In the basic assessment carried out by JAXA, the following were observed
regarding the Tin whiskers of the pure Tin electrode. The Tin whisker growth
mechanism not well understood and the research is continued globally.
1. Tin whisker are different even among the same type device. [Photo1]
2. Tin whisker shape and direction are different even among the same part.[ Photo2]
3. Hot Solder Dipping (HSD) is one of key methods for Tin whisker mitigation or control,
[Photo 3]

Phot 3-1 Pureerode

MASAIGSFC Tin Whisker Homepage

Photo 2 Different shape Photo 3-2 HSD electrode 6

This document is provided by JAXA.
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6. Basic Assessment

[Purpose]

1. Assess effects of Tin whisker control by Hot Solder dipping (HSD)
2. Assess effect of Tin whisker control by the assembly methods

[Test Condition]
Test type : Thermal shock

Temperature: -40 deg. C to +125 deg C
Shock cycle : maximum 2,000 cyc.

+125degCG

1 5mil}!( 15mi

-40degG

=5min.

._\I'
.

=5min.

7. Sample (Chip Ceramic Capacitors)

Table 1 Test Sample

Sample Lead-free Type A | Lead-free Type B | Lead-free Type C
P/N GRK39CG331J50 | GRK39B103k50 SC0603-TIN
Dimension 1.6 x 0.8 mm 1.6 x 0.8 mm 1.6 x 0.8 mm
Electrode Sn100 Sn100 Sn100
(5.1, 3.8, 2.7um) (3.9um) (8.0um)
Ag/Ni barrier metal/Cu/Ni barrier metal |Ag/Ni barrier metal
Photo

This document is provided by JAXA.
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8. Summary of HSD result and Tin whisker result(1/2) #%4

No. Sample HSD condition Tin whisker
Temp. | Times Ocyc 500cyc 1000cyc 2000cyc

A 1 non non non non
B 230°C 2 non non non non
Cc 3 non non non non
1 1 non non non non
2 Lead-free 240°C 2 non non non non
3 Type A 3 non non non non
4 (Sn/Ni/Ag: 1 non non non non
5 Sn=3.8um) 250°C 2 non non non non
6 3 non non non non
7 1 non non non non
8 260°C 2 non non non non
9 3 non non non non

non :Tin whisker growth was not observed, yes Tin whisker growth was observed

- Projections of solder was observed at 230 deg. C.
- Surface of hot solder bath was oxidized at 260 deg. C.
- Tin whisker was not observed at all HSD condition.

8. Summary of HSD result and Tin whisker result(2/2) #%4

No sample HSD Tin whisker
) P condition Ocyc | 500cyc [1000cyc|2000cyc
10 ;v!r:ﬁ :\ non-HSD non | Yes
11 énr;s_:,w?,'} 250°C, twice | non non non non
12 type A non-HSD non Yes Yes Yes
(Sn/Ni/Ag:
13 Sn=3.8um) 250°C, twice non non non non
14 ;v;:; :\ non-HSD non | Yes | Yes | Yes
15 éniz_;w?.,'} 250°C, twice | non non non non
16 type B non-HSD non Yes Yes Yes
Sn/Ni/Cu:
17 énr;a_;u;} 250°C, twice non non non non
18 type C non-HSD non
Sn/Ni/Ag:
19 énlla_:]:f,} 250°C,twice | non | non non | non

non :Tin whisker growth was not observed, yes Tin whisker growth was observed
[1: Short Tin whisker was observed, Hl : Long Tin whisker was observed

- Tin whisker was observed in non-HSD samples
- Tin whisker grows as Tin plating thickness increases.

10
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9. Result of thermal shock cycle test(1/2) W

* Type C capacitor (Sn/Ni/Ag, Sn=8.0um, No.18) , Non-HSD
Electrode (9 O times)

1

CLor

Surface (1 500

« ‘. , Jl St ot
1000 cyc 2000 cyc

0 cyc | SOCc |

- Tin whisker was observed at 500 cycle.
- Tin whisker grows as thermal shock cycle increases.
- The number of Tin whisker increases as thermal shock cycle increases.

1
9. Result of thermal shock cycle test(2/2) %A

* Type C capacitor (Sn/Ni/Ag, Sn=8.0um, No.19) ,
HSD sample (250 deg. C, twice)

Electrode (9 O times)

0 B 500 cyc " o 2000 cyc

| ‘Tin whisker was not observed ‘

12
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10. Assembly Method Evaluation o

(Pu

To evaluate the effect of tin whisker control by assembly methods.

