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Sprint-B/ERG satellite project
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The ERG (Energization and Radiation in Geospace) is a geospace exploration mission in Japan for the solar maximum and su
sequent declining phase of solar cycle 24. The mission is especially focusing on the relativistic electron acceleration mechanisi
in the context of the cross-energy coupling via wave-patrticle interactions as well as the dynamics of space storms. The interpla
among different plasma/particle populations of the inner magnetosphere; plasmasphere, ring current/plasma sheet, and radiati
belts is a key to understand the energetic particle accelerations. The cross-regional coupling such as magnetosphere-ionospt
via FAC and the potential electric fields causes the spontaneous variations of the ambient fields.

The ERG project consists of the satellite observation team, the ground-based observation team, and integrated-data an.
ysis/simulation team, as well as the science working team and the project science team. The SPRINT-B/ERG satellite o
ISAS/JAXA will be launched into inner magnetosphere in FY2014-2015. The comprehensive instruments for plasma/particles.
field and waves are installed in the SPRING-B/ERG satellite to elucidate the electron acceleration processes. The newly deve
oped system will directly measure the flow of the Poynting flux between particles and waves in the wave-particle interactions. Ir
this talk, we will present the current status of the ERG project and possible collaborations with other geospace satellite mission:

00000:000000,00000000
Keywords: Small Science Satellite, Geospace Exploration

1/1



Japan Geoscience Union Meeting 2012 @ ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

PCG14-02 00:202 00:50 230 09:30-10:00

Development of a Low-Energy Electron Instrument LEP-e for the ERG Mission
Development of a Low-Energy Electron Instrument LEP-e for the ERG Mission
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Plasma and Space Science Center (PSSC) at National Cheng Kung University in Taiwan is now developing a low-energy ele
tron instrument for Japan’s radiation belts observation mission ERG (Energization and Radiation in Geospace). The instrumer
consists of an electrostatic energy analyzer with multi-channel plates (MCP) and electronics. The energy analyzer is of the
top-hat type, and measures radiation belt electrons from approximately 10 eV to 20 keV. The analyzer’s design was studied b
numerical particle tracing simulations to achieve good electron measurement performance. The challenge in this developme
is how to suppress effects due to harsh background radiations in the inner magnetosphere. As a measure against radiation,
analyzer employs 6-mm aluminum shields to reduce radiation penetration to the MCP. Based on GEANT4 radiation simulation:
with the AE-8/AP-8 radiation model, 1000 counts/sec of the radiation noise can be received by the MCP. To reduce the radiatiol
effects, a channel is placed for measuring the background noise counts. In the presentation, the electron observation performar
and the radiation effects will be discussed.

000 0O 0: Top-Hat Analyzer, Electron Energy Spectrum, Electron Pitch Angle Distribution, radiation belt
Keywords: Top-Hat Analyzer, Electron Energy Spectrum, Electron Pitch Angle Distribution, radiation belt
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Performance tests of medium-energy ion mass spectrometer developed for SPRINT-
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We have been developing a medium-energy ion analyser for the radiation belt mission SPRINT-B (ERG). This instrument is
comprised of an electrostatic analyser, time-of-flight (TOF) mass spectrometer, and solid state detectors, hence it can meast
energy, mass and charge state of 10-180 keV/q ions. It provides the significant information of flux and pitch angle distribution
of ring current core components, which is essential for the understanding of the radiation belt dynamics. One of the importan
issues for particle measurements in the inner magnetosphere is the mitigation of the background noise caused by the radiati
belt particles. When the penetrating high-energy electrons (greater than MeV) and protons (greater than 10 MeV) hit detectors i
the TOF unit, they produce spurious signals. Secondary particles (electrons and gamma rays) also cause a significant backgrou
Therefore we have designed a TOF unit that is especially suitable for the radiation belt observations in terms of the small detectio
areas (note that the background count rate is less for the smaller detector areas). Through experiments in a laboratory we ha
confirmed expected performance on TOF profiles expected from numerical simulations.
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Development of 0.01-25keV/q ion mass spectrometer for inner magnetospheric reseracl
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Measurements of plasma partciles with energies lower than 100keV is not easy in the terrestrial magnetosphere, since flux
of high-energy particles are large. High-energy particles can penetrate through, or kick out the secondary particles when the
hit materials. This means they can be detected by a detector inside an instrument without any analysis, namely, noise. We a
developping an ion energy-mass spectrometer with energy range of 0.01-25keV/q for terrestrical inner magnetosphere. In ord:
to reduce the noise generated by the high-energy particles, we apply a time-of-flight (TOF) technique. In addition, we try to
minimize size of the detector.

