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Time- and space-resolved
radio-frequency
plasma electron energy
distributions
from a displacement-current-based
electric probe diagnostic
FL B. Turkot, Jr. and D. N. Ruzic
Department of Nuclear Engineering, University of Ilhnois, Urbana, IIlinois 61801

(Received 30 April 1992; acceptedfor publication 23 November 1992)
A displacement-current-based, Langmuir probe technique was developed to measure
time-resolved and spatially dependentelectron energy distribution functions (EEDF) in a 100
mTorr argon plasma. This diagnostic was designed to take consideration of the changes in
displacementcurrent collected at the probe due to changesin the probe tip sheath potential. The
EEDFs collected displayed evidenceof a time-dependentas well as spatially dependentelectron
beam component. The beam energy was seen to increase with the instantaneous plasma
potential. The electron density was found to be 3.2 f 1.1X 109, 1.Of 1.5X lOlo, and
2.7* 1.0~ IO9cmm3at locations 0.6, 1.8, and 2.8 cm from the grounded electrode,respectively.
Mean electron energies were also spatially dependent, measuring 8.7hO.8, 11.3+ 1.0, and
6.9 ho.7 eV at locations 0.6, 1.8, and 2.8 cm from the grounded electrode, respectively.

I. INTRODUCTION

Langmuir probes’-5 and capacitive probes5’6 have
proven useful diagnostic tools in studying laboratory plasmas. Many variations on their simplistic designs such as
tuned Langmuir probes,7*8
double probe techniques,“” and
emitting probes11”2have also been employed. By utilizing
such tools researchersstrive to characterize their plasmas
by determining parameterssuch as plasma potential, floating potential, electron and ion temperature, density, and
the electron energy distribution function. One goal of these
measurementsis to determine a “recipe” for how to obtain
such plasma characteristics. This would allow people to
choosethe parameters necessaryfor a specific task and be
able to select a plasma suitable for those needs. Understanding the various plasma characteristics provides insight into the particle kinetics and helps to more accurately
understand the plasma-material interactions occuring
within the system.13-15
Through many attempts to reach this goal an abundance of good information has resulted. However, a lack of
consistant time-dependentdata has hindered the complete
understanding of plasma parameters. Most plasma dischargesare driven by a time-varying ac signal. 13.56MHz
and several of its higher harmonics are common frequencies in most r-f-driven plasma environments. As the driving
voltage of the dischargevaries sinusoidally acrossits cycle,
it generates a time-dependent electric field between the
electrodes. Since the electron plasma frequency for most
plasmas of interest to plasma processing is much higher
than 13.56 MHz, electrons will respond to the instantaneous electric field while ions respond only to the timeaveragedelectric field. The oscillating motion of the electrons creates a time-dependent plasma potential which
produces a time-varying electric field predominantly located in the plasma sheath near both electrodes. Other
important parameterssuch as electron temperature and the
electron energy distribution are also related to the rapidly
moving electrons and hence are tune dependent.
Time-averaged measurementsdo not reveal complete
2173
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information about rf-driven plasma parameters since particle reactions with materials and other plasma speciesare
occuring at varying electron energiesmuch different than
their respective time-averaged values. Hence, timeaveraged results tend to conceal those effects due to the
changing numbers of high and low energy electrons. Areas
such as plasma etching and deposition and fusion engineering, which are sensitive to each collision that occurs in the
plasma and on the surfaces surrounding it, require the
knowledge of speciesdensity and velocity as a function of
time to correctly determine the specific reactions which
occur. In order to accurately understand what is happening inside a plasma, time-dependent measurementsof all
vital plasma parametersmust be made.
Although time dependent information is desirable
from a Langmuir probe, several complexities exist in correctly determining time-resolved electron probe current.
While in the plasma, the probe tip simultaneously collects
electron current, ion current, and displacementcurrent. In
order to correctly calculate the plasma parameters, the
electron current must be separatedfrom the ion and displacementcurrent. While the ion current can be considered
constant due to its low plasma frequency, the displacement
current createdby the time-varying electric field acrossthe
probe sheath is not constant with respect to time or probe
bias. The focus of this paper is a description of an electric
probe diagnostic method which can correctly separateion,
electron, and displacementcurrents. This method is based
on basic laws of electrodynamicsand provides a look at the
time-dependentcurrent componentscollected by the probe
and the plasma parameters derived from their analysis.
II. APPARATUS

