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(54) HARD X-RAY PHOTOELECTRON SPECTROSCOPY ARRANGEMENT AND SYSTEM

(57) The present invention relates to a hard X-ray
photoelectron spectroscopy (HAXPES) system compris-
ing an X-ray source providing a beam of photons which
is directed through the system so as to excite electrons
from an illuminated sample. An X-ray tube is connected
to a monochromator vacuum chamber in which a crystal
is configured to monochromatize and focus the beam

onto an illuminated sample. A hemispherical electron en-
ergy analyser is mounted onto the analysis chamber. An
air gap is provided between the X-ray tube and the mon-
ochromator chamber, which air gap is provided with a
first radiation trap to shield the ambient air from the ra-
diation when the air gap is illuminated with X-rays from
the source.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an arrange-
ment in a hard X-ray photoelectron spectroscopy (HAX-
PES) system with a monochromated, micro-focused X-
ray source that is configured to provide photons. HAX-
PES, which is the established acronym for this experi-
mental technique, uses X-rays with photon energies
above 2 keV to excite photo-electrons. The excited pho-
to-electrons are analysed to study for example properties
relating to their chemical environment and electronic
structure of materials.

BACKGROUND ART

[0002] To date, the majority of HAXPES experiments
for different scientific and industrial purposes have been
conducted on the approximately only 20 existing beam-
lines situated at synchrotrons worldwide. These few syn-
chrotrons around the world are very large-scale facilities
and belong to national laboratories. The small number
of available beamlines and related instrumentation, the
significant costs for operating them and associated ac-
cess limitations, have restricted the amount of output and
development efforts of the HAXPES technique. The main
reason for HAXPES being confined to synchrotrons is
the dramatic decrease in photo-ionisation cross sections
with an increase in X-ray energy. In order to counteract
said decrease in photo-ionisation, highest possible X-ray
intensities combined with highly efficient photoelectron
analysers with, in relative terms, very large acceptance
angles are necessary.
[0003] Even though HAXPES is also afflicted with cer-
tain limitations, just as all other experimental techniques,
there is a strong motivation to pursue this technique, in-
cluding the ability to study bulk materials, buried layers
and interfaces, and samples without any need of surface
preparation. These measurements are enabled by the
increase in information-depth with increasing photon en-
ergy.
[0004] The previously mentioned lack of wide ranging
access to HAXPES facilities combined with a large
number of potential applications is a strong motivation to
develop the laboratory-based HAXPES system here de-
scribed. Up to now, the development of laboratory sys-
tems has been impeded particularly by the limited avail-
ability of high intensity, monochromated X-ray sources
and large angle, high-energy analysers. Therefore, only
a very small number of systems have been developed
so far, and then with a significantly lower maximum pho-
ton energy of 5.4 keV (Cr Kα).
[0005] In addition to the much higher photon energy,
the laboratory-based HAXPES system according to the
present invention comprises three separate vacuum
chambers: 1) a monochromator chamber housing a mon-
ochromating crystal, 2) an X-ray tube housing an electron