We will discuss how an instrument in the current design can survive under severe environment like terrestrial inner magneto

sphere.

o0odD:00bD00ooogo,00ogo, ERG
Keywords: plasma particle instrument, terrestrial inner magnetosphere, ERG
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The ESA-led JUpiter ICy moon Explorer mission: a sophisticated instrumentation in an

intense radiation environment o o _ o
The ESA-led JUpiter ICy moon Explorer mission: a sophisticated instrumentation in an

intense radiation environment
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The JUICE (Jupiter ICy moon Explorer) mission is one of the three candidates for the first ESA Cosmic Vision 2015/2025
L-class mission slot, with a foreseen launch in 2022. The final selection will be known in April 2012. JUICE will carry out an
in-depth study of the Jovian system and its four largest satellites, with particular emphasis on Ganymede and Europa. It wil
conduct unprecedented detailed studies of Jupiter and its magnetosphere, the diversity of the Galilean satellites, the physic
characteristics, composition and geology of their surfaces. A model payload of 11 instruments addressing most of JUICE scienc
goals has been studied for the spacecraft. The studied model payload consists of a remote sensing package, a geophysical pack
and an in situ package. We will first review the mission science objectives and enabling instrumentation. We will then make use o
the charged particle package in order to illustrate some of the main mission challenges related to the intense radiation environme
of Jupiter.

0O 0O O O 0O : Jupiter, instrumentation, mission, radiation, particle package
Keywords: Jupiter, instrumentation, mission, radiation, particle package
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BepiColombo Euro-Japan Joint mission to Mercury: MMO Project Status update
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Space Experiment on Interaction between High Power Microwave and lonospheric Plasm
for Solar Power Satellite
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The Space Solar Power System (SSPS) which converts solar energy into electricity in space, and transmits energy using
crowave from space to the ground is a promising candidate for a clean and sustainable energy system. The first solar pow
satellite (SPS) concept was proposed by Dr. P.E.Glaser in 1968. R & D activities on the SPS have been carried out in US, Jap:
and Europe. Some key technologies require space experiments in order to realize the SPS. Especially, Wireless power transir
sion (WPT) is inherent technology of the SPS, and WPT demonstrations on the ground and in space have been performed
Japan. Two rocket experiments, MINIX in 1983 and ISY-METS in 1993 were performed by Kyoto University and ISAS in or-
der to study nonlinear interactions of the high power microwave in the space plasma environment and to demonstrate microwan
power transmission. However higher-accuracy evaluation of the effect of the microwave against the ionospheric region is require
because the experiments of the sounding rocket are limited in time and mass resources. Microwaves interact with ionospher
plasma. Plasma density gradient and its variation will results the phase shift of the microwave and degradation of the accuracy «
the microwave beam pointing. Also, injection of the high power microwave into plasma will cause a change in plasma distribu-
tion of ionospheric region or a plasma hole that will affect on communications. There are some interaction mechanism betwee
ionospheric plasma and high power microwave. Plasma heating by the microwave will cause a decreasing of the plasma densi
and thermal self focusing of the microwave beam. Several potential non-linear interactions between ionosphere and microwav
have been identified. These include parametric instability excitation, electron thermal runaway in the lower ionosphere and thel
mal self-focusing of the microwave beam by the ponderomotive force. Microwave power density around ionospheric region is
designed around several hundred W/m2 for the future commercial base SPS. These effects should be confirmed by the spe
experiments. We are considering a space experiment on the WPT from space to the ground and on the interaction between hi
power microwave and ionospheric plasma using a small scientific satellite. The total microwave power radiated from the powe
transmission panel is 0.95 kW for a single antenna panel configuration. This level of microwave power injection will generate
a power density above 1000 W/m2 within 50 m, and 100 W/m2 within 100 m in the ionosphere. Effects of interaction between
high power microwaves and plasma in ionosphere can be measured. We plan to measure the electron temperature, the elect
density and excited waves under the microwave irradiated conditions using plasma probes, wave receiver or some observatit
equipments. We would like to discuss the on-board instrumentations for the plasma and waves measurement in ionosphere.

