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One-chip plasma wave receivers for micro-satellites based on analog-digital
mixed chips
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Interplanetary space is filled with space plasmas. Plasma waves well-reflect
variations of space electromagnetic environments. Understanding space electromagnetic environments
is crucial in the view point of expanding human activities in space. Plasma waves are observed by
plasma wave receivers on board scientific satellites. Their requirements about resources such as
mass and size do not meet microsatellites that have rapidly been progressing these days. To use
microsatellites for observing plasma waves, plasma wave receivers should be miniaturized. In the
present study, we succeeded in miniaturizing plasma wave receivers using the application specific
integrated circuits or ASIC technology. The size of the chip developed In this study is 5mm times
5mm. This miniaturization will enable us to observe space electromagnetic environments using
microsatellites in the not too distant future.

ASIC



kinetic

26
ASIC
A4
mm
CPU cm
FFT
(
)
ASIC(Application specific
integrated circuit)
ASIC

1: A/D . 14bit  30MHz



€))

01ie ® - @
-5
-10
)
=
£ -15
©
O
20T simulation_LPF
25 —— simulation_HPF
- e experiment_LPF
e experiment_HPF |
-30 T e e H ——
102 103 104 10°
Frequency (Hz)
2: (HPF LPF)
A/D
A/D
A/D
A/D ( D
14bits 30MHz
CPU
« 2
o9bit 1 900 m x 900p m
Band-limiting filter Main  Apdialiasing filter
o—o amp. (v it FFT
1 kHz fe =100 kHz Gam={200ddz L_{llo(:lkkﬂ}:; I(={:0(:)kkl:*zz
jo-fc = {m kHz -o/_ :Dm‘l Output
put No -o/—
signal
{‘1“‘:4‘;“’ Clock Input
Sampling
Prescaler Prescaler | _clock
i i {3‘3&.’.‘5
330kHAz
Logic gates | FFT
Control
Controller signal CPU

3: ASIC

A/D

FFT



0 .
A L
Batll A
o PR arlli Sok 5 . i
a _401"/ Liiiii FRRRRAS //)
'§ —60 M“M" W ER R L‘y’_",‘,:
sol-ITH Band 1 LF]’ V
- —— Band2 I
~100H== Band‘3 i I
102 ‘103 ‘ 16‘ ‘105 10°
Frequency (Hz)
(a) 0 dB
40 /
20 i
0
)
%-20
& 40
60| — Band1
—— Band 2
-801 —— Band 3 -
102 10° 104 105 ‘ 10°
Frequency (Hz)
(c) 40 dB
4:
, 0dB/20dB/40dB
FFT
FFT
A/D
FFT
CPU
@
FFT
ASIC

Gain (dB)

5 ASIC

20— H
0 o
-20 w/
e
~80T T Band 1
-80{ —— Band 2
—— Band 3
-100 ; | i
102 10° 10* 10° 106
Frequency (Hz)
(b) 20 dB
FFT
FFT
FFT
3 ASIC
Band-limiting filter
Main amp Anti-

aliasing filter

logic gates

FFT
FFT



FPGA

100kHz

®

10Hz

Magnetic field sensitivity [T/sqrt(Hz)]

A/D
( 9 FFT
FFT
FPGA )
10Hz-1kHz 13Hz 10Hz
112msec ( CPU
1sec )
ASIC
5mm 3
ASIC( lcm x 1cm
ASIC 1 ) 6 5
6
ASIC
10mm x 10mm
ASIC
1.E-09
1.E-10 Jxkfa ‘
1E11 — ‘ Swy T
Q MIC and nLLgne it ] T /
1E‘12 — = 1 c \CIUI Sdl _‘l BN
1E13 \\\
1.E-14
1.E-15
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05

6 ASIC

Frequency [Hz]



tl tl I I I Jl_z_B
ASIC 2019
B 685, 695
DOl
10.14923/transcomj .2019JBP3004
Zushi, T., H. Kojima, Y. Kasahara, and T. Hamano 30
Development of a miniaturized spectrum-type plasma wave receiver comprising an application- 2019
specific integrated circuit analog front end and a field-programmable gate array
Meas. Sci. Technol. -
DOl
10.1088/1361-6501/ab0821
Zushi, T., H. Kojima, and H. Yamakawa 6
One-chip analog circuits for a new type of plasma wave receiver on board space missions 2017
Geosci. Instrum. Method. Data Syst. 159, 167
DOl
10.5194/gi-6-159-2017
Ozaki, M., S. Yagitani, H. Kojima, K. Takahashi, H. Koji, T. Zushi, Y. Tokunaga 68
Development of an ASIC preamplifier for electromagnetic sensor probes for monitoring space 2016
electromagnetic environments
Earth Planets Space 1,13

DOl
10.1186/s40623-016-0470-9




Zushi, T., H. Kojima, K. Onishi, M. Ozaki, S. Yagitani, S. Shimizu, and H. Yamakawa 67

Small sensor probe for measuring plasma waves in space 2015
Earth Planets Space 1, 12
DOl

10.1186/s40623-015-0298-8

35 3 9

Jumpei Miki, Hirotsugu Kojima, Yuto Katoh, Shoya Matsuda, Yoshiya Kasahara, Mitsuru Hikishima, Satoshi Kurita, Masahiro
Kitahara, Satoshi Kasahara, Yoshizumi Miyoshi, Atsushi Kumamoto, Ayako Matsuoka, Shoichiro Yokota, Tomoaki Hori, Kunihiro
Keika

