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ABSTRACT

We introduce a new apparatus for measuring the outgassing rate of assemblies and functional units. Outgassing rates given in the literature,
if available, are mostly insufficient to plan and set up a vacuum system, more so if commercial parts, preassembled items, or complex elec-
tronics with unknown components are deployed. Outgassing rates have a severe impact on the required pumping speed in ultrahigh
vacuum systems and they change if the samples are powered or heated. The newly built apparatus uses the throughput method to measure
outgassing rates. It can house probes with a size of 0.10 x 0.10 x 0.13 m> and supplies electrical currents of up to 5 A. In addition, a heater
can establish temperatures of up to 200 °C directly. A procedure is given to identify the main gas inputs and to retrieve data with a lower
limit of 1.5 x 107 Pam® s~! after 100 h in vacuum. In this paper, we present the experimental setup and first results for samples of polyte-
trafluorethylene, polyamide (PA6), Viton (1A), and oxygen-free high thermal conductivity copper at room temperature.

Published under an exclusive license by the AVS. https://doi.org/10.1116/6.0001898

I. INTRODUCTION

Ultrahigh vacuum (UHV) is important for fundamental
physics and engineering applications, for example, systems that use
quantum phenomena for precision measurements, such as
BECCAL,' MAIUS,” CAL,” or MAQRO." Those systems require
pressures below 1 x 107 Pa to operate. The achievable pressure is
limited by the gas inputs and the used pump system. In typical
metal-sealed UHV systems, the outgassing rate is the dominating
gas load. Since miniaturized pump systems cannot supply high
pumping rates, the knowledge of the outgassing behavior under dif-
ferent temperatures becomes crucial to achieve low pressures.

Outgassing rates of various materials have already been
investigated.”™® However, the literature values for outgassing rates
of any given material are prone to differ from one source to
another, sometimes as severely as spanning orders of magnitude.
These discrepancies are caused by various factors, such as the
surface roughness, prevailing time under vacuum, or pretreatment.’

Quantum technologies, such as cold atom experiments, often
use electrical components inside the vacuum system. An atom chip,
for instance, can generate magnetic fields in close proximity to
cooled atoms,” while a piezodriven stage allows for tip and tilt

optics inside the vacuum.' Here, various materials are joined by
different processes in order to connect the components, which can
lead to severely different outgassing rates, occurrence of cavities, or
other factors contributing to deviations from the planned achiev-
able vacuum pressure. The applied electrical currents result in an
increase in the temperature, finally resulting in an increase in
the outgassing rate. Thus, it provokes an elevated pressure near the
field of interest (e.g., cooled atoms) and reduces the performance
of the experiments. '’

We developed an outgassing rate testbed that can measure
probes as well as assemblies with arbitrary geometries and has the
ability to simulate different applicable operational scenarios. This
paper shall give an extensive look into the apparatus and will be
used as the baseline for upcoming measurements.

We will give a short introduction to the outgassing phenom-
ena in Sec. I A and an insight into the limitations of current litera-
ture values in Sec. I B. In Sec. II, a short explanation of the
experimental method is given, which results in a detailed descrip-
tion of the design in Sec. III. Section IV presents the measurement
results and discussion for first empty chamber and material sample
tests for verification of the test setup.
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A. Outgassing rates

Once a material is exposed to vacuum, the surface bounded
gas starts to desorb from the surface. In fact, gas molecules are
released with a certain outgassing rate (Q), which represents the
overlap of diffusion, desorption, permeation, adsorption, and
absorption kinetics.'" Typically, the outgassing rate is normalized
to the geometrical surface area (A), which yields the surface specific
outgassing rate (g).

The amount of gas molecules in the material change with
time, which in turn changes the outgassing rates. Hence, g is
expressed as a time dependent property g;. A well known empirical
power law decay of g, is caused by the depletion of the gas source,
and it can be measured for most of the outgassing materials of
interest in this work.™"” Equation (1) is well known and, for
instance, presented by Dylla et al.'> The equation describes the
development of the outgassing rate over time

qr = qo - (t+1)™". 1)

An outgassing rate g, at time ¢ and the exponential decay
index n are introduced. The parameters qo, ), and n can be found
from fitting experimental data to Eq. (1).