gun and a jet of liquid Gallium, and 3) an analysis cham-
ber housing the photo-electron energy analyser and a
fast-entry load lock in which the sample to be analysed
is introduced into the vacuum system.
[0006] Since the demands of the vacuum systems in
the three separate vacuum chambers is different, in the-
ory it would be preferable to separate them. However,
such a separation of the vacuum chambers inevitably
leads to an increased risk of X-rays radiation leaks, which
could be of a harmful nature if not duly controlled. Fur-
thermore, the separation of the vacuum systems must
still allow for a motion of the constituting parts relative to
each other, as the high photon energy puts severe de-
mands on the precision of the parts position in order to
fulfil the diffraction condition required by the monochro-
mator crystal. This requirement of motion of the consti-
tuting parts relative to each other even further accentu-
ates the risk for radiation leakage, which as mentioned
may be potentially harmful at certain levels.
[0007] The varying demands of the vacuum systems
are mainly caused by the cleanliness offered by the dif-
ferent vacuum levels. In the sample environment, an ul-
tra-high vacuum level is required to keep the sample
clean, whereas in the monochromator chamber it is suf-
ficient to maintain a high-vacuum level to avoid absorp-
tion of the X-rays by the residual gas. In the X-ray tube,
a high vacuum level is also necessary for safe operation
of the electron gun, which generates electrons that hits
the liquid Ga, thereby generating X-rays. The separation
of the X-ray tube is also needed to avoid Ga contamina-
tion in the other vacuum systems. It is also of importance
to be able to optimize the X-ray tube position relative to
the monochromator crystal as well as to be able to move
the monochromator in unison with the X-ray tube relative
to the analysis chamber and electron analyser.
[0008] As mentioned initially, prior to the laboratory-
based HAXPES system here described, synchrotron
light sources have been in use to create X-rays for photo-
electron spectroscopy experiments at the same high ex-
citation energies. Such experiments are normally placed
in a separate room, not accessible during experiments
due to the harmful radiation levels. Experiment control is
therefore normally made remotely. Other types of equip-
ment in which these high excitation energies typically are
used are in X-ray diffractometers. This types of experi-
ments are normally enclosed in a cabinet, housing all
instrumentation and by its size and thickness forming the
actual radiation protection.
[0009] For a compact, laboratory-based system, bulky
and expensive arrangements for protection from radia-
tion leakage and, therefore, complex operation of the
HAXPES system, is not viable. All movements would
have to be motorized and several cameras would have
to be installed to be able to control and optimize the sys-
tem without hands-on access. There are a number of
restrictions on the permitted motion and if the movement
of the parts were to be motorized, a quite complex system
of motors and limit switches would result; thereby making
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it unpractical to use and most likely prohibitively expen-
sive given the up to 12 degrees of freedom provided in
the HAXPES system. Due to the combination of high ex-
citation energies and the required high level of precision
in the X-ray optics, a direct hand-to-eye correlation is
considered necessary in order to set the optics correctly
and achieve the correct energy resolution at maximum
radiation flux.
[0010] Thus, there is a need to address the difficulties
in HAXPES system design associated with relative
movements of vacuum chambers, simplicity in operation,
precision in setting the optical equipment, accessibility
and space requirements. Last by most importantly, the
system needs to be in full compliance with applicable
safety regulations to avoid radiation leakage, since hard
X-ray photoelectron spectroscopy utilizes X-rays of high
photon energies to excite photo-electrons from the sam-
ple under investigation.
[0011] The present application utilises an electron gun
that excites the Gallium is running at 70kV, which also
creates dangerous radiation that easily penetrates most
materials. Prior art systems for HAXPES have been run-
ning at significantly lower energies and thus, radiation
has not been any major issue. At excitation energies up
to 30 kV, which is used for Cr Kα-based systems, only a
few millimetres of steel will block the radiation. However,
to block radiation created by 70 kV electrons, rather cen-
timetres than millimetres of steel thickness is needed.

SUMMARY OF THE INVENTION

[0012] It is an object of the present invention to alleviate
at least some of the mentioned problems and impedi-
ments associated with currently existing experimental
techniques and related equipment.
[0013] This object is achieved by means of a hard X-
ray photoelectron spectroscopy (HAXPES) system, in
particular a laboratory-based system, comprising:

an X-ray tube providing a beam of photons, which
via an X-ray monochromator is directed through the
system so as to excite electrons from an illuminated
sample,
the X-ray tube being connected to a monochromator
vacuum chamber in which a crystal is configured to
monochromatize and focus the beam onto the sam-
ple,
the monochromator vacuum chamber is connected
to an analysis vacuum chamber via a flexible vacuum
bellow, which is fixed to both vacuum chambers, the
flexibility of the bellow allowing precise alignment of
the monochromatized and focused beam,
the illuminated sample being mounted on a manip-
ulator, movable in at least one direction to allow for
measurements at different sample angles, inside the
analysis vacuum chamber,
the analysis vacuum chamber being connected to
an electron energy analyser, which is mounted onto

the analysis vacuum chamber,
characterised in that
a gap is provided between the X-ray source and the
monochromator vacuum chamber, which gap is pro-
vided with a first radiation trap to shield the ambient
from the radiation when the gap is illuminated with
X-rays from the X-ray tube.

