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The Pulsed Langmuir Probe Technique to Mitigate
Contamination Effects on Small Spacecraft
Jesse K. McTernan, Timothy R. Brubaker, and Sven G. Bilén

many experiments have not addressed this issue [2].
Contamination can be removed by heating the probe or by ion
bombardment [2]. However, contamination can return.
Depending on the environment, significant contamination can
return within seconds after cleaning leaving only a small
window of opportunity to carry out accurate measurements
before needing to clean the probe again [4]. The repetitive
cleaning process could cost extra time or power.

Abstract—Contamination on spacecraft surfaces can drive
spacecraft potential biases that can adversely affect in-situ
measurements. Additionally, contaminated Langmuir probe
surfaces can cause localized charge accumulation on the probe
that yields inaccurate electron temperature and number density
measurements. Cleaning contaminated surfaces is not always
possible due to limiting factors such as power, surface material, or
surface uniformity. Pulsed techniques applied to conventional, but
contaminated, Langmuir probes are capable of producing
current–voltage sweeps similar to that of non-contaminated
probes, thereby enabling more accurate plasma measurements.
We present experiments in support of a pulsed Langmuir probe
designed for an upcoming 3-U CubeSat mission in development at
The Pennsylvania State University. One of the mission objectives
is to provide high spatial resolution (<10 m), in-situ measurements
of an artificially heated region of the ionosphere. The results
presented herein are applicable to spacecraft that use passive
collection methods to balance electron current collected by
Langmuir probes.

Oyama [3] modeled contamination as a RC circuit in series
with the probe and surrounding plasma (Fig. 1). Therefore,
contamination effects exhibit a transient response. Pulsed
techniques applied to conventional, but contaminated, Langmuir
probes are capable of producing current–voltage sweeps similar
to that of non-contaminated probes, thereby enabling accurate
plasma measurements [2],[4]. Pulsing the voltage of the probe
with respect to the ambient plasma at a low duty cycle minimizes
charge build-up across the contaminant layer. Short pulses
minimize the charge build up and a sufficient “off time” enables
the unwanted charges to dissipate between measurements. The
minimum pulse time depends on the details of the measurement
hardware (e.g., slew rates, noise levels, averaging time, etc.) as
well as the plasma environment itself. This paper focuses on the
latter restriction, which is an effect of the plasma transience and
spacecraft charging.

Keywords—Langmuir probe; pulsed technique; transient
response

I.

INTRODUCTION

Contamination on electrostatic probes can seriously affect
measurement results. Electrostatic probes (commonly known as
Langmuir probes) are relatively simple devices used to measure
key plasma characteristics. A voltage bias is applied to the probe
and the collected current is measured [1]. By sweeping the
voltage of the probe and generating an I–V response curve it is
possible to determine the number density of the positive and
negative species of the plasma, the energy (i.e., temperature) of
the electrons, and the floating potential of the probe–spacecraft
system. Langmuir probes have been used to measure number
density and temperature of the ionosphere using sounding
rockets and orbiting spacecraft and are still widely used in the
laboratory environment. With the growing interest in the use of
small satellites for many types of missions, including
ionospheric characterization, it is important to understand the
limitations and possible mitigation techniques for the use of
electrostatic probes on these platforms. This class of satellites
faces power limitations that lend to passive, low-power currentbalancing techniques (e.g., passive ion collection). Certain
challenges to using Langmuir probes on small-scale spacecraft
are presented in this paper.

A. Formulation of Problem
The challenge of using the pulse technique to obtain accurate
plasma measurements can be considered in two parts: 1)
spacecraft charging that affects the probe potential with respect
to the plasma and 2) the transient response of the ionosphere that
imposes temporal restrictions.