SnP

rpose]

Assembly Methods:
1. Reflow soldering (SnPb solder)
2. Manual soldering (SnPb solder)

(DReflow soldering

Tin

[/

Top of the chip capacitor
is not covered with SnPb

solder

(2Manual soldering

Top of the chip capacitor
is covered with SnPb
solder

13

11. Summary of Assembly Method Effects =

Tin whisker
T HSD iti Meth
¥pe 5D condition | Method [—s 1000cyc | 2000cyc
reflow non
Type A fantsk manual non non es
(SnINilAg: anua ° 9 y
Sn=3.8um) 250°C, twice reflow non non non non
’ manual non non non non
Type C non-HSD reflow non
: manual non non yes
(SNlrAg: reflow non non non non
Sn=8.0um) 250°C, twice
manual non non non non

non :Tin whisker growth is not observed, yes Tin whisker growth was observed
[ Small Tin whisker was observed, lll : Long Tin whisker was observed

- Tin whisker was not observed in every assemble method using HSD
sample.

- Tin whisker was observed in every assembly method, even if top of
the capacitor was covered with SnPb solder by manual soldering.

14
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12. Result of assemble method effect(1/2) #*A

*Reflow soldering method,
Type C capacitor (Sn/Ni/Ag, Sn=8.0um, No.26), non-HSD

Electrode (9 O times)

0 cyc | 500 cyc ‘ 1000 cyc 2000 cyc

- Tin whisker was observed at 500 cycle.
- Tin whisker grows as thermal shock cycle increases.
- The number of tin whisker increases as thermal shock cycle increases.

12. Result of assemble method effect(2/2) W

*Manual soldering method,
Type C capacitor (Sn/Ni/Ag, Sn=8.0um, No0.26), non-HSD

Electrode (_9 0 times)

Surface (15 00
times) e

:““_ﬁ-ﬁ_-}:l.- AR 1 y

0 cyc 500cyc  1000cyc 2000 cyc
*Tin whisker was observed at 1000 cycle.

* Tin whisker was observed even if top of the capacitor was covered with SnPb
solder by manual soldering.

16
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13. Summary W

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 contains lead is becoming
difficult.

3.Reliability problems of lead-free parts and materials may surface
in space applications.

JAXA established the community to address lead-free parts issues and
started basic assessment of the issues.

17
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19th MEWS October 27, 2006

JAXA Project Approved Parts Database

Takeshi Matsuoka
matsuoka.takeshi@jaxa.jp
Electronic, Mechanical Components
and Materials Engineering Group
Institute of Aerospace Technology, JAXA

The 19th MEWS October 27, 2006
JAXA Project Approved Parts Database (PAPDB)

= Current Status

= JAXA Project Approved Parts List (APL)

A system manufacturer prepares APL at the time of preliminary
design review and submit it to JAXA.

As the project proceeds to critical design review and liaison
engineering process, the list is revised.

- Non-Standard Parts Approval Request (NSPAR)

Review is conducted using the project’s parts procurement
statements based on Standards for Electrical, Electronic and
Electromechanical (EEE) Parts Program (GBA-99010C).

* Verification of APL, application, review and approval of
NSPAR is currently conducted by paper-based method.

This document is provided by JAXA.
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*Purpose of PAPDB

. To unify data independently used by project for mutual utilization.
. To improve efficiency and convenience by introducing on-line

. To assume a role as comprehensive information source for space

. To implement preliminary evaluation for effects of a failure

The 19th MEWS October 27, 2006
JAXA Project Approved Parts Database (PAPDB)

application. — Leads to paperless application

parts and enhance project support with existing database of JAXA
certified parts.

occurred in a project on other projects.

The 19th MEWS October 27, 2006
JAXA Project Approved Parts Database (PAPDB)

= Features of PAPDB

1. PAPDB enables manufacturers to compile a list of EEE
parts (APL) used for JAXA satellite projects in the
database on the Web. These data can be utilized for
application, review, approval and registration of NSPAR on
the internet.

2. User-friendly system with mutual accessibility by unifying
all data.

This document is provided by JAXA.
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The 19th MEWS October 27, 2006
JAXA Project Approved Parts Database (PAPDB)

-Merits of PAPDB

1. Both an administrator and a user can share the maximum benefit
as designed not as administrator-sided but as user-friendly
database.

2. Submitting and administrating APL is capable through PAPDB.

3. Data migration and registration can be implemented using existing
CSV files.

4. APL for a new project can be prepared reusing APL’s for previous
projects.

Statistical analysis function helps parts program planning by
predicting possible critical parts for domestic development and
grasping tendency of domestic/foreign-made parts or
standard/non-standard parts from parts technology trend.