B. Literature values

A multitude of factors, such as the surface roughness, the pre-
treatment, and many more, cause a vast spectrum in the literature
values of the outgassing rate per material. Thus, the calculation of
outgassing rate prior to installation becomes difficult. To illustrate
this, outgassing rates for chosen materials are plotted in a violin
plot in Fig. 1.

Figure 1 grants a quantitative probability distribution of the
outgassing rate. Additional information is given by the heat map,
which shows the time under vacuum for the probes. Not all sources
state a time under vacuum, therefore a not applicable (n.a.)
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coloring was implemented. Furthermore, mechanical and heat
treatments are not considered in the plot, as they are not quantifi-
able and often not given. Recent literature surveys pointed to the
influence of material thickness, which are as well neglected here.>"?

Table T summarizes the literature values visualized in Fig. 1.
It demonstrates the difficulty of choosing values for a vacuum
system design in progress that reflects the material and treatment of
the implemented parts. For metals such as stainless steel (316L),
Battes et al.” studied different processes and derived a range of
2.96 X 1077-4.16 x 10" Pam® s ' m~2 for the outgassing rate at
10h in vacuum. Saitoh et al,'” on the other hand, found an out-
gassing rate of 3.7 x 107> Pam®s~! m~2 for a simply cleaned 316L
probe before baking at 10 h, while Akimichi and Hirata'* showed
that with a TiN coating, the outgassing rate can be suppressed to
1 x 107> Pam® s™! m™2. Polymers such as Viton, polyimide, poly-
amide, and polytetrafluorethylene (PTFE) are more difficult to
predict as they depend on too many parameters. For instance, the
difference between the maximum and minimum for PTFE is seven
orders of magnitude (see Table I).

All those findings are not in disagreement as there is either a
pretreatment, a different methodology, a coating, or another inher-
ent difference involved. Moreover, it has to be mentioned that
plenty of literature values are available for common UHV chamber
materials, such as stainless steel, allowing one to isolate the outgas-
sing rate for a well defined and treated material with good preci-
sion. However, not all parameters can be reflected in Fig. 1, so it
reflects a distorted picture of the literature data.

In many systems, these materials are joined in assemblies,
where common heat and surface treatments are inapplicable, due
to requirements of optical coatings or sensitive electronics. As
described before, this strongly impacts the expected outgassing rate,
which is further complicated by the absence of information on out-
gassing behavior of joined or powered parts. This, in turn, renders
the calculation or estimation of the final outgassing rate infeasible
and unreliable. It is impossible to investigate all parameters
(pretreatment, surface finish, etc.) for all technical materials, and
the alternative is to measure the outgassing rates of the assemblies

0 -
10 n-a. prior to installation. We present a setup to measure the outgassing
1072 A 200 rate in full operation conditions.
I <
N 1074 I c
13 ‘ 'y Q\. - £l 150
w 1070 - \ / v 13
m'E _g | :@ \®, 1 3 TABLE I. Minima and maxima of outgassing rates from literature. Literature values
& 10717 « 1% I S 100 as presented in Fig. 1. Note: Some values are fitted from given equations in the
c 10-104 ) 5 literature.
Y ) ) -8 50
107121 v v - ginPam’s ' m™>
10724 | E Material Minimum Maximum Reference
@ < N —13 —05
F & FESE 316L 100x1071 370 x 107 5, 14-19
@ 5P <@ Kapton 1.52 x 10 1.33x 10 6, 20, 21
N OFHC 181x1072  251x107% 7,19, 21-24
PTFE 400x107"°  1.00x107% 7, 21, 25-29
FIG. 1. Lite.rature survey of outgassing rates for differept materials. Colorbar Polyimide 4.00 x 10798 1.10x 107 6, 21, 30
show_s the_ time under vacuum s_tated in _the c_orrespondlng literature. _Sources Polyamide 3.00 x 10~ 1.60 x 1002 7,28, 31
are given in Table |. n.a. (not applicable)—identifies values that have no informa- Titani _13 —05 19. 29 32
tion about the time under vacuum. Note: Some values are fitted from given Itanium 7.00 10_08 1.51x 10_03 7,9,19,29, 32-36
equations in the literature (color onling). Viton 6.67 x 10 2.80x10 5, 28-30, 37
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Il. METHOD