Contamination on the surface of a Langmuir probe can cause
substantial errors in the measurements—up to 100% over
estimates of electron temperature [2]. Although the cause and
effects of contamination have been known for some time [3],
J. K. McTernan, T. R. Brubaker, and S. G. Bilén are with The Pennsylvania
State University, University Park, PA 16802, USA (e-mail: jkm249@psu.edu)

Fig. 1. Equivalent circuit of a contamination layer on a Langmuir probe can
be modeled as a parallel RC circuit (adapted from [3]).

1

Spacecraft Charging Technology Conference 2014 - 158 Paper

158
proportional to ion plasma frequency, ωpi) than that of the
electrons, ion current to the spacecraft is delayed and the floating
potential of the spacecraft will change until equilibrium is
reached (Fig. 3). Measurements taken during this transient
response would be inaccurate since the bias of the probe would
be unknown. Therefore, pulses applied to the Langmuir probe
effectively impose negative pulses to the spacecraft. Negative
pulses to conductors in a plasma and transient effects of
Langmuir probes have been known for quite some time.
(a)

B. Literature Review
Kamke and Rose [5] observed microsecond-scale response
times of ambient plasma due to 100-V pulses applied to a probe.
Bills et al.[6] noticed the development of a current spike within
the leading edge of a probe’s response to a microsecond pulse in
a mercury vapor discharge tube. The spike began to appear when
biases approached or exceed the plasma potential. The authors
attribute the current spike to transient plasma characteristics due
to the motion of the ions. Butler and Kino [7] developed an
expression for the equivalent capacitance between a discharge
chamber wall and an internal plasma. Again, they noted a
characteristic response time of the plasma due to the relatively
slow motion of the ions. Okuda et al. [8] examined probe current
when a 10-µs pulse was applied (0.2-µs risetime). They noted
qualitative relationships between the response time and the
plasma density and species mobility. They also noted that staticprobe measurements gave the same results as pulsed
measurements provided the pulse duration was “long enough”.
In addition to pulsed-probe measurements, the authors applied a
high frequency signal to the probe. They found that the probe
current led the applied voltage when the probe–plasma sheath
capacitance was dominant and the probe current lagged when
delay effects were dominant. In a subsequent paper [9], they
attribute the transient response of the probe to three physical
phenomena: 1) plasma density modulation, which was due to
their setup and is irrelevant to ionospheric plasma; 2)
displacement currents due to the probe–plasma sheath
capacitance; and 3) the transient space-charge sheath due to the
relatively slow motion of the ions.

(b)

Fig. 2. Applying a voltage to probe with a) fixed reference and b) changing
reference (i.e, changing floating potential).

In-situ measurements of the ionosphere are complicated by
spacecraft charging. Ideally, the voltage of the probe is swept
through the plasma potential while measuring the current (Fig.
2a). This generates an I–V trace and standard Langmuir probe
techniques can be applied to determine key characteristics of the
plasma. If the spacecraft accumulates charge, then its potential
with respect to the plasma changes, which in turn affects the
potential of the probe with respect to the plasma (Fig. 2b). Under
these conditions, the I–V sweep obtained would not yield
accurate information because the voltage of the probe with
respect to the plasma is unknown. Consider a probe biased
positively with respect to the ionosphere. Electrons are collected
and are transferred to the spacecraft (i.e., the probe reference)
due to the power supply. This excess of electrons tends to reduce
the potential of the spacecraft—this is spacecraft charging. What
happens to the spacecraft potential at this point depends on the
method used to emit the excess electrons (details in Sec. III).
Small-scale spacecraft tend to use passive techniques due to size
and power restrictions.
Many other factors can affect the potential of a spacecraft
such as: solar panels, Lorentz forces (i.e., v×B interactions of
conductive objects moving at velocity v in the geomagnetic field
B), active electron emission, changes in the ionosphere (e.g.,
when a spacecraft enters or leaves local nighttime),
backscattering and secondary electron emission from high
energy particles, photoemission, and the response time of the
ionosphere. These factors are not considered in this paper.