The plasma used in this experiment was produced in a
Davis and Wilder Model No. 425 plasma etcher (Fig. 1).
This capacitively coupled parallel plate device contained
two water-cooled electrodes which were each 70.1 cm in
diameter and separated by 3.3 cm. The upper, powered,
electrode contained a 16.5-cm-diam hole in the center. A
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FIG. 2. Schematic diagram of the rotatable Langmuir probe designed to
collect spatially resolved data.

outsidesources.In order to operatethe instruments within,
120 V ac power was fed into the cage through an EM1
3.65m Copper Ground
low-pass filter which eliminated any rf interferencetravelRod Driven into the
ing along the power cable. All equipment in the shielded
Water Table
room was isolated from the input power ground to reduce
any 60 Hz noisewhich could alter the data. Those piecesof
FIG. 1. Schematic diagram of experimental apparatus.
equipment within the shielded room which neededa rf
ground were connected to the chassis of the copperscreened room by a copper braid, others remained ac
Pyrex cover plate was placed on the bottom,
15-cm-diam
and/or dc floating as necessary.A common ground point
grounded, electrode to approximately compensatefor the
was establisheddirectly beneath the plasma chamber by
mismatch in electrodearea and to allow the assumptionof
a symmetric dischargewith nearly equal sheath potentials driving a 3.65 m long, 2-cm-diam copper rod through the
floor of the building into the water table. The rf generator,
at each electrode.16Quartz plates also lie above the top
rf matching network, groundedelectrode,chamberchassis,
electrode and radially along the inside cylindrical wall to
screenroom, and vacuum pumps were all connectedto this
separate the plasma from the grounded chamber walls.
point to eliminate ground loops.
Three probe ports were located radially around the chamThe Langmuir probe usedin this experimentconsisted
ber wall providing probe accessapproximately midplane
betweenthe two electrodes.A fourth rectangularport mea- of a double-shielded50-n coaxial cable spot welded to.a
suring 5 in. x 2.5 in. was covered with 1.75 cm plexiglass l.O-cm-long, 0.25-mm-diamTungsten tip (Fig. 2). The coaxial cable was surrounded by a layer of Scotch copper
and servedas a window for visual observation.
electrical tape to provide the secondaryshield. Connecting
Gas enteredthrough a small port along the radial wall
this second layer of shielding to ground helped remove
oppositethe vacuum port, near the top electrode.Vacuum
capacitive pickup noise collected by the probe body inside
was maintained by a DuoSeal Model No. 1397 roughing
the plasma. Ceramic tubing encasedthe cable serving to
pump and a Leibold-Heraus Model No. WAU250 roots
isolate it from the plasma,while TorrSeal@ceramic cement
blower drawing from an orifice located underneath the
sealedthe endsand corners of the probe. Any displacement
groundedelectrode.Gas flow was manually controlled and
current which traversesthe ceramic insulating layer is coltherefore had to be calibrated to give mass flow values in
lected on the secondaryshield and shorted to ground via
sccm.16Chamber pressure was measured with a MKS
the secondaryshield. This Langmuir probe designincludes
Baratron Model No. 122A, ( 1-Torr head). Pump foreline
pressurewas monitored using a GranvillePhillips series the ability to vertically span the region betweenthe electrodes with reproducibleaccuracy ( f 0.05 cm). The probe
275 analog readout convectron vacuum guage.
shaft extending out of the chamber is fitted with a radial
Power was suppliedby a Plasma-Therm HFS 2OOOE,
2
kW, 13.56MHz rf generator and passedthrough an asso- position dial calibrated to the vertical position of the probe
relative to the electrodes.
ciated Plasma-Therm auto-matching network and direcProbe signals travel along coaxial cable to the doubletional wattmeter. The power sent to the upper electrode
screenedcopper room where they are collected and anawas monitored by a capacitively coupled Bird wave-form
sampler and passedthrough a blocking capacitor before lyzed. A Power Designs Model No. 2K20A high voltage
dc power supply provides a bias voltage to the probe tip.
reaching the chamber. The wave-form sampler provided a
Bias voltage is further monitored by a Fluke Model No. 75
consistant trigger for oscilloscopereadingswhich included
digital voltmeter. The probe signal is viewed and stored on
signal phaseinformation.
Aside from pressure and power, all plasma measure- a Tektronix Model No. 2221A, 20 MHz, digital storage
ments were made within a double-shieldedcopper-screened oscilloscope. Operating in repetitive sample mode the
room with a groundedchassis.This shieldedroom reduced scope provides an effective sample rate of 2 GHz for this
experiment, breaking a single 13.56 MHz cycle into 150
unwanted rf interference from the rf generator and other
2174
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time points. Fitted with an IEEE 488-Bus, the oscilloscope
sends the digitized data to a Gateway 2000, 33 MHz, 486
personal computer where it was stored and analyzed using
a wave-form spreadsheetprogram called DADISP~~. Using
this program it is possibleto produce an electron current vs
probe bias voltage plot for any of 150 points in time during
a rf cycle. The probe, power supply, and cabling were calibrated at 13.56 MHz.
III. THEORY

