H R L T2 IR FHIR | CfE A Rl RE 72
TG a—T Fa—7 O3

HSF BRSBTS KR =% BP

Development of a Langmuir Probe for highly charged Spacecraft

by
Yoshiki TATERA™, Takumi ABE"? and Wataru MIYAKE™

Abstract

The floating potential of a spacecraft in space varies with the number flux of charged particles incident to and
emitting from its surface. Earth-orbiting satellites at low altitude are known to be negatively charged due to incidence
of thermal electrons, and the negative potential can become several volts. In the case of spacecraft on which active
experiments at high voltages are carried out, it is possible for the potential to be much larger. This situation is
unacceptable for measurements by a Langmuir probe because the sweep voltage required to obtain the voltage versus
current (V-1) relationship in the measurements is typically a few volts, and so it is not possible to obtain the
information required to estimate plasma parameters. This study aimed to develop an electric circuit for the Langmuir
probe applicable for spacecraft with varying potential. Such a circuit was first developed to obtain the V-1 relationship
necessary for plasma parameters. However, the circuit did not work properly. In this study, we modified the logic of
the FPGA program in the circuit. Then, the performance was tested by confirming whether the reference potential
with respect to the plasma could be determined. As a result, it was confirmed that the circuit can successfully
determine the potential. We conclude that the present modification of the in-circuit logic for the Langmuir probe
greatly improves its performance and the newer circuit can determine the potential with respect to the plasma.
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Fig.1 Schematic images of the voltage-current relationship in

Langmuir probe measurement. (1: lon saturation region, 2:
Retarding potential region, 3: Electron saturation region.)
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Table 1 Results of each condition at the demonstration

experiment.
Bias V2 determination Plasma space
voltage[V] voltage[V] potential[V]
-30 32.7 33.54
-35 38.2 38.99
-40 42.5 42.70
-45 47.9 48.43
-50 51.6 51.77
-55 55.3 55.5
-60 60.2 60.61
-65 64.4 64.81
-70 70.5 71.06
-75 74.0 74.58
-80 77.4 77.91
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Table 2 Determination of reference potential for V2 sweep
voltage relation between distance of probe from conductor
surface and bias voltage.

Distance of probe from couductor surface[cm]

25 31.5 40 50 55 60

-20 44.8 21.2 258 218 234

> 670 | 415 | 48 | 385 | 323 | 298
S 9.2 6.9 | w2 | @3 | @2 | 392
S| 80.9 638 545 518 190
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-80 99 | &7 | &1
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Table 3 Estimated sheath depth of each condition.

Bias voltage[V] | Sheath depth[cm]
-20 27.1
-30 30.4
-40 33.7
-50 35.9
-60 38.3
-70 40.5
-80 42.6
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