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Tiny plasma wave instruments opening science with high spatial resolutions in space
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We miniaturized a plasma wave receiver system onboard a spacecraft. The objective
of the miniaturization is to realize plasma wave observations with high spatial resolutions. By
miniaturizing the plasma wave receiver system, we can distribute a lot of plasma wave receivers in a
target area. The miniaturization of the plasma wave receiver is realized by designing and developing an
analog ASIC chip. The conventional plasma wave receiver consists of commercial discrete devices. However,
the ASIC is the special device, which is dedicated only to plasma wave receivers. By using the ASIC of
the plasma wave receiver, we developed the smallest plasma wave receiver in the world. Furthermore, we
also succeeded in developing a small sensor probe using the ASIC of the plasma wave receiver. The sensor
probe carries a electric field sensor made of the CFRP, a small communication wireless device as well as
the ASIC. The sensor probe has the capabity to realize multiple point observations in space.

ASIC



MSEE

19

(MSEE: Monitor for
Space Electromagnetic Environment)

¢ 1
A

M I

)

®3)
(4)

o

@

®
*

¢y

5mm

L. @

3

(CFRP)

rail-to-rail

ASIC



5mm

« 3

A/D

Total dose 10krad

A/D

@

4)

Anti-aliasing filter

Main amp
Switch
AN

Diff amp
o=~

1
1 Noise eliminating filter

P, | Nt l#jﬂ’uﬁl
‘iz‘/"}'—r Ban~d IO BRI LB B
! limiting 1 1
| filter | Controller
e
4.
SN
5:
(CFRP) 3
MSEE
CFRP
MSEE
¢ 9
©)
CFRP
CPU
6

ASIC



(4)

JAXA

MSEE

10.

11
Ashida, Y., H. Yamakawa, |. Funaki, H.
Usui, Y. Kajimura, and H. Kojima, Thrust
evaluation of small-scale magnetic sail
spacecraft by three-dimensional
particle-in-cell simulation, J. Propulsion
and Power, vol. 30, ppl186-1196, doi:
10.2514/1.B35026, 2014[ 1.
Hikishima, M., Y. Katoh, and H. Kojima,
Evaluation of waveform data processing in
wave-particle interaction analyzer, Earth,
Planets and Space, vol. 66, ppl-10, doi:
10.1186/1880-5981-66-63, 2014[ ].
Fung, S., K. Hashimoto, H. Kojima, S. A.
Boardsen, L. N. Garcia, H. Matsumoto, J.
L. Green, and B. Reinisch, Terrestrial
myriametric radio burst observed by
IMAGE and Geotail satellites, J. Geophys.
Res., wvol. 118, ppl101-1111, doi:
10.1002/jgra.50149, 2013[ 1.
Morioka, A., Y. Miyoshi, S. Kurita, Y.
Kasaba, V. Angelopulos, H. Misawa, H.
Kojima, and J. P. McFadden, Universal
time control of AKR: Earth is a
spin-modulated variable radio source, J.
Geophys. Res., vol. 118, pp1123-1131, doi:
10.1002/jgra.50180, 2013[ 1.
Katoh, Y., M. Kitahara, H. Kojima, Y.
Omura, S. Kasahara, N. Hirahara, Y.
Miyoshi, K. Seki, K. Asamura, T.
Takashima, and T. Ono, Significance of
wave-particle interaction analyzer for
direct measurements of nonlinear
wave-particle interactions, Ann. Geophys.,
vol. 31, pp503-512, doi:
10.5194/ange0-31-503-2013, 2013[ 1.
Ozaki, M., S. Yagitani, H. Kojima, K.
Takahashi, and A. Kitagawa,
Current-sensitive CMOS preamplifier for
investigating space plasma waves by
magnetic search coils, IEEE sensors
jouornal, wvol. 14, pp421-429, doi:
10.1109/JSEN.2013.2284011, 2013[
1.
Kojima, H., Plasma wave receivers
onboard scientific satellites, An
introduction to space instruments, ed. K.
Oyama and F. Cheng, vol. 1, pp227-240,
doi:10.5047/aisi.022, 2013.
Miyake, Y., H. Usui, H. Kojima, and H.
Nakashima, Plasma particle simulations
on stray photoelectron current flows
around a spacecraft, J. Geophys. Res.,
vol.117, doi: 10.1029/2012JA017673,
2012[ 1
Fukuhara, H., H. Kojima, K. Ishii, S.
Okada, and H. Yamakawa, Tiny waveform
receiver with a dedicated system chip for
observing plasma waves in space,
Measurement science and technology, doi:
10.1088/0957-0233/23/10/105903, 2012[
1.
Miyake, Y., H. Usui, and H. Kojima,
Effects of the guard elecrtrode on the
photoelectron distribution around an




11.

10.

11.

12.

electric field sensor, J. Geophys. Res., vol.
116, doi: 10.1029/2010JA015600, 2011[

1.
Yagitani, S., M. Ozaki, and H. Kojima, A
compact loop antenna system for
monitoring local electromagnetic
environments, |IEICE Trans. Commun., vol.
E94-B, ppl744-1747, 2011 ]
http://dspace.lib.kanazawa-u.ac.jp/dspace/
bitstream/2297/28335/1/TE-PR-YAGITANI
-S-1744.pdf.

33

Saito, Y. et al., 10-year Plan for
Japan-Norway Sounding Rocket
Experiment Program, A0GS2014, Sapporo,
Japan, July 30, 2014.

Zushi, T. et al., Development of the
small sensor probe for multiple-point
observation of plasma waves in space,
A0GS2014, Sapporo, Japan, July 31,
2014.

ASIC ,
2014 11 2

, 2014 10 31

, 2014 4 28

i , ASIC
) , 2014
4 28
2013, , 2013 8
22 .
Kojima, H., et al., Plasma wave

receiver system implemented on a chip
for the future space missions,
A0GS2013, Brishane, Australia, June
25, 2013.

, , 2013

ASIC

, , 2013 11 5 .
Ozaki, M., et al., Development of a
wideband magnetic search coil and a

low noise ASIC preamplifier for
natural electromagnetic waves,
AP-RASC2013, Taipeli, Taiwan,
September 4, 2013.

13. Hangyo, K., etal., Miniaturization of
plasma wave receiver using analog ASIC,
AP-RASC2013, Taipeli, Taiwan,
September 4, 2013.

14. 1Ishii, H., et al., Development of very
small plasma wave receiver for space
missions, A0GS2012, Resorts world
convention center, Singapore, August
15, 2012.

15. s s

16- ’ ’

17. ; ,

ASIC , )
, 2012 1 5

http://space.rish_kyoto-u.ac. jp/people/
kojima/

2014

http://research.kyoto-u.ac. jp/academic-
day/2014/37/

@
KOJIMA, Hirotsugu

10215254

&)
USUl, Hideyuki

10243081
(YAGITANI, Satoshi)

: 30251937



