40

(European Space Agency, ESA)

NASA (National
Aeronautics and Space Administration)  ESA
( 10 )

( ENVISAT

8211 kg™)

(
(multi-chip module, MCM) ASIC (application
specific integrated circuit) ) APS

CMOS (active pixel sensor complementary metal oxide
semiconductor) CCD (charged couple

device)
(2.3)

(1) (2)
©) (4) ®)
(6)
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(optical/infrared imager) RF

5)
) ®

apture

Auge Apsase T
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SNR (signal to noise
ratio)
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(MCM)
(ultra thin chip system, UTCS)

SOC (system on chip)

1. ESA SMART-1 @
SMART (Smal Missions for Advanced Researcher
and Technology) ESA
SMART-1
solar electric propulsion

(1) AMIE (Asteroid-Moon Imager Experiment)

Thomson-CSF 7888 1k x 1k CCD
5.3° x 5.3° 359 (
Y@ AMIE
(450 nm) (950 nm)
450 g"
AMIE MCM-V
(multi-chip modulus-vertical)  3D-stack

UTCS

(2) D-CIXS (Demondtration of a Compact Imaging X-
ray Spectrometer)



1. COSPAR

Committee

Mission

SCA
Space Studies of the Earth's Surface,
Meteorology and Climate

The principal goal of the Commission isto promote and enhance effective
international co-ordination, discussion, and cooperation in areas of studies of the
lower atmosphere-ocean-land system, where space observations can make unique
and useful contributions.

SCB

Space Studies of the Earth-Moon
System, Planets, and Small Bodies
of the Solar System

The planetary bodies of the solar system (including the Earth), especially
evolutionary, dynamic and structural aspects; planetary atmospheres are included
insofar as these are essential attributes of their main body; smaller bodies, including
satellites, planetary rings, asteroids, comets, meteorites, and cosmic dust.

§CC
Space Studies of the Upper
Atmospheres of the Earth and

The Commission stimulates planning of cooperative research program; investigates
specified aspects of the properties and structure of the upper atmospheres of the
Earth and planets; plans symposia and topical meetings in which new results are

Planets Including Reference | presented and discussed, and develops comprehensive reference atmospheres and
Atmospheres ionospheres for the Earth and planets.
SCD Sub-Commission D1 on the Heliosphere
Space Plasmas in the Solar System, | Sub-Commission D2/E3 on the Transition from the Sun to the Heliosphere
Including Planetary Magnetospheres | Sub-Commission D3 on Magnetospheres
Sub-Commission C5/D4 on Theory and Observations of Active Experiments
SCE Not specified

Research in Astrophysics from

Space

SCF
Life Sciences as Related to Space

(1) Effects of extraterrestrial environments on living systems
(2) Origin and evolution of life
(3) Mechanisms and dynamics of ecosystems

SCG
Materias Sciencesin Space

Scientific experiments in materials and fluid sciences performed in space that utilize
the physical conditions of space, mainly reduced gravity, for their objectives. The
Commission reviews fundamental theoretical and experimental investigations which
will yield significant new understanding in this field, recommends promising
avenues for future research, and coordinates exchanges of information on scientific
subjects.

SCH
Fundamental Physicsin Space

(1) Discovering and exploring fundamental physical laws governing matter, space
and time.

(2) Establishing organizing principlesin physics from which structure and
complexity emerge.

PSD: Technical Panel on Satellite Dynamics

PSB: Panel on Technical Problems Related to Scientific Ballooning

PEDAS: Panel on Potentially Environmentally Detrimental Activitiesin Space
PSRDC: Panel on Space Research in Developing Countries

PSRB: Panel on Standard Radiation Belts
PSW: Panel on Space Weather
PPP: Panel on Planetary Protection

(9)

110 mm x 150 mm x 180 mm

kg 2

Swept Charge Device X-ray Sensors
(collimator)
1.0 mm

35

(10)

1 cm’ (mesh)
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(b)

1.
(8 AMIE (
) (b) AMIE
30 um 200 2
um
1 mm suU-8 1kg
uv
(electro-planting)
3" ) (optical microscope) 4
@ AMIE
2 Coke Triplet
NASA ESA CCD 12 mm
40 um
ESA2003 Mars Express 1659 12 LED
- (375 ) LED
l‘!"lirll.-’-h Lere