[0014] The design of the first radiation trap assembly
efficiently prevents X-ray radiation leakage while allow-
ing for a maximum flexibility in relative movements be-
tween the X-ray tube and the monochromator vacuum
chamber. One of the main purposes of the first motion,
which is allowed by the design of the first radiation trap
assembly, is to optimize the performance of the mono-
chromator in terms of flux and resolving power.
[0015] In accordance with a second embodiment, a
flexible vacuum bellow, which is designed to allow for
precise alignment of the monochromated and focused
beam, is provided with a second radiation trap assembly
to shield the ambient from the radiation, when the flexible
vacuum bellow itself is illuminated with X-rays from the
X-ray tube. More in detail, the second motion, which is
allowed by the design of the second radiation trap as-
sembly, primarily serves to optimize the position of the
monochromated X-rays with respect to the electron en-
ergy analyser. The demands on motion of the parts rel-
ative to each other, implies that the X-rays are allowed
to traverse the air gap between two separated parts of
the system, or are allowed to traverse through the flexible
bellow in which there is a vacuum.
[0016] Both of the above mentioned embodiments may
be combined, i.e. by employing both the first and the sec-
ond radiation trap assemblies in one system. However,
as an alternative, the system may be designed to utilise
either of the first and the second radiation trap assem-
blies.
[0017] Due to the high excitation voltage of the X-ray
tube and the thereto related penetrative power of the ra-
diation, the separation of the vacuum chambers poses a
severe problem. This is due to that any material hit by
the primary or secondary radiation fields will serve as
sources of radiation themselves, as will the air itself, when
energetic X-rays traverses through this medium. As men-
tioned, the dose rate of radiation that a person would be
subjected to, could easily surpass the safe levels set by
radiation authorities, i.e. potentially be of harm to hu-
mans. The present invention is advantageous also in pro-
viding an effective protection, by which consequential
and harmful X-ray radiation leaks can be duly controlled
and avoided, while at the same time facilitate excellent
conditions for precise and reliable measurements and
experiments.
[0018] In more detail, the present invention provides
compact radiation traps that shield the ambient from the
radiation generated when the air gap and/or vacuum bel-
low, or the material surrounding them, is illuminated with
high energy X-rays from the X-ray tube. At the same time,
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the radiation traps allow for the desired relative move-
ments of the connected components. In order to reduce
the primary field to less than harmful levels, the radiation
traps are designed so that parts illuminated by the ternary
radiation field are outside line of sight of an observer look-
ing into the radiation trap.
[0019] The laboratory-based HAXPES system accord-
ing to the invention is provided with a monochromated,
micro-focused Ga Kα X-ray source giving a photon en-
ergy of 9.25 keV. The energy level of this X-ray source
differentiates it from all other comparable systems,
known in the technical field. Moreover, the invention also
relates to an improved design and new fields of applica-
bility of a laboratory-based HAXPES system that utilizes
a high energy, monochromated Ga X-ray source with an
excitation energy of 9.25 keV. The combination of a pow-
erful X-ray tube with an efficient and stable monochro-
mator and an electron energy analyser with a wide ac-
ceptance angle results in excellent performance. Basic
characteristics of the spectrometer here described is the
ability to provide measurement results with a minimum
energy resolution of 465 meV. Data obtained from sam-
ples of scientific relevance, including measurement of
bulk and hetero-structure samples displays that high-
quality data can be collected, both in terms of energy
resolution and intensity. The HAXPES system according
to the invention further delivers data collected with a hard
X-ray energy source previously only accessible at syn-
chrotrons. Results from this system are able to produce
independent, complete datasets as well as supporting
other experiments e.g., energy-dependent synchrotron
work through preliminary experiments in the laboratory.
In practice, this means that the improved system will be
versatile and both vertically and horizontally applicable,
and of significant importance in several scientific fields
of present and future relevance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Figure 1 is a front side overview of a laboratory-
based HAXPES system.

Figure 2 depicts the system of figure 1, although this
overview perspective is from the top, from which the
air gap between the X-ray tube and the monochro-
mator chamber can be seen.