An analytical expression for the effective probe–plasma
capacitance was developed by Crawford and Mlodnosky [10]
and refined by Crawford and Grard [11]. They found the
capacitance to be proportional to probe area and inversely
proportional to the Debye length. Smy and Greig [12] explored
the plasma sheath capacitance and obtained reasonable
agreement between their experiments and their theory. They
developed an expression for the excess charge collected by a
probe due to sheath displacement current (i.e., current spike
following a voltage pulse). They note that the relaxation time of
the sheath (i.e., when equilibrium is established) can be
expressed as

The transient response of the ionosphere imposes limitations
on the pulse method. Consider a pulse that biases a probe
positively with respect to the plasma. The highly mobile
electrons (characteristic time inversely proportional to electron
plasma frequency, ωpe) are collected by the probe and the
spacecraft potential becomes more negative. Since the response
time of the ions is slower (characteristic time is inversely

  D

M ,
kbTe

(1)

where λD is Debye length, M is mass of ion, kb is the Boltzmann
constant, and Te is the electron temperature. This time is of the
same order of magnitude as the time it takes for an ion to cross
the sheath. Smy et al. [13] gave the approximate ion transit time
as
Fig. 3. Transient response of the ionosphere causes a transient change in
floating potential of a spacecraft.
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means that measurements need to be taken approximately once
every millisecond (i.e., kHz). At these sampling rates, we may
use a fixed-bias measurement technique. If using the pulsed
method, a single measurement may be derived from a current–
voltage sweep comprised of 125 points taken within 1/10th of
the temporal resolution. Therefore, it may be necessary to
perform operations on the order of once every 0.0008 ms (i.e.,
MHz). To this end, hardware is being developed with voltage
risetimes of approximately 1 µs and measurement speeds of 20
MSPS. However, at these timeframes the transient response of
the ionosphere needs to be considered.

1/ 4

i 

2  eVw 


 pi  kbTe 

,

(2)

where Vw is the potential of the probe. Godard [14] presented
values of low-frequency capacitance for a collisionless,
nonflowing, Maxwellian plasma with no magnetic field.
Borovsky [15], used computer simulations to determine that
positively charged cylindrical objects discharge via electron
currents on timescales less than τpe/3 and negatively charged
objects require timeframes on the order of τpi. This implies that
the limiting factor for in-situ ionosphere measurements will be
the response time of the ions to the spacecraft, which is biased
negatively.

For our experiments, we used a cylindrical vacuum chamber
that was approximately 102 cm (40 in) in length and 89 cm
(35 in) in diameter (Fig. 4). Taking into account the feedthrough ports, windows, and internal structures, the volume was
approximately 0.69 m3 (24.4 ft3). A CTI-Cryogenics Cryo-Torr
7 high-vacuum pump and an Edwards EXT255H turbo pump
produced a base pressure of 5.2×10−5 Torr. A viewport allowed
visual confirmation of the creation of a plasma inside the plasma
source. Refer to [18] for more details on the vacuum test system.

Godard et al. [16] observed transient effects when a voltage
step was applied to the ODEPIPUS experiment, which is
effectively a double probe. They also mentioned that surface
coating contributed to long transients lasting tens of
milliseconds. Both halves of the spacecraft were coated in
aerodag (Aquadag), which is not typical for Langmuir probes
yet points out the need to consider the surface treatment.

An image of the experimental test setup installed in the
vacuum chamber is shown in Fig. 4. In the background is the
plasma source capable of producing ambient electrons (0.1–
0.5 eV) and streaming ions (5–10 eV) [19]. In the foreground,
from left to right is a 0.1588-cm (1/16-in) radius cylindrical
Langmuir probe with a 5.08-cm (2-in) collector and guards [18];
an emissive probe fabricated from 0.0762-cm (0.03-in) tungsten
wire in a hair-pin loop protruding approximately 6.3 mm; three
Langmuir probes of radius 0.119 cm (3/32 inch) and surface
areas of 0.75 cm2, 1.5 cm2, and 3 cm2, respectively; and a cuboid
with dimensions of 10 cm × 10 cm × 30 cm—similar to the outer
dimensions as a 3-U CubeSat. The mock satellite, which we
dubbed “MockSat”, was constructed from single-sided coppercladded circuit board and has five electrically independent faces.
The bottom face was only used for support. Therefore, the
maximum area of conductive surfaces was 1,300 cm2. The
surface area of the ram face was 300 cm2.

