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Introduction

Electron microscopes need cleaning to remove hydrocarbon (HC) contaminationvattrert
De-Contaminator (D-C) removes HC contamination by using oxygen radicalatpzhby
plasma produced by a radio frequency (RF) discharge in the Evactron D-@jsrORgdical
Source (ORS). Previous studies have shown that Evactron cleaning of UTW wind@asescr
carbon sensitivity [1] and that there may be sight corrosion of the Aluminum filnmgati
these windows [2]. In many systems, there is an aluminum alloy collimatoa@b mm base
that fits over the window. Above the window is a cone with an entrance port up to 4 mm in
diameter for the X-rays to pass through in order to be detected. The oxygen weicaisnly
carried by flowing gas in a viscous flow regime to the surfaces to beede@he window is
situated behind an orifice in a non-flow region; the surface HC should be oxidized lass by t
Evactron cleaning process simply because the oxygen atoms will have a riicut tiihe
reaching the window. The goal of this work is to quantify the effect of the ilBngatocess on
surfaces guarded by the collimator.

XEI Scientific, Inc. has developed a quantitative technique to determine itherefy of the
Evactron process under various conditions. This technique uses a thickness monitoute meas
the loss rate of an oil layer which had previously been allowed to accumulate on tt@.moni
More detail on this technique is presented in another paper [3]. In order to meastfiecthef

the collimator on the oil thickness loss rate due to the Evactron process, thetooiknpéaced

over a thickness meter prior to pump down. The rate of thickness loss with the collimator
covering the monitor is compared to the loss rate when the monitor is complgededxo the
oxygen radicals produced by the Evactron process.

Experimental

Effectiveness of the Evactron® cleaning process was determined bywsiMrliac quartz

crystal thin film thickness meters (QCTMSs) placed in a mechanically pumgedmachamber.

The QCTMs are 8 mm in diameter. The outputs from the QCTMs are read using a McVa
MDM-160 thickness monitor. A thin film is introduced onto the QCTMs as described in another
paper[3]. The QCTMs were then moved to the center of the chamber approximatelyraémcm

the Evactron® ORS. The collimator was placed over one of the TMs; the other Tftvas |
uncovered as a reference. A piece of Teflon tape was placed around thetbasmliimator so

that the only opening between the TM and the rest of the system was the opdmeng@iof the
collimator.



The collimator was provided by Oxford Instruments. It is in the shape of r@dajobe, with a
large opening (1.5 cm) on the bottom and a small opening (0.4 cm) on the top. Itis 2.5 cm in
height. An insert was fabricated to reduce the diameter of the top opening. Wheerths ins
place, the diameter of the collimator is reduced from 4 mm to 1 mm.

In all cases, room air was used as the oxygen gas source. The air was |eatked@RS by

means of a metering valve, and the pressure in the ORS was monitored with gRigeni A
LabView™ program was used to monitor the change in pump oil thickness on each of the TMs
simultaneously.

The quartz crystal thin film thickness meter and the collimators are shdwguire 1.

Figure 1:

Quiartz crystal thickness meter (left) and
Oxford Instruments collimator with (top
right) and without insert (bottom right).
Teflon tape has been placed around the
base of the collimators.

Results

First Set of Experiments

The first set of experiments was done without the 1 mm insert; the diameter ollithator is 4
mm. The results of this experiment are showhigure 2. In this graph, thickness loss (in
Angstroms) is shown as a positive number. When the Evactron process is turned offnalmos
thickness loss is seen on either QCTM. The rate for the covered QCTM is aboutthanebs
uncovered QCTM, which is the difference in area between the size of the qusidt QCTM

and the size of the collimator opening. Oxygen radicals are able to diffusehthineug
collimator and remove contamination from the TM with minimal loss on the walleof t
collimator. The collimator is made from aluminum, and the native aluminum oxideewih
not remove oxygen radicals very efficiently. The rate of thickness loss imdetd by the
geometry of the experiment.



Figure 2:

Covered QCTM vs. Uncovered QCTM
(4 mm dia. collimator)
15 W RF Power and 0.4 Torr
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For air, the Knudsen numbérf) is

1
(20.2x Pxd)

Kn=

whereP is the chamber pressure in Torr ahid the collimator diameter [4]. The Knudsen
number is the ratio of the mean free path over the diameter of the opening. As ts num
increases, the likelihood of oxygen radicals getting past the collimatoctiestto the covered
QCTM should decrease. It should be kept in mind that lowering the pressure alasdaadhe
number of oxygen radicals reaching the collimator.

