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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-I) 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-I 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: Ion saturation region, 2:

Retarding potential region, 3: Electron saturation region.).
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Table 1 Result of demonstration experiment of the probe
circuit development in the previous study.

Bias V2 determination Plasma space
voltage[V] voltage[ V] potential[ V]
0 19.6 17.7
-10 26.1 18.7
-20 33.9 24.4
-30 42.1 34.2
-35 49.6 39.1
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Fig.2 Schematic images of sweep voltage sequence in the
Langmuir probe circuit.
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Fig.3 Schematic diagram of the experiment setup.
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Fig.4 Voltage versus current characteristics in the V1 sweep voltage
at the bias voltage of -30[V](left side top panel) and -
80[V](left side bottom panel) measured by the circuit for
Langmuir probe. In the left side top and bottom panel, the
vertical axis shows the probe current in a liner scale, and the
horizontal axis is the probe voltage. The line in the left panel
indicates the least squares fitting to the ion current. The right
side top and bottom panel shows the electron current in the
logarithmic scale which was obtained by subtracting the ion
current from the probe current. The change in the current value
at 20 [V] of each panel is due to the input/output characteristics
of the high voltage in the circuit. Therefore, it is neglect in the

process for determining the reference volatage.
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Fig.5 Voltage versus current characteristics in the V2 sweep voltage
at the bias voltage of -30[V] (left panel) and -80[V] (right
panel) measured by the circuit for the Langmuir probe.
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Table 2 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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