The voltage difference which exists between the probe
tip bias potential, Vbia, and the plasma potential, VJ t), is
termed the sheath potential, Vsheath(t).The time dependence of the plasma potential forces Vsheath
to be time dependent and hence the sheath contains a time varying electric field
V sheath(t) = v,(t)
E sheath(t)=-

-

Vbias 9

dVshe,th(t)
dx

.

4&d(t) =ut> +Adt) +&.
(3)
Due to the ions’ low mobility, the positive ion current is
considered to be independent of time for a given V&s.
Further, since the ion current in an argon plasma is negligible compared with the electron current, any time dependence on IP can be ignored. The collected electron current,
on the other hand, is affected by the size of the sheath
potential since electrons with an energy less than v,h&h( t)
are turned away before they reach the probe. In addition,
the high mobility of electrons allows them to react quickly
to the changing electric field in the sheath, making I,(t) a
time-dependent quantity as well as a function of V+ath.
Displacement current, Id(t), is the third component of
the total collected probe current, Itotal, and is created by
the time-varying electric field across the sheath.
(4)

is the outer area of the sheath surrounding
whereAsheath
the probe tip, frois the permittivity of free space,and &&h
is the electric field within the sheath which is approximated
as uniform throughout. Sustaining the voltage separation
between the probe tip and the plasma, the sheath region
acts like a capacitor and hencewill be treated as one for the
determination of displacement current. The oscillating
electric field across the sheath causesa time-varying sheath
J. Appl. Phys., Vol. 73, No. 5, 1 March 1993

dV,(t)
Icdt)

=Gheath(t)

dt

.

If Id( t) and Vp( t) are known, an estimate of C&e.&,can be
made. The strength of any capacitor is determined by its
size and geometry. For this experimental system the sheath
thickness and the length and radius of the probe tip are the
critical dimensions. The probe tip and sheath combination
can be vewed as a pair of concentric cylinders with a capacitance given as
-~
C sheath-h

2%-QL
r~r,

(6)

3

(1)

In this procedure Vbi&is never raised above the minimum
Vp( t) . Therefore, plasma potenial will be the most positive
potential in our system at all times. Hence, V&&h(t) is
always a positive potential difference generating an electric
field which acceleratespositive ions toward and repels electrons from the probe tip.
At any given time, t, during the rf cycle, the total
instantaneouscurrent collected on the probe, Ittotal(t), consists of three components: electron current, I,(t), displacement current, Id(t), and positive ion current, lP

2175

thickness and produces a time-dependent current. Capacitive effects due to the probe body have been neglected due
to the secondaryprobe shielding describedin the apparatus
section. Thus the displacement current will be assumedto
arise purely from the sheath capacitance

where r, is the probe tip radius, r, is the radius of the
sheath measured from the probe tip centerline, L is the
length of the probe tip, and e. is the permittivity of free
space.17Since L and r, are constant Eq. (6) states that
changes in C&..th will be due to changes in sheath thickness.The sheath thickness changesdue to the time-varying
sheath potential and is estimated using a formula derived
by Kielr8 which shows a [V,(t) - VbiJ 1’2 dependence.
The sinusoidal voltage to the powered electrode produces a plasma potential in phase .with the driving voltage.I9 Mathematically, the time-varying plasma potential
V,(t) at a given position can be expressedas the sum of a
time-averaged dc potential, Vpdo and an oscillating potential with amplitude VP,,
VP(t) = VP, sin(d