Ma and Schunk [17] modeled negative voltage spheres in
plasma at time scales that resolve transient effects. Their
simulations confirm previous experimental results that a current
spike will occur when biasing a probe negatively and that ion
mobility limits the response time of the plasma.
II. EXPERIMENTAL SETUP
We conducted a series of experiments in support of an upcoming mission in development at Penn State. The Orbital
System for Investigating the Response of the Ionosphere to
Stimulation and space weather (OSIRIS) 3-U CubeSat will pass
through a heated region of the ionosphere, which will be excited
by a ground-based radar such as that found at Arecibo.
The satellite will measure the electron temperature and
number density of the excited region with a spatial resolution of
10 meters. At orbital velocities on the order of 8 km/s, this

We biased the probes and MockSat surfaces using a Keithley
2410 SourceMeter programmable to perform I–V sweeps (to
investigate the plasma environment) or single pulses (to
investigate transient effects). Depending on the applications we
can bias an object with respect to ground or we can bias any of
the Langmuir probes with respect to any combination of the
MockSat’s surfaces, thus simulating a double-probe circuit. The
biasing circuit is diagrammed in Fig. 5.
The applied voltage to the Langmuir probe was measured
using a 100:1 differential scope probe and the floating potential
of the MockSat was measured with respect to ground using a

Fig. 4. Experimental setup. Four Langmuir probes of various sizes, an
emissive probe, and a mock CubeSat in the foreground. The plasma source is
in the background.

Fig. 5. Biasing and measurement setup. Probes can be biased with respect to
ground or the MockSat.
3
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10:1 scope probe. We performed I–V sweeps using a Langmuir
probe biased with respect to ground to determine the plasma
potential. Therefore, the floating potential of the MockSat with
respect to the plasma was calculated. We measured an electron
temperature of 0.23 eV, electron number density of 7×1012 m3,
and ion number density of 1×1013 m3.
We verified the short-term stability of the plasma by
monitoring the floating potential of the MockSat while
collecting current from the Langmuir probes biased with respect
to ground. We noticed that, when large objects were biased
positively collecting milliamps of current, the plasma
environment was disturbed. However, the small Langmuir
probes biased to a few volts did not disturb the plasma
significantly.
Fig. 7. Transient response of the various faces of the MockSat (orginal in
color). The top trace, representing the RAM face, shows the greatest effect due
to streaming ions and the bottom trace, back face, demonstrated the lowest
floating potential as well as no transient response.

The sourcemeter was capable of producing voltage steps
with risetimes on the order of 10s of microseconds. Since,
transient responses of ionospheric plasmas can occur on smaller
timeframes, faster signal generators are needed (and are under
development). Nonetheless, relatively longer transient effects
can still be examined. Refer to Fig. 6 for typical waveforms of
the voltage step and transient floating potential of the ram face.
It is interesting to note the different transient responses
among the various faces (Fig. 7). The ram face (top trace) clearly
shows the effect of ions responding to the negative bias. At
approximately 30 µs, the floating potential of the ram face
begins to increase due to ion current. The left face shows a slight
increase in floating potential due to ions. This is somewhat
expected since that face was partially exposed to the streaming
ions. The wake face had the lowest floating potential and no
apparent transient response from ion current. This tends to
indicate that electrons were the overwhelming particle incident
to this surface, as expected. Even though the different responses
from the various faces is not the thrust of this paper, the simple
test shows evidence that the ram surfaces has the greatest
contribution to the surface area for passive ion collection on
cuboid satellites.