gooobo:0bobooo,b0boboo,obbb,000,0000
Keywords: Solar Power Satellite, Microwave, WPT, plasma, ionosphere
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Development of High Resolution Magnetometers for Space Plasma Study at SPDL
Development of High Resolution Magnetometers for Space Plasma Study at SPDL

Lin-Ni Hau!, Bo Jhou Wangj, Yu-Chieh Chot, Yen-Ting Lat, Chi-Chun Lint, Chun-Sung Jdo
Lin-Ni Hau', Bo Jhou Wang, Yu-Chieh Chot, Yen-Ting Lat', Chi-Chun Lirt, Chun-Sung Jdo

Hnstitute of Space Science, National Central University, Jhongli, Taiwan R.O.C.
Hnstitute of Space Science, National Central University, Jhongli, Taiwan R.O.C.

Space plasma has the unique property of being highly collisionless and thus conducting. As a result, the magnetic field is highl
perturbed due to the complex motion of charged particles. Measurement of high resolution magnetic field is very important for
providing information on the physics of small spatial and temporal scales of collective plasma which cannot be achieved by
particle instruments. Satellite Payload Development Laboratory (SPDL) at National Central University was founded in 2002
with the goal of developing high resolution space instruments for in-situ exploration and study of magnetspheric and collisionles:s
space plasma by space science major students. In this talk we present the achievement and recent progress on the developn

of high resolution magnetometers by the efforts of SPDL members.

0 000 0O : Magnetometer, Space Plasma
Keywords: Magnetometer, Space Plasma
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Tiny magnetic field measurement system onboard satellites by using an ASIC chip
Tiny magnetic field measurement system onboard satellites by using an ASIC chip
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Scientific instruments for space applications are required to reduce their resource requirements, such as volume, mass a
power while at the same time achieving at least the same performance as conventional instruments. So it is important that esg
cially the instrument front ends and readout units undergo miniaturization.

A front-end ASIC (Application Specific Integrated Circuit) for magnetic field sensors based on the fluxgate principle (Magne-
tometer Front-end ASIC, MFA) has been developed that reduces the required power for the active readout electronics by a fact
of 10 as well as the area needed on a printed circuit board by a factor of 3-4 compared to magnetic field instruments e.g. aboal
Venus Express (ESA).

The concept of the MFA is based on a combination of the readout electronics of a conventional fluxgate magnetometer witt
the control loop of a delta-sigma modulator in order to get an optimized signal-to-noise ratio with a reasonable oversampling
factor. The analog part of the MFA contains altogether four 2-2 cascaded sigma-delta modulators. Three of those modulator
are having the fluxgate sensor in their control loops for a direct analog-to-digital conversion of the sensor output. The fourth
modulator is unmodified and connected to the output of an eight-to-one multiplexer for housekeeping measurements (e.g. ten
peratures of MFA and fluxgate sensor). The single-bit outputs of the cascaded modulators are processed by a digital tuning log
for generating a fourth-order noise shaped and digitized output signal. The digital part includes primary (128Hz output) and
secondary decimation filter stages (2, 4, 8, to 128Hz output) as well as a serial synchronous interface (data are transmitted wi
24 bit resolution). The chip area (0.35um CMOS from austriamicrosystems) is about 20mm~2 and the total power consumptior
is 60mW (drive power for the fluxgate sensor is not included).

The achieved performance and radiation robustness can be summarized witlks PH®B, SNDR in field mode- 85dB,
offset stability< 10pT/degC and< 0.2nT/100h and TID> 300krad. A first space magnetometer equipped with the MFA will
fly aboard a 4-satellite NASA mission called Magnetospheric Multiscale (launch in 2014).