The outgassing rate of low outgassing samples can be mea-
sured via different experimental methods. The throughput and the
pressure rise method are the most common for low outgassing
samples.'"*** The pressure rise method uses the constant pressure
rise of a vacuum vessel after closing the vacuum pump. Thus, the
outgassing rate from the chamber walls, or the inherent probe, can
be identified at one point in time. Here, the throughput method
was implemented since this method allows for the study of the out-
gassing rate over time. The method uses a constant pumping rate
and the splitting of two chambers by an orifice. With a known con-
ductance (C,) of the orifice, the overall outgassing rate can be
derived by Eq. (2). Measurements of the pressure at a chamber that
contain the probe (ppc) and the pressure at an analysis section
(pas), which are separated by the orifice, yield the outgassing rate

qr = (ppc — pas) - - 2)

=0

The conductance (C), however, is a function of the vacuum
system, orifice geometry, the gas type, and the gas temperature. For
an orifice with a circular cross section (A,) and a length (J,), a well
known analytic approach yields the conductance by Eq. (3),

A, - P,. (3)

Here, ¢ represents the average thermal velocity of the gas molecules
and P, the transmission probability of the orifice.'' For serial pipe
installations, the poor conductance of an orifice is dominant com-
pared to typically used DN40 pipes, which yields C = C,. The
effective pumping rate Sy can be derived from Eq. (4). Here, S is

ARTICLE avs.scitation.org/journalljvb

the nominal pumping rate at the pump inlet,

S
Seff = —3- (4)

14+—
+Cg

The throughput method is limited by the transient, nontrivial
background outgassing of the chamber. This includes, among
others, the effects of venting processes, temperature changes, and
(re)-adsorption of gas molecules from the probes. Other limitations
on the throughput method are the used instruments, such as the
vacuum pumps, the orifice, or the vacuum gauges. Gas-specific
signals of ionization gauges, for instance, have to be considered.
Grinham and Chew’ point out the advantages and disadvantages.
The throughput method offers the opportunity to measure time
dependent outgassing phenomena, which is decisive for
in-operation measurements.

I1l. OUTGASSING MEASUREMENT TESTBED
A. Test setup

The test setup consists of vacuum chambers, a measurement
and control unit, and a transfer mechanism for the probe-holder.
The three elements will be described in the following sections.
A simplified flow chart is given in Fig. 2.

1. Vacuum chamber

The apparatus is divided into three main sections: the gate
chamber (GC), the probe chamber (PC), and the analysis section
(AS), as shown in Fig. 2. The main sealing technique is based on
bakable Con-Flat (CF) flanges according to ISO standard 3669.

The gate chamber and the probe chamber are two identical
systems made from stainless steel (316L). Both were surface
finished by an electropolishing process. One chamber can

Gate Chamber (GC)

BG1

Probe Chamber (PC)

Analysis Section (AS)

X

IGP

FIG. 2. Flow chart of the outgassing measurement testbed: BG—Barion hot cathode gauge, CS—conductance slit (Orifice), GC—gate chamber, GDV—gas dosing valve,
H—heater, IGP—ion getter pump, P—turbomolecular pump, PH—probe-holder, QUS—quadropule mass spectrometer, S—pressure sensor, V—gate valve. Red shaded

area represents optical access on opposite sides (color online).
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FIG. 3. Orifice characteristics. (a) Photo of the CF DN40 aperture after
machining. (b) View through the Quadra-Chek QC200 on the orifice.

accommodate samples of up to 0.250 m in height and a diameter
of 0.155 m.

