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Study on Miniaturization of Plasma Wave Receiver Using Analog ASIC
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Plasma filling the space is very rarefied. lons and electrons in space plasma don’t exchange their kinetic energy through the
collision but through plasma waves. Hence observing plasma wave is essential for measuring space electromagnetic environme
The characteristics of plasma waves appear especially in the frequency range below electron plasma frequencies, which &
typically a few tens of MHz at maximum in the terrestrial magnetosphere. On the other hand, the signal dynamic range of
plasma waves is very wide. There exist plasma waves with their intensities of a few uv/m to a few hundreds of mV/m. Then the
plasma observation device should have high sensitivity as well as a wide dynamic range in wide frequency bands. The device «
observing plasma waves is so-called plasma wave receiver. In order to achieve the above requirements to the frequency ran
the sensitivity, and the dynamic range, typical plasma wave receivers tend to be large because they need large analog circu
such as filters and amplifiers. However, recent space missions require miniaturization of onboard observation device in order t
reduce mass and power budgets. Plasma wave receivers cannot run away from the miniaturization of their analogue circuits.
this study, we will try to miniaturize the plasma observation receiver using ASIC(Application Specific Integrate Circuit).

SFA(Sweep Frequency Analyzer) and WFC(Wave Form Capture) are used in plasma observation device. The SFA is on
type of spectrum analyzer, which has poor time resolution and fine frequency resolution. The SFA is a double super heterodyn
receiver and operate frequency conversion two times. In usual SFA, we swept the frequency very finely, so it takes long time t
sweep all frequency and time resolution becomes worse. However, SFA which we design operate A/D conversion and FFT afte
sweeping frequency roughly. By using this method, we can realize both good frequency resolution and good time resolution
Thus we need to implement a frequency synthesizer, mixer, and band pass filter inside an ASIC chip. We developed test circui
of the each component and evaluated their performance. On the other hand, the WFC observes plasma waves in the time dome
It provides phase information of the observed plasma waves. Then the WFC should be calibrated in its phase as well as its gai
The transfer functions of the electric field sensors strongly depend on the surrounding plasma conditions. Because the chan
of transfer functions affect observed waveforms, we need to measure transfer function by onboard system in space. We realiz
miniaturization of waveform receiver, measurement system and preamplifier using analog ASIC and developed the miniaturize
waveform receiver with the built-in preamplifier and onboard measurement system.

In the present paper, we show our attempts in developing both types of ASIC, i.e., SFA chip and WFC chip.
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A multi-turn time-of-flight isotope analyzer for space application
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In order to study terrestrial or planetary plasma environment in situ low-energy ion measurements are indispensable and tht
have been done by a variety of ion analyzers. Detailed studies of plasma characteristics demand mass analyses as well as ene
analyses. In case of measuring a variety of ions originating from planetary atmospheres, we need to measure the ion compo:
tion with high mass resolution. Although we have achieved the measurements of the ion composition by mass analyzers arour
planetary environment, higher mass resolution is now needed in order to distinguish heavy species and isotopes. For the futu
isotope measurements around moons, planets and asteroids, we are developing a high-mass-resolution mass analyzer. On
our scientific objects is to measure the Martian atmospheric escape and evolution. Mass resolution (m/dm) of 100 is generall
needed for the isotope analysis of planetary particles. However the Martian atmospheric escape and evolution science requir
m/dm>3,000 to discriminate N2 from CO.

