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Introduction

In a plasma etching reactor, etching anisotropy and yield are
often a function of ion bombardment energy and fux. This has
motivated efforts to develop mass spectremetry and ion kinetic-
energy analysis as dizgnostics for monitoring tf discharges used
for plasma processing [1]. Recent measurements [2-4), utiliz-
ing retarding potential analyzers mounted on grounded rf eléc-
trodes, indicate the existence of rich structure in ion kinetic-
energy distributions for certain plasma systems. This struciure
is related to the chemistry which can eceur as ions are eceel-
erated by the oscillating electric ficlds present in the plasma
sheath.

For argon discharges, Wild and Koid! [2] have demonatrated
that jon-energy distributions exhibit pronounced peaks, and
bave been able to predict this structure using Monte Carlo sim-
ulations which assume a constant cross section for symmetric
charge transfer in the sheath. Liu st ol [3] have shown that
momentum transfer scattariag in the sheeth is essential to pro-
duce significant jon impact angles. More recently, Toups and
Ernie [4] have determined that the ratio of the frequency of the
applied rf potential and the reactor gas pressure is a critical
parameter in determining the shape of the distribution.

In the present work a cylindrical ion-energy selector coupled
to a quadrapole mass spectrometer is utilized to measure ion
kinetic-energy distributions as a function of various discharge
pazameters in an argon plasme. The analyzer is oriented such
that the sampling orifice is located oz a plane equidistant be-
tweea the two faces of the electrodes, end thus jons are sampled
from the side of the plasma instead of through the grounded
electrode. This allows ion energy distributions to be measured
et varying distances from the bulk plasma. lon-energy distri-
butions obtained in this geometry are compared with previous
measurements made through the grounded electrade. All results
presented here were obtained using & GEC rf Refercnce Cell [5].

Experiment

The GEC «f Reicrence Cell cloctrode configuration is symmatric
with two 4-inch diameter aluminum electrodes with 1-inch in-
terelectrode spacing. RF power (18.56 MHz) is capacitively cou-
pled to the upper electrode while the lower electrode is grounded.
All experiments were performied using 99.099% argon at a pres-
sure of 100 mtorr and a flow rete of 20 scem.

The ion-enorgy analvzer is a VG SXP300-CMA! which consists
of eylindrical mirror jou-cnergy analyzer [6] coupled to a 300

amy quadrapole mess spectrometer. lons are sampled via 2

200 micron aperture through o grounded stainlesa steel cone
into the diffetentially pumped region of the analyzer. The ofi:
entation of the analyzer and sampling orifice with respect to the
cell electrodes is shown iz Figure 1. The ion-energy analvzer and
mass specttometer may be moved by means of a bellows assem-

"The identificatlon of commercial matecials and thelr sourcet is made
to describs the experiment adequaltely, in no case does this identification
imply recommendation by the Nationai Institute of Standarda and Tech-
nalegy, nor does il linply & the instrument is the best available.
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Figure 1. Schematic diagram showing the arientaticn of the ion-

energy anelyzer and mass specrrometer with respect to the GEC rf,

Refsrence Cell eloctrodes, The dist from the edge of the wlac-
trode assembly to the aperture s d, SO is the 200 micron sampling
orifice, ITQ are the lon transfer optics, CMA is the cylindrical mir-
tur ion-energy analyzer, QMS is the quadrepole mass spectromater,
PS5 ia the rf power supply, and MN s the matching network.

bly such that the distance from the sampling orifice to the edge
of the electrode assembly may be varied from 0 to 10 cm.

Ion-energy distributions were chtained by tuning the mass spec-
trometer to the ion masa of interest and then scanning the en-
ergy of the jons entering the cocrgy analyzer, Several ecergy
acans were averaged aad then stored in & computer for aaaly-
sis. Simuliancous measurements of discharge voltage and cur-

rent waveforms were also obtained using voltage and curzent .

probes located on the powered electrode. Amplitudes and rela
tive phases of the harmonics were then determined for each of
these waveforms and were used to help charactenize the plasma.