CF DN40 connections are used to attach two 67 x 10> m?s~!
turbomolecular pumping stations (P-1 and P-2). The connection to
the test chamber is established by a gate valve (V-3). An orifice (CS) is
installed in front of V-3. A magnetic coupled manipulator (M), electri-
cal feedthroughs, two optical accesses, a gas dosing valve (GDV), and
the vacuum gauges (BG1 and S-3) are implemented.

CF DNI160 ports connect the gate chamber and the probe
chamber with a gate valve (V-2). A quick access door at the gate
chamber and a viewport at the probe chamber enable the imple-
mentation of the probe. The suspension (probe-holder) limits the
probe size to 0.10 x 0.10 x 0.13 m°.

The analysis section consists of stainless steel piping. It allows
for the connection of a quadrupol mass spectrometer (QMS), one
vacuum gauge (BG2), and a 40 x 10 m*s™! ion getter pump
(IGP, by Agilent Technologies), with a saturation pumping rate of
25 x 103 m?s~! for N,.

The orifice is a machined CF DN40 aperture. Figure 3(a)
shows the aperture. The machined hole diameter was measured
with a Quadra-Chek QC200 (by Metronics) yielding a diameter of
d, = 2205 x 1073 + 7 x 107 m. The view through the ocular of
the Quadra-Check is shown in Fig. 3(b). The conductance is cal-
culated by the hole cross section with Eq. (3). With the given
diameter, the orifice conductance [Co(N,;)] was calculated to
3.11 x 107*m?s7! for N, and a gas temperature of 293.15 K. The
gas temperature and type influences the conduction and, thus,
affects the measurements. Considering only the effect of the gas
type an outgassing of only H, results in an underestimation of
the conduction by a factor of 3.7 compared to N,.

2. Measurement and control unit

The analysis section houses the measurement unit for the data
acquisition. It is constantly pumped down via the 40 x 107> m?®s™!
ion getter pump. Additionally, a vacuum gauge [BG2, hot cathode
ionization, by VACOM (Ref. 40)] to measure the pressure (p4s) is
connected. An identical gauge connects to the probe chamber
(BG1). The measurement range is 1 x 107°-1 x 10° Pa with an
accuracy of 10% for lower pressure ranges (<1 Pa). All values are
measured as N, equivalent.

ARTICLE avs.scitation.org/journalljvb

A QMS (QMG 220 Prisma Plus'") allows for the analysis of
the gas composition up to 200 amu. The QMS is used in a scan
mode for a first estimation of the gas composition. A multi-ion
detection (MID) scan, for the most abundant mass to charge ratios,
can be applied additionally. This procedure allows for a timed reso-
lution of the outgassing composition.

The control unit for monitoring, data logging, heating, electri-
cal power, and the control of the overall test setup is placed inside a
19 in. rack.

3. Probe-holder and transfer mechanism

The gate chamber features a quick access door, which allows
for probe installation. While the gate chamber is vented with dry
N, to install the probe, the probe and the test chamber are sealed
by the gate valve (V-2). Thus, contamination of the main vacuum
chambers is decreased and repeatability of measurements is
enhanced.

The suspension of the probe (probe-holder) is attached to a
magnetic coupled manipulator arm (M). This arm is able to hori-
zontally transfer into the probe chamber. Here, a probe-mount is
installed, which offers the mechanical and electrical interface to the
probe-holder. Included is a ceramic heater (H), a Type-K control
temperature sensor, and connections to the electrical feedthroughs.
The manipulator arm enables the mechanical and electrical con-
nection by a rotating coupling mechanism.

The probe-holder is equipped with five powerlines, offering
up to 5A per pin, and two Type-K thermocouples. The electric
connection is enabled by a ceramic D-Sub connector. All connec-
tions for power, monitoring, and heating are connected to
UHV-feedthroughs via kapton isolated cables.