Fig. 8. Visual inspection of the MockSat after ion-bombardment cleaning
(−1000 V, 30 min) showed non-uniform patterns on the surfaces.

after the experiments, it appeared that the edges of the ram face
were not affected by ion bombardment (Fig. 8). The left surface,
showed a large area towards the ram direction that appears to be
unaffected by ion bombardment. It is unclear whether or not this
non-uniformity is caused by fringing electric fields, plasma
flow, or some other affect. It draws attention to the challenge in
determining the effective ion collection surface area.

It is also interesting to note the non-uniform visual effect
caused by cleaning the various surfaces. We individually
cleaned all the MockSat surfaces and Langmuir probes by ion
bombardment (−1000 V for 30 minutes). From visual inspection

III. DISCUSSION
As mentioned in the literature review, there will be a
resulting spike in ion current to a step in voltage that negatively
biases an object due to the capacitive nature of the plasma sheath
(Fig. 9). In the figure, the ion flux is plotted versus time scaled
to the ion plasma frequency for a 10-V negative voltage pulse to
a sphere in a simulated plasma of density 106 cm−3. To scale the
simulated results to our plasma, the maximum current would
occur at about 10 µs and complete equilibrium would occur at
about 275 µs. Due to the limitations of our biasing supply, the
risetime of the applied step function was longer than the initial
spike in current, but shorter than the total transient time.
Therefore, we could not resolve the initial current spike, but we
could analyze the return to equilibrium. We examined the
transient floating potential after the applied voltage came to
equilibrium.
A pictorial diagram of the electrical circuit of our experiment
is shown in Fig. 10. The interaction of the probe and MockSat
with the surrounding plasma are modeled as parallel RC circuits.
We used the analytical expression for sheath capacitance of the
MockSat given by [10]

Fig. 6. Typical waveforms. The voltage bias to the probe is the solid line and
the dashed line is the transient floating potential of the ram face.
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Fig. 11. Transient response and exponential fit to RC decay, where C is
determined from Crawford [10] and R is adjusted to fit the data. The applied
voltage steps were 1, 2, 3, 4, 5, and 6 volts. The ordinate is negative the floating
potential of the ram face with respect to the plasma potential.

We then fit an exponential RC decay by adjusting Rs (Fig.
11). As noted in Sec. I, contamination would also introduce an
effective RC circuit to the plasma. We minimized this effect by
cleaning all the probes and the MockSat by ion bombardment.
No hysteresis was observed between up and down I–V sweeps
indicating the effectiveness of the cleaning.

Fig. 9. Simulated transient ion flux from a negative 10-V bias from [17].
Time is scaled to the ion plasma frequency.

C (V ) 

A 0

D

V
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Having obtained the sheath resistance by fitting a RC decay
to our data, we can reconstruct the expected RC response
without the cable capacitance (Fig. 12) and obtain RC constants
for a given applied voltage (Fig. 13). These results qualitatively
agree with the time scales as reported by [17], which reported
transients lasting for approximately 100 µs for a 10-V pulse in a
similar plasma environment.

where A, ε0, V, and E are the surface area in contact with the
plasma, permittivity of free space, scaled voltage of the
spacecraft with respect to the plasma potential, and electron
energy, respectively.

In order to obtain an accurate I–V sweep from the pulse
method on spacecraft with a transient floating potential it is
necessary to add an appropriate dwell time before measuring the
current. The pulse method is designed to allow contaminationrelated capacitance to discharge. It is appropriate to compare the
timescale of contamination transients with sheath transients.
There appears to be no measured value of capacitance on typical
contaminated probes [2]. However, literature suggests the
effective capacitance of the contamination to be approximately
microfarads (orders of magnitude larger than sheath

We used coaxial cable to minimize electromagnetic
interference. However, the cables had a combined capacitance
of 275 pF, which is on the same order of magnitude as the
calculated capacitance. We will mitigate this effect in future
experiments by adding a small series capacitor from the outer
conductor of the coaxial cable to ground.

