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Fig. 1. Composition of the payload plasma analyzing
package.
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Table 1. Performance compared with similar international instruments.
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Fig. 2. Structural diagram of retarding potential ana-
lyzer (RPA).
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Fig. 3. (color online) I-V characteristic curve of RPA:

(a) Integral curve; (b) differential curve.
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Fig. 4. The diagram of grid.
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Table 2. The simulation results of two layer grid’s total transmission rate.

L [EEEELES 1K 2K H3 AW #5 K SEIME 7
1A 22 A I 7 e 0 5 67.64%  69.32%  67.78%  68.54%  70.16%  68.69%  1.06%
900 K Y 77 AL JE 67.56%  68.62%  67.44% = 68.38%  69.22%  68.24%  0.75%
X, Y FFEESACEANE 69.14%  67.92%  68.10%  68.80%  69.10%  68.61%  0.57%
T IO A %of 5 68.38%  66.94%  68.88%  68.64%  67.72%  68.11%  0.79%
1750 K Y 77 AL JE 68.60%  67.02%  68.08%  68.60%  68.00%  68.06%  0.65%
X, Y FFEESAEANEY 68.18%  67.60%  68.02%  67.76%  67.82%  67.88%  0.23%
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Fig. 5. The simulation results of three layer grid’s total transmission rate.
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Table 3. The simulation results of three layer grid’s total transmission rate.
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Fig. 6. Sweeping voltage of RPA.
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Table 4. The results of electronic noise.
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Fig. 7. Electronic design diagram of RPA.
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*5 HEESE TR S % S T AN S
Table 5. Comparison between typical ionospheric plasma parameters and the values obtained within the

plasma chamber.

HLB 2 E RN
h/km P /mbar N/m™3 T./K P/mbar N/m™3 Te/K
100 2.7x107* 1 x 10!t 300
150 8.0x107% 3 x 10! 1000
200 1.2x1076 4 x 10 2000 A%F7x 1076 1x102—3 x 1012 2000—4000
400 4.0x 1078 1 x 102 3000
500 1.0x10-° 5 x 10" 3000
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Fig. 8. Ion density distribution in IAPS plasma vac- sol
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Distance/m
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Table 6. The results of ion density measurements at three positions.

5IEHI8E R /m 3 2.5 2
HL R M RS T2 RPA IR 45/ N; /m—3 2.29 x 101! 3.29 x 1011 5.28 x 1011
BKF INAF-IAP %44 /N, /m—3 2.30 x 10! 3.32 x 101t 5.74 x 1011
FEL R M RS T RPA U8 A o A5 0.2% 0.1% 0.08%
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Table 7. The results of ion energy measurements.
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Fig. 10. (color online) The results of ion energy mea-

surements.
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Abstract

China seismoelectromagnetic satellite (CSES) is the first space-based platform of three-dimensional earthquake
monitoring system in china. Plasma analyzing package (PAP) is one of scientific payloads aboard on CSES, which is
the first application to the field of Chinese satellite. The main scientific objective of PAP is to measure ion density, ion
temperature, ion composition and ion drift velocities (parallel and perpendicular to the direction of the satellite flight on
orbit), and ion density fluctuation in the ionosphere. The PAP payload is composed of four parts, including retarding
potential analyzer (RPA), ion drift meter, ion capture meter, and metal plate. The RPA is used to test ion density, ion
temperature, ion composition and ion drift velocity (parallel to the direction of the satellite flight on orbit).

The detailed design process of the sensor of RPA is described in this paper. The grid of RPA sensor is made of
Beryllium copper, plated with gold to ensure uniform surface work function, and to prevent space atomic oxygen from
eroding. The design value of the transmission rate of grid is 82.64% + 1.4%, with taking into account the Debye length
on the orbit of satellite. And the total transmission rate of multilayer grid for RPA is verified by SIMON simulation
experiment. To ensure the accuracy of RPA, the radii of sensor window and sensor collector are designed to be 20 mm
and 50 mm respectively, and the height of sensor is 20 mm. The sweeping voltage ranges from —2 V to 20 V. And the
step of sweeping voltage is adjustable between 0.056 and. 179 V.

In this paper electronic design of RPA is also discussed. The electronic box is composed of preamplifier circuit,
digital logical circuit, satellite interface circuit, etc. The sweeping voltage and the signal acquisition are controlled
by field-programmable gate array. The design of three measurement ranges in digital logical circuit improves RPA
measurement accuracy, which is better than 1.3% in the full range.

In addition, the method of testing the plasma environment and the testing results are introduced. The plasma
environment test of the RPA payload is carried out in INAF-IAPS. The performance of ion density measurement is
validated by testing different ion densities in a vacuum tank, through changing three different distances between RPA
and the plasma source. And the ion drift velocity measurement is verified by testing three different ion energies of the
plasma source. Furthermore, the RPA test data are consistent with the test data from the INAF-TAPS reference RPA.
The experimental results show that the detector has good performances and will contribute much to monitoring the

space plasma parameters.

Keywords: plasma analyzing package, retarding potential analyzer, seismo-electromagnetic satellite, ion

density, ionospheric disturbances
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