The first experiment was repeated at a lower pressure to see whaaeffi@nge in the Knudsen
number will have on the ratio between the uncovered and covered thickness loss rates. The
results are shown ihable I.

Table I: Pressure Study with 4mm Collimator at 15 W RF Power
Pressure  Knudsen Uncovered Rate Covered Rate Ratio

(Torr) Number (A/minute) (A/minute) (Uncovered Rate/Covered
Rate)

0.4 0.03 1.74 0.43 4.1

0.4 0.03 1.79 0.46 3.9

0.2 0.06 4.15 0.51 8.1

0.2 0.06 412 0.52 7.9

The ratio between the uncovered and covered rates doubles when the chamberipiessec
suggesting that the Knudsen number can be used to ascertain the shielding éféect of t
collimator.



Second Experiment

The second experiment is a repeat of the first one, except that the 1 mnsipkeeiin the
collimator. The results of this experiment are showigure 3. This time, however, there is a
radical difference between thickness loss rates. For the uncovered QCTMcgkhedhiloss rate
was measured to be 1.9 A/minute. Using the geometric arguments from treotthatfirst
experiments, one would expect the loss rate of the covered QCTM to be around 0.2 A/minute
and the total thickness loss after 80 minutes to be around 16 Angstroms. However,dhe rate
thickness loss for the covered QCTM and the 1 mm insert was actually around 0.04 é&/minut
There is a change in the Knudsen number of the oxygen radicals entering théhtop of
collimator. When the collimator opening is reduced from 4 mm to 1 mm, the Knudsen number
increases 0.12, further into the transition region between viscous and molecular flov [4].

may be more difficult for the oxygen radicals to move through the top of the colliihttey

are in a flow regime that is more molecular than viscous.

Figure 3

Uncovered QCTM vs. Covered QCTM
(1 mm dia. collimator)
15 W RF Power and 0.4 Torr
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Third Set of Experiments

It has been noted that there is a time delay between when the initial EvadirateBning starts

on the uncovered TM and when this cleaning starts on the covered TM. It was thougt# that if
purge step was introduced into the cleaning process, it would remove oxygen radicals befor
they could reach the covered TM. The result would be that there would be a gretderghi
effect on surfaces protected by a collimator, while still allowing EgadD-C cleaning on
unprotected surfaces. Hoping to exploit this effect, the next experiment dyelBddctron D-C
cleaning process between running the oxygen radical producing plasma and theroftithang
plasma in order to purge the chamber. In the example shawgure 4, the collimator with the

4 mm top opening was used. Room air was used for the purge step. The uncovered TM had a
thickness loss rate about 4x greater than the covered TM; this ratio is thasstradirst
experiment, which was done under the same experimental conditions but without the
plasma/purge cycling. The results do not show the hoped for increase in the shiéding ef
which would be seen as a greater difference between the loss rates of the uraswemacred
TMs. This experiment was repeated with differences in the purge pressdranaswith

difference in the plasma and purge timing, but no increase in the shielding\efteseen.



Figure 4. Effect of cycling 60
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cycled 5 times.

An intriguing effect was found in one repetition of the above experiment; thesrasellshown

in Figure 5. The decrease in the thickness layer for the covered QCTM occurs during the purge
step and not during the plasma step. This result suggests that there may be pratectures
would remove contamination from areas which are partially covered (such asSamiBd»w

behind a collimator) without exposing those areas to direct Evactron D-CngjedBy

judiciously using plasma and purge cycling, it may be possible to clean parts abiawac

chamber that are 1) difficult for the oxygen radicals to reach and 2) contain equiphich is
sensitive to oxygen radicals. More work will be done to study this effect.
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Conclusions

The results suggest that an increase in the Knudsen number will decreasetthef aibdi
oxygen radicals to get through the collimator. The Knudsen number can be increased by
lowering the pressure and making the collimator diameter smalleas liden seen in our
laboratory that lower pressure increases cleaning efficiency, sangviee working pressure of
the Evactron® De-Contaminator should also be beneficial to the entire process. Alheug
plasma/purge cycling did not have the hoped-for shielding effect, future work maygaint
pressure/timing regime which would allow cycling to have the desired effecépingeoxygen
radicals away from sensitive detectors, while still cleaning the aftamber.
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