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ABSTRACT The approach discussed here involves the chemical vapor

dgposition (CVD) of amorphous silicon on to the surface of

Comparative tests of stainless steel vacuum chambers a : :
) . - S ree dimensional vacuum system components and chambers.
components with and without silicon-based passivation coat- : X

he performance of these components will be evaluated in a

ings showed exceedingly low rates of gas evolution from the : .
controlled manner to comparatively analyze the outgassing

coated surfaces. A variety of approaches have been used 10 L
. : o characteristics of uncoated substrates vs. coated substrates.
illustrate the low outgassing qualities of vacuum systems a

o . - he first series of experiments involves the isolated heating
vacuum components modified with an amorphous silicon (a- . .
aﬁd outgassing measurements of comparative parts. The sec-

Si) deposition layer. For example, the samples are heated af) d and most recent evaluation involves the pumping rates of

cooled in turn while the outgassing rates are recorded St . . :
. Wwo geometrically identical vacuum chambers attached to the
temperatures up to 290. Base pressures ranged from’ 10

Torr to 2.5 x 18° Torr. In other experimentation, the outgas-Sarne pump. This second experiment will provide a more

sing characteristics of systems in thé i®10” Torr vacuum applied analysis of the potential advantages imparted by

. - . Sélrfaces passivated with an amorphous silicon deposition.
range are compared. The coatings are resilient, inert an

capabl_e of wlthstandmg_temperature_s abové’@OQs well HEAT-INDUCED OUTGASSING COMPARISONS

as their obvious potential for reducing outgassing rates in

vacuum chambers thereby allowing shorter pump-down timeBheory

with smaller vacuum pump systems, they have proved usefily applying a controlled heating rate to a vacuum component,
in minimizing errors due to thermal desorption in experimenthe outgassing rate can be accelerated and easily measured
tal metal-envelope ionization gauges operating down to theithin a reasonable experimental time frame. This can be
low 10 Torr range. represented by the following equation [11]:

INTRODUCTION F = [exp(-E/RT)It

Avacugm leak notwfths_tandlng, the presence of water, Carb(Where t' is the period of oscillation of a molecule perpendicu-
monoxide, carbon dioxide, and hydrogen, as well as organic - surface (ca. 10sec), E is the energy of desorption
contamination on the walls of a vacuum system is the ro Excallg mol), T is te.mperatu're and R is the gas constant. By
cause for extended evacuation times. There are several te(% - ’ ;
niques for the efficient removal of these contaminants. Appro-
priate surface cleaning and applied heat is certainly the firdf
line of defense for organic contamination and water Vapol&xperiment
removal [1-3]. Surface preparation through surface finishin% vacuum system was constructed to evaluate stainless steel
and/or plasma treatments have also been applied to render the :
surfaces of a vacuum system free of contamination [1_3tacuum components symmetrically connegtec_l toa common
Several types of coatings or base metals have also bedp UM SOUrce. Carewastaken bythe appllca_tlon ofappr(_)pn-
. : AT " - &t baffling systems to ensure identical pumping conduction.
studied as well, including titanium n!trlde depositions [4-6]Figure 1 is a photograph of one of the constructed systems
and beryllium copper alloys formed in to vacuum chamberg hich evaluated the outgassing performance of three metal

[4’.7'9]' The outgassing propemes of p"?‘sma (_jeposmo_ns (ﬁ,]imbles with three different surface treatments.
silicon have also been studied on two dimensional stainless

steel plates [10].

is equation, very slight elevations in substrate temperature
ill accelerate the outgassing rate exponentially.
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The beginning of each experimental setup involved an initial
and measured evacuation period. Vacuumwas applied equiva-
lently to all components of the system. Base pressure of the
system was recorded, then the heat source was applied to an
individual test component. At regular timing intervals, the
temperature (up to 20Q) and system pressure was recorded,
thereby allowing a plot of time (and component temperature
at each time mark) vs. change in system base pressure,
which is a direct measurement of the component outgassing

. _— performance.
Figure 1. Photo of the vacuum test system for treated metal
thimbles. Results and Discussion