Figure 3 is a cross-sectional view of a horizontal cut
through a radiation trap assembly in which the first,
second and third radiation trap parts, as well as the
air gap are visible.

Figure 4 is a cross-sectional view of the radiation
trap assembly in a radial perspective, in which added
grooves are shown, grooves intended to prevent ra-
diation leaks when two flat surfaces meet.

Figure 5 is a cross-sectional view along the optical
axis of the particle beam, in which the first, second
and third parts of the radiation wall assembly are
visible as well as the intermediate air gap.

Figure 6 is a cross-sectional view of the second em-
bodiment of the invention, in which the radiation trap
is designed to prevent leakage from an edge-welded,
flexible vacuum bellow.

DETAILED DESCRIPTION

[0021] Figures 1 and 2 respectively show a front and
a top side overview of a laboratory-based HAXPES sys-
tem prototype, the system places on a base 100. Some
features are best seen from the front perspective, and
some are best seen from the top perspective. The fea-
tures shown include a pumping system 2, which is con-
nected to a control system, a radiation safety system and
tables 8 for adjustments in three dimensions of an X-ray
source 10. The X-ray source illuminates an X-ray mon-
ochromator 20 from which the monochromated X-ray
beam is directed onto a sample, which was introduced
into the vacuum system via the load lock 30. A manipu-
lator 35 is provided with XYZ and 6 180° rotation, and
preferably also heating capability, and a camera system
40 is provided for precise orientation and sample navi-
gation. The above mentioned parts are connected to the
analysis vacuum chamber 45, in which the sample is lo-
cated during analysis. An electron analyser is provided,
preferably of the hemispherical electron energy analyser
type. To match the energy resolution of the X-ray source
and to collect as much of the photo-electron signal as
possible, a hemispherical electron analyser with a very
large acceptance angle would be the preferred solution.
However, other types of analysers, such as sector hem-
ispheres, cylindrical mirror analysers and retarding field
analysers, cannot be excluded even if the energy reso-
lution would most likely be insufficient for those purposes.
[0022] With particular reference to figure 2, the system
as in figure 1 is shown, but drawn from the top view, from
which view the position of an air gap between the X-ray
tube and the monochromator chamber can be seen.
[0023] The laboratory-based HAXPES system accord-
ing to the present invention consists of three separate
vacuum chambers: an X-ray tube, a monochromator
chamber, and an analysis chamber, some of which have
been briefly discussed above. A hemispherical electron
energy analyser is attached to an analysis chamber, pref-
erably with its entrance slit oriented in the horizontal
plane. The X-ray tube is connected to the monochroma-
tor chamber, which in turn connects to the analysis cham-
ber. Essential system parameters are controlled through
a programmable logic controller (PLC) user interface al-
lowing regulation of at least one of the vacuum system,
safety interlocks, bake-out settings, and monochromator
crystal temperature.
[0024] A more detailed overview of the design of the
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vacuum system and the load lock shows that the vacuum
system comprises three separate turbo pumps situated
on the load lock, analysis chamberand monochromator
chamber. The load lock and monochromator chamber-
could have 80 Ls-1 turbo pumps (Pfeiffer HiPace 80), and
the analyser chamber has a 300 Ls-1 turbo pump (Pfeiffer
HiPace 300). The turbo pumps may all share one 6.2 m3