Low-energy particle measurement group of ISAS has developed a time-of-flight(TOF) ion mass analyzer with mass reso.
lution of about 20 for KAGUYA, which succeeded in measuring ions originating from the lunar exosphere and surface. It is
also preparing a TOF mass analyzer with mass resolution of 40 for the BepiColombo mission. Multi-turn TOF mass spectrom-
eters(MULTUM), where ions are stored in a fixed orbit within electrostatic sectors and allowed to propagate the same orbit
numerous times, have been developed by Osaka Univ. mass spectrometry group. One of the MULTUM series achieves the ma
resolution over 30000 with the size of 20cm x 20cm. We have prepared a test model of the ion optics of the isotope analyze
which employs the MULTUM technique. We are also developing a pulsive high voltage power supply(HVPS) for the test model
of the ion optics. We will report test results of the MULTUM optics and the HVPS performance.

ooo0o0:0000,000,0000
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Detailed design and performances on radio frequency mass spectrometer for developme

of Atmospheric Neutral Analyzer
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Neutral Mass Spectrometer (NMS) has been onboard several satellites and sounding rockets to observe neutral upper atn
sphere of the Earth and other planets. However physical processes of neutral atmosphere are not fully understood because
limitations of observation time and NMS capabilities to observe neutral particle motion such as wind or temperature. Since in
almost NMSs quadrupole mass spectrometer was applied to analyze particle species, it is difficult to obtain information on de
tailed velocity distributions for specific species. Neutral particles interact with plasma through collisions with ions in the upper
atmosphere. Behavior of neutral particle motion thus varies by conditions in the ionosphere or the magnetosphere. In order t
understand physical processes of neutral atmosphere response to the ionosphere and magnetosphere variation, it is necessa
achieve velocity distribution function for each atmosphere species.

We are developing new NMS which is called Atmospheric Neutral Analyzer (ANA). In ANA, radio frequency (RF) electric
field is applied for mass analysis. After ionization of incident neutral particles, the particles are uniformed in a certain energy
perpendicular to the entrance plane and then the particles through RF fields in three times. While passing through RF section
the velocity perpendicular to the entrance slit plane is accelerated or decelerated by RF fields, and only particles with specifi
mass which have the resonant velocity can gain maximum energy in comparison with other particles. The particles which gaine
maximum energy can pass through the retarding potential analyzer (RPA) which is placed after the exit of the RF section tc
detection section. Counts and locations of the accelerated particles are detected by combination of MCP with fluorescent pla
and CCD as a 2D image. The image represents 2D velocity distribution parallel to the plane of entrance slit and winds anc
temperatures are derived.

The detection efficiency and mass resolution of ANA depends on the potential on RPA and characteristics of energy gain. W
improve mass resolution and detection efficiency by optimizing the geometry of RF analyzer. We will show performances of the
RF analyzer estimated from numerical simulation.

goood:gooobobo,00gdgo,ooobo,bug,0oooobooao
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Design of a ToF type ion mass spectrometer with high mass resolution for future planetar

in-situ observations
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Many investigations of ion three-dimensional velocity distribution functions (VDFs) have been conducted with spacecraft-
borne ion mass spectrometers (IMSs) to clarify plasma dynamics around terrestrial/planetary ionospheres and magnetospher
According to numerical simulations, it has been considered that molecular ions exist around ionospheres of non-magnetize
planets (e.g. Kransnopolsky et al., JGR, 2002). But there is a problem that conventional time-of-flight (ToF) type IMSs apply-
ing carbon foils (CFs) require high acceleration voltages to measure molecular ion VDFs with high mass resolution. Generally
acceleration voltages are limited due to sizes of power supplies which can be applied to spacecraft. A limitation of acceleratiot
voltages is critical for this problem because mass resolution depends on the acceleration voltages. Therefore, developments
IMSs that can also measure VDFs of the molecular ions without high acceleration voltages are necessary for future investigatior
of plasma dynamics around the ionospheres of non-magnetized planets.

Our ToF type IMS is supposed to installed on spin-stabilized spacecratft. It consists of two analyzers: a top-hat type electrostati
analyzer (ESA) and a ToF analyzer. Firstly, the ESA discriminates kinetic energy per charge (E/q) of incident ions by applying
sweep voltages to spherical electrodes. Secondly, information of ion velocities (v) can be derived from ToFs of accelerated ion
with a high uniform energy (Eacc) at the ToF analyzer. Finally, from a relationship between Eacc/q and v, we can get information
of incident ion mass per charge (M/q).