5

6. Users can easily check usage of parts relevant to reliability
information, pre-alert, or alert information for efficient lateral

spread.
5
Item APL NSPAR Public Remark
disclosure
. NEC TOSHIBA Space Systems, Ltd., Mitsubishi
1 Registrant company Electric Corporation, or others (keyboard input)
2 Application number (]
3 Application date o
4 Revision date/revision letter o]
NEC TOSHIBA Space Systems, Ltd., Mitsubishi
5 Application company o Electric Corporation, or others (keyboard input)
6 Project name o (8]
7 Part type (o] o] o Selection from 20 types listed in GBA-99010
8 Part number (o] @] o
9 Generic part number (o] (o] (o] Keyboard input or put *-"
Keyboard input
10 Functlon (specification outline) o o o e.g. MPU, FPGA, multi-layer ceramic capacitor etc.
1 Packaging o (] o 14 Pin, DIP, or others (keyboard input)
12 Specification numberfissue o] (o] o]
13 Manufacturer Q (o] (o]
14 Supplier (o] [o] ]
z 9 Standard part, iard parts which have been
15 Classification (o] o] [} used in the past etc.
Approval history (project, use
18 application, NSPAR No.) o o
17 Quality level (0] (o] [0] Class |, Class I, or others (keyboard input)
Multiple selections,
18 Subsystern o o e.g. TTC, TCU, or others (keyboard input)
19 Design and construction (o] Class |, Class Il, or others (keyboard input)
20 DPA data o] Criticality analysis, DPA data, DPA planned, None
21 Production process control (8] Class |, Class ll, or others (keyboard input)
22 Screening o Class |, Class Il, or others (keyboard input) 6

This document is provided by JAXA.
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ttem APL NSPAR | Public Remark
23 Qualification test (o] Class |, Class Il, or others (keyboard input)
24 Quality conformance inspection (o] Class |, Class Il, or others (keyboard input)
25| suppy conel o e pdastony o
26 Reason for request o
27 ESDS level (o] (o]
28 Total ionization doze (TID) [a] Q (o] 10Krad, 20Krad... or others (keyboard input)
29 Single-event effect (SEE) (o] o] (o] SEU, SEL, SET, or SEB and its details
30 Rad-hardness test (o] QT only, each lot, sample lot, or others
3 Supplemental information (o]
32 Remark o
33 Specification (o] Yes or no: If yes, attach the applicable file.
34 C/A data (0] Yes or no: If yes, attach the applicable file.
35 Attachments | QT data (o] Yes or no: If yes, attach the applicable file.
36 ESD test data (o] Yes or no: If yes, attach the applicable file.
37 Rad-hardness test data (o] Yes or no: If yes, attach the applicable file.
38 Company/department [o]
39 Appointment (o]
40 Name (o]
4@ Getiact okt Address o]
42 Telephone (o]
43 Email (@]
44 Presence of failure o o
45 Necessity of NSPAR o
The 19th MEWS October 27, 2006 :
JAXA Project Approved Parts Database (PAPDB)
PAPDB workflow
: Electronic, Mechanical,
Verifier Authoriz Comp and Materi
Engi ing Group
Preparation
of NSPAR
Jll_ Verification request
?_} .
1
| Revision I A i
e Inquiry/Response

Correction of
NSPAR

(NSPAR revision after;approval)

&

A

— ==  E-mail notification

This document is provided by JAXA.
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The 19th MEWS October 27, 2006
JAXA Project Approved Parts Database (PAPDB)

*Future Plan

1. Pursuing real utilization of PAPDB from new projects

2. Holding presentation meetings of PAPDB for projects

and system manufacturers

This document is provided by JAXA.
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LA
The 19th Microelectronics Workshop at JAXA/TKSC 3

Wrap-up Report

Oct. 27, 2006
Takashi Tamura
Electronic, Mechanical Components and Materials Engineering Group
Institute of Aerospace Technology(lAT), JAXA

;

[Theme]
Ensuring Stable Supply and Quality of Space Components and Materials
-Strategy for Components & Materials in Aerospace & Automobile Industries-

Recent Parts/Components Issues:
»Significance of Parts Failure
»Increasing Complexity/Advanced System/ Decreasing Reliability?
»Lead-Free Electronics : Whisker Growth
»Lessons Learned from Other Industries such as Auto Industry
»Strategic Parts/Components Program
-Europe/US/Japan
»>International Cooperation

»Future Parts/Components for Advanced Space Systems
»Summary and Comments

This document is provided by JAXA.
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Background 354*'4

il

1985 1996 1897 1998 1999 2000 2001 2002 2003 2004 2005

The number of JAXA qualified products has
been drastically decreasing in the last 5 years

Stable Supply of Space Parts/Components is a primary concern

I
Significance of Parts Failure

FPGA:
»FPGAs are used in many electronic components.
»Concerns in FPGA will have significant impact(Cost/Schedule)

Ex)issues of FPGA maturity contributed more than half of the total loss
cost in 2004.