h-1 oil-free backing pump (Edwards nXDS6i) and could
be separated by automatic valves. This efficient config-
uration is made possible through the PLC control of the
entire vacuum system, including pumps, valves, and
gauges. In addition, the analysis chamber may house a
titanium sublimation pump (VACGEN ST22).
[0025] The load lock has a standard transfer pressure
of < 1 x 10-7 mbar, which by means of the above exem-
plified vacuum system configuration will be routinely
reached within 30 min. The load lock is fitted with a linear,
magnetic coupled transfer arm used to transfer samples
from the load lock into the analysis vacuum chamber. It
also has a multi-sample storage holder that can carry up
to five samples mounted on Omicron flag-style sample
plates, which are well-known to scientists in the field.
[0026] The analysis vacuum chamber is made from
mu-metal and has a base pressure of < 5 x 10-10 mbar.
Samples may be transferred from the load lock onto a 4-
axis manipulator (VACGEN Omniax 200) of the analysis
chamber. The rotational movement of the manipulator
allows measurements at different sample angles, includ-
ing grazing incidence geometry. A hemispherical elec-
tron energy analyser (Scienta Omicron EW4000) is
mounted horizontally onto the analysis chamber, with the
entrance slit being horizontally aligned.
[0027] The monochromator chamber is connected to
the analysis chamber via a flexible bellow 94 allowing
precise alignment of the monochromated X-rays. A Ka-
pton window 68, 96 separates the vacuum volumes of
the monochromator from the analysis chamber. The
analysis chamber is fitted with extra ports for further
equipment, including but not limited to charge neutralis-
ers, sputter guns (e.g., gas cluster ion beam sources),
and additional X-ray tubes (e.g., monochromated Al Kα).
[0028] Conceivably, the X-ray tube for providing the X-
ray radiation is an Excillum MetalJet-D2+ 70 kV, which
is based on a Ga metal-jet anode. Ga is recirculated in
a closed metal-jet loop and hit by an electron beam with
an 80 x 20 mm2 spot size and an intensity of 250 W, which
is generated by an electron gun (70 kV). X-rays are then
monochromated and focused onto the sample by a bent
Si crystal with a Rowland circle within the range of
300-700 mm, preferably 550 mm. The crystal is kept at
a constant, elevated temperature to give optimum per-
formance, including high spectral resolution and intensi-
ty, as well as long-term stability.
[0029] The entire setup is mounted and could be pre-
aligned on an optical table, which advantageously is fully
adjustable in x, y, and z. This freedom of movement is
necessary to precisely align the X-ray spot with respect
to the field of view of the analyser.