Fig. 10. Pictorial diagram of the electrical circuit of our experiement. The
transient interaction with the plasma is modeled by a parallel RC circuit.

Fig. 12. Reconstructed RC transient (without capacitance of cable).
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Fig. 14. Pulse method (adapted from [2]). td is the dwell time needed to achieve
steady state. ton is the duration of voltage pulse, ti is the sampling interval, and
tb is the “off” time.

Fig. 13. Reconstructed RC time constant.

capacitance) [2],[23]. Therefore, the transient response due to
contamination (microseconds) will be much longer in duration
than sheath transients (microseconds) in typical ionosphere-like
plasmas.

We conducted a steady-state, one-dimensional analysis of
the floating potential of a spacecraft–probe system with variable
values of α. The simulation solved for the floating potential,
which balances the charged particle flux to the system. The
independent variable was the applied voltage to a probe biased
with respect to the spacecraft (at the floating potential).
Therefore, we can write the probe voltage with respect to the
plasma as

A diagram of the pulse method based on [2] is shown in Fig.
14. The authors include a dwell time, td, between the start of the
voltage step and the start of the current sampling to avoid all
circuit and plasma transients and achieve steady state. The dwell
time (44 µs) agrees with our experimental results.

Vs  Va  V f ,

(4)

where Va is the applied probe bias with respect to the spacecraft
and Vf is the floating potential.

IV. SURFACE AREA RATIOS
Small spacecraft inevitably have small amounts of surface
area in contact with the plasma, which limits passive ion
collection. In order to balance the electron current collected by
the probe (typically orders of magnitude larger than ion current
to the spacecraft), there needs to be a significantly larger surface
area to collect ions. Otherwise, the floating potential will tend to
decrease and the voltage of the probe with respect to the plasma
will be unknown. This changing reference results in a net
distortion of the probe’s I–V characteristic [20].

The total current flow in the system is given by

I p _ e  I p _ i  Isc _ e  Isc _ i  0

,

(5)

where the subscript p, sc, e, and i refer to the probe, spacecraft,
electrons, and ions, respectively. We neglect secondary electron
emission,
 backscattering, and photoemission.
The probe bias, Vs, can be less than, equal to, or greater than
the plasma potential, but the spacecraft floating potential will
always be less than the plasma potential for these simulations—
especially since no active emission is included and
photoemission is small. For Vs < 0 we can write

Szuszczewicz [20] determined that a surface area ratio, α,
greater than 104 will guarantee no distortion, where α is the ratio
of the ion collection surface area to probe’s surface area. This
ratio is difficult to achieve on small satellites, such as CubeSats
that have approximately 300 cm2 facing the ram direction (for a
3-U configuration with no extended structures). To achieve
α > 104 requires the surface area of the probe to be less than
0.03 cm2—potentially reducing the measured current below the
noise levels of the measurement equipment. For a plasma with
density 1010 m−3 and Te = 0.10 eV, a 3-mil-wire probe would
need to be less than 1 cm long to satisfy α > 104. At these
dimensions it is difficult to construct guards or find durable
materials. Szuszczewicz showed that α can be relaxed if less
accuracy in measuring Te is acceptable. In our experiments, the
largest value of α was 400 (i.e., when using the smallest probe).

 eV 
I p _ e  I 0 _ e exp s  ,
 kbTe 

I p _i  I0_i

2
2  mi vsc
1 eV
  s

  2kbTi 2 kbTi

repel electrons (6)
1

2 ,




attract ions (7)

where e and vsc are the fundamental charge and velocity of a
spacecraft. For Vs > 0 we can write


I p_e

An example of the effect of surface area is shown in Fig. 15.
A 4-V pulse was independently applied to two Langmuir probes
biased with respect to the MockSat. The probe–MockSat system
with α = 400 exhibited a transient response as well as a partial
recovery of the MockSat back to the original floating potential.
When α was reduced to 200 (i.e., using a larger Langmuir
probe), the decrease in floating potential was greater while the
transient recovery was hardly noticeable.