Resgults and Discussion

Showa in Figure 2 are jon kinetic energy distributions for Ar* as
a function of probe position (&) for ax applied peak-tu-peak volt-
age (Vyp) of 200 volts, The distributions cach exhibit a bimodal

totensity

Figure 2. Ar* kinetic enorgy dietributions as & function of distance
of the aperture from the edge of the electzode asiembly for a 200 Vv,
100 mtorr argos plasma. Al intensities ar¢ on the vame arbitrary
relative acale.
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Table 1. Amplitudes of curresnt and voltage hasmongics and kias
voltg SV;) a a function of jon-energy gru‘be position ii).
urrent (Rmps) Voltage (volta)
d e M e Vi M-l oW
0cm 0.22 0.05 0.21 0.03 9.4 1.9 0.6 =336
2em 0.22 .05 0.2 0.03 96.0 1.6 0.5 -834

4 cm 0.22 005 021 0.03 978 18 0.5 851
Sem 022 008 (21 003 980 1.5 0.5 -855

structure with & small peak st low energies and 2 peak of vary-
ing intensity at higher energics. A cut-off point is obscrved at
low energies below which no ion intensity is observed. Table 1
indicates that the voltage and current waveforms as measured
at the powered electrode are not significantly affected by the
position of the ion-energy probe, despite the fact that the probe
visibly perturbs the plasma &s the probe is moved closer to the
electrodes (d — 0).

As d decresses a sheath doevelops around the end of the ion-
energy probe and the grounded conc behaves as a part of the
groucded electrode. It might then be expected that the jon
kinetic energy distributions for d = 0 would exhibit character-
istics similar to thosc seen in other experiments which sample
ions through the grounded clectrode. However, the low energy
cut-off &t B eV and the decreasing jon intensity below 10 eV
observed in Figure 2 for @ = 0 are not consistent with pre-
vious ion-energy distributions for Ar* measured through the
grounded electrode [2-4]. This discrepancy may be associated
with ion discrimination effacts introduced by the “off-axis" ion
sampling geometry utilized in the preseat experiment and is
currently being investigated.

The observed structure for encrgies above 10 eV for d = 0 is con-
sistent with other obscrvations [2-4] and has been attribuied to
phase modulation effects associated with Ar* formation by res-
onent charge transfer in the sheath (2], As the probe is moved
away from the clectrodea this structure disappears, the cnergy
distribution narrows, and the mean ion-energy shifts to lower
values. All of these affects are consiztent with the diminishing
influence of the probe in defining a sheath region near the aper-
ture as the probe ix removed from the vicizity of the powered
electrode,

Measurcments were also 1uade for other ions present in the ar
gon discharge including Ar**, ArH*, Ar}, and H:O% under the
same conditions as for the data presented in Figure 2. Trends
similar to those preseated ahove for Ar* wete found for Ar™™
which is predominately fornied in the sheath region by high en-
ergy electren collisions, However, loas such as H,0% and Arf
that are formed predominantly in the glow region do not exhibit
significant structure in their ion-energy distributions as shown
by the example data presented in Figure 3, Additionaliy, sub-
stantially smaller shifts in mean energy and energy distribution
widths are observed for Ar} and H;Q" as the probe position
was varied.

Figure 4 shows kinetic energy distributions for Ar* as a func-
tion of the applied peak-to-poek of voltage for d = 0. The
mean kinetic energy is observed o decrease as 1), decraases,
aad the seructure attributed to charge cxchange in the sheath
is prescat at all voltages cxcept the lowest, However, the struc-
ture becornes more prouctneed as the bina voltage increscs in
accordance with the findings of Wild and Koidl [2].

intensity

Figure 3. Ar] kinetic energy distributions as & function of the &3
distazce of the jon-ezergy probe from the electrode assamble for u'idl
200 Vp,, 100 mtorr argon plaama, Al intensities aze on the same 23
arbitracy relative scale, “

ntensity

Figure 4. Ar™ kiacilc energy distributions as a function of applied
rf valtage for a 100 mrocr argos plasma with the probe position at
d = 0. All intensities are on the same arbitrary sclative scale,
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