[0030] The mentioned Scienta Omicron EW4000 hem-
ispherical electron energy analyser used in this experi-
mental setup has a maximum measurable kinetic energy
of 12 keV. It has a large acceptance angle of 60°, giving
high measurement intensities. The hemisphere has a ra-
dius of 200 mm and a working distance of 40 mm. Pass
energies are available across a wide range from 2 to
1000 eV, with energies of 10 - 500 eV used routinely.
The entrance slit of the hemisphere is horizontal with
respect to the X-ray footprint on the sample, giving max-
imum intensity. The analyser may further be equipped
with nine straight entrance slits varying in dimensions
from 0.1 to 4 mm. The 2D-detector setup consists of a
multi-channel plate (MCP), phosphor screen, and CCD
camera. The detector simultaneously covers 9.1% of the
pass energy.
[0031] All of the above described components, settings
and experimental configurations are conceivable for use,
and even though they have been proven to work in prac-
tice, they are given merely as examples. It is to be un-
derstood that none of them needs to be fixed, and com-
ponents and settings could be possibly be adjusted or
replaced without adversely affecting the inventive system
or its functionality.
[0032] The system performance with respect to energy
resolution, X-ray spot size vs. intensity, X-ray power vs.
intensity and stability has been shown to be more than
satisfying. For a more in-depth discussion on system per-
formance and an outline of scientific applications, further
reference is made to Regoutz et al., Review of Scientific
Instruments, 89, 073105 (2018).
[0033] Figure 3 is a cross-sectional view of a horizontal
cut through a radiation trap assembly in which the first,
second and third radiation trap wall parts 60, 62, 64, as
well as the air gap 66 are visible.
[0034] It relates to the first embodiment of the radiation
trap assembly according to the present invention, the em-
bodiment which features the air gap.
[0035] In total three parts form the radiation trap. Onto
the X-ray tube 10 is the first radiation wall part 60, located
on the exit side of the X-ray tube, of the radiation trap
mounted via several screws to a tungsten alloy part 84
of the vacuum vessel wall. The material in the first radi-
ation wall part is brass (SS5170) of sufficient thickness
to block the most energetic radiation emitted from the X-
ray tube. A second radiation wall part 62 is made of Cu
(SS5011) and a third radiation wall part 64, as well as
the monochromator body 70, is made from stainless steel
(AISI 304), and also here is the material thicknesses
enough to block the most energetic radiation. Both the
second and third radiation wall parts, both of which are
located on the entrance side of the monochromator, are
firmly affixed to the monochromator body using screws.
The third radiation wall part is monitored to be in place
by an interlock system, using micro switches, that turns
the X-ray tube off if this third part is removed. The second
part is part of the vacuum system, in turn also part of the
interlock system and if the monochromator is vented, the
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X-rays are turned off.
[0036] The radiation trap is assembled when the first
radiation wall part 60 is docked into the second 62 and
third 64 radiation wall parts of the trap, thus making up
a labyrinth from which radiation generated by hitting gas
molecules in the air gap, the Kapton window 68 or the
surrounding material of the trap itself (i.e. the secondary
or higher order radiation fields), cannot escape. The max-
imum movement the trap allows for is approximately 10
mm, independently in three dimensions, but could easily
be extended to more than that depending on the needs.
In designing the trap, the extreme positions of the parts
in it has been taken into account, thus enabling safe op-
eration of the X-ray source. The trap itself does not allow
for motions perpendicular to the beam direction larger
than the maximum permissible, but still keep the observer
out of line of sight, because the constituting parts will
collide. To ensure that the trap is not pulled apart (in the
direction along the beam path), there is a pull wire at-
tached to the X-ray tube, linking it to the monochromator
body. If the X-ray tube is pulled too far from the mono-
chromator tank, the pull wire will be released, and via the
interlock system shut the tube off.
[0037] Figure 4 is a cross-sectional view of the radia-
tion trap from another angle, in which the added grooves
86 are shown between the screws 80, 82, these grooves
are intended to prevent radiation leaks when the two flat
surfaces 60, 84 meet. Commonly when adjoining two
pieces of machined metal parts, a small gap between the
parts can form, despite the fact that high precision CNC
machines are used in manufacturing the parts. In order
to avoid leakage from these regions in the design,
grooves are introduced in one of the machined parts and
a matching protruding part in the adjoining one. The sec-
ond part of the radiation trap assembly has a slightly mod-
ified design as it fits into a recess machined in the mon-
ochromator body, effectively blocking the X-rays.
[0038] Figure 5 is a cross-sectional view of the radia-
tion trap assembly as viewed from the particle beam axis.
It shows the air gaps between the three parts that con-
stitutes the radiation trap. The first part 60 is inserted into
the void formed by the second 62 and third 64 parts of
the trap. A Kapton window 68 seals the monochromator
tank.
[0039] Figure 6 discloses a second embodiment of a
radiation trap assembly. This embodiment features a
flexible bellow 94. The radiation wall part 90 of the second
radiation trap is made of brass (SS5170), while the part
of the radiation trap assembly it is mating to, is integrated
into the monochromator tank 70. This allows for an even
more compact design. Here it is the bellow 94 itself, the
Kapton window 96 and the inner surface of a bellow
flange 92 (AISI304) that can act as a source of radiation.
The bellow is affixed to the monochromator tank by
screws and interlocked via the vacuum criterion as in the
design according to the first embodiment, i.e. according
to the first radiation trap. The same type of grooves 98
are used to block radiation escaping from the thin gaps