6


eV 
 I 0 _ e 1  s  ,
 kbTe 

attract electrons (8)
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The current collected by the spacecraft is given by

eV f 
Isc _ e    I0 _ e exp
,
kb Te 

repel electrons (13)
1

2 miv s2 1 eV f 2 , attract ions (14)
 


 2k b Ti 2 k b Ti 

Isc _ i    I0 _ i

where α is the surface area ratio. Values of α greater than unity
means the spacecraft surface area is larger than the probe’s
 surface area. The ion attraction and electron attraction terms
come from [21]. The other terms are from [22].

Fig. 16 shows the change in floating potential of the
MockSat plotted versus the applied voltage to the probe (both
normalized to the electron thermal energy, kbTe ) for various
values of α. The simulated floating potential for α = 200 and 400
agree qualitatively with our measured values. The differences
can potentially be explained by differences in α caused by an
effective surface area as discussed in Sec. II.

Fig. 15. The effect of α when applying a 4-V pulse biased with respect to the
MockSat. For α small (200), the magnetidue of the change in floating potential
was increased. For α larger (400), the transient became clear and the recovery
of the floating potential was greater.

  eVs  .

I p _ i  I 0 _ i exp
 kbTi 

repel ions (9)

Fig. 17 shows the effect of a changing floating potential (i.e.,
changing reference) on the intended voltage bias with respect to
the ambient plasma. It can be seen in the figure that the voltage
bias with respect to the plasma deviates from linearity at about
the plasma potential. The magnitude of the deviation depends on
α. For α = 100, the deviation is so great that any attempt to
measure plasma parameters using probe biases above the plasma
potential would fail. The reference would decrease instead (as
seen in Fig. 16). For α = 500, the deviation remains relatively
small until larger biases.

β is geometry dependent with values between 0.0 and 1.0.
For Vs = 0 (i.e., the probe is at the plasma potential) we can
write

I p _ e  I0 _ e and I p _ e  I0 _ e ,

(10)

where I0 is the thermal current given by



I0 _ e enev e  ene
I0 _ i  eniv i  eni



8kb Te ,

(11)

8kb Ti .

(12)

  me

  mi



Fig. 17. Non-dimensional voltage of probe with respect to plasm for a given
applied voltage with respect to the spacecraft for various values of α. As α
increases, the probe bias approaches the expected bias. Note the deviation of
all probe biases at the plasma potential.

Fig. 16. Non-dimensional steady-state floating potential scaled to electron
energy, α = 100, 200, 400, 500, and 1000. Data are the solid lines. Simulaiton
results are dashed lines.
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[8]

V. CONCLUSION
When using the pulsed method to acquire in-situ current–
voltage sweeps on small spacecraft, it is necessary to add a hold
time before data acquisition to enable the ions surrounding the
spacecraft to come to equilibrium. The hold time is on the order
of the ion plasma period. This restriction may require the use of
a fixed-bias measurement technique instead of a pulsed method
when high spatial resolution is desired.

[9]

[10]
[11]

Additionally, the efficacy of the pulse method in
determining the plasma characteristics will depend on the ratio
of ion-collection area to probe area. Small spacecraft naturally
have limited surface area for passive ion collection. This
limitation leads to spacecraft charging that changes the potential
of the spacecraft (i.e., the reference voltage) instead of the
potential of the measurement probe. We found that an area ratio
of approximately 500 or greater is required when applying
biases from −5 to 5 volts in an argon plasma with similar
temperature and density to the environment found in low Earth
orbit.

[12]
[13]

[14]

[15]

[16]
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