+ Vpdc ,

(7)

where GJis the driving frequency. The probe current signal
was Fourier analyzed to determine the frequencies which
make up the total collected probe current. Analysis at various values of Vbiasshows that 90% f 5% of the incoming
signal is at 13.56MHz, while the second,third, and fourth
harmonics at 27.12, 40.68, and 54.24 MHz, respectively,
are found to comprise 4% f l%, 3% f l%, and 2% f 1%
of the total collected probe current. The variance in harmonic contribution, representedby the errors values listed
above, is due to changesin Vbiasand probe location within
the plasma. Therefore, the assumption of a single driving
frequency (13.56 MHz) for this system introduces only
negligible error. Figure 3 shows a frequency spectrum
taken from a 100 mTorr, 100 W, argon plasma with the
probe tip 1.8 cm from the grounded electrode. Little variation with position or vbiaswas seen. Since the displacement current is proportional to the time derivative of
Vp( t), 1,(t) is independent of the dc plasma potential,
V pdc, for a given Csheath* This leavesthe displacement current defined as
Id(t) =&eat’, Vpac@
cos(mt).

(8)

Thus the displacement current is 90”out-of-phase with the
driving voltage. Biasing the probe tip in the ion saturation
FL B. Turkot, Jr. and D. N. Ruzic
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FIG. 3. Frequency distribution of total collected current wave forin.
Since 13.56 MHz is seen to be the dominant harmonic, the assumption of
a single harmonic will introduce negligible error. Spectra show little
change with Vbi, or spatial location within the plasma.

region ( V,= - 100 V) restricts the probe to collection of
only ions and displacementcurrent since electronswill not
have enoughenergy to cross the sheath. As the probe tip
bias voltage is increasedtoward plasma potential the collected electron current increaseswhile the ion current varies only slightly and is negligible comparedto IC Vbiasalso
has an effect on Id(t), and that effect is measuredin this
paper,but Id(t) is a more complicated function of Vbiasand
other plasma parameters. Electron current, I,(t), has its
maximum magnitude at the plasma potential minimum,
which is the lowest value of the sheath potential. Figure 4
is a theoretical representationof the phaseand magnitude
relationship between V,(t), I,(t), and Id(t). At high values of VP the probe is instantaneouslyin the ion saturation
region where I, goesto zero.
Both the electron and displacementcurrent, at the fundamental frequency, maintain their phase integrity with
the plasmapotential throughout the sweepingof Vbias,even
though the total collected probe current shifts in phase
with respectto Vp( t). This phenomenoncan be explained
*Or