The first iteration of testing involved three test components.
One was used as received from the manufacturer, another was
The vacuum system used a turbo pump to give base pressuresit cleaned, and a third was treated with an early-generation
in the 1&° Torr range. Pressures were measured with a calizersion of amorphous silicon CVD, called “a-Si 1st Gen.”.
brated hot cathode gauge. Note within Figure 1 on the righthis deposition was a thin (ca. 350 Angstrom) coating of
side is a heating shroud. This shroud was used to isolate agghorphous silicon.
control the heating process of each thimble in order to indi-

vidually accelerate and evaluate the outgassing properties Pfgure 2 shows a plot of time/temperature vs sysiéhin

each component. It incorporated appropriate insulation anghits of 107 Torr. The system base pressure was 1 XTr
circulated air cooling so that untreated system componentgter 10 hours under vacuum.

were not subjected to heat conduction from the thimble under

evaluation' Pressure increase with heat
The test samples were prepared according to the desire 25

surface type to be measured. One test piece was used e
supplied from the manufacturer without surface preparation. 2 /

The control pieces, label as “heat cleaned”, were exposed ti

15 —=—a-SiCVD 13 gen.
the identical process treatment as the amorphous silicon / —a— Heat cleaned
deposited pieces. Instead of being exposed to the depositio 10 ——As received
gases, however, the heat cleaned control parts were expost /

to nitrogen gas, thereby not receiving any type of deposition °

whatsoever. Prior to deposition processing, the heat cleane o __/ﬂ‘*fﬂ”—’a‘j:

AP units of 107 Torr

and coated components were first cleaned in a multi-bath O 8 DS SO
ultrasonic cleaning system employing a caustic surfactant (\“«Q R R
cleaning agent and subsequent deionized water dragouttank|

Also prior to the actual deposition, these parts were heated ii%
an inert atmosphere to 4Wthen in vacuum (ca. $0rorr).  Figure 2. Outgassing Data; First Generation Samples.
Amorphous silicon CVD was performed by a proprietary

process, called Silcost@aUHV [12]. This process is not a

line-of-site deposition and results in a complete, conformal 5The extremely high outgassing rate of the as-received test
10um coating of amorphous silicon on all exposed surfaceg?mponent clearly overshadows any significant differences
(inside and out) of the test component. All evaluated compdh outgassing performance of the other two. The performance
nents saw extensive (> 24hr) exposure to standard atmgf this Component resulted in eliminating it from future

spheric, humidity and temperature conditions prior to connedesting. The remaining measurements of this experimental
tion to the vacuum test system. design included only the test components with an amorphous

silicon coating or the heat-cleaned control.
To better illustrate the performance differences of a heat-

cleaned part vs. a coated part, the graph in Figure 2 was
enlarged (Figure 3).
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cm? and the calculated system conductance was 12.5 I/sec).
The first data point of 15 seconds {6} yieldedAP values of

: / the heat-cleaned component and coated component of 5.4 x
‘ !f 10-7 Torr and 0.2 x 10-7 Torr, respectively. This givasa

¥ / heat-cleaned value of 5.4 x40l orr | sect cm?) and aAQ a-
| ) +:““it°“°1"99"- Si CVD value of 0.2 x 18(Torr | sect cn?), or a 27-fold

;’f — o et cloaned improvement in outgassing performance for the coated com-
T — . ponent after 1 hour of evacuation.

05 4 !f / J—-'"ff i

e After 10 hours of evacuation, the heat-cleaned component
Mn | OSHIZ 1S S0EN 206 25098 3@ settled into an identical outgassing performance curve as the

(Temp *C}
n a-Si CVD component (Figure 5).

Pressure increase with heat

AP units of 107 Torr

Figure 3. Expanded Y-Scale of Figure 2.

