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Abstract

Outgassing rate is one of the most important criteria for
vacuum acceptance of various components used in ultra-
high vacuum (UHV) systems. There are numerous meth-
ods that can be used to measure the outgassing rate of UHV
components. One of the most common techniques is the
so called ‘pressure rise’ method. In this method, the com-
ponent under test is enclosed in a system and isolated from
the pumping system. The outgassing rate is calculated from
the pressure rise rate that occurs due to the outgassing of
the component. Comparing with other techniques, the pres-
sure rise method is more straightforward and allows easier
analysis of the data. Nevertheless, the outgassing rate ob-
tained from the pressure rise method tends to be much
lower than the actual outgassing rate.

This paper presents an investigation of another approach
to analysing the data obtained from the pressure rise
method. The objective of this approach is to provide a
greater accuracy in the outgassing rate measurement, as
well as to understand the reason behind the large error ob-
tained using the pressure rise method. The new approach
of calculating the outgassing rate from the ‘pressure rise’
method is then compared to the normal pressure rise
method, as well as throughput method.

OUTGASSING RATE MEASUREMENT

The outgassing rate of vacuum chambers and vacuum
components can be obtained using different methods [1, 2].
The use of the methods depends on the components being
investigated. The most common technique used is the pres-
sure rise method, where gas is accumulated in an enclosed
chamber isolated from the pump. The pressure rise method
is straightforward and not time consuming. The suppliers
of the vacuum chamber or vacuum components normally
present the outgassing rate based on this pressure rise
method. Unfortunately, the outgassing rate obtained from
this technique tends to be inaccurate.

Another common technique used to determine the out-
gassing rate is so called throughput method. In this method,
the test chamber is separated from the pump by a baffle
with a known conductance.

EXPERIMENTAL SETUP

Figure 1 shows the experimental setup used to measure
the outgassing rate in this study. The setup can be used in-
situ for two techniques, i.e., the pressure rise and through-
put methods. The outgassing rate measurement was con-
ducted on stainless-steel chambers with different dimen-
sions. Some commercial samples that are commonly used
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for high vacuum systems were also tested: PEEK, Macor,
and Vespel.
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Figure 1: Experimental setup for in-situ pressure rise and
throughput methods.

METHODS OF COMPARISON

Figure 2 shows a typical pressure rise behaviour over a
certain time, when the chamber under test was isolated
from the pumping system. The pressure rise rate shown in
Fig. 2 was obtained from the measurement of stainless-
steel chambers before and after bake-out treatment.

There are three major phases observed in Fig. 2: the first
phase (Phase I) - where the initial pressure rise occurs very
quickly for a short period after the closing of the valve, the
transition phase shown as a ‘curved part’ on the graph, and
the final phase (Phase II) where the pressure rise rate either
gradually decrease or rises again almost linearly.

In an ideal condition, the pressure should increase line-
arly with time, when the chamber under test is isolated
from the pumping system. In practice, however, after the
chamber isolation from the pumping system, there is a
probability of various events, besides the outgassing of the
test sample. The most common occurrence after an ex-
tended chamber isolation is gauge pumping and re-adsorp-
tion from the chamber wall. In practice, a spinning rotor
gauge (SRG) should be used when conducting the pressure
rise method, to avoid any gauge pumping or additional out-
gassing from the gauge filaments. However, the pressure
measurement range of a SRG is limited to about 10”7 mbar

[3].
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As shown in Fig. 2, for a stainless-steel chamber after
bake-out, the valve closing is clearly indicated by a vertical
pressure rise, then followed by a brief linear pressure rise
before gradually decreasing to almost constant rate rise.
The constant rate rise after prolonged isolation from the
pump might be due to the equilibrium between the outgas-
sing rate and the re-adsorption of the chamber surface. It
could also be due to the gauge pumping.
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Figure 2: The rate of pressure-rise for a stainless-steel
chamber, before and after bake-out treatment, represented
by black and red graphs, respectively.

For an unbaked chamber, the elimination of the valve
outgassing is not as straightforward, because the valve
closing effect is quite obscure. As shown in Fig. 2, the ef-
fect of the valve closing for unbaked chamber, is mixed
with the initial pressure rise of the chamber itself and then
followed by a linear pressure rise again. The second linear
rate rise might be due the water outgassing that was more
dominant than the re-adsorption and gauge pumping effect.

The measurement time chosen for the linearity of pres-
sure rise in Phase I is very brief. The measurement time is
actually the characteristic pumping time, which depends on
the volume of the chamber under test and the residual
pumping speed [2].