~-~~

~~

~~~

by the changing value of the electron current. In the ion
saturation region displacementcurrent dominates the total
current collected at the probe. As Vbia is increasedtoward
plasma potential the electron current increasesand eventually begins to dominate the total current near plasma
potential.
The phase relationships between the individual currents and plasma potential provide the foundation for the
analysis.In order to correctly determinethe collected electron current, the correct values for ion current and displacement current must be subtracted from the total collected probe current. In most cases, if a constant
displacementcurrent (i.e., sinusoidal, but independentof
the sheath potential) is used for all Vbiasthe electron current which is calculated will not maintain its phaserelationship with the plasma potential. Thus, changesin displacement current, and hence the sheath capacitance,are
causedby variations in the sheath potential and the particle densities within.
Once the 1, vs Vbiastraces are corrected, time-resolved
information about the plasmacan be determined.The most
informative of such is the electron energy distribution
function (EEDF). Following Swift and Schwar2’

f(-G4

(9)

4

probee

where f(E) is given in [cma3 eV-3’2], E’is the electron
energy, A, is the effective current collection area of the
probe, e and m, are the electron charge and mass, and
dazed V~iasis the secondderivative of the corrected 1J t)
vs Vbiascharacteristic. From f(E) the avergeelectron energy (E) and electron density N, can be determined
N,=

s

f(E) El/‘dE,

(E) =N,-’ j- E3"f (E)dE.

(10)
(11)

Data points were chosen as a series of periodic measurements where the current collection is smoothly varying and
more finely detailed increments when data collection is
more responsiveto increasesin probe tip bias voltage.This
promises a smoother and more accurate secondderivative
measurementwhen determining f(E) .
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IV. EXPERIMENT AND RESULTS

-60

.-.-i-ll
0

60

-_........I
T--,
120
180
Relative
Phase

240
(Degrees)

300

360

FIG. 4. Theoretical representation of current-voltage phase relationships
obtained with the probe held at a constant Vbias.Electron current, Z,(t),
has its maximum magnitude at the minimum value of V&t). +t high
enough values of V,(t) the probe is instantaneously in the *on saturation
region where Z,(r) =O.
2176

J. Appl. Phys., Vol. 73, No. 5, 1 March 1993

To determine the lower bound of displacementcurrent
the probe tip is biased to - 100 V, the ion saturation region, restricting’the probe to collection of only ion and
displacementcurrent since electrons will not have enough
energy to overcome the barrierlike sheath potential. This
signal is digitized and collected via computer along with
other traces taken at bias voltages increasing up to the
minimum plasma potential. Next, the true displacement
current at each bias voltage is discernedby subtracting a
multiple of the displacementcurrent collected at - 100 V
from each Vbiastrace. The correct amplitude of displacement current is that value which shows the maximum electron current in phasewith the minimum plasma potential.
R. B. Turkot, Jr. and D. N. Ruzic
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FIG. 5. Total collected current wave forms as a fuction of probe tip bias
voltage. The increasing dominance of electron current (displayed as negative current) over the displacement current causes a phase shift as
shown.

Figure 5 shows the total probe current at a range of Vbias
As Vbiasincreasestoward VPthe electron current increases
and becomesan instantaneously
due to the drop in Ysheath
dominant contribution to the total collected probe current.
Since I,(t) and Id(t) are 90”out of phasewith each other
a phaseshift in the total collected probe current is visible.
Figure 6 shows time-resolved electron current after the
correct value of Id(t) is subtractedfrom Itotal(t) for several
values of Vbias+
The regions where i,(t) rise abovezero are
representativeof the experimentalerror in determining the
correct value of I,(t). For values of Vbiasvery near VP,
nonlinearities in the sheath conductanceoccur as the potential difference v,(t) - Vbiasbecomescomparableto the
dc component of the sheath voltage and currents at small
I’biasare not exactly proportional to those at larger Vbias.
The correct value of 1,( t) was determinedto be that which
kept the maximum magnitude of I,(t) in phase with the
minimum value of VP(t). Thus, Id(t) is found to be
Id( t, ybias). Utilizing Eq. (6) for the sheath capacitance
and Kiel’s model for the sheath thickness, rshe& shows
how sheaththickness varies with the sheathpotential (Fig.
rsh&, de7). Hence, as T’bimincreases toward Vplasmar
creasesdue to the increasing number of electrons entering
the sheath region.

r--

-~

1.6(10-‘7)

~~I ~-__

2.4(W)

3.2(10-7)

ReIative Time (secondsj
FIG. 6. Time-resolved electron current (displayed as negative current) as
a function of probe tip bias voltage. Regions of positive current are due to
experimental error in fitting Id(t) to traces with Vbiasnear V,
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FIG. 7. Calculated sheath thickness vs instantaneous sheath potential
with the probe 0.6 cm from the grounded electrode. Note the vertical
scale is offset from zero.

Knowing Id( t, Vbias),time-dependentelectron current
vs probe bias voltage plots for any point in time can now be
derived and evaluatedfor such quantities as mean electron
energy, density, and the electron energy distribution function. It is found, however, that full time-dependentdata is
only obtainable for probe tip bias voltages up to the minimum VJ t) . Hence, data for times with VP(t) > Vpminwill
be incomplete in the range P’min < Vbias< VP(t) . This restriction is due to the collapsing of the sheath once Vbi,
reachesVpin. When the sheathbreaks, all points in time of
the rf cycle experiencea sharp increase in electron current.21This distortion is present at times both before and