Pressure increase with heat

After 0.5 minutes of heating (11@), the a-Si CVD compo- “'j
nent displayed a 7.5-fold improvement in outgassing perfor-| & . i /
mance over the heat-cleaned test piece (0.06"XTbér vs. —
0.45 x 10 Torr). The trend of improved outgassing perfor- 25 > 2 ‘+3:a.::n:H

mance of the coated part continued throughout the heatinc

AP units of 107 Terr

15
process. This initial result spawned the development of an 1 v /-./
amorphous silicon deposition process to optimize the outgas| °° =
. 0
sing performance of vacuum components. Seconds  15(61)  30(105  45(137)  60(161)

(Temp °C)

As improvements were made to the a-Si CVD process, Megigure 5. Outgassing Data of Developed a-Si Coating vs.

surements of corresponding improvements in outgassing paleat-Cleaned Control: 10 Hour Evacuation.
formance were recorded. Figure 4 plots data of comparative

performance between a heat-cleaned test piece vs. “a-Si
Coated". The outgassing performance, although less disparative than

- - the 1 hour data, still showed a significant improvement of the
Pressure increase with heat coated component over the uncoated. The first data point (15
2% — seconds at 6C) was measured with a base pressure at 7.5 x
0l 10® Torr. Outgassing rates for the test pieces were as follows:
5 // AQ heat-cleaned = 0.14 x1(QTorr | sect cm?) andAQ a-Si
'?6 15 / lml _CVD = 0.01 x 1@ (Torr | sec cn1?), resulting in a 14-fold
g L —— Heat cleaned improvement of the coated vs. uncoated component.
s / — By using an experimental setup applying heat to induce rapid
_/ o outgassing trends of vacuum components, a comparative
o e . . . .
Seconds  15(61)  30(105)  45(137) 60 (161) illustration of performance was achieved. It became desirable,
| (Teme®® | however, to observe the outgassing performance of an entire
Figure 4. Outgassing data of developed a-Si coating vs. hedf@cuum system itself, so that the majority of system surface
cleaned Control: 1 hour evacuation. area was coated with a-Si and compared to a typical untreated

system. In order to better simulate a typical production vacuum
system, neither test system would be heated, and pressure vs.

Using a turbo pump, the system was evacuated for 1 hOL;}[ne plots would better illustrate a more true outgassing
giving a system base pressure of 4.6 XT6rr. The heatwas Performance of a complete vacuum system.

then applied individually and alternately to each test piece for

one minute (to a maximum temperature of IB1 The OUTGASSING COMPARISON OF TWO SYSTEMS
outgassing performance of the coated thimble was superior {8 eriment

the control. The outgassing rafe (Torr | sec cmr?) can be  \jith so many potential sources of vacuum system contamina-
calculated by multiplying the pressure change by the systefn, leaks and inaccuracies, such as surface organics, gaskets
conductance and divided by the surface area of the compongfiye mechanics, gauge and pump memory effects, and pump-
of interest (the calculated component surface area was 1;2,&,}J rates of same-model pumps, it is difficult to design a
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significant and meaningful experiment that accurately com-
pares the outgassing performance of two separate systems.
single system was therefore designed that used a commg
pump to two symmetrically identical vacuum systems that can
be isolated from each other via equivalent valves. Figure 6 is
a photograph of the system, where the right chamber is coate
with a-Si and the left side is not.

Comparative Evacuation Rates

0 —a—Untreated Chamber
—a—a-5i Chamber

Systern Pressure (10-7 Torr)

Figure 7. Comparative pressure data for a-Si coated vacuum
system vs. untreated vacuum system.

The data presented in Figure 7 is from the first evacuation, and
subsequent evacuations will be measured and recorded. Never-
theless, there is a twofold improvement in evacuation rate for
the a-Si coated system compared to the untreated system.
Consideration of outgassing contributions from downstream
uncoated components (i.e. valves and nipples) has not been
mathematically eliminated. Therefore, the data presented
provides a pessimistic (although advantageous) performance
illustration of the a-Si coated chamber. Future data will be
reported to complete this body of work.

CONCLUSION

The slow outgassing of water vapor and other contaminants in

process vacuum chambers can dramatically hinder evacuation
, e ; rates, process throughput, and ultimate base pressures. It has

Figure 6. Photograph of comparative test system. been shown that the application of an amorphous silicon

deposition throughout the exposed surfaces of vacuum com-

ponents can dramatically improve outgassing rates and pro-

The testing procedure involved the evacuation via turbo pumyide an advantage to process chambers that require more rapid

of the entire system for two hours. Vacuum measuremengd efficient evacuations.

were made with a Televac 7F cold cathode gauge. Once a base
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