Figure 4 shows the setup of an exemplary probe inside the
gate chamber. The circular disk was fixed to the probe-holder

Gate Chamber (GC) )

_/'/' 4 ‘vvv"
L

14 '»“

Probe-Holder (PH)

3

Manipulator & Coupling

Type-K Sensor & Elect. Pins ‘

FIG. 4. Exemplary probe installed with vacuum suitable screws on the probe-holder.
The probe-holder is connected to the coupling mechanism. Type-K temperature
sensors and electrical pins are not connected and freely floating.
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using UHV suitable screws. In this case, the Type-K sensors and
electrical pins were not connected.

B. Test procedure

The steps of a repeatable measurement procedure for the out-
gassing testbed are shown in Fig. 5.

Step 1:
The background outgassing of the probe chamber, without a
sample, is determined in background measurement no. 1 (BM1).
BM1 usually runs from 1 to 24 h. An analog scan with the QMS
is performed to find the most abundant residual gases in the
vacuum system.

Step 2:
BML1 is stopped by opening the gate valve (V-4) to the turbomo-
lecular pump (P-2) and subsequently closing the valve to the test
chamber (V-3). After a short wait time, the valve (V-2) is
opened and the probe-holder is transferred to the gate chamber.
V-2 is closed and the gate chamber is vented with dry Nj.

Step 3:
The probe is cleaned according to the desired processes and

( Background Nr. 1 (BM1) J+———(  QMS Scan BML )

!

[ Transfer to GC J
, !
[ Input of probe ] [Background Nr. 2 (BMZ)]

I - —

L

QMS Scan AM

[ Transfer to PC

v
Actual Measurement (AM)

aane(®) = o0, 20y MIDScon AM_)
A4 T
[ Transfer to GC )7:

v
[Background Nr. 3 (BM3)J

[ Output of probe J

}

( Transfer to PC

o

v
Background Nr. 4 (BM4) ( QMS Scan BM4 ]

oT oI -] MID Scan BM4
aBma(t) :f(ﬁag) ]

FIG. 5. Simplified flow chart of the measurement procedure. GC—gate
chamber, PC—probe chamber, QMS—quadrupole mass spectrometer, MID—
multi-ion detection.
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mounted on the probe-holder. The Type-K temperature sensors
are placed and fixed. Finally, the electric connections are estab-
lished by screw terminals. This process usually takes 15-30 min,
depending on the complexity of the setup. During the imple-
mentation of the probe, a second background measurement
(BM2) is performed without the influence of the probe-holder.

Step 4:
Finally, the gate chamber is evacuated via the pump (P-1).
Typically, a pressure of 1 x 107! Pa is reached in below 1 min.
The evacuation of the gate chamber is monitored and after the
pressure reached 1 x 1072 Pa, BM2 is stopped. The test chamber
is closed (V-3) and the gate is opened (V-2) to transfer the
probe-holder. After successful coupling and retraction of the
manipulator, arm V-2 is closed. An additional check of the pres-
sure inside the probe chamber is implemented before opening
V-3 to not contaminate the analysis section. The process from
first evacuation of the gate chamber to the start of the probe
measurement usually takes 2-6 h.

Step 5:
Subsequently, the test chamber is opened (V-3) and the valve to
the turbomolecular pump is closed (V-4) in order to begin the
actual measurement (AM). A QMS analog scan is performed
after 1 h. The mass spectrum is analyzed up to 200 amu. Most
abundant mass ratios are chosen to be measured in a MID scan.
The probe is measured for a predefined measurement time. A
temperature profile (T) and an electrical current (I) are applied
during the AM.