In this study, we designed the ToF analyzer by adopting new applications, conversion surfaces (CSs), instead of the convel
tional applications, the CFs, to realize measurement of the molecular ion VDFs with high mass resolution. A particle ToF is
defined as a time difference between a START signal and a STOP signal. In the case of our ToF analyzer, secondary electro
emitted by collisions of the incident positive ions with the CSs, are treated as the START signals. The STOP signals can b
generated by only reflected particles which can pass through a slit. Due to the collisions, charge-exchange reaction occurs, al
most of the incident positive ions are converted into neutral particles. Electrode structures which produce linear electric field:
(LEFs) are adopted to make it possible to analyze ToFs of reflected positive and negative ions with high accuracy. In the case ¢
molecular ion collisions, dissociative reaction occurs with high probability, and the molecular ions split up into positive, negative,
and neutral particles. Thus, three types of STOP signals may be generated in response to one START signal. Our ToF analyz
can also identify positions where the incident ions collide with the CSs by detecting incident positions of secondary electrons or
START micro-channel plate (MCP). We firstly designed simple electrode model of the ToF analyzer with SIMION. Secondly, we
analyzed a specification of the ToF analyzer with numerical simulations. As a result, we finally concluded that mass resolution:
of the reflected positive ions are high enough to identifiyE@nd HCQ ™ respectively at full width half maximum.

In this presentation, we will show numerical simulation results of the ToF analyzer, and will describe its total specification.

goooo:0boooo,0b0bo0o00o,0bo000o,b0obOO,0b0DbDbODOOO0,DO0DO0O0OOD0OODDOO
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Development of 0.01-25keV/q ion mass spectrometer (LEPi) for ERG spacecraft

o000 ™ oooo?oo00t
Kazushi Asamurk, Yoichi Kazama, Satoshi Kasahata

LISAS/IJAXA, 2NCKU, Taiwan
LISAS/JAXA, 2NCKU, Taiwan

We are developing a low-energy ion mass spectrometer (0.01-25keV/q) to be onboard ERG spacecraft. Measurements
plasma partciles with energies lower than 100keV is not easy in the terrestrial inner magnetosphere, since fluxes of high-ener
particles are large. High-energy particles can penetrate through, or kick out the secondary particles when they hit materials. Th
means they can be detected by a detector inside an instrument without any analysis, namely, noise. In order to reduce the no
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 under terrestrial inne

magnetosphere.
Keywords: low-energy plasma analyzer, mass spectrometer, ERG
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Design and verification plan of MEP-e and MEP-i onboard ERG
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We have been developing instruments for the observations of the medium-energy electrons (10-80 keV) and ions (10-18
keV/q) in our coming radiation belt mission ERG (Exploration of energization and Radiation in Geospace). The mission goal
is to understand the radiation belt dynamics during space storms. The medium-energy electron measurement is one of the mq
important issues in this mission since these electrons generate whistler chorus waves, which are believed to play significant rol
in the relativistic electron acceleration and loss during storms. On the other hand, such a measurement has been a challenging is
due to the harsh radiation environment, where penetrating particles and secondary particles result in significant background. O
strategy for enhancing signal-to-noise ratio is to combine an electrostatic analyzer and silicon detectors, which provide energ
coincidence for true signals. In parallel with the electron instrument, we also have designed and tested a medium-energy io
mass spectrometer. This instrument is comprised of an electrostatic analyser, time-of-flight (TOF) mass spectrometer, and sol
state detectors, hence it can measure energy, mass and charge state of medium-energy ions. It provides significant informati
of particle flux and pitch angle distribution of ring current core components, which contributes to the radiation belt dynamics via
electromagnetic waves and global magnetic field deformation.