between flat surfaces. The reason for fitting the second
radiation trap to the monochromator exit port is because
the edge-welded bellow has to be sufficiently thin to allow
for the necessary motion between monochromator and
analysis vacuum chamber 45, but this inevitably means
that radiation of the highest energy can pass through the
material. The design of the trap allows for the same ap-
proximately 10 mm, or more if needed, motion in all three
dimensions independently. Thus, an observer cannot be
exposed to radiation of lower orders including the ternary
field, as all exposed surfaces are out of line of sight.
[0040] According to an alternative embodiment of the
present invention, the gap between the X-ray source and
the monochromator vacuum chamber, and the first radi-
ation trap to shield the ambient from the radiation when
the gap is illuminated, are both enclosed by a housing.
This housing is further configured to encapsulate ambient
gas surrounding the gap. Depending on the particular
application needs, the gas could be any gas, such as air,
nitrogen, argon, helium or other noble gas. The state of
the gas is depressurized or pressurized, also depending
on application needs. Either of, or both of, the first and
the second radiation traps are suitable for encapsulation
according to any of the following embodiments.
[0041] In case a gas is used having a pressure lower
than ambient air pressure, a pressure which is obtainable
by means of a vacuum pump, a reduced number of col-
lisions between gas particles and X-rays can be expected
and thus, less absorption of X-ray radiation, especially
for lower energy X-ray radiation. Also contamination on
the experimental equipment, in particular Kapton win-
dows, is reduced. The lifetime of the windows are thus
expected to increase, which is beneficial at least for the
reduced service and maintenance requirement on the
system. This has also the additional advantage of poten-
tially reducing the required thickness of encapsulating
Kapton windows, since the difference in pressure be-
tween the vacuum chambers and the housing encapsu-
lating the gap and radiation trap/traps requires corre-
sponding material thicknesses to avoid imploding win-
dows. A reduced thickness gives the advantage of less
absorption and thus a potentially higher X-ray radiation
flux. As an alternative given the lower pressure differ-
ence, other X-ray window materials can be considered
with different strength and transmission properties. This
could be beneficial for especially lower energy X-ray ra-
diation ranges.
[0042] On the other hand, if a pressure higher than the
ambient air pressure is used, a pressure which is obtain-
able be means of a pressurizing pump, a gas can be
introduced into the housing by means of so-called purg-
ing. The previous gas is thereby replaced by the intro-
duced gas, which could be beneficial when nitrogen as
an inert gas replaces air. The higher pressure also allows
a filter arrangement to be used for filtering the gas before
introduction. This may thus lead to less contamination.
[0043] As yet another embodiment, the gas pressure
may be the same as or similar to the ambient air, i.e. the
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air outside of the housing.
[0044] Alternative designs include fixing a thin flexible
Pb foil to the bellow or surrounding the gap, but the use
of Pb is prohibited as it is toxic and must not be touched
be the naked skin. Strong regulatory demands are in ef-
fect when using this material in designs where humans
can be exposed. A variant of this is to use rubber in which
Pb-particles has been incorporated, but a mat with
enough thickness must be applied and therefore the mo-
tion is hindered, which is also relevant in the case of a
thin Pb foil. In order to allow for movement of the parts,
these protective covers (Pb foil or Pb-rubber) must be
removed and in this process, radiation will inevitably leak
into the ambient.
[0045] However, as a last alternative embodiment of
the invention, in order to comply with applicable regula-
tory demands, a bellow is designed using Pb rubber
sheets that will be flexible enough to handle the relative
movements and in the same time absorb the X-ray radi-
ation.

Claims

1. A hard X-ray photoelectron spectroscopy (HAXPES)
system (100), in particular a laboratory-based sys-
tem, comprising:

an X-ray tube (10) providing a beam of photons,
which via an X-ray monochromator (20) is di-
rected through the system so as to excite elec-
trons from an illuminated sample,
the X-ray tube being connected to a monochro-
mator vacuum chamber (70) in which a crystal
is configured to monochromatize and focus the
beam onto the sample,
the monochromator vacuum chamber is con-
nected to an analysis vacuum chamber (45) via
a flexible vacuum bellow (94), which is fixed to
both vacuum chambers (45, 70), the flexibility
of the bellow allowing precise alignment of the
monochromatized and focused beam,
the illuminated sample being mounted on a ma-
nipulator (35), movable in at least one direction
to allow for measurements at different sample
angles, inside the analysis vacuum chamber,
the analysis vacuum chamber being connected
to an electron energy analyser (50), which is
mounted onto the analysis vacuum chamber,
characterised in that
a gap (66) is provided between the X-ray source
and the monochromator vacuum chamber,
which gap is provided with a first radiation trap
(60) to shield the ambient from the radiation
when the gap is illuminated with X-rays from the
X-ray tube.

2. A system according to claim 1, wherein the flexible

vacuum bellow, allowing precise alignment of the
monochromated and focused beam, is provided with
a second radiation trap (90) to shield the ambient
from the radiation when the flexible vacuum bellow,
or the material surrounding it, is illuminated with X-
rays from the source.