O O O 0O O : Magnetometer, Miniaturization, Fluxgate, Magnetic Field
Keywords: Magnetometer, Miniaturization, Fluxgate, Magnetic Field
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Development of Miniaturized Plasma Wave Receiver using analog ASIC
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Since space is filled with collisionless plasmas, kinetic energies of plasma particles are exchanged via electric and magnet
fields, so-called plasma waves. The plasma waves have been observed a number of scientific spacecraft with plasma wa
receivers. The plasma wave receivers are classified into two types, spectrum receivers, and waveform receivers. The spectri
receivers provide an overview of physical processes in which the plasma waves are excited, grown, and dissipated. The wavefor
receivers give not only amplitude but also phase of the plasma waves. Phase information between the plasma waves and plas
particle is essential in wave-particle interactions. It is important for understanding physical processes to combine both kinds o
data of spectra and waveforms. Since the plasma waves have various intensities in wide-band frequency range, from DC to te
of MHz, the onboard instruments for the plasma wave observation are required to have low noise, high sensitivity, and wide
dynamic range in wide-band. The required performances lead to increase the weight budget of the analog part of the instrume
since discrete electronics devices and integrated circuits are usually used to implement the instruments. We have develop
dedicated chip which can drastically decrease weight budget of the plasma wave instruments for multi-point observation an
deep space exploration missions. It is also significant that manufacturing a number of instruments with the same performanc
becomes easy. In this paper, we demonstrate the miniaturized plasma wave receiver using ASIC (Application Specific Integrate
Circuit) technology. The ASIC is a LSI (Large Scale Integrated circuit) for a particular purpose, is commonly developed for
a consumer electronics products. For the spectrum receiver, we develop a double super heterodyne receiver, so-called "Swe
Frequency Analyzer (SFA).” This SFA is improved in the time resolution with keeping good frequency resolution by combining
the analog frequency conversion and FFT. The SFA consists of an amplifier, a frequency synthesizer, mixers and band-pass filte
These component circuits are fabricated in chips and their performances are tested. The waveform receiver generally consists
the band-limiting filter, the amplifier, the anti-aliasing filter, and the A/D converter. The developed chip contains these circuits
except for the A/D converter, and has six-channel to observe full components of the electric and magnetic fields waves. The chi
is connected to A/D converters, a clock generator, and power circuits on the PCB. The sampling frequency is 400 kHz, and th
dynamic range of the A/D conversion is 14 bits. The total dimension of the PCB containing waveform receiver chip is 50 mm
by 90 mm, similar size of a business-card. By the development of the dedicated chip, the weight per channel of the waveforn
receiver declines to a tenth of the NOZOMI LFA, which was the onboard instrument of the pas Japanese scientific spacecraft.
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LED mini lidar for Planetary Exploration
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The Development of the Miniaturized Antenna Impedance Measurement System usin

ASIC
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Space is filled with plasmas. Since space plasmas are essentially collisionless, plasma wave is one of the most essential phy
cal quantities in the solar terrestrial physics. There are two kinds of plasma wave receivers, the sweep frequency analyzer and t
waveform capture. While the sweep frequency analyzer provides plasma wave spectra, the waveform capture provides waveforr
of plasma waves with wave phase information. Electric field sensors in plasmas show different features from in vacuum. Sinc
plasma is a dispersive medium, the antenna impedances are various complex numbers in the frequency domain. Consequen
in order to calibrate the observed plasma wave data we have to measure not only the antenna impedances but also the tran:
functions of plasma wave receiver’s circuits precisely. The impedances of the electric field antennas are affected by surroundin
plasma density and temperature. However, these states of plasmas change from moment to moment. Thus, we precisely sho
measure the antenna impedances onboard spacecraft and convert the observed waveform data into the calibrated data. On
contrary, we can obtain the plasma density and temperature from the antenna impedances.

Various systems for measuring the antenna impedance were proposed. A synchronous detection method is used on the Be
Colombo Mercury Magnetospheric Orbiter (MMO), which will be launched in 2014. MMO has the onboard digital synthesizer,
as a signal source. The synthesized waveforms are fed to the preamplifiers of electric field sensors through a fixed resistor aft
the D/A conversion.

We can obtain a transfer function of the circuit by applying the synchronous detection method using output waveform, and
digitalized signal source. This system is also useful to check the behavior of the waveform capture receiver. The size of this sys
tem is same as an A5 board. In recent years, Application Specific Integrated Circuit (ASIC) is in attention which is a technique
to integrate large scale and complicated circuits. Lots of ASICs have been applied to high energy astrophysics, though there a
few applications in the solar terrestrial physics.

In this paper, we present our attempt to miniaturize the antennas impedances measurement system and Waveform Captu
We design 8bits segment D/A converter synchronized with waveform captures. We improve input logic of the D/A converter to
generate a very weak signal accurately.