Steps 6-9:
In order to investigate the influence of the probe-holder, a final
background measurement is performed. Therefore, the probe-
holder is transferred back to the gate chamber analog to the previ-
ously described transfer. An in-between measurement is started
(BM3), while the probe is removed from the probe-holder. The
empty holder is transferred to the probe chamber and BM4 is
started. This measurement is used as a baseline for the outgassing
rate. The same mounting elements, electrical currents, and tem-
perature profiles are applied to the system. All used insulated
cables are connected in an electrical short in vacuum. To resemble
the AM, the probe itself is connected in-line with the vacuum
cables but operated outside the vacuum system.

All vacuum parts are baked out before the first measurements
at 120 °C for a duration of a minimum of one week. In between
two measurements, all chambers are pumped for >100h.
Additionally, another week of bake-out is performed if the back-
ground pressure has changed.

C. Uncertainties

The uncertainty of the two hot cathode ionization gauges
(BG1) and (BG2) is 10% for the low pressure regime, while the cal-
culation for the surface areas of the probes inherits an uncertainty
of ~2%. The diameter used to calculate the conductance by Eq. (3)
has an uncertainty of ~ 7 x 10~¢ m. The error propagation accord-
ing to the standard for evaluation of measurement data*’ yields an
uncertainty of ~12% with a coverage factor of k = 2. The uncer-
tainty is calculated for each measurement point independently and
plotted as a shaded area.

J. Vac. Sci. Technol. B 40(4) Jul/Aug 2022; doi: 10.1116/6.0001898
Published under an exclusive license by the AVS

40, 044203-5


https://avs.scitation.org/journal/jvb

AVA = =

Journal of Vacuum Science & Technology B

10~7
71078 5
[Va)
”g f
s 1079 4
o e
B ]
< 10710 4
f— AM —— BM2 —— BM4
1] — BM1 —— BM3
10711 b | LR | LR | rorrTTT LR |
10—2 10—t 100 10! 102
Time in h

FIG. 6. Empty chamber test with the process of Fig. 5 followed as if a probe
would have been inserted (venting process of gate chamber between AM and
BM4). Time for venting the gate chamber was 30 min. BM—background
measurement, AM—actual measurement.

Additionally, the aforementioned impact of gases readsorbing
on the chamber walls is present. Thus, BM4 and BMI1 become of
interest. Due to the adsorbed molecules, at the components in
vacuum, the measured outgassing rate is higher than in reality.
In Sec. IV A, it is shown that BM4 yields a conservative approach
to evaluating the impact given by the chamber. So, it becomes
useful to show the corrected outgassing rate g,

q9c = 9aM — 4BM4- (5)

In Sec. IV C, one can see that there is a high impact for low
outgassing samples such as PTFE.

IV. MEASUREMENTS AND RESULTS

The outgassing rate of material samples was measured.
The results are presented in Sec. IV C. However, prior to the
sample measurements, an empty chamber measurement was per-
formed to evaluate the background outgassing rate. The results are
presented in Sec. [V A.

A. Empty chamber measurements

The background outgassing desorbing from the probe-
chamber, -holder, and -mount is not negligible. Empty chamber
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measurements were performed to identify the behavior of the
chamber and define the process parameters. Therefore several tests
were performed for a full sample measurement. This includes
venting of the gate chamber with N, for 30 min, unhinging the
probe-holder, and vice versa.

In Fig. 6, a typical empty chamber measurement is plotted.
The x axis shows the time, beginning with insertion into the probe
chamber, in a logarithmic scale. A shaded area depicts the uncer-
tainties, which are described in Sec. IIT C. The data were cropped at
the closing time of the gate valve V-4. Three important pieces of
information can be found from Fig. 6:

(1) The background outgassing of the system is time dependent
and varies from 1.5 x 1078 to 7 x 1078 Pam®s ™.

(2) Venting the gate chamber has a contaminating effect on the
background. In the first 100h, the background is
>1x 1078 Pam?®s.

(3) The AM and BM4 show the same trend, with respect to the
given uncertainties. BM4 of the empty chamber is slightly
higher for measurement times >30 h.

Following that observation, the background of the chamber
shall be modeled as a time depending function in line with Eq. (1).
In a least squares fit, the decay index n was found to be 0.857, the
offset outgassing qof is 5.78 x 1077 Pam®s™'h™', and the offset
time o5 yields 12.12 h.