Jumpei Miki, Hirotsugu Kojima, Yuto Katoh, Shoya Matsuda, Yoshiya Kasahara, Mitsuru Hikishima, Satoshi Kurita, Masahiro
Kitahara, Satoshi Kasahara, Yoshizumi Miyoshi, Atsushi Kumamoto, Ayako Matsuoka, Shoichiro Yokota, Tomoaki Hori, Kunihiro
Keika

American Geophysical Union

2019

Airi Shinjo, Hirotsugu Kojima, Satoko Nakamura, Yoshiya Kasahara, Yoichi Kazama, Hideyuki Usui, Yoshizumi Miyoshi, Yasumasa
Kasaba, Shoya Matsuda, Wang S.-Y., Tam Sunny W. Y., Atsushi Kumamoto, Ayako Matsuoka

Electron cyclotron harmonic waves observed by the Arase satellite: identification of their wavelengths and phase speeds

American Geophysical Union

2019

Yuya Tokunaga, Mitsunori Ozaki, Keigo Ishisaka, Hirotsugu Kojima, Satoshi Yagitani, Takahiro Zushi

Basic study on miniaturization of electric field instrument for plasma wave observations by ASIC technology

2019




Motoyuki Kikukawa, Takahiro Zushi, Hirotsugu Kojima, Yoshifumi Saito

Development of the chip implemented as high-speed current detection circuits for particle sensors

2019

Reiko Nomura, Kazushi Asamura, Ayako Matsuoka, Hirokazu lkeda, Hirotsugu Kojima, Mariko Teramoto, Masafumi Hirahara,
Yoshizumi Miyoshi, Keisuke Hosokawa

Development of ASIC-based fluxgate magnetometer (AFG) and its flight proof on RockSat-XN sounding rocket

2019

2019

Kojima. H.

History and foresight of plasma wave observation systems in Japanese space missions

URSI-Japan Radio Science Meeting

2019




Shunsuke Kamata, Hirotsugu Kojima, Takahiro Zushi, Yoshiya Kasahara, Tsubasa Takahashi, Takuya Hamano, Satoshi Yagitani,
Mitsunori Ozaki, Yuya Tokunaga, Hiroshi Yamakawa

Small Plasma Waveform Capture Receiver on the analog-digital mixed chip

2018

Takahiro Zushi, Hirotsugu Kojima, Yoshiya Kasahara, Takuya Hamano, Tshubasa Takahashi , Mitsunori Ozaki, Satoshi Yagitani,
Yuya Tokunaga, Shunsuke Kamata, Hiroshi Yamakawa

Development of the one-chip new type plasma wave spectrum receiver using the mixed-signal integrated circuit

2018

Yuya Tokunaga, Takumi Dejima, Tsubasa Takahashi, Mitsunori Ozaki, Satoshi Yagitani, Yoshiya Kasahara, Takahiro Zushi,
Hirotsugu Kojima

Development of a miniaturized 3-axis search coil magnetometer and a wave receiver powered by a noise reduction technique for
micro-satellite experiments

2018

Reiko Nomura, Ayako Matsuoka, Kazuhiro lkeda, Hirotsugu Kojima

Development of the magnetometer with on-board ASIC circuit for SS-520-3 sounding rocket

JPGU-AGU Joint Meeting

2017




Kojima. H., M. Ozaki, Y. Kasahara, S. Yagitani, T. Zushi, Y. Tokunaga, and T. Takahashi

Miniaturized plasma wave receiver system targeting the use of in micro- and nano-satellites

3rd COSPAR symposium: Small satellites for space research

2017

Zushi, T., H. Kojima, Y. Kasahara, T. Takahashi, M. Ozaki, S. Yagitani, Y. Tokunaga

One-chip plasma wave observation system

Japan Geoscience Union (JPGU) - American Geophysical Union (AGU) Joint Meeting 2017

2017

2017

SS-520-3/LFAS FPGA

2017




ASIC

2017

Kojima, H.

Plasma wave instrument onboard satellites: design and miniaturization towards future small satellite missions

18th International Congress on Plasma Physics

2016

2016

ASIC

2016




55520-3 LFAS

2016

2016

2016

2016




2016

SS-520-3/LFAS FPGA

2016

5$5-520-3 WFC

2016

Onishi, K., T. Zushi, H. Kojima, and Y. Saito

Development of a Chip for the Interface Between Plasma Wave Instruments and Plasma Particle Instruments

Asia Oceania Geosciences Society2015

2015




Zushi, T., H. Kojima, K. Onishi, M. Ozaki, S. Yagitani, and S. Shimizu

Development of the Small Sensor Prove for Multiple-Point Observation of Plasma Wave

Asia Oceania Geosciences Society2015

2015

ASIC

2015

Miniaturization of a plasma wave receiver system towards future space missions based on micro-/nano-satellites

2015

ASIC

2015




2015

ASIC

2015

2015

2015




(Yagitani Satoshi)

(30251937) (13301)
(Saito Yoshifumi)
(30260011) (82645)
(Kasahara Yoshiya)
(50243051) (13301)