00000:0000,000000000,0000 ASIC
Keywords: Miniaturized satellite, Plasma wave reciever, Analogue ASIC

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“P““

Geoscience
Union

PCG14-13 0 0:202 00:50 230 15:00-15:15

ASICOOD MCPOOOOODOODOOOOOOO _
Flight verification and performance of a discrete MCP anode with ASIC
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Development of small-sized radio sensor for future Jovian mission
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Pref. Univ.

Future Jovian mission is now planned for 2020s. One of its major objectives is the investigation of electromagnetic systerr
connected and drived by Jupiter. Under the international collaborations, we have started the development for the small-size
radio sensor for this mission from 2011. We succeeded to establish the base technical elements for (1) light-weight rigid antenr
with simple and reliable extension capability and (2) small-sized radiation-hard preamp with the highest sensitivity.

In any missions related to plasmas, electric field from DC to several 10s MHz has contributed to the remote-sensing and in-sit
studies of dynamics and energetic interactions in the electromagnetic system, associated with remote optical measurements &
in-situ particle and magnetic field sensors.

For the Jovian project, Euro-USA-Japan joint team is formed for the plasma and radio wave studies. Especially in Jupiter, i
is important as a remote sensing tool for the direct measurement of Jovian radio source regions distributing around the Jovie
system, i.e., polar region, radiation belts, lo torus system, and several satellites with thin atmospheres like lo, Europa, Ganymed
and Calisto. We are involved for this topic, based on the Plasma Wave Investigation (PWI) aboard the BepiColombo/MMO, and
started the small-sized radio sensor package with antenna and preamp within the tightest resource limitations.

In 2011, we investigated base technologies for (1) a 3-axial antenna with 2m length, extracting at the Earth orbit and can b
kept along the long travel to the orbit around Galilean satellites, and (2) a 3-axial preamp covering 10 kHz - 50 MHz with highest
sensitivity, enough radiation tolerance in Jovian environment (the hardest in the solar system), within the mass limit less that
200g, and

For the former, we established the simple extension mechanism based on the self-extracting thin metal element, which is bas
on the combination of the SCOPE Z-axis antenna (STEM-type extension mechanism but with a complex motor system) and th
sounding rocket antenna (self-extraction antenna but limited within 1m extension length). For the latter, under the collaboratior
with the IRF Uppsala (Sweden) team, we established the key parts of the radiation-hard analogue custom IC technologies, |
which the most difficult part was a relay in the package with high-impedance, small-sized, and high-reliability enough. In
parallel, we also tested the high-sensitivity preamp BBM under the radiation hard condition, and proved that even in 200 krac
the degradation of the noise level is only the twice, without critical linearity and sensitivity damages. In 2012, we will proceed
to the next phase.

These small but reliable extension mechanism and electronics are not so much expensive. Therefore, we consider to apg
them to sounding rocket experiments. It can be also adopted to any space and planetary missions in which the resource is ve
tight.

goooob:bb,00b0bboo,00,000g,bbog,on
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Koichiro Oyama*, C.H Leé, Hui-Kuan Fang, C.Z.Cheng
OYAMA, Koichiro'*, C.H Leé€, Hui-Kuan Fang, C.Z.Cheng

'Plasma and Space Science Center, NCKU, Taiwan
!Plasma and Space Science Center, NCKU, Taiwan

Some scientists are still not aware of the serious effect of electrode contamination in Langmuir probe experiments in space
or they do not take any action for that even though they are aware of the seriousness. We stress here that one should pay ex
small attention to the electrode contamination to get accurate and reliable parameters, by which the long time effort for soundin
rocket/satellite mission does not end in vain. In this paper we describe two main features of voltage-current characteristic curve
associated with contaminated Langmuir probe, which are predicted from equivalent circuit model which we proposed in 1970’s
We then show that that fast sweep DC Langmuir probe can give reliable result in steady state regime. The first sweep prob
can also give a reliable result in transient situation such as the passing through plasma bubble in the ionosphere where electr
density suddenly changes, after the several sweep cycle of the probe voltage. This fact is first confirmed through Laborator
experiment.

00000 : lonosphere, Surface contamination, Langmuir Probe
Keywords: lonosphere, Surface contamination, Langmuir Probe
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