> Reliability/ Quality is the No.1 Priority

This document is provided by JAXA.



£ L Hanii 295

1.E+03 -

Normalized
Number of al
Failures Applications

Equivalent
Burm-In time.

Required for Aviomics

1.E+01 T T T 1
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

Time(equivalent hours)

Industry data showing both increasing failure rate and decreasing
product lifetime with progressive commercial technologies (UMD).

Getting Finer, Cheaper, but
....unreliable...?

Long Life Requirement - Old and New Issues(1

Photo Credit: James D. Stewart,
M&P Failure Analysis Laboratory
The Boeing Company Logistics Depot &

Pl: Jay A. Brusse, QSS, Jay.A.Brusse.1@gsfc.nasa.gov
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Long Life Requirement - Old and New Issues(2) -

- Need Materials Evaluation
- Need Physics of Failure

- Need Standardization

- Need Good Database

Lessons Learned from Other Industries

Good Design : Good Design Review |

& Understand Risk % Joint Quality Design Review

#Risk Avoidance @‘ # Understand Risk

Sae #Risk Avoidance

Good Discussion |
€ Good Relationship with Parts Industries
4 Know with each other

# Share Information

Joint quality @ New design/construction
(2) Process controlfinspection system *Weaknesses Corrective
3 Past failures S Report) - stions
(4) Conformance to process at DENSO
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B l Relative Size of Space Market

Is

it

Components
Initiative

<Domestic Parts Development
T b o

Pirts Devel t

New Parts Program
#H-IWETS-VI Conclude—Unclear
Parts Policy

* Trer

‘No Qualified Semiconductor Devices
-Faijures in Adval]ccd Devices

., ieaper Parts

| | ™ 1
1975 1980 1985 1990 1995 2000 2005 2090

»>

Strategic Parts/Components Program

.
( <@CSa ‘#’ European Components Initiative
cnes DLR : z

To contrit the European non dependence

- Avoid possible embargo ( -

- Increase the share of European components in our projects

- Reduce the procurement schedules and prices

- Improve the assurance by the use of the ESCC standard

- Contribute to the exploitation of the European capabilities in terms of space components

- Propose, in time and components with a good readiness level and
at a reasonable cost.

To contribute to the space industry competitiveness

Equipment manufacturers

- Allow the space industry to have access to
Increase systems and equipment performances

- Be able to propose new applications

Component manufacturers

- Develop a production capacity of HiRel radiation hardened components to a

- Develop as much as possible their products portfolio in order for them to be attractive and get back
a significant revenue =>

This document is provided by JAXA.
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Trend of Parts/Components Strategy )%*4

esa q_ﬁb

'ECI Initiative
cnes E

ITAR Free
Phase1: smce 2004

Hnneywell

Shlft to Domestic Prod.
IBM:2005FY ~

-BAE:2002FY ~

Needs for Strategic Components Development %4#

4 Known Reliablility
4 Stable Domestic Source
#Enable Advanced System Design

€ Technology Inheritance

JAXA 15t Phase EEE and Mechanical Parts Development

This document is provided by JAXA.
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International Cooperation

Brian Hughitt

NASA JSC p 4
w, David Beverly gff

Electronic Industries Alllance

Future Parts/Components for Advanced Space Systems

Adequate Robust System Design is the Key
i Il.l L J > I

This document is provided by JAXA.
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Micro & Nano Technology -ESA -

oy
i
MFMS rale sansor
Techno Demonstrato Cold gas p-propulsicn and
Cryosat 2 MEMS flow sensor

Exomars . Gaia

| I [

2015 20

James Web
Space Telescope

Micro & Nano Technology —~NASA-

o ", Commercial
i M S Markeot Forocast ™,
Lj EMES T kS Mntority and

Avnllability

trkakinant Eystams

Compact Sensors and
Instrunants

. welf-wustaining Human Wuppoct

Wl 000 1305 DA%k 1303 100

L . Deep Space Systems

{ Captical
Devices

Mars Sample
Retum

Lander
2003 2004 2003 2006 2007 2008 200 FL0 1] 2011 2012
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Summary and Comments

# Today’s space systems Design rely more and more on advanced technology
@ Declining space share

¥ Long Life Requirements

4 Need Collaboration/Discussion
- Between International Organizations
- Between Parts Manufacturers and Users
- Between Organization for Standardization

- Between Industries(Space, Aeronautics, Auto,...)

Thank You!
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