L Swepl Ul g
Jieeclore

Dl ctore

- Dt Mite-

—dradhes

elam st

T e Uhargs

2.D-CIXS 3. D-CIXS Collimator
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2. ESA MARS EXPRESS

Payload (kg)
Orbit Payload-Acronym 106.1
HRSC-High Resolution Stereo Colour Imager | 20.4
OMEGA-IR Mapping Spectrometer 28.6
PFS-Atmospheric Fourier Spectrometer 30.8
MARSIS-Subsufrace-Sounding Radar/Altimeter | 13.7
ASPERA-Energetic Neutral Atoms Analyzer | 7.9
SPICAM-UV Atmospheric Spectrometer 4.7
RSE-Radio Science Experiment

Begale Lander Payload 10.28
Instrument:

Gas Chromatography/Mass Spectrometry 15l
Sample Handling System 0.86
Panchromatic Camera 0.44
Wide-angle Camera 0.05
Microscope 0.30
Mosshauer Spectrometer 0.50
X-ray Spectrometer 0.30
Environmenta Sensors 0.18
Mechanisms:

Robotic Arm 2.64
Mole and Grinder 1.50
(2) MECA Microscope Station NASA MECA

(Mars Environment Compatibility Assessment)

2003 5
@ LED
(atomic force microscope, AFM)
( 5 1 2 3 49
AFM
( 6 )(14) (15)
7 (15)
(silicon tip)
CvD (chemical vapor deposition
(CvD) molded diamond tip) 580
610 um 160 um
8um 2.6 mm
©)
Hadamard-M inispectrometer® ( 8

“ew i)

4. ESA 2003 Mars Express

iE——

5.NASA MECA

) DLR (Deutschen Zentrum fir LUft- und
Raumfahrt, German Aerospace Center)
ESA/ESTEC (Research and Technology Center for
the European Space Agency)

9x9x13cm’(
) 240 nm 650
nm 1nm
(programmable
micro dit chip) ( 9 )
( 10 )
[M] [S] [X]
[M] =
[SI[X]
7
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6. AFM

ISUAL
(Imager for Sprite and Upper Atmospheric Lighting)
Santa Clara ARTEMI
(http://screem.engr.scu.edu/artemis)

TRIEX (Thunder Infrared Radiation Explorer)
EMERALD (Electromagnetic Radiation and
Lighting Detection Electromagnetic Radiation and
Lighting Detection) PEARL (Picosatellite
Ejection and Reception of Lightning)

(17)
2000 2 ARTEMIS Thelma
Louise
( US$2,500)
PEARL

OPAL (Orhiting Picosatellite Launcher)
PERAL (very low
frequency, VLF) ( 300 Hz 20 kHZz)
VLF VLF

80 90.8

c)
dj
e

8
47

i T d
Q)
)  eomssm———
e (1] 1]
.ﬂ“@_ !—- ,r1
[ — ]
@Photoresisl .Nitride
@rsc " oxide

(:3 P+diffusion C} Metal

Thermal oxide, lithography, oxide etching, KOH
etching.

CVD  PSG deposition, CVD oxide deposition,
Lithography, Oxide etching, Implantation, removing
resist, CVD oxide deposition, thermal treatment
(950°C, 30 min.).

Oxide etching.

CI’D oxide deposition.

Lithography, Contact hole opening, Al evaporation,
Lithography, Al etching.

Plasma SiN deposition, Lithography, SIN Plasma
etching.

Lithography, Oxide etching, Topside Si etching.
Front  side lithography, backside lithography,
backside DRIE etching.

Oxide etching.