Figure 6 shows a high agreement of BM4 and AM, despite the
additional venting process of the gate chamber and the probe-
holder. This effect was seen in all empty chamber measurements
that were performed. We investigated this effect and found that
the cause is the contamination of the probe-holder due to the
venting and installation process. However, with the given mea-
sures of Fig. 5, we can quantify this influence. Nevertheless, the
background outgassing is limiting our system to probes with an
outgassing rate equal or higher than 7 x 1078 Pam®s~! at 10h
and 1.5 x 1078 Pam®s™! at 100 h.

B. Material samples

A set of material samples with given literature values were
chosen. The probe samples have different flat geometries: Viton
(1A), polyamide (PA6), oxygen-free high thermal conductivity
(OFHC) copper are circular disks, while PTEE is a rectangular plate.
The samples, the geometry, the vacuum-exposed surface areas, the
expected outgassing rate (Gexpect)> and the manufacturer are given in
Table I1. The order year and the treatment give a first impression on
the history of the probe. Until the measurement all probes were

TABLE II. Tested material samples. Qexpecr indicates the expected outgassing rate taking the minimum and maximum literature outgassing values from Table |, combined with
the given surface area Agoupe- Order year is 2020 for all samples. All samples were wiped with IPA before testing.

Probe ID Asingle (107*m?) Agouie (1074 m?) Thickness (107> m) Gexpect(Pa m?>s'm™) Supplier
Polytetrafluorethylene (PTFE) 108 208 2 1.92x107%-4.80x 107" Goodfellow
Viton (1A) 84.82 163.36 2 4.08x107°-1.71 x 107! Hokosil
Polyamide (PA6) 84.82 163.36 2 2.45x107°-6.73 x 1072 Hokosil
OFHC copper (99.99%) 85.14 163.86 2.1 1.10x 107'°-1.53 x 107> MaTeck
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stored in a controlled laboratory environment: air temperature 22 °C
and 25% relative humidity. The flat probes were mounted directly on
to the probe-holder; thus, two surface areas are given: the single sided
surface (Agpge), Which has a surface-vacuum area which is obscured
by the probe-holder, and the overall geometric area (Agoue) of the
material sample. For all values, A, is used as reference.

C. Outgassing results

The probes from Table II were tested sequentially. All probes
were cleaned with a clean room wipe and isopropanol (IPA).
Furthermore, the surface was visually checked and subsequently
blown with dry air. The probes were inserted in the gate chamber
and fixed to the probe-holder. Cleaned, vented, and gold plated
screws, which were kept in the vacuum system for the whole mea-
surement cycle of Fig. 5, were used. The outgassing data are plotted
in Fig. 7, while the respective surface area can be found in Table II.

An empty chamber measurement is plotted in addition and is
divided by the depicted surface area in order to show the limita-
tions of the apparatus. Finally, the plot shows the uncertainty (see
Sec. I1I C) of the measurement in a shaded area. The measured and
the corrected outgassing rates are both shown; the latter are visible
only for the PTFE and OFHC samples. These dotted lines show the
corrected outgassing rate g. as described in Sec. III C. Table III
summarizes the outgassing rates at 25, 50, and 100 h.

As expected, the polymers (Viton, PA 6 and PTFE) have a
high initial outgassing rate compared to the OFHC sample. OFHC
is, with the used probe geometry, below the limit of the measure-
ment capability. Thus, only a maximum outgassing rate for the
sample is given considering the background outgassing. PTFE has
the highest reduction of the outgassing rate over time. In the first
50h, the outgassing was higher than ~1 x 107> Pam’®s™' m?
while after 100 h, the outgassing rate dropped to the detection limit
of the outgassing testbed. The highest outgassing rate was measured
for PA 6. All probes are well in line with the expected outgassing
rate, presented in Table II.