after Vpmin,implying that the sheath requires a finite time,
greater than 74 ns (13.56 MHz)-‘, to reform and restabilize itself.
EEDFs for times with VP > Vpminreveal information
about higher energy electrons while information about
lower energy electrons is limited by the collapsing sheath
distortion. Figure 8 shows time-resolved EEDF data for
argon at 100*5 W, lOO=t5 mTorr, and 2+ 1 seem at 0.6
cm from the grounded electrode. As explained earlier, information about lower energy electrons for times with
V,(t)
> P’min is limited by the collapsing of the sheath.
Hence, total electron densitites and mean electron energies
cannot be accurately determinedfor times other than when
V'(t)
= VPin. Figure 8 shows an electron beam component increasing in energy from 35-40 eV at t=O ( VP
= Vpi,) to approximately 55 eV at t=w/4 (l/8 of a rf
period) and 65 eV at t=r/2
(l/4 of a rf period). The
increasing energy of the electron beam components (representedby the bumps in the EEDF at the energiesindicated above) is due to the increasedsheath potential and
electric field within the sheathwhich acceleratestheseelectrons to a higher energy. The “dips” in the EEDFs at
energiesjust preceeding the electron beam components
representa high degreeof anisotropy and therefore invalidate the accuracy of the magnitude in the EEDF formula
at energiesbeyond. Hence the magnitude of the data in the
range of the electron beam componentsshould be considFL B. Turkot, Jr. and D. N. Ruzic
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FIG. 8. Time-resolved EEDF at 0.6 cm from the grounded electrode.
Electron beam components at 35, 55, and 65 eV show a dependence on
P>(t). Data in the beam component region should be considered only
qualitative due to the breakdown of the EEDF formula at regions of
anisotropy (the dips preceeding the electron beam components).

ered only qualitative.22For times in the rf cycle the plasma
potential is greaterthan V+, the energyscalefor Fig. 8 is
determinedusing the assumptionthat the magnitudeof the
ac floating potential is comparableto the ac variation of the
plasma of the plasma potential.4
Spatially resolved EEDF data at the time of Vmin for
the sameconditions are shown in Fig. 9. Here, evidenceof
a peaked electron density in the center of the discharge
which tapers down toward the sheathsis evident by comparing the area under each curve. Measurementscloser to
the sheathregions (0.6 and 2.8 cm in fig. 9) show electron
beam componentsnear 40 eV while the center of the discharge ( 1.8 cm) contains a beam component near 55 eV.
Moving from the sheathsto the center of the discharge,the
EEDFs are seento flatten out in the low energyregion due
to the increaseddensity and the larger number of electrons
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FIG. 10. Spatially resolved plasma potential minimum.

which have gained energy traversing the sheath region or
through collisions with such electrons.The electron beam
component in the center of the discharge is of a higher
energythan those in the sheathsbecausethe electronshave
fully traversed the sheath and gained their maximum energy from such, whereaswithin the sheath the collected
electrons have only experienceda portion of the sheath’s
electric field. Once again the dips preceedingthe beam
components restrict data beyond to be consideredonly
qualitatively. Utilizing a plot of spatially resolved P&in,
Fig. 10, the spatially resolvedEEDFs of Fig. 9 show the
acceleration and retardation of electron energy as they
traverse the plasma and interact with the spatially dependent plasma potential. For example,the changein electron
beam energy is about 12 eV between0.6 and 1.8 cm from
the groundedelectrode.The changein VP for this region is
roughly 9 f 1 V which would accelerateelectronsfrom the
0.6 cm position further in the plasma. Although more detailed kinetics actually take place, the influence of VP is
clearly seen. The same observation can be made at the
position 2.8 cm.
Table I displays spatially resolved mean electron energy and electrondensity valuesat 3 locations for this same
argon plasma.Together with Fig. 9, the energiesin Table I
show that the higher energy electrons have only a small
effect on the mean electron energy values.
v. DlSCUSSlON

Although Langmuir probe data is limited to voltages
where Vbias < P&in, valuabledata concerningmiddle- to
high-energyelectrons can be collected for times with VP
above Vpina Electron beamcomponentsare clearly seento
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FIG. 9. Spatially resolved EEDF at plasma potential minimum. Electron
beam components are seen to be of lower energy within the sheaths (0.6
and 2.8 cm) than in the center of the discharge ( 1.8 cm). Electron density
is also higher in the discharge center than in the sheaths.
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TABLE I. Spatially resolved mean electron energies and densities.
0.6 cm
N,
(I$

3.2*l.lx109
8.7+0.8 eV

1.8 cm
cme3

1.0*1.5~10’~
11.3*1.0 eV

2.8 cm
cm-3

2.7*1.0x109
6.9hO.7 eV
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be time dependent as well as spatially dependent and seem
to follow expectationsderived from the spatially dependent
plasma potential. The displacement current correction
technique employed provides a more accurate determination of the time-dependent electron current as well as an
estimate of the sheath capacitance. Sheath capacitance is
seento be dependent on the sheath potential and the position within the plasma. Further investigation utilizing
Kiel’s modeli of sheath thickness and the equation for the
capacitance of a cylinder reveals that changes in sheath
capacitance are dominated by changesin sheath thickness
rather than the varying density of electrons within the
sheath. Future work using this method will involve the
investigation of molecular gases(SF, and CH,) as well as
examining argon at higher pressuresin order to achieve a
higher degree of precision in the spatial dependence of
plasma parameters.
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