Figure 3 shows the measured outgassing rate for stain-
less steel chamber, before and after bake-out treatment.
The comparison of the pressure rise method and through-
put method is also shown in Fig. 3. The outgassing rate
taken from both Phase I and Phase II during the pressure
rise measurement was also compared. The Phase I calcula-
tion was taken directly after the chamber under test was
isolated from the pumping system. The outgassing rate ob-
tained from Phase II was taken after the pressure rises pass-
ing the ‘curved part’ of the graph. The calculation taken
from this phase is the commonly employed in the pressure
rise method, which normally gives a large error. In this
study, a correction of outgassing rate based on Phase II was
employed by taking account of the residual pumping speed
due to gauge pumping and/or re-adsorption of the chamber
wall.
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Figure 3 shows that the pressure-rise method is compa-
rable with the throughput method for the baked stainless-
steel chambers, when the pressure-rise calculation was
taken from Phase I. This was not the case, when the calcu-
lation was taken from Phase II. When the calculation was
taken after some extended isolation from the pump, the
outgassing rate calculated obtained from the pressure rise
method is much lower than the throughput method. How-
ever, after including the residual pumping speed into the
calculation from Phase II, the outgassing rate calculated
was relatively good agreement with the throughput
method.
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Figure 3: Comparison of outgassing rate measurement of
baked and unbaked stainless-steel chamber using different
methods.

For unbaked stainless-steel chambers, there is less dif-
ference between the calculations taken from Phase I or
Phase II. Unlike the baked stainless-steel chamber, the out-
gassing rate obtained from Phase II for the unbaked cham-
ber is slightly higher than the outgassing rate obtained from
the throughput method (Fig. 4). It might be that for the un-
baked stainless-steel chamber, the effect from gauge pump-
ing and/or re-adsorption was less dominant than the out-
gassing rate of the sample itself. This might also explain
the linear increase of the pressure in Phase II for the un-
baked stainless-steel chamber. The comparison with the
throughput method for the unbaked stainless-steel chamber
is also not in good agreement, when the calculation was
taken from Phase 1.

The same trend was also observed for unbaked Macor
(Fig. 5) and Vespel samples. Even after bake-out, the pres-
sure-rise method calculated based on Phase I or Phase II
for PEEK and Vespel samples, did not agree well with the
throughput method. It might be that the pressure rise
method based on Phase I cannot be used, when the samples
under test have a high outgassing rate or a high-water con-
tent, such as unbaked stainless chambers and polymers.
The higher water content of PEEK and Vespel is confirmed
with the RGA spectra.
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Figure 4: Comparison of outgassing rate measurement of
unbaked stainless-steel chamber using different methods.

After bake-out, the pressure rise rate in Phase II for the
PEEK and Vespel samples also increased linearly with
time. Unlike the Macor sample, the different linearity in
the curvature was not observed (Fig. 6). For the PEEK and
Vespel samples, there was no noticeable difference in the
behaviours of pressure rise rate before and after bake-out.
It might be that the bake-out cycles were not sufficient
enough, so water was still the dominant outgassed compo-
nent from the polyamide contained in the PEEK and Vespel
samples.

Unlike stainless-steel chambers, the pressure rise behav-
iour for the Macor, PEEK, and Vespel samples did not un-
dergo a decreased rate in Phase II. The outgassing of the
samples may be still dominant compared with the gauge
pumping and re-adsorption of the wall chamber. Hence, the
residual pumping speed was not included in the outgassing
rate calculation.
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Figure 5: Comparison of outgassing rate measurement of

baked and unbaked Macor sample, using different meth-
ods.
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Figure 6: Time dependent pressure of Macor and Vespel

after bake-out, during pressure rise method, compared with
baked stainless-steel chamber.

CONCLUSION

This study showed that the pressure rise method is com-
parable to the throughput method for baked stainless-steel
chambers and baked Macor sample, if the calculation of the
pressure rise method was taken from the very initial rate
rise before the re-adsorption phase occurred. There is not
enough evidence to conclude, if the pressure rise method
calculated from the initial rate rise is only valid for low
outgassing rate samples, or samples with a certain domi-
nant composition. The RGA spectra showed that both the
baked stainless-steel chamber and Macor samples have hy-
drogen as a dominant element, but the outgassing rate of
the baked Macor was much higher than the outgassing rate
of baked stainless-steel chamber.

If the pressure rise method was taken after an extended
time of pump isolation, care should be taken for any effect
of gauge pumping and re-adsorption from the chamber
walls. Applying the residual pumping due to these effects
on the outgassing rate measurement is necessary to pro-
duce reliable results.

More study needs to be done, to investigate the condition
or constraint for the pressure rise method, in terms of the
calculation based on Phase I, especially the study for poly-
mer samples that are normally used for UHV systems.
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