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Table 1. Performance comparison among CSES and similar international instruments.
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Fig. 1. Structural diagram of ion drift meter [17]; (a) Diagram
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Fig. 2. The diagram of grid.
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Fig. 3. The diagram of plasma analyzer.
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Table 2. The three ranges of ion drift meter.
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Table 3. The results of current test range of ion drift

meter.

BAHE /A

WK% /A

Min Max

Min Max

In 4.0x10711 24x10-6
Ig 4.0x10711 2.4 x10-6
Ic 40x107' 24x10°6

Ip 4.0x10711 24 x 106

2.0x 1071 6.0 x 106
2.0x 1071 6.0 x 10~6
2.0x 10711 6.0 x 106

2.0x 10711 6.0 x 106
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— 47, Rk, S0 ol I R A A e R A s
L TR /KT AN R B AN 5 Tl k. BT
FoTHE B 25 T N RSP 22 26 an B 5 BT,

R4 BT ENELS

Table 4. The results of electronic noise.
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HFE 00 2201 2% 02
Iz 1.86 x 10~* 2.04 x 10~4 2.00 x 10~*
I 1.99 x 104 1.97 x 10~4 2.09 x 10~
Ic 1.89 x 1074 2.10 x 10~4 2.00 x 10—4
Ip 1.84 x 10~% 2.07 x 10~4 1.82 x 10~*
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Fig. 4. Ion density distribution in IAPS plasma vac-

uum tank.
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Table 5. Experiment results for horizontally mounted
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Fig. 7. Experiment results for horizontally mounted Fig. 8. Mounting ion drift meter on the rotating plat-
ion drift meter. form vertically.
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Table 6. Experiment results for vertically mounted ion

drift meter.

GiWE  IDM A ey R
FRE/(C)  HR/(C) P msTt R /mes!
27.50 24.21 2908.70 0.83
24.20 20.56 2466.42 2.43
20.65 16.58 2043.88 0.98
16.15 13.15 1655.45 2.32
10.48 7.19 922.30 0.81
6.43 4.94 640.95 0.88
0.98 —1.95 —250.98 2.02
—3.75 —6.01 —780.60 0.66
—8.75 —10.40 —1337.90 0.84
—14.33 —15.30 —1934.70 0.63
—18.65 —18.80 —2346.50 0.81
—23.88 —24.80 —2972.00 0.88
—28.33 —27.30 —3184.10 0.75
30
20 | ——Platform |
——IDM
10
= ol
~
2
2 _10}
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—40 . . . . . .
0 2 4 6 8 10 12 14
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Ko Byt B E AR AR
Fig. 9. Experiment results for vertically mounted ion

drift meter.
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Abstract

A lot of electromagnetic anomalies observed by satellites before earthquakes indicate that there is interrelation
between earthquake and ionosphere. China seismo-electromagnetic satellite (CSES) is the first Chinese space-based
platform of three-dimensional earthquake monitoring system. The scientific payload of plasma analyzing package (PAP)
aboard CSES is designed to study the possible influence of the seismic activity on the ionospheric plasma and thereby
to monitor the earthquakes from space. The PAP is made up of three sensors, retarding potential analyzer (RPA), ion
drift meter (IDM), and ion capture meter (ICM). The main objective of IDM is to detect the ion bulk velocity from
—3 to 3 km/s with a precision better than £20 m/s, perpendicular to the sensor-look direction.

The IDM sensor consists of six-layer grids and a collector. The grid is made of beryllium copper, plated with gold.
Polyimide is used to achieve electrical insulation between grids. The grid transmission rate of signal layer is designed to
be 82.64%, and total transmission rate of six layers is 31.85%. To ensure the performance of IDM, the side length of the
square aperture and the depth of the sensor are designed to be 40 and 20 mm, respectively. The radius of segmented
planar collector is 50 mm. The arrival angle of the ions is determined by measuring the ratio between the currents from
the different electrically isolated collector segments. Accordingly, velocity perpendicular to the sensor-look direction is
calculated, based on arrival angle and ion velocity parallel to the sensor-look direction which is measured by the RPA.

In addition, a wide-range and high-precision current measurement circuit is designed to measure the current of IDM.
The preamplifier circuit has three measurement ranges, providing different amplification factors. The right measurement
range is chosen automatically by the field programmable gate array (FPGA). The test results show that the circuit
provides a total measuring dynamic range from 20 pA to 6 pA with an accuracy better than 0.4%.

Finally, the method of testing in the plasma environment and the measurement results are discussed. The plasma
environment test of the IDM flight model is carried out in the Institute for Space Astrophysics and Planetology, National
Institute of Astrophysics (INAF-IAPS). Since the plasma source is fixed to a large volume vacuum tank, the arrival angle
of the plasma with respect to the sensor-look direction is changed by horizontally or vertically mounted IDM on the
rotating platform in the vacuum tank. As the platform rotates, the performance of IDM is proved by testing different ion
arrival angles in vacuum tank. The ion velocities along the Y and Z axes of the spacecraft are validated by testing the
horizontal arrival angle and the vertical arrival angle respectively. The IDM test data are consistent with those obtained
under the setting angle of the rotating platform. The experimental results show that the detector has good performance

and will fulfill the mission goal of monitoring the bulk velocity of ion, perpendicular to the sensor-look direction.

Keywords: plasma analyzing package, ion drift meter, seismo-electromagnetic satellite, ion drift velocity
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