3. A system according to any of the claims 1 or 2, where-
in the first and the second radiation traps are ar-
ranged so that 3-20 mm, particularly at least 10 mm,
motion in all three dimension independently are al-
lowed.

4. A system according to any of the claims 1 or 2, where-
in the first and the second radiation traps (60, 90)
are arranged so that parts illuminated by the ternary
radiation field of the X-ray source are not in line of
sight of an observer looking into the radiation trap.

5. A system according to claim 1, wherein the gap is
enclosed by a housing, the housing configured to
encapsulate gas surrounding the gap, the gas being
either air, nitrogen, argon or helium, the gas pressure
being controllable according to any of the following
alternatives:

lower than ambient air pressure, obtainable by
means of a vacuum pump;
higher than ambient air pressure, obtainable be
means of a pressurizing pump through which
the gas is filtered; or
substantially equal to the ambient air pressure.

6. A system according to claim 1, wherein a load-lock
chamber is provided from which entry to the sample
in the analysis vacuum chamber (30) is provided to
allow manual access to the analysis vacuum cham-
ber with only a minimum of vent.

7. A system according to claim 1, wherein the first ra-
diation trap comprises:

a first radiation wall part (60), preferably made
from brass and of sufficient thickness to block
the most energetic radiation emitted from the X-
ray tube, the first part being attachable to the
part of the X-ray tube vacuum vessel wall (10),
a second radiation wall part (62), preferably
made from Cu, and of sufficient thickness to
block the most energetic radiation emitted from
the X-ray tube, the second part being affixed to
the monochromator body (70),
a third radiation wall part (64), preferably made
from stainless steel, and of sufficient thickness
to block the most energetic radiation emitted
from the X-ray tube, the second part being af-
fixed to the monochromator body (64),
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8. A system according to claim 7, wherein the third ra-
diation wall part is connected to an interlock system
(not shown), which is configured to monitor that the
third radiation wall part is in correct position, and in
case the third radiation wall part is moved out of po-
sition, the interlock system turns off the X-ray source.

9. A system according to claim 8, wherein the interlock
system is configured to turn the X-ray source on and
off using at least one micro-switch.

10. A system according to claim 7, wherein the second
radiation wall part is arranged integrally with the
monochromator vacuum chamber, which in turn is
connected to the interlock system, whereby venting
of the monochromator vacuum chamber actuates
the interlock system, which results in turning off the
X-ray source.

11. A system according to claim 2, wherein the second
radiation trap is provided with:

an exit radiation wall part (90), preferably made
from brass and of sufficient thickness to block
the most energetic radiation emitted from the X-
ray source,
the exit radiation wall part being attachable to
the analysis vacuum chamber wall, while the en-
trance radiation wall part of the radiation trap it
is mating to, is integrated into the monochroma-
tor vacuum chamber wall.

12. A system according to claim 11, whereby grooves in
the entrance and/or exit radiation wall parts are pro-
vided to block radiation escaping from thin gaps be-
tween flat surfaces.

13. A system according to claim 12, whereby the exit
radiation wall part is fitted to the monochromator exit
port.

14. A system according to claim 1, wherein the crystal
is a bent Si crystal with a radius to produce a Rowland
circle of 300 - 700 mm, preferably 550 mm.

15. A system according to claim 1, wherein the electron
energy analyser is of the hemispherical electron en-
ergy analyser type.

16. A system according to claim 15, wherein the hemi-
spherical analyser is mounted onto the analysis vac-
uum chamber, in such a way that an entrance slit of
the hemispherical analyser is essentially horizontally
aligned with respect to the X-ray footprint on the sam-
ple.

17. A system according to claim 1, wherein the photon
energy of the X-ray source is 9.25 keV and originat-

ing from the characteristic Kα radiation from a Ga
alloy.

18. A system according to any one of the preceding
claims, wherein the flexible bellow is designed using
Pb rubber sheets of a flexibility sufficient to allow for
the relative movements between the monochroma-
tor and the analysis vacuum chamber.

19. A system according to any one of preceding claims,
wherein X-ray tube comprises an electron gun that
excites liquid Ga to an energy level of above 60 kV,
preferably at least 70 kV.
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