7.AFM

8. Hadamard




KK NG
N (3 | T E R
OII(EWTrE  EEIIII.
O b
9. 10.
VLF VLF
(global positioning PERAL
system, GPS) PERAL
VLF FM 12 @
OPAL VHF  GPS OPAL ms VLF
FM ms VLF
11(c) 11(a) PERAL Thelma  Louise
OPAL 11(b)
VLF
GPS ( CMOS )
VLF FM
(Star Tracker)
Motorola 68HC11
11(c)
(@ (b) (c)

11. OPAL  PEARL @)

(b) PEARL ©)
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effort)
(earth sensor)
551b ( 3)
kg)
10 kg)
CMOS
Sira™
Fillfactory®
CMOS
MCM
CMOS
310g

EMS CALTRAC | 7491b | 330x 225x 225 mm | 36° x 27° | 0.005
0.002
Raytheon | HD-1003 8Ib 16x6.2x 4.4 0.006
Ball CT-631 551b
TNO-TPD | MEFIST 8371b | 15x 20
(control CMOS
(sun sensor)
APS CMOS
MCM
( 100
(
(
IMEC (gyroscope
CMOS gyro)
(1)
CCD 2 (3
60 mm’ ( 12)
4. ASCoSS
5
20 x 20
10 Hz
1 (arc minute) (2 w)
33W
F/2.6
3109

82
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13

1.
(H) o=
4A
(M) Q
(precession) (L) L
3.
M=QxH
X
(gimbals)
Aj = AnRLQ
AC
2 A¢
A
Ring Laser Gyro

13. 14.




(b)

15.
@
) _ [l
© © C)
(d)

4. ?

21)

(cantilever beam)’
(beam-mass structure 15(a)

(rotating plate gyro  15(b))“*’

(vibratory ring gyro  15(c))® Y

(double gimbals gyro '
15(d))<26> (comb driver gyro
16)(27,28) i

(Coriolis
force) . -
( 16(b)) :F
( ) '
X (oscillation)
y
y 16. (a) (b)
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Integrated Micro Instrument (IMI) MRG ( 19) CRS03
z 45 55V 5V
(28)
50 mW
z IMI 100 deg/sec 100 deg/sec
(dual axis gyro 50 Hz
17(a)) > X 0.1 deg/sec 0.2 deg/sec
y ( X y 1% 0.3%
) 17(b) 0 50°C —-40 85°C
z X
y Precision) British Aerospace
y X CRS03 @
IMI Microsensor 5 MRG CRS03
Silicon Micro Ring Gyro
(MRG 18)® (Sumitomo 5.
@ . _
Hobbico Multi-purpose
Micro Piezo Gyro ( 19)“” Acroname
(b)
A z-axis
- > ;
RNt
18. MicroSensors  MRG
y axis X axis
™ 4
17. (a) IMI (b)

19. Micro Piezo Gyro
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Hobbico Acroname Heli-Max

149 169 149

28 x 28 x 15 mm 26 X 26 X 16 mm 28 x 28 x 16 mm
* 30mA 35mA

* 2 60°C 10 35°C

(35,38)

PG2000™ Heli-Max Micro-Piezo Gyro®
(reliability) 6
ION-F (lonospheric
Observation Nanosatellite Formation)®
IMEC 1k x 1k  Fuga 15d CMOS
14
16 um @
7
7 2 3
SERVO
90
(nanosatellite, < 10 kg)
SODERN (picosatellite, < 1 kg)
Xensor Integration X 20
7. STD 16 (SODERN)® MiDES (SERVO)®” | STS02 (SODERN)®
2.7°x 2.7°
11° (each directions) | + 20° ( )
Roll + 31° @850 km (Acquisition mode)
pitch + 16° @850 km (Acquisition mode)
18 x 10° deg. 0.08°
25 60°C —20 60°C
15 um bolometer LTO
386 x 206 x 176 mm 137 x 137 x 131 mm | 145x 125 x 120 mm
3.6 kg <1l4Kkg 1.1kg
<8W <08W 3W
28 g (rms)
10 > 20

86
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(micro-propulsion or micro-thruster)

10°N s

DARPA
(Defense Advanced Research Projects Agency)
(digital micro-
propulsion) “
21 0.5 um
(siliconnitride)
(FOTURAN photo-
CMOS

sensitive glass) 1.5 mm

22

21.

Palysilicon 0.5 micron thick

Gold 0.5

micron thick —#

22. CMOS
23
3x5
( lead
styphnate ) 10°'N m
100 W 1

24
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