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Study of the Langmuir probe measurements
on charging 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
current versus voltage (1-V) 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 aims to develop an electric circuit for
the Langmuir probe applicable for negatively charged spacecraft. Such a circuit was first developed to obtain the
I-V relationship necessary for plasma parameters estimations. Evaluation of the developed circuit was performed
on the weakly ionized plasma inside vacuum chamber. We also investigate how the ion sheath formed on
negatively charged conductive plane affects Langmuir probe measurements of plasma. As a result, it is confirmed
that the developed circuit can determine its potential with respect to the plasma. In addition, it is experimentally
shown that plasma measurement inside the ion sheath is affected by higher energy electrons than thermal
electrons.

Keywords: Langmuir probe, plasma parameter, spacecraft, floating potential.

1. #®E Bans. £/, 7¥—CHALERIZELO 75
Rv b CHBEKEEIESD Z &L THEISNLN, ZOBRD
AR OBEFRESLOCEFEEOEKE LTE
Az 2 EEICHERZERAEGRIC—EHT 21 ES
NERRFET 2720101, BFRE - BELNET L LE
N 5.

Z OREARBERM ORI B LN b BT IR 1

FHEMEZRAT 2 AN THEESCT 7 v b OBERRANK
X, HEDO XS ICEMPHERWNEOE AL NOHEL
LTBYEMBLEHLTND. RAKETT 27T 47 7%
TR AEAT O 7o OIZHNERIZ T U7 8 BRI @ B % I
TOHHLAEICIE S BICEFHEMLPRELIEBTIEG LD

%, BMBRRELILT2HEOH & LT EEET Y
— (Electrodynamic Tether, EDT)Y 2 F AR H 1T 65 Y,
ZAURELE EOFEHEEMICHE S S EEREOSR
WAL Y—(TY)ICEEEZNNT 2 Z & THERZIL,
WAL VA Y — 2N 2ERICL 2 — LY e
#EHEL, 7V ETA—Ey hETHRTFESERETD
TODOWERDLIOE LTEDTY AT AREZEZL LT
5. ZOBRUA Y —ICRERERELMT2DITEITAY
— I MEE AT 2 LERNH D72, EDT VAT
DB U RAERIE R E BT D ATREMEN SV E T
*1 TERFER M TR 5 iR
*2  PEMZE B FE R e
*3 L% METEHPR METEHYER #E

TFIADIERNRT A= L LTRHELTHRZERMD
T-DICHERKLEE S NTWVWDEANRZ .

ETRE - BEAHETIEODOT T Ia—T 70
— 7L DWE CIHE T RUEEN (N THEOLS I
RKOBAL) Wk L THANL VREOFBIERSI 2175, &
ZAWR, RIZHRE EDT VAT A5 EH LB ED LD
ICRKRELSHEBTHHEEOH D2 RAK ETORIEIZEB W
T, KB T T X2 EMN S 10V 2L EBEN D
BERDHY, TOHBEILETRE - BEOHEIIHLER
ER—EERHENRE T V.

2. ME

This document is provided by JAXA.



WETAHARIAE ETCOT 7 2—T7 e —T7WEIZET A%

INHOERD T, AHFIEDBILBEMB K E K L@
THEIBRRAK ECAELOWBEBMEHEL, FBD
7T A DBETIRE L BVEEOHEICLERIFLEE
DO EMEBENZREL, BHHEETLIT VI
—7 77— HARIEORBEITIZ LIChD. A TH
W LERAEERm LIS SN v — AR T e —THIE
WWEDXIREELEEZLDNIOWTHRHAEL, AEME
NI DEBELE T TVDDDE T DV TR AT REDNS
DNWTOFRREDOIEREAT D .

ARFETIX, 7T A~BREEHBE LI AX—2) 1=
VAF X R —RNIZZ ORI ERE L, FOMEEL M
THEIEER. S5, Ty N —NICHE LZRAK
REZHEET 2 PEERPET LV BRESHFELLSE
HIZ, ZORMITEIND A L2 v —ADEHTIT D
T —7EICLE X DB ONTHEMFEITo

31 Su5221—770—JI2&bTS5SXTAE
TIAwHIZTu—TEFHALLELE, FOTTX
<R ENENOREIINS CoBGEBC L0 E A A
UNMA L CTERBTND N, 7o —TENMNICEHINT 5
BEVRIS L TENEFNORAEBRIZE RS V. 20&E
ﬁf%F%ﬁ%lesz Ta—7 OBNPIINLE
BITLT I A~vEMENMEVsE LT, e —T7 BN
r“umﬁAu BB DTS 7 X~ L EEMBOT, 7
0— 3B FOBRERC L BERERSHAT S Y.
7D%7ﬂm BWTE ST A NFGA—FThbHE
FIRE L EFEEOHEIZHLERMEE LT, FigllZmx

Lk 57 o A~ EMEME G OO A A o faFAfEHE,

QDR EfEEK, @ T AFIfEk D 3 -2 DI
WL, ZZITHRBEMEVETD.

Vp

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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Fig.2 Schematic images of the ion sheath around the
conductor with negative charging with respect to the plasma.
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Table 1 Results of each condition at the demonstration
experiment(1).

Bias V2 determination Plasma space
voltage[V] voltage[V] potential[V]
-30 32.68 33.50
-35 38.20 38.99
-40 42.50 42.70
-45 47.90 48.43
-50 51.60 51.77
-55 55.30 55.50
-60 60.20 60.61
-65 64.40 64.81
-70 70.50 71.06
-75 74.00 74.58
-80 81.85 81.78
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Fig.3 Relationship of the parameter and distance from
conductor at the bias voltage -50[V]. (top panel : electron
temperature, bottom panel : distance.)
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Table 2 Estimated sheath depth of each condition.

Bias Seath
voltage[V] | depth[cm]
-20 34.15
-30 46.32
-40 57.48
-50 67.96
-60 77.92
-70 87.48
-80 96.70
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Fig.4 Relationship of the theoretical Vs-Vf and Measured
Vs-VT.
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Fig.5 Relationship of the natural logarithm electron current
and probe voltage.
(Left panel : The conductor was same voltage with chamber,
It was not affected the probe to the sheath. Right panel : It
was affected the probe to the sheath.)
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