In addition to the outgassing rate, we measured the qualitative
contribution of gases with a QMS. Figure 8 shows the blank mea-
surement of the background (BM1) and the AM for PA6. Shown

qinPam3stm™2

0 20 40 60 80 100 120 140 160
Time in h

FIG. 7. Outgassing rate measurement of different untreated samples at
293.15K. Shaded areas show the measurement uncertainty. The uncertainty
was evaluated at all point of read-outs. The thin dotted lines show the corrected
outgassing rate q,. EC—empty chamber.
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TABLE IIl. Outgassing rate measurement of different untreated samples at room
temperature. Derived from Fig. 7.

qinPam®’s™'m™
Probe qas gs0 9100
PTFE 421x107° 9.99 x 107° <1.50 x 107°
Viton (1A) 2.13x107* 1.37x107* 7.84x107°
PA6 1.16 x 1073 7.28x107* 440x107*
OFHC <1.56 x 107° <1.01x107° <6.90x 1077

are the intensity profiles, which is the ion current of any mass to
charge ratio (mz~!) in percent of the highest ion current found
for mz~!.

For BM1, the most abundant gas is H, (mz~' = 2). However,
the amount of N, /CO (mz™! = 28) is roughly 50% of the H, ion
current. For AM, a high amount of water (H,O) is detected, which
leads back to the bounded water in the probe.

D. Discussion

From the presented data and the first test runs, information of
the setup can be derived. The contamination of the chamber walls
and the probe-holder have a non-negligible impact on measure-
ments, especially if the probe surfaces are small and the outgassing
rate is low. However, with the procedure discussed in Sec. III B the
influence can be quantified. Furthermore, the QMS scan yields
information about the origin of gases and, thus, increasing the con-
fidence in the results.

The testbed is capable of measuring probes starting from
2h under vacuum. From first tests, we identified that the imple-
mented heater works as expected. This allows for heating the
probes independently of the overall chamber. Finally, the con-
tacting of probe-mount and probe-holder is functioning, and,
thus, assemblies could operate inside our chamber during any
measurement.

Certainly, the focus of the presented system is not the mea-
surement of ultralow outgassing material samples, but the

100 S
— O
= Pl 3
= Z,
T 50
2 —— PA AM
S o5 Q —— PA BM1
< \
0 , ol Iﬁ N .
e e e e S e
— [a] o <t 0
m/z

FIG. 8. QMS scan of the PA 6 probe after 5h of pumping. Intensity profile for
the ion currents of BM1 and AM.
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accumulated outgassing of assemblies operating in vacuum can be
investigated. This enables the observation of overlapping effects like
temperature, electrical current, and joining technologies that could
not be calculated from existing literature values.

V. CONCLUSION

In this paper, an outgassing testbed that uses the throughput
method to measure outgassing rates is presented. Samples with a
total outgassing rate higher than 1.5 x 1078 Pam®s~! after 100 h
and a pressure dependent uncertainty of ~12% can be detected.
Probe geometries can fit in a cube with maximum side length of
0.10 x 0.10 x 0.13 m® Additionally, the apparatus allows for insert-
ing complex geometries with high surface areas. A geometric
surface area of 0.10 m® can be achieved easily. Finally, a quadrupole
mass spectrometer provides a qualitative study of gas species
desorbing from the probes.

The apparatus is tested by measuring well known material
probes. Polyamide (PA6), PTFE, OFHC copper, and Viton (1A)
were sampled for >150 h each. The measurements are in agreement
with the presented range of literature values.

The presented data indicate that, due to numerous influencing
factors, outgassing rate literature values for materials are not practi-
cal for the design of vacuum systems with integrated assemblies.
However, changing pressure distributions and increasing outgassing
rates, due to temperature changes or electrical currents, can
become debilitating for quantum experiments. Thus, the system
offers high flexibility for probe size and geometry. Furthermore,
electrical and thermal interfaces allow for powered and heated mea-
surements, allowing for the characterization of assemblies before
installation into a vacuum system.
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