1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

PCG10-P09 go:booboboobo 00:50 240 16:15-17:30

00000000000 000XEP-e)
Extremely High-Energy Plasma/Particle Sensor for Electron (XEP-e)
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It is well known that satellites are always in danger in space and especially high-energy radiation damages them. One of th
sources that cause them is the radiation belt (the Van Allen belt). It was thought to be static, but in the 1990s it rediscovered th
radiation belt fluctuates greatly. There are some reasons to occur this phenomenon, but we have not understood a clear rea:
of this yet. On the other hand, it is well known that the energetic particle flux vary during geomagnetic disturbances and the
relativistic electrons in the other radiation belt change with solar wind speed. Recently solar activity is getting larger, so now
we are trying to develop the satellite (ERG) to reveal this mechanism in this solar maximum phase. ERG (Energization anc
Radiation in Geospace) satellite is the small space science platform for rapid investigation and test satellite of JAXA/ISAS, anc
our group is developing the instrument (XEP-e) to measure high-energy electrons (200keV"20MeV), that is one of many ERC
satellite instruments. XEP-e (eXtremely high Energy Plasma/ particle sensor for electron) is consists of three SSDs (Solid-Stat
Silicon Detectors) and a GSO single crystal scintillator. It has one-way conic sight and an electric part is unified with a part of
sensor that is covered with aluminum to protect from contamination. The front part of the SSDs discriminate a radiation enters
into the sensor and the back part of the plastic scintillator get the value of its energy. We can get the data of high-energy electro
by using this sensor and it will be useful to reveal the detail of the radiation belt’s fluctuation.

O00O00:ERG,OO
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Current status of development of the high-speed digital processing system by ASIC fol

HEP-e on board the ERG satellite

00oo0o0oo™ooo?o0o002,000t!
Yuutaro Hongd*, Takeshi Takashinta Takefumi Mitan?, Wataru Miyakeé

'oooo,?2000
ITokai University,2ISAS/JAXA

ERG (Energization and Radiation in Geospace) satellite will be launched in 2015 to understand the acceleration process ¢
relativistic electrons and dynamical variations of the space storm in the inner magnetosphere. In efforts to understand the cros
energy coupling process generating relativistic electrons, the satellite is equipped with instruments for comprehensively observin
plasma/particles, fields and waves. The Plasma and Particle Experiment (PPE) utilizes four electron sensors and two ion sens
in order to cover the wide energy range. HEP-e is one of the four electron sensors and uses sets of SSSD (Single-sided Silic
Strip Detector) to detect energetic electrons. HEP on board MMO (Mercury Magnetospheric Orbiter) also employs an ASIC
called VATA for read-out system from the detector, but HEP-e on board the ERG satellite aims at handling data with higher
speed and has VATA which can process simultaneously signals from 32 channels with ADC function. We present the curren
status of development of the high-speed digital processing system for HEP-e on board the ERG satellite.

O00000: ERG, HEP-e, ASIC
Keywords: ERG, HEP-e, ASIC
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Development of high time resolution ion sensors (FPI-DIS) on MMS
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High time resolution low energy electron spectrometer LEP-ESA on Norwegian sounding

rocket ICI-4
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BepiColombo Euro-Japan Joint mission to Mercury: MMO Project Status update
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Final calibration results of MIA/IMMO sensor characteristics
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Wataru Miyaké*, Yoshifumi Saitd, Shoichiro Yokota

lggoo,2000
1Tokai University,2ISAS/JAXA

The Mercury lon Analyzer (MIA) on board Mercury Magnetospheric Orbiter (MMO) measures the velocity distribution of
low-energy ions (5 eV to 30 keV) by using a top-hat electrostatic analyzer for half a spin period (2 s). By combining both the
mechanical and electrical sensitivity controls, MIA has a wide dynamic range of count rates expected in the solar wind arounc
0.3 AU from the sun, and in the Mercury’s magnetosphere. The entrance grid for the sensitivity control of ions is also expectec
to reduce significantly the contamination of solar UV radiation, whose intensity is about 10 times larger than that around Earth’s
orbit. In this presentation, we will summarize final results of the MIA sensor calibration experiment.

